
;e3e@fbbcTc"de6eT@ffkFE ~ ~'iHd Lint AGENT 110 ,- fNTERNAL CACHE
'_......__.220 AGENT 150 [MEMORY CONTR.) 222 ARBITER ~( 210 FROM CORE AGENT
AGENT AGENT 120 130 140 170 FIG. 1 100 AGENT _160 [INTERFACE)
T.RANSACTJON.__QBF~___ .___2~0_____ TRANSACTION QU UE tNTERNi4t- - BUS _
:QUEUE _ ; CONTROLLER .___230_____; 250 FlG. 2 200 PREFETCH QUEUE 260 170
2l5 320 STATUS 350 S'. ATUS 360 ADDRESS 340 [REQ. 'I] [REQ. 2]
CPPCPCPPPPPCPC 351 369 F I G . 3 OO~TROI.LER PRIORITY 300 3~0 MATRIX - 330
Q320-0 Q320-1 Q320-2 Q320-3 Q320-4 Q320-5 Q320-6 320-7   1 9 ~' SAY ~~~t~
3/~ 410 ' 320-Q'(4TH) 0- 320-1 -~(7TH) 1320-2~ (2ND) 2320-3~ (8TH) 3 -~!
320-4(1ST) 4320-5~ (5TH) 5- 320-6~ (6TH) 6~- 320-7 ------ !~ (3RD) 7
~i-CORE READ11O10011320MAS l ~ _ ~ ~ . ~ PREFETC 440 DOES THE NO DOES THE
NO T.Q. STORE T.Q. STORE CORE READS? PREFETCHES? 1010 1040 APPLY CORE APPLY
MASK TO ARRAY PREFETCH MASK TO ARRAY 1020 1050 SCHEDULE SCHEDULE IDENTIFIED
IDENTIFIED CORE READ PREFETCH REQUEST 1Q30 REQUEST 1Q60 FiG. 5 10O0 (---O-1
-2-3-4-5-6-7
{XQ1010Q11X1011i100X01000111X11110000X00010101X0110i011Xi0010100X 1070 FIG.
4 400 DOES THE T.Q. STORE WRITES? NO APPLY WRITE MASK TO ARRAY 1080
SCHEDULE IDENTIFIED WRITE REQUEST 1090 END   4/5 CORE REAL MASI PENDlN(
PREFETCt MASt PENDIN( WRITE MAS! EVICTION MA FILL MA ~ ~ ~`a~ ~~~=r    ~~ ~
v~," oc o c~ Q ~ f-- , w E 710 C > I- 7 O d L O d Z~ O~ v ~ E cn O ~w O 5/5
.A@.A2.A .A.A:!Z%gg45 gC (#.#.2@??~|>8>0O>|HZ>m.e?{@p?`70?r@?{`O?7|U_?| cx
p: BoKA?K|x8x8<?8?8
8?8?888088<8x88?~88888`8<@8|8x8?xx8?8??`~?8A??<?S`p<px@<<S<?"v>?C[?
N<<<=<<<8<<x<<8<8<<>x<<<p<|<p<|<|<|<|<x<|<|<|<|<|<x|x||?|||>||>?>||>>?<<|>>
??<<>?>>?|>>?|x~>~|>>|?|>?@0>|>???>|>???|>??|>??|??|>
?(Zp}??|x>>|?|>>>|<||>>>|?<>|>>|???<|>>|??||>>>|>||>>><|?>||>><8x?>||>>>8x>
<|>>>8|>>~?>?>~?<~|<>x<6x><x>|?><?|<?<|?<x<8x<8x|<x>~|x>8p8x8p<x|xp8x8x|x>8
xxxT88x8<xS ~8<} x
?98p~x8x?8N?8x?8B^&/?8?p~?8&!C`8|8C`80p80p?80`<?8p`<8p`<8p`<0pp<0pp<70p`8p`
`@8?8pO8xp8@??0p<80p<80pG8?0p`8?|y0p88?<pp88>pp0p8?|xpp?8|xpp8pp?8pp?0pp??x
<pppp~x<0|x8p??><88p??><~x8p?<<xxp?<88xp?<8xpp?<8xp??8<?8p???8<8<>p0??88<>x
0??8<<<x0???88<<x0p??88>><xpp??8x?>|xpp??8>x??pp?8|x?p`?8x?xp?8x=xp?8p88xp?
8<8p?8<?8xp<???8>px<?88xpp?8xxx8xx<x<pxxpxp<8ppp<8pxp`8~pp`88xp`8xx`xxp8x8p
p88xp8xp`x<xp`8p>xp80|xpppxp`0xp0<pp`x0 >pp?pp @_up?S?p?p;
{C~@|po00/+><<|`8<|pp#x<<|ppp<<|px<<|px<<|x<<|x<<|pp<>8p|>xp>8p>>xx|>>~8x>>
>8x>>xx|>>xx>>88>>x8>~xxx~8x||x0||x0|~8<px>8?<p~8
<x~8<x<8<x?|0?<8><><8~<~<8~>~8<<9>x?\S?>?~?????>?|~?~<~p1?O?~||
??|>||||x|<<x|>>|p<?>|p<?p|?x<p|?>>p#|x<>p?|p<>p|p>x<p|p?>p|p<<pxp><p?8p><p
p|~pp<|pp|~p|>p|<p|<|<p||p||p|||~8x|x|xxx|p>|xx|p>|x8pxxx<|88pxx><0xpx(?pxp
|p8xx8>xpxoN`89<@x#_n
@`xx`80`8x`8x0`8p80`8<x0`8x08x08x08x08<x08<x08<x08x88<x8xx88<xp8<x8<xp8<xpx
xp<8<xp<8<xpx8x088x08p08<ppx<&pxp0pp<( pppAp ??hkU<5T
%?3<*@@08p8ppxp<pxp<0x8xx8p<<xp8<xx<8`x<xpx<8px<xpx<xp<8pp8`x<x|<x|xp|x<x<8
x`<<x`8<x`8<8x<pp|<ppx<pp<8p<xp<xx<xx<px<px8xx8xx8px8px8px8px8px8xp8pp8pp8x
p8xp8pp8xpxpp8p<p8p<p8p<p8ppx<ppx<pp8<pp8<ppx<p<px<p8p8<p8p0ppx88x<xp<x0<p0
8p8p8px 9|C~?^~p5pn'r? x?h?k<#?Q<?;
8n>8888888888<888?8p88>x|xx>xx~xS8<xm@0xq P |x?<x_'GI!
