V ol. 37 No. 7 >pJs=hM}3X2qO@J8;o July 1996 Aj8_7k9gLV RDT >e $G $N 3,AX %^ %k %A%-%c %9 %H $K $h $k %a %b %j%3 %R !< %l %s%7 0];}<jK! @> B< 9n ?. y 9) F# CN 9( yy @> 9( >O y ML 6r O% y E7 Ln 1Q @2 y 9q Fb 7 Bg 3X $G 6& F1 3+ H/ Cf$N D6 JB Ns 7W ;; 5! JUMP-1 $O !$J, ;6 6& M- %a %b %j $r ;} $A RDT !J Recursiv e Diagonal T orus !K $H8F $VLZ 9= B$ $rFb Jq $9 $k %/ %i%9 %? 4V 7k 9g LV $rMQ $$$k !% LZ 9= B$ $rFb Jq $9 $k 7k 9g LV $G $O !$ %a %b%j %3%R!< %l%s %7 0];} $N $?$a $K 3,AXE* $K %G %# %l %/ %H %j $r9=@.$9$k3,AX %S %C %H %^ %C %W%G %# %l %/ %H %jJ} <0 $rMQ$$$k $3 $H $,$G $-$k !% $3$NJ}<0 $G$O MM !9 $J %G %# %l %/ %H %jD9=L LsK! $r MQ $$$k $3 $H $,$G $- !$ JUMP-1 $G MQ $$ $i $l $kJ}<0 $O$=$N 0l<o $G$" $k $H 9M $( $k $3 $H $,$G $- $k!% K\O@J8 $G $O !$3, AX %S %C %H %^%C %W%G %# %l %/ %H %jJ} <0 $rDj5A $7 !$ JUMP-1 $G MQ $$ $i $l $kJ} <0 $N RDT >e $G$N<B8= K! $r<( $7 $F$=$N %G %# %l %/ %H %j =LLs J}<0 $H $7 $F $N @-G= $r I>2A$9$k !%$^ $? !$ RDT %k !<%?%A%C %W $N 9=@. $K $D$$$F =R$Y$k !% Memory coherency con trol sc hemes on the RDT in terconnection net w ork Ka tsunobu.Nishimura, y Tomohir o.Kudoh, yy Hir o aki.Nishi, y Yulu.Y ang y and Hidehar u.Amano y JUMP-1 is curren tly under dev elopmen t b y sev en Japanese univ ersities to establish tec h- niques of an e�cien t distributed shared memory on a massiv ely parallel pro cessor. It pro vides a memory coherency con trol sc heme called the hier ar chic al bit-map dir e ctory to ac hiev e cost e�ectiv e and high p erformance managemen t of the cac he memory . Messages for main taining cac he coherency are transferred through a fat tree on the RDT (Recursiv e Diagonal T orus) in- terconnection net w ork. In this pap er, w e discuss on the sc heme and examine its p erformance. The con�guration of the RDT router c hip is also discussed. 1. $O $8 $a $K 6aG/!$ 0lK| $r D6 $( $k %W %m%; %C %5?t $r;}$D5, LO $ND6JB Ns7W ;; 5! $K$D$$ $F $N8&5f $, MM!9 $J8&5f 5! 4X $K$h$j9T $o $l $F$$$k!% $3$NCf $G !$ J8 It>J =E E@ NN 0h 8& 5f $N0l4D $H $7 $F 3+ H/ $, ?J$a $i $l $F $$ $k D6 JB Ns 7W ;; 5! %W %m%H %? %$ %W JUMP-1 13),15) $O !$ %-%c %C %7%e$r MQ $$ $? J, ;6 6& M- %a %b %j !J Cac he Coheren t Non Uniform Memory Access mo del: CC-NUMA !K $r !$ D6 JB Ns7W ;; 5! >e $K 8zN( NI$/ <B8= $9$k $3 $H $rL\;X $7 $F$$$kE@ $K FCD’ $,$" $k!% $3$NL\ E*$N$?$a !$ JUMP-1 $O ?^ 1 $K <($9 4 $D$N RISC %W %m %; %C%5$+$i @. $k %/%i %9%? 9= B$$r ;} $A !$3F %/%i %9%?$O !$ MBP 16),17) $H 8F $P$l $kJ, ;6 %a %b%j !$ $* $h $S %a %C %;!< %8 DL?. $N4IM} $r9T $& @l MQ :Y N3EY %W %m%; %C %5 $K $h$j !$ A4%/ y 7DXf5A=NBg3XM}9)3XIt F acult y of Science and T ec hnology , Keio Univ ersit y yy El5~9)2JBg3X>pJs9)3X2J Departmen t of Information T ec hnology , T oky o Engi- neering Universit y %i%9 %? $G6& M- $G $- $k J, ;6 6& M-%a %b%j $r<B 8= $9 $k !% MBP $O !$ %/ %i %9 %? %a %b%j >e $N %- %c %C %7 %e %G %# %l %/ %H %j $rMQ $$ $F !$L58z2=7? $H 99?77? $, :.:_$9$k=@Fp@-$N9b$$ %-%c %C %7 %e %W %m %H %3%k$r <B8=$9$k $3$H $,$G $- $k!% CC-NUMA $N 8z N($N NI$$ <B 8= $r L\;X$9 %W %m %8 %’ %/ %H$K $O !$ B> $K$b Stanford-FLASH 4) $d MIT-Alewife 2) $J $I $, $"$k!% $3 $l$i$N %W %m %8%’%/ %H$O !$ $$ $: $l $b 5,LO $K 0MB8 $7 $J$$ %9 %1!< %i %V %k$J %7 %9 %F%‘ $rL\;X $7 $F$$$k $, !$ 6q BNE* $K A[Dj $7 $F$$$k:GBg 5, LO $O ?tI4 %W %m%; %C %5 DxEY $G$" $k!% $3$N$?$a !$ $3 $l$i $N%7 %9 %F%‘ $G $O%-%c %C %7%e %G %# %l %/ %H %j $r%i %$ %s C10L $G 4IM} $7 !$ L58z 2= 7? $N %W %m %H %3 %k $K $h $j %-%c %C %7%e $N 0l CW$r @) 8f $7 $F $$ $k !% $3 $N J} K! $O MM !9 $J I> 2A$d <B%7 %9%F %‘ >e$G $N 7P 83 6) $+ $i !$ ?t == $+ $i ?tI4 $N5, LO $J $i $P 9b $$8zN( $rF@ $i $l $k $3 $H $, L@ $i$+$K$J $C $F$$ $k!% $3 $l$KBP $7 !$ JUMP-1 $O %W %m %; %C %5?t $, 0l K| $rD6 $( $k5, LO $rA[Dj $7 $F$$$kE@ $, 0[ $J$k!% $3 $N$h$& $K Bg $- $J 5,LO $N %7 %9 %F%‘ $G$O !$ %N !< %I $r <1JL $9$k bit ?t $, A}2C $9$k$? $a !$ ?t== %P %$ %H DxEY $NBg$-$5 $N %-%c %C %7%e%i %$ 1

2 >pJs=hM}3X2qO@J8;o July 1996 ?^ 1 JUMP-1 $N 9=@. Fig. 1 Structure of JUMP-1. %s $4 $H $K %G %# %l %/ %H %j %( %s %H %j $rMQ0U $9 $k $H !$ %G %# %l %/ %H %j $NMFNL $, Bg $-$/ $J$j !$ 9b B. $J %a %b%j $K 3JG< $9$k $3$H $, :$Fq $K$J$k!% $5 $i $K !$ D6 JB Ns 7W ;; 5! $N;} $DB? ?t $N %W %m%; %C %5 $r3hMQ $9 $k $? $a $K $O !$ 99?7 7? $N %W %m %H %3 %k$r MQ $$ $F %G !<%? $r@Q6K E* $K 6&M- $5 $;$k %" %k %4 %j %:%‘ $r 3+H/$9$k $3$H $, M-8z $H 9M $($i $l $k!% $=$3 $G !$ JUMP-1 $G$O !$ %Z!< %8 !J 4 K %P %$ %H !K $4 $H $K %G %# %l %/ %H %j %( %s %H %j $r MQ0U $7 !$ %G !<%?E> Aw $N$_ $r %i %$ %s C10L $G 9T $& J} <0 $r MQ $$$k!% $5 $i $K !$ L5 8z 2= 7? %W %m %H %3 %k $K 2C $( $F !$ 99?7 7? %W %m %H %3 %k$N:.:_ $r5v $9 $3 $H $G !$ %G !<%? $r@Q6K E* $K B??t $N %W %m %;%C %5 $G 6&M- $9$k %" %k %4 %j %:%‘ $r8zN( NI$/ <B 8= $9 $k4D 6- $rMQ0U $9$k!% $7 $+ $7 !$ $3 $N>l 9g !$ %Z !< %8 $r6& M- $9 $k %N !< %I !J %/ %i%9 %? !K ?t $O !$ %i %$ %s C10L $N4IM} $G L58z 2= 7? %W %m %H %3 %k$rMQ $$ $k => Mh$N J}<0 $K Hf$Y$F Bg I} $K A} 2C$9 $k 2D G= @- $, $" $k !% $= $3 $G !$ B??t $N %N !< %I $K BP $7 $F !$ 8z N( NI$/ %a %C %;!< %8 $r E>Aw $9 $k $H $H$b $K !$ B? ?t $N %N !< %I $r I=8= $9 $k %G %# %l %/ %H %j $N MFNL$b=LLs$9$kJ}K! $, I,MW $K$J $k!% $3 $l$i$rK~B- $9$k <j K! $H $7 $F !$ >> K\ $i $K$h$jDs 0F $5 $l $? $N$, !$5? ;w%U %k %^%C %W %G %# %l %/ %H %j J} <0 18) $G $" $k!% $3$N<jK! $G $O !$ D6 JB Ns7W ;; 5! $r9=@. $9 $k7k 9g LV $r LZ9= B$ $r9=@. $9$k $b $N $H $H $i$( !