1 J,;6%a%b%j7W;;5!MQ Ninf API $N<B8=$K8~$1$F >. @n 9( 9b y >> 2, Ao y Cf ED =( 4p yy :4 F# ;0 5W yyy 4X 8} CR ;L yy %M%C %H %o!< %/ ?t CM >p Js %i %$ %V %i %j Ninf ( N et w ork based Inf ormation library for High P erfor- mance Computing) $O!$9- 0h$K J,;6 $7$?7W ;;;q 8;$d >pJs ;q8; $rMx MQ$7$? D6J, ;6JB Ns7W ;;$N 4pHW $rDs6! $9 $k %= %U %H %&%’ %" %7 %9 %F %‘ $G $" $k!% K\ 9F $G $O!$ $3 $N Ninf %7 %9 %F %‘ >e $G J, ;6 %a %b %j 7? JB Ns 7W ;; 5! $r 7W ;; ;q 8; $H $7 $F Mx MQ$9 $k >l 9g $K!$ %U%m %s %H %( %s %I%^ %7 %s $d I/O %W %m %;%C %5Ey $N C1 0l %N!< %I$G F0 :n $9 $k Ninf %5!< %P $K 7W ;; >p Js $, =8Cf $7 $F N’ B. $H $J $k LdBj $r ;X E& $9 $k!% $3 $N LdBj $r 2r 7h $9 $k $? $a!$ =i4| %G!< %? J, ;6 $r 5- =R $9$k $?$a$N6&DL$N API $rDs 6!$9$k$H6&$K!$%/%i%$%"%s%H$H$N@\B3$r3F%N!<%I$K BP$7$FE,@Z$K=g<!%O%s%I%*%U$7 $F$$ $/5!9=$NF3F~$r Ds0F$9$k!%$^$?!$ %O%s%I%*%U5! 9=$N%3%"ItJ, $rIY;NDL$N AP1000 >e$K<B 8=$7M=HwI>2A $r9T$C$?7k2L!$ 16% $N@-G=8~>e$rF@$?!% Ninf API for Distributed Memory Multipro cessors Hir ot aka Oga w a , y Sa toshi Ma tsuoka , y Hidemoto Nakad a , yy Mitsuhisa Sa to yyy and Sa toshi Sekiguchi yy T o establish a basis for globally-distributed parallel computing in n umerial computing, w e are curren tly w orking on the Ninf ( N et w ork based Inf ormation library for High P erformance Computing) soft w are system. Using this system on distributed memory m ultipro cessors, Ninf core serv er runs on a single no de suc h as a frond-end mac hine or an I/O pro cessor. As a result, computation data concen trates on the no de and easily b ecome a b ottlenec k and ev en migh t exhaust its memory resource. T o prev en t this problem, we prop ose new common API for describing initial data distributions and mec hanism to hand-o� connection with Ninf-clien t to the target no de successiv ely . W e preliminarily ev aluate our hand-o� mec hac hism on F ujitsu’s AP1000. Results sho w that it impro v es the total execution times. 1. $O $8 $a $K 7W ;; 5! %M%C %H %o!< %/ 5; =Q $N H/ E8 $K H< $$!$ 9- 0h %M%C %H %o!< %/ $N Mx MQ $, B% ?J $5 $l!$ MM!9 $J >p Js %5!< %S %9 $, %$ %s %?!< %M%C %H $r DL $8 $F %" %/ %; %9 2D G= $K $J$C $?!% $3 $l $i $N %5!<%S%9$N=EMW$JFCD9$OF)L@@-$G$" $k!%B($A!$;~4V$d>l =j $r Ld $o $:!$ $" $? $+ $b 6& M- $5 $l $? >p Js $K %" %/ %; %9 $9 $k $, G! $/!$ $= $l $i $N >p Js $r F~ <j $G $- $k $H $$ $& E@ $G $" $k!% $7$+ $7!$ E-mail !$ FTP !$ W orld Wide W eb Ey$N 8= :_ Ia 5Z $7 $F $$ $k >p Js %5!< %S %9 $N B? $/ $O %G!< %? $N 6& M- $K N1 $^$C$F$$$k!%0lJ}!$%M%C%H%o!<%/5;=Q$N?J E8$KH<$&9bB. 2=!$ %P %s %I I} 3H Bg $K $h $k %. %, %S%C %H 5i %M%C %H %o!< %/ $N <B 8= $r ;k Ln $K F~ $l $l $P!$ 9- 0h %M%C %H %o!< %/ $K @\ B3 $5 $l $? D6 9b B. 7W ;; 5! $d %G%# %9 %/ %9 %H %l!< %8 $r 4^ $‘ 7W ;; ;q 8; y El5~Bg3X9)3XIt F acult y of Engineering, The Universit y of T oky o yy EE;R5;=QAm9g8&5f=j Electrotec hnical Lab oratory yyy ?7>pJs=hM}3+H/5!9= Real W orld Computing P artnership $N 6& M- $b $^ $? 2D G= $G $" $k!