1 Firew all $KBP1~$7$? Globus $K$h$k 9-0h%/%i%9%?%7%9%F%‘$N9=C[$H@-G=I>2A ED Cf NI IW y J? Ln 4p 9’ yyy :4 F# ;0 5W yy Cf ED =( 4p y 4X 8} CR ;L y 2f!9 $O %U%! %$ %" %&%)!< %k $r Mx MQ $7 $F $$ $k %5 %$ %H $G Globus $r Mx MQ $9 $k $3 $H $, $G $- $k $h $&!$ Globus $K ?7 $? $J 5! G= $r AH $_ 9~ $s $@!% K\ 9F $G $O!$ Globus $K ?7 $? $K AH $_ 9~ $s $@ 5! G= $N @_ 7W $* $h $S <B Au $H!$ %U%! %$ %" %&%)!<%k $KBP 1~ $7$? Globus $r MQ$$ $F9= C[$7 $? 9-0h %/%i %9%? %7%9 %F %‘$N @-G= $K4X $7$F Js 9p$9 $k!%9- 0h%/ %i %9%? %7%9 %F %‘>e $GLZ C5:w %W %m%0 %i%‘ $r<B 9T $7$? 7k2L!$ DL?. NL $NM^ @)$H Ii2Y J,;6 $r 8z2L E*$K 9T$J $& $3$H $K$h $j==J,<BMQE*$J@-G=$rF@$i$l$k$3$H$,J,$+$C$?!% P erformance Ev aluation of a Firew all-complian t Globus-based Wide-area Cluster System Yoshio T anaka, y Motonori Hirano, yyy Mitsuhisa Sa to, yy Hidemoto Nakada y and Sa toshi Sekiguchi y In this pap er, we presen t a p erformance ev aluation of a wide-area cluster system based on a �rew all-complian t Globus metacomputing to olkit. In order to utilize parallel systems and establish communication links b eyond �rew alls, w e hav e built new mechanisms into the Globus system. In addition, we rep ort on details of the �rewall-complian t Globus system and p erformance ev aluation of a wide-area cluster system. W e ha v e dev elop ed and run a tree- searc h problem using MPICH-G. The p erformance results indicate that the prop osed system can achiev e reasonable p erformance in the wide-area cluster system. 1. $O $8 $a $K 6aG/!$ 9-$$CO 0h$KG[ CV$5$l $?7W;; ;q8;$r MQ$$$F J,;6 / JBNs7W;;$r9T$J$&%0%m!<%P%k%3%s%T%e!<%F%#%s%0$K4X$9 $k8&5f $,@9$s $K9T$J $o$l$k $h$&$K $J$C$F$- $? 1) !% %0%m!< %P %k %3 %s %T%e!< %F%# %s %0 $K $* $$ $F $O!$ %f!< %6 G’ >Z!$ DL ?.!$1s3V7W;;5!>e$G$N%W%m%;%9@8@.$J$I$NMM!9$JMWAG5; =Q$, I,MW $K $J$k!% Globus Metacomputing T o olkit( 0J 2< Globus) 2) $O JF 9q $N Bg 5, LO $J 8& 5f %A!< %‘ $K $h$C $F 3+ H/$5$l$?%D!<%k %-%C%H$G$"$k!% Globus $O%0%m!<%P%k%3 %s%T%e!<%F%#%s%0$N$?$a$N;q8;4IM}5!9=!$%f!<%6G’>Z%7 %9%F%‘!$DL?.%i%$%V%i%j$J$I$rDs6!$9$kDc%l%Y%k$J%D!< %k%-%C%H$G$"$j!$ Globus $,Ds6!$9$k %D!<%k$rMQ$$$F>e 0L%l%Y%k$K%0%m!<%P%k%3%s%T%e!<%F%#%s%0$r9=C[$9$k$3 $H$,$G$-$k!%Nc $($P!$DL?.$d%f!<%6 G’>Z$K Globus $rMQ $$$F MPICH $r <B Au$7 $? MPICH-G(MPICH Globus y EE;R5;=QAm9g8&5f=j The Electrotechnical Lab oratory yy ?7>pJs=hM}3+H/5!9= Real W orld Computing P artnership yyy ( 3t )SRA Softw are Research Asso ciates, Inc. Device) 3) $J $I$, B8 :_ $9$k!% Globus $O %j %j!< %9$5 $l $F 4V$b$J$$%=%U%H%&%’%"$G$"$k$,8=:_Hs>o$KCmL\$5$l$F$* $j!$%0%m!<%P%k%3%s%T%e!<%F%#%s%0$N%=%U%H%&%’%"%$%s %U%i%9%H%i%/%A%c$r9=@.$9$kMWAG$N;v<B>e$NI8=‘$K$J$j $D$D$"$k!% 2f!9 $O Globus $r MQ $$ $F 9= C[ $7 $? %0 %m!< %P %k %3 %s %T%e!<%F%#%s%0%7%9%F%‘>e$GJBNs%W%m%0%i%‘$r<B9T$7!$ $= $N F0 :n $N ;E AH $_ $d @- G= $K 4X $9 $k CN 8+ $r F@ $? 4) !% $= $N :]!$ %/ %i %9 %? %7 %9 %F %‘ $r MF 0W $K Mx MQ $9 $k <j CJ $, $J $$ $H $$$&$3$H$H!$%U%!%$%"%&%)!<%k$r9=C[$7$F$$$k%5%$%H$K $* $$ $F $O Globus $r Mx MQ $9 $k $3 $H $, $G $- $J $$ $H $$ $& Ld Bj E@ $, L@ $i $+ $K $J$C $?!