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@-<(!8/@;1@/+/1*!/2!-*8!1*.0!/2!P!-*8!Pp!-,(!@+-?(@!12!+'(!@-<(!@7Em(4+S!>7+!l'0!@'17.8!
l(!/<;1@(!+'/@!41*8/+/1*!7;1*!+'(!/8(*+/+0!12!9w!P+/..!l1,@(R! /2!l(!-44(;+!+'-+!;-,+@!
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8/@;1@/+/1*@!o!8/@;1@/+/1*-./@<! 2-4(@!8/22/47.+/(@!l'(*! -4417*+/*?! 21,!*-+7,-.! 4'-*?(!
1:(,!+/<(!12!-!?/:(*!@7E@+-*4(S!

\O'>$,".#'#+((+,7%-:5'+.(+.+-$')$?)$&&'

D!@(41*8!8/22/47.+0!/@!-*!/*2/*/+(!,(?,(@@S!f*!+'(!</*/<-.!8/@;1@/+/1*-.!-4417*+!12!@/*Q
?7.-,!4-7@-+/1*R!4-7@(@!-,(!8/@;1@/+/1*@!+1l-,8@!;1@@/E.(!<-*/2(@+-+/1*@S!)-7@-+/1*!/@!
8/@;1@/+/1*-.! /*!+'(!@(*@(!+'-+!8/@;1@/+/1*@!-,(!4-7@-..0!41**(4+(8!+1!+'(/,!<-*/2(@+-Q
+/1*@!1,! /*! +'(! @(*@(! +'-+! +'(! ,(.-+/1*!E(+l((*!-!8/@;1@/+/1*!-*8! /+@!<-*/2(@+-+/1*! /@!
4-7@-.S!O1l!-!4-7@(!/@R!E0!8(2/*/+/1*R!@1<(+'/*?!+'-+!E,/*?@!-E17+!-!4'-*?(A!/+!<-5(@!-!
8/22(,(*4(! +1! ,(-./+0S! P1! /2! 4-7@(@! -,(! 8/@;1@/+/1*@R! ;1@@/E/./+/(@! -.@1! 417*+! -@! 4-7@-.!
4'-*?(@R! 21,! 8/@;1@/+/1*@! <-5(! 4(,+-/*! <-*/2(@+-+/1*@! ;1@@/E.(S! >7+! /2! +'(/,! <-5/*?!
;1@@/E.(!/@!4-7@/*?R!+'(*!+1!<-5(!-!<-*/2(@+-+/1*!;1@@/E.(R!-!4-7@(!<7@+!-.@1!<-5(!/+!



=-,h-!Z1@]!`D3)\DQBO)fODP!
!

&'(1,/-![U"%TU$$JA!!#"Q"U!

cU

;1@@/E.0!;1@@/E.(!-*8!+'(*!+'(!4-7@(!<7@+!<-5(!+'(!*(l!;1@@/E/./+0!-.@1!;1@@/E.0!;1@Q
@/E.(R!-*8!@1!1*!3#'+.(+.+-7ES!&'7@!l(!2-..!;,(0!+1!-*!/*2/*/+(!-*8!:/4/17@!,(?,(@@!o!:/Q
4/17@R! E(4-7@(! (:(,0! @+(;! ,(G7/,(@! +'(! ;,(:/17@! 1*(R! l'/4'! *(:(,! 41<(@S! f*! 1+'(,!
l1,8@R! /2! 017! /*4.78(! ;1+(*+/-./+/(@! -<1*?! l'-+! -,(! +1! 417*+! -@! (22(4+@R! +'(! (22(4+!
*(:(,!'-;;(*@S!61,!-*0!+'/*?!+1!E(41<(R!/+!<7@+!E(!;,(:/17@.0!;1@@/E.(j!E7+!/2!;1+(*Q
+/-./+/(@! -,(! -.@1! ;-,+! 12!l'-+! /@! E(/*?!<-8(R! +'(*! +'(0!<7@+! ;,(:/17@.0! E(! ;1@@/E.0!
<-8(R!(+4S!!
! Y.-4(! %$LLKR! $$TJ! -*8!=7<21,8! %TUUcR! $[cj! TUULR! $UUJ! '-:(! ,(;./(8! +1! -! ,-+'(,!
@/</.-,!,(?,(@@!;1@(8!E0!D,<@+,1*?!%$LLLER!#$j!TUU"R!#$#J!+'-+!+'(!,(?,(@@!,(@+@!1*!+'(!
-@@7<;+/1*!+'-+!-!8/@;1@/+/1*!/@!1*.0!-!;1+(*+/-.S!f2!+'(!,(-./+0!12!-!8/@;1@/+/1*!,(@/8(@!
1*.0!/*!/+@!<-*/2(@+-+/1*@!-*8!/+!/@!*(:(,!-*!-4+7-./+0!/*!/+@!1l*!,/?'+R!+'(*R!+'(0!-,?7(R!
*1+'/*?!/@!(:(,!-4+7-./_(8S!M1l(:(,R!+'(0!?1!1*!+1!@-0R!+'/@!-@@7<;+/1*!/@!l,1*?A!8/@Q
;1@/+/1*@!-,(!,(-.R!@7E@+-*+/-.!(*+/+/(@!/*!+'(/,!1l*!,/?'+S!9/@;1@/+/1*@!-,(!,(-.R!(:(*!/2!
;1+(*+/-.R!E(4-7@(!+'(/,!;1+(*+/-./+0!/@!*1+!+1!E(!41*+,-@+(8!l/+'!-4+7-./+0!E7+!l/+'!2-4Q
+/:/+0!%=7<21,8!TUULR!$UUJS!
! M1l(:(,R!+'/@!;1@@/E.(!,(;.0!81(@!*1+!-;;.0!+1!<0!,(?,(@@!-E1:(S!&'(!;,1E.(<!/*!
+'(!,(?,(@@!f!@((!,(@/8(@!;,(4/@(.0!/*!+'(!7*8(,@+-*8/*?!12!8/@;1@/+/1*@!-@!,(-.!(*+/+/(@!/*!
+'(/,!1l*!,/?'+S!3(<(<E(,!+'-+!+'(!/8(*+/+0!12!-!,(-.!8/@;1@/+/1*!(@@(*+/-..0!(<E,-4(@!
/+@!;1@@/E.(!%*1*Q2-4+7-.R!/2!017!;,(2(,J!<-*/2(@+-+/1*@S!>7+!+'(*R!/2!+'(!41**(4+/1*!E(Q
+l((*!8/@;1@/+/1*!-*8!<-*/2(@+-+/1*! /@! +'(!4-7@-.! 41**(4+/1*R!;1+(*+/-.! %*1*Q2-4+7-.J!
<-*/2(@+-+/1*@!-,(!,(-.!(22(4+@R!+'7@!,(G7/,/*?!t;,(:/17@u!;1+(*+/-./+/(@!3#'+.(+.+-7ES!61,!
l'-+(:(,!/+!/@!+1!E(!1,!(C/@+!<7@+!-.@1!E(!%<(+-;'0@/4-..0!t;,(:/17@.0uJ!;1@@/E.(S!f2!(2Q
2(4+@!(G7-..0!E(.1*?! /*!+'(!;1+(*+/-.!<18(!12!E(/*?R!,(-./+0! /@!*(:(,!%2J-4+7-.S"!P1!+'(!
,(.-+/1*! E(+l((*! -! 8/@;1@/+/1*! -*8! /+@!<-*/2(@+-+/1*@! 4-**1+! E(! +'(! 4-7@-.! ,(.-+/1*S!
O(/+'(,!/@!/+!-8(G7-+(!+1!@-0!+'-+!8/@;1@/+/1*@!1*.0!4-7@(!+'(/,!2-4+7-.!1,!t?/:(*u!<-*/Q
2(@+-+/1*@R! E7+! *1+! +'(/,!<-*/2(@+-+/1*@! l'(*! /*! -! *1*Q2-4+7-.! @+-+(j! 21,! +'-+! l17.8!
<-5(!8/@;1@/+/1*@!*1+'/*?!E7+!4-+(?1,/4-.!;,1;(,+/(@S!)-+(?1,/4-.!;,1;(,+/(@!4-7@(!4(,Q
+-/*!1447,,(*4(@j!*1+'/*?!/,,(874/E.0!'0;1+'(+/4-.r8/@;1@/+/1*-.!/@!*((8(8!'(,(S!

]O'B@+)#'#+((+,7%-:5'&7C&-3.-+3%',37&3-+".'

=1,(!/<;1,+-*+!+'-*!+'(!,(?,(@@!/@!+'(!+'/,8!8/22/47.+0!f!41*@/8(,S!&'1@(!l'1!+'/*5!12!
4-7@-+/1*!-@!-!,(.-+/1*!@((!;1l(,!,(-./@+@!-+!+'(!1;;1@/+(!(*8!12!+'(!@;(4+,7<j!E./*8!+1!
+'(!,(.-+/1*!/+@(.2S!61,!/*!8/@;1@/+/1*-.!+(,<@R!4-7@-./+0!E(41<(@!-!@7E@+-*+/-.!21,<R!-*!
(C(,4/@(!12!+'(!@7E@+-*4(@!/*:1.:(8!/*!+'(!-4+!12!;,1874+/1*S!I*(!4-*!;/4+7,(!+'(!8/@Q
;1@/+/1*-.!l1,.8!-@!@1<(+'/*?!./5(!-!l1,.8!12!<1*-8@!l'(,(!<1*-8@!/*41,;1,-+(!o!1,!
/*!H(/E*/_F@!<(+-;'1,R!t</,,1,u!o!1+'(,!<1*-8@!/*!+(,<@!12!;1@@/E.(!%/*4.78/*?!-4+7-.J!
2-4+@S!&'/@!/@!-!l1,.8!8(;,/:(8!12!4-7@-.!,(.-+/1*@S!
! &'(!,(.-+/1*-./@+!(*:/@-?(@!4-7@-+/1*!-@!-!,(.-+/1*!o!E(+l((*!*-+7,-.!;,1;(,+/(@!1,!
E7*8.(@!12!+'(<R!1,!E(+l((*!(:(*+@R!1,!@+-+(@!12!-22-/,@R!(+4S!)-7@-+/1*!/@!-!./*5R!*1+!-!
%@7E@+-*+/-.J!-4+S!61,!+'(!,(.-+/1*-./@+R!+'(!4-7@-.!t;1l(,u!,(@/8(@!/*!+'(!4-7@-.!,(.-+/1*!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
"!&'/@! /*2/*/+(! ,(?,(@@! '-@! +'(! 21,<!12! -!>,-8.(0-*! ,(?,(@@R!l'(,(!*(4(@@-,0!41*8/+/1*@! 21,! +'(!-441<Q

;./@'/*?!12!(-4'!@+(;!,(@/8(!/*!+'(!t;,(:/17@u!-441<;./@'<(*+S!P((!>,-8.(0!%$XL[R!T[QTXJ!21,!+'/@!+0;(!
12!,(?,(@@!-;;./(8!+1!,(.-+/1*@S!



P/*?7.-,!)-7@-+/1*!l/+'17+!9/@;1@/+/1*@!
!

