JUMP{1 6&DL%P%9 ;EMM=q #J#U#M#P!]#1@_7W%0%k!<%W Revision History 1.0 ’94 9/21 K. Hiraki, M. Goshima 6&DL;EMM:n@. 1.1 ’94 9/22 K. Hiraki 8m$j$ND{@5 1.2 ’94 10/05 K. Hiraki %"!<%S%H%l!<%7%g%sJ}<0$NJQ99 1.3 ’94 10/20 K. Hiraki %"!<%S%H%l!<%7%g%sJ}<0$ND{@5!"B> 1.4 ’94 10/24 K. Hiraki %"!<%S%H%l!<%7%g%s4X78$N%T%s:o8: 2.0 ’95 5/5 K. Hiraki pac k et <~$j$N@0M}!&E}9g 3.0 ’95 6/12 K. Hiraki ?7#M#M#C;EMM$X$NBP1~$H>\:Y$N@_Dj 3.1 ’95 6/29 K. Hiraki 8m$j$ND{@5 3.2 ’95 7/7 K. Hiraki %3%^%s%II=$NDI2C!"0l1~$N40@. 3.3 ’95 7/14 K. Hiraki %(%i%9%F%#%C%/%P%j%"$NDI2C!"8m$j$ND{@5 3.4 ’95 7/29 K. Hiraki, H. Nak ashima 8m$j$ND{@5 , I,MW$J;EMM$NJQ99 4.0 ’95 8/07 K. Hiraki 8m$j$ND{@5!"EvLL$N:G=*HG 4.1 ’96 1/25 K. Hiraki 8m$j$ND{@5 1

JQ99$N%R%9%H%j V ersion 1.1 1994.9.22 b y J?LZ 7I � 5-=R8m$j$ND{@5 � init ;~$NI,MW%/%m%C%/?t$r #1$+$i#2#5#6$KJQ99 � WWE, X ASTB I/O $NAPJ}8~2= � Elastic Barrier 4X78$N?.9f@~$NA}2C ( X EBCLR I ) � SIZE $K4X$9$k5-=R$HI=$N8m$jD{@5 � ?^#3$r@5$7$/$9$k � up date direct req, up date via home req $KF14|$K4X$9$k5-=R$rDI2C � reply 7O%Q%1%C%H$O7h$7$F%j%H%i%$$5$l$J$$$3$H$rL@5- V ersion 1.2 1994.10.5 b y J?LZ 7I � %"!<%S%H%l!<%7%g%sJ}<0$r!"%P%V%k$r:G>.$K$9$kJ}<0$KJQ99$7$?!#$=$NJQ99$N$?$a!"0J2<$NJQ99$r9T$J$C$?!# { %P %9$N ?.9f @~$K!" X ES !J Early Send !K?. 9f$rDI 2C$7 $?!# X ES ?. 9f$O!" %Q%1%C%H $N%l %7!<%P $,$b $O$d <u?.$r I,MW $H$7 $J$$ $3$H$r %P%9%A%C%W$KDLCN$9$k!# { %Q %1%C %H D9 $,!" => Mh #2 %U %j%C %H $^ $? $O #5 %U %j%C %H $G $"$C $? $3 $H $K BP $7!" D9 $5 #1 $r DI 2C $7 $?!# $? $@ $7!" D9 $5 #1 $H #2 $N :9 $O!" #2 %U %j%C %H L\$K%G!<%?$rE>Aw$9$k$+!"2?$b$7$J$$%P%9%5%$%/%k$rA^F~$9$k$+$G$"$k!# { %P%9%A%C%W!"%l%7!<%P$K%Q %1%C%HD9$rEAC#$9$k$?$a!"%"%I%l%9!&%U%j%C%H$K$*$1$k!J:#$^$GL$;HMQ$G$"$C$?!K $r %Q%1%C%H D9$rI=$9$b$N$KJQ99$9$k!#=>Mh;H$C$F$$$? BREQ LEN ?.9f$rGQ;_$9$k!# � >e 5- >r 7o $r K~ $? $9 %"!< %S %H %l!< %7%g %s J} <0 $r L@ 3N 2= $7 $?!# 5- =R $, $d $d >i D9 $G $" $k $,!" %P %9 %A%C %W $K $* $1 $k %"!< %S %H %l!< %7%g %s 2s O) $N 35 MW $* $h$S3F%G%P%$%9$K$*$1$kE>Aw@)8f2sO)$N35MW$b=R$Y$?!# � 3F%Q%1%C%H5-=R$K4^$^$l$k%Q%1%C%HD9$K4X$9$k5-=R$*$h$S%Q%1%C%H$N?^$rJQ99$7$? � V1.1 $GAPJ}8~2=$7$? X ASTB $r :F$S#1AH$NC1J}8~?.9f!" X ASTB I, X ASTB O $KJ,N%$7$?!#L5BL$J%P%V%k$r>JN,$9$k V1.2 $K$*$1 $kE>Aw@)8f$G$O!" X ASTB $,Dj$^$i$J$$8B$jAPJ}8~%P%C%U%!$N@)8f$r9T$J$&$3$H$,IT2DG=$G$"$k$3$H$,860x$G$"$k!# � X BREQ $r2r=|$9$k%?%$%_%s%0$r!" X BGR T $r<u$1$H$C$?<!$N%P%9%/%m%C%/$KJQ99$7$?!# � M}2r$r=u$1$k$?$a!"B?$/$N%&%’!<%V%U%)!<%‘?^$J$I$rIU$12C$($?!# V ersion 1.3 1994.10.20 b y J?LZ 7I � V1.2 $G5,Dj$5$l$F$$$k%"!<%S%H%l!<%7%g%sJ}<0$O!"%G%C%I%m%C%/$rH/@8$9$k2DG=@-$,$"$k$?$a!"JQ99$7$?!#JQ99E@$O0J2<$NDL$j$G$"$k!# 1. 0l C6 BREQ $, =P $? 8e!" MW 5a %l %Y %k $r JQ99 =P Mh $J $$ 5, Dj $G $O!" %j %/ %( %9 %H $, 2r 7h $7 $J $$ $? $a!"Ld Bj $, H/ @8 $9 $k!# =>$C $F!" G$ 0U $N ;~ E@ $G?7$?$J%j%W%i%$7O$N%j%/%(%9%H$r<uM}$9$kI,MW$,$"$k!# 2. %3%s %7 %9%F %s %7@) 8f $r0l 4S$7 $F 9T$J $& $?$a!" 0l C6G’ $a $i$l $?%j %W %i%$ $O 7h$7 $F BRETR Y ?. 9f $G %j%H %i %$$7 $F $O$J $i$J $$ !J0l4S $7 $J$$>u67$r:n$j=P$9$?$a!K 3. =>$C$F!"<h$kF@$kJ}<0$O!"!J#1!K3F %G%P%$%9$,%"!<%S%?!<$NF0:n$r873J$K $7$C$F$*$j!"$I$A$i$,G’$a$i$l$?$+H= CG$7!" BGR T $, as- sert $5$l$?;~E@$GAw$k%Q%1%C%H$r7hDj$9$k$+!" !J#2!K BGR T $r%j%/%(%9%H$N%l%Y%k$K1~$8$F!" H !" L #2K\MQ0U$9$k$3$H$,I,MW$G$" $k!# 4. >e5-$N$&$A!"!J#1!K$O!J#2!K$HHf3S$7$FCx$7$/4m81$G$"$k!#=>$C$F!"!J#2!K$NBP1~$r:NMQ$9$k!# � $3$N$h$&$K$7$F!"=>Mh#1K\$G$"$C$? X BGR T $rMW5a%l%Y%k$K1~$8$F!" $K3HBg$9$k!# � 5-=RCf!"MW5a%l%Y%k$rJQ$($i$l$J$$$H$$$&2U=j$r:o=|$9$k!# � %a%s%F%J%s%9%3%s%H%m!<%i$NL>>N$r%a%s%F%J%s%9!&%3%s%H%m!<%i!&%$%s%?!<%U%’%$%9$KJQ99$9$k!J#M#C#I#F!K � %P%9%A%C%W$N%P%9%A%C%W$H$7$F;H$&>l9g$N%A%C%WHV9f$r!" big endian $KJQ99$7$?!#$^$?!"#M#B#P$NBP1~$b#0$r%"%I%l%9>e0LB&$H$7$?!# � >e5-#M#C#I#F$O!"#18D$N%P%9%A%C%W$+$i$N>pJs$GF0:n$9$kI,MW$,$"$k$?$a!"%"%I%l%9%U%j%C%H$NG[CV$rJQ99$7$?!# � %P%9%A%C%WFb$N Elastic Barrier 2sO)$r EBC $HL?L>$7$?!# � MCIF $N@_ 7W $rMF 0W $H $9$k $? $a!"DL ?. @)8f $K I, MW$J %" %I%l %9 %U%j%C %H >pJs $r #1 8D$N %P %9%A%C %W !J%P%9 %A%C %W !t#0!K $K $^$H $a!" >pJs $N JB$S J} $N=gHV$rJQ$($?!#$3$l$K$O!"O@M}E*JQ99$OH<$o$J$$!K V ersion 1.4 1994.10.24 b y J?LZ 7I � V1.3 $K$* $$$F!"%"!< %S%H%l!<%7%g %sJ}<0JQ 99$KH< $$!"%G%P%$ %9$NF~NO ?.9f$, #1K\A}2C $7$?!#$3$l $O X BGR T $r M%@hEY$K =>$C$F#2 K\$K$7 $?$+$i$G$"$k!#$7$+$7$J$,$i!"#M#B#P$K$*$$$FF~NO?.9fAm?t$N@)8B$,$-$D$$$?$a!" BGR T $O#1K\$G$"$k$3$H$,6/$/MW5a$5$l$k$3$H$,H=L@$7 $?!# 2

� $3$NLdBj$r2r7h$9$k$?$a!"%P%9%A%C%W>e$N%"!<%S%?$K$*$$$FMW5a$,G’<1$5$l$k;~E@$rL@3N2=$7!"$=$N;~E@$K$*$1$k:G$b9b$$MW5a$KBP$7$F BGR T $,JV$kJ}<0$KJQ99$7!" BGR T $r#1K\2=$7$?!# � 8=;~E@$G$O!"%"!<%S%?$K$*$$$FMW5a$O$9$Y$F!" X BGR T $N#1%/%m%C%/A0$KG’<1$5$l$k$3$H$r2>Dj$9$k!#=>$C$F!"3F%G%P%$%9$G$O X BGR T $r<uM}$9$k$H!"$=$N#1%/%m%C%/A0$K=PNO$7$F$$$k:G9bM%@hEY$NMW5a$,<uM}$5$l$?$b$N$H$9$k!# � $=$N I{:n MQ $H$7 $F!"%j %W%i %$ 7O$, BUSY $G!" %j%/ %(%9 %H7O $, BUSY $G $J$$ ;~!"N> J}$N %j %/%( %9%H $r=P $7 $F$$ $k%G %P%$ %9 $N%j %/%( %9%H 7O$O 7h$7$FA*Br$5$l$J$$$3$H$,5s$2$i$l$k!#$7$+$7$J$,$i!"$3$l$K$O<B:]E*LdBjE@$OB8:_$7$J$$$b$N$H9M$($i$l$k!# � ;EMM=q>e$NJQ99E@$O!" ?.9f@~5-=R$N X BGR T, X BREQ $rJQ99$7!"$^$?!"%P%9%A%C%W$N%"!<%S%H%l!<%7%g%s$K4X$9$k5-=R$rJQ99$7$?!# V ersion 2.0 1995.1.14 b y J?LZ 7I � %Q%1%C%H$N%"%I%l%9%U%j%C%H$N%S%C%H9=@.$rJQ99$7$?!#$3$l$O RDT %M%C%H%o!<%/$+$i$N%Q%1%C%H>pJs$H>l=j$r$=$m$($k$?$a$G$"$k!# � %V %m%C%/ E> Aw $K $* $1$k R W AIT %9 %F!< %H $NB8 :_ $,!" V1 $G$O %" %I %l%9 %U %j%C %H Cf $N BLKWT %S%C%H $G EA $( $? $,!"3F %G!< %? %U %j%C %HCf $N WWE0 %S%C%H$rMQ$$$FEA$($k$h$&$KJQ99$7$?!#$3$l$O%j%W%i%$%Q%1%C%H$@$1$J$N$G!" WWE $H$N6&MQ$,2DG=$G$"$k!# � %/%m%C%/$NA[Dj<~GH?t$r#6#0#M#H z $K2<$2$?!#;HMQM=Dj$N CPU $NJQ99$KH<$&$b$N$G$"$k!# � WWE0/1 ?.9f@~$N0UL#$,JQ99 ( DI2C ) $5$l$?!#%j %W%i%$7O%Q%1%C%H$G$O!"Ev3:%G!<%?G\8l $K78$o$k R W AIT %U%i%0$r1?$V!# %"%I%l%9%U%j%C %H$H%j%/%(%9%H7O%Q%1%C%H$K$*$1$k%G!<%?%U%j%C%H$G$N0UL#$OITJQ$G$"$k!# � %G%C %I %m%C %/ 2s Hr $K 4X $9 $k [# Kf @- $r GS =| $9 $k $? $a!" #1 @a $r 2C $( $?!# FC $K!" %-%c%C %7%e %a %b %j $K $* $$ $F =h M} Cf %V %m%C %/ $N 07 $$ $K Cm 0U $, I, MW $G $"$k!# V ersion 3.0 1995.6.9 b y J?LZ 7I � %T%s$*$h$S%G!<%?E> Aw5!G=$N4X78$+$i!"6& DL%P%9%A%C%W$+$i%(%i%9 %F%#%C%/!&%P%j%"5!G=$r:o =|$7$?!#$3$l$OJL FPGA $G<BAu$5 $l$kM=Dj$G $"$k!# � 6&DL%P%9$K@\B3$5$l$F$$$k%a%s%F%J%s%9MQ8}$rGQ;_$9$k!#6&DL%P%9$K@\B3$5$l$F$$$k%G%P%$%9$X$NFI$_=q$-$O#M#B#P<gBN$G9T$J$& � 6&DL%P%9>e$N%Q%1%C%H$N<oN‘$r<c43@0M}E}9g$7$?!#FC$K!"%Q%1%C%H$r8+$l$P%a%b%jB&$G$N=hM}>r7o$,H=L@$9$k$h$&$KJQ99$7$?!# � PEND $O!"6&DL%P%9$N?.9f$G$O$J$$$,!"4X78$,?<$$$?$a>\:Y$J;EMM$r5-=R$7$?!# � %Q%1%C%H$N%U%)!<%^%C%H$rJQ99$9$k � %V%m%C%/$N read w aiting $r$d$a!" r-w ait %U%i%0 $rI,$:$D$1$F reply $9$k$h$&$K$7$?!# � F14|4X78$N;EMM$r@0M}E}9g$7$? � %9%L!<%W$r9T$J$&$+$I$&$+$OA4$F%Q%1%C%H<o$G7hDj$5$l$k$h$&$KJQ99$7$?!#<~JU2sO)$rC1=c2=$9$k$?$a � read request $+$i non-coheren t-read-request $rJ,N%$7$?!#$3$l$O>>K\;a$NMW5a$K$h$k$b$N$G$"$k!# � read request $+$i allread request $rJ,N%$7$?!#$3$l$O>>K\;a$NMW5a$K$h$k$b$N$G$"$k$H6&$K!"@)8f$r4JC12=$9$k$?$a$G$"$k!# � write request $+$i non-coheren t-write-request $r J,N% $7$?!#$3 $l$O >>K\;a $NMW 5a$K $h$k$b $N$G $"$k!# $3$N7k 2L!"DL >o$N write-request $OI,$:%9%L!<%WF0:n$r9T$J$&!# � A4%Q%1%C%H$N%3%^%s%I%S%C%HLOMM$r7hDj$7$?!#$J$*!"$3$l$K4XO"$7$F%Q%1%C%H$N<oN‘$,B?>/JQ2=$7$?!# V ersion 3.1 1995.6.29 b y J?LZ 7I � V3.1 $O V3.0 $K$*$1$k8m$j$r=$@5$9$k$H$H$b$K!" V3.0 $KBP$9$k0U8+$rH?1G$7$?$b$N$G$"$k!# � en umerate 4D6-$N%P%0$r �x ( increment $,68$C$F$$$?!K � P .8, WWE %U%#!<%k%I$K4X$9$k R-W AIT >r7o$r5U$KD{@5!JFI$_=P$7$rBT$D!"$G$O$J$/!"=q$-9~$_$rBT$D!K � P .11, X PEND ?.9f$K A CK %U%#!<%k%I$K$h$k@)8f$N5-=R$rDI2C � P .26, X RETR Y $K4X$9$kBh#59‘L\$K!">r7o$rL@3N2=$9$k$?$a$K9‘L\$rDI2C!# � P .26, X RETR Y $K4X$9$kBh#89‘L\$r0lHL2= � P28, FbMF$OJQ2=$7$J$$$,!"5-=R$rDI2C � P29, FbMF$OJQ2=$7$J$$$, CLSH $N5-=R$rDI2C � P .30, A CK %U%#!<%k%I$r;HMQ$7$J$$%Q%1%C%H$G$O#0%/%j%"$9$kI,MW$,$"$k!"$H$N5-=R$rDI2C � P .30, INJ MASK %U%#!<%k%I$O allread reply 7O%Q%1%C%H$@$1$GM-8z$G$"$k$H$N5-=R$rDI2C � P .31, D A T A %U%#!<%k%ICf$N!" Byte, Half w ord, w ord $O>o$K%"%I%l%9$G;XDj$5$l$? double w ord Fb0LCV$KCV$+$l$k!"$H$N5-=R$rDI2C � P .31 D A T A Flit $N WWE %U%#!<%k%I$N5-=R$rDI2C � P .32 resolv e req $*$h$S m reply s %Q%1%C%H$rGQ;_ � P .32, sw ap req $rI|3h$5$;$k!# � P .32, con trol write req $N PCMD %3!<%I$rD{@5 3

� P .32, in terrupt req $N PCMD %3!<%I$rD{@5 � P .33, sw ap reply $,I|3h$9$k � P .33, m reply s $rGQ;_ � up date reply , in v alidate reply $r request %l%Y%k$KJQ99 !JLa$9!K!#L>A0$b up date req, in v alidate req Ey$K JQ99!JJ6$i$o$7$$ $N$GCm0U $7$F2<$5$$!K � allread req $K %-%c%C%7%e%a%b%j$,%j%W%i%$$9$k>l9g!">o$K INJ MASK $K#1#1#1#1$rN)$F!"%$%s%8%’%/%7%g%s2D$H$9$k!# MBP $,%j%W%i %$$9$k>l9g$O!" MBP $N@UG$$G INJ MASK $rN)$F$k V ersion 3.2 1995.7.7 b y J?LZ 7I � V3.2 $O V3.1 $KBP$7$F5~ET$K$*$1$k#67n#2#9F|%_!<%F%#%s%0$N7k2L$rH?1G$5$;$?$b$N$G$"$k!# � %j%H%i %$$K 4X$9$k Cm0U $NBh#6 9‘L\$K %-%c%C%7%e $K4X$9 $k in v alidate $NNc 30$r :n@.$7 $?!#$J $*=$@5 FbMF$O!" %_!<%F%# %s%0$K $*$1$k $b$N $H0[$J $j!" in v alidate Cf$N read, rdin v $O<uM}$9$k$3$H$H$7$?!# � %j %H %i %$ $K 4X $7 $F!" %-%c%C %7%e $O <+ J, $, =P $7 $? %j %/ %( %9 %H $, #M #B #P $K <u M} $5 $l!" %-%c%C %7%e $, %j %W %i %$ $r JV $5 $J $$ %1!< %9 $G $O!" Ev 3: %V %m%C %/$K4X$9$k%-%c%C%7%e$+$i$N%j%/%(%9%H$r%j%H%i%$$9$kI,MW$,$"$k$H$N9‘L\$rDI2C$7$?!# � %"%I%l%9%U%j%C%H$N CLSH %S%C%H$N2r<a$K!" write req $NFCNc$r5-=R$7$?!#$9$J$o$A!"DL>o%-%c%C%7%e%V%m%C%/$N>uBV ( global/lo cal ) $,F~ $k CLSH %S%C%H$G$"$k$,!" write req $G$O CPU $+$i$N%3%^%s%I$r%G%3!<%I$7$?$b$N$,$O$$$k$3$H!K � FI $_ =P $7 %G!< %? $N =g =x $K 4X $9 $k 5- =R $r DI 2C!# %" %I %l %9 %U %j%C %H Cf $N ADDR %U%#!< %k %I $N 5- =R $H FEBIT %U%#!< %k %I $N 5- =R $r JQ 99!# MW $9 $k $K!" %Q%1%C %H $,;} $D %G!< %?$N %5 %$%: $, %V %m%C%/ $N >l9g!" %" %I%l %9 $O double w ord C1 0L$G $" $j!"%" %I %l%9 $G ;X Dj$7 $? 8l$+ $i >:=g $G mo d4 $r <h$C$?=gHV$G=PNO$5$l$k!# � CPU $+$i$N%"%/%;%9$H!"%P%9%Q%1%C%H$H$NBP1~%F!<%V%k$rDI2C$7$?!# � read F req $,GQ;_$5$l$? � $=$N$[$+!"%Q%1%C%H3FO@$N5-=R$rJd$$!"407k$7$?$b$N$H$7$?!# V ersion 3.3 1995.7.14 b y J?LZ 7I � V3.3 $O %(%i%9%F%#%C%/%P%j%"$K4X$9$k5-=R$rDI2C$9$k$H$H$b$K read reply $*$h$S rdin v reply Ey$K$*$1$k!" w ait >pJs$N07$$$rJQ99$7$? $b$N$G$"$k � V3.2 $^$G!"%j%W%i%$%Q%1%C%H$K$*$$$F R-W AIT >pJs$r%G!<%?$H6&$K WWE %U%#!<%k%I$rMQ$$$FE>Aw$7$?$,!"$3$l$O8m$j$G$"$C$?!# V3.3 0J9_$G$O W-W AIT >pJs$r%j%W%i%$%Q%1%C%H$N WWE %U%#!<%k%I$K$D$1$FE>Aw$9$k!# V ersion 3.4 1995.7.28 b y J?LZ 7I � V3.3 $^$G $N5-=R $G$O!"%S%C %H!"%P %$%H!"%o!< %I!"%@ %V%k%o!< %I$H %S%C%H8F >N$J $I$N$" $$$@ $G[#Kf $JE@ $,$"$C$?!# L@3N $J5-=R $rIU $1B-$9 $H$H $b$K!"0J2<$NE@$rL@3N$K$7$? 1. 35@b$N>O$K Endian $K4X$9$k@a$r@_$1$F!"$"$$$^$$$5$r$J$/$7$? 2. %P%9%]!<%H#M#B#PBP1~$G!"#M#B#P#0$r6v?t%Z!<%8B&!"#M#B#P#1$r4q?t%Z!<%8B&$H$9$k!# 3. $r W ORD1 $N%i%$%H%$%M!<%V%k$K $r W ORD 0 $N%i%$%H%$%M!<%V%k?.9f$H$7$?!# 4. $r %V%m%C %/ Cf double w ord 0, $r %V %m%C%/ Cf double w ord 1, $r %V %m%C %/Cf double w ord 7, $N full/empt y %S%C%H$H$7$?!# � ?7$7$$%3%^%s%I read xxxx A req $J$I$r:n@.$9$k!#FbMF$O$$$:$l$K$;$h DSP 8F$S$@$7$N$?$a!":n@.$OMF0W � %(%i%9%F%#%C%/%P%j%"$N@a$r99?7$7!" 1:2 $ND9J}7A$^$G5v$9 � rdin v req $K A CK %U%#!<%k%I$rDI2C$9$k � PEND ?.9f$N%?%$%_%s%0%A%c!<%H$r:n$k$H$H$b$K!" PEND,RETR Y $N%?%$%_%s%0$K4X$9$k#1@a$r@_$1$k � retry 5,B’$r2~D{$7$?!# � %P%9$+$i%Q%1%C%H$r<h$j9~$‘>r7o$r!" all $^$?$O DID $N0lCW$HL@3N2=$9$k!#$^$?!" non cac heable $G$b all $G=P$9 � INJ MASK $O$$$:$l$N read 7O%j%W%i%$%Q%1%C%H$G$bM-8z$H$9$k � CLSH=0 $N up date 7O%j%/%(%9%H %Q%1%C%H$r MCC/MBP $O5[F~$7$J$$$3$H$rL@5- � read req $K!" global shared clean $G%-%c%C%7%e$,JVEz$rJV$9$3$H$,$"$k$3$H$rL@5- � A CK %U%#!<%k%I$N0LCV$O!" A CK $rI,MW$H$7$J$$%Q%1%C%H$G$O#0$H$9$k$3$H$rL@5- � read reply Ey$N DID %G%P%$%9$O!"$=$N%j%W%i%$$H$J$k860x$N%j%/%(%9%H$r=P$7$?$b$N$G$J$/$F$O$J$i$J$$!# cac he injection $ONc30 � in v alidate via home req $O %j%/%(%9%H$NH/?.<T$r DID $H$9$k rdin v reply $K$h$jH/?.<T$KEA$($i$l$k!# � reply %Q%1%C%H>e$N R-W AIT $r , W-W AIT $r $K:\$;$k$h$&$K;EMM$r3NG’$9$k 4

� ?7$?$K injection req $r:n@. $9$kF0 :n$O allread reply $HF1$8 $G$"$k $,%j%H%i %$$,2D G=$G$" $k!#$3$l$O MMC $@ $1$,H/ @8$5$;$k!# DSP $O $3$NH/@8$KEv$?$C$F!"Ev3:%V%m%C%/$K4X$7$F<+J,$,Jz$($F$$$k;E;v$r%A%’%C%/$9$k � writebac k reply $r?7@_$9$k!#F0:n$O write req $HF1$8!#%j%/%(%9%HMQ write req $O non cac heable req MQ$H$7$F;D$9 � %j %H %i %$ $N 5, B’ #3 $r 0J 2< $N $h $& $K JQ 99 $9 $k !V request 7O %Q %1%C %H $O <u $1 <h $k %G %P %$ %9 $N 0l ;~ E* 86 0x $G %j %H %i %$ 2D G= $G $" $k!# $? $@ $7!$ %j %H %i %$$N860x$O2?$b6&DL%P%9$+$i%Q%1%C%H$r<u$1$H$i$:!$$^$?!V request 7O%Q%1%C%H$rAw$j=P$5$J$/$F$b!W;~4V$N7P2a$H$H$b$K2r7h$9$k I,MW$,$" $k!#!W V ersion 4.0 1995.8.7 b y J?LZ 7I � V4.0 $O!"2>#M#B#P$rMQ$$$?<BAu$K$?$$$9$k0l1~$N:G=*HG$rL\;X$9$b$N$G$"$k � V4.0 $G?75,$JE@ $O$J$/!":Y$+$$ %P%0$r=$@5$7 $?!#FC$K!"%j%H %i%$?.9f!" X PEND ?. 9f$N%?%$%_%s %0$K4X$o$k 5-=R$K4X$9$k [#Kf$JE@$r0l A] $7$? V ersion 4.1 1996.1.25 b y J?LZ 7I � V4.1 $O!"%P %9%A%C%W $N%]!<%H 3d$jIU $1$K4X $9$k #P #8$N8m$C $?5-=R $rD{ @5$7$? $b$N$G $"$k!# %-%c%C%7%e %]!<%H $N3d$j IU$1$O!" A4%S%C%H $KBP $7$F9T$J$o$l$k$3$H$,@5$7$$5-=R$G$"$k!# 5

1 35O@ 1.1 %/%i%9%?$N9=@. JUMP-1 6& DL %P%9 !J0J 8e!" CBus $H N, $9 $k!K$O!$ JB Ns 7W ;;5! JUMP-1 $N =h M} %/ %i %9%? Fb $N %f %K%C%H $r Aj 8_ @\B3 $9 $k %P %9 $G $" $k!# K\ ;E MM =q $O!" CBus $N 9= @.!" CBus $K $* $1 $k E> Aw <j =g $N >\ :Y!" CBus >e $G $N %-%c%C %7%e $* $h $S %a %b%j@)8fJ}<0$r5,Dj$9$k$b$N$G$"$k!# JUMP-1 $N%/%i%9%?$O0J2<$N%f%K%C%H$+$i$J$k!’ � MWAG%W%m%;%C%5 Sup erSP AR C � 4 � Fs<!%-%c%C%7%e ( E-Cac he ) � 4 � %-%c%C%7%e!&%3%s%H%m!<%i ( CC ) � 4 � Memory-Based Pro cessor ( MBP ) � 2 � %/%i%9%?!&%a%b%j!&%P%s%/ � 2 � #R#D#T%M%C%H%o!<%/!&%k!<%? � 1 CBus $N4pK\5!G=$O!$ 4 $D$N CC !$ 2 $D$N MBP $rD>@\@\B3$9$k$3$H$G$"$k!#$J$*!"2>#M#B#P$rMQ$$$?<BAu$G$O!" #2$D $N #M#B #P $N$+ $o $j$K #1 $D $N#M #M #C!J%a %b %j %3%s %H %m!<%i!K $, @\B3 $5 $l!" %/%i %9 %?%a %b %j$r %" %/ %;%9 $9 $k@) 8f $r <B 8=$7$F$$$k!# #M#M#C$N>\:Y$K$D$$$F$O#M#M#C;EMM=q$r;2>H$9$k$3$H!# ?^ 1: JUMP-1 %G!<%?!?%"%I%l%9$NI=8=7A<0 6

1.2 4pK\E*;v9‘ 1.2.1 Endian JUMP-1 $O!" CPU !" %a %b%j!" %P %9Ey A4 $F$N 9‘ L\$K $D $$$F!" SP AR C Arc hitecture $K =>$& $H F1$8 0U L#$N Big En- dian %"%I%l %9IU$1$r MQ$$$k!#$9 $J$o$A!" b yte, half w ord, w ord $K $D$$$F$O!" Big Endian $G$" $j!" bit $*$h $S double w ord 0J>e $NBg $-$5 $K$D $$$F $O Little Endian $G$" $k!# $^ $?!" w ord Fb%S%C %H$O >o$K MSB !J>l9g $K $h$C $F $O sign bit !K $, :G Bg $N %S%C %H 8F >N $G $" $j!" LSB $, :G >. $N %S%C %H 8F >N $G $" $k!# =>$C $F!" %S%C %H %" %I %l %9 $, MW 5a $5$l$k 5-=R $G$O!" %S%C%H8F >N$H!" %S%C%H %"%I %l%9$, 0lCW $9$k!# ?^ 1 $O!" #J#U #M#P !]#1 $K$*$1 $k%S%C %H8F >N!"%S%C %H%" %I%l%9!"%P%$%H%"%I%l%9!" half w ord %"%I%l%9!" w ord %"%I%l%9!" double w ord %"%I%l%9$r<($9$b$N$G$"$k!# K\;EMM =q @bL@ Cf $G$O!" :. Mp $rHr $1 $k$? $a!" %S%C%H 8F >N$K $O !N!O $G 0O$_!" %S%C %H 0LCV!" %P %$%H 0L CV$J $I $O0O $^ $l $J $$?t;z$G5-=R$9$k!#$^ $?!"%S%C%H%U%#!<%k%I$N;XDj $OA4$F%S%C%H8F>N$G E}0l$7!"!N!OFb$NJB$S=g $O #X!N#A!’#B!O$H #X !N#B!’#A!O$rA4$/:.F1$7$F;HMQ$7$F$$$k!# 1.3 %G%P%$%9HV9f <!$K!"%G%P%$%9HV9f $K$D$$$F$N con v en tion $r Dj$a$k!#%-%c%C%7%e %3%s%H%m!<%i $NHV9f$O!" CPU HV9f $HF10l$G$" $k!# %P%9%A%C%W $O#4 8D$K J,3d $5$l $k$,!" HV9f $O %O!<%U %o!<%I $N%" %I%l %9=g $H0l CW$9 $k!"$9 $J$o $A%G!< %? double w ord $N MSB B&$, %P%9%A%C%W #0$G$"$j!" LSB B&$,%P%9%A%C%W#3$G$"$k!# #M#B#P $O!" %Z!<%8 HV 9f$N 6v 4q $K$h $j 6hJL $5 $l$k!# 6v ?t%Z!< %8 $O #M #B#P #0!" 4q ?t%Z!< %8 $O#M #B #P#1 $G =hM} $5 $l $k!# ;H MQ $9 $k %Z!< %8 $, #4 #K %P %$ %H $N %9 %b!< %k!& %Z!< %8 $N >l 9g!" %" %I %l %9 $, ADDR[12] = 0 $N >l 9g!" #M #B #P #0 $G $" $j!" ADDR[12]= 1 $N >l 9g!" #M #B #P #1 $G $" $k!# F1 MM!" %i!< %8!& %Z!< %8 $N >l 9g!" ADDR[18] = 0 $N >l 9g!" #M #B #P #0 $G $" $j!" ADDR[18] = 1 $N>l9g #M#B#P#1$G$"$k!# $J$*!"2>#M#B#P$r;HMQ$9$k>l9g$O!"#18D$7$+$J$$$?$a!"A4$F$N%j%/%(%9%H$O#M#B#P #0$,BP>]$G$"$k!# 1.3.1 ?.9fL> K\;EMM=q$G07$&?.9f@~L>$N5-K!$H$7$F!" 4pK\5!G=L>$r SIG NAME $H$9 $k$H!"O@M}$N6K@-$r@\F,<- !JIiO@M}?.9f $G<B8=$9$k>l9g X SIG NAME $HL?L>!K!"?.9f$NJ}8~@-$r@\Hx<-!JF~NO?.9f$r SIG NAME I !"=PNO?.9f$r SIG NAME O Ey$HL?L>!K$H$7$?47MQ$r;HMQ$9$k!# ?.9f $N 5- =R $O!" A4 $F %P %9 %A%C %W $r <g BN $H $7 $F 8+ $F $$ $k!# $9 $J $o $A!" %G %P %$ %9 $+ $i %P %9 %A%C %W $X $N ?. 9f $, F~ NO $G $" $j!"%P%9%A%C%W$+$i%G%P%$%9$X$N?.9f$,=PNO$G$"$k!#$^$?!"@5O@M}$O#H$,??$G$"$j!"IiO@M}$O#L$,??$G$"$k!# 7

2 J*M}E*9=@. CBus $O JUMP-1 %/%i%9%?FbIt$rAj8_ 7k9g$9$k6&DL%P%9$G$"$k $,!"J*M}E*%$%s%W%j%a%s%F!< %7%g%s$H$7$F$O%P%9 $G$O $J $/#L #S #I$r MQ $$!"#4 8D $N %P%9 %A%C %W$K J, 3d $7$F <B 8=$5 $l $k!#$7 $+ $7 $J$, $i!" K\@a $G $OM} 2r $r MF0W $H $9$k $? $a #1 8D$N%P%9%A%C%W$G<B8=$5$l$F$$$k$b$N$H2>Dj$7$F@bL@$9$k!#J,3d$7$?<B8=J}<0$O<!@a$r;2>H$N$3$H!# 35@b $G $b =R $Y $? $h $& $K!" %P %9 %A%C %W $K $O!" #2 <o N‘ #6 8D $N %G %P %$ %9 $, @\ B3 $9 $k $? $a!" #6 %]!< %H $N %P %9 %]!< %H $, @_ CV $5$l$F$$$k!#6qBNE*$K$O0J2<$K<($9%]!<%HHV9f$,3F%G%P%$%9$KBP1~$9$k!# � Fs<!%-%c%C%7%e%a%b%j!J E-Cac he !K$*$h$S%-%c%C%7%e!&%3%s%H%m!<%i!J CC !K 0. %-%c%C%7%e!&%3%s%H%m!<%i !t#0 1. %-%c%C%7%e!&%3%s%H%m!<%i !t#1 2. %-%c%C%7%e!&%3%s%H%m!<%i !t#2 3. %-%c%C%7%e!&%3%s%H%m!<%i !t#3 � Memory-Based Pro cessor !J MBP !K 4. #M#B#P !t#0 !J6v?t%Z!<%8B&!K!J#M#M#C$r@\B3$9$k>l9g$,$"$k!K 5. #M#B#P !t#1 !J4q?t%Z!<%8B&!K!J#M#M#C$,@\B3$5$l$k>l9g$K$O;HMQ$7$J$$!K � $=$NB> 6. 3d$jEv$F$J$7!#;H$C$F$O$$$1$J$$ 7. 3d$jEv$F$J$7 ( all $H$7$FMQ$$$k ) !# %P%9 %A%C %W $H $N @\ B3 ?. 9f @~ $N <o N‘ !? 5! G= $O!" @\ B3 $9 $k %]!< %H $K $h $j Hy L/ $J :9 0[ $, B8 :_ $9 $k!# 8D!9 $N :9 0[ $O 3F!9 $N ;EMM5-=R$K$*$$$F>\=R$9$k$,!"<gMW$J:90[$O<!$NDL$j$G$"$k!’ � %-%c%C %7%e $N %9 %L!< %W A‘ :n $K 4X $9 $k ?. 9f @~ ( X MSH I, X CRPL Y I ) $O!" %-%c%C %7%e %a %b %j $K @\ B3 $5 $l $F $$ $k %P%9%]!<%H !t#0 !A !t#3 $@$1$+$iF~NO$5$l$k!# 8

