<!@$BeD6JBNs7W;;5!3+H/ | O"B3BN8~$1D6JBNs7W;;5!$N3+H/ | Next-Generation Massiv ely Parallel Computers | Dev elopmen t of Massiv ely P arallel Computers for Con tin uous Ph ysical Systems | 4d:jMN0l ( C^GHBg3XI{3XD9 ( 8&5fC4Ev )) 1 8&5fAH?% %j!<%@!< 4d:jMN0l C^GHBg3XI{3XD9 ( 8&5fC4Ev ) %3%"%a%s%P 1’@n>4 C^GHBg3XJ*M}3X7O65<x (AIOV) 6bC+OB;j C^GHBg3XJ*M}3X7O=u65<x (AIOV) @DLZ?5Li C^GHBg3XJ*M}3X7O=u65<x (AMOC) 5H9>M’>H C^GHBg3XJ*M}3X7O=u65<x (AMOC) G_B<2mG7 C^GHBg3XJ*M}3X7O=u65<x (AIOV) CfK\BY;K C^GHBg3XJ*M}3X7O=u<j (AIOV) Bg@n@5E5 9b%(%M%k%.!<2CB.4o8&5f5!9=AGN3;R86;R3K8&5f=j=u65<x (AIOV) %3%"%a%s%P :d0f=$0l El5~Bg3XBg3X1!9)3X7O8&5f2JEE5$9)3X@l96=u65<x (MOC) KQBYM4 C^GHBg3XEE;R!&>pJs9)3X7O=u65<x (IOV) ;32<5A9T C^GHBg3X5!G=9)3X7O=u65<x (IOV) OBED9L0l C^GHBg3XEE;R!&>pJs9)3X7O65<x (MOC) 0B1J<iMx C^GHBg3XEE;R!&>pJs9)3X7O=u65<x (IOV) @iMU<" C^GHBg3XEE;R!&>pJs9)3X7O9V;U (IOV) @1LnNO C^GHBg3X5!G=9)3X7O65<x (IOV) Gr@nM’5* C^GHBg3X5!G=9)3X7O65<x (IOV) CfB<9( El5~Bg3X@hC<2J3X5;=Q8&5f%;%s%?!<=u65<x (MOC) EO@%K’9T 9b%(%M%k%.!<2CB.4o8&5f5!9=7W;;2J3X%;%s%?!<65<x (IOV) Cf_74n;0O: L@@1Bg3X>pJs3XIt65<x (MOC) CfED0iCK ?^=q4[>pJsBg3X?^=q4[>pJs3XIt65<x (IOV) ( ) $O<g$JLr3dJ,C4!( AIOV: J*M}1~MQ7W;;$K$*$1$kJBNsF~=PNO!&JBNs2D;k2= AMOC: J*M}1~MQ7W;;$K$*$1$k%W%m%;%C%5!&%a%b%j:.:\7? LSI IO V: JBNsF~=PNO!&JBNs2D;k2= MOC: %W%m%;%C%5!&%a%b%j:.:\7? LSI 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 $$ $F $$ $k!#D6JBNs7W ;;5!$O%Y%/%H%k7W;;5! $HHf3S$7$F$=$N%"!<%- %F%/%A%c$,B?MM$G$"$j!"Ld Bj$rL@ 1

3N$K@_Dj$7$F =i$a$F!":G@hC<$NH>F3BN 5;=Q$r6n;H$7$?D69b@- G=$J%7%9%F%‘$r<B8=$G $-$k!#AG N3;RJ*M}3X $r$O$8$a!"1’ChJ*M}3X!"J* @-J*M}3X$J$I$NJ*M}3X 3FJ,Ln$K$O!"O"B3BN7O$, B?$/8= $l $k $,!" @h $N CP-P A CS %W %m %8%’ %/ %H $O $3 $l $i $K >G E@ $r $" $F $F!" 9b @- G= $J D6 JB Ns 7W ;; 5! $N 3+H/$K@.8y $7$?!#K\8&5f3+H/$G$O!"$3 $NJ}8~$r$5$i$K2!$7?J $a!"O"B3BN8~$1$ND6JBNs 7W;;5! $K4X $7$F!" (1) D6JB Ns7W;; 5!$N2]Bj $G$"$k!" 9bB.$+ $D=@Fp $JF~=P NO5!9=!& 2D;k2=5! 9=!&%^%s %^%7 %s%$%s %?%U%’!<%9 $r<B8=$9 $k$3$H!" (2) 7W ;;J*M} 3X$NFq Ld2r7h $NMW@A $K1~$(!"D6 JBNs7W ;; 5! $N 7W ;; B. EY $r 8= :_ $N 1TFLOPS $+ $i 100 G\ 8~ >e $5 $; $k $? $a $N 7W ;; 5! %"!< %- %F %/ %A%c $r 9M0F!&8!>Z$9$k$3$H!"$rL\I8$H$9$k!# JBNsF~=PNO!&JBNs2D;k2= D6JBNs7W;;5!$K$*$1$k2J3X5;=Q7W;;$N 2aDx$G@8$8$k!"BgNL$N%G!< %?$KBP$9$k F~=PNO=hM}$N9bB.2=$H!" 7W;;$NCf4V5Z$S:G=*7k 2L$KBP$7!"$=$N@5Ev@-!&BE Ev@-$N D>46E*M}2r$r =u$1$k%G!<%?$N2D;k2=$O!" D6JBNs7W;;5!$r$h$jMx MQ$70W$/$9$k$?$a$N=E MW$J5; =QE*MW7o$G $"$k!#2f!9$O!"6aG/$N%3%b %G%#%F%#2=$7$?%M%C%H%o!< %/G^BN$d@\B35;=Q$r @Q6KE* $KMxMQ$7$F!"9b @-G=$+$D=@Fp$G$7$+$b 0B2A$JD6JBNs7W;;5!8~ $1F~=PNO%7%9%F%‘5Z$S2D ;k2=%7 %9%F%‘$r9= C[$9$k$3$H$rL\E*$H$9 $k!#FC$K!"D6JBNs7W;;5!$, Hw$($F$$$k!"B??t$NF~=P NO%W%m %;%C%5$rJBNs 1?MQ$7!"$+$D%f!<%6$+$i$O $=$l$i$N1?MQ$rFC$K 0U<1$;$:$K!"30It4D6-$H $N=@Fp $J$d$j$H$j$rMF0W$K<B8=$G$-$k$h$&$J%"%W%j%1!<%7%g%s%$%s%?%U%’!<%9$rDs6!$9$k!# <!@$Be%W%m%;%C%5%"!<%-%F%/%A%c AGN3;R!&1’Ch!&J*@-Ey!"7W;;J*M}3X $N<gMWJ,Ln$GMxMQ2D G= $J 7W ;; B. EY $O!" 8= :_ 1TFLOPS $K C# $7 $F $* $j!" $3 $l $K $h$C $F Bg I} $J ?J Jb $, $b $? $i $5 $l $F $$$k $,!"$5 $i$K ?tI4 TFLOPS $N 7W;; @-G=$N <B8= $K$h $j$O $8$a $F??$K 8=<B E*$J 7W;; $,2D G=$H $J$kLdBj$b?t B?$/$"$k!#$3$N$h$&$J7W ;;J*M}3X$NMW5a$K1~$(!" <!@$Be$NO"B3BN8~$1D6 JBNs7W ;; 5! $N MW AG $H $J $k LSI $N %"!< %- %F %/ %A%c $K $* $$ $F $O!" 1i ;; 4o $N 9b $$ 1i ;; @- G= $H JB $S!" $= $l $rM-8z$KMx MQ$G$-$k$?$a$K!"5-21Au CV$+$i1i;;AuCV$X$N=< J,$J%G!<%?6!5k@-G=$H!"$= $l$r<B 8=$9$k%a%b %j3,AX$N9=@.$,MW5a$5 $l$k!#$3$l$rK~B-$9$kM- NO$JJ}K!$H$7$F!"%W%m%;%C %5$H%a %b %j$r F1 0l%A%C %W >e$K :.:\ $9 $kJ} K! $,$" $k!# K\8& 5f $G$O!" 2004 G/ A08e $K <B8= $5 $l$k %G %P%$ %9 5; =Q $N M= B, $K 4p $E $-!" %W %m %;%C %5!& %a %b %j :. :\ 7? LSI $r MQ $$ $? 7W ;; 5! %"!