1 $O $8 $a$K %-%c %C %7%e%3%R !< %l %s%H $J J,;6 6&M- %a %b %j $r$b $D %^ %k%A %W %m %; %C%5 %7 %9%F %‘ CC-NUMA (Cac he Coheren t Non- Uniform Memory Access mo del) $O !" >- Mh $N Bg 5, LO$+ $D 9b@- G= $J JBNs7W ;;5! $N9=@.J}<0 $N 0l $D $H $7 $F CmL\ $5 $l $F$$ $k !# CC-NUMA $O !" %P %9 7k 9g 7?$N >. 5, LO JB Ns 7W ;; 5! $K Hf $Y $F B??t $N %W %m%;%C %5 $r @\B3 $G$- !" $^ $? $3 $l$i $N >.5,LOJB Ns7W ;;5! $G 3+H/ $5 $l $? %W %m %0 %i %‘ $r MF0W $K 0\?" $G$- $kMxE@ $b;}$D !# 8= :_ CC-NUMA $O SGI $N Origin[1] !" Sequen t $N NUMA-Q[2] $J $I !" >&MQ2= $, ?J $s$G $$ $k !# J8It >J =E E@NN 0h 8& 5f$N 0l4D$H $7 $F 1994 G/ $+$i 3+ H/$5 $l $F$$ $k JUMP-1 $O !" ?t @i %W %m%; %C %5 $r1[ $9D6 JB Ns 7W ;; 5! >e $K 8zN( $N NI$$J,;66&M- %a %b %j !" F14| !"%a %C %;!< %8 E>Aw $r <B 8= $9$k $? $a$N %F %9 %H %Y%C %I $G $" $k !# JUMP-1 $O !" 0l HLE* $K MQ $$ $i $l$F $$ $k6&M- %a %b %j7? %^ %k%A %W %m%;%C %5 $r ?t@i %W %m %;%C %5 $N 5,LO $K $^ $G 3HD% $9$k $3 $H $,$G $- $k %9 %1!< %i %V %k$J %"!< %-%F %/ %A%c $r L\;X $7 $F $*$j !" $=$N $?$a K\O@J8 $G =R $Y$k RDT(Recursiv e Diagonal T orus) [3][4][5] %M %C %H %o!<%/ Ey !" MM !9 $J FCD’E* $J MWAG $r MQ$$ $F 9=@.$5 $l $F $$ $k !# 2000 G/ 3 7n !" 16 %/ %i%9 %? 64 %W %m%; %C %5 $N%O!< %I %&%’ %" $, 40@. $7 $?$?$a !" 0J 8e<B5! $r MQ $$ $F MM !9 $J I>2A $r 9T $J $C $F $$$/ $3 $H$H $J $C $? !# K\ O@J8 $G$O !" JUMP-1 $G$O !" %/ %i %9 %? 4V %M%C %H %o !< %/ $G $" $k RDT %M%C %H %o !< %/ $N %^ %k%A%-%c %9 %H 5!9= $K 4X $7 $F !" $$$/ $D $+ $N @-G=8~>e %a %+ %K %: %‘ $K $D$$ $F =R $Y !" $=$NI>2A7k2L $r <($9 !# 2 JUMP-1 $N 9=@. ?^ 1: JUMP-1 $N 9=@. JUMP-1 $O :G Bg$G ?t @i %W %m %; %C%5 5, LO $^$G 3H D% 2D G= $J %" !<%-%F %/ %A%c $r L\ I8 $H $7 $F $*$j !" $=$N %/ %i %9%?4V $O ?^ 1 $K <( $9 $h$& $K 7k 9g LV RDT $G @\B3 $5 $l$F$$$k!% RDT $O Fs<! 85 %H !< %i%9 $N F at-tree >u $N3, AX 9= B$ $r;} $D 7k 9g LV $G !" RDT %k !< %?%A%C %W [6][7] $K $h $j <B8=$5 $l $k !# $5 $i$K !" 3F%/%i %9 %?$O JB Ns I/O %5 %V %7 %9%F %‘$r 9= @. $9 $k 9b B. %7 %j%"%k %j %s %/ ST AFF-Link[8] $K $h $j !" %G %# %9 %/ $* $h $S 2h A| %G !< %? MQ F rame Bu�er(FB)[9] $H @\ B3$5 $l $k !# $^$? !" 3F %/%i %9%? $O $= $l $>$l %a %s %F%J %s %9MQ %[ %9 %H PC $K @\B3 $5 $l !" %7 %9 %F%‘ $N %V !< %H %" %C %W $d %G !<%?$N Aj8_E>Aw $, 9T $o $l $k !# ?^ 2: JUMP-1 %/ %i %9 %?$N9=@. ?^ 2 $O !" JUMP-1 %/ %i %9%? $N Fb It9= @. $G $" $k !# %W %m%; %C %5 $K$O Sup erSP AR C+ $r MQ $$ $F $*$j!" 4 %W %m%; %C%5 $G 1 %/ %i %9 %? $r 9= @. $9 $k !# 3F %W %m %; %C%5 $O 5~ ET Bg 3X$K $h $j 3+ H/ $5$l $? 9b @- G= $N L2 %- %c %C %7%e [10] $H Cluster Bus(CBus) $r 2p $7 $F 6&M- %a %b %j4IM} %W %m%;%C%5 $G $" $k MBP(Memory Based Pro cessor)-ligh t $X $H@\ B3 $5 $l$F $$ $k!# MBP-ligh t $K $O !" J,;6 6& M- %a %b %j$*$h $S L3 %- %c %C %7%e$H $7 $F MQ$$$i$l $k 32MByte $N %/%i %9%? %a %b %j !" ST AFF-Link $r 9= @.$9 $k T AXI %A %C %W !" RDT %k !< %? %A %C %W $d %a %s%F%J %s %9 %7 %9 %F%‘ MQ FPGA $G $" $k MBIF (Main tenance Bus In terF ace) Ey $b @\B3$5 $l $F $$ $k !# $J$* !" K\ 8& 5f $NBP >] $G $" $k RDT %M %C %H %o!