L?Na %l %Y %k%7 %_ %e %l !< %7 %g %s $K $h $k adaptiv e routing $N I>2A >e\[ L@Li =.66 7< 8q^< F;9I <cNS @5<y E7Ln1Q@2 7DXf5A=NBg3XM}9)3XIt Aj8_7k9gLV $K $* $1 $k %k !<%F %# %s %0 %"%k %4 %j %: %‘ $G$" $k adaptiv e routing $O , Aj8_7k9gLV $N @-G= 8~>e $K BgJQM-8z $J <jCJ $G$" $k $H 9M $($i $l $F $*$j , 6aG/ , MM !9 $J adaptiv e routing $N Ds0F $* $h $S I>2A $, 9T $J $o $l $F$$$k . 4{B8 $NI>2A $K $h$j adaptiv e routing $N M-8z@- $O 3NG’ $5 $l $? $, , $=$NI>2AJ} <0 $O <B:]$N %" %W %j%1!< %7 %g %s $N DL?.%Q%? !< %s $r H? 1G $7 $J $$ 3N N( %b %G %k %7 %_ %e %l !< %7 %g %s $K $h $k$b$N $, $[$H$s $I $G $" $C $? . $=$3$G , K\ 8&5f $G$O , 2 <!85 %H !<%i %9 $K $h $j 3F MWAG $, 7k 9g$5 $l $? J,;66& M- %a %b %j7? JB Ns 7W;; 5! $NL?Na %l %Y %k %7 %_ %e %l !<%? $r <BAu $7 , %7 %_ %e %l !<%?>e $G SPLASH2 %" %W %j %1 !< %7%g %s =8 $r <B9T $7 $F adaptiv e routing $N @- G=I>2A $r 9T $J $C $? 7k 2L $r <($9 . K\ 8&5f $K $h $j 8= <BE* $J DL?. %Q %?!< %s$K $*$$ $F$b adaptiv e routing $, M-8z $G$" $k $3$H $, 3NG’ $5 $l $? . An Ev aluation of Adaptiv e Routing Using Instruction-lev el Sim ulation Akiy a Jouraku Akira F unahashi Mic hihiro Koibuc hi Masaki W ak aba y ashi Hideharu Amano Keio Univ ersit y Adaptiv e routing has b een kno wn as the b est solution for high p erformance in terconnection net w orks, and man y researc hes on ev aluation of adaptiv e routing algorithms ha v e b een exerted in recen t y ears. Ho w ev er, most of these ev aluations are only based on a probabilistic mo del sim- ulation whic h do esn’t re ect the c haracteristic of actual parallel applications. In this pap er, w e implemen ted an instruction-lev el sim ulator of distributed shared-memory m ultipro cessor system with in terconnection net w ork using instruction lev el sim ulator libraries. Through the ev aluation using the dev elop ed sim ulator, it is sho wn that adaptiv e routing o�ers greater p erformance than deterministic routing in actual parallel applications. 1 $O $8 $a$K 6aG/ , ?tI4 !& ?t @i Bf0J >e $N %W %m %; %C %5MW AG $+ $i 9= @. $5 $l $k Bg 5, LO $J JB Ns 7W ;; 5! $K 4X $7 $? 8& 5f , <B Au $, @9 $s$K 9T $o $l $F $$ $k . $3 $N $h $& $J Bg 5,LOJB Ns7W;; 5! $G $O , 3F %W %m%; %C %5MW AG 4V $r 7k 9g $9$k <j CJ $H $7 $F , D> @\ LV $d 4V@\LV $J $I $N Aj8_7k9gLV $r MQ$$ $F 9=@.$9$k $3 $H $, B?$$ . =>Mh , JBNs7W;;5!MQ $NAj8_7k9gLV $G$O , L\ E*%N !< %I $^ $G 0lDj $7 $? 7PO) $d%A %c%M %k$r MQ$$$k8GDj %k !<%F %# %s %0 (deterministic routing) $, B? $/MQ $$ $i $l$F$$ $? $, , :. ;( $d8N>c ;~ $K @- G= $, Dc2< $7 $?$j , 7PO) $r 7A@. $G$- $J $/ $J$kLd Bj E@ $, $"$C $? . $= $3 $G , >u67 $K 1~ $8 $F , Mx MQ $9 $k 7P O) $d %A %c %M %k $r@Z $j BX $($k $3 $H $N $G $- $kE, 1~7? %k !<%F %# %s %0 (adaptiv e routing) $N 8& 5f $, ?J $_ [ ? ], :G6a $N JBNs7W ;;5! $G $O$3 $l$i $N 5!G= $r ;} $C $? %k!<%? $, <B:] $K MQ $$ $i $l $k $h $& $K $J$C $F $$$k . $3$l $i $N E, 1~ 7? %k !<%F %# %s%0 $N I> 2A $O , <g$H $7 $F 3N N( %b %G%k %7%_ %e %l !< %7 %g %s $K$h $j 9T $o $l$F$- $? . $3 $l $i $N%7 %_ %e %l !< %7 %g %s $G $O , 0l$D $N %N!< %I $K BP $9 $k 8r ?.$N 3NN($r Bg$- $/$9 $k$3$H$K $h $j , :. ;( >u BV $r 3N N( E* $K <B 8= $9 $k J} K!$d , 9T Ns$N E> CV Ey FC <l$J 8r ?. %Q%? !< %s$r 3NN( E* $K <B 8= $9 $k J} K! $, MQ $$ $i $l$F$- $? . 1

