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3B(*) ! M%*D%M+4!?'4I(Q(<W!4()HIBH<<I! ?(M,%BM%J]! g"&O.! W<! (?+)<- ! 4(Q<!=>/44?3,/0 @/@@,44/1/!
<?[,]% B!W(IH! D4'%,<BM<*I4]54+[<4<-! J4+B?+! ?<?[,+*<B 0<Q<,]! IW%! ?(*'I<B!D,%?! :!%,IH%)%*+4!
Q(<W(*)!-(,<MI(%*B!+*-!D%,!B<Q<,+4!H%',B.!W(IH%'I!M%?J,%?(B(*)!IH<(,!-<Q<4%J?<*Ic!C()H!b'+4(I]!
:U! -+I+B<IB!W(IH! (B%I,%J(M! BJ+I(+4! ,<B%4'I(%*!W<,<!%[I+(*<-!+DI<,! D'B(%*!%D! IH<! D%',! 0U! (?+)<B!
M+JI',<-! +I! <+MH! I(?<! J%(*I! g8()',<B! \".! \/Oc! ^H<]!<ZI<*- !D,%?! IH<! @:5M<44! BI+)<! I%! IH<! (*(I(+4!
I+(4['- ! g>?[,]%"O ! +*-! 4+I<! *<','4+! g>?[,]%/O! BI+)<B! ,<BJ<MI(Q<4].! M%Q<,(*) ! IW%! ?+7%,!
?%,JH%)<*<I(M! J,%M<BB<B.! )+BI,'4+I(%*! +*-! *<','4+I(%*! g\'JJc! -+I+B<IB.! S(-<%! \".! 8()',<! " O.!
IH,%')H!'J!I%!: !M<44!-(Q(B(%*Bc!!
!
\ ]BI<?+I(M! B<)?<*I+I(%*!+*-! 4%*)5I<,?! I,+MN(*)!%D!+44!?<?[,+*< 54+[<4<-!M<44B! %D!+! -<Q<4%J(*)!
<?[,]%! (B! *%I%,(%'B4]!MH+44<*)(*)!g"' Oc!;'(4-(*)! %* ! %',! J,<Q(%'B!4%W5IH,%')HJ'I! 6TP\ 5T#^!
J(J<4(*<!g"( Og8()',< !\0 5@O.!W<!-<Q<4%J<- !+!*%Q<4!+4)%,(IH?.!T\^>G.!D%,!T-+JI(Q<! \<)?<*I+I(%*!
+*-!^,+MN(*)!%D!>?[,]%*(M!G<44B!g8()',<!/TO .!+[4<!I%!D+(IHD'44]!B<)?<*I!WH%4<!M<44B!+*-!I,+MN!M<44!
4(*<+)<B!%Q<,!4%*)!J<,(%-B!%D!I(?<!W(IH!H()H!I<?J%,+4!,<B%4'I(%*c!T\^>G!(B!+!B(*)4<!J+BB!+4)%,(IH?.!
WH(MH!B(?'4I+*<%'B4]!B<)?<*I B!+*-! I,+MNB!M<44!BH+J<B![]!J,%J+)+I(*)! (*D%,?+I(%*!%Q<,! I(?<.!+!
BI,+I<)]! J(%*<<,<-! D%,! *'M4<+,! 4+[<4B! []! T?+I! +*-! M%44<+)'<B!g") Oc!T\^>G! (B! (*(I(+I<-! W(IH! +!
?+*'+44]!M',+I<-!B<)?<*I+I(%*!%D!IH<!D(,BI!I(?<!J%(*I.!+*-!(I<,+I(Q<4]!J,%7<MIB!B<)?<*I+I(%*B!D,%?!
%*<!I(?<!J%(*I!I%!IH<!*<ZI!g8()',< B!\ F5"" !+*-! \ 'JJc!(*D%,?+I(%*O.!IH<*!-< I<MIB!M<44!-(Q(B(%*!<Q<*IB!
[<IW<<*!M%*B<M'I(Q<!I(?< !J%(*IBc!RI!J,%-'M<B!+! B<)?<*I+I(%*! %D! +44! <?[,]%*(M! M<44B! J,<B<*I! +I!
<+MH!I(?<!J%(*I.!+*-!D%,!<+MH!M<44!kB*+JBH%Ik!gIH<!(?+)<!%D!+!M<44!+I!+!)(Q<*!I(?<5J%(*IO!IH<!(-<*I(I]!
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! : !

