B? =E =P NO 2D G= $J MIN $N @- G= I> 2A � H9 IR Gn E7 Ln 1Q @2 y 7D Xf 5A =N Bg 3X M} 9) 3X It z 35 MW 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 Synchronized) 7? MIN $H $7 $F JB Ns 7W ;; 5! $K MQ $$ $k $3 $H $, $G $- $k $H 6& $K !" A TM(Async hronous T ransfer Mo de) MQ %Q %1 %C %H 8r 49 5! $K $b Mx MQ $9 $k $3 $H $, $G $- $k !# K\ O@ J8 $G $O !" J# ?t $N Bany an LV $K %H %i %U %# %C %/ $r J, ;6 $9 $k MBSF(Multi-Ban y an Switching F abrics) !" %5 %$ %: $N Bg $- $$ Bany an LV $r MQ $$ $k EBSF(Expanded Ban y an Switc hing F abrics) !" Bany an LV $r =D Ns @\ B3 $9 $k TBSF(T andem Bany an Switching F abrics) !" ;0 <! 85 E* $K @\ B3 $9 $k PBSF(Piled Ban y an Switc hing F abrics) $N 4 <o N‘ $N B? =E =P NO 2D G= $J MIN $K $D $$ $F $= $N DL 2a N( $r M} O@ %b %G %k $H %7 %_ %e %l !< %7 %g %s $K $h $C $F 2r @O $7 $? !# $= $N 7k 2L !" @\ B3 Bany an LV ?t $, >/ $J $$ NN 0h $G $O PBSF $, M- Mx $G !" B? $$ NN 0h $G $O TBSF $, M- Mx $G $" $k $3 $H $r <( $7 $? !# $5 $i $K !" JB Ns 7W ;; 5! $K MQ $$ $? >l 9g !" $3 $l $i A4 $F $N LV $K $D $$ $F !" %a %b %j %b %8 %e !< %k $X $N %G !< %? $N %" %i %$ %s %a %s %H $r E, @Z $K 9T $J $( $P !" 9T Ns $N MW AG !J 9T !& Ns !& BP 3Q MW AG !& 5U BP 3Q MW AG !K $X $N Hs >W FM %" %/ %; %9 $, 2D G= $G $" $k $3 $H $r <( $7 $? !# Abstract Multistage Interconnection Net w orks(MINs) with m ultiple outlets are netw orks whic h can supp ort higher band- width than those of nonblocking net w orks b y passing m ultiple pack ets to the same destination. They are not only useful as a MIN top ology for the Simple Serial Sync hronized (SSS)-MIN used in m ultipro cessors, but also as a switching core in the A TM(Async horonous T ransfer Mo de) pac k et exc hanger. F our MINs with m ultiple outlets: Multi-Bany an Switching F abrics (MBSF), Expanded Bany an Switching F abrics (EBSF), T andem Bany an Switc hing F abrics (TBSF) and Piled Ban y an Switching F abrics (PBSF) are analyzed and compared with b oth the theoretical mo del and simulation. The PBSF supp orts the b est throughput and latency used for the SSS-MIN. Although the latency of the TBSF is large, the pass-through ratio is the b est if the num b er of connected bany an net w orks are more than 4. Therefore, the TBSF is useful for the A TM switching net w orks in which the relativ ely large latency is tolerable. The con ict-free access of these MINs is also analyzed, and it app ears that ro ws, column, forward and bac kw ard diagonal of the matrix can b e accessed without con ict. 1 $O $8 $a $K B? CJ 7k 9g LV (Multistage Interconnection Netw ork: MIN)[3] $O Cf 5, LO $N JB Ns 7W ;; 5! $K $* $1 $k %W %m %; %C %5 $H %a %b %j 4V $N @\ B3 $K B? $/ MQ $$ $i $l $k 7k 9g J} <0 $G $" $k . => Mh $N Be I= E* $J MIN $G $O , %a %b %j $K BP $9 $k %" %/ %; %9 $O , %Q %1 %C %H $N 7A $G 9T $o $l , %9 %$ %C %A %s %0 %( %l %a %s %H 4V $O %S %C %H %Q %i %l %k (8 !A 64bit) $G E> Aw $5 $l $k . $^ $? , %H %] %m %8 $H $7 $F $O omega LV $K Be I= $5 $l $k %V %m %C %- %s %0 LV $, ;H MQ $5 $l , %9 %$ %C %A %s %0 %( %l %a %s %H Fb $G >W FM $, 5/ $- $? >l 9g , JR J} $N %Q %1 %C %H $O Fb It $N %P %C %U %! $K 3J G< $5 $l $k . %a %b %j $+ $i FI $_ =P $7 $? %G !< %? $r %W %m %; %C %5 B& $K Aw $k $? $a , F1 MM $N 9= B$ $r ;} $D 5" 4T MQ $N MIN $, I, MW $K $J $k . $3 $N $h $& $J => Mh 7? $N MIN $O , 9b B. 2= , 9b L) EY <B Au $K :$ Fq $J E@ $, B? $/ , $3 $l $r MQ $$ $? %^ %k %A %W %m %; %C %5 %7 %9 %F %‘ $N <B Au $N CY $l , 5, LO =L >. [5][9] $N 86 0x $N 1 $D $K $J $C $F $- $? . $^ $: , $3 $N $h $& $J => Mh 7? $N MIN $G $O %W %m %; %C %5 Ev $? $j 8 !A 64bit $N F~ =P NO @~ $, I, MW $J $? $a ,LSI %A %C %W Cf $N %( %l %a %s %H ?t $, %T %s ?t $K $h $C $F @) 8B $5 $l $k . $3 $N $3 $H $O , A4 BN $H $7 $F 4p HD LL @Q $N A} Bg $r >7 $- , 9b B. $J %/ %m %C %/ $N Mx MQ $r :$ Fq $K $7 , %( %l %a %s %H 9= B$ $H @) 8f $, J# ;( $K $J $k . $= $7 $F %Q %1 %C %H F1 ;N $, >W FM $7 $? >l 9g , Fb It $N %P %C %U %! $K 3J G< $9 $k $? $a , A0 8e $N %9 %$ %C %A %s %0 %( %l %a %s %H $H $N 4V $K %O %s %I %7 %’ !< %/ $H %P %C %U %! $N 0n $l @) 8f $, I, MW $H $J $k . $3 $l $i $N Ld Bj E@ $N 2r 7h $N $? $a , 2f !9 $O , C1 =c $J %( %l %a %s %H $+ $i 9= @. $5 $l , 9b $$ DL 2a N( $r ;} $D 7k 9g LV $K $h $j ,1-4bit C1 0L $G � P erformance analysis of MINs with multiple outlets y T oshihiro Hanaw a Hideharu Amano z Keio Universit y F1 4| F~ NO $5 $l $? %Q %1 %C %H $r 8r 49 $9 $k J} <0 ,SSS(Simple Serial Synchronized) 7? MIN $r Ds 0F $7 $F $$ $k [17]. SSS 7? MIN $O , 9b L) EY <B Au $H 9b $$ <~ GH ?t $N %/ %m %C %/ $N Mx MQ $, 2D G= $G $" $k 0l J} , %( %l %a %s %H Fb $K %P %C %U %! $r ;} $? $J $$ $? $a %Q %1 %C %H F1 ;N $N >W FM $, 5/ $- $? >l 9g $O :F Aw $r 9T $J $& I, MW $, $" $j , @- G= Dc 2< $N Bg $- $J 86 0x $H $J $k . $3 $N $? $a ,SSS 7? MIN $G MQ $$ $k 7k 9g LV $O => Mh 7? MIN $G MQ $$ $i $l $F $$ $k %V %m %C %- %s %0 LV $h $j $b 9b $$ DL 2a N( $, MW 5a $5 $l $k . 0l HL $K DL 2a N( $N 9b $$ LV $O %9 %$ %C %A %s %0 %( %l %a %s %H $r ?t B? $/ I, MW $H $9 $k $, , SSS 7? MIN $G $O %9 %$ %C %A %s %0 %( %l %a %s %H $N 9= B$ $, 4J C1 $J $? $a , $" $k Dx EY $N ?t $O 5v MF $G $- $k . %/ %m %9 %P $d Clos LV [1] $K Be I= $5 $l $k %N %s %V %m %C %- %s %0 LV $O , %V %m %C %- %s %0 LV $h $j $b 9b $$ DL 2a N( $r ;} $D $, , $= $l $G $b %5 %$ %: $, $" $k Dx EY 0J >e $K $J $k $H =P NO $, 6Q Ey $K J, I[ $7 $? >l 9g $O , 63.5% A0 8e $K @) 8B $5 $l $F $7 $^ $& . $3 $l $O , F1 0l =P NO $K 8~ $+ $& %Q %1 %C %H $, =P NO @~ $G 6% 9g $9 $k $? $a $G $" $k . $= $3 $G , 2f !9 $O , J# ?t $N =P NO $r ;} $D $3 $H $K $h $j , F1 0l =P NO $K 8~ $+ $& J# ?t %Q %1 %C %H $N DL 2a $r 5v $9 MIN $K $D $$ $F 8! F$ $7 $? . $^ $: ,MIN $N =D Ns @\ B3 $+ $i @. $k TBSF(T andem Bany an Switching F abrics) $r 8! F$ $7 [12], $5 $i $K $3 $l $r 2~ NI $7 ;0 <! 85 E* $J @\ B3 $K $7 $? PBSF(Piled Ban y an Switching F abrics)[16] $r Ds 0F $7 $? . $^ $? , N‘ ;w $N MIN $H $7 $F J# ?t $N FH N) $N MIN $r JB Ns $K ;H $& Multi-Ban y an[8], @0 ?t G\ $N %5 %$ %: $N Ban y an LV $r MQ $$ $k Expanded-Ban y an[18](Double-Ban y an[14]) $, CN $i $l $F $$ $k . K\ O@ J8 $G $O , $3 $l $i $N MIN $N DL 2a N( $r 3N N( %b %G %k $K 4p $E $$ $F 2r @O $7 , Hf 3S 8! F$ $r 9T $& . $^ $? , 2J 3X 5; =Q 7W ;; Ey $G IQ HK $K ;H MQ $5 $l $k 9T Ns $N %" %/ %; %9 $N G= NO $K 4X $7 $F $b M} O@ E* $K 8! F$ $7 , Hf 3S $9 $k .

