1 Grid 7W;;4D6-$K$*$1$k%G%C%I%i%$%s%9%1%8%e!<%j%s%0<jK!$N@-G= C] K< $" $D ;R y ; yy >> 2, Ao yy ; yyy 9- 0h %M%C %H %o!< %/ $K @\ B3 $5 $l $? 7W ;; ;q 8; $r 1 $D $N 7W ;; 4p HW $H $7 $F Ds 6! $9 $k Grid %7 %9 %F %‘ $, >- Mh $N 9b @- G= 7W ;; %" %W %j %1!< %7%g %s $N 7W ;; 4p HW $H $7 $F Cm L\ $5 $l $F $$ $k!% Grid %7 %9 %F %‘ $H $7 $F!$ %M%C %H %o!< %/ >e $G 7W ;; ;q 8; $H $H $b $K %5!< %S %9 $N Ds 6! $r 2D G= $K $9 $k Net w ork-enabled Serv er !J NES !K $, J# ?t Ds 0F $5 $l $F $$ $k!% NES $O 0l HL E* $K %/ %i %$ %" %s %H!& %5!< %P 7? %"!< %- %F %/ %A%c $H $J$C $F $* $j!$ J, ;6 $7 $? Grid 7W ;; ;q 8; >e $K %5!< %P $r MQ 0U $9 $k!% $7 $+ $7 $J $, $i!$ J# ?t %5!< %P!$ J# ?t $N %/ %i %$ %" %s %H $r A[ Dj $7 $? Grid $N %9 %1 %8%e!< %j %s %0 $K 4X $9 $k 5D O@ $, == J, $K 9T $o $l $F $$ $J $$!% $^ $?!$ >- Mh $N NES %7 %9 %F %‘ 1? MQ $G $N 2] 6b $K H< $$!$ Grid %f!< %6 $O %8%g %V <B9T ;~ 4V $r :G C; $K$9 $k $3 $H $+ $i :G >.%3 %9 %H $N ;q 8; 72 $rMx MQ $7 $F 5, Dj ;~4V Fb $K =h M} $r =* N;$5 $;$k$3$H$rMW5a$9 $k$h$&$K$J$k!%K\9F$G$O%G%C%I%i%$%s%9%1%8%e!<%j%s%0$KCeL\$7!$ $=$N@-G=FC@-$r Grid $N %9 %1 %8%e!< %j %s %0 <j K! $N I> 2A %7 %9 %F %‘ Bricks $r 3H D% $7 $F D4 :: $7 $?!% $^ $:!$ J# ?t %5!< %P!$ J# ?t %/ %i %$ %" %s %H $r A[ Dj $7 $?!$ %G%C %I %i %$%s %9 %1 %8%e!< %j %s %0 %" %k %4 %j %: %‘ $r >R2p $9 $k $H $H $b $K!$ $= $N %" %k %4 %j %:%‘ $N @-G=$r 9b$a$k%a%+%K%:%‘!$ Load Co rrection $H F allback $rDs0F$9$k!%<!$K!$ Bricks %7%9%F%‘$rMQ$$$?%7 %_%e %l!< %7%g %s $K $h $k I> 2A $h $j!$ Grid >e $G $N NES %7 %9 %F %‘ $N %G%C %I %i %$ %s %9 %1 %8%e!< %j %s %0 $N M- 8z @- $r<($9!% P erformance of a Deadline Sc heduling Sc heme on the Computational Grids A tsuk o T akefusa y ; yy and Sa toshi Ma tsuoka yy ; yyy The Computational Grid is a promising platform for the deplo ymen t of high-p erformance computing applications. A n um b er of pro jects ha v e addressed the idea of soft w are as a ser- vic e on the net w ork. These systems usually implemen t clien t-serv er arc hitectures with man y serv ers running on distributed Grid resources and ha v e commonly b een referred to as Network- enable d servers (NES). An imp ortant question is that of sche duling in this m ulti-clien t m ulti- serv er scenario. Note that in this con text most requests are computationally in tensiv e as they are generated b y high-p erformance computing applications. The Bric ks sim ulation framew ork has b een dev elop ed and extensiv ely used to ev aluate sc heduling strategies for NES systems. In this pap er w e discuss a de ad line sche duling strategy that is appropriate for the m ulti-clien t m ulti-serv er case. W e prop ose a simple deadline sc heduling algorithm and then augmen t it with Load Co rrection and F allback mec hanisms whic h could impro v e the p erformance of the algorithm in our con text. W e then giv e sim ulation results and dra w conclusion on the v alue and feasibilit y of deadline sc heduling for NES systems on the Grid. 1. $O $8 $a $K 9- 0h %M%C %H %o!< %/ $K @\ B3 $5 $l $? 7W ;; ;q 8; $r 1 $D $N 7W ;; 4p HW $H $7$F %f!< %6 $K Ds 6! $9 $k!$ Grid $H 8F $P $l $k 9b@- G=9- 0h7W;;%7 %9%F%‘ $N8&5f $,@9$s$K 9T$o$l $F$$$k 1),2) !% Grid %3 %s %T%e!< %F%# %s %0 %= %U %H %&%’ %" $K 4X $9 $k 4p AC 5; =Q $O 8& 5f 3+ H/ $@ $1 $G $J $/ $= $N I8 =‘ 2= 2) $* $h $S 1? MQ $b 3+ ;O$5$l$F$$$k 3) � 7) !%0lJ}!$ Grid >e$G9b@-G= 7W;;%"%W %j %1!<%7%g%s$r<B9T$9$k:]$N=EMW$J2] Bj$H$7$F%9%1%8%e!< %j %s%0 $,5s $2$i $l$k 8) !%=> Mh$N %9 %1%8%e!< %j%s %0$G $O!$ JBNs%" %W %j%1!< %7%g %s $N<B 9T ;~4V (mak espan) $NC;=L $J y F|K\3X=Q?66=2q JSPS yy El5~9)6HBg3X T oky o Institute of T ec hnology yyy 2J3X5;=Q?66=;v6HCD JST $I!$ 1 ?M$N%f!<%6$N 1 %"%W%j%1!<%7%g%s $N<B9T$r $$$+$K B.$/=hM}$9$k$+$K=EE@$,$*$+$l$F$$$? 9) � 13) !% Grid %7 %9 %F %‘ $K $O!$ %M%C %H %o!< %/ >e $G 7W ;; ;q 8; $H $H $b $K %5!< %S %9 $N Ds 6! $r 2D G= $K $9 $k Net w ork-enabled Serv er !J NES !K 3),7),14),15) $, $" $k!% NES %7 %9 %F %‘ $O 0lHLE*$K%/%i%$%"%s%H!&%5!<%P7?%"!<%-%F%/ %A%c$H$J$C $F$* $j!$ RPC %Y!< %9$N %W%m%0 %i%_ %s%0%b %G%k $r%f!<%6 $KDs6!$9$k!%2J3X5;=Q7W;;$K$OFHN)$7$?B??t$N %?%9%/$+ $i$J$k P arameter Sw eep 7?%"%W%j%1!<%7%g%s$,B??t$" $j 16),17) !$ $3 $l $i $N %" %W %j %1!< %7%g %s $O NES $N Ds 6! $9 $k %W %m %0 %i %_ %s %0 %b %G %k $H E, 9g $7 $d $9 $$!% $h$C $F Global Grid F orum 2) $G$O NES $NI8=‘2=$,?J$a$i$l$F$$$k!% NES $NDs 6! $9 $k 7W ;; ;q 8; 72 $r F1 ;~ $K J# ?t $N %f!< %6 $, Mx MQ$9$k>u67$G$O!$J#?t%/%i%$%"%s%H%8%g%V$N %9%1%8%e!< %j%s%0$,=EMW$J2]Bj$H$J$k!%9-0h%M%C%H%o!<%/>e $NFCDj

