1 9-0h7W;;%7%9%F%‘$N%7%_%e%l!<%7%g%s$K$h$kI>2A |Ninf %7%9%F%‘$N9-0hJ,;64D6-$G$N%8%g%V%9%1%8%e!<%j%s%0<B8=$K8~$1$F | C] K< $" $D ;R y 1 9g ED 7{ ?M y 2 >. @n 9( 9b y 2 Cf ED =( 4p y 3 >> 2, Ao y 2 :4 F# ;0 5W y 4 4X 8} CR ;L y 3 D9 Eh 1@ J< y 5 9b @- G= 9-0h 7W ;; $r<B 8= $9 $k ;n$_ $, 9T $o $l$k 0l J}!$ 9b @-G= 9- 0h 7W ;;$N %9 %1 %8%e!<%j %s %0 $K 4X$9 $k L@ 3N $JCN 8+ $O F@ $i $l $F $$$J $$!% $3 $l $O 9- 0h %M%C %H%o!< %/ $G :F 8= @- $N $" $kBg 5, LO @- G= I> 2A $O Hs>o $K :$ Fq $G @- G= MW AG$K 4X $9 $k D4 :: $, IT == J, $J $?$a $G $" $k!% K\ 9F $G $O!$ 9b @- G= 9- 0h 7W ;;%7 %9 %F %‘ $K $* $1 $k %8%g %V %9 %1 %8%e!< %j%s %0 $N @- G= I> 2A $r 9T $& %7 %_%e %l!< %? $N @_ 7W 5Z$S <B Au $H!$ K\ %7 %_%e %l!< %? $r MQ $$ $? @- G= I> 2A $K $D $$ $F =R $Y$k!% K\ %7 %_%e %l!< %? $G $O!$ BT $A 9T Ns %b %G %k $r MQ $$B? MM $J 9- 0h 7W ;; %7 %9 %F %‘ $r %7 %_%e %l!< %7%g %s $9 $k $3 $H $, 2DG= $G $" $k!% K\ %7 %_%e %l!< %? $K $h $j <B :] $N 9- 0h 7W ;; %7 %9 %F %‘ $r %7 %_%e %l!< %7%g %s $7 $? 7k 2L!$ <B B, $H $[$\ F1 MM $N 7k 2L $, F@ $i $l!$ $= $N M- 8z @- $r 3N G’ $7 $?!% K\ 9F $G $O $^ $?!$ K\ %7 %_%e %l!< %? $r MQ $$ $? %8%g %V %9 %1 %8%e!< %j %s %0 <j K!$N@-G=I>2A7k2L$K$D$$$F$b=R$Y$k!% P erformance Ev aluation of Global Computing Systems b y Sim ulation A tsuk o T akefusa, y 1 Kento Aid a, y 2 Hir ot aka Oga w a, y 2 Hidemoto Nakad a, y 3 Sa toshi Ma tsuoka, y 2 Mitsuhisa Sa to, y 4 Sa toshi Sekiguchi y 3 and Umpei Na gashima y 5 While there ha v e b een sev eral prop osals of high p erformance global computing systems, job sc heduling schemes for the systems ha v e not b een w ell in v estigated. The reason is di�cul- ties of ev aluation b y large-scale b enc hmarks with repro ducible results. This pap er describ es design and implemen tation of the sim ulator that ev aluates job sc heduling sc hemes on the high-p erformance global computing system. The sim ulator can sim ulate v arious features on global computing systems b y adopting queueing mo del. E�ectiv eness of the sim ulator w as v eri�ed by the sim ulation results, whic h sho w ed same results as exp erimen tal results on a real global computing system. This pap er also sho ws sim ulation results of simple job sc heduling sc hemes b y the sim ulator. 1. $O $8 $a $K %M%C%H%o!<%/5;=Q$NH/E8$K$h$j!$ 9-0h%M%C%H%o!<%/>e $KJ,;6$7$?7W;;;q8;$d>pJs;q8;$r@Q 6KE*$K3hMQ$7!$2J3X 5;=Q7W;;$NJ,Ln$G$NBg5,LO7W;;MW5a$K 1~$($k$3$H$,4|BT $5$l$F$$$k!%6aG/$3$l$rL\E*$H$7$?9b @-G=9-0h7W;;%7%9 %F %‘ $, Ninf 1) $rI. F, $K J# ?tDs 0F $5 $l $F$$ $k 2) � 6) !% $3 $N $h $& $J 9b @- G= 9- 0h 7W ;; %7 %9 %F %‘ $K $* $1 $k 7W ;; %5!< %P $O %M%C%H%o!<%/>e$KJ,;6$9$kB??t$N%f!<%6 $K$h$j6&M-$5$l $k!%$=$N$?$a!$3F%f!<%6$N%j%/%(%9%H$K BP$70lDj$NMW5a @-G=$r$_$?$9$h$&E,@Z$J%5!<%P$rA*Br $7!$MxMQ$5$;$kI, y 1 $*Cc$N?e=w;RBg3X Ochanomizu Univ ersit y y 2 El5~9)6HBg3X T oky o Institute of T ec hnology y 3 EE;R5;=QAm9g8&5f=j Electrotechnical Lab oratory y 4 ?7>pJs=hM}3+H/5!9= Real W orld Computing P artnership y 5 J* <A 9) 3X 9) 6H 5; =Q 8& 5f =j National Institute of Materials and Chemical Researc h MW$, $" $k!% 0lJ}!$ => Mh $N WS %/%i %9 %? $H %a%C%;!< %8 DL ?. %i%$ %V%i%j $K$h $j<B8= $5$l $k LAN Fb $NJ,;6 JBNs =hM}$H 0[$J$j!$9b@-G=9-0h7W;;$G$O 7W;;%5!<%P$N@-G= / Ii2Y5Z $S%M%C%H%o!<%/$N%H%]%m%8 / @-G=$,IT6Q<A$G$"$k!%$5$i $K TCP/IP $G <B 8= $5 $l $k 9- 0h %M%C %H %o!< %/ $G $N DL ?. @- G=$OJQF0$,Bg$-$/M=B,$,:$Fq$G$"$k!%=>$C$F!$9b @-G=9- 0h7W ;;$N <B8=$K $O=> Mh$N LAN 4D6- $G$N %9%1 %8%e!<%j%s %0<jK!$H$O0[$J$kE,@Z$J9-0h%8%g%V%9%1%8%e!<%j %s%0<j K!$,MW5a$5$l$k!% 9b@-G=9-0h7W;;%7%9%F%‘>e $G$N%8%g%V%9%1%8%e!<%j%s %0 $O!$ Ninf, NetSolv e 2) , R CS 5) $J $I $N %7 %9 %F %‘ $G $= $N ;n $_ $, 9T $o $l $F $$ $k B>!$ AppLeS 7) !$ Prophet 8) $H $$$C$?9b@-G=9-0h7W;;%7%9%F%‘>e$G%8%g%V%9 %1%8%e!<%j %s%0$r@lLg$K9T$&%7%9%F%‘$bDs0F$5$l$F$$$k!% $^$?!$DL ?.%9%k!<%W%C%H$d%l%$%F%s%7Ey!$9-0h%M%C%H%o!< %/>e$G $N;q8;>pJs$rM=B, $9$k$?$a$N%7%9%F%‘$H$7 $F NWS 9) $, Ds0F$5$l$F$$$k!%$3$l$i$N%7%9%F%‘$N$$$/$D$+ $O4{$K9-