%D!(IB!J,%)<*]!+I! IH<!*<ZI! I(?<!J%(*I.!D,%?!WH(MH!)4%[+4!M<44!4(*<+)<B!+*-! I<?J%,+4!-]*+?(MB!%D!
(*-(Q(-'+4!M<44!BH+J<B!+*-!JH]B(M+4!M<445M<44!M%*I+MIB!M+*![<!,<M%*BI,'MI<-c!!
!
^H<! ,<B'4I(*)! B<)?<*I+I(%*!g8()',<! /; .! \'JJc! U+I+B<I.! S(-<%! \/ O! +*-!)4%[+4!4(*<+)<! I,<<B! %D!
>?[, ]%".!T\^>G".! M%*I+(*!+!I%I+4!%D!=l:=:!-()(I+4!0U!M<44!kB*+JBH%IBk.!-<BM,([(*)!IH<![<H+Q(%,!(*!
I(?<!%D!"0:/! (*-(Q(-'+4!M<44B!)<*<,+I<-![]!@0X!M<44!-(Q(B(%*!<Q<*IBc!R*I<),+I<-!W(IH!IH<!N*%W*!D+I<!
%D!<+,4]![4+BI%?<,<B!g!* O.!IH(B!)<%?<I,(M!-<BM,(JI(%*!%D!+!-<Q<4%J?<*I+4!J,%),+?!+44%WB!I%!I,+MN!
W(IH!H()H!I<?J%,+4!+*-!BJ+I(+4!,<B%4'I(%*!IH<!J%B(I(%*.!)<%?<I,] .!M%*I+MIB!+*-!4(*<+)<!H(BI%,]!%D!
<Q<,]!<?[,]%*(M! M<44!g8()',< B!/ G.!\" /. !"0 .!S(-<%!\0Oc!m'+4(I]!+BB<BB?<*I!%D!IH<!B<)?<*I+I(%*!+*-!
4(*<+)<!%D!T\^>G"! (*-(M+I<-!IH+I!XXn!%D!Q%Z<4B!W<,<!+BB()*<-!I%!IH<!,()HI!M<44!g8()',< !\":O .!IH+I!
M<44!Q%4'?<B!W<,<!M%*B(BI<*I![<IW<<*!?+IMH(*)!M<44B!(*!IH<!4<DI!+*-!,()HI!H+4Q<B!%D!IH<!<?[,]%!+*- !
IH+I!IH<!B'?!%D!IH<!Q%4'?<B!%D!-+')HI<,!M<44B!M4%B<4]!M%,,<BJ%*-<-!I%!IH<!Q%4'?<!%D!IH<(,!?%IH<,!
g8()',< !\"=Oc! Ĥ<!J+II<,* !%D!,%'* -(*)! 'J! %D!M<44B!+B!IH<]!+JJ,%+MH<-!?(I%B(B!(*-(M+I<-!IH+I!M<44!
-(Q(B(%*B!W<,<!-<I<MI<-!W(IH!+!I<?J%,+4!+MM',+M]!%D!/!?(*'I<B !g8() ',< !\"@.!\ "F Oc!V%!J,%),+??<-!
M<44! -<+IH! W+B! -<I<MI<-.! +B! -<BM, ([<-! (*! %IH<,!+BM(-(+*!BJ<M(<B!g#*Oc!̂ H<!B<)?<*I+I(%*! +*-!
I,+MN(*)! +MM',+M]! %D! IH<! B<M%*-! <?[,]%.! T\^>G/ .! %[I+(*<-! []! ,'**(*)! T\^>G! W(IH! IH<! B+?<!
J+,+?<I<,B.!W+B!M%?J+,+[4<!gB<<!\'JJc! (*D%,?+I(%*Oc!̂ H<!T\^>G" !+*-! T\^>G/ !-+I+B<IB!g\'JJc!
U+I+! B<IBO! M%*BI(I'I<! I%! %',! N*%W4<-)<! IH<! D(,BI! B]BI<?+I(M! b'+*I(I+I(Q<! -<BM,(JI(%*B! %D! IH<!
-]*+?(MB! -<Q<4%J?<*I!(*M4'-(*)!M<44!4(*<+)<B.!+*-!IH<!)<%?<I,]!+*-!(*I<,+MI(%*B!%D!WH%4<!M<44B.!
,+IH<,!IH+*!M<44!*'M4<(.!+M,%BB!+!4+,)<!D,+MI(%*!%D!+!?<I+9%+*!-<Q<4%J?<*I+4!J,%),+?c!!
!
C$)1)"$6*6+"8+%0&/(/%#+()2),"*-)#$:+
!
T4IH%')H!+BM(-(+*B!+,<!M%*B(-<,<-!+!I<ZI[%%N!<Z+?J4<!%D!(*Q+,(+*I!-<Q<4%J?<*I.!D<W!BI'-(<B!H+Q<!
+II<?JI<-! I%! )%! [<]%*-!b'+4(I+I(Q<!%[B<,Q+I(%*B!I%!b'+*I(D]! (*I<,5<?[,]%!Q+,(+[(4(I]c!e*<!B'MH!
BI'-]!(*-(M+I<B!IH+I!+I!4<+BI!IH<!*%I%MH%,-!BH%WB!<Q(-<*M<!%D!BI%MH+BI(M!M<44!(*I<,M+4+I(%*!-',(*)!
IH<!I+(4['-!BI+)<B!g#! Oc!e',! )<%?<I,(M!+I4+B!)+Q<!'B!IH<!%JJ%,I'*(I]!I%!b'+*I(I+I(Q<4]!+BB<BB!IH<!
Q+,(+[(4(I]! %D!+BM(-(+*!M<44! 4(*<+)<B.! M<44! )<%?<I,(<B!+*-! M<44!*<()H[%,H%%-B!-',(*)! )+BI,'4+I(%*!
+*-!*<','4+I(%* c!!
!
h<! D(,BI! M%?J+,<-!IH<! I<?J%,+4!J,%),<BB(%*! (*! M<44!*'?[<,B! (*! %',! IW%! T\^>G5,<M%*BI,'MI<-!
<?[,]%B!+*-! (*!+*!(*-<J<*-<*I4]!(?+)<-. !?+*'+44] 5M',+I<-.!=>/44?3,/0@/@@,44/1/!<?[,]%! WH%B<!
*'M4<(! ,+IH<,!IH+*! ?<?[,+*<B! W<,<! D4'%,<BM<*I4]!4+[<4<-!g;(%>?<,)<*M<B! <?[,]%O! g#"Oc! G<44!
*'?[<,B !W<,<!,<?+,N+[4]! M%*B(BI<*I! [<IW<<*! <?[,]%B! '*I(4! IH<! 4+I<! *<','4+! BI+)<! gF!HJD! +I!
"loGO.!W(IH!%*4]!B4()HI!-(DD<,<*M<B![<]%*-!g8()',<!0T Oc!G%*B(BI<*I4].!IH<!BI,'MI',<!%D!M<44!4(*<+)<!
I,<<B! %,()(*+I(*)! D,%?!?+IMH(*)! M<44B!%D! <+,4]! )+BI,'4+! J,%)<*(I%,B! %D! T\^>G"! +*-! IH<!
;(%>?<,)<*M<B!<?[,]%B.!%,!D,%?!<b'(Q+4<*I!4<DI!+*-!,()HI!M<44B!W(IH(*!<+MH!<?[,]%.!-(DD<,<- ![]!
4<BB!IH+*!"Yn!WH<*!M%?J+,<-!W(IH!+!I,<<!<-(I!?<I,(M!g##O!g8()',<B!0;!+*-!\"l 5"XOc!#(D<BJ+*B!%D!
?+IMH(*)!M<44B!+4B%!%*4]!-(DD<,<-!?+,)(*+44].! []!4<BB!IH+*!"Yn!%*!+Q<,+)<.! [<IW<<*!<?[,]%B!%,!
[<IW<<*!IH<!,()HI!+*-!4<DI!H+4Q<B!%D!<+MH!<?[,]%!g8()',< B!0G.!\/" Oc!
!
^<?J%,+4! (*Q+,(+*M<!%D! M<44! 4(*<+)<B!-%<B! *%I! *<M<BB+,(4]! (?J4]!)<%?<I,(M!(*Q+,(+*M<!g#$Oc!h<!
IH<,<D%,<!*<ZI!+BB<BB<-!)<%?<I,(M!Q+,(+[(4(I]!(*!=>/44?3,/c!hH(4<!IH<!-(BI,(['I(%*!%D!M<44!Q%4'?<B!+I!
+! )(Q<*! I(?<! J%(*I!W+B! [,%+-.! IH<!Q%4'?<! -(DD<,<*M<!%D! ?+IMH(*)!M<44B!W+B! (*D<,(%,! I%! "Yn! %*!
+Q<,+)<.![%IH![<IW<<*!T\^>G"!+*-!/!+*-![<IW<<*!IH<![(4+I<,+4!H+4Q<B!%D!<+MH!<?[,]%!g8()',<B!
0U!+*-!\/Y Oc!G<44!%,)+*(9+I(%*!W+B!+4B%!BH+,<-c!6 %,<!IH+*!lYn!%D!?+IMH(*)!M<44B!(*!T\^>G"!+*- !
T\^>G/ !BH+,<-!+I!4<+BI!l Yn!%D!IH<(,!JH]B(M+4!*<()H[%,B!g8()',<!0> Oc!6%BI!M<445M<44!M%*I+MIB!BH+,<-!
[<IW<<*!<?[,]%B! J<,B(BI<-!D%,!IH<!WH%4<!4(D<!%D!IH<!M<44B!+*-!?%BI!M<44B!N<JI!IH<!B+?<!*<()H[%,B!
IH,%')H%'I! IH<(,! 4(D<!g8()',<! \//O c!TB! +! M%*B<b'<*M<.! W<! D%'*-! *%! <Q(-<*M<! %D! (*-(Q(-'+4! M<44!
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?(),+I(%*!%,!M<44!(*I<,M+4+I(%*!'J!I%!IH<!(*(I(+4!I+(4['-!BI+)<c!^H(B!I%J%4%)(M+4!(*Q+,(+*M<!<ZI<*-<-!
I%!IH<!(*Q+,(+*M<!%D!IH<!?<+B',<!%D!+,<+B!%D!M%*I+MIB![<IW<<*!M<44Bc!R*!lYn!%D!?+IMH(*)!M<44B.!IH<!
+Q<,+)<!Q+,(+I(%*!%D! B',D+M<! %D! M%*I+MI! I%!BH+,<-!*<()H[%,B!W+B!B?+44<,! IH+*!/Yn.! +)+(*! [%IH!
[<IW<<*! [(4+I<,+4! H+4Q<B! %D! <+MH! T\^>G! <?[,]%.! +*-! [<IW<<*! <?[,]%B!g8()',< B!0>.!\/0 Oc!̂ H(B!
M%*B<,Q+I(%*!%D!4%M+4!*<()H[%,H%%-B!I,+*B4+I<-!(*I%!+!M%*B<,Q+I(%*!%D!IH<!)4%[+4!BJ+I(+4!J%B(I(%*!%D!
<+MH!M<44!W(IH!,<BJ<MI!I%!<?[,]%*(M!+Z<B!g8()',<!08Oc!!
!
^H'B.! M<44! -(Q(B(%*B.! M<44! )<%?<I,(<B.!M<44! +,,+*)<?<*IB!+*-! J%B(I(%*B!+,<! H()H4]!,<J,%-'M([4<!
[<IW<<*!(*-(Q(-'+4!=>/44?3,/!<?[,]%B!'*I(4! +I!4<+BI!IH<!4+I<!*<','4+!BI+)<Bc! Ĥ<!M%?J+,+[4<!<ZI<*I!
%D!(*I<, 5<?[,]% *(M!+*-! [(4+I<,+4!(*I,+ 5<?[,]%*(M! Q+,(+[(4(I]!B'))<BIB!IH+I!-<Q<4%J?<*I+4! *%(B<.!
,+IH<,!IH+*!)<*<I(M!Q+,(+I(%*.!(B!+*!(?J%,I+*I !-,(Q<,!%D!IH(B!Q+,(+[(4(I]c!
!
B06--)$1/&+&),,+(/2/0/"#0 +&".*,)+8%$)+0*)&/8/&%$/"#+$"+)-516"#/&+ &),,+4)"-)$1/)0: +
!
^%!(-<*I(D]!IH<!M+'B<B!%D!=>/44?3,/!-<Q<4%J?<*I+4!(*Q+,(+*M<.!W<!D(,BI!M%*B(-<,<-!IH<!M<44'4+,![+B(B!
%D! <?[,]%*(M! ?%,JH%)<*<B(Bc!>?[,]%*(M! ?%,JH%)<*<B(B! (B! ['(4I! D,%?!D<W!<4<?<*I+,]! M<44!
[<H+Q(%,B!g" Oc!R* !IH<!+[B<*M<!%D!M<44!?(),+I(%*p(*I<,M+4+I(%*.!M<44!),%WIH!+*-! M<44!-<+IH.!=>/44?3,/!
?%,JH%)<*<B(B!?'BI! [<! J,(?+,(4]! -,(Q<*! [] ! %,(<*I<-! M<44! -(Q(B(%*.!)<%?<I,(M+44]!'*<b'+4!
-(Q(B(%*B! +*-! M<44! BH+J<! MH+*)<Bc!TB]??<I,(M! M<44! -(Q(B(%*B.! -<D(*<-! +B! -(Q(B(%*B! )<*<,+I(*)!
-(DD<,<*I4]! D+I<-! -+')HI<,! M<44B.! M+*! M%'J4<! D+I<! BJ<M(D(M+I(%*! I%! ?%,JH%)<*<B(B! +B! B%?<!
+B]??<I,(M! -(Q(B(%*B!+4B%! M%*I,%4! IH<! ,<4+I(Q<! J%B(I(%*! (*! BJ+M<! g%,(<*I<-!-(Q(B(%*BO! %,! Q%4'?<!
g'*<b'+4!M4<+Q+)<BO!%D!-+')HI<,!M<44B!g#%Oc!3B(*)!%',!)<%?<I,(M!+I4+B.!W<!B<I!%'I!I%!B]BI<?+I(M+44]!
(-<*I(D]!+B]??<I,(M!M<44!-(Q(B(%*B!+*-! +BB<BB<-!IH<(,!)<%?<I,(M!M%*B<b'<*M<Bc!
!
h<! D(,BI!BM+**<-! M<44! 4(*<+)<B!D%,! +! B()*+I',<! %D! +B]??<I,(M! M<44! -(Q(B(%*Bc!3B(*)! %',! I,<<! <-(I!
-(BI+*M<.!W<!H(<,+,MH(M+44]!M4'BI<,<- !+44!@:5M<44!=>/44?3,/!J,%)<*(I%,B!(*!T\^>G"! %*! IH<! [+B(B!%D!
IH<!B(?(4+,(I]!%D!IH<!M<44!4(*<+)<!I,<<B!IH<]!B<<-<-!g8()',< B!\/:.!\/0 Oc!^H<!?+7%,(I]!%D!M<44B!W(IH!
(-<*I(M+4!%,!B(?(4+,!I(BB'<!D+I<B!M4'BI<,<- !I%)<IH<,.! (*-(M+I(*)!IH+I!IH<!?(I%I(M!H(BI%,]!%D!+BM(-(+*!
<?[,]%*(M! M<44B! (B! BI,%*)4]! M%,,<4+I<-! I%!IH<(,! 4+,Q+4! D+I<Bc! h<! IH<,<D%,<! ,<+B%*<-! IH+I!+!
M%?J+,(B%*!%D!IH<!BI,'MI',<!%D!IH<!B'[4(*<+)<!I,<<B!%,()(*+I(*)!D,%?!IW%!B(BI<,!M<44B!?+]!(-<*I(D]!
B(BI<,B!W(IH!-(BI(*MI!D+I<B.!+*-!IH'B!%,()(*+I(*)!D,%?!M+*-(-+I<!+B]??<I,(M!M<44!-(Q(B(%*B!g8()',<!
: TOc!8()',<!: ;!BH%WB!IH<!-(BI,(['I(%*!%D!-(BI+*M<B![<IW<<*!IH<!M<44!4(*<+)<!I,<<B!%,()(*+I(*)!D,%?!
"Yl![(4+I<,+4!J+(,B!%D!B(BI<,!M<44B![<IW<<*!IH<!@:5M<44!+*-!?(- 5)+BI,'4+!BI+)<B!gI(?<!J%(*I!"/:!D%,!
T\^>G" Oc!e*4]!0=p"Yl!-(Q(B(%*B!)+Q<!,(B<!I%!4(*<+)<B!I,<<B!-(DD<,(*)![]!?%,<!IH+*!"Yn .!+!B'[B<I!
(*M4'-(*) ! "Xp//! N*%W*! D+I<! ,<BI,(MI(%*! <Q<*IB!g^+[4<! \" !+*-! 8()',<! \/@ Oc!̂ H(B! +JJ,%+MH! +4B%!
(-<*I(D(<-!"@!*%Q<4!+B]??<I,(M!M<44!-(Q(B(%*Bc!":!%D!IH<B<!-(Q(B(%*B!W<,<!D%'*-!(*!I(BB'<B!N*%W*!I%!
)(Q<! ,(B<! I%! B<Q<,+4! 4+,Q+4! %,! 7'Q<*(4<! ?<B%-<,?+4! I(BB'<B.! B'MH! +B! IH<! ?<B<*MH]?<! +*-! I,'*N!
4+I<,+4!M<44B!g^#GO!g#&i #( O.!%,!I%!BH%W!BI,%*)!M<44'4+,!H<I<,%)<*<(I].!B'MH!+B!IH<!M<*I,+4!*<,Q%'B!
B]BI<?!g#) .!$*O!%,! IH<! I+(4!<J(-<,?(B!g$! Oc!h <!IH'B!'B<- !4(*<+)<!I,<<!BI,'MI',<!+ B]? ? <I,] !+B!+!
?+,N<,!D%,!+B]??<I,(M!M<44B!-(Q(B(%*Bc!
!
h<!*<ZI!<ZJ4%,<-!IH<!)<%?<I,(M+4!(?J+MI!%D!+B]??<I,(M!-(Q(B(%*B!g8()',<!:G!+*-!^+[4<!\"O c!hH(4<!
'*<b'+4!M4<+Q+)<B!+,<!(*D,<b'<*I !(*!=>/44?3,/!g8()',<!\/F T.!; O.!/0p0=!+B]??<I,(M!-(Q(B(%*B!W<,<!
+4B%!)<%?<I,(M+44]!'*<b'+4c!R*I<,<BI(*)4].!(*!)<%?<I,(M+44]!'*<b'+4!-(Q(B(%*B.!IH<!B?+44<,!-+')HI<,!
)<*<,+44]!H+-!+!4%*)<,!4(D<BJ+*!g8()',<!\/ FGO.!(*!+),<<?<*I!W(IH!+!)<*<,+4!+*I(5M%,,<4+I(%*!D%'*-!
[<IW<<*!M<44!Q%4'?<B!+*-!4(D<BJ+*B!(*!%',!-+I+B<I!g8()',<!\/FU O.!+*- !(*!+90242</.3!g$"Oc!3*<b'+44]!
-(Q(-(*)!M<44B!+4B%!B()*(D(M+*I4]!-<J+,I<-!D,%?!IH<!-<D+'4I!C<,IW()!,'4<!g$#O!D%,!IH<!%,(<*I+I(%*!%D!
IH<! -(Q(B(%*! g8()',<! \/F>Oc! G%5%MM',,<*M<! %D!+B]??<I,(M! -(Q(B(%*B.! )<%?<I,(M+44]!'*<b'+4!
M4<+Q+)<!+*-!-(DD<,<*I(+4!4(D<BJ+*B!W+B!J+,I(M'4+,4]!BI,%*)!(*!IH<!?(- 5)+BI,'4+!*<',+4!J4+I<!g8()',<!
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! @!

