B?<!859=B$ $r ;}$D MIN $N Ds0F <k >P4d 550f 5.G7 H9 IRGn E7Ln 1Q@2 f cissy , k amei, hana w a, h unga g @aa.cs.k eio.ac.jp 7DXf5A=NBg3X M}9)3XIt 35MW K\O@J8 $G$O !" B?<!859= B$ $r ;}$D MIN !" n D-MIN $r Ds0F$9$k !# n D-MIN $O B?<!852= $H =[4D %j %s %/ $N IU 2C $K $h$j !" FCDj $N %a %b %j%b %8%e !< %k$K BP$9 $kE> Aw %9 %F%C %W ?t $r 8: $i $7 !" %" %/ %; %9 $N 6I=j @- $r MxMQ$9$k $3 $H $, $G $- $k !# 3NN( %b %G %k$K $h$k %7 %_ %e %l !< %7%g %s $N 7k2L !" B?<!85 9=B$ $r :GBg8B $K MxMQ $9$k<! 85<+M3 %k !< %F %# %s%0 $r MQ $$ $?>l9g !" %i %s %@ %‘E>Aw $K $* $$ $F$b !" DL >o $N MIN $h$jM% $l $?%" %/ %; %9 %l %$ %F %s%7 %# $r <B 8=$9$k$3$H $, $G $- $k !# $5 $i$K !" %" %/ %; %9 $K 6I=j@- $, B8:_$9 $k>l 9g $O !" %" %/ %; %9 %l %$ %F %s %7 %# $r :G Bg 24% 2~A1 $G $-$k $3 $H $, $o$+ $C $? !# $^ $? !" 8N >c $d:.;( $r 1*2s $9$k %k!<%F %# %s %0 J}K! $K $D$$ $F$bDs 0F $7 $? !# MIN with m ulti-dimensional structure Abstract In this pap er, w e prop ose a no v el MIN (Multistage In terconnection Net w ork) structure called the m ulti-dimensional MIN ( n D-MIN). Unlik e the con v en tional MINs, the n D-MIN can mak e the b est use of access lo calit y b y its m ulti-dimensional structure and feedbac k lines. According to the probabilistic sim ulation results, the latency is 24% b etter than that of traditional MINs under the tra�c with comm unication lo calit y , b y using the dimensional free routing. Ev en without comm unication lo calit y , the latency of the n D-MIN is b etter than that of traditional MINs if the size is appropriately matc hed. F ault y or congested elemen ts or links can b e b ypassed with a simple mo di�cation of the routing algorithm. 1 $O $8 $a$K Bg 5, LO $J JB Ns 7W ;; 5! $r9= @. $9 $k :] $K !" PU (Pro cess- ing Unit) 4V$" $k $$$O PU- %a %b %j 4V$N Aj 8_ 7k 9g J} <0 $O =E MW $J 0L CV $r @j$a$F $*$j !" JBNs7W ;; 5!$N 5, LO !" 1~ MQLdBj$N @-<A$J $I $K 1~ $8 $? :GE, $J 7k 9gLV $r 5a$a $k 8& 5f $, @Q 6KE* $K ?J$a $i $l $F $$ $k !# $=$N Cf $G !" B?CJ7k 9g LV MIN (Multistage In terconnection Net w ork) $O %9 %1!<%i %S %j %F %$ $, 9b $/!" E>AwMF NL $, Bg$- $$ MxE@$r$b $D $? $a !" PU $H 6&M- %a %b%j %b %8 %e !< %k $r7k9g $9 $k J} K! $H $7 $F !" 8E $/ $+$i 8&5f $5 $l $F$-$? $, [1] !" <B:] $N%^ %7 %s >e $G <BAu$5 $l $? Nc $O :G6a>/ $J $/ $J $C $F$$ $k !# $3 $l$O !" MIN $N ;} $D9= B$>e $NLdBj E@ $,$R$H$D $N86 0x $H$J $C $F$$ $k !# $9 $J$o $A !" =>Mh $N MIN $G$O !" PU $H %a %b%j %b %8 %e !< %k $N4V $G8r 49 $5 $l $k %Q %1 %C %H$O !" I, $: F1 $8 ?t$N %9 %F!< %8 $r DL$C $F E> Aw$5 $l $k !# $3$N 9= B$ $O !" F1;~ $K J# ?t$N %a %b %j%b %8 %e !<%k $+ $i J# ?t$N PU $K BgNL $K %G !< %? $rE> Aw $9 $k $K $O JX Mx $G$" $k $, !" PU $, %a %b %j %b %8 %e !< %k$K BP $7 $F 9T $J $& %" %/%; %9 $K 6I =j@- $, B8:_ $9 $k >l 9g !" $= $NMx E@ $r 3h $+ $9 $3 $H $,$G$- $J$$ !# %7 %9 %F %‘ $, Bg5, LO $K$J $k $H !" $R$H $D$N%7 %9 %F %‘ >e $G B? ?t$N %8 %g %V $d %W %m%; %9 $, F0 :n$9 $k$h $& $K $J $j !" $9 $Y$F $N PU $, $9$Y$F $N %a %b %j %b %8 %e !< %k$K BP $7 $F 0l MM $K%"%/ %;%9 $rH/@8 $9 $k $3 $H $O 9M $( $K $/ $$ !# $= $3 $G !" MIN $N FCD’ $r J];} $7 $?$^$^ !" FC Dj $N %a %b%j %b %8%e!< %k$K BP$9 $k %" %/ %; %9 $r 8z N(NI $/9T $J $& $3$H $N$G $- $k 9=@. $, M-Mx $K$J $k !# K\ O@J8 $G$O !" 6I=j@- $r MxMQ$9 $k $3$H $, 2D G= $G Bg5, LOJB Ns %7 %9 %F%‘ $K 8~$/ n <!85 MIN( n D-MIN) $r Ds0F $9$k!# $3 $N MIN $O !" =[ 4D 9= B$ $H B? <! 85 9= B$ $r;} $D $3 $H$G !" MIN $N FCD’ $r J]$C $?$^$^ !" 6I=j @- $r @8 $+ $9 $3 $H $, $G $- $k !# $5 $i$K !" $=$N %l %$ %F %s %7 %# $K $D$$$F 3N