$3 $N $? $a , C;$$ %7 %_ %e %l !<%7 %g %s ;~ 4V $G Bg 5, LO $J%7 %9 %F %‘$N I> 2A $, <h $l $k Mx E@ $, $" $k 0l J} , <B :]$N JB Ns %W %m %0 %i %‘ $K $* $1 $k8r?. $r K\Ev $K :F8= $7 $F $$$k$N $+ $I $& $+ 5?Ld $, $" $C$? . <B:] $NJBNs %W %m %0 %i %‘ $K $* $1 $k8r?. %Q%?!< %s $r Ci <B $K :F 8= $9 $k J} K!$H $7 $F , L? Na %l %Y%k J} <0$N%7 %_ %e %l !< %7%g %s $, $" $k . $3$N J}<0 $O , 8D !9 $N %N !< %I $G <B:] $K JBNs %W %m %0 %i %‘ $r <B9T$9$kMM;R $r L?Na %l %Y%k $G%7 %_ %e %l !< %7 %g %s$9$k $3 $H $K$h $j , <B :] $K7k 9g LV Cf $K N. $l $k%Q %1%C %H $N ;~9o $H 08@h $r Ci<B $K :F8=$9$k $3$H $, $G $-$k . $7 $+ $7 , %7 %_ %e %l !< %7%g %s ;~4V $, Bg $-$/ $J $k $3$H $+ $i , %5 %$ %: $N Bg$-$J%7 %9 %F %‘ $K BP $7 $F Mx MQ$9 $k $3$H $O :$Fq $G $" $C$? . $7 $+ $7 , :G 6a$N PC/WS $N @- G= 8~ >e $K $h $j%7 %_ %e %l !< %7 %g %s B. EY $, 5^ B. $K 8~ >e$9 $k$H 6& $K , L? Na %l %Y %k%7 %_ %e %l !< %7%g %s $N J}K! $b , $h$j@vN} $5 $l , 9bB.2= $, ?^ $i $l$F$- $? . 2f!9 $N8& 5f << $G$b , 9bB. $JL? Na %l %Y %k%7 %_ %e %l !< %7 %g %s $N 4D 6- $r , 4J C1 $K 9= C[$9 $k $3$H $, $G $- $k %7 %_ %e %l !<%7 %g %s 4D 6- ISIS[ ? ] $N @0 Hw$r ?J $a $F$*$j , $=$N0lIt $H $7 $F , Aj8_7k 9g LV %7 %_ %e %l !<%? %i %$ %V %i %j SPIDER[ ? ] $, 3+H/ $5 $l $F$$$k . $3 $l$i$N %i %$ %V %i %j$N AH$_ 9g$o $;$K $h $j , Aj 8_ 7k 9g LV $G 9= @. $5 $l $?$" $kDxEY $N%5 %$ %:$N JBNs7W;;5! $NL?Na %l %Y %k %7 %_ %e %l !< %7 %g %s$, 2DG= $K$J $C $F$$ $k [ ? ]. K\Js9p $G$O , %7 %_ %e %l !< %7 %g %s 4D6- ISIS $N%i %$ %V %i%j $N 0l $D $H $7 $F , adaptiv e routing $, 2D G= $J %k!< %? $r <BAu $7 , $3 $l$r MQ $$$k $3 $H $K$h$j , $$ $/ $D $+$N%" %W %j%1!<%7 %g %s %W %m %0 %i %‘$r <B 9T $7 $F , L? Na %l %Y%k %7 %_ %e %l !< %7 %g %s $K$h$k adaptiv e routting $N I> 2A $r9T $& . Bh 2 @a $G $O , $3$3 $G BP>] $H$9$k adaptiv e routing $G$" $k T urn mo del $H Duato’s Proto col $r 4JC1 $K >R 2p $9$k . Bh 3 @a $O%7 %_ %e %l !<%?$N 9=@. $K $D$$$F =R $Y , Bh 4 @a $K %7 %_ %e %l !< %7 %g %s 7k2L $r Ds<( $7 $F 9M;! $r 9T $$ , Bh 5 @a $G 7kO@ $r =R $Y $k . 2 adaptiv e routing 7k 9g LV $K$* $1$k %= !< %9 , %G %9 %F%# %M !< %7 %g %s 4V $N %Q %1%C %H E> Aw $K $*$$$F , 7h$a $i$l $? 1 $D$N 7P O) $7 $+ A* Br $G $-$J $$ deterministic routing $K BP $7 , adaptiv e routing $O , F0E* $K J#?t $N7PO) $r A*Br $9 $k $3 $H $,$G$- $k $?$a , :. ;( 2U =j$* $h $S 8N >c 2U =j$N 1* 2s $, 2D G= $H$J $k . $3$l $K $h $j , %[ %C %H %9 %] %C %H H/ @8$N M^ @)$* $h $S %A %c%M %k MxMQN( $N 8~>e $, <B8=$5 $l $k$?$a %9 %k !