%a%b%j%Y!<%9DL?.$rMQ$$$?9bB. MPI $N<BAuJ}<0 ?9K\ 7r;J >>K\ >0 J?LZ 7I f morimoto, tm, hiraki g @is.s.u-tokyo.ac.jp El5~Bg3XBg3X1!M}3X7O8&5f2J>pJs2J3X@l96 35MW %a%b%j%Y!<%9DL?.$N5!G=$G$"$k1s3V%a%b%j=q$-9~$_$H%a%b%j%Y!<%9 FIF O $rMQ$$$F!" MPI (Message P assing In terface) $NDL?.5!G=$r<BAu$7$?!#%a%b%j %Y!<%9DL?.$OHFMQD6JBNs%*%Z%l!<%F%# %s%0%7%9%F%‘ SSS{CORE $K $* $$ $F 6& M- %a %b %j $r <B 8= $9 $k DL ?. 5! G= $G $" $k!# $3 $N 5! G= $N $& $A!" 1s 3V %a %b %j =q $- 9~ $_ $K $h $j %a%C %;!< %8 $N %P%C %U%! %j %s %0 $r I, MW $H $7 $J $$ DL ?. $r <B 8= $7!" %a %b %j %Y!< %9 FIF O $K $h $j %i %$ %V %i %j $K 5a $a $i $l $k %a%C %;!< %8 $N %P%C %U%! %j %s %0 $r <B 8= $7 $?!# $3 $N <B Au $N @- G= $r %o!< %/ %9 %F!< %7%g %s %/ %i %9 %? >e $G I> 2A $7!" 6& M- %a %b %j $r <B 8= $9 $kDL?.5!G=$G$"$k%a%b%j%Y!<%9DL?.$rMQ$$$F%a%C%;!<%8%Q%C%7%s%0$r9=C[$9$k$3$H$NM-8z@-$r8!>Z$9$k!# Implemen tation of high p erformance MPI with the Memory-Based Comm unication F acilities Kenji Morimoto, T ak ashi Matsumoto, and Kei Hiraki Departmen t of Information Science, F acult y of Science, Univ ersit y of T oky o Abstract W e implemen ted comm unication functions of the MPI (Message P assing In terface) standard, us- ing R emote Write and Memory-Base d FIF O of the Memory-Based Comm unication F acilities. The Memory-Based Comm unication F acilities realize the shared memory mo del on the SSS{CORE, a gen- eral purp ose massiv ely parallel op erating system. Among those facilities, R emote Write is used for comm unication without message bu�ering, and Memory-Base d FIF O for message bu�ering pro vided b y the MPI library . This pap er sho ws ev aluation of the implemen tation on a cluster of w orkstations, and v eri�es whether it is e�ectiv e to construct a message passing library with the Memory-Based Comm unication F acilities based on the shared memory mo del. 1 $O$8$a$K J, ;6 %a %b %j 7? JB Ns 7W ;; 5! 4D 6- $G $N %W %m %0 %i %_ %s %0 %Q %i %@ %$ %‘ $H $7 $F!" 6& M- %a %b %j %b %G %k $H %a%C %;!< %8 %Q%C %7 %s %0 %b %G %k $H $, 9- $/ MQ $$ $i $l $F $$ $k!# 6& M- %a %b %j %b %G %k $G $O %? %9 %/ 4V $G 6& M- $5 $l $k %" %I %l %9 6u 4V $, B8 :_ $7!" %? %9 %/ 4V $N DL ?. $O $3 $N 6& M- $5 $l $? %" %I %l %9 6u 4V $X $N load, store 1 $K $h$C $F 9T $o $l$k!# 0l J}!" %a%C %;!< %8 %Q%C %7 %s %0 %b %G %k $G $O %? %9 %/ $N 4V $K L@ <( E* $J DL ?. O) $r @_ $1!" $3 $N DL ?. O) $K BP $7 $F DL ?. $9 $Y $- %a%C %;!< %8 $r send, receiv e $9 $k $3 $H $G DL ?. $, 9T $o 1 $3 $l $i $O I, $: $7 $b %^ %7 %s L? Na %l %Y %k $N :Y N3 EY $N %a %b %j %" %/ %; %9$r0UL#$9$kLu$G$O$J$$!# $l$k!# $3 $l $i 2 $D $N %b%G %k $O 0lJ} $K $h $j B>J} $r <B 8=2D G= $G $" $k $,!" %i %$ %V %i %j $H $7 $F Ds 6! $5 $l <B 8= $, MF 0W $G $" $k %a%C %;!< %8 %Q%C %7 %s %0 %b %G %k $, $3 $l $^ $G $N $H $3 $m B? $/ MQ $$ $i $l $F $$ $k!# $7 $+ $7!" %W %m %0 %i %_ %s %0 %b %G %k $H $7 $F $G $O $J $/ %7 %9 %F %‘ ( %O!< %I %&%’ %" $* $h $S %* %Z %l!< %F%# %s %0 %7 %9 %F %‘ ) $, Ds 6! $9 $k 5! G= $H $7 $F 9M $( $? >l 9g!" DL ?. $N :G E, 2= $d 8z N(!" =@ Fp @- $N 4Q E@ $G 6& M- %a %b%j %b %G %k$N J} $, 86 M}E* $K M%$C $F$$ $k [9] !# $= $3 $G $O!" J, ;6 %a %b %j 7? JB Ns 7W ;; 5! %7 %9 %F %‘ $H $7 $F $O $^ $:!" 6& M- %a %b %j %b %G %k $G $N %W %m %0 %i %_ %s %0 $r ;Y 1g $9 $k 9b @- G=!& 9b 5! G= $J DL ?. 5! G= $r <B 8= $7!" $= $N >e $G I, MW $K 1~ $8 $F %a%C %;!< %8 %Q%C %7 %s %0 %b %G %k $r MQ $$ $k 1

