1 Ninf %7%9%F%‘$K$*$1$k%8%g%V%9%1%8%e!<%i$N<BAu$HM=HwE*I>2A C] K< $" $D ;R y 1 Cf ED =( 4p y 2 9g ED 7{ ?M y 3 >. @n 9( 9b y 3 >> 2, Ao y 3 D9 Eh 1@ J< y 4 %M%C %H %o!< %/ 5; =Q $NH/ E8 $K $h $j!$ %0 %m!< %P %k %3%s %T%e!< %F%# %s %0 %7 %9 %F %‘ $,J# ?t Ds 0F $5 $l $F $$ $k $,!$$= $N 7W ;; %j %=!< %9 $r M- 8z $K MxMQ $9 $k $? $a $N 5D O@ $, == J, $K $J $5 $l$F $$ $J $$!% FC $K!$ 9- 0h %M%C %H %o!< %/ 7P M3$N 7W ;; 8G M- $N JQ F0 $d IT 0B Dj $5 $r 9M N8 $7 $F!$ 7W ;; %j %=!< %9 $r E, @Z $K 3d $j Ev $F $k %9 %1 %8%e!< %j %s %0 <j K! $, I, MW $G $" $k!% K\ 9F $G $O!$ %0 %m!< %P %k %3 %s %T%e!< %F%# %s %0 $K $* $$ $F %" %W %j %1!< %7%g %s %9 %1 %8%e!< %j %s %0 $H %8%g %V %9 %1 %8%e!< %j %s %0 $r E} 9g $9 $k $? $a $N 3, AX 2= $5 $l $? %9 %1 %8%e!< %j %s %0 %U %l!< %‘ %o!< %/ $r Ds 0F $9 $k$H $H $b $K!$ $= $l $K =‘ 5r $7 $? Ninf %7 %9 %F %‘ $N %a %? %5!< %P %9 %1 %8%e!< %j %s %0 %U %l!< %‘ %o!< %/ $N <B Au $K $D $$ $F =R $Y $k!% $5 $i $K!$ <B 4D 6- $H @- G= I> 2A %b %G %k $r MQ $$ $F %9 %1 %8%e!< %j %s %0 <j K! $N I> 2A $r 9T $$!$ %0 %m!< %P %k %9%1 %8%e!< %j %s %0 $K$*$1$k2]Bj$rL@$i$+$K$7$?!% Implemen tation and Preliminary Ev aluation of Global Sc heduling F ramew ork in Ninf A tsuk o T akefusa, y 1 Hidemoto Nakad a, y 2 Kento Aid a, y 3 Hir ot aka Oga w a, y 3 Sa toshi Ma tsuoka y 3 and Umpei Na gashima y 4 Rapid progress in net w orking tec hnology is no w making global computing systems feasible. Although there ha v e b een prop osals of global computing systems, it is still a researc h issue as to ho w to ac hiev e e�cien t usage of computing resources in global computing. In particular, w e need to devise appropriate sc heduling strategies/algorithms of computing resources o v er wide-area net w orks, whic h are often dynamic and unstable in nature. This pap er presen ts our preliminary sc heduling framew ork for unifying application and job sc heduling in global computing. The prop osed framew ork establishes a la y er of sc heduling and resource allo cation subframew orks. W e sho w our soft w are framew ork Ninf metaserv er whic h pro vides lo w-lev el sc heduler and resource monitor. W e also ev aluate some sc heduling strategies b y actual en vi- ronmen t and our p erformance ev aluation mo del. 1. $O $8 $a $K %M%C%H%o!<%/5;=Q$NH/E8$K$h$j!$ 9-0h%M%C%H%o!<%/>e $KJ,;6$7$?7W;;;q8;$d>pJs;q8;$r@Q 6KE*$K3hMQ$7$F!$Bg 5,LO7W;;$r<B8=$9$k%0%m!<%P%k%3 %s%T%e!<%F%#%s%0$,2D G= $H $J$C $?!% 6a G/ $3 $l $r L\ E* $H $7 $? %7 %9 %F %‘ $, Ninf 1) $r $O $8 $a!$ J# ?t Ds 0F $5 $l $F $$ $k 2) � 5) !% 0l J}!$ %0 %m!< %P %k%3%s%T%e!<%F%#%s%0$K$*$$$F7W;;;q8; $rM-8zMxMQ$9$k $?$a$N5DO@$,==J,$K$J$5$l$F$$$J$$!% FC$K!$IT0BDj$+$D JQF0$9$k9-0h%M%C%H%o!<%/4D6-$G$O!$ E,@Z$J%9%1%8%e!< %j%s%0<jK!$N<B8=$,I,MWIT2D7g$G$"$k!% %0 %m!< %P %k %3 %s %T%e!< %F%# %s %0 %7 %9 %F %‘ $G $N %9 %1 %8%e!< %j %s %0 5; =Q $K 4X $9 $k 2a 5n $N 8& 5f $O!$ %" %W %j %1!< y 1 $*Cc$N?e=w;RBg3X Ochanomizu Univ ersit y y 2 EE;R5;=QAm9g8&5f=j Electrotechnical Lab oratory y 3 El5~9)6HBg3X T oky o Institute of T ec hnology y 4 J* <A 9) 3X 9) 6H 5; =Q 8& 5f =j National Institute of Materials and Chemical Researc h %7%g %s%9 %1 %8%e!< %j %s%0 $H %8%g %V%9 %1 %8%e!< %j%s %0 $N 2 $D $K J, $1 $i $l $k!% %" %W %j %1!< %7%g %s %9 %1 %8%e!< %j %s %0 $O!$C10l$N%W%m%0%i%‘$N1~Ez;~4V$rC;=L$9$k$3 $H$rL\E* $H$7!$%"%W%j%1!