< %- %F %/ %A%c $r 9M0F$7!"%7%_%e%l!<%7%g%sI>2A$H>\:Y@_7W$r9T$J$&!# 3 8&5f7W2h$N35MW 3.1 JBNsF~=PNO!&JBNs2D;k2=%7%9%F%‘ K\7W2h$G$O!" %3%b%G%#%F%#5;=Q$K$h$jD6 JBNs7W;;5!$NJBNsF~ =PNO%7%9%F%‘$r9=@.$9 $k$3$H $rL\;X$7$F $$$k!#$=$N6qBNE*<B8= %7%9%F%‘$H$7$F!" 100base-TX %$!<%5%M%C %H$H9bB.%9%$%C %A$r %M%C%H%o!<%/ G^BN$H $7!"$3$l $i$K$h$j D6JBNs 7W;;5! CP-P A CS $HJBNs %G%#%9%/ %5!<%P ( Origin-2000 ) 5Z$S%0%i%U%#%C%/%5!<%P (Onyx2) $rJ#?t$N%A%c%M%k$K$h$jJBNs@\B3$9$k!# $3 $N %7 %9 %F %‘ $r %f!< %6!& %" %W %j %1!< %7%g %s $+ $i Mx MQ $9 $k :] $K $O!" JB Ns %A%c %M %k ?t $N A} 8: $d!" F1 ;~ <B 9T Cf $N B> $N %f!< %6!& %" %W %j %1!< %7%g %s $H $N Ii 2Y %P %i %s %9!" $" $k $$ $O @\ B3 @h $N Aj 2

<j7W;;5!$N %A%c%M%k?t$J$I$N!"%G!<%?E> AwIi2Y$N@)8f$KD>@\4X 78$9$k%7%9%F%‘>pJs$r %"%W%j %1!<%7%g%sB&$+ $i1#JC$7!">o$K:GE, $J>uBV$GF~=PNO%A%c%M %k$NA*Br!&%P%C%U%!%j%s %0!&@)8f $r 9T $& $h $&!" %7 %9%F %‘ $r <+ F0 2= $9 $k $3 $H $, I, MW$H $J $k!# K\ 7W 2h $G $O $3 $N $? $a $N API $N3+ H/ <BAu$r9T$&!# 2D;k2=%7%9 %F%‘$K$D$$$F$O!":G=* E*$J%U%l!<%‘%P%C%U%!IA2h =hM}Ey$K$D$$$F$O@l MQ%O!<%I %&%’ %" $K $h $k =< J, $J 9b B. 2= $, 4{ $K C# @. $5 $l $F $$ $k $,!" AG %G!< %? $K BP $9 $k 2h A| =h M} $K 4X $7 $F $O!"$h$j0lAX $N9bB.2=$,K>$^$l$F $$$k!#=>$C$F!"K\7W2h$G$O!"2D ;k2=%7%9%F%‘$rJBNs F~=PNO %7%9%F%‘$N0l It$H$7$F<BAu$7!"$3$l$K $h$j2DG=$H$J$kAG%G!<%? $KBP$9$k2D;k2==hM}$N JBNs2= $K$h$C$F!"9b$$%9%k!<%W%C%H@-G=$r;}$D%7%9%F%‘$N<B8=$rL\;X$9!# 3.2 %W%m%;%C%5!&%a%b%j:.:\7? LSI JF9qH>F3BN9)6H2q (SIA, http://notes.sematec h.org/n trs/PublNTRS.nsf ) $N%m!<%I%^%C%W 1998 G/ HG $K $h$l $P!" 2002 G/ $K$O!" %^ %$ %/%m %W %m%;%C %5 $N %/%m%C %/ <~GH ?t 2.1GHz !"%H %i %s %8%9%??t 76M !"%A%C%W I/O ?t$O 3000 !"EE8;EE05 1.2-1.5V !":GBg>CHqEENO 130W $H$J$k$HM= A[ $5$l $F $$ $k!# CP-P A CS $G ;H $o$l $? 5; =Q$K Hf $Y $k$H!" %H %i%s %8 %9 %??t $G Ls 17 G\!" %/%m%C %/<~ GH?t $G 14 G\$G $"$j!"1i ;;@- G=$K$O BgI} $J8~ >e$,4| BT$G $-$k 0lJ}$G!" %A%C%W $N I/O ?t$O $?$+ $@$+ 3.5 G\$7 $+$J$$ $?$a!"%a %b%j$r %W%m%;%C %5%A%C%W 30It$K CV$/=>Mh $N%"!<%- %F%/%A%c $G$O!"%P%9%M%C %/$K$J$k2DG=@-$,$" $j!"%G!<%?%5%$%:$NBg$-$$ 2J3X7W;;$G$O!"FC$K$= $N2DG= @-$,Bg$-$$!# $3 $N Ld Bj $r 2r 7h $9 $k $? $a!" %W %m %;%C %5!& %a %b %j :. :\ 7? LSI $N 3+ H/ $, 9M $( $i $l $k $,!" H> F3 BNM} 9)3X8& 5f%;%s %?!< (ST AR C, h ttp://www.starc.or.jp) $O!" 2004 G/$N%W %m%;%C%5 $G:.:\ 2D G= $J DRAM $N Bg $- $5 $r 1Gb Dx EY $H M= B, $7 $F $* $j!" C1 =c $J %W %m %;%C %5!& %a %b %j :. :\ %A%C %W$G$O!"%a%b %j$,BgI}$KITB-$9$k$? $a!"K\8&5f$NL\E*$H$9$k 2J3X5;=Q7W;;8~$1$N%W %m%;%C%5 $r:n$k$3$H$O$G$-$J$$!# 2f!9$O!"$3$NE@ $+$i=>Mh$N%W%m%;%C%5 %"!<%-%F%/%A%c$r9M$( D>$7!"BgMFNL$N<g5-21 $r30IU $1 DRAM $G <B 8= $9 $k 0l J}!" Fb It $K Cf 5, LO $N MF NL $N SRAM $r ;} $A!" $3 $l $r %f!< %6 %W %m %0 %i %‘$+$i@)8f 2DG=$J%a%b%j$H$7$F MQ$$$k!"?7$?$J%W%m%;%C%5 %"!<%-%F%/%A%c$rDs0F$9 $k!#K\7W 2h$G$O!"$3$N ?7$?$J%"!<%-%F%/%A%c$N ;EMM$N>\:Y$rDj$a!"%7 %_%e%l!<%?5Z$S%3%s%Q%$ %i$N3+ H/ $r 9T$C $F!" Linpac k 5Z $S J* M} 1~ MQ 7W ;; %W %m %0 %i %‘ $r MQ $$ $? @- G= I> 2A $r <B 9T $7 $? 8e!" >\ :Y @_7W$r9T$C$F!"Bg5,LO2J3X5;=Q7W;;$K$*$1$k?7%"!<%-%F%/%A%c$NM-MQ@-$N<B>Z$rL\;X$9!# 4 J?@. 11 G/EY$N@.2L 4.1 JBNsF~=PNO!&2D;k2=%7%9%F%‘ 4.1.1 JBNsF~=PNO%7%9%F%‘ :#G/EY$O<BMQ%7%9%F%‘$N9=C[$K8~$1$F!" CP-P A CS $N 128 Bf$NF~=PNO%W%m%;%C%5 (IOU: In- put/Output Unit) $N$&$A 16 Bf $KBP $7!" F ast (100base-TX) Ethernet %$%s %?%U%’!< %9$r <B 3