\<<<8?8x<8><p<<8~<>|8?<><||>
>|?>x>><|>|>x>|>>x?>??|>>>>|?>>>>>|<~?>?<~?~>?>~???>>>~??>??<8>>|??|?x?>|~|
x?~~?>|?~||??<>||><~|~?~<|>~>~>~<|>~|>?|<x>~|?/Sh@?>|x>~>|?>|x>~>|?~x>~?|>>
|x>|>|?>|x>|>|~$Wg>|x>|>|~2@><x>|?|~>|x>|?|~>|x>~?>|~>|>||~>|p>|<|>>|p>|<|>
>|>p>|||>>|>?>|||~><|>?><|x|?~>8|<><||~>x|x>x||~>|>||~?>|>||?~>|>||~@>?|p>|
x~>~|0>|x~||~>|x~||>|x|||>||<||>||<~|>||<~?|>||<~?|<|<~
?|<|<~>>|><><><><><><>x\<<><><><?<x<8`?@ <x~O@?;>?<x~~?m>JN~`?~??*
>?x@C>>x3@7>>|x`_`>@~x8
*~x<@><L~<8><08~x>88><p8><p8~<88|<8088<<8088~<8p88~<p8p8A8|@8x8088|8x8888~x
x88y8~x88p98<|p88p9`8<||>88p88<|88x88<|?88x88<|?x8x88<|?x8p8??8<|?p8px?8<|p
8px8<|x8pxx<|x8px8<|x8p88<|p8px8|p8px|x|8pxx|xpxx88px<xpx??<8px??x<8px??x88
px??x8|8px?x8|8pxx8xx?x88x?x<??8px x<?<x<<~??8<<|?<8<<|^~x8<||||8@8<?||
<xx8<8<?||x<?<88<<|x<><>x<88|<3|x<><<<8<<>|?x><88<<p|<??<x8|??<p|>|<x8||x|>
|<8<<||pxx><x8<<?|<|x<|x>?x8<?||8<xx>>x88?<<|8<xx<|<888~<<|<|xx<x<x88><<|<x
x<<888<<xx<|>`88<<<8xp>x8888<|<xp>|x88<|xxxx<~?~>088<xx||???808<x|???8p88??
xx?08(??|x??0?$G??@??|x~8 @?
x8:8nx?x<7xx<?wAsZ'x8>g`-DN><>O)<x<??#<x<8<x?||x<<<|x<?|<|x<x<<|x<?x<|<<|<|
x<|<|x<|<|x<|<|x<|>|<|>|<@c|>||<<|>||<||>|<|?|>|<~|>||<>~x|>|<x8|>|>8|>|x>8
|>|>@8|<|>?<<?8>|><|?>>|><|??>>>|p|?>>~?>>~p|?l?|~<?>?>~x|x|<>`><>>~x|<>8>|
<>>p|>>>8>|<>~po |<>>p>x<>>p|<|<p>x|>~?p|<|<p>x|>~?p|<|>
>|x>~?p|>J|>?x>|?>>pH
[??|<x>}>|>~|<>>?>|>~>p|<<?>>~>p||<?~>>~>p|<@<?>>>~?||<<p?>x>>?|<x<x>x>~>?|
<|<x>|x>~>?|</|8<x$0>||>>~<|<?|<<x>|?>~||<8<|<><>|||<x$?<?><>|~|???<>???>||
?>>~x|?>|>>|@>??>x<|>>?>x>>x<><
?>x>~x|>>x>~x|><x>>x~><>~|~>|>~|~><<|x|><<|x|><<|x|><><x|><>8x|?<>|x|>|>xx>
><<8x<><8x<>8<xx@HbVP@|><>|0><p#>>=?<3~>p?>x>V{?>xxG0>pe_h8>?<18>0x>x>088>|
<x <><<<<<<8<<<x><8x\<x<><|?>`|< |>??"_?}<><0
>><><<?><>?><<<>x?|<><<>><<>>x<<>><><??><<<>><<8>~x<8~8<8~|<<>|<8~n@>||8<?>
||<<?>||<<??>|<<?x>|<<8>|<?~x<>|88<||x<~|888xx>>|<<><x><|x?<>?<??|??>?>!0
x?>`d?y??>@x   ?>O{@o?o??_?x??x??x??? #}?x??Ij8D
0>x??|<><>|?|>|>?8>>>8<<>|8~>x<><?>x><<0>x>|>x>>|>>x>~<>|||>|>|<<||><>>|>||
>|>|>>>|||<>>|>|<<>|>|<<x<|<x?>|<<|>~|>@8|~
|<|~|<?|?>|<?|<~>>|?~~?~>|~8|>|<<|>|<?|<|>|<~>~>|<<|<
y0S@||><|<W||>~~|?|x|||>|x?~||>>|x>||m<>|x<||?
