V ol. 39 No. 6 >pJs=hM}3X2qO@J8;o June 1998 D6JBNs7W;;5! JUMP-1 $K $* $1 $k J,;66&M- %a %b %j 4IM} %W %m%;%C%5 MBP-ligh t 0B @8 7r 0l O/ y 2 0f >e 9@ L@ y 1 :4 F# =< y 3 9) F# CN 9( y 4 E7 Ln 1Q @2 y 1 J? LZ 7I y 5 D6JB Ns %^ %7 %s JUMP-1 $O !$ 1000 $r 1[ $($k%N !< %I ?t $N Bg 5, LO %7 %9 %F%‘ $G8zN( NI $/ %- %c %C %7 %e %3 %R !< %l %s %H$JJ,;6 6& M-%a %b%j $r9= C[ $9 $k $3 $H $rL\ E* $H $7 $? %7 %9 %F%‘ $G $" $k !% K\O@ J8 $G $O JUMP-1 MQJ, ;6 6& M- %a %b %j4IM} %W %m%;%C%5 MBP(Memory Based Pro cessor)-ligh t $N @_7W $K $D$$$F =R $Y$k !% MBP-ligh t $O 9b B. =h M}$r MW 5a$5$l $k %? %0 ;2 >H !$1~ Ez%Q %1%C %H $N @8 @.$* $h $S <} =8 Ey$r 40 A4 $K %O !< %I %&%’%" 2= $9 $k 0l J} !$ %3 %" %W %m %; %C%5$K Bu�er-Register %" !<%- %F %/%A%c $r MQ$$ $k$3 $H$K $h $j!$ 4JC1$J 9= @.$G 9b$$ @- G= $r <B 8=$9 $k !% %2 !< %H ?t$* $h $S <B:]$N JUMP-1 $K $* $1 $k%-%c %C %7%e %W %m %H %3%k =h M}$N <B 9T;~ 4V$r I> 2A $7 !$ Sequen t <R$N NUMA-Q $G MQ$$ $i$l $F $$ $k SCLIC $H OBIC %A %C %W $K Hf$Y$F !$$h$j>/$J$$ %2 !< %H ?t $G =hM} ;~ 4V $K $*$$$F F1 Ey$J @- G=$r <($9$3 $H$, $o $+ $C$? !%$^ $? !$ MBP-ligh t $N%3 %" %W %m%; %C %5$H $7 $F 650i MQ 32 bit RISC %W %m%; %C%5 $H $7 $F Ia5Z $7 $F $$ $k DLX $r MQ$$$? >l9g$N9= @. $H Hf3S $7 $F !$ Bu�er-Register %"!< %-%F%/ %A %c $K$h$k MBP Core $r MQ $$ $?>l9g $N9= @. $, J,;6 6& M- %a %b%j4I M} $N4pK\ =hM} $r 9T $J $& >e $G @-G= !$ %2 !< %H ?t6& $K M-Mx $G$" $k $3$H$r <($9 !% MBP-ligh t: DSM managemen t pro cessor on Massiv elly P arallel Pro cessor JUMP-1 Ken-ichir o Anjo, y 1 Hir o aki Inoue, y 1 Mitsur u Sa toh, y 3 Tomohir o Kudoh, y 4 Hidehar u Amano y 1 and Kei Hiraki y 5 JUMP-1 has b een dev elop ed for building an e�cien t cac he coheren t distributed shared mem- ory on a massiv ely parallel pro cessor with more than 1000 pro cessing elemen ts. MBP(Memory Based Pro cessor)-ligh t is designed and implemen ted as a distributed shared memory con troller for JUMP-1. In the MBP-ligh t, op erations whic h require high sp eed execution, suc h as tag reference, ac kno wledge pac k et generation, and collection are completely implemen ted with a hardw are. Other op erations are executed b y soft w are of the core pro cessor whic h adopts the bu�er-register arc hitecture for e�cien t manipulation of pac k ets. Estimation results show that MBP-ligh t supp orts a comparable p erformance with smaller gates than those of SCLIC c hip and OBIC c hip used in Sequen t NUMA-Q. F urthermore, w e sho w that the bu�er-register ar- c hitecture used in MBP-ligh t is suitable for distributed shared memory managemen t proto cols, b y comparing with a common 32-bit RISC pro cessor. y 1 7DXf5A=NBg3XM}9)3XIt F acult y Science and T ec hnology , Keio Univ ersit y y 2 NEC NEC Corp oration y 3 ( 3t ) IY;NDL8&5f=j F ujitsu Lab oratories, Ltd. y 4 ?7>pJs=hM}3+H/5!9= Real W orld Computing P artnership y 5 El5~Bg3XM}3XIt>pJs2J3X2J Departmen t of Information Science, F acult y of Science, The Universit y of T oky o 1. $O $8 $a $K %- %c %C %7 %e %3 %R !< %l %s %H$J J, ;6 6& M-%a %b %j $r ;} $D %^ %k %A %W %m %; %C%5%7 %9%F %‘ CC-NUMA(Cac he Coheren t Non-Uniform Memory Access mo del) $O !$ %7 %9 %F %‘ %5 %$ %:$K 1~ $8 %9 %1 !< %i %V %k $J @- G= $, F@$i$l $k 2D G= @- $r ;}$D0l J}!$ 8=:_ $N>.5,LO %P %9 7k9g 7? %^ %k%A %W %m%; %C %5 $+ $i$N %W %m %0 %i%‘0\ ?" $, MF0W $G$"$k $3 $H $+ $i !$ >- Mh $N Bg5, LO %^ %k%A %W %m %; %C %5 %7 %9 %F%‘ $NM-K> $J7A<0 $H $7 $F 3FCO $G8&5f $, 9T $J $o $l !$ >& MQ 5! $b=P8= $7 $F$$$k!% $3 $N BeI= Nc $H $7 $F Stanford Bg3X $N D ASH 1) /FLASH 2) !$ 1

2 >pJs=hM}3X2qO@J8;o June 1998 SGI <R $N Origin2000 3) !$ MIT $N Alewife 4) !$ Sequen- t <R$N NUMA-Q 5) $J $I $N%7 %9 %F %‘ $, $" $k !% $3 $l$i $N CC-NUMA $G$O !$J,;66& M- %a %b %j $N 4I M} $r 9T $J $& %3 %s %H %m!< %i $,%7 %9 %F%‘ $N@- G= $H %3 %9 %H$r :81& $9 $k 80 $H $J$k!% D ASH $G $O $3 $l$r40 A4 $K%O !< %I %& %’ %"2= $7 $?$? $a !$ %W %m %H %3%k$N=@Fp@- !$ @)8f %O !< %I %&%’ %"$NJ#;( 2= $N E@ $G LdBj $, $"$C $? !% FLASH $d NUMA-Q $J $I :G6a $N CC-NUMA $G$O %W %m %H %3%k @)8fMQ$N %3%" %W %m%;%C %5 $rFbB" $7 $? @lMQ %3 %s %H %m!< %i %A %C %W $r MQ $$!$ %W %m %H %3%k @)8fJ}<0 $N =@Fp@- $r 3NJ] $7 $F $$ $k!% $7 $+ $7 $J $,$i !$ $3 $l$i$N %7 %9 %F%‘ $O %W %m%; %C %5?t $, ?t ==$+ $i ?t I4 Dx EY $N 5, LO$G $O 8z N( NI $/ J, ;6 6& M- %a %b %j $, <B8= $G$-$k $b $N $N !$ %W %m%; %C %5?t $, ?t@i $r1[ $($k 5,LO $K 3HD%$9$k >l9g!$ %G %# %l %/ %H %j $N4IM}J}<0!$%a %C %; !< %8 $N E>AwJ}<0 $r 4^ $‘B?$/ $N LdBjE@ $r ;}$D!% JUMP-1 6) 7) $O !$ ?t@i %W %m%;%C %5 $r1[$9D6JB Ns%^ %7 %s >e $K 8zN( $NNI $$J,;6 6&M- %a %b %j !$ F14|!$%a %C %;!< %8 E> Aw$r <B 8=$9 $k$?$a $N %F %9 %H %Y %C %H $G $" $k !% JUMP- 1 $O !$=> Mh$K Hf $Y $F $O $k$+ $K B? ?t $N%W %m %; %C%5 >e$G %-%c %C %7%e%3 %R !<%l %s %H $J J, ;6 6& M- %a%b %j$r <B 8= $9 $k $? $a $K !$=> Mh $H 0[ $J $k MM !9 $J <j K! $r MQ $$ $F $$ $k !% JUMP-1 $G $O J, ;6 6& M- %a %b %j$N 4I M} MQ %W %m %; %C%5$H $7 $F !$ MBP(Memory Based Pro cessor) 8) 9) $, Ds0F $5 $l $? !%K\O@J8 $G$O !$ MBP $K $*$$ $F 9bB.=hM} $, MW5a$5 $l $kA‘ :n $r 40A4 $K %O !< %I %& %’ %"2= $9$k 0l J}!$ $h $j %3 %s %Q %/ %H $J <BAu $, 2DG= $H$J $k Bu�er-Register %" !<%-%F %/ %A %c $rDs0F $7 !$ $= $l$K 4p $E $/ %3 %" %W %m %;%C %5<B 8= J} <0$r <( $9 !% $5 $i$K K\ J} <0 $r MQ$$$F MBP $r <B 8= $7 $? !$ MBP-ligh t %A%C %W $N9=@. $H<B Au $K4X $7 $F =R $Y!$ E5 7? E* $J A‘:n $N <B9T;~4V $H %2 !< %H ?t $r I>2A$9$k!% 2. D6 JB Ns %^ %7 %s JUMP-1 $NJ, ;6 6& M-%a %b %j JUMP-1 $O !$ J8 It >J =E E@ NN 0h 8& 5f !V D6 JB Ns 86 M} $K 4p $E $/ >p Js =h M}4p K\ BN 7O !W $N 0l 4D $H $7 $F !$ 1994 G/$h $j 8 Bg3X $N6&F1 $G 3+H/ $r ?J $a $F$$$k!% JUMP-1 $N %/ %i%9 %?$O ?^ 1 $K <( $9 $h $& $K !$Fs <! 85 %H !< %i %9$N F at-tree >u $N3, AX 9= B$ $r;} $D7k 9g LV RDT(Recursiv e Diagonal T orus) 10) $K$h$j @\ B3 $5 $l$F$$$k !% RDT %M %C %H %o!< %/ $O RDT %k !<%? %A%C %W 11) 12) $K $h$j<B8= $5 $l $k!% $5 $i $K 3F %/%i %9%? $O !$6/NO$G 7P :Q @- $K M% $l $? JB Ns I/O %7 %9 %F %‘ $G $" $k 9b B. %7 %j %"%k %j %s %/ ST AFF-Link $K $h $j !$ %G %# %9%/ $*$h $S 2hA| %G !<%? MQ F rame Bu�er(FB) $H @\B3$5 $l $k 13) !% ?^ 2 $K <($9 $h $& $K !$ JUMP-1 %/%i %9%?$O !$ 4 $D $N RISC %W %m%;%C%5 (Sup erSP AR C+) $, !$9b5!G= $N L2 %-%c %C %7%e$H 6& M-%P %9 (Cluster Bus:CBus) $r 2p $7 $F ?^ 1 JUMP-1 $N 9=@. Fig. 1 Structure of JUMP-1 ?^ 2 JUMP-1 %/ %i %9%? $N9=@. Fig. 2 Structure of JUMP-1 cluster K\ 8& 5f $K $h $k MBP-ligh t $K @\ B3 $5 $l $F $$ $k !% MBP- ligh t $O 6& M- %P%9!$ %/ %i%9 %? %a %b%j !$ %k!< %? %A %C %W $K @\ B3$5 $l !$ %-%c %C %7%e%3%R!< %l%s%H $J J,;66&M- %a %b %j $r 9=@. $9 $k $? $a $N %W %m %H %3 %k @)8f $* $h $S%G !<%? E> Aw $r<B 8=$9$k!% D ASH/FLASH !$ Alewife !$ NUMA-Q Ey => Mh $N CC-NUMA $O !$ %-%c %C %7%e$N 4I M} $O %i %$ %s C1 0L $G 9T $J $$ !$ 4p K\ E* $K B>$N %N!< %I $N %a %b %j$N%3 %T !<$O !$ $= $l $>$l$N %N !< %I $K @\ B3 $5 $l$? %- %c %C %7 %e Cf $K CV $+ $l $k!% %-%c %C %7%e @) 8f %W %m %H %3 %k $O C1 =c$J L5 8z 2= 7?$G $" $k !% $5 $i $K !$ 7k 9g LV $OC1=c $J3J ;R $^ $? $O %j %s %0$G !$ %G %# %l %/ %H %j 4I M} $O !$ 1 BP 1 $N %a %C %;!< %8 E>Aw $G 9T $J $o $l $k!% $7 $+ $7 !$ $3 $N$h $& $J =>Mh $N<jK! $G $O !$ %7 %9 %F%‘ %5 %$ %: $NA}2C $K H< $$ %G %# %l %/ %H %j $NMFNL $, Bg $-$/ $J$j !$ 9b B. $J %a %b %jFb $K 3JG<$9 $k $3$H $, :$Fq $H$J $k !%$^ $? !$ 1 BP 1 E> Aw $K 4p $E $/L5 8z2= 7? %W %m %H %3%k $G$O !$ Bg NL$N %G !< %?$r B? ?t$N %N!< %I $G 6& M-$9 $k$h $& $K$J $k$H !$ L5 8z2= $H %G !<%? $N %3 %T !< $N $d$jD> $7$, IQH/ $7 !$ 9b $$8z N( $r F@$k $3$H $, Fq $7 $$ !% $3 $l $i =t Ld Bj E@ $r2r 7h $9 $k L\ E* $G !$ JUMP-1 $G$O0J 2< $N J}<0 $r MQ$$$k!%

