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"#$%&''#!&()*#+!"
!
,-./012!345.678!"-69.:;-<"
#$%&%'()"*+,-$).)/"012"
=.2074!32>74-!%0?678<!
34&.)'5&6%7".)"*&8,-75"#$%&9'-$)/"0:12"
@0.2!@A!367B!C72?2D78<!
34&.)'5&6%7".)"*&8,-75"#$%&9'-$)/"0:12!
,7BEB!'7-F-4D-!G.49-.!'HF78<"
;-76%<-)"1%&65'+%<8&5)/"0:12"
,-BI!=.2074!G7J6.B!*-66.D-<"
#$%&%'()"*+,-$).)/"0:12"
@-.K!".6K-2.!G.D1.<"
;-76%<-)"5"=&76-64$-9&7"#$%&9'-$)7/"0:12"
'0JB!".B>.LH2!'4.K.B!
#$%&%'()"*+,-$).)/"0:12!
,-./012!C762?2D78!'7J:7.M.<"
#$%&%'()"*+,-$).)/"0:12"
'-06728-!C762?2D78!N6J7>-<"
;-76%<-)"1%&65'+%<8&5)/"0:12"
)M2.:J-!O.6:1.!@06.D-<"
#76)6(76-$)"5"=&>576-?)$-9&"@+5<)6->)/"0:12"
=P!D-!".6K-!O.6:1.!$7M6-<!
#$%&%'()"*+,-$).)/"0:12"
,7BEB!OJ6.4D78!+J576-<"
;-76%<-)"5"=&76-64$-9&7"#$%&9'-$)7/"0:1/"
Q72:7B4.-!O-28?478!=.2>7JM.<"
#76)6(76-$)"5"=&>576-?)$-9&"@+5<)6->)/"0:12"
=.2074!@-6D?2!+-D61M078<"
#$%&%'()"*+,-$).)/"0:12"
+09I2!"A!'-JB!O-28?478<!
A5%?<)B()/"0:12"
&D74KJ6-!'HF78!)M47BJ.B<"
#$%&%'()"*+,-$).)/"0:12"
@-BI!3A!'HF78!*.9-.D.<!
;-76%<-)"5"=&76-64$-9&7"#$%&9'-$)7/"0:1/"
34976>-!=7JRJD7!S7:J2-<"
34&.)'5&6%7".)"*&8,-75"#$%&9'-$)/"0:12"
&KJ4J-!NI678!*-06JL-<"
#$%&%'()"*+,-$).)/"0:12"
=JM074!N-0B.!T762?2D78!
#$%&%'()"*+,-$).)/"0:12!
349J2-!N6.D.!G4.2:-<"
#$%&%'()"*+,-$).)/"0C2"
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".64-B!+J:-U!+J7M-<"
34&.)'5&6%7".)"*&8,-75"#$%&9'-$)/"0:12"
@-BI!=P!D.!+-:;.!345.678<"
34&.)'5&6%7".)"*&8,-75"#$%&9'-$)/"0C2"
,.5J76!+-V-!%?2:;78<"
#$%&%'()"*+,-$).)/"0:12"
@-BI!%.2>-B!%-44.<"
A5%?<)B()/"0:12"
@0.2!%061B!+7M07J6-<"
#$%&%'()"*+,-$).)/"0C2"
=.2074!S.674.!'.W072>7<"
#$%&%'()"*+,-$).)/"0C2"
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Z![67.!D7!32?4JB7!&:-2HKJ:.!
D4)&"D/"*<57"35<&8&.5E"
!
Z![67.!D7!&:-2-K1.!3F4J:.D."
F)&45,"D%<.8&"G%.<(?45E"
"
H"[67.!D7!TJB>-6J."
I%4<5&E%"35<&8&.5E"J<-56%"
"
H"[67.!D7!,7-M6.W1."
G4KL&"1/"I%-7"M%&E8,5EN""
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"#$%#!&'()*#+%'! %#+%,*'$!,-.'/0*,.!'!+01#2!&#!3#+#$%,.!&,!-'3',(04+!
5,2#5,!,!%.,16$!&,!&0$%.03)(04+!&,!.#+&,7!,-20(,+&'!*#&0&,$!&#80+0&,$!#+!8)+(04+!
&,! .#+&,! *#&0,! #! &'! 5.,'! &#! &#$05),2&,&#! &,! &0$%.03)(04+! &,! .#+&,9! :,&,! ,!
0+#/0$%#+(0,!&)+;,!1,.0,32#!<)#! .#('22,!&#! 8'.*,!4-%0*,!,! .#+&,!&0$-'=032#!&'$!
8'5,.#$7!,+,20>,.#*'$!'!3#+#$%,.?.#+&,!%#+&'!#+!('+%,!%.#$!1,.0,32#$!&08#.#+%#$@!'!
5,$%'! %'%,2! &#(2,.,&'! ABCD!EFGEHI7! '! 0+5.#$'! %'%,2! &0$-'=032#! ABCD!EFGEHI! #! '!
0+5.#$'! %'%,2! .#('+$%.)J&'! AC#+,! K.,-#.'! A&0.IAHEELII9! M(;,*'$! ,! .#+&,!
&0$-'=032#! #<)01,2#+%#! -'.! (,&,! *#*3.'! &'! 8'5,.! ,-20(,+&'! ,! #$(,2,! &#!
#<)01,2#+(0,$! &,! NO:B9! C,.,! (,&,! )+;,! &,$! 1,.0,32#$7! ,(;65,+$#! .#$)2%,&'$!
,-20(,+&'! &08#.#+%#$! *#&0&,$! &'! 3#+#$%,.?.#+&,7! %.,%,+&'! &#! '3%#.! ('+(2)$04+$!
.#$-,2&,&,$!-'2,!%'%,20&,&#!')!5.,+&#!*,0'.J,!&,$!*#&0&,$9!B$%,!,+P20$#!.#,2J>,$#!
(2,$080(,+&'!,!-'3',(04+!%'%,2!$#5)+&'!(#.%,$!(,.,(%#.J$%0(,$!&'$!8'5,.#$!A%0-'!&#!
8'5,.7!%,*,='!&'!*)+0(0-0'7!QI!#!&'!$)$%#+%,&'.!-.0+(0-,2!A$#/'7!0&,&#7!+01#2!&#!
#$%)&0'$7!('+&0(04+!$'(0'#('+4*0(,7QI9!

