JBNs%"%W%j%1!<%7%g%s$K$h$k MPI/MBCF $NI>2A ?9K\ 7r;J >>K\ >0 J?LZ 7I f morimoto, tm, hiraki g @is.s.u-tokyo.ac.jp El5~Bg3XBg3X1!M}3X7O8&5f2J>pJs2J3X@l96 35MW HFMQ D6JB Ns%*%Z %l!<%F%# %s%0 %7%9 %F%‘ SSS{CORE >e$N %a%b %j%Y!< %9DL ?. MBCF $r MQ$$ $F<B Au$5 $l$? MPI %i%$ %V%i %j MPI/MBCF $N @-G= $r!" NAS P arallel Benc hmarks $N <B 9T$K $h$j I> 2A$7 $?!# MPI/MBCF $O MBCF $N %a %b %j %Y!< %9 FIF O $K $h $j %i %$ %V %i %j $, Ds 6! $9 $Y $- %a%C %;!< %8 $N %P%C %U%! %j %s %0 $r!" 1s 3V %a %b %j =q $- 9~ $_ $K $h $j %a%C %;!< %8 $N %P%C %U%! %j %s %0 $r I, MW $H $7 $J $$ DL ?. $r <B 8= $9 $k!# $3 $N <B Au $N @- G= $r %o!< %/ %9 %F!< %7%g %s %/ %i %9 %? >e $G JB Ns %" %W %j %1!< %7%g %s $K $h $j I> 2A $7!" 6& M- %a %b %j DL ?. 5! G= $G $" $k %a %b %j %Y!< %9 DL ?. $r MQ $$ $F%a%C%;!<%8%Q%C%7%s%0%i%$%V%i%j$r<B8=$9$k$3$H$NM-8z@-$r8!>Z$9$k!# P erformance Ev aluation of MPI/MBCF with P arallel Applications Kenji Morimoto, T ak ashi Matsumoto, and Kei Hiraki Departmen t of Information Science, F acult y of Science, Univ ersit y of T oky o Abstract W e ev aluated the p erformance of the MPI/MBCF b y executing the NAS P arallel Benc hmarks. The MPI/MBCF is an MPI library implemen ted with the Memory-Based Comm unication F acilities (MBCF) on the SSS{CORE, a general-purp ose massiv ely-parallel op erating system. T o implemen t the MPI/MBCF, Memory-Base d FIF O of the MBCF is used for message bu�ering pro vided b y the MPI library , and R emote Write for comm unication without message bu�ering. This pap er sho ws p erformance ev aluation of the MPI/MBCF on a cluster of w orkstations with parallel applications, and v eri�es whether it is e�ectiv e to construct a message passing library with the MBCF whic h are based on the shared memory mo del. 1 $O$8$a$K J, ;6 %a %b %j 7? JB Ns 7W ;; 5! 4D 6- $G $N DL ?. %b %G %k $H $7 $F!" %a%C %;!< %8 %Q%C %7 %s %0 %b %G %k $H 6& M- %a %b %j %b %G %k $H $, 5s $2 $i $l $k!# %a%C %;!< %8 %Q%C %7 %s %0 %b %G %k $G $O %? %9 %/ $N 4V $K DL ?. O) $r @_ $1!" $3 $N DL ?. O) $K BP $7 $F %a%C %;!< %8 $r send, receiv e $9 $k $3 $H $G DL ?. $r 9T $&!# $3 $N %b %G %k $O %G!< %? $N E> Aw G^ BN $G $" $k %W %m %;%C %5 4V DL ?. %M%C %H %o!< %/ $K Ce L\ $7!" 2> A[ 2= $7 $? $b $N $G $" $k!# 0l J}!" 6& M- %a %b %j %b %G %k $G $O!" %? %9 %/ 4V $G 6& M- $9 $k %" %I %l %9 6u 4V $r @_ $1!" $3 $N %" %I %l %9 6u 4V $K BP $9 $k load, store 1 $K $h $j DL ?. $r 9T $&!# $3 $N %b %G %k $O %W %m %;%C %5 $N A‘ :n $N BP >] $G $" $k %a %b %j 6u 4V $K Ce L\ $7 1 $3 $l $i $N A‘:n $O I, $: $7 $b %^ %7 %s8l L? Na $N load, store $K $h $k :YN3EY%a%b%j%"%/%;%9$r0UL#$9$k$o$1$G$O$J$$!# $F 2> A[ 2= $7 $? $b $N $G $" $j!" !V%a %b %j %Y!< %9!W $N %b %G %k$H8@$($k!# $3 $l $i $N %b %G %k $r DL ?. %b %G %k $H $7 $F 8+ $? >l 9g!" 0l J} $K $h $j B> J} $r %( %_%e %l!< %H 2D G= $G $" $j!" 2 $D $N %b %G %k $O F1 Ey $N I= 8= NO $r ;} $D!# => Mh $O $3 $N 2 $D $N $& $A!" DL ?. 5! G= $H $7 $F %a%C %;!