/{>>|x>|||<>|x~~||>|x|||~><>>>8>><>>?~>><p?>?>p><>>?>>>>>><>>>>>><>>?>>>?>>
>>><>>?>><>>?>><>>>>><>>>/<>>>><>>>>`><><>>><><><<><><><>|><><>|><><>|><><>
|><<>|><><>|><><>|><><>|>8<><>|><><<x>8><>|8>|`>x |8?} |8?|~?|L||}6|>pi
|><?vo|>_??L/|>||<\||<L||x8x<|<x8|88|88|8<?a@1 xeP`x8x8<x8x8EP|'0?5?p8x #`
x8xx88xx88<p|~8p<~8p|~<p|~p||p||p||8p||8p|`*@<
p|88<$bB&t_9p|??~@0p|?>p|??`?p|x<?yp|! "o$@|;
08xp|?>px0pp|H#008pp|>pp8pp|pp8pp|pp8pp|pp<pp|pp<pp|xp8pp|8p|p8ppx8ppx88pp8
p8pp8<p8ppoX?8<8p8<8pp888pp<8p8p!<<<8p<88px<>88px888p888p<>88pp<<88p@8>>88p
`8><8pp8><<8p8<<8p8<8p8<8<p8<<<xp|whc8<<xp|8<x888p
88<8xpp"88<8xp888xp3`r8<88p88<88ppppp8p|ppp80p|ppp<x`xpppp<8pxpxx<8`pxpxpxp
xpppp8pxpp8`xpp8x<pp8xpppx@hw?p0pxp0pppxppp`xp<0pxp<8xpxpxxpxpxx>pxp<xxppp<
x<pp88ppp88x`pp8xxp8x<pxx<ppxp<ppp8pp<pp<p?
cT?ppp<p?@@}BCppp8?:?p<pp8??p<ppx??<pp8??<p8?p<ppx<?p<x<pxp<`px`><<p8p><p8p
>`<pp8`><<p88`><p8p8><<8<><8pp8<>`pp0<>`8` p<>`<8
0<Bp=|E8`@>?<?>8``>0FW<~<<ox!?<?8o0s`08 8$98vi?>/4<``p88>?>:B
`8p88>88<Np88>ppp8pppppxp8p`<p<pp<8pp8ppp8p`8p?8p9?<0p?8<0?8?88<p8~8<8~B8`8
~p8`<~8p8~8p0>p0<<`p0<<8``0<8``0`|<`0`|8p0|``0`8|` 0`8|``8<px883+y?p8?
8?|$?x<n'8?4/8?E???8 <l8|;WO8|8<8|8|8|8|8|8|x|8|8|8<~~8<~8p0x?
,x|0|><>8>>~<|8|8|<|8<?8<82}
`8?8??8?8o-|?8|?8|??8|??8>???8>????8>?@???8>???8?????8?????8?~???0????0???0
?????0>???????p?????????????????
?????(???????>o???????<?????<????<???>?~???>??<??<>???>????<?????<????<?<??
?@@|op<?>@~v?|<||`x>`x>xx>x>xx>x>x>>j>@1<~>?>#>@>Yc?>>hg
0`k@<>>?@>E>>?M>MOo>'_>?J>>8  ??~HmN?????>@`0
>><<<'<<<<>>~@~X><<<fL<x0(<<?>? ?@? ???<???x?x?x? p`? @=O1????????? ??0??e
??8Dh9\8??8??8??8?88~?8?8>??8???88?8>??8>x?x8
??8?g8<??8<8<E???0@J[8<`Y???8|
_?8<<?8<<ox<<?L8<|?8~|>0~|?0||8||8||p||p||0||x<*|p|<p|<8|8|x<x|p<|>>>>8>>?8
>>8><8>>>>8><?8><><8>>?om@??8>>]D
?8>?`8a8>?8<?8>??8>?P@(?_x?@`8>>p?8><?K?|4!8><?8><8><G8><8>8>8<88<88><8<<8<
<8<<8<|8<`|x<x|x|x Z<8<|0<|0<<0<|0>|0<|0<|0>|p|x0|x0|x
0|xp|xE3}@p|@x/`|x||??|??<8|??>?<@4??>???>???>???>?????>???>>>??>??>p???>?p
?>?x??>???>N?@@>??????????>  {;??>
??>??>???8?<8???>??<??????<?????<???<???<???<???<8X?;
|]?~|?Pg0|Hx<?<<~X%#>><<<p<p|||||||<<||@?@0xpp8@v??|H??xxp8xxpp<8p<0p<0)?|p
@?9 |?|?0%@||??|9|x|8p<?xr8p?x<x<8|x|P?8<<xp<<x<<x||x||x||||||||||||x||x||?
Q||||x|x`"A->~|||||||xxx| ~x||~x`||~x??||>x||>x??||
>x???||xO??||??|x????|xW8I??????||18????x|'>??x|>x??|?<|??>???<|?>_`??<|?x>
0 



4??<|?x<>???<|?|<<???<||><?~?<|<<???<||<<?||x<<<|x<|||><?<|???x<<?<|???x<<?