<%7%g%s%W%m%0%i%‘$NFC@-$K$7 $?$,$C$F %W %m %0 %i %‘ $r J# ?t JB Ns %? %9 %/ $K J, 3d $7 $F %? %9 %/ $r %9 %1 %8%e!<%j%s%0$9$k!%0lJ}!$%8%g%V%9%1%8%e!<%j%s %0$G$O %0%m!<%P%k%3%s%T%e!<%F%#%s%0%7%9%F%‘A4BN$N J#?t%8%g %V $N Am <B 9T ;~ 4V ( %9 %k!< %W%C %H ) $r 8~ >e $5 $; $k $3 $H $r L\ E*$H$7$F!$3F%8%g%V$r%9%1%8%e!<%j%s%0$9$k!% %" %W %j %1!< %7%g %s %9 %1 %8%e!< %j %s %0 $O AppLeS 6) !$ Prophet 7) $J$I$KBeI= $5$l$k$,!$$3 $l$i$N%7 %9%F%‘$O$$ $:$l$b 1 $D$N%/%i%$%"%s%H%W%m%0%i%‘$N%9%1 %8%e!<%j%s %0$N$_$r9MN8$7!$J#?t%/%i%$%"%s%H$N%W%m%0%i %‘$,6%9g $9$k$h$&$J%8%g%V%9%1%8%e!<%j%s%0$NB&LL$O9M$( $i$l$F $$$J$$!%%8%g%V%9%1%8%e!<%j %s%0$O MPP $N$h$&$KL)$K 7k9g$7$?4D 6-$G$O9- $/8&5f $5$l$F $-$? 8) $,!$7W;;%j%=!< %9$d%M%C%H%o!<%/$,JQF0$7!$IT0BDj$G$"$kE@$G$= $N%"%k %4%j%:%‘$dMxMQL\E*$,%0%m!<%P%k%3%s%T%e!<%F%# %s%0%7

2 ?^ 1 %0%m!<%P%k%9%1%8%e!<%j%s%0%7%9%F%‘$N35MW %9 %F %‘ $H $O $+ $J $j 0[ $J $k!% Condor 9) $d Nimro d/G 10) $N $h $& $K!$ $" $k <o $N %8%g %V %9 %1 %8%e!< %i $r <B 8= $7 $F $$ $k $b $N $b $" $k!% Condor $N Matc hmaking %a %+ %K %: %‘ $O %/ %i %$ %" %s %H $K E, @Z $J %5!< %P $r >R 2p $9 $k 5! 9= $G $" $k $,!$ DL >o $N %8%g %V %9 %1 %8%e!< %i $H $O 0[ $J $j!$ 7W ;; %j %=!<%9$NIi2Y$J$I$NF0E*>pJs$r9MN8 $7$F$$$J$$!%$^$?!$ Nimro d/G $O Globus >e$K 9= C[ $5 $l $? %7 %9 %F %‘ $G $" $j!$ %8%g%V$N%G%C%H%i%$%s%9%1%8%e!<%j%s%0 $r9T$&$b$N$G$" $k$,!$5;=QE*>\:Y$OL@$i$+$G$J$$!% $b$C$H$b=EMW$JE@$O!$$3$l$^$G$N 8&5f$G$O%"%W%j%1!< %7%g%s%9%1%8%e!<%j%s%0$H%8%g%V%9%1 %8%e!<%j%s%0$O6( D4$7$FO@$8$i$l$F$$$J$$$3$H$G$"$k!% %/%i%$%"%s%H$+$i $N 7W ;; MW 5a $N 1~ Ez ;~ 4V $r :G C; $K $9 $k $? $a $K %" %W %j %1!< %7%g%s%9%1%8%e!<%j%s%0$r9T$&$3$H$O =EMW$G$"$k$,!$%0 %m!<%P%k%3%s%T%e!<%F%#%s%0%7%9%F%‘$r M-8zMxMQ$9$k$? $a$K$O!$%7%9%F%‘$r6&M-$9$kJ#?t$N%8%g %V$NJ?6Q1~Ez;~ 4V$N8~>e$r?^$k%8%g%V%9%1%8%e!<%j%s %0$,=EMW$G$"$k!% $7$?$,$C$F!$8D!9$N%"%W%j%1!<%7%g%s@-G= $H%7%9%F%‘$N Am%9%k!<%W%C%H$NAPJ}$r%P%i%s%9$h$/:N $jF~$l$?%"%k%4 %j%:%‘$H%=%U%H%&%’%"%U%l!<%‘%o!<%/ $r9MN8$7!$%"%W%j %1!<%7%g%s%9%1%8%e!<%j%s%0!$%8%g%V%9 %1%8%e!<%j%s%0 $H$b$K8@5Z$7$J$1$l$P$J$i$J$$!% K\9F$G$O!$%0%m!<%P%k%3%s%T%e!<%F%# %s%0$K$*$$$F%" %W%j%1!<%7%g%s%9%1%8%e!<%j%s%0$H %8%g%V%9%1%8%e!<%j %s%0$rE}9g$9$k$?$a$N4pK\E*$J%9 %1%8%e!<%j%s%0%U%l!< %‘%o!< %/ $K $D $$ $F =R $Y $k $H $H $b $K!$ $= $l $K =‘ 5r $7 $? Ninf %7%9%F%‘$N%a%?%5!<%P%9%1%8%e!<%j%s %0%U%l!<%‘%o!<%/ $N<B Au$H $=$NI> 2A$K $D$$$F =R$Y $k!%0J8e 2 $G $O!$%0 %m!< %P%k%3%s%T%e!<%F%#%s%0$G$N%=%U%H %&%’%"%9%1%8%e!<%j %s %0 %U %l!< %‘ %o!< %/ $K $D $$ $F =R $Y $k $H $H $b $K!$ Ninf %a %?%5!< %P%U %l!<%‘ %o!<%/ $K$D$$ $F@b L@$9 $k!% 3 $G$O!$ $$ $/$D$+$N%9%1%8%e!<%j%s%0<jK!$K$D $$$F!$%a%?%5!<%P$N %W %m %H %? %$ %W $r MQ $$ $? <B 4D 6- $G $N I> 2A $H!$ @- G= I> 2A %b %G%k $rMQ $$$?I> 2A$K$D $$$F Js9p$7!$ 4 $G %0%m!<%P %k%3 %s %T%e!<%F%#%s%0$N%9%1%8%e!<%j%s%0$K4X$9 $k9M;!$*$h$S $^$H$a$r=R$Y$k!% 2. Net w o rk T ask %9 %1%8%e!<%j%s%0$N$? $a$N%= %U%H%&%’%"%U%l!<%‘%o!<%/ %" %W %j %1!< %7%g %s %9 %1 %8%e!< %j %s %0 $H %8%g %V %9 %1 %8%e!< %j %s %0 $r %P %i %s %9 $h $/ :N $j F~ $l $k $? $a $N %= %U %H %&%’%" %U%l!< %‘%o!< %/$H$7 $F!$ ?^ 1 $K <($9$h $&$J 3,AX 2= $7$?%9%1%8%e!<%j%s%0$H%j%=!<%93d$jEv$F$N%5 %V%U%l!< %‘%o!<%/$rDs0F$9$k!% 2.1 %= %U %H %&%’ %" %9 %1 %8%e!< %j %s %0 %U %l!< %‘ %o!< %/ $N35MW %0 %m!< %P %k %3 %s %T%e!< %F%# %s %0 %7 %9 %F %‘ $G $N %" %W %j %1!<%7%g%s$N<B9T$O!$<!$N 2 CJ3,$KJ,$1$i$l$k!