(a) PIO %7%9%F%‘$N@\B3?^ (b) JBNs2D;k2=%7%9%F%‘$N%G!<%?=hM}$NN.$l ?^ 1: JBNsF~=PNO!&2D;k2=%7%9%F%‘ Au$7!"$3$l$i$r 2 Bf$N F ast Ethernet Switching Hub $r7PM3$7$F!"JBNs%U%!%$%k%5!<%P Origin- 2000 5Z$SJBNs%S%8%e%"%j%<!<%7%g%s%5!<%P Onyx2 $K@\B3$7$?!# Origin-2000 5Z$S On yx2 $K $O!"3F!9 4 %]!<%H$N F ast Ethernet %]!<%H$,Hw$o$C$F$$$k ( ?^ 1(a) ;2>H ) !#$3$N%O!<%I%&%’%" $N>e$K!"A0G/EY$h$j3+H/$r?J$a$F$$$kJBNsF~=PNO%7%9%F%‘$G$"$k PIO (Parallel Input/Output) %7%9%F%‘$r<BAu$7$?!# D6JBNs 7W;;5!<B5! $KBP$9$k PIO %7%9 %F%‘$NE,MQ $H@-G=I>2A PIO %7%9%F%‘ $O3FJBNs7W ;;5! >e$GF0:n$9$k PIO server $H8F$P$l$k%5!<%P%W%m%0%i%‘725Z$S!"$=$l$i$H%/%i%$%"%s%H ( %f!< %6 %" %W %j%1!< %7%g %s ) %W %m%0 %i %‘ $r 7k 9g $9 $k API (Application Program In terface) $+ $i @. $k!#A0G/EY$^$G$N%7%9%F%‘3+H/$O!"<g$K CP-P A CS $N>.7?5!$G$"$k PILOT-3 (128 PU + 16 IOU) >e $G 9T$J$C $F$- $? $,!":# G/EY $O CP-P A CS $KB? ?t$N JB Ns%M%C %H%o!< %/ %$%s %?%U%’!< %9 $r@_CV$7$?$3 $H$K$h$j!" 2048 PU + 128 IOU $r MQ$$$?Bg5,LO$J<B83$, 2DG=$H$J$j!"$3$l$i $rMQ$$$F<B%"%W%j%1!<%7%g%s$KBP$9$k PIO $N@-G=I>2A$r9T$J$C$?!# <B 83 $N 7k 2L!" CP-P A CS $N 128 Bf $N IOU A4 $F $G PIO serv er 72 $r <B 9T $5 $; $? >l 9g!" 2048 PU A4 $F$r MQ$$ $?%f!< %6%"%W %j%1!< %7%g%s $+$i $N=PNO %5!<%S %9$O M>M5$r $b$C$F =hM} $G$- $k$3 $H $, $o$+$C $?!# $3 $l$O!" PIO server 72 $r @. $9 B??t $N %W %m%; %9 $, == J,$J MF NL $r;} $D %P%C %U%! 5!G=$rDs6! $9$k$?$a!"%f!<%6%"%W%j %1!<%7%g%s$N=PNO$K%9%H%l %9$rM?$($:!"8zN(E*$J %Q%$%W %i %$ %s =h M} $, <B 8= $G $- $F $$ $k $? $a $G $" $k!# $^ $?!" %P%C %U%! %j %s %0 =h M} $N %*!< %P %X%C %I $r 2C $( $F $b!" PIO server $O Mg $N TCP/IP DL ?. $K BP $7!" Ls 80% $N @- G= $r C# @. $9 $k $3 $H $, $o $+$C $?!# =>$C$F!" PIO %7 %9 %F %‘$r ;H MQ$9 $k $3 $H$K $h $j!" Nc$( $P 16 Bf $N IOU $K@_ CV $5 $l$? F ast Ethernet %$%s%?%U%’!<%972$K$h$j!":GBg$G TCP/IP 1 K\J,$KHf$YLs 13 G\$NDL?.@-G=$,C#@. 2DG=$G$"$k!# F0 E* Ii 2Y J, ;6 5! G= $N <B Au $H I> 2A PIO %7 %9 %F %‘ $N ;} $D F0 E* Ii 2Y J, ;6 5! G= $K BP $9 $k @- G= I> 2A $r!" CP-P A CS $N 256 PU $r MQ $$$F 9T $J$C $?!# PIO %7 %9%F %‘ $O!" JF9q $N HPSS $N $h $& $J=> 4

Mh $N Bg 5, LO JB Ns F~ =P NO %7 %9 %F %‘ $H 0[ $J $j!" @E E* $J %U%! %$ %k E> Aw $@ $1 $G $J $/!" %f!< %6 %" %W %j %1!< %7%g %s $+ $i $N D> @\ E* $J F~ =P NO $r JB Ns =h M} $9 $k $3 $H $r L\ E* $H $7 $F $$ $k!# $3 $N $? $a!" @E E* $J %U%! %$ %k $N F~ =P NO $H $O 0[ $J $j!" ;v A0 $K Ii 2Y %P %i %s %9 $r M= B, $9 $k $3 $H $, Fq $7 $$ $? $a!" JB Ns %M%C %H %o!< %/ $r 8z N( E* $K ;H MQ $9 $k $K $O F0 E* Ii 2Y J, ;6 5! G= $, IT 2D 7g $G $" $k!# J, ;6 %a %b %j 7? JB Ns 7W ;; 5! $G!" >p Js $N 0l 6I =8 Cf $r Hr $1 $D $D F0 E* $J F~ =P NO Ii 2Y J, ;6 $r <B 8= $9 $k $N $O :$ Fq $G $" $k $,!" PIO %7 %9 %F %‘ $G $O 30 It $K@\ B3 $5 $l $? 6& M- %a %b %j %o!< %/ %9 %F!< %7%g %s$r Ii 2Y %P %i %s %9 >p Js%5!<%P$H$7$FMQ$$$k$3$H$G$3$l$r2r7h$7$F$$$k!# $3 $N 5! G= $r MQ $$ $F!" 3F JB Ns %W %m %; %9 $N =P NO %G!< %? NL $, F0 E* $K JQ 2= $9 $k %F %9 %H %W %m %0 %i %‘ $r CP-P A CS >e $G <B 9T $7!" PIO %5!< %P $K $h$C $F Origin-2000 $K JB Ns =P NO $9 $k <B 83 $r 9T $J$C $?!# <B 83 $G $O Aw =P %Q %1%C %H $N J? 6Q %5 %$ %: $r 64KB $+ $i 2048KB $N $$ $: $l $+ $K 8G Dj $7!" J? 6Q %5 %$ %: $K BP $7 :G Bg $G 2.1 G\ $^ $G %Q %1%C %H %5 %$ %: $r A} 2C $5 $; $k ( $? $@ $7 Am %G!< %? NL $O 0l Dj ) $h $& $K=P NO$r D4@0 $7 $?!#7k 2L$H $7$F!" F0 E*Ii 2YJ, ;6$r 9T$J$C $? >l9g!" @EE* Ii2Y J, ;6 ( %W %m%; %9 $N 0L CV $K 4p $E $/ 6Q Ey 3d IU ) $K BP $7!" 1.40 G\ $+ $i 2.08 G\ $^ $G $N @- G= $, F@ $i $l $?!# J? 6Q %Q %1%C %H%5%$%:$rBg $-$/$9$k$[$IF0E*Ii2Y J,;6$N8z2L$,82Cx$K$J $j!":G=*E*$KM}O@E*$J>e8B CM$H$[ $\F1$8CM$,F@$i$l$?!# 4.1.2 JBNs2D;k2=%7%9%F%‘ K\G/EY$OJBNs%S%8%e%"%j%<!<%7%g%sMQ%o!<%/%9%F!<%7%g%s$G$"$k Onyx2 >e$NJBNs%W%m%;%C %5 ?t $r 4 Bf $KA} 6/ $7!" $h $j 9b $$%9 %k!< %W%C %H $G 2D;k 2= $r 9T $J $( $k$h $& $K $J$C $?!# Onyx2 >e $G $O%3 %b %G%#%F%# 2= $5$l $F $$$k 2D ;k2= %= %U%H %&%’ %"$G $"$k A VS/Express $, 2TF/ $7 $F$$ $k!# :r G/ EY $O!" PIO %7 %9 %F %‘ $H A VS/Express $r 7k 9g $9 $k $? $a $N JB Ns F~ NO %b %8%e!< %k $r!" A VS $N 1 %b %8%e!< %k$H $7 $F <BAu $7!" %G!