<!@$BeD6JBNs7W;;5!3+H/ | O"B3BN8~$1D6JBNs7W;;5!$N3+H/ Next-Generation Massiv ely P arallel Computers | Dev elopmen t of Massiv ely P arallel Computers for Con tin uous Ph ysical Systems 4d:jMN0l ( C^GHBg3X7W;;J*M}3X8&5f%;%s%?!< ) 1 8&5fAH?% %W%m%8%’%/%H%j!<%@!< 4d:jMN0l C^GHBg3XJ*M}3X7O65<x AGN3;RJ*M}3X!"A4BN$H$j$^$H$a %3%"%a%s%P 1’@n>4 C^GHBg3XJ*M}3X7O65<x AGN3;RJ*M}3X 6bC+OB;j C^GHBg3XJ*M}3X7O=u65<x AGN3;RJ*M}3X @DLZ?5Li C^GHBg3XJ*M}3X7O=u65<x AGN3;RJ*M}3X 5H9>M’>H C^GHBg3XJ*M}3X7O=u65<x AGN3;RJ*M}3X G_B<2mG7 C^GHBg3XJ*M}3X7O=u65<x 1’ChJ*M}3X CfK\BY;K C^GHBg3XJ*M}3X7O=u<j 1’ChJ*M}3X Bg@n@5E5 9b%(%M%k%.!<2CB.4o8&5f5!9=?tCMJ*M}It=u65<x AGN3;RJ*M}3X %3%"%a%s%P :d0f=$0l C^GHBg3XEE;R!&>pJs9)3X7O=u65<x %W%m%;%C%5!&%a%b%j:.:\7? LSI !"JBNsF~=PNO!&JBNs2D;k2= KQBYM4 C^GHBg3XEE;R!&>pJs9)3X7O=u65<x JBNsF~=PNO!&JBNs2D;k2= ;32<5A9T C^GHBg3XEE;R!&>pJs9)3X7O=u65<x JBNs2D;k2= OBED9L0l C^GHBg3XEE;R!&>pJs9)3X7O=u65<x %W%m%;%C%5!&%a%b%j:.:\7? LSI 0B1J<iMx C^GHBg3XEE;R!&>pJs9)3X7O=u65<x JBNsF~=PNO!&JBNs2D;k2= @1LnNO C^GHBg3X9=B$9)3X7O65<x JBNsF~=PNO!&JBNs2D;k2= Gr@nM’5* C^GHBg3X9=B$9)3X7O=u65<x JBNsF~=PNO!&JBNs2D;k2= CfB<9( El5~Bg3X@hC<2J3X5;=Q8&5f%;%s%?!<=u65<x %W%m%;%C%5!&%a%b%j:.:\7? LSI EO@%K’9T 9b%(%M%k%.!<2CB.4o8&5f5!9=7W;;2J3X%;%s%?!<65<x JBNsF~=PNO

Cf_74n;0O: EE5$DL?.Bg3X>pJs9)3X2J65<x %W%m%;%C%5!&%a%b%j:.:\7? LSI CfED0iCK ?^=q4[>pJsBg3X?^=q4[>pJs3XIt65<x JBNsF~=PNO!&JBNs2D;k2= 2 8&5f$NL\E* 7W ;; 2J 3X $N :G 6a $N H/ E8 $O!" D6 JB Ns 7W ;; 5! $K $h $k 7W ;; 5! $N G= NO $N 8~ >e $H 6/ $/ 7k $S $D $$ $F $$ $k!# D6 JB Ns 7W ;; 5! $O %Y %/ %H %k 7W ;; 5! $H Hf 3S $7 $F $= $N %"!< %- %F %/ %A%c $, B? MM $G $" $j!" =>$C $F!" Ld Bj $r L@ 3N $K @_ Dj $9 $k $3 $H $K $h$C $F =i $a $F!" :G @h C< $N H> F3 BN 5; =Q $r 6n ;H $7 $? D6 9b @- G= $J %7 %9 %F %‘ $r <B 8= $G $- $k!# $3 $N E@ $N 9% Nc $O!" 7W ;; 2J 3X <T $N <g F3$K$h$j ?k9T$5$l$?!"@h$N CP-P A CS %W%m%8%’%/ %H!" GRAPE %W%m%8%’%/%H$K8+$k $3$H$,$G$-$k!# CP-P A CS %W %m%8%’ %/%H $OO" B3BN 7O $K>G E@$r $"$F!" GRAPE %W %m%8%’ %/ %H$O B?N3 ;R7O $K%?!< %2%C %H$r 9J$C$F!" 9b@- G=$J D6 JB Ns 7W ;; 5! $N 3+ H/ $K @. 8y $7 $?!# $3 $3 $G O" B3 BN 7O $K $O!" N. BN NO 3X!" 3J ;R NL ;R NO 3X!" B? N3 ;R 7O $K $O!" B? BN E7 BN 7O!" 9bJ,;R7O$J$I$,4^$^$l$k!# K\Js9p$G$O!V<! @$BeD6JBNs7W;; 5!3+H/!W%W%m%8%’ %/%H$N$&$A$G!" O"B3BN8~$1D6 JBNs7W;;5!$N 3+H/$K$D$$$F =R $Y $k 1 !# K\8& 5f 3+H/ $N L\I8 $O!" (1) 9b B.$+ $D =@Fp $J F~=P NO 5!9=!& 2D ;k2= 5! 9=!&%^ %s %^%7 %s %$%s %? %U%’!<%9 $r <B8= $9 $k $3 $H!" (2) D6 JB Ns 7W ;; 5! $N 7W ;; B. EY $r 8= :_ $N #1 TFLOPS $+ $i #1 #0 #0 G\ 8~ >e $5 $; $k $? $a $N 7W ;; 5! %"!< %- %F %/%A%c$r9M0F!&8!>Z$9$k$3$H!"$G$"$k!# 6q BN E* $K $O!" CP-P A CS $K $* $1 $k CN 8+ $r 4p $K!" D6 9b B. JB Ns 7W ;; 5! $N 2] Bj $G $" $k B? NL $N 7W ;; %G!< %? $N JB Ns F~ =P NO 5Z $S JB Ns 2D ;k 2= $N $? $a $N 5, HO $H $J $j $& $k %7 %9 %F %‘ $r <B 8= $7!" $5 $i $K D6 JB Ns 7W ;; 5! $N 1i ;; @- G= $= $N $b $N $N Ht LvE*A}Bg$N$?$a$K!"8=:_M-K>$H9M$($i$l$F$$$k%W%m%;%C%5!&%a%b%j:.:\7?#L#S#I$N3+H/8&5f$r9T$&!# 3 8&5f7W2h$N35MW 9b B. $J D6 JB Ns 7W ;; 5! $H $= $N 7k 2L $N 2r @O!& 2D ;k 2= $r 9T $& 30 It =h M} Au CV $N 4V $r =@ Fp 3n $D 9b B. $K 7k $V $? $a $N JB Ns F~ =P NO!& JB Ns 2D ;k 2= $N 8& 5f $H!" 1i ;; @- G= $= $N $b $N $N 9b B. 2= $r L\ E* $H $9 $k %W %m %;%C %5!& %a %b %j :. :\ 7? #L #S #I $N 3+ H/ 8& 5f $r 9T $&!# A0 <T $K $D $$ $F $O!" 7W 2h $N A0 H> $K!" >. 5, LO JB Ns %7 %9 %F %‘ $H %0 %i %U%#%C %/ 7W ;; 5! %/ %i %9 %? $r 9b B. %9 %$%C %A $G 7k 9g $7 $? I> 2A MQ %7 %9 %F %‘ $r 9= C[ $7 $F 7k 9g <B 83!& @- G= I> 2A $r 9T $&!# 7W 2h 8e H> $K $O!" $3 $N 4p AC 8& 5f $N CN 8+ $K 4p $E $$ $F!" D6 JB Ns 7W ;; 5! $H JB Ns F~ =P NO!& JB Ns 2D ;k 2= Au CV $N 7k 9g $r 9T $$!" $3 $l $r I> 2A $9 $k $H 6& $K!" %= %U %H %&%’ %" $N 3+ H/ $r ?J $a $F!" <B MQ $K BQ $( $k %7 %9 %F %‘ $r 9= C[ $9 $k!# %W %m %;%C %5!& %a %b %j :. :\ 7? #L #S #I $N 8& 5f 3+ H/ $K 4X $7 $F $O!" 7W 2h A0 H> $O!" 4p K\ J} <0 $N 8! F$ $N $? $a $N %7 %_%e %l!< %? 3+ H/!" $= $l $r MQ $$ $F $N %7 %_%e %l!< %7%g %s I> 2A $K $" $F!" B3$$$F8eH>$K$O2sO)@_7W!&<BAu<B83!&<BAuI>2A$r9T$& 2 !# 3.1 JBNsF~=PNO!&JBNs2D;k2=%7%9%F%‘ 3.1.1 8&5fL\E* 2J 3X 5; =Q 7W ;; $r <g L\ E* $H $9 $k D6 JB Ns 7W ;; 5! $K $* $$ $F!" 7W ;; $K $* $1 $k =i 4| %G!< %?!& Cf 4V @8 @. %G!< %?!& :G =* 7k 2L %G!< %? $N NL $O KD Bg $G $" $j!" $3 $N 3J G< 5Z $S 0z $- =P $7 $r 9T $J $& $K $O!" Bg MF NL!& 9b %9 %k!< %W%C %H!& Dc %l %$ %F %s %7 $N 2 <! 5- 21 7O $, IT 2D 7g $G $" $k!# $^ $?!" $3 $N $h $& $J Bg 5, LO 2J 3X 5; =Q 7W ;; $K $* $1 $k 1i ;; 7P 2a!& :G =* 7k 2L $N 2D ;k 2= 5; =Q $O!" Bg NL $N 7W ;; 7k 2L $N 2r <a $r MF 0W $K $7!" KD Bg $J %G!< %? $N 8z N( E* $J J] B8 J} K! $H $7 $F $b!" :# 8e 0l AX =E MW $H $J $k!# $^ 1 $J $*!" O" B3 BN 7O!" B? N3 ;R 7O $= $l$> $l $N 5; =Q 3+ H/ $r :G =* G/ EY $K Am 9g $7!" =@ Fp $J JB Ns F~=P NO!& JB Ns 2D ;k 2= Au CV $r ;} $A O" B3 BN 7O $K E, $7 $? D6 JB Ns 7W ;; 5! $H B? N3 ;R 7O $N @l MQ 7W ;; 5! $r AH $_ 9g $o $;!" B? N3 ;R!