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\X!

-4'&-!Q'.5!4L!B&#M!F(&%+!4,!4F+<!I!21!@!H1S/!(<+!:4)-'?+<+?!5'15&6!@S,+<.'&+!Mb(&&+.!+.!(&8!"JJ\O0!

5'15!@!,+<.'&'.6!:()!A+!,4%)?!')!A4.5!-4'&-!Q'.5!5'15!K>!()?!4<!-4'&-!Q'.5!&4Q!K>!A%.!5'15!JB!M>'18!

D/O8!D4'&-!Q'.5! &4Q!K>!()?!&4Q!JB0!-%:5!(-!24-.!;'G'-4&-0!(&-4!5(F+!&4Q!4SF(&%+-8!35%-0!@!

o,'G')1p!A6!-4'&-!'-!<+F+<-'A&+!()?!-(6-!&'..&+!(A4%.!@!(F('&(A'&'.68!

!

!
P&-'.()aQ)2*&0)$*0'%&*#)K)%'.#*D(.)LT2M)1$)1)=.&D(.)*+)1D1&01S0()K)L=M.OMQ)b8&0()%8(.()&$)1)01.-().1#-()&#)K)1D1&01S&0&%E)

1%)%)\)G)L@QM3)%8&$)D1.&1S&0&%E)S(/*B($)$B100(.)1#=)-.1='100E)'#/*'T0(=)+.*B)@Q)/01$$)+*.)0*#-(.)%&B()+.1B($)L%\!3)

!aaG3)!@_ZcGG)B&#M)L1MQ)58()-.*>%8)&#)K)1D1&01S&0&%E)S(%>((#)%\G)1#=)%)\)!)&$)=(T(#=(#%)*#)T2)LSMQ)2&BT0()0&#(1.)

.(-.($$&*#)S(%>((#)T2)1#=)%8()=&++(.(#/()S(%>((#)=M/O)1#=)=MJO)&$)-&D(#)SE)MNO PQVD9W;X T MNOPQVD9Y;X $ %Q*PZQ @

Q*[\Z F MNOPQ945;)>&%8)P)\)c!;3)T)])!G^!;3)1#=)N@)\)GQH_Q)#)\)!HGQ)N(=3)*.1#-(3)1#=)-.((#)/*0*.$).(+(.)%*) 0*>3)

B&==0(3)1#=)8&-8)@Q)^/01$$($)1$)=(%(.B&#(=)SE)d(#X$)#1%'.10)S.(1X$)*T%&B&?1%&*#Q)"#)LSM3)=1$8(=)0&#($).(T.($(#%)

%8()_;`)/*#+&=(#/()&#%(.D10Q)

!

!
P&-'.();Q)]@)*+)$&BT0()0&#(1.).(-.($$&*#$)S(%>((#)&$*%*T&/100E)(W/81#-(1S0()K)L=M.OM)(WT01&#(=)SE)T.(=&/%*.$)@Q)L1M3)

T2)LSM3)1#=)@')4<1)L/M)1$)1)+'#/%&*#)*+)%&B(Q)N(-.($$&*#$)>(.()+&%)$(T1.1%(0E)+*.)(1/8)/01$$)*+)@Q)L0*>3)B&==0(3)8&-8M3)

1$)=(%(.B&#(=)SE)d(#X$)#1%'.10)S.(1X$)*T%&B&?1%&*#Q)<*>)@Q)\)GQGG9)^)GQ!c)B-)X-^!)L))\)acM3)B&==0()@Q)\)GQ!c)e)

!Q_)B-)X-^!)L))\)_aM3)1#=)8&-8)@Q)\)!Q_)e)a@Q;)B-)X-^!)L))\)HHMQ)
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LJ!

!

H-7'6($7'!,2'(!G#-9#!!"!8066'(/!-/,&,%-9$..@!':9#$15'$8.'!D!E&'()F!

W)!Q5':5!.'2+!,<(2+!'-!4L%M!?+E+)?+).!4)!JBq![6!E+<,4<2')1!&')+(<!<+1<+--'4)-!A+.Q++)!K>0!

JB0!()?!K&#*.-0!<+-E+:.'F+&60!()?!4L%M!,4<!.!f!/!2')!.4!\!24).5-0!Q+!,4%)?!.5(.!.5+!,'.-!(<+!-.<4)1&6!

?+E+)?+).!4)!K>!:&(--!M5'150!2'??&+0!&4QO8![(-+?!4)!$+)H-!)(.%<(&!A<+(H-!4E.'2'U(.'4)0!.5<++!

:&%-.+<-!4,!K>!Q+<+!?+.+<2')+?B!J8JJN!K!J8/^!21!H1S/!M#!f!L^O0!J8/^!K!/8X!21!H1S/!M#!f!XLO0!()?!

/8X!K!L"8I!21!H1S/!M#!f!##O8!P(&:%&(.')1!.5+!N@!4,!.5+!<+1<+--'4)!(-!(!,%):.'4)!4,!.'2+!-54Q+?!

.5(.! ,4<! .5+!:&(--!4,!5'15!K>!-4'&-0!K>!+GE&(')+?!^Jk!4,!F(<'(A'&'.6! ')!4L%M!(.!/!2')! M>'1!I(O8!

*4Q+F+<0!K>!&4-.!E4Q+<!(-!(!E<+?':.4<!4,!4L%M!<(E'?&60!+GE&(')')1!4)&6!"Jk!4,!F(<'(A'&'.6!A6!.!f!

^J!2')8!7)!:4).<(-.0!-4'&-!Q'.5!&4Q!:4):+).<(.'4)-!4,!K>!-54Q+?!)4!<+&(.'4)-5'E!A+.Q++)!F(&%+-!

4,!4L%M!()?!K>!+F+)!(.!-54<.!.'2+!-E()-8!35%-0!.5+!:4):+).<(.'4)!4,!@!')!.5+!-4'&!-4&%.'4)!5(-!(!

-.<4)1!&+1(:6!4)!E&().!@S(F('&(A'&'.6!,4<!-4'&-!Q'.5!5'15!K>!(.!-54<.!.'2+!-E()-0!A%.!?4+-!)4.!

')?':(.+!@!(F('&(A'&'.6!')!-4'&-!Q'.5!&4Q!:4):+).<(.'4)-!4,!K>8!7)!.5+-+!-4'&-0!F(&%+-!4,!4L%M!(<+!

E<'2(<'&6! ?<'F+)! A6! JB! M>'1! IAO8! =F+).%(&&6! A4.5! JB! ()?! K>! &4-+! E<+?':.'F+! E4Q+<0! (-! 4L%M!

')+F'.(A&6!(EE<4(:5+-!K&#*.-!M-++!=_8!MLOO!M>'1!I:O8!*4Q+F+<0!E<+?':.'F+!E4Q+<!4,!K&#*.-!'-!(1(')!

?+E+)?+).!4)!K>!S:&(--8!

!

4L%M!4F+<!.'2+-E()-!A+.Q++)!/!2')!()?!\!24).5-!Q+<+!?',,+<+).&6!<+&(.+?!.4!E<+?':.4<-!K>0!JB0!

()?! K&#*.-! ?+E+)?')1! 4)! :4):+).<(.'4)-! 4,! K>8! 35+! +,,+:.! 4,! JB! 4)! 4L%M! '-! .5%-! -.<4)1&6!

?+E+)?+).!4)!K>8!7)!@!?+E&+.+?!-4'&-!.5+!H')+.':!:42E4)+).!'-!:<%:'(&!')!E<+?':.')1!(!-4'&j-!@!

(F('&(A'&'.68! V)! %)?+<+-.'2(.'4)! 4,! .5+! H')+.':! :42E4)+).-! 4,! @! (F('&(A'&'.6! Q'&&! &+(?! .4!

4F+<,+<.'&'U(.'4)!4,!@S,'G')1!-4'&-8!7)!24<+!@S<':5!-4'&-0!54Q+F+<0!@!(F('&(A'&'.6!:()!A+!<+&(.'F+&6!

(::%<(.+&6!(--+--+?!Q'.5!-.(.':!2+(-%<+-0!'8+8!.5+!:4):+).<(.'4)!4,!@!')!.5+!-4&%.'4)!()?!.5+!

.4.(&!')4<1()':!@!')!.5+!-4'&8!

!

!"!8066'(/!6'(&-.-I'(!$%%.-9$&-,1!-1!.,15A&'(7!6'(&-.-I'(!':%'(-7'1&/!

35+<+!Q(-!(!E4-'.'F+!<+&(.'4)-5'E!A+.Q++)!K>!()?!@!A%?1+.!(:<4--!(&&!/N!&4)1S.+<2!@!,+<.'&'U+<!

+GE+<'2+).(&! -'.+-0!Q5':5! '-! :4)-'-.+).!Q'.5! .5+! -.%?6!4,!94<+&! +.!(&8! M"JJJO8!*4Q+F+<0! .5+!

-&4E+-! -E())+?! .5<++! 4<?+<-! 4,! 2(1)'.%?+0! ,<42! J8JJ#! d21! @! H1S/! -4'&eadH1! @! 5(S/! 6<S/e!

M>+<<(&-4&0!P4&42A'(O!MWA+<-4)!+.!(&8!/XXXO!.4!\8X!d21!@!H1S/!-4'&eadH1!@!5(S/!6<S/e!MP5+<)4U+20!

P()(?(O!M94<+&!+.!(&8!/XXLO8!35'-!-54Q-!.5(.!-4'&!-4&%.'4)!@!'-!24<+!-.<4)1&6!A%,,+<+?!')!-42+!

-4'&-!.5()!4.5+<-8!]+-%&.-!,<42!.5+!,+<.'&'U+<!+GE+<'2+).-!.5%-!:4),'<2!.5(.!')!5'15!@S-4<A')1!

-4'&-0!-%:5!(-!>+<<(&-4&-0!(??'.'4)-!4,!@!,+<.'&'U+<-!2(6!&+(?!.4!4)&6!'):<+2+).(&!'):<+(-+-!')!

-4&%.'4)!@!:4):+).<(.'4)!M]46!+.!(&8!"J/^O8!*4Q+F+<0!.5'-!?4+-!)4.!)+:+--(<'&6!.<()-&(.+!.4!@!

(F('&(A'&'.6!M@6E+<-!+.!(&8!"JJ^O8!

!



P5(E.+<!/!
!

L/!

@[P!4)!.5+!,'+&?!+GE+<'2+).-0!.(H+)!(-!.5+!-&4E+!4,!K>!'):<+(-+!Q'.5!'):<+(-')1!@!A%?1+.0!Q(-!

)+1(.'F+&6!?+E+)?+).!4)!JB!MP!f!/J8N0!T!f!J8JJL#0!()?!N@!f!J8LJO!M>'18!^O8! 7)!4.5+<!Q4<?-0!

-4'&-!Q'.5!5'15+<!JB!F(&%+-!Q+<+!:5(<(:.+<'U+?!A6!-&4Q+<!'):<+(-+-!')!K>!(.!-'2'&(<!6+(<&6!@!

')E%.S4%.E%.! A%?1+.-0! ()?! F':+SF+<-(8! [4.5! @[P! ()?! JB! (<+! 2+(-%<+-! .4! ?+-:<'A+! .5+!

+G:5()1+! 4,! @! A+.Q++)! .5+! -4'&! -4&%.'4)! ()?! -4&'?! E5(-+-! MW&-+)! ()?! T5(-(Q)+5! /XNJY!

>(<?+(%!+.!(&8!/XX/O8!*4Q+F+<0!.5+!.Q4!5(F+!)+F+<!A++)!?'<+:.&6!<+&(.+?8!`(.(!,<42!&4)1S.+<2!

,'+&?!+GE+<'2+).-!+)(A&+?!%-! .4! :42E(<+!JB! .4! ,'+&?S-:(&+!@[P8!35+! ,(:.! .5(.! .5+! .Q4!(<+!

:4<<+&(.+?! ')! ,+<.'&'U+<! ,'+&?! +GE+<'2+).-! .5%-! %)?+<&')+-! 4%<! ,')?')1-! ,<42! .5+! 1&4A(&! -4'&!

')F+-.'1(.'4)!.5(.!JB!()?!@[P!E<4F'?+!'),4<2(.'4)!4)!.5+!-(2+!%)?+<&6')1!E<4:+--+-8!

!
P&-'.()cQ)2&BT0()0&#(1.).(-.($$&*#)S(%>((#)T8*$T8*.'$)S'++(.&#-)/1T1/&%E)LKIfM)1#=)$*&0)$*0'%&*#)K)%'.#*D(.)LJBM)

+*.)!9)0*#-^%(.B)K)+(.%&0&?(.)(WT(.&B(#%$Q)KIf)>1$)/10/'01%(=)1$)%8()$0*T()*+)%8().(-.($$&*#)S(%>((#)K>)1#=)K)

S'=-(%Q)KIf)>1$)+*'#=)%*)/*..(01%()>&%8)JB3)1$)-&D(#)SE3)MNOPQ9!"#; $ %TQ*]^P T Q*]^R F MNOPQ945;3)>&%8)1#)N@)

*+)GQaG)LP)\)!GQ93)T)\)GQGGaHMQ)R1$8(=)0&#($).(T.($(#%)_;`)/*#+&=(#/()&#%(.D10Q)

!

=7%.-9$&-,1/!6,(!0/-15!!"#

94-.!E<+F'4%-!-.%?'+-!')F4&F')1!'-4.4E':!+G:5()1+!H')+.':-!5(F+!,4:%-+?!4)!()(&6U')1!B0!#0!

()?!4SF(&%+-!M3<()!+.!(&8!/XNNY!><4--(<?!+.!(&8!/XX\Y!V:5(.!+.!(&8!"J/^Y![<c?4'<+!+.!(&8!"J/^O8!

*4Q+F+<0!B!()?!#!(<+!-'2E&6!-.(.'-.':(&!E(<(2+.+<-0!Q5+<+(-!JB!:()!A+!<+(?'&6!').+<E<+.+?!')!

.+<2-!4,!-4'&!E<4:+--+-!M>(<?+(%!+.!(&8!/XX/O8!JB!'-!.5+!2+:5()'-2!A+5')?!@[P!()?!'-!%-+,%&!

')!+GE&(')')1!@!(F('&(A'&'.68!*4Q+F+<0!Q5+)!%-')1!JB0!'.!'-!'2E4<.().!.4!A+!(Q(<+!4,!'.-!&'2'.(.'4)-!

M(-!?+-:<'A+?!')!.5+!2+.54?-!-+:.'4)O!()?!JBj-!-+)-'.'F'.6!.4!.5+!E(<(2+.+<-!B!()?!#8!M>'18!#O!

`+E+)?')1!4)! .5+! -.%?60!(! <+&(.'F+&6! &(<1+!%):+<.(').6! ,4<!JB!2(6!A+!(::+E.(A&+!A+:(%-+!

?',,+<+):+-!')!JB!A+.Q++)!-4'&-!4<!.<+(.2+).-!4,.+)!F(<6!')!4<?+<-!4,!2(1)'.%?+!M>(<?+(%!+.!

(&8!/XX/Y!><4--(<?!+.!(&8!"J//O8!*4Q+F+<0!,4<!&4Q!F(&%+-!4,!B!()?!4<!#0!JB!:(&:%&(.'4)!A+:42+-!

!

!
!

!

!

!
!

!

!

!
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F+<6!-+)-'.'F+!.4!%):+<.(').6!')!B!()?!4<!#0!()?!<+&(.'F+!+<<4<-!2(6!A+!2%:5!5'15+<!.5()!/JJk!

M>'18! #O8! >%.%<+! -.%?'+-! -54%&?! .(H+! .5'-! ').4! (::4%).! ()?! :4)?%:.! (EE<4E<'(.+! +<<4<!

