?^ 6 NWS $N Bric ks $X$NAH$_9~$_ Fig. 6 Incorp orating the NWS mo dules into Bric ks. sisten t State $K 3J G< $7 $F F orecaster $G M= B, $5 $l $? %G!< %? $r %9 %1 %8%e!< %j %s %0 $N :] $K Mx MQ $9 $k!% $3 $l $i $N %b %8%e!< %k $X$N %0%k!<%$ %s%?%U%’!<%9 $H$7$F NWSResourceDB !$ NWSNet w orkPredictor !$ NWSServ erPredictor $H!$ NWS Ja v a API $H Bric ks $G $N %G!< %? %? %$ %W $N JQ 49 $r 9T$& NWSAdapter $rMQ0U$7$?!% ?^ 4 !$ 6 $K Bric ks $r%7 %_%e %l!< %? $K AH $_ 9~ $s $@ MM ;R $r <( $9!% Bric ks Fb $G Net w orkMonitor !? Serv erMonitor $,%b %K%? $7 $? >pJs $r NWSResourceDB $K3J G<$9 $k $H!$ NWSResourceDB $O NWSAdapter 7P M3 $G P ersisten t State $K $= $N >p Js $r 3J G< $9 $k!% $^ $?!$ Bric ks Fb $G M= B, >p Js $,I, MW $H $5 $l $k$H!$ NWSNet w orkPredictor !? NWSServ erPredictor $, NWSAdapter 7P M3 $G NWS F orecaster $+$iM=B,CM$r<h$j=P$9!% 5. Bric ks $NI>2A<B83 I>2A<B 83 $G$O!$ !J 1 !K Bric ks $N%0%m!< %P %k%3 %s%T%e!< %F%#%s%04D6-$,%9%1%8%e!<%j%s%0%"%k%4 %j%:%‘$rI>2A$9 $k $? $a $N :F 8= @- $N $" $k ;n 83 4D 6- $r Ds 6! $7!$ <B :] $N %M%C %H %o!< %/ $N 5s F0 $, I= 8= 2D G= $J @- G= I> 2A %D!< %k $G $" $k $3 $H $r <( $9!% $^ $?!$ Bric ks $N Ds 6! $9 $k %9 %1 %8%e!< %j %s %0 %f%K%C%H$N%b%8%e!<%k$NBe$o$j$K%9%1 %8%e!<%j%s%0$K4X $9$k 4{B8 30 It %b%8%e!< %k $G $"$k NWS $rMQ $$!$ NWS $N Bric ks >e$G$N @5>o $JF0 :n $r3N G’$9 $k $3$H $G!J 2 !K Bric ks $N %f!< %6 $, 4{ B8 $N %9 %1 %8%e!< %j %s %0 %b %8%e!< %k $^ $? $O %f!<%6 $, Ds 0F!& <B Au $7 $? %b %8%e!< %k $N 5! G= ;n 83 $, Bric ks >e$G<B;\2DG=$G$"$k$3$H$r<($9!% K\ 9F $N I> 2A <B 83 $O!$ Bric ks %7 %9 %F %‘ $N :G =* E* $J L\ E* $G $" $k %9 %1 %8%e!< %j %s %0 %" %k %4 %j %: %‘ $N Hf 3S!& I> 2A $r 9T $& $b $N $G $O $J $$!% $7 $+ $7!$ Bh 1 CJ 3, $H $7 $F Bric ks %7 %9%F%‘$,%0%m!<%P%k%3%s%T%e!<%F%#%s %0$N%9%1%8%e!<%j %s %0 %" %k %4 %j %: %‘ $* $h $S %9 %1 %8%e!< %j %s %0 $K 4X $9 $k %b %8%e!<%k$NI>2A%7%9%F%‘$H$7$FBEEv$J$b $N$G$"$k$3$H$r <($9I,MW $,$" $k$?$a!$ !J 1 !K!$!J 2 !K $K$" $2$?$h $&$J I>2A %7%9%F%‘$N4pK\@-G=$rD4$Y$k<B83$r9T$C$?!% 5.1 I>2A<B83J}K! I>2A$G$O<B4D6-$K$*$$$F %0%m!<%P%k%3%s%T%e!<%F%#%s %0%7 %9%F %‘$N ;q8;M= B,%U %l!<%‘ %o!<%/ $rDs 6!$9 $k NWS $r<B9T$7$F<B:]$N%M%C%H%o!<%/$NJQF0$NB,Dj$HM= B,$r9T $$!$$=$l$r Bric ks >e$G:F8= $9$k!%<B 4D6-$H Bric ks >e$G B, Dj $5 $l $? %9 %k!< %W%C %H CM $N Hf 3S $K $h $j !J 1 !K $r!$ AP J} $N 4D 6- 2< $G $N NWS F orecaster $N M= B, 7k 2L $N Hf 3S $K $h $j!J 2 !K$r<B>Z$9$k!% $^ $:!