2 B? ?t $N %f!<%6 $K BP $7 $F Ds6! $9 $k Grid >e$N 7W ;; ;q 8; $O$= $N @- G= $d<A $, B? 4t $K EO$k $? $a!$ >- Mh E*$J Grid %7 %9 %F%‘ $N1?MQ$K$*$1$k2]6bJ}K!$b$=$l$K1~ $8$F%P%i%(%F%#$KIY $‘$h$&$K$J$k!%$h$C$F!$%f!<%6$O=>Mh$N 7W;;5!MxMQ$N$h $& $K C1 =c $J 7P 83 B’ $K 4p $E $$ $F :G C; <B 9T ;~ 4V $r L\ I8 $H $7 $F%8%g%V$rEjF~$9$k$N$G$O$J$/!$5, Dj;~4V!J%G%C%I%i%$ %s!KFb$K=hM}$r=*$($k$?$a$N:G>.%3%9 %H$N7W;;5!72$rMW 5a$9$k$h$&$K$J$k!%$9$G$K$3$N$h$&$J 7P:Q%b%G%k$N35G0 $r Mx MQ $7 $? %9 %1 %8%e!< %j %s %0 <j K! $, J# ?t Ds 0F $5 $l $F $$ $k 18) � 20) $,!$$= $N M- 8z @- $d Mx MQ 2D G= @- $O L@ $i $+ $G $J $$!% %G%C %I %i %$ %s %9 %1 %8%e!< %j %s %0 $O 7P :Q %b %G %k 2< $G $N %9 %1 %8%e!< %j %s %0 <j K! $N 1 $D $G $" $k!% NES %7 %9 %F %‘ Nimro d 21) $G $O!$ @- G= $d 7W ;; ;q 8; $N <{ MW $N 9b $5 $+ $i 7W ;; ;q 8; $K %W %i %$ %* %j %F%# $r $D $1!$ $O $8 $a $O %W %i %$ %* %j %F%#$NDc$$;q8;$K%?%9%/$r3d$jEv$F$F!$ 3F%?%9%/$N<B9T ;~4V$H7W;;;q8;$H$N4X78$+$i7W;;;q8; $KBP$9$kI>2A$r2~ $a$F!$B??t$N%?%9%/$+$i$J$k%"%W%j %1!<%7%g%s$NA4BN$N <B9T;~4V$,%f!<%6$N5a$a$k%G%C%I%i%$%s $rD6$($J$$$h$& $K<!$N%?%9%/$r3d$jEv$F$F$$$/%G%C %I%i%$%s%9%1%8%e!< %j%s%0$r<B8=$7$F$$$k!% K\9F$G$O7P:Q%b%G%k2<$G$N%G%C %I%i%$%s%9%1%8%e!<%j %s%0$KCeL\$7!$%G%C%I%i%$%s%9%1%8%e!< %j%s%0<jK!$NDs 0F $H $= $N @- G= FC @-$r D4 :: $9 $k!% I> 2A $G $O!$ Grid %f!<%6 $,H/9T$9$k%8%g%V$K$O$"$i$+$8$a%G%C%I %i%$%s$,;XDj$5 $l$F$$$k$b$N$H$7!$%G%C%I%i%$%s%9 %1%8%e!<%j%s%0$N<: GT!J;XDj$5$l$?%G%C%I%i%$%s$^$G$K7W ;;$,=*N;$7$J$$!K N( $r >/ $J$/ $9 $k $3 $H $rL\ E* $H $9 $k!% I>2A $K $O Grid %3%s %T%e!<%F%#%s%0$N%9%1%8%e!<%j%s%0<jK!$N I>2A%7%9%F%‘ Bric ks 22),23) $r2~NI$7$FMQ$$$k!% $^$:!$=@Fp$+$DMF0W$K%9%1!<%i%V%k $JI>2A4D6-$r@_Dj 2D G= $K $9 $k Bric ks $N %7 %_%e %l!< %7%g %s %b %G %k $K $D $$ $F @bL@$9$k!%<!$K!$%G%C%I%i%$%s%9%1%8%e!< %j%s%0$N<:GT N($N7Z8:$rL\;X$94JC1$J%9%1%8%e!<%j%s %0%"%k%4%j%:%‘ $r >R 2p $9 $k $H $H $b $K!$ $= $N %" %k %4 %j %: %‘ $N @- G= $r 9b $a $k %a %+ %K %: %‘!$ Load Co rrection $H F allback $r Ds 0F $9 $k!% Load Co rrection $O Grid %b %K %? %j %s %0 %7 %9 %F %‘ $K $h$jF@$i$l$?;q8;>pJs$r%9%1%8%e!<%j%s %07k2L$rMQ$$$F Jd @5 $9 $k $b $N $G $" $k!% F allback $O %5!< %P $K %8%g %V $N F~ NO%G!<%?$,E~Ce$7$?:]$K$=$N%8%g%V$, %G%C%I%i%$%s$rD6 $($k$+$I$&$+M=B,$7!$D6$($k$HH=CG$7 $?>l9g$OJL$N%5!< %P$K%8%g%V$r:FEjF~$5$;$k%a%+%K%: %‘$G$"$k!%$=$7$F!$ FC Dj B? ?t$N %f!< %6 $, Grid $N 7W ;; ;q 8; 72$K BP $7 $F %7 %s%0 %k%?%9%/$N%8%g%V$rJ#?tEjF~$9$k%7%s %W%k$J%b%G%k$rA[ Dj $7!$ Grid $N Ii 2Y >u 67!$ 7W ;; ;q 8; %3 %9 %H!$ @- G= M= B,$N 8+@Q$b$j!$$*$h$S3F%9%1%8%e!<%j%s%0%a %+%K%:%‘$KBP$9 $k%G%C%I%i%$%s%9%1%8%e!<%j%s%0$NM- 8z@-$rD4::$9$k!% K\ 9F $G $O 7W ;; ;q 8; $N @- G= $r $= $N ;q 8; $N %3 %9 %H $H $_ $J $9 4J C1 $J 7P :Q %b %G %k $r E, MQ $9 $k!% I> 2A $G $O!$ PC %/ %i %9 %? >e $G Bric ks %7 %_%e %l!< %7%g %s $r ?t @i 2s <B 9T $7 $?!% %7 %_%e%l!<%7%g%s$h$j!$=>Mh$N<B9T;~4V$r :GC;$K$9$k$3$H $rL\E*$H$7$?%9%1%8%e!<%j%s%0<jK!$O %G%C%I%i%$%s%9%1 %8%e!<%j%s%0$h$j%f!<%6$N%8%g%V$,MxMQ $9$k7W;;;q8;$N %3%9%H$,9b$/$J$k!$J]<iE*$K%G%C%I%i%$ %s$r8+@Q$b$k$H %9 %1 %8%e!< %j %s %0 $N <: GT N( $, 2< $, $k 0l J} ;q 8; %3 %9 %H $, 9b$/$J$k!$ Load Co rrection %a%+%K%:%‘$OM-8z$G$J$/!$ ?^ 1 Bricks %7%9%F%‘%"!<%-%F%/%A%c ?^ 2 %M%C%H%o!<%/%H%]%m%8 F allback $O<:GTN( $N7Z8: $KHs>o $KM-8z $G$"$k $3$H $,L@$i $+$K$J$C$?!% 2. Bric ks %7%9%F%‘$H$=$N3HD% Bric ks %7 %9 %F %‘ $O!$ Grid %7 %9 %F %‘ $N %9 %1 %8%e!< %j %s %0 <j K! $* $h $S $= $N %U %l!< %‘ %o!< %/ $N I> 2A 4p HW $r Ds 6! $9 $k Ja v a $G <B Au $5 $l $? N% ;6 %7 %_%e %l!< %? $G $" $k!% ?^ 1 $K Bric ks $N %7 %9 %F %‘ %"!< %- %F %/ %A%c $r <( $9!% Bric ks $O Grid $r %7 %_%e %l!< %H $9 $k Grid Computing 4D 6- $H Sc heduling Unit $+ $i $J $k!% Grid Computing 4D 6- $G $O!$ Grid %H %] %m %8!$ ;q 8; %b %G %k !JIi 2Y %H %l!< %9!$ BT $A 9T Ns Ey!K!$ %/ %i %$ %" %s %H %b %G %k !J%j %/ %( %9 %H E~ Ce ;~ 4V Ey!K$N%7%_%e%l!<%7%g%s%3%s%]!<%M%s%H%;%C%H$r Ds6!$9 $k!% Sc heduling Unit $G $O!$ %9 %1 %8%e!< %i!$ %W %l %G%# %/ %?!$ ;q 8; %b %K %?!$ ;q 8; >p Js %G!< %? %Y!< %9 $J $I $N Grid $G $N %9 %1 %8%e!< %j %s %0 $K MW $9 $k 3F %b %8%e!< %k $r Ds 6! $9 $k 8) !% Bric ks $N%f!<%6$O Bric ks $,Ds6!$9$k@k 8@E*$J%9 %/ %j %W %H $K $h $j!$ =@ Fp $K 4D 6- @_ Dj $r 9T $$!$ B? MM $J %9 %1 %8%e!<%j%s%0%"%k%4%j%:%‘$N:F8=@-$N$"$k@-G=I> 2A<B83 $r 9T $& $3 $H $, $G $- $k!% $^ $?!$ Sc heduling Unit $N 3F %b %8%e!<%k$O%f!<%6$N<BAu$7$?%9%1%8%e!<%j%s%0%" %k%4%j %:%‘$d4{B8%9%1%8%e!<%j%s%0%b%8%e!<%k$HMF0W$K CV492D G= $G $" $j!$ $= $N I> 2A $d 5! G= ;n 83 $r Bric ks >e $G 9T $& $3 $H $,$G$-$k 22) !%