% ( 1 ) C1 0l %" %W%j %1!< %7%g %s$r J# ?t $N JBNs %? %9 %/ ( $3 $l $r Net w o rk T ask $H$9$k ) $KJ,3d$9$k!% ( 2 ) Net w o rk T ask $r %5!< %P $X %9 %1 %8%e!< %j %s %0 $9 $k!% ?^ 1 $K <( $9 %U %l!< %‘ %o!< %/ $G $O!$ %8%g %V / %" %W %j %1!< %7%g%s %j %=!< %9 %" %m %1!< %? $G $O (1) $r 9T $$!$ AppLeS $H F1 MM $N <j K! $G %H%C %W %l %Y %k $N %9 %1 %8%e!< %i $H $7 $F 5! G= $9$k!%Dc %l%Y%k %9%1%8%e!< %i$G$O (2) $r9T $$!$%5!<%P$d %M%C %H %o!< %/ $N 8= :_ $N Ii 2Y $d M= B, $5 $l $? Ii 2Y >p Js $r 9M N8$7!$8D!9 $N Net w o rk T ask $rE, @Z$J7W;; %N!<%I$K3d$j Ev$F$k!%$^$?!$:G2<0L$N%j%=!< %9%b%K%? / %W%l%G%#%/%? $O!$Dc%l%Y%k%9%1%8%e!<%i$K%j%=!<%9>pJs$rDs 6!$9$k!% %W %l %G%# %/ %? $O NWS 11) $N $h $& $K C1 =c $J ;~ 7O Ns $N Jd 4V $r9T$&$N$G$O$J$/!$BT$A9TNs$G%j%=!<%9$N2DMQ@- $rM=B, $9$k %0 %m!< %P %k %3 %s %T%e!< %F%# %s %0 $N @- G= I> 2A %b %G %k 12) $rMQ$$$k!% $3$N%9%1%8%e!<%j%s%0%U%l!<%‘ %o!<%/$G$b$C$H$bCeL\ $9 $Y $- E@ $O!$ 9b %l %Y %k $N %" %W %j %1!< %7%g %s %9 %1 %8%e!< %j %s %0 $H %8%g %V %9 %1 %8%e!< %j %s %0 $N Ld Bj $r Dc %l %Y %k $N Net w o rk T ask $K E} 0l 2= $9 $k $H $3 $m $K $" $k ( Net w o rk T ask %9 %1 %8%e!< %j %s %0 ) !% $3 $l $O Dc %l %Y %k %9 %1 %8%e!< %i $, %" %W %j %1!< %7%g %s %9 %1 %8%e!< %j %s %0 $H %8%g %V %9 %1 %8%e!< %j %s %0 $N MW 5a $r %P %i %s %9 $h $/ :N $j F~ $l!$ %9 %1 %8%e!< %j %s %0 $r 7h Dj $G $- $k $3 $H $r 0U L# $9 $k!% $^ $?!$ %0 %m!<%P%k%3%s%T%e!<%F%#%s%0$N4pK\@-G=%b%G%k$r C1=c2= $9$k$?$a!$7W;;%5!<%P$d%M%C%H%o!<%/$NIi2Y>p Js$r!$%9 %1%8%e!<%j%s%07hDj;~$NK\<AE*$J%Q%i%a!<%?$H$9 $k$3$H $,$G$-$k!%$=$N$h$&$K4J0W$K07$&$3$H$O!$%0%m!< %P%k%3 %s%T%e!<%F%#%s%0%W%i%C%H%U%)!<%‘8GM-$NIT0BDj @-$N>e $G%9%1%8%e!<%j%s%0$r9T$&$K$OI,?\$G$"$k!%$^ $?!$$3$l $O@-G=%b%G%k$H$=$N%b%G%k$K4p$E$/%7%_%e%l!<%? $r:n$k $3$H$r2DG=$H$9$k$?$a!$%m%P%9%H$JM=B,$,2DG=$H$J$k!% 2.2 Net w o rk T ask %9%1%8%e!<%j%s%0 Dc%l%Y%k%9%1%8%e!<%i$O9-0h$K J,;6$7$?7W;;!&DL?.%j %=!<%9$N2TF/@-$K4X$9$k>pJs$r<}=8$7!$$=$N>pJs $r$b$H $K 8= :_ $N %j %=!< %9 $N Mx MQ >u 67 $r M= B, $7 $J $1 $l $P $J $i $J $$!%$=$N$h$&$JM=B,$rB%?J$9$k$?$a!$<}=8$5$l$? >pJs$O $9$Y$F9-0h DB %^%M!<%8%c$G4IM}$9$k!% 6qBNE*$K!$Dc%l%Y%k%9%1%8%e!<%j %s%0$N$?$a$N%5%V%U %l!<%‘%o!<%/$O0J2<$N%b%8%e!<%k$+$i9=@.$5$l$k!% � 7W;;%j%=!<%9$N$?$a$NIi2Y%b%K%? � %M%C%H%o!<%/$N%9%k!<%W%C%H%b%K%? � %j%=!<%9>pJs DB %^%M!<%8%c � %j%=!<%9>u67%W%l%G%#%/%? � %j%=!<%9%9%1%8%e!<%i

3 ?^ 2 Ninf %a%?%5!<%P%"!<%-%F%/%A%c %9%k!<%W%C%H%b%K%?$G$O!$$"$k%/%i%$ %"%s%H$H7W;;%N!< %I4V$N%9%k!<%W%C%H$,3F%/%i%$%"%s%H $K$h$C$F7WB,$5$l $k!% $3 $l $O!$ 8= >u $N W AN 4D 6- 2< $G $O!$ %N!< %I 4V $N %9 %k!<%W%C%H$rB>$N%9%k!<%W%C%H>pJs$+$i E}7WE*$KD4$Y$k $N$O:$Fq$J$?$a$G$"$k!%0lJ}!$ Ii2Y%b%K%?$O 1 $D$N%N!< %I$GJ#?t7W;;%5!<%P$N>pJs$r<}=8$9$k$3$H$,$G$-$k!% %b %K %? $O Dj 4| E* $K %j %=!< %9 >p Js DB %^ %M!< %8%c $K %j %=!< %9 >p Js $r Js 9p $9 $k!% DB $K 3J G< $5 $l $? >p Js $K 4p $E $-!$%j%=!<%9>u67%W%l%G%#%/%?$O$=$N %j%=!<%9$N8=:_$H L$Mh$N>u67$rM=B,$9$k!%$3$3$G!$M=B, $O%0%m!<%P%k%3%s %T%e!<%F%#%s%0$NG$0U$N@-G=%b%G%k$K 4p$E$/!%$^$?!$%9 %1 %8%e!< %i $O DB $H %W %l %G%# %/ %? $N >p Js $r F’ $^ $( $F!$ 3F Net w o rk T ask $KBP$7$FE, @Z$J7W;;%N!< %I$r3d$jEv $F $k!% 2.3 Ninf %a%?%5!<%P%"!<%-%F%/%A%c Ninf %7 %9 %F %‘ $O!$ RPC %Y!< %9 $N %0 %m!< %P %k %3 %s %T%e!< %F%# %s %0 %7 %9 %F %‘ $G $" $k!% Ninf $K $* $1 $k Net- w o rk T ask %9%1%8%e!<%j%s%0$r9T$&%U%l!