< %/ $NMM !9 $J5! G= $O !" RDT %k !< %?%A%C %W $H MBP-ligh t $N 6( D4F0 :n $K $h $C $F <B8=$5 $l $k !# 2.1 RDT %M %C %H %o !<%/ RDT $O 4p K\$N %H !<%i %99= B$$N >e $K L\$N AF$$ %H !<%i %9 $r 45 EY $: $D 79 $1$J $, $i :F5"E* $K @Q$_>e $2 $F $$ $/ $3$H $K $h$j !" %H !<%i %99= B$ $H 3,AX9=B$ $NN>J} $r K~B- $5 $;$k $3 $H$r A@$C $F $$ $k !# ?^ 3 $K <($9$h $& $K !" 4pK\ $H$J $k %H !<%i %9>e $K >e2< $K � 2 $: $D N% $l $? E@F1;N $r 7k $s$@ Rank 1 $N %H !<%i %9 $r :n$k !# $5 $i $K !" $3 $N Rank 1 $N %H !< %i%9 >e $G>e 2< $K � 2 $:$DN% $l$? E@ F1 ;N $r7k $s $G Rank 2 $N %H !< %i%9 $r:n $k!# 7k 2L $H $7 $F !" $3 $l $O 8 $:$D N% $l $? %H !< %i %9 $H $J $k !# $3 $N A‘ :n $r A4 $F $N E@ $K$D $$ $F>e 0L %H !< %i%9 $, 7A @. $G $- $J$$ $h$& $K $J$k $^ $G7+ $j JV $9 !# $3 $N$h $& $K $7 $F 7A@.$5 $l $? $b$N$r 40A4 RDT $H 8F $V !# $7 $+ $7 !" 40 A4 RDT $O Rank ?t $N 4 G\ $N%j %s %/ ?t $r%N !< %I Ev $j $K I, MW $H $9 $k $3 $H $+ $i !" 8= <B E* $J7k 9g LV $G $O $J $$!# $= $3 $G !" 3F %N !< %I $O 4pK\ $H$J$k %H !<%i %9 $NB> $K ;}$D $3 $H$N $G$- $k>e0L %H !<%i %9 $N?t $r 1 $H Dj $a$k !# JUMP-1 $G$O 3F Rank $K BP $7 J?Ey $G !" $I $N Rank $X$b 1 step $N 0\F0 $G MxMQ2D G= $J 3d $jIU $1$r :NMQ $7 $F $$$k !# JUMP-1 @_7W;~ $K 9M $( $i $l$F $$ $? %N !<

%I ?t (16384 %N !< %I ) $K BP1~ $7 $? RDT $r RDT(2,4,1)/ � $H 8F $S !" $3$N 9=@. $r ?^ 4 $K <($9 !# ?^ 3: 40A4 RDT $N 9=@. ?^ 4: RDT(2,4,1)/ � $N 9=@. RDT $N Bg $- $J FCD’ $O !" M} O@ E* $J 7k9g LV $G$" $k40 A4 RDT $H<B Au >e $N7k 9g LV $r:G =i $+ $iJ, N% $7 $F9M $( $F $$ $k E@ $K$" $k!# $3$N$3$H $O !" 7k9gLV $, $o$+ $j $K $/$/ $J $k $H$$ $&7gE@ $r ;}$C $F $$ $k $, !" <BAu >e$N 9= @. $, =@ Fp $K $J $k E@ $G$O Mx E@ $H $J $k !# $^$? !" 16384 %N!< %I $h $j >.$5$J %7 %9%F %‘ !" Nc $( $P 1024 %W %m %;%C%5 (256 %N !< %I ) $N >l9g !" $5$- $[ $I $N RDT(2,4,1)/ � $N 3d$j Ev $F$K BP $7 !" Nc $( $P Rank 4 $r ;}$D %N!< %I $r Rank 2 $+ Rank 1 $r ;} $D %N!< %I $X !" $^ $? Rank 3 $r ;}$D %N!< %I $r Rank 1 $r ;}$D %N!< %I $X$H :F3d$j Ev $F $9$k $3$H$G BP 1~2D G= $H$J $k !# $b $7 %7 %9 %F%‘ $r 3HD%$9$k>l 9g $G$b F1MM $J :F3d $j Ev $F $r9T$& $3 $H $K$h$j!" link $NL5BL $O B8:_ $7 $J$$ !# $= $7 $F !" ?tI4 $+$i ?tK| $H 9- $$ %N !< %I ?t $NHO0O $G$+$J$j 8zN( $NNI $$9= @. $r <h$k $3$H $,$G $- $k !# 2.2 RDT %k !< %? %A%C %W JUMP-1 $G MQ$$ $i$l $F $$ $k RDT %k !< %?%A%C %W [6, 7] $N 9=@. $r ?^ 5 $K <($9 !# RDT $G$O Rank 0 $N %j %s %/ $K 4 K\ !" >e 0L Rank $N %j %s %/ $K 4 K\ !" JUMP-1 $N @_ 7W Ev ;~ $K MBP(-ligh t) $O %/ %i%9 %?Fb $K Fs$D $"$C $?$?$a $K$= $l $>$l $K 1 K\ $E $D I,MW $G$" $k !# $h$C $F !" A4 BN$O 10 F~ NO 10 =P NO$N %/%m %9 %P$, 4p K\ $K $J $k !# $5 $i$K !" 8e $K =R $Y $k1~Ez %Q%1%C %H <}=85!G= $, 2C $o $k $?$a !" %/ %m %9 %P $O 11 F~NO 10 =PNO $H$J $k !# $^ $? !" E>Aw $N %S %C %H I} $O 1 %A %C %W Ev$? $j 3F %j %s %/ $K $D $$ $F 18bit $G $" $k !# JUMP-1 $G $O 2 8D$N %k !< %?%A %C %W $r bit slice $K MQ$$ $k $3$H$K $h $j !" A4 BN $G 36bit I}$r <B 8= $9 $k !# %T %s $r M- 8z $K Mx MQ$9 $k$? $a !" JUMP-1 $N DL?. $O $9$Y$F APJ}8~@~ $K $h$j 9T $& !# ?^ 5: RDT %k !