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8,(9'4;(8;! &;?;&! ?/)! UC ! )! BWL! <3;! 8,(9'4;(8;! '(/;+?#&=! 9,+!
%,%.&#/',(! $;#(! #(4! /,/#&! #+;! WFU ]b]b CC .D>.D> +− #(4!

WFU ]b]b 88 .D8.D8 +− !+;=%;8/'?;&0F!:3;+;!D! '=! /3;!=/#(4#+4!
(,+$#&!4'=/+'T./',(L!73;(!)!'=!CLCfF!D)EA!l!BLImL!!

<#T&;! M! =.$$#+'a;=! =,$;! '$%,+/#(/! ;S.#/',(=! .=;4! '(!
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Z').+;!]L!"#$%&'()!='a;!?=L!;++,+!U9,+!;=/'$#/'()!4;9;8/!/,/#&=W!

!
Z').+;!eL!"#$%&'()!='a;!?=L!;++,+!U9,+!;=/'$#/'()!4;9;8/'?;!%+,)+#$=W!

V=! =,9/:#+;! S.#&'/0! #==.+#(8;! '=! #! /'$;! #(4! +;=,.+8;!
8,(=.$'()! /#=XF! #! 8,=/R;99;8/'?;! =#$%&'()! =3,.&4! X;;%! /3;!
=#$%&;!='a;!=$#&&!0;/!+;%+;=;(/#/'?;L!7;!;6%&,+;!/3;!$'('$.$!
=#$%&;! ='a;! 9,+! S.#&'/0! ;=/'$#/',(=! :'/3! +;=%;8/! /,! 8;+/#'(!
8,(9'4;(8;! &;?;&! #(4! ;++,+! +#/;L! M/! '=! X(,:(! /3#/! #/! /3;!
8,(9'4;(8;! &;?;&!?/)F! /3;! =#$%&'()!;++,+! 9,+!4;9;8/!%+,%,+/',(
%k !'=!8,$%./;4!#=_!!
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<3;+;9,+;F! :3;(!=MM*F! /3;! =#$%&;! ='a;! /3#/! =#/'=9';=! /3;!
+;S.'+;$;(/=!,9!8,(9'4;(8;!&;?;&!#(4!;++,+!+#/;!'=_!!
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G&;#+&0F!:3;( %k lCLfF!/3;!#T,?;!;S.#/',(!3#=!/3;!$#6'$.$!
?#&.;L!<3;+;9,+;F!#!8,(=;8./'?;!?#&.;!9,+!/3;!$'('$.$!=#$%&;!
='a;!*N!'=!,T/#'(;4!#=!9,&&,:=_!
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V=! #(! ;6#$%&;F! '9! /3;! +;S.'+;4! =#$%&'()!;++,+! '=! &;==! /3#(!
BCd!#/!/3;!8,(9'4;(8;!&;?;&!ICdF!/3;!#T,?;!;S.#/',(!=.));=/=!
/3;!$'('$.$!=#$%&'()!='a;!/,!T;!mD_!

!
<,!/;=/!/3;!;99;8/'?;(;==!,9!.='()!/3;!$'('$.$!=#$%&;!='a;!

9,+! ;=/'$#/'()! 4;9;8/! %+,%,+/',(=F! :;! +#(4,$&0! 83,,=;! mD!
%+,)+#$=! 9+,$! #&&! =/.4';4! %+,A;8/=! #(4! /3;(! %;+9,+$! 4;9;8/!
;=/'$#/',(!T#=;4!,(! /3;! =#$%&;L!<3'=! %+,8;==! '=! +;%;#/;4!BCC!
/'$;=!#(4!/3;!#?;+#);4!+;=.&/=!#+;!+;%,+/;4!'(!<#T&;!MgL!7;!8#(!
=;;!/3#/!/3;!;=/'$#/;4!4;9;8/!%+,%,+/',(=!#+;!8&,=;!/,!/3;!#8/.#&!
?#&.;=L! V&&! Y5c! ?#&.;=! #+;! :'/3'(! /3;! #88;%/#T&;! +#();!
Usl]fdWL! <3;! +;=.&/=! 8,(9'+$! /3#/! .='()! /3;! =#$%&;! ='a;! #=!
=$#&&! #=! mD! %+,)+#$=F! :;! 8#(! =/'&&! #83';?;! ),,4! ;=/'$#/',(!
#88.+#80L!<3'=!$#X;=!/3;!=#$%&'()!$;/3,4!$,+;!8,=/R;99;8/'?;!
'(!%+#8/'8;L!