<%‘%o!<%/$H$7 $F!$ 2.2 $K4p $E$/ %a%?%5!< %P%9 %1%8%e!< %j%s%0 %U%l!< %‘ %o!<%/$N%W%m%H%?%$%W$r@_7W!&<BAu$7$?!% %a%?%5!<%P$O0J2<$N%b%8%e!<%k$K $h$C$F9=@.$5$l$k!% � 7W;;%j%=!<%9$NIi2Y%b%K%? � %/%i%$%"%s%H%W%m%-%7 � %j%=!<%9>pJs DB %^%M!<%8%c � %j%=!<%9%9%1%8%e!<%i $3$3$G!$%/%i%$%"%s%H%W%m%-%7 $K$O 2 $D$N5!G=$,$"$k!% <g$J5!G=$H$7$F!$%M%C%H%o!<%/$N%b%K %?%j%s%0$,$"$k!% %/%i%$%"%s%H%W%m%-%7$H%5!<%P4V$N %9%k!<%W%C%H$rD4$Y $k$3$H$G!$%5%$%HFb$NJ#?t%f!<%6$KBP$9 $k%b%K%?%j%s%0 %3%9%H$,:o8:$9$k$3$H$,$G$-$k!% $^$?!$%M%C%H%o!<%/J] 8n$N$?$a$N �rew all $H$7$F$b5!G=$9$k!% 6qBNE*$K%a%?%5!<%P$O<! $N$h$&$K=hM} $r9T$& ( ?^ 2 ) !% (1) %m!< %I %b %K %? $O 7W ;; %5!< %P $N Ii 2Y >p Js $r %b %K %? $7!$$=$l$r%j%=!<%9>pJs DB $K3JG<$9$k!% (2) %/ %i %$ %" %s %H %W %m %- %7 $O %/ %i %$ %" %s %H %W %m %- %7 $H 3F%5!<%P4V$N %M%C%H%o!<%/ $N:.;(EY Ey$NDL?. >pJs$r %b%K%?$7!$$=$N 7k2L$r%/ %i%$%"%s %H%W%m%- %7$G4IM} $9$k!% (3) 7W ;;MW 5a ( Request ) $, H/ @8$9 $k $H!$ %/ %i %$ %" %s%H $O %/ %i %$ %" %s %H %W %m %- %7 $K Net w o rk T ask $N %9 %1 %8%e!<%j%s%0MW5a$rAw?.$9$k!% (4) %/ %i %$ %" %s %H %W %m %- %7 $O $= $N %5 %$ %H Fb $+ $i H/ @8 $7 $? %9 %1 %8%e!< %j %s %0 MW 5a $r %9 %1 %8%e!< %i $K H/ 9T $9 $k!%$=$N:]!$%/ %i%$%" %s%H%W%m %-%7$H%5!< %P4V$NDL ?.>pJs$rDLCN$9$k!% (5) %9%1 %8%e!< %i$O %j %=!< %9>p Js DB $+ $i 7W;; %5!< %P $NIi2Y>pJs$rF@$k$H!$ Net w o rk T ask $NFC@-$K0MB8 $7 $? %? %9 %/ $K BP $7 $F :G E, $J %5!< %P $r 7h Dj $7!$ %/ %i %$%"%s%H$K>R2p$9$k!%?7 $?$J Net w o rk T ask $,%9%1 %8%e!<%k$5$l $?$?$a!$ %9%1%8%e!< %i$O%j%=!< %9>pJs DB $N%5!<%P$NIi2Y>pJs$r99?7$9$k!% (6) %/ %i %$ %" %s %H %W %m %- %7 $O!$ %/ %i %$ %" %s %H $N Request $r>R2p$5$l$?%5!<%P$KE>Aw$9$k!% $3 $l $i $N %b %8%e!< %k $O Ja v a $G <B Au $5 $l $F $* $j!$ %3 %" %9 %1%8%e!<%j%s%0%b%8%e!<%k$N%9%1%8%e!<%j%s%0%] %j%7$O %M%C%H%o!<%/7PM3$GF0E*$KJQ992DG=$H$J$C$F$$$k!% 3. %9%1%8%e!<%j%s%0<jK!$NM=HwE*I>2A %0%m!<%P%k%3%s%T%e!<%F%#%s%0$, A[Dj$7$F$$$k0[5!<o 7W;;5!!&%M%C%H%o!<%/$N@-G=$H$=$NIi2Y$,JQF0$9 $k$h$& $J4D6-2<$G!$%a%?%5!<%P%9%1%8%e!<%j%s%0%U %l!<%‘%o!< %/$,M-8z$K5!G=$9$k$3$H$,5a$a$i$l$k!%$=$3$G $=$NM-8z @-$rD4::$9$k$?$a!$0J2<$N4pK\E*$J%9%1%8%e!<%j %s%0<j K! $N M= Hw E* @- G= I> 2A $r 1) CO M} E* $K N% $l $? 2 $D $N %5 %$ %H ( EE Am 8&!$ El 9) Bg ) $r MQ $$ $? <B 4D 6- $H!$ 2) @- G= I> 2A %b %G %k 12) $G9T$C$?!% Round Robin : RR MW 5a $N $"$C $? %/ %i %$ %" %s %H $+ $i=gHV$K%5!<%P$r%i%&%s%I%m%S%s$G3d$jEv$F$k!% Ii2Y!\7W;;@-G= : LO AD %5!< %P $N @- G= P $H J? 6Q Ii 2Y L !$ B( $A 8= :_ =h M} $5 $l $F $$ $k %8%g %V $H <B 9T BT $A $N %8%g%V?t$K4X$9$k>pJs$r<hF@$7!$ ( L + 1) =P $,:G>.$H$J$k%5!<%P$r3d$j Ev$F$k!% (L + 1 $O!$%/ %i%$%"%s%H $N%8%g%V$, $=$N%5!<%P $KEjF~$5 $l$?;~$N Ii2Y$rA[Dj$7$F$$$k!% ) Ii2Y!\7W;;@-G=!\DL?.%9%k!<%W%C%H : LOTH %5!< %P $N @- G= P $H J? 6Q Ii 2Y L !$ %M%C %H %o!< %/ $N DL ?. %9 %k!<%W%C%H T $K4X$9$k>pJs$r<hF@$7!$ 1i;;?t = ( P = ( L + 1)) + E>AwNL =T $,:G>.$H$J$k%5!<%P$r3d$jEv$F$k!% LO AD , LOTH $G$O!$%j%=!<%9 >pJs DB $G4IM}$5$l$F $$ $k>pJs$r$b$H$K!$%5!<%P$,7hDj$5$l$k!%I>2A<B 83$G$O!$ 60[sec] $4 $H $K %5!< %P!$ %M%C %H %o!< %/ $N >p Js $r %b %K %? $7 $F!$ DB >pJs$N99?7 $r9T$& $,!$J# ?t$N %/%i%$ %"%s %H$,F1 ;~$K%"%/%;%9$9$k$h$&$J4D6-$G$O!$%/%i%$%"%s %H$K%5!< %P$,3d$j Ev$F $i$l$k $?$S $K!$ DB $G3JG<$5$l $F$$ $k>pJs $H<B:]$N%j%=!<%9$N>u67$,BgI}$KJQ$o$C$F$7$^ $&!%$=$3 $G!$ LO AD $H LOTH $G $O!$ L , T $K BP $7 $F!$ 3d $j Ev $F