< %8 %Q%C %7 %s %0 %b %G %k $N J} $, 8z N( E* $G $" $k $H $$ $& <g D% $, $J $5 $l!" B? $/ $N DL ?. %i %$ %V %i %j $, %a%C %;!< %8 %Q%C %7 %s %0 %b %G %k $K 4p $E $$ $F <B Au $5 $l $?!# $7 $+ $7!" DL ?. $N :G E, 2= $d 8z N( $N 4Q E@ $+ $i $O!" %W %m %;%C %5 $d MMU $H $$$C $? %a %b %j $r BP >] $H $7 $? %"!< %- %F %/ %A%c $K $h $k %5 %]!< %H $r <u $1 $k $3 $H $N $G $- $k 6& M- %a %b %j %b %G %k $K 4p $E $/ DL ?. 5! G= $N J} $,!"86M}E*$KM%$C$F$$$k [9] !# 2f!9 $O $3 $l $^ $G $N 8& 5f $G!" %a%C %;!< %8 %Q%C %7 %s %0 1

%b %G %k $G $N %W %m %0 %i %_ %s %0 $N $? $a $N I8 =‘ E* $J %i %$ %V %i%j$G$"$k MPI (Message P assing In terface Stan- dard) [3, 4] $r!" 6& M- %a %b %j DL ?. 5! G= $G $" $k %a %b %j %Y!< %9 DL ?. 5! G= (MBCF: Memory-Based Comm u- nication F acilities) [7] $r MQ $$ $F MPI/MBCF $H $7 $F %o!< %/ %9 %F!< %7%g %s %/ %i %9 %? >e $K <B Au $7 $F $- $? [10] !# $3 $N <B Au $N 4p K\ @- G= $N I> 2A $K $h $j!" 6& M- %a %b %j DL ?. 5! G= $r MQ $$ $F %a%C %;!< %8 %Q%C %7 %s %0 DL ?. %i %$ %V%i%j$r<BAu$9$k$3$H$NM%0L@-$r<($7$F$$$k!# K\ 9F $G $O!" JB Ns 7W ;; 5! $N $? $a $N %Y %s %A %^!< %/ $H $7 $F 9- $/ MQ $$ $i $l $F $$ $k NAS P arallel Benc hmarks (NPB) [1, 2] Cf $N %" %W %j %1!< %7%g %s %W %m %0 %i %‘ $r MPI/MBCF >e $G <B 9T $7!" <B %" %W %j %1!< %7%g %s $G $N MPI/MBCF $N@-G=I>2A$r9T$C$?!# K\9F$N9=@.$O0J2<$NDL$j!# 2 >O$G MPI/MBCF $* $h $S $= $N %Y!< %9 $K MQ $$ $? MBCF $K 4X $7 $F @b L@ $7!" $= $l $i$N 4p K\ @- G=$r <( $9!# 3 >O $G NPB $r MQ $$$? @- G=I>2A$N7k2L$r<($7!" 4 >O$G<gD%$r$^$H$a$k!# 2 MPI/MBCF 2.1 %a%b%j%Y!<%9DL?. MBCF MBCF $O%=%U%H%&%’%"$K$h$k1s3V%a%b%j%"%/%;%9 5! G= $G!" 8= :_ Ev 8& 5f << $G 3+ H/ $r ?J $a $F $$ $k HF MQ D6 JB Ns%*%Z%l!<%F%#%s%0%7%9%F%‘ SSS{CORE [6] >e$GDs 6!$5$l$F$$$k!# MBCF $NFCD’$r0J2<$K5s$2$k!# 1. DL?.@h%a%b%j$X$ND>@\E*$JA‘:n$,2DG=$G$"$k 2. J] 8n!& 2> A[ 2= $r %Z!< %8 4I M} 5! 9=!& %" %I %l %9 JQ 49 5!9=$rMQ$$$F<B8=$9$k 3. HFMQ$NDL?.%O!<%I%&%’%"$rMQ$$$k 4. %A%c%M%k%l%9$G$"$k 5. DL?.@h$G$NA‘:n$,9b5!G=$G$"$k 6. DL?.$NE~CeJ]>Z!"=g=xJ]>Z$,$J$5$l$F$$$k MBCF $N 5! G= $N $& $A!" MPI/MBCF $N <B Au $K $O 1s 3V %a %b %j =q $- 9~ $_ $* $h $S %a %b %j %Y!< %9 FIF O $r MQ $$ $F $$ $k!# 1s 3V %a %b %j =q $- 9~ $_ $O %G!< %? $r %j %b!< %H %? %9 %/ $N 2> A[ %" %I %l %9 6u 4V $K D> @\ =q $- 9~ $‘ 5! G= $G $" $k!# %a %b %j %Y!< %9 FIF O $O <u ?. B& %f!< %6 $, <+ J, $N %" %I %l %9 6u 4V $K 3N J] $7 $? NN 0h $r FIF O ( %j %s %0 %P%C %U%! ) $H $7 $F %7 %9 %F %‘ $K DL CN $7!" %j %b!< %H $+ $i $N =q $-9~$_$r2DG=$H$9$k$b$N$G$"$k!# %o!<%/%9%F!<%7%g%s$r 100Base-TX %M%C%H%o!<%/ $K $h $j @\ B3 $7 $? 4D 6- $G $N MBCF $N @- G= $O 0J 2< $N DL $j $G $" $k!# 7W B, $K ;H MQ $7 $? 5! 4o $O!" %N!< %I %o!< %/ %9 %F!<%7%g%s$H $7$F Axil 320 mo del 8.1.1 (Sun SS20 8_495!!" 85 MHz Sup erSP AR C CPU � 1) !"%M%C%H %o!< %/ %$ %s %? %U%’ %$ %9 $H $7 $F 3F %N!< %I %o!< %/ %9 %F!< %7%g %s $K Sun Microsystems F ast Ethernet SBus Adapter 2.0 !" %M%C %H %o!< %/ $H $7 $F SMC Tiger- Stac k 100 5324TX (HUB) $* $h $S Ba y Net w orks Ba yStac k 350T ( %9 %$%C %A %s %0 HUB) $G $" $k!