&'(1,/-![U"%TU$$JA!!#"Q"U!

c$

/+@(.2R!*1+!/*!/+@!+(,<@A!+'(!*-+7,(!12!+'(!,(.-+-!81(@!*1+!41*@/@+!12!+'(/,!41*+,/E7+/1*!+1!
4-7@-+/1*R!-@!'-;;(*@!/*!+'(!8/@;1@/+/1*-.!;/4+7,(S!!
! 61,R!/2!+'(!*-+7,(!12!+'(!)$%3-3!/@!+'(/,!41*+,/E7+/1*!+1!4-7@-+/1*R!+'-+!/@R!/2!+'(!*-+7,(!
12!4!41*@/@+@!12!4-7@/*?!(R!-*8!+'(!*-+7,(!12!(!41*@/@+@!12!E(/*?!4-7@(8!E0!4R!+'(*!017!
-,(!E17*8!+1!.1@(!+'(!,(.-+/1*!E(+l((*!4!-*8!(S!D@!Y(/,4(!1Em(4+(8!%;"-$&'".'>:EC"%+,'
F"?+,R!KcTJ!;1l(,@!2/*-..0!2-/.!+1!,(:(-.!+'(!,(.-+/1*-.!@+,74+7,(!+'-+!/@!7.+/<-+(.0!;,(@(*+!
/*!+'(!l1,.8SK!f2!017!+'/*5!12R!@-0R!-44(.(,-+/1*!-@!+'(!8/@;1@/+/1*!+1!7*8(,?1!-!4'-*?(!
/*! <1+/1*R! /+! /@! ;,1E-E.(! +'-+! 017! l/..! </@@! +'(! ,(.-+/1*-.! -@;(4+@! /*:1.:(8! /*! +'(!
4'-*?(!/+@(.2S!
! &'/@! /@!-!@(,/17@!l1,,0S!61,!l/+'17+!-!,(.-+/1*R! /+!E(41<(@!8/22/47.+R!1,!:(,0!8/22/Q
47.+R! +1!<-/*+-/*!+'-+!4-7@(!-*8!(22(4+!-,(!8/@+/*4+!(*+/+/(@S!9/@+/*4+*(@@!12!4-7@(!-*8!
(22(4+! /@!*(4(@@-,0! /2! +'(,(! /@! +1!E(!4-7@-+/1*S!>7+! /*! ,(-./@+!8/@;1@/+/1*-.! +'(1,/(@R!-..!
<-*/2(@+-+/1*@R!-4+7-.!-*8!;1@@/E.(R!E(.1*?!+1!+'(!(@@(*4(!12!-!8/@;1@/+/1*S!f*!=1.*-,F@!
:/(lR!t(-4'!;1l(,!?(+@!/+@!/8(*+/+0!2,1<!/+@!<-*/2(@+-+/1*u!%TUU#R!$L"JR!1,!2,1<!=7<Q
21,8F@!;1@/+/1*R!t-!;,1;(,+0F@!/8(*+/+0!/@!2/C(8!E0!+'(!%4-7@-.J!,1.(!/+!;.-0@!/*!,(.-+/1*!+1!
1+'(,!;,1;(,+/(@u!%TUUcR!$[$JS!>7+!/2!+'(!21,<-.!/8(*+/+0!12!-!8/@;1@/+/1*!/@!;,1:/8(8!E0!
/+@!<-*/2(@+-+/1*@R!+'(*!+'(!8/@;1@/+/1*!/@!*1+!4-7@-..0!,(.-+(8!+1!/+@!<-*/2(@+-+/1*@R!21,!
+'(0!-,(!*1+!8/@+/*4+!(*+/+/(@S!f+!4-**1+!E(!;,1;(,.0!@-/8!+'-+!+'(!8/@;1@/+/1*!4-7@(@!/+@!
<-*/2(@+-+/1*@S!f*!+'(!8/@;1@/+/1*-.!;/4+7,(R!4-7@-+/1*!/@!;7@'(8!/*+1!-!21,<R!-*!/*+(,Q
*-.!-4+/:/+0!12!@7E@+-*4(@S!D*8!(22(4+@!%;1@@/E.(!<-*/2(@+-+/1*@J!-,(!;-,+!12!+'/@!/*+(,Q
*-.!-4+/:/+0S[!
! =7<21,8!%$LLXJ!,(;./(8!+1!+'/@!8/22/47.+0!E0!4.-/</*?!+'-+!+'(!./*5!E(+l((*!+'(!8/@Q
;1@/+/1*!-*8!/+@!<-*/2(@+-+/1*!/@!-!,".,$2-73%!./*5S!&'(!<-*/2(@+-+/1*!/@R!@1!+1!@-0R!1*.0!
7@(8!+1!,(2(,!+1!1,!8(@4,/E(!/+@!8/@;1@/+/1*j!@1!+'/@!81(@!*1+!(C4.78(!+'(!8/@;1@/+/1*!E(Q
/*?!+'(!4-7@(!12!/+@!<-*/2(@+-+/1*A!

ifk2!E0!-!8/@;1@/+/1*!+(,<!9R!l(!<(-*!+'(!4-7@(!12!`Q/*?!7;1*!E(/*?!6Q(8R!-@!f!4.-/<!l(!81!E0!-!
8/@;1@/+/1*! +(,<R! +'(*! /+!l17.8!E(!*1*@(*@(! +1!4.-/<!+'-+! +'(!4-7@(!12!`Q/*?!7;1*!E(/*?!6Q(8!
l-@!*1+!+'(!4-7@(!12!`Q/*?!7;1*!E(/*?!6Q(8!E(4-7@(!/+!/@!.1?/4-..0!41**(4+(8!+1!`Q/*?!7;1*!E(/*?!
6Q(8S!%=7<21,8!$LLXR!$cUJ!

! &'(!?(*(,-.!/8(-R!f!+'/*5R!/@!+'-+!-!8/@;1@/+/1*!/@!-!+(,<!l(!7@(!+1!,(2(,!+1!-!4-7@(!E0!
l'-+!l17.8!E(R!7*8(,!?/:(*!4/,47<@+-*4(@R!/+@!(22(4+@S!61,!/*@+-*4(R!+'(!+(,<!@1.7E.(!/@!
;,(8/4-+(8!12!(*+/+/(@!+'-+R!7*8(,!4(,+-/*!4/,47<@+-*4(@R!-,(!4-7@(8!+1!8/@@1.:(S!P1.7E/.Q
/+0!/@!+'7@!(G7/:-.(*+!+1!-!8(2/*/+(!8(@4,/;+/1*R!l'(,(!(22(4+@!-,(!7@(8!+1!;/45!17+!+'(/,!
4-7@(!7*/G7(.0S!M1l(:(,R!+'/@!,(;.0!@744((8@!1*.0!/2!8/@;1@/+/1*@!-,(!*1+!,(-.R!/,,(874/Q
E.(! (*+/+/(@S! f2! 8/@;1@/+/1*@! -,(! ;,(8/4-+/:(! +(,<@! l/+'!<1,(! 1,! .(@@! l(..Q(@+-E./@'(8!
41*8/+/1*@!12!<(-*/*?R!+'(*!-!8/@;1@/+/1*!+(,<!417.8!,(2(,!+1!-!4-7@(!E0!;1/*+/*?!-+!/+@!
;1@@/E.(! (22(4+@S!&'(! 8/@;1@/+/1*! +(,<!l17.8! E(! (G7/:-.(*+! +1! -! 8(2/*/+(! 8(@4,/;+/1*!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
K!D.@1!*1+/4(8!E0!&/(,4(./*!%TUU[R!LKJS!

[!=1.*-,!%TUU#R!$L"J!</?'+!@-0!+'-+!1*(!<-*/2(@+-+/1*!81(@!*1+!<-5(!-*!(22(4+S!D*!(22(4+!%-!*(l!(:(*+!/*!
+'(!l1,.8J!/@!-.l-0@!+'(!-4+7-.!,(@7.+!12!<1,(!+'-*!1*(!;1l(,R!@1!+'-+!(22(4+@!-,(!*1+!/@1<1,;'/4!l/+'!
+'(!(C(,4/@(!12!-!;1l(,S!3-+'(,R!<-*0!;1l(,@!41*+,/E7+(!+1!1*(!(22(4+R!21,!;1l(,@!4-*!l1,5!+1?(+'(,!
1,!(:(*!-?-/*@+!(-4'!1+'(,S!M1l(:(,R!+'/@!4.-,/2/4-+/1*R!-.@1!<-8(!E0!=7<21,8!%TUULR!$U#JR!81(@!*1+!
@722/4(!+1!<-5(!<-*/2(@+-+/1*@!-*8!8/@;1@/+/1*@!8/@+/*4+!(*+/+/(@R!l'/4'!/@!l'-+!l(!*((8!'(,(!/2!4-7@-.Q
/+0!/@!+1!E(!7*8(,@+118!-@!+'(!(C(,4/@(!12!%<-*0J!;1l(,@S!



=-,h-!Z1@]!`D3)\DQBO)fODP!
!

&'(1,/-![U"%TU$$JA!!#"Q"U!