$?$a$N%i%s%?%$%‘%k!<%A%sEy$r9=C[$9$k!# Ev 8& 5f << $G 3+ H/ $, ?J $a $i $l $F $$ $k HF MQ D6 JB Ns %* %Z %l!< %F%# %s %0 %7 %9 %F %‘ SSS{CORE [7] $G $O!" Dc %3 %9 %H $G %j %b!< %H $N %a %b %j $K %" %/ %; %9 $9 $k $3 $H $N $G $- $k %a %b %j %Y!< %9 DL ?. 5! G= (MBCF: Memory-Based Comm unication F acilities) [10] $K $h $j!" 6& M- %a %b %j %b %G %k $G $N %W %m %0 %i %‘ $N <B 9T $r 9b B. $K 9T $& $3 $H $, 2D G= $G $" $k!# K\ 8& 5f $G $O!" %a%C %;!< %8 %Q%C %7 %s %0 %b %G %k $G $N %W %m %0 %i %_ %s %0 $N I8 =‘ E* $J %$ %s %? %U%’!< %9 $G $" $k MPI (Message P assing In terface) V er. 1.1 [2] $N DL ?. 4X ?t $r SSS{CORE >e $G MBCF $r MQ $$ $F <B Au $7 $?!# $3 $N <B Au $N 4p K\ E* $J DL ?. @- G= $K 4X $7 $F I> 2A $r 9T $& $3 $H $K $h $j!" 6& M- %a %b %j %b %G %k >e $K 9= C[ $7 $? %a%C %;!< %8 %Q%C %7 %s %0 %b %G %k $K 4p $E $/ %W %m %0 %i %‘$N<B9T8zN($r8!>Z$9$k!# K\ 9F$G $O!"$^ $: 2 >O $G MBCF $N FC D’$* $h$S @- G= $K $D $$ $F =R $Y $k!# 3 >O $G $O MBCF $r MQ $$ $F MPI $r 8z N( E* $K <B Au $9 $k $? $a $N <j K! $r @b L@ $9 $k!# 4 >O $G $O %o!< %/ %9 %F!< %7%g %s %/ %i %9 %? $r MQ $$ $? @- G= I> 2A <B 83$H$=$N7k2L$r<($7!" 5 >O$G$^$H$a$k!# 2 %a%b%j%Y!<%9DL?. MBCF 2.1 MBCF $NFCD’ MBCF $O!"%O!<%I%&%’%"$K$h$k1s3V%a%b%j%"%/%; %9 <B 8= 5! 9= Memory-Based Pro cessor [5] $* $h $S 9b 5! G= J, ;6 6& M- %a %b %j %7 %9 %F %‘ Strategic Memory System [6] $r 4p $K 9M0F $5 $l $?!"%= %U %H %&%’%" $K $h $k 1s 3V %a %b %j %" %/ %; %9 5! G= $G $" $k!# MBCF $N FC D’ $r 0J2<$K5s$2$k!# 1. DL?.@h%a%b%j$X$ND>@\E*$JA‘:n$,2DG= DL ?. @h $N 8G Dj $5 $l $? DL ?. MQ %P%C %U%! $X %a%C %;!< %8 $r Aw $k $N $G $O $J $/!" DL ?. @h $N %" %I %l %9 6u 4V $K BP $7 $F read, write $r <B 9T $7 $F DL ?. $r 9T $&!# $3 $N $? $a!" %7 %9 %F %‘ $K $h $k M> J, $J %a%C %;!< %8 %3 %T!< $r 8: $i $9 $3 $H $, $G $- $k!# F1 ;~ $K!" 0l HL E* $J %a %b %j J] 8n 5! 9= $K $h $k %a %b %j $N J] 8n $* $h $S %" %/ %;%9$N2>A[2=$,<B8=$5$l$k!# 2. HFMQ$NDL?.%O!<%I%&%’%"$rMQ$$$k MBCF $O %= %U %H %&%’ %" $K $h $j <B 8= $5 $l $F $$ $k $? $a!" B? $/ $N 9b JB Ns 7W ;; 5! (MPP) $, ;} $D $h $& $J @l MQ DL ?. %O!< %I %&%’ %" $O IT MW $G $" $k!# $? $@ $7!" 9b B. $J =h M} $r 9T $& $? $a $K!" 0J 2< $K <( $9 %O!< %I %&%’ %" 5! G= $r %W %m %;%C %5 $, ;} $D $3 $H $, 9% $^ $7 $$!# � Dc%*!<%P%X%C%I$N%"%I%l%96u4V@ZBX$( � J#?t%3%s%F%/%9%H$N:.:_$G$-$k TLB � %Z!<%8%(%$%j%"%95!G= � J*M} %"%I%l%9%?%0$r;}$D9bB.$J%W%m%;%C%5 %-%c%C%7%e $3 $l $i $N 5! G= $O :# F| $N 9b @- G= %^ %$ %/ %m %W %m %;%C %5$NB?$/$,<B8=$7$F$$$k!# 3. %*!<%P%X%C%I$,>/$J$$ MBCF $r %f!< %6 %l %Y %k $+ $i ;H MQ $9 $k $? $a $N %7 %9 %F %‘ %3!< %k $d 3d $j 9~ $_ %O %s %I %i $O!" OS $N B> $N 5! G= $N $? $a $N %7 %9 %F %‘ %3!< %k!& 3d $j 9~ $_ %O %s %I %i $H $O J, N% $7 $F <B Au $5 $l $k!# $3 $N $? $a!" MBCF $N =h M} $K :] $7 $F DL ?.!& F1 4| $K 4X 78 $N $J $$A‘:n$r9T$&I,MW$,$J$$!# 4. DL?.@h$G$NA‘:n$,9b5!G= MW 5a <u ?. B& $, %= %U %H %&%’ %" E* $K %Q %1%C %H $r =h M} $9 $k $? $a!" 1s 3V %a %b %j $X $N C1 =c $J read, write $N$_$J$i$:!" sw ap, FIF O write, fetc h and add $H$$$C$?J#9g=hM}$r9T$&$3$H$,$G$-$k!# 5. DL?.$NE~CeJ]>Z!"=g=xJ]>Z$,$J$5$l$F$$$k %7 %9 %F %‘ $K $h $j DL ?. %Q %1%C %H $N >C <:!& =g =x 4I M} $, $J $5 $l $F $* $j!" %f!< %6 $, :F Aw @) 8f Ey $r 9T $& I, MW$,$J$$!# 2.2 MBCF $N5!G= MBCF $N5!G=$N$&$A!":#2s$N<BAu$G$O1s3V%a%b%j =q$-9~$_$*$h$S%a%b%j%Y!<%9 FIF O $rMQ$$$?!# 1s 3V %a %b %j =q $- 9~ $_ $O %G!< %? $r %j %b!< %H $N %" %I %l %9 6u 4V $K D> @\ =q $- 9~ $‘!# %G!< %? $N Aw ?. B& %f!< %6 $, %7 %9 %F %‘ %3!< %k $r 8F $S =P $7 %Q %1%C %H $r H/ 9T $9 $k!