1 %0%m!<%P%k%3%s%T%e!<%F%#%s%0%7%_%e%l!<%?$N35MW C] K< $" $D ;R y 1 9g ED 7{ ?M y 2 Cf ED =( 4p y 3 >> 2, Ao y 2 D9 Eh 1@ J< y 4 %0 %m!< %P %k %3 %s %T%e!< %F%# %s%0 %7 %9 %F %‘ $, J# ?t Ds 0F $5 $l $k0l J}!$ %0 %m!< %P %k %3 %s %T%e!< %F%# %s %0 %7%9 %F %‘ $N %9 %1 %8%e!< %j %s%0 <j K! $K BP $9 $k 9M ;!$, IT == J, $G $" $k!% $3 $l$O Bg 5, LO $+ $D :F 8= @-$N $" $k I> 2A <B 83 $, :$Fq $G $" $k $3 $H $K 5/ 0x $9 $k!% K\ 9F $G $O %0 %m!< %P %k %3 %s %T%e!< %F%# %s %0 %7 %9 %F %‘ $N %9 %1 %8%e!< %j %s %0%" %k %4 %j %: %‘$H$=$N%U%l!<%‘%o!<%/$N$?$a$NI>2A4pHW$rDs6!$9$k%7%_%e%l!<%? Bric ks $rDs0F$9$k!% Bric ks $G$OMM!9 $J %7 %_%e %l!< %7%g %s 4D 6- $d %9 %1 %8%e!< %k %" %k %4 %j %: %‘ $* $h $S %9 %1 %8%e!< %j %s %0 $K 4X $9 $k %b %8%e!< %k $r @_ Dj 2D G= $G $" $k!% $^ $?!$ $3 $l $i $N %b %8%e!< %k $r 4{ B8 %0 %m!< %P %k %3 %s %T%e!< %F%# %s %0 %7 %9 %F %‘ %b %8%e!< %k $K CV $- 49 $( $k $3 $H $G!$ Bric ks >e $G $N 4{ B8 %7 %9 %F %‘ $N 5! G= ;n 83 $r <B ;\ $9 $k $3 $H $, $G $- $k!% B> %7 %9 %F %‘ $N Bric ks $X $NAH$_9~ $_Nc$H $7$F%j %=!<%9>p Js$NM= B,%7%9 %F%‘$G $"$k NWS $rMQ$$ $FK\%7 %9%F%‘ $NI>2A <B83$r 9T$C$? $H$3 $m!$ Bric ks $,<B4D 6-$HF1Ey $N5sF0 $r<($9$3 $H$r3N G’$7$?!%$5 $i$K!$ NWS $, Bric ks >e $G@5>o $KF0 :n$7$?$3$H$+$i!$ Bric ks $,4{B8$N30It%b%8%e!<%k$KBP$7$F5!G=;n834D6-$rDs6!$G$-$k$3$H$r<($7$?!% Ov erview of a Global Computing Sim ulator A tsuk o T akefusa, y 1 Kento Aid a, y 2 Hidemoto Nakad a, y 3 Sa toshi Ma tsuoka y 2 and Umpei Na gashima y 4 While there ha v e b een sev eral prop osals of high p erformance global computing systems, sc heduling schemes for the systems ha v e not b een w ell in v estigated. The reason is di�cul- ties of ev aluation b y large-scale b enc hmarks with repro ducible results. This pap er describ es an o v erview of the Bric ks sim ulator that ev aluates sc heduling sc hemes on a t ypical high- p erformance global computing system. The Bric ks can sim ulate v arious b eha viors of global computing systems, esp ecially the b eha vior of net w orks and resource sc heduling algorithms. Moreo v er, Bric ks is comp onen talized suc h that not only its constituen ts could b e replaced to sim ulate v arious di�eren t system algorithms, but also allo ws incorp oration of existing global computing comp onen ts via its foreign in terface. T o test the v alidit y of the latter c harac- teristics, w e incorp orated the NWS system, whic h monitors and forecasts global computing systems b eha vior. Exp erimen ts w ere conducted b y running NWS under a real en vironmen t v ersus the sim ulated en vironmen t giv en the observ ed parameters of the real en vironmen t. Under b oth en vironmen ts, NWS b eha v ed similarly , making quite comparativ e forecasts. 1. $O $8 $a $K %0%m!<%P%k%3%s%T%e!<%F%#%s%0$O 9-0h%M%C%H%o!<%/>e $KJ,;6$7$?7W;;!?>pJs%j%=!<%9$r3hMQ $7$FBg5,LO7W;;$r <B8=$9$k7W;;5;=Q$G$"$j!$6aG/$3$l$r L\E*$H$7$?%7%9%F %‘$, J#?t Ds0F $5$l $F$$ $k 1) !% 3F%7 %9%F %‘$G $O%0 %m!<%P %k %3%s%T%e!<%F%#%s%0$r8zN(E*$K9T$&$? $a$K!$7W;;%j%=!< %9$N4pK\@-G=!$MxMQ>u67$*$h$S%j %=!<%94V$N%M%C%H%o!