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 TBSF(T andem Ban y an Switc hing F abrics) TBSF $O , K\ Mh B-ISDN(Broadband Integrated System DigitalNet w ork) $G MQ $$ $i $l $k A TM(Async hronous T rans- fer Mo de) %Q %1 %C %H 8r 49 MQ $K , 9q Fb $G $O 2f !9 $H 2- EE 5$ $N 6& F1 8& 5f $K $h $j 1988 G/ [7] $K , 3$ 30 $G $O T obagi $i $K $h $j 1990 G/ [10] $K , Ds 0F $5 $l $? LV $G $" $k . A TM LV MQ [11],SSS 7? MIN MQ [15] $K $= $l $> $l $3 $N LV @l MQ $N LSI $N <B Au $, 9T $J $o $F $$ $k . ?^ 1: TBSF $N 9= @. TBSF $O , ?^ 1 $K <( $9 $h $& $K ban y an LV (omega 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 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 bany an LV $K F~ NO $5 $l $k . >W FM $N :] $K %; %C %H $5 $l $? con ict bit $O , <! $N LV $N F~ NO ;~ $K %j %; %C %H $5 $l $k . TBSF $r B-ISDN MQ $N 8r 49 5! $K MQ $$ $k >l 9g $K $O , %Q %1 %C %H $O 3F ban y an LV $+ $i ;~ 4V E* $K $: $l $F E~ Ce $9 $k $N $G , $= $l $r B7 $( $k It J, $, Ld Bj $K $J $k . $7 $+ $7 ,SSS 7? MIN $H $7 $F MQ $$ $k >l 9g , %Q %1 %C %H $N E~ Ce =g $K %a %b %j $N %" %/ %; %9 $r 9T $( $P $h $$ $N $G , %a %b %j Mx MQ N( $r >e $2 $k $3 $H $, $G $- , Mx E@ $K E> $8 $k . 1 %U %l !< %‘ Fb $K 2? 2s $N %a %b %j %" %/ %; %9 $, 2D G= $G $" $k $+ $O , %a %b %j %b %8 %e !< %k $N %" %/ %; %9 ;~ 4V $H %U %l !< %‘ ;~ 4V $K $h $j Dj $^ $k $, , DL >o 2,3 2s $, 8B EY $G $" $k . $= $l 0J >e E~ Ce $7 $? %Q %1 %C %H $K BP $7 $F $O >W FM ;~ $H F1 MM $K NAK ?. 9f $, JV $5 $l , <! $N %U %l !< %‘ $G :F Aw $, 9T $J $o $l $k . %b %8 %e %i %j %F %# $K M% $l , BQ 8N >c @- $K $b M% $l $? E@ $r ;} $D [11]. 2.2 PBSF(Piled Ban y an Switc hing F ab- rics) TBSF $G $O , @\ B3 $5 $l $? 3F LV $K $* $$ $F , %Q %1 %C %H $, >W FM $9 $k $^ $G $O @5 $7 $/ %k !< %A %s %0 $5 $l $k $K $b $+ $+ $o $i $: , $= $l $^ $G $N %k !< %A %s %0 $N 7k 2L $O , <! $N LV $K BP $7 $F A4 $/ 9W 8% $7 $J $$ . $3 $N E@ $r 2~ NI $9 $k $? $a , 2f !9 $O , ?^ 2 $K <( $9 $h $& $K ban y an(omega) LV $r ;0 <! 85 E* $K @\ B3 $7 $? 9= B$ $K JQ 99 $7 ,PBSF(Piled Ban y an Switc hing F abrics)[16] $H L> IU $1 $? . :G >e AX $H :G 2< AX $r =| $/ AX $N %9 %$ %C %A %s %0 %( %l %a %s %H $O ?e J? J} 8~ $N F~ =P NO $r 2 $D $: $D , ?b D> J} 8~ $r 2 $D $: $D , 7W 4 F~ NO 4 =P NO $r ;} $D . %Q %1 %C %H $O ?e J? J} 8~ $K ?J $_ , >W FM $, 5/ $3 $C $F ?J $a $J $/ $J $k $H 2< $N AX $N %M %C %H %o !< %/ $K Aw $i $l $k . ?^ 2: PBSF $N 9= @. %Q %1 %C %H $O $^ $: :G >e AX $N %M %C %H %o !< %/ $K F~ NO $5 $l $k . :G >e AX $K $* $$ $F ?e J? J} 8~ $K ?J $‘ 2 $D $N %Q %1 %C %H $, $" $k %( %l %a %s %H $N =P NO %j %s %/ $G 6% 9g $9 $k $H , JR J} $N %Q %1 %C %H $O 4u K> $N J} 8~ $K Aw $i $l , GT $l $? %Q %1 %C %H $O $R $H $D 2< $N AX $N %( %l %a %s %H $K ,1 %/ %m %C %/ ( 87 L) $K $O H> %/ %m %C %/ ) $N CY 1d $r H< $C $F Aw $i $l $k . ?e J? J} 8~ $K ?J $s $G $/ $k %Q %1 %C %H $H >e AX $+ $i Aw $i $l $? %Q %1 %C %H $H $, 6% 9g $9 $k $H , >e AX $+ $i $N %Q %1 %C %H $, M% @h E* $K ?e J? J} 8~ $K Aw $i $l , ?e J? J} 8~ $K ?J $s $G $- $? %Q %1 %C %H $O $5 $i $K 2< $N 3, AX $K Aw $i $l $k . ?e J? J} 8~ $+ $i $N %Q %1 %C %H 2 $D $H , >e AX $+ $i $N %Q %1 %C %H !J 1 $D $7 $+ B8 :_ $7 F@ $J $$ !K $, $9 $Y $F F1 0l =P NO @~ $r L\ ;X $7 $? >l 9g $K $O , >e AX $+ $i $N %Q %1 %C %H $, L\ E* $N =P NO @~ $K ?J $_ , ?e J? J} 8~ $+ $i $N %Q %1 %C %H $N $& $A $N 0l J} $, 2< AX $K Aw $i $l $k . ;D $C $? 1 $D $N %Q %1 %C %H $O >W FM $7 $? $3 $H $r <( $9 con ict bit $, %; %C %H $5 $l , 4u K> $7 $J $$ J} $N ?e J? J} 8~ $N =P NO $K Aw $i $l $k . :G 2< AX $N %M %C %H %o !< %/ $G ?e J? J} 8~ $+ $i $N %Q %1 %C %H F1 ;N $, 6% 9g $K GT $l $? >l 9g $b F1 MM $K con ict bit $, %; %C %H $5 $l , 0J 8e B> $N %Q %1 %C %H $r K8 32 $7 $J $$ . :G 2< AX $K $* $$ $F ?e J? J} 8~ $+ $i 2 $D , ?b D> J} 8~ $+ $i $N %Q %1 %C %H $, 6% 9g $7 $? >l 9g $K $O ?b D> J} 8~ $+ $i $N %Q %1 %C %H $O @5 >o $K Aw $i $l !" ?e J? J} 8~ $+ $i $N %Q %1 %C %H $N $& $A 0l J} $O con ict bit $, %; %C %H $5 $l !" $b $& 0l J} $N %Q %1 %C %H $O =P NO @h $, $J $$ $? $a %( %l %a %s %H Fb $G >C LG $9 $k !