DO NOT DISTRIBUTE %^%k%A%/%i%$%"%s%H$K$h$k%M%C%H%o!<%/?tCM>pJs%7%9%F%‘ Ninf $N@-G= 35MW %M%C %H %o!< %/ ?t CM >p Js %7 %9 %F %‘ Ninf $O!$ 9- 0h %M%C %H %o!< %/ $K J, ;6 $7 $? 7W ;; ;q 8; $d >p Js ;q 8; $r Mx MQ $7 $? D6 J, ;6 JB Ns =h M} $N 4p HW $r Ds 6! $9 $k %= %U %H %&%’ %" %7 %9 %F %‘ $G $" $j!$ 9b B.!& 9b @- G=!& 9b IJ <A $J 2J 3X 5; =Q 7W ;; $r ;Y 1g $9 $k $3 $H $r L\ E* $K @_ 7W $5 $l $?!% K\ 9F $G $O Ninf %7 %9 %F %‘ $N A4 BN 9= @. $K $D $$ $F =R $Y $k $H $H $b $K!$ Linpac k b enc hmark $r MQ $$ $F!$ %7 %s %0 %k / %^ %k %A %/ %i %$ %" %s %H N> 4D 6- $G $N %3 %" %7 %9 %F %‘ $N @- G= I> 2A $r <B ;\ $7 $?!% $3 $N7k2L!$8=<BE*$J9-0hJ,;6MxMQ>r7o$G$N Ninf %7%9%F%‘$N<BMQ@-!$7xO4@-$r3NG’$7$?!%$^$?!$4{B8$N%Y%/%H%k %Q%i%l%k%^%7%s$r;O$a$H$9$k%^%k%A%W%m%;%C%5%7%9%F%‘$, Ninf $K$h$C$F%M%C%H%o!<%/7W;;;q8;$H$7$FM-8z$K 3hMQ$5$l$k$3$H$r<($7$?!% Abstract T o establish a basis for globally-distributed parallel computing in n umerial computing, w e are cur- ren tly w orking on the Ninf ( N et w ork based Inf ormation library for High P erformance Computing) soft w are system. Basically , the Ninf is based on the serv er-clien t mo del. Th us, serv ers, distributed in the In ternet w ork, handle information resources either its n umerical libraries or scien ti�c con- stan ts databases, and clien ts are programmed b y users or generated b y semi-automated to ols with the Ninf clien t API whic h establishes RPC connections to serv ers. T o ev aluate the Ninf system, w e p erform Linpac k Benc hmark with the Ninf RPC on Cra y J90 v ector-parallel sup ercomputer and DEC Alpha cluster of w orkstations, and Sun w orkstations. Results sho w that the utilit y and robustness of the net w ork computing with the Ninf, and m ulticomputers suc h as v ector-parallel computers and MPPs can e�ectiv ely supp ort net w ork information services via the Ninf. 1 $O$8$a$K 2J3X5;=Q7W;; $NJ,Ln $K$*$$$F $O!$$h$j J#;($J;v >]$N2r L@$N$? $a!$9b @:EY $+ $D9b ?.Mj @-$N $" $k7W ;;$r $h $j9b B.$G 9b@-G=!& 9b IJ<A $K <B9T $9 $k$3 $H!$ $9$J $o $A%O %$ %Q%U%)!< %^ %s %9 %3 %s %T%e!< %F%# %s %0 (HPC) $, 6/ $/ 5a $a $i $l $F $- $F$$$k!% $^ $?6a G/ $N %3%s %T%e!< %?%M%C %H %o!<%/ 5; =Q $NH/ E8 $K H< $$!$ E-mail, FTP , W orld Wide W eb Ey $G <B 8= $5 $l $k %G!< %? ;q 8; $N 6& M- $, 2D G= $H $J$C $?!% $3 $N $h $& $J %M%C%H%o!< %/ $K$h $k >pJs ;q 8;$X $N %"%/ %; %9$O!$ J* M}E*!$ O@M}E*!$ ;~4V E* $KF) L@$G $" $k$3 $H$, =E MW$J MWAG $G $"$k!% 0l J}!$ 9b B. %M%C %H %o!< %/ 5; =Q $N H/ E8 $r A0 Ds $H $9 $l $P!$ CPU $d %9 %H %l!< %8 $H $$$C $? 7W ;; ;q 8; $r @Q 6K E* $K 6& M- $9 $k$3$H $G!$B? $/ $NBg 5,LO 7W ;;$, 2DG= $H $J$k!% $3$N <B 8=$K $O!$9-0h %M%C%H %o!< %/>e $K E83+ $5 $l$? D69- 0h J,;6 $K BP1~ $7$?7W ;;5; =Q$N @. =O$r MW$9 $k!%$3 $& $7$? D6J, ;6 JBNs 7W;; 5;=Q $r Global Computing $d W orld Wide Computing $H8F$V!% 2f!9$O%M%C%H%o!<%/?tCM>pJs%7%9%F%‘ Ninf 1 ( N et w ork based Inf omation Library for Global W orld-Wide Com- puting Infrastructure) $r 2J 3X 5; =Q 7W ;; J, Ln $K $* $1 $k Global Computing $r <B 8= $9 $k 4p HW %7 %9 %F %‘ $H $7 $F Ds 0F $7 $F $$ $k [5, 7, 8] !% Ninf $O 9- 0h %M%C %H %o!< %/ >e $K J, ;6 $5 $l $? 7W ;; ;q 8; $d >p Js ;q 8; $X $N %" %/ %; %9 $r MF 0W $K <B 8=$7!$ HPC $r ;Y 1g $9 $k $3 $H $r L\ I8 $H $7 $F @_ 7W $5 $l $?!% Ninf $O %/ %i %$ %" %s %H - %5!< %P %b %G %k $K 4p $E $$ $F $* $j!$ %M%C%H%o!< %/ >e$K @_ Dj$5 $l $?J# ?t $N%5!< %P $KBP $7!$ 1s3V CO$N%f!< %6 $O 4{ B8$N 8@ 8l $H 4J0W $J API $r ;H$C $F Ninf $N 5! G= $r 8F $S =P $9 $@ $1 $G %5!< %S %9 $r 5} <u $G $- $k!% Ninf $, 1 h ttp://phase.etl.go.jp/ninf/ Ds 6!$9 $k %5!<%S %9 $O9b @- G=!&9b @:EY!& 9b B.$J ?t CM%i %$ %V %i %j$r <B 9T$7 $F7k 2L $rJV $9 %j%b!< %H7W ;; %i%$ %V%i %j!$ J* M}!& 2=3X!& ?t 3XEy $N 3FJ, Ln $N?t CMDj ?t $N8! :w!$ E}7W ?t CM %G!< %? $d J8 8% $X $N URL Link Ey $N %G!< %? %Y!< %9 Ey $G $" $k!% 9-0h%M%C%H%o!<%/J,;6JBNs=hM}$NA0Ds$H$J$k$N$O!$ DL?.@-G= %P %s %I I} $O :# 8e $b 7r D4 $J ?- $S $r 8+ 9~ $a $k $,!$ %l %$ %F %s %7 $N Bg I} $J C; =L $O K> $a $:!$ $^ $? ?. Mj @- $K 7g$1$k$?$a>iD9$JDL?.<jB3$-$,I,MW!% 7W;;@-G= %9!< %Q!< %3 %s %T%e!< %? $d MPP $N $h $& $K %/ %i %$%"%s%H$HHf3S$9$k$H>o$K05E]E*$K9bB.!% $H $$ $&$3 $H $G$" $j!$ Nc$( $P %o!<%/ %9 %F!<%7%g %s %/%i %9 %? 4D 6- $G!$ PVM, MPI Ey $N %a%C %;!< %8 %Q%C %7 %s %0 %i %$ %V %i %j $K $h$C $F !VHf 3S E*!W :Y N3 EY $G <B 8= $5 $l $k LAN Fb $G $N J,;6 JB Ns=h M}$H $O0l @~ $r2h $9$k!% $3 $N$h $&$J A0Ds $K B( $7 $F!$ Ninf %7 %9 %F %‘ $O AB N3 EY $N %j %b!