N( %b %G %k $r MQ$$ $F I> 2A $r 9T $J$$ !" 8N>c $d :.;($N 1* 2s K! $K $D$$$F 8!F$ $r 9T $J $& !# 2 B?<!85 MIN $N Ds0F 2.1 n D-MIN $N 9=@.86M} n D-MIN $O !" MIN $N %9 %F !< %8 4V $N@\ B3 $rB?<! 85 J} 8~ $K 3H D%$9$k$3$H$K $h$j 9=@.$9 $k !# $3$3$G$O !" 4pK\ $H$J$k MIN $K ?^ 1 Cf $K <($9 Ban y an LV (Generalized Cub e LV [4]) $r MQ $$$k!# $3 $NLV $O !" $R$H$D $N%9 %$ %C %A %s%0 %( %l %a %s %H $, !" =PNO $H F10l HV9f$N C< ;R $K BP $7 $F @\B3 $5 $l $? %j %s %/ ( JB9T%j %s %/ ) $H 2 S (S $O %9 %F!< %8 HV 9f ) N% $l $? HV 9f$N C< ;R $K BP $7 $F @\ B3$5 $l $? %j %s %/ ( %/ %m %9 %j %s %/ ) $r ;}$A !" D>@\LV$N%O %$ %Q!< %-%e !< %V $K AjEv$9$kB?CJLV $r 9=@.$9$k !# ?^ 1: 3 <!85 MIN $N 9=@.86M} n D-MIN $O !" $3$N %/ %m %9%j %s %/ $r B?<!85J}8~ $K BP $7 $F $b @_ $1$k $3 $H $K $h $j 9= @. $9 $k !# ?^ 1 $K 3 <! 85 MIN $N9= @. 86 M} $r<( $9 !# $3 $N9= @. $G $O !" PU $O !" <+ J, $HF1 0l $N ?e J?$*$h $S ?bD> J?LL >e$N %a %b %j %b %8 %e !<%k $7 $+ %" %/ %; %9 $G$- $J$$ !# $= $3 $G !" Generalized Cub e LV $K ?^ 2 $K <($9 $h $& $K =[ 4D %j %s %/ $r IU 2C $9 $k !# $3 $N 9= B$ $O !" D>@\ LV$N Cf$N =[ 4D LV$K B0$9 $k Circular Ban y an LV [7] $N %H %] %m %8$r MIN $K MxMQ $7 $?$b$N$H 9M $( $k $3 $H $, $G $- $k !# ?^ 2 $N 9= B$ $r4p K\ $H $7 $? 3D-MIN $r?^ 3 $K<( $9 !# $3 $N9=B$ $O D>@\ LV $G$"$k CB 2 [2, 3] $r MIN $K 1~MQ $7 $? $b$N $H 9M $( $k$3$H $b$G $- $k !# =[4D %j %s %/ $r ;}$D$3$H $K $h $j %O!< %I %&%’%" NL $O A} 2C$9 $k $, !" G$0U $N %a %b %j %b %8%e !< %k$K %" %/%; %9$9$k $3$H $, $G $- $k !# 8@ $$ 49 $( $k $H !" 3 <!85 MIN $G$O ?eJ? !" ?bD> $N$= $l $>$l $N J}8~ $G F1 0l J?LL >e $N %a %b %j %b %8 %e !< %k$K BP $7 $F$O D>@\%" %/ %; %92DG= $G $" $k !#B> $N %a %b %j %b %8 %e !< %k$K BP $7 $F $O !" :G =i $K ?b D> J} 8~ $N MIN $r MQ $$ $FL\ E* CO $HF10l ?b ?^ 2: =[4D9=B$ $r IU2C $7 $? LV D> J? LL >e $K %Q %1%C %H $r Aw$j !" 0lC6=[ 4D %j %s %/ $r MQ$$ $F =PH/ CO $K La $C $?8e !" ?e J? J} 8~ $N MIN $r MQ $$ $FL\ E* CO $K %Q %1%C %H $r Aw$k$3$H$K $h $j%" %/ %; %9$9$k$3$H $, $G $- $k !# ?^ 3: 3 <!85 MIN $N 9=@. ?^ 3 $K<( $9 3D-MIN $K$* $$ $F !" PU HV 9f !" %a %b%j HV 9f $O$= $l $>$l 1 <!85 >/ $J$$ 2 <!85 $N:BI8 P ( X 0 ; X 1 ), M ( X 0 ; X 1 ) $G I=$9 $3 $H $,$G $- !" %9 %$ %C %A %s %0 %( %l %a %s%H HV9f $O$3$l$K %9 %F !< %8 J} 8~ $r 9g $o$;$? 3 <!85$N :BI8 E ( X 0 ; X 1 ; s ) $G I= $9 $3 $H $,$G $-$k !# %( %l %a %s %H 4V $N@\ B3 $O !" E ( X 0 ; X 1 ; s + 1) $K BP $9 $k J? 9T %j %s %/ $H X 0 ; X 1 J}8~ $K $= $l $>$l 2 S N% $l $?%( %l %a %s %H $K BP$9 $k %/ %m %9%j %s %/ $K $h $C $F @\B3$5 $l $k !# 0J2< !" n D-MIN $N @\B3J}K! $r Dj5A$9$k !# 2.2 n D-MIN $N @\B3 $^ $: !" 0J 2< $N$h$& $K PU !" %a %b %j !" %9%$ %C %A %s %0 %( %l %a %s%H $K HV 9f IU $1 $r 9T $J $& !# $3$3$G !" <!85 ?t $r n $H $7 !" LV $N %[ %C %W ?t ( F~NO B& $H =PNO B& $N5wN% = %9 %F!< %8 ?t ) $r S $H $9$k !# j <!85 $K $* $1 $k %W %m%; %C%5?t (= %a %b %j ?t ) $r L j = 2 l j (0 � j � n � 2 ; l j � 1) $G I=$9 !#

%W %m%;%C%5?t $r N $H $9$k $H !" N = Q j = n � 2 j =0 L j $G I=$9 $3 $H$, $G $- $k !# $3 $N $H $- S = max( l j ) + 1 $G $" $k !# PU HV9f P ( X 0 ; X 1 ; . . . ; X n � 2 ) %a %b %j HV9f M ( X 0 ; X 1 ; . . . ; X n � 2 ) $3 $3 $G !" X 0 ; X 1 ; . . . ; X n � 2 $O 3F <! 85 $N :B I8 (0 � X j � n � 2) $G $" $k !# $3$3 $G $O !" PU $+$i %a %b%j $X $NC1J}8~ $N MIN $r 9M $( $k !# $7 $? $, $C $F !" PU HV9f $O MIN $K BP$9$k F~NO %i %Y %k !J =PH/ CO HV 9f !K !" %a %b %j HV 9f $O =PNO %i %Y %k !J L\E* COHV9f !K $H$J $k !# %9 %$ %C %A %s%0 %( %l %a %s %H HV9f E ( X 0 ; X 1 ; . . . ; X n � 2 ; s ) $3 $3 $G !" X 0 ; X 1 ; . . . ; X n � 2 $O 3F <! 85$N :B I8 (0 � X j � L j ) $G $"$j !" s $O %9 %F!< %8 HV9f (0 � s � S � 1) $G$" $k !# >e 5- $N HV 9f IU $1 $K $D $$ $F !" :B I8 X j $O l j 7e $N 2 ?J ?t X j = x j ( l j � 1) x j ( l j � 2) . . . x j 0 (0 � j � n � 2) $G I= $o $5 $l $k !