1 %/%i%$%"%s%H!&%5!<%P7?$N%0%m!<%P%k%3%s%T%e!<%F%#%s%0%7%9%F%‘$NHf3S | Ninf, NetSolv e, CORBA, Ninf-on-Globus $N@-G=I>2A | Nk B< K- B@ O: y Cf @n 5. G7 y >> 2, Ao y Cf ED =( 4p yy Ninf, NetSolv e, Globus $r$O $8$a$H$9$k %0%m!<%P%k %3%s%T%e!<%F%#%s %0%7%9%F %‘$N6aG/$N H/E8$K$h $j , 9-0h%M%C%H%o!<%/ $rMxMQ$7$F9b@-G=7W;;$rDs6!$9$k$3$H $,2DG=$H$J$C$F$-$F$$$k . $7$+$7 , $=$l$i$N8&5f$N B?$/ $O , %"!<%-%F %/%A%c$d%" %W%j%1!<%7%g%s $N9=C[Nc$K JP$C$F$*$j , $=$N<o$N %7%9%F%‘$, K\<AE*$K K~$?$9$Y $-@- <A$K$D$$ $F$O8!>Z$5 $l$F$$$J$$ . K\9F$G$O , Ninf, NetSolv e, CORBA $rMQ$$$F <B%"%W%j%1!< %7%g%s $r <BAu$7 , 3F%7%9 %F%‘ $NHf 3S$r9T$C $? . $=$N 7k2L , Ninf $d NetSolv e $N $h$& $J%0 %m!<%P%k %3%s %T%e!<%F%# %s %0@lMQ $N%7 %9%F %‘$O , CORBA $H Hf3S $7@-G= LL!&4I M}LL!& %W%m%0 %i%^ %S%j %F%#$NE@ $N$$ $:$l $K$*$$ $F$b >!$k $3$H$, L@$i$+ $K$J$C$?!#$^ $? , Globus $NDL?. %5!<%S%9 $G$"$k Nexus $rMQ $$$F , Ninf %7 %9%F%‘$r 9=C[ $7 $? . $=$N 7k 2L , A0 Ds $H$9 $kDL ?. %b%G %k$N Aj 0c$K $h$j , HK ;($J <BAu $K $J$j @-G= $N Dc2< $r>7 $$ $? . $3$N $3$H $+ $i , %0%m!<%P%k %3%s%T%e!<%F%#%s %0$K$*$1$k M}A[E*$J %=%U%H%&%( %"%"!<%-%F %/%A%c$rA*Dj $9$k0Y$K , B?$/$N %7%9%F%‘$K$o$?$k8&5f$,I,MW$G$"$k$H8@$($k!# Comparison of Clien t-Serv er Global Computing Systems | P erformance Ev aluation of Ninf, NetSolv e, CORBA, Ninf-on-Globus | To yot ar o Suzumura, y T aka yuki Naka ga w a, y Sa toshi Ma tsuoka y and Hidemoto Nakad a yy Recen t dev elopmen ts of global computing systems suc h as Ninf, NetSolv e and Globus ha v e op ened up the opp ortunites for pro viding high-p erformance computing services o v er wide- area net w orks. Ho w ev er, most researc h fo cused on the individual arc hitectural asp ects of the system, or application deplo ymen t examples, instead of the necessary c haractersistics suc h systems should in trinsically satisfy , nor ho w suc h systems relate with eac h other. Our com- parativ e study p erforms deploymen t of example publications of net w ork-based libraries using Ninf, NetSolv e, and CORBA. There, w e disco v er that dedicated systems for global computing suc h as Ninf and NetSolv e ha v e clear managemen t, progammabilit y , as w ell as p erformance adv an tages o v er CORBA. F urthermore, deplo ymen t of Ninf on top of Nexus, the comm uni- cation la y er of Globus, has exhibited some loss of p erformance as w ell as somewhat kludgy glueing, due to the fundamen tal di�erence on the assumptions of the underlying comm uni- cation mo dels. Suc h results indicate that further basic researc h is necessary across m ultiple systems to iden tify the ideal soft w are arc hitectures for global computing. 1. $O $8 $a $K %M%C %H %o!< %/ 5;=Q $N H/ E8 $K $h $j , 9- 0h $K J, ;6 $7 $?7W ;; ;q 8; $d >p Js ;q 8; $r@Q 6K E* $K 3h MQ $7 $F , 2J 3X 5; =Q 7W ;;$N J, Ln$K$*$1$kBg5,LO7W;;$NMW5a$K1~$( $k$3$H$,2DG=$H$J$C $F $- $F $$ $k . $3 $l $r <B 8= $9 $k $N $, , 9b @- G= 9- 0h 7W ;; %7 %9 %F %‘ , $$ $o $f $k %0 %m!< %P %k %3 %s %T%e!< %F%# %s %0 %7 %9 %F %‘ $G$"$j , Ninf, NetSolv e, Globus $r$O$8$a , J#?t$N%7%9 %F %‘ $, 3+ H/ $5 $l $F $$ $k . $7 $+ $7 , $$ $: $l $b <B 83 CJ 3, $N $b $N $G $" $j , <B MQ $K$O $^ $@ $$ $/ $D $+ $N Ld Bj E@ $r Jz $( $F$$ $k $N $, 8= >u $G $" $k . K\ 9F $G $O , %0 %m!