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$! >0./;! 31(92-29%//*! /2:(! ,0! ,6%7:! &*! 3.1()'230)! ?0&! @2960/3! -0)! -.),6()!

%9%;(&29!3.110),!%7;4!-0)!'%)20.3!90&<27%,2073!0-!3960/%)/*!+.2;%79(4!;%,%!%7;!

&(7,0)36214!A067!8(%'()4!$/%7!B%<27()4!C%./!D%,,6(>3!%7;!E,('(!E&2,6=!

!

E1(92%/!,6%7:3!,0!E()+(!B0&<0.,3!-0)!%//!0-!,6(!%<0'(!%7;!,0!,6(!F(2;(7!$73,2,.,(!

-0)!8)%27!%7;!50+72,207!-0)!:27;/*!%7;!+(7()0.3/*!603,27+!&(!-0)!32G!&07,63=!

!

H;;2,207%/!,6%7:3!+0!,0!%//!0,6()!392(7,2-29!90//%<0)%,0)3!7%&(;!%3!90I%.,60)3!27!

,6(! /23,!0-!1.</29%,2073!%)2327+! -)0&!,623!>0):!%7;! ,0!0,6()!%7%/*3234! 96(&23,)*4!

9/2729%/!%7;!16*3293!90//(%+.(3!>60!907,)2<.,(;!,0!90//(9,207!0-!,6(!;%,%!)(10),(;!

%,!,6(!-0)&()!J/%G0E&2,6K/27(!5/2729%/!$&%+27+!5(7,)(4!,6(!F$85!%7;!,6(!D(;29%/!

E9600/!L%770'()!M(1%),&(7,!0-!@(.)0/0+*4!%3!>(//!%3!,0!,6(!3,.;*!1%),2921%7,3=!

!

N0)! 27'%/.%</(!;239.332073!%7;!&0,2'%,2074!,6%7:3!,0!-)2(7;3!%7;!/%<!90//(%+.(3!

%,! $&1()2%/!50//(+(!F07;074! ,6(!F$854! ,6(!OG-0);!NDB$8!5(7,)(!%7;!(/3(>6()(P!

(31(92%//*!,0!@%,%/2(!Q0(,3=!

!

?6%7:3!,0!,6(!NDB$8!H7%/*323!J)0.1!-0)!NEF!30-,>%)(=!

!

N0)! +(7()0.3! ,)%'(/! %>%);34! ,6(! $MRH! F(%+.(! 27! %33092%,207! >2,6! $&1()2%/!

50//(+(4!,6(!O)+%72S%,207!-0)!L.&%7!8)%27!D%1127+!%7;!,6(!J.%)%7,0)3!0-!8)%27=!

!

?6%7:3! +0! ,0! ,6(! 820,(9670/0+*! %7;! 820/0+29%/! E92(79(3! B(3(%)96! 50.792/! -0)!

1()307%/!-.7;27+!3.110),27+!,623!>0):!%7;!,0!JEK!-0)!-.),6()!-.7;27+!3.110),=!

!

!

!"#$%#&'()*+,-#./+0#,/*1)()#2('+/+34)#



! "]!

;2)6&+-!Q!S!B+$+-)*!'$&-(5#%&'($!

!

!

QDQ!S!:2+(-+&'%)*!4)%.7-(#$5!

I*+!*:0$5!;2$&5!1.==+==+=! =++0&53,>!:52&%$,,+'!;&.,.3&)$,! $5'! ).01:7$7&.5$,!
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*.T+%+26! $! 32+$7! '+$,! .8! $77+57&.5! *$=! ;++5! 8.):=+'! .5! 7*+! 1$77+25=! .8!

).55+)7&%&7>! ;+7T++5! 0:,7&1,+! ?^/=! T&7*&5! =1$7&$,,>! '&=72&;:7+'6! ,$23+E=)$,+!
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).22+,$7&.5! $5$,>=&=n! 9-Fn! L&=T$,! +7! $,R6! "OO]n! G2+&)&:=! +7! $,R6! ABBSn! Z.V! +7! $,R6!

ABB]n! =++! $,=.! =+)7&.5# B=<=BQ! $5'! '$7$E'2&%+5! $5$,>=+=! N+R3R6! &5'+1+5'+57!

).01.5+57!$5$,>=&=n!/-Fn!()a+.T5!+7!$,R6!"OOfn!a&%&5&+0&!+7!$,R6!ABBSn!L+)M0$55!

+7!$,R6!ABB]n!=++!$,=.!=+)7&.5#B=<=FQR!I*+2+!&=!+%&'+5)+!7*$7!7*+>!)$5!;+!2+,&$;,>!$5'!

2+12.':)&;,>! '+7+)7+'! $7! &5'&%&':$,! =:;[+)7! $5'! 32.:1! ,+%+,=! $)2.==! $! 2$53+! .8!

$5$,>=&=!7+)*5&W:+=!NG2+&)&:=!+7!$,R6!ABBUn!#$0.&=+$:V!+7!$,R6!ABB_n!9*+*h$'!+7!$,R6!

ABBOn!m:.!+7!$,R6!AB"B$6!AB"B;QR!`.T+%+26!'&88+2+57!$112.$)*+=!'.!.87+5!12.%&'+!

%$2>&536! 7*.:3*! ).01,+0+57$2>6! &58.20$7&.5! $;.:7! 7*+! =1$7&.E7+01.2$,!

)*$2$)7+2&=7&)=! .8! 7*+=+! 5+7T.2M=! N=++6! +R3R6! -*$17+2! AQR! (.2+.%+26! 7*+! X&'+$,K!

$112.$)*! 8.2! )*$2$)7+2&=&53! ?9Y=! 7+5'=! 7.! '+1+5'! .5! 7*+! =1+)&8&)! W:+=7&.5=!

2+=+$2)*+2=!T&=*!7.!$=M!.8!7*+!'$7$R!

I*&=!7*+=&=!12.;+=!7*+!3+5+2$,!*>1.7*+=&=!7*$7!0+7*.'=!=+5=&7&%+!7.!,$23+E

=)$,+! 5+7T.2M! 8:5)7&.5$,! ).55+)7&%&7>6! &5! 7*+! 2+=7&53! =7$7+6! 0$>! ;+! :=+8:,! 8.2!

$==+==&53!7*+!=>=7+0=E,+%+,!5+:2$,!&01,&)$7&.5=!.8!:5'+2,>&53!5+:2.)*+0&)$,!$5'!

1=>)*.1*$20$).,.3&)$,! 0+)*$5&=0=R! 9:)*! ).57+V7=! $5'! 7*+&2! +V7+5=&.5=! 7.!

).0;&5+'! &5%+=7&3$7&.5!T&7*! ),&5&)$,,>! 2+,+%$57! W:+=7&.5=! $2+! 2+,$7&%+,>! :5'+2E

2+=+$2)*+'!$11,&)$7&.5!$2+$=!8.2!7*+=+!0+7*.'=R!^8!1$27&):,$2!5.%+,!&57+2+=7!*+2+!

&=! 7*+!W:+=7&.5!.8!T*+7*+2!.2!5.7!?9Y=! )$5!;+!0.':,$7+'! &5!T$>=! 2+,+%$57! 8.2!

5+:2.1=>)*&$72&)! '&=+$=+=! $==.)&$7+'! T&7*! $;+22$57! 2+T$2'6! 0.7&%$7&.5! $5'!

).35&7&%+! ).572.,! 12.)+==+=6! =:)*! $=! $''&)7&.56! '+12+==&.56! <$2M&5=.5K=! '&=+$=+!

$5'!=)*&h.1*2+5&$!N+R3R6!L2$%+2!+7!$,R6!"OOOn!9)*:,7h6!ABBAn!c&=+6!ABBUn!F5$5'!+7!



! A]!

$,R6!ABB]n!($5=%+,'+2!+7!$,R6!ABB_n!#$3*+2!$5'!?.;;&5=6!ABBOn!a..;!$5'!d.,M.T6!

AB"Bn! ?.&=+2! +7! $,R6! AB"AQR! 4.)$,&=+'! ;2$&5! =72:)7:2$,! .2! 8:5)7&.5$,! '+8&)&7=!

$==.)&$7+'!T&7*!0$5>!5+:2.1=>)*&$72&)!'&=.2'+2=!$2+!+&7*+2!1..2,>!2+1,&)$7+'!.2!

5.5E+V&=7+576!T&7*!=:))+==8:,!+88.27=!2+1.27+'!7.!'$7+!8.):==+'!$,0.=7!+V),:=&%+,>!

.5!=72:)7:2$,!),$==&8&)$7&.5!&5!F,h*+&0+2K=!'&=+$=+!$5'!2+,$7+'!5+:2.,.3&)$,!$3&53!

'&=.2'+2=! N$=! '&=):==+'! ;>6! +R3R6! 4&5'+56! AB"AQR! I*+2+8.2+6! ?9Y! 0+72&)=! 0$>!

12.%+!&'+$,6! ,+==!2+':)7&.5&=76!)$5'&'$7+=!8.2!7$11&53!&57.!0.2+!=:;7,+6!=>=7+0=E

,+%+,!'+8&)&7=!7*$7!12+=:0$;,>!:5'+2,&+!=:)*!),&5&)$,!12.;,+0=!N=++!+R3R6!Z&,&11&5&!