< %H 7W ;; %i %$ %V %i %j $d$= $l$i $H 6(D4 $7$F MxMQ $9$k $K B-$k IU2C 2ACM $r;} $D >p Js ;q8; $rDs 6! $9$k $H$H $b$K ?.Mj @- $rJ] >Z$9 $kOH AH$H $7 $F %a %? %5!< %P [10] $r MQ 0U $9 $k!% $7 $+ $7!$ $3 $l $i $, M- 8z $K 5! G=$9 $k$3 $H $r<B >Z$9 $k$K $O<B :] $N1? MQ$N 7k2L $rBT $? $M $P$J$i$J$$!% Ninf $N %5!< %P $O UNIX %7 %9 %F %‘ >e $G F0 :n $7 $F $* $j!$ %/ %i %$ %" %s %H $+ $i $N %" %/ %; %9 $, =8 Cf $7 $F $b B? ?t $N %W %m %; %9 $N %O %s %I %j %s %0 $r GK C> $J $/ ?k 9T $9 $k I, MW $, $" $k!% 0l J}!$ Ninf $, %5!< %P $N BP >] $H $7 $F $$ $k %9!< %Q!< %3 %s %T%e!< %? $d MPP $J $I $N D6 9b @- G= 7W ;; 5! $N OS $O!$ UNIX %o!< %/ %9 %F!< %7%g %s $^ $? $O UNIX %5!< %P $H Hf 3S $7 $F!$B? ?t $N%W %m%; %9$r F1 ;~$K <B9T $9 $k$3 $H$r 9MN8 $5 $l $F $$ $J $$!% $3 $l $i $N 7W ;; 5! $N OS $H Ninf $N AH 9g $; $G == 1

?^ 1 Ninf %7%9%F%‘%"!<%-%F%/%A%c J,$J7xO4@-$r0];}$9$k%7%9%F%‘$,MW5a$5$l$k!% $^ $?!$ D6 9b @- G= 7W ;; 5!!$ FC $K %Y %/ %H %k %Q %i %l %k 7W ;; 5!!$ MPP Ey $N JB Ns 7W ;; 5! $G Ninf %5!< %P %7 %9 %F %‘ $r 1? MQ$9 $k :]!$ =g <! E~ Ce $9 $k 7W ;; MW 5a $N =h M} J} K! $H $7 $F!$ 2 $D$NA*Br 2 $,$"$jF@$k!% %?%9%/%Q%i%l%k 7W ;; ;q 8; $r 6u 4V J} 8~ $K J, 3d $7!$ $= $l $> $l$N%?%9%/$K3d$jEv$F$FJBNs$K=hM}!% %Y%/%H%k%Q%i%l%k!&D6JBNs $9 $Y $F $N ;q 8; $r 0l $D $N %? %9 %/$K3d$jEv$F$FD>Ns$K=hM}!% $3$NA* Br$O B?$/ $N >l9g!$ Ds6! $9$k %i %$%V %i%j $N @_7W CJ3, $K4X$o $k LdBj $G $" $k!%$D $^ $j!$%M%C %H %o!<%/ %5!< %S %9$K FC2=$5 $l$? 7W ;;%k!< %A%s $r MQ0U $9$k I, MW$, $"$k $+!$ $"$k $$$OC1 $K%^ %7%s $N %T!<%/ @-G= $r<B 8= $9$k $h$& $K :GE, 2=$5 $l$?7W;;%k!<%A%s$GM-8z$K1?MQ$G$-$k$+$,LdBj$H$J$k!% K\ 9F $G $O!$ Ninf %7 %9 %F %‘ $N 35 MW $K $D $$ $F =R $Y $k $H $H $b$K!$$3 $l$i $N=t Ld Bj$K BP$9 $k2r Ez $rF@ $k$3 $H $rL\ E*$H $7$F Linpac k Benc hmark $r MQ $$ $F Ninf %5!< %P $N @- G= I>2A<B 83$r 9T$C $?!%K\ %7 %9%F %‘ $rMQ $$$? J} $,%m!< %+ %k<B 9T $h $j 9b B. 2= $5 $l $k $3 $H $K $h $j!$ Ninf $K $h $k 9- 0h %M%C %H%o!<%/ J, ;6JB Ns =hM} $N M-8z @- $r<B >Z $7$?!% $^ $?!$%5!< %P%^%7%s$H $7$F%Y %/%H%k %Q%i%l %k7W;; 5! Cra y J90 4PE $d Sun SMP %o!< %/%9%F!<%7%g%s$rMQ$$!$ J#?t$N%/%i%$ %"%s%H $,JB 9T$K %" %/%; %9$9 $k4D 6- $G$N <B83 7k 2L$+ $i!$JB Ns 7W ;; 5! MQ OS $H Ninf %7 %9 %F %‘ $N AH 9g $; $G 7x O4 $J %M%C %H %o!< %/ %5!< %S %9 $, Ds 6! $G $- $k $3 $H $r 3N G’ $7 $?!% $5 $i $K!$%Y %/%H %k %Q %i %l %k7W ;; 5!!$ MPP $G $O %T!< %/@- G= $r <B 8= $9 $k $h $& $K :G E, 2= $5 $l $? %i %$ %V %i %j $G Ninf %5!< %S %9$rDs 6!$9 $k$3 $H$G ==J, 8z N(NI $/1? MQ$G $-$k $H $NH= CG$K ;j$C$?!% 2 Ninf %7%9%F%‘$N35MW Ninf %7 %9 %F %‘ $O %/ %i %$ %" %s %H - %5!< %P %b %G %k $K 4p $E $/!% %/ %i %$ %" %s %H $+ $i $O LAN $d W AN $K @\ B3 $5 $l $? %5!<%P$, Ds6! $9 $k%i %$%V %i %j4X ?t$r ;O $a$H $9$k MM!9 $J;q 8;$r!$%5!< %P>e $G F0:n $9 $k%G!< %b %s%W %m%; %9 $r2p $7 $FMx MQ $9 $k $3 $H $, $G $- $k!% ?^ 1 $K Ninf %7 %9 %F %‘ %"!< %- %F %/ %A%c$r<($9!% Ninf %7 %9 %F %‘ $O!$ Ninf $N %5!< %S %9 $r Ds 6! $9 $k Ninf %5!< %P !$ Ninf %/ %i %$ %" %s %H $N %$ %s %? %U%’!< %9 $r Ds 6! $9 $k Ninf %/ %i %$ %" %s %H API !$ 9- 0h %M%C %H %o!< %/ $K J, ;6 2 7W;;<gBN$N Ninf $G$O;~J,3d$K$D$$$F$O9MN8$9$k$KCM$7$J$$!% ?^ 2 Ninf %5!<%P - %/%i%$%"%s%H4VDL?.$N35MW $7 $? Ninf %5!< %S %9 $N %9 %1 %8%e!< %j %s %0 $r ;Y 1g $9 $k %a %? %5!< %P $J $I $+$i 9=@. $5 $l$k!% $3 $l$i $N9= @. MWAG 4V$N DL ?. $O Ninf RPC (Remote Pro cedure Call)[9] $H >N $9 $k <j B3 $- $K $h$C $F <B 8= $5 $l $k!% Ninf Stub Generator, Ninf Register $O %5!< %S %9 $N Ds 6! $r H> <+ F0 2= $9 $k %D!< %k $G $" $j!$%5!<%P$NJ]<i$rMF0W$K$9$k!% $3 $l$i$NOH AH$rMx MQ$9$k $3$H$K$h $j!$%f!<%6 $OHQ;( $J <j B3 $- $J $7 $K Ninf $N %5!< %S %9 $r MQ $$ $? 9- 0h J, ;6 JB Ns =h M} $r <B 8= $9 $k $3 $H $, $G $- $k!% 0J 2< $G $O Ninf $r <B 8= $9 $k MWAG5;=Q$K$D$$$F=R$Y$k!% 2.1 Ninf %5!<%P Ninf %5!< %P $O %j %b!< %H 7W ;; %i %$ %V %i %j $d %G!< %? %Y!< %9 Ey $N ;q 8; $r Ds 6! $9 $k %[ %9 %H >e $G F0 :n $9 $k %G!< %b %s %W %m %;%9 $G!$ %/%i %$ %"%s %H $H$N DL?. $d %5!<%S %9 $N3+ ;O!& =* N; $N 4I M} $r 9T $&!% Ds 6! $5 $l $k ;q 8; $O!$ Ninf Executable $H >N $9 $k %5!< %P >e $G <B 9T $G $- $k %U%! %$ %k 7A <0 $r :N$C $F $$ $k!% LAP A CK $J $I$N CxL> $J%i%$ %V%i %j$d%[ %9%H MQ$K :G E, 2= $5 $l $? ?t CM %i %$ %V %i %j $r!$ DL ?. %i %s %? %$ %‘ $r 4^ $‘ stub %k!< %A %s $H %j %s %/ $9 $k $@ $1 $G!$ MF 0W $K $3 $l $i $N %i %$ %V %i %j $r %j %b!< %H 7W ;; %i %$ %V %i %j $H $7 $F Ds 6! $G $- $k!% Ninf Executable $O ninf register %3 %^ %s %I $G EP O? $9 $k $3 $H $G %5!< %P %G!< %b %s $N 4I M} 2< $K CV $+ $l!$ E, 59 fork&exec $5$l$k!% ?^ 2 $K Ninf %5!< %P $H %/ %i %$ %" %s %H 4V $N DL ?. %W %m %H %3 %k Ninf RPC $N 35 MW $r <( $9!