< %W %C %H$, 8~>e $7 , $^ $? , BQ8N >c @- $r<B8= $9 $k $3 $H$b2D G= $H $J $k $? $a , adaptiv e routing $O , JBNs7W ;;5! $N@-G= $K B? Bg $J 1F6A $r M? $( $kAj8_7k 9gLV $N@-G=8~>e $K BgJQM- 8z $J <jCJ $H$5 $l $F $$ $k . 6a G/ , MM !9 $J %" %W %m!< %A $K$h $j %G%C %I %m %C %/ %U%j !< $r J]>Z $7 $? adaptiv e routing $, ?tB?$/ Ds 0F $5 $l$F$- $? $, , K\8& 5f $K $* $$ $F $O , $=$NCf $G$bBe I= E* $J$b $N $G $" $k Glass $H Ni $i$K $h $k T urn mo del[ ? ] $H Duato $K$h $k Duato’s proto col[ ? ] $rMQ $$ $FI> 2A $r9T $J $C $? . 2.1 T urn mo del %G%C %I %m %C %/ $, H/ @8 $9 $k $N $O , 7k 9g LV Fb $K$* $1$k %Q %1 %C %H $,8_ $$ $KB> $r %V %m %C %/ $7 9g$& $3 $H $K $h $j H4 $1F; $, $J$$=[4D 9= B$ $r 7A@. $7 $F $7 $^ $& $? $a $G$"$k . Glass $H Ni $i $O $3 $N E@$K Cm L\ $7 , %Q %1%C %H $, %k !< %F %# %s %0 Cf $K J}8~ $r JQ $( $k%Q%?!< %s$r @)8B$9$k $3 $H $G =[4D $N H/ @8$r KI $. %G %C %I %m%C %/%U %j!<$r <B 8= $7 $? T urn mo del $r Ds0F $7 $? . $3 $3 $G $O :G $b C1 =c $J 2 <! 85%a %C %7 %e $G $N T urn mo d- el $r 9M $( $k . $^ $: , 2 <!85 %a %C %7 %e $K $*$$ $F 2DG= $J =[ 4D9= B$ $O ?^ ?? (a) $K <($9 $h $& $K 2 <oN‘ $K$J $k . T urn mo del $G$O 3F =[ 4D 9= B$ $K $D $$$F , =[ 4D $, H/ @8 $7 $J $$ $? $a$K :G Dc 8B I, MW$J ?t$N ?J O) JQ 99 $r 6X ;_ $9 $k . $3 $3 $G$O ?^ ?? (b) $N$h $& $K ?JO) JQ 99 $r 6X;_ $9 $k $3 $H $K$h $j =[ 4D 9= B$$N H/ @8$r KI $0 . $3 $N Nc $G$O , KL J} 8~$X $N ?JO)JQ99 $O I, $: :G8e $K 9T $J$o $J $1 $l $P $J$i$J$$$N $G FC $K north-last K! $H 8F $P$l $k . $3$NB> $K$b w est-�rst $J $I $N J}K! $, $" $k . ?^ 1: T urn mo del T urn mo del $G $O 6X ;_$5 $l $F $$ $J $$ J# ?t$N ?J O) JQ 99 $r 9T $J $&8B$j $O , E, 1~ E* $K 7P O) $r A* Br$9 $k $3$H$, $G $- $k . 2.2 Duato’s proto col T urn mo del $K Be I= $5 $l $k $h$& $K , 4{ B8 $N adaptiv e routing $N $[ $H $s $I $O , 2? $i $+$N<jCJ $K$h$j=[ 4D 9= B$ $N H/@8 $r KI $0 $3$H$K $h$C $F %G %C %I %m%C%/ %U %j !< $r J] >Z $7 $F $$ $k . $7 $+ $7 Duato $O , adaptiv e routing $K $*$$ $F $O =[4D9=B$ $, H/@8 $7 $F $b %G %C %I %m%C %/ %U %j !< $r <B 8=$9 $k$3$H$, 2D G= $G $" $k$3$H $r >Z L@ $7 $F , %G %C %I %m%C %/ %U %j !< $J adaptiv e routing $N I,MW==J,>r 7o $r Ds0F $7 $? . Duato $N >r7o $N35MW $O <! $N $h $& $K$J $k . a. 7k 9g LV A4 BN $KEO $C $F =[ 4D $N L5 $$ O@ M} E* $J 7P O) (es- cap e path) $r MQ0U$9$k 2 b. escap e path $H ,escap e path $K $h $j =[ 4D $, @Z CG $5 $l $F %G %C %I %m%C %/$, 5/ $- $J $/ $J $k B> $N 7P O) (adaptiv e path) $K $h$C $F 7k 9g LV Cf $N $I $N %N!< %I 4V $G$b%Q%1 %C %H$, Aw $l $k$h $& $K $9$k $3$N 2 E@ $rK~ B- $G$- $l $P a.,b. $N7P O) $rE, 1~ E* $KA* Br $9$k$3$H$K $h $j , %G %C %I %m%C %/%U %j!< $J adaptiv e routing $, 2D G=$K $J $k . Duato $O , 0J 2< $N <j =g $K $h $j ,k-ary n-cub e $G $N fully adaptiv e routing $r <B 8= $7 $? . ?^ 2: C1J}8~ %j %s %0 1. $O $8 $a $KC1 J} 8~ %j %s %0 ( ?^ ?? ) $N %M %C %H %o !< %/ $K $D$$$F 9M $( $k . %Q%1 %C %H$, B8:_ $7 $F $$ $k %N!< %I $h $j L\ E* CO$N %N!