cT

@74'!-@!tl'-+(:(,!4-7@(@!(uR!1,!t+'('1'+'-+!4-7@-..0!<(8/-+(@!E(+l((*!@74'Q-*8Q@74'!
@+/<7.7@!(:(*+@!-*8!@1Q-*8Q@1!<-*/2(@+-+/1*!(:(*+@uR!1,!@1<(!1+'(,!8(@4,/;+/1*!12!+'(!
@1,+!l/+'!l/8(!@41;(A!-! +(,<!7@(8! +1!8(*1+(! +'('1' +'-+!81(@! +'(!4-7@/*?S!&'(!(22(4+!
-*8!/+@!4-7@(!417.8!+'(*!E(!8/22(,(*+!(*+/+/(@R!l'/.(!8/@;1@/+/1*!+(,<@!<(-*!-!41*4(;Q
+7-.!./*5S!>7+!+'/@!4-**1+!E(!l'-+!,(-./@+!8/@;1@/+/1*-./@+@!4.-/<!/2!+'(0!l-*+!+1!-4417*+!
21,!4-7@-+/1*!/*!8/@;1@/+/1*-.!+(,<@S!
! f2!+'(!./*5!E(+l((*!+'(!8/@;1@/+/1*!-*8!/+@!<-*/2(@+-+/1*!/@!41*4(;+7-.!/*!+'(!@(*@(!
?/:(*!-E1:(R!+'(*!+'(!8/@;1@/+/1*!81(@!*1+!4-7@(!/+@!<-*/2(@+-+/1*@S!61,!+1!@-0!+'-+!-!
@7E@+-*4(!'-@!-!8/@;1@/+/1*!l17.8!E(!m7@+!-!l-0!12!8(@4,/E/*?!%4-+(?1,/4-.J!;,1;(,+/(@!
12!+'(!@7E@+-*4(!E0!<(-*@!12!+'(/,!,1.(! /*!-!4-7@-.!2-4+S!f2!017!E(./(:(!+'-+!+'(,(!-,(!
tE,7+(uR!7*?,17*8(8!8/@;1@/+/1*@R!-@!=7<21,8!81(@!%$LLXR!$##JR!@74'!-!,(@;1*@(!81(@!
*1+!@744((8S!61,!-! ,(-./@+R! +'(! ./*5!E(+l((*!+'(!8/@;1@/+/1*!-*8! /+@!(22(4+! %<-*/2(@+-Q
+/1*J!4-**1+!E(!1*.0!12!+'(!41*4(;+7-.!+0;(!8(@4,/E(8!-E1:(S!&1!,(2(,!+1!@1.7E/./+0!7@Q
/*?!-!8(2/*/+(!8(@4,/;+/1*!+'-+!<(*+/1*@!/+@!<-*/2(@+-+/1*@!/@!*1+!./5(!,(2(,,/*?!+1!e(Q
*7@!E0!@-0/*?!+'-+!/+!/@!+'(!<1,*/*?!@+-,R!E7+!./5(!,(2(,,/*?!+1!X!E0!@-0/*?!+'-+!/+!/@!+'(!
@744(@@1,!12![S!&'(!,(-./@+!8/@;1@/+/1*-./@+!81(@!*1+!,(2(,!+1!-*!(*+/+0!E0!7@/*?!-!8(2/Q
*/+(!E7+!41*+/*?(*+!8(@4,/;+/1*!+'-+!<(*+/1*@!/+@!(22(4+@!1,!/+@!27*4+/1*-.r4-@7-.!,1.(S!
3-+'(,R!+'(!8(2/*/+/1*!/@!-!21,<-.!8(2/*/+/1*A!-!8(2/*/+/1*!+'-+!4-;+7,(@!(@@(*+/-.!;,1;(,Q
+/(@!12!+'(!8(2/*(8!(*+/+0S!3(-.!8/@;1@/+/1*@!3)$! 27*4+/1*-.r4-7@-.!;,1;(,+/(@!+'-+!@7EQ
@+-*4(@! ;1@@(@@S! P1! -! 8/@;1@/+/1*! /@!<@3-! 4-7@(@R! *1+! m7@+! -! 8(*1+/*?! +(,<! 21,! @1<(!
+'/*?!+'-+!4-7@(@S!f+@!(@@(*4(!41*@/@+@!12!/+@!'-:/*?!4(,+-/*!<-*/2(@+-+/1*@S!f2!-!8/@;1@/Q
+/1*!/@!7*?,17*8(8R!+1!-@4,/E(!/+!+1!-!@7E@+-*4(!/@!*1+!m7@+!-!l-0!12!8(@4,/E/*?!-!;,1;Q
(,+0!+',17?'!/+@!4-7@-.!,1.(A!+'(!4-7@-.!,1.(!/@!+'(!;,1;(,+0S!>7+!+'(*R!+'(,(!/@!*1!1*+1Q
.1?/4-.!8/@+/*4+/1*!E(+l((*!+'(!8/@;1@/+/1*!-*8!/+@!%;1@@/E.(J!<-*/2(@+-+/1*@SX!!
! O(/+'(,!81(@!/+!'(.;!+1!@-0!+'-+!t8/@;1@/+/1*@R!/+!@((<@R!4-*!4(,+-/*.0!E(!@-/8!+1!(C/@+!
l/+'17+! +'(/,!<-*/2(@+-+/1*@! +'7@! ;-@@! +'(! +(@+! 12! E(/*?! 8/@+/*4+! (*+/+/(@u! %=7<21,8!
TUUcR!$KLJS!>(4-7@(R!(:(*!/2!-!8/@;1@/+/1*!4-*!(C/@+!8(@;/+(!*1+!E(/*?!<-*/2(@+(8!-*8R!
l'(*!<-*/2(@+(8R! 4(,+-/*.0!*1+! -..!12! /+@!;1@@/E.(!<-*/2(@+-+/1*@!-,(!<-*/2(@+(8R! /+! /@!
@+/..!+'(!4-@(!+'-+!-..!/+@!;1@@/E.(!<-*/2(@+-+/1*@!-,(!l'(,(!-*8!l'-+!+'(!8/@;1@/+/1*!/@S!
P1.7E/./+0!/@!l'(,(:(,!+'(,(!/@!;1@@/E.(!@1.7+/1*S!&'/@!/@!l'-+!/+!/@!21,!+'(!8/@;1@/+/1*!+1!
E(!,(-.R!(:(*!/2!*1*Q<-*/2(@+S!
! &1!41*4.78(R!/2!8/@;1@/+/1*@!'-:(!-!;.-4(!/*!+'(!1*+1.1?/4-.!@;-4(R!;1@@/E.(!<-*/2(Q
@+-+/1*@!-,(!*1+!m7@+!41*4(;+7-.!;-,+@!12!-!8/@;1@/+/1*!+(,<S!Y1@@/E.(!<-*/2(@+-+/1*@!E(Q
.1*?!+1!+'(!)$3%!8(2/*/+/1*!12!-!8/@;1@/+/1*-.!,(-./+0S!M1l(:(,R!/2!;1@@/E.(!<-*/2(@+-+/1*@!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
X!=4n/+,/45!%TUU"J!7@(@!+'(!+(,<!t&'(!D*-.0+/4/+0!D,?7<(*+u!21,!-!41<<1*!./*(!12!,(-@1*/*?!/*!+'(!./+(Q

,-+7,(! +'-+! 41*4.78(@! +'-+! 8/@;1@/+/1*@! 4-**1+!E(! 4-7@-..0! ,(.(:-*+! E(4-7@(!8/@;1@/+/1*! +(,<@!<(-*!
+'(/,!<-*/2(@+-+/1*@A!tE(/*?!2,-?/.(u!<(-*@!tE(/*?!;,1*(! +1!E,(-5uS!P1! +'(,(! /@!-!*(4(@@-,0! ./*5!E(Q
+l((*!+'(!<-*/2(@+-+/1*!-*8!/+@!8/@;1@/+/1*S!>7+!4-7@-+/1*!/@!41*+/*?(*+S!P1!8/@;1@/+/1*@!-,(!*1+!4-7Q
@-..0! ,(.(:-*+! 21,! +'(/,!<-*/2(@+-+/1*@S! f*!1;;1@/+/1*! +1!@74'!,(-@1*/*?R!=4n/+,/45!4.-/<@! +'-+! /+!-@Q
@7<(@!+'(!<1,(!+'-*!G7(@+/1*-E.(!+'(@/@!+'-+!4-7@-+/1*!/@!41*+/*?(*+S!f!<(*+/1*!'(,!;-;(,!'(,(!E(Q
4-7@(! +'(! -,?7<(*+! f! 122(,! /*! +'/@! @(4+/1*! @'17.8! *1+! E(! 41*27@(8!l/+'! +'(!D*-.0+/4/+0!D,?7<(*+R!
(:(*!/2!</*(!'-@!-@!-!<-/*!;,(</@(!-*!1*+1.1?/4-.!,(-8/*?!12!+'(!D*-.0+/4/+0!D,?7<(*+F@!2/,@+!;,(</@(R!
*-<(.0R! +'-+! ,(-.! 8/@;1@/+/1*@! /*4.78(! /*! +'(/,! (@@(*4(@! +'(/,! <-*/2(@+-+/1*@A! E(/*?! 2,-?/.(! /@! E(/*?!
;,1*(!+1!E,(-5S!&'(!;,1E.(<R!+'(*R!/@!*1+!+'(!<18-.!./*5!/*!4-7@-+/1*R!E7+!+'-+!4-7@(@!-*8!(22(4+@!-,(!
8/@+/*4+!(C/@+(*4(@S!



P/*?7.-,!)-7@-+/1*!l/+'17+!9/@;1@/+/1*@!
!

&'(1,/-![U"%TU$$JA!!#"Q"U!

c#

-,(!;-,+!12!+'(!,(-.!8(2/*/+/1*!12!-!8/@;1@/+/1*R!/S(SR!/2!;1@@/E.(!<-*/2(@+-+/1*@!-,(!;-,+!12!
+'(!E(/*?!12!-!8/@;1@/+/1*R!+'(0!4-**1+!%-.@1J!E(!/+@!(22(4+@S!f*!+'(!8/@;1@/+/1*-.!;/4+7,(R!
4-7@-+/1*!/@!;7@'(8!/*+1!-!21,<R!-*!/*+(,*-.!;(,21,<-*4(!12!+'(!@7E@+-*4(@!+'-+!;1@@(@!
+'(<R!-*8!(22(4+@!-,(!<(,(!-4+7-./_-+/1*@!%<-*/2(@+-+/1*@J!12!+'/@!21,<S!>7+!+'/@!/@!*1+!
4-7@-+/1*R!E7+! -! 2-4-8(!-*8!-!<(-*@!12! @./;;/*?! /*! -4+7-./_-+/1*! 21,! -4+7-.! (22(4+/:(Q
*(@@S!

^O'G"7)-@'#+((+,7%-:5'-@$'%"&&'"('3&:EE$-):'

&'-+!4-7@-./+0!/@!-!,(.-+/1*R!-*8!*1+!-!8/@;1@/+/1*-.!21,<R!/@!@'1l*!E0!/+@!8/,(4+/1*-./+0S!
)-7@-./+0!/@!-*!-@0<<(+,/4!,(.-+/1*A!/2!D!4-7@(@!>R!>!81(@!*1+!4-7@(!DS!>7+!+'(!-@0<Q
<(+,0!12!4-7@-+/1*!/@!E.7,,(8!/2!4-7@-+/1*!/@!8/@;1@/+/1*-.!-4+/:/+0R!E(4-7@(!(:(,0!;1@@/Q
E/./+0!12!-4+/1*!/*:1.:(@!-+! .(-@+!1*(!;1@@/E/./+0!12!;-@@/1*!o!4-..! +'/@!+'(!;,/*4/;.(!12!
8/@;1@/+/1*-.!,(4/;,14/+0R!+'-+!?1:(,*@!8/@;1@/+/1*-.!-4+/:/+0S!61,!-*0!-4+/:(!;1l(,!+'(,(!
/@!-!;-@@/:(!;1l(,R!l'/4'!/@!/*!2-4+!*1+'/*?!E7+!+'(!@-<(!;1l(,!<(*+/1*(8!+l/4(S!D@!
9(@4-,+(@!41<;.-/*(8A!

&'-+!l'-+!/*!,(@;(4+!12!-!@7Em(4+!/@!;-@@/1*R!/@!/*!@1<(!1+'(,!,(?-,8!-.l-0@!-4+/1*S!isk!i&k1!E(?/*!
l/+'R!f!41*@/8(,!+'-+!-..!+'-+!l'/4'!1447,@!1,!+'-+!'-;;(*@!-*(lR!/@!E0!+'(!;'/.1@1;'(,@R!?(*(,-..0!
@;(-5/*?R!+(,<(8!-!;-@@/1*R!/*!-@!2-,!-@!+'(!@7Em(4+!+1!l'/4'!/+!1447,@!/@!41*4(,*(8R!-*8!-*!-4+/1*!
/*!,(@;(4+!12!'/<!l'1!4-7@(@!/+!+1!1447,S!&'7@!-.+'17?'!+'(!-?(*+!-*8!+'(!,(4/;/(*+!i;-+/(*+k!-,(!
2,(G7(*+.0!:(,0!8/22(,(*+R!+'(!-4+/1*!-*8!+'(!;-@@/1*!-,(!-.l-0@!1*(!-*8!+'(!@-<(!+'/*?R!-.+'17?'!
'-:/*?!8/22(,(*+!*-<(@R!E(4-7@(!12!+'(!+l1!8/:(,@(!@7Em(4+@!+1!l'/4'!/+!<-0!E(!,(.-+(8S!%*3&&+".&'"('
-@$'>"7%R!D,+S!$S!=0!/+-./4@J!!

! `/:(*!,(4/;,14/+0R!/+!/@!*1+!'-,8!+1!@((!+'-+!+'(!-4+/1*!12!;1l(,@!-.1*(!81(@!*1+!8(Q
+(,</*(!-!4-7@-.!8/,(4+/1*S!=/4'1*!%TUU[J!'-@!-.@1!@-/8!+'-+!<-*/2(@+-+/1*@!12!;1l(,@R!
E(/*?!(:(*+@R!81!*1+!'-:(!-!8/,(4+/1*S!)1*@/8(,!)-(@-,F@!E(/*?!@+-EE(8!E0!>,7+7@S!q(!
4-*!8(@4,/E(!+'/@!1*(!(:(*+!-@!-*!-4+/1*!E0!>,7+7@!1,!-@!-!;-@@/1*!E0!)-(@-,S!q(!4-*!
@-0!+'-+!>,7+7@!@+-EE(8!)-(@-,R!E7+!+'-+!)-(@-,!l-@!@+-EE(8!E0!>,7+7@S!P+-EE/*?!/@!-*!
-4+/1*!l'(*!8(@4,/E(8! /*!,(.-+/1*! +1!>,7+7@R!-!;-@@/1*!l'(*!8(@4,/E(8! /*!,(.-+/1*! +1!
)-(@-,S!>,7+7@!-*8!)-(@-,!<-0!E(!8/@+/*4+!,(-./+/(@R!E7+!+'(!-4+/1*Q;-@@/1*!/@!1*(!-*8!
+'(!@-<(A!