+7!$,R6!ABBOn!(+5.56!AB""n!9:7*+2,$5'!+7!$,R6!AB"AQ6!$=!T+,,!$=! 7*+!=>=7+0=E,+%+,!

'&88+2+5)+=!7*$7!:5'+2,&+!%$2&$;&,&7>!&5!2+,$7+'!;+*$%&.:2=!$5'!1+2=.5$,&7>!8$)7.2=!

&5! 7*+! 3+5+2$,6! X*+$,7*>K! 1.1:,$7&.5! N4+T&=! +7! $,R6! ABBOn! (+55+=! +7! $,R6! AB"Bn!

F'+,=7+&5!+7!$,R6!AB""QR!

!

QDE!S!A(Y+*!)66*'%)&'($0!(1!)5Y)$%+5!$+&,(-.W0+$0'&'Y+!)$)*/0'0!&+%2$'\#+0!

#+=1&7+!$!*:3+!%.,:0+!.8!12+E),&5&)$,!2+=+$2)*!&57.!7*+!5+:2$,!0+)*$5&=0=!$5'!

72+$70+57!.8!0$,$'$17&%+!).35&7&.5!$5'!0.7&%$7&.5$,!12.)+==&53!)*$2$)7+2&=7&)!.8!

0:,7&1,+!5+:2.1=>)*&$72&)!'&=.2'+2=6!),&5&)$,,>!+88+)7&%+!1*$20$).7*+2$1&+=!*$%+!

2+0$&5+'!$5!+,:=&%+!N$5'!.87+5!).=7,>Q!12.;,+0!8.2!7*+!=)&+57&8&)!).00:5&7>6!7*+!

1*$20$)+:7&)$,! &5':=72>! $5'6! 8:27*+26! 8.2! =.)&+7>! $7! ,$23+! Nc.2,'! `+$,7*!

^23$5&h$7&.56! ABBfn! /5=+,! $5'! 9$*$M&$56! AB"An! 4&5'+56! AB"AQR! I*+! T.2M!

'+=)2&;+'! &5! 7*&=! 7*+=&=! 12.)++'=! .5! 7*+! $==+27&.5! 7*$76! 2+,$7&%+! 7.! 0.2+!

X72$'&7&.5$,K! 0.'+,=! $5'! $112.$)*+=6! 2+=7&53E=7$7+! Z(?/! T$22$57=! 8:27*+2!

+V1,.2$7&.5! 8.2! &7=! 1.7+57&$,! 7.! ;+5+8&7! 0+'&)$,! 2+=+$2)*! &5! '.0$&5=! .8!

5+:2.1=>)*&$72&)! '2:3! '+%+,.10+576! ':+! 7.! $! 8$%.:2$;,+! ).0;&5$7&.5! .8!

2+1+$7$;&,&7>6! =1$7&.E7+01.2$,! =1+)&8&)&7>6! =7$7&=7&)$,! =+5=&7&%&7>! $5'!



!A_!

72$5=,$7$;&,&7>! N+R3R6! G2+&)&:=6! ABBfn! -.,+! +7! $,R6! AB"B$n! Z.V! $5'! G2+&)&:=6! AB"Bn!

(:21*>!$5'!($)M$>6!AB""QR!

F=!$!).5=+W:+5)+!.8!7*+!).01,+V!=>=7+0=!;&.,.3>!.8!7*+!;2$&56!&7!&=!.87+5!

'&88&):,7! ;.7*! 7.! &/+"(&48! %$2&$;&,&7>! &5! ;2$&5! =&35$,=! N+R3R6! L^4#Q! 7*$7! 0$>! ;+!

&5':)+'!T*+5!8:5)7&.5$,!12.)+==&53!&=!)*$,,+53+'!;>!5+:2.1=>)*&$72&)!1$7*.,.3>!

.2! 1*$20$).,.3&)$,! &57+2%+57&.5! N+=1+)&$,,>! T*+5! ;2$&5! =72:)7:2+! .%+2$,,!

2+0$&5=! &57$)7Q! $5'6! 8:27*+26! 7.!2)%*%2(+*&'+! 7*+=+! =1$7&.7+01.2$,! .;=+2%$7&.5=!

&5! 7+20=!.8! 7*+&2!5+:2$,!:5'+21&55&53=!$5'g.2!;+*$%&.:2$,! =+W:+,$+R!#&=.2'+2=!

=:)*! $=! $''&)7&.56! =)*&h.1*2+5&$! $5'! 7*+&2! 72+$70+576! 8.2! +V$01,+6!

=>017.0$7&)$,,>!$88+)7!'&%+2=+!).35&7&%+!$5'!0.7&%$7&.5$,!12.)+==+=6!T*&)*!$2+!

M5.T5!7.!;+!$==.)&$7+'!T&7*!0:,7&1,+!$5'!'&=72&;:7+'! ,$23+E=)$,+!5+:2.5$,!$5'!

5+:2.)*+0&)$,! =>=7+0=! NL2+==,+26! "OO]n! Y&+.:,,.56! ABBAn! ($5=%+,'+2! +7! $,R6!

ABB_n!a..;!$5'!d.,M.T6!AB"Bn!9+=$)M!$5'!G2$)+6!AB"Bn!G.,'=7+&5!$5'!d.,M.T6!

AB""n! Y+T*.:=+! +7! $,R6! AB""QR! I*+=+! =>=7+0=6! &5! 7:256! $2+! '&88&):,7! 7.! 12.;+!

).012+*+5=&%+,>! &5! $! ).572.,,+'! +V1+2&0+57$,! =+77&536! =:)*! $=! T&7*! $5>! 3&%+5!

).35&7&%+! 7$=M! NG2+&)&:=6! ABBfn! Z.V! $5'! G2+&)&:=6! AB"Bn! (+5.56! AB""n! (:21*>!
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! AP!
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7*+! 2+=7&53E=7$7+! L^4#! Z(?/! 7+)*5&W:+! *$=! )+27$&5,>! 12.%+5! %$,:$;,+! &5!

'+,&5+$7&53! =.0+! 12+%&.:=,>! :5),+$2! $=1+)7=! .8! 7*+! *:0$5! 5+:2$,! 8:5)7&.5$,!

$2)*&7+)7:2+!2+,+%$57!8.2!1=>)*.,.3&)$,!8:5)7&.5=!$5'!'>=8:5)7&.5=!N+R3R6!Z&,&11&5&!

+7! $,R6! ABBOn! ^K?+&,,>! +7! $,R6! AB"Bn! ,&0&7$7&.5=! 7.! 0+)*$5&=7&)! 5+:2.5$,!
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&57+212+7$7&.5=! 5.7T&7*=7$5'&53QR! `.T+%+26! 7*+! %+2>! +V&=7+5)+! .8! 0:,7&1,+6!

7*.:3*! .87+5! ).01,+0+57$2>! N=++! =+)7&.5! UDQQ6! $5$,>7&)$,! .17&.5=! 8.2!

&5%+=7&3$7&53! ,$23+E=)$,+! 5+:2$,! =&35$,=! 0$>! $)7:$,,>! 8.=7+2! 7*+! '&88&):,7&+=! .8!

12.;&53! 7*+=+! N$,2+$'>! ).01,+VQ! =>=7+0=E,+%+,! 1*+5.0+5$R! I*&=! &==:+! &=!

1$27&):,$2,>!12.0&5+57!&5!2+=7&53E=7$7+!Z(?/!=7:'&+=6!T*+2+!7*+!$8.2+0+57&.5+'!

,$)M!.8!%#,*&-*&!$)7&%&7>!0.'+,=!*$=!2+=:,7+'!&5!7*+!'+%+,.10+57!.8!$!T&'+!2$53+!.8!

&55.%$7&%+!7+)*5&W:+=!$77+017&53!7.!)*$2$)7+2&=+!7*+=+!:5).5=72$&5+'!'$7$R!<2&.2!

7.!+V1$5'&53!8:27*+2!.5!=:)*!&==:+=!&5!-*$17+2!A6!&5!7*+!2+0$&5'+2!.8!7*+!):22+57!

)*$17+2! 7*+=+! 2+=7&53E=7$7+!5+7T.2M=! $2+! &572.':)+'!$5'!'+=)2&;+'! &5! 7+20=!.8!

7*+&2!=1+)&8&)!)*$2$)7+2&=7&)=R!

!

!
!

"'7#-+! QDUD! IT.! '&=7&5)7! 2&3*7E!
N;,:+E)>$5Q! $5'! ,+87E,$7+2$,&=+'!
N2+'E>+,,.TQ! ,$23+E=)$,+! =.0$7.E
0.7.2! ).27&)$,! ).E$)7&%$7&.5!
5+7T.2M=6! ).01,+7+! T&7*!
).572$,$7+2$,! )+2+;+,,$2! ),:=7+2=6!
&'+57&8&+'! ).5=&=7+57,>! ;>! 7T.!
'&88+2+57! 0+7*.'=R! 4+87i! ?9Y=!
&'+57&8&+'! ;>! /-F! .8! $! 32.:1! .8!
*+$,7*>! =:;[+)7=! NY! p! S_QR! ?&3*7i!
I*+! =$0+! 5+7T.2M=! &'+57&8&+'! ;>!
0+7$E$5$,>7&)!/-F!0+7*.'=!$11,&+'!
7.! 8:5)7&.5$,! $)7&%$7&.5! '$7$! 82.0!
7*+! L2$&5($1! NL(Q! '$7$;$=+! NY! p!
AO_P"QR! I*+=+! 2+=:,7=! $2+!
=:11.27+'! ;>! $5'! +V7+5'! 12&.2!
M5.T,+'3+! $;.:7! ).27&)$,! =.0$7.E
0.7.2! =>=7+0=6! &5! 7+20=! .8! 7*+&2!
8:5)7&.56! =1$7&$,! ,.)$,&=$7&.56!
,$7+2$,&=$7&.5!$5'!).55+)7&%&7>!N8.2!
0.2+! '+7$&,=! =++! 90&7*! +7! $,R6!
ABBOQR!



