<!@$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^GHBg3XEE;R!&>pJs9)3X7O=u65<x (IOV) OBED9L0l C^GHBg3XEE;R!&>pJs9)3X7O=u65<x (MOC) 0B1J<iMx C^GHBg3XEE;R!&>pJs9)3X7O=u65<x (IOV) @iMU<" C^GHBg3XEE;R!&>pJs9)3X7O9V;U (IOV) @1LnNO C^GHBg3X9=B$9)3X7O65<x (IOV) Gr@nM’5* C^GHBg3X9=B$9)3X7O=u65<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!#$3$l$i$r<B8=$9$k $?$a$K!"2f!9$O9b@-G=$+ $D=@Fp$G!"$7$+$b0B2A$J D6JBNs 7W;;5!8~$1F~ =PNO%7%9%F%‘5Z$S2D;k 2=%7%9%F%‘$r9=C[$9$k $3$H$rL\E*$H$7$F$$$k!# FC$K!"D6 JBNs7W;;5! $,Hw$($F$$$k!"B??t$NF~ =PNO%W%m%;%C%5$rJBNs 1?MQ$7!"$+$D%f!<%6$+$i$O $=$l$i $N 1? MQ $r FC $K 0U <1 $; $: $K!" 30 It 4D 6- $H $N =@ Fp $J $d $j $H $j $r MF 0W $K <B 8= $G $- $k $h $& $J %" %W %j %1!<%7%g%s%$%s %?%U%’!<%9$rDs6!$9$k!# $^$?!"%O!<%I%&%’%"3+H/ $K%3%9%H$H;~4V$r $+$1$:!" 6a G/$N commo dity 2= $7 $?%M%C %H %o!<%/ G^ BN$d @\ B35; =Q$r @Q 6KE* $K MxMQ $9 $k$3 $H $K$h $j!" @- G=2A3JHf$KM%$l$?%7%9%F%‘9=C[<jK!$rH/8+$9$k$3$H$b=EMW$G$"$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 $$$k $,!"$5 $i$K ?tI4 TFLOPS $N 7W;; @-G=$N <B8= $K$h $j$O $8$a $F??$K 8=<B E*$J 7W;; $,2D G=$H $J$kLdBj$b ?tB?$/$"$k!#K\8&5f$G$O!" $3$N$h$&$J7W;;J*M}3X $NMW5a$K1~$(!"<!@$Be$N O"B3BN 8~ $1 D6 JB Ns 7W ;; 5! $N MW AG $H $J $k LSI $N %"!< %- %F %/ %A%c $r L@ $i $+ $K $9 $k $3 $H $r L\ ;X $9!# Bg 5, LO2J3X7W;; $K$*$$$F$O!"7W;;B.EY$N $_$J$i$:!"$3$N@-G=$K8+ $"$C$?5-21AuCV$+$i1i;; AuCV$X $N%G!<%?6!5k @-G=$,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 $k J} K! $, $" $k!# LSI $N 9b =8 @Q 2=!& 9b B. 2= $r Cf ?4 $H $9 $k 7W ;; 5! 5; =Q $N H/ E8$O K\ 8& 5f$N %?!< %2%C%H $H $9$k 21 @$ 5* =i F,$K $* $$$F ;} B3 $9$k $b $N$H 9M $($i $l $k!# K\8& 5f $G $O!" 2004 G/A0 8e $K<B 8= $5$l $k %G%P %$ %95; =Q $NM= B, $K4p $E $-!"%W %m %;%C%5!& %a %b%j :. :\7? LSI $rMQ$$$?7W;;5!%"!<%-%F%/%A%c$r9M0F$7!"%7%_%e%l!<%7%g%sI>2A!">\:Y@_7W$r9T$J$&!# 3 8&5f7W2h$N35MW 3.1 JBNsF~=PNO!&JBNs2D;k2=%7%9%F%‘ 2a5n$ND6JB Ns7W;;5!%W%m%8%’%/%H $G$O!"B?$/$N>l9g!"F~ =PNO7OMQ$N@lMQ%O!<%I %&%’%"!&%= %U %H %&%’ %" $, F3 F~!& 3+ H/ $5 $l $? $,!" 8= :_ $G $O!" HF MQ $N %P %9 5Z $S %M%C %H %o!< %/ 5; =Q $O!" $3 $l $i $N 8& 5f $G L\ I8 $H $5 $l $? ?e =‘ $K == J, C# $7 $F $$ $k!# FC $K!" 100 Mbit/ IC Dx EY $N DL ?. @- G= $r ;} 2

$D 100base %$!<%5%M%C%H$d A TM $O!"@-G=2A 3JHf$G>e5-%M%C%H%o!<%/5;=Q$rBg$- $/>e2s$C$F $$$k!#$^$? %$!<%5%M%C%H$N Gigabit 2=$,<B MQ2=$5$l$F$*$j!" $=$N%3%9%H$b 5^7c$KDc2<$7$D $D $" $k!# =>$C $F!" :# 8e $N D6 JB Ns 7W ;; 5! MQ F~ =P NO 7O $H $7 $F $O!" HF MQ @= IJ (commo dit y) $r %O!< %I %&%’%"LL$G@Q 6KE*$KMxMQ$7!"%=%U%H%&%’ %"E*<jK!$G$=$NMxMQ N($r9b$a$kJ}8~$,3+H/ 4|4V!&%3 %9%H$KBP$9$k8zN($NE@$GM-Mx$G$"$k$H9M$($i$l$k!# J, ;6 %a %b %j 7? D6 JB Ns 7W ;; 5! $G $" $k CP-P A CS $K $O!" F~ =P NO =h M} $N $? $a $N @l MQ %W %m %;%C %5 $,B??tMQ0U $5$l$F$*$j!"BgMFNL$N FbB"%G%#%9%/$K2C$(!"B??t $N30ItF~=PNO%A%c%M%k $r%5%]!< %H $9$k $3 $H$, 2D G=$G $" $k!# =>$C$F!" 100base %$!< %5 %M%C%H Ey $N commo dit y 5;=Q $r!" B??t $N JBNsF~=PNO %W%m%;%C%5$KE,MQ$9$k$3 $H$K$h$j!"A4BN$H$7$F== J,$JDL?.@-G=$r;}$A!"@- G=2A3J Hf$KM%$l$?JBNsF~=PNO%A%c%M%k$rDs6!$9$k$3$H$,2DG=$G$"$k$H9M$($i$l$k!# $^$?!"30It4D 6-$H$7$FB8:_$9$kB>$N 7W;;5!;q8;$K$*$$$F$b!" $=$N7W;;5!@-G=$K1~$8 $?JBNs $J%M%C%H%o!