3 $? $@ $7!$ 8= >u $N Bric ks %7 %9 %F %‘ $G $O %9 %1!< %i %S %j %F%# $, == J, $G $J$$!% $h $j %9 %1!< %i %V %k $G8= <B E* $J Grid 4D6- $G $N I> 2A $r 2D G= $K $9 $k $? $a!$ Bric ks %7 %9 %F %‘ $r 3H D% $7 $F ?^ 2 $N$h $& $JLZ 9= B$$N %M%C %H%o!< %/ %b%G %k $r<h $j F~$l $?!% %/ %i %$ %" %s %H!& %5!< %P 4V $N 3F %M%C %H %o!< %/ $O Cf 4V %N!< %I$H LAN !$ W AN $N 0[$J $kDL ?. %P%s %I I}$N %M%C%H %o!<%/$K$h$j9=@.$5$l$k!%$3$N3HD% $K$h$j!$%M%C%H%o!< %/ %7 %_%e %l!< %7%g %s $N $? $a $N DL ?. %P %s %I I} $* $h $S %H %] %m %8 $r @8 @. $9 $k 4{ B8 %7 %9 %F %‘ GT-ITM 24) !$ tiers 24) !$ BRITE 25) Ey$G@8 @. $5$l $?%M%C %H %o!<%/ %H%] %m %8$, MxMQ 2DG=$H$J$k!% 2.1 Grid %7%_%e%l!<%7%g%s%b%G%k Bric ks $G$O!$ Grid >e$N7W;; ;q8; !J%5!<%P!K$H!$ %/%i %$%"%s%H!&%5!<%P4V$N%M%C%H%o!<%/$r$= $l$>$lBT$A9TNs $r MQ $$ $F I= 8= $9 $k!% BT $A 9T Ns $G I= 8= $5 $l $k %M%C %H %o!< %/!$%5!<%P%b%G%k$K$O0J2<$N 2 $D$,$"$k!% 30Mp%G!<%?!?%8%g%V%b%G%k %M%C%H%o!<%/!?%5!< %P$N:. ;( EY $r $= $N %M%C %H %o!< %/ !? %5!< %P $K E~ Ce $9 $k Grid %7%9%F%‘$NMx MQ<T0J30 $+$i$NH/ 9T$5$l$k 30Mp%G!<%? !?%8%g%V$NN.NL$K$h$jI=$9!% %H%l!<%9%b%G%k <B4D6-$GF@$i$l$?DL ?.%9%k!<%W%C%H!? %5!<%PIi2Y$N 4QB,CM $N%H%l!< %9$K$h$j!$ %M%C%H%o!< %/!?%5!<%P$N:.;(EY$rI=$9!% 30Mp%G!<%?!?%8%g%V%b%G%k$O!$%Q%i %a!<%?$N@_Dj$N$_ $G%7%_%e%l!<%7%g%s$,9T$($k$b$N$N!$ FC$K%M%C%H%o!<%/ $K $* $1 $k DL ?. %9 %k!< %W%C %H CM $N J, ;6 $N D4 @a $, Fq $$!% $^ $?!$%7%_%e%l!<%7%g%s$NN3EY$r:Y$+$/$7 $F@:EY$r>e$2$k $H%7%_%e%l!<%7%g%s%3%9%H$,Hs>o$K9b $/$J$C$F$7$^$&!% 0l J}!$ %H %l!< %9 %b %G %k $O <B 4D 6- $N JQ F0 $r $= $N $^ $^ I= 8= $G$-!$%7%_%e%l!<%7%g%s%3%9%H$,Dc$$$H $$$&MxE@$,$"$k $,!$;vA0$K%H%l!<%9%G!<%?$r4QB,$9$k I,MW$,$"$k$?$a!$ %7%_%e%l!<%7%g%s$GA[Dj$9$k%M%C%H%o!<%/ %H%]%m%8$,@) 8B$5$l$k!%$^$?!$Bg5,LOI>2A4D6-$G $9$Y$F$N%M%C%H%o!< %/!?%5!<%P$KBP$7$F%H%l!<%9%b%G%k$r MQ$$$k$H!$BgNL$N %H%l!<%9%G!<%?$rMQ0U$9$kI,MW$,$"$k!% K\ 8& 5f $N I> 2A <B 83 $G $O!$ %5!< %P $K $O %] %" %= %s E~ Ce $r MQ $$ $?30It%8%g%V%b%G%k!$%M%C%H%o!<%/$K$O %H%l!<%9%b%G%k $rMQ$$$?!%%M%C%H%o!<%/%H%l!<%9$N%H %i%U%#%C%/%b%G%k $K$O!$ P axson $K$h$jDs0F$5 $l$? F ractional Gaussian Noise !J F GN !K$K $h$k Self-Similar %b%G%k 26) $r:NMQ$7 $?!%%M%C%H%o!<%/$N%b%G%j%s%0$G$O0lHL $K%]%"%=%sE~Ce $rA[Dj$9$k$3 $H$,B? $$$,!$ LAN $*$h$S W AN $G$N%M%C %H %o!< %/ %H %i %U%#%C %/ $N @- <A $O $‘ $7 $m Self-Similarit y $,$" $k $H $$ $o $l $F $* $j 27) !$%7 %_%e %l!< %7%g %s 4D 6- 2< $G $h $j8=<B$K6a$$@-<A$r$b$D%M%C%H%o!< %/%H%i%U%#%C%/$rI= 8=$9$k$?$a$K$3$N%b%G%k$r:NMQ$7$?!% $3$N%b%G%k$G$O!$ $^$: Self-Similar $J@-<A$r$b $D F GN $N%Q%o!<%9%Z%/ %H %k$r@8@.$7!$N%;6;~4V%U!<%j%(JQ49$G9g @.$9$k$3$H$K$h $j%5%s%W%k%Q%9$r@8@.$9$k!%<!$K!$$3$N %5%s%W%k%Q%9$r ;XDj$7$?J?6QDL?.%9%k!<%W%C%H!$J,;6$K =>$&$h$&$KJQ7A $7!$%7%_%e%l!<%7%g%s$GMQ$$$kDL?. %H%i%U%#%C%/%H%l!< %9$r@8@.$9$k!%$h$C$F!$>/?t$N%Q%i%a!< %?$N@_Dj$N$_$G MM!9$J%H%l!<%9$r@8@.$9$k$3$H$,$G $-$k!%0lJ}!$9b@:EY $N%5!<%PIi2Y%b%G%k$,$J$$$?$a!$%5!< %P$K$O30It%8%g%V %b%G%k$rMQ$$$F%i%s%@%‘$K30It%8%g%V $r@8@.$5$;$FIi2Y $r%7%_%e%l!<%H$7$?!% 3. %G%C%I%i%$%s%9%1%8%e!<%j%s%0 4{ B8 NES %7 %9 %F %‘ !J Ninf 3) !$ NetSolv e 7) !K $G $O!$ %f!< %6 $N 7W ;; MW 5a $K BP $7 $F $= $N 7W ;; ;~ 4V $, :G C; $H $J $k $h$&$K%5!<%P$r3d$jEv$F$F$$$/!%$3$l$O%f!<%6 $N%G%C%I %i %$ %s $N MW 5a $r 9M N8 $7 $J $$ @Q 6K E* $J %" %W %m!< %A !J0J 8e Greedy $H $9 $k!K $G $" $k!% $7 $+ $7 $J $, $i!$ NES %7 %9 %F %‘ $, Grid >e $G 9- $/ Mx MQ $5$l $k $h $& $K $J $k $H!$ %G%C%I %i %$%s$r9MN8$7$?7W;;;q8;A*Br$,=EMW$K$J$k!%%G%C %I%i%$ %s%9%1%8%e!<%j%s%0$O%f!<%6$NMW5a$9$k%G%C%I%i %$%s$^ $G$K%8%g%V$N=hM}$r=*N;$5$;$k$3$H$rL\E*$H$7 $?<jK!$G $"$k!% 3.1 %9%1%8%e!<%j%s%0%"%k%4%j%:%‘ K\8&5f$GMQ$$$?%G%C%I%i%$%s %9%1%8%e!<%j%s%0$N%"%k %4 %j %: %‘ $r 0J 2< $K <( $9!% $3 $N %" %k %4 %j %: %‘ $G $O!$ J# ?t %f!< %6 $N H/ 9T $9 $k %8%g %V $K BP $7 $F E, @Z $J %5!< %P $r A* Br $7!$%G%C%I%i%$%s$rD6$($kAm%8%g%V?t$r7Z8:$5$; $k$3$H $rL\E*$H$9$k!% ( 1 ) %8%g %V $N %G%C %I %i %$ %s $^ $G $N ;~ 4V T until de ad line $r;;=P$9$k!% T until de ad line = T de ad line � T now (1) T de ad line $O%8%g%V$K Dj$a$i $l$? %G%C%I %i%$ %s$N ;~9o!$ T now $O8=:_$N;~9o$rI=$9!% ( 2 ) Mx MQ 2D G= $J %5!< %P S i !J 0 < i � n !K $K %8%g %V $r EjF~$7 $? >l 9g $N %8%g%V =h M} ;~ 4V $N M=B, CM T S i $r;; =P$9$k!% T S i = W send =P send + W r e cv =P r e cv + W s =P serv (2) W send !$ W r e cv !$ W s $O $= $l $> $l %8%g %V $N Aw ?. %G!< %? NL!$ <u ?. %G!< %? NL!