4 I= 1 <BB,$K$h$k%9%1%8%e!<%j%s%0<jK!$NI>2A<B834D6- 7W;;5! [ @-G= ] %5%$%H Client1-4 A :UltraSP AR C[143MHz, 256MB] El9)Bg MetaServ er B :UltraSP AR C El9)Bg Clien tPro xy [200MHz � 2, 256MB] Server1 C :J90[200MFlops � 4, 512MB] EEAm8& Server2 D :UltraSP AR C[143MHz, 128MB] El9)Bg I= 2 1 2s$N Request $NJ?6Q=hM};~4V ( C10L$O$9$Y$F [sec]) Serv er DL?.;~4V 7W;;;~4V =jMW;~4V J90 17.832 0.345 19.265 UltraSP AR C 2.941 3.687 6.972 ;~$NIi2Y$rM=B,$7$J $$$b$N ( LO AD , LOTH ) $HM=B,$9$k $b $N ( LO AD+L , LOTH+L , LOTH+T , LOTH+L T ) $r MQ0U$7$?!%Ii2Y$NM=B,$OC1=c$J$b$N $r:NMQ$7!$7W;;%5!< %PIi2Y $G $O!$ Request $,3d$j Ev$F $i $l $?;~ $K $=$N %5!< %P $NIi 2Y $K 1 $r2C ;; $7$? CM $r M= B, CM $H$7 $?!% $^ $?!$ DL ?. %9 %k!< %W%C %H $O!$ [ 7W B, $5 $l $? DL ?. %9 %k!< %W%C %H ] / [ %M%C %H%o!<%/$r6&M-$7$F$$$k%8%g%V?t ] $rM=B,CM$H$7$?!% 3.1 <B4D6-$G$NI>2A 3.1.1 <B4D6-$G$NI>2A<B834D6- I= 1 $K!$I>2A <B83 4D 6-$r <($9!% LAN Fb$G$N %^ %7%s 4V $N %P %s %I I} $O A - B 4V $O 100[Mbps] !% B - D 4V $O 10[Mbps] $H$J$C$F$$$k!% B - C 4V$O9-0h%M%C%H%o!<%/$G$"$k!% %5!< %P $N 7W ;; %k!< %A %s $K $O Linpac k $r :N MQ $7 $?!% Linpac k $G$O!$ LU J,2r!$8eB‘ Be F~$r 7W ;;%5!< %P>e $G <B 9T$9$k!% $3 $N:]!$ 1i ;;?t $O 2 = 3 n 3 + 2 n 2 !$0z ?t$r 4^ $a$? DL?. NL $O 8 n 2 + 20 n + O (1)[b yte] $G$" $k!% Linpac k $N 5a 2r%k!< %A%s $K$O!$ Serv er1(J90) $G $O libSci %i%$ %V%i %j$N sgetrf, sgetrs $rMQ $$ $F 4PE $GJB Ns <B 9T $9 $k $b $N $H $7 $?!% Serv er2(UltraSP AR C) $G $O %V %m%C %/ 2= Ey $N 9b B.2=$,;\$5$l$? glub4, gslv4 $rMQ$$$?!% 0J >e $N 4D 6- $K $* $$ $F!$ Ld Bj %5 %$ %: 600 $N Linpac k $N Request $r 1 2s H/9T$7$? ;~$NJ? 6Q=hM};~ 4V$O I= 2 $K<( $9 $H$*$j$G$"$k!% B, Dj $G $O!$ Request $, IQ HK $K H/ 9T $5 $l $k >l 9g ( case A ) $H!$ E, EY $K H/ 9T $5 $l $k >l 9g ( case B ) $r A[ Dj $7!$ 3F %/ %i %$%"%s%H$G$N Request $NH/9T4V3V$O$=$l$>$lJ?6QCM I = [ Request $N=jMW;~4V ] + inter v al (1) I = [ Request $N=jMW;~4V ] � 2 + inter v al (2) $N;X?tJ,I[ $H$7$?!% $3$3 $G Request $N=jMW;~4V $O I= 2 $N CY$$$b$N$rE,MQ$7!$ inter v al = 5[sec] $H$7$?!% 3.2 <B4D6-$G$NI>2A<B837k2L I= 3 $K<B4D 6-$G $NI> 2A<B 837k 2L$r<( $9!%I= $N>e $, case A !$2< $, case B $N7k 2L $G $" $j!$ $= $l $> $l J? 6Q =j MW ;~ 4V!$ 7W;;%5!<%P$N2TF/N(!$B,Dj;~$NDL?. %9%k!<%W%C%H$r<($7 $F$$$k!% case A $G$O!$ RR $,Hs >o $K NI $$ @- G= $r <( $7 $F $$ $k!% $3 $l $O LOTH $G $O Hf 3S E* F1 $8 %5!< %P $, O" B3 $7 $F A* Br $5 $l $F$$$k$?$a$K!$A4BN$N=jMW;~4V$,D9$/ $J$C$?$H9M$($i$l $k!%$3$N $3 $H $+$i!$ C1 0L;~ 4V $" $?$j $N Request ?t$,Hs >o $KB?$$ >l 9g $K$O!$ Request $NDL?.!$ 7W ;; $N43 >D $,>. $5 $/ $J$k$h$&$J%9%1%8%e!<%j%s%0$,A4BN $N%9%k!<%W%C%H$N8~ >e$9$k$h$&E,@Z$K5!G=$9$k$3$H$,J,$+$k!% case B $G$O!$ LOTH $, :G$b 1~Ez ;~4V$, C;$+$C $?!%$3 $l $O Request H/ 9T 4V 3V $, Hf 3S E* D9 $$ $? $a!$ %5!< %P 3d $j Ev$F;~$N%j%=!<%9$NIi2Y>u67$r8+$FH=CG$7$?$b $N$,Hs>o $KNI$$@- G=$r <($9 $3$H$, J,$+ $k!% LOTH+L , LOTH+T $,$o$:$+$K@-G=$,Mn$A$F$$$k$N$O!$:#2s$N;q8; M=B,$,Hs >o$KC1=c$J$b$N$G$"$C$?$3$H!$3F%j%=!<%9$NIi2Y $r%P%i %s%9NI$/9MN8$7$FH=CG$r9T$o$J$+$C$?$3$H$K$h $k$b$N$H 9M $( $i $l $k!% $^ $?!$ case B $K $* $$ $F $b RR $, $h $$ @- G= $r<($7$F$*$j!$$3$l$b%j%=!<%9$N6%9g$rHr$1$k$h $&$J%9 %1%8%e!<%j%s%0$,9T$o$l$?$?$a$G$"$k!% 0lJ}!$ case A , case B $H $b LO AD $N 1~Ez;~ 4V$, Hs>o $KCY$/$J$C$F$$$?!%$3$l$O!$7W;;%5!<%P$N@-G=!$ Ii2YCM $N$_ $G%9 %1 %8%e!