$ 3, AX E* $K%Q%1 %C %H $r %^ %k%A %- %c%9 %H $9$k!% $3$N $? $a !$ Aw ?. 85 $, 08@h?t J, $N %Q%1%C %H $r Aw $j=P$9I, MW $,$J $/ !$ 8zN(NI $/%^ %k%A%- %c %9 %H $r 9T $& $3 $H $,$G$-$k!% $^ $?!$ $3$N3, AX@- $r MxMQ $7 $F %^ %k%A %- %c%9 %H @h $r3,AX 2= $5 $l$? %/ %i%9 %? $N %0%k !< %W $K $h$C $F ;XDj $9$k $3 $H $K$h$j %G %# %l %/ %H %j D9 $r=LLs $7 $F $$ $k!% $3$N5?;w %U %k %^ %C %W J}<0 $O !$ LZ 9= B$ $r $J$97k9g LV $N $= $l $>$l $N@a $K %S %C %H %^ %C %W $r M? $($k<jK! $G$"$k3, AX %S %C %H %^ %C %W%G %# %l %/ %H %jJ} <0 $K !$ %G %# %l %/ %H %jD9 $r =L Ls $9 $k <j K!$r AH $_ 9g$o $; $? $b $N $H 9M$( $k $3 $H $, $G $- $k!% 3,AX %S %C %H %^ %C %W%G %# %l %/ %H %j J} <0 $O C1=c $JLZ9= B$ $N 7k9g LV >e $G <B8= $9 $k >l 9g!$ LZ 9= B$ $N:,85 IU 6a $G :.;( $, M=A[ $5 $l $k $H $H$b $K !$ LZ9= B$ $N6-3&%N !< %I IU6a $G %^ %k%A%- %c%9 %H$K L5BL $, @8 $8 $k2DG= @- $, $"$k!% $3 $NLdBj $r 2r 7h $9 $k $? $a !$ JUMP-1 $G $O !$ #2 <! 85 %H !< %i %9$N F at-tree >u $N3, AX 9= B$ $r;} $D 7k 9g LV RDT !J Recursiv e Diagonal T orus !K 19),21) $r Ds0F $7 $F $$ $k !% K\O@ J8 $G $O !$ 3, AX %S %C %H %^ %C %W%G %# %l %/ %H %jJ} <0 $r Dj5A$9$k $H$H$b$K !$?7 $? $J %G %# %l %/ %H %j=LLsK! 10),12) $r Ds0F $9$k!% $^ $? !$ $3$N=LLs 3, AX %S %C %H %^ %C %W%G %# %l %/ %H %jJ} <0 $r RDT >e $K <B 8=$9 $k J} <0$K $D $$$F =R$Y !$ $5 $i $K !$ $3 $l$i$NJ}<0 $NBEEv @- $K 4X $7 $F M=Hw E* $JI>2A $r 9T$$ !$B> $N J}K! $H Hf3S8!F$$9$k!% 2. =LLs3,AX %S %C %H %^ %C %W %G %# %l %/ %H %j J}<0 DL>o!$ %i %$ %s C10L $K %G %# %l %/ %H %j $r4IM} $7 !$ L5 8z 2= 7? %W %m %H %3%k $r MQ $$$k >l 9g!$ L5 8z 2= %a %C %;!< %8$N 08@h $O !$ 1 $J$$ $7 2 $,$[ $H $s $I $G$" $k $H $$ $o $l 1) !$ => Mh !$ %j %_ %F%C %I %G %# %l %/ %H %jJ} <0 1),2) !$ %A%’ %$ %s %I %G %# %l %/ %H %jJ} <0 3),8) $J $I $N %G %# %l %/ %H %j9= @.J} <0 $, MQ $$ $i $l $F$- $? !% A0 <T $O 6&M- $7 $F$$$k %W %m%; %C %5?t $, 0lDj $N?t $^ $G $O !$ $= $l$i$N %W %m %;%C %5 $r;X $7 <($9 %G %# %l %/ %H %j $r %- %c %C %7%e$N %Z !<%8 / %i %$ %s $K ;}$? $; !$6& M- $9 $k %W %m %; %C %5 $N?t $, %G %# %l %/ %H %j ?t $rD6 $( $J$$$h$& $K$9$k $+ !$ D6 $($?>l9g $K $O %V %m!< %I %-%c%9 %H$K @Z $jBX $( $kJ} K! $G $" $k !%8e<T $O %G %# %l %/ %H %j $r %j %9 %H 9= B$$G ;} $A !$ G$0U $N?t $N %W %m %; %C %5 $r<( $9 $3 $H $,$G$-$k $h $& $K $7 $F $$ $k!% $3 $l$K BP $7 $F !$ %Z!< %8 C10L $K %G %# %l %/ %H %j %( %s %H %j $r 4IM} $7 !$99?7 7?$N %W %m %H %3%k $r MQ$$ $k JUMP-1 $G $O !$ %Z!< %8$r 6&M- $9$k%N !< %I!J %/ %i%9 %? !K ?t $, !$ %i %$ %s C10L $N4I M} $GL58z 2= 7? %W %m %H %3 %k $r MQ $$$k => Mh $NJ} <0 $K Hf $Y $FBgI} $K A}2C $9 $k 2DG= @- $, $"$k!% $3 $NLdBj $r 2r7h $9$k $? $a $K >>K\ $i $, Ds0F $7 $?$N $, !$ 5? ;w %U %k %^ %C %W J} <0 18) $G$" $k !y !% 5? ;w %U %k%^ %C %W J} <0 $O!$ COMA %^ %7 %s$J $I $G MQ $$ $i $l $k3, AX %S %C %H %^ %C %W%G %# %l %/ %H %j J} <0 9) $N %G %# %l %/ %H %j $r=L Ls $7 $? J} <0 $H9M $($k $3 $H $, $G $-$k!% $3 $3 $G $O !$ $^ $: 3,AX %S %C %H %^ %C %W%G %# %l %/ %H %jJ}<0 $r Dj5A$9$k!% $3$NJ}<0 $G $O !$ %/ %i%9 %? !J%W %m%; %C %5 !K $, MU $K AjEv $9$kLZ 9=B$ $N%M %C %H %o!<%/ $rA[Dj $9 $k!% $3$3 $G !$ LZ $N :, $+ $i%Q%1 %C %H $r 6!5k $7 $F !$ F1 0l $N %Q%1 %C %H $r J#?t $N %/ %i%9 %? $K %^ %k%A %- %c%9 %H $9$k!% LZ 9=B$ $N%M %C %H %o!< !y K\Mh $N5? ;w %U %k%^ %C %W J} <0 $O!$ 1s 3V 1 BP 1 DL?. !$ 3, AX %^ %k %A %- %c %9 %H !$ %m !<%+ %k %^ %k%A %- %c%9 %H$r AH $_9g $o $; $? %G %# %l %/ %H %j J} <0 $H DL?.J}<0 $r$^ $H$a $F;X$9 18) $, !$ K\ O@J8 $G $O$3$N $& $A $N3,AX%^ %k %A%-%c %9 %H J}<0 $r 8!F$$NBP>] $H $7 $F $$ $k!%

V ol. 37 No. 7 RDT >e $G$N %a %b %j %3%R!< %l%s %7 0];}<jK! 3 ?^ 2 3,AX %S %C %H %^%C %W%G %# %l %/ %H %jJ}<0 Fig. 2 Hierarchical bit-map directory sc heme. %/ $G$"$k $+ $i !$ 3F @a $K $* $$ $FAw?. @h $NMU $, KvC< $K$"$k ;^ $K$N$_ %Q%1 %C %H $r Aw $l $P !$ I, MW $J %/ %i%9 %? $K$N$_ %Q %1%C %H $, FO $/$3 $H $K $J $k !% ?^ 2 $K !$;0 ?J LZ$N :,$+ $i d $G %^ !<%/ $5 $l$? MU $K%Q%1%C %H $r Aw$k>l 9g $K$D$$ $F<( $9 !% $3$N $H$-!$ 3F @a $K 3bit $N %S %C %H %^ %C %W $r M? $($k $3 $H $K $h$jAw?.@h $r40A4 $K ;XDj $G$-$k!% 3,AX %S %C %H %^%C %W %G %# %l %/ %H %j $O !$ %^ %k%A %-%c%9 %H $r 9T $& $?$a $N %S %C %H %^ %C %W $G$"$j !$ $3 $l$K$h$C $F F10l $N7PO) $rF10l $N%Q %1%C %H$, J#?t2sDL$k $3$H $, $J $/ $J $k!% $J$* !$ C1=c $JLZ9= B$ $G $O LZ $N:,IU 6a $N %H %i %R%C %/ $, Bg $-$/ $J$C $Fp’O) $H $J$C $F $7 $^ $& $? $a!$ 7k 9g LV $O F at- T ree $rFbJq $9 $k $3 $H $, K> $^ $7 $$!% $^ $?!$ %Q %1 %C %H$O <B :] $K $O$$ $: $l$+$N %/ %i%9 %? $+ $i Aw?. $5 $l $k $? $a !$ Aw ?. 85 $N%/ %i%9 %? $+ $i LZ $N:, $K MF0W $K%Q%1 %C %H $r Aw$k $3 $H $, $G $- $kI, MW $, $" $k!%8e $K @bL@$9$k$h $& $K !$ RDT $O $3 $l$i $N @-<A $r K~ $? $7 $F $*$j !$ 3,AX %S %C %H %^%C %W%G %# %l %/ %H %jJ}<0 $K E, $7 $? 9=B$ $r ;}$C $F$$ $k $H$$ $( $k!% 2.1 %G %# %l %/ %H %j D9 $N =LLs 3,AX %S %C %H %^%C %W %G %# %l %/ %H %j $K $*$$$F I,MW $J bit ?t $O !$ m 3,AX $N n ?JLZ $K $*$$$F m X k =1 n k $GM? $( $i $l$k !% D6 JB Ns 7W ;; 5! $G $O!$ %/ %i %9 %? !J %W %m %; %C %5 !K ?t $, Hs >o $KB? $$ $? $a!$ C1 =c $K3, AX %S%C %H %^ %C %W %G %# %l %/ %H %j J}<0 $r MQ $$$k $H !$ %G %# %l %/ %H %j $K I,MW $J %a %b %j NL $, KDBg $K$J$j !$ <B 8= $, :$Fq $G$"$k!% $b$A $m $s%U %k %^ %C %W $r $b $H $K 3,AX %S %C %H %^ %C %W $r :n@. $9 $k $3 $H $O 2D G= $G$"$k $, !$ $3 $l$K $O 7k9gLV $N %H%] %m %8 $K$h$C $F $O J# ;( $JA‘:n $r I,MW $H$9$k $7 !$ %U %k %^ %C %W $K I,MW $J %S %C %H ?t $b$^ $?Bg$-$/ !