2 0h%M%C%H%o!<%/>e$K<BAu$5$l!$<B%7%9%F %‘$K$h$k<B837k 2L$,F@$i$l$F$$$k!% 9b@-G=9-0h7W;;%7%9%F%‘$G$N :GE,$J%8%g%V%9%1%8%e!< %j%s%0<jK!$r8!F$$9$k$?$a$K$O!$MM!9$J � %M%C%H%o!<%/%H%]%m%8$*$h$S%P%s%II} � %M%C%H%o!<%/$N:.;(EY5Z$S$=$NJQF0 � 3F7W;;;q8;$N@-G= � 3F7W;;;q8;$NIi2Y5Z$S$=$NJQF0 Ey$rA[Dj$7$?:F8=@-$N$"$kBg5,LO4D6- $G$NI>2A$,I,MW$G $" $k!% $7 $+ $7!$ 8= :_ 9T $o $l $F $$ $k $h $& $J <B %7 %9 %F %‘ $K $h$k<B83$N$_$G$O!$MxMQ2DG=$J7W;; ;q8;$d%M%C%H%o!<%/ %H %] %m %8 $, @) 8B $5 $l $k $? $a!$ MM!9 $J 4D 6- $r A[ Dj $7 $? :F 8= @- $N $" $k Bg 5, LO $J @- G= I> 2A $r 9T $& $3 $H $O Hs >o $K :$ Fq $G$"$k!%$=$N$?$a!$9-0h7W;;4D6-$G$N :GE,$J%8%g%V%9%1 %8%e!< %j %s %0 <j K! $K 4X $9 $k == J, $J I> 2A $O 9T $o $l $F $$ $J $$!% K\9F$G$O!$$3$l$i$NLdBj$r2r7h$9 $k$?$a!$9b@-G=9-0h 7W;;%7%9%F%‘$K$*$1$k%8%g%V%9%1%8%e!< %j%s%0<jK!$N@- G=I>2A$r9T$&%7%_%e%l!<%?$N@_7W$* $h$S<BAu$r9T$C$?!% K\%7%_%e%l!<%?$G$O!$9-0h7W;;%7%9%F%‘ $rBT$A9TNs$rMQ $$$F%b%G%k2=$9$k$3$H$K$h$j!$B?MM$J 9-0h7W;;%7%9%F%‘ $r%7%_%e%l!<%H$9$k$3$H$,2DG=$G$" $k!%K\%7%_%e%l!<%? $K$h$j<B:]$N9b@-G=9-0h7W;;%7%9%F%‘ $r%b%G%k$H$7$?%7 %_%e%l!<%7%g%s$r9T$C$?7k2L!$<BB,7k2L$H $[$\F1MM$N7k 2L$,F@$i$l!$$=$NM-8z@-$r3NG’$7$?!% K\9F$G$O$^$?!$K\ %7%_%e%l!<%?$rMQ$$$?%8%g%V%9%1%8%e!<%j %s%0<jK!$N@- G=I>2A7k2L$K$D$$$F$b=R$Y$k!% 0J8e 2 $G$O 9b@- G= 9-0h 7W ;;$N 35MW $K $D$$ $F =R$Y!$ 3 $G 9- 0h 7W ;; %7 %9 %F %‘ $N %b %G %k $K $D $$ $F =R $Y $k!% 4 $G $O K\ %7%_%e %l!<%? $N4p K\@-G= $NI> 2A$r9T $$!$ 5 $G%8%g %V%9 %1 %8%e!<%j%s%0<jK!$rI>2A$7$?7k2L$rJs9p$9$k!% 2. 9b@-G=9-0h7W;;$N35MW %M%C %H %o!< %/ 5; =Q $N H/ E8 $r A0 Ds $K!$ 9- 0h $K J, ;6 $7 $? 7W ;; 5! $d 5- 21 Au CV $H $$$C $? 7W ;; ;q 8; $r @Q 6K E* $K 3h MQ $7 $F Bg 5, LO 7W ;; $N MW 5a $K 1~ $( $k $3 $H $, 2D G= $H $J$C $?!% $3 $l $r L\ E* $H $7 $? 7W ;; 5; =Q $r 9b @- G= 9- 0h 7W ;; (Global Computing) $H8F$V!% $3 $N9b @- G=9- 0h 7W;; $r M-8z $K 1? MQ $9$k$?$a$N;n$_$,8=:_J#?t9T$o$l$F$$$k!% 9b@-G=9-0h7W;;%7%9%F%‘$O4pK\ E*$K0J2<$N%3%s%]!<%M %s%H$K$h$j9=@.$5$l$k ( ?^ 1 ) !% %/%i%$%"%s%H 9b @- G= 9- 0h 7W ;; %7 %9 %F %‘ $N %f!< %6 $X $N API !% %5!<%P 7W;;%i%$%V%i%jEy$N;q8;$rDs6!$9$k%7%9%F%‘ %8%g%V%9%1%8%e!<%i 3F9b@-G=9-0h7W;;%7 %9%F%‘$N%]%j %7!<$K=>$C$?%8%g%V%9%1%8%e!<%j%s%0 $r9T$&%7%9%F%‘ %G%#%l%/%H%j%5!<%S%9 7W;;%5!<%P$d%5!<%P $GDs6!$9$k %i%$%V%i%jEy$N>pJs$N=8Cf%9%H%l!<%8 %b%K%? 7W;;%5!<%P$*$h$S%M%C%H%o!<%/ $N%b%K%?%j%s%0 $H$=$l$i$N;q8;M=B,$r9T$&%7%9%F%‘ ?^ 1 9b@-G=9-0h7W;;$N<B9T$NN.$l 9b@-G=9-0h7W;;%7%9%F%‘$K$O$3$l$i$N5!G=$r$9 $Y$FDs6! $7 $F $$ $k %7 %9 %F %‘ (Ninf, NetSolv e, R CS) $H!$ <B 9T 4D 6- $r Ds 6! $9 $k %7 %9 %F %‘ (Legion, Globus) !$ %9 %1 %8%e!< %j %s %0 $r @l Lg $K 9T $& %7 %9 %F %‘ (Prophet, AppLeS) !$ %b %K%?$r@lLg$K9T$&%7%9%F%‘ (NWS) $,$"$k!% 6qBNE*$K $O9b@-G= 9-0h7W;; $O ?^ 1 $K<($9<j=g $G<B9T$5 $l$k!% (1) %b %K %? $O %5!< %P!$ %M%C %H %o!< %/ $N >p Js $r %b %K %? $7 $F$$$k!%%5!< %P;q8;$N >pJs$O%G%# %l%/%H %j%5!<%S%: $K$h$j4IM}$5$l$k!% (2) 7W ;; MW 5a $, H/ @8 $9 $k $H!$ %/ %i %$ %" %s %H $O 7W ;; $r <B 9T$9$kE, @Z$J%5!<%P $r%8%g%V%9 %1%8%e!<%i $KLd$$9g $o$;$k!% (3) %8%g %V %9 %1 %8%e!< %i $O %G%# %l %/ %H %j %5!< %S %9 $K Ld $$9g$o$;$? %/%i%$%" %s%H$NMW 5a$9$k7W ;;$H%5!<%P!$ %M%C%H%o!<%/ $J$I$N;q 8;>pJs$K $h$j!$E, @Z$J%5!<%P $rA*Dj$7!$%/%i%$%"%s%H$K>R2p$9$k!% (4) %/ %i %$ %" %s %H $O >R 2p $5 $l $? %5!< %P $K 7W ;; MW 5a $r H/ 9T$9$k!% (5) %5!<%P$O7W;;7k2L$r%/%i%$%"%s%H$KJV$9!% 3. 9b@-G=9-0h7W;;%7%9%F%‘%7%_%e%l!<%? 9b@-G=9-0h7W;;$N<B8=$K$O!$ 9-0h%M%C%H%o!<%/$KB8:_ $9$k7W;;;q8;$rM-8z$KMxMQ$7!$$+$D%/%i%$%"%s %H$N7W;; MW5a$N1~Ez;~4V$rC;=L$9$k$3$H$,5a$a$i$l$k!% 4{$K<B:] $N9-0h%M%C%H%o!<%/>e$G9b@-G=9-0h7W;;%7%9%F%‘ $N<BAu $H $= $N I> 2A $, 9T $o $l $F $$ $k 2),3),5),6),10) $,!$ 9- 0h %M%C %H %o!<%/$G:F8=@-$N$"$kBg5,LO$J@-G=I>2A$r9T$& $3$H$OHs >o $K :$ Fq $G $" $j!$ I> 2A $G Mx MQ 2D G= $J 7W ;; ;q 8; $d %M%C %H %o!<%/%H%]%m%8$b8BDj$5$l$k!%$^$?!$:#8e$N9- 0h%M%C%H %o!<%/$N@0Hw$rA0Ds$H$7$?9b@-G=9-0h7W;;%7%9 %F%‘$N5s F0$rD4::$9$kI,MW$,$"$j!$<B%7%9%F%‘$K$h$kI> 2A$@$1$G $O3F9b@-G=9-0h7W;;%7%9%F%‘$K$*$1$k%8%g%V %9%1%8%e!< %j%s%0<jK!$N@5Ev@-$r<B>Z$9$k$K$OIT==J,$G$"$k!% $=$3$G!$%M%C%H %o!<%/$N%H %]%m%8 / :.;(EY!$3F7W ;;;q 8;$N@-G= / Ii2Y$J$I!$9b@-G=9-0h7W;;$K$*$1$k MM!9$J4D 6-$rA[Dj2DG=$J@-G=I>2A<jK!$,I,MW$G$"$j!$$3 $N@-G=I>