V ol. 39 No. 6 D6JBNs7W;;5! JUMP-1 $K $* $1 $k J,;66&M- %a %b %j4IM} %W %m%; %C%5 MBP-ligh t 3 1) $9$Y$F $N %N!< %I $O !$C10l$N%" %I %l %96u 4V $r 6& M-$9 $k!% $3$N6u4V $O !$ 3F%/ %i %9 %? $, %Z!< %8 (4K %P %$ %H ) C1 0L $G GPMT(Global P age Map T able) $r ;}$A4IM} $9 $k !% GPMT $O !$ %[!< %‘ %a %b %j $K BP $7 $F$O $=$N%Z !< %8 $N 6&M-4X78 $r<($9=L Ls3, AX %S %C %H %^ %C %W!$ %[!<%‘ $G$J $$ %a %b %j $K BP $7 $F $O%[!<%‘ %a %b%j $N%/ %i%9 %? HV 9f $r;} $D B>!$ %Z!< %8 $N B0@- !$ 6& M- $5 $l $F$$ $k %-%c %C %7%e%i %$ %s ?tEy $N >pJs $r ;}$D!% IVY 14) !$ T emp est 15) $J$I $N VSM(Virtual Shared Memory) F1MM !$ %W %m%; %C%5$N2> A[5-214IM}MQ%O!< %I %&%’ %" MMU(Memory Managemen t Unit) $, 4IM}$9 $k %Z !< %8 %F !< %V %k $r%" %I %l %9JQ49 $K MxMQ$9$k !% !y $= $l $>$l $N %/ %i%9 %?>e $N%/ %i%9 %? %a %b %j $O !$ $= $N0lIt $rB> $N %/ %i %9%? $N %a %b %j $N %-%c %C %7%e NN0h (L3 %- %c %C %7%e $H 8F $V ) $H $7 $F MxMQ$9$k $3 $H $, $G $- $k !% %W %m%; %C%5$N H/@8 $7 $? O@M} %" %I %l %9 $O !$ MMU $K $h$jJ* M} %" %I %l %9 $K JQ49 $5 $l !$ $= $N %" %I %l %9 $, %/ %i %9 %? %a %b%j $K B8:_ $9 $l $P %" %/ %; %9 $5 $l !$ B8:_ $7 $J $1 $l $P GPMT $N ;2>H $K $h$j%Z!< %8 $N 3d$jIU $1 $, 9T $J$o $l $k !y!y !$ 2) 0lHL $N VSM $H $O 0[ $J$j !$ %a %b %j >e $N %- %c %C %7%e %i %$ %s C1 0L $K %? %0 $r ;} $A !$ %i %$ %s$, M- 8z $G $" $k $+ $I $& $+ $H %W %i %$ %Y !< %H $G $" $k $+ $I $& $+$r 9b B. $K H= JL$9 $k !% %Z!< %8 $, 3d $jIU $1 $i $l$F$$$F $b!$ %"%/ %; %9 $7 $h $& $H $7 $? %i %$ %s$, M- 8z $G $J $$ >l 9g !$ %[ !< %‘ %/%i %9%? $+$i %i %$ %s C10L $G E>Aw$9$k!% 3) %N !< %I 4V $GIQ HK $K %G !< %? $r $d $j $H $j $9 $k %" %W %j %1 !< %7 %g %s MQ $K 99 ?7 7? %W %m %H %3 %k $r F3 F~ $7 !$ %Z !< %8 C1 0L $G ;H$$J, $1 $k!% 4) %G %# %l %/ %H %j$N 4I M}$K !$ 7k 9g LV RDT $N 3, AX @- $r Mx MQ $7 $? =L Ls 3, AX %S %C %H %^%C %W %G %# %l %/ %H %j J} <0 (Reduced Hierarc hical Bitmap Directory sc heme: RHBD) 7) 16) $rMQ $$ $k !% $3 $N J} K! $G $O %- %c %C %7 %e $N L5 8z 2= $d99?7 $N$? $a$N %Q%1 %C %H$, !$ =L Ls $5 $l $? %S %C %H %^ %C %W $K =>$C $F3,AXE* $K %^ %k%A %- %c%9 %H $5 $l !$ $= $l$i$N=h M} $N=*N; $r3NG’ $9$k $? $a $N1~Ez %Q %1 %C %H $r 7k9g LV Fb $G %3 %s %P %$ %s $7 $J $,$i <}=8$9$k!% 5) 3F %W %m%; %C%5 $O !$ L2 %- %c %C %7%e$H $7 $F @lMQ $+ $D 9b 5!G= $J %9 %L !< %W %-%c %C %7%e$r ;} $D !$ L2 %-%c %C %7%e $O !$ MM !9 $J %-%c %C %7%e %W %m %H %3%k$r <B8=$9$k $3 $H $,$G $- $k !y MBP $G$O%[ !<%‘ %a %b%j $H %/ %i%9%? $NBP1~4X 78 $r=@Fp $K $7 !$ OS %l %Y %k$NJ] 8n $r9T $J $& $? $a!$ $b$& 0l CJ %" %I %l %9 JQ 49 $r9T $J $& %O !< %I %&%’ %"$r;}$D $, 9) !$ K\O@ J8 $G=R$Y$k MBP-ligh t $G$O$3$N5! G=$r %O !< %I %&%’%"$G$O ;}$?$:!$<B8=$9 $k >l 9g $O MBP Core $N %=%U%H %&%’%"$r MQ$$ $k !% $3$3$G $O @b L@$r 4J C1 $K $9 $k$?$a !$ %" %I %l %9JQ49 $O 0l2s $H $7 $F 2r@b $7 $F $$ $k!% !y!y %@ %_!< %Z!< %8$NMxMQ $K$h$j !$ %W %m%; %C %5 $K@\B3 $5 $l$? L2 %-%c %C %7 %e >e $K D>@\%i %$ %s$r%- %c %C %7%e $9$k$3$H$b 2DG= $G$" $k !% >e!$ =q $-9~ $_MQ $N %P%C %U %! $r ;} $D $3 $H $K$h$j !$ <e $$ %3 %s%7 %9 %F %s%7 %# %b %G%k $N <B8= $b4I M} $9$k!% $5 $i $K !$ 8z N( $N NI$$ %a %C %;!< %8 E>Aw $r 9T $J $&5!G= $r ;}$D 17) !% JUMP-1 $N J, ;6 6& M- %a %b %j 4I M} <j K! $K 4X $9 $k >\ :Y $O 9) $r ;2>H$5 $l $?$$ !% 3. MBP-ligh t $N 9=@. 3.1 @_ 7W J} ?K %W %m %H %3%k @)8f $r 8zN(NI$/ 9T $J $& $?$a !$ FLASH $N MA GIC $d NUMA-Q $N SCLIC !$ OBIC %A%C %W $G$O !$ %F !< %V %k %8 %c %s%W 5! G= $d %? %9 %/ @Z $j 49$( 5! G=$r ;} $D %3%" %W %m%;%C %5 $r FbB" $7 $F$$ $k!% FLASH $N MA GIC $G$O !$ %W %m%;%C%5 !$ %M%C %H %o !<%/ !$ I/O $+$i $N%" %/ %; %9 $O A4 $FF10l $N %7!<%1 %s %9 $G =hM} $5 $l $k!% %Q %1 %C %H$O %G !<%?It $H%X %C %@ It $K J,2r $5 $l !$ %X%C %@ It $O%3%" %W %m %;%C %5Cf $N %l %8 %9 %? $K E>Aw $5 $l $k !% $3$N %3%" %W %m%; %C %5 $G%X%C %@ It $r A‘:n $7 !$ F1 ;~ $K %G !<%?It $O @lMQ $N %P%C %U %! $KC_ $( $i $l$k !% %3 %" %W %m %; %C %5 $G $N =h M} $N 8e !$ %X %C %@ It$H %G !< %? It$r 7k 9g $7 %Q %1 %C %H $r E> Aw $9 $k !%0l J} !$ NUMA-Q $N J, ;6 6& M-%a %b%j $O!$ 6& M- %P%9 $N 4I M} !$ %N !< %I Fb %"%/ %;%9 $N %? %0 H= Dj $r9T $J $& OBIC $H%/ %i%9 %? 4V $G 9T $J $&I,MW$N$" $k %W %m %H %3%k =hM}$r 9T $J $& SCLIC $K $h$C $F4IM} $5 $l $k!% OBIC $O %O!< %I %& %’ %" $N$_ $G9= @.$5 $l $F $* $j !$ SCLIC $O %3 %" %W %m%; %C%5$r Fb It $K ;} $D 9= @. $H$J $C $F $$ $k !% SCLIC $G $O !$ MA GIC F1 MM%Q %1%C %H $r%X%C %@ It $H %G !<%?It $K J,2r $7 !$ %X %C %@ It $N$_ %3%" %W %m%;%C%5 $G =hM}$9$k!% 0lJ} !$0J2< $K JUMP-1 $N %W %m %H %3%k %3%s %H %m !< %i $K BP$9$kMW7o $r 5s $2 $k!% 1) %/%i %9%?Fb %a %b %j %" %/ %; %9$d !$=LLs 3,AX %S %C %H %^ %C %W%G %# %l %/ %H %j $N@-G= $r ==J, H/ 4x $9$k $? $a $K !$ 1~ Ez %Q %1 %C %H $N @8@. $d<}=8 $r $G$-$k $@ $1 9bB. $K 9T $J $& I, MW $,$"$k!% $^ $?!$ $3 $N=h M} $NIQ EY $, 9b $$>l 9g $r9M N8 $7 !$ $3$N=hM} $, B> $N%Q %1 %C %H =hM} $r $J$k $Y$/K8 $2 $J$$$h $& $J 9=@. $K $9 $kI,MW $, $" $k!% 2) JUMP-1 $G $O B? MM $J%- %c %C %7%e %W %m %H %3%k $r %5 %] !< %H $7 $F$*$j !$ $= $N $? $a$N %3 %^ %s %I Ey $N %Q%1 %C %H $X $N IU2C>p Js $, B?$/ !$ @) 8f $bJ#;( $G$"$k!% $= $N $?$a !$ $= $l$i$N >pJs $N4IM} $d%Q %1 %C %H @)8f $J $I $O =@Fp $K 4IM} $9 $kI, MW $, $"$j !$ %O !< %I %&%’ %" $G <B8= $9$k $h $j $b %3%" %W %m%;%C%5 >e $N%=%U %H %& %’%" $G <B8=$9$kJ} $, K>$^ $7 $$ !% 3) J, ;6 6&M- %a %b %j>e $G F14| %a %C %; !< %8 $r E> Aw$9 $k I,MW Ey $+$i !$ %3 %" %W %m %;%C %5>e $G $O%Q%1 %C %H $N %G !<%? It $N%? %0 $b A‘:n $9 $kI, MW $, @8 $8 $k!% $3$N $? $a !$ %X%C %@ It $H %G !<%?It $rJ,2r $7 $F%X%C %@ It $N$_ $r%3 %" %W %m%; %C %5 $G 07 $& J} K! $rMxMQ $9$k $3 $H $O =PMh $: !$ %Q%1 %C %H A4BN