% $3 $N $h $& $K 9- 0h $K J, ;6 $7 $? 7W ;; ;q 8; $d >p Js ;q 8; $r Mx MQ $7 $? D6 J, ;6 JB Ns 7W ;; 5; =Q $r Global Computing $J $$ $7 W orld Wide Computing $H8F$V!% Ninf ( N et w ork based Inf ormation Library for High P erformance Computing) 1) $O 2J 3X 5; =Q 7W ;; 8~$1 $N Global Computing $r<B 8=$9$k 4pHW %=%U%H %&%’ %"$G$"$j!$9-0h%M%C%H%o!<%/>e$KJ,;6$5$l$?7W;; ;q8;$d >p Js ;q 8; $r ;H$C $? %" %W %j %1!< %7%g %s $N 5- =R $r MF 0W $K $9 $k!%2J3X5;=Q7W;;8~$1$N7W;;;q8;$H$7$F$O$h$/ ;H$o$l$k ?tCM7W;;%k!<%A%sEy$,MxMQ$G$-!$>pJs;q8;$H$7$F $OJ*M} Dj?t$d2a5n$NO@J8Cf$N7W;;7k2L$r;2>H$9$k>p Js%Y!<%9$, MxMQ$G$-$k!% Ninf $N 4p K\ %7 %9 %F %‘ $O Clien t-Serv er %b %G %k $K 4p $E $/7W;;!&>pJs;q8;MxMQ$r;Y1g$9$k!%7W;;;q8;$O %j%b!<%H 7W;;%[%9%H>e$N%j%b!<%H%i%$%V%i%j$H$7$F<B8= $5$l!$%/ %i%$%"%s%H$O7W;;$KI,MW$J%Q%i%a!<%?$r%5!<%P $KAw$j!$ %5!<%P$O7W;;8e!$7k2L$rAw$jJV$9!%>pJs;q8;$O %j%b!<%H >pJs%[%9%H>e$N>pJs%Y!<%9$H$7$F<B8=$5$l!$%/%i %$%"%s %H$OMW5a>pJs$N;XDj$rAw$j!$%5!<%P$O>pJs$N%3%s %F%s%D

2 $rAw$jJV$9!%$3$NN><T$O%$%s%?%U%’!<%9 $r6&DL2=$G$-$k $N$G!$0J9_$O7W;;;q8;$K$D$$$F$N$_=R$Y$k!% Ninf Remote Pro cedure Call (Ninf RPC) 2),3) $O %j %b!< %H %i %$ %V %i %j $N Mx MQ <j B3 $- $r 4{ B8 $N 8@ 8l $N %W %m %0 %i %^ $K $b J, $+ $j $d $9 $$ API $H $7 $F Ds 6! $9 $k $b $N $G $" $k!%$3$l$rMQ$$$k$3$H$G%W%m%0%i%^ $O%M%C%H%o!<%/%W%m %0 %i %_ %s %0 $K HQ $o $5 $l $k $3 $H $J $/!$ Global Computing 4D6-$G$N2J3X5;=Q7W;;%"%W%j%1!<%7%g%s$,=q$1$k!% $7 $+ $7!$ $3 $N Ninf RPC $O %5!< %P B& $G C1 0l $N %a %b %j 6u4V$r2>Dj$7$F$$$k$?$a!$%Y%/%H%k7? 7W;;5!$d6&M-%a%b %j7?7W;;5!$G$NMxMQ$K$OLdBj$,$J$$ $,!$J,;6%a%b%j7?7W ;;5! $G $O!$ %U %m %s %H %( %s %I %^ %7 %s $d I/O %W%m %;%C %5 Ey $N C10l%N!<%I$K7W;;>pJs$,=8Cf$7$FBg$- $/8zN($rDc2<$5$; $k$H$$$&LdBj$,@8$8$k!% K\9F$G$O!$$3$NLdBj$KBP$7!$=i4|!& :G=*%G!<%?J,;6$r 5- =R $9 $k $? $a $N API $r Ds 6! $7!$ $= $N >p Js $r ;H$C $F %/ %i %$%"%s%H$N%3%M%/%7%g%s$rE,@Z$J3F%N!< %I$KBP$7$F=g<! %O%s%I%*%U$7$F$$$/$3$H$K$h$C$F!$7W ;;>pJs$rJ,G[!&<} =8 $9 $k 5! 9= $r F3 F~ $9 $k $3 $H $G 8z N( $N Dc 2< $r KI $0 J} K! $r Ds 0F $9 $k!% $^ $?!$ $3 $N %O %s %I %* %U 5! 9= $r IY ;N DL $N J, ;6 %a %b %j 7? JB Ns 7W ;; 5! AP1000 >e $K <B 8= $7 $F!$ Linpac k b enc hmark $N %W %m %0%i %‘ $r MQ $$$F M= Hw I>2A $r 9T$C $?7k 2L!$ 16% $N@-G=8~>e$rF@$?!% 2. Ninf RPC $N35MW Ninf $N 4p K\ %7 %9 %F %‘ $O Clien t-Serv er %b %G %k $K 4p $E $/7W;;;q8;MxMQ$r;Y1g$9$k!%7W;;;q8; $O%j%b!<%H7W;;%[ %9%H>e$N%j%b!<%H%i%$%V%i%j$H$7$F<B 8=$5$l$k!%$3$l$r <B 8= $9 $k $? $a $K 7W ;; %[ %9 %H $G $O Ninf %5!< %P $H 8F $P $l $k %5!<%P%W%m%;%9$r@_$1$k$H6&$K!$%f!< %6$K$O%5!<%P$K@\ B3 $9 $k $? $a $N %i %$ %V %i %j $r Ds 6! $7 $F!$ %/ %i %$ %" %s %H $, 7W;;$KI,MW$J%Q%i%a!<%?$r%5!<%P$K Aw$j!$%5!<%P$N7W;; 8e!$7k2L$r<u$1<h$k<jB3$-$r4JAG2=$9$k!% 0J 2< $G $O Ninf RPC %7 %9 %F %‘ $N 9= @. MW AG $K $D $$ $F @b L@$r$9$k!% 2.1 Ninf %5!<%P Ninf %5!< %P $O Ninf 7W ;; %[ %9 %H >e $G F0 :n $9 $k!% %5!< %P - %/%i%$%"%s%H4V$NDL?.$N35MW$r ?^ 1 $K<($9!% Ninf %j %b!< %H %i %$ %V %i %j $O %M%C %H %o!< %/ stub %k!