1 Ja v a $rMQ$$$?9-0hJBNs7W;;%7%9%F%‘ Nin et >e$NDL?.%/%i%9%i%$%V%i%j$N<B8= Bg 5W 8w ?r y 9b LZ 9@ 8w yy >> 2, Ao y >. @n 9( 9b y Ja v a $r 4^ $‘ %M%C %H %o!< %/ 2D HB @- $, 9b $$ 8@ 8l =h M} 7O$r MQ $$ $F!" Lk 4V $J $I $K 2T F0 $7 $F $$ $J $$ M7 5Y 7W;; 5! ;q 8; $r 3h MQ $7 $? 9- 0h JB Ns 7W ;; %7 %9 %F %‘ $, ?t B? $/ 8& 5f $5 $l $F $* $j!" 2f!9 $N Nin et %7 %9 %F %‘ $O $= $N 0l $D $G $" $k!# $7 $+ $7!" $3 $l $i $N %7 %9 %F %‘ $G $O!" C1 =c$J %^ %9 %?!< %o!< %+!< %b %G %k $N JB Ns 7W ;; $G $7 $+ I> 2A $7 $F $$ $J$$ $3 $H $, B? $/!" $^ $?!" RMI $d MPI $J $I $N Dc %l %Y %k $J DL ?. %W %j %_ %F%# %V $r $= $N $^ $^ ;H MQ $7 HK ;( $J %W %m %0 %i %_ %s %0%9 %?%$%k $r$H$C$F $$$k!#K\ 8&5f$G $O!"9- 0hJBNs 7W;;$r MF0W$K %W%m%0 %i%‘ $9$k$3 $H$r;Y 1g$9$k $?$a$K!" DL ?. $r 4^ $‘ JB Ns =h M} $N %" %k %4 %j %: %‘ $r!" %G %6 %$ %s %Q %?!< %s $r MQ $$ $F Cj >] 2= $7 $? Nin et %7 %9 %F %‘ MQ $N %/ %i %9%i%$%V%i%j$r<BAu$7!"=>Mh$N%W%m%0%i%_%s%0<jK!$HHf3S!"8!F$$9$k!# Implemen tation of Comm unication Library on Nin et : A Ja v a-based Global P arallel Computing System Mitsut aka Oohisa , y Hir omitsu T aka gi , yy Sa toshi Ma tsuoka y and Hir ot aka Oga w a y There ha v e b een sev eral recen t prop osals of high-p erformance distributed systems that uti- lize idle computing resources during the nigh ts, etc. These systems t ypically emplo y highly p ortable programming language systems suc h as Ja v a, and our Nin et is one suc h system. Ho w ev er, ev aluation of these systems ha v e b een mostly done with simple master-work er st yles only , and more complex parallel programming st yles ha v e resorted to lo w-lev el comm unication primitiv es suc h as RMI and MPI. Instead, w e design and encapsulate sev eral high-lev el par- allel programming patterns as class libraries for Nin et using the so-called ‘design patterns’, and ev aluate its e�ectiv eness b y comparing with traditional parallel Programming st yles. 1. $O $8 $a $K %$ %s %?!< %M%C %H $N Bg =0 2= Ey $K $h $j!" %M%C %H %o!< %/ $K @\B3$5$l$?7W;;5!$OGzH/E*$KA}2C$7 B3$1$F$$$k!#$3$NCf $K $O Lk 4V $d 5Y $_ ;~ 4V $J $I $K 2T F0 $7 $F $$ $J $$ !VM7 5Y 7W ;; 5!!W$,?tB?$/4^$^$l$F$$$k$@$m$&!#$3$l $i$NM75Y;q8;$r 9- 0h J, ;6 4D 6- $G M- 8z 3h MQ $9 $k $3 $H $r L\ ;X $7 $? !V%O %$ %9 %k!< %W%C %H!& %3 %s %T%e!< %F%# %s %0!W 1) $N 8& 5f $, 3h H/ 2= $7$F$-$F$$$k!# 9- 0h J, ;6 4D 6- $G $N M7 5Y 7W ;; 5! $N 3h MQ $N $? $a $K $O!" %]!<%?%S%j%F%#$H%;%-%e%j%F%#$,MW5a$5 $l$k!#%W%m%0%i %‘$O$=$N:n<T$,MxMQ8"$r;}$D7W;;5!0J 30$G<B9T2DG=$G$J $/$F$O$J$i$J$$$?$a!"G$0U$N%W%m %;%C%5%"!<%-%F%/%A%c $*$h$S OS >e$GF0 :n2DG=$G$"$kI,MW$,$"$j!"$^$?!"$I$N $h$&$JFbMF$N%W%m%0%i%‘$,<B9T$5$l$h $&$H$b$=$N7W;;5! $N=jM-<T$KITMx1W$rM?$($J$$$?$a$N0B A4@-$N3NJ]$,I,?\ $H$J$k$+$i$G$"$k!# $3 $N $h $& $J %]!< %? %S %j %F%# $H %; %-%e %j %F%# $r <B 8= $9 $k <j CJ $N 0l $D $H $7 $F $H $7 $F!" %Y!< %9 8@ 8l $H $7 $F Ja v a $r :N MQ $9 $k $3 $H 5s $2 $i $l $k!# Ja v a $N %W %m %0 %i %‘ $O %P %$ %H %3!< %I $G G[ ?. $5 $l!" <B 9T ;~ $K JIT(Just-In-Time) %3 %s y El5~9)6HBg3X T oky o Institute of T ec hnology yy EE;R5;=QAm9g8&5f=j Electrotec hnical Lab oratory %Q%$%i$K$h$C$F%W%m%;%C%5$N%M%$%F%#%V%3!<%I$K JQ49$5 $l $F 9b B. <B 9T $5 $l $k ;E AH $_ $H $J$C $F $$ $k $? $a!" %P %$ %H %3!<%I%l%Y%k$G%]!<%?%S%j%F%#$,J]>Z$5$l$k!# $^$?!"%P %$%H%3!<%I$O5/F0;~$K$O%$%s%?%W%j%?J}<0$G2r <a$5$l$k $? $a!" %m!< %+ %k ;q 8; $K BP $9 $k I/O Ey $r 3N <B $K 6X ;_ $9 $k $3$H$,MF0W$G$"$j!"3N$+$J%;%-%e%j%F%#$rJ]>Z$9 $k$3$H $,$G$-$k!# $3 $N $h $& $J GX 7J $+ $i!" Ja v a Applet $r %Y!