! AO!

QDH!S!>GA!%2)-)%&+-'0&'%0!

<=E=<#>#;,%(&-?(+$,-*%6#2)%*%2(+*&'(&2'#

?9Y=!$2+!,.)$,&=+'!7.!32+>!0$77+2!2+3&.5=!NL+)M0$55!+7!$,R6!ABB]n!#+!4:)$!+7!$,R6!

ABB_Q! $5'! &7! &=! ;+).0&53! &5)2+$=&53,>! +%&'+57! 7*$7! 7*+>! 2+8,+)7! 8:5)7&.5$,!
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!"#"!$%$&'()*+,$*-$./0$1+'2(1-134(1*2$5167$,''+894,'+$3*::';4(1*2$424;<,1,$5/=>6$

$%&'()! (*+! ,-)).(/0.&! 1%2&3! %+.*3%1%.+! ,-4.2.*35! &6-*3(*.-0&!$789! 1)0,30(3%-*&!

:%)(3.2());! %*! 34.!&-<(3-<-3-2!,-23%,()! 2./%-*&!0&%*/!(! &..+=:(&.+!(662-(,4! 3-!
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6.24(6&! :(&.+! -*! 62.>%-0&! )%3.2(302.! -2! 10*,3%-*()! (,3%>(3%-*! <(6&! 12-<! (!

)-,()%&.2!.G6.2%<.*3!L!12-<!'4%,4!3-!.G32(,3!3%<.!&.2%.&!+(3(!?&..5!.@/@5!M%/!N@AD@!
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2./%-*! $789! (,3%>%3;5! '4%,4! (2.! %*3.262.3.+! (&! <.(&02.&! -1! 10*,3%-*()!

,-**.,3%>%3;!?M%/@!N@AD@!E4.!QRS!(662-(,4!%&!3.2<.+!T0*%>(2%(3.U!:.,(0&.!34.!3%<.!
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!""!

#$%! &'(%$()*+! ,%*-$%..! '/! 012!3%(4'5.! 6'$6%7$.! (4%! )$/+8%$6%! '$! (4%!

.)9$*+!'/!.(786(87%5!.&*()*+!6'$/'8$5.:!.864!*.!'(4%7!;0<.!=(4*$! (4%!'$%!8$5%7!
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>4=?'/417ABC! ,/((*'1! 4=*1(434*=! F%45I! #IK9444LI! C.! @4()4175'.&,! 6.''*-/(4.1!

'*/6)*=!24514346/16*!3.'!()42!%TC76/&=/(*!'*-/(4.12)4,J!?&(!()*!)/-.,*'4=.-!5'.&,!

6.''*-/(4.1!@/2!/5/41!.,,.24(*! 41!=4'*6(4.1!(.! ()*!.()*'! (@.!5'.&,2!/1=! 41! ()42!

6/2*!2).@*=!/!('*1=!(.@/'=2!/!24514346/1(!=433*'*16*!3'.>!()*!9E87""!6.''*-/(4.1!

@4()!()*!,-/6*?.!5'.&,!FM!G!7"I$J!,!G!HIHRU!(@.7(/4-*=LI!V)*!=.,/>41*7=*,*1=*1(!

8WC7<*1('/-!2('4/(&>!6.11*6(4<4(0!,/((*'1!2).@*=!1.!@4()417!.'!?*(@**175'.&,!

/22.64/(4.12!@4()!9E87""!26.'*2!F%45I!#IK:444LI!

! E1! (*'>2! .3! '*2&-(2! 4=*1(434*=! ?0! @).-*7?'/41J! ,.2(7=&/-! '*5'*224.1!

/1/-02*2J! ()*! =.,/>41*7=*,*1=*1(! 6.11*6(4<4(0! FP7=.,/! X! ,-/6*?.! X!

)/-.,*'4=.-L! ?*(@**1! /! '45)(! 2&,'/>/'541/-! 50'&2! 6-&2(*'! /1=! ()*! ABC! F%45I!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
"#;2!=*(*'>41*=!?0!()*!?.+,-.(!/-5.'4()>!41!8T88!<*'24.1!"RIH!F8T88!E16IJ!:)46/5.J!EPJ!Y8;LI!



! "#$!

#%&'(()!*+,!,(-.(/(0+.123!.4-+1(5423!067742+148!*(19!,:;<401!'=>?""!,0674,! (.!194!

-76:@!-(54.!9+26@47(862!A7!B!?C%#"D!@!B!C%C&"!1*6?1+(248E!F(-%!#%G)%!H6.?,(-.(/(0+.1!

4I:(5+24.1!067742+1(6.,!(.!194!@2+04;6!+.8!J?86@+!-76:@,!*474!;619!8(7401(6.+223!

6@@6,(14! A@6,(1(54)! 16! 19+1! (.! 194! 9+26@47(862! -76:@D! 16! +! ,(-.(/(0+.123! 8(//474.1!

84-744!AK!B!L%G&D!@!B!C%C"#!1*6?1+(248)!+.8!+1!174.8!24542,!AK!B!"%M$D!@!B!C%C$")D!

74,@401(5423%! H6! 61947! 06..401(5(13! @+1147.,! ,96*48!*(19(.?-76:@! 067742+1(6.,!

67!;41*44.?-76:@!(.147+01(6.,!*(19!'=>?""!,0674,%!

!

!
!"#$%&'()*)! N7:-?,@40(/(0! +,,60(+1(6.!;41*44.! +.147(67!NOH?@+7(41+2! 06..401(5(13! +.8!
(P@:2,(5(13%! Q.1476?04.17(0! NOH! 06..401(5(13! (.! 7(-91! ,:@7+P+7-(.+2! -37:,! A,44! F(-%!
#%&'(()! (,! ,(-.(/(0+.123! .4-+1(5423! 067742+148! *(19! ,:;<401! '=>?""! ,0674,! (.! 194! -76:@!
-(54.!9+26@47(862!A7!B!?C%#"D!@!R!C%C#!1*6?1+(248D!84.6148!;3!STTU)D!;:1!.61!(.!194!@2+04;6!
67! J?86@+! -76:@%! V94! 06..401(5(13?(P@:2,(5(13! 067742+1(6.! (.! 194! 9+26@47(862! -76:@! (,!
,(-.(/(0+.123!8(//474.1!16!19+1!(.!194!@2+04;6!-76:@!A@!R!C%CLD!84.6148!;3!STU)!+.8!,96*,!
174.8!24542,!6/!8(//474.04!16!19+1!(.!194!J?86@+!-76:@!A@!B!C%C$D!84.6148!;3!SWU)%!
!
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Subject impulsivity as measured by the BIS-11 
(higher score = more impulsive)

r = -.51**

r = .36

r = .09



!"#$!

!"#$%$&'()*(('+,$

!"#"$%&%'())*+,%

%&'(! ()*+,! '+-.)'/'-+! .01-2! 3.+! '4506)3.)! 2'.7(! 8-)9--.! +0534'.-!

.-*6040+*23)'0.! 3.+! (,()-4(:2-1-2! (';.322'.;!9')&'.! )&-!&*43.!863'.<!=-(*2)(!

5601'+-!-1'+-.>-!)&3)?!6-23)'1-!)0!3!523>-80?!+0534'.-!3;0.'()'>!3.+!3.)3;0.'()'>!

43.'5*23)'0.(!3)!@>2'.'>32A!+0(-(!B(--!(->)'0.!!"-"$C!3//->)!236;-:(>32-!6-()'.;:()3)-!

.-)9067!>0..->)'1'),!6-23)'0.(&'5(!'.!)&-!&-32)&,!&*43.!863'.!'.!80)&!0550('.;!

B2'.-36C!3.+!'.1-6)-+!D:(&35-+!B.0.2'.-36C!/3(&'0.(<!E'.-36!-//->)(!0/!+0534'.-!

+6*;! 40+*23)'0.! 9-6-! 9'+-(56-3+?! 0>>*66'.;! 9')&'.! >06)'>0:(*8>06)'>32! 3.+!

>06)'>0:>06)'>32! .-)9067(<! F.2,! 3! ('.;2-! .0.2'.-36! +0534'.-6;'>! -//->)! 93(!

'+-.)'/'-+?! 0>>*66'.;! 9')&'.! >06)'>0:(*8>06)'>32! =GH! >'6>*')6,<! I*6)&-6?! +6*;:

(5->'/'>! 3((0>'3)'0.(! 9-6-! 5'.50'.)-+! 8-)9--.! =GH! 6-3>)'1'),! )0! +0534'.-!

