;k3PE*%f!<%6%$%s%?%U%’!<%9$rMQ$$$?0[<o>pJs8;E}9gMxMQ;Y1g ?9Eh 8|9T y KL@n GnG7 yy y C^GHBg3XBg3X1! 9)3X8&5f2J yy C^GHBg3X EE;R!&>pJs9)3X7O MW;] 6a G/!$ %3 %s %T%e!< %? %M%C %H %o!< %/ $r DL $8 $? 3F <o >p Js 8; $X $N %" %/ %; %9 $, MF 0W $H $J $k $K => $$!$ 0[ <o >p Js 8; $N E} 9g Mx MQ $,=E MW $J 2] Bj $H $J$C $F $$ $k!% 2f!9 $O!$ 9= B$ 2= J8 =q %j %] %8 %H %j!$ W eb !$%j %l!< %7%g %J %k %G!< %? %Y!< %9 $r BP >] $H $7 $? 0[ <o >pJs 8; E} 9g Mx MQ 4D 6- $N 8& 5f 3+ H/ $r 9T $J$C $F $$ $k!% $^ $?!$ $3 $l$i$NE}9gMxMQ$N$?$a$N%G!<%?%b%G%k$H$7$F!$ W ebNR/SD $rDs 0F $7 $F $$ $k!% K\ 9F $G $O!$ K\ 4D 6- $K $* $1 $k ;k 3P E* %f!< %6 %$%s %? %U%’!< %9 $N @_ 7W $K $D $$ $F =R $Y $k!% K\ ;k 3P E* %f!< %6 %$ %s %? %U%’!< %9 $N FC D’ $O <! $N DL $j $G $" $k!% (1) %a %? %G!< %? / %G!<%? $K BP $9 $k %V %i %& %8 %s %0 $H Ld 9g $; $r M; 9g $7 $? BP OC E* >p Js C5 ::!% (2) 0[ <o!& J# ;( $J %G!< %? 9= B$ $r ;} $D %G!< %? $r BP >] $H$7 $? ;k 3P E* Ld 9g $; 8@ 8l!% $5 $i $K K\ 9F $G $O!$ ;k 3P E* Ld 9g $; 8@8l $G 5- =R $5 $l $? Ld 9g $; $+ $i W ebNR/SD Be ?t <0 $X $N JQ 49 $K$D$$$F$b@bL@$9$k!% 1 $O$8$a$K 6a G/!$ %3 %s %T%e!< %? %M%C %H %o!< %/ $r DL $8 $? 3F <o >p Js 8; $X $N %" %/ %; %9 $, MF 0W $H $J $k $K => $$!$ 0[ <o >p Js 8; $N E} 9g Mx MQ $, =E MW $J 2] Bj $H $J$C $F $$ $k!% FC $K!$ 9= B$ 2= J8 =q $O W orld Wide W eb(W eb) !$ EE ;R >& <h 0z!$ EE ;R ?^ =q 4[ $H $$$C $? %3 %s %T%e!<%? $N ?7 $7 $$ 1~ MQ $G Cf ?4 E* $J F/ $- $r $7 $F $* $j!$ 9= B$ 2= J8=q$H%G!<%?%Y!<%9$NE}9gMxMQ$,6/$/5a$a$i$l$F$$$k!% 2f!9$O!$ 9= B$ 2= J8 =q %j %] %8 %H %j!$ W eb !$%j %l!< %7%g %J %k %G!< %? %Y!< %9 (RDB) $r BP >] $H $7 $? 0[ <o >p Js 8; E} 9g Mx MQ 4D 6- $N 8& 5f 3+ H/ $r 9T $J$C $F $$ $k [7][8] !% $^ $?!$ $3 $l $i $N E} 9g MxMQ $N $? $a $N %G!< %? %b %G %k $H $7 $F!$ W ebNR/SD $r Ds 0F $7 $F $$ $k [8] !% 3F >p Js 8; Cf $N 9= B$ 2= J8 =q $H $7 $F $O!$ SGML $H XML $r A[ Dj $7 $F $$ $k!% K\ E} 9g Mx MQ 4D 6- $N 9= @. $r ?^ 1 $K <( $9!%$^ $:!$ %i%C %Q!< $, 3F >p Js 8; $N %G!< %? $r W ebNR/SD $K JQ49 $9 $k!% %a %G%# %(!< %? $O E} 9g %9 %-!< %^ $H A‘ :n 7O $r Ds 6! $9 $k!%%f!<%6 $O ;k 3P E* %f!< %6 %$ %s %? %U%’!< %9 (GUI) $r DL $8 $F K\ E} 9g Mx MQ 4D 6- $r Mx MQ $9 $k!% K\ 9F $G $O!$ K\ 4D 6- $K $* $1 $k GUI $N@_7W$K$D$$$F=R$Y$k!% ?^ 1. E}9gMxMQ4D6- => Mh $N %G!< %? %Y!< %9 $K $* $1 $k %G!< %? A‘ :n $O!$ Ld 9g $; $r Ej F~8e!$ $= $N 7k 2L $r %V %i %& %8 %s %0 $9 $k $H $$$C $? C1 =c $J <j =g $, A Graphical User Interface for Integration of Heterogeneous In- formation Sources A tsuyuki Morishima y and Hiroyuki Kitaga w a yy y Doctoral Program in Eng., Univ. of Tsukuba yy Institute of Info. Sci. and Elec., Univ. of Tsukuba 4p K\ $G $" $k!% $7 $+ $7!$ 0[ <o >p Js 8; $r BP >] $H $7 $? 8= <B $N 4D 6- $K $* $$ $F $O!$ $3 $N $h $& $J C1 =c $J <j =g $G $N E} 9g Mx MQ $O Aj Ev :$ Fq $G $" $k $H 9M $( $i $l $k!% $3 $l $O <! $N M} M3 $K $h $k!% (1) BP >] $H $9 $k >p Js 8; $N %G!< %? 9= B$ $N >p Js $, Bg 5, LO!$ B? MM!$ J# ;( $G $"$k!%FC$K!$ 9=B$2=J8=q$d W eb $H$$$C$? H>9=B$2= / Hs9=B$ 2= %G!< %? $K $* $$ $F $O!$ %G!< %? $4 $H $K 0[ $J $k 9= B$ $r ;} $D!% $= $N7k2L!$Ld9g$; :n@.$KI,MW$JCN<1 ( %9%-!<%^ >pJs$r;O$a$H$7 $?%a%?>pJs ) $N3MF@$,:$ Fq$G$"$j!$2?$r$I$& Ld$$9g$o$;$F$$ $$ $N $+ $o$+ $i $J $$!% (2) %a %? >p Js $r 3M F@ $7 $? $H $7 $F$b!$ 0[ <o / J# ;( $J %G!< %? $, BP >] $G $" $k $? $a!$ Ld 9g $; <0 <+ BN $, J# ;( $H$J$j!$:n@.$,:$Fq$G$"$k!% K\ GUI $NL\ E*$O!$0J >e$N $h$&$J @-<A $r;}$D 0[<o >pJs8; $N E} 9g Mx MQ $r!$ ;k 3P E*!& BP OC E* 5; K! $r MQ $$ $F 8z 2L E* $K ;Y 1g $9 $k $3 $H $G $" $k!% 6q BN E* $J FC D’ $O <! $N DL $j $G $" $k!% (A) Ld 9g $; $r Ej F~!$ 7k 2L $r %V %i %& %8 %s %0 $H $$$C $? C1 =c $J Mx MQ $G $O $J $/!$ %a %? %G!< %? $d %G!< %? $K BP $9 $k %V %i %& %8 %s %0 $H Ld 9g $; $r M- 5! E* $K AH $_ 9g $o $; $? BP OC E* >p Js C5 :: $N <j CJ $r Ds 6! $9 $k!% (B)GUI $N 5! G= $N 0l $D $H $7 $F!$ 0[ <o / J# ;( $J %G!< %? $r BP >] $H $7 $? ;k 3P E* Ld 9g $; 8@ 8l $r MQ 0U $7!$ Ld 9g $; :n @. $N O+ NO $N Dc 8:$r?^$k!% K\ 9F $O <! $N $h $& $K 9= @. $5 $l $F $$ $k!% 2 >O $G 0[ <o >p Js 8; $N E} 9g A‘ :n Nc $r <( $9!% 3 >O $G W ebNR/SD $K $D $$ $F @b L@ $9 $k!% 4 >O $G K\ GUI $N 9M $( J} $H!$ K\ GUI $r MQ $$ $? E} 9g A‘ :n $N 2a Dx $r @b L@ $9 $k!% 5 >O $G $O!$ ;k 3P E* Ld 9g $; 8@ 8l $G 5- =R $5 $l $? Ld 9g $; $r W ebNR/SD Be ?t <0 $X JQ 49 $9 $k <j =g $K $D $$ $F @b L@ $9 $k!% 6 >O $G 4X O" 8& 5f $K $D $$ $F =R $Y $k!% 7 >O $G $^ $H $a $H:#8e$N2]Bj$r=R$Y$k!% 2 E}9gMxMQNc 0[ <o >p Js 8; $N E} 9g A‘ :n Nc $r <( $9!% <! $N 2> Dj $r 9T $J $&!% $" $k Bg 3X $N %G!< %? %Y!< %9 (DB) 8& 5f << $K!$ ?7 $7 $$ 3X @8 $, G[ B0 $5 $l $?!% H‘ $O!$ 8& 5f << $N @h GZ $+ $i <! $N Fs $D $r 65 $( $i $l $?!% (a) RDB $K!$ 8& 5f << $N 9= @. 0w >p Js ( L> A0!