< %?F~ NO $H A VS $K $h $k 2D;k 2= =h M}$r 5! G= E*$K JB Ns 2=$9 $k %7 %9%F %‘ $r <B8= $7 $? $,!"K\ G/ EY $O$5 $i $K A VS B&$N =h M} $r9b B. 2= $9$Y $/!" %\ %j%e!<%‘ %l %s %@ %j%s%0=hM}$N JBNs2=$r9T$J$$!"$5$i$K D6JBNs7W;;5!$HJBNs2D ;k2=%7%9%F%‘$rE}9gE*$K MxMQ$9 $k4D6-$r9=C[$7$?!#$=$7$F!"$3$l$iA4$F$N5!G=$r A VS/Express $N GUI 4D6-$+$i4JC1$K;HMQ 2DG=$K$7$?!# JBNs%\%j%e!<%‘%l%s%@%j%s%0%b%8%e!<%k ?^ 1(b) $K!"JBNs%S%8%e%"%j%<!<%7%g%s%5!<%P Onyx2 $K$* $1$k PIO %7%9 %F%‘$+ $i$N%G!< %?F~NO$+ $i:G=* 2hA|$N IA2h$^ $G$NN. $l$r<( $9!# binder $O PIO $+ $i 6! 5k $5 $l $k JB Ns %G!< %? %9 %H %j!< %‘ $r %^ %k %A %9 %l%C %I 2= $5 $l $? JB Ns %W %m %; %9 $K $h$C $F=hM}$7!" A VS $,DL>o$K=hM}$G$-$k%G!<%?$KJQ49$9$k!#$3$N%G!<%?$O A VS $KAH$_9~$^$l$? G$ 0U $N%b %8%e!< %k $K N.$5 $l!" E, 59 =hM} $5 $l $k!# A VS $N 3F %b %8%e!< %k$O 4p K\ E* $K%7 %9 %F %‘ $K $h$C $F M= $a MQ 0U $5 $l $F $$ $k $,!" FC Dj $N %b %8%e!< %k $r G$ 0U $N %f!< %6 %b %8%e!< %k $K :9 $7 BX $( $k $3 $H$b 2DG= $G$" $k!#2f!9 $O$3 $N5! G=$r MQ$$!" 3 <! 85%\ %j%e!<%‘ %l%s %@%j %s%0 ( 0J2< VR $H >J N, ) $r<B9T$9$k A VS %b%8%e!<%k$KBP$9$k9bB.2=$r9T$J$C$?!# A VS $O 4p K\ E* $K A4 BN $r C‘ <! =h M} $9 $k $3 $H $7 $+ $G $- $:!" FC $K 3 <! 85 VR $N $h $& $J =E $$ =h M} $, H<$J $& $H$= $N @-G= $O 0l 5$$K Dc 2<$9 $k!# K\%7 %9 %F%‘ $G $O!" A VS $N 9T $J$C$F $$ $k VR =hM} $r 2r@O$7!"$=$l $HEy2A$JF/$-$r$9$k!" %^%k%A%9%l%C%I$K$h$C$F JBNs2=$5$l$?9bB.%b %8%e!<%k$r 5

(a) JBNs %\%j%e!<%‘ %l%s %@%j %s%0 %b%8%e!< %k $K$*$1$kB.EY8~>eN( (b) JBNs %\%j%e!<%‘%l%s%@%j %s%0$rMQ $$$?=PNONc ?^ 2: JBNs2D;k2=%7%9%F%‘$N@-G=I>2A 3+ H/ $7 $? ( ?^ 1(b) Cf $N volume r ender ) !#$3 $N %b %8%e!< %k $O!" 3 <! 85 VR $K $* $1 $k =h M} $r $[ $\ 40 A4 $K JB Ns 2= $7 $F $* $j!" ;H MQ 2D G= %W %m %;%C %5 ?t $K $[ $\ Hf Nc $7 $? Hs >o $K 8z N( $N 9b $$ JB Ns =h M} $r <B 8= $7 $F $$ $k!# => Mh $N %= %U %H %&%’ %" $K $h $k JB Ns VR $N 8& 5f $G $O!" <g $H $7 $F @E ;_ 2h A| $K BP $9 $k 9b B. VR $, 8& 5f $5 $l $F $- $?!# $3 $3 $G $O!" 0e 3X Ey $N 1~ MQ J, Ln $K $* $$ $F!" 0l C6 <h $j 9~ $s $@2hA|$r$$ $m$$$m$J%Q%i%a!<%?$N 2<$G9bB.IA2h$9$k$3$H $,L\E*$K$J$C$F$$$k!#$7 $+$7!"2f!9 $,L\;X$9$N $OF0E*$KN.F~$7$F$/ $k%G!<%?N.$N%9%J%C%W%7%g%C%H $KBP$9$k2D;k2=$G$" $j!"=>Mh $N %G!< %? C_ @Q 7?!& Cf 4V I= 8= 7? $N %" %k %4 %j %: %‘ $, E, MQ $G $- $J $$!# $= $N Be $o $j $K!" 3 <! 85 %G!< %? $K BP $9 $k Jd 40 :n 6H $r 8z N( NI $/ =h M} $7!" A4 BN $N Ii 2Y %P %i %s %9 $r =E ;k $9 $k <B Au $r 9T $J$C $?!# ?^ 2(a) $K!" :G Bg 8 %9 %l%C %I $r MQ $$ $? >l 9g $N!" VR =h M} $N B. EY 8~ >e N( $r <( $9 !JBf ?t 8z 2L $r 8+ $k $? $a!" 8 %W %m %;%C %5 $r ;} $D Origin-2000 >e $G A VS $r 2T F/ $5 $; $?!K!# $3 $N $h $& $J 9b $$ JB Ns =hM}8zN($K$h$j!"Nc$($P8e=R$9$k7W;;1’ChJ*M}$K$*$1$k 128 3 $N6u4V%G!<%?$r 512 2 $N 2 <!85 %G!<%?$KJQ49$9$k VR =hM}$K$*$$$F!"Ls 1 IC / %U%l!<%‘$N<B;~4VIA2h$,2DG=$H$J$C$?!# JB Ns F~ =P NO!& 2D ;k 2= %7 %9 %F %‘ $N E} 9g @) 8f PIO 5Z $S JB Ns 2D ;k 2= %7 %9 %F %‘ $r <B JB Ns 7W ;; 5! $H 6& $K 2w E, $K ;H MQ $9 $k 4D 6- $r Ds 6! $9 $k $? $a!" D6 JB Ns 7W ;; 5! CP-P A CS $r $O $8 $a!" 4X O" $9 $k 7W ;; 5! >e $G 3F <o %W %m %; %9 $r 5/ F0 $7!" A4 BN $N %G!< %? N. $r 9= C[ $9 $k :n 6H $r A4 $F %9 %/ %j %W %H $H $7 $F ;v A0 $K5- =R $7!" A VS $N A‘ :n %3 %s%=!< %k $+ $i4J C1 $J %a%K%e!< A* Br $K $h$C$F <+ F0 E*$K 5/ F0 $G $- $k$h $&$J %7%9 %F%‘ $r9= C[$7 $?!#$^$?!" %S%8%e %"%j %<!<%7%g %s%5!< %P$N CPU ?t5Z $S@- G=$K 8B $j $, $" $k >l9g!" binder Ey $N B> $N JB Ns %W %m %;%9 $H $N Ii 2Y %P %i %s %9$, Ld Bj $H $J $k!# $3 $l $r4J C1 $K D4 @0 $G $- $k $h $&!" A VS >e $N JB Ns VR @) 8f 2h LL $G $O!" ;H MQ $9 $k %W %m %;%C %5 ?t ( N) $A >e $2 $k %9 %l%C %I ?t ) $r <B ;~ 4V E* $KJQ 99 2D G= $J %9 %i %$ %I%P!< Ey $, MQ 0U $5 $l $F$* $j!" <B :] $K CP-P A CS $G 9T $J $o $l $F$$ $k 7W ;; Ii 2Y!& PIO $K $* $1 $k %G!< %?E> Aw Ii 2Y!& JB Ns 2D ;k 2= =h M}$N Ii 2Y Ey $r Am 9gE*$KH=CG$7$F!"2D;k2==hM};~4V$N:GE,2=$,9T$J$($k$h$&$K$J$C$F$$$k!# 6