: U58Oc!!
!
^H'B.! 'J! I%! IH<! ?(- 5)+BI,'4+! BI+)<.! +,%'*- ! 0Yn! %D! +44! M<44! -(Q(B(%*B! +,<! +B]??<I,(M! +*-! IH<!
?+7%,(I]!%D!IH<B<!-(Q(B(%*B!M%'J4<!IH<!D+I<!BJ<M(D(M+I(%*!J,%M<BB!I%!IH<!)<%?<I,].!,<4+I(Q<!J%B(I(%*!
+*-!4(D<BJ+*!%D!-+')HI<,!M<44Bc!
!
D)"-)$1/&+&"#$1",+"8+(/88)1)#$/%,+&),,+/#(.&$/"#0+
!
h<! *<ZI! +*+4]9<-! WH<IH<,.! M%*Q<,B<4].! M<44! )<%?<I,]! +*-! *<()H[%,H%%-! ,<4+I(%*BH(JB! M%'4-!
(?J+MI! D+I<! BJ<M(D(M+I(%*c!R*!+BM(-(+*B.!?%BI! BI'-(<- !+B]??<I,(M! M<44! -(Q(B(%*B!+,<! I,() ) <,<-! [] !
M%*I+MI5-<J<*-<*I ! M<44! M%??'*(M+I(%*! <Q<*IB.! WH(MH! <(IH<,! J%4+,(9<! IH<! ?%IH<,! M<44! %,!
- (DD<,<*I(+44]! (*-'M<! (IB! -+')HI<,B! g$$Oc! ^H<! D,<b'<*M]! %D! +B]??<I,(M! -(Q(B(%*B! W<! -<I<MI<-!
B'))<BIB! IH+I! M%*I+MI5-<J<*-<*I! (*-'MI(%*B! ?+]! M%44<MI(Q<4]! (?J%B<! +! )4%[+4! M%*BI,+(*!%*!
<?[,]%*(M! )<%?<I,(<B.!IH<,<[]! J,%?%I(*)! BI<,<%I]J]c! ^%! I<BI! IH(B! (-<+.!W<! ['(4I!M%?J'I+I(%*+4!
?%-<4B!%D!-(DD<,<*I(+4!M<44!(*-'MI(%*!(*I<),+I(*)! )<%?<I,(M+4!D<+I',<B!<ZI,+MI<-!D,%?!IH<!T\^>G"!
-+I+B<I! W(IH! IH<! <ZJ,<BB(%*!J+II<,*! %D!B()*+4(*)! )<*<B.! WH(MH! (*! +BM(-(+*B! H+Q<! [<<*!
B]BI<?+I(M+44]! -<I<,?(*<-! W(IH! +! M<44'4+,! ,<B%4'I(%*! 'J! I%! IH<! %*B<I! %D! )+BI,'4+I(%*!g$%.!$&Oc!
\ (?'4+I <-!M<44!(*-'MI(%*B!W<,<!IH<*!M%*D,%*I<-!I%!+!),%'*-!I,'IH! %D!<ZJ<,(?<*I+44]!MH+,+MI<,(9<-!
-(DD<,<*I(+4!(*-'MI(%*!<Q<*IB!+*-!'*(*-'M<-!M<44B!g^+[4<!\/Oc!!
!
>ZI,+M<44'4+,!4()+*-B!%,!+*I+)%*(BIB!D%,!%*4]!B(Z!?+7%,!B()*+4(*)!J+IHW+]B!g8&8.!>JH,(*.!h*I.!;?J.!
V%-+4! +*-! V%IMHO! BH%W!J+II<,*<-! <ZJ,<BB(%*!-',(*)! IH<! M4<+Q+)<! +*-! <+,4]! )+BI,'4+! BI+)<B!
g8()',<! \/X Oc!TB! ,<M<JI%,B! +*-! (*I,+M<44'4+,! M%?J%*<*IB! %D! IH<B<!J+IHW+]B! +,<! ?+I<,*+44]!
<ZJ,<BB<-.!W<!M%*B(-<,<-!IH<?! '[(b'(I%'B c! T44! M<44B! W<,<! IH<,<D%,<! M%*B(-<,<-! M%?J<I<*I! I%!
,<BJ%*-!I%!+44!J+IHW+]B.!+*- !4()+*-!+Q+(4+[(4(I]!W+B!IH<!4(?(I(*)!D+MI%,!M%*I,%44(*)!(*-'MI(%*Bc!h<!
M%?J'I<-!4()+*-!+Q+(4+[(4(I]![]!(*I<),+I(*)!IH<!J+II<,*!%D!<ZJ,<BB(%*!%D!IH<!4()+*-!)<*<!W(IH!IH+I!
%D!(IB!<ZI,+M<44'4+,!+*I+)%*(BIB.!IH<!J,<B<*M<!%D!+*!+*I+)%*(BI!+I!+!M<44!(*I<,D+M<!D'44]![4%MN(*)!IH<!
+MI(%*!%D!IH<!4()+*-!+I!IH(B!(*I<,D+M<c!!
!
8(,BI.! W<!I<BI<-!WH<IH<,!-(,<MI! JH]B(M+4! M%*I+MI!%D! +!M%?J<I<*I!M<44! I%! +!M<44!<?(II(*)! +!4()+*-!
M%'4-! [<! B'DD(M(<*I! I%! <*B',<! (IB!(*-'MI(%* .! (,,<BJ<MI(Q<!%D! IH<!+,<+!%D! M%*I+MI!g8()',<! = TOc!h<!
-<D(*<-!IH<!B()*+4(*)!BI+I<! %D!+! M<44!+B! IH<! M%?[(*+I(%*!%D! D,<<! 4()+*-B! +! M<44! (B! <ZJ%B<-! I%!+*- !
M%?J+,<-!IH<!B()*+4(*)! BI+I<B! %D! B(BI<,! M<44B! I%!<ZJ<,(?<*I+44]! -<I<,?(*<- ! D+I<! BJ<M(D(M+I(%*!
-<M(B(%*B!g8()',<!= ; .G!+*-! \0=Oc!G<44B!W<,<!D%'*-!I%!,<BJ%*-!%*!+Q<,+)<! I%!=c=!4()+*-B!+*-! I H<!
,<B'4I(*)! /=! M<44!B()*+4(*)!BI+I<B!D,%?!IH<!@:5M<44! I%!IH<!<+,4]! )+BI,'4+!BI+)<B!M%'4-!%*4]!<ZJ4+(*!
:p":! N*%W* !-(DD<,<*I(+4!(*-'MI(%*!<Q<*IBc!^H'B .!+!B(?J4<!(*-'MI(%*!?%-<4![+B<-!%*!IH<!I%J%4%)]!
%D!JH]B(M+4!M<44!M%*I+MIB!(B!(*B'DD(M(<*I!I%!+MM%'*I!D%,!N*%W* !+B]??<I,(M!M<44!-(Q(B(%*Bc!!
!
^H<! +*+4]B(B! %D!8&85?<-(+I<-! +BM(-(+*! *<',+4! (*-'MI(%*!g$' .!$( O!+*-! %D! V%IMH!B()*+4(*)!-',(*)!
H+(,!M<44!BJ<M(D(M+I(%*!(*!IH<!MH(MN![+B(4+,!J+J(44+!g$) O!B'))<BI!IH+I!M<44B!M+*!I+N<!(*I%!+MM%'*I!IH<!
+,<+!%D!M%*I+MI!W(IH!4()+*-5<ZJ,<BB(*)!M<44B!(*!IH<!(*I<,J,<I+I(%*!%D!(*-'M(*)!M'< Bc!^H<!H()H!BJ+I(+4!
+*-! I<?J%,+4! ,<B%4'I(%*! %D! %',! -()(I+4! <?[,]%!?+-<! (I! J%BB([4<! I%! M%?J'I+I(%*+44]! I<BI! IH<!
)<*<,+4(I]! %D! B'MH! +! H]J%IH<B(B! +I! IH<! 4<Q<4! %D!+! WH%4<! <?[,]%c! ! 8%,! IH(B.! W<! -<Q<4%J<-! +!
b'+*I(I+I(Q<!M%*I(*'%'B!?%-<4![+B<-!%*!IH<!4+W!%D!?+BB!+MI(%*!g8()',< B!\/l .!\0YOc!^H,%')H!+!B<I!
%D!M%'J4<-!-(DD<,<*I(+4!<b'+I(%*B!?%-<4(*)!4()+*- 5,<M<JI%,5<DD<MI%,!M+BM+-<!-]*+?(MB.!IH(B!?%-<4!
M%?J'I<B!D%,!<+MH!<?[,]%*(M!M<44.!+I!<+MH!BI+)<.!+*-!D%,!<+MH!J+IHW+].!IH<!D,+MI(%*!%D!+MI(Q+I<-!
(*I,+M<44'4+,!<DD<MI%,!+B!+!D'*MI(%*!%D!IH<!B',D+M<!%D!IH<!M<44.!%,!%D!IH<!J+,I!%D!(IB!?%IH<,!(I!(*H<,(I<-.!
<ZJ%B<-! I%!+!4()+*-!D,%?!IH(B!J+IHW+]c!3*-<,! IH<!H]J%IH<B<B!%D!IH<!?%-<4!g\ 'JJc! R*D%,?+I(%*O.!
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! F!

