Self-Clean up Cac he $N Ds 0F ?9 bC 0l O: !$ J! Eg D> ?M !$ 8^ Eg @5 M5 !$ Cf Eg 9@ !$ IY ED bC <# 5~ ET Bg 3X 9) 3X It 9< 35 K\ 9F $G $O !$ W rite-Bac k %- %c %C %7 %e $N write-merge 8z 2L $r J] $A $D $D !$ 2D G= $J 8B $j %- %c %C %7 %e $* $h $S %a %b %j $r clean $J >u BV $K J] $D $3 $H $G !$ %a %b %j !& %" %/ %; %9 !& %l %$ %F %s %7 $N 7Z 8: $r ?^ $k Self-Cleanup Cache(SCC) $r Ds 0F $7 !$ $= $N I> 2A $r 9T $C $? !% $= $N 7k 2L !$ SCC 3+ H/ $N 7@ 5! $H $J $C $? %= %U %H %& %’ %" @) 8f $N 0l 4S @- @) 8f $H SCC $r AH $_ 9g $o $; $? >l 9g !$ $9 $Y $F $N 6& M- %G !< %? $r F1 4| E@ $G Inv alidate $7 $? $K $b 78 $o $i $: !$ <B MQ $K BQ $( F@ $k @- G= $, F@ $i $l $k $3 $H $, H= L@ $7 $? !% Directory J} <0 $N 0l 4S @- @) 8f $H $N AH $_ 9g $o $; $G $O !$ %W %m %; %C %5 $N Read Stall ;~ 4V $N C; =L $, 3N G’ $G $- $? !% Abstract Impro v ed W rite-Bac k(WB) cac he, which we call Self-Cle anup Cache:SCC , is prop osed. The SCC automatically enforces write-backs to up date memories on its own initiativ e. In this wa y , the SCC keeps itself as clean as p ossible, while maintaining the write merge e�ect of WB cac he.In this pap er, the b ehavior of the SCC is also examined by simulation of the tw o cache system mo dels: 1)SCC with Selective In v alidation scheme which leads us to dev elop the SCC, and 2)SCC with full-map Directory scheme. The simulation results show that 1) Inv alidation based softw are cache coherence scheme can work e�ciently with the assist of the SCC, and 2) Read stall time is reduced as a result of eager write-back initiated by Self-Cleanup mechanism. 1 $O $8 $a $K %^ %$ %/ %m %W %m %; %C %5 $N F0 :n B. EY $O !$ %a %b %j $N %" %/ %; %9 B. EY $N 8~ >e $K Hf $Y !$ Cx $7 $/ 8~ >e $7 $F $$ $k !% $3 $N $h $& $J %^ %$ %/ %m %W %m %; %C %5 $N @- G= $r :G Bg 8B H/ 4x $5 $; $k $? $a $K $O !$ %- %c %C %7 %e !& %a %b %j $K $h $k %a %b %j !& %" %/ %; %9 !& %l %$ %F %s %7 $N 1# JC $, I, ?\ $G $" $k !% $5 $i $K !$ %7 %9 %F %‘ $N Bg 5, LO 2= $K H< $$ %" %/ %; %9 !& %l %$ %F %s %7 $N A} 2C $, L5 ;k $G $- $J $/ $J $C $F $$ $k 8= :_ !$ %l %$ %F %s %7 $N 1# JC $@ $1 $G $O $J $/ %l %$ %F %s %7 $N 7Z 8: $N $? $a $N 5; K! $b I, MW IT 2D 7g $H $J $j $D $D $" $k !% %W %m %; %C %5 $K $H $C $F K\ <A E* $J %l %$ %F %s %7 $G $" $k Read miss ;~ $N %l %$ %F %s %7 $K $D $$ $F 9M $( $F $_ $k !% $3 $N Read %l %$ %F %s %7 7Z 8: $N <j K! $H $7 $F $O !$ <g $K %W %j %U %’ %C %A $K $h $k <j K! $, 8& 5f $5 $l $F $- $? $, !$ %l %$ %F %s %7 $, Bg $- $$ $H %W %j %U %’ %C %A <+ BN $b M- 8z $K F/ $+ $J $$ !% FC $K !$ WB 7? %- %c %C %7 %e $K $* $$ $F !$ %a %b %j $K :G ?7 $N %G !< %? $, B8 :_ $7 $J $+ $C $? >l 9g $N %l %$ %F %s %7 $O !$ %a %b %j $K B8 :_ $7 $? >l 9g $N 1.5 !A 2 G\ $H $J $j Ld A Prop osal of Self-Cleanup Cache Shin-ic hiro Mori, Naoto F ukushima, Masahiro Goshima, Hiroshi Nak ashima, and Shinji T omita F ucult y of Engineering, Kyoto Universit y Bj $G $" $k !% 2f !9 $O !$ $3 $N $h $& $J WB 7? %- %c %C %7 %e $K $* $1 $k Read miss ;~ $N %l %$ %F %s %7 $r 7Z 8: $9 $k $? $a $N <j K! $H $7 $F !$ Self-Cleanup Cache $r Ds 0F $9 $k [12] !% K\ <j K! $G $O %- %c %C %7 %e Fb $N %G !< %? $K 4X $7 $F 0l <o $N %o !< %- %s %0 !& %; %C %H E* $J 35 G0 $r F3 F~ $9 $k !% $3 $N %o !< %- %s %0 !& %; %C %H $+ $i 30 $l $? %G !< %? $N $& $A Ev 3: %- %c %C %7 %e $G 99 ?7 $5 $l $? %G !< %? $r %a %b %j $K =q $- La $7 $F $* $/ $3 $H $G !$ Ev 3: %G !< %? $X $N B> %W %m %; %C %5 $N Read miss $K H< $& %l %$ %F %s %7 $N 7Z 8: $r ?^ $k !% $" $k 0U L# $G WB 7? %- %c %C %7 %e $H WT 7? %- %c %C %7 %e $N Cf 4V E* $J %- %c %C %7 %e $N %a %b %j 99 ?7 %" %k %4 %j %: %‘ $N Ds 0F $G $" $j !$ N> <T $N D9 =j $r 7s $M Hw $( $k $3 $H $G read %l %$ %F %s %7 $N 7Z 8: $r ?^ $C $F $$ $k !% 0J 2< $G $O !$ $^ $: 2 >O $G !$ Self-Cleanup Cac he Ds 0F $N 7@ 5! $H $J $C $? %3 %s %Q %$ %i ;Y 1g %- %c %C %7 %e !& %3 %R !< %l %s %9 @) 8f $H WB 7? %- %c %C %7 %e $H $N ?F OB @- $K $D $$ $F =R $Y $? $N $A !$ Self-Cleanup Cac he $N Read %l %$ %F %s %7 7Z 8: 8z 2L $K 4X $7 $F 4J C1 $K 8@ 5Z $9 $k !% <! $K 3 >O $G Self-Cleanup Cache $K $D $$ $F 35 @b $7 !$ 4 >O !$ 5 >O $G $= $N I> 2A $r 9T $& !%