2.1 CBus $r9=@.$9$k?.9f@~ CBus $O 0J 2< $K <( $9 ?. 9f @~ $G 9= @. $5 $l $k!# 3F ?. 9f @~ $N EE 05 $O!" %P %9 %A%C %W $, B> $N 5! G= $N %A%C %W $r 7s $M $F $$ $k 4X 78 >e 6& DL %P %9 ;E MM =q V2.x $G $O L$ Dj $G $" $j!" #3!% #3 #V $H #5 #V $, :. :_ $9 $k!# 3F ?. 9f @~ $O 86 B’ E* $K C1 J} 8~ $G $" $k $,!" #6 #4 %S%C %H $N %G!< %? !? %" %I %l %9 %U%#!< %k %I $* $h $S!" $= $l $K 4X O" $9 $k WWE [ 1:0 ] $O AP J} 8~ $G $" $k!# =>$C $F!" %G!< %? !? %" %I %l%9 %U%#!< %k %I$N E> Aw J} 8~ $, JQ 2= $9 $k >l 9g $K $O!" >/ $J $/ $H $b #1 %/ %m%C %/ $N 6u Gr $r F~ $l $k I, MW $, $"$k!# $J $*!" AP J} 8~ $N>l9g $O>o$K MW5a$r =P$7 $?%G%P %$%9 $,=PNO!" B>$N%G %P%$ %9$,F~ NOJ}8~ $H$J $j!"8e=R X ES ?. 9f$K $h$jE> Aw$,Cf CG$5 $l $J$$8B$j%P%9!&%Q%1%C%HE>Aw$,=*N;$9$k%P%9%/%m%C%/$^$GJ}8~@-$,0];}$5$l$k!# $J$*!"%P %& %s %@%j!& %9 %-%c%s $J $I %G%P %0 !? %a%s %F %J%s %9 $K MQ$$ $k ?. 9f@~ $N >\:Y $O El <G$K $h $k JT A G %^%K%e %" %k $r ;2>H$9$k$3$H %P%9%A%C%W6&DL@)8f?.9f@~ ?.9fL> K\?t J}8~ %l%Y%k 5-=R CLK 1 F~NO @5O@M} %P%9$KBP$9$k%/%m%C%/!##6#0#M#H z %/%m%C%/$rF~NO$9$k!#%/%m%C %/$O#L"*#H$N%(%C%8$rMQ$$!"#H"*#L$N%(%C%8$OMxMQ$7$J$$!# X RESET 1 F~NO IiO@M} %P%9%A%C%W$KBP$9$k%j%;%C%H?.9f!# X RESET $O%P%9%A%C%W3F It J, $N =i 4| 2= $K ;H MQ $5 $l!" X RESET $, #L $G $" $k 4| 4V $K >/ $J $/ $H $b #2 #5 #6 8D CLK $K $h $k %/ %m%C %/ $, 2C $( $i $l $k I, MW $, $" $k!# FS 3 F~NO @5O@M} %P %9 %A%C %W $N 5! G= @_ Dj $r 9T $J $&!# %P %9 %A%C %W $O!" FS $K $h $j <! $N 3F 5! G= $r <B 8= $9 $k!# FS $O!" %A%C %W $, O@ M} F0 :n $r 9T $J $& 4| 4V!" %l %Y%k$,8GDj$7$F$$$kI,MW$,$"$j!" FS $,JQ2=$7$?>l9g$K$O X RESET $K$h$j%j%;%C%H$r$+$1$kI,MW$,$"$k!# 0. %P%9%A%C%W!t#0!J MSB B&!K 1. %P%9%A%C%W!t#1 2. %P%9%A%C%W!t#2 3. %P%9%A%C%W!t#3!J LSB B&!K 4. %-%c%C%7%e%3%s%H%m!<%iMQ%G!<%?%P%C%U%! 5. #M#B#P%a%b%j%$%s%?!<%U%’%$%9 6. %P%9$KD>@\@\B3$5$l$k#M#M#C SCLK 1 F~NO @5O@M} %P%9%A%C%W JT AB %P%&%s%@%j!&%9%-%c%sMQ%/%m%C%/F~NO SRST 1 F~NO @5O@M} %P%9%A%C%W JT AB %P%&%s%@%j!&%9%-%c%s2sO)$N%j%;%C%H?.9f SMOD 1 F~NO @5O@M} %P %9 %A%C %W JT AB %P %& %s%@ %j!& %9 %-%c %s 2s O) $N F0 :n %b!< %I ;X Dj SI 1 F~NO @5O@M} %P%9%A%C%W JT AB %P%&%s%@%j!&%9%-%c%s%G!<%?F~NO SO 1 =PNO @5O@M} %P%9%A%C%W JT AB %P%&%s%@%j!&%9%-%c%s=PNO 9

3F%]!<%H%G!<%?E>Aw?.9f@~ ?.9fL> K\?t J}8~ %l%Y%k 5-=R D A T A [ 63:0 ] 64 F~=PNO @5O@M} %G!<%?$*$h$S%"%I%l%9E>Aw$KMQ$$$i$l$k!#%P%9!&%Q%1%C%HE>Aw <j=g$N:G=i$G$O!"%"%I%l%9!?%3%^%s%I$,Aw$i$l!";D$j$NItJ,$G $O%G!<%?$^$?$O5!G=$r<B8=$9$k$?$a$KI,MW$J>pJs$,Aw$i$l$k!# D A T A $NE>AwJ}8~$r@ZBX$($k>l9g$K$O!"#1%/%m%C%/$NM>M5!JAP J}$,F~NO%b!<%I$H$J$k!K$r$H$k$3$H$,I,MW$G$"$k!# WWE [ 1:0 ] 2 F~=PNO @5O@M} WWE [ 1:0 ] $O!"%Q%1%C%H$N%"%I%l%9%U%j%C%H$N>l9g!" request %Q %1%C %H$N%G!< %?%U%j%C %H$N>l9g $*$h$S reply %Q %1%C%H$N %G!<%? %U%j%C%H$N>l9g$N#3<oN‘$N0UL#$K2r<a$5$l$k!# %Q%1%C%H$NBh0l%U%j%C%H$G$"$k%"%I%l%9!&%U%j%C%H$K$*$$$F$O!" WWE [ 1:0 ] $O %Q %1%C %HD9 $r I= $9!# %Q %1%C %H D9 $N 2r <a $O 2<I= $N DL $j$G$"$k!# WWE [ 1 ] WWE [ 0 ] P ac k et Length L L 1 L H 2 H L 5 H H Reserv ed %G!< %?!& %U %j%C %H $K $* $$ $F $O!" %-%c%C %7%e $+ $i $N request %Q %1%C%H$K$*$$$F$O%P%9%A%C%W$H$N%G!<%?!J#6#4%S%C%H!K$N8l!J#3 #2%S%C%H!KC10L$N=q$-9~$_%$%M!<%V%k?.9f!# WWE [ 0 ] $, D A T A [ 63:32 ] $K BP1~$7!" WWE [ 1 ] $, D A T A [ 31:0 ] $KBP1~$9$k!# %-%c%C%7%e$^$?$O MBP $+$i$N reply %Q%1%C%H$G$O WWE [ 0 ] $, Ev3: double w ord $N R-W AIT %U%i%0!JFI$_=P$7$rBT$C$F $$$k=q$-9~$^$l$?%G!<%?$,B8:_$9$k!K$r1?$S!" WWE [ 1 ] $, W- W AIT %U%i%0!J=q $-9~$_$r BT$C$F$$$k FI$_=P$7 %j%/%(%9 %H$, B8:_$9$k!K$r1?$V!# $J$*!" WWE $NE>AwJ}8~$O D A T A $NE>AwJ}8~$H0lCW$9$k X ASTB I 1 F~NO IiO@M} %P %9 %A%C %W $X $N D A T A ?. 9f $, %" %I %l %9 $G $" $k $3 $H $r <( $9!# %Q %1%C%HE>Aw$N:G=i$K;HMQ$5$l$k!# X ASTB O 1 =PNO IiO@M} %P %9 %A%C %W $, Aw $j =P $9 D A T A ?. 9f $, %" %I %l %9 $G $" $k $3 $H $r <( $9!# %Q %1%C %H E> Aw $N :G =i $K ;H MQ $5 $l $k!# X ASTB I $+ $i >o $K #1%/%m%C%/CY$l$k 10

3F%]!<%HE>Aw@)8f?.9f@~ ?.9fL> K\?t J}8~ %l%Y%k 5-=R X BREQ [ 1:0 ] 2 F~NO IiO@M} 3F %G %P %$ %9 $+ $i $N %P %9 MW 5a!# MW 5a $K $O #2 <o $N M% @h EY $, $D $1 $i $l!" X BREQ [ 0 ] $,M%@hEY$NDc$$%j%/%(%9%H7OMW5a$r!" X BREQ [ 1 ] $,M% @hEY$N9b$$%j%W%i%$7OMW5a$rI=$9!# 3F %G%P %$%9$G $O3F M%@hEY $KBP 1~$9$k X BREQ [ 1:0 ] $rG$0U $K assert $7 $?$j $d$a$? $j$7 $FNI$$!# %"!<%S %?$,G’ <1$9 $kMW5a $O>o $K!" 3F%G %P %$ %9 $, X BGR T $, JV$C $F $- $? ;~ E@ $N #1 %/ %m%C %/ A0 $K 3F %G %P %$ %9$,AwCW$7$? X BREQ [ 1:0 ] $N$&$A!"MW5aEY$N9b$$J}$G$"$k!#$b$7!" >CLG$7$?MW5a$KBP$7$F X BGRT $,Aw$i$l$F$-$?>l9g$O!" nop %Q%1%C %H$J$IL532$J$b$N$rAw$kI,MW$,$"$k!# $^$?!" X BGR T $r<u$1$H$C$?#1%/%m%C%/8e$N%P%9%5%$%/%k$K$O!" BP 1~ $9 $k X BREQ [ 1:0 ] $N CM $O 2r =| $5$l $F $$ $k I, MW $, $" $k!# $5 $b$J $1$l$P!"?7$?$KMW5a$r9T$J$C$F$$$k$b$N$H2r<a$5$l$k!# X BBUSY [ 1:0 ] 2 F~NO IiO@M} %G%P%$%9$,?7$?$JMW5a$r<u$1$H$k$3$H$,2DG=$+!"M%@hEYJL$K<($9!# $J$*!" X BBUSY [ 1:0 ] $NCM$OKh%/%m%C%/FHN)$KM?$($i$l$k$,!"%"!< %S%H%l!<%7%g%s$r9T$J$C$?;~E@$H>u67$,$+$o$j!"<u$1$H$l$J$/$J$C $? request 7O %Q %1%C %H $O 8e =R X BRETR Y O ?. 9f $r =P NO $9 $k $3 $H $K $h $j <u $1 $H $j $r 5q H] $9 $k I, MW $, $" $k!# $? $@ $7!" reply 7O $N %Q %1%C%H$OI,$:<uM}$9$kI,MW$,$"$k !# =>$C$F!"2<5->r7o$K=>$C$F X BBUSY [ 1:0 ] $r:n@.$9$kI,MW$,$"$k!# 1. X BBUSY [ 1 ] $O assert $5$l $?;~E@$G arbitration $r DL2a $7$? reply 7O%Q %1%C%H A4$F$r <h$j 9~$a$k $3$H$r A0Ds $K as- sert $9$kI,MW$,$"$k!# 2. X BBUSY [ 0 ] $O assert $5$l $?;~E@$G arbitration $r DL2a $7$?%Q%1%C%H$O!"%j%H%i%$$9$kA0Ds$G assert $7$F$bNI$$ 3. X BBUSY [ 1:0 ] $O!"%Q%1%C %H$r<u $1<h$k %G%P%$ %9$N0l ;~E*86 0x $G assert $G $- $k!# $G $" $k!# $? $@ $7!$ BBUSY $N 86 0x $O 2? $b6& DL%P %9$+ $i%Q%1%C %H$r <u$1 $H$i$:!$ $^$? !V request 7O%Q %1%C%H$rAw$j=P$5$J$/$F$b!W;~4V$N7P2a$H$H$b$K2r7h$9$kI, MW$,$"$k!# %G%C %I %m%C %/ $K 4X $9 $k Cm 0U!’ %M%C %H %o!< %/ $r 4^ $a $? 7O $G $N %G%C %I %m%C %/ $r Hr $1 $k $? $a!" %j %W %i %$ %-%e!< $H %j %/ %( %9 %H %-%e!< $O 40 A4 $KJ,N%$7$F$$$kI,MW$,$"$k!# X BBUSY [ 1 ] X BBUSY [ 0 ] Device Status H H A4$F$N%Q%1%C%H$r<u$1<h$j2D H L %j%/%(%9%H7O%Q%1%C%H<u$1<h$jIT2D L H %j%W%i%$7O%Q%1%C%H<u$1<h$jIT2D L L A4$F$N%Q%1%C%H<u$1<h$jIT2D 11

3F%]!<%HE>Aw@)8f?.9f@~!JB3$-!K ?.9fL> K\?t J}8~ %l%Y%k 5-=R X BGR T 1 =PNO IiO@M} X BGR T $, #L $H $J $k $H!" <! $N %P %9 %5 %$ %/ %k $+ $i %G!< %? $N E> Aw J}8~$,3NDj$7!"Ev3:%G%P%$%9$,%P%9$r@jM-$9$k!#$J$*!"<B:]$N %P %9 E>Aw $O X ASTB I ?.9f $,#L $H $J$k %P%9 %5%$ %/ %k$+ $i3+ ;O $5 $l $k!# X BGR T $O >o $K assert $5 $l $? #1 %/ %m%C %/ A0 $N MW 5a $KBP$7$F%"!<%S%H%l!<%7%g%s$r9T$J$C$?7k2L$r<($7$F$$$k!#!J$J $*!"%"!<%S%?$N2sO)@_7W>e$NLdBjE@$+$i!"#2%/%m%C%/A0$NMW5a $K=>$&2DG=@-$b;D$C$F$$$k$3$H$KN10U$5$l$?$$!K X BGR T ?.9f$,#L$H$J$C$?$,!" X ASTB I ?.9f$,#L$H$J$i$: <B:]$N%P%9E>Aw$,D94|4V!JM=$a@_Dj$5$l$?%P%9%/%m%C%/?t!K3+ ;O$5$l$J$$>l9g$K$O!"CWL?E*%(%i!<$H$J$j%7%9%F%‘$NF0:n$OJ] >Z$5$l$J$$!#%P%9$N2rJ|;~4|$O!"%Q%1%C%HD9$G7hDj$5$l$k!# X BGR T $O!"%P%9E>Aw$,3+;O$5$l$k$^$G!"$9$J$o$AEv3:%G%P%$%9$+$i X ASTB I ?.9f$, #L$H$J$k%P%9%5%$%/%k$^$GJ];}$9$kI,MW$,$"$j!" X ASTB I ?. 9f $, #L $H $J$C $? <! $N %P %9 %5 %$ %/ %k $G $O O" B3 $7 $F F1 0l %G %P %$ %9$+$i$NMW5a$,G’$a$i$l$J$$8B$j#H$KLa$kI,MW$,$"$k!# X ES 1 F~NO IiO@M} X ES $O!"%Q %1%C %H$N %^%9 %?$, @Z$j BX $o$k ;~$K I,MW $J%P %9 ?.9f >e$G$N%P%V%k$r8:>/$5$;$k$3$H$rL\E*$H$7$?!" Early Send ?. 9f@~$G$"$k!#>\$7$/$O!"8e$K%"!<%S%H%l!<%7%g%s$N9‘L\$G=R$Y $k$,!"35MW$r@bL@$9$k$H!" � X ES ?. 9f $O!" %P %9 E> Aw $N %9 %l!< %V B& !J<u ?. B&!K $@ $1 $, assert $9 $k!#%P %9E> Aw$N%^ %9%? B&!JAw ?.B&!K$G $O%Q %1%C %H E> Aw$N 4V!" >o $K #H $KJ] $D I, MW $, $"$k!# %P %9 E> Aw $N%^ %9 %? B& $G!"%Q %1%C %H E> Aw ESCf $G #L $H $J $k>l 9g $N F0 :n $OJ] >Z $5$l$J$$!# � X ES ?. 9f $O!" D9 $5 #5 $N %Q %1%C %H $r <u ?. $7 $F $$ $k >l 9g $@ $1$K assert $5$l$k!#D9$5#1$J$$$7$O#2$N%Q%1%C%H<u?.$K :] $7 $F$O >o $K #H $K J]$D I, MW $, $" $k!#$5 $b $J $/ $P!" @5>o $J F0:n$OJ]>Z$5$l$J$$!# � X ES ?. 9f $O!" %Q %1%C %H <u ?. B& $, %9 %L!< %W F0 :n $J $I $r $* $3$J $$!"E>Aw Cf$N %U%j%C%H 0J2< $,I,MW $J$$ >l9g$K assert $5$l$k!#$J$*!" assert $5$l$k%?%$%_%s%0$O!"%P%9!&%Q%1%C %H $rBh i %P %9 %/ %m%C %/$H $9 $k $H!" i + 4 %P %9 %/%m%C %/ 0J A0 $G $" $k!# $^ $?!" i + 1 %P %9 %/ %m%C %/ $J $I Hs >o $K Aa 4| $K CM $, 3N Dj $7!" assert $9 $k >l 9g $G $b!" <! $K Ev 3: %G %P %$ %9$,%^%9%?$H$J$k>l9g#2%P%9%/%m%C%/0J>eAa4|$K<!%Q%1%C %H$rE>Aw3+;O$9$k$3$H$OIT2DG=$G$"$k!# � X ES ?. 9f $, assert $5 $l $k $H!" %P %9 %A%C %W $O D A T A $* $h$S WWE ?.9f@~$NCM$r Input J}8~ $KJQ99$9$k!# X BRETR Y O 1 =PNO IiO@M} %P%9$,%G%P%$%9$+$i<u$1$H$C$?%Q%1%C%H$KBP$9$k%j%H%i%$MW5a!# %Q %1%C%H$r Aw=P$9 $k%G%P %$%9$G $OBh i %P%9%/ %m%C%/$+ $i3+;O $7 $?%Q%1%C%H$K4X$9$k X BRETR Y O ?.9f$OBh i + 4 %P%9%/%m%C %/$G<uM}$9$k!# BRETR Y $K$h$j%P%9$r%j%H%i%$$9$k>l9g$O$9 $Y$F%G%C%I%m%C%/$r9MN8$7!"@dBP$KH/@8$7$J$$$3$H$r3NG’$9$k I, MW $, $" $k!# $J $*!" X BRETR Y O $O!" 3F %G %P %$ %9 $+ $i F~ NO $7$? X BRETR Y I $NOB$r$H$j!"0lC6%i%C%A$7$??.9f$G$"$k X BRETR Y I 1 F~NO IiO@M} $9$J$o$A!"%Q%1%C%H$r<u$1$H$k%G%P%$%9$K$H$j!"Bh j %P%9%/%m%C %/$+$i%Q%1%C%H$r<uM}$9$k$H!" %j%H%i%$$,I,MW$J>l9g$K$OBh j + 2 %/%m%C%/$K$F X BRETR Y I ?.9f$rAw=P$9$kI,MW$,$"$k !# 12

3F%]!<%H%9%L!<%W@)8f?.9f@~ ?.9fL> K\?t J}8~ %l%Y%k 5-=R X MSH I 1 F~NO IiO@M} 8=:_E>AwCf$^$?$OD>A0$KE>Aw$7$?%Q%1%C%H$KBP$7$F!"%V%m%C%/ $r 6&M-$9 $k>l9g $KAw=P $9$k?. 9f!#%Q%1%C %H$rBh i %P %9%/%m%C %/ $+ $i Aw $j =P $9 $H!" Bh i + 2 %/ %m%C %/ $K X MSH I $r <u M} $9 $k!# X BRETR Y I ?.9f$HF1$8%?%$%_%s%0$GF~NO$9$k!# X MSH O 1 =PNO IiO@M} 8=:_E>AwCf$^$?$OD>A0$KE>Aw$7$?%Q%1%C%H$KBP$7$F!"%V%m%C%/ $r6&M-$9$k%-%c%C%7%e$,B8:_$9$k$3$H$r<($9?.9f!#<B$O X MSH I $rC1$K OR $7!"%i%C%A$7$??.9f@~!#%G%P%$%9$,%Q%1%C%H$rBh j %P %9%/%m%C%/$K %P%9%A%C%W $XAw=P$9$k $H!"Bh j + 4 %/ %m%C%/$G X MSH O $rAw=P$9$k!# X CRPL Y I 1 F~NO IiO@M} 8=:_E>AwCf$^$?$OD>A0$KE>Aw$7$?%Q%1%C%H$KBP$7$F!"Ev3:%-%c%C %7%e$,%j%W%i%$$9$k$3$H$r<($9?.9f!#%G%P%$%9$X%Q%1%C%H$rBh i %P%9%/%m%C%/$GAw=P$9$k$H!"Bh i + 2 %/%m%C%/$K X CRPL Y I ?.9f$r<uM}$9$k!# X BRETR Y I ?.9f$HF1$8%?%$%_%s%0$GF~NO $9$k!# X CRPL Y O 1 =PNO IiO@M} 8=:_E>AwCf$^$?$OD>A0$KE>Aw$7$?%Q%1%C%H$KBP$7$F!"%-%c%C%7%e %a %b %j $, %j %W %i %$ $9 $k $3 $H $r <( $9 ?. 9f!# <B $O X CRPL Y I $r C1$K OR $7!"%i%C%A$7$??.9f@~!#%G%P%$%9$,%Q%1%C%H$rBh j %P %9%/%m%C%/$K%P%9%A%C%W$XAw=P$9$k$H!"Bh j +4 %/%m%C%/$G X CRPL Y O $rAw=P$9$k!# $J$*!" %P %9 ?. 9f @~ $G $O $J $$ $,!" %-%c%C %7%e %3 %s %H %m!< %i $H #M #B #P $^ $? $O #R #D #T %k!< %? 4V $G!" <! $N ?. 9f $, 7k @~ $5 $l $k$3$H$KCm0U$5$l$?$$!#!J%-%c%C%7%e%3%s%H%m!<%i$r<gBN$H$7$F?.9f$r8+$k!K CC{MBP D>@\?.9f@~ ?.9fL> K\?t J}8~ %l%Y%k 5-=R X PEND 1 F~NO IiO@M} %-%c%C%7%e%3 %s%H%m!<%i$r 2p$7$F Sup erSP AR C $N PEND ?. 9f@~$KBP1~!# X PEND ?.9f $O!"#M #B#P !J$^$? $O#M #M #C!K$, %P%9 $+$i %Q%1%C %H$r <uM} $9$k $H!" X RETR Y O ?.9f $N<! $N%/ %m%C %/$G#M#B#P$,@8 @.$9$k!# write 7O$N request $G$O!" request %Q%1%C%H$N%"%I %l%9!&%U%j%C%H$K $"$k A CK %U%#!<%k%I $K$h$j!" X PEND ?.9f@8@.$,@)8f$5$l$k!# A CK %U%#!<%k%I$,#0$N>l9g!" X PEND ?.9f@8@.$OM^;_$5$l$k!# X PEND ?.9f$N>\:Y$O!"8e=R$9$k 13

3 %P%9%A%C%W A0@a$G<( $7$? CBus $O!"<B :]$K $O 4 8D$N ASIC $G <B8= $5$l $k!#$3 $3$G $O!"%P %9%A%C %W$N %P%9 %A%C%W $H$7 $F$N 5!G= $r2L$?$9$?$a$KI,MW$J9‘L\$r=R$Y$k!# %P%9%A%C%W$O!"<g$K%G!<%?%Q%9$KCmL\$7$F#4J,3d$9$k!#$7$+$7$J$,$i!"A4$F$N?.9f@~$,J,3d2DG=$J$o$1$G$O$J$/!" 6&DL@)8f?.9f@~$d%O%s%I%7%’%$%/$K4XO"$9$k$b$N$NBgItJ,$O=EJ#$7$FG[CV$9$kI,MW$,$"$k!# ?^ 2 $O!"#J#U#M#P!]#1%/%i%9%?$N%A%C%WJ,3d$r<($9$b$N$G$"$k!#K\@a$G=R$Y$k%P%9%A%C%W$O?^Cf CCB !" BC !" MIF %A%C %W $r @. $9 $,!" $3 $3 $G $O BC $K BP 1~ $9 $k ;E MM $r =R $Y $k!# $3 $l $i %A%C %W $N @Z BX $( $O!" %P %9 %A%C %W $N FS F~ NO $K $h $j 9T $J$o$l$k!# ?^ 2: 1 %/%i%9%?$N%A%C%WJ,3d 0J2<$K<($9%P%9%A%C%W?.9f@~Cf%P%&%s%@%j!&%9%-%c%s$J$I%G%P%0!?%a%s%F%J%s%9$KMQ$$$k$b$N$OEl<G$N ASIC %A%C %W;EMM$K4p$E$/$b$N$G$"$k!#$3$l$i$N?.9f@~$O%P%9%A%C%W30It;EMM=q$K$*$$$F5,Dj$9$kM=Dj$G$"$k!# 14

%P%9%A%C%W6&DL@)8f?.9f@~ ?.9fL> K\?t J}8~ %l%Y%k 5-=R CLK 1 F~NO @5O@M} %P%9$KBP$9$k%/%m%C%/ X RESET 1 F~NO IiO@M} %P%9%A%C%W$KBP$9$k%j%;%C%H?.9f FS 3 F~NO @5O@M} %P%9%A%C%W$N5!G=@_Dj SCLK 1 F~NO @5O@M} %P%9%A%C%W JT AB %P%&%s%@%j!&%9%-%c%sMQ%/%m%C%/F~NO SRST 1 F~NO @5O@M} %P%9%A%C%W JT AB %P%&%s%@%j!&%9%-%c%s2sO)$N%j%;%C%H?.9f SMOD 1 F~NO @5O@M} %P %9 %A%C %W JT AB %P %& %s%@ %j!& %9 %-%c %s 2s O) $N F0 :n %b!< %I ;X Dj SI 1 F~NO @5O@M} %P%9%A%C%W JT AB %P%&%s%@%j!&%9%-%c%s%G!<%?F~NO SO 1 =PNO @5O@M} %P%9%A%C%W JT AB %P%&%s%@%j!&%9%-%c%s=PNO 3F%]!<%H%G!<%?E>Aw?.9f@~ ?.9fL> K\?t J}8~ %l%Y%k 5-=R D A T A [ 15:0 ] 16 F~=PNO @5O@M} %G!<%? !? %"%I%l%9?.9f WWE [ 1:0 ] 2 F~=PNO @5O@M} WWE [ 1:0 ] $O!"%Q%1%C%H$N%"%I%l%9%U%j%C%H$N>l9g!" request %Q %1%C %H$N%G!< %?%U%j%C %H$N>l9g $*$h$S reply %Q %1%C%H$N %G!<%? %U %j%C %H $N >l 9g $N #3 <o N‘ $N 0U L# $K 2r <a $5 $l $k!# WWE $N 0U L# $K$D$$$F$OA0@a$r;2>H$N$3$H!# $J$*!" WWE [ 1:0 ] $O!"#48D%P%9%A%C%WA4$F$GF10lF~NO$r<uM}$9 $kI,MW$,$"$k$,!"=PNOB&$O#18D$N%G%P%$%9$+$i$@$1=PNO$9$l$P NI$$!# X ASTB I 1 F~NO IiO@M} %P%9%A%C%W$KF~NO$9$k%Q%1%C%H$N:G=i$r<($9!#%"!<%S%H%l!<%7%g %s$GI,MW$J$?$a!"A4%P%9%A%C%W$KF~NO$9$k X ASTB O 1 =PNO IiO@M} %P%9%A%C%W$+$i=PNO$9$k%Q%1%C%H$N:G=i$r<($9!#%G%P%$%9$G$N MW5a@)8f$GI,MW$G$"$k!#A4$F$N%P%9%A%C%W$,F10l>pJs$r=PNO2D G=$G$"$k$,!"#18D$N%P%9%A%C%W$+$i=PNO$9$l$P$h$$!# 15

3F%]!<%HE>Aw@)8f?.9f@~ ?.9fL> K\?t J}8~ %l%Y%k 5-=R X BREQ [ 1:0 ] 2 F~NO IiO@M} 3F%G%P%$%9$+$i$N%P%9MW5a!#%"!<%S%H%l!<%7%g%s$K;HMQ$9$k$? $a!"A4%P%9%A%C%W$KF~NO$9$k X BBUSY [ 1:0 ] 2 F~NO IiO@M} %G%P%$%9$,?7$?$JMW5a$r<u$1$H$k$3$H$,2DG=$+!"M%@hEYJL$K<( $9!#%"!<%S%H%l!<%7%g%s$K;HMQ$9$k$?$a!"A4%P%9%A%C%W$KF~NO $9$k X BGR T 1 =PNO IiO@M} %P%9%A%C%W$+$i$N%0%i%s%H?.9f!##48D$N%P%9%A%C%W$N$J$+$G!" #18D$@$1=P$;$P$h$$ X ES 1 F~NO IiO@M} %P %9 %A%C %W $X $N early send ?. 9f!# #4 8D $N %P %9 %A%C %W A4 $F $, F~ NO$9$kI,MW$,$"$k X CNTL O 1 =PNO IiO@M} X BRETR Y, X MSG, X CRPL Y $N$&$A$N$$$:$l$+$r!"%P%9 %A%C%W#48D$N$&$A#38D$rMQ$$$F<B8= X CNTL I 1 F~NO IiO@M} F1>e$N?.9fF~NO!##48D$N%P%9%A%C%W$N$&$A!"#38D$KJ,$1$F<B8=!# 0J>e$^$H$a$k$H!"3F%P%9%A%C%W$KI,MW$J?.9f@~?t$O2<I=$NDL$j$G$"$k!# %P%9%A%C%W$N%T%s?t3d$jEv$F J,N‘ ?.9fL> J}8~ K\?t =EJ#$9$kMQES 6&DL@)8f CLK I 1 X RESET I 1 FS I 3 SCLK I 1 SRST I 1 SMOD I 1 SI I 1 SO O 1 %]!<%H 0 ... 5 D A T A IO 16 WWE IO 2 1 c hip $@$1 IO !#B>$O I X ASTB I I 1 X ASTB O O 1 B>$N?.9f$H7sMQ2D X BREQ I 2 X BBUSY I 2 X ES I 1 Early send X BGR T O 1 X CNTL I I 1 X MSH, X BRETR Y, X CRPL Y X CNTL O O 1 X MSH, X BRETR Y, X CRPL Y %]!<%HF~NO>.7W I 7 %]!<%H=PNO>.7W O 3 %]!<%HF~=PNO>.7W IO 18 #6%]!<%HAm7W 168 9g7W F~NO9g7W I 51 =PNO9g7W O 19 F~=PNO9g7W IO 108 Am7W 178 vspace8mm %P%9 %A%C %W $N @5 >o 5! G= <B 8= $K I, MW $J #1 #7 #8 K\ $N $& $A!" 4p K\ 5! G= <B 8= $K #1 #6 #8 ?. 9f %T %s!" %/ %m%C %/ Ey 6& DL ?. 9f %T %s $K#1#0K\$,I,MW$G$"$k!# 16

?^ 3: %P%9%A%C%W$NF~=PNO 3.0.1 %"!<%S%H%l!<%7%g%s$N35MW CBus $O!" %A%C %W $r ;H$C $? FC D’ $r @8 $+ $7!" $^ $? %j %/ %( %9 %H $H %j %W %i %$ $, J, N% $7 $F $$ $k $3 $H $r M- 8z $K ;H $& $? $a!" #2 CJ3,M%@hEY=8Cf%"!<%S%H %l!<%7%g%s $rMQ$$ $k!##1#6%S%C%HKh$K%9%i %$%9$5$l$?3F%P%9%A%C %W$O3F!9%"!<%S%?$r;} $A!" F10l %"!< %S%H %l!< %7%g %sF0 :n $r 9T$J $&!# $^ $?!"3F %G %P %$%9 $H %P %9%A%C %W $N %G!<%? ?. 9f $OAP J} 8~ ?.9f @~ $G 7k9g $5 $l $F $$ $k $? $a!" J} 8~ @Z BX $N $? $a $K H/ @8 $9 $k %P %9 >e $N %P %V %k $r :G >. 2= $9 $k $? $a!" %Q %1%C %H $N D9 $5 $K 1~ $8 $? @Z BX $( @) 8f $r 9T $J $&!# %"!<%S%H%l!<%7%g%s2sO)$,K~$?$9I,MW$,$"$k<g$J>r7o$O!’ 1. $$ $+ $J $k >u 67 $G $b %G%C %I %m%C %/ $r H/ @8 $7 $J $$ !J$? $@ $7!" %G%C %I %m%C %/ $r H/ @8 $7 $J $$ >r 7o $O!" 3F %G %P %$ %9 Fb $N =h M}J}<0$K0MB8$9$k!K 2. 3F%G%P%$%9$,%U%’%"$J%P%93d$jEv$F$r<u$1$k 3. =PMh$k$@$1%P%9$rM-8z3hMQ$7!"%P%9>e$G$N%P%V%k$rM^$($k 4. %"!<%S%H%l!<%7%g%s2sO)$,9bB.F0:n!J#6#0#M#H z Kh%/%m%C%/%"!<%S%H%l!<%7%g%s$r9T$J$&!K2DG=$G$"$k $3$l$i$N>r7o$rK~$?$9$?$a0J2<$N35MW$N%"!<%S%H%l!<%7%g%sJ}<0$r;HMQ$9$k!# 1. =hM}2DG=$J reply 7OMW5a$,$"$k>l9g$K$O!"I,$: request 7OMW5a$K@hN)$C$F=hM}$,9T$J$o$l$k!# 17

2. 3F%G%P%$%9$,%U%’%"$J%P%93d$jEv$F$r<u$1$k$?$a$K0J2<$NJ}<0$rMQ$$$k!’ (a) 3F%G%P%$%9$+$i$NMW5a$O!"!J=‘!K%i%&%s%I%m%S%sM%@hEY$G<uM}$5$l$k!# (b) %i %& %s %I %m %S %s M% @h EY $N >l 9g!" MW 5a $r C5 :: $9 $k 5/ E@ $O!" :G 8e $K MW 5a $, <u M} $5 $l $? %]!< %H $N NY $K @_ Dj $9 $k $+!"5! 3#E*!" Nc$( $P MW5a $,G’ $a$i $l $kKh $K$K =d2s $9 $k%]!< %H$K @_Dj $9 $k!#!JF0 :n$N :F8= @- >e!"A0 <T$, K>$^ $7$$!K 3. =PMh$k$@$1%P%9$rM-8z3hMQ$7!"%P%9>e$G$N%P%V%k$rM^$($k$?$a!"2<5-$NJ}<0$rMQ$$$k!’ (a) %Q%1%C %HD9 $r #1!"#2!" #5$K J, $1$k!# $? $@$7!" %Q%1%C %H D9#1 $N >l9g!" %Q%1%C %H $,O" B3$9 $k $3$H $O $J$/!" I,$: 4V$K#1%P%9%/%m%C%/$N6u7d$,I,MW$G$"$k!# (b) Aw ?.85 $,F1 0l$G $"$k %Q %1%C%H $,O" B3$9 $k>l 9g!" %Q%1%C %HD9 $,#2!" #5$N >l 9g$K $O%Q %1%C%H 4V$N 6u 7d$, A4$/ $J $/!"%Q%1%C%HD9$,#1$N>l9g$K$O6u7d$,#1%P%9%/%m%C%/$H$J$k!# (c) Aw ?.85 $,JQ $o$k >l 9g!"@h 9T$9 $k%Q %1%C%H D9$, #5 $G$" $j!"<! $NAw ?.85 $,@h 9T$9 $k %Q%1%C %H$N 8eH> $r<u M}$9 $k I,MW $,$J $$>l 9g !J%9%L!< %W$K $*$$ $F!"%" %I %l%9 %U%j%C %H$r 8!:: $7 $?7k 2L%G!< %?$r <u$1 $H $k$3 $H$, ITI, MW$G $"$k $3$H $,H= L@ $7$? >l9g!" $*$h $S%9 %L!< %W$, ITMW $G!"%" %I%l %9 %U%j%C %H$G <($5 $l$k Aw $j@h $,0[ $J$C$F $$$k >l9g!K!" X ES $r =PNO$7!" <!$N Aw?. 85$, @h9T $9$k %Q%1%C %H$N Bh#4 %U%j%C %H$N 0LCV $+$i Aw?. $r3+ ;O$9 $k$3 $H $K$h $j!"@h 9T$9 $k %Q%1%C %H!"<! $N%Q %1%C%H $H $b<u ?.$9 $k%G %P%$ %9 $+$i 8+$F O"B3 $9$k %Q %1%C%H $H$7 $F<u ?.2D G=$J$h$&$K$9$k!# (d) @h9T $9 $k%Q %1%C%H $ND9 $5$, #1$G $"$j Aw?. 85 $,JQ $o$k >l9g!" %"%I %l%9 %U%j%C %H$K 0z$- B3 $/%P %96u 7d$r APJ} 8~ ?.9f@~$NJ}8~@ZBX$($N6u7d$H$7$F;HMQ$9$k!# 3.0.2 %"!<%S%H%l!<%7%g%sJ}<0 K\@a $G $O!" %"!< %S %H %l!< %7%g %s 2s O) $N 9= @. $r <( $9!# $9 $G $K <( $7 $F $$ $k Fb MF $G $" $k $,!" %"!< %S %H %l!< %7%g %s $* $h $S E>Aw @) 8f$K 4X O"$9 $k 3F?. 9f @~ $N0U L# FbMF $* $h $S!"%"!< %S %H%l!< %7%g %s$* $h $S E>Aw @) 8f$K I, MW$G $" $k <g$J Fb It?. 9f $K $D $$$F@bL@$9$k!# X BREQ X BREQ [ 1:0 ] $O!"3F%G%P%$%9$+$i$N%P%9MW5a$G$"$k!#MW5a$O request 7O$H reply 7O$KJ,$1$i$l!" request 7O$O X BREQ [ 0 ] !" reply 7O$O X BREQ [ 1 ] $GEA$($i$l$k!# reply 7O$O request 7O$h$j9b$$M%@hEY$r;}$D!# X BBUSY X BBUSY [ 1:0 ] $O!"3F%G%P%$%9$, request 7O $*$h$S reply 7O$NMW5a$r!JF~NO%P%C%U%!$, full $G$"$kEy$N M}M3$K$h$j!K<uM}IT2DG=$G$"$k$3$H$rEA$($k?.9f@~$G$"$k!# request 7O$O X BBUSY [ 0 ] !" reply 7O$O X BBUSY [ 1 ] $r ;HMQ$9$k!# X BBUSY $O<+M3$KJQ2=$7$FNI$$$,!"3F%G%P%$%9$K$*$$$F BUSY $G$J$$>uBV$+$i BUSY >uBV$KJQ 2=$9 $k>l9g!" MW5a $N%"!<%S %H%l!<%7%g %s$H <B:]$N E>Aw$K ;~4V:9 $,$" $k4X78 $G!" BUSY >uBV$N %G%P %$%9$K %Q%1%C %H $, E> Aw $5 $l $k >l 9g $, H/ @8 $9 $k!# $= $N >l 9g $O 3F %G %P %$ %9 $K $* $$ $F BUSY >u BV $G :G Dc #1 8D $N %Q %1%C %H $, <u M} 2D G=$G$"$k$+!" X BRETR Y ?.9f$K$h$j!":FE>Aw$,I,MW$G$"$k!# X ES X ES $O!" D9 $5 #5 $N %Q %1%C %H $r <u ?. $7 $F $$ $k %G %P %$ %9 $,!" #3!" #4 HV L\ $N %G!< %? %U %j%C %H $, IT I, MW $G $" $k $3 $H $r DL CN $9 $k ?. 9f $G $" $j!" X ES $r <u M} $7 $? <! $N %/ %m%C %/ $+ $i!" %P %9 %A%C %W %G!< %? ?. 9f @~ $r =P NO %b!< %I $+ $i F~ NO %b!< %I $X $H @Z BX $( $k!# X ES $r Aw$C $? %G %P %$ %9 $O!" $= $N <! $N %/ %m%C %/ 0J 9_!" :G Bg #2 %P %9 %/ %m%C %/ J, Aa $/ <! $N %Q %1%C %H Aw ?. $r 3+ ;O $9 $k $3 $H $, 2D G= $G $" $k!# !J%? %$ %_ %s %0 ?^ ;2 >H $N $3 $H!K %P %9 %A%C %W $G $O!" X ES $r <u M} $9 $k $H!"<!$N%/%m%C%/$+$i%G%P%$%9$X$N=PNO$rCf;_$7!"APJ}8~?.9f@~$rF~NO%b!<%I$H$7$F<!$N%Q%1%C%HE>Aw$rBT$D!# WWE WWE [ 1:0 ] $O!" %G!< %? %U %j%C %H $K $* $$ $F $O 8l C1 0L $N %i %$ %H %$ %M!< %V %k ?. 9f $G $" $k $,!" %" %I %l %9 %U %j%C %H $K $* $$$F $O!"%Q%1%C %HD9$r<( $9!#Aw?. B&%G%P %$%9$G$O!" X BGR T $, assert $5$l$k D>A0$N X ASTB O $H!"IU?o$9 $k WWE $+ $i!" D>A0 $N %Q %1%C %H $ND9 $5 $r 5a $a!" X BGR T $K $h$j G’ $a $i $l$? %Q %1%C %H E> Aw$N 3+ ;O ;~ 4| $r7h Dj $9 $k!#$J$*!"D>A0$N%Q%1%C%HE>AwCf X ES $, assert $5$l$?>l9g$K$O!":GBg#2%P%9%/%m%C%/%Q%1%C%HE>Aw$N3+;O$, Aa$a$i$l$k!# X ASTB I $r assert $7$?%P %9%/%m%C%/ $+$i WWE $G<($5$l $k%Q%1%C%HD9 $N4|4V=P NO%b!<%I$H$J $k!# %P%9%A%C %W$G $O!" X ASBT O $r assert $7$? %P%9%/ %m%C%/$+ $i WWE $G <($5$l $k%Q%1%C %HD9$N 4|4V$G X ES $K$h$j Cf CG$5$l$k$^$G =PNO%b!<%I$H$J$k!#!JD9$5#1$^$?$O#2$N%Q%1%C%H$O7h$7$FCfCG$5$l$J$$!K 18