IH<!D,+MI(%*!%D!+MI(Q+I<-! (*I,+M<44'4+,!<DD<MI%,B!M%?J'I<-!D%,!<+MH!J+IHW+]!W+B!+!b'+B(54(*<+,4]!
(*M,<+B(*)!D'*MI(%*!%D!IH<!+,<+!%D!<ZJ%B',<!I%!D,<<!4()+*-B!g8()',<!\0" Oc!!
!
^%!(-<*I(D]!,<4<Q+*I!(*-'MI(%*!IH,<BH%4-B.!W<!-<B()*<-!+!B<I!%D!4%)(M+4!M%*B(BI<*M]!,'4<B!g8()',<B!
\ 0/ .! 00O!I,+*BD%,?(*) ! IH(B!M%*I(*'%'B! (*D%,?+I(%*! (*I%! +! [(*+,]! ?+J! %D!-(DD<,<*I(+44]! (*-'M<-!
B(BI<,!M<44B!g8()',<!\/l Oc!h<!IH<*!<ZJ4%,<-!IH<!J+,+?<I<,!BJ+M<!g8()',<!\0: O!I%!?+Z(?(9<!IH<!D(I!%D!
IH<! ?%-<4! W(IH!+! B<I! %D! <ZJ<,(?<*I+44]! MH+,+MI<,(9<- ! -(DD<,<*I(+4! (*-'MI(%*B! 'J! I%! IH<! <+,4]!
)+BI,'4+! BI+)<! ĝ +[4<! \/Oc! ^H<! [<BI! B<IB! %D! J+,+?<I<,B! (-<*I(D(<-! gB<<! \'JJc! R*D%,?+I(%*! +*-!
8()',<! \0: O!W<,<!M%*B(BI<*I!W(IH!J'[4(BH<-!N*%W4<-)<!g<c)c! (*-'MI(%*! I(?<!%D! l!?(*'I<B!D%,!+44!
J+IHW+]B.! B(?(4+,! +B! (*!g%*O! D%,! 8&8Oc! G%?J+,<-! I%! IH<!I%J%4%)(M+4! M<44! M%*I+MI! ?%-<4.!IH(B!
b'+*I(I+I(Q<! ?%-<4! 4<-! I%! +! ,<-'MI(%*! %D! IH<! *'?[<,! %D!B()*+4(*)! J+IHW+]B! <+MH! M<44! W+B!
,<BJ%*-(*)!I%!g"cF!%*!+Q<,+)<O.!WH(4<!(*M,<+B(*)!IH<!*'?[<,!%D!B()*+4(*)!BI+I<B!g0l ![<IW<<*!IH<!
@:! +*-! <+,4]! )+BI,'4+! BI+)<BO.! WH(MH! W<,<! H()H4]! M%,,<4+I<-! I%! -(DD<,<*I(+4! (*-'MI(%*B! <Q<*IB!
g8()',< B!=U.! \0=Oc!̂H<!?%-<4!M%,,<MI4]!J,<-(MI<-!(*-'M<,B!D%,!+44!N*%W*!(*-'MI( %*!<Q<*IB!WH(4<!
%Q<,5J,<-(MI(*)!-(DD<,<*I(+4!(*-'MI(%*B!D%,!%*4]!"/!%'I!%D!=@!g/"nO !B]??<I,(M! -(Q(B(%*B!g8()',<B!
@T.!\0@!+*-! ^+[4<! \0Oc! Ĥ<!D,+MI(%*B!%D!+MI(Q+I<-! (*I,+M<44'4+,!<DD<MI%,B!D%,!<+MH!J+IHW+].!<+MH!
B(BI<,!M<44!J+(,!+*-!<+MH!BI+)<!+,<!)(Q<*!(*!8()',<B!\0F 5=: c!!
!
^H(B!,<?+,N+[4<! ,<B'4I!W+B!BI,%*)4]! -<J<*-<*I!%*!IH<!H]J%IH<B<B!+*- !(*(I(+4!M%*-(I(%*B!%D! IH<!
?%-<4c!^H<! J<,D%,?+*M<! W+B.! +B! <ZJ<MI<-.!?'MH! -< ),+-<- !WH<*!W<!?(?(MN<-!IH<!I%J%4%)(M+4!
M%*I+MI!?%-<4![]!'*M%'J4(*) !IH<!*'?[<,!%D!+MI(Q+I<-!,<M<JI%,B!D,%?!IH<!+,<+!%D!M<445M<44!M%*I+MIB!
%,!'J%*! ,+*-%?(9+I(%*!%D!IH<!J+II<,*B!%D!<ZJ,<BB(%*!%D!4()+*-!+*-! (*H([(I%,! )<*<B!g8()',<B!@T.!
\==.!=@!+*-!^+[4<!\0Oc!̂H<!? %-<4!W+B!+4B%!+[4<!I%!,<M+J(I'4+I<!<ZJ<,(?<*I+4!J<,I',[+I(%*B!WH(MH!
H+-!*%I![<<*!'B<-!(*!(IB!I,+(*(*) c!S(,I'+4!(*H([(I(%*!%D!>JH,(*!B()*+4B!(*!IH<!?%-<4!JH<*%M%J(<-!IH<!
[(%4%)(M+4!N*%MN5-%W*!g%!i %#O!g8()',<!@T.!\=F !+*-! ^+[4<! \0Oc!8(*+44].! IH<!,<B'4IB!%D! IH<!?%-<4!
W<,<! ,%['BI! I%!*+I',+44]! %MM',,(*)! <Q%4'I(%*+,]! MH+*)<B! (*! <?[,]%! )<%?<I,]c! hH(4<! <))!
-(+?<I<,B!+,<!'*(D%,?!W(IH(*!<+MH!BJ<M(<B.!IH<]!,+*)<!+M,%BB!+BM(-(+*!BJ<M(<B!D,%?!+[%'I!"YY!q?!
I%! *<+,4]! "! ?? c! G%*B(BI<*I! W(IH! IH<! (-<+! IH+I! ?%BI! ?%4<M'4+,! ?<MH+*(B?B! +,<! <Q%4'I(%*+,(4]!
M%*B<,Q<-.!<Q<*! [<IW<<*!-(BI+*I4]5,<4+I<-!+BM(-(+*!BJ<M(<B!g%$O.!J,<-(MI(%*B!%D! IH<!?%-<4!W<,<!
,%['BI!I%!+!:5D%4-!'*(D%,?!BM+4(*)!%D!IH<!B',D+M<B!%D!M<445M<44!M%*I+MI!g8()',<B!\=l.!\=X Oc!!
!
^+N<*!I%)<IH<,.!%',!?%-<4!%D!B',D+M<5-<J<*-< *I!-(DD<,<*I(+4!M<44!(*-'MI(%*B.!-<BJ(I<!(IB!B(?J4(M(I].!
+MM%'*IB! W(IH!,<?+,N+[4<!<ZJ4+*+I%,]! +[(4(I]!D%,! <+,4]!+BM(-(+*!D+I<! BJ<M(D(M+I(%*! <Q<*IB! 'J! I%!
)+BI,'4+I(%*c!
!!
E/43)1+1"5.0$#)00+$"+4)#)$/&+$3%#+4)"-)$1/&+*)1$.15%$/"#0:+
!
e',!%,()(*+4!+(?!W+B!I%!BH<-!4()HI!%*!IH<!+JJ+,<*I!J+,+-%Z!%D!+!H()H4]!M+*+4(9<-!+*-!<Q%4'I(%*+,]!
M%*B<,Q<-! <?[,]%! ?%,JH%)<*<B(B!(*! +! M%*I<ZI! %D! ,+J(-4]! -(Q<,)<*I! )<*%?<B.! )<*<! ,<)'4+I%,]!
*<IW%,NB!+*-!)<*<! <ZJ,<BB(%*Bc!h<! ,<+B%*<-! IH+I! (D!M<44B!%J<,+I<! M4%B<! I%! (*-'MI(%*! IH,<BH%4-!
Q+4'<B.!B?+44!MH+*)<B!(*!<?[,]%!)<%?<I,]!?()HI !+4I<,!IH<!(*-'MI(%*!%,!J%4+,(9+I(%*!BI+I'B!%D!B%?<!
M<44B.! IH<,<[] !M%*BI,+(*(*) !+! B()*(D(M+*I! D,+MI(%*! %D! M<445M<44! (*I<,D+M<Bc!R*-<<-! 0/n! %D!M<44B!B+W!
IH<(,!J%4+,(9+I(%*!%,!(*-'MI(%*!BI+I'B!D%,!+I!4<+BI!%*<!J+IHW+]!MH+*)<!'J%*! +!rp 5/Yn!MH+*)<!(*!
IH<!B',D+M<! %D! M%*I+MIB! IH<]! <BI+[4(BH<-! W(IH!B()*+4(*)!M<44Bc!̂ H(B!4%M+4!)<%?<I,(M! B<*B(I(Q(I]! %D!
(*-'MI(%*B!(?J%B<B! +! )4%[+4! M%*BI,+(*I! %*!M<44! (*I<,D+M<B!g8()',<B! @;! +*-! \@YO.! (*-(M+I(*)! IH+I!
B',D+M<5-<J<*-<*I! M<44! (*-'MI(%*B!H+Q<! +! BI,%*)!M+*+4(9(*)! <DD<MI! %*! <?[,]%! )<%?<I,(<Bc! ;]!
M%*I,+BI.!B(?(4+,!MH+*)<B!(*!IH<!?+)*(I'-<!%D!4()+*-!)<*<!<ZJ,<BB(%*!H+-!+!?'MH!B?+44<,!<DD<MI!%*!
M<44!(*-'MI(%*B!+*-!J%4+,(9+I(%*B!g8()',<!\@" Oc!!
!
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! l !