2 8& 5f $N GX 7J 2.1 %3 %s %Q %$ %i ;Y 1g %- %c %C %7 %e !& %3 %R !< %l %s %9 @) 8f %3 %s %Q %$ %i ;Y 1g %- %c %C %7 %e !& %3 %R !< %l %s %9 @) 8f !J 0J 2< CA CC @) 8f $H 8F $V !K $O !$ Bg 5, LO %7 %9 %F %‘ $K $* $1 $k <B 9T ;~ $N %3 %R !< %l %s %9 @) 8f %* !< %P %X %C %I $r 7Z 8: $9 $k L\ E* $G Ds 0F $5 $l $? $b $N $G !$ =q $- 9~ $_ 2D G= $J %G !< %? $N %- %c %C %7 %s %0 $r 5v $5 $J $$ $H $$ $& J] <i E* $J $b $N $+ $i [2] !$ %3 %s %Q %$ %k ;~ $N 2r @O 7k 2L $r Mx MQ $7 $F !$ Directory base $N %3 %R !< %l %s %9 @) 8f $H 6( D4 =h M} $r 9T $& $b $N $^ $G [5, 4, 10] !$ I} 9- $/ 8& 5f $5 $l $F $$ $k !% $3 $3 $G !$ => Mh Ds 0F $5 $l $F $- $? CACC @) 8f $K $D $$ $F 9M $( $k $H !$ $= $l $i $O <g $K L5 8z 2= 7? $N %3 %R !< %l %s %9 @) 8f [7] 1 $G $" $j !$ %3 %R !< %l %s %9 $r 0] ;} $9 $Y $- %W %m %0 %i %‘ $N $" $k ;~ E@ !J 0J 2< !$ F1 4| E@ $H 8F $V !% !K $G %a %b %j $K $O :G ?7 $N %G !< %? $, B8 :_ $9 $k $3 $H $, A0 Ds $H $5 $l $F $$ $k !% $= $N $? $a !$ WT 7? $N %a %b %j 99 ?7 %" %k %4 %j %: %‘ $H $N ?F OB @- $, NI $+ $C $? !% $$ $^ !$ W rite-Bac k 7? $N %- %c %C %7 %e $K CACC @) 8f $r E, MQ $9 $k $3 $H $r 9M $( $k $H !$ F1 4| E@ $G $O $^ $: <+ %- %c %C %7 %e Fb $K $" $k :G ?7 %G !< %? (dirty line) $N %a %b %j $X $N =q $- La $7 $r 9T $$ !J $3 $l $K $h $j %a %b %j $K :G ?7 $N %G !< %? $, $" $k $3 $H $r J] >Z $9 $k !K !$ $= $N 8e $G L5 8z 2= =h M} $r 9T $o $J $1 $l $P $J $i $J $$ !% L5 8z 2= =h M} $K 4X $7 $F $O => Mh $N WT 7? %- %c %C %7 %e $G $N <o !9 $N 5; =Q [6, 11] $, 1~ MQ $G $- $k $, !$ %a %b %j $X $N =q $- La $7 $K 4X $7 $F $O 2? Ey $+ $N 9b B. 2= <j K! $r 9V $8 $J $1 $l $P $J $i $J $$ !% $= $N :] !$ 0J 2< $N #2 $D 2r 7h $9 $Y $- Ld Bj $, H/ @8 $9 $k !% � $I $N line $r =q $- La $9 $+ $N A* Br 8= :_ $O %- %c %C %7 %e $N A4 8! :: $K $h $k =q $- La $7 J} <0 $, Ds 0F $5 $l $F $$ $k $N $_ $G !$ $h $j 8z N( $N $h $$ <j K! $N Ds 0F $, K> $^ $l $F $$ $k !% %W %m %0 %i %‘ Cf $K L@ <( E* $K W rite-Bac k L? Na $r A^ F~ $9 $k $J $I $N <j K! $b 9M $( $i $l $k $, $" $^ $j 8z N( $, $h $$ $H $O $$ $( $J $$ !% � W rite-Bac k %H %i %U %# %C %/ =8 Cf $N Ld Bj F1 4| E@ $K C# $9 $k $H !$ 3F %W %m %; %C %5 $, W rite- Back $r 3+ ;O $9 $k $? $a !$ %M %C %H %o !< %/ $N Ii 2Y $, 7c A} $9 $k !% FC $K !$ DOALL 7? $N JB Ns <B 9T $G $O J# ?t $N %W %m %; %C %5 $, $[ $\ F1 ;~ $K F1 4| E@ $K C# $9 $k 2D G= @- $, 9b $/ !$ %M %C %H %o !< %/ K0 OB $N 4m 81 $, $" $k !% $3 $N Ld Bj $N #1 $D $N 2r 7h :v $, !$ Self-Clean up Cache (SCC) $G $" $k !% SCC $G $O !$ 1 %W %m %0 %i %‘ $r $$ $/ $D $+ $N <B 9T %U %’ !< %: $K J, 3d $7 !J %U %’ !< %: 4V $G $O %W %m %; %C %5 4V %G !< %? 0M B8 $, $J $$ !% !K !$ %U %’ !< %: $N 6- 3& $K $* $$ $F 3F %W %m %; %C %5 $, <+ J, $N %- %c %C %7 %e Fb $K $" $k %G !< %? $N $& $A !$ :G ?7 $N $b $N $G $J $/ $J $C $? 2D G= @- $N $" $k %G !< %? $r <+ <g E* $K L5 8z 2= $9 $k $3 $H $G %- %c %C %7 %e $N %3 %R !< %l %s %9 $r J] $D <j K! !% MW 7o #1 Pro cessor $, 9T $C $? W rite %" %/ %; %9 $N %H %l !< %9 !$ $+ $D MW 7o #2 ;~ 4V E* $K J, ;6 $5 $l $? !J %U %’ !< %: Fb $N E, @Z $J ;~ E@ $G $N !K W rite-Bac k =h M} $r <B 8= $9 $k $3 $H $K $h $j >e 5- $N Ld Bj $r 2r 7h $7 !$ Self- Inv alidation 7? $N CACC @) 8f $r W rite-Bac k %- %c %C %7 %e $K E, MQ 2D G= $H $9 $k !% 2.2 %l %$ %F %s %7 !& %H %l %i %s %9 %7 %9 %F %‘ $N Bg 5, LO 2= $K H< $$ %" %/ %; %9 !& %l %$ %F %s %7 $N A} 2C $, L5 ;k $G $- $J $/ $J $C $F $$ $k 8= :_ !$ %l %$ %F %s %7 $r 2? $i $+ $N 7A $G Jd =~ $9 $k 5; =Q $, I, MW IT 2D 7g $H I, MW IT 2D 7g $H $J $j $D $D $" $k !% %l %$ %F %s %7 1# JC $N $? $a $N =E MW $J 35 G0 $N #1 $D $K !$ 4K OB $5 $l $? %" %/ %; %9 =g =x IU $1 %b %G %k ( 0J 2< !$ %3 %s %7 %9 %F %s %7 !& %b %G %k $H 8F $V !K [8, 1, 9] $, $" $k !% $3 $l $O !$ 4J C1 $K $$ $& $H !$ 1) K\ <A E* $K C‘ <! 2= $9 $k I, MW $N $J $$ %a %b %j !& %" %/ %; %9 72 $N JB Ns <B 9T $H !$ 2) $3 $l $i $N %a %b %j !& %" %/ %; %9 $H %W %m %; %C %5 $N L? Na <B 9T $N %Q %$ %W %i %$ %K %s %0 !$ $r 9T $& $3 $H $G !$ %7 %9 %F %‘ A4 BN $N %9 %k !< %W %C %H 8~ >e $r ?^ $k $3 $H $r L\ E* $H $7 $? %^ %k %A %W %m %; %C %5 !& %7 %9 %F %‘ $K $* $$ $F !$ %a %b %j !& %" %/ %; %9 $K 4X $7 $F %W %m %0 %i %^ $, => $& $Y $- >r 7o $r Dj $a $? $b $N $G $" $k !