4 >pJs=hM}3X2qO@J8;o June 1998 ?^ 3 MBP-light $N A4BN9=@. Fig. 3 Structure of MBP-ligh t $r%3 %" %W %m%; %C %5 $G 07 $& <j K! $rMQ $$$k I, MW $, $"$k!% $7 $+ $7 $=$N:] !$ %Q%1 %C %H $r%P %C %U %! !& %l%8 %9 %?4V $G E>Aw $9 $k%*!< %P%X%C %I $O :G>.8B $K$H $I $a $kI,MW $, $" $k!% $3$NMW 7o $+ $i !$ MBP-ligh t $G $O 0J 2< $N@_ 7W J} ?K $r:N MQ $7 $? !% 1) MW7o 1 $+$i !$1~Ez%Q%1 %C %H $N @8@. !$<}=8$d %/%i %9 %? Fb %a %b %j%" %/%; %9$O %3 %" %W %m %; %C%5$G =h M} $9 $k $h$j $b@l MQ %O !< %I %& %’ %" $G =hM} $9$k J} $, $h$j9b B. $G$" $j !$ Ii 2Y $bJ,;6 $5 $l $k!% $= $N $?$a!$ $= $l $>$l @lMQ%O !< %I %&%’%"$r @_ $1 $k!% 2) MW 7o 2 $+ $i !$ %3 %" %W %m %; %C%5$r <B Au $7 !$ %Q%1%C %H $K BP $7 $F$3 $N %3 %" %W %m %; %C %5>e $G %W %m %H %3 %k @)8f $K 4X$9$k=hM} $r 9T $J $& !% 3) MW 7o 3 $+ $i !$ %3 %" %W %m %; %C %5 MBP Core $O !$ %P %C %U %! $r FC <l $J %l %8%9 %? $H $7$F07 $& Bu�er-Register %" !< %-%F %/ %A %c $rMQ $$!$ %Q%1 %C %H %P%C %U %! $r DL>o $N %l%8 %9 %? $H $7 $F 07 $($kMM $K $7 !$ %Q%1 %C %H $N@8@. $r 9bB. $K 9T $J $& $3$H$r 2DG= $H$9 $k!% ?^ 3 $K >e 5-$N J}?K $K 4p $E $/ MBP-ligh t $N 9=@. $r <( $9 !% MBP-ligh t $O !$ RDT %k!< %? $N @) 8f $r9T $J$& RDT %$ %s %?%U %’ !<%9!$ %/ %i %9 %? %a %b%j $H6&M- %P %9 $N@)8f $r 9T $J $& MMC(Main Memory Con toroller) !$ %W %m %H%3 %k @) 8f $r 9T$J $& MBP Core $N ;0$D$N It J, $+$i 9=@.$5 $l $k!%0J2< !$ $3 $l$i $N 9=@.MWAG $K $D$$$F =R $Y $k!% 3.2 RDT %$ %s %? %U %’!<%9 RDT %$ %s%? %U %’ !< %9 $O !$ ?^ 4 $K <( $9 $h$& $K !$ %Q %1 %C %H $N Aw <u ?. $r 9T $& P ac k et Handler !$1~Ez%Q %1 %C %H $N <}=8 $r 9T $& Ac k Collector !$1~Ez %Q%1%C %H $N <+F0@8@. $r 9T $& Ac k Generator $+ $i 9=@.$5 $l $k !% $3$N 3 $D$N %b %8%e !< %k $O$9$Y $FFHN) $N %3 %s %H %m!< %i $K$h$j@) 8f $5 ?^ 4 RDT %$ %s %?%U%’!< %9 $N9=@. Fig. 4 structure of RDT in terface $l !$ 9b B. F0 :n $rI, MW $H$9 $k %Q %1 %C %H @)8f $r MBP Core $N%=%U %H %& %’%"$r 2p$9$k $3$H$J $7 $K <B9T$9$k!% P ac k et Handler: RDT %k !<%?%A%C %W $O %T%s ?t $N @)8B $+$i E>Aw %S %C %H I} $O 17bit $H $7 $F$$ $k!% JUMP-1 $G$O !$ E>AwMFNL $r 3NJ]$9 $k$?$a 1 $D$N MBP-ligh t %A %C %W $K BP $7 $F%k !< %? %A%C %W $r 2 8D@\B3 $7 !$ E> Aw %S %C %H I} $r 34bit $H $7 $F $$ $k!% RDT $N Be I=E* $J %^ %k%A%-%c %9 %H MQ%Q%1%C %H $O 2DJQ D9$G !$:G =i$N 4 it $N %X %C %@ $O %^%k %A %- %c %9 %H MQ %S %C %H %^ %C %W!$ %Q%1%C %H D9!$ E>Aw>pJs $K 2C $( !$ 1~Ez %Q%1 %C %H <} =8 ;~ $K MQ $$$k %-!< $, 3J G< $5 $l $k!% 5 it L\ $K $O%"%/ %; %9 %" %I %l %9 $, 3JG< $5 $l !$ 6 it L\ $K $O%Q %1 %C %H $N <oN‘ $H%3%^ %s %I >pJs $, 3JG< $5 $l $k!% $5 $i $K %G !<%? $rH< $& %Q %1%C %H $G $" $l $P !$ 7{14 it L\ $K %G !<%?%U %j %C %H $H $7 $F ;HMQ 2D G= $G !$ 6& M- %a %b%j >e $G F14| $r $H $k>l 9g $K ;HMQ $5 $l $k %? %0 2 %S %C %H $b0l=o $K E>Aw 2D G= $G$"$k!% $^ $? !$ $5 $i$J $kIU 2C >p Js $N $? $a$N 1 %U %j %C %H $NM=Hw %U %j %C %H $r ;}$D!% P ac k et Handler $N Aw?.It $G$O !$ MBP Core $G @8@. $5 $l$?%Q%1 %C %H$K 1 %U %j %C %H $N %(%i!< 8! =PMQ $N %Q %j %F %# %U %j %C %H $r IU2C $7 !$ :G >. 7 it !A:GBg 16 it $N%Q %1%C %H $H $7 $F RDT %k !<%? $K Aw?. $9$k!% $3 $l$K BP $7 1~ Ez %Q%1 %C %H$O 8GDj D9 $G !$ 3 it Cf $K A4 $F$N>p Js $, 3JG< $5 $l $k!% P ac k et Handler $N<u?. It $O !$ RDT %k !< %? %A %C %W $+ $i E~ Ce $7 $? %Q %1 %C %H $r 68bit !_ 8 it $N %P %C%U%! $K 3J G< $9$k!% $3 $l$i $N %P%C %U %! $O 3 AH $"$j !$ %5 %$ %/%j %C%/ %P %C%U %!$r 9=@. $7 $F $$ $k !% RDT %k !<%? $+$i E~Ce $7 $? %Q%1 %C %H $O !$ =g $K%P%C %U %!Fb $K 3JG< $5 $l $k!% 8e=R $9$k $h $& $K !$ $3 $l$i $N%P %C%U%! $O MBP Core Fb $G %l %8 %9 %?$H $7 $F D>@\%" %/ %; %9 $5 $l $k !% RDT %k !<%?%A%C %W $O 2 8D0l AH $G MBP-ligh t %A%C %W $K @\B3 $5 $l $k $? $a!$ E> Aw >p Js $r 4^ $‘:G =i$N 4 it $O F1 0l$N%U %j%C %H $, =E J# $7 $F E~Ce $9$k $, !$ Handler <u?. It $O <u?. ;~ $K <+F0E* $K$3 $l

V ol. 39 No. 6 D6JBNs7W;;5! JUMP-1 $K $* $1 $k J,;66&M- %a %b %j4IM} %W %m%; %C%5 MBP-ligh t 5 $i $N=EJ# $r $H$j=|$/ !% $3 $l$H F1;~ $K%Q%1 %C %H $N 7? $r<1 JL $7 !$ I, MW $K 1~ $8 $F Ac k Collector $H Ac k Generator $r 5/F0 $9$k!% $^ $?%Q%j %F %# $O <u?. Cf $K%A %’ %C %/ $7 !$ %( %i!< $, $" $l $P MBP Core $K Js9p$9$k!% P ac k et Handler $NAw ?. It $O!$ MBP Core !$ Ac k Col- lector !$ Ac k Generator $K $h$j @8@. $5 $l $?%Q%1%C %H $r RDT %k!< %? %A %C %W $XAw ?. $9 $k !% MBP Core $+ $i$N %Q %1%C %H $N E>Aw $K$O !$ <u ?. %P%C %U %!F1MM!$ 68bit !_ 8 it 3 AH $+ $i @.$k %5 %$ %/ %j %C%/ %P%C %U %! $rMQ $$$k!% :G=i $N 4 it $K 4X $7 $F $O 2 8D$N RDT %k !< %? %A %C %W $K Aw =P$9 $kI,MW $, $" $k $, !$ $3 $l$O <+F0E* $K%3 %T !< $, 9T $o $l $k!% <u?. %P%C %U %! F1MM!$ $3$N%P%C %U %! $O MBP Core $+$i D>@\07 $& $3$H $,$G $- $k!% Ac k Collector: L5 8z 2= !$ 99 ?7 Ey $N%^ %k %A %- %c %9 %H %Q%1 %C %H $rH/@8 $7 $? %N !< %I $O !$ $= $N=*N; $N3NG’ $N $? $a $N1~Ez %Q %1 %C %H $r <}=8 $7 $J $1 $l $P $J$i$J$$>l9g $, @8 $8 $k!% =L Ls3, AX %S %C %H %^ %C %W J}<0 $G $O 1~Ez %Q %1 %C %H $N <}=8 $r 8zN( E* $K 9T $o $J$$ $H MBP-ligh t %A %C %W $H RDT %k!< %? %A %C %W 4V $N%j %s %/ $, :.;( $9$k $3 $H $,%7 %_ %e %l !< %7%g %s $N 7k2L $o $+ $C $F $$ $k 18) !% RDT %k !<%?%A %C %W $O :G2< AX$N 3, AX$N 1~ Ez %Q %1 %C %H $r 1 %( %s %H %j J, <+ F0 E* $K <}=8 $9$k 5! G= $r ;} $D $, !$ %k!<%? %A %C %W Fb $N %( %s %H %j $, 0n $l $? J, $H>e0L 3, AX $N <}=8 $O MBP-ligh t $N LrL\ $H$J $k!% Ac k Collector $O !$ :G2<AX MQ $H >e0L 3, AX MQ $N$= $l $> $l$K BP $7 $F !$ 256 %( %s %H %j $N %F!< %V%k$r 2 AH $:$D;} $A!$ $= $l $>$l $N 3,AX $K$* $1 $k1~ Ez %Q%1 %C %H $N<}=8 $r !$ %( %s %H %jEP O?$r 4^$a$F 40 A4 $K %O !< %I %&%’%" @) 8f$G 9T$J $& !% <} =8 =* N;;~ $K$O !$ $5$i$K >e0L$N 3, AX $G <} =8$9 $k$?$a $N 1~Ez %Q%1 %C %H $r @8@. $7 !$ Aw=P $9$k!% $= $N%N !< %I $, %^ %k %A%-%c %9 %H H/@8 85 $G $" $C$? >l9g $O MBP Core $K %Q %1%C %H$, EO $5 $l $k!% C10l%N !< %I $+$i$N %^ %k%A %- %c%9 %H $, =E$J $C $F 9T $o$l $? >l 9g !$ %(%s %H %j $, IT B- $7 $F EP O? $, IT2DG= $K$J $k >l9g $, $" $k !% $3$N ;~$N$_ MBP Core $N%=%U %H %&%’%" $K $h $k=hM} $, I,MW $K$J $k!% Ac k Generator: %^ %k %A %- %c %9 %H %Q%1 %C %H$r <u $1<h $C $?%N !< %I $O !$ B. $d $+ $K1~ Ez %Q %1 %C %H$rH/ @8 $9 $k I, MW $,$"$k !% Ac k Gen- erator $O 512 %( %s %H %j $N%F!< %V %k$r 2 AH Hw $( !$ %^ %k %A%- %c%9 %H %Q%1 %C %H Cf $NAw ?.%N !< %I HV9f $+ $i <+F0 E* $K 1~Ez%Q%1%C %H $r AH$_N) $F$F Aw=P$9$k!% JUMP-1 $NJ, ;6 6& M-%a %b%j $O4I M} $NC1 0L $,%Z !< %8 $G $"$k $N $G !$ %^ %k%A %- %c%9 %H %Q%1 %C %H$, E~ Ce $7 $F$b!$ <u $1<h $C $?%N !< %I $,$= $N %Q %1 %C %H $KBP 1~ $9 $k %- %c %C %7 %e %i %$ %s$r;} $C $F $$$k $H $O 8B $i $J$$!% Ac k Generator Cf $N %F !< %V %k$K$O !$ %-%c %C %7%e%i %$ %s $N%3 %T !< $, $=$N %N!< ?^ 5 MMC $N FbIt9=@. Fig. 5 structure of MMC %I $K B8 :_ $9 $k $+ $I $& $+ $r <($9 %? %0 $, 3J G<$5 $l $F $* $j !$ Ac k Generator $O $3 $N %F !< %V %k $r 0z $- !$E~ Ce $7 $? %Q %1 %C %H $O =hM} $9$k I, MW $,$J$$ $H H=CG $7 $? >l9g $O !