$ <B8= $O :$Fq $G$" $k !% 0lJ}!$ 3, AX %S %C %H %^ %C %W%G %# %l %/ %H %j $rMQ $$ $?:] $K !$ 3,AX Kh $K %G %# %l %/ %H %j $r0z $-D> $9 $H !$ >l 9g $K$h$C $F $O Bg $- $J;~4V $rMW $9$k!% $= $3 $G 0J2< $K <($9 %S %C %H ?t $r=LLs $9$k J} K! $, 9M $($i$l $k!% ( 1 ) $$ $/ $D $+$N%/ %i%9 %? $r %0 %k !< %W 2= $7 $F 07$& $3 $H $K $h$j I,MW $J %S %C %H ?t $r :o8:$9$k!% ( 2 ) 3F@a $K $* $$ $F$= $N@a $GE,MQ $9 $k %G %# %l %/ %H %j $r 4IM} $7 !$ %Q %1 %C %H$, $=$N@a $K E~C# $7 $? $H$- $K %G %# %l %/ %H %j $r 0z $/ !% $3 $&$9 $l$P !$ n ?J LZ$r MQ $$ $? $H $- !$ 3F @a $K$* $$ $F 1 %G %# %l %/ %H %j %( %s %H %j $K$D $-!$ n bit $N %S %C %H %^%C %W $r 4IM}$9 $l $P $h$$ !% A0<T $K $D$$$F !$ JUMP-1 $G$O � $" $k@a0J2< $O %V %m!< %I %-%c %9 %H $H $9 $k � J#?t$N@a $G F10l$N %S %C %H %^%C %W $r MQ$$$k !% $N$$ $: $l$+ !$ $b $7 $/ $O N>J} $NAH9g $; $K$h$C $F !$ 3, AX $4 $H$K n bit !J n ?J LZ $G !K $N %S %C %H %^%C %W $r #1 $D$@$1 ;} $D $3 $H $H $7 !$ 0J 2< $N 3 $D$N %G %# %l %/ %H %j =L Ls J} <0 $r :N MQ $9 $k!% %G %# %l %/ %H %j %( %s %H %j $4 $H $K I,MW $J bit ?t $O !$ m 3,AX$N n ?JLZ $K $*$$ $F m � n bit $H$J $k!% $5 $i $K !$ %S %C %H %^ %C %W $O !$ %Q %1 %C %H $N%X%C %@ Cf $K ;} $D $3 $H $,$G $-$k $N $G !$ 40 A4 $K %k!<%?Fb $N $_ $G %^ %k%A %- %c%9 %H$, 2D G= $G$" $j !$ 30 It $N %G %# %l %/ %H %j $r;2 >H $9 $k I, MW $,$J $$!% SM K! 3F 3, AX $4 $H $K !$ $= $N3, AX $N$9 $Y $F $N@a $N=L Ls A0 $N %S %C %H %^ %C %W $N O@M} OB $r $H$j !$ $= $N3,AX $N$9 $Y $F$N @a $G MQ $$$k !% LPRA K! >>K\ $i $, J88% 18) $G Ds0F $7 $? J}K! $G$" $k !% %Q%1%C %H$O LZ $N:, $+ $i 6!5k $5 $l $k $, !$ 85!9 $O$$ $: $l $+ $N MU$K Aj Ev $9 $k %/%i %9 %?$+ $i Aw$i$l $? $b $N $G $" $k!% :, $+ $i$3$NAw ?. 85 $NMU $K ;j$k %Q%9 $r$= $NB> $N%Q %9 $H6hJL $7 $F 07$& !% %Q%1 %C %H$O !$ :, $+ $i 2<0L $N@a $K %S %C %H %^ %C %W $K => $C $F=g $K %^ %k%A %- %c %9 %H $5 $l $k $, !$ $"$k@a $G Aw?. 85 $r 4^ $^ $J $$ %Q %9 $N;^ $K%Q%1 %C %H$, Aw $i $l $k $H !$ $= $N;^ $N2< $NIt J, $K$O%Q%1 %C %H$, %V %m!< %I %-%c%9 %H $5 $l $k!% $9 $J $o$A!$ :, $+$i Aw?. 85 $NMU $X $N %Q %9>e$N @a $K 3F 3, AX$N %S %C %H %^%C %W $, E, MQ$5 $l !$ $= $l 0J30 $N@a $G $O >e0L $N@a $+ $i%Q%1 %C %H$, Mh $l $P %V %m !< %I %- %c %9 %H $r 9T $& !% J8 8% 18) $G $O !$ %Q %1 %C %H$O Aw ?. 85 $NMU $+ $iLZ $rAL $j $J $,$i %^ %k%A %- %c%9 %H $r 9T $& $3 $H $K$J$C $F$$$k $, !$ K\ <AE* $K Aj0c $O$J$$ !% LARP K! LPRA $H F1MM $K !$ :, $+ $i Aw?. 85 $K ;j$k %Q %9 $r$=$N B> $N%Q %9 $H 6hJL $7 $F 07 $& !% LPRA $H$O 5U $K !$ $"$k @a $G � Aw?.85 $r 4^ $‘;^ � Aw?.85 $r 4^$^ $J$$ ;^ $N $& $A $N$$ $: $l$+ $N N>J} $K%Q%1 %C %H$, Aw $i $l $k $H !$ Aw ?. 85 $r 4^ $‘ ;^ $N 2< $NIt J, A4 BN $K%Q %1 %C %H $, %V %m !< %I %- %c %9 %H $5 $l $k!% $= $l 0J30 $N;^ $G $O !$ F1 0l 3, AX $N$9 $Y $F $N@a $G !$ $= $l $i $N @a $N =LLsA0 $N %S %C %H %^%C %W $N O@M}OB $r MQ $$$k !% ?^ 3 $K ;0?J LZ $rMQ $$ $?LN<0 ?^ $r<( $9 !% $3$N?^ $G s $, Aw ?. 85$N %/%i %9%? !$ d $, K\ Mh$N Aw $j @h !$ � $, 7k 2L E* $K

4 >pJs=hM}3X2qO@J8;o July 1996 ?^ 3 %G %# %l %/ %H %j=LLsJ}<0 Fig. 3 Directory reduction sc hemes. %Q%1%C %H$, Aw $jIU $1$i $l $k%/ %i %9 %? $G$"$k!% $7 $? $, $C $F !$ d $N$J $$ � $N ?t $, >/$J$$$[ $I L5 BL $K %Q %1%C %H $r <u $1 <h$k%/ %i%9 %??t $, >/ $J$$ $3 $H $K$J$k!% $3 $N=LLs J} <0 $r :N $jF~ $l $? 3,AX %S %C %H %^ %C %W%G %# %l %/ %H %jJ} <0 $r=L Ls3,AX %S %C %H %^%C %W%G %# %l %/ %H %jJ}<0 $H 8F $V !% 3. 3, AX %S %C %H %^ %C %W %G %# %l%/ %H %jJ} <0 $N RDT >e $G$N <B8= 3,AX %S %C %H %^ %C %W%G %# %l %/ %H %j J} <0 $G $O LZ9= B$ >u $K %a %C %;!< %8$rEAC# $9 $k!% $7 $+ $7 !$ C1 =c $J n ?JLZ >e $K 3, AX %S %C %H %^ %C %W%G %# %l %/ %H %j J}<0 $r<B8= $9$k $H !$ 0J 2< $N LdBjE@ $, @8 $8 $k!% ( 1 ) J#?t $N%N !< %I $, %^ %k %A %- %c %9 %H$r 9T $J $C $?>l 9g !$ %k !< %H $N 6a$/ $G %a %C %;!< %8$, =8Cf$9$k!% ( 2 ) %D %j !< $NMU $K :8 $+$i =g $K HV9f $r9_ $C $?>l9g!$ %D %j !<>e $N0LCV $K$h$C $F $O !$ HV 9f $,$H$J$j $"$C $? %N !< %I $K BP $7 $F%Q%1 %C %H $r Aw$k $? $a $K$b !$ %D%j !<A4 BN $N %k !< %H $^ $G AL $C $?8e!$ B? $/ $N08@h $K BP $7 $F%Q%1 %C %H $r J| Aw$9 $k I, MW $, @8 $8 $k !J ?^ 2 $K $* $1 $k X $+ $i Y $X$N E>Aw !K !% $3$l $i $N Ld Bj E@$O !$J8 8% 18) Cf$K =R$Y$i $l $F $$ $k $h $& $K !$ <~ 0O%N !< %I $K BP$9 $k6a @\%^ %C %W!$ 1s3V $N 1 %N !< %I $K BP $9$k 1 BP 1 ;XDj $r J;MQ $9$k $3 $H $K$h$j !$ $"$kDx EY $O 2r7h$9$k $3$H $,$G $- $k!% $7 $+ $7 !$ JUMP-1 $G$O 2 <! 85 %H !< %i%9 $N3, AX 9= B$ $r ;} $D7k9g LV RDT !J Recursiv e Diagonal T orus !K 19),21) ?^ 4 RDT $N 9=@. Fig. 4 RDT (Recursiv e Diagonal T orus). $r F3F~ $9 $k $3 $H $K$h$j !$ $3 $l$i$N LdBj $NK\ <AE* $J2r7h $r ?^$C $F$$ $k!% 3.1 RDT $K $* $1$k %^ %k %A %- %c %9 %H $HLZ 9= B$ $N <B 8= RDT $G$O !$0lDj $N%5 %$ %:$N 2 <!85 %H !<%i %9 !J %i %s %/ 0 %H !<%i%9 !K >e $K 0J2< $NJ}K! $G !$ :F 5" E* $K >e0L %H !< %i %9 $r9=@. $9$k!% $^ $:!$ %i %s %/ 0 %H !<%i%9 $N $"$k%N !< %I ( x; y ) $K BP $7 $F !$ � 2 N% $l $? %N !< %I $K IU2C%j %s %/ $r 2C $( $k $H !$ $3$N IU 2C %j %s %/ $K $h$j 45 EY79$$$? L\ $N AF $$ %H !< %i %9 $, 9= @. $5$l $k !% $3$l $r %i%s %/ 1 %H !< %i %9 $H 8F $V!% %i %s %/ 1 %H !< %i%9 >e $K F1MM $N %" %k %4 %j %:%‘ $G <!!9 $K >e0L %H !<%i%9 $r9=@. $7 !$ %7 %9 %F%‘ $N5,LO $K$h$j %H !< %i %9 $, :n $l $J $/$J $C $?$i =* N; $9 $k !% ?^ 4 $K %i%s %/ 0 $+$i 2 $^ $G$N %H !< %i %9 $r<( $9 !% $3$N?^ $G $O FCDj $N %N !< %I >e $K$N$_>e 0L %H !< %i%9 $r 9=@. $7 $F$$$k $, !$ $9 $Y $F$N %N !< %I $K BP $7 $F 2DG= $J8B $j>e 0L %H !< %i%9 $r9=@. $9 $k $3$H $,$G $- $k!% $3$N 9=@. $r 40A4 RDT $H 8F $V !% 40 A4 RDT $O<! ?t $,Bg $- $9 $. $k $N $G!$ <B :] $N RDT $O!$ %N !< %I $K $h$C $F>e0L %H !<%i%9 $r J, $1$F;} $D!% JUMP-1 $G$O 3F%N !< %I $O !$ %i %s %/ 0 %H !<%i%9 $NB> $K%i %s %/ 1 $+ $i 4 $^ $G$N $& $A!$ #1 $D $N %i %s %/ $N %H !< %i%9 $r ;} $D9= @. !J RDT !J 2,4,1 !K / � !K $r $H$C $F$$$k!% $3 $N9=@. $O !$ 1 %9 %F%C %W $N %k!< %F %# %s %0$G 1 $+$i 4 $^ $G$N$9 $Y $F$N>e 0L %H !<%i %9 $, Mx MQ 2D G=$G $" $j!$ 65536 %N!< %I $K BP $7 $F !$ <!?t 8 $G D>7B 12 $r <B8=$9$k!% %k !< %F %# %s %0 K! $O !$ %Y%/ %H%k J,2r $rMxMQ $7 $? 4JC1 $J J} K! $G<B 8= $G $-!$ <o !9 $N JB Ns %" %k %4 %j %:%‘ $, 40 A4 RDT $r G0F, $K $*$$ $F @_7W $9 $k $3 $H $,$G$- $k!% %V %m!< %I %-%c %9 %H !$ %= !< %H !$ %O%$ %Q !< %- %e !< %V!$ %D %j !< $N %(%_ %e %l !<