< %I HV 9f $, Bg$- $$ >l 9g $O , %A%c %M%k C H $r ;H$$ , Dc$$ >l 9g $O C A $r ;H MQ$9 $k $H $$ $& @) 8B $r@_ $1 $k $3 $H $K$h $j=[ 4D $N $J$$ escap e path $, J] >Z $5 $l $k .escap e path $, A4 $F $N%N !< %I 4V $K B8 :_$9 $k$? $a , $3 $N %M%C %H %o !< %/ $O %G %C %I %m %C %/ %U %j!< $G$" $k . 2. <! $K , %M %C %H%o !< %/ $r AP J} 8~ %j %s %0 $K3H D% $9 $k . $7 $+ $7 ,Duato $N J}K! $G $O , %k !< %F %# %s %0 $O >o $K :G C; 7P O) $rDL $k $3 $H (minimal routing) $+ $i , %k!< %F %# %s %0 $N ESCf $G$= $l $^ $G ;HMQ $7 $F$$$? %j %s %/ $H 5U J} 8~ $N %j %s %/$r ;H MQ $9 $k $3 $H $O $" $j $( $: , 5UJ} 8~ $N %j %s %/ $O A4$/ JL $N%M %C %H %o!<%/ $H $7 $F J,N% $7 $F 9M $( $k $3 $H $,$G $-$k . $h$C $F , APJ} 8~%j %s %0 $N%M%C %H %o!< %/ $G$b %G %C %I %m%C%/ %U %j !< $G $" $k . 3. <! $K , %M%C %H %o!< %/ $r B?<!85 $N$b$N $K 3HD%$9$k . <! 85 $N;H MQ =g $r8G Dj $9 $k $H , 7k6I $O APJ} 8~ ( C1 J} 8~ ) %j %s %0 $r 7h$^$C $?=g $K ;HMQ $9$k $@$1$K$J $k . $h $C $F , %k !< %F %# %s%0 $N $H $-$K ;H MQ $5 $l $k %A%c %M %k 4V $N 0M B8 4X 78$O 3F <! 85$G FH N)$G $" $k$? $a , %G %C %I %m %C %/ %U %j!< $G$" $k . 0J >e $K $h$j , k-ary n-cub e $K $* $1 $k escap e path $, MQ0U$5 $l $? . 4. :G 8e $K , %P !<%A%c %k %A%c %M%k C F $r ?7$?$K MQ 0U $7 , $= $N%A%c %M%k$G$O <! 85$N ;H MQ =g $r L5 ;k $7 $F 0\ F0 2D G=$H $9 $k . $3$l $K $h $j , %G %C %I %m %C %/%U %j !< $J fully adaptiv e routing $, 2DG= $H$J $k . $? $@ $7 $3$N %k!< %F%# %s %0$G $O ,2. $r K~ B- $5 $;$k $? $a $K , >o $K :G C; 7P O) $r DL$k$H $$ $& minimal routing $r <i $i$J$1 $l $P $J$i$J $$ . 3 L?Na %l %Y %k %7 %_%e %l !< %?$N <BAu K\ 8& 5f$N L\ E* $O , <B :]$N%" %W %j%1 !< %7 %g %s $r Mx MQ $7 $? L? Na %l %Y%k %7 %_ %e %l !< %7 %g %s $r 9T$J $$ , Aj 8_ 7k 9gLV $K $* $1 $k adaptiv e routing $N I>2A $r 9T $J $& $3$H $G $" $k . K\8&5f $G$O$3 $l $r <B8=$9 $k $?$a$K JB Ns7W;; 5! %7 %_ %e %l !< %7%g %s %i %$ %V %i %j ISIS $H 7k9g LV %7 %_ %e %l !< %7 %g %s %i %$ %V %i %j SPIDER $G Ds 6! $5 $l$F$$ $k 5! G= %V %m%C%/ $r MQ $$$k . $^ $: , $3 $N Fs $D $N%i %$ %V %i %j $K $D$$$F =R $Y $k . 3.1 JB Ns 7W ;; 5! %7 %_%e %l !< %? %i %$ %V %i %j ISIS JBNs7W;; 5! %7 %_ %e %l !<%?%i %$ %V %i %j ISIS $O , JBNs 7W;;5! $N @-G=I>2A $r L\E* $H $7 $F 7DXf5A=NBg3X $G 3+H/ $5 $l$? %7%_ %e %l !< %? %i %$ %V %i%j $G $"$k . ISIS $O , JB Ns 7W;;5! $r 9=@.$9$k8D !9 $N 5!G= %V %m%C%/ $r %7 %_ %e %l !< %H $9$k !V It IJ !W $rB? ?t =8 $a $? %i %$ %V %i%j $G $" $j , 3F 5! G= %V %m %C %/ $O%f%K %C %H $H $7 $F 8DJL $K <B Au $5 $l$F$$$k . I,MW $J%f%K%C %H $r 7R $. 9g $o$;$k $3 $H $K $h$j =jK> $N JB Ns7W ;; 5! %7 %_ %e %l !<%? $r9=C[ $9 $k $3 $H $,$G$-$k $? $a , ISIS $O %" !<%-%F %/ %A%c $K 0MB8$9 $k $3$H $, $J $/ , %" !< %-%F %/ %A%c $N JQ99 $K $h$k %7 %_ %e %l !<%?:F<BAuEy $N %3 %9 %H$r BgI} $K :o 8: 2D G= $H $7 $F$$ $k . $^ $? , %7 %_ %e %l !< %7%g %s J}<0 $H $7 $F , 3NN( %b %G %k%7 %_ %e %l !< %7%g %s , %H %l !< %9 6n F0 7? %7 %_ %e %l !<%7 %g %s , L? Na %l %Y%k %7 %_ %e %l !