40+*23)'0.!3.+! '.+'1'+*32!+'//-6-.>-(! '.!)63')! '45*2('1'),?!6-1-32'.;!+'((0>'382-!

+6*;:5-6(0.32'),!'.)-63>)'0.!-//->)(!3>60((!+'()'.>)!+0534'.-:+-5-.+-.)!>06)'>0:

(*8>06)'>32!3.+!>06)'>0:>06)'>32!>'6>*')6,<!

!

!"#"-%&%./01*+%*02%0304/01*+%235*)/01%)32(4*6/30%37%83+6/839:(;83+6/8*4%016<3+=%

8300186/>/6,%

I'6()2,?! 0550('.;! -//->)(! 9-6-! +-40.()63)-+! 0/! 3;0.'()'>! 3.+! 3.)3;0.'()'>!

+0534'.-6;'>! >&322-.;-(! 0.! /*.>)'0.32! >0..->)'1'),! 6-23)'0.(&'5(! 8-)9--.!

+0534'.-:6'>&! (*8>06)'>32! 6-;'0.(! B(5->'/'>322,! 4'+863'.! 3.+! ()6'3)*4C! 3.+!

>066-(50.+'.;! .-0>06)'>32! >0;.')'1-! =GH(?! 3(! 9-22! 3(! 8-)9--.! )&-! 236;-:(>32-!

(*8>06)'>32!JKEH!3.+!6-;'0.(!0/!2-/)!(043)040)06!3.+!56-40)06!>06)-L<!G'4'236!

.-*632! >'6>*')(! &31-! 8--.! '452'>3)-+! '.! 3(5->)(! 0/! >0;.')'0.?! 5-6(0.32'),! 3.+!

6-936+! 560>-(('.;! 6-2-13.)! /06! .-*605(,>&'3)6'>! +'(06+-6(! >0440.2,! )6-3)-+!



! "#"!

$%&'! ()*+,%-./&+01.&%-1!,.(%2+&%)-3! 4.5156! 7+3&.88+-)3! .&! +856! 9::;<! 7)8.! .&! +856!

9:":=6!9:"9+<!>))=!+-(!?)8@)$6!9:":<!A)3&!.&!+856!9:":<!B'+--)-!.&!+856!9:""<!

C)8D! .&! +856! 9:""E5! A'.! )=3.0F.(! 8%-.+06! ()*+,%-./(.*.-(.-&! GHIJ/

,)&)0K*0.,)&)0! 2)--.2&%F%&L! 0.8+&%)-3'%*! %36! %-! *+0&6! +! 0.3&%-1/3&+&.!

2)00)=)0+&%)-! )D! &+3@/0.8+&.(! MNOP! DQ-2&%)-+8! 2)--.2&%F%&L! 0.3Q8&3! 0.*)0&.(! =L!

A)3&! +-(! 2)88.+1Q.36! $'%2'! 3')$.(! +! 0.(Q2&%)-! )D! 2)--.2&%F%&L! =.&$..-!

2),*+0+=8.! 48.D&! '.,%3*'.0.E! 3&0%+&+8! +-(! 2)0&%2+8! 0.1%)-3! %-! '.+8&'L! 3Q=R.2&3!

Q-(.0!'+8)*.0%()8! 4()*+,%-.!+-&+1)-%3,E!(Q0%-1!+!,)&)0!+2&%F+&%)-!*+0+(%1,!

4A)3&!.&!+856!9:":E5!N)0.)F.06! &'.!2Q00.-&!0.3Q8&3!*0)F%(.!%-&Q%&%F.!2)-D%0,+&%)-!

&'+&!+-!)**)3%-1!4+1)-%3&%2E!*'+0,+2)8)1%2+8!,+-%*Q8+&%)-!$%&'!I/()*+!'+3!&'.!

)**)3%&.! .DD.2&! )-! &'%3! 3+,.! ,)&)0! -.&$)0@! +-(! )&'.0! 2)0&%2)/3Q=2)0&%2+8!

2%02Q%&0L5! P-(..(6! I/()*+! 1.-.0+88L! !"#$%&'%'! 2)0&%2)/3Q=2)0&%2+8! -.&$)0@!

2)--.2&%F%&L! %-! &'%3! 3&Q(L! 3+,*8.6! $'.0.+3! '+8)*.0%()8! &.-(3! &)! (%#$%&'%! %&!

4+8&')Q1'! 3..! =.8)$! +-(! 3.2&%)-) *+,+-E5! A'.3.! D%-(%-13! 3Q11.3&! &'+&! OBJ!

DQ-2&%)-+8! 2)--.2&%F%&L! 2+-6! %-! 3),.! 2+3.36! *0)F%(.! +-! %-(%0.2&! ,.+3Q0.! )D!

()*+,%-.!-.Q0)&0+-3,%33%)-5!SD!-)&.6!&'.!8+&&.0!)=3.0F+&%)-!%3!+83)!%-!8%-.!$%&'!

*0%)0! .8.2&0)*'L3%)8)1%2+8! .F%(.-2.! )D! I/()*+! %-20.+3%-1! 2)0&%2)/3Q=2)0&%2+8!

-.Q0)-+8! 2)Q*8%-1! %-! T+0@%-3)-U3! (%3.+3.! 4C%88%+,3! .&! +856! 9::9E6! %-(%2+&%-1!

DQ0&'.0! &'+&! ,Q8&%,)(+8! DQ-2&%)-+8! 2)--.2&%F%&L! ,.+3Q0.3! 2+-! *0)F%(.!

2)-F.01%-1!.F%(.-2.!)D!-.Q0)&0+-3,%&&.0!.DD.2&3!)-!,+20)32)*%2!=0+%-!3%1-+88%-15!

B.2)-(8L! +-(! 2)-F.03.8L6! $')8./=0+%-! +-+8L3.3! 0.F.+8.(! +-! %-F.0&.(! V/

3'+*.(!+33)2%+&%)-!=.&$..-!()*+,%-.!,)(Q8+&%)-!+-(!0.3&%-1/3&+&.!2)--.2&%F%&L!

=.&$..-! &'.! GHIJ! +-(! 0.1%)-3! )D! ()03+8! +-&.0%)0K,%(/2%-1Q8+&.! 2)0&.W5! P-!

2)-&0+3&! &)! &'.! .!"%&$! .DD.2&3! )D! ()*+,%-.! (0Q1! 10)Q*! )-! 2)0&%2+8/GHIJ!

2)--.2&%F%&L! 3Q=3.0F%-1! ,)&)0! DQ-2&%)-%-1! 4A)3&! .&! +856! 9:":E6! &'%3! )=3.0F.(!



!"#$!

%&''(%)*+*),! '&'-*'(./*),! 0*12)! /(3-(%)! )2(! *'+&-+(0(')! &3! %*'14-.)(! %*/%4*)/,!

*05-*%.)(6! *'! )2(! 6&5.0*'(76(5('6(')! /(14-.)*&'8! &/! !"#$%$&'#$!(8! &3! 2*12(/7

-(+(-!%&1'*)*+(8!(0&)*&'.-!&/!0&)*+.)*&'.-!5/&%(99(9!:;492!()!.-<8!$===>!;&)+*'*%?8!

$==@>!A&&-9! .'6!BCD95&9*)&8! $=""E<!F2(!+./*.G*-*),! &3! .%)*&'! )2.)!6&5.0*'(/1*%!

6/419!9((0!.G-(!)&!(H(/)8!(+('!&'!)I&!6*9)*'%)8!6*9)/*G4)(6!*')(/.%)*&'!5.))(/'9!&3!

.!9*'1-(!94G%&/)*%.-!JKL8!0.,!1&!9&0(!I.,!)&I./69!(H5-.*'*'1!)2(!+./*.G*-*),!*'!

9,05)&0! 9(+(/*),8! )/(.)0(')! /(95&'9(8! .'6! 0&)&/! .'6! %&1'*)*+(! 9*6(! (33(%)9!

&G9(/+(6! %&'9*9)(')-,! *'! )2(! '(4/&59,%2*.)/*%! %-*'*%! :M&-6G(/1! ()! .-<8! "NNO>!

B.12(/! .'6!J&GG*'98! $==N>!P(*6G/(6(/! .'6!L(I0.'8!$="=E<! Q&/! (H.05-(8! )2*9!

+./*.G*-*),! 0.,! G(! /(95&'9*G-(! *'! 9&0(! I.,! 3&/! )2(! 3.%)! )2.)! .! '40G(/! &3!

R./?*'9&'S9! 6*9(.9(! 5.)*(')9! )/(.)(6! I*)2! 6&5.0*'(! .1&'*9)! 6/419! 6(+(-&5!

%&1'*)*+(7G(2.+*&4/.-! %&05-.*')9! .'6T&/! .66*%)*+(! 6*9&/6(/98! I2(/(.9! .!

0.U&/*),!6&!'&)!:A&&-98!$==#>!B.12(/!.'6!J&GG*'98!$==N>!V(*')/.4G!()!.-<8!$="=>!

A*-*.! .'6! +.'! D*0(/('8! $="">! 9((! .-9&! A2.5)(/! #E<! Q4)4/(! *'+(9)*1.)*&'! &3! )2(!