3 ?^ 2 9b@-G=9-0h7W;;%7%9%F%‘$N%7%_%e%l!<%7%g%s%b%G%k 2A<jK!$H$7$F!$9b@-G=9-0h7W;;%7 %_%e%l!<%?$r@_7W!$<B Au$7$?!%K\%7%_%e%l!<%?$rMQ$$$k$3$H $K$h$j!$9b@-G=9- 0h 7W ;; %7 %9 %F %‘ $r <B 8= $9 $k $? $a $N Ld Bj E@ $r Cj =P $9 $k $H $H $b $K!$ 9b @- G= 9- 0h 7W ;; $r <B 9T $9 $k :] $N 9- 0h %8%g %V %9 %1%8%e!<%i$K$h$k:GE,$J7W;;%5!<%P$N A*Br!J%8%g%V%9%1 %8%e!<%j%s%0!K<jK!Ey$r8!F$$9$k$3$H$,$G$-$k!% 3.1 %7%_%e%l!<%7%g%s%b%G%k$N35MW K\%7%_%e%l!<%7%g%s%b%G%k$G$O!$9b@- G=9-0h7W;;%7%9 %F%‘$O%8%g%V%9%1%8%e!<%i!$%/%i%$ %"%s%H!$%5!<%P!$%/ %i%$%"%s%H$H%5!<%P4V$N%M%C%H%o!< %/!J1}O)!&I|O)!K$K $h $j 9= @. $5 $l $k!% $3 $N $& $A %5!< %P!$ %M%C %H %o!< %/ $O ?^ 2 $K <( $9 $h $& $J BT $A 9T Ns %b %G %k $r MQ $$ $F I= 8= $9 $k!% ?^ 2 Cf $N!$ Q ns , Q nr , Q s $O$=$l$> $l%/ %i%$%" %s%H $+$i %5!<%P $X$N%M%C%H%o!<%/!J1}O)!K!$%5!<%P$+$i%/ %i%$%"%s%H$X $N%M%C%H%o!<%/!JI|O)!K!$%5!<%P$rBT$A9T Ns$GI=$7$?$b $N $G $" $k!% $^ $?!$ C l ientA $H A 0 $O F1 0l %/ %i %$ %" %s %H $r I= $7!$ C l ientB $H C l ientC $O F1 0l %5 %$ %H $K $" $k %/ %i%$%"%s%H$rI=$9!%F10l%5%$%H$N%/%i %$%"%s%H$+$iF1$8 %5!<%P$K%G!<%?$rE>Aw$9$k>l9g!$F1$8 %M%C%H%o!<%/$r6& M-$9$k$H9M$($i$l$k!%=>$C$F!$F10l%5%$ %H$N%/%i%$%"%s %H$+$iF1$8%5!<%P$K%G!<%?$,E>Aw$5$l $k>l9g$OF1$8%M%C %H%o!<%/$NBT$A9TNs$K%G!<%?$,E>Aw$5$l$k$b$N$H$9$k!% 9b@-G=9-0h7W;;%7%9%F%‘$G$O!$ 9-0h%M%C%H%o!<%/>e$K BP>]$H$9$k9b@-G=9-0h7W;;%7%9%F%‘0J 30$N%7%9%F%‘$+$i E>Aw$5$l$k%G!<%?$d$=$N7W;;%5!<%P$HF1 0l%^%7%s>e$G<B 9T$5$l$F$$$k9b@-G=9-0h7W;;0J30$N %8%g%V$,B8:_$7!$$3 $l$i$, 9b @- G=9- 0h 7W;; MW 5a !J0J8e Request $H$9$k!K $N 1~ Ez;~4V$KBg$-$J1F6A$rM?$($k!% =>$C$F!$%7%_%e%l!<%7%g %s $G $O $3 $l $i $N 9b @- G= 9- 0h 7W ;; %7 %9 %F %‘ 0J 30 $+ $i H/ @8 $9$k%G!<%?$d%8%g%V!J30Mp!K$rA[Dj$G$- $kI,MW$,$"$k!% K\ %7 %_%e %l!< %? $G $O!$ $3 $l $i $N 30 Mp $r Q ns , Q nr , Q s $K E~Ce$9$k%G!<%?$^$?$O%8%g%V$K$h$jI= 8=$9$k!%6qBNE*$K $O!$ ?^ 2 $K<($9$h$&$K!$ Q ns , Q nr , Q s $K$O!$ Request $K $h $k $b $N $H $O JL $K!$ 30 Mp $r I= $9 %G!< %? $^ $? $O %8%g %V $, E~ Ce $9 $k!% ?^ Cf $N � ns , � nr , � s $O!$ $= $l $> $l Q ns , Q nr , Q s $K E~ Ce $9 $k Request $H 30 Mp $K $h $k %G!< %? $^ $? $O%8%g%V$r9g$o$;$?E~CeN($G$"$j!$ � ns = � ns r eq uest + � ns other s (1) � nr = � nr r eq uest + � nr other s (2) � s = � s r eq uest + � s other s (3) $N4X 78$, $"$k!% $3 $3$G � ns r eq uest $O Request $N %G!<%? $N O@ M} %Q %1%C %H $N E~ Ce N( , � ns other s $O Request 0J 30 $N %8%g %V !J%G!< %? $N O@ M} %Q %1%C %H!K $N E~ Ce N( $r I= $9!% � nr r eq uest , � nr other s , � s r eq uest , � s other s $K$D $$$F $bF1MM$G$"$k!% %/%i %$ %" %s %H$+ $i H/ 9T $5 $l$? Request $O!$0J2< $N %Q %i %a!<%?$r ;}$A!$ Q ns , Q s , Q nr $N=g$G3F BT$A 9TNs$G =hM} $5$l$k!% � 1i;;?t : W s � E>Aw%G!<%?NL!J1}O)!K : W ns � E>Aw%G!<%?NL!JI|O)!K : W nr W s $O Request $K$h$C$F%5!<%P>e$G<B9T$5$l$k7W;;%i%$ %V %i %j $N 1i ;; ?t $r 0U L# $9 $k!% W ns $O!$ %/ %i %$ %" %s %H $+ $i%5!<%P$XE>Aw$5$l$k%5!<%P>e$G$N7W;;$KI,MW $J%G!<%? $N E> Aw NL!$ W nr $O %5!< %P $+ $i %/ %i %$ %" %s %H $X E> Aw $5 $l $k7W;;7k2L$N%G!<%?NL$r0UL#$9$k!% %/%i%$%"%s%H!$%/%i%$%"%s %H!&%5!<%P4V$N%M%C%H%o!< %/!$%5!<%P$K$*$1$k6qBNE*$J=hM}$r0J2<$K<($9!% 3.1.1 %/%i%$%"%s%H %/ %i %$ %" %s %H $G $O � r eq uest $N3N N( $G Request $rH/ 9T $9 $k!% Request $,H/9T $5 $l $k$H %/ %i %$%" %s %H $O%9 %1 %8%e!< %i $K Request $K 4X $9 $k >p Js $r Ds 6! $7!$ $= $N Request $K E,@Z$J%5!<%P$rLd$$9g$o$;$k!%%5!<%P$,7hDj$9$k $H7W;; $K I, MW $J %5 %$ %: W ns $N %G!< %? $r O@ M} %Q %1%C %H C1 0L $K J, 3d $7!$ � pack et $N 3N N( $G Q ns $K O@ M} %Q %1%C %H $r Ej F~ $7 $F $$ $/!% %5!< %P $G =h M} $, =* N; $9 $k $H!$ Q nr $+ $i O@ M} %Q %1%C %H $K J, 3d $5 $l $? %G!< %? $r <u $1 $H $j!$ A4 $F $N O@ M} %Q %1%C%H $,E~ Ce $7$? ;~ E@ $G Request $,=* N;$9 $k!% $3$3 $G O@ M}%Q %1%C %H$N EjF~ N( � pack et $O %M%C %H%o!< %/$N %P%s %I I} $r T net [b yte/s] !$O@ M} %Q %1%C %H %5 %$ %: $r W pack et [b yte] $H$9$k$H0J2<$N$h$&$KDj$a$k!% � pack et = T net =W pack et (4) 3.1.2 %/%i%$%"%s%H$+$i%5!<%P$X$N%M%C%H%o!<%/ Q ns $K $O M/M/1/N $N M- 8B %P%C %U%! BT $A 9T Ns 11),12) $r:NMQ$9$k!% Q ns $K M/M/1/N BT$A9TNs%b%G %k$rMQ$$ $kMxE@$O!$ � � ns other s $rE,@Z$K@_Dj $9$k$3$H $K$h$j!$ <B:]$N9- 0h%M%C%H%o!< %/$NFC @-!JDL?. %9%k!<%W%C%H!K $rHf3S E*MF0W$KI=8=$G$-$k . � TCP/IP $K $h $k %G!< %? Aw =P ;~ $N %G!< %? $N :F Aw $r I= 8=$G$-$k!% Ey$G$"$k!% Q ns $K $O %/ %i %$ %" %s %H $+ $i H/ 9T $5 $l $? O@ M} %Q %1%C %H $H!$ 30 Mp $N %G!< %? $, E~ Ce $9 $k!% $3 $N :]!$ BT $A 9T Ns %P%C %U%! $, 0l GU $J $i $P 30 Mp %G!< %? $O GK 4~ $5 $l!$ Request $N O@ M} %Q %1%C %H $O :F Aw $5 $l $k!% Q ns $K F~$C $? Request $N O@M}%Q%1%C%H$O Q ns $NBT$A9TNs%5!<%P>e$G [ O@M}%Q%1%C %H%5%$ %: / %M%C%H %o!<%/ $N %P%s %II} ] ;~4V=h M} $5$l!$ Q s