$ =; =j $J $I ) $, 3J G<$5 $l$F$$ $k!% (b) W eb >e$K!$ DB 8&5f<< $K$* $1$kG/ EYJL $N 8x I= O@ J8 %j %9 %H $, B8 :_ $7!$ 8& 5f << $N %[!< %‘ %Z!< %8 $+ $i %" %/ %; %9 2D G= $G $" $k!% (c) $3 $l $i $N >p Js 8; $O!$ E} 9g Mx MQ 4D 6- $r DL $8 $F Mx MQ 2D G= $G $" $k!% B3 $$ $F!$ 3X @8 $O <! $N $h $& $J ;X <( $r <u $1 $?!% !VG/ EY JL $G $J $/!$ 9= @. 0w $4 $H $N O@ J8 %j %9 %H $r 3F W eb %Z!<%8 $H$7$F :n@. $;$h!%9= @.0w $O!$3X@R HV9f 95000 Bf 0J 9_ $N <T $r BP >] $H $; $h!% $^ $?!$ $= $l $i $r $^ $H $a $k %$ %s %G%C %/ %9 %Z!< %8 $r MQ 0U $7!$ $= $3 $G $O!$ RDB Cf $N 9= @. 0w >p Js $b 8x 3+ $; $h!%!W 3X @8 $O!$ E} 9g Mx MQ $K $D $$ $F Gy A3 $H ?^ 2 $N $h $& $J %$ %a!< %8 $r ;}$C $?!% $7 $+ $7 $3 $N ;~ E@ $G $O!$ $3 $l 0J >e $N 6q BNE*$JCN<1$r0l@Z;}$?$J$$$H2>Dj$9$k!% 3 W ebNR/SD W ebNR/SD $N %G!< %? 9= B$ $O!$ F~ $l ;R 7? %j %l!< %7%g %J %k %b %G %k $K!$ 9= B$ 2= J8 =q $r 07 $& $? $a $N Cj >] %G!< %? 7? (SD 7? ) $r F3 F~ $7 $? $b $N $G $" $k ( ?^ 3) !% 3F 9= B$ 2= J8 =q $O!$ SD 7? $N %" %H %_%C %/ $J CM (SD CM ) $H $7 $F 07 $o $l $k!% SD CM $O!$ J8 =q 9= B$ $r I= $9 DTD(Do cumen t Type De�nition) $H!$ $= $N DTD $K =>$C$?%?%0IU$-%F%-%9%H$+$i9=@.$5$l$k!%%F%- %9%H Cf$GF1$8L>A0$N%?%0$G6h@Z$i$l$?ItJ,$rMWAG$H8F$V!% 1

?^ 2. E}9gMxMQNc$N%$%a!<%8 W ebNR/SD Be ?t $G $O!$ DL >o $N F~ $l ;R 7? %j %l!< %7%g %J %k Be ?t 1i ;; ;R $r Mx MQ 2D G= $J $[ $+!$ 8G M- $N 1i ;; ;R $H $7 $F!$ 9= B$2= J8 =q $H F~ $l ;R 7? %j %l!< %7%g %s 9= B$ $r Aj 8_ JQ 49 $9 $k %3 %s %P!<%? (con v erters, ?^ 4(a)) $H!$ W eb %G!< %? A‘ :n $N $? $a $N1i;;;R Navigate !$ Imp ort !$ Exp ort $r;}$D ( ?^ 4(b)) !% Na vigate $O!$ ;X Dj $5 $l $? >r 7o $r K~ $? $9 W eb %Z!< %8 $r 8+ $D$1=P$9!% Imp ort $O!$ W eb %Z!< %8$r SD CM$H $7 $F%j %l!< %7%g%s 9= B$ $K <h $j 9~ $‘!% Exp ort $O!$ %j %l!< %7%g %s 9= B$ Cf $N SD CM $r!$ ?7 $? $J W eb %Z!< %8 $H $7 $F W eb $N @$ 3& $K @8@. $9 $k!% W ebNR/SD $O $3 $l $i $r MQ $$ $F!$ 9= B$ 2= J8 =q!$ W eb !$%j%l!<%7%g%s$NE}9gA‘:n$r<B8=$9$k!% ?^ 3. W ebNR/SD $N%G!<%?9=B$ ?^ 4. W ebNR/SD 8GM-$N1i;;;R 0J >e $N $h $& $K!$ W ebNR/SD $O %O %$ %V %j%C %I %G!< %? %b %G %k$G $" $k!% $9 $J $o $A!$ 0[ <o >p Js 8; $N %G!< %? $r %0 %i %U $J $I $N C10l$N Cj >] I= 8= $K %^%C %T %s %0 $; $:!$ 9= B$ 2= J8 =q!$ W eb !$%j %l!<%7%g %s $r $= $N $^ $^ $N 7A <0 $G 07 $&!% $7 $? $,$C $F!$ 4 >O $G @bL@$9$k GUI $G $b!$%f!<%6 $O3F >pJs 8;$N%G!< %?$r $=$l$> $l $=$N$^$^$N7A<0$G8+$k$3$H$K$J$k!% $3 $3 $G $O!$ W ebNR/SD Be ?t $r 9= @. $9 $k 1i ;; ;R $N $& $A!$ K\9F $N M} 2r $K I, MW $J 1i ;; ;R $N $_ $r 4J C1 $K @b L@ $9 $k!% $h $j >\ :Y$J@bL@$dB>$N1i;;;R$N@bL@$O [8] $G9T$J$C$F$$$k!% %3%s%P!<%? %W%j%_%F%#%V$J%3%s%P!<%?$H$7$F!$ Unpac k ( U ) $H P ac k ( P ) $,$"$k!% Unpac k $O!$ SD CMCf$NMWAG72$r4^$‘I{%j%l!< %7%g %s 9= B$ $r :n @. $9 $k!% P ac k $O!$ I{ %j %l!< %7%g %s $r SD CM$KJQ49$9$k!%?^ 5 $O (1) <0$H (2) <0$NE,MQ7k2L$G$"$k!% r 2 := U B ! C ( O ;D [ c � d ] as x ) ( r 1 ) (1) r 1 := P C ( O ;D as x ) ! B ( r 2 ) (2) (1) <0 $K $h $j!$ r 2 $N B0 @- C $N 3F I{ %j %l!< %7%g %s $K $O!$ %Q %i %a!< %? $G ;X Dj $5 $l $k MW AG 72 $K BP 1~ $9 $k SD CM $, 3J G< $5 $l $k!%MWAG72 $N;XDj$K$O %j!<%8%g%sBe?t <0 [3] $rMxMQ $9$k!%$3 $N Nc $G $O!$ %j!< %8%g %s Be ?t <0 c � d $K $h$C $F!$ MW AG 7? c $r ;} $D MW AG $N $& $A!$ MW AG d $K 4^ $^ $l $k $b $N $r ;X Dj $7 $F $$ $k!% r 2 $K (2) <0$rE, MQ$9 $k$H!$3F I{%j %l!<%7%g%s $r!$ r 2 $N B0@- B $N SD CM $r %F %s %W %l!< %H $H $7 $F ?7 $? $J SD CM $K JQ 49 $7!$ r 1 $rF@$k!% r 1 : A B 1 h b: seq (c, d: rep (c)), \ <b><c>T1</c><d><c>T2</c><c>T3</c></d></b> " i r 2 : C A B O D 1 h c, \ <c>T2</c> " i 1 h b: seq (c, d: rep (c)), \ <b></c>T1 </c><d>&x.1;&x.2</d></b> " i 2 h c, \ <c>T3</c> " i ?^ 5. %W%j%_%F%#%V$J%3%s%P!<%?$N<B9TNc $3 $l $i $N %W %j %_ %F%# %V $J %3 %s %P!< %? $K 2C $(!$ J# 9g %3 %s %P!< %? $r MQ 0U $7 $F $$ $k!% $3 $l $i $O!$ %W %j %_ %F%# %V $J %3 %s %P!< %? $H B> $N 1i ;; ;R $r AH $_ 9g $o $; $F Dj 5A $5 $l $F $* $j!$ %W %j %_ %F%# %V $J %3 %s %P!< %? $H $O 0[ $J $k %Q %i %a!< %? $N ;X Dj J} K! $r ;}$D!% (3) <0$N<B9T7k2L$r?^ 6 $K<($9!% r 4 := U B ! ( D [( c \ 1) � d b ] as x ) ( r 3 ) (3) r 3 : A B 1 h b: seq (c, c, d: seq (c)), \ <b><c>T1</c><c>T2</c><d><c>T3</c></d></b> " i r 4 : A B D 1 h b: seq (c, c, d: seq (c)), \ <b>&x.1<c>T2 </c><d><c>T3</c></d></b> " i h c, \ <c>T1</c> " i r 5 : A B C 1 h c, \ <c>T1</c> " i h e, \ <e>T2</e> " i r 6 : A D 1 h f: seq (c, e), \ <f><c>T1</c><e>T2</e></f> " i ?^ 6. J#9g%3%s%P!<%?$N<B9TNc $3 $N J# 9g %3 %s %P!< %? $O!$ %j!< %8%g %s Be ?t <0 $K $h$C $F ;X Dj $5 $l $k MW AG $N 8D ?t $, 0l $D $G $" $k >l 9g $K Mx MQ $5 $l $k!% (3) <0 $G $O!$ ( c \ 1) � d b $K $h$C $F!$ MW AG 7? c $r ;} $D MW AG $N $& $A!$ MW AG 7? b $N MW AG $N D> @\ $N I{ MW AG $G $"$C $F!$ $+ $D Bh 1 HV L\ $K 8= $l $k I{ MW AG $G $" $k $h $& $J MW AG $r ;X Dj $7 $F $$ $k!% $3 $3 2