# OS $H $7 $F %o!< %/ %9 %F!< %7%g %s %/ %i %9 %? HG SSS{CORE V er. 1.1 $r;H MQ $7 $?!# 2 %N!< %I 4V$G $N 1s 3V %a %b%j =q $- 9~$_$N one-w a y latency $* $h$S p eak bandwidth $r 7W B, $7!" %G!< %? %5 %$ %: 4 b yte ;~ $N one-w a y la- tency 24.5 � s !" %G!< %?%5 %$ %: 1408 b yte ;~ $N p eak bandwidth 11.48 MByte/s ( H>Fs=E%M%C%H%o!<%/ ) $*$h$S 11.93 MByte/s ( A4Fs=E%M%C%H%o!<%/ ) $H$$ $&7k2L$r F@$?!#$3$l$i$NCM$O 100Base-TX $N%O!<%I %&%’ %" @- G= $r 8z N( NI $/ 0z $- =P $7 $? CM $G $" $j!" @l MQ $N Fb It Aj 8_ 7k 9g LV $r ;} $D MPP $H $[ $\ F1 Ey $N @- G= $r;} $D$3$H$,<($5$l$k [8] !# 2.2 MPI/MBCF $N<BAuJ}<0 %a%C %;!< %8 %Q%C %7 %s %0 Aw ?. $r 9T $& >l 9g!" DL ?. BP >] $H $7 $F ;X Dj $5 $l $k $N $O %? %9 %/ 4V $K @_ $1 $i $l $? DL ?. O) $N $_ $G $" $j!" BP >] %" %I %l %9 6u 4V Fb $G $N <u ?. 0L CV $O ;X Dj $5 $l $J $$!# $3 $N $? $a %a%C %;!< %8 %Q%C %7 %s %0 DL ?. %7 %9 %F %‘ $G $O!" Aw ?. B& $O %G!< %? $r 0l C6 Aw ?. B& $J $$ $7 $O <u ?. B& $K @_ $1 $? 8G Dj %P%C %U%! $K E> Aw $7!" BP 1~ $9 $k <u ?. $, H/ 9T 8e $K 2~ $a $F $3 $N %P%C %U%! $+ $i <u ?. MQ NN 0h $K %G!< %? $r %3 %T!< $9 $k!# $7 $+ $7!" <u ?. $, Aw ?. $K @h 9T $9 $k >l 9g $K $O!" <u ?. B& $O $" $i $+ $8 $a <u ?. 0L CV $r Aw ?. B& $K DL CN $9 $k $3 $H $, 2D G= $G $" $k!# $3 $N >p Js $r Mx MQ $9 $k $3 $H $G!" 6& M- %a %b %j DL ?. %7 %9 %F %‘ $G $O Aw ?. B& $O %G!< %?$r<u?.MQNN0h$XD>@\=q$-9~$‘$3$H$,2DG=$H$J$k!# MPI/MBCF $N <B Au $G $O!" MBCF $N 1s 3V %a %b %j =q $- 9~ $_ $K $h $j <u ?. B& $+ $i $N DL CN ( Aw ?. MW 5a ) $, $" $k >l 9g$N Aw ?.A‘ :n$r!" %a %b%j %Y!<%9 FIF O $K $h$j Aw ?. MW 5a $, $J $$ >l 9g $N ( 8G Dj %P%C %U%! $X $N ) Aw ?. A‘ :n $r <B 8= $9 $k $3 $H $K $h $j!" 9b B. $J %a%C %;!< %8 %Q%C %7 %s %0 DL ?. %i %$ %V %i %j $r Ds 6! $9 $k!# 6q BN E* $K $O!" Aw ?. 5/ F0 4X ?t$O0J2<$N$h$&$K<BAu$5$l$k!# 1. <u ?. B& $+ $i $N Aw ?. MW 5a $r D4 $Y $k!# Aw ?. $H BP 1~ $9 $k $b $N $, $" $l $P 1s 3V %a %b %j =q $- 9~ $_ $K $h $j <u ?. %P%C %U%! $X %G!< %? $r E> Aw $7!" =* N;!# BP 1~ $9 $k $b $N$,$J$1$l$P 2 $X!# 2. <u?.B&$N%a%b%j %Y!<%9 FIF O $K BP$7%a%C%;!<%8 ( %X%C%@$*$h$S%G!<%? ) $rE>Aw$7!"=*N;!# <u?.5/F04X?t$O0J2<$N$h$&$K<BAu$5$l$k!# 1. ( @h 9T $9 $k <u ?. $N 2 $N %9 %F%C %W $K $* $$ $F ) %a %b %j%Y!< %9 FIF O $+$i4{ $K<h$j9~$^$l$?%a%C %;!< 2

%8 $N %j %9 %H $r D4 $Y $k!# <u ?. $H BP 1~ $9 $k $b $N $, $" $l $P %j %9 %H $+ $i <u ?. %P%C %U%! $X %G!< %? $r %3 %T!< $7!"=*N;!#BP1~$9$k$b$N$,$J$1$l$P 2 $X!# 2. %a %b%j%Y!<%9 FIF O $+$i%X%C%@$r<h$j 9~$_!"<u ?. $H $N BP 1~ $r D4 $Y $k!# BP 1~ $9 $k $J $i $P %G!< %? $r FIF O $+ $i <u ?. %P%C %U%! $X <h $j 9~ $_!" =* N;!# BP 1~$7 $J$$$J $i$P ( %X%C%@ $rIU2C$7 $D$D ) %G!<%? $r %j%9%H $K<h$j9~ $_!" 2 $X!# FIF O $, 6u$J$i$P 3 $X!# 3. Aw?.B&$KAw?.MW5a$rAw$j!"=*N;!# Aw ?. MW 5a $N 4I M} $K $O %a %b %j %Y!< %9 FIF O $r MQ $$ $k!# %a%C %;!< %8 $H Aw ?. MW 5a $H $N :. :_ $r KI $0 $? $a!" $3 $l $i $O JL!9 $N FIF O $K 3J G< $5 $l $k 2 !# $5 $i $K!" 0[ $J $k MPI %W %m %; %9 $+ $i $N %a%C %;!< %8!