?^ 4: X ES $N@bL@?^ X ASTB I X ASTB I $O!" 3F %G %P %$ %9 $+ $i $N %Q %1%C %H $N @h F, $r <( $9 ?. 9f $G $" $j!" X ASTB I $, assert $5 $l $F $$ $k4| 4V$K F~ NO$9 $k%U %j%C%H $O%" %I%l %9!&%U %j%C%H $G$" $k!# X ASTB I $O I,$: 8e=R $N X BGR T $H=E >v$9 $k%? %$ %_%s%0$G =PNO$5$l$k $?$a!"#1%P%9%/ %m%C%/$G$O#08D $^$?$O#18D$N X ASTB I $r%P%9%A%C %W$OF~NO$9$k $3$H$KCm 0U!# X BGR T X BGR T $O!"%P %9%A%C%W $,3F%G %P%$%9$K 6&DL%P %9$N;H MQ$,3d$j Ev$F$i $l$?$3 $H$rDL CN$9$k=P NO?.9f $G$" $k!#Ev 3:%G%P %$%9$, X BREQ $r assert $7!" %"!<%S%H %l!<%7%g%s $N7k2L!" A*Br$5 $l!"Ev3: MW5a%l %Y%k$N A4$F $N %G%P %$%9$, X BBUSY $r assert $;$:!"$+ $D8=:_ B>$N%G %P%$ %9$KBP $7$F X BGR T $r assert $7$F$$ $J$$>u BV$G assert $5$l $k!#3F %G%P %$%9 $+$i $NMW 5a$O!" X BGR T ?.9f $, assert $5$l $k %P%9 %/%m%C %/$N #1%/ %m%C%/ <jA0 $G G’<1$5 $l$k!#$^$?!" X BGR T $O!" Ev3:%G%P %$%9$+$i $N X ASTB I $, assert $5$l $k$H 2r=| $5$l$k!# F1 0l%G%P %$ %9 $K BP $7 $F X BGR T $H X ASTB O $, F1 0l %/ %m%C %/ $G =P $5 $l $k >l 9g $K $O!" X ASTB O $, M% @h $5 $l!" $= $N %/ %m%C %/ $K $O X BGR T $, $J $+$C $? $b $N $H 2r <a $5 $l $k!# $J $*!" F10l %G %P %$ %9 $+ $i O" B3 $7 $? MW 5a $, G’$a $i $l $k >l 9g$K$O!"2r=|$5$lD>$A$K assert $5$l$k$?$a!"O"B3$7$F#L%l%Y%k$H$J$k!# X ASTB O X ASTB O $OC1$K%i%C%A$5$l$? X ASTB I $G$"$k!# D A T A =PNO$N enable D A T A =P NO $O!" %P %9 %^ %9 %? $+ $i X ASTB I $r F~ NO $7 $? <! $N %P %9 %/ %m%C %/ $N @h F, $+ $i %P %9 %^ %9%?0J30$N%]!<%H$, enable $5$l!"%"%I%l%9%U%j%C%H$KIU?o$9$k WWE !J%Q%1%C%HD9!K$N<($9%P%9%/%m%C%/8e!" $^$?$O X ES $, assert $5$l$k$^$G enable $5$l$D$E$1$k!# %&%’!<%V%U%)!<%‘$N?^$O!"MM!9$J>l9g$K$D$$$F$NBeI=E*%P%9%?%$%_%s%0$r<($9$b$N$G$"$k!# 19

?^ 5: D9$5#1$N%Q%1%C%H 20

?^ 6: D9$5#2$N%Q%1%C%H 21

?^ 7: D9$5#5$N%Q%1%C%H 22

?^ 8: D9$5#5$N%Q%1%C%H!J X ES $, assert $5$l$k>l9g!K 23

?^ 9: D9$5#5$N%Q%1%C%H!J X ES $, assert $5$l$k$,!"<!$K%^%9%?$K$J$i$J$$>l9g!K 24

?^ 10: D9$5#5$N%Q%1%C%H!JF10l%^%9%?$,O"B3$7$FE>Aw$9$k>l9g!K 3.1 CY$l$F$/$k%P%9?.9f@~$N%?%$%_%s%0 3.1.1 X BRETR Y, X MSH, X CRPL Y $N%?%$%_%s%0 JUMP-1 6& DL %P %9 $G $O!" %P %9 E> Aw $K 4X $o $k X BRETR Y, X MSH, X CRPL Y ?. 9f @~ $O!" %P %9 %A%C %W $, H/ $9 $k X ASTB O $r 4p =‘ $H $7 $? %/ %m%C %/ $G!" 2 %/ %m%C %/ 8e $K =P NO $5 $l $k!# =>$C $F!" %P %9 %A%C %W $r 2p $7 $F @\ B3 $5 $l $F $$ $k B> $N %G %P %$ %9 ( %j %/ %( %9 %? $r 4^ $‘ ) $O #4 %/ %m%C %/ 8e $K $3 $l $i $N ?. 9f $r <u M} $9 $k!# ?^ 11 $O!" %j %H %i %$ $K 4X $9 $k %? %$ %_ %s %0 $r<($7$?$b$N$G$"$k!# 3.1.2 X PEND $N%?%$%_%s%0 X PEND $O!"%W%m%;%C%5$,H/$7$?%a%b%jA‘:n!"FC$K store A‘:n$N40A4$J=*N;F14|$r?^$k$?$a$K STBAR L?Na$K$h $jMQ $$ $i$l $k ?.9f @~ $G$" $k!# CPU $+ $i 8+$k $H!" X PEND ?. 9f$O Fs<! %-%c%C %7%e%3 %s %H %m!<%i $+ $i6! 5k $5$l!" Fs <! %-%c%C%7%e %3%s %H%m!< %i $K$* $1$k %a %b%j store F0 :n $N=* N;$r DLCN $9 $k!#Fs <!%-%c%C %7%e %3%s %H%m!< %i $O!"Ev 3:%a %b %j A‘:n$,Fs<!%-%c%C%7%e%3%s%H%m!<%iFb$GJD$8$k>l9g!"8=:_=hM}Cf$N store $r7W?t$7!";D?t$,#0$G$J$$>l9g$K X PEND 25

?^ 11: X BRETR Y, X MSH, X CRPL Y $N%?%$%_%s%0 $r assert $9$k!# %a%b %j =h M} $, Fs <! %-%c%C %7%e %3 %s %H %m!< %i $G JD $8 $J $$ >l 9g $O!" 6& DL %P %9 >e $K %Q %1%C %H $r Aw =P $7!" =h M} $r 30 It!" Nc $( $P #M #B #P $K 0M Mj $9 $k!# MW 5a %Q %1%C %H $r <u M} $7 $? #M #B #P $G $O!" Fb It $G =h M} Cm $N store Ey $r MW 5a 85 %-%c%C %7%e %3 %s %H %m!<%iKh$K7W?t$7!";D?t$,#0$G$J$$>l9g$K!"@\B3$5$l$F$$$k#48D$NFs<!%-%c%C%7%e%3%s%H%m!<%i3F!9$K BP1~$9$k X PEND $r assert $9$k!# ;EMM>e!"Ld Bj$K $J$k E@$O!" A4$/ =hM} Cf$N store $, $J$$ >u67 $G!"$I $N%? %$%_%s %0$^ $G$, Fs<! %-%c%C%7%e $, X PEND $r assert $9 $k HO 0O $G!" $I $3 $+ $i $, #M #B #P !J$^ $? $O 2> #M #B #P!K $, @U G$ $r ;}$C $F assert $9 $k HO 0O $+ $G $" $k!# JUMP-1 $G$O!" MBP $, X PEND $r assert $9$k%?%$%_%s%0$H$7$F0J2<$N;EMM$r<i$k$b$N$H$9$k!’ 1. CPU $X $N PEND ?. 9f $O Fs <! %-%c%C %7%e $, =P $9!# Fs <! %-%c%C %7%e $G JD $8 $k A‘ :n $K 4X $9 $k PEND ?. 9f $N =h M} $O Fs<!%-%c%C%7%e$,9T$J$& 2. MBP $K PEND ?.9f$K$h$kF14|$,I,MW$J%Q%1%C%H$r=P$9>l9g!" %Q%1%C%H$N%"%I%l%9!&%U%j%C%HCf$N A CK %U%#!< %k%I$r #1$K$9$k!# 3. MBP $O!" %Q %1%C %H $N <o N‘ $K 4X $o $i $:!" A CK %U%#!< %k %I $, #1 $G $" $k %Q %1%C %H $r <u $1 $H $j!" X BRETR Y ?. 9f 26

?^ 12: X PEND $N%?%$%_%s%0 $, 3N Dj $7 $F <u M} $9 $k $H!" SID $G <( $5 $l $k MW 5a 85 $K 4X $9 $k PEND %+ %& %s %? $r %+ %& %s %H %"%C %W $7!" Fs <! %-%c%C %7%e$K X PEND $r assert $9$k!# 4. PEND %+%&%s%?$,#0$G$"$k MBP $, ,A CK $,#1$N%Q%1%C%H$r<uM}$9$k$H!" retry $r<uM}$7$?<!$N%/%m%C%/$G X PEND $rFs<!%-%c%C%7%e$KAw$k 5. PEND %+ %& %s %? $O!" =h M} $7 $F $$ $k A‘:n $, !J#1!K =h M} >e $N %7 %j %" %i %$ %:$r <u $1 $? $+!" !J#2!K $" $H #8 %/ %m%C %/ 0J Fb$K=*N;$9$k$3$H$,3NDj$7$?;~E@$G!"%+%&%s%H%@%&%s$5$l$k!# 6. MBP $O PEND %+%&%s%?$,#0$K$J$k$HF1;~$K Fs<!%-%c%C%7%e$KBP$9$k X PEND $r <h$j2<$2$k!# ?^ 12 $O!" X PEND ?.9f$K4X$o$k%?%$%_%s%0$r<($9$b$N$G$"$k!’ 27

4 %Q%1%C%H CBus $G$O!"A4$F$N>pJs$O%Q%1%C%H$*$h$S$=$l$KIU?o$9$k?.9f$H$7$F%G%P%$%94V$rEAC#$5$l$k!# 3F%Q %1%C%H $O 1 8D $^ $? $O O"B3 $9 $k 2 8D $^ $? $O 5 8D$N %U %j%C %H $NAH $_ 9g $o $; $+$i $J $k !% $? $@ $7!"%Q %1%C %H D9 $,#1 $N >l 9g!" %" %I %l %9 %U %j%C %H $N D> 8e $N %P %9 %5 %$ %/ %k $O E> Aw $K ;H MQ $9 $k $3 $H $O =P Mh $J $$!# !J$D $^ $j!" O" B3 $7 $F D9 $5 #1 $N %Q %1%C %H $r Aw $k $3 $H $O IT 2D G= $G $" $k!K!# $7 $+ $7 $J $, $i!" D9 $5 $, #1 $N >l 9g!" #2 8D L\ $N %U %j%C %H $O E> Aw $, 9T $J $o $l $J $$ $? $a!"APJ}8~$N?.9f@~$NJ}8~@-$r@ZBX$($kL\E*$G;HMQ$9$k$3$H$,2DG=$G$"$k!# %U%j%C%H$O!$ CBus $N4p=‘%/%m%C%/$N 1 %5%$%/%k$K$*$1$k D A T A [ 63:0 ] >e$N%G!<%?$*$h$S!"F1;~$KAw$i$l$k WWE [ 1:0 ] $G $"$k!#D9$5$,#10J>e$N%Q%1%C%H$r9=@.$9$kA4%U%j%C%H$OO"B3$7$FE>Aw$5$l$k!#$J$*!"%Q%1%C%HF0:n$KF14|$7$F X MSH, X CRPL Y, X BRETR Y ( 3F!9 O $^$?$O I ) ?.9f@~ $b;HMQ$5 $l$k$,!" ?.9f@~$, M-8z$J;~ 4|$,%U %j%C%H$NE> Aw$HF14| $;$:!"CY$l$k!# 3F%Q%1%C%H$N@hF,$O!"BP1~$9$k%P%9%]!<%H$K$?$$$7$F X BGR T $, ??$H$J$C$?8e$N X ASTB !J%Q%1%C%H$,%G%P%$ %9 $+ $i %P %9 %A%C %W $X E> Aw $5 $l $k >l 9g $K $O X ASTB I, %P %9 %A%C %W $+ $i %G %P %$ %9 $X E> Aw $5 $l $k >l 9g $K $O X ASTB O !K $,?? $G$"$k;~$G$"$j!" 3F%Q%1%C%H$N:G8e$O!" X ASTB $, ??$H$5$l$?%P%9%/%m%C %/$K$*$1$k %"%I%l%9!&%U%j%C%H$K IU?o$9$k WWE [ 1:0 ] $NCM!"$9$J$o$A%Q%1%C%HD9%U%#!<%k%I$G7hDj$5$l$k!# request 7O%Q%1%C%H$O!"Ev3:%Q%1%C%H$,E>AwCf!JD9$5#5!K$^$?$OE>Aw$5$l$?8e!JD9$5#2$*$h$S#1!K$K X BRETR Y ?.9f $K $h $j %j %H %i %$ $5 $l $k!# %j %H %i %$ $5 $l $? %Q %1%C %H $O!" A4 $/ L5 $+$C $? $b $N$H $7 $F 07 $o $l $k!# =>$C $F!" request 7O %Q %1%C%H$O%j%H%i%$?.9f$,3NDj$9$k$^$G915WE*>uBV$NJQ99$r9T$J$C$F$O$J$i$J$$!# $^ $?!" O@ M} E* M} M3 $K $h $k %j %H %i %$ $O!" request 7O $G $"$C $F $b %G%C %I %m%C %/ $N 86 0x $H $J $k $? $a!" == J, $K Cm 0U $9 $k I, MW$,$"$k!#!J%M%C%H%o!<%/$+$i$b!" request 7OMW5a$,CmF~$5$l$k$3$H$KCm0U$9$k$3$H!K 4.1 %Q%1%C%H$N%j%H%i%$$K4X$9$kCm0U 6&DL %P %9 $K $* $1 $k %j %H %i %$ $O!" %G%C %I %m%C %/ $K F~ $k 4m 81 @- $r KI ;_ $9 $k $? $a 2< 5- >r 7o $r <i $k I, MW $, $" $k!# 2< 5- >r 7o $r<i$kHO0OFb$G$N@_7W$NG$0U@-$O!"@-G=$K1F6A$9$k$@$1$G$"$k!# 1. reply 7O%Q%1%C%H$O!"%j%H%i%$$7$F$O$J$i$J$$ 2. request 7O %Q %1%C %H$O!" %Q %1%C%H $r H/ ?.$7 $? %G %P%$ %9 <+?H $G >o $K%j %H %i %$2D G= $G$" $k!# $? $@$7!" request MW 0x $, B8 :_ $7 B3 $1 $k >l 9g $K <+ J, <+ ?H $G %j %H %i %$ $r $+ $1 $k $3 $H $O!" %G%C %I %m%C %/ E* >u 67 $K F~ $k 2D G= @- $, $" $k $? $a!" Cm 0U$,I,MW$G$"$k!# 3. request 7O%Q%1%C %H$O<u$1<h$k%G%P%$%9$N0l;~E*860x$G%j%H%i%$2DG=$G$"$k!#$?$@$7!$%j%H%i%$$N86 0x$O2?$b6& DL%P%9$+$i%Q%1%C%H$r<u$1$H$i$:!$$^$?!V request 7O %Q%1%C%H$rAw$j=P$5$J$/$F$b!W;~4V$N7P2a$H$H$b$K2r7h$9 $kI,MW$,$"$k!# ( reply 7O%Q%1%C%H$rAw$j$@$9$3$H$,>r7o$G$bNI$$ ) 4. request 7O %Q%1%C%H $r<u$1 <h$kFs <!%-%c%C%7%e $*$h$S#M #B#P$O!" BP>]%V %m%C%/$K 4X$7$F reply 7O %Q%1%C%H =P$9 M= Dj$, $" $l$P!" <u $1<h $k request 7O%Q %1%C %H$r %j %H%i %$ $9$k I, MW$, $" $k !#!J$D $^$j!" reply $7 $h $&$H $7 $F$$ $k %V%m%C%/$KBP$9$k B>$+$i$N request 7O%Q%1%C%H$O%j%H%i%$$9$k!K 5. request 7O %Q %1%C %H $r <u $1 <h $k Fs <! %-%c%C %7%e $O!" BP >] %V %m%C %/ $K 4X $7 $F request 7O %Q %1%C %H $r =P $9 M= Dj $K $h$C$F!"<u$1<h$k request 7O%Q%1%C%H$r%j%H%i%$$7$F$O$J$i$J$$ !#!J$D$^$j!" request $7$h$&$H$7$F$$$k%V%m%C %/$KBP$9$kB>$+$i$N request $r%j%H%i%$$9$k$3$H$OBLL\!#!K 6. request 7O%Q%1%C%H$r<u$1<h$k#M#B#P$O!"BP>]%V%m%C%/$K4X$7$F request 7O%Q%1%C%H$r=P$9M=Dj$,$"$k>l9g!" <u $1<h $k request 7O%Q %1%C%H $r %j%H %i%$ 2D G=$G $"$k !# !J$D$^ $j!" request $7 $h$& $H$7 $F $$$k %V%m%C %/$K BP $9$k B>$+$i$N request $r#M#B#P$O%j%H%i%$$7$FNI$$!#!K 7. Fs <! %-%c%C %7%e $G $O request 7O %Q%1%C %H $N =P NO !J$H $= $N 7k 2L$N %j %H %i %$!K $K $h $j reply 7O%Q %1%C %H $N Aw =P $r AK 32$7 $F $O$J $i$J $$!# !J$D$^ $j!" 30It $+ $i$N reply $r BT$C$F $$ $k%V %m%C %/$K BP $9$k request $r %j %H%i %$ $9$k >l 9g!"Ev3:%V%m%C%/$KBP$9$k%j%W%i%$=PNO$rAK32$7$F$O$J$i$J$$ ) 8. >e5-Bg86B’$N<B8=J}K!$H$7$F!"#M#M#C$K$h$k%$%s%W%j%a%s%H$r9MN8$7$F2<5->.86B’$r@_Dj$9$k!’ (a) %-%c%C%7%e $+ $i$N JV Ez$r BT $D %V%m%C %/ $KBP $9 $k #M #B#P $+ $i $N request $OFs <! %-%c%C%7%e $, %j %H%i %$ $9$k $3$H$, I,MW $G$" $k !#!J$D$^ $j!" CRPL Y $,JV $k#M #B#P$+ $i$N read !" rdin v req $NFI $_=P $7BP >]%V%m%C %/ 28

$KBP$9$k request $N %j%H%i%$$O NI$$!##M#M#C $N%$%s%W%j %a%s%H>eFs <!%-%c%C%7%e$,%j %H%i%$$9$k $3$H$,I, MW$G$"$k!#!K (b) #M #B#P $+ $i$N JV Ez $rBT $D %V%m%C %/ $K BP$9 $k Fs <! %-%c%C%7%e $+ $i$N request $N %j %H %i%$ $O Fs<! %-%c%C %7%e $, $9 $k I, MW $, $" $k !# !J$D $^ $j!" CRPL Y $, assert $5 $l $J $$ request 7O %Q %1%C %H $G!" #M #B #P $+ $i JV Ez $, JV$k%V%m%C%/ $KBP$7$F!" Fs<!%-%c%C%7%e$+ $i$N?7$?$J request 7O%Q%1%C%H$O %j%H%i%$ $9$k$3$H$, 2DG=$G$" $k!##M #M#C $N %$%s %W%j %a %s%H >e$3 $N %j%H %i%$ $O Fs<! %-%c%C%7%e $G 9T$J $&$3 $H $,I, MW$G $" $k!#!KFs <!%-%c%C %7%e$K$*$1$kK\%j%H%i%$$O2<5-J}?K$G<BAu$5$l$k!# %"%I%l%9#A$K4X$9$k MBP $+$i$NJVEz$rBT$C$F $$$kFs<!%-%c%C%7%e$O!$B>$NFs<!%-%c%C %7%e$,Aw=P$9$k%Q %1%C%H$NFb!$ ADDR[27:5] $, A[27:5] $KEy$7$$$b$N$rA4$F%j%H%i%$$5$;$k!# $J$*!$ JV Ez BT $A$N %H %i %s%6 %/ %7%g %s $,FC <l $J $b $N$G $" $k >l9g ( e.g. con trol read ) !$%j %H %i %$ $5$l $k %H %i%s %6%/ %7%g%s $,FC <l$J $b$N $G$" $k >l9g!$ $"$k $$$O JVEz BT$A $N%H %i%s %6 %/%7%g %s$H %j%H %i%$ $5$l $k%H %i%s %6%/ %7%g%s$N%-%c%C%7%e2DH]$,0lCW$7$J$$>l9g$O!VITI,MW$J%j%H%i%$!W$,H/@8$9$k!# ( 5, B’#3 $K$h$C $F MBP $O reply $r Aw =P$9 $k $3$H $K$h $j 2r7h $9 $k0l ;~ E*86 0x$K $h$C $FG$ 0U $N%Q %1%C%H $r %j %H%i%$$5$;$k$3$H$,$G$-!$$3$l$rJVEzBT$AFs<!%-%c%C%7%e$,Be9T$9$k$3$H$b2DG=$G$"$k!# ) 4.2 %U%j%C%H %U%j%C %H $O!$ CBus $N 4p =‘ %/ %m%C %/ $N 1 %5 %$ %/ %k $K $* $1 $k B D A T A [ 63:0 ] >e $* $h $S %G!< %? E> Aw $K 4X O" $9 $k ?. 9f @~ $N%G!<%?$G$"$k!#%U%j%C%H$K$O0J2<$N#2<o$N%U%)!<%^%C%H$,$"$k!’ 1. %"%I%l%9!&%U%j%C%H ( Address Flit ) 2. %G!<%?!&%U%j%C%H ( Data Flit ) 3F%Q%1%C %H $N@h F, $N%U %j%C %H $OI, $: %" %I %l%9!& %U %j%C%H $G $"$j!" %" %I%l %9 $* $h$S 0z $-B3 $/ %U%j%C %H $NFb MF!& F0 :n $r;X Dj $9 $k!# 0z$- B3 $/ #0 8D!" #18D $^ $? $O #48D $N %U %j%C %H $O!"%G!< %?!& %U %j%C %H $G$" $k!# =>$C $F!" 9g 7W#3 <o N‘ $N %Q %1%C %H7A<0$r$J$9!# 0J2<$G$O!$3F%U%j%C%H$N%U%)!<%^%C%H$K$D$$$F@bL@$9$k!% 4.2.1 %"%I%l%9!&%U%j%C%H %" %I %l %9!& %U %j%C %H $O!$ $9 $Y $F $N %Q %1%C %H $N Bh 1 %5 %$ %/ %k $K 8= $l $k!% $9 $J $o $A!" X BGR T $, #L $H $J$C $? 8e X ASTB $, #L $G $" $k %P %9 %5 %$ %/ %k $K =P 8= $9 $k!# %Q %1%C %H $N <o N‘ $K $h$C $F $O %" %I %l %9 %U %j%C %H $@ $1 $G 9= @. $5 $l $k $b $N $b $" $k!# $^ $?!" %Q %1%C %H $N <o JL $H WWE $K $h $k %Q %1%C %H D9 $, ?) $$ 0c $& ;X Dj $, $5 $l $? >l 9g $O!" %Q %1%C %H D9 $K 4X $7 $F WWE $K $h$k;X Dj$, M%@h$5 $l!"%Q%1%C %H$NM> J,$JIt J,$O<N $F$i$l!" ITB-$N ItJ,$O M=A[ $G$-$J $$%G!<%? $,Jd=< $5$l$k!# ?^ 13 $K!$%"%I%l%9!&%U%j%C%H $N%U%)!<%^%C%H$r<($9!% ?^ 13: %"%I%l%9%U%j%C%H$N9=@. 29

%"%I%l%9!&%U%j%C%H!J#1!K %U%#!<%k%IL> I} 5-=R WWE [ 1:0 ] 2 %"%I%l%9!&%U%j%C %H$K$*$$$F WWE %U%#!<%k%I $O%Q%1%C%HD9$r <( $9!# WWE [ 1 ] WWE [ 0 ] P ac k et Length L L 1 L H 2 H L 5 H H Reserv ed ADDR [ 27:0 ] 28 %Q %1%C %H $N A‘ :n BP >] $r <( $9 %/ %i %9 %?!& %" %I %l %9!# A‘ :n BP >] $N %5 %$ %:$, b yte, half w ord, w ord $K$+$+$o$i$:!"3F!9Dj$a$i$l$?%P%&%s %@ %j $r <i $k I, MW $, $" $k!# $9 $J $o $A!" %V %m%C %/ %G!< %? $G $O %V %m%C %/ 6- 3&!" #2 8l %G!< %? $G $O #2 8l 6- 3&!" #1 8l %G!< %? $G $O #1 8l 6- 3&!" H> 8l %G!<%?$G$O6v?t%P%$%H6-3&$N%"%I%l%9$G$"$kI,MW$,$"$k!# ADDR $, %/ %i %9 %? %a %b %j $N HO 0O $G $" $j !J2> #M #B #P HG $N >l 9g!" 2< 0L #3 #2 #M Bytes !"K\#M#B#P$N>l9g!"2<0L#1#2#8#M Bytes !K!"$+$D2<5- O W CH %S%C %H $, #1 $G $J $/!" DUMMY $, #1 $G $J $$ >l 9g!" D> @\ %/ %i %9 %? %a %b%j$,%"%/%;%9$5$l!"$=$l0J30$N>l9g$O#M#B#PF0:n$,5/F0$5$l$k HOME 1 HOME $,#1 $G$"$k>l9g!" ADDR %U%#!<%k%I$G;XDj$9$kBP>]$, home page $G$"$k$3$H$r<($9!##0$G$"$k>l9g$OBP>]$, home page $G$J$/!" %3%T!<$5$l$?%Z!<%8$G$"$k$3$H$r<($9!#2<5- DUMMY == 1 $G$"$k %@ %_!< %Z!<%8 $O 7h $7$F home page $H $J $jF@ $J $$ $?$a!" HOME %Z!< %8 %U%#!< %k %I $O ADDR $N 0l It $H $7 $F 07 $o $l $k!# $J $*!" HOME $O PE $,=PNO$9$k%"%I%l%9$NBh#2#8%S%C%H$KBP1~$9$k!# DUMMY 1 DUMMY $, #1 $G $" $k >l 9g!" ADDR %U%#!< %k %I $G ;X Dj $9 $k BP >] $, %@ %_!<%Z!<%8$G$"$k$3$H$r;XDj$9$k!##0$G$"$k>l9g$O!"BP>]$,%@%_!<%Z!< %8$G $J$$!"$9$J$o $A%/%i%9 %?Fb%a%b %j$KB8:_$9 $k$3$H$r <($9!#$J$*!" DUMMY $O PE $,=PNO$9$k%"%I%l %9$NBh#2#9%S%C%H$KBP1~$9$k!#$J $*!" DUMMY == 1 $N>l9g$O!" >e5- HOME %S%C%H$O;HMQ$5$l$:!" %/%i%9%?%"%I%l%9!J%@%_!<%"%I%l%9!K$N0lIt$H$7$F;HMQ$5$l$k!# O W CH 1 O W CH ( Owner Change JL L> CTLB-lo okup ) $, #1 $G $" $k >l 9g!" ADDR %U%#!< %k %I $G ;X Dj $9 $k BP >] $, Owner $r BX $( $k $3 $H $, I, MW $J 6&M-%"%/%;%9$G$"$kEy!" C-TLB $N%k%C%/%"%C%W$rMW$9$k$3$H$r<($9!# #0 $G$" $k >l9g $O!" BP>] $K C-TLB $N%k%C %/ %"%C%W $J $7$G %"%/ %; %9$9 $k $3 $H $r <( $9!# $J $*!" O W CH $O PE $, =P NO $9 $k %" %I %l %9 $N Bh #3 #0 %S%C%H$KBP1~$9$k!# LAR GE 1 LAR GE $, #1 $G$"$k>l9g ADDR %U%#!<%k%I$G;XDj$9$kBP>]$, %i!< %8 %Z!< %8 !J#2 #5 #6#K %P %$ %HC1 0L!K $K $"$k $3 $H $r<( $9!# #0$G $" $k >l9g $OBP>]$,%9%b!<%k%Z!<%8 !J#4#K%P%$%HC10L!K$K$"$k$3$H$r<($9!# LAR GE %S%C%H$O<g$K%"%/%;%9BP>]$N%/%i%9%?%a%b%j$,B8$9$k#M#B#P$K$*$$$F!" %Q %1%C %H $N <h $j 9~ $_ $r 7h Dj $9 $k!# $J $*!" LAR GE $O PE $, =P NO $9 $k %"%I%l%9$NBh#3#1%S%C%H$KBP1~$9$k!#$J$*!"2>#M#B#P$K$h$k<BAu$G$O!" 2> #M #B #P $, #1 8D $7 $+ $J $$ $? $a!" LAR GE %U%#!< %k %I $O ;H MQ $; $:!" L5 ;k$5$l$k!# PCMD [ 3:0 ] 4 PCMD %U%#!< %k %I $O SCMD %U%#!< %k %I $H 6& $K!" %Q %1%C %H <o $r ;X Dj $9$k!#$J$*!"%-%c%C%7%e%a%b%j$+$i=PNO$5$l$k%Q%1%C%H$N PCMD %U%#!< %k%I$O PE $N=PNO$9$k%"%I%l%9$NBh#3#2$+$iBh#3#5%S%C%H$r%G%3!<%I $7$?$b$N$G$"$k!# 30

%"%I%l%9!&%U%j%C%H!J#2!K %U%#!<%k%IL> I} 5-=R SCMD [ 2:0 ] 3 %Q %1%C %H $N F0 :n $r ;X Dj $9 $k I{ %3 %^ %s %I!# PCMD $H SCMD $, J, N% $7 $?%U%#!< %k%I$G$" $k$3$H$ONr ;KE*7P0^ $G$"$j!"AP J}$rO"7k $7$?#7%S%C %H%U%#!< %k%I$,%3 %^%s%I$H$7 $F;HMQ$5 $l!"3F%S%C%H $K0UL#$, $"$k$b$N $G$O$J$$!# FEPOL 1 CPU $+ $i $N %" %/ %; %9 $G F !? E bits $N 2r <a $K MQ $$ $i $l $k 8= :_ $N 6K @- $r <( $9!# CPU $+$i $N %" %I%l %9 >e 0L#4 %S%C %H $K %(%s %3!< %I $5$l $? %3 %^ %s%I $+$iF@$i$l $k!##M#B#P $,F14|%W%j %_%F%#%V$r <uM}$7$?>l 9g$KMQ$$ $k CCBL 1 CCBL %S%C%H$,#1$G$"$k>l9g!"%Q%1%C%H$,9T$J$&%a%b%jA‘:n$,%-%c%C %7%c%V %k$G$"$k $3$H$r<( $9!##0$G$" $k>l9g $O!"%N%s%-%c%C %7%c%V%k$G $"$k $3$H$r<( $9!#$3$3 $G!"%-%c%C%7%c%V %k$H$O>/ $J$/$H $bFs<!%-%c%C %7%e$,%-%c%C%7%c%V%k$G$"$k$3$H$r0UL#$9$k!# SU 1 SU %S%C %H $, #1$G $" $k >l 9g!"%Q %1%C %H A‘ :n$, FC 8" !J%+!< %M%k!K %b!< %I $G9T$J$o$l$k$3$H$r<($9!##0$G$"$k>l9g$O!"%Q%1%C%HA‘:n$,HsFC8"!J%f!< %6!K%b!<%I$G9T$J$o$l$k$3$H$r<($9!# SNOOP CNTL [ 2:0 ] 3 SNOOP CNTL %U%#!<%k%I$O!"%Q%1%C%H$,%9%L!<%WA‘:n$rH<$&>l 9g$K;HMQ$5$l$k!#2<0L%S%C%H$+$i!’ CLSH CLSH %S%C%H!"$9$J$o$A SNOOP CNTL [ 0 ] $,#1$G$"$k>l 9g!"%Q%1%C%H$NBP>]$,%/%i%9%?4V$G6&M-$5$l$F$$$k2DG=@-$, $"$k$3$H$r<($9!##0$G$"$k>l9g!"%Q%1%C%H$NBP>]$,%/%i%9%? 4V $G 6& M- $5 $l $F $$ $k 2D G= @- $, $J $$ $3 $H $r <( $9!# request %Q %1%C%H$N>l9g$O!" requester $,<+J,$NEv3:%V%m%C%/$N>pJs$K 4p$E$$$F CLSH ?.9f$rAw=P$9$k!#$?$@$7!" write req %Q%1%C %H$G$O requester $K$*$$$F writebac k $9$k%V%m%C%/$N global/lo cal >pJs$G$O$J$/!" %/%i%9%?Fb$N%/%i%9%?%a%b%j$^$G=q$-La$9 ( CLSH == 0 ) $+!" %[!< %‘$^ $G =q $-La $9 $+ ( CLSH == 1 ) $r6h JL $9 $k $? $a $K MQ $$ $i $l!" CPU $+ $i Aw $i $l $F $/ $k %3 %^ %s %I $r %G%3!<%I$7$?FbMF$r CLSH %S%C%H$K:\$;$k!# reply %Q%1%C%H$N>l9g$O!" reply $r<uM}$9$k%G%P%$%9$K$*$$ $F!" CLSH $^$?$O CLPR $r6hJL$9$k$?$a$K!"%j%W%i%$$9$k #M #B #P $^ $? $O #C #C $, Ev 3: %V %m%C %/ $N >p Js $K 4p $E $$ $F Aw =P $9 $k!# DR TY DR TY %S%C %H $9 $J $o $A SNOOP C NTL [ 1 ] $, #1 $G $" $k >l 9g!"Ev3:%Q%1%C%H$K$h$j%-%c%C%7%e$K%m!<%I$9$k%V%m%C%/$N B0@-$, dirt y $G$"$k$3$H$r<($9!##0$G$"$k>l9g$K$O clean $G $"$k$3$H$r<($9!# DR TY %S%C%H$O!" request %Q%1%C%H$G$O >o $K L5 ;k $5 $l $k!# reply %Q %1%C %H $G $O %j %W %i %$ $9 $k #M #B #P $^$?$O#C#C$,Ev3:%V%m%C%/$N>uBV$r8+$F7hDj$9$k!# MSH RPL Y MSH RPL Y %S%C%H!"$9$J$o$A SNOOP C NTL [ 2 ] $O!" reply %Q%1%C%H $K$*$$ $F!"%j%/ %(%9%H ;~$K$* $1$k MSH ?.9f @~$N7k2L$r<($9!#$J$*!" rdin v, in v alidate ;~$K$O!" request ;~$K$*$1$kCM$K78$o$i$:!"#0$rAw=P$9$k $J$*!"$3$l$i#3%S%C%HCf!" DR TY $*$h$S MSH RPL Y %S%C%H$O%j %W%i%$7O%Q%1%C%H$@$1$GMQ$$$i$l$k!# 31

%"%I%l%9!&%U%j%C%H!J#2!K %U%#!<%k%IL> I} 5-=R FE [ 3:0 ] 4 E>Aw$9$k%V%m%C%/Cf$N3F double w ord $KBP1~$9$k full/empt y %S%C %H!# FEPOL !JF1 4| 6K @-!K $, #0 $N >l 9g!" #1 $, FULL, #0 $, empt y >uBV$G$"$k$3$H$r<($9!# $J$*!"#1%V%m%C%/%G!<%?$rFI$_=P$9>l9g!"%"%I%l%9$G;XDj$7$? dou- ble w ord $, read reply %Q %1%C %H $N @h F, %G!< %? $K F~ $j!" ;D $j $O >: =g mo d 4 $GJB$Y $i$l $k$,!" F !? E %S%C %H$N #4%S%C %H>pJs $O!";X Dj $5$l$k %V%m%C %/Fb%" %I%l %9$K78 $o$i $:!">o$K %V%m%C %/$N %" %i%$ %s %a %s %H $r <u $1 $k!# =>$C $F!" FE [ 3 ] $O!" %V %m%C %/ Cf :G Bg %" %I %l %9 $r ;} $D $N double w ord !" FE [ 0 ] $O %V %m%C %/ Cf :G >. %" %I %l %9 $r ;} $D double w ord $K 78 $o $k full / empt y >p Js $r ;} $D !J %S%C %H $N BP 1~ $, Little Endian $K$J$C$F$$$k$3$H$KCm0U$9$k$3$H !K SIZE [ 2:0 ] 3 SIZE %U%#!<%k%I$O%Q%1%C%H$KIU?o$9$k%G!<%?$N%5%$%:$r<($9!#$? $@$7!" SIZE %U%#!<%k%I$N2r<a<+?H$O SCMD $*$h$S PCMD %U%#!< %k %I $K 0M B8 $9 $k!# 0l HL $K!" FI $_ =P $7 MW 5a ( read req Ey ) $G $O SIZE %U%#!< %k%I$O %j%W %i%$ %Q%1%C %H$N%G!< %?%5 %$%: $r7hDj $7!"$= $l0J 30$N>l9g$O!"Ev3:%Q%1%C%H<+?H$,1?$V%G!<%?$N%5%$%:$r7hDj$9$k!# V2.0 $K$*$$$FJQ99$5$l$?$3$H$KCm0U$9$k$3$H SIZE %U%#!< %k %I $, mask ed blo c k $G $" $k >l 9g $K $O!" 3F %G!< %? %U %j%C%H$KIU?o$9$k WWE %U%#!<%k%I$, w ord C10L$N=q$-9~$_%^%9 %/$H$7$F;HMQ$5$l$k!# SIZE %G!<%?$N%5%$%: BP1~$9$k%G!<%?E>Aw$N%/%m%C%/?t 000 b yte 1 001 half w ord 1 010 w ord 1 011 double w ord 1 100 blo c k 4 101 reserv ed 4 110 mask ed blo c k 4 111 none 0 32