()*)+,)-! .*)/0@! 3#+#$%,.?.#+&,7! ,+P20$#! (),+%0%,%01,7! ,-20(,(04+! #*-J.0(,7!
R,20(0,9!
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12$3"143!

S+! %;0$! -,-#.! T#! %.U! %'! ,--.',(;! %;#! T#28,.#! 2#1#2! '8! %;#! R,20(0,+!
-'-)2,%0'+! 3U! %;#! 0+('*#! &0$%.03)%0'+7! ,--2U0+5! *#,$).#$! &#80+#&! %;.')5;! %;#!
0+('*#! ,1#.,5#! ,+&! %;#! 0+#<),20%U! 0+! %;#! 0+('*#! &0$%.03)%0'+9! K;#! ;')$#;'2&!
&0$-'$,32#! 0+('*#! 0$! ,--.'/0*,%#&! 3U! %;.##! 1,.0,32#$@! &#(2,.#&! ;')$#;'2&!
#/-#+&0%).#! ABCD! EFGEHI7! &#(2,.#&! ;')$#;'2&! 0+('*#! ABCD! EFGEHI! ,+&!
.#('+$%.)(%#&! ;')$#;'2&! 0+('*#! AC#+,! K.,-#.'! AHEELII9! B<)01,2#+%! &0$-'$,32#!
0+('*#!-#.!*#*3#.!0$!&#80+#&!,8%#.!,--2U0+5!%;#!NBO:V$!#<)01,2#+(#!$(,2#9!W#!
,--2U!$#1#.,2!*#,$).#$!'8!T#28,.#?0+('*#!8'.!#,(;!1,.0,32#!0+!'.&#.!%'!5#%!5#+#.,2!
('+(2)$0'+$9! K;0$! #*-0.0(,2! ,+,2U$0$! ;,$! 3##+! *,&#! 3U! (2,$$08U0+5! %;#! #+%0.#!
-'-)2,%0'+!,(('.&0+5!%'!(#.%,0+!;')$#;'2&!(;,.,(%#.0$%0($!A%U-#!'8!;')$#;'2&7!$0>#!
'8!%'T+7QI!'.!('+$0&#.0+5!8#,%).#$!'8!%;#!;#,&!'8!%;#!;')$#;'2&!A$#/7!,5#7!2#1#2!
'8!#&)(,%0'+7!$'(0'?#('+'*0(!('+&0%0'+7QI9!

506!78,9-@!T#28,.#?0+('*#7!<),+%0%,%01#!,+,2U$0$7!#*-0.0(,2!,--20(,%0'+7!R,20(0,9
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T/Q"C)<-)K,57N"57$),)7".5"5X4->),5&$-)"5"B%&657".5".)6%7 //////////////////////////////////////////////////// S"
T/T"F5.-.)7".5"K5&576)<H<5&.) //////////////////////////////////////////////////////////////////////////////////////////// S"
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aA!+&%]'*3(#%!&=Nb+)"#%Y!#!G&$&%*3+Z+&$(3!%&O]$(#!()C&+&$*&%!
"3+3"*&+b%*)"3%!(#%!C#O3+&%AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA \a!