% 2f!9 $O $3 $l $i $N Ld Bj E@ $r 2r 7h $9 $Y $/!$ 5q H] %Y!< %9 $N %U%! %$ %" %&%)!< %k $r 1[ $( $F J# ?t $N %/ %i %9 %? %7 %9 %F %‘ $d JB Ns 7W ;; 5! $N ;q 8; 4I M} $r 9T $J $& %j%=!< %9 %^ %M!<%8%c RMF(Resource manager b eyond Firew alls) $r:n@.$7!$ Globus $N GRAM $H$7$FAH$_9~ $s $@!% $^ $?!$ 7W ;; %W %m %; %9 F1 ;N $, %U%! %$ %" %&%)!< %k $r 1[$($FDL ?.$9$k$3 $H$r2D G=$H$9$k $?$a!$ TCP DL ?.$rCg 2p$9$k Nexus Proxy $r:n@.$7$?!% RMF $*$h$S Nexus Pro xy $N5!G=$K$h $j!$ Globus $rMQ$$$?%0%m!<%P %k%3%s %T%e!<%F%#%s%04D6-$K$*$$$F!$%U%!%$%"%&%)!<%k$r1[$( $F7W;;;q8;$rMxMQ$9$k$3$H$,2DG=$H$J$k 5) � 7) !%

2 G. Mahinthakumar $i $O Globus $r MQ $$ $? %a %? %3 %s %T%e!<%F%#%s%04D6->e$K$*$1$k%Q%i%a!<%?%5!<%ALdBj$N <B9T @- G=$K $D $$ $FJs 9p $7$F $$ $k 8) !%<B 83 4D6- $O JF 9q$N 2 $D $N %5 %$ %H $K J, ;6 G[ CV $5 $l $? IBM $N SP2 $H SP3 $* $h $S SGI $N Origin 2000 $K $h$C $F 9= @. $5 $l!$ %; %k %U %9 %1 %8%e!<%j%s%0%"%k%4%j%:%‘$K$h$C$FIi2Y$N6Q9U$r$O$+$C $F $$ $k!% $7 $+ $7 $3 $l $i $N 7W ;; 5! $O D> @\ DL ?. $9 $k $3 $H $, 2DG=$G$"$j!$%U%!%$%"%&%)!<%k$,%0%m!<%P%k%3%s%T%e!< %F%#%s%0%7%9%F%‘$N@-G=$KBP$7$F$I$N$h$&$K1F6A$9$k$+ $rCN$k$3$H$O$G$-$J$$!%$^$?!$>e5-$$$:$l$N%F%9%H%Y%C %I$K$*$$$F$bMxMQ$5$l$F$$$k7W;;;q8;$OJBNs7W;;5!$,Cf ?4$G$"$j!$%/%i%9%?$rMxMQ$7$?$b$N$K4X$9$kJs9p$O$"$^ $j$J$$!%$3$l$O%/%i%9%?$rMF0W$KMxMQ$9$k$?$a$N;EAH$_ $,Ds6!$5$l$F$$$J$$$3$H$K$h$k$,!$8=:_%/%i%9%?%7%9%F %‘$O9b@-G=7W;;$NJ,Ln$K$*$1$k=EMW$J%W%i%C%H%U%)!<%‘ $H$J$C$F$*$j!$%0%m!<%P%k%3%s%T%e!<%F%#%s%0%7%9%F%‘ $K$*$$$F$b%/%i%9%?$rMF0W$KMxMQ$9$k;EAH$_$NDs6!$d!$ MxMQ$7$?>l9g$N@-G=$rCN$k$3$H$,I,MW$H$5$l$k!% K\ 9F $G $O!$ Nexus Proxy $N @_ 7W $H <B Au $r =R $Y $k!% RMF $N >\ :Y $O J8 8% 5) � 7) $G =R $Y $F $$ $k!% $^ $?!$ %U%! %$ %"%&%)!<%k$KBP1~ $7$? Globus $rMxMQ$7 $F9-0h%/%i%9%? %7 %9 %F %‘ $r 9= C[ $7!$ $= $N >e $G J, ;^ 8B Dj K! $K $h $k %J%C %W %5%C%/LdBj$NJBNs2rK!$r<B9T$7$FF@$i$l$?9-0h%/%i%9%? %7%9%F%‘$N@-G=FC@-$d7P83!$CN8+$rJs9p$9$k!%<!>O$G$O Nexus Proxy $N 35 MW $* $h $S <B Au J} K! $K $D $$ $F =R $Y $k!% Bh 3 >O$G $O<B 83$K$h $k9- 0h%/%i %9%? %7%9%F %‘$N @-G=$K $D $$$FJs9p$7!$:G8e$K$^$H$a$r=R$Y$k!% 2. Nexus Proxy $N@_7W$H<BAu Nc $( $P MPICH-G $G 5- =R $5 $l $?%W %m %0 %i %‘ $r J# ?t $N %5%$ %H $KG[ CV $5$l $? 7W ;;5! 72 $G<B 9T $9$k >l 9g!$ MPI $N DL ?. $O $3 $l $i $N 7W ;; 5! >e $G F0 :n $9 $k %W %m %; %9 4V $G F0 E* $K 3d $j Ev $F $i $l $k %]!< %H $r MQ $$ $F D> @\ 9T $J $o $l $F $7 $^ $& $? $a!$ %U%! %$ %" %&%)!< %k $, $3 $l $i $N %]!< %H $r DL $5 $J $$ $h $& $J @_ Dj $K $J$C $F $$ $k >l 9g $O DL ?. $9 $k $3 $H $, $G $- $J $$!% $3 $N Ld Bj $r 2r 7h $9 $k $? $a $K $O SOCKS %5!< %P $N $h$& $J Nexus $NDL ?. $rCf 7Q$9 $k pro xy $r$? $F$F $d $j!$ TCP $NDL?.$O $9$Y$F$3$N pro xy $r 2p$7$F9T$J $&$h$&$K =$@5$9$kI,MW$,$"$k!%Ev=i!$%U%!%$%"%&%)!<%kBP1~%7%9 %F%‘$H$7$F0lHLE*$K;H$o$l$F$$$k%W%m%-%7%a%+%K%:%‘$G $" $k SOCKS %W %m %H %3 %k 5Z $S $= $N <B Au %7 %9 %F %‘ $G $" $k socks $rMQ$$$k$3$H$r8!F$$7$?$,!$ Globus $,I,MW$H$7 $F $$ $k initial passive so ck et op en (TCP , UDP $N Ho @\B3B&%]%$%s%H$r:G=i$K3NN)$7!