& O" B3 BN :. 9g 7O $K E, MQ 2D G= $J %X %F %m %8 %K %" %9!& %^ %k %A %3 %s %T%e!< %? $r 9= C[ $9 $k!# $3 $N $h $& $J E} 9g E* %7 %9 %F %‘ $O!" AG N3 ;R!& 1’ Ch J* M} 3X Ey $N 3X =Q 8& 5f $N $_ $J $i $:!" CO 5e 5, LO $N 5$ 8u JQ F0 %7 %_%e %l!< %?!" Bg 5, LO 7W ;; NO 3X!" J* <A 2= 3X 2r @O!" CA Gr <A N) BN 9= B$ 2r @O Ey!" :# 8e <R 2q E* $K $^ $9 $^ $9 =E MW EY $r A} $9 $H M= A[ $5 $l $k Ld Bj $N 2r 7h $K M- MQ $J Lr 3d $r 2L $? $9 $H 4| BT $5 $l!" $^ $? ;: 6H 3& $,3+H/$9$k%3%s%T%e!<%?$N%W%m%H%?%$%W$H$b$J$jF@$k!# 2 0J >e $N 8& 5f 3+ H/ $r B?N3 ;R 7O $N 8& 5f 3+ H/ $H E} 9g $7!" 7W 2h :G =*G/ EY $K $O!" O" B3 BN 7O!& B? N3 ;R 7O $r $O $8 $a$= $l $i $N :. 9g 7O $K $? $$ $7 $F $b 9b $$ @- G= $r H/ 4x $9 $k %X %F %m %8 %K %" %9!& %^ %k %A %3 %s %T%e!< %? $r <B 8= $7!" AG N3 ;R J* M} 3X $K 1w $1 $k >l $N M} O@ %7 %_%e %l!< %7%g %s!" E7 BN %7 %_%e %l!< %7%g %s!" J, ;R F0 NO 3X 7W ;;!" N3 ;R E* %" %W %m!< %A $G $N N. BN 7W ;; $J $I $K 1~ MQ $9 $k!# $5 $i $K!" %U %m %s %H %( %s %I $H $7 $F =@ Fp $J %0 %i %U%#%C %/ =h M} %7 %9 %F %‘!" JB Ns F~ =P NO %7 %9 %F %‘ $H!" %P%C %/ %( %s %I $H $7 $F $N D6 JB Ns 7W ;; 5! $r M- 5! E* $K 7k 9g $5 $; $k!# $3 $l $K $h$C $F!" 9b B. @- $H F1 ;~ $K HF MQ @-!& =@ Fp @- $r ;} $A!" $5 $i$K%f!<%6%U%l%s%I%j$JD6JBNs%7%9%F%‘$,9=C[$5$l$k$,!"$3$l$O8=:_$N$H$3$m@$3&$G$bB>$KNc$r8+$J$$$b$N$G$"$k!#

$?!"D6JBNs7W;;5!$N30It$NAuCV!"Nc$($P7W;;7k2L$KBP$9$k%G!<%?@0M}$N$h$&$J8e=hM}$r9T$J$&%o!<%/%9%F!<%7%g %s $d!" >e =R $N 2D ;k 2= Au CV $N 1? MQ $r D6 JB Ns 7W ;; 5! $H 5! G= J, ;6!& JB 9T E* $K 9T $J $& $3 $H $r A[ Dj $7 $? >l 9g!" D6 JB Ns 5! $H 30ItAuCV$H$N%G!<%?$N6&M-@-$b=EMW$JMW7o$H$J$k!# 0J>e$N$h$&$J GX7J$rF’$^$(!"K\ 8&5f$G$O!"D6JB Ns7W;;5!$KMF 0W$K@\B32DG= $G!"3HD%@-$r;} $A!"$+$D30It4D 6- $H $N =@ Fp $J %G!< %? 6& M- $r <B 8= $9 $k JB Ns F~ =P NO 4D 6- 5Z $S 2 <! 5- 21 7O $N <B 8= $r L\ E* $H $9 $k!# $^ $?!" $= $N >e $K JB Ns 2D ;k 2= $r ;Y 1g $9 $k 4D 6- $r 9= C[ $7!" Bg 5, LO 7W ;; $H 2D ;k 2= $N J, ;6 JB 9T =h M}!& %j %" %k %? %$ %‘ =h M} $r <B 8= $9 $k %7 %9 %F %‘ $r <B8=$9$k!# 3.1.2 MW5a;EMM JBNsF~=PNO5Z $S2D;k2=%7%9%F %‘$KMW5a$5$l $k;EMM$H$7$F :G$b=EMW$J$b $N$O!"%G!<%?E>Aw $N%9%k!<%W%C%H$G $" $k!# $3 $3 $G $O!" D6 JB Ns 7W ;; 5! $K $* $1 $k 1’ Ch J* M} %" %W %j %1!< %7%g %s $N Nc $H $7 $F!" N. BN NO 3X 7W ;; $K $* $1 $k 7W ;; ;~ 4V $N 8+ @Q $b $j $r 85 $K!" MW 5a $5 $l $k ;E MM $r ;; =P $9 $k!# 1’ Ch J* M} $K $* $1 $k N. BN NO 3X 7W ;; $O!" 1i ;; ;~ 4V $K BP $9 $k %G!< %? NL $, Hs >o $K Bg $- $/ $J $k E5 7? E* $J Nc $H 9M $( $i $l!" $= $N MW @A $r K~ $? $9 %G!< %? E> Aw @- G= $r 0l $D $N L\ I8 $H $9 $k $3 $H $O BE Ev$G$"$m$&!# $3$3$G$O!"%j%" %k%?%$%‘$J2D;k 2=$rI,MW$H$9 $k!"Hf3SE*Cf5, LO$J7W;;$r9T $J$C$?>l9g$rA[ Dj$9$k!#3J;R%5 %$ %: $O 100 3 Dx EY $G $" $k!# $3 $3 $G $O AF L\ $N %a%C %7%e $K $* $1 $k Hf 3S E* C; ;~ 4V $N 7W ;; $K $* $$ $F!" %b %G %k $N ?6 $k Iq $$ $r 35 4Q $9 $k $3 $H $r L\ E* $H 9M $( $k!# CP-P A CS $H F1 Dx EY $N =h M} Au CV $r MQ $$ $? >l 9g!" 1 step Ev $? $j Ls 24MB $N %G!< %? $,@8 @.$5 $l!" D6JB Ns5! B&$G $O $3$l $r 0.02 IC /step DxEY $G @8@. 2DG= $G $"$k!# $3$N %G!<%? $r 85$K %9%+ %i NL$N EyCM LL ?^ $d Ey 9b @~ ?^!" %Y %/ %H %k NL $N Lp @~ ?^ $J $I $N I= <( $r 9T $J $&!# $3 $3 $G $O I= <( %G!< %? $K 0U L# $, $" $j!" AG %G!< %? $r J] B8$9$kI,MW$O$J$$!# $3$NNc$G$O!"D6 JBNs5!$N%G!<%? @8@.$K40A4$K BP1~$9$kJBNs F~=PNO!&2D;k2= %7%9%F%‘$KMW 5a$5$l$k%9%k!< %W%C %H $O Ls 1.2GB/ IC $G $" $k $3 $H $, $o $+ $k!# $3 $l $h $j!" JB Ns F~ =P NO %A%c %M %k $N %9 %k!< %W%C %H $O A4 BN $G >/ $J $/ $H $b ?t GB/ IC DxEY $r8+ @Q$k I,MW $,$" $k!#$3 $N B>!"%l %$%F %s%7 $NDc 8:$K BP$9 $kMW 5a $b$" $k$,!" Bg5, LO2J 3X5; =Q7W ;; $K$* $1$kF~=PNO$G$O%9%k!<%W%C%H$,:GM%@hMW7o$G$"$j!"K\8&5f$K$*$1$k@-G=L\I8$b$3$l$rBh0l$H9M$($k!# 2D;k2=%7%9%F%‘ Fb$G$N2hA|@8 @.=hM}$K4X$7$F $O!"LdBj6u4V$N%5 %$%:$HF1;~I= <($5$;$?$$JQ?t $N<oN‘5Z$S?t $K $h$C $F Ii 2Y $O Bg I} $K JQ F0 $9 $k $? $a!" $3 $l $r Dj NL E* $K Dj $a $k $3 $H $O Fq $7 $$!# $7 $+ $7!" F1 ;~ I= <( $7 $? $$ %Y %/ %H %k @~ ?^ $d G; C8 ?^ $N MW AG ?t $, ?t I4 K| $G $" $k $3 $H $r 9M $( $k $H!" 2D ;k 2= %7 %9 %F %‘ $K $O %U %l!< %‘ %P%C %U%! $r 6& M- $9 $k 2h A| =h M}%W%m%;%C%5$,J#?tBfI,MW$H$J$k$H9M$($i$l$k!# 3.1.3 <B8=<jK! %9%1!<%i%S%j%F%# $rHw$($?9b%9 %k!<%W%C%H$NJBNs F~=PNO7O5Z$S JBNs2D;k2=4D 6-$r<B8=$9$k $K$O!"C1BN2A3J $, Hf 3S E* 0B 2A $G!" D6 JB Ns %7 %9 %F %‘ $H F~ =P NO %7 %9 %F %‘ $N 4V $K JB Ns $7 $F I_ @_ $9 $k $3 $H $, 2D G= $J F~ =P NO %A%c %M %k $, I, MW $H $J $k!# $^ $?!" Bg MF NL $N %G!< %? $r 9b B. $K 3J G<!& FI =P $7 $9 $k $? $a $N JB Ns %G%# %9 %/ Au CV 5Z $S $= $l $r 4I M} $9 $k >. 5, LO $" $k $$ $O Cf 5, LO $N JB Ns =h M} %7 %9 %F %‘ $, I, MW $H $J $k!# $5 $i $K!" 2D ;k 2= Au CV $K $* $$ $F $b!" 2h A| @8 @. =h M} $r JB Ns 2= 2D G= $J!" %U %l!< %‘ %P%C %U%! 6& M- 7? $N JB Ns %0 %i %U%#%C %/ %7 %9 %F %‘ $, MW 5a $5 $l $k!