^H<!,<4(+*M<!%D!+BM(-(+*!<?[,]%*(M!D+I<!BJ<M(D(M+I(%*!%*!IH<!+,<+B!%D!M%*I+MIB!W(IH!B()*+4(*)!M<44B!
IH<,<D%,<!<*B',<B! [%IH! H()H! M+*+4(9+I(%*! %D! ?%,JH%)<*<B(B! +*-! ?%,<! ,<4+Z<-! M%*BI,+(*IB! %*!
)<*%?(M!(*D%,?+I(%*c!
+
!"#&,.(/#4+1)-%1@0 +
!
\]BI<?+I(M+44]!+*-!b'+*I(I+I(Q<4]! I,+MN(*)!IH<!I<?J%,+4!-]*+?(MB!%D!?'4I(J4<!M<44'4+,!J,%J<,I(<B.!
(*M4'-(*)!BH+J<.!+*-!M<44!(*I<,+MI(%*B!(*!+44!M<44B!%D!+!-<Q<4%J(*)!%,)+*(B?!H+B![<<*!+!-,<+?!D%,!
)<*<,+I(%*B!%D!-<Q<4%J?<*I+4! [(%4%)(BIBc!L,<Q(%'B! -]*+?(M!+I4+B<B!%D!-<Q<4%J?<*I!W(IH!M<44'4+,!
,<B%4'I(%*!H+Q<!B%!D+,!?%BI4]![<<*! )<*<,+I<-!D,%?!<?[,]%B!W(IH!D4'%,<BM<*I4]54+[<4<-!*'M4<(!g") .!
%%.!%&O.!+B!IH<!D<W<,!M+B<B!%D!4+,)<5BM+4<!+'I%?+I<-! B<)?<*I+I(%*!%D!D4'%,<BM<*I!?<?[,+*<54+[<4B!
W<,<!*%I!B'DD(M(<*I4]!+MM',+I<!I%!,<4(+[4]!I,+MN!IH<!J,<M(B<!BH+J<!%D!<+MH!(*-(Q(-'+4!M<44!g"' .!%'Oc!
h<! BH%W! H<,<! IH+I.! +I! 4<+BI! (*! IH<! B(?J4<! I,+*BJ+,<*I! +BM(-(+*! <?[,]%.! +!H()H5,<B%4'I(%*!
?%,JH%-]*+?(M!+I4+B!%D!M<44!)<%?<I,(<B!M+*![<!J,%-'M<- c!!
!
^H(B! b'+*I(I+I(Q<!+I4+B!M%*D(,?<-! IH<! <ZI,<?<! *+I',<! %D! ?%,JH%4%)(M+4! M+*+4(9+I(%*! %D! +BM(-(+*!
-<Q<4%J?<*I.! '*I(4! IH<! 4+I<! *<','4+! BI+)<! +I! 4<+BI.! +*-! ,<Q<+4<-! IH<! b'+B(5+[B<*M<! %D! M<44!
?(),+I(%*p(*I<,M+4+I(%*c!RI!+4B%!J,%Q(-<-! IH<!*<M<BB+,]! (*D%,?+I(%*! I%! ['(4-!+!?%-<4! I%! I<BI!IH<!
H]J%IH<B(B!IH+I!4%M+4!B',D+M<5-<J<*-<*I!M<44!(*-'MI(%*B!M%44<MI(Q<4]!<Z<,I!BI,%*)!)4%[+4!M%*BI,+(*IB!
%*!<?[,]%*(M!)<%?<I,(<B.!WH(4<!MH+*)<B!(*!IH<!4<Q<4!%D!<ZJ,<BB(%*!%D!(*-'M(*)!4()+*-B!W<,<![<II<,!
I%4<,+I<-c!
!
h<!J,%J%B<!IH+I!IH(B!-'+4(I]![<IW<<*!)<%?<I,(M!+*-!)<*<I(M!M%*I,%4!%D!D+I<!BJ<M(D(M+I(%*!?+]![<!+!
)<*<,+4!JH<*%?<*%*!(*!+*(?+4!-<Q<4%J?<*Ic!R*!Q<,I<[,+I<B!+*-!%IH<,!<?[,]%B!-<Q<4%J(*)!W(IH!
H()H!M<44!*'?[<,.!Q+,(+*IB!%D!IH<!k8,<*MH!D4+)k!?%-<4!%D!?%,JH%)<*!),+-(<*IB!H]J%IH<B(9<!IH+Ia!kT!
M<44!(B![<4(<Q<-!I%!,<+-!(IB!J%B(I(%*!(*!+!M%*M<*I,+I(%*!),+-(<*I!%D!+*!<ZI,+M<44'4+,!B()*+4!D+MI%,.!+*-!
I%! -<I<,?(*<! (IB! -<Q<4%J?<*I+4!D+I<!+MM%,-(*)4]k!g%(Oc!R*! IH(B!?%-<4.! (*-(Q(-'+4!M<44! )<%?<I,(<B!
+,<! M%*B(-<,<-! '*(D%,?! +*-! IH<!?+(*! b'+*I(I+I(Q<! (*D%,?+I(%*!(B!J,%Q(-<-! []! IH<! BJ+I(+4! +*-!
I<?J%,+4! BH+J<! %D! IH<! ?%,JH%)<*!),+-(<*I ! g8()',<! @GOc!L,<M(B<4]! BH+J(*)! B'MH! ),+-(<*I .! +*-!
<*B',(*)!IH<(,!,%['BI*<BB. !(*Q%4Q<B!IH<!M%%,-(*+I<-!,<M,'(I?<*I!%D!?'4I(J4<!M<44'4+,!D'*MI(%*B!I%!
M%*I,%4!IH<!J,%-'MI(%*.!-<),+-+I(%*.!I,+*BJ%,IB!%,!<*-%M]I%B(B!%D!4()+*-B!+*-!IH<(,!,<M<JI%,B!g%)Oc!
>Q<*!B%.!IH<!BH+44%W*<BB!%D!B'MH!),+-(<*I!?<+*B!IH+I!(*-'MI(Q<!M'<B!,<M<(Q<-![]!-(,<MI!*<()H[%,B!
+,<!Q<,]!B(?(4+,c!^H<!M%+,B<!(*D%,?+I(%*!J,%Q(-<-![]!IH<!),+-(<*I!(B!B'[B<b'<*I4]!BH+,J<*<-!%Q<,!
B<Q<,+4!H%',B!I%!D%,?!M4<+,![%'*-+,(<B!IH,%')H!,<)'4+I%,]! M,%BB5I+4N![<IW<<*!I+,)<I!I,+*BM,(JI(%*!
D+MI%,B!g&*O! %,! M<44! ?(),+I(%*c! ^H<! J,<M(B<! ,<BJ%*B<! I%! ?%,JH%)<*! ),+-(<*IB.! IH'B.! (*Q%4Q<B!
B%JH(BI(M+I<-! 4+]<,B! %D! ,<)'4+I(%*.! WH(MH! W<! J,%J%B<! BI,%*)4]!M%*BI,+(*! IH<!+,MH(I<MI',<! %D!
,<)'4+I%,]! *<IW%,NB!+*-! IH<!<Q%4'I(%*! %D!IH<! )<*%?<c!6%-<,*! Q<,I<[,+I<! )<*%?<B! +,<! (*-<<-!
B4%W4]!<Q%4Q(*)!g&!Oc!
!
hH(4<!*<()H[%,(*)!M<44B!?+]! ,<M<(Q<!Q<,]!B(?(4+,!B()*+4B!(*!+!BH+44%W!?%,JH%)<*!),+-(<*I.! IH<]!
'B'+44]!BH+,<!+!?(*%,(I]!%D!-(,<MI!JH]B(M+4!*<()H[%,Bc!^H<!B',D+M<5-<J<*-<*I!,<+-!%'I!%D!4()+*-B!
W<! -<BM,([<-! H<,<!IH'B! <*B',<B! IH+I! IH<! ?+)*(I'-<! %D! IH<! B()*+4B! IH<]! <ZJ<,(<*M<!-(DD<,B!
B'DD(M(<*I4]!I%! +44<Q(+I<! IH<! *<M<BB(I]! D%,! B'[B<b'<*I!I,+*BM,(JI(%*+4! ,<D(*<?<*IB! g8()',<! @GOc!
G%*B(BI<*I4].!D+I<!BJ<M(D(M+I(%*!(*!+BM(-(+*!%MM',B!(*!+!D<W!?(*'I<B!W(IH(*!+!B(*)4<!M<44!M]M4<!g&"O.!
+*-! N*%W*! )<*<! ,<)'4+I%,]! *<IW%,NB! (*! +BM(-(+*B! +,<! BH+44%W!g&#Oc! \' ,D+M<5-<J<*-<*I!
(*-'MI(%*B.! (*!+--(I(%*! I%! [<(*)! I%4<,+*I! I%!MH+*)<B! (*!D4'MI'+I(%*B! (*!4()+*-!M%*M<*I,+I(%*B!+,<!
IH<,<D%,<!4(N<4]!I%!(*Q%4Q<!?'MH!D<W<,!4+]<,B!%D!,<)'4+I(%*.!IH<,<[]!,<4+Z(*)!D',IH<,!M%*BI,+(*IB!%*!
)<*%?<!<Q%4'I(%*c!
!
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! X!

B&@#"9,)(4)-)#$0F +
^H(B! W%,N! W+B! D'*-<-! []! M%,<! B'JJ%,I! D,%?! GVP\! I%! L#.! []! R*,(+! gM%,<! B'JJ%,I! +*-! RL#!
6%,JH%)<*<I(MBO!I%!G&!+*-!&6 .![]! IH<!&<*<BH+J<!J,%7<MI!gTVP5\s\G 5Y"l 5Y/O!I%!L#!+*-!G&!+*-!
[]!IH<!U() 5>?!J,%7<MI!gTVP5": 5G>"" 5YY"0 5Y"O!I%!L#.!G&!+*-!&6c!\'JJ%,I!W+B!+4B%!,<M<(Q<-!D,%?!
IH<!>',%J<+*! 6%4<M'4+,! ;(%4%)]! #+[%,+I%,]! g#cCcO! +*-! IH<! >6;#! R*I<,-(BM(J4(*+,]! L%BI-%M!
L,%),+??<! '*-<,! 6+,(<! G',(<! TMI (%*B! g3c68cOc! #cCc! +MN*%W4<-)<B! B'JJ%,I! D,%?! IH<! G<*I<,! %D!
6%-<4(*)! +*-! \(?'4+I(%*! (*! IH<! ;(%BM(<*M<B! g;Re6\O! %D! IH<! 3*(Q<,B(I]! %D! C<(-<4[<,)c!#&! W+B!
B'JJ%,I<-![]!+!-%MI%,+4!M%*I,+MI!D,%?!IH<!G;\/!-%MI%,+4!BMH%%4!%D!IH<!3*(Q<,B(I]!%D!6%*IJ<44(<,!/.!
[]! IH<! 8%*-+I(%*! J%',! 4+! P<MH<,MH<! 6$-(M+4<! g8P6O! g8U^/Y":YX0"Y@"O.! +*-! []! IH<!
6%,JH%BM%J</!>b'(J<Z!J,%7<MIc!368! W+B!B'JJ%,I<- ![]! IH< !&<*<BH+J<!J,%7<MI.!+*-! []! IH<!8P6!
g\L8/Y"/Y=/0X@XOc!^H<!R*BI(I'I! -<! ;(%4%)(<!G%?J'I+I(%*<44<!%D!6%*IJ<44(<,!gR;GO!B'JJ%,I<-!>8!
+*-!;#c! ;#! +*-!A#!W<,<!B'JJ%,I<- ![]!IH<!U() 5>?!J,%7<MIc!h<!IH+*N!IH<!?<?[<,B!%D!IH<!#<?+(,<.!
&%-(*!+*-! C'D*+)<4! I<+?B! D%,! -(BM'BB(%*! +*-!+-Q(M<! IH,%')H%'I! IH(B! J,%7<MI.!&c! 6(MH<4(*! D%,!
+-Q(M<! %*! IH<! B<)?<*I+I(%*! J,%M<BB.!+*-! Tc! 6MU%')+44! gS(44<D,+*MH<p?<,.! 8,+*M<O! D%,! IH<!
)<*<,%'B!)(DI!%D!IH<!LC5&8L!<ZJ,<BB(%*!M%*BI,'MIc!h<!+,<!),+I<D'4!I%!Lc!t<44<,!+*-!Tc!L+Q4%J%'4%B!
gA+*<4(+!,<B<+,MH!4+[B.!3\TO.!+*-!I%!8c!8+)%II%!gGP;6.!6%*IJ<44(<,.!8,+*M<O!D%,!M,(I(M+4!,<+-(*)!%D!
IH<!?+* ' BM,(JIc!h<!+4B%!IH+*N!IH<! \R/G/!B<,Q(M<!D%,!R^!B'JJ%,I!+*-!Lc!P(MH+,-!+*-!6c!L4+]B!D%,!
M+,<D'4!+*(?+4!H'B[+*-,]c !T'IH%,!M%*I,(['I(%*B!+,<!4(BI<-!(*!IH<!B'JJ4<?<*I+,]!?+I<,(+4Bc!
! !
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! "Y!

+
+

+
+
+
G/4.1)+ HF+ E/43' 1)0",.$/"#+ -.,$/2/)9+ ,/43$03))$+ ,/2)+ /-%4/#4+ "8+ !"#$$%&'#( )#))'$$#*# +
)-516"0:+ TO! S<)<I+4p-%,B+4! Q(<WB! %D! 0U! ,<*-<,(*)! +I! IH<! (*-(M+I<-! I(?<! J%(*IB! %D! IH<! (?+)<-!
<?[,]%!+DI<,!D'B(%*!%D!IH<!(?+)<B!I+N<*!+4%*)!IH<!:!+*)4<B!%D!Q(<WBc!;O!S<)<I+4!Q(<W!%D!IH<!<?[,]%!
+I!IH<!@:5M<44!BI+)<!gI!u!"Oc!GO!\+)(II+4!B<MI(%*!+4%*)!IH<!J4+*<!BH%W*!%*!;c!UO!U%,B+4!Q(<W!%D!IH<!
<?[,]%!+I!I(?<!I!u!"lYc!>O!\+)(II+4!B<MI(%*!+4%*)!IH<!J4+*<!BH%W*!%*!Uc!T5>.!+*I<,(%,!(B!I%!IH<!I%Jc!
\M+4<![+,a!/Yq?!
! !