$ El 5~ 9) 6H Bg 3X !JEl 5~ ET!K $H EE ;R 5; =Q Am 9g 8& 5f =j !J$D $/ $P ;T!K $N 2 $D $N 7W ;; 5! $K NWS Sensor $r @_ Dj $7!$ 2 $D$N%5%$%H4V$NDL ?.%9%k!<%W%C%H!$%l%$ %F%s%7!$ %5!< %P $N 2T F/ N( $r B, Dj $9 $k!% NWS F orecaster $K $O!$ B,Dj$5$l$?%M%C%H%o!<%/$N>pJs$r$b$H$K3F%?%$ %‘%9%F%C %W $K $* $1 $k M= B, $r 9T $o $; $k!% $? $@ $7!$ %5!< %P $r %b %K %? $9 $k 4V 3V $O 10[sec] !$ %M%C %H %o!< %/ >u 67 $r %b %K %? $9 $k 4V 3V $O 60[sec] $H $7!$ DL ?. %9 %k!< %W%C %H $r B, Dj $9 $k $? $a $K %M%C %H %o!< %/ $K Aw ?. $9 $k %W %m!< %V %Q %1%C %H $N %5 %$ %: $r 300[KB] $H$7$?!% <! $K!$ <B 4D 6- $G NWS $K $h $j B, Dj $5 $l $? DL ?. %9 %k!< %W%C %H CM $r MQ $$ $? DL ?. %b %G %k $r @_ Dj $7!$ Bric ks $K $h $k %7 %_%e %l!< %7%g %s $r 9T $&!% $3 $3 $G!$ ;~ 9o $H DL ?. %9 %k!< %W%C %H $N N% ;6 %G!< %? $+ $i $9 $Y $F $N ;~ 9o $K BP $9 $k DL ?. %9 %k!<%W%C%H$r;;=P$9$k$?$a$K!$ 3 E@$N;~9o$HDL?.%9%k!< %W%C %H $N $_ $G Jd 4V CM $r 7W ;; $G $- $k 3 <! %9 %W %i %$ %s Jd 4V $rMQ$$$?!%$^$?!$%7%_%e%l!<%7%g%s$K$*$1$kO@ M}%Q%1%C %H%5 %$%:$O 10[KB] $K@_ Dj$9$k!% %7%_%e %l!<%7%g%s $G$O <B:] $K NWS $N P ersisten t State $H F orecaster $r <B9T $7!$<BB,$HF1$8%b%K%?4V3V$r@_Dj$7$F<B4D6-$G B,Dj$5$l $?DL?.%9 %k!<%W%C%H $, Bric ks $GF@$i$l$k $+!$ Bric ks >e $N NWS F orecaster $, <B 4D 6- F1 MM $K M= B, $r 9T $& $+ $I $& $+D4$Y$k!% 5.2 I>2A<B837k2L ?^ 7 $K <B 4D 6- $G NWS $N Sensor $, B, Dj $7 $? DL ?. %9 %k!<%W%C %H$H Bric ks Fb$G Net w orkMonitor $,;; =P $7$? DL ?. %9 %k!< %W%C %H $r <( $9!% 2# <4 $O <B ;~ 4V $* $h $S %7 %_%e %l!<%7%g %s ;~4V $r <($7 $F$* $j!$ <BB, $O 1999 G/ 2 7n 1 F| 7n MK F| ?< Lk 0 ;~$+ $i 24 ;~ 4V J, $N B, Dj 7k 2L $H $J$C $F $$ $k!% =D<4$K$ODL?.%9%k!<%W%C%H$r [KB/sec] $G<($7$F$$$k!% ?^ 7 $h $j!$ A4 BN E* $K <B B, $H Bric ks $N %7 %_%e %l!< %7%g %s7k2L$O$[$\F1MM$NDL?.%9%k!<%W%C%H$r<($7$F$$ $k$3$H $,J, $+ $k!% ?^ 8 $O 2 ;~4V J, $N <B B, CM $H Bric ks $G ;; =P $5 $l $?DL?.%9%k!<%W%C%H$rHf3S$7$?$b$N$G$"$j!$$3$N ?^$+$i $b <B B, CM $H Bric ks $G $N DL ?. %9 %k!< %W%C %H $N ;; =P CM $N 0l CW$, 3N G’ $G $- $k!% <B :] $N %M%C %H %o!< %/ $K $* $1 $k TCP/IP DL?.$N%b%G%k2=$N;n$_$OJ#?t9T$o$l$F$$$k$,!$ $=$N5sF0

8 >pJs=hM}3X2qO@J8;o 1959 ?^ 7 <B4D6-!J>e!K$H Bric ks %7%_%e%l!<%7%g%s!J2<!K$K$*$1$k TITECH-ETL 4V$NDL?.%9%k!<%W%C%H$NHf3S!J 24 ;~4V!K Fig. 7 One da y’s w orth of bandwidth measured b et w een TITECH and ETL under the real en vironmen t in the �gure ab ov e v ersus Bric ks in the �gure b elow. ?^ 8 <BB,$H Bric ks $G$NDL?.%9%k!