% Ninf RPC $N <B Au $O DL ?. $K TCP/IP !$ DL ?. %G!< %? I= 8= $K Sun XDR $r :N MQ $7 $F $*$j!$B?$/$N%W%i%C%H%U%)!<%‘$KMF0W$K0\?"$G$-$k!% 2.2 Ninf %/%i%$%"%s%H API Ninf $N %/ %i %$ %" %s %H $O!$ C, C++, F ortran, Ja v a, Lisp Ey $N 4{ B8 $N 8@ 8l $H!$ 3F 8@ 8l MQ $N 4J 0W $J Ninf %/ %i %$ %" %s %H API $r MQ $$ $F :n @. $5 $l $k!% Ninf %/ %i %$ %" %s %H API $O Ninf call $H $$ $& M# 0l $N %$ %s %?!< %U%’!< %9 $+ $i @. $j!$ Ninf $N A4 %5!< %S %9 $N Mx MQ $K MQ $$ $i $l $k!% Ninf call $N MxMQ Nc $H$7 $F9T Ns @Q$r <h $j>e $2$k!% DL >o9T Ns@Q $N %k!< %A%s$r8F$S=P$9>l9g!$ double A[n][n], B[n][n], C[n][n]; /* declaration */ dmmul(n, A, B, C); /* calls matrix multiply, C=A*B */ 2

$N$h $& $K 5- =R $9 $k!% dmmul $, Ninf %5!< %P $G Mx MQ 2D G= $J >l9g$O!$0J2<$N$h$&$K=q$-49$($k!% Ninf_call("dmmul", n, A, B, C); /* call remote Ninf library on server */ $3$N$h$&$K%m!< %+%k%i %$%V%i%j $r8F$S =P$9>l9g $HHs>o $K N‘ ;w $7 $? <j B3 $- $G Ninf $N %j %b!< %H %i %$ %V %i %j $, Mx MQ $G $- $k!% Ninf call $O Ninf RPC $r ;H$C $F <+ F0 E* $K 4X ?t $N 0z ?t $N ?t!& 7? $r 7h Dj $7!$ 0z ?t $r ;H$C $F Ninf %5!< %S %9 $rMxMQ $7$? 7W;; $r 9T$$!$ 7k2L $rE, @Z $J0z ?t$K 3J G<$9 $k$H $$$&0l O"$N =h M}$r 9T $&!%$3 $N $?$a!$ %f!<%6 $K $O<+ J, $N%^ %7%s>e $G%j %b!<%H %i %$%V %i%j $,<B 9T $5$l $F$$ $k $+$N $h$& $K8+$($k!% 2.3 Ninf IDL 2.1 $G =R $Y $? $h $& $K Ninf RPC $G $N Ninf Executable $N ;E MM ( %$ %s %? %U%’!< %9 >p Js ) $K 4X $9 $k %/ %i %$ %" %s %H - %5!<%P4V $N>p Js 6&M- $O!$ %/%i %$ %"%s %H$, :G =i$K %5!< %P$K Ld$$9g$o$;$k$3$H$G<B8=$5$l$k!% Ninf IDL (In terface Description Language) $O $3 $N %$ %s %?!< %U%’!< %9 >p Js $r 5- =R $9 $k <j CJ $r Ds 6! $9 $k $b $N $G!$@h$N9TNs@Q$NNc$G$O2<$N$h$&$K$J$k!% Define dmmul(long mode_in int n, mode_in double A[n][n], mode_in double B[n][n], mode_out double C[n][n]) /* Description */ "dmmul is matrix multiply for double precision", /* specify library required by this routine. */ Required "libxxx.o" /* Use C calling convention */ Calls "C" mmul(n,A,B,C); I,?\$N%$%s %?%U%’!<%9 >pJs$H $7$F0z ?t$N?t!$ 7?!$%"%/ %; %9 %b!< %I!$ G[ Ns $N Bg $- $5 $, ;X Dj $G $- $k B>!$ 5! G= $N @b L@!$ build $K I, MW $J %b %8%e!< %k $d %i %$ %V %i %j!$ %j %s %/ ;~ %*%W%7%g%s!$JLL>Ey$,5-=R$G$-$k!% %5!<%S%9Ds6! <T$O5!G= %3%"$H %$%s%? %U%’!<%9$r 5-=R$7 $? Ninf IDL $r MQ 0U $7 $5 $( $9 $l $P!$ 0J 2< $N <j =g $G H> <+ F0 E*$K Ninf %5!<%S%9$rDI2C$G$-$k ( ?^ 3 ) !% 1. Ninf IDL $r5-=R 2. Ninf IDL %3 %s %Q %$ %i ninf gen $K $h $j!$ Mak e�le 5Z $S Stub %3!<%I ( %$%s%?%U%’!<%9>p Js$HDL?.%i%s %?%$%‘$r4^$‘ ) $r@8@. 3. mak e�le $rMQ$$$F Ninf Executable $r@8@. 4. ninf register %3%^%s%I$G Ninf Executable $r Ninf %5!<%P$KEPO? 2.4 %a%?%5!<%P %a %? %5!< %P $O J# ?t $N Ninf %5!< %P >p Js $r %b %K %? $7!$ %/ %i%$%" %s%H $+ $i$N %j%/ %( %9%H $N%9 %1 %8%e!<%j %s%0 $r E,@Z $K9T$&!% %a %?%5!< %P $r2p $9 $k$3 $H $G%f!< %6 $OI, MW $J%5!< %S %9 $r Ds 6! $7 $F $$ $k Ninf %5!< %P $N =j :_ $r 0U <1 $; $: $K Mx MQ $G $- $k!% J# ?t $N %a %? %5!< %P 4V $N >p Js 6& M- $b 2D G= $G $" $j!$ ?7 $7 $$ Ninf %5!< %P $r MQ 0U $9 $k >l 9g $O :G 4s $j $N %a %? %5!< %P $K EP O? $r 9T $( $P $h $$!% $^ $?!$ E, @Z $J Ninf %5!< %P ?^ 3 %$%s%?!<%U%’!<%9%8%’%M%l!<%? ?^ 4 Linpac k $GMQ$$$?%W%m%0%i%‘$H<x<u%G!<%? $r %/ %i %$ %" %s %H $K 3d $j Ev $F $k $3 $H $K $h $j!$ Ninf call $N =h M} ;~ 4V $r :G >. $K $7!$ Net w ork-Wide $J Ninf %5!< %P 4V $N Ii 2Y J, ;6 $r <B 8= $9 $k!% $^ $?!$ %/ %i %$ %" %s %H API $N 3H D% $K $h $j!$ Ninf check in , Ninf check out $N 4V $K =q $+$l$? Ninf call $rJBNs<B9T$9$k!% 3 %7 %s %0 %k %/ %i %$ %" %s %H $K $h $k Linpac k $r MQ$$$?%5!<%P@-G= 9- 0h J, ;6 JB Ns =h M} $K $* $$ $F $O %G!< %? $N DL ?. NL $H 7W ;; NL $H $N %P %i %s %9 $, %7 %9 %F %‘ $N M- 8z @- $r 7h Dj $9 $k :G Bg $N MW 0x $G $" $k!% $= $3 $G Ninf $N M- 8z @- $r <( $9 $? $a $K!$ $^ $: %5!< %P $K 0l $D $N %/ %i %$ %" %s %H $, Ninf call $9 $k $H $$ $& M} A[ E*$J Mx MQ>r 7o $G$N I> 2A<B 83$r J# ?t%W %i%C %H%U%)!< %‘ >e $G9T$C$?!% 3.1 Linpac k Benc hmark I> 2A$K$O G\@:EY $N Linpac k Benc hmark $r<B ;\$7$?!% Linpac k Benc hmark $O %, %& %9 $N >C 5n K! $r MQ $$ $? L) 9T Ns $N O" N) 0l <! J} Dx <0 $N 5a 2r (dgefa, dgesl) $K MW $9 $k ;~ 4V $r B, Dj $9 $k $b $N $G!$ 1i ;; ?t $, 2 3 n 3 + 2 n 2 $H 0l 0U $K Dj $^ $k $3 $H$+ $iIb F0 >.?t E@1i ;;@- G=$N I8 =‘$H $7$F $h$/ 0zMQ $5 $l $F$$$k!% Ninf $r MQ $$ $? Benc hmark $G $O!$ dgefa, dgesl $N 2 $D $r Ninf %5!< %P >e $G <B 9T $9 $k!% %W %m %0 %i %‘ $N Nc $H $= $N 4V $N <x <u %G!< %? $r ?^ 4 $K <( $9!% 0z ?t $r 4^ $a $? DL ?. NL $O 8 n 2 + 20 n + O (1) b ytes $G $" $k!% Ninf call $N <B 9T ;~ 4V T Ninf c al l $O DL ?.;~ 4V T c omm $H7W ;; ;~ 4V T c omp $+ $i @. $k!% T Ninf c al l = T c omm + T c omp (1) 3