# %Q %1%C %H $K $O!" <u ?. B& $N %[ %9 %H ID !& %? %9 %/ ID $H $H $b $K!" <u ?. B& $G %G!< %? $r E8 3+ $9 $k %" %I %l %9 2 $, 5- $5 $l $F $$ $k!# %Q %1%C %H $, <u ?. B& $N DL ?. %O!< %I %&%’ %" $K E~ Ce $7 $? 8e!" MBCF $N 3d $j 9~ $_ %O %s %I %i $K $h $j DL ?. %O!< %I %&%’ %" $N %P%C %U%! $+ $i $3 $N %" %I %l %9 $, ;X $9 NN 0h $X %G!< %? $, %3 %T!< $5 $l $k!# 1s 3V %a %b %j =q $- 9~ $_ %7 %9 %F %‘ %3!< %k $O %N %s %V %m%C %- %s %0 $G $" $k $,!" %f!< %6 $O =q $- 9~ $_ $N =* N;!& @. H] $r I= $9 %U %i %0 $r F@ $k $? $a $K!"L@<(E*$J Ac k $rMW5a$9$k$3$H$,$G$-$k!# %a %b %j %Y!< %9 FIF O $O %f!< %6 $, <+ J, $N %" %I %l %9 6u 4V $K 3N J] $7 $? NN 0h $r %j %b!< %H $+ $i =q $- 9~ $^ $l $k 2 $3 $N %" %I %l %9 $O <u ?. B& %? %9 %/ $N 2> A[ %" %I %l %9 6u 4V $G $N CM $G $" $k!# 2

FIF O ( %j %s %0 %P%C %U%! ) $H $9 $k 5! G= $G $" $k!# %f!< %6 $, 3NJ] $7$? NN0h $r FIF O $H $7$F EPO? $9 $k$? $a$N %7%9 %F %‘%3!< %k!" %j%b!< %H$K MQ 0U$5 $l $? FIF O $K %G!<%? $r =q $- 9~ $‘ $? $a $N %7 %9 %F %‘ %3!< %k!" $* $h $S %m!< %+ %k $J FIF O $+$i %G!< %?$r FI$_ =P $9$? $a$N %7 %9%F %‘%3!< %k $,Ds 6!$5 $l $k!#%j %b!<%H $N FIF O $X$N =q $-9~ $_$O A0 =R $N1s 3V %a %b%j =q $- 9~ $_$N 1 $D $N %b!<%I $H $J$C $F $* $j!" <u ?. B& 3d $j 9~ $_ %O %s %I %i $, FIF O $N 6- 3& 4I M} $r 9T $J $&!# 1s 3V %a %b %j =q $- 9~ $_ $H F1 MM!" FIF O $X $N =q $- 9~ $_ %7 %9 %F %‘ %3!< %k $O %N %s %V %m%C %- %s %0 $G $" $j!" %f!< %6 $O L@ <( E* $J Ac k $r MW 5a $9 $k $3 $H $, $G $- $k!# %a%b %j%Y!< %9 FIF O $O %f!<%6 $N %a%b %j ;q8; $,5v $9HO0OFb$GJ#?tMQ0U$9$k$3$H$,$G$-$k!# 2.3 MBCF $N@-G= %o!< %/%9 %F!<%7%g %s $r 100Base-TX $N Hub $G@\ B3 $7 $? 4D 6- $G $N MBCF $N @- G= $r 0J 2< $K <( $9!# 7W B, $K ;H MQ $7 $? 5! 4o $O!" %N!< %I %o!< %/ %9 %F!< %7%g %s $H $7 $F Axil 320 mo del 8.1.1 (Sun SP AR Cstation20 8_ 49 5!!" 85 MHz Sup erSP AR C CPU � 1) !" %M%C %H %o!< %/ %$ %s %? %U%’!< %9 $H $7 $F Sun Microsys- tems F ast Ethernet SBus Adapter 2.0 ( 3F %o!< %/%9%F!< %7%g%s$KEk:\ ) !" $*$h$S%M%C%H %o!<%/ (Hub) $H$7$F SMC TigerStac k 100 5324TX $G$"$k!# OS $H $7 $F %o!< %/ %9 %F!< %7%g %s %/ %i %9 %? HG SSS{CORE V er. 1.1a $r ;H MQ $7!" 2 %N!< %I 4V $G $N 1s 3V =q $- 9~ $_ $N Round-trip time $* $h $S P eak bandwidth $r 7W B,$7$?!# Round-trip time $O!" =q $- 9~ $_ MW 5a %7 %9 %F %‘ %3!< %k $N D> A0 $+ $i =q $- 9~ $_ 40 N; $, Aw ?. @h $+ $i DL CN $5 $l $k $^ $G $N ;~ 4V $H $7 $F B, Dj $7 $?!# I= 1 $O 100Base-TX $G $N 1s 3V %a %b %j =q $- 9~ $_ (MBCF WRITE) $* $h $S %a %b %j %Y!< %9 FIF O =q $- 9~ $_ (MBCF FIF O) $N Round-trip time $r %G!< %? %5 %$ %: $r JQ $( $F 7W B, $7 $? $b$N$G$"$k!# P eak bandwidth $O!" 1s 3V =q $- 9~ $_ $r O" B3 $7 $F 9T$C$?;~$NE>Aw@-G=$G$"$k!#I= 2 $O 100Base-TX $G $N MBCF WRITE $N P eak bandwidth $r%G!<%?%5 %$%:$rJQ$($F7WB,$7$?$b$N$G$"$k!# 1s 3V %a %b %j =q $- 9~ $_ $N Round-trip time 49 � s, P eak bandwidth 11.24 MB/s $H$$$&CM$O 100Base- TX $N %O!< %I %&%’ %" @- G= $r $[ $\ ;H $$ @Z $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$? [8] !# 3 1 BP 1 DL?.4X?t$N<BAu MPI V er. 1.1 $GDj $a$i $l$F $$$k 4X ?t72 $N$& $A!" 1 BP 1 DL ?. $N4p K\ $H $J$k %N %s %V %m%C%- %s %0 I8=‘ %b!< %I Aw ?. 4X ?t MPI Isend() $* $h $S %N %s %V %m%C %- %s %0 <u ?. 4X ?t MPI Irecv() $N <B Au $K 4X $7 $F >\ =R $9 $k!# $= $N B> $NDL ?. 4X ?t$N B? $/ $O$3 $N 2 $D $r MxMQ $7 $F <BAu $5 $l$k$+!"$b$7$/$ON‘;w$NJ}<0$K$h$j<BAu$5$l$k!# 3.1 MPI I8=‘$NMW@A $^ $:!" MPI I8 =‘ $K $* $$ $F Aw <u ?. $, K~ $? $9 $Y $- MW 7o $, $I $N $h $& $K Dj $a $i $l $F $$ $k $+ $r 4J C1 $K $^ $H $a $k!