<%W%C%H$NHf3S!J 2 ;~4V!K Fig. 8 The comparison of bandwidth measured under the real environmen t v ersus Bric ks for t w o hours. I= 1 <B4D6-$H Bric ks $K$*$$$F NWS F orecaster $,:NMQ$7$?M=B, %"%k%4%j%:%‘$NHf3S T able 1 The comparison of forecasting algorithms whic h the NWS F orecasters applied under real and sim- ulated en vironmen t. AmM=B,2s?t 0lCW$7$?2s?t 0lCW$7$?3d9g 1197 2s 1058 2s 88.4% $OJ#;($G!$FCDj$N%Q%1%C%H$KBP$9$k%b %G%k2=$r9T$C$F$$ $k $N $, 8= >u $G $" $k!% Bric ks $G $O $= $l $i $N %b %G %k $r :N MQ 2DG=$G$"$k$3$H$O$b$A$m$s!$<B4D6-$K $*$1$kDL?.%9%k!< %W%C %H $N <B B, CM $r Mx MQ $9 $k $3 $H $G!$ <B 4D 6- $K B’ $7 $? %0 %m!<%P%k%3%s%T%e!<%F%#%s%0%7%9%F%‘>e $G$NDL?.$r:F8= $G$-$k$3$H$,J,$+$k!% ?^ 9 $K<B4D6-$H Bric ks $K$*$$$F NWS F orecaster $, M= B, $7 $? DL ?. %9 %k!< %W%C %H $r <( $9!% $^ $?!$ ?^ 10 $O <B B, $H Bric ks $G $N DL ?. %9 %k!< %W%C %H $N M= B, CM $N 2 ;~ 4V J, $N %G!< %? $N Hf 3S 7k 2L $G $" $k!% ?^ 9 !$ 10 $h $j!$ B, Dj $5 $l $? ?^ 9 <B4D6-!J>e!K$H Bric ks %7%_%e%l!<%7%g%s!J2<!K$K$*$1$k TITECH- ETL 4V$NDL?.%9%k!<%W%C%H$NM=B,CM$NHf3S!J 24 ;~4V!K Fig. 9 One da y’s worth of bandwidth predicted b y the NWS F orecaster under the real en vironmen t in the graph ab o v e v ersus Bricks in the graph b elo w. ?^ 10 <B4D6-$H Bric ks $G$NDL?.%9%k!<%W%C%H$NM=B,CM$NHf3S!J 2 ;~ 4V!K Fig. 10 The comparison of the b eha vior of the NWS F ore- caster under the real en vironmen t v ersus Bric ks for t w o hours. DL ?. %9 %k!< %W%C %H CM $H F1 MM!$ <B 4D 6- $H Bric ks $G $N M= B, CM$b$[$\0lCW$7$F$$$k$3$H$,J,$+$k!% I= 1 $K<B4D6-$H Bric ks $G NWS F orecaster $,:NMQ$7 $? M= B, %" %k %4 %j %: %‘ $N Hf 3S 7k 2L $r <( $9!% NWS F ore- caster $O F1 ;~ $K J#?t !y $N M= B, %" %k %4 %j %:%‘ $r MQ $$ $F M= B, %(%i!<$N>/$J$$%"%k%4%j%:%‘$NM=B,CM$r:NMQ$7 $F$$$k$K $b$+ $+$o $i $:!$ I= 1 $+ $i<B 4D6- $H Bric ks $G$O 88.4% $N 3N N( $G F1 $8 M= B, %" %k %4 %j %: %‘ $r :N MQ $7 $F $$ $? $3 $H $, J, $+$k!% NWS $r$O$8$a $H$9$k %9%1 %8%e!<%j%s %0%b %8%e!< %k $O!$ %0 %m!< %P %k %3 %s %T%e!< %F%# %s %0 4D 6- $N >u 67!$ $9 $J $o $A 3F %9 %1 %8%e!< %j %s %0 %b %8%e!< %k $K BP $9 $k F~ NO CM !y I>2A <B83 $GMQ $$$? %P!<%8%g %s 1.1.1.0 $N NWS %Q%C%1!< %8$G $O 8 $D$NM=B,%"%k%4%j%:%‘$rMQ$$$F$$$k!%