$ B( :B $K P ac k et Handler $N%P %C%U %! Cf $+$i :o=|$9$k !% $3$N H= CG $O%Q %1 %C %H $N %X %C %@ It $N $_ $G9b B. $K9T $o $l $k $? $a!$ %Q%1 %C %H $N 8eB3 %U %j %C %H $N<u?. Cf $K %- %c %s %; %k $, 9T $o $l !$ MBP Core $O $^$C $? $/4XM?$9$kI, MW $O$J $/ $J $k!% $3 $N 5! 9= $K $h$j !$ IT MW $J%Q%1 %C %H $K $h$j MBP Core $r 5/F0$9$k $3$H $, Hr $1$i $l $k!% 3.3 MMC(Main Memory Con troller) MMC $O D>@\ %/ %i%9 %? %a %b%j $r07 $& $? $a$N %f %K %C %H $G $"$k !% MBP-ligh t $G$O !$ %/ %i %9 %? %a %b%j $K BP$9$k %/%i %9 %? %P %9!$ RDT %k !<%?$N N><T $+$i $N%" %/ %; %9 $r <u $1 IU $1 $J $/$F$O $J$i $J $$$? $a !$ %a %b %j$N =8 Cf 4I M} $, I,MW $K$J $k !% $^ $? !$ %/ %i %9 %?Fb%m!<%+ %k %a %b %j %" %/ %;%9 $O $G$-$k $@ $1 9bB. $K 9T $J $o$J $$ $HA4BN $N@- G= Dc 2<$N 860x$H$J $k$?$a !$ %N!< %I Fb$N %a %b %j%" %/%; %9 $r %O!< %I %&%’%"$K $h $j 9b B. $K 9T$J $&I,MW $, $" $k !% $=$N $? $a$K !$ %a %b %j %" %/%; %9 $r %O !< %I %&%’%" E* $K 4I M}$9 $k MMC %f%K%C %H$, I,MW $H$J $k!% 0J2< $G $O MMC $N 9=@. $H 5!G= $K $D$$$F @bL@$9$k!% FbIt9=@. : MMC $O ?^ 5 $K <($9$h $& $K !$ %/%i %9%?%P %9 %3 %s%H %m!< %i (sbusctl) !$ F~=P NO %P%C %U %! (ibuf,obuf ) !$ %a %b %j %? %$ %_ %s %0 %3 %s %H %m!<%i (m tc) $+$i 9=@.$5 $l $k !% %/ %i %9%?%P%9%3 %s %H %m!<%i (sbusctl) %/%i %9%? %P %9 %3 %s%H %m !<%i $O !$ JUMP-1 $N %/%i %9 %? %P%9 $H %Q %1 %C %H$r$d $j $H$j $9 $k %f %K %C %H$G$"$k!% %/ %i %9%? %P %9 %3 %s%H %m !<%i$G$O !$ %P %9 $+$i $N %Q %1%C %H $r <u $1 <h$k $H !$ $= $l $r F~NO %P %C %U %!$K 3JG<$9$k!% $^ $? =P NO%P %C %U%! $K %Q %1%C %H $, N/ $k$H !$ %P %9$X %j %/%( %9 %H $r H/9T $7 !$ %Q%1 %C %H $r =PNO$9$k !%

6 >pJs=hM}3X2qO@J8;o June 1998 F~=PNO %P%C %U %! (ibuf, obuf ) F~NO %P%C %U %! $G $O %/ %i%9 %? %P %9 $+ $i <u $1 <h $C $? %a %b %j %" %/ %; %9 %Q %1 %C %H $r !$ =PNO %P%C %U %! $G $O %/ %i %9 %? %P %9 $X=P NO $9 $Y $- %Q %1 %C %H$r J];} $9 $k!% JUMP-1 $N%/ %i %9 %? %P%9 $G $O !$ %G %C %I %m %C %/ $r2s Hr $9 $k $? $a!$ %Q%1 %C %H $O %j%/ %( %9 %H$H %j %W %i %$ $K J, N% $5 $l$F$$$k!% MMC $G$O FbIt $K %j%/%( %9 %H MQ $K 4 $D !$ %j %W %i %$ MQ $K 4 $D $N 7W 8 $D$N F~ NO %P %C%U %!$r $b $A !$ 8e =R$N %a %b %j%? %$ %_ %s %0 %3 %s %H %m!< %i $G %a %b%j %"%/ %; %9 $r9T $J$C $F$$$k :GCf $d !$ MBP Core $K $h$C$F%=%U %H %&%’%" =hM} $, 9T $J$o $l$F$$$k4V $K$bJ#?t $N%Q %1 %C %H $r <u $1 <h$k $3 $H $, $G $- $k!% $^ $?!$ =P NO %P %C %U %! $O MMC $, %O!< %I %& %’ %" $G @8@. $9 $k %j %W %i %$ %Q %1%C %H $r 4 $D $^$G J] ;} $9 $k$3 $H$, $G $- !$ $=$N B> $K MBP Core $, %/%i %9%? %P %9 $X =P NO$9$k %Q%1%C %H $r %j%/ %( %9 %H %Q%1%C %H !$ %j %W %i %$ %Q%1 %C %H $= $l$>$l 1 $D $^ $G J];}$9$k $3$H $,$G $- $k!% %a %b %j %? %$%_ %s %0 %3 %s %H %m!<%i (m tc) %a %b %j%? %$ %_ %s %0 %3 %s %H %m !<%i $G$O !$ JUMP-1 $N %/ %i%9 %? %a %b%j $K BP $7 $F %a %b%j %"%/ %;%9%j %/ %(%9 %H $r H/@8$9$k!% %a %b %j %? %$ %_ %s %0 %3 %s %H %m!<%i $G $O !$ %Q %1%C %H $N %" %I %l %9It$r 8! :: $7 !$ %O!< %I %&%’%" E* $K %" %/%; %9$9$Y$- %Q %1%C %H $G $" $k$3$H $r 3N G’ $7 $? 8e !$ %? %0 MQ SRAM $*$h $S%G !<%?MQ DRAM $r%" %/ %;%9 $9 $k!% $^ $? !$ %a %b %j %?%$ %_ %s %0%3 %s %H%m !< %i $O!$ MBP Core $H$N %$ %s %?%U %’ !<%9 @) 8f $b9T $J$C $F$$$k!% MBP Core $, ibuf $N %Q %1%C %H $r FI$_$@ $9 :] $K$O %a %b %j%? %$%_ %s %0 %3 %s %H %m!< %i $, ibuf Cf $N3: Ev %Q %1 %C %H$r 3.4 >O $G =R $Y $k PBR(P ac k et Bu�er Register) $K D>@\ =q$- 9~$_ !$ MBP Core $G$N %Q %1 %C %H $NFI $_=P $7$, 2D G= $H $J$k!% $^ $?!$ MBP Core $, obuf $X=q $- 9~ $‘ :] $K $O!$ 0l EY MBP Core $O PBR Cf$K %Q %1 %C %H $r @8 @. $7 $F $* $- !$ %a %b %j %? %$ %_ %s %0 %3%s %H %m !<%i $, $=$N%Q %1%C %H $r obuf $X%3 %T !<$9 $k!% $5 $i $K !$ %a %b%j %?%$ %_ %s %0%3 %s %H %m!< %i $G $O !$ %G !< %? =q$- 9~$_ ;~$K $O ECC(Error Correcting Co de) $r IU2C $7 !$ %G !<%? FI$_ $@ $7 ;~ $K$O%(%i !< 8!:: $r 9T $J $& !% %? %0 %"%/ %; %9 : MBP-ligh t $N=E MW $JLr 3d $N $R $H$D $K !$ %a %b%j %"%/ %; %9;~ $N%? %0 %" %/ %; %9 $, $" $k !% $3 $l$O CC-NUMA $r 9= @.$9 $k >e $G I, MW IT 2D 7g$J 5! G= $G $" $j !$ $9$Y $F $N %a %b %j %"%/ %;%9 $NEY $K <B9T $5 $l $k $N $G 9bB. $K 9T $J $& I, MW $, $" $k!% MMC $G $O %a %b %j %" %/ %; %9 $, H/ @8$9 $k$H !$ %? %0 MQ SRAM $H%G !< %? MQ DRAM $r F1 ;~ $K %" %/%; %9 $7 ;O$a $k !% DRAM $,%" %/ %;%9 2D G= $K $J $k A0 $K SRAM $N %G !< %? $r8! :: $9 $k !% $b $7 MBP Core $K$h $k %= %U %H%& %’ %" =h M} $,I, MW $J>l 9g $O!$ DRAM %"%/ %;%9 $rCf ;_ $7$F=h M} $r MBP Core $K 0M Mj $9 $k !% SRAM %" %/%; %9 $O DRAM $N%;%C %H %"%C %W $K 40A4 $K 1# $5 $l $k $N $G !$ %? %0 %" %/ %; %9 $K $h $kM>J, $J%*!<%P!<%X%C %I $O B8:_ $7 $J $$ !% 3.4 MBP Core Bu�er-Register Arc hitecture: MBP-ligh t $G$O !$ 6[5^ @- $N9b$$=hM} $O $9$Y $F RDT %$ %s %? %U%’ !< %9 $H MMC $, %O !< %I %&%’%"$K $h $j 9T$J $&$? $a !$ MBP Core $, 9T$J $& =h M}$O !$<B :] $N %-%c %C %7%e %i %$ %s$N E>Aw $d %W %m %H %3 %k @)8f Ey $r4^$‘ =h M} $G$" $k!% $3 $l$O !$ %F!< %V %k ;2>H $H%Q%1 %C %H $N @8@.!$ J, 2r $, <g $G$" $k !% FLASH $K $* $1 $k MA GIC !$ NUMA-Q $N SCLIC %A %C %W $G$O !$ $3 $l$i $N =hM} $r 9bB.2= $9$k $?$a !$ %Q%1 %C %H %P %C %U %!$N %X%C %@ It $r J,N% $7 !$ %W %m%; %C %5 $N %l%8 %9 %? >e $KE> Aw $7 $FD> @\ 07 $($k $h$& $K $7 $F$$ $k !% $H $3 $m $, !$ JUMP-1 $G$O %Q %1%C %H $N%X %C %@ It $, Bg$- $/ !$ <o N‘ $K$h $C $F%5 %$ %: $, 2D JQ $G$"$k !% $^ $?!$ %G !< %?It $K 4^$^ $l $k%? %0 $b %W %m %H %3 %k @)8f $K 4XO" $9 $k!% $7 $? $, $C $F !$ %G !<%? $b4^ $a $?%Q%1 %C %H %P %C %U %!A4BN $r %l%8 %9 %? $H $7 $F 07 $( $k$3$H$, K>$^ $7 $$ !% $H $3 $m $, !$ %Q%1%C %H %P %C%U %!$O E>Aw8zN( $r 2~A1$9$k $?$a !$ 68bit I} $G MFNL <+BN$b Bg$- $/ !$ $3 $l$i $r %W %m%; %C%5$N GPR(General Purp ose Register) $H $7 $F 07 $& $?$a $K$O !$KDBg $J %O!< %I %& %’%" NL $, I,MW $G !$ $+ $D 8zN($b0-$$!% $= $3 $G !$ MBP Core $O HF MQ$N 16bit I}$N GPR(16 K\ ) $H %Q %1%C %H %P %C%U %!$H $7 $F $N Lr3d $r $9 $k 68bit $N PBR(P ac k et Bu�er Register)112 K\ $r J, $1 $F 07 $&L? Na %; %C %H$r;} $D!% PBR $O !$ GPR $r %] %$ %s%? $H $7 $F %" %/ %;%9 $5 $l !$ PBR-GPR !$ PBR-PBR 4V $N1i ;; $d %G !< %?E>Aw $, 2DG= $G$"$k0lJ}!$ $= $NFbMF $O MMC $d RDT %$ %s %? %U %’ !<%9 $r 2p $7 $F D>@\ %Q %1 %C %H $H $7 $F E>Aw $5 $l $k !% 1i ;; $, %P %C%U %!$H %l %8 %9%? 4V $G 9T$o $l $k$3$H$+ $i$3$N9= @. $r Bu�er-Register %"!< %-%F%/ %A %c $H8F $V!% Bu�er-Register %"!< %- %F %/ %A %c $G $O !$ PBR $O C1 $J$k FbIt %a %b %j $G $O$J $/ !$ %Q %$ %W %i %$ %s Cf $G$O GPR F1MM $K %9 %H !< %k$r H< $& $3$H$J $/07 $& $3$H $,$G $- $k!% MBP Core $N 9=@. : ?^ 6 $K MBP Core $N 9=@. $r<($9 !% MBP Core $O L? Na D9 21bit !$ %G!< %? D9 16bit $G 4 CJ %Q%$ %W %i %$ %s $r ;} $D !% MBP Core $O L? Na $H %m !< %+ %k %G !< %? 3J G< MQ $N 21bit I} !_ 64K $N %m!<%+ %k %a %b %j $r 30It $K ;}$D !% MMC $, @) 8f$9$k %/ %i %9%? %a %b %j $d %? %0 %a %b %j $O !$ PBR $H $N 4V $G <g $H $7 $F%-%c %C %7%e%i %$ %s C10L $N %V %m%C %/E>Aw $G%" %/ %; %9 $5 $l $k!% $5 $i $K !$ MBP Core $O !$ 256 !_ 16bit