&'1@(!(C;,(@@/1*@!-,(!41,,(.-+/:(R!+'(0!-,(!+l1!8(@4,/;+/1*@!12!+'(!@-<(!,(-./+0R!-@!+'(!,1-8!2,1<!
D+'(*@! +1!&'(E(@!-*8!+'-+! 2,1<!&'(E(@! +1!D+'(*@! /@! +'(!@-<(!1*(R!8(@4,/E(8!E1+'!l-0@S! %=/Q
4'1*!TUU[R!$c$J!

! D@!<-*/2(@+-+/1*@!12!;1l(,@!-.1*(!81!*1+!@722/4(!21,!4-7@-.!8/,(4+/1*-./+0R!=/4'1*!
/*@/@+@! +'-+!l(! *((8! ,(-.! ;1l(,@! +'(<@(.:(@A! ;1l(,@! +1! -4+! -*8! ;1l(,@! +1! E(! -4+(8!
7;1*R!/*!1,8(,!+1!8(2/*(!-!8/,(4+/1*!/*!4-7@-+/1*S!M1l(:(,R! /+! /@!8/@;1@/+/1*@!+'-+!-,(!
,(-..0!+'(!@17,4(!12!+'(!;,1E.(<S!)1*@/8(,R!21,! /*@+-*4(R!-*1+'(,!9-:/8@1*/-*!(C-<Q
;.(A!6.1,-!8,/(@!'(,@(.2!-2+(,!-!@l/<!/*!+'(!@(-!-*8!8/@41:(,@!7?.0!,(8!;-+4'(@!1*!'(,!
@5/*S!q(!417.8!@-0!+'-+!+'(!/,,/+-+/1*!+1!'(,!@5/*!/@!+'(!,(@7.+!12!+'(!;1l(,!12!+'(!+1l(.!
%+1!/,,/+-+(JS!M1l(:(,R!+'(!-4+/1*!12!+'(!+1l(.!/@!/+@(.2!41*8/+/1*-.!1*!+'(!;1l(,!12!+'(!
@5/*!+1!E(!/,,/+-+(8S!q'/4'!/@!+'(*!+'(!;1l(,!+1!-4+R!-*8!l'/4'!+'(!;1l(,!+1!E(!-4+(8!
7;1*w!
! I,!41*@/8(,!@7?-,!8/@@1.:/*?!/*!l-+(,S!q'-+!/@!+'(!4-7@(!-*8!l'-+!/@!+'(!(22(4+!/*!
+'/@!4-@(w!D@!=7<21,8!@-0@A!



=-,h-!Z1@]!`D3)\DQBO)fODP!
!

&'(1,/-![U"%TU$$JA!!#"Q"U!

cc

iqk'(*!-!8/@;1@/+/1*-.!;,1;(,+0!E(41<(@!<-*/2(@+!/+!-.@1!7*8(,?1(@!4'-*?(!(S?S!l'(*!-!@-<;.(!12!
@7?-,!<-*/2(@+@!/+@!@1.7E/./+0!/*!8/@@1.:/*?!/+!7*8(,?1(@!-.+(,-+/1*!/*!<1.(47.-,!@+,74+7,(!l'/4'!,(Q
@7.+@!/*!+'(!&"%7C+%+-:'C$+.?'%"&-R!/S(S!@7?-,!/*!@1.7+/1*!4-*!*1!.1*?(,!E(!@-/8!+1!E(!@1.7E.(S!P/</.-,.0R!-*!
(C;.1@/:(!@7E@+-*4(!<-0!*1+!E(!(C;.1@/:(!-2+(,!/+!'-@!E((*!(C;.18(8S!q(!4-*!@-0!+'-+!-!#+&2"&+-+".'
E3.+($&-3-+".'+.8"%8$&'&"E$',@3.?$'+.8"%8+.?'-@$'#+&2"&+-+".3%'2)"2$)-:S!%=7<21,8!$LLXR!$T[R!*S!$TS!=0!/+-.Q
/4@J!

! >7+!+'(*R!+'(!<-*/2(@+-+/1*!%+'(!(22(4+J!/@R!/*!+7,*R!-!8/@;1@/+/1*!+1!4'-*?(!+'(!8/@Q
;1@/+/1*!%/+@!4-7@(JS!&'(!-@0<<(+,0R!/*!;7,(.0!8/@;1@/+/1*-.!+(,<@R!/@!.1@+S!O1+'/*?!/*!
+'(!/8(-!12!;1l(,!/+@(.2!8/@+/*?7/@'(@!+'(!%4-7@-.J!-4+/1*!2,1<!/+@!,(@7.+S!I*(!417.8!@-0!
l/+'!=-,+/*!%$LLKJ!+'-+!/*!8/@;1@/+/1*-.!+(,<@R!4-7@(@!-*8!(22(4+@!E(41<(!<7+7-.!<-Q
*/2(@+-+/1*@! 12! ,(4/;,14-.! 8/@;1@/+/1*! ;-++(,*@! o! -*1+'(,! l-0! 12! @+-+/*?! +'(! .1@@! 12!
-@0<<(+,0S!
! &'(!.1@@!12!-@0<<(+,0!/@!-!8/,(4+!41*@(G7(*4(!12!+'(!.1@@!12!+'(!,(.-+/1*-.!4'-,-4Q
+(,!12!+'(!4-7@-.!2-4+S!61,R!/2!4-7@-+/1*!/@!2/*-..0!(C;.-/*(8!/*!+(,<@!12!+'(!8/@;1@/+/1*-.!
-4+/:/+0!12!+'/*?@R!4-7@-./+0!E(41<(@!-*!/*+(,*-.!,(.-+/1*R!-@!l(!'-:(!m7@+!@((*S!>7+!/*Q
+(,*-.!,(.-+/1*@!-,(!*1+!,(-.!,(.-+/1*@R!-*8!41*@(G7(*+.0!+'(0!.-45!-@0<<(+,0S!!
! P7;;1@(!+'-+!D!/@!+'(!4-7@(!12!>S!f*!8/@;1@/+/1*-.!+(,<@R!+'/@!4-*!E(!,(;',-@(8!-@A!
D!'-@!+'(!;,1;(,+0!12!4-7@/*?!>S!P1!+'(,(!/@!@1<(+'/*?!/*!D!/*!:/,+7(!12!l'/4'!/+@!,(.-Q
+/1*!+1!>!/@!(C;.-/*(8S!D!'-@!-!4'-,-4+(,!l'/4'!l(!(C;,(@@!E0!<(*+/1*/*?!>S!f+!/@!./5(!
.1:/*?!`18S!I*(!4-*!.1:(!`18!(:(*!/2!`18!81(@!*1+!(C/@+S!&'-+!/@!+1!@-0!+'-+!.1:/*?!
`18!/@!/*+(,*-.S!
! O1lR!4-7@-+/1*! /@!-@0<<(+,/4S!f2!D!4-7@(@!>R!>!81(@!*1+!4-7@(!DS!>7+! /2!017!-+Q
+(<;+!+1!(C;,(@@!+'(!-@0<<(+,0!12!+'(!4-7@-.!,(.-+/1*!12!D!+1!>!E0!<(-*@!12!-8m(4Q
+/:(@!12!D!%-*8!>JR!017!l/..!2-4(!@1<(!8/22/47.+/(@S!D@!/*!=/4'1*F@!;,1;1@-.!m7@+!<(*Q
+/1*(8R!017!</?'+!@-0!+'-+!+'(!;,1;(,+0!12!D!/@!t-4+/:(u!%-*8!+'(!;,1;(,+0!12!>!t;-@Q
@/:(uJR!E7+!+'-+!l/..!*1+!'(.;S!61,!'1l!4-*!1*(!@7;;1,+!-!8/,(4+/1*!/*!+'/@!8/@+/*4+/1*!
l/+'17+!+'(!-@0<<(+,0!12!4-7@-+/1*! /+@(.2w!v17!l/..!'-:(!+1!?1!1*!+1!@-0!+'-+!-4+/:(!
-*8!;-@@/:(!-,(!@74'!+'-+!/2!D!/@!-4+/:(!+1!>R!+'(*!>!/@!*1+!-4+/:(!+1!D!%-*8!+'-+!/2!>!/@!
;-@@/:(!+1!DR!+'(*!D!/@!*1+!;-@@/:(!+1!>JR!@1!017!l/..!'-:(!217*8!*1!(@4-;(!2,1<!+'(!
,(.-+/1*S!D*8!/2!017!-81;+!+'(!@+,-+(?0!12!,(?-,8/*?!+'(!,(.-+/1*!-@!-!;,1;(,+0!12!+'(!
l'1.(R!41<;1@(8!12!D!-*8!>R!017!-,(!/*!-!@+/..!l1,@(!;,(8/4-<(*+R!21,!/*!+'-+!l'1.(!D!
-*8!>!'-:(!*1!1,8(,!-*8!+'(,(21,(!017!4-**1+!8/@+/*?7/@'!E(+l((*!tD!/@!+'(!4-7@(!12!
>u!-*8!t>!/@!+'(!4-7@(!12!DuS!&'(,(!/@!*1!l-0!017!4-*!(C;,(@@!+'(!-@0<<(+,0!12!+'(!
,(.-+/1*!l/+'17+!-*!(.(<(*+!+'-+!/@!(C+(,*-.!+1!+'(!,(.-+-S!&'/@!/@R!-.<1@+!./+(,-..0R!37@Q
@(..F@! -,?7<(*+! %$LUKr[R! cTJ! -?-/*@+! +'(!;1@@/E/./+0! +'-+! /*+(,*-.! ,(.-+/1*@! -,(! -E.(! +1!
8(2/*(!-!8/,(4+/1*SL!
! &1!41*4.78(!+'(*R!/2!-!?/:(*!,(.-+/1*!/@!-@0<<(+,/4R!/+!/@!,(-.!-*8!*1*Q/*+(,*-.S!)-7Q
@-+/1*!/@!-@0<<(+,/4S!P1!4-7@-+/1*!/@!*1+!-!8/@;1@/+/1*!+1!E(!<-*/2(@+(8R!*1,!/@!/+!+'(!
%;1@@/E.(J!<-*/2(@+-+/1*!12!-!8/@;1@/+/1*S!!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
L!37@@(..!8/8!*1+!-;;.0!+'/@!,(-@1*/*?!+1!4-7@-./+0!E(4-7@(!'(!E(./(:(8!21,!-!+/<(!+'-+!4-7@-./+0!l-@!*1+!,(-.!

E7+!@'17.8!E(!(C;.-/*(8!/*!M7<(-*R!@;-+/1Q+(<;1,-.!+(,<@!%37@@(..!$L$UJS!



P/*?7.-,!)-7@-+/1*!l/+'17+!9/@;1@/+/1*@!
!