< %A %s $H %i %$ %V %i %j K\ BN $r %j %s %/ $7 $? <B 9T %W %m %0 %i %‘ $H $7 $F <B 8= $5 $l $F $* $j!$ %5!< %P $O $3 $N <B 9T %W %m %0 %i %‘ 72 (Ninf executables) $N4IM} $r ;J $k!% %/ %i %$ %" %s %H %W%m %0 %i %‘ $, %i %$%V %i %j $r 8F $S =P $9$H!$ Ninf %5!< %P $O $= $N L> A0 $K 4X O" IU $1 $5 $l $? Ninf executable $r A\ $7 =P $7!$ FH N)%W%m%;%9$H$7$F%U%)!<%/$7!$%/%i%$%" %s%H$H$NDL?.$N $? $a $N TCP/IP %9 %H %j!< %‘ $r EO $7!$ Ninf executable $N$_$GFH N)$7$? DL?. $r3+;O $9$k!% stub %k!<%A%s $O Ninf %5!<%P$H$NDL?.<jB3$-$d%/%i%$%"%s%H $NAw$jIU$1$?0z?t $N%^!<%7%c%j%s%0Ey$r9T$$!$%i%$%V%i%j K\BN$X$N0z$-7Q $. :n 6H $r 9T $&!% Ninf executables $N %i %$ %V %i %j K\ BN $O ?^ 1 Ninf RPC $N35MW 7W;;%[%9%H$G8zN(NI$/<B9T$G$-$k$h$&$K%A%e!<%s $5$l$F $$$k$N$,DL>o$G$"$k!% Ninf RPC $N8= :_ $N <B Au $G $O!$ %/ %i %$ %" %s %H $H %5!< %P 4V $N DL?. $O ?. Mj @- $r =E ;k $7$F TCP connection $K $h$C $F<B8=$5$l$F$$$k!%$^$?!$0[5!<o4VMxMQ$r<B8=$9 $k$?$a $K!$ %G!< %? %U%)!< %^%C %H $H $7 $F Sun $N XDR $r :N MQ $7 $F$$$k!% 2.2 %W%m%0%i%_%s%0%$%s%?%U%’!<%9 Ninf %/ %i %$ %" %s %H $N $? $a $N %W %m %0 %i %_ %s %0 %$ %s %? %U%’!< %9 $O Ninf call $@ $1 $G $" $k!% Ninf call $N ;H MQJ}K!$N@bL@$H$7$F0J2<$K9TNs@Q$NNc$r<($9!% /* JQ?t$N@k8@ */ double A[N][N],B[N][N],C[N][N]; /* 9TNs@Q C=A*B %k!<%A%s$N8F$S=P$7 */ dmmul(N, A, B, C); dmmul %k!<%A%s $, Ninf %5!<%P$G MxMQ 2DG=$J $i!$%/%i %$%"%s %H%W %m%0%i %‘$G $O dmm ul 8F$S=P$7 ItJ, $r0J 2<$N $h$&$K=q$-49$($F Ninf %i%$%V%i%j$rMxMQ$G$-$k!% Ninf_call("dmmul", N, A, B, C); $3$N$h$&$K%/%i%$%"%s%H$G$O %m!<%+%k4X?t$r8F$S=P$9 $N $H F1$8 $h $& $K!$ 4X ?t $NL> A0 $r ;X Dj $7$F Ninf call $9 $k $@ $1 $G $h $$!% Ninf call $O <+ F0 E* $K 4X ?t $N arit y $r 7hDj$7!$3F0z?t$N7?$r7hDj$7!$0z?t$N%^!<%7%c%j %s%0$r 9T$$!$%5!<%P$K%j%b!<%H8F$S=P$7$7!$7k2L$r<u $1<h$j!$ 7k 2L $r A3 $k $Y $- 0z ?t $K 3J G< $9 $k $H $$ $& 0l O" $N =h M} $r 9T $&!% 7k 2L $H $7 $F!$ Ninf RPC $N %G %6 %$ %s $G $O $" $? $+ $b %/%i%$%"%s%H$H%5!<%P$G0z?t$,6&M-$5$l$F$$$k $+$N$h$& $K%f!<%6$K$O8+$($k!% 2.3 Ninf IDL >e5-$N%W%m%0%i%_%s%0%$%s%? %U%’!<%9$r<B8=$9$k$?$a $K $O!$ %/ %i %$ %" %s %H $H %5!< %P $N 4V $G 4X ?t $K 4X $9 $k >p Js $N 6& M- $, $G $- $F $$ $J $1 $l $P $J $i $J $$!% $7 $+ $b!$ 9- 0h $K J, ;6 $5 $l $F ;H $o $l $k $3 $H $r 9M N8 $9 $k $H!$ UNIX I8 =‘ $N RPC $N $h $& $K!$ 4X ?t $K 4X $9 $k >p Js $N 6& M- $r @E E* $K %X%C %@ %U%! %$ %k $H $7 $F M? $( $k $H $$ $& $N $O 8= <B E* $G $O $J $$!% $7 $? $,$C $F!$ Ninf RPC $G $O %/ %i %$ %" %s %H $, %5!< %P $K %$%s%?%U%’!<%9>pJs$rLd$$9g$o$;!$$=$N>pJs$rMx MQ$9$k

3 ?^ 2 Ninf IDL $H%$%s%?%U%’!<%9%8%’%M%l!<%? $H $$ $& F0 E* <j K! $r :N MQ $7 $F $$ $k!% %$ %s %? %U%’!< %9 >p Js $O %Q %i %a!< %? $N ?t!$ 0z ?t $N 7?!$ 0z ?t $N %" %/ %; %9 %b!< %I (IN/OUT/INOUT) !$ 0z ?t $N %5 %$ %: (Arra y $J $I $N %5 %$%: ) !$0z?t$N%^!<%7%c%j%s%0>pJs$r4^$s$G$$$k!% Ninf IDL (In terface Description Language) $O $3 $l$i$N%$%s%?%U%’!<%9>pJs$r5-=R$9$k <jCJ$rDs6!$9$k!% Ninf %i %$ %V %i %j $N Ds 6! <T $O M= $a IDL $r ;H$C $F %$ %s %? %U%’!