$G!$ \1" $O G$ 0U $NMW AG $N Bh 1 I{ MWAG $K BP 1~ $9 $k %j!< %8%g %s $N=8 9g $G $" $k!% $3 $N J# 9g %3 %s %P!< %? $G $O!$ I{ %j %l!< %7%g %s 9=B$ $G $O $J $/!$ SD 7? $N B0 @- ( $3 $N <0 $G $O B0 @- D) $K!$ $3 $N MWAG $r 3J G< $9 $k!% $3 $3 $, %W %j %_ %F%# %V $J Unpack $H 0[ $J $k E@$G$"$k!% ?^ 6 $O (4) <0 $N 7k 2L $b <( $7 $F $$ $k!% $3 $N %3 %s %P!< %? $O!$ J# ?t $N SD CM $+ $i $J $k Ns 9= B$ $r ;} $D $h $& $J!$ ?7 $? $J SD CM $r:n@.$9$k!% r 6 := P ( B ;C ) ! D : S C; 0 f 0 ( r 5 ) (4) Export Exp ort ( E ) $O%j%l!<%7%g%sCf$N SD CM$NFbMF$r;}$D%Z!< %8$r W eb >e$K:n@.$7!$$=$N%Z!<%8$r;2>H$9$k%O%$%Q!<%F%- %9 %H %j %s %/ $r ;} $D SD CM $r F@ $k!% ?^ 7 $O (5) <0 $N <B 9T Nc $G $"$k!% r 8 := E B ;U;L;G ( r 7 ) (5) r 7 : A B 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/p1.xml T Univ a r 8 : A B 1 h a: hlink , \ <a href="http://T.ac.jp/p1.xml"> T Univ </a> " i ?^ 7. Exp ort $N<B9TNc URL URL generator URL U ( r ) $O!$ r $KB0@- U $rDI2C$9$k!% U $K $O!$ B> $H =E $J $i $J $$ ?7 $? $J URL 72 $, 3J G< $5 $l $k!% $3 $l $i $N URL $O!$ Exp ort $r MQ $$ $F ?7 $? $J W eb %Z!< %8 $r :n @.$9$k:]$KMxMQ$5$l$k!%?^ 8 $K (6) <0$NE,MQ7k2L$r<($9!% r 10 := URL U ( r 9 ) (6) r 9 : A B 1 b1 2 b2 r 10 : A B U 1 b1 http:// : : : /new/1 2 b2 http:// : : : /new/2 ?^ 8. URL $N<B9TNc $=$NB> %I%a %$%s JQ 49;R Attr ;ty pe ( r ) $O!$B0 @- Attr $N%I %a %$%s $r ty pe $K JQ 99 $9 $k . $?$@ $7!$ ty pe $, SD 7? $N >l9g $O!$ %F %-%9%H $N %? %0 $K Mx MQ $5 $l $k 6& DL <1 JL ;R g $r L@ <( E* $K ;X Dj $9 $kI,MW$,$"$k!% 2~ L> 1i ;; ;R � A ! B ( r ) $O!$ %j %l!< %7%g %s r $N B0 @- L> A $r B $KJQ99$9$k!% 4 GUI $rMQ$$$?E}9gMxMQ;Y1g 4.1 4pK\E*$J9M$(J} : 2?$,LdBj$G2?$,FCD’$+ K\ @a $G $O!$ K\ GUI $r MQ $$ $? %G!< %? A‘ :n $N 4p K\ E* $J 9M $( J}$K $D $$ $F =R $Y!$ %G!< %? A‘ :n $K $* $1 $k Ld Bj E@ $H!$ $= $l $K BP =h $9 $k $? $a $N K\ GUI $N FC D’ $r $h $j 6q BN E* $K @b L@ $9 $k!% K\ GUI $rMQ$$$? 2 >O$NE}9gA‘:n$O!$<!$N<j=g$G9T$o$l$k!% 1. B? MM!& J# ;(!& Bg 5, LO $J %G!< %? 9= B$ $r ;} $D %G!< %? 72 $+ $i!$ 9= @. 0w >p Js %G!< %? $+ $i $J $k =8 9g $H!$ G/ EY JL O@ J8 %j %9 %H %G!< %? $+ $i $J $k =8 9g $r F@ $k!% $J $*!$ <B :] $K $O!$ $= $l $> $l $K BP 1~ $9 $k W ebNR/SD $N %j %l!< %7%g %s 9= B$ $, :n@.$5$l$k!% 2. 9= @. 0w L> $H O@ J8 $N Cx <T L> $r MQ $$ $F >e 5- $N 2 <o N‘ $N %G!< %? $N 7k 9g $7!$ $5 $i $K :F 9= @. $r 9T$C $F!$ MW 5a $5 $l $k %G!< %?9=B$$r9=C[$9$k!% K\ GUI $G $O!$<j=g 1 $N$h$& $J!VB? MM!&J#;(!& Bg5,LO $J%G!< %? 9= B$ $r ;} $D %G!< %? 72 $+ $i!$ A‘ :n BP >] $H $J $k %G!< %? =8 9g $r <1 JL!& ;X Dj $9 $k!W A‘ :n $r!$ T ar get Disc overy $H 8F $V!% $^ $?!$ <j =g 2 $N $h $& $J !V%G!< %? =8 9g $K BP $7 $F %G!< %? $N A* Br $d :F 9= @. $J $I $N A‘ :n $r 9T $J $&!W $3 $H $r!$ Data Op er ation $H 8F$V!%0l HLE*$K $O!$K\ GUI $K $h$k %G!<%?A‘ :n$O$3 $N 2 $D$r AH$_9g$o$;$k$3$H$K$h$C$F9T$o$l$k!% K\ Nc $+ $i $b $o $+ $k $h $& $K!$ $3 $N <j =g $G 0[ <o >p Js 8; $N E} 9g MxMQ$r9T$J$&:]$K$O<!$NLdBj$,$"$k!% ( Ld Bj 1 ) T arget Discov ery $, :$ Fq $G $" $k!% $3 $N M} M3 $O!$ BP >] %G!< %? $N %G!< %? 9= B$ $, B? MM!& J# ;(!& Bg 5, LO $G $" $j!$ %9 %-!< %^ >p Js $r ;O $a $H $7 $? %a %? >p Js $N 3M F@ $, Fq $7 $$ >e!$ 30 1d $N $h $& $J F1 <o $N %G!< %? $r $^ $H $a $k 35 G0 $, B8 :_ $9 $k $H $O 8B $i $J$$$? $a$G$" $k!%Nc$($P!$ W eb $+$i G/EYJLO@ J8%j%9 %H%Z!< %8$rFCDj$9$k$3$H$O4JC1$G$O$J$$!% ( Ld Bj 2 ) %a %? >p Js $r 3M F@ $7!$ A‘ :n BP >] $H $J $k %G!< %? =8 9g $r ;X Dj $G $- $? $H $7 $F $b!$ A‘ :n BP >] $H $9 $k %G!< %? 9= B$ $d MW 5a $5 $l $k %G!< %? 9= B$ $, K\ <A E* $K J# ;( $J $? $a!$ Data Op eration $, J# ;( $J $b $N $H $J $k!% Nc $( $P!$ 2 >O $N Nc $G $O !V9= @. 0w JL $N O@J8%j %9%H$r ;}$D W eb %Z!<%8$H!$$= $l$r$^$H $a$k%$ %s%G%C %/%9 W eb %Z!<%8$r :n@.$7!$ %$%s%G%C %/%9%Z!< %8$K$O %G!<%? %Y!< %9 $K 3J G< $5 $l $F $$ $k 9= @. 0w >p Js $r F~ $l $h!W $H ;X Dj $9 $k I,MW$,$"$k!% K\ GUI $G Ld Bj 1 $K BP =h $9 $k $? $a $N %" %W %m!< %A $,!$ %a %? %G!< %? $H %G!< %? $K BP $9 $k %V %i %& %8 %s %0 $H Ld 9g $; $r AH $_ 9g $o $; $?!$ BP OC E* >p Js C5 :: $K $h $k T arget Discov ery $N ;Y 1g $G $" $k!% Bg NL $N %G!< %? $+ $i Data Op eration $N BP >] $H $J $k %G!< %? =8 9g $r 9= C[ $9 $k $? $a $K $O!$ %a %? %G!< %? $K BP $9 $k %V %i %& %8 %s %0 $@ $1 $G $O $J $/!$ Ld 9g $; $b I, MW $G $" $k!% $5 $i $K!$ BP >] %G!< %? $, H> 9= B$ 2= %G!< %? $d Hs 9= B$ 2= %G!< %? $r 4^ $‘ $N $G!$ %a %? %G!< %? $@ $1 $G $J $/!$ %G!< %? $K BP $9 $k %V %i %& %8 %s %0 $d Ld 9g$; $bI, MW$H$J $k!%K\ GUI $G$O!$ %a%? %G!<%?$H %G!<%? $r0l BN 2= $7 $? %V %i %& %8 %s %0 5! 9= $H!$ %a %? %G!< %? $H %G!< %? $K BP $9 $k Ld 9g $; $N OH AH $r MQ 0U $9 $k!% $^ $?!$ %V %i %& %8 %s %0 %W %m %; %9 $H Ld 9g $; %W %m %; %9 $N 4V $N %b!< %I $d 2h LL $N @Z BX $( $J $I $r GS =| $7!$ $3 $l $i $N M; 9g $r ?^ $k!% Ld Bj 2 $K BP $7 $F $O!$ 0[ <o !? J# ;( $J%G!<%?$rBP>]$H$7$?;k3PE*Ld9g$;8@8l HQBE (Query By Example for Heterogeneous information sources) $rMQ0U $7!$Ld9g$;:n@.O+NO$NDc8:$r?^$k!% 4.2 GUI $N9=@.MWAG K\ GUI $N <g MW $J 9= @. MW AG $O!$ 0[ <o %G!< %? 72 $K BP $7 $F T arget Discov ery $r 9T $J $& :] $N5r E@ $H $J $k MainWindo w $H!$ <1 JL!& ;X Dj $5 $l $? 3F %G!< %? =8 9g $r I= <( $9 $k DataBox $G$" $k ( ?^ 9) !%0J 2< $G$O!$ FC$K :.Mp $N$J $$ 8B$j %G!<%? =89g $H DataBox $r F1 0l ;k $9 $k!% MainWindo w $G $O!$ <! $N T arget Disco v ery $N<jCJ$rMxMQ2DG=$G$"$k!% 3