< y 1 $*Cc$N?e=w;RBg3X Oc hanomizu Univ ersit y y 2 El5~9)6HBg3X T oky o Institute of T ec hnology y 3 EE;R5;=QAm9g8&5f=j Electrotec hnical Lab oratory y 4 J*<A9)3X9)6H5;=Q8&5f=j National Institute of Materials and Chemical Researc h %/$N>u67$r%b%K%?$7!$$=$l$i$N>pJs$r$b$H$K1s 3V%f!<%6 $NMW5a$9$k%?%9%/$rE,@Z$K3d$jEv$F$k%9%1%8%e!< %j%s%0 %U%l!<%‘%o!<%/$r<BAu$7$F$$$k!% %0%m!<%P%k%3%s%T%e!<%F%#%s%0%7 %9%F%‘$K$*$1$k3F%9 %1%8%e!<%j%s%0<jK!$N8xJ?$JHf3S$H!$$=$NFC@-$N D4::$r 9T$&$?$a$K$O!$MM!9$J � %M%C%H%o!<%/$N%H %]%m%8!$%P %s%II}!$ :.;(EY!$ JQF0 � 7W;;%j%=!<%9$N %"!<%-%F %/%A%c!$@- G=!$Ii2Y!$JQ F0 Ey$rA[Dj$7$?:F8=@-$N$"$kBg5,LO4D6-$G$NI>2A $,5a$a$i $l$k!%0lJ}!$8=:_9T$o$l$F$$$k<B4D6-$G$N%9 %1%8%e!<%j %s %0 <j K! $N I> 2A $G $O I> 2A 4D 6- $N 5, LO $, @) Ls $5 $l!$ :F 8= @- $b $J $$ $3 $H $K $h $j!$ B> $N 8& 5f <T $K $h $j 3+ H/ $5 $l $? %9 %1%8%e!<%j%s%0%"%k%4%j%:%‘$H$NHf3S$,:$Fq$G $"$k!%$^ $?!$%0%m!<%P%k%3%s%T%e!<%F%#%s%0%j%=!<%9$N %b%K%?!& M=B,>pJs$O%9%1%8%e!<%j%s%0$KBg$-$/1F6A$9$k$K $b4X$o $i$:!$3+H/$5$l$?%9%1%8%e!<%j%s%0$K4X$9$k %b%8%e!<%k

2 $N<B4D6->e$G$N5!G=;n83$N<B;\%3%9%H $,9b$$$H$$$&LdBj $,$"$k!% K\9F$G$O!$%0%m!<%P%k%3%s%T%e!<%F%# %s%0%7%9%F%‘$N %9%1%8%e!<%j%s%0<jK!$*$h$S$=$N%U %l!<%‘%o!<%/$NI>2A 4p HW $r Ds 6! $9 $k %0 %m!< %P %k %3 %s %T%e!< %F%# %s %0 %7 %_%e %l!< %? Bric ks $r Ds 0F $9 $k!% Bric ks $O MM!9 $J %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!< %k $r@_ Dj 2DG= $K$9 $k Bric ks 4D6- @_ Dj%9 %/%j %W %H$r %f!< %6 $K Ds 6! $7!$ !J 1 !K %9 %1 %8%e!< %j %s %0 %" %k %4 %j %: %‘ $N @- G= I> 2A $H!$ !J 2 !K %0 %m!< %P %k %3 %s %T%e!< %F%# %s %0 %7 %9 %F %‘3+H/<T$,3+H/$9$k%9%1%8%e!<%j%s%0$N $?$a$N%W%m%0%i %‘%b%8%e!<%k$N5!G=;n83$r2DG=$K$9$k!% B>%7%9%F%‘$N%9%1%8%e!<%j%s%0$K 4X$9$k%b%8%e!<%k$N Bric ks $X $N AH $_ 9~ $_ Nc $H $7 $F!$ %0 %m!< %P %k %3 %s %T%e!< %F%#%s %0 $N %j %=!< %9 M= B, %7 %9 %F %‘ $G $" $k NWS 2),3) $rMQ $$$?!% K\ %7 %9 %F %‘ $H NWS $rMQ $$ $? I> 2A <B 83 $G $O!$ DL ?. %9%k!< %W%C %H $N <B B, CM $r MQ $$ $? DL ?. %b %G %k $K $h $j Bric ks $,<B4D6-$H$[$\F1Ey$N5sF0$r<($9:F8= @-$N$"$kI>2A4D6- $, Ds 6! $G $- $k $3 $H $r 3N G’ $7 $?!% $^ $?!$ NWS $, <B 4D 6- >e$G$N 1?MQ $HF1 MM$K Bric ks >e$G@5 >o$K F0:n $7$? $3$H $+ $i!$ Bric ks $,4{ B8 %7%9 %F %‘ $N%9 %1 %8%e!<%j %s %0 $K4X $9 $k%b%8%e!<%k$N5!G=;n83$r2DG=$K$9$k$3$H$r<($7$?!% 0J 8e 2 $G $O Bric ks $N 35 MW $r @b L@ $7!$ 3 $G $O Bric ks $N %"!< %- %F %/ %A%c $K $D $$ $F =R $Y $k!% $^ $?!$ 4 $G $O NWS $N Bric ks $X $N AH$_ 9~ $_$r Nc $K$7 $? B>$N %0%m!< %P %k%3 %s %T%e!<%F%#%s%0%7%9%F%‘$N5!G=;n83$N$? $a$NOHAH$K$D$$ $F@bL@$7!$ 5 $G$=$NI>2A7k2L$r<($9!% 2. Bric ks $N35MW Bric ks $O Ja v a $G <B Au $5 $l $? %0 %m!< %P %k %3 %s %T%e!< %F%# %s %0 %7 %9 %F %‘ $N %9 %1 %8%e!< %j %s %0 <j K! $N @- G= I> 2A %D!<%k$G$"$j!$%9%1%8%e!<%j%s%0%"%k%4 %j%:%‘$NI>2A$H $=$N%U%l!<%‘%o!<%/$N1?MQ%F%9%H$r9T$& $?$a$NBg5,LO$+ $D:F8=@-$N$"$kI>2A<B834D6-$rDs6!$9 $k$3$H$rL\E*$H$7 $F$$$k!% Bric ks $NFCD’$O0J2<$N$h$&$K$^$H$a$i$l$k!% � Bric ks %7 %_%e %l!< %? $O %0 %m!< %P %k %3 %s %T%e!< %F%# %s%04D6-$H %9%1%8%e!<%j %s%0%f%K%C %H$+$i9= @.$5$l $F$$$k!J ?^ 1 !K!%%7%_%e%l!<%7%g%s$K$*$1$k { %9%1%8%e!