<|??<<||??<<<||??H><|<|?|@{8"H?|aW<<|x??|<|????|<|???_|<|?x_'x<_~
?|<|><`?<|?<|`<x|<|>?x?x<|<|<|<|?<|?<?|||@_<x8x<|<xx<|<|||<|||<|<|b<|||{<||
<@<|p|<|p<<||<||<|<^<||0<|x|<x|<||<|p|<||<||<x|<|<x|<xp|<x|<8"~H?4|<08|O"j,
|<x?<``a???(Q,_p|(`>
Dpw0x>p_$o8>p<x><px>?<x>?p<x>?p<x>?p<x>?p<x>?x>?px<?px>p>x>p>x>~x>|x>p|x<p<
|<?p||>?p~|>?p><|<?p<|<?~|<?||<?<x<?><x<8<x<|x<>|x<<x8><|8|~?|?<>|?|?<B@
>><?|??E_?rP<|?||?>|?|??>|?|<!a<??8|???x?8>|??x8|??x8?|??8|?x?>|??x?<|?x?<?
<|?|?<>|??||??|>>|??x<|?x|??x?x@<|??x<?<<<|<<?|<<?|<?'p<
?|><<>?<><O<~<<|>~|<~G?>?||<?>||<?>x|<?>??|||?>|?<|??>|<|?><<|>?8?<|>?>8?||
><
|p<><J#|<>y<|><|<x]|<<~|<<||><||>8>||<x||~<|||<|||<x|<<xx|@<||<x|xp<8||p<8|
x?<x|x|<x|x <8x<xx<||_<8|p<8>x px<xx|>p<p|xp<8xp<?!x#xp<|~H
xx<Oxx|k`xZd?3x9?~??xx xpC>x
6@8>xa<xx?_<xxp0p<.<ppppH0A<ppx<<ppx<<ppp>?y|ppp<>|ppx<<<pxx<<<pxx<<|`xx|<|
xx|<|xp|<|xp|<|xx|||p|<|x|<|xx|<|x<||x|||<}x|@| ?<?xp|K<||x|<xx||p<|p<-
<??P_@x<|@x<|xp|@|?p?<?|xx?<|x??<?x?x?|?xx?x?|x?x?|x??|?x?x?|x??x?|?x?|?xx?
|???x @?>|???~PL ?x|???x?|???<p?|<5_?|$@@
[2x??|???|?<??|8<??|x~?|<x?x?|<xx>x??|?x<??|>p?|8<p??|?8x?<p??|?<<|?|x>?|||
>?||>)% |||>?<||<<|>|
?||?>Aom?px?||>x|?|?|>0x?|??|?>p?x|>8>p|??|>?8>px?|x>px?|x>px8|x>p|`0|8>px0
|8>pxx|x>pxx|8xpxx|8xpxx|<>pxxx<>p?_x`.e&?xx|px<|xpx|<xpx|<xp!Atx|x>p88|8>p
8x|8x>pxxxx>px8|8>p?xx|x<pxp|x<p8<x<p?xx|x<p?xx|8xpx|xxp?x|xxp?xx88xpxx<8"x
?0pxO@B}@p<xn '?pxx<?JAp>xxa?pxx pxp{ 89Wopxmx+pxd
|8y8<pp<xB<8pp<x88xpxxx<8xpx0x<xxp?x|x<xxp?|x<8xp?|x<xxp?x|||<xp?|<|<><8|><
|>><8<><|><<8<><|><<
$8<><|><<8|><|>><x>8|>><8><|>><8<<|>><=8~@<<|>><8|><|>>|8|<<|>>|x|<|>>|8|>?
|>>|8|>|>><x|>?|>><x||?|>x8<<?|>>|8<<?|>>|x|<?|>>x0|8|><|x|<k|<<|?x|<|>>|x|
< |>>|x||`L>?>x8||>>xx|pF?|>?><8|
?|??<><x|?|>?><x|?`|>><x|<|>?>88|8?0|>>xx|8|<>xp|x|<>|x|x~|>>xp|xp|?<>xp|8|
?<>xxx8~|<>xp?xx~|<?>x>pxx~|<>pxx|><x?pxx?|<<x?Opxx|<<|b|(x~|<?<xx~|?<<?~|<
<x??~<<?x@<c1w0~|<<x>>x?x~|?<>x?>?x>x<>x??8?px@~x<~?>?8>px>|<?|?>8x>|<<?>>>
x<<x?8><<x?>8><|>?8>~>|xx|>><?|>>|?|
<>?|?x|~x<?<>|x<2*>>|8w@R<ny>?|8>>|x<<o<|`x|}<WrS|>|<`
d<>|?x|>|?xx>|?<|<?<x?>x?x<>|<x<>8<x>8<x<>8|x<>8<x>8x<x<>
88<x<>?{@~8x|x>8x|x8>8x>x8>8x|x8~n?=0@8x<<x8~8<<x8<88x8>8x8x?"(@
<<8<_?>#8>88~8n>x>8GG?x<8d +8|8/>0@/x~8?~xx<8u0<x0|8O<}xx8~xxx
8<xxx8|?8xx0~8xx>0|?x<xx>x|?x<xx>p|?x<xx>p<x<xx<p<xxx>p|<8x>p<<xxp|<xxp||>x
80|><|8|><|8>|><8>|>>8>|>>|8>|>>|8>|><88>(|><|?80~~@x><|8x><|8x><|>(O8x><x?
A8|_|><x8~|><x8<|><|~8xDx><@x88x>
||8<xp>p|x?8<p>||8|_>?|8||x>0|>||0|>?<|p|?>|0x|?>?|x>0||x?>|x>xx|}|x>|xx8|?
