1 Ninf $K$h$k9-0hJ,;6JBNs7W;; Cf ED =( 4p y 1 9b LZ 9@ 8w y 5 >> 2, Ao y 2 D9 Eh 1@ J< y 4 :4 F# ;0 5W y 3 4X 8} CR ;L y 1 %m!< %+%k $J%M%C %H %o!<%/ >e$G $N%a%C %;!<%8 %Q%C %7%s %0%i %$%V %i %j$r MQ$$ $?J, ;6 JBNs 7W;; $O$9 $G $K9- $/9T $J$o $l $F$$ $k!# $7$+ $7!" %M%C%H %o!< %/$N 9b B.2= $K $h$C$F 8= <BE* $K$J $j $D$D $" $k9- 0h %M%C%H %o!< %/>e $G $NJ, ;6JBNs7W;;$K$D$$$F$O!"%=%U%H%&%’%"$NOHAH$,L$$@==J,$K@0Hw$5$l$F$$$J$$!# 2f!9 $O!"9-0h J,;6 JBNs 7W;; $KE,$7 $?J, ;67W ;;$N OHAH $H$7$F !V Ninf !W$r Ds0F $7$F $$$k!# Ninf $O9- 0hJ, ;6 4D6- $G $N%^ %/ %m%G!< %?%U %m!< $K$h $kJB Ns <B9T $r ;Y1g $9$k %7 %9%F %‘ $G!"9- 0h$G $N F0E* Ii 2YJ, ;6$H %9 %1%8%e!< %j%s %0 $r FCD’ $H $9$k!# %a%C %;!<%8 %Q%C %7%s %0 %i%$ %V %i %j$r MQ $$$? <j K!$K Hf 3S$7 $F (1) 9- 0h%M%C %H %o!<%/ $K E, $7$? DL ?.%Q %?!< %s $rMQ $$ $k!" (2) %f!<%6 $K $H$C $F%W %m %0 %i%_ %s %0$, MF 0W $G$+ $D :FMx MQ @- $,9b $$!" (3) 4{ B8$N%i%$%V%i%j$N:FMxMQ$,MF0W!" (4) %M%C%H%o!<%/>e$N;q8;$NMxMQ$,2DG=!"$H$$$C$?FCD9$r$b$D!# Global P arallel Computation using Ninf Hidemoto NAKAD A, y 1 Hiromitsu T AKA GI, y 5 Sa toshi MA TSUOKA, y 2 Mitsuhisa SA TOH y 3 and Sa toshi SEKIGUCHI y 1 Distributed computing using message passing libraries in a LAN(Lo cal Area Netw ork) en- vironmen t is already accepted as an e�ective sup ercomputing metho dology . On the other hand, although distributed computing in W AN(Wide Area Net w ork) en vironmen t is b ecom- ing practical due to recent developmen t of high-sp eed netw ork facilities, softw are framework for sup ercomputing in W AN is y et to b e established. W e prop ose ‘Ninf ’, a distributed com- puting framework for globally distributed computing environmen t. Ninf enables parallel computing in W AN based on the macro data ow mo del, and facilitates automatic dynamic load distribution and sc heduling. Ninf has the following adv an tages ov er using exisiting message passing libraries in W AN sup ercomputing: (1) comm unication proto col suited for globally distributed en vi- ronmen t, (2) ease of programming (3) reuse of existing libraries, (4) integration with existing data resources on the In ternet. 1. $O $8 $a $K 2J3X5;=Q7W;;$KMW5a$5$l$k7W;;$N5,LO$OA}Bg$9$k0l J} $G$"$k!#$3$l$KBP$7$F!"7W;;5!$NC1BN@-G=$O8~>e$7$F$$ $k$H$O$$$(!";HMQEENO$d7W;;5!$N9=@.$K$+$+$k6bA,E*$J LdBj$+$i!"C10l%5%$%H$K$*$1$k7W;;5!B.EY$N8~>e$OF,BG $A$K$J$k$H9M$($i$l$k!#$7$?$,$C$F!"MW5a$5$l$k7W;;$N 5,LO$rK~B-$9$k$@$1$N7W;;G=NO$rDs6!$9$k$?$a$K$O!"9b B.$J%M%C%H%o!<%/$rMQ$$$FJ#?t$N%5%$%H$KJ,;6$7$FB8:_ $9$k7W;;5!$K7W;;$rJ,;6$9$k$3$H$,I,MW$K$J$k!#8=:_!" LAN Fb $N %o!< %/ %9 %F!<%7%g %s $r MQ $$ $? J, ;6 7W ;; $O$9 $G $K9-$/9T$o$l$F$$$k$,!"9-0hJ,;64D6-$G$ODL?.B.EY$H7W y 1 EE;R5;=QAm9g8&5f=j Electrotechnical Lab oratory y 2 El5~9)6HBg3X T oky o Institute of T ec hnology y 3 ?7>pJs=hM}3+H/5!9= Real W orld Computing Partnership y 4 $*Cc$N?e=w;RBg3X Ochanomizu Univ ersit y y 5 L>8E209)6HBg3X Nagoy a Institute of T ec hnology ;;B.EY$N HfN($, LAN Fb$H$O Cx$7$/0[ $J$k$?$a!" JL$NOH AH$_$,I,MW$H$J$k!# 2f!9$O!"9-0hJ,;6JBNs7W;;$KE,$7$?J,;67W;;$NOH AH$H $7$F!V Ninf !W $rDs0F$7 $F$$$k!# Ninf $O9- 0hJ,;6 4D6-$G $N%^%/%m%G!<%?%U%m!<$K$h$kJBNs<B9T$r;Y1g$9$k%7%9%F %‘$G!"9-0h$G$NF0E*Ii2YJ,;6$H%9%1%8%e!<%j%s%0$rFCD’ $H$9$k!#%a%C%;!<%8%Q%C%7%s%0%i%$%V%i%j$rMQ$$$?<jK! $KHf3S$7$F (1) 9-0h%M%C%H %o!<%/$KE,$7$? DL?.%Q%?!<%s $rMQ$$$k!" (2) %f!<%6$K$H$C$F %W%m%0%i%_%s %0$,MF0W$G $+$D:FMxMQ@-$, 9b$$!" (3) 4{ B8$N%i%$%V%i %j$N:FMxMQ$, MF0W!" (4) %M%C %H%o!<%/>e$N ;q8;$NMxMQ $,2DG=!"$H$$$C $?FCD9$r$b$D!# K\9F $G $O!" Ninf $K$* $1$k %f!< %6%" %W%j %1!< %7%g%s $N %W%m%0%i%_%s%0%b%G%k$K$D$$$F=R$Y!"%a%C%;!<%8%Q%C%7 %s%0%i%$%V%i%j$rMxMQ$9$k>l9g$KHf3S$7$F!"MF0W@-!":F MxMQ@-!"HFMQ@-!"3HD%@-$,9b$$$3$H$r<($9!#$^$?!"9-0h %M%C%H%o!<%/>e$G$NJ,;67W;;$K$*$$$F8zN(E*$J7W;;$r<B