& Aw ?. MW 5a $N :. :_ $r KI $0 $? $a $K!" MPI %W %m %; %9 ?t n $K BP $7 $F 2 n 8D$N%a%b%j%Y!<%9 FIF O $rMQ$$$k!# %a%C %;!< %8 $H Aw ?. MW 5a $K $O $= $l $> $l DL $7 HV 9f $r IU M? $7!" Aw ?. MW 5a $, :G ?7 $N %a%C %;!< %8 E~ Ce >u 67 $r H? 1G $7 $F $$ $k $+ $I $& $+ $r Aw ?. B& $K $* $$ $F D4 $Y $k!# $3 $l $K $h $j!" BP 1~ $9 $k %a%C %;!< %8 $H Aw ?. MW 5a $H $, F1 ;~ $K H/ 9T $5 $l $? >l 9g $K $O!" Aw ?. B& $K $* $$ $F Aw ?. MW 5a $r 4~ 5Q $7!" Aw ?. $H <u ?. $H $r @5 $7 $/ BP 1~ $5 $; $k $3 $H $r 2D G= $H $9$k 3 !# 2.3 MPI/MBCF $N4pK\@-G= 2.1 @a $H F1 MM $N %o!< %/ %9 %F!< %7%g %s %/ %i %9 %? 4D 6- $K $*$$ $F MPI/MBCF $N 4p K\@- G= round-trip time $*$h$S p eak bandwidth $rB,Dj$7$?!# round-trip time $O 2 $D $N ( 0[ $J $k %N!< %I >e $N ) MPI %W%m%;%9 $N4V$r %a%C%;!<%8$, 1}I|$9 $k$N$KMW $9 $k ;~ 4V $G $" $k!# 2 $D $N %W %m %; %9 $O 3F!9 A0 $b$C $F %N %s %V %m%C %- %s %0 <u ?. MPI_Irecv() $r 5/ F0 $7!" 0l J} $O MPI_Send() ( %V %m%C %- %s %0 Aw ?. ), MPI_Wait() ( <u ?. 40 N; BT $A ) $r!" B> J} $O MPI_Wait() , MPI_Send() $r <B 9T$9 $k!# I= 1 $K!"A0 <T $N %W %m%; %9 $K $*$1 $k Aw ?. $N 3+ ;O $+ $i <u ?. $N 40 N; $^ $G $r round-trip time $H $7 $FB,Dj$7$?7k2L$r<($9!# p eak bandwidth $O 2 $D $N ( 0[ $J $k %N!< %I >e $N ) MPI %W%m%;%9 $N4V$G!" 0lJ}$+$i B>J}$X O"B3E*$K %a%C %;!< %8 $r E> Aw $7 $? :] $N E> Aw %P %s %I I} $G $" $k!# H> Fs =E 2 %a%b %j%Y!<%9 FIF O $O%f!<%6 $N%"%I%l %96u4V$K J#?t8D@_ $1$k $3$H$,2DG=$G$"$k!# 3 Aw ?. MW 5a $O 4~ 5Q $5 $l $k 2D G= @- $, $" $k $? $a!" Aw ?. MW 5a $r =P $7 $? <u ?. $N A4 $F $, I, $: 1s 3V %a %b %j =q $- 9~ $_ $K $h $j %G!< %? $r <u $1 <h $k $H $O8B $i$J $$!#$h$C $F!"<u?. A‘:n $N 2 $K$* $$$F%a %b%j %Y!<%9 FIF O $+ $i <h $j 9~ $^ $l $? %X%C %@ $O $^ $:!" 0J A0 $K H/ 9T $5 $l $? %Z %s %G%# %s %0 $J<u?.$N%j%9%H$KBP$7$FHf3S$5$l$kI,MW$,$"$k!# %M%C %H %o!< %/ $* $h $S A4 Fs =E %M%C %H %o!< %/ >e $G B, Dj $7 $? p eak bandwidth $rI= 2 $K<($9!# K\ @a $K <( $7 $? MPI/MBCF $N @- G= $O 2.1 @a $K <( $7 $? MBCF $N @- G= $K 6a $$ CM $H 8@ $(!" MPI $r <B 8= $9 $k $? $a $N %*!< %P %X%C %I $, >. $5 $$ $3 $H $, J, $+ $k!# FC $K!" MPI/MBCF $K $h$kDL?.$O!"Dc%l%s%F%s%7$G!" $+$D!"%a%C%;!<%8%5%$%:$KBP$9$k bandwidth $NN)$A >e $, $j $, 1T $$ $? $a!" :Y N3 EY DL ?. $, I, MW $J %" %W %j %1!< %7%g %s $d DL ?. $N E} 9g $, =< J, $K $J $5 $l $F $$ $J $$ %" %W %j %1!< %7%g %s $K $* $$ $F $b DL ?. 8z N( $r J] $D $3 $H $, 2D G= $G $"$k$3$H$,<($5$l$k!# 3 NAS P arallel Benc hmarks $K $h $k @-G=I>2A 3.1 NAS P arallel Benc hmarks NAS P arallel Benc hmarks (NPB) $O!" NASA Ames Researc h Cen ter $K $* $$ $F 3+ H/ $5 $l $? 9R 6u NO 3X ?t CM %7 %_%e %l!< %7%g %s %W %m %0 %i %‘ $r 4p $K $7 $?!" JB Ns 7W ;; 5! 8~ $1 $N %Y %s %A %^!< %/ $G $" $k!# Ld Bj $H $= $l $r 2r $/ %" %k %4 %j %: %‘!" Ld Bj %5 %$ %: $N %/ %i %9!" %W %m %0 %i %_ %s %0 %b %G %k $r Dj $a $? NPB 1.0 [1] $H!" MPI $r MQ $$ $? <B :] $N %W %m %0 %i %‘ $r Ds 6! $9 $k NPB 2.x [2] $H $, $" $k!# 0J 2< $N 5 $D $N %+!< %M %k %W %m %0 %i %‘ $* $h $S 3 $D $N 7W ;; N. BN NO 3X (CFD) %" %W %j %1!