(a) %a%b%j:.:\%W%m%;%C%5$N9=@.?^ (b) QCD 7W;;$K$*$1$k@-G=I>2A ?^ 3: %a%b%j:.:\%W%m%;%C%5 4.1.3 CP-P A CS $K$*$1$k<B1~MQ%"%W%j%1!<%7%g%s $3 $l $^ $G=R $Y $? PIO %7 %9 %F %‘ $H=@ Fp $J @) 8f @- $r;} $D JB Ns 2D ;k 2=%7 %9 %F %‘ $r Am 9gE* $K ;H MQ $7$?Nc$H$7$F!" 2048 Bf$NA4 PU $r;HMQ$7$? CP-P A CS <B5!$K$*$$$F!" 128 Bf$N IOU >e$G$N PIO %5!< %P $N 2TF/!" 16 %A%c %M %k $N F ast Ethernet $r 7PM3 $7 $?JB Ns %G!< %?E> Aw!" %S %8%e%" %j %<!< %7%g %s %5!< %P $K $* $1 $k JB Ns %G!< %? F~ NO 5Z $S JB Ns 2D ;k 2= $N A4 =h M} $r!" <B :] $N %" %W %j %1!< %7%g%s$rBP>] $K<B9T$7$?!#BP>]%"%W%j %1!<%7%g%s$O7W;;1’ChJ* M}3X$K$*$1$k1’Ch$N:F %$%*%s 2=%7%_%e%l!<%7%g %s5Z$S!"BgNL$N%"%k%4 %sJ,;R$KBP$9$kJ, ;RF0NO3XK!%7%_%e%l!<%7%g %s$G$" $k!#$$$:$l$b 2048 Bf$N PU $+$i@8@.$5$l$k%G!<%?%9%H%j!<%‘$r!" 16 K\$N F ast Ethernet %j %s %/ $G Ii 2Y J, ;6 $7 $J $, $i E> Aw $7!" :G =* E* $K 1 IC / %U %l!< %‘ Dx EY $N 3 <! 85 VR 5Z $S IA 2h $r <B 8=$G$-$?!#$3$l $K$h$j!"D6JBNs7W;;5!$K $*$1$k7W;;7k2L$N<B;~ 4V2D;k2=$,2DG=$G$"$k $3$H$, 3NG’$5$l$?!# 1’Ch$N:F%$%*%s2=%7%_%e %l!<%7%g%s$r<B9T$7$F$$ $k:]$NJBNs2D;k2=%7%9 %F%‘$N =P NO 2h A| $r ?^ 2(b) $K <( $9!# $3$N Nc $G $O!" :F %$ %* %s 2= $N ?J9T $N MM ;R $, 3N G’ $G $- $k $h $&$K!" mU <M$,0lJ}8~ $N$_$+$iF~<M$7$?>l9g $r07$C$F$$$k!#$3$l$O!"A4$F $NJ}8~$+$i$NF~<M$r<h $j07$& 8=<BE*%7%_%e%l!<%7%g%s$NBh0lJb$G$"$k$HF1;~$K!"AG2aDx$N2r@O$KLrN)$C$F$$$k!# 4.2 %W%m%;%C%5!&%a%b%j:.:\7? LSI 4.2.1 4pK\%"!<%-%F%/%A%c 35 MW Ds 0F $9 $k %a %b %j :. :\ 7? %W %m %;%C %5 $N 9= @. ?^ $r ?^ 3(a) $K <( $9!# %7 %s %0 %k %A%C %W Fb $K %m %8%C%/It$*$h $S#1<!%-%c%C%7%e$@$1$G$J $/!"%"%I%l%9;XDj2DG= $J9bB.$J%*%s%A%C%W%a %b%j$b Ek:\$9$k!#0l HL$N2J3X5;=Q7W;;$K $*$1$kBgMFNL$N%G!<%?%;%C %H$KBP1~$9$k$?$a!"%A%C %W30$K $b%a%$%s%a%b%j$H$7$F DRAM $rG[CV$9$k!# %*%s%A%C%W %a%b%j$H=>Mh$N%-%c%C %7%e$H$NAj0cE@$O!"%G!< %?%"%m%1!<%7%g%s$H%j %W%l!<%9 7

%a %s %H $N @) 8f $, %-%c%C %7%e $G $O <+ F0 E* $K 9T $J $o $l $k $N $K BP $7!" %* %s %A%C %W %a %b %j $G $O $= $N @) 8f $r %= %U %H %&%’ %" $G L@ <( E* $K 9T $( $k E@ $G $" $k!# $3 $N E@ $+ $i!" Ds 0F $9 $k %"!< %- %F %/ %A%c $r SCIMA(Softw are Con trolled Integrated Memory Arc hitecture) $H 8F $V!# %O!< %I %&%’ %" @) 8f$N%-%c%C%7%e $G$O!"%f!<%6$,0U?^$7 $J$$%G!<%?%"%m%1!<%7%g %s!"%j%W%l!<%9%a%s%H $K$h$k %-%c%C%7%e%_%9$, H/@8$9$k$3$H$K$h$k @-G=Dc2<$,LdBj$H$J$k!# %*%s%A%C%W%a%b%j$r:N MQ$9$k A@ $$$O!" B?$/ $N2J 3X 5;=Q 7W;; $,%G!< %? %"%/ %;%9 $K5, B’@- $r ;}$D $3$H $rMx MQ $7!"%f!< %6 ( $" $k $$ $O%3 %s%Q %$%i ) $,L@ <( E*$K %G!<%? %"%m %1!< %7%g%s $H%j %W%l!< %9 %a%s %H$r 9T$J $& $3$H $G$3 $N LdBj$r2sHr$9$k$3$H$G$"$k!# %a%b %j3, AX SCIMA $G$O!" =>Mh $N%"!<%- %F%/ %A%c$KBP $7$F!" %a%b%j 3,AX $K4X $7$F0J 2<$N 3H D% $r 9T $&!# $^ $:!" Ib F0 >. ?t E@ %l %8 %9 %? $r A} $d $9!# $3 $l $O!" =8 @Q EY $N 8~ >e $K $h $k Ek :\ 2D G= $J 1i;;4o$NA} 2C$H%A%C%WFb$N%-%c%C%7%e!? %*%s%A%C%W%a%b%j$N9b%P %s%II}$r3hMQ$9$k$? $a$G$" $k!#%*%s%A%C%W %a%b%j>e$G$N%G!<%?%" %m%1!<%7%g%s$H%j%W%l!< %9%a%s%H$N@)8f$r%= %U%H%&%’ %"$K2rJ|$9 $k$?$a!"%*%s%A%C%W%a%b%j $OO@M}%"%I%l%96u4V >e$KDj5A$9$k!#C"$7%*%s %A%C%W%a %b%jNN0h$O uncacheable $H$9$k$N$G!"%-%c%C%7%e$H$NJq4^4X78$O@8$8$J$$!# DI2CL?Na >e5-$N%a%b%j3,AX$N3HD%$rM-8z$KMxMQ$9$k$?$a0J2<$NL?Na$rDI2C$9$k!# � load-multiple, store-multiple : %*%s%A%C%W%a%b%j$NO"B3%"%I%l%9>e$H!"O"B3$9$k %l%8%9%?4V$GJ# ?t%G!<%?$NE>Aw$r9T$&L?Na!#%* %s%A%C%W%a%b%j$H%l%8%9%? $N4V$K 1000 bit Dx EY $N %G!< %? %Q %9 $r @_ $1 $k $3 $H $O >- Mh E* $K $O 2D G= $H 9M $( $i $l $k $? $a!" $3 $N L? Na $N E>Aw%5%$%:$H$7$F$O 2 !$ 4 !$ 8 !$ 16 double-word DxEY$rA[Dj$7$F$$$k!# � page-load, page-store : %* %U%A%C%W %a%b%j $H%* %s%A%C%W %a%b %j4V$G %G!<%?E> Aw$r 9T $J $&L? Na!#%G!< %? E>Aw $O %Z!<%8 C10L $G 9T$&!