E<4E(1(.'4)0!4<!:4)-%&.!>'18!^!.4!1+.!()!4F+<F'+Q!4,!-+)-'.'F+!B!()?!#!<()1+-8!

!

!
P&-'.()HQ)N(01%&D()$%1#=1.=)=(D&1%&*#$)LN2RM)*+)T2)1+%(.)(..*.)T.*T1-1%&*#)1$$'B&#-)!G`)'#/(.%1&#%E)&#)2)1#=)))

&#T'%) T1.1B(%(.$3) .($T(/%&D(0EQ) 58() T0*%) $8*>$) %8() 2) 1#=) )) D10'($) +.*B) %8() @!H) $*&0$) &#/0'=(=) &#) %8&$) -0*S10)

/*BT&01%&*#)$%'=EQ)C#/(.%1&#%E) &#)T2)>1$)1TT.*W&B1%(=)'$&#-)%8()T1.%&10)=(.&D1%&D($)1TT.*1/8Q)I'SS0()$&?()1#=)

/*0*.).(01%($)%*)%8()N2R)*+)T2)+*.)%8()T0*%%(=)2)1#=)))/*BS&#1%&*#Q)

!

R5'&+!Q+!,4:%-+?!4%<!()(&6-'-!4)!@!-.%?'+-0!.5+!?+<'F(.'4)!4,!JB!(-!Q+&&!(-!.5+!,')?')1!.5(.!

.5+<+!'-!+G.<+2+&6!<(E'?!+G:5()1+!A+.Q++)!-4&'?!()?!&'_%'?!E5(-+-!'-!+_%(&&6!<+&+F().!,4<!4.5+<!

)%.<'+).-!()?!4<!E4&&%.().-!Q'.5!-.<4)1&6S-4<A')1! '4)!-E+:'+-8!35+! '-4.4E+!+G:5()1+!H')+.':!

(EE<4(:5!5(-!(&-4!A++)!-%::+--,%&&6!(EE&'+?!.4!-.%?6!(F('&(A'&'.6!4,!h)!MD')(Z!+.!(&8!/XXXO0!P?!

Mbc<(<?!+.!(&8!"JJJY!b<(6!+.!(&8!"JJLO0!g'!M=:5+F(<<'(!+.!(&8!/XXNO0!V-!M](52()!+.!(&8!"J/#O0!

()?! l! MP&(<H! +.! (&8! "J//O0! ()?! (EE&':(.'4)-! (<+! (&-4! E&(%-'A&+! ,4<! 4.5+<! +&+2+).-! Q'.5!

<(?'4'-4.4E+-8! 7-4.4E+! +G:5()1+! H')+.':! -.%?'+-!Q'.5! h)0! P?0! ()?! g'! 5(F+! %-+?! .5+! -(2+!

2+.54?!(-!-.%?'+-!4)!@!()(&6U+?!5+<+0!(&-4!24?+&')1!.5+!?+:&')+!')!<(?'4(:.'F'.6!%-')1!=_8!M\O!

M=:5+F(<<'(!+.!(&8!/XXNY!D')(Z!+.!(&8!/XXXY!b<(6!+.!(&8!"JJLO8!>4<!-%:5!-.%?'+-0!.5+!?+<'F(.'4)!4,!

JB! (-! '.! '-! E<+-+).+?! 5+<+! '-! ?'<+:.&6! .<()-,+<(A&+! ()?! 2'15.! E<4F'?+! (??'.'4)(&! %-+,%&!

'),4<2(.'4)!,4<!%)?+<-.()?')1!-4'&S-4&%.'4)!+G:5()1+8!

!
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L\!

J12-(,17'1&$.!-7%.-9$&-,1/!

W%<!-.%?6!E<4F'?+-!)+Q!')-'15.!4)!.5+!?',,%-'4)SA(-+?!2+:5()'-2-!4,!@!A%,,+<')1!(:<4--!(!

&(<1+!<()1+!4,!-4'&!.6E+-8!@<'4<! .4!.5'-!-.%?60! &'..&+!Q(-!H)4Q)!(A4%.!-4'&!-4&%.'4)!@!.%<)4F+<!

<(.+0!(-!JB!5(?!E<+F'4%-&6!A++)!:(&:%&(.+?!A6!4)&6!(!5()?,%&!4,!-.%?'+-8!W%<!()(&6-'-!4,!"/#!

-4'&-!-54Q+?!.5(.!JB!'-!')F+<-+&6!E<4E4<.'4)(&!.4!K>!()?!'-!()!'2E4<.().!?+.+<2')().!4,!E&().!

(F('&(A&+!@8!['4&41':(&!(?(E.(.'4)-!.4!@!(F('&(A'&'.6!5(F+!<+:+'F+?!(!&4.!4,!(..+).'4)0!(-!'.!5(-!

A++)!-54Q)!.5(.!E&().!:422%)'.'+-!5(F+!?',,+<+).!-.<(.+1'+-!,4<!@!)%.<'.'4)!?+E+)?')1!4)!@!

(F('&(A'&'.6!M;(2A+<-!+.!(&8!"JJNO8!7)?++?0!A'4&41':(&!(:.'F'.6!(:.-!(-!()!'2E4<.().!A%,,+<!4,!@!

(F('&(A'&'.6!')!2()6!+:4-6-.+2-0!Q'.5!5'15+<!,&%G+-!4,!A'4&41':(&!@!4,.+)!4::%<<')1!Q5+)!.5+<+!

(<+!&4Q+<!,&%G+-!4,!E56-':4:5+2':(&!@!M[r)+2())!+.!(&8!"J/"0!"J/^O8!W%<!1&4A(&!:42E'&(.'4)!
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>T/#U@!<%7-+R%+).&A0!+R%(.';)!SBU!F(-!%-+2!.;!4(&4%&(.+!EBCFG!')!=&().-@!5!F(-!-+.!+R%(&!.;!

('3!.+6=+3(.%3+!(.!.9+!.'6+!;,!-(6=&')Q@!!

!

J+2B!$/$:71.1!

C(3+).!6(.+3'(&!F(-!49'==+2!,3;6!(!3;(2!-'2+W4%.0!F9+3+!%)F+(.9+3+2!&(:(!F(-!+V=;-+2@!5;!

2+.+36')+! 6')+3(&;QA0! F+! ,;&&;F+2! .9+! =3;4+2%3+! %-')Q!XKZ! ;%.&')+2!(7;:+! ,;3! -;'&-@! 5;!

2+.+36')+!EBCFG!;,!=(3+).!6(.+3'(&0!,')+&A!Q3;%)2!3;4G!F(-!2'--;&:+2!F'.9!/?!*8&0!&(7+&+2!()2!

%)&(7+&+20!()2!=%3','+2!(44;32')Q!.;!=3;.;4;&!S5(67%3')'!+.!(&@!>T/TU@!C(3+).!6(.+3'(&!!/NDC!,;3!

.93++!()(&A.'4(&!3+=&'4(.+-!F(-!/T@#!l!T@B@!

!
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<;'&! .;.(&!C!F(-!9'Q9+-.!;)!-%79%6'2!-'.+-0!()2!&;F+-.!(.! .9+!F+..+-.!-'.+! S<%==&+6+).(3A!

5(7&+!>U@!59+!3+&(.':+!-'M+!;,!-;'&!C!=;;&-!49()Q+2!=3+2'4.(7&A!F'.9!')43+(-')Q!=3+4'='.(.';)0!

F'.9!6'43;7'(&!C!')43+(-')Q!F9'&+!3+-')WC!2+43+(-+2@!E&-;0!.9+!3+&(.':+!4;)4+).3(.';)!;,!*8&WC!

2+4&')+20!F9'&+![(D*W+V.3(4.(7&+!C'!()2!C;!=;;&-!')43+(-+2!')!F+..+3!-'.+-!S1'Q@!/U@!59+!*8&W

C!=;;&! '-!4;66;)&A!4;)-'2+3+2! .;!7+!4;6=;-+2!;,!(=(.'.+! S*+2&+A!+.!(&@!/]N>U@!Y'.9!7%&G!

XE[O<0!(=(.'.+!F(-!;)&A!;7-+3:+2!;)!.9+!(3'2!+)2!;,!.9+!4&'6(.'4!Q3(2'+).@!e)!-%79%6'2!()2!

9%6'2!-'.+-0!-=+4.3(!4;%&2!7+!,'.!%-')Q!;)&A!.9+!C!;)!9+6(.'.+!()2!C!E&W;V'2+W9%6'4!4;6=&+V!

3+,+3+)4+!-=+4.3(0!-%QQ+-.')Q!.9(.!C!F(-!2;6')().&A!(--;4'(.+2!.;!E&!;3!1+0!;3!')!;3Q()'4!,;36!

S<%==&+6+).(3A!1'Q@!>0!<%==&+6+).(3A!5(7&+!#U@!*+)4+!.9+!XE[O<!3+-%&.-!4;33;7;3(.+!.9(.!

.9+!*8&!=;;&! 4;).(')-!(=(.'.+!;)!23A! -'.+-0! 7%.! (.! -%79%6'2!()2!9%6'2! -'.+-!(=(.'.+! '-!);.!

=3+-+).!')!&(3Q+!+);%Q9!R%().'.A!.;!-9;F!%=!;)!.9+!7%&G!XE[O<@!59+3+0!.9+!*8&!=;;&!6%-.!

4;).(')!C!,3;6!;.9+3!C!,;36-@!

!

!
S'-(.)"!]"V8*%B8*.(%"B**0"='%&.'T(&'*$"10*$-"&8)"/0'I1&'/"-.1=')$&]"C)01&'D)"/*$/)$&.1&'*$"*+"V"B**0%"1%"=)&).I'$)="

TF"%)^()$&'10")_&.1/&'*$"Y1Z"1$="*+"V"/01%%)%"TF"T(0`"V"Xa)=-)"\a.1F"1T%*.B&'*$"$)1.a)=-)"%&.(/&(.)"Y\,Q42Z"YTZ]"

J)1%(.)="/*$/)$&.1&'*$%"1.)"'$"&8)"%(BB0)I)$&10"I1&).'10"Y2(BB0)I)$&1.F"51T0)"@Z]""\,Q42">1%"B).+*.I)="1&"

+*(."%'&)%"10*$-"&8)"-.1=')$&"YTZ]"\,Q42".)01&'D)"1T($=1$/)%"1.)"1//(.1&)"&*"b!Lc">'&8"1"=)&)/&'*$"0'I'&"*+"1.*($="

!Lc]"

!

C!.1+&+%'!'H2#$/0'!B./'&.21!

K+4;:+3A!;,!##C!')!.9+!-;'&!-;&%.';)!;)+!6')%.+!(,.+3!(22'.';)!23;==+2!,3;6!B]!l!>k!(.!.9+!

23'+-.!-'.+!.;!J!lT@#!k!(.!.9+!F+..+-.!-'.+!S1'Q@!>(U@!59+!2'&%.';)!;,!3(2';'-;.;=+-!F(-!6;2+&+2!
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7A!,'..')Q!I!()2!$0!F9+3+!.Y&Z!'-!.9+!3(2';(4.':'.A!6+(-%3+2!(.!.'6+!&0!()2!C!'-!.9+!.;.(&!(6;%).!

;,!3(2';(4.':'.A!(22+2!.;!.9+!-;&%.';)0!()2!
!"0$

%
!'-!-+.!+R%(&!.;!.9+!=3;=;3.';)!;,!F(.+3W+V.3(4.(7&+!

.;!.;.(&!');3Q()'4!C!S1(32+(%!+.!(&@!/]]/U@!

!

Y(.+3W+V.3(4.(7&+!C! SVFU! ,;&&;F+2!.9+!=(..+3)!;,! .;.(&!C0! ')! .9(.! '.!Q+)+3(&&A!2+43+(-+2!F'.9!

')43+(-')Q!=3+4'='.(.';)!7%.!=+(G+2!(.!-%79%6'2!-'.+!#0!()2!4;).(')+2!T@TH!m!T@]k!;,!.;.(&!C!

(.!(&&!-'.+-@!59+!6+()!.%3);:+3!;,!C!')!.9+!-;'&!-;&%.';)!F(-!7+.F++)!/@]!()2!"]!6')W/0!.+)2')Q!

.;! ')43+(-+!F'.9! ')43+(-')Q!=3+4'='.(.';)! S<%==&+6+).(3A!5(7&+!BU@!b(-+2!;)! .9+!2'&%.';)!;,!

3(2';'-;.;=+-! .Y&ZoK! ()2! -;'&! -;&%.';)! C! 4;)4+).3(.';)0! =9A-'4;49+6'4(&! C! +V49()Q+! (-! (!

,%)4.';)!;,!.'6+!S4Y&ZU!4()!7+!4(&4%&(.+2!%-')Q!OR@!#!S1(32+(%!/]]HU@!!!

<"=$ & >? @ %
!"#$

! ! ! ! ! ! ! ! ! ! ! S#U!

<'.+!#!9(2!.9+!9'Q9+-.!(6;%).!;,!+V49()Q+(7&+!C!S4Y&ZU!(.!(&&!.'6+-0!')!&')+!F'.9!9'Q9!.;.(&!C!(.!

.9'-!-'.+!S1'Q@!>7U@!4Y&Z!')43+(-+2!6;3+!R%'4G&A!')!-;'&!,3;6!9%6'2!.9()!,3;6!(3'2!-'.+-@!D)!9%6'2!

-'.+-!4Y&Z"')43+(-+2!R%'4G&A!(.!-9;3.!.'6+-!7%.!,&(..+)+2!;,,!(.!(7;%.!/!6;).90!F9+3+(-!;)!(3'2!

-'.+-!4Y&Z"')43+(-+2!6;3+!Q3(2%(&&A!.93;%Q9;%.!.9+!.'6+,3(6+@!

!
S'-(.)"@]"C1='*'%*&*B)"='0(&'*$"1$="V")_/81$-)1T'0'&F]"58)"+.1/&'*$"*+"::V".)/*D).)="'$"&8)"%*'0"%*0(&'*$"'$"I'$(&)%"

1+&)."1=='&'*$".Y&Z[C"Y1Z]"#%*&*B'/100F")_/81$-)1T0)"V"Y4Y&ZZ"+*."&'I)"%B1$%"(B"&*":"I*$&8%">1%"/10/(01&)="1%"<"=$ &

>Z @ %
!"#$

3">8).)"V>"'%"&8)"/*$/)$&.1&'*$"*+"V"'$"&8)"%*'0"%*0(&'*$"YTZ]"4..*.".1$-)%"'$"T*&8"B0*&%".)B.)%)$&"&8)"%&1$=1.="

=)D'1&'*$" *+" +*(." D10()%]" A*$/)B&(10" .)B.)%)$&1&'*$" *+" 8*>" 4Y&Z" '%" ='D'=)=" '$&*" &'I)a=)B)$=)$&" '%*&*B'/100F"

)_/81$-)1T0)"V"B**0%"Y/Z]"2'&)%"!aR"81D)"I)1$"1$$(10"B.)/'B'&1&'*$%"*+"@U;3":!R3"!:NL3"!;U93"@!R:3"1$=":!@:"II"
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a-')Q!4Y&Z0!');3Q()'4!-;'&!C!F(-!7'))+2!').;!=;;&-!2+=+)2')Q!;)!+V49()Q+!.'6+!S1'Q@!>4U@!5'6+W

2+=+)2+).!4Y&Z!4;33+&(.+2!F'.9!=;;&-!,3;6!.9+!-+R%+).'(&!+V.3(4.';)@!K+-')WC!4;33+&(.+2!F'.9!4S/!

6')%.+U0![(D*WC'!F'.9"4S#!6;).9-U!W!4S/!6')%.+U0!()2!*8&WC!F'.9!4Sw#!6;).9-U!S1'Q@!#U@!

!