< %P %k %3 %s %T%e!< %F%# y El5~9)6HBg3X T oky o Institute of T ec hnology yy EE;R5;=QAm9g8&5f=j Electrotec hnical Lab oratory %s%0$NJz$($kLdBj$N$&$A , 0J2<$N 2 $D$KCeL\$7$? . (1) %0%m!< %P %k%3 %s%T%e!< %F%#%s %0 @lMQ $N%7 %9%F %‘$N M-8z @-$N 3NG’ | 8= >u$N %0%m!< %P%k %3%s%T%e!< %F%#%s %0 %7%9%F %‘$G$O CORBA $r 4^$‘=> Mh7?$N J,;6%3 %s%T%e!< %F%# %s %0 $N %= %U %H %& %( %" 4p HW $H Hf 3S $7 $F , M% 0L @- $, L@ 3N $K $O <( $5 $l $F $$ $J $$ . $3 $3 $G $N M% 0L @- $O , @- G= $J $I $N Dj NL E* B& LL , $* $h $S %f!< %6 %S %j %F%# , %a %s %F %J %s %9 @- $J $I $NDj@-E*B&LL$,$"$k . (2) 3F %0 %m!< %P %k %3 %s %T%e!< %F%# %s %0 %7 %9 %F %‘ Aj 8_ $N 4X 78 $N 8! >Z | Nc $( $P , Dc 0L $N %b %8%e!< %k $r Ds 6! $9 $k Legion 1) $d Globus 5) $N %5!< %S %9 $r MQ $$ $k $3 $H $K $h $j Ninf 3) $d NetSolv e 4) $N$h$& $J %7%9 %F %‘$r 4J JX$K 9= C[$G $-$k$+$I$&$+$N8!>Z$O>\:Y$K$O$J$5$l$F$$$J$$ . K\ 9F $G $O , $^ $: Be I= E* $J %0 %m!< %P %k %3 %s %T%e!< %F%# %s

2 %0 %7 %9 %F %‘ $N 35 MW$K $D $$ $F =R $Y $k $H $H $b $K , >e $K 7G$2 $? 3FLdBj$KBP$7$F0J2<$N<B83$r9T$C$? . (1) $N Ld Bj E@ $K $D $$ $F $O , <B%" %W %j %1!< %7%g %s $G $" $k H> @5 Dj CM 7W 2h Ld Bj %" %k %4 %j %: %‘ SDP A $r Ninf, NetSolv e, $*$h$S CORBA $N<B Au$N0l$D$G $"$k T A O 2) >e$K<B Au $7 , @-G=I>2A5Z$S3F%7%9%F%‘$NFC@-$r8!>Z!&Hf3S$7$? . (2) $N Ld Bj E@ $K BP $7 $F $O , <B 83 E* $K Ninf $N DL ?. 5! 9= $r Globus $NDL ?.%5!< %S %9 Nexus $rMQ $$ $F :F <B Au $r$7 , I>2A$r9T$C$? . $= $N 7k 2L , A0 <T $N <B 83 $K $* $$ $F $O , 9- 0h J, ;6 4D 6- >e $N %" %W %j %1!< %7%g %s $r 9= C[ $9 $k >l 9g $K , CORBA $O Ninf $d NetSolv e $KHf$Y$F %W%m%0 %i%^%S %j%F%#$d %a%s%F %J%s %9@- , %Q%U%)!<%^%s%9$NLL$G7gG!$7$F$$$k$3$H$,$o$+$j , %0%m!<%P%k%3%s%T%e!<%F%#%s%0%7%9%F%‘ $NM-8z@-$,3NG’ $5$l$? . $^$?8e<T $N<B83 $K$h $j , 8=>u$N Nexus $G$ODs6! $9$kDL?.%b%G%k!&%W%m%0%i%_%s%0%b%G %k$,8BDj$5$l$F$* $j , Ninf $N$h$&$J %7 %9%F %‘$r I,$: $7$b 4JJX $K9= C[ $9$k $3 $H$O$G$-$J$$$H$$$&7kO@$KC#$7$? . K\9F $G$O 2 >O$G Ninf, NetSolv e $*$h $S CORBA $N 2r @b $r 9T $$ , 3 >O $G Globus >e $X $N Ninf $N <B Au $K $D $$ $F =R $Y $k . <! $K 4 >O $G $= $l $i $N %7 %9 %F %‘ $r ;H$C $F SDP A $* $h $S Linpac k $r <B Au $7 , %f!< %6 %S %j %F%# , %a %s%F %J %s %9 @- $J $I $N Dj @- E* B& LL $+ $i 3F %7 %9 %F %‘ $N Hf 3S $r 9T $& . $5 $i$K 5 >O$G$O , 4 >O$G<BAu $7$?%"%W%j %1!<%7%g%s$N@- G= I>2A$r9T$$ , DjNLE*B&LL$+$i3F%7%9%F%‘$NHf3S$r9T$& . 2. %0 %m!< %P %k %3 %s %T%e!< %F%# %s %0 %7 %9 %F %‘ $H CORBA K\>O$G$O!$ Ninf, NetSolv e, $*$h$S CORBA $N4JC1 $J@bL@$r9T$&!% 2.1 Ninf, NetSolv e Ninf $* $h $S NetSolv e $O!$ %M%C %H %o!< %/ >e $K B8 :_ $9 $k9b@-G=$J7W;;5!$rMQ$$$F!$Bg5,LO$J 2J3X5;=Q7W;;$r9b B.$K<B9T$9$k$3$H$rL\E*$H$7$?%7%9 %F%‘$G$"$k!%$3$l$i $O4pK\E*$K%/%i%$%"%s%H!&%5!<%P7?%b %G%k$G$"$k!%%/%i %$%"%s%H$O!$%M%C%H%o!<%/>e$N%5!<%P$K BP$7$F7W;;%i%$ %V%i%j$r8F$S=P$7!$<B:]$N7W;;$O%5!< %P>e$G9T$o$l$k!% 7W;;$,=*N;$9$k$H!$7k2L$,%/%i%$%"%s%H$KJV$5$l$k!% Ninf $N 4p K\ %Q%C %1!< %8 $, %5!< %P $H %/ %i %$ %" %s %H $G $" $k$N$KBP$7 $F!$ NetSolv e $O$=$l$K%(!<%8%’ %s%H$r2C$( $?7ABV$G$N$_F0:n$9$k!