<%?%A%C %W $N 4pK\9=@. %A %C %W $K$O F|N) $N 0 : 5 �m BiCMOS %2 !< %H %" %l %$ $G$" $k HG22S125 $r MxMQ $7 $F$$ $k !# $3$N %2 !< %H %" %l %$ $O 9bB. $G$" $k >e !" ECL F~ =P NO $K $h $j E> Aw @~$r D> @\ 6n F0 $9 $k$3 $H$, $G $- $k !# :GBg<~GH?t 60 MHz >CHqEENO 19.4 W gate ;HMQN( 63 % pin ?t 299 pac k age PGA I= 1: RDT router $N <BAu=t85 JUMP-1 $G $N %M %C %H %o !< %/%Q%1%C %H $O :G Bg 16 %U %j %C %H $G $" $j !" 3 %U %j%C %H $O 2 $D$N%A%C %W $K BP $7 $F 6& DL $N Fb MF $N %X %C %@ $H $J $k !# $^$? !" DL >o MQ $$$i $l $k %Q %1%C %H $O :G Bg 16 %U %j %C %H $N 2DJQ D9 $N %^ %k%A%-%c %9 %H MQ%Q%1%C %H (m ulticast pac k et) $H $J $k !#B> $K $b !" 3 %U %j%C %H $N $_ $N 1~ Ez %Q %1 %C %H (ac kno wledge pac k et) $d MBP-ligh t $H %k !< %? 4V $N @) 8f $K

MQ$$ $i$l $k command pac k et !" status pac k et !" sho otdo wn pac k et !" setup pac k et Ey $, B8 :_ $9 $k!# %^ %k %A %- %c %9 %H %Q %1 %C %H$N %X %C %@$K $O $= $l $> $l$N 3, AX $G $N %^ %k %A %- %c %9 %H MQ $N %S%C %H %^%C %W $, 3JG<$5 $l $F $$$k !# $3$N %S %C %H %^%C %W $O !" <! $K ;H MQ $9$k %S %C %H %^%C %W $, %k !<%?Fb $G >o $K <+F0E* $K @hF, $K$J $k $h $& $K%7%U %H $5 $l $k !# E> Aw J} <0 $O async hronous w ormhole J} <0 [11] $G$" $j!" 3F F~NO $K$O%Q %1%C %H 1 8DJ, $r 3JG<$9$k $3 $H$N$G$- $k %P%C%U %! $r 2 AH;}$A !" $= $l $>$l$, 1 $D$N c hannel $r 9=@.$9$k !# $3$N c hannel $r ;H $$ J, $1 $k $3$H $K $h$j !" deadlo c k-free $J 3,AX%^ %k%A %- %c%9 %H $r <B 8= $9 $k $3 $H $,$G$- $k!# RDT %k!<%? %A %C %W $G$O 1 BP 1 E>Aw $O 3,AX%^ %k%A%-%c %9 %H $N 0lIt $H $7 $F <B8= $5 $l !" 8G Dj $+ $D deadlo c k-free !" FIF O @- $NJ]>Z $5 $l $? E>Aw $H $J $k !# RDT router $N <BAu>e $N FCD’ $r 0J2< $K <($9 !# � %/ %m%9 %P $H APJ}8~ @~ $NF1;~ 1 %/ %m%C %/ $N %"!< %S%H%l !< %7 %g %s$K $h $k9bB. $J 7PO) %9 %$ %C %A � 2DG= $J E>Aw $+$i =g $K 9T $& 8zN( $N NI$$%^ %k%A%-%c %9 %H � SM K!$d LARP K! !" LPRA K!$N ;0 <o N‘$N 3, AX %^ %k %A %-%c %9 %H [12] $N%5 %] !< %H � 1~Ez %Q%1%C %H $N%k !<%F %# %s %0 $H <}=8MQ cac he � FIF O @- $r J]>Z $7 $? sho otdo wn $H setup $N AuHw 2.3 MBP-ligh t 2.3.1 MBP-ligh t $N A4BN9=@. ?^ 6 $K MBP-ligh t $N A4 BN 9= @. $r <( $9 !# MBP-ligh t $O !" RDT %k !< %? %A %C %W $N @) 8f$r 9T $& RDT In terface !" %/%i %9 %? %a %b%j $H6&M- %P %9 $N@) 8f $r9T$& MMC (Main Memory Con troller) !" %W %m %H %3%k @)8f $r 9T $& %3 %" %W %m%;%C %5 MBP Core $N ;0$D$NItJ, $+$i 9=@.$5 $l $k !# MMC $O CBus $H $N %$ %s %?%U%’!< %9 !" $*$h $S %/%i %9 %? %a %b %j $r 9=@.$9$k SDRAM $d %? %0 %a %b %j $H $7 $F$N SRAM $J $I $N @)8f $r9T $C $F $$$k!# RDT %$ %s %? %U %’ !<%9 $O RDT %k !< %? $H $N %Q %1 %C %H Aw<u ?. $d1~ Ez %Q %1 %C %H @) 8f Ey $r9T $C $F $$$k!# MBP Core $O 16 bit %G !<%?D9 !" 21 bit L?Na D9 $N %W %m %;%C %5 $G !" %3 %" %W %m %; %C %5>e $N %= %U %H %& %’ %" $K$h $j MMC $d RDT In terface 4V $G $N %G !< %? E> Aw $d %W %m %H%3 %k=h M} $J $I $r9T $J$& !# 2.3.2 RDT In terface $N 9=@. RDT In terface $N 9=@. $r ?^ 7 $K <($9 !# RDT In terface $O !" %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 !" Send/Receiv e Unit $*$h $S MBP Core !