&'(1,/-![U"%TU$$JA!!#"Q"U!

c"

RRRO'J'()7+-(7%'2"&&+C+%+-:'3&'"22"&$#'-"'3'(3%&$',@"+,$'

t9/@;1@/+/1*@!-*8!;1l(,@!@7;;.0! +'(!l1,.8F@!*(4(@@/+0!-*8!;1@@/E/./+0! +',17?'!E(/*?!
/*+,/*@/4-..0! <18-.A! -221,8/*?R! ?,17*8/*?! -*8! /*@+/?-+/*?! 4'-*?(uR! l,/+(@! =7<21,8!
%TUUcR!$KXJS!9/@;1@/+/1*-./@+@!4.-/<!+'-+!+'(0!4-*!-441<<18-+(!+'(!/<;1,+-*+!2-4+!+'-+!
<18-./+0!/@!-*!/*?,(8/(*+!12!17,!l1,.8j!-*8!+'/@R!+'(0!-88R!/@!@1<(+'/*?!1*.0!+'(0!4-*!
122(,S!P1!+'(0!12+(*!;,(@(*+!+'(/,!:/(l!-@!+'(!<(+-;'0@/4-.!1;;1@/+(!12!-!l'1..0!8/@Q
41**(4+(8!:/@/1*!12!+'(!l1,.8R!1,!<1@-/4S!&'7@R!+'(0!+(..!7@R!$+-@$)!017!E(./(:(!/*!8/@;1Q
@/+/1*@!o!/*!+'(!;1l(,@!12!+'/*?@!/*!+'(!l1,.8!o!")!017!;,12(@@!@1<(!5/*8!12!M7<(-*Q
/@<! +'-+! /@! /*4-;-E.(!12! ?,17*8/*?! +'(!<18-./+0!l(!(*417*+(,! /*!17,!l1,.8S!&'/@R! f!
4.-/<R!/@!-!2-.@(!4'1/4(S!!
! &'(,(!-,(!<-*0!l-0@!12!;,(@(*+/*?!+'(!4'1/4(R!E7+!+'(!8/.(<<-!;7+!21,l-,8!E0!B.Q
./@!/@!;-,+/47.-,.0!-;;1@/+(R!E(4-7@(!12!/+@!(C;./4/+*(@@S!M(!l,/+(@A!

if2!8/@;1@/+/1*@!-,(!*1+!,(-.k! $+-@$)!l(!<7@+!E70! +'(!l'1.(!M7<(-*!;-45-?(R!-*8!8(*0! +'(!(C/@Q
+(*4(!12!*-+7,-.!*(4(@@/+/(@!-.+1?(+'(,R!")!l(!<7@+!2/*8!-!E-@/@!21,!+'(<!/*!@1<(!,(-./+0!1+'(,!+'-*!
-4+7-.!,(-./+0S!%B../@!$LLLR!T"S!=0!/+-./4@SJ!

! &'-+!/@R!/2!17,!l1,.8!/@!*1+!8/@;1@/+/1*-.!/*!4'-,-4+(,!+'(*R!(/+'(,!%2/,@+!'1,*JA!+'(,(!
/@!*1!*(4(@@/+0!/*!+'(!l1,.8!-*8!4.-@@/4!M7<(-*/@<!/@!+'(!41,,(4+!;/4+7,(j!1,!%@(41*8!
'1,*JA!<18-./+0!<7@+!E(!E-@(8!1*!,(-./+/(@rl1,.8@!1+'(,!+'-*!+'(!-4+7-.!,(-./+0rl1,.8S!
M1l(:(,R!/*!+'/@!.-++(,!4-@(R!<18-./+0!l17.8!*1+!E(.1*?!l/+'!+'(!(*+/+/(@!12!17,!l1,.8S!
&'/@! /@!-.@1!Z-41E@F@!%TU$UJ!41<;.-/*+A! /2!017!;,1;1@(!;1@@/E.(!l1,.8@!o!41*4,(+(!1,!
-E@+,-4+R!-@!017!./5(!o!<18-.!;,1;(,+/(@!l17.8!*1+!E(!;,1;(,+/(@!12!-*0!(*+/+0!/*!17,!
l1,.8j!/*!<18-.!8/@417,@(!017!l17.8!E(!4'-*?/*?!+'(!@7Em(4+S!f*!@'1,+R!+'(!41*4.7@/1*!
+'(! 8/.(<<-! .(-8@! 7@! +1! /@! +'-+! l/+'17+! 8/@;1@/+/1*@! 17,! l1,.8! 4-**1+! E(! -! <18-.!
l1,.8S!!
! P74'!-!41*4.7@/1*!/@!1E:/17@.0!l,1*?S!6/,@+!*1+(!+'-+!017!4-*!E70!/*+1!+'(!l'1.(!
M7<(-*!;-45-?(!-*8!-.@1!-44(;+!+'(!@(41*8!'1,*!12!B../@F@!8/.(<<-!o!@1!B../@F@!8/Q
.(<<-!/@!*1+!-!+,7(!8/.(<<-S!9-:/8!H(l/@!-4417*+@!21,!<18-./+0!/*!+(,<@!12!;1@@/E.(!
,(-./+/(@! 1+'(,! +'-*! 17,! -4+7-.! ,(-./+0j! H(l/@/-*! l1,.8@! -,(! ;.-4(@! l'(,(! -..! ;1@@/E.(!
2-4+@!1447,R!-*8!17,!l1,.8!/@!m7@+!1*(!-<1*?!-..!+'(!;1@@/E.(!l1,.8@S!&'7@R!/*!+'/@!;/4Q
+7,(R!+'(!E-@/@!21,!<18-./+0!/@!*1+!/*!17,!l1,.8R!E7+!<18-./+0!@;,(-8@!1:(,!,(.-+/1*@!12!
@/</.-,/+0! E(+l((*! l'1..0! 8/@+/*4+! -*8! ;'0@/4-..0! 8/@41**(4+(8! ,(-./+/(@R! m7@+! -@! +'(!
@(41*8!'1,*!8(<-*8@S!v(+!+'/@!H(l/@/-*!<18(.!12!<18-./+0!/@!-!M7<(-*!<18(.!l'(,(!
(:(,0+'/*?! +'-+! /@! .1?/4-..0!;1@@/E.(! /@!;1@@/E.(R!-@! +'(! 2/,@+!'1,*!4.-/<@R! /+! /@! m7@+! +'-+!
<-*0!12!+'(@(!;1@@/E/./+/(@!1447,!:(,0R!:(,0!2-,!-l-0!/*@+(-8!12!E(/*?!<(,(.0!41*4(/:-Q
E.(!E0!@1<(!4-;-E.(!</*8S!&'(!+l1!'1,*@!+'(*!41*:(,?(!/*+1!+'(!@-<(!4'1/4(A!(/+'(,!
017! -,(!M7<(-*! -*8R! +'7@R! /*4-;-E.(!12! -4417*+/*?! 21,! -!;,1;(,.0!<18-.!l1,.8R! 1,!
017!?1!8/@;1@/+/1*-./@+S!
! O1+(!@(41*8.0R!'1l(:(,R!+'-+!/+!/@!*1+!+,7(!+'-+!M7<(-*/@<!8(*/(@!<18-./+0!/*!17,!
l1,.8j! 21,!M7<(-*@!-44(;+! +'-+!(:(,0!*-+7,-.!2-4+! /*!17,!l1,.8! /@! +.-)+.&+,3%%:'41*+/*Q
?(*+S!&'(0!E(./(:(!/*!t41*+/*?(*40!+.')$uR!+1!E1,,1l!-!;',-@(!2,1<!D,<@+,1*?S!=1,(Q
1:(,R!+'/*?@!l17.8!'-:(!<1,(!t4-;-4/+/(@u!/*!-!M7<(-*!l1,.8!+'-*!/*!-!l1,.8!l'(,(!
;1@@/E/./+/(@!-,(!-.@1!5(;+!l/+'/*!+'(!E17*8@!12!<(+-;'0@/4-..0!1,!;'0@/4-..0!*(4(@@-,0!
41*@+,-/*+@S!61,! /*!-*! /*+,/*@/4-..0!41*+/*?(*+!M7<(-*!l1,.8R!1*.0! .1?/4! ,(@+,/4+@! +'(!



=-,h-!Z1@]!`D3)\DQBO)fODP!
!

&'(1,/-![U"%TU$$JA!!#"Q"U!

cK

E('-:/17,!12!+'/*?@!1,!+'(!4'-*?(@!+'(0!4-*!7*8(,?1S!Y1@@/E/./+/(@!-,(!+'(*!E,1-8(,!/*!
@41;(!/*!-!M7<(-*!l1,.8!+'-*!/*!-!8/@;1@/+/1*-.!l1,.8S!
! &1!;7+! /+! /*! -!8/22(,(*+!l-0R! /+! /@! m7@+! 2-.@(! +'-+! -!l1,.8!l/+'17+!8/@;1@/+/1*@! /@! -!
l1,.8!l/+'17+!<18-./+0S!&'(!4'1/4(!E(+l((*!-!8/@;1@/+/1*-.Ql1,.8!1*!+'(!1*(!'-*8R!
-*8!-!*1*Q<18-.Ql1,.8!1*!+'(!1+'(,R!/@!-!2-.@(!4'1/4(S!6(l!;'/.1@1;'(,@R!/2!-*0R!l17.8!
8(*0!+'-+!<18-./+0!/@!-*!/*?,(8/(*+!12!17,!l1,.8S!&'(,(!-,(!<18-.!2-4+@j!<1@+!;'/.1@1Q
;'(,@!E(./(:(!+'-+!+'(,(!-,(!41*+/*?(*+!2-4+@R!-*8!-!2(l!-.@1!E(./(:(!+'-+!+'(,(!-,(!*(Q
4(@@-,0!2-4+@S!9/@;1@/+/1*-./@<!4,(-+(@!+'(!/..7@/1*!+'-+!+1!-44(;+!<(+-;'0@/4-.!<18-./+0!
l(!<7@+!-44(;+!-!@;(4/-.!5/*8!12!;,1;(,+/(@!12!+'/*?@j!;,1;(,+/(@!l'1@(!/8(*+/+/(@!-,(!
%;-,+.0J! ;1+(*+/-.S!>7+! /+! /@! *1+! +,7(! +'-+! +1! -44(;+! +'-+! @1<(! 2-4+@! -,(!;1@@/E.(R! 1*(!
<7@+!-.@1!-44(;+!+'-+!+'(,(!-,(!-4+7-.!;1+(*+/-.@S!61,!/*!2-4+R!;1+(*+/-./+0!81(@!*1+!-88!
+1!+'(!(C;.-*-+/1*!12!<18-./+0j!/+!<(,(.0!E(@+1l@!-!8/22(,(*+!<18(!12!E(/*?!1*!/+S!
! q'(*!4(*+,/*?!+'(!G7(@+/1*!1*!+'(!@1Q4-..(8!tM7<;',(0!IEm(4+/1*u!+1!+'(!;1@@/Q
E.(!l1,.8@!<18(.!12!<18-./+0R!Z-41E@!%TU$UJ!/8(*+/2/(@!+'(!8/@-?,((<(*+!E(+l((*!M7Q
<(-*@!-*8!8/@;1@/+/1*-./@+@!-@!+'(!/<;1@@/E/./+0!12!-4417*+/*?!21,!*-+7,-.!<18-./+0!/*!
M7<(-*!(C+(,*-.!+(,<@R!-@!1;;1@(8!+1!-*!-4417*+!12!<18-./+0!/*!8/@;1@/+/1*-.!/*+(,*-.!
+(,<@S$U!D?-/*R!l(!-,(! 21,4(8! +1!<-5(!-! %2-.@(J! 4'1/4(!E(+l((*!M7<(-*/@<!-*8! +'(!
(C/@+(*4(!12!*-+7,-.!<18-./+0!/*!+'(!l1,.8R!E7+!Z-41E@F@!(C;./4/+!/*+,1874+/1*!12!+'(!(CQ
+(,*-./@<! +'-+!81</*-+(@! -*0!M7<(-*! -4417*+! /..7</*-+(@! +'(!;-+'! +1l-,8@! -!<1,(!
'(.;27.!8/@47@@/1*S!61,!+'(!,(-.!G7(@+/1*!/@!*1+!l'(+'(,!M7<(-*/@<!4-*!-4417*+!21,!
<18-.!2-4+@R!E7+!l'(+'(,!$1-$).3%+&E!4-*S!M7<(-*/@<R!f!+'/*5R!/@!m7@+!+'(!;,112!+'-+!(CQ
+(,*-./@<!-..1l@!21,!*-+7,-.!41*+/*?(*40S!%f!81!*1+!,(-..0!E(./(:(!+'-+!-*0E180!/@!8(*0Q
/*?!+'-+!-!M7<(-*!-*8!l'1..0!41*+/*?(*+!l1,.8!/@!-!41*@/@+(*+!41*4(;+7-.!;1@@/E/./+0SJ!
&'(!'-,8!G7(@+/1*!/@!l'(+'(,!(C+(,*-./@<!4-*!;,1:/8(!-*!-*@l(,!+1!*-+7,-.!*(4(@@/+0S!
&'-+!/@R!+'(!<1@+!;,1217*8!G7(@+/1*!/@!l'(+'(,!+'(,(!4-*!E(!<(+-;'0@/4-..0!.$,$&&3):')$K
%3-+".&! E(+l((*!8/@+/*4+! (C/@+(*4(@! /*! +'(!l1,.8S!9/@;1@/+/1*-./@+@!<-/*+-/*! +'-+! +'(,(!
4-**1+!E(S!M7<(-*@!4.-/<!+'-+!+'(,(!4-**1+!E(S!O(4(@@-,0!,(.-+/1*@!,(874(!+1!.1?/4-.!
/8(*+/+0S!!
! &'/@!4.-/<R!+'(!4.-/<!+'-+!+'(,(!-,(!*1!*(4(@@-,0!41**(4+/1*@!E(+l((*!8/@+/*4+!(C/@Q
+(*4(@R!'-@!,(<-/*(8!7*G7(@+/1*(8!@/*4(!M7<(S!f+!/@!7*G7(@+/1*(8!E0!8/@;1@/+/1*-./@<!
E(4-7@(R!-@!f!'-:(!+,/(8!+1!@'1lR!/*!8/@;1@/+/1*-.!+(,<@R!*(4(@@-,0!41**(4+/1*@R!@74'!-@!
4-7@-+/1*R! .1@(! +'(/,! )$%3-+".3%! 4'-,-4+(,S! f*! 8/@;1@/+/1*-.! +(,<@R! 4-7@-+/1*! E(41<(@! -!
21,<R!-!%;1@@/E.(J!-4+/1*!12!;1l(,27.!@7E@+-*4(@S!9/@;1@/+/1*-.!4-7@-./+0! /@!."-!-!,(.-Q
+/1*!E(+l((*!8/@+/*4+!(C/@+(*4(@!/*!+'(!l1,.8S!
! &'(!G7(@+/1*! ,(<-/*@A! 417.8! +'(,(!E(!<(+-;'0@/4-..0!*(4(@@-,0! ,(.-+/1*@!E(+l((*!
8/@+/*4+!(C/@+(*4(@!/*!+'(!l1,.8w!D+!+'(!:(,0!.(-@+R!/+!417.8!E(!-!2,7/+27.!;1@@/E/./+0R!21,!
/2!@74'!l(,(!+'(!4-@(R!1*(!417.8!4.-/<!+'-+!+'(,(!-,(!?(*7/*(!<18-.!2-4+@!/*!17,!l1,.8!
l/+'17+! .115/*?! (.@(l'(,(! -*8!l/+'17+! /*+,1874/*?! ;1+(*+/-./+/(@! /*+1! +'(! 1*+1.1?0S!
O1lR! +'/@! ;1@@/E/./+0! o! +'(! ;1@@/E/./+0! +'-+! +'(,(! -,(! *-+7,-.! *(4(@@-,0! ,(.-+/1*@! E(Q
+l((*!8/@+/*4+! (C/@+(*4(@!o! /@!1;(*! +1!-*01*(!l'1!-44(;+@! +'-+! (@@(*4(! /@!*1+! /8(*Q
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
$U! Z-41E@! G71+(@R! -*8! 27,+'(,! 8(:(.1;@R! n,/;5(F@! 2-<17@! 41<;.-/*+! +'-+! l'/.(! M7E(,+! M7<;',(0! *1!