%%(!<%8%’%s%H $O!$7W;;;q8;$N>u BV$dLdBj$NFCD’$J$I$N>pJs$+$i7W;; ;~4V$rM=B,$7!$Ii2Y J,;6$r9T$&!% %i %$%V %i %j Ds6! <T $O $= $N;E MM $r FH<+ $N IDL $r MQ $$$F 5-=R$7!$$=$l$r85$K<B9T%9%?%V$rF@ $k!%0lJ}!$%/%i%$%" %s %H$O Hs >o $K4J 7i $J API $N5- =R $N$_ $G %i %$%V %i %j$r 8F $S=P$9$3$H$,$G$-$k!% 2.2 CORBA CORBA $O!$ J, ;6 %* %V %8%’ %/ %H %3 %s %T%e!< %F%# %s %0 $N I8 =‘ ;E MM $G $" $k!% CORBA $O!$ %M%C %H %o!< %/ %W %m %0 %i%_%s%0$K$*$1$kB?$/$N6&DL$9$k%?%9 %/$r<+F02=$9$k5! G=$r;}$D!% CORBA %7 %9 %F %‘ $K $* $$ $F!$ 7W ;; $r 9T $& $N $O J, ;6 %* %V %8%’%/%H$G$"$k!%$3$l$i $r4IM}$9$k$N $, ORB (Ob ject Request Brok er) $G $" $j!$ %/ %i %$ %" %s %H $H %* %V %8%’ %/ %H$H$NDL?.%a%+%K%:%‘$rDs6!$9$k5!G=$r;}$D!% %/%i%$%" %s%H$,%* %V%8%’%/ %H$r 8F$S=P $9$H!$ ORB $O%*%V%8%’%/ %H$rC5$7$@$7!$I,MW$,$"$l$P3h@-2=$7!$%j%/%(%9 %H$r%* %V%8%’%/%H$KEAC#$7$F!$7k2L$r%/%i%$%"%s%H$KJV$9!% CORBA $K $* $1 $k %$ %s %?!< %U%’ %$ %9 $O , CORBA IDL $K$h$j5-=R$9$k . CORBA IDL $O8@8lHs0MB8$G$" $j , C, C++, SmallT alk $J $I B? $/ $N 8@ 8l %P %$ %s %G%# %s %0$r;}$D . $^$?%W%i%C%H%U%)!<%‘FHN)$G , CORBA IDL $rMQ$$$FDj$a$?%$%s%?!<%U%’%$%9$O9b$$2DHB@-$r;}$D . 3. Globus >e$X$N Ninf $N<BAu K\>O $G $O , Globus $NDL ?.%b %8%e!< %k Nexus 6) $rMQ$$ $F , Ninf %7%9%F%‘$N:F9=C[$r9T$& . 3.1 Ninf $NDL?.5!9= Ninf $O A0 =R $7 $? $h $& $K %/ %i %$ %" %s %H!& %5!< %P 7? %7 %9 %F%‘ $G %/ %i %$ %" %s %H $H %5!< %P 4V $N %W %m %H %3 %k $O TCP/IP $r MQ $$ $? %9 %H %j!< %‘ DL ?. $G 9T $o $l , %/ %i %$ %" %s %H , %5!< %P AP J} $N %P%C %U%! $r 2p $7 $F %G!< %? $N <x <u $r 9T $& . $^ $? , Ninf $O %^ %9 %?!<!& %9 %l!< %V <0 JB Ns <B 9T %5!< %P $G , %^ %9 %?!<%5!<%P$OFCDj$N%]!<%H$+$i$N%3%M%/%7%g%s$r <u$1IU $1$k $H %9%l!< %V%5!< %P%W %m %;%9 $r0l $D5/ F0 $9$k . <B :]$N %3%M %/ %7%g %s $K BP $9 $k =h M} $O %9 %l!< %V %5!< %P $, <u $1 ;} $A , %^%9%?!<%5!<%P$O>o$K%]!<%H$+$i$N@\B3$r<u$1$k . 3.2 Nexus Globus $O , ;q8; 4I M} , %; %-%e %j %F%# , 9- 0h $K J,;6 $7 $? 7W;;;q8;$N>pJs<} =8 , DL?. , BQ8N>c@- , 1s3V%G!<%?%"%/%; %9$J$I$N%0%m!<%P%k%3%s%T%e!<%F%#%s%0$KI,MW $J%5!<%S %9$r Ds6! $9 $k%D!< %k %-%C %H$G $" $k . K\9F $G$O , Globus $N DL ?. %5!< %S %9 Nexus $N $_ $r MQ $$ $k . Nexus $O 0[ 5! <o JB NsJ,;64D6-MQ$N%]!<%?%V%k$J%^%k%A%9%l%C%I%i%$ %V%i%j $G%0 %m!< %P %k %3 %s %T%e!< %F%# %s %0 >e $N 8@ 8l $d %i %$ %V %i %j , %" %W %j %1!< %7%g %s $N 3+ H/ $r ;Y 1g $9 $k . $^ $? , %f %K %-%c %9 %H , %^ %k %A %-%c %9 %H $N %a%C %;!< %8 E> Aw $, $G $- , 9- HO 0O $N DL?.%W%m%H%3%k>e$G8zN(E*$JDL?.$r2DG=$H$7$F$$$k . Nexus $NDL ?. 5! 9= $O <! $N 2 $D$N Cj >] 2= $K $h$C $F Dj 5A $5 $l$k . � Comm unication link ?^ 1 $N $h$& $KDL?. $N3+ ;OE@$H =*N;E@ $r7k $S$D$1 $k$3 $H$K$h$C$F7A@.$5$l$k . � Remote Service Request(RSR) RSR $O 0l J} 8~ $N Hs F1 4| RPC $G , DL ?. 3+ ;O E@ $+ $i Comm unication Link $K $h$C $F 4X O" IU $1 $i $l $? DL ?.=* N; E@ $^ $G%G!< %? $r E>Aw $9 $k $H , DL?. =* N; E@$r 4^ $‘%W%m%;%9 Fb$G%9%l%C %I$,5/F0 $7$=$N%G!< %?$r<}=8 $9$k . Nexus $N DL ?. A‘ :n $O , $3 $N RSR $r DL ?. $N 3+ ;OE@ $K E, MQ $9 $k $3 $H $G 3+ ;O $9 $k . $^ $? , ?^ 1 $N $h $& $K 0l $D $N DL ?. =* N; E@ $, J# ?t $N DL ?. 3+ ;O E@ $K BP $7 $F Comm unication Link $r$O $k $3 $H$, $G $- ( 5U$b 2D ), J#;($J DL ?. 9=B$ $r 9= C[ $9$k$3$H$,2DG=$G$"$k . 3.3 <B Au Nexus $NDL ?. %; %^ %s %F%#%C %/ %9 $G $O %j %b!< %H %9 %l%C %I $N in v o cation $,3K$H $J$C $F $* $j , $=$l$K $h $k %G!< %? E>Aw $O I{ <! E* $J $b $N $J $N $G Ninf $N $h $& $J %9 %H %j!< %‘ DL ?. $H $OAj @-$,0- $$ . =>$C $F , Ninf $N%9 %H%j!<%‘ DL?. $KBe$o $k