2 8=$G$-$k$3$H$rM=HwE*$JI>2A$K$h$C$F<($9!# 2. 9-0hJ,;6JBNs7W;; $NMW7o %o!<%/%9 %F!<%7%g%s$r LAN $G7k9g $7$?%o!<%/%9 %F!< %7%g %s %/ %i %9 %? $K $h $k J, ;6 JB Ns 7W ;; $O 8= :_ 9- $/ 9T $J $o $l$F $$$k!# $3$l $i$N B?$/ $O!" PVM $d MPI $J $I$N %a%C %;!<%8%Q%C%7%s%0%Q%i%@%$%‘$K4p$E$/%7%9%F%‘$rMQ$$$F $$$k!#$3$N%Q%i%@%$%‘$K$h$k5-=R$K$O!"%W%m%0%i%‘4V$N %G!< %? $N $d $j $H $j $N <+ M3 EY $, 9b $$ $H $$ $& Mx E@ $, $" $k H? LL!"%G!<%?8r49$N%W%m%H%3%kDj5A$d%a%C%;!<%8$NL@<(E* $JAw<u?.$N5-=R$r%f!<%6!<$,9T$&I,MW$,$"$k$H$$$&7gE@ $,$"$k!# 9-0hJ,;64D6-2<$G$NJ,;6JBNs=h M}$,!" LAN >e$NJBNs =hM}$HHf3S$7$F:G$bBg$-$/0[$J$k$N$O!"C10l7W;;5!$N7W ;;B.EY$KBP$9$k%M%C%H%o!<%/$r2p$7$?DL?.$NB.EY$NHfN( $,Cx$7$/Dc$$$H$$$&E@$G$"$k!#9-0h%M%C%H%o!<%/$NDL?. B.EY$O8~>e$7$D$D$"$k$H$O$$$(!"%l%$%F%s%7$K4X$7$F$O 7‘E*$J8~>e$O8+9~$a$J$$!#0lJ}$G!"7W;;B.EY$O:#8e$b8~ >e$7B3$1$k$3$H$,M=A[$5$l$k!#$3$N$h$&$K7W;;B.EY$,DL ?.B.EY$KHf3S$7$FHs>o$K9bB.$J>l9g$K$O!"DL?.$N%3%9%H $,AjBPE*$KCx$7$/9b$/$J$j!"8zN(E*$KJBNs<B9T$G$-$k%" %W%j%1!<%7%g%s$N7?$,8BDj$5$l$k!#C;$$4|4V$4$H$KF14| $r$H$j%G!<%?$r8r49$9$k!"Nc$( $P LU J,2r$N$h$&$J%"%W %j%1!<%7%g%s$r9-0hJ,;64D6-2<$G9bB.2=$9$k$3$H$O$‘$: $+ $7 $$!# 7W ;; MW AG!" DL ?. $N N3 EY $, $H $b $K Bg $- $$ %" %W %j %1!<%7%g%s$G$J$1$l$P8zN(E*$J<B9T$OK>$a$J$$!# 2J3X7W;;$NJ,Ln$K$O!"$3$N$h$&$JAFN3EY$G$NJBNs<B 9T $KE,$7$?%"%W%j%1!<%7%g%s$,?tB?$/B8:_$9$k!#FCDj$N%Q %i%a!<%?$r$"$kHO0O$GAv::$7$J$,$i$=$l$>$l$NCOE@$G$N CM$r7W;;$9$k$h$&$JLdBj!"Hs>o$KBgNL$NMp?tCM$KBP$7$F FC Dj $N 1i ;; $r 9T$C $F 3N N( E* $J 2r $r F@ $k %b %s %F %+ %k %m %7 %_%e%l!<%7%g%s$N$h$&$JLdBj$J$I$G$"$k!#$3$l$i$NLdBj $O!"Aj8_DL?.$rI,MW$H$7$J$$B??t$NFHN)$7$?7W;;$G9=@. $5$l$F$*$j!"4pK\E*$K%*!<%P%X%C%I$J$/G$0U$N%5%$%:$K J,3d$7JBNs$K<B9T$9$k$3$H$,$G$-$k!# $3 $N $h $& $J Ld Bj $r AF N3 EY JB Ns $G 5- =R $9 $k $K $O!" %a%C %;!< %8 %Q%C %7 %s %0 $N $h $& $J %Q %i %@ %$ %‘ $O IT E, $G $" $k!# %a%C%;!<%8%Q%C%7%s%0$O!"%G!<%?8r49$NIQEY$,$"$kDxEY 9b$/!"J#;($JDL?.7ABV$,I,MW$H$5$l$k>l9g$rA0Ds$K$7$F $$$k!#$3$N$?$a!"Hs>o$K4JC1$JDL?.7ABV$r5-=R$9$k>l9g $K$b!"%W%m%H%3%k$N@_7W$dL@<(E*$J%a%C%;!<%8Aw<u?.$r %f!<%6$,9T$&I,MW$,$"$k!#$3$l$O!"%f!<%6$K$H$C$FBg$- $JIiC4$H$J$k!#4JC1$JDL?.7ABV$r!"4JC1$K5-=R$G$-$kOH AH$_$,I,MW$G$"$k!# =>Mh$N%a%C%;!<%8%Q%C%7%s%0%7%9%F%‘$N$b$&0l$D$N Ld BjE@$H$7$F!"9=@.MWAG7W;;5!$HDL?.7O$N?.Mj@-$NLdBj$, $"$k!#=>Mh$N%a%C%;!<%8%Q%C%7%s%0%7%9%F%‘$O!"$9$Y$F $N7W;;5! $,F10l LAN Fb$KB8 :_$7!"$= $l$i$9$Y $F$,$"$k DxEY?.Mj$G$-$k7A$G1?MQ$5$l$F$$$k$3$H$rA0Ds$H$7$F$$ $k!# $7 $+ $7 9- 0h J, ;6 4D 6- $G $O!" DL ?. 2s @~ $N ?. Mj @- $O Dc $/!"3F!9$N7W;;5!$N4IM}BN@)$b0[$J$k$3$H$rA0Ds$H$7$J $1$l$P$J$i$J$$!#9-0hJ,;64D6-$G$N%7%9%F%‘$K$O!"$3$N $h $& $J 4D 6- $G $b 4h 7r $K 1? MQ $G $- $k $3 $H $, MW 5a $5 $l $k!# PVM $d MPI $J$I$N%a%C%;!<%8%Q%C%7%s%0%i %$%V%i%j $G$O!"DL?.Aj<j$H$J$k%[%9%H$rE,@Z$K9-0h4D6->e$G;XDj $9$kJ}K!$ODj5A$5$l$F$*$i$:!"$+$DBP8N>c@-$J$I$b9MN8 $5$l$F$$$J$$$N$G!"$3$l$i$NMW5a$OK~$?$5$l$F$$$J$$ 3. Ninf $K$h$k9-0hJ,;6JBNs7W;; 3.1 Ninf %7%9%F%‘$N35MW 2f!9 $O!" A0 @a $G =R $Y $? $h $& $J MW 5a $r K~ $? $9 %7 %9 %F %‘ $H $7 $F!" Ninf %7 %9 %F %‘ $r @_ 7W $7 $? 1) !# Ninf $O 7W ;; $r AFN3EY$JMWAG%k!<%A%s$KJ,3d$7$F%M%C%H%o!<%/>e$KJ,;6 $7$?7W;;5!$KG[CV$7!"$=$l$i$N4V$K%G!<%?%U%m!<$r9=@. $7!"7W;;$r9T$J$&%7%9%F%‘$G$"$k!# ?^ 1 Ninf %7%9%F%‘ Ninf %7 %9 %F %‘ $O!" %/ %i %$ %" %s %H!" Ninf %5!< %P!" MW AG %k!< %A %s!" %a %? %5!< %P $N 4 $D $N MW AG $+ $i $J $k!# MW AG %k!< %A %s $O FH N) $7 $? %W %m %0 %i %‘ It IJ $G!" :F Mx MQ 2D G= $J 0lHLE*$J%$%s%?!<%U%’%$%9$rM?$($F@_7W$9$k!#MWAG%k!< %A %s $O J# ?t $N F~ NO $r F@!" J# ?t $N =P NO $r M? $( $k $@ $1 $N $b $N$G!">uBV$O;}$?$J$$!#>uBV$r;}$?$J$$$?$a!"MWAG%k!< %A%s$N%$%s%?!<%U%’%$%9$OHs>o$KC1=c$K$J$k!#$3$NMWAG %k!<%A%s$rAH$_N)$F$kOHAH$_$H$7$F!"%/%i%$%"%s%H%W%m %0%i%‘$r5-=R$9$k!#%/%i%$%"%s%H%W%m%0%i%‘$K$O!";HMQ $9 $k MW AG %k!< %A %s $H $= $N 4V $N %G!< %? 0M B8 4X 78 $r 5- =R $9 $k!#%G!<%?0MB84X78$,:G$bC1=c$J>l9g!"