%"%I%l%9!&%U%j%C%H!J#2!K %U%#!<%k%IL> I} 5-=R DID [ 2:0 ] 3 %Q%1%C %H $N 9T $-@h %G %P %$ %9$N ;X Dj!# 2< I=$K => $&!# I= Cf all $O!" %j%/ %( %9%H 7O%Q%1%C%H$G A4%G%P%$%9 $,<+H/E* $K%3%^%s%I $KBP1~$9$k F0:n$r9T $J$& $3$H$r;XDj $9$k!#!J<B:] $K$O!"6&DL %P%9$O%P%9 $G$"$kFC <A$+$i>o $K%V%m!<%I%-%c%9%H$r9T$J$$!"A4%G%P%$%9$K$h$kBP1~$O PCMD, SCMD $K $h $k%3 %^ %s %I<o $G 7h Dj$5 $l $k $,!"%9 %L!< %W ;22C >r 7o $H$7 $F all $r ;X Dj$9$k!K 3F %G%P %$%9 $O!" DID $K all $^$? $O Ev3: %G%P %$%9 HV9f $,;X Dj$5 $l$? >l 9g$K%Q%1%C%H$r<h$j9~$_!";XDj$5$l$?F0:n$r9T$J$&!# #M#B #P$O#28DB8 :_$9$k$,!" $$$:$l$N#M #B#P$,<u M}$9$k$+$O!" %"%I%l%9 %U %j%C %H $K 4^$^ $l $k ADDR %U%#!< %k %I$* $h $S LAR GE %U%#!< %k %I $K$h$j#M#B#P$,7hDj$9$k!#=>$C$F!"$$$:$l$N#M#B#P$, Destination $G $"$k >l9g$G$b!"#M #B#P#0!"$^ $?$O#M#B#P #1$rE,59 ;HMQ$9$k$3 $H$,2DG= $G$"$k!# 2>#M #B#PHG$G$N <BAu$G$b F1MM!"#18D$7 $+<BAu$5 $l$J$$$,!"#M #B#P#0$* $h$S#M#B#P#1$NN>J}$N DID $r;}$D%Q%1%C%H$O2>#M#B#P$G<uM}$5$l$k!# DID E>Aw@h%G%P%$%9 000 CC 0 001 CC 1 010 CC 2 011 CC 3 100 MBP 0 101 MBP 1 110 Reserv ed 111 all SID [ 2:0 ] 3 %Q%1%C%H$NAw?.85$N;XDj!#2<I=$K=>$&!#I=Cf all $O;HMQ$7$J$$!# SID E>Aw@h%G%P%$%9 000 CC 0 001 CC 1 010 CC 2 011 CC 3 100 MBP 0 101 MBP 1 110 Reserv ed 111 Reserv ed A CK 1 A CK %U%#!< %k %I $O!" Ev3: %Q %1%C %H $, MBP $K $* $$ $F X PEND ?. 9f $r MW5a $9$k $+$I $&$+ $r7hDj $9$k!# A CK $, #0$N >l9g!" MW5a =*N; $rBT $A 9g $o$; $k I,MW $O $J$/!" X PEND ?. 9f $O>o $K assert $5 $l$J $$!# A CK $, #1 $N >l 9g!" %Q %1%C %H $, <u M} $5 $l!" Retry $5 $l $J $$ $3 $H $, 3N Dj $7 $? ;~ E@$G SID $KBP 1~ $9$k X PEND ?. 9f$, assert $5$l!" #M#B #P $K$* $1 $k=hM}$,=* N;8e :F$S deassert $5$l$k!# write 7O request %Q%1%C%H $G M-8z!# A CK $r;HMQ$7$J$$%Q%1%C%H$G$O 0 $r;XDj$9$kI,MW$,$"$k!# INJ MASK [ 3:0 ] 4 INJ MASK %U%#!< %k %I $O Fs <! %-%c%C %7%e $K BP $7 $F %-%c%C %7%e %$ %s %8%’%/%7%g%s$r9T$J$&:]!"BP>]$H$J$kFs<!%-%c%C%7%e%a%b%j$r<($9!J#1 $,N)$C $F$$$k %S%C%H$KBP 1~$9$k Fs<!%-%c%C %7%e$K%-%c%C%7%e %$%s%8%’ %/ %7%g %s $r 9T $J $&!#!K read reply 7O %Q %1%C %H >e 0J 30 $G $O #0 $G $" $k I, MW$,$"$k!# 33

4.2.2 %G!<%?%U%j%C%H %G!<%?%U%j%C%H $O%@%V%k %o!<%I$r 3JG<$7!$%G!< %?%U%j%C%H >e$N%G!< %?$O Double-w ord !% 8B 6-3& $K%"%i%$ %s$5$l $? 8B %G!<%?!$$^$?$O!$$=$N0lIt ( S up erSP AR C User’s Guide 2.2.1 Load/Store $r;2>H ) $G$"$k!# ?^ 14 $K %G!<%?%U%j%C%H $N%U%)!<%^%C%H$r<($9!% ?^ 14: %G!<%?%U%j%C%H$N9=@. %G!<%?!&%U%j%C%H %U%#!<%k%IL> I} 5-=R D A T A [ 63:0 ] 64 D A T A %U%#!< %k %I $O %Q %1%C%H $N %G!< %? It J, $r 1? $V!# %G!< %?$O >o $K double w ord $G%"%i%$%s%a%s%H$,<h$i$l$F$$$k!# double w ord 0J 2<$NBg$- $5$N%G!<%?$O!">o$K double w ord Cf$H$7$F %"%I%l%9$N2< 0L %S%C %H $G ;X Dj $5 $l $k @5 $7 $$ 0L CV $K $* $+ $l $k!# %G!< %? %U %j%C %H Fb $N%"%I%l%9$O!">o$K#M#S#BB&$,>.$J$k%"%I%l%9$G$"$k!# %G!<%?%5%$%:$,%V%m%C%/$N>l9g!"%"%I%l%9$G;XDj$5$l$? double w ord $,:G=i$KE>Aw$5$l!"0J8e>:=g mo d 4 $G;D$j$N double w ords $, E> Aw$5$l$k!#$3$l$KBP$7$F!"%"%I%l%9%U%j%C%H$K4^$^$l$k FE %U%#!< %k %I $O!" %V %m%C %/ Fb $G $N 8G Dj E* 0L CV 4X 78 $r J] $D $3 $H $K Cm 0U $, I, MW $G$"$k!# WWE [ 1:0 ] 2 WWE %U%#!<%k%I$O!"%G!<%?%U%#!<%k%I$NFbMF$r=$>~$9$kJd=u%U%#!< %k %I $G $" $j!" %G!< %? %U%#!< %k %I $N 8l $^ $? $O G\ 8l $K BP $9 $k =q $- 9~ $_ %^%9%/$*$h$SF14|BT$A>pJs$rEAC#$9$k$?$a$K;HMQ$5$l$k!# =q $- 9~ $_ %^ %9 %/ $H $7 $F ;H MQ $9 $k >l 9g $O!" WWE [ 0 ] $, #1 $G $" $k >l 9g W ORD #0 $9$J$o$A D A T A [ 63:32 ] $N=q$-9~$_$r9T$J$$!"#0$G$"$k >l 9g!" =q $- 9~ $_ $r 9T $J $o $J $$!# F1 MM!" WWE [ 1 ] $, #1 $G $" $k >l 9g!" W ORD #1 $9 $J $o $A D A T A [ 31:0 ] $N =q $- 9~ $_ $r 9T $J $$!" #0 $G $" $k >l9g!"=q$-9~$_$r9T$J$o$J$$!# F1 4| BT $A >p Js $r EA C# $9 $k >l 9g!" WWE [ 1 ] $, #1 $G $" $k $H W-W AIT $9 $J $o $A!" =q $- 9~ $_ $r BT$C $F $$ $k FI $_ =P $7 %j %/ %( %9 %H $, B8 :_ $9 $k $3 $H $r <( $7!" #0 $G $" $k $H!" W-W AIT $G $J $$ $3 $H $r <( $9!# F1 MM!" WWE [ 0 ] $,#1 $G$"$k >l9g!" R-W AIT !"$9$J$o $AFI$_ =P$7$r BT$C$F $$$k=q$-9~$^$l$?%G!<%?$,B8:_$9$k$3$H$r<($7!"#0$G$"$k>l9g R- W AIT $G$J$$$3$H$r<($9!#=>$C$F!" WWE %U%#!<%k%I>e$N0UL#>p Js$O%Q%1%C%H<o$K0MB8$7!"8e=R$N;EMM$r;2>H$9$k$3$H!# %G!<%?%5%$%:$,%V%m%C%/$N>l9g!"%"%I%l%9$G;XDj$5$l$? double w ord $H WWE %U%#!< %k%I $, :G=i $K E>Aw $5 $l!"0J 8e >:=g mo d 4 $G ;D $j $N double w ords $H WWE %U%#!< %k %I $, E> Aw $5 $l $k!# $3 $l $K BP $7 $F!" %" %I %l %9 %U %j%C %H $K 4^ $^ $l $k FE %U%#!< %k %I $O!" %V %m%C %/ Fb$G$N8GDjE*0LCV4X78$rJ]$D$3$H$KCm0U$,I,MW$G$"$k!# 34

6&DL%P%9%3%^%s%I0lMwI= PCMD: %Q%1%C%H<o BP1~$9$k%j%W%i%$ >>K\%Q%1%C%HL> >>K\%j%W%i%$L> Hw9M SCMD 0000-000 read req read reply c/m read req c/m reply read %3%R!<%l%s%HFI$_=P$7 MW5a 0000-001 n c rd req n c rd reply c read no c req m reply no c Hs%3%R!<%l%s%HFI$_=P $7MW5a 0000-100 read XA req read XA reply BQ @hF,%V%m%C%/FI$_ =P$7MW5a 0000-101 read XB req read XB reply BQ BhFs@hF,%V%m%C%/ FI$_=P$7!?%G%-%e!<MW 5a 0000-110 read X C req read X C reply BQ @hF,%V%m%C%/FI$_ =P$7MW5a 0000-111 read XD req read XD reply BQ BhFs@hF,%V%m%C%/ FI$_=P$7!?%G%-%e!<MW 5a 0010-000 allread req allread reply c/m allrd req c/m reply allrd %3 %R!< %l %s %H allread MW5a 0010-010 injection req none %$%s%8%’%/%7%g%sMW5a 0000-011 sw ap req sw ap reply c sw ap req c/m swap reply %9%o%C%WMW5a 0010-011 sw ap M req sw ap M reply c sw ap M req m swap M reply MBP 8F$S=P$7MW5a 0100-000 rdin v req rdin v reply c/m rdin v req c/m reply in v read inv alidate MW5a 0100-100 rdin v P req rdin v P reply c rdin v P req c/m reply in v P p F1 4| IU $- rdin v MW 5a 0100-110 rdin v Q req rdin v Q reply c rdin v Q req c/m reply in v Q q F1 4| IU $- rdin v MW 5a 0100-111 rdin v F req rdin v F reply q-c hec k MQ MW5a 1000-000 up date via home req up date reply c up req m up date %[!<%‘ 7PM3 $N up date MW5a 1000-100 up date via home S req up date S reply c up S req m up date S s F14|$D$- up date MW 5a 1000-110 up date via home Q req up date Q reply c up Q req m up date Q q F14|$D$- up date MW 5a 1001-000 up date req none m up date none %[!<%‘ 7PM3 $N up date A‘:n 1001-100 up date S req none m up date S none s F14|$D$- up date A‘ :n 1001-110 up date Q req none m up date Q none q F14|$D$- up date $N A‘:n 1010-000 up date direct req none c/m up drct none D>@\%"%C%W%G!<%HMW5a 1010-100 up date direct S req none c up drct S none s F1 4| $D $- up date MW 5a 1000-010 write req none c writebac k to home w o in v none %i%$%HMW5a 1000-011 c ush req none c writebac k to home with in v none %$%s%P%j%G!<%H$9$k%i %$%H%P%C%/ 35

PCMD: %Q%1%C%H<o BP1~$9$k%j%W%i%$ >>K\%Q%1%C%HL> >>K\%j%W%i%$L> Hw9M SCMD 1010-001 n c write req none c write none Hs%3%R!<%l%s%H=q$-9~ $_MW5a 1010-011 n c write M req none c write M none Hs %3 %R!<%l %s%H M F1 4|=q$-9~$_ 1100-000 in v alidate via home req in v alidate req or none c in v req m in v alidate or none %[!<%‘7PM3%$%s%P%j%G!< %HMW5a 1100-100 write XA req write XA reply 9b5!G==q$-9~$_MW5a A 1100-101 write XB req write XB reply 9b5!G==q$-9~$_MW5a B 1100-110 write X C req write X C reply 9b5!G==q$-9~$_MW5a C 1100-111 write XD req write XD reply 9b5!G==q$-9~$_MW5a D 1101-000 in v alidate req none m in v alidate none %[!<%‘7PM3%$%s%P%j%G!< %HA‘:n 1110-000 con trol read req con trol read reply c/m cn trl read req c/m cn trl reply %3%s%H%m!<%kFI$_=P$7 MW5a 1110-010 con trol write req none c/m cn trl write none %3%s%H%m!<%k=q$-9~$_ MW5a 1110-001 demap req demap ac k c/m demap req c/m demap ac k %G%^%C%WMW5a 1110-011 in terrupt req none m in terrupt none 3d$j9~$_MW5a 36

%j%W%i%$%Q%1%C%H0lMwI= PCMD: %Q%1%C%H<o Ey2A$J%j%W%i%$ >>K\%Q%1%C%HL> Hw9M SCMD 0001-000 read reply read reply c/m reply read FI$_=P$7%j%W%i%$ 0001-001 n c rd reply read reply m reply no c Hs%3%R!<%l%s%HFI$_=P $7%j%W%i%$ 0001-100 read XA reply read XA req $X$N%j%W %i%$ 0001-101 read XB reply read XB req $X$N%j%W %i%$ 0001-110 read X C reply read X C req $X$N%j%W %i%$ 0001-111 read XD reply read XD req $X$N%j%W %i%$ 0011-000 allread reply allread reply c/m reply allrd allread %j%W%i%$ 0001-011 sw ap reply read reply c/m sw ap reply %9%o%C%W$N%j%W%i%$ 0011-011 sw ap M reply read reply m sw ap M reply M F14|$D$-%9%o%C%W$N %j%W%i%$ 0111-000 rdin v reply rdin v reply c/m reply in v read in v alidate %j%W %i%$ 0101-000 rdin v reply rdin v reply c/m reply in v >e5-$N alias 0101-100 rdin v P reply rdin v reply c/m reply in v P p F1 4| IU $- rdin v %j %W%i%$ 0101-110 rdin v Q reply rdin v reply c/m reply in v Q q F1 4| IU $- rdin v %j %W%i%$ 0101-111 rdin v F reply rdin v reply q-c hec k <B8=MQ %j%W%i %$ 1001-010 writebac k reply none %i%$%H%P%C%/MW5a!J%j %W%i%$%l%Y%k!K 1101-100 write XA reply 9b5!G==q$-9~$_MW5a A $N%j%W%i%$ 1101-101 write XB reply 9b5!G==q$-9~$_MW5a B $N%j%W%i%$ 1101-110 write X C reply 9b5!G==q$-9~$_MW5a C $N%j%W%i%$ 1101-111 write XD reply 9b5!G==q$-9~$_MW5a D $N%j%W%i%$ 1111-000 con trol read reply read reply c/m cn trl reply %3%s%H%m!<%kFI$_=P$7 %j%W%i%$ 1111-001 demap ac k read reply c/m demap ac k %G%^%C%W%j%W%i%$ 1111-111 nop no op eration 37

%3!<%II= PCMD: %Q%1%C%H<o Hw9M SCMD 0000-000 read req %3%R!<%l%s%HFI$_=P$7MW5a 0000-001 n c rd req Hs%3%R!<%l%s%HFI$_=P$7MW5a 0000-010 Reserv ed 0000-011 sw ap req %9%o%C%WMW5a 0000-100 read XA req BQ @hF,%V%m%C%/FI$_=P$7 0000-101 read XB req BQ BhFs@hF,%V%m%C%/FI$_=P$7 0000-110 read X C req BQ $N@hF,%V%m%C%/FI$_=P$7!?%G%-%e!< 0000-111 read XD req BQ $NBhFs@hF,%V%m%C%/FI$_=P$7!?%G%-%e!< 0001-000 read reply FI$_=P$7%j%W%i%$ 0001-001 n c rd reply Hs%3%R!<%l%s%HFI$_=P$7%j%W%i%$ 0001-010 Reserv ed 0001-011 sw ap reply %9%o%C%W$N%j%W%i%$ 0001-100 read XA reply read XA req $X$N%j%W%i%$ 0001-101 read XB reply read XB req $X$N%j%W%i%$ 0001-110 read X C reply read XC req $X$N%j%W%i%$ 0001-111 read XD reply read XD req $X$N%j%W%i%$ 0010-000 allread req %3%R!<%l%s%H allread MW5a 0010-001 Reserv ed 0010-010 injection req %$%s%8%’%/%7%g%sMW5a 0010-011 sw ap M req MBP 8F$S=P$7MW5a 0010-100 Reserv ed 0010-101 Reserv ed 0010-110 Reserv ed 0010-111 Reserv ed 0011-000 allread reply allread %j%W%i%$ 0011-001 Reserv ed 0011-010 Reserv ed 0011-011 sw ap M reply M F14|$D$-%9%o%C%W$N%j%W%i%$ 0011-100 Reserv ed 0011-101 Reserv ed 0011-110 Reserv ed 0011-111 Reserv ed 38

PCMD: %Q%1%C%H<o Hw9M SCMD 0100-000 rdin v req rdin v MW5a 0100-001 Reserv ed 0100-010 Reserv ed 0100-011 Reserv ed 0100-100 rdin v P req p F14|IU$- rdin v MW5a 0100-101 Reserv ed 0100-110 rdin v Q req q F14|IU$- rdin v MW5a 0100-111 rdin v F req q-c hec k MQMW5a 0101-000 rdin v reply rdin v $X$N reply 0101-001 Reserv ed 0101-010 Reserv ed 0101-011 Reserv ed 0101-100 rdin v P reply p F14|IU$- rdin v %j%W%i%$ 0101-101 Reserv ed 0101-110 rdin v Q reply q F14|IU$- rdin v %j%W%i%$ 0101-111 rdin v F reply q-c hec k MQ%j%W%i%$ 0110-000 Reserv ed 0110-001 Reserv ed 0110-010 Reserv ed 0110-011 Reserv ed 0110-100 Reserv ed 0110-101 Reserv ed 0110-110 Reserv ed 0110-111 Reserv ed 0111-000 rdin v reply read in v alidate %j%W%i%$ 0111-001 Reserv ed 0111-010 Reserv ed 0111-011 Reserv ed 0111-100 Reserv ed 0111-101 Reserv ed 0111-110 Reserv ed 0111-111 Reserv ed 39

PCMD: %Q%1%C%H<o Hw9M SCMD 1000-000 up date via home req %[!<%‘7PM3$N up date MW5a 1000-001 Reserv ed 1000-010 write req %i%$%HMW5a 1000-011 c ush req %$%s%P%j%G!<%H$9$k%i%$%H%P%C%/ 1000-100 up date via home S req s F14|$D$- up date MW5a 1000-101 Reserv ed 1000-110 up date via home Q req q F14|$D$- up date MW5a 1000-111 Reserv ed 1001-000 up date req %[!<%‘7PM3$N up date $N%j%W%i%$ 1001-001 Reserv ed 1001-010 writebac k reply %i%$%H%P%C%/MW5a!J%j%W%i%$%l%Y%k!K 1001-011 Reserv ed 1001-100 up date S req s F14|$D$- up date $N%j%W%i%$ 1001-101 Reserv ed 1001-110 up date Q req q F14|$D$- up date $N%j%W%i%$ 1001-111 Reserv ed 1010-000 up date direct req D>@\%"%C%W%G!<%HMW5a 1010-001 n c write req Hs%3%R!<%l%s%H=q$-9~$_MW5a 1010-010 Reserv ed 1010-011 n c write M req Hs%3%R!<%l%s%H M F14|=q$-9~$_ 1010-100 up date direct S req s F14|$D$- up date MW5a 1010-101 Reserv ed 1010-110 Reserv ed 1010-111 Reserv ed 1011-000 Reserv ed 1011-001 Reserv ed 1011-010 Reserv ed 1011-011 Reserv ed 1011-100 Reserv ed 1011-101 Reserv ed 1011-110 Reserv ed 1011-111 Reserv ed 40

PCMD: %Q%1%C%H<o Hw9M SCMD 1100-000 in v alidate via home req %[!<%‘7PM3%$%s%P%j%G!<%HMW5a 1100-001 Reserv ed 1100-010 Reserv ed 1100-011 Reserv ed 1100-100 write XA req 9b5!G==q$-9~$_L?Na A 1100-101 write XB req 9b5!G==q$-9~$_L?Na B 1100-110 write X C req 9b5!G==q$-9~$_L?Na C 1100-111 write XD req 9b5!G==q$-9~$_L?Na D 1101-000 in v alidate req %[!<%‘7PM3%$%s%P%j%G!<%H$N%j%W%i%$ 1101-001 Reserv ed 1101-010 Reserv ed 1101-011 Reserv ed 1101-100 write XA reply 9b5!G==q$-9~$_L?Na A $N%j%W%i%$ 1101-101 write XB reply 9b5!G==q$-9~$_L?Na B $N%j%W%i%$ 1101-110 write X C reply 9b5!G==q$-9~$_L?Na C $N%j%W%i%$ 1101-111 write XD reply 9b5!G==q$-9~$_L?Na D $N%j%W%i%$ 1110-000 con trol read req %3%s%H%m!<%kFI$_=P$7MW5a 1110-001 demap req %G%^%C%WMW5a 1110-010 con trol write req %3%s%H%m!<%k=q$-9~$_MW5a 1110-011 in terrupt req 3d$j9~$_MW5a 1110-100 Reserv ed 1110-101 Reserv ed 1110-110 Reserv ed 1110-111 Reserv ed 1111-000 con trol read reply %3%s%H%m!<%kFI$_=P$7%j%W%i%$ 1111-001 demap ac k %G%^%C%W%j%W%i%$ 1111-010 Reserv ed 1111-011 Reserv ed 1111-100 Reserv ed 1111-101 Reserv ed 1111-110 Reserv ed 1111-111 nop No op eration 4.3 %Q%1%C%H$N>\:Y %Q%1%C%H$N<oN‘$O!"%"%I%l %9!&%U%j%C%H$N PCMD $*$h$S SCMD %U%#!<%k %I$NCM$K$h$jDj $^$k!#<oN‘$OBg JL$7$F %j%/ %( %9%H 7O $H%j %W %i %$7O $K $o $1$i $l!" 3F!90[ $J$C $? MW5a M% @h=g 0L $, M?$( $i $l$k!# $J $*!" %j%/ %( %9%H 7O $+ %j%W %i %$ 7O $+ $r!" PCMD $^ $? $O SCMD $N FC Dj %S%C %H $G H= CG $9 $k $3 $H $O IT 2D G= $G $" $j!" full bit $N %G %3!< %I 7k 2L $r MQ $$ $k!# $^ $?!"%Q %1%C %H$, %j %/ %(%9 %H 7O $+%j %W %i%$ 7O $+ $O!"%P %9 $K $*$1 $k %"!< %S%H %l!< %7%g%s $* $h $S%j %H %i %$@) 8f $K 4X78 $9 $k $3 $H$G $" $j!"%Q %1%C %H$N L\ E*$, 2? $+$r MW 5a$9 $k $+!" MW5a $K BP$9 $k %j%W %i %$$G $" $k$+ $H $O L54X 78 $G$" $k $3$H $K Cm0U $9 $k $3 $H!# 3F %Q %1%C %H $N @b L@ Cf!" %Q %1%C %H <o JL $O PCMD $* $h $S SCMD $G $" $? $( $i $l $k $b $N $H $7!" @b L@ $+ $i >J N, $5 $l $F $$ $k!#$^$?!"@bL@$K8=$l$J$$%U%#!<%k%I$O>o$K don’t care $G$"$j G$0U$N%S%C%H%Q%?%s$,5v$5$l$k!# 41

4.3.1 read req read req $O!" %P%9 $K @\ B3$5 $l $? %a %b%j $+ $i $N %3%R!< %l %s %HFI $_ =P $7 MW5a $G $" $j!" %Q%1%C %H D9 $O #1$G $" $k!# %P%9 $K @\B3 $5$l $F $$$k A4 #M#B #P !?%-%c%C %7%e $O read req $r %9%L!< %W $7!">u 67 $K1~ $8 $F RETR Y ?.9f $r!" 99$K %-%c%C %7%e$O CRPL Y ?.9f$*$h$S MSH ?.9f$rJV$9!# read req $r<uM}$7$?%-%c%C%7%e$KL\E*%V%m%C%/$,B8:_$9$k>l9g$K$O!" MSH ?.9f$r assert $9$k!#$^$?!"%-%c%C%7%e >e $K L\ E* %V %m%C %/ $, dirt y >u BV $G B8 :_ $9 $k >l 9g Ey %-%c%C %7%e $, %j %W %i %$ %Q %1%C %H $r JV Aw $9 $k >l 9g!" CRPL Y ?. 9f $r assert $9$k!# %P%9$K@\B3$5$l$?A4%G%P%$%9$,%Q%1%C%H$r<uM}$7!J$D$^$j retry $,H/@8$;$:!K!" CRPL Y ?.9f$r $$$:$l$+$N%-%c%C %7%e%a %b%j $, assert $7 $?>l 9g$K $O CRPL Y ?. 9f$r H/ $7$? %-%c%C %7%e%a %b%j $, read reply %Q %1%C%H $rJV $7!" #M#B #P $O %a%b%j$NFI$_=P$7Ey$NF0:n$rCf;_$9$k!#%-%c%C%7%e$,%j%W%i%$$9$k>l9g!" read req $,<uM}$5$l$?8e!"BP1~$9$k read reply $, %j %/ %( %9 %H $r H/ $7 $? %G %P %$ %9 $K JV $k $^ $G $N 4V!" Ev 3: %V %m%C %/ $K BP $9 $k A4 $F $N %j %/ %( %9 %H $O read req $r H/ $7 $? %G %P %$%9$^$?$O CRPL Y $rJV$7$?%-%c%C%7%e$K$h$j %j%H%i%$$5$l$k!# CRPL Y $, assert $5$l$J$+$C$?>l9g$K$O#M#B#P$,%/%i%9%?%a%b%jEy$r%"%/%;%9$7!" read reply %Q%1%C%H$rJV$9!# $3 $N >l 9g!" read req $r H/ $7 $? %G %P %$ %9 $, L\ E* %V %m%C %/ $K BP $9 $k #M #B #P $+ $i $N %j %/ %( %9 %H $r!" read req $r 2r 7h $9 $k read reply $,Aw$i$l$k$^$G%j%H%i%$$7B3$1$F$O$J$i$J$$!# $J$*!"%-%c%C%7%e$, read req $rH/$9$k>l9g $K$O!"Ev3:%-%c%C %7%e$KL\E*%V %m%C%/$,B8:_ $7$F$O$J$i$J $$!##M#B#P $, read req $rH/$9$k>l9g$O!"$=$N8B$j$G$O$J$/!"<+J,<+?H$,JVEz$9$k2DG=@-$,$"$k!J$^$?$O!" CRPL Y $, assert $5 $l$J$$>l9g!"Ev3: read req F0:n$rJ|4~$9$k!##M#B#P$N%$%s%W%j%a%s%F!<%7%g%s$K0MB8$9$k!K!# read req $K $* $1 $k CCBL %U%#!< %k %I $, #1 $N >l 9g!" %-%c%C %7%e %V %m%C %/ FI $_ 9~ $_ $G $" $j!" #0 $N >l 9g $O %-%c%C %7%e >u67 $rJQ 99 $7$J $$ C1$J $k FI$_ =P$7 $G $"$k!# 3F %G%P %$ %9$O reply $, =* N;$9 $k$^ $G $K!"E, 59 %V%m%C %/ >uBV $r JQ99 $9$k!# $J $*!" CCBL= #0 $G$"$k>l9g$K$*$$$F%j%/ %(%9%?$^$?$O$=$l0J30 $N%-%c%C%7%e>e$KEv3:%V%m%C%/$, B8:_$9$k>l9g$NF0:n $O5,Dj$5$l$J$$!# Cm#1!’ read req $O!">>K\;E MM=q$N c read req, m read req !"5~Bg;E MM=q$N Shared Read Request, Non-Cac heable Read Re- quest $K BP1~$9 $k!# c read req, m read req $O!" SID %U%#!< %k%I$N CM$G6h JL$5$l!" Shared Read Request $H Non-Cac heable Read Request $N:9$O!" CCBL %S%C%H$K$h$j6hJL$5$l$k!# Cm#2!’ non cac heable $J %"%/%;%9 $G$OF1 4|6K@-$N ;XDj$, I,MW$G $"$k!#;XDj $OF10l %/%i%9%? %"%I%l %9$KBP $7$FD%$i $l$?#2 8D$N%"%I %l %9$K$h$j6hJL$5$l$k!# FEPOL $O$3$N6hJL$rMW5a@h$KEA$($k$?$a$K;HMQ$9$k!# Cm#3!’ V3.0 $^$GB8:_$7$? read F req $O!"%U%i%0$N2r<a$rFs<!%-%c%C%7%e$,9T$J$&$3$H$G!"GQ;_$H$J$C$?!# %U%#!<%k%IL> 5-=R ADDR [ 27:0 ] FI$_=P$7BP>]$r<($9%/%i%9%?!&%"%I%l%9 HOME read req $G$O HOME $O don’t care $G$"$k!# DUMMY DUMMY $, #1 $G $" $k >l 9g!" ADDR %U%#!< %k %I $G ;X Dj $9 $k BP >] $, %@ %_!< %Z!< %8 $G $" $j!" %/ %i %9%? %a %b %j $r D>@\ %" %/ %; %9 $9$k $3 $H $, IT 2DG= $G $" $k $3 $H$r <( $9!# #0 $G $"$k >l 9g $O!" BP >]$,%@%_!<%Z!<%8$G$J$$!"$9$J$o$A%/%i%9%?Fb%a%b%j$KB8:_$9$k$3$H$r<($9 O W CH O W CH ( Owner Change ) $,#1$G$"$k>l9g!" ADDR %U%#!<%k%I$G;XDj$9$kBP>]%"%/%;%9 $K CTLB $r8+$k$3$H$,I,MW$J$3$H$r<($9 LAR GE LAR GE $, #1 $G$"$k>l9g ADDR %U%#!<%k%I$G;XDj$9$kBP>]$, %i!<%8%Z!<%8 !J#2#5#6#K %P%$%HC10L!K$K$"$k$3$H$r<($9 FEPOL F !? E bits $N2r<a$KMQ$$$i$l$k%"%/%;%9$N6K@- CCBL CCBL %S%C %H $, #1 $G$" $k >l 9g!" %Q %1%C %H $, 9T $J $& %a %b %j A‘ :n $, %-%c%C %7%c %V %k $G $" $k $3$H$r<($9!##0$G$"$k>l9g$O!"%N%s%-%c%C%7%c%V%k$G$"$k$3$H$r<($9!# SU SU %S%C %H $, #1 $G $" $k >l 9g!" FI $_ =P $7 MW 5a $, FC 8" !J%+!< %M %k!K %b!< %I $G 9T $J $o $l $k $3 $H $r <( $9!# %/ %i %9 %? Fb $G JD $8 $k read req $G $O FC 8" %l %Y %k $N 8! :: $, 9T $J $o $l $J $$ $? $a!" 0U L# $, $J$$ SIZE [ 2:0 ] SIZE %U%#!<%k%I$OFI$_=P$7BP>]$N%G!<%?$N%5%$%:$r<($9!# CCBL = 1 $G$"$k%-%c%C %7%c%V%k%" %/%;%9 $N>l9g$O EvA3 blo c k $,A*Br$5 $l$k$Y$-$G$"$k!# DID [ 2:0 ] read req $G$O%9%L!<%W$rI,$:$9$k$?$a!" non cac heable $J>l9g$r4^$_ all $r;XDj$9$k!# SID [ 2:0 ] %Q%1%C%H$NAw?.85$N;XDj!# reply %Q%1%C%H$O SID 08$K$*$/$i$l$k!# A CK PEND ?.9f$K$h$k40N;DLCN;XDj!#I,$:#0$r;XDj$9$k 42

4.3.2 non coheren t read req non coheren t read req $O!" %P %9 $K @\ B3 $5 $l $? %a %b %j $+ $i $N Hs %3 %R!< %l %s %H FI $_ =P $7 MW 5a $G $" $j!" %Q %1%C %H D9 $O #1$G$"$k!# MBP $OL\E*%"%I%l%9$rFI$_=P$7 non coheren t read reply %Q%1%C%H$GJV$9!# non coheren t read req $O DID $G ;X Dj $5 $l $? %G %P %$ %9 $@ $1 $G <u M} $7!" $= $N B> $N %G %P %$ %9 $O!" %9 %L!< %W Ey $K 4X $9 $k?.9f!"$9 $J$o$A!" MSH ?. 9f!" CRPL Y ?.9f!"%O!<%I %&%’%"$N ET9g$K $h$k0l;~ E*%j%H %i%$0J 30$N BRETR Y ?.9f $r assert $7 $J $$!# $^ $?!" $= $N B> $N %G %P %$ %9 $O 2? $i >u BV $r JQ 99 $9 $k F0 :n $r 9T $J $o $J $$!# =>$C $F!" DID $, %-%c%C %7%e $G $" $k%j%/%(%9%H$NF0:n$OJ]>Z$5$l$J$$!# non coheren t read req $rH/$7$?Fs<!%-%c%C%7%e$O!" non coheren t read reply $,JV$k$^$G!"Ev3:%V%m%C%/$KBP$9 $kB>$N%-%c%C%7%e$+$i$N%j%/%(%9%H$r%j%H%i%$$9$k!# non coheren t read req %Q %1%C %H F0 :n $N >\ :Y $O!" %" %I %l %9!& %U %j%C %H $K 4^ $^ $l $k 3F %U%#!< %k %I $N CM $K $h $j Dj $a $i $l $k!# CCBL %U%#!< %k %I $, #1 $G $" $k >l 9g $O!" Hs %3 %R!< %l %s %H $J %V %m%C %/ MW 5a $G $" $j!" #0 $G $" $k >l 9g $O Hs %3 %R!< %l %s %H$JFI$_=P$7MW5a$G$"$k!# Cm #1!’ non coheren t read req $O!" $[ $\ read request $K BP 1~ $9 $k $,!" %9 %L!< %W F0 :n $r 9T $J $o $J $$ E@ $, 0[ $J$C $F $$ $k!# >> K\ 0F $N c read no c req $KBP1~$9$k!#$^$?!" non coheren t read req $KBP1~$9$kF14|4X78$N%j%/%(%9%H$O$J$$!# Cm#2!’ DID %U%#!< %k %I $O!"%9 %L!< %W $r9T $J $o $J$$ $? $a BP 1~$9 $k #M #B#P $r ;X Dj$9 $k!# $= $l0J 30 $N CM $,;X Dj $5 $l$k >l 9g $NF0 :n $O Dj5A $5$l$F$$$J$$!# Cm#3!’ F1 4|4X O" %" %/%; %9 $G $OF1 4| 6K @-$N ;X Dj $,I, MW $G $"$k!# ;X Dj $OF1 0l %/ %i%9 %? %" %I%l %9 $K BP$7 $F D% $i$l $? #2 8D$N %" %I %l%9 $K $h $j 6hJL$5$l$k!# FEPOL $O$3$N6hJL$rMW5a@h$KEA$($k$?$a$K;HMQ$9$k!# Cm#4!’ non coheren t read req $rH/9T$9$k%V%m%C%/$,B>$N%-%c%C%7%e$K$"$k>l9g$NF0:n$O%$%s%W%j%a%s%H0MB8$G$"$k!# %U%#!<%k%IL> 5-=R ADDR 27:0] FI$_=P$7BP>]$r<($9%/%i%9%?!&%"%I%l%9 HOME don’t care $G$"$k!# DUMMY DUMMY $, #1 $G $" $k >l 9g!" ADDR %U%#!< %k %I $G ;X Dj $9 $k BP >] $, %@ %_!< %Z!< %8 $G $" $k $3 $H$r;XDj$9$k O W CH O W CH ( Owner Change ) $,#1$G$"$k>l9g!" ADDR %U%#!<%k%I$G;XDj$9$kBP>]$, Owner $r BX $( $k $3 $H $, I, MW $J 6& M- %" %/ %; %9 $G $" $k $3 $H $r <( $9!# #0 $G $" $k >l 9g $O!" BP >] $r Owner $rBX$($:$K%"%/%;%9$9$k$3$H$r<($9 LAR GE LAR GE $, #1 $G$"$k>l9g ADDR %U%#!<%k%I$G;XDj$9$kBP>]$, %i!<%8%Z!<%8 !J#2#5#6#K %P%$%HC10L!K$K$"$k$3$H$r<($9 FEPOL F !? E bits $N2r<a$KMQ$$$i$l$k%"%/%;%9$N6K@- CCBL CCBL %S%C %H $, #1 $G$" $k >l 9g!" %Q %1%C %H $, 9T $J $& %a %b %j A‘ :n $, %-%c%C %7%c %V %k $G $" $k $3$H$r<($9!##0$G$"$k>l9g$O!"%N%s%-%c%C%7%c%V%k$G$"$k$3$H$r<($9!# SU SU %S%C %H $, #1 $G $" $k >l 9g!" FI $_ =P $7 MW 5a $, FC 8" !J%+!< %M %k!K %b!< %I $G 9T $J $o $l $k $3 $H $r <($9 SIZE [ 2:0 ] SIZE %U%#!<%k%I$OFI$_=P$7BP>]$N%G!<%?$N%5%$%:$r<($9!# CCBL = 1 $G$"$k%-%c%C %7%c%V%k%" %/%;%9 $N>l9g$O EvA3 blo c k $,A*Br$5 $l$k$Y$-$G$"$k!# DID [ 2:0 ] %Q%1%C%H$N9T$-@h%G%P%$%9$N;XDj!##M#B#P$r;XDj$9$k!# SID [ 2:0 ] %Q%1%C%H$NAw?.85$N;XDj!# reply %Q%1%C%H$O SID 08$K$*$/$i$l$k!# all $O;HMQ$7$J$$!# A CK PEND ?.9f$K$h$k40N;DLCN;XDj!#I,$:#0$r;XDj$9$k 43