3 ?^ 1 Nexus $NDL?.5!9= DL ?. 5! 9= $r Nexus $N DL ?. %; %^ %s %F%#%C %/ %9 $r MQ $$ $F <B 8=$9 $kI, MW$,$" $k . $= $NJ}K! $H$7$F <!$N 2 $D$N J}K! $,9M $($i$l$k . � Ninf $NDL?.%;%^%s%F%#%C%/%9$NJQ99 Aw ?. B& $N %W %m %; %9 $, %9 %l%C %I $r 5/ F0 $5 $; , $= $N %9 %l%C %I $, D> @\ Ninf $N %P%C %U%! $K %G!< %? $r =q $- 9~ $‘ $3$H$G%9%H%j!<%‘DL?.$HF1Ey$N5!9=$r<B8=$9$k . $3$NJ}K!$O , Nexus $NDL?.%;%^%s%F%#%C%/%9$K1h$C $F$$$k$?$a , Nexus $N@-G=$r:GBg8B$K0z$-=P$;$k$H $$$&Mx E@$, $"$k $, , Ninf $NDL?. %;%^ %s%F%#%C %/%9 $r JQ99$7$J$1$l$P$J$i$J$$$H$$$&7gE@$r;}$D . � Nexus $K$h$k%9%H%j!<%‘DL?.$N%7%_%e%l!<%H Ninf $N 9= B$ $r J] $D $? $a , $" $i $+ $8 $a %/ %i %$ %" %s %H , %5!< %P AP J} $K Ninf $N %P%C %U%! $H $O JL $N %P%C %U%! (Globus Bu�er) $r @_ $1 , $= $l $r 2p $7 $F %G!< %? $N <x <u $r 9T $& $3 $H $K $9 $k . $^ $? , <u ?. B& $N %W %m %; %9 $, %9 %l%C %I$r 5/ F0 $5 $; , Aw ?. B&$+ $i <u $1 <h$C $? %G!< %?$r Globus Bu�er $K=q $- 9~ $_ , $=$N %P%C %U%! $+ $i Ninf $N%P%C%U%!$K%G!< %?E>Aw $9$k$3$H $G%9%H%j!< %‘DL?. $r%7%_%e%l!<%H$9 $k . $3$N J}K!$O , Ninf $N DL?.9=B$ $rJQ 99 $; $: $K DL ?. It J, $r CV $- 49 $( $k $3 $H $, $G $- $k $, , %7%_%e%l!<%H$N %*!<%P%X%C %I$K$h$j @-G=$NDc 2<$,M= A[$5$l$k . Globus $O %0 %m!< %P %k %3 %s %T%e!< %F%# %s %0 $N >e 0L %l %$ %d $? $a $N %D!< %k %-%C %H $H $$ $& 0L CV IU $1 $G $" $j , Bh 0l $N J} K!$N$h $&$K>e0L%l %$%d$rJQ99$9 $k$N$O Globus $N0U$KH? $9$k . $h$C$F , 2f!9$OBhFs$NJ}K!$r:NMQ$7$? . $^$? , Ninf $N%^%9%?!<%9%l!< %V<0JB Ns<B9T %5!<%P$N 5! 9=$OJ#?t$N%W%m%;%9$r:n@.$9$kBe$o$j $KC10l%W%m%;%9Fb $KJ#?t$N%9%l%C%I$r:n$k$3$H$G<B8=$7$? . <BAu$N35MW$r?^ 2 $K<($9 . 3.4 9M ;! Nexus $NDL ?. %; %^ %s %F%#%C %/ %9 $O , A0=R $N $h $& $K Ninf $N $h$& $J %9%H %j!< %‘DL ?. $H$O Aj @-$, 0- $$!#$h$C $F , Ninf ?^ 2 Nexus $rMQ$$$F<BAu$7$? Ninf $NDL?.5!9= $N$h$&$J%9%H%j!<%‘DL?.$KBe$o$kDL?.5!9=$r<B 8=$9$kI, MW$, $" $k . $3$N <B 83 $G $O Nexus $NDL ?. %; %^ %s %F%#%C %/ %9 $r MQ $$ $F , %9 %H %j!< %‘ DL ?. $r %7 %_%e %l!< %H $9 $k $H $$ $& J} K!$r$H$C $? . $7$+$7 , M>7W$J %G!<%? E>Aw $, I,MW $K$J $j , 7k 2LE*$K<BAu$,HK;($K$J$C$F$7$^$C$?!# $3$N9=C[<B83$K$h$j%0%m!< %P%k%3%s%T%e!<%F%#%s%0$N 2<0L%l%$%d$r%5%]!<%H$9$k%7%9%F%‘$OI8=‘$H$N ?FOB@-$, =E MW $G $" $j , 9- HO 0O $N DL ?. %b %G %k , %W %m %0 %i %_ %s %0 %b %G %k$,I,MW$G$"$k$H$$$&CN8+$,F@$i$l$? . 4. %"%W%j%1!<%7%g%s$N<BAu$*$h$SDj@-E*I>2A K\ >O$G $O , 3F %7 %9 %F %‘ $K <BAu $7 $? %Y %s %A %^!< %/%W %m %0 %i %‘ Linpac k $* $h $S <B %" %W %j %1!< %7%g %s SDP A $N 35 MW $N @b L@ $H , <B Au CJ 3, $^ $G $K $* $1 $k 3F %7 %9 %F %‘$N Dj @- E* I>2A$r9T$& . 4.1 Linpac k $N35MW Linpac k Benc hmark $O , %,%& %9$N>C5nK! $rMQ$$$? L) 9T Ns $N O" N) 0l <! J} Dx <0 $N 5a 2r $K MW $9 $k ;~ 4V $r B, Dj $9 $k . 1i ;; ?t $, 0l 0U$K Dj $^ $k $? $a , Ib F0 >. ?t E@ 1i ;; $N@- G= $N I8 =‘$H$7$F$h$/0zMQ$5$l$k . 