.CC-BY-NC 4.0 International licenseIt is made available under a 
(which was not peer-reviewed) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity.

The copyright holder for this preprint. http://dx.doi.org/10.1101/238741doi: bioRxiv preprint first posted online Dec. 24, 2017; 

http://dx.doi.org/10.1101/238741
http://creativecommons.org/licenses/by-nc/4.0/


! "" !

!
+

+

+
+
+
G/4.1)+ IF!BC>J!+ 0)4-)#$%$/"#+ "8+!"#$$%&'#( )#))'$$#*# +)-516"0: !TO! ^H<! T\^>G!J(J<4(*<c!
^H,<<! -(DD<,<*I! M+B<B! +,<! (44'BI,+I<-a! +! *%*5-(Q(-(*)! M<44! g]<44%WO.! +! -(Q(-(*)! M<44! gWH(I<O.! +*!
%Q<,B<)?<*I<-! *%*5-(Q(-(*)! M<44! g[4'<O! M%,,<MI<-! -',(*)! J%BI5M%,,<MI(%*c! 8%,! ?%,<! -<I+(4B! B<<!
8()',<! \Fc! ;O! \<)?<*I+I(%*!%D!T\^>G"!+I! IuF@c!^%Ja!Q(<W!D,%?!IH<!-%,B+4!B(-<c! ;%II%?a!B+)(II+4!
B<MI(%*c!G%4%,B!+,<!+,[(I,+,]c!GO!>Q%4'I(%*!%D!IH<!J%B(I(%*!%D!?<B%-<,?!+*-!*<',+4!J,%)<*(I%,B!(*!
T\^>G"! +I! IH<! <+,4]! )+BI,'4+! gIu0=O.! 4+I<! )+BI,'4+! gIulYO! +*-! (*(I(+4! I+(4['-! gIu"FYO! BI+)<Bc!
6<B%-<,?a!]<44%W.!;54(*<!?<B<*MH]?<d!J',J4<.!B<M%*-+,]!*%I%MH%,-d!),<<*.!J,(?+,]!*%I%MH%,-d!
M]+*.!^,'*N!#+I<,+4!G<44Bd!?'BM4<!(B!*%I!,<J,<B<*I<-c!V<',+4!J4+I<a!),<<*.!4+I<,+4!I+(4!*<,Q<!M%,-d!
[4'<.!-%,B+4!+*I<,(%,!*<',+4!J4+I<d!%,+*)<.!Q<*I,+4!+*I<,(%,!*<',+4!J4+I<c!T*I<,(%,!(B!I%!IH<!I%Jc!8%,!
?%,<!-<I+(4B!B<<!8()',<!\"0c!
+

+
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! "/ !

+
+
G/4.1)+KF+C$)1)"$6*6+"8+%0&/(/%#+()2),"*-)#$:+TO!G%?J+,(B%*!%D!IH<!<Q%4'I(%*!(*!I(?<!%D!M<44!
*'?[<,B! [<IW<<*! IH,<<! (*-(Q(-'+4!<?[,]%B!+DI<,!4(*<+,! I<?J%,+4! ,<BM+4(*)!gB<<! \'JJc! -+I+Oc! ;O!
U(BI,(['I(%*B!%D!J+(,W(B<!4(*<+)<!-(BI+*M<B![<IW<<*!I,<<B!%,()(*+I<-!+I!IH<!""/5M<44!BI+)<!D,%?!IH<!
T\^>G"! +*-! ;(%>?<,)<*M<B! <?[,]%Bc! h(IH(*! >?[,]%.! -(BI,(['I(%*! %D! +44! J+(,W(B<! -(BI+*M<Bd!
h(IH(*! I(BB'<! g<J(O.! J+(,W(B<! -(BI+*M<B! [<IW<<*! <J(-<,?(B! +*-! <*-%-<,?d! g;<IW<<*! I(BB'<BO.!
J+(,W(B<!-(BI+*M<B![<IW<<*!I,<<B!D,%?!?+IMH(*)![(4+I<,+4!M<44B!g#pP!M<44BO!+*-!D%,![%IH!T\^>G!+*-!
;(%>?<,)<*M<B!4(*<+)<! I,<<B!gT44!M<44BOc!8%,!?%,<! -<I+(4B.!B<<!8()',<! \"Xc! ;%Z<B!BH%W! IH<!D(,BI.!
B<M%*-!+*-! IH(,-!b'+,I(4<B.!WH(BN<,B! IH<! ,+*)<! 'J! I%!"c=!(*I<,b'+,I(4<c!G5UO!U(BI,(['I(%*B!%D!IH<!
,<4+I(Q<!-(DD<,<*M<B!(*!4(D<BJ+*B!gGO!+*-!S%4'?<B!gUO![<IW<<*!?+IMH(*)!M<44B!W(IH(*!+*-![<IW<<*!
T\^>G"!+*-!T\^>G/!<?[,]%Bc!\<<!+4B%!D()B!\/Y!+*-!\/"c!>O!L<,M<*I+)<!%D!M<44B!W(IH!lYn!%,!=Yn!
%D! M%??%*! JH]B(M+4! *<()H[%,B! gM%*I+MI! v=n! %D! IH<! M<44! B',D+M<O! [<IW<<*! ?+IMH(*)! M<44B! (*!
T\^>G"!+*-!T\^>G/!<?[,]%Bc!\<<!+4B%!8()',<!\/0 c!8O!>Z+?J4<!%D!+!M<44!W(IH!J<,D<MI4]!M%*B<,Q<-!
*<()H[%,H%%-!(*!IH<!IW%!T\^>G!<?[,]%Bc!V%I<!IH<!M%*B<,Q+I(%*!%D!IH<!BJ+I(+4!J%B(I(%*!%D!IH<!M<44!
(*![%IH!<?[,]%Bc!#<DIa!Q<*I,+4!Q(<W.!,()HIa!4+I<,+4!Q(<Wc!#()HI!),<]!M<44B!+,<!I,+*B4'M<*Ic!
!
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! "0 !

+
+
+
G/4.1)+LF+M),%$/"#03/*0+5)$9))#+8%$)+1)0$1/&$/"#=+.#)?.%,+&,)%2%4)+%#(+.#)?.%,+,/8)+0*%#0:++
TO! >Z+?J4<! %D! IH<! +B]??<I,(M! -(Q(B(%*! %D! IH<! TlcF! +*-!Tlcl! J%BI<,(%,! *<',+4! J,%)<*(I%,Bc! ^H<!
I,<<B!B<<-<-![]! IH<! IW%! -+')HI<,B! %D! TlcF!+*-! Tlcl! +,<! M%4%,<-! -(DD<,<*I4]c! L<,M<*I+)<! Q+4'<B!
(*-(M+I<!IH<!I,<<5<-(I!-(BI+*M<![<IW<<*!IH<!4(*<+)<B!B<<-<-!D,%?!IH<!-+')HI<,B!%D!TlcF!+*-!Tlcl!
M<44Bc!V%I<! IH<!B(?(4+,(I]!%D! IH<!4(*<+)<B!%,()(*+I(*)!D,%?! IH<!4<DI!+*-! ,()HI!TFc:! J,%)<*(I%,Bc! ;O!
U(BI,(['I(%*!%D!IH<!M<44!4(*<+)<!-(BI+*M<![<IW<<*!B(BI<,!M<44B![%,*! [<IW<<*! I(?<!J%(*IB!Iu!"!+*-!
Iu"/:c! GO! S<**! -(+),+?! BH%W(*)! IH<! %Q<,4+J! %D! M<44! -(Q(B(%*B! 4<+-(*)! I%! H()H! B(BI<,! 4(*<+)<!
-(BI+*M<.!B(BI<,!4(D<BJ+*!,+I(%!+*-!B(BI<,!Q%4'?<!,+I(%!D%,!M<44B!)<*<,+I<-![<IW<<*!I(?<!J%(*IB!Iu!"!
+*- !Iu!"/:c!U.!>.!8O!U%,B+4!+*-!4+I<,+4!Q(<W!%D!IH<!+5!+*-!T 54(*<!-<,(Q<-!*<',+4!J4+I<!M%4%,5M%-<-!
D%,!4(*<+)<!I,<<!-(BI+*M<!gUO.!S%4'?<!,+I(%B!g>O!+*-!4(D<BJ+*!,+I(%B!g8Oc!hH(I<![+,B!4(*N!B(BI<,!M<44Bc!
^H<!(-<*I(I]!%D!XIH!)<*<,+I(%*!M<44B!(B!(*-(M+I<-!%*!J+*<4!>c!#(*<+)<!I,<<!-(BI+*M<B!+,<!D<+I',<B!%D!+!
M<44!J+(,.!WH(4<!,+I(%B!+,<!D<+I',<B!%D!(*-(Q(-'+4!M<44Bc!
! !
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! ": !

!
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+
G/4.1)+NF+O"(),0+"8+&),,'&),,+&"#$%&$' ()*)#()#$+/#(.&$/"#0:+ TO!^W%!BM<*+,(%B!%D!M%*I+MI5
-<J<*-<*I!M<44!(*-'MI(%*Bc!R*!IH<!k^%J%4%)(M+4!M<44!M%*I+MIk!BM<*+,(%.!+*]!,<BJ%*-(*)!M<44!g),<]O!
M%*I+MI(*)!+!4()+*-5<?(II(*)! M<44!g,<-O!(B!(*-'M<-c!R*!IH<!km'+*I(I+I(Q<!M<44!M%*I+MI!+,<+Bk!BM<*+,(%.!
+!M<44!(B!%*4]!(*-'M<-!(D!(IB!+,<+!%D!M%*I+MI!W(IH!4()+*-5<ZJ,<BB(*)!M<44B!(B!B'DD(M(<*I4]!4+,)<c!;O!
G%4%,5M%-<-!D+I<!?+J!%D!M<44B!+I!IH<!@:5M<44!BI+)<c!GO!k^%J%4%)(M+4!M<44!M%*I+MIk!BM<*+,(%c!^%Ja!
M%4%,5M%-<-!B()*+4(*)!BI+I<Bd!;%II%?a!-(BI,(['I(%*!%D!IH<!*'?[<,!%D!J+IHW+]B!+DD<MI(*)!+!M<44`B!D+I<!
D%,!M<44B![%,*![<IW<<*!I(?<!J%(*IB!"!+*-!"/:c!UO!km'+*I(I+ I(Q<!M<44!M%*I+MI!+,<+Bk!BM<*+,(%!
,<B'4I(*)!D,%?!IH<!M%?J'I+I(%*+4!?%-<4c!^%Ja!M%4%,5M%-<-!B()*+4(*)!BI+I<Bc!;%II%?a!-(BI,(['I(%*!%D!
IH<!*'?[<,!%D!J+IHW+]B!+DD<MI(*)!+!M<44`B!D+I<!D%,!M<44B![%,*![<IW<<*!I(?<!J%(*IB!"!+*-!"/:c!R*!;5U.!
+!WH(I<![+,!4(*NB!B([4(*)!M<44Bc!G%4%,B!(*!;.!U!+,<!+,[(I,+,]c!\<<!+4B%!8()',<!\0=!D%,!+*!<b'(Q+4<*I!
+*+4]B(B!+I!IH<!""/5M<44!BI+)<c!
!