$0J9_$=$NHo@\B3%]%$%s %H$X $NH/ 8F B&$+ $i$N @\ B3$r BT$A B3 $1$k <jK! ) $, SOCKS %W%m %H %3%k 5Z $S socks $G$O%5 %]!< %H$5 $l $F $$$J $$!% $D $^ $j!$ SOCKS %W%m%H %3%k $N >l9g!$ :G =i$K $I $3$+ $K %/%i %$ %"%s %H B&$+ $i connection $r D%$C $?$" $H !V$=$N Aj <j $+$i $@$1!W%/%i%$%"%s%HB&$X$N@\B3$r5v$9$H$$$&%b%G%k$7$+ ;H$($J$$!%$7$? $,$C$F!$ Globus $G9T$J $o$l$k!V:G=i$K Ho@\B3%]%$%s%H$r3NN)$7$F!$G$0U$NDL?.Aj<j$+$i$N@\B3 $rBT$D!W$h$&$J;E3]$1$K$OBP1~$G$-$J$$!%$=$3$G2f!9$O initial passive so c k et op en $,2DG=$G$"$k%W %m%-%7%a%+ %K%:%‘ $H$7 $F ?7$? $K NXProxy %W%m%H%3 %k$r @_ 7W$7!$ $= $N<B Au%7 %9%F %‘$H $7$F Nexus Proxy $r 3+H/ $7$?!% K\@a $G$O NXProxy %W%m%H %3%k$*$h $S Nexus Proxy $N@_7W $H<B Au$r =R $Y$k!% Nexus Proxy $O %U%! %$%" %&%)!<%k Fb 30$H$N %W%m %-%7 DL?.$r 9T$& 30It%5!< %P$H FbIt %5!<%P$N 2 $D$N%W%m%- %7%5!<%P$H NXProxy %W%m%H%3%k $rMQ$$$F DL ?.$r9T$&%W%m%0%i%‘$N$?$a$N%/%i%$%"%s%H%i%$%V%i%j$G 9=@.$5$l$k!%30It%5!<%P$O%U%!%$%"%&%)!<%k$N30B&$G!$ FbIt%5!<%P$OFbB&$G$=$l$>$l%G!<%b%s%W%m%;%9$H$7$F2T F/$5$;$k!%%U%!%$%"%&%)!<%k$NFbB&$GF0:n$9$k%/%i%$%" %s%H%W%m%;%9$,30It$KBP$7$F@\B3$r$9$k>l9g$d!$30It$+ $i$N@\B3MW5a$rBT$A<u$1$k$?$a$N%]!<%H$r%P%$%s%I$9$k >l 9g!$ %/ %i %$ %" %s %H $O c onne ct() $d bind() $J $I $N 4X ?t $r8F$s$G%]!<%H$X$N@\B3$d%]!<%H$N%P%$%s%I$rD>@\9T$J $&$N$G$O$J$/!$30It%5!<%P$KBP$7 $F%]!<%H$N@\B3 / %P%$ %s%IMW5a$rAw$k!%MW5a$r<u$1<h$C$?30It%5!<%P$O%/%i%$ %"%s%H$NBe$o$j$KAj<j$N%W%m%;%9$KBP$7$F@\B3MW5a$r=P $7$?$j%]!<%H$r%P%$%s%I$7!$@\B3$,3NN)$5$l$?$i0J8e$N DL?. $rCf 7Q$9 $k!% Nexus Pro xy $N5! G=$r MxMQ $9$k $?$a $KDs6!$5$l$F$$ $k%i%$%V%i%j4X ?t$N0lIt$rI= 1 $K<($9!% ?^ 1 $K Nexus Pro xy $rMx MQ $7$? >l 9g$N DL ?.%a %+ %K%: %‘ $r<( $9!% Pr o c ess A (P A) $O%U%!%$ %"%&%)!< %k $r 9=C[ $7 ?^ 1 Nexus Proxy $NDL?.%a%+%K%:%‘ (passive connection) $F$$$k %m!<%+%k %5%$%H Fb$G!$ Pr o c ess B (PB) $O%U%!%$ %"%&%)!<%k$r9=C[$7$F$$$J$$%j%b!<%H%5%$%H$GF0$/%W%m %;%9 $G $"$k!% Fb It %5!<%P $H 30 It %5!<%P $O $$ $:$l $b nxp ort $H8F$P$l$k%]!<%H$r%P%$%s%I$7!$$=$N>e$G%/%i%$%"%s%H $+$i$NMW5a$rBT$D!%30It$+$iFbIt$X$N@\B3$K4X$7$F$O!$ nxp ort $r 2p $7 $? 30 It %5!< %P $+ $i Fb It %5!< %P $X $N @\ B3 $, 5v2D$5$l$kI,MW $,$"$k!%?^ 1 $O P A $,%]!<%H$r%P%$ %s%I $7$FB>$N%W%m%;%9$+$i$N@\B3MW5a $rBT$A!$ PB $, P A $K BP$7$F@\B3MW5a$r=P$7$?>l9g$NMM;R$r<($7$F$$$k!%

3 I= 1 Nexus Proxy $N%i%$%V%i%j4X?t F unction Description NXPr oxyConne ct() 30It%5!<%P$KBP$7$F@\B3MW5a$r=P$9!%JV$jCM$O@\B3Aj<j$N%W%m%;%9$HDL?.$9$k$?$a$N%U%!%$%k%G%9%/%j%W%?!% NXPr oxyBind() 30It%5!<%P$KBP$7$F%P%$%s%IMW5a$r=P$9!%JV$jCM$O@\B3MW5a$rBT$A<u$1$k$?$a$N%U%!%$%k%G%9%/%j%W%?!% NXPr oxyA c c ept() NXPr oxyBind() $G%P%$%s%I$5$l$?%]!<%H>e$G@\B3MW5a$r%"%/%;%W%H$9$k$?$a$N4X?t!% @\B3$,3NN)$7$?>l9g!$DL?.$9$k$?$a$N?7$7$$%U%!%$%k%G%9%/%j%W%?$,JV$5$l$k!% ( 1 ) P A $O bind() $O $J $/ NXPr oxyBind() $r 8F $V!% $9$k$H%P%$%s%IMW 5a$,30It %5!<%P$K BP$7$FAw ?.$5 $l $k!% NXPr oxyBind() $O P A $, 4V @\ E* $K %/ %i %$%"%s%H$+$i$N@\ B3MW5a$r <u$1IU $1$k$?$a $N%U%! %$%k%G%9%/%j%W%?$rJV$9!% ( 2 ) 30It%5!<%P$O P A $+$i$N%P%$%s%I MW5a$r <u$1<h$k $H!$%]!<%H$r 1 $D%P%$%s %I$7!