V ol. 39 No. 6 D6JBNs7W;;5! JUMP-1 $K $* $1 $k J,;66&M- %a %b %j4IM} %W %m%; %C%5 MBP-ligh t 7 ?^ 6 MBP Core $N 9=@. Fig. 6 Structure of MBP Core $N Fb It %a %b %j $r ;}$D !% $3 $N FbIt %a %b %j $O PBR F1 MM !$ GPR $r%] %$ %s %? $H $7 $F%" %/ %; %9$5 $l !$1~Ez %Q%1%C %H MQ $N %S %C %H %^ %C %W $N 3JG< $d %8%c %s %W %F!< %V %k$H $7 $F MQ $$ $i $l $k!% PBR(P ac k et Bu�er Register) $N 9=@. : PBR $O RDT Aw?. !& <u?. MQ $, $= $l $>$l 24 K\!$ HFMQ $, 64 K\ $" $j !$ 9g 7W 112 K\ $G$"$k!% PBR $r%" %/ %;%9 $9 $k:] $K $O !$ GPR $r %] %$ %s %? $H $7 !$ 4 bit $N%* %U %; %C %H $r%P %$ %H C10L $G ;XDj $7 $F PBR $K%" %/ %;%9 $9 $k !% PBR $O 1 K\ $, 68 bit $G 9=@. $5 $l !$ %* %U%;%C %H 0 !A 7 $r%" %/ %; %9$9 $k$H DL >o$N 64 bit $N %G !< %? NN 0h $r %" %/%; %9 $G $- !$ %* %U%;%C %H 8 $r%" %/ %; %9 $9$k $H %G !<%? $K BP$9$k 4 bit $N %? %0 NN0h$r%" %/ %; %9 $G $- $k !% $3 $N >l 9g $O 2< 0L 4 bit $N %G !< %? 0J 30 $O 0U L# $r ;}$?$J $$ !%$^ $? !$ %*%U %;%C %H 9 !A 15 $O ;HMQ $7 $J $$ !% MMC $H RDT %$ %s %? %U %’ !<%9 $N9= B$ >e $NAj 0c $+ $i !$ $= $l $>$l %$ %s%? %U %’ !<%9 $NJ} K! $O0[ $J $C $F $$ $k !% RDT Aw <u ?. MQ $N $= $l $> $l$N PBR 24 K\ $O!$ RDT $N 1 %Q %1 %C %H J, (PBR 8 K\J, ) $N Bg$-$5 $r C10L $H $7 $F $= $l $> $l 3 %Q %1 %C %H J, $KJ, 3d $7 $F!$ FIF O $r9= @. $9 $k !% MBP Core $O $3 $l$i $r AHC10L $K ;XDj $7 $F !$ RDT %$ %s %?%U%’!< %9 $K @)8f $r 0\ $7 $F D>@\ %Q %1 %C %H Aw<u?. $r9T $J $& !% $3 $N4V ;X Dj $7 $? PBR NN 0h $K$O MBP Core $+ $i %" %/%; %9$9 $k $3 $H $O $G$- $:!$ %G !<%? $NAw<u ?. $, =* $o$C $?CJ3, $G :F $S @)8f $r@Z $jBX $($k!% $3 $N@Z $jBX $( $O 1 %/ %m %C %/ $G =* N; $9 $k !% $3 $l $K BP $7 $F MMC $r 2p $7 $F 9T$J $&%/%i %9 %? %a %b %j $N %"%/ %; %9 $* $h $S 6&M- %P %9E> Aw MQ $N@lMQ %P%C %U%!$H$N4V $N%Q%1%C %H $N <x<u $O !$ 1 L?Na $G %V %m%C%/E> Aw $N7A $G9T $o $l $k!% $3 $N L? Na $O!$ 3 <o N‘ $N PBR $NG$ 0U $N >l =j $K BP $7 $F 2DG= $G$" $k $, !$>l9g $K $h $C $F$O 10 %/ %m%C%/ 0J>e ( :GBg 15 %/ %m %C%/ ) MW$9$k!% $3$N >l9g!$ 8e B3L? Na $r %9 %H !< %k$5 $;$k $3 $H $O @-G= $r Bg $-$/ Nt 2= $5 $; $k$?$a !$8eB3L? Na $N $&$AE>AwCf$N$b$N$H JL <o$N PBR $r%" %/ %;%9 $9 $k L? Na $O !$ E> Aw =* N; $r BT $? $: $K <B9T $9$k ?^ 7 BeI=E* $J L?Na %U %)!<%^%C %H Fig. 7 T ypical instruction format $3$H $,$G$- $k!% $9 $J $o $A Out-of-order completion $r 5v$9 !% $7 $? $, $C $F !$F1<o $N PBR $r%" %/ %; %9 $7 $J $$ L? Na $rKd $a9~ $‘ $3 $H $, $G$- $l $P !$ E> Aw ;~ 4V $O1# JC $5 $l $k!% F1<o $N PBR $r%" %/ %; %9 $9$kI, MW $, $" $k>l9g $O !$ %a %b %j E> Aw F1 4| L? Na $r<B9T $7 !$ E> Aw $, =*N; $7 $F$$$k $3 $H $r J]>Z$9$kI,MW $, $" $k!% %W %m %H %3 %k $K $h $j !$ Mx MQ $9 $k %Q %1 %C %H$N 7A <0 $O $[ $\ 7h $^ $C $F $$ $k $? $a!$ $= $l $> $l$N %P %C %U %! $N %X %C %@$O PBR >e $K$" $i $+ $8 $a :n $C $F$* $-!$ %N !< %I HV9f $d %" %I %l %9 $K 0M B8 $9 $k It J, $N %U %# !< %k %I $K BP $7$F $N $_ GPR-PBR L? Na $G %G !<%? $r=q $-9~ $‘ J} K! $, M-8z $G$" $k!% HFMQ PBR $O 64 K\ MQ 0U $5 $l$F $$ $k $? $a!$ Be I= E* $J %Q %1 %C %H$N %X %C %@ $O $" $i $+$8 $a :n @. $7 $F 3J G< $7 $F $* $/$3 $H$, 2D G=$G $" $k!% L?Na %;%C %H : ?^ 7 $K MBP Core $N L?Na7A<0 $H BeI=E* $J L?Na $r <( $9 !% GPR $O 3 %] !< %H %a %b%j $G$" $j !$ GPR F1;N $N1i ;; $, 3 %" %I %l %C %7 %s%0 J} <0 $G 9T$o $l $k$N$K BP $7 !$ PBR $r4^$‘ 1i ;; $O 2 %] !< %H$G 2 %" %I %l %C %7 %s %0 J} <0 $G $" $k !% PBR $O !$ %P %$ %H C1 0L$N%" %I %l %C %7 %s%0$, $J $5 $l $F $* $j !$ GPR $r%] %$ %s %? !J 4bit $N %G %#%9 %W%l !< %9 %a %s %H IU $- !K $H $7 $F%" %/ %; %9 $5 $l $k!% $? $H $( $P !$ GPR-PBR L? Na $O !$ GPR2 $NFb MF $H !$ GPR1 $K$h $C $F;X Dj $5 $l$? PBR Cf$N 8bit $N 4V $G 1i ;; $, 9T $o $l $k !% PBR $K BP$9 $k1i;; $O FCDj $N 8bit !$ 16bit $K BP $7 $F 9T $o $l $k $, !$ $3 $l$O %Q%1 %C %H $N%X%C %@ $N$= $l $>$l $N%U %# !< %k %I $N B?$/ $, 8bit 0J Fb $G $" $j !$ %U %# !< %k %I C1 0L $G FH N)$N 0U L# $r ;} $C $F $$ $k $? $a $G $" $k !% GPR-GPR !$ GPR-PBR 4V $N 1i ;;$O K- IY$G $" $k $, !$ PBR-PBR 4V$N 1i ;; $O 68 bit %G !<%? E>AwEy $4 $/8B $i $l $? $b$N $G$" $k!% %Q %$ %W %i %$ %s 9=@. : ?^ 6 Cf $K<( $9 $h$& $K !$ MBP Core $O 4 CJ $N %Q %$ %W %i %$ %s 9=@. $r <h$k !% GPR $O 16bit $N 3 %] !< %H%l %8 %9 %? $G$"$j !$ 1i;; L? Na $G07$& %G !<%? $O 4p K\ E* $K 16bit 0J Fb $G$"$k!% $^ $?!$ %G %# %9 %W%l !<%9 %a %s %H $NHO0O $O 4bit $K 2a $. $J $$ !% MBP-ligh t $O !$ CPU(Sup erSP AR C+) $N

8 >pJs=hM}3X2qO@J8;o June 1998 %/%m%C %/ $K F1 4| $7 $F F0 :n$9 $k$?$a !$ 50MHz $N %/%m%C %/ $G F0:n $9 $k I, MW $,$" $k!% :# 2s <B Au $K MQ $$ $? ASIC $N %2 !< %H CY 1d $r9M $($k $H !$ 1 %/ %m %C %/ Fb $K !V GPR $NFI $_ =P $7 + %G %# %9 %W %l !<%9 %a %s %H 1i ;; !W $"$k $$ $O !V PBR $N FI $_=P $7 +16bit 1i ;;!W $r9T $J $& $3 $H $, 2D G= $G $" $k !% $3 $N$?$a !$ :# 2s $N<BAu $G$O !$ 1 %9 %F!< %8 Fb $G$3 $l$i$N =h M} $r9T $J $& $3 $H $K$h$j !$ %9 %F!< %8 ?t $r 8: $i $7 !$ %9 %F!< %8 4V $N %U %) %o !< %G %# %s %0$r C1 =c 2= $9 $k J} K! $r:N MQ $7 $?!% 6qBN E* $K $O !$ 4 $D$N%9 %F!< %8$G !$ 0J 2< $NA‘ :n $r9T $J $& !% (1) IF( L? Na %U %’ %C %A ): 30It%m!< %+ %k %a %b %j $+$i L?Na $r FI$_=P$9 !% $3$N =hM} $O 1 %/%m%C%/ $G =*N;$9$k!% (2) RF( %l%8 %9%? %U %’ %C %A ): %a %b %j %" %/%; %9 : GPR $r FI$_ =P $7 !$<B8z%" %I %l %97W ;; $r 9T $J $& !% J,4t : H=CG !$ %" %I %l %97W;;!$J,4t $r 9T $J $& !% $=$N B>$NL?Na : L?Na %3 !< %I Cf $G ;XDj$5 $l $? GPR APJ} $NCM $rFI $_ =P $7 !$ %G %# %9 %W %l !<%9%a %s %H 1i ;; $r9T $J $& !% (3-1) EX( <B9T ): PBR $r FI$_ =P $7 16bit 1i;; $r 9T $J $& !% (3-2) LM( %m!< %+%k %a %b%j%" %/ %; %9 ): %m !< %+ %k %a %b %j !$ I/O $N %"%/ %;%9 $r9T $J $$!$ CY $$ I/O $K BP $9 $k %" %/ %; %9 $G$O %9 %H !< %k $9 $k!% (3-3) GM(MMC $H $N 8r ?. ): MMC $r 2p $7 $F %/%i %9 %? %a %b%j %"%/ %; %9 $* $h $S %P %9 %Q %1 %C %H $NE>Aw $r9T $J $& !% $3 $N %9%F !<%8$, MMC $H E> Aw Cf !$8e B3$N 4X O" $9 $k PBR $r %" %/ %; %9 $7 $J $$ L? Na $O LM !$ EX $r DL$C $F @h $K ?J$‘ $3 $H $,$G$-$k !% $3 $N $3 $H $K$h$j Out-of-order completion 5!G= $r <B8=$9$k!% (4) WB( =q $- La $7 ): 7k2L $N3JG< $r PBR !$ GPR $K BP $7 $F 9T $J $& !% L?Na $H%m!<%+ %k %G !< %? $O 6& $K%m!<%+ %k %a %b%j $K 3JG< $5 $l $k $?$a !$ %m!<%+ %k %a %b %j %" %/ %; %9 L?Na $O structural hazard $K $h$j %Q %$ %W %i %$ %s $r 1 %/%m%C%/ %9 %H !<%k $5 $; $k!% $^ $?J,4t L? Na $O 1 %/ %m %C%/ $NCY1d %9 %m %C %H $r I, MW $H$9 $k!% %$ %Y %s %H $N =hM} : MBP Core $O MMC !$ RDT i/f !$ 30 It I/O %G %P %$ %9 $+$i$NMW5a $K$h$k %F!< %V %k %8%c %s %W $r H< $& 3d $j9~ $_ $r %5 %] !< %H $7 $F $$ $k !%3d$j9~$_ $O IF %9 %F!< %8$G <u $1 IU $1!