?^ 5 %/%i%$%"%s%H5Z$S%5!<%P$KMQ$$$?7W;;5! I= 1 I>2A$KMQ$$$?%5!<%P$H%/%i%$%"%s%H$NAH$_9g$o$; Lo cal Ninf call Client Ultra J90(1PE) J90(4PE) Sup erSP AR C !{ !{ !{ !{ UltraSP AR C !{ { !{ !{ Alpha !{ { !{ !{ Linpac k $NLdBj%5%$%:$r n $H$9$k$H!$ T c omm = T c omm0 + 8 n 2 + 20 n B (2) T c omp = T c omp0 + 2 = 3 n 3 + 2 n P cal c (3) $3 $3 $G T c omm0 , T c omp0 $O DL ?. $H 7W ;; $N %;%C %H %"%C %W $K $+ $+ $k ;~ 4V $r <( $9!% $^ $?!$ B $O %/ %i %$ %" %s %H { %5!< %P 4V $N DL ?. %9 %k!< %W%C %H!$ P c alc $O %5!< %P $K $* $1 $k Linpac k $N<B9T@-G=$r<($9!% $^ $?!$ Ninf call $N <B 9T @- G= P Ninf c al l $O 0J 2< $N $h $& $KI=$9$3$H$,$G$-$k!% P Ninf c al l = 2 = 3 n 3 + 2 n T Ninf c al l (4) T c omm $O O ( n 2 ) !$ T c omp $O O ( n 3 ) $G$"$k$?$a!$ n $, Bg $- $/ $J $k $K $D $l $F DL ?. $N %*!< %P!< %X%C %I $, 1# JC $5 $l $k!%$7 $? $,$C $F P Ninf c al l $O %/ %i %$ %" %s %H %^ %7 %s $N <B 9T @-G=$h$j8~>e$9$k$3$H$,M=B,$G$-$k!% 3.2 I>2A4D6- %/%i%$%" %s%H 5Z$S %5!<%P $K MQ$$ $?7W ;;5! $H$= $N OS $O ?^ 5 $K <( $9 DL $j $G $" $k!% $3 $l $i $N 7W ;; 5! $O EE ;R 5; =Q Am 9g 8&5f=j$N$b$N$rMxMQ$7$?!% Linpac k $N 5a 2r %k!< %A %s $H $7 $F!$ J90 $G $O C1 @: EY $N IbF0 >.?t E@ I= 8= $, 8 b ytes $G $"$k $? $a!$ libSci %i %$ %V %i %j$N sgetfa, sgetsl $rMx MQ$7 $?!%$5 $i$K 4PE $r @jM- $7$F 9bB.$K<B9T$9$k$b$N (4PE HG ) $H!$ 1PE $N$_$r MQ$$$F<B 9T $9 $k $b $N (1PE HG ) $r MQ 0U $7 $?!% $= $N B> $N 7W ;; 5! $G $O LAP A CK $N dgefa, dgesl $rMQ$$ $?!%LdBj%5 %$%:$O 100 $+$i 1600 $rBP>]$H$7$?!% 7WB, $r9T$C $? %/ %i %$%" %s %H $H %5!< %P$N AH 9g $; $r I= 1 $K <( $9!% Lo cal $O Ninf $r MQ $$ $: $K %/ %i %$ %" %s %H >e $G <B 9T $7$?$b$N$G$"$k!% 3.3 B,Dj7k2L ?^ 6 $K Sup erSP AR C $H UltraSP AR C $r %/ %i %$ %" %s %H $H $7 $? B, Dj 7k 2L $r <( $9!% 2# <4 $O BP >] $H $9 $k 9T Ns $N ?^ 6 SP AR C $r%/%i%$%"%s%H$H$7$? Linpac k $N<B9T7k2L ?^ 7 Alpha $r%/%i%$%"%s%H$H$7$? Linpac k $N<B9T7k2L Bg $- $5!$ B( $A Linpac k $N Ld Bj %5 %$ %: $r <( $9!% =D <4 $O Ninf call $H Lo cal $N<B9T@-G=$r M ops $G<($7$F$$$k!% Sup erSP AR C $H UltraSP AR C $N Lo cal $O $= $l $> $l B? >/ %-%c%C %7%e $N 8z 2L $, $" $k $b $N $N!$ Ld Bj %5 %$ %: $K $h $i $: $[ $\ 0l Dj $N @- G= $r F@ $F $$ $k!% $3 $l $K BP $7!$ Ninf call $G $O!$ 3.1 $G =R $Y $? $h $& $K Ld Bj %5 %$ %: $, Bg $- $/ $J $k $K $D $l $F @- G= $, 8~ >e $7!$ Sup erSP AR C, UltraSP AR C $H $b Ld Bj %5 %$ %: $, 200 !A 400 $G $9 $G $K $= $l $> $l $N %^ %7 %s $N Lo cal $h $j $b 9b $$ @- G= $, F@ $i $l $F $$ $k!% $^ $? UltraSP AR C $N Lo cal $H Sup erSP AR C $+ $i UltraSP AR C $X $N Ninf call $N B, Dj 7k 2L $r Hf 3S $9 $k $H!$ Ninf call $O Ld Bj %5 %$ %: $, Bg $- $/ $J $k $K $D $l!$ Lo cal $N @- G= $K <} B+ $7 $F $$ $k!% $3 $l $O <0 (1) $K $* $$ $F T c omm � T c omp $H $J $j!$ DL ?. %*!< %P!< %X%C %I $, 1# JC $5 $l $k$? $a $G$" $k!%$^ $?%/ %i %$%" %s%H $N @-G= $,0[ $J$k >l 9g $b Ninf call $G$O$[$\F1DxEY$N@-G=8~>e$,4QB,$5$l$?!% ?^ 7 $K Alpha $r %/ %i %$ %" %s %H $H $7 $? B, Dj 7k 2L $r <( $9!% Alpha $N Ib F0 >. ?t E@ I= 8= $O IEEE 7A <0 $G $" $j!$ CRA Y 7A <0 $H 0[ $J $k $? $a!$ DL ?. MQ %G!< %? I= 8= $N XDR $H 7W ;; 5! $N %G!< %? I= 8= $N 4V $N JQ 49 $K ;~ 4V $r MW $9 $k!% SP AR C $H F1 MM $K Ld Bj %5 %$ %: 400 A0 8e $G Ninf call $, Lo cal $N@-G=$r>e2s$C$?!% ?^ 8 $K Ninf call $N :] $N DL ?. %9 %k!< %W%C %H $N <B B, CM $r <( $9!% Ninf $G $O %Q %1%C %H C1 0L $G %G!< %? $r E> Aw $7 $F $* $j!$ %/ %i %$ %" %s %H $G $N %G!< %? I= 8= $N JQ 49!$ %G!< %? $N E> Aw!$ %5!< %P$G $N %G!<%? I= 8=$N JQ 49$, JB 9T$7 $F 5/$3$C $F $$ $k!% $7 $?$,$C $F!$ $3 $N%9 %k!< %W%C %H$K $O %G!< %?I= 8= $N JQ 4

?^ 8 Ninf call $NDL?.%9%k!<%W%C%H 49$KMW$9$k;~4V$,4^$^$l$k!% ?^ 8 $G $O!$ %9 %k!< %W%C %H $N CM $K $h$C $F 2 $D $N %0 %k!< %W $K J, N‘ $G $- $k!% 2MB/sec $r D6 $( $? IU 6a $G $[ $\ K0 OB $7 $F $$ $k 6 K\ $N %0 %i %U $O SP AR C 5Z $S Alpha $H J90 $N 4V $N %9 %k!< %W%C %H $r <( $9!% $3 $N Cf $G $O Alpha $, N> SP AR C $h $j %^ %7 %s @- G= $, 9b $$ $? $a!$ $d $d 9b $$ %9 %k!< %W%C%H$r <( $9!% 0l J}!$%5!< %P $H %/%i %$ %" %s%H $K SP AR C $r MQ $$ $? >l 9g $, J? 6Q Ls 3.2 MB/sec $H :G $b 9b B. $K $J$C $?!% $3 $l $O SP AR C 4V $G $" $l $P!$ %G!< %? I= 8= $N JQ 49 $N %*!<%P!<%X%C%I$,>.$5$$$?$a$H9M$($i$l$k!% 4 %^%k%A%/%i%$%"%s%H$K$h$k%5!<%P@-G= DL >o $N Ninf %5!< %P $N 1? MQ $G $O!$ 0l $D $N %5!< %P $, B? ?t $N %/ %i %$ %" %s %H $+ $i F1 ;~ $K Ninf call $5 $l $k $3 $H $, A0 Ds $G $" $k!% Ninf %7 %9 %F %‘ $, M- 8z $K 5! G= $9 $k $K $O!