$ O@ M} 1i ;; ?t $r I= $7!$ P send !$ P r e cv !$ P serv $O %/ %i %$ %" %s %H $+ $i %5!< %P!$%5!<%P$+$i %/%i %$%" %s%H $X$N %M%C%H%o!< %/%P %s%II}$NM= B,CM$* $h$S%5!< %P$G $N=hM} B.EY $NM=B, CM $r I=$9!% Grid 4D 6- $G$O %M%C%H %o!< %/$d %5!<%P 7W;;5!$NIi 2Y$NJQ F0$,Bg $-$$ $?$a!$0l HL$K $=$l$i $N>u67$rDj 4|E*$K %b%K %?%j %s%0$7!$ %8%g%V $,3d$j Ev$F$i$l$k :]$N %M%C%H%o!< %/!? %5!<%P $NIi 2Y$rM= B,$7$F!$$=$N M=B, CM$r%9 %1%8%e!< %j%s %0$K MxMQ$9 $k 28) !% ( 3 ) =hM};~4V$NL\I8CM T tar get $r;;=P$9$k!% T tar get = T until de ad line � Opt (0 < Opt � 1) (3) %Q%i%a!<%? Opt $O Grid >e$G$N @-G= M=B, $K BP$9 $k @: EY$N 4|BT EY$r I=$9!% Grid %b %K%? %j%s %0%7 %9%F %‘$NDs6!$9 $kM=B, CM$K$O M=B, %(%i!<$, 4^$^ $l$F$$ $k$?$a!$$I$N DxEYJ] <iE*$K M=B, $N<:GT $r8+ @Q$b$k $+ $r Opt $K $h $j D4 @a $9 $k!% Opt $r >. $5 $/ @_ Dj $9 $k$3$H$OM=B, <:GT ;~$N%j %9%/$r Bg$- $/8+@Q $b$k$3 $H $r 0U L# $7!$ Opt $r 1 $K @_ Dj $9 $k $3 $H $O M= B, $N @:EY$,Hs>o$K9b$$$HH=CG$7$?$3$H$r0UL#$9$k!% ( 4 ) MxMQ2DG=$J %5!<%P$N Cf$+ $i=hM} ;~4V $NL\I8 CM$r D6 $( $:!$ L\ I8 CM $K :G $b 6a $$ =h M} ;~ 4V $H $J $k %5!< %P S i $rA*=P$9$k!%

4 Di� = T tar get � T S i � 0 $+$D!$ Di� $,:G>. (4) $? $@ $7!$ Di� � 0 $H $J $k S i $, 1 $D $b $J $$ >l 9g $O!$ Di� $N @d BP CM $, :G >. $H $J $k %5!< %P $r A* =P $9 $k!% 3.2 Load Co rrection %a%+%K%:%‘ Grid >e$N%9%1%8%e!<%i$O0lHL$K NWS 28) Ey$+$i F@$i $l$?%j%=!<%9$NIi2Y$NB,DjCM!$M=B,CM $rMxMQ$9$k!%A0@a $G=R$Y$?%"%k%4%j%:%‘$G$b$3$l$i$N >pJs$rMQ$$$F$$$k!% $7 $+ $7 $J $, $i!$ <B :] $K $O %5!< %P $N Mx MQ >u 67 $K 4X $9 $k IU 2CE*$J>pJs$bJ];}$7$F$$$k!%$9$J $o$A!$%9%1%8%e!<%j%s %0$K$h$j%8%g%V$,3d$jEv$F$i$l$?%5!< %P$NIi2Y$O!$$=$N %8%g%V$,EjF~$5$l$k$H9b$/$J$k$3$H$, $"$i$+$8$aM=B,$G $- $k!% 0l J}!$ Grid $N %b %K %? %j %s%0 %7 %9 %F %‘ $O Dj 4| E*$K %b%K%?%j%s%0$r9T$&$?$a!$B(:B$K$=$N Ii2Y$NJQ2=$r;!CN $9$k$3$H$,$G$-$J$$!% %9 %1 %8%e!< %j %s %0 %" %k %4 %j %: %‘ $N @- G= $r 2~ A1 $9 $k $? $a!$%9%1%8%e!<%j%s%0$NMzNr>pJs$rMxMQ $7$F%b%K%?%j%s %0 %7 %9 %F %‘ $+ $i F@ $i $l $? Ii 2Y M= B, CM $r Jd @5 $7!$ $= $l $r %9 %1 %8%e!< %j %s %0 $N :] $K MQ $$ $k !J0J 8e Load Co rrection $H 8F $V!K!% $3 $N <j K! $O NES %7 %9 %F %‘ $N %* %s %i %$ %s %9 %1 %8%e!<%i$KE,MQ$G$-$k!% Load Co rrection $G $O!$ %b %K %?%j %s %0 %7 %9%F %‘ $+ $i F@ $i $l $? %5!< %P S i $N Ii 2Y M= B, CM $r Load S i $H $9 $k $H!$ $= $NJd@5CM Load S i cor r ected $O<!$N$h$&$K5a$a$k!% Load S i cor r ected = Load S i + numj obs S i � pl oad (5) numj obs S i $O $= $N Grid %7 %9 %F %‘ $N %9 %1 %8%e!< %i $K $h $j S i $K 3d $j Ev $F $i $l $? %8%g %V $N Am ?t!$ pl oad $O Jd @5 $N Bg$-$5$rD4@0$9$kG$0U$NCM$G$"$k!%K\ 9F$NI>2A$G$O!$$9 $Y$F pl oad = 1 $H$7 $F$$ $k!% $3$l $O!$ I>2A $G A[Dj $9 $k %" %W%j%1!<%7%g%s$O7W;;<gBN$G$"$j!$0lHL $K7W;;$,<gBN$H $J$k%?%9%/ $O$=$N7W;;5!$N CPU Ii2Y$r 1 $D 9b$/$9$k$? $a$G$"$k!JNc$($P!$7W;;<gBN$N 3 $D$N%?%9%/$r<B9T$7$F $$$k7W;;5!$NIi2Y$O$[$\ 3.0 $H$J$k!K!% 3.3 F allback %a%+%K%:%‘ %9%1%8%e!<%j%s%0%"%k%4%j%:%‘$G $O!$3F%8%g%V$KBP$7 $F7W;;!&DL?.;~4V$N8+@Q$b$j!JM=B, CM!K$rMxMQ$9$k!%$7 $+$7$J$,$i!$%8%g%V$N<B9T$KMW$9$kF~ NO%G!<%?$NAw?.;~ 4V$N8+@Q$b$j$r<:GT$9$k$H!$F~NO%G!< %?$,%5!<%P$KE~Ce $7 $? 8e $K $= $N %8%g %V $N <B 9T $, %G%C %I %i %$ %s $^ $G $K =* N; $7 $J $$ $H M= B, $G $- $k >l 9g $b $" $k!% $5 $i $K!$ K\ 9F $N I> 2A $G $O %5!< %P $O First Comes First Serv ed !J F CFS !K $G %8%g%V$r=hM}$9$k$b$N$H$7$F$*$j!$ %5!<%P$K%8%g%V$,E~ Ce $9 $k =g =x $, 0[ $J$C $? $? $a $K <B 9T ;~ 4V $N 8+ @Q $b $j $r 8m $k>l9g$b$"$k!%$3$NLdBj$r2r7h$9$k $?$a!$%5!<%P<+?H$K %9%1%8%e!<%j%s%0$r%5%]!<%H$9$k5!G= $r$b$?$;$k!J0J8e F allback $H$9$k!K!% F allback $G$O!$%8%g %V$N F~ NO%G!< %?$, %5!< %P$K E~Ce $7 $?:]!$%5!<%P$O$=$N%8%g%V$,MW5a$5$l $?%G%C%I%i%$%s$^ $G$K=*N;$9$k$+$I$&$+8+@Q$b$k!%%5!< %P$,$=$N%8%g%V$, %G%C%I%i%$%s$^$G$K=*N;$7$J$$$HH= CG$7$?>l9g!$%5!<%P $O$=$N%8%g%V$r%-%c%s%;%k$7$F%8%g%V$r H/9T$7$?%/%i%$ %"%s%H$K$=$l$rDLCN$9$k!%%/%i%$%"%s %H$O:F$S$=$N%8%g %V$r=hM}$9$k%5!<%P$r%9%1%8%e!<%i$K Ld$$9g$o$;!$2~$a $FA*Br$5$l$?%5!<%P$K%8%g%V$rEjF~ $9$k!%$?$@$7!$$3$N I= 1 %7%_%e%l!<%7%g%s$GMQ$$$?%Q%i%a!<%? Grid Computing 4D6- Lo cal Domain ?t 10 8GDj Lo cal Domain $N%N!<%I?t 5-10 0lMMJ,I[ %/%i%$%"%s%H$H%5!<%P$NHfN( 1:1 8GDj J?6Q LAN %P%s%II} 50-100[Mbps] 0lMMJ,I[ J?6Q W AN %P%s%II} 500-1000[Mbps] 0lMMJ,I[ %5!<%P@-G= 100-500[Mops/s] 0lMMJ,I[ %5!<%P$NJ?6QIi2Y 0.1 8GDj %5!<%P$N30Mp%8%g%VL?Na?t 50[Mops] 8GDj O@M}%Q%1%C%H%5%$%: 10[Mbits] 8GDj %/%i%$%"%s%H%8%g%VFC@- Aw?. / <u?.%G!<%?NL 100-5000[Mbits] 0lMMJ,I[ %8%g%VO@M}1i;;?t 1.5-1080[Gops] 0lMMJ,I[ %8%g%VH/9T4V3V!J Int !K 60/90/120[min] %]%"%=%s Deadline %Q%i%a!