<V@ic!MgL!! <1c!Vgc5Vjc!5c">i<"!ZO5!c"<MYV<MNj!PcZcG<Mgc!
*5Oj5VY"!@V"cP!ON!BCCqmD!"VY*ic"!

F+(B*3." L3.6$0" G,.4'$.*"
9<:"

H.);" G++"
90<:"

J(%->"
4)*%3*"

#MG"
"

c8&'%=;!eLC! ]IBe!
U]\LfCdW!

]DIe!
U]\LeCdW!

fBILI]! Imd! BELBId!

c8&'%=;!]LC! ]mBB!
UeDLDCdW!

]fI\!
UeDLmCdW!

eDBLEC! Ifd! BBLmDd!

nP<LG,+;! fC]!
UfeLEmdW!

EI]!
Uf]LECdW!

fC! IEd! DLC\d!

"7<! ]CD!
U]ELm\dW!

]Cm!
U]ELEEdW!

E\! IEd! B\L\Dd!

MgL! "VY*icR@V"cP!c"<MYV<MON!OZ!PcZcG<!PM"<5M@><MON!
M/! '=!,9/;(!4;='+#T&;!/,!T;!#T&;!/,!#(=:;+!S.;=/',(=!=.83!#=!

u3,:! $#(0! 4;9;8/=! /3;! /,%! BCd! $,=/! 4;9;8/'?;! %+,)+#$=!
8,(/#'(`v! <3;! #(=:;+=! 8#(! 3;&%! %+,A;8/! $#(#);+=! #83';?;! #!
T;//;+!.(4;+=/#(4'()!,9!/3;!,?;+#&&!=,9/:#+;!S.#&'/0!#(4!#!T;//;+!
#&&,8#/',(!,9!"-V!+;=,.+8;=L!*+;?',.=!:,+X=![DF!BI^!=3,:=!/3#/!
/3;!4'=/+'T./',(!,9!4;9;8/=!'(!#!&#+);!=,9/:#+;!=0=/;$!'=!=X;:;4L!
M(!/3'=!=;8/',(F!:;!=3,:!/3#/!T0!#(#&0a'()!/3;!83#+#8/;+'=/'8=!,9!
#! =$#&&! =#$%&;F! :;! 8#(! ;=/'$#/;! /3;! 4;9;8/! 4'=/+'T./',(! '(! #!
&#+);!=,9/:#+;!=0=/;$L!

7;! .=;! /3;! c8&'%=;! eLC! 4;9;8/! 4#/#=;/! #=! #(! ;6#$%&;! /,!
'&&.=/+#/;!,.+!$;/3,4L! Z,+! /3;! BCd!c8&'%=;!eLC! =#$%&;! /3#/! '=!
4;=8+'T;4! '(! ";8/',(! MMML@F! :;! +#(X! #&&! /3;! %+,)+#$=! U=,.+8;!
9'&;=W! T0! /3;! (.$T;+! ,9! 4;9;8/=! /3;0! #+;! +;=%,(='T&;! 9,+F! #(4!
8#&8.&#/;! /3;!8.$.&#/'?;!%;+8;(/#);!,9!4;9;8/=!,?;+!%+,)+#$=L!
7;! 9'(4! /3#/! '(! /3;! =#$%&;F! /3;! 4;9;8/! 4'=/+'T./',(! '=! 3')3&0!
=X;:;4! RRR! /3#/! #! =$#&&! (.$T;+! ,9! %+,)+#$=! #88,.(/=! 9,+! #!
&#+);! %+,%,+/',(! ,9! /3;! 4;9;8/=L! Z,+! ;6#$%&;F! /3;! /,%! BCd!
u$,=/! 4;9;8/'?;v! %+,)+#$=! '(! /3;! =#$%&;! 8,(/#'(! \BLEBd!
4;9;8/=L!7;!#&=,!9'(4!/3#/!/3;!4;9;8/!4'=/+'T./',(!'(!/3;!=#$%&;!
'=! ?;+0! ='$'&#+! /,! /3;! 4'=/+'T./',(! '(! /3;! %,%.&#/',(L! Z,+!
;6#$%&;F! '(!/3;!#8/.#&!%,%.&#/',(!,9!c8&'%=;!eLC!%+,)+#$=F!/3;!
/,%! BCd! u$,=/R4;9;8/'?;v! %+,)+#$=! 8,(/#'(! \BLeEd! 4;9;8/=F!
:3'83!'=!?;+0!8&,=;!/,!/3;!%;+8;(/#);!'(!/3;!BCd!=#$%&;L!Z').+;!
E! '&&.=/+#/;=! /3;! 8.$.&#/'?;! %;+8;(/#);=! ,9! 4;9;8/=! ,?;+!