<%/4D6- $,Ds6!$5$l$D$D$"$k!#%o!<%/%9 %F!<%7%g%s%/%i%9%?Ey$G$O!" 1 %W%m%;%C %5Ev$?$j 1 $D$N%M%C%H %o!<%/%$%s%?%U%’!<%9$,<BAu$5$l$F $$$k$N$,IaDL$G$"$k!#=>$C$F!"D6 JBNs7W;;5! $H$3$l$i$N%7%9%F%‘$r 0lBP0l$K7k9g$9$k:]$K!" JBNs%M%C%H%o!<%/$rMQ$$$F B??t$N %G!<%?N.$NF1 ;~E>Aw$r9T$&$3$H$, 2DG=$G$"$k!#$5$i$K!"%M%C%H %o!<%/$HF1MM$KDc2A3J 2=$,?J $s$G$$$k9b B.%9%$%C%A$r2p$9$k$3$H $K$h$j!"J#?t$N7W;;;q8; 4V$rJBNs@\B3$7$F!"9b@- G=$+$D =@Fp$J%M%C%H%o!<%/%7%9%F%‘$rDs6!$9$k$3$H$,2DG=$G$"$k!# $3$l$i$NMW AG$r%f!<%6!&%"%W%j%1!<%7%g %s$+$iMxMQ$9$k:] $K!"JBNs%A%c%M%k$NB8:_ $r0U<1 $7$D$DDL?. Ii2Y$NJ,;6$r9T$&$3$H $O!"%f!<%6!&%W%m%0%i%‘$r HK;(2=$7!"$^$?%7%9%F%‘ 9=@.$N JQ99Ey$KBP $9$kE,MQ@-$rB;$M$k62 $l$,$"$k!#=>$C$F!"K\%7%9 %F%‘$r<BMQ2=$9$k$?$a $K$O!"JB Ns%A%c%M%k?t $NA}8:$d!"F1;~<B9TCf $NB>$N%f!<%6!&%"%W%j %1!<%7%g%s$H$NIi2Y%P%i %s%9!"$" $k$$$O@\B3 @h$NAj<j7W;;5!$N%A%c%M %k?t$J$I$N!"%G!<%?E>AwIi 2Y$N@)8f$KD>@\4X78$9 $k%7%9 %F%‘>pJs$r %"%W%j%1!<%7%g%sB&$+$i 1#JC$7!">o$K:GE,$J>u BV$GF~=PNO%A%c%M%k$N A*Br!&%P%C %U%!%j%s%0!&@)8f$r9T$&$h$&!"%7%9%F%‘$r<+F02=$9$k$3$H$,I,MW$H$J$k!# 2D;k2=%7%9 %F%‘$K$D$$$F$O!"8=:_ $N2hA|=hM}@lMQ%o!<%/ %9%F!<%7%g%sEy$rMQ$$$l $P!":G=* E*$J%U%l!<%‘ %P%C%U%!$NIA2hEy$NE@$G $O@lMQ%O!<%I%&%’%"$K$h$j ==J,$J9bB.2=$,C#@. $5$l$F $$$k!#$7$+$7!" AG%G!<%?$KBP$9$k2hA| =hM}$K$*$$$F$O!"%W%m %;%C%5B.EY$N8B3&Ey$K $h$j!"$h $j0lAX$N9bB. 2=$,K>$^$l$F$$$k!#JBNs F~=PNO%7%9%F%‘$KE}9g $5$l$?2D;k2=4D6-$K$* $$$F$O!" AG%G!<%?$OJB Ns%G!<%?N.$H$7$F2D;k 2=%7%9%F%‘$KN.F~$9 $k!#$h$C$F!"$3$NCJ3,$G%G!< %?$KBP $9$k6u4VJ, 3dE*<jK!$K$h$C$F!"2hA|=h M}$=$N$b$N$r$G$-$k8B $jJBNs2=$9$k$3$H$K$h $j!"<B;~ 4V=hM}$KBP 1~$G$-$k%9%k!<%W%C%H$r<B 8=$9$k$3$H$,2DG=$H 9M$($i$l$k!#$3$l$i$rA0 Ds$K!"2D ;k2=%7%9%F %‘$rJBNsF~=PNO%7%9%F %‘$N0lIt$H$7$F<BAu$7!" JBNs%W%m%;%C%5$r;}$D@l MQ%o!<%/ %9%F!<%7%g%s$K $h$j!"%G!<%?F~NO!&AG%G!< %?$KBP$9$k%G!<%?=hM} $r$G$-$k8B$jJBNs 2=$7!"%9 %k!<%W%C%H$N8~>e$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 $K $h$l $P!"K\ 8&5f $N%?!< %2%C%H $H$9 $k 2004 G/ $NA0 G/$K $O!"%A%C %W I/O ?t$O 3000 !" DRAM 3

%S%C %H ?t 1Gbit(pro duct) !" MPU %H %i %s %8 %9%? ?t 76M !" EE 8; EE 05 1.2-1.5V !" %/ %m%C %/ <~ GH ?t 2.1GHz !":GBg>CHqEENO 130W $H$J$k!# CP-P A CS $G;H$o$l$F$$$k5;=Q$KHf$Y$k$H!" DRAM %A%C %W $N 5- 21 MF NL $G 16 G\!" %W %m %;%C %5 $N %H %i %s %8 %9 %? ?t $G Ls 17 G\!" Fb It %/ %m%C %/ <~ GH ?t $G 14 G\!" I/O %P %9 %/ %m%C %/ <~ GH ?t $G Ls 11 G\ $K $J $k!# $3 $l $O!" ?t G/ A0 $K M= B, $5 $l $F $$ $? $b $N $K Hf 3S $7 $F!" %H %i %s %8 %9 %? ?t $, $d $d >/ $J $/ $J $j!" %/ %m%C %/ <~ GH ?t $, Bg I} $K A} $( $? $b $N $K $J$C$F$*$j!"$3$NE@$KCm0U$,I,MW$G$"$k!# <!@$ Be$N7W ;;2J3X 8~$17W ;;5! $O!" (1) %T!<%/$N 1i;;B. EY!" (2) 1i;;Au CV$X$N %G!<%?6! 5kB. EY!"$N 2 E@$+$i:GE,2= $5$l$?%"!<%-%F%/%A%c$r$H$kI,MW$, $"$k!#$3$N$&$A!"1i;;B.EY$N8~>e $O!"0lHL$K (a) %/%m%C%/B.EY$N8~>e!" (b) %9!<%Q%9%+%i$d VLIW $K$h$k%W%m%;%C%5FbJBNs2=!" (c) 9b =8 @Q 2= $K $h$C $F MW AG %W%m %;%C %5 $r B? $/ <B Au $9$k $3 $H $K $h $k JB Ns 2=!" (d) Ej 5!E* <B 9T $K $h$kJBNs2=!" $J$I$K$h$C$F<B8=$5$l $k!#$^$?!"%G!<%?6!5k7O$N 9bB.2=$O!"%a%b%j3,AX $N$=$l $>$l$K$*$1 $k%P%s%II}$*$h$S%l%$ %s%F%s%7$N:GE,2=$K $h$C$F<B8=$5$l$k!#6qBNE* $K$O!"%G!< %?%5%$%:$H %G!<%?%"%/%;%9%Q%?!