2B-1 B? =E =P NO 2D G= $J MIN $N @- G= 2r @O � H9 IR Gn E7 Ln 1Q @2 y 7D Xf 5A =N Bg 3X M} 9) 3X It z 1 $O $8 $a $K B? =E =P NO 2D G= $J MIN(Multistage Interconnection Net w ork) $O , F1 0l 08 @h $K BP $7 $F J# ?t %Q %1 %C %H $N DL 2a $r 2D G= $K $9 $k $3 $H $K $h $j , 9b $$ %9 %k !< %W %C %H $r <B 8= $9 $k B? CJ 7k 9g LV $G $" $k . $= $N 9b $$ %9 %k !< %W %C %H $K $h $j ,SSS(Simple Serial Sync hronized) 7? MIN $H $7 $F JB Ns 7W ;; 5! $K MQ $$ $k $3 $H $, $G $- $k $H 6& $K , A TM MQ %Q %1 %C %H 8r 49 5! $K $b Mx MQ $9 $k $3 $H $, $G $- $k . K\ O@ J8 $G $O , J# ?t $N Bany an LV $K %H %i %U %# %C %/ $r J, ;6 $9 $k MBSF, F~ NO ?t $N @0 ?t G\ $N %5 %$ %: $N Ban y an LV $r MQ $$ $k EBSF, Ban y an LV $r =D Ns @\ B3 $9 $k TBSF, ;0 <! 85 E* $K @\ B3 $9 $k PBSF $N 4 <o N‘ $N B? =E =P NO 2D G= $J MIN $K $D $$ $F $= $N DL 2a N( , %Q %1 %C %H :F Aw $K H< $& %l %$ %F %s %7 $r , 3N N( %b %G %k $H %7 %_ %e %l !< %7 %g %s $K $h $C $F 2r @O $r 9T $& . 2 B? =E =P NO 2D G= $J 7k 9g LV 0J 2< , K\ O@ J8 $G 8! F$ $9 $k B? =E =P NO 2D G= $J 7k 9g LV $K 4X $7 $F =g $K 2r @b $9 $k . 2.1 MBSF(Multi Ban y an Switc hing F abrics) FH N) $N Ban y an LV $r J# ?t MQ 0U $7 , %H %i %U %# %C %/ $r J, ;6 $9 $k J} K! $O 8E $/ $+ $i 8! F$ $5 $l $F $- $? . $3 $3 $G $O , $3 $N LV $r MBSF(Multi Ban y an Switching F abrics) $H 8F $V . %Q %1 %C %H $N %H %i %U %# %C %/ $O C1 $K 3F LV $K J, ;6 $5 $l $k $@ $1 $G $" $k . 2.2 EBSF(Expanded Ban y an Switc hing F abrics) Ban y an LV $N %5 %$ %: $r @0 ?t G\ $K 3H D% $9 $k $H , DL 2a N( $K 4X $7 $F MBSF $H F1 Ey Dx EY $N G= NO $r ;} $D $b $N $H 9M $( $i $l $k . Bany an LV $N G\ N( $O B> $N LV $K $* $1 $k Bany an LV ?t $K BP 1~ $9 $k . $3 $N LV $r EBSF(Expanded Bany an Switc hing F abrics) $H 8F $V . 2.3 TBSF(T andem Ban y an Switc hing F ab- rics) TBSF $O , K\ Mh B-ISDN(Broadband-Integrated Services Dig- ital Netw ork) $G MQ $$ $i $l $k A TM %Q %1 %C %H 8r 49 MQ $H $7 $F , 9q Fb $G $O 2f !9 $H 2- EE 5$ $N 6& F1 8& 5f $K $h $j 1988 G/ $K , 3$ 30 $G $O T obagi $i $K $h $j 1990 G/ $K Ds 0F $5 $l $? . A TM LV MQ ,SSS 7? MIN MQ $K $= $l $> $l $3 $N LV @l MQ $N LSI $N <B Au $, 9T $o $l $F $$ $k . ?^ 1: TBSF $N 9= @. TBSF $O , ?^ 1 $K <( $9 $h $& $K ban y an LV $r =D Ns $K @\ B3 $7 , 3F LV $N =P 8} $K %P %$ %Q %9 O) $r @_ $1 $? 9= B$ $r ;} $D .ban y an LV $r DL 2a $7 $F � P erformance analysis of MINs with m ultiple outlets y T oshihiro Hanaw a Hideharu Amano z Keio Universit y L\ E* $N 08 @h $K E~ Ce $7 $? %Q %1 %C %H $O %P %$ %Q %9 O) $K $h $j %a %b %j %b %8 %e !< %k $K Aw $i $l , >W FM $K $h $j L\ E* $N 08 @h $K E~ Ce $G $- $J $+ $C $? %Q %1 %C %H $N $_ $, <! $N CJ $N ban y an LV $K F~ NO $5 $l $k . 