%+,)+#$=! '(! =#$%&;=! #(4! '(! %,%.&#/',(L! @,/3! BCd! #(4! mD!
=#$%&;=!8#(!$,4;&!/3;!#8/.#&!4'=/+'T./',(!,9!4;9;8/=!:;&&F!:'/3!
/3;! &#+);+! =#$%&;! UBCdW! 3#?'()! /3;! T;//;+! 9'/L! 7;! ,T/#'(;4!
='$'&#+!+;=.&/=!9,+!,/3;+!%+,A;8/=L!<3;=;!+;=.&/=!=.));=/!/3#/!:;!
8#(!#83';?;!#!),,4!.(4;+=/#(4'()!,9!/3;!4'=/+'T./',(!,9!4;9;8/=!
'(!#!&#+);!=,9/:#+;!=0=/;$!T0!,(&0!#(#&0a'()!#!=$#&&!=#$%&;L!!

M(!,.+!%+',+!:,+X![]E^F!:;!4'=8,?;+;4!/3#/!:3;(!%+,)+#$=!
'(!#!&#+);!=,9/:#+;!=0=/;$!#+;!+#(X;4!#88,+4'()!/,!/3;!(.$T;+!
,9! 4;9;8/=F! /3;! 4'=/+'T./',(! ,9! 4;9;8/=! 9,&&,:=! /3;! 7;'T.&&!
4'=/+'T./',(F!:3'83! '=!,(;!,9! /3;!$,=/!:'4;&0!.=;4!%+,T#T'&'/0!
4'=/+'T./',(=! '(! /3;! +;&'#T'&'/0! ;()'(;;+'()! 4'=8'%&'(;L! M(! /3'=!
=/.40F! :;! 9'(4! /3#/! /3;! =#$;! +;).&#+'/0! ;6'=/=! '(! #! +#(4,$!
=#$%&;!,9!%+,)+#$!4;9;8/!4#/#L!<3;!8.+?;=!=3,:(!'(!Z').+;!E!
8#(! T;! #&=,! $,4;&;4! T0! 7;'T.&&! 9.(8/',(=L! <3;! GPZ!
U8.$.&#/'?;!4;(='/0!9.(8/',(W!,9!/3;!7;'T.&&!4'=/+'T./',(!8#(!T;!
9,+$#&&0!4;9'(;4!#=_!

−−= CCK ;6%BWU
!

!
Z').+;!EL!<3;!4'=/+'T./',(!,9!4;9;8/=!'(!=#$%&;=!Uc8&'%=;!eLCW!

>='()! =/#/'=/'8#&! %#8X#);=! =.83! #=! "*""F! :;! #+;! #T&;! /,!
%;+9,+$! (,(R&'(;#+! +;)+;==',(! #(#&0='=! #(4! 4;+'?;! /3;!
%#+#$;/;+=!9,+!;#83!4'=/+'T./',(L!7;!8,$%./;!/3;!8,;99'8';(/!,9!
4;/;+$'(#/',(! UOAW! #(4! /3;!"/#(4#+4!c++,+!,9!c=/'$#/;! U.'W! /,!
=/#/'=/'8#&&0! 8,$%#+;! /3;! ),,4(;==R,9R9'/! ,9! /3;! 7;'T.&&!
4'=/+'T./',(L!<#T&;!g! =.$$#+'a;=! /3;!7;'T.&&! %#+#$;/;+=!#(4!
/3;! #88.+#80! $;#=.+;=! 9,+! /3;! BCd! =#$%&;=L! <3;=;! +;=.&/=!
8,(9'+$! /3#/! 4;9;8/=! '(! #! =#$%&;! 9,&&,:! /3;! 7;'T.&&!
4'=/+'T./',(F!:'/3!OA!?#&.;=!+#()'()!9+,$!CLIDe!/,!CLIIE!#(4!.'!
?#&.;=!+#()'()!9+,$!CLCCE!/,!CLC]DL!