$ %Q %$ %W %i %$ %s Cf $NL?Na $, $9$Y $F=*N;$9 $k $N $r BT$C $F 3d $j9~ $_ %k!< %A %s$K %8%c %s %W $9$k4J C1 $+$D@53N $J$b $N $G $" $k !%3d $j 9~ $_ MW 0x $O MMC !$ RDT i/f Fb It$G %- %e!< %$ %s %0 $5 $l !$ A4 $F $N3d $j9~ $_MW0x $, K~B- $5 $l $k $^ $G O"B3 $7 $F 3d $j9~ $_ $,$+$+$k!% B? =E 3d $j9~ $_2D G= $G $"$j !$ %F!< %V %k%8%c %s %W $N M%@h =g 0L $r @)8f $9 $k $3 $H$b 2D G= $G $" $k !% $3 $N %F !< %V%k %8 %c %s %W$O !$ 3d $j 9~ $_ $KH< $C I= 1 MBP-ligh t $N %2 !< %H ?t T able 1 Num b er of gates in MBP-ligh t %V %m %C %/L> %2 !< %H ?t %a %b %jNL (bits) MBP Core 35,734 6,144 RDT i/f 19,832 38,704 MMC 43,203 0 Am7W49;; 98,769 44,848 I= 2 SCLIC, OBIC $N %2 !< %H ?t $H %a %b %jNL T able 2 Num b er of gates in OBIC and SCLIC %V %m %C %/L> %2 !< %H ?t %a %b%jNL (bits) SCLIC 140,000 152,000 OBIC 170,000 8,700 Am7W49;; 310,000 160,700 $F <+F0 E* $K 9T $J $& 0J 30 $K$b !$ %F!< %V %k %8%c %s %W L?Na $K $h $C $F 5/F0 $7 !$ %] !< %j %s %0 $K MxMQ$9$k $3$H$b $G $- $k!% 4. @- G= I> 2A 4.1 %2 !< %H ?t $H F0:nB.EY MBP-ligh t $O !$ El <G CMOS %( %s %Y%C %G %C %I %" %l %$ TC203E340 T3S35(197,000 %2 !< %H )(3.3V/5V :. :_ ) $r MQ$$$F $*$j !$ 352 %T %s $N TBGA %Q %C%1!< %8 $G <B Au $9 $k !%@_ 7W $K$O VHDL $r MQ$$ !$O@M} 9g @. $K $O Men- tor Graphics <R $N Autologic $r MQ $$ $?!% 2> CY 1d %7 %_ %e %l !< %7 %g %s$O Men tor Graphics <R $N Quic ksimI I $r Mx MQ $7 $? !% Autologic $K $h$k9g@. 7k 2L!$ MBP-ligh t <+BN $O 60MHz $G F0 :n $, 2D G= $G $" $j !$ JUMP-1 $O Sup er- SP AR C+ $N %/%m%C %/$K 9g$o $; $F 50MHz $N C1 0l%7 %9 %F %‘%/ %m %C%/ $G F0:n $9$kM= Dj $G$"$k!% 8=:_ !$ 2>CY 1d %7 %_ %e %l !< %7 %g %s $, =*N; $7 $F$$$k !% MBP-ligh t $N%O !< %I %&%’ %"NL $r I>2A $7 $? 7k2L $r I= 1 $K <( $9 !% I= Cf $G $O %a %b %j NL $O %2 !< %H ?t49 ;; $O :$Fq $J $? $a %S %C %H ?t $G <( $7 $F$$ $k!% MBP-ligh t $G $OAm %2 !< %H ?t 197,000 %2 !< %H $N $& $A %i %s %@ %‘ %m %8 %C%/ $O LsH>J, $r@j $a $F$* $j !$ ;D $j $O FbIt %a %b %j $K ;HMQ$5 $l $k!% $^ $? !$ I= 2 $K NUMA-Q $K $* $1 $k SCLIC $H OBIC $K;H MQ $5 $l $F $$ $k %2!< %H ?t $r <( $9 5) !% MBP-ligh t $H O- BIC, SCLIC $r Hf $Y$k $H !$ MBP-ligh t $G $O FbB" RAM $NNL !$ %i %s %@ %‘ %m %8 %C %/ 6& $KBg I} $K>. $5 $J <B Au $,9T $J $o $l $F $$ $k $3 $H $, $o $+$k !% MBP Core $K Bu�er-Register %"!< %-%F%/ %A %c $r F3F~ $7 !$ %O !< %I %& %’ %"NL $r 8: $i $7 $? 8z2L $, $3$3$K I= $l $F $$ $k!% 4.2 %a %b %j%"%/%; %9 =hM};~4V 4 >O $G <( $7 $?%-%c %C %7%e %W %m %H %3%k $N <B9T;~ 4V$N $& $A MBP-ligh t $K $*$1 $k CY 1d $r Men tor Graphics <R $N VHDL %7 %_ %e %l !< %? $G B, Dj $7 $? !% MBP-ligh t $O 60MHz $GF0 :n $,2D G= $G $" $k $, !$ JUMP-1 $O 50MHz $G

V ol. 39 No. 6 D6JBNs7W;;5! JUMP-1 $K $* $1 $k J,;66&M- %a %b %j4IM} %W %m%; %C%5 MBP-ligh t 9 I= 3 Read Miss ;~ $N =hM};~4V T able 3 Read miss Latency A‘:n C 50 T 50 T stall MMC <u?. (R) 10 200 0 3d$j9~$_ , %G %3 !< %I (R) 26 520 120 RDT %Q%1%C %H @8@.Aw?. (R) 56 1,120 100 Requester total 92 1,840 220 Net w ork Latency 4n 80n { RDT i/f <u?. (H) 8 160 0 3d$j9~$_ !$ %G %3 !< %I (H) 17 340 0 %? %0 D4:: (H) 23 460 0 %G !<%?FI$_ $@ $7 (H) 20 400 120 RDT %Q%1 %C %H @8@. (H) 43 860 60 Home total 110 2,220 180 Net w ork Latency 4n 80n { RDT i/f <u?. (R) 16 320 0 3d$j9~$_!$ %G %3 !< %I (R) 16 320 0 %G !<%?99?7 (R) 28 560 220 %? %0 99?7 (R) 15 300 160 CBus %Q%1 %C %H Aw?. (R) 20 400 280 Requester total 95 1,900 660 T otal 298+8n 5,960+160n 1,060 C 50 : 50MHz F0:n;~%/%m%C%/?t T 50 : 50MHz F0:n;~=hM};~4V (ns) T stall : MBP Core $N %9 %H !<%k ;~4V (ns) (H): Home $K $* $1 $k=hM} (R): Requester $K $* $1 $k=hM} n : %M%C %H %o!< %/%[%C %W ?t $NF0 :n $,M= Dj $5 $l$F $$ $k $? $a!$ :# 2s $N I> 2A $G $O 50MHz F0:n ;~ $N=h M} ;~ 4V $rB,Dj $7 $? !% $"$k%/ %i%9 %? $K $* $$ $F %"%/ %;%9 $7 $? %i %$ %s$N %3 %T !< $, %/ %i%9 %? Fb $KB8 :_ $; $:!$ $= $N%i %$ %s$N%[!< %‘%N !< %I $K M-8z $J %i %$ %s $, B8:_ $7 $? >l9g $N Read MW5a=hM};~4V $r I= 3 $K <($9 !% $3 $N =h M} $O !$ 1. MW 5a $r H/ @8 $7 $? %N !< %I (Re- quester:R) $G CBus $+ $i %Q %1 %C %H$r<u ?. $7 Home %N !< %I (H) $K Read MW 5a%Q %1 %C %H $r Aw ?. $9 $k !$ 2. Home %N !< %I $K $* $$ $F %Q %1 %C %H$r <u?. $7 !$ Read reply %Q%1 %C %H $r JV Aw$9 $k !$ 3. Requester %N!< %I $G %Q %1%C %H $r <u ?. $7 !$ CBus $K Read reply %Q%1 %C %H $r Aw ?. $9 $k!$ $N 3 %9 %F %C %W $K J, $1 $k $3 $H $,$G$- $k !% $3 $l$i $N%9 %F %C %W $H $=$N>\ :Y $J FbLu $K$D$$ $F$NI> 2A7k 2L $r I= 3 $K <( $9 !% ?^ $K <($9 T stall $O %/%i %9 %? %a %b %j !$ %? %0 %a %b %j !$ %Q%1%C %H Aw<u ?.!$ %m!< %+ %k %a %b%j %"%/ %; %9 $J $I $K $h$j5/ $3$k %9 %H !<%k ;~ 4V $G $" $k !%>e5-$N =h M}$N $&$A 3. $N It J,$G $O !$ Read reply $r <u $1 <h$C $? Requester $, 9T$J $&=h M} $NN. $l$K$O 8_ $$ $K %G !<%? $N 0MB84X 78 $, B8:_ $7 !$ I= 3 $K <( $9 $h$& $K %/ %i%9 %? %a %b%j $d%? %0 %a %b%j $N %" %/ %;%9 $N$? $a $N%9 %H !< %k;~4V $, A4BN $N=h M} ;~ 4V $N 1/3 $r @j $a $F$$$k!% $^ $? !$ %[!<%‘%N !< %I $N %G !<%? $rFI $‘ $N $K %H !< %? %k$G 5,960 + 160 � ( %M%C %H %o !< %/ $N%[%C %W ?t ) nsec $N ;~4V $, I,MW $G$" $k $3$H $, $o$+ $k!% NUMA-Q $G MQ$$ $i$l $F $$ $k SCLIC %A %C %W $G $b F1 MM$N A‘ :n$N =h M} ;~ 4V $, I> 2A $5 $l $F $* $j!$ SCLIC %A %C %W $O 4 %N !< %I @h $N Read request A‘ :n $K 4-10 �sec 5) MW $7 $F $$ $k !% $3$N$3$H$+ $i !$ MBP-ligh t $N <B9TB. EY $O 60MHz $G F0 :n $7 $? >l 9g (5.0+ 0.13 � %[ %C %W ?t ) � sec $O !$ SCLIC $H $O F1 Ey $N @- G= $r <( $7 $F $$ $k $H 8@ $( $k !% => $C $F MBP-ligh t $O OBIC,SCLIC $HHf3S $7 $F !$ %2 !< %H ?t $G M-Mx $G$" $j !$ F1Ey $N@-G= $r <( $7 $F $$ $k !% 4.3 Bu�er Register Arc hitecture <! $K !$ MBP Core $N 9= @.$r 0l HL E*$J 9= @.$N %^ %$%/ %m %W %m%; %C%5$H Hf 3S $7 $F I> 2A $9 $k !%Hf3S BP >]$H $7 $F !$ 650iMQ $N 32bit RISC %W %m%;%C %5 $H $7 $F 9-$/Ia5Z $7 $F $$ $k DLX 19) $r A* $s $@ !% DLX $r MQ$$ $F MBP-ligh t $r 9= @. $7 $? >l 9g$N I> 2A%b %G %k $r ?^ 8 $K <($9 !% $3 $l $O !$ MBP Core $N PBR $r RDT Fb It %a %b %j $H MMC Fb It %a %b%j $K J,3d $7 $?%b %G %k$G$" $j !$ RDT $d MMC $X $N Aw?. $O$3 $NFbIt %a %b %j >e $+ $i %O !< %I %& %’ %" $G 9T $J $o $l $k$b$N $H 2>Dj $7 $? !%$^ $? !$=c?h $K Core It $N Hf3S $N $_ $r 9T $J $& $? $a !$ MMC $*$h $S RDTi/f $O F10l $N%O !< %I %&%’%"$r MQ$$ $k $H 2>Dj $7 $? !%$^$? !$ DLX $r MQ$$$? >l9g $O RDT MQ!$ MMC MQ $= $l $>$l $N FbIt %a %b %j 4V $G DMA $r 9T $J $& $3 $H $,$G $-$k $H 2>Dj $7 $? !% 0J 9_!$ :# 2s <BAu $7 $? MBP-ligh t $r MBP Core HG !$ DLX $r MQ$$ $F MBP-ligh t $r 9=@. $7 $? >l9g $r DLX HG $H $9$k !% I> 2A $N :] !$ MBP Core HG $K $* $1 $k VHDL %7%_ %e %l !< %7%g %s$K$h$kI> 2A 7k 2L $+ $i %/ %i%9 %? %a %b%j $X$N %" %/ %; %9 ;~ 4V!$ %P %9 $X $N%Q %1 %C %H Aw?.;~ 4V!$ <u ?. ;~ 4V $r$= $l $>$l 15 !$ 13 !$ 11 %/ %m %C %/ $+ $+ $k $H2> Dj $7 !$ DLX HG $K $*$$ $F $O%O!