# $3$N E> Aw$H %A%C %WFb It$N 7W ;;=h M} $H$r =E >v 2=$9 $k$3 $H $G!"%* %U %A%C%W %a %b%j %" %/%; %9$N %l!< %F%s %7 $r1# JC $9$k!# $^$?!" %V %m%C %/ I}$H %9%H %i%$ %II} $r ;XDj $9$k %V%m%C %/ %9%H %i%$ %IE> Aw $N5! G=$r IU$1 2C$( $k!# $3$N 5! G= $K$h $j!"%* %U %A%C%W %a %b%j >e $NIT O" B3NN 0h$N %G!< %?$r %Q%C %-%s %0 $7$F!" %*%s %A%C %W %a%b%j$K;}$C$F$/$k$3$H$r2DG=$K$9$k!# 4.2.2 %7%_%e%l!<%?:n@. Ds0F$9$k SCIMA $O4{ B8%"!<%-%F%/%A%c$N3H D%$H$7$FDj5A2DG=$G $"$k$,!"K\8&5f$G$O6q BN E*$K$O MIPS %"!<%-%F%/%A%c$r$=$N%Y!<%9%"!<%-%F%/%A%c$H$7$F:NMQ$9$k!#K\G/EY$O!" SCIMA $NL?Na%l%Y %k%7%_%e%l!<%?$H%/%m%C%/ %l%Y%k%7%_%e%l!<%?$r:n @.$7$?!#A0<T$OM?$($i $l$?L? NaNs$r<B9T$7 7k2L$,@5$7$$$+$r3NG’ $9$k$?$a$N$b$N$G$"$j!" 8e<T$OM?$($i$l$?L?NaNs $r<B9T $9$k$N$KMW$9$k%/%m%C%/?t$r5a$a@-G=$rB,Dj$9$k$?$a$N$b$N$G$"$k!# 4.2.3 :GE,2=%3%s%Q%$%i SCIMA $N Fb B" SRAM $O!" %= %U %H %&%’ %" $G @) 8f $9 $k $? $a!" $3 $l $r 3h $+ $9 $K $O!" %3 %s %Q %$ %i$K$h$k%3!<%I:GE,2=$,I,?\$G$"$k!#K\G/EY$O!" (1)SCIMA 8~$1$N8@8l;EMM$N3HD%!" (2) %U 8

%m%s%H%(%s%I$K$*$1$k:GE,2=!" (3) load-multiple !" store-m ultiple, page-load, page-store $H $$$&DI2CL?Na$N@8@.<j=g!"$J$I$r8!F$$7$?!#$J$*!"$3$3$G$O8@8l$H$7$F C $rMQ$$$F$$$k!# 4.2.4 @-G=I>2A QCD 7W ;; $N2r @O <B%" %W%j %1!<%7%g %s$G $" $k QCD( NL ;R?’ NO3X ) 7W;; $r 2r@O $7!"Ds 0F$9 $k %"!<%-%F%/%A%c$NM-8z@-$r8!F$$7$?!#$3$NI>2A$G$O!"%*%s%A%C%W%a%b%j$H%-%c%C%7%e$N%9%k!< %W%C %H$r 16 double-word/cycle !"%*%U%A%C %W%a %b %j$N %9%k!< %W%C%H $r 4 double-w ord/cycle $H2>Dj$7!"$^$?1i;;G=NO$H$7$F (8m ul+8add)/cycle $H (16mul+16add)/cycle $N#2$D$N >l9g $rA[Dj$7!"7W;; $KI,MW$H$J$k1i;;2s?t $H%a%b%j%"%/%;%92s?t $+$i@-G=$rI>2A$7$?!#$= $N7k2L $r ?^ 3(b) $K <( $9!# ?^ 3(b) $K $* $$ $F $O!" 2# <4 $O %* %s %A%C %W %a %b %j MF NL $r <( $7!" =D <4 $O =j MW %5 %$%/%k$r<($9!# <B@~$O1i;;G=NO$, (8m ul+8add)/cycle $N>l9g$r!"E@@~$O 1i;;G=NO$, (16m ul + 16add)/cycle $N>l9g$r<($9!#$=$l$>$l%0%i%U$, 3 K\$:$D$"$k$N$O!"%Q%i%a!<%?$H$7$F%-%c%C %7%e%5%$%:$r 3 DL$j$KJQ2=$5$;$?$?$a$G$"$k!# <B @~ $H E@ @~ $r Hf 3S $9 $k $3 $H $G!" 1i ;; G= NO $, (8m ul+8add)/cycle $N >l 9g $O 1i ;; G= NO $, IT B- $7$F$$$F!"%-%c%C %7%e$d%*%s%A%C%W%a%b%j $rA}2C$5$;$F$b@-G= $,8~>e$7$J$$$3$H$, $o$+$k!# <! $K!" $3 $N %0 %i %U $N A E@ $H B E@ $N Hf 3S $h $j!" %-%c%C %7%e $r 0MB $+ $i 0.75MB $K A} 2C $9 $k $3 $H$O @- G= 8~>e $K Bg$- $/ 9W8% $9 $k $3$H!" B E@ $H C E@ $NHf 3S $h $j!"$7 $+ $7%-%c%C %7%e $r 0.75 MB $+$i 2.5MB $KA}2C$7$F$b$=$l$[$I$O@-G=8~>e$K8z$+$J$$$3$H$,$o$+$k!#$^$?!" C E@ ( %-%c%C %7%e 2.5MB, %*%s %A%C%W %a%b %j 0MB) $H D E@ ( %-%c%C%7%e 0.75MB, %*%s %A%C%W %a %b%j 0.66 MB) $H $r Hf 3S $9 $k $3 $H $G!" 0.75MB $N %-%c%C %7%e $, $" $k >l 9g $K $O!" %-%c%C %7%e $r A} 2C $9 $k $h$j$b%*%s%A%C%W%a%b%j$rA}2C$7$?J}$,8z2L$,$"$k$3$H$,$o$+$k!# %7%_%e%l!<%?$rMQ$$$?9TNs@Q$NI>2A 9TNs@Q$NI>2A$r!"K\G/EY3+H/ $7$?%7%_%e%l!<%?$rMQ$$ $F9T$C$?!#7k2L$rI= 1 $K<($9!#I>2A$G$O!"%-%c%C%7%e 32KB $N$_$r;}$D9=@. ( I=Cf$G$O CACHE) $H %* %s%A%C %W %a %b%j 32KB $N $_ $r ;} $D9= @. ( I= Cf $G $O SCIMA) $N@- G= $r!" 9T Ns%5 %$ %: $rJQ $($J$,$i5a $a$?!#$=$l$>$l$N9=@.$K $*$$$F!"%G!<%?%"%/%;%9 $N6I=j@-$r8~>e$9$k%V %m%C%-%s %0<jK!$r<h $jF~$l$F:GE,2=$r9T$C$F $$$k!#8=:_$N<BAu5;=Q$N 85$G$N%*%s%A%C%W%a%b%j $N8z2L $rD4$Y$k$?$a!"1i;;G=NO$O (1mul+1add)/cycle !"%-%c%C%7%e$H%*%s%A%C%W%a%b%j$N%9%k!<%W%C %H$O 1 double-word/cycle $G%l!< %F%s%7 $O 1 %5%$%/ %k!"%*%U%A%C %W%a%b %j$N%9 %k!<%W%C%H$O 0.5 double-word/cycle $G%l!<%F%s%7$O 10 %5%$%/%k$H$7$?!#%/%m%C%/$O 180MHz $G$"$k!# I= 1: 9TNs@Q$N@-G= ( %*%U%A%C%W%a%b%j%l!<%F%s%7 : 10 %5%$%/%k ) 9TNs%5%$%: 32 � 32 64 � 64 96 � 96 128 � 128 160 � 160 192 � 192 224 � 224 CACHE [MFLOPS] 192.3 184.9 210.8 191.4 213.1 211.4 213.5 SCIMA [MFLOPS] 243.9 265.8 273.1 280.4 285.9 288.7 291.2 @-G=8~>eN( 1.27 1.44 1.30 1.46 1.34 1.37 1.36 (SCIMA/CA CHE) 9

