
;e3e  ,(TN6T)_a CD FIG.1 PRIOR ART c ~-.a cnw ~_.*_ _N1ON    TRANSMITTED
SPECTRUM INFORMATION INFORMAT10N N CO SPREADING DESPREADING CODE SEQUENCE
CODE SEQUENCE ., , 0 0 PRIOR ART ~'     1 9 S E P 2002 3l9 COMMUNICAT10N
MEDIA SPECIFIC RECEIVER FUNCT10NS FIG, 3 PRIOR ART MULTI -USER DETECTOR
CHANNEL DATA PROCESSING FOR USER 1 CHANNEL DATA PROCESSING FOR ' - USER 2
CHANNEL DATA PROCESSING FOR USER N TO USER 1 . . ... , PRIOR ART TO USER 2
TO USER N    1 9 5 E P 2002 4!9 READ IN THE RECEIVED VECTOR r SPREADING
CODES READ IN THE CHANNEL IMPULSE RESPONSE ESTIMATES: 



h ~~ ~) . . . ,h ~K~' CONSTRUCT SYSTEM RESPONSE MATRICES A~r,~~k~ CONSTRUCT
THE TOTAL SYSTEM TRANSMISSION RESPONSE MATRIX A BASED ON A FORM THE
OBJECTIVE MATRIX 0 MATCHED FILTERING OF r BY AH TO PRODUCE y - THE VECTOR
OF INVERT 0 MATCHED FILTER OUTPUTS MULTIPLY y BY THE INVERSE OF 0 TO
PRODUCE THE ESTIMATED USER DATA VECTOR d OUTPUT USER DATA d (k~ FIG. 5
PRIOR ART   1 9 5 E ~ 2002 5l9 TO USER 1 CHANNEL ~ . . . ~ CHANNEL
ESTIMATOR ESTIMATOR TO USER 2  DATA ESTIMATION ANO I INTERFERENCE
CANCELLATION I FI G, 6 PRIOR ART TO USER K 21  17 _ CHANNEL ESTIMATOR  r
READ IN THE CHANNEL IMPULSE27RESPONSE ESTIMATES:h (1 ) . . h (K), .
,331_CONSTRUCT SYSTEM RESPONSETO USER 19MATRICES A~n)(k)33 2CONS1RUCT THE
TOTAL 31SYSTEM TRANSMISSIONRESPONSE MATRIX ATO USER 219~ -DATA ESTIMATION
ANOINTERFERENCE CANCELLATION J232~33K'S FI G.TO USER K r   6l9 FROM
SUBCHANNEL FIG. 7 PRIOR ART 1 9 5 t N 2002  ESTIMATORS I FINAL AI ITAI IT



1 9 S ~ P 2002 23 MATRIX A CONSTRUCT MATRIX 0 7l9 SPLIT MATRIX 0 INTO
MATRICES T AND S 35 37 19 MATCHED FILTERING OF r BY AH TO + r PRODUCE y-THE
VECTOR OF MATCHED y FILTER OUTPUTS 43 c(m) 39 25 45 FINAL OU1PUT S 80L GE
ERATION 41b 41\ DIRECT ,~ INTERFERENCE CANCELLA110N (MA1RIX S FEEDBACK
INTERFERENCE COMPUTATION (MATRIX T) 41a d(m) FIG. 9   1 9 S E P 2002 47
MATRIX A 8I9 CONSTRUCT I I SPLIT MA1RIX ~ INTO MATRIX 0 MA1RICE T AND 35 37
19 MATCHED FILTERING OFrBYAH TO + r PRODUCE y-THE VECTOR OF MATCHED y
FILTER OUTPUTS c(m) 43 39 45 25 FINAL OU1PUT SYM80 GENERA11 N 41b 41 DIRECT
INTERFERENCE ~(m) CANCELLATION (MATRIX S) FEEDBACK INTERFERENCE COMPUTATION
(MATRIX T) 



J 41a 49 , d(m) HARD - DECISION SYMBOL GENERAT10N UNIT FIG.10   1 9 ~ t N