$$= $N>e $G@\B3 MW5a $rBT$D!% ( 3 ) PB $, P A $K BP $7 $F @\ B3 $r ;n $_ $k >l 9g!$ PB $O P A $G$O$J$/30It%5!<%P$KBP$7$F@\B3$r9T$J$&!% ( 4 ) 30 It %5!< %P $O PB $+ $i $N @\ B3 MW 5a $r <u $1 IU $1 $k $H!$FbIt%5!<%P$KBP $7$F@\ B3$9$k!% FbIt%5!< %P$O 30It%5!<%P$+$i$N @\B3$r<u $1<h$k$H!$ P A $KBP$7 $F@\B3$9$k!% ( 5 ) NXPr oxyBind() $,JV$7 $?%U%! %$%k %G%9%/ %j%W %? >e$G@\B3 MW 5a$r <u $1IU $1$k $? $a!$ P A $O ac c ept() $G$O$J $/ NXPr oxyA c c ept() $r8F $V!% P A $,FbIt %5!<%P$+$i$N@\ B3MW5a $r<u$1 <h$k$H P A $H PB $N 4V $N DL ?. O) $, Fb It %5!< %P $H 30 It %5!< %P $r 2p $7 $F 3NN)$9$k!%0J8eFb It%5!<%P $H30It%5!< %P$O P A $H PB $N4V$NDL?.$rCf7Q$9$k!% Nexus Proxy $, F0 :n $9 $k $? $a $N >r 7o $r %U%! %$ %" %&%)!< %k$N%3%s%U%#%0%l!<%7%g%s$N4QE@$G$^ $H$a$k$H<!$N 2 E@ $K$J$k!% � FbIt $+$i 30It $X$N @\ B3$K 4X$7 $F$O G$0U $N %]!<%H ( FC 8"%]!<%H$OI,MW$J$$ ) $G$N@\B3$,5v$5$l$k$3$H!% � 30It$+$iFbIt$X $N@\B3$K4X$7 $F$O!$30It%5!<%P $+$i FbIt%5!<%P$X$NDL?.$,5v$5$l$k$3$H!% K\ O@ J8 $G 2> Dj $7 $F $$ $k %U%! %$ %" %&%)!< %k $N >l 9g!$ 30 It %5!<%P$+$iFbIt%5!<%P$X$NDL?.$,5v$5$l$k$h$&$K%U%!%$ %"%&%)!<%k$N%3%s%U%#%0%l!<%7%g%s$rJQ99$9$kI,MW$,$" $k$,!$$3$l$O3+$1$k%]!<%H$, 1 $D$G$"$k>e!$DL?.Aj<j$b 30It%5!<%P$K8BDj$9$k$3$H$,$G$-$k$?$a!$%;%-%e%j%F%# >eLdBj$O$J$$!% 2f!9 $O Globus $K Nexus Proxy $r AH $_ 9~ $s $@!% 6q BN E* $K $O!$ I, MW $J >l 9g ( %U%! %$ %" %&%)!< %k $r 1[ $( $? DL ?. $r 9T $J $& $h $& $J >l 9g ) $K $O I= 1 $K <( $9 %i %$ %V %i %j 4X ?t $r MQ $$ $F Nexus Pro xy $r Mx MQ $7 $? DL ?. $r 9T $J $& $h $&!$ Globus $N %=!< %9 %3!< %I $r =$ @5 $7 $?!% 6q BN E* $K $O 4D 6- JQ ?t NEXUS PRO XY OUTER SER VER $d NEXUS PRO XY INNER SER VER $, Dj 5A $5 $l $F $$ $k>l 9g$K $O Nexus Pro xy $rMx MQ$7 $?DL ?.$r 9T$J $$!$$= $&$G$J$1$l$P%*%j%8%J%k$NDL?.$r9T$J$&$h$&$K=$@5$r9T $J$C$?!% 3. <B 83 7k 2L 2f!9$O%U%!%$%"%&%)!<%k$KBP1~$7$? Globus $rMQ$$$F 9-0h%/%i%9%?%7%9%F%‘$r9=C[$7!$$=$N$$$/$D$+$N%Y%s%A %^!<%/%W%m%0%i%‘$rF0$+$7$F@-G=$rB,Dj$7$?!%K\@a$G$O $=$N7k2L$r<($9!% 3.1 <B 83 4D 6- 2f!9$O ?7 >p Js =h M} 3+ H/ 5! 9= $D $/ $P 8& 5f %; %s %? (R W CP) $H EE ;R 5; =Q Am 9g 8& 5f =j (ETL) $K %U%! %$ %" %&%)!< %k $K BP 1~ $7 $? Globus $r %$ %s %9 %H!< %k $7!$ 2 $D $N %5 %$ %H $N 7W ;; 5! $r Mx MQ $7 $F 9- 0h %/ %i %9 %? %7 %9 %F %‘ $r 9= C[ $7 $?!% ?^ 2 $K<B 83 4D 6- $r <( $9!% COMP aS 9) $O 4 $D$N Pen tium Pro(200MHz) $rEk :\ $7$? SMP PC $r 8 Bf 100Base-T Ethernet $G @\ B3 $7 $? SMP %/ %i %9 %? $G $" $k!% R W CP $O5qH]%Y!<%9$N%U%!%$%"%&%)!<%k$r9=C[$7$F$*$j!$%$%s %?!<%M%C %H $+ $iD> @\ COMPaS $d R W CP-Sun $K%" %/%; %9$9 $k$3 $H $O$G $-$J $$!% ETL $b %U%!%$ %"%&%)!< %k $r9= C[$7 $F $$ $k $,!$ ETL-Sun $d ETL-O2K $O R W CP $+$i D>@\%"%/%;%9$9$k$3$H$,$G$-$k$h$&$K@_Dj$5$l$F$$$k!% R W CP $H ETL $N4V$O 1.5Mbps $N IM Net $K$h$C$F @\ B3$5$l$F$$$k!% 3.2 Nexus Pro xy $N@-G= Nexus Proxy $r 2p $7 $F DL ?. $7 $? >l 9g $K $I $N Dx EY $N @- G= $, F@ $i $l $k $N $+ $r D4 $Y $k $? $a!$ R W CP-Sun $H ETL-Sun $N 4V $G $N MPICH-G $r MQ $$ $F DL ?. CY 1d $* $h $S%P%s%II}$rB,Dj$7$?!% 0 %P%$%H%a%C%;!<%8$N%T%s%]%s E>Aw$N JR F;J, $N;~ 4V$r DL?. CY1d $H$9 $k!