817E+!4-,(8!-E17+!l'(+'(,!'(!l17.8!'-:(!l1*!+'(!(.(4+/1*!/2!'(!'-8!81*(!@1<(+'/*?!8/22(,(*+.0R!'(!
t417.8!*1+!4-,(!.(@@!l'(+'(,!@1<(1*(!(.@(R!*1!<-++(,!'1l!<74'!,(@(<E./*?!'/<R!l17.8!'-:(!E((*!
:/4+1,/17@!/*!-*1+'(,!;1@@/E.(!l1,.8u!%n,/;5(!$LXUR!c"R!*S!$#JS!



P/*?7.-,!)-7@-+/1*!l/+'17+!9/@;1@/+/1*@!
!

&'(1,/-![U"%TU$$JA!!#"Q"U!

c[

+/+0S$$! 61,! /2! (@@(*4(! /@! *1+! /8(*+/+0R! +'(*! (C/@+(*+@! 417.8! '-:(! *(4(@@-,0! ,(.-+/1*-.!
;,1;(,+/(@!+'-+!81!*1+!E(.1*?!+1!+'(/,!(@@(*4(@!-*8!+'7@!(*+(,!/*+1!*(4(@@-,0!E7+!(CQ
+(,*-.!,(.-+/1*@S!D!*(4(@@-,0!E7+!(C+(,*-.!,(.-+/1*-.!;,1;(,+0R!6R!12!1!l17.8!E(!*(4(@Q
@-,0!/*!+'(!@(*@(!+'-+!-*0+'/*?!*1+!'-:/*?!6!l17.8!*1+!E(!/8(*+/4-.!+1!1S!D*8!6!l17.8!
E(!(C+(,*-.!/*!+'(!@(*@(!+'-+!6!81(@!*1+!E(.1*?!+1!+'(!(@@(*4(!12!1S!!
! D*!(C-<;.(!12!6!417.8!E(!+'(!,(.-+/1*!E(+l((*!-*!(*+/+0!-*8!/+@!<-+(,/-.!1,/?/*R!/2!
/+!'-@!1*(R!-*8!/2!n,/;5(!%$L[[j!$LXUJ!/@!,/?'+!/*!-@@(,+/*?!+'-+!<-+(,/-.!1,/?/*!/@!*(4(@Q
@-,0S!f2!D!'-@!1,/?/*!>R!/+!/@!*(4(@@-,0!+'-+!D!'-@!1,/?/*!>S!O(4(@@-,/.0R!-*0'1'+'-+!81(@!
*1+!'-:(!<-+(,/-.! 1,/?/*!>! /@!*1+!DS! f+! /@! /<;1@@/E.(! 21,! +'(! @-<(! +-E.(! +1!E(!<-8(!
2,1<!-*1+'(,!4'7*5!12!<-++(,S!>(/*?!<-8(!2,1<!+'/@!4'7*5!12!<-++(,!/@!-!*(4(@@-,0!
,(.-+/1*-.! ;,1;(,+0! 12! +'/@! +-E.(S! >7+! +'(! (*+/+0! -*8! /+@! <-+(,/-.! 1,/?/*! -,(! 8/@+/*4+!
+'/*?@S!&'(! @-<(! +-E.(! 417.8! ?1!1*! (C/@+/*?! (:(*! +'17?'! -..! /+@!<-+(,/-.! ;-,+@!'-:(R!
+',17?'!+'(!0(-,@R!E((*!@7E@+/+7+(8!E0!*(l!1*(@S!D@!n,/;5(!(C;./4/+.0!-45*1l.(8?(@A!
t&'(!G7(@+/1*!l'(+'(,! +'(!+-E.(!417.8!'-:(!4'-*?(8! /*+1! /4(! /@! /,,(.(:-*+!'(,(S!&'(!
G7(@+/1*!l'(+'(,! +'(! +-E.(! 417.8! 1,/?/*-..0! '-:(! E((*!<-8(! 12! -*0+'/*?! 1+'(,! +'-*!
l118! /@! ,(.(:-*+u! %$LXUR! $$cQ$$"R! *S! "[JS! >7+! /2! (*+/+/(@! 4-*! ?1! 1*! (C/@+/*?! /*! +/<(!
l'(*!-..! +'(/,!1,/?/*-.!<-+(,/-.!'-@!E((*!,(;.-4(8R!1,/?/*! /@!*1+!1*(!12!+'(/,!(@@(*+/-.!
;,1;(,+/(@R!E(4-7@(!*1! +'/*?!4-*!?1!1*!(C/@+/*?! /*! +/<(!l/+'17+! /+@! (@@(*4(A!l/+'17+!
E(/*?!l'-+!/+!/@S!&'7@!+'(!,(.-+/1*!E(+l((*!-*!(*+/+0!-*8!/+@!<-+(,/-.!1,/?/*!/@!(C+(,*-.R!
E7+!/+!/@!-.@1!*(4(@@-,0S!!
! D*1+'(,!(C-<;.(!l17.8!E(!+'(!,(.-+/1*!E(+l((*!-!+,1;(!-*8!/+@!E(-,(,R!/*!+'(1,/(@!
@74'!-@!+'1@(!12!=1,(.-*8!%$LX"JR!=(,+_!%$LLKJ!1,!=1.*-,!%TUU#J!l'(,(!+,1;(@!-,(!/*Q
8/:/87-+(8!E0! +'(/,!E(-,(,@S!f2! +'(! /*8/:/87-.!l'/+(!12! +'/@!;-?(! /@! +'(! /*8/:/87-.! /+! /@!
E(4-7@(!/+!/@!+'(!l'/+(!12!+'/@!;-?(R!+'(*!+'(!l'/+(!12!-*0!(*+/+0!1+'(,!+'-*!+'(!;-?(!/@!
-*1+'(,!+,1;(S!P1!+'(!,(.-+/1*!E(+l((*!+'(!l'/+(!+,1;(!-*8!+'/@!;-?(!/@!*(4(@@-,0S!>7+!
E(.1*?/*?!+1!+'/@!;-?(!/@!*1+!-*!(@@(*+/-.!;,1;(,+0!12!+'(!+,1;(A!/+!/@!*1+!;-,+!12!l'-+!
+'(!/*8/:/87-.!l'/+(!/@!+'-+!/+!E(.1*?@!+1!+'/@!;-?(S!
! BG7-..0R!/+!</?'+!E(!*(4(@@-,0!+'-+!@-.+!8/@@1.:(@!/*!l-+(,R!-@!>/,8!%TUU$J!'-@!<-/*Q
+-/*(8S!P1!/+!/@!/<;1@@/E.(!+'-+!-*0+'/*?!+'-+!81(@!*1+!8/@@1.:(!/*!l-+(,!/@!@-.+S!>7+!/+!/@!
*1+!-*!(@@(*+/-.!;,1;(,+0!12!@-.+!+'-+!/+!8/@@1.:(@!/*!l-+(,S!f+!/@!*1+!;-,+!12!+'(!<@3-!+'-+!
/@!@-.+!+'-+!/+!8/@@1.:(@!/*!l-+(,R!(:(*!/2!/+@!4'(</4-.!@+,74+7,(!/@!@74'!+'-+!@-.+!*(4(@@-,/Q
.0!E('-:(@!/*!+'/@!l-0R!7*8(,!4(,+-/*!41*8/+/1*@S!
! f*! @7<<-,0R! /+! /@! m7@+! 2-.@(! +'-+! -!l1,.8!l/+'17+! 8/@;1@/+/1*@! /@! -!l1,.8!l/+'17+!
<18-./+0R!-*8! +'(,(E0! +'-+!-*01*(!E(./(:/*?! /*!-!<18-.!l1,.8!@'17.8!<-5(!-!4'1/4(!
E(+l((*!M7<(-*/@<!-*8!8/@;1@/+/1*@S!&'(!,(-.!G7(@+/1*!/@!*1+!l'(+'(,!M7<(-*@!4-*!
-4417*+!21,!<18-./+0R!E7+!l'(+'(,!+'(!+'(@/@!+'-+!+'(,(!-,(!*1!*-+7,-.!*(4(@@-,0!,(.-Q
+/1*@!4-*!E(!4'-..(*?(8S! f2! /+!4-*!E(!4'-..(*?(8R! +'(*! +'(!;-+'! /@!1;(*!21,!-!:/(l!12!
4-7@-./+0!l/+'17+!8/@;1@/+/1*@S!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
$$!6/*(!%$LLcJ!-*8!>/,8!%TUU[JR!21,!(C-<;.(R!'-:(!-,?7(8!+'-+!(@@(*4(!/@!*1+!/8(*+/+0R!+'17?'!+'(0!81!*1+!