< %9 $r 5- =R $7!$ %i %$ %V %i %j $r Ninf %5!< %P $K EP O? $9 $k<jB3$-$rF’$‘!% 9TNs@Q$N%$%s%?%U%’!<%95-=R$O0J2<$N$h$&$K9T$&!% Define dmmul(long mode_in int n, mode_in double A[n][n], mode_in double B[n][n], mode_out double C[n][n]) "dmmul is matrix multiply for double precision", /* $3$N%k!<%A%s$r4^$‘%*%V%8%’%/%H%b%8%e!<%k$N;XDj */ Required "libxxx.o" /* C $N Calling convention $rMxMQ */ Calls "C" dmmul(n,A,B,C); mode in , mode out $O %" %/ %; %9 %b!< %I $N ;X Dj ;R $G $" $k!% 0z ?t $H $7 $F ;H $o $l $k %Y %/ %?!& 9T Ns Ey $N %5 %$ %: ;X Dj $K ;H $o $l $k JQ ?t $O!$ F1 $8 0z ?t $N JB $S $G mode in $G ;X Dj $5 $l $F $$ $k I, MW $, $" $k!% $^ $?!$ $3 $N %5 %$ %: ;X Dj $K $O C1 =c$J<0$b5-=R$G$-$k!%$=$NB>!$%i%$%V %i%j$N@bL@J8!$%* %V%8%’%/%H%b%8%e!<%k$d%j%s%/$KI,MW$J %i%$%V%i%j$N;X Dj!$%i%$%V%i%j$N:n@.8@8l!$%j%s%/ ;~%*%W%7%g%s!$JLL> Ey$,5-=R$G$-$k!% ?^ 2 $K <( $9 $h $& $K!$ $3 $N %$ %s %? %U%’!< %9 5- =R %U%! %$ %k $O Ninf gen %3 %^ %s %I $r ;H$C $F stub %k!< %A %s $H Mak e�le $K JQ 49 $5$l $k!% %i %$ %V%i %j Ds 6!<T $O mak e $r <B9T$7$F%i%$%V%i%j$N%5!<%P$X$NEPO?$r40N;$9$k!% 3. J,;6%a%b%j7?JBNs7W;;5!MxMQ;~$NLdBjE@ A0=R$7$?$h$&$K8=>u$N%5!<%P$N %$%s%?%U%’!<%9$G$O!$ Ninf executable $O UNIX $N %W %m %; %9 $H $7 $F %U%)!< %/ $5 $l!$%/%i%$%"%s%H$H$NDL?.$rFHN)$7 $F9T$&!%$3$N$?$a!$ J,;6%a%b%j7?JBNs7W;;5!$GMxMQ$9$k>l 9g$K0J2<$K=R$Y$k LdBj$,@8$8$k!% ?^ 3 J,;6%a%b%j7?JBNs7W;;5!$K$*$1$k Ninf serv er $N9=@. %Y%/%H%k7?7W;;5!$d6&M-%a%b%j 7?JBNs7W;;5!>e$G%^%k %A %W %m %;%C %5 BP 1~ $N UNIX $, F0 :n $7 $F $$ $k >l 9g!$ 6& M- %a%b %j $K Ninf RPC $N0z ?t $r FI $_ 9~ $_!$ C1 0l %W %m %; %9 $r %U%)!<%/$7$F$=$NJ]8n6u4V$NCf$G%^%k%A%9%l%C%I $GJBNs %W %m %0 %i %_ %s %0 $r 9T $& $3 $H $, 2D G= $G $" $j!$ 8= >u $N Ninf $N9=B$$rJQ$($kI,MW$O$J$$!% 0lJ}!$J,;6%a%b%j7?JBNs7W;; 5!$G$O!$3F%W%m%;%C%5$N %a%b%j6u4VFb$KE,@Z$K%G!<%?$rG[CV$7$?8e$K7W ;;$r3+;O $9$kI,MW$,$"$k!%=>$C$F!$8=>u$N%7%9%F%‘$G$O0l C6%U%m %s%H %( %s %I %^ %7 %s $d I/O %W%m %;%C%5 Ey $N C1 0l %N!< %I >e $G F0:n$9$k%5!<%PFb$N%a%b%j>e$KA4$F%G!<%?$r %P%C%U%!%j %s%0$7!$$=$N>e$G$5$i$K3F%N!<%I$K%a%C%;!<%8E> Aw$9$k I,MW$,$"$k!%$^$?!$JVCM$K$D$$$F$bF1MM$KC10l %N!<%I$K 2s<}!$%P%C%U%!%j%s%0$7!$%/%i%$%"%s%H$KE>Aw$9 $kI,MW $,$"$k ( ?^ 3 ) !% $3$N$h$&$J>l9g!$%5!<%P$KIi2Y $,=8Cf$7$F$7$^$$!$$5 $i$K0z?t%G!<%?$,%5!<%P$N<B%a%b%j%5%$%:$r1[$( $k>l9g $O!$BgNL$N%9%o%C%W$,5/$-$k$3$H$K$h$j!$%7%9%F %‘8zN( $NDc2<$,Hr$1$i$l$J$$!%7k2L$H$7$F7W;;%[%9%H <+BN$N@- G=$rM-8z$KMxMQ$G$-$J$/$J$C$F$7$^$&!% 4. Ninf 4pK\%7%9%F%‘$X$N3HD% A0 =R $N Ld Bj $N BP :v $H $7 $F!$ J, ;6 %a %b %j 7? JB Ns 7W ;; 5! $K $* $1 $k 3F %N!< %I %W %m %;%C %5 $X $N %G!< %? $N J, G[ $N ;E MM $r Ninf IDL $K5- =R$G $- $k$h $& $K3H D% $9$k!% %U %m%s %H %( %s %I %^ %7 %s (I/O %W %m %;%C %5 ) $H 3F %N!< %I $H $N 4V $N DL ?. $O!$ %G!< %? J, ;6 $, IDL $K $h$C $F ;X Dj $5 $l $F $$ $k $3 $H $K $h$C$F!$%5!<%P$N%a%b%j%j%=!<%9$rBg$-$/05Gw$9 $k$3$H $J$/!$<B;\$9$k$3$H$,$G$-$k!% 0J 2< $G $O!$ IDL $N 3H D% $N >\ :Y $H 2 $D $N %U %m %s %H %( %s %I - %N!<%I4VDL?.@oN,$K$D$$$F=R$Y$k!% 4.1 Ninf IDL $N3HD% Ninf IDL $r 3H D% $7 $F Ninf Call 0z ?t $N FI $_ =q $- %b!< %I $, mode in (read) $N >l 9g $N =i 4| %G!< %? J, ;6 J} K!!$ mode out (write) $N >l 9g $N :G =* %G!< %? 2s <} J} K!!$