< %j%s %0 $7 $?7k 2L!$ $9 $Y$F $N Request $K BP$7$F J90 $,A*Dj$5$l$?$?$a$G$"$k!% 3.3 @- G= I> 2A %b %G %k $K $h $k %9 %1 %8%e!< %j %s %0 <j K! $N I>2A A0@a$NI>2A<B83$G$O!$7W;;%j%=!< %9$N6%9g$,>/$J$/$J $k $3 $H $K =E E@ $r $* $$ $? %9 %1 %8%e!< %j %s %0 %" %k %4 %j %: %‘ $,!$$h$jE,@Z$J;q8;>pJsM=B,$r9T$&$3$H$,J, $+$C$?!%$7 $+$7$J$,$i!$%0%m!<%P%k%3%s%T%e!<%F%#%s%0%7%9 %F%‘>e $G$N<B4D6-$K$*$1$kI>2A<B83$G$OB,Dj4D6-$,8B Dj$5$l$k $?$a!$$3$l$i$N%"%k%4%j%:%‘$K$D$$$FO@$8$k$? $a$NItJ, E*$J2r7hJ}K!$H$J$jF@$k$,!$0lHLE*$J@-G=$K$D $$$FO@$8 $k$K$OIT==J,$G$"$k!% $3$N>O$G$O!$MM!9$J%0%m!<%P %k%3%s%T%e!<%F%#%s%0%7 %9%F %‘ $d $= $N?6 Iq $$ $, I= 8= 2D G=$G $" $k @- G= I> 2A %b %G%k 12) $r MQ $$!$ %0 %m!< %P %k %3 %s %T%e!< %F%# %s %0 $N $? $a $N %9 %1 %8%e!<%j%s%0<jK!$K$D$$$F8!F$$9$k!% 3.3.1 @-G=I>2A%b%G%k$N35MW @-G=I>2A%b%G%k$G$O!$%0%m!< %P%k%3%s%T%e!<%F%#%s%0 %7 %9 %F %‘ $O %9 %1 %8%e!< %j %s %0 %f %K%C %H ( Ii 2Y %b %K %?!$ %j %=!< %9 %9 %1 %8%e!< %i!$ %j %=!< %9 >p Js DB) !$ %/ %i %$ %" %s %H!$%5!<%P!$%M%C%H%o!<%/$G9=@.$5$l$k!%$3$N $&$A%5!< %P!$%M%C%H%o!<%/$O!$BT$A9TNs$rMQ$$$FI=8=$9 $k!%BT$A 9TNs$rMQ$$$F%0%m!<%P%k%3%s%T%e!<%F%#%s%0%7%9 %F%‘$+ $iH/@8$9$k%G!<%?$d%8%g%V$H!$B>$N%7%9%F%‘$+$i @8@.$5 $l $k %G!< %? $d %8%g %V $r %7 %_%e %l!< %H $9 $k $3 $H $K $h $j!$ MM!9$J%0%m!<%P%k%3%s%T%e!<%F%#%s%0%7%9%F%‘$N 9=@.$d $=$N?6Iq$$$rI=8=$9$k$3$H$,$G$-$k!% 3.3.2 @-G=I>2A%b%G%k$K$h$kI>2A4D6- %7 %_%e %l!< %7%g %s $K $h $k %8%g %V %9 %1 %8%e!< %j %s %0 $N I> 2A 4D 6- $r ?^ 3 $K <( $9!% %5!< %P 5Z $S %/ %i %$ %" %s %H $O $= $l $> $l 0[ $J $k %5 %$ %H $K J, ;6 $7 $?!$ %5!< %P 2 � %/ %i %$ %" %s %H 4 $N 9= @. $H $J$C $F $$ $k!% S er v er A $O 7W ;; @- G= $, 9b $$ (400[Mops]) $, %/ %i %$ %" %s %H $+ $i $N %M%C %H %o!< %/ $NDL ?. %9 %k!< %W%C %H $, >. $5 $/ (0.20[MB/s]) !$ S er v er B $O 7W ;; @- G= $O 9b $/ $J $$ (40[Mops]) $,!$ %/ %i %$ %" %s %H $+ $i $N %M%C %H %o!< %/ $N DL ?. %9 %k!< %W%C %H $, Hf 3S E* 9b $$ (1.08[MB/s]) $b $N $H $9 $k!% $3 $l $O <B B, $H $[ $\ F1 MM $N @_ Dj $G $" $k $,!$ %/ %i %$ %" %s %H $O J# ?t $N %5 %$ %H $K J, ;6 $7 $F

5 I= 3 <B4D6-$G$N Linpack $rMQ$$$?%9%1%8%e!<%j%s%0$NB,Dj7k2L ( >e : case A , 2< : case B ) %9%1%8%e!<%i ;q8;M=B, J?6Q7W;;;~4V J?6QDL?.;~4V J?6Q=jMW;~4V %5!<%P$N2TF/N( B,Dj;~DL?.%9%k!<%W%C%H L T [sec] [sec] [sec] A (400M ops) B (40M ops) A [MB/s] B [MB/s] RR { { 2.879 14.821 18.269 0.151 0.353 0.169 0.687 LO AD { { 0.421 63.051 65.879 0.215 0.000 0.081 1.067 LO AD+L !{ { 0.409 65.956 67.935 0.199 0.000 0.035 1.074 LOTH { { 15.599 16.434 32.849 0.084 0.451 0.107 0.560 LOTH+L !{ { 13.396 21.050 35.264 0.129 0.449 0.121 0.680 LOTH+T { !{ 19.831 8.459 28.762 0.039 0.857 0.087 0.511 LOTH+L T !{ !{ 7.562 21.992 30.588 0.093 0.569 0.125 0.764 RR { { 2.303 10.725 13.606 0.094 0.121 0.138 0.898 LO AD { { 0.405 53.512 55.325 0.178 0.000 0.076 1.080 LO AD+L !{ { 0.392 54.299 57.115 0.169 0.000 0.052 1.073 LOTH { { 6.941 5.263 12.590 0.068 0.651 0.128 0.674 LOTH+L !{ { 4.822 12.964 18.407 0.154 0.260 0.135 0.744 LOTH+T { !{ 7.370 8.485 16.407 0.035 0.456 0.208 1.031 LOTH+L T !{ !{ 3.641 9.613 13.680 0.161 0.247 0.158 0.760 ?^ 3 @-G=I>2A%b%G%k$K$h$kI>2A4D6- $$$k$3$H$rA[Dj$7$F!$3F%/%i%$%" %s%H!$%5!<%P4V$N%M%C %H%o!<%/$,FHN)$7$F$$$kE@$,<BB,$H $O0[$J$C$F$$$k!%$^ $?!$ %/ %i %$ %" %s %H!& %5!< %P 4V $N %M%C %H %o!< %/ %P %s %I I} T net $O $9 $Y $F 1.5[MB/s] $H $7 $?!% 7W ;; %k!