# PBSF $K $* $$ $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 . LV $N DL 2a ;~ 4V $r 7P 2a $7 $? 8e ,PBSF $N 3F AX $+ $i %Q %1 %C %H $, =P NO $5 $l $k . :G >e AX 0J 30 $N LV $N =P NO $+ $i $O 4u K> $N =P NO $K E~ Ce $G $- $J $+ $C $? %Q %1 %C %H $, =P NO $5 $l $k 2D G= @- $, $" $j , TBSF LV F1 MM ,con ict bit $N %A %’ %C %/ $, 9T $J $o $l , %H %l !< %9 $r MQ $$ $? 1~ Ez 5! 9= $K $h $j F~ NO %P %C %U %! $K E> Aw $N <: GT $, DL CN $5 $l , %Q %1 %C %H $N :F Aw $, 9T $J $o $l $k . TBSF F1 MM %a %b %j %7 %9 %F %‘ $K $O AX ?t J, $N %Q %1 %C %H $, E~ Ce $9 $k 2D G= @- $, $" $k . TBSF $H $O 0[ $J $j , $3 $l $i $N %Q %1 %C %H $O $[ $\ F1 ;~ $K E~ Ce $9 $k $N $G , %a %b %j %7 %9 %F %‘ Fb $K %P %C %U %! $r @_ $1 , $3 $l $i $r C_ $( $F =g $K %" %/ %; %9 $9 $k . %" %/ %; %9 2s ?t $, B? $/ %U %l !< %‘ ;~ 4V Fb $K $9 $Y $F $N %G !< %? $r JV $; $J $$ >l 9g , <! $N %U %l !< %‘ $G E~ Ce $9 $k %Q %1 %C %H $, <: GT $H 8+ $J $5 $l , :F Aw $5 $l $k . PBSF $N %9 %$ %C %A %s %0 %( %l %a %s %H $O ?b D> J} 8~ $N @~ $, , 3F %( %l %a %s %H $N =P NO @~ $K BP $7 $F MQ 0U $5 $l $F $$ $k . >e AX $G $N 6% 9g $K GT $l $? %Q %1 %C %H $O 4u K> $N =P NO $K BP 1~ $9 $k ?b D> J} 8~ $N @~ $r

DL $C $F H> %/ %m %C %/ J, $N CY 1d $G 2< $N AX $K Aw $i $l , $= $N AX $G $N ?e J? J} 8~ $N =P NO @~ $r 3N J] $9 $k . $3 $3 $G , $5 $i $K H> %/ %m %C %/ ( >e AX $K Hf $Y $k $H 1 %/ %m %C %/ ) CY $l $F ?e J? J} 8~ $K %Q %1 %C %H $, E~ Ce $7 , %3 %s %H %m !< %i It $G ?J O) $, H= Dj $5 $l $k . L\ E* $N =P NO @~ $, $9 $G $K >e AX $+ $i $N %Q %1 %C %H $G @j 5r $5 $l $F $$ $? >l 9g , ?b D> J} 8~ $N @~ $r DL $C $F 2< AX $K Aw $i $l $k . $9 $J $o $A $3 $N J} <0 $O ?b D> J} 8~ M% @h $G $" $k . 2.3 MBSF(Multi Ban y an Switc hing F ab- rics) FH N) $N Bany an LV $r J# ?t MQ 0U $7 , %H %i %U %# %C %/ $r J, ;6 $9 $k J} K! $O , %Q %1 %C %H 8r 49 LV , %5 !< %- %C %H %9 %$ %C %A MQ $N 8r 49 LV $J $I $K , 8E $/ $+ $i 8! F$ $, 9T $J $o $l $F $- $? [4][6][8][13]. $3 $3 $G $O , $3 $N LV $r TBSF, PBSF $K $J $i $C $F ,MBSF(Multi Ban y an Switching F abrics) $H 8F $V . TBSF,PBSF $K $* $$ $F $O 3F Ban y an LV $, $* 8_ $$ $K %Q %1 %C %H $N %H %i %U %# %C %/ $K 2? $i $+ $N 1F 6A $r M? $( $k $, ,MBSF $G $O $3 $l $i $O A4 $/ FH N) $7 $F $* $j , C1 $K 3F LV $K BP $9 $k Ii 2Y $, LV ?t J, $K J, ;6 $5 $l $k $@ $1 $G $" $k . 2.4 EBSF(Expanded Ban y an Switc hing F abrics) Ban y an LV $N %5 %$ %: $r @0 ?t G\ $K 3H D% $9 $k $H !" DL 2a N( $K 4X $7 $F MBSF $H F1 Ey Dx EY $N G= NO $r ;} $D $b $N $H 9M $( $i $l $k [18]. B> $N LV $K $* $1 $k Bany an LV ?t $H EBSF $N Bany an LV $N %5 %$ %: $, BP 1~ $9 $k . 2 G\ $N $b $N $K $D $$ $F $O La wrie $K $h $C $F 9T Ns $K BP $9 $k %" %/ %; %9 G= NO $, 2r @O $5 $l $F $$ $k [2]. B> $N LV $K $J $i $C $F EBSF(Expanded Ban y an Switc hing F abrics) $H 8F $V . ?^ 3: EBSF $N 9= @. ?^ 3 $O F~ NO ?t 8, ban y an LV $N %5 %$ %: 3 G\ $N EBSF $r <( $7 $F $$ $k . F~ NO $, 8 $J $N $G :G =i $N %9 %F !< %8 $N 12 $N %( %l %a %s %H $N $& $A 8 $D $@ $1 $, ;H $o $l , ;D $j $N 4 $D $N %( %l %a %s %H $O ;H MQ $5 $l $J $$ . 2.5 Dj @- E* $J I> 2A TBSF,PBSF,MBSF,EBSF $r $^ $: , DL 2a N( , %l %$ %F %s %7 %# , %3 %9 %H $N E@ $G , Dj @- E* $K 8! F$ $9 $k . DL 2a N( MBSF $O :G =i $K %H %i %U %# %C %/ $r J, N% $7 $F $7 $^ $& $? $a , LV $N @- G= $r == J, 0z $- =P $9 $3 $H $, $G $- $J $$ . EBSF $G $O MBSF $H 0c $C $F 1 $D $N bany an LV $G $" $k $? $a MBSF $h $j $O DL 2a N( $O 9b $$ $, F~ NO ?t $h $j $b %9 %F !< %8 $" $? $j $N %( %l %a %s %H ?t $, B? $$ >l 9g $K $O , A0 H> $N %9 %F !< %8 $G $O ;H $o $l $J $$ %( %l %a %s %H $, @8 $8 $k $N $G L5 BL $, Bg $- $$ . PBSF $O , 6% 9g $K GT $l $? %Q %1 %C %H $b >W FM A0 $N %k !< %F %# %s %0 $, M- 8z $K $J $k $? $a ,TBSF $h $j <c 43 9b $$ DL 2a N( $, 4| BT $G $- $k . %l %$ %F %s %7 %# =D Ns @\ B3 $r 9T $& TBSF $, :G $b IT Mx $G $" $k . F~ NO ?t $r N , =D Ns $^ $? $O ;0 <! 