<%s $K1~$8$F!"%a%b%j%P%9$N 3HBg!"%a%b%j$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$I$r 9T$&I,MW$,$"$k!# 2004 G/ $K<B8=$5 $l$k9b=8@Q %A%C%W$O!"=8 @QEY$,8=:_ $N$=$l$HHf 3S$7$F 17 G\$H Bg$-$$$K$b $+$+$o$i$:!"%A%C%W$N I/O ?t$O$?$+$@$+ 3.5 G\$7$+$J$$$?$a!"%a%b%j$r%W%m%;%C%5%A%C%W30 It$KCV$/=> Mh$N%"!<%-%F%/%A%c$G$O!" %P%9%M%C%/$K$J$k2DG= @-$,$"$j!"%G!<%?%5%$%: $NBg$- $$2J3X7W;; $G$O!"FC$K$=$N2DG=@- $,Bg$-$$!#$3$NLdBj$r2r 7h$9$k$?$a!"%W%m%;%C%5!& %a%b%j :. :\ 7? LSI $N 3+ H/ $, 9M $( $i $l $k!# $3 $N LSI $K $* $$ $F $O!" %a %b %j %P %9 $O %A%C %W Fb It $K <B Au $5 $l$k$?$a!"%P%s%II}$,Bg$-$/%l%$%F%s%7$N>.$5$J%P%9$,<B8=2DG=$G$"$k!# 2J3X 5;=Q 7W;;$N %G!<%?%5 %$%: $O!"$[$\ CPU G= NO$KHf Nc$9 $k!#8=:_ $N CP-P A CS $N PU $" $? $j %a %b %j NL $O 256MB Dx EY $G $" $j!" 2004 G/ $K %/ %m%C %/ $, 14 G\ $K $J $k $H!" Ls 3.6GB $, I, MW$H$J$k!# ST AR C(h ttp://www.starc.or.jp) $O!" 2004 G/$N%W%m%;%C%5$G:.:\2DG=$J DRAM $N Bg $- $5 $r 1Gb Dx EY $H M=B, $7 $F $* $j!" C1 =c $J %W %m %;%C %5!& %a %b %j :.:\ %A%C %W $G $O!" %a %b %j $,BgI}$KITB- $9$k$?$a!"K\8&5f$NL\E* $H$9$k2J3X5;=Q7W;;8~ $1$N%W%m%;%C%5$r:n$k$3 $H$O$G $-$J$$!# 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=$9$k0l J}!"FbIt $KCf5, LO$NMFNL $N RAM $r;}$D ?7$?$J%W %m%;%C%5 %"!<%-%F %/%A%c$rDs 0F$9$k!#30IU$1 DRAM $O %P%s%/J,$1$7$F 9b%9%k!<%W%C%H$r <B8=$7!" LSI $KFbB" $5 $l$? RAM $O!" (1) %l!< %F%s %71# JC!" (2) Cf 4V7k 2L$N 3JG< $H9b B. FI$_ =P$7!" $N 2 $D$N L\ E* $G;H$o$l$k!# 2004 G/ $N7W;;5!$O!" CP-P A CS $HHf3S$7$F!"%/%m%C%/ <~GH?t$G 14 G\!"%A%C%WFbJBNs @-G= $G 4 G\$H$J$k$3$H$, 4|BT$5$l$k!#%a%b%j%P%s%II}!"%-%c%C%7%e B.EY!"%l%8%9%?%P%9$N%P%s%I I} $N $= $l $> $l $G!" $3 $l $K 8+ 9g $& B. EY $N %G!< %? 6! 5k $r 9T $J $& $3 $H $, $G $- $l $P!" <B Au 5, LO $r Ls 10 G\$H2>Dj$7$?C1=c7W;;$G!"%T!<%/@-G=$O 300TFLOPS DxEY$H$J$k!# 4

4 J?@.#1#0G/EY$N8&5f@.2L$N35MW 4.1 JBNsF~=PNO!&JBNs2D;k2=%7%9%F%‘ 4.1.1 <B834D6- J? @. 10 G/EY $K$* $1$k JB NsF~ =PNO!& 2D;k 2= %7%9 %F%‘ $N8& 5f $G$O!" ?^ 1(a) $K <($9 $h $&$J %7%9 %F%‘ $r9= C[$7!" $=$N >e$K JBNs F~=P NO%W %m%0 %i%_ %s%0 $r9T $J$& $?$a $N%W %m%H %?%$ %W API (Ap- plication Program Interface) $r @_ 7W!& <B Au $7!"$= $N @- G= $r I> 2A $7$?!# $5 $i $K!" JB Ns %G!< %? N.$K4p$E$/2D ;k2=%7%9%F%‘$N%W%m%H %?%$%W$r@_7W!&<BAu$7!"JB NsF~=PNO%7%9%F%‘$N0l It$H$7 $F!"6H3&I8=‘2D;k2=%=%U%H%&%’%"$G$"$k A VS $KE}9g$7$?!# (a) A4BN9=@. (b) %f!<%6%W%m%;%9$H%5!<%P$N4X78 ?^ 1: JBNsF~=PNO!&2D;k2=<B83%7%9%F%‘ ?^ Cf!"D6 JBNs 7W ;;5! $O CP-P A CS $N%W %m%H %? %$%W 5! (Pilot-3) $G$" $j!"JB Ns F~=P NO <B83 MQ $K!" 100base-TX %$!<%5%M%C%H!&%$%s%? %U%’!<%9$r<BAu$7$?F~=PNO%W%m%;%C%5 $r 4 BfG[CV$7 $F$$$k!# $3$l$r 100base-TX %9%$%C%A$r 7PM3$7!"JBNs%G%# %9%/%5!<%P$G$" $k Origin-2000 (8 %W %m %;%C %5 ) 5Z $S JB Ns %S %8%e %" %j %<!< %7%g %s %5!< %P $G $" $k On yx2 (2 %W %m %;%C %5 +1 %i %9 %? %^%M!< %8%c ) $H 7k9g$7 $F$$$k!# $3$l $i$N%o!< %/%9%F!< %7%g%s $K$b!"3F!9 4 %]!< %H$N 100base- TX %$!< %5%M%C %H!&%$%s %?%U%’!< %9$,@_ CV$5$l $F$* $j!"3FF~ =PNO %A%c%M%k $O8_$$ $K 4 K\$: $D $N 100base-TX $K$h$jJBNs7k9g$5$l$F$$$k!# 4.1.2 JBNsF~=PNO%7%9%F%‘ JBNsF~=PNO%7%9%F%‘$N35MW JBNs%$!<%5%M%C%H$rMQ$$$?M=HwE*$JE> Aw<B83$N7k2L!"3F7W;;5! ;q8;$K$*$1$k%M%C%H%o!<%/F~=PNO$G$O!"%G!<%?E>AwMW5a$r$J$k$Y$/FHN)$J ( Aj8_:nMQ$N$J$$ ) %Q%1%C%H$KJ, 3d$7!"$=$l$i$rJBNs$K =hM}5Z$SE>Aw$9$k$3 $H$K$h$C$F!"A4BN$N%9%k!< %W%C%H$r @~7A$KA}2C $5$;$k$3$H$,2DG=$G$" $k$3$H$,$o$+$C$?!#$3$l $rMQ$$$F!"D6JBNs7W;;5! $K$h$C$F @8@.$5$l$? %G!<%?$r!"JBNs%A%c%M%k$r MQ$$$FD>@\30It4D6-$K Aw=P$9$k%7%9%F%‘$r!" %f!<%6$K ;H$$0W$$7A$GDs6!$9$k!# 5