4 mode inout (read&write) $N >l 9g $N J, ;6!& 2s <} J} K! $N ;XDj$,9T$($k$h$&$K$9$k!% %7 %s %?%C %/ %9 $O HPF 4) $N J, ;6 %G%# %l %/ %F%# %V DISTRIBUTE $KN‘;w$N$b$N$rMQ$$$F3HD%$9$k!%B($A!$ Define sample(long mode_in int n, mode_in double A[n][n],...) $H$$ $& Nc $N 9T Ns A $r 2 $D$N <! 85 $K $D $$ $F %V%m%C %/ J, 3d $7 $?$$>l9g$K$O!$ mode_in distribute(BLOCK,BLOCK) double A[n][n] $H 5- =R $9 $k $H!$ G[ Ns $r Cj >] E* $J %W %m %;%C %5 %a%C %7%e $K G[ CV $9 $k $3 $H $r 0U L# $9 $k!% %5 %$ %/ %j%C %/ J, 3d $r ;X Dj $9 $k CYCLIC !$ J, 3d $7 $J $$ $3 $H $r ;X Dj $9 $k * $d BLOCK , CYCLIC $K ;XDj $G$- $k 0z?t $H$= $N0U L#$K $D $$$F $bF1 MM$G $"$k!% distribute $,;XDj $5$l $F $$$k 0z ?t$O ;XDj $5 $l$? J, ;6 J}K!$K=>$C$F!$%G!<%?$,%W%m%;%C%5$KG[ CV$5$l$k$b$N$H $7$F!$=i4|J,;6$H2s<}$r9T$&!% distribute $, ;X Dj $5 $l $F $$ $J $$ 0z ?t $O!$ mode in $N>l9g$OA4%N!<%I $KJ|Aw$7!$ mode out $N>l9g$O7W;;=* N;8e $K :G =i $N %N!< %I $+ $i <u $1 <h $k!% $^ $? mode inout $N >l9g$OA4%N!<%I$KJ|Aw$7!$7W;;=*N;8e $K:G=i$N%N!<%I$+ $i<u$1<h$k!% 4.2 %U%m%s%H%(%s%I - %N!<%I4V$N%G!<%?DL?.@oN, 4.2.1 bu�ering-base metho d %* %j %8 %J %k $G $O %5!< %P B& $G L5 >r 7o $K %G!< %? 3J G< MQ $N %a %b %j $r 3N J] $7 $F $* $j!$ $3 $N NN 0h $r D> @\ :n 6H NN 0h $H $7 $F ;H MQ $7 $J $$ J, ;6 %a %b %j 7W ;; 5! $G $O 0U L# $, $J $$!% bu�ering-base metho d $G $O!$ %a %b %j $r F0 E* $K 3N J] $9 $k Be $o $j $K 8G Dj %5 %$ %: $N @l MQ %P%C %U%! $r @_ $1 $k!% $3 $N %P%C%U%!$O%j%s%0%P%C%U%!$rMQ$$$F:FMx MQ$5$l$k$N$G3N J]!&2rJ|<jB3$-$N%*!<%P!<%X%C%I$O$J$$!% %/%i%$%"%s%H$+$iAw?.$N>l9g!$Aw $i$l$F$/$k%G!<%?$, XDR $G%( %s%3!<%G%# %s%0$5 $l$F$$ $k$N$G!$ %U%m%s %H%( %s%I$O$3$NI=8=$r;HMQ$9$k7W;;5!$N I=8=$KJQ49$7$F!$@l MQ%P%C%U%!$K3JG<$9$k!%$3$N%P%C%U%!$,0l DjNL$KC#$9$k $H%U%m%s%H%(%s%I<gF3$G3F%N!<%I$KJ,G[$r9T$&!% 5U$KCM$rJV$9>l9g$O!$%U%m%s%H%( %s%I$+$i3F%N!<%I$K %G!<%?MW5a%a%C%;!<%8$rAw$j!$%N!<%I$+ $i$N%G!<%?$r<u ?.$7$F%P%C%U%!$KC_$($k!%<u?.%G!<%?$, 0lDjNL$KC#$9$k $H%/%i%$%"%s%H$X$NE>Aw$r3+;O$9$k!% 4.2.2 hand-o� metho d 3F%N!<%I$KJ,G[$5$l$k$Y$-%G!<%?$, E>Aw$5$l$k>l9g$K $N$_!$$=$N%N!<%I$H%/%i%$%"%s%H$,D> @\DL?.%3%M%/%7%g %s$rD%$j!$%/%i%$%"%s%H$+$iD>@\%N!< %I$K%G!<%?$,E>Aw $5 $l $k $h $& $K $9 $k!% $3 $N :]!$ %/ %i %$ %" %s %H $H $N %3 %M %/ %7%g%s$O!$%U%m%s%H%(%s%I$N@)8f$N 2<$K!$E,@Z$K%N!<%I $+$i%N!<%I$K%O%s%I%*%U$5$l$F$$$/!%5U $KCM$rJV$9>l9g $bJ,G[$5$l$?%G!<%?$rF1MM$K3F%N!<%I$+ $iD>@\JV$5$l$k $h$&$K$9$k!% %o!<%/%9%F!<%7%g%s%/%i%9%?$N$h$& $K9=@.%N!<%I%W%m ?^ 4 bu�ering-base metho d ?^ 5 hand-o� metho d %;%C%5$,30$H$N%M%C%H%o!<%/%$%s%?%U%’!<%9$rM- $7$F$$ $k>l9g$O!$%N!<%I$+$i%/%i%$%"%s%H$K%3!<%k%P%C %/$9$k $3$H$K$h$C$F%5!<%P$r7PM3$;$:$KD>@\%3%M%/%7%g %s$r<y N)2DG=$G$"$k!% IY ;N DL AP1000 $r $O $8 $a $H $9 $k B? $/ $N J, ;6 %a %b %j 7? JBNs7W;;5!$N$h$&$K9=@.%N!<%I%W%m%;%C%5$,30 $H$N%M%C %H%o!<%/%$%s%?