V ol. 0 No. 0 %0%m!<%P%k%3%s%T%e!<%F%#%s%0$N%9%1%8%e!<%j%s%0$N$?$a$N@-G=I>2A%7%9%F%‘ 9 $K $h $j $= $N 5s F0 $, JQ 2= $9 $k!% $h$C $F!$ <B 4D 6- $H %7 %_%e %l!< %7%g %s 4D 6- $G F1 MM $N M= B, 7k 2L $r <( $7 $? $3 $H $O!$ %0 %m!< %P %k %3 %s %T%e!< %F%# %s %0 4D 6- $, <B 4D 6- $H F1 MM $N DL ?.%9%k!<%W%C%HCM$r%9%1%8%e!<%j%s%0 %b%8%e!<%k$KBP$7 $F M? $( $k $3 $H $, $G $- $? $3 $H $r 0U L# $9 $k!% 0l J}!$ NWS F orecaster $, 11.6% $O 0[ $J $k %" %k %4 %j %: %‘ $r A* Br $7 $? 86 0x $O!$ %M%C %H %o!< %/ $N %W %m!< %V $N %? %$ %_ %s %0 $N $: $l $K $" $k $H 9M $( $i $l $k!% Bricsk %7 %_%e %l!< %7%g %s Cf $K NWS F orecaster $KEO $5 $l $k DL ?. %9 %k!< %W%C %H $N B, Dj CM $O!$ NWS Sensor $, <B 4D 6- $G %W %m!< %V $r =* N; $7 $? ;~ 9o $K Bric ks $N Net w orkMonitor $,%W%m!< %V%Q %1%C %H$r N. $7$O$8$a$FF@$?CM$G$"$j!$<B4D6-$H$O 0[$J$C$F$$$?$?$a $G$"$k!% $h$C $F!$ NWS F orecaster $, Bric ks >e $G @5 >o $K F0 :n $7 $? $3 $H $+ $i B> $N %9 %1 %8%e!< %j %s %0 $K 4X $9 $k 30 It %b %8%e!< %k $N 5! G= ;n 83 $, Bric ks >e $G <B ;\ 2D G= $G $" $k $3 $H $,<($5$l$?!% 6. 4X O" 8& 5f J,;6%7%9%F%‘$K$*$1$k%9%1%8%e!<%j %s%0<jK!$N8&5f$O 0JA0$+$iB??t9T$o$l$F$$$k$,!$L$<B Au$G$"$C$?$j!$<BAu $5$l$F$$$k>l9g$G$bB>$N%9%1%8%e!<%j%s %0%"%k%4%j%:%‘ $H $N Hf 3S $, Hs >o $K Fq $7 $$!% $3 $l $i $N Ld Bj $K Ce L\ $7 $? %7 %_%e%l!<%7%g%s$K$h$kI>2A$N;n$_$,!$0J 2<$N%W%m%8%’%/ %H$G$J$5$l$F$$$k!% J, ;6 %7 %9 %F %‘ $K $* $1 $k %9 %1 %8%e!< %j %s %0 %" %k %4 %j %: %‘ $N I> 2A 5; =Q $H $7 $F $O!$ %U %m %j %@ Bg $G 9T $o $l $F $$ $k Osculan t 11) $N Osculan t Sim ulator $,$" $2$i $l $k!% Osculan t $O bidding %] %j %7!< $K =>$C $F 7W ;; %5!< %P $N @- G= $r I= $9 bids $r 7W ;; $7!$ bids $, 0l HV 9b $$ $b $N $r A* Br $9 $k %\ %H %‘ %"%C %W %j %=!< %9 %9 %1 %8%e!< %i $G $" $k!% Os- culan t Sim ulator $G$O Bric ks F1MM$K%M%C%H%o!<%/$N%H %] %m %8 $d 7W ;; %N!< %I $N @_ Dj $, =@ Fp $K 9T $( $k!% Osculan t Sim ulator $O Osculan t %9%1 %8%e!<%j %s %0%" %k%4 %j%: %‘ $NI>2A$rL\E*$H$7$F$*$j!$%0%m!<%P %k%3%s%T%e!<%F%#%s %0%7%9%F%‘$N%9%1%8%e!<%j%s%0%U%l!< %‘%o!<%/$r9MN8$7 $F@_7W$5$l$F$$$J$$!% W ARMstones $O L$ <B Au $G $" $k $,!$ Bric ks F1 MM %9 %1 %8%e!<%j%s%0%"%k%4%j%:%‘$NI>2A4p HW$H$7$F%7%i%-%e!< %9Bg$GDs0F$5$l$F$$$k%7%9%F%‘ $G$"$k!%%7%_%e%l!<%7%g %s $K $* $1 $k %? %9 %/ $d %7 %9 %F %‘ $N I= 8= 7A <0!$ $* $h $S J# ?t %9 %1 %8%e!< %j %s %0 %" %k %4 %j %: %‘ $r =@ Fp $K I= 8= $9 $k $? $a $N MIL !J MESSIAHS In terface Language !K$d %i %$ %V %i %j Ey!$ $= $N 4p AC 5; =Q $O MESSIAHS 12) $K 4p $E $$ $F $$ $k!% 0l J}!$ Bric ks %7 %9 %F %‘ $O %* %V %8%’ %/ %H ;X 8~ %U %l!< %‘ %o!< %/ $G Ja v a 8@ 8l MQ $N %9 %1 %8%e!< %j %s %0 %f %K%C %H SPI $r Ds 6! $7!$ $= $N SPI $r <B Au $9 $k $3 $H $K $h $j MM!9 $J %9 %1 %8%e!<%j%s%0%"%k%4%j%:%‘$d30It%W%m%0%i%‘ %b%8%e!