� >p Js 8; L> $H!$ %j %l!< %7%g %s L> $d J8 =q %j %] %8 %H %j Cf $N J8 =q %3 %l %/ %7%g %s L> $r D> @\ ;X Dj $7!$ %? %W %k $d J8 =q $N =8 9g $rI=<($9$k DataBo x $r:n@. (Relation / Do c) � URL $r ;X Dj $7!$ $= $N %Z!< %8 $@ $1 $r ;} $D DataBo x $r :n @. (URL) � %a %? %G!< %? $d %G!< %? $K 4X $9 $k 8! :w >r 7o $J $I $r ;X Dj $7!$ $= $l $K 0l CW $9 $k %G!< %? =8 9g $r ;} $D DataBo x $r :n @. (Searc h) ?^ 9. GUI $NCf?4$H$J$kFs$D$N%&%$%s%I%& DataBo x $G $O!$ !V"&!W !V"$!W %\ %? %s $r MQ $$ $F!$ %G!< %?=89g $N%V %i %&%8 %s %0 $r9T $&!% $^$?!$ Disco v ery %a%K%e!< $+ $i $O!$ MainWindo w $H F1 $8 5! G= $r 8F $S =P $9 $3 $H $, 2D G= $G $" $k!% MainWindo w $N >l 9g $H 0[ $J $k E@ $O!$ ?7 $? $J DataBo x $r@8@.$;$:!$ $=$N DataBox <+?H$NFbMF$,JQ99$5 $l$k $H $$ $& $3 $H $G $" $k!% !V Back !W!V F orw ard !W %\ %? %s $G!$ $=$N DataBox $GI=<($5$l $F$$$?%G!<%?=89g$NMzNr$r$?$I$k $3$H$,$G$-$k!%$^$?!$ DataBox $+$i$N Searc h $O<!$N$h$& $K5!G=$,3HD%$5$l$F$$$k!%$9$J$o$A!$8=:_ DataBo x $KI=<( $5$l$F$$$k>pJs$rMxMQ$7$? T arget Disco v ery $r9T$J$&$3$H $,$G$-$k!%$3$l$K$D$$$F$O<!@a$G@bL@$9$k!% 4.3 BPOCE*>pJsC5:: K\ GUI $G $O!$ T arget Discov ery $r!$ %a %? %G!< %? / %G!< %?$K BP $9 $k %V %i %& %8 %s %0 $H Ld 9g $; $r AH $_ 9g $o $; $? BP OC E* >p JsC5 :: $K $h$C $F 9T $&!% 2 >O $N Nc $G $O!$ 9= @. 0w >p Js %G!< %? =8 9g$KBP1~$9$k DataBox $H!$ G/EYJLO@J8%j%9%H%Z!<%8=89g$K BP1~$9$k DataBox $r!$$=$l$>$l:n@.$9$kI,MW$,$"$k!% 9=@.0w>pJs%G!<%?=89g$KBP1~$9$k DataBo x $r:n@. MainWindo w $+ $i Relation/Do c %a %K%e!< $r A* $V $H!$ >p Js 8; $H $= $l $> $l $K 3J G< $5 $l $F $$ $k >p Js ( %j %l!< %7%g %s L> $J $I ) $, I= <( $5 $l $k!% DB 8& 5f << $N 9= @. 0w >p Js %j %l!< %7%g %s $H ;W $o $l $k $b $N $r A* Br $9 $k $H!$ $= $N %j %l!< %7%g %s $K BP 1~ $9$k DataBo x $,@8 @. $5$l $k ( ?^ 10(a)) !% Metadata %\ %? %s $r2!$9 $H!$ MetadataBox( ?^ 10(b)) $, =P 8=$7!$ %j %l!< %7%g %s $N %a %? %G!< %? $r I= <( $9 $k!% $3 $N $h $& $K!$ %G!< %? $H %a %? %G!<%? $r 0l BN 2= $7 $? %V %i %& %8 %s %0 $, Ds 6! $5 $l $k!% $b $7!$ $" $k%j %l!< %7%g %s $r %V %i %& %8 %s %0 $7 $? 7k 2L!$ DB 8& 5f << $N 9= @.0w >p Js %j %l!< %7%g %s $G $J $$ $3 $H $, H= $l $P!$ Disco v ery %a %K%e!< $+ $i Relation/Do c $r :F $S A* Br $7!$ %V %i %& %8 %s %0 $r B39T$9$k!%0J 2<$G $O!$$3 $3$G:n @.$7 $? DataBox $r D1 $H8F $V!% ?^ 10. %a%?%G!<%?$d%G!<%?$r%V%i%&%8%s%0$9$k$3$H$K$h$j DB 8&5f<<$N9=@.0w>pJs$r;}$D DataBo x(D1 ) $r:n@. G/EYJLO@J8%j%9%H%Z!<%8=89g$KBP1~$9$k DataBox $r:n@. MainWindo w $G URL %a %K%e!< $r A* $S!$ DB 8& 5f << $N %[!< %‘ %Z!< %8 $N URL $r F~ NO $9 $k $H!$ $= $N %Z!< %8 $@ $1 $r 4^ $‘ DataBo x $,@8@.$5$l$k!%0J2<$G $O$3$N DataBo x $r D2 $H8F$V!% DL>o$N W eb %V%i %&%6$H F1MM$K!$%[!< %‘%Z!<%8 Cf$N %O %$ %Q!<%F %- %9 %H %j %s %/$r $? $I $k $3 $H $,$G $- $k $N $G!$ W eb $N %V %i %& %8 %s %0 $r 9T $$!$ G/ EY JL 8x I= O@ J8 %j %9 %H $r C5 $9!% ?^ 11 $O $? $I $j Ce $$ $? $H $3 $m$G $" $k!% %a %? %G!< %? $r 8+$k $3 $H $K $h$j!$$3$N%Z!<%8$NJ8=q9=B$$,H=L@$9$k!% ?^ 11. G/EYJLO@J8%j%9%H$r%V%i%&%8%s%0$K$h$jC5:w (D2 ) $5 $i $K %V %i %& %8 %s %0 $K $h$C $F!$ W eb $K B8 :_ $9 $k B> $N G/ EY JL O@ J8 %j %9 %H %Z!< %8 $r D4 $Y $k $& $A $K!$ <! $N ;v <B $, H= L@ $7 $?!% (1) A4 $F $N O@ J8 %j %9 %H %Z!< %8 $, F1 0l $N Fb It 9= B$ $r ;} $D $o $1 $G $O $J $$!% $" $k %Z!< %8 $O!$ O@ J8 $4 $H $K MW ;] $, $D $$ $F $$ $k!% JL $N %Z!< %8 $O!$ O@ J8 $r %W %m %8%’ %/ %H $4 $H $K J, N‘ $7 $F $$ $k!% (2) $7 $+ $7 0J 2< $N 2 E@ $O A4 $F $N %Z!< %8 $G 6& DL $7 $F $$ $k!% $^ $:!$ A4 $F $N %Z!< %8 $K page-title %? %0 $, $" $j!$ $= $3 $K $OJ8 ;zNs \Pub-list" $,I, $:4^ $^$l $F$$ $k!%$^ $?!$ :Y$+ $JJ8 =q 9= B$ $O 0[ $J $k $b $N $N!$ 3F %Z!< %8 $, A4 BN $H $7 $F =q ;o >p Js $N =8 $^ $j $H $$ $& 9= B$ $r ;} $D $3 $H $K $O JQ $o $j $, $J $$!% A4 $F $N =q ;o>pJs$O pub %?%0$G0O$^$l$F$$$k!% 0J >e $N ;v <B $r ;H$C $F W eb $r C5 :w $7!$ A4 $F $N G/ EY JL O@ J8 %j %9 %H %Z!< %8 $r ;} $D DataBox $r :n @. $9 $k!% $^ $:!$ D2 $N Disco v ery %a %K%e!< $+ $i Searc h $r A* Br $9 $k $H!$ >r 7o F~ NO 2h LL $, 8= $l $k ( ?^ 12(a)) !% $3 $3 $K C5 :w HO 0O $H!$ M_ $7 $$ O@ J8 %j %9 %H %Z!< %8 $N >r 7o $r F~ NO $9 $k!% K\ Nc $G $O C5 :w HO 0O $H $7 $F W eb $r ;X Dj $7!$ >r 7o $H $7 $F !V DB 8& $N %[!< %‘ %Z!< %8 $+ $i E~ C# 2D G= $G $" $j!$ $+ $D F1 0l W eb %5!< %P!< $K B8 :_ $9 $k %Z!< %8 $N $& $A!$ 8= :_ MetadataBox $K I= <( $5 $l $F $$ $k >r 7o $r K~ $? 4