2.4 PBSF(Piled Ban y an Switc hing F abrics) TBSF $G $O , @\ B3 $5 $l $? 3F LV $K $* $$ $F , %Q %1 %C %H $, >W FM $9 $k $^ $G $O @5 $7 $/ %k !< %F %# %s %0 $5 $l $k $, , $= $l $^ $G $N %k !< %F %# %s %0 $N 7k 2L $O , <! $N LV $K BP $7 $F A4 $/ 9W 8% $7 $J $$ . $3 $N E@ $r 2~ NI $9 $k $? $a , 2f !9 $O , ?^ 2 $K <( $9 $h $& $K ban y an LV $r ;0 <! 85 E* $K @\ B3 $7 $? 9= B$ $K $7 ,PBSF(Piled Bany an Switc hing F abrics) $H L> IU $1 $? . :G >e AX $H :G 2< AX $r =| $/ AX $N %9 %$ %C %A %s %0 %( %l %a %s %H $O ?e J? J} 8~ $N F~ =P NO $r 2 $D $: $D , ?b D> J} 8~ $r 2 $D $: $D , 7W 4 F~ NO 4 =P NO $r ;} $D . %Q %1 %C %H $O ?e J? J} 8~ $K ?J $_ , >W FM $, 5/ $3 $C $F ?J $a $J $/ $J $k $H 2< $N AX $N %M %C %H %o !< %/ $K Aw $i $l $k . ?^ 2: PBSF $N 9= @. PBSF $K $* $$ $F , 2< AX $N LV $O => Mh 7? $N MIN $, %( %l %a %s %H Fb $K ;} $D %Q %1 %C %H %P %C %U %! $H F1 MM $N 8z 2L $, $" $k . $3 $N $3 $H $K $h $j , DL 2a N( , DL 2a ;~ 4V N> J} $N 2~ A1 $, 4| BT $G $- $k . 3 2r @O $N J} K! 6Q 0l $J %H %i %U %# %C %/ $r 2> Dj $7 $? >l 9g $N B? =E =P NO 2D G= $J MIN $N DL 2a N( $r 2r @O $9 $k $? $a $K 3N N( %b %G %k $r Ds 0F $9 $k . => Mh $N %P %C %U %! IU $N MIN $K $D $$ $F $N 2r @O $O $9 $G $K 9T $o $l $F $$ $k $, , $= $N >l 9g queueing theory $J $I $r MQ $$ $k I, MW $, $" $j , 2r @O $N J} K! $O Bg $- $/ 0[ $J $k . B> J} $G $O ,W u $i $K $h $k %5 !< %- %C %H %9 %$ %C %A %s %0 $r 9T $& MIN $N 2r @O <j K! $K ;w $F $$ $k $, B? =E =P NO $G $" $k E@ , %Q %1 %C %H $, F1 4| F~ NO $5 $l $k E@ $, 0[ $J $k . 2r @O 7k 2L $r 8! >Z $9 $k $? $a $K %7 %_ %e %l !< %7 %g %s $r 9T $& . 2r @O , %7 %_ %e %l !< %7 %g %s 6& $K 6& DL $J 2> Dj $O 0J 2< $N DL $j $G $" $k . � %P %C %U %! $O ;} $? $J $$ � 7k 9g LV $K BP $9 $k 3F F~ NO $X $N %Q %1 %C %H $N F~ NO 3N N( $O 6Q 0l $G $" $k � %Q %1 %C %H $N 9T $- @h $N %" %I %l %9 $O Ey 3N N( $K J, ;6 $5 $l $k � L\ E* $N %" %I %l %9 $K E~ Ce $7 $J $+ $C $? %Q %1 %C %H $O 8m $C $? =P NO $X Aw $i $l $k 1

?^ 3: %9 %$ %C %A %s %0 AG ;R $N %b %G %k 3.1 %9 %$ %C %A %s %0 AG ;R $N %b %G %k %9 %$ %C %A %s %0 AG ;R $N %b %G %k 2= $N J} ?K $K $D $$ $F =R $Y $k . %a %C %; !< %8 $N F~ NO 3N N( $r r $H $9 $k $H 1 = 4 r 2 $N 3N N( $G 6% 9g $, @8 $8 $k . => $C $F %9 %$ %C %A AG ;R $N DL 2a N( $O r � 0 : 25 r 2 $H $J $k . PBSF $K $D $$ $F 9M $( $k $H <! $N $h $& $K $J $k . ?b D> F~ NO ?e J? F~ NO @8 5/ 3N N( ?e J? =P NO ?b D> =P NO 1 � d 1 � r r (1 � d ) r (1 � r ) 0.5 0 1 � d r 1 � r (1 � d ) r (1 � r ) 0.5 0 1 � d r r (1 � d ) r 2 0.75 0.25 d 1 � r 1 � r d (1 � r ) 2 1.0 0 d 1 � r r dr (1 � r ) 1.0 0.5 d r 1 � r dr (1 � r ) 1.0 0.5 d r r dr 2 1.0 0.75 4 2r @O $K $h $k 7k 2L 4.1 DL 2a N( 6Q 0l $J %H %i %U %# %C %/ $r 2> Dj $7 $? >l 9g $N 7k 2L $O ?^ 4 $N DL $j $G $" $k . ?