LU02 51 MATRIX A CONSTRUCT MATRIX 0 9I9 SPLIT MATRIX 0 INTO MATRICES T AND
S 35 37l 1 J MATCHED FILTERING OF r BY AH TO + r PRODUCE y~THE VECTOR OF
MATCHES FILTER OUTPUTS 43 c(m) 39 45 25 FINAL OU1PUT S BOL GENERA110 41b 41
DIRECT INTERFERENCE Vim) CANCELLAT10N (MA1RIX S FEEDBACK INTERFERENCE
COMPUTATION (MATRIX ~ 53~ 41a NON -LINEAR SOFT -DECISION SYMBOL GENERATION
UNIT d(m) FIG.11 A.,F A.5.Ay.y.A2.A9.AH.A iR.A?.A&?:m(Ebb|l45 bC
|l|l(l|#.#.0?89p??<??|??????x??|x??0?x>x>~x?>x>>x>>x>>>x>>|x>>x>?~>?>?>?>?>
?>???|???|?>x?>x?>x>x>>x?>>|>>?|~|??~~?~~?|>?|>?>??>|x`?c?08?w80??????``~?0
?p01?????p8~???y0??~`|||<<||||||||||||<<<||||||||||||||||||||||||x||||>||>|
|>||?>>>>>>>>?>>>>>>>>>>>>>>|?>>>>>>><>><>><>>|>|>|>|>x>>>>?>??>?>?>?>>>>>>
>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>p?8><x|>>>|>?>>|>?>>?~><~~><x~>?
>?<x?>>?>?<x>??>><>??>~<>~?>|<?>~>|<>>~?>>x>>>>>x>>>>>x>??>>x>??>><x<q>>p?>
><x8p>>>|<x8p>>|x8q>>>|x8y>>>|x8y>?>>>|?>??>>|?>??>~|?>?`?>|>??>|?>??>|?>?|
?~||~|?|~|~~|?||~>?|>??|?>??|?>??>~?>?~?>???>>?>>p<~>>>>>>>>>>>>>>>>>>>>>>>
>>01??p?0>q0>????g??p?8>pp??8?0@x<x|88>`0?~ `p?????????????????xxxxxxxx(0>
<p????8???0>>>>>>>>>>??>>>>??????>>>???????????>>????????>>??????????>|>?~>
?~???????????~?>?????????????????>??????~x?~x?~x?~~?~`p~?~?~?~?~~~~~~~~??~?
~~?~?~?~~~~~~@`~?????????????????~~?~?~~~~~~~~~~~~x0pxx?pp8xxx`p`<px<x>?|x<
|?<x~|x<?<|?|x~<<||<||x<<|<||?x<<|<|~~?x?>||<|?~?>>||<<|?~?~>x|<<|||~xx|<<|
|~|x><<||?~|x>8<||??~|x~?x<|<??~|?x|?x<>|?<>?~|?xx?x<<|??<|??~|?x?x?<|||~?~
xx<<~||||>>xx<<8||?>|?<<>@x><|<?>|?~x<>?<|<?>~xx<>?<|<|x8x><|<|xx8><|<?|xx8
><|???|xx>~>|?|x>|~>>|?|x>|~>>??<x?><~>??<x?><>|?<x?>x|>|??><|?<?>?>?|?<?>~
??|?|?>~?|???>~?|??>~?|??>~??|~??><?|~??>~||??~??<?@x>?|<?~~??|8|?x<?<?<?<?
<?<?<?<?<?<?<?<?<?<?<?|?|?<?<?<??<??<??<??<??<??<??<?x?x?x?x?x?x?x?x?x?x?x?
x?x?x?x?xxx?x??x?x?0?x?`???|??p??<??x?? ??x0~?0:gg%wv`45 vC
``(`#.#.xxxxppxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx||xx||x
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx||xxxxxxxxxxxxxxxxxxx||||xx||<<<<||||||||
|||xxx||||||||xx8888<|?????>>>>>>>>??????~|??|x~??<<xxx???~~~???~???~~?????
??????x0<p1p?x0?x?x?x???~???~>x>x>x~x~x~?~?|~?xpxxxpxpxp8p<ppp>><|xxxxx|x>x
>~xxx??x>xxxx?xx?xxxxxx?