V ol. 37 No. 7 RDT >e $G$N %a %b %j %3%R!< %l%s %7 0];}<jK! 5 ?^ 5 0l$D2<$N%i %s %/ $N %N!< %I $X$N 4pK\E>Aw%Q%?!< %s Fig. 5 Multicast to the no des of the lo w er rank torus. %7 %g %s$, MF0W $K <B8=2DG= $G$" $k 20) !% 3,AX %S %C %H %^ %C %W%G %# %l %/ %H %j J} <0 $r<B8= $9$k $? $a $K$O !$ RDT $N ;}$D%D %j!< $N%( %_ %e %l !< %7 %g %s 5!G= $r MxMQ $9$k!% 0J 2<!$ FC $K ;XDj $7 $J $$ >l9g!$ 40 A4 RDT $r BP >] $K %" %k %4 %j %:%‘ $N2r @b $r9T$& $, !$ <B :] $K JUMP-1 $G MQ $$$k RDT !J 2,4,1 !K / � MQ $K 3HD% $9 $k $3 $H $O MF0W $G $" $k!% RDT $K$h $k %D %j !< $N %( %_ %e %l !< %7 %g %s $O!$ ?^ 5 $K <( $9559C 7A $NNN0h $K BP $7 $F$N%^ %k%A %- %c%9 %H$K $h$j<B 8= $5 $l $k!% $^ $:!$ %9 %F %C %W 1 $G ;MNYA4 $F$N%N !< %I $K %G !< %?$r Aw $k !%<! $K %9%F%C %W 2 $G 3 %N!< %I $, FC Dj J} 8~ $K %G !<%? $r Aw $k!% $3$NA‘:n $O !$ E> Aw $r3+;O $7 $? %N !< %I $r 4^ $a $?5?;w E* $J 8 ?JLZ $r 2 %9 %F %C %W $G 9=@. $9 $k $3 $H $K AjEv$9$k!% $" $k %i %s %/ i %H !<%i%9 $r;}$D $9 $Y $F$N %N !< %I $K $*$$ $F$3$N %Q %?!< %s$G E>Aw $r 9T$& $H !$ $3 $N%i %s %/ $N %H !<%i %9 $r;} $D%N !< %I $9 $Y $F $K$3$N %G !<%? $, Aw $i $l $k!% $3$N %Q %1%C %H $r <u $1 <h$C $? %N!< %I $O $5$i$K !$ %i %s %/ i � 1 %H !< %i%9 $KBP $7 $F F1 MM $JNN 0h $K%^ %k%A %- %c %9 %H$r9T$& !% $3$N $3 $H $K$h$j !$ 3F %i %s %/ $K BP $7 $F 8 ?JLZ $r7A@. $7 $F $$ $/ $3$H $,$G $- $k!% RDT $O>e 0L %H!< %i %9 $rJ# ?t ;} $D $? $a!$ 7k 9g LV A4 BN $H $7 $F F at-tree 5) $, 7A @. $5 $l $k!% $7$+$b<B :] $K JUMP-1 $G MQ$$ $i $l $k RDT !J 2,4,1 !K / � $K $*$$ $F 3F%N !< %I $O 1 %9 %F%C %W $N %k !< %F %# %s %0 $G 0lHV L\ $NAF $$ %H !<%i%9 !J :G Bg %i %s %/ !K $N%j %s %/ $r MxMQ $9$k $3 $H $,$G$-$k $N $G !$ LZ $N %k!< %H$K BP $7 $F D>@\ %Q %1 %C %H $r E>Aw $9$k $3 $H $,$G$- $k!% $3$N $? $a!$ %^ %k%A %- %c%9 %H $N 3+;O ;~ $K LZ $r AL$k I, MW $, $J $$ !%F1MM$N <j K! $O !$ %H !<%i %9 / %a %C %7%e $K 8B $i $:!$MM !9 $J 7ABV$N7k9gLV $K $b F1MM $K E,MQ $G$- $k 11) !% 3.2 <B8=K! $N >\:Y RDT !J 2,4,1 !K / � $K $* $1 $k%^ %k%A%-%c %9 %H$O 5?;wE* $J 8 ?JLZ $K$h$j9T $J $o $l $k $?$a!$ 3, AX %S %C %H %^ %C %W $r <B8=$9 $k$?$a$K$O !$3F3,AX $G 8 bit $N %S %C %H %^%C %W $, I,MW $H $J $k!% $3 $3 $G !$ 4p K\E> Aw %Q%? !< %s$K BP $7 !$ ?^ 6 ?^ 6 3,AX %S %C %H %^%C %W%G %# %l %/ %H %jJ}<0 $G MQ$$$k 8 ?JLZ $H %S %C %H %^%C %W $H$N BP1~ Fig. 6 8-ary tree and corresp onding bit-map for the hierarchical directory . ?^ 7 %^ %k%A%-%c %9 %H $N%F %j %H %j Fig. 7 \T erritory" of a multicast. $K <($9 %S %C %H %^%C %W $r BP1~$5 $; $k!% $" $k %N!< %I $, ?^ 6 $K <( $9%Q %? !< %s $G E>Aw$9 $k $H $- !$ $I $N %i %s %/ $+ $i%^ %k %A %- %c %9 %H $9 $k $+ $K $h $C $F!$ %Q %1 %C %H$, FO$/ HO 0O !J %F %j %H %j !K $, Dj$^ $k!% ?^ 7 $K$O%i %s %/ 1 $N%F %j %H %j $, <($5 $l $F $$$k !% %i %s %/ $, Bg$- $$ $[ $I %F %j %H %j $O 9- $, $C $F$$ $- !$ %^ %k%A %- %c%9 %H $r 9T $&%N !< %I $r Cf?4 $H $7 $? IT5,B’ $J F1?41_>u $K$J $k!% $3 $N J} K! $K $O 0J 2<$K C1 =c$J %D %j!< 9= B$$d F at T ree $K BP $7 $F 0J2< $N MxE@ $, $" $k!% � >e 0L %H !< %i %9 $, J# ?t 8D B8 :_ $9 $k $? $a !$C1 =c $J %D %j !<9= B$ $GLdBj $K$J$k>e 0L %k!< %H $G$N:.;( $O 5/ $3 $i $:!$ J#?t%N !< %I $G %^ %k%A %- %c%9 %H$, 5/ $- $F$b!$ DL ?. Ii2Y $O <+A3 $K J,;6$5 $l $k !%

6 >pJs=hM}3X2qO@J8;o July 1996 � %F %j %H %j $O !$ Aw ?.%N !< %I $r Cf?4 $H$9$k F1 ?4 1_>u $K $J$j !$ Aw ?.%N !< %I $N 0LCV $, JQ $o $k $H$= $l$K$H$b $J$$ O"B3E* $K 0\F0$9$k!% $3$N$?$a !$ C1 =c $J%D %j !< $d F at T ree $N$h$& $K !$ ;^ $, 0[ $J$k $3 $H $K$h $C $FHV 9f $, 6a @\ %N !< %I 4V $N 5w N% $, 6K C< $KBg $-$/ $J$k Ld Bj $O$* $- $J $$ !% � K\O@J8 $G 8!F$ $9$k J} <0 $G $O !$ 1~ Ez %Q%1 %C %H $N<}=8 ;~ $K%P%C %U %! $,$" $U $l $? >l9g $J $I $K MBP $, =hM} $r 9T $&$? $a !$ $= $l$> $l $N %k !< %?$K BP $7 $F MBP $H %a %b %j $, I,MW $K$J $k !% $3$N $?$a !$ F at T ree $J $I $N Cf 4V%N !< %I $, 1i;; 5! G= $r;} $? $J$$7k9g LV $G $O !$ M> J, $J MBP $* $h $S %a %b%j $rI, MW $H $9 $k !% $3 $l $KBP $7 RDT $G$O !$ LZ 9= B$ $NCf 4V%N !< %I $, KvC<%N !< %I $K BP $7 <+A3 $J$+$? $A $G 3d$j?6 $i $l $k!% $7 $+ $7 !$ $3 $NJ}K! $N7gE@ $O !$ %F %j %H %j $N7A>u $, IT5, B’ $G$"$j%^ %k%A %- %c%9 %H $N$? $a$N %S %C %H %^ %C %W $r :n$k $N $, Fq $7 $$$3 $H $G$"$k!% $3$N $? $a!$ 08 @h%N !< %I $N AjBP 0LCV $K $h$j $I $N bit $r%;%C %H $9$k $+$r <($9 %F!< %V %k $, MQ 0U $5$l $F $$ $k !% %Z !<%8 $r 6& M- $9 $k %N!< %I $, A}$( $k :] $K$O !$%N!< %I id $r %- !<$H $7 $F $3 $N %F !< %V %k $r 0z$- $=$NCM $r$b $H $K %G %# %l %/ %H %j $NFbMF $rJQ99 $9 $k!% $3$N :]$K I, MW$J 1i ;;$O !$ SM K!$G$O C1 =c$J O@ M} OB$G $" $j !$ LPRA !$ LARP K! $G $O $= $l $K2C $( $F<c 43 $N>r 7o H= CG $, I,MW $G$" $k!