$3$N$?$a$K $O!"%"%W%j%1!<%7%g%s!&%W%m %0%i%‘$+$i8+$F!"JB NsF~=PNO%A%c%M%k$,MF 0W$K%" %/%;%9$G$- $kI,MW$,$"$k!#$7$+$7!" JBNs%W%m%;%C%5$+$i@8@. $5$l$k%G!<%?N.$O>l9g $K$h$C$F $O6u4VE*5Z $S;~4VE*$KAFL)$,@8$8 $k2DG=@-$,$"$j!"$3$l$r $&$^$/J?3j2=$7!"%A%c%M%k Ii2Y$r 6QEy$K$9$k I,MW$,$"$k!#J,;6%a%b%j 7?%"!<%-%F%/%A%c$r;}$DD6 JBNs7W;;5!$K$*$$$F$3 $N$h$& $J Ii 2Y J, ;6 $r <+ F0 2= $9 $k $? $a $K!" F~ =P NO MW 5a $r JB Ns =h M} $7 $D $D 6( D4 F0 :n $9 $k!" %7 %9 %F %‘!& %G!< %b %s $r <B Au $9 $k ( ?^ 1(b) ;2 >H ) !# $3 $l $K $h $j!" %f!< %6 $O JB Ns F~ =P NO %7 %9 %F %‘ $N B8 :_ $r 0U <1$;$:$K!"F~=PNO%7%9%F%‘$r8zN(E*$K1?MQ$G$-$k$h$&$K$9$k!# JBNsF~ =PNO$N$? $a$N API K\8& 5f$G3+H/ $9$kJBNs F~=PNOMQ API (Application Program In- terface) $r!" \PIO %7 %9%F%‘ " $HL> IU$1$k!# PIO %7 %9%F%‘ $O (1) %7 %9%F%‘ $GMxMQ 2DG=$J JBNs F~=PNO %A%c%M%k$N9=@. MWAG>pJs$NDs 6!!" (2) %G!<%?F~=PNOA‘ :n!" (3) @\B3@h%7%9%F %‘$N>pJs $N Ds6!!" (4) <j F0 $^$? $O<+ F0$K $h$k DL ?.Ii 2Y$N 6u4V E*6Q Ey2= ( %G!< %?@8 @.%W %m%;%C %5Kh $NIi 2Y J, ;6 ) !" (5) DL?. Ii 2Y $N ;~4V E* 6Q Ey 2= ( ;~ 7O Ns >e$N %G!< %? $K BP$9 $k Ii 2Y J,;6 ) !" $H $$$C $? 5! G=$rDs6!$9$k%i%$%V%i%j72$+$i$J$k!# K\ API $G $O!" %7 %9 %F %‘ 9= @. $N $& $A!" :G Dc 8B $N >p Js $N $_ $r %f!< %6 $K Ds 6!!" $" $k $$ $O A‘ :n $5 $;!" Bg It J, $r <+ F0 2= $9 $k $3 $H $r L\ E* $H $7 $F $$ $k!# L@ <( E* $J >p Js A‘ :n $r $7 $J $$ 8B $j!" %f!< %6 %W%m%0%i%‘ $+$i$NF~=PNOMW5a$O!"JB Ns%A%c%M%k$N$$$:$l$+ $K<+F0E*$K3d$j?6$i$l $k!#$^$?!" PIO %7 %9 %F %‘ $O!" F~ =P NO AP J} $N 7W ;; 5! $K $* $1 $k JB Ns @- $r A[ Dj $7 $F $$ $k!# $3 $N $? $a!" 0l HL E* $J TCP/IP Ey$NDL?.$H0[$J$j!"%[%9%H$N%"%I%l%9$@$1$G$J$/!"$=$N%[%9%H>e$NJBNs%W%m%;%C %5$^$G$rDL?.%Q!<%H%J!<$H$7$F<1JL$G$-$k$h$&$K$J$C$F$$$k!# 8=:_$N<BAuBP>]$O!" CP-P A CS %7%9%F%‘>e$N OSF-1/MPP 5Z$S Origin-2000, Onyx2 >e$N IRIX-6.2 $G $" $k!# $3 $l $i $N %7 %9 %F %‘ >e $K $O!" 3F!9!" <B 9T ;~ $N %5 %]!< %H $r 9T $J $& %G!< %b %s $, <B Au $5 $l!" 3F %7 %9 %F %‘ $K $* $$ $F :G E, $J DL ?. $r 9T $J $& $h $& $K $J$C $F $$ $k!# $= $N :]!" IT I, MW $J %G!<%?%3%T!<$K$h$k%*!<%P%X%C%I$rDc8:$9$k$?$a!" CP-P A CS B&$G$O PU 4V$N%<%m%3%T!<DL ?. 5! G= $r!" Origin-2000 5Z $S Onyx2 B& $G $O 6& M- %a %b %j $K $h $k %5!< %P $H %f!< %6 $N N> %W %m %; %9 4V$G$N%G!<%?6&M-$rMxMQ$7$F$$$k!# PIO %7 %9 %F %‘ $N @- G= I> 2A PIO %7 %9 %F %‘ $r MQ $$!" CP-P A CS $H Origin-2000 4V $G $N 4J C1 $J ping-p ong E>Aw$r9T$J$C$?>l9g$NDL ?.@-G=$r?^ 2(a) $K<($9!# $3$3$G$ON>%7%9%F%‘>e$G 4 BP$N %f!<%6%W%m%; %94V$G$NDL?.$NAm%9 %k!<%W%C%H$r<($7$F$$ $k!#%f!<%6%"%W%j%1!<%7%g%s $N%W%m %0%i%‘$rA4 $/JQ99$;$:!"DL?.%A%c%M%k ?t$rA}2C$5$;$?>l9g$K!" @-G=$,8~>e$7$F$$$k$N $,$o$+ $k!# $7 $+ $7!" @d BP E* $J %9 %k!< %W%C %H $H $$ $& E@ $G 8+ $k $H!" :G Bg $G $b Mg $N TCP/IP DL ?. @- G= $N LsH>J,DxEY $N@-G=$7$+=P$F$$$J$$!# $3$l$O!"%7%9%F%‘Cf$N 3F<o%l%$%d$G$N%=%U%H %&%’%"%*!< %P%X%C%I$N1F6A$G$"$k!# $7 $+ $7!" K\ PIO %7 %9 %F %‘ $N MxMQ K! $H $7 $F $O!" $3 $N $h $& $J AP J} 8~ $N DL?. $h $j $b!" 0l J} 8~ $G $NHsF14|$J BgNLDL?.$,<g$G$"$k$H 9M$($i$l$k!#$3$NE@$G =EMW$J$N$O!"%G!<%?@8@.B& $N%f!<%6 %W %m %; %9 $K $H$C$F!" $$ $+ $K PIO $X $N %" %/ %; %9 ;~ 4V$, C; $/ 8+ $( $k $+ $, =E MW $G$" $k!# $3 $N E@ $G $O!" PIO %7%9%F%‘$r9=@.$7$F$$$k3F<o%G!<%b%s$,%P%C%U%!$NLr3d$r2L$?$9$?$a!" CP-P A CS 6