4 $KEjF~$5$l$k!%30Mp$N%G!<%?$OF1MM$K =hM}$5$l$?8e!$GK 4~$5$l$k!% 30 Mp %G!< %? $N E~ Ce N( � ns other s $O!$ Q ns $K $h$C $F I= $5 $l $k %M%C %H %o!< %/ >e $N DL ?. %9 %k!< %W%C %H T act $r 7h Dj $9$k %Q %i%a!< %? $G $" $k!% 6qBN E* $K $O!$ � ns other s $r9b$/ @_ Dj $7 $? >l 9g!$ Q ns $N %P%C %U%! Cf $K B8 :_ $9 $k 30 Mp %G!< %? $N J? 6Q %Q %1%C %H ?t $, B? $/ $J $k $? $a!$ Q ns $K E~ Ce $7 $? Request $N%Q%1%C%H$,%P%C%U%!$KF~$j @Z$i$:$K:FAw$5$l $k 3N N( $, 9b $/ $J $k!% 5U $K � ns other s $r Dc $/ @_ Dj $7 $? >l 9g $O!$ Q ns $K E~ Ce $7 $? Request $N %Q %1%C %H $, :F Aw $5 $l $k 2D G= @- $, Dc $/ $J $k!% B( $A $3 $l $O!$ E, @Z $J � ns other s $r @_ Dj $9 $k $3 $H $K $h $j!$ %M%C %H %o!< %/ >e $G E> Aw $5 $l $k Request $NDL?.%9%k!<%W%C%H$r%7 %_%e%l!<%7%g%s$GI=8= 2DG=$G$"$k$3$H$r0UL#$9$k!% %P%s%II} T net $N%M%C%H%o!<%/$G!$ T act $NDL?.%9%k!< %W%C%H $rF@ $k $? $a $N � ns other s $O!$0J 2< $N<0 $K $h $j7h Dj $9$k!% � pack et � ns other s + � pack et = T act T net , � ns other s = ( T net T act � 1) � � pack et (5) $3$3$G � pack et $O <0 (4) $K$h$j7hDj$9$k!% Nc$( $P!$ T net = 1.0[MB/s], W pack et = 0.1[MB] $H $$$&>r7o$G!$ T act = 0.1[MB/s] $H$J$k$h$&$J>u67$r%7 %_%e%l!<%7%g%s$GI=8=$9$k$K$O!$ � pack et = 1 : 0 = 0 : 1 = 10 (6) � ns other s = (1 : 0 = 0 : 1 � 1) � 10 = 90 (7) $H$9$l$P$h$$!% $^ $?!$ $3 $N $h $& $K � ns other s $r 7h Dj $9 $k $H!$ Q ns $K $* $1 $k J? 6Q %P%C %U%! D9 $O M- 8B %P%C %U%! D9 N $H $[ $\ Ey $7 $/ $J $k!% =>$C $F!$ Q ns $K Ej F~ $5 $l $k $" $i $f $k %G!< %? $K BP$7!$M-8B%P%C%U%!$K$"$k%G!<%?J,$NCY 1d$,@8$8$k!%K\ %7%_%e%l!<%7%g%s$G$O$3$l$r9-0h%M%C%H %o!<%/$K$*$1$k J?6Q DL?. CY 1d T latency $H$7!$0J 2< $N $h$& $K M- 8B %P%C%U%! D9 N $rDj$a$k!% W pack et � N T net ’ T latency , N ’ T latency � T net W pack et (8) $? $@ $7!$ N = 1 $N $H $- $N BT $A 9T Ns $N 5s F0 $, Hs >o $K IT 0B Dj$G$"$k$?$a!$ N � 2 $H$9$k!% 3.1.3 %5 !< %P K\ %7 %_%e %l!< %7%g %s $G $O!$ %5!< %P >e $N %8%g %V $O!$ First Come First Serv ed !J F CFS !K $G =h M} $5 $l $k $b $N $H $7!$ Q s $K $O M/M/1 BT $A 9T Ns 11),12) $r MQ $$ $k!% $? $@ $7!$ %5!<%P$G$N%8%g%V%9%1%8%e!<%j%s%0J}<0 $,%?%$%‘%7%’%" %j%s %0Ey $N0[ $J$k J}<0 $r$H$k >l9g!$ Q s $OBP 1~$9 $kBT $A 9TNs%b%G%k$KE,59JQ992DG=$G$"$k!% Request $N%8%g %V $O 4X O" $9 $k Request $N%Q%1%C %H $, $9 $Y $F Q ns $+ $i =P $? ;~ E@ $G Q s $K Ej F~ $5 $l $k!% Request $N %8%g %V $O Q s $N @- G= $, T ser $N %5!< %P >e $G [ W s =T ser ] ;~4V =h M}$5 $l!$ =hM} $,=* $k $H%5 %$%: W nr $N Request $N %G!< %? $, :F $S O@ M} %Q %1%C %H $K J, 3d $5 $l $F Q nr $K Ej F~ $5 $l $k!% 30 Mp $N %8%g %V $O F1 MM $K Q s $N %5!< %P >e $G [ 30 Mp $N %8%g%V $N 1i ;; ?t / T ser ] ;~4V =h M} $5 $l $? 8e!$ GK 4~ $5 $l $k!% 30 Mp $N %8%g %V $N E~ Ce N( � s other s $O %5!< %P $N 2T F/ N( $r 7hDj$9$k%Q%i%a!<%?$G$"$k!%K\%7%_%e%l!<%7%g%s $G$O30 Mp $N %8%g %V $N J? 6Q 1i ;; ?t $r W s other s !$ 2T F/ N( U [%] $N $H$7$?$H$-$N � s other s $r0J2<$N$h$&$K7hDj$9$k!% � s other s = T ser W s other s � U 100 (9) 3.1.4 %5!<%P$+$i%/%i%$%"%s%H$X$N%M%C%H%o!<%/ 3.1.2 $H F1 MM $K Q nr $O M/M/1/N $N M- 8B %P%C %U%! BT $A 9T Ns $r :N MQ $7!$ Q nr $K $O Request $N O@ M} %Q %1%C %H $H 30 Mp $N %G!< %? $, E~ Ce $9 $k!% Request $N %Q %1%C %H $O Q nr $N %5!< %P >e $G [ %Q %1%C %H %5 %$ %: / %M%C %H %o!< %/ $N %P %s %I I} ] ;~ 4V $G =h M} $5 $l!$ %/ %i %$ %" %s %H $K E> Aw $5 $l $k!% � nr other s $O � ns other s $HF1MM$K7hDj$9$k!% 3.2 %7%_%e%l!<%?$N<BAu K\ %7 %9 %F %‘ $O %* %V %8%’ %/ %H ;X 8~ 8@ 8l $N Ja v a $G <B Au $7 $?!% %7 %_%e %l!< %7%g %s 4D 6- $N @8 @. It J, $r Abstract F actory %Q%?!<%s 13) $G<BAu$7$F$$$k$?$a!$ � %/%i%$%"%s%H!$%5!<%P!$%M%C%H%o!<%/$N9=@. � 9-0h%8%g%V%9%1%8%e!<%j%s%0%b%G%k � BT$A9TNs ( %M%C%H%o!<%/ / %5!<%P$G$N=hM}J}K! ) � Mp?tJ,I[ Ey$rMF0W$KAH$_JQ$($k$3$H$,$G$-$k!% $^ $?!$ Ja v a $G 5- =R $9 $k $3 $H $K $h $j!$ 0J 2< $N Mx E@ $, F@ $i$l$k!