% 4. %G %# %l %/ %H %j =LLsJ}<0 $N BEEv@- 4.1 %Z!< %8 $r 6&M- $9 $k %W %m%;%C%5 ?t A0=R $N $h $& $K !$ => Mh $I $* $j %i %$ %s C10L $K %G %# %l %/ %H %j $r4IM} $7 !$ L5 8z2= 7? %W %m %H %3%k $r MQ $$$k >l 9g!$ L5 8z 2= %a %C %;!< %8$N 08@h $O !$ 1 $J$$ $7 2 $, $[$H $s $I $G $" $k $H$N I>2A $, 1) $G 9T $J $o $l $F $*$j !$ $h$j8=<BE* $J J}K! $H 2>Dj $K 4p $E $/:G 6a $NI>2A 2) $G $b$3 $l$, N"IU $1$i $l$F $$ $k!% $= $3 $G !$ JUMP-1 $G 9T$& $h $& $K%Z !< %8 C1 0L $G 4I M} $r 9T $& >l 9g $K %a %C %; !< %8$N08@h $, $I $N$h $& $K$J$k $+$r I>2A $7 $? !% ?^ 8 $K !$6&M- %a %b %j $N$? $a $N JB Ns %W %m %0 %i %‘ =8 S- PLASH 7) $K4^ $^ $l$k MP3D Ld Bj !J 1024 N3 ;R !K $r 256 %W %m %; %C %5 $G 1 H? I| <B 9T $7$? :] $N L5 8z 2= $H 99 ?7%a %C %; !< %8 $N 08@h %W %m %; %C %5?t $NJ,I[!$ $* $h $S w ater LdBj !J N3 ;R?t 64 !" <B 9T%9 %F %C %W ?t 1 !" F=MA $r 2r$/ %*!< %@ 6 !K $r 32 %W %m %; %C %5 $G <B 9T $7 $? :] !y $NL58z 2= %a %C %;!< %8$N 08@h %W %m%; %C %5?t $NJ,I[ $r<($9 !% $3 $l$O !$ %" %I %l %9 %H %l !<%9 14) $r4p $KJ, @O $7$? $b $N $G $" $k !% $3 $3 $G $O!$ %- %c %C %7 %e %i %$ %s $N Bg$- $5$r 32 %P %$ %H !$ %Z !< %8 $N Bg$- $5$r !y w ater $G$O !$ %H%l !< %9 $, Bg$- $/ $J$j $9 $. $?$? $a !$ 250 K| L?Na<B 9T $7 $? ;~E@ $G %H%l !< %9 $N<}=8 $r BG$A@Z$C$? I= 1 3FJ}<0$N %a %b%jI,MWNL T able 1 Memory Requiremen t. N FM LD HB RHB 4096 4096 72 4680 32 32768 32768 90 37448 40 4K %P %$ %H $H $7 $F !$ %i %$ %s C10L $H%Z !< %8 C10L $G 4IM} $7 $? >l9g $N08@h %W %m %; %C %5?t $NJ,I[ $r$= $l $>$l <( $7 $F$$ $k!% $$ $: $l $b 2#<4 $, 08@h %W %m%; %C %5?t $r BP?t <4 $G <( $7 $? $b$N $G !$=D<4 $, H/@8EY?t $G$" $k!% $3 $l$i$N7k2L $+$i !$ %i %$ %s C10L $G %G %# %l %/ %H %j $r4I M} $9$l$P !$FC $K L5 8z 2= 7?$G 08 @h %W %m %; %C%5 ?t $, 3 Dx EY0J 2< $K$J$k3N N( $,$+$J$j9b $$ $N $K BP $7 !$ %Z!< %8 C10L $N 4IM} $G$O 08@h ?t 4 !A 8 $K%T !< %/ $, 8+ $i $l !$ $= $l 0J>e $N 08@h $r;} $D>l 9g $b $+$J$jB? $$ $3 $H $, J, $+ $k!% 99 ?7 7? $r MQ $$$k >l 9g $b $[ $\ F1MM $J798~ $r ;} $D $, !$ %i %$ %s C10L $G 4IM} $7 $? >l9g $N08 @h ?t $, $d$dA} $($k798~ $K$"$k!% $7 $? $, $C $F !$ %Z!< %8 C10L $K 4IM} $7 !$ 99?7 7? $N %W %m %H %3 %k $r MQ $$$k >l 9g!$ %^ %k%A %- %c%9 %H$, I,MW $K$J$k $3 $H $, J, $+ $k!% 4.2 I,MW $J %a %b %j NL %N!< %I ?t N $, 4096 $* $h $S 32768 $N%7 %9%F %‘ $K $D $$$F !$ %U%k %^%C %W J} <0 !J FM !K !$%j%_%F%C %I %G %# %l %/ %H %j J} <0 !J LD !K !$ =L Ls$r MQ$$ $J $$ 3, AX %S %C %H %^%C %W %G %# %l %/ %H %j J} <0 !J HB !K !$ =L Ls 3, AX %S %C %H %^ %C %W%G %# %l %/ %H %jJ} <0 !J RHB !K $N$=$l$> $l $N J} <0 $, #1 $D$N %( %s%H %j $r 7A @. $9 $k$? $a$K I, MW$J %a %b %j NL$r I= 1 $K <( $9 !% $3 $3 $G !$ %j %_ %F %C %I %G %# %l %/ %H %jJ} <0 $O !$ >/ $J$/ $H$b $"$k %i %$ %s$r J?6Q E* $K 6&M- $9 $k %W %m %; %C %5?t !J $9 $J$o$A %a %C %;!< %8 $N08@h ?t !K $K AjEv $9 $k %] %$ %s %? $r;} $?$;$k $N $, 0lHLE* $G$"$k!% ?^ 8 $K $h$k $H !$ %Z!< %8 C10L $N 4IM} $r 9T $J$C $?>l9g!$ %V %m!< %I %-%c%9 %H $r =| $$ $?08 @h?t$N J? 6Q $r$H $k $H MP3D $O Ls 6 !" W ater $O Ls 5 $G $" $k!% $3$N $? $a !$ $3 $3 $G $O %] %$ %s %??t $r 6 $H $7 $F I>2A $r 9T $J $C $? !% I= 1 $h$j !$ =LLs J} <0 $O %j%_ %F%C %I %G %# %l %/ %H %j J} <0 $N H>J, 0J 2< $N %a %b %j I, MW NL $G %G %# %l %/ %H %j $r9=@. $9$k $3$H $,$G$-$k $3 $H $, J, $+ $k!% $J$*!$%a %b%j MW5a NL $K$D $$ $F $O %A %’ %$ %s %I %G %# %l %/ %H %j K! 3),8) $bM- Mx $G $" $k $, !$ $3$NJ}K! $O !$ $= $l $>$l $N %N !< %I $G %a %b %j %"%/ %; %9 $rI, MW $H$9 $k $3$H $+$i %l %$ %F %s%7 %# $N E@ $G$O ITMx $G$" $k!% 4.3 <u $1 $H$i$l $k %Q %1%C %H ?t $N I>2A =LLs 3, AX %G %# %l %/ %H %j J} <0 $O !$ 08 @h 0J 30 $N %N !< %I $K BP $7 $F$bL5BL %Q %1 %C %H$, Aw $i $l$F $7 $^ $& E@ $K LdBj $,$" $k !% $= $3$G LPRA !$ SM !$ LARP $N 3 $D $K $D$$$F !$ 8 $N 4 >h $G $" $k 4096 $N %/%i %9%? $+$i 9=@.$5 $l $k RDT >e $G %Q %1%C %H $N 08 @h$N ?t $H J, I[ $r JQ 2=$5$; $?$H $-$K !$

V ol. 37 No. 7 RDT >e $G$N %a %b %j %3%R!< %l%s %7 0];}<jK! 7 ?^ 8 %a %C%;!< %8 08@h?t$NJ,I[ Fig. 8 Distribution of n um ber of destinations. #1 2s $N%^ %k%A %- %c%9 %H $" $?$j<B :] $K$$$/ $D $N%/ %i%9 %? $K %Q%1%C %H$, <u $1$H$i $l $k $N $+$r D4 $Y$? !% K\ Mh !$ JUMP-1 $G $O %N !< %I $NCO M} E* $J5w N% $r9M N8 $7 $? %9 %1 %8%e!< %j %s %0 / %^ %C %T%s %0$, A0Ds $H$J$C $F$$$k!% $7 $? $, $C $F!$ I> 2A $O!$ <B :] $N %" %W %j %1 !< %7 %g %s %W %m %0%i %‘ $r 8=<B E* $J%^ %C %T%s %0 %" %k %4 %j %:%‘ $K 4p $E $$ $F%^ %C %T %s%0$7 $? >u 67$r 2> Dj $7 $F 9T$J$o$J$1$l$P $J$i $J $$ !% $7 $+ $7 !$ $3 $N $h$& $JI> 2A $O !$ %" %W %j %1 !< %7 %g %s$N@- <A!$ %^ %C %T%s %0 %"%k %4 %j %: %‘ $NFC@- $, 4XO" $9$k $?$a!$ <o!9 $N >r7o $N2< $G?tB?$/ $N %7 %_ %e %l !< %7%g %s$r 9T $& I, MW $, $" $k!% 8= :_ $N $H $3$m!$ B? ?t $N %N !< %I ?t $r2>Dj $7 $F >e5- $N %7 %_ %e %l !< %7%g %s$r 9T $& 4D 6- $, $^ $@ @0 $C $F$$ $J$$ $? $a !$ :# 2s $O !$ 08 @h $rDj $a $i $l $? J,I[ $K => $& Mp ?t $K$h$j 7h Dj $7 !$ $= $l$> $l $N >l 9g $K $D $$$F Sun OS4.1.3 $N I8 =‘ $NMp ?t H/ @8 %i %$ %V %i%j $rMQ $$ $F 10000 2s $N;n 9T $r9T $J $$ !$J?6QCM $r$H $C $? !% RDT $N %i %s %/ 0 %H !<%i %9>e $G 08@h$NAw ?.85 $+$i$N X J} 8~ !$ Y J} 8~$N Aj BP 0L CV$N J, I[ $, $=$l$> $l FH N)$J !J %i %s %/ 0 %H !<%i %9>e $N 1 %j %s %/ $r C10L $H $7 $F !K I8=‘ JP :9 1 $N @5 5, J, I[$K =>$C $F $$ $k >l 9g$N %Q %1 %C %H $r <u $1 $H $k %/%i %9%??t$N %0 %i%U$r ?^ 9 $K <($9 !% $3$N >l 9g !$ 08@h?t $, 32 $N >l9g $G $b%Q %1%C %H$, Aw $i $l $k %/ %i %9 %? ?t $O 80 !A 180 DxEY $G $"$k!% $^ $?!