!
S'-(.)" :]" A*..)01&'*$" T)&>))$" /8)I'/100Fa)_&.1/&)=" V" B**0%" 1$=" '%*&*B'/100F" )_/81$-)1T0)" V]" O1%8)=" 0'$)%"

.)B.)%)$&"&8)"!d!"0'$)e"%81=)="1.)1%"&8)"M;c"/*$+'=)$/)".)-'*$%"*+"&8)".)-.)%%'*$"/(.D)%]"C)%'$aV"/*..)01&)=">'&8"

V")_/81$-)1T0)">'&8'$"!"I'$(&)"Y1Z3"Q1f6aV'">'&8"V")_/81$-)1T0)">'&8'$":"I*$&8%3"1$="6A0a"V">'&8"V"&81&"'%"*$0F"

)_/81$-)1T0)"1&"&'I)"%B1$%"0*$-)."&81$":"I*$&8%"Y/Z]"C@"D10()%">).)"L]M3"L]M;3"1$="L]M;".)%B)/&'D)0F3">'&8"100"Sa

%&1&'%&'/%"g":N"1$="B"h"L]LL;]"

"
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S'-(.)"N]"f_F-)$"%&1T0)"'%*&*B)%"'$"%*'0"B8*%B81&)"B**0%]"!!9fV"*+"+*(."B.*/)%%)%d"B1.)$&"I1&).'10"1$="B8*%B81&1%)"

1/&'D'&F"0)1="&*"1"T)0*>")^('0'T.'(I"D10()3">8'0)"B01$&%"1.)"1"%*(./)"*+"8)1D')."B8*%B81&)%"Y1Z]"!!9fV"'$"%*'0"B**0%d"

Q1f6aV*3"Q1f6aV'"1$="6A0a"V"YTZ"1$=".)%'$aV"1$="I'/.*T'10"V"Y/Z]"58)")^('0'T.'(I".1$-)">1%"/10/(01&)="+*.")1/8"

/0'I1&'/"?*$)"Y1.'=3"%(T8(I'=3"1$="8(I'=Z]"2))"I)&8*=%"+*."=)&1'0%]"
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59+-+! .9+;3+.'4(&! +R%'&'73'(! F+3+! 4(&4%&(.+2! 4;)-'2+3')Q! .+6=+3(.%3+! S5! rLsU! ()2! .9+! !/ND!

:(&%+!6+(-%3+2!')!-;'&!F(.+3!SOR@!BU!S89()Q!()2!b&(G+!>T/"UP!

EBCFG & H"+IJIK
L1 .MJMNOP$ 1Q 1REBCFSTU * VWWWX Y VWWW! ! ! ! ! ! SBU!

C&().!F(.+3!F(-!6;3+!+)3'49+2! ')! /ND0!()2!(44;32')Q&A! .9+! .9+;3+.'4(&!+R%'&'73'%6! ,;3!=&().!

=9;-=9(.+!F(-!(&-;!9'Q9+3!S<%==&+6+).(3A!5(7&+!"U@!a-')Q!.9+!,3(4.';)(.';)!,(4.;3-!;,!(4'2!

()2!(&G(&')+!=9;-=9(.(-+!()2!=9A.(-+0!6+(-%3+2!!/NDC!;,!;3Q()'4!C0!()2!!/ND!;,!F(.+30!F+!

4(&4%&(.+2! .9(.! =9;-=9(.+! 3+&+(-+2! 7A! .9+! 73+(G2;F)! ;,! -;'&! ;3Q()'4! C! 7A! ;)+! ;,! .9+-+!

+)MA6+-!F;%&2!9(:+!!/NDC!')!.9+!3()Q+!;,!H@#!m!/N@#!u!S1'Q@!B(U!S<%==&+6+).(3A!5(7&+!HU@!

59+-+! .9+;3+.'4(&! 4(&4%&(.';)-!F+3+!%-+2! .;!(--'-.! ')! ').+3=3+.(.';)!;,!6+(-%3+2!:(&%+-!;,!

!/NDC!')!-;'&!C!=;;&-@!

!

?+(-%3+2! ;VAQ+)! -.(7&+! '-;.;=+! 3(.';-! ')! =9;-=9(.+! F+3+! &;F+-.! ')! =(3+).! 6(.+3'(&! ()2!

9'Q9+-.!')!=&().!-(6=&+-0!F'.9!-;'&!C!=;;&-!3()Q')Q!')!7+.F++)@!C(3+).!6(.+3'(&!9(2!(!!/NDC!;,!

/T! u@! Y'.9! (! :(&%+! ;,! >#W#"! u0! 58EW+V.3(4.(7&+! =&().!C! 3+=3+-+).+2!(! -;%34+!;,! 9+(:A!

=9;-=9(.+-!S<%==&+6+).(3A!5(7&+!"U@!59+!!/NDC!;,!(&6;-.!(&&!-;'&!C!=;;&-!F(-!F'.9')!.9+!-;'&!

+R%'&'73'%6!3()Q+!;3!-&'Q9.&A!(7;:+!S1'Q@!B7!()2!4U@!!/NDC!;,![(D*WC;!F(-!4;)-'-.+).&A!(3;%)2!

>T! u! ()2! Q+)+3(&&A! ')! 3()Q+! ;,! !/NDC! ;,! [(D*W+V.3(4.(7&+! =&().! C@! 5F;! -;'&! =;;&-! 9(2!

-%7-.().'(&&A!7+&;FW+R%'&'73'%6!!/NDC!:(&%+-P!*8&WC!')!(3'2!-'.+-!()2!6'43;7'(&!C!')!9%6'2!-'.+-@!

*8&WC!!/NDC!')!.9+!b!9;3'M;)!;,!(3'2!-'.+-!S//uU!F(-!:+3A!4&;-+!.;!.9+!=(3+).!6(.+3'(&0!F9'&+!
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()2!C;-.!>T//U@!D%3!!/NDC!2(.(!-9;F!.9(.!C!')!.9+!*8&W=;;&!9(-!7++)!7';&;Q'4(&&A!3+4A4&+2!S(.!

&+(-.!=(3.'(&&A!')!(&&!7%.!.9+!b!9;3'M;)!;,!(3'2!-'.+-U0!.9+!'-;.;=+!+V49()Q+!G')+.'4-!-9;F!.9(.!
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C9;-=9(.+@! 8;66%)! <;'&! <4'! C&().! E)(&! BBP>#J/m>#JJ@! 2;'P!

/T@/TNToTT/T#H>B@>T/#@NTT/TT!

?;'3!$D0!5'+--+)!*!S/]]#U!89(3(4.+3'M(.';)!;,!E:('&(7&+!C!7A!<+R%+).'(&!OV.3(4.';)@!e)P!8(3.+3!

?K!S+2U!<;'&!<(6=&')Q!()2!?+.9;2-!;,!E)(&A-'-@!8K8!C3+--0!b;4(!K(.;)0!1`0!==!>]#m

#TH!

[;(4G!<K0!?4`(%Q9&')!?$0!<6+3)'G!K$0!+.!(&!S>T/BU!C9;-=9;3%-!-=+4'(.';)!')!6(.%3+!F9+(.!

()2! 4();&(! =&().-! (-! (,,+4.+2! 7A! =9;-=9;3%-! -%==&A@! C&().! <;'&! #JNP/>"m/#J@! 2;'P!

/T@/TTJo-///TBWT/#W>T/"W#!

D+9&!10!D7+3-;)!E0!C3;7-.!?0!+.!(&!S>TT/U!L')+.'4-!;,!6'43;7'(&!=9;-=9;3%-!%=.(G+!')!4%&.':(.+2!

-;'&-@!b';&!1+3.'&!<;'&-!#BP#/mB/@!2;'P!/T@/TTJo-TT#JBT/TT#H>!

D9);! 50! h'7'&-G+! `?! S/]]/U! Z+.+36')(.';)! ;,! `;F! 8;)4+).3(.';)-! ;,! C9;-=9;3%-! ')! <;'&!

OV.3(4.-! a-')Q! ?(&(49'.+! _3++)@! <;'&! <4'! <;4! E6! $! ""PN]>mN]"@! 2;'P!

/T@>/#Ho---(q/]]/@T#H/"]]"TT""TTT#TTBHV!

D&()2+3!`C0!I'.;%-+G!C?!S>TT"U!<9;3.W.+36!4;).3;&-!;:+3! ');3Q()'4!=9;-=9;3%-!2%3')Q!-;'&!
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JJ!

()2! +4;-A-.+6! 2+:+&;=6+).@! <;'&! b';&! b';49+6! #JPH"/mH"]@! 2;'P!

/T@/T/Hoq@-;'&7';@>TTB@TN@T>>!

D3&;F-G'! [0! 13+2+! *_0! b3cQQ+6())! [0! b3+%+3! `! S>T/#U! I(&'2(.';)! ()2! (==&'4(.';)! ;,! (!

43A;Q+)'4! :(4%%6! +V.3(4.';)! -A-.+6! ,;3! -;'&! ()2! =&().! F(.+3! +V.3(4.';)! ,;3! '-;.;=+!

()(&A-'-@!$!<+)-;3-!<+)-!<A-.!>P/J]m/]#@!2;'P!/T@"/]Boq---W>W/J]W>T/#!

C+(A! L_0! :;)! <=+37+3! 80! 8(32(3+&&'! O0! +.! (&! S>T/JU! 8;):+3Q+)4+! ()2! 4;).3(-.! ')! .9+!

4;66%)'.A!-.3%4.%3+!;,!b(4.+3'(0!1%)Q'!()2!E349(+(!(&;)Q!(!.3;='4(&!+&+:(.';)m4&'6(.+!

Q3(2'+).@!1O?<!?'43;7';&!O4;&!]#P@!2;'P!/T@/T]#o,+6-+4o,'VTB"!

C,(9&+3! I0! Zc33WE%-.+3! 50! 5(67%3')'! 10! +.! (&! S>T/#U! /ND! +)3'496+).! ')! =9;-=9;3%-! =;;&-!

+V.3(4.+2! ,3;6! -;A7+()! &+(:+-@! [+F! C9A.;&! /]JP/NHm]#@! 2;'P! /T@////oq@/BH]W

N/#J@>T/>@TB#J]@V!

C,(9&+3!I0!5(67%3')'!10!b+3)(-4;)'!<?0!13;--(32!O!S>T/JU!E!2%(&! '-;.;='4!(==3;(49!%-')Q!

3(2';(4.':+! =9;-=9;3%-! ()2! .9+! '-;.;='4! 4;6=;-'.';)! ;,! ;VAQ+)! (--;4'(.+2! .;!

=9;-=9;3%-!.;!%)2+3-.()2!=&().!3+(4.';)!.;!(!49()Q+!')!C!)%.3'.';)@!C&().!?+.9;2-!/#PJ"@!

2;'P!/T@//NHo-/#TTJWT/JWT>>JWV!

C;32+3!<0!89(2F'4G!DE!S>TT]U!8&'6(.+!()2!-;'&W(Q+!4;)-.3(').-!;)!)%.3'+).!%=&',.!()2!3+.+).';)!

7A!=&().-@!O4;&;QA!]TPH>#mH#H@!2;'P!/T@/N]ToTJW/J#]@/!

C;32+3!<0!*'&&+A!_O0!89(2F'4G!DE!S>TTJU!89+6'4(&!F+(.9+3')Q0!6(--!&;--0!()2!2%-.!')=%.-!

(43;--!(!4&'6(.+!7A!.'6+!6(.3'V!')!.9+!*(F(''()!e-&()2-@!O(3.9!C&()+.!<4'!`+..!>"NPB/Bm

B>J@!2;'P!/T@/T/Hoq@+=-&@>TTJ@T#@TBJ!

C3'7A&! ZY! S>T/TU! E! 43'.'4(&! 3+:'+F! ;,! .9+! 4;):+).';)(&! <D8! .;! <D?! 4;):+3-';)! ,(4.;3@!

_+;2+36(!/"HPJ"mN#@!2;'P!/T@/T/Hoq@Q+;2+36(@>T/T@T>@TT#!

K(:+&! b0! [+F:'&&+! ?! S>TT"U! E5*O[E0!EK5O?e<0! *OC*EO<5a<P!2(.(! ()(&A-'-! ,;3! XW3(A!

(7-;3=.';)! -=+4.3;-4;=A! %-')Q! e1O11e5@! $! <A)493;.3;)! K(2'(.! />P"#Jm"B/@! 2;'P!

/T@//TJo<T]T]TB]"T"T/>J/]!

K++2!<80!^()Q!X0!59;3).;)!CO!S>T/"U!e)4;3=;3(.')Q!=9;-=9;3%-!4A4&')Q!').;!Q&;7(&!6;2+&')Q!

+,,;3.-P! (! F;3.9F9'&+0! .3(4.(7&+! +)2+(:;3@! [+F! C9A.;&! >TNP#>Bm#>]@! 2;'P!

/T@////o)=9@/#">/!

K')Q+:(&!b0!E%Q%-.;!`0!?;);2!*0!+.!(&!S>T/JU!C9;-=9;3%-!')!(Q3'4%&.%3(&!-;'&-P!23':+3-!;,!'.-!

2'-.3'7%.';)!(.!.9+!Q&;7(&!-4(&+@!_&;7!89()Q!b';&!>#P#B/Nm#B#>@!2;'P!/T@////oQ47@/#H/N!

K;7+3.-! L0! Z+,,;3+A! Z0! 5%3)+3! b`0! +.! (&! S>T/"U! DVAQ+)! '-;.;=+-! ;,! =9;-=9(.+! ()2! -;'&!

=9;-=9;3%-! 4A4&')Q! (43;--! (! H"TTA+(3! 493;);-+R%+)4+! %)2+3! &;F&()2! .+6=+3(.+!

3('),;3+-.@!_+;2+36(!>"Jm>"NP/Bm>/@!2;'P!/T@/T/Hoq@Q+;2+36(@>T/"@TB@T/T!

<('A(W8;3G!LK0!<')-(7(%Q9!K`0!h(G!ZK!S>TT>U!59+!+,,+4.-!;,!&;)Q!.+36!)'.3;Q+)!2+=;-'.';)!

;)! +V.3(4+&&%&(3! +)MA6+! (4.':'.A! ')! ()! E4+3! -(449(3%6! ,;3+-.! -;'&@! <;'&! b';&! b';49+6!

#BP/#T]m/#/"@!2;'P!/T@/T/Ho<TT#NWTJ/JST>UTTTJBW#!

<.+F(3.!bY0!8(=;!K80!89(2F'4G!DE!S>TT/U!O,,+4.-!;,!3('),(&&!;)!F+(.9+3')Q!3(.+0!7(-+!4(.';)!
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=3;:+)()4+0!()2!<3! '-;.;=+!4;6=;-'.';)!;,!*(F(''()!-;'&-@!_+;49'6!8;-6;49'6!E4.(!

H"P/TNJm/T]]@!2;'P!/T@/T/Ho<TT/HWJT#JSTTUTTH/BW/!

<A+3-! $L0! $;9)-.;)! EO0! 8%3.')! Z! S>TTNU! O,,'4'+)4A! ;,! -;'&! ()2! ,+3.'&'M+3! =9;-=9;3%-! %-+P!

K+4;)4'&')Q!49()Q')Q!4;)4+=.-!;,!-;'&!=9;-=9;3%-!7+9(:';%3!F'.9!(Q3;);6'4!'),;36(.';)@!

1ED0!K;6+!

5(67%3')'!10!b+3)(-4;)'!<?0!E)Q+3.!E0!+.!(&!S>T/TU!E!6+.9;2!,;3!.9+!()(&A-'-!;,!.9+!d/ND!;,!

');3Q()'4!=9;-=9(.+!+V.3(4.+2! ,3;6!-;'&-!F'.9!*8&@!O%3! $!<;'&!<4'!H/P/T>"m/T#>@!2;'P!