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx|<<<<<<<
<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<|||<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<
<<<<~~<|<<<<<>|<x<<<<<<<>><:gS+vu[45 uC
[[([#.#.pppppppppppppppppppppppppppppppppppppppp~~~||||||||<<<<<<<<|????||~
~?><x~~~??<||xpp`~~?~|?|?>??|?|?|8??~0~~?|g?|?|?||?~~|???p0pxxx<<><||x|>>>|
|>>~?x~????xx>>><|xx0:@UZZ845 ZC
88(8#.#.???????????????????????????????????????????????????????????????????
???????????>???????????????????????????????????????????>>>>>>>>>>>>>>>>>>>>
>>>>>>>>>>>>>>><<>><<<<<<<<<<<<<<<<<<<<<<<<<<||||||||||<<<|||<<<<<<|||<<<<<
<<<||||||||||||||||||||||||||||||||||||||||||||<<|||||||888xxxxxxxx|||||xxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx??0q8??<<p?8`?>~????~~??~????~?????~
????~?????~??~`????~~?|??~???||?>???|?|?>???~?|?>~???~?|?>~??~?|>>??~|>>??~
|>???~~~?????|~?????<~?????>~?????>~????~??|??|~>?||?>>??||>>??>?||~?>?||~?
>?||??>~||>???|?>???~??~?????????????~??0<?|???????``????1``????????>??`8??
?x???>?>??>???>?~??>?~??>8???>???>???>???>??>?>?>?>?>?>?>>>?>>>?>?>??>??>??
>??>?>??>?><<<>??>|??>8??>?>>>>>?>?>><<<<<<<<<<<>><<<<>><<?<?<9x<p?<<<<<~`?
<<>>><<<<<<|<<<<<<<?<?<?|?|?|?<?<?|?||<<<<<|||<<||||~||||||||||||||||||||||
|||||||||||||||||||||||~??9????>>?>?>?>>>>>>>>>>>>>>??p>3>>>>`>>>>>>>>>>>>>
p`><<?><>>~~>>~~>~~~>~?~~>~>~>>|>?~?><?~?><?~>>~>>~>>?<>?<>?<|>xy~|~`xq?x~|
qx>?|x>x>x>?x>|8<x8|xx~x|x>x|x>x|x>x|x>x|x>|x<?~x<??x<?8>?8>?8>8>???8>?8>8>
x>x>x>x>1>~<<<<`<<<8><>>|~<?~?~<~?~?<~??|~??|~??|~??|~>|~?>|~?||~||~||~||~>
|8>?|>~>?|>?~>>?|?>~>?|>~>?|>|>?|?>?|>?|>?~x~?>?~|~>>|~>>|~>>|~~>|~?~><~>>>
<~>>>|~?~?|~~??|~~??|?~?>??|~>|>?|<>|>|<<|`|||||||||||||||||||||||||||<<||y
8`???????????:F"Gj$45 jC
$$($#.#.`?0px|?|???????????????????????????~??~??~????~????x?????x<?????<??
????>??<??????><??????><?????><????<<????<?????<????????88????~??||??~??~|?
~??~?~?~?~?~?~?~?????????????????????~?||?||>>~~x~>8~>>>>>??>?>><p<??x00|xy
`?||x||||||||||||||||||80px|x|<~??????????~??>?>~>?>~~>|>|??|?<x><?|<?|<?x<
?<?<?<?<?<?|?<~<~<?~?|?~?|??>|??~~?0??~?~?~~?|~?|>|<|??x?>>>>>>>>>>>>>>`?p?
?`1<|p??????????????????????????????????????????????????????????????~??????
???????????????`8`8?x<x?||?|>|>?~>?~>??~>??~???????????>?~>??~>??~??????~>?