$ $3 $N $h $&$J>l 9g$K $bJ? 6Q =hM} ;~4V $NCx $7 $$A} Bg$r >7 $+$:!$ $+$D %5!< %P %^ %7 %s $N 2T F/ N( $r 9b $/ 0] ;} $9 $k $3 $H $, I, MW $G $" $k!%$=$3 $G!$J# ?t $N%/ %i %$%" %s %H$r MQ$$ $? %5!<%P $N @-G= I>2A$r9T$C$?!% 4.1 I>2A4D6- A0 @a $N I> 2A $G MQ $$ $? Cra y J90 $r %5!< %P!$ Alpha %/ %i %9 %? $r %/ %i %$ %" %s %H $H $7 $F MQ $$ $? ( ?^ 5 ) !% Linpac k $N5a2r %k!<%A %s$H $7$F A0@a F1 MM!$ 4PE HG$H 1PE HG $rMQ $$ $k!% A0 <T $O 4PE $r @j M- $7 $F 9b B. $K <B 9T $9 $k Be $o $j $K F1;~$K 1task $7 $+<B 9T $G$- $:!$8e <T $O9b B.$G $O $J$$ Be$o $j$K 4task JBNs$K<B9T$G$-$k!% I> 2A $K $O 8= <B $K 6a $$ Ninf %/ %i %$ %" %s %H %W %m %0 %i %‘ $N %b%G %k $H $7 $F!$A0 @a $G =R $Y $? Linpac k Benc hmark %k!< %A%s$r 7+$j JV$7 8F $S=P $9$b $N$r MQ 0U$7 $?!%$3 $N %b%G %k$G $O Ninf call $O %9 %F%C%W ( s sec) Kh $K 0l Dj $N3N N( p $G H/ @8 $9$k$b $N $H $7!$ %/%i %$ %" %s%H ?t $O c $H $9$k!% Ld Bj %5 %$%: $O;n9T$N4V0lDj $G n $H$9$k!%B, Dj$O!$ s = 3 !$ p = 1 = 2, c = 1 ; 4 ; 8 ; 12 ; 16, n = 600 ; 1000 ; 1400 $H $$ $& >r 7o $G $9 $Y$F$NAH9g$;$r<B;\$7$?!% <B 83 $G $O %5!< %P $N 2T F/ N(!$ Ii 2Y!$ 5Z $S 3F Ninf call $K $D $$ $F!$ ?^ 9 $K <( $9 $h $& $K %/ %i %$ %" %s %H $G Ninf call $r 3+ ;O $7 $? ;~ 9o T submit , %5!< %P $G Ninf call $r <u $1 IU $1 $? ;~ 9o T enqueue , %5!< %P $G Ninf Excutable $r 5/ F0 $7 $? ;~ 9o T de queue , %/ %i %$ %" %s %H $G Ninf call $r 40 N; $7 $? ;~ 9o T c omplete !$DL?.5Z $S%G!<%?I=8=$NJQ49 $N%9%k!<%W%C%H$r ?^ 9 Ninf call $NB,Dj$N%?%$%_%s%0 ?^ 10 1PE HG , n=600, c=8 $N<B9T7k2L B, Dj $7 $?!% $3 $3 $G Ninf call $N 1~ Ez ;~ 4V T r esp onc e , BT $A ;~4V T wait $r0J2<$N$h$&$KDj5A$9$k!% T r esp onc e = T enqueue � T submit (5) T wait = T de queue � T enqueue (6) 4.2 B,Dj7k2L ?^ 10 $K 1PE HG $G ( n; c ) = (600 ; 8) !$ ?^ 11,12,13 $K 4PE HG $G ( n; c ) = (600 ; 8) ; (600 ; 12) ; (1400 ; 8) $G $N <B 9T >u 67 $r <( $9 3 !% 2# <4 $O 7P 2a ;~ 4V [sec] !$ =D <4 $O CPU $N 2T F/ N( [%]( :8 ), 5 IC Kh $N Ii 2Y J? 6Q CM ( 1& ) $r <( $9!% %0 %i %U >e $N ?e J? @~ $O 3F %/ %i %$ %" %s %H $G Ninf call $r 9T$C $F $$ $k>uBV$rI=$9!% I= 2 !$ I= 3 $K<B9T7k2L$N>\:Y$r<($9!% ?^ 10 $H ?^ 11 $r Hf 3S $9 $k $H!$ 4PE HG $O Ii 2Y $, 9b $$ $b $N $N CPU $N 2T F/ N( $, 9b $$!% $7 $? $,$C $F %5!< %P $G $N =h M} 3+ ;O $O CY $l $k 2D G= @- $, $" $k $,!$ n; c $, $" $^ $j Bg $- $/ $J $$ >l 9g $K $O 4CPU HG $N J} $, NI $$ @- G= $, F@ $i $l $k!% n; c $, A} 2C $9 $k $H 2T F/ N( $O K0 OB $7!$ $= $N 8e $O %5!< %P $N Ii 2Y $, <! Bh$K A} 2C $7$F $$ $/!% ?^ 12 $H ?^ 13 $r Hf 3S$9 $k $H!$ I= 3 $h $j $I $A $i $b $[ $\ 2T F/ N( $O K0 OB $7 $F $$ $-!$ Ii 2Y $O $[ $\ Ey $7 $$ $,!$ c $, A} 2C $7 $F $$ $/ >l 9g $O Ii 2Y $, 6Q 0l $K >e $, $j!$ n $, A} 2C $7 $F $$ $/ >l 9g $O Ii 2Y $N :G Bg!& :G >. CM $K :9 $, @8 $8$k!% $3 $l $OHf 3S E*N3 EY $, >.$5 $$ >l9g $O A4 PE $, @j M- $5$l $k ;~4V $,C; $$$,!$ N3 EY$, Bg$- $$ >l9g $OD9 $$$3 $H $K $h $k!% 1PE HG $G $b F1 MM $N 7k 2L $r F@ $? $,!$ 4task F1 ;~ $K =h M} $G $- $k $? $a!$ 4PE HG $G 8+ $i $l $k Ii 2Y $N :9 $O G’ $a $i $l$J$+$C$?!% 3 B>$N?^I=$O h ttp://phase.etl.go.jp/~atak efu/jspp97/ ;2>H!% 5

I= 2 1PE HG$N%^%k%A%/%i%$%"%s%H$K$h$k<B9T7k2L P erformance[M ops] T r esp onse [sec] T wait [sec] Throughput [MB/s] CPU Load n c max/min/mean max/min/mean max/min/mean max/min/mean Utilization a v erage times 1 72.71/69.90/71.17 0.03/ 0.02/ 0.02 0.03/ 0.02/ 0.03 2.57/ 2.42/ 2.48 12.63 0.68 29 4 72.01/43.85/67.06 1.01/ 0.02/ 0.06 0.04/ 0.02/ 0.03 2.53/ 2.01/ 2.36 42.71 2.01 60 600 8 72.04/17.44/49.35 5.04/ 0.02/ 0.16 0.05/ 0.02/ 0.03 2.55/ 0.64/ 1.89 79.88 4.81 109 12 66.37/ 9.13/31.26 5.02/ 0.02/ 0.18 0.14/ 0.02/ 0.04 2.38/ 0.35/ 1.23 98.20 8.96 146 16 64.13/ 8.12/20.89 5.03/ 0.01/ 0.35 0.74/ 0.02/ 0.04 2.23/ 0.24/ 0.87 97.74 12.96 204 1 95.06/93.13/93.40 0.02/ 0.01/ 0.02 0.03/ 0.02/ 0.03 2.58/ 2.49/ 2.53 21.40 1.06 30 4 93.64/59.92/81.49 0.20/ 0.02/ 0.03 0.05/ 0.02/ 0.03 2.54/ 1.47/ 2.10 76.76 3.55 62 1000 8 83.91/32.63/48.43 0.40/ 0.01/ 0.03 0.05/ 0.02/ 0.03 2.39/ 0.79/ 1.39 98.92 7.35 95 12 48.74/19.98/29.56 5.05/ 0.00/ 3.08 0.07/ 0.02/ 0.03 2.44/ 0.51/ 0.98 97.89 10.09 158 16 27.29/15.61/20.78 5.04/ 0.01/ 0.52 0.08/ 0.03/ 0.04 0.77/ 0.35/ 0.53 100.00 16.32 58 1 115.01/112.26/113.65 0.02/ 0.01/ 0.01 0.03/ 0.02/ 0.02 2.58/ 2.51/ 2.54 24.27 1.19 30 4 109.42/75.41/93.42 5.02/ 0.01/ 0.24 0.04/ 0.02/ 0.03 2.44/ 1.80/ 2.20 88.81 4.19 67 1400 8 60.49/43.20/49.79 1.85/ 0.01/ 0.07 0.04/ 0.02/ 0.03 1.72/ 0.92/ 1.18 100.00 8.55 36 12 37.12/26.07/31.98 0.22/ 0.00/ 0.02 0.04/ 0.02/ 0.03 0.96/ 0.53/ 0.73 100.00 12.81 42 16 27.71/20.01/23.83 