1#?'()!.(4;+=/,,4!/3;!(#/.+;!,9!4;9;8/!4'=/+'T./',(F!:;!8#(!
;=/'$#/;! /3;! (.$T;+! ,9! 4;9;8/=! /3;! /,%! Cd! u$,=/! 4;9;8/'?;v!
%+,)+#$=!8,(/#'(!T#=;4!,(!#!=#$%&;!#=!9,&&,:=_!
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!

:3;+;!K"PCQ!'=!/3;!4'=/+'T./',(!,9!4;9;8/=!'(!#!=#$%&;F!$,4;&;4!
T0! /3;! 7;'T.&&! 9.(8/',(F! 8! '=! /3;! ;=/'$#/;4! /,/#&! (.$T;+! ,9!
4;9;8/=L!V=!#(!;6#$%&;F!:;!;?#&.#/;!/3;!#T,?;!;S.#/',(!.='()!
/3;!BCd!=#$%&;!,9!c8&'%=;!eLC!)'?;(!'(!";8/',(!MMML@L!<3;!K"PCQ!
,9!/3;!BCd!=#$%&;!'=!8#&8.&#/;4!T#=;4!,(!<#T&;!g!#(4!/3;!%,'(/!
;=/'$#/;!8! ! '=!)'?;(! '(!";8/',(!MMML@!U8!l!\mI\WL!7;!8#(! /3;(!
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!

;=/'$#/;!/3;!(.$T;+!,9!4;9;8/=!/3;!/,%!fdF!BCdF!Bfd!#(4!]Cd!
u$,=/R4;9;8/'?;v! %+,)+#$=! #+;! +;=%,(='T&;! 9,+L! <3;! +;=.&/=!
U<#T&;!gMW! =3,:! /3#/! #&&! ;=/'$#/;=! #+;! #88.+#/;L! Z,+! ;6#$%&;F!
:;! ;=/'$#/;! /3#/! /3;! /,%! BCd! u$,=/! 4;9;8/'?;v! %+,)+#$=! '(!
c8&'%=;! eLC! 8,(/#'(!fmeE!4;9;8/=F!:3'83! '=! 8&,=;! /,! /3;! #8/.#&!
(.$T;+!f]IfL!Z,+!#&&!;=/'$#/',(=F!/3;!Y5c!?#&.;=!+#();!9+,$!
BLCDd!/,!mLECdF!:'/3!#(!#?;+#);!,9!ELBCdL!

<V@ic!gL!! <1c!7cM@>ii!PM"<5M@><MON!OZ!PcZcG<"!MN!BCd!"VY*ic"!

F+(B*3." γ "
" MN" H*"

c8&'%=;!eLC! CLC\! CLDC! CLIDI! CLCB\!

c8&'%=;!]LC! CLC\! CL\m! CLII]! CLCBf!

nP<LG,+;! CLBm! CLDE! CLIDe! CLC]D!

"7<! CLCD! CLID! CLIIE! CLCCE!

<V@ic!gML!! c"<MYV<MNj!<1c!N>Y@c5!OZ!PcZcG<"!MN!<O*!>d!YO"<!
PcZcG<Mgc!*5Oj5VY"!MN!cGiM*"c!eLC!

C(8"=" >$?=@!
KG,.4'$.*"
4%".(8"="

KL3.6$0"
4%".(8"=" #MG"

fd! CLfe! ECDC! eImI! ]LDCd!

BCd! CL\e! fmeE! f]If! mLECd!

Bfd! CLDE! mEf]! mCID! fLDCd!