< %7 %g %s $N $I $N J}<0 $K $b BP1~2DG= $H$J $C $F$$ $k . ISIS $O<B Au 8@ 8l $H $7$F , %* %V%8 %’ %/ %H ;X 8~ $r %5 %] !< %H $7 9bB. F0 :n $, 2DG= $J C++ 8@8l $rMQ $$ , 3F %f %K %C %H $r %/%i %9 %i %$ %V %i %j $N 7A $G Ds6! $7 $F $$ $k . %f %K %C %H 4V $N6& DL @- $r4p Dl%/ %i%9 $H $7 $F Cj =P $9 $k $3 $H $K$h$j , 3F %f%K%C %H $O $= $l $>$l 8DJL $N %/ %i %93, AX $r 7A@. $7 $F $*$j , MQ 0U$5 $l $F $$$J $$%f %K %C %H $K $D$$$F $b 7Q >5 $r MQ $$$k $3 $H $K $h$jHf3SE*MF0W $K <BAu $r 9T $J $& $3 $H $, $G $- $k$h $& $K @_ 7W$5 $l $F $$ $k . %f !< %6$O , $3$l $i $N %f %K %C %H $r I> 2A$9 $k BP >] $K 9g $o $;$F A* Br , ;H MQ$9 $k $3$H $K $h$j %7 %_ %e %l !<%? $N <BAu $r MF0W $K 9T $& $3 $H $, $G $- $k . %f %K %C %H 4V $N7k 9g $HDL ?. $N %$ %s%? %U %’ !< %9 $K $O , >p Js$r Cg 2p$9 $k B8 :_ $H $7 $F %Q %1 %C %H , 7k 9g $r Cg 2p$9 $k 3

B8:_ $H $7 $F%] !< %H $N 35G0 $, F3F~$5 $l $F $$ $k . %Q %1%C %H $O , Aj 8_ @\ B3$5 $l $? %f %K %C %H 4V $G $d $j <h$j $5 $l $k A4 $F$N >pJs $r I=8=$9 $k . Nc $( $P %k !< %? 4V $G Aw<u?.$5 $l $k%U %j%C %H , %W %m %; %C%5 $, %P %9 $K =P NO$9 $k %a %b %j %" %/%; %9MW 5a$J $I $, $3$l $K Aj Ev$9 $k . %] !< %H $O , %f %K%C %H F1;N $r 7k9g $7 $F$$ $kDL?.O) $X$N F~=PNOC< ;R $r I=8=$9$k . @\B3 $7 $? $$%f%K %C %H F1;N$N %] !< %H $r @\ B3 $9$k $3$H $G , %f%K %C %H 4V $N DL?.O) $, 9=C[$5 $l $k . 8= :_ , MIPS <R$N R3000 %W %m%; %C%5 , R3010 Ib F0 >.?tE@ 1i ;;%3 %W %m%; %C%5 , %P %97k 9g 7? JB Ns 7W ;; 5! MQ $N %9 %L !< %W %- %c %C %7%e Ey$N%f%K %C %H $, <BAu$5 $l $F $$ $k . $^$? , SPLASH2 %W %m %0 %i %‘=8 [ ? ] $r%7 %_ %e %l !< %?>e $G <B 9T$9 $k$?$a $N 4D 6-$b @0Hw$5 $l $F $$ $k . ISIS $O , %7 %_ %e %l !< %7 %g %s$r<B 9T $7 $F$$$k :] $N3F %W %m %; %C %5 $N %a %b%j %"%/ %;%9 $r4F ;k $7 , %7 %_ %e %l !< %7 %g %s$N<B 9T 7k2L $H $7 $F%" %I %l %9 %H %l !< %9 %U %! %$ %k$r @8@.$9$k 5!G=$r Hw$( $F $$ $k$? $a , B>$N %H%l !< %9 6n F0 7? %7 %_ %e %l !<%?$X $N %G !<%?F~NO %7 %9 %F%‘ $H $7 $F$b ;HMQ$9$k $3 $H $, 2DG= $H$J $C $F$$ $k . ISIS $O >.5,LOJBNs7W;;5!$N @- G= I> 2A $rL\ E* $H $7 $F3+ H/ $5 $l$? $? $a ,ISIS $, Ds 6! $9 $k%i %$ %V %i %j $N $_$G$O , 3F%f %K %C %H $N 7k 9g 7A BV $O%P %97k9g $N$_ $K 8BDj $5 $l $F $$ $k . 3.2 Aj 8_ 7k 9g LV %7 %_%e %l !< %? %i %$ %V %i %j SPIDER SPIDER $O , Aj8_ 7k9gLV$N @-G=I> 2A $r L\ E* $K 7D Xf 5A =NBg3X $G 3+H/ $5 $l $? %7 %_ %e %l !<%? %i %$ %V %i %j $G$" $k . SPIDER $O , Aj 8_ 7k 9g LV $r9= @. $9 $k 3F 5! G= %V %m %C %/ $r C++ $N%/ %i%9 %i %$ %V %i%j $N 7A $G <B Au $7 , ISIS $H F1 MM $J %7%_ %e %l !< %? 9= C[ ;Y 1g 4D 6- $rDs 6! $7$F$$ $k . $^ $? , L? Na %l %Y %kJ} <0 $G $N I> 2A $r9T $J $& $3 $H $r9M N8 $7 $F ISIS $, Ds6!$9$k4v $D $+ $N%f%K %C %H $r ;HMQ $7 $F $$ $k . SPIDER $O Aj8_ 7k9g LV $r 9=@. $9$k <g $J 5!G= %V %m%C %/ $G $" $k %Q %1 %C %H , %k!< %? , %M %C %H%o !< %/ %$ %s%? %U %’ !