>?~x~|x>?x|x>?x|x??xx??|x??x??~??>?|>>|?>|?>?|>>|??>>??>>??>>?>?>?>?>?|?>?x
?x>?p8`8>>>>>>>>>>>>>>>>>>>>>>>?>?~>~>~>~>~>~>>>>>>>>>>>>>>>>>>>>>>>~>~>~>>
>>>>>>>>>~>~>~>~~~~~~>>>>>>>>>>>>~>~>~>~>~>~>~>~~>~>~>~~~~~~~~~~~|~|~|~|~|~
|~~~0~~|x?|~?~|~??~|~??~|~??|~??|~??~~??~~~?~~~~?~~|~~~|~~>~|~~>~|~~>~|~p~>
~|~>|~?>|~>~|~>~|~>~|~>~|~?>~|~>~|>~~|>~|~~|~`>|~>||>||>|~?~|~?~|~~|~~~~~~~
||?~|||~??>||x|??~||8?~||~||~x|~x|~x|~x|~||~||~|||||||||||||||~x~x~||||x|x|
x|x|x|x|x|x|x|x|x|x|x|x|x|x|x|x|x|x|x|||||||x|x|||~|~x|x|x|~x|~x|~x|x~0xx?>
`xxxxp8xxx|x|x~x~>0xppx?x???x?x?~x?>x?x??x?>>>>>?>?x~?x~?x??xpx>>~~|xxp???<
<xx?~~~??><<x>~~p`?``??>|~s??``??`900??x?xxxxx?xx??x?>x?~p?|p?|p?x????????x
?x?~??~?????????????>`0x0?>?<?<?<?<?<?<>?<?>?<|?>?>?>?>?>?>?>?>??>??<??<>?|
~?||?|~?|??|?|?|?<?<~<?|?|?<>?<~?>|?>?|<?|??|?|?|?|?~~|||~|8p>>?|x8?|?|?x?|
???|??|???|??|?????|???|??~|~??>???|~???||~??||~>?<|~~??||||??||?x|>>|>|?|>
|?||||?|?>x>????~x?~x|??~x|~??~|~~??~|~|?>~|~?>~|???>~|??>~x???>~x?>~x?>~x>
~x>>x?xx>>|x?~>>|?xpx>x???~|<x??~|||?~|<?||>??|>??|>??|>>?x~?x~??xx?xx?x??x
~|~||?|?0?9pxx?0<|x?x~>?||??x~?>?<|?x~~?x?x~~x?x~~~?x?x~~~?x?x~|~?x>x~|~>xx
?>~p~~~>xx~>?p~y>~||x~>?p~>~||x|~?p~>~|||~x>~?<x>|~x>~?>|~~~~>|~?~~`>|~~~x~
>~?x~>~?x~?~?x~?~?>x?>x?|??0`x?>?~|?~~?||~???x~?|~~??x~?|~~>?px~?|~~>>x>8~~
|~~~>xx~~|~~>x~||~>x~~?<x??<x?>x>x>x?>x???>x???>`p`?x?xxx~x|x|x`~x<>x|<??|~
????x|?x|?|||p?~xxx?xxp||?|???<??9<<cp0?x`1|3`?1g<8??????xppppxxpppp>?>?>??
??????????????>>>>>>>>>>>>>>><><<<><><><>>>>>>>>>>>?>>>><><><><>?<>?<><><><
><><><><><><><><><><><><><><>?<><><><><><><>?<><><><><><><><>|>|~|~|~|>|>|>
|>|>|>|>|>|>|>|>|>|>|>|>|>|>|>|>|>|>|~|~|~|~|~|~|>|>|>|>|>|>|>|~|~|~|~|~|~|
~|||||||||||||||||||||x|x|x|x||||||||||||||||x|x|?x|?x|?x|?||||||||||?|?|||
||?|?|?|?|?|?|?|?|?|?xxxx???|?|?|?|?|?x?x?x?x?x?x?x?|?|?x?x?x>>>>>>????>>>?
?????>?>?>>>>>>>>>>>>x>x>x>>>??>>>>~~~>>>~~~`>>>>?>?>?>??>??>?8>?>>>?>>?>>?
~>?~>?~~?~~?>~?>~?<~?<>?<>?<?>?<~?<~?|~?|~?|~?|~8?|~pp8x?|~?|~?|~?|~?|~?|~?