<%?!J DF !K 1.0-3.0 0lMMJ,I[ Sc heduling Unit %b%K%?%j%s%04V3V 5[min] 8GDj %9%1%8%e!<%i Deadline / Greedy Opt 0.5/0.6/0.7/0.8/0.9 Load Correction %a%+%K%:%‘ on / o� F allback %a%+%K%:%‘ N max. fal lb acks = 0/1/2/3/4/5 F allback $N%*!<%P!<%X%C%I $K$h $j%G%C %I%i%$ %sFb $K%8%g %V$r=*N;$G$-$J$/$J$k2DG=@-$,$"$k$?$a!$K\9F $G$O:FEj F~$9$k2s?t$r@)8B$9$k!% 4. %9%1%8%e!<%j%s%0<jK!$NI>2A 3H D% $7 $? Bric ks %7 %9 %F %‘ $r MQ $$ $F %G%C %I %i %$ %s %9 %1 %8%e!< %j %s %0 %" %k %4 %j %: %‘ $N @- G= $r <( $9!% I> 2A $G $O El 5~ 9) 6HBg3X >> 2, 8&5f << $N Presto I I %/%i%9 %?!J Dual P en tiu- mI I I 800MHz !$ � 64 no des !K >e $G!$ %9 %1 %8%e!< %j %s %0 %"%k%4%j%:%‘!$%/%i%$%"%s%H!$%5!<%P!$%M%C%H %o!<%/%H %] %m %8!$ Opt !$ $* $h $S Grid %7 %9 %F %‘ $N Ii 2Y $r JQ 2= $5 $; $? %7 %_%e %l!< %7%g %s $r Ls 2500 2s 9T$C $?!% Ja v a 2 Run time En vironmen t (1.3.0) $H Ja v a HotSp ot Clien t VM $G $O!$ 1 %7 %_%e %l!< %7%g %s !J 75 %N!< %I 24 ;~ 4V!K $" $? $j 30-60[min] MW $7 $?!% $^ $?!$ 3F %7 %_%e %l!< %7%g %s $N <B 9T $K $O APST %= %U %H %&%’ %" 10) $r MQ $$ $?!% APST $O FH N) $7$?B??t$N%?%9%/$rMxMQ2DG=$J%/%i%9%?%N!<%I $K<+F0E* $K3d$jEv$F$k Grid %_%I%k%&%’%"$G$"$k!% 4.1 I> 2A 4D 6- %7 %_%e %l!< %7%g %s $G $O!$ $^ $: => Mh $N %" %W %m!< %A $G $" $k Greedy %" %k %4 %j %: %‘ $H Bh 3.1 @a $N %G%C %I %i %$ %s %9 %1 %8%e!< %j %s %0 %" %k %4 %j %: %‘ !J0J 2< Deadline !K $r Hf 3S $9 $k!% <! $K!$ %Q %i %a!< %? Opt !$ Load Co rrection $* $h $S F allback %a%+%K %:%‘$N %9%1%8%e!< %j%s %0$N<: GTN($H A*Br $7 $?%5!< %P $N%3 %9%H $K BP$9 $k 1F6A $r Hf3S $9 $k!%Bh 1 @a$G =R$Y$?$h$&$K!$I>2A$G$O%5!<%P7W;;5!$N@-G=$r $=$N%5!< %P$N%3%9%H$H$9$k7P:Q%b%G%k$rE,MQ$9$k!% %7%_%e %l!< %7%g%s $GMQ $$ $k%Q %i%a!< %? $N>\ :Y $rI= 1 $K <( $9!% I= 1 $N Grid Computing 4D 6- $K $* $1 $k %Q %i %a!< %? $r MQ $$ $F!$ 5 $D $N 0[ $J $k Grid %7 %_%e %l!< %7%g %s 4D 6- $r @8 @. $9 $k!% <! @a $K <( $9 I> 2A <B 83 7k 2L $O!$ $3 $N 5 $D $N %7 %_%e %l!< %7%g %s $N J? 6Q CM $G $" $k!% %7 %_%e %l!< %7%g %s <B 9T ;~ $N LAN/W AN $N DL ?. %P %s %I I} $O!$ I8 =‘ JP :9

5 $, 3F J? 6Q %P %s %I I} $N 10% $H $J $k Self-Similar %H %l!< %9 !JBh 2.1 @a!K $K $h $j 7h Dj $9 $k!% $^$?!$ 3F %5!< %P $O F CFS $G %8%g %V $r =h M} $9 $k $b $N $H $7!$ $= $N Ii 2Y $O J? 6Q $, 0.1 $H $J $k $h $& 30 Mp %8%g %V $N J? 6Q E~ Ce 4V 3V $r @_ Dj $9 $k !JBh 2.1 @a!K!% $3 $N :]!$ 30 Mp %8%g %V $O %] %" %= %s E~ Ce $K =>$C $F %5!<%P$KEjF~$5$l$k!% I= 1 $N%/ %i %$%" %s%H %8%g %VFC @-$N %Q%i %a!< %?$O!$ 3F%7 %_%e %l!< %7%g %s <B 9T ;~ $K MQ $$ $i $l $k!% MM!9 $J FC @- $r $b $D %8%g %V $K BP $9 $k %9 %1 %8%e!< %j %s %0 $N @- G= $r D4 $Y $k $? $a!$ %/ %i %$ %" %s %H $N H/ 9T $9 $k %8%g %V $N O@ M} 1i ;; NL $O Ii 2Y $r 9M N8 $7 $J $$ %5!< %P A4 BN $N J? 6Q @- G= !J 300 !K $K BP $7 $F <B9T;~4V$, 5-60[min] $H$J$k$h$&$K 1.5-1080[GOps] $K @_ Dj $7 $?!% $^ $?!$ %/ %i %$ %" %s %H $N %8%g %V $N J? 6Q H/ 9T 4V 3V Int $O!$ Grid %7 %9 %F %‘ A4 BN $N Ii 2Y $N EY 9g $$ $r D4 @a $9 $k %Q%i %a!< %? $G$" $j!$ Int $, D9 $/$J $k $K $D$l Ii 2Y$, Dc $/ $J $k!% I> 2A $G $O!$ Ii 2Y $, Dc $$ >l 9g !J Int = 120 !K!$ Cf Dx EY!J Int = 90 !K!$9b$$>l9g !J Int = 60 !K$rA[Dj $7$? %9%1 %8%e!<%j%s%0@-G=$rD4::$9$k!%$^$?!$ 3F%8%g%V$N%G%C%I %i%$%s T de ad line $O0J2<$N$h$&$K$7$F7hDj$9$k!% T de ad line = T start + (( W send + W r e cv ) =B net + W s =B serv ) � DF (6) $3 $3 $G T start $O %8%g %V $, H/ 9T $5 $l $? ;~ 9o!$ W send !$ W r e cv !$ W s $O$=$l $>$l%8%g %V$N Aw?.NL!$ <u?.NL!$ O@M} 1i;;?t$rI=$7!$ B net !$ B serv $O3F%/%i%$%"%s%H!&%5!< %P 4V $N %M%C %H %o!< %/ $* $h $S %5!< %P $N :G Bg %9 %k!< %W%C %H $NJ?6Q CM$H$9$k!% $^$?!$%G%C%I%i %$%s%Q%i%a!< %? DF $O %G%C %I %i %$ %s$^ $G $N D9 $5 $r 7h Dj $9$k!% <B :] $N Grid %7%9 %F%‘$N1?MQ$G$O!$%G%C%I%i%$%s$ND9$5 $O3F%f!<%6$N;v>p $K$h$j 7hDj$5$l $k$?$a!$K\ %7%_%e%l!<%7%g %s$G$O 1.0 � DF � 3.0 $H$7$?!% Sc hedulingUnit $G $O!$ 5[min] $4 $H $K %M%C %H %o!< %/ !?%5!<%P$N>u67$r%b%K%?%j%s%0$9 $k%M%C%H%o!<%/!?%5!< %P %b %K %? $r MQ 0U $9 $k!% %M%C %H %o!< %/ $N %b %K %? %j %s %0 $O 3F %/ %i %$ %" %s %H!& %5!< %P 4V $N %M%C %H %o!< %/ $K BP $7 $F Dj 4| E* $K %W %m!< %V %G!< %? $r N. $9 $3 $H $G B, Dj $5 $l $k $,!$ $9 $Y $F $N %M%C %H %o!< %/ $G %W %m!< %V $r F1 ;~ $K 3+ ;O $9 $k $H %W %m!< %V %G!< %? F1 ;N $N >W FM $K $h $j B, Dj $5 $l $k DL ?. %9 %k!< %W%C %H $, Cx $7 $/ Dc 2< $9 $k 62 $l $, $" $k!% $h$C $F!$ %7 %_%e %l!< %7%g %s $G $O =d 2s $7 $F %W %m!< %V $9 $k %M%C %H %o!< %/ %b %K %? $r MQ$$ $k!