< %A %s $K $O <B B,F1MM!$ Linpac k $rMQ$$$?!% %7%_%e%l!<%7%g%s$GMQ$$$?%Q%i%a!< %?$r0J2<$K<($9!% %/%i%$%"%s%H LdBj%5%$%: n = 600 !% Request $NH/9T4V3V$O <0 1, 2 $G7hDj!% %M%C%H%o!<%/ %P%s%II} T net = 1.5[MB/s] !% ?^ 3 $N%9%k!<%W%C%H$r%7%_%e%l!<%H!% %5!<%P ?^ 3 $N@-G=$G F CFS $G=hM}!%2TF/N( 0.10 !% 1 2s $N %7 %_%e %l!< %7%g %s (replication) $K BP $7 $F A4 %/ %i %$%" %s%H $+$i $N Request $N Am?t $, 50 2s$K $J $k$^ $G%7 %_%e %l!< %7%g %s $r 9T $$!$ $= $l $r 0[ $J $k Mp ?t $N seed $r MQ $$$F 50 2s7+ $jJV$7 $?!% 50 2s $N replication $N J?6QCM $r %7%_%e%l!<%7%g%sCM$H$7$?!%$3$N%7 %_%e%l!<%7%g%sCM$O ?.Mj %l%Y %k 90[%] $K$*$$ $F ?.Mj 6h 4V � 10[%] L$K~$G $"$C $? 13) !% 3.3.3 %7 %_%e %l!< %7%g %s $K $h $k %9 %1 %8%e!< %j %s %0 $N I>2A7k2L I= 4 $K@-G=I> 2A%b%G%k $rMQ$$$? %9%1%8%e!<%j %s%0$N B, Dj7k 2L$r<( $9!% 3.2 F1MM!$>e $O3F%/ %i%$ %"%s%H $NH/9T 4V 3V $, 69 $$ $b $N ( case A ) !$ 2< $O 9- $$ $b $N ( case B ) $H $J$C $F$$$k!% case A , case B $H $b LOTH $, E, @Z $K %9 %1 %8%e!< %k $5 $l$F$$$?$3$H$,J,$+$k!%$3$l$O<B4D6-$NI>2A$H 0[$J$j!$ %M%C %H %o!< %/ $r FH N) $K @_ Dj $7 $F DL ?. $N 6% 9g $, 5/ $3 $i $J $+$C$?$?$a$K!$3F%j%=!<%9>pJs$r8+$FH=CG$7$?$b $N$,NI $$ 7k 2L $, F@ $i $l $? $H 9M $( $i $l $k!% 0l J} $G!$ LOTH+T , LOTH+L T $, LOTH $HHf3S $9$k$H $d$d1~Ez ;~4V$, CY$/ $J$C$F $$$? $N $O!$ Request $N=jMW ;~ 4V$, C; $+$C $?$? $a $K %7%_%e%l!<%7%g%s$K$*$1$kDL?.%9%k!<%W%C%H$N@- G=M=B, $,@53N$K9T$o$l$J$+$C$?$3$H$,82:_2=$7$?$H;W$o$l$k!% $^$?!$ RR $,0-$$@-G=$r <($7$?$N$O!$%7%_%e%l!<%7%g %s4D6-$G$O%M%C%H%o!<%/$N43>D$,$J$+$C$?$? $a!$%j%=!< %9$N>uBV$r9MN8$7$F%9%1%8%e!<%j%s%0$r9T$J$C$? $b$N$h $jCY$/$J$C$F$$$k!% 4. $^$H$a$H:#8e$N2]Bj K\9F$G$O!$%0%m!<%P%k%3%s%T%e!< %F%#%s%0$K$*$$$F%" %W%j%1!<%7%g%s%9%1%8%e!<%j%s%0$H%8%g%V%9 %1%8%e!<%j %s%0$rE}9g$9$k$?$a$N4pK\E*$J%9%1%8%e!<%j%s %0%U%l!< %‘ %o!< %/ $K $D $$ $F =R $Y $k $H $H $b $K!$ $= $N $? $a $N Ninf %7 %9 %F %‘ $K $* $1 $k %a %? %5!< %P %9 %1 %8%e!< %j %s %0 %U %l!< %‘ %o!<%/$N<BAu$H$=$l$rMQ$$$?%9%1%8%e!<%j%s%0<j K!$NI> 2A$K$D$$$F=R$Y$?!% <B4D6-$*$h$S@-G=I>2A%b%G%k $K$h$kI>2A<B83$h$j!$%0 %m!<%P%k%3%s%T%e!<%F%#%s%0%7%9%F%‘$N%j%=!<%9 $,6%9g $9$k $h$& $J 4D6- $G $O!$FC $K Request $,IQ HK $KH/ @8 $9$k $h $&$J>l 9g$K RR $N$h$&$K 3F Request $N6%9g$,>. $5$/ $J$k $h$&$J%9%1%8%e!<%j%s%0$,Hs>o$K$h$/5!G=$9$k$3 $H$,J, $+$C$?!%0lJ}!$%M%C%H%o!<%/%j%=!<%9$,43>D$7$J $$$h$& $J>l9g!$$9$J$o$AJ#?t%5%$%H$K%/%i%$%"%s%H$, J,;6$7$F $$$k $h$& $J >l9g $d Request 4V3V $,Hf 3S E* D9$$ >u 67$G $O!$ LOTH $N$h $& $K %j %=!<%9 >p Js $r 9M N8 $7$F %9 %1 %8%e!< %j %s %0$r9T$&$3$H$,=EMW$G$"$k$3$H$,<($5$l$?!%$^ $?!$%9%1 %8%e!<%j%s%0;~$N%j%=!<%9>pJs$r@53N$KM=B,$G$- $J$$>l 9g$K$O!$%j%=!<%9>pJs$r9MN8$7$F$bE,@Z$J%9 %1%8%e!<%j %s%0$,9T$($J$$$3$H$,<(:6$5$l$?!% $^$?!$0J2<$N%0%m!<%P%k%9%1 %8%e!<%j%s%0$K$*$1$k2]

6 I= 4 @-G=I>2A%b%G%k$G$N Linpack $rMQ$$$?%9%1%8%e!<%j%s%0$NB,Dj7k2L ( >e : case A , 2< : case B ) %9%1%8%e!<%i 7W;;;q8;M=B, J?6Q7W;;;~4V J?6QDL?.;~4V J?6Q=jMW;~4V %5!<%P$N2TF/N( L T [sec] [sec] [sec] A (400M ops) B (40M ops) RR { { 2.314 14.339 16.654 0.538 0.130 LOAD { { 1.689 9.375 11.064 0.387 0.148 LO AD+L !{ { 0.711 5.499 6.210 0.309 0.155 LOTH { { 0.377 3.752 4.129 0.248 0.162 LOTH+L !{ { 0.423 4.010 4.433 0.256 0.161 LOTH+T { !{ 1.002 6.981 7.983 0.346 0.151 LOTH+L T !{ !{ 0.908 6.783 7.691 0.339 0.152 RR { { 2.145 11.527 13.672 0.418 0.117 LOAD { { 0.964 5.726 6.690 0.293 0.130 LO AD+L !