8,-l!+'(!41*@(G7(*4(@!+'-+!f!8,-l!'(,(!2,1<!@74'!-!+'(@/@S!



=-,h-!Z1@]!`D3)\DQBO)fODP!
!

&'(1,/-![U"%TU$$JA!!#"Q"U!

cX

R_O'>+.?7%3)',37&3-+".'<+-@"7-'#+&2"&+-+".&5'3'&=$-,@'

&'(,(!-,(!*1!*(4(@@-,0!,(.-+/1*@!+'-+!'1.8!E(+l((*!8/@+/*4+!@/*?7.-,!(C/@+(*4(@S!&'-+!/@!
1*(!12! +'(!<-/*!;,(</@(@! /*! +'(!M7<(-*! -,?7<(*+! -?-/*@+! +'(! ,(-./+0!12! 4-7@-+/1*R!
-*8!+'/@!<-/*!;,(</@(!'-@!@7,:/:(8!7*G7(@+/1*(8!/*!<1@+!-++(<;+@!+1!@-:(!4-7@-+/1*!
/*!1;;1@/+/1*!+1!M7<(S$T!D++(<;+@!'-:(!E((*!<-8(!+'-+!'0;1+'(@/_(!+'(!(C/@+(*4(!12!
*-+7,-.! .-l@R! +'-+! /@R! ,(.-+/1*@!12!*1</4!*(4(@@/+-+/1*!-+! +'(!7*/:(,@-.! .(:(.S!>7+! +'(*!
+'(!.14-.R!;-,+/47.-,!(@+-E./@'<(*+!12!-!4-7@-.!,(.-+/1*!E(+l((*!@/*?7.-,@!/@!*1+!-!<-++(,!
12!l'-+! /@! ?1/*?!1*!l/+'/*! +'(! 4-7@-.! 2-4+! /+@(.2R! E7+! 4-7@-+/1*! E(41<(@! 7*/:(,@-.$#S!
I+'(,!-++(<;+@!;,1;1@(!8/@;1@/+/1*@S!>7+!+'(*R!f!4.-/<R!4-7@-./+0!E(41<(@!-!21,<R!-*!
/*+(,*-.!,(.-+/1*!1,!-4+/:/+0!12!;1l(,27.!@7E@+-*4(@S!&'(!,(.-+/1*!/+@(.2!/@R!41*@(G7(*+.0R!
.1@+S!
! &1!,(47;(,-+(!@/*?7.-,!,(.-+/1*-.!4-7@-+/1*R!/S(SR!4-7@-+/1*!l/+'17+!.-l@!-*8!l/+'17+!
8/@;1@/+/1*@R!1*(!@'17.8!<-5(!@7,(R!2/,@+R!+'-+!+'(,(!-,(!,(-.!,(.-+/1*@!+'-+!'1.8!@1<(Q
l'(,(!/*!+'(!l1,.8S!&'(!E(@+!1;+/1*!21,!+'/@!@((<@!+1!E(R!-@!D,<@+,1*?!%$LLL-R!$[KJ!
;7+@!/+R!t-!?(*7/*(!+l1Q+(,<!,(.-+/1*!12!@/*?7.-,!4-7@-+/1*!'1.8/*?!E(+l((*!4-7@(!-*8!
(22(4+Su!&'/@!/@!+'(!,(.-+/1*!+'-+!l-@!</@@/*?!/*!+'(!8/@;1@/+/1*-.!-4417*+S!M1l(:(,R!@(Q
41*8.0R!1*(!@'17.8!-.@1!8(4.-,(!+'(!<-/*!+'(@/@!12!+'(!M7<(-*!814+,/*(!+1!E(!l,1*?R!
-*8!<-5(!,11<!21,!<(+-;'0@/4-..0!*(4(@@-,0!,(.-+/1*@!+'-+!'1.8!E(+l((*!8/@+/*4+!(*+/Q
+/(@S!f2!+'(,(!-,(!<(+-;'0@/4-..0!*(4(@@-,0!,(.-+/1*@!E(+l((*!8/@+/*4+!(*+/+/(@R!+'(*!4-7Q
@-+/1*!l/..!4(,+-/*.0!E(!-<1*?!+'(<S!61,!*(4(@@/+0!/*!4-7@-+/1*!/@!/*8/@;(*@-E.(!/2!4-7Q
@-+/1*!/@!+1!E(!@1<(+'/*?!<1,(!+'-*!-!@;-+/1Q+(<;1,-.!,(.-+/1*R!-*8!/+!l17.8!-.@1!8/@Q
;(*@(!l/+'!*1</4!,(.-+/1*@R!12!@1<(!*(4(@@/+-+/*?!5/*8R!E(+l((*!7*/:(,@-.@S!&'(!,(@7.+!
l17.8!,(-8A!

f2!,!4-7@(@!$R!+'(*!+'(,(!/@!-!,(.-+/1*R!6R!+'-+!'1.8@!E(+l((*!,!-*8!$!@74'!+'-+!
%1J!%x!31$J!(*+-/.@!%1!≠!,JS!

! 3!l17.8! +'(*!E(!-!*(4(@@-,0! ,(.-+/1*R! 21,!-*0+'/*?!*1+!@+-*8/*?! /*'6' +1!(!l17.8!
*1+!E(!4S!>7+'6'417.8!-.@1!E(!(C+(,*-.! /2'6' /@!*1+!(@@(*+/-.! +1!4S!&'7@R! +'(!*(4(@@/+0!
l17.8!E(.1*?!+1!+'(!,(.-+/1*!/+@(.2R!*1+!+1!+'(!,(.-+(8!(*+/+/(@R!l'/4'!/@!?118S!61,!1*(!
417.8!4.-/<!+'-+!4-7@-./+0!/@!-!<(+-;'0@/4-..0!*(4(@@-,0!,(.-+/1*!l/+'17+!-@@/?*/*?!?,-Q
+7/+17@!(@@(*+/-.!;,1;(,+/(@!+1!@7E@+-*4(@S!I*(!417.8!@-0R!21,!/*@+-*4(R!+'-+!-!4.7@+(,!12!
;,1;(,+/(@!+'-+!l-+(,!-*8!@-.+!7@7-..0!;1@@(@@R!*(4(@@-,/.0!4-7@(!@-.+!+1!8/@@1.:(!/*!l-Q
+(,R!l/+'17+!<-5/*?!+'(!8/@;1@/+/1*!+1!8/@@1.:(rE(!8/@@1.:(8!-*!(@@(*+/-.!;,1;(,+0!12!
l-+(,r@-.+S!D*8!/2!1*(!-?,((@!l/+'!;,1E-E/./@+/4!4-7@-+/1*R!;,1E-E/./+/(@!l17.8!-.@1!E(Q
.1*?!/*!+'(!(@+-E./@'<(*+!12!+'(!,(.-+/1*j!+'(0!l17.8!*1+!41*:(,+!/*+1!;,1;(*@/+/(@!12!
+'(!@7E@+-*4(@!+'-+!'-;;(*!+1!;1@@(@!+'(!;,1E-E/./@+/4-..0!,(.-+(8!(*+/+/(@S!!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
$T!61,!-*!-*-.0@/@!12!+'(!,1.(!12!+'/@!@+(;!/*!+'(!M7<(-*!-,?7<(*+!@((!`-,4h-QB*4/*-@!%TUU#JS!
$#!=7<21,8!%TUU"J!-.@1!-,?7(@!+'-+!/+!l17.8!E(41<(!(C+(,*-.!+1!@/*?7.-,!2-4+@!-@!l(..S

'



P/*?7.-,!)-7@-+/1*!l/+'17+!9/@;1@/+/1*@!
!

&'(1,/-![U"%TU$$JA!!#"Q"U!

cL

_O'4".,%7&+".&'

f!'-:(!-,?7(8! +'-+! -*0!;1@@/E.(! -4417*+!12! @/*?7.-,! 4-7@-+/1*! /*! ,(-./@+!8/@;1@/+/1*-.!
+(,<@!41*+-/*@!@(,/17@!8/22/47.+/(@! /*! /+@!<(+-;'0@/4-.!217*8-+/1*@R! /*!@'1,+R!-*0!8/22/Q
47.+0! +'-+! -*! /*+(,*-./@+!:/(l!12!4-7@-./+0!l17.8!41*+-/*S! f!'-:(!-.@1!-,?7(8! +'-+! +'(!
<-/*!-8:-*+-?(!12!8/@;1@/+/1*-./@<R!+'(!-..(?(8!E(++(,!;1@/+/1*!/+! /@! /*!21,!-4417*+/*?!
21,! -!<18-.!l1,.8R! /@!</@,(;,(@(*+(8! -@! E(/*?! ;7,(.0! -*+/QM7<(-*S! 61,! +'(,(! /@! -*!
1;(*R!E7+!-@!0(+!7*(C;.1,(8R!+'/,8R!*1*QM7<(-*!-*8!*1*Q/*+(,*-.!l-0R! +'-+! /*:1.:(@!
*(4(@@-,0!+'17?'!(C+(,*-.!,(.-+/1*@S!f2!4-7@-./+0!/@!7*8(,@+118!-@!-!*(4(@@-,0!E7+!(C+(,Q
*-.!,(.-+/1*R!-!<1,(!2,7/+27.!;/4+7,(!12!4-7@-+/1*!(<(,?(@j!1*(!l/+'17+!.-l@!-*8!l/+'Q
17+!8/@;1@/+/1*@S!

60G060;40>'

D*@41<E(R!BS!$LL#S!)-7@-./+0!-*8!9(+(,</*-+/1*S!f*!437&3-+".R!(8S!BS!P1@-!-*8!=S!&11.(0R!XXQ$UcS!ICQ
21,8A!IC21,8!a*/:(,@/+0!Y,(@@S!

D,<@+,1*?R!9S!$LLL-S!&'(!I;(*!911,A!)17*+(,2-4+7-.!:(,@7@!P/*?7.-,/@+!&'(1,/(@!12!)-7@-+/1*S!f*!437K
&3-+".'3.#'F3<&'"(';3-7)$R!(8S'MS!P-*5(0R!$["Q$X"S!91,8,(4'+A!n.7l(,S!

D,<@+,1*?R!9S!$LLLES!&'(!)-7@-.!&'(1,0!12!Y,1;(,+/(@A!Y,1;(,+/(@!D441,8/*?! +1!P'1(<-5(,R!B../@!-*8!
I+'(,@S!*@+%"&"2@+,3%'B"2+,&'TKA!T"Q#[S!