/T@////oq@/#H"W>#N]@>T/T@T/>]T@V!

5(67%3')'! 10! C,(9&+3! I0! bc)+6())! OL0! +.! (&! S>T/>U! DVAQ+)! '-;.;=+-! %)3(:+&! .9+! 3;&+! ;,!

6'43;;3Q()'-6-!')!=9;-=9(.+!4A4&')Q! ')!-;'&-@!O):'3;)!<4'!5+49);&!BHP"]"Hm"]H>@!2;'P!

/T@/T>/o+-#TT#//9!

5(67%3')'!10!C'-.;449'!80!*+&,+)-.+')!$0!13;--(32!O!S>T/NU!E!6+.9;2!.;!()(&A-+!.9+!'-;.;='4!

4;6=;-'.';)!;,!;VAQ+)!(--;4'(.+2!.;!;3Q()'4!=9;-=9;3%-!')!-;'&!()2!=&().!6(.+3'(&@!O%3!

$!<;'&!<4'!H]PN/HmN>H@!2;'P!/T@////o+q--@/>H]#!

5;3)!?<0!53%67;3+!<O0!89(2F'4G!D!(0!+.!(&! S/]]JU!?')+3(&!4;).3;&!;,!-;'&!;3Q()'4!4(37;)!

-.;3(Q+!()2!.%3);:+3@![(.%3+!#N]P#HT/m#HT#@!2;'P!/T@/T#No#N>HT!

I+3++4G+)!*0!<49)+=,!E0!*;=6()-!$Y0!+.!(&!S>T/HU!?;2+&')Q!<;'&!C3;4+--+-P!K+:'+F0!L+A!

89(&&+)Q+-0!()2![+F!C+3-=+4.':+-@!I(2;-+!h;!$!/"P"J@!2;'P!/T@>/#Ho:Mq>T/"@T]@T/#/!

I'.;%-+G! C?0! 89(2F'4G! DE! S>T/#U! C+2;Q+)'4! 593+-9;&2-! ()2! <;'&! C3;4+--! Z;6(')-! ')!

b(-(&.WZ+3':+2!<;'&-@!O4;-A-.+6-!/HP/#J]m/#]"@!2;'P!/T@/TTJo-/TT>/WT/#W]H]TWM!

:;)!<=+37+3!80!L3'+-!*0!5(67%3')'!10!+.!(&!S>T/BU!59+!+,,+4.!;,!=9;-=9;6;);+-.+3(-+-!;)!

.9+!;VAQ+)!'-;.;=+!4;6=;-'.';)!;,!=9;-=9(.+@!_+;49'6!8;-6;49'6!E4.(!/>"P"/]m">J@!

2;'P!/T@/T/Hoq@Q4(@>T/#@/T@T/T!

:;)!<=+37+3!80!<.(&&,;3.9!K0!Z%!C3++M!80!E6+&%)Q!Y!S>T/JU!89()Q+-!')!-;'&!=9;-=9;3%-!=;;&-!

2%3')Q!=3;&;)Q+2!(3(7&+!43;==')Q!')!-+6'(3'2!Q3(--&()2-@!O%3!$!<;'&!<4'!HNPBH>mBJ/@!2;'P!

/T@////o+q--@/>B##!

:;)! <=+37+3! 80! 5(67%3')'! 10!b3%))+3! b0! +.! (&! S>T/"U! 59+! ;VAQ+)! '-;.;=+! 4;6=;-'.';)!;,!

=9;-=9(.+! 3+&+(-+2! ,3;6! =9A.'4! (4'2! 7A! .9+! (4.':'.A! ;,! F9+(.! ()2! E-=+3Q'&&%-! )'Q+3!

=9A.(-+@!b';Q+;-4'+)4+-!Z'-4%--!/>P"T""m"TJJ@!2;'P!/T@"/]Bo7Q2W/>W"T""W>T/"!

Y(&G+3!5Y0!<A+3-!$L!S/]JHU!59+!,(.+!;,!=9;-=9;3%-!2%3')Q!=+2;Q+)+-'-@!_+;2+36(!/"P/m

/]@!2;'P!/T@/T/HoTT/HWJTH/SJHU]TTHHW"!

^()Q! X0! C;-.! Y?! S>T//U! C9;-=9;3%-! .3()-,;36(.';)-! (-! (! ,%)4.';)! ;,! =+2;Q+)+-'-P! E!

-A).9+-'-!;,!-;'&!=9;-=9;3%-!2(.(!%-')Q!*+2&+A! ,3(4.';)(.';)!6+.9;2@!b';Q+;-4'+)4+-!

NP>]TJm>]/H@!2;'P!/T@"/]Bo7QWNW>]TJW>T//!

^()Q!X0!C;-.!Y?0!59;3).;)!CO0!$(')!E!S>T/#U!59+!2'-.3'7%.';)!;,!-;'&!=9;-=9;3%-!,;3!Q&;7(&!

7';Q+;49+6'4(&! 6;2+&')Q@! b';Q+;-4'+)4+-! /TP>">"m>"#J@! 2;'P! /T@"/]Bo7QW/TW>">"W

>T/#!
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@5%%:','/&$(7!?$&'(.$:!

@5%%:','/&$(7!L.05('1!

!
2(BB0)I)$&1.F"S'-(.)"!]"2'&)"/81.1/&).'%&'/%"10*$-"&8)"!;L3LLLaF)1.a*0=" 01D1"+0*>"*$"X*8101"k*0/1$*]",00"%'&)%"

>).)"-.1%%01$="=*I'$1&)="TF"T(++)0"-.1%%"YV)$$'%)&(I"/'0'1.)Z"*."`'`(F("-.1%%"YV)$$'%)&(I"/01$=)%&'$(IZ]"V1$)0"

Y1Z"%/8)I1&'/100F"%(II1.'?)%"/0'I1&)a=.'D)$"%*'0"B.*/)%%)%"T1%)="*$"B.)D'*(%"0'&).1&(.)"*$"&8)"X*8101"-.1=')$&e"

/(..)$&" >)1&8).'$-" .1&)%" =)/.)1%)" '$" 8(I'=" %'&)%" T)/1(%)" B1%&" >)1&8).'$-" =)B0)&)=" I'$).10%" &81&" /*(0=" T)"

>)1&).)="&8).)]"V1$)0"YTZ"%8*>%".)01&'D)"D10()%"*+"%*'0"/*IB*$)$&%"1%"=)&).I'$)="TF"\a.1F"='++.1/&'*$"1$="*.-1$'/"

A"I)1%(.)I)$&%]"K(1.&?"'%"0'%&)="%)B1.1&)"+.*I"/.F%&100'$)"I'$).10%"T)/1(%)"'&"'%"1$"'$='/1&*."*+"=(%&"=)B*%'&'*$]"

,I*.B8*(%"l"1I*.B8*(%"'$*.-1$'/e"2fJ"l"%*'0"*.-1$'/"I1&&).]"

!
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!
2(BB0)I)$&1.F"S'-(.)"@]"V"Xa)=-)"\a.1F"1T%*.B&'*$"$)1.")=-)"%&.(/&(.)"%B)/&.1"*+"%*'0"%1IB0)%"1$=".)+).)$/)"

%B)/&.1]"A*0*.)=" 0'$)%"%8*>"&8)"%B)/&.13"=*&&)=" 0'$)%" &8)" +'&]"C)+).)$/)"%B)/&.1">).)"/8*%)$" &*" .)B.*=(/)"`)F"

+)1&(.)%"*+"&8)"%*'0"%B)/&.13"'$/0(='$-"1"B.)a)=-)"+)1&(.)"/81.1/&).'%&'/"*+"V"1=%*.T)="*$"S)"*_'=)%3"1$="B*%&a)=-)"

+)1&(.)%"/81.1/&).'%&'/"*+"1B1&'&)"V]",00"%B)/&.1"81="1"%'-$'+'/1$&"/*$&.'T(&'*$"+.*I",0a1%%*/'1&)="V3">8'/8"01/`%"&8)"

='%&'$-('%8'$-"+)1&(.)%"*+")'&8)."S)a1%%*/'1&)="*."1B1&'&)"V]"2*'0"*.-1$'/"V"/1$"T)"='++'/(0&"&*"='%&'$-('%8"+.*I"*&8)."

%B)/')%"(%'$-"V"Xa)=-)"\,Q423"%*"&8)",0a1%%*/'1&)="V"%B)/&.(I">1%"%)0)/&)="&*"'$/0(=)"%*I)"+)1&(.)%"*+"*.-1$'/"

V"/*IB0)_)%]"

!
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2(BB0)I)$&1.F" S'-(.)" :]" V*&)$&'10" 1/'=" B8*%B81&1%)" 1/&'D'&F" 10*$-" &8)" /0'I1&'/" -.1=')$&]" V*&)$&'10" 1/'="

B8*%B81&1%)" 1/&'D'&F" >1%" I)1%(.)=" *$" NR" %'&)%" 10*$-" &8)" /0'I1&'/" -.1=')$&]" 58)" .)01&'*$%8'B" '%" -'D)$" TF"

[\]"^_^`a1^b)cdc)e$ 1& 1fJgg @ VW.h1"_iabc_c)^)c\j$ 1* 1gJfV">'&8"1$"C@"*+"L]:9"YSa%&1&'%&'/"l"@R]N3"B"h"L]LL!Z]"58)"

=*&&)="0'$)%"-'D)"&8)"M;c"/*$+'=)$/)".)-'*$"*+"&8)".)-.)%%'*$"/(.D)]",B1%)"l"1/'="B8*%B81&1%)]"

!
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!
2(BB0)I)$&1.F"S'-(.)"N]"C1>"=1&1"+.*I".1='*'%*&*B)"='0(&'*$")_B).'I)$&%"+*.","8*.'?*$"%*'0"%1IB0)%"+.*I"%'_"%'&)%"

>'&8"+*(.".)B0'/1&)%"*+")1/8")_B).'I)$&]"J)1%(.)="D10()%"*+"::V".)/*D).F">).)"+'&"(%'$-"1"$*$a0'$)1."I*=)0"YT0()"

0'$)Z"&*")%&'I1&)"'%*&*B)")_/81$-)"`'$)&'/"B1.1I)&).%]"58)"/*..)01&'*$"*+"B.)='/&)="D%]"I)1%(.)="D10()%"%^(1.)="

>1%"1T*D)"L]MM;"+*."100".)B0'/1&)%]"
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!
2(BB0)I)$&1.F"S'-(.)";]"C1>"=1&1"+.*I".1='*'%*&*B)"='0(&'*$")_B).'I)$&%"+*."G"8*.'?*$"%*'0"%1IB0)%"+.*I"%'_"%'&)%"

>'&8"+*(.".)B0'/1&)%"*+")1/8")_B).'I)$&]"J)1%(.)="D10()%"*+"::V".)/*D).F">).)"+'&"(%'$-"1"$*$a0'$)1."I*=)0"YT0()"

0'$)Z"&*")%&'I1&)"'%*&*B)")_/81$-)"`'$)&'/"B1.1I)&).%]"58)"/*..)01&'*$"*+"B.)='/&)="D%]"I)1%(.)="D10()%"%^(1.)="
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+'.%&"B)1`3"(%(100F"*//(..'$-"T)&>))$"!LL"1$="!;L"I'$(&)%3">1%"/*$%'=).)="1%"&8)"8'-8aI*0)/(01.">)'-8&"Y6iZ"
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>)'-8&"Y<iZ"+.1/&'*$]"6i"+.1/&'*$%"+.*I"%'&)%"!"1$="@">).)"$*&"B.*/)%%)="T)/1(%)"&8).)">1%"$*&")$*(-8"V"'$"

&8)%)"+.1/&'*$%]","/0)1$"%)B1.1&'*$"T)&>))$"'$*.-1$'/"1$="*.-1$'/"V">1%"$*&"B*%%'T0)"+*."%'&)"R3"G"8*.'?*$]"

!

@5%%:','/&$(7!M$-:'1!

!
2(BB0)I)$&1.F"51T0)"!]"4_&)$=)="'$+*.I1&'*$"*$"%1IB0'$-"%'&)%]""

@.&'! ?=C!N,,!7(DOP! ?=C!D!

CGM!N,,!

7(DOP!

G:'6$&.+/!

N,P!

Q$&! Q+/0! @$,%:./0!

3'%&#!=!

#+(.R+/!

@$,%:./0!3'%&#!

A!#+(.R+/!

/! >J"! W/BNJ! JT! >T@//#! W/""@NNT! TWH! HW/N!

>! #/H! W/B]]! />N! >T@//H! W/""@NJB! TWN! NW>T!

#! /#BT! W#>N! H/]! >T@/BN! W/""@N#/! TW/"! /"WBT!

B! /"JN! WJJ! J#"! >T@/"/! W/""@N>/! TW#T! #TW"T!

"! >/H#! H>T! NHT! >T@/"H! W/""@J]J! TW/"! >"W"T!

H! #/>#! /JH/! /T"]! >T@/#"! W/""@JBN! TW/T! >"W"T!
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!

!
2(BB0)I)$&1.F"51T0)"@]"V"/*$/)$&.1&'*$%"'$"V"B**0%"1%"I)1%(.)="TF"%)^()$&'10")_&.1/&'*$]"C)%'=(10"V"'%"/10/(01&)="

1%"&*&10"V"Y=)&).I'$)="TF"\a.1F"+0(*.)%/)$/)Z"I'$(%"&8)"%(I"*+"%)^()$&'100Fa)_&.1/&)="B**0%]"

S+(.R+/! @.&'! M+&$:!C!

N,0!B0DOP!

J'1./DC!

N,0!B0DOP!

?.2(+-.$:!C!

N,0!B0DOP!

F$ISD

C.!N,0!
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B0DOP!

S":DC!
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J'1.35$:!

C!N,0!B0D

OP!

E! /! ">>]! J#@/! /B@/! /HBT! /#>! />/>! >/"N!

!! >! "N"T! HJ@#! J@#! >///! /J! /HH/! /]NJ!

!! #! /JJNT! >>H@/! "N@H! ]H]J! /]#J! BTB/! /N>T!

!! B! HTH>! NJ@H! />@#! >HTH! ]/B! H]J! /JB"!

!! "! "BJB! BJ@B! J]@/! #>JJ! #"H! NBT! NJB!

!! H! #HB/! >>@T! /"]@#! /#T>! />NJ! />"! JBH!

b! /! B/#>! /@T! T@#! /J]T! /#! /#H"! ]H>!

!! >! B"HB! >]@B! T@T! J#H! #J/! /"T#! /]>"!

!! #! >T]]T! #NB@]! T@T! JT#B! /B]/! >/">! ]]>]!
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!
2(BB0)I)$&1.F"51T0)":]"V8*%B8*.(%"Xa)=-)"\a.1F"1T%*.B&'*$"$)1.")=-)"%&.(/&(.)"0'$)1."/*IT'$1&'*$"+'&&'$-".)%(0&%]"

S'&&'$-">1%"B).+*.I)="(%'$-"&8)",&8)$1"%*+&>1.)"B1/`1-)3"1$="+'&"%&1&'%&'/%"YCa+1/&*.3")&/]Z".)B*.&)="'$"&8)"&1T0)"

>).)"&8*%)"/*IB(&)="TF"&8)"B.*-.1I]"E$/).&1'$&')%"/*IB(&)="TF"&8)"%*+&>1.)"1.)"%8*>$"'$"B1.)$&8)%)%3"T(&"&8)"

=*I'$1$&"%*(./)" *+" ($/).&1'$&F" 1.'%)%" +.*I" &8)"/8*'/)" *+" %&1$=1.=" %B)/&.1]" S'&" .)%(0&%" >).)" /*$%&.1'$)=" &*" +100"

T)&>))$"L"1$="!3"T(&">).)"$*&"/*$%&.1'$)="&*"%(I"&*"!]"5*"/*IB(&)"&8)"B.*B*.&'*$"*+")1/8"%B)/&.(I3".)%(0&%">).)"

