<!@$BeD6JBNs7W;;5!3+H/ | B?N3;R7O8~$1D6JBNs7W;;5!$N3+H/ KRLn=_0lO: El5~Bg3XBg3X1!M}3X7O8&5f2J

9V1i35MW 1. !V7W ;; 2J 3X!W $N $J $+ $G $N 7W ;; 5! %O!< %I %&%’ %" 3+ H/ $N0LCV$E$1 2. !VN3;R%b%G%k!W8~$17W;;5!$N0U5A 3. %W%m%8%’%/%H35MW 4. :#G/EY$N@.2L � 3+H/?J9T>u67 � %4!<%I%s!&%Y%k>^ 5. $^$H$a

!V7W;;2J3X!W$N$J$+$G$N7W;;5!%O!<%I%&%’%" 3+H/$N0LCV$E$1 !V7W ;; 2J 3X!W $O 7W ;; 5! %O!< %I %&%’ %" $r M? $( $i $l $? $b $N $H $7 $F ?J $a$F$$$1$k$o$1$G$O$J$/!"@Q6KE*$K ?7$7$$7W;;5!$N9=@.$rDs0F $7 $F$$$/I,MW$,$"$k Nc!’ � QCD 7W;;MQJBNs7W;;5! � Lin ux PC %/%i%9%?!< $I$A$i$b!"7W;;5!%a!<%+!<$d7W;;5!%"!<%-%F%/%A%c8&5f<T$G$O$J $/!" 8=>l$N8&5f<T $,:n$C$F$-$?$b$N

<+A0$N%O!<%I%&%’%"$r:n$kI,MW@- 7W;;5!%a!<%+!<!"7W;;5!%"!<%-%F%/%A%c8&5f<T$O!" 7W;;2J3X$NI, MW$KK\Ev$K%^%C%A$7$?$b$N $r$J$+$J$+:n$C$F$/$l$J$$!# � MW5a$,B?MM = $=$l$>$l$N;T>l$, >.$52a$.$k � 7W ;;5!$O !VHFMQ!W = 1~ MQKh$K JL$N $b$N$r :n$k $N$O7W ;;5!2J 3X$N8&5f$G$O$J$$!) � $=$b$=$b7W;;5!2J3X8&5f<T$O 7W;;5!$r:n$C$F$$$J$$!)

6aG/$NHFMQ7W;;5!$N5;=Q%H%l%s%I � %Y%/%H%kJBNs ! PC %/%i%9%?!# PC %/%i%9%?$N$[$&$, { %T!<%/@-G=$"$?$j$G$O0B2A { @-G=8~>e$,>.9o$_$K5/$3$k$?$aJ?6QE*$K$O9b@-G= { >.5,LO%7%9%F%‘$+$iF3F~2DG= � %=%U%H%&%’%"$N7gG! { <+ F0 JB Ns 2=!" 8@ 8l %l %Y %k $G $N 5- =R $+ $i!" PVM !" MPI Ey!"%a%C%;!<%8%Q%C%7%s%0%b%G%k$X$N 8eB‘ � Bg5,LO7W;;$N:$Fq$5$NA}Bg { %O!<%I%&%’%"JBNsEY$NA}2C { %W %m %;%C %5 4V DL ?. $N %P %s %I I}!" %l %$ %F %s %7 $N Aj BP E* $J A} 2C

N3;R7O%7%_%e%l!<%7%g%s 7O$r5-=R$9$kJ}Dx<0!’ d 2 x i dt 2 = X j 6 = i f ij � B?$/$N>l9g!"Aj8_:nMQ$OCf?4NO � @QJ,;~4V$,Hs>o$KD9$$$3$H$,B?$$ !’ I,MW%a%b%j>.$5$$ � Aj8_:nMQ$N7W;;$,7W;;;~4V$NBgH>$r@j$a$k !’ I,MW%a%b%j%P%s%II}>.$5$$ 8 < : !V6a5wN%!WNO : N3;R$,Aj8_:nMQ$9$k$N$O 10 2 � 10 3 8D 1s5wN%NO : 7O$N$9$Y$F$NN3;R$HAj8_:nMQ

N3;R!JE*!K%b%G%k � N3;R7O!"D95wN%Aj8_:nMQ$N<+A3$J%b%G%k { %/!<%m%sNO!"=ENO { 12;eK! { J,;RF0NO3X � C;5wN%Aj8_:nMQ$X$NE,MQ { 05=L@-N.BN!’ Smo othed P article Hydro- dynamics Ey { 9=B$2r@O!’ Elemen t-F ree Galerkin metho d { Hs05=L@-N.BN!’ MPS Ey { 6-3&MWAGK!