R/Q"P5&576)<H<5&.)"75?4&.%"%"6)')Y%".%"'4&-$-+-%///////////////////////////////////////////////////////// QZ"
R/T"P5&576)<H<5&.)"75?4&.%"%"6)')Y%".%"B%?)<///////////////////////////////////////////////////////////////// QU"
R/R"P5&576)<H<5&.)"75?4&.%"%"6-+%".5"B%?)< ////////////////////////////////////////////////////////////////////// QW"
R/Z"P5&576)<H<5&.)"75?4&.%"%"75O%".%"74765&6).%<"+<-&$-+),//////////////////////////////////////////// T["
R/\"P5&576)<H<5&.)"75?4&.%")"-.).5".%"74765&6).%<"+<-&$-+),/////////////////////////////////////////// TQ"
R/U"P5&576)<H<5&.)"75?4&.%"%"&->5,".5"5764.-%7".%"74765&6).%<"+<-&$-+), //////////////////////// TR"
R/W"P5&576)<H<5&.)"75?4&.%")"$%&.-$-9&"7%$-%5$%&9'-$)".%"74765&6).%<"+<-&$-+),///////// TZ"
R/S"P5&576)<H<5&.)"75?4&.%")"$)65?%<()"7%$-%+<%B57-%&),".%"74765&6).%<"+<-&$-+), ///////// TU"
R/V"P5&576)<H<5&.)"75?4&.%")"<5,)$-9&"$%)")$6->-.).5".%"74765&6).%<"+<-&$-+), ////////////// TW"
R/Q["P5&576)<H<5&.)"75?4&.%")"+<-&$-+),"B%&65".5"-&?<57%7 ////////////////////////////////////////////// TV"
R/QQ"P5&576)<H<5&.)"75?4&.%"%"&]'5<%".5"+5<$5+6%<57".5"-&?<57%7"'%&56)<-%7 ////////////// RT"
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?D! =;3"'<%44=E;!
MJ+&,! ,(#-%,+&'!<)#! ,! .#+&,!+'+! 6! ,! X+0(,! ('*-'=#+%#!('+$%0%)%01,!&#!

3#+#$%,.7! .#$)2%,! ;,30%),2!*,+#/,2,! ('*'! 0+&0(,&'.! &'! +01#2! &#! 3#+#$%,.! $'(0,2!
+,$! ('*-,.,(04+$! #+%.#! &08#.#+%#$! -,J$#$! #! .#/04+$9! Y#2#((0'+,+&'! #$%,! ('*'!'!
0+&0(,&'.!#('+4*0('!*P0$!.#2#1,+%#7!&#3#*'$!%#.!#+!('+%,!<)#!)+!*#$*'!%'%,2!
&#! .#+&,! /#.,! &08#.#+%#$! +01#0$! &#! 3#+#$%,.! #+! 8)+(04+! &#! (4*'! &#! 05),2! ')!
&#$05),2! $#/,! ,! &0$%.03)(04+9! :#$%#! /#0%'7! ,$! *#&0&,$! -.'-'$%,$! -,.,! ,!
(),+%080(,(04+! &'! 3#+#$%,.?.#+&,7! &#+&#! '! (,*-'!&#! #$%)&0'! &,$! &#$05),2&,&#$7!
3,$6,+$#! %,+%'! +,! .#+&,! *#&0,! &,! $'(0#&,&#! <)#! $#! #$%)&0,! ('*'! +,25)+;,!
*#&0&,!&#!&#$05),2&,&#!&,!&0$%.03)(04+!&,!.#+&,9!!

M!,+P20$#!&'!3#+#$%,.?.#+&,!<)#!$#!.#,20>,! %#+&'!#+!('+%,!,!&#$05),2&,&#!
+,! &0$%.03)(04+! &,! .#+&,! %#+! ,! $X,! '.0/#! +,$! -.0*#0.,$! ,-'.%,(04+$! &#! :,2%'+!
AHEZFI7! <)#+! ('+$0&#.,3,! '! 3#+#$%,.! $'(0,2! ('*'! ,! $)*,! %'%,2! &,$! )%020&,&#$7!
&#80+0+&'! #$%,$! #+! 8)+(04+!&,! .#+&,! 0+&010&),29!M-20(,+&'! ,!*#$*,! 8)+(04+!&#!
)%020&,&#! ,! %'&'$! '$! 0+&010&)'$! #! ('+$0&#.,+&'! )+;,! )%020&,&#! *,./0+,2!
&#(.#(#+%#7! ,! &0$%.03)(04+! <)#! *,/0*0>,.J,! '! 3#+#$%,.! $'(0,2! $#.J,! ,! 05),20%,.0,9!
:#$%#! /#0%'7!:,2%'+! (),+%080(,3,! '! +01#2! &#! &#$05),2&,&#! &)+;,! &0$%.03)(04+! &,!
.#+&,! ,! %.,16$! &,! .#2,(04+! #+%.#! '! 3#+#$%,.! $'(0,2! *P/0*'! <)#! ,(;#5,.J,! ,!
&0$%.03)(04+! 05),20%,.0,! #! '! 3#+#$%,.! <)#! .#$)2%,! &,! &0$%.03)(04+! #*-J.0(,9! ",!
*#$*,!20=,7!M%[0+$'+!,(;#5,!)+;,!8,*020,!&#!J+&0(#$!&#!&#$05),2&,&#!AHE\FI!<)#!
*0&#!,!-#.&,!&#!3#+#$%,.!$'(0,2!&#30&,!P!&#$05),2&,&#9!H!!

N! %.,3,22'! <)#! ,<)J! $#! -.#$#+%,! #$('*#>,! ()+;,! 3.#1#! .#10$04+! &'$!
,$-#(%'$!*#%'&'24/0('$!+#(#$,.0'$!(,.,!,!,-20(,(04+!#*-J.0(,!<)#!-'$%#.0'.*#+%#!
$#! &#$#+1'21#9! M! ,+P20$#! #*-J.0(,! ('+$%0%X#! )+! #$%)&0'! %.,+$1#.$,2! &,! $0%),(04+!
5,2#5,7!#+!(,+%'!4!3#+#$%,.?.#+&,!,!-.0+(0-0'$!&,!&6(,&,!&'$!+'1#+%,7!%.,%,+&'!&#!
&#20*0%,.! ,$! (,.,(%#.J$%0(,$! &'$! 8'5,.#$! *P0$! 10+()2,&,$! P$! &08#.#+%#$! -'$0(04+$!
#('+4*0(,$9!