85 J} 8~ $K @\ B3 $9 $k LV ?t $r K $H $9 $k .EBSF,MBSF $O DL >o $N Ban y an LV $H F1 $8 $G DL 2a ;~ 4V $O l og 2 N $H $J $k . $3 $l $K BP $7 ,TBSF $N DL 2a ;~ 4V $O K � l og 2 N ,PBSF $O K � 1 + l og 2 N $G $" $k . $9 $J $o $A , K $, >. $5 $$ ;~ , %l %$ %F %s %7 %# $O MBSF, EBSF, PBSF $O ,TBSF $K Hf $Y $F ,1 =K Dx EY $K $J $k . %3 %9 %H %( %l %a %s %H ?t $O 4 <o N‘ $9 $Y $F $K $D $$ $F ( K N ) = 2 l og 2 N $G $" $k (EBSF, PBSF $N 2< AX $N LV $N A0 $N J} $N $$ $/ $D $+ $O >J N, $G $- $k ). %( %l %a %s %H $N 9= B$ $K $D $$ $F $O PBSF 0J 30 $N %9 %$ %C %A %s %0 %( %l %a %s %H $O 2 F~ NO 2 =P NO $G $" $k $, PBSF $N >l 9g $O ?b D> J} 8~ $N F~ =P NO $, 2C $o $j ,4 F~ NO 4 =P NO $H $J $k . $3 $N %( %l %a %s %H $O , ?e J? J} 8~ $N =P NO $K BP $7 $F ?b D> J} 8~ $N F~ =P NO @~ $, @_ $1 $i $l $k $? $a %O !< %I %& %’ %" NL $O 4 � 4 $N %/ %m %9 %P $h $j $O >. $5 $$ $, , $= $l $G $b B> $N LV $N %( %l %a %s %H $N 1.5 !A 1.8 G\ Dx EY $N %O !< %I %& %’ %" $r I, MW $H $9 $k . 3 2r @O %b %G %k 6Q 0l $J %H %i %U %# %C %/ $r 2> Dj $7 $? >l 9g $N SSS 7? MIN $N DL 2a N( $r 2r @O $9 $k $? $a $N 3N N( %b %G %k $r 9= C[ $9 $k . $3 $N %b %G %k $O , W u $i $K $h $k %5 !< %- %C %H %9 %$ %C %A %s %0 $r 9T $J $& MIN $N 2r @O <j K! [13] $K ;w $F $$ $k $, , B? =E =P NO $G $" $k E@ , %Q %1 %C %H $, F1 4| F~ NO $5 $l $k E@ $, 0[ $J $k . 2r @O $O 0J 2< $N 2> Dj $K 4p $E $/ . � %P %C %U %! $O ;} $? $J $$ � 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 � %Q %1 %C %H $O A4 $F F1 4| $7 $F F~ NO $5 $l $k � L\ E* $N %" %I %l %9 $K E~ Ce $7 $J $+ $C $? %Q %1 %C %H $O $= $N $^ $^ <N $F $i $l $k � 3F %9 %$ %C %A %s %0 %( %l %a %s %H $O PBSF $G $O 4 F~ NO 4 =P NO , $= $l 0J 30 $G $O 2 F~ NO 2 =P NO $r ;} $D 3.1 MBSF $^ $: , 3F %9 %$ %C %A %s %0 %( %l %a %s %H $N >u BV $K $D $$ $F 9M $( $k . $3 $3 $G $O %9 %$ %C %A %s %0 %( %l %a %s %H $K %Q %1 %C %H $, F~ NO $5 $l $k 3N N( $r r $H 2> Dj $9 $k . $^ $? , %Q %1 %C %H $, N> J} $N F~ NO $+ $i E~ Ce $7 F1 $8 =P NO $K 8~ $+ $& $H $- $K >W FM $, 5/ $3 $k $N $G %Q %1 %C %H $N >W FM 3N N( $O 0 : 25 r 2 $H $J $k . SSS 7? MIN $G $O >W FM $K $h $C $F @5 $7 $/ $J $$ =P NO $X Aw $i $l $? %Q %1 %C %H $O %G %C %I %Q %1 %C %H $H $J $j , B> $N %Q %1 %C %H $r K8 32 $7 $J $$ , $9 $J $o $A %Q %1 %C %H $O >C LG $7 $? $b $N $H $_ $J $5 $l $k .

i HV L\ $N %9 %F !< %8 $N %9 %$ %C %A %s %0 %( %l %a %s %H $K %Q %1 %C %H $, F~ NO $5 $l $k 3N N( $r r i $H $9 $k $H <! $N %9 %F !< %8 i + 1 $G $N F~ NO 3N N( r i +1 $O 0J 2< $N DL $j $G $" $k . r i +1 = r i � 0 : 25 r i 2 � X ( r i ) (1) => $C $F 1 CJ , n %9 %F !< %8 $r ;} $D ban y an LV $N DL 2a N( ( %Q %1 %C %H $, @5 $7 $$ =P NO $K E~ Ce $9 $k 3N N( ) $O <! $N $h $& $K I= $5 $l $k r n = X n ( r 0 ) (2) $3 $3 $G r 0 $O MIN A4 BN $K BP $9 $k %Q %1 %C %H $N F~ NO 3N N( $r I= $9 . MBSF $G $O F~ NO $5 $l $? %Q %1 %C %H $O 6Q Ey $K K AX $N bany an LV $K J, ;6 $5 $l $k . => $C $F MBSF $N DL 2a N( P T M B S F $O 0J 2< $N $h $& $K $J $k . P T M B S F = K X n ( r 0 =K ) (3) 3.2 TBSF TBSF $G $O @5 $7 $/ %k !< %F %# %s %0 $5 $l $? %Q %1 %C %H $O %a %b %j %b %8 %e !< %k $K Aw $i $l , <! $N ban y an LV $G $O $= $N %Q %1 %C %H $, <h $j =| $+ $l $k . => $C $F , k HV L\ $N bany an LV $N 3F F~ NO $K %Q %1 %C %H $, F~ NO $5 $l $k 3N N( $r R k $H $9 $k $H , <! $N <0 $, @. N) $9 $k . R k = R k � 1 � X n ( R k � 1 ) (4) $3 $N A2 2= <0 $+ $i TBSF $N DL 2a N( P T T B S F $O 0J 2< $N $h $& $K I= $5 $l $k . P T T B S F = R 0 � R K (5) $3 $3 $G K $O ban y an LV ?t $G $" $k . 3.3 PBSF PBSF $G $O 0J 2< $N 2> Dj $K 4p $E $/ . � >e AX $+ $i ?b D> J} 8~ $K Aw $i $l $k %Q %1 %C %H $O ?e J? J} 8~ $+ $i $N $b $N $h $j M% @h $5 $l $k PBSF $N :G >e AX $G $O %Q %1 %C %H $, ?e J? J} 8~ $K Aw $i $l $k 3N N( $O <0 1 $G I= $5 $l $k . PBSF $G $O >W FM $, 5/ $3 $k $H $= $N %Q %1 %C %H $O 2< AX $K Aw $i $l $k . => $C $F %Q %1 %C %H $, Bh 2 AX $N i HV L\ $N %9 %F !< %8 $K ?b D> J} 8~ $+ $i F~ NO $5 $l $k 3N N( d i; 2 $O <! $N $h $& $K I= $9 $3 $H $, $G $- $k . d ( i; 2) = 0 : 25 r i 2 (6) Fs CJ L\ 0J 9_ $N ban y an LV $K $D $$ $F , 3F %( %l %a %s %H $X $N F~ NO %Q %? !