D,<@+,1*?R!9S!TUU"S!617,!9/@;7+(@!-E17+!Y,1;(,+/(@S!>:.-@$&$'$ccA!#ULQ#TUS!
>/,8R!DS!$LLXS!9/@;1@/+/1*@!-*8!D*+/81+(@S!B@$'*@+%"&"2@+,3%'D73)-$)%:'cXA!TT[QT#cS!
>/,8R!DS!TUU$S!O(4(@@-,/.0R!P-.+!9/@@1.:(@!/*!q-+(,S!J.3%:&+&'K$R!*ycA!TK[QT[cS!
>/,8R!DS!TUU"S!&'(!9/@;1@/+/1*-./@+!)1*4(;+/1*!12!H-l@S!G"7.#3-+".&'"('>,+$.,$'$UA!#"#Q#[US!
>/,8R!DS!TUU[S!&'(!3(?,(@@!12!Y7,(!Y1l(,@w!B@$'*@+%"&"2@+,3%'D73)-$)%:'"[R!*yTTLA!"$#Q"#cS!
>,-8.(0R!6SMS!$XL[S'J22$3)3.,$'3.#'6$3%+-:5'3'E$-32@:&+,3%'$&&3:S'IC21,8A!).-,(*81*!Y,(@@S!
)-,+l,/?'+R!OS!$LXLS!;3-7)$N&'4323,+-+$&'3.#'-@$+)'!$3&7)$E$.-S'IC21,8A!IC21,8!a*/:(,@/+0!Y,(@@S!
9(@4-,+(@R!3S!$LX"S!*3&&+".&'"('-@$'>"7%S'f*!B@$'*@+%"&"2@+,3%'S)+-+.?&'"('A$&,3)-$&'8"%'W/'(8S!ZS!)1++/*?'-<R!3S!

P+118'122!-*8!9S!=7,814'S!)-<E,/8?(A!)-<E,/8?(!a*/:(,@/+0!Y,(@@S!
9(7+@4'R!BS!$LXTS!*$)&".@""#/'4)$3-+8+-:'3.#'G)$$#"ES'M1*1.7.7A!a*/:(,@/+0!12!M-l-//!Y,(@@S!
974-@@(R!)SZS!$LL#S!I*!+'(!O-+7,(!-*8!IE@(,:-E/./+0!12!+'(!)-7@-.!3(.-+/1*S!f*!437&3-+".R!(8S!BS!P1@-!-*8!

=S!&11.(0R!$T"Q$#KS!IC21,8A!IC21,8!a*/:(,@/+0!Y,(@@S!
B',/*?R!9S!$LL[S!437&3-+".'3.#'*$)&+&-$.,$5'3'B@$"):'"('437&3-+".S'IC21,8A!IC21,8!a*/:(,@/+0!Y,(@@S!
B',/*?R!9S!TUULS!DE@+,-4+/*?!2,1<!Y,((<;+/1*S!B@$'!".+&-!LTR!*y$A!c$Q[$S!
B../@R!>S!$LLLS!)-7@-.!Y1l(,@!-*8!H-l@!12!O-+7,(S!f*!437&3-+".'3.#'F3<&'"(';3-7)$R!(8S!MS!P-*5(0R!$LQ#$S!

91,8,(4'+A!n.7l(,S!
B../@R!>S!TUU$S!>,+$.-+(+,'0&&$.-+3%+&ES')-<E,/8?(A!)-<E,/8?(!a*/:(,@/+0!Y,(@@S!
6/*(R!nS!$LLcS!B@@(*4(!-*8!=18-./+0S!*@+%"&"2@+,3%'*$)&2$,-+8$&'XA!$Q$KS!!
`-,4/-QB*4/*-@R!=SZS!TUU#S!D!Y1@+(,/1,/!O(4(@@/+0!/*!P/*?7.-,!)-7@-+/1*!-*8!+'(!M7<(-*!D,?7<(*+S!A+K

3%$,-+,3'"[R!*y$A!c$Q""S!
Z-41E@R!ZS9S!TU$US!D!Y1l(,@!&'(1,0!12!=18-./+0A!1,R!M1l!f!H(-,*(8!+1!P+1;!q1,,0/*?!-*8!3(m(4+!Y1@@/Q

E.(!q1,.8@S!*@+%"&"2@+,3%'>-7#+$&'$"$R!*yTA!TT[QTcXS!
n,/;5(R!PS!$L[[S!f8(*+/+0!-*8!O(4(@@/+0S!f*!;3E+.?/';$,$&&+-:/'3.#';3-7)3%!M+.#&R!(8S!PSYS!P4'l-,+_R!KKQ$U$S!

f+'-4-A!)1,*(..!a*/:(,@/+0!Y,(@@S!
n,/;5(R!PS!$LXUS!;3E+.?'3.#';$,$&&+-:S')-<E,/8?(A!M-,:-,8!a*/:(,@/+0!Y,(@@S!
H(l/@R!9S!$LXKS!`.'-@$'*%7)3%+-:'"('S")%#&S'IC21,8A!>.-45l(..S!
H(l/@R!9S!$LLLS!6/*5/@'!9/@;1@/+/1*@S!f*!*32$)&'+.'!$-32@:&+,&'3.#'02+&-$E"%"?:R!$##Q$"$S')-<E,/8?(A!)-<Q

E,/8?(!a*/:(,@/+0!Y,(@@S!
=-,+/*R!)S9S!$LLKS!3(;./(@! +1!D,<@+,1*?!-*8!Y.-4(S! f*!A+&2"&+-+".&5'3'A$C3-$R!(8S!9S=S!D,<@+,1*?R!)S>S!

=-,+/*!-*8!aS&S!Y.-4(R!$TKQ$cKS!H1*81*A!317+.(8?(S!
=4n/+,/45R!ZS!TUU"S!D,(!9/@;1@/+/1*@!)-7@-..0!3(.(:-*+w!>:.-@$&$'$ccA!#"[Q#[$S!



=-,h-!Z1@]!`D3)\DQBO)fODP!
!

&'(1,/-![U"%TU$$JA!!#"Q"U!

"U

=(..1,R!9SMS!$L[cS!f*!9(2(*@(!12!9/@;1@/+/1*@S!*@+%"&"2@+,3%'6$8+$<'X#A!$"[Q$X$S!
=(,+_R!9SqS!$LLKS!!"#$)3-$'6$3%+&E'3.#'+-&'F"?+,S'O(l!M-:(*A!v-.(!a*/:(,@/+0!Y,(@@S!
=/4'1*R!)S!TUU[S!I;/7<F@!e/,+7@!91,</+/:-S!f*!A+&2"&+-+".&'3.#'437&3%'*"<$)&R!(8S!=S!n/@+.(,!-*8!>S!`*-@Q

@17*17R!$##Q$"US!D.8(,@'1+A!D@'?-+(S!
=1.*-,R!`S!TUU#S!*"<$)&5'3'>-7#:'+.'!$-32@:&+,&S'IC21,8A!IC21,8!a*/:(,@/+0!Y,(@@S!
=11,(R!=S!TUULS!f*+,1874+/1*A!+'(!O-+7,(!12!P/*?7.-,/@+!&'(1,/(@!12!)-7@-+/1*S!B@$'!".+&-!LTR!*y$A!#QTT!
=1,(.-*8R!ZSYS!$LX"S!P.+8$)&3%&/'D73%+-+$&/'3.#'D73%+-:KR.&-3.,$&S!>1@+1*A!a*/:(,@/+0!Y,(@@!12!D<(,/4-S!
=7<21,8R!PS!$LLXS!A+&2"&+-+".&R'IC21,8A!).-,(*81*!Y,(@@S!
=7<21,8R!PS!TUUcS!F3<&'+.';3-7)$S'H1*81*A!317+.(8?(S!
=7<21,8R!PS!TUU"S!H-l@!-*8!H-l.(@@*(@@S!>:.-@$&$'$ccA!#L[Qc$#S!
=7<21,8R!PS!TUU[S!6/..(8!/*!P;-4(S!f*!A+&2"&+-+".&'3.#'437&3%'*"<$)&R!(8S!=S!n/@+.(,!-*8!>S!`*-@@17*17R!K[Q

XUS!D.8(,@'1+A!D@'?-+(S!
=7<21,8R!PS!TUULS!Y-@@/*?!Y1l(,@!D,17*8S!B@$'!".+&-'LTR!*y$A!LcQ$$$S!
Y(/,4(R!)SPS!$LLXS!O1+(@!1*!P0<E1./4!H1?/4!-*8!=-+'(<-+/4@S!f*!B@$'4"%%$,-$#'*32$)&'"('4@3)%$&'>3.#$)&'*$+),$'

8"%O']R!(8S!)'S!M-,+@'1,*(!-*8!YS!q(/@@R!#XXQc$US!>,/@+1.A!&'1(<<(@!Y,(@@S!
Y.-4(R!aS&S! $LLKS! P+,74+7,-.!Y,1;(,+/(@A!)-+(?1,/4-.R! 8/@;1@/+/1*-.R! 1,! E1+'w! f*!A+&2"&+-+".&5' 3'A$C3-$R! (8S!

9S=S!D,<@+,1*?R!)S>S!=-,+/*!-*8!aS&S!Y.-4(R!$U"Q$T"S!H1*81*A!317+.(8?(S!
Y@/..1@R!PS!TUUKS!q'-+!91!Y1l(,@!91!q'(*!&'(0!-,(!*1+!=-*/2(@+(8S!*@+%"&"2@:'3.#'*@$."E$."%"?+,3%'6$K

&$3),@'[TR!*y$A!$#[Q$"KS!
37@@(..R!>S!$LUKr[S!I*!+'(!O-+7,(!12!&,7+'S!*)",$$#+.?&'"('-@$'J)+&-"-$%+3.'>",+$-:'[A!TcQcLS!
37@@(..R!>S!$L$US!I*!+'(!O1+/1*!12!)-7@(S!*)",$$#+.?&'"('-@$'J)+&-"-$%+3.'>",+$-:!$#A!$QTKS!
P'1(<-5(,R!PS!$LXUS!)-7@-./+0!-*8!Y,1;(,+/(@S!f*!B+E$'3.#'437&$R!(8S'YS!:-*!f*l-?(*R!$ULQ$#"S!91,8,(4'+A!

3(/8(.S!
&/(,4(./*R! )S! TUU[S! 9/@;1@/+/1*@! -*8! B@@(*4(@S! f*!A+&2"&+-+".&' 3.#' 437&3%' *"<$)&R! (8S!=S! n/@+.(,! -*8! >S!

`*-@@17*17R!X$Q$U$S!D.8(,@'1+A!D@'?-+(S!
&11.(0R!=S!$LXcS!H-l@!-*8!)-7@-.!3(.-+/1*@S!f*!!+#<$&-'>-7#+$&'+.'*@+%"&"2@:'8"%'XR!(8S!YS!6,(*4'R!&S!a('.Q

/*?!-*8!MS!q(.+@+(/*R!L#Q$$TS!=/**(-;1./@S!
!

*"#+"!,-).!/"#&+"0(1&%1")! "#!$##%&"$'(!)*%+(##%*!$'!',(!-."/(*#"'0!%+!1*$.$2$3!4(*!5$".!$*($!%+!*(6
#($*&,!"#!7.$80'"&!9('$),0#"&#!$.2:!".!)$*'"&;8$*:!',(!*(8$'"%.!%+!&$;#$8"'0:!"'#!%.'%8%<0!=".2"/"2;$8!)*%)6
(*'"(#>:!$.2! "'#!5%2$8!#'$';#3!?,(!,$#!);@8"#,(2! ".!!"#$%&'"&#:(!"#$)*+%:(,%'#-./0"&#:(1."$)0)-."#:(2%3
4"0'#(5%(6"$)0)78#:(2%4"0'#(5%(6"$)0)78#(,%5"%4#8:!$.2(9%):%;#:!$5%.<!%',(*#3!

"22#())3! A)'%3! 2(! B"8%#%+C$! D:! B$&;8'$2! E#"&%8%<C$:! -."/(*#"2$2! 2(! 1*$.$2$:! F$5);#! F$*';G$:! HIJHH!
1*$.$2$!=?)$".>3!K65$"8L!(.&".$#M;<*3(#!


	Casini.pdf
	Introduction
	Recursive Bayesian nets
	Cancer application
	RBNs as models of mechanisms
	Alternative models for prediction, explanation and control
	Conclusion