4.3.3 allread req allread req $O!" %P %9 $K @\ B3 $5 $l $? %a %b %j $+ $i $N FI $_ =P $7 MW 5a $G $" $j!" %Q %1%C %H D9 $O #1 $G $" $k!# MBP $* $h $S 3F %-%c%C%7%e$O!"3F!9BP1~$9$kF0:n$r9T$J$$ allread reply %Q%1%C%H$rJV$9!# %P%9$K@\B3$5$l$F$$$k3F%G%P%$%9$O!" allread req $r%9%L!<%W$7!" BRETR Y ?.9f$r!"99$K%-%c%C%7%e$O CRPL Y ?.9f$*$h$S MSH ?.9f$rJV$9!# BRETR Y,MSH,CRPL Y ?.9f$N>\:Y$O!" read req $HA4$/F1$8$G$"$k!# %P%9$K@\B3$5$l$?A4%G%P%$%9$,%Q%1%C%H$r<uM}$7!J$D$^$j retry $,H/@8$;$:!K!" CRPL Y ?.9f$r $$$:$l$+$N%-%c%C %7%e %a %b %j $, assert $7 $? >l 9g $K $O!" %-%c%C %7%e %a %b %j $, allread reply %Q %1%C %H $r JV $9!# CRPL Y $, assert $5 $l $J $+$C$?>l9g$K$O#M#B#P$, allread reply %Q%1%C%H$rJV$9!# %P%9$K@\B3$5$l$?A4%G%P%$%9$,%Q%1%C%H$r<uM}$7!J$D$^$j retry $,H/@8$;$:!K!" CRPL Y ?.9f$r $$$:$l$+$N%-%c%C %7%e%a%b%j$, assert $7$?>l9g$K$O!"%-%c%C%7%e%a%b%j$, allread reply %Q%1%C%H$rJV$9!#%-%c%C%7%e%a%b%j$, allread reply %Q%1%C%H$rJV$9>l9g!" %j%W%i%$Cf$N INJ MASK $K 1111 $rN)$F!"%/%i %9%?FbA4$F$N%-%c%C%7%e $KBP$7$F%$%s%8%’%/ %7%g%s$r9T$J$&!# CRPL Y $, assert $5 $l $J $+$C $? >l 9g $K $O #M #B #P $, allread reply %Q %1%C %H $r JV $9!# $3 $N >l 9g $O #M #B #P $, %$ %s %8%’ %/%7%g%s$r9T$J$&%-%c%C%7%e$rA*Br$7!"E,59 INJ MASK $r@_Dj$9$k!# allread req $O %-%c%C %7%c %V %k $G $J $$ $H 0U L# $, $J $/ CCBL %U%#!< %k %I $, #1 $G $" $k I, MW $, $" $k!# #0 $N >l 9g $N F0 :n $O J]>Z$5$l$J$$!# all read req %Q%1%C%HF0:n$N>\:Y$O!"%"%I%l%9!&%U%j%C%H$K4^$^$l$k3F%U%#!<%k%I$NCM$K$h$jDj$a$i$l$k!# CCBL $O#1$G$J$$$H0UL#$,$J$$$3$H$KCm0U$9$k$3$H!# Cm#1!’ allread req $O!">>K\;EMM=q$N c allread req $KBP1~$9$k!# Cm#2!’ DID %U%#!<%k%I$O!"%9%L!<%W%"%/%;%9$r9T$J$&$?$a!" all $r;XDj$9$k!# Cm#3!’ F14| %" %/%; %9 $G $OF1 4| 6K@- $N ;XDj $, I,MW $G $"$k!# ;X Dj$O F1 0l%/ %i %9%? %" %I%l %9 $KBP $7 $FD% $i $l$? #2 8D$N %" %I %l %9$K$h$j6hJL$5$l$k!# FEPOL $O$3$N6hJL$rMW5a@h$KEA$($k$?$a$K;HMQ$9$k!# %U%#!<%k%IL> 5-=R ADDR 27:0] FI$_=P$7BP>]$r<($9%/%i%9%?!&%"%I%l%9 HOME Don’t care $G$"$k!# DUMMY DUMMY $, #1 $G $" $k >l 9g!" ADDR %U%#!< %k %I $G ;X Dj $9 $k BP >] $, %@ %_!< %Z!< %8 $G $" $k $3 $H $r ;X Dj$9 $k!# #0 $G $" $k >l 9g $O!" BP >]$, %@ %_!< %Z!< %8 $G $J $$!" $9 $J $o$A %/ %i %9 %? Fb %a %b %j $KB8:_$9$k$3$H$r<($9 O W CH O W CH ( Owner Change ) $,#1$G$"$k>l9g!" ADDR %U%#!<%k%I$G;XDj$9$kBP>]$, Owner $r BX $( $k $3 $H $, I, MW $J 6& M- %" %/ %; %9 $G $" $k $3 $H $r <( $9!# #0 $G $" $k >l 9g $O!" BP >] $r Owner $rBX$($:$K%"%/%;%9$9$k$3$H$r<($9 LAR GE LAR GE $, #1 $G$"$k>l9g ADDR %U%#!<%k%I$G;XDj$9$kBP>]$, %i!<%8%Z!<%8 !J#2#5#6#K %P%$%HC10L!K$K$"$k$3$H$r<($9 FEPOL F !? E bits $N2r<a$KMQ$$$i$l$k%"%/%;%9$N6K@- CCBL %-%c%C %7%e%a %b%j$r ;H$o $J$$ allread $O0U L#$,$J $$$? $a!" CCBL %S%C%H$O #1$G $"$k I, MW$,$"$k!# SU SU %S%C %H $, #1 $G $" $k >l 9g!" FI $_ =P $7 MW 5a $, FC 8" !J%+!< %M %k!K %b!< %I $G 9T $J $o $l $k $3 $H $r <($9 SIZE [ 2:0 ] SIZE %U%#!<%k%I$OFI$_=P$7BP>]$N%G!<%?$N%5%$%:$r<($9!# CCBL = 1 $G$"$k%-%c%C %7%c%V%k%" %/%;%9 $N>l9g$O EvA3 blo c k $,A*Br$5 $l$k$Y$-$G$"$k!# DID [ 2:0 ] %Q%1%C%H$N9T$-@h%G%P%$%9$N;XDj!#%9%L!<%W$r9T$J$&$?$a!" all $r;XDj$9$k!# SID [ 2:0 ] %Q%1%C%H$NAw?.85$N;XDj!# reply %Q%1%C%H$O SID 08$K$*$/$i$l$k!# A CK PEND ?.9f$K$h$k40N;DLCN;XDj!#I,$:#0$r;XDj$9$k 44

4.3.4 injection req injection req $O!"%P%9$K@\B3$5$l$?%a%b%j$+$i$NFI$_=P$7MW5a$G$"$j!"%Q%1%C%HD9$O#1$G$"$k!#3F%-%c%C%7%e$O!" 3F!9BP1~$9$kF0:n$r9T$J$&!# reply %Q%1%C%H$r$OJV$5$J$$!# %P%9$K@\B3$5$l$F$$$k3F%G%P%$%9$O!" injection req $r%9%L!<%W$7!"I,MW$J$i$P BRETR Y ?.9f$rJV$9!# injection req $O%j%W%i%$$,$J$$$?$a!"%j%H%i%$MW0x$O<g$K%j%H%i%$>r7o$N0l;~E*$J$b$N$G$"$k!# MSH,CRPL Y ?.9f$O%j%W%i%$$,$J$$$?$a!"FC$KJV$9I,MW$O$J$$!# %P %9 $K @\ B3 $5 $l $? A4 %G %P %$ %9 $, %Q %1%C %H $r <u M} $7 !J$D $^ $j retry $, H/ @8 $; $:!K!" $? >l 9g $K $O!" %-%c%C %7%e %a %b %j $, %-%c%C %7%e %$ %s %8%’ %/ %7%g %s F0 :n $r 9T $J $&!# $3 $N >l 9g!" $$ $: $l $+ $N %-%c%C %7%e $, M= $a allread req Ey $r =P $7 $F $* $/ I,MW$O$J$/!"40A4$KEj5!E*%$%s%8%’%/%7%g%s$H$J$k!# DID $, all $N>l9g$O!"A4$F$N%-%c%C%7%e$,%$%s%8%’%/%7%g%sBP>]$G$"$j!" DID $,$$$:$l$+$N%-%c%C%7%e$G$"$k >l9g$OEv3:%-%c%C%7%e$,%$%s%8%’%/%7%g%sBP>]$G$"$k #M#B#P$O!" injection req $r<uM}$7$F$b2?$i$NF0:n$r9T$J$o$J$$!# injection req $O %-%c%C %7%c %V %k $G $J $$ $H 0U L# $, $J $/ CCBL %U%#!< %k %I $, #1 $G $" $k I, MW $, $" $k!# #0 $N >l 9g $N F0 :n $OJ]>Z$5$l$J$$!# Cm#1!’ injection req $O V3.4 ;EMM=q$K$*$$$F?7@_$5$l$?!# Cm #2!’ DID %U%#!< %k %I $O!" all $N >l 9g!" A4 $F $N %-%c%C %7%e $K injection $7!" %-%c%C %7%e $N >l 9g!" $= $N %-%c%C %7%e $@ $1 $K injection $9$k!# injection req $G$O INJ MASK %U%#!<%k%I$r;HMQ$7$J$$!# %U%#!<%k%IL> 5-=R ADDR 27:0] FI$_=P$7BP>]$r<($9%/%i%9%?!&%"%I%l%9 HOME Don’t care $G$"$k!# DUMMY DUMMY $, #1 $G $" $k >l 9g!" ADDR %U%#!< %k %I $G ;X Dj $9 $k BP >] $, %@ %_!< %Z!< %8 $G $" $k $3 $H $r ;X Dj$9 $k!# #0 $G $" $k >l 9g $O!" BP >]$, %@ %_!< %Z!< %8 $G $J $$!" $9 $J $o$A %/ %i %9 %? Fb %a %b %j $KB8:_$9$k$3$H$r<($9 O W CH don’t care $G$"$k LAR GE don’t care $G$"$k FEPOL don’t care $G$"$k CCBL %-%c%C %7%e %a%b %j $r;H $o $J$$ injection $O 0UL# $, $J$$ $? $a!" CCBL %S%C %H$O #1 $G$" $k I,MW$,$"$k!# SU don’t care $G$"$k!# SIZE [ 2:0 ] SIZE %U%#!<%k%I$OFI$_=P$7BP>]$N%G!<%?$N%5%$%:$r<($9!# CCBL = 1 $G$"$k%-%c%C %7%c%V%k%" %/%;%9 $N>l9g$O EvA3 blo c k $,A*Br$5 $l$k$Y$-$G$"$k!# DID [ 2:0 ] %Q%1%C%H$N9T$-@h %G%P%$%9$N;XDj!#A4$F$N %-%c%C%7%e$K injection $r9T$J$&>l 9g$O all $r;X Dj$7!"FCDj$N%-%c%C%7%e$K9T$J$&>l9g$O!"$=$N%-%c%C%7%eHV9f$r;XDj$9$k SID [ 2:0 ] %Q%1%C%H$NAw?.85$N;XDj!# A CK PEND ?.9f$K$h$k40N;DLCN;XDj!#I,$:#0$r;XDj$9$k 45

4.3.5 rdin v req rdin v req $O!" %P %9 $K @\ B3 $5 $l $? %a %b %j $+ $i $N FI $_ $@ $7 MW 5a 7s %$ %s %P %j %G!< %H MW 5a $G $" $j!" %Q %1%C %H D9 $O #1 $G $" $k!# rdin v req $O 4p K\ E* $K $O A4$F home $K $* $1 $k %7 %j %"%i %$ %: $r <u $1!"$= $N 7k 2L rdin v reply $r JV $9!" %j%/ %( %9 %? 0J 30$+$iL\E*%V%m%C%/$r>C5n$9$kEy$NF0:n$r3+;O$9$k!# $? $@ $7!" %/ %i %9 %? Fb %m!< %+ %k $G $" $k $3 $H $,!" H= L@ $7 $F $$ $k >l 9g !J$$ $: $l $+ $N Fs <! %-%c%C %7%e $+ $i CRPL Y $, as- sert $5 $l $k >l9g!" $* $h$S #M #B#P $, %/ %i%9 %? Fb%m!< %+ %k$G $" $k $3$H $r H=Dj $9 $k >l9g!K $K $O!"%7 %j %"%i %$ %: $O<+ L@ $G$" $k $?$a!"%/%i%9%?Fb%-%c%C%7%e$,D>$A$K CRPL Y ?.9f$r assert $7!" rdin v reply $rJV$9$+!"#M#B#P$,D>$A$K rdin v reply $rJV$7!"%/%i%9%?Fb$KJD$8$?F0:n$r9T$J$&!#$3$N;~!" MSH $O3F%-%c%C%7%e$H$b assert $7$J$$$3$H$,I,MW$G$"$k !# %P %9 $K @\ B3 $5 $l $F $$ $k 3F %G %P %$ %9 $O!" read req $r %9 %L!< %W $7!" >u 67 $K 1~ $8 $F RETR Y ?. 9f $r!" 99 $K %-%c%C %7%e $O CRPL Y ?.9f$*$h$S MSH ?.9f$rJV$9!# %-%c%C%7%e >e $K L\ E* %V %m%C %/ $, dirt y >u BV $G B8 :_ $9 $k >l 9g Ey Fs <! %-%c%C %7%e $, %j %W %i %$ $9 $k >l 9g!" CRPL Y ?. 9f $r assert $9$k!# MSH ?.9f$O!"%-%c%C%7%eFb>uBV$K78$o$i$: assert $7$J$$!# %P%9$K@\B3$5$l$?A4%G%P%$%9$,%Q%1%C%H$r<uM}$7!J$D$^$j retry $,H/@8$;$:!K!" CRPL Y ?.9f$r $$$:$l$+$N%-%c%C %7%e %a %b %j $, assert $7 $? >l 9g $K $O CRPL Y ?. 9f $r H/ $7 $? %-%c%C %7%e %a %b %j $, rdin v reply %Q %1%C %H $r JV $9!# $3 $N >l 9g!" rdin v req $,<u M} $5 $l $? 8e!" BP 1~$9 $k rdin v reply $, %j %/ %( %9 %H $r H/$7 $? %G %P %$ %9 $K JV $k$^ $G $N 4V!" Ev 3: %V %m%C %/ $K BP $9 $k A4 $F $N %j %/ %( %9 %H $O rdin v req $r H/ $7 $? %G %P %$ %9 $^ $? $O CRPL Y $r JV $7 $? %-%c%C %7%e $K $h $j %j %H %i %$ $5 $l$k!# CRPL Y $, assert $5 $l $J $+$C $? >l 9g $K $O #M #B #P$, rdin v reply %Q %1%C %H $r JV $9!# $3 $N >l 9g!" rdin v req $r H/ $7 $? %G%P%$%9$,L\E*%V%m%C%/$KBP$9 $k B>$N%j%/%(%9%H$r!" rdin v req $r2r7h$9 $k rdin v reply $,Aw$i$l$k$^$G%j%H%i%$ $7 B3$1$F$O$J$i$J$$!# $J$*!" %-%c%C %7%e $, rdin v req $r H/ $9 $k >l 9g $K $O!" Ev 3: %-%c%C %7%e $K L\ E* %V %m%C %/ $, B8 :_ $7 $F $O $J $i $J $$!# #M #B #P$, rdin v req $rH/$9$k>l9g$O!"$=$N8B$j$G$O$J$/!"<+J,<+?H$,JVEz$9$k2DG=@-$,$"$k!J$^$?$O!" CRPL Y $, assert $5$l$J$$>l9g!"Ev3: rdin v req F0:n$rJ|4~$9$k!K!# rdin v req $K$* $1 $k CCBL %U%#!< %k%I $, #1$N >l 9g!"=q $- 9~$_ $r L\E* $H $7$? %-%c%C %7%e%V %m%C %/FI $_ 9~$_ Kt $OGS B> E*FI $_9~ $_ $G$" $j!" #0$N >l 9g$O %-%c%C %7%e>u 67 $rJQ 99 $7$J $$ C1$J $k GSB> E*FI $_ =P$7 $G $"$k!# 3F %G%P %$ %9$O reply $, =* N;$9$k$^$G$K!"E,59%V%m%C%/ >uBV$rJQ99$9$k!#$J$*!" CCBL= #0$G $"$k>l9g$G%/%i%9%? Fb%-%c%C%7%e$KEv3:%V%m%C%/ $,B8:_$9$k>l9g$NF0:n$O5,Dj$5$l$J$$!# %/ %i %9 %? Fb $G %j %/ %( %9 %? $N %-%c%C %7%e 0J 30 $G $N %$ %s %P %j %G!< %H $O!" rdin v req $r <u M} $7 $? ;~ E@!" $^ $? $O %j %W %i %$ %Q%1%C%H$G$"$k rdin v reply %Q%1%C%H$r<uM}$7$?;~E@$G<B9T$5$l$k!# rdin v req %Q %1%C %H $O!" p $* $h $S q F1 4| %W %j %_ %F%# %V $H F1 ;~ $K ;H MQ $9 $k $3 $H $, 2D G= $G $" $k!# rdin v P req $* $h $S rdin v Q req $N9‘L\$r;2>H$N$3$H!# A CK %U%#!< %k %I $, #1 $G $" $k >l 9g!" rdin v req $, =h M} Cf $G $" $k $3 $H $,!" X PEND ?. 9f $K $h $j SID %U%#!< %k %I $G ;XDj $5 $l $k CC $r 7PM3 $7 $F CPU $K DL CN $5$l $k!# A CK %U%#!< %k %I $,#0 $G $" $k >l9g $O!" #M #B #P $K$* $1 $k A‘ :n $O40 A4 $K CC !? CPU $HFHN)$G$"$j!" X PEND ?.9f$K$h$k=*N;DLCN$O9T$J$o$l$J$$!# Cm#1!’ rdin v req $O!">>K\;EMM=q$N c rdin v req, m rdin v req !"5~Bg;EMM=q$N Exclusiv e Read Request $KBP1~$9$k!# Cm#2!’ DID %U%#!<%k%I$O!"%9%L!<%W%"%/%;%9$r>o$K9T$J$&$?$a!" all $r;XDj$9$k!# 46

%U%#!<%k%IL> 5-=R ADDR 27:0] FI$_=P$7$*$h$S%$%s%P%j%G!<%HBP>]$r<($9%/%i%9%?!&%"%I%l%9 HOME HOME $, #1 $G $" $k >l 9g!" ADDR %U%#!< %k %I $G ;X Dj$9 $k BP >] $, home page $G $" $k $3 $H $r<($9 DUMMY DUMMY $, #1 $G $" $k >l 9g!" ADDR %U%#!< %k %I $G ;X Dj $9 $k BP >] $, %@ %_!< %Z!< %8 $G $" $k $3 $H$r;XDj$9$k O W CH O W CH ( Owner Change ) $,#1$G$"$k>l9g!" ADDR %U%#!<%k%I$G;XDj$9$kBP>]$, Owner $rBX$($k$3$H$,I,MW$J6&M-%"%/%;%9$G$"$k$3$H$r<($9!# LAR GE LAR GE $, #1 $G$"$k>l9g ADDR %U%#!<%k%I$G;XDj$9$kBP>]$, %i!<%8%Z!<%8 !J#2#5#6#K %P%$%HC10L!K$K$"$k$3$H$r<($9 FEPOL F !? E bits $N2r<a$KMQ$$$i$l$k%"%/%;%9$N6K@- CCBL rdin v req $N >l9g#1<! %-%c%C%7%c%V%k $J$i$P#1!" #3<!%-%c%C%7%c %V%k$J $i$P#0$r ;XDj$9 $k SU SU %S%C %H $, #1 $G $" $k >l 9g!" FI $_ =P $7 MW 5a $, FC 8" !J%+!< %M %k!K %b!< %I $G 9T $J $o $l $k $3 $H $r <($9 SIZE [ 2:0 ] SIZE %U%#!<%k%I$OFI$_=P$7BP>]$N%G!<%?$N%5%$%:$r<($9!# CCBL = 1 $G$"$k%-%c%C %7%c%V%k%" %/%;%9 $N>l9g$O EvA3 blo c k $,A*Br$5 $l$k$Y$-$G$"$k!# DID [ 2:0 ] %Q%1%C%H$N9T$-@h%G%P%$%9$N;XDj!#%9%L!<%W$r9T$J$& rdin v req $G$O all $r;XDj$9$k!# SID [ 2:0 ] %Q%1%C%H$NAw?.85$N;XDj!# reply %Q%1%C%H$O SID 08$K$*$/$i$l$k!# A CK rdin v A‘:n$N=*N;$r X PEND ?.9f$GDLCN$9$k$3$H$rA*Br$9$k!# 47

4.3.6 rdin v P req rdin v P req $O!"%P%9$K@\B3$5$l$?%a%b%j$+$i$NFI$_$@$7MW5a7s%$%s%P%j%G!<%HMW5a$G$"$j!" Memory-Based FIF O $r 9= @. $9 $k %" %/ %; %9 K! $N $? $a $N non blo c king FI $_ $@ $7 $G $" $k!# rdin v P req $G $O Ev 3: %m %1!< %7%g %s $N F1 4| %S%C %H $N full/empt y >pJs $H!" full $G $"$k>l 9g$O%G!< %?$rMW5a 85%-%c%C%7%e $X exclusiv e $J>u BV$H$7 $FFI$_ =P$7!" FE %S%C%H$r %/%j %" $9 $k!# empt y $G $" $k $3 $H $O rdin v P reply %Q %1%C %H $N %" %I %l%9!& %U %j%C %H $K 4^ $^$l $k FE %U%#!< %k%I $G <( $5 $l!"<B:]$K CPU JV$jCM$H$7$F$N 0 ( n ull ) :n@.$OFs<!%-%c%C%7%e$K$*$$$F=hM}$5$l$k!# rdin v P req $N %Q %1%C %H D9 $O #1 $G $" $k!# MBP $* $h $S 3F %-%c%C %7%e $O!" 3F!9 BP 1~ $9 $k F0 :n $r 9T $J $$ MW 5a 85 $, B0 $9 $k%/ %i %9%? 0J 30$K Ev 3:%V %m%C %/$, B8 :_ $7$J $$ >u67 $H $7$? 8e!" rdin v P reply $r JV$9!# MW 5a85 %-%c%C %7%e0J 30 $G $N%$ %s %P%j%G!<%H$O!"%j%W%i%$%Q%1%C%H$G$"$k rdin v P reply %Q%1%C%H$r<uM}$7$?;~E@$G<B9T$5$l$k!# rdin v P req %Q %1%C %H $O!" 8e =R rdin v Q req $H $[ $\ F1 $8 F0 :n $r $9 $k $,!" CPU $+ $i 8+ $? F0 :n!" #M #B #P $K $* $1 $k BT $A9g$o$;F0:n$,0[$J$k$?$a!"0[$J$k%3%^%s%I$H$9$kI,MW$,$"$k!# $=$NB>$NF0:n$K$D$$$F$O!" rdin v req $K=‘$8$k!# Cm#1!’ rdin v P req $O!">>K\;EMM=q$N c rdin v P req $KBP1~$7!"5~Bg;EMM=q$K$OBP1~$9$k$b$N$O$J$$!# Cm#2!’ DID %U%#!<%k%I$O!"%9%L!<%W%"%/%;%9$r>o$K9T$J$&$?$a!"0UL#$,$J$$!#Cm#3!’ rdin v P req $O CCBL $,#1$N>l9g$@$1Dj5A $5$l!" non cac heable $J>l9g$K$O;HMQ$5$l$J$$!# %U%#!<%k%IL> 5-=R ADDR 27:0] FI$_=P$7$*$h$S%$%s%P%j%G!<%HBP>]$r<($9%/%i%9%?!&%"%I%l%9 HOME HOME $, #1 $G $" $k >l 9g!" ADDR %U%#!< %k %I $G ;X Dj$9 $k BP >] $, home page $G $" $k $3 $H $r<($9 DUMMY DUMMY $, #1 $G $" $k >l 9g!" ADDR %U%#!< %k %I $G ;X Dj $9 $k BP >] $, %@ %_!< %Z!< %8 $G $" $k $3 $H$r;XDj$9$k O W CH O W CH ( Owner Change ) $,#1$G$"$k>l9g!" ADDR %U%#!<%k%I$G;XDj$9$kBP>]$, Owner $rBX$($k$3$H$,I,MW$J6&M-%"%/%;%9$G$"$k$3$H$r<($9!# LAR GE LAR GE $, #1 $G$"$k>l9g ADDR %U%#!<%k%I$G;XDj$9$kBP>]$, %i!<%8%Z!<%8 !J#2#5#6#K %P%$%HC10L!K$K$"$k$3$H$r<($9 FEPOL F !? E bits $N2r<a$KMQ$$$i$l$k%"%/%;%9$N6K@- CCBL rdin v P req $N>l9g Fs<!%-%c%C%7%c%V%k$J$N$G#1$r;XDj$9$k SU SU %S%C %H $, #1 $G $" $k >l 9g!" FI $_ =P $7 MW 5a $, FC 8" !J%+!< %M %k!K %b!< %I $G 9T $J $o $l $k $3 $H $r <($9 SIZE [ 2:0 ] SIZE %U%#!<%k%I$OFI$_=P$7BP>]$N%G!<%?$N%5%$%:$r<($9!# CCBL = 1 $G$"$k%-%c%C %7%c%V%k%" %/%;%9 $N>l9g$O EvA3 blo c k $,A*Br$5 $l$k$Y$-$G$"$k!# DID [ 2:0 ] %Q%1%C%H$N9T$-@h%G%P%$%9$N;XDj!#%9%L!<%W$r9T$J$& rdin v req $G$O all $r;XDj$9$k!# SID [ 2:0 ] %Q%1%C%H$NAw?.85$N;XDj!# reply %Q%1%C%H$O SID 08$K$*$/$i$l$k!# A CK rdin v P req A‘:n$N=*N;$r X PEND ?.9f$GDLCN$9$k$3$H$rA*Br$9$k!# 48

4.3.7 rdin v Q req rdin v Q req $O!"%P%9$K@\B3$5$l$?%a%b%j$+$i$NFI$_$@$7MW5a7s%$%s%P%j%G!<%HMW5a$G$"$j!" Memory-Based FIF O $r 9= @. $9 $k %" %/ %; %9 K! $N $? $a $N non blo c king FI $_ $@ $7 $G $" $k!# rdin v Q req $G $O Ev 3: %m %1!< %7%g %s $N F1 4| %S%C %H $, full $G $"$k>l9g!"MW5a85 %-%c%C%7%e$X exclusiv e $J>uBV$H$7 $FFI$_=P$9!# empt y $N >l9g!"F14|%U%i%0 $N$_M-8z$J%G!< %?$H$7$F%-%c%C%7%e$K rdin v Q reply $rJV$9!# rdin v Q req $N %Q %1%C %H D9 $O #1 $G $" $k!# MBP $* $h $S 3F %-%c%C %7%e $O!" 3F!9 BP 1~ $9 $k F0 :n $r 9T $J $$ MW 5a 85 $, B0 $9 $k%/%i %9%? 0J 30$K Ev3: %V%m%C %/$, B8:_ $7$J $$>u 67$H $7$? 8e!" rdin v Q reply $r JV$9!# MW5a 85%-%c%C %7%e0J 30$G $N%$ %s %P%j%G!<%H$O!"%j%W%i%$%Q%1%C%H$G$"$k rdin v Q reply %Q%1%C%H$r<uM}$7$?;~E@$G<B9T$5$l$k!# $=$NB>$NF0:n$K$D$$$F$O!" rdin v req $K=‘$8$k!# Cm#1!’ rdin v Q req $O!">>K\;EMM=q$N c rdin v Q req $KBP1~$7!"5~Bg;EMM=q$K$OBP1~$9$k$b$N$O$J$$!# Cm#2!’ DID %U%#!<%k%I$O!"%9%L!<%W%"%/%;%9$r>o$K9T$J$&$?$a!"0UL#$,$J$$!#Cm#3!’ rdin v Q req $O CCBL $,#1$N>l9g$@$1MQ$$ $i$l!" non cac heable $J>l9g$K$O;HMQ$7$J$$ %U%#!<%k%IL> 5-=R ADDR 27:0] FI$_=P$7$*$h$S%$%s%P%j%G!<%HBP>]$r<($9%/%i%9%?!&%"%I%l%9 HOME HOME $, #1 $G $" $k >l 9g!" ADDR %U%#!< %k %I $G ;X Dj$9 $k BP >] $, home page $G $" $k $3 $H $r<($9 DUMMY DUMMY $, #1 $G $" $k >l 9g!" ADDR %U%#!< %k %I $G ;X Dj $9 $k BP >] $, %@ %_!< %Z!< %8 $G $" $k $3 $H$r;XDj$9$k O W CH O W CH ( Owner Change ) $,#1$G$"$k>l9g!" ADDR %U%#!<%k%I$G;XDj$9$kBP>]$, Owner $rBX$($k$3$H$,I,MW$J6&M-%"%/%;%9$G$"$k$3$H$r<($9!# LAR GE LAR GE $, #1 $G$"$k>l9g ADDR %U%#!<%k%I$G;XDj$9$kBP>]$, %i!<%8%Z!<%8 !J#2#5#6#K %P%$%HC10L!K$K$"$k$3$H$r<($9 FEPOL F !? E bits $N2r<a$KMQ$$$i$l$k%"%/%;%9$N6K@- CCBL rdin v Q req $N>l9gFs<!%-%c%C%7%c%V%k$J$N$G#1$r;XDj$9$k!# SU SU %S%C %H $, #1 $G $" $k >l 9g!" FI $_ =P $7 MW 5a $, FC 8" !J%+!< %M %k!K %b!< %I $G 9T $J $o $l $k $3 $H $r <($9 SIZE [ 2:0 ] SIZE %U%#!<%k%I$OFI$_=P$7BP>]$N%G!<%?$N%5%$%:$r<($9!# CCBL = 1 $G$"$k%-%c%C %7%c%V%k%" %/%;%9 $N>l9g$O EvA3 blo c k $,A*Br$5 $l$k$Y$-$G$"$k!# DID [ 2:0 ] %Q%1%C%H$N9T$-@h%G%P%$%9$N;XDj!#%9%L!<%W$r9T$J$& rdin v req $G$O all $r;XDj$9$k!# SID [ 2:0 ] %Q%1%C%H$NAw?.85$N;XDj!# reply %Q%1%C%H$O SID 08$K$*$/$i$l$k!# A CK rdin v Q req A‘:n$N=*N;$r X PEND ?.9f$GDLCN$9$k$3$H$rA*Br$9$k!# 49

4.3.8 write req write req $O!"%P%9$K@\B3$5$l$?%a%b%j$X$N%3%R!<%l%s%H=q$-9~$_MW5a$G$"$k!# write req $ODL>o%i%$%H%P%C%/ $G $J$$%a%b%j=q$-9~$_$*$h$S non cac heable write !J CCBL=0 $N>l9g!K$KMQ$$$i$l$k!# write req $N %Q%1%C%H D9$O!" =q$-9~ $‘%G!< %?$,%V %m%C%/$N >l9g #5$G$" $j!"$= $NB>$N >l9g #2$G$" $k!# SIZE %U%#!<%k %I$, mask ed blo c k $r;XDj$7$F$$$k>l9g$O!"%G!<%?%U%j%C%H$KIUB0$9$k WWE %U%#!<%k%I$K$h$j!"=q$-9~$_$r9T$J$& w ord $r;XDj$9$k!# MBP $*$h$S3F%-%c%C%7%e$O!"3F!9BP1~$9$k=q$-9~$_F0:n$r9T$J$&!# write req %Q %1%C %H F0 :n $N >\ :Y $O!" %" %I %l %9!& %U %j%C %H $K 4^ $^ $l $k 3F %U%#!< %k %I $N CM $K $h $j Dj $a $i $l $k!# FC $K!" CCBL !" A CK %U%#!<%k%I$NCM$OF0:n$rBg$-$/5,Dj$9$k!# A CK %U%#!<%k%I $,#1$N >l9g!" CC !? CPU $K write A‘:n $N=* N;$r X PEND ?.9f $r2p$7 $FDLCN $9$k!##0 $N>l9g!" CC !? CPU $O write =hM}$rBT$A9g$o$;$J$$!# Cm #1!’ write req $O!" 5~ Bg ;E MM =q $N No-Allo cate W rite Request, Self-Clean up W rite Request $K BP 1~ $9 $k!# No-Allo cate W rite Reauest, Self-Clean up W rite Request $O CCBL $,#0$H$7$FM?$($i$l$k!# No-Allo cate W rite Request $H Self-Clean up W rite Request $O ;H$o$l$k>lLL$G6hJL$5$l$k!# Cm#2!’ V3.0 0J9_$G$OI,$:%9%L!<%W$,9T$J$o$l$k$?$a!" DID %U%#!<%k%I$O don’t care $G$"$k!# Cm#3!’ V3.4 0J9_!"%-%c%C%7%e$+$i$N writebac k $O %j%W%i%$%l%Y%k$N%Q%1%C%H$G$"$k writebac k reply $G<B8=$5$l$k 50

%U%#!<%k%IL> 5-=R ADDR 27:0] =q$-9~$_BP>]$r<($9%/%i%9%?!&%"%I%l%9 HOME HOME $, #1 $G $" $k >l 9g!" ADDR %U%#!< %k %I $G ;X Dj$9 $k BP >] $, home page $G $" $k $3 $H $r<($9 DUMMY DUMMY $, #1 $G $" $k >l 9g!" ADDR %U%#!< %k %I $G ;X Dj $9 $k BP >] $, %@ %_!< %Z!< %8 $G $" $k $3 $H$r;XDj$9$k O W CH O W CH ( Owner Change ) $,#1$G$"$k>l9g!" ADDR %U%#!<%k%I$G;XDj$9$kBP>]$, Owner $rBX$($k$3$H$,I,MW$J6&M-%"%/%;%9$G$"$k$3$H$r<($9!# LAR GE LAR GE $, #1 $G$"$k>l9g ADDR %U%#!<%k%I$G;XDj$9$kBP>]$, %i!<%8%Z!<%8 !J#2#5#6#K %P%$%HC10L!K$K$"$k$3$H$r<($9 FEPOL F !? E bits $N2r<a$KMQ$$$i$l$k%"%/%;%9$N6K@- CCBL CCBL %S%C%H$,#1$G$"$k>l9g!"%Q%1%C%H$,9T$J$&%a%b%jA‘:n$,%-%c%C%7%c%V%k$G$"$j!" #0$G$"$k>l9g$O!"%N%s%-%c%C%7%c%V%k$G$"$k!"$9$J$o$A no-allo cate-write $^$?$O self- clean up $G$"$k$3$H$r<($9!# SU SU %S%C %H $, #1 $G $" $k >l 9g!" =q $- 9~ $_ MW 5a $, FC 8" !J%+!< %M %k!K %b!< %I $G 9T $J $o $l $k $3 $H $r <($9 SNOOP CNTL [ 2:0 ] SNOOP CNTL %U%#!<%k%I$O!"%Q%1%C%H$,%9%L!<%WA‘:n$rH<$&>l 9g$K;HMQ$5$l$k!# write req $G$O CLSH $@$1$,M-8z$G$"$k!# CLSH CLSH %S%C%H$,#1$G$"$k>l9g!"=q$-9~$_%V%m%C%/$, global ( CLSH ) >u BV$G$"$k$3$H$r<($9!# F/E bits E> Aw $9 $k %V %m%C %/ Cf $N 3F double w ord $K BP 1~ $9 $k full/empt y %S%C %H!# $? $@ $7!" F !? E %S%C %H $N 0LCV $O!" %V %m%C %/ $N @h F, %" %I %l%9 $N G! 2? $K $+ $+ $o $i $:!" %V%m%C %/ 6- 3& $K @0 Ns $7 $F $$$k!# SIZE [ 2:0 ] SIZE %U%#!<%k%I$O=q$-9~$_BP>]$N%G!<%?$N%5%$%:$r<($9!#%5%$%: $, blo c k $G$" $k >l9g!" #5 %U%j%C %H$r ;} $D%Q %1%C %H$H $J $j!"$= $l 0J 30$N>l9g #2%U%j%C%H$r;}$D%Q%1%C%H$H$J$k!# SIZE $G mask ed blo c k $r;XDj$7$F $$$k>l9g$O!"#3#2 %S%C%HC10L$G!" WWE %S%C%H$K $h$j %G!<%?$NM-8z@-$r<($7!"M-8z$G$"$k8l$@$1$,=q$-9~$_BP>]$H$J$k!# DID [ 2:0 ] %Q%1%C%H$N9T$-@h%G%P%$%9$N;XDj!#%9%L!<%W$r9T$J$&$?$a!" all $r;XDj$9$k SID [ 2:0 ] %Q%1%C%H$NAw?.85$N;XDj!# write req %Q%1%C%H$N>l9gFC$K0UL#$,$J$$$,!"JX59>eIU2C$9$k A CK write A‘:n$N=*N;$r X PEND ?.9f$GDLCN$9$k$3$H$rA*Br$9$k!# D A T A [ 63:0 ] =q$-9~$_%G!<%?!#=q$- 9~$_D9$K$h$j!"#1 %G!<%?%U %j%C%H$^$?$O#4%G!<%?%U%j%C%H $H$J$k!# ADDR %U%#!< %k %I $, %V %m%C %/ 6- 3& $r ;X $7 $F $$ $J $$ >l 9g!" =q $- 9~ $_ %G!< %? $O Ev 3: %V %m%C %/ Fb$G!"%"%I%l%9$G;XDj$5$l$? double w ord $,@hF,$G$"$j!"0J8e%V%m%C%/Fb>:=g!J mo d 4 !K $GE>Aw$5$l$k!# WWE [ 1:0 ] =q $- 9~ $_ %$ %M!< %V %k ?. 9f!# SIZE $, mask ed blo c k $G $" $k >l 9g $@ $1 M- 8z $G $" $k!# Ev 3: %G!< %? %U %j%C %H Cf =q $- 9~ $_ $r 9T $J $& w ord $r ;X Dj $9 $k!# #1 $N >l 9g =q $- 9~ $_ $r 9T $J $&!# ADDR %U%#!< %k %I $, %V %m%C %/ 6- 3& $r;X $7 $F $$ $J $$ >l 9g!" =q $- 9~ $_ %G!< %? $O Ev 3: %V %m%C %/ $J $$ $G!" %"%I%l%9$G;XDj$5$l$? double w ord $,@hF,$G$"$j!"0J8e%V%m%C%/Fb>:=g!J mo d 4 !K$GE>Aw $5$l$k!# 51

4.3.9 writebac k reply writebac k reply $O!"%P%9$K@\B3$5$l$?%a%b%j$X$N%3%R!<%l%s%H=q$-9~$_MW5a$G$"$k!# writebac k reply $O%-%c%C %7%e%a%b%j$+$i$N %i%$%H%P%C%/$KMQ$$$i$l$k!# writebac k reply $N F0:n $O!" %" %I %l %9 %U %j%C %H Cf!" %9 %L!< %W%3 %s %H %m!< %k %U%#!< %k %I $N CLSH %S%C %H $NCM $K $h $j Bg $- $/ $+ $o $k!# CLSH==1 $N >l 9g!" %[!< %‘ $^ $G =q $- La $9 writebac k to home $N 0U $G $" $j!" CLSH == 0 $N >l9g!" %-%c%C %7%e $,B0 $9 $k %/%i %9 %? Fb$N %/ %i %9 %?%a %b %j $^$G =q $- La$9!# =>$C $F!" B> $N%j %/ %( %9%H %Q %1%C %H$K $* $$ $F $O CLSH %S%C%H$O%-%c%C%7%e%V%m%C%/$N>uBV!J global/lo cal !K$K$h$jCM$,Dj$^$k$,!" writebac k reply $K$*$$$F$O CPU $+$iM?$($i$l$k%3%^%s%I$K$h$j!" CLSH %S%C%H$NCM$,7hDj$9$k !"Nc30E*F0:n$rMW5a$9$k!# writebac k reply $N%Q%1%C%HD9$O!"=q$-9~$‘%G!<%?$,%V%m%C%/$G$"$k$?$a!"#5$G$"$k!# A CK %U%#!<%k%I$,#1$N>l9g!" CC !? CPU $K writebac k A‘:n$N=*N;$r X PEND ?.9f$r2p$7$FDLCN$9$k!##0$N>l 9g!" CC !? CPU $O write =hM}$rBT$A9g$o$;$J$$!# Cm#1!’ writebac k reply $O!">>K\;EMM=q$N c writebac k, 5~Bg;EMM=q$N W rite-bac k $KBP1~$9$k!# Cm#2!’ V3.0 0J9_$G $OI,$:%9%L!< %W$,9T$J $o$l$k$? $a!" DID %U%#!<%k%I$O all $r ;XDj$9$k!# Cm#3!’ writebac k reply $O V3.4 $G ?7 @_$5$l$?!# 52