{ { 0.800 5.423 6.223 0.291 0.130 LOTH { { 0.374 3.554 3.928 0.247 0.135 LOTH+L !{ { 0.379 3.575 3.954 0.248 0.135 LOTH+T { !{ 0.612 4.701 5.313 0.272 0.132 LOTH+L T !{ !{ 0.636 4.816 5.452 0.275 0.132 Bj$,L@$i$+$K$J$C$?!% 7W;;%5!<%P$N@-G=$N;XI8 :# 2s $N B, Dj $G $O %" %W %j %1!< %7%g %s $H $7 $F 8G Dj %5 %$ %: $N Linpac k $rMx MQ $7 $? $,!$ %5!<%P7W;;5! $N@-G= $O!$%"%W %j%1!<%7%g%s $N<oN‘!$ LdBj%5%$%: Ey$K$h$j Bg$-$/0[ $J$k!%%9%1 %8%e!<%i$K E,@Z$J>pJs$r Ds6!$9$k $?$a$K$O!$ LdBj$N@- <A$H7W;; %5!<%P$N@-G=$KBP1~2DG=$J;XI8$,I,MW$G$"$k 14) !% :.;(EY$H%9%1%8%e!<%j%s%0<jK! Request $NH/@8EY9g$$ $K$h$C$F!$%9%1 %8%e!<%j%s %0$N%Q %i%a!<%?$N =E$_$, 0[$J$C$F$/$k $3$H$, L@$i$+$K $J$C$?!%%0%m!< %P%k%3 %s%T%e!<%F%#%s%0 %7%9%F %‘A4BN $N%9%k!<%W%C %H$r8~ >e$5$;$k%9 %1%8%e!<%j%s %0$r9T$& $?$a$K$O!$ $3$l$i $rE,@Z$KH=CG$9$kI,MW$,$"$k!% :# 8e $O @- G= I> 2A %b %G %k $G MM!9 $J 4D 6- $r A[ Dj $7 $? I> 2A $r9T$$!$$3$l$i$N2]Bj$K1~$($kDc%l %Y%k%9%1%8%e!<%j%s %0$r<B 8=$7$?$N $A!$ Net w o rk T ask $rE, @Z$K%j%=!<%9 $N 3d$jEv$F$k%8%g%V / %"%W%j%1!<%7%g%s%j%=!<%9%" %m%1!< %7%g%s$N%5%V%U%l!<%‘%o!<%/$rDs0F$9$kM=Dj$G$"$k!% <U <- F| :" $h $j $4 F$ O@ D: $/ EE ;R 5; =Q Am 9g 8& 5f =j 4X 8} CR ;L ;a!$ 9b LZ 9@ 8w ;a!$ ?7 >p Js 3+ H/ 5! 9= :4 F# ;0 5W ;a $K 46 <UCW$7$^$9!% ;2 9M J8 8% 1) Ninf: Net w ork Infrastructure for Global Com- puting. h ttp://ninf.etl.go.jp/. 2) Casano v a, H. and Dongara, J.: NetSolv e: A Net w ork Serv er for Solving Computational Sci- ence Problems, Pr o c e e dings of Sup er c omputing ’96 (1996). 3) Grimsha w, A. S. et al.: Legion: The Next Logincal Step T o w ard a Natio wide Virtual Computer, CS 94-21, Univ ersit y of Virginia (1994). 4) Arb enz, P ., Gander, W. and Oettli, M.: The Remote Computation System, T ec hnical Re- p ort 245, ETH (1996). 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 (1997). 6) Berman, F. et al.: Application-Lev el Sc hedul- ing on Distributed Heterogeneous Net w orks, Pr o c e e dings of Sup er c omputing ’97 (1996). 7) W eissman, J. B. and Zhao, X.: Sc heduling P arallel Applications in Distributed Net w orks, Journal of Cluster Computing (ac c epte d) . 8) F eitelson, D. and Rudolph, L.: Job Sche dul- ing Str ate gies for Par al lel Pr o c essing , Lecture Notes in Computer Science, Springer. 9) Raman, R., Livn y , M. and Solomon, M.: Matc hmaking: Distributed Resource Manage- men t for High Throughput Computing, Pr o- c e e dings of HPDC-7 (1998). 10) Abramson, D. et al.: The Nimro d Compu- tational W orkb enc h: A Case Study in Desk- top Metacomputing, Pr o c e e dings of A CSC97 (1997). 11) W olski, R., Spring, N. and P eterson, C.: Im- plemen ting a P erformance F orecasting Sys- tem for Metacomputing: The Net w ork W eather service, Pr o c e e dings of Sup er c omputing ’97 (1997). 12) C] K< , 9g ED , >. @n , Cf ED , >> 2, , :4 F# , 4X 8} , D9 Eh : 9- 0h 7W ;; %7 %9 %F %‘ $N %7 %_%e %l!< %7%g %s $K $h $k I> 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= $K8~$1$F {, JBNs=hM}%7%s %]%8%& %‘ JSPP’98 O@J8=8 , pp. 127{134 (1998). 13) Jain, R.: The art of c omputer systems p er- formanc e analysis , John Wiley & Sons, Inc. (1991). 14) 4X 8} , :4 F# , 0f ?\ , D9 Eh : Dj NL E* $J JB Ns %7 %9 %F %‘ $N %9%1!< %i %S %j %F%# I>2A ;X I8 , JB Ns=h M} %7 %s %] %8%& %‘ JSPP’96 O@J8=8 , pp. 235{242 (1996).