>e $GMg $N TCP/IP DL?. $rMQ $$ $F30 It$H DL?. $7 $?>l 9g$K Hf$Y!" Hs>o $K >.$5 $J ( 8+ $+$1 >e $N ) %l %$ %F %s %7 $G =h M} $, 9T $J $( $k!# 0l J} 8~ DL ?. $r 9T $J$C $? >l 9g $N!" %f!< %6 %W %m %; %9 $K =h M} $, La $k $^ $G $N ;~ 4V $r ?^ 2(b) $K <( $9!# ?^ $+ $i $o $+ $k $h $& $K!" %f!< %6 %W %m %; %9 $O =P NO =h M} $+ $i C; ;~ 4V $G2rJ|$5$l!" =hM}$r7QB3$9$k$3$H$, $G$-$k!#$3$3$G$O!"B??t $NF~=PNO%W%m%;%C%5$rMx MQ$G$- $k!"D6JBNs7W;;5!$N%a%j%C%H$,3h$+$5$l$F$$$k!# (a) ping-p ong E>Aw$K$*$1$k%9%k!<%W%C%H (b) %f!< %6 %W %m %; %9 $+ $i 8+ $? %l %$ %F%s %7 ( C1 J}8~DL?. ) ?^ 2: JBNsF~=PNO%7%9%F%‘$N@-G=I>2A 4.1.3 JBNs2D;k2=%7%9%F%‘ JB Ns %G!< %? F~ NO JB Ns 2D ;k 2= %7 %9 %F %‘ $N %W %i%C %H %U%)!< %‘ $O!" JB Ns 2h A| =h M} @l MQ %o!< %/ %9 %F!<%7%g%s Onyx2 $G$"$k!#J?@. 10 G/EY$KF3F~$7$?%7%9%F%‘$O!" 2 Bf$N CPU $H 1 Bf$N%i%9 %?%^%M!<%8%c ( 2hA|@8@.%(%s%8%s ) !"$5$i$K 4 %A%c%M%k$N 100base-TX %$%s%?%U%’!<%9$rHw$( $F$$$k!# 2 Bf$N CPU $rMQ$$$k$3$H$K$h$j!"0lO"$N2D;k 2==hM}$NIi2YJ,;6!"Nc$($PJBNs%G!< %?F~ NO$H $=$N2h A|=h M}$H$$$C $?5! G=J,;6 $,2D G=$G $"$j!" CPU Bf?t $N$5 $i$J$k A}2C $K$bBP 1~ $G $- $k $h $& $K $J$C $F $$ $k!# $3 $N >e $K!" J# ?t %W %m %;%C %5 $K $h $k %^ %k %A %9 %l%C %I =h M} $K $h $j!" PIO %7 %9 %F %‘ $r 2p $7 $F %G!< %? @8 @. %7 %9 %F %‘ $+ $i E> Aw $5 $l $k JB Ns %G!< %? N. $r!" :G =* E* $J 2h A| =h M}%W %m%0 %i%‘ $KEO $9 $?$a $NC1 0lN. $K$^ $H $a$k %W%m %0%i %‘ (Binder $HL> IU $1$i $l$k ) $r3+ H/ $7$?!# Binder $O PIO $N API $K 4p$E $-!" PIO %G!<%b %s$H $N6& M-%a %b%j $r2p $7$? %G!<%? <u$1 EO$7$r9T$J$$!"@8@.$5$l$?%G!<%?N.$r2hA|@8@.%7%9%F%‘$KEO$9F/$-$rC4$&$b$N$G$"$k!# A VS %7 %9%F %‘ $N%M%C %H%o!< %/2= 5Z$S JB Ns2= K\2D ;k 2=%7 %9%F %‘$G $O!" 2hA| @8@. $N$? $a$N %= %U%H%&%’%"$H$7$F!"6H3&I8=‘$G$"$k A VS $rMQ$$$k!# A VS $OC10l%W%m%;%C%5>e$G$NF0:n$rA[ Dj $7 $F $* $j!" $5 $i $K %G!< %? $N 6! 5k $, $= $N %7 %9 %F %‘ ( %o!< %/ %9 %F!< %7%g %s ) >e $N %U%! %$ %k 4D 6- $H$7$FJD$8 $F$$$k$3$H$rA0Ds$H$7 $F$$$k!#$3$N$?$a!"$=$N $^$^$N7A$G$O2f!9$NL\E* $G$"$k!" JB Ns %M%C%H %o!< %/ $r 2p$7 $? %*!< %W %s$J 4D 6- $G $NMx MQ $K E, $5$J $$!# $= $3 $G!" A VS $N %G!< %? F~ NO %b%8%e!< %k $r9= C[$7 D> $7!" (1) %M%C%H %o!< %/4D 6- $K$* $1$k 30 It$+ $i $N%G!< %?6! 5k!" (2) 6& 7

M-%a%b%j$rMxMQ$7 $?B>%W%m%;%9$+$i$N%G!<%?6!5k!"$N 2 5! G=$r<B8=$7$?!#$3$l$i$N5!G=$O!" A VS $N%f!<%6!&%b%8%e!<%k$H$7$F<BAu$5$l!" A VS %7%9%F%‘$N0lIt$K<h$j9~$^$l$k$h$&$K$J$C $F$$$k!# K\ %G!< %?F~ NO %b %8%e!<%k $r!" @h =R$N Binder $H 6& M- %a%b %j $r 2p$7 $F 7k 9g$9 $k $3 $H$K $h $j!" D6JBNs7W;; 5!$K$h$C$F@8@.$5$l$?%G!< %?$rJBNsF~=PNO%7%9%F %‘$GE>Aw$7!"2hA|=hM}$N D>A0$^ $GJBNs2=$5$l$?%G!<%?N.$r6!5k$9$k$3$H$,2DG=$H$J$C$F$$$k!#$3$NMM;R$r?^ 3 $K<($9!# ?^ 3: JBNsF~=PNO$+$iJBNs2D;k2=%7%9%F%‘$X$N%G!<%?$NN.$l 4.2 %W%m%;%C%5!&%a%b%j:.:\7? LSI 4.2.1 4pK\J}<0 %"!