$*.I10'?)=" TF" &8)" .1>" %(I" *+" &8)" B.*B*.&'*$%]" C)+).)$/)" %B)/&.1" >).)" )'&8)." /*00)/&)=" +*." &8'%"%&(=F3" *." +.*I"

0'&).1&(.)]"
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!"##$%&%'()*+,-).$%,/0,1%2"$(2,3*4&,524(4#%,%678)'9%,:5'%(57,%6#%*5&%'(20!;)*)&%(%*2,&,)'<,',<%27*5.%,(8%,284*(,)'<,$4'9=(%*&,<+')&572,43,;,%678)'9%,)'<,>%*%,7)$7"$)(%<,

"25'9,?@0,A0,-8%,*)(54,*BC1,>)2,)##*465&)(%<,)2,(8%,#*4#4*(54',43,>)(%*=%6(*)7().$%,;,D;>E,(4,(4()$,5'4*9)'57,;0,-8%,&%)',("*'4F%*,*)(%,43,;,5',(8%,245$,24$"(54'G,H&G,)'<,(8%,&%)',

3$"6G,I&G,>%*%,7)$7"$)(%<,"25'9,(8%,%@")(54'2,3*4&,I)*<%)",%(,)$0,DAJJAE0,K24(4#57)$$+,%678)'9%).$%,;G,?D(EG,>%*%,7)$7"$)(%<,34*,(8%,2()(%<,(5&%,3*)&%2,"25'9,?@0,L0,;)*%'(8%2%2,

74'()5',2()'<)*<,%**4*2,43,(8%,&%)'0,!

!"#$%&"'(
(

)$*+( ",(-./(0(

1/%23(

#45$(-6(27%83( %! &! '.(-.$'%23( (.(-./(0(

1/%2(.$'%239(

)2.$'(-./(0(

1/%23(

)2.$'(%(

)2:9;(-./(

0(1/%23(

)2:9;(%(

)<."'*=>(-./(

0(1/%23(

)?<."'*=>(-./(

0(1/%23(

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

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

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

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

!! /! (&0'!)*+&+-',! /&.-!)*+&+".,! +&$0$!)*+&++-(,! +&/'(!)*+&++./,! $"&+!)*+&.0,! 00&.!)*-&+,! $'&.!)*+&/',! "''!)*/$,! (-$%!)*-(,! ./-!)*"-,!

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

1! $! +&+00-!

)*+&+++"",!

+&$0+!)*+&++(",! +&+('$!

)*+&+++(.,!

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

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

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

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

)*$/(,!

($%"!)*%.,! .0$!)*(++,!

!! /! +&'(%!)*+&+(-,! 0&$/!)*+&$-,! +&+.0'!)*+&++((,! +&0+$!)*+&++0",! $/$!)*$(,! $+"!)*'&-,! '&%%!)*+&$",! $(0!)*/&(,! 00'!)*$.,! $$'+!)*(0,!

!! %! +&+-+(!)*+&++(0,! +&$/"!)*+&+$-,! +&+$+.!

)*+&+++(+,!

+&%/(!)*+&++%.,! %"-!)*-/,! $.&"!)*+&.$,! (&"$!)*+&(/,! ("$!)*--,! $$(-!)*(",! /+'!)*%$,!

! ! ! ! ! ! ! !

,

! ,
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!"##$%&%'()*+,-).$%,M0,N%)2"*%<,OAPQ,F)$"%2,5',#$)'(20,N%().4$57,*%3%*2,(4,-RS=%6(*)7().$%E,)'<,2(*"7("*)$,*%3%*2,(4,T)UV=%6(*)7().$%,;,5',#$)'(, $%)F%20,W"33%$,)'<,:5:"+",

9*)22,<4&5')(%<,)$$,43,(8%,25(%2G,."(,)(,25(%,34"*,)'<,256,34*)9%,24+.%)',)'<,485)G,*%2#%7(5F%$+G,>%*%,)$24,#*%2%'(0,,

)$*+( 0@9'*(>A+B$+>( (( C2DE0($'(A@9'*(A""@>( (( F9@BG@9*+:(C2DE0($'(

+HG$@$I#$G.(,$*=(A@9'*(,9*+#(

(( (( (( 9764:;<=>!

?!@AB!

C68D>6D84<!

?!@AB!

!! E$"FG(F!

@AB!

49:=7H6!

I!@J2B!

E$"F?!

@AB!

$! :DKK7<!L84CC!);%''52%("&,

75$5)*%,!

!! -0&"! -$&"! !! $.&'! (/&+! 0$&%!

(! :DKK7<!L84CC!);%''52%("&,

75$5)*%,!

!! --&.! ('&.! !! $/&-! (/&+! -'&-!

-! M=MDND!L84CC!);%''52%("&,

7$)'<%2(5'"&,!

!! (0&/! (-&$! !! '&/! (+&+! -+&-!

0! M=MDND!L84CC!);%''52%("&,

7$)'<%2(5'"&,!

!! (0&/! $"&$! !! %&-! (+&+! (.&$!

0! K;84L7!C;N:74H!DT%4(4'5),

>598(55E,

,
('&+! $.&'! !! -&+! (+&+! (/&"!

/! M=MDND!L84CC!);%''52%("&,

7$)'<%2(5'"&,!

!! (%&$! (+&+! !! 0&'! $/&+! ("&0!

%! M=MDND!L84CC!);%''52%("&,

7$)'<%2(5'"&,!

!! (0&+! $"&$! !! (&0! $/&+! (%&$!

%! ;3=4!)N%(*425<%*42,

#4$+&4*#8),!

!! (-&0! $"&+! !! $&/! $/&+! (/&$!
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!"##$%&%'()*+,-).$%,X0,N%)2"*%<,)'<,7)$7"$)(%<,OAPU,F)$"%2,43,#842#8)(%0,OAPU;,43,#)*%'(,&)(%*5)$,>)2,AY,Z0,-8%,7)$7"$)(%<,OAPU;,)(,%@"5$5.*5"&,>5(8,245$,>)(%*,52,)(,(5&%,43,

2)&#$5'90,S,&4*%,74'2%*F)(5F%,%@"5$5.*5"&,>5'<4>,(4,)774"'(,34*,$4'9%*,("*'4F%*,(5&%2,>)2,7)$7"$)(%<,"25'9,5'34*&)(54',3*4&,(8%,$5(%*)("*%,D2%%,&%(84<2,34*,<%()5$2E0,OAPU;,43,;,

*%$%)2%<,.+,2#%75357,%'[+&%2,>)2,7)$7"$)(%<,"25'9,(8%,OAPU;,43,(8%,4*9)'57,;,#44$G,OAPUVLU,)'<,%'[+&%,2#%75357,3*)7(54')(54',3)7(4*20,I4*,25(%2,A,)'<,LG,>8%*%,OAPU;,74"$<,'4(,

.%,&%)2"*%<,5',(8%,4*9)'57,;,#44$G,),OAPU;,43,LY,Z,>)2,"2%<0,S0#)2%,)'<,)$:0#)2%,2()'<2,34*,)75<,)'<,)$:)$5'%,#842#8)()2%G,*%2#%7(5F%$+0,,

!"#$&"'( )$*+( !! C2DE0($'(>"$@(A""@>( (( JHG$@$I#$G.(9*(*$.+("K(

>9.A@$'/(

(( F"'>+#L9*$L+(

+HG$@$I#$G.(

(( F9@BG@9*+:(C2DE0("K(A=">A=9*+(

#+@+9>+:(I;(>A+B$K$B(+'&;.+>(

(( (( (( 87C=HO?!

@AB!

9=>8;:=4<!

?!@AB!

P4FGO

?;!@AB!

P4FGO?=!

@AB!

G2<O?!

@AB!

!! E$"FG(F!

@AB!

49:=7H6!

I!@J2B!

E$"F?!

@AB!

!! E$"F?!@AB! !! 4&54C7! 4<M&54C7! 53N64C7!

#! $! !! (0&(! (-&(! O! ('&'! $'&(! !! O$&%! (/&+! (+&0! !! (+&/!Q!(.&$! !! $(&$! '&$! $%&0!

!! (! !! (-&.! (/&0! O! ((&/! $/&%! !! (&%! (/&+! (0&/! !! (+&/!Q!(.&$! !! $-&$! "&$! $'&0!

!! -! !! (-&$! $.&.! (+&/! (/&0! (-&0! !! O/&%! $(&+! $"&/! !! $%&0!Q!((&%! !! $$&0! %&0! $/&'!

!! 0! !! $.&"! (+&%! $.&"! (0&"! ((&/! !! O$&0! $(&+! ((&"! !! $%&0!Q!((&%! !! $(&+! '&+! $%&-!

!! /! !! ((&-! $/&'! (+&$! ($&'! (0&(! !! O-&0! $/&+! (+&(! !! $"&0!Q!((&0!! !! $$&'! %&'! $%&+!

!! %! !! (+&/! $-&"! (+&-! (-&.! ($&+! !! O-&+! $/&+! (+&'! !! $"&0!Q!((&0!! !! $(&+! '&+! $%&(!
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]1(#220%0-1@(-;'(9%;2=($'-A02&9(014-'.#%0-1(-1(%;'1-A&'(-4(-'3#10,(5@(8"0,"("#9('#'&<=(/&&1(

:;#1%040&2(01($'&A0-;9(<0%&'#%;'&(F!"#$01(&%(#<E(*W_6NE(D"0<&(<#'3&(A#'0#/0<0%=(01(%"&(2#%#(80%"01(

'&$<0,#%&9(#12(/&%8&&1(%0.&($-01%9($'&,<;2&9(:;#1%0%#%0A&(&9%0.#%0-1(-4(`C+(-4(5(01(Q#7R>

5-@(%"&(-'2&'(-4(.#310%;2&(-4(PO(-4(Q#7R>5-(#<'&#2=($'-A02&9(01%&'&9%013(:;#<0%#%0A&(01903"%9(

01%-( %"&( 2=1#.0,9( -4( %"09( $--<E( ]1( BH( #12( B)@( %"&( PO( -4( Q#7R>5-( 8#9( %"&( <-8&9%( -4( #<<(

.&#9;'&2($--<9@(9;33&9%013(%"#%(%"&(-'3#10,(4'#,%0-1(-4(%"09($--<(09(.;,"(.-'&(01&'%(%"#1(%"&(

01-'3#10,(4'#,%0-1(FU03E(VNE(+"09(,-140'.9(&#'<0&'())5(%'#,013(9%;20&9@(8"&'&(PO(-4(Q#7R>5-(8#9(

#<9-(A&'=(<-8@(,-.$#'#/<&(%-(-'(<-8&'(%"#1(%"#%(-4(R!<>5(FG;&"<&'(&%(#<E(HIIHJ(GK1&.#11(&%(

#<E(HIILNE(\A&1(01(%"&(-'3#10,("-'0[-1(-4($"-9$"-';9($--'(4-'&9%(9-0<@(PO(-4(Q#7R>5-(8#9(

<-8&'(%"#1(%"#%(-4(R!<>5(F509%-,,"0(&%(#<E(HI*6NE(+"09(9;33&9%9(&?%'&.&<=(<-13(.&#1('&902&1,&(

%0.&(-4(5(01(Q#7R>5-@(<0Y&<=(-1(#('#13&(90.0<#'(%-(R!<>5(F=&#'9(%-(.0<<&110#NE((

(

+"&(&?%'&.&<=(9<-8(%;'1-A&'(-4(/;<Y(-'3#10,(5(#<9-(1&&29(%-(/&(,-1902&'&2(4-'(01%&'$'&%#%0-19(

#12(4;'%"&'(#1#<=9&9(-4(%"&(-'3#10,(5($--<@(9;,"(#9(-'3#10,(5(9$&,0#%0-1(#12(9%#/<&(-?=3&1(

09-%-$&( #1#<=909E( D&( &?%'#,%&2( -'3#10,( 5( 80%"( IEHa( `( Q#7R( #12( IEIa( `( \B+O@( %"&(

$'&2-.01#1%(.&%"-2(;9&2(4-'(<0:;02()*5(Q`C(9$&,0#%0-1(-4(-'3#10,(5(F!#2&>`&1;1(HIIaN(#12(

#<9-(9;33&9%&2(4-'(9%#/<&(-?=3&1(09-%-$&(#1#<=909(-4(-'3#10,(5(F+#./;'010(&%(#<E(HI*6NE(+"09(

/;<Y($--<( <0Y&<=(.#9Y9(.-'&(2=1#.0,(,-.$-1&1%(-4(-'3#10,(5E(Z0A&1(%"&(<-13(`C+(-4(5(01(

Q#7R>&?%'#,%#/<&(-'3#10,(5@(#1#<=909(-4(<&99(9%'-13(&?%'#,%9(9;,"(#9(#(/0,#'/-1#%&(&?%'#,%9(

#'&(.-'&(<0Y&<=(%-(,#$%;'&(9"-'%>%&'.(,"#13&9(01(/0-<-30,#<<=>.&20#%&2(5(,=,<013E(O<9-@(%"&(4#9%(

&?,"#13&(-4(%"&(01-'3#10,(9-0<(5($--<9(FQ#7R>50(#12(R!<>5N(,-.$#'&2(%-(%"&('&<#%0A&<=(01&'%(

-'3#10,($--<(9;33&9%9(%"#%($"=90,-,"&.0,#<(4<;?&9(2-.01#%&(9-0<(5(,=,<013(#12(5(#A#0<#/0<0%=E(

+"09(1&&29(%-(/&('&,-1902&'&2(01(&?09%013(5(.-2&<(4-'.;<#%0-19(FC&&2(&%(#<E(HI*aNE(

(

4556$,(&5(0/1"'*7/686,,"'*(&'(.+&#.+&/%#(,%/'&96/(

7;'( '&9;<%9( $'-A02&( &A02&1,&( %"#%( BCD( .#=( #,,&<&'#%&( 01-'3#10,( 5( %;'1-A&'( 01( 9-0<( /=(

#,,&<&'#%013($"=90,-,"&.0,#<(5(&?,"#13&($'-,&99&9E(]1('&901>5(-4(BH(#12(B)(9-0<9@(PO(8#9(

<-8&'(;12&'(BCD@(9;33&9%013(4#9%&'(20<;%0-1(-4())5(4'-.('&901>5(01%-(<&99(.-/0<&(5($--<9(FU03E(
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%-(&?,"#13&(7(80%"(%"&(9-0<(9-<;%0-1(FP01#b(&%(#<E(*WW_NE(c0Y&809&@(01(%"&(R!<>5($--<@(%"&(<&#9%(

.-/0<&(01-'3#10,($--<@(.-'&())5(%&12&2(%-(/&('&,-A&'&2(01(BCD(%"#1(,-1%'-<(%'&#%.&1%9E(O9(

9-0<(2'0&9@(0-10,(9%'&13%"(01,'&#9&@(#12(.#=(<&#2(%-(4#,0<0%#%&2($'&,0$0%#%0-1(-4($"-9$"#%&(80%"(
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,"&.0,#<(&1A0'-1.&1%E((
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d1<0Y&( 01-'3#10,( 5@( %;'1-A&'( -4( -'3#10,( 5( 8#9( <0Y&<=( '&2;,&2( /=( BCD@( /&,#;9&( BCD(