$9$J$o$A%/%i%$ %"%s%H$H0l$D$NMWAG%k!<%A%s$N4V$K$7$+0MB84X78$,$J$$ >l9g$,DL>o$N%/%i%$%"%s%H / %5!<%P%b%G%k$K$J$k!# Ninf %5!< %P $O J, ;6 %7 %9 %F %‘ $r 9= @. $9 $k 3F!9 $N 7W ;; 5! >e $G BT 5! $7!" $= $l $> $l $N 7W ;; 5! >e $N MW AG %k!< %A %s $r 4I M}$9$k!#%j%/%(%9%H$K1~$8$F8D!9$NMWAG%k!<%A%s$r<B9T $9 $k Lr 3d $r ;} $D!# %a %? %5!< %P $O!" %/ %i %$ %" %s %H $H Ninf %5!<%P$r 7R$0Lr 3d$r2L$? $9 2) !#%/%i %$%"%s %H%W%m %0%i%‘ $K5-=R$5$l$?MWAG%k!<%A%s4V$N%G!<%?0MB84X78$O!"%/%i %$%"%s%H $N Ninf %i %$%V%i %j$K$h$C$F %a%?%5!< %P$KE>Aw $5$l$k!#%a%?%5!<%P$O%G!<%?0MB84X78$K4p$E$$$F!"%9%1 %8%e!<%j %s %0!"Ii 2Y J, ;6$r 9T $J$$!" Ninf %5!<%P $X %j%/

3 %(%9%H$rH/9T$7MWAG%k!<%A%s$r<B9T$9$k!#MWAG%k!<%A%s 4V$N%G!<%?E>Aw$b%a%?%5!<%P$NLr3d$N0l$D$G$"$k!# 3F 7W ;; MW AG %k!< %A %s $N 5- =R $O!" DL >o $N C $^ $? $O F or- tran $N 4X ?t $N 5- =R $H F1 MM $K 9T $J $& $3 $H $, $G $- $k!# 4{ B8 $N%i%$%V%i%j$K4JC1$J%$%s%?!<%U%’%$%95-=R$r2C$($k$@ $1$G$=$N$^$^;HMQ$9$k$3$H$,$G$-$k$N$G!"3F@lLgNN0h$K $*$1$kKDBg$J%=%U%H%&%’%";q;:$r3h$+$9$3$H$,$G$-$k!# 3FMWAG%k!<%A%s4V$K$O!"MWAG%k!<%A%sF1;N$,%a%b%j6u4V $r 6& M- $7 $F $$ $k $+ $N $h $& $K 8+ $; $k %W %m %0 %i %_ %s %0 %$ %s %?!<%U%’%$%9$,Ds6!$5$l$k!#%G!<%?%U%m!<$N>eN.$N7W;; MWAG$,7W;;7k2L$r<+J,$N%a%b%j$K=q$-9~$‘$H!"$=$NCM$, 2<N.$N7W;;MWAG$N%a%b%j$K<+F0E*$KE>Aw$5$l$k!#$3$N$? $a!"%a%C%;!<%8%Q%C%7%s%0$N$h$&$K!"%W%m%0%i%^$,L@<( E*$KDL?.$r5-=R$9$kI,MW$O$J$/!"3F7W;;MWAG$ODL>o$NC1 0l%N!<%I$G$NC‘<!%W%m%0%i%‘$HA4$/F1$8$h$&$K5-=R$9$k $3$H$,$G$-$k!#$3$N$h$&$J4J7i$J%$%s%?!<%U%’%$%9$r:N MQ$7$?$3$H$G!"%W%m%0%i%^$NIiC4$,7Z8:$5$l$F$$$k!#DL ?.%W%m%H%3%k$N@_7W%_%9$K$h$k%G%C%I%m%C%/$J$I$N%P%0 $,H/@8$9$k2DG=@-$O$J$$!# Ninf $G $O Ld Bj $N 5- =R $r!" MW AG %k!< %A %s <+ ?H $N 5- =R $H %G!< %? 0M B8 4X 78 $N 5- =R $H $$ $& 2 $D $N %l %Y %k $K L@ <( E* $K J,N%$9$k!#$3$N$?$a!"%7%9%F%‘$H$7$F$NHFMQ@-!"3HD%@- $K IY $s $G $$ $k!# Nc $( $P!" MW AG %k!< %A %s $N 3F F~ NO $N %=!< %9 $O!" %W %m %H %3 %k $r K~ $? $7 $F $5 $( $$ $l $P 2? $G $b $+ $^ $o $J $$!# $? $H $( $P!" WWW $d ftp $+ $i <h F@ $7 $? %G!< %? $r!"7W;;$NF~NO$H$7$FD>@\MQ$$$k$3$H$b2DG=$G$"$k!# 3.2 %$%s%?!<%U%’%$%9 $N5-=R MW AG %k!< %A %s $N %$ %s %?!< %U%’ %$ %9 $O Ninf IDL(In terface Description Language) $H 8F $P $l $k 8@ 8l$G5-=R$9$k!#$3$N5-=R$r%$%s%?!<%U%’%$%9%8%’%M%l!< %? $G%3 %s %Q %$ %k $7 $F!" Ninf $NDs 6! $9 $k %i %$ %V %i %j $H$N %$%s%?!<%U%’%$%9$NLr3d$r2L$?$9%9%?%V%k!<%A%s$r:n@. $9$k!#$3$N%9%?%V$H4X?tK\BN$r%j%s%/$7$F!"MWAG%k!<%A %s$N <B9T 7A <0$r F@$k!# Ninf %5!< %P $O%j %/%( %9 %H$K 1~$8 $F$3$N<B9T7A<0$r<B9T$9$k!# %$%s%?!<%U%’%$%9$G$O!"3F0z?t$NF~=PNO%b!<%I$dG[ Ns $ND9$5$r;XDj$9$k!#Nc$H$7$F!"9TNs$N2C;;$r9T$&%k!<%A %s$N%$%s%?!<%U%’%$%9$r<($9!# Define madd(mode_in int n, mode_in double A[n][n], mode_in double B[n][n], mode_out double C[n][n]) %$%s%?!<%U%’%$%9@k8@$N%7%s%?%C%/%9$O!"$=$l$>$l$N0z ?t$K7?$N@k8@$NB>$K%b!<%I$N@k8@$,I,MW$G$"$kE@$r=|$1 $P!" C $N 4X ?t @k 8@ $K =‘ $: $k!# $^ $?!" JV $j CM $H $$ $& 35 G0 $O$J$$!#$3$NNc$G$OBh 1 0z?t$,9TNs$N%5%$%:$r<($7$F$$ $k!#Bh 2 !" 3 0z?t$, MWAG%k!<%A%s $X$NF~NO!"Bh 4 %k!<%A %s$,=PNO$H$J$C$F$$$k!# $3$3$GCm0U$7$FM_$7$$$N$O!"G[Ns$ND9$5$rBh0l0z?t $G ;X Dj $7 $F $$ $k E@ $G $" $k!# $3 $N $h $& $K F0 E* $K JQ 2= $9 $k E> AwD9 $r;X Dj$G $- $k$N $O Ninf $NFC D’$N 0l $D$G $"$k!# $5$i $K!"G[Ns$N%5%$%:$H$7$F<0$r5-=R$9$k$3$H$b$G$-$k!#Nc $($P!">e5-$NBh 2 0z?t$r mode_in double A[n * n], $H5-=R$9$k$3$H$b$G$-$k!#$5$i$KG[Ns$NE>AwHO0O$r!"3+ ;OE@!"=*N;E@!"%9%H%i%$%I$G;XDj$9$k$3$H$b$G$-$k!#$3 $l$i$N5!G=$K$h$C$F!"=@Fp$J%$%s%?!<%U%’%$%9$N5-=R$, 2DG=$H$J$C$F$$$k!# 3.3 Ninf $N%W%m%0%i%‘%$%s%?!<%U%’%$%9 Ninf %/ %i %$ %" %s %H $O 8= :_!" C, Ja v a, Lisp 4D 6- $K <B Au$5$l$F$$$k$,!"$3$3$G$O C 8@8l$N4D6-$r@bL@$9$k!# Ninf %7 %9 %F %‘ $r MQ $$ $F 7W ;; $r %j %b!< %H $N 7W ;; 5! $G <B 9T$9$k$K$O!"0J2<$N$h$&=q$/!# Ninf_call(func_name, .....); Ninf_call $N Bh 0l 0z ?t $K $O URL $K =‘ $8 $? 