$ 08 @h ?t $, B? $$ $H$- $K LARP $, M-Mx $G$" $k $3$H $, J, $+ $k!% ?^ 10 $O I8=‘JP:9 $r 5 $H $7 $?$H$-$N F1MM $N %0 %i%U $G $" $k!% $3$N>l9g!$ %Q%1 %C %H$, Aw $i $l $k%/ %i%9 %??t $O $+ $J$j B? $/ $J$k !% $^ $?!$ 08 @h ?t $, >/ $J $$ $H $- $K $O SM $, !$ 08@h ?t $, B?$$$H$-$K$O LARP $, M- Mx $G$" $k$3$H $, J, $+ $k!% $3$N798~ $O !$ B> $N %0 %i %U $G$bG’ $a $i $l !$ $* $*$‘ $M 08@h?t $, 10 DxEY0J2< $G$" $l $P SM $, !$ $= $l 0J>e $G $" $l $P LARP $, M-Mx $G$" $k!% A0=R $N$h $& $K !$ %Z!< %8 C10L $G %G %# %l %/ %H %j $r 4IM} $7 $? >l9g!$ 08 @h ?t 6 DxEY $K %T !< %/ $, $"$k!% $= $3 $G 08@h?t $r 6 $K 8GDj $7 !$ I8 =‘ JP :9 $rJQ2= $5 $; $F%Q %1 %C %H $r <u $1 <h$k%/ %i %9%??t $r D4$Y $? 7k2L $r ?^ 11 $K <($9 !% $3$N 7k 2L $h $j !$ $D $M $K SM $, %Q%1 %C %H$, Aw $i $l $k%/ %i %9 %??t $, :G $b>/ $J$/ !$ I8 =‘ JP :9 $, Bg $-$/ $J$C $F$b 380 DxEY $K $H $I $^ $C $F$$ $k!% 4.4 %l %$ %F %s%7 %# $N I>2A %j%_ %F %C %I %G %# %l %/ %H %j J} <0 $r $O $8 $a $H$9$k=> Mh $N J}<0 $G $O 08@h $N ?t $@$1 =g $K#1 $D $:$D%Q%1%C %H $r MBP $+ $iAw $k I, MW $, $" $k !% $3 $l $KBP $7 !$ =L Ls 3, AX %S%C %H %^ %C %W %G %# %l %/ %H %j $G $O !$ MBP $+$i Aw $i $l $?%Q%1%C %H $O %k !<%?Fb $G%^ %k%A %- %c%9 %H $5 $l$J $,$i !$ L\ E*%N !< %I $K Aw $i $l $k!% $7 $? $,$C $F !$ 7k 9g LV $, 6u $$ $?>u BV $G$" $l $P !$ =LLs 3,AX %S %C %H %^ %C %W%G %# %l %/ %H %j $O !$ =g $K#1$D $:$D Aw$k J}<0 $K Hf $Y $FL\E*%N !< %I $K E~Ce $9$k %l %$ %F %s%7 %# $N E@ $G M-Mx $K$J $k!% $7 $+ $7 0l J} !$ A0 >O $N I> 2A $K $h $k $H =L Ls 3, AX %S %C %H %^ %C %W%G %# %l %/ %H %j J}<0 $O !$ $+$J$j $N?t $NL5BL %Q %1 %C %H$, @8 $8 $k $? $a !$ $3$N%Q %1 %C %H$, 7k9gLV $d MBP $X$N %j %s %/ $N:.;( $r0z $-5/ $3 $7 !$ %l %$ %F %s%7 %# $r 0z $-1d $P $92D G=@- $, $" $k!% $=$3 $G !$ %7 %_ %e %l !< %7%g %s$K$h$j !$ %Q %1 %C %H E>Aw $N J?6Q H/ @8 4V 3V $rJQ2= $5 $;!$ L\ E*%N !< %I $K E~Ce $9$k $^ $G $N J?6Q %l %$ %F %s%7 %# $NI>2A $r 9T $J$C $?!% $9 $Y $F$N %N !< %I $O !$ J? 6QH/ @8 4V 3V $K => $C $F%Q%1 %C %H $r H/@8 $9$k!% $3 $N$? $a !$ H/ @8 4V 3V $, C; $1 $l $P 7k9g LV $O$h$j:. ;( $9$k $3 $H$K$J $k!% %7 %_ %e %l !< %7%g %s$K $* $1 $k %k!<%? $O !$ <! @a $K =R $Y$k

8 >pJs=hM}3X2qO@J8;o July 1996 ?^ 9 I8=‘JP:9 1 $G J,I[ $7 $F $$$k >l9g Fig. 9 Num b er of receiving no des vs. n um b er of destinations (SD=1). ?^ 10 I8=‘JP:9 5 $G J,I[ $7 $F$$ $k>l9g Fig. 10 Number of receiving no des vs. n um b er of destinations (SD=5). ?^ 11 08@h?t 6 $G I8=‘JP:9 $r JQ2=$5 $;$? >l9g Fig. 11 Num b er of receiving clusters vs SD. JUMP-1 MQ RDT %k !< %?$K $[ $\ Ci <B $K 4p$E $$$F F0 :n $9$k !% $? $@ $7 !$ %Q%1 %C %H $N DL2a;~4V $O 3 %/ %m %C%/ !$ %Q %1%C %H $N D9$5 $O 8 %U %j%C %H $K 8GDj $7 $? !%?^ 10 $K <($9 $+ $J$j L5BL %Q%1%C %H$, A}2C$9$k>u67 !J 08@h?t $r 6 !$ 08 @h %N!< %I $N Aj BP 0L CV$N I8 =‘ JP :9 5 !K $H $7 $? !% $?$@ $7 !$ %7 %_ %e %l !<%?$N @)8B $K $h$j %N !< %I ?t $O 16 � 16 = 256 $H $7 $? !% $3$N 7k2L $r ?^ 12 $K <($9 !% ?^ 12 $K $h $k $H !$=LLs %S %C %H %^%C %W %G %# %l %/ %H %jJ} <0 $NJ?6Q %l %$ %F %s%7 %# $O !$ 1 BP 1 $K =g $K Aw$k=>Mh $NJ} <0 $K Hf $Y $FLs 40% 2~ A1 $5 $l$F$$$k !% %Q %1 %C %H $NH/@8 4V ?^ 12 %Q%1 %C %H E>Aw4V3V $H %l %$ %F %s%7 Fig. 12 Latency vs. message transfer in terv al. 3V $, C;$/ $J $k $K $D $l !$ $$ $: $l $N J}<0 $G$b %l %$ %F %s%7 %# $, 0- 2=$9 $k $, !$ SM J} <0$H LARP J} <0 $O 7k 9g LV$N @- G= $N8B3& $K 6a $E $/$^ $G !$ 1 BP 1 $K =g $K Aw$kJ} <0 $h$j $b M% $l $? %l %$ %F %s%7 %# $r<B8= $7 $F$$$k!% $3 $l$O !$ => Mh $N J}<0 $G $O MBP $H %k!<%?4V $N%j %s %/ $, %\ %H%k %M%C %/ $K $J$j !$ $3$N%j %s %/ $r BT $D %Q %1 %C %H$,%k !<%?Fb $K D9;~ 4V BZN1 $9$k $3 $H $G !$ L5 BL %Q %1 %C %H$, $"$k $N $H F1MM Dx EY $N :.;( $, 7k9gLV $K @8 $8 $k $?$a$H 9M $($i $l $k!% 0J >e $N %7%_ %e %l !< %7 %g %s $K $h $j !$ =L Ls 3, AX %S%C %H %^ %C %W%G %# %l %/ %H %j J}<0 $O !$ L5 BL %Q %1 %C %H$K $h$k7k9g LV $N

V ol. 37 No. 7 RDT >e $G$N %a %b %j %3%R!< %l%s %7 0];}<jK! 9 ?^ 13 %k !<%?%A%C %W $N 4pK\9=@. Fig. 13 The diagram of the RDT router c hip. :.;( $r9MN8 $7 $F$b !$ => Mh $NJ}<0 $K Hf $Y %l %$ %F %s%7 %# $N E@ $G M-Mx $G$" $k $3$H $, J, $+ $k!% 5. JUMP-1 %k !< %? %A%C %W 8= :_ !$ K\ O@ J8 $G8! F$ $7 $? LPRA, LARP , SM $9 $Y $F $N J} K! $r%5%] !< %H $7 $? JUMP-1 %k !<%?%A%C %W $N 3+H/ $, =*N; $7 $F $$ $k !% $3$N JUMP-1 %k !<%?%A %C %W $N 9= @. $r ?^ 13 $K <($9 !% %i %s %/ 0 $N %j %s %/ $K 4 K\ !$ >e0L %i %s %/ $N%j %s %/ $K 4 K\!$ MBP0 !" MBP1 $K$= $l $> $l 1 K\ $: $D %j %s %/ $, I,MW $J $3 $H $+ $i !$ A4 BN $O 10 !_ 10 $N %/ %m%9 %P$, 4p K\ $K $J $j !$ $3 $l $K 1~ Ez%Q %1%C %H !J A CK %Q %1%C %H !K <}=8 5!9= $, 2C $o $k!% E>Aw $N bit I} $O 1 %A%C %W $"$? $j3F%j %s %/ $K$D $$ $F 18bit $G$"$k!% JUMP-1 $G$O %k!< %?%A %C %W 2 8D$r %S %C %H %9%i %$%9 $K MQ$$ $k$3$H$K $h $j !$ A4BN $G 36bit I} $r <B8= $9$k!% E> Aw<~ GH?t $O %W %m%;%C %5 $K F14| $7 $? 60MHz $G$" $j !$ %7 %9 %F%‘A4BN $, C10l $N%/ %m%C %/ $G F0:n $9$k!% %Q %1 %C %H DL2a;~ 4V $O%Q%1%C %H $N%? %$ %W $K $h$j 5 !A 7 %/ %m%C %/ $G$" $k !%K\ %k !<%?%A%C %W $O 07$& :G Bg %i %s %/ $, 3 $G !$ 4096 %N !< %I !J 16384 %W %m %; %C %5 !K $N %7 %9 %F%‘ $K BP1~ $9$k $3 $H $, 2DG= $G$"$k!% %i %s %/ 4V $N0\F0 $K$O 5 %/ %m %C%/ !$ %i %s %/ 3 $H %i %s %/ 0 0J30 $G $N Bh 1 2sL\ $N%^ %k%A %-%c%9 %H$K$O 7 %/ %m %C%/ !$ $= $NB> $O 6 %/ %m %C%/ $rMW$9 $k $? $a!$ >W FM $,$J $1 $l $P $I $N %N !< %I $X $N %Q %1 %C %H $b !J 69 + %Q %1 %C %H D9 !K %/ %m %C %/ $G%^ %k%A %- %c %9 %H$, =*N; $9$k !