# $3 $l $i $N MW AG $r 0l $D $N 4D 6- $K E} 9g $9$k$3$H$K$h$j!"=@Fp$G9b%9%k!<%W%C%H$r;}$DJBNsF~=PNO!&2D;k2=%7%9%F%‘$,<B8=$G$-$k$H9M$($i$l$k!# 2a 5n $N D6 JB Ns 7W ;; 5! %W %m %8%’ %/ %H $K $* $$ $F $O!" B? $/ $N >l 9g!" F~ =P NO 7O $N $? $a $K @l MQ %O!< %I %&%’ %"!& %= %U %H %&%’ %" $, F3 F~!& 3+ H/ $5 $l $F $- $?!# $7 $+ $7!" 8= :_ $N HF MQ $N %P %9 $" $k $$ $O %M%C %H %o!< %/ 5; =Q $O!" $3 $l $i $N 8& 5f $K $* $$ $F L\ I8 $H $5 $l $F $- $? ?e =‘ $K == J, C# $7 $F $* $j!" :# 8e $N D6 JB Ns 7W ;; 5! MQ F~ =P NO 7O $H $7 $F $O!" $‘ $7 $m $3 $& $$$C $? HF MQ$N@=IJ (commo dit y) $r %O!<%I%&%’%"LL$G@Q 6KE*$KMxMQ$7$F $$$-!"%=%U%H%&%’%" E*$J<jK!$G$= $NMxMQN($r9b$a $k J} 8~ $G @l MQ 2= $r ?J $a $k $N $, 3+ H/ 4| 4V!& %3 %9 %H $K BP $9 $k 8z N( $N E@ $G M- Mx $G $" $k $H 9M $( $i $l $k!# K\ 8& 5f $G $O $3 $& $$$C$?;X?K$K4p$E$-!" commo dit y %Y!<%9$N%O!<%I%&%’%"$rMxMQ$7$F$$$/!# 8=:_!" 9bB. F~=P NO G^BN $H$7 $F HIPPI $d Fib er Channel $N$h $& $K!"C1 BN@- G= $G 100 MB/ IC $N%*!< %@ $N@- G= $r ;} $D $b $N $, 4{ $K B8 :_ $9 $k!# $7 $+ $7!" $3 $l $i $N F~ =P NO G^ BN $O %$ %s %? %U%’!< %9 $, Hf 3S E* J# ;( $G!" C1 BN 2A 3J $, Hs >o $K9b2A$G$"$k!#K\8&5f$GBP>]$H$9$k%7%9%F%‘$G$O!"$3$l$KBP$7 2 7eDxEY$N%9%k!<%W%C%H8~>e$,MW5a$5$l$F$*$j!" >/ $J $/ $H $b ?t == 0J >e $N %A%c %M %k $r JB Ns $K I_ @_ $G $- $k I, MW $, $" $k!# $3 $N E@ $+ $i!" $h $j 0B 2A $G 6& DL @- $N 9b $$ G^ BN $r B??tMQ$$$k$3$H$,%7%9%F%‘$N%9%1!<%i%S%j%F%#$N4QE@$+$i=EMW$G$"$k$H9M$($i$l$k!#

0lJ}!" A TM $d 100base %$!< %5 %M%C%H $O!" C1 BN%9 %k!< %W%C%H <+ BN $O HIPPI Ey$h $j 1 7e Dc$$ $,!" $= $N6& MQ @- $N9b$5$+$i%$%s%?%U%’!<%9$dG^BN!&%9%$%C%AEy$N2A3J$OHs>o$KDc$/$J$C$F$$$k!#K\8&5f$G$O$3$l$i$NG^BN$r%Y!< %9$K%9%1!<%i%S%j%F%#$N$"$kF~=PNO%A%c%M%k$r9=@.$9$k$N$,BEEv$G$"$k$H9M$($i$l$k!#$5$i$K!"?tG/0JFb$K Gi- gabit %$!<%5%M%C%H$N$h $&$J9bB.G^BN$,6K$a$F 0B2A$KDs6!$5$l$k$h$&$K $J$k$3$H$O3N<B$H9M$($i $l$F$*$j!"8&5f $N:G=*CJ3,$G$O$3$l$i$NG^BN$rMxMQ2DG=$G$"$k$H9M$($i$l$k!# $3 $l $i $N G^ BN $N Cf $G $b!" FC $K 100base-TX $K $h $k %$!< %5 %M%C %H $O!" 4{ $K %o!< %/ %9 %F!< %7%g %s $d %Q!< %= %J %k %3 %s %T%e!< %? $K $* $1 $k <B MQ 2= $, C# @. $5 $l $F $* $j!" FC $K %Q!< %= %J %k %3 %s %T%e!< %? >e $G 1? MQ $5 $l $F $$ $k $H $$ $& E@ $+ $i!"BgNL@8 ;:$KN"$E$1$i$l $?$=$N%3%9%H$O B>$N%7%9%F%‘ $HHf3S$K$J$i$J $$DxEY$^$GDc8: $5$l$F$$$k!# commo d- it y 2= $5 $l $? 9b $$ 2A 3J @- G= Hf $r ;} $D 5; =Q $r Mx MQ $9 $k $H $$ $&!" K\ 8& 5f $N %" %W %m!< %A $+ $i 9M $( $k $H!" 100base-TX %$!<%5%M%C%H$rMQ$$$k$N$,!"8=CJ3,$G$O:G$bBEEv$H9M$($i$l$k!# 3.1.4 %7%9%F%‘$N%$%a!<%8 %O!<%I%&%’%"%7%9%F%‘$O0J2<$N 4 $D$NItJ,$h$j$J$k!# D6JBNs7W;;5! D6JBNs 7W;;$r 9T$J$& 1i;;Au CV$G $"$k!#$3 $3$G=E MW$J$N $O!"B??t $NF~ =PNO%A%c %M%k$r Ds6!$9 $k$? $a $N J# ?t $N I/O @l MQ %W %m %;%C %5 $r Hw $( $F $$ $k $3 $H $G $" $k!# $= $7 $F!" 1i ;; MQ %W %m %;%C %5 Bf ?t $, %9 %1!< %i %V %k $J$@$1$G$J$/!"$3$NJBNs I/O %W%m%;%C%5Bf?t$K$b3HD%@-$,I,MW$G$"$k!# JBNs%o!<%/%9%F!<%7%g%s ( JBNs%G%#%9%/%5!<%P ) B??t$N BgMFNL %G%#%9 %/AuCV $HJ#?t $N CPU $r;} $A!"JBNs F~=P NO %A%c %M %k $r DL $8 $F!" D6 JB Ns 5! $N ;} $D JB Ns I/O %W %m %;%C %5 $H $N DL ?. $r 9T $J $&!# I, MW $K 1~ $8 $F!" D6 JB Ns 5! $H $N %G!< %? F~ =P NO $@ $1 $G $J $/!" <+ 8J $G $b D6 JB Ns 5! $H JB 9T $K 2? $i $+ $N JB Ns =h M} $r 9T $J $& $3 $H $, 2D G= $G!" $+ $D Bh;0<T$K$b%U%!%$%k6&M-$r2DG=$H$9$k$h$&$J5!G=$r;}$?$;$k!# JBNs%S%8%e%"%j%<!<%7%g%s%5!<%P 1 $D $^ $? $O J# ?t $N CPU $H!" 6/ NO $J %0 %i %U%#%C %/ 5! G= $r ;} $D 9b B. $J %o!< %/ %9 %F!< %7%g %s!# D6 JB Ns 5! $* $h $S JB Ns %G%# %9 %/ %5!< %P $H JB Ns F~ =P NO %A%c %M %k $K $h$C $F 7k 9g $5 $l!" N> <T $H $N D> @\E*$J%G!<%?8r49!"$"$k$$$O%G%#%9%/%5!<%P>e$N%G!<%?=hM}$r!"$=$l$i$NMWAG$H5!G=J,;6E*$K<B9T$9$k!# JBNsF~=PNO%A%c%M%k D6JBNs 5!!&JB Ns%G%# %9%/ %5!<%P!& JBNs %S%8%e %"%j%<!< %7%g%s %5!<%P $N;0 <T$r!" J#?t $N7k 9g MW AG $G JB Ns 7k 9g $9 $k %A%c %M %k $r Ds 6! $9 $k!# 9b %9 %k!< %W%C %H $G %9 %1!< %i %S %j %F%# $N $" $k 7k 9g MW AG $, 5a $a $i $l$k!# $3$l$i$rM-5!E* $K7k9g$7!"$+$D =>Mh%7%9%F%‘ $h$j9b$$8zN( $G5!G=$5$;$k$? $a$K!"0J2<$N$h $&$J%=%U%H%&%’ %" %7%9%F%‘$,I,MW$H$J$k!# %"%W%j%1!<%7%g%s%l%Y%k K\%7%9%F%‘$K$*$1$k9b?e=‘%=%U%H%&%’%"$H$7$F!"D6JBNs%7%9%F%‘$N$?$a$N8zN(E*$J%U%! %$%k 6& M-%7 %9 %F %‘$H!" JB Ns2D ;k 2= %"%W %j %1!< %7%g%s $r <B8= $9 $k $3$H $, I,MW $G $" $k!#A0 <T $O NFS $N$h $& $J 8= 9T $N %U%! %$ %k %7 %9 %F %‘ $r 8+ D> $7!" D6 JB Ns 5! 4D 6- $N $h $& $K!" Hf 3S E* ?. Mj @- $, 9b $/ 6a 5w N% $N %M%C %H %o!< %/ $K$*$$$F!"%U%!%$%kF~=PNO%9%k!<%W%C%H$r8~>e$5$;$k$b$N$G$"$j!"JBNs%G%#%9%/%5!<%P>e$GF0:n$5$;$k!# 8e <T $O D6 JB Ns 5! $+ $i %j %" %k %? %$ %‘ $K @8 @. $5 $l $k %G!< %? $r $" $k Dx EY C‘ <! 2= $7!" JB Ns EY $r Mn $H $7 $D $D 8z N( E* $J2hA|=hM}$r9T$J$&$b$N$G$"$j!"JBNs%S%8%e%"%j%<!<%7%g%s%5!<%P$GF0:n$5$;$k!# %I%i%$%P%l%Y%k JB Ns F~ =P NO %A%c %M %k $K $* $1 $k %G!< %? E> Aw $G $O!" => Mh $N TCP/IP $N $h $& $J HF MQ!& Dc ?. Mj @- %M%C %H %o!< %/ MQ %W %m %H %3 %k $K Be $o $k!" $h $j 8z N( E* $J DL ?. %W %m %H %3 %k $r MQ 0U $9 $k I, MW $, $" $k!# $3 $l $O >e =R $N %" %W%j%1!<%7%g%s%l%Y%k%=%U%H%&%’%"$r>e0L%l%Y%k$KA[Dj$7!"I,MW:GDc8B$N5!G=$r$b$C$F9b%9%k!<%W%C%H!& Dc%l%$%F%s%7$NDL?.$r<B8=$9$k$b$N$G$"$k!# 3.1.5 4XO"$9$k8&5f $$ $/ $D $+ $N D6 JB Ns 7W ;; 5! %W %m %8%’ %/ %H $G $O!" 3H D% @- $r ;}$C $? JB Ns F~ =P NO 7O $N 8& 5f $, 9T $J $o $l $F $$ $k!# CP- P A CS $G$O%7%9%F%‘Fb$K:GBg 128 Bf$NJBNs I/O %W%m%;%C%5$,MQ0U$5$l!"3F!9$,%G%#%9%/AuCV$rJ];}$7!"BgMFNL!& 9b %9 %k!< %W%C%H $N F~ =P NO 7O$r <B 8= $7 $F $$$k!# $7 $+ $7!" 4p K\E* $K I/O 7O $, D6 JB Ns7W ;; 5! Fb $G JD$8 $F $* $j!" 30 It$H $N%G!<%?6&M-$d2D;k2=$K4X$9$k=@Fp@-$K7g$1$k!#