]Cd! CLIC! mI]B! mm]D! ELE]d!

]fd! CLIE! \]ef! \BfD! BLCDd!

gL! "VY*icR@V"cP!PcZcG<!*5cPMG<MON!

FG! 8()#*#*-!6&)""#1#2)3#,*!R,+'&"!
",9/:#+;! 4;9;8/! %+;4'8/',(! U%+;4'8/'()! '9! #! %#+/'8.&#+!

$,4.&;!'=!4;9;8/'?;W!8#(!T;!=;;(!#=!#!8&#=='9'8#/',(!%+,T&;$!'(!
$#83'(;!&;#+('()L!V!8&#=='9'8#/',(!$,4;&!8#(!T;!&;#+(/!9+,$!/3;!
/+#'('()! 4#/#! :'/3! &#T;&=! P;9;8/'?;! U3#?'()! ,(;! ,+! $,+;!
4;9;8/=W!#(4!N,(R4;9;8/'?;!U(,!4;9;8/=WF!/3;!$,4;&!'=!/3;(!.=;4!
/,! 8&#=='90! .(X(,:(! $,4.&;=L! M(! +;8;(/! 0;#+=F! $#(0! 4;9;8/!
%+;4'8/',(!$,4;&=!3#?;!T;;(!%+,%,=;4!U;L)LF![BBF!BeF!BEF!BmF!BDF!
BIF!]fF!]\F!]IF!eC^WL!!

M(!/3'=!=;8/',(F!:;!;6%&,+;!'9!#(!;99;8/'?;!4;9;8/!%+;4'8/',(!
$,4;&!8#(!T;!T.'&/!T#=;4!,(!#!=$#&&!=#$%&;L!Z,+!#!%+,A;8/F!:;!
9'+=/! =;&;8/! #! =$#&&! %;+8;(/#);!,9!%+,)+#$=L!7;! /3;(!.=;!4#/#!
8,&&;8/;4!9+,$!/3'=!%;+8;(/#);!,9!%+,)+#$=!#=!#!=#$%&;!/,!/+#'(!
#! 4;9;8/! %+;4'8/',(!$,4;&L! <3;!$,4;&! 8#(! T;! .=;4! /,! %+;4'8/!
4;9;8/R%+,(;(;==! ,9! #(! .(R=;&;8/;4! %+,)+#$! '(! /3;! %+,A;8/L!

>(&'X;!/3;!;6'=/'()!:,+X!,(!4;9;8/!%+;4'8/',(F!,.+!$;/3,4!4,;=!
(,/!+;S.'+;!3'=/,+'8#&!4#/#!9+,$!%#=/!%+,A;8/=F!:3'83!$#0!(,/!T;!
#?#'&#T&;!9,+!=,$;!,+)#('a#/',(=L!!

7;!83,,=;!/3+;;!8,$$,(&0!.=;4!8&#=='9'8#/',(!/;83('S.;=F!
(#$;&0! P;8'=',(! <+;;! U#! GELf! 4;8'=',(! /+;;! &;#+(;+WF! N#'?;!
@#0;=! U#! =/#(4#+4! %+,T#T'&'=/'8! N#'?;! @#0;=! $,4;&WF! #(4!
i,)'=/'8! 5;)+;==',(! U#! &'(;#+! &,)'=/'8! +;)+;==',(! T#=;4!
8&#=='9'8#/',(WL!V&&!8&#=='9';+=!#+;! =.%%,+/;4!T0!7cpV![]]^F! #!
%.T&'8!4,$#'(!4#/#!$'('()!/,,&L!