# Aw <u ?. $N Aj <j $r FC Dj $9 $k $K $O!" DL ?. $r 9T $& =8 CD ( $* $h $S %3 %s %F %/ %9 %H ) $r 5, Dj $9 $k %3 %_%e %K %1!< %? $H $= $N =8 CD $N Cf $G $N DL $7 HV 9f $G $" $k %i %s %/ $H $r ;X Dj $9 $k!# F1 $8 Aw <u ?. $N AH $N Cf $G $N %a%C %;!< %8 $N <1 JL $K $O %? %0 $, MQ $$ $i $l $k!# $" $k Aw ?. $H <u ?. $H $, BP 1~ $9 $k $H $O!" 1. %3%_%e%K%1!<%?$,0lCW$7!"$+$D 2. %3%_%e%K%1!<%?$NCf$G$N%i%s%/$,0lCW$7!"$+$D 3. %?%0$,0lCW$9$k $3 $H $r 0U L# $9 $k!# $? $@ $7!" <u ?. B& $, ;X Dj $9 $k %i %s %/ $* $h$S%? %0$K$O %o%$%k %I%+!< %I ANY $N;HMQ $,G’$a $i $l$F$$$k!# %i %$ %V %i %j $O DL ?. $N E~ Ce $r J] >Z $7 $J $1 $l $P $J $i $J $$!#=g=x$K4X$7$F$O � F1$8<u?.$KBP1~$9$k 1 $D$NAw?.85$+$i$N 2 $D$N Aw?. � F1$8Aw?.$KBP1~$9$k 1 $D$NAw?.@h$G$N 2 $D$N<u ?. $N4V$N=g=x4X78$rJ]>Z$7$J$1$l$P$J$i$J$$!# Aw ?. $, H/ 9T $5 $l!" $+ $D BP 1~ $9 $k <u ?. $, H/ 9T $5 $l $F $$ $J $$ >l 9g $N 5s F0 $K $h $j!" Aw ?. $O 4 $D $K J, N‘ $5 $l $k!#B($A!" � %i %$ %V %i %j $, Ds 6! $9 $k %P%C %U%! NN 0h $r MQ $$ $k I8 =‘%b!<%I � Aw ?. B& %f!< %6 $, MQ 0U $9 $k %P%C %U%! NN 0h $r MQ $$ $k %P%C%U%!%b!<%I � BP1~$9$k<u?.$NH/9T$rBT$DF14|%b!<%I � %(%i!<$H$J$k$+$b$7$l$J$$%l%G%#%b!<%I 3

I= 1: 100Base-TX $K$*$1$k MBCF $N Round-trip time data size (b yte) 4 16 64 256 1024 MBCF WRITE ( � s) 49 55 68 121 344 MBCF FIF O ( � s) 64 64 81 146 421 I= 2: 100Base-TX $K$*$1$k MBCF $N P eak bandwidth data size (b yte) 4 16 64 256 1024 1408 P eak bandwidth (Mb yte/s) 0.29 1.06 4.03 8.28 10.86 11.24 I8 =‘ %b!< %I $K $* $$ $F %i %$ %V %i %j $, Ds 6! $9 $Y $- %P%C %U%! NN 0h $N %5 %$ %: $K $O 2< 8B $O $J $/!" %P%C %U%! $r Ds 6! $; $: $K I8 =‘ %b!< %I $r F1 4| %b!< %I $N $h $& $K 07 $& $3 $H $b 5v$5$l$k 3 !# 3.2 <BAuJ}<0 A0 @a $G 5- $7 $? MPI I8 =‘ $G $N MW @A $K 4p $E $- $J $, $i!" %N %s %V %m%C %- %s %0 I8 =‘ %b!< %I Aw ?. 4X ?t MPI Isend() $* $h $S %N %s %V %m%C %- %s %0 <u ?. 4X ?t MPI Irecv() $r8zN(NI$/<BAu$7$?!# Aw ?. 4X ?t $G $O $^ $:!" <u ?. B& $+ $i <u ?. %P%C %U%! $N %" %I %l %9 $r DL CN $5 $l $F $$ $k $+ $I $& $+ $r D4 $Y $k!# Aw ?. 4X ?t $, 8F $P $l $? ;~ E@ $G Aw ?. B& $, <u ?. %P%C %U%! $N %" %I %l %9$rDLCN$5$l$F$$$k>l9g!"?^ 1 $K<($9$h$&$K MBCF $N 1s 3V %a %b %j =q $- 9~ $_ $K $h $j DL ?. $r 9T $&!# <B @~ $N Lp 0u $, Aw ?. 4X ?t $K $h $j 6n F0 $5 $l $k %G!< %? $N 0\ F0 $r I= $9!# $3 $N >l 9g!" MPI %i %$ %V %i %j $K $h $k %P%C %U%! %j %s%0$O9T$o$l$:!"8zN($NNI$$DL?.$,2DG=$H$J$k!# 0l J} $N <u ?. 4X ?t $G $O!" <u ?. 4X ?t $, 8F $P $l $? ;~ E@ $G DL ?. %G!< %? $, E~ Ce $7 $F $$ $J $$ >l 9g $K!" Aw ?. B& $K <u ?. %P%C %U%! $N %" %I %l %9 $r DL CN $9 $k!# DL CN $O Aw ?. B& $K MQ 0U $5$l $?%a %b %j%Y!< %9 FIF O $KBP $7$F 9T $&!#$3 $N%a %b %j%Y!< %9 FIF O $O 8e =R$9 $k DL?. %G!<%? $N %P%C%U%! %j %s %0 $N $? $a $N FIF O $H $O JL $K @_ $1!" $^ $?!" <u ?. %W %m%;%9Kh$KJL$N FIF O $rMQ0U$9$k!# FIF O $rJ#?t@_ $1 $k $3 $H $G <o N‘ $N 0[ $J $k %a%C %;!< %8 $N :. :_ $r Hr $1 $k $3 $H$, $G$-!" %i%$ %V %i%j $K$h $k FIF O $N A‘ :n$, MF0W $K$J$k!# Aw ?. 4X ?t $N 8F $S =P $7 $, <u ?. 4X ?t $N 8F $S =P $7 $K @h 9T $9 $k >l 9g!" Aw ?. B& $O <u ?. B& $, ;X Dj $9 $k <u ?. %P%C %U%! 3 $? $@ $7!" %i %$ %V %i %j $, Ds 6! $9 $k %P%C %U%! NN 0h $, >. $5 $$ $" $k $$ $O B8 :_ $7 $J $$ >l 9g!" B? $/ $N IT Cm 0U $J %W %m %0 %i %‘ $, %G%C %I %m%C %/ >u BV$K4Y$k$*$=$l$,$"$k!# � � � � net w ork buf buf Aw?.B&%a%b%j <u?.B&%a%b%j HW HW DL?.%O!<%I%&%’%" � ? � ?^ 1: %P%C%U%!