< %s $r 9M $( , 3F >u BV $N @8 5/ 3N N( $H $= $N >l 9g $N ?e J? $^ $? $O ?b D> J} 8~ $X $N =P NO 3N N( $r Ns 5s $9 $k $H I= 1 $N $h $& $K $J $k . $3 $N I= $r MQ $$ $F 3F %9 %$ %C %A %s %0 %( %l %a %s %H $K $D $$ $F ?e J? J} 8~ $H ?b D> J} 8~ $N =P NO 3N N( $r 5a $a , =g <! 7W ;; $r 9T $& . 3.4 EBSF :G =i $N %9 %F !< %8 $G $O EBSF $N F~ NO N $K BP $7 , %( %l %a %s %H $N F~ NO $N Am ?t $O cN !J c $O LV $N %5 %$ %: $r I= $9 Dj ?t !K $G $" $k $N $G , cN 8D $N %( %l %a %s %H $N $& $A N 8D $N %( %l %a %s %H $N F~ NO $N JR J} $N $_ $K %Q %1 %C %H $, F~ NO $5 $l ,( c � 2) N = 2 8D $N %( %l %a %s %H $K $O F~ NO $5 $l $J $$ ( $9 $J $o $A $= $N %( %l %a %s %H $O I, MW $J $$ ). I= 1: %9 %$ %C %A %s %0 %( %l %a %s %H $N %Q %1 %C %H $N =P NO 3N N( (PBSF) ?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 => $C $F %Q %1 %C %H $, =P NO $5 $l $k 3N N( $O N 8D $N %( %l %a %s %H $K $D $$ $F $O r 0 = 2, ( c � 2) N = 2 8D $N %( %l %a %s %H $G $O 0 $G $" $k . %5 %$ %: $, 4q ?t G\ $N >l 9g $O , %9 %F !< %8 2 0J 9_ $G $b Ey $7 $$ F~ NO 3N N( $r ;} $D %( %l %a %s %H $N AH $, 2 $D $G $- , $= $N 8D ?t $O N $H ( c � 2) N = 2 $^ $? $O 2 N $H ( c � 4) N = 2 $G $" $k . %( %l %a %s %H $N F~ NO 3N N( $r $= $l $> $l p , q $H $9 $k $H %Q %1 %C %H $, DL 2a $9 $k 3N N( $O ( p + q ) = 2 � pq = 4 $H $J $k . %5 %$ %: $, 6v ?t G\ $N >l 9g $K $O F1 $8 %9 %F !< %8 $N %( %l %a %s %H $O A4 $F Ey $7 $$ F~ NO 3N N( $r ;} $D . => $C $F %Q %1 %C %H $, DL 2a $9 $k 3N N( $O 1 <0 $H F1 MM $G $" $k . 4 %7 %_ %e %l !< %7 %g %s $H I> 2A ?^ 7,8,9,10 $O $= $l $> $l EBSF,MBSF,TBSF,PBSF $N F~ NO Ii 2Y N( ( r 0 ) $K BP $9 $k DL 2a N( $r <( $7 $F $$ $k . $3 $3 $G $O LV $N %5 %$ %: $O 256 $H 8G Dj $7 , @\ B3 $9 $k bany an LV ?t ( K ) $r JQ 2= $5 $; $F $$ $k . $^ $? 3N N( %b %G %k $K $D $$ $F 8! >Z $9 $k $? $a $K %9 %$ %C %A %s %0 %( %l %a %s %H $N %O !< %I %& %’ %" $r 4p $K $7 $? %7 %_ %e %l !< %7 %g %s $K $h $k 7k 2L $b <( $7 $? . 2r @O %b %G %k $N 2> Dj $G , F~ NO Ii 2Y $H $7 $F 6Q 0l $J %H %i %U %# %C %/ $r 2> Dj $7 $F $$ $k . $7 $+ $7 TBSF $H PBSF $G $O A0 $N bany an LV $K $h $C $F %H %i %U %# %C %/ $N 6Q 0l $5 $, <: $o $l $k $N $G , ban y an LV $K Aw $i $l $k %H %i %U %# %C %/ $O 6Q 0l $G $O $J $$ . $3 $N $3 $H $, 2r @O %b %G %k $H %7 %_ %e %l !< %7 %g %s $H $N 4V $G $N $o $: $+ $J $: $l $H $J $C $F 8= $l $F $$ $k . $7 $+ $7 $J $, $i $3 $N :9 $O 9b !9 5% Dx EY $G $" $j , 2r @O %b %G %k $, Bg It J, $N HO 0O $G E, Ev $G $" $C $? $3 $H $r <( $7 $F $$ $k . $3 $l $i $N ?^ $+ $i , EBSF $H MBSF $G $O TBSF $H PBSF $K Hf $Y $F LV $r B? =E 2= $7 $? $3 $H $K $h $k DL 2a N( $N 2~ A1 $O $" $^ $j Bg $- $/ $J $$ $3 $H $, $o $+ $k . $3 $l $O EBSF $G $O %5 %$ %: $r Bg $- $/ $7 $? $3 $H $K $h $k 8z 2L $O 8e H> $N %( %l %a %s %H $K $7 $+ H? 1G $5 $l $J $$ $3 $H ,MBSF $G $O 3F bany an LV $, FH N) $K F0 :n $9 $k $? $a $@ $H 9M $( $i $l $k . bany an LV 5 CJ $N TSBF $H PBSF $G $O , Ii 2Y N( $r 100% $K $7 $F $b Bg It J, $N %Q %1 %C %H $O DL 2a $9 $k $3 $H $, $o $+ $k . ?^ 11 $O F~ NO Ii 2Y $r 100% $G 8G Dj $7 $? ;~ $N @\ B3 bany an LV ?t $K BP $9 $k DL 2a N( $r <( $7 $? $b $N $G $" $k . $3 $N ?^ $G ?e J? $K 0z $+ $l $? @~ $O %/ %m %9 %P $N $h $& $J %N %s %V %m %C %- %s %0 LV $N DL 2a N( (63.5%) $r <( $7 $F $$ $k . TBSF $H PBSF $O $o $: $+ bany an LV 2 CJ $G %N %s %V %m %C %- %s %0 LV $h $j $b 9b $$ DL 2a N( $r <( $9 . EBSF,MBSF $K $* $$ $F $b bany an LV 3 CJ $G %N %s %V %m %C %- %s %0 LV $N @- G= $r >e 2s $C $F $$ $k . $3 $N $3 $H $O J# ?t $N =P NO $r ;} $D $3 $H $, M- Mx $G $" $k $3 $H $r <( $9 . ?^ 9 $H ?^ 10 $+ $i , @\ B3 $5 $l $? bany an LV $, 2,3 $H >. $5 $$ $H $- $K $O PBSF $N DL 2a N( $O PBSF $h $j $b 7% $[ $I >e 2s $C $F $$ $k . PBSF $G $O >W FM $7 $? %Q %1 %C %H $O <! $N AX $N F1 $8 >l =j $K $" $k %( %l %a %s %H $K F~ NO $5 $l $k $N $G >W FM 0J A0 $N %k !< %F %# %s %0 $, M- 8z $K $J $k . 0l J} TBSF $G $O :G =i $N %9 %F !< %8 $+ $i %k !< %F %# %s %0 $7 D> $5 $J $1 $l $P $J $i $J $$ .