$3$N 7k2L $h$j!" Ds0F $9$k SCIMA $O =>Mh$N %-%c%C%7%e $N$_ $r;} $D>l 9g$KBP $7$F 3 3d $+$i 4 3d Dx EY @- G= $, NI $$ $3 $H $, $o $+ $k!# $^ $?!" >e 5- 2> Dj $G $O M} A[ E* $J %T!< %/ B. EY $O 360MFLOPS $G$"$k$N$G!" SCIMA $O9TNs%5 %$%:$,Bg$-$/$J$k$H$=$N 8 3dDxEY$N <B8z@-G=$rC#@.$7$F$$$k $3 $H $, $o $+ $k!# $^ $?!" %* %U %A%C %W %a %b %j $N %l!< %F %s %7 $r 60 %5 %$ %/ %k $K $7 $? >l 9g!" SCIMA $N@-G=$O$[$H$s$IJQ$o$i$J$$$,!"%-%c%C%7%e$N$_$r$b$D9=@.$G$O@-G=Dc2<$,Cx$7$/!" SCIMA $O%-%c%C%7%e$N$_$N9=@.$KBP$7$FLs 2.9 G\$NB.EY8~>e$rC#@.$G$-$k$3$H$b$o$+$C$?!# 5 :#8e$N7W2h JBNsF~=PNO!&2D;k2= JBNsF~=PNO%7%9%F%‘$K4X$7$F$O!"8=:_$NF0E* Ii2YJ,;65!G=$,;}$D%*!< %P %X%C %I $r $5 $i$K Dc 8: $5 $;!" PIO %7 %9 %F %‘ $N 5! G=$r $h $j =< <B $5 $; $F $$ $/!# 8=:_ $O Ii 2Y J, ;6 5!G=$rJBNs %o!<%/%9%F!<%7%g%sCf?4$K <BAu$7$F$$$k$,!"$=$N J,$NIi2Y$r8:$i$9$? $a$N%A%e!< %K %s %0 $r 9T $J $&!# $^ $?!" <B %" %W %j %1!< %7%g %s $G$N PIO %7 %9 %F %‘ $N $5 $i $J $k 1~ MQ $r =E $M!" IT B- $7 $F $$ $k 5! G= $d @- G= E* $K K~ B- $G $- $J $$ E@ Ey $r $h $j =< <B $5 $; $k!# FC $K!" C $d F ortran Ey $N 0lHLE*$J8@ 8l$K$*$$$F!"=>Mh$N%U%!%$ %kF~=PNO4X?t$HF1Ey $J5!G=$r;}$DJBNs%U%!%$ %k%5!<%S %9 4D 6- $r @0 Hw $7!" CP-P A CS $N $h $& $K JB Ns %U%! %$ %k %7 %9 %F %‘ $r Fb It $K ;} $D $h $& $J D6 JB Ns 7W ;;5!$K$*$$ $F!"%f!<%6$K%U%!%$%k$NJ, 3d2=!&JBNs%"%/%;%92= $r0U<1$5$;$:!"$5$i$K %U%!%$%k %7%9%F%‘$,7W ;;5!>e$K$"$k$N$+7W;; 5!30$K$"$k$N$+$b6hJL$7 $J$/$F$9$‘$h$&$J4D6-$r <B8=$7 $F$f$/!# JB Ns2D ;k 2= %7%9 %F %‘ $K$D $$ $F$O!" A VS %3 %s%=!< %k $+ $i$N $h $j =@Fp $J A4BN %7 %9 %F%‘ @) 8f $r <B8=$9$k!#8= :_$O%8%g%V$N5/F0Ey$N%o %s%?%$%‘@-$N$"$k=hM} $N$_$,<+F02=$5$l$F$$ $k$,!":# 8e$O<B;~4V$G =hM}$5$l$F$$$k2D;k2= $NN.$l$r0l;~E*$K5-O? $7!"5-O?MFNL$N5v$9G$0U$N HO0O$G $N2hA|$N%m!< %k%P%C%/$d!"$=$N;X<($r 7W;;%5!<%P$G$"$kD6 JBNs7W;;5!$^$G%U%#!<%I %P%C%/$G $- $k$h $& $JAm 9g E*$J =h M} 4D6- $N 9=C[ $r L\I8 $H $7!"$3 $l $i$r J? @. 12 G/ EYCf $K <B8= $9 $k!#:G =* G/EY$K$O3F <o<B%"%W%j%1!<%7%g%s$G$N 1?MQ<B@S$r:n$j!"%7%9%F %‘$NAm9gI>2A$r9T$J$& M=Dj$G $"$k!# %W %m%;%C %5!&%a %b %j:. :\7? LSI J?@. 12 G/ EY$K $O!" %/%m%C %/%l %Y %k%7 %_%e%l!< %? $N2~ NI$r 9T$$!"30IU$1 %a%b%j$r%$%s%?!<%j!<%V 9=@.$K$7$?>l9g$NI>2A $,$G$-$k$h$&$K$7!"$^ $?%7%_%e %l!<%7%g%sB.EY $r8~>e$9$k$3$H$G$h$j Bg5,LO$J2J3X5;=Q7W;; $bI>2A$G$-$k$h$&$K$9 $k!#$=$N >e$G!"AGN3;R J*M}3X$d1’ChJ*M}3X Ey$K$*$1$k<B%"%W%j%1!< %7%g%s$N@-G=I>2A$r9T $&!#$^$?!" Ds 0F $9$k %"!< %- %F %/ %A%c$N L? Na %Q %$ %W%i %$ %s 9= @. $r7h Dj $7!" $= $N5! G= %l %Y %k @_7W $r V erilog / VHDL Ey$N%O!<%I%&%’%"5-=R8@8l$G9T$&!#$=$N8e!"5!G=%l%Y%k$N%7%_%e%l!<%7%g%s$K$h$k @-G=I>2A$r 9T$&$H6&$K!"<+F09g@.%D!< %kEy$rMQ$$$FO@M}@_ 7W$b9T$$!"3F%Q%$%W%i%$ %s%9%F!< %8$N%/%j%F%# %+%k%Q%9$K4X$9$k8! F$$r2C$($k!#$^$?!"E,@Z $J8@8l%$%s%?%U%’!<%9$r @_Dj$7!" %3%s%Q%$%i$N%U%m%s%H%(%s%I$r@_7W$9$k!# B3$$$FJ?@. 13 G/EY$K$O!"2sO)@_7W$NK\3J2=$H%7%_%e%l!<%7%g%s$K$h$kO@M}8!>Z$r9T$J$$!" LSI $N >\:Y@_7W$r?J$a!":G=*E* $K@_7W$7$?%W%m%;%C%5!&%a%b %j:.:\7? LSI $N>\:YI>2A$r<B;\ $9$k!#F1;~$K%3%s%Q%$%i$N%P%C%/%(%s%I$r@=:n$7!"%=!<%9%W%m%0%i%‘$r%3%s%Q%$%k$7$F SCIMA 10

%"!<%-%F%/%A%c $K%^%C%W$9$k5;=Q$r3N N)$9$k$H$H$b$K!"F@ $i$l$?%*%V%8%’%/%H%3!< %I$r$8$C $5$$$K%7%_%e%l!<%?$K$+$1!"Am9gE*$JI>2A!&8!>Z$r9T$&!# 0J>e$N%W%m %;%C%5!&%"!<%-%F%/%A%c$N8& 5f$KJB$S!"<!@$BeD6JB Ns7W;;5!$N$b$&0l$D $N=EMW $J 8! F$ MW AG $G $" $k %W %m %;%C %5 7k 9g LV $N 8! F$ $r J? @. 12 G/ EY $+ $i 13 G/ EY $K $+ $1 $F 9T $$!" J? @. 13 G/EY$K$O!"O"B3BN8~$1$N<!@$BeD6JBNs7W;;5!$NA4BN9=A[$rE;$a$k!# E} 9g%7 %9%F %‘ 0J >e$N 8&5f $H J?9T $7!" J?@. 12 G/ EY$+ $i O"B3 BN 8~$1 D6JB Ns 7W;; 5!$H B? N3;R 7O 8~$1D6JBNs 7W;;5!$N7k9gJ}<0$N8! F$$r9T$&!#7W2h:G=*G/EY $K$O!"JBNsF~=PNO!&2D;k2= %7%9%F %‘ $r ;} $D O" B3 BN 8~ $1 D6 JB Ns 7W ;; 5! $H B? N3 ;R 7O D6 JB Ns 7W ;; 5! $r 7k 9g $7!" %X %F %m %8 %K %" %9!