5- K! $G %5!< %P$N%[%9%HL> / %]!<%H!"7W;;$r;XDj$9$k!# ninf:// hostname [ :p ort ]/ funcname %5!<%P!"%]!<%HL>$r>JN,$7!"4X?tL>$@$1$r5-=R$7$?>l9g $K$O%7%9%F%‘$N%G%U%)%k%H$H$7$F;XDj$5$l$?%a%?%5!<%P $,!"E,@Z$J%[%9%H$rA*Br$9$k!# Bh 2 0z ?t 0J 9_ $K $O DL >o $N C $N 4X ?t 8F $S =P $7 $H F1 MM $K 0z?t$r5-=R$9$k!# $3 $N Ninf 8F $S =P $7 $O %V %m%C %- %s %0 $G $" $k!# $9 $J $o $A!" %j %b!< %H 7W ;; 5! $G $N 7W ;; $, 40 A4 $K =* N; $7!" 7W ;; 7k 2L $r 2s <} $9 $k $^ $G %j %?!< %s $7 $J $$!# $3 $l $G $O!" J# ?t $N Ninf 8F $S =P $7 $r F1 ;~ $K H/ 9T $9 $k $3 $H $, $G $- $J $$ $N $G!" 7W;;$NH/9T$H7W;;7k2L$N2s<}$rJ,3d$7$F9T$J$&J}K!$,MQ 0U$5$l$F$$$k!# Ninf_call_async(func_name, ...); $3 $N 4X ?t $O!" MW AG %k!< %A %s $N <B 9T $H 0z ?t $N Aw ?. $r 9T $J$$!"7W;;$N=*N;$rBT$?$:$K%j%?!<%s$9$k!#JV$jCM$H$7 $F!"$=$N Ninf 8F$S=P$7$N%;%C%7%g%s$N ID $rJV$9!# 7W;;$N7k2L$r2s<}$9$k$K$O!"$3$N ID $r0z?t$H$7$F Ninf_wait(ID); $r 8F $S =P $9!# $3 $N %k!< %A %s $O $= $N %;%C %7%g %s $N 7W ;; $, 40 N; $9 $k $N $r BT $A!" $9 $Y $F $N 7k 2L $r 2s <} $7 Ninf_call_async $N 0z ?t $K =q $- 9~ $s $G %j %?!< %s $9 $k!#$3$l$i$rMQ$$$k$H!" id1 = Ninf_call_async(func_name, ...); id2 = Ninf_call_async(func_name, ...); : Ninf_wait(id1); Ninf_wait(id2); : $N$h$&$K5-=R$7$F!"J#?t$N7W;;$rJB9T$7$FH/9T$9$k$3$H $,$G$-$k!# $9$Y$F$N%;%C%7%g%s$N=*N;$r0l$D$N4X?t$GBT$D$3 $H$b $G$-$k!# Ninf_wait_all(); $H $9 $k $H!" $9 $Y $F $N %;%C %7%g %s $N $, =* N; $9 $k $N $r BT $A!" 2r $r 2s <} $7 $F $/ $l $k!# $3 $3 $G =E MW $J $N $O!" Ninf wait all $O 7W ;; $, =* N; $7 $? %;%C %7%g %s $+ $i =g HV $K

4 ?^ 2 Ninf wait 2r$N2s<}$r9T$&$3$H$G$"$k!#$3$N$?$a!"3F%;%C%7%g%s$N <B9T=*N;;~4V$,M=B,$G$-$J$$$h$&$J>l9g$K$b8zN($h$/%P %j%"BT$A$r9T$&$3$H$,$G$-$k!# ?^ 3 Ninf w ait all 3.3.1 %H%i%s%6%/%7%g%s Ninf_call_async $rMQ$$$l$P8_$$$K0MB84X78 $N$J$$ C1 =c$J JB 9T 7W ;; $O MF 0W $K 5-=R $G $- $k!# $7 $+ $7 Ninf 8F$S =P$7$N4V$K0MB84X78$,$"$k>l9g$K$O!"E,@Z$J>l=j$KF14| $rA^F~$9$k$3$H$,I,MW$H$J$k!#$3$l$OJBNs%W%m%0%i%_%s %0$KITFk$l$J%W%m%0%i%^$K$H$C$F$OMF0W$G$O$J$$!#$=$3 $G!"%G!<%?0MB84X78$K$7$?$,$C$?H/9T$HF14|$r<+F02=$9 $k $?$a $K $$ $/ $D $+ $NO" B3 $9 $k Ninf 7W;; 8F $S $@ $7 $r $^$H $a$?!"%H%i%s%6%/%7%g%s$H$$$&5!9=$rF3F~$7$?!#%H%i%s %6%/%7%g%s$O3+;OE@$H=*N;E@$r;XDj$9$k$3$H$G!"%f!<%6 $K$h$C$FL@<(E*$K@_Dj$5$l$k!#%H%i%s%6%/%7%g%sFb$NJ# ?t $N Ninf_call $O 0M B8 4X 78 $, <+ F0 E* $K 2r @O $5 $l!" $= $N 0MB84X78$,J]>Z$5$l$k$h$&$K%9%1%8%e!<%k$5$l!"JBNs<B 9T$5$l$k!# Nc $( $P!"9T Ns A !" B !" C !" D $N 2C;; $O 0J 2< $N $h $&$K C1=c$K5-=R$G$-$k!# Ninf_transaction_begin(); Ninf_call("madd", n, A, B, E); Ninf_call("madd", n, C, D, F); Ninf_call("madd", n, E, F, G); Ninf_transaction_end(); <B :] $N 7W ;; $N H/ 9T $O!" %H %i %s %6 %/ %7%g %s =* N; ;~ $K 0l 3g $7 $F 9T $J $o $l $k!# %H %i %s %6 %/ %7%g %s $N Fb It $G $O!" Ninf_call $N %; %^ %s %F%# %/ %9 $, JQ 2= $7!" <B :] $N Ninf 8F $S =P $7 $r 9T $o $:!" %G!< %? 0M B8 %0 %i %U $N 9= C[ $N $_ $r9T$$!"$9$0$K%j%?!<%s$9$k$h$&$K$J$k!# %H%i%s%6%/%7%g%s$,=*N;$9$k$H!"%/%i%$%"%s%H$N%i %$ %V %i %j $,!"%G!< %? 0M B8 %0 %i %U $H 3F Ninf 8F $S =P $7 $K $*$1 $k0z?t$H$r%a%?%5!<%P$KE>Aw$9$k!#%a%?%5!<%P$O!"%G!< %? 0M B8 %0 %i %U $K =>$C $F!" 3F Ninf 8F $S =P $7 $r %9 %1 %8%e!< %j%s %0 $7!" Ninf %5!<%P $X $N%j %/%( %9 %H$r 9T $J$&!# $3$N Nc$N >l 9g 1 HV $a!" 2 HV $a$N Ninf 8F $S =P$7 $, =* N;$7 $? $N $A!" 3 HV$a$N Ninf 8F$S=P$7$,H/9T$5$l$k!# C 8@ 8l 4D 6- $G $N %G!< %? 0M B8 2r @O $O!" G[ Ns %G!< %? $N %] %$%s %? $N F1 0l @- $H Ninf 8F$S =P $7 $N 3F 0z ?t $N F~ =PNO %b!< %I $K 4p $E $$ $F 9T $J $&!# A0 =R $7 $? $h $& $K!" Ninf $N 3F MW AG %k!< %A %s $O <+ J, $N %$ %s %?!< %U%’ %$ %9 >p Js $r ;}$C $F $* $j!" Ninf 8F $S =P $7 ;~ $K $3 $N >p Js $, F0 E* $K E> Aw$5 $l $k!# $3 $N %$ %s %?!< %U%’ %$ %9 >p Js $K %b!< %I >p Js $b 4^ $^ $l $F $* $j!"%G!<%?0MB82r@O$K$O$3$N>pJs$rMQ$$$k!#Nc$N>l9g!" madd $N Bh 3 !" 4 !" 