$7 $+ $7 $J $, $i PBSF $G $O %9 %$ %C %A %s %0 %( %l %a %s %H Fb $G 3 $D $N %Q %1 %C %H $, 1 $D $N =P NO $K =8 Cf $9 $k $H $= $N $& $A $N %Q %1 %C %H 1 $D $O ?e J? $N @5 $7 $/ $J $$ J} 8~ $X Aw $i $l , $= $N $^ $^ L\ E* $N =P NO $X $O E~ C# $G $- $J $$ . $= $N $? $a PBSF $G $O bany an LV $N CJ ?t $, Bg $- $$ $H $- $K $O 98% Dx EY $G K0 OB $9 $k $, TBSF $G $O @\ B3 ban y an LV ?t $r Bg $- $/ $9 $l $P 99.9% 0J >e $N DL 2a N( $r F@ $k $3 $H $, $G $- $k . $3 $l $i $N 7k 2L $+ $i PBSF $O >. $5 $J CY 1d $G Bg $- $J DL 2a N( $r ;} $D $3 $H $+ $i SSS-MIN $N $h $& $J %^ %k %A %W %m %; %C %5 $K E, $7 , TBSF $O Hf 3S E* Bg $- $J CY 1d $r 5v $7 6K C< $K 9b $$ DL 2a N( $r I, MW $H $9 $k A TM 8r 49 5! $K E, $7 $F $$ $k $H $$ $( $k . 5 B? =E =P NO 2D G= $J MIN $r MQ $$ $? Hs >W FM %" %/ %; %9 $N <B 8= 2J 3X 5; =Q 7W ;; $G B? MQ $5 $l $k %Y %/ %H %k $d 9T Ns 1i ;; $K $O %a %b %j %b %8 %e !< %k $X Hs >W FM $G %" %/ %; %9 $G $- $k $3 $H $, =E MW $K $J $k . EBSF,MBSF,TBSF,PBSF $N $h $& $J MIN $O B? =E =P NO $r ;} $C $F $$ $k $? $a , %V %m %C %- %s %0 LV $K Hf $Y $F 9b $$ G= NO $r ;} $D . $3 $N G= NO $r :G Bg 8B 3h MQ $7 $F E, @Z $J %G !< %? $N %" %i %$ %s %a %s %H $r 9T $& $3 $H $K $h $C $F , %Y %/ %H %k , 9T Ns $N MM !9 $J It J, $K BP $7 $F Hs >W FM $N %" %/ %; %9 $, 2D G= $G $" $k $H 9M $( $i $l $k . La wrie $O 2 G\ $N %5 %$ %: $N omega LV $H 2 G\ $N %5 %$ %: $N %a %b %j %b %8 %e !< %k $r MQ $$ $F Hs >W FM %" %/ %; %9 $r 9T $& $? $a $N %G !< %? $N %" %i %$ %s %a %s %H $r Ds 0F $7 $F $$ $k [2]. $7 $+ $7 EBSF,MBSF,TBSF,PBSF $O J# ?t $N =P NO (2 $D $G NI $$ ) $r ;} $A 2 G\ $N %5 %$ %: $N %* %a %, LV $H F1 Ey 0J >e $N @- G= $r ;} $D $N $G , $= $l $i $N LV $r MQ $$ $? SSS 7? MIN $G $O F1 MM $N %G !< %? %" %i %$ %s %a %s %H $r ;\ $9 $3 $H $K $h $C $F Hs >W FM $N %" %/ %; %9 $, 2D G= $K $J $k $H 9M $( $i $l $k . 5.1 2> Dj $^ $: N = n 2 $r %W %m %; %C %5 $N ?t !" M = N $r %a %b %j %b %8 %e !< %k $N ?t $H 2> Dj $9 $k .( n $O 2 $N $Y $- >h ) K\ O@ J8 $G $O 0J 2< $N $h $& $J MIN $r 2> Dj $9 $k . � %M %C %H %o !< %/ %H %] %m %8 : EBSF,MBSF,TBSF,PBSF $G MQ $$ $k bany an LV $H $7 $F , 5U omega LV [2] $r 2> Dj $9 $k . ( ?^ 4) ?^ 4: 5U omega LV � ;H MQ $9 $k ban y an LV $N ?t ( K ) : 2 $3 $3 $G $O 9T , Ns , BP 3Q MW AG , 5U BP 3Q MW AG $N 9T Ns $N 0l It $X $N Hs >W FM %" %/ %; %9 $K $D $$ $F 9M $( $k . $^ $: ;O $a $K %a %b %j %b %8 %e !< %k >e $N %G !< %? $K BP $7 $F %" %/ %; %9 $N :] $K >W FM $r 5/ $3 $5 $J $$ $h $& $J %G !< %? $N %" %i %$ %s %a %s %H $K $D $$ $F 9M $( $k I, MW $, $" $k . %G !< %? $r skewing $9 $k J} K! $, Lawrie $K $h $C $F Ds 0F $5 $l $F $$ $k [2]. $3 $N J} K! $G $O N � N 9T Ns $N a j k MW AG $O j � ( N 1 2 + 1) + k � 2 HV L\ $N %a %b %j %b %8 %e !< %k $K %9 %H %" $5 $l $k . $3 $3 $G $O N 8D $N F~ NO $r ;} $D EBSF/MBSF/TBSF/PBSF $r 2> Dj $7 $F $$ $k $N $G b ( j � ( N 1 2 + 1) + k � 2) = 2 c ( ?^ 6) $N $h $& $K 2 $D $N %a %b %j %b %8 %e !< %k $, 1 $D $K 05 =L $5 $l $k . $3 $N :] , %a %b %j %b %8 %e !< %k $X $N %" %/ %; %9 $O 1 %U %l !< %‘ $G 2 2s $N %" %/ %; %9 $r 5v $9 $J $I $, 9M $( $i $l $k . MEMOR Y 0 1 2 3 4 5 6 7 a 00 a 01 a 02 a 03 a 13 a 10 a 11 a 12 a 21 a 22 a 23 a 20 a 30 a 31 a 32 a 33 ?^ 5: Lawrie $K $h $k skewing K! MEMOR Y 0 1 2 3 a 00 a 01 a 02 a 03 a 13 a 10 a 11 a 12 a 21 a 22 a 23 a 20 a 30 a 31 a 32 a 33 ?^ 6: K\ O@ J8 $G $N sk ewing K! EBSF,MBSF $O [2] $K <( $5 $l $? 2 G\ $N %5 %$ %: $N omega LV $H 9s ;w $7 $F $$ $k $N $G , K\ O@ J8 $G $O TBSF $H PBSF $K $D $$ $F $N $_ 5D O@ $9 $k $3 $H $K $9 $k . TBSF/PBSF $G $O %Q %1 %C %H $O %X %C %@ $K => $C $F 3F %9 %$ %C %A %s %0 %( %l %a %s %H $G FH N) $K %k !< %F %# %s %0 $5 $l $k . Hs >W FM %" %/ %; %9 $r <B 8= $9 $k $? $a $K $O >W FM $9 $k $H M= B, $5 $l $k %Q %1 %C %H $N %W %i %$ %* %j %F %# $r @) 8f $7 $J $1 $l $P $J $i $J $$ . %W %i %$ %* %j %F %# %S %C %H $O %Q %1 %C %H $N %X %C %@ $K 2C $( $i $l , 9b $$ %W %i %$ %* %j %F %# $r ;} $D %Q %1 %C %H $O Dc $$ %W %i %$ %* %j %F %# $N $b $N $K M% @h $9 $k . $3 $3 $G $O 6v ?t $N F~ NO $+ $i $N %Q %1 %C %H $K $O 9b $$ %W %i %$ %* %j %F %# $r M? $( !" 4q ?t $N F~ NO $+ $i $N %Q %1 %C %H $K $O Dc $$ %W %i %$ %* %j %F %# $r M? $( $k $b $N $H $9 $k . ?^ 6 $K <( $7 $? sk ewing K! $r MQ $$ $k $H $- %a %b %j %b %8 %e !< %k M $+ $i %W %m %; %C %5 N $X $N <L A| P = f ( x; y ) j 0 � x; y < N g $O <! $N $h $& $K $J $k ( b $O Dj ?t ). Ns : P = f ( x; x + b ) j 0 � x < N g (7) 9T : 2 4 P = n� x; x 2 ( n + 1) + b � � � � 0 � x < N o ( x = 6v ?t ) P = n� x; x 2 ( n + 1) � 1 2 + b � � � � 0 � x < N o ( x = 4q ?t ) (8) BP 3Q : 2 4 P = n� x; x 2 ( n + 3) + b � � � � 0 � x < N o ( x = 6v ?t ) P = n� x; x 2 ( n + 3) � 1 2 + b � � � � 0 � x < N o ( x = 4q ?t ) (9) 5U BP 3Q : 2 4 P = n� x; x 2 ( n � 1) + b � � � � 0 � x < N o ( x = 6v ?t ) P = n� x; x 2 ( n � 1) � 1 2 + b � � � � 0 � x < N o ( x = 4q ?t ) (10) TBSF/PBSF $r MQ $$ $? Hs >W FM %" %/ %; %9 $r 5D O@ $9 $k $? $a $K I, MW $J 0J 2< $N Dj 5A $H Dj M} $r <( $9 . Dj 5A N $r N � N $N Ome ga LV $H $9 $k ( N = 2 l ) . N