$= $N B> $N 9q Fb %W %m %8%’ %/ %H $H $7 $F!" R W CP $N R W C-1 5Z $S J8 It >J =E E@ NN 0h 8& 5f $N JUMP-1 $G $O!" 3F!9!" @lMQ$NF~=PNO7O$r;}$C$F$$$k!# R W C-1 $G$O%W%m%;%C%54V%M%C%H%o!<%/$H$OJL$K%j%s%0>u%M%C%H%o!<%/$H A TM %9 %$%C %A $+ $i @. $k 3, AX 7? %M%C %H %o!< %/ $r F~ =P NO @l MQ $K ;} $A!" 2h A| $d %; %s %5!< F~ =P NO $N $h $& $J %j %" %k %? %$ %‘ =h M} $r 9T $J $& %G %P %$ %9 $r 7k 9g $9 $k!# JUMP-1 $G $O T AXI $H 8F $P $l $k %P %9 $K $h$C $F 2h A| =P NO Au CV $J $I $N <~ JU %G %P %$ %9$r@\B3$7$F$$$k!# 3.1.6 4|BT$5$l$k@.2L D6JBNs7W;;$N7k 2L@8$8$kKDBg $J%G!<%?$r9bB. $KE>Aw!&J]B8!&;k 3P2=$9$k5;=Q$, :#8e$NBg5,LO 2J3X5;=Q7W;; $K $*$$$F=EMW$JMWAG5;=Q$H$J$k$3$H$O4V0c$$$J$$!# D6JBNs7W;;5!$K $h$kBg5,LO2J 3X5;=Q7W;;!"FC $KO"B37O$N$= $l$K$*$$$F$O!"1i ;;;~4V$KBP$9 $k%G!<%?NL$,Hs >o $K Bg $- $/!" %7 %_%e %l!< %7%g %s $r 9T $J $& >l 9g $b $= $N 6u 4V E*!& ;~ 4V E* HO 0O $O KD Bg $K $J $k!# $= $N $? $a!" $" $k Dx EY AF $$ @: EY $G $N M= Hw E* 1i ;; $r 9T $J $$!" @: L) $J 7W ;; $r 9T $J $& HO 0O $N 9J $j 9~ $_ $r 9T $J $& >l 9g $, B? $$!# %j %" %k %? %$ %‘ @- $r ;} $D 9b %9 %k!< %W%C %H $N JB Ns F~ =P NO!& 2D ;k 2= %7 %9 %F %‘ $G $O!" $3 $& $$$C $? MQ ES $K BP $7 Hs >o $K =@ Fp $G 8z N( E* $J %^ %s %^ %7 %s!&%$%s%?%U%’!<%9$rDs6!$9$k$3$H$,2DG=$G$"$k!# $^$?!"9b$$@:EY $rMW5a$5$l$kAG %G!<%?$NJ]B8$, I,MW$J>l9g$b $"$k$,!"7O$NFC D’$d;~4VJQ2= $N798~$H$$$C$? $b $N $r %" %K %a!< %7%g %s $N $h $& $J 7A $G J] B8 $9 $k $3 $H $O!" %G!< %? J] ;} 8z N( $N E@ $+ $i =E MW $G $" $k!# K\ 8& 5f $G BP >] $H $9 $k %7 %9 %F %‘ $O!" %f!< %6 $N MW 5a $K 1~ $8 $F %j %" %k %? %$ %‘ $J 2D ;k 2=!" JB Ns %G%# %9 %/ %5!< %P $X $N %G!< %? $N J] B8!" J] B8 $5 $l $? %G!< %? $N 8e =h M} E* $J 2D ;k 2=!" $" $k $$ $O 30 It Au CV $H $N %G!< %? 6& M- $K $h $k 5! G= J, ;6 E* $J JB 9T =h M} $J $I $, 2D G= $H $J $k!# $3 $l $i $r AH $_ 9g $o $; $k $3 $H $K $h $j!" 9b $$ =@ Fp @- $H 8z N( $r ;} $D!" D6 JB Ns 7W ;; 5! $N <~ JU 4D 6- $, <B 8= 2D G= $H $J $k $H9M$($i$l$k!# $5$i$K!"HFMQ@-!& 6&MQ@-$N9b$$ F~=PNOG^BN$r %Y!<%9$H$7$F!"%= %U%H%&%’%"LL$G $N8zN(2=$r ?^$k$3$H$K$h $j!" 0B2A$G3HD%@-$KIY$‘JBNsF~=PNO%7%9%F%‘$r<B8=$9$k5;=Q$rDs6!$G$-$k$H9M$($i$l$k!# K\ 8& 5f $K $* $$ $F 9= C[ $5 $l $k %7 %9 %F %‘ $O!" J# ?t $N JB Ns =h M} %7 %9 %F %‘ $N 0l <o $N 0[ 5! <o 4V 7k 9g $r <B 8= $9 $k!# Nc $( $P!" D6 JB Ns 7W ;; 5! $r %P%C %/ %( %s %I %W %m %;%C %5 $K!" JB Ns %G%# %9 %/ %5!< %P 5Z $S %S %8%e %" %j %<!< %7%g %s %5!< %P $r %U %m %s %H %( %s %I %W %m %;%C %5 $K!" $= $l $> $l 5! G= J, C4 $5 $; $k $h $& $J Mx MQ K! $b 9M $( $i $l $k!# %f!< %6 %$ %s %? %U%’!< %9 $, MW 5a $5 $l!" $+ $D $" $k Dx EY J# ;( $J =h M} $O %U %m %s %H %( %s %I $G =h M} $7!" Bg 5, LO $G $O $" $k $, Hf 3S E* C1 =c $J JB Ns @- $r ;} $D =h M} $O %P%C %/ %( %s %I $G =h M} $9 $k $H $$$C $? 7A BV $, 2D G= $G $" $k!# $3 $N $h $& $K!" JB Ns %G%# %9 %/ %5!< %P $r C1 $J $k %G%# %9 %/ 4I M} Au CV $H $7 $F MQ $$ $k $@ $1 $G $J $/!" 5! G= J, ;6 7? JB Ns =h M} $N $? $a $N Au CV $H $7 $F MQ $$ $k $3 $H $K $h $j!" MM!9 $J %K!< %: $K BP1~$9$k!"=@Fp$J%7%9%F%‘$r9=C[$9$k$3$H$b2DG=$G$"$m$&!# 3.2 %W%m%;%C%5!&%a%b%j:.:\7?#L#S#I 3.2.1 8&5fL\E*$H4pK\J}?K K\ 8& 5f $N L\ E* $O!" <! @$ Be $N O" B3 BN 8~ $1 D6 JB Ns 7W ;; 5! $N MW AG $H $J $k LSI $N %"!< %- %F %/ %A%c $r L@ $i $+ $K $9 $k $3 $H$K$"$k!# <! @a 0J 8e $G =R $Y $k $h $& $K!" LSI $N 9b =8 @Q 2=!& 9b B. 2= $r Cf ?4 $H $9 $k 7W ;; 5! 5; =Q $N H/ E8 $O $a $6 $^ $7 $$ $b $N $, $" $j!" $3 $l $O K\ 8& 5f $N %?!< %2%C %H $H $9 $k #2 #1 @$ 5* =i F, $K $* $$ $F ;} B3 $9 $k $b $N $H 9M $( $i $l $F $$ $k!# 0l J} $G 7W ;; 2J 3X $N MW 5a $9 $k 7W ;; B. EY $H 5- 21 MF NL $O!" #2 #1 @$ 5* =i F, $N 7W ;; 5! 5; =Q $r $b$C $F $b :G =* E* $J K~ B- $, F@ $i $l $k $b $N $G $O $J $$!# $=$3$GK\8&5f$K $*$$$F$O!"$^$: #2#0#0#4G/A08e $K<B8=$5$l$k %G%P%$%95;=Q $rM=B,$7!"$3$l$r O"B3BN7O$N7W ;; 2J 3X $K E, MQ $9 $k $? $a $N 7W ;; 5! %"!< %- %F %/ %A%c $r 9M 0F!" %7 %_%e %l!< %7%g %s I> 2A $7 $? 8e!" >\ :Y @_ 7W $r 9T $$!" It J, E* $J;n:n!&I>2A$r9T$&!# 3.2.2 %G%P%$%95;=Q$NF08~ I= 1 $KJF9qH>F3BN9)6H2q (SIA) $K$h$k:#8e$N LSI @=IJ!J>&MQ%^%$%/%m%W%m%;%C%5%A%C%W$*$h$S#D#R#A#M%A%C %W!K $N %m!< %I %^%C %W $r <( $9!# M- L> $J %‘!< %" $N K! B’ $K $h $l $P!" H> F3 BN $N =8 @Q EY !J#1 %A%C %W $K G< $a $i $l $k %H %i %s %8 %9 %? $N ?t!K $O!" %W %m %;%C %5!" #D #R #A #M $H $b $K #3 G/ $G #4 G\ $K $J$C $F $$ $k!# $3 $l $O!" 1J B3 E* $J K! B’ $G $O $J $$ $,!" #1