% $3 $N >r 7o $r <i $j $5 $( $9 $l $P !$ %7 %9 %F %‘ $, Sequential Consistent $G $" $C $? >l 9g $H Ey 2A $J <B 9T 7k 2L $, F@ $i $l $k $3 $H $r J] >Z $9 $k !% $3 $N >r 7o $N 87 $7 $5 $, !$ %a %b %j !& %" %/ %; %9 $N JB Ns <B 9T 2D G= @- $K Bg $- $/ 1F 6A $7 !$ %7 %9 %F %‘ $N @- G= $r :8 1& $9 $k =E MW $J MW AG $N #1 $D $K $J $k !% $H $3 $m $, !$ WB 7? %- %c %C %7 %e $r :N MQ $9 $k %7 %9 %F %‘ $G $O !$ %3 %s %7 %9 %F %s %7 !& %b %G %k $K 78 $o $i $: %l %$ %F %s %7 1# JC 8z 2L $r H/ 4x $G $- $J $$ >u 67 $, H/ @8 $9 $k !% $= $l $O !$ %a %b %j $K :G ?7 $N %G !< %? $, B8 :_ $7 $J $$ $3 $H $K 5/ 0x $9 $k !% Nc $( $P !$ ?^ 1 $K <( $9 $h $& $K !$ $" $k %W %m %; %C %5 Pj $, Dirty $J >u BV $G J] ;} $7 $F $$ $k line $K BP $7 $F !$ JL $N %W %m %; %C %5 Pi $, read $r H/ 9T $7 $? >l 9g !$ %a %b %j !& %" %/ %; %9 !& %H %i %s %6 %/ %7 %g %s $O !$ %3 %s %7 %9 %F %s %7 !& %b %G %k $K 4X $o $i $: F1 $8 $G $" $k !% $7 $? $, $C $F !$ $3 $N $h $& $J >u 67 $, IQ HK $K H/ @8 $9 $k $H !$ %3 %s %7 %9 %F %s %7 !& %b %G %k $N 28 7C $r <u $1 $k $3 $H $, $G $- $J $/ $J $C $F $7 $^ $& !% $= $3 $G !$ MW 7o #3 %" %/ %; %9 $5 $l $J $/ $J $C $? dirty line $O $G $- $k 8B $j $9 $_ $d $+ $K %a %b %j $X =q $- La $9 !% $H $$ $& @) 8f $r <B 8= $7 !$ %3 %s %7 %9 %F %s %7 !& %b %G %k $, 5v $9 %P %C %U %! %j %s %0 !? %Q %$ %W %i %$ %s =h M} $H J; MQ $9 $k $3 $H $G !$ %i %$ %H %P %C %/ $N %l %$ %F %s %7 $r 1# JC $9 $k $H $H $b $K !$ %G !< %? !& %U %’ %C %A $N %l %$ %F %s %7 $r 7Z 8: $9 $k $3 $H $, 2D G= $H $J $k !%

?^ 1: %3 %s %7 %9 %F %s %7 !& %b %G %k $, %l %$ %F %s %7 $N C; =L $K M- 8z $K F/ $+ $J $$ >l 9g $N Nc $3 $l $r <B 8= $9 $k $N $, !$ Self-Cleanup Cache $N Bh Fs $N L\ E* $G $" $k !% 3 Self-Clean up Cac he 3.1 Self-Cleanup Cache $N 35 MW Self-Cleanup Cache(SCC) $O !$ � WB %- %c %C %7 %e $r ;} $D JB Ns 7W ;; 5! %7 %9 %F %‘ $K $* $1 $k !$ %3 %s %Q %$ %i ;Y 1g %- %c %C %7 %e !& %3 %R !< %l %s %9 @) 8f $N 9b B. 2= � G$ 0U $N lo ose ordering %b %G %k $r :N MQ $7 $? %7 %9 %F %‘ $K $* $1 $k !$ WB 7? %- %c %C %7 %e 8G M- $N %* !< %P %X %C %I !J W rite-Bac k %l %$ %F %s %7 !K $N 7Z 8: $N #2 $D $r L\ I8 $K 3+ H/ $7 $? %- %c %C %7 %e $G $" $k !% SCC $O !$ ?^ 2 $K <( $9 $h $& $K !$ DL >o $N WB %- %c %C %7 %e It $K <+ >t @) 8f 2s O) !J Self-Cleanup Mecha- nism: SCM !K $r IU 2C $7 $? 9= @. $r :N $k !% ?^ 2: SCC $N 9= @. MW AG SCM $O !$ %- %c %C %7 %e Fb $N dirt y $J %i %$ %s $N 4I M} $H !$ $= $l $i $N dirty line $N $& $A !$ $I $N %i %$ %s $r !$ $$ $D =q $- La $9 $+ $r @) 8f $9 $k 2s O) $G $" $k !% SCM $, E, @Z $J ;~ 4| $K E, @Z $J line $K BP $9 $k W rite-Bac k MW 5a $r WB 7? %- %c %C %7 %e It $K Aw $k $3 $H $G !$ 2 >O $G <( $7 $? #3 $D $N MW 7o $r =< B- 2D G= $H $7 $F $$ $k !% $3 $l $K $h $j SCC $O !$ WB 7? %- %c %C %7 %e $N FC D’ $G $" $k W rite %" %/ %; %9 $N merge 5! G= $r J] $A $D $D !$ 2D G= $J 8B $j %- %c %C %7 %e $* $h $S %a %b %j $r clean $J >u BV $K J] $D $3 $H $G !$ %7 %9 %F %‘ A4 BN $H $7 $F $N %a %b %j !& %" %/ %; %9 !& %l %$ %F %s %7 $N 7Z 8: $r ?^ $k $3 $H $, $G $- $k !% $" $k 0U L# $G !$ WB 7? $H WT 7? $N Cf 4V $N %a %b %j 99 ?7 %" %k %4 %j %: %‘ $r :N MQ $9 $k %- %c %C %7 %e $H $_ $J $9 $3 $H $b $G $- $k !% 3.2 <+ >t @) 8f $N J} ?K SCC $N <+ >t @) 8f $K $O !$ %W %m %; %C %5 $N %" %/ %; %9 !& %Q %? !< %s $, ;~ 4V $J $i $S $K 6u 4V $N 6I =j @- $r $b $C $F $* $j !$ $" $k %" %I %l %9 $X $N %" %/ %; %9 $, 0l C6 ;O $^ $k $H !$ ;~ 4V E* $K $b !$ 6u 4V E* $K $b O" B3 $7 $F %" %/ %; %9 $, 9T $o $l $k $3 $H $, B? $$ $H $$ $& @- <A $r Mx MQ $9 $k !% 6q BN E* $K $O !$ %- %c %C %7 %e Fb $N %G !< %? $K BP $7 $" $k <o $N %o !< %- %s %0 !& %; %C %H $r Dj 5A $7 !$ $= $N %o !< %- %s %0 %; %C %H $+ $i 30 $l $? dirty line $r =g <! %a %b %j $X =q $- La $9 @) 8f $r 9T $& !% $3 $N %o !< %- %s %0 !& %; %C %H $N Dj 5A $H !$ $= $N 4I M} $N J} K! $K $h $j !$ L\ E* $K 1~ $8 $? SCC $r <B 8= $9 $k $3 $H $, 2D G= $G $" $k 2 !% 6q BN E* $J <+ >t @) 8f $N Nc $H $7 $F $O !$ >. MF NL $N %a %b %j $r MQ $$ $F dirty line $N %" %I %l %9 $r %H %l !< %9 $7 !$ %a %b %j $N %( %s %H %j $N CV $- 49 $( $, I, MW $H $J $C $? >l 9g $K !$ Ev 3: %( %s %H %j $K 3J G< $5 $l $? %" %I %l %9 $K BP 1~ $9 $k dirty line $r W rite-Bac k $9 $k J} <0 $J $I $, 9M $( $i $l $k !