# n D-MIN $N @\B3 $O 0J2< $N$h $& $K Dj5A$5 $l $k !# E ( X 0 ; X 1 ; . . . X n � 2 ; s ) $r 1 K\ $N J? 9T %j %s %/ $H !" n � 1 K\ $N%/ %m%9 %j %s %/ $K$h$j!" 0J 2< $N%9 %$ %C %A %s %0 %( %l %a %s %H $H @\B3$9$k !# J?9T %j %s %/ ( pl ) E ( X 0 ; X 1 ; . . . X n � 2 ; ( s + 1) mod S ) %/%m %9 %j %s %/ ( cl j (0 � j � n � 1)) cl j : E ( X 0 ; . . . ; r ev ( X j ; s ) ; . . . X n � 2 ; s + 1) $? $@ $7 !" ( s � S � 2) $G$"$j !" r ev ( X j ; s ) $O X $r 2 ?J?t $G I= $7 $? >l9g $N s bit L\ $r H?E>$9$k4X?t $G$" $k !# $9 $J $o $A !" r ev ( X j ; s ) = x j ( l j � 1) . . . x j s . . . x j 0 (0 � s � l j � 1) S � 1 %9 %F!< %8 $9 $J$o $A:G=*%9 %F!< %8 $N %j %s %/ $O !" =[4DJ? 9T %j %s %/$*$h $S %a %b %j %b %8%e !< %k$K @\ B3$5 $l $k=PNO%j %s %/ $K$J $k !# >e 5- $N%9%$ %C %A %s %0%( %l %a %s %H 4V $N@\ B3 $K2C $( !" Bh 0 %9 %F!< %8 $N F~NO $K %W %m%;%C%5 P , :G=* %9 %F!< %8 $N =P NO $K %a %b %j M $r @\ B3$9 $k$H !" C1J}8~$N n D-MIN $r 9=@.$9$k $3$H $, $G $- $k !# $9 $J$o $A !" F~NO%j %s %/ inl !" =PNO%j %s %/ outl $O !" inl : P ( X 0 ; X 1 ; . . . X n � 2 ) ! E ( X 0 ; X 1 ; . . . X n � 2 ; 0) outl : E ( X 0 ; X 1 ; . . . X n � 2 ; S � 1) ! M ( X 0 ; X 1 ; . . . X n � 2 ) $N %j %s %/ $G$" $k !# 2.3 %k !<%F %# %s%0 n D-MIN $N %k !< %F %# %s %0 %" %k %4 %j %: %‘ $O General- ized Cub e F1 MM !" GSB> E* O@ M} OB $G 9= @.$5 $l $k%? %0 $r MQ $$$k!# $? $@ $7 !" n D-MIN $O B?<! 85 9= @. $G $"$k $N $G !" $= $l $> $l BP 1~$9 $k <!85 F1;N$N HV 9f$N %S %C %H C1 0L$N GS B>E*O@M}OB $r <h$kI,MW $, $" $k !# %k!<%F %# %s%0 %? %0 T ( T 0 ; T 1 ; � � � ; T n � 2 ) = P ( P 0 ; � � � ; P n � 2 ) � M ( M 0 ; � � � ; M n � 2 ) = T ( P 0 � M 0 ; � � � ; P n � 2 � M n � 2 ) P j � M j � T j = p j ( l j � 1) � m j ( l j � 1) � � � p j i � m j i � � � p j 0 � m j 0 � t j ( l j � 1) � � � t j i � � � t j 0 2.3.1 J?LL %k!<%F %# %s %0 $5$F !" $3$N%k !<%F %# %s%0 %? %0 $r MQ$$$F 2DG= $J !" :G $b 4pK\ E* $J%k !<%F %# %s %0 $O !" 3F<!85$N J? LL $K $D$$$F $N$_ E> Aw $r9T $J $& J? LL %k!< %F%# %s %0$G $"$k!# 0J 2< !" $3 $N %k!< %F%# %s %0 K! $r C 8@ 8l $K;w $?I= 5- K! $K$h $j <( $9 !# J?LL %k!<%F %# %s%0 %" %k %4 %j %: %‘ if ( T == 0) for ( i = 0; i < S � 1; i ++) Use pl ; else for ( j = 0; j < n � 1; j ++) f if ( T j 6 = 0) f for ( i = 0; i < S � 1; i ++) if ( t j i == 0) Use pl ; else Use cl j ; if ( j 6 = n � 2) Use pl ; g g Use outl ; $3$NJ} K! $O , 2< $N<! 85 $+ $i =g $K%? %0$, 0 $G$J$$ $+ $I $& $+%A %’ %C %/ $7 !" 0 $G$J $1 $l $P %? %0 $N 2< $N %S %C %H$+$i =g $K H=CG $7 !" 0 $G$" $l $P J?9T%j %s %/ !" 1 $G $" $l $P $=$N <!85 $N%/ %m%9%j %s %/ $K E>Aw $9$k J} K! $G$"$k !# C" $7 !" j <!85 $G$N%? %0 ( T j ) $, 0 $N $H$- $O !" $= $N<! 85 $G$N %k!< %F %# %s %0 $O >JN, $G $- $k !# =>$C $F !" %Q%1%C %H $O 0lEY F1 $8 J?LL >e $G%k !<%F %# %s %0 $r ;O $a $k $H !" $=$N J? LL $+$i $O$: $l $k $3 $H $O$J$$ !# %Q%1 %C %H $O T j 6 = 0 $N <!85 ?t $K Ey $7 $$2s ?t $@ $1 MIN $NF~8} $+ $i =P 8} $^ $G $rDL 2a $7 $F E>Aw $5 $l $k !# $9 $J $o$A T j 6 = 0 $N<!85 ?t -1 2s $@ $1 =[ 4D %j %s %/ $r MQ$$$k !# 2.3.2 <!85<+M3 %k!<%F %# %s %0 J? LL %k !<%F %# %s %0 $O <B Au $, MF 0W $G $" $k $, !" %Q %1%C %H$, MIN $r0l2s DL 2a $9 $k $@ $1 $G E> Aw 2D G= $J %a %b%j %b %8 %e !<%k$O !" F10l J? LL >e $K @) 8B$5 $l $k !# Nc $( $P 3D- MIN $G $O?^ 4 $K <( $9 $h$& $K !" %W %m %; %C %5 P (00 ; 10) $+