%U%’!<%9$rM-$7$F$$$J$$>l9g$O!$ %/%i%$ %" %s %H $H D> @\ DL ?. $G $- $k $N $O %U %m %s %H %( %s %I $@ $1 $G $" $k!%$7$?$,$C$F!$%U%m%s%H%(%s%I$O%/%i%$%"%s%H $H@\B3 $9$k%N!<%I$rA*Br!&@)8f$9$k$H6&$K!$%Q%1%C%H%5 %$%:Dx EY$N>/NL$N%P%C%U%!$r@_$1$FN><T$NDL?.$N%j%U%l %/%?$H $7$FF0:n$9$k ( ?^ 5 ) !% bu�ering-base metho d $H $N Bg $- $J 0c $$ $O %G!< %? I= 8=$NJQ49Ey$N=hM}$r%N!<%IC10L$G9T$($k$?$a!$DL ?.$NB? =E2=$K$h$C$F%5!<%P=hM}$NIi2YJ,;6$,<B8=$G$-$k $H$$$& E@$G$"$k!% 5. I> 2A Ninf 4p K\ %7 %9 %F %‘ $N IY ;N DL $N J, ;6 %a %b %j 7? JB Ns 7W ;; 5! AP1000 $X $N 0\ ?" $r 9T $$!$ $= $N >e $G A0 =R $7 $? bu�ering- base metho d $H hand-o� metho d $N %3 %" It J, $r <B Au $7!$M=HwI>2A$r9T$C$?!% K\ 9F $N ;~ E@ $G $O Ninf IDL $X $N J, ;6 ;X Dj ;R

5 distribute $N 3H D% $O L$ <B Au $G $" $k!% =>$C $F N> <j K! $rMQ$$$?>l9g$N8z2L$K$D$$$F$N$_8!F$$9$k$3$H$K$9$k!% 5.1 I> 2A 4D 6- Ninf $N 7W ;; %5!< %P %^ %7 %s $H $7 $F IY ;N DL $N J, ;6 %a %b %j 7? JB Ns 7W ;; 5! AP1000 (64PE) $r Mx MQ $7 $?!% AP1000 $N%U%m%s %H%(%s%I%^ %7%s$O SunOS 4.1.x $J$$ $7 5.x $, 1?MQ $5$l $F$$$k $N$G TCP/IP %Y!< %9$G <BAu $5$l$F $$$k Ninf %7 %9 %F %‘ $N 0\ ?" $O MF 0W $G $"$C $?!% %/ %i %$ %" %s %H %^ %7%s$H$7$F$O SparcStation 20 502 $rMxMQ$7$?!% Hf3S$N$?$a$K!$%U%m%s%H%(%s%I$N %G!<%?%O%s%I%j%s%0 <jB3$-$H$7$F0J2<$N 3 $D$NJ}K!$rMQ0U$7$? : %*%j%8%J%k Ninf call $N 0z ?t $K EO $5 $l $k DL ?. %G!< %? $N %5 %$ %: $K 1~ $8 $? %a %b %j NN 0h $r L5 >r 7o $G <B 9T ;~ $K 3N J]!&2r J|$9 $k!% DL?. %G!<%? $N XDR $H SP AR C $N I=8=$N4V$NJQ 49=hM}$O %U%m%s%H %(%s%I$G 9T$o$l$k!% bu�ering-base metho d %U %m %s %H %( %s %I >e $K 1Mb ytes 8G Dj $N %j %s %0 %P%C %U%! $r MQ 0U $7!$ %P%C %U%! $N 80% $r D6 $( $k NL $N %G!< %? $, 3J G< $5 $l $? ;~ E@ $G %U %m %s %H %( %s %I $H %N!< %I $N DL ?. $r in v ok e $9 $k!% %N!< %I $X $N Aw ?. %G!< %? $N >l 9g $O alignmen t $r 9M N8 $7!$%N!<%I$XAw $k%G!<%? A4It$,B7$C $F$$$J$$ ItJ,$K $D$$$F$OAw?. $r8+Aw$j!$ ;D$j$,E~ Ce$7$F$+ $i0l3gAw ?.$5 $l$k!% DL?. %G!< %?$N XDR $H SP AR C $N I=8= $N4V$NJQ49=hM}$O%U%m%s%H%(%s%I$G9T$o$l$k!% hand-o� metho d %U %m %s %H %( %s %I >e $K Ninf call $N 3F0z?t$N>p Js$H3F%N!< %I$NDL?. >u67$rI= $9%F!<%V%k $r MQ 0U $7 $F!$ %/ %i %$ %" %s %H $H DL ?. $9 $k %N!< %I $N 4I M} ( A*Br!&@) 8f ) $r9T $&!%DL ?.<+ BN$O 16Kb ytes $N %P%C%U%!$rMQ0U $7$F$* $/!%%N!<%I$X $NAw?.$N >l9g$O %N!<%IB&$,<u ?.40N;H= Dj$r9T$$!$ 40N;$9$k $^$G%U%m %s%H%(%s%I$O =g<!%/%i %$%"%s%H $+$i%G!<%? $r<u$1<h $j!$%N!<%I$KAw ?.$9$k!% 5U$bF1 MM$G$"$k!% DL?.%G!< %?$N XDR $H SP AR C $N I=8= $N4V $NJQ 49=h M}$O3F %N!<%I$G9T$o$l$k!% bu�ering-base metho d, hand-o� metho d $H $b DL ?. $N Fs =E 2= $O I, MW $H 9M $( $i $l $k $, 8= ;~ E@ $G $O L$ <B Au $G $" $k!% I> 2A $K $O G\ @: EY $N LINP A CK b enc hmark $N %W %m %0 %i %‘ $r MQ $$!$ BP >] $H $9 $k 9T Ns $O 200 � 200 $+ $i 1200 � 1200 $N HO 0O $G!$ LU J,2r %3 %" !\ 8e B‘ Be F~ %k!< %A %s $K$D $$$F B,Dj $7$?!% $3$N B,Dj MQ%k!< %A%s $N Ninf IDL 5-=R$r ?^ 6 $K<($9!% 5.2 7k 2L ?^ 7 $K SS20 C1 BN $* $h $S 3 $D $N J} K! $G Linpac k b enc h- mark $r <B 9T$7 $? >l 9g $N<B 9T @- G=$r <( $9!