%j%s%0$rH<$o$J$$DL?. $N %" %I %l %9 $r CN $k $3 $H $, $G $- $J $$!# $3 $N >l 9g $K $O I8 =‘ %b!< %I $N Aw ?. $O F1 4| %b!< %I $N Aw ?. $N $h $& $K <u ?. $N H/ 9T $r BT $D $H $$ $& <B Au $b 2D G= $G $" $k!# $7 $+ $7 MPI I8 =‘ $G $O!" Aw ?. $, @h 9T $7 $? >l 9g $K $b $" $i $+ $8 $a MQ 0U $7 $? NN 0h $K DL ?. %G!< %? $r %P%C %U%! %j %s %0 $9 $k $3 $H $G!" BP 1~ $9 $k <u ?. $N H/ 9T $r BT $? $: $K Aw ?. $, =* N; $9 $k $3 $H $, 6/ $/ 5a $a $i $l $F $$ $k!# DL ?. 8z N( $N 4Q E@ $+ $i $b <u ?. $N H/ 9T $r BT $? $: $K Aw ?. $r 3+ ;O $9 $k J} $, $h $$!# %P%C %U%! %j %s %0 $O 8G Dj NN 0h $G 9T $& $? $a!" %a %b %j %Y!< %9 FIF O $K $h $j DL ?. %G!< %? $N %P%C %U%! %j %s %0 $r <B 8= $9 $k!# Aw ?. %W %m %; %9 Kh $K JL $N FIF O $r MQ 0U $7!" Aw ?. B& $, <+ J, $N Aw $k %a%C %;!< %8 $N F~ $k FIF O $r ;X Dj $9 $k!# 0[ $J $k Aw ?. 85 $+ $i $N %a%C %;!< %8 $, $R $H $D $N FIF O $K :. :_ $7 $J $$ $? $a!" <u ?. B& %i %$ %V %i %j $K $h $k FIF O $NA‘:n$,MF0W$K$J$k 4 !# 4 MPI I8=‘$G $O!"0[$J$kAw?. 85$+$i$NJ#?t $N%a%C%;!<%8$N07 $$ $K 4X $7 $F $O!" =h M} $N =g =x $* $h $S 8x J? @- $K $D $$ $F 2? $b MW 5a $7 $J $$!# $h$C$F FIF O 4V$GD4Dd$r9T$&I,MW$O$J$/!" FIF O $rJ#?tMQ0U$9$k $3$H$OAw?.85$rFCDj$7$F$$$k8B$j@-G=Dc2<$NMW0x$H$O$J$i$J$$!# 4

?^ 2 $O <u ?. B& $N %a %b %j %Y!< %9 FIF O $r MQ $$ $k >l 9g $N DL ?. $N MM ;R $G $" $k!# ?^ Cf!" <B @~ $N Lp 0u $, Aw ?. 4X ?t $K $h $k %G!< %? $N 0\ F0 $r!" GK @~ $N Lp 0u $, <u ?. 4X ?t $K $h$k%G!<%?$N0\F0$rI=$9!# � � � � net w ork buf buf HW HW FIF O � ? ? � ?^ 2: %P%C%U%!%j%s%0$rH<$&DL?. Aw ?. B& $, %a%C %;!< %8 $r Aw $j =P $9 =g HV $H <u ?. B& $, %a%C %;!< %8 $r <u $1 <h $k =g HV $H $, 0l CW $9 $k >l 9g $K $O!" >e 5- $N 2 $D $N J} K! $G 1 BP 1 DL ?. $r =h M} $9 $k $3 $H $, 2D G= $G $" $k!# $7 $+ $7!" %? %0 $^ $? $O %3 %_%e %K %1!< %? $, 0[ $J $k 2 $D $N %a%C %;!<%8 $O Aw <u ?.4X ?t 8F $S=P $7 $N BP 1~ $,8r :9$9 $k$3 $H $,$" $k!#<u ?.B& FIF O $K $3$N $h$& $J %a%C %;!< %8 $, Aw $i $l $? >l 9g!" <u ?. 4X ?t $, FIF O $+ $i %a%C %;!< %8 $N %X%C %@ $r FI $_ =P $7 $? 8e $K!" $= $N %a%C %;!< %8 $, 8= :_ 07$C $F $$ $k <u ?. $H BP 1~ $7 $J $$ Aw ?. $N $b $N $G $" $k $3 $H $, H= L@ $9 $k!# <u ?. 4X ?t $G $O $3 $N BP 1~ $7 $J $$ %a%C %;!< %8 $r 0l C6 FIF O $+ $i FI $_ =P $7 $F B‘ Hr $5 $;!"8e B3 $N%a%C %;!<%8 %X%C %@$r FIF O $+$i FI $_=P $9!# FIF O $+ $i <h $j =P $7 $? $b $N $N %f!< %6 $N <u ?. %P%C %U%! $K D> @\ Aw $k $3 $H $N $G $- $J $$ %a%C %;!< %8 $r 4I M} $9 $k $? $a $K!" %j %9 %H 9= B$ $r ;} $? $; $? %P%C %U%! $r MQ 0U $9 $k!# %j %9 %H $b FIF O F1 MM $K Aw ?. 85 Kh $K @_ $1 $k!# $3 $N %j %9 %H $r 2p $7 $? <u ?. $N MM ;R $r ?^ 3 $K <( $9!# <B @~ $N Lp 0u $, Aw ?. 4X ?t $K $h $k %G!< %? $N 0\ F0 $r!" E@ @~ $N Lp 0u $, BP 1~ $7 $J $$ <u ?. 4X ?t $K $h $k %G!< %? $N 0\ F0 $r!" GK @~ $N Lp 0u $, BP 1~ $9 $k <u ?. 4X ?t $K $h $k %G!< %? $N 0\ F0 $r I= $9!# $3 $N J} <0 $, MQ $$ $i $l $k >l 9g!" <u ?. B& $G $N %a%C %;!< %8 $N %3 %T!< 2s ?t $, A} 2C $7!" $5 $i $K %j %9 %H 9= B$ $r 4I M} $9 $k %*!< %P %X%C %I $, 2C $o $k $? $a!" DL ?. @- G= $O ?^ 1 !" ?^ 2 $N >l 9g $K Hf$Y Dc 2< $9 $k!# $7 $+ $7!"B? $/ $N MPI %" %W %j %1!< %7%g %s $G $O Aw ?. B& $H <u ?. B& $H $G A‘ :n $N =g HV $, 0l CW $7 $F $* $j!" $3 $N J} <0 $, MQ $$ $i $l $k IQEY$ODc$$!# � � � � net w ork buf buf HW HW FIF O %j%9%H � ? ? ? � ?^ 3: 2 CJ3,$N%P%C%U%!%j%s%0$rH<$&DL?. 0J >e $r $^ $H $a $k $H!" %N %s %V %m%C %- %s %0 I8 =‘ %b!< %I Aw?. MPI Isend() $O0J2<$N$h$&$K<BAu$5$l$k!# 1. <u ?. B& $+ $i $N Aw ?. MW 5a $N M- L5 $r D4 $Y $k!