#9 #7 #0 G/ Be 0J 8e $K $* $$ $F $[ $\ @5 3N $K <i $i $l $F $* $j!" >/ $J $/ $H $b #2 #1 @$ 5* $N :G =i $N ?t G/ 4V $O @. $j N) $D $b $N $H 9M $( $i$l$F$$$k!# I= 1: SIA $K$h$kH>F3BN%m!<%I%^%C%W y ear 1995 1998 2001 2004 2007 2010 rule (um) 0.35 0.25 0.18 0.13 0.10 0.07 G[@~%l%"!<?t 4-5 5 5-6 6 6-7 7-8 %&%’%U%!D>7B (mm) 200 200 300 300 400 400 %A%C%W I/O ?t 900 1350 2000 2600 3600 4800 %Q%C%1!<%8%T%s?t 512 512 512 512 800 1024 DRAM %S%C%H?t 64M 256M 1G 4G 16G 64G MPU %H%i%s%8%9%??t 12M 28M 64M 150M 350M 800M MPU %A%C%W%5%$%: ( mm 2 ) 250 300 360 430 520 620 EE8;EE05 3.3-2.5 2.5-1.8 1.8-1.2 1.5-1.2 1.2 0J2< 1.2 0J2< On-c hip Clo c k Fq. (MHz) 300 450 600 800 1000 1100 I/O Bus Clo c k Fq. (MHz) 150 200 250 300 375 475 :GBg>CHqEENO (W) 12.5 21 36 43 52 62 :#!"L\I8 $H$9 $k LSI $N<B MQ2= $N;~ E@$r!" K\8& 5f$N =*N;$9 $k#3 G/8e!" $9$J $o$A 2004 G/ $H9M $($k!# I=#1 $K$h$k $H!"$=$N$H$-$N%A%C%W I/O ?t$O 2600 !" DRAM %S%C%H?t 4G !" MPU %H%i%s%8%9%??t 150M !"EE8;EE05 1.5-1.2V !" %/ %m%C %/ <~ GH ?t 800MHz !" :G Bg >C Hq EE NO 43W $H $J $k!# CP-P A CS $G ;H $o $l $F $$ $k 5; =Q $K Hf $Y $k $H!" #D #R #A #M %A%C%W$N5-21MFNL$G 64 G\!"%W%m%;%C%5$N%H%i%s%8%9%??t$GLs 33 G\!"%/%m%C%/<~GH?t$GLs 5.3 G\$K$J$k!# 3.2.3 ?7%W%m%;%C%5$X$NMW5a;EMM AG N3 ;R!" 1’ Ch!" J* @- $J $I!" 7W ;; J* M} 3X $N <g MW $J J, Ln $G MW 5a $5 $l $k 7W ;; B. EY $O ;v <B >e L5 8B Bg $G $" $k $H 8@$C $F NI $$!# <B :] $3 $l $i $N J, Ln $G Mx MQ 2D G= $J 7W ;; B. EY $O!" CP-P A CS !J 2048PU !" %T!< %/ @- G= 614GFLOPS !K $r $O $8 $a!" 8= :_ ?t I4 GFLOPS $K C# $7 $F $* $j!" $3 $l $K $h$C $F Bg I} $J ?J Jb $, $b $? $i $5 $l $F $$ $k $b $N $N!" $5 $i $K Fs 7e $+ $i ;0 7e >e $N ?t I4 TFLOPS $N 7W ;; @- G= $N <B 8= $K $h $j $O $8 $a $F ?? $K 8= <B E* $J 7W ;; $, 2D G= $H $J $k Ld Bj $b ?t B? $/ $" $k!# AG N3 ;R J* M} $K $* $$ $F $O F0 E* $J %/%)!< %/ $N 8z 2L $r 40 A4 $K :N $j F~ $l $? full QCD 7W ;; $H CP Hs J] B8 $N Ld Bj $r $O $8 $a $H $9 $k EE <e Aj 8_ :n MQ I8 =‘ LO 7? $X $N 3H D%!" 1’ Ch J* M} J, Ln $G $N J* <A $H mU <M $N Aj 8_ :n MQ $r 07 $& #6 <! 85 mU <M N. BN Ld Bj!" J*@-Bh0l86M}7W;;$K$*$1$k?tI48D$N86;R$N<h$j07$$$J$I$O!"E57?E*$JNc$G$"$k!# $3$l$i$N7W;;$K $*$$$F$O!"IbF0 >.?tE@$N7W;; B.EY$N$_$J$i $:!"$3$N@-G=$K8+ $"$C$?5-21AuCV $+$i1i;;AuCV $X $N%G!<%?$N6!5k@-G=$,MW5a$5$l$k$3$H$O!"FC$KCm0U$9$Y$-E@$G$"$k!# 3.2.4 %W%m%;%C%5!&%a%b%j:.:\7?%"!<%-%F%/%A%c A0@a$^ $G$G=R $Y$?$h $&$K!"<! @$Be$N 7W;;2J 3X8~$17W ;;5!$O!" (1) %T!< %/$N1i ;;B.EY!" (2) 1i ;;AuCV $X$N%G!< %?6!5kB.EY!"$N#2E@$+$i:GE,2=$5$l$?%"!<%-%F%/%A%c$r$H$kI,MW$,$"$k!# � 1i;;B.EY$N8~>e 1i;; B. EY $N8~ >e $O!" (a) %/ %m%C%/ B. EY $N8~ >e!" (b) %9!< %Q %9 %+%i $K $h $k%W %m %;%C %5Fb JB Ns 2=!" (c) 9b =8@Q 2=$K$h$C$FMWAG%W%m%;%C%5$rB? $/<BAu$9$k$3$H$K$h$kJB Ns2=!" (d) Ej5!E*<B9T$K$h$kJBNs2=!" $J$I$K$h$C $F<B8=$5$l$k!# � %G!<%?6!5k7O$N9bB.2= %G!< %? 6! 5k 7O $N 9b B. 2= $O!" %a %b %j 3, AX $N $= $l $> $l $K $* $1 $k %P %s %I I} $* $h $S %l %$ %s %F %s %7 $N :G E, 2= $K $h$C $F <B 8= $5 $l $k!# 6q BN E* $K $O!" %o!< %- %s %0 %;%C %H $N Bg $- $5 $H %G!< %? %" %/ %; %9 %Q %?!< %s $K 1~ $8 $F!" %a %b %j %P

%9$N3HBg!"%a%b%j$NB?%P%s%/2=!"B?%]!<%H2=!" CP-P A CS $G3+H/$5$l$?5?;w%Y%/%?=hM}5!9=$N2~NI!"%-%c%C %7%e$N:GE,2=$J$I$r9T$&I,MW$,$"$k!# 2004 G/ $K <B 8= $5 $l $k 9b =8 @Q %A%C %W $O!" =8 @Q EY $, 8= :_ $N $= $l $H Hf 3S $7 $F 33 G\ $H Bg $- $$ $K $b $+ $+ $o $i $:!" %A%C %W $N I/O ?t $O $? $+ $@ $+ #3 G\ $7 $+ $J $$!# %G %6 %$ %s $N %P %i %s %9 $r 9M $( D> $9 I, MW $, $" $k!# $3 $3 $G!" #D #R #A #M $r %W %m %;%C %5 %A%C %W 30 It $K CV $/ => Mh $N %"!< %- %F %/ %A%c $G $O!" %P %9 %M%C %/ $K $J $k 2D G= @- $, $" $j!" %o!< %- %s%0%;%C%H$NBg$-$/$J$k2J3X7W;;$G$O!"$=$N2DG=@-$,Bg$-$$$H9M$($i$l$k!# $3 $N Ld Bj $r 2r 7h $9 $k $? $a!" %W %m %;%C %5!& %a %b %j :. :\ 7? LSI $N 3+ H/ $r 9M $( $k!# K\ LSI $K $* $$ $F $O!" %a %b %j %P %9 $O %A%C %W Fb It $K <B Au $5 $l $k $? $a!" %P %s %I I} $, Bg $- $/ %l %$ %F %s %7 $N >. $5 $J %P %9 $, <B 8= 2D G= $G $" $k!# 6q BNE*$K$O!" DRAM $N#1%3%i%‘$NI}J,$N%P%9$rD%$k$J$I$NJ}<0$,9M$($i$l$k!# %W %m %;%C %5!& %a %b %j $N :. :\ $H JB $s $G!" F1 $8 %A%C %W Fb $K %M%C %H %o!< %/ %$ %s %? %U%’!< %9 $r AH $_ 9~ $s $G 30 It $H $N9bB.DL?.$r<B8=$9$k$3$H$b=EMW$J2]Bj$G$"$k!# � %W%m%;%C%5!&%a%b%j:.:\%A%C%W 2J3X 5;=Q 7W;; $N%o!< %- %s%0 %;%C%H $NBg $-$5 $O!" $[$\ CPU G= NO$K HfNc $9$k!# $7 $?$,$C $F!" CPU B.EY $, N G\$K$J$k$H!"%a%b%j$NI,MWNL$O N G\$K$J$k$H9M$($i$l$k!#8=:_$N CP-P A CS $N PU $"$?$j%a%b%jNL$O 64- 256MB Dx EY $G $" $j!" 2004 G/ $K %/ %m%C %/ $, 5.8 G\ $K $J $k $H!" Ls 400MB-1.5GB $, I, MW $H $J $k!# $3 $l $r #1 %A%C%W$G<BAu$7$h$&$H$9$k$H!" $?$+$@$+#1$J$$$7#2%W%m %;%C%5$H DRAM $N:.:\%A%C%W$,E,Ev!"$H$$ $&$3 $H $K $J $k!# PU 4V!& %A%C %W 4V $N %G!< %? E> Aw $r 9b B. 2= $9 $k $3 $H $G!" $h $j B? $/ $N %W %m %;%C %5 $r Ek :\ $9 $k $3 $H $,E,Ev$H$J$k2DG=@-$,$"$j!"8!F$$NI,MW$,$"$k!J?^ 1 !K!# ?^ 1: %W%m%;%C%5!&%a%b%j:.:\7?%A%C%W $5 $i $K!" %W %m %;%C %5!& %a %b %j :. :\ %A%C %W $K $5 $i $K 30 It %a %b %j $r IU 2C $9 $k J} <0!" %A%C %W Fb It $K <B Au $9 $k $b $N $r !J%W %m %;%C %5 $H Fs <! %-%c%C %7%e!K !v #N $H $7!" DRAM $r 30 IU $1 !J<B :] $K $O MCM $r Mx MQ!K $9 $k $J $I $NJ}<0$r8!F$$9$k!#