% 3.3 %i %$ %H !& %P %C %U %! $H $N Hf 3S <+ >t @) 8f $N J} ?K $H $7 $F !$ dirty line $r LR U CV 49 J} <0 $G 4I M} $7 $? >l 9g $N SCC !J ?^ 3 ;2 >H !K $O !$ WT 7? %- %c %C %7 %e $K $* $1 $k %i %$ %H !& %^ !< %8 5! 9= IU $- %i %$ %H !& %P %C %U %! [3, 15] $H $[ $\ Ey 2A $J 5! G= $r Ds 6! $9 $k !% $= $3 $G K\ @a $G $O !$ LRU J} <0 $N SCC $H WT 7? %- %c %C %7 %e $K $* $1 $k %i %$ %H !& %P %C %U %! $N 4J C1 $J Hf 3S $r 9T $& !% $^ $: Bh 0l $K !$ SCC $G $O %G !< %? MQ $N %P %C %U %! $r %- %c %C %7 %e K\ BN $H JL $K @_ $1 $k I, MW $, $J $$ !J %" %I %l %9 $@ $1 $G $h $$ !K $? $a %O !< %I %& %’ %" NL $N 7Z 8: $, 2D G= $G $" $k !% $5 $i $K !$ SCC $H Ey 2A $J %i %$ %H !& %^ !< %8 5! 9= IU $- $N %i %$ %H !& %P %C %U %! $r <B 8= $9 $k $? $a $K $O !$ >. MF NL $N WB 7? %- %c %C %7 %e $H F1 Dx EY $N %O !< %I %& %’ %" NL $, I, MW $G $" $j !$ $3 $l $r 9M N8 $9 $k $H !$ SCC $, %3 %9 %H !& %Q %U %) !< %^ %s %9 E* $K M% $l $F $$ $k $3 $H $, $o $+ $k !% H? LL !$ %G !< %? !& %P %C %U %! $, $J $$ $3 $H $G !$ %W %m %; %C %5 $N %G !< %? !& %" %l %$ !& %" %/ %; %9 $H SCC $N %i %$ %H !& %P %C %/ $N $? $a $N %G !< %? !& %" %l %$ !& %" %/ %; %9 $, 6% 9g $9 2 cache $N sp eed Dc 2< $r >7 $+ $J $$ Dx EY $N 2s O) 5, LO $K $9 $Y $- $G $" $k

?^ 3: SCC $N <B Au Nc $k 2D G= @- $, $" $k !% $7 $+ $7 $J $, $i !$ SCC $N %i %$ %H !& %P %C %/ $O $= $l $r CY $i $; $F $b DL >o $N F0 :n $K $O 1F 6A $, $J $$ $? $a !$ <! $N Read/W rite Miss $G %W %m %; %C %5 $, %9 %H !< %k $9 $k ;~ $^ $G SCC $N %i %$ %H %P %C %/ $r 1d 4| $9 $k J} K! $b 9M $( $i $l $k [16] !% $^ $? !$ %G %# %l %/ %H %j J} <0 $r :N MQ $7 $? JB Ns 7W ;; 5! $K $* $1 $k WB 7? %- %c %C %7 %e $N 9b B. 2= $H $$ $& MQ ES $G SCC $r Mx MQ $9 $k >l 9g $J $I $O !$ I, $: $7 $b 40 A4 $J 7A $N %" %I %l %9 !& %H %l !< %9 $r :N $k I, MW $, $J $$ $P $+ $j $+ !$ SCC $N %i %$ %H !& %P %C %/ =h M} $r 0l ;~ E* $K L5 ;k $9 $k !J SCC $K BP $7 $F $O %i %$ %H %P %C %/ $r 9T $C $? $3 $H $K $7 $F !$ <B :] $K $O 2? $b $7 $J $$ !% !K $3 $H $b 2D G= $G $" $k !% $3 $l $O !$ SCC $, :G ?7 $N %G !< %? $r %- %c %C %7 %e K\ BN Fb $K J] ;} $7 $F $$ $k $? $a $K 2D G= $H $J $C $? $3 $H $G $" $j !$ %i %$ %H !& %P %C %U %! $G $O <B 8= IT 2D G= $G $" $k !% $3 $N FC D’ $O !$ %M %C %H %o !< %/ $N Ii 2Y $, 9b $$ >l 9g $N !$ %H %i %U %# %C %/ A} 2C $N M^ @) $K Mx MQ $9 $k $3 $H $, $G $- $k !% 4 I> 2A $N J} K! 4.1 I> 2A $N L\ E* K\ I> 2A $N L\ E* $O 0J 2< $N #2 E@ $r 3N G’ $9 $k $3 $H $G $" $k !% 1. Self-Cleanup Cache $r :N MQ $9 $k $3 $H $G !$ W rite-Bac k 7? $N %- %c %C %7 %e !& %7 %9 %F %‘ $K $* $$ $F $b !$ %3 %s %Q %$ %i ;Y 1g %- %c %C %7 %e !& %3 %R !< %l %s %9 @) 8f $, 8z N( E* $K <B 8= 2D G= $G $" $k $3 $H !% 2. Directory-base $N %- %c %C %7 %e !& %7 %9 %F %‘ $K $* $$ $F !$ Self-Cleanup 2s O) $r IU 2C $9 $k $3 $H $K $h $j !$ %a %b %j !& %" %/ %; %9 !& %l %$ %F %s %7 $r 7Z 8: $G $- $k $3 $H !% 4.2 %7 %_ %e %l !< %7 %g %s $N BP >] 0J 2< $N #2 $D $N %- %c %C %7 %e !& %7 %9 %F %‘ !& %b %G %k $K BP $7 $F !$ <+ >t @) 8f $N J} ?K $H $7 $F LRU J} <0 $r :N MQ $7 $? Self-Cleanup Cache $N I> 2A $r 9T $& !% W rite-Bac k $N timing $O !$ LRU $N %j %W %l !< %9 ;~ $H $7 $? !% SISC %b %G %k S elf I nv alidation 7? $N %= %U %H %& %( %" !& %3 %R !< %l %s %9 @) 8f $H S elf- C leanup Cache $r AH $_ 9g $o $; $? %b %G %k !% SISC %b %G %k $O !$ F1 4| E@ $G cache Fb $N A4 dirty line $r %a %b %j $X W rite-Bac k $7 $? 8e !$ priv ate $J %G !< %? $r =| $/ A4 %G !< %? $r L5 8z 2= $9 $k !% $3 $N A‘ :n $N $? $a $K !$ %- %c %C %7 %e !& %i %$ %s Kh $K 1bit $N tag $r @_ $1 $F $* $j !$ $3 $N tag $O 0l @F $K clear 2D G= $G $" $k $H 2> Dj $9 $k 3 !% DISC %b %G %k Di recotry base $N %O !< %I %& %’ %" @) 8f %- %c %C %7 %e $K SC C $r IU 2C $7 $? %b %G %k !% DISC %b %G %k $G $O !$ %U %k !& %^ %C %W $N %G %# %l %/ %H %j $r %i %$ %s C1 0L $K J] ;} $7 $F $* $j !$ %3 %R !< %l %s %9 !& %W %m %H %3 %k $H $7 $F $O Illinois proto col (MOdi�ed,Exclusiv e Clean,Shared,Inv alid $N #4 >u BV ) $r :N MQ $7 $? !% $3 $N #2 $D $N %b %G %k $G !$ #3 $D $N %Q %i %a !< %? !’ 1. LRU %( %s %H %j ?t (4,8,16,32,WOSCM 4 ) !$ 2. %- %c %C %7 %e %5 %$ %: (1MB,256KB,64KB,32KB 5 ) 3. %M %C %H %o !