# Aw ?. $H BP 1~ $9 $k $b $N $, $" $l $P 1s 3V %a %b %j =q $- 9~ $_ $K $h $j <u ?. %P%C %U%! $X %G!< %? $r E> Aw $7!" =* N;!# $J $1 $l$P 2 $X!# 2. <u?.B&$N%a%b%j %Y!<%9 FIF O $K BP$7%a%C%;!<%8 $NE>Aw$r3+;O$7!"=*N;!# %N %s %V %m%C %- %s %0 <u ?. MPI Irecv() $O 0J 2< $N $h $&$K<BAu$5$l$k!# 1. %a %b %j %Y!< %9 FIF O $+ $i <h $j 9~ $s $@ Aw ?. %a%C %;!< %8 $N %j %9 %H $r D4 $Y $k!# <u ?. $H BP 1~ $9 $k $b $N $, $" $l $P %j %9 %H $+ $i <u ?. %P%C %U%! $X %G!< %? $r %3 %T!<$7!"=*N;!#BP1~$9$k$b$N$,$J$1$l$P 2 $X!# 2. %a%b%j%Y!<%9 FIF O $+$iAw?. %a%C%;!<%8%X%C%@ $r <h $j 9~ $_!" <u ?. $H $N BP 1~ $r D4 $Y $k!# %X%C %@ $, BP 1~ $9 $k $J $i $P %a%C %;!< %8 $r FIF O $+ $i <u ?. %P%C %U%! $X <h $j 9~ $_!" =* N;!# %X%C %@ $, BP 1~ $7 $J $$ $J $i $P %a%C %;!< %8 $r %j %9 %H $X %3 %T!< $7!" 0z $- B3$- FIF O $rD4$Y$k!# FIF O $,6u$K$J$C$?$i 3 $X!# 3. Aw ?. B& $N %a %b %j %Y!< %9 FIF O $K Aw ?. MW 5a %a%C %;!<%8$rAw$j!"=*N;!# 4 <B83$*$h$S7k2L 3 >O $G =R $Y $? J} <0 $N MPI Aw <u ?. 4X ?t $N @- G= $r I> 2A $9 $k $? $a!" 2.3 @a $H F1 MM $N 4D 6- $K $* $$ $F Aw <u ?. $N Round-trip time $*$h$S P eak bandwidth $r7WB,$7 5

$?!#$?$@$7!" Hub $K$h$k%M%C%H%o!<%/$OH>Fs=E$N$? $a!"%M%C%H%o!<%/$,A4Fs=E$H$J$C$F$$$k>l9g$N P eak bandwidth $rD4 $Y$k $?$a $K%M%C %H%o!< %/%9 %$%C%A $H $7$F Ba y Net w orks Ba yStac k 350T $rJ;MQ$7$?!# MBCF $,Ds6!$5$l$F$$$k OS $H$7$F%o!<%/%9%F!< %7%g%s%/%i%9%?HG SSS{CORE V er. 1.1a $rMQ$$$?!# Hf 3S $N $? $a!" F1 0l $N 5! 4o $N >e $G OS $H $7 $F SunOS 4.1.4 $r!" MPI $N <B Au $H $7 $F MPICH V er. 1.1 [3] $r MQ $$ $? >l 9g $N CM $r 7W B, $7 $?!# $? $@ $7!" %G %P %$ %9 %I %i%$%P$N@)Ls$K$h$j SunOS 4.1.4 $rMQ$$$?>l9g$K$O %M%C %H %o!< %/ $O H> Fs =E $K 8G Dj $5 $l $F $$ $k!# MPICH $O Argonne National Lab oratory $* $h $S Missis- sippi State Univ ersit y $K$* $$$F3+H/ $5$l$? MPI $N <B Au $G $" $k!# %o!< %/ %9 %F!< %7%g %s %/ %i %9 %? $K BP $9 $k <BAu$G$O TCP %=%1%C%H$K$h$kDL?.$r9T$&!# :# 2s $N <B Au $K $* $$ $F!" <u ?. $, Aw ?. $K @h 9T $9 $k >l 9g $K 1s 3V %a %b %j =q $- 9~ $_ $r MQ $$ $k $3 $H $N 1F 6A $r D4 $Y $k $? $a $K!" <u ?. $, Aw ?. $K @h 9T $7 $F $b Aw ?. MW 5a %a%C %;!< %8 $r H/ 9T $; $:!" $h$C $F 1s 3V %a %b %j =q $- 9~ $_ $, ;H MQ $5 $l $J $$ $h $& $J <B Au $r J; $; $F MQ 0U $7 $?!# 0J 9_ $G $O Aw ?. MW 5a $r MQ $$ $k <B Au $r SR $H!" Aw ?. MW 5a $r MQ $$ $J $$ <B Au$r NSR $HN,5-$9$k!# $^ $:!" %a%C %;!< %8 %5 %$ %: $r JQ $( $J $, $i Hub >e $G Round-trip time $r B,$C $?!# 2 $D $N MPI %W%m %; %9 $N$&$A0lJ}$N%W%m%;%9$O 1. MPI Irecv() 2. MPI Isend() 3. Aw?.$r40N;$5$;$k MPI Wait() 4. <u?.$r40N;$5$;$k MPI Wait() $r7+$jJV$7!"$b$&0lJ}$O 1. MPI Irecv() 2. <u?.$r40N;$5$;$k MPI Wait() 3. MPI Isend() 4. Aw?.$r40N;$5$;$k MPI Wait() $r 7+ $j JV $9!# $3 $N %a%C %;!< %8 $N $d $j $H $j $r 1024 2s 9T$$!" 1 2s$N1}I|$KMW$9$k;~4V$NJ?6Q$r Round-trip time $H$7$FB,Dj$7$?!# I= 3 $O %a%C %;!<%8 %5%$ %: $r 0 b yte $+ $i 1 Kb yte $^ $G JQ 2= $5 $; $? ;~ $N 3F J} <0 $N Round-trip time $G $" $k!# ?^ 4 $O $3 $l $r %0 %i %U $K I= $7 $? $b $N $G $" $k!# MBCF $rMQ$$ $F<BAu$7$? MPI $K$h $kDL?.CY1d $,!" >o $K TCP >e $N MPICH $K $h $k CY 1d $r 2< 2s$C $F $$ $k!# MPICH $G $O %a%C %;!< %8 %5 %$%: $N A} 2C $K BP $9$k Round-trip time $N A} 2C $, B> $K Hf $Y $F >. $5 $$ $,!" $3 $l $O Aw <u ?. $K 4X $o $k A‘ :n $N %*!< %P %X%C %I $, Bg $- $$ $? $a $K DL ?. $= $N $b $N $N %*!< %P %X%C %I $, 1# $5 $l $k $? $a $G $" $k!# SR $H NSR $H $r Hf 3S $7 $? >l 9g!" SR $G $O <u ?. $, @h 9T $7 $? >l 9g $K $O %a %b %j %Y!