^ 4: bany an LV ?t $K BP $9 $k 3F 7k 9g LV $N DL 2a N( ( Ii 2Y N( 100%, F~ =P NO ?t :256) 2r @O $H %7 %_ %e %l !< %7 %g %s $N 7k 2L $O NI $/ 0l CW $7 $F $$ $k $, , � %9 %$ %C %A $N M% @h =g 0L $, 8G Dj � TBSF,PBSF $G $O LV $r DL 2a $9 $k EY $K %H %i %U %# %C %/ $N JP $j $, A} I} $5 $l $k $H $$ $& $3 $H $+ $i $o $: $+ $K 0[ $J $k 7k 2L $H $J $k . $^ $? , � MBSF $G $O :G =i $K %H %i %U %# %C %/ $r J, N% , LV 4V $N DL ?. $J $7 � EBSF $G $O A0 H> $N %9 %F !< %8 $G IT MW $J %( %l %a %s %H $, B? $$ $H $N M} M3 $G TBSF,PBSF $N J} $, 9b $$ DL 2a N( $r F@ $k . TBSF $H PBSF $r Hf 3S $9 $k $H 2,3 CJ $N bany an LV $G $O PBSF $h $j TBSF $N J} $, DL 2a N( $, 9b $$ $, , $= $l 0J >e $N CJ ?t $G $O Ey $7 $$ $+ , $^ $? $O 5U E> $9 $k . $3 $l $O PBSF $G $O 3 $D $N %Q %1 %C %H $, 6% 9g $7 $? :] , %Q %1 %C %H 1 $D $O @5 $7 $/ =P NO $9 $k $3 $H $, $G $- $: , DL 2a N( $, Dc 2< $9 $k $? $a $G $" $k . 0J >e $N $3 $H $+ $i A TM %Q %1 %C %H 8r 49 5! $K $O %3 %9 %H $, >. $5 $/ DL 2a N( $N 9b $$ TBSF %^ %k %A %W %m %; %C %5 $K $O CY 1d $N >. $5 $$ PBSF $, E, $7 $F $$ $k $3 $H $, $o $+ $k . ?^ 5: bany an LV ?t $K BP $9 $k 3F 7k 9g LV $N %" %/ %; %9 %l %$ %F %s %7 4.2 %l %$ %F %s %7 ?^ 5 $K 6Q 0l $J %H %i %U %# %C %/ $N 2< $G , %Q %1 %C %H $N :F Aw $r 9M N8 $7 $? %" %/ %; %9 $N %l %$ %F %s %7 $N %7 %_ %e %l !< %7 %g %s $K $h $k 7k 2L $r <( $9 . DL 2a N( $N 7k 2L $, %l %$ %F %s %7 $K $b 1F 6A $7 $F $* $j , TBSF,PBSF $G $O EBSF,MBSF $K Hf $Y %" %/ %; %9 $N %l %$ %F %s %7 $O >. $5 $/ $J $C $F $$ $k . 5 $* $o $j $K B? =E =P NO 2D G= $J MIN $K $D $$ $F 2r @O $7 , Hf 3S $r 9T $C $? . J# ?t $N =P NO $r ;} $D $? $a F1 0l 08 @h $K 8~ $+ $& J# ?t $N %Q %1 %C %H $, DL 2a $G $- $k $3 $H $G %N %s %V %m %C %- %s %0 LV $h $j 9b $$ DL 2a N( $r F@ $k $3 $H $, $G $- $k $3 $H $, $o $+ $C $? . 6 :# 8e $N 2] Bj 8= :_ 3N N( %b %G %k $r MQ $$ $? %l %$ %F %s %7 $N 2r @O J} K! $K $D $$ $F 8! F$ Cf $G $" $k . Hs 6Q 0l $J %H %i %U %# %C %/ $N 2< $G $N 2r @O $K $D $$ $F $b 9T $& M= Dj $G $" $k . ;2 9M J8 8% [1] T oshihiro Hanaw a, Hideharu Amano, Y oshifumi F ujik a w a: \Multistage Interconnection Netw orks with multiple out- lets," Pro c of 1994 In t. Conf. on Parallel Pro cessing, Aug. 1994 [2] H9 IR Gn , E7 Ln 1Q @2 !’ \ B? =E =P NO 2D G= $J MIN $N @- G= I> 2A ", JB Ns =h M} %7 %s %] %8 %& %‘ JSPP’94 O@ J8 =8 , pp. 201-208, 1994 G/ 5 7n [3] Gay e, K., H9 IR Gn , E7 Ln 1Q @2 : \SSS 7? MIN $K $* $1 $k hot sp ot $N 1F 6A $H %a %C %; !< %8 7k 9g $N 8z 2L ," EE ;R >p Js DL ?. 3X 2q O@ J8 ;o D-I, 1994 G/ 5 7n [4] W u, C.L. Lee, M. : \P erformance Analysis of Multistage In terconnection Net w ork Con�gurations and Op erations", IEEE. T rans. Comput. 41 , No.1 pp.18-27, (1992).