4.2 SDP A $N35MW SDP A (Semide�nite Programming Algorithm) $O , H> @5 Dj CM 7W 2h Ld Bj (SDP) 8) $N :G E, 2r $r 5a $a $k %= %U %H %&%’ %" $G $" $k . SDP $O LP $r BP >N 9T Ns $N 6u 4V $K 3H D%$7 $??t M}7W 2h LdBj $G$" $k . %" %k %4%j %:%‘ $KMQ $$$i $l$F $$ $k Fb E@ K! $O , => Mh $N C1 BN K! $G $O 2r $1 $J $$ $h $&$J D6 Bg 5, LO $J Ld Bj $r 9bB. $K 2r $/ 7W ;; <j K! $H $7 $F , 6a G/ $a$6 $^ $7 $$ H/E8$r?k$2$F$$$k . SDP A $O , FC Dj $N %U%)!< %^%C %H $K =>$C $F 5- =R $5 $l $? %U%! %$ %k $+ $i 9T Ns %G!< %? $r FI $_ 9~ $_ , 7k 2L $r %U%! %$ %k $K J] B8 $9 $k . $3$N $h $& $K , %W %j %_ %F%# %V $G $J $$ %G!< %? 7? $r F~ =P NO $H $7 $F 07 $& J} K! $O , $b $H $b $H Ninf $d NetSolv e $G $OA[ Dj$5 $l $F$$ $J$+$C $?;H $$J} $G $"$k . $3 $NLd Bj$r 2r7h $9 $k $? $a $K , <! $N $h $& $J J} K! $r MQ $$ $F <B Au $r 9T$C $? . %/ %i %$ %" %s %H $O $^ $: , %U%! %$ %k $K 3J G< $5 $l $F $$ $k F~ NO %G!< %? $r %a %b %j NN 0h $K %3 %T!< $7 , $= $l $r %5!< %P $K Aw ?. $9 $k . %5!< %P B& $G $O , %a %b %j %$ %a!< %8 $H $7 $F <u $1 <h$C $? %G!< %? $r 0l ;~ %U%! %$ %k $K 3J G< $7 , $= $l $r SDP A $K EO $9 . =P NO %G!<%?$N>l9g$O$3$N5U$NA‘:n$r9T$& . 4.3 %0 %m!< %P %k %3 %s %T%e!< %F%# %s %0 %7 %9 %F %‘ $X $N MW @A$HHf3SI>2A %0%m!<%P%k%3%s%T%e!<%F%#%s%0%7 %9%F%‘$K5a$a$i$l$k $b $N $H $7 $F!$ %/ %i %$ %" %s %H $N >. $5 $5 $d %W %m %0 %i %^ %S %j %F%#!$%5!<%P$N5!G=@-$d%a%s%F%J%s%9@-!$$J$I$, $"$2$i $l$k!%$3$3$G$O!$3F%7%9%F%‘$,$3$l$i$NMW7o$r$I $l$[$I K~$?$7$F$$$k$+$rHf3S8!F$$9$k!% %/ %i %$ %"%s %H!& %5!< %P 7? %7 %9 %F %‘ $K $* $$ $F , %/ %i %$ %" %s%H $N>. $5$5 $O :G$b =EMW $J;v 9‘$N 0l$D $G$" $k . 4{B8 $N%W %m %0 %i %‘ $r =q $- 49 $( $k :] , $= $N:n 6H $O %f!< %6 $K Ii C4 $N $+ $+$i$J$$ , $+$D4JJX$J$b$N$G$"$kI,MW$,$"$k . Ninf $*$h $S NetSolv e $G $O , $3 $N :n 6H $, $= $l $> $l %=!< %9 %3!< %I 1 9T$N=q$-49$($G$9$‘ . 6qBNE*$K$O , func(arg1, arg2, ...); $H$$$&%i%$%V%i%j8F$S=P$7$r , $=$l$>$l Ninf call("func", arg1, arg2, ...);

4 netsl("func()", arg1, arg2, ...); $H $9 $k $@$1 $G $" $k . 0l J} CORBA $N %W %m%0 %i %_ %s %0 <j K!$OFq2r$G$"$j!$$3$l$r=,F@$9$k$3 $H$O%f!<%6$K$H$C$F Ii C4 $, Bg $- $$!% $^ $?!$ %/ %i %$ %" %s %H %W %m %0 %i %‘ $O IDL %3%s%Q%$%i$,@8@.$9$k%9%?%V$rI,MW $H$7!$%W%m%0%i%_%s %0$N:]!$%9%?%V$,Dj5A$9$k%W%m%0%i%‘ $NOHAH$_$K1h$C$? %3!<%I$r=q$/I,MW$,$"$k!%0J2<$K$=$N0lIt$r<($9!% CORBA::Environment env; CORBA::ORB var orb = CORBA::ORB init (argc, argv, 0, env); CORBA::Object var object = orb -> string to object (ior, env); Linpack var s = Linpack:: narrow (object.in (), env); s -> linpack (a, lda, n, ipvt, b, info, env); %7%9%F%‘$=$N$b$N$N>.$5$5$b=E MW$G$"$k!%%$%s%9%H!< %k:n6H$r2?EY$+MW$9$k>l9g$b9M$($i $l$k$3$H$d!$%/%i%$ %"%s%H$,I,$:$7$b==J,$J%9%H!<%l%8$r =jM-$7$F$$$k$H$O 8B$i$J$$$3$H$+$i!$%$%s%9%H!<%k$KMW $9$k;~4V$d%G%#%9 %/ NN0h $O>/ $J$$ J}$, 9%$^ $7 $$ . 3F %7 %9%F %‘$N %$%s %9%H!< %k$K MW $9$k ;~ 4V $* $h $S %G%# %9%/ NN 0h $O I= 1 $N$h $& $K $J$C $? . $3$N I=$, <($9 DL$j!$ T A O $N %$%s %9%H!< %k$K MW$9 $k ;~ 4V $* $h$S %G%# %9 %/ NN 0h $O!$ Ninf, NetSolv e $H Hf $Y $F BgJQBg$-$/$J$C$F$*$j!$4D6-$K$h$C$F$O CWL?E*$JLdBj$H $b$J$jF@$k!% ;~4V %G%#%9%/NN0h Ninf 2 !A 3 J, 5 !A 6 MB NetSolv e 3 !A 5 J, Ls 25 MB T A O Ls 2 ;~4VH> Ls 550 MB I= 1 %$%s%9%H!