<%k $N Bric ks >e $G $N I> 2A $r 2D G= $K $5 $; $k!% W ARMstones $G$O$$$/$D$+$N5;=QE*Ds0F$,$J$5$l$F$$$k$,!$ <BAu$5$l $?:]$K%7%9%F%‘$N3HD%$,MF0W$G$"$k$+!$$^$?4{ B8%0%m!< %P%k%3%s%T%e!<%F%#%s%0%7%9%F%‘$N%W%m%0%i %‘%b%8%e!< %k$NAH$_9~$_$H$=$NI>2A$,2DG=$+$I$&$+ITL@$G$"$k!% 7. $^ $H $a K\ 9F $G $O!$ %0 %m!< %P %k %3 %s %T%e!< %F%# %s %0 %7 %9 %F %‘ $N %9 %1 %8%e!< %j %s %0 <j K! $* $h $S $= $N %U %l!< %‘ %o!< %/ $N %7 %_%e %l!< %7%g %s $K $h $k I> 2A 4p HW $r Ds 6! $9 $k %7 %9 %F %‘ Bric ks $r Ds 0F $7 $?!% Bric ks $N Ds 6! $9 $k Bric ks 4D 6- @_ Dj%9%/%j%W%H$K$h$j!$%f!<%6$O=@Fp$K%M%C%H%o!< %/%H%] %m%8!$7W;;%5!<%P%"!<%-%F%/%A%c!$DL?.%b%G%k$* $h$S%9 %1%8%e!<%j%s%0%U%l!<%‘%o!<%/$N3F%b%8%e!<%kEy $r@_Dj $7!$:F8=@-$N$"$kI>2A<B83$r9T$&$3$H$,$G$- $k!%$^$?!$ %0%m!<%P%k%3%s%T%e!<%F%#%s%0$N%9%1%8%e!<%j%s %0$r9T $&$&$($GIT2D7g$J%j%=!<%9>u67$N%b%K%?!&M=B,>p Js$NDs 6!$r%5%]!<%H$9$k4{B8%7%9%F%‘%b%8%e!<%k$N5!G= ;n834D 6-$rDs6!$9$k!% Bric ks $H %0 %m!< %P %k %3 %s %T%e!< %F%# %s %0 $N %j %=!< %9 >p Js $N M= B, %7 %9 %F %‘ $G $" $k NWS $r MQ $$ $? I> 2A <B 83 $G $O!$ <B B, DL ?. %9 %k!< %W%C %H $r MQ $$ $? DL ?. %b %G %k $r :N MQ $9 $k $3 $H $G Bric ks $, <B :] $N 4D 6- $K B’ $7 $? %0 %m!< %P %k %3 %s %T%e!< %F%# %s %0 >e $G $N DL ?. $r I= 8= $G $- $k $3 $H $r 3N G’ $7 $?!% $^ $?!$ Bric ks >e $G NWS $N P ersisten t State !$ F orecaster $, <B 4D 6- >e $H F1 MM $K F0 :n $7 $? $3 $H $+ $i!$ Bric ks $, 4{ B8 $N %9 %1 %8%e!< %j %s %0 $K 4X $9 $k 3F %b %8%e!< %k$N5!G=;n834D6-$rDs6!$G$-$k$3$H$r<B>Z$7$?!% :#8e$O Bric ks %7%9%F%‘$r0J2<$N$h$&$K3HD%$9$k!% � MM!9$J%0%m!<%P%k %3%s%T%e!<%F%# %s%0%7 %9%F%‘ @_Dj $r I= 8= 2D G= $K $9 $k $? $a $K 8= :_ $N %? %9 %/ !? DL ?. !? %5!< %P%b%G%k$r@vN}$7$F$$$/!%$9 $J$o$A!$JBNs%"%W%j%1!< %7%g %s %? %9 %/ $, I= 8= 2D G= $J %? %9 %/ %b %G %k $d!$ %? %$ %‘ %7%’ %" %j %s %0 Ey F CFS 0J 30 $N %? %9 %/ $N =h M} J} <0 $* $h $S SMP !$ MPP Ey %^ %k %A %W %m %;%C %5 %"!< %- %F %/ %A%c $KBP1~$7$?%5!<%P%b%G%k$r8!F$$9$k!% � %7%_%e%l!<%7%g%s%b %G%k$r@v N}$7$? 8e!$MM!9$J @-<A $r;}$D<B%"%W%j%1!<%7%g%s$r A[Dj$7$?%9%1%8%e!<%j%s %0<jK!$NI>2A$r9T$C$F$$$/!% I>2A$G$O%"%W%j%1!<%7%g %s$N@-<A$d$=$l$i$N7W;;MW5a$N IQEY$N0c$$$K$h$k%9%1 %8%e!<%j%s%0%"%k%4%j%:%‘$N@- G=$NHf3SEy$r9T$C$F$$ $/!% � I> 2A 4D 6- $N @_ Dj 8@ 8l $H $7 $F Bric ks 4D 6- @_ Dj %9 %/ %j %W %H $N Be $o $j $K XML $r MQ $$ $F Bric ks %7 %9 %F %‘ $N HF