$, P N $K $h $C $F I= $5 $l $? <L A| $r @8 @. $9 $k $3 $H $, $G $- $k $J $i $P , N " P N $H 8F $V . Dj M} 1 ( ax + b; cx + d ) $, F~ NO ax + b (mo d N ) $+ $i =P NO cx + d (mo d N ) $X $N 7k 9g $r I= $9 $H $- , P N ( a; b; c; d; � ) = f ( ax + b; cx + d ) j 0 � x < � g (11) $, gcd( a; N ) � gcd( c; N ) $+ $D � � N = gcd( a; N ) $r K~ $? $9 $J $i $P , " P N ( a; b; c; d; � ) $G $" $k . $3 $N Dj M} $O La wrie $K $h $C $F >Z L@ $5 $l $F $$ $k [2]. $3 $3 $G $O , � = gcd( a; N ) ; = gcd( c; N ) ; a 0 = a=� and c 0 = c= $H Dj 5A $9 $k . 5.2 PBSF $K $* $1 $k Hs >W FM %" %/ %; %9 $N <B 8= Dj M} 2 PBSF N ; 2 " P ( r ows ) . >Z L@ Dj M} 1 $h $j , � $+ $D = 1 $J $N $G � � $G $" $j , � = N = 2 $J $N $G � � N =� $G $" $k . => $C $F PBSF N ; 2 " P ( ro ws ) $G $" $k . Q.E.D Dj M} 3 PBSF N ; 2 " P ( c olumns ) >Z L@ $3 $3 $G $O x = 2 m !J 6v ?t F~ NO !K $N $H $- , $= $7 $F x = 2 m + 1 !J 4q ?t F~ NO !K $N $H $- $N Fs $D $N It J, $K J, $1 $F 9M $( $k . 6v ?t P = n � 2 m; m ( n + 1) + b � � � � 0 � m < N 2 o 4q ?t P = n� 2 m + 1 ; m ( n + 1) + n 2 + b � � � � 0 � m < N 2 o (12) $H $J $k . (I) 6v ?t !’ 6v ?t F~ NO $+ $i $N %Q %1 %C %H $N %W %i %$ %* %j %F %# $O , 4q ?t F~ NO $+ $i $N $b $N $h $j 9b $$ $? $a , 6v ?t F~ NO $+ $i $N %Q %1 %C %H $O 4q ?t F~ NO $+ $i $N $b $N $H $O L5 4X 78 $K %k !< %F %# %s %0 $5 $l $k . n + 1 $O 2 $H 8_ $$ $K AG $J $N $G = 1 , � = 2 $h $j � � , $+ $D � = N = 2 $h $j � � N =� $J $N $G >r 7o $O K~ $? $5 $l $k . (II) 4q ?t !’ 4q ?t F~ NO $+ $i $N %Q %1 %C %H $N %W %i %$ %* %j %F %# $O Dc $$ $N $G , 6% 9g $K GT $l $k $H , Bh Fs AX $K Aw $i $l $k $3 $H $K $J $k . $7 $+ $7 , Bh 0l AX $G $N >W FM 0J A0 $N %k !< %F %# %s %0 $O M- 8z $J $N $G , %Q %1 %C %H $O C1 0l $N %* %a %, !& %M %C %H %o !< %/ >e $G %k !< %F %# %s %0 $5 $l $k $b $N $H 9M $( $F $h $$ . 6v ?t It J, $N >l 9g $H F1 MM � = 2 ; = 1 $h $j � � , $^ $? � � N =� $G $" $j , >r 7o $, K~ $? $5 $l $k . (I) $H (I I) $h $j , PBSF N ; 2 " P ( columns ) $G $" $k . Q.E.D BP 3Q MW AG , 5U BP 3Q MW AG $N >Z L@ $O Dj M} 3 $H F1 MM $G $" $k . 5.3 TBSF $K $* $1 $k Hs >W FM %" %/ %; %9 $N <B 8= Dj M} 4 c $, 4q ?t $G $" $k ;~ , F~ NO 2 n $^ $? $O 2 n + 1 (mo d N ) $+ $i =P NO cm + d $^ $? $O cm + d 0 (mo d N ) $X $N 7k 9g $O <! $N $h $& $K I= $5 $l $k !’ 6v ?t P = n (2 m; cx + d ) � � � 0 � m < N 2 o 4q ?t P = n (2 m + 1 ; cx + d 0 ) � � � 0 � m < N 2 o (13) A4 $F $N 4q ?t F~ NO $+ $i $N %Q %1 %C %H $, 0l CJ L\ $N Banyan LV $G =P NO $K E~ C# $G $- $J $$ $H 2> Dj $9 $k . $= $N ;~ , $3 $l $i $N %Q %1 %C %H $O 0l CJ L\ $N Banyan LV $N =* C< $G $O <! $N $h $& $J =P NO $X %k !< %F %# %s %0 $5 $l $k !’ P (miss) = n � 2 m + 1 ; ( N � c ) m + d ) � � � � 0 � m < N 2 o !J 4q ?t !K (14) >Z L@ N � c $O 2 $H 8_ $$ $K AG $J $N $G , = 1 $r F@ , $^ $? � = 2 $G $" $k . $= $3 $G � � $G $" $j , $^ $? � = N = 2 $J $N $G � � N =� $G $" $k . => $C $F Dj M} 1 $h $j TBSF $O P (miss) $r DL 2a $5 $; $k $3 $H $, J, $+ $k . Q.E.D Dj M} 5 <0 13 $N >r 7o $r K~ B- $9 $k $H $- , 0l CJ L\ $N Banyan LV $N =* C< $K $* $$ $F , K\ Mh $N =P NO $K %k !< %F %# %s %0 $G $- $J $$ 4q ?t F~ NO $+ $i $N %Q %1 %C %H $O , Fs CJ L\ $N Banyan LV $r DL 2a $9 $k . >Z L@ 0l CJ L\ $N Ban y an LV $N =* C< $G $O , <0 4 $K <( $5 $l $k $h $& $K %k !< %F %# %s %0 $5 $l $k . <0 13 $K <( $5 $l $k K\ Mh $N =P NO $K %k !< %F %# %s %0 $G $- $J $$ 4q ?t F~ NO $+ $i $N %Q %1 %C %H $O , Fs CJ L\ $N Ban y an LV $r <! $N $h $& $J 5, B’ $G DL 2a $9 $k . TBSF N ; 2 " P (miss ! right) = n � ( N � c ) m + d; cm + d 0 � � � � 0 � m < N 2 o !J 4q ?t !K (15) 0l CJ L\ $N Bany an LV $N =* C< $G $O , %Q %1 %C %H $O <0 4 $N $h $& $K %k !< %F %# %s %0 $5 $l $k . $5 $i $K , $3 $l $i $N %Q %1 %C %H $O Fs CJ L\ $N Bany an LV $K $* $$ $F $O <0 13 $K <( $5 $l $k K\ Mh $N =P NO $X E> Aw $5 $l $k . c $O 4q ?t $J $N $G , = 1 , N � c $O 2 $H 8_ $$ $K AG $J $N $G , � = 1 $G $" $k . $3 $& $7 $F � � , � = N = 2 $H $J $j , � � N =� $G $" $k . Dj M} 1 $h $j , TBSF N ; 2 " P ( miss ! right ) $G $" $k . Q.E.D Dj M} 6 TBSF N ; 2 " P ( r ows ) >Z L@ PBSF $N ro w $N >l 9g $H F1 MM $G $" $k . Dj M} 7 TBSF N ; 2 " P ( c olumns ) >Z L@ $3 $N >Z L@ $G $O , x = 2 m !J 6v ?t F~ NO !K $H x = 2 m + 1 !J 4q ?t F~ NO !K $N Fs $D $N It J, $K J, $1 $k . 6v ?t P = n � 2 m; m ( n + 1) + b � � � � 0 � m < N 2 o 4q ?t P = n� 2 m + 1 ; m ( n + 1) + n 2 + b � � � � 0 � m < N 2 o (16) 6v ?t F~ NO $+ $i $N %Q %1 %C %H $N %W %i %$ %* %j %F %# $O 4q ?t F~ NO $h $j $b 9b $$ $N $G , 0l CJ L\ $N %M %C %H %o !< %/ $r DL 2a $G $- $k . <! $K , Bh Fs CJ $N %M %C %H %o !< %/ $G $O , 4q ?t It J, $, E> Aw $5 $l , $= $3 $G A4 $F DL 2a $G $- $k $3 $H $r <( $9 . (I) 6v ?t !’ n + 1 $O 2 $H 8_ $$ $K AG $J $N $G = 1 , $^ $? � = 2 $h $j � � $G $" $j , � = N = 2 $J $N $G � � N =� $G $" $k . => $C $F Dj M} 1 $h $j , 6v ?t $N It J, $O 0l CJ L\ $N Bany an LV $r A4 $F DL 2a $9 $k . (I I) 4q ?t !’ %Q %1 %C %H $O Dj M} 4 $N $h $& $K %k !< %F %# %s %0 $5 $l $k $N $G , P (right) = n� 2 m + 1 ; m ( n + 1) + n 2 + b � � � � 0 � m < N 2 o + P (miss) = n � 2 m + 1 ; m � N � ( n + 1) � + N � ( n + 1) + b � � � � 0 � m < N 2 o (17) $H $J $k . <! $K , Fs CJ L\ $G $O , n + 1 $, 2 $H 8_ $$ $K AG $J $N $G , = 1 $G $" $k . $= $3 $G , Dj M} 5 $h $j , 4q ?t F~ NO $+ $i $N %Q %1 %C %H $O , Fs CJ L\ $N Bany an LV >e $G @5 $7 $$ 9T $- @h $K Aw $i $l $k . => $C $F , TBSF N ; 2 " P ( columns ) $G $" $k . Q.E.D BP 3Q MW AG , 5U BP 3Q MW AG $K BP $9 $k >Z L@ $O Dj M} 7 $H F1 MM $G $" $k .