"#.$&'&2( /0-<-30,#<( 5( 4<;?&9E( 5--<( 90[&@( ))5( '&,-A&'=@( #12( PO( -4( Q#7R>5-( 9"-8&2( 1-(

9031040,#1%(%'&#%.&1%(&44&,%@(2;&(%-("03"(A#'0#/0<0%=(/&%8&&1('&$<0,#%&9(#12(%0.&($-01%9(F+#/<&(

)NE( R-8&A&'@( 9&A&'#<( 0120,#%-'9( $-01%( %-( '&2;,&2( /0-<-30,#<( 5( %'#194-'.#%0-19E( U0'9%<=@( 9-0<(

.0,'-/0#<(5(2&,'&#9&2(.-'&('#$02<=(01(BCD(%"#1(;12&'(,-1%'-<(%'&#%.&1%(FU03E(HN@(,-140'.013(

&#'<0&'(9%;20&9('&$-'%013(%"&(1&3#%0A&(&44&,%(-4(BCD(-1(9-0<(.0,'-/0#<(/0-.#99(FG;%%&'<=(&%(#<E(

HIIWJ(!"&1(&%(#<E(HI*VNE(R-8&A&'@('&.#01013(9-0<(.0,'-/&9(202(1-%(9&&.(%-(/&(.-'&(#,%0A&@(

901,&( ))5( '&,-A&'=( 4-<<-8&2( %"&( 9#.&( $#%%&'1( #9( ,-1,&1%'#%0-1E( R&1,&@( %"&( 2&,'&#9&( 01(

.0,'-/0#<($--<(90[&('&9;<%&2(01(#(,-1,-.0%#1%(2&,'&#9&(01(.0,'-/0#<<=>.&20#%&2(5(,=,<013E((

(

BCD(#<9-('&2;,&2(%"&(#.-;1%(-4(7(&?,"#13&2(01($"-9$"#%&@(#1(&44&,%(-/9&'A&2(01(#<<(%"'&&(

$--<9(#1#<=[&2(FU03E(L(e(aNE(+"&(<-8&'('#%0-(-4(-?=3&1(&?,"#13&2(01($"-9$"#%&(01(BCD(,-;<2(

/&(&0%"&'(2;&(%-(#(3&1&'#<(2&,<01&(01(/0-<-30,#<(5(,=,<013@(-'(2;&(%-(#1(01,'&#9&2($'-$-'%0-1(-4(

$"-9$"#%&( /&013( '&<&#9&2( /=( .01&'#<0[#%0-1( FZ'-99( #12( O13&'%( HI*aNE( +"09( 09( /&,#;9&(

$"-9$"#%#9&9( -1<=( '&$<#,&( -1&( F.-1-&9%&'#9&9N( -'( %8-( F20&9%&'#9&9N( 7( 01( $"-9$"#%&@(

8"&'&#9(,=,<013(/=($='-$"-9$"#%#9&(:;0,Y<=('&$<#,&9(#<<(7(01($"-9$"#%&(FG<#Y&(&%(#<E(HIIaJ(

+#./;'010(&%(#<E(HI*LNE(D"0<&(01,'&#9&(01(5(.01&'#<0[#%0-1("#9(/&&1('&$-'%&2(-1(%"&(9"-'%(%&'.(

F%8-(,=,<&9N(F!"&$Y8-1=(&%(#<E(HII*N@(9%;20&9(<--Y013(#%(!(#12(Q(.01&'#<0[#%0-1(#4%&'('&$&#%&2(

2'=013( '&8&%%013("#A&(9"-81( %"#%( ,;.;<#%0A&(.01&'#<0[#%0-1( %&129( %-(/&( <-8&'(;12&'(BCD(

FG-'Y&1(#12(`#%[1&'(HIIWNE(O<9-@(8&( 4-;12(1-(BCD(&44&,%(-1( %-%#<(!@(!*aQ@(-'(-'3#10,(5(

,-1,&1%'#%0-1( %"#%( ,-;<2( 9;$$-'%( #( 9&A&'#<( %0.&9( 01,'&#9&2( 5( .01&'#<0[#%0-1( ;12&'( BCD(

F+#/<&(*NE(R&1,&@(8&(#'3;&(%"#%(%"&(4#,%(%"#%(<&99(7(01($"-9$"#%&(01(8#9(&?,"#13&2(;12&'(

BCD(9;33&9%(%"#%(<&99($"-9$"#%&(8#9(%#Y&1(;$(#12(.&%#/-<0[&2(/=(.0,'-/&9E(O99;.013(%"&(

9#.&($'-$-'%0-1(-4(/0-<-30,#<($'-,&99&9(;12&'(/-%"(%'&#%.&1%9@(BCD('&2;,&2(3'-99(/0-<-30,#<(

5(,=,<013(%"&(,-;'9&(-4(a(.-1%"9(/=()a>_IS(,-.$#'&2(%-(,-1%'-<(%'&#%.&1%@(80%"(%"&(<#'3&9%(

'&2;,%0-1(01(%"&(B*(9-0<@(8"0,"(8#9(&?$-9&2(%-(%"&(<-13&9%(2'=($&'0-29(FU03E(L(#12(aNE((

(

B*("#2(#(4#9%(2'=013(%0.&@(H(2#=9(,-.$#'&2(%-(L(#12(W(2#=9@(-4(BH(#12(B)('&9$&,%0A&<=E(R&1,&@(

2044&'&1,&(01(7(&?,"#13&2(01($"-9$"#%&(.03"%(/&(%"&(<#'3&9%(4-'(%"09(9-0<(/&,#;9&(%"&(BCD(

9-0<9(8&'&(2'=(4-'(%"&(<-13&9%($&'0-2(-4(%0.&E(]1%&'&9%013<=@("-8&A&'@(%"&(<-13(2'=($"#9&(202(1-%(

#44&,%(PO(A#<;&9@(&A&1(%"-;3"($"=90,-,"&.0,#<(&?,"#13&($'-,&99&9(#<9-(1&&2(8#%&'E(+"09(

.#=(/&( /&,#;9&(#33'&3#%&(/'&#Y2-81( #12( ,"#13013( 9-0<( .01&'#<-3=( F+#/<&( *N( 01,'&#9&2(

$"=90,-,"&.0,#<( 4<;?&9(9"-'%<=(#4%&'('&8&%%013(%-(#($-01%( %"#%(%"09(,-.$&19#%&2(4-'('&2;,&2(

&?,"#13&(;12&'(%"&(2'=($"#9&E(+"&(%'&#%.&1%(&44&,%(-1(7(&?,"#13&2(01($"-9$"#%&(8#9(<&99(

9%'-13(01(B)@(/&,#;9&(*N(<-13(2'=013>%0.&(.&#19(%"#%(9-0<9(;12&'(BCD(9%#=&2(.-09%(<-13&'@(

#12( HN( 9-0<9( ;12&'( ,-1%'-<( %'&#%.&1%( &?$&'0&1,&2( #1-?0,( ,-120%0-19@( '&2;,013( .0,'-/0#<(

.&%#/-<09.E( +"&( #1-?0,( ,-120%0-19( 8&'&( ;101%&12&2@( /;%( '&9;<%&2( /&,#;9&( "03"( .0,'-/0#<(
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+"&($R(01,'&#9&(;12&'(%"&(,-1%'-<(%'&#%.&1%(,#.&(#<-13(80%"(#(9%'-13(9;<4;'(9.&<<@(9;33&9%013(

%"#%(%"&(9&#<&2(,#$9(<&2(%-(#1-?0,(,-120%0-19(#12(%"&('&2;,%0-1(-4(U&)f(%-(U&Hf@(,-19;.013(

$'-%-19@(#12(9;<4#%&(%-("=2'-3&1(9;<402&(FG<;.&(&%(#<E(HI*INE((
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BCD(<&2(%-(4#9%&'(20<;%0-1(-4('#20-09-%-$&9(4'-.('&901>5(01%-(R!<>5@(01(3&1&'#<@(9-0<("09%-'=(8#9(

%"&(.#01(2'0A&'(-4(5(2=1#.0,9(01(9&:;&1%0#<<=(&?%'#,%&2(5($--<9E(+"&(9-0<9(4'-.(%"&(,<0.#%0,(

3'#20&1%(209$<#=&2(<#'3&(2044&'&1,&9(01(5(,-1,&1%'#%0-19(#12(%&.$-'#<(01,-'$-'#%0-1(-4(#22&2(
))5( 01%-( 01-'3#10,(#12(-'3#10,($--<9E(`-9%( 1-%0,&#/<=@( 01,-'$-'#%0-1(-4( ))5( 01%-(R!<>5(8#9(

.;,"(4#9%&'(-1(9-0<9(4'-.(%"&(8&%%&9%(FHI(g(HaS(#4%&'(WI(2#=9N(,-.$#'&2(%-(4'-.(%"&(.-9%(

#'02(90%&(Fh(aSN(-4(%"&(,<0.#%0,(3'#20&1%E(+"09(,-140'.9(%"#%(2044&'&1%(01-'3#10,(5(4-'.9(4-;12(01(

%"&9&(9-0<9(<&#2(%-(A#9%<=(2044&'&1%(5(2=1#.0,9E(d1<0Y&(5(2=1#.0,9@(7(2=1#.0,9(01($"-9$"#%&(

8&'&(.-'&(%'&#%.&1%(2&$&12&1%(%"#1(9-0<("09%-'=(2&$&12&1%E(BCD('&2;,&2(%"&(#.-;1%(-4(7(

%"#%("#2(/&&1(&?,"#13&2( 01($"-9$"#%&( 4'-.(HI>LIS( %-(_>HIS( 4-'( #<<( 9-0<9@( 0120,#%013( %"#%(

BCD("#.$&'&2(/0-<-30,#<(5(,=,<013E(R&1,&@('&$&#%&2(BCD(.#=("#A&(20#.&%'0,#<(&44&,%9(-1(

$"=90,-,"&.0,#<(#12(/0-<-30,#<($'-,&99&9(01A-<A&2(01(5(,=,<013@(#12(%";9(-1(%"&(%;'1-A&'(-4(

01-'3#10,( #12( -'3#10,( 5( $--<9E( +"&( 0.$#,%( -4( BCD( -1( 5( <-99&9( #12( #A#0<#/0<0%=( 09( %";9(

2&$&12&1%(-1(%"&('&<#%0A&(0.$-'%#1,&(-4($"=90,-,"&.0,#<(A9(/0-<-30,#<($'-,&99&9E((
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Z#99&'@(O12'&#9(590.-$-;<;9@(#12(Q01#(C-%"J(#12(4';0%4;<(209,;990-19(80%"(B'E(\A#(̀ k9[l'-9@(

B'E(m<#;9(j#'-9,"@(R#-(!"&1@(#12(B'E(O9%'02(7/&'9-1E(D&(8-;<2(#<9-( <0Y&(%-(#,Y1-8<&23&(

5'-4E(P%&4#1-(G&'1#9,-10(4-'($'-A02013(#,,&99(%-(]C>`P(4-'(.&#9;'013(8#%&'(9#.$<&9@(#12(B'E(

`#%%"0#9(P#;'&'(#12(B'E(C-<#12(D&'1&'(4-'(;9&(-4(%"&(,'=-209%0<<#%0-1(9&%;$(01(%"&0'(<#/E(+"&(

$'-b&,%( 8#9( 4;12&2( /=( %"&( P8099( Q#%0-1#<( P,0&1,&( U-;12#%0-1( F5'-b&,%( 1;./&'(

HIIIH*n*VHLHHNE((
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G#$0'0(O@(Goo%"(\@(C-;9Y(j(FHI*IN(B'=013g'&8&%%013(,=,<&9(#44&,%(4;13#<(#12(/#,%&'0#<(3'-8%"(

2044&'&1%<=(01(#1(#'#/<&(9-0<E(`0,'-/(\,-<(VIpL*WgLH6E(2-0p(*IE*II_T9IIHL6>I*I>W_H)>a(

G<#Y&(C\@(7qQ&0<(jC@(P;'Y-A(O(ME(FHIIaN(G0-3&-,"&.0,#<(,=,<013(-4($"-9$"-';9p(]1903"%9(4'-.(

-?=3&1( 09-%-$&( &44&,%9( -4( $"-9$"-&1[=.&9E( O.( j( P,0( )IapaWVgVHIE( 2-0p(

*IEHL_aT#b9E)IaEV>6EaWV(

G<;.&( R>5@( G'K..&'( ZD@( R-'1( C@( &%( #<( FHI*IN( P,"&44&'TP,"#,"%9,"#/&<p( c&"'/;,"( 2&'(

G-2&1Y;12&E(P$'013&'>M&'<#3@(G&'<01(

G-'Y&1( D@( `#%[1&'( \( FHIIWN( C&#$$'#09#<( -4( 2'=013( #12( 8&%%013( &44&,%9( -1( !( #12( Q(

.01&'#<0[#%0-1( #12( 4<;?&9( 01( 9-0<9E( Z<-/( !"#13( G0-<( *ap6I6g6HLE( 2-0p( *IE****TbE*)Va>

HL6VEHII6EI*V6*E?(

G;&"<&'(P@( 7/&'9-1(O@( C#-( ]`@(&%( #<( FHIIHN(P&:;&1%0#<( 5"-9$"-';9( \?%'#,%0-1(-4( #( ))5>

c#/&<&2(7?09-<(;12&'(!-1%'#9%013(O3'0,;<%;'#<(P=9%&.9E(P-0<(P,0(P-,(O.(j(VVp6V6g6__E(

2-0p(*IEH*)VT999#bHIIHE6V6I(

GK1&.#11(\m@(m&<<&'(G@(R--$(B@(&%(#<(FHI*)N(]1,'&#9&2(#A#0<#/0<0%=(-4($"-9$"-';9(#4%&'(2'=013(

#12('&8&%%013(-4(#(3'#99<#12(9-0<p($'-,&99&9(#12($<#1%(;9&E(5<#1%(P-0<()_Ipa**gaHVE(2-0p(

*IE*II_T9***IL>I*)>*Va*>=(
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1$"()+2)#3' 4,2,$"' +$-5' 5$-(,+2)-#' +%5%+)267' 8%2"$' 9,%&)26' $"3,&%2)-#7' %#(' +%$:-#;+&)<%2"'

4""(:%+=*'8)&&'$"9,)$"'(">"&-5)#3'5$-+"** ;:%*"('<-("&*'8)2?'%++,$%2"'$"5$"*"#2%2)-#*'-4'2?"'

*-)&'5?-*5?-$,*'+6+&"@'A?"'3-%&'-4'2?)*'2?"*)*'8%*'2-'9,%#2)46'*-)&'1'2,$#->"$')#'()44"$"#2'*-)&'1'

5--&*@'A?)*'8)&&'%&&-8')<5$->)#3'$"5$"*"#2%2)-#*'-4'*-)&'1'+6+&)#3')#'*,+?'&%#(;*,$4%+"'<-("&*@'

A,$#->"$'8%*'9,%#2)4)"(':6'("2"$<)#)#3'<"%#'$"*)("#+"'2)<"'BCDAE'-4'1')#'2?"'*-)&'*-&,2)-#'

%#(')#'*"9,"#2)%&&6;" F2$%+2"('5--&*',*)#3'%'8)("'$%#3"'-4'()44"$"#2'%55$-%+?"*@'G#'+?%52"$'.7'

2?"'-:H"+2)>"'8%*'2-'("2"$<)#"'2?"'2,$#->"$'-4'1')#'2?"'*-)&'*-&,2)-#'4$-<'5,:&)*?"('(%2%')#'2?"'

&)2"$%2,$"@'G2'8%*'4-,#('2?%2'4-$'I.J'*-)&*'8-$&(8)("7'2?"'<"%#'$"*)("#+"'2)<"'BCDAE'-4'1')#'2?"'