10 >pJs=hM}3X2qO@J8;o 1959 MQ @- $r 9b $a $F $$ $/!% $^ $?!$ 1999 G/ 5 7n $K H/ B- $5 $l $? Grid F orum 13) $G $O!$ %0 %m!< %P %k %3 %s %T%e!< %F%# %s %0 5; =Q $K 4X $9 $k %G!< %? I= 8= $d %$ %s %? %U%’!< %9 $N 5, 3J 2= $r L\ ;X $7 $F 8= :_ $5 $+ $s $K 5D O@ $5 $l $F $* $j!$ :# 8e Grid F orum $GDj$a $i$l$? 5,3J $KBP 1~$7 $?%W%m %0%i %‘ %b%8%e!<%k4V$N<x<u%G!<%?$NI=8=7A <0Ey$r:NMQ$9$k$3 $H$G!$B>$N%0%m!<%P%k%3%s%T%e!<%F%# %s%0%7%9%F%‘$r MF0W$KAH$_9~$_2DG=$H$J$k$h$&$K$9$k!% � K\ 9F $N I> 2A $G $O!$ $" $i $+ $8 $a NWS $r MQ $$ $F <B 4D 6- $G $N 4Q B, >p Js $r <} =8 $7!$ $= $N >p Js $r $b $H $K Bric ks $K $h $k I> 2A <B 83 $r 9T$C $?!% $7 $+ $7 $J $, $i!$ Bric ks $N %f!< %6 $, $3 $N $h $& $J <B 4D 6- $G $N I> 2A <B 83 $r 9T $& Ii C4 $OBg$-$/!$3F%f!<%6$K$h$C$F<}=8 $7$?%G!<%?%;%C%H$, 0[ $J $k $? $a $K!$ B> $N %f!< %6 $H $N Bric ks $G $N I> 2A 7k 2L $N6&M-$bFq$7$$!%$^$?!$MM!9$J%M%C %H%o!<%/$N%H%]%m %8!$ 7W ;; %j %=!< %9 >p Js Ey $N 4D 6- @_ Dj $r Bric ks 4D 6- @_ Dj %9 %/ %j %W %H $K $h $j 5- =R $7 $? =i 4| @_ Dj %U%! %$ %k $r :n @. $9 $k %3 %9 %H $b Bg $- $$!% $h$C $F!$ Bric ks $G $O %Y %s %A %^!<%/%;%C%H$H$7$F<B4D6-$G$N4Q B,>pJs$r4^$a$?%G!< %?>pJs$*$h$S=i4|@_Dj%U%!%$%k$r Ds6!$9$k$3$H$K$h$j $3$l$i$NLdBj$r2sHr$9$k!% � Bric ks $K $h $j %9 %1 %8%e!< %j %s %0 %" %k %4 %j %: %‘ $N I> 2A$r9T$&$?$a$K$O!$MM!9$J4D6-@_ Dj%Q%i%a!<%?$r@_Dj $7$?%7%_%e%l!<%7%g%s$rB??t2s9T$$!$ $=$N7k2L$NE}7W $r $H $k I, MW $, $" $k!% $9 $J $o $A!$ Bric ks $O EP %W %m %0 %i %‘ $H $7 $F JB Ns 7W ;; 5! $^ $? $O PC/WS %/ %i %9 %? >e $G <B9T$9 $k $3$H $, $G$- $k!%K\ %W %m%0 %i %‘$r Nin et 14) %7 %9 %F %‘ $r MQ $$ $F JB Ns 2= $7!$ 33 %N!< %I $N PC %/ %i %9 %? >e$G%0%m!<%P%k%3%s%T%e!<%F%#%s%0%7 %9%F%‘$K$*$1$k E,@Z$J%9%1%8%e!<%j%s%0%"%k%4%j %:%‘$ND4::!$9M0F$r 9T$&!% <U <- NWS $N Bric ks $X $N AH $_ 9~ $_ $K :] $7 B? Bg $J =u 8@ $r $$ $? $@ $$ $?%F %M %7!< Bg $N Ric h W olski ;a $H UCSD $N Jim Ha y es ;a!$$^$? F|:" $h $j$4 F$O@ $$ $?$@ $/ Ninf %W %m %8%’ %/ %H $N 3’ MM!$ FC $K EE ;R 5; =Q Am 9g 8& 5f =j 4X 8} CR ;L ;a!$?7>pJs3+H/5!9=:4F#;05W;a!$$J$i$S $K$*Cc$N?e=w;R Bg3X:YLp<#IW65<x$K?<$/46<U$$$?$7$^$9!% K\ 8& 5f $N 0l It $O JST PRESTO %W %m %0 %i %‘ $H %= %U %H %&%’%"9)3X;v6HCD$N;Y1g$K$h$k$b$N$G$"$k!% ;2 9M J8 8% 1) F oster, I. and Kesselman, C.(eds.): The Grid: Blueprint for a New Computing Infr astructur e , Morgan Kaufmann (1999). 2) Bric ks. http://ninf.is.titech.ac.jp/bricks/ . 3) W olski, R., Spring, N. and P eterson, C.: Im- plemen ting a P erformance F orecasting System for Metacomputing: The Net w ork W eather ser- vice, Pr o c e e dings of the 1997 A CM/IEEE Su- p er c omputing Confer enc e (1997). 