& RDT %$ %s %? %U %’!< %9 4V$N %Q %1%C %H <u EO $7 $K MQ $$$i $l $k PBR(P ac k et Bu�er Register) $+$i 9=@. $5 $l $k !# RDT %k !< ?^ 6: MBP-ligh t $N A4BN9=@. %? $H$N%Q%1 %C %H $N Aw<u?. $O Send/Receiv e Unit $K $h$C $F 9T $J$o $l !" Aw<u?. $9$k %Q%1%C %H $N @)8f $O B> $N 3 %b %8%e !< %k $, A4 $F FHN) $K F0:n $7 $F 9T $J$o $l $k !# ?^ 7: RDT In terface $N 9=@. 3 @-G=8~>e $N$?$a$N %a %+ %K %: %‘ RDT $G $O !" @-G= 8~ >e$N$? $a$K 2< $K <($9 $h $& $J MM !9 $J %a %+ %K %: %‘ $, MQ0U$5 $l $F $$ $k !# � =L Ls3, AX %S %C %H %^%C %W J} <0 $G $" $k RHBD J} <0 $r MxMQ $7 $? 3,AX%^ %k%A%-%c %9 %H $N %5 %] !< %H

� MBP-ligh t $N Ac k Generator $K $h $k %^%k %A %- %c %9 %H %Q%1 %C %H $K BP$9 $k1~Ez %Q %1 %C %H (ac kno wledge pac k et) $N<+F0@8@. � RDT %k !<%?%A %C %W $K $h $k Rank 0 $N 1~ Ez%Q%1 %C %H $N <+F0<}=8 � MBP-ligh t $N Ac k Collector $K $h$k>e0L Rank $N 1~Ez %Q%1%C %H $N <+F0<}=8 $3 $3 $G $O !" :# 2sI> 2A $r 9T $J$C $? !" MBP-ligh t $K $h$k Ac k %Q %1 %C %H $N<+F0 @8 @. !" RDT %k !< %? %A %C %W $K $h$k1~ Ez %Q %1 %C %H $N <+F0<}=8 !" MBP-ligh t $K $h$k1~Ez %Q %1%C %H $N <+F0<}=8 $K $D$$$F 4JC1 $K =R$Y$k !# 3.1 MBP-ligh t $N Ac k Generator $K$h$k 1~ Ez %Q%1%C %H $N <+F0@8@. %^ %k%A %-%c %9 %H $K BP1~ $7 $? 1~Ez %Q %1%C %H $N <}=8 $O >/ $7 $G $bC;;~4V $G =*N; $7 $? J} $, $h$$ !# $=$N $?$a $K !" 1~ Ez %Q%1 %C %H <} =8 $, I, MW$J %^%k %A %- %c %9 %H %Q %1%C %H $r <u $1 <h$C $? no de $O B.$d$+$K 1~ Ez%Q %1%C %H $r @8 @. $7 !" Aw ?.$9 $k I, MW $, $" $k !# Ac k Generator $G $O Net Cac he $H Ac kmap Cac he $N 2 $D $N Cac he $r MQ $$ $F !" %O !< %I %& %’ %" $K$h$j1~ Ez %Q %1 %C %H $N <+ F0@8@.5!G= $r <B8=$9$k !# � Net Cac he Ac k Generator $G $O1~ Ez %Q %1 %C %H $N<+ F0 @8 @. $N $? $a $K !" 512 %( %s %H %j $N Net Cac he $r 2 AHHw $($F$$$k!# %/ %i%9 %? ( %N !< %I ) Fb $N %- %c %C %7 %e %i %$ %s$N>u BV $K => $C $F !" Net Cac he $N >uBV $r :n@. $7 $F $* $/ !# $= $7 $F !" %^ %k%A%- %c %9 %H %Q%1 %C %H E~Ce ;~ $K Net Cac he $r D4 $Y !" %^ %k%A %- %c%9 %H %Q%1%C %H Cf $N %" %I %l %9 $, %R%C %H $7 $? >l9g !" EP O? $7 $F $*$$$? >u BV$r 1~ Ez%Q %1%C %H $K IU 2C$9 $k$3$H$, $G $- $k !# $? $@ $7 !" $3 $N Net Cac he $K BP $9$k %( %s %H %j $N:n @. $dDI $$ =P $7 $J $I $N 4I M} $O MBP Core >e$N%= %U %H %& %’%"$G 9T $J $& I,MW $, $" $k !# � Ac kmap Cac he Ac k Generator $G $O Ac kmap Cac he $r MQ 0U $7 $F !" 1~ Ez %Q%1%C %H $K JV Aw$9 $k >pJs $H $7 $F Ac kmap ( %^ %k %A%-%c %9 %H $N $I $N %j %s %/ $K BP1~ $7 $? 1~Ez %Q %1 %C %H$+ $r <( $9>p Js ) $r ;} $? $; $k!# $b $7 Ac hkmap Cac he $K%R %C %H $7 !" $+ $D %( %s %H %j $, M-8z $G$" $k>l9g $K $O !" $= $N %( %s %H %j $r FI $_ =P $7 $F 1~Ez%Q%1%C %H MQ $N >p Js $r @_Dj$9 $k !# Ac kmap Cac he $O 256 %N!< %I J, (8 bit) $N%( %s%H %j $r 3NJ] $7 $F $* $j!" 256 %N !< %I 0JFb $N >l9g $K$O I, $: Ac kmap Cac he $K%R %C %H $9 $k !# $? $@ $7 !" 256 %N !< %I 0J>e $N %7 %9 %F%‘9= @. $G $O !" MBP Core $N %= %U %H %& %’ %" $G Ac kmap Cac he $NEPO? $d DI$$=P $7 $J $I $N 4IM} $r 9T $J $& I,MW $, $" $k !# ?^ 8: Net Cac he $N 9=@. ?^ 9: Ac kmap Cac he $N 9=@.