<%- %F%/%A%c :#2sDs 0F$9$k%W %m%;%C%5 $O!"<g5-21 $r30IU$1 DRAM $G <B8=$7!" Cf5,LO$N 9b B. RAM $r %W %m %;%C %5 LSI $K :. :\ $9 $k J} <0 $H $9 $k!# $= $N 4p K\ %"!< %- %F %/ %A%c $O 0J 2< $N $H $*$j$G$"$k!# � PU A4BN !’ %W %m %;%C %5!&%a %b %j :. :\7? %A%C %W!" DRAM !" NIA !J%M%C%H %o!< %/ %$ %s%? %U%’!<%9!K$+$i$J$k!# � :.:\ 7?%A%C %W !’%9!<%Q %9%+%i %"!<%- %F%/%A%c $r4p K\$H$9 $k!# 64 %S%C%H ( >l9g$K $h$C$F $O 128 %S%C%H ) IbF0>.?tE@1i;;4o$r2>Dj$7!" 4 K\$N%Q%$%W%i%$%s$r;}$D$H$9$k!# � :. :\$5 $l$k %a %b%j !’ ?t MB $+$i ?t 10MB DxEY $N 9bB. SRAM $r A[Dj $7!"B? %P %s%/ 2=$J $$$7B?%]!<%H2=$7$F9b$$%9%k!<%W%C%H$r3NJ]$9$k!# DI2CL?Na %a%b%j7O$N@)8f$N$?$a$K0J2<$NL?Na$rDI2C$9$k!# � octal-preload, octal-poststore : %l %8%9%? $H%* %s%A%C %W%a%b %j4V $N%G!< %?E> Aw$r 9T$J$&3HD%L?Na!# 512 %S%C%H$rC10L$H$7$F9b$$%9%k!<%W%C%H$r<B8=$9$k$H$H$b$K!" CP- P A CS $G Ds0F!& <BAu $7 $?5? ;w %Y%/ %?=h M} 5!9= $rF3 F~ $9$k $3 $H$G!" A08e $N =hM} $H=E >v 2= $7!"%a%b%j%l!<%F%s%7$r1#JC$9$k!# � load-page, store-page : %* %s %A%C %W %a%b %j $H 30 IU $1 DRAM $N4V $N %G!< %? E> Aw$r 9T $J $&3H D%L? Na!# E>Aw $O%Z!< %8 C10L $G9T $J $$!"A0 8e$N %Z!< %8$K BP$9 $k 7W;; $H=E >v 2=$9 $k $3$H$G!"%l!<%F%s%7$r1#JC$9$k!# 8

(a) %a%b%j:.:\%W%m%;%C%5$N%G!<%?E>Aw (b) %a %b%j:. :\$K$h $k@-G=8~ >e$N%7 %_%e%l!< %7%g%sI>2A ?^ 4: HPC MQ%a%b%j:.:\%W%m%;%C%5 F0:n Bg5,LO%G!<%?$r07$&2J3X7W;;$K$*$1$k%a%b%j7O$NF0:n$N35N,$O0J2<$N$H$*$j$G$"$k!# 1. 7W;;$KMQ$$$k%Z!<%8$r!"30IU$1 DRAM $+$i%*%s%A%C%W%a%b%j$KE>Aw$9$k ( load-page ) 2. 7W;;$KMQ$$$k%G!<%?$r!"%*%s%A%C%W%a%b%j$+$i!"%l%8%9%?$K octal-preload $9$k 3. 7W;;$r<B9T$9$k 4. 7W;;7k2L$N%G!<%?$r!"%l%8%9%?$+$i%*%s%A%C%W%a%b%j$K octal-poststore $9$k 5. 7W;;7k2L$NF~$C$?%Z!<%8$r!"%*%s%A%C%W%a%b%j$+$i30IU$1 DRAM $KE>Aw$9$k ( store-page ) 0J>e $NA‘:n$N $&$A!"A0$N %Z!<%8$N%m!< %I (1) $H:#$N%Z!< %8$N0lO" $N octal-preload (2) $O=E >v2=$5$l$k!#F1MM$K!":#$N%Z!<%8$N0lO"$N octal-poststore (2) $HA0$N%Z!<%8$N%9%H%"$O=E >v2=$5$l$k!#$3$l$r%Z!<%8%l%Y%k$N%Q%$%W%i%$%s$H8F$V!#$5$i$K!" octal-preload , 7W;;<B 9T!" octal-poststore $O!" 8 8l$r C10L$H $7$F =E>v2= $5$l$k!# $3$l $r!"8lC1 0L$N%Q %$%W %i%$ %s$H8F$V!#0J>e$N 2 3, AX$N%Q%$%W%i%$%s$K$h$C$F!"9b$$=h M}%9%k!<%W%C%H$rF@$k$3$H$,$G$- $k!#%G!< %?E> Aw$N MM;R $r!"?^ 4(a) $K<( $9!#K\ %"!<%- %F%/ %A%c$G $O!" (1) 30IU $1 DRAM $H:. :\%a%b%j 4V$N9b%9%k!<%W%C%H E>Aw!" (2) :. :\%a%b%j$H%l %8%9%?$N4V$N9b %9%k!<%W%C%HDcCY1d E>Aw!"$K$h$C$FIbF0>.?tE@1i;;4o$N2TF/N($r9b$/J]$A!"9b$$@-G=$r<B8=$9$k$3$H$rL\;X$9!# 4.2.2 %7%_%e%l!<%?3+H/ J?@. 9 G/EY$K0z$-B3$$$F!"%7%_%e%l!<%?$O!"0J2<$N$h$&$K9=C[$7$F$$$k!# � Stanford Bg3X $G3+ H/$5 $l$? %7%_%e %l!<%? Sim OS $* $h$S MXS $r 0\?" $7!":# 2s$N 8&5f L\E*$G$"$kO"B3BN7O$N7W;;2J3X8~$1$N%Y%s%A%^!<%/I>2A$KMQ$$$?!# � >e 5-$r $U $^$( $F!" :#2s $N%"!< %- %F%/ %A%c $rI> 2A $9$k $?$a $N!" FH<+ $N %7%_%e %l!< %?3+ H/ $r 9T$J$C $?!# 4p K\%"!< %- %F%/ %A%c $r MIPS R10000 $H $7!"$3 $l $r A0@a $G =R$Y $? 4p K\J} <0$K$7$?$,$C$F2~NI$9$k7A$G3+H/$7$?!# 9