%<B 83$G $O Nexus Pro xy $r2p$7$?>l 9g$H!$ D>@\ DL?.$r 9T$J$C $?>l 9g$N 2 DL $j $NDL ?. CY 1d $* $h $S %P %s %I I} $r B, Dj $7 $? !y !% I= 2 $K <B 83 7k2L $r<( $9!% Nexus Proxy $r2p$7 $?>l 9g!$ D>@\ DL?. $7 $?>l9g$HHf3S$7$FDL?.CY1d$OLs 6 G\$K$J$k!%$3$l$O!$30 It%5!<%P$*$h$SFbIt%5!<%P$,%a%C%;!<%8$rCf7Q$9$k:]$K r e ad/write $K$h$k TCP %9%H%j!< %‘$N %3%T!< =hM} $,%f!< %6%W%m%;%9$K$h$j9T$J$o$l$k$3$H$K$h$k!%%a%C%;!<%8%5 %$%:$,Bg$-$/$J$k$H%M%C%H%o!<%/$r2p$9$k%G!<%?E>Aw;~ 4V$,A}2C$7!$30It / FbIt%5!<%P$N%3%T!<=hM}$K$h$k%*!< %P%X%C %I$, AjBP E*$K L5;k $G$- $k$b $N $H$J $k$? $a!$ Nexus Pro xy $r2p$7$? >l9g$G $bD>@\ $7$?>l 9g$HHf $Y$FF1 $8%P%s %II}$,F@$i$l$k!%$3$N$h$&$K%a%C%;!<%8%5%$%:$,$"$kDx EYBg$-$$>l9g$d!$9-0h4D6-$N$h$&$KDL?.2s@~$N%P%s%II} $,:Y$$$h$&$J>l9g$K$O%G!<%?$NE>Aw$K$+$+$k;~4V$,A}2C !y <B 83 $N $?$a!$ R W CP-Sun $H ETL-Sun $, D> @\ @\B3 $G $- $k$h $& R W CP $N %U%! %$ %"%&%)!< %k $N %3 %s%U%# %0 %l!< %7%g%s $r 0l ;~ E*$K JQ99$7$?!%

4 site nickname system R W CP R W CP-Sun Sun Enterprise 450 (4CPU) R W CP COMP aS Pen tium Pro SMP cluster (4CPU � 8no des) ETL ETL-Sun Sun Enterprise 3000 (6CPU) ETL ETL-O2K SGI Origin 2000 (16CPU) R W CP 30It%5!<%P Sun Ultra En terprise 450 (2CPU) R W CP FbIt%5!<%P Sun Ultra 80 (2CPU) ?^ 2 <B834D6- I= 2 DL?.CY1d$H%P%s%II} CY1d %P%s%II} (4KB message) %P%s%II} (1MB message) R W CP-Sun $ ETL-Sun (direct) 3.9 msec 112.0 KB/sec 174.4 KB/sec R W CP-Sun $ ETL-Sun (indirect) 25.1 msec 109.5 KB/sec 176.1 KB/sec $7!$30It / FbIt%5!<%P$K$h$kCf7Q=hM}$N%*!<%P%X%C%I$, 1#JC $5$l!$ Nexus Proxy %7 %9%F %‘$r MxMQ $9$k $3$H $K$h $k%*!<%P!<%X%C%I$,L5;k$G$-$k$b$N$H$J$k!% 3.3 J,;^8BDjK!$K$h$k%J%C%W%5%C%/LdBj$N<BAu 9-0hJBNs%7%9%F%‘$NFCD’$r9MN8$7$?>l9g!$<!$N$h$& $J @-<A$r;}$D%"%W%j%1!<%7%g%s$,9-0hJBNs%7%9%F%‘>e$G$b 9b$$8zN($rF@$i$l$k2DG=@-$,$"$k$H9M$($i$l$k!% � 3F%W%m%;%C%5$,HsF14|$K7W;;$r?J$a$i$l$k!% � %G!<%? $NFH N) @-$, 9b $$ ( %W %m%;%C %5 4V$G $N%G!< %? $N 8r49$,>/$J$$ ) !% � 7W;;NL$,B?$/!$9b$$JBNs@-$r;}$D!% 0J>e$NFCD’$r;}$D%"%W%j%1!<%7%g%s$N 1 $D$KC5:wLdBj$, $"$k!%$=$3$G!$:#2s$O%J%C%W%5%C%/LdBj$rJ,;^8BDjK!$K $h $j JB Ns$K 2r $/ %W %m %0 %i %‘ $r MPICH-G $r MQ$$ $F <B Au $7$?!%%J%C%W%5%C%/LdBj$O@0?t7W2hLdBj$G$"$j!$LZC5:w $r9T$J$&1~MQLdBj$NE57?Nc$G$"$k!%$3$3$G$O%J%C%W%5%C %/LdBj$N<BAuJ}K!$K$D$$$F4JC1$K@bL@$9$k!% J, ;^ 8B Dj K! $K $h $k %J%C %W %5%C %/ Ld Bj $N 2r K! $r <B Au $7 $?!%$3$l$^$G$K;;=P$5$l$? 2<3&CM$N:GBg$N$b$N (GLow) $r MQ $$ $F ;^ 4" $j $r 9T $J $&!% 4p K\ E* $J %G!< %? 9= B$ $O C5 :w LZ$N%N!<%I$rI=$9!V8=:_CmL\$7$F$$$k2YJ*$N%$%s%G%C%/ %9!$:#$^$G5M$a$?2YJ*$N2ACM$N9g7W!$;D$j$NMFNL!W$N;0 $DAH$_$G$"$j!$C5:w$O%9%?%C%/$+$i<h$j=P$7$?;0$DAH$_ $KBP $7 $F J,;^ A‘ :n$r 9T $J $& ( 3+ $$ $?%N!< %I $r%9 %?%C %/ $K @Q$‘ ) $3 $H$K $h$C $F 9T$J $&!% J,;^ A‘ :n $N:] $K >e3& CM $H 2< 3&CM $r 5a $a!$ GLo w $rMQ$$ $F ;^ 4" $j $r9T $J $&!% $h $j NI $$ GLo w $, 8+ $D $+ $l $P GLow $r99 ?7 $9 $k!% :# 2s MPICH $rMQ$$$FJBNs2rK!$r<BAu$7$?$,!$$3$N%W%m%0%i%‘$rJBNs 2=$9$k:]$N%]%$%s%H$r0J2<$K=R$Y$k!% � %J%C%W%5%C%/LdBj$NC5:w6u4V$O LZ9=B$$GI=$9 $3$H$, $G$-$k$,!