!
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H!N!-.,+%#/,*#+%'!&#!M%[0+$'+!6!*P0$!/#.,2!(4!&#!:,2%'+!&#30&'!,!<)#!,&*0%#!'!#*-.#5'!&#!
8)+(04+$! &#! 3#+#$%,.! $'(0,2! +'+! )%020%,.0$%,$9! MJ+&,! <)#! M%[0+$'+! 0+0(0,2*#+%#! -,.%#! &)+;,!
8)+(04+! &#! 3#+#$%,.! $'(0,2! )%020%,.0$%,7! #+! .#,20&,&#! #$%,! -'&#! &#80+0.$#! &0.#(%,*#+%#! $'3.#! ,!
.#+&,! A$#+! )%020>,.! ,$! )%020&,&#$! ('*'! 0+%#.*#&0,.0,$I! ('*'! )+;,! 8)+(04+! (.#(#+%#! #!
#$%.0(%,*#+%#! (4+(,1,! A')7! 0+(2)$'7! $0*6%.0(,! #! (),$0?(4+(,1,! ')! Y?(4+(,1,I! &,$! .#+&,$!
0+&010&),0$9!
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@D! 1$(#43'$!&#3'<'AE>=4'$!

@D?! F),G)+*0-H!0-.)*)-!90!0IJG/)*0K.G)!0!L8KM0-!90!9)M8-!

]'5'!&#! ,+,20>,.! '$! -.'$! #! ('+%.,$! &'! 5,$%'! #! '! 0+5.#$'! ('*'!1,.0,32#$!
-.'/U! &,! .#+&,! &0$-'=032#7! '-%,*'$! -'.! %.,3,22,.! (',$! &X,$! +,! (.#+>,! &#! <)#!
%,+%'!'$!-)+%'$!('*X+$!('*'!'$!&0$(.#-,+%#$!-'&#+!&,.+'$!)+;,! 0+8'.*,(04+!
*P0$!.0(,!(,.,!P!,1,20,(04+!&'!3#+#$%,.?.#+&,9Z!!

O'*'! .#$-'$%,! 4! -.'32#*,! &,! ('*-,.,(04+! &#! .#+&,$! &#! 8'5,.#$!
;#%#.'/6+#'$! #+! (,+%'! 4! $#)! %,*,='! #! ('*-'$0(04+7! $)-'=#+&'! )+;,!
&0$%.03)(04+! 05),20%,.0,! &#+%.'! &'! 8'5,.! #! %#+&'! #+! ('+%,! ,! #/0$%#+(0,! &#!
#('+'*J,$! &#! #$(,2,! 8,*020,.#$7! *,+#/,*'$! ('*'! 0+&0(,&'.! &,! -'$0(04+!
#('+4*0(,! &#! (,&,! 0+&010&)'! ,! .#+&,! &0$-'=032#! #<)01,2#+%#! &'! 8'5,.! 4! <)#!
-#.%#+(#9!M!#$(,2,!&#!#<)01,2#+(0,$!#*-.#5,&,!6!,!&,!NO:B9^!

M$! 8'+%#$! &#! &,%'$! #*-.#5,&,$! $'+! ,! "#$%&'()! *&! +,&'%-%&'(.'! /)0121),&'!
34536! #! ,!3,$#!&#!&,%'$!&'! 0+5.#$'! .#('+$%.)J&'!3,0/'!,!&0.#((04+!&'!-.'8#$'.!
C#+,!K.,-#.'!AHEELI9!M!BCD!('+$%0%X#!,!8'+%#!*P0$!,/#0%,&,!&#!#+%.#!,$!-')(,$!
<)#! ,(;#5,+! 0+8'.*,(04+! &#$,5.#5,&,! $'3.#! 5,$%'$! #! 0+5.#$'$! 8,*020,.#$9!MJ+&,!
-'$)J+&'! 5.,+&#$! (),20&,&#$7! %,*6+! -.#$#+%,! -.'32#*,$! #+%.#! '$! <)#! (,3#!
&#$%,(,.! ,! 0+8.,1,2'.,(04+! &'! 5,$%'! #7! #$-#(0,2*#+%#7! &'! 0+5.#$'! 8,*020,.!
&0$-'=032#9! N$! &,%'$! &'! 0+5.#$'! .#('+$%.)J&'! .#('22#+! )+;,! ('..#((04+! &,!
0+8.,&#(2,.,(04+!&'!0+5.#$'!&,!BCD!#+!('*-,.,(04+!(4!,(;#5,&'!+,!O'+%,3020&,&!
",(0'+,29_!

@D@! &09G9)-!90!+0K0-M),N,0K9)!