5 0z ?t$N F~=P NO %b!<%I $O$= $l $>$l!" F~ NO!" F~ NO!" =P NO $G $" $j!" ?^ 4 $N $h $& $J %G!< %? 0M B8 4X 78$,$"$k$3$H$,$o$+$k!# ?^ 4 9TNs2C;;$N%G!<%?0MB84X78 $3 $N $H $- Cf 4V %G!< %? $N %/ %i %$ %" %s %H $X $N E> Aw $O M^ @) $5$l $k!# >e 5-$N Nc $G$$ $( $P!" JQ?t E , F $, Cf4V %G!< %?$G $" $k!#$3$l$i$NCM$O%G!<%?0MB84X78$rI=8=$9$k$?$a$KMQ$$ $i$l$?$K2a$.$:!"%/%i%$%"%s%H%W%m%0%i%‘$GI,MW$H$5$l $k CM $G $O $J $$ $? $a %/ %i %$ %" %s %H $K =q $- La $5 $J $$!# Cf 4V %G!<%?$O<B9T;~$K<+F0E*$K8!=P$5$l$k!# 3.4 %3!<%k%P%C%/ Ninf $K $O MW AG %W %m %0 %i %‘ $+ $i!" %/ %i %$ %" %s %H B& $N %k!<%A%s$r8F$S=P$95!G=!"%3!<%k%P%C%/$,MQ0U$5$l$F$$ $k!#$3$N5!G=$O!"Nc$($PMWAG%W%m%0%i%‘$,O"B3E*$K7W;; $r 9T $$!" Cf 4V 7k 2L $r %/ %i %$ %" %s %H B& $G I= <( $7 $? $$ >l 9g $d!"7W;;%k!<%A%s$N0lIt$rF0E*$K@Z$jBX$($?$$>l9g$J$I $KMQ$$$k!#%3!<%k%P%C%/$rMQ$$$k$HMWAG%k!<%A%s$N%3%s %F%/%9%H$rJ];}$7$?$^$^$G$N!"%/%i%$%"%s%H$H%$%s%?%i %/%7%g%s$,2DG=$K$J$k!# %3!< %k %P%C %/ $r MQ $$ $k $K $O!" IDL $K %3!< %k %P%C %/ 4X ?t $N %$ %s %?!< %U%’ %$ %9 $r Dj 5A $9 $k I, MW $, $" $k!# Dj 5A $N %7 %s %?%C %/ %9 $O MW AG %k!< %A %s $N Dj 5A $K =‘ $: $k $,!" MW AG %k!<%A%s$N0z?t$H$7$F5-=R$9$k!# Nc $H$7 $F MW AG %k!<%A %s calc $+ $i!" %/%i %$ %" %s%H B& $N %k!< %A %s displa y real $r 8F $S =P $7 $F 2h LL $r I= <( $5 $; $k $3$H$r9M$($k!# IDL $r0J2<$N$h$&$K5-=R$9$k!# Define calc(mode_in ...., display(mode_in ...)); $3 $N >l 9g!" displa y $, %3!< %k %P%C %/ %k!< %A %s $G MW AG %k!<%A%s$NFbIt$G$O!"$3$NL>A0$G%k!<%A%s$r8F$S=P$9!# 8F$S=P$7B&$N%3!<%I$O2<$N$h$&$K$J$k!# Ninf_call(...., display_real); display_real $O %3!< %k %P%C %/ %k!< %A %s $N 4X ?t %] %$ %s %?$G$"$k!#$3$N<B9T$NMM;R$r?^ 5 $K<($9!#

5 ?^ 5 %3!<%k%P%C%/ 0l$D$NMWAG%k!<%A%s$+$i8F$S=P$;$k%3!<%k%P%C%/ %k!< %A %s $N ?t $K $O @) 8B $O $J $$!# MQ ES $K 1~ $8 $F J# ?t $N %3!< %k %P%C%/%k!<%A%s$r;H$$J,$1$k$3$H$b$G$-$k!# $^$?!"HsF14|8F$S=P$7$rMQ$$$FJ#?t$N%;%C%7%g%s$r F1 ;~$K<B9T$7$F$$$k>l9g$K$b!"%3!<%k%P%C%/$rMQ$$$k$3$H $, $G $- $k!# Ninf_wait_all $O select %7 %9 %F %‘ %3!< %k $r MQ $$ $F <B Au $5 $l $F $* $j!" $9 $Y $F $N %;%C %7%g %s $+ $i $N %3!<%k%P%C%/$rF1;~$KBT$A<u$1$k$3$H$,$G$-$k!#$3$N5! G=$rMQ$$$k$H8e$K<($9$h$&$KF0E*$JIi2YJ,;6$r9T$&$3$H $,2DG=$G$"$k!# 3.5 %a%C%;!<%8%Q%C%7%s%0%i%$%V%i%j$H$NHf3S Ninf $K $h $k 5- =R $H Be I= E* $J %a%C %;!< %8 %Q%C %7 %s %0 %i %$ %V %i %j $N 0l $D $G $" $k PVM $K $h $k 5- =R $H $r Hf 3S $7 $F $_$h$&!#$3$3$G$O!" NAS P arallel Benchmark $N0l$D $G!"%b%s%F%+%k%mK!$K$h$C$F1_<~N($r5a$a$k7W;;$G$"$k EP $r5-=R$7$F$_$k!# ?^ 6 $K Ninf $K$h$k EP $N%3%"ItJ,$r<($9!# for (i = 0; i < PU; i++){ Ninf_call_async(buffer, i, NPP, ktmp+i, xsumtmp+i, ysumtmp+i, qtmp[i]); } Ninf_wait_all(); ?^ 6 Ninf $K$h$k EP $N<B9T %k!< %W $N Cf $G J# ?t $N Ninf 8F $S =P $7 $r 9T $$!" %k!< %W $N 8e$G 0l 3g$7 $F %;%C%7%g %s $N=* N; $rBT$C $F $$$k!# Ninf $G $O!" $3 $N $h $& $K 4J 7i $J %W %m %0 %i %‘ $r 5- =R $9 $k $@ $1 $G!" ep $N %5 %V %W %m %0 %i %‘ $, <+ F0 E* $K E, @Z $J MW AG 7W ;; 5! >e $K J,;6$5$l!"JBNs$K<B9T$5$l$k!# $3 $l $K BP $7 $F!" PVM $G $O %W %m %0 %i %^ $,!" %W %m %; %9 $r%U%)!<%/$9$k%3!<%I!"2r$r2s<}$9$k%3!<%I$r$$$A$$$A <j$G5-=R$7$J$1$l $P$J$i$J$$!#?^ 7 $K PVM $G$N%9%l!< %V%W%m%;%9$N%U%)!<%/$N%3!<%I$r$7$a$9!# %U%)!<%/$N:]$K$O%[%9%H%M!<%‘$rL@<(E*$KM?$($kI, MW $,$"$k!#$5$i$K!"$3$3$G$O>JN,$9$k$,2r$N2s<}$N%3!<%I $bI,MW$H$J$j!"K\Mh%W%m%0%i%‘$NK\<AE*$G$J$$ItJ,$G$" $kDL?.ItJ,$N5-=R$,%W%m%0%i%^$K$H$C$FBg$-$JIi2Y$K$J $k$3$H$,$o$+$k!# $b $& 0l $D $N Ld Bj E@ $O!" :F Mx MQ @- $G $" $k!# %a%C %;!< %8 for(i=0; i<PU-1; i++){ if(pvm_spawn(PROG,NULL,TASK_CREATE, hname[(i%hnum)],1,&tids[i+1])!=1){ perror("Cannot create process\n"); pvm_exit(); } } ?^ 7 PVM $G$N%U%)!<%/ %Q%C%7%s%0%i%$%V%i%j$G$O!"%W%m%0%i%‘$NMQ$$$F$$$k%W %m%H%3%k$O%W%m%0%i%‘$KHsL@<(E*$KKd$a9~$^$l$F$7$^$& $?$a!"MWAG%W%m%0%i%‘<+BN$K0lHL@-$,$"$C$?$H$7$F$b$= $l $r:F Mx MQ $9 $k $3 $H $, Fq $7 $/ $J $k!