??|>??~>?<??~>??|>??~?|~??~?|~???|~????|~???|~?|~x?|~x?|~|x?|~|x?|~|x?|~x?|
~x?|~x?|~x?|~x?|~x?|~?|~?|~?~???~??~??|~?|~?|~??|~?|~x?|~x?|~|?8?|~`8?|~?|~
?|~?|~?|~?|~?|~?|~?|~?|~?|~?|~?|~?|~?|~?|~x88?|~<|?|~~??|~~???|~~???|~~???|
~~???|>~???|>~~??|~~|~?|~~|~?|~~|~?|~~|~?~~|~~?~~|~~??|~~|~~??|~0~~~?|~~~?|
~~?|~~?|~~??|~?~??|~~??~~??~~??~??~|??~|??~|??~??~??~??~???|~??|~???|~???|~
~???|~?~???|~|>????|~|>??|~8?|~?|~?~?~?~?|~?|~?~?~?~?~?~?~?~?~?~?~??~??>?~?
??~???~???~???~?????~????~?????~????~~????~????~???~???~???~???~???~???~???
~???~???x~???0~???~?~??~?~??~?>??~?>??*+.47>?ABNOSht}xsnhc[V]caD]ca]caU]ca]
ca]ca]caU]ca]ca]ca]ca]caD]ca]ca]c^a]caU]ca]c:a]c:^a]c:a]ca U]c^a]ca
U]c^aU]ca]ca]ca]c:aU]ca
U]c^a(=`"hn{vqlgb]X]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c(a]ca]caD]ca]c
a]ca]ca]ca]c^a]ca]ca]ca]ca]c8a]ca]c*a]ca]caD`]ca
1@OWakpuzztoid^Y]]]ca]c^a]ca]c^a]ca]c^a]ca]c aU]c a]c a]ca]c a]ca]ca]c
a]ca]c a]c a]ca]ca]c6a]ca]c^a]caU]ca]ca]ca]ca]c(a]ca]ca]c8a -8;JVim  ' > 



U w
}xsnid_ZU]ca]ca]ca]ca]c"a]ca]c"a]c"a]c"a]ca]c"a]ca]c"a]ca]c(a]ca]ca]ca]caU]
ca]ca]caDr]ca]ca]ca]c:a]ca]c(a]c a]ca]c aU]c a]c a!
HMPSVYw~,8KOty{vqlgb]X]c]ca]c"a]ca]c*a]ca]ca]ca]c8a]ca]ca]c"a]ca]ca]ca]c"a]
ca]c"a]c"a]c"a]c"a]ca]ca]c"a]ca]c*a]ca]caU]ca]caU]ca]c:a]ca]c"a!   7 Y c k
,8KOty{vqlgb]X]c]ca]c"a]ca]c*a]ca]ca]ca]c8a]ca]ca]c"a]ca]ca]ca]c"a]ca]]c:a]
ca]ca]c"a]ca]ca]ca]ca]c"a]ca]c"a]c"a]c"a]ca]c"a]ca]canV7&33"10%&'()-Y^&33"1
0%&'()-Y&33"10%&'()-Y(10%&'()-f& 10%&'()-f8F10%&'()--
!#$'(,v^D&33"&33"10%&'()-Y^&33"10%&'()-Y&33"10%&'()-Y&33"10%&'()-Y^&33"10%&
'()-Y,-.12389|]C&33"&33"10%&'()-Y&33"10%&'()-Y^&33"10%&'()-Y&33"10%&'()-Y^&
33"10%&'()-Y9:;
<=>@ACcK1&33"10%&'()-Y^&33"10%&'()-Y&33"10%&'()-Y^&33"10%&'()-Y&33"10%&'()-
Y^CEFGHIJL}cD1&33"10%&&33"10%&'()-Y&33"10%&'()-Y^&33"10%&'()-Y&33"10%&'()-Y
^&33"10%&'()-YLMNPQRShtqP&33"10%&&33" ,10%Y%7Y&'()- ,10%Y%7Y&'()- 10 10
10,F m(10%&'()-&33"10%&'()-Y^t|[:qP&33" ,` %L!10%Y%7Y&'()-, T(`