< %9 FIF O =q $- 9~ $_ $h $j 9b B. $J 1s 3V %a %b %j =q $- 9~ $_ $r MQ $$ $k $3 $H $, $G $-!" $5 $i $K %a %b %j %3 %T!< $N 2s ?t $, 1 2s 8: $k $? $a!" SR $N J} $, CY 1d $, >. $5 $/ $J$C $F $$ $k!# SR $K 4X $7 $F $O @: EY 0.5 � s $N %7 %9 %F %‘ %/ %m%C %/ $r MQ $$ $F >\ :Y $J B, Dj $r 9T$C $?!# %a%C %;!< %8 %5 %$ %: $, 0 b yte $N ;~ $N Round-trip time $, :G >. $G 92 � s $H $J$C $?!# $3 $N CM $r MBCF 1s 3V %a %b %j =q $- 9~ $_ $N DL ?. CY 1d 49 � s ( %a%C %;!<%8%5 %$%: 4 b yte ;~ ) $HHf $Y$k$H!" MPI $r <B 8= $9 $k $? $a $N IU 2C E* $J %*!< %P %X%C %I $, >. $5 $$ $3 $H $,J,$+$k!# ?^ 4: 100Base-TX $K$*$1$k MPI Aw<u?.$N Round- trip time <! $K!" %a%C %;!< %8 %5 %$ %: $r JQ $( $J $, $i Hub >e $* $h $S %9 %$%C %A >e $G P eak bandwidth $r B, Dj $7 $?!# 2 $D $N MPI %W %m %; %9 $N $& $A 0l J} $N %W %m %; %9 $O MPI Isend() , MPI Wait() $r7+$jJV$7!"$b$&0lJ}$O MPI Irecv() , MPI Wait() $r 7+ $j JV $9!# A0 <T $K $* $$ $F Aw?. $r 3+ ;O$9 $k D> A0$+ $i :G 8e$K 2 $D $N %W %m%; %9 $N 4V $G F1 4| $r $H $k $^ $G $r DL ?. ;~ 4V $H $7!" Am %a%C %;!< %8 E>Aw NL $r$3 $l$G 3d$C $?$b $N$r P eak bandwidth $H $7 $F B, Dj $7 $?!# $? $@ $7!" DL ?. CY 1d $N 1# JC $N $? $a $K!" %a%C %;!< %8 D9 $K 1~ $8 $F J# ?t $N Aw ?. $r %*!< %P %i%C %W $5 $;$?!# I= 4 $O%a%C %;!<%8%5 %$%: $r 4 b yte $+$i 1 Mb yte $^ $G JQ 2= $5 $; $? ;~ $N 3F J} <0 $N P eak bandwidth $G $" $k!# $3 $N $& $A!" 4 Kb yte $^ $G $N CM $r %0 %i %U $K $7 6

I= 3: 100Base-TX $K$*$1$k MPI Aw<u?.$N Round-trip time Message size (b yte) 0 4 16 64 256 1024 SR ( � s) 117 129 131 141 210 424 NSR ( � s) 138 155 157 176 244 524 MPICH ( � s) 1018 1036 1094 1031 1072 1157 I= 4: 100Base-TX $K$*$1$k MPI Aw<u?.$N P eak bandwidth Message size (b yte) 4 16 64 256 1024 4096 16384 65536 262144 1048576 SRH (Mb yte/s) 0.13 0.50 1.72 4.30 7.61 9.17 9.87 9.72 9.48 9.48 NSRH (Mb yte/s) 0.13 0.53 1.78 4.63 8.14 9.76 9.98 9.79 9.56 9.50 SRF (Mb yte/s) 0.13 0.53 1.85 5.27 10.23 11.09 11.21 10.61 11.08 11.21 NSRF (Mb yte/s) 0.14 0.54 1.82 5.14 10.41 11.14 11.23 10.62 11.08 11.22 MPICH (Mb yte/s) 0.02 0.08 0.34 1.21 3.37 5.76 5.33 6.67 7.41 6.75 $? $b $N $, ?^ 5 $G $" $k!# SRH, NSRH $O H> Fs =E %M%C %H %o!< %/ (Hub) >e $G $N SR, NSR $N P eak band- width $r!" SRF, NSRF $O A4 Fs =E %M%C %H %o!< %/ ( %9 %$%C%A ) >e$G$N SR, NSR $N P eak bandwidth $r$=$l $> $l I= $9!# 0l HL $K %a%C %;!< %8 %5 %$ %: $, >. $5 $$ $H Aw <u ?.A‘:n$N%*!<%P%X%C%I$N$?$a bandwidth $ODc$$$,!" MPI/MBCF $O %a%C %;!< %8 %5 %$ %: $K BP $9 $k P eak bandwidth $NN)$A>e$,$j$, MPICH/TCP $HHf3S$7 $FAa $/!"%a%C %;!<%8 %5%$ %:$, >.$5 $/$F $b bandwidth $r F@ $d $9 $$ $3 $H $, J, $+ $k!# H> Fs =E %M%C %H %o!< %/ $K $* $$$F$O NSR $N P eak bandwidth $NCM$O SR $NCM$r $o $: $+ $K >e 2s$C $F $$ $k!# $3 $l $O!" SR $G $O <u ?. $, @h 9T $7 $? >l 9g $K H/ 9T $5 $l $k Aw ?. MW 5a $N %a%C %;!< %8 $,!" %G!< %? $r 4^ $‘ %a%C %;!< %8 $N DL ?. $N K8 $2 $H $J $k $? $a $G $" $k!# A4 Fs =E %M%C %H %o!< %/ $K $* $$ $F $O Aw ?. MW 5a %a%C %;!<%8$O%G!<%?DL?.$K43>D$7$J$$$?$a!" SR $H NSR $H$N4V$K bandwidth $N:9$O8+$i$l$J$$!#H>Fs=E%M%C %H%o!<%/$G$N SR $N P eak bandwidth $O 9.9 MB/s $H$J$C$F$*$j!"$3$l$O 100Base-TX $N%O!<%I%&%’%" @- G= $N 8B 3& $G $" $k 12.5 MB/s $d $3 $l $r MQ $$ $? :] $N MBCF $N@-G= 11.2 MB/s $K6a$$CM$G$"$k!# 5 4XO"8&5f MPI %i %$ %V %i %j $, Ds 6! $9 $k %P%C %U%! $r 2p $5 $J $$ MPI DL?.$N<BAu$H$7$F!"IY;NDL AP1000, AP1000+ $N %j %b!< %H %3 %T!< 5! G= $G $" $k put, get $r Mx MQ $7 $? <B Au [4] $d Cra y T3D $N Shared Memory Ac- cess library $rMx MQ$7 $?<B Au [1] $,$" $k!# $3$l $i$O $$ ?^ 5: 100Base-TX $K $* $1 $k MPI Aw <u ?. $N P eak bandwidth 7