< %9 $H $7 $? 9-0hJ,;67W;;%7%9%F%‘$,?tB?$/Ds0F$5$l$F$* $j!"0E9fBQ @-8!::Ey$N%"%W%j%1!<%7%g%s$K3hMQ$5$l$F$$$k!# $3$l$K BP $7 2f!9 $N Nin et %7 %9 %F %‘ 2) 3) $G $O!" G$ 0U $N %f!< %6 $,!"G$0U$N%"%W%j%1!<%7%g%s$N$?$a$K!"$h$j0BDj E*$K7Q B3$7$FMxMQ$G$-$k%O%$%9%k!<%W%C%H!&%3%s %T%e!<%F%#%s %0%7 %9 %F%‘ $H $9$k $3 $H$r L\ ;X$7 $F!" Hs Applet %Y!< %9$N @lMQ%7%9%F%‘$r9=C[$7$F$$$k!# $3 $l $i $N 0l HL E* $J 9- 0h J, ;6 7W ;; %7 %9 %F %‘ $G $O!" JB Ns 7W ;;$N %b %G%k $H $7$F!" Master-W ork er %Q %?!< %s$r :N MQ $7$F$$$k>l9g$,B?$$!#9-0h%M%C%H%o!<%/$N$h$&$K DL?.CY 1d$,L5;k$G$-$J$$4D6-$K$*$$$F$O!"DL?.CY1d$r 1#JC$9$k $?$a!"$^$?!"6Q0l$G$J$$%?%9%/=hM};~4V$rJ,;6$5 $;$k$? $a $K!" Master-W ork er %Q %?!< %s $O $? $7 $+ $K M- 8z $G $" $k!# $3 $l $K BP $7 Nin et %7 %9 %F %‘ $O!" 9- 0h 4D 6- $N $_ $J $i $:!" LAN >e $G$N !V%-%c%s %Q%9 %o%$ %IJ, ;67W ;;!W$N <B8= $N $? $a!" $^ $?!" %o!< %/ %9 %9 %F!< %7%g %s /PC %/ %i %9 %? >e

2 $KJBNs=hM}4D6-$r<B8=$9$k$?$a$NMx MQ$bA[Dj$7$F$*$j!" 9-0h4D6-$+$i%/%i%9%?$^$G$r%7!<%‘%l %9$KE}0l$5$l$?7W ;;4D6-$H$7$FMxMQ$9$k$3$H$rL\;X$7 $F$$$k!#Nc$($P!"C1 =c $J Master-W ork er %Q%?!< %s $G$O JBNs 2= $G$- $J $$Ld Bj $r!"$=$NLdBj$KE,$7$?!"$h$jL)$JDL?.$r $9$kJBNs%W%m%0 %i%‘$H$7$F5-=R$7!"$=$lA4BN$r$R$H $D$N%8%g%V$H$7$F!" 9-0h4D6-$N$I$3$+$KB8:_$9$k%/%i%9%? %7%9%F%‘$G<B9T$5 $;$k$H$$$C$?=hM}$r<B8=$7$?$$!# $3 $N <B 8= $N $? $a $K!" Nin et %7 %9 %F %‘ $G $O!" Master-W ork er 0J 30 $N MM!9 $J JB Ns =h M} %Q %?!< %s $r %/ %i %9%i%$%V%i%j$H$7$FDs6!$7$F$$$/!#K\ 9F$G$O$=$N$R$H$D $H$7$F!"%j%@%/%7%g%s=hM}$r7+$jJV$9JB 9T%W%m%;%9$NCj >]2=Nc$r<($9!# =>Mh!" $3$& $7$?%" %W%j %1!<%7%g%s $O!" MPI Ey $NDc%l %Y%k$NDL?.%W%j%_%F%#%V$rMQ$$$F=q$+ $l$F$-$?!#$=$3$G $O!" %W %m %0 %i %^ <+ ?H $, DL ?. $N I, MW $J 8D =j $K DL ?. %W %j %_ %F%#%V$r$=$N$^$^Kd$a9~$‘J}K!$,$H$i $l$F$$$k!#$3$N$h $&$J9=B$2=$5$l$F$$$J$$DL?.$N5-=R %9%?%$%k$O!"%W%m%0 %i %‘ $N %a %s %F %J %s %9 $r Fq $7 $/ $9 $k $@ $1 $G $J $/!" Nin et %7%9%F%‘$N$h$&$J%7%9%F%‘$K$*$$$F $O!"%W%m%0%i%‘$N3F ItJ,$r!"<B9T;~$KMxMQ2DG=$J;q8;$K1~ $8$FF0E*$K!"$+$D G$0U$K7W;;5!$KH/9T$9$k$3$H$,5a$a $i$l$k$,!"$=$l$rFq $7$/$9$k!#$=$3$G!"JBNs%"%k%4%j%: %‘$r!"%*%V%8%’%/%H ;X 8~ %G %6 %$ %s %Q %?!< %s 4) $N OH AH $_ $K $7 $? $,$C $F Cj >] 2= $7!"DL?.%Q%?!<%s$r!"8D!9$N7W;;FbMF$+ $iJ,N%$9$k$3$H $r;n$_$k!# 0J2<!" 2 >O$G!" Nin et %7%9 %F%‘$N 35MW $r>R 2p$7!" 3 >O$G!"%*%V%8%’%/%H;X8~%G%6%$%s%Q%?!< %s$rE,MQ$7$?JB Ns%W%m%0%i%_%s%0MQ%i%$%V%i%j$N9= @.K!!"$=$l$rMQ$$$? CG K!$N%W%m%0%i%_%s%0Nc$r<($9!#$=$7$F 4 >O $G!"=>Mh $N MPI $K $h $k %W %m %0 %i %_ %s %0 $H $N Hf 3S $K $D $$ $F =R $Y!" 5 >O$G4XO"8&5f$K$D$$$F=R$Y$k!# 2. Nin et 2.1 Nin et %7%9%F%‘$N35MW Nin et %7 %9 %F %‘ $N Mx MQ <T $K $O!" 7W ;; 5! $N B_ $7 =P $7 $r $9 $k 7W ;; 5! Ds 6! <T $N N) >l $H!" 7W ;; $N 0M Mj $r H/ 9T $9 $k %f!< %6 %W %m %0 %i %^ $N N) >l $, $" $k!# Nin et %7 %9 %F %‘ $O!" 2 $D $N daemon %W %m %0 %i %‘ \Nin et Serv er"( 0J 2< C1 $K Serv er) $H!" \Nin et Dispatc her"( 0J 2< C1 $K Dispatc her) $H!" Nin et %W %m %0 %i %‘ ( 0J 2< C1 $K Nin et) $+ $i 9= @. $5 $l $k!# Nin et %7 %9 %F %‘ $O!" Ja v a @l MQ $N J, ;6 %* %V %8%’ %/ %H 5; =Q $H FH <+ $N 5! G=$K $h $j!"0l <o $NJB 9T%* %V %8%’%/ %H $G$" $k Nin et $r %j %b!< %H $K $" $k Serv er >e $G <B 9T $9 $k $3 $H $G!" 9- 0h JB Ns 7W;;%7%9%F%‘$r<B8=$7$F$$$k!# � %f!<%6%W%m%0 %i%^ : <B9T$5$;$?$$7W;;$r 2 $D$N%W%m %0 %i %‘ (Nin et %W %m %0 %i %‘!" %/ %i %$ %" %s %H %W %m %0 %i%‘$H$7$F<BAu$9$k!# � Nin et: Serv er >e $G <B 9T $5 $l!" %^ %$ %0 %l!< %7%g %s$,2DG=$JJB9T%*%V%8%’%/%H!# � %/ %i%$%"%s%H %W%m%0%i %‘ : %f!