/(-(+.'%(! &3! -./1(79%.-(! '()I&/?! 34'%)*&'.-! %&''(%)*+*),! 9*1'.-! +./*.G*-*),! 3&/!

6&5.0*'(70(6*.)(6! '(4/&5-.9)*%! 5/&%(99(9! 0*12)! .-9&! .%%&4')! 3&/! 5&)(')*.-!

*')(/.%)*&'9!I*)2!&)2(/8!3&/!*'9).'%(!1-4).0.)(/1*%!.'6!/(-.)(68!'(4/&)/.'90*))(/!

&/! '(4/&%2(0*%.-! 9,9)(09! :(<1<8! J(,'&-69! .'6! V*%?('98! $==$>! W./4(--(! ()! .-<8!

$==OE<!

!

)*+*,-.-/$&#$(0#-1$(2'3-4!"'%$(2-%!451'#$!(&-!6-0!3#$0!70!3#$0'1-89:-0!((20#$;$#<-

X'! .66*)*&'! )&! /(+(.-*'1! 6*33(/(')*.-! (33(%)9! &3! 6&5.0*'(! &'! )2(! 34'%)*&'.-!

%&''(%)*+*),!G()I(('!94G%&/)*%.-!%*/%4*)/,!.'6!6*9)*'%)!%&/)*%.-!/(1*&'98!.'.-,9(9!

*6(')*3*(6! )I&! 9(5./.)(! .'6!&55&9*'1! -*'(./! 6&5.0*'(/1*%! (33(%)9! &'! 9*1'.--*'1!

G()I(('! )2(! 5/(6&0*'.')-,! .')(/*&/! '(&%&/)*%.-! BYL! .'6! 9(5./.)(! /(1*&'9! &3!



! "#$!

%&'()*+! ,-'.(/01! ').2/(.! 3)4&5.('6()3! 65! -57)'.)! /-5)6'! 6..&%-6(-&5! 8)(9))5! (:)!

;:6'46%&/&<-%6/! 4&32/6(-&5! &=! 3&;64-5)! 5)2'&('65.4-..-&5! 653! >?@!

=25%(-&56/!%&55)%(-7-(0!9-(:!')<-&5.!&=!(:)!/)=(!;')4&(&'!%&'()*+!A5/-B)!6//!&(:)'!

%2'')5(!653!(:)!46C&'-(0!&=!;')7-&2.!=-53-5<.!DE%:6'3!653!F2//4&')1!GHHIJ!K&.(!

)(! 6/+1! GH"HJ! 6/(:&2<:! .))! >-6%&5).%2! )(! 6/+1! GH"HL1! (:-.! ').2/(! -.! -53-%6(-7)! &=!

3&;64-5)! 65(6<&5-.4! 6%(26//0! !"#$%&'!"(1! '6(:)'! (:65! )%#$%&'!"(1! =25%(-&56/!

%&55)%(-7-(0+!K:2.1!9:-/)!-(!:6.!8))5!:0;&(:).-.)3!(:6(!:6/&;)'-3&/!<-7)5!6%2()/01!

7-6! 6! .2;;')..-7)! )==)%(! &5! .056;(-%! ;/6.(-%-(01! -.!4&')! /-B)/0! (&! 3)%')6.)! (:65!

-5%')6.)!5)2'&56/! %&55)%(-7-(0! DK&.(! )(! 6/+1! GH"HL1! (:)! %2'')5(! =-53-5<.! .2<<).(!

%&57)'.)/0! (:6(! (:)! 4)%:65-.4.! 80! 9:-%:! 3&;64-5)! 4)3-6().! 5)(9&'B!

=25%(-&56/! %&55)%(-7-(0!&'*+%&',$%)* -.* /012* 3456!460! 5&(! 8)! )*;/6-5)3!9-(:!

.2%:! ;6'.-4&50"#+! @)7)'(:)/)..1! 6! .)%&53! /-5)6'! <'&2;! )==)%(! &=! 3&;64-5)!

5)2'&4&32/6(-&5!96.!=&253!&5!>?@!%&55)%(-7-(0!9-(:!(:)!'-<:(!.2;'646'<-56/!

<0'2.M-5('6;6'-)(6/! .2/%2.! ')<-&5.! &=! (:)! -5=)'-&'! ;6'-)(6/! %&'()*+! K:-.! 460! 8)!

')/)765(! =&'! (:)! 9-3)/0! 3).%'-8)3! N65(-O%&'')/6(-&5P1! &'! 5)<6(-7)! ()4;&'6/!

%&2;/-5<1! 8)(9))5! (:)! >?@! 653! ='&5(&;6'-)(6/! %&<5-(-7)! QR@.! -57&/7-5<!

.2;'646'<-56/! 653! -5('6;6'-)(6/! ')<-&5.1! (:)! .(')5<(:! &=! 9:-%:! -.! (:&2<:(! (&!

')=/)%(!(:)!)==-%-)5%0!&=!%&<5-(-7)!;'&%)..-5<!D,&*!)(!6/+1!GHHSJ!F6/-B-!)(!6/+1!GHHTJ!

U6.()//65&.!)(!6/+1!GHHTJ!V)//0!)(!6/+1!GHHTJ!U&/)!)(!6/+1!GH"H8J!.))!6/.&!U:6;()'!$!

653! .)%(-&5* 78989L+! W53))31! (:)! /-5)6'! )==)%(! &=! 3&;64-5)! -5! (:).)! 36(6! .:&9.!

:6/&;)'-3&/! (&! !"#$%&'%* "%(&:!;%* <,"#:!="&>* #=""%#:!;!:.! 8)(9))5! (:)! >?@! 653!

65()'-&'!-5=)'-&'!;6'-)(6/!')<-&5.+!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
"#W(! .:&2/3!8)!5&()3! (:6(! (:)!6;;'&6%:!&=!76'-65%)!5&'46/-.6(-&5!6;;/-)3!:)')! D6.!3).%'-8)3! -5!

.)%(-&5! ?8?8?L1! 9:-%:! -.! .)5.-(-7)! (&! X64;/-(23)Y! 6.! 9)//! 6.! X.:6;)Y! %&5('-82(-&5.! (&! =25%(-&56/!
%&55)%(-7-(0!4)6.2').1!460!;'&7-3)!3-==)')5(-6/!.)5.-(-7-(01!=&'!)*64;/)1!(&!)==)%(.!(:6(!9&2/3!5&(!

8)!3)()%(68/)!9-(:!;2')/0!%&'')/6(-7)!6;;'&6%:).+!



!"#$!

%&'!()*!+,!-./'0! 123'11'4!2,!2! 5/2,6!0'72/+8'9!:;*<!-.!=&+>&!/&'!207?12@!

7A@?,! B-@/+-0! -.! /&'! +0.'@+-@! B2@+'/21! >-@/'C! +,! 20! +0/'7@21! B2@/! D:2+>&1'! '/! 21E<!

FGG"HE! I-08'@,'1A<! /&'! .@-0/-B2@+'/21! :;*,<! -.! =&+>&! J-@'! 20/'@+-@!

,?B@2J2@7+021!204!+0/@2B2@+'/21!@'7+-0,!.-@J!2!6'A!0-4'<!2@'!4''J'4!/-!3'!5/2,6!

B-,+/+8'9! DK-C! '/! 21E<! FGGLM! (-,'032>&! '/! 21E<! FGGNM! O+0>'0/! '/! 21E<! FGGPHE! %&+,!

202/-J+>21! >-0/+7?+/A! &2,! 1'4! ,-J'! @','2@>&'@,! /-! B?/! .-@=2@4! /&'! +0.'@+-@!

B2@+'/21! >-@/'C! 2,! 2! Q/@20,+/+-0! R-0'S!3'/=''0!4'.2?1/!J-4'! 204! .@-0/-B2@+'/21!

:;*,!DI-&'0!'/!21E<!FGGPM!)'00',!'/!21E<!FG"GHE!T0!1+0'!=+/&!/&'!>-JJ-0!.+04+07!

/&2/!/&','!,B2/+211A!4+,/+0>/!0'/=-@6,!2@'!/'JB-@211A!0'72/+8'1A!>-?B1'4<!+/!>-?14!

/&'@'.-@'! 3'! +0.'@@'4! /&2/! /&+,! B2@+'/21! /@20,+/+-0! @'7+-0! +,! +4'211A! ,B2/+211A!

,+/?2/'4! .-@<! -@! B12A,! 20! +JB-@/20/! B2@/! +0<! B@-J-/+07! /&'! 4A02J+>! +0/'@B12A!

3'/=''0! .?0>/+-0211A! 4+,,->+231'! >-70+/+8'! 0'/=-@6,E! U1/&-?7&! /&'+@! B@+J2@A!

@'B-@/'4!.+04+07!>'0/@'4!-0!/&'!@-1'!-.!20/'@+-@!+0,?12!+0!54@+8+079!/&'!,=+/>&+07!

3'/=''0!J2V-@!>-70+/+8'!:;*,<!,?>&!2!B-,,+3+1+/A!&2,!3''0!,?77',/'4!B@'8+-?,1A!

3A!;@+4&2@20!204!>-11'27?',!D2,!B2@/!-.!,?BB1'J'0/2@A!4+,>?,,+-0M!;@+4&2@20!'/!