% � %,%Y!<%8%3%l%/%7%g %s$N5!G= $K$h$j!$%a %b%j4I M}$N I,MW$,$J$$!% � 3FBT$A9TNs$G$N 30Mp$N%G!< %?$NE~Ce 4V3V$J $I!$8D!9 $N%*%V%8%’%/ %H$KBP$7 $FFHN)$N Mp?t7ONs$, ;XDj$G$- $k$?$a!$=@ Fp$J%7 %_%e%l!<%7%g %s%;%C%F%#%s %0$,2D G=$H$J$k!% Ja v a $O C++ Ey $N 8@ 8l $H Hf 3S $9 $k $H <B 9T B. EY $, Dc B. $G $O $" $k $,!$ C 8@ 8l $X $N JQ 49 $d JIT $N ;H MQ $, 2D G= $J $? $a!$<BMQ>e$OLdBj$J$$!% 4. %7%_%e%l!<%?$NI>2A 3 $G Ds 0F $7 $? %7 %_%e %l!< %7%g %s %b %G %k $N @5 Ev @- $r I> 2A $9$k $?$a!$ K\%7%_%e %l!<%? $rMQ $$!$ ?^ 3 $K<( $9<B :]$N9b @- G= 9- 0h 7W ;; %7 %9 %F %‘ $r Nc $K $7 $? %7 %_%e %l!< %7%g %s $r 9T$C$?!%?^Cf$N3g8LFb$K$O3F%/%i%$%"%s%H$H%5!< %P4V$N FTP %9%k!<%W%C %H!$ ping %l%$%F %s%7 $,<( $5 $l$F $$$k!% $J$*!$ ?^ 3 $K <($9 4D6-$K $D$$ $F$O!$<B B,$K$h $k<B 9T7k2L $,F@ $i $l $F $$ $k $? $a 10) !$%7 %_%e %l!< %H $9 $k 9b @- G= 9- 0h 7W ;;%7%9%F%‘$H$7$F Ninf %7%9%F%‘$rA[Dj$9$k!% I>2A$G $O!$ Ninf %/%i%$%" %s%H$+ $i Ninf call $r=EJ#$7 $J$$$h$& $KH/ 9T$7 $F3F Q ns , Q s , Q nr $G$N=j MW;~ 4V$rB, Dj$7!$DL?.%9%k!<%W%C%H$H@-G=$r;;=P$7$?!%$^$?!$

5 ?^ 3 9b@-G=9-0h7W;;$N7WB,4D6- � LdBj%5%$%: � O@M}%Q%1%C%H%5%$%: � 4|BT$5$l$kDL?.%9%k!<%W%C%H $,0[$J$k>r7o$G$N%7%_%e%l!<%7%g%s7k2L$r<($9!% 4.1 %7%_%e%l!<%7%g%s4D6- Ninf %5!< %P $K $O EE ;R 5; =Q Am 9g 8& 5f =j (ETL) $N Cra y J90 (4PE 9= @. ) $r A[ Dj $7!$ 7W ;; @- G= $O 500[M ops] !$ First Come First Serv ed(F CFS) $G A4 $F $N %8%g %V $r %G!< %? JB Ns $K =h M} $9 $k $3 $H $r A0 Ds $H $9 $k!% $^ $? Ninf %5!< %P $N J? 6Q 2T F/ N( $O!$ <B B, ;~ $N J90 $N 2T F/ N( $r 9M N8 $7 $F 4% $H$7$?!% %/ %i %$ %" %s %H $K $O $* Cc $N ?e =w ;R Bg 3X (Oc ha-U) !$ El 5~Bg3X (U-T oky o) !$L>8E209) 6HBg3X (NIT ec h) !$ El5~9) 6H Bg 3X (TIT ec h) $r A[ Dj $7!$ Oc ha-U $r MQ $$ $? C1 0l %/ %i %$ %" %s %H $N %7 %_%e %l!< %7%g %s $H!$ 4 $D $N %5 %$ %H $K J, ;6 $7 $? J# ?t %/ %i %$ %" %s %H $K $h $k %7 %_%e %l!< %7%g %s $r 9T $&!% %/ %i %$ %" %s %H!& %5!< %P 4V $N %P %s %I I} T net $O $$ $: $l $b 1.5[MB/s] $H$7$?!% %/ %i %$ %" %s %H $N %W %m %0 %i %‘ $N %b %G %k $O!$ Linpac k $N %j %b!< %H %i %$ %V %i %j $r 7+ $j JV $7 8F $S =P $9 $b $N $H $7 $?!% Linpac k $O%,%& %9$N >C5nK! $rMQ $$$F L)9TNs $NO" N)0l <!J} Dx<0$r5a2r$7!$%j%b!<%H<B9T$G$O LU J,2r!$8eB‘BeF~$r 7W;;%5!< %P >e$G <B 9T$9 $k!% 1i;; ?t $O 2 = 3 n 3 + 2 n 2 !$0z?t $r4^$a$?DL?.NL$O 8 n 2 + 20 n + O (1) [b yte] $G$"$k!% 0J2<$K%7%_%e%l!<%7%g%s$GMQ$$$? %Q%i%a!<%?$r<($9!% %/%i%$%"%s%H � Linpac k $NLdBj%5%$%: n : n = 600, 1000, 1400 � Request $NH/9TN( � r eq uest : � r eq uest = 1 / !J [ 4| BT$5 $l $k Request $N =j MW;~ 4V ] + inter v al !K !J inter v al $O 3F %/ %i %$ %" %s %H $G $N Request $,=EJ#$7$J$$$h $&$KC10l%/ %i%$%"%s%H $G$O 20[sec] !$ J# ?t %/ %i %$ %" %s %H $G $O 5[sec] $H $9 $k!K!$ %l%.%e%i!<E~Ce � Request $N%G!<%?$NO@M}%Q%1%C%H : %5 %$ %: W pack et = 10, 50, 100[KB] !% W pack et $O ;n 9T $N 4V 8G Dj!% E~ Ce N( � pack et $O $= $l $> $l 150.0, 30.0, 15.0 !J <0 (4) $h$j!K$G%]%"%=%sE~Ce!% %M%C%H%o!<%/ � %M%C%H%o!<%/$G$N=hM}!’ %P%s%II} T net = 1.5[MB/s] $G F CFS !% � 30Mp$N%G!<%?$N%Q%1%C%H : J? 6Q %G!< %? %5 %$ %: $O W pack et $H F1 $8 $G ;X ?t J, I[ $K =>$&!% � ns other s , � nr other s $O <0 (5) $G 7hDj!% %] %"%=%sE~Ce!% %5!<%P � %5!<%P$G$N=hM}!’ @-G= T ser = 500[M ops] $G F CFS !% � 30Mp$N%8%g%V!’ J? 6Q 1i ;; ?t $O 10[M op] $G ;X ?t J, I[ $K => $&!% � s other s $O 2T F/ N( 4[%] $H $J $k $h $& <0 (9) $G 7h Dj$9$k!%%]%"%=%sE~Ce!% %7%_%e %l!<%7%g %s $O0[ $J $kMp ?t $N seed $rMQ$$ $F 30 2s 9T$$!$$=$NJ?6QCM$r%7%_%e%l!<%7%g%sCM$H$7 $?!%%7%_%e %l!<%7%g%s CM$O $9$Y $F?. Mj %l%Y %k 95[%] $K$*$$$F ?.Mj 6h 4V � 10[%] L$K~$G$"$C$? 12) !% 4.2 %7%_%e%l!<%7%g%s7k2L Oc ha-U - ETL 4V $G %/ %i %$ %" %s %H!$ %5!< %P $r 1 BP 1 $H$7 $?$H $-$N%7 %_%e%l!< %7%g%s 7k2L$r I= 1 $K<( $9!%I=Cf $N n $O Ld Bj %5 %$ %:!$ W pack et $O Request $N %G!< %? $N O@ M}%Q %1%C %H %5 %$ %: [KB] !$ T sim , P sim $O %7 %_%e %l!< %7%g %s$G4Q B,$5 $l $?DL ?.%9 %k!< %W%C%H $H@- G=!$ T act , P act $O DL?.%9%k!<%W%C%H$H@-G=$N<BB,CM$r<($9!% I= 1 $h$j!$3FLdBj %5%$%: n $K$*$$$FO@ M}%Q%1%C%H %5%$ %: W pack et $,Bg $- $/ $J $k $H!$ %7 %_%e %l!< %7%g %s CM $,<B B, CM $h $j $d $d Dc 2< $7 $F $$ $k $b $N $N!$ T sim $H T act !$ P sim $H P act $O $= $l $> $l $[ $\ Ey $7 $$ 7k 2L $, F@ $i $l $F $$ $k!