!
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! "= !
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+
+
G/4.1)+ PF!Q1)(/&$/"#0+ "8+$3)+?.%#$/$%$/2)+&),,+&"#$%&$+%1)%0+ -"(),:!TO!L<,M<*I+)<!%D!N*%W*!
g[4'<O!%,!%Q<,J,<-(MI<-!g,<-O!M<44!(*-'MI(%*!<Q<*IB!J,<-(MI<-![]!IH<!?%-<4!(*!h(4-!I]J<!gh^O.!+*-!
(*!B(I'+I(%*B!%D!4()+*-!<ZJ,<BB(%*! ,+*-%?(9+I(%*.!M%*BI+*I!+Q+(4+[4<! ,<M<JI%,!B(I'+I(%*!+*-!>JH!
,<M<JI%,! ?'I+I(%*c! ;O! S(B'+4(9+I(%*! %D! IH<! ""/5M<44! BI+)<! M<445M<44! (*I<,D+M<B! M%*BI,+(*<-! []!
-(DD<,<*I(+4! M<44! (*-'MI(%*Bc! \<<! +4B%! 8()',<! \@Y! D%,! <b'(Q+4<*I! -+I+! +I! IH<! @:5M<44! BI+)<c! GO!
G%*M<JI'+4!?%-<4B!%D!Q<,I<[,+I<!+*-!+BM(-(+*!<?[,]%*(M!M<44!(*-'MI(%*Bc!

+
+
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C.**,)-)#$%16+2/()"0F +
S(-<%!\"a!0U!,<*-<,(*)!%D!+*! (*I<*B(I]! (?+)<!%D!-<Q<4%J(*)!>?[,]%" !+DI<,! D'B(%*c!S<)<I+4!Q(<Wc!
T*I<,(%,!(B!I%!IH<!I%Jc!
!
S(-<%!\/a!S<)<I+4!Q(<W!%D!IH<!T\^>G"!B<)?<*I<-!<?[,]%c!G%4%,!M%-<!+,[(I,+,]c!V%I<!IH<!BH+J<!%D!
M4%*<B!J,%-'M<-!D,%?!(*-(Q(-'+4!@:5M<44!J,<M',B%,Bc!!
!
S(-<%! \0a! S<)<I+4! Q(<W! g4<DIO! +*-! B(-<! Q(<W! IH,%')H! +! B+)(II+4! B<MI(%*! g,()HIO! %D! IH<! T\^>G"!
B<)?<*I<-! +*-! D+I<! M%4%,<-! LH+44'B(+! ?+??(44+I+! <?[,]%c! T*I<,(%,! (B! I%! IH<! I%Jc! U+,N! ,<-! a!
'*,<BI,(MI<-!?<B%-<,?.!<*-%-<,?.!+*-! *<',+4!J,%)<*(I%,Bd!U+,N!),<]a!<*-%-<,?d!L',J4<a!^#Gd!
#()HI! [<()<a! J,(?+,]! *%I%MH%,-d! #()HI! ),<]a! B<M%*-+,]! *%I%MH%,-d! U+,N! [<()<a! ^SGd! L(*Na! I+(4!
?'BM4<d!hH(I<a!?<B<*MH]?<d!U+,N![4'<a!I+(4!<J(-<,?(Bd!;,()HI!,<-a!H<+-!<J(-<,?(Bd!\+4?%*.!4()HI!
),<<*.!4()HI![4'<.!-+,N!),<<*a!-(DD<,<*I!,<)(%*+4(9<-!*<',+4!J4+I<!J,%)<*(I%,Bd!&%4-<*!]<44%Wa!)<,?!
4(*<c!
+ +
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! "F !

M)8)1)#&)0F+
!
"c!! Gc!Cc!h+--(*)I%*.!M+*+4(9+I(%*!%D!-<Q<4%J?<*I!+*-!IH<!(*H<,(I+*M<!%D!+Mb'(,<-!
MH+,+MI<,Bc!A/1?72c!HNR.!=@0i =@=!g"X:/Oc!
/c!! ^c!#<M'(I.!#c!#c!&%DD.!e,MH<BI,+I(*)!B(9<!+*-!BH+J<!-',(*)!?%,JH%)<*<B(Bc!A/1?72c!
LNR.!"lX!g/YYFOc!
0c!! #c!C%*)!210/49.!S+,(+[4<!G<44!&,%WIH!s(<4-B!P<J,%-'M([4<!e,)+*!U<Q<4%J?<*I!
IH,%')H!\J+I(%I<?J%,+4!TQ<,+)(*)c!B2;90+244c!KS.!"=i 0/!g/Y"@Oc!
:c!! Pc!Ac!A%H*BI%*.!Gc!U<BJ4+*.!\I%MH+BI(M!6<MH+*(B?B!%D!G<44!8+I<!\J<M(D(M+I(%*!IH+I!
s(<4-!P+*-%?!%,!P%['BI!e'IM%?<Bc!C..?90D2;90+2440B2;90E,-49!IP .!@lXi F"X!g/Y"YOc!
=c!! 6c!3]II<W++4!210/49.!6<MH+*(M+4!\I,<BB!TMIB!Q(+!t+I+*(*!I%!T?J4(D]!U(DD<,<*M<B!(*!
&,%WIH!P+I<![<IW<<*!T-7+M<*I!G<44B!(*!T,+[(-%JB(Bc!+244c!HLT.!:0Xi :="!g/Y"/Oc !
@c!! 6c!Q%*!U+BB%W.!#c!Tc!U+Q(-B%*.!LH]B(MB!+*-!IH<!M+*+4(9+I(%*!%D!?%,JH%)<*<B(Ba!+!
),+*-!MH+44<*)<!(*!%,)+*(B?+4![(%4%)]c!=>F390E,-49!S.!Y:=YY/!g/Y""Oc!
Fc!! ;c!&%4-BI<(*.!e*!IH<!<Q%4'I(%*!%D!<+,4]!-<Q<4%J?<*I!(*!IH<!V<?+I%-+c!=>,4-390G7/.390
D90H-I90J-.K90E90E,-490HI,9!KNP.!"=/" i "=0"!g/YY"Oc!
lc!! Lc!#<?+(,<.!>Q%4'I(%*+,]!M,%BB,%+-B!(*!-<Q<4%J?<*I+4![(%4%)]a!IH<!I'*(M+I<Bc!B2;90
+/@:908.<49!HKS.!/":0 i /"=/!g/Y""Oc !
Xc!! Ac!>c!\'4BI%*.!>c!\MH(<,<*[<,).!Ac!&c!hH(I<.!Ac!Vc!^H%?B%*.!^H<!<?[,]%*(M!M<44!4(*<+)<!
%D!IH<!*<?+I%-<!G+<*%,H+[-(I(B!<4<)+*Bc!B2;90E,-49!HRR.!@:i ""X!g"Xl0Oc!
"Yc!! Cc!V(BH(-+.!G<44!4(*<+)<!+*+4]B(B!(*!+BM(-(+*!<?[,]%B![]!(*I,+M<44'4+,!(*7<MI(%*!%D!+!
I,+M<,!<*9]?<c!RRRc!3J!I%!IH<!I(BB'<!,<BI,(MI<-!BI+)<c!B2;90E,-49!HIH.!=/@i :"!g"XlFOc!
""c!! 6c!#c!V]-+?.!Pc!&c!C+,,(B%*.!L%4]?%,JH(B?!+*-!-(Q<,)<*M<!W(IH(*!IH<!+BM(-(+*!
)<*'B!G(%*+c!L-490=>F4-<2.21908;-49!NP.!F"l i F/@!g/Y"YOc!
"/c! ! Tc!U<].!Gc!tc!hc!GH+*.!Gc!&c!^H%?+B.!Tc!Uc!G'II<,.!6%4<M'4+,!H]J<,-(Q<,B(I]!-<D(*<B!
J%J'4+I(%*B!%D!IH<!*<?+I%-<!G+<*%,H+[-(I(B![,<**<,(c!=7-I90A/1490CI/K90HI,90M90H90C9!HHR.!
""Y=@i ""Y@Y!g/Y"0Oc!
"0c!! >c!6c!#<DD4<,!210/49.!P<Q(B(I(*)!+*!e4-!P(--4<a!hH+I!U<I<,?(*<B!&<*<I(M!U(Q<,B(I]!
#<Q<4B!W(IH(*!\J<M(<Bj!=JNH0E,-49!HR.!<"YY"0l l!g/Y"/Oc!
":c! ! Tc!\I%4D(!210/49.!U(Q<,)<*I!?<MH+*(B?B!,<)'4+I<!M%*B<,Q<-!M+,-(%JH+,]*)<+4!
-<Q<4%J?<*I!+*-!)<*<!<ZJ,<BB(%*!(*!-(BI+*I4]!,<4+I<-!+BM(-(+*Bc!2J,O2c!K.!<Y0F/l!g/Y":Oc!
"=c!! 6+*'! 210/49.!G+*+4(9+I(%*!%D!&<*<!>ZJ,<BB(%*!(*!IH<!U,%B%JH(4+!;4+BI%-<,?![]!&+J!
&<*<!G,%BB!P<)'4+I(%*c!=JNH0E,-49!U.!<"YYYY:X!g/YYXOc!
"@c!! \c!>c!#%II.!6c!t,<(I?+*.!Tc!L+4BB%*.!>c!T4<NB<<Q+.!6c!wc!#'-W().!G+*+4(9+I(%*!%D!
B<)?<*I+I(%*!+*-!(IB!<Q%4'I(%*!(*!U,%B%JH(4+c!=7-I90A/1490CI/K90HI,9!HRL.!"YX/@i "YX0"!
g/YYFOc!
"Fc!! Tc!P+7.!\c!Tc!P(DN(*.!>c!T*-<,B<*.!Tc!Q+*!e'-<*++,-<*.!S+,(+[(4(I]!(*!)<*<!<ZJ,<BB(%*!
'*-<,4(<B!(*M%?J4<I<!J<*<I,+*M<c!A/1?72c!LPK.!X"0!g/Y"YOc!
"lc! ! 6c!#c!\(<)+4.!Tc!;<,)?+*.!h+--(*)I%*xB!M+*+4(9+I(%*!,<Q(B(I<-a!U<Q<4%J?<*I+4!
BI+[(4(I]!+*-!<Q%4'I(%*c!=7-I90A/1490CI/K90HI,9!TT.!"Y=/l i "Y=0/!g/YY/Oc!
"Xc!! \c!P'IH<,D%,-.!sc!C(,+I<.!;c!Ac!\W+44+.!^H<!CBJXY!G+J+M(I%,.!U<Q<4%J?<*I+4!
P<?%-<4(*).!+*-!>Q%4'I(%*a!^H<!P%['BI*<BB!%D!&<*<!V<IW%,NB!+*-!IH<!G',(%'B!
>Q%4Q+[(4(I]!%D!6<I+?%,JH%B(Bc!+7,190D2;90E,-I>2@90L-490E,-49!LI .!0==i 0F/!g/YYFOc!
/Yc!! 6c5Tc!8$4(Z.!6c!;+,N%'4+B.!P%['BI*<BB!+*-!D4<Z([(4(I]!(*!*<?+I%-<!Q'4Q+!
-<Q<4%J?<*Ic!G72.K30P2.219!IS .!"l= i "X=!g/Y"/Oc!
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! "l !