21E<!FGGPH<!32,'4!-0!4+@'>/+-021<! 5'..'>/+8'9!>-00'>/+8+/A!2021A,',!-.! @',/+07W,/2/'!

K):T! 42/2! D21/&-?7&! 0-/'! /&2/! /&'+@! ,/?4A! +0>-@B-@2/'4! X@207'@! >2?,21+/A!

J'/&-4,<! =&+>&! .2>'! +JB-@/20/! >28'2/,! @'72@4+07! /&'+@! 2BB1+>23+1+/A! /-! K):T!

42/2M!,''!'E7E<!;J+/&!'/!21E<!FG""M!,''!21,-!,'>/+-0!"#$#%HE!T04''4<!-0'!-.!/&'!J2V-@!

&AB-/&',+,'4! J'>&20+,J,! 3A! =&+>&! 3@2+0! 4-B2J+0'! 2>/,! +,! +0! J'4+2/+07! /&'!

4A02J+>! 32120>'! 3'/=''0! B@->',,',! -.! Q.1'C+31'! ?B42/+07! 204! >-70+/+8'!

,/23+1+R2/+-0S! DI--1,! 204! (YZ,B-,+/-<! FG""HE! %&?,<! /&'! >?@@'0/! .+04+07! -.!

4-B2J+0'W4'B'04'0/!B2@+'/21!/@20,+/+-0!@'7+-0!>-00'>/+8+/A!=+/&!/&'!()*!>-?14!
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@'1'820/!.-@!'..+>+'0/!>-70+/+8'!.?0>/+-0+07<!21/&-?7&!.?@/&'@!,/?4+',!2@'!@'[?+@'4!
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%&!'&()*+,!%-*.!*(%/+0+/%1%*&(2!3(*%*14!.500&+%!)&+!%-/!+/4/61('/!&)!%-*.!)*(7*(8!)&+!

(/5+&'-/,*'14! 0+&'/../.! 5(7/+49*(8! '&8(*%*6/! /))*'*/('9:! )4/;*<*4*%9! &+!

&0%*,*.1%*&(! .%/,.:! 0/+-10.:! )+&,! %-/! 7+58=7/0/(7/(%! 1..&'*1%*&(! )&5(7! -/+/!

</%>//(! %-*.! .0/'*)*'! '&((/'%*6*%9! 01%%/+(! 1(7! ./4)=+/0&+%/7! *,054.*6*%9!

,/1.5+/.!?(&%*(8:!-&>/6/+:!%-1%!.*,*41+!*,054.*6*%9!1..&'*1%*&(.!1+/!)&5(7!>*%-!

7&01,*(/=7/0/(7/(%! '&+%*'&=.5<'&+%*'14! '&((/'%*6*%9! 01%%/+(.! *7/(%*)*/7! *(!

./01+1%/!1(149./.@2!

!

!"#"#$ %$ &'()*+,-./0/.$ 1++2./13/24+$ 5-36--4$ 72,18/4-*7-,-47-43$ 9:;$ 0(4.3/241<$

.244-.3/=/3>$147$3'1/3$/8,(<+/=/3>$

A.*7/! )+&,! %-/! 8+&..! 4*(/1+! 1(7! (&(4*(/1+! /))/'%.! &)! 7&01,*(/+8*'!

0-1+,1'&4&8*'14! '-144/(8/.!&(! .9.%/,.=4/6/4! )5('%*&(*(8:! ./4/'%*6/! 1..&'*1%*&(.!

>/+/! 14.&! *7/(%*)*/7! </%>//(! ./4)=+/0&+%/7! *,054.*6/! 0/+.&(14*%9! %+1*%.! 1(7!

*(7*6*7514!+/.0&(./.!%&!7&01,*(/!,&7541%*&(!&)!'&+%*'&=.5<'&+%*'14!1(7!'&+%*'&=

'&+%*'14!(/%>&+B!'&((/'%*6*%9!01%%/+(.2!C-/!0+/7*'%*6/!.%+/(8%-!1(7!7*+/'%*&(!&)!

%-/./!01%%/+(.!7*))/+!7/0/(7*(8!&(!%-/!DEF!*(6&46/7:!0/+-10.!+/)4/'%*(8!7*.%*('%!

(/%>&+B!)5('%*&(.!?G/'B,1((!/%!142:!HII$J!E//4/9!/%!142:!HIIKJ!E,*%-!/%!142:!HIIL@2!

M&+! /;1,04/:! %-/! NOF! 1(7! )+&(%&01+*/%14! (/%>&+B.! 1+/! %-&58-%! %&! .5<./+6/!

&00&.*(8! 1.0/'%.! &)! '&8(*%*&(:! <5%! 1+/! ./47&,! +/41%/7! 7*+/'%49! %&! *,054.*6*%9:!

14%-&58-! ,/%1=1(149%*'! >&+B! .%+&(849! *,04*'1%/.! %-/! +*8-%=41%/+14*./7! MPF! *(!

*(-*<*%&+9! '&(%+&4! ?E,*%-! /%! 142:! HIIL@2! M*(7*(8.! )5+%-/+! /;01(7! &(! 0+/6*&5.!

/6*7/('/! <9! -*8-4*8-%*(8! %-1%! 7&01,*(/+8*'! (/%>&+B! 7*))/+/('/.! *(! *,054.*6*%9!

/;%/(7!</9&(7!%-/!,*7<+1*(!1(7!<1.14!81(84*1!?N144/9!/%!142:!HIIKJ!G5'B-&4%Q!/%!

142:!HI"I@!%&!41+8/=.'14/:!)5('%*&(1449!7*..&'*1<4/!(/&'&+%*'14!.9.%/,.2!



!"##!

$%&'%('&)! *+!,''-,!+./+!,012'3+! *-405,*(*+6!3%&&'5/+',!4&'7'&'8+*/556!/89!

9*77'&'8+*/556!:*+.!+.'!'77'3+,!%7!./5%4'&*9%5)!&'5/+*('!+%!;<9%4/)!%8!3%88'3+*(*+6=!

>.'! 8'0&%1*%5%?*3/5! &'/,%8,! 7%&! +.*,! /&'! 0835'/&)! 10+! -/6! &'5/+'! +%!

4./&-/3%5%?*3/5! 9*77'&'83',! 1'+:''8! +.'! 9&0?,! *8! ,4'3*7*3*+6! %&! 4%+'836=!

@9-*8*,+'&*8?! 'A%?'8%0,! ;<9%4/! *89*&'3+56! *83&'/,',! 8'0&%+&/8,-*,,*%8! 16!

&/*,*8?! 'A*,+*8?! 5'('5,! %7! +.'! 9%4/-*8'! 4&'30&,%&)! :.'&'/,! /30+'! ./5%4'&*9%5!

3./55'8?'! 4&'7'&'8+*/556! 15%3B,! 8'0&%+&/8,-*,,*%8! /+! 9%4/-*8'! CD! &'3'4+%&,=!

>.'! 5/++'&! *,! +.%0?.+! +%! ,044&',,!-'3./8*,-,!?%('&8*8?! ,68/4+*3!45/,+*3*+6)! /8!

'77'3+! 5*B'56! +%! 1'! &'75'3+'9! *8! 7083+*%8/5! 3%88'3+*(*+6! -'/,0&',! EF*! /89! G%%)!

DHH"I!J/*8*!'+!/5=)!DHHKI!;':*,!'+!/5=)!DHHLI!>%,+!'+!/5=)!DH"HM=!>.'!30&&'8+!7*89*8?,!

&/*,'! +.'! 4%,,*1*5*+6! +./+! -/&B'&,! %7! *-405,*('! 4'&,%8/5*+6! -/6! /5,%! *8750'83'!

+.','! -'3./8*,-,=! @5+'&8/+*('56)! *8! /! .'/5+.6)! 8'0&%5'4+*3<8/N('! 4%405/+*%8)!

?'8'+*3)! -'+/1%5*3! %&! 8'0&%4.6,*%5%?*3/5! 9*77'&'83',! *8! ,0,3'4+*15'! *89*(*90/5,!

-/6! *83&'/,'! ,'8,*+*(*+6! +%! 8%('5! 9%4/-*8'! /8+/?%8*,-! :*+.! 35*8*3/5! 9%,',! %7!

./5%4'&*9%5! -%&'! 9&/-/+*3/556! +./8! ,'8,*+*(*+6! +%! *89*&'3+! /?%8*,-! :*+.! +.'!

8/+0&/556! 4&','8+! ;<9%4/! -%5'305'=! J03.! 4&%4'8,*+6! -/6! 1'! %856! *89*&'3+56!

&'5/+'9! +%! .*?.! +&/*+! *-405,*(*+6)! /5+.%0?.! 'O0*(/5'8+! *8+'&/3+*%8,! ./('!

4&'(*%0,56! 1''8! *9'8+*7*'9! 1'+:''8! *-405,*(*+6! 9*77'&'83',! /89! +.'! 7083+*%8/5!

'77'3+,!%7!!"#$%&!9%4/-*8'!/?%8*,+,!EP%%5,!'+!/5=)!DHHQI!C/55'6!'+!/5=)!DHHQM=!

!