< %7%g %s $+ $i $J$C$F$$$k!# � %+!<%M%k EP >h;;9gF1K!$K$h$k@55,Mp?t$N@8@. MG 4J N, 2= $5 $l $? %^ %k %A %0 %j%C %I K! $K $h $k 3 <!85%]%"%=%sJ}Dx<0$N2rK! CG 6& Lr 8{ G[ K! $K $h $k @5 CM BP >N AB 9T Ns $N :G >. 8GM-CMLdBj$N2rK! FT 9bB.%U!<%j%(JQ49$K$h$k 3 <!85JPHyJ,J}Dx <0$N2rK! IS Bg5,LO@0?t%=!<%H � CFD LU Symmetric SOR $K$h$k LU J,2r SP HsM%0LBP3Q$J%9%+%i8^=EBP3QJ}Dx<0$N2rK! BT HsM%0LBP3Q$J 5 � 5 %V%m%C%/%5%$%:$N;0=E BP3QJ}Dx<0$N2rK! NPB 2.x $G$O IS $N$_ C + MPI $G!" IS 0J30$O F or- tran90 + MPI $G 5-=R $5$l $F$$ $k!# 8 $D$N LdBj $=$l $>$l $K4X$7$FLdBj%5 %$%:$,>.$5$$ J}$+$i=g$K class S ( %5%s%W%k ) !" class W ( >.5,LO%o!<%/%9%F!<%7%g%s%/ 3

I= 1: 100Base-TX $K$*$1$k MPI/MBCF $N round-trip time message size (b yte) 0 4 16 64 256 1024 4096 round-trip time ( � s) 71 85 85 106 168 438 1026 I= 2: 100Base-TX $K$*$1$k MPI/MBCF $N p eak bandwidth message size (b yte) 4 16 64 256 1024 4096 16384 65536 262144 1048576 H>Fs=E (Mb yte/s) 0.14 0.53 1.82 4.72 8.08 9.72 10.15 9.78 9.96 10.00 A4Fs=E (Mb yte/s) 0.14 0.57 1.90 5.33 10.22 11.68 11.77 11.85 11.85 11.86 %i %9 %? 8~ $1 ) !" class A ( Cf 5, LO %o!< %/ %9 %F!< %7%g %s %/ %i %9 %? 8~ $1 ) !" class B ( Cf 5, LO JB Ns 7W ;; 5! 8~ $1 ) !" class C ( Bg5,LOJBNs7W;;5!8~$1 ) $H$$$&%/%i%9J,$1$, $J$5$l$F$$$k!# 3.2 I>2A4D6- 2.1 @a $* $h $S 2.3 @a $H F1 MM $N %o!< %/ %9 %F!< %7%g %s %/%i%9%?4D6-$G!" SSS{CORE >e$N MPI/MBCF $r MQ$$ $F NPB Rev. 2.3 $r<B 9T$7!" %o!<%/ %9%F!< %7%g %s $N Bf ?t $r JQ 2= $5 $; $F <B 9T ;~ 4V $r B, Dj $7 $?!# %M%C %H %o!< %/ $K $O %9 %$%C %A %s %0 HUB $r MQ $$ $?!# Hf 3S $N $? $a!" F1 0l $N 5! 4o $N >e $G SunOS 4.1.4 >e $N MPICH V er. 1.1 [5] $r MQ $$ $? >l 9g $N <B 9T ;~ 4V $r B, Dj $7 $?!# MPICH $O Argonne National Lab oratory $* $h $S Mississippi State Univ ersit y $K $* $$ $F 3+ H/ $5 $l $? MPI $N <B Au $G!" %o!< %/ %9 %F!< %7%g %s %/ %i %9 %? $K BP $9 $k <B Au $G $O TCP %= %1%C %H $K $h $k DL ?. $r 9T$C $F $* $j!" %a%C %;!< %8 %Q%C %7 %s %0 DL ?. 5! G= $r MQ $$ $? <B Au $H$J$C$F$$$k!# %3 %s %Q %$ %i $H $7 $F gcc-2.7.2.3 $* $h $S g77-0.5.21 $r MQ $$ $?!# 8 $D $N Ld Bj $N $& $A FT $N %W %m %0 %i %‘ $O g77 $G $O %3 %s %Q %$ %k $G $- $J $$ $? $a :# 2s $N I> 2A $N BP >] $+$i>J$$$?!# Ld Bj %5 %$ %: $H $7 $F class W $r MQ $$ $?!# $3 $l $O!" class A $N %W %m %0 %i %‘ $,!" SSS{CORE >e $G $O F0 :n $7$? $b$N$N SunOS 4.1.4 >e$G$O %a%b%jIT B-$K$h$j <B 9T$G$-$J$+$C$?$?$a$G$"$k!# 3.3 I>2A7k2L $^$: I= 3 $K!" 7 $D$N%Y %s%A%^!< %/%W %m%0%i %‘$NFC @-$r<($9!#$3$l$i$O MPI/MBCF $N%=!<%9Cf$K7W?t %3!< %I $rA^ F~ $7!" %N!< %I?t 8 (SP , BT $O 9) $N>r 7o $N 2< $G %W %m %0 %i %‘ $r <B 9T $7!" B, Dj $7 $? $b $N $G $" $k!# I= $N 9‘ L\ $N $& $A!" DL ?. %G!< %? %l!< %H $O MPI 4X ?t $K $h$C $F Aw ?. $5 $l $? %G!< %? $N %P %$ %H ?t ( %X%C %@ It J, $O =| $/ ) $r A4 %N!< %I $K 4X $7 $F 9g 7W $7!" <B 9T ;~ 4V $G 3d$C $? $b $N $G $" $k!# DL ?. %a%C %;!< %8 %l!< %H $O Aw ?. $5 $l $? %a%C %;!< %8 $N 8D ?t $r A4 %N!< %I $K 4X $7 $F 9g 7W $7!" <B 9T ;~ 4V $G 3d$C $? $b $N $G $" $k!