� 4|BT$5$l$k@-G= 2004 G/ $N 7W ;; 5! $O!" CP-P A CS $H Hf 3S $7 $F!" %/ %m%C %/ <~ GH ?t $G 5.3 G\ (800MHz) !" %A%C %W Fb JB Ns @- G= $G 8 G\!"<BAu5,LO$GLs 10 G\$H$J$k$3$H$,4|BT$5$l!"C1=c7W;;$K$h$k$H!"%T!<%/@-G=$O 200TFLOPS-300TFLOPS $H $J $k!# A0 =R $7 $? $h $& $K $3 $N >l 9g!" %a %b %j %P %s %I I}!" %-%c%C %7%e B. EY!" %l %8 %9 %? %P %9 $N %P %s %I I} $N $= $l $>$l$G!"$3$l$K8+9g$&B.EY$N%G!<%?6!5k$,$J$5$l$J$1$l$P$J$i$J$$!# 3.2.5 4XO"$9$k8&5f %W%m%;%C%5%a%b %j:.:\7?$N%A%C%W %"!<%-%F%/%A%c$N 8&5f3+H/$OJF 9q$*$h$SF|K\ $rCf?4$K@9$s $K?J$a$i$l$F $$ $k!#Cf$G$b!"#U#C#B$N IRAM !"%&%#%9%3%s%7%sBg3X$N m ulti-scalar !"6e=#Bg3X$N PPRAM $J$I$,M-L>$G$"$k!# $3$l$i$O!"K\Mh!" HFMQ%A%C%W$r$a $6$7$?$b$N $G$"$k!#K\8&5f 3+H/$O!"$3$l$i $KBP$7$F%o!<%- %s%0%;%C%H$, Bg $- $/ 7W ;; $N 5, B’ @- $, 9b $$ 7W ;; 2J 3X $r $= $N 1~ MQ $H A[ Dj $7 $F $* $j!" %a %b %j %P %s %I I} $N 3H Bg $d %a %b %j %Q %$ %W %i %$ %s $N 6/2=$J$I!"Bg5,LO$N%G!<%?$r6!5k$9$k$?$a$N%"!<%-%F%/%A%c$K=EE@$,CV$+$l$k$N$,FCD’E*$G$"$k!# 3.2.6 4|BT$5$l$k@.2L ?t I4 TFLOPS $N 7W ;; @- G= $, <B 8= $5 $l $? >l 9g!" AG N3 ;R J* M} $K $* $$ $F $O!" =< J, $J 5, LO $N full QCD 7W ;; $, 2D G= $H $J $j!" $3 $l $K $h$C $F 6/ $$ Aj 8_ :n MQ A4 HL $K $o $? $j QCD Bh 0l 86 M} $K 4p $E $/ 8! >Z $H M= 8@ $, 8= <B $N $b $N $H $J $k $N $_ $J $i $:!" EE <e Aj 8_ :n MQ $K $* $1 $k CP Hs J] B8 $N Ld Bj $r $O $8 $a!" AG N3 ;R I8 =‘ LO 7? A4 BN $H $= $N 3H D% $K 4X $o $k 8& 5f $N Lv ?J $, 4| BT $5 $l $k!# $^ $?!" J* <A $H mU <M $N Aj 8_ :n MQ $r Ci <B $K :N $j F~ $l $? 6 <! 85 1’ Ch mU <M N. BN NO 3X 7W ;;!" ?t I4 8D $N 86 ;R $r BP >] $K $7 $F!" J* <A $N 4p Dl >u BV $H Ne 5/ >u BV $r NL ;R NO 3X $K 4p $E $$ $F 8= <B E* $K 2r $- L@ $+ $9 J* @- Bh 0l 86 M} 7W ;; $J $I!" 8= :_ $N $H $3 $m <B 8= IT 2D G= $J %9 %1!< %k $N =t 7W ;; $, 2D G= $H $J $k!# B( $A!" ?t I4 TFLOPS $N 7W ;; @- G= $N <B 8= $O!" %_ %/ %m $+ $i %^ %/ %m $K $o $? $k J* <A $N =t Aj $N M= B, $H 2r L@ $r!" ?? $K 8= <B E* $J 7W ;; %Q %i %a!< %? 2< $G 2D G= $K $9 $k $H $$ $& 0U L#$G!"7W;;J*M}3X$K?7$?$J;~Be$r3D$9$k$b$N$H4|BT$5$l$k!# 4 J?@.#9G/EY$N8&5f@.2L$N35MW :#G/EY$N<g$J@.2L$O0J2<$N$H$*$j$G$"$k!# � <B 83 MQ CP-P A CS %7 %9 %F %‘ $K 9b B. %G!< %? 8r 49 %$ %s %? %U%’!< %9 $r Ek :\ $7!" $3 $l $r 9b B. %9 %$%C %A $r DL $7 $F F~ =P NO =h M} %7 %9 %F %‘ $K @\ B3 $7 $? I> 2A MQ %7 %9 %F %‘ $r 9= @. $7!" $3 $l $r MQ $$ $F JB Ns F~ =P NO $N 4p AC E* 8& 5f $r 9T $J$C $?!# � %W%m%;%C%5!&%a%b%j:.:\7? LSI $N4pK\J}<0$N8!F$$r%7%_%e%l!<%?3+H/$rDL$7$F9T$J$C$?!# 0J2<!"$=$l$>$l$K$D$$$F4JC1$K=R$Y$k!# 4.1 JBNsF~=PNO!&JBNs2D;k2=%7%9%F%‘ :#G/EY$NL\I8$O!"8=9T$N commo dit y %O!<%I%&%’%"5Z$S%=%U%H%&%’%"5;=Q$N@-G=E*8B3&$rD4::$9$k$3$H$K$"$C $?!# $3 $N $? $a!" $^ $: Ev LL $N JB Ns F~ =P NO %A%c %M %k $N %?!< %2%C %H $G $" $k 100base-TX %$!< %5 %M%C %H >e $G!" %G!< %? @8 @. 7O $G $" $k JB Ns 7W ;; 5! $H JB Ns %G%# %9 %/ %5!< %P $G $" $k JB Ns %o!< %/ %9 %F!< %7%g %s $r 100base-TX BP 1~ $N %9 %$%C %A $G 7k 9g $7 $? %7 %9 %F %‘ $r 9= C[ $7 $?!# JB Ns %G%# %9 %/ %5!< %P $H $7 $F $O!" <! G/ EY 0J 9_ $N 3F <o 5! G= J, ;6 =h M} <B 83 $X $N 1~ MQ $b ;kLn$KF~$l!"6&M-%a%b%j7?$NJBNs%o!<%/%9%F!<%7%g%s$rF3F~$7$?$b$N$G$"$k!# 6qBNE* $K$O!" JBNs %G!<%? @8@. 7O$H $7$F D6JB Ns7W ;;5! CP-P A CS $N>. 5,LO %7%9 %F%‘ (CP-P A CS %5%V %7%9 %F%‘ $H8F$V ) $r!"JBNs%o!<%/%9%F!<%7%g%s$H$7$F SGI/Cra y Origin-2000 %7%9%F%‘$r@_CV$7!"$3$l$i$r 100base-TX %$!< %5%M%C %H5Z $S$= $l $KBP 1~$9 $k%$!< %5 %M%C%H %9%$%C %A (Ba ystac k 350T) $G7k 9g$7 $?!# EvLL $NL\ E*$r 4*0F $7!" AP J} $N 7W ;; 5! $K 3F 4 %A%c %M %k $: $D $N F~ =P NO %]!< %H $r @_ $1 $?!# %9 %$%C %A $O $3 $l $i $N DL ?. MF NL $r == J, K~ $? $9 $b $N $G $" $k$? $a!" %T!<%/ $G $O 400 Mbps $N C1J} 8~ DL?. $, 2DG= $J %7 %9%F %‘ $H$J$C $F $$$k!# CP-P A CS %5 %V%7 %9 %F %‘B& $O 3F %$!<%5 %M%C %H%]!< %H Kh $K IOU( F~=P NO %W%m %;%C %5 ) $,MQ 0U $5$l $F $*$j!" %G!< %? E>Aw %9 %k!<%W%C %H E*$K Ld Bj$O $J $$!# Origin-2000 B& $O!" 4 %A%c %M %k $N F~ NO $r 3F!9 =h M} $7!" $J $* $= $N B> $N %5!< %S %9 $r 9T $J $( $k $h $&!" 8 Bf $N %W %m %;%C%5$rMQ0U$7$F$$$k!#