<%6%W%m %0%i%^$N =jM- $7$F$$ $k%[%9 %H>e$G <B9T$5 $l!" Nin et $NH/ 9T$HCf ;_$r4IM}$9$kLr3d$r$b$D!# � Serv er: B_ $7 =P $5 $l $k 7W ;; 5! >e $G <B 9T $5 $l $k daemon %W %m %0 %i %‘ $G $" $j!" URL $G ;X Dj $5 $l $? Nin et $r %m!< %I $7 $F 5/ F0 $9 $k Lr 3d $H!" $= $N 7W ;; 5! =jM-<T $+$i$N ;X<($K $h$C$F<B 9TCf$N Nin et $rB‘5n $5$;$kLr3d$rC4$&!# � Dispatc her: Serv er $+ $i $N ;2 2C EP O? MW 5a $K 4p $E $$ $F!" 8= ;~ E@ $G ;H MQ 2D G= $J Serv er $N %j %9 %H $r 4I M} $7!" %/ %i %$ %" %s %H $+ $i $N Nin et H/ 9T MW 5a $K 1~ $8 $F!" Nin et $r $I $N Serv er >e $G <B 9T $5 $; $k $+ $N %9 %1%8%e!<%j%s%0$r$*$3$J$&!# � HTTP/FTP %5!< %P : %f!< %6 %W %m %0 %i %^ $O $" $i $+ $8 $a Nin et( $H $= $l $, Mx MQ $9 $k %/ %i %9 72 ) $r HTTP/FTP %5!< %P $K CV $/!# Serv er $O HTTP/FTP %5!<%P$+$i Nin et $r%m!<%I$9$k!# 2.2 Nin et %7%9%F%‘$N5/F0$HMxMQ<j=g Nin et %7%9 %F %‘ $N5/ F0 $+ $i!"%f!< %6 %W %m%0 %i %‘ $N5/ F0$^$G$r=g$rDI$C$F@bL@$9$k!# ( 1 ) Nin et %7 %9 %F %‘ $N 4I M} <T $K $h$C $F!" Dis- patc her daemon $, $I $3 $+ $N %[ %9 %H >e $G 5/ F0 $5 $l$k!# ( 2 ) 7W ;; 5! Ds 6! <T $O!" $= $N 7W ;; 5! >e $G Serv er $r daemon %W %m %; %9 $H $7 $F 2T F0 $5 $; $k!# $3 $N $H $- 1 $D $N Dispatc her $r URL $G ;X Dj $9 $k!# Serv er daemon $O ;X Dj $5 $l $? Serv er $K <+ J, <+ ?H $r EP O? $9$k!# ( 3 ) %f!< %6 %W %m %0 %i %^ $O Nin et $r HTTP/FTP %5!< %P >e $K CV $-!" %/ %i %$ %" %s %H %W %m %0 %i %‘ $r <B 9T $9 $k!# %/ %i %$ %" %s %H %W %m %0 %i %‘ $O!" 5/ F0 $7 $? $$ Nin et $N %/ %i %9 L> $H URL $r Co debases $G ;XDj$7$F!" Dispatc her $r8F$S=P$9!# ( 4 ) %f!< %6 %W %m %0 %i %^ $O %/ %i %$ %" %s %H %W %m %0 %i %‘ Fb $G!" Nin et $N %$ %s %9 %? %s %9 2= $r Dispatc her $K 0MMj$9$k!# ( 5 ) Dispatc her $O!" Mx MQ 2D G= $J Serv er $N %j %9 %H $+ $i!" $" $k %9 %1 %8%e!< %j %s %0 %" %k %4 %j %: %‘ $K 4p $E $$ $F!" $R $H $D $N Serv er $r A* Br $7!" $= $N Serv er $K!" Nin et $N %$ %s %9 %? %s %9 2= $N 0M Mj $r 0Q >y $9 $k!#$3$N$H$- Co debase $rEO$9!# ( 6 ) Serv er $O!" $3 $N Co debase $r $b $H $K HTTP/FTP %5!< %P $+ $i Nin et $r %m!< %I $7 Nin et $N %$ %s %9 %? %s %9 $r @8 @. $9 $k!# $3 $N %$ %s %9 %? %s %9 $X $N %j %b!< %H %j %U%! %l %s %9 $O Dispatc her $X!" $= $7 $F %/ %i %$ %" %s %H %W %m %0 %i %‘ $X$HJV$5$l$k!# ( 7 ) %/ %i %$ %" %s %H %W %m %0 %i %‘ $O $3 $N %j %b!< %H %j %U%! %l %s %9 $r $b $H $K Serv er >e $N Nin et %$ %s %9 %? %s %9$rD>@\8F$S=P$9!# Nin et %7 %9 %F %‘ $G $O!" J, ;6 %* %V %8%’ %/ %H $r <B 8= $9 $k Dc 0L $N %_ %I %k %&%’ %" $H $7 $F RMI $r ;H MQ $7 $F $$ $k!# $^ $?!" FH<+$N%/%i%9%m!<%@!"@lMQ$N%;%-%e%j%F%#%^ %M!<%8%c$r ;} $A!" %* %V %8%’ %/ %H $N %^ %$ %0 %l!< %7%g %s $r %5 %]!< %H $9 $k!" RMI $r3HD%$7$? ORB $r;}$D!# 3. %G %6 %$ %s %Q %?!< %s $K $h $k JB Ns %" %k %4 %j %: %‘ $N$?$a$N%/%i%9%i%$%V%i%j$N9=C[ Nin et %7 %9 %F %‘ $G $O!" Master-W ork er 0J 30 $K $b!" MM!9$JJBNs=hM}$N%Q%?!<%s$r%/%i%9%i%$%V%i%j$H $7$FDs 6!$7$F$$$/!#$3$3$G$O$=$N$R$H$D$H$7$F!"%j%@ %/%7%g%s =hM}$r7+$jJV$9JB9T%W%m%;%9$N%Q%?!<%s2=$NNc$r<($9!# 3.1 %*%V%8%’%/%H;X8~%G%6%$%s%Q%?!<%s Nin et %7 %9 %F %‘ $G $O!" %f!< %6 %W %m %0 %i %^ $O M= $a MQ 0U $5 $l $F $$ $k %/ %i %9 $N %5 %V %/ %i %9 $r :n @. $9 $k $3 $H $K $h$C $F!" L\ E* $N %W %m %0 %i %‘ $r 9= C[ $9 $k!# J8 8% 3) $G <( $7 $? Master-W ork er %Q %?!< %s $N %/ %i %9 %i %$ %V %i %j $G $O!" %* %V %8%’ %/ %H ;X 8~ %G %6 %$ %s %Q %?!< %s 4) $K $* $1 $k!" T emplate Metho d %Q %?!< %s $r E, MQ $7!" %f!< %6 %W %m %0