$i %a %b %j %b %8 %e !<%k M (10 ; 11) $^ $G E> Aw $r 9T $J $&>l 9g !" 1-2-3-4-5 $N=g HV $G %k!< %F%# %s %0 $9$k I, MW $,$"$j!" MIN $r 2 2sDL2a $9$k I,MW $, $" $k !# $H $3$m $, !" E> Aw $9 $k <! 85$r ES Cf $G JQ$( $k$3 $H$, $G $-$l$P !" 1-5 $N =g$G %j %s %/ $rMxMQ $9 $l $P !" 0l 2s $G E~ Ce $9 $k $3 $H $,$G$-$k !# $3$N $h $& $K ES Cf $G MxMQ$9 $k <!85 $r JQ $( $k $3$H $N$G $- $k %k !<%F %# %s%0 K! $G$" $k<! 85 <+M3 %k !<%F %# %s %0 $r Ds 0F $9$k !# ?^ 4: J?LL !" <!85<+M3 %k !<%F %# %s %0 $N Hf3S <!85<+M3 %k!<%F %# %s%0 %"%k %4 %j %: %‘ if ( T == 0) for ( i = 0; i < S � 1; i ++) Use pl ; else while ( T 6 = 0) f for ( i = 0; i < S � 1; i ++) f for ( j = 0; j < n � 1; j ++) f if ( t j i == 1) f Use cl j ; t j i = 0; break; g g if ( j == n � 1) Use pl ; g if ( T 6 = 0) Use pl ; g Use outl ; $3 $N J}K! $G$O !" %9 %F!< %8 i $K $*$$$F !" A4 $F $N <! 85 $N %? %0 $N i bit L\ $r %A %’ %C %/ $9 $k!# $3 $3 $G !" 1 $K$J $C $F $$ $k%? %0 $, $" $l $P $= $N <! 85$N %/%m %9 %j %s %/ $K %Q %1%C %H $r E>Aw $7 !" $9 $Y$F$N <! 85 $N%? %0$, 0 $J$i $P J?9T %j %s %/ $K %Q %1 %C %H $r E>Aw$9 $k !# %Q%1%C %H $, =P 8} $K E~ Ce $7 $? ;~ $K A4 $F$N %? %0 $, 0 $K $J $C $F$$$J$1 $l $P =[ 4D %j %s %/ $r DL $7 $F %Q %1 %C %H $r La $7 !" %k !<%F %# %s %0 $r 7+$j JV$9 !# $3$N J} K! $O !" JBNs $K n <! 85$N %? %0 $r %A%’ %C%/ $9$k %O!< %I %&%’%" $, I, MW $K$J $k $, !" :GC; 5wN%$N %k !< %F %# %s %0$, 2DG= $G$" $k !# I= 1 $K J? LL %k!< %F%# %s %0 $H !" <! 85 <+ M3 %k!< %F%# %s %0 $N DL 2a $9 $k%( %l %a %s%H ?t$N J? 6Q ( J? 6Q 5w N% ) $r <($9!# <! 85?t $, Bg$- $/ $J $k $H 0l2s$N =d 2s $K MW$9 $k %9 %F%C %W $O 8: $k $, !" =d 2s ?t $, A} $($k!# $3 $N $? $a !" J? LL %k!< %F%# %s %0$G $O<! 85 $K$h $i $: $[ $\ 0l Dj $rJ] $A !" <! 85 <+ M3 %k !< %F %# %s %0 $G $O !" <!85?t $, Bg$- $/ $J $k $H !" >/ $7 8:$k 79 8~ $K $" $k !# $3 $l$O <! 85 <+M3 %k !<%F %# %s %0 $O !" <!85?t $, A} $( $kDx !" 2DG= $J%k !<%F %# %s%0 $N HO0O $, A} $( $k$? $a$G$" $k !# <! 85 <+M3 %k !<%F %# %s %0 $r MQ$$ $k $3$H$K $h $j !" J?LL %k !< %F%# %s %0$K Hf $Y !" :G >. 5% !" :G Bg 20% Dx EY J? 6Q 5w N% $r >.$5 $/$9$k$3$H $, $G $- $k !#<!85<+M3 %k !<%F %# %s %0 $N J?6Q 5w N% $O !" => Mh $N MIN $N 5wN% $G$"$k l og 2 L ( L $O %W %m %; %C %5 $"$k $$ $O %a %b%j %b %8 %e !< %k?t ) $K Hf $Y$k $H !" %5 %$ %: $, $& $^ $/ 9g $o $J $$ >l 9g $OBg $- $/ $J$k $, !" %5 %$ %: $, 9g $( $P $3 $l $r 2<2s$k $3$H $,$G $- $k !# I= 1: $= $l $> $l $N J}K! $N J?6Q5wN% 3D 4D 5D L J?LL <+M3 J?LL <+M3 J?LL <+M3 64 5.30 4.73 4.53 3.97 5.03 4.28 128 7.28 6.31 7.15 5.95 5.52 4.61 256 7.52 6.73 7.51 6.14 6.01 5.10 512 9.54 8.42 7.88 6.62 9.38 7.65 1024 9.69 8.81 10.75 8.82 9.75 7.73 2.4 %O!< %I %& %’%"%3 %9 %H <! $K n D-MIN $N%O!< %I %& %’ %" %3 %9 %H $K $D$$ $FI>2A $9 $k !# %W %m %; %C %5 ?t ( %a %b%j %b %8 %e !< %k?t ) $r P !" MIN $N <! 85 $r n $H $7 !" 3F<!85J}8~ $N%5 %$ %:$r Ey $7 $$$H $9 $k $H !" %9 %F!< %8 ?t S $O d log P n � 1 + 1 e $H$J $k !# $7 $? $, $C $F%( %l %a %s %H ?t $O !" P � d log P n � 1 + 1 e $H$J $k !# 0l HL $N MIN $K $* $1 $k %( %l %a %s %H ?t $O !" 2 !_ 2 $N %9 %$ %C %A %s %0 %( %l %a %s %H $r MQ$$$k $H !" P 2 � log P $G $" $k$N$G !" %( %l %a %s%H ?t $K 4X $7 $F$O !" n D-MIN $O <! 85 ?t $, A} $($kDx !" 0l HL $N MIN $K Hf $Y $FM- Mx $G$" $k $3$H $, $o$+ $k !# $7 $+ $7 !" n D-MIN $O $= $N J, F~ =P NO $, A}$( $k $? $a !" %/ %m %9 %] %$ %s %H ?t $G I>2A$9$k $H !" P � d log P n � 1 + 1 e � n 2 $H $J $C $F !" 0l HL $N MIN $K $* $1 $k3F %( %l %a %s %H $N %/ %m %9 %] %$ %s%H ?t $, >o $K 4 $G $" $k MIN $K Hf$Y $F IT Mx