$;^4"$j$K$h$j C5:w6u4V$,0lMM $K$J$i$J$$ $3$H$,M=A[$5$l$k$? $a!$F0E*$K%8%g%V $rJ,;6$9$k!% � F0E*$KIi2YJ,;6$r9T$J$&$h$& $K$9$k$,!$Ii2Y J,;6$N $?$a$KH/@8$9$kDL?.2s?t $r$J$k$Y$/M^ $($k$h$&$K$9 $k!% � %W %m %;%C %5 4V $G GLo w $r DL CN $7 $" $$!$ $h $j NI $$ GLow $r;^ 4"$j $KMQ $$$k $h$& $K $7$? J}$, 8zN( NI$/ ;^ 4" $j $r 9T $J $& $3 $H $, $G $- $k!% $7 $+ $7!$ GLow $N DL CN$ODL?.$,H/@8$9$k$? $a!$$=$NIQEY$dJ} K!$r9MN8$9 $kI,MW$,$"$k!% � $G$-$k8B$jDL?.$H7W;;$r%*!<%P!<%i%C%W$5$;$k!% >e5- 4 E@$rF’$^$($F0J2<$N$h$&$J<BAu$r9T$J$C$?!% � rank 0 $N %N!< %I $r %^ %9 %?!$ $= $l 0J 30 $N %N!< %I $r %9 %l!<%V$H$9$k!% � %^ %9 %? $O 2? 2s $+ J, ;^ =h M} $r 9T $J $$ ( $3 $N 2s ?t $r interval $H 8F $V ) !$ %9 %l!< %V $+ $i %8%g %V MW 5a $, Mh $F $$ $l$P %9 %l!<%V $K%8%g %V $rG[ $k ( $3 $N ;~G[ $k %8%g%V $N?t$r ste alunit $H8F$V ) !% � %9%l!<%V$O%9%?%C%/$,6u$K$J$k $^$GJ,;^A‘:n $r9T$J $$!$%9%?%C%/$,6u$K$J$C$? $i%^%9%?$+ $i%8%g%V$r$b $i$&!% � %9%l!<%V$+$i$N%8%g%VMW5a$d%^ %9%?$+$i$N %8%g%VG[ Aw$K GLow $N99?7=hM}$r4^$a$F$7$^$&!% � 7W;;$HDL?.$r%*!<%P!<%i%C%W$5 $;$k$?$a!$2DG= $J>l =j$G$O MPI Isend() $d MPI Ir e cv() $J$I$NHs F14| Aw<u?.4X?t$rMQ$$$?!% 2f!9$N%"%k%4%j%:%‘$O%;%k%U%9%1%8%e!<%j%s%0%"%k%4%j %:%‘$G$"$k!%%;%k%U%9%1%8%e!<%j%s%0%"%k%4%j%:%‘$ODc

5 I= 3 <B83$KMQ$$$?%F%9%H%Y%C%I Nic kname Description COMP aS COMPaS $N 8 %W%m%;%C%5 !% A4It$G 8 %N!<%I!$ 1 %N!<%I$K$D$- 1 %W%m%;%C%5$rMxMQ!% mpich c h p4 device $rMxMQ ETL-O2K ETL-O2K $N 8 %W%m%;%C%5 . SGI $,Ds6!$7$F$$$k mpi $rMxMQ . Lo cal-area Cluster R W CP-Sun + COMP aS . A4It$G 12 %W%m%;%C%5 !% R W CP-Sun $N 4 %W%m%;%C%5!$ COMPaS $N 8 %W%m%;%C%5$rMxMQ!% mpich Globus device $rMxMQ!% Wide-area Cluster R W CP-Sun + COMPaS + ETL-O2K . A4It$G 20 %W%m%;%C%5 !% R W CP-Sun $N 4 %W%m%;%C%5!$ COMPaS $N 8 %W%m%;%C%5!$ ETL-O2K $N 8 %W%m%;%C%5$rMxMQ . mpich Globus device $rMxMQ!% I= 4 %J%C%W%5%C%/LdBj$N<B9T;~4V %7%9%F%‘ %W%m%;%C%5?t <B9T;~4V (sec) B.EY8~>eN( R W CP-Sun 1 26547 1 COMPaS 8 3135 8.47 ETL-O2K 8 6849 3.88 Lo cal-area Cluster 12 2936 9.04 Wide-area Cluster 20 2074 12.80 %*!<%P!<%X%C%I$GF0E*$JIi2YJ,;6$r2DG=$H$9$k$?$a9-0h %/ %i %9 %? %7 %9 %F %‘ $J $I $N Hs 6Q <A $J J, ;6 4D 6- $K E, $7 $F $$ $k!%4pK\E*$J@oN,$ODL?.$r$J$k$Y$/8:$i$9$3$H$K$"$j!$ 0J2<$N 2 E@$,<BAu$NFCD’$G$"$k!% � %9%l!<%V$O<+J, $N%9%?%C%/$,6u $K$J$C$?$H$-$K %^%9 %? $N %8%g %V $r Ep $_ $K $f $/!% Ii 2Y J, ;6 $N $? $a $N %*!< %P!< %X%C %I $, >/ $J $/ $J $j!$ Ii 2Y $, 6Q 0l $K $J $j $d $9 $$!% � GLo w $r99?7 $9$k $?$a $N DL?. $O%8%g %V $N$d $j$H $j $K 4^$a$F$7$^$&!% 3.4 %J%C%W%5%C%/LdBj$N<B9T@-G= <BAu $7$? %J%C%W %5%C%/ LdBj $NJB Ns2r K!$r I= 3 $K<( $9 4 <oN‘$N%m!<%+%k / 9-0h%/%i%9%?%7%9%F%‘>e$G<B9T$7$?!% %J%C%W%5%C%/LdBj$rJ,;^8BDjK!$K$h$jJBNs$K2r$/>l9g!$ <B9T ;~ 4V$O F~ NO%G!< %? ( $D$^ $j ;^4" $j $,$I $N $h $&$K 9T $J $o$l $k $+ ) $K 6K $a$F 0M B8$9 $k!% $3$3 $G $O9- 0h %/ %i%9 %? %7 %9%F%‘$N@-G=FC@-$rL@3N$KI>2A$9$k$3$H$,L\E*$G$"$k$? $a!$LdBj$r@55,2=$7$F;^4"$j$,H/@8$;$:C5:w6u4VA4BN$r Av::$9$kI,MW$,$"$k$h$&$J%G!<%?$r<B83$KMQ$$$?!%2YJ* $N ?t $O 50 $H $7!$ ste alunit $d interval $r MM!9 $J CM $K @_ Dj$7$F%W%m%0%i%‘$r<B9T$7!