% %i %$ %s$H%A%C %W $N %T%s$r M-8z $K Mx MQ $9 $k $? $a!$ DL ?. $O$9 $Y $FAP J} 8~ %i %$ %s$K$h $j 9T$& !% %A %C %W $O F| N) $N 0 : 5 �m BiCMOS %2 !< %H %" %l %$ HG22S125 $r Mx MQ $7 $? !% $3 $N%2 !< %H %"%l %$ $O !$9b B. $G $" $k $& $( !$ ECL F~=P NO$r ;}$D$? $a !$MF0W $K E>Aw%i %$ %s$rD> @\ %I %i %$ %V $9 $k $3 $H $, $G$-$k !% JUMP-1 $NE> Aw %Q %1 %C %H$O 16 its !J w ords !K $G$" $j !$ 3 its $O 2 $D $N %A%C %W $K $D$$ $F6&DL $NFbMF $N %X %C %@ $H$J $k!% =L Ls J} <0 $G MQ $$$k %S %C %H %Y %/ %H%k$O !$ $3$N6& DL $N %X %C %@ It $K 3J G< $5 $l $k!% E> Aw J} <0 $O !$ W ormhole %k !< %F %# %s %0 $G$" $k $, !$ 3F F~ NO $K$O%Q%1 %C %H 1 8DJ, $r3JG< $9$k $3 $H$N $G $-$k %P%C %U %! $r 2 %;%C %H ;}$A!$ $= $l $>$l$, 1 $D $N %A %c %M %k$r9=@. $9 $k!% $3$N %A %c %M %k$r;H $$J, $1 $k $3 $H $K$h $j !$ %G %C %I %m%C %/ %U %j !< $J FIF O @- $NJ]>Z $5 $l$? 3,AX %^ %k%A %- %c%9 %H$r <B 8= $9 $k $3 $H $,$G$- $k 20) !% K\ O@ J8 $G =R $Y $?#3 $D $N%^ %k%A %- %c%9 %H J}K! $O%Q%1 %C %H %X%C %@ $N %S %C %H %Y %/ %H %k$K => $C $F !$ %Q %1 %C %H C10L $G @ZBX $( 2DG= $G$" $k!% $5 $i $K !$ 3F 3, AX $G MBP $K N)$A $h$k $+ $I $& $+ A*Br $9$k $3 $H $,$G$- !$ I, MW $K 1~ $8 $F MBP $K $h$j %F!< %V %k$r 0z $-D> $7 $F %S %C %H %^ %C %W $r 9=@. $7 D> $9 $3 $H $K$h $j !$ =LLs $rMQ $$ $J$$3,AX %S %C %H %^ %C %W%G %# %l %/ %H %j J} <0 $r $b<B 8= $9 $k $3 $H $,$G$- $k !% Am %2 !< %H ?t $OLs 90,000 %2 !< %H $G !$ %i %s %@ %‘ It $O Ls 50,000 %2 !< %H !$ %2 !< %H Mx MQN( $O Ls 63% $G$" $k!% 6. $* $o $j $K D6 JB Ns 7W ;; 5! JUMP-1 $N 7k 9g LV RDT $G MQ$$$i$l $k3, AX %S %C %H %^ %C %W%G %# %l %/ %H %j J} <0 $K $* $1 $k %G %# %l %/ %H %j =L Ls $N $$$/ $D $+$N<jK! $r <( $7 !$ $3 $l$i$N<jK! $G K\Mh $N08@h 0J 30 $N%/ %i%9 %? $K Aw $i $l $k %Q %1 %C %H ?t $r08 @h $r3NN( E* $K J,I[ $5 $; $F B,Dj $7 $? !% $^ $? !$ %Z!< %8 C10L $N %G %# %l %/ %H %j4I M} $G $O !$ 08 @h ?t $, 6 DxEY 0J >e $H $J$k >l9g $, B? $$ $3 $H $r %" %I %l %9 %H %l !<%9 $K 4p $E $/ JB Ns %" %W %j %1 !< %7%g %s$N I>2A 7k 2L $r$b $H $K <( $7 $? !% $3 $l$i$N7k 2L $+ $i !$ %G %# %l %/ %H %j=L Ls K! $NM-8z @- $r$"$kDx EY <( $9 $3$H $,$G $-$? !% :#2s $N7k 2L $+ $i $O !$ 08 @h ?t $, >/ $J$$ $H$- $K $O SM K! $, !$B?$$ $H $-$K$O LARP J} $, M-Mx$H$J $C $F $$ $k !% $$ $: $l$N %G %# %l %/ %H %j=L Ls K! $rMQ $$$k $+ $O%Q%1 %C %H Cf $G ;XDj $G$-$k $? $a !$ %Z!< %8 C10L $G ;H $$J, $1 $k $3 $H $,$G$- $k!% <B :] $K $I $N$h $& $J >l9g $K $I $N <jK! $r;H $& $+ $O !$ %3 %s %Q %$ %i $d OS $N =hM} $H$b4X78 $7 !$ :# 8e 8! F$ $9$k I, MW $, $" $k!% $^ $? !$ $$ $: $l $NJ}<0 $G$b08 @h ?t $, B?$/ $J$k $H ITI, MW $J%Q %1 %C %H ?t $, B?$/ $J$k !% $3 $l $K BP =h $9 $k <j K! $H $7 $F !$ JUMP-1 $G$ODL >o %Q %1 %C %H$K $O %"%/%N %l %C %8 $, JV $5 $l $k $3 $H $r MxMQ $7 !$ IT I, MW $J%Q %1 %C %H $r <u $1 <h $C $?%/ %i %9 %? $+ $i $O$= $N %" %I %l %9 $X $N%Q %1 %C %H$, ITI, MW $G$"$k ;] $r %"%/%N %l%C %8%Q %1 %C %H$K IU 2C $7 $FAw $k $3 $H $K$h $j !$ %" %I %l %9 $4 $H $K !$ LZ $N3F @a $NItJ, $G 2<0L $N;^Cf $K$=$N %" %I %l %9 $K$D$$ $F $N%Q %1 %C %H $r I,MW $H $7 $F$$$k%/ %i%9 %? $,$" $k $+ $I $& $+$N>pJs $r MBP $K ;} $? $; !$ $3 $l$r$b $H $K ITI, MW $J%Q %1 %C %H $r :o8: $9$k <j K! $r $H$k $3 $H$b $G

10 >pJs=hM}3X2qO@J8;o July 1996 $-$k!% $3 $l$O @h $K <( $7 $? %G %# %l %/ %H %j=L Ls <j K! $N 2 9‘ L\ $G$"$k !$ 3F @a $K %G %# %l %/ %H %j $N %S %C %H %^ %C %W $r ;} $? $; $k<jK! $K AjEv$9$k!% $5 $i $K !$ 0l K| %W %m %;%C %5 $r D6 $( $k5, LO $G J,;6 6& M- %a %b %j $r<B8= $9 $k $? $a $NE> Aw J} <0 $H $7 $F $O %j %s %/ $d %k !< %? $N8N >c $r2s Hr $9 $k J} K! $r3N N) $9 $k $3 $H $, =E MW $G $"$k !% K\O@ J8 Cf $G Ds0F $7 $?<jK! $K BQ8N >c @- $r F3F~ $9 $k $? $a $K $O !$ %^ %k%A %- %c%9 %H $r 9T$& $? $a$NLZ 9=B$ <+ BN $K BQ8N >c @- $r ;}$?$;$k I,MW $, $" $k !% RDT $O !$J#?t $N >e0L3,AX %H !< %i%9 $r;} $D $? $a!$ 7k 9g LV <+ BN $K $OBQ 8N >c @- $,$" $j !$ 1 BP 1 E>AwMQ $K$O 8N>c %k !<%? $d %j %s %/ $r 1*2s $9$k $3 $H $N $G $-$k %k!< %F%# %s %0 K! $, Ds 0F $5 $l$F $$$k 20) !% %^ %k %A %- %c%9 %H MQ $NLZ 9= B$ $b>e 5- $N<j K! $r3HD% $7 $F BQ8N >c @- $r F3F~ $9$kJ} K! $, 9M $( $i $l $k $, !$ 8= >u $G $O %^ %k%A %- %c %9 %H MQ %S %C %H %^%C %W $r @8 @. $9 $k J} K! $, L$ 8! F$$G $" $j !$ :#8e $N 2]Bj $G$" $k!% K\9F $G =R $Y $?5!G= $O !$ $9 $Y $F %k!<%? %A%C %W $K AH $_9~ $^ $l$F $*$j !$ :# 8e $3 $3 $G<( $7 $? 3 <o $N %G %# %l %/ %H %j=L Ls<j K! $r<B:] $NJBNs %W %m %0 %i%‘ $r8=<B E* $J%^ %C %T%s %0 %" %k %4 %j %:%‘ $G %/ %i%9 %? $K 3d $jEv $F $?>l9g $K 4X $7 $F 8! F$ $7 $F$f $/M=Dj $G$" $k!% $5 $i $K !$ :#2s $N %l %$ %F %s%7 %# $K 4X$9 $kI> 2A $O BP>] %7 %9 %F%‘ $N%5 %$ %: $, >. $5$/ !$ $^ $? 3N N(%b %G %k$K 4p $E $/$b$N$G == J, $J $b $N$H$O $$$( $J $$ !% $5 $i $K Bg $- $$ %7 %9 %F%‘ $K 4X $7 !$ <B :] $N %" %I %l %9 %H %l !< %9 $K 4p $E $/ %7 %_ %e %l !< %7%g %s$, I,MW $G$"$j !$ :#8e $N2] Bj $G$" $k!% <U<- $4 ;XF3 $r$$ $? $@$$$?El 5~ Bg 3X M} 3X It $NJ? LZ 7I Gn;N!$ >> K\ >0 Gn ;N $r $O $8 $a $H$9$k=E E@ NN 0h 8& 5f D6 JB Ns %W %m %8 %’ %/ %H %a %s %P !< 3F0L $K 46<U$$ $? $7 $^$9 !% El5~ 9) 2J Bg 3X >p Js DL ?. 9) 3X2J $N;{_7 Bn Li ;a!$ >p Js 9) 3X2J $N9%B< 8x 0l;a!$ J! Eh BY ?N;a!$ 8e F# =$ ;a!$ ?@ ED OB ?N ;a!$ >e ED 9- K~ ;a $K $O %7 %_ %e %l !< %7%g %s$K $4 6(NO $$ $? $@ $- 46<U $7 $^$9 !% %k !<%? %A%C %W $N @_7W $K $O %a %s %?!< %0 %i%U %# %C%/%9 <R $N %f %K %P !< %7 %F %# %W %m %0%i%‘ $r Mx MQ $7 $?!% $^ $?!$ F1 %A %C %W $N @=:n $K $O F| N) @= :n =j $* $h $S F|N) %^%$ %3 %s $N $4 6(NO $r D:$$ $? !%?