$: $l $b @l MQ $N DL ?. LV $r ;}$D MPP $G $N <B Au $G $" $k!# $$ $: $l $N <B Au $K $* $$ $F $b %P%C %U%! %j %s %0 $r Hr $1 $k DL ?. $G $O!" $^ $: Aw ?. B& $, FC <l $J %a%C %;!< %8 $r <u ?. B& $K Aw $j!" $= $l $r <u $1 $F <u ?. B& $, 1s 3V %a %b %j FI $_ =P $7 $r <B 9T $9 $k $H $$ $& Aw ?. B& 6n F0 $N %W %m %H %3 %k $r :N MQ $7 $F $$ $k!# $3 $N J} <0 $G $O %G!< %? $N E> Aw 3+ ;O $^ $G $K I, $: %Q %1%C %H $, 1 1} I| $9 $k$3 $H $K $J $j!"DL ?. CY 1d$, A} Bg $9 $k!# 6 $^$H$a Dc %3 %9 %H!& 9b 5! G= $J 1s 3V %a %b %j %" %/ %; %9 5! G= $G $" $k %a %b %j %Y!< %9 DL ?. $r MQ $$ $F 9b B. $J MPI $r <B Au $7 $?!# %a %b %j %Y!< %9 DL ?. $N 5! G= $N 0l $D $G $" $k %a %b %j %Y!< %9 FIF O $r ;H MQ $9 $k $3 $H $G!" MPI $K $* $$ $F %i %$ %V %i %j $, Ds 6! $9 $Y $- %P%C %U%! $r 9b B. $K <B 8= $7 $?!# $5 $i $K!" 1s 3V %a %b %j =q $- 9~ $_ 5! G= $r E, MQ $9 $k $3 $H $G %P%C%U%!$r2p$5$J$$DL?.$r2DG=$H$7$?!# DL?.$N4pK\@-G=$r 100Base-TX $G@\B3$5$l$?%o!< %/ %9 %F!< %7%g %s %/ %i %9 %? $K $* $$ $F B, Dj $7!" Round- trip time 92 � s, P eak bandwidth 9.9 MB/s $H$$$& CM $r F@ $?!# $3 $l $i $N CM $h $j!" 6& M- %a %b %j $r <B 8= $9 $k 5! 9= $G $" $k %a %b %j %Y!< %9 DL ?. $r %a%C %;!< %8 %Q%C %7 %s %0 J} <0 $N <B 8= $N %Y!< %9 $H $9 $k $3 $H $N M- 8z @- $, <( $5 $l $?!# <U<- K\ 8& 5f $N 0l It $O >p Js =h M} ?6 6= ;v 6H 2q (IP A) $, <B ;\ $7 $F $$ $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] Kenneth Cameron, Lyndon J. Clark e, and Gordon Smith. CRI/EPCC MPI for CRA Y T3D. http://www.epcc.ed.ac.uk/ t3dmpi/ Product/ , Septem b er 1995. [2] Message P assing In terface F orum. MPI: A Message-Passing In terface Standard. http://www.mcs.anl.gov/mpi/ , Ma y 1995. [3] William Gropp, Ewing Lusk, Nathan Doss, and An thon y Skjellum. A High- Performance, Portable Implemen tation of the MPI Message-Passing In terface Stan- dard. Par al lel Computing , V ol. 22, No. 6, pp. 789{828, Septem b er 1996. [4] Da vid Sitsky and Kenic hi Ha y ashi. Implemen ting MPI for the F ujitsu AP1000/AP1000+ using p olling, in ter- rupts and remote cop ying. JB Ns =h M} %7 %s %] %8 %& %‘ JSPP ’96 O@ J8 =8 , pp. 177{184, June 1996. [5] >> K\ >0 , J? LZ7I . Memory-Based Pro cessor $K $h $k J, ;6 6& M- %a %b %j . JB Ns =h M} %7 %s %] %8 %& %‘ JSPP ’93 O@J8=8 , pp. 245{252, Ma y 1993. [6] >>K\>0 , J?LZ7I . %-%c%C%7%e%$%s%8%’%/%7%g%s$H %a %b %j %Y!< %9 F1 4| 5! 9= $N 9b B. 2= . 7W ;; 5! %"!< %- %F %/%A%c 8&5f 2qJs 9p No.79-1, pp. 113{120. >p Js=hM}3X2q , August 1993. [7] >> K\ >0 , J? LZ 7I . HF MQ JB Ns %* %Z %l!< %F%# %s %0 %7 %9 %F %‘ SSS-CORE $N ;q 8; 4I M}J} <0 . F| K\%= %U %H%&%’%"2J3X2qBh 11 2sBg2qO@J8=8 , pp. 13{16, Octob er 1994. [8] >> K\ >0 , J? LZ 7I . 100BASE-TX $K $h $k %a %b %j %Y!< %9 DL ?. $N @- G= I> 2A . %3 %s %T%e!< %? %7 %9 %F %‘ %7 %s%] %8 %&%‘ O@ J8 =8 , pp. 101{108. >pJs =h M} 3X 2q , No v em b er 1997. [9] >>K\>0 , J?LZ7I . 6&M-%a%b%j vs. %a%C%7!<%8%Q%C %7 %s %0 . >p Js =h M} 3X 2q 8& 5f Js 9p 97-AR C-126, V ol. 97, No. 102, pp. 85{90. >pJs=hM}3X2q , Oc- tob er 1997. [10] >> K\ >0 , 6p Mr >f ?M , 12 86 LP , C] 2, >0 ;0 , J? LZ 7I . HF MQ D6 JB Ns %* %Z %l!< %F%# %s %0 %7 %9 %F %‘!’ SSS-CORE | %o!< %/%9 %F!<%7%g %s%/ %i%9 %?$K $* $1$k <B 8= |. >p Js=h M} 3X 2q8& 5f Js 9p 96-OS- 73, V ol. 96, No. 79, pp. 115{120. >p Js=h M} 3X 2q , August 1996. 8