3 ?^ 1 T emplate Metho d %Q %?!< %s $K $h $k %f!< %6 Dj 5A %j %@ %/ %7%g %s $N5-=R %i%^$O!"<+J,$,5-=R$7$?$$LdBj$K8GM- $N!":9J,$@$1$r5- =R$9$k$b$N$H$7$?!# Nin et %7%9 %F %‘ $G$O!" N. BNLd Bj $J $I$N $? $a$N $h $j9b %l%Y%k$J%/%i%9%i%$%V%i%j$rMQ0U$9 $kM=Dj$G$"$k!#$3$N $h$&$J9b%l%Y%k$J%/%i%9%i%$%V%i%j$r 8zN($h$/<BAu$9$k $?$a$K$O!"ItIJ$H$J$kCf>.%l%Y%k$N%/ %i%9%i%$%V%i%j$, I,MW$H$J$k!#$3$l$i$r!"%a%s%F%J%s%9$, MF0W$G$"$k$HF1 ;~$K8zN(E*$K<BAu$9$k$?$a$K!"$h$j9- HO$K%*%V%8%’%/%H ;X8~%G%6%$%s%Q%?!<%s$rMQ$$$k$3$H$K$7$?!# :# 2s <( $9 %i %$ %V %i %j $O!" T emplate Metho d %Q %?!< %s $N B> $K!" Strategy %Q%?!< %s $b E, MQ $7 $? 9= @. $H $J$C $F $$ $k!# $^ $: 0J 2< $K!" T emplate Metho d %Q %?!< %s $* $h $S Strategy %Q %?!< %s $N 0l HL E* $J FC <A $K $D $$ $F @b L@ $9 $k!# 3.1.1 T emplate Metho d %Q%?!<%s T emplate Metho d %Q %?!< %s $O!" J# ?t $N %" %k %4 %j %: %‘$r6&DL$N%$%s%?%U%’!<%9$GMxMQ$9$k>l 9g$J$I$KMxMQ$5 $l$k!# 1 $D$N%a%=%C%I$KJ#?t$N%"%k%4%j%:%‘$+$i6&DL$9 $k%9%F%C%W$rCj=P$7%9%1%k%H%s$H$7$F Dj5A$9$k!#$$$/$D $+$N0[$J$k%9%F%C%W$rCj>]%a%=%C%I$H $7!"%5%V%/%i%9$K $=$N<BAu$rG$$;$k$3$H$K$9$k!#$3$l $K$h$j!"Cj>]%a%=%C %I$r%5%V%/%i%9$4$H$GDj5A$9$k$@$1 $G!"%"%k%4%j%:%‘$r 40A4$K<B8=$7$?!"%5%V%/%i%9$4$H$KFC M-$J%a%=%C%I$rDj 5A $9 $k $3 $H $, $G $- $k!# T emplate Metho d %Q %?!< %s $O 0J 2<$N %/ %i%9 $h $j9= @. $5$l $k!# ?^ 1 $O%j %@ %/%7%g %s =hM} $K T emplate Metho d %Q%?!<%s$rE,MQ$7$?Nc$G$"$k!# � AbstractClass %/%i%9 3F %5 %V %/ %i %9 $G FC M- $J %a %=%C %I $r!" primitiv e op eration $H 8F $P $l $k Cj >] %a %=%C %I $H $7 $F Dj 5A $9 $k!# primitiv e op eration $r 8F $S =P $9 $3 $H $G!" template metho d $r %" %k %4 %j %: %‘ $N %9 %1 %k %H %s $H $7 $F <B Au $9 $k!# ?^ 1 $G $O!" %j %@ %/ %7%g %s =h M} $N 1i ;; It J, $r Cj >] 2= $7 $= $N B> $N It J, $N %9 %F%C %W $r 5- =R$7 $? T emplate Metho d $r reduce() $H Dj5A $7!" primitiv e op eration $H $7 $F %j %@ %/ %7%g %s =h M} $N 1i ;;ItJ,$r op erate() $HDj5A$7$F$$$k!# � ConcreteClass %/%i%9 %" %k %4 %j %: %‘ $N %9 %F%C %W $r FC M- $N 7A $G <B 9T $9 $k $? $a$K!" primitiv e op eration $r<BAu$9$k!#?^ 4 $G$O AmOB$r$H$k$?$a$N1i;;$r<BAu$7$F$$$k!# ?^ 1 $G$O AbstractClass %/ %i %9$r DoubleReduceRo ot %/ %i %9!" ConcreteClass %/ %i %9 $r MyDoubleReduc- eRo ot $H $7 $F $$ $k!# %f!< %6 $O!" primitev e op eration $r MyDoubleReduceRo ot %/ %i %9 $G <B Au $9 $k $@ $1 $G!" MM!9$J%j%@%/%7%g%s=hM}$r<B8=$9$k$3$H$,2DG=$H$J$k!# 3.1.2 Strategy %Q%?!<%s Strategy %Q%?!< %s $O!" T emplate Metho d %Q %?!< %s $N$h$&$KJ#?t$N%"%k%4%j%:%‘$r6&DL$N%$%s%? %U%’!<%9$G MxMQ$9$k>l9g$J$I$KMxMQ$5$l$k$,!"%"%k%4%j%: %‘A4BN$N <BAu$,%5%V%/%i%9$K0Q$M$i$l$F$$$kE@$G0[$J $k!#8D!9$N %"%k%4%j%:%‘$r6&DL$N%$%s%?%U%’!<%9$r;}$D$h$& $KDj5A $9$k$3$H$K$h$j!"$=$l$i$rMxMQ$9$k%*%V%8%’%/%H $H$OFH N)$K!"$=$l$>$l$N%"%k%4%j%:%‘$rA4$/0[$J$k;E MM$K<BAu $9 $k $3 $H $, 2D G= $H $J $k!# Strategy %Q %?!< %s $O 0J 2< $N %/ %i %9$h $j 9=@. $5 $l$k!# ?^ 2 $O%W %m %0%i %‘ $N%a %$ %s %k!<%W Fb$K Strategy %Q%?!<%s$rE,MQ$7$?Nc$G$"$k!# � Strategy %/%i%9 8D!9 $N %" %k %4 %j %: %‘ $K 6& DL $N %$ %s %?!< %U%’!< %9 $r @k 8@ $9 $k!# ?^ 2 $G Calculator %/ %i %9 $O %$ %s %? %U%’!<%9$H$7$F init() !" run() !" set() $r;}$D!# � ConcreteStrategy %/%i%9 Strategy %/ %i %9 $N %$ %s %? %U%’!< %9 $K $D $$ $F!" 8D!9 $N %" %k %4 %j %: %‘ $r <B Au $9 $k!# 8e =R $N CG K! $N Nc $G $O!" %a %$ %s %k!< %W Fb $N 7W ;; $r 4 $D $K J, $1!" $= $l $> $l $r ConcreteStrategy %/ %i %9 $H $7 $F <B Au $7!" run() $K7W;;$NFbMF$r5-=R$9$k!# � Con text %/%i%9 8D!9 $N %" %k %4 %j %: %‘ $r ;H $$ J, $1 $k %/ %i %9 $G $" $j!" Mx MQ $9 $k %" %k %4 %j %: %‘ $N <B Au $5 $l $? ConcreteStrategy %* %V %8%’%/ %H $rJ] ;} $7!"