< %I %& %’ %"A‘:n $r9T $J $& MMC-DLX %$ %s %?%U%’!< %9 $, B8:_$9$k$b $N$H 2>Dj $7 $? !% $3 $N DLX HG $H MBP Core HG $K $*$$$F MBP-ligh t $K $* $1 $k4pK\ =hM} %W %m %0 %i%‘ $r F0:n $5 $;!$ $= $N%/ %m %C %/?t $r Hf3S $7 $? !% $3$N 7k2L $r I= 4 $K <($9 !% MBP Core HG $H DLX HG $rHf 3S $9 $k $H !$ MBP Core HG $N Mx E@ $O PBR $r;} $C $F $* $j !$ %Q%$ %W %i %$ %s $r%9 %H !< %k $9$k $3 $H $J$/ %l%8 %9 %? $H $7 $F%Q%1 %C %H %G !<%? $r %" %/ %; %9 $G$-$kE@ !$ DLX $N MxE@ $O 32 bit %G !<%? $r 07 $& $3 $H $, 2DG= $G$" $k E@ $H 16 bit $ND> CM $r;X Dj $G$- $k E@ $G $" $k !% $=$N$?$a !$ DLX $O <g $K %Q %1%C %H $N %S %C %H %U %# !< %k %I $r 07 $& :] $K M-Mx $G$" $k $, !$ 0l J} $G DLX $O %l%8 %9 %? !&%a %b%j4V 1i;; $O $G$-$J$$ $? $a !$ Fb It %a %b %j >e $N%Q %1 %C %H %G !<%? $rA‘:n $9$k :] $O I, $: FbIt %l%8 %9 %? $H %a %b %j 4V $G%m!< %I / %9 %H %" $9$kI, MW $, @8 $8 $k!% $^ $? !$ MBP Core HG $G$O PBR 4V$N 68 bit E> AwL?Na$r 3h MQ$9 $k $3 $H $,$G $- $k $?$a $K !$ %-%c %C %7%e%i %$ %s %G !<%? $r 4 L?Na ( %/ %m %C %/ ) $G E>Aw $9$k $3 $H $, 2DG= $G$"$j !$ %G !< %?IU $-

10 >pJs=hM}3X2qO@J8;o June 1998 ?^ 8 DLX $r MQ$$ $? MBP-ligh t $N%"!<%-%F %/%A %c%b %G %k Fig. 8 Arc hitecture mo del of MBP-ligh t using DLX I= 4 MBP Core HG $H DLX HG $G$N 4pK\=hM}$N@-G=Hf3S T able 4 Comparison b et w een MBP Core and DLX in t ypical pro cess =hM} Tm Td Td/Tm CBus %Q%1%C %H @8@. ( %G !<%?$J $7 ) 28 29 1.04 CBus %Q%1%C %H @8@. ( %G !<%?IU$- ) 28 36 1.29 CBus %G %3 !< %I 27 31 1.15 RDT %Q%1 %C %H @8@. ( %G !<%? $J $7 ) 49 54 1.10 RDT %Q%1 %C %H @8@. ( %G !<%?IU$- ) 60 69 1.15 RDT %Q%1%C %H%G %3 !< %I 15 20 1.33 %0 %m!<%P%k%" %I %l %9JQ49 23 23 1.00 %m!< %+ %k%" %I %l %9JQ49 40 50 1.25 %? %0 $N Hf3S 28 35 1.25 %? %0 99?7 42 50 1.19 %G !<%? 99?7 (Global Memory) 17 22 1.29 Tm : MBP Core HG %/ %m%C %/?t Td : DLX HG%/%m%C%/?t %Q%1%C %H $N @8@.;~ $K $O DLX HG $K Hf $Y 3 %/ %m%C%/M- Mx $K $J $k !% $5$i $K !$ MBP Core HG$G $O PBR $K BP $7 $F $O%P %$ %H C10L $G G$0U $K%* %U %; %C %H $N;XDj $, 2DG= $G$"$k $, !$ DLX $G$O %a %b %j %" %/%; %9 $9$k :] $K @0Ns2=$5 $l $F $$ $J$$ %G !<%? $K BP$9 $k %"%/ %;%9 $r 5v $7 $F$$ $J$$!% $3$N $?$a !$ %o!< %I 6-3& $r$^ $? $, $C $? %G !<%? $K BP $7 $F%" %/ %; %9$9 $k :] $K $O MBP Core HG$h $j $b 3 !A 6 %/%m%C %/$N %*!<%P%X%C %I $, @8 $8 $k!% DLX HG!$ MBP Core HG $H$b $K M-MxITMx $J E@ $, $" $k $, !$ <B :] $N %W %m %H%3 %k=h M} $N 0l It $G $" $k RDT %Q %1 %C %H $d CBus %Q%1 %C %H @8@. $N=h M} ;~ 4V $K$*$$ $F $O !$ I= 4 $K <( $9 $h$& $K RDT %Q %1 %C %H !$ CBus %Q %1 %C %H$N $I $A $i $r 07 $& :] $N$$ $: $l $N >l9g $b MBP Core HG $, :GBg 33% M- Mx $G$"$k $3 $H $,$o $+ $k!% $^ $? !$ %0 %m!< %P %k%" %I %l %9 JQ 49 $d%m !<%+ %k%" %I %l %9 JQ 49 $O%m!<%+ %k %a %b%j >e $N %F!< %V %k $r 0z $- !$ %" %I %l %9$r JQ 49 $9 $k A‘ :n$r 9T$J $C$F $$ $k!% %m!<%+ %k%" %I %l %9 JQ49 $N>l9g $K $O RDT %Q%1%C %H $N%" %I %l %9It J, $+ $i%Z!< %8 HV9f $r@Z $j=P $9:] $K @0Ns 2= I= 5 MBP Core HG $H DLX HG$N%/%j%F %# %+ %k%Q %9CY1d $H %2 !< %H ?tHf3S T able 5 Comparison b et w een MBP Core and DLX in n um b er of gates and dela y in a critical path %W %m%; %C%5 %/%j %F %# %+ %k%Q %9CY1d %2 !< %H ?t MBP Core HG 12.7nsec 22,973 DLX HG 13.3nsec 27,405 I= 6 MBP Core $H DLX $N %2 !< %H ?t>\:YHf3S T able 6 Comparison b et w een MBP Core and DLX in n um b er of gates in detail %f%K %C %H MBP Core( %2 !< %H ) DLX( %2 !< %H ) ALU 960 1,800 L?Na %U%’ %C %A 845 1,709 %G %3 !< %I 3,103 3,714 <B9T 6,232 2,535 %a %b%j %" %/ %; %9 459 1,701 %i %$ %H %P %C %/ 6,461 9 HFMQ %l %8 %9%? 3,736 15,692 $=$N B> 1,177 888 %H !<%? %k 22,973 27,405 $5 $l$F$$ $J$$ %G !< %? $K BP $9$k %"%/ %;%9 $, @8 $8 $k $? $a $K MBP Core HG $, M- Mx $K $J $C $F $$$k !% $^ $?!$ %? %0 $d %G !< %? $N 99 ?7 $N:] $K $O!$ MBP Core HG $K$* $$ $F%/ %i%9 %? %a %b %j $d%? %0 %a %b %j $X$N %" %/ %; %9 $, Out-of-completion $G $" $k $3$H $G !$ MBP Core HG $O 5 !A 8 %/ %m %C%/ DxM- Mx $K$J$C $F$$$k!% $^ $H$a$k $H !$ %Q %1 %C %H $r%P %$ %H C10L $G %Q %$ %W %i %$ %s Cf $+$i <+M3 $K%" %/ %; %9 $G$- $k PBR $r Mx MQ $7 $F $$ $k$3 $H $K $h $k Mx E@$d PBR 4V$N 68 bit E> Aw $N%5 %]!< %H !$ %? %0 %a %b %j $d%/ %i%9 %? %a %b%j %" %/ %; %9 $, Out-of-completion $G $" $k $3$H $, !$ DLX $N 16 bit $N D>CM ;X Dj 2D G= $G$"$k $J $I $N MxE@ $r>e2s $C $F$$$k $3 $H $, $o$+ $C $? !% $5$i$K !$ MBP Core HG $H F1 0l$N %i %$ %V %i %j $r MQ$$ $F DLX HG $r O@M}9g@. $7 $? >l9g $N %/%j %F %# %+ %k%Q %9 $N CY1d ;~ 4V $H %2 !< %H ?t $r I= 5 $K <( $7 !$ >\ :Y $N %2 !< %H ?t $r I= 6 $K <( $7 $? !% %2 !< %H ?t $O =c?h $K CPU It $K$D$$ $FHf 3S $7 $? !% $9 $J $o $A MBP Core HG $K$D$$ $F $O !$ PBR <+ BN $H MMC $*$h $S RDT i/f $H $N %$ %s %?%U%’!< %92sO) $O =|$$$F $$ $k !%0lJ} DLX HG $K $D $$$F $O !$ PBR $K BP 1~$9$kFbIt %a %b %j !$ DMA %3 %s %H %m!<%i 2sO) $O =| $$ $F I>2A $7 $? !% %/%j %F %# %+ %k%Q%9 $O 32bit 1i;; $rAuHw $9 $k J, !$ DLX $N J} $, <c43D9 $/ $J$C $F$$$k!% 0l J}!$ %2 !< %H ?t $K $D$$ $F $O !$ MBP Core $O PBR $K BP$9 $k %^ %k%A %W%l %/ %5 $dFC <l L? Na MQ $N %O !< %I %& %’ %" $K $h $j !$ 0l HL E* $J 16bit RISC $K Hf $Y$F%O!< %I %&%’ %"NL $O Bg $-$$ $, !$ $= $l$G $b bit D9 $N D9 $$ DLX HG $K Hf $Y 17% DxEY M- Mx $G$"$k!% $^ $? !$ $3 $3$G @_7W $7 $? DLX HG $O Hf3SMQ $G$" $k $?$a !$ 30 It3d $j

V ol. 39 No. 6 D6JBNs7W;;5! JUMP-1 $K $* $1 $k J,;66&M- %a %b %j4IM} %W %m%; %C%5 MBP-ligh t 11 9~ $_ !$Nc30 =hM}Ey $r <BAu $7 $F $* $i $:!$ <B:] $K DLX $r %3%" %W %m %; %C %5 $H $7 $F MQ $$$k >l 9g $O$5 $i $K :9 $O 9- $, $k $H 9M $($i $l $k!% 0J >e !$ MBP Core $O Bu�er-Register %" !< %- %F %/ %A%c$r$H $k $3 $H $K $h$j !$ HFMQ $N 32bit RISC $r%3%" %W %m%; %C %5 $K ;}$D>l 9g $K Hf $Y!$ %O !< %I %&%’ %" MW5a NL $O :o 8: $9 $k $3 $H $,$G$- !" =h M} $K MW $9 $k%/ %m %C %/ ?t!$ %/ %m %C %/<~ 4| 6& $K >. $5$/ $9$k $3 $H $,$G$- !$ FC $K%Q%1 %C %H @8@. ;~ $K 9b$$@-G= $r F@$k $3$H $,$G $- $k $3$H $, 3NG’$5 $l $? !% 5. $* $o $j $K D6 JBNs %^ %7 %s JUMP-1 MQ$N J, ;6 6& M- %a %b %j4IM} %W %m %; %C%5 MBP-ligh t $r @_ 7W $7 $? !% MBP-ligh t $O 9b B.@- $rMW5a $5 $l $k1~ Ez %Q %1 %C %H $N@8@. $d<}=8 $O 40A4 $K %O!< %I %&%’%" 2=$9 $k 0l J} !$ %3%" %W %m%; %C%5$K Bu�er- Register %"!< %- %F%/ %A %c $r MQ $$$k $3 $H $K$h$j !$ 4J C1 $G 9b $$ 8z N( $r <B 8= $9 $k !% %2!< %H ?t $H <B 9T ;~ 4V $r I> 2A $7$? 7k 2L!$ NUMA-Q $G MQ $$ $i $l$F$$ $k OBIC, SCLIC %A %C %W $K Hf$Y$F !$>/ $J $$ %2 !< %H ?t $G !$ F1 Ey$N @- G=$r <B 8= $7 $F$$ $k $3 $H $, L@ $i $+ $K $J $C $?!% $^ $? Bu�er-Regsiter %" !<%- %F %/%A%c$r MQ$$$? MBP-ligh t $N%3 %" %W %m %; %C %5 $O !$ 32bit RISC $N DLX $K Hf $YF1 Dx EY $N %O !< %I %& %’ %" NL $G !$ $h $j9b $$<~ GH ?t $N%/ %m %C%/ $r MQ $$$k $3 $H $,$G $-!$ FC $K%Q %1 %C %H @8 @. $K4X $7 $F $O 33% DxEY 9b B. $G$"$k $3 $H $,$o $+ $C $?!