# Ninf $G $O!"MW AG %W %m %0 %i %‘ $N %$ %s %?!< %U%’ %$ %9 $O IDL %U%! %$ %k $H $7 $F FH N)$7$F5-=R$5$l$k$?$a!"MWAG%W%m%0%i%‘$N:FMxMQ$OHs>o $KMF0W$G$"$k!# 4. I> 2A Ninf $K $h $k J, ;6 JB Ns <B 9T $N M= Hw I> 2A $H $7 $F!" LAN Fb$G$NJBNs<B9T$rI>2A$7$?!# 4.1 <B 83 4D 6- <B 83 4D 6- $H $7 $F $O!" DEC Alpha (333 MHz) $N 32 Bf$N%o!<%/%9%F!<%7%g%s%/%i%9%?$rMQ$$$?!#3F%o!<%/%9 %F!<%7%g%s$O!" 100Base/T $N%9%$%C%A$G7k9g$5$l$F$$ $k!# 32 Bf$N B>$K%/ %i%9%?$N %[%9%H$H $7$F 1 Bf$N Alpha %o!<%/ %9 %F!< %7%g %s $, $" $k!# $3 $l $i$O NFS $G %U%! %$ %k $r6&M-$7$F$$$k!# Ninf %5!< %P $r $= $l $> $l $N %o!< %/ %9 %F!< %7%g %s $G <B 9T $7!"%/%i%$%"%s%H$K$O!"%[%9%H$N%o!<%/%9%F!<%7%g%s$r MQ $$ $?!# :# 2s $O %H %i %s %6 %/ %7%g %s $r MQ $$ $:!" Hs F1 4| $N Ninf 8F$S=P$7$rMQ$$$FJBNs<B9T$7$?!# 4.2 EP $K$h$kI>2A A0=R$7$? EP $rMQ$$$FI>2A$r9T$C $?!#$3$N7W;;$G $O!" Mp?t$K$h$k;n9T$O40A4$KFHN)$K9T$J$&$3$H$,$G$-!"$5$i $K $= $l $> $l $N ;n 9T 0l 2s $" $? $j $N %3 %9 %H $O 0l Dj $G $" $k $+ $i!"MF0W$KIi2Y$rEyJ,$9$k$3$H$,$G$-$k@-<A$N$h$$%W%m %0%i%‘$G$"$k!# <B83$O!" Sample $H ClassA $H ClassB $H$G9T$C $?!# Sample $G$O 2 24 2s!" ClassA $G$O 2 28 2s!" ClassB $G $O 2 30 2s$N;n9T$r9T$&!#LdBj$NJ,3dK!$H$7$F$O!"C1=c$K ;n9T2s?t$r%W%m%;%C%5?t$G3d$C$F3F%W%m%;%C%5$K3d$jIU $1 $?!# 3d $j IU $1 $O L@ <( E* $K %W %m %;%C %5 $r ;X Dj $7 $F 9T$C $?!# 32 %W %m %;%C %5 $N >l 9g 3F MW AG %k!< %A %s $G $N ;X 8~ 2s ?t $O Sample !" ClassA !" ClassB $G $= $l $> $l!" 2 19 2s!" 2 23 2s!" 2 25 2s $N <B 9T $, 9T $o $l $k $3 $H $K $J $k!# ?^ 8 $K <B 9T7k2L$r<($9!# Sample $G $O!" 32 Bf $N ;~ $K Bg $- $/ @- G= $, Dc 2< $7 $F $$ $k!# ClassA !" ClassB $G $O $[ $\ %j %K %" $K B. EY $, 8~ >e $7 $F $$ $k $,!" ClassA $G $O 32 Bf $G $o $: $+ $K Dc 2< $, 8+ $i $l $k!#$3$l$OLdBj$,:YJ,2=$5$l!"8D!9$NMWAG%k!<%A%s$G$N

6 ?^ 8 EP $N<B9T <B 9T ;~ 4V $, C; $/ $J$C $? 7k 2L!" Ninf $K $h $k %*!< %P!< %X%C %I$,82:_2=$7$?$b$N$G$"$k$H;W$o$l$k!# J, ;6 Bf ?t $r>o $K 32 Bf $K $7!" 8D!9 $N MWAG %k!< %A %s $G $N ;n9T 2s?t$r 2 15 $+$i 2 25 $^ $GJQ 2=$5 $;$?7k 2L$r ?^ 9 $K <( $9!#CM$O%m!<%+%k$KF1$8;n9T2s?t$r<B9T$7$?>l9g$H$NHf 3S$G$"$k!# ?^ 9 ;n9T2s?t$HAjBP<B9TB.EY Ninf $N 8F $S =P $7 $K $h $k %*!< %P!< %X%C %I $O J, ;6 Bf ?t $K $N$_0MB8$7!"$3$N>l9g$O8GDj$G$"$k$H9M$($FNI$$!#;n9T 2s?t$,A}$(MWAG%k!<%A%s$N<B9T;~4V$,1d$S$k$K$7$?$,$C $F!" Ninf 8F $S =P $7 $N %*!< %P %X%C %I $, L5 ;k $G $- $k $h $& $K $J$k$N$,$o$+$k!# 4.3 %a%?%5!<%P$K$h$kIi2YJ,;6 I= 1 $K %5!<%P$r L@<(E* $K;X Dj$7$F Ii2YJ, ;6$r$* $3$J$C $?>l9g$H!"%a%?%5!<%P$rMQ$$$F EP $NIi2YJ,;6$r9T$C$? >l9g$H$NHf3S$r<($9!# Bf ?t $, 16 Bf $^ $G $J $N $O!"8= :_ ;H MQ $7 $F $$$k %+!< %M %k $N!"%W%m%;%9Ev$j$N%U%!%$%k%G%#%9%/%j%W%?$N?t$N@)8B $N$?$a$G$"$k!#%a%?%5!<%P $G$OBf?t$N 2 G\$N%3%M%/%7%g %s$r;HMQ$9$k$?$a!"%U%!%$%k%G%#%9%/%j%W%?$rBgNL$K>C Hq $7 $F $7 $^ $&!# $3 $N $? $a!" 32 Bf $K BP $7 $F $O %9 %1 %8%e!< %j%s%0$,<B9T$G$-$J$+$C$?$?$a$G$"$k!# %a%?%5!<%P$K$h$k%9%1%8%e!<%k$N%3%9%H$O;HMQBf?t $K I= 1 <B9T;~4V ( IC ) 1 2 4 8 16 Sample %a%?%5!<%P 35.7 18.1 9.4 6.2 6.9 %5!<%P;XDj 35.3 17.7 8.8 4.4 3.3 ClassA %a%?%5!<%P 565.6 283.4 141.6 71.1 39.2 %5!<%P;XDj 565.4 282.4 141.2 70.6 37.2 ClassB %a%?%5!<%P 2261.0 1132.1 566.3 283.3 141.7 %5!<%P;XDj 2259.0 1129.5 564.8 282.4 141.6 HfNc$7$FA}Bg$7$F$$$k!#$^$?!"LdBj%5%$%:$K$O0MB8$7$J $$$?$aLdBj%5%$%:$,Bg$-$/$J$k$K$D$l$FAjBPE*$KL5;k$G $-$k$h$&$K$J$C$F$$$k!# 4.4 >uBVL)EY7W;; $3$N7W;;$O5pBgJ,;R$N>uBVL)EY$r!"9TNs$NBP3Q$r 9T$& $3$H$J $/5a $a$k <jK! $G$" $k!#$3 $N>u BVL)EY 7W;; (densit y of states) 3) $O!" 5p Bg9T Ns $r %P %M $N $D $J $,$C$? NO 3X %b %G %k$K8+N)$F!"<~4|E*$J30NO$r$"$?$(!"%P%M$N6&LD$NEY9g $$$r>uBV?t$H$9$k$b$N$G$"$k!#$3$NLdBj$O30NO$N<~GH?t $KBP$7$FJBNs2=$r9T$&$3$H$,$G$-$k$?$a!"JBNs7W;;$KE, $7 $F $O $$ $k $,!" 3F <~ GH ?t $K $* $1 $k Ii 2Y $, 0l Dj $G $J $$ $? $a!" 6Q Ey $K Ii 2Y $r J, ;6 $9 $k $3 $H $O :$ Fq $G $" $k!# ?^ 10 $K Ii2Y$NJ,I[$r<($9!