# 1s 3V %a %b %j =q $- 9~ $_ Mx MQ N( $O!" A4 %N!< %I $+ $i Aw ?. $5 $l $? %G!< %? $N $& $A!" BP 1~ $9 $k <u ?. $, @h 9T $7 $F $$ $? $? $a $K MBCF $N 1s 3V %a %b %j =q $- 9~ $_ $K $h $j E> Aw $5 $l $? $b $N $N %G!< %? NL ( %P %$ %H?t ) $N3d9g$G$"$k!# I= 4 $K EP $N<B9T7k2L$r<($9!# 2 26 8D$NMp?t$r 5a $a $F $$ $k!# EP $G $O DL ?. $O <B 9T 7k 2L $N :G =* E* $J <} =8 $K $* $$ $F $N $_ H/ @8 $7!" <B 9T ;~ 4V $N $[ $H $s $I $O Ib F0 >. ?t E@ ?t $N 1i ;; $G $" $k!# $3 $N $? $a!" $3 $N 7k 2L $O DL ?. @- G= $G $O $J $/ %o!< %/ %9 %F!< %7%g %s $N Ib F0 >. ?t E@ ?t 1i ;; @-G=$rI=$7$F$$$k$H8@$($k!# I= 4: NPB EP $N<B9T;~4V ( C10L : sec) %N!<%I?t 1 2 4 8 MPI/MBCF 121.04 60.53 30.26 15.14 (sp eed-up) (1.00) (2.00) (4.00) (7.99) MPICH 125.56 60.61 32.13 16.25 (sp eed-up) (1.00) (2.07) (3.91) (7.73) I= 5 $K MG $N <B 9T 7k 2L $r <( $9!# Ld Bj %5 %$ %: $O 64 � 64 � 64 !" %$ %F %l!< %7%g %s ?t $O 40 $G $" $k!# J, 3d 6- 3& $G $N %G!< %? $N $d $j $H $j $N $? $a!" ?t I4 b yte $+ $i ?t Kb yte Dx EY $N %a%C %;!< %8 $N 1 BP 1 DL ?. $, Hs >o $K IQ HK $K <B 9T $5 $l $k!# $3 $N $? $a!" %a%C %;!< %8 %5 %$ %: $, >. $5 $$ >l 9g $K $b 8z N( NI $/ DL ?. $r 9T $& $3 $H $N $G $- $k MPI/MBCF $, MPICH $K Bg $- $/ M%$C $F $$ $k!# $[ $\ A4 $F $N <u ?. 4X ?t $K $* $$ $F Aw ?. 85 $H $7 $F %o %$%k%I%+!<%I MPI_ANY_SOURCE $,;XDj$5$l$F$$$k$? $a!" MPI/MBCF $K$* $$$FAw?.MW5a$rH/9T$9$k$3$H $, $G $- $:!" 1s 3V %a %b %j =q $- 9~ $_ $N Mx MQ $, K8 $2 $i $l $F 4

I= 3: NPB %Y%s%A%^!<%/%W%m%0%i%‘$NFC@- %W%m%0%i%‘ EP MG CG IS LU SP BT DL?.%G!<%?%l!<%H (MByte/s) 0.00 9.68 12.69 13.58 1.89 7.83 5.32 DL?.%a%C%;!<%8%l!<%H ( 8D /s) 4 4670 2138 466 1199 421 488 1s3V%a%b%j=q$-9~$_MxMQN( (%) 51.10 0.01 53.33 99.22 13.37 49.01 47.24 $$ $k!# Aw ?. 85 $r @E E* $K ;X Dj $9 $k $h $& $K %W %m %0 %i %‘ $r =q$-49$($k$3$H$K $h$j MPI/MBCF $G$O$5$i$J$k@- G=8~>e$,8+9~$^$l$k!# I= 5: NPB MG $N<B9T;~4V ( C10L : sec) %N!<%I?t 1 2 4 8 MPI/MBCF 39.16 22.61 14.36 7.48 (sp eed-up) (1.00) (1.73) (2.73) (5.24) MPICH 38.81 31.30 21.01 13.72 (sp eed-up) (1.00) (1.24) (1.85) (2.83) I= 6 $K CG $N <B 9T 7k 2L $r <( $9!# Ld Bj %5 %$ %: $O 7000 !" %$ %F %l!< %7%g %s ?t $O 15 $G $" $k!# %j %@ %/ %7%g %sA‘:n$N$?$a$N =8CDDL?.$r 1 BP 1 DL?.4X?t$G5-=R$7 $?%a%C%;!<%8%5%$%:?t== Kb yte DxEY$NDL?.!"$*$h$S F1$8$/%a%C%;!<%8 %5%$%:?t== Kb yte DxEY$N DL>o$N 1 BP 1 DL?.$,<B9T$5$l$k!#DL?.$NIQEY$O MG $[$I9b$/ $O$J$/!"$^$?!"%a%C%;!<%8$N%5%$%:$, MG $h$jBg$- $$ $? $a!" MPICH $N @- G= $O MG $G $N $b $N $h $j 8~ >e $7$F$$$k!#$5$i$K MPI/MBCF $G$O!"1s3V%a%b%j=q $- 9~ $_ $r A4 %G!< %? $N H> J, 0J >e $K BP $7 $F E, MQ $9 $k $3 $H $GDL?.$N8zN($r>e$2$F$$$k$3$H$,J,$+$k!# I= 6: NPB CG $N<B9T;~4V ( C10L : sec) %N!<%I?t 1 2 4 8 MPI/MBCF 69.05 35.99 20.40 11.02 (sp eed-up) (1.00) (1.92) (3.38) (6.27) MPICH 68.75 40.01 27.79 14.59 (sp eed-up) (1.00) (1.72) (2.47) (4.71) I= 7 $K IS $N<B9T7k2L$r<($9!# 2 20 8D$N@0?t$N%=!< %H$r 10 %$%F%l!<%7%g%s9T$C$F$$$k!#3F%$%F%l!<%7%g %s$G 1 Mb yte DxEY$N%a%C%;!