5.02/ 0.01/ 0.29 0.05/ 0.03/ 0.03 0.74/ 0.40/ 0.50 100.00 16.92 20 I= 3 4PE HG$N%^%k%A%/%i%$%"%s%H$K$h$k<B9T7k2L P erformance[M ops] T r esp onse [sec] T wait [sec] Throughput [MB/s] CPU Load n c max/min/mean max/min/mean max/min/mean max/min/mean utilization a v erage times 1 94.05/81.76/91.46 0.21/ 0.01/ 0.02 0.04/ 0.03/ 0.03 2.55/ 2.40/ 2.47 14.89 0.87 50 4 92.18/21.70/76.74 5.01/ 0.02/ 0.19 0.05/ 0.03/ 0.04 2.50/ 1.52/ 2.16 56.80 4.04 64 600 8 89.35/26.92/52.22 0.66/ 0.01/ 0.05 0.12/ 0.03/ 0.05 2.50/ 0.60/ 1.38 87.71 9.75 111 12 63.96/12.95/29.65 1.55/ 0.01/ 0.06 0.65/ 0.04/ 0.08 1.69/ 0.27/ 0.74 99.67 14.77 153 16 56.73/ 9.43/18.92 5.02/ 0.01/ 0.07 1.09/ 0.04/ 0.11 1.66/ 0.21/ 0.47 100.00 19.75 200 1 150.96/70.39/141.43 5.02/ 0.01/ 0.31 0.04/ 0.03/ 0.03 2.56/ 2.46/ 2.51 28.64 1.45 30 4 134.26/61.01/93.89 0.04/ 0.01/ 0.02 0.08/ 0.03/ 0.04 2.32/ 0.98/ 1.55 88.34 5.87 66 1000 8 67.14/27.76/44.76 5.01/ 0.01/ 0.27 0.20/ 0.03/ 0.05 1.21/ 0.42/ 0.68 99.90 11.42 112 12 42.50/20.22/27.85 5.02/ 0.01/ 0.12 0.72/ 0.03/ 0.06 0.66/ 0.29/ 0.41 99.99 18.04 164 16 32.22/14.22/20.33 1.30/ 0.01/ 0.06 1.42/ 0.03/ 0.09 0.50/ 0.21/ 0.30 99.97 24.59 79 1 196.08/174.28/193.03 1.08/ 0.01/ 0.08 0.04/ 0.03/ 0.03 2.54/ 2.47/ 2.51 40.87 1.86 29 4 119.26/77.95/97.69 5.03/ 0.01/ 0.53 0.11/ 0.03/ 0.05 2.16/ 0.94/ 1.29 95.65 7.39 57 1400 8 59.39/34.23/47.74 0.91/ 0.01/ 0.05 0.06/ 0.03/ 0.04 0.81/ 0.43/ 0.58 99.96 15.56 32 12 38.81/26.99/31.90 5.02/ 0.00/ 0.37 0.08/ 0.03/ 0.04 0.55/ 0.30/ 0.39 100.00 22.67 37 16 28.06/19.27/23.21 0.63/ 0.01/ 0.03 0.89/ 0.03/ 0.06 0.34/ 0.21/ 0.27 100.00 28.97 51 ?^ 11 4PE HG , n=600, c=8 $N<B9T7k2L Ninf call $N 1~ Ez ;~ 4V 5Z $S BT $A ;~ 4V $O Ninf call $N %? %$ %_ %s %0 $K $h $j D9 $/ $J $k $b $N $, $o $: $+ $K $" $k $b $N $N!$ J? 6Q CM $G $O n; c 5Z $S 1PE/4PE HG $K $h $k 1F 6A $O $" $^ $j 8+ $i $l $J $+$C $?!% $3 $l $O %9 %? %V >p Js $N Ds 6! $H Ninf Executable $N fork&exec $K $O J# ?t$N %/ %i %$ %" %s %H $+ $i MW5a$, $"$k >l9g $K$b %/%i %$ %"%s %H$r BT$? $;$: =h M}$9 $k$3 $H$r<($9!% Ld Bj %5 %$ %: n $K $h $k <B 9T @- G= $N 79 8~ $O!$ c $, >. $5 $$ >l 9g $O n $, Bg $- $$ J} $, DL ?. $H XDR $N JQ 49 $N 3d 9g $, >. $5$/$J $k $? $a$K 9b $$ @-G= $, F@$i $l $k $,!$ c $,Bg $- $/ $J$k $K $D $l 4PE $, @j M- $5 $l $k ;~ 4V $, D9 $/ $J $j!$ DL ?. %9 %k!< ?^ 12 4PE HG , n=600, c=12 $N<B9T7k2L %W%C%H$,Dc2<$9$k7k2L!$A4BN$N@-G=$,Dc2<$9$k!% Ninf call $N <B 9T @- G= $K 4X $7 $F $O!$ c $, >/ $J $$ >l 9g $K 4PE HG $G $O Hs >o $K 9b $$ @- G= $, F@ $i $l $?!% 4PE HG $O 7W ;; %3 %" $N =h M} B. EY $, 9b B. $J $? $a!$ 0l ;~ E* $K 4PE $, @j M- $5 $l $F $b Ninf call $N J? 6Q <B 9T ;~ 4V $, Dc 2< $7 $J $$!% $^ $? c $, A} 2C $9 $k $H Ninf call $N A} 2C $K $h $k DL ?. %9 %k!< %W%C %H $N Dc 2< $K $h $j!$ 1PE/4PE $H $b $K Bg I} $K <B 9T @- G= $, Dc 2< $9 $k!% $3 $N :]!$ 4PE HG $G $O %9 %1 %8%e!< %j %s %0 $N %*!< %P!< %X%C %I $K $h $j 1PE HG $h $j $b Bg I} $K @- G= $, Dc 2< $9 $k $3 $H $, M= B, $5 $l $k $,!$ <B 9T @- G= $N :9 $O $" $^ $j 8+ $i $l $J 6

I= 4 SMP $N%^%k%A%/%i%$%"%s%H$K$h$k<B9T7k2L P erformance[M ops] T r esp onse [sec] T wait [sec] Throughput [MB/s] CPU Load n c max/min/mean max/min/mean max/min/mean max/min/mean utilization a v erage times 4 4.38/3.17/3.81 1.36/1.09/1.20 0.21/0.13/0.16 1.82/0.21/0.46 20.10 6.08 67 600 8 4.25/2.73/3.52 2.10/1.19/1.32 0.24/0.13/0.16 1.05/0.14/0.38 28.92 8.84 114 16 3.77/2.08/2.83 5.54/0.00/0.35 1.23/0.14/0.20 1.40/0.11/0.35 47.36 15.37 211 ?^ 13 4PE HG , n=1400, c=8 $N<B9T7k2L $+$C $?!% $3 $l $O 4PE $, @j M- $5 $l $F $$ $k >l 9g $G $b DL ?. $, F1;~$K 9T$o $l$F $$ $k$3 $H!$7W ;;%3 %" $N<B 9TB. EY $N0c $$$K $h$k$b$N$H9M$($i$l$k!% ;2 9M $^ $G $K I= 4 $K %5!< %P $H $7 $F Cra y J90 $N Be $o $j $K Sup erSP AR C $N 16 Bf 9= @. SMP( ?^ 5 ;2 >H ) $r MQ $$ $? >l 9g$N7k 2L$r <($9!% %/ %i%$ %"%s %H?t $N A}2C $KH< $& @-G= $NDc 2<$, J90 $KHf$Y$F>.$5$/!$ 1~Ez;~4V5Z$SBT$A;~4V$b A}Bg $7 $J $$!% $^ $?!$ c = 16 $G $b CPU 2T F/ N( $K M> M5 $r ;D $7 $F $$ $k!% $3 $l $O 7W ;; @- G= $, Hs >o $K Dc $$ $? $a $K I/O %M%C %/$,82 :_2= $; $:!$$^ $?J# ?t %W%m %;%9 %O %s%I %j%s %0 $N%*!< %P!< %X%C %I $, >. $5 $$ UNIX %5!< %P %7 %9 %F %‘ $G $" $k $? $a $H9M$($i$l$k!% 5 5DO@ 5.1 Ninf $K$h$k9-0hJ,;6JBNs=hM}$N2DG=@- 9-0h J, ;6JB Ns =h M} $G $O!$ %/ %i%$ %" %s %H - %5!< %P 4V $N DL ?.$ODc B.$G ?. Mj@- $K7g $1 $k$,!$ %5!<%P $H $7$F MQ$$ $k D69b @-G=7W ;;5! $N@- G= $O%/ %i%$ %"%s %H $r05 E]E* $K >e2s$C $F$$ $k!% Ninf $O $3 $N $h $& $J 4D 6- $K E, $7 $? J, ;6 JB Ns =h M} $N $? $a$KAB N3EY $N%j %b!