<%k$KMW$9$k;~4V$*$h$S%G%#%9%/NN0h <! $K!$ %5!< %P $K 7W ;; %i %$ %V %i %j $r <B Au $9 $k >l 9g $N 4J JX $5$r 9M$( $k!% $9$G $KB8 :_ $9$k 7W;; %i %$%V %i%j $r Ninf, NetSolv e $K<B Au $9 $k $K $O!$ $= $l $> $l FH <+ $N IDL $r5- =R $9 $k I, MW $, $"$k!% Ninf IDL $O ANSI C $r 4p K\$H $7 $F $$$F =q $- $d $9 $/!$ 5- =R NL $b >/ $J $$ $,!$ NetSolv e $N IDL $O FH <+ $N 5- K! $r MQ $$ $F $$ $k $? $a 47 $l $r MW $7!$ $^ $? 5- =R NL$bB?$$!% Linpac k $N>l9g!$ IDL %U%!%$%k$N%5 %$%:$, Ninf $G $O 247 %P %$ %H!$ NetSolv e $G $O 711 %P %$ %H $H $J$C $?!% ?^ 3 $K Ninf IDL $N Nc $r!$ ?^ 4 $K NetSolv e IDL $N Nc$r <( $9!%$^ $? CORBA $K4X $7$F $O!$ IDL $O %7%s%W%k$G5-=R@-$bHs>o$K9b$$$,!$%5!< %P%W%m%0%i%‘$r JL $K 5- =R $9 $k I, MW $, $" $j!$ A4 BN $N 5- =R NL $O B? $/ $J $k!% Linpac k $N>l9g!$9g7W$G 3044 %P%$%H$H$J$C$?!% ?^ 3 Ninf IDL $^ $?!$ ?7 $? $K 9= C[ $7 $? 7W ;; %i %$ %V %i %j $r %5!< %P $K EP O? $9 $k $3 $H $,!$ %5!< %P $r 0l ;~ E* $K ;_ $a $k $3 $H $J $7 $K 2D ?^ 4 NetSolv e IDL G= $+ $I $& $+ $b =E MW $G $" $k!% Ninf $O 2T F/ Cf $N %5!< %P $K 7W ;; %i %$ %V %i %j $r EP O? $9 $k %f!< %F%# %j %F%# $r ;} $D $,!$ NetSolv e $G $O %5!< %P $N :F 5/ F0 $r MW $9 $k!% %* %V %8%’ %/ %H $4$H$K%5!<%P$r5/F0$9$k CORBA $bF1MM$G$"$k!% 0J>e$NHf3S$K$h$j!$<!$N$h$&$JCN8+$,F@$i$l$k!% !& Ninf, NetSolv e $O07$$$d$9$$%7%9%F%‘$G$"$k$H$$$($k { %/%i%$%"%s%H API $,4JJX { %$%s%9%H!<%k$,MF0W { IDL J8K!$NCN<1$@$1$G%5!<%P9=C[$,2DG= * NetSolv e $O%5!<%P1?MQ$N<j4V$,<c43HQ;( !& CORBA $OC/$K$G$b4JC1$K$OMxMQ$G$-$J$$ { %/%i%$%"%s%H$K$+$+$kIiC4$,Bg$-$$ { %$%s%9%H!<%k$KB?Bg$J%G%#%9%/NN0h , ;~4V$rMW$9$k { J#;($J CORBA %W%m%0%i%_%s%0$NCN<1$,I,MW $3 $l $K $h$C $F , @l MQ $N %0 %m!< %P %k %3 %s %T%e!< %F%# %s %0 %7%9%F%‘$NM-MQ@-$,0l$D<($5$l$?$H$$$($k . 5. %0 %m!< %P %k %3 %s %T%e!< %F%# %s %0 %7 %9 %F %‘ $N @-G=Hf3S K\>O $G$O!$ SDP A $H Linpac k $rMQ $$$?!$ 3F%0%m!< %P %k %3 %s %T%e!< %F%# %s %0 %7 %9 %F %‘ $* $h $S CORBA $N @- G= I>2A$K$D$$$F@bL@$9$k!% 5.1 I> 2A 4D 6- %5!< %P $K $O , El 9) Bg $N Ultra60 (UltraSparc2 300MHz x2, 256MB) $rMQ$$$? . %/%i%$%"%s %H$O LAN $N >l 9g , %5!< %P $H 100BaseTX Ethernet $G @\ B3 $5 $l $F $$ $k Ultra2 (UltraSparc2 200Mhz x2,256MB) $r MQ $$ $? . $^ $? , W AN $N >l 9g , EE Am 8& $N SparcStation5 (MicroSparc2 85Mhz, 32MB) $r MQ $$ $? . $3 $N 7W ;; 5! $O , El9)Bg$N%5!<%P$HJ?6QLs 3Mbps $G$D$J$,$l$F$$$k . 5.2 I> 2A <j K! I> 2A $K $O A0 >O $G 2r @b $7 $? Linpac k $* $h $S SDP A $r MQ $$ $? . I> 2A <j K! $O Linpac k $N >l 9g , Ld Bj %5 %$ %: $r n $H $9 $k $H 1i ;; NL $O 2 = 3 n 3 + 2 n 2 , DL ?. NL $O 8 n 2 + 20 n $H I= $5 $l , Linpac k $N A4 7P 2a ;~ 4V $r T all , DL ?. ;~ 4V $r T comm $H$9 $k $H , <B9T @- G= P $HDL ?. %9 %k!< %W%C %H T $O P = (2 = 3 n 3 + 2 n 2 ) = ( T all ), T = (8 n 2 + 20 n ) = ( T comm ) $H I= $5 $l $k . $9 $J $o $A , Ld Bj %5 %$ %: $, A} Bg $9 $k $K $D $l!$ A4BN$N<B9T;~4V$KBP$7$FDL?.;~4V$,1#JC$5$l$k!% $^ $? SDP A $K $* $$ $F $O , %5!< %P >e $G %9 %? %s %I %" %m %s <B 9T $7 $? :] $N @- G= CM $r 1 $H $7 $? @- G= Hf $G <B 9T @- G= $r I= $7 , Am E> Aw %G!< %? NL $r E> Aw ;~ 4V $G 3d $k $3 $H $G DL ?. %9 %k!< %W%C%H$r5a$a$? .