< %/ !& %G %# %l %$ (10clk, 20clk/hop) $r JQ 2= $5 $; !$ <B 9T ;~ 4V $H $= $N Fb Lu 6 !J %W %m %; %C %5 2T F/ ;~ 4V !$ Read Stall ;~ 4V !$ W rite Stall ;~ 4V !$ F1 4| BT $A ;~ 4V !K !$ $J $i $S $K Am %a %C %; !< %8 ?t !J Cache $, H/ 9T $9 $k Read/W rite Requst ?t !$ Memory $, H/ 9T $9 $k W rite-Bac k/In v alidate Request ?t !K $r 7W B, $7 $? !% %o !< %/ %m !< %I $H $7 $F $O !$ %" %/ %; %9 !& %Q %? !< %s $, MF 0W $K 2r @O 2D G= $J %" %W %j %1 !< %7 %g %s $H $7 $F FFT $H SOR !$ $J $i $S $K !$ <B MQ E* $J %" %W %j %1 !< %7 %g %s $H $7 $F SPLASH[14] $K B0 $9 $k %" %W %j %1 !< %7 %g %s $+ $i W A TER $H MP3D $r :N MQ $7 $? !% $? $@ $7 !$ SISC %b %G %k $G $O !$ SOR $H FFT $N $_ $r %o !< %/ %m !< %I $H $7 $? !% $J $* !$ 8= <B E* $J ;~ 4V $G %7 %_ %e %l !< %7 %g %s $r 9T $& $? $a !$ %W %m %; %C %5 ?t $O 32 $H $7 $? !% 4.3 %7 %_ %e %l !< %? $N 35 MW %7 %_ %e %l !< %7 %g %s $K $O <B 9T 6n F0 7? $N %7 %_ %e %l !< %? $r MQ $$ !$ <B :] $K %W %m %; %C %5 It $G L? Na %l %Y %k $N %7 %_ %e %l !< %7 %g %s $r 9T $C $? 7 !% 3 J8 8% [5] $G Ds 0F $5 $l $F $$ $k F ast Selective Inv alidation J} <0 $K $* $$ $F !$ A4 $F $N 6& M- %G !< %? $r memory r e ad !$ priv ate %G !< %? $r c ache re ad $H $7 $? $b $N $K Aj Ev $9 $k L5 8z 2= J} <0 4 <+ >t @) 8f $J $7 5 FFT $H SOR $N >l 9g $N $_ 6 <B 9T ;~ 4V $N Fb Lu $O !$ Read Stall $H W rite Stall $N OB $, :G $b Bg $- $$ %W %m %; %C %5 $N %G !< %? $G $" $k !% 7 Australia Adelaide Bg 3X $N Spa pack age V1.0 $r ;2 9M $K !$ %G !< %? J, 3d directive !$ JB Ns =h M} %W %j %_ %F %# %V $r ;X Dj 2D G= $H $7 $F $$ $k !%

?^ 4: %7 %_ %e %l !< %7 %g %s !& %b %G %k I= 1: %7 %_ %e %l !< %? 3F It $N %l %$ %F %s %7 %W %m %; %C %5 1 L? Na $N <B 9T 1[cycle] %- %c %C %7 %e %i %$ %s !& %" %/ %; %9 4[cycle] %o !< %I !& %" %/ %; %9 1[cycle] %? %0 !& %" %/ %; %9 1[cycle] %M %C %H %o !< %/ %G !< %? $J $7 (1hop) 10[cycle] %G !< %? (32B) IU $- (1hop) 14[cycle] %a %b %j %i %$ %s !& %" %/ %; %9 10[cycle] %o !< %I !& %" %/ %; %9 4[cycle] %G %# %l %/ %H %j !& %" %/ %; %9 4[cycle] $^ $? !$ I> 2A $N BP >] $H $9 $k 7W ;; 5! $N %b %G %k $H $7 $F $O !$ ?^ 4 $K <( $9 $b $N $r 2> Dj $7 $? !% 0J 2< $K $3 $N 7W ;; 5! %b %G %k $N 9= @. $r $^ $H $a $k !% $^ $? !$ 3F It $G $N %l %$ %F %s %7 $r I= 1 $K <( $9 !% � %- %c %C %7 %e $O %@ %$ %l %/ %H !& %^ %C %W J} <0 $N W rite- Back %- %c %C %7 %e $G $" $j !$ %i %$ %H !& %_ %9 ;~ $K %G !< %? $N %U %’ %C %A $r 9T $& (W rite Allo cate 7? ) � %i %$ %s !& %5 %$ %: $O 32 %P %$ %H � %3 %s %7 %9 %F %s %7 !& %b %G %k $O W eak � 3F %W %m %; %C %5 $O :G Bg #4 $D $N %i %$ %H !& %_ %9 =h M} !J owner $N 3M F@ $b 4^ $‘ !K $H #1 $D $N %j !< %I !& %_ %9 =h M} $r F1 ;~ $K <B 9T 2D G= � %- %c %C %7 %e ! %M %C %H %o !< %/ 4V $K %i %$ %H %P %C %U %! $O @_ $1 $J $$ !% 5 %7 %_ %e %l !< %7 %g %s 7k 2L 5.1 35 MW %7 %_ %e %l !< %7 %g %s 7k 2L $r !$ ?^ 5 !A ?^ 14 $K <( $9 !% ?^ $N 2# <4 $O SCM $N LRU %( %s %H %j ?t $G $" $k !% $3 $3 $G !$ WOSCM $O SCM @) 8f $J $7 $r !$ DIR $O F1 0l %- %c %C %7 %e !& %5 %$ %: $N DISC %b %G %k $G WOSCM $N >l 9g $K BP 1~ $7 $F $$ $k $3 $H $r $= $l $> $l <( $9 !% 7k 2L $N 35 MW $r 4J C1 $K $^ $H $a $k $H 0J 2< $N DL $j $G $" $k !% 1. SISC %b %G %k $K 4X $7 $F =R $Y $k $H !$ $9 $Y $F $N 6& M- %G !< %? $r F1 4| E@ $G Inv alidate $7 $? $K $b 78 $o $i $: !$ SCM $r IU 2C $7 $J $$ DISC %b %G %k $K BP $7 $F !$ SOR $G 50% A} !$ FFT $G 5% A} $7 $N <B 9T ;~ 4V $, F@ $i $l $? !% SOR $N @- G= Dc 2< $O IT I, MW $J W rite-Bac k $K $h $k $b $N $G $" $k $, !$ %W %m %0 %i %‘ $N :G E, 2= $K $h $j DISC %b %G %k $h $j $b 9b B. <B 9T $, 2D G= $G $" $k $3 $H $, 3N G’ $G $- $? !% 0l J} !$ FFT $K 4X $7 $F $O FC $K :G E, 2= $r 9T $o $J $$ $G $b == J, <B MQ $K BQ $( F@ $k @- G= $, F@ $i $l $? !% 2. DISC %b %G %k $K 4X $7 $F $O !$ 1)W riteBac k Re- quest ?t $N A} 2C $H !$ $3 $l $K 5/ 0x $9 $k Read Stall ;~ 4V $N C; =L $, 3N G’ $G $- $? !% C" $7 !$ SOR $H FFT $G $O !$ Read Stall ;~ 4V $N C; =L $r !$ W rite Stall ;~ 4V $N A} 2C $, >e 2s $C $? $? $a !$ :G 0- 3% <B 9T ;~ 4V $, D9 $/ $J $C $? !% $^ $? !$ 2)Read Request $N ?t $, IT JQ $G $" $k $3 $H $+ $i !$ Read Miss $N A} 2C $, $J $$ $3 $H $, 3N G’ $G $- $? !% 3. SCM $N LR U %( %s %H %j ?t $O !