%L!10%!%7!&'()-, +, &10%$4$&'()- ,, &10%Y%7Y&'()-1 / 10%< %7< &'()-
,.s10%Y%7Y&'()-}\;&33"  Gy-10%w4&'()- ,10%5&'()-3
,$10%5&'()-10Y%7Y&10Y%7Y10Y%7Y9@g10%Y%7Y&'()-S,g10%Y%7Y&'()-g(=Y`|[:}\;&33"
Y"10%a3&'()- ,Y"10%5&'()- ,LL10%5&'()- ,m10%5&'()- ,m10%5&'()-)
,y-10%5&'()-`|[:}\;&33" ,$s0Z10%5&'()-  , =m10%5&'()-, ,s$) 10%5&'()- (
l"10%3&'()-- ,l"10%5&'()--) ,Y"10%5&'()-m yX7&3 ,Z10%yE2y&'()-
,s10%yE2y&'()- ,f10%yE2y&'()-
,$10%yE2y&'()-105105105(10%5&'()-@"Rh|[:yX7&3  ,`10%yE2y&'()-
,s`10%yE2y&'()-  ,s10%yE2y&'()- 0L10%9/9&'()-1 ,L10%yE2y&'()-
%l10%r41r&'()-On|[:yX7&3  ,3f/10%yE2y&'()- p'10%/&'()- m'10%E2&'()-
,'10%y5'y&'()-1 e@ "10%g/&'()-9 ,  10%yE2y&'()-|obU4
,$10%4&'()-10yE2y10yE2y10yE2y ,<10%yE2y&'()- ,: 10%yE2y&'()-1
,s410%yE2y&'()-  ,,310%yE2y&'()-1W|[:bU4 , ,{` t10%f*&'()-/   t10%K2&'()-/
,$10%4&'()- , 10%4&'()-1 ,$10%4&'()- ,s10%4&'()-3Wap|`@bU4 , , F%10%4&'()-
F%10%4&'()- ,9`10%4&'()- * 



t10%/&'()-/ 1  t10%4&'()-/   t10%&'()-/ jL04 F%10%4&'()-%'e F%10%4&'()-
F%10%4&'()- F%10%4&'()-'e F%10%4&'()-eI) F%10%4&'()- F%10%4&'()-'e
F%10%4&'()- F%10%4&'()- F%10%4&'()- F%10%4&'()-mM/'e F%10%4&'()-
F%10%4&'()-  F%10%4&'()-'e F%10%4&'()- F%10%4&'()- !"jJ. F%10%4&'()-
F%10%4&'()- F%10%4&'()-'e F%10%4&'()- F%10%4&'()- F%10%4&'()-"#$%*+,@lP0
F%10%4&'()- F%10%4&'()-'e F%10%4&'()- F%10%4&'()-
F%10%4&'()-'e@ABCFZ[\jN0'e F%10%4&'()-- F%10%4&'()- F%10%4&'()-
F%10%4&'()-'e F%10%4&'()-\]oyz}jJ* F%10%4&'()- F%10%4&'()- F%10%4&'()-'e'
F%10%4&'()- F%10%4&'()- F%10%4&'()-lP0 



F%10%4&'()- F%10%4&'()-'e F%10%4&'()- F%10%4&'()- F%10%4&'()-'efH,
F%10%4&'()-'e F%10%4&'()- F%10%4&'()- F%10%4&'()-'e F%10%4&'()-iM-
F%10%4&'()- F%10%4&'()- F%10%4&'()-'e F%10%4&'()-) F%10%4&'()-
F%10%4&'()-^= F%10 910%FX F&'()-4 9y10%FX F&'()-G101010 96M10%&'()-
F%10%4&'()-'e-89_=/= 10t<t<!g%F"10%t<t<&'()- Y F"10%ff&'()-F"10%FX F&'()-G
9y#10%FX F&'()- 9f= 10%FX F&'()- 9@:l10%FX F&'()-9:;JVim_>= 10t<t<!