$9 $b $N $r A* Br $; $h!W $H ;X Dj $7 $F $$ $k!% <! $K!$ D2 $N Meta- dataBo x( G/ EY JL O@ J8 %j %9 %H $N 9= B$ $r I= <( $7 $F $$ $k ) $r 4p $K!$>r7o$r:n@. $9$k ( ?^ 12(b)) !%$3$3 $G$O!$!V page-title $K \pub-list" $r 4^ $_!$ pub $N 7+ JV $7 9= B$ $r ;} $D $b $N!W $H ;X Dj $7$F $$ $k!% ?^ 12(b) $+ $i $b $o $+ $k $h $& $K!$ %a %? %G!< %? $K BP $9$k Ld 9g $; >r 7o $O!$ I, MW $J 9= B$ 0J 30 $r >C 5n $9 $k $3 $H $K $h$C $F 9T $& ( >C 5n $5 $l $? pub $N ?F MW AG p-item $, 7+ JV $7 9= B$ $r ;}$C$F$$ $? $N $G!$ <+ F0E* $K pub $K7+ JV $7 9= B$ %^!< %/ \*" $, IU M? $5 $l $F $$ $k ) !% $3 $N $h $& $K!$ %G!< %? 9= B$ $, It J, E* $K 6& DL $G $" $k $h $& $J %G!< %? ( $3 $N >l 9g $O G/ EY JL O@ J8 %j %9 %H %Z!< %8 ) $N =8 9g $N 9= C[ $b ;X Dj 2D G= $G $" $k!% $^ $?!$ MetadataBo x $K$O!$ %$ %s %9 %? %s %9 $, K~ $? $9 $Y $- >r 7o ( $3 $N Nc $G $O !V page- title $K \pub-list" $r 4^ $‘!W ) $b D> @\ 5- =R $G $- $k!% :G 8e $K!$ (a) $N Searc h %\ %? %s $r 2! $9 $H!$ $3 $N >r 7o $r K~ $? $9 %Z!< %8 $, D2 $K3JG<$5$l$k!% $3$N$h$& $K!$%a%?%G!< %?$H%G!<%? $KBP$9 $kLd9g$;$r<B8=$7$F$$$k!% ?^ 12. %a%?%G!<%?$H%G!<%?$KBP$9$kLd9g$;$rMxMQ$7$F!$ D2 $rG/EYJLO@J8%j%9%H$N=89g$KBP1~$5$;$k 0J >e $N $h $& $K!$ %a %? %G!< %? $d %G!< %? $K BP $9 $k Ld 9g $; $d %V %i%& %8 %s %0 $r %7!< %‘ %l %9 $K 0\ F0 $9 $k $3 $H $K $h $j!$ $3 $l $i $r M-5!E*$KAH$_9g$o$;$?BPOCE*>pJsC5::$r;Y1g$7$F$$$k!% 4.4 ;k3PE*Ld9g$;8@8l 0[ <o!& J# ;( $J A‘ :n BP >] %G!< %? $K BP $9 $k Ld 9g $; $N :n @. $r ;Y 1g$9 $k $? $a!$ K\ GUI $G $O ;k 3P E* Ld 9g $; 8@ 8l HQBE $r MQ 0U $7 $F $$ $k!% ?^ 13 $O!$ 2 >O $N E} 9g A‘ :n Nc $G MW 5a $5 $l $F $$ $k %G!< %? A‘ :n $r HQBE $G 5- =R $7 $? $b $N $G $" $k!% 4.3 @a $G :n @. $7 $? DataBox D1 $H D2 $, 4{ $K B8 :_ $9 $k $H 2> Dj $9 $k!% <! $N <j =g $G Ld 9g $; $r :n @. $9 $k!% $^ $:!$ D1 $H D2 $N Meta- dataBo x( $=$l$>$l$N%G!<%?9=B$$,I=<($5$l$k ) $K!$ QBE[10] $HF1 MM $N Nc <( MW AG ( $3 $3 $G $O ’&’ $G ;O $^ $k J8 ;z Ns ) $d >r 7o $r 5-=R$9$k ( ?^ 13(a)(b)) !% B3$$ $F!$ Bh;0 $N DataBo x D3 $r ?7$? $K @8 @. $9 $k!% $3 $l $O FC Dj $N %G!< %? =8 9g $K BP 1~ $7 $J $$ 6u $N DataBox $G$" $k ( K\ GUI $N%a%K%e!<$K!$6u$N DataBox $r :n @. $9 $k 5! G= $, B8 :_ $9 $k ) !% $7 $? $,$C $F!$ D3 $N Meta- dataBo x $N =i 4| >uBV $O %V %i%s %/ $G $"$k!% $3 $3 $K!$MW 5a $5$l $k %G!< %? $N %G!< %? 9= B$ $r IA 2h $7!$ Nc <( MW AG $r 5- F~ $9 $k ( ?^ 13(c)) !% ?^ 13 $N (d) $H (e) $, $= $l $> $l %$ %s %G%C %/ %9 %Z!< %8 $H9= @. 0w JL O@ J8 %j %9 %H $r I= $9!% $^ $?!$ E@ @~ Lp 0u $O %O %$ %Q!< %F %- %9 %H %j %s %/ $r I= 8= $7 $F $$ $k!% :G 8e $K!$ D3 $N Query %\ %? %s $r 2! $9!% Ld 9g $; $N 7k 2L $O D3 $K 8= $l $k!% $3 $N Nc $G $O!$%$ %s %G%C %/ %9 %Z!< %8 $K BP $9 $k %O %$ %Q!< %F %- %9 %H %j %s %/ $, 8= $l $k $N $G!$ $= $3 $+ $i Ld 9g $; 7k 2L $r %V %i %& %8 %s %0 2D G= $G $"$k!% HQBE $NLd 9g$;$O W ebNR/SD $NBe?t<0 $KJQ49$5$l $F<B 9T $5 $l $k!% HQBE $K $h$C $F!$ DataBox Cf $N %G!< %? =8 9g $K BP $9 $k C1 =c $J A* Br 1i ;; $d <M 1F 1i ;; $r 5- =R $G $- $k $3 $H $O $b $A $m $s $N $3 $H!$ <! $N $h $& $J W ebNR/SD $N FC D’ $r @k 8@ E* $J 5- =R $G Mx MQ 2D G= $G $" $k!% (1) 9= B$ 2= J8 =q $J $I $N J# ;( $J 9= B$ $r ;} $D %G!< %? $N A‘ :n $r 9T $&!% 6q BN E* $K $O!$ A* Br $d 7k 9g 1i ;; $K 2C $( $F!$ ?7 $? $J F~ $l ;R 9= B$ $d %O %$ %Q!< %F %- %9 %H %j %s %/ $N :n @. Ey $, 2D G= $J $N $G!$ $3 $N Nc $N $h $& $J J# ;( $J %G!< %? :F 9= @. $b <B 8= $G $- $k!% (2) $3 $N Nc $K $* $1 $k G/ EY JL O@ J8 %j %9 %H $N $h $& $K!$ 6& DL 9= B$ $O B8 :_ $9 $k $, B? >/ 9= B$ $, 0[ $J $k $h $& $J %G!< %? $N =8 9g $K BP $7 $F!$ E} 0l E* $J %G!< %? A‘ :n $r 9T $&!% (3) Ld 9g $; 7k 2L $N %G!< %? I= 8= $H $7 $F!$ %j %l!< %7%g %s!$ 9= B$ 2= J8 =q!$ W eb $N %O %$ %Q!<%F %- %9 %H 9= B$ $H $$$C $? 0[<o %G!< %? I= 8= $r ;H $$J,$1$k!% ?^ 13. ;k3PE*Ld9g$;8@8l$K$h$j!$9=@.0wJLO@J8%j%9%H%Z!<%8$H %$%s%G%C%/%9%Z!<%8$N:n@.$r;XDj$9$k 7k 2L$O DataBox $K3JG<$5$l $k$N$G!$$3$l$r4p$K!$$5$i$J $kBPOCE*>pJsC5::$d HQBE $K$h$kA‘:n$,2DG=$G$"$k!% 5 HQBE $N Ld 9g $; $+ $i W ebNR/SD Be ?t <0 $X$NJQ49 K\ >O$G$O!$ HQBE $G 5-=R$5$l $?Ld9g$; $+$i W ebNR/SD Be ?t <0 $X $N JQ 49 $K $D $$ $F @b L@ $9 $k!% Nc $H $7 $F 4.4 @a $N Ld 9g $; $r MQ $$ $k!% Ld 9g $; $r 9= @. $9 $k MetadataBox $N $& $A!$ Ld 9g $; BP >] $H $J $k %G!< %? =8 9g $K BP 1~ $9 $k MetadataBox $r!$ T arget MetadataBo x $H 8F $V (4.4 @a $N Nc $G $O D1 $H D2 $N 5