$= $N ;2 >H$N7?$O Strategy %/%i%9$H$9$k!#$^$?!" Strategy %/ %i %9 $, Con text %/ %i %9 $N %G!< %? $K %" %/ %; %9 $9 $k $? $a $N %$ %s %? %U%’!< %9 $r Dj 5A $7 $F $b $h $$!# ?^ 2 $G $O Blo c k %/%i%9$, CalcAlpha %*%V%8%’%/%H!"$^$? $O CalcBeta %* %V %8%’ %/ %H $r Calculator %/ %i %9 $N %*%V%8%’%/%H$H$7$FJ];}$7$F$$$k!# 3.2 %j%@%/%7%g%s%i%$%V%i%j %j %@ %/ %7%g %s =h M} $r 4^ $‘ JB Ns =h M} $G $O!" 7W ;; $H %j %@ %/ %7%g %s =h M} $N 7+ $j JV $7 $H $J $k %Q %?!< %s $, B? $$!# $h$C $F!" $3 $N JB Ns =h M} %Q %?!< %s $r!" T emplate Metho d $* $h $S Strategy %Q %?!< %s $r E, MQ $7 $F HF MQ %i %$ %V %i %j 2= $9 $k!# $^ $:!" %a %$ %s %k!< %W $r Iterator %/ %i %9 $H $9 $k!# Iterator %/ %i %9 $O!" %k!< %W 9= B$ $r ;} $A!" %k!< %W Fb $O Blo c k %/ %i %9 $G I= $5 $l $k!# Blo c k $O 7W ;; $H %j %@ %/ %7%g %s $N %Z %" $G $" $j!" $= $l $> $l Calculator %/ %i %9 $H Reducer %/ %i %9 $G $" $k!# Calculator $H Reducer $K $O Strategy %Q %?!< %s $r E, MQ $7!" %f!< %6 %W %m %0 %i %^ $O!" Calculator $r %5 %V %/ %i %9 2= $7 $F L\ E* $N Ld Bj $r 5- =R $7!" $3 $l $N %$ %s %9 %? %s %9 $r Blo c k $K EP O? $9 $k $h $& $K $9 $k!# Reducer $K $D $$ $F $O!" M= $a MQ 0U $5 $l $F $$ $k Reducer $N %5%V%/%i%9$NCf$+$i!"5-=R$7$?$$LdBj$KMxMQ$G $-$k$b$N $, $" $l $P $= $l $r A* $S!" $J $1 $l $P I, MW $K 1~ $8 ?7 $? $K :n @. $7 $F!" $= $N %$ %s %9 %? %s %9 $r Blo c k $K EP O? $9 $k $h $& $K $9 $k!# � Calculator: Nin et $N %a %$ %s %k!< %W $N 7W ;; $N 0l It $r C4 Ev $9 $k %* %V %8%’ %/ %H!# %$ %s %? %U%’!< %9 $H $7 $F!" $3 $N %* %V %8%’ %/ %H $N JQ ?t $r @_ Dj $9 $k %a %=%C %I init() !" $3 $N %* %V %8%’ %/ %H $N <B 9T 7k 2L $r Nin et %* %V %8%’ %/ %H $K H? 1G $5 $; $k set() $r ;} $A!" $3 $N %* %V %8%’ %/ %H $r <B 9T $5 $; $k %a %=%C %I run() $r ;} $D!#

4 ?^ 2 Strategy %Q%?!<%s$K$h$k%a%$%s%k!<%WFb$N5-=R Strategy %Q %?!< %s $r MQ $$!" 3F %V %m%C %/ $N 7W ;; $r %+ %W%;%k2=$9$k!# � Reducer: Nin et $N %a %$ %s %k!< %W Fb $N %j %@ %/ %7%g %s $N <B 9T $r ReduceRo ot %* %V %8%’ %/ %H $K 0M Mj $9 $k %* %V %8%’ %/ %H!# MM!9 $J %j %@ %/ %7%g %s %" %k %4 %j %: %‘ $r Ds 6! $9 $k $? $a $K $3 $3 $G T emplate Metho d %Q%?!<%s$rMQ$$$F$$$k!# primitiv e op eration $H$7 $F!" Nin et $N $I $N JQ ?t $r %j %@ %/ %7%g %s $9 $k $+ $H $$ $& =i 4| 2= $N $? $a $N %a %=%C %I init() $H %j %@ %/ %7%g %s $N 7k 2L $r Nin et $K H? 1G $5 $; $k $? $a $N %a %=%C %I set()(reduceScatter $r MQ $$ $? ;~ ) $r ;} $A!" $3 $l $i $N <B Au $O In tReducer !" Ob jectReducer $J $I $N %/ %i %9 $N %5 %V %/ %i %9 $G 5- =R $5 $l $k!# %$ %s %? %U%’!< %9 $H$7$F reduce() !" reduceScatter() $r;}$D!# Ja v a $G $O %W %j %_ %F%# %V 7? (in t, double $J $I ) $r %* %V %8%’ %/ %H $7 $F 07 $& $3 $H $, $G $- $J $$ $? $a!" $= $l $> $l MQ $N Reducer $H $7 $F In tReducer !" DoubleReducer $r MQ 0U $7 $?!# %W %j%_ %F%# %V 7? $N CM $r %i%C %Q!< %* %V %8%’ %/ %H $K Jq $s $G 07 $& $3 $H $b 2D G= $G $" $k $,!" Mx MQ $N HQ ;( $5 $H <B 9T 8z N( $N 0- $5 $r Hr $1 $k $? $a $K $3 $N $h $& $K $7 $?!# G[ Ns $K BP $9 $k %j %@ %/ %7%g%s$N $?$a$K$O!" Ob jectReducer $rI, MW$K1~$8 $F%5%V%/%i%92=$7$FFH<+$N1i;;$rDj5A$7$F;H$&!# � Blo c k: %a %$ %s %k!< %W Fb $N 7W ;; (Calculator) $H %j %@ %/ %7%g %s (Reducer) $r %Z %" $K $7 $? %* %V %8%’ %/ %H!#%a%=%C%I run() $K$h$j$3$l$i$r<B9T$9$k!# � Iterator: %a %$ %s %k!< %W Fb $N 3F Blo c k $N %* %V %8%’ %/ %H $r G[ Ns $H $7 $F ;} $A!" %a %=%C %I run() $N <B 9T $K $h$j!"$3$NG[Ns$,;X$7<($93F Blo c k $r<B9T$9$k!# � ReduceRo ot: 3F Nin et $N Reducer %*%V%8%’%/ %H $+ $i $N 0M Mj $r =8 Cf E* $K 4I M} $9 $k %* %V %8%’ %/ %H!