%U%#!<%k%IL> 5-=R ADDR 27:0] =q$-9~$_BP>]$r<($9%/%i%9%?!&%"%I%l%9 HOME HOME $, #1 $G $" $k >l 9g!" ADDR %U%#!< %k %I $G ;X Dj$9 $k BP >] $, home page $G $" $k $3 $H $r<($9 DUMMY DUMMY $, #1 $G $" $k >l 9g!" ADDR %U%#!< %k %I $G ;X Dj $9 $k BP >] $, %@ %_!< %Z!< %8 $G $" $k $3 $H$r;XDj$9$k O W CH O W CH ( Owner Change ) $,#1$G$"$k>l9g!" ADDR %U%#!<%k%I$G;XDj$9$kBP>]$, Owner $rBX$($k$3$H$,I,MW$J6&M-%"%/%;%9$G$"$k$3$H$r<($9!# LAR GE LAR GE $, #1 $G$"$k>l9g ADDR %U%#!<%k%I$G;XDj$9$kBP>]$, %i!<%8%Z!<%8 !J#2#5#6#K %P%$%HC10L!K$K$"$k$3$H$r<($9 FEPOL F !? E bits $N2r<a$KMQ$$$i$l$k%"%/%;%9$N6K@- CCBL CCBL %S%C%H$O#1$G$"$kI,MW$,$"$k!# SU SU %S%C %H $, #1 $G $" $k >l 9g!" =q $- 9~ $_ MW 5a $, FC 8" !J%+!< %M %k!K %b!< %I $G 9T $J $o $l $k $3 $H $r <($9 SNOOP CNTL [ 2:0 ] SNOOP CNTL %U%#!<%k%I$O!"%Q%1%C%H$,%9%L!<%WA‘:n$rH<$&>l 9g$K;HMQ$5$l$k!# writebac k reply $G$O CLSH $@$1$,M-8z$G$"$k!# CLSH CLSH %S%C%H $,#1 $G$" $k>l9g!" writebac k $,%[!< %‘$^$G 5Z$V$3$H$r<($7!"#0$G$"$k>l9g$O!"%3%T!<%Z!<%8$N>l9gEv3: %/%i%9%?Fb$^$G$7$+ writebac k $7$J$$$3$H$r<($9!#=>$C$F!" Fs<!%-%c%C%7%e$, CPU $+$i$N%"%I%l%9>e0L$K=>$C$F@_Dj$9 $k!# F/E bits E> Aw $9 $k %V %m%C %/ Cf $N 3F double w ord $K BP 1~ $9 $k full/empt y %S%C %H!# $? $@ $7!" F !? E %S%C %H $N 0LCV $O!" %V %m%C %/ $N @h F, %" %I %l%9 $N G! 2? $K $+ $+ $o $i $:!" %V%m%C %/ 6- 3& $K @0 Ns $7 $F $$$k!# SIZE [ 2:0 ] SIZE %U%#!<%k%I$O=q$-9~$_BP>]$N%G!<%?$N%5%$%:$r<($9!#%5%$%: $, blo c k $G$"$k>l9g!"#5%U%j%C%H$r;}$D%Q%1%C%H$H$J$k!# mask ed blo c k $G$"$k>l9g$O!"#3#2%S%C%HC10L$G!" WWE %S%C%H$K$h$j%G!< %?$NM-8z@-$r<($7!"M-8z$G$"$k8l$@$1$,=q$-9~$_BP>]$H$J$k!# DID [ 2:0 ] %Q%1%C%H$N9T$-@h%G%P%$%9$N;XDj!#%9%L!<%W$r9T$J$&$?$a!" all $r;XDj$9$k SID [ 2:0 ] %Q%1%C %H$N Aw?. 85$N ;X Dj!# writebac k reply %Q %1%C%H $N>l 9gFC $K 0UL# $,$J $$$,!" JX59 >eIU 2C$9$k A CK write A‘:n$N=*N;$r X PEND ?.9f$GDLCN$9$k$3$H$rA*Br$9$k!# D A T A [ 63:0 ] =q$-9~$_%G!<%?!# writebac k reply $G$O#4%G!<%?%U%j%C%H$H$J$k!# ADDR %U%#!<%k%I$,%V %m%C %/ 6- 3&$r ;X $7 $F $$ $J $$ >l 9g!" =q $-9~ $_ %G!< %? $O Ev 3: %V %m%C %/ Fb$G!" %" %I %l %9 $G ;X Dj $5 $l$? double w ord $,@hF,$G$"$j!"0J8e%V%m%C%/Fb>:=g!J mo d 4 !K$GE>Aw$5$l$k!# WWE [ 1:0 ] =q $- 9~ $_ %$ %M!< %V %k ?. 9f!# SIZE $, mask ed blo c k $G $" $k >l 9g $K Ev 3: %G!< %? %U %j%C %H Cf =q $- 9~ $_ $r 9T $J $& w ord $r ;X Dj $9 $k!# #1 $N >l 9g =q $- 9~ $_ $r 9T $J $&!# ADDR %U%#!< %k %I $, %V %m%C %/ 6- 3&$r ;X $7 $F $$ $J $$ >l 9g!" =q $-9~ $_ %G!< %? $O Ev 3: %V %m%C %/ $J$$ $G!" %" %I %l %9 $G ;X Dj $5$l$? double w ord $,@hF,$G$"$j!"0J8e%V%m%C%/Fb>:=g!J mo d 4 !K$GE>Aw$5$l$k!# 53

4.3.10 non coheren t write req non coheren t write req $O!" Fs <! %-%c%C %7%e %a %b %j $+ $i!" %P %9 $K @\ B3 $5 $l $? %a %b %j $X $N Hs %3 %R!< %l %s %H =q $- 9~ $_ MW 5a $G $" $k!# non coheren t write req $N %Q %1%C %H D9 $O!" =q $- 9~ $‘ %G!< %? $, %V %m%C %/ $N >l 9g #5 $G $" $j!" $= $N B> $N >l 9g #2$G $" $k!# 3F%G!< %? %U %j%C%H $N WWE %U%#!< %k %I$, #1 $G $" $k w ord $K $D$$ $F =q $-9~ $_ $r 9T $J$&!# MBP $O!" 3F!9 BP 1~$9$k=q$-9~$_F0:n$r9T$J$&!# non coheren t write req %Q %1%C %H F0 :n $N >\ :Y $O!" %" %I %l %9!& %U %j%C %H $K 4^ $^ $l $k 3F %U%#!< %k %I $N CM $K $h $j Dj $a $i $l$k!#FC$K!" CCBL, A CK %U%#!<%k%I$NCM$OF0:n$rBg$-$/5,Dj$9$k!# CCBL $, #1 $N >l 9g!" non coheren t write req $O Hs %3 %R!< %l %s %H $J %-%c%C %7%e $+ $i $N writebac k $G $" $j!" CCBL $,#0$N>l9g!"Hs%3%R!<%l%s%H$J non cac heable write $G$"$k!# non coheren t write req $N F1 4| ;X Dj $O!" #M #B #P A‘ :n 5/ F0 $N $? $a $K MQ $$ $i $l $k!# 8e =R non coheren t write M req $r;2>H$N$3$H!# Cm#1!’ non coheren t write req $O V3.0 $K >>K\;a$NMW5a$K$h$j:n@.$5$l$?!# Cm#2!’ DID %U%#!<%k%I$O!"%9%L!<%W%"%/%;%9$r9T$J$o$J$$$?$a#M#B#P$K@_Dj$9$kI,MW$,$"$k!# %U%#!<%k%IL> 5-=R ADDR 27:0] =q$-9~$_BP>]$r<($9%/%i%9%?!&%"%I%l%9 HOME HOME $, #1 $G $" $k >l 9g!" ADDR %U%#!< %k %I $G ;X Dj$9 $k BP >] $, home page $G $" $k $3 $H $r<($9 DUMMY DUMMY $, #1 $G $" $k >l 9g!" ADDR %U%#!< %k %I $G ;X Dj $9 $k BP >] $, %@ %_!< %Z!< %8 $G $" $k $3 $H$r;XDj$9$k O W CH O W CH ( Owner Change ) $,#1$G$"$k>l9g!" ADDR %U%#!<%k%I$G;XDj$9$kBP>]$, Owner $rBX$($k$3$H$,I,MW$J6&M-%"%/%;%9$G$"$k$3$H$r<($9!# LAR GE LAR GE $, #1 $G$"$k>l9g ADDR %U%#!<%k%I$G;XDj$9$kBP>]$, %i!<%8%Z!<%8 !J#2#5#6#K %P%$%HC10L!K$K$"$k$3$H$r<($9 FEPOL F !? E bits $N2r<a$KMQ$$$i$l$k%"%/%;%9$N6K@- CCBL CCBL %S%C %H $, #1 $G$" $k >l 9g!" %Q %1%C %H $, 9T $J $& %a %b %j A‘ :n $, %-%c%C %7%c %V %k $G $" $k $3$H$r<($9!##0$G$"$k>l9g$O!"%N%s%-%c%C%7%c%V%k$G$"$k$3$H$r<($9!# SU SU %S%C %H $, #1 $G $" $k >l 9g!" =q $- 9~ $_ MW 5a $, FC 8" !J%+!< %M %k!K %b!< %I $G 9T $J $o $l $k $3 $H $r <($9 F/E bits E> Aw$9$k%V %m%C%/Cf$N3F double w ord $K BP1~$9$k full/empt y %S%C%H!# %G!<%?%5%$%: $NG! 2?$K78$o$i$:!">o$K%V%m%C%/6-3&$K@0Ns$7$?0LCV$G>pJs$,<($5$l$k SIZE [ 2:0 ] SIZE %U%#!<%k%I$O=q$-9~$_BP>]$N%G!<%?$N%5%$%:$r<($9!#%5%$%: $, blo c k $G$" $k >l9g!" #5 %U%j%C %H$r ;} $D%Q %1%C %H$H $J $j!"$= $l 0J 30$N >l9g #2%U%j%C %H$r ;}$D%Q %1%C%H $H$J $k!#$$$: $l$N >l9g $b!"#3 #2%S%C%HC10L $G!" WWE %S%C%H$K$h$j%G!< %?$NM-8z@-$r<( $7!"M- 8z$G$"$k8l$@$1$,=q$-9~$_BP>]$H$J$k!# DID [ 2:0 ] %Q %1%C %H$N 9T $- @h %G %P %$ %9 $N;X Dj!# %9 %L!< %W $r 9T $J$o $J $$ $? $a!" #M #B #P $r;X Dj $9 $k I, MW $, $"$k!# SID [ 2:0 ] %Q%1%C%H$NAw?.85$N;XDj!# non coheren t write req %Q%1%C%H$N>l9g0UL#$,$J$$$,!"%G%P%0 $J$I$NJX59>eIU2C$9$k A CK non coheren t write A‘:n $,=* N;$7 $?;~ E@$G X PEND ?. 9f$r JV$9 $3$H $r;X Dj$9 $k!# A CK $,#1$N>l9g!" X PEND ?.9f$rJV$9 D A T A [ 63:0 ] =q$-9~$_%G!<%?!#=q$- 9~$_D9$K$h$j!"#1 %G!<%?%U %j%C%H$^$?$O#4%G!<%?%U%j%C%H $H$J$k!# =q$-9~$_%5%$%:$,#1%V%m%C%/$N>l9g!" ADDR %U%#!< %k%I$G;XDj$5$l$? double w ord $, :G =i$N%G!<%?!&%U%j%C%H$H$J$j0J8e>:=g!J mo d 4 !K$GE>Aw$5$l$k!# WWE [ 1:0 ] =q$- 9~ $_%$ %M!< %V%k ?. 9f!# SIZE $, mask ed blo c k $G $" $k>l 9g!" Ev3: %G!<%? %U %j%C%H Cf =q $- 9~ $_ $r 9T $J $& w ord $r ;X Dj $9 $k!# #1 $N >l 9g =q $- 9~ $_ $r 9T $J $&!# =q $- 9~ $_ %5 %$ %: $, #1 %V %m%C %/ $N >l 9g!" ADDR %U%#!< %k %I $G ;X Dj $5 $l $? double w ord $, :G =i $N %G!< %?!& %U %j%C %H$H$J$j0J8e>:=g!J mo d 4 !K$GE>Aw$5$l$k!# 54

4.3.11 non coheren t write M req non coheren t write M req $O!" %a %b %j $X $N m F1 4| $D $- !J#M #B #P %3 %" 8F $S =P $7 $K ;H MQ $5 $l $k!K Hs %3 %R!< %l %s %H =q $- 9~ $_ MW 5a $G $" $k!# non coheren t write M req $N %Q %1%C %H D9 $O!" =q $- 9~ $‘ %G!< %? $, %V %m%C %/ $N >l 9g #5 $G $" $j!" $= $N B>$N >l 9g#2 $G $" $k!#3F %G!< %? %U%j%C %H $N WWE %U%#!< %k%I $, #1$G $" $k w ord $K $D$$ $F =q$- 9~ $_ $r9T $J $&!# MBP $* $h $S 3F %-%c%C %7%e $O!" 3F!9 BP 1~ $9 $k =q $- 9~ $_ F0 :n $r 9T $J $&!# non coheren t write M req %Q %1%C %H F0 :n $N >\ :Y $O!" %" %I %l %9!& %U %j%C %H $K 4^ $^ $l $k 3F %U%#!< %k %I $N CM $K $h $j Dj $a $i $l $k!# FC $K!" CCBL, A CK %U%#!< %k %I $N CM $O F0 :n $r Bg $-$/5,Dj$9$k!# Cm#1!’ non coheren t write M req $O V3.0 $K >>K\;a$NMW5a$K$h$j:n@.$5$l$?!# Cm#2!’ DID %U%#!<%k%I$O!"%9%L!<%W%"%/%;%9$r9T$J$o$J$$$?$a#M#B#P$K@_Dj$9$kI,MW$,$"$k!# %U%#!<%k%IL> 5-=R ADDR 27:0] =q$-9~$_BP>]$r<($9%/%i%9%?!&%"%I%l%9 HOME HOME $, #1 $G $" $k >l 9g!" ADDR %U%#!< %k %I $G ;X Dj$9 $k BP >] $, home page $G $" $k $3 $H $r<($9 DUMMY DUMMY $, #1 $G $" $k >l 9g!" ADDR %U%#!< %k %I $G ;X Dj $9 $k BP >] $, %@ %_!< %Z!< %8 $G $" $k $3 $H$r;XDj$9$k O W CH O W CH ( Owner Change ) $,#1$G$"$k>l9g!" ADDR %U%#!<%k%I$G;XDj$9$kBP>]$, Owner $rBX$($k$3$H$,I,MW$J6&M-%"%/%;%9$G$"$k$3$H$r<($9!# LAR GE LAR GE $, #1 $G$"$k>l9g ADDR %U%#!<%k%I$G;XDj$9$kBP>]$, %i!<%8%Z!<%8 !J#2#5#6#K %P%$%HC10L!K$K$"$k$3$H$r<($9 FEPOL F !? E bits $N2r<a$KMQ$$$i$l$k%"%/%;%9$N6K@- CCBL CCBL %S%C %H $, #1 $G$" $k >l 9g!" %Q %1%C %H $, 9T $J $& %a %b %j A‘ :n $, %-%c%C %7%c %V %k $G $" $k $3$H$r<($9!##0$G$"$k>l9g$O!"%N%s%-%c%C%7%c%V%k$G$"$k$3$H$r<($9!# SU SU %S%C %H $, #1 $G $" $k >l 9g!" =q $- 9~ $_ MW 5a $, FC 8" !J%+!< %M %k!K %b!< %I $G 9T $J $o $l $k $3 $H $r <($9 F/E bits E>Aw$9$k%V%m%C%/Cf$N3F double w ord $KBP1~$9$k full/empt y %S%C%H SIZE [ 2:0 ] SIZE %U%#!<%k%I$O=q$-9~$_BP>]$N%G!<%?$N%5%$%:$r<($9!#%5%$%: $, blo c k $G$" $k >l9g!" #5 %U%j%C %H$r ;} $D%Q %1%C %H$H $J $j!"$= $l 0J 30$N>l9g #2%U%j%C%H$r;}$D%Q%1%C%H$H$J$k!# SIZE $, mask ed blo c k $G$"$k>l9g!" #3#2%S%C%HC10L$G WWE %S%C %H$K$h$j%G!<%?$N M-8z @-$r<($7!"M-8z$G$"$k8l$@$1$,=q$-9~$_BP>]$H$J$k!# DID [ 2:0 ] %Q %1%C %H$N 9T $- @h %G %P %$ %9 $N;X Dj!# %9 %L!< %W $r 9T $J$o $J $$ $? $a!" #M #B #P $r;X Dj $9 $k I, MW $, $"$k!# SID [ 2:0 ] %Q %1%C %H $N Aw ?. 85 $N ;X Dj!# non coheren t write M req %Q %1%C %H $N >l 9g!" 0l HL $K %j %W %i %$ $OMW5a$7$J$$$,#M#B#P$KAw?.85Fs<!%-%c%C%7%e$rDLCN$9$k$?$a$KMQ$$$i$l$k A CK non coheren t write A‘:n $,=* N;$7 $?;~ E@$G X PEND ?. 9f$r JV$9 $3$H $r;X Dj$9 $k!# A CK $,#1$N>l9g!" X PEND ?.9f$rJV$9 D A T A [ 63:0 ] =q$-9~$_%G!<%?!#=q$- 9~$_D9$K$h$j!"#1 %G!<%?%U %j%C%H$^$?$O#4%G!<%?%U%j%C%H $H$J$k!# %G!<%?D9 $,#1%V %m%C%/$N >l9g!" ADDR %U%#!<%k %I$G<($5 $l$k double w ord $r @hF,$N %G!< %?!&%U%j%C%H$H$7$FAw$j!"0J8e>:=g!J mo d 4 !K$N=g$G%V%m%C%/$rE>Aw$9$k WWE [ 1:0 ] =q$- 9~ $_%$ %M!<%V %k ?.9f!# Ev3: %G!< %?%U %j%C%H Cf =q$- 9~$_ $r9T $J $& w ord $r;X Dj$9 $k!# #1 $N >l 9g =q $- 9~ $_ $r 9T $J $&!# %G!< %? D9 $, #1 %V %m%C %/ $N >l 9g!" ADDR %U%#!< %k %I $G <( $5 $l $k double w ord $r@h F,$N%G!< %?!&%U%j%C%H $H$7$F Aw$j!"0J 8e>:=g !J mo d 4 !K$N=g$G %V%m%C%/ $rE>Aw$9$k 55

4.3.12 sw ap req sw ap req $O!"%P%9$K@\B3$5$l$?%a%b%j$X$N%9%o%C%WMW5a$G$"$j!"%Q%1%C%HD9$O#2$G$"$k!#%j%/%(%9%H$, Non-cac heable $N >l 9g $K $O!" MBP $K BP $9 $k <+ L@ $N %9 %o%C %W MW 5a $G $" $j!" F0 :n $N 7k 2L reply %Q %1%C %H $H $7 $F JV $k!# %j %/ %( %9 %H $, %-%c%C %7%c %V %k $N >l 9g $K $O 3F %-%c%C %7%e $O!" up date %W %m %H %3 %k $K BP 1~ $9 $k %9 %o%C %W F0 :n $r 9T $J $& $? $a!" sw ap req $r;HMQ$7$J$$!#=>$C$F CCBL==1 $N sw ap req %Q%1%C%H$NF0:n$ODj5A$5$l$J$$!# sw ap req $G $O 8B Dj $5 $l $? F1 4| %W %j %_ %F%# %V $, ;H MQ 2D G= $G $" $k!# $9 $J $o $A!" #M #B #P $K 0M Mj $9 $k F1 4| %W %j %_ %F%# %V $G$"$k!#$3$l$O!" PCMD $*$h$S SCMD $N0lIt$G;XDj$5$l$k!#E,MQ2DG=$JF14|$O sw ap-m $G$"$k!# Cm#1!’ sw ap req $O!">>K\;EMM=q$N c sw ap req, 5~Bg;EMM=q$N Sw ap Request $KBP1~$9$k!# c sw ap req $O CCBL $,#0$N>l9g$K BP1~$9$k!# Cm#2!’ DID %U%#!< %k%I $O all $G $"$k!# sw ap req $O non cac heable $N >l 9g $N$_ 0U L# $r;} $D $,!" %3%R!< %l %s %H$J %W %m %H %3%k $K B’$k$?$a all $H$7$F07$&!# %U%#!<%k%IL> 5-=R ADDR 27:0] %9%o%C%WBP>]$r<($9%/%i%9%?!&%"%I%l%9 HOME HOME $, #1 $G $" $k >l 9g!" ADDR %U%#!< %k %I $G ;X Dj$9 $k BP >] $, home page $G $" $k $3 $H $r<($9 DUMMY DUMMY $, #1 $G $" $k >l 9g!" ADDR %U%#!< %k %I $G ;X Dj $9 $k BP >] $, %@ %_!< %Z!< %8 $G $" $k $3 $H$r;XDj$9$k O W CH O W CH ( Owner Change ) $,#1$G$"$k>l9g!" ADDR %U%#!<%k%I$G;XDj$9$kBP>]$, Owner $rBX$($k$3$H$,I,MW$J6&M-%"%/%;%9$G$"$k$3$H$r<($9!# LAR GE LAR GE $, #1 $G$"$k>l9g ADDR %U%#!<%k%I$G;XDj$9$kBP>]$, %i!<%8%Z!<%8 !J#2#5#6#K %P%$%HC10L!K$K$"$k$3$H$r<($9 FEPOL ;HMQ$7$J$$ CCBL sw ap req $G$O CCBL==1, $9$J$o$A%N%s%-%c%C%7%c%V%k$G$"$k!# SU SU %S%C %H $, #1 $G $" $k >l 9g!" %9 %o%C %W MW 5a $, FC 8" !J%+!< %M %k!K %b!< %I $G 9T $J $o $l $k $3 $H $r <($9 F/E bits ;HMQ$7$J$$ SIZE [ 2:0 ] SIZE %U%#!<%k%I$O%9%o%C%WBP>]$N%G!<%?$N%5%$%:$r<($9!#%9%o%C %W $O SP AR C $N SW AP $* $h $S LDSTUB L? Na $, 86 0x $G $" $k $? $a!" %5 %$ %: $O %P %$ %H!" $^ $? $O %o!< %I $G $" $j!" #2 %U %j%C %H $r ;} $D %Q %1%C%H$H$J$k DID [ 2:0 ] %Q %1%C %H $N 9T $- @h %G %P %$ %9 $N ;X Dj!# %9 %L!< %W $r 9T $J $& read req $O Ev A3 A4 $F $N %-%c%C %7%e $*$h$S MBP $G8+$kI,MW$,$"$k$?$a all $G$"$k!# SID [ 2:0 ] %Q%1%C%H$NAw?.85$N;XDj!# sw ap req %Q%1%C%H$N>l9g reply %Q%1%C%H$NAw?.@h$H$J$k A CK PEND ?.9f$K$h$k40N;DLCN;XDj!#I,$:#0$r;XDj$9$k D A T A [ 63:0 ] =q$-9~$_%G!<%?!# sw ap req $G$O#1 %G!<%?%U%j%C%H$G$"$k!# WWE [ 1:0 ] ;HMQ$7$J$$!# 56

4.3.13 sw ap M req sw ap M req $O!" %P %9 $K @\ B3 $5 $l $? JV CM $r I, MW $H $9 $k #M #B #P 8F $S =P $7 MW 5a $G $" $j!" %Q %1%C %H D9 $O #2 $G $" $k!# %j %/ %( %9 %H $O Non-cac heable $G $" $j!" MBP $K BP $9 $k 5/ F0 MW 5a $G $" $j!" F0 :n $N 7k 2L sw ap M reply %Q %1%C %H $H $7 $F JV $k!# A CK %U%#!< %k %I $, #1 $G $" $k >l 9g!" sw ap M req $, =h M} Cf $G $" $k $3 $H $,!" X PEND ?. 9f $K $h $j SID %U%#!< %k %I $G;X Dj $5 $l $k CC $r7P M3 $7 $F CPU $K DL CN$5 $l $k!# A CK %U%#!< %k %I$, #0 $G $" $k>l 9g $O!" #M #B #P$K $* $1 $k A‘ :n$O 40 A4 $K CC !? CPU $HFHN)$G$"$j!" X PEND ?.9f$K$h$k=*N;DLCN$O9T$J$o$l$J$$!# Cm#1!’ sw ap M req $O!">>K\;EMM=q$N c sw ap M req $KBP1~$9$k!# Cm#2!’ DID %U%#!<%k%I$O%9%L!<%W$r9T$J$o$J$$$?$a!" MBP $r;XDj$9$k %U%#!<%k%IL> 5-=R ADDR 27:0] MBP 5/F0BP>]$r<($9%/%i%9%?!&%"%I%l%9 HOME HOME $, #1 $G $" $k >l 9g!" ADDR %U%#!< %k %I $G ;X Dj$9 $k BP >] $, home page $G $" $k $3 $H $r<($9 DUMMY DUMMY $, #1 $G $" $k >l 9g!" ADDR %U%#!< %k %I $G ;X Dj $9 $k BP >] $, %@ %_!< %Z!< %8 $G $" $k $3 $H$r;XDj$9$k O W CH O W CH ( Owner Change ) $,#1$G$"$k>l9g!" ADDR %U%#!<%k%I$G;XDj$9$kBP>]$, Owner $rBX$($k$3$H$,I,MW$J6&M-%"%/%;%9$G$"$k$3$H$r<($9!# LAR GE LAR GE $, #1 $G$"$k>l9g ADDR %U%#!<%k%I$G;XDj$9$kBP>]$, %i!<%8%Z!<%8 !J#2#5#6#K %P%$%HC10L!K$K$"$k$3$H$r<($9 FEPOL ;HMQ$7$J$$ CCBL CCBL %S%C%H$O#0$G$"$j!"%N%s%-%c%C%7%c%V%k$N>l9g$N$_F0:n$,5,Dj$5$l$k!# SU SU %S%C %H $, #1 $G $" $k >l 9g!" %9 %o%C %W MW 5a $, FC 8" !J%+!< %M %k!K %b!< %I $G 9T $J $o $l $k $3 $H $r <($9 F/E bits ;HMQ$7$J$$ SIZE [ 2:0 ] SIZE %U%#!<%k%I$O%9%o%C%WBP>]$N%G!<%?$N%5%$%:$r<($9!#%9%o%C %W $O SP AR C $N SW AP $* $h $S LDSTUB L? Na $, 86 0x $G $" $k $? $a!" %5 %$ %: $O %P %$ %H!" $^ $? $O %o!< %I $G $" $j!" #2 %U %j%C %H $r ;} $D %Q %1%C%H$H$J$k DID [ 2:0 ] %Q%1%C %H$N9T $-@h%G %P%$%9 $N;X Dj!#%9%L!< %W$r9T $J$o $J$$ sw ap M req $G $O#M #B#P$r ;XDj $9$k!# SID [ 2:0 ] %Q%1%C%H$NAw?.85$N;XDj!# sw ap M req %Q%1%C%H$N>l9g reply %Q%1%C%H$NAw?.@h$H$J$k A CK sw ap M req A‘:n$N=*N;$r X PEND ?.9f$GDLCN$9$k$3$H$rA*Br$9$k!# D A T A [ 63:0 ] =q$-9~$_%G!<%?!#=q$-9~$_D9$K$h$j!"#1 %G!<%?%U%j%C%H$^$?$O#4%G!<%?%U%j%C%H$H$J$k!# WWE [ 1:0 ] =q$- 9~ $_%$ %M!<%V %k ?.9f!# Ev3: %G!< %?%U %j%C%H Cf =q$- 9~$_ $r9T $J $& w ord $r;X Dj$9 $k!# #1 $N>l9g=q$-9~$_$r9T$J$&!# 57

4.3.14 up date direct req up date direct req $O!"%P%9$K@\B3$5$l$?%-%c%C%7%e$*$h$S%a%b%j$X$ND>@\%"%C%W%G!<%HMW5a$G$"$k!# up date direct req $N%Q %1%C %H D9$O!" %V %m%C %/$r =q $- 9~$‘ >l 9g $K $O#5 $G $" $j!"$= $l 0J 30$N >l 9g $O #2$G $" $k!# %j%/ %( %9 %H$, %-%c%C %7%c %V %k $N>l 9g $K $O 3F %-%c%C %7%e $O!" up date %W %m %H %3 %k $K BP 1~ $9 $k F0 :n $r 9T $J $&!# up date direct req %Q %1%C %H F0 :n $N >\ :Y $O!" %" %I %l %9!& %U %j%C %H $K 4^ $^ $l $k 3F %U%#!< %k %I $N CM $K $h $j Dj $a $i $l $k!# FC $K!" CCBL, A CK %U%#!< %k %I $N CM $O F0 :n$rBg$-$/5,Dj$9$k!# up date direct req $O!"3F %Z!<%8$N%[!<%‘ $K$h$k%7%j %"%i%$%:$r 7P$:!"D>@\E* $K%"%C%W%G!< %H$9$k%W%m %H%3%k$N$? $a$N%P %9%3 %^%s %I$G $"$j!" %3%^ %s%I $NO@M} E*=* N;$O MBP $+ $iMW 5a85 $N%-%c%C%7%e %3%s %H%m!< %i$+ $iD> @\E* $K=P $5$l $k PEND ?.9f$K$h$jH=CG$5$l$k!#=>$C$F!" up date direct req $KBP$9$k%j%W%i%$$OB8:_$7$J$$!# up date direct req $,3F Fs<!%-%c%C%7%e $K$h$j<uM} $5$l$k$H!"Fs <!%-%c%C%7%e$, Ev3:%V%m%C%/ $rJ];}$9 $k>l9gD>$A $K up date F0:n$,9T$J$o$l$k!##M#B#P$O<uM}$7$?7k2L!"I,MW$JB>%/%i%9%?$r up date $9$kEy$NF0:n$r9T$J$&!# A CK %U%#!<%k%I$,#1$G$"$k>l9g!" up date direct req $,=hM}Cf$G$"$k$3$H$,!" X PEND ?.9f$K$h$j SID %U%#!< %k%I $G ;X Dj $5$l $k CC $r 7P M3 $7 $F CPU $KDL CN $5 $l $k!# A CK %U%#!<%k %I $, #0 $G$" $k >l 9g $O!" #M#B #P $K $* $1 $kA‘ :n $O 40A4$K CC !? CPU $HFHN)$G$"$j!" X PEND ?.9f$K$h$k=*N;DLCN$O9T$J$o$l$J$$!# $J$*!"0lEY 3F%Z!<%8$N%[!<%‘$G%7%j%"%i%$%:$9$k%"%C%W%G!<%HMW5a$H$7$F!" up date via home req $,B8:_$9$k!# $^$?!" s-write $r<B8=$9$kF14|%W%j%_%F%#%V$H$7$F up date direct S req $,B8:_$9$k!# Cm#1!’ up date direct req $O!">>K\;EMM=q$N c up date !" 5~Bg;EMM=q$N Up date Request $KBP1~$9$k!# Cm#2!’ up date direct req $O%9%L!<%W$r9T$J$&$?$a!" DID %U%#!<%k%I$O don’t care $G$"$k!# %U%#!<%k%IL> 5-=R ADDR 27:0] %"%C%W%G!<%HBP>]$r<($9%/%i%9%?!&%"%I%l%9 HOME HOME $, #1 $G $" $k >l 9g!" ADDR %U%#!< %k %I $G ;X Dj$9 $k BP >] $, home page $G $" $k $3 $H $r<($9 DUMMY DUMMY $, #1 $G $" $k >l 9g!" ADDR %U%#!< %k %I $G ;X Dj $9 $k BP >] $, %@ %_!< %Z!< %8 $G $" $k $3 $H$r;XDj$9$k O W CH O W CH ( Owner Change ) $,#1$G$"$k>l9g!" ADDR %U%#!<%k%I$G;XDj$9$kBP>]$, Owner $rBX$($k$3$H$,I,MW$J6&M-%"%/%;%9$G$"$k$3$H$r<($9!# LAR GE LAR GE $, #1 $G$"$k>l9g ADDR %U%#!<%k%I$G;XDj$9$kBP>]$, %i!<%8%Z!<%8 !J#2#5#6#K %P%$%HC10L!K$K$"$k$3$H$r<($9 FEPOL F !? E bits $N2r<a$KMQ$$$i$l$k%"%/%;%9$N6K@- CCBL CCBL %S%C %H $, #1 $G$" $k >l 9g!" %Q %1%C %H $, 9T $J $& %a %b %j A‘ :n $, %-%c%C %7%c %V %k $G $" $k $3$H $r<( $9!#$9 $J$o$A!" DL>o $N%"%C %W%G!< %HA‘:n $G$O CCBL $,#1 $G$" $kI, MW$, $"$k!# #0 $G $" $k >l 9g $O!" %N %s %-%c%C %7%c %V %k $G $" $k $3 $H $r <( $9!# non-cac heable $J >l 9g $N F0 :n$O implemen tation 0MB8$G$"$k!# SU SU %S%C %H $, #1 $G $" $k >l 9g!" %"%C %W %G!< %H MW 5a $, FC 8" !J%+!< %M %k!K %b!< %I $G 9T $J $o $l $k $3 $H$r<($9 FE E>Aw$9$k%V%m%C%/Cf$N3F double w ord $KBP1~$9$k full/empt y %S%C%H SIZE [ 2:0 ] SIZE %U%#!<%k%I$O%"%C%W%G!<%HBP>]$N%G!<%?$N%5%$%:$r<($9!# SIZE $, b yte, half, w ord, double $G $" $k >l 9g $O #2 %U %j%C %H $r ;} $D %Q %1%C %H $H $J $j!" BP >] $, %V %m%C %/ $G $" $k >l 9g $K $O #5 %U %j%C %H $r ;} $D %Q%1%C%H$H$J$k DID [ 2:0 ] %Q%1%C%H$N9T$-@h%G%P%$%9$N;XDj!#%9%L!<%W$r9T$J$& up date direct req $G$O all $G$"$k!# SID [ 2:0 ] %Q%1%C%H$NAw?.85$N;XDj!# A CK %U%#!<%k%I$N;XDj$K$h$j ac kno wledge ?.9f$rJV$9>l9g$K ;HMQ$5$l$k!# A CK rdin v A‘:n$N=*N;$r X PEND ?.9f$GDLCN$9$k$3$H$rA*Br$9$k!# D A T A [ 63:0 ] =q$-9~$_%G!<%?!#=q$-9~$_D9$K$h$j!"#1 %G!<%?%U%j%C%H$^$?$O#4%G!<%?%U%j%C%H$H$J$k!# WWE [ 1:0 ] =q$- 9~ $_%$ %M!<%V %k ?.9f!# Ev3: %G!< %?%U %j%C%H Cf =q$- 9~$_ $r9T $J $& w ord $r;X Dj$9 $k!# #1 $N>l9g=q$-9~$_$r9T$J$&!# 58

4.3.15 up date direct S req up date direct S req $O!"@8;:<T { >CHq<TF14|$r<B8=$9$k s-write MW5a$G$"$k!#F14|0J30$NE@$G$O!" up date direct req $K=‘5r$9$k!# $J$*!"0lEY 3F%Z!<%8$N%[!<%‘$G%7%j%"%i%$%:$9$k s-write $H$7$F!" up date via home S req $,B8:_$9$k!# Cm#1!’ up date direct S req $O!">>K\;EMM=q$N c up date S $KBP1~$7!" 5~Bg;EMM=q$K$OBP1~$9$k$b$N$O$J$$ Cm#2!’ up date direct S req $O%9%L!<%W$r9T$J$&$?$a!" DID %U%#!<%k%I$O don’t care $G$"$k!# 59

4.3.16 up date via home req up date via home req $O!"%-%c%C%7%e$KBP$9$k%[!<%‘%Z!<%8$r7PM3$7$?%"%C%W%G!<%HMW5a$G$"$k!# up date via home req $N%Q %1%C %H D9$O!" %V %m%C %/$, BP >] $N>l 9g $O #5 $G$" $k!" $= $NB> $N >l 9g$K $O #2 $G $"$k!# %j %/ %(%9 %H $, %-%c%C%7%c %V %k $N >l 9g$K $O %[!< %‘ $K $h $j %7%j %" %i %$ %: $r 7P $? $N $A!" MBP $+$i up date req %Q %1%C %H $K$h $j 3F %-%c%C %7%e $, up date $5 $l $k!# up date via home req %Q %1%C %H F0 :n $N >\ :Y $O!" %" %I %l %9!& %U %j%C %H $K 4^ $^ $l $k 3F %U%#!< %k %I $N CM $K $h $j Dj $a $i $l$k!#FC$K!" CLSH !" CCBL, A CK %U%#!<%k%I$NCM$OF0:n$rBg$-$/5,Dj$9$k!# up date via home req $O!" 3F %Z!< %8 $N %[!< %‘ $K $h $k %7 %j %" %i %$ %: $r 7P $k $? $a!" up date direct req $h $j 9- HO 0O $N 1~MQ$,2DG=$G$"$k!# up date via home req %Q%1%C %H $O!" F1 4| %W %j %_ %F%# %V$H F1 ;~ $K ;H MQ $9 $k $3 $H$, 2D G= $G $" $k!# F1 4| %W %j%_ %F%# %V $O PCMD $*$h$S SCMD %U%#!<%k%I$N0lIt$H$7$F;XDj$5$l$k!#E,1~2DG=$JF14|%W%j%_%F%#%V$O s-write $G$"$k!# Cm#1!’ up date via home req $O!">>K\;EMM=q$N c up req $KBP1~$7!"5~Bg;EMM=q$K$OBP1~$9$k$b$N$,$J$$!# Cm#2!’ up date via home req %Q %1%C %H $O!" MW 5a E>Aw $N CJ 3, $G $O %9 %L!< %W $r9T $J $o $:!" #M #B #P 7P M3$G home $N #M #B #P $K Aw $i $l $k!# =>$C$F!" DID %U%#!<%k%I$O!"$$$:$l$+$N#M#B#P$r;XDj$9$kI,MW$,$"$k!# %U%#!<%k%IL> 5-=R ADDR 27:0] %"%C%W%G!<%HBP>]$r<($9%/%i%9%?!&%"%I%l%9 HOME HOME $, #1 $G $" $k >l 9g!" ADDR %U%#!< %k %I $G ;X Dj$9 $k BP >] $, home page $G $" $k $3 $H $r<($9 DUMMY DUMMY $, #1 $G $" $k >l 9g!" ADDR %U%#!< %k %I $G ;X Dj $9 $k BP >] $, %@ %_!< %Z!< %8 $G $" $k $3 $H$r;XDj$9$k O W CH O W CH ( Owner Change ) $,#1$G$"$k>l9g!" ADDR %U%#!<%k%I$G;XDj$9$kBP>]$, Owner $rBX$($k$3$H$,I,MW$J6&M-%"%/%;%9$G$"$k$3$H$r<($9!# LAR GE LAR GE $, #1 $G$"$k>l9g ADDR %U%#!<%k%I$G;XDj$9$kBP>]$, %i!<%8%Z!<%8 !J#2#5#6#K %P%$%HC10L!K$K$"$k$3$H$r<($9 FEPOL FE bits $N2r<a$KMQ$$$i$l$k%"%/%;%9$N6K@- CCBL CCBL %S%C %H $, #1 $G$" $k >l 9g!" %Q %1%C %H $, 9T $J $& %a %b %j A‘ :n $, %-%c%C %7%c %V %k $G $" $k $3$H $r<( $9!#$9 $J$o$A!" DL>o $N%"%C %W%G!< %HA‘:n $G$O CCBL $,#1 $G$" $kI, MW$, $"$k!# #0 $G $" $k >l 9g $O!" %N %s %-%c%C %7%c %V %k $G $" $k $3 $H $r <( $9!# $9 $J $o $A!" C1 $J $k =q $- 9~ $^ $?$O!"#3<!%-%c%C%7%e$@$1$r;H$C$?J}<0$N>l9g$G$"$k!# SU SU %S%C %H $, #1 $G $" $k >l 9g!" %"%C %W %G!< %H MW 5a $, FC 8" !J%+!< %M %k!K %b!< %I $G 9T $J $o $l $k $3 $H$r<($9 FE E>Aw$9$k%V%m%C%/Cf$N3F double w ord $KBP1~$9$k full/empt y %S%C%H SIZE [ 2:0 ] SIZE %U%#!<%k%I$O%"%C%W%G!<%HBP>]$N%G!<%?$N%5%$%:$r<($9!# SIZE $, b yte, half, w ord, double $G $" $k >l 9g $O #2 %U %j%C %H $r ;} $D %Q %1%C %H $H $J $j!" BP >] $, %V %m%C %/ $G $" $k >l 9g $K $O #5 %U %j%C %H $r ;} $D %Q%1%C%H$H$J$k DID [ 2:0 ] %Q%1%C%H$N9T$-@h%G%P%$%9$N;XDj!# up date via home req $G$O all $r;XDj$9$k!# SID [ 2:0 ] %Q %1%C %H $N Aw ?. 85 $N ;X Dj!# A CK %U%#!< %k %I $G ;X Dj $, $" $k >l 9g!" X PEND $r JV $9 CC $r ;XDj$9$k$?$a$KMQ$$$i$l$k!#$H6&$K!"JV;v$K$"$?$k up date req $N9T$-@h$H$J$k!# A CK up date via home A‘:n$N=*N;$r X PEND ?.9f$GDLCN$9$k$3$H$rA*Br$9$k!# D A T A [ 63:0 ] =q $- 9~ $_ %G!< %?!# =q $- 9~ $_ D9 $K $h $j!" #1 %G!< %? %U %j%C %H $^ $? $O #4 %G!< %? %U %j%C %H $H $J $k . %G!<%?=g$K4X$7$F$O!" write req $N9‘L\$r;2>H$N$3$H WWE [ 1:0 ] =q $- 9~ $_ %$ %M!< %V %k ?. 9f!# SIZE = mask ed blo c k $N >l 9g $K Ev 3: %G!< %? %U %j%C %H Cf =q $- 9~ $_ $r 9T $J $& w ord $r ;X Dj $9 $k!# #1 $N >l 9g =q $- 9~ $_ $r 9T $J $&!# WWE $N =g $K $D $$ $F $O!" write req $r;2>H$N$3$H!# 60