/"c! ! ^c!6+IB'%N+.!^c!RN<-+.!tc!8'7(?+N(.!sc!\+I%'.!^,+*BM,(JI%?<!-]*+?(MB!(*!<+,4]!
<?[,]%B!%D!IH<!+BM(-(+*.!G(%*+!(*I<BI(*+4(Bc!B2;90E,-49!KSL.!0F=i 0l=!g/Y"0Oc!
//c! ! Uc!Tc!S%,%*%Q.!sc!Sc!L+*MH(*.!G<44!4(*<+)<!(*!?+,(*<!*<?+I%-<!>*%J4'B![,<Q(Bc!B2;90
+/@:908.<49!HIN.!":0 i "=Y!g"XXlOc!
/0c!! Ac!\c!#+'D<,.!Lc!;+99(M+4'J%.!hc!;c!h%%-.!\<),<)+I(%*!%D!-<Q<4%J?<*I+4!J%I<*I(+4!(*!
<+,4]!<?[,]%B!%D!M+<*%,H+[-(I(B!<4<)+*Bc!+244c!HT.!=@Xi =FF!g"XlYOc!
/:c! ! #c!GH+[,].!8@:7F-4-<,20.-7@/4202101Q7/1-4-<,R?20K230C3I,K,23!g8<4(Z!T4M+*!>-(I<',.!
L+,(B.!"llFOc!
/=c!! 6c!#+[%'<BB<.!\c!>c!6+*)%.!L+II<,*(*)!IH<!Gc!<4<)+*B!<?[,]%a!?%Q(*)![<]%*-!IH<!
M<44!4(*<+)<c!G72.K30P2.219!HN.!0YFi 0"0!g"XXXOc!
/@c!! &c!-<!6<-<(,%B!210/49.!G%*D%M+4!?'4I(Q(<W!4()HI5BH<<I!?(M,%BM%J]c!A/190+-@@?.9!P.!
lll"!g/Y"=Oc !
/Fc!! Ac!\I<)?+(<,!210/49.!P<+45̂ (?<!^H,<<5U(?<*B(%*+4!G<44!\<)?<*I+I(%*!(*!#+,)<5\M+4<!
6(M,%BM%J]!U+I+!%D!U<Q<4%J(*)!>?[,]%Bc!B2;90+244c!KP.!//= i /:Y!g/Y"@Oc!
/lc! ! Pc!8<,*+*-<9!210/49.!R?+)(*)!J4+*I!),%WIH!(*!:Ua!,%['BI!I(BB'<!,<M%*BI,'MI(%*!+*-!
4(*<+)(*)!+I!M<44!,<B%4'I(%*c!A/190L21>-K3c!U.!=:Fi ==0!g/Y"YOc!
/Xc!! 8c!T?+I!210/49.!8+BI.!+MM',+I<!,<M%*BI,'MI(%*!%D!M<44!4(*<+)<B!D,%?!4+,)<5BM+4<!
D4'%,<BM<*M<!?(M,%BM%J]!-+I+c!A/190L21>-K3c!HH.!X="i X=l!g/Y":Oc!
0Yc!! hc!Pc!A<DD<,].!L,%),+??<-!M<44!-<+IH!(*!IH<!+BM(-(+*!<?[,]%a!?%-'4+I(%*![]!8%ZT=!
+*-!6+*Z!+*-!,%4<B!(*!IH<!<Q%4'I(%*!%D!4+,Q+4!-<Q<4%J?<*Ic!L2I>90B2;9!HHS.!""" i "/:!
g/YY/Oc!
0"c!! 6c!G+,4B%*.!hc!P<<Q<B.!6c!S<<?+*.!\I%MH+BI(M(I]!+*-!BI<,<%I]J]!(*!IH<!G(%*+!
*%I%MH%,-c!B2;90E,-49!KTU.!/:l i /=@!g/Y"=Oc!
0/c!! >c!8+',<!210/49.!T!W%,ND4%W!I%!J,%M<BB!0UrI(?<!?(M,%BM%J]!(?+)<B!%D!-<Q<4%J(*)!
%,)+*(B?B!+*-!,<M%*BI,'MI!IH<(,!M<44!4(*<+)<c!A/190+-@@?.9!U.!l@F:!g/Y"@Oc!
00c!! Lc!8<,,+,%.!Gc!&%-(*.!T!-(BI+*M<!?<+B',<![<IW<<*!J4+*I!+,MH(I<MI',<Bc!C..90S-790HI,9!
NU.!::= i :@"!g/YYYOc!
0:c!! Ac!\MH'49<.!hc!C%'IH%%D-.!Ac!3<*N.!\c!S+*)<BI<4.!>c!\MH(<,<*[<,).!L4<MI'B!5!+!BI<JJ(*)!
BI%*<!(*!<?[,]%*(M!M<44!4(*<+)<!<Q%4'I(%*!%D!*<?+I%-<Bc!8;-B2;- c!K.!"0!g/Y"/Oc!
0=c!! Gc!P%'[(*<I.!Gc!G+[<,*+,-.!G%*I,%4!%D!+B]??<I,(M!M<44!-(Q(B(%*c!+?7790N6,.90+2440E,-49!
KH.!l: i X"!g/Y":Oc!
0@c!! ^c!C(,+*%.!Cc!V(BH(-+.!U<Q<4%J?<*I+4!D+I<B!%D!4+,Q+4!I(BB'<B!+DI<,!?<I+?%,JH%B(B!(*!
+BM(-(+*!C+4%M]*IH(+!,%,<I9(c!Rc!e,()(*!%D!?<B%-<,?+4!I(BB'<B!%D!IH<!7'Q<*(4<c!B2;90E,-49!HTI .!
"XXi /"Y!g"XXFOc!
0Fc!! ^c!C(,+*%.!Cc!V(BH(-+.!U<Q<4%J?<*I+4!D+I<B!%D!4+,Q+4!I(BB'<B!+DI<,!?<I+?%,JH%B(B!(*!
IH<!+BM(-(+*.!C+4%M]*IH(+!,%,<I9(c!RRc!e,()(*!%D!<*-%-<,?+4!I(BB'<B!%D!IH<!7'Q<*(4<c!B2;90
P2.2308;-49!IHR.!==i @0!g/YYYOc!
0lc!! 6c!^%N'%N+.!Vc!\+I%H.!sc!\+I%'.!T![C#C!I,+*BM,(JI(%*!D+MI%,!)<*<.!^W(BI54(N<!".!(B!
<BB<*I(+4!D%,!IH<!D%,?+I(%*!%D!?<B%-<,?+4!I(BB'<B!%D!G(%*+!7'Q<*(4<Bc!B2;90E,-49!ISS .!0lF i
0X@!g/YY=Oc!
0Xc!! Uc!V(M%4.!Rc!Tc!6<(*<,I9H+)<*.!G<44!M%'*IB!+*-!?+JB!(*!IH<!4+,Q+4!M<*I,+4!*<,Q%'B!
B]BI<?!%D!IH<!+BM(-(+*!G(%*+!(*I<BI(*+4(B!g#cOc!T90+-@690A2?7-49!KRT.!:"= i :/X!g"XX"Oc!
:Yc!! Tc!&c!G%4<.!Rc!Tc!6<(*<,I9H+)<*.!^H<!M<*I,+4!*<,Q%'B!B]BI<?!%D!IH<!+BM(-(+*!4+,Q+a!
?(I%I(M!H(BI%,]!%D!M<44B!D%,?(*)!IH<!*<',+4!I'[<!(*!4+I<!<?[,]%*(M!G(%*+!(*I<BI(*+4(Bc!B2;90
E,-49!IUH.!/0Xi /@/!g/YY:Oc!
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! "X!

:"c! ! Tc!L+B(*(!210/49.!8%,?+I(%*!%D!IH<!+BM(-(+*!<J(-<,?+4!B<*B%,]!*<',%*Ba!(*B()HIB!(*I%!
IH<!%,()(*!%D!IH<!MH%,-+I<!J<,(JH<,+4!*<,Q%'B!B]BI<?c!=J-H0E,-49!L.!<//=!g/YY@Oc!
:/c! ! Pc!8(MN<*IBMH<,.!Lc!\I,'*I9.!6c!h<(BB.!\<II(*)!IH<!G4%MN!D%,!8+(45\+D<!>+,4]!
>?[,]%)<*<B(Bc!=>F390D2;90J2119!HHU.!"ll"Y"!g/Y"@Oc!
:0c!! ^c!>c!&(44(<B.!Gc!G+[<,*+,-.!G<44!U(Q(B(%*!e,(<*I+I(%*!(*!T*(?+4Bc!+?7790E,-49!IH .!P=XXi
P@YX!g/Y""Oc!
::c! ! ^c!V<)(BH(.!Cc!V(BH(-+.!(*!C3F@@217,I0+2440B,;,3,-.0,.0B2;24-6@2.150B,OO272.1,/1,-.0
/.K0+/.I27 !g\J,(*)<,.!GH+?.!/Y"Fd!HIIJBapp4(*NcBJ,(*)<,cM%?pMH+JI<,p"Yc"YYFpXFl505
0"X5=0"=Y5/y"/O.!D23?4130/.K0=7-:42@30,.0+2440B,OO272.1,/1,-..!JJc!/@"i /l:c !
:=c!! tc!\c!R?+(.!tc!C(*%.!tc!s+)(.!Vc!\+I%H.!sc!\+I%'.!&<*<!<ZJ,<BB(%*!J,%D(4<B!%D!
I,+*BM,(JI(%*!D+MI%,B!+*-!B()*+4(*)!?%4<M'4<B!(*!IH<!+BM(-(+*!<?[,]%a!I%W+,-B!+!
M%?J,<H<*B(Q<!'*-<,BI+*-(*)!%D!)<*<!*<IW%,NBc!B2;90+/@:908.<49!HKH.!:Y:F i =l!g/YY:Oc!
:@c!! tc!\c!R?+(.!6c!#<Q(*<.!Vc!\+I%H.!sc!\+I%'.!P<)'4+I%,]![4'<J,(*I!D%,!+!MH%,-+I<!
<?[,]%c!HI,2.I2c!KHI .!""l0 i ""lF!g/YY@Oc!
:Fc!! ec!^+BB].!8c!U+(+*.!Gc!C'-B%*.!Sc!;<,I,+*-.!Lc!#<?+(,<.!T!b'+*I(I+I(Q<!+JJ,%+MH!I%!
IH<!BI'-]!%D!M<44!BH+J<B!+*-!(*I<,+MI(%*B!-',(*)!<+,4]!MH%,-+I<!<?[,]%)<*<B(Bc!+?7790E,-490
+Ec!HP.!0:= i =l!g/YY@Oc!
:lc! ! Vc!eHI+.!tc!h+N(.!Tc!6%MH(9'N(.!sc!\+I%'.!T!;%%4<+*!8'*MI(%*!D%,!V<',+4!R*-'MI(%*!
P<Q<+4B!+!G,(I(M+4!P%4<!%D!U(,<MI!R*I<,M<44'4+,!R*I<,+MI(%*B!(*!L+II<,*(*)!IH<!>MI%-<,?!%D!
IH<!TBM(-(+*!>?[,]%c!=J-H0+-@6?190E,-49!HH.!<"YY:@lF!g/Y"=Oc!
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