$G$" $k $3$H $, $o$+ $k !# $7 $+ $7 !" :G6a $N LSI 5;=Q$N H/ C# $r 9M $( $k $H %/ %m %9 %] %$ %s %H ?t $, B?$/ $F$b LSI $N %T %s %M%C %/ $K $J $i$J$$HO 0O $G $O 0l35 $K ITMx $H $O$$ $( $: !" %( %l %a %s %H $N G[ CV !" %j %s %/ $N G[ @~ $N $7 $d $9$5 Ey$b 4^ $a 8!F$$9$kI,MW $, $" $k !# 3 %7 %_ %e %l !< %7 %g %s$K $h $k @- G= I> 2A M} O@ E*$K 5a$a $k$3 $H $N $G $- $k E> Aw %9%F %C %W ?t$O !" %M%C %H %o !< %/Fb It $G$N %Q %1 %C %H $N >WFM $K $h $k CY $l$, 9M N8 $5 $l$F $$ $J $$ $? $a !" <B :] E* $G $O $J $$!# $= $3 $G !" 3N N( %b %G %k$K 4p $E $-$d$d <B :]E* $J%7 %_ %e %l !< %7 %g %s $r 9T $J $& !# 3.1 I>2A>r7o $3 $3 $G $O !" %m !< %+ %k %a %b%j $^ $? $O %- %c %C %7 %e $r;} $D %W %m%; %C %5 $, n D-MIN $r 2p $7 $F %a %b %j %b %8%e!< %k $H @\B3$5 $l $F $$ $k %7 %9 %F %‘ $r A[ Dj$9$k !# L?Na$*$h $S %9 %? %C %/ $O%m !< %+ %k %a %b%j $^ $? $O %- %c %C %7 %e $K 3J G< $5 $l $F$$ $k $H 9M $( !" 3F %W %m %; %C%5 $O !" 0J2< $N%" %/ %; %9 $r 3F%/ %m%C%/ $G %G !<%? $K BP $7 $F H/@8$9$k $H $7 $? !# � n br : %V %m%C%/ %" %/ %; %9!# FI $_=P $7 $^ $? $O F14|JQ ?t $X $N %"%/ %;%9 !# 3F %W %m %; %C %5 $O %G !< %? $,E~ Ce $9 $k $^ $G <! $N %"%/ %;%9 $rH/ @8 $9 $k $3 $H $,$G$- $J $$ !# � n nb : %N %s %V %m%C %- %s %0 %" %/ %; %9!# =q $-9~ $_ %" %/ %; %9 $G !" %W %m%; %C%5 $O %" %/ %; %9 $r H/ @8 $7 $F $9 $0 <! $N 7W;;$^ $? $O%" %/ %; %9 $K 0\$k $3 $H $, $G $- $k !# $3$3$G$O !" I>2A %G !< %? $, H/I=$5 $l $F $$ $k %9 %$ %C %A 7k 9g 7? JB Ns 7W ;; 5! SNAIL[5] $N I> 2A$K 4p$E $- !" n br = 0 : 01, n nb = 0 : 04 $K @_ Dj$7 $? !# %W %m %; %C%5 ?t $O (2 6 ; 2 7 ; 2 8 ; 2 9 ; 2 10 ) $H$7 !" 100000 %9 %F %C %W $r %7 %_ %e %l !< %7 %g %s $7 $? !# $J $* !" %M%C %H %o !< %/ $, 0B Dj$9 $k$^ $G$N 10000 %9 %F%C %W $O !" %7 %_ %e %l !< %7 %g %s 7k 2L $+$i =| $$ $? !# %9 %$ %C %A$N%b %G %k$O !" %( %l %a %s %H FbIt $K %Q%1 %C %H 3J G< MQ %P%C %U %! $r ;} $D0lHL E* $J MIN $G$"$j !" %Q%1 %C %H $O 1 %/ %m%C %/ $G%( %l %a %s %H 4V $r E>Aw$5 $l $k !# FI $_ =P $7 %G !<%? MQ $K !"%a %b %j%b %8%e !< %k$+$i PU $X 8~ $+ $& 5" 4T MQ $N MIN $r JL $K ;} $D $b $N $H$9$k!# %9%$ %C %A %s %0 %( %l %a %s %H $O !" F~NO %j %s %/ $K BP $7 $F FIF O $r !" =P NO %j %s %/ $K BP $7 $F %Q %1 %C %H 1 8D J, 3J G< $G$- $k %P %C %U %! $r ;}$D !# <! $N %9 %F!< %8 $N%( %l %a %s %H $N FIF O $, 0n $l $?>l 9g !" %Q %1 %C %H$O=P NO %j %s %/ $N %P %C %U %! $GBT $A >u BV $K$J $k !# $3$3$G$O %7 %_ %e %l !< %7 %g %s ;~ 4V $H %a %b %j $N 4X78 $G FIF O $G 3JG< $G $- $k%Q%1%C %H $N :GBg ?t $O 3 $H $7 $? !# %Q %1 %C %H $N M%@h @) 8f $O 0J2< $N$h $& $K 9T $J$C $? !# � J? 9T %j %s %/ $+$i $N%Q %1%C %H $K :G 9b $N M%@h 8" $r M? $( !" =g $K <!85?t$N Dc$$ %j %s %/ $+$i Mh $?%Q%1 %C %H $[ $I 9b$$M%@h8" $r M? $( $k !# � >W FM $7 $F !" 0l2sBT $?$;$i $l $?%Q %1%C %H $O $=$N ET EYM% @h8" $r >e $2 !" <!2s $N E> Aw $K M-Mx $K $J $k$h $& $K $9 $k !# $^ $? !" %a %b%j $N %"%/ %;%9 ;~ 4V $O 3 %/ %m %C %/ $H $7 !" %a %b %j %b %8 %e !< %k Fb $O %9 %$ %C %A %s %0 %( %l %a %s%H F1MM%Q %1%C %H 3 8DJ, $N FIF O $r ;}$D !# 3.2 %"%/ %; %9 %l %$ %F %s%7 %# $3$3 $G $O !" %W %m %; %C %5 $, H/@8 $7 $? FI $_=P $7 ( %V %m %C %- %s %0 %" %/ %;%9 ) MW5a $K BP 1~ $7 $?%Q %1 %C %H$, La $C $F$/ $k$^ $G$N%/ %m %C %/ ?t $r %" %/ %; %9 %l %$ %F %s%7 %# $H9M $( !" %" %/%; %9 $, 6I =j@- $r ;}$C $F $$ $k>l 9g $H ;}$C $F$$$J $$ >l9g $K $D$$$F !" B,Dj $r 9T $J $C $? !# 3F %W %m%; %C%5 $, A4 $/%i %s %@ %‘ $K %a %b %j %b %8%e !< %k $K BP $7 $F%" %/ %; %9 $r 9T$J $C $? >l 9g $K 4X $7 $F !" <!85<+ M3 %k!< %F%# %s %0 K! $rMQ $$ !" %W %m %; %C %5 ?t 64 $+ $i 1024 $^ $G JQ $( $? >l 9g $N %l %$ %F %s %7 %# $r ?^ 5 $K <( $9 !# ?^ 5 $K $h $k $H !" 6I=j@- $N $J$$ >l9g $G $b !" n D-MIN $O DL>o $N 2 <!85 MIN $K Hf $Y !" %l %$ %F %s%7 %# $, >. $5 $$ $3 $H $, J, $+ $k !# FC $K !" %5 %$ %: $, 9g $& >l 9g $O !" 2 <!85 MIN $K Hf $Y L@ $i $+ $KDc $$ %l %$ %F %s %7%# $r<B 8= $7 $F$$ $k !# $3 $l $O !" n D-MIN $N J} $, !" <!85<+M3 %k !<%F %# %s %0 $N MxMQ $K $h $j !" J?6Q5wN% $, >.$5$$ E@ $K 2C $( !" n D-MIN $O 8r 49 G=NO$N 9b$$ %9 %$ %C %A %s %0 %( %l %a %s %H $r MQ$$$F$$ $k $?$a:. ;( ;~ $K$b@- G= $, Dc 2< $7 $J$$ $? $a $H9M $( $i $l $k !