C,.%0+&'! &#! <)#! ,! .#+&,! *#&0,! ('+$%0%X#! )+! 0+&0(,&'.! ,(#-%,32#! &'!
3#+#$%,.?.#+&,! <)#! &0$8.)%,+! '$! 0+&010&)'$! &)+;,! -'3',(04+! $#*-.#! <)#! ,!
&0$%.03)(04+!&,!.#+&,!$#/,!%'%,2*#+%#!05),20%,.0,7!'$!0+&0(,&'.#$!&#!3#+#$%,.?.#+&,!
&#3#.P+!.#('22#.!'!&#%.0*#+%'!')!*0+'.,(04+!&'!3#+#$%,.!&#30&'!P!&#$05),2&,&#9!
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Z!C.#$6+%,$#!)+;,!,+P20$#!*P0$!('*-2#%,!&#$%,!()#$%04+!,$J!('*'!&,$!.#$%,+%#$!&#$%#!,-,.%,&'!+'!
&'()*#+%'!&#!%.,3,22'!-.#10'7!K.'0%0='!O'3,$!AZFFFI9!
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&#$05),2&,&#9!

@D@D?! 4J,/)!90!A8,0KO!P0K0,)*GO)9)!

c+;,! &,$!*#&0&,$!*P0$! ('=#(0&,$! -,.,! '! #$%)&0'! &'! 3#+#$%,.?.#+&,! 6! ,!
(;,*,&,! ().1,! &#! ]'.#+>! /#+#.,20>,&,7! -.'-'$%,! -'.! Y;'..'([$! AHEd^I9! B$%,!
().1,! (),+%080(,! ('+/)+%,*#+%#! '! +01#2! *#&0'! #! ,! &#$05),2&,&#! &)+;,!
&0$%.03)(04+!&'!$#5)0+%#!/#0%'@!

[ ]9: 0 ; 9 0 ; ;<^ N _ ^ N _ N N= ∀ ∈µ [ Q 9!

N+&#!µ< !6!,!*#&0,!#!]A/7-I!6!,!().1,!&#!]'.#+>9!

M$J7! &0$#! <)#! )+;,! &0$%.03)(04+! e! &'*0+,`! ,! ')%.,! f! ,! %.,16$! &,! ().1,!
/#+#.,20>,&,!&#!]'.#+>7!$#!,!().1,!/#+#.,20>,&,!&#!e!#$%P!+)+(,!-'.!&#3,0/'!&,!
&#! f9! B$%,! &'*0+,+(0,! 0*-20(,! <)#7! -,.,! (,2<)#.,! -'.(#+%,/#! ,()*)2,&,! &#!
-'3',(04+! A-gI7! ,!*#&0,! &#! .#+&,! <)#! 22#! ('..#$-'+&#! P!*#$*,! 6! +'+!*#+'.!
$#5)+&'! ,! &0$%.03)(04+! e! (,! $#5)+&'! f9L! M&#*,0$7! ,! &0$%.03)(04+! &'*0+,+%#!
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M&#*,0$7!Y;'..'([$! AHEd^I! %#+!&#*'$%.,+&'!<)#! $#! ,! ().1,!/#+#.,20>,&,!

&#!]'.#+>!&#!e!6!*,0'.!')!05),2!P!&#!f!#+!(,2<)#.,!-)+%'!&,!&0$%.03)(04+7!#+%4+!
(,2<)#.,! 8)+(04+! &#! 3#+#$%,.! $'(0,2! Y?(4+(,1,! #! +'+!&#(.#(#+%#! (2,$080(,.J,! ,!e!
+'+! -#'.! (,! f! #+! (,+%'! 4! 3#+#$%,.! $'(0,27! .#$)2%,&'! <)#! 6! /#+#.,20>,32#! ,!
-'3',(04+$!('+!%,*,='$!&08#.#+%#$!$#*-.#!<)#!,!8)+(04+!&#!3#+#$%,.!$'(0,2!$#/,!
0+1,.0,+%#! ,! .6-20(,$! &,! -'3',(04+9! M$J! *#$*'7! (,2<)#.,! 8)+(04+! &#! 3#+#$%,.!
$'(0,2! &#80+0&,! ('*'!*#&0,! &,$! )%020&,&#$! 0+&010&),0$7! $#+&'! #$%,$! (4+(,1,$! ')!
#$%.0(%,*#+%#! (4+(,1,$! %,*6+! 0*-20(,.J,! ,! *#$*,! '.&#+,(04+! A],*3#.%!
AHEE^GELII9! N! .#$)2%,&'! 2#1,! ,! <)#! ,! '.&#+,(04+! -'2,! ().1,! &#! ]'.#+>!
/#+#.,20>,&,! $#/,! ('+$0&#.,&,! ('*'! )+;,! '.&#+,(04+! j)+P+0*#V7! +'! $#+%0&'! &#!
<)#!&#+&#!'$!*'0!,1#.$'$!P!&#$05),2&,&#!A8)+(04+$!()+!,2%'!5.,'!&#!('+(,10&,&#I!
,%,!'$!*'0!-')('!,1#.$'$!')!0+(2)$'!'$!0+&08#.#+%#$!A8)+(04+$!20+#,0$I!#$%,.J,+!&#!
,('.&'!(',!&0%,!'.&#+,(04+9!

◊ 4J,/)-!90!A8,0KO!P0K0,)*GO)9)-!0!)/0,-GQK!R!90-GSJ)*9)90!