?|x>|>0||?>|>0||>|>?0||>|x>?p|_|>|x>?p|@?>|>?|<|<?p|<|?0|<|<?px||<?px||x?<?
pxG?<|<?p|<|<?`xW||<?`x?||<?x?||<?<|x<??x<|<x?<|<<`8|<}#@|~x<||<?||<>?|?|?<
?&?|||xx|x||8?|x|P8?><px<<>p?<?<>p?<<>pp<<pxx><<px<|>px<8>`x<8<`x<8<`pp<<<`
g<8<`<|<`p<x>`Kp<<>``p<8<`8?g<x<`x<<<`x<8<<`p<8<<`<8<<`p<x<<`p<8<`88<`88<`8
8<88xp88`p8xp8`08`pxxx|~@68`88=@8<?8h!8prs8?@8?p t"*8?>@8=08`~
88px8x?x88x8`x8`88?88?p`x?x8?x8p8??p???x8`?<|??D<|8|?x|p|x|8|8|??|~8<|?~?8x
~?8x?>8~~)&`%?<N8?0?>_?<??C?p<zxx?? ?eE
`x<xx?>>??>??~>>~<>><>>8>?8>?8>~?>???8>??@8>
?8>?8>>8><><><>8>8>8>8>8>x>8>0>0>8>8>8>p>p<pa  <p?
?man?LpppOx8?_H~O888>8|8|8|8>8<8<8<8|8|8|8|"'87 ?(|88800;
0~J>?@H?|p?p~?p~p|xxpxp|>|><p>8<p>~<><><`>?<>?<><|><|><><><x>>>>??>>?>>@>>>
G >x~$@??p?`<`p?pppppppppppppp?ppg q?6%=B"@Y>??><<<<<<#>d:s@45 C
(#.#.?88?0P;'U$0%????? @?<?] |?gp?Ps@?G/?P/0"?`?Y<5??,@??????
?0?|?<?<???<|~~~~~P)?~0@?@@~?7T~~??_ 3]/_>m>7`>>>>?>>~<?`0|<`~~
@>~~~~>|x||x~|||<~>~>~>?|||||h|xRo0|?>>?>?(HAm0?? ???~??|~????
_>6?<<?|~~~??|?x?|?
@||??>>@`@|~|?~-|||?||?||?`||?+4??||?|>91Np?||?x|||??~x<||?H?x|||???xx||??x
|P|?8||>8x||>8p||>p||>||>@|~|<?|?>??8????p?xxMV?p8xp<8x><~8??8?8?@Q(p a
?!O8?|x??~?~>~>~?<?|~|||?|p>|?<|?8|??8|>8~|<8|<x|x??p|x?p|p>?|x~|}~?||??|??
|?|?|??x??0x??`p>?<?!?/~????????~||>??|}?Y9O???| ~||x~?x?x?~x|>
>>??>>>?>?>???||?| ||?}@M????~????????????>???
?>?>?/>>|>?~>w?>???@`88??7?@>0Q?? (D| ????????????????????UA
0????8?8?8o?8o>8>x?>?>>??>?>x>x>x>x?>x>x>x><<<<?<><???~??~??`???@x>@o??~???
?~??`??????????????????????PA 8?p?'H?>????>|
???????????????p??~???????????~?>>>?>??
4>>>>>?o>|?><>8><><?~<>|~>~~?~||>~?|>|~~~~~?~|~|~|~|~|?~?|~?|~|>|?~|~|~|~|?
~|~v|~u_y
|?~?~~~~)m?%~J}3??~|~|?~|~||||?~?~|?~~~||?x?x~|?|?x?x||~<|<|~||||<p|<||pi?@
~||||||?|?||>???~??????????????>>>>P?\=?6
??B?3o|@p~3????|?????????????>>p>>>>?x> >>>>>>>>>>>>>>>??`
?`x|||~?x%?U!?xxxx?x???p?p?p?~????????>?~@?~|89|~<??|<??|<~?x|<?<~??|<<?<>?
?|>?|>p@??<>?||>??||x>?<|>?<|>?<|>?|>?|<?<<?<<<><|xxx>||x>|>|>|<|>>|<|>>x(O
p|x>>x|>|>~?|~>?x?p>@|xp??A xx`xx`?xxxxxxx?xxx?x?x?xxxx?xx?xxx?@x?
.RD@_????~?`?[?
??!%/u~8>>?<>>~>?~?<?<?>?>?>?>?>?>?>?>?????????x??????????????????????>????
???????????>???????????o???????@
????????????~?>?>???>?~???~>??|??x?|???????????x???x??x??x?`??|??x?x?????|?
?x)??x?x?x????????Lx?`?????????x?>?>?x>??><q>>>>>x?x?p>p>>?l@g0>~?}?P~
xx_#p-???>2?@$>?|z??|p?||xxx|x|||?<|~?|?|?|||||??|||?||@|||?|?|@|?|||?)?Bgx
?|?xx
|x~?|||?x?x??|~|?|x||~?|??|||<<|||<???<p<p@~N?!0"8t||xpY?`Q4p<1xp<<p|<|<|?<
|?|?<|<|||||??||?||||||?~~?~~~~~>>||??=8???????o?~?|????????>>>>?>~??>?>?>?
>>~>??<<p??pp<~x<?
>)>x?>~~@a?>@>~?E??x<>8?x><?x<<><<>8<~x?xx?||||x|xxx?x??????x?~?x>?|>|>?@??
????~?|??|?>>?|>|?>dQ?>?????=??`???????>~>?>~>~?>?>>>?>>~>??>?>?~~??>?>>>>~
~<x?<|?xx???<x???<x?<x??<x~?8x?|4x??>??`??? {~<><?|x
?<x?8x?8?8x??<x???<??<x?|x?~?|?<?<?<0??|0??|~?|>|?x<?|p<><p|?>p|??|??|~>|>|
>|~|?>>|?|?><?><~<??> |?>
?``|?>?>@*?L|~~Uy??>8?>??>~???[3l>?~?>?>>?>???>~????>?>?>??>??>?>~?>?@?<>?>
????>???>?<????<???><?@;
??????3??<#o>??0|<?<~?>x?>?>??>??>?>?>?>???>??>>>??@??~>
??????????>?>??>?t???s=??<<<~<>?<>~<>|<>|>?|>|>|>?|>|>|>|>?|>?|<|<?|>?|<|||
~|>|<|<?|<?>?||?||?~>||?<>>>B?>><>?|_>?<8??<8?~>!?