$:GE,$JAH9g$o$;$rA*$S$@$7 $?!%I= 3 $K<( $9 4 $D$N%F %9 %H%Y%C %I>e $G <B9T $7 $?:] $N<B 9T;~4V$*$h$S B.EY8~>eN($r I= 4 $K<($9!%%J%C%W %5%C%/Ld Bj$NC‘<! 2rK!%W %m%0 %i%‘$r R W CP-Sun $G<B9T$7!$B.EY 8~>eN($O$=$N<B9T;~4V$r85$K7W;;$7$F$$$k!% COMP aS $H R W CP-Sun $NC1BN$G$N@- G=$O$[$\ F1$8 $G$"$k$3 $H$,J,$+$C $F$*$j!$ $3$N$3 $H$+$i COMPaS $G $O == J, 9b $$ B. EY 8~ >e N( $, F@ $i $l $F $$ $k ;v $, J, $+ $k!% $^ $?!$ Lo cal-area Cluster $G$O 12 %W%m%;%C%5 $G 9 G\$H!$ Ls 75% $N JB Ns 2= 8zN( $, F@ $i $l $F $$ $k$,!$ COMPaS >e $G F0 $+ $7 $? >l 9g $H Hf $Y $F $" $^ $j <B 9T ;~ 4V $, C; =L $5 $l $F $$$J$$!% $3$l $O R W CP-Sun $H COMPaS $, LAN Fb$G $$ $/ $D $+ $N %9 %$%C %A $r 2p $7 $F @\ B3 $5 $l $F $$ $k $3 $H $d!$ MPICH-G $N DL ?. @- G= $, mpic h ch p4 device $N DL ?. @-G=$KHf$Y$FDc$$$3$H$J$I$,860x$H9M$($i$l$k!%0lJ}$G ETL-O2K C1 BN $G $N @- G= $, R W CP-Sun $d COMPaS $K Hf $Y $k $H Nt $k $? $a!$ Wide-area Cluster $G $N JB Ns 2= 8z N( $O Ls 64% $H $J$C $F $7 $^ $&!% $7 $+ $7!$ $$ $: $l $K $* $$ $F$b%M%C%H%o!<%/$d7W;;5!$N@-G=$r9M$($l$PBEEv$J8zN( $,F@$i$l$F$$$k$H8@$($k!% :# 2s $N <B Au $G $O!$ DL ?. $N H/ @8 $O %9 %l!< %V $+ $i %^ %9 %? $X$N%8%g%VMW5a$H!$%^%9%?$+$i%9%l!<%V$X$N%8%g%V$NAw ?. $N :] $K $N $_ H/ @8 $9 $k!% $= $l $i $N 2s ?t $r 8+ $l $P!$ DL ?. $NIQEY$,J,$+$k!% I= 5 $K%^%9%?$, =hM}$7$?%8%g%V MW5a$N ?t $H!$ %/ %i %$ %" %s %H $, %^ %9 %? $K %8%g %V MW 5a $r =P $7 $? 2s ?t $N :G Bg CM!$ :G >. CM!$ J? 6Q CM $r %7 %9 %F %‘ $4 $H $K <( $9!% %8%g %V MW 5a $N 2s ?t $+ $i JB Ns =h M} $N N3 EY $r CN $k $3 $H $, $G $-$k!%$b$7%8%g%V$,AFN3EY$G$"$l$P%8%g%VMW5a$N2s?t$O 8:$j!$DL?.NL$b8:$k!%0lJ}$G%8%g%V$NN3EY$,>.$5$/$J$k $H%8%g%VMW5a$N2s?t$,A}$(!$DL?.NL$bA}$($k$,!$$h$j8z N($NNI$$Ii2YJ, ;6$,4|BT$G$- $k!%I= 6 $K%^%9%?!< $*$h$S 3F %/ %i %$ %" %s %H $, Av :: $7 $? %N!< %I $N ?t $r <( $9!% $? $@ $7 %/ %i %$ %" %s %H $N >l 9g $O 3F %7 %9 %F %‘ $4 $H $N :G Bg CM!$ :G >. CM!$J? 6QCM $r<( $9!%I= $N ?tCM $NC1 0L$O 2/ $G$" $k!% I= 5 $h $j!$ Lo cal-area Cluster $*$h$S Wide-area Cluster $K $*$$ $F!$ R W CP-Sun $H COMPaS $OLs 0.2 IC$K 1 EY!$ ETL-O2K $O 0.36 IC $K 1 EY $N3d 9g $G%8%g %V MW5a $r =P$7 $F$$$k$3$H$,$o$+$k!%N3EY$H$7$F$O:YN3EY$G$"$jDL?.NL $OA}2C$7$F$7$^ $&$,!$$=$N$+$o$j I= 6 $K<($9$h$& $KHs6Q <A$J4D6-$G$b$=$N7W;;5!$N@-G=$K1~$8$F8z2LE*$JIi2YJ,

6 I= 5 %8%g%VMW5a$N2s?t System Master R W CP-Sun COMPaS ETL-O2K Max Min Av erage Max Min Average Max Min Average Lo cal-area Cluster 160459 13869 15649 14981 17219 11385 14436 Wide-area Cluster 217330 11603 8394 10563 13289 8007 11465 8508 2105 5693 I= 6 Av::$7$?%N!<%I?t ( C10L$O2/ ) System Master R W CP-Sun COMP aS ETL-O2K Max Min Average Max Min Av erage Max Min Average Lo cal-area Cluster 26.6 45.6 44.4 44.8 47.0 43.4 45.0 Wide-area Cluster 14.7 34.3 31.7 32.7 34.9 31.0 32.5 20.3 17.4 18.5 ;6 $, 9T $J $o $l $F $$ $k $3 $H $, J, $+ $k!% 8z 2L E* $J Ii 2Y J, ;6 $H!$DL?.$H7W;;$N%*!<%P!<%i%C%W$K$h$kDL?.;~4V$N1#JC $K$h $j!$ Nexus Pro xy $r2p $7$? 9-0h %/%i %9%? %7%9 %F%‘ $K$*$$$F$b==J,<BMQE*$J@-G=$,F@$i$l$k$3$H$,J,$+$k!