4.3.17 up date via home S req up date via home S req $O!" %[!< %‘ %Z!< %8 $r 7P M3 $7 $? s-write F1 4| %" %/ %; %9 MW 5a $G $" $k!# $= $N B> $N E@ $G $O!" up- date via home req $K=‘5r$9$k!# up date via home S req $O!" 3F %Z!< %8 $N %[!< %‘ $K $h $k %7 %j %" %i %$ %: $r 7P $k $? $a!" up date direct S req $h $j 9- HO 0O$N1~MQ$,2DG=$G$"$k!# Cm#1!’ up date via home S req $O!">>K\;EMM=q$N c up S req $KBP1~$7!"5~Bg;EMM=q$K$OBP1~$9$k$b$N$,$J$$!# 61

4.3.18 up date via home Q req up date via home Q req $O!" %[!< %‘ %Z!< %8 $r 7P M3 $7 $? q-write F1 4| %" %/ %; %9 MW 5a $G $" $k!# %j %/ %( %9 %H $, %-%c%C %7%c%V%k $N>l 9g$K$O %[!<%‘ $K$h $j%7%j %"%i %$%: $r7P$? $N$A!" MBP $+ $i up date Q req %Q%1%C %H$K $h$j3F %-%c%C%7%e $, up date $5$l$k!# $=$NB>$N=tE@$G$O!" up date via home Q req $O up date via home req $K=‘5r$9$k!# up date via home Q req $O!"0lHL$K rdin v Q req $HBP$H$7$FMQ$$$i$l$k!# Cm#1!’ up date via home Q req $O!">>K\;EMM=q$N c up Q req $KBP1~$7!"5~Bg;EMM=q$K$OBP1~$9$k$b$N$,$J$$!# 62

4.3.19 in v alidate via home req in v alidate via home req $O!"%-%c%C %7%e$*$h $S%3%T!< %Z!<%8 $KBP$9 $k%[!<%‘ %Z!<%8 $r7PM3 $7$?%$ %s%P %j%G!<%H MW 5a$G$"$j!"%Q%1%C%HD9$O#1$G$"$k!#%j%/%(%9%H$, Non-cac heable $N>l9g$NF0:n$OL$Dj5A$G$"$j!"%j%/%(%9%H$,%-%c%C %7%c%V %k $N >l 9g $K $O %[!< %‘ $K $h $j %7 %j %" %i %$ %: $r 7P $? $N $A!" MBP $+ $i rdin v reply %Q %1%C %H $K $h $j 3F %-%c%C %7%e $, in v alidate $5$l$k!# A CK %U%#!< %k%I$, #1$G $"$k>l 9g!" in v alidate via home req $, =hM}Cf $G$" $k$3$H $,!" X PEND ?.9f $K$h$j SID %U%#!<%k %I $G ;X Dj $5 $l$k CC $r 7P M3 $7 $F CPU $K DL CN$5 $l $k!# A CK %U%#!< %k %I $, #0 $G $"$k >l 9g $O!" #M #B #P$K $* $1 $k A‘:n$O40A4$K CC !? CPU $HFHN)$G$"$j!" X PEND ?.9f$K$h$k=*N;DLCN$O9T$J$o$l$J$$!# $J$*!" in v alidate direct req $OGQ;_$5$l$^$7$?!# Cm#1!’ in v alidate via home req $O!">>K\ ;EMM =q$N c in v req $KBP 1~$7!" 5~Bg ;EMM =q$N In v alidation Request $KBP 1~$9 $k!#$3 $N %Q%1%C%H$KBP$9$k%j%W%i%$$O rdin v reply %Q%1%C%H$G9T$J$o$l$k!# %U%#!<%k%IL> 5-=R ADDR 27:0] %$%s%P%j%G!<%HBP>]$r<($9%/%i%9%?!&%"%I%l%9 HOME HOME $, #1 $G $" $k >l 9g!" ADDR %U%#!< %k %I $G ;X Dj$9 $k BP >] $, home page $G $" $k $3 $H $r<($9 DUMMY DUMMY $, #1 $G $" $k >l 9g!" ADDR %U%#!< %k %I $G ;X Dj $9 $k BP >] $, %@ %_!< %Z!< %8 $G $" $k $3 $H$r;XDj$9$k O W CH O W CH ( Owner Change ) $,#1$G$"$k>l9g!" ADDR %U%#!<%k%I$G;XDj$9$kBP>]$, Owner $rBX$($k$3$H$,I,MW$J6&M-%"%/%;%9$G$"$k$3$H$r<($9!# LAR GE LAR GE $, #1 $G$"$k>l9g ADDR %U%#!<%k%I$G;XDj$9$kBP>]$, %i!<%8%Z!<%8 !J#2#5#6#K %P%$%HC10L!K$K$"$k$3$H$r<($9 FEPOL ;HMQ$7$J$$ CCBL CCBL %S%C%H$O#1$G$"$k!# SU SU %S%C %H $, #1 $G $" $k >l 9g!" %$ %s %P %j %G!< %H MW 5a $, FC 8" !J%+!< %M %k!K %b!< %I $G 9T $J $o $l $k $3$H$r<($9 FE ;HMQ$7$J$$ SIZE [ 2:0 ] <B$O!" SIZE %U%#!<%k%I$O don’t care $G$"$k DID [ 2:0 ] %Q %1%C %H $N 9T $- @h %G %P %$ %9 $N ;X Dj!# in v alidate via home req $G $O!" %7 %j %" %i %$ %: $K $D $$ $F#M#B#P$K@UG$$,$"$k$,!"%9%L!<%W$rMQ$$$k$?$a all $r;XDj$9$kI,MW$,$"$k!# SID [ 2:0 ] %Q%1%C%H$NAw?.85$N;XDj!# A CK in v alidate A‘:n$N=*N;$r X PEND ?.9f$GDLCN$9$k$3$H$rA*Br$9$k!# 63

4.3.20 c ush req c ush req $O!"%-%c%C%7%e%a%b%j$N%V%m%C%/$r%[!<%‘$^$G%U%i%C%7%e$9$kL?Na$G$"$j!"%Q%1%C%HD9$O#5$G$"$k!# A CK %U%#!< %k %I $, #1 $G $" $k >l 9g!" c ush req $, =h M} Cf $G $" $k $3 $H $,!" X PEND ?. 9f $K $h $j SID %U%#!< %k %I $G ;XDj $5 $l $k CC $r 7PM3 $7 $F CPU $K DL CN $5$l $k!# A CK %U%#!< %k %I $,#0 $G $" $k >l9g $O!" #M #B #P $K$* $1 $k A‘ :n $O40 A4 $K CC !? CPU $HFHN)$G$"$j!" X PEND ?.9f$K$h$k=*N;DLCN$O9T$J$o$l$J$$!# c ush req $N F0 :n $O!" global $J ( CLSH !a #1!K write req $H N‘ ;w $G $" $k $,!" home $^ $G =q $- La $9 $H 6& $K!" B8 :_ $9 $kA4$F$N%3%T!<%Z!<%8$*$h$SA4$F$N%-%c%C%7%e>e%V%m%C%/$r in v alidate $9$k$3$H$,0[$J$C$F$$$k!# c ush req $,3F%-%c%C%7%e$*$h$S#M#B#P$K$h$j<uM}$5$l$k$H!"$^$: retry $9$k$3$H$,8!::$5$l$k!#$^$?Fs<!%-%c%C %7%e$G$O!" MSH,CRPL Y ?.9f$O!"%V%m%C%/Fb>uBV$NG!2?$K$+$+$o$i$:>o$K assert $7$J$$!#<!$K!"%/%i%9%?FbFs<!%-%c%C %7%e $K B8 :_ $9 $k Ev 3: %V %m%C %/ $, A4 $F >C 5n $5 $l!" %3 %T!< %Z!< %8 $G $" $k >l 9g $O!" #M #B #P $, %/ %i %9 %? %a %b %j >e $+ $i $b >C 5n $7!" home $X $H writebac k %G!< %? $r Aw IU $9 $k!# home %Z!< %8 $G $" $k >l 9g $K $O!" %/ %i %9 %? %a %b %j $X =q $- 9~ $‘!# B3 $$ $F home $+$iA4$F$N%3%T!<%Z!<%8$r;}$D%/%i%9%?$NEv3:%Z!<%8!?%V%m%C%/$r in v alidate $7$F=hM}$,=*N;$9$k!# Cm#1!’ c ush req $O!" >> K\ ;E MM =q $N c writebac k to home with in v $K BP 1~ $7 , 5~ Bg ;E MM =q $K $O BP 1~ $9 $k %j %/ %( %9 %H $O B8 :_ $7 $J $$!# Cm#2!’ DID %U%#!<%k%I$O!"%9%L!<%W%"%/%;%9$J$N$G all $r;XDj$9$k!# %U%#!<%k%IL> 5-=R ADDR 27:0] %U%i%C%7%eBP>]$r<($9%/%i%9%?!&%"%I%l%9 HOME HOME $, #1 $G $" $k >l 9g!" ADDR %U%#!< %k %I $G ;X Dj$9 $k BP >] $, home page $G $" $k $3 $H $r<($9 DUMMY DUMMY $, #1 $G $" $k >l 9g!" ADDR %U%#!< %k %I $G ;X Dj $9 $k BP >] $, %@ %_!< %Z!< %8 $G $" $k $3 $H$r;XDj$9$k O W CH O W CH ( Owner Change ) $,#1$G$"$k>l9g!" ADDR %U%#!<%k%I$G;XDj$9$kBP>]$, Owner $rBX$($k$3$H$,I,MW$J6&M-%"%/%;%9$G$"$k$3$H$r<($9!# LAR GE LAR GE $, #1 $G$"$k>l9g ADDR %U%#!<%k%I$G;XDj$9$kBP>]$, %i!<%8%Z!<%8 !J#2#5#6#K %P%$%HC10L!K$K$"$k$3$H$r<($9 FEPOL ;HMQ$7$J$$ CCBL c ush req $O$=$NK\<A>e CCBL %S%C%H$,#1$G$"$k!# SU SU %S%C %H $, #1 $G $" $k >l 9g!" =q $- 9~ $_ MW 5a $, FC 8" !J%+!< %M %k!K %b!< %I $G 9T $J $o $l $k $3 $H $r <($9 FE E>Aw$9$k%V%m%C%/Cf$N3F double w ord $KBP1~$9$k full/empt y %S%C%H SIZE [ 2:0 ] SIZE %U%#!<%k%I$O=q$-9~$_BP>]$N%G!<%?$N%5%$%:$r<($9!#%5%$%: $, blo c k $G$"$k>l9g!"#5%U%j%C%H$r;}$D%Q%1%C%H$H$J$k!# DID [ 2:0 ] %Q%1%C%H$N9T$-@h%G%P%$%9$N;XDj!#%9%L!<%W$r9T$J$&$?$a!" all $r;XDj$9$k SID [ 2:0 ] %Q%1%C%H$NAw?.85$N;XDj!# c ush req %Q%1%C%H$N>l9gFC$K0UL#$,$J$$$,!"JX59>eIU2C$9$k A CK c ush A‘:n$N=*N;$r X PEND ?.9f$GDLCN$9$k$3$H$rA*Br$9$k!# 64

4.3.21 lo calize req lo calize req $O!" V3.0 0J9_ GQ ;_ $5 $l $?!# %/ %i%9 %? %m!< %+ %k $J %a %b %j NN0h $K BP $9 $k up date reply $^ $?$O in v ali- date reply $J$I$rAH$_9g$o$;$F<B8=$5$l$k!# Cm#1!’ lo calize req $O!">>K\;EMM=q$N m lo calize $*$h$S5~Bg;EMM=q$N Lo calize Request $KBP1~$9$k!# 65

4.3.22 con trol read req con trol read req $O!"%P%9$K@\B3$5$l$?MM!9$J%G%P%$%9$NFbIt>pJs$rFI$_=P$9$?$a$KMQ$$$i$l$k!# con trol read req $N%Q%1%C %HD9 $O#1 $G$"$k!# 3F%G %P%$ %9$O%" %I%l %9$G ;XDj $5$l$? %l%8 %9%?!" %a%b%j $J$I $N>p Js$r con trol read reply %Q %1%C%H$rMQ$$$FJV$9!# con trol read req $O $= $N @- <A >e %9 %L!< %W $r MQ $$ $J $$ $? $a!" >o $K 9T $- @h %G %P %$ %9 %" %I %l %9 $r M[ $K ;X Dj $9 $k I, MW $, $" $k!# Cm#1!’ con trol read req $O!">>K\;EMM=q!"5~Bg;EMM=q$H$b$KB8:_$7$J$$!# Cm#2!’ DID %U%#!<%k%I$O!">o$KBP>]%G%P%$%9$r;XDj$9$kI,MW$,$"$k!#$^$?!" CCBL %S%C%H$O>o$KL5;k$5$l$k!# %U%#!<%k%IL> 5-=R ADDR 27:0] FI$_=P$7BP>]$r<($9%3%s%H%m!<%k!&%"%I%l%9!#>\:Y$O%G%P%$%9;EMM=q$r;2>H$N$3$H HOME %3%s%H%m!<%k%"%I%l%9$N0lIt$H$7$F07$o$l$k DUMMY %3%s%H%m!<%k%"%I%l%9$N0lIt$H$7$F07$o$l$k O W CH %3%s%H%m!<%k%"%I%l%9$N0lIt$H$7$F07$o$l$k LAR GE %3%s%H%m!<%k%"%I%l%9$N0lIt$H$7$F07$o$l$k CCBL ;HMQ$7$J$$ SU SU %S%C %H $, #1 $G $" $k >l 9g!" FI $_ =P $7 MW 5a $, FC 8" !J%+!< %M %k!K %b!< %I $G 9T $J $o $l $k $3 $H $r <($9!#%f!<%6$KFI$^$l$?$/$J$$>pJs$O$3$l$GJ]8n$9$k SIZE [ 2:0 ] SIZE %U%#!<%k%I$OFI$_=P$7BP>]$N%G!<%?$N%5%$%:$r<($9!# DID [ 2:0 ] %Q%1%C%H$N9T$-@h%G%P%$%9$N;XDj SID [ 2:0 ] %Q%1%C%H$NAw?.85$N;XDj!# reply %Q%1%C%H$O SID 08$K$*$/$i$l$k!# A CK PEND ?.9f$K$h$k40N;DLCN;XDj!#I,$:#0$r;XDj$9$k 66

4.3.23 con trol write req con trol write req $O!" %P%9 $K @\B3 $5 $l$? 3F %G %P%$ %9 $N;} $D %l %8%9 %?!" %a%b %j Ey$X $N =q $-9~ $_ L?Na $G $" $j!"=q $- 9~ $_ $, 40 N; $9 $k $H %" %/ %N %l%C %8 !J write reply !K $r JV $9 >l 9g $, $" $k!# con trol write req $N %Q %1%C %H D9 $O =q $- 9~ $_ BP >] $K $h $j $3 $H $J $j!" %V %m%C %/ $, BP >] $N >l 9g $O #5!" $= $l 0J 30 $N >l 9g $O #2 $G $" $k!# con trol write req $N <g $J ;H $$ J} $O!" =i 4| 2=!"%G%P%0!"3d$j9~$_$N<B8=$G$"$k!# A CK %U%#!<%k %I$, #1$G$" $k>l 9g!" con trol write req $, =hM} Cf$G$" $k$3$H $,!" X PEND ?.9f $K$h$j SID %U%#!< %k%I $G ;X Dj $5$l $k CC $r 7P M3 $7 $F CPU $KDL CN $5 $l $k!# A CK %U%#!<%k %I $, #0 $G$" $k >l 9g $O!" #M#B #P $K $* $1 $kA‘ :n $O 40A4$K CC !? CPU $HFHN)$G$"$j!" X PEND ?.9f$K$h$k=*N;DLCN$O9T$J$o$l$J$$!# Cm#1!’ con trol write req $O!">>K\;EMM=q$N c/m cn trl write req, $KBP1~$7!"5~Bg;EMM=q$K$OBP1~$9$k$b$N$O$J$$!# $3$l$iF0:n$O!"=q$-9~$_BP>]$K$h$j;XDj$5$l$k!#>\:Y$O%G%P%$%9;EMM=q$r;2>H$N$3$H!# %U%#!<%k%IL> 5-=R ADDR 27:0] =q$-9~$_BP>]$r<($9%3%s%H%m!<%k!&%"%I%l%9 HOME %"%I%l%9$N0lIt$H$7$F;HMQ$9$k DUMMY %"%I%l%9$N0lIt$H$7$F;HMQ$9$k O W CH %"%I%l%9$N0lIt$H$7$F;HMQ$9$k LAR GE %"%I%l%9$N0lIt$H$7$F;HMQ$9$k FEPOL ;HMQ$7$J$$ CCBL ;HMQ$7$J$$ SU SU %S%C %H $, #1 $G $" $k >l 9g!" =q $- 9~ $_ MW 5a $, FC 8" !J%+!< %M %k!K %b!< %I $G 9T $J $o $l $k $3 $H $r <($9 F/E bits ;HMQ$7$J$$ SIZE [ 2:0 ] SIZE %U%#!<%k%I$O=q$-9~$_BP>]$N%G!<%?$N%5%$%:$r<($9!# DID [ 2:0 ] %Q%1%C%H$N9T$-@h%G%P%$%9$N;XDj SID [ 2:0 ] %Q%1%C%H$NAw?.85$N;XDj A CK con trol write A‘:n$N=*N;$r X PEND ?.9f$GDLCN$9$k$3$H$rA*Br$9$k!# 67

4.3.24 demap req demap req $O!"%P%9 $K@\B3$5$l$?3F%-%c%C%7%e $*$h$S CPU $K$?$$$9$k demap MW5a$G$"$k!#$3$l$O V3.0 $K?7 @_ $5$l$?!#%Q%1%C%H$*$h$SF0:n$N>\:Y$O Fs<!%-%c%C%7%e%3%s%H%m!<%i;EMM=q$r;2>H$N$3$H!# Cm#1!’ demap req $O!">>K\;EMM=q$N demap req, !"5~Bg;EMM=q$N Demap Request $KBP1~$9$k!# %U%#!<%k%IL> 5-=R ADDR 27:0] %G%^%C%WBP>]$r<($9%/%i%9%?!&%"%I%l%9 HOME ;HMQ$7$J$$ DUMMY ;HMQ$7$J$$ O W CH ;HMQ$7$J$$ LAR GE demap $9$k%Z!<%8$NBg$-$5$r<($9 FEPOL ;HMQ$7$J$$ CCBL ;HMQ$7$J$$ SU SU %S%C %H $, #1 $G $" $k >l 9g!" =q $- 9~ $_ MW 5a $, FC 8" !J%+!< %M %k!K %b!< %I $G 9T $J $o $l $k $3 $H $r <($9 F/E bits ;HMQ$7$J$$ SIZE [ 2:0 ] SIZE %U%#!<%k%I$O=q$-9~$_BP>]$N%G!<%?$N%5%$%:$r<($9!# DID [ 2:0 ] %Q%1%C%H$N9T$-@h%G%P%$%9$N;XDj SID [ 2:0 ] %Q%1%C%H$NAw?.85$N;XDj A CK PEND ?.9f$K$h$k40N;DLCN;XDj!#I,$:#0$r;XDj$9$k 68

4.3.25 in terrupt req in terrupt req $O!" %P%9 $K @\B3 $5$l $? 3F%-%c%C %7%e$* $h $S CPU $K$? $$$9 $k 3d$j 9~$_ MW 5a$G $"$k!# $3 $l$O V3.0 $K ?7@_$5$l$?!#%Q%1%C%H$*$h$SF0:n$N>\:Y$O Fs<!%-%c%C%7%e%3%s%H%m!<%i;EMM=q$r;2>H$N$3$H!# Cm#1!’ demap req $O!">>K\;EMM=q$N m in terrupt req, !"5~Bg;EMM=q$N In terrupt Request $KBP1~$9$k!# %U%#!<%k%IL> 5-=R ADDR 27:0] 3d$j9~$_$N%"!<%.%e%a%s%H!#Fs<!%-%c%C%7%e%3%s%H%m!<%i;EMM=q$r;2>H$N$3$H HOME ;HMQ$7$J$$ DUMMY ;HMQ$7$J$$ O W CH ;HMQ$7$J$$ LAR GE ;HMQ$7$J$$ FEPOL ;HMQ$7$J$$ CCBL ;HMQ$7$J$$ SU SU %S%C %H $, #1 $G $" $k >l 9g!" =q $- 9~ $_ MW 5a $, FC 8" !J%+!< %M %k!K %b!< %I $G 9T $J $o $l $k $3 $H $r <($9 F/E bits ;HMQ$7$J$$ SIZE [ 2:0 ] SIZE %U%#!<%k%I$O=q$-9~$_BP>]$N%G!<%?$N%5%$%:$r<($9!# DID [ 2:0 ] %Q%1%C%H$N9T$-@h%G%P%$%9$N;XDj SID [ 2:0 ] %Q%1%C%H$NAw?.85$N;XDj 69

4.3.26 read reply read reply $O read req $NFI$_=P$7MW5a$KBP$7$F$N%j%W%i%$%Q%1%C%H$G$"$k!#%j%W%i%$%Q%1%C%H$OMW5a%Q%1%C%H$H Hf3S$7$F9b$$M%@hEY$G=hM}$5$l$k!# read reply %Q %1%C%H$G$O!"=hM}9b B.2=$N$?$aMW5a BP>]$G$"$k%"%I %l%9$r4^$‘ double w ord $r%Q%1%C %H$N%G!<%?$N :G=i$K$*$/$j!"=g<!>:=g$G=hM}$9$k!# read reply $N%Q%1%C%HD9$O!"%-%c%C%7%e%a%b%j$+$i$N%V%m%C%/MW5a$N%j%W%i%$ $N>l9g!"#5 $G$"$j $=$l0J 30$N>l 9g#2$G $"$k!# read reply $N3F%G!< %?%U%j%C %H$N WWE [ 0 ] $O!"Ev 3: double w ord $K$* $1$k R-W AIT $N B8 :_!"$9 $J$o $A!" FI$_ =P $7$r BT$C$F $$ $k=q $-9~ $^ $l$? %G!< %?$, $"$k $3 $H$r DLCN $7!" WWE [ 1 ] $O Ev3: double w ord $K$*$1$k R-W AIT $9$J$o$A=q$-9~$_$rBT$C$F$$$kFI$_=P$7%j%/%(%9%H$,$"$k$3$H$rDLCN$9$k!# $^ $?!" read reply %Q %1%C %H $N @h F, $G $" $k %" %I %l %9 %U %j%C %H Cf $N FE %U%#!< %k %I $G $O!" double w ord C1 0L $G $N full/empt y %U %i %0 $N CM $r JV $9!# FE %U%#!< %k %I $O >o $K %V %m%C %/ C1 0L $N %" %/ %; %9 $K $* $1 $k %V %m%C %/ @h F, $+ $i $N 0L CV $G full/empt y >pJs$r JV$9$3$H$KCm0U$9$kI,MW$,$" $k!#=>$C$F!" double w ord 0J2<$N%5%$%:$N read reply %Q%1%C%H $G$O ADDR [ 4:3 ] $,<($90LCV$K full/empt y >pJs$,F~$C$F$$$k!# read reply $O!" $= $N 86 0x $H $J$C $? %G %P %$ %9 $X FI $_ =P $7 %G!< %? $r JV Aw $9 $k $H $H $b $K!" INJ MASK %U%#!< %k %I $N <( $9%-%c%C%7%e$KBP$7$F%-%c%C%7%e%$%s%8%’%/%7%g%s$r;X<($9$k!#=>$C$F!" read req $KBP$9$k read reply $G$O INJ MASK $OA4$F#0$K@_Dj$7$F$"$kI,MW$,$"$k!# $J$*!"2<5-%j%W%i%$%Q%1%C%H$O!"5-=R$9$k:3>/$JE@$r=|$-!" read reply %Q%1%C%H$HF1MM$JF0:n$r9T$J$& : non coheren t read reply non coheren t read req $KBP$9$k%j%W%i%$!#E>Aw$,Hs%3%R!<%l%s%H$G$"$k$3$H$,0[$J$C $F$$$k!# allread reply allread req $KBP $9$k%j%W%i %$!#%j%W%i %$%Q%1%C%H$N F0:n$H$7$F $O read reply $H A4$/F10l$G $"$k$,!" INJ MASK $KHsNmMWAG$,$"$k$3$H$G$b6hJL$5$l$k!K sw ap reply sw ap request $KBP$9$k%j%W%i%$!# sw ap A0$N%a%b%jCM$G$"$k!# sw ap M reply sw ap M request $KBP$9$k%j%W%i%$!##M#B#P8F$S=P$7$NJVCM$G$"$k!# con trol read reply con trol read request $KBP$9$k%j%W%i%$!#07$$$O read reply $HA4$/F1$8$H9M$($i$l$k!# Cm#1!’ read reply $O!">>K\;EMM=q$N c reply , m reply 5~Bg;EMM=q$N Read Reply $KBP1~$9$k!# Cm#2!’ DID %U%#!<%k%I$O!"BP1~ $9$k request %Q%1%C%H$N SID $,$=$N$^$^MQ $$$i$l$k!J>l9g $,KX$s$I$G$" $k!K!#%9%L!<%WF0:n $K$h $k%-%c%C%7%e%$%s%8%’%/%7%g%s$O>o$K9T$J$o$l$k!# Cm#3!’ %j %W %i %$ %Q %1%C %H $O 7h $7 $F X BRETR Y ?. 9f $K $h $j %j %H %i %$ $5$l $J $$ $3 $H $, I, MW $G $" $k!# $9 $J $o $A!" 0l C6%j %W %i %$ %Q %1%C %H$K4X$9$k%P%9E>Aw$,3+;O$5$l$k$H!"Ev3:%Q%1%C%H$OI,$:<uM}$5$l$k$3$H$,I,MW$G$"$k!# 70

%U%#!<%k%IL> 5-=R ADDR 27:0] %j%W%i%$BP>]$r<($9%/%i%9%?!&%"%I%l%9 O W CH ;HMQ$7$J$$ DUMMY ;HMQ$7$J$$ HOME ;HMQ$7$J$$ LAR GE ;HMQ$7$J$$ CCBL CCBL %S%C %H $, #1 $G$" $k >l 9g!" %Q %1%C %H $, 9T $J $& %a %b %j A‘ :n $, %-%c%C %7%c %V %k $G $" $k $3$H$r<($9!##0$G$"$k>l9g$O!"%N%s%-%c%C%7%c%V%k$G$"$k$3$H$r<($9!# SU SU %S%C%H$,#1$G$"$k>l9g!"%j%W%i%$$,FC8"!J%+!<%M%k!K%b!<%I$G9T$J$o$l$k$3$H$r<($9 FE 3F double w ord Kh$N F ull / Empt y %S%C%H$r<($9!# FE $N0LCV$O!">o$K%V%m%C%/Fb%"%I%l %9$N0LCV$KCV$+$l$k FEPOL ;HMQ$7$J$$ SNOOP CNTL [ 2:0 ] SNOOP CNTL %U%#!<%k%I$O!"%Q%1%C%H$,%9%L!<%WA‘:n$rH<$&>l 9g$K;HMQ$5$l$k!#2<0L%S%C%H$+$i!’ CLSH CLSH %S%C %H $, #1 $G $" $k >l 9g!" %Q %1%C %H $N BP >] $, %/ %i %9 %?4V$G6&M-$5$l$F$$$k$3$H$r<($9!##0$G$"$k>l9g!"%Q%1%C%H $N BP >] $, %/ %i %9 %? 4V $G 6& M- $5 $l $F $$ $k 2D G= @- $, $J $$ $3 $H $r <($9!# read reply %Q %1%C %H $N >l 9g $O!" reply $r <u M} $9 $k %G %P %$ %9 $K$*$$$F!" CLSH $^$?$O CLPR $r6hJL$9$k$?$a$K!"%j%W%i %$ $9 $k #M #B #P $^ $? $O #C #C $, Ev 3: %V %m%C %/ $N >p Js $K 4p $E $$ $F Aw=P$9$k!# DR TY DR TY %S%C%H$,#1$G$"$k>l9g!"Ev3:%Q%1%C%H$K$h$j%-%c%C %7%e $K %m!< %I $9 $k %V %m%C %/ $N B0 @- $, dirt y $G $" $k $3 $H $r <( $9!##0$G$"$k>l9g$K$O clean $G$"$k$3$H$r<($9!# DR TY %S%C %H$O!" request %Q%1%C%H$G$O>o$KL5;k$5$l$k!# reply %Q%1%C %H $G $O %j %W %i %$ $9 $k #M #B #P $^ $? $O #C #C $, Ev 3: %V %m%C %/ $N >u BV$r8+$F7hDj$9$k!# MSH RPL Y MSH RPL Y %S%C%H$O!" reply %Q%1%C%H$K$*$$$F!" %j%/%(%9%H;~$K$*$1$k MSH ?.9f@~$N7k2L$r<($9!#$9$J$o$A!" read reply $N 7k 2L :n @. $9 $k %V %m%C %/ $,!" priv ate $G $" $k $3 $H$r@_Dj$9$k$?$a$K;HMQ$5$l$k SIZE [ 2:0 ] SIZE %U%#!<%k%I$O%j%W%i%$BP>]$N%G!<%?$N%5%$%:$r<($9!#%5%$%: $, blo c k $G$" $k >l9g!" #5 %U%j%C %H$r ;} $D%Q %1%C %H$H $J $j!"$= $l 0J 30$N >l9g #2%U %j%C%H$r ;}$D%Q %1%C%H$H $J$k!# reply %Q%1%C %H$G $O mask ed blo c k $O;HMQ$7$J$$!# DID [ 2:0 ] %j%W%i%$$N9T$-@h%G%P%$%9$N;XDj SID [ 2:0 ] %Q%1%C%H$NAw?.85$N;XDj!# %j%W%i%$ %Q%1%C%H$N>l9gFC$K0UL#$,$J$$$,!"JX59>eIU2C$9$k D A T A [ 63:0 ] FI$_=P$7$?%G!<%?!#%V%m%C%/$NFI$_=P$7$r9T$J$C$?>l9g$O!"%"%I%l%9$G;XDj$5$l$? double w ord $,:G=i$KE>Aw$5$l$k WWE [ 1:0 ] FI $_=P $5 $l $? double w ord $K BP 1~$9 $k R/W-W AIT %S%C %H>p Js!# W-W AIT !"$9$J $o $A WWE [ 1 ] $,N)$C$F$$$k double w ord $O=q$-9~$_$r BT$C$F$$$kFI$_=P$7MW5a$,B8:_ $9$k$3$H $r <( $7!" R-W AIT !" $9 $J $o $A WWE [ 0 ] $O FI $_ =P $7 $r BT$C $F $$ $k =q $- 9~ $^ $l $? %G!< %? $, B8 :_$9$k$3$H$r<($9!# 71

4.3.27 rdin v reply rdin v reply $O rdin v req !" in v alidate via home req Ey $N MW 5a $K BP $7 $F $N %j %W %i %$ %Q %1%C %H $G $" $k!# 3F %-%c%C %7%e %a %b %j $O %9 %L!< %W $r 9T $J $$!" DID $G <( $9 $b $N 0J 30 $N %-%c%C %7%e $K B8 :_ $9 $k %V %m%C %/ $O A4 $F %$ %s %P %j %G!< %H $5 $l $k!# rdin v reply $ODL >o%-%c%C%7%c%V %k%"%/%; %9$rBP>] $H$9$k$? $a!"%V%m%C%/ %G!<%?$r ;}$A!"#5$G $"$k$,!"$b $7$=$l0J 30$N%G!<%?%5%$%:$G$"$k>l9g$K$O#2$G$"$k!# $J$*!"2<5-%j%W%i%$%Q%1%C%H$O!"5-=R$9$k:3>/$JE@$r=|$-!" rdin v reply %Q%1%C%H$HF1MM$JF0:n$r9T$J$&!#$^$?!" rdin v reply $K$O CMD $H$7$F alias $,$"$k$3$H$KCm0U$9$k$3$H : rdin v P reply rdin v P req $KBP1~$9$k%j%W%i%$!# Memory-Based FIF O $r:n$kF14|%W%j%_%F%#%V$N%j%W%i%$$G$" $kE@$,0[$J$C$F$$$k!# rdin v P reply $rFs<!%-%c%C%7%e$,<uM}$9$k$H!" n ull ( 0 ) $r CPU $KD>$A$KJV$9!# rdin v Q reply rdin v Q req $K BP 1~ $9 $k %j %W %i %$!# Memory-Based FIF O $r :n $k F1 4| %W %j %_ %F%# %V $N %j %W %i %$ $G $" $k E@ $, 0[ $J$C $F $$ $k!# rdin v Q reply $r <u M} $9 $k $H!" Fs <! %-%c%C %7%e $O DL >o CPU $K 3d $j 9~ $_!" FI $_ =P $7 $N fail $H$7$FDLCN$9$k Cm#1!’ rdin v reply $O!">>K\;EMM=q$N c reply in v, m reply in v $KBP1~$7!"5~Bg;EMM=q$K$OBP1~$9$k$b$N$,$J$$!# Cm#2!’ DID %U%#!<%k%I$O!"BP1~ $9$k request %Q%1%C%H$N SID $,$=$N$^$^MQ $$$i$l$k!J>l9g $,KX$s$I$G$" $k!K!#%9%L!<%WF0:n $O>o $K9T$J$o$l$k!# Cm#3!’ %j %W %i %$ %Q %1%C %H $O 7h $7 $F X BRETR Y ?. 9f $K $h $j %j %H %i %$ $5$l $J $$ $3 $H $, I, MW $G $" $k!# $9 $J $o $A!" 0l C6%j %W %i %$ %Q %1%C %H$K4X$9$k%P%9E>Aw$,3+;O$5$l$k$H!"Ev3:%Q%1%C%H$OI,$:<uM}$5$l$k$3$H$,I,MW$G$"$k!# 72

%U%#!<%k%IL> 5-=R ADDR 27:0] %j%W%i%$BP>]$r<($9%/%i%9%?!&%"%I%l%9 O W CH ;HMQ$7$J$$ DUMMY ;HMQ$7$J$$ HOME ;HMQ$7$J$$ LAR GE ;HMQ$7$J$$ CCBL CCBL %S%C %H $, #1 $G$" $k >l 9g!" %Q %1%C %H $, 9T $J $& %a %b %j A‘ :n $, %-%c%C %7%c %V %k $G $" $k $3$H$r<($9!##0$G$"$k>l9g$O!"%N%s%-%c%C%7%c%V%k$G$"$k$3$H$r<($9!# rdin v reply $G $O$=$N@-<A>e>o$K#1$r;XDj$9$k SU SU %S%C%H$,#1$G$"$k>l9g!"%j%W%i%$$,FC8"!J%+!<%M%k!K%b!<%I$G9T$J$o$l$k$3$H$r<($9 F/E bits BP 1~ $9 $k %V %m%C %/$K double w ord C1 0L $G IU $1$i $l $F $$ $k F ull / Empt y %S%C %H $r <($9!# read reply $N9‘L\$r;2>H$N$3$H FEPOL ;HMQ$7$J$$ SNOOP CNTL [ 2:0 ] SNOOP CNTL %U%#!<%k%I$O!"%Q%1%C%H$,%9%L!<%WA‘:n$rH<$&>l 9g$K;HMQ$5$l$k!#2<0L%S%C%H$+$i!’ CLSH CLSH %S%C %H $, #1 $G $" $k >l 9g!" %Q %1%C %H $N BP >] $, %/ %i %9 %?4V$G6&M-$5$l$F$$$k$3$H$r<($9!##0$G$"$k>l9g!"%Q%1%C%H $N BP >] $, %/ %i %9 %? 4V $G 6& M- $5 $l $F $$ $k 2D G= @- $, $J $$ $3 $H $r <($9!# rdin v reply %Q%1%C %H$N >l9g $O!"I, $:%/ %i%9%? %m!<%+ %k$J %V %m%C%/$H$7$FJV$k$?$a!" CLSH=0 $rJVCM$9$k!# DR TY DR TY %S%C%H$,#1$G$"$k>l9g!"Ev3:%Q%1%C%H$K$h$j%-%c%C %7%e $K %m!< %I $9 $k %V %m%C %/ $N B0 @- $, dirt y $G $" $k $3 $H $r <( $9!##0$G$"$k>l9g$K$O clean $G$"$k$3$H$r<($9!# rdin v reply %Q%1%C%H$G$O%j%W%i%$$9$k#M#B#P$^$?$O#C#C$,Ev3:%V%m%C%/ $N>uBV$r8+$F7hDj$9$k!# MSH RPL Y rdin v reply $G$O MSH RPL Y %S%C%H$O>o$K 0 $H $7$FJV$k!# SIZE [ 2:0 ] SIZE %U%#!<%k%I$O%j%W%i%$BP>]$N%G!<%?$N%5%$%:$r<($9!#%5%$%: $O blo c k $G $"$j!" #5 %U%j%C %H $r;} $D %Q%1%C %H $H$J $k!# #3#2 %S%C %H C10L$G!" WWE %S%C%H$K $h$j%G!<%?$NM-8z @-$r<($7!"M-8z$G $"$k 8l$@$1$,%j%W%i%$BP>]$H$J$k!#%j%W%i%$%Q%1%C%H$G$O mask ed blo c k $O;HMQ$7$J$$ DID [ 2:0 ] %j%W%i %$$N9T $-@h%G%P %$%9$N;X Dj!# rdin v reply %Q %1%C%H$O>o $K%9%L!< %W$5$l$k $,!" v alid $J%V%m%C%/$r:n@.$9$k%G%P%$%9$r;XDj$9$k$?$a$KMQ$$$i$l$k SID [ 2:0 ] %Q%1%C%H$NAw?.85$N;XDj!# %j%W%i%$ %Q%1%C%H$N>l9gFC$K0UL#$,$J$$$,!"JX59>eIU2C$9$k D A T A [ 63:0 ] FI$_=P$7$?%G!<%?!#%V%m%C%/$NFI$_=P$7$r9T$J$C$?>l9g$O!"%"%I%l%9$G;XDj$5$l$? double w ord $,:G=i$KE>Aw$5$l$k WWE [ 1:0 ] FI $_=P $5 $l $? double w ord $K BP 1~$9 $k R/W-W AIT %S%C %H>p Js!# W-W AIT !"$9$J $o $A WWE [ 1 ] $,N)$C$F$$$k double w ord $O=q$-9~$_$r BT$C$F$$$kFI$_=P$7MW5a$,B8:_ $9$k$3$H $r <( $7!" R-W AIT !" $9 $J $o $A WWE [ 0 ] $O FI $_ =P $7 $r BT$C $F $$ $k =q $- 9~ $^ $l $? %G!< %? $, B8 :_$9$k$3$H$r<($9!# 73