*-)&' *-&,2)-#' 8%*' -#' 2?"' $%#3"' -4' <)&&)*"+-#(*' 2-' <)#,2"*@' K-8"*2' CDA*' 8"$"' 4-,#(' )#'

L"$$%&*-&*'%#('M#(-*-&*'%#('*-<"'N%<:)*-&*7'8?"$"%*'1-(O-&*'2"#("('2-'?%>"'&-#3"$'CDA*@'

P"#+"'1')#'2?"'*-)&'*-&,2)-#')*'$"5&"#)*?"('+-#*2%#2&6'%#(')<<"()%2"&67'%#('2-',#("$*2%#('1'

+6+&)#3'%2'2)<"'*+%&"*'$"&">%#2'4-$'5&%#2'3$-82?7')2')*'#"+"**%$6'2-'*2,(6'2?"'&%$3"$')#-$3%#)+'

%#('-$3%#)+'5--&*'"F+?%#3)#3'8)2?'2?"'*-)&'*-&,2)-#@''

'

G#'+?%52"$'I7'*-)&*'4$-<'%'+&)<%2)+'3$%()"#2'-#'P%8%))'8"$"',*"('%*'%'<-("&'2-'*2,(6'1'5--&*7'

5$-+"**"*'%#('4&,F"*@'M'+-$$"&%2)-#':"28""#'*"9,"#2)%&&6;"F2$%+2"('5--&*'%#('5--&*'("4)#"('

:6'2?")$'"F+?%#3"'2)<"'3%>"'4)$*2')#*)3?2*')#2-'<"%#'$"*)("#+"'2)<"*'-4'$"*)#;17'Q%RP;1)7'%#('

PN&;1@'C"%#'$"*)("#+"'2)<"'-4'1')#'$"*)# ;1'8%*'%55$-F)<%2"('2-':"'-#'2?"'$%#3"'-4'<)#,2"*7'

)#'Q%RP;1)')#'8""=*'2-'<-#2?*7'%#(')#'PN& ;1'-#'2?"'-$("$'-4'6"%$*'2-'<)&&"##)%@'A?"'2,$#->"$'

-4' PN&;1' 8%*' 4,$2?"$' +-#*2$%)#"(' :6' ,*)#3' *2%:&"' -F63"#' )*-2-5"*7' 8?)+?' %&&-8"('

()*2)#3,)*?)#3':"28""#'5$)<%$6'%5%2)2"'%#('*"+-#(%$6'1' <)#"$%&*'2?%2'?%('$"%+?"(')*-2-5)+'

"9,)&):$),<' 8)2?' *-)&' 8%2"$' 2?$-,3?' "#O6<%2)+' 5$-+"**"*@' A?"' 4%+2' 2?%2'! .SR1' -4' PN&;1' -#'

*,:?,<)('%#('?,<)('*)2"*'8%*')#'"9,)&):$),<'8)2?'*-)&'8%2"$7'8?"$"%*'-#'%$)('*)2"*' ! .SR1' 8%*'

:"28""#'5$)<%$6'%5%2)2"'%#('2?"'"9,)&):$),<'>%&,"7'*,33"*2*'2?%2'%2'&"%*2'-#'%$)('*)2"*7'PN&;1'

)*'>"$6'*2%:&"'%#('<%6'?%>"'%'CDA'*,$5%**)#3'*-)&'%3"@''

'

G#'+?%52"$'T7'2?$""'-4'2?"'*-)&*',*"(')#'+?%52"$'I'8"$"'&%:"&"('8)2?'TT1'%#(' .SR;"#$)+?"('8%2"$'

%#(' )#+,:%2"(' ,#("$' +-#2$-&' %#(' ($6)#3 ;$"8"22)#3' BUDVE' +-#()2)-#*' 4-$' /' <-#2?*@' A?"'

-:H"+2)>"' 8%*' 28-4-&(7' 4)$*2&6' 2-' ("2"$<)#"' )4' )#+-$5-$%2)-#' -4'TT1' %#(' .SR' )#' *"9,"#2)%&&6;

"F2$%+2"('1'5--&*'*,55-$2"('2?"'"*2)<%2"*'-4'CDA'-4'1')#'2?"*"'5--&*'("2"$<)#"(')#'+?%52"$'
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&)2"$%2,$"'>%&,"*'-4'1'4&,F"*'$"*,&2)#3'4$-<'-2?"$'5$-+"**"*')#'2?"'*-)& ;5&%#2'*6*2"<@'A?)*'*"$>"*'
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I_.JE '
' &)22"$'4%&&' 1%#%<%'B<"%*,$"(E' ' T@J'F'._;

. '
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I ' 0@/'F'._;. ' ' '
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%5%2)2"')*'&)="&6')#2$-(,+"('>)%'%2<-*5?"$)+'("5-*)2)-#@'V?)&"'2?"')<5-$2%#+"'-4'%2<-*5?"$)+'1'

("5-*)2)-#')*'=#-8#'2-':"'%#')<5-$2%#2'1')#5, 27'">"#')#'2?"'$"&%2)>"&6')*-&%2"('"+-*6*2"<*'-4'

P%8%))'BN?%(8)+='"2'%&@'.bbbE7'(,*2 ;("$)>"('%5%2)2"'?%*'5$">)-,*&6'#-2':""#'$"5-$2"(')#'*-)&*@'

G2'$"<%)#*'2-' :"' "F5&-$"(' )4' (,*2;("$)>"('%5%2)2"'+-#*2)2,2"*'%' *)3#)4)+%#2'1' 4-$<' )#'2$-5)+%&'

"+-*6 *2"<*'$"+")>)#3'<-$"'(,*2'%#('8)2?'&-8"$':%+=3$-,#('&">"&*'-4'17'4-$'"F%<5&"')#'2?"'

M<%O-#':%*)#@'

'

G#*)3?2*'4$-<'2?"'c-?%&%'+&)<%2)+'3$%()"#2'"F5-,#('"F)*2)#3'=#-8&"(3"'-4'+&)<%2"')<5%+2'-#'

*-)&'1'+6+&)#3':6'5$->)()#3'("2%)&"(')#4-$<%2)-#'-4'1'4-$<*'%#('5?6*)+-+?"<)+%&'%#(':)-&-3)+%&'

5$-+"**"*' )#>-&>"(' )#' 1' +6+&)#3@' W-)&' 5$-5"$2)"*' *,+?' %*' 5P7' <)#"$%&-367' %#(' #,2$)"#2'

+-#+"#2$%2)-#*'%$"'=#-8#'2-' +?%#3"'#-#;&)#"%$&6'8)2?'+&)<%2"7' *,33"*2)#3'2?"' "F)*2"#+"' -4'

2?$"*?-&(*'4-$'+&)<%2)+'4-$+)#3'BN?%(8)+='"2'%&@'I__T['V%#3'"2'%&@'I_.Y['W&"**%$">'"2'%&@'I_.0E@'

R#'2?"'c-?%&%'+&)<%2)+'3$%()"#27'2-2%&'17'1'4-$<*7'%#('5$-+"**"*')#>-&>"(')#'1'+6+&)#3'%&*-'

+?%#3"'#-#;&)#"%$&6'8)2?')#+$"%*)#3'$%)#4%&&@'G2')*'5&%,*):&"'2?%2'+&)<%2"'+?%#3"'+-,&('*?)42'2?"*"'

5$-+"**'(-<%)#*'8)2?)#'2)<"'*+%&"'-4'?,<%# '*-+)"2)"*@'M'5$-+"**;:%*"(',#("$*2%#()#3'-4'2?"'

*-)&' 1' +6+&"' )*' 2?,*' "**"#2)%&' 2-' 5$"()+2' )<5%+2*' -4' +&)<%2"' +?%#3"' -#' 17' -#"' -4' 2?"' <-*2'

)<5-$2%#2'#,2$)"#2*'4-$'4--('5$-(,+2)-#'%#('"+-*6*2"<'4,#+2)-#)#3@''

+

B#'94&*(#'* +

L,&&6'3$%*5)#3'1'+6+&)#3')#'*-)&'8-,&('$"9,)$"'=#-8&"(3"'-4'*-)&'1'4-$<*'5$"*"#2')#'"%+?'*-)&7'

2?")$'$"*5"+2)>"'2,$#->"$'$%2"*7'%#('?-8'2?"*"'2,$#->"$'$%2"*'>%$6'("5"#()#3'-#'"#>)$-#<"#2%&'

:-,#(%$6'+-#()2)-#*@'N-#*)("$)#3'*2)&&'-#&6'$,()<"#2%$6'=#-8&"(3"'-4'1'4-$<*')#'*-)&'%#('2?")$'

$"&%2)>"' *2%:)&)2)"*7' *"+-#(;:"*2' *-&,2)-#*' %$"' #""("(' 2-' 5$->)("' %#*8"$*' 2-' 5$"**)#3'

"#>)$-#<"#2%&'5$-:&"<*')#>-&>)#3'2?"'1'+6+&"@'W"9,"#2)%&&6;"F2$%+2"('1'5--&*'%$"'%'*"+-#(;

:"*2'-52)-#@'V?)&"'*"9,"#2)%&&6;"F2$%+2"('1'5--&*'%$"'-5"$%2)-#%&&6'("4)#"(7'-,$'%#%&6*)*'-4'1'

*5"+)%2)-#' 8)2?' *5"+2$-*+-5)+' <"2?-(*' %#(' *2,()"*' -4' 1' )*-2-5"' )#+-$5-$%2)-#' )<5$->"('

5$-+"** ;:%*"(' ,#("$*2%#()#3' %#(' 5$->)("(' %' +&"%$"$' 5)+2,$"' -4' &)<)2%2)-#*' 2-' *"9,"#2)%&'

"F2$%+2)-#*@' L,$2?"$<-$"7' 2?"' %#%&6*)*' -4' 1' CDA*' )#' 2?"*"' 5--&*' %&&-8*' )<5$->)#3'

$"5$"*"#2%2)-#'-4'1'+6+&"')#'<-("&*@'

'

A?"'CDA'8"$"'9,%#2)4)"('4)$*2'-#'*-)&*'4$-<'%'+&)<%2)+'3$%()"#2'-#'P%8%))7'%#('2?"#'>"$)4)"('

%&*-'4-$'%'8)("'$%#3"')#'*-)&*'%2'2?"'3&-:%&'&">"&@'A?"'CDA*'>%$)"('5$"()+2%:&6'8)2?'+"$2%)#'*-)&'

>%$)%:&"*7'<-*2'*2$)=)#3'8%*'2?"'5-*)2)>"'+-$$"&%2)-#':"28""#'5P'%#('CDA'-4'1')#'PN&;1@'A?"'

)<5$->"('"*2)<%2"*'CDA'%#('("5"#("#+)"*'-#'-2?"$'>%$)%:&"*'8)&&'%&&-8')<5$->)#3'"F)*2)#3'

&%#('*,$4%+"'<-("&*'2-':"22"$'$"4&"+2'1'"F+?%#3"'(6#%<)+*@'G<5$->"('&%#('*,$4%+"'<-("&*'



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

.0S '

?%>"'2?"' 5-2"#2)%&'2-'5&%6'%#' )<5-$2%#2'$-&"' )#'%(($"**)#3' )<5-$2%#2'+?%&&"#3"*'4-$'2?"' I.*2'

+"#2,$6e'?-8'2-'5$-(,+"'"#-,3?'4--('2-'4""('%'3$-8)#3'8-$&('5-5,&%2)-#'8)2?-,2'H"-5%$()O)#3'

8%2"$'9,%&)267'%#('2-'8?%2'("3$""'-,$'+%$:-#'"<)**)-#*'8)&&'+?%#3"'4,2,$"'+&)<%2"@''

'

' +



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

.0b '

C),)$)'9)* +

M+)"3-' WC7' D)":"' NW7' P%$2' WN7' "2'%&' BI_.JE' U,*2' -,25%+"*' :"($-+=' )#' #,2$)"#2' *,55&6' 2-'

<-#2%#"'4-$"*2'"+-*6*2"<*@'Q%2'N-<<,#'Se.YS__@'(-)e'._@._TS^#+-<<*.YS__'

Zj#"<%##' fc' BI_./E' M**"**<"#2' - 4' 3$-**' %#(' #"2' <)#"$%&)O%2)-#' $%2"*' -4' *-)&' -$3%#)+'

5?-*5?-$,*' a'M'$">)"8@'W-)&'Z)-&'Z)-+?"<'SbeSIabS@'(-)e'._@._.0^H@*-)&:)-@I_./@_0@_I0'

N?%(8)+=' R' %@7' !%>"#(%' DA7' c"&&6' fL7' "2' %&' BI__TE' A?"' )<5%+2' -4' +&)<%2"' -#' 2?"'

:)-3"-+?"<)+%&' 4,#+2)-#)#3' -4' >-&+%#)+' *-)&*@' N?"<' !"-&' I_Ie.b/ aIIT@' (-)e'

._@._.0^H@+?"<3"-@I__I@_b@__.'

N?%(8)+='RM7'U"$$6'KM7'k)2-,*"='1C7'"2'%&'B.bbbE'N?%#3)#3'*-,$+"*'-4'#,2$)"#2*'(,$)#3'4-,$'

<)&&)-#'6"%$*'-4'"+-*6*2"<'(">"&-5<"#2@'Q%2,$"'TbJeYb.aYbJ@'(-)e'._@._TS^.JIJ0'

N&">"&%#('NN7'P-,&2-#'Zu7'W<)2?'Vc7'"2'%&'BI_.TE'1%22"$#*'-4'#"8'>"$*,*'$"+6+&"('5$)<%$6'

5$-(,+2)-#' )#' 2?"' 2"$$"*2$)%&' :)-*5?"$"@' 1$-+' Q%2&' M+%(' W+)' .._e.IJTTa.IJTJ@' (-)e'

._@._JT^5#%*@.T_IJ0S.._'

U)F-#' `K7' N?%(8)+=' RM7' k)2-,*"=' 1C' BI_.0E' N&)<%2";($)>"#' 2?$"*?-&(*' 4-$' +?"<)+%&'

8"%2?"$)#3' )#'5-*23&%+)%&' *-)&*' -4'Q"8'u"%&%#(@'`' !"-5?6*'D"*' f%$2?'W,$4' .I.e@' (-)e'

._@.__I^I_.0H4__TS0Y'

U-"22"$&'W7'Z"$?"'MM7'M$#-&('N7' "2'%&'BI_.SE'K)#=*'%<-#3'8%$<)#37'+%$:-#'%#('<)+$-:)%&'

(6#%<)+*' <"()%2"(' :6' *-)&' <)#"$%&' 8"%2?"$)#3@' Q%2' !"-*+)' ..e/Sb a/bT@' (-)e'

._@._TS^*Y./0. ;_.S ;_.0S ;J'

L"#3' `7' A,$#"$' ZK7' Kj' o7' "2' %&' BI_.0E' 1?-*5?-$,*' 2$%#*4-$<%2)-#*' %&-#3' %' &%$3";*+%&"'

+&)<-*"9,"#+"')#'%$)('%#('*"<)%$)('3$%**&%#(*'-4'#-$2?"$#'N?)#%@'!&-:%&'Z)-3"-+?"<'

N6+&"*'T_e@'(-)e'._@.__I^I_./3:__/TT. '

L)*+?"$' 17' 1v2?)3' D7' !j+="$' Z7' k"#-?$' C' BI_.SE' 1?-*5?-$,*' *%2,$%2)-#' %#(' *,5"$4)+)%&'

4"$2)&)O"$'%55&)+%2)-#'%*'="6'5%$%<"2"$*'2-'%**"**'2?"'$)*='-4'()44,*"'5?-*5?-$,*'&-**"*'

4$-<' %3$)+,&2,$%&' *-)&*' )#' Z$%O)&' 1@' W+)' A-2%&' f#>)$-#' 0T_e././a./IJ@' (-)e'

._@._.0^H@*+)2-2"#>@I_.S@_I@_J_'

L&)*+?'D7'W)#%H'W7'N?%$&"*'D7'D)+?#"$'V'BI__bE'!$,#(&%3"#'4j$'()"'Uj#3,#3')<'M+="$;' ,#('

L,22"$:%,'B!D]UMLE '