$ %H %i %C %U %# %C %/ ?t $X $N 1F 6A $r M? $( $k $b $N $N !$ <B 9T ;~ 4V $X $N 1F 6A $O MP3D $G <c 43 8+ $i $l $k Dx EY $G $" $C $? !% 4. :# 2s B, Dj $7 $? HO 0O $G $O !$ Netw ork Delay $N 0c $$ $O !$ =h M} ;~ 4V $, JQ 2= $9 $k E@ 0J 30 $K $O !$ %7 %9 %F %‘ $N F0 :n FC @- $N JQ 2= $H $7 $F 8= $l $J $+ $C $? !% $J $* !$ 0J 2< $G $O !$ Net w ork Dela y = 10clo ck $N >l 9g $N 7k 2L $N $_ $r 5D O@ $9 $k !% 5.2 SOR 5.2.1 Ld Bj $N @- <A Even-Odd K! $K $h $k :9 J, J} Dx <0 $N 5a 2r %W %m %0 %i %‘ !% %7 %_ %e %l !< %7 %g %s $O 256 � 256 $N %0 %j %C %I $r 32 � 62 $N %0 %j %C %I $K NN 0h J, 3d $7 2 %? %$ %‘ !& %9 %F %C %W =h M} $r 9T $$ !$ JB Ns <B 9T It J, $N %G !< %? $r <} =8 $7 $? !% J, 3d $5 $l $? %G !< %? NN 0h $O !$ $9 $Y $F 6& M- %G !< %? $H $7 $F <h $j 07 $C $? !% SCC $N 7g E@ $G $" $k !V IT I, MW $J W rite- Back $K $h $k @- G= Dc 2< !W $, H/ @8 $9 $k Nc $G $" $k !% 5.2.2 B, Dj 7k 2L $N >\ :Y SISC %b %G %k !$ DISC %b %G %k 6& $K !$ SCM $N W rite Bac k $K $h $j !$ %H %i %C %U %# %C %/ $O 7c A} $7 !$ $= $l $K $H $b $J $& W rite Stall $N A} 2C $N $? $a $K <B 9T ;~ 4V $, A} 2C $7 $? !% $? $@ $7 !$ SISC %b %G %k $G $N @- G= $N 0- $5 $O !$ IT I, MW $J W rite-Bac k $h $j $b !$ IT I, MW $J L5 8z 2= $K 5/ 0x $7 $F $$ $k !% $$ $: $l $N >l 9g $b !$ K\ Mh 6& M- $5 $l $k I, MW $N $J $$ %G !< %? $r 6& M- %G !< %? $H $7 $F <h $j 07 $C $? $? $a $K @8 $8 $k @- G= Dc 2< $G $" $j !$ $3 $N <o $N IT I, MW $J %H %i %C %U %# %/ A} $O %W %m %0 %i %‘ $N JQ 99 $K $h $j !$ MF 0W $K <h $j =| $/ $3 $H $, 2D G= $G $" $k !%

?^ 5: SOR $N <B 9T ;~ 4V $N Fb Lu ?^ 6: SOR $N %a %C %; !< %8 ?t ?^ 7 !$ $J $i $S $K ?^ 8 $O !$ $= $N Nc $G $" $k !% $3 $3 $G $O !$ 3F %W %m %; %C %5 $K J, 3d $5 $l $? NN 0h $N <~ JU It J, $N $_ $r 6& M- %G !< %? $H $7 $F 07 $C $F $$ $k !% $7 $? $, $C $F !$ SISC %b %G %k $G $O %G !< %? $N <x <u $K I, MW $J :G >. 8= $N %M %C %H %o !< %/ !& %H %i %U %# %C %/ $N $_ $, H/ @8 $7 $F $$ $k !% $3 $l $K BP $7 $F DISC %b %G %k $G $O !$ %3 %R !< %l %s %9 !& @) 8f $N $? $a $N %H %i %C %U %# %/ !J Nc $( $P !$ OWNER 8" 3M F@ $N A CK, L5 8z 2= MW 5a !$ W rite-Bac k MW 5a !K $, A4 BN $N %H %i %U %# %C %/ $r A} $d $7 $F $$ $k $3 $H $, $o $+ $k !% $= $N 7k 2L !$ SISC %b %G %k $O DISC %b %G %k $K BP $7 :G 9b 5% $N B. EY 8~ >e $r F@ $F $$ $k !% $^ $? !$ $3 $N %" %W %j %1 !< %7 %g %s $G $O !$ %" %/ %; %9 !& %Q %? !< %s $, O" B3 $G !$ $+ $D !$ =q $- 9~ $_ $r 9T $& 6& M- %G !< %? $N %o !< %- %s %0 !& %; %C %H $, #3 #2 $r 1[ $( $F $$ $k $? $a !$ LR U %( %s %H %j ?t $N 0c $$ $K $h $k :9 $O !$ SISC %b %G %k $G $O L5 $7 !$ DISC %b %G %k $G $O W rite-bac k MW 5a %a %C %; !< %8 ?t $N 8: >/ $K 8= $l $k Dx EY $G !$ <B 9T ;~ 4V $N :9 $O 1% L$ K~ $G $" $C $? !% 5.3 FFT 5.3.1 Ld Bj $N @- <A 2048 8D $N J# AG %G !< %? $r %V %m %C %/ J, 3d $7 JB Ns =h M} $r 9T $C $? :] $N %G !< %? $r <} =8 $7 $? !% =E $_ 7O ?t $O A4 %W %m %; %C %5 $K $" $i $+ $8 $a M? $( $i $l $F $$ $k $b $N $H $7 $? !% data owner computes rule $K 4p $E $$ $F $* $j !$ 3F %W %m %; %C %5 $, =q $- 9~ $_ $r 9T $& 6& M- %G !< %? $N %o !< %- %s %0 %; %C %H $O #3 #2 %i %$ %s !J #1 #6 %i %$ %s $N %@ %V %k %P %C %U %! 9= @. !K $G $" $k !% ?^ 7: :G E, 2= $r 9T $C $? SOR $N <B 9T ;~ 4V $N Fb Lu ?^ 8: :G E, 2= $r 9T $C $? SOR $N %a %C %; !< %8 ?t ?^ 9: FFT $N <B 9T ;~ 4V $N Fb Lu ?^ 10: FFT $N %a %C %; !< %8 ?t 5.3.2 B, Dj 7k 2L $N >\ :Y %o !< %- %s %0 %; %C %H $, #3 #2 %i %$ %s $G $" $k $3 $H $+ $i !$ DISC %b %G %k $G $O LRU %( %s %H %j ?t #3 #2 $N >l 9g !$ SCM $, $J $$ >l 9g $H A4 $/ Ey 2A $J 7k 2L $, $G $F $$ $k !% ?^ $G $O M- 0U :9 $, 8+ $( $J $$ $, !$ LRU %( %s %H %j ?t #8 0J 2< $G $O !$ Read Stall ;~ 4V $, 8: >/ $7 $F $$ $k $, !$ 5U $K IT I, MW $J F1 4| BT $A $N $? $a !$ 7k 2L $H $7 $F :G 0- 5% <B 9T ;~ 4V $, 1d $S $F $$ $k !% FFT 7W ;; $, ?J $s $G !$ %P %? %U %i %$ 1i ;; $N #2 MW AG $, $H $b $K F1 0l %W %m %; %C %5 Fb $K B8 :_ $9 $k $h $& $K $J $k $H !$ $= $l 0J 9_ $O %W %m %; %C %5 4V $N F1 4| $, IT MW $H $J $k !% $3 $N $? $a !$ SISC %b !< %I $N LRU %( %s %H %j ?t #3 #2 $G $O !$ W rite Request ?t $, K\ <A E* $K I, MW $J :G >. $N CM $H $J $k !% $3 $l $K BP $7 $F !$ LR U %( %s %H %j #3 #2 L$ K~ $G $O !$ IT I, MW $J %i %$ %H %P %C %/ $N $? $a W rite Request ?t $, A} 2C $7 $F $$ $k !%