% 4. $^ $H $a 2f!9 $O %/ %i %9 %? $d JB Ns 7W ;; 5! $J $I J# ?t $N 7W ;; ;q 8; $r %0%m!<%P%k%3%s%T%e!<%F%#%s%04D6-$GMxMQ$9$k$3$H$N$G $- $k ;E AH $_ $r Ds 6! $9 $k $? $a!$ RMF 7? $N GRAM $r <B Au$7 $?!% RMF $G$O gatek eep er $H $O0[ $J $k7W ;;5! >e$G GRAM $r F0:n$5 $;$k $3$H $K$h $j!$%U%! %$%"%&%)!< %kFb $KB8:_$9$k%/%i %9%?%7%9%F%‘$dJB Ns7W;;5!$r Globus $N 7W;;;q8;$H$7$F MxMQ$9$k;v$, 2DG=$H$J$k!% RMF $O%8%g %V $N %-%e!< %$ %s %0 $J $I $r 9T $J $& Q %7 %9 %F %‘ $H!$ 7W ;; ;q 8;$N 3d$jEv $F$r 7hDj $9$k Resource Allo cator $K$h$C $F 9= @. $5 $l $k!% $^ $?!$ %U%! %$ %" %&%)!< %k $r 1[ $( $F 7W ;; %W %m %; %9 $, 9T $J $& DL ?. $K BP 1~ $9 $k $? $a!$ NexusProxy $N @_ 7W!$ <B Au $r 9T $J$C $?!% :# 2s 9= C[ $7 $? %0 %m!< %P %k %3 %s %T%e!< %F%# %s %0 4D 6- >e $G JB Ns %W %m %0 %i %‘ $r F0 $+ $7 $? 7k 2L!$DL?.NL$NM^@)$dDL?.$H7W;;$N%*!<%P!<%i%C%W$J$I$r 0U<1$7$F%W%m%0%i%_%s%0$9$k$3$H$K$h$j!$%0%m!<%P%k%3 %s%T%e!<%F%#%s%04D6-$G$b==J,<u$1F~$l$i$l$k@-G=$,F@ $i$l$k$3$H$, J,$+$C$?!%:#2s Globus $KAH$_9~$s$@%U%! %$%"%&%)!<%kBP1~ 5!G=$O Globus %A!<%‘ $HO"Mm$r<h$C$F 2?$i$+$N7A$G$NAH$_9~$_$r0MMj$9$kM=Dj$G$"$k!%:#8e9- 0h%/ %i%9%? %7%9 %F%‘ $K$* $1$k%9 %1%8%e!< %j%s %0!$3+ H/ / <B9T4D6-!$%W%m%0%i%_%s%05;K!!$@-G=I>2A$J$I$K4X$9$k 8&5f$r?J$a$kM=Dj$G$"$k!% ;2 9M J8 8% 1) F oster, I. and Kesselman, C.: The GRID: Blueprint for a New Computing Infr astructur e , Morgan Kaufmann Publishers (1998). 2) T eam, T. G.: The Globus Pro ject. http://www.globus.org/. 3) F oster, I. and Karonis, N. T.: A Grid-Enabled MPI: Message P assing in Heterogeneous Dis- tributed Computing Systems, Sup er c omputing ’98 (1998). 4) ED Cf NI IW , :4 F# ;0 5W , Cf ED =( 4p , 4X 8} CR ;L : globus $r MQ $$ $? %0 %m!< %P %k %3 %s %T%e!< %F%# %s %0 $N @- G= I> 2A , %7%9 %F %‘%= %U%H %&%’ %"$H %*%Z %l!<%F%# %s %0%7 %9 %F %‘ 8& 5f 2q Js 9p , V ol. 99, No. 32, >p Js =h M} 3X 2q , pp. 71{76 (1999). 5) ED Cf NI IW , J? Ln 4p 9’ , :4 F# ;0 5W , Cf ED =( 4p , 4X 8} CR ;L : Globus $K $* $1 $k Resource Manager $N;n :n !] %0 %m!< %P %k %3 %s %T%e!< %F%# %s %0 4D 6- $N 9= C[ $K 8~ $1 $F !] , %O%$ %Q %U%)!<%^ %s %9%3 %s %T%e!<%F%# %s %08& 5f 2q , V ol. 99, No. 66, >p Js =h M} 3X 2q , pp. 191{196 (1999). 6) T anak a, Y., Hirano, M., Sato, M., Nak ada, H. and Sekiguchi, S.: Resource Manager for Globus-based Wide-area Cluster Comput- ing, IEEE International Workshop on Cluster Computing , pp. 237{244 (1999). 7) ED Cf NI IW , J? Ln 4p 9’ , :4 F# ;0 5W , Cf ED =( 4p , 4X 8} CR ;L : Globus $r MQ $$ $? %0 %m!< %P %k %3 %s %T%e!< %F%# %s %0 4D6- $N9= C[ $H$= $NI> 2A , %$%s %?!<%M%C %H %+%s %U%! %l%s%9 ’99, pp. 97{106 (1999). 8) Mahinthakumar, G., Ho�man, F. M., Har- grov e, W. W. and Karonis, N. T.: Multiv ari- ate Geographic Clustering in a Metacomput- ing Environmen t using Globus, Sup er c omput- ing ’99 (1999). 9) T anak a, Y., Matsuda, M., Ando, M., Kub- ota, K. and Sato, M.: COMP aS: A P en tium Pro PC-based SMP Cluster and its Exp eri- ence, IPPS’98 Workshop on Personal Com- puter Base d Networks of Workstations , Lecture Notes in Computer Science, V ol.1388, Springer- V erlag, pp. 486{497 (1998).