% $^$?!$ <B 9T ;~ 4V$NFbLu$r I= 1 $K<($9!% 9T Ns %5 %$ %: $, >. $5 $$ ( n < 400) NN 0h $G $O bu�ering- base metho d !$ hand-o� metho d $H $b $K original $K 5Z $P $J $$!% FC $K hand-o� metho d $G $O <j B3 $- <+ BN $N %*!<%P!<%X%C%I$N$?$a$K8zN($,Dc$$!% bu�ering-base metho d $O C1 =c $K original $N %P%C Module Aplinpack; Library "aplinpack.o"; Define ap_dgefasl( mode_in distribute(BLOCK,BLOCK) \ double a[n][lda:n], mode_in int lda, mode_in int n, mode_in int ipvt[n], mode_inout double b[n], mode_in int job) "Gaussian elimination & Backward subst routine" Calls ap_dgefasl(a,n,n,ipvt,b,job); ?^ 6 B,Dj$GMQ$$$? Ninf IDL ?^ 7 Linpac k b enc hmark $K$h$k<B9T@-G=$NHf3S %U%!4IM}$r8zN(NI$/9T$&$@$1$G$"$k$?$a!$%5%$%: $,Bg$- $$NN0h $G<c 43>e2s $k$@ $1$G $"$k!% I= 1 $K<($5 $l$k $h$& $K DL ?. %G!< %? $N XDR $H SP AR C $N I= 8= $N 4V $N JQ 49 $N $? $a$K%U%m%s%H%(%s%I>e$GHq$9;~4V$,APJ}$H$bBg $-$$$?$a $H9M$($i$l$k!% hand-o� metho d $G $O JQ 49 $r %N!< %I >e $G 9T $( $k!% =>$C $F!$%N!<%I$G$O%G!<%?$r<u$1<h$j!$%3%M%/%7%g%s $,<!$N %N!<%I$KEO$C$?8e!$JQ49<jB3$-$r9T$&%Q%$%W%i%$ %s<B9T $, 2D G= $H $J $j!$ %U %m %s %H %( %s %I $G $N =h M} $, N’ B. $H $J $k $3 $H $r KI $2 $k!% AP1000 $N $h $& $K %N!< %I %W %m %;%C %5 $, SP AR C 25MHz $H Hf 3S E* Dc B. $N >l 9g $G $b 16% Dx EY 8z N($,8~>e$7$F$*$j!$%N!<%I%W%m%;%C%5$,%U%m%s%H %(%s%I %^%7%s$KHf$Y$F==J,B.$$>l9g$K$O!$$3$NJ}K!$r :N$kMxE@ $O$5$i$KBg$-$$$H9M$($i$l$k!% 6. 4X O" 8& 5f Ninf $K N‘ ;w $7 $? Global Computing $r <B 8= $9 $k %W %m %8%’ %/ %H $H $7 $F NetSolv e 5) $, $" $k!% NetSolv e $O 2f!9 $N Ninf call $H F1 MM!$ ;H $$ $d $9 $$ API $rDs 6! $9 $k $,!$ %$%s%?%U%’!<%95-=R8@8l$rHw$($F$$$J$$$?$a!$9- 0h$KJ,

6 I= 1 <B9T;~4V$NFbLu n=200 client server no de c alc original 5.7 2.7 1.6 0.27 bu�ering 5.7 2.7 1.6 0.27 hand-o� 6.9 3.9 3.3 0.27 n=400 client server no de c alc original 10.7 7.6 3.4 0.95 bu�ering 10.8 7.7 3.5 0.95 hand-o� 10.4 7.3 5.9 0.95 n=600 client server no de c alc original 18.7 15.5 6.1 2.43 bu�ering 18.8 15.7 6.2 2.43 hand-o� 16.1 13.0 11.6 2.43 n=800 client server no de c alc original 30.5 27.3 10.4 5.04 bu�ering 30.2 27.0 10.5 5.04 hand-o� 26.5 23.4 21.2 5.04 n=1000 client server no de c alc original 48.7 44.6 16.7 9.72 bu�ering 47.3 42.9 17.3 9.72 hand-o� 40.2 36.6 34.2 9.72 n=1200 client server no de c alc original 65.5 62.1 25.0 16.6 bu�ering 63.4 60.3 25.9 16.6 hand-o� 55.0 51.3 48.6 16.6 client Ninf call $r8F$S=P$7$F$+$i40N;$9$k$^$G$N;~4V server %5!<%P$, Ninf call $r<uIU$1$F$+$i40N;$9$k$^$G$N;~4V no de 3F%N!<%I$G$N=hM};~4V ( 7W;;;~4V$r4^$‘ ) c alc 3F%N!<%I$G$N@5L#$N7W;;;~4V ;6$5$l$?7W;;;q8;$N%$%s%?%U%’!<%9>pJs $N6&M-$dJ]<i$, Fq$7$$!%$^$?!$D6JBNs5!$N1?MQ$O9MN8$5$l$F$$$J$$!% Legion 6) %W %m %8%’ %/ %H $O!$ 9- 0h J, ;6 %7 %9 %F %‘ >e $G $N %W %m %0 %i %_ %s %0 $r ;Y 1g $9 $k %* %V %8%’ %/ %H ;X 8~ 8@ 8l Men tat 7) $r ;H$C $F!$ B? $/ $N 7W ;; ;q 8; $r E} 9g $7 $? 2> A[ 7W ;;5!$r <B8= $9$k!% Men tat $O%W%m%0 %i %_%s %08@ 8l$G $" $k $?$a!