?^ 11: W A TER $N <B 9T ;~ 4V $N Fb Lu ?^ 12: W A TER $N %a %C %; !< %8 ?t 5.4 water 5.4.1 Ld Bj $N @- <A 1U BN >u BV $N ?e J, ;R $N 5s F0 $r %K %e !< %H %s J} Dx <0 $r MQ $$ $F %7 %_ %e %l !< %7 %g %s $9 $k %W %m %0 %i %‘ !% %7 %_ %e %l !< %7 %g %s $O 64 J, ;R !% 2 %? %$ %‘ !& %9 %F %C %W =h M} $r 9T $$ !$ JB Ns <B 9T It J, $N %G !< %? $r <} =8 $7 $? !% J, ;R $r @E E* $K %W %m %; %C %5 $K 3d $j Ev $F JB Ns =h M} $r 9T $& !% J, ;R $N 1? F0 $K 4X $9 $k %G !< %? $, #1 J, ;R Ev $? $j 600Byte I, MW $G $" $k !% 3F %? %$ %‘ !& %9 %F %C %W $G %W %m %; %C %5 $O C4 Ev $9 $k J, ;R $N J, ;R Fb $N 86 ;R $N 1? F0 $r 7W ;; $7 !$ <! $K !$ <+ J, $+ $i 0l Dj 5w N% Fb $K $" $k B> $N J, ;R $H $N Aj 8_ :n MQ $r 5a $a !$ <! >u BV $r 7h Dj $9 $k !% 5.4.2 B, Dj 7k 2L $N >\ :Y Read Stall ;~ 4V $O 10% $+ $i 20% Dx EY 8: >/ $7 $F $$ $k $, !$ W rite Stall ;~ 4V $d !$ F1 4| BT $A ;~ 4V $N A} 2C $K $h $j !$ %a %b %j %" %/ %; %9 ;~ 4V A4 BN $G $O !$ :G 9b $G 5% <e $N ;~ 4V C; =L $H $J $C $F $$ $k !% $^ $? !$ %a %b %j %" %/ %; %9 ;~ 4V $K Hf $Y !$ 7W ;; ;~ 4V $, Bg $- $$ $? $a !$ A4 BN $H $7 $F $N =h M} B. EY $N 8~ >e $O :G 9b $G 2% <e $G $" $C $? !% 5.5 mp3d 5.5.1 Ld Bj $N @- <A %b %s %F !& %+ %k %m K! $r MQ $$ $? 4u Gv N. BN NO 3X %7 %_ %e %l !< %7 %g %s !& %W %m %0 %i %‘ !% %7 %_ %e %l !< %7 %g %s $O 4096 N3 ;R !$ N> C< $, 3+ J| $5 $l $? 16 � 16 � 8 $N 4I Fb $K !$ >c ?^ 13: MP3D $N <B 9T ;~ 4V $N Fb Lu ?^ 14: MP3D $N %a %C %; !< %8 ?t 32 J* $H $7 $F J? $i $J HD $, B8 :_ $9 $k 4D 6- $G !$ 2 %? %$ %‘ !& %9 %F %C %W =h M} $r 9T $$ !$ JB Ns <B 9T It J, $N %G !< %? $r <} =8 $7 $? !% 3F N3 ;R $O 36Byte $N >u BV JQ ?t $r !$ 3F %0 %j %C %I $O 40Byte $N B0 @- JQ ?t $r ;} $A !$ 3F !9 @E E* $K J, ;6 G[ CV $9 $k !% 3F %W %m %; %C %5 $K $O 0l Dj ?t $N N3 ;R $, 3d $j Ev $F $i $l !$ %? %$ %‘ !& %9 %F %C %W Kh $K !$ B> $N N3 ;R $N >u BV $H $N 4X 78 $+ $i <+ J, $N 1? F0 $r %7 %_ %e %l !< %H $9 $k !% %a %b %j %" %/ %; %9 %Q %? !< %s $O !$ $[ $\ %i %s %@ %‘ $G $" $k $H 9M $( $i $l $k !% 5.5.2 B, Dj 7k 2L $N >\ :Y %- %c %C %7 %e %5 %$ %: 1MB $N >l 9g !$ SCM $r IU 2C $9 $k $3 $H $G !$ :G 9b $G 45% <B 9T ;~ 4V $, C; $/ $J $C $? !% $3 $l $O !$ W A TER $H $O BP >] E* $K !$ %a %b %j !& %" %/ %; %9 $, ;Y G[ E* $G $" $k $? $a $K 8= $l $? CM $G $" $k !% SCC $N W rite-Bac k $K $h $j !$ %a %b %j $, Clean $G $" $k 3N N( $, 9b $/ $J $C $? $3 $H $K $h $k !$ Read Stall ;~ 4V $N C; =L $G $" $k $3 $H $, L@ 3N $K $o $+ $k !% $7 $+ $7 $J $, $i !$ %- %c %C %7 %e !& %5 %$ %: $r 64KB $H $9 $k $H !$ SCM $N 8z 2L $, $[ $H $s $H 8+ $i $l $J $/ $J $C $? !% $3 $l $O !$ %- %c %C %7 %e $N 0n $l $K $H $b $J $$ %G !< %? $N replace $, IQ H/ $7 !$ $3 $l $K $h $j SCM $N M- L5 $K 78 $o $i $: !$ %a %b %j $, :G ?7 $N %G !< %? $r J] ;} $9 $k 3N N( $, 9b $/ $J $C $? $? $a $G $" $k !% $5 $i $K !$ %( %s %H %j ?t 32 $N >l 9g $O !$ SCM $N W rite-Bac k $, replace $N K8 $2 $K $J $j !$ <B 9T ;~ 4V $, 4% A} $( $k 7k 2L $H $J $C $F $$ $k !%

6 $^ $H $a K\ 9F $G $O W rite-Bac k 7? $N FC D’ $G $" $k W rite %" %/ %; %9 $N merge 5! G= $r J] $A $D $D !$ 2D G= $J 8B $j %- %c %C %7 %e $* $h $S %a %b %j $r clean $J >u BV $K J] $D $3 $H $G !$ %a %b %j !& %" %/ %; %9 !& %l %$ %F %s %7 $N 7Z 8: $r ?^ $k Self- Clean up Cache(SCC) $r Ds 0F $7 !$ %= %U %H %& %’ %" @) 8f $N %3 %R !< %l %s %9 @) 8f $H $N AH $_ 9g $o $; !J SISC %b %G %k !K !$ $J $i $S $K F ull-map directory J} <0 $N %3 %R !< %l %s %9 @) 8f $H $N AH $_ 9g $o $; !J DISC %b %G %k !K $N #2 $D $N >l 9g $K $D $$ $F I> 2A $r 9T $C $? !% $= $N 7k 2L !$ SISC %b %G %k $G $O !$ $9 $Y $F $N 6& M- %G !< %? $r F1 4| E@ $G Inv alidate $7 $? $K $b 78 $o $i $: !$ SCM $r IU 2C $7 $J $$ DISC %b %G %k $K BP $7 $F !$ SOR $G 50% A} !$ FFT $G 5% A} $7 $N <B 9T ;~ 4V $, F@ $i $l $? !% $^ $? !$ SOR $K 4X $7 $F %W %m %0 %i %‘ $N :G E, 2= $r 9T $C $? 7k 2L !$ SISC %b %G %k $O DISC %b %G %k $h $j $D $M $K <B 9T ;~ 4V $, C; $$ $H $$ $& 7k 2L $, F@ $i $l $? !% 0l J} !$ DISC %b %G %k $G $O !$ SCM $N W riteBac k $K $h $j !$ %a %b %j $, clean $J >u BV $K $" $k 3N N( $, 9b $/ $J $k $3 $H $K 5/ 0x $9 $k Read Stall ;~ 4V $N C; =L $, 3N G’ $G $- $? !% FC $K !$ %a %b %j !