<%8$rA4BPA4$N=8CDDL?. 4X ?t $K $h $j 8r 49 $7 $F $$ $k!# 3F %N!< %I $G $N 7W ;; ;~ 4V $, C; $$ $? $a!" Bf ?t $, A} $( $k $K $D $l $3 $N =8 CD DL ?. $N ;~ 4V $,;YG[E*$H$J$k$,!" MPI/MBCF $G$O=8CDDL?.4X?t $r <u ?. 5/ F0 $, @h 9T $9 $k $h $& $K <B Au $9 $k $3 $H $K $h $j 8z N(E*$KDL?.$r9T$C$F$$$k$3$H$,<($5$l$k!# I= 7: NPB IS $N<B9T;~4V ( C10L : sec) %N!<%I?t 1 2 4 8 MPI/MBCF 10.05 6.33 4.39 3.02 (sp eed-up) (1.00) (1.59) (2.29) (3.33) MPICH 10.25 7.09 5.61 4.81 (sp eed-up) (1.00) (1.45) (1.83) (2.13) I= 8 $K LU $N<B9T7k2L$r<($9!#LdBj%5%$%:$O 33 � 33 � 33 !"%$%F%l!<%7%g%s?t$O 300 $G$"$k!#%a%C%;!< %8 %5 %$ %: ?t I4 b yte Dx EY $N 1 BP 1 DL ?. $G %G!< %? $r $d $j $H $j $7 $F $$ $k!# %a%C %;!< %8 %5 %$ %: $O >. $5 $$ $b $N $NDL?.IQEY$,9b$/$J$$$?$a!" MPI/MBCF, MPICH $H $b $K Bf ?t 8z 2L $, =P $F $$ $k!# LU $K $* $$ $F $b <u ?. 4X ?t$NAw?.85;XDj$K MPI_ANY_SOURCE $,MQ$$$i$l$F$* $j!" MPI/MBCF $G$N 1s3V%a%b%j=q$-9~$_$NMxMQ$N 5!2q$r8:$i$7$F$$$k!# I= 8: NPB LU $N<B9T;~4V ( C10L : sec) %N!<%I?t 1 2 4 8 MPI/MBCF 1004.24 527.69 286.45 160.36 (sp eed-up) (1.00) (1.90) (3.51) (6.26) MPICH 1081.51 611.92 320.70 185.04 (sp eed-up) (1.00) (1.77) (3.37) (5.84) I= 9 $K SP $N<B9T7k2L$r<($9!#LdBj%5%$%:$O 36 � 36 � 36 !"%$%F%l!<%7%g%s?t$O 400 $G$"$k!#%a%C%;!< %8 %5 %$ %: ?t == Kb yte Dx EY $N 1 BP 1 DL ?. $, 8F $P $l $k!# DL ?. $N IQ EY $O Dc $/!" DL ?. %Q %?!< %s $, <u ?. @h 9T $H $J$C$F$$$k $?$a!"FC$K MPI/MBCF $GBg$-$JBf?t8z 2L$rF@$F$$$k!# I= 10 $K BT $N <B 9T 7k 2L $r <( $9!# Ld Bj %5 %$ %: $O 24 � 24 � 24 !" %$ %F %l!< %7%g %s ?t $O 200 $G $" $k!# ?t Kb yte $+$i?t== Kb yte DxEY$N%a%C%;!<%8$r 1 BP 1 DL ?. $G $d $j $H $j $7 $F $$ $k!# SP F1 MM DL ?. $N IQ EY $, Dc $/!" DL ?. %Q %?!< %s $, <u ?. @h 9T $H $J$C $F $$ $k $? $a!" MPI/MBCF $GBg$-$JBf?t8z2L$rF@$F$$$k!# A4%W%m%0 %i%‘$rDL$8$F!" MPI/MBCF $K$h$k<B9T 5

I= 9: NPB SP $N<B9T;~4V ( C10L : sec) %N!<%I?t 1 4 9 MPI/MBCF 1256.45 342.84 154.91 (sp eed-up) (1.00) (3.66) (8.11) MPICH 1391.16 475.27 231.66 (sp eed-up) (1.00) (2.93) (6.01) I= 10: NPB BT $N<B9T;~4V ( C10L : sec) %N!<%I?t 1 4 9 MPI/MBCF 616.73 155.17 67.30 (sp eed-up) (1.00) (3.97) (9.16) MPICH 627.29 214.14 96.02 (sp eed-up) (1.00) (2.93) (6.53) 8zN( $, MPICH $N <B9T8z N($r>e 2s$C$F$$ $k!#FC$K!" >. $5 $J %a%C %;!< %8 $r IQ HK $K DL ?. $7 9g $& >l 9g (MG) $K $O MPICH $, %*!< %P %X%C %I $N Bg $- $5 $+ $i @- G= $r Bg $- $/ Mn $H $9 $? $a!" DL ?. %Q %?!< %s $, <u ?. @h 9T $H $J $k >l 9g (CG, IS, SP , BT) $K $O MPI/MBCF $, 1s 3V %a %b %j =q $- 9~ $_ $r MQ $$ $F 8z N( NI $/ DL ?. $r 9T $& $? $a!" MPI/MBCF $H MPICH $H $N :9 $, Bg $- $/ $J$C $F $$ $k!# 4 $^$H$a Dc %3 %9 %H!& 9b 5! G= $J 6& M- %a %b %j DL ?. 5! G= $G $" $k %a %b %j %Y!< %9 DL ?. $r MQ $$ $F <B Au $5 $l $? MPI %i %$ %V %i %j MPI/MBCF $N @- G= $r!" 100Base-TX $G @\ B3 $5 $l $? %o!< %/ %9 %F!< %7%g %s %/ %i %9 %? >e $G JB Ns %" %W %j %1!< %7%g %s NAS P arallel Benc hmarks $N <B 9T $K $h $j I> 2A $7 $?!# %a%C %;!< %8 %Q%C %7 %s %0 DL ?. 5! G= $r MQ $$ $?