% $3 $l $O W pack et $r 100[KB] $H $7 $F %7 %_%e %l!< %7%g %s %3 %9 %H$r:o8:$7$F$b!$B=?’$N$J$$%7%_%e%l!<%7%g%s$, <B9T2D G=$G$"$k$3$H$r<($7$F$$$k!%$^$?!$LdBj%5%$%:$, 0[$J$k >l9g$K $*$$ $F $b T sim $O T act $O$=$l $>$l $[ $\F1 DxEY $N%9 %k!<%W%C%H$H$J$C$F$$$?!% I= 2 $K O@ M} %Q %1%C %H %5 %$ %: $r 100[KB] $N$H $- $N!$ J# ?t %5%$%H!$J#?t%/%i%$%"%s%H$rA[Dj$7$?%7%_%e %l!<%7%g%s 7k 2L $r <( $9!% W pack et = 100[KB] $G $" $k $? $a!$ I= 1 F1 MM$KDL?.%9%k!<%W%C%H!$@-G=$O<BB,CM$h$j$d$dDc $$$b$N $N!$ $[ $\ F1 Dx EY $N %7 %_%e %l!< %7%g %s CM $, F@ $i $l!$ K\ %7 %_%e %l!< %? $K $h $j 10) $N I> 2A <B 83 $r :F 8= $9 $k $3 $H $, $G $- $?!% $^ $?!$ 0[ $J $k T act $r A[ Dj $7 $F $b <B B, CM $H %7 %_%e %l!<%7%g%s$,$[$\F1$8DL?.%9%k!<%W%C%H$r<($7$? $3$H$+ $i!$K\%7%_%e%l!<%7%g%s$N<jK!$ODL?.%9%k!<%W%C %H$,0[ $J$k>l9g$K$*$$$F$b!$?.Mj@-$N$"$k5sF0$r<($9 $3$H$,J, $+$k!% 5. %8%g%V%9%1%8%e!<%j%s%0<jK!$NI>2A K\%7%_%e%l!<%?$rMQ$$$?9b@-G=9- 0h7W;;%7%9%F%‘$K$* $1$k%8%g%V%9%1%8%e!<%j%s%0<jK!$NI>2ANc$H$7 $F!$0J2< $N4pK\E*$J%8%g%V%9%1%8%e!<%j%s%0<jK!$NI>2A7k 2L$r<( $9!% 3F%/%i%$%"%s%H$G Round Robin : LRR 3F %/ %i %$ %" %s %H $O $= $l $> $l =g HV $K %5!< %P $r A* Br $7!$ Re- quest $r%5!< %P $K EjF~ $9 $k!%:# 2s $O:G 0- $N %1!<%9 $r

6 I= 1 C10l%/%i%$%"%s%H$K$h$k%7%_%e%l!<%7%g%s7k2L (OCHA-U - ETL 4V ) %7%_%e%l!<%7%g%sCM <BB,CM n W packet [KB] T sim [KB/s] P sim [M ops] T act [KB/s] P act [M ops] 10 159.947 7.998 600 50 158.169 7.910 161 7.68 100 155.188 7.760 10 130.436 10.873 1000 50 129.051 10.757 131 10.50 100 128.124 10.680 10 146.672 17.115 1400 50 146.520 17.097 147 16.42 100 145.568 16.986 I= 2 W pack et = 100[KB] $N$H$-$NJ#?t%/%i%$%"%s%H$rA[Dj$7$?%7%_%e%l!<%7%g%s7k2L %7%_%e%l!<%7%g%sCM <BB,CM n UNIV. T sim [KB/s] P sim [M ops] T act [KB/s] P act [M ops] Oc ha-U 122.372 6.121 133 6.41 600 U-T oky o 182.928 9.147 195 9.32 NIT ec h 85.291 4.266 95 4.36 TIT ec h 29.743 1.488 37 1.83 Oc ha-U 104.670 8.725 118 9.58 1000 U-T oky o 159.815 13.321 173 13.53 NIT ec h 91.476 7.625 107 8.57 TIT ec h 30.497 2.543 37 3.07 Oc ha-U 124.426 14.519 135 15.05 1400 U-T oky o 218.441 25.487 232 25.39 NIT ec h 126.715 14.787 135 15.11 TIT ec h 25.879 3.020 28 3.20 9MN8$7$F!$$9 $Y$F$N%/ %i%$%"%s %H$,F1$8 %5!<%P$+$i =gHV$KA*Br$9$k$3$H$K$7$?!% 9-0h%9%1%8%e!<%i$G Round Robin : GRR 3F %/ %i %$ %" %s %H $O Request $r H/ 9T $9 $k $H!$ 9- 0h $N %9 %1 %8%e!< %i $K %8%g %V $r Ej F~ $9 $k %5!< %P $r Ld $$ 9g $o $; $k!%%9%1%8%e!<%i $OMW5a $N$"$C$?%/ %i%$%"%s %H$+$i =gHV$K%5!<%P$r%i%&%s%I%m%S%s$G3d$jEv$F$k!% 9-0h%9%1%8%e!<%i$GIi2Y!\7W;;@-G=$K$h$k%5!<%P$NA*Br : LO AD 3F %/ %i %$ %" %s %H $O Request $r H/ 9T $9 $k $H!$9-0h$N%9 %1%8%e!<%i $KEjF~@h $N%5!<%P$r Ld$$9g $o$;$k!%%9%1 %8%e!<%i$O%/ %i%$%"%s %H$+$i$N Ld$$9g $o $; $, $" $k $H!$ %5!< %P $N J? 6Q Ii 2Y!$ B( $A 8= :_ =h M} $5 $l $F $$ $k %8%g %V $H <B 9T BT $A $N %8%g %V ?t $r D4 $Y!$ [( %5!<%P $N J? 6QIi 2Y + 1)/ %5!<%P $N @- G= ] $,:G >. $H $J$k%5!<%P$r %/%i%$%" %s%H$X3d $jEv$F$k!% $3$3$G!$ + 1 $O%/%i %$ %" %s%H $N %8%g %V $, <B:] $K $= $N %5!< %P$K EjF~$5$l$?;~$NIi2Y$rA[Dj$7$F$$$k!% 5.1 %7 %_%e %l!< %7%g %s $K $h $k %8%g %V %9 %1 %8%e!< %j %s %0$NI>2A4D6- %7%_%e%l!<%7%g%s$K$h$k%8%g%V%9 %1%8%e!<%j%s%0$NI> 2A 4D 6- $r ?^ 4,5 $K <( $9!% ?^ 4 $O 6Q <A $J I> 2A 4D 6-!$ ?^ 5 $O IT 6Q <A $J I> 2A 4D 6- $G $" $k!% %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 $$ $k!% 6Q <A $J 4D 6- $G $O!$ 7W ;;@-G= $O 160[Mops] !$DL?. %9 %k!<%W%C %H $O 80[KB/s] $H $7 $?!% IT6Q <A $J 4D 6-$G $O!$ S er v er A $O7W ;; @- G= $,9b $$ (400[Mops]) $,%/%i%$ %"%s %H$+$i $N%M%C %H%o!<%/ $NDL ?. ?^ 4 6Q<A$J%7%_%e%l!<%7%g%s4D6- ?^ 5 IT6Q<A$J%7%_%e%l!<%7%g%s4D6- %9 %k!< %W%C %H $, >. $5 $/ (50[KB/s]) !$ S er v er B $O 7W ;; @- G=$O 9b $/ $J $$ (100[Mops]) $,!$%/ %i %$ %" %s %H $+ $i $N %M%C %H%o!<%/ $NDL ?.%9 %k!<%W%C %H$,Hf 3SE* 9b$$ (200[KB/s]) $b $N $H $9 $k!% $^ $?!$ %/ %i %$ %" %s %H!& %5!< %P 4V $N %M%C %H %o!<%/%P%s%II} T net $O$9$Y$F 1.5[MB/s] $H$7$?!%