& %^ %k%A%3%s%T%e!< %?%7%9%F%‘$N9=C[$r L\;X$9!#$^$?!"K\7W2h$K$h $k5;=Q3+H/$N@0M}!&I> 2A$r9T $$!"<!$N%9%F%C%W$NJ}8~@-$rC5$k$?$a$N2q5D$r3+:E$9$k!# 6 3X2qH/I=!"O@J8Ey 6.1 9q:]3X2qEy$K$*$1$kH/I= [1] M. Matsubara, H. Numa, and T. Boku, "Commo dity Net w ork based P arallel I/O System for Massively Parallel Pro cessors", Pro ceedings of PDPT A’99, pp.2424-2429, Las V egas, June 1999. [2] Y. Iw asaki, "CP-P A CS Pro ject and the F uture", Science from Tsukuba 999, Tsukuba, Nov em ber 1999. [3] A. Uk a w a "Asp ects of next generation parallel computers", Japan-German Seminar ’99 \Lattice Field Theory on TFLOPS Sup ercomputers" Kanazaw a, Octob er 1999. 6.2 9qFb3X2qEy$K$*$1$kH/I= [1] >> 86@5 =c , >B <wN4 , HD AR7{ 0l , KQBY M4 , \ %3 %b%G%# %F%# %M%C%H %o!< %/$K 4p $E$/ JB NsF~ =P NO %7%9%F %‘ ", >pJs=hM} 3X2q%O%$ %Q%U%)!<%^%s%9 %3%s%T%e!<%F%# %s%08&5f 2q , 99-HPC-76, 1999, pp.1{6. [2] >>86@5=c , >B<wN4 , HDAR7{0l , KQBYM4 , \ D6JBNs7W;;5!$N$?$a$NJBNsF~=PNO!&2D;k2=%7%9%F %‘ ", JBNs=hM}%7%s%]%8%&%‘ JSPP’99, p.210, 1999. [3] >B<wN4 , >>86 @5=c , HDAR7{0l , KQBYM4 , \ JBNsF~=PNO5! 9=$rMQ$$$?2D;k2=%7%9%F%‘ $NDs0F ", >p Js =h M} 3X 2q %O %$ %Q %U%)!< %^ %s %9 %3 %s %T%e!< %F%# %s %0 8& 5f 2q (SW oPP’99), 99-HPC- 77, 1999, pp.53{58. [4] 6aF#@5 >O , :d 0f=$0l , KQBY M4 , Cf B<9( , \HPC 8~ $1%W%m %;%C%5$N %a%b%j!&%"!< %-%F%/ %A%c $N 4p K\9= @. ", >p Js =h M}3X 2q 7W ;; 5! %"!<%- %F %/ %A%c 8&5f 2q (SW oPP’99), 99-AR C-134, 1999, pp.1{6. 11

[5] I~ItD>Li , 9SLZBsLi , :d0f=$0l , EDCf1QI’ , \ <B9T%5%$%/%k?tM=B,$K4p$E$/Bg0hE*L?Na%9%1 %8%e!<%j%s%0$N<BAu$HI>2A ", >pJs=hM}3X2q ARCH133-3 (1999). [6] HSDMBg2p , >.BtG/90 , :d0f=$0l , EDCf1QI’ , \C %3%s%Q%$%i$K$*$1$k%k!<%W:GE,2=<jK! ", >p Js=hM} 3X2q%O%$ %Q%U%)!<%^%s %9%3%s%T%e!< %?8&5f2q ( p]3$ 6.%a%C%;2<4X ), 99-HPC-77, V ol.99, No.66, pp.65{70 (Aug. 1999). [7] :d0f =$0l , \ ?7@$ Be LSI $K$* $1$k %3%s %Q%$ %i5; =Q$N F08~ ", EE;R >pJs DL?. 3X2q Bh 3 2s%7 %9 %F%‘ LSI H|GJ8P%o!<%/%7%g%C%W >7BT9V1i , 1999. [8] 6a F# @5 >O!$:d 0f =$ 0l!$KQ BY M4!$Cf B< 9(!$ " %* %s %A%C %W%a %b %j $rMQ $$ $? HPC %W%m %;%C %5 $N8!F$ " !$>pJs=hM}3X2q7W;;5!%"!<%-%F%/%A%c8&5f2q (HOKKE’99) !$ AR C-132-15 (HPC- 75-15) !$ 1999 [9] Bg2O861Q4n , CfB<9( , 5H9>M’>H , 6bC+OB;j , " %O%$%Q%U%)!<%^%s%9%3%s%T%e!<%F%#%s%0$KE, $7$?%a%b%j 3,AX$N8!F$ ", >pJs=hM}3X2q7W;; 5!%"!<%-%F%/%A%c8&5f 2q!$ ARC-133-10 !$ 1999 [10] Bg2O86 1Q4n , CfB<9( , 5H9> M’>H , 6bC+OB ;j , " %O %$%Q%U%)!< %^%s%9%3 %s%T%e!<%F%# %s%0$K E,$7$?%a%b%j3,AX$N=i4|I>2A ", JBNs=hM}%7%s%]%8%&%‘ ’99 !$ pp.214,1999 6.3 ;(;oO@J8Ey [1] ;0Eg7r , KQBYM4 , CfB<9( , Cf_74n;0O: , \ D6JBNs7W;;5!MQB?CJ7k9gLV$K$*$1$kE>Aw@-G=$N2r @O ", >pJs=hM}3X2qO@J8;o V ol.40, No.5, pp.1985{1995, 1999. [2] >>86@5 =c , HD AR7{0l , KQBYM4 , \ D6JB Ns7W;;5! CP-P A CS $K$*$1 $kBg5,LOJ, ;RF0NO3XK! %7 %_%e%l!<%7%g%s ", >pJs=hM}3X2qO@J8;o V ol.40, No. 5, pp. 2172{2182, 1999. [3] 5WJ]EDOB?M , HDAR7{0l , :4F#;05W , KQBYM4 , \ Bg5,LO%G!<%?JBNs%W%m%0%i%‘$N@-G=M=B,<jK! $H NPB2.3 $N@-G=I>2A ", >pJs=hM}3X2qO@J8;o V ol.40, No. 5, pp. 2293{2304, 1999. [4] 2,K\ 0l98 , >> 2,9@ ;J , W"Ln 1QM: , 2# EDN4;K , :4F#;0 5W , :d0f =$0l , \ D6 JBNs7W ;;5!$N $?$a $N F14|=hM}5!9=$H$=$NI>2A ", >pJs=hM}3X2qO@J8;o V ol.40, No.3, 1999, pp.1245{1456. [5] P . R. Panda, H. Nak am ura, N. D. Dutt, and A. Nicolau, \Augmenting Lo op Tiling with Data Alignment for Improv ed Cache Performance", IEEE T ransactions on Computers, V ol.48, No.2, 1999, pp.142{149. [6] T. Mank e, H. P . Shanahan, A. A. Khan, S. Aoki, R. Burkhalter, S. Ejiri, M. F ukugita, S. Hashimoto, N. Ishizuk a, Y. Iw asaki, K. Kanay a, T. Kanek o, Y. Kuramashi, K. Nagai, M. Ok a w a, A. Uk a w a, T. Y oshie, \Hybrid Quark onia on Asymmetric Lat- tices", Phys. Rev.Lett. V ol. 82, 1999, pp.4396-4399. 12