# <! $K !" %"%/ %;%9 $K6I =j @- $N $" $k >l 9g $N %l %$ %F %s %7%# $r B,Dj $7 $? !# $3 $l$O !" %" %/ %; %9 $N 50% $, $= $l $>$l <! 85 ?t$N 0lCW$9 $k %a %b %j %b %8 %e !<%k$K BP $7 $F 9T$J$o $l $k$H 2> Dj $7 $? !# $3 $N >l 9g !" DL >o$N 2 <! 85 MIN $K BP $7 !" %"%/ %;%9 $N6I =j @- $rM? $($k $H !" $+ $( $C $F %[ %C %H %9 %] %C %H $r 7A@. $7 $F @-G= $, Dc2< $9$k $?$a !" DL >o $N MIN $K BP$9$k%" %/ %; %9 $O 6Q0l%" %/ %; %9 $r MQ$$$? !# $3$N >l 9g !" ?^ 6 $K <( $9 $h $& $K !" 6I =j @- $r@8 $+$9 $3 $H $,$G$- $k n D-MIN $, $5 $i $KM- Mx $K $J $j!" :G Bg 24% 2~ A1 $5 $l $k!# 3.3 %W %m%;%C%5 MxMQN( %M%C %H %o !< %/ $N :G =*E* $J @- G= $O !" $3 $l $r 2p $7 $?%" %/ %; %9 $K $h $j %W %m%; %C%5 $, $I $l $@ $1 BT $? $5 $l $k $+$K $h $C $F7h $^ $k!# $= $3 $G !" A4 <B 9T ;~ 4V Cf !" %"%/ %;%9 $N $? $a $K BT $?$5 $l $k;~4V $N 3d9g $NJ?6Q $r !" %W %m%;%C %5Mx MQN( $H $7 $F B,Dj $7 $? !# %" %/ %; %9 $, 6QEy $K J,;6 $7 $F $$ $k !" <! 85<+ M3 %k !<%F %# %s %0 $N >l9g ( 6I=j@- L5 $7 ) $N 7k 2L $r?^ 7 $K <( $9 !# %W %m %; %C %5?t $, A} 2C $9 $k $H !" %l %$ %F %s %7 %# $, A} 2C$9 $k$?$a !" %W %m%; %C%5 Mx MQ N( $, >.$5 $/ $J $k !# $3 $l $K BP $7 !" %" %/ %; %9 $K 6I=j @- $, B8:_$9 $k >l 9g $N %W %m %; %C %5Mx MQ N( $r?^ 8 $K <( $9 !# %"%/ %;%9 %l %$ %F %s %7 %# $, >.$5$$ 7k 9gLV $[ $I %W %m %; %C%5$N BT$A ;~4V $, 8:$k $? $a !" %W %m%; %C %5MxMQN( $K$D$$ $F$b n D-MIN $N J} $, M-Mx $G $" $k !# n D-MIN $K $*$$$F $O !" <!85?t $, 9g $( $P !" <! 85 $NBg $- $$ MIN $N J} $, @- G= $, 2~ A1 $5 $l$F$* $j !" %5 %$ %: $, Bg $- $$>l 9g !" DL >o $N MIN $K BP $7 $F :G Bg 20% DxEY Mx MQ N( $r2~A1 $9$k 8z 2L $, $"$k $3 $H $,$o $+ $k !#

?^ 5: %l %$ %F %s%7 %# ( 6I=j@-L5 $7 ) ?^ 6: %l %$ %F %s%7 %# ( 6I=j@-M- $j ) 4 $=$N B>$N FC @- $H B>$N MIN $H $N Hf3S 4.1 %Q !<%F %# %7 %g %K %s%0 n D-MIN $O !" Generalized Cub e $K %j %s %/ $rDI 2C $7 $? 9= B$ $r <h$k$?$a !" 3FJ?LL$N %9 %F!< %8 J} 8~ $K 4X $7 $F %Q!< %F %# %7 %g%K %s %0 $, 2DG= $G$" $k [4] !# ?^ 9 $K <($9$h $& $K !" 3F Ns $O 2 m C1 0L $G %Q !<%F %# %7 %g %s $K $^$H $a $k $3$H $, $G $- !" 3F %Q !<%F %# %7 %g %s Fb$N DL ?. $O B>$N%Q !< %F %# %7 %g %s $K =P$k $3 $H$O$J $$ !# $3 $N @-<A $O $= $l $>$l $N J?LL $K BP $7 $F M-8z $G$" $k$? $a !" n D-MIN $O 3F<! 85 J}8~ $K 2 m $N %/ %m !< %: %I %Q !< %F %# %7 %g %s $r 7A @.$9 $k$3$H$, $G $- $k !# $3 $N %Q !<%F %# %7 %g %s $O !" FHN) $7 $? J#?t$N %8 %g %V $r <B 9T$9 $k >l9g Ey $K M-8z $G$" $k !# 4.2 8N>c $*$h $S :.;( $N 2sHr n D-MIN $O !" =[4D9=B$ $r ;}$D $?$a FCDj $N %9 %$ %C %A %s%0 %( %l %a %s %H $" $k$$ $O %j %s %/ $N 8N >c$" $k$$ $O :. ;( $r 1*2s$9$k $3 $H $, $G $- $k !# :G$b4pK\E* $J 1*2sK! $H $7 $F !" $^ $: !" n D-MIN $N G$ 0U $N J? LL>e $G$N 1*2s $r 9M $( $k !# F10lJ? LL>e $G$O !" $9 ?^ 7: %W %m%; %C%5 MxMQN( ( 6I=j@-L5 $7 ) ?^ 8: %W %m%; %C%5 MxMQN( ( 6I=j@-M-$j ) $Y$F $N %" %/ %; %9 $O !" 8N>c$" $k$$ $O :. ;( $, $J$1$l $P =[ 4D %k !< %W $r 7PM3 $7 $J $$$G L\ E* $H $9 $k %a %b %j %b %8 %e !< %k $K E~ Ce $9 $k !# %W %m%; %C%5$K D> @\ @\ B3$5 $l $? %9 %$ %C %A %s%0 %( %l %a %s %H $, 8N >c $7 $? >l 9g !" $^ $? $O !"%a %b %j $K D>7k $7 $? %9 %$ %C %A %s%0 %( %l %a %s%H$, 8N >c $7 $? >l9g $O !" $= $N %W %m %; %C %5 $^ $? $O %a %b%j $O !" %7 %9 %F %‘ $+ $i@Z $j N%$5 $l $k 1 !# >e5-$N%( %l %a %s%H$, :. ;( $7 $? >l9g $O !" C1=c $K%P %C%U %! $, 6u $/$^ $G BT$D $3$H $K$J $k !# F10lJ?LL>e $G $N 1*2s %k!<%F %# %s%0 %9 %$ %C %A %s %0 %( %l %a %s %H E ( F ; f s ) $N F~NO%j %s %/ $^ $? $O%P %C %U %! $, 8N >c $7 $?$j:. ;( $7 $F$$$k >l 9g ( $? $@ $7 F $N 2 ?J ?t I= <($r F = f l � 1 . . . f 0 $H $9 $k ) !" $=$N %9 %$ %C %A %s%0 %( %l %a %s %H $K%G !<%?$r E> Aw$9 $k %( %l %a %s %H E ( F ; f s � 1), E ( r ev ( F ; f s � 1) ; f s � 1) $O !" 1. f s %9 %F!< %8$G $O !" 8N >c $"$k $$ $O :.;( $7 $F$$$k%9 %$ %C %A %s %0 %( %l %a %s %H $K @\B3$5 $l $F $$$J $$ J} $N %j %s %/ $r MQ$$ $F%Q%1%C %H $r Aw$k !# 2. f s + 1 %9 %F!< %8$G !" %/ %m %9%j %s %/ $r MQ$$ $? E>Aw $r 1 2s9T $J $& !# f s + 1 %9 %F!< %8 0J9_ $G $O G$0U $N %k !<%F %# %s %0 $r 9T $J $& !# 1 $[ $H$s $I $N BQ8N>c @- MIN $K $*$$$F !" F1MM $N 2>Dj$r $7 $F $$ $k [8]