4) W olski, R., Spring, N. T. and Ha y es, J.: The Net w ork W eather Service: A Distributed Resource P erformance F orecasting Service for Metacomputing, T ec hnical Rep ort TR-CS98- 599, UCSD (1998). 5) F oster, I. and Kesselman, C.: Globus: A Metacomputing Infrastructure T o olkit, Inter- national Journal of Sup er c omputer Applic a- tions , V ol. 11(2), pp. 115{128 (1997). 6) Grimsha w, A. S., W ulf, W. A. and the Le- gion team: The Legion Vision of a W orldwide Virtual Computer, Comm. A CM , V ol. 40(1), pp. 39{45 (1997). 7) Sato, M., Nak ada, H., Sekiguc hi, S., Mat- suok a, S., Nagashima, U. and T ak agi, H.: Ninf: A Net w ork based Information Library for a Global W orld-Wide Computing Infrastracture, Pr o c e e dings of HPCN’97 (LNCS-1225) , pp. 491{502 (1997). 8) Berman, F., W olski, R., Figueira, S., Sc hopf, J. and Shao, G.: Application-Lev el Sc heduling on Distributed Heterogeneous Net w orks, Pr o- c e e dings of the 1996 A CM/IEEE Sup er c omput- ing Confer enc e (1996). 9) C] K< $" $D ;R , 9g ED 7{ ?M , Cf ED =( 4p , >. @n 9( 9b , >> 2, Ao , :4F# ;0 5W , 4X 8}CR ;L , D9 Eh1@ J< : %0 %m!<%P %k %3%s %T%e!< %F%# %s %0 %7 %9 %F %‘ $N %7 %_%e %l!< %7%g %s $K $h $k I> 2A , >p Js =h M} 3X 2q O@ J8 ;o , V ol. 40, No. 5, pp. 2192{2202 (1999). 10) NWS Ja v a API. http://ninf.etl.go.jp/~nakada/nwsjava/ . 11) Osculan t. http://beta.ee.ufl.edu/Projects/Osculant/ . 12) Chapin, S. J. and Spa�ord, E. H.: Supp ort for Implemen ting Sc heduling Algorithms Using MESSIAHS, Scienti�c Pr o gr amming , V ol. 3, pp. 325{340 (1994). 13) Grid F orum. http://www.gridforum.org/ . 14) 9b LZ 9@ 8w , >> 2, Ao , Cf ED =( 4p , 4X 8} CR ;L , :4 F# ;0 5W , D9 Eh 1@ J< : Ja v a $K $h $k Bg 0h E* JB Ns 7W ;; 4D 6- Nin- et, JB Ns =h M} %7 %s %] %8 %& %‘ JSPP’98, pp. 135{142 (1998). ( J?@. 11 G/ 9 7n 1 F|<uIU ) ( J?@. 12 G/ 2 7n 4 F|:NO? )

V ol. 0 No. 0 %0%m!<%P%k%3%s%T%e!<%F%#%s%0$N%9%1%8%e!<%j%s%0$N$?$a$N@-G=I>2A%7%9%F%‘ 11 C]K<$"$D;R !J@52q0w!K ><OB 48 G/@8!%J?@. 8 G/$*Cc$N?e=w ;R Bg 3X M} 3X It >p Js 2J 3X 2J B4 6H!% J? @. 10 G/ F1 Bg 3X Bg 3X 1! M} 3X 8& 5f 2J >p Js 2J 3X@l96 =$;N2] Dx=$N;!%J? @. 12 G/ F1Bg 3X 1! ?M 4V J8 2= 8& 5f 2J J# 9g NN 0h 2J 3X @l 96Gn;N2]Dx=$N;!%Gn;N!JM}3X!K!%F1G/F| K\3X=Q?66=2qFC JL8&5f0w!%JBNsJ,;6=hM}!$%0%m!<%P %k%3%s%T%e!<%F%#%s %0!$%9%1%8%e!<%j%s%0$K6=L#$r;}$D!% A CM 2q0w!% 9gED 7{?M !J@52q0w!K ><OB 42 G/@8!%J?@. 2 G/Aa0pEDBg3X M} 9) 3X It EE 5$ 9) 3X 2J B4 6H!