< %H7W ;;%i %$%V %i %j$d $=$l $i $H6( D4$7 $FMxMQ $9$k $KB- $k IU2C 2ACM $r;} $D >pJs ;q8; $r Ds6! $7!$$^ $??.Mj@-$rJ]>Z$9$kOHAH$bMQ0U$9$k!% 3 >O $N I> 2A <B 83 $G $O!$ Ninf %5!< %P $K $H$C $F M} A[ E* $J >r7o$r M?$( $k%7 %s %0%k %/%i %$%" %s %H4D 6-$K $* $$$F!$ $$$: $l$N%W %i%C%H %U%)!< %‘$G $b Hf3S E* >.$5 $$Ld Bj %5%$ %: 0J>e $G $" $l $P!$ Ninf $r MQ $$ $? J} $, %m!< %+ %k <B 9T $h $j 9b B. 2= $5$l$k $H$$ $& 7k2L $rF@ $?!% $7$+ $b!$%/ %i %$%" %s%H $N %^%7 %s @- G= $O Ninf call $N @- G= $K $[ $H $s $I 1F 6A $r M? $( $J $+$C $?!% $3 $l $i $N 7k 2L $O!$ 8= ;~ E@ $G Ninf $K $h $k 9- 0h J, ;6 JB Ns=hM}$N8=<BE*$JM-8z@-$r<B>Z$9$k$b$N$G$"$k!% 5.2 Ninf %5!<%P$N<B:]E*$J1?MQ>e$N7xO4@- Ninf %5!< %P %^ %7 %s $H $7 $F MQ $$ $i $l $k %9!< %Q!< %3 %s %T%e!< %? $d MPP $J $I $N D6 9b @- G= 7W ;; 5! $N OS $O!$ UNIX %o!< %/%9 %F!< %7%g%s Ey $N OS $HHf 3S $7$F!$ B??t $N %W %m%; %9 $rF1 ;~$K <B9T $9 $k$3 $H$r 9M N8$5 $l$F $$$J $$ $,!$ %/ %i %$ %" %s %H $+ $i $N Ninf call $, =8 Cf $7 $F $b B? ?t $N %W %m %;%9$N%O%s%I%j%s%0$rGKC>$J$/?k9T$9$kI,MW$,$"$k!% 4 >O $N I> 2A <B 83 $G $O!$ :G Bg 16 8D $N %/ %i %$ %" %s %H $+ $i Ninf call $r 9T $$!$ %5!< %P $N Ii 2Y $O :G Bg 30 $K C# $7 $? $,!$ GK C> $9$k $3 $H$J $/ 5!G= $7 $?!%$3 $l $O!$>& MQ $N%9!< %Q!< %3 %s %T%e!< %? $d MPP >e $N UNIX %7 %9 %F %‘ $K 4{ $K %^ %k %A %W %m%;%C %7 %s%0 $r;Y 1g $9$k $K ==J, $J?. Mj @-$, $"$j!$ $+ $D Ninf %7 %9 %F %‘ $, %( %i!< $K BP $7 $F 7x O4 $K :n $i $l $F $$ $k $? $a $G $" $k!% $^ $?!$ Ev A3 $J $, $i SMP %7 %9 %F %‘ $G $b 7x O4 $+ $D8zN(NI$/5!G=$9$k!% 5.3 %?%9%/%Q%i%l%k$+%Y%/%H%k%Q%i%l%k!&D6JBNs$+ ? %Y %/ %H %k %Q %i %l %k 5!!$ MPP $G Ninf %5!< %P %7 %9 %F %‘ $r 1? MQ $9 $k :]!$ =g <! E~ Ce $9 $k Ninf call $N =h M} J} K! $H $7 $F!$ 7W;; ;q 8;$r 6u4V J} 8~$K J, 3d$7!$ $=$l $> $l$N %?%9 %/ $K 3d $j Ev $F $F JB Ns $K =h M} ( %? %9 %/ %Q %i %l %k ) $9 $k $+!$ $9 $Y $F $N ;q 8; $r 0l $D $N %? %9 %/ $K 3d $j Ev $F $F D> Ns $K =h M} ( %Y %/ %H%k%Q%i%l%k!&D6JBNs ) $9$k$+A*Br$G$-$k!% 4 >O $N I> 2A <B 83 $N 7k 2L $G $O!$ Ld Bj %5 %$ %: $N Bg >. $K 4X $o $i $:!$%/%i %$%"%s %H?t$, 1 !A 8 8D $^$G$N 4W;6$J >uBV$G $O 4PE HG!$ 8 !A 16 $^ $G $N HK K; $J >u BV $G $O 1PE HG $N J} $, 9b $$ J? 6Q <B 9T @- G= $r <( $7 $?!% $^ $?!$ 4W ;6 ;~ $K $O 4PE HG $N J} $, Bg I} $K 1PE HG $K Hf $Y $F @- G= $, 9b $/!$ 5U $K HK K; ;~ $N 1PE HG $N %" %I %P %s %F!< %8 $O 7h $7 $F Bg $- $/ $J $+$C $?!% $^ $?!$$$ $: $l$N >l9g $G$b 1~ Ez;~ 4V5Z $S BT$A ;~4V $K4X $7 $F 4PE HG$,Cx$7$/ITMx$K$J$k$3$H$O$J$+$C$?!% 0J >e$+$i!$%Y %/%H%k %Q%i%l %k7W;;5!!& D6JBNs 7W;;5! $G $O %T!<%/ @- G=$r <B8= $9$k $h $&$K :GE, 2= $5$l $?%i %$%V %i %j $G Ninf %5!< %S %9 $r Ds 6! $9 $l $P $h $/!$ %M%C %H %o!< %/ %5!< %S %9MQ $K FC2= $9$k I,MW $O $J$$ $HH= CG $G$- $k!%$3 $l$O 4{ $K :n $i$l $?%i %$ %V%i %j$N :FMx MQ@- $, 9b$$ $H$$ $&$3 $H$K B> $J $i$J$$!% 5.4 %5!<%P$N%8%g%V%O%s%I%j%s%0%a%=%C%I Ninf %7 %9 %F %‘ $, 3 >O $N $h $& $K M} A[ E* >u BV $G Mx MQ $G $- $J $$ >l 9g $K MW 5a $5 $l $k $3 $H $O <! $N 2 E@ $G $" $k!% $9 $J $o $A!$ 1~ Ez ;~ 4V $N J? 6Q $r C; $/ $9 $k $3 $H $H!$ CPU $N 2T F/ N( $r8~>e$5$;$k$3$H$G$"$k!% 4 >O $N <B 83 $G $O $I $N >r 7o $G $b 1~ Ez ;~ 4V $, Cx $7 $/ A} Bg $9 $k $3 $H$O $J $+$C$?!% $7 $? $,$C$F!$ %5!< %P$N :. ;(>u BV $K 9g $o $;$F B>%5!< %P$X re-submit $r 9T$& $J$I $N@o N,$r :NMQ $7 $?>l9g$K$b8zN($rB;$J$o$J$$$HH=CG$G$-$k!% Ninf call $N %8%g %V $O I/O $r 4p =‘ $K 9M $( $l $P == J, AB N3 EY $G $" $k $? $a!$ I/O %M%C %/ $, 82 :_ 2= $7 $K $/ $$!% $^ $?!$ 7W ;;<g BN$G $" $k$3 $H$r 9M$( $k$H >. $5$$ %?%$ %‘%9 %i%$ %9 $G ;~ J, 3d=h M} $5$l $k $h$j $O!$ 0lC6 %9 %1%8%e!< %k $5$l $? %8%g 7

%V$OB> $N%8%g %V$K M% @h$7 $F:G 8e$^ $G ?k9T $5$l $k J}$, K>$^ $7$$!%$3 $N$h $& $J>l 9g!$ 9-$/ CN $i$l $F$$ $k $h$& $K %5!<%P $G$N%8%g%V%9%1%8%e!<%j%s%0$O Shortest Job First $r:N MQ$9$k$N$,M-8z$G$"$k!% 8= >u $N Ninf %5!< %P $O C1 =c $K MW 5a $, Mh $k $H B( :B $K fork&exec $9 $k $N $_ $G First-Come, First-Serv e $G =h M} $5$l $k $? $a!$ CPU $K M> NO $N $" $k >l 9g $K $= $l 0J >e 2T F/ N( $r 8~ >e $5 $; $k $3 $H $, $G $- $J $$!% 0l J}!$ Ninf call $O DL >o $N %W %m %; %9 $H $O 0[ $J $j!$ Nc $( $P Ninf IDL $K %" %k %4 %j %: %‘ $N J# ;( $5 $r 5- =R $7 $F $* $/ $J $I $9 $k $3 $H $G!$ %8%g %V $N runlength $,Hf3S E*@53N $KM=A[$G $-$k$? $a!$%5!<%P Fb $G%8%g %V $r %-%e!< %$ %s %0 $7 $F $* $-!$ Shortest Job First $G fork&exec $9 $k $3 $H $O MF 0W $K <B 8= $G $- $k >e $K!$ $I $N %W%i%C%H%U%)!<%‘$G$b6&DL$K:NMQ$G$-$k!% 6 4XO"8&5f ETH $N Remote Computation System (R CS)[1] $O J# ?t $N %9!< %Q!< %3 %s %T%e!< %? $r E} 0l $7 $? %$ %s %? %U%’!< %9 $G Mx MQ $9 $k $? $a $N RPC $r Ds 6! $9 $k!