?^ 9: %Q !<%F %# %7 %g%K %s %0 3. =[ 4D %k !< %W $r 7P M3 $7 $F !" 2 =d L\ $O J? LL %k !<%F %# %s%0 $K 4p $E $$$? %k !<%F %# %s %0 $r MQ$$$k !# >e5-$N <jK! $G 8N >c$^ $? $O :.;( $7 $F $$ $k %( %l %a %s %H $r 1*2s $G$- $k $N $O 0J2< $N M}M3 $K $h $k !# 1*2s %k!<%F %# %s%0 $N @5Ev@- 1*2s %k !<%F %# %s %0 $G 1 =d L\ $K E~Ce$9 $k:G=* %9 %F!< %8 $N %9 %$ %C %A %s%0 %( %l %a %s%H E ( X ; n � 2) $N %i%Y%k X $O !" f s + 1 %9 %F!< %8$G %/ %m %9%j %s %/ $r MQ $$$k $3 $H $+$i 0J2< $N$h $& $K I=$9 $3 $H $, $G $- $k !# X = x n � 1 . . . x f s +2 f f s +1 f f s f f s � 1 . . . f 0 $H $J $k !# $?$@ $7 !" x n � 1 . . . x f s +2 $O G$ 0U$N 2 ?J ?t $G $" $k !# $3$3$G !" =[4D%j %s %/ $r MQ$$$F 2 =dL\$N %k !<%F %# %s %0 $r9T $J $& $? $a !" 2 =d L\ $N=P H/ CO $N %( %l %a %s %H $N%i %Y %k $O !" E ( X ; 0) $H$J$k !# 4p K\ %k!< %F %# %s %0 J} K! $K => $C $F %k !< %F %# %s %0 $r 9T $J $& >l9g !" =P H/ CO $N f s + 1 7eL\ $N %i%Y%k$, f f s +1 $G $" $k$3$H$+ $i !" 2 =d L\$N DL 2a %9 %$ %C %A %s %0 %( %l %a %s %H $N%i%Y %k$O !" f s + 1 %9 %F!< %8 $^ $G $O 1 =d L\ $H0l CW $9 $k $3 $H $O $J$$!# $9 $J $o$A !" 2 =d L\ $N%Q %9 $O 8N>c$" $k$$ $O :.;( $7 $? %9 %$ %C %A %s %0 %( %l %a %s %H E ( F ; f s ) $r DL$k $3$H $O$J $$ !# ?^ 10 $K !" PU0 $, %a %b %j%b%8 %e !<%k 1 $K BP $7 $F %Q %1%C %H $r Aw$C $? ;~ !" 8N>c $7 $? %9 %$ %C %A %s %0 %( %l %a %s %H (fault 0u ) $r 1* 2s $9 $k MM ;R $r<( $9 !# 8N >c %( %l %a %s %H $r Hr $1$? <!$N %9 %F!< %8 $G %/%m %9 %j %s %/ $r MQ$$$F$$ $k $?$a !" 2 =d L\$N %Q %9 $O 2 =d L\$N%Q %9 $H 8N >c$" $k$$$O :.;( $7 $?%( %l %a %s %H $N B8 :_$9$k %9 %F!< %8 $^ $G$O !" 0[ $J $C $?%Q !<%F %# %7 %g %s Fb $r ?J $‘ !# $3$N $?$a 2 =d L\ $N %Q %9 $, :F $S 8N >c$" $k$$ $O :. ;( $7 $?%( %l %a %s%H $r DL $k $3 $H$O$J $$ !# >e5- $N 1*2s %k !<%F %# %s %0 $O !" n D-MIN $N$9$Y$F$N <! 85 $NJ?LL $G 2DG= $G$"$j !" 1 =dL\ $@$1 $G$J $/!" 2 =dL\ 0J 9_ $K BP $7 $F$bE,MQ $9 $k $3 $H $,$G$- $k !# $7 $? $, $C $F !" n D-MIN $O !" 4pK\ %k !<%F %# %s %0 %"%k %4 %j %: %‘ $K BP $7 $F !" 8N>c $" $k$$ $O :.;( $, 5/$- $? >l9g !" =d2s?t $r 1 A} $d$9 $@$1$G !" 1*2s2DG= $J%Q %9 $, n K\B8:_$9$k $3$H $, $o $+ $k !# 3F J? LL $O !" %( %l %a %s %H$, 2 8D8N >c $7 $? >l9g !" ?^ 10: 1*2s $N MM;R DL 2a $G $-$J $$%( %l %a %s %H $, @8 $8 Mx MQ$9$k$3$H $, $G $- $J $/ $J$k !# $7 $? $, $C $F !" n D-MIN $O 2 n � 1 8D $N %( %l %a %s %H 8N>c $K BP=h $G $- $k $3$H $, $o$+ $k !# I= 2 $K %9 %F !< %8 1 $N %( %l %a %s %H $, 1 8D 8N >c $, @8 $8 $? >l9g $N !" J? 6Q 5w N% $NA}2C $r <( $9 !# I= 2 $r I= 1 Cf $NJ?LL %k !<%F %# %s %0 $N J? 6Q5w N% $H Hf3S$9 $k$H !" 8N>c $K $h $k J? 6Q5w N%$N A}2C $O$o$:$+ $G $" $k !# >e5- $N @- <A $O !" 8N >c 2s Hr $@ $1 $G $J $/!" :.;($r 2s Hr$9 $k E, MQ 7? %k !<%F %# %s %0 $r MQ$$$k>l9g $K $b M-Mx $G$" $k !# I= 2: 1*2s $7 $? >l9g $N J?6Q5wN% 3D 4D 5D 64 5.31 4.54 5.04 128 7.29 7.15 5.52 256 7.52 7.51 6.01 512 9.54 7.88 9.38 1024 9.69 10.75 9.75 >e 5- $N 5D O@ $O 4JC1$N$?$a $K J? LL %k !<%F %# %s %0 $K 4X $7 $F 9T$J $C $? $, !" <!85 <+M3 %k !<%F %# %s %0 $K $D$$$F $b F1MM $N J}K! $, E,MQ2DG= $G$" $k !# 4.3 B> $N 8&5f $H$N Hf3S B> $K$b %k!< %W 9=B$ !" 3 <!85 9=B$ $r ;} $C $? MIN $, Ds 0F$5 $l $F $$ $k !# Kumar $i $K $h $k ASEN[9] $O !" =[4D %k !< %W $r ;} $D MIN $G$"$k $, !" $3 $N=[ 4D %k!< %W $O =D J} 8~ $G$" $j !" <g $K 8N>c2sHr $N$?$a $K MQ$$ $i $l $F $$ $k !# $^ $? !" Lea $i$N Multi- Log 2 N %M %C %H %o!<%/ [10] H9 $i$K $h $k PBSF[5] $O 3 <!85 9=B$ $r ;}$C $? MIN $G $" $k $, !" $3 $N MIN $G $O 3 <!85 E* $J@\ B3 $O 1 <! 85 E* $K JB $s $@ PU $H %a %b %j $r 7k $s$G $*$j !" 7k9g LV$N DL 2aN($r 8~ >e$9 $k$?$a $K MQ$$ $i$l $F $$ $k !# $7 $? $, $C $F !" F10l ?t$N PU- %a %b %j $r @\B3$9$k >l9g $O !" 3D-MIN $K Hf $Y $F $O $k $+ $K BgNL $N%O !< %I %& %’ %" $r I,MW $H$9$k!# $^ $? !" n D-MIN $N <g$?$k L\E* $G$" $k6I=jE* $J MxMQ $,$G $-$J