<%j%s%0%"%k%4%j%:%‘ { %9%1%8%e!<%j%s%0$K4X$9$k3F%b%8%e!<%k { %/%i%$%"%s%H!$%5!<%P!$%M%C%H%o!<%/$N9=@. { %M%C %H %o!< %/ !? %5!< %P $G $N =h M} J} K! !JBT $A 9T Ns!K { %7%_%e%l!<%7%g%s$GMQ$$$i$l$kMp?tJ,I[ Ey $N @_ Dj $r Bric ks 4D 6- @_ Dj %9 %/ %j %W %H $K $h $j <+ M3$K AH$_N) $F$i$l $k$3 $H$+$i Bric ks $H L>IU $1$?!% Bric ks $N%f!< %6 $O Bric ks 4D6- @_ Dj %9 %/ %j %W %H $G 5- =R$7$?4D6-@_ Dj$r<B9T ;~$NF~NO$H $7$FM?$( $k$3$H$K $h$j!$MM!9$J4D 6-2<$G $N%9%1%8%e!< %j%s%0%" %k%4%j ?^ 1 Bric ks %"!<%-%F%/%A%c %:%‘$NI>2A<B83$,$G$-$k!% � %0%m!<%P%k%3%s %T%e!<%F%#%s %0$N%9 %1%8%e!<%j%s %0 $K $O %j %=!< %9 $N %b %K %?!& M= B, >p Js $, I, MW IT 2D 7g $G $"$k!% Bric ks $G $O%0 %m!<%P %k%3 %s%T%e!< %F%#%s %0 %7%9%F%‘ $N%9%1%8%e!< %j%s%0$K 4X$9$k 3F%b%8%e!<%k $X $N %$ %s %?!< %U%’ %$ %9 $r Ds 6! $7!$ 4{ B8 %7 %9 %F %‘ %b %8%e!<%k$N Bric ks >e$G$N5!G=;n83$r2DG=$K$9$k!% 3. Bric ks $N%"!<%-%F%/%A%c Bric ks $O %0 %m!< %P %k %3 %s %T%e!< %F%# %s %0 4D 6- $H %9 %1 %8%e!<%j%s%0%f%K%C%H$K$h$j9=@.$5$l$k!J ?^ 1 !K!% %0%m!<%P%k%3%s%T%e!<%F%#%s%04D6- %0 %m!< %P %k %3 %s %T%e!< %F%# %s %0 $r %7 %_%e %l!< %H $9 $k 4D 6- $r Ds 6! $9 $k!% %9%1%8%e!<%j%s%0%f%K%C%H %0%m!<%P%k%3 %s%T%e!<%F%# %s%0$K$*$1$k%9%1%8%e!<%j%s %0%U%l!<%‘%o!<%/$rDs6! $9$k!%$^$?!$B>$N%0%m!<%P%k %3%s%T%e!<%F%#%s%0%7%9 %F%‘$N%9%1%8%e!<%j%s%0%U%l!< %‘%o!<%/$N$?$a$N%$%s %?!<%U%’%$%9$bDs6!$7$F$$$k!% 0J2<$K$=$N>\:Y$J@bL@$r9T$&!% 3.1 %0%m!<%P%k%3%s%T%e!<%F%#%s%04D6- %0%m!<%P%k%3%s%T%e!<%F%#%s%0 4D6-$O<!$N%b%8%e!<%k $K$h$j9=@.$5$l$k!% Clien t %0 %m!< %P %k %3 %s %T%e!< %F%# %s %0 $K $* $1 $k %f!< %6$rI=$7!$%0%m!<%P%k%3%s%T%e!< %F%#%s%0$N%?%9%/$r H/9T$9$k!% Net w ork %f!< %6 $N 7W ;; 5! $H %0 %m!< %P %k %3 %s %T%e!< %F%# %s %0 $N 7W ;; %j %=!< %9 $r $D $J $0 %M%C %H %o!< %/ $r I= $9!% Bric ks $G $O$3 $N%M%C %H %o!<%/ $rBT $A 9TNs $GI= 8= $9$k!%<B:]$N%M%C%H%o!<%/$N5s F0$rI=$9$?$a$K!$%P%s %II}!$:.;(EY$H$=$NJ,;6$r;XDj $9$k%Q%i%a!<%?$rMQ0U $7$F$$$k!% Serv er %0 %m!< %P %k %3 %s %T%e!< %F%# %s %0 $N 7W ;; %j %=!< %9$G$"$k7W;;%5!<%P$rI=$9!% %M%C%H%o!<%/F1MM$K%5!< %P $b BT $A 9T Ns $G I= $9!% %5!< %P $N 5s F0 $r I= 8= $9 $k %Q %i %a!<%?$H$7$F!$%5!<%P$N@-G=$H Ii2Y!$$*$h$S$=$NJ,;6 $,$"$k!%

3 Bric ks $K$* $1 $k %/ %i %$ %" %s %H $+ $i $N %? %9 %/ $N %b %G %k!$ DL?.%b%G%k!$%5!<%P$N%b%G%k$K$D$$$F0J2<$G@bL@$9$k!% 3.1.1 %?%9%/%b%G%k %7%_%e%l!<%7%g%s$K$*$1$k%?%9%/$K $H$C$F=EMW$J$3$H $O!$DL?.;~4V!$7W;;;~4V$,$I$NDxEY$+$+ $k$+$H$$$&$3$H $G $"$k!% 8= :_$N Bric ks $N <BAu $G $O!$$3 $l $i$r D4 $Y$k >e $GI,MW$J>pJs � %?%9%/<B9T$KMW$9$kDL?.NL!JAw?.!?<u?.!K � %?%9%/$N<B9T;~$N1i;;?t $r%Q%i%a!<%?$H$7$F%?%9%/$rI=8=$9$k!% 3.1.2 DL?.%b%G%k Bric ks $G $O %7 %_%e %l!< %7%g %s $N <B 9T ;~ $N %f!< %6 $N @_ Dj$K $h $j!$ MM!9 $J DL ?. %b %G %k $, <B 8= $G $- $k!% 8= :_ Bric ks $GI=8=$G$-$kBeI=E*$JDL?.%b %G%k$O0J2<$N 2 DL$j$"$k!% 1 $D $a $O!$ %M%C %H %o!< %/ $K $O %0 %m!< %P %k %3 %s %T%e!< %F%# %s %0 %7 %9 %F %‘ 0J 30 $N %7 %9 %F %‘ $+ $i N. $5 $l $k %G!< %? !J30Mp!K$,$"$k$3$H$rA[Dj$7!$DL?.%9 %k!<%W%C%H$r30Mp $N %G!< %? $N E~ Ce N( $r JQ 2= $5 $; $F I= 8= $9 $k %b %G %k 4) $G $" $k!% ?