% <B 4D 6- 2<$G Grid $N Ii 2Y>u 67 $N %b %K %?%j %s %0!& M= B, $9 $k %7 %9 %F %‘ NWS 28) $G $b!$ F1 MM $N J} <0 $G %b %K %? %j %s %0 $r 9T$C $F $$ $k!% $^ $?!$ I= 1 $N Sc heduling Unit $K$O %9 %1 %8%e!< %j %s %0 $K 4X $9 $k %Q %i %a!< %? $r <( $9!% N max. fal lb acks $O fallbac k 2s ?t $N :G Bg CM $G $" $k!% %7 %_%e%l!<%7%g%s$G$O;q8;%b%K%?$N4QB,CM $r$=$N;q8;$NIi 2Y M= B, CM $H $7 $?!% $3$l $O!$ 8= >u $G $O Grid 4D 6- $G $N%M%C %H%o!<%/!?7W;;5!Ii2Y$NM=B,$N@:EY$, J]>Z$5$l$F$$$J$$ $?$a!$$^$:4pAC%G!<%?$H$7$F%b%K%?%j%s %0$N$_$+$iF@$i $l$?>pJs$r$b$H$K%9%1%8%e!<%j%s%0$7$? 7k2L$rD4::$9$k $?$a$G$"$k!% 4.2 I> 2A 7k 2L ?^ 3 $K %9 %1 %8%e!< %j %s %0 %" %k %4 %j %: %‘ Greedy $H Dead- line $N%G%C%I%i%$%s%9%1%8%e!<%j%s%0$N<:GTN($r<($9!% Deadline $G $O0[ $J $k Opt $r @_ Dj $7 $?7k 2L $r <( $7 $F $$ $k !J?^ 3 $G $O!$ X <4 $K D - Opt $H I= 5- $9 $k!K!% <: GT N( $O Am ?^ 3 Greedy $H Deadline $N%9%1%8%e!<%j%s%0<:GTN($NHf3S !J N max. fal lb acks = 1 !$ Int = 60 !J>e!K!$ 90 !JCf!K!$ 120 !J2<!K!K!% %8%g%V?t$KBP$9$k%G%C%I%i%$%s$rD6$($?%8%g%V?t $N3d9g $G $" $k!% ?^ 3 $G $O!$ Bh 4.1 @a$G =R $Y $? $h $& $K 3 $D $N Ii 2Y $, 0[ $J $k !J Int = 60 !$ 90 !$ 120 !K 2> A[ Grid %7 %9 %F %‘ $N 7k 2L $r$=$l$>$l<($7$F$$$k!%3F%0%i%UCf$N%9%1%8%e!< %j%s%0 <j K! " x / x " !$ " L / x " !$ " x / F " !$ " L / F " $O!$ X <4 $K I= 5- $7 $?3F%9%1%8%e!<%j%s%0%"%k%4%j%:%‘$KBP$7$F2?$b MQ$$$J $$ $b $N!$ Load Co rrection $rMQ $$ $? $b $N!$ F allback $rMQ $$ $? $b $N!$ Load Co rrection $*$h $S F allback $rMQ $$ $? $b $N$N 7k 2L $r <( $7 $F $$ $k !J%0 %i %U Cf $N " L " $O Load Co rrec-

6 ?^ 4 J?6Q;q8;%3%9%H$NHf3S!J N max. fal lb acks = 1 !$ Int = 60 !J>e!K!$ 90 !JCf!K!$ 120 !J2<!K!K!% tion !$ " F " $O F allback !$ " x " $O 3F %" %k%4 %j %: %‘ $r;H MQ $7 $F $$ $J$$ >l 9g $r I= $9!K!%?^ 3 $N%7 %_%e %l!< %7%g %s $G$O!$ F allback $G$N :GBg fallbac k ?t!J N max. fal lb acks !K$O 1 $H $9 $k!% Greedy $+ $D " x / x " $N >l 9g$, => Mh $N%9 %1 %8%e!< %j%s%0%"%k%4%j%:%‘$N7k2L$H$J$k!% %0%i%U$h$j!$Ii2Y$N0[$J$k$$$:$l $N4D6-$K$*$$$F$b!$ F allback $,<:GTN( $rDc2< $5$;$k $?$a$K M-8z$J <jCJ$G $"$k $3$H!$ Load Co rrection $N<:GTN(Dc2<$N8z2L$OHs>o$K>. $5 $/!$ B? ?t $N %/ %i %$ %" %s %H $H %5!< %P $, NES %7 %9 %F %‘ >e $K $" $k >u 67 $G $O M- 8z $G $O $J $$ $3 $H $, <( $5 $l $?!% $^ $?!$ ?^ 5 Greedy $H Deadline $N%9%1%8%e!<%j%s%0<:GTN($NHf3S !J N max. fal lb acks = 1/2/3/4/5 !$ Int = 90 !K!% ?^ 6 J?6Q;q8;%3%9%H$NHf3S!J N max. fal lb acks = 1/2/3/4/5 !$ Int = 90 !K!% Deadline %" %k %4 %j %: %‘ $O Opt $r>. $5 $/ @_ Dj $9 $k $H %9 %1 %8%e!<%i$O3F%8%g%V$KBP$7$F$h$j87$7$$%G%C%I%i %$%s$r A[Dj$9$k$?$a!$<:GTN($rDc2<$5$;$F$$$k!%$?$@ $7!$7P:Q %b%G%k2<$G$N%9%1%8%e!<%j%s%0%"%k%4%j%:%‘$N@- G=Hf3S $G$O!$<:GTN($@$1$G$J$/3F%8%g%V$,3d$jEv$F$i $l$k%5!< %P$N7W;;;q8;%3%9%H$r9MN8$9$kI,MW$,$"$k!% ?^ 4 $K ?^ 3 $H F1 $8 %7 %_%e %l!< %7%g %s $G $N 3F %" %k %4 %j %: %‘$N J? 6Q ;q 8; %3%9 %H $r <( $9!% %0 %i %U $h$j!$ Opt $rBg $- $/ @_Dj $9$k $HJ? 6Q;q 8;%3 %9%H $,Dc 2<$7!$ Greedy $O $$$: $l $N Deadline %" %k %4 %j %: %‘ $h $j %3 %9 %H $, 9b $$ $3 $H $, J, $+ $k!% $9 $J $o $A!$ NES %7 %9 %F %‘ $G $O J] <i E* $J %G%C %I %i %$ %s%9%1%8%e!<%j%s%0 !J Opt $,>.$5$$>l9g!K $NJ}$,!$4{ B8 %"%k%4%j%:%‘$h$jM-8z$G$"$k$3$H$,<(:6$5$l $?!%$^$?!$ ?^ 3 !$ 4 $h $j!$ Opt $K $h $j Deadline %" %k %4 %j %: %‘ $N J] <i@-$N%l%Y%k$rJQ2=$5$;$F<:GTN($H%3%9%H$N %H%l!<%I%* %U$rD4@02DG=$K$9$k$3$H$,<($5$l$?!% ?^ 5 !$ 6 $K!$ Load Co rrection $r MQ $$ $: $K :G Bg fallbac k ?t N max. fal lb acks $r 1 $+ $i 5 $K JQ 2= $5 $; $? >l 9g $N <: GT N( $H J? 6Q ;q 8; %3 %9 %H $N Hf 3S 7k 2L $r <( $9!% $? $@ $7!$ F1 MM $N 79 8~ $r <( $7 $F $$ $? $? $a!$ Int = 90 $N 7k 2L $N $_ $r <( $9!%?^ 5 $h$j!$ N max. fal lb acks $rBg $- $/ $9 $k $H $9 $Y$F $N%9%1%8%e!<%j%s%0%"%k%4%j%:%‘$K$*$$$F<:GTN( $,Dc2<

7 $7!$%9%1%8%e!<%j%s%0@-G=$r8~>e$5$; $k$3$H$,J,$+$k!% $^$?!$ ?^ 6 $h$j!$ N max. fal lb acks $rBg $- $/ @_ Dj$7 $? >l 9g$G$b!$;q8;%3%9%H$,Cx$7$/A}Bg$7$J $$$3$H$,J,$+$k!% $h$C $F!$ NES %7 %9 %F %‘ $N %9 %1 %8%e!< %i $G $O!$ => Mh $N %9 %1%8%e!< %j %s %0%a %+ %K %: %‘ $K 2C $( $FJ# ?t 2s $N fallbac k $r 9T $& 5! 9= $r AH $_ 9~ $‘ $H Hs >o $K M- 8z $G $" $k $3 $H $, <( $5 $l $?!% 5. 4X O" 8& 5f Bh 1 @a$G =R$Y $?$h $& $K!$$9 $G$K 7P:Q %b%G %k$N 35G0 $rMx MQ $7 $? %9 %1 %8%e!< %j %s %0 <j K! $, J# ?t Ds 0F $5 $l $F $$ $k!% Nimro d 21) $G $O!$ P arameter Sw eep 7? $N %8%g %V $K BP $7 $F self-sc heduling $K $h $k %G%C %I %i %$ %s %9 %1 %8%e!< %j %s %0 <j K! $r Ds 0F!& <B Au $7 $F $$ $k!% <B 4D 6- $G $N <B 83 21) $G $O!$%G%C%I%i%$%s$,6a$E$/$K$D$l!