MetadataBo x) !% $^ $?!$ Ld 9g $; 7k 2L $N %G!< %? 9= B$ $r I= 8= $9 $k MetadataBox $r!$ Output MetadataBox $H8F$V (D3 $N MetadataBo x) !% 0J9_$N5D O@$O!$?^ 13 $N$h$& $J?^I= 8=$=$N $b$N$G $O$J $/!$ Ld 9g $; $r %F %- %9 %H I= 5- $7 $? $b $N $K BP $7 $F 9T $J $&!% T arget MetadataBo x $K $* $1 $k Ld 9g $; 5- =R $N %F %- %9 %H I= 5- $r T ar- get Expression $H 8F $S!$ Output MetadataBox Cf $N 5- =R $N%F%-%9%HI=5-$r Output Expression $H8F$V!% 5.1 Ld9g$;$N%F%-%9%HI=5-$H0UL# ?^ 13 $N Ld 9g $; $r I= 8= $9 $k T arget Expression $r <! $K <( $9!% D1 $KBP$9$k T arget Expression NULL:R( ID:In teger[ > = 95000], Addr:String[&Tsukuba], Name:String[&Y amada], Phone:String[&Num ber], E-Mail:String[&MailAddr] ) D2 $KBP$9$k T arget Expression NULL:R( P age:SD( f � pub � f � d author s: 1 f� d author � [& Y amada ] g ; � d titl e: 2[& T itl e ] ; � d pub - inf o: 3[& I nf o ] g g ) ) T arget Expression $O <! $N 2 $D $N >p Js $r ;} $D!% (1) BP >] %G!< %? $N %G!< %? 9= B$!% (2) Nc <( MW AG $H >r 7o!% T arget Ex- pression $K$*$1$k=EMW$J%]%$%s%H$O!$ SD CM$NFbIt9=B$$r!$ DL>o $N DTD $K $h $k 5- =R $h $j $b 4K $d $+ $K 5- =R $7 $F $$ $k $3 $H $G $" $k!% $3 $N $h $& $J SD CM $N 9= B$ $N 5- =R $r Lo ose Struc- ture Sp eci�cation $H 8F$V!% Ld9g $;$NBP >]%G!< %?$O!$ Lo ose Structure Sp eci�cation $5 $( K~ $? $7 $F $* $l $P!$ DTD $, 0[ $J$C$F$$$F$b9=$o$J$$!% T arget Expression (Lo ose Struc- ture Sp eci�cation $r4^$‘ ) $N9=J8$H0UL#$r<!$K<($9!% TE::= ’NULL:R(’ Attr ’:’ SubSt { ’,’ Attr ’:’ SubSt } ’)’ // :G$b30B&$N%j%l!<%7%g%s9=B$ SubSt::= ’R’ ’(’ Attr ’:’ SubSt { ’,’ Attr ’:’ SubSt } ’)’ // I{%j%l!<%7%g%s9=B$ | ’SD’’(’ LooseSt ’)’ //SD CM$N9=B$$O LooseStructure $G5-=R | OtherType [ ’[’ Example | Condition ’]’ ] // B>$N7?$N8e$m$K$ONc<(MWAG$+ >r7o$r$D$1$k$3$H$,$G$-$k LooseSt::= ’{’ ContainmentSpec { ’,’ ContainmentSpec } ’}’ // 3F ContainmentSpec $GI=8=$5$l$kMWAG72$rA4$F4^$‘ ContainmentSpec::= SpecElem LooseSt // SpecElem $GI=8=$5$l$kMWAG$r4^$‘ // $=$NMWAG$NFbIt9=B$$O LooseSt $G$"$k | SpecElem ’[’ Example | Condition ’]’ // SpecElem $GI=8=$5$l$kMWAG$r4^$‘ // $3$NMWAG$KNc<(MWAG$+>r7o$rBP1~$5$;$k SpecElem::= ’ � ’ gi //gi 7?$N%F%-%9%HMWAG$rFbIt$K0l$D4^$‘ | ’ � d ’ gi ’.’ Int // Bh Int I{MWAG$H$7$F //gi 7?$N%F%-%9%HMWAG$r0l$D4^$‘ | ’ � ’ gi ’*’ //gi 7?$N%F%-%9%HMWAG$rFbIt$KJ#?t4^$‘ | ’ � d ’ gi ’*’ // I{MWAG$H$7$F //gi 7?$N%F%-%9%HMWAG$rJ#?t4^$‘ $7 $? $,$C $F!$ D2 $K BP $9 $k T arget Expression $G ;X Dj $5 $l $F$$$k Lo ose Structure Sp eci�cation $O!$<!$N $h$&$K2r<a $5$l$k!% !V$3 $N SD CM $O pub $r J# ?t 4^ $‘!% pub $O Bh 1 !$ Bh 2 !$ Bh 3 I{ MW AG $H $7 $F $= $l $> $l authors !$ title !$ pub-info $r 4^ $‘!% authors $OI{MWAG$H$7$F author $rJ#?t4^$‘!% author, title, pub-info $O $= $l $> $l Nc <(MW AG &Y amada !$ &Title !$ &Info $KBP1~$9$k!W ?^ 13 $NLd9g$;$N Output Expression $O<!$N$h$&$K$J$k!% Output Expression R_1(Document:SD( a:hlink[‘‘indexpage’’]( table:rep_1( member:seq( name[&Yamada], addr[&Tsukuba], phone[&Number], e-mail[&MailAddr], a:hlink[‘‘publications’’]( p-list:seq( author[&Yamada], pubs:rep_1( pub:seq( title:[&Title], pub-info:[&Info] ) ) ) ) ) ) ) )) Output Expression $O!$ Ld 9g $; 7k 2L $N %G!< %? 9= B$ $r I= $9!% T arget Expression $H $O <! $NE@ $, 0[ $J$k!% (1)SD CM $N FbIt9=B$$,6qBNE*$J DTD $G;XDj$5$l$F$$$k!% Lo ose Struc- ture Sp eci�cation $G$O$J$$!%$3$NM}M3$O!$7k2L$N%G!<%?9= B$ $r :n @. $9 $k $? $a $K $O 6q BN E* $J 9= B$ $N ;X Dj $, IT 2D 7g $@ $+ $i $G $" $k!% (2) I{ %j %l!< %7%g %s 9= B$ (R) $H!$ SD CM Cf $N rep- etition 9= B$ (rep) $K HV 9f $, IU $/!% $3 $N HV 9f $O!$ F1 0l $N F~ $l ;R 9= B$ Cf $K B8 :_ $9 $k R $d rep $K BP $7 $F!$ 1 ; 2 ; : : : $H ?6 $k!% $3 $N HV 9f $O Grouping 1i ;; $N E, MQ =g =x $r ;X Dj $7 $F $$ $k!% $9 $J$o $A!$ Output Expression $K =>$C$F Ld9g $;7k 2L$N %G!<%? 9= B$ $r :n @. $9 $k :] $K!$ F1 0l $N F~ $l ;R %l %Y %k $K $* $1 $k J# ?t $N Grouping 1i ;; $,!$ $3 $N HV 9f $N =g =x $G 9T $J $o $l $k!% $3 $N ;X Dj $, I, MW $J M} M3 $O!$ F1 0l %l %Y %k $N F~ $l ;R $G J# ?t $N Group- ing 1i ;;$r9T$J$C$?7k2L$O!$$=$N1i;;=g=x$K$h$C$F0[ $J$k$? $a$G$"$k!% 6

5.2 JQ49$GF@$i$l$k W ebNR/SD Be?t<0 $3$3$G$O!$ HQBE $G5-=R$5$l$? Ld9g$;$rJQ49$7$? 7k2LF@ $i$l $k W ebNR/SD Be ?t <0 $K $D $$ $F @b L@ $9 $k!% A‘ :n BP >] $H $J$k3F Datab ox Cf $N %G!<%? =8 9g$r!$ $= $l$> $l W ebNR/SD $N%j %l!< %7%g %s $H $7 $F 07 $&!% Ld 9g $; $O $3 $l $i $r %* %Z %i %s %I $H$9 $k Be ?t <0 $H $7 $F I= $5 $l!$ Bg $- $/ J, $1 $F <! $N 3 $D $N It J, $+$i9=@.$5$l$k!% 1. Cj =P It : A‘ :n BP >] $N %j %l!< %7%g %s 72 $r JQ 7A $7!$ $= $l $> $l %U %i%C %H $J %j %l!< %7%g %s $r :n @. $9 $k!% $3 $l $i $N %j %l!<%7%g %s $N B0 @- CM $O!$ 3F T arget Expression $K $* $$ $FNc <( MW AG $d >r 7o $, ;X Dj $5 $l $F $$ $k B0 @- $N CM $d %F %- %9 %HMWAG$rCj=P$7$?$b$N$G$"$k!% 2. A* Br!& 7k 9g It : 3F %j %l!< %7%g %s $4 $H $N >r 7o $K =>$C $F $= $l $> $l A* Br 1i ;; $r 9T $J$C $? 8e!$ A4 $F $N 7k 2L $r 7k 9g $7 $F 0l$D$N%j%l!