^ 2 $K Bric ks 4D 6- @_ Dj %9 %/ %j %W %H $G $N @_ Dj Nc $r <( $9!% Network $O %M%C %H %o!< %/ $N @_ Dj $r 9T $& @k 8@ $G $" $j!$L>A0!$%M%C%H%o!<%/$NBT$A9TNs$N <oN‘!$30Mp$N%G!< %?$N @_ Dj $r 5- =R $9 $k!% BT $A 9T Ns $O F CFS $G=h M} $5 $l $k %9 %k!< %W%C %H 1500[KB] !$ %P%C %U%!D9 2 $N M-8B %P%C %U%! BT $A9TNs$r;XDj$7$F$$$k!%$^$?!$30Mp $N%G!<%?$NJ?6Q%G!< %?%5%$%:$O 100.0[KB] $GMp?t7ONs$N<o$, 88 $G$"$k;X?t J,I[!$E~Ce4V3V$OJ?6Q 0.008 $N%]%"%=%sE~Ce$G7hDj$9$k $3$H$r<($7$F$$$k!% 2 $D$a $N%b %G%k $O <B4D 6-$G 7WB, $5$l $?DL ?.%9 %k!<%W%C %H$r$b$H$K!$%M%C%H%o!<%/$NBT$A9TNs $N%9%k!<%W%C%H$r 7hDj$9 $k %b %G%k $G $" $k!% ?^ 3 $K$= $N@_ Dj Nc $r<( $9!% $3$N %b %G %k $G $O %M%C %H %o!< %/ $K F CFS $G =h M} $9 $k L5 8B %P%C %U%! D9 $N BT $A 9T Ns $r ;X Dj $7!$ DL ?. %9 %k!< %W%C %H $O 1000 8D $N %G!< %? $, 4^ $^ $l $F $$ $k nws throughput %U%! %$ %k $r;2>H$9$k$h$&$K;XDj$7$F$$$k!%$^ $?!$30Mp$N%G!<%?$r N.$5$J$$$h$&$KE~Ce4V3V$r!g$K@_Dj$9$k!% ?^ 3 $N@_ Dj $G $O!$ ;~ 4V $H DL ?. %9 %k!< %W%C %H $N N% ;6%G!< %?$+$iA4$F$N;~9o$KBP$9$kDL?.%9%k!< %W%C%H$r;;=P$9$k $?$a$K!$ 3 E@$N;~9o$HDL?.%9%k!<%W%C%H$N$_$GJd4V CM$r 7W;;$G$-$k 3 <!%9%W%i%$%sJd4V$r:NMQ$7$F$$$k!%Jd 4VK! $b$^$?!$B>$N%"%k%4%j%:%‘$rMQ$$$k$3$H$,$G$-$k!% 3.1.3 7W;;%5!<%P%b%G%k 7W;; %5!< %P $O 8= :_ F CFS $G=h M} $9 $k $3 $H $r A0 Ds $H $7 $F $$$k!%%5!<%P$b%M%C%H%o!<%/F1MM$KBT$A 9TNs$GI=$5$l!$ 1i;;?t!$30Mp$N%8%g%V$NE~Ce4V3V$r;XDj $9$k$3$H$K$h$j $=$N2TF/N($r7hDj$9$k!%%5!<%P$bIi2Y$N JQF0$r<B4D6-$G B,Dj$5$l$??tCM$K$h$jI=8=$9$k$3$H$,$G$-$k!% 3.2 %9%1%8%e!<%j%s%0%f%K%C%H %0%m!<%P%k%3%s%T%e!<%F%#%s%0%7 %9%F%‘$N%9%1%8%e!< %j %s %0 $r %5 %]!< %H $9 $k OH AH $H $7 $F!$ Bric ks $G $O %9 %1 %8%e!<%j%s%0%f%K%C%H$rDs6!$9$k!%%9 %1%8%e!<%j%s%0%f %K%C%H$G$O%0%m!<%P%k%3%s%T%e!<%F%# %s%0$N%9%1%8%e!< %j%s%0$GI,MW$H$5$l$k3F%b%8%e!<%k$r<BAu$7$F$$$k!% Net w orkMonitor %0 %m!< %P %k %3 %s %T%e!< %F%# %s %0 4D6-$K$*$1$k%M%C%H%o!<%/$N DL?.%9%k!<%W%C%H!$%l%$ %F%s%7Ey$N%M%C%H%o!<%/$N>u67 $r%b%K%?$9$k!%F@$i$l $?>pJs$O ResourceDB $K3JG<$9$k!% Serv erMonitor %0 %m!< %P %k %3 %s %T%e!< %F%# %s %0 4D 6-$K$*$1$k7W;;%5!<%P$N@-G=!$ Ii2Y!$2TF/N($r%b%K%? $7!$F@$i$l$?>pJs$O ResouceDB $K3JG<$9$k!% ResourceDB %0%m!< %P%k %3 %s%T%e!< %F%# %s%0 %7 %9%F %‘$K$*$1$kAm9g%G!<%?%Y!<%9$G $"$k!%3F%b%K%?$+$i%j %=!<%9 >p Js$, 3J G<$5 $l!$ Predictor !$ Sc heduler $K BP$7$F$=$N>pJs$rDs6!$9$k!% Predictor ResourceDB $+ $i %j %=!< %9 >p Js $r F~ <j $7!$$=$N%j%=!<%9$N2DMQ@-$r M=B,$9$k!%$3$NM=B,$O!$ ?7$?$KEjF~$5$l$k%?%9%/$N%9 %1%8%e!<%j%s%0$KMxMQ$5 $l$k!% Sc heduler ResourceDB $G 4I M} $5 $l $F $$ $k >p Js $H Predictor $GM=B,$5$l$?>pJs$r$b$H$K!$%f!<%6$N%?%9 %/$rMxMQ2DG=$J7W;;%5!<%P$+$i :GE,$J%5!<%P$K3d$jEv $F$k!% %9%1%8%e!<%j%s%0%f%K%C%H$N3F%b%8%e!<%k$OMF0W $KAH$_ JQ$(2DG=$G$"$k!% 3.3 Bric ks $N<B9T$NN.$l Bric ks $K $h $k %7 %_%e %l!< %7%g %s $N <B 9T <j =g $r 0J 2< $K <($9!%$3$N<j=g$O ?^ 1 $KBP1~$7$F$$$k!% !J 0a !K Net w orkMonitor $O Dj 4| E* $K Net w ork $K %W %m!< %V %Q %1%C %H $r N. $7!$ Net w ork $N DL ?. %9 %k!< %W%C %H!$ %l %$ %F %s %7 $r B, Dj $9 $k!% B, Dj 7k 2L $O ResourceDB $K3JG<$9$k!% !J 0b !K Serv erMonitor $O Dj 4| E* $K Serv er $K Ld $$ 9g $o $; $F!