'()('*+*,$&-.!./.0"%1/*%.23"!$#1&".23*

R+! *,! *-4%&+/8+! +%! .*?.5*?.+! +./+! 3%&&'5/+*%8,! :*+.! *-405,*(*+6! -'/,0&',! :'&'!

'A45%&/+%&6! /89)! +.'&'7%&')! ,*?8*7*3/8+! &',05+,! 5*-*+'9! +%! +.'! ?&%04! ?*('8!

./5%4'&*9%5! ,.%059! 1'! *8+'&4&'+'9! 3/0+*%0,56)! /,! ,.%059! +.'! 7/3+! +./+! ,03.! /8!

/,,%3*/+*%8!*,!%856!/44/&'8+!:*+.!8'+:%&B!3%88'3+*(*+6!&'5/+*%8,.*4,!9*,45/6*8?!



! "#$!

%&'()*+!)',!'-.!'-'%&'()*+!(//(0.1!-/!,-2)3&'(!3-,4%).&-'5!6.!17-4%,!)%1-!8(!'-.(,!

.7).! .7(! -89(0.&:&.;! -/! .7(! <6=>""! 1(%/>*(2-*.! 10)%(! &'! )11(11&'?! 34%.&>/)0.-*&)%!

&324%1&:&.;!&1!)!1489(0.!-/!1-3(!,(8).(!&'!.7(!2(*1-')%&.;!21;07-%-?&0)%!%&.(*).4*(!

@/-*!*(:&(A!1((+!(5?5+!B:(',('+!"CCCD5!E-A(:(*+!)1!)!?('(*)%!0-'1.*40.!&.!,&12%);1!

*-841.! &':(*1(! )11-0&).&-'1! A&.7! 3-%(04%)*! &3)?&'?! 3()14*(1! -/! 1480-*.&0)%!

FGHFI! *(0(2.-*! ):)&%)8&%&.;! 2(*.&'('.! .-! ,-2)3&'(! '(4*-.*)'13&11&-'!

@<40J7-%.K!(.!)%5+!GL"LDM!)!*(14%.!.7).!2*-:&,(1!*()114*)'0(!&'!.7(!0-'.(N.!-/!.7(!

04**('.!1.4,;5!

! =(0-',%;+! 1&3&%)*! .-! .7(! 1.4,;! ,(10*&8(,! &'! O7)2.(*! I! 41&'?! )! '&0-.&'(!

%-K('?(! &'.(*:('.&-'! @)',! )1! &1! )! 0-'0(*'! &'! .7(! 3)9-*&.;! -/! PQR6! 1.4,&(1!

&':-%:&'?! 27)*3)0-%-?&0)%! 3)'&24%).&-'1D+! ,&*(0.! :)1-)0.&:(! (//(0.1! -/! .7(!

,-2)3&'(! ,*4?1! 41(,! 7(*(! )*(! ,&//&04%.! .-! *4%(! -4.! @1((! )%1-! 1(0.&-'! !"#"#D5!

S-'(.7(%(11+! .7(*(! &1! '-! 2*(0(,('.! .-! (N2(0.! .7).! )';! 1407! '-'>'(4*-')%! ,*4?!

(//(0.1! A-4%,! 8(! 12).&)%%;! 12(0&/&0! -*! ,&*(0.&-')%%;! '-'>12(0&/&0+! *).7(*! .7)'!

?%-8)%%;! 2(*:)1&:(! )',! 4'&,&*(0.&-')%5! T741+! .7(! /)0.! .7).! .7(! 04**('.! 1.4,;!

&,('.&/&(,! 34%.&2%(! ,&//(*('.! .;2(1! -/! ,*4?! (//(0.1+! -004**&'?! &'! ,&//(*('.!

,&*(0.&-'1!&'!,&1.&'0.+!,&1.*&84.(,!'(4*)%!'(.A-*J1+!1(*:(1!.-!3&'&3&1(!)';!1407!

0-'0(*'15!

P&')%%;+! &.! 17-4%,! 8(! '-.(,! .7).+! 8;! :&*.4(! -/! .7(! 1.4,;! ,(1&?'+! .7(!

0-'0(2.4)%&1).&-'!-/!.7(!U&':(*.(,!VW!2*(1('.(,!7(*(!&1!'-.!2*(0&1(%;!)')%-?-41!.-!

.7).!24.!/-*A)*,!2*(:&-41%;!@O--%1!)',!FXB12-1&.-+!GL""D5!T7&1!1.4,;!12(0&/&0)%%;!

.(1.(,+!&'!.7*((!&',(2(',('.!?*-421+!.7(!%&'()*!)',!'-'%&'()*!(//(0.1!-'!):(*)?(!

-/! &'0*()1&'?! )',! ,(0*()1&'?! ,-2)3&'(! '(4*-.*)'13&11&-'! A&.7!

'(4*-3-,4%).-*;! ,*4?15! T7(! /*)3(A-*J! 2-1&.(,! 8;! O--%1! )',! FWB12-1&.-+!

7-A(:(*+! (327)1&1(1! .7(! 0-'.*&84.&-'! -/! &',&:&,4)%! ,&//(*('0(1! &'! 8)1(%&'(!



!"#$!

%&'()*+,! -&+-,+./(.*&+0! .&! %&'()*+,10! *+2,/.,%! 3! 4-&+.*+55)16! 7&! *+.,/'/,.!

+&+8*+,(/!&90,/2(.*&+0!/,058.*+:!;/&)!.<,!-5//,+.!0.5%=!(0!,2*%,+-,!&;!*+2,/.,%!

3>0<(',%! ,;;,-.0! &;! %&'()*+,! 8,2,80! &+! ;5+-.*&+(8! '/&-,00*+:! /,?5*/,0! .<,!

(005)'.*&+!.<(.@!'/*&/!.&!%/5:!(%)*+*0./(.*&+@!059A,-.0!*+!.<,!.</,,!,B',/*),+.(8!

:/&5'0!%*%!+&.!%*;;,/@!&+!(2,/(:,@!*+!.<,*/!9(0(8!9/(*+!%&'()*+,!8,2,806!C8.<&5:<!

.<*0!(005)'.*&+!*0!D,88!;&5+%,%@!*.!-(++&.!9,!-&+;*/),%!5+,?5*2&-(88=!;/&)!.<,!

-5//,+.! %(.(6! E+%,,%@! ;5.5/,! ;5+-.*&+(8! -&++,-.*2*.=! 0.5%*,0! *+2,0.*:(.*+:! .<,!

4*+2,/.,%! 31! <='&.<,0*0! )(=! 9,+,;*.! ;/&)! (%)*+*0.,/*+:! /,',(.,%! &/! 2(/=*+:!

%&0,0!&;!%&'()*+,/:*-!%/5:0@!&/!.</&5:<!-&)9*+*+:!/,0.*+:>0.(.,!FGHE!(+%!IJ7!

*)(:*+:!),.<&%&8&:*,0!K(0!*+!L<('.,/!MN@!.&!'/&2*%,!D*.<*+>059A,-.!),(05/,0!.&!

,85-*%(.,! <&D!9(0,8*+,!%&'()*+,! 8,2,80! &/! /,-,'.&/! (2(*8(9*8*.*,0! *+;85,+-,! .<,!

/,(-.*2*.=! &;! 9/(*+! ;5+-.*&+(8! +,.D&/O0! .&! '<(/)(-&8&:*-(8! -<(88,+:,6!

F5/.<,/)&/,@! 05-<!)58.*)&%(8! *)(:*+:! *+2,0.*:(.*&+0!D&58%! &+8=! 9,+,;*.! ;/&)!

.<,!(%%*.*&+(8!*+-850*&+!&;!:,+&.='*+:!'/&-,%5/,0@!.&!-/&00>,B()*+,!.<,!:,+,.*-@!

+,5/&9*&8&:*-(8!(+%!+,5/&-<,)*-(8!;(-.&/0!*+;85,+-*+:!*+.,/),%*(.,!'<,+&.='*-@!

8(/:,>0-(8,!+,.D&/O!;5+-.*&+(8!-&++,-.*2*.=!),(05/,0!&;!*+%*2*%5(8!%*;;,/,+-,0!*+!

.<,!/,0'&+0,!.&!,B',/*),+.(8!*+.,/2,+.*&+0!05-<!(0!%&'()*+,!)(+*'58(.*&+!K0,,!

,6:6@!P*5!,.!(86@!QR"RS!T&/%&+!,.!(86@!QR"QS!0,,!(80&!0,-.*&+0!!"#"$!(+%!!"#"%N6!

!

&"'"%()(*+,-./01+,0(

U,0'*.,! *+.,+0*;=*+:! +,5/&'0=-<*(./*-! *+.,/,0.! *+! .<,! '&.,+.*(8! %*(:+&0.*-! (+%!

'/&:+&0.*-!2(85,!&;!/,0.*+:>0.(.,!9/(*+!(-.*2*.=!KT/,*-*50!,.!(86@!QRRMS!F*8*''*+*!,.!

(86@! QRRVS! L&8,! ,.! (86@! QR"R9S! F&B! (+%! T/,*-*50@! QR"RS! G(..<,D0! ,.! (86@! QR""S!

G5/'<=! (+%! G(-O(=@! QR""N@! ;5+-.*&+(8! +,5/&*)(:*+:! ),(05/,0! 0,+0*.*2,! .&!