7 3F%/ %i %$%" %s %H$O!$ Linpac k 5Z $S NASPB 14) $N EP %Y %s %A %^!< %/ %W %m %0 %i %‘ $r 7+ $j JV $7 8F $S =P $9 $b $N $H $9 $k!% EP $O 0l MM Mp ?t / @5 5, Mp ?t $r @8 @. $9 $k %W %m %0 %i %‘ $G!$ %j %b!< %H <B 9T $G $O DL ?. NL $, O (1) !$ 1i ;; ?t $O Ld Bj %5 %$%: n $KBP$7!$ 2 n +1 $HDj$a$i$l$k!% %7%_%e%l!<%7%g%s$GMQ$$$?%Q%i%a!< %?$r0J2<$K<($9!% %/%i%$%"%s%H � LdBj%5%$%: : Linpac k n = 600, EP n = 21 � Request $NH/9TN( � r eq uest : � r eq uest = 1 / !J [ :G0- $N%1!<%9 $N Request $N=jMW ;~4V ] + inter v al !K!J inter v al $O Linpac k:5[sec], EP:20[sec] !K!$%]%"%=%sE~Ce!% � Request $N%G!<%?$NO@M}%Q%1%C%H : %5 %$ %: W pack et = 100[KB] !% ;n 9T $N 4V 8G Dj!% E~ Ce N( � pack et $O <0 (4) $G7hDj!%%]%"%=%sE~Ce!% %M%C%H%o!<%/ � %M%C%H%o!<%/$G$N=hM}!’ %P%s%II}$O$9$Y$F T net = 1.5[MB/s] $G F CFS !% � 30Mp$N%G!<%?$N%Q%1%C%H : J? 6Q %G!< %? %5 %$ %: $O W pack et $H F1 $8 $G ;X ?t J, I[ $K =>$&!% � ns other s , � nr other s $O <0 (5) $G 7hDj!% %] %"%=%sE~Ce!% %5!<%P � %5!<%P$G$N=hM}!’ F CFS !% � 30Mp$N%8%g%V!’ J? 6Q 1i ;; ?t $O 10[M op] $G ;X ?t J, I[ $K => $&!% � s other s $O $9 $Y $F 2T F/ N( 10[%] $H $J $k $h $& <0 (9) $G7hDj$9$k!%%]%"%=%sE~Ce!% 1 2s $N %7 %_%e %l!< %7%g %s (replication) $K BP $7 $F A4 %/ %i %$%" %s%H $+$i $N Request $N Am?t $, 50 2s$K $J $k$^ $G%7 %_%e %l!< %7%g %s $r 9T $$!$ $= $l $r 0[ $J $k Mp ?t $N seed $r MQ $$$F 30 2s7+ $jJV$7 $?!% 30 2s $N replication $N J?6QCM $r %7%_%e%l!<%7%g%sCM$H$7$?!%$3$N%7 %_%e%l!<%7%g%sCM$O ?.Mj %l%Y %k 95[%] $K$*$$ $F ?.Mj 6h 4V � 10[%] L$K~$G $"$C $? 12) !% 5.2 %7 %_%e %l!< %7%g %s $K $h $k %8%g %V %9 %1 %8%e!< %j %s %0$NI>2A7k2L I= 3 $K %/ %i %$ %" %s %H $+ $i Linpac k $N Request $r 7+ $j JV $7 8F $S =P $7 $? >l 9g $N %7 %_%e %l!< %7%g %s 7k 2L $r <( $9!% Linpac k $O1i;; ?t$K BP$7 DL?.NL $,Bg $-$$ $?$a!$ Request $N=jMW;~4V$N$[$H$s$I$rDL?.;~4V$,@j$a$F$$$k!% 6Q <A $J 4D 6- $G $O LO AD $, $o $: $+ $K NI $$ @- G= $r <( $7 $? $b $N $N!$ LRR , GRR $H $N :9 0[ $O $" $^ $j 8+ $i $l $J $+$C $?!%$3 $l $O %M%C %H %o!< %/ $, 43 >D $7 $J $$ 4D 6- $G Linpac k $N Request $,B??tH/@8$7$F$$$k$? $a!$%5!<%P$NIi2Y$,>e$, $i$:!$$=$l$>$l$N%9%1%8%e!<%j%s%0$N :9$,8=$l$J$+$C$? $H9M$($i$l$k!% IT6Q<A$J4D6-$G$O!$ LO AD $O LRR , GRR $HHf3S$7$F J?6Q=jMW;~4V$,Hs>o$KD9 $/$J$C$?!%$3$l$O 10) $GJs9p$7 $?$h$&$K!$9-0h4D6-$G$ODL?.<gBN$NLdBj$,7W;; %5!<%P$K EjF~$5$l$F$b!$%M%C%H%o!<%/$,K0OB$7$F$7$^$&$3 $H$K$h $j%5!<%P$NIi2Y$,>e$,$i$J$$$?$a$G$"$k!%=>$C$F 9b@-G= 9-0h7W;;$N%8%g%V%9%1%8%e!<%j%s%0$G$O!$%5!<%P $NIi2Y $d7W;;@-G=$N$_$r9MN8$9$k$@$1$G$OIT==J,$G$" $k$3$H$, K\%7%_%e%l!<%7%g%s$+$i$b3NG’$G$-$?!% I= 4 $K EP $N %k!< %A %s $r 7+ $j JV $7 8F $S =P $7 $? >l 9g $N <B 9T 7k 2L $r <( $9!% EP $O 7W ;; <g BN $N Ld Bj $G $" $k $? $a!$ Request $N =j MW ;~ 4V $N $[ $H $s $I $r 7W ;; ;~ 4V $, @j $a $k!% I= 4 $K$*$$ $F!$DL ?.;~4V $,Hf3S E*Bg$- $$CM $r<($7 $F$$$k $,!$ $3 $l $O %7 %_%e %l!< %7%g %s %3 %9 %H $r :o 8: $9 $k $? $a $K Request $N %G!< %? $N O@ M} %Q %1%C %H %5 %$ %: $r 100[KB] $H $7$?$?$a$G$"$k!% 6Q<A $J4D 6-$G $O!$ GRR , LRR , LO AD $N=g$K NI$$ @- G= $r <( $7$?!% LRR $G $O 3F%/ %i %$ %" %s %H $N Request $, F1 $8 %5!< %P $K Ej F~ $5 $l $k 3N N( $, 9b $/ $J $k $? $a $K GRR $h $j @- G= $, Dc 2< $7 $F $$ $?!% LO AD $, 0l HV 0- $$ @- G= $r <( $7 $? $N $O!$ 6Q <A $J 4D 6- $G $" $k $? $a $K GRR , LRR $G Hf 3S E* E, @Z $JIi2YJ,;6$,9T$o$l$F$$$?$?$a$G$"$k9M$($i$l$k!% IT 6Q <A $J 4D 6- $G $O!$ LRR , GRR $H Hf 3S $9 $k $H LO AD $G$OHs>o$K8zN(NI$/%8%g%V%9%1%8%e!<%j%s%0$,9T $o$l$F $$$k!% $3 $l $O 9b B. $J%5!< %P A $rM- 8z $K A*Br $7 $? $? $a $G $" $j!$$3$N$3$H$+$i!$7W;;$,<gBN$H$J$C$F$$$k%" %W%j%1!< %7%g %s $G $O LO AD $K $h $k %8%g %V %9 %1 %8%e!< %j %s %0 $G E, @Z$K %5!< %P $r 3d $j Ev $F $i $l $k $3 $H $, J, $+ $k!% $^ $?!$ LRR $H GRR $G $O LRR $N J} $, Request $N =j MW ;~ 4V $, D9 $+$C $?!% $3 $l $O LRR $G $O F1 $8 %? %$ %_ %s %0 $G %5!< %P $K %8%g %V $,EjF~$5$l$k3NN($,9b$+$C$?$?$a$G$"$k!% 6. $^$H$a$H:#8e$N2]Bj K\ 9F $G $O!$ 9b @- G= 9- 0h 7W ;; %7 %9 %F %‘ $K $* $1 $k %8%g %V %9%1%8%e!<%j%s%0<jK!$rI>2A$9$k$?$a$N%7%_%e %l!<%?$N @_ 7W $* $h $S <B Au $H K\ %7 %_%e %l!< %? $r MQ $$ $? %8%g %V %9 %1 %8%e!<%j%s%0<jK!$N@-G=I>2A$K$D$$$F=R$Y$?!% 9b@-G=9-0h7W;;%7%9%F%‘$K $*$1$k%8%g%V%9%1%8%e!<%j %s %0 $N @- G= I> 2A $G $O!$ %M%C %H %o!< %/ $d 7W ;; %5!< %P Ey!$ MM!9$J9-0h%M%C%H%o!<%/>e$N;q8;$rA[Dj$7!$Bg5, LO$+$D :F 8= @- $N $" $k I> 2A $r 9T $& $3 $H $, I, MW $G $" $k!% K\ %7 %_%e %l!<%?$K$*$1$k%7%_%e%l!<%7%g%s%b%G%k$G$O!$9- 0h7W;; %7%9%F%‘$r9=@.$9$k%M%C%H%o!<%/$*$h$S7W;;%5!< %P$rBT $A9TNs%b%G%k$rMQ$$$FI=8=$9$k$3$H$K$h$j!$$3 $l$i$N>r 7o$rHw$($?%7%_%e%l!<%7%g%s$r9T$&$3$H$,2DG=$G$"$k!% K\%7%_%e%l!<%?$rMQ$$!$<B:]$N9- 0h7W;;%7%9%F%‘$rNc $H$7$?%7%_%e%l!<%7%g%s$r9T$C$?$H$3$m!$<BB,CM $H$[$\ Ey$7$$%7%_%e%l!<%7%g%s7k2L$,F@$i$l!$%7 %_%e%l!<%7%g %s%b%G%k$N@5Ev@-!$M-8z@-$r3NG’$5$l$?!%$^$? K\%7%_%e %l!<%?$rMQ$$$?4pK\E*$J%8%g%V%9%1%8%e!<%j%s%0 <jK!$N @-G=I>2A$G$O!$DL?.<gBN$NLdBj$G$OIi2Y$H7W;; @-G=$N$_ $K$h$j%9 %1%8%e!<%j %s%0$r 9T$&$H!$ Round Robin $N$h $&$JC1=c$J%9%1%8%e!<%j%s%0$h$j$bJ?6Q<B8z@-G= $r0-2=