$%9 %1%8%e!<%i$,%3%9 %H $N 9b $$ 7W ;; 5! $r A* Br $9 $k $h $& $K $J $k 7k 2L $r <( $7 $F $$ $k!%$? $@ $7!$ Nimro d $G$O 1 ?M$N %f!< %6 $+ $i H/ 9T $5 $l $k %8%g%V$N%9%1%8%e!<%j%s%0$r9T$C$F$$$k!% J# ?t $N %? %9 %/ $+ $i $J $k P arameter Sw eep 7? %" %W %j %1!<%7%g%s$N%G%C%I%i%$%s%9%1 %8%e!<%j%s%0$G$O!$ 1 $D $N%?%9%/$N=hM}$,M=B,$KH?$7$F=hM} ;~4V$,D9$/$J$C$?>l 9g$G$b:G=*E*$J%G%C%I%i%$%s$rD6$($J $1$l$PLdBj$K$J$i $J$$$?$a!$%9%1%8%e!<%j%s%0$N<:GTN( $O$h$jDc$/$J$k!% $? $@ $7!$ FC DjB? ?t $N %f!< %6 $, F1 ;~ $K Grid $r Mx MQ $9 $k$3 $H$rA[Dj$9$k$H!$C1$K%G%C%I%i%$%s$KCm L\$9$k$@$1$G$J $/!$ Grid 4D 6- $N Ii 2Y $K1~ $8 $F ;q 8; 3d $jEv $F $N @Q 6K $5$r JQ2=$5$;$k$3$H$G$h$jDc$$%3%9%H$N 7W;;;q8;$G%8%g%V$r <B9T$G$-$k2DG=@-$,9b$$ !y !% $h $j @v N} $5 $l $? 7P :Q %b %G %k $H $7 $F!$ Zhao !$ Karam- c heti 18) $O!$MM!9 $J4I M}%I%a %$%s 4V$N%j %=!<%9 6&M-$N $? $a $N %A %1%C %H $H DL 2_ $r MQ $$ $? 6& M- 9g 0U %a %+ %K %: %‘ $r Ds 0F$7 $F $$ $k!% $^ $?!$ G-Commerce 19) $G$O!$ 7W ;; ;q 8; $N Ds6!<T$H>CHq<T$N 4V$r Bank $,Cg2p$7$F;q 8;!J%3%b%G%# %F%#!K$N2A3J$r7hDj$7!$:G=*E*$K%*!<%/ %7%g%s$N35G0$r MQ $$ $F 3F %3 %b %G%# %F%# $r >C Hq <T $K 3d $j Ev $F $F $$ $/ %9 %1 %8%e!<%j%s%0<jK!$rDs0F$7$F$$$k!% $^ $?!$ Grid $N I> 2A 4D 6- $G $O MicroGrid 29) !$ Sim- grid 30) $, 5s $2 $i $l $k!% MicroGrid $O %/ %i %9 %? 7W ;; 5! >e $K Globus 4) %Y!< %9 $N 2> A[ Grid %7 %9 %F %‘ $r 9= C[ $9 $k Grid %( %_%e %l!< %? $G $" $k!% <B %" %W %j %1!< %7%g %s $r $= $N $^ $^ MicroGrid >e $G <B 9T $9 $k $3 $H $, =P Mh $k $? $a!$ %" %W %j %1!< %7%g %s $N%b %G %j %s %0 $, IT MW $G Grid >e $G $N ;n 83E* $J %" %W %j %1!< %7%g %s %8%g %V $N <B 9T $K E, $7 $F $$ $k!% $? $@ $7!$%8%g%V$N<B9T$K$O<B;~4V0J>e$rMW $7!$%7%9%F%‘$N@) 8f$KBP$9$kIiC4$bBg$-$$!% Simgrid $O %H %l!< %9 %Y!< %9 $N N% ;6 %7 %_%e %l!< %? $G $" $j!$ Grid %7 %_%e %l!< %7%g %s $N 4p K\ E* $J %3 %s %]!< %M %s %H %;%C%H $r Ds 6! $9 $k!% Simgrid $G$O C1 0l $N JB Ns %" %W %j %1!< %7%g%s$N<B9T;~4V$r:GC;$K$9$k%?%9 %/%9%1%8%e!<%j%s%0 %"%k%4%j%:%‘$NI>2A!J=hM};~4V$NM=B,!K $rL\E*$H$7$F$$ $k!%%9%1%8%e!<%j%s%0 <jK!$NI> 2A$r9T$& $K$O!$ Simgrid $N>e$N3,AX$KJL$N%7%_%e%l!<%?$r<BAu$9$kI,MW$,$"$k!% !y 7P :Q%b %G %k$r 1~ MQ$7!$ 7W ;;5! $N MxMQ N( !J<{MW!K $, 9b$$ >l 9g$O $= $N 7W ;;;q 8; $N2A 3J$r >e $2!$Dc $$>l 9g $K$O 2< $2$k J}?K $, J#?t Ds0F $5 $l $F$$$k 19),21) !% 6. $^$H$a$H:#8e$N2]Bj Grid $N 7W ;; 4p HW 5; =Q $K 4X $9 $k 8& 5f $O =, =O $7 $F $- $? $b $N$N!$$=$N%9%1%8%e!<%j%s%0<jK!$K4X$9$kDjNLE* $JD4:: !? 2r @O $O$^ $@ IT == J, $G $" $k!% $^$?!$ => Mh $N Grid %7%9 %F %‘$N%9%1%8%e!<%j%s%0$G$O$$$+$KB.$/%8%g%V$r=h M}$9$k $+$K=EE@$,$*$+$l$F$$$?$,!$9-0h%M%C%H%o!<%/>e $NFCDj B??t$N%f!<%6$KBP$7$F7W;;;q8;$rDs6!$9$k>l9g!$ 7W;;;q 8;$KBP$9$k%"%/%;%98"8B$d;q8;$N%W%i%$%*%j %F%#Ey$r9M N8$7!$%f!<%6$N5a$a$k7W;;@-G=$rDs6!$9$k$3$H$b 7W;;;q 8;3d$jEv$FJ}?K$N=EMW$JMWAG$H$J$k!% K\9F$G$O%G%C%I%i%$%s%9%1 %8%e!<%j%s%0$KCeL\$7!$4J C1 $J %9 %1 %8%e!< %j %s %0 %" %k %4 %j %: %‘ $* $h $S %9 %1 %8%e!< %j %s %0 %" %k %4 %j %: %‘ $r %5 %]!< %H $9 $k 2 $D $N %a %+ %K %: %‘!$ Load Co rrection $H F allback $r Ds 0F $7 $?!% Load Co rrection $O Grid %b%K %? %j%s %0%7 %9 %F%‘ $K $h$j F@$i $l $?;q8;>pJs$r%9%1%8%e!<%j%s%07k2L$rMxMQ$7$FJd @5$9$k $b $N $G $" $k!% F allback $O %5!< %P $K %8%g %V $N F~ NO %G!< %? $,E~Ce$7$?:]$K$=$N%8%g%V$,%G%C%I%i%$%s$rD6$( $k$+$I $&$+M=B,$7!$D6$($k$HH=CG$7$?>l9g$OJL$N%5!< %P$K%8%g %V$r:FEjF~$5$;$k%a%+%K%:%‘$G$"$k!%$^$?!$J# ?t%f!<%6 $,J#?t%5!<%P$KBP$7$F%8%g%V$rEjF~$9$k>u67$r A[Dj$7!$ 3H D% $7 $? Grid %3 %s %T%e!< %F%# %s %0 $N $? $a $N I>2A %7 %9 %F %‘ Bric ks >e $G %7 %_%e %l!< %7%g %s $K $h $k %9 %1 %8%e!< %j %s %0%"%k%4%j%:%‘$NI>2A<B83$r9T$C$?!%I>2A$G$O!$ 0J2<$N CN8+$rF@$?!% � Greedy %" %k %4 %j %: %‘ $O Deadline $h $j A* Br $5 $l $k %5!<%P$N%3%9%H$,9b$$!% � J]<iE*$K %G%C%I %i%$ %s$r 8+@Q $b$k !J Opt $,>.$5$$ >l 9g!K$H!$;q8; %3%9%H$O 9b$/$J$k $,%9%1 %8%e!<%j%s%0 $N<:GTN($,Dc2<$9$k!% � Load Co rrection %a %+ %K%: %‘$N @- G=8~ >e 8z2L $O>/ $J $/!$M-1W$G$O$J$$!% � F allback %a%+%K %: %‘$O <: GTN( $r Bg$- $/ Dc2< $5 $;!$ J# ?t fallbac k $r 9T$C $? >l 9g $G $b J? 6Q ;q 8; %3 %9 %H $, Bg $-$/$J$i$J$$!% $h$C $F!$ >- Mh $N Grid NES %7 %9 %F %‘ $G J# ?t %f!< %6 $K $h $j7W;;;q8;$N6%9g$,5/$3$k>l9g$K $O!$J#?t2s$N fallbac k $r%5%]!<%H$9$k%G%C%I%i%$%s%9%1%8%e!<%j%s%0$, Hs>o$K M-8z$G$"$k$3$H$,L@$i$+$K$J$C$?!% :#8e$N2]Bj$H$7$F!$$h$j@vN}$5 $l$?7P:Q%b%G%k$G$N%9 %1 %8%e!< %j %s %0 %" %k %4 %j %: %‘ $N I> 2A $r Bric ks %7 %9 %F %‘ $r2~NI$7$F9T$$!$%7%_%e%l!<%7%g%s$G$=$NM-8z@- $rD4:: $9$k!%$^$?!$%7%_%e%l!<%7%g%s$+$iF@$i$l$?CN8+ $r$b$H $K!$<B :]$N Grid %7%9%F %‘ Ninf 3) $K$*$1 $k %G%C%I %i %$%s %9%1%8%e!<%i$r<BAu$7!$<BMQ$K8~$1$F<B4D6-$G$N 5sF0$r D4::$9$k!% <U <- K\ 8& 5f $r ?J $a $k $K $" $? $j $4 =u 8@ $$ $? $@ $$ $? UCSD $N Henri Casano v a ;a!$ F rancine Berman 65 <x!$ F| :" $4 F$ O@ $$ $? $@ $/ Ninf %W %m %8%’ %/ %H $N 3’ MM!$ $J $i$S$K PC %/%i%9%?MxMQ$K:]$7$F B?Bg$J$4=uNO $rD:$$$? >>2,8&5f<<$N$_$J$5$s$K?<$/46<UCW$7$^$9!%K\ 8&5f$OJ8 It2J3X>J2J3X8&5fHqJd=u6b$*$h$S2J3X5;=Q?6 6=:bCD!J$5 $-$,$1#2#1!K$K$h$j;Y1g$5$l$F$$$k!%