3.2 RDT %k !< %? %A%C %W $K $h $k1~ Ez %Q %1%C %H $N <+F0<}=8 %- %c %C %7 %e %3 %R !< %l %s %9 0] ;} $N $? $a $K3, AX %^ %k %A %- %c %9 %H $r 9T $J $C $? >l9g $r 9M $( $k !# 0l4S@- @)8f %W %m %H %3%k$K $h$C $F $O !" A4 $F$N %N !< %I $, $=$N%Q%1%C %H $r <u $1$H $C $? ;v $r H/?.85 $N %N !< %I $, CN$kI,MW $, $"$k !# JUMP-1 $K $*$$ $F $O !" $3$NA‘ :n $r 1~Ez %Q%1%C %H $r H/?.85 $K Aw $jJV$9 $3 $H $K $h$j9T $J$C $F $$$k !# $7 $+ $7 !" %Q%1%C %H$, Aw $i $l $? %N !< %I $, 0lBP0lDL?. $G 1~Ez %Q%1%C %H $r H/?.85 $K JV$9 $H%M%C %H %o!< %/ $NIi2Y $, A}Bg $7 $F $7 $^ $& !# $= $3 $G !" %^ %k%A%-%c %9 %H $7 $? 3,AX $r$=$N$^$^ Mx MQ $7 $F !" 1~ Ez %Q %1 %C %H $r <} =8 $9 $k J} K! $, Ds 0F $5 $l$F$$ $k!# $3$N<}=8 $O 3F3,AX $N%^ %k%A %- %c %9 %H H/?.85 $N MBP-ligh t $, 9T $J $& $, !" %^ %k%A%- %c %9 %H$, IQHK $@$H 1~Ez %Q%1%C %H $N <} =8 $K$h$j!" %k!< %? -MBP-ligh t 4V $N %i %$ %s $, %\ %H%k%M %C %/ $K $J $k2DG=@- $, $" $k !# $3$N$? $a !" %k !<%? %A%C %W $G$O 1~Ez<}=8 $N $?$a$N%Q%1%C %H 1 8DJ,$N Cac he $r ;}$D !# $3$N Cac he $O 4pK\ %H !<%i %9 (Rank 0) $r MQ$$$F 9T$J $&KvC< %N!< %I $K BP$9 $k1~Ez %Q%1%C %H $K BP $7 $F $N$_ M-8z $G $" $k !# Kv C< %N !< %I $K BP $9 $k %^ %k %A %-%c %9%H $, 9T $J $o $l $? ;~ !" Cac he $, 6u $$ $F $$$l$P !" $= $N %Q %1%C %H $N <1 JL ;R $, Cac he $N %- !<$K !" %^%k %A %-%c %9 %H MQ %S %C %H %^%C %W Cf $N 1 $N ?t $, Cac he $N %+ %& %s %? $K%;%C %H $5 $l $k !# LZ 9=B$ $NKvC<%N !< %I $+ $i E~Ce $7 $? 1~Ez %Q%1%C %H $O %Q%1%C %H $N <1JL;R $r %- !< $H $7 $F Cac he $r 8!:w $7 !" %R%C %H $9 $l $P %+ %& %s %? $r 1 8: $i $9 !# $3$N 8!:w5Z $S %+ %& %s %? $N 8:;; $O F1;~ $K %Q%1%C %H$, E~Ce $7 $? >l9g $G $b !" CY $l $J $7 $G JBNs $K <B9T$9$k $3 $H $,$G $- $k !# %+ %& %s %? $N CM $, 0 $K $J $k$H !" 1~Ez%Q %1 %C %H <} =8 Cac he $O >e 0L 3, AX $N %N !< %I $K BP $7 $F 1~Ez %Q%1%C %H $r Aw$k $H 6& $K !" %( %s %H %j $r 6u $K $9$k !# <1JL;R $, %R%C %H $7 $J$+ $C $? >l9g $d !" %( %s %H %j $, 6u $G$J$$ $N $K?7 $? $J%^ %k %A %- %c %9 %H $, 9T $J $o $l$? >l 9g!" 1~ Ez %Q %1 %C %H $* $h $S %^ %k%A %- %c%9 %H %Q%1 %C %H$O MBP-ligh t $K Aw $i $l !" 1~ Ez %Q%1%C %H $N <} =8 $O MBP-ligh t $G 9T $J$o $l $k !# RDT %k !< %? $O !" %O !< %I %&%’ %"$N @)Ls $K $h$j !" LZ9=B$ $NKvC< %N !< %I $K $N $_ !" $= $l$b 1 %Q%1 %C %H J, $7 $+ 1~Ez %Q %1 %C %H <}=8 Cac he $r ;} $? $J $$!# $7$+ $7 !" DL >o 1~ Ez %Q %1 %C %H$O%^ %k %A %- %c %9 %H E~ Ce ;~ $K KvC<%N !< %I $+$i B(;~ $K JV $5 $l $k $N $G !" $3$N J}K! $O >/NL $N %O !< %I %& %’ %" $G:G $b Bg $- $J8z 2L $, 4| BT $5 $l $k $b $N $G $"$k!# 3.3 MBP-ligh t $N Ac k Collector $K $h $k 1~ Ez %Q%1%C %H $N <+F0<}=8 %^ %k%A %-%c %9 %H %Q%1%C %H $r H/@8 $7 $? %N !< %I $O $=$N =*N; $N 3N G’$N$? $a$K !" 1~Ez%Q %1 %C %H $r <} =8 $7 $J$1 $l$P $J$i $J $$ !# RDT %k !< %?%A %C %W $O 4p K\ %H !< %i %9 (Rank 0) >e $N 1~ Ez %Q %1%C %H $r 1 %( %s%H %jJ, $@$1 <}=8 $9 $k 5! G=$r ;}$D !# $7 $+ $7 !" %k !<%? %A%C %W Fb $N<}=8MQ %( %s %H %j $, 0n $l $? >l9g $N 4pK\ %H !< %i %9 $G$N <}=8 $H >e0L %H !<%i%9 $G$N <}=8 $O !" MBP-ligh t Cf $N RDT In terface $N LrL\ $H$J $k !# $= $N $? $a MBP-ligh t $N RDT In terface Fb $K$O !" 1~Ez%Q %1%C %H $N <} =8 $r 9T $J $& $?$a$N Ac k Collector $H 8F $P $l $k 5! 9= $, <B Au $5 $l$F $$$k!# Ac k Collector $O 4p K\ %H !< %i%9 MQ $H>e 0L %H !<%i %9MQ $K Ac k Cac he $H 8F $P $l $k Cac he $r J] ;} $7 $F $$$k!# ?^ 10 $K <( $9 $h $& $K !" Ac k Cac he $O 128 %( %s %H %j $H 2 %( %s %H %j $+ $i $J$k I= $r;} $A !" A4 BN $H $7 $FFC <l $J 2 w a y $G set asso ciativ e $J Cac he $H $7 $F 5!G= $9 $k!