>||aa<??|>?|>?|>?|>l~>|>?~||>??|>?<>?|>?&??|>|>?|<??|>?>|>>|>?>|><?|>>??|~?
|<?|~?>|~?~|>>?||<|>~||>>~|~>?||>|||>|<|>?|<|>~@|<<>@||<>|@d@|<||<>x||><|~<
>
W?<|~>>?8<xy~_~|<|p|<|x|x|<<8<>>?@8>>8>8<>~<}<>>??<8<>>>~<<<|>~<>>>>>><<>><
<>><<~><<~>><>~>8<~>>8|~>|8|>>8<|>|<|>~<~>?>|~>?~>|~>~<8|7<??hL<|<~|~>?|<|?
|<|?<|x>?><|8>|>883j@8<|| ?a8<|x8>?x>>>x|<p|x?F?>|@xx2c?>|xx>
<x|<<|x>||@{x<<x|><|xx|?<|x|xxx?x|xx<|x<|x
|<|x|<|8~<?~x>|~?????|7xD||||||?>x~?xx>|xx?~>?~?h #Bx@?? }w;
~?~>>>>~>|><<>@>><<<<<<<?<?<?<?<<>>x ?P? ? <??B7?@0x7$w?@|J?~ko5;
(?|0p?????>}@IU?` \PY??|?
``>>>~~?????>$$??|C?+:DTXgq'.2AELPTV|vpje`[UU]ca]ca]ca]caU]caU]caV]c$a]ca]c
^a]ca U]c^a]c(a]ca]ca]ca]ca]ca]ca
U]c^a]c(a]ca]c^a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
0AEIKPYZkq{|}xrmgb\Wje`[UU]]caU]ca]ca]c^a]caU]ca]ca]c^a]caU]ca]ca]c^a]caU]c
a]ca]c^a]caU]ca]ca]c^a]ca]ca]c&a]ca]ca]ca]ca
U]c^a]caU]ca]ca.4'Bqxrlga\Vje`[UUU]ca]caU]ca]caU]caU]ca
U]c^a]c&a]c^a]ca]c^a]ca]ca]ca]ca]ca]ca]ca]c&a]caU]ca]ca]c^a]caU]ca]ca]c^a]c
aU]ca]ca]c^a!"45GHZ[mnqv},8@OPT^rtzuphc^YT]ca]ca]ca]caD]ca]ca]ca]ca]ca]ca]c
a]ca]c$a]ca]c^a]ca]ca]ca U]c^a]c&a]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]ca
tx}},8@OPT^rtzuphc^YT]ca]ca]ca]caD]ca]ca]ca]ca]ca]ca]ca]ca]c$a]ca]c^a]ca]ca
]ca U]c^a]c&a]ca]caU]ca]c&aD]c&a]c&a]caU]caU]ca]ca]ca]ca+:DTeF3
910%-u&'()-3
910%-u&'()-y10%-u&'()-y10%-H&'()-10%-u&'()-L'@10%-u&'()-TXgq^<!
10%0M0M&'()-:!,010%YY&'()-:!-10%uu&'()-:l510%-u&'()-@0s10%-u&'()-l
&410%-u&'()-'zX6!#&10%uu&'()-!l#&10%AA&'()-!#&10%&'()-3%910%-u&'()-!>u10%uu
&'()-!Cp10%uu&'()-'.2AEIJKL}^SH=! 10-u 10-u
10-u#$l10%-u&'()-!210%))&'()-210%-u&'()-!`@.10%=v=v&'()-@.10%-u&'()-LT|Z<SH
=!'X! h 10%&'()-y! h 10%&'()-y h 10%&'()-y!f10%&'()-&!f10%&'()-&cF) h
10%&'()-y h 10%&'()-y h 10%&'()-y'X! h 10%&'()-y! h 10%&'()-y h
10%&'()-ycF) h 10%&'()-y h 10%&'()-y'X! h 10%&'()-y! h 10%&'()-y h
10%&'()-y'X_=) h 10%! h 10%&'()-y! h 10%&'()-y h 10%&'()-y'X! h 10%&'()-y!
h 10%&'()-ycF) h 10%! h 10%&'()-y'X! h 10%&'()-y! h 10%&'()-y h
10%&'()-y'Xa@) h 10%! ` Yy10%!&'()-:  10%!&'()- h 10%&'()-y'X! h 10%&'()-y!