# ?^ 10 >uBVL)EY7W;;$NIi2YJ,I[ 2#<4$,<~GH?t!"=D<4$,$=$N<~GH?t$N6&LDEY9g$$$r 7W;; $9$k$?$a$N7W;;;~4V$G$"$k!#Ii2Y$,<~GH?t$K$h$C$FCx$7 $/0[$J$k$?$a!"<~GH?t$KBP$7$FC1=c$K%V%m%C%/$d%5%$%/ %j%C%/$KJ,3d$9$k$H!"Ii2Y$,6QEy$KJ,3d$5$l$J$$$?$a!" Bf?t8z2L$,F@$i$l$J$$!#$5$i$K!"3F<~GH?t$K$*$1$kIi2Y $O;vA0$KM=B,$9$k$3$H$OIT2DG=$G$"$k!# $= $3 $G %3!< %k %P%C %/ $r MQ $$ $? F0 E* $J Ii 2Y J, ;6 $r $* $3 $J$C$?!#%/%i%$%"%s%HB&$N%k!<%A%s$G$O!"%5!<%PB&$NMW AG %k!< %A %s $r 1i ;; $9 $Y $- <~ GH ?t $r ;X Dj $; $: $K N) $A >e $2 $k!#$5$i$K!"1i;;$9$Y$-<~GH?t$r6!5k$9$k%3!<%k%P%C%/ %k!<%A%s$rMQ0U$9$k!#%5!<%PB&$NMWAG%k!<%A%s$O!"%3!< %k%P%C%/$G1i;;$r<B9T$9$Y$-<~GH?t$r<hF@$7$F!"$=$N<~

7 I= 2 <B9T;~4V ( IC ) <B9T;~4V [ IC ] 1 2 4 8 16 32 %5%$%/%j%C%/ 1380.4 731.7 387.1 233.8 165.3 94.4 F0E*Ii2YJ,;6 1385.9 697.6 351.8 179.8 91.3 52.9 GH?t$G$N1i;;7k2L$r<!$N%3!<%k%P%C%/$G%/%i%$%"%s%H$K JV$9!#$3$l$r<~GH?t$,<hF@$G$-$J$/$J$k$^$G7+$jJV$9!# ?^ 11 $K %3!< %k %P%C %/ $K $h $k <B 9T $N Bf ?t 8z 2L $r <( $9!# Hf 3S $N $? $a!" C1 =c $J %5 %$ %/ %j%C %/ J, 3d $r MQ $$ $? <B 9T $b 9T$C$?!# ?^ 11 >uBVL)EY7W;;$NBf?t8z2L %5%$%/%j%C%/J,3d$N>l9g$O!"Ii2Y$NIT6Q9U$K$h$C$F Bf ?t$K1~$8$?@-G=$,=P$F$$$J$$!#$3$l$KBP$7$FF0E*Ii2YJ, ;6 $N >l 9g $K $O 32 Bf $G 25.5 G\ $N @- G= $, F@ $i $l $F $$ $k!# 40A4$K%j%K%"$J%9%T!<%I%"%C%W$,F@$i$l$J$$M}M3$O!"40 A4 $K Ii 2Y $r 6Q 9U $5 $; $k $3 $H $O K\ <A E* $K IT 2D G= $G $" $k $? $a!"Ii2Y$rJ,;6$9$k%3!<%k%P%C%/%k!<%A%s$,%\%H%k%M%C %/$K$J$C$F$$$k$?$a!"$N 2 E@$G$"$k$H9M$($i$l$k!# I= 2 $K<B 9T;~4V$r <($9!# 1 %W%m%;%C%5 $N>l9g$N<B 9T;~ 4V$O!"%5%$%/ %j%C%/$NJ}$, 5.5 ICDxEYAa $/$J$C$F$$$k!# $3$l$O%3!<%k%P%C%/$N%3%9%H$G$"$k!#$3$N>l9g!"<~GH?t BS 0h $r 256 J, 3d $7 $F $$ $k $N $? $a 256 2s $N %3!< %k %P%C %/ $,@8$8$F$$$k!# ?^ 12 $K 32 Bf$G<B9T$7$?>l9g$N%V%m%C%/!" %5%$%/%j%C %/!"F0E*J,3d$N3F>l9g$K$*$1$k$=$l$>$l$N%W%m%;%C%5$K 3d$jIU$1$i$l$kIi2YNL$r<($9!#$=$l$>$l$N>l9g$N<B9T;~ 4V$O$=$l$>$l$N%0%i%U$N:G$b9b$$CM$K$J$k!#F0E*J,3d$G $OIi2Y$,Hf3SE*6QEy$KJ,G[$5$l$F$*$j!"<B9T;~4V$,C;=L $5$l$k$N$,J,$k!# 4.5 PVM $H$NHf3S ?^ 13 $K PVM $G 5- =R $7 $? >l 9g $K BP $9 $k!" Ninf $G 5- =R$7$?>l9g$N<B9TB.EY$NHf3S$r<($9!#BP>]%W%m%0%i%‘$O A0=P$N EP $G$"$k!# PVM $K$h $k%W%m%0%i%‘ $O!"LdBj$NJ,3d <jK!!"DL?.$N %W %m%H %3 %k $, Ninf $K$h $k $b $N $H F1 $8$K $J $k $h $& 5- =R$7 $?!# Ninf $G 5-=R$7 $?$b$N $O!" PVM $G5- =R$7$? $b$N$H ?^ 12 %3!<%k%P%C%/$K$h$kIi2YJ,;6 ?^ 13 PVM $rMQ$$$? >l9g$H$NHf3S $[$\Ey2A$+!"$h$j>/$J$$%*!<%P%X%C%I$G<B9T$G$-$F$$$k $3$H$,J,$k!# 4.6 9-0h4D6-2<$G$N@-G=Dc2<M=B, :#2s$NI> 2A$G$O!"%/%i %$%"%s%H$N %^%7%s$H Ninf %5!< %P $N %^ %7 %s $H $O 9b B. $J LAN $G @\ B3 $5 $l $F $$ $k!# K\ @a $G$O!" 9-0h 4D 6-$G DL?. B. EY$, Dc2< $7 Ninf $K $h$k %*!<%P %X%C %I $, Bg $- $/ $J$C $? >l 9g $N <B 9T B. EY $K $D $$ $F 9M ;! $9 $k!# DL?.B.EY$NDc2<$K$h$j%*!<%P%X%C%I$OA}Bg$9$k!# $7$+ $7!" Ld Bj $N 7W ;; ;~ 4V $, =< J, D9 $$ $? $a <B 9T B. EY $N LL $G $O $[ $H $s $I Ld Bj $K $J $i $J $$!# @h $[ $I $N ep $r Nc $K $H $k!# ClassB $r 32 Bf $G 1i ;; $7 $? >l 9g $N ;n 9T 2s ?t $O 2 25 $G $" $k!# $3 $l $r <B 9T $9 $k $K $O!" $* $h $=!" 67.3 IC $[ $I $+ $+ $k!#$3 $N>l 9g$N Ninf $N %*!<%P %X%C%I $O 1 IC <e $K2a $.$J $$!# $7 $? $,$C $F!" $3 $N %*!< %P %X%C %I $, 2> $K 10 G\ $K $J$C $? $H $7 $F $b!" %*!< %P %X%C %I $O A4 <B 9T ;~ 4V $N 1/8 Dx EY $K 2a$.$J$$!# %*!< %P %X%C %I $, 2 G\!" 5 G\!" 10 G\!" 20 G\ $G $"$C $? $H$7$?$H$-$N!"%m!<%+%k$J>l9g$H$NAjBPE*<B9TB.EY$r?^ 14 $K<($9!# $3 $3 $G <( $7 $? %" %W %j %1!< %7%g %s $O!" Ninf $N %?!< %2%C %H$H$7$F$OHf3SE*MWAG%k!<%A%s$N<B9T;~4V$NC;$$%"%W%j %1!<%7%g%s$G$"$k!#$7$+$7!"$3$N$h$&$J>l9g$G$5$(%*!<