$ Serv er $N Ii 2Y >p Js $r D4 $Y $k!% 7k 2L $O Net- w orkMonitor F1MM!$ ResourceDB $K3JG<$9$k!% !J 1 !K Clien t $G%0%m!<%P%k%3%s%T%e!< %F%#%s%0$N%?%9 %/$, H/ @8 $9 $k $H!$ Clien t $O Sc heduler $K%? %9 %/ $r Ej F~ $9 $Y $- Serv er $r Ld $$ 9g $o $; $k!% $= $N :]!$ Clien t $O Sc heduler $K%?%9%/$N>pJs$rDs6!$9$k!% !J 2 !K Sc heduler $O Clien t $N %? %9 %/ $K BP $7 $F Re- sourceDB $K%0%m!< %P %k%3 %s %T%e!<%F%# %s %0%7 %9%F %‘ >e$GMxMQ2DG=$J Serv er $rLd$$9g$o$;$k!% !J 3 !K Sc heduler $O!J 2 !K$G Ld $$ 9g $o $; $? Serv er $H$= $N Serv er $X $N Net w ork $K 4X $9 $k %j %=!< %9 >u 67 $N M= B,CM$r Predictor $KLd$$9g$o$;$k!% !J 4 !K Predictor $O ResourceDB $K Serv er $* $h $S $= $N Serv er $X $N Net w ork $N %b %K %? >p Js $r Ld $$ 9g $o $;!$$=$N>pJs$r$b$H$K3F%j%=!<%9>u67$rM=B,$9$k!% !J 5 !K Predictor $O %j %=!< %9 >u 67 $N M= B, $, =* N; $9 $k $H!$ Sc heduler $KM=B,CM$rJV$9!% !J 6 !K Sc heduler $O$3 $NM= B, CM$r $b $H$K!$ %?%9 %/$r H/ 9T$9$k Serv er $r7hDj$7!$ Clien t $KDLCN$9$k !J 7 !K Clien t $O 7h Dj $7 $? Serv er $X $N Net w ork $K %? %9%/$rEjF~$9$k!%$3$N:]!$%?%9 %/$NAw?.%G!<%?$OO@M}

4 Network network1 QueueFiniteBuffer(FixedNumberGenerator(1500.0), 2) \ OthersData(ExponentRandomGenerator(100.0, 88), ExponentRandomGenerator(0.008, 221)) ?^ 2 30Mp$N%G!<%?$rMQ$$$? Bric ks 4D6-@_Dj%9%/%j%W%H$K$h$k%M%C%H%o!<%/$N@_DjNc Network network1 QueueFCFS(SplineThroughputGenerator(1000, ./nws_throughput)) \ OthersData(ExponentRandomGenerator(10.0, 9988), InfNumberGenerator()) ?^ 3 <B%G!<%?$rMQ$$$? Bric ks 4D6-@_Dj%9%/%j%W%H$K$h$k%M%C%H%o!<%/$N@_DjNc %Q%1%C%H%5%$%:$KJ,3d$9$k!% !J 8 !K Clien t $+$iEj F~$5$l $?%Q%1%C %H$, Net w ork $N BT$A9TNs$N%5!<%P>e$G [ Aw?.%G!<%?NL ] !? [Net w ork $N%9%k!<%W%C%H ] ;~4V =h M}$5 $l $k $H!$ %Q%1%C %H$O Serv er $KAw$i $l $k!% !J 9 !K J, 3d $5 $l $? %? %9 %/ $N %G!< %? $, $9 $Y $F Serv er $K E~Ce$9$k$H!$ Serv er $G%?%9%/$,<B9T$5$l $k!% Serv er $NBT$A9TNs$N%5!<%P>e$G [ %?%9%/$N1i;;?t ] !? [ %5!<%P$N@-G= ] ;~ 4V =h M} $5 $l $F %? %9 %/ $N <B 9T $, =* N; $9 $k $H!$ Serv er $O$= $N 7k 2L $r %? %9 %/ $r H/ 9T $7 $? Clien t $X$N Net w ork $K Ej F~$9 $k!% $? $@ $7!$ Clien t $+ $i $N Aw ?.;~ $H F1 MM $K %?%9%/$N%G!<%?$OO@M}%Q%1%C%H%5 %$%:$KJ,3d$5$l$k!% !J 10 !K Serv er $+$iEjF~$5$l$?%Q%1%C%H$, [ <u?.%G!<%?NL ] !? [Net w ork $N%9%k!<%W%C%H ] ;~ 4V Net w ork $N BT $A 9T Ns $N %5!< %P >e $G =h M} $5 $l $k $H!$ Clien t $K %Q %1%C %H $, Aw $i $l $k!% $9 $Y $F $N %Q %1%C %H $, Clien t $KAw $i $l $k $H!$ $=$N %? %9 %/ $N <B9T $, =* N; $9$k!% 4. 30It%b%8%e!<%kAH$_9~$_%$%s%?!<%U%’%$%9 Bric ks $G $O %9 %1 %8%e!< %j %s %0 %f %K%C %H $N 3F %b %8%e!< %k$KBP$7$FMM!9$J%"%k%4%j%:%‘$r<B8= $7$?%W%m%0%i%‘%b %8%e!<%k$N$?$a$N%$%s%?!<%U%’%$%9$rDs 6!$9$k!%$3$l$i $N%b%8%e!<%k$r4{B8$N%0%m!<%P%k%3 %s%T%e!<%F%#%s%0%7 %9%F%‘ $KCV $-49 $($k $3$H $G!$4{ B8%7 %9%F %‘$N Bric ks >e $G$N5!G=;n83$r2DG=$K$9$k!% K\ 9F $G $O $= $N Bh 0l Jb $H $7 $F!$ %0 %m!< %P %k %3 %s %T%e!< %F%#%s%0%7%9%F%‘$N%j%=!<%9>u67$N%b%K %?$HM=B,$r9T$& %7 %9%F %‘$H $7 $F UCSD $G 3+H/ $5$l $? NWS (Net w ork W eather Service) $N AH $_ 9~ $_ $r 9T$C $? !J ?^ 4 !K!% NWS $O AppLeS !