6 $* $o $j $K EBSF,MBSF,TBSF,PBSF $H $$ $& B? =E =P NO 2D G= $J MIN $K $D $$ $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 $$ DL 2a N( $r F@ $k $3 $H $, $G $- $k . PBSF $O I> 2A $K $h $C $F %9 %k !< %W %C %H $H %l %$ %F %s %7 $N E@ $G SSS 7? MIN $K :G E, $J LV $G $" $k $3 $H $, <( $5 $l $? . TBSF $N %l %$ %F %s %7 $O Bg $- $$ $, ,5 CJ 0J >e $N ban y an LV $r @\ B3 $9 $l $P DL 2a N( $O :G Bg $K $J $k . => $C $F TBSF $O Hf 3S E* Bg $- $J %l %$ %F %s %7 $G $b $" $^ $j Ld Bj $H $J $i $J $$ A TM 8r 49 5! MQ $N LV $K 8~ $$ $F $$ $k . K\ O@ J8 $G $O 6Q 0l $J %H %i %U %# %C %/ $r 2> Dj $7 $F 2r @O $r 9T $C $? $, , Hs 6Q 0l $J %H %i %U %# %C %/ $N $b $H $N 2r @O $K $D $$ $F $O ;2 9M J8 8% [19] $r ;2 >H $5 $l $? $$ . C" $7 TBSF $N $_ $K $D $$ $F $N ;n $_ $G $" $j , B> $N LV $K $D $$ $F $N 8! F$ $O $3 $l $+ $i $N 2] Bj $G $" $k . $5 $i $K , 9T Ns $N It J, ( 9T , Ns , BP 3Q MW AG , 5U BP 3Q MW AG ) $K BP $9 $k Hs >W FM $N %" %/ %; %9 $, 2D G= $G $" $k $3 $H $r <( $7 $? . ;2 9M J8 8% [1] Clos,C. : \A study of non-blo cking switc hing net- w orks," Bell System T ec h. J. 32, 2 Mar. (1953). [2] La wrie,D.H. : \Access and Alignment of Data in an Arra y Pro cessor," IEEE T rans. on Comput. vol. c-24, No.12, Dec. (1975). [3] Bro omell,G. and Heath,J.R. : \Classi�cation Cate- gories and Historical Dev elopmen t of Circuit Switch- ing T opologies," ACM Computing Surv eys, V ol.15, No.2, Jun. (1983). [4] Krusk al, C.P . and Snir, M. : \The p erformance of m ultistage in terconnection netw orks for multipro- cessors," IEEE T rans. Comput. V ol.C-32, No.12, pp.1091-1098, Dec. (1983). [5] Phister, G.F. et al.: The IBM R ese ar ch Par al lel Pr o- c essor Pr ototyp e (RP3): Intr o duction and ar chite c- tur e , Pro c. of 1985 In t. Conf. Parallel Pro cessing, (1985). [6] Kumar, M. and Jump, J.R. : \P erformance of un- bu�ered shu�e-exc hange netw orks," IEEE T rans. Comput. V ol.C-35, No.6, pp.573-577, Jun. (1986). [7] :d 85 , 9S @n , @5 LZ , 0f >e , E7 Ln : <+ 8J %k !< %A %s %0 %9 %$ %C %A $N 9= @. $H $= $N I> 2A , ?. 3X 5; Js ISSE88-30 8, (1988). [8] Lea, C.T. : \Multi- Log 2 N net w orks and their appli- cations in high-sp eed electronic and photonic swtich- ing systems," IEEE T rans. Comm. 38(10) pp.1740- 1749, (1990). [9] Konicek, J. et al,: The Or ganization of the Ce dar System , Pro c. of 1991 Int. Conf. P arallel Pro cessing, (1991). [10] T obagi, F.A. Kwok, T.: The T andem Banyan Switch- ing F abric: a Simple High-Performanc e F ast Packet Switch , Pro c. of INFOCOM91, (1991). [11] Chiussi, F. Amano, H. T obagi, F.A.: A 0.8 � m BiC- MOS Se a-Of-Gates implementation of the T andem Banyan F ast Packet Switch , Pro c. of IEEE Custom In tegrated Circuits Conference, (1991). [12] Amano, H. Zhou, L. Ga y e, K.: SSS(Simple Serial Synchor onize d)-MIN: A novel multi stage inter c on- ne ction ar chite ctur e for multipr o c essors , Pro c. of IFIP Congress 92, Sept. pp. 571-577, (1992). [13] W u, C.L. Lee, M. : \Performance Analysis of Mul- tistage In terconnection Net w ork Con�gurations and Op erations", IEEE. T rans. Comput. 41 , No.1 pp.18- 27, (1992). [14] Gay e, K. Amano, H.: A Batcher Double Ome ga net- work with Combining , IEICE T rans. on information and systems, V ol.E75-D No.3 (1992). [15] <~ Ml , E7 Ln 1Q @2 : SSS-MIN MQ %W %m %H %? %$ %W %A %C %W $N <B Au , >p Js =h M} 3X 2q Bh 44 2s A4 9q Bg 2q O@ J8 =8 ,6-103,104 (1992). [16] E7 Ln 1Q @2 , F# @n 5A J8 : %^ %k %A %9 %F !< %8 %M %C %H %o !< %/ PBSF, >p Js =h M} 3X 2q 7W ;; 5! %" !< %- %F %/ %A %c 8& 5f Js 9p No.94-5, (1992) [17] E7 Ln 1Q @2 , <~ Ml , F# @n 5A J8 : SSS (Simple Serial Syn- chronized) 7? %^ %k %A %9 %F !< %8 %M %C %H %o !< %/ , >p Js =h M} 3X 2q O@ J8 ;o V ol.34, No.5, pp. 1134-1143, (1993). [18] Awdeh, R. and Mouftah, H.: \The Expanded Delta F ast P Ac k et Switch", IEEE Int. Conf. Commun. (ICC), (1994). [19] 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 9f 7G :\ M= Dj ).

?^ 7: Ii 2Y N( $H DL 2a N( $N 4X 78 (EBSF,256 F~ NO ) ?^ 8: Ii 2Y N( $H DL 2a N( $N 4X 78 (MBSF,256 F~ NO ) ?^ 9: Ii 2Y N( $H DL 2a N( $N 4X 78 (TBSF,256 F~ NO ) ?^ 10: Ii 2Y N( $H DL 2a N( $N 4X 78 (PBSF,256 F~ NO ) ?^ 11: ban y an LV ?t $K BP $9 $k DL 2a N( ( Ii 2Y N( 100%)