8 I= 3 Linpac k $rMQ$$$?%8%g%V%9%1%8%e!<%j%s%0$N%7%_%e%l!<%7%g%s7k2L 4D6- %9%1%8%e!<%i J?6QDL?.;~4V J?6Q7W;;;~4V J?6Q=jMW;~4V %5!<%P$N2TF/N( [sec] [sec] [sec] A [%] B [%] LRR 76.503 0.011 76.514 10.020 9.924 6Q<A GRR 76.910 0.011 76.921 9.992 9.941 LO AD 75.407 0.012 75.419 10.000 9.934 LRR 80.310 0.012 80.322 10.029 9.955 IT6Q<A GRR 80.442 0.012 80.454 10.031 9.960 LO AD 108.661 0.014 108.675 10.031 9.959 I= 4 EP $rMQ$$$?%8%g%V%9%1%8%e!<%j%s%0$N%7%_%e%l!<%7%g%s7k2L 4D6- %9%1%8%e!<%i J?6QDL?.;~4V J?6Q7W;;;~4V J?6Q=jMW;~4V %5!<%P$N2TF/N( [sec] [sec] [sec] A [%] B [%] LRR 2.582 83.036 85.618 87.395 92.549 6Q<A GRR 2.591 76.161 78.752 89.988 91.119 LO AD 2.482 89.613 92.095 88.245 88.833 LRR 2.289 108.005 110.294 45.172 98.128 IT6Q<A GRR 2.290 97.522 99.812 46.014 97.741 LO AD 1.812 32.685 34.497 63.671 79.117 $5$;$F$7$^$&$3$H$,J,$+$C$?!%0lJ}$G!$ 7W;;<gBN$N%"%W %j%1!< %7%g%s $K4X $7$F$O LAN Fb $G<B 8=$5$l $k$h $&$J Ii 2Y$H7W;;@-G=$N$_$r9MN8$7$?%9%1%8%e!< %j%s%0$G8zN(NI $/%5!<%P$r3d$jEv$F$i$l$k$3$H$r3NG’$7$?!% :#8e$O!$<B:]$N%M%C%H%o!<%/$K$* $1$kDL?.%9%k!<%W%C %HEy$NJQF0$r9MN8$7$?I>2A$r9T $&!%K\%7%_%e%l!<%7%g%s $G$ODL?.$N30Mp%G!<%?$N%b%G%k$H$7$F!$ %]%"%=%sE~Ce$r A[ Dj $7$? $,!$ W AN $G $N TCP/IP %H %i %U%#%C %/$O %] %" %= %s E~ Ce $N $_ $G $O I= $; $J $$ $3 $H $, Js 9p $5 $l $F $* $j!$ <+ 8J Aj ;w @- %b %G %k Ey $N DL ?. %b %G %k $r E, MQ $9 $k $D $b $j $G $" $k 15) !% $^ $?!$ 7W ;; %5!< %P >e $N %8%g %V $N =h M} J} <0 $H $7 $F F CFS 0J30$NJ} <0$r MQ$$$? >l9g Ey$NI> 2A$r?J $a!$%7 %_%e %l!<%7%g%s%b%G%k$N?.Mj@-$r$5$i$K8~>e $5$;$kM=Dj$G$" $k!%$5$i$K!$K\%7%_%e%l!<%?$rMQ$$$FB> $N9b@-G=%7%9%F %‘$G<B8=$5$l$F$$$k%8%g%V%9%1%8%e!<%j %s%0<jK!$H$NHf 3S$r9T$&$H$H$b$K!$9b@-G=9-0h7W;;%7 %9%F%‘$K$*$1$k:G E,$J%8%g%V%9%1%8%e!<%j%s%0<jK!$r8!F$$9$k!% ;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. of Sup er c omputing ’96 (1996). 3) Grimsha w, A. S., W ulf, W. A., F renc h, J. C. and Alfred C. W ea v er, P . F. R. J.: Legion: The Next Logincal Step T o w ard a Natio wide Vir- tual Computer, CS 94-21, Univ ersit y of Virginia (1994). 4) Christiansen, B. O., Capp ello, P ., Ionescu, M. F., Neary , M. O., Sc hauser, K. E. and W u, D.: Ja v elin: In ternet-Based P arallel Computing Using Ja v a, A CM Workshop on Java for Sci- enc e and Engine ering Computation (1997). 5) Arb enz, P ., Gander, W. and Oettli, M.: The Remote Computation System, T ec hnical Re- p ort 245, ETH (1996). 6) F oster, I. and Kesselman, C.: Globus: A Metacomputing Infrastructure T o olkit, Inter- national Journal of Sup er c omputer Applic a- tions (to app e ar) (1997). 7) Berman, F., W olski, R., Sc hopf, S. F. J. and Shao, G.: Application-Lev el Sc heduling on Dis- tributed Heterogeneous Net w orks, Pr o c. of Su- p er c omputing ’96 (1996). 8) 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) . 9) 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. of Sup er c omputing ’97 (1997). 10) T ak efusa, A., Matsuok a, S., Oga w a, H., Nak ada, H., T ak agi, H., Sato, M., Sekiguc hi, S. and Nagashima, U.: Multi-clien t LAN/W AN P erformance Analysis of Ninf: a High- P erformance Global Computing System, Su- p er c omputing ’97 (1997). 11) ?9 B< 1Q E5 , Bg A0 5A <! : 1~ MQ BT $A 9T Ns M} O@ , F| 2J 5; O" (1975). 12) Jain, R.: The art of c omputer systems p er- formanc e analysis , John Wiley & Sons, Inc. (1991). 13) Gamma, E., Helm, R., Johnson, R. and Vlissides, J.: Design p atterns , Addison-W esley (1995). 14) NPB: NAS P arallel Benc hmarks. h ttp://science.nas.nasa.go v/Soft w are/NPB/. 15) 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).