<$/46<U$$ $? $7 $^$9 !% K\ 8& 5f$O !$0l It J8 It >J 2J 3X 8& 5f Hq !J =E E@ NN 0h 8& 5f !J 1 !K 2] Bj HV9f 04235130 !V D6JBNs %O !< %I %&%’ %" !& %"!< %-%F %/ %A%c$N 8&5f !W !K $K $h$k !% ;2 9M J8 8% 1) Agarw al, A., Simoni, R., Hennessy , J. and Horo witz, M.: An Ev aluation of Directory Sc hemes for Cac he Coherence, Pr o c. 15th IS- CA , pp. 280{289 (1988). 2) 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). 3) James, D., Laundrie, A. T., Gjessing, S. and Sohi, G. S.: Distributed-Directory Sc heme: S- calable Coheren t In terface, IEEE Computer , V ol. 23, No. 6, pp. 74{77 (1990). 4) Kuskin, J. and et, a.: The Stanford FLASH Multipro cessor, Pr o c. The 21st ISCA , pp. 302{ 313 (1994). 5) Leiserson, C. E.: F at-T rees: Univ ersal Net- w orks for Hardw are-E�cien t Sup ercomputing, IEEE T r ans. on Computer , V ol. C-34, No. 10, pp. 892{901 (1985). 6) Lenoski, D. and et al.: The Stanford D ASH Multipro cessor, IEEE Computer , V ol. 25, No. 3, pp. 63{79 (1992). 7) Singh, J., W eb er, W. and Gupta, A.: S- PLASH: Stanford P arallel Applications for Shared-Memory , T ec h. rep ort, computer sys- tem lab oratory , Stanford Univ ersit y (1992). 8) Thapar, M. and Delagi, B.: Distributed- Directory Sc heme: Stanford Distributed-Directory Proto col, IEEE Computer , V ol. 23, No. 6, pp. 78{80 (1990). 9) W arren, D. and Haridi, S.: Data Di�usion Mac hien - A Scalable Shared Virtual Memo- ry Multipro cessor, Pr o c. International Confer- enc e Fifth Gener ation Computer Systems , pp. 943{952 (1988). 10) 9)F# CN 9( , @>B< 9n ?. , ML 6r O% , E7Ln 1Q @2 : D6 JB Ns 7W ;; 5! JUMP-1 $N%/ %i %9 %? 4V 7k 9g LV RDT $K$* $1$k 3,AX %^ %k%A %- %c%9 %H$K $h$k %a %b %j %3 %R!< %l%s%7 0] ;}<jK! , >p=h8&Js , AR C 107-27, pp. 1{6 (1994). 11) 9) F# CN 9( , J! Eh BY ?N , 9% B< 8x 0l , E7 Ln 1Q @2 , @> B< 9n?. : D6JBNs 7W;; 5! MQ7k 9gLV Ring T ree on Mesh $NDs0F , ?.3X 5; Js , CPSY 94-61(SSE94-128), pp. 1{6 (1994). 12) Kudoh, T., Amano, H., Matsumoto, T., Hira- ki, K., Y ang, Y., Nishim ura, K., Y oshim ura, K. and F ukushima, Y.: Hierarc hical bit-map direc- tory sc hemes on the RDT in terconnection net- w ork for a massiv ely parallel pro cessor JUMP- 1, Pr o c. International Confer enc e on Par al lel Pr o c essing , pp. I{186 { I{193 (1995). 13) T anak a, H., Muraok a, Y., Amamiy a, M., Saito, N. and T omita, S.(eds.): The Massively Par al lel Pr o c essing System JUMP-1 , Ohmsha (1996). ISBN4-274-90083-5. 14) T erasa w a, T. and Amano, H.: P erformance E- v aluation of the Mixed-proto col Cac hes with Instruction Lev el Multipro cessor Sim ulator, Pr o c. of IASTED International Confer enc e

V ol. 37 No. 7 RDT >e $G$N %a %b %j %3%R!< %l%s %7 0];}<jK! 11 on Mo deling and Simulation MS’94 , pp. 1{5 (1994). 15) Hiraki, K., Amano, H., Kuga, M., Suey oshi, T., Kudoh, T., Nak ashima, H., Nak a jo, H., Matsuda, H., Matsumoto, T. and Mori, S.: Ov erview of the JUMP-1, an MPP Protot yp e for General-Purp ose P arallel Computations, Pr o c. IEEE International Symp osium on Par- al lel A r chite ctur es, A lgorithms and Networks , pp. 427{434 (1994). 16) >> K\ >0 : 6I =j =h M}$H Hs 6I =j =h M}$r J, N% JB Ns =h M} $9 $k%" !< %- %F %/%A%c , Bh 43 2s >p =h A4 Bg (6), pp. 115{116 (1991). 17) >> K\ >0 , J? LZ 7I : D6 JB Ns 7W ;; 5! >e $N 6& M- %a %b %j %" !< %- %F %/%A%c , ?. 3X 5; Js , CPSY 92-26, pp. 47{55 (1992). 18) >>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). 19) 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, Pr o c. of 1993 IEEE Symp osium on Par al lel and Distribute d Pr o c essing , pp. 591{ 594 (1993). 20) Y ang, Y. and Amano, H.: Message T ransfer Algorithms on the Recursiv e Diagonal T orus, Pr o c. IEEE International Symp osium on Par- al lel A r chite ctur es, A lgorithms and Networks , pp. 310{317 (1994). 21) ML6r O% , E7 Ln 1Q @2 , <FB< 1Q CR , Kv5H IR B’ : D6 JB Ns 7W ;;5! 8~ $-7k 9g LV : RDT, EE;R >p Js DL ?. 3X 2q O@ J8 ;o , pp. 118{128 (1995). ( J?@. 7 G/ 9 7n 18 F|<uIU ) ( J?@. 8 G/ 5 7n 14 F|:NO? ) @>B< 9n?. 1994 G/ El 5~ 9) 2J Bg 3X 9) 3X It >p Js 9) 3X 2J B4 6H !% 1996 G/ 7D Xf 5A =N Bg 3X Bg 3X 1!M} 9) 3X 8& 5f 2J 7W ;; 5! 2J 3X @l 96 =$ ;N 2]Dx =$N; !% 8= :_!$ F1 Bg 3X 1!Gn ;N 2] Dx $K:_ @R Cf !% D6 JB Ns 7W ;; 5! JUMP-1 MQ %k !< %? %A %C %W $N8& 5f $K=>;v !% B> $K !$ FPGA $rMQ $$ $?65 0iMQ%^ %$ %/ %m %W %m%;%C%5 %7 %9 %F %‘Ey $K 6=L# $r ;}$D!% 9)F# CN9( !J @52q0w !K 1991 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!% 8= :_!$ El5~ 9) 2J Bg3X >p Js 9) 3X2J @l G$ 9V ;U!% JB Ns =h M} 7O %"!< %-%F %/ %A %c !$ N%;6 7O %7 %_ %e %l !< %7%g %s $N JBNs2= $N 8&5f $K =>;v!% @> 9(>O 1994 G/ 7D Xf 5A =N Bg 3X M} 9) 3X It EE 5$ 9) 3X 2J B4 6H !% 1996 G/ F1 Bg 3X Bg 3X 1! M} 9)3X 8& 5f 2J 7W ;; 5! 2J 3X @l 96 =$ ;N 2] Dx =$N;!% 8= :_!$ F1 Bg3X 1! Gn ;N2] Dx $K :_ @RCf!% D6 JB Ns 7W ;;5! 8~ $- %M %C %H %o!< %/MQ %k !<%? %A %C %W $N 8&5f $K =>;v!% D6 JBNs 7W ;; 5! %M %C %H %o!< %/ !$ %k !<%? !$ VLSI CAD Ey $K 6=L# $r ;}$D!% ML 6rO% 1984 G/ Cf 9q KL 5~ G@ 6H 5! 3# 2= 3X 1! EE 5$ 2J B4 6H !% 1996 G/ 7D Xf 5A =N Bg 3X Bg3X 1! M} 9) 3X 8& 5f 2J 7W ;; 5! 2J 3X @l 96 Gn;N 2] Dx=$ N;!% 9) 3X Gn;N !% D6 JB Ns 7W ;;5! !& 7k9gLV $N 8&5f $K =>;v!% E7Ln 1Q@2 !J @52q0w !K 1981 G/ 7D Xf 5A =N Bg 3X 9) 3X It EE 5$ 9) 3X 2J B4 6H !% 1986 G/ F1 Bg 3X Bg 3X 1! M}9) 3X 8& 5f 2J Gn ;N 2]Dx =$ N; !% 9) 3X Gn ;N!% 8= :_!$ 7D Xf 5A=N Bg 3X M}9) 3X It =u 65<x!%JBNs7W;;5! $N 8&5f $K =>;v!%