4.2.3 :GE,2=%3%s%Q%$%i K\G/EY$h$j!" %W%m%;%C%5!&%a%b%j:.:\ 7?%"!<%-%F%/%A%cMQ$N:G E,2=%3%s%Q%$%i$N3+ H/$r3+ ;O $7$?!# octal-preload , octal-poststore , load-page , store-page $H $$$& ?7 $?$J DI2C L?Na$rMxMQ$7$F!"K\%"!<%-%F%/%A%c$r:GE,$K3hMQ$9$k%3!<%I@8@.$r9T$&$b$N$G$"$k!# 4.2.4 4pK\I>2A J?@. 10 G/EY$O!" (1) Livermore Kernel $J$I$N4pK\%Y%s%A%^!<%/$rMQ$$$?2r@O!" (2) %7%_%e %l!<%7%g%sI>2A!"$N 2 E@$+$i9T$C$?!#7k2L$r0J2<$K5-$9!# 4pK\%Y%s%A%^!<%/$N2r@O 2>Dj$7$?%O!<%I%&%’%"$O0J2<$N$H$*$j$G$"$k!# � FbIt%/%m%C%/!’ 2GHz � I/O %/%m%C%/!’ 1GHz � 30IU$1%a%b%j$X$N%G!<%?%P%9I}!’ 512 %S%C%H (64B) � 3HD%L?Na!’ octal-preload (512 %S%C%H ), octal-poststore , load-page , store-page � IbF0>.?tE@MQ%Q%$%W%i%$%s!’ 4 K\ (m ultiply and add !_ 4) � :GBg@-G=!’ 16 GFLOPS/PU, 160 TFLOPS/(10000 PU system) 0J>e$N2>Dj$N2<!"0J2<$N7k2L$rF@$?!# � Livermore 1: <B8z 8.2 GFLOPS/PU !" 82 TFLOPS/(10000 PU system) � Livermore 21 (C v ersion): <B8z 10.6 GF OPS/PU !" 106 TFLOPS/(10000 PU system) 5-217O$K?7$7$$5!9=$rF3F~$9$k$3$H$G!"1i;;4o$N9b$$MxMQ8zN($,F@$i$l!"<B8z$G 100 TFLOPS $r 1[$( $k%7 %9%F %‘$, 2004 G/ $N LSI !J%W%m %@%/ %H5; =Q!K$K $h$C$F 9=C[ 2DG= $G$" $k$3 $H$, <($5 $l$?!# 8=:_!" QCD $J$I$N <B:]$N7W ;;2J3X$G MQ$$$i$l $k%W%m%0 %i%‘$N3K $H$J$k%k!< %W$K$D$$ $F$N2r@O$r?J$a$F$$$k!# %7%_%e%l!<%7%g%sI>2A %7%_%e%l!<%7%g%sI>2A$G$O!" SPLASH, SPEC $H$$$C$?I8=‘E*$J%Y %s%A%^!<%/$K BP$7$F!"%a%b%j:.:\$K$h $k%P%s%II}$N3HBg$K$h $k@-G=8~>e$K$D$$$FD4 $Y$?!#7k 2L $N 0l It $r ?^ 4(b) $K <( $9!# $3 $N 7k 2L $K $h $k $H!" %G!< %? $, $9 $Y $F :. :\ %a %b %j $K >h$C $F!" %a %b %j %" %/ %;%9 ;~ 4V $, Bg I} $K8: $k >l 9g $K $O!" :G Bg$G 70% 6a $$ @- G= 8~ >e $,F@ $i $l $k $3 $H $,$o $+$C $?!J Ocean %Y%s%A%^!<%/$N>l9g!K!#8=:_!"%G!<%?$,$h$jBg5,LO$K$J$C$?>l9g$N%7%_%e%l!<%? $r:n@.Cf$G$"$k!# 4.3 SC98 =PE8 K\ 8& 5f ?d ?J $N 0l 4D $H $7 $F!" :# G/ 11 7n 7 F| !A 13 F| $K $+ $1!" JF 9q %U %m %j %@ =# %*!< %i %s %I $K $* $$ $F 3+ :E $5 $l $? SC98 ( 9b @- G= 7W ;; $H %M%C %H %o!< %- %s %0 $N $? $a $N 9q :] 2q 5D ) $N 8& 5f E8 <( It Lg$X$N=PE5 $r9T$J$C$?!#F12q5D$O!"%F %/%K%+%k%;%C%7%g%s$H4k6H E8<(5Z$S8&5fE8<($r M;9g$7 10

$?!" 9b @- G= 7W ;; 4X O" $N M- L> $J 2q 5D $G $" $j!" 11 G/ $N Nr ;K $r ;} $D!# Kh G/ Ls 4000 ?M $N =P @J <T $, ;22C$9$k!"$3$NJ,Ln:GBg$N9q:]2q5D$H$7$FCN$i$l$F$$$k!# K\2q5D$K$*$1$k=PE5$G$O!"Ls 20 %U%#!<%H;MJ}$N%V!<%9$K$*$$$F!"9g7W 14 Kg$N%Q%M%k5Z$S <B %O!<%I %&%’ %" $NE8 <( 5Z $S%W %l %< %s%F!< %7%g %s $r9T $J $$!" C^GH Bg 3X $rCf ?4 $H $7$F Ls 20 G/ 4V B3$1 $i$l $F$- $? P AX 8&5f $NNr ;K$K ;O$^ $j!" CP-P A CS $N %"!<%- %F%/ %A%c!&%= %U%H %&%’%" 5Z $S7W;;J*M}3X$K$* $1$k@.2L!"$=$7$FK\L$Mh3+Bs8&5f$N 35MWEy$r>R2p$7$?!# 3 F|4V$N=PE54|4V $KCxL>$JJBNs =hM}%7%9%F%‘8&5f<T5Z $S1~MQ8&5f<T$r4^$‘B? ?t$NMh5R$,$"$j!"2f!9$N3h F0$N9- Js3hF0$H$7$F!"A4BN$H$7$FBgJQM-0U5A$J=PE5$G$"$C$?$H;W$o$l$k!# 5 :#8e$N7W2h JBNsF~=PNO!&2D;k2= J?@. 11 G/EY$K$O!"JBNsF~ =PNO%7%9%F%‘ PIO $N<B9T;~%5%]!<%H%7%9%F %‘ $K!" %G!< %? N. $N F0 E* Ii 2Y J, ;6 5! G= $r <B Au $7!" $h $j =@ Fp $G 8z N( E* $J JB Ns F~ =P NO 4D 6- $N <B 8= $rL\;X$9!#$^ $?!"JBNs%o!<%/%9%F!<%7%g %s>e$K!"JBNs%G!<%?N.$r 9bB.$G%G%#%9%/$K3J G<$9$k %U%!%$%k%7%9 %F%‘$N9=C[$d!"D6JBNs7W ;;5!$+$i@8@.$5$l$?%G!< %?$KBP$9$k8e=hM}$r5! G=J,;6 E*$KF1;~JB 9T=hM}$9$k%W%m%0%i %‘$N3+H/Ey$b2]Bj$G$" $k!#$3$l$HJB9T$7$F!"%M%C %H%o!<%/!& 6&M-%a%b%jBP1~$N A VS %G!<%?F~NO%b%8%e!<%k$N5!G=$r6/2=$9$k!#J?@. 12 G/EY0J9_$O!"$3$l $i$NJBNsF~ =PNO!&2D;k2=%7%9%F%‘$r!" 1’ChJ*M}3X!"AGN3;RJ*M} 3XEy$NJ*M}1~MQ7W;;%W %m%0%i %‘$N<B9T$K 6!