& %" %/ %; %9 $, =h M} ;~ 4V $r ;Y G[ $9 $k $h $& $J Nc !J MP3D !K $G $O !$ Read Stall ;~ 4V $N C; =L $K $h $j !$ <B 9T ;~ 4V $, 45% $b C; =L $5 $l $? !% $^ $? !$ SCM $O IT I, MW $J W riteBac k %a %C %; !< %8 $r =P $9 $3 $H $K H< $& @- G= Dc 2< $r >7 $/ $H $$ $& 7g E@ $b $" $k $, !$ :# 2s B, Dj $7 $? HO 0O $G $O $= $N @- G= Dc 2< $O :G Bg $G 5% L$ K~ $G $" $C $? !% :# 8e !$ SISC %b %G %k $K BP $7 $F $O !$ 8z N( E* $J %- %c %C %7 %e L5 8z 2= J} <0 $N <B Au $J $i $S $K 2~ NI !$ DISC %b %G %k $K BP $7 $F $O !$ SCM $N W riteBac k $, pro cessor $N %a %b %j %" %/ %; %9 $r %V %m %C %/ $7 $J $$ SCM @) 8f J} <0 $N I> 2A [13, 15, 16] !$ $J $i $S $K !$ %W %m %0 %i %‘ $+ $i $N L@ <( E* $J ;X <( $K $h $k SCM $N F0 E* @) 8f $N F3 F~ $r 8! F$ $7 $F $$ $/ M= Dj $G $" $k !% <U <- K\ 8& 5f $G ;H MQ $7 $? JB Ns %7 %9 %F %‘ !& %7 %_ %e %l !< %? $O !$ :Y 8+ 3Y @8 ;a !J 8= NEC C & C %7 %9 %F %‘ 8& 5f =j !K !$ ?@ V: 7i ;a !J 8= F uji Xerox !K $, 5~ ET Bg 3X :_ 3X Cf $K :n @. $7 $? $b $N $r %Y !< %9 $K $7 $F $* $j !$ Ev 3: %7 %_ %e %l !< %? $J $7 $K $O K\ 8& 5f $O $J $7 F@ $J $+ $C $? !% N> ;a $K ?4 $+ $i 46 <U $N 0U $r I= $9 $k !% $^ $? !$ F| :" $h $j M- 1W $J 8f 0U 8+ $r D: $/ !$ IY ED 8& 5f << $N =t ;a $K 46 <U CW $7 $^ $9 !% $J $* K\ 8& 5f $O 0l It !$ J8 It >J 2J 3X 8& 5f Hq Jd =u 6b !J =E E@ NN 0h 8& 5f (1) 2] Bj HV 9f 04235103 !$ ;n 83 8& 5f (A)(1) 2] Bj HV 9f 06508001 !$ 0l HL 8& 5f (A)(2) 2] Bj HV 9f 06402059 !K $K $h $k !% ;2 9M J8 8% [1] Sarita V.Adve and Mark D.Hill, \WEAK OR- DERING - A NEW DEFIFINITION AND SOME IMPLICA TIONS," Comuter Scienc es T e chnic al R ep ort , #902, Computer Sciences De- partment, Universit y of Wisconsin-Madison, De- cember 1989. [2] Brantley , W.C., McAuli�e, K. P ., and W eiss, J., \RP3 Pro cessor-Memory Element," Pr o c. 1985 Int’l. Conf. on Par al lel Pr o c essing , pp.782{789, Aug. 1985. [3] Y ung-Chin Chen and Alexander V. V eiden baum, \An Improv ed W rite Bu�er Design for A W rite- Through Cache," CSRD R ep ort No. 1105 , pp.1{ 17, May 1991. [4] Y ung-Chin Chen and Alexander V. V eiden baum, \A Softw are Coherence Scheme with the Assis- tance of Directories," CSRD R ep ort No. 1106 , pp.1{22, June 1991. [5] Cheong, H. and V eiden baum, A. V., \A Cache Coherence Scheme with F ast-Selectiv e- Inv alidation," Pr o c. 15th Int’l. Symp. Comput. Ar chite ct. , pp. 299-307, June 1988. [6] Cheong, H. and V eiden baum, A. V., \A V ersion Control Approach to Cache Coherence," Pr o c. Int’l Conf. on Sup er c omputing ’89 , pp. 322-330, June 1989. [7] Cheong, H. and V eiden baum, A. V., \Compiler- Directed Cache Management in Multipro cessors, " IEEE Computer , vol.23, no.6, pp. 39-47, June 1990. [8] Michel Dub ois, Christoph Scheuric h, and F a y e A. Briggs, \Memory Access Bu�ering in Multi- pro cessors," Pr o c. 13th Ann. Int’l. Symp. Com- put. Ar chite ct. , pp.434{442, 1986. [9] Kourosh Gharachorloo, Daniel Lenoski, James Laudon, Phillip Gibb ons, Ano op Gupta, and John Hennessy , \Memory Consistency and Even t Ordering in Scalable Shared-Memory Mul- tipro cessors," Pro c. 17th Ann. Int’l. Symp. Com- put. Ar chite ct. , pp.15{26, May 1990. [10] :Y 8+ , B> !’ !V %= %U %H %& %’ %" $H %O !< %I %& %’ %" $N %3 %R !< %l %s %9 @) 8f $r M; 9g $7 $? %- %c %C %7 %e !& %3 %R !< %l %s %9 @) 8f !W !$ >p =h 8& Js (ARC) !$ V ol.93, No.20, pp.117{ 124, 1993 G/ 3 7n [11] Min.,S.L. and Baer.,J.-L., \A Timestamp-Based Cache Coherence Scheme," Pr o c. 1989 Int’l. Conf. on Par al lel Pr o c essing , pp.I-23 { I-32, June 1989. [12] ?9 !$ B> !’ !V %; %k %U %/ %j !< %s !& %" %C %W 7? %i %$ %H %P %C %/ !& %- %c %C %7 %e $N Ds 0F !W !$ >p =h 8& Js (AR C), V ol.93, No.49,pp.9{16, 1993 G/ 6 7n [13] S.Mori, et al., \An Prop osal of Self-Cleanup Cache," KUIS T e chnic al r ep ort , No. KUIS-95- 0006, Dep. of Information Science, Kyoto Uni- versit y , 1995. [14] J. P . Singh, W. D. W eber and A. Gupta, \ SPLASH: Stanford Parallel Applications for Shared-Memory", T e ch. R ep. CSL-TR-91- 469,Stanfor d Univ , Apr., 1991 [15] \Alpha Architecture Handb o ok," DIGIT AL EQUIPMENT Co. , 1992. [16] \Sup erSP AR C User’s Guide," TEXAS IN- STRUMENTS , Oct. 1992.