$ Legion !$ Globus !$ Condor Ey $N %7 %9 %F %‘$GM=B,5!9=$H$7$FMxMQ$9$k;n$_$, $"$j!$B>%7%9%F%‘$X $N API $r Ds 6! $7 $F $$ $k!% Bric ks $X $N AH $_ 9~ $_ $G $O!$ 2f!9$,3+H/$7$? NWS $N Ja v a API 5) $rMQ$$$?!% NWS $O<!$N 4 $D$N%b%8%e!<%k$K$h$j9=@.$5$l$k!% P ersisten t State B, Dj $5 $l $? >p Js $r 3J G< $9 $k %9 %H %l!< %8 $G $" $j!$ Bric ks $K $* $1 $k ResourceDB $K BP 1~$9$k!% Name Serv er 3F%b %8%e!< %k $N TCP/IP %]!< %H HV 9f $d IP !?%I%a%$%s%"%I%l%9Ey$N;2>H$KMQ$$$k!% Sensor %M%C %H %o!< %/!$ 7W ;; %5!< %P $N >p Js $r %b %K %? ?^ 4 NWS $N Bric ks $X$NAH$_9~$_ $9 $k $b $N $G!$ Bric ks $K $* $1 $k Net w orkMonitor !$ Serv erMonitor $KBP1~$9$k!% F orecaster %j%=!< %9 >p Js $r M= B, $9 $k $b $N $G!$ Bric ks $N Predictor $KBP1~$9$k!% Bric ks $K AH$_ 9~ $‘ :]$K $O!$ NWS $N P ersisten t State !$ F orecastor $r MQ $$!$ Bric ks Fb $G B, Dj $5 $l $? >p Js $r P ersisten t State $K3J G<$7!$ F orecactor $GM=B, $5$l$? %G!<%?$r%9%1%8%e!<%j%s%0$N:]$KMxMQ$9$k!%$3$l $i$N=h M}$r%5%]!< %H$9$k %b%8%e!< %k$H$7 $F NWSResourceDB !$ NWSNet w orkPredictor !$ NWSServ erPredictor $H!$ NWS Ja v a API $H Bric ks $G$N%G!< %?%? %$%W $N JQ 49$r9T$& NWSAdapter $rMQ0U$7$?!% ?^ 4 $K Bric ks $r %7 %_%e %l!< %? $K AH $_ 9~ $s $@ Nc $r <( $9!% Bric ks Fb$G Net w orkMonitor !? Serv erMonitor $, %b %K %? $7 $? >p Js $r NWSResourceDB $K 3J G< $9 $k $H!$ NWSResourceDB $O NWSAdapter 7PM3 $G P er- sisten 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 orkPredic- tor !? NWSServ erPredictor $, NWSAdapter 7PM3 $G NWS F orecastor $+ $i M= B, CM $r <h $j =P $9 $3 $H $, $G $- $k!% 5. Bric ks $NI>2A<B83 I>2A $G$O!$ Bric ks $,%9 %1 %8%e!<%j %s%0 %" %k%4 %j%: %‘ $r I> 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 $r <( $9 @- G= I> 2A %D!< %k $G $" $k $3 $H $r <( $9!% $^ $?!$ %9 %1 %8%e!< %j %s %0 $K 4X $9 $k 30 It %b %8%e!< %k $H $7 $F NWS $r MQ $$!$ NWS $N Bric ks >e $G $N@5>o $JF0 :n$r 3NG’ $9$k $3$H $G Bric ks $,4{B8 %7%9 %F%‘ %b%8%e!<%k$N5!G=;n834D6-$rDs6!$G$-$k$3$H$r<($9!%

5 ?^ 5 <BB,$K$*$1$kDL?.%9%k!<%W%C%H!J 24 ;~4V!K ?^ 6 Bric ks $K$*$1$kDL?.%9%k!<%W%C%H!J 24 ;~4V!K ?^ 7 <BB,$H Bric ks $NDL?.%9%k!<%W%C%H$NHf3S!J 2 ;~4V!K 5.1 I>2A<B83J}K! I>2A$G$O<B4D6-$K$*$$$F%0%m!< %P%k%3%s%T%e!<%F%#%s %0%7 %9%F %‘$N ;q8; M=B, %U%l!<%‘ %o!<%/ $rDs 6!$9 $k NWS $r<B9T$7$F<B:]$N%M%C%H%o!<%/$NJQF0$N B,Dj$HM=B,$r9T $$!$$=$l$r%7%_%e%l!<%?>e$G:F8=$9$k!% $^ $:!$ El 9) Bg $H EE Am 8& $N 2 $D $N 7W ;; 5! $K NWS Sensor $r@_Dj$7!$ 2 $D$N%5%$%H4V$NDL?.%9%k!<%W%C%H!$%l %$%F %s %7!$ %5!< %P $N 2T F/ N( $r B, Dj $9 $k!% NWS F orecaster $K$O!$B,Dj$5$l$?%M%C%H%o!<%/$N>pJs$r $b$H$K3F%?%$%‘ %9%F%C%W$K$*$1$kM=B,$r9T$o$;$k!% $?$@$7!$%5!<%P$r%b %K %? $9 $k 4V 3V $O 10[sec] !$ %M%C %H %o!< %/ >u 67 $r %b %K %? $9 $k 4V 3V $O 60[sec] $H $7!$ DL ?. %9 %k!< %W%C %H $r B, Dj $9 $k :] $N%W%m!<%V%G!<%?%5%$%:$r 300[KB] $H$7$?!% <! $K!$ <B 4D 6- $G NWS $K $h $j B, Dj $5 $l $? DL ?. %9 %k!< %W%C %H CM $H 3 <! %9 %W %i %$ %s Jd 4V K! $r MQ $$ $? DL ?. %b %G %k $r @_ Dj$7!$ Bric ks $K $h $k %7%_%e %l!< %7%g %s $r9T $&!% %7 %_%e %l!< %7%g %s $G $O <B :] $K NWS $N P ersisten t State $H F orecaster $r<B 9T $7!