$/ $J $k !# B< ED $i $K$h$k MD X[11] $O !" B> <! 85 J} 8~ $K %9%$ %C %A $r ;}$DE@ $G n D-MIN $H 6&DLE@ $, $" $k !# $7 $+ $7 MD X $O $= $l $> $l $N J} 8~$N @\B3 $O C1 CJ@\ B3 $G $" $j !" B?CJ @\ B3 $N MIN 9=B$ $r ;}$D n D-MIN $N J} $, %5 %$ %:$K BP$9 $k3HD% @- !" %Q%1%C %H E> Aw$N =@ Fp@- $K $*$$$F M% $l $F $$ $k $H 9M $($i $l $k !# $7 $+ $7 !" $3$N E@ $K 4X $7 $F$O :#8e$h $j>\:Y $J I>2A $H Hf3S $, I,MW $G$" $k !# 5 $^ $H$a K\O@ J8 $G $O !" 6I =j @- $rMxMQ $9$k $3 $H$N $G$- $k MIN $G$"$k n D-MIN $r Ds0F $7 !" E> Aw %l %$ %F %s%7 %#!" %W %m %;%C%5 Mx MQ N( $K $D$$$F 4J C1 $J 3NN(%b %G %k$K $h $k 2r @O $r 9T $J $C $? !# $=$N 7k 2L !" %i %s %@ %‘ E>Aw $K $*$$$F $b => Mh $N MIN $h$jM- Mx $G$" $j!" %" %/ %;%9 $K 6I=j @- $, $"$k >l 9g $O %l %$ %F %s%7 %# $r 24% 2~A1 $G$-$k $3 $H $,$o$+$C $? !# $^ $? !" %( %l %a %s %H $N 8N>c$" $k$$ $O :. ;( $K BP $7 $F 1*2s$9$k %k !<%F %# %s %0 $r <( $7 !" Bg $-$J @- G= $N Dc2< $J $7 $K 1*2s $, 2DG= $G$" $k $3 $H $, $o$+ $C $? !# :#8e !" 4pK\E* $J @-G= $K 4X $7 $F$h$j<B:]E* $J>r7o $N 2< $G !" %7 %_ %e %l !< %7%g %s$r 9T $J$$I> 2A $7 $F$$$/0l J} !" E,1~7? %k !<%F %# %s %0 $K $h $k:. ;($N 2s Hr $N 8z2L $K $D$$ $F $b6qBN E* $K I> 2A $r9T $J$C $F$$$/ M= Dj $G$"$k !# $^ $? !" :# 2s $NI>2A $O !" MIN $O 2 !" n D-MIN $O <!85?t $K 1~ $8 $? %/%m %9 %] %$ %s%H ?t $G 9T$J $C $F $* $j !" 8xJ?$5$r 7g $/ LL $, $" $k !# LSI $N %T %s ?t Ey$r 2> Dj $7 $F !" F10l%3 %9 %H $r 2>Dj $7 $F I>2A$9$kI,MW $, $" $k !# ;29MJ88% [1] Bro omell,G. and Heath,J.R. : \Classi�cation Categories and Historical Dev elopmen t of Cir- cuit Switc hing T op ologies," A CM Computing Surv eys,V ol.15,No.2,Jun. 1983. pp.93-133 [2] 2#ED !" B> !V D6JB Ns 7W ;; 5! R W C-1 $N Aj8_ 7k 9g LV !W >p=h8&Js 93-AR C-101 [3] 2#ED !" >> 2, !" 2, K\ !" 9- Ln !" :d 0f !" !V D6JB Ns 8~ $1 Aj 8_7k9gLV MDCE $N Ds0F $H I>2A !W >pJs=hM}3X2q O@J8;o !" V ol.36,No.7, Jul.1995.pp.1600-1609 [4] H.J.Siegel, and S.D.Smith, \Study of m ulti- stage SIMD in terconnection net w orks," In ter- national Symp osium on Computer Arc hitec- ture 78 ,pp.223-229 [5] H9 !" E7 Ln !V B?=E =P NO 2D G= $J MIN $N @- G= I> 2A !W >p Js =h M} 3X 2q O@ J8 ;o Bh 36 4, Bh 7 9f 1995 G/ 7 7n [6] :{ 86 !" B> !V S S S 7? M I N $K 4p $E $/ %^%k %A %W %m %;%C %5 S N AI L $N <BAu $H I>2A !W >p Js =hM} 3X2q O@ J8;o V ol.36,No.7,Jul. 1995. pp.1640-1651 [7] ;y6L !" :d 0f !" ;38} !V 9bJBNs7W;;5! EM-4 $H $=$N JB Ns @- G= I> 2A !W EE ;R >p Js DL ?. 3X 2q O@ J8 ;o ,J75- D-I,No.8,1992. pp.607-614 [8] G.B.Adams I I I, D.P .Agra w al, H.J.Siegel, \F ault-T oleran t Mul- tistage In terconnection Net w orks," Computer, 20, June, pp.12-27, 1987. [9] V.P .Kumar and R.M.Reddy , \Augmen ted Sh u�e-Exc hange Multistage In terconnection Net w orks," Computer, June, pp.30-40. 1987. [10] C.T.Lea, \Multi- Log 2 N Net w orks and Their Applications in Highsp eed Electronic and Pho- tonic Switc hing Systems," IEEE T rans. Com- m., V ol.38, No.10, pp.1740-1749, 1990. [11] A.Murata, T.Boku, H.Amano, \The MD X: A Class of Net w orks for Large Scale Multipro ces- sors," IEICE T rans. Inf. and Syst. V ol.E79-D, No.8, pp.1116 - 1123, Aug. 1996.