h 10%&'()-y'-./0AEvU4 h 10 f&10%)&'()-   &10%)&'()-10F!F10F!F10F!Fy `L!Y
'10%F!F&'()- L!Y '10%!&'()-  Yy10%>E >&'()-:EIQS[\]^cG+4{ 10%)&'()-{
10%)&'()-{ 10%)&'()-{ 10%)&'()-{ 10%)&'()-{ 10%)&'()-
&l310%)&'()-^_`abcdetX<4{ 10%){ 10%)&'()-){ 10%)&'()-){ 10%)&'()-%{
10%)&'()-{ 10%)&'()-{ 10%)&'()-{ 10%)&'()-efghiq@ t{ 10%)&'()-ku Ln {
10%)&'()-{ 10%)&'()-{ 10%)&'()-qsu}~gK/{ 1{ 10%)&'()-u{ 



10%)&'()-{ 10%)&'()-{ 10%)&'()-{ 10%)&'()-{ 10%)&'()-{ 10%)&'()-tX<{ 1{
10%{ 10%)&'()-{ 10%)&'()-{ 10%)&'()-{ 10%)&'()-{ 10%)&'()-{ 10%)&'()-{
10%)&'()-\<tX<{ 1{ 10%{ 10%)&'()-ku Ln { 10%)&'()-{ 10%)&'()-oS7{ 1{ {
10%)&'()-{ 10%)&'()-{ 10%)&'()-{ 10%)&'()-{ 10%)&'()-{ 10%)&'()-({
10%)&'()-tX<{ 1{ { 10%)&'()-{ 10%)&'()-{ 10%)&'()-{ 10%)&'()-{ 10%)&'()-{
10%)&'()-{ 10%)&'()-xX8tX<{ 1{ { 10%)&'()-{ 10%)&'()-ku Ln { 10%)&'()-oS7{
1{ { 10%)&'()-{ 10%)&'()-{ 10%)&'()-{ 10%)&'()-{ 10%)&'()-{ 10%)&'()-{
10%)&'()-tX<{ 1{ { 10%)&'()-{ 10%)&'()-{ 10%)&'()-{ 10%)&'()-{ 10%)&'()-{
10%)&'()-{ 10%)&'()-xX8tX<{ 1{ { 10%)&'()-{ 10%)&'()-ku Ln { 10%)&'()-tX<{
1{ { 10%)&'()-{ 10%)&'()-{ 10%)&'()- { 10%)&'()-{ 10%)&'()-{ 10%)&'()-{
10%)&'()-tX<{ 1{ { 10%)&'()-{ 10%)&'()-{ 10%)&'()- { 10%)&'()-{ 10%)&'()-{
10%)&'()-{ 10%)&'()-tT8tX<{ 1{ { 10%)&'()-{ 10%)&'()-{ 10%)&'()-ku Ln tX<{
1{ { 10%)&'()-{ 10%)&'()-{ 10%)&'()-{ 10%)&'()- { 10%)&'()-{ 10%)&'()-{
10%)&'()-tX<{ 1{ { 10%)&'()-{ 10%)&'()-{ 10%)&'()-{ 10%)&'()- { 10%)&'()-{
10%)&'()-{ 10%)&'()- tT8tX<{ 1{ { 10%)&'()-{ 10%)&'()-{ 10%)&'()-ku Ln
!"#$tX<{ 1{ { 10%)&'()-{ 10%)&'()-{ 10%)&'()-{ 



10%)&'()- { 10%)&'()-{ 10%)&'()-{ 10%)&'()-$%&'()*tX<{ 1{ { 10%)&'()-{
10%)&'()-{ 10%)&'()-{ 10%)&'()- { 10%)&'()-{ 10%)&'()-{ 10%)&'()-*+4;
=tT4tX<{ 1{ 10%)&'()-{ 10%)&'()-{ 10%)&'()-ku Ln =GJKLMNOkO3{ 1{ 10%)&'()-{
10%)&'()-{ 10%)&'()-{ 10%)&'()-{ 10%)&'()-{ 10%)&'()-{
10%)&'()-OPQRSTUVtX<{ 1{ { 10%)&'()-{ 10%)&'()-{ 10%)&'()-{ 10%)&'()-{
10%)&'()-{ 10%)&'()-{ 10%)&'()-VWXY[\\< t{ 10%)&'()-{ 10%)&'()-ku Ln {
10%)&'()-{ 10%)&'()-\]^_`abctX<10%)&'()-{ 10%)&'()-{ 10%)&'()- { 10%)&'()-{
10%)&'()-{ 10%)&'()-{ 10%)&'()-{ 10%)&'()-cdefghijtX<10%)&'()-{ 10%)&'()-{
10%)&'()- { 10%)&'()-{ 10%)&'()-{ 10%)&'()-{ 10%)&'()-{
10%)&'()-jklmnox\@$tX{ 10%)&'()-{ 10%)&'()-{ 10%)&'()-{ 10%)&'()-ku Ln
opqrstuvtX<{ 10%)&'({ 10%)&'()-{ 10%)&'()-{ 10%)&'()-{ 10%)&'()- {
10%)&'()-{ 10%)&'()-{ 10%)&'()-vwxyz{ttX<{ 10%)&'({ 10%)&'()-{ 10%)&'()-{
10%)&'()-{ 10%)&'()- { 10%)&'()-{ 10%)&'()-{ 10%)&'()-{|}~x\@$tX{
10%)&'()-{ 10%)&'()-{ 10%)&'()-{ 10%)&'()-ku Ln tX<{ 10%)&'({ 10%)&'()-{
10%)&'()-{ 10%)&'()-{ 10%)&'()- { 10%)&'()-{ 10%)&'()-{ 10%)&'()-ttX<{
10%)&'({ 10%)&'()-{ 10%)&'()-{ 10%)&'()-{ 10%)&'()- { 10%)&'()-{ 10%)&'()-{
10%)&'()-xX<ttX<{ 10%)&'({ 10%)&'()-{ 10%)&'()-{ 10%)&'()-ku Ln gG<{
10%)&'({ 10{ 10%)&'()-{ 10%)&'()-{ 10%)&'()-{ 10%)&'()-{ 10%)&'()-{
10%)&'()-gK+{{ 10%)&'()-{ 10%)&'()-{ 10%)&'()-{ 10%)&'()-{ 10%)&'()-{