$J,;6%7%9%F%‘FCM-$N:GE,2=$d5! G=$,<B8=$,MF0W$G $"$k!%Nc$($P!$FCDj$N%/%i%9$N%a%=%C%I $,<+F0E*$KIi2Y J,;6BP>]$K$J$k5!G=$r;H$C$F!$%f!<%6$O J,;6=hM}ItJ,$r ;X Dj $9 $k!% $3 $l $K BP $7!$ Ninf $O FC Dj $N 8@ 8l $r 2> Dj $7 $J $$$?$a!$%f!<%6$K$H$C$F$O4{B8$N%7%9%F %‘$H$NO"B3@-$K M% $l $k $,!$ Bg 5, LO $J J, ;6 JB Ns 7W ;; $N <B 8= $K $O 8B 3& $, $" $k!% F ortran $N JB Ns 3H D% I8 =‘ $G $" $k HPF 4) $O!$ %G!< %? JB Ns $r ;Y 1g $9 $k $? $a $K G[ Ns $N J, ;6 G[ CV <j K! $, @0 Hw $5 $l $F $$ $k E@ $, FC D’ E* $G $" $k!% HPF $G $O Alignmen t !$ Distribute, Mapping $N 3 CJ3, $G 9T $&!% Alignmen t $O J# ?t $N G[ Ns $N G[ CV $N Aj 4X $r ;X Dj $7!$ ;X Dj $5 $l $? G[ Ns 4V $N A‘ :n $O!$ %3 %s %Q %$ %i $K $h$C $F <B 9T ;~ $N 6I =j @- $, J] >Z $5 $l $F 9b B. $K 9T $( $k $3 $H $r 4| BT $9 $k!% Distribute $O G[ Ns $r %f!< %6 $, ;X Dj $9 $k Cj >] E* $J %W %m %;%C %5 %a%C %7%e $X G[CV$7!$ Mapping $O<B%W%m%;%C%5$XG[ CV$9$k!%K\9F$N IDL $N3HD%$G $O Distribute ;XDj$N$_$r F3F~$7 $?$? $a!$ 0z ?t $N J# ?t $N G[ Ns 4V $N Alignmen t $O ;X Dj $G $- $J $$!% Alignmen t $O %3 %s %Q %$ %i $N :G E, 2= $N $? $a $K $O IT 2D 7g $@ $,!$%5!<%P$H%/%i%$%"%s%H$H$NDL?.<jB3$-$r;Y1g $9$k%$ %s%?%U%’!<%95-=R$H$7$F$O6/NO$9$.$k$HH=CG$7$? $?$a$G $"$k!%$b$A$m$s!$ alignmen t ;XDj$r IDL $K4^$a$k$3 $H $OMF0W$G$"$k!% 7. $* $o $j $K K\9F$G $O!$J,;6%a %b%j7? JBNs7W;; 5!$K$*$$ $F Ninf %7 %9%F%‘$r8zN(NI$/1?MQ$9$k$?$a$K!$=i4|!&:G=* %G!<%?G[ CV $r5- =R $9 $k $?$a $N API $r Ds 6!$7!$ $= $N >p Js$r ;H$C $F 7W;;>pJs$r3F%N!<%I$KBP$7$F=g<!%O%s%I%*%U$7 $J$,$iJ, G[!&<}=8$9$k5!9=$rF3F~$9$kJ}K!$rDs0F$7$?!% $^$?!$$3 $N 5! 9= $r IY ;N DL $N AP1000 >e $K <B Au $7 $F M- 8z @- $K $D $$ $F8!F$$r9T$C$?!% :# 8e $O L$ <B Au $G $" $k API $X $N 3H D% $r 4^ $a $?!$ <B Au $N 0B Dj @-!$ 40 @. EY $r 8~ >e $5 $; $k $H $H $b $K!$ B> %W %i%C %H %U%)!<%‘$X$N0\?"$rM=Dj$7$F$$$k!% <U<- K\8&5f$r?J$a$k>e $GF$5DD: $$$?$*Cc$N ?e=w;RBg 3XD9Eh1@J<65<x$K46<U$9$k!% ;2 9M J8 8% 1) Sekiguc hi, S. et al.: |Ninf|: Net w ork based Information Library for Globally High P er- formance Computing, Pr o c e e dings of Par al- lel Obje ct Oriente d Metho ds and Applic a- tions(POOMA) (1996). 2) Nak ada, H., Sato, M. and Sekiguc hi, S.: Ninf RPC Proto col, T ec hnical Rep ort TR95-28, Electrotec hnical Lab oratory (1996). 3) Nak ada, H. et al.: A Metaserv er Arc hitecture for Ninf: Net w ork ed Infromation Library for High P erformance Computing, IPSJ SIG Notes 96-HPC-60 (1996). 4) High P erformance F ortran F orum: High Per- formanc e F ortr an L anguage Sp e ci�c ation V er- sion 1.1 (1994). 5) Casano v a, H. and Dongarra, J.: NetSolv e: A Net w ork Serv er for Solving Computational Sci- ence Problems, T ec hnical rep ort, Univ ersit y of T ennessee (1996). 6) Grimsha w, A. S. et al.: Legion: The Next Log- ical Step T o w ard a Nationalwide Virtual Com- puter, T ec hnical Rep ort CS-94-21, Univ ersit y of Virginia (1994). 7) Grimsha w, A. S.: Easy to Use Ob ject-Orien ted P arallel Programming with Men tat, IEEE Computer , pp. 39{51 (1993).