7;! #&=,! #%%&0! #! (;:! $#83'(;! &;#+('()! #&),+'/3$F! 8#&&;4!
G,RZ,+;=/! [BfF! eB^F! /,! 4;9;8/! %+;4'8/',(L! G,RZ,+;=/! '=! #! =;$'R
=.%;+?'=;4! &;#+('()![E^F!:3'83!8,(=/+.8/=!#!$,4;&!T0! &;#+('()!
9+,$!#!=$#&&!(.$T;+!,9!&#T;&;4!4#/#!#(4!/3;(!+;9'('()!:'/3!/3;!
'(9,+$#/',(! 4;+'?;4! 9+,$! /3;! .(&#T;&;4! ,(;=L! <3;! G,RZ,+;=/!
$;/3,4! 3#=! T;;(! =.88;==9.&&0! #%%&';4! /,! /3;! 4,$#'(! ,9!
8,$%./;+R#'4;4! $;4'8#&! 4'#)(,='=! [Bf^L! M(! 8,$%./;+R#'4;4!
$;4'8#&! 4'#)(,='=F! 8,(4.8/'()! #! &#+);! #$,.(/! ,9! +,./'(;!
;6#$'(#/',(=!%&#8;=!3;#?0!T.+4;(!,(!$;4'8#&!;6%;+/=L!<3;!G,R
Z,+;=/! $;/3,4! :#=! .=;4! /3;+;! /,! 3;&%! &;#+(! 30%,/3;='=! 9+,$!
4'#)(,=;4! #(4! .(4'#)(,=;4! =#$%&;=! '(! ,+4;+! /,! #=='=/! /3;!
$;4'8#&!;6%;+/=!'(!$#X'()!4'#)(,='=L!<3;!4;/#'&;4!#&),+'/3$!,9!
G,RZ,+;=/!'=!%+;=;(/;4!'(![Bf^L!!@#='8#&&0F!'/!:,+X=!#=!9,&&,:=L!
=! +#(4,$! /+;;=! #+;! 9'+=/&0! '('/'#/;4! 9+,$! /3;! /+#'('()! =;/!
T,,/=/+#%!=#$%&;4!9+,$!/3;! &#T;&;4!=;/! 9,+!8+;#/'()!#!5#(4,$!
Z,+;=/L! <3;(F! '(! ;#83! &;#+('()! '/;+#/',(F! ;#83! +#(4,$! /+;;! '=!
+;9'(;4! :'/3! /3;! (;:&0! &#T;&;4! ;6#$%&;=! =;&;8/;4! T0! '/=!
8,(8,$'/#(/! ;(=;$T&;L! <3;! 9'(#&! %+;4'8/',(! '=! $#4;! T0!
;(=;$T&'()! #&&! /3;! 8&#=='9';+=L! <3'=! #%%+,#83! ;6%&,'/=! /3;!
#4?#(/#);! ,9! T,/3! =;$'R=.%;+?'=;4! &;#+('()! #(4! ;(=;$T&;!
&;#+('()![eB^L!

7;!#%%&0! /3;=;! 9,.+!$#83'(;! &;#+('()! /;83('S.;=! /,!T.'&4!
%+;4'8/',(! $,4;&=! 9+,$! #! =#$%&;! ,9! %+,)+#$=! '(! /3;! =/.4';4!
%+,A;8/=F! #(4! /3;(! .=;! /3;! $,4;&=! /,! %+;4'8/! /3;! 4;9;8/R
%+,(;(;==!,9!.(R=#$%&;4!%+,)+#$=L!<3;!%+;4'8/',(!$,4;&=!#+;!
&;#+(;4! 9+,$! BID! =/#/'8! 8,4;! #//+'T./;=F! '(8&.4'()! 8,$%&;6'/0!
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[Bm^! <L! Y;(a';=F! nL! j+;;(:#&4! #(4! VL! Z+#(XF! P#/#! Y'('()! "/#/'8! G,4;!
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[B\^! 5L! Y,=;+F! 7L! *;4+08a! #(4! jL! ".88'F! V! G,$%#+#/'?;! V(#&0='=! ,9! /3;!
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[BD^! NL! N#)#%%#(F! <L! @#&&F! #(4! VL! 2;&&;+F! Y'('()! Y;/+'8=! /,! *+;4'8/!
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[BI^! <L! O=/+#(4F! cL! 7;0.X;+! #(4! 5L! @;&&F! *+;4'8/'()! /3;! i,8#/',(! #(4!
N.$T;+! ,9! Z#.&/=! '(! i#+);! ",9/:#+;! "0=/;$=F! LJJJ! 8()*"G! .,13X)('!
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[]E^! 1L! 23#()F! O(! /3;! P'=/+'T./',(! ,9! ",9/:#+;! Z#.&/=F! LJJJ! 8()*"G! ,*!
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