L$-**%$(' f7' N-#($-#' KC7' R:"$*-#' M7' "2' %&' BI___E' 1$-+"**"*' !->"$#)#3' 1?-*5?-$,*'

M>%)&%:)&)26' )#' A"<5"$%2"' W-)&*@' `' f#>)$-#' w,%&' Ibe@'(-)e'

._@I.TY^H"9I___@__YJIYI/__Ib___.___TF'

L$-**%$(' f7'W2"8%$2' `VZ7'W2@'M$#%,('D`'B.bSbE'U)*2$):,2)-#'%#('<-:)&)26'-4'5?-*5?-$,*' )#'

3$%**&%#(' %#(' 4-$"*2' *-)&*' -4' W%*=%2+?"8%#@' N%#' `' W-)&' W+)' 0beY_.aY.0@' (-)e'

._@Y.Y.^+H**Sb;_Y_'

!"$="'`'BI_./E'1?62%2"'BG#-*)2-&'P"F%=)*5?-*5?%2"E')#'W-)&'%#('1?-*5?%2"'M+9,)*)2)-#'4$-<'

G#-*)2-&' 1?-*5?%2"*' :6' P)3?"$' 1&%#2*@' M' D">)"8@' 1&%#2*' YeI/TaI00@' (-)e'



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

.J_ '

._@TTb_^5&%#2*Y_I_I/T'

!-&&'UW7'Z$->=)#'k7'1%$)(%'ZD7'"2'%&'BI_.IE'Q,2$)"#2'&)<)2%2)-#'$"(,+"*'&%#('+%$:-#',52%="')#'

*)<,&%2)-#*' 8)2?' %' <-("&' -4' +-<:)#"(' +%$:-#7' #)2$-3"#' %#(' 5?-*5?-$,*' +6+&)#3@'

Z)-3"-*+)"#+"*'beT/YJ aT/0b@'(-)e'._@/.bY^:3;b;T/YJ ;I_.I '

!-&&'UW7'k,)+?%$('Q7'C%)3#%#'L7'"2'%&'BI_.JE'M'$"5$"*"#2%2)-#'-4'2?"'5?-*5?-$,*'+6+&"'4-$'

RDNPGUff' B$">)*)-#' Y/I_E@' !"-*+)' C-("&' U">' ._eTJY/ aTJJ_@' (-)e' ._@/.bY^3<(;._ ;

TJY/ ;I_.J '

!$-**'M7'A,$#"$'ZK7'!-$"#'A7'"2'%&'BI_.0E'A$%+)#3'2?"'W-,$+"*'-4'M2<-*5?"$)+'1?-*5?-$,*'

U"5-*)2)-#'2-'%'A$-5)+%&'D%)#'L-$"*2')#'1%#%<%']*)#3'W2%:&"'RF63"#'G*-2-5"*@'f#>)$-#'

W+)'A"+?#-&@'(-)e'._@._I.^%+*@"*2@/:_YbT0'

!$-**'M7'A,$#"$'ZK7'V$)3?2'W`7'"2'%&'BI_./E'RF63"#')*-2-5"'$%2)-*'-4'5&%#2'%>%)&%:&"'5?-*5?%2"'

)#' &-8&%#(' 2$-5)+%&' 4-$"*2' *-)&*@' W-)&' Z)-&' Z)-+?"<' SSeT/YaT0.@' (-)e'

._@._.0^H@*-)&:)-@I_./@_0@_./'

P%$2<%##' `7' C--*(-$4' Q7' K%,"$8%&(' D7' "2' %&' BI_.YE' !&-:%&' +?"<)+%&' 8"%2?"$)#3' %#('

%**-+)%2"('1;$"&"%*"'p 'A?"'$-&"'-4'&)2?-&-367'2"<5"$%2,$"'%#('*-)&'5$-5"$2)"*@'N?"<'!"-&'

T0Te.Y/a.0T@'(-)e'._@._.0^H@+?"<3"-@I_.T@._@_I/'

P"&4"#*2")#'`7'`"3<)#%2'`7'C+K%$"#'AG7'L$-**%$('f'BI_.S%E'W-)&'*-&,2)-#'5?-*5?-$,*'2,$#->"$e'

("$)>%2)-#7' )#2"$5$"2%2)-#7'%#(' )#*)3?2*' 4$-<' %' 3&-:%&' +-<5)&%2)-#' -4' )*-2-5"' "F+?%#3"'

=)#"2)+'*2,()"*@'Z)-3"-*+)"#+"*'./e._/ a..Y@'(-)e'._@/.bY^:3;./ ;._/ ;I_.S '

P"&4"#*2")#'̀ 7'A%<:,$)#)'L7'>-#'W5"$:"$'N7'"2'%&'BI_.S:E'N-<:)#)#3'*5"+2$-*+-5)+'%#(')*-2-5)+'

2"+?#)9,"*'3)>"*'%' (6#%<)+'>)"8' -4'5?-*5?-$,*' +6+&)#3' )#' *-)&@'Q%2'N-<<,#' be@' (-)e'

._@._TS^*Y.Y0J;_.S ;_/JT. ;I '

G<:-("#'UC7'c-+?'W'BI__SE'W6*2"<%#%&6*"e'f)#4j?$,#3')#'()"'<%2?"<%2)*+?"'C-("&&)"$,#3'

#%2j$&)+?"$'W6*2"<"@'W5$)#3"$7'Z"$&)#7'P")("&:"$37'Q"8'i-$= '

G#3%&&' fU7'Z$%#("*' `M7'U)%O'`C7' "2'%&'BI_..E'1?-*5?-$,*'c;"(3"'oMQfW'*5"+2$-*+-56' -4'

<)#"$%&'*2%#(%$(*@'`'W6#+?$-2$-#'D%()%2'.Se.Sba.bJ@'(-)e'._@.._J^W_b_b_Yb/.__Y/TII '

`%6%+?%#($%#'c7'P"2$)+='ZMU7'W+?8%:'M1'B.bbIE'1%$2)2)-#)#3'()**-&>"(')#-$3%#)+'%#('-$3%#)+'

5?-*5?-$,*' ,*)#3'%+)()4)"('<-&6:(%2"'%#(')*-:,2%#-&@'W-)&'W+)'W-+'M<'`' /0eJ0IaJ0/@'

(-)e'._@I.T0^***%H.bbI@_T0./bb/__/0___T__.YF '

`"#=)#*-#'UW7'M#($"8'W1W7'K6#+?' `C7'"2'%&'B.bb_E'A?"'A,$#->"$'-4'R$3%#)+'N%$:-#'%#('

Q)2$-3"#')#'W-)&@'1?)&-*'A$%#*'D'W-+'Z'Z)-&'W+)'TIbeT0.aT0S@'(-)e'._@._bS^$*2:@.bb_@_.JJ'

`-::s36'f!7'`%+=*-#'DZ'BI__.E'A?"'()*2$):,2)-#'-4'*-)&'#,2$)"#2*'8)2?'("52?e'!&-:%&'5%22"$#*'

%#('2?"')<5$)#2'-4'5&%#2*@'Z)-3"-+?"<)*2$6'/Te/.aJJ@'(-)e'._@._IT^%e._._J0_JI_I./ '

`-*?)'WD 7'K)'o7'`%)*)'U1'BI_.0E'A$%#*4-$<%2)-#'-4'1?-*5?-$,*'1--&*')#'%#'M3$)+,&2,$%&'W-)&e'

M#' M55&)+%2)-#' -4' RF63"#;.S' K%:"&)#3' )#' 1?-*5?%2"@' W-)&' W+)' W-+' M<' `' S_e0b@' (-)e'

._@I.T0^***%HI_./@_0@_I.b'

c,$2O'MN7'U"$$6'KM7'N?%(8)+='RM'BI__.E'M++$"2)-#'-4'M*)%#'(,*2'2-'P%8%))%#'*-)&*e')*-2-5)+7'



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

.J. '

"&"<"#2%&7'%#('<)#"$%&'<%**':%&%#+"*@'!"-+?)<'N-*<-+?)<'M+2%'0/e.bJ. a.bST@'(-)e'

?225*e^^(-)@-$3^._@._.0^W__.0;J_TJB_.E__/J/ ;_'

K)#(*%6'VK'B.bJbE'N?"<)+%&'"9,)&):$)%')#'*-)&*@'V)&"6'

C+c"$+?"$'DZ7'M#("$*-#' !'B.bSbE'R$3%#)+'5?-*5?%2"' *-$52)-#':6'#",2$%&'%#(':%*)+'*-)&*@'

N-<<,#'W-)&'W+)'1&%#2'M#%&'I_eJITaJTI@'(-)e'._@._S_^__._T0ISb_bT0S..I '

C"6"$'C7'K%("4-3"('AQ7'k)2-,*"='1C'BI__JE'W-)&'1?-*5?-$,*'%#('M3$)+,&2,$%&'U">"&-5<"#2'

)#' 2?"' K""8%$(' c-?%&%' L)"&(' W6*2"<7' G*&%#(' -4' P%8%)x)@' 1%+)4)+' W+)' 0.eTYJaT/T@' (-)e'

._@IbSY^./TY;0.SSBI__JE0.gTYJeW1MMUGhI@_@NR[I'

C-)$'̀ R7'A)"**"#'P'B.bbTE'N?%$%+2"$)O%2)-#'-4'M>%)&%:&"'1':6'W"9,"#2)%&'fF2$%+2)-#@'G#e'N%$2"$'

CD'B"(E'W-)&'W%<5&)#3'%#('C"2?-(*'-4'M#%&6*)*@'NDN'1$"**7'Z-+%'D%2-#7'LK7'55'IbTa

T_0'

R:"$*-# 'M7'`-#"$'f`'BI__/E'C)+$-:)%&'2,$#->"$'-4'5?-*5?-$,*')#'*-)&@'G#e'A,$#"$'ZK7'L$-**%$('

f7'Z%&(8)#'UW'B"(*E'R$3%#)+'5?-*5?-$,*')#'2?"'"#>)$-#<"#2@'NMZG'1,:&)*?)#37'5'.TT'

R"?&'L7'R:"$*-#'M7'W)#%H'W7'L$-**%$(' f'BI__.E'R$3%#)+'5?-*5?-$,*'<)#"$%&)O%2)-#'*2,()"*'

,*)#3')*-2-5)+'()&,2)-#'2"+?#)9,"*@'W-)&'W+)'W-+'M<'0/eJS_aJSJ'

R&%#("$'K17'k)2-,*"='1C'BI__YE'Z)-&-3)+%&'%#(' !"-+?"<)+%&'W)#=*'4-$'1?-*5?-$,*' )#'W-)&'

4$-<'%'V"2'A$-5)+%&'L-$"*2@'f+-*6*2"<*'JeY_YaY.b@'(-)e'._@.__J^*.__I. ;__Y;_I0Y ;6'

1)*2-++?)'N7'Cy*Os$-*'z7'A%<:,$)#)'L7'"2'%&'BI_.SE'Z)-&-3)+%&'5$-+"**"*'(-<)#%2"'5?-*5?-$,*'

(6#%<)+*',#("$'&-8'5?-*5?-$,*'%>%)&%:)&)26')#'-$3%#)+'?-$)O-#*'-4'2"<5"$%2"'4-$"*2'*-)&*@'

W-)&'Z)-&'Z)-+?"<'.I0e0YaJ/@'(-)e'._@._.0^H@*-)&:)-@I_.S@_S@_.T'

1-$("$'W7'N?%(8)+='RM'BI__bE'N&)<%2"'%#('*-)&;%3"'+-#*2$%)#2*'-#'#,2$)"#2',5&)42'%#('$"2"#2)-#'
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1 Background

Plants can take up minerals from soil solution but not from dry soil itself. Hence, the exchange
rate ks! w [1/min] between the watery phase, subindexw, and the soil phase, subindexs, is
a key quantity to determine the quality of a soil. Radioactive tracers can be used to measure
ks! w. In the following, we describe and motivate the equations used in the tracer method.

2 Box model

Consider two boxes, representing the watery and soil phase, with subtract concentrationcw

and cs. The net-change rate of the watery solution is:

úcw = ks! wcs ! kw! scw. (1)

In equilibrium, we have úcw = 0 and ks! wcs = kw! scw.
At time t = 0, a small quantity R of a radioactive isotope of the substance is added to the
watery phase. The temporal trajectoryrw(t) of radioactive tracer in the water phase has three
regimes

¥ Exponential decaysince rs " 0 is a good approximation within a short time interval
after the injection, eq. (1) simpliÞes to úrw = ! kw! srw. Solving this equation, we have
r (t) = Re" kw ! s t . This process assumes that there is no signiÞcant Õback ßuxÕ from the
soil to the watery phase. However, as more tracer accumulates in the soil phase, this
assumption breaks down and dynamics shift to di! usion regime.

¥ Di! usion once there is a back-ßux from the soil-phase to the watery phase, the decay
is more adequately modeled by a di! usion process. A normal distribution in space with
standard deviation ! (t) # t0.5 describes such a di! usive processes along one spatial di-
mension. Its mode decays as# t" 0.5 and we expectr (t) # t" n with n " 0.5. However, the
powerlaw exponentn will typically di ! er from 0.5 since soil properties are not accounted
for in the idealized model of di! usion.

¥ Equilibrium applying the equilibrium condition in eq. (1) to r (t), a certain amount of
tracer r# remains in the watery solution fort $ % because both ßuxes, from soil to
watery solution and vice versa, cancel each other.

The following model encompasses for all phases (for notational elegance we setr & rw):

f (t) :=
r (t)
R

= m(t + m1/n )" n +
r#

R
. (2)

1



To see this, we usem = ( m" 1/n )" n to rewrite eq. (2):

f (t) ! f # = (1 + tm" 1/n )" n = exp( ! n log(1 + tm" 1/n )) (3)

"

!
exp(! nm" 1/n t) for tm" 1/n ' 1

mt" n for tm" 1/n ( 1,
(4)

where we used that log(1 +") " " for " ' 1. At the critical time tc := m1/n , the model eq. (2)
switches from exponential regime to the power-law regime. Fort < t c the lack of backßux
allows for an exponential decay rate ofkw! s = nm" 1/n until for t > t c the powerlaw-di! usion
describes the decay more adequately. Finally for large times, we havef (t) " f # .

3 Exchange rates

By Þtting the model eq. (2) to the temporal trajectory ofr (t)/R , we obtain the parametersn
and m. Then, the exchange rates are obtained in the following way:

kw! s = nm" 1/n (5)

ks! w =
r#

R ! r#
kw! s, (6)

where the Þrst equality follows directly from the model exponential decay rate within the short
time approximation. The second equality follows from assuming equilibrium for the tracer at
t $ % .
It shall be note that eq. (5) does not rely on the approximation of small times. Computing the
instantaneous decrease ofr (t)/R at t = 0 corresponds to the exchange rate and yields:

R" 1

"
#r (t)

#t

#

t=0

= nm" 1/n = kw! s. (7)

4 Validity of powerlaw approximation

Often eq. (2) is approximated directly as powerlaw:

r (t)
R

" mt" n +
r#

R
(8)

To access the validity of this approximation, we consider 207 soil types, characterized by the
parametersn and m and compute their critical time tc = m1/n . Figure 1 shows the the duration
of the exponential decay regime, i.e.tc on a log-scale. For almost all soils considered here,tc

is below 1 min (corresponding to zero on the log-scale). However, there are a four soils withtc

ranging from 1 min to 10 min.
For most soils it would therefore be safe to emply the power-law approximation (Equation (8)).
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Figure 1: (Top) 207 soil types, characterized byn and m. The logarithm of the critical time
is color-coded log10 tc and indicated by contour lines. Except for four soils withm > 1, the
exponential regime is well below one minute. (Bottom) The critical time log10 tc of soils ordered
by magnitude on a logarithmic scale.
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