% J? @. 4 G/ F1 Bg 3X Bg 3X 1! =$ ;N 2] Dx =$ N;!% J? @. 8 G/ F1 Bg 3X 1! Gn ;N 2] Dx B‘ 3X!% J? @. 4 Aa 0p ED Bg 3X >p Js 2J 3X 8& 5f 65 0i %; %s %?!< =u <j!$ J?@. 8 G/F1FCJL8&5f0w!% J?@. 9 G/El5~9)6HBg3XBg 3X1!>p Js M} 9) 3X 8& 5f 2J =u <j!$ J? @. 11 G/ F1 Bg 3X 1! Am 9g M} 9) 3X 8& 5f2J@lG$9V;U!$8=:_$K;j$k!%Gn;N !J9)3X!K!%JBNs!&J,;6 =h M} J} <0!$ JB Ns 2= %3 %s %Q%$ %i!$ %^ %k %A %W %m %;%C %5 OS !$ %0%m!<%P%k%3%s%T%e!<%F%#%s%0%7%9%F%‘ $N8&5f$K=>;v!% EE;R >pJs DL?.3X 2q!$EE5$ 3X2q!$ A CM !$ IEEE-CS 3F2q 0w!% >>2, Ao !J@52q0w!K >< OB 38 G/ @8!% >< OB 61 G/ El 5~ Bg 3X M} 3X It >p Js 2J 3X 2J B4!$ J? @. 85 G/ F1 Bg 3X Bg 3X 1! Gn ;N 2] Dx Cf B‘!% F1 Bg 3X >p Js 2J 3X 2J =u <j!$ >p Js 9) 3X @l 96 9V ;U $r 7P $F!$ J? @. 8 G/ $h $j El 5~ 9) 6H Bg 3X >p Js M} 9) 3X 8& 5f 2J ?t M}!& 7W ;; 2J 3X @l 96 =u 65 <x!% J? @. 10 G/ $h $j 2J 3X 5; =Q ?6 6= :b CD $N $5 $- $, $1 8& 5f 0w $r J; G$!% M} 3X Gn ;N!% %* %V %8%’ %/ %H ;X 8~ 8@ 8l!$ JB Ns %7 %9 %F %‘!$ %j %U %l %/ %F%# %V 8@ 8l!$ @) Ls 8@ 8l!$ %f!< %6!& %$ %s %? %U%’!< %9 %= %U %H %&%’ %" $J $I $N 8& 5f $K => ;v!% 8= :_ ?J 9T Cf $N %W %m %8%’ %/ %H $O!$ @$ 3& 5, LO $N 9b @- G= 7W ;; 4D 6- $r 9= C[ $9 $k Ninf %W %m %8%’%/%H!$%*%V%8%’%/%H;X8~8@8l$NBg5,LOJBNs%/ %i%9%? 7W ;; 5! >e $N <B Au!$ 7W ;; 4D 6- $K E, 9g!& :G E, 2= $r L\ ;X $9 Ja v a 8@ 8l $N 3+ J| 7? Just-In-Time %3 %s %Q %$ %i Op enJIT !$ 3F <o %f!< %6 %$ %s %?!< %U%’!< %9 $J $I!% J? @. 8 G/ EY >p Js =h M} 3X 2q O@ J8 >^!$ J? @. 11 G/ >p Js =h M} 3X 2q :d 0f 5- G0 >^ <u >^!% %=%U%H %&%’%"2J 3X2q!$ A CM,IEEE-CS 3F2q0w!% IEEE Concurrency Magazine $N Editor !% CfED =(4p !J@52q0w!K ><OB 42 G/@8!%J?@. 2 G/El5~Bg3X9) 3X It @: L) 5! 3# 9) 3X 2J B4 6H!% J? @. 7 G/ F1 Bg 3X Bg 3X 1! 9) 3X 7O 8& 5f 2J >p Js 9) 3X @l 96 Gn ;N 2] Dx =$ N;!% Gn ;N !J9) 3X!K!% F1 G/ EE ;R 5; =Q Am 9g 8& 5f =j 8& 5f 41!% 8= :_F1=j<gG$8&5f41!%JBNs%W%m%0%i%_%s%08@8l!$ %*%V%8%’ %/%H;X8~8@8l!$J,;67W;;%7%9%F%‘$K4X$9$k8&5f$K=>;v!% D9Eh 1@J< !J@52q0w!K >< OB 30 G/ @8!% >< OB 58 G/ KL 3$ F; Bg 3X Bg 3X 1! Gn ;N 8e 4| 2] Dx =$ N;!% M} 3X Gn ;N!% F1 G/ 2, :j 9q N) 6& F1 8& 5f 5! 9= J, ;R 2J 3X 8& 5f =j =u <j!% J? @. 4 G/ $* Cc $N ?e =w ;R Bg 3X M} 3X It >p Js 2J 3X 2J =u 65 <x!% J? @. 8 G/ F1 65 <x!% J? @. 10 G/ 9) 6H 5; =Q 1! J* <A 9) 3X 9) 6H 5; =Q 8& 5f =j M} O@ 2= 3X 8& 5f << D9!% J? @. 11 G/ 9) 6H 5; =Q 1! ;: 6H 5;=QM;9gNN0h8&5f=j7W;;2J3X%0%k!<%WD9!%M}O@ 2=3X!$JB NsJ,;6=hM}!$@-G=I>2A$N8&5f$K=>;v!%F|K\2=3X 2q!$F|K\ 1~MQ?tM}3X2q!$ IEEE !$ A CM 3F2q0w!%