4.3.28 up date req up date req $O up date via home req Ey$N FI $_ =P $7 MW 5a $KBP $7 $F $N %j %W %i%$ %Q %1%C %H $G $" $k $,!"%Q %1%C %H $N M% @h EY$H $7$F $O %j%/ %( %9%H %Q %1%C%H $G $"$k $? $a!" V3.2 $+$i up date req $H JQ 99$9 $k!#3F %-%c%C %7%e%a %b %j$O %9 %L!<%W $r 9T$J$$!"BP>]0J30$N%-%c%C%7%e$KB8:_$9$k%V%m%C%/$rA4$F up date $9$k!# up date req $O>o $K #M#B #P$, @8@. $7!" %/%i %9%? Fb $N3F %-%c%C%7%e $KB8 :_ $9$k %G!<%? $r up date $9 $k!# =>$C$F!" up- date req $KBP$9$k%j%W%i%$%Q%1%C%H$OB8:_$7$J$$!# $J$*!"2<5-%Q%1%C%H$O!"5-=R$9$k:3>/$JE@$r=|$-!" up date req %Q%1%C%H$HF1MM$JF0:n$r9T$J$& : up date S reply up date S req $K BP 1~ $9 $k %j %W %i %$!# s-write $r :n $k F1 4| %W %j %_ %F%# %V $N %j %W %i %$ $G $" $k E@ $, 0[ $J$C$F$$$k!# up date Q reply up date Q req $K BP 1~ $9 $k %j %W %i %$!# q-write $r :n $k F1 4| %W %j %_ %F%# %V $N %j %W %i %$ $G $" $k E@ $, 0[ $J$C$F$$$k!# Cm#1!’ up date reply $O!">>K\;EMM=q$N c up date, m up date $KBP1~$7!"5~Bg;EMM=q$K$OBP1~$9$k$b$N$,$J$$!# Cm#2!’ DID %U%#!<%k%I$O!"BP1~ $9$k request %Q%1%C%H$N SID $,$=$N$^$^MQ $$$i$l$k!J>l9g $,KX$s$I$G$" $k!K!#%9%L!<%WF0:n $O>o $K9T$J$o$l$k!# Cm#3!’ %j %W %i %$ %Q %1%C %H $O 7h $7 $F X BRETR Y ?. 9f $K $h $j %j %H %i %$ $5$l $J $$ $3 $H $, I, MW $G $" $k!# $9 $J $o $A!" 0l C6%j %W %i %$ %Q %1%C %H$K4X$9$k%P%9E>Aw$,3+;O$5$l$k$H!"Ev3:%Q%1%C%H$OI,$:<uM}$5$l$k$3$H$,I,MW$G$"$k!# 74

%U%#!<%k%IL> 5-=R ADDR 27:0] %j%W%i%$BP>]$r<($9%/%i%9%?!&%"%I%l%9 O W CH ;HMQ$7$J$$ DUMMY ;HMQ$7$J$$ HOME ;HMQ$7$J$$ LAR GE ;HMQ$7$J$$ CCBL CCBL %S%C %H $, #1 $G$" $k >l 9g!" %Q %1%C %H $, 9T $J $& %a %b %j A‘ :n $, %-%c%C %7%c %V %k $G $" $k $3$H $r<( $9!##0 $G$" $k>l 9g$O!" %N%s %-%c%C%7%c %V%k $G$" $k$3 $H$r <($9!# up date req $G $O$=$NK\<A>e #1 $r;XDj$9$k SU SU %S%C%H$,#1$G$"$k>l9g!"%j%W%i%$$,FC8"!J%+!<%M%k!K%b!<%I$G9T$J$o$l$k$3$H$r<($9 F/E bits BP 1~ $9 $k %V %m%C %/$K double w ord C1 0L $G IU $1$i $l $F $$ $k F ull / Empt y %S%C %H $r <($9!# read reply $N9‘$r;2>H$N$3$H FEPOL ;HMQ$7$J$$ SNOOP CNTL [ 2:0 ] SNOOP CNTL %U%#!<%k%I$O!"%Q%1%C%H$,%9%L!<%WA‘:n$rH<$&>l 9g$K;HMQ$5$l$k!#2<0L%S%C%H$+$i!’ CLSH CLSH %S%C %H $, #1 $G $" $k >l 9g!" %Q %1%C %H $N BP >] $, %/ %i %9 %?4V$G6&M-$5$l$F$$$k$3$H$r<($9!##0$G$"$k>l9g!"%Q%1%C%H $N BP >] $, %/ %i %9 %? 4V $G 6& M- $5 $l $F $$ $k 2D G= @- $, $J $$ $3 $H $r <($9!# up date req %Q%1%C%H$N>l9g$O!"<uM}$9$k%G%P%$%9$K$*$$$F!" CLSH $^ $? $O CLPR $r6h JL$9 $k$? $a $K!"%j %W%i %$$9 $k #M#B #P$,Ev3:%V%m%C%/$N>pJs$K4p$E$$$FAw=P$9$k!# DR TY DR TY %S%C%H$,#1$G$"$k>l9g!"Ev3:%Q%1%C%H$K$h$j%-%c%C %7%e $K %m!< %I $9 $k %V %m%C %/ $N B0 @- $, dirt y $G $" $k $3 $H $r <( $9!##0$G$"$k>l9g$K$O clean $G$"$k$3$H$r<($9!# up date req %Q %1%C %H $G $O DL >o clean $J %V %m%C %/ $r 5" $9 $,!" %j %W %i %$ $9 $k#M#B#P$^$?$O#C#C$,Ev3:%V%m%C%/$N>uBV$r8+$F7hDj$9$k!# MSH RPL Y MSH RPL Y %S%C%H$O!" reply %Q%1%C%H$K$*$$$F!" %j%/%(%9%H;~$K$*$1$k MSH ?.9f@~$N7k2L$r<($9!#$9$J$o$A!" up date reply $N 7k 2L :n @. $9 $k %V %m%C %/ $,!" priv ate $G $" $k $3$H$r@_Dj$9$k$?$a$K;HMQ$5$l$k SIZE [ 2:0 ] SIZE %U%#!<%k%I$O%j%W%i%$BP>]$N%G!<%?$N%5%$%:$r<($9!#%j%W%i %$%Q%1%C%H$G$O mask ed blo c k $O;HMQ$7$J$$ DID [ 2:0 ] %j%W%i%$$N9T$-@h%G%P%$%9$N;XDj SID [ 2:0 ] %Q%1%C%H$NAw?.85$N;XDj!# %j%W%i%$ %Q%1%C%H$N>l9gFC$K0UL#$,$J$$$,!"JX59>eIU2C$9$k D A T A [ 63:0 ] FI$_=P$7 $?%G!<%?!#%V%m%C%/ $N up date $r9T$J$C $?>l9g$O!"%"%I %l%9$G;XDj $5$l$? double w ord $,:G=i$KE>Aw$5$l!"$"$H$O>:=g$GAw$i$l$k WWE [ 1:0 ] FI $_=P $5 $l $? double w ord $K BP 1~$9 $k R/W-W AIT %S%C %H>p Js!# W-W AIT !"$9$J $o $A WWE [ 1 ] $,N)$C$F$$$k double w ord $O=q$-9~$_$r BT$C$F$$$kFI$_=P$7MW5a$,B8:_ $9$k$3$H $r <( $7!" R-W AIT !" $9 $J $o $A WWE [ 0 ] $O FI $_ =P $7 $r BT$C $F $$ $k =q $- 9~ $^ $l $? %G!< %? $, B8 :_$9$k$3$H$r<($9!# 75

4.3.29 in v alidate req in v alidate req $O in v alidate req Ey $N FI $_=P $7 MW5a $K BP$7 $F $NJV Ez $G$" $k $,!"=h M} $NET 9g >e request %l %Y%k $G $" $k$?$a!" V3.2 0J9_ in v alidate req $H$J$C$?!#=>$C$F!" in v alidate req $KBP1~$9$k%j%W%i%$%Q%1%C%H$O$J$$!# in v alidate req $r <u M} $7 $? 3F %-%c%C %7%e $* $h $S #M #B #P $O!" $^ $: %j %H %i %$ >r 7o $r %A%’%C %/ $9 $k!# >r 7o $, @. N) $7 $? >l 9g$O %j %H%i %$ $9$k!# %j %H%i %$$5 $l $J$+$C $? >l9g!" MSH ?. 9f $H CRPL Y ?.9f $O $D$M $K assert $7$J $$!# !J$?$H $(!" %9 %L!<%W%R%C%H$9$k%V%m%C%/$,B8:_$9$k>l9g$G$b!K 3F%-%c%C%7%e%a%b%j$O%9%L!<%W$r9T$J$$!"BP>]0J30$N%-%c%C%7%e$KB8:_$9$k%V%m%C%/$rA4$F in v alidate $9$k!# in v alidate reply $ODL>o%-%c%C%7%c%V%k%"%/%;%9$rBP>]$H$7!"%Q%1%C%HD9$O#1$G$"$k!# Cm#1!’ in v alidate reply $O!">>K\;EMM=q$N c in v alidate, m in v alidate $KBP1~$7!"5~Bg;EMM=q$K$OBP1~$9$k$b$N$,$J$$!# Cm#2!’ DID %U%#!<%k%I$O!"BP1~ $9$k request %Q%1%C%H$N SID $,$=$N$^$^MQ $$$i$l$k!J>l9g $,KX$s$I$G$" $k!K!#%9%L!<%WF0:n $O>o $K9T$J$o$l$k!# Cm#3!’ %j %W %i %$ %Q %1%C %H $O 7h $7 $F X BRETR Y ?. 9f $K $h $j %j %H %i %$ $5$l $J $$ $3 $H $, I, MW $G $" $k!# $9 $J $o $A!" 0l C6%j %W %i %$ %Q %1%C %H$K4X$9$k%P%9E>Aw$,3+;O$5$l$k$H!"Ev3:%Q%1%C%H$OI,$:<uM}$5$l$k$3$H$,I,MW$G$"$k!# %U%#!<%k%IL> 5-=R ADDR 27:0] %$%s%P%j%G!<%HBP>]$r<($9%/%i%9%?!&%"%I%l%9 O W CH ;HMQ$7$J$$ DUMMY ;HMQ$7$J$$ HOME ;HMQ$7$J$$ LAR GE ;HMQ$7$J$$ CCBL CCBL %S%C %H $, #1 $G$" $k >l 9g!" %Q %1%C %H $, 9T $J $& %a %b %j A‘ :n $, %-%c%C %7%c %V %k $G $" $k $3$H$r<($9!##0$G$"$k>l9g$O!"%N%s%-%c%C%7%c%V%k$G$"$k$3$H$r<($9!# rdin v reply $G $O$=$N@-<A>e>o$K#1$r;XDj$9$k SU SU %S%C%H$,#1$G$"$k>l9g!"%j%W%i%$$,FC8"!J%+!<%M%k!K%b!<%I$G9T$J$o$l$k$3$H$r<($9 F/E bits ;HMQ$7$J$$ FEPOL ;HMQ$7$J$$ SIZE [ 2:0 ] ;HMQ$7$J$$ DID [ 2:0 ] BP1~$9$k in v alidate via home $rH/$7$?%G%P%$%9$N;XDj SID [ 2:0 ] %Q%1%C%H$NAw?.85$N;XDj!# %j%W%i%$ %Q%1%C%H$N>l9gFC$K0UL#$,$J$$$,!"JX59>eIU2C$9$k 76

4.3.30 demap ac k demap ac k $O demap req $N MW 5a $K BP $7 $F $N %j %W %i %$ %Q %1%C %H $G $" $j!" F0 :n $, =* N; $7 $? $3 $H $r DL CN $9 $k!# %j %W %i %$%Q%1%C%H$OMW5a%Q%1%C%H$HHf3S$7$F9b$$M%@hEY$G=hM}$5$l$k!# demap ac k $N%Q%1%C%HD9$O#2$G$"$k!# demap ac k %Q%1%C%H$O double w ord $N%G!<%?$r1?$V!#%G!<%?$NFbMF$O!"Ez$($k$Y$-MW5a$K$h$j$3$H$J$k!# Cm#1!’ demap ac k $O!">>K\;EMM=q$N c demap ac k, m demap ac k 5~Bg;EMM=q$N Ac kno wledgmen t $KBP1~$9$k!# Cm#2!’ DID %U%#!<%k%I$O!"BP1~ $9$k request %Q%1%C%H$N SID $,$=$N$^$^MQ $$$i$l$k!J>l9g $,KX$s$I$G$" $k!K!#%9%L!<%WF0:n $O>o $K9T$J$o$l$J$$!# Cm#3!’ %j %W %i %$ %Q %1%C %H $O 7h $7 $F X BRETR Y ?. 9f $K $h $j %j %H %i %$ $5$l $J $$ $3 $H $, I, MW $G $" $k!# $9 $J $o $A!" 0l C6%j %W %i %$ %Q %1%C %H$K4X$9$k%P%9E>Aw$,3+;O$5$l$k$H!"Ev3:%Q%1%C%H$OI,$:<uM}$5$l$k$3$H$,I,MW$G$"$k!# %U%#!<%k%IL> 5-=R ADDR 27:0] %"%/%N%l%C%8BP>]$r<($9%/%i%9%?!&%"%I%l%9!JBP1~$9$kMW5a$N%"%I%l%9!K O W CH ;HMQ$7$J$$ DUMMY ;HMQ$7$J$$ HOME ;HMQ$7$J$$ LAR GE ;HMQ$7$J$$ CCBL ;HMQ$7$J$$ SU SU %S%C%H$,#1$G$"$k>l9g!"%j%W%i%$$,FC8"!J%+!<%M%k!K%b!<%I$G9T$J$o$l$k$3$H$r<($9 F/E bits ;HMQ$7$J$$ FEPOL ;HMQ$7$J$$ SIZE [ 2:0 ] BP1~$9$kD9$5$r;XDj$9$k DID [ 2:0 ] %j%W%i%$$N9T$-@h%G%P%$%9$N;XDj SID [ 2:0 ] %Q%1%C%H$NAw?.85$N;XDj!# %j%W%i%$ %Q%1%C%H$N>l9gFC$K0UL#$,$J$$$,!"JX59>eIU2C$9$k 77

4.3.31 nop nop $O 2? $b $7 $J $$ F0 :n $N %Q %1%C %H $G $" $j!" Ev A3 2? $N %j %W %i %$ $b 0z $- 5/ $3 $5 $J $$!# nop %Q %1%C %H $O =P $7 $+ $1 $N %j %/%(%9%H$r<h$j>C$9;~$J$I$K;H$o$l$k!# nop $N%Q%1%C%HD9$O!"%"%I%l%9%U%j%C%H$K$*$1$k WWE [ 1:0 ] $NCM$G7hDj$5$l $k!# Cm#1!’ write ac k $O!">>K\;EMM=q$*$h$S5~Bg;EMM=q$KB8:_$7$J$$!# Cm#2!’ nop %Q%1%C%H$N>l9g!" KX$s$IA4$F$N%U%#!<%k%I$, L50UL#$G$"$k$,!"%"!<%S%H %l!<%7%g%s$,@5>o$K9T$J$o $l$k$? $a$K$O!"MW5a$HF1$8%5%$%:$r;XDj$9$kI,MW$,$"$k!# Cm#3!’ nop %Q%1%C%H$O 2?$b$7$J$$ $H$$$&@-<A>e X BRETR Y $K$h$k%j%H%i%$$r9T$J$o$J$$$3$H$,K>$^$7$$!# %U%#!<%k%IL> 5-=R ADDR 27:0] ;HMQ$7$J$$ O W CH ;HMQ$7$J$$ DUMMY ;HMQ$7$J$$ HOME ;HMQ$7$J$$ LAR GE ;HMQ$7$J$$ CCBL ;HMQ$7$J$$ SU ;HMQ$7$J$$ F/E bits ;HMQ$7$J$$ FEPOL ;HMQ$7$J$$ SIZE [ 2:0 ] ;HMQ$7$J$$ DID [ 2:0 ] ;HMQ$7$J$$ SID [ 2:0 ] %Q%1%C%H$NAw?.85$N;XDj!# nop %Q%1%C%H$N>l9gFC$K0UL#$,$J$$$,!"JX59>eIU2C$9$k INJ MASK [ 3:0 ] ;HMQ$7$J$$ 78

5 %(%i%9%F%#%C%/!&%P%j%" K\@a$G $O!" JUMP-1 $K$* $1$k %(%i %9%F%#%C %/!& %P%j %"$N <B8= J}<0 $r =R$Y $k!#%( %i%9 %F%#%C%/!& %P%j %" $N4p K\J} <0 $O!">>K\$NO@J8$K>\=R$5$l$k$,!"$3$3$G$O6qBNE*<B8=J}<0$KE*$r9J$C$F=R$Y!"<!$$$G7k@~J}<0$r=R$Y$k!# 5.1 JUMP-1 $K$*$1$k Elastic Barrier J}<0$N35MW Elastic Barrier $O=E J# 2DG= $G!"F1 4| MW5a $H F14| >5G’ $r JL8D $K07 $( $kJ} <0 $N%P %j%" F1 4|$G $" $k!#%W %m%0 %i %‘$+ $i 8+ $k$H!"%P%j%"$O PREQ, RREQ, APR V $N#3<o$N %W%j%_%F%#%V$+$i9= @.$5$l!"3F!9%W%m%;%C%5C1 0L$G!"F14|$NM=Ls!" F14|$NH=Dj!"F14|$X$N;22C$r<B8=$9$k!# JUMP-1 $K$*$1$k<BAu$G$O99$K!"0J2<$N=t9‘L\$r9MN8$9$kI,MW$,$"$k!’ 1. JUMP-1 $O!" OS $N @) 8f$N 2<!" %7%9 %F %‘A4 BN $r%Q!< %F%# %7%g%s $KJ, 3d $7$F %f!< %6$, ;H MQ$9 $k >l9g $, $"$k!# %P %j %"$b%Q!<%F%#%7%g%s$K=>$C$FJ,3dF0:n$9$kI,MW$,$"$k 2. %Q!<%F%#%7%g%s$N7A>u$O!"0lJU$ND9$5$,#2$N%Y%->h$G$"$k@5J}7A$+!"$=$N@5J}7A$r#28D$"$o$;$?D9J}7A$G$"$k!# 3. %Q!<%F%#%7%g%sFbIt$G$b!"%^%k%A%W%m%0%i%_%s%0$,9T$J$o$l!"%P%j%">uBV$r;q8;$H$7$F=i4|2=$d sa v e / restore $9$kI,MW$,$"$k!# 4. JUMP-1 $O #13, AX$N %P%j%" $G<B 8=$9 $k$K $O5, LO$, Bg$- 2a$.$k $?$a!" >/$J $/$H $bJ* M}E* $K$OB? 3,AX $N<B 8=J} <0$, I,MW 5. <BAuJ}<0$H$7$F!"%/%i%9%?!&%\!<%I!"#8%/%i%9%?$N%^%6!<%\!<%I!"%^%6!<%\!<%I4V$N7k@~$N#33,AX$,$"$k 6. %( %i %9%F%#%C %/!&%P %j %"$N 3,AX E*@) 8f 2sO) $O!"#M #B #P$b $7$/ $O#C #P #U$, FbIt %l %8%9 %?$N sa v e/restore $r 9T$J $& I,MW@-$,$"$k$?$a!"%/%i%9%?!&%\!<%I$K<BAu$9$kI,MW$,$"$k >e5-MW5a9‘L\$rK~$?$9$?$a!"%(%i%9%F%#%C%/!&%P%j%"$O?^ 15 $K<($99=@.$r<h$k!# ?^ 15: %(%i%9%F%#%C%/!&%P%j%"$NA4BN9=@. 79

?^Cf!" CPU $+$i$N%a%b%j%"%/%;%9$r %(%i%9%F%#%C%/!&%P%j%"?.9f$KJQ49$9$k$?$a$K!"Fs<!%-%c%C%7%e%3%s%H%m!< %i Cf $N EB 2s O) $r MQ $$ $k!# EB 2s O) $G $O M= $a ;X Dj $5 $l $? %" %I %l %9 $K BP $7 $F!" load / store half w ord L? Na $r <B 9T $9 $k $3 $H $K $h $j!" %( %i %9 %F%#%C %/ %P %j %" $K BP $9 $k #3 <o $N 4p K\ L? Na !J PREQ, RREQ, APR V !K $* $h $S %+ %& %s %? $N %/ %j %" !J CLR !KEy$r<B9T$9$k!# MBP $+$i$N%P%j%"MW5aEy$O!" MBP $+$iD>@\=PNO$5$l$k!# %( %i %9 %F%#%C %/ %P %j %" $N Bh 0l 3, AX $O!" CPU !J%-%c%C %7%e %3 %s %H %m!< %i!K $H #M #B #P $+ $i $N %P %j %" $r E} 9g $7!" <! $N 3, AX $K EA $( $k F/ $- $r $9 $k!# Fb It %+ %& %s %? $O!" CPU $^ $? $O #M #B #P $+ $i FI $_ =q $- 2D G= $G $" $k !J2> #M #B #P HG $G $O!" DSP $+$i FI $_=q $- 2D G=$G $" $k!K %P%j %" $NF0 :n $, %/%i %9 %? Fb$K JD $8 $F$$ $k >l9g!" $9 $J $o$A!" %Q!< %F%# %7%g%s %5 %$ %:$, #1 %/ %i %9%?$G$"$k>l9g$O!"Bh0l3,AX$GF0:n$,JD$8$k!# %Q!<%F%#%7%g%s%5%$%:$,#20J>e$N>l9g!"%P %j%"F0:n$OBg$-$5$K 1~$8$FBh#2$+$iBh#4 3,AX$^$G5Z$V!#$J$*!" JUMP- 1 $K $* $$ $F $O #1 BP #1 $^ $? $O #1 BP #2 D9 J} 7A %Q!< %F%# %7%g %s $r 86 B’ $H $7 $F MQ $$ $k $? $a!" 3F 3, AX $O 2< 0L 3, AX $, @5 J} 7A $K @\ B3 $5$l$k#4?JLZ$r$J$9!# 3F3, AX $G $O!" 2< 0L 3, AX $+ $i $N MW 5a $r 7W ?t $9 $k %+ %& %s %? $H!" %Q!< %F%# %7%g %s $r <B 8= $9 $k $? $a $N 5! 9= $, Hw $( $i $l $F $$ $F!"99$K>e0L3,AX$X$NMW5a$r=P$9%a%+%K%:%‘$H$J$C$F$$$k!# 80

5.2 Elastic Barrier $N<BAuJ}<0 5.2.1 Elastic Barrier $r9=@.$9$k?.9f@~ %(%i%9%F%#%C%/%P%j%"@)8f?.9f@~ ?.9fL> ?.9fK\?t 5-=R CLK 1 F~ NO!"C1J} 8~!"@5O@ M}!#%P%9 $KBP$9$k %/%m%C%/!# #1#5#M #H z %/%m%C%/ $rF~ NO$9$k!#%/ %m%C%/$O#L "*#H$N%(%C %8$rMQ$$!" #H"*#L$N %(%C%8$OMx MQ $7 $J$$!# $J $*!" $3 $l$O CPU %/ %m%C %/ $N #1!? #4 $G $" $j!"A4 %/ %i %9 %? $G%U%’!<%:$rB7$($kI,MW$,$"$k X EBR Q I 1 F~NO!"C1J}8~!"IiO@M}$N%Q%k%9!#%(%i%9%F%#%C%/!&%P%j%"MW5a?.9f@~!# %-%c%C %7%e %3 %s %H %m!< %i $^ $? $O #M #B #P $, F1 4| MW 5a $r =P $9 $H!" #1 8D!" #1 %/ %m%C %/ ;~ 4V $N %Q %k %9 $, H/ @8 $7!" F1 4| MW 5a $H $J $k!# X EBRD Y O $, assert $5$l$F$$$J$$>l9g$K$O!" assert $5$l$k$^$GJ];}$9$k!# X EBRD Y O $, assert $5$l$F$$$k>l9g$K$O!"I,$:<!%/%m%C%/$G X EBR Q I $r negate $9$k$3$H X EBRD Y O 1 =PNO!"C1J}8~!"IiO@M}$N%l%Y%k!#%(%i%9%F%#%C%/!&%P%j%"$KBP$7$F X EBR Q O ?. 9f $K $h $j F1 4| MW 5a $r =P $7 $F NI $$ $3 $H $r <( $9!# X EBRD Y $, assert $5$l$F$$$J$$;~$KH/@8$7$? X EBR Q $O<uM}$5$l$J$$!#$3$N$3$H$+$i!" X EBRD Y O $, negate $5$l$F$$$k%/%m%C%/$G$N X EBR Q $O:FAw$9 $k$3$H$,I,MW$G$"$k X EBGR T O 1 =PNO!"C1J}8~!"IiO@M}$N%Q%k%9!#%(%i%9%F%#%C%/!&%P%j%"@.N)?.9f@~!# X EBR Q $G 2a 5n $K MW 5a $7 $? %P %j %" F1 4| MW 5a $, 0l $D @. N) $7 $? $3 $H $r <( $9 %Q %k %9!# #1 8D #1 %/ %m%C %/ $N ;~ 4V F~ NO $5 $l $k!# $^ $?!" X EBCLR ?. 9f $, assert $5 $l $F $$ $k >l 9g $O!" %( %i %9 %F%#%C %/!& %P %j %" $N %/ %j %" $, 40N;$7$?$3$H$r<($9%Q%k%9$H$7$F2r<a$5$l$k!# X EBCLR I 1 F~NO!" C1J}8~!"Ii O@M}$N%l %Y%k!#3F3, AX$N%(%i %9%F%#%C%/!& %P%j%"2s O)$KBP$7$F!"%+%&%s%?Ey$N%/%j%"!J=i4|2=!K$rMW5a$9$k?.9f@~!#%-%c%C %7%e %3 %s %H %m!< %i $* $h $S #M #B #P $, MW 5a $7!" >e 5- X EBGR T $, %Q %k %9 $H$7 $FJV$C$F$/ $k$^$G;}B3 $9$kI,MW $,$"$j!"$^ $?!"%Q%k%9 $H$7$FJV$C $F$-$?<!$N%/%m%C%/$G 2r=|$5$l$k$3$H$,I,MW$G$"$k!# X HEBGR T I 1 F~NO!"C1J} 8~!"IiO@M} $N%Q%k%9!# <!3,AX$+ $i$N%(%i %9%F%#%C%/!& %P%j %"@. N)?.9f@~!#>e 0L3,AX$K $*$$$F!"2a5n $KMW5a$7 $?%P%j%"F1 4|MW5a$, @.N)$9$k$H#18D!"#1%/%m%C%/$N4|4VF~NO$9$k!#$^$?!"2<5- X HEBCLR ?. 9f $, assert $5 $l $F $$ $k 4| 4V $G $O!" %/ %j %" A‘ :n $N =* N; $r #1 8D!" #1 %/ %m%C%/$N%Q%k%9$GDLCN$9$k X HEBRD Y I 1 F~ NO!" C1 J}8~!" Ii O@ M} $N %l%Y %k!# <! 3, AX $X X HEBR Q $G F1 4| MW 5a $r =P$7$FNI$$$3$H$r<($9!# X HEBRD Y $, assert $5$l$J$$4|4V$G$N X REBR Q $X$N%Q%k%9=PNO7k2L$OJ]>Z$5$l$J$$ X HEBR Q O 1 =PNO!"C1J} 8~!"IiO@M} $N%Q%k%9!# <!3,AX$X $N%(%i%9 %F%#%C%/!&%P%j %" F14|MW5a?.9f@~!# X HEBCLR I 1 =PNO!"C1 J}8~!"IiO@ M}$N%l%Y %k!#<!3,AX $N%(%i%9 %F%#%C%/!&%P %j%"$K %/ %j %" MW 5a $r Aw $k ?. 9f @~!# X HEBGR T $+ $i %Q %k %9 $, JV $k $^ $G ;} B3 $9$kI,MW$,$"$k 5.2.2 %-%c%C%7%e%3%s%H%m!<%i$K$*$1$k Elastic Barrier <BAu %-%c%C%7%e %3 %s %H %m!<%i $O!" CPU $+ $i %a %b %j %" %/ %; %9 $r<u $1 <h $j!" 3F CPU $+ $i $N Elastic Barrier MW 5a %3 %^ %s %I$r 2r <a $9 $k $H $H $b $K!" %3 %^%s %I $K 4p $E $/ %P %j %"!& %+ %& %s%? $N A} 8: $* $h $S!" 30 It $X $N Elastic Barrier ?. 9f @~ $X $N %$ %s%?!<%U%’%$%9$r9T$J$&!# Cm!’$3$N9‘$O!"8e$K$h$j>\:Y2=$5$l$kM=Dj$G$"$k CLR Ev3: CPU $,;22C$7$F$$$k%(%i%9%F%#%C%/!&%P%j%"$r=i4|2=$9$k%3%^%s%I!# CPU $+$i$O!" sth xxxxxx $H$$ 81

$&%a%b%j%"%/%;%9$G<B8=$5$l$k!# K\ %3 %^ %s %I $, <B 9T $5 $l $k$H!" %-%c%C %7%e %3 %s %H %m!< %i $O Fb It $K $b $D EB 4X 78 $N %+ %& %s %? $r #0%j %;%C %H $9 $k $H $H $b$K!"30It$K X EBCLR ?.9f$r assert $7!" X EBGR T ?.9f$,JV$k$^$G;}B3$5$;$k!# CLR F0:n$N40N;$O!" X EBGR T ?.9f$+$i@8@.$5$l$kFbIt EB CNTL %l%8%9%?$rFI$_=P$9$3$H$G8!::$9$k PREQ PREQ $NF0:n$r 9T$J$$!"30It$K X EBR Q ?.9f$r=P NO$9$k$H$H$b $K!"F14|BT$A9g$o $;?t%+%&%s%? $rA}2C$5$; $k!# CPU $+$i$N sth L?Na$G<B8=$5$l$k RREQ RREQ $N F0 :n $r 9T $J $$!" F1 4| BT $A 9g $o $; ?t %+ %& %s %? $r 8! :: $7!" F1 4| $N @. N) $r 8! =P $9 $k!# CPU $+ $i ldh L? NaEy$G<B8=$5$l!"BT$A9g$o$;$OFI$_=P$7$?>uBV$K$h$k>r7oJ,4tEy$G<B8=$5$l$k APR V APR V $NF0:n$r9T $J$$!"FbIt%+%&%s%?$rJQ2=$5 $;$k$H$H$b$K!"30It$K X EBR Q ?.9f$K$h$kF14| MW5a$rH/$9 $k!# CPU $+$i$O sth L?Na$G<B8=$5$l$k SA VE Fs<!%-%c%C%7%e!&%3%s%H%m!<%iCf$N%P%j%"4X78%+%&%s%?CM$rFI$_=P$9 3F%-%c%C%7%e%3%s%H%m!<%i$+$i$N#4K\$N Elastic Barrier ?. 9f@~$O!"%/%i%9%?Fb%P%j %"!&%3%s%H%m!<%i$K@\B3 $5$l $k!# 5.2.3 2>#M#B#P$K$*$1$k<BAu DSP $r MQ $$ $? <B Au $G $O!" %/ %i %9 %? Fb %P %j %"!& %3 %s %H %m!< %i $O DSP $N F~ =P NO %]!< %H $K $h $j D> @\ @\ B3 $5 $l!" %3 %s %H %m!<%i Fb 3F %l %8 %9 %? $N read/write $* $h $S %3 %^ %s %I $N H/ 9T $r Ev 3: F~ =P NO %]!< %H 7P M3 $G <B 8= $9$k!# =>$C $F!" 2> #M #B #P <B Au$KBP1~$9$k%/%i%9%?Fb%P%j%"!&%3%s%H%m!<%i$O?^ 16 $K<($9$b$N$H$J$k!# DSP $+$i$O!"0J2<$K<($9F0:n$r9T$J$&!’ ?^ 16: %/%i%9%?Fb%P%j%"!&%3%s%H%m!<%i$N9=@. CLR Ev 3: %/ %i %9 %? $N %( %i %9 %F%#%C %/!& %P %j %" $r =i 4| 2= $9 $k %3 %^ %s %I!# DSP $+ $i D> @\ BP 1~ $9 $k %+ %& %s %? $r %/ %j %" $9 $k $H 6&$K!" >e 0L 3, AX$K MW 5a $9 $k%l %8 %9 %? $r%;%C %H $9 $k $3 $H$K $h $j!" X HEBCLR ?. 9f$r assert $9$k!# >e 0L 3, 82

AX$+ $i X HEBGR T $,JV$C$F Mh$k$3$H $K$h$j!" %/%i%9 %?Fb%P %j%"!&%3 %s%H%m!< %i$N>u BV%l%8 %9%?$r %;%C%H$7!" DSP $+$iFI$_=P$9!# PREQ PREQ $NF0:n$r 9T$J$$!"%/%i%9 %?Fb%P%j%"!&%3 %s%H%m!<%iFbIt $K X EBR Q ?.9f$K BP1~$9$k?.9f $r=PNO$9$k $H$H$b$K!"%3%s%H%m!<%iFb$K:n@.$5$l$?F14|BT$A9g$o$;?t%+%&%s%?$rA}2C$5$;$k!# RREQ RREQ $NF0:n $r9T$J$$!"%/ %i%9%?Fb%P %j%"!&%3%s%H %m!<%iFbIt$K :n$i$l$? DSP MQF1 4|BT$A9g$o $;?t%+%&%s %?$r8!::$7!"F14|$N@.N)$r8!=P$9$k!# BT$A9g$o$;$OFI$_=P$7$?>uBV$K$h$k>r7oJ,4tEy$G<B8=$5$l$k APR V APR V $NF0:n$r9T$J$$!"%/%i%9%?Fb%P%j%"!&%3 %s%H%m!<%iFbIt$K:n$i$l$?%+%&%s%?$rJQ2=$5$;$k$H$H$b$K!" X EBR Q ?.9f$KBP1~$9$kFbIt?.9f$K$h$kF14|MW5a$rH/$9$k!# SA VE %/%i%9%?Fb!&%3%s%H%m!<%iCf$N%P%j%"4X78%+%&%s%?CM$rFI$_=P$9 5.2.4 %/%i%9%?Fb%P%j%"!&%3%s%H%m!<%i %/%i %9 %? %\!< %I $K $O 3F #1 8D!" %/ %i %9 %? Fb %P %j %"!& %3 %s %H %m!< %i $, @_ CV $5 $l $k!# 2> #M #B #P %/ %i %9 %? MQ %\!< %I $G $O!" %/ %i %9 %? Fb %P %j %"!& %3 %s %H %m!< %i $, DSP $+ $i $N %P %j %"!& %$ %s %?!< %U%’ %$ %9 $r 7s $M $k!# $J $*!" 2> #M #B #P HG <B Au $G $O!" %/ %i %9 %? Fb $r J# ?t $N %P %j %" $K J, 3d $9 $k $3 $H $O IT 2D G= $G $" $j!" >o $K A4 $F $N CPU $* $h $S DSP $, 0l $D $N %P %j %" $K ;2 2C $9 $k!# %/%i%9 %? Fb %P%j %"!& %3 %s%H %m!< %i $O #18D $N #F #P#G #A $G <B8= $5 $l!" #1#5 #M #H z %/ %m%C%/ $G F0 :n$9 $k!# !J$J $*!" DSP $H6&$KMQ$$$k>l9g$K$O!"#1#2!%#5#M#H z %/%m%C%/$GF0:n$9$k!K %/%i%9%?Fb%P%j%"!&%3%s%H%m!<%i$+$i>e0L3,AX$X$N@\B3$O!"A4$F0lEY%^%6!<%\!<%I$X=PNO$7!":F$SF10l%^%6!<%\!< %IFb$N%/%i%9%?%\!<%I$XLa$j>e0L3,AX$N%P%j%"!&%3%s%H%m!<%i$X@\B3$5$l$k!# 5.2.5 >e0L3,AX%P%j%"!&%3%s%H%m!<%i >e0L 3, AX %P %j %"!& %3 %s %H %m!< %i $O!" 2< 0L %3 %s %H %m!< %i $, @5 J} 7A $H $J $k #4 ?J LZ $H $7 $F >e 0L %3 %s %H %m!< %i $K @\ B3 $5 $l $k!#>e0L%3%s%H%m!< %i$O?^ 17 $K<($5 $l$k$h$&$K!"%^ %6!<%\!<%IFb$N0L CV$K$h$j!"3,AX $,;XDj$5$l$k!# $J$*!">e0L3,AX 4V$N 7k @~ $G!" %^ %6!< %\!< %I 4V $K 8Y $k ?. 9f $O!" %^ %6!< %\!< %I >e $N ECL %I %i %$ %P $K $h $j ?. 9f %l%Y %k $, JQ 49 $5 $l $F <x <u $5 $l$k!# $J$*!" 2> #M #B #P HG <B Au $G $O!" %/ %i %9 %? Fb %P %j %" %3 %s %H %m!< %i $H!" >e 0L 3, AX %P %j %"!& %3 %s %H %m!< %i $O #1 8D $N #F #P #G #A$K$^$H$a$F<BAu$5$l$k!# 83

?^ 17: %^%6!<%\!<%IFb$N9=@. 84