< %9 $= $l $> $l $K$D $$ $F , 6& DL 5! G= $rCj =P $7 $?4p Dl %/ %i%9 $*$h $S <BAu :Q$N GI @8 %/%i %9 $r Ds 6! $7 $F $$ $k . %Q %1%C %H E> Aw J} <0$H $7 $F$O 0l HL E*$J w ormhole routing $* $h $S virtual cut-through $, %5 %] !< %H $5 $l $F $*$j , 7k 9g LV $N %H%] %m %8 $* $h $S %k !< %F%# %s %0 %" %k %4 %j %:%‘ $O , SPIDER $, Ds6! $9$k 4p Dl %k!<%?%/ %i%9 $NGI @8%/ %i%9 $K $*$$ $F <BAu<T $, <jB3 $-;X8~ $G MF0W $K 5-=R $9$k $3 $H $, $G $- $k$h $& $K $J $C $F $* $j , MM !9 $J %H %] %m%8 $* $h $S %k !<%F %# %s %0 %"%k %4 %j %: %‘ $r MF0W $K <BAu$9$k $3$H $, 2DG= $H$J $C $F$$ $k . %M %C %H %o !< %/ %$ %s %?%U%’!< %9 $H $7 $F$O , 3N N(%b %G %k %7 %_ %e %l !<%7 %g %s $r 9T $J $& $?$a $N0lMMMp?t $K 4p $E $$ $F%" %/ %; %9 $r H/9T$9$k %f%K%C %H $H L? Na %l %Y %k %7 %_ %e %l !<%7 %g %s $, 2D G=$J ISIS $G Ds 6! $7 $F$$ $k %f%K%C %H $G 9=@. $7 $? %N !< %I $r%k !<%? $K @\ B3$9$k$?$a $N %f %K %C %H [ ? ] $, $= $l$> $l <B Au$5 $l $F $$ $k !% 8e<T $N %f%K%C %H $O !$%N !< %I Fb %P %9 $H %k !<%?4V $N %Q %1%C %H $N Aj 8_ JQ 49 !$ %U %m !< @) 8f$r 9T$$ , $^$? !$J, ;66&M- %a %b %j $r%5 %] !< %H $9 $k!% $3$N%f%K%C %H $r MQ $$ $k $3$H $K $h$jAj8_7k9gLV $K $h$j3F %N !< %I $, 7k9g $5 $l $? J,;66&M- %a %b %j7?JBNs7W;;5! $N L?Na %l %Y %k%7 %_ %e %l !< %7 %g %s$, 2DG= $H$J $C $F$$ $k . 3.3 %?!< %2%C %H %^ %7 %s $N 9=@. K\Js9p $K $* $1 $k adaptiv e routing %7 %_ %e %l !<%? $G $O , 3F%N !< %I $, Aj 8_ 7k 9g LV $K$h $j @\ B3 $5 $l$? J, ;6 6& M- %a %b%j 7? JB Ns 7W ;; 5! $rL? Na %l%Y %k $G %7%_ %e %l !< %7 %g %s $9$k $3 $H $K$h $j , Aj8_ 7k 9g LV >e $G$N adaptiv e routing $N 8z2L $r I>2A$9$k . $3$N J,;66&M- %a %b %j7? JBNs7W ;;5! $NL?Na %l %Y%k %7 %_ %e %l !<%? $N5!G= %V %m %C %/ $r 9=@. $r ?^ ?? $K <( $9 . %W %m%;%C %7 %s %0 %f%K%C %H ItJ, $K$O , R3000 %W %m%;%C%5 , R3010 IbF0>. ?t E@1i ;; %3 %W %m%; %C %5 , %-%c %C %7%e , 6& M- %a %b %j $J $I $N L?Na %l %Y %k%7 %_ %e %l !< %7%g %s$, 2DG= $J ISIS $G Ds6! $5 $l $F $$$k5!G= %V %m%C%/ $r MxMQ $7 , Aj 8_7k9gLVItJ, $K$O%k !<%?$* $h $S %M%C %H %o!< %/ %$ %s %? %U %’!< %9 $J $I $N SPIDER $G Ds 6! $5 $l $F $$ $k 5! G= %V %m %C %/ $rMx MQ $7 $F$$ $k . Aj 8_ 7k 9g LV $N %H%]%m %8 $O 2 <! 85 %H !<%i %9 $r MQ$$ $F$$ $k . ?^ 3: L?Na %l %Y%k%7 %_ %e %l !<%?$N 5!G= %V %m%C %/?^ L? Na %l %Y%k %7 %_ %e %l !< %?$N <B 9T%U %! %$ %k$O , I, MW $J%i %$ %V %i%j $rMQ $$ $F %H%C %W %b %8 %e !< %k $r5- =R $7 , %3 %s %Q %$ %k , %j %s %/ $r $9 $k $3$H $K $h$j @8@.$5 $l $k . 3.4 adaptiv e routing $N <BAu SPIDER $, Ds 6! $9 $k %k !< %? %/ %i %9 $K $* $$ $F $O , %k!< %F %# %s %0 %"%k %4 %j %: %‘ $K 4X$9$k %$ %s %?%U%’!<%9 $N$_ $, Dj 5A$5 $l $F $$ $k$?$a , %f !< %6 $, GI @8 %/%i %9 $r :n@. $7 $F %k !<%F %# %s %0 %"%k %4 %j %: %‘ $N <BAu $r 9T $J $& $h $& $K $J $C $F $$ $k . K\ 8& 5f$G$O , 2 <! 85 %H !< %i %9 $K $*$1 $k 1 $D $N deterministic routing $H 2 $D $N adaptiv e routing $r $= $l $> $l GI @8 %/ %i %9 $r :n@. $7 $F <BAu $7 $? . 4