M! -,&A&,&#$1)! '.$1)2! -.,! %#B)! 0)1.,! 1C%)2*)*&! 8'0! .#('220&,!+,!*,0'.J,!&'$!
#$%)&0'$! ,! )+!+01#2! (),+%0%,%01'!-'2,! A#$%.0(%,I! Y?('+(,10&,&#!')!-'2,! $0*#%.J,! #!
A#$%.0(%,I!(),$0?('+(,10&,&#!&,!8)+(04+!&#!3#+#$%,.!$'(0,27!')!3#+7!-'2,!A#$%.0(%,I!
('+(,10&,&#!&,$!8)+(04+$!&#!)%020&,&#!0+&010&),0$9!

C'&#.J,+!$0+,2,.$#!&')$!#/%.#*'$!#+%.#!'$!<)#!1,.J,+!,$!,(%0%)&#$!8.'+%#!P!
&#$05),2&,&#!')!,1#.$04+!P!&#$05),2&,&#@!!

N! #/%.#*'! &#! *P/0*,! ,1#.$04+! 0&#+%080(,.J,! ,! ,(%0%)&#! &#! <)#! (,2<)#.,!
%.,+$8#.#+(0,! -.'5.#$01,! &#! .#+&,! $4! 2#1,! ,! )+! (.#(#*#+%'! +'! 3#+#$%,.! $#! 1,0!
-,.,.! P$! *,+$! &'! 0+&010&)'! ')! 0+&010&)'$! &#!*#+'.#$! .#().$'$9! M! 8)+(04+! &#!
)%020&,&#!,/#0%,&,!,!#$%#!('*-'.%,*#+%'!%#.J,!)+!5.,'!&#!('+(,10&,&#!%,+!,2%'!<)#!
%#+&#.J,! ,! 8'.*,.! )+! P+5)2'! .#(%'k! ,! X+0(,! %.,+$8#.#+(0,! <)#! -.'&)(0.J,! )+!
0+(.#*#+%'! &,! )%020&,&#! $#.J,! ,! &#$%0+,&,! 4A$I! 0+&010&)'A$I! $0%),&'A$I! +,! -#'.!
-'$0(04+9!
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N!#/%.#*'!&#!*J+0*,!,1#.$04+!P!&#$05),2&,&#!.#-.#$#+%,.J,!)+;,!,(%0%)&#!
&#!0+&08#.#+(0,!,+%#!,!&#$05),2&,&#!#!&,$#!(,+&'!,!8)+(04+!&#!)%020&,&#!-#.&#!%'&,!
,!$X,!('+(,10&,&#!.#$)2%,+&'!)+;,!8)+(04+!20+#,27!&#!*'&'!<)#!,$!%.,+$8#.#+(0,$!
-.'5.#$01,$! &#! .#+&,! 0*-20(,+! )+;,! 5,+,+(0,! +)2,! &#! )%020&,&#9! "#$%#! (,$'! '!
3#+#$%,.!6!,1,20,&'!$4!#+!%#.*'$!&,!*#&0,!A,!&0$%.03)(04+!-.#8#.0&,!$#.P!,!<)#!%#+!
*,0'.!*#&0,I7!0+&#-#+&#+%#*#+%#!&,!&#$05),2&,&#!#/0$%#+%#9!!

:,! 0+%#.-.#%,(04+!&,$!&X,$!,(%0%)&#$!#/%.#*,$!&#!,1#.$04+!P!&#$05),2&,&#!
-'&#*'$! &#&)(0.! <)#! '! 5.,'! &#! ,1#.$04+! P! &#$05),2&,&#! 1,.J,! &0.#(%,*#+%#! ('!
5.,'! &#! ('+(,10&,&#! &,! 8)+(04+! &#! )%020&,&#@! '$! *'0! ,1#.$'$! P! &#$05),2&,&#!
-.'-'.J,+! 8)+(04+$! c! ()+! ,2%'! 5.,'! &#! ('+(,10&,&#! #! '$! -')('! ,1#.$'$!
('+$0&#.,.J,+!<)#!c!&#3#!%#.!)+!3,0/'!5.,'!&#!('+(,10&,&#9!

Y#! ,$! ().1,$! /#+#.,20>,&,$! +'+! $#! (.)>,+7! %,+%'! '$! *'0! ,1#.$'$! P!
&#$05),2&,&#! ('*'! '$! 0+&08#.#+%#$! #$%,.P+! &#! ,('.&'! #+! (,+%'! P! '.&#+,(04+!
$#5)+&'! '! 3#+#$%,.7! 8#0%'! <)#! -'&#*'$! ('+$%,%,.! '3$#.1,+&'! '$! #/%.#*'$!
0+8#.0'.! #! $)-#.0'.! &,! .#-.#$#+%,(04+! &,$! ().1,$9! O'*'! -'&#*'$! 1#.! +,!
02)$%.,(04+!H9H7!+'!#/%.#*'!0+8#.0'.!,!&0$%.03)(04+!&'*0+,+%#!,&0(,.P!)+;,!*,0'.!
-,.%#! &'! %'%,2! &,! 1,.0,32#! 4$! 0+&010&)'$! #+! -#'.! $0%),(04+7! #+%4+! (,2<)#.,!
0+&010&)'! ()+;,! ,1#.$04+! 8'.%#! P! &#$05),2&,&#! #$%,.P! &#! ,('.&'! ('+! %,2!
&'*0+,+(0,! #7! #10&#+%#*#+%#7! %,*6+!'! #$%,.P!'! (.0%#.0'!&#!a,T2$!<)#!('+$0&#.,!
<)#! ,!*#22'.! &0$%.03)(04+! 6! ,<)#2,! <)#! 22#! ,$05+,!*,0'.! .#+&,! 4A$I! 0+&010&)'A$I!
*P0$!-'3.#A$I9!Y#!.#-,.,*'$!+'!#/%.#*'!$)-#.0'.!&,!.#-.#$#+%,(04+7!'!&#..,&#0.'!