# $3 $N %/ %i %9 $G $b T emplate Metho d %Q %?!< %s $r MQ $$$F$$ $k!#$3 $N%*%V %8%’%/%H $OFHN) $7$? Nin et $G $"$j!"%W%j%_%F%#%VKh$K In tReduceRo ot $J$I$,MQ 0U $5 $l $F $$ $k!# %j %@ %/ %7%g %s $N 1i ;; $O primitiv e op eration $H$7 In tReduceRo ot $J $I$N%/ %i%9 $N%5 %V %/ %i %9 $G %a %=%C %I op erate(in t arg) $J $I $H $7 $F <BAu$9$k!# $3$3$G!" Reducer %/%i%9$H ReduceRo ot %/%i%9$rNc$K $7$F%G%6%$%s%Q%?!<%s$N%/%i%9%i%$%V %i%j$X$NE,MQ$r@b L@ $9 $k!# ?^ 3 $O T emplate Metho d %Q %?!< %s $, E, MQ $5 $l $? DoubleReducer %/ %i %9 $N 0l It $G $" $j!" %a %=%C %I reduce() $O DoubleReducer %* %V %8%’ %/ %H $+ $i 8F $S =P public void reduce(double arg) { synchronized (this) { operate(arg); count++; if (count == numOfTasks) { reducedValue = tmp; tmp = 0; count = 0; release(); } } } public abstract void operate(double arg); ?^ 3 DoubleRo ot %/%i%9$N%a%=%C%I reduce() public void operate(double arg) { tmp += arg; } ?^ 4 DoubleRo ot %/%i%9$N%5%V%/%i%9$N%a%=%C%I op erate() $5$l$k%j%b!<%H%a%=%C%I$G$"$k!#%j%@%/%7%g%s$N 1i;;$r primitiv e op eration $G $" $k %a %=%C %I op erate() $K G$ $; %5%V%/%i%9$G<BAu$9$k!# 3.3 CG K!$r<BAu$9$kNc $3 $N $h $& $K $7 $F MQ 0U $7 $? %i %$ %V %i %j $N ;H MQ Nc $H $7 $F!" CG K! $r <B Au $7 $F $_ $k!# <B Au $7 $? CG K! $N %" %k %4 %j %: %‘ $r ?^ 5 $K <( $9!# $3 $N %" %k %4 %j %: %‘ $G $O!" 3 2U =j $G%j%@%/%7%g%s=hM}$r9T$&!# $^ $:!" %a %$ %s %k!< %W Fb $N (1) $+ $i (10) $^ $G $N %k!< %A %s $r Calculator %/ %i %9 $H Reducer %/ %i %9 $N %5 %V %/ %i %9 $H $7 $F $= $l $> $l <B Au $9 $k!# (1) $r Calculator %/ %i %9 $N %5 %V %/ %i %9 ( ?^ 6) !" (2) $r Reducer %/ %i %9 $N %5 %V %/ %i %9 $H $9 $k!# <! $K!" %V %m%C %/ $r 7h Dj $9 $k!# $3 $3 $G $O (1) $H (2) !" (3) $H (4) !" (5) $+ $i (9) !" $= $7 $F (10) $H 4 $D $N %V %m%C %/ $r 9M $(!" $= $l $> $l Blo c k %/ %i %9 $N %5 %V %/ %i %9 $H $7 $F Dj 5A $9 $k!# :G 8e $N %V %m%C %/ $N $h $& $K!" Calculator %* %V %8%’ %/ %H $N $_ $N %V %m%C %/ $K $D $$ $F $O!" 2? $b $7 $J $$ Dumm yReducer %* %V %8%’ %/ %H $r Blo c k %/ %i %9 $N %3 %s %9 %H %i %/ %? $G DI 2C $9 $k!# $3 $& $7 $F $G $- $?

5 x 0 = =i4|?dDj%Y%/%H%k ; r 0 = b � Ax 0 p � 1 = o ; � � 1 = 0 � 0 = ( r 0 ; r 0 ) i = 0 ; 1 ; 2 ; � � � $KBP$7$F (1) p i = r i + � i � 1 p i � 1 (2) p $K$D$$$F%j%@%/%7%g%s (3) q i = Ap i (4) � $r5a$a$k$?$a$K ( p i ; q i ) $NCM$r%j%@%/%7%g%s (5) � i = � i = ( p i ; q i ) (6) x i +1 = x i + � i p i (7) r i +1 = r i � � i q i (8) � i +1 = ( r i +1 ; r i +1 ) (9) � $K$D$$$F%j%@%/%7%g%s (10) � i = � i +1 =� i (11) x i +1 $,@53N$G$"$l$P=*N; %k!<%W=*N; ?^ 5 CG K!$N%"%k%4%j%:%‘ public void init() { // run() $G;HMQ$9$k%U%#!<%k%I$N=i4|2=$r9T$& } public void run() { init(); for (int i = 0; i < partialSize; i++) { p[i] = r[i] + beta * p[i]; } set(); } public void set() { // p $r Ninflet %* %V %8%’ %/ %H $N %U%#!< %k %I $K Be F~ $9$k } ?^ 6 Calculator %/%i%9$N%5%V%/%i%9$N<BAu public void run() { calculator.run(); reducer.reduceScatter(); } ?^ 7 Blo ck %/%i%9$N%5%V%/%i%9$N<BAu Blo c k $N %5 %V %/ %i %9 ( ?^ 7) $O Iterator %/ %i %9 $N %U%#!< %k %I $K G[ Ns $H $7 $F 3J G< $5 $l!" %a %=%C %I run()( ?^ 8) $K $h$C $F =g <! <B 9T $5 $l $k!# (11) $N %A%’%C %/ $K $D $$ $F $O Iterator %/%i%9$N%5%V%/%i%9$G<BAu$9$k!# 0l J}!" %j %@ %/ %7%g %s =h M} $r =8 Cf E* $K 4I M} $9 $k $? $a $K!" � !" � MQ $N double 7? $N JQ ?t $N %j %@ %/ %7%g %s =h M} $r 9T $& %* %V %8%’ %/ %H!" p MQ $N G[ Ns $N %j %@ %/ %7%g %s =h M} $r 9T $& %* %V %8%’ %/ %H $N %/ %i %9 $r!" $= $l $> $l DoubleReduceRo ot !" Ob jectReduceRo ot $N %5 %V %/ %i %9 $H $7 $F <B Au $9 $k ( ?