8 ?^ 14 %*!<%P%X%C%I$,Bg$-$$>l9g$NAjBP<B9TB.EY %P%X%C%I$,A}Bg$7$?$H$7$F$b7W;;;~4V$N$[$&$,;YG[E*$G $"$k!#%"%W%j%1!<%7%g%s$N5,LO$,A}Bg$9$l$O!"$5$i$K7W ;; ;~ 4V $, ;Y G[ E* $K $J $k $N $G!" Ninf $N %*!< %P %X%C %I $O 9- 0h4D6-2<$G$bLdBj$K$J$i$J$$$H;W$o$l$k!# 5. 4X O" 8& 5f J,;64D6-$G$N%9!<%Q!<%3%s%T%e!<%F%#%s%0$r9T$&%W %m %8%’ %/ %H $O!" 4v $D $+ 9T $o $l $D $D $" $k!# NetSolve 4) $O!" Ninf $K $h $/ ;w $? %7 %9 %F %‘ $G!" %/ %i %$ %" %s %H $N API $b N‘;w$7$F$$$k!# NetSolve $K$O%G!<%?%U%m!<$r 2r@O$7!" %9%1%8%e!<%k$9$k5!G=$,$J$$E@$, Ninf $H0[$J$k!# API $N%; %^%s%F%# %/%9 $O$[$\ Ey2A $J$N $G!" NetSolve $GMQ 0U $5 $l $? ?t CM 1i ;; %i %$ %V %i %j $r Ninf $+ $i ;H MQ $7!" Ninf $GMQ0U $7$? ?tCM1i ;;%i%$ %V%i %j$r NetSolve $+ $i;HMQ $9 $k!"!VAj8_>h$jF~$l!W$r8!F$Cf$G$"$k!# %9 %$ %9 ETH $N R CS(Remote Computation Sys- tem) 5) $O!" Ninf $H F1 MM $K %P%C %/ %( %s %I $N %9!< %Q!< %3%s%T%e!<%?$r%j%b!<%H$+$i;HMQ$9$k%7%9%F%‘$G$"$k!# Ninf $H $N Aj 0c $H $7 $F $O!" R CS $G $O 2< 0L $N %l %$ %d $H $7 $F PVM $r MQ $$ $F $* $j 9- 0h J, ;6 $K E, $7 $F $$ $J $$ $3 $H!" F0 E* $J %5!< %P $N DI 2C $, $G $- $J $$ $3 $H!" JB Ns 7W ;; $K BP 1~ $7 $F $$ $J$$ $3 $H $, 5s $2 $i $l $k!# $^ $?!" Ninf $G $O $9 $Y$F $N %j %b!< %H %k!< %A %s $r 0l $D $N API $G 8F $S =P $9 $3 $H $, $G $-!"%k!<%A%s$NDI2C;~$K%/%i%$%"%s%H$NJQ99$,I,MW$J$$ $N$K BP $7 $F!" R CS $G$O %j %b!< %H%k!< %A %s$r DI 2C $9$k $4 $H$KJL$N4X?t$r%$%s%?!<%U%’%$%9$H$7$FDI2C$9$k!#$3$N $?$a!"%7%9%F%‘$N3HD%@-$K$H$\$7$$!# Aa 0p ED Bg 3X $N %a %? %3 %s %T%e!< %? %7 %9 %F %‘ 6) $O!" <+ F0 JB Ns 2= F OR TRAN %3 %s %Q %$ %i $r MQ $$ $F Ld Bj $r J, 3d $7!" %j%b!< %H %[ %9 %H $K M= $a 2T F/ $5 $;$F $* $$ $? Resource Managemen t Server $K %W %m %0 %i %‘ $r %=!< %9 %3!< %I $G E>Aw!"%5!<%P>e$G<B9T7A<0$r:n@.$7!"<B9T$9$k%7%9%F%‘ $G$"$k!#%3!<%I$rE>Aw$9$k$3$H$K$h$C$F@8$8$k%;%-%e%j %F%#LdBj$r$I$&2sHr$9$k$+$,$,5;=QE*$JLdBjE@$G$"$k!# Men tat 7) !" Legion 8) $O C++ $N 3H D% 8@ 8l $r MQ $$ $k JB Ns J, ;6 8@ 8l $G $" $k!# 3H D% 8@ 8l $G 5- =R $5 $l $? %W %m %0 %i %‘$O!"%*%V%8%’%/%H$4$H$KJ,;6$5$lJBNs$K<B9T$5$l$k!# Ninf $O 8@ 8l $r ?7 $? $K @_ 7W $9 $k $3 $H $r Hr $1!" %/ %i %$ %" %s %H$rC1$J$k%i%$%V%i%j$H$7$FDs6!$9$k$3$H$G!"%f!<%6$N IiC4$r8:$i$9$3$H$r=E;k$7$F$*$j!"$3$l$i$N%7%9%F%‘$H $3$H$J$k!# 6. $* $o $j $K 9-0hJ,;6JBNs7W;;$KE,$7$?J,;67W;;$NOHAH$X$NMW @A$K $D $$$F 5D O@ $7!" 2f!9 $N %7 %9 %F %‘ Ninf $, $= $N MW @A$r K~ $? $9$3$H$r<($7$?!#$^$?!"%o!<%/%9%F!<%7%g%s%/%i%9%?$r MQ$$ $? M= Hw E* $J I> 2A $r 9T$$!" Ninf $, J, ;6 4D 6- $K $*$$ $F 8z N( E* $J 7W ;; $r <B 8= $G $-!" PVM $K B= ?’ $J $$ <B 9T @- G= $G$"$k$3$H$r<($7$?!# :#8e$N2]Bj$H$7$F$O!"9-0hJ,;6$KI,MW$H$5$l$k%m %P%9 %H%M%9$N8~>e$,5s$2$i$l$k!#$^$?!":#2sMQ$$$?%a%?%5!< %P$N%9%1%8%e!<%j%s%0<jK!$OC1=c$J%i%&%s%I%m%S%s$G$" $k!#$3$l$r@vN}$9$k$3$H$b:#8e$N2]Bj$G$"$k!# ;2 9M J8 8% 1) Sekiguchi, S., Sato, M., Nak ada, H. and Na- gashima, U.: { Ninf { : Netw ork base infor- mation library for globally high p erformance computing., Pr o c e e dings of Par al lel Obje ct- Oriente d Metho ds and Applic ations (POOMA) (1996). 2) Cf ED =( 4p , Ap Ln 5. G7 , >> 2, Ao , :4 F# ;0 5W , 4X 8} CR ;L : %M%C %H %o!< %/ ?t CM %i %$%V %i %j Ninf $K $* $1 $k %a %? %5!< %P %"!< %- %F %/ %A%c , >p Js =h M} 3X 2q 8& 5f Js 9p HPC, V ol. 96, No. 22 (1996). 3) F| 8~ ;{ >M ;R , D9 Eg 1@ J< , :Y Lp <# IW , 4X 8} CR ;L , :4 F# ;0 5W : Bg 5, LO <B BP >N 9T Ns $N >u BV L) EY $N 7W ;; $H $= $N JB Ns 2= , >p Js =h M} 3X 2q 8& 5f Js 9p HPC, V ol. 93, No. 93-HPC-48, pp. 57{64 (1993). 4) Casanov a, H. and Dongara, J.: NetSolv e: A Netw ork Server for Solving Computational Sci- ence Problems, Pr o c e e dings of Sup er Comput- ing ’96 (1996). 5) Arb enz, P ., Gander, W. and Oettli, M.: The Remote Computation System, T ec hnical Re- p ort 245, ETH (1996). 6) Shudoh, K. and Muraok a, Y.: Paralleliz- ing and Distributing Compilers for Meta- Computer Systems (1996). http://www.m uraok a.info.w aseda.ac.jp/sc96/. 7) Grimshaw, A. S.: Easy to Use Ob ject-Oriented Parallel Programming with Men tat, IEEE Computer , pp. 39{51 (1993). 8) Grimshaw, 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).