$9$k$H$H$b$K!"1?MQ >e$NLdBjE@$NCj=P!&=$@5 $H@-G=%A%e!<%K%s%0$r9T $J$$!"K\ %7%9%F%‘$N<BMQ2=$r?d?J$9$k!# %W %m%;%C %5!&%a %b%j :. :\7? LSI J? @. 11 G/ EY$K $O!"5! G=%l %Y %k%7 %_%e%l!< %?$K $h $k>\ :Y$J @- G= I> 2A $r 9T $$!" $3 $l $K 4p $E $$ $F!" V erilog/VHDL $J $I $N CAD $r MQ $$ $? LSI $N 2s O) @_ 7W $r 3+;O $9 $k!# B3$$ $F J? @. 12 G/EY $+ $i $O!"2s O) @_ 7W$N K\ 3J 2=$H %7 %_%e %l!<%7%g %s $K $h$k O@ M} 8!>Z$r9T$J$$!" LSI $N>\:Y@_7W$r?J$a!":G=*E*$K@_7W$7$?%W%m%;%C%5!&%a%b%j:.:\7? LSI $N >\:YI>2A$r<B;\$9$k!# E}9g%7%9%F%‘ 7W2h:G=*G/EY$K$O!"JBNsF~=PNO!&2D;k2=%7%9%F%‘$r;} $DO"B3BN8~$1D6JBNs7W ;;5!$HB?N3 ;R7OD6JBNs7W;;5!$r7k 9g$7!"%X%F%m%8%K%"%9!& %^%k%A%3%s%T%e!<%?%7%9%F %‘$N9= C[$rL\;X$9!# $^$?!"K\7W2h$K$h$k5; =Q3+H/$N@0M}!&I>2A$r9T $$!"<!$N%9%F%C%W$NJ}8~ @-$rC5 $k$?$a$N2q5D$r3+:E$9$k!# 6 3X2qH/I=!"O@J8Ey 6.1 9q:]3X2qEy$K$*$1$kH/I= [1] K. Kutoba, K. Itakura, M. Sato, T. Boku, "Practical Sim ulation of Large-Scale Parallel Programs and Its Performance Analysis of the NAS Parallel Bechmarks", Pro ceedings of Euro-P ar’98 (LNCS 1470), pp.244-254, 1998. 11

[2] K. Kub ota, M. Sato, K. Itakura, T. Boku, "Accuracy of fast p erformance prediction by instrumen tation to ol EXCIT", Pro ceedings of HPC Asia’98, pp.1031-1038, 1998. [3] T. Boku, M. Mishima, K. Itakura, "VIPPES : A Virtual P arallel Pro cessing System Simulation En vironmen t", Pro ceedings of HPC Asia’98, pp.843-853, 1998. [4] M. Matsubara, K. Itakura, T. Boku, "Large Scale Molecular Dynamics Sim ulations on CP-P A CS", Pro ceedings of HPC Asia’98, pp.321-331, 1998. [5] CP-P A CS Collab oration, S. Aoki et. al. , "F ull QCD light hadron sp ectrum from the CP-P A CS", Pro ceedings of Lattice 98, to app ear, 1998. [6] CP-P A CS Collab oration, S. Aoki et. al. , "The static quark p oten tial in full QCD", Pro ceedings of Lattice 98, to app ear, 1998. [7] CP-P A CS Collab oration, S. Aoki et. al. , "Heavy Quark Ph ysics in N f = 2 QCD", Pro ceedings of Lattice 98, to app ear, 1998. 6.2 9qFb3X2qEy$K$*$1$kH/I= [1] >>86@5=c , >B<wN4 , KQBYM4 , CfK\BY;K , G_B<2mG7 , Gr@nM’5* , 1’@n>4 , " D6JBNs7W;;5!$N$?$a $N Commo dit y Netw ork $K 4p $E $/ JB Ns F~ =P NO!& 2D ;k 2= %7 %9 %F %‘ ", EE ;R >p Js DL ?. 3X 2q %3%s%T%e!<%?%7%9%F%‘5;=QJs9p , 1999 G/ 1 7n . [2] 6aF#@5>O , Aa@n=(Mx , :d0f=$0l , KQBYM4 , " %W%m%;%C%5!&%a%b%j:.:\7? LSI $*$h$S%*%s%A%C %W%^%k%A%W%m%;%C%5$K4X$9$k8!F$ " !$ JSPP’98, pp.159, 1998. [3] 6a F#@5>O , :d0f=$0l , KQBYM4 , CfB< 9( , " %*%s%A%C%W%a%b %j$rMQ$$$? HPC %W%m%;%C%5 $N8! F$ ", Hokk e’99, 1999 G/ 3 7n . [4] HDAR 7{0l , KQBYM4 , 5WJ]EDOB?M , :4F#;05W , " HFMQAj8_7k9gLV%7%_%e%l!<%?@8@.7O$K$h$kJB Ns7W;;5!$N@-G=I>2A<jK! ", JBNs=hM}%7%s%]%8%&%‘ JSPP’98 O@J8=8 , pp.63{70, 1998. [5] >> 86@5 =c , HD AR7{0l , KQBY M4 , " D6JBNs 7W;; 5! CP-P A CS $K $*$1$k Bg5, LOJ,;R F0NO 3XK! %7 %_%e%l!<%7%g%s ", JBNs=hM}%7%s%]%8%&%‘ JSPP’98 O@J8=8 , pp.215-222, 1998. [6] 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 ", JBNs=hM}%7%s%]%8%&%‘ JSPP’98 O@J8=8 , pp.71-78, 1998. 6.3 ;(;oO@J8Ey [1] HD AR 7{0l , >> 86 @5 =c , KQ BY M4 , Cf B<9( , Cf _7 4n ;0 O: , " D6 JB Ns 7W ;;5! CP-P A CS $K $* $1$k NPB Kernel CG $NI>2A ", >pJs=hM}3X2qO@J8;o 39, No.6, pp. 1757{1765, 1998. 12