% DL ?. %l %$ %d $K PVM $r MQ $$ $F $* $j 9- 0h J, ;6 $K E, $7 $F $* $i $:!$ 7W ;; ;q 8; 4V$NIi 2YJ, ;6$r 9T $&$, %a%? %5!<%P $N $h$& $KJB Ns 7W;; ;Y1g $O9T$o $J $$!% $^ $?!$%/ %i %$ %" %s%H API $, Ninf $H $O 0[ $J $j3HD%@-$K7g$1$k!% %F %M %7!< Bg $N NetSolv e[2] $O Ninf call $K N‘ ;w $N API $r Ds 6! $9 $k %7 %9 %F %‘ $G $" $j!$ Agen t $H >N $9 $k %W %m %; %9 DL$7$F %a%? %5!< %P$H F1 MM$N 5! G=$r Ds6! $9 $k!%$7 $+ $7!$%$ %s%?%U%’!< %95- =R 5!G= $r Hw$( $F $$$J $$$? $a!$ 9-0h J, ;6$7 $?%5!<%P$N1?MQ$KE,$5$J$$!% Legion[4] %W %m %8%’ %/ %H $O 9- 0h J, ;6 4D 6- $G $N J, ;6 %W %m %0%i %_ %s %0 $r ;Y 1g $9 $k %* %V %8%’ %/ %H ;X 8~ 8@ 8l Men tat[3] $r;H$C$F!$ B?$/ $N 7W;; ;q8; $r E}9g $7$? 2> A[7W ;;5! $r <B8= $9$k!% Men tat $O %W%m %0 %i %_ %s %0 8@ 8l $G $" $k $? $a!$ J, ;6 %7%9%F %‘FC M-$N :G E,2= $d5! G=$, <B 8=$, MF0W $G $"$k!% $3$l $K BP $7!$ Ninf $O FC Dj $N 8@ 8l $r 2> Dj $7 $J $$ $? $a!$ %f!< %6 $K$H$C$F $O4{ B8 $N%7 %9 %F%‘ $H $NO" B3@- $, 0];} $G $-!$%5!< %P1?MQ>e$N0BA4@-$O9b$$$H8@$($k!% Aa 0p ED Bg $N %a %? %3 %s %T%e!< %? %7 %9 %F %‘ [6] $O!$ <+ F0 JB Ns 2= F OR TRAN %3 %s %Q %$ %i $r MQ $$ $F Ld Bj $r J, 3d $7!$ %M%C %H %o!< %/ >e $N %5!< %P $K %3!< %I M" Aw $7!$ %5!< %P >e $G %3!< %I $+ $i <B 9T 7A <0 $r @8 @. $7 $F <B 9T $9 $k %7 %9 %F %‘ $G $" $k!%%3!<%I $N0B A4 @-!$9- 0h J,;6 <B 9T$K E,$7 $? N3EY $N Cj=P $K5?Ld$,;D$k!% 7 $^$H$a$H:#8e$N2]Bj K\9F$G$O!$2J 3X5;=Q7W ;;J,Ln $K$*$1 $k9-0h %M%C%H%o!< %/>e$N J,;6 JBNs =hM} $r<B 8= $9$k 4pHW %7%9 %F%‘ $r L\;X $7$? Ninf %7 %9 %F %‘ $N 35 @b $r 9T $& $H $H $b $K!$ %7 %9 %F %‘ $N 3K $H $J $k Ninf %5!< %P $N!$ %7 %s %0 %k / %^ %k %A %/ %i %$ %" %s %H 4D 6-$G $N Linpac k Benc hmark $K $h$k @- G= I> 2A $r 9T$C $?!% $= $N 7k 2L!$ Ninf $K $h $k 9- 0h J, ;6 JB Ns =h M} $N 2D G= @- $r <B >Z$9$k $H$H $b $K!$<B :]E* $J 1?MQ >r7o $G $N7x O4@-!$ FC $K%Y %/%H%k %Q%i %l %k%^ %7%s $K BeI= $5$l $k!$ =>Mh !V7W;; @l MQ%^ %7%s!W$H $7$F ;H$o $l $F$- $?7W ;;5! $G $N7x O4@- $r 3NG’ $9$k $3 $H $, $G $- $?!% $^ $?!$ JB Ns 7W ;; 5! %7 %9 %F %‘ $r Ninf %5!< %P $H $7 $F Mx MQ $9 $k >l 9g!$ Ds 6! $9 $k %i %$ %V %i %j $O %M%C %H %o!< %/%5!< %S %9$K FC 2=$9 $k I,MW $O$J $/!$ C1BN $G :G9b @- G= $r H/4x $9 $k$b $N$r MxMQ $9 $k$N $,K> $^ $7$$ $HH= CG$G $- $?!% $D $^$j!$ 4{ $K:n $i$l $?%i %$ %V%i %j$N :F MxMQ @-$, 9b$$ $3 $H $KB>$J$i$J$$!% 0l J} $G %5!< %P $N %8%g %V %9 %1 %8%e!< %j %s %0!$ %a %? %5!< %P $K $h $k Net w ork-Wide %9 %1 %8%e!< %j %s %0 Ey $r 4^ $a $? Ninf %7 %9 %F %‘ $N M- 8z @- $r 8! >Z $9 $k $? $a $K $O!$ >/ ?t $N <B 5! $G$N <B 83$G $OIT ==J, $G $"$k!% :#8e $N 2]Bj $O$h $jJ# ;( $J ;v >] $r07 $( $k%M%C %H %o!<%/ %7 %_%e%l!< %? $r:n @. $7$F 2r @O $r9T$&$3$H$G$"$k!% <U<- ;29MJ88% [1] P . Arb enz, W. Gander, and M. Oettli. The R emote Computational System, High-Performance Compu- tation and Net w ork , V ol. 1067 of L e ctur e Note in Computer Scienc e , pp. 662{667. Springer, 1996. [2] H. Casano v a and J. Dongarra. NetSolv e: A Net w ork Serv er for Solving Computational Science Problems. In Pr o c e e dings of Sup er c omputing ’96 , 1996. [3] A. S. Grimsha w. Easy to Use Ob ject-Orien ted P ar- alel Programing with Men tat. IEEE Computer , pp. 39{51, 1993. [4] A. Grimsha w, W. W ulf, J. F renc h, A. W ea v er, and P . Reynolds, Jr. Legion: The Next Logical Step T o- w ard a Nationalwide Virtual Computer. T ec hnical Rep ort CS-94-21, Univ ersit y of Virginia, 1994. [5] S. Sekiguc hi, M. Sato, H. Nak ada, S. Matsuok a, and U. Nagashima. | Ninf |: Net w ork based Informa- tion Library for Globally High P erformance Comput- ing. Par al lel Obje ct-Oriente d Metho ds and Applic a- tions, Santa F e , 1996. [6] Kazuyuki Sh udoh and Y ouic hi Muraok a. h ttp://www.m uraok a.info.w aseda.ac.jp/sc96/, 1996. [7] 4X 8}CR ;L , Cf ED=( 4p , :4 F# ;05W , D9 Eh 1@J< , >> 2, Ao . %M%C %H %o!< %/ ?t CM >p Js %i %$ %V %i %j Ninf - %7 %9 %F %‘ <B Au $H I> 2A . >pJs=hM}3X2q8&5fJs9p 96-HPC-62, pp. 153{158, 1996. [8] :4 F# ;0 5W , Cf ED =( 4p , 4X 8} CR ;L , >> 2, Ao , D9 Eh 1@ J< , 9b LZ 9@ 8w . Ninf: World-Wide Computing ;X 8~ $N %M%C %H %o!< %/ ?t CM >p Js %i %$ %V %i %j . %$ %s %?!< %M%C %H %3 %s %U%! %l %s %9 ’96 O@J8=8 , pp. 73{80, 1996. [9] Cf ED =( 4p , :4 F# ;0 5W , 4X 8} CR ;L . %M%C %H %o!< %/ ?t CM >p Js %i %$ %V %i %j Ninf $N $? $a $N RPC %7 %9 %F %‘ $N 35 MW . T ec hnical Rep ort TR95-28, EE;R5;=QAm9g8&5f=j , 1995. [10] CfED =( 4p , ApLn 5. G7 , >> 2,Ao , 4X 8} CR;L , :4 F# ;05W . %M%C%H %o!< %/?t CM>p Js%i %$%V %i%j Ninf $K $*$1 $k%a %?%5!< %P %"!< %-%F%/%A%c . >pJs=hM}3X2q8&5fJs9p 96-HPC-60, 1996. 8