3F %k!< %F %# %s %0%" %k %4 %j %:%‘ $N 35 MW $O<! $N $h$& $K $J $C $F$$ $k . � e-cub e routing { X , Y J} 8~$N =g $K :G C; 7P O) $K $h $k%k !< %F %# %s %0 $r 9T $J $& deterministic routing { %P !< %A%c %k%A%c %M %k$r 3FJ}8~ $K 2 K\MQ0U { %k!< %F %# %s %0$N <+ M3 EY ( A* Br 2D G= $J %P !< %A %c %k %A%c %M %k $N ?t ) $O 1 � T urn mo del { north last K! $r MQ$$$k { %P !< %A%c %k%A%c %M %k$r 3FJ}8~ $K 3 K\MQ0U { :GC;7PO) $N$_ $r ;HMQ { partially adaptiv e { %k !<%F %# %s %0 $N <+M3EY $O 1 !A 2 � Duato’s proto col { %P !< %A%c %k%A%c %M %k$r 3FJ}8~ $K 3 K\MQ0U { %k !< %F %# %s%0 $N @) 8B$O Bh 2 @a$G @b L@ $7 $? DL$j { fully adaptiv e { %k !<%F %# %s %0 $N <+M3EY $O 1 !A 4 4 I>2A <B Au $7 $? L? Na %l %Y %k %7 %_ %e %l !< %? >e$G 2 $D $N S- PLASH2 %" %W %j %1 !< %7%g %s =8 $r3F %k!< %F %# %s %0 %" %k %4 %j %:%‘ $K$h $j <B 9T $7 $? . 0J2< $K$= $N7k 2L $r<( $7 , 8! F$ $r 9T $J $& . %7 %_%e %l !< %7 %g %s >r7o %7 %_ %e %l !< %7 %g %s$K $* $1 $k>r 7o $O <! $NDL $j $G$"$k . � 2 <! 85 %H !< %i %9 $N %5 %$ %: $O 16(4 � 4) $* $h $S 64(8 � 8)( $? $@ $7 RADIX $O 16 $N$_ ) � J*M} %A%c%M %k$N%P %s %I I} $O 1 [ it/clo c k] � %Q%1%C %H D9 $O 8 it $K 8GDj � %k !<%F %# %s %0 $K 1 clo c k � %" !< %S%H%l !< %7 %g %s$K 1 clo c k � %Q %1%C %H E> Aw J} <0 $O w ormhole routing $*$h $S virtual cut-through � 3F%N !< %I $+$i 7k9gLV Fb $K EjF~ $5 $l$F $$$k %j %/ %( %9 %H %Q%1 %C %H $N ?t $O >o $K :GBg $G 2 � %M%C %H %o!< %/ %$ %s %?%U %’!<%9 $K $* $1 $kAw<u?. MQ %P %C%U %!$N %5 %$ %:$O , 32 pac k et(16 %N!< %I 9= @. ;~ ) $*$h $S 128 pac k et(64 %N !< %I 9=@.;~ ) � %A%c %M%k%P %C%U %!$N %5 %$ %:$O 1, 2, 4, 8 $H JQ2= $5$;$F$= $l $>$l I>2A $r 9T $J $& ;H MQ $7 $?%" %W %j %1 !< %7%g %s$O SPLASH2 %" %W %j %1!< %7 %g %s =8$N FFT $H RADIX $G $" $j , FFT $N Ld Bj%5 %$ %: $O 4096, RADIX $N Ld Bj %5 %$ %: $O 32768 $H $7 $? . 4.1 FFT $K $h $kI>2A 16 %N !< %I 9=@.;~$*$h $S 64 %N!< %I 9=@.;~ $K $* $1 $k 7k2L $r ?^ ?? $H ?^ ?? $K $= $l $>$l <($9 . ?^ 4: FFT $K $* $1 $k7W;;;~4V (16 %N !< %I 9=@.;~ ) ?^ 5: FFT $K $* $1 $k7W;;;~4V (64 %N !< %I 9=@.;~ ) $= $l $> $l$N?^ $K$* $$ $F , 2# <4 $O%A %c %M %k %P %C %U %! MF NL , =D <4 $O =i4| 2=$r =| $/ %" %W %j%1!<%7 %g %s $N Am <B9T ;~4V ( JBNs =h M} It J, $N7W ;; $K MW $7 $? ;~ 4V ) $r I= $7 $F$$ $k . $3 $l$i$N?^ $h $j , Duato’s proto col $O $I $A $i$N %5 %$ %: $K $* $$ $F$b e-cub e routing $K BP $7 $F 7W;; ;~ 4V $N C; =L $r <B 8= $7 $F $$ $k $3$H $, J, $+ $k . 7W ;;;~4V$N C;=L $N EY 9g $O , 16 %N!< %I 9=@. $K $*$$$F$O Ls 5 !A 10% $[ $I $G$"$k $, , 64 %N !< %I 9= @. $K $* $$ $F $O Ls 42% !A 63% $H Hs >o $K Bg$-$J $b $N$H $J $C $F $$ $k . $3$l $O , %N!< %I $N %5 %$ %: $, A}2C $9$k $H%Q%1 %C %H $N J?6Q hop ?t $, Bg $-$/ $J $k$? $a , adaptiv e routing $K $* $$ $F A* Br 2D G=$J 7P O) $N ?t $, A}2C $7 $?$3$H $, Bg$-$/1F6A $7 $F $$$k $H ;W $o $l $k . T urn mo del $b 64 %N!< %I 9=@. $K $*$$$F$O , :G 5