<%7%g%s$r:n@.$9$k!% 3. :F 9= @. It : Output Expression $K=>$C $F %j %l!< %7%g%s $r :F 9= @. $9 $k $3 $H $K $h $j!$ MW 5a $5 $l $k %G!< %? 9= B$ $r :n @.$9$k!% Ld 9g $; $K $h$C $F $O $3 $l $i $N It J, $N A4 $F $, B7 $& $o $1 $G $O $J $$!%Nc $( $P!$ >r 7o $K 9g CW $9 $k %? %W %k $r A* Br $9 $k $@ $1 $N Ld 9g $;$O!$ C1 =c $J A* Br 1i ;; $K JQ 49 $5 $l $k!% $3 $l $O!$ A* Br!& 7k 9g It$@ $1 $r ;} $A!$ $5 $i $K $= $N Cf $G $b A* Br 1i ;; $@ $1 $, 9T $J $o $l $F$$$k$3$H$K$J$k!% 5.1 @a $N Ld 9g $; $+ $i :n @. $5 $l $k W ebNR/SD Be ?t <0 $N 3F It$H$=$l$>$l$N<B9T7k2L$r<!$K<($9!% Cj=PIt : r 1 := � I D ! C ondAttr 1 ( � Addr ! & T sukuba 1 ( � N ame ! & Y amada 1 ( � P hone ! & N umber 1 ( � E - M ail ! & M ailAddr 1 ( D 1))))) r 1 : CondA ttr 1 &Tsukuba 1 &Y amada 1 &Number 1 &MailAddr 1 r 2 := � & Y amada 2 ; & T itle 1 ; & I nf o 1 ( � D ( U C ! D ( O 2 ; & Y amada 2 [ author � d I ]) ( U A ! ( C [( author s \ 1) � d I ]) ( U A ! (& T itle 1 [( titl e \ 2) � d I ]) ( U A ! (& I nf o 1 [( pub - inf o \ 3) � d I ]) ( � B ( U P ag e ! B ( O 1 ;A [ pub � I ]) ( D 2))))))))) r 2 : &Y amada 2 &Title 1 &Info 1 A*Br!&7k9gIt : r 3 := & Y amada 2 ! S tr ing ( r 2 ) 1 & Y amada 1 =& Y amada 2 � C ondAttr 1 > 95000 ( r 1 )) r 3 : &CondA ttr 1 &Tsukuba 1 &Y amada 1 &Number 1 &MailAddr 1 &Y amada 2 &Title 1 &Info 1 :F9=@.It : (1) I,MW$JB0@-$N$_$r;D$9 r 4 := � & T suk uba 1 ; & Y amada 1 ; & N umber 1 ; & M ailAddr 1 ; & Y amada 2 ; & T itle 1 ; & I nf o 1 ( r 3 ) (2) 9=@.0wJLO@J8%j%9%H%Z!<%8$r:n@. r 5 := P B ( A ) ! C : RC; 0 pubs 0 ( � B =( A ) ( P (& T itle 1 ; & I nf o 1 ) ! A : S C; 0 pub 0 ( r 4 ))) r 6 := P (& Y amada 2 ;C ) ! D : S C; 0 p - list 0 ( & Y amada 2 ! S D ( author ) ( r 5 )) (3) 9=@.0wJLO@J8%j%9%H%Z!<%8$r W eb >e$K Exp ort r 7 := E D ;U 1 ; 0 publications 0 ; 0 a 0 ( URL U 1 ( r 6 )) (3) %$%s%G%/%9%Z!<%8$r:n@.$7!$ W eb >e$K Exp ort r 8 := P F ( E ) ! H : RC ; 0 table 0 ( � F =( E ) ( P (& Y amada 1 ; & T suk uba 1 ; & N umber 1 ; & M ailAddr 1 ;D ) ! E : S C ; 0 member 0 ( & M ailAddr 1 ! S D ( e - mail ) ( & N umber 1 ! S D ( phone ) ( & T suk uba 1 ! S D ( addr ) ( & Y amada 1 ! S D ( name ) ( r 7 ))))))) r 9 := � H ! D ocument ( E H ;U 2 ; 0 index - pag e 0 ; 0 a 0 ( URL U 2 ( r 8 ))) r 9 : Do cumen t 5.3 JQ49<j=g $3 $3 $G $O!$ HQBE $N Ld 9g $; $r W ebNR/SD Be ?t <0 $K JQ 49$9$k<j=g$N35MW$r@bL@$9$k!% Cj=PIt$N@8@. A‘ :n BP >] $H $J $k 3F %j %l!< %7%g %s R i $K $D $$ $F 0J 2< $r 9T $J $&!% 1. R i $KBP1~$9$k T arget Expression T E i $K=>$$!$ R i $N F~ $l ;R 7? %j %l!< %7%g %s 9= B$ $r Unnest $7 $F %U %i%C %H $J %j %l!<%7%g%s$r:n@.$9 $k<0 e 1 i $r:n@.$9$k!%$3 $N:]!$B0 @- L> $r 0J 2< $N $h $& $K JQ 99 $9 $k $? $a $N 2~ L> 1i ;; ;R ( � ) $r DI2C$9$k � Hs SD 7? B0 @- $N $& $A!$ Nc <( MW AG & exampl e $r 4^ $‘ B0@- $NB0 @-L> $r & exampl e i ( i $OF1 $8Nc <(MW AG $r;}$DB0@-$r6hJL$9$k$?$a$NHV9f ) $KJQ99 � >r 7o $r 4^ $‘ Hs SD B0 @- L> $r CondA ttr i $K JQ 99!% $3 $3 $G!$ i $O <B :] $N >r 7o $r <1 JL $9 $k $? $a $N ID $G $" $k!% Nc $( $P!$ 5.2 @a $G $O >r 7o [ > 95000] $K ID ’1’ $r7k $S IU$1 $k$? $a!$ CondA ttr 1 $K 4X$9 $k >r7o $, > 95000 $G$"$k$H$$$&>pJs$,J]B8$5$l$k!% 2. T E i Cf $N A4 $F$N Lo ose Structure Sp eci�cation LS j $K 4p$E $-!$ Unnest $H Unpac k $NJB$S $r e 1 i $KDI2C $7!$ e 2 i $H$9 $k!% $3 $N:]!$ Unpack $K MQ $$$i $l $k %j!<%8%g %s Be ?t<0$N@8@.$r LS j $K4p $E$$$F9T$J$&!% Nc$($P!$ LS j Cf $N 9= B$ � d titl e: 2 $+ $i!$ %j!< %8%g %s Be ?t <0 ( titl e \ 2) � d I $,@8 @. $5$l $k!% $3$3 $G!$ I $O SD CM $r 9=@. $9 $k :G>e0L$NMWAG$N$_$r4^$‘%j!<%8%g%s=89g$G$"$k!% A*Br!&7k9gIt$N@8@. 1. Cj=PIt$G@8@.$5$l$?3F R i $KBP$9$k<0 e 2 i $KBP$7$F!$ B0 @- CondA ttr j $K 4X $9 $k A* Br 1i ;; $r DI 2C $7!$ e 3 i $H $9 $k!% 7

2. A4 $F $N e 3 i <0 $r 7k 9g $9 $k 1i ;; ;R $r DI 2C $7 e A $H $9 $k!%$3 $3$G $O!$ B0 @- & exampl e k $N & exampl e It J, $, 0l CW $9 $k B0 @- $K 4X $7 $F Ey 7k 9g $r 9T $J $&!% $3 $N :]!$ Hf 3S BP >] $H $J$kB0@- $N7?$, IT0lCW $G$" $k>l9g $O!$ String 7?$K JQ49 $7$?>e$GHf3S$r9T$J$&!% :F9=@.It$N@8@. 1. Output Expression O E $NCf$KB8:_$9$kNc<(MWAG$rD4 $Y!$ I, MW $J B0 @- $N $_ $r ;D $9 <M 1F 1i ;; $r e A $K DI 2C $7!$ e B $H$9$k!% 2. O E $G ;X Dj $5 $l $F $$ $k %G!< %? 9= B$ :n @. $9 $k $? $a $N!$ Nest !$ P ac k !$ Exp ort !$ $J $I $N 1i ;; ;R $r DI 2C $7!$ :G =* <0$rF@$k!%$3$N:]!$F10l%l%Y%k$G$N Nest 1i;;$O!$ O E $N F1 0l %l %Y %k $G $N ’R’ $d ’rep’ $K IU M? $5 $l $F $$ $k HV 9f $N =g$K<B9T$5$l$k$h$&!$<0$r:n@.$9$k!% 6 4XO"8&5f K\ 8& 5f $N FC D’ $O!$ 0[ <o >p Js 8; $N E} 9g Mx MQ %W %m %; %9 $r!$ T arget Disco v ery $H Data Op eration $N AH 9g$; $G $" $k $H%b %G%k 2= $7!$ ;k 3P E*!$ BP OC E* $J ;Y 1g 5! 9= $r $= $l $> $l $K BP $7 $F MQ 0U $7 $? $3 $H $K $" $k!% K\ GUI $G $O!$ $3 $l $i $N 4V $r %7!