% :# 8e $O !$ Stanford FLASH $N MA G- IC %A %C %W$K 4X $7 $F>\ :Y $, 8x I= $5 $l <! Bh !$ Hf 3S 8! F$ $r9T $J $&I,MW $, $" $k !%$^$? !$8=:_ JUMP-1 $N A4 BN @-G=$r MBP-ligh t $N B> !$ L2 %-%c %C %7%e $N F0 :n !$ %Z !< %8 $r @) 8f$9 $k %=%U %H %&%’ %" !$ 7k 9g LVEy $r %7 %9 %F%‘A4BN $r E,@Z $K %b %G%k 2= $7 $F %7 %_ %e %l !< %7%g %s Cf $G$"$j !$ JUMP-1 A4 BN $N@- G= $NCf $G !$ MBP-ligh t $N@- G= $, 5Z $\ $91F 6A $K $D$$ $FD4:: $9$k I, MW $, $"$k!% $5 $i $K <BAu =* N; 8e $O !$ <B 5! $K $h $kI>2A $r 9T $J $& !% <U <- MBP-ligh t $N@_7W !& 3+ H/ $K$" $? $jB? Bg $J $4 ;Y 1g $r $$ $? $@$$ $? 5~ ET Bg 3X $NIY ED bC <# 65 <x $K46 <U $$ $? $7 $^$9 !% $J $i $S $K K-66 5; =Q2J 3X Bg 3X $NCfEg 9@65 <x!$ 6e =# 9) 6H Bg 3X $N5W 2f <i 90 =u 65 <x !$ ?@ 8M Bg 3X $NCf [j Bs Gl =u <j !$ 5~ ET Bg 3X 8^Eg @5 M5 =u <j $r $O $8 $a $H$9 $k JUMP-1 3+ H/ %0 %k !< %W $N %a %s %P$K 46<U$$ $? $7 $^$9 !% $^ $? !$ MBP $N 9= A[ $N3N N) $K8f ?T NO $$ $? $@$$ $?El 5~ Bg 3X $N >> K\ >0 =u <j $K 46<U$$$? $7 $^$9 !% MBP-ligh t $N @_ 7W $K$O !$ Men tor Graphics <R$N Univ ersit y Program $r Mx MQ $7 $^ $7 $? !% $3$3$K ?<$/46<U $7 $^$9 !% $J $*!$ K\ 8& 5f $N0lIt $O J8It >J2J 3X 8&5f Hq !& =EE@ NN 0h 8&5f (1)( 2]BjHV9f 04235130 !V D6JBNs%O!< %I %&%’%"!& %" !<%- %F %/%A%c$N 8&5f !W ) $*$h $S ;n 838& 5f (A)(1)( 2] BjHV 9f 06508001 !V D6JB Ns7W ;;5! %W %m %H %? %$ %W $N 3+H/ $H ;n:n !W $K $h$j$^$9 !% ;2 9M J8 8% 1) Lenoski, D., Laudon, J., Gharac horlo o, K., Gupta, A. and Hennessy , J.: The Directory- Based Cac he Coherence Proto col for the D ASH Multipro cessor, 17th ISCA (1990). 2) Kuskin, J. and et, a.: The Stanford FLASH Multipro cessor, Pr o c. The 21st ISCA , pp. 302 { 313 (1994). 3) Laudon, J. and Lenoski, D.: The SGI Ori- gin 2000: A CC-NUMA Highly Scaleble Serv er, Pr o c. of 24th ISCA (1997). 4) Chaik en, D. and Agarw al, A.: Soft w are- Extended Coheren t Shared Memory: P erfor- mance and Cost, Pr o c. The 21st ISCA , pp. 314 { 324 (1994). 5) Lo v ett, T. and Clapp, R.: STiNG: A CC- NUMA Computer System for the Commercial Mark etplace, Pr o c. The 23r d ISCA , pp. 308 { 317 (1996). 6) T anak a, H., Muraok a, Y., Amamiy a, M., Saito, N. and T omita, S.(eds.): The Massive- ly Par al lel Pr o c essing System JUMP-1 , %* !<%‘ <R (1996). ISBN4-274-90083-5. 7) Matsumoto, T., Kudoh, T., Nishim ura, K., Hiraki, K., Amano, H. and T anak a, H.: Distributed Shared Memory Arc hitecture for JUMP-1: A General-Purp ose MPP Protot yp e, Pr o c. IEEE 1996 International Symp osium on Par al lel A r chite ctur es, A lgorithms and Net- works , pp. 131 { 137 (1996). 8) >> K\ >0 : 6I =j =h M} $HHs6I =j =h M} $rJ, N% JB Ns =h M} $9 $k %"!< %-%F %/ %A %c , Bh 43 2s>p=h A4 Bg (6), pp. 115 { 116 (1991). 9) >>K\ >0 , J?LZ 7I : Memory-Based Pro cessor $K $h $k J, ;6 6& M- %a %b %j , JB Ns =h M}%7%s %] %8 %& %‘ JSP- P’93 O@J8=8 , pp. 245 { 252 (1993). 10) Y ang, Y., Amano, H., Shibam ura, H. and Suey oshi, T.: Recursiv e Diagonal T orus: An in terconnection net w ork for massiv ely parallel computers, The 5th IEEE symp osium on Par- al lel and Distribute d Pr o c essing , pp. 591 { 594 (1993). 11) Nishi, H., Nishim ura, K., Anjo, K., Amano, H. and Kudoh, T.: The JUMP-1 Router Chip: V ersatile Router for Supp orting a Distributed Shared Memory , Pr o c. of 15th IPCCC , pp. 158{ 164 (1996). 12) Nishi, H., Anjo, K., Kudoh, T. and Amano, H.: The RDT Router Chip: A v ersatile router for supp orting a distributed shared memory ,

12 >pJs=hM}3X2qO@J8;o June 1998 IEICE tr ansaction on Information and System- s , V ol. E80-D, No. 9, pp. 854{862 (1997). 13) Nak a jo, H., Oh tani, S., Matsumoto, T., M., K., Hiraki, K. and Kaneda, Y.: An I/O Net- w ork Arc hitecture of the Distributed Shared- Memory Massiv ely P arallel Computer JUMP- 1, Pr o c. 1997 International Symp osium on Su- p er c omputer (1997). 14) Li, K.: A Shared Virtual Memory System for P arallel Computing, Int. Conf. on Par al lel Pr o- c essing, St. Charls, IL , pp. 94{101 (1988). 15) Hill, M. D., Larus, J. R. and W o o d, D. A.: T em- p est: A Substrate for P ortable P arallel Pro- grams, COMPCON ’95 (1995). 16) @> B< 9n ?. , 9) F#CN 9( , @>9( >O , ML 6r O% , E7 Ln 1Q@2 : Aj8_ 7k9g LV RDT >e $G$N3,AX%^ %k%A %- %c %9 %H $K $h $k %a %b %j %3%R !< %l%s %7 0];}<jK! , >pJs=hM}3X2q O@ J8;o , V ol. 37, No. 7, pp. 1367 { 1377 (1996). 17) 8^ Eg @5 M5 , >> K\ =E 8w , ?9 bC 0l O: , Cf Eg 9@ , IY ED bC <# : Virtual Queue: D6JB Ns 7W ;; 5! 8~ $- %a %C %;!< %8 DL ?. 5! 9= , JSPP95 O@J8 =8 , pp. 225 { 223 (1995). 18) :4F#=< , ;05H5.;K , >>K\>0 , J?LZ7I , EDCf1QI’ : %7 %_ %e %l !< %7%g %s$r MQ $$ $?5?;w %U %k %^ %C %W $N DjNL E* I> 2A , >p Js =h M} 3X 2q 8& 5f 2q Js 9p , pp. 201 { 224 (1994). AR C107-26. 19) Hennessy , J. L. and P atterson, D. A.(eds.): Computer A r chite ctuer A Quantitative Ap- pr o ach , Morgan Kaufmann (1996). ISBN 1- 55860-329-8. ( J?@. 9 G/ 11 7n 7 F|<uIU ) ( J?@. 10 G/ 4 7n 7 F|:NO? ) 0B@87r0lO/ J?@. 8 G/ 7D Xf 5A =N Bg 3X M} 9) 3X It EE 5$ 9) 3X 2J B4 6H !% J? @. 10 G/ F1 Bg 3X Bg 3X 1!M} 9) 3X 8& 5f 2J 7W ;; 5! 2J 3X @l 96 =$ ;N 2]Dx=$N; !%8=:_ NEC =jB0 !% WS %/ %i%9 %? !$ D6 JB Ns 7W ;; 5! $N8& 5f $K=>;v !% 0f>e 9@L@ J? @. 9 G/ 7D Xf 5A =N Bg 3X M} 9) 3X It J* M} 3X 2J B4 6H !%8= :_ F1 Bg 3X Bg 3X 1! M} 9) 3X 8& 5f 2J 7W ;; 5! 2J 3X @l 96 =$ ;N 2]Dx :_ 3X Cf!% D6 JB Ns 7W ;; 5! $N3+ H/ $K =>;v!% :4F# =< J? @. 4 G/El 5~ Bg 3X 9) 3X It EE 5$ 9) 3X 2J B4 6H !%J? @. 6 G/ F1 Bg 3X Bg 3X 1! 9) 3X7O 8& 5f 2J >p Js 9) 3X @l 96 =$ ;N 2] Dx =$ N;!% J? @. 9 G/F1 Bg3X Bg 3X 1! 9) 3X 7O 8& 5f2J >p Js 9) 3X @l 96 Gn;N 2] Dx =$ N;!% 8= :_ ( 3t ) IY;NDL8&5f=j=jB0!% 9)F# CN9( !J @52q0w !K J? @. 3 G/7D Xf 5A =N Bg 3X Bg 3X 1! M} 9) 3X8& 5f 2J Gn ;N 2] Dx C10L <h F@ B‘ 3X!% 9) 3XGn ;N!% El 5~ 9)2J Bg 3X >p Js 9) 3X 2J 9V ;U!$ =u 65 <x $r 7P $F !$ 8= :_ ?7>p Js =h M} 3+ H/ 5! 9= =j B0 !% 7Z NL DL ?. !& %a %b %j %" !< %-%F %/ %A%c$N 3+H/ $K =>;v!% E7Ln 1Q@2 !J @52q0w !K >< OB 61 G/ F1 Bg Bg 3X 1! 9)3X 8& 5f 2J EE 5$ 9) 3X @l 96 Gn ;N 2] Dx =$ N; !% 8= :_ , 7D Xf5A =N Bg 3X M} 9) 3X It >p Js 9) 3X 2J =u 65 <x!% 7W ;; 5! %"!< %-%F%/ %A %c $N8&5f $K =>;v!% J?LZ 7I !J @52q0w !K >< OB 51 G/ El 5~ Bg 3X M} 3XIt J* M} 3X 2J B4 6H !% >< OB 57 G/ F1 Bg 3X 1! M} 3X 8& 5f 2JGn ;N 2] Dx =$ N;!% F1 G/ EE ;R 5; =Q Am 9g 8&5f =j F~=j !% M} 3X Gn ;N!% 7W;; 5! %"!< %-%F %/ %A %cA4 HL!$ FC $K %G !<%? %U%m!< %^ %7 %s !$ J, ;6 6& M-%a %b%j %^ %7 %s$N8& 5f $K=> ;v !% 85 2, >^ !$ ;TB< >^!$ >p Js =h M} 3X 2q O@ J8 >^3F <u >O !% J? @. 3 G/ $+ $i El 5~Bg 3X M} 3X It =u 65 <x $r7P $F !$ J? @. 7 G/ $+$i F1Bg 3X 1! M} 3X 7I8& 5f 2J 65 <x !$8=:_ $K ;j $k !%><OB 63 G/ $+$i J? @. 2 G/$^ $G IBM %o %H %= %s 8&5f %; %s %?!< >7f[8&5f0w!%