910%+!&'()-  9-10%+!&'()-F  F10%+!&'()- 9ls10%+!&'()- 9$10%+!&'()- 10t<t<
10t<t<|[:>= 10t<t< 9(10%+!&'()- 9-10%+!&'()-   10%||&'()- 9 10%&'()- 9f
10%+!&'()- 7 10%k &'()-    ' |[:>= 10t<t< b s!Ls10%BZB&'()-' "`!10%&'()-
`!10%H&'()- 9 10%+!&'()-  9& 10%+!&'()-  910%+!&'()- ' > U w    |[:>= 



10t<t< 9310%+!&'()- 9F""10%+!&'()-  0y10%b &'()-F 90y10%+!&'()-F
10%i+!i&'()-  910%&'()-          vU4 10 %' 10%,R!,&'()-  9S10%@R!@&'()-F
9F10%@R!@&'()- 9%10%@R!@&'()-10+!10+!10+! 9S:10%+!&'()-  9HMP|[:vU4 10 % 9-
10%@R!@&'()- 9 9S)10%@R!@&'()- 9  10%)&'()-9 910%@@&'()- 9X10%@R!@&'()- 0
10%   &'()- PSVYlw~|[:vU4 10 % O L!sM10%VV&'()-&9 '+!10%.B.&'()-9
+!10%o&'()-9 9S& 10%@R!@&'()-  9, 10%@R!@&'()-  910%@R!@&'()-~|[:vU4 10 %
9&310%@R!@&'()-9 9# 10%@R!@&'()-9  f0z10% &'()- 9 9f0z10%@R!@&'()-
&10%R!&'()-  x&10%R!&'()- ,8vU4 10 910%y!y&'()-
9%&10%y!y&'()-10@R!@10@R!@10@R!@9 9,:T10%@R!@&'()- <"*910% &'()-
9"*910%@R!@&'()-8KOct|[:vU4 10 9 910%y- y&'()-9 9p10%y!y&'()- 2 910%r
r&'()- 9 9910%y!y&'()-  9,10%y!y&'()-F  l10%!&'()-|[:vU4 10 9 9,&
10%y!y&'()- 9 9, 10%y!y&'()-  910%y!y&'()-9 9,)10%y!y&'()-  9L- 10%y!y&'()-



10%]&'()-   7 Y |[:vU4 10 9 9@1y10%y!y&'()- 9 10%!&'()-. }10%!&'()-.9 Y
!`10%&'()- ' 10%gg&'()--   10%MM&'()--Y c k     |[:vU4 10 9 9
:-10%y!y&'()-9 99310%y!y&'()- 9!* 10%y!y&'()-9 9!* 10%yX y&'()- 9l'
10%y!y&'()-  @1y10%L L&'()-  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 FontR:   ,9CLt`W"@\9'   P~8Y
6Times New RomanArialCourier New"h Root EntryWordDocument
!"#$%&'()*+,-./0123456789:;
<=>?@ABCDEFGHIJKLMNOPQRSTUVWXYZ[\]^_`abcdefghijklmnopqrstuvwxyz{|}~
!"#$%&'()*+,-./0123456789:;
<=>?@ABCDEFGHIJKLMNOPQRSTUVWXYZ[\]^_`abcdefghijklmnopqrstuvwxyz{|}~
!"#$%&'()*+,-./0123456789:;
<=>?@ABCDEFGHIJKLMNOPQRSTUVWXYZ[\]^_`abcdefghijklmnopqrstuvwxyz{|}~
!"#$%&'()*+,-./0123456789:;
<=>?@ABCDEFGHIJKLMNOPQRSTUVWXYZ[\]^_`abcdefghijklmnopqrstuvwxyz{|}~
!"#$%&'()*+,-./0123456789:;
<=>?@ABCDEFGHIJKLMNOPQRSTUVWXYZ[\]^_`abcdefghijklmnopqrstuvwxyz{|}~
!"#$%&'()*+,-./0123456789:;
<=>?@ABCDEFGHIJKLMNOPQRSTUVWXYZ[\]^_`abcdefghijklmnopqrstuvwxyz{|}~
!"#$%&'()*+,-./0123456789:;
<=>?@ABCDEFGHIJKLMNOPQRSTUVWXYZ[\]^_`abcdefghijklmnopqrstuvwxyz{|}~
!"#$%&'()*+,-./0123456789:;
<=>?@ABCDEFGHIJKLMNOPQRSTUVWXYZ[\]^_`abcdefghijklmnopqrstuvwxyz{|}~ 