<BAu$H$NHf3S$+$i MPI/MBCF $N8zN($NNI$5$,<( $5 $l $?!# FC $K!" DL ?. %a%C %;!< %8 %5 %$ %: $, >. $5 $J %" %W %j %1!< %7%g %s $d!" <u ?. $N H/ 9T $, BP 1~ $9 $k Aw ?. $N H/ 9T $K @h 9T $9 $k DL ?. %Q %?!< %s $N %" %W %j %1!< %7%g %s $K $* $$ $F MPI/MBCF $,8zN(NI$/DL ?.$r9T$($k$3$H$,<B>Z $5 $l $?!# 0J >e $N 7k 2L $+ $i!" 6& M- %a %b %j DL ?. 5! G= $G $" $k %a %b %j %Y!< %9 DL ?. $r %a%C %;!< %8 %Q%C %7 %s %0 DL ?. %i %$ %V %i %j $N %Y!< %9 $H $7 $F MQ $$ $k $3 $H $N M- 8z @- $, <( $5 $l$?!# :# 2s $N <B 83 $G $N Hf 3S $O!" HF MQ %O!< %I %&%’ %" $r MQ $$ $? A4 $/ F1 0l $N 5! 4o $N >e $G 9T $o $l $? $b $N $G $" $j!" %* %Z %l!< %F%# %s %0 %7 %9 %F %‘ $* $h $S DL ?. %i %$ %V %i %j $r 8z N( $N NI $$ $b $N $H $9 $k $3 $H $G <B %" %W %j %1!< %7%g %s $K JQ 99 $r 2C $( $k $3 $H $J $/ $= $N <B 9T 8z N( $r 2~ A1 $9 $k $3 $H $, 2D G= $G $" $k $3 $H $r <( $7 $F $$ $k!# $3 $N $3 $H $O $5 $i $K!" @l MQ $N DL ?. %O!< %I %&%’ %" $r F3 F~ $9 $k $3 $H $J $/ %o!< %/ %9 %F!< %7%g %s %/ %i %9 %? $r 9= C[ $9 $k $3 $H $N M- 8z @- $r <( $9 $b$N$G$"$k!# <U<- K\ 8& 5f $N 0l It $O >p Js =h M} ?6 6= ;v 6H 2q (IP A) $, <B ;\ $7 $F $$ $k FH AO E* >p Js 5; =Q 0i @. ;v 6H!" $* $h $S ?7 >p Js =h M}3+H/5!9= (R W CP) $N;Y1g$r<u$1$?!# ;29MJ88% [1] D. Bailey and et al. The NAS parallel b enc h- marks. T ec hnical Rep ort RNR-94-007, NASA Ames Researc h Cen ter, Marc h 1994. http: //www.nas.nasa.gov/NAS/NPB/ . [2] D. Bailey and et al. The NAS parallel b enc h- marks 2.0. T ec hnical Rep ort NAS-95-020, NASA Ames Researc h Cen ter, Decem b er 1995. http: //www.nas.nasa.gov/NAS/NPB/ . [3] Message P assing In terface F orum. MPI: A Message-Passing In terface Standard. http:// www.mcs.anl.gov/mpi/ , Ma y 1995. [4] Message P assing In terface F orum. MPI-2: Ex- tensions to the Message-P assing In terface. http: //www.mpi-forum.org/ , July 1997. [5] W. Gropp, E. Lusk, N. Doss, and A. Skjellum. A High-Performance, Portable Implemen tation of the MPI Message-Passing In terface Standard. Par al lel Computing , V ol. 22, No. 6, pp. 789{828, Septem b er 1996. [6] >>K\>0 , 8EAq?J0l , J?LZ7I . HFMQJBNs%*%Z%l!<%F%#%s%0 %7 %9 %F %‘ SSS{CORE $N ;q 8; 4I M} J} <0 . F| K\ %= %U %H %&%’ %"2J3X2q Bh 11 2sBg 2qO@J8 =8 , pp. 13{16, Octo- b er 1994. [7] >> K\ >0 , 6p Mr >f ?M , 12 86 LP , C] 2, >0 ;0 , J? LZ 7I . HF MQ D6 JB Ns %* %Z %l!< %F%# %s %0 %7 %9 %F %‘!’ SSS{CORE | %o!< %/ %9 %F!< %7%g %s %/ %i %9 %? $K $* $1 $k <B 8= |. >p Js =h M} 3X 2q 8& 5f Js 9p 96-OS-73, V ol. 96, No. 79, pp. 115{120, August 1996. [8] >> K\>0 , J? LZ7I . 100BASE-TX $K$h $k%a %b%j %Y!<%9 DL ?.$N@- G=I>2A . %3%s %T%e!<%?%7 %9%F%‘ %7%s%] %8%&%‘ O@J8=8 , pp. 101{108, No v em b er 1997. [9] >> K\ >0 , J? LZ 7I . 6& M- %a %b %j vs. %a%C %7!< %8 %Q%C %7 %s %0 . >p Js=hM} 3X2q 8&5fJs 9p 97-AR C-126, V ol. 97, No. 102, pp. 85{90, Octob er 1997. [10] ?9 K\ 7r ;J , >> K\ >0 , J? LZ 7I . %a %b %j %Y!< %9 DL ?. $r MQ $$ $? 9b B. MPI $N <B Au J} <0 . JB Ns =h M} %7 %s %] %8 %& %‘ JSPP’98 O@J8=8 , pp. 191{198, June 1998. 6