$ F1$8 %b %K %? 4V3V $r @_ Dj $7$F <B B, $GB, Dj $5$l $? DL?. %9 %k!<%W%C %H $, Bric ks $G F@ $i$l $k $+!$ Bric ks >e $N NWS F orecaster $, <B 4D 6- F1 MM $K M= B,$r9T$&$+$I$&$+D4$Y$k!% ?^ 8 <B4D6-$K$*$1$kDL?.%9%k!<%W%C%H$NM=B,CM!J 24 ;~4V!K ?^ 9 Bric ks $K$*$1$kDL?.%9%k!<%W%C%H$NM=B,CM!J 24 ;~4V!K ?^ 10 <B4D6-$H Bric ks $NDL?.%9%k!<%W%C%H$NM=B,CM$NHf3S!J 2 ;~ 4V!K 5.1.1 I>2A<B837k2L ?^ 5 , 6 $K <B B, $G B, Dj $5 $l $? DL ?. %9 %k!< %W%C %H $H Bric ks $G;;=P$5$l$?DL?.%9%k!<%W%C%H$r<($9!%2#<4$O<B ;~4V$* $h$S%7%_%e%l!<%7%g%s;~4V$r<($7$F$*$j!$<BB,$O NWS $N Sensor $,B, Dj $7 $? 1999 G/ 2 7n 1 F| 7n MK F| $N ?< Lk 0 ;~ $+$i2PMKF|$N?<Lk 0 ;~$^$G$NDL?.%9%k!<%W%C%H $G$"$k!% =D<4$ODL?.%9%k!<%W%C%H$r [KB/sec] $G<($7$F$$$k!% A4BN E*$K <B B,$H Bric ks $N%7 %_%e%l!< %7%g %s7k 2L$O $[ $\ F1 MM $N %9 %k!< %W%C %H $r <( $7 $F $$ $k $3 $H $, J, $+ $k!% ?^ 7 $O 2 ;~4V J, $N <B B, CM $H Bric ks $G;; =P $5 $l $? DL ?. %9 %k!< %W%C %H $N Hf 3S $r $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 $N0l CW $,3N G’ $G $- $k!% <B :] $N %M%C %H %o!< %/ $G $N TCP/IP $K $h $k DL ?. %9%k!<%W%C%H$N%b%G%k2=$N;n$_$OJ#?t9T$o$l$F $$$k$,!$ $=$N5sF0$OJ#;($G!$FCDj$N%Q%1%C%H$KBP$9$k%b%G %k2=$r 9T$C $F$$ $k $N$, 8= >u$G $" $k!% Bric ks $G $O $=$l $i $N%b %G %k$r:NMQ2DG=$G$"$k$3$H$OL^O@!$<B4D6-$K$*$1 $kDL?.%9 %k!<%W%C%H$N<BB,CM$rMxMQ$9$k$3$H$G!$<B4D6-$K B’$7$? %0%m!<%P%k%3%s%T%e!<%F%#%s%0%7%9%F%‘>e$G$NDL ?.$r:F 8=$G$-$k$3$H$,J,$+$k!% ?^ 8 , 9 $K <B 4D 6- $H Bric ks $K $* $$ $F NWS F orecaster

6 $, 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 $NM= B,CM $N 2 ;~4V J, $N%G!<%? $r Hf 3S$r $7 $?$b $N $G$" $k!% ?^ 8 , 9 $+$i!$ DL?. %9 %k!< %W%C%H CM $HF1 MM $K<B B, $H Bric ks $G $N M=B, CM $N79 8~ $, $[ $\ 0l CW $7 $F $$ $k $3 $H $, J, $+ $k!% NWS F orecaster $, Bric ks >e $G @5 >o $K F0 :n $7 $? $3 $H $+ $i!$ B> $N %9 %1 %8%e!< %j %s%0 $K 4X$9 $k 30It %b %8%e!<%k $N 5!G= ;n 83$, Bric ks >e $G <B ;\ 2D G= $G $" $k $3 $H $, <( $5 $l $?!% $? $@ $7!$ ?^ 10 $G $O <B 4D6- $H Bric ks $G =P $7$? M= B,7k 2L $,Hy L/$K 0[ $J$C$F $$ $k!% $3$l $O <BB, $H Bric ks $G $N %b%K %? $9$k %?%$ %_ %s%0 $, 0[$J$C$F$$$?$3$H$,1F6A$7$?$H9M$( $i$l!$<BDL?.%9%k!< %W%C%H$rMQ$$$?%b%G%k$K$*$1$kJd4VCM $N;;=PK!$r8!F$$9 $kI,MW$,$"$k$3$H$,<(:6$5$l$?!% 6. 4X O" 8& 5f J,;6%7%9%F%‘$K$*$1$k%9%1%8%e!<%j %s%0<jK!$N8&5f$O 0JA0$+$i9T$o$l$F$$$k$,!$L$<BAu$G $"$C$?$j!$<BAu$5$l $F$$$k>l9g$G$bB>$N%7%9%F%‘$G<BAu $5$l$?%9%1%8%e!<%j %s%0%"%k%4%j%:%‘$H$NHf3S$,Hs>o$K Fq$7$$!%$3$l$i$NLd Bj$KCeL\$7$?!$%7%_%e%l!<%7%g%s$K$h$k I>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 6) $N Osculan t Sim ulator $,$"$2 $i$l $k!% Osculan t $O bidding %]%j%7!< $K $7 $?$,$C $F 7W ;;%5!< %P $N@-G= $r $" $i$o $9 bids $r7W;; $7!$ bids $,0lHV 9b $$$b $N $rA*Br$9$k%\%H%‘%"%C%W%j%=!<%9%9 %1%8%e!<%i$G$"$k!% Osculan t Sim ulator $G$O Bric ks F1MM$K%M%C %H%o!< %/ $N%H%]%m%8$d7W;;%N!<%I$N@_Dj$,=@ Fp$K9T$($k!%%0%m!< %P%k%3%s%T%e!<%F%#%s%0%7%9%F%‘$N%9 %1%8%e!<%j%s%0%" %k%4%j%:%‘$NI>2A4pHW$rDs6!$9$k$b$N$G$O$J$$!% W ARMstones $OL$<BAu$G$"$k$,!$ Bric ks F1MM%9%1 %8%e!<%j%s%0%"%k%4%j%:%‘$NI>2A4pHW $H$7$F%P!