.<,0,!%*0./*95.,%@!0=0.,)0>8,2,8!-&++,-.*2*.=!'<,+&),+(!<(2,@!.<50!;(/@!/,2,(8,%!



! "#$!

%&''%(! ()&*(+,(! '-.'! %&+(./! 0/! 1&+)(/'(*! 234-.5(*6! (77(,'4! 07! *05.8&+(/9&,!

5/0,(44&+9:! 4&8&%./! '0! '-04(! 0;4(/).;%(! *</&+9! 5/(4,/&;(*! ,09+&'&)(! '.4=4:! ./(!

8(.4</.;%(! &+! 450+'.+(0<4! +(</.%! 4&9+.%%&+9! 5.''(/+4>! ?0+('-(%(44:! &7! 4<,-!

5.''(/+4!(@&4':!AB?!7<+,'&0+.%!,0++(,'&)&'C!8(.4</(4!4-0<%*:!&+!'-(0/C:!;(!.;%(!'0!

(@'/&,.'(!'-(8:!*<(!'0!'-(!5/0504(*!.;&%&'C!'0!8.5!;&0%09&,.%%C!5%.<4&;%(!(77(,'4!

0+!4C4'(843%()(%!4&9+.%%&+9!'-/0<9-0<'!'-(!(+'&/(!;/.&+!DE(,=8.++!('!.%>:!FGGHI!

B8&'-!('!.%>:!FGG$J>!

K+!%&+(!L&'-!'-(4(!.44(/'&0+4:!'-&4!4'<*C!70<+*!*&4'&+,'!,0/'&,034<;,0/'&,.%!

.+*! ,0/'&,03,0/'&,.%! +('L0/=! 7<+,'&0+.%! ,0++(,'&)&'C! 5.''(/+4! '0! ;(! .77(,'(*!

*&77(/(+'&.%%C!;C!*05.8&+(!.90+&4'! DM3*05.J!.+*!.+'.90+&4'! D-.%05(/&*0%J!*/<94!

.'!,%&+&,.%!*04(4!<4(*!/(9<%./%C!'0!'/(.'!+(</054C,-&.'/&,!*&40/*(/4:!/(%.'&)(!'0!.!

5%.,(;0>! N-&%(! %&+(./! (77(,'4! 07! *05.8&+(! +(</080*<%.'&0+! L(/(! .55./(+'!

.,/044! 8<%'&5%(! ,0/'&,03,0/'&,.%! .+*! ,0/'&,034<;,0/'&,.%! 7<+,'&0+.%! ,0++(,'&0+4:!

.+! &+)(/'(*! 234-.5(*! ,0++(,'&)&'C! /(450+4(! '0! 5-./8.,0%09&,.%! ,-.%%(+9(!L.4!

70<+*! 0+%C! L&'-&+! ;.4.%! 9.+9%&.3,&+9<%.'(! ,&/,<&'/C>! O</'-(/:! 7&+*&+94! /()(.%!

*&440,&.;%(! */<935(/40+.%&'C! &+'(/.,'&0+! (77(,'4! .,/044! *&4'&+,'! *05.8&+(3

*(5(+*(+'!,0/'&,034<;,0/'&,.%!.+*!,0/'&,03,0/'&,.%!,&/,<&'/C>!A(4<%'4!&+*&,.'(!'-.'!

'-(! 4C4'(843%()(%! ;/.&+! /(450+4(! '0! './9('(*! 5-./8.,0%09&,.%! PF! /(,(5'0/!

;%0,=.*(! L&'-! .! 4(%(,'&)(! .+'.90+&4'! 8.C! ;(! .! 80/(! 4(+4&'&)(! &+'(/8(*&.'(!

5-(+0'C5(! 70/! ,(/'.&+! +(</054C,-&.'/&,! &+*&,.'&0+4:! 4<,-! .4! '/.&'! &85<%4&)&'C:!
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x = -2 y = -42 z = -26

Cerebellar RSN z = 3 z = 10
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.G8)9*6.,+!,.?*+)9.!A-8+!,',4&)?,)7)(*,+B!('55.6*+)',!),!PQ!R,!Q%!<.;)(*+)',&!A-8+!,'+!

;85),?!Q%!/)+C;5*/*6B@!
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=*8:7-.,*/)"-/8",=>:7),;,.<"
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C.<)&=C.5.!5.?)',!AV)?@!W@K%)B!;)&=6*:),?!&)?,)7)(*,+6:!?5.*+.5!0123!(',,.(+)9)+:!

),!IF&!5.6*+)9.!+'!PQ!A),;.=.,;.,+!'7!Q%!(',;)+)',B@!V85+C.5<'5.H!+C)&!='&)+)9.!
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.+/,+0+$),*:!&!;!9<=>?@!$%&&'()*+%,!+,!AB!C,!7D!;!<=<E?@=!
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F1!5.+,/!),!)DD&%)$G!$%38+,+,/!&'.*+,/9.*)*'!HIJK!-+*G!35(*+6)&+)*'!7KLM@!),2!

3)..! 5,+6)&+)*'! 7NFLM@! 05,$*+%,)(! $%,,'$*+6+*1! ),)(1.+.! *'$G,+45'.O! *G+.! .*521!

+2',*+0+'2!$%&*+$%9.58$%&*+$)(!JNP!05,$*+%,)(!$%,,'$*+6+*1!D)**'&,.!.5//'.*+6'!%0!
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-+*G%5*! $(')&! ,'5&%D.1$G+)*&+$! $%3%&8+2+*+'.O! $%,.+2'&)8('! '6+2',$'! -).! )(.%!

&'6')('2! 0%&! U,%,9,%&3)(+.+,/R! '00'$*.! %0! BM! %,! )! &),/'! %0! $%&*+$%9.58$%&*+$)(!

05,$*+%,)(! $%,,'$*+%,.O! '$G%+,/! ,'5&%D.1$G%(%/+$)(! %8.'&6)*+%,.! &'D%&*'2!

-+2'(1!+,!*G'!(+*'&)*5&'!70%&!&'6+'-.!.''!L%%(.O!><<V:!B)/G'&!),2!J%88+,.O!><<#:!

L+(+)! ),2! 6),! W+3'&',O! ><""@=! P%*)8(1O! +,! *G+.! .*521! .)3D('O! +,2+6+25)(!

2+00'&',$'.! +,! +3D5(.+6'! 2'$+.+%,93)Q+,/! -'&'! 0%5,2! *%! 8'! )..%$+)*'2! -+*G!

$%,,'$*+6+*1!-+*G+,!.*&+)*)(X8).)(!/),/(+)!$+&$5+*&1!+,!G')(*G1!.58T'$*.O!85*!,%*!+,!

*G'! AB! D)*+',*.! +,! -G%3! *G+.! .)3'! $+&$5+*&1! 2+.D()1'2! )8'&&),*! 05,$*+%,)(!

$%,,'$*+6+*1=! H+,2+,/.! 7+@! .5DD%&*! *G'! 'Y+.*',$'! %0! $%3D',.)*%&1! ,'5&)(!

$%,,'$*+6+*1! 3'$G),+.3.! +,! ABO! 6+)! +,$&').'2! &'$&5+*3',*! %0! $'&'8'(()&! ),2!

%*G'&!()&/'9.$)('!&'.*+,/9.*)*'!,'*-%&Q.!+,!&'.D%,.'!*%!.*&+)*)(!21.05,$*+%,!7'=/=O!

MDD'(9L&'..-'((! '*! )(=O! ><"<@O!-G+('! 7++@! 'Y*',2+,/!,'5&%8+%(%/+$)(! '6+2',$'! 0%&!

*G'!D&+%&!&'D%&*'2!'Y)$'&8)*+,/!'00'$*.!%,!$%/,+*+6'!),2!3%*+6)*+%,)(!.13D*%3.!
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%&'(!)*++*,-./0123)1&425!67!51893!:2;9;<!6=9(21!=,5!>*44&,3<!$??#@!A2&,'1=84!

2'!=-;<!$?"?B;!
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!"#"$%&%'()*+,-)./%01/12.)*1%-3%45%6,+780.6./%1331*+9%-)%*-))1*+,2,+:%,)%;4%

C'!&3!021(=03!38101&3&,9<!9&D2,!'(2!E,*%,!42,2F&)&=-!2FF2)'3!*F!67!+25&)='&*,!*,!

:-=192-.! +*'*1B! 3.+0'*+3! *F! G6<! '(='! '(&3! 3'85.! F*8,5! ,*! ,*1+=-&3&,9<! 48'! =!

,8+421!*F! ,*,/,*1+=-&3&,9<!67!2FF2)'3! *,! )*1'&)*/384)*1'&)=-!>HI! )*,,2)'&D&'.!

0=''21,3! &,! '(2!5&32=32;! C,!0=1'&)8-=1<! '(212! &3! =! ,*'=4-2! -=)E!*F! =,.!*4321D=4-2!

2FF2)'! *F! 67! +25&)='&*,! %&'(51=%=-<! *1! &,5225! *F! G6! &'32-F<! *,! 3*+='*+*'*1!
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K%=E! 2'! =-;<! $?"?B! =,5<! '*! =! )21'=&,! 2L'2,'<! '(*32! 120*1'25! (212! &,! (2=-'(.!
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