N3;R7O8~$1@lMQ7W;;5!$N4pK\E*9M$( (GRAPE, GRAvit y PipE) � @lMQ%O!<%I%&%’%"$O Aj8_:nMQ7W;;$N$_ � HFMQ%[%9%H7W;;5!$, B>$N$9$Y$F $NLLE]$r8+$k

N3;R7O8~$1@lMQ7W;;5!$NFC?’ � @lMQ%O!<%I%&%’%" � %O!<%I%&%’%"2=$7$?O@M} ! %=%U%H%&%’%"ITMW � Aj8_:nMQ7W;;@lMQ$N%Q%$%W%i%$%s ! 9b$$@-G= � JB Ns 2=!" DL ?. $K $D $$ $F $b!" @l MQ 2= $K $h $j 9b %P %s %I I}!" Dc %l%$%F%s%7 $,<B8=$G$-$k � HFMQ%[%9%H7W;;5! � 9b%l%Y%k8@8l$,;H$($k (F ortran, C, C++...) � 4{B8$N%W%m%0%i%‘$,B?>/$N<jD>$7$G;H$($k � %D%j!<%3!<%I!"FHN);~4V9o$_$J$I$b;H$($k

K\%W%m%8%’%/%H$N35MW 1. =E NO 7W ;; MQ $N %5 %V %Z %? %U %m%C %W %9 7W ;; 5! $r <B 8= $7!" N3 ;R 7O 8~ $1 @lMQ7W;;5!$N2DG=@-$r<B>Z$9$k 2. FPGA $r ;H$C $? N3 ;R 7O 8~ $1 B? MQES7W;;5!$r9=C[$9$k 3. >e $N 2 $D $r AH $_ 9g $o $; $F!" 9b B. $G 1~ MQ HO 0O $N 9- $$ %7 %9 %F %‘ $r 9= C[$9$k

=ENO@lMQ7W;;5! � GRAPE-4 $N8e7Q � 7W;;B.EY$N8~>e ( %A%C%WC1BN$G 50{70 G\ ) � A4BN$N@-G= > 100T ops � DL?.B.EY$N8~>e ( > 2GB/s) � <~4|6-3&$N%5%]!<%H

N3;R7O8~$1B?MQES7W;;5!$NLr3d 1s 5w N% Aj 8_ :n MQ $K Hf $Y $F 7W ;; NL $, >. $5 $$ $,!" $= $N $+$o$jB?<oB?MM$J6a5wN%Aj8_:nMQ$r07$&!# Nc � SPH $K $h $k<+ 8J =E NO N. BN %7 %_%e %l!<%7%g %s $G $N N. BN Aj 8_ :n MQ � J,;RF0NO3X7W;;$G$NJ,;R4VNO

B?MQES7W;;5!$N9=@. � 4pK\E*H/A[$O GRAPE $HF1$8 � GRAPE $N =E NO %Q %$ %W %i %$ %s $N Be $o $j $K %W %m %0 %i %^ %V %k $J FPGA %A%C%W$r$*$/ � FPGA $N Bg $- $5 $O <B 8z 10 K| %2!< %H Dx EY!" 1~ MQ $K $h $k $, %A%C %W $" $? $j 1 � 10 G ops Dx EY $,2DG=!#

:#G/EY$N@.2L :#G/EY (2000 G/ 1 7n$^$G ) $N<g$J@.2L � =ENO7W;;%7%9%F%‘$N3+H/?J9T { %W %m %;%C %5 %A%C %W 40 @.!" %W %m %H %? %$ %W %7 %9 %F %‘ $K $h $k I> 2A=*N; { %[ %9 %H %$ %s %?!< %U%’!< %9 %\!< %I !JBh 1 HG!K 40 @.!" I> 2A =* N; { %W%m%;%C%5%\!<%I;n:n { 6)BN;n:n � GRAPE-5 %7 %9 %F %‘ $G $N 1~ MQ 7W ;; $G 1999 G/ %4!< %I %s!& %Y %k>^ 3MF@ � ( 5?;wN3;RB?=E6KK!$N2~NI!"I>2A | :#F|$O>JN, )

=ENO7W;;%7%9%F%‘$N3+H/?J9T>u67 =ENO7W;;%A%C%W � 0.25 � m %k!< %k ( El <G TC-240, 1.8M gates) � 2.5 V EE8; , 100 MHz F0 :n � 1 %A%C %W $K 6 %Q %$ %W %i %$ %s!" %/ %m%C %/ Ev $? $j 360 1i ;; � 36 G ops !JAjEv!K � 2 %A%C %W + %a %b %j $G %b %8%e!<%k$r9=@.

=ENO7W;;%A%C%WI>2A%7%9%F%‘ � 2 %A%C%W$K$h$k%A%C%WI>2A%7%9%F%‘ � PCI %$%s%?!<%U%’!<%9

=ENO7W;;%A%C%WI>2A%7%9%F%‘!JB3$-!K

=ENO7W;;%7%9%F%‘%W%m%;%C%5%\!<%I � %W %m%;%C%5 %b%8%e!< %k 8 8D Ek:\!J%A%C%W 16 8D!K � %T!<%/@-G= 576 G ops � %[ %9 %H $^ $? $O DL ?.!& @) 8f %\!< %I $X $N @\ B3 : L VDS $K$h$k 9bB.%;%_%7%j %"%kJ}<0 (100MB/s � 3) � %\!< %I >e $G 7W ;; 7k 2L $r %j %@ %/%7%g%s