<%8%K%" Bg $G Ds 0F $5 $l $F $$ $k %7 %9 %F %‘ $G $" $k!% %7 %_%e %l!< %7%g %s $K $* $1 $k %? %9 %/ $d %7 %9 %F %‘ $N I= 8= 7A <0!$ $* $h $S J# ?t %9 %1 %8%e!< %j %s %0 %" %k %4 %j %: %‘ $r =@ Fp $K I= 8= $9 $k $? $a $N MIL (MESSIAHS In terface Language) $d %i %$ %V %i%j $J $I!$ $= $N 4p AC 5; =Q $O MESSIAHS 7) $K 4p $E $$ $F $$ $k!% Bric ks $G $b MESSIAHS $N5; =Q $r $b $H $K %0 %m!< %P %k%3%s%T%e!<%F%#%s%0$G$N%9%1%8%e!<%j%s %0$KE,$7$?%9 %1%8%e!<%j%s%0%"%k%4%j%:%‘$NI=8=8@8l $rDs6!$9$kM=Dj $G $" $k!% $? $@ $7!$ W ARMstones $G $O 4{ B8 $N %0 %m!< %P %k%3%s%T%e!<%F%#%s%0$N%9%1%8%e!<%j %s%0%U%l!<%‘%o!< %/5;=Q$KBP$9$kI>2A4pHW$NDs6!$O9M$($i$l$F$$$J$$!% 7. $^ $H $a K\9F$G$O!$%0%m!<%P%k%3%s%T%e!<%F%# %s%0%7%9%F%‘$N %9%1%8%e!<%j%s%0<jK!$*$h$S$=$N%U %l!<%‘%o!<%/$NI>2A 4p HW $r Ds 6! $9 $k %0 %m!< %P %k %3 %s %T%e!< %F%# %s %0 %7 %_%e %l!<%? Bric ks $rDs0F$7$?!% Bric ks $O%M%C%H%o!<%/%H %]%m%8!$7W;;%5!<%P%"!<%-%F%/%A%c!$DL?.%b%G%k $*$h$S %9%1%8%e!<%j%s%0%U%l!<%‘%o!<%/$N3F%b%8%e!<%k $r@_Dj $9 $k$? $a $N Bric ks 4D 6-@_ Dj %9%/ %j %W %H$r Ds 6!$7!$ MM!9 $J%9%1%8%e!<%j%s%0%"%k%4%j%:%‘$N@-G=I>2A$r2D G=$K$9 $k!%$^$?!$%0%m!<%P%k%3%s%T%e!<%F%#%s%0$N %9%1%8%e!< %j%s%0$r9T$&>e$GIT2D7g$J%j%=!<%9>u67$N%b%K %?!&M=B, >pJs$NDs6!$r%5%]!<%H$9$k4{B8%7%9%F%‘%b%8%e!< %k$N5! G=;n834D6-$rDs6!$9$k!% Bric ks $H %0 %m!< %P %k %3 %s %T%e!< %F%# %s %0 $N %j %=!< %9 >p Js $N M= B, %7 %9 %F %‘ $G $" $k NWS $r MQ $$ $? I> 2A <B 83 $G $O!$ <B B, DL ?. %9 %k!< %W%C %H $r MQ $$ $? DL ?. %b %G %k $r :N MQ $9$k $3 $H$G Bric ks $, <B:] $N4D 6- $KB’ $7 $?%0 %m!< %P%k %3 %s %T%e!< %F%# %s %0 >e $G $N DL ?. $r :F 8= $G $- $k $3 $H $r 3N G’ $7 $?!% $^ $?!$ Bric ks >e $G NWS $N P ersisten t State !$ F orecaster $, <B 4D 6- >e $H F1 MM $K F0 :n $7 $? $3 $H $+ $i!$ Bric ks $O 4{ B8 $N %9 %1 %8%e!< %j %s %0 $K 4X $9 $k 3F %b %8%e!< %k$N5!G=;n834D6-$rDs6!$G$-$k$3$H$r<B>Z$7$?!% :#8e$O%?%9%/!?DL?.!?%5!<%P%b %G%k$r$h$j@vN}$7$F$$ $/!% Bric ks $G$O %0 %m!< %P %k%3 %s %T%e!< %F%# %s%0 %7 %9 %F %‘$G<B9T$5$l$kMM!9$J%"%W%j%1!<%7%g%s$KBP1~$9 $kI,MW $, $" $k $? $a!$ JB Ns %? %9 %/ $N I= 8= Ey $N %? %9 %/ %b %G %j %s %0 $,I,MW$G$"$k!%%5!<%P$N%b%G%j%s%0$KBP$7$F$O!$ %?%$%‘ %7%’%"%j%s%0$J$I$N0[$J$k%?%9%/$N=hM}J}<0$d!$ %^%k%A %W%m%;%C%5Ey$N%"!<%-%F%/%A%c$X$NBP1~$r9T $&!%$^$?!$ Bric ks $r MQ $$ $F %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 %: %‘ $N D4 ::!$9M0F$r9T$&!% ;2 9M J8 8% 1) F oster, I. and Kesselman, C.(eds.): The Grid: Blueprint for a New Computing Infr astructur e , Morgan Kaufmann (1998). 2) NWS. http://nws.npaci.edu/NWS/ . 3) 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). 4) C] K< $" $D ;R , 9g ED 7{ ?M , >. @n 9( 9b , Cf ED =( 4p , >> 2, Ao , :4F# ;0 5W , 4X8} CR ;L , D9Eh 1@ J< : 9-0h 7W ;;%7 %9%F %‘$N%7 %_%e%l!< %7%g%s$K $h$kI> 2A { Ninf %7%9 %F%‘ $N 9- 0h J, ;6 4D 6- $G $N %8%g %V %9 %1 %8%e!< %j %s %0 <B 8= $K 8~ $1 $F {, JB Ns =h M} %7 %s %] %8 %& %‘ JSPP’98 O@ J8 =8 , pp. 127{134 (1998). 5) NWS Ja v a API. http://ninf.etl.go.jp/~nakada/nwsjava/ . 6) Osculan t. http://beta.ee.ufl.edu/Projects/Osculant/ . 7) 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).