# $= $7 $F !" $3 $N Cac he $r MQ $$$k $3$H $G !" $= $l $>$l $N 3,AX $K $* $1 $k1~Ez %Q%1%C %H $N <}=8 $r 40A4 $K %O!< %I %&%’%" @)8f $G 9T $J $& !# ?^ 10: Ac k Cac he $N 9=@. 4 I>2A :# 2s $O !" RDT $N MM !9 $J 9b B. 2= %a %+ %K%: %‘$N $&$A !" 1~Ez %Q %1 %C %H $N <+ F0 JV Aw 5! 9= !" RDT %k !< %?%A %C %W $K $h $k 1~ Ez %Q%1 %C %H $N <+ F0 <} =8 5! 9= !" MBP-ligh t $N RDT In terface $K $h $k1~Ez%Q%1%C %H <+F0<}=85!9= $K $D$$$F I>2A $r 9T $J $C $? !# I>2A $K MQ $$ $? $N $O !" 4 %/ %i %9 %? ( %N !< %I )16 %W %m%;%C %59= @. $N %7 %9 %F %‘ $G !" RDT %M%C %H %o!< %/ $N7k@~ $O ?^ 11 $N$h $& $J !" C1=c $J %H !<%i %99=B$ $H$J $C $F$$ $k !# 4.1 1~Ez %Q %1%C %H <+F0@8@.5!9= $N I>2A :#2s $N1~Ez %Q%1 %C %H <+F0@8@. 5!9= $NI>2A $O !" <+ F0@8 @.5! 9= $r ;HMQ $7 $? >l9g $H !" <+F0 @8@.5! 9= $H F1MM $NA‘:n $r MBP- ligh t $N Core %W %m%;%C%5 $K $h $k %=%U %H %&%’ %" $G 9T $J $C $? >l 9g $K $D$$ $F !" $= $l $>$l %5 %$ %/ %k ?t $r B,Dj $9$k $H$$ $& J}K! $G 9T $J $C $? !# I> 2A $N:]!" $^ $:%^ %k %A %- %c %9 %H %Q %1 %C %H$r?^ 11 $N Sender $+ $i W $K 8~ $1 $F Aw ?. $7 !" $3 $N Aw?. =h M} 3+ ;O ;~ $K %/%m%C %/

?^ 11: 4 %/ %i %9 %? $K $* $1 $k RDT 7k@~?^ %+ %& %s %? $NF0:n $r3+;O $5 $;$k !# W $N %N !< %I $G$O 1~Ez %Q%1 %C %H $r Ac k Generator $G @8@. $9$k $+ MBP-ligh t $N Core %W %m %; %C %5 $N %= %U %H %& %’ %"=hM} $K$h $C $F@8@. $7 !" Sender $K Aw $j JV$9 !# $= $7 $F !" Sender %N!< %I $N MBP Core $K 1~ Ez%Q %1%C %H$, FO$$ $? ;~ !" %+ %& %s %?$N CM $r FI$_=P$9 !# <+F0@8@. 51 %5 %$ %/ %k %=%U %H %&%’%" =hM} 91 %5 %$ %/ %k I= 2: 1~Ez%Q%1%C %H JVAw $K MW$9$k%5 %$ %/ %k ?t %l %8 %9 %?=i4|2=Ey 9 %5 %$ %/ %k Ac kmap Cac he FI$_ $@ $7 5 %5 %$ %/ %k 1~Ez%Q%1%C %H $N :n@. 22 %5 %$ %/ %k $=$N B> 1 %5 %$ %/ %k I= 3: %=%U %H %&%’%" =hM} $K $h $k=hM}FbMF$NFbLu $3$N 7k2L $r !" I= 2 $K <($9 !# $3$N$h $& $K !" 1~Ez %Q%1%C %H $r <+F0@8 @. $7 $? >l9g $O !" %= %U %H %&%’ %" =hM} $7 $? >l9g $K Hf $Y $F 40 %5 %$ %/ %k C;=L $5 $l$F $*$j!" %O !< %I %& %’ %"=hM} $, M-8z $G$" $k $3$H $, J, $+ $k !# 4.2 RDT %k !< %? %A%C %W $K $h $k1~ Ez %Q %1%C %H <+ F0<}=85!9= $N I>2A %k!< %? %A %C %W $N<+ F0 <} =8 5! 9= $NI> 2A $G $O !" 08 @h $, 1 2U =j !" 2 2U=j !" 3 2U=j $N $= $l $> $l$K$D $$ $F !" <+ F0 <} =8 5! 9= $r;HMQ $7 $? >l9g $H F1MM $N =hM} $r MBP-ligh t $N Core %W %m%;%C%5 $N %= %U %H %&%’ %" $G 9T $J$C $? >l9g $K $D$$ $F !" $= $l $>$l %5 %$ %/ %k ?t $r B,Dj $7 $? !# %^ %k%A%-%c %9 %H %Q%1%C %H $N 08@h $G 1~Ez %Q%1%C %H $r JVAw$9$k:] $K$O !" Ac k Generator $N <+F0JVAw5!9= $K $h $k%O !< %I %&%’ %" =hM} $r MxMQ $7 $F$$ $k !# %5 %$ %/ %k ?t $N%+ %& %s %H 3+;O $O !" Sender %N !< %I $K $h$k%^ %k%A %- %c%9 %H %Q%1 %C %H $N Aw?.=h M}3+ ;O;~ $H $7 $F$$ $k !# <+F0 <}=8 5!9= $r MxMQ $7 $? >l9g $O <}=8 $, =* $o $C $? $3 $H $r <( $9 1~ Ez %Q %1 %C %H$, MBP-ligh t $N Core $K FO$$ $? ;~$r %+%&%s%H =* N;$H $7 !" %=%U %H %&%’%" =h M} $N >l9g $O$= $l $>$l $N 08@h $+$i$N 1~Ez %Q%1%C %H$, A4 $F FO $$ $? ;v $r 3NG’$9$k=h M} $, =*N; $7 $?$H$3$m $G %+ %& %s %H =*N; $H $7 $F $$ $k !# 08@h $, W $N$_ <+F0<}=8 51 %5 %$ %/ %k %=%U %H %&%’%" 64 %5 %$ %/ %k 08@h $, W, S <+F0<}=8 51 %5 %$ %/ %k %=%U %H %&%’%" 84 %5 %$ %/ %k 08@h $, W, S, SW <+F0<}=8 63 %5 %$ %/ %k %=%U %H %&%’%" 104 %5 %$ %/ %k I= 4: 1~Ez%Q%1%C %H <+F0<}=8 $K MW$9$k%5 %$ %/ %k ?t %Q%1%C %H EPO?;~ %( %s %H %j $, 6u $+ $I $& $+ 6 %5 %$ %/ %k %( %s %H %jEPO? 5 %5 %$ %/ %k %Q%1%C %H <}=8;~ %( %s %H %jFI $_=P $7 !" 