:#8e!" $3 $l $i $N %7 %9 %F%‘ >e $G!" MM!9 $J >u 67 $N 2<!" NFS $r;O $a $H $9 $k 4{ B8 $N3F <o %G!< %? 6& M- / %G!< %? E> Aw%= %U %H %&%’ %" $, $I $N $h $& $J @- G=!& ?6 Iq $$ $r 8+ $; $k $+ $r >\ :Y $K D4 :: $9 $k!# $= $N 7k 2L $r 4p $K!" C1 BN %A%c %M %k!" %A%c %M %k K\ ?t!" %G%# %9 %/ %5!< %P Bf ?t Ey $K 4X $7!" K\ 8& 5f $G A[ Dj $9 $Y $- ?t CM L\ I8 $K $D $$ $F 8! F$ $9 $k!# :G =* E* $K!" :# 8e ?t G/ 4V$G<BMQ2=$,4|BT$5$l$k5;=Q$K$*$1$k?dDj@-G=$H$NHf3S$K$h$j!"%7%9%F%‘A4BN$N%9%1!<%kM=A[$rN)$F$k!# JBNs2D;k2=%7 %9%F%‘$K4X$9$k 8&5f$H$7$F$O!" :#G/EY$OFCJL $J%O!<%I%&%’%"Au CV$NF3F~$O9T $J$o$:!"8=:_$N JB Ns F~ =P NO %7 %9 %F %‘ $r Cf ?4 $H $7 $? %G!< %? 6! 5k @- G= $,!" <! G/ EY 0J 9_ $K F3 F~ M= Dj $N I= <( 7O $K BP $7 $F $I $N Dx EY K~ B- $G $- $k$b$N$G$"$k$+$K$D$$$FD4::$7$?!# J?@.#9G/EY<B837W2h$G9=C[$7$?%7%9%F%‘$N%$%a!<%8$r?^ 2 $K<($9!# ?^ 2: J?@. 9 G/EY JBNsF~=PNO!&2D;k2=%7%9%F%‘<B83AuCV%$%a!<%8 0J>e!"J?@. 9 G/EY$O8=9T5;=Q$K $h$k@-G=8B3&$rB,Dj$7!"3FIt $NA}6/$N%U%!%/%?$r@0M}$7 $?!#$3$N7k2L!"%O!< %I %&%’ %"!& %= %U %H %&%’ %" $N N> LL $K $* $$ $F!" 3F!9 $N L\ I8 $, L@ $i $+ $K $J$C $?!# $3 $l $r 4p $K!" <B MQ %7 %9 %F %‘ $K $* $$ $F <B8=2DG=$H ;W$o$l$kC1BN%A%c%M%k@- G=$H$=$NJBNsEY$r5a$a $?!#$5$i$K!"8=9T%=%U%H %&%’%" ( %"%W%j%1!<%7%g%s%l %Y%k5Z$S%G%P%$%9%I%i%$%P%l%Y%k ) $K$*$$$F=EE@E*$K2~NI$9$Y$-E@$rL@$i$+$K$7$?!# 4.2 %W%m%;%C%5!&%a%b%j:.:\7? LSI J? @. #9 G/ EY $O!" %W %m %;%C %5!& %a %b %j :. :\ 7? LSI $N 4p K\ J} <0 $N 8! F$ $r %7 %_%e %l!< %? 3+ H/ $r DL $7 $F 9T $J$C $?!# A0Ds$H$J$C$F$$$k$N$O!" 2004 G/$N%G%P%$%95;=Q$G$"$k!# %7%_%e%l!<%?$O!"0J2<$N$h$&$K9=C[$7$F$$$k!# � Stanford Bg 3X $G 3+ H/ $5 $l $? %7 %_%e %l!< %? Sim OS $r 0\ ?" $7!" :# 2s $N 8& 5f L\ E* $G $" $k O" B3 BN 7O$N 7W ;; 2J 3X 8~ $1 $N %Y %s %A %^!< %/ $K $h$C $F $3 $l $r I> 2A $9 $k!# $= $N :]!" %_%e %l!< %7%g %s B. EY $H %G %P %0!& @- G= I> 2A ;~ $N ;k 3P2=!"$5$i$K0\?"@-$r9MN8$7!"HFMQ%o!<%/%9%F!<%7%g%s$r%a%b%j3HD%$9$k$J$I$7$FMQ$$$k!#6qBNE*$K$O!" :#G/EY9XF~$7$? SGI Origin-200 $r$3$NMQES$KMQ$$$F$$$k!# � Sim OS $G%"!<%- %F%/%A%c%Q%i %a!<%?$rMM!9$K JQ$($FI>2A$9 $k$3$H$G!"3F %Q%i%a!<%?$K BP$9$k@-G= $N46EY !J sensitivit y !K$rD4$Y$k!#

� Sim OS $r 0l It 2~ B$ $9 $k 7A $G!" %"!< %- %F %/ %A%c $r :G E, 2= $9 $k!# $= $N $5 $$!" CP-P A CS $N %W %m %;%C %5 $G $" $k HARP1E $N%7%_%e%l!<%?$r;29M$K$7!">l9g$K$h$C$F$O0lIt$rAH$_9~$‘!# � HFMQ@-$H9bB.@-$r9MN8$7$F!" C 8@8l$rMQ$$$?%7%_%e%l!<%?$r=q$/$3$H$r8!F$$9$k!# %"!<%-%F%/%A%c$N8!F$;v9‘$O!" (1) <BAu5,LO!"F0:nB.EY!" (2) %a%b%j%"%/%;%9$NJ} <0!" (3) %P%9I}$N3HBg!" B? %]!< %H 2=!" B? %P %s %/ 2=!" (4) :. :\ $9 $k CPU $N ?t (5) CPU $X $N %G!< %? 6! 5k 7O $r %Q %$ %W %i %$ %s 2= $9 $k 9) IW!" (6) %-%c%C %7%e $N J} <0!# FC $K %3 %R!< %l %s %9 @) 8f $N J} <0!" (7) %9 %1 %8%e!< %j %s %0 J} <0!" (8) %A%C %W 30 DL ?. $N $? $a $N%"!<%-%F%/%A%c$J$I$G$"$k!# $3$l $i $N $&$A!" <g $K :G =i$N #3 E@ $K $D$$ $F $N I> 2A!&8! F$ $, ?J $a$i $l $F $$ $k!#6q BN E* $K $O!" 2004 G/$N H> F3 BN5; =Q $r A0 Ds $H $7 $? >l 9g!" ?t B? $/ $N #C #P #U $r #1 %A%C %W $K Ek :\ $7 $? #L #S #I %"!< %- %F %/ %A%c $h $j $b!" #2 %. %, %S%C %H Dx EY $N %a %b %j $H >/ ?t !J#1 $J $$ $7 #4 8D Dx EY!K $N #C #P #U $r Ek :\ $7 $? %"!< %- %F %/ %A%c $r :N MQ $7!" #C #P #U!& %a %b %j 4V $N %P %9 $N%P%s%II}$rBg$-$/$9$k:.:\7?%"!<%-%F%/%A%c$NM%0L@-$,!"Bg5,LO2J3X5;=Q7W;;$KBP$7$F$O3NG’$5$l$D$D$"$k!# $h$jDjNLE*$JI>2A$H@_7W$N>\:Y2=$O<!G/EY0J8e$K9T$o$l$k!# 5 :#8e$N7W2h 0J2<$K!"MhG/EY0J9_$N7W2h$K$D$$$F4JC1$K=R$Y$k!# J?@. 10 G/EY JBNsF~=PNOI> 2AMQ$NF~=PNOAu CV$r3HD%$9$k $H$H$b$K!"%0%i %U%#%C%/7W;;5!%/ %i%9%?$K@\B3 $7!"JBNsF~=PNO $H JB$s$GJBNs2D;k2=$N8&5f3+H/$r9T$J$&!# %W %m %;%C %5!& %a %b %j :. :\ 7? LSI $K $D $$ $F $O!" A0 G/ EY $K 8! F$ $7 $? 4p K\ J} <0 $K BP $7 $F %7 %_%e %l!< %7%g %s I> 2A $r 9T$J$$!"8!F$!&2~A1$r2C$($k!#$^$?!"4pK\J}<0$KB’$C$?2sO)@_7W$N=‘Hw$r3+;O$9$k!# J?@. 11 G/EY JBNsF~=PNO!&JB Ns2D;k2=$N$?$a $N7k9g%7%9%F %‘$NI>2A$rB3 9T$7!"AGN3;RJ* M}!&1’ChJ*M}!&J* @-J*M}Ey$N<B MQ 7W ;; $K ;n 9T $9 $k $3 $H $K $h $j!" <B MQ 2= $N $? $a $N 2~ A1 9‘ L\ @0 M} $r 9T $J $&!# $3 $l $r 4p $K <B MQ E* %7 %9 %F %‘ $N 9= C[ $N $? $a $N%9%$%C%A3H=<$H%0%i%U%#%C%/=hM}%7%9%F%‘$N6/2=$r9T$J$&!# %W%m%;%C%5!&%a%b%j:.:\7? LSI $K$D$$$F$O!"A0G/EYKx$N%7%_%e%l!<%7%g%s$K$h$k@-G=I>2A$K4p$E$$$F!" LSI $N2sO)@_7W$rK\3J2=$9$k!# J?@. 12 G/EY A0G/EY$^$G$N>. 5,LOJBNs%7%9 %F%‘$G$N7k9g%7 %9%F%‘$K$*$1 $kCN8+$r$b$H $K!"D6JBNs7W;;5! $HJBNsF~=PNO!& JB Ns 2D ;k 2= Au CV $N 7k 9g $r 9T $J $$!" $3 $l $r I> 2A $9 $k $H $H $b $K!" AG N3 ;R J* M}!& 1’ Ch J* M}!& J* @- J* M} Ey $N <B MQ 7W ;; $X $N 1~MQ$r3+;O$7!"$^$?<BMQ2=$N$?$a$N%=%U%H%&%’%"3+H/$KCe<j$9$k!# %W %m %;%C %5!& %a %b %j :. :\ 7? LSI $K $D $$ $F $O!" 2s O) @_ 7W $H %7 %_%e %l!< %7%g %s $K $h $k O@ M} 8! >Z $r 9T $J $$!" LSI $N<BAu<B83$r?J$a$k!# J?@. 13 G/EY D6 JB Ns 7W ;; 5! $H JB Ns F~ =P NO!& JB Ns 2D ;k 2= Au CV $N 7k 9g %7 %9 %F %‘ $N :G =* I> 2A $r 9T $J $$!" <B MQ 2= $N $? $a $N %= %U %H %&%’%"3+H/$r7QB3$7$F!"D6JBNs7W;;5!$G$NAGN3;RJ*M}!&1’ChJ*M}!&J*@-J*M}Ey$N7k2L$N2r@O$K1~MQ$9$k!# %W%m%;%C%5:.:\7? LSI $N<BAu!&I>2A$r9T$J$&!# B?N3;R7O%7%9 %F%‘$H7k9g$7!" %X%F%m%8%K%" %9!&%^%k%A%3%s %T%e!<%?%7%9%F%‘ $r9=C[$9$k!# 1~MQ$H$7$F$O!" J, ;RF0NO3X$*$h$SN.BN7W;;$X$NE,MQ$r?^$k!# 7W2h:G=*G/EY $K$"$?$j!"K\7W2h $K$h$k5;=Q3+ H/$N@0M}!&I>2A $r9T$$!"<!$N%9 %F%C%W$NJ}8~@- $rC5$k$?$a$N 2q 5D$r3+:E$9$k!#