8 ;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) Global Grid F orum: http://www.gridforum.org/ . 3) Ninf: http://ninf.etl.go.jp/ . 4) Globus: http://www.globus.org/ . 5) Legion: http://www.cs.virginia.edu/~legion/ . 6) Condor: http://www.cs.wisc.edu/condor/ . 7) NetSolv e: http://www.cs.utk.edu/netsolve/ . 8) Berman, F.: The Grid, Blueprint for a New c omputing Infr astructur e , Morgan Kaufmann Publishers, Inc., c hapter 12 (1998). Edited b y Ian F oster and Carl Kesselman. 9) 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 SC96 (1996). 10) Casano v a, H., Ob ertelli, G., Berman, F. and W olski, R.: The AppLeS P arameter Sw eep T emplate: User-Lev el Middlew are for the Grid, Pr o c e e dings of SC2000 (2000). 11) Goux, J., Kulk arni, S., Linderoth, J. and Y o- der, M.: An Enabling F ramew ork for Master- W ork er Applications on the Computational Grid, Pr o c e e dings of HPDC-9 , pp. 43{50 (1999). 12) T urgeon, A., Snell, Q. and Clemen t, M.: Ap- plication Placemen t Using P erformance Sur- faces, Pr o c e e dings of HPDC-9 (1999). 13) Sc hopf, J. and Berman, F.: Sto c hastic Sc heduling, Pr o c e e dings of SC99 (1999). 14) Kapadia, N., F orter, J. and Bro dley , C.: Pre- dictiv e Application-P erformance Mo deling in a Computational Grid En vironmen t, Pr o c essings of the HPDC-8 (1999). 15) Czyzyk, J., Mesnier, M. and Mor � e, J.: NEOS: The Net w ork-Enabled Optimization System, T ec hnical Rep ort MCS-P615-1096, Mathemat- ics and Computer Science Division, Argonne National Lab oratory (1996). 16) Stiles, J., Bartol, T., Salp eter, E., and Salp eter, M.: Mon te Carlo sim ulation of neu- rom uscular transmitter release using MCell, a general sim ulator of cellular ph ysiological pro- cesses, Computational Neur oscienc e , pp. 279{ 284 (1998). 17) Rogers, S.: A Comparison of Implicit Sc hemes for the Incompressible Na vier-Stok es Equations with Arti�cial Compressibilit y , AIAA Journal , V ol. 33, No. 10 (1995). 18) Zhao, T. and Karamc heti, V.: Expressing and Enforcing Distributed Resource Sharing Agree- men ts, Pr o c e e dings of SC2000 (2000). 19) Plank, J., W olski, R., Brevik, J. and Bry an, T.: G-Commerce: The Study and Building of Computational Economies for the Computa- tional Grid (2000). W orkshop on Clusters and Computational Grids for Scien ti�c Computing http://www.cs.utk.edu/dongarra/lyon2000/ lyon-2000.html . 20) Buyy a, R., Abramson, D. and Giddy , J.: An Econom y Driv en Resource Managemen t Arc hi- tecture for Global Computational P o w er Grids, Pr o c e e dings of PDPT A2000 (2000). 21) Abramson, D., Giddy , J. and Kotler, L.: High P erformance P arametric Mo deling with Nim- ro d/G: Killer Application for the Glo cal Grid?, Pr o c e e dings of IPDPS2000 (2000). 22) C] K< , 9g ED , >> 2, , Cf ED , D9 Eh : %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 %‘ , >pJs =h M} 3X 2q O@ J8 ;o , V ol. 41, No. 5, pp. 1628{1638 (2000). 23) Bric ks: http://ninf.is.titech.ac.jp/bricks/ . 24) Calv ert, K. L., Doar, M. B. and Zegura, E. W.: Mo deling In ternet T op ology , IEEE Communi- c ations (1997). 25) Medina, A., Matta, I. and By ers, J.: On the Origin of P o w er La ws in In ternet T op ologies, Computer Communic ation R eview , V ol. 30, No. 2, pp. 18{28 (2000). 26) P axson, V.: F ast, Appro ximate Syn thesis of F ractional Gaussian Noise for Generating Self- Similar Net w ork T ra�c, Computer Communi- c ation R eview , V ol. 27, No. 5, pp. 5{18 (1997). 27) P axson, V. and Flo yd, S.: Wide-Area T ra�c: The F ailure of P oisson Mo deling, SIGCOMM ’94 , pp. 257{268 (1994). 28) NWS: http://nws.npaci.edu/NWS/ . 29) Song, H. J., Liu, X., Jak obsen, D., Bhag- w an, R., Zhang, X., T aura, K. and Chien, A.: The MicroGrid: a Scien ti�c T o ol for Mo deling Computational Grids, Pr o c e e dings of SC2000 (2000). 30) Casano v a, H.: Simgrid: A T o olkit for the Sim- ulation of Grid Application Sc heduling, Sub- mitte d to CCGRID2001 .