10%)&'()-{ 10%)&'()-xX< g{ 10%)&'()-%{ 10%)&'()-{ 10%)&'()-{ 10%)&'()-ku Ln
pP410%)&{ 10%)&'()-&{ 10%)&'()-{ 



10%)&'()-&{ 10%)&'()-{ 10%)&'()-{ 10%)&'()-{ 10%)&'()-kO310%){ 10%)&'()-{
10%)&'()-{ 10%)&'()-{ 10%)&'()-{ 10%)&'()-({ 10%)&'()-({ 10%)&'()-kO310%){
10%)&'()-{ 10%)&'()-{ 10%)&'({ 10%)&'()-{ 10%)&'()-({ 10%)&'()-({
10%)&'()-yX7kO310%) L!410%)&'()- '10%)&'()-1{ 10%)&'()-ku Ln 'Bq|[:310%)
'S10%)&'()-@ \'S10%|c(|&'()-@ s'S10%)&'()-@ Z'S10%96#9&'()-@ #m10%'&'()-
t#m10%)&'()-}]=310%)    p10%)&'()-  p10%)&'()-  p10%)&'()- !u10%)&'()-8
`'S10%d!&'()-@ 'S10%"&'()-@_#;cq]1 l  p10%)&'()-  p10%)&'()-  p10%)&'()-
p10%)&'()-  p10%)&'()-dD;cq]1 l  p10%)&'()-  p10%)&'()-  p10%)&'()-
p10%)&'()-  p10%)&'()-  p10%)&'()- gG';  p10%)&'()-  p10%)&'()-
p10%)&'()-;cq]1 l  p10%)&'()-  p10%)&'()-_#;cq]1 l  p10%)&'()-  p10%)&'()-
p10%)&'()-  p10%)&'()-  p10%)&'()-!#%'dD;cq]1 l  p10%)&'()-  p10%)&'()-
p10%)&'()-  p10%)&'()-  p10%)&'()-  p10%)&'()-')+,.02gG';  p10%)&'()-
p10%)&'()-  p10%)&'()-;cq]1 l  p10%)&'()-  p10%)&'()-2468:<=_#;cq]1 l
p10%)&'()-  p10%)&'()-  p10%)&'()-  p10%)&'()-  p10%)&'()-=?ACEGIdD;cq]1 l
p10%)&'()-  p10%)&'()-  p10%)&'()-  p10%)&'()-  p10%)&'()-
p10%)&'()-IKMNPRTgG';  p10%)&'()-  p10%)&'()-  p10%)&'()-;cq]1 l
p10%)&'()-  p10%)&'()-TVXZ\^__#;cq]1 l  p10%)&'()-  p10%)&'()-  p10%)&'()-
p10%)&'()-  p10%)&'()-_acegikdD;cq]1 l  p10%)&'()-  p10%)&'()-  p10%)&'()-
p10%)&'()-  p10%)&'()-  p10%)&'()-kmopqv}hG&; @ 10%)&'()- '10%)&'()-
p10%)&'()-;cq]1 l  p10%)&'()-  p10%)&'()-}|[:; @ 10% P)&10%'&'()-g
)&10%(&'()-g $# 10%)&'()- y#10%(&'()-z #10%)&'()-z `@ 10%'&'()-vU4@  9
Z10%&&'()-z 010%&&'()- 10%&&'()- 10)10)10) s6f10%)&'()-
)&10%,&&'()-g,8@OQR|[>14@ 10& !10%&&'()-Z% l%10%&&'()-  3+M10%&&'()-
(10%&&'()- f$-10%&&'()- A9 Z10%u&u&'()-zRST^frtxbA4@ 10& Y10%"&'()- 0l
310%"&'()-m  l 310%"&'()-m  l 310%&'()-m  &:10% &'()-10&10&x}|[>A4@ 10&F
ys10%"&'()-@ 10%"&'()-3  F10%&'()-  F10%"&'()-  F10%"&'()-  F10%"&'()-
Normal" "Heading 13]c" "Heading 23]c" "Heading 33]c" "Heading 43]c"
"Heading 53]c" "Heading 63]c" "Heading 73]c" "Heading 83]c" "Heading 93]c"A
"Default Paragraph FontK/S
tfghijT'LE^eq$*=OV\cjov{'2=IT_k}Rxklmnopqrstuvwxyz{|}~6Times New
RomanArialCourier New"h Root EntryWordDocument@f
!"#$%&'()*+,-./0123456789:;
<=>?@ABCDEFGHIJKLMNOPQRSTUVWXYZ[\]^_`abcdefghijklmnopqrstuvwxyz{|}~
!"#$%&'()*+,-./0123456789:;
<=>?@ABCDEFGHIJKLMNOPQRSTUVWXYZ[\]^_`abcdefghijklmnopqrstuvwxyz{|}~
!"#$%&'()*+,-./0123456789:;
<=>?@ABCDEFGHIJKLMNOPQRSTUVWXYZ[\]^_`abcdefghijklmnopqrstuvwxyz{|}~
!"#$%&'()*+,-./0123456789:;
<=>?@ABCDEFGHIJKLMNOPQRSTUVWXYZ[\]^_`abcdefghijklmnopqrstuvwxyz{|}~
!"#$%&'()*+,-./0123456789:;
<=>?@ABCDEFGHIJKLMNOPQRSTUVWXYZ[\]^_`abcdefghijklmnopqrstuvwxyz{|}~
!"#$%&'()*+,-./0123456789:;
<=>?@ABCDEFGHIJKLMNOPQRSTUVWXYZ[\]^_`abcdefghijklmnopqrstuvwxyz{|}~ 