6 3X2qH/I=!"O@J8Ey 6.1 9q:]3X2qEy$K$*$1$kH/I= [1] Y. Iw asaki, Status of the CP-P A CS Pro ject , in Pro ceedings of Lattice ’96 (St. Louis, USA, 4-8 June, 1996), Nucl. Ph ys. B (Pro c. Suppl.) 53 (1997) 1007-1009. [2] Y. Iw asaki, The CP-P A CS P arallel Computer Pro ject , in Pro ceedings of In ternational Conference \Multi-Scale Phenomena and Their Sim ulation", eds. F. Karsc h, B. Monien and H. Satz, W orld Scien ti�c (1997) 80-90. [3] Y. Iw asaki, The CP-P A CS Pro ject and Computational Ph ysics , in Pro ceedings of In ternational Symp osium on P arallell Computing in Engineering and Science, Science and T ec hnology Agency (1997), to app ear. [4] Y. Iw asaki, The CP-P A CS pro ject , in Pro ceedings of the In ternational W orkshop \Lattice QCD on P arallel Computers" (Tsukuba, Marc h 10-15, 1997), Nucl. Ph ys. B (Pro c. Suppl.), to app ear. [5] A. Uk a w a, The CP-P A CS P arallel Computer , in Pro ceedings of CHEP’97 (Berlin, April 7-11, 1997) 595-600. [6] CP-P A CS Collab oration (S. Aoki et al., ), CP-P A CS results for quenc hed QCD sp ectrum with the Wilson action , in Pro ceedings of In ternational W orkshop \Lattice QCD on P arallel Computers" (Tsukuba, Marc h 10{15, 1997), Nucl. Ph ys. (Pro c. Suppl.), to app ear. [7] CP-P A CS Collab oration (S. Aoki et al., ), F ull QCD results from CP-P A CS , in Pro ceedings of In- ternational W orkshop \Lattice QCD on P arallel Computers" (Tsukuba, Marc h 10{15, 1997), Nucl. Ph ys. (Pro c. Suppl.), to app ear. [8] CP-P A CS Collab oration (S. Aoki et al., ), CP-P A CS results for the quenc hed ligh t hadron sp ectrum , in Pro ceedings of Lattice ’97 (Edin burgh, Scotland, 22-26 July , 1997), Nucl. Ph ys. (Pro c. Suppl.), to app ear. [9] CP-P A CS Collab oration (S. Aoki et al., ), Hadron sp ectroscop y and static quark p oten tial in full QCD: A comparison of impro v ed actions on the CP-P A CS , in Pro ceedings of Lattice ’97 (Edin burgh, Scotland, 22-26 July , 1997), Nucl. Ph ys. (Pro c. Suppl.), to app ear. [10] T. Nak amoto, M. Umem ura, and H. Susa, Photoionization of a Clump y Univ erse , In ternational Symp osium on Sup ercomputing, New Horizon of Computational Scienc e (1997) in press [11] Y. Ab ei, K. Itakura, T. Boku, H. Nak am ura, K. Nak aza w a, P erformance Impro v emen t for Matrix Calculation on CP-P A CS No de Pro cessor , Pro c. of HPC Asia’97 (Seoul, Korea, Apr. 1997), 672- 677. [12] K. Itakura, T. Boku, H. Nak am ura, K. Nak aza w a, P erformance ev aluation of CP-P A CS on CG b enc hmark , in Pro c. of HPC Asia’97 (Seoul, Korea, Apr. 1997), 678-683. [13] T. Boku, K. Itakura, H. Nak am ura, K. Nak aza w a, CP-P A CS: A massiv ely parallel pro cessor for large scale scien ti�c calculations , in Pro c. of A CM In t. Conf. on Sup ercomputing’97 (Vienna, Austria, Jul. 1997), 108-115. [14] S. Sak ai, Seamless Computing: In tegrating P arallel Computing and Net w ork Computing with F uture PCs , HiPC’97, Bangalore, India, Decem b er 18, 1997.

[15] A Data Alignmen t T ec hnique for Impro ving Cac he P erformance Preeti Ranjan P anda, Hiroshi Nak am ura, Nikil D. Dutt, Alexandru Nicolau, In ternational Conference on Computer Design (ICCD ’97), Austin, Octob er 1997 [16] Impro ving Cac he P erformance through Tiling and Data Alignmen t Preeti Ranjan P anda, Hiroshi Nak am ura, Nikil D. Dutt, Alexandru Nicolau 4th In ternational Symp osium on Solving Irregularly Structured Problems in P arallel (IRREGULAR’97), P aderb orn, June 1997 [17] K. Sa y ano and T. Shirak a w a Pleiades: A Protot yp e of In ter-pro cessor Net w ork Generation Sys- tem , Pro ceedings of the 1997 In ternational Symp osium on P arallel Arc hitectures, Algorithms and Net w orks ( I-SP AN’97 ), T aip ei, T aiw an, Dec. 18-20, 1997, pp.202-206. 6.2 9qFb3X2qEy$K$*$1$kH/I= [1] HDAR 7{0l , >>86 @5=c , KQ BYM4 , CfB< 9( , Cf_7 4n;0O: , D6 JBNs7W;;5! CP-P A CS $K$*$1$k NPB Kernel CG $NI>2A , JBNs=hM}%7%s%]%8%&%‘ JSPP’97 O@J8=8 ( ?@8M , 1997 G/ 5 7n ), 5-12. [2] I~It @5<y , >>86 @5=c , HDAR 7{0l , KQ BY M4 , D6 JBNs7W;; 5! CP-P A CS $K $*$1$kJ, ;RF0NO3X K!%7%_%e%l!< %7%g %s , >pJs=hM}3X2q8&5fJs9p 97-HPC-66-2 (1997), 7-12. [3] >>86 @5=c , HDAR 7{0l , KQ BYM4 , CfB< 9( , Cf_7 4n;0O: , D6JBNs7W;;5! CP-P A CS $N%M%C%H%o!<%/@-G=I>2A , >p Js=hM}3X2q8&5fJs9p 97-HPC-67-10 (1997), 55-60. [4] >> 86 @5 =c , HD AR 7{ 0l , KQ BY M4 , D6 JB Ns 7W ;; 5! CP-P A CS $K $* $1 $k 6u 4V J, 3d K! $K $h $k J, ;R F0 NO 3X K! %7 %_%e %l!<%7%g%s , >pJs=hM}3X2q8&5fJs9p 97-HPC-69-10 (1997), 55-60. 6.3 ;(;oO@J8Ey [1] Y. Iw asaki, K. Kana y a, S. Ka y a, and T. Y oshi � e, Scaling of c hiral order parameter in t w o- a v or QCD , Ph ys. Rev. Lett. 78 (1997) 179-182. [2] Y. Iw asaki, K. Kana y a, T. Kanek o, and T. Y oshi � e, Scaling in SU(3) pure gauge theory with a renormalization group impro v ed action , Ph ys. Rev. D56 (1997) 151-160.