5 I> 2A $K MQ $$ $? %7 %9 %F %‘ $O!$ Ninf, NetSolv e, CORBA $N <B Au $N 0l $D $G $" $k T A O, 3 >O $G <B Au $7 $? Ninf-on- Globus $N 7W 4 $D $G $" $k!% $? $@ $7 T A O $K 4X $7 $F $O!$ :#2s%/%i%$%"%s%H$H$7$F;HMQ$7$?7W ;;5!$N%M%C%H%o!<%/ @_ Dj $N ET 9g >e!$ W AN $G $N <B 83 $, $G $- $J $+$C $? $? $a!$ LAN $K$h$k<B83$N$_$r9T$C$?!% 5.3 I> 2A 7k 2L 5.3.1 Linpac k Linpac k $N LAN >e $G $N <B 9T @- G= $N <B B, CM $r ?^ 5 $K!$ DL?.%9%k!< %W%C%H $N<B B,CM $r?^ 6 $K<($9!%$^ $?!$ W AN $G$N <B 9T @- G=$N <B B, CM $r ?^ 7 $K!$DL ?. %9 %k!< %W%C %H $N <B B,CM$r?^ 8 $K<($9!% ?^ 5 LAN >e$K$*$1$k Linpack <B9T@-G= ?^ 6 LAN >e$K$*$1$k Linpac k DL?.%9%k!<%W%C%H <B 9T @- G= $K $* $$ $F $O , Ninf-on-Globus 0J 30 $N ;0 <T $K $O$"$^ $j0c $$ $,8+ $i$l $J $$$, , DL?. %9%k!< %W%C%H $O Ninf $, :G $b 9b $/ , NetSolv e, T A O $O $d $d Dc $$ CM $H $J$C $F $$ $k . NetSolv e $G $O , Am $8 $F Ninf $h $j $b 1 !A 2 IC B? $/ DL ?. ;~ 4V $r Hq $d $7 $F $* $j , %(!< %8%’ %s %H $K $h$C $F 9T $o $l $k %/ %i %$ %" %s %H $H %5!< %P $N Cg 2p $d , 7W ;; ;~ 4V$N M= B, $J $I $K$h $k $b $N$H ?d B, $5 $l $k!% $^ $? T A O $G$O!$ ORB $K$h $k%*%V%8%’%/%H%j%U%!%l%s%9$N<hF@!$ $*$h$S%*%V%8%’%/ %H$N3h@-2=$K$+$+$k%3%9%H$N$?$a$H;W$o$l$k!% Ninf-on-Globus $O Ld Bj %5 %$ %: 400 $+ $i 600 $N ;~ , %*%j%8 %J%k $N Ninf $HHf$Y$F <B9T @-G= $NDc 2< $,8+ $i$l $k . $3 $l $O 3 >O $G 2r @b $7 $? $h $& $K Ninf-on-Globus $N M> J, $J %P%C %U%! %3 %T!< $, 1F 6A $7 $F $$ $k 0Y $G , ?^ 6 $H ?^ 8 $N %9 %k!< %W%C %H $N 7k 2L $K 82 Cx $K I= $l $F $$ $k!% $7 $+ $7 , Ld Bj %5 %$%:$,Bg$-$$;~$K$ODL?.NL$,$[$H$s$I L5;k$G$-$k$h$&$K $J$k$N$G , @-G=:9$,$J$/$J$k . ?^ 7 W AN >e$K$*$1$k Linpac k <B9T@-G= ?^ 8 W AN >e$K$*$1$k Linpac k DL?.%9%k!<%W%C%H W AN $G $O Ninf $N @- G= $N 9b $5 $, L\ N) $D!% NetSolv e $*$h$S Ninf-on-Globus $G$O!$ LdBj %5%$ %:$, Bg $-$$ >l9g $G$b Ninf $h $j$b <B9T@- G=$, Nt$k 7k2L$H $J$C$F $$$k!% $3 $l $O W AN $N >l 9g!$ DL ?. NL $, A4 7P 2a ;~ 4V $K BP $7 $F %I %_ %J%s%H$K$J$C$F$7$^$&$?$a$G$"$k!% 5.3.2 SDP A <! $K SDP A $N LAN >e $G $N <B 9T @- G= $N <B B, CM $r ?^ 9 $K , DL ?. %9 %k!< %W%C %H $N <B B, CM $r ?^ 10 $K <( $9 . $^ $? , W AN $G $N B, Dj 7k 2L $r ?^ 11 $K , DL ?. %9 %k!< %W%C %H $N <B B,CM$r?^ 12 $K<($9 . ?^ 9 LAN >e$K$*$1$k SDP A <B9T@-G= 3F%7 %9%F %‘$H$b!$ $[$\ F1$8 <B9T @-G=$r <($7 $? . :# 2s7W B, $7 $? %G!< %? $G $O!$ %G!< %? NL $, Bg $- $$ >l 9g!$ DL ?. %3 %9 %H $, <B 9T ;~ 4V $K Hf $Y $F Hs >o $K >. $5 $/!$ DL ?. ;~ 4V $, $[ $\ 1# JC $5 $l $F $$ $k $H 9M $( $i $l $k!% FC $K NetSolv e $G $O!$

6 ?^ 10 LAN >e$K$*$1$k SDP A DL?.%9%k!<%W%C%H Linpac k $HF1 MM %9 %k!< %W%C %H CM $O Dc $$ $,!$ %G!< %? NL $, Bg $-$/$J$k$H<B9T@-G=$N:9$O$[$H$s$I $J$/$J$k!%$3$3$G$O Ninf-on-Globus $,:G $b9b $$DL ?.%9%k!< %W%C%H $r<($7 $F $$$k$,!$ $3 $l$O UDP $rMQ$$ $FDL ?. $r$7 $F $$$k $?$a $H 9M $($i$l$k!% ?^ 11 W AN >e$K$*$1$k SDP A <B9T@-G= ?^ 12 W AN >e$K$*$1$k SDP A DL?.%9%k!<%W%C%H W AN $G $N B, Dj $K $* $$ $F $O!$ Linpac k $H F1 MM Ninf $, :G $b 9b $$ DL ?. %9 %k!< %W%C %H $r <( $7 $F $$ $k!% Ninf $O LAN, W AN $H$b%G!