^ 3) !# $3 $l $i $N %/ %i %9 $N public void run() { for (int i = 0; i < block.length; i++) { block[i].run(); } } ?^ 8 Iterator %/%i%9$N%a%=%C%I run() primitiv e op eration $G $" $k %a %=%C %I op erate() $G %j %@ %/%7%g%s$N1i;;$r<BAu$9$k!# ( ?^ 4) 4. MPI $K$h$k<BAu$H$NHf3S CG K! $r Nc $K!" :# 2s <( $7 $? %G %6 %$ %s %Q %?!< %s $r E, MQ $7 $? %/ %i %9 %i %$ %V %i %j $r MQ $$ $k >l 9g $H!" MPI $r MQ $$ $k >l9g$H$G!"$=$N<BAuJ}K!$NFC<A$rHf3S$9$k!# 3.2 @a $G <( $7 $? CG K! $N %" %k %4 %j %: %‘ $O!" MPI $r MQ $$ $F <B Au $7 $? >l 9g $K $O!" $= $N %a %$ %s %k!< %W $O ?^ 9 $N $h $& $K $J $k!# %k!< %W $N 3F %$ %? %l!< %7%g %s $G!" 3 <o N‘ $N %j %@ %/ %7%g %s $H 4 <o N‘ $N 7W ;; $, $J $5 $l $F $* $j!" $= $l $> $l $O%k!<%W%\%G%#Cf$KJBCV$5$l$k!# %W %m %0 %i %_ %s %0 $* $h $S %a %s %F %J %s %9 $N MF 0W $5 $K $D $$ $F$O!"$3$NDxEY$N>.5,LO$NLdBj$G$O!"N><T$N0c$$ $O>.$5 $/!"$=$l$>$l$N%9%?%$%k$KBP$9$k=,=OEY$N0c$$ $H$$$($F $7$^$&$+$b$7$l$J$$!#$7$+$7!"9-0hJ,;64D6-$K$* $1$k<B 9T8zN($NLL$G<!$N0c$$$,$"$k!# MPI $K $h $k $3 $N <B Au $O!" 5/ F0 ;~ $K 8G Dj E* $K 7h Dj $5 $l $?K\?t$N%W%m%;%972$K$h$C$F;O$^$j$+$i=*$j$^ $G<B9T$5 $l$k$3$H$rA0Ds$H$7$F$$$k!#$3$N$h$&$J!"EAE} E*$J!"JB 9T%W%m%;%9>e$N%a%C%;!<%8%Q%C%7%s%0%b%G%k$K$h $kJBNs %"%k%4%j%:%‘$N<BAu$O!"$?$7$+$K!"%o!<%/%9 %F!<%7%g%s /PC %/ %i %9 %? $N $h $& $K!" 6Q <A $G 0B Dj E* $J 4D 6- $K $* $$ $F $O<B 9T 8zN( >e ==J, $J$b $N $H$J $jF@ $k $,!" Nin et %7 %9%F %‘$,A0Ds$H$7$F$$$k!"Hs6Q<A$GHs0BDjE*$J4D6- $K$*$$$F $O!"%j%@%/%7%g%s$NF14|E@$K%W%m%;%9$,E~Ce$9$k ;~9o$N $P$i$D$-$K$h$kIi2Y$NJP:_2=$,L5;k$G$-$J$/ $J$k$3$H!" $^$?!"MxMQ2DG=$J7W;;5!?t$,F0E*$KJQ2=$9$k$3 $H$J$I$+ $i!" Master- W ork er %Q %?!< %s $G 0l HL E* $K MQ $$ $i $l $F $$ $k self-guided %9 %1 %8%e!< %j %s %0 $K $h$C $F Ii 2Y J, ;6 $r ?^$k$3$H$,!"G$0U$N%"%k%4%j%:%‘$K$*$$$F=EMW$H$J$k!# F1 $8 Ld Bj $r self-guided %9 %1 %8%e!< %j %s %0 $r 9T $& $h $&!" MPI $G 5- =R $9 $k $K $O!" >e $K <( $7 $? $b $N $H $O A4 $/ 0[ $J$k9=B$$G=q$+$J$/$F$O$J$i$J$$!#:#2s<($7$? %G%6%$%s %Q%?!<%s$rE,MQ$7$?%/%i%9%i%$%V%i%j$O!"DL?. $N%Q%?!< %s$r7W;;$=$N$b$N$+$iJ,N%$7$F$$$k$?$a!"$3$l $i$N5-=R $H$OFHN)$K!"%9%1%8%e!<%j%s%0@oN,$rA*BrE*$KE, MQ$9$k $3$H$,$G$-$k!# $? $@ $7!" 0l HL $K!" $3 $N $h $& $J %* %V %8%’ %/ %H ;X 8~ $N %W %m%0%i%_%s%0%9%?%$%k$G$O!"%a%=%C%I8F$S=P$7$, IQH/$7 $F<B8z@-G=$,Dc2<$9$k$3$H$,7|G0$5$l$k!#$3$l $K$D$$$F $O!" JIT %3 %s %Q %$ %i $K $h$C $F %$ %s %i %$ %s E8 3+ $5 $l $F 8z N(E*$K<B9T$5$l$k$3$H$,4|BT$G$-$kB>$K$b!"9- 0hJ,;64D 6-$G$O$=$NDL?.8zN($+$i$=$b$=$b7W;;$NN3EY$O ==J,$KBg $-$/@_Dj$5$l$k$b$N$G$"$j!":#2s$N%/%i%9%i%$ %V%i%j$G $ODL?.$NH/@8$9$kItJ,$K$7$+%G%6%$%s%Q%?!<%s $rE,MQ$7 $F$$$J$$$?$a!"$=$N$h$&$J%*!<%P!<%X%C%I$OL5;k $G$-$k $H9M$($i$l$k!#

6 while (true) { /* p $r5a$a$k */ MPI_Reduce_scatter(&p, &totalp, length, MPI_DOUBLE, &arraycombine, MPI_COMM_WORLD); /* q $r 5a $a JQ ?t mytmp $K (p, q) $N CM $r Be F~ $9 $k */ MPI_Reduce_scatter(&mytmp, &tmp, 1, MPI_DOUBLE, MPI_SUM, MPI_COMM_WORLD) /* tmp $NCM$rMQ$$$F&A$NCM$r5a$a$k */ /* x $H r $r 5a $a mytmp $K (r, r) $N CM $r Be F~ $9 $k */ MPI_Reduce_scatter(&mytmp, &rho, 1, MPI_DOUBLE, MPI_SUM, MPI_COMM_WORLD) /* &B$NCM$r5a$a$k */ /* x $,==J,@5$7$1$l$P%V%l%$%/$9$k */ } ?^ 9 MPI $K$h$k CG K!$N<BAu 5. 4X O" 8& 5f JB Ns %W %m %0 %i %_ %s %0 $K $* $$ $F!" %3!< %I $N :F Mx MQ $r L\ E* $H $7 $? 8& 5f $K ;v Nc %Y!< %9 JB Ns %W %m %0 %i %_ %s %0 %7 %9 %F %‘ 5) $, $" $k!# $3 $N %7 %9 %F %‘ $G $O!" $^ $:!" %f!< %6 $O 5- =R $7$h$&$H$9$kJBNs%W%m%0%i%‘$+$iFC D’$r<($9%$%s%G%C%/ %9$r:n@.$9$k!#$=$7$F!"