0lCW8!=P 6 %5 %$ %/ %k %+%& %s %? 8:;; !" CM $N 3JG< 7 %5 %$ %/ %k $=$N B> 2 %5 %$ %/ %k I= 5: %=%U %H %&%’%" =hM} $K $h $k=hM}FbMF$NFbLu $3 $N 7k2L $r I= 4 $K <($9 !# $^ $: !" <+F0<}=85! 9= $r Mx MQ $7 $? >l9g $K $D$$$F 8+ $F$_ $k $H !" 08@h $, 1 2U=j (W $N$_ ) $N >l9g $H 2 2U =j (W, S) $N >l 9g $G$O %5 %$ %/ %k ?t $K :9 $O$J $/!" J#?t $N 08@h $+ $i$N 1~Ez %Q %1%C %H $N <}=8 $, F1;~ $K 9T $J $($F$$$k $3 $H $, J, $+ $k !# $^ $? !" 51 %5 %$ %/ %k$H $$ $&CM $O !" Bh 4.1 @a $G <( $7 $? 1~Ez %Q%1 %C %H $N <+F0JV Aw $N :] $N%5 %$ %/ %k ?t $H F10l $G$" $j !" %*!< %P%X%C %I $, $J $$ $3$H $, J, $+ $k !# $^ $? !" 08@h $, 3 2U =j (W, S, SW) $N >l9g $O 63 %5 %$ %/ %k $G$" $k $, !" Bh 4.1 @a $H F1 MM $N%F %9 %H $G !" 08@h $r SW $K JQ99 $7 $? :] $K$O 63 %5 %$ %/ %k$H$J $k !# $3 $l$O !" %Q%1%C %H E>Aw $N%[%C %W ?t $NA}2C $N$? $a $G $" $k $, !" $3$N $3$H $+$i !" 08 @h $, 3 2U=j $H$J$C $? >l9g $G$b %*!< %P%X%C %I $J $7 $K <}=8=h M} $r 9T $J $& ;v $, $G $- $k $3 $H $, J, $+ $k !# 0lJ} !" %= %U %H %&%’ %" =hM} $7 $? >l9g !" 08@h $, 1 2U=j $N ;~ $O $= $l $[ $I :9 $, $_$i$l $J $$ $, !" 08@h $, A} $( $k $4 $H$K 20 %5 %$ %/ %k A}2C $7 $F$$ $k $3 $H $, J, $+ $k !# JUMP-1 $G$O !" 3F 3,AX $G $N %^ %k%A%-%c %9 %H $N :GBg?t $O 8 $G $" $k $N $G !" 08 @h $, B?$$>l 9g $K$O%=%U %H %&%’ %" =hM} $K $h$k%*!< %P%X%C %I $O Bg $- $J$b$N $H$J $k !# 4.3 MBP-ligh t $K $h $k 1~ Ez %Q %1%C %H <+ F0 <} =8 5!9=$NI>2A MBP-lign t $K $h $k 1~ Ez%Q %1%C %H <+ F0 <} =8 5! 9=$N I> 2A $O !" RDT %k!<%? %A %C %W $K$h$k $b $N $HF1 MM $N>r 7o $G 9T $J $C $? !# $? $@ $7 !" MBP-ligh t $N Ac k Cac he $O 128 %( %s %H %j $H 2 %( %s %H %j $NFC<l $J 2 w a y set asso ciativ e $G$" $k $, !" Ac k Collector

$N F0 :n $r %= %U %H %& %’ %"=h M} $9 $k %W %m %0 %i%‘ $G $O 4J C1 $N $? $a !" 128 %( %s %H %j $NI=$N$_ $r :n@. $7 $F =hM} $7 $F $$ $k !# 08@h $, W $N$_ <+F0<}=8 67 %5 %$ %/ %k %=%U %H %&%’%" 70 %5 %$ %/ %k 08@h $, W, S <+F0<}=8 75 %5 %$ %/ %k %=%U %H %&%’%" 107 %5 %$ %/ %k I= 6: Ac k <+F0<}=8 $K MW$9$k %5 %$ %/ %k ?t %Q%1%C %H EPO?;~ %( %s %H %j $, 6u $+ $I $& $+ 6 %5 %$ %/ %k %( %s %H %jEPO? 7 %5 %$ %/ %k $=$N B> 2 %5 %$ %/ %k %Q%1%C %H <}=8;~ %( %s %H %jFI $_=P $7 !" 0lCW8!=P 12 %5 %$ %/ %k %+%& %s %? 8:;; !" CM $N 3JG< 11 %5 %$ %/ %k $=$N B> 2 %5 %$ %/ %k I= 7: %=%U %H %&%’%" =hM} $K $h $k=hM}FbMF$NFbLu $3 $N>l 9g $N %5 %$ %/ %k?t $OI= 6 $N $h$& $K $J $C $?!# MBP-ligh t $N Ac k Collector $G 1~Ez%Q%1 %C %H $N <+ F0<} =8 $r 9T $J $C $? >l 9g $O !" RDT %k !< %?%A %C %W $G <} =8 $7 $? >l 9g$H 0[$J $j %* !<%P %X%C %I $, @8 $8 $k !# $? $@ $7 !" %=%U %H %&%’ %"=hM} $7 $? >l9g $O 08 @h $, A} $($k $H<} =8 $KMW $9 $k %5 %$ %/ %k?t $O $+ $J$j A} 2C $9 $k $, !" %O !< %I %&%’ %" =hM} $G$O >.5,LO $K$H $I $^$C $F$$ $k !# $^ $? !" %= %U %H %&%’ %" =hM} $G $O 128 %( %s %H %j $NI= $N $_ $r MQ $$ $? $, !" <B :] $N Ac k Cac he $H F1 MM $N=h M} $r9T $J $C $?>l 9g $O 99 $K%*!< %P %X %C %I $, 3HBg$9$k $3$H $, M=A[$5 $l $k !# 5 $*$o $j $K K\O@ J8 $G$O !" JUMP-1 $N %/%i %9%?4V 7k 9gLV $G $" $k RDT %M%C %H %o!< %/ $N%^ %k%A%- %c %9 %H 5!9= $K 4X $7 $F !" $$ $/ $D $+ $N @- G= 8~ >e %a %+ %K %:%‘ $r>R2p $7 $? !# $^ $? !" $= $N8z 2L $K$D $$ $F !" MBP-ligh t $N Core %W %m%; %C%5 $K $h $k%=%U %H %&%’%" =h M} $H Hf3S $7 $? I>2A $r 9T $J$$ !" %*!< %P%X%C %I $, C;=L $5 $l $k;v $r <( $7 $? !# $7 $+ $7 8=:_ $G$O !" $^ $@$3 $l$i $N 5!9= $r MF0W $K MxMQ $9$k $? $a $N %i %$ %V %i%j $O<B Au $5 $l $F $$ $J $$!