< %‘ %l%9 $K 0\ F0 2D G= $J $? $a!$ Mx MQ <T $, 0U <1 $9 $k I, MW $O $J $$ $b $N $N!$>e 5- $N Fs $D $N %W %m %; %9 $K BP $9 $k ;Y 1g 5! 9= $N >G E@ $K $O L@ 3N$J 0c $$ $, $" $k!% 0J 2< $G $O $= $l $> $l $K BP $7 $F 4X O" $N ?< $$ $$ $/$D$+$N8&5f$K$D$$$F=R$Y$k!% T arget Disco v ery $G $O!$ %G!< %? $H %a %? %G!< %? $= $l $> $l $K BP $9 $k Ld 9g $; $H %V %i %& %8 %s %0 $r M- 5! E* $K AH $_ 9g $o $; $? BP OC7?A‘ :n $, MW 5a $5 $l $k!% PESTO[2] $O %$ %s %9%? %s %9 $K BP $9 $k Ld 9g $; $H %V %i %& %8 %s %0 $N 6h JL $r 0U <1 $7 $J $$ $h $& @_ 7W $5 $l $F $$ $k!% V QL[6] $O %$ %s %9 %? %s %9 $K BP $7 $F $@ $1 $G $J $/!$ %a%? %G!< %? $K BP $7 $F $b Ld 9g $; $, 2D G= $J ;k 3P E* 8@ 8l $G $" $k!% OPOSSUM[5] $O %a %? %G!< %? $r ;k 3P 2= $7!$ %V %i %& %8 %s %0 $r ;Y 1g $9 $k %7 %9 %F %‘ $G $" $k!% [4] $N >G E@ $O H> 9= B$ 2= %G!< %? $K BP$9 $k %a %? %G!< %? $N :n @. $G $" $k $,!$ %a %? %G!< %? $N %V %i %& %8 %s %0 $K $D $$ $F $b ?( $l $F $$ $k!% 0J >e $N 8& 5f $O!$ %a %? %G!< %? / %G!<%? $K BP $9 $k Ld 9g $; $H %V %i %& %8 %s %0 $N M; 9g $H $$ $& 4Q E@ $+ $i8+$?>l9g!$FCDj$NAH9g$;$N$_$rDs6!$7$?$b$N$H$$$($k!% Data Op eration $G$O!$0[<o!&J#;($J9=B$$r;}$D%G!<%?$r BP>] $H $7 $?!$ %G!< %? 9= B$ :F 9= @. G= NO $, MW 5a $5 $l $k!% K\ GUI $N HQBE $O!$ QBE[10] $r %Y!< %9 $K!$ $3$l $i $N 5! G= $r <B 8= $7$?$b $N$G $" $k!% STBE[9] $H VISUAL[1] $O!$ Ld 9g$; 7k 2L $H$7 $F!$ ?7 $? $J F~ $l ;R 9= B$ $r ;} $D %G!< %? $r 9= C[ 2D G= $J ;k 3P E*Ld 9g $; 8@ 8l $G $" $k!% $3 $l $i $N 8@ 8l $G $O!$ Ld 9g $; $N BP >] $H $J$k %G!< %? =8 9g $,!$ F1 0l $N %G!< %? 9= B$ $K =>$C $F $$ $k I, MW $, $"$k!%$3$l$KBP$7!$ HQBE $G$O!$BP>]%G!<%?A‘ :n$K4X$7$F 6&DL$N@- <A $rM- $7 $F$$ $l $P!$ 0[ $J $k9= B$ $r;} $D %G!<%? $N =8 9g$r!$ Ld 9g $; $N BP >] $H $9 $k $3 $H $, 2D G= $G $" $k!% $5 $i $K!$ Ld 9g$; 7k 2L $N I= 8= $H $7 $F!$ %j %l!< %7%g %s!$ 9= B$ 2= J8 =q!$ W eb $N%O %$ %Q!< %F %- %9 %H 9= B$ $H $$$C $? 0[ <o $N %G!< %? I= 8= $r ;H $$ J,$1$i$l$k$3$H$bFH<+$NFCD’$N0l$D$G$"$k!% 7 $*$o$j$K K\ 9F $G $O!$ 9= B$ 2= J8 =q!$ W eb !$ %j %l!< %7%g %J %k %G!< %? %Y!<%9$r BP >] $H $7 $? 0[ <o >p Js 8; E} 9g Mx MQ 4D6- $K $* $1 $k GUI $K$D$$$F@b L@$7$?!% K\ GUI $O!$ <!$N FCD’$K $h$j!$ 0[<o>p Js 8; E} 9g Mx MQ A‘ :n $r ;Y 1g $9 $k!% (1) %a %? %G!< %? / %G!< %? $K BP $9$k%V%i %&%8%s%0$HLd 9g$;$rM;9g $7$?BPOCE* >pJsC5::!% (2) 0[ <o!& J# ;( $J %G!< %? 9= B$ $r ;} $D %G!< %? $r BP >] $H $7 $? ;k 3P E* Ld9g$;8@8l!% :# 8e $N 2] Bj $H $7 $F $O <! $N $h $& $J $b $N $, $" $k!% (1) $h $j B? ?t $N >p Js 8; $, @\ B3 $5 $l $F $$ $k >u 67 $X $N BP 1~!% 6q BN E* $K $O!$ %a %? %G!< %? $d %G!< %? $N MW Ls $N :n @. $d!$ $3 $l $i $r MQ $$ $? >p Js 8; $N C5 :w $N ;Y 1g!% (2)DTD $N $J $$ XML J8 =q $J $I $N!$ %a %? %G!< %? $, L@ <( E* $K B8 :_ $7 $J $$ %G!< %? $+ $i!$ %a %? %G!< %? $r Cj =P $9 $k 5! 9= $N 3+ H/!% (3) K\ GUI !$ FC $K HQBE $N 5- =R NO $N J,@O!% 8=:_!$K\ GUI $N%W%m%H%?%$%W%7%9%F%‘$r9=C[Cf$G$"$k!% <U<- K\ 8& 5f $N 0l It $O!$ J8 It >J 2J 3X 8& 5f Hq Jd =u 6b =E E@ NN 0h 8& 5f !V9bEY%G!<%?%Y!<%9!W (08244101) !$4pHW8&5f (C)(09680321) !$ $J $i $S $K C^ GH Bg 3X !VEl @> 8@ 8l J8 2= $N N‘ 7? O@!W FC JL %W %m %8%’ %/%H$N=u@.$K$h$k!% ;29MJ88% [1] N. H. Balkir et. al. VISUAL: A Graphical Icon-Based Query Language. Pr o c. DE Conf. , pp. 524-533, 1996. [2] M. Carey et.al. PESTO: An Integrated Query/Bro wser for Ob ject Databases. Pr o c. VLDB Conf. , pp. 203-214, 1996. [3] M. P . Consens and T. Milo. Algebras for Querying T ext Regions. Pr o c. ACM Symp osium on Principles of Datab ase Systems , pp. 11-22, 1995. [4] R. Goldman, J. Widom. DataGuides: Enabling Query F orm ulation and Optimization in Semistructured Databases. Pr o c. VLDB Conf. , Atheans, Greece, 1997. [5] E. M. Hab er, Y. E. Ioannidis, and M. Lin vy . OPOSSUM: Desk-T op Sc hema Management through Customizable Visualization. Pr o c. VLDB Conf. , pp. 527-538, Zuric h, Switzerland, 1995. [6] L. Mohan, and R. L. Kashy ap. A Visual Query Lan- guage for Graphical Interaction With Schema-In tensiv e Databases. IEEE T r ans. on Know le dge and Data Eng. , pp. 843-858, 5(5), 1993. [7] A. Morishima and H. Kitagaw a. A Data Mo deling and Query Pro cessing Scheme for Integration of Structured Do cument Rep ositories and Relational Databases. Pr o c. D ASF AA’97 , pp. 145-154, Melb ourne, Australia, 1997. [8] A. Morishima and H. Kitagaw a. Integrated Querying and Restructuring of the W orld Wide W eb and Databases. Pr o c. DMIB’97 , pp. 262-271, Nara, Japan, 1997. [9] G. � Ozso y o� glu, V. Matos, and Z. M. � Ozso y o� glu. Query Pro- cessing T ec hniques in the Summary-T able-b y-Example Database Query Language. A CM TODS , pp. 526-573, 14(4), 1989. [10] M. Zlo of. Query By Example. IBM Systems Journal , pp. 324-343, 16(4), 1977. 8