$3$N%$%s%G%C%/ %9$rMQ$$$F;vNc %Y!<%9$+$i:G$bN‘;w$7$?JBNs%W%m%0%i %‘$r8!:w$9$k$H!" N‘;w$7$?JBNs%W%m%0%i%‘$N9|AH$_$G$" $k%9%1%k%H%s$,Ds <($5$l$k!#%f!<%6$O!"$3$N%9%1%k%H%s$r :FMxMQ$9$k$3$H $K$h$C$F%W%m%0%i%_%s%0$NIiC4$r7Z8: $9$k$3$H$,$G$-$k $H$7$F$$$k!# ;v Nc %Y!< %9 JB Ns %W %m %0 %i %_ %s %0 %7 %9 %F %‘ $N M% $l $F $$ $kE@$O!"%f!<%6$,%$%s%G%C%/%9$r:n@. $9$k$@$1$G!"<+F0 E*$KL\E*$NJBNs%W%m%0%i%‘$N%9%1%k%H %sF@$k$3$H$,$G$- $k$3$H$G$"$k!#$7$+$7!"%9%1%k%H%s$+ $i$N=$@5$O%f!<%6 $,<+NO$G9T$o$J$1$l$P$J$i$:!"J#;($J JBNs%W%m%0%i%‘$r 9T$&>l9g$K$O%f!<%6$NIiC4$,==J,$K7Z JX$5$l$k$H$O8@$$ Fq$$!# $3 $l $K BP $7 K\ 8& 5f $G $O!" JB Ns %W %m %0 %i %‘ $N %9 %1 %k %H %s$r%G%6%$%s%Q%?!<%s$rMQ$$$?%/%i%9 %i%$%V%i%j$H$7$F %f!<%6$KDs6!$9$k$3$H$G%3!<%I$N:FMxMQ @-$r<B8=$7$F$$ $k!#%f!<%6$O!"L\E*$K$"$C$?%/%i%9%i%$ %V%i%j$N%5%V%/ %i%9$r:n@.$7!"%/%i%9%i%$%V%i%j$NCj >]%a%=%C%I$r%5%V %/%i%9$G<BAu$9$k!#$3$NJ@32$H$7$F!" %a%=%C%I8F$S=P$7 $,B?$/$J$j$=$N%*!<%P!<%X%C%I$,4mW| $5$l$k$,!"$=$l$O Just-In-Time %3 %s %Q %$ %i $K $h $j %$ %s %i %$ %s E8 3+ $5 $l :G E,2=$5$l$k$3$H$r4|BT$9$k!# $^ $?!" Ja v a $G Mx MQ $G$- $k DL ?. %i %$ %V%i %j $K $O PVM $r Ja v a $K %P %$ %s %G%# %s %0 $7 $? JPVM 6) !" Ja v aPVM $, $" $k!# JPVM $O 100% Pure Ja v a $G <B Au $5 $l $F $* $j!" Ja v a %P!< %A%c %k %^ %7 %s $N F0 :n $9 $k G$ 0U $N 7W ;; 5! $G Mx MQ $G $- $k E@ $, FC D’ $G $" $k!# Ja v aPVM $O %M %$ %F%# %V %a %=%C %I $r MQ $$ $F 4{ B8 $N PVM %7 %9 %F %‘ $r Mx MQ $9 $k 7A $G <B Au $5 $l $F $* $j!" $[ $+ $N %W %m %0 %i %_ %s %0 8@ 8l $G 5- =R $5 $l $? PVM $N %W %m %0 %i %‘ $H $b DL ?. 2D G= $G $" $k!# $7 $+ $7!" $3 $l $i $O PVM $N API $r Ci <B $K :F 8= $7 $F $$ $k $@ $1 $G!"%*%V%8%’%/%H;X8~%W%m%0%i%_%s%0$rDs6!$9$k $b$N$G $O$J$$!# 6. $* $o $j $K Nin et %7%9 %F %‘MQ $N %/ %i%9 %i %$%V %i %j $H$7 $F!" %*%V %8%’%/%H;X8~%G%6%$%s%Q%?!<%s$rE,MQ$7$?JBNs=h M}$N%" %k%4%j%:%‘$rDs6!$9$kJ}K!$K$D$$$F<($7$?!#%/ %i%9%i%$ %V%i%j$N:n@.$K%G%6%$%s%Q%?!<%s$rMQ$$$k$3$H $K$h$j!" $h$j9b%l%Y%k$J%/%i%9%i%$%V%i%j$N:n@.$,2D G=$G$"$k!# %G%6%$%s%Q%?!<%s$rMQ$$$?%/%i%9%i%$%V%i%j$K $h$k%W%m %0 %i %_ %s %0 $H MPI $r MQ $$ $? %W %m %0 %i %_ %s %0 $r Hf 3S $7 $? >l9g!"%X%F%m$J4D6-!"%^%$%0%l!<%7%g%s$J$I$N9- 0h4D6- $K$h$k1F6A$+$i!"%/%i%9%i%$%V%i%j$K$h$k%W%m %0%i%_%s %0$NJ}$,$h$$$H9M$($k!# K\ 8& 5f $G $O!" %j %@ %/ %7%g %s =h M} $r MQ $$ $? JB Ns %W %m %0 %i%‘$r%Q%?!<%s2=$7$?$,!"B>$K$b%V%m!<%I%-%c %9%H!"%P %j%"$J$I$rMQ$$$?JBNs%W%m%0%i%‘$r%Q%?!<%s2= $7%i%$%V %i%j$r=<<B$5$; Nin et $N<BMQ@-$r9b$a$kM=Dj$G$"$k!# ;2 9M J8 8% 1) Bric k er, A., Litzk o w, M. and Livn y , M.: CON- DOR TECHNICAK SUMMAR Y, Computer Scienc es Dep artment University of Wisc onsin (1991). 2) T ak agi, H., Matsuok a, S., Nak ada, H., Sekiguc hi, S., Stoh, M. and Nagasima, U.: Nin- et: a Migratable P arallel Ob jects F ramew ork using Ja v a, A CM 1998 Workshop on Java for High-Performanc e Network Computin (1998). 3) 9b LZ 9@ 8w , >> 2, Ao , Cf ED =( 4p , 4X 8} CR ;L , :4 F# ;0 5W , D9 Eg 1@ J< : Ja v a $K $h $k Bg 0h E* JB Ns 7W ;; 4D 6- Nin et, JB Ns =h M} %7 %s %] %8 %& %‘ JSPP’98 O@ J8 =8 , pp. 135{142 (1998). 4) Gamma, E., R. Helm, R. J., and Vlissides, J.: Design Patterns - Elements of R eusable Obje ct- Oriente d Softwar e , Addison-W esley (1994). 5) ;3 :j >! 90 , 0B F# >4 0l , D+ AR 7< G7 : ;v Nc %Y!< %9 JB Ns %W %m %0 %i %_ %s %0 %7 %9 %F %‘ , JB Ns =h M} %7 %s %] %8 %& %‘ JSPP’97 O@J8=8 , pp. 117{224 (1997). 6) F errari, A. J.: JPVM: Net w ork P arallel Com- puting in Ja v a, A CM 1998 Workshop on Java for High-Performanc e Network Computin (1998).