c!
c!→!*P/0*,!,1#.$04+!

P!&#$05),2&,&#!

c!→!*J+0*,!
,1#.$04+!P!

&#$05),2&,&#

e!
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+'$!,*'$,!<)#!'$!0+&010&)'$!0+&08#.#+%#$!P!&#$05),2&,&#!%,*6+!#$%,.P+!&#!,('.&'!
(',! (2,$080(,(04+! .#$)2%,+%#7! -'0$! ,! *#&0,! &,! &0$%.03)(04+! &'*0+,+%#! 6! *,0'.! P!
*#&0,!&,!&0$%.03)(04+!&'*0+,&,9!

O,+&'! ,$! ().1,$!&#!]'.#+>!/#+#.,20>,&,$! $#! (.)>,+7!+'+!6!-'$032#!'3%#.!
)+;,!'.&#+,(04+!&,$!&0$%.03)(04+$!,!%.,16$!&,$!*#$*,$7!'!(,2!6!#<)01,2#+%#!,!&0(0.!
<)#! +'+! %'&,$! ,$! 8)+(04+$! &#! 3#+#$%,.! $'(0,2! (4+(,1,$! A')! Y?(4+(,1,$I! #! +'+!
&#(.#(#+%#$! ,(;#5,+! ,!*#$*,!'.&#+,(04+9!C'&#.0,*'$7! #+%4+7! $#2#((0'+,.!)+;,!
8)+(04+!&#!3#+#$%,.!&#%#.*0+,&,!#!'.&#+,.!$#5)+&'!,!*#$*,9!"#$%#!(,$'7!&,&'!
<)#!'$!J+&0(#$!$#!&#80+#+!,!%.,16$!&#!8)+(04+$!&#!3#+#$%,.!('+(.#%,$7!#$%#$!%,*6+!
,(;#5,.P+!'.&#+,(04+$!&08#.#+%#$9!!

@D@D@! :K9G.0-!90!20K0-M),N,0K9)!

c+;,! *#&0&,! &'! 3#+#$%,.?.#+&,! &)+;,! &#%#.*0+,&,! -'3',(04+! &#3#!
.#('22#.!'!+01#2!*#&0'!&#!.#+&,!j,/)$%,&'V!-'2'!+01#2!&#!&#$05),2&,&#!#/0$%#+%#!+,!
*#$*,9!M!&#80+0(04+!&#!J+&0(#!&#!3#+#$%,.!#*-.#5,&,!;,30%),2*#+%#!6!,!$#5)0+%#@!!

( ) Q[NQ ≤≤−= B4-.BC µ !

'+&#!l!0&#+%080(,!'!J+&0(#!&#!3#+#$%,.!#!S!'!&#!&#$05),2&,&#9!

N$! J+&0(#$!&#!3#+#$%,.?.#+&,!<)#!&#!$#5)0&'!,-20(,.#*'$!#$%P+!&#80+0&'$!
#+!8)+(04+!&'$!$#5)0+%#$! J+&0(#$!&#!&#$05),2&,&#@!'!J+&0(#!&#!R0+07!1,.0,+>,!&'$!
2'5,.0%*'$7!J+&0(#!&#!K;#02!AKHI7!J+&0(#$!&#!#+%.'-J,!/#+#.,20>,&,!('+!-,.P*#%.'$!
&#!,1#.$04+!P!&#$05),2&,&#!(mZ!#!(m^7!#!J+&0(#$!&#!M%[0+$'+!('+!&08#.#+%#$!5.,'$!
&#!,1#.$04+!P!&#$05),2&,&#!A1#.!,+#/'!HI9!B$%,*'$!,!#*-.#5,.!)+!,*-2'!,3,+'!&#!
J+&0(#$!.#2,%01'$@!&#+&#!'$!<)#!-'&#*'$!('+$0&#.,.!J+&0(#$!()+;,!,2%,!,1#.$04+!P!
&#$05),2&,&#!('*'!$'+!'$!&#!M%[0+$'+!('+!-,.P*#%.'! 05),2!')!$)-#.0'.!,!Z!#!,!
1,.0,+>,! &'$! 2'5,.0%*'$7! ,%,! J+&0(#$! ()+;,! 3,0/,! ,1#.$04+! ('*'! '$! &#! #+%.'-J,!
/#+#.,20>,&,7!-,$,+&'!-'.!')%.'$!<)#!*,+08#$%,+!)+;,!,1#.$04+!,25'!*P0$!$),1#!
('*'!'$!&#!M%[0+$'+!('+!-,.,*6%.'! 0+8#.0'.!,!Z!#!'!K;#02!H9!K,*6+!$#!,-20(,+!
J+&0(#$!('*'!'!&#!R0+0!<)#!,$05+,!*,0'.!0*-'.%,+(0,!P$!%.,+$8#.#+(0,$!&#!.#+&,!
<)#!%#=#+!2)5,.!+,!-,.%#!(#+%.,2!&,!&0$%.03)(04+9!