< %? NL$, Bg $-$$ >l 9g$K %9 %k!<%W%C %H CM$,Mn$A9~$s$G$$$k$,!$$3$N860x$O8=:_D4::Cf$G$"$k!% 6. $^ $H $a K\9F $G $O , $^$:Bh 0l $K Ninf $NDL?. 5! 9= $r Globus $NDL ?.%b %8%e!< %k Nexus $rMQ $$ $F <B Au $7 $? Ninf-on-Globus $r9=C[ $7 , Nexus $, %0%m!<%P%k %3%s%T%e!<%F%#%s %0%7%9 %F %‘ $K M- MQ $J %b %8%e!< %k $G $" $k $+ $r 8! >Z $7 $? . $^ $? , <! $K Ninf, NetSolv e, Ninf-on-Globus, CORBA $r MQ $$ $F %Y%s %A %^!<%/ %W %m%0 %i %‘ Linpac k, <B %" %W%j %1!< %7%g %s$G$" $kH> @5Dj CM7W 2hLd Bj SDP A $r<BAu $7 , 3F%7%9%F %‘ $N FC @- $r L@ $i $+ $K $9 $k $H $H $b $K , LAN JB $S $K W AN >e $G$=$N@-G=I>2A$r9T$C$? . $= $N 7k 2L , A0 <T $N <B 83 $G 9= C[ $7 $? Ninf-on-Globus $O %* %j %8 %J %k $N Ninf $H Hf 3S $9 $k $H , Linpac k $N W AN >e $N 7W B, $G $O :G Bg 10% Dc $$ <B 9T @- G= $r <( $7 $? . $3 $l $O , Nexus $,8B Dj$7 $? %W%m %0 %i %_%s %0 %b %G%k $7 $+ Ds6! $7 $F $$ $J$$0Y , Ninf $N%9%H%j!<%‘DL?.$r<B8= $9$k$K$OHK;( $J<B Au$K$J$j , $=$N%*!<%P%X%C%I$,1F6A$7$?$?$a$H;W$o$l$k . $3$N<B83$K$h$j%0%m!<%P%k%3%s%T%e!<%F%#%s%0$N 2<0L%l %$ %d $r %5 %]!< %H $9 $k %7 %9 %F %‘ $O 9- HO0O $N DL ?. %b %G %k , %W %m%0 %i %_ %s%0 %b %G %k $, I, MW$G $" $k $H $$ $& CN8+ $, F@ $i $l $? . 8e <T $N <B 83 $G $O , <BAu CJ 3, $G CORBA $, Ninf $d Net- Solv e $K Hf $Y $F %a %s %F %J %s %9 @- , %W %m %0 %i %^ %S %j %F%# , %Q %U%)!< %^ %s %9 $N E@ $G Nt $k $3 $H $, $o $+$C $? . $= $7 $F , Linpac k $N @-G= I> 2A $G$O , W AN >e$G $O DL ?.$, %I %_ %J%s %H$K $J $j A4 BN $N<B 9T @- G= $K 1F 6A $r 5Z$\ $9 $3 $H $, $o $+$C $? . $^ $? , Linpac k $N LAN >e $K $* $1 $k %9 %k!< %W%C %H $N 7k 2L $G$O , Ninf $, CORBA $h$j $b >e 2s $k 7k 2L $r <( $7 , %0%m!< %P%k%3%s%T%e!<%F%#%s%0%7%9%F%‘$NM-8z@-$,<($5 $l$?$H 8@$($k . $3 $l $i $N I> 2A $K $h$C $F 8= >u $N %0 %m!< %P %k %3 %s %T%e!< %F%# %s %0 %7 %9 %F %‘ $K 7g $1 $F $$ $k ;v 9‘$, L@ $i $+ $K $J $j , <! %P!< %8%g %s $N Ninf $N 9= C[ $K BP $9 $k 5; =Q E* CN 8+ $r F@ $k $3 $H$,$G$-$? . :#8e$N2]Bj$H$7$F0J2<$N;v9‘$,5s$2$i$l$k!# � T A O $N W AN >e$K$*$1$k@-G=I>2A$r9T$& . � $3 $l $i $N %7%9 %F %‘ $r MQ$$ $F , B> $N <B %"%W %j %1!< %7%g %s$b<BAu$7 , @-G=I>2A$r9T$& . � Nexus 0J30 $N Globus $N%b %8%e!< %k $d Legion $K $D $$$F$b8!>Z$9$k . <U <- K\ 8&5f $r 9T $& $K $"$? $j , 8f ;X F3 JB$S $K $4 F$ O@ $$ $?$@ $$ $?El 5~ 9) 6HBg 3X >. Eg 8& 5f <<$J $i $S $K 5~ ET Bg3X $N F# Bt =u <j , Ninf %0%k!<%W$K?<$/46<UCW$7$^$9 . ;2 9M J8 8% 1) h ttp://www.cs.virginia.edu/~ legion/. 2) h ttp://www.cs.wustl.edu/~sc hmidt/T A O.h tml. 3) h ttp://ninf.etl.go.jp/. 4) h ttp://www.cs.utk.edu/netsolv e/. 5) h ttp://www.globus.org/. 6) I. F oster, C. Kesselman, and S. T uec k e. The nexus approac h to in tegrating m ultithreading and comm unication. In J. Journal of Par al lel and Distribute d Computing , pp. 70{82, 1996. 7) Stev e Vinoski. CORBA:: In tegrating Di- v erse Applications Within Distributed Hetero- geneous En vironmen ts. IEEE Communic ations Magazine , V ol. 14, No. 2, F ebruary 1997. 8) >.Eg @/OB . H>@5Dj CM7W 2hLd Bj$H FbE@K! . T ec hnical rep ort, 1~MQ?tM} V ol.6, April 1996.