# $h $C $F !" <B %" %W %j %1 !< %7%g %s$K 4p $E $/ $3 $l$i $N 5!9= $N M-8z@- $N8!>Z $b9T $J$o $l $F $$ $J$$ !# =>$C $F !" :#8e $O RDT $N @-G=8~ >e %a %+ %K%: %‘ $r MxMQ$9$k $?$a $N %i %$ %V %i %j@0 Hw $r 9T $J $$ !" DSM %W %m %0 %i %‘ $K AH$_ 9~ $s$G $$ $/I,MW $, $" $k !# $^ $? !" %i %$ %V %i %j $d DSM %W %m %0 %i%‘ $N@0Hw $, 40N; $7 $? :] $K$O !" <B %" %W %j %1!< %7%g %s $r MQ $$ $? @-G=8~>e %a %+ %K %: %‘ $NM-8z@- $NI>2A $b9T $J $C $F$$$- $?$$ $H 9M $($F $$ $k !# 6 <U<- JUMP-1 3+H/ %0%k !< %W $N %a %s %P !< $N3’MM $K ?4 $+ $i $*Ni $r ?= $7 $" $2 $^$9 !# FC $K !" El5~Bg 3X $N J?LZ7I65<x !" 5~ETBg 3X $N IY ED bC <# 65 <x $H8^ Eg @5 M5 =u <j !" K- 66 5; 2J Bg 3X $NCf Eg 9@ 65 <x !" El5~G@9)Bg 3X $N Cf[jBs Gl=u65 <x !" 7’K\ Bg3X $N5W2f<i90=u 65 <x $K 46<UCW $7 $^$9 !# ;29MJ88% [1] James Laudon and Daniel Lenoski. The SGI Origin 2000: A CC-NUMA Highly Scalable Serv er. In Pr o c e e dings of the 24th A nnual International Symp osium on Computer A r chite ctur e , pp. 241{251, June 1997. [2] T. Lo v ett and R. Clapp. STiNG: A CC-NUMA Computer System for the Commercial Mark etplace. In Pr o c e e dings of the 23r d A nnual International Symp osium on Comput- er A r chite ctur e , pp. 308{317, Ma y 1996. [3] Y ule L. Y ang, et al. Recursiv e Diagonal T orus: An in ter- connection net w ork for massiv ely parallel computers. In Pr o c e e dings of the 5th IEEE Symp osium on Par al lel and Distribute d Pr o c essing , pp. 591{594, Decem b er 1993. [4] Y ule L. Y ang and Hideharu Amano. Message T ransfer Al- gorithms on the Recursiv e Diagonal T orus. In Pr o c e e ding of the 1994 International Symp osium on Par al lel A r chi- te ctur es, A lgorithms and Networks , pp. 310{317, Decem- b er 1994. [5] ML 6r O% , E7 Ln 1Q @2 , <F B< 1Q CR , Kv 5H IR B’ . D6 JB Ns 7W ;; 5! $K 8~ $- 7k9g LV : RDT. EE;R >pJs DL?. 3X2q O@J8 ;o , pp. 118 { 128, F ebruary 1995. J78-D-I. [6] Hiroaki Nishi and oh ters. The JUMP-1 Router Chip: A V ersatile Router for Supp orting a Distributed Shared Memory . In Pr o c e e dings of the 15th International Pho enix Confer enc e on Computers and Communic ations , pp. 158{ 164, Marc h 1996. [7] Hiroaki Nishi, et al. The RDT Router Chip: A V ersatile Router for Supp orting a Distributed Shared Memory . IE- ICE tr ansaction on Information and Systems , V ol. E80-D, No. 9, pp. 854{862, Septem b er 1997. [8] H. Nak a jo, S. Oh tani, T. Matsumoto, Kohata M., K. Hi- raki, and Y. Kaneda. An I/O Net w ork Arc hitecture of the Distributed Shared-Memory Massiv ely P arallel Computer JUMP-1. In Pr o c. of the 1997 International Symp osium on Sup er c omputer , 1997. [9] >. H* @5 5. , Cf [j Bs Gl . D6 JB Ns 7W ;; 5! JUMP-1 $K $* $1 $k %O %$ %S %8 %g %s 2h A|I=<( %7 %9 %F%‘ . >pJs =hM}3X2q8&5fJs 9p , 7W;;5! %" !<%-%F %/ %A%c 8&5f2q , pp. 17{23, 10 7n 1994. [10] 8^Eg @5M5 $[ $+ . :YN3EY %W %m%;%C %54VDL ?. $r%5 %] !< %H $9$k9b5! G= %-%c %C %7%e%7 %9 %F %‘ . >p Js =hM} 3X 2q8& 5fJs 9p , 7W;; 5!%"!< %-%F %/ %A%c 8&5f2q , pp. 121{128, 8 7n 1993. [11] E7Ln1Q@2 . JBNs %3 %s %T %e !<%? . ><98F2 , 1996. ISBN 4-7856- 2045-5. [12] T omohiro Kudoh, et al. Hierarc hical Bit-map Directory Sc hemes on the RDT In terconnection Net w ork for a Mas- siv ely P arallel Pro cessor JUMP-1. In Pr o c e e dings of the International Confer enc e on Par al lel Pr o c essing , V ol. I, pp. 186{193, August 1995.