C,.,! ,! ('+$%.)((04+! &'$! J+&0(#$! &#! 3#+#$%,.?.#+&,! -.#(0$,*'$! <)#! '$!
J+&0(#$!&#!&#$05),2&,&#!#$%#,+!+'.*,20>,&'$7!6!&0(0.7!<)#!'!J+&0(#!&#!&#$05),2&,&#!
%'*#!1,2'.#$!#+%.#!F!#!H7!,+)2P+&'$#!$4!$#!,!&0$%.03)(04+!6!%'%,2*#+%#!05),20%,.0,!#!
$#+&'! 05),2! P! )+0&,&#! +'! (,$'! &#! *P/0*,! &#$05),2&,&#9! M5P$! '$! &#! R0+0! #!
M%[0+$'+7!'$!J+&0(#$!,+%#.0'.#$!+'+!$'+!J+&0(#$!+'.*,20>,&'$9!M$J7!-,.,!('+$#5)0.!
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<)#!1,.J#+!+'!0+%#.1,2'!nF7Ho7!&,&'!<)#!'!$#)!2J*0%#!0+8#.0'.!/,!6!(#.'7!&010&0*'$!
(,&,!J+&0(#!#+%.#!'!2J*0%#!$)-#.0'.!&'!*#$*'9!!

TD! !"#$%A31<'$! #&(:"=4'$D! '! 2#;#$31"N"#;<1!
$#B%;<'!<=C#"#;3#$!41"143#":$3=41$!<'$!C'B1"#$!

N$!.#$)2%,&'$!<)#!&#!$#5)0&'!('*#+%,.#*'$7!,(;#5,&'$!+'!,+#/'!Z!4!80+,2!
&#$%#! &'()*#+%'7! #$%P+! (,2()2,&'$! %#+&'! #+! ('+%,! ,$! %.#$! 1,.0,32#$! $0+,2,&,$!
A5,$%'7!0+5.#$'!&#(2,.,&'!#!0+5.#$'!.#('+$%.)J&'I!#!,-20(,+&'!('*'!0+&0(,&'.#$!,!
().1,! &#! ]'.#+>! /#+#.,20>,&,! #! '$! J+&0(#$! &#! 3#+#$%,.?.#+&,! &#80+0&'$! +'!
,-,.%,&'!,+%#.0'.9!\!

Y0%),+&'!,!R,20(0,!+'!('+%#/%'!#$-,='27!#$%,!,*'$,!*#+'.!3#+#$%,.?.#+&,!
(4!%'%,2!#$-,='27!)+,+0*#*#+%#d!$#5)+&'!'!5,$%'!#!*'0!*,0'.0%,.0,*#+%#!,!%.,16$!
&'!0+5.#$'!&#(2,.,&'!#!.#('+$%.)J&'!A1#.!%P3',!H!&'!,+#/'!ZI9!!

Y#!,-.'/0*,*'$!'!+01#2!&#!3#+#$%,.!&'$!(0&,&P+$!5,2#5'$!,!%.,16$!&'!$#)!
5,$%'! #<)01,2#+%#7! %,+%'! ,$! ().1,$! &#! ]'.#+>! /#+#.,20>,&,$! ('*'! '$! J+&0(#$! &#!
3#+#$%,.! 0+&J(,++'$! )+,+0*#*#+%#! <)#! R,20(0,! &0$8.)%,! &)+! 3#+#$%,.?.#+&,!
0+8#.0'.!4!#$-,='29!N$!J+&0(#$!0+&J(,++'$!<)#!#$%,*'$!#+%.#!)+!`g!#!)+!\g!-'.!
&#3,0/'!&,!*#&0,!#$-,='2,9!K#+&'!#+!('+%,!'!0+5.#$'!&#(2,.,&'!#!'!.#('+$%.)J&'7!
%,*6+! -'&#*'$! ('+$0&#.,.! <)#! R,20(0,! ,*'$,! )+! 3#+#$%,.! 0+8#.0'.! 4! &'! %'%,2!
#$-,='27!,J+&,!<)#!#$%#!.#$)2%,&'!+'+!$#!&P!&#!8'.*,!)+P+0*#!$#5)+&'!%'&'$!'$!
0+&0(,&'.#$9E!"#$%#!(,$'7!'$!J+&0(#$!-.#$#+%,+!)+!(,*-'!&#!1,.0,(04+!*P0$!,*-2'7!
%'*,+&'! 1,2'.#$! #+%.#! )+! EFg! #! '! HFFg! &'$! &'!B$%,&'! ,5P$7! $#5)+&'! '$! &#!
*,0'.! ,1#.$04+! P! &#$05),2&,&#! <)#! $0%X,+! ,!R,20(0,! #+!*#22'.! -'$0(04+! (4! %'%,2!
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