Bg $G Ls 55% $NBg $- $J7W;; ;~ 4V $NC;=L $r<B8= $7 $F$$$k $, , %A%c%M%k%P %C%U %! %5 %$ %: $, 1, 2 $N ;~ $K$O 7W;; ;~ 4VC;=L $N EY9g $O >.$5 $/ $J $C $F $$ $k . $^$? , 16 %N !< %I 9= @. $K $*$$ $F $O e-cub e routing $H$[ $\ F1Ey $b $7 $/ $O $= $l $h$j D9 $$ 7W;;;~4V $r MW $7 $F $$ $k >l9g $b$"$k . 4.2 RADIX $K $h $k I>2A 16 %N !< %I 9= @. ;~ $K$* $1$k 7k 2L $r?^ ?? $K<( $9 . 3F :B I8<4 $, <($9CM $O FFT $N >l9g $H F1MM $G $" $k . ?^ ?? $h ?^ 6: RADIX $K $* $1 $k7W;;;~4V (16 %N !< %I 9=@.;~ ) $j , e-cub e routing $H T urn mo del $K$O $[ $H $s $I 7W ;; ;~ 4V $K:9 $,$_ $i $l$J $$ $3 $H $, J, $+$k . RADIX $K$* $1 $kDL?.%Q%? !< %s $G$O , $" $k 1 $D$N %N!< %I $K B>$N %N !< %I $+$i $N%Q%1%C %H$, F1;~ $K =8CfE* $K Aw $i $l $k $H$$ $& $h$& $J6I =j E* $J %"%/ %;%9 $, B? $/ $J $C $F $$ $k $? $a , L\ E* %N !< %I $K 3FJ}8~ $+$i F1;~ $K J#?t $N%Q%1%C %H$, E~Ce $9 $k $H$$ $& $h $& $J >uBV $, H/@8 $7 %[%C %H %9 %] %C %H$, H/@8 $7 $d$9$/ $J $C $F$$ $k $H9M $( $i $l $k . Duato’s proto col $b %A %c%M %k%P%C %U %!%5 %$ %: $, 1, 2 $N ;~ $K $O$3$N1F6A $r <u $1 $F $$ $k$H 9M$($i$l $k $, , %A%c%M%k %P %C%U %! %5 %$ %: $, 4, 8 $N;~ $K $O B> $K Hf $Y $FLs 10% !A 23% $N7W ;; ;~4V $N C;=L $r <B8= $7 $F $$ $k . 5 7kO@ K\ 8& 5f$G $O 2 <! 85 %H !< %i %9 $K $h $j 3F MW AG $, 7k 9g $5 $l $? J,;66&M- %a %b %j7?JB Ns7W;; 5! $N L?Na %l %Y %k%7 %_ %e %l !< %? $r<B Au $7 , %7 %_ %e %l !< %? >e $G SPLASH2 %" %W %j%1 !< %7 %g %s =8$N FFT $H RADIX $r <B 9T$9 $k $3 $H$K $h $j , 8= <BE* $J DL ?.%Q%?!< %s $K $* $1 $k adaptiv e routing $N@-G= I> 2A $r9T $J $C $? . %7 %_ %e %l !< %7%g %s $N 7k2L , Duato’s proto col $r MQ$$ $k$3 $H $K $h $j 3N <B $K @- G=8~>e $r <B8= $9$k $3$H $, 2DG= $H$J $k $H$$ $& $3$H $, J, $+ $j , $3 $l $K $h $j 8= <B E*$J DL ?.%Q%? !< %s $K $*$$$F $b adaptiv e routing $, M-8z $G$"$k $H$$ $& $3 $H $, 3NG’ $5 $l $? . ;29MJ88% [1] J.Duato, S.Y alamanc hili, L.Ni, \INTER CON- NECTION NETW ORKS an Engineering Ap- proac h", IEEE Computer So ciet y Press. [2] C. J. Glass and L. M. Ni, \Maximally F ully Adaptiv e Routing in 2D Meshes", Pro ceedings of In ternational Conference on P arallel Pro- cessing, pp278-287, Aug. 1992 [3] J.Duato, \A Necessary and su�cien t con- dition for deadlo c k-free adaptiv e routing in w ormhole net w orks", ICPP94. pp.1142-1149 [4] <cNS @5<y , JFED Bn;J , E7Ln 1Q@2 ,\ JBNs 7W;; 5! %7 %_ %e %l !< %7 %g %s %i %$ %V %j $NDs0F ", EE;R >p Js DL ?. 3X2q , CPSY 97, Dec. 1997 [5] JF ED Bn ;J , <c NS @5 <y , NP @n N4 , @> B< 9n ?. , E7 Ln 1Q@2 ,\ JB Ns 7W ;; 5! $N $? $a $NAj 8_ 7k 9g LV %7 %_ %e %l !< %? SPIDER", EE ;R >p Js DL ?. 3X 2q , CPSY 98, Jan. 1998 [6] >. <i 7Q IW , <c NS @5 <y , E7 Ln 1Q @2 , \ Aj 8_ 7k 9g LV I>2A MQ L? Na %l %Y %k %7 %_ %e %l !< %7%g %s ", >p Js =h M} 3X2q8&5fJs9p , HOKKE-99, Mar. 1999 [7] Stev en Cameron W o o, Moriy oshi Ohara, E- v an T orrie, Jaswinder P al Singh, Ano op Gup- ta, \The SPLASH-2 Programs: Character- ization and Metho dological Considerations", Pro ceedings of the 22nd In ternational Sym- p osium on Computer Arc hitecture, pp 24{36, June 1995. 6