L VDS $K$h$k%\!<%I4VDL?. � ?.9f%l%Y%k$O L VDS (Lo w V oltage Di�erencial Signal, EIA-644) !# � 1U>=%Q%M%kEy$K;H$o$l$k L VDS-link LSI $r:NMQ!# � ?. 9f 3 %Z %" + %/ %m%C %/ $r DL >o $N %+ %F %4 %j!< 5 %D %$ %9 %H %Z %" %1!<%V%k$GEAAw!#%3%M%/%?$bDL>o$N%b%8%e%i%8%c%C%/!# � EAAw<B83$G9b$$?.Mj@-$r3NG’ ( %(%i!<%l!<%H 10 � 12 0J2< )

%W%m%;%C%5%\!<%I

D4@0Cf$N%W%m%;%C%5%\!<%I

%$%s%?!<%U%’!<%9%\!<%I

%$%s%?!<%U%’!<%9%\!<%I35MW � L VDS %j%s%/!J=PNO 2 K\!?F~NO 1 K\!K � PCI 32 bit/33MHz F0:n � %P!<%9%HE>AwB.EY 133MB/s � DMA !" %P!<%9%H PIO $NN>J}$r%5%]!<%H � %f!< %6!< %W %m%; %9 $+ $i $ND> @\ DMA 5/F0 $K $h $k Dc %l%$ %F %s %7DL?.$r<B8= � 64bit $K3HD%$9$kM=Dj

6)BN

3+H/>u67$N$^$H$a � %W%m%;%C%5%A%C%W!"%b%8%e!<%k$O40@.!"I>2A=*N;!"NL;:Cf � %W%m%;%C%5%\!<%I$O40@.!"D4@0!&I>2ACf � %$%s%?!<%U%’!<%9%\!<%I$O40@.!"I>2A=*N; $[$\M=DjDL$j=gD4$K3+H/$,?J$s$@!#

GRAPE-5 %4!<%I%s%Y%k>^

%4!<%I%s%Y%k>^$H$O!) � 85 DEC $N%4!<%I%s!&%Y%k$, 1987 G/$KAO@_!# � <BMQE*$J2J3X5;=Q7W;;$NJBNs2=$KBP$7$FM?$($i$l$k!# � 8=:_$O { <B8z@-G= { 2A3J@-G=Hf { FCJLItLg!JFC$KJBNs2=:$Fq$J1~MQ$G$NC#@.!K $N 3 ItLg!# � KhG/!"1~Jg$N$"$C$?$b$N$N$J$+$+$iA*$P$l$k!#

2a5n$N<u>^<T$NC#@. � 2a 5n $N 10 G/ $N 7W ;; 5! $N @- G= 8~ >e $r I= $9NI$$;XI8 � 1995, 1996 G/ $O GRAPE-4 � 1997 G/ $N 2A 3J @- G= Hf$O PC %/%i%9%? � 1998 G/ $N 2A 3J @- G= Hf$O QCD @lMQ5!

:#2s$N2f!9$N7W;; � GRAPE-5 � 2 %\!< %I !J 16 %A%C %W!" %T!< %/ 80G ops !K +Compaq XP1000 � Barnes-Hut %D %j!< K! $K $h $k 7W ;; $r <B 9T!# C1 =c $J O ( N 2 ) D>@\7W;;$G$O$J$$ � A0 G/ $N F1 $8 Barnes-Hut %D %j!< K! $G $N 1~ Jg !J 70 Bf $N Al- pha %/ %i %9 %?!" 0l Bf $1,700 $G 9X F~!K $K Hf $Y $F 3 G\ 6a $$ 2A 3J@-G=Hf$N2~A1 !"F1Ey$N<B8z@-G=$r<B8= %D%j!<K! $N $h$& $J9b B.%" %k%4 %j %:%‘ $H$N AH$_ 9g $o$; $G$b HFMQ 7W ;; 5!!" $= $N $J $+ $G $b 2A 3J @- G= Hf $N 9b $$ $H $5 $l $k PC %/ %i %9%?$KHf$Y$F@lMQ7W;;5!$,M%$l$F$$$k$3$H$r<B>Z$7$?!#

GRAPE-5 $H Alpha %/%i%9%? ’

$^$H$a � K\ %W %m %8%’ %/ %H $G $O!" $3 $l $^ $G $N GRAPE $N @. 2L $r 3H D% $7!"B?MM$JN3;R7O$KE,MQ2DG=$JD69bB.JBNs7W;;5!$r3+H/$9$k � :#G/EY$O$[$\ 7W2hDL$j$N@.2L $rC#@.$7$?!# � 6qBNE*$K$O!" =ENO7W;;%A%C%W$,40@. $7!"$=$l$rEk:\$9$k%W%m %;%C%5%\!<%I!"6)BN$J$I$b8=:_D4@0$J$$$7I>2ACf$G$"$k!# � GRAPE-5 $N %4!<%I%s!&%Y%k>^2A3J@-G=HfItLg$G$N<u>^ $G!" %D%j!<K!$N$h$&$J9bB.%"%k%4%j%:%‘$H$NAH$_9g$o$;$G$b@lMQ 7W;;5!$,M-8z$G$"$k$3$H$r%G%b%s%9%H%l!<%H$G$-$?!#