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.$1,),5$211!&!>T"!-&@;H!!#$(!,B()+11!(99%.%(-.2!,9!KK#!*,!*$(!)(+.*%,-!.(-*()!%&!TV=W6!

A$()(! *$(!.$+)4(!&(5+)+*%,-!(99%.%(-.2! %&!-(+)!0-%*2;H! !#$(&(!(M.%*('F&*+*(! &5(.%(&!

A%*$%-! *$(!5),*(%-!.+-!/(!)(+.*%B(6!(&5(.%+112!0-'()!$%4$F1%4$*!.,-'%*%,-&6!+-'! %*! %&!

*$,04$*! *$+*! *$(! .+),*(-,%'X&! 5)%8+)2! ),1(! %&! 5$,*,5),*(.*%,-6! ,)! '(+.*%B+*%,-! ,9!

(M.(&&!(M.%*+*%,-!+-'!-(0*)+1%7+*%,-!,9!)(+.*%B(!&5(.%(&;H6I!

Q(*+%1('!C-,A1('4(!,9!5$,*,&2-*$(*%.!8(.$+-%&8&!$+&!/(.,8(!5,&&%/1(!%-!1+)4(!

5+)*! '0(! *,! +'B+-.(&! %-! &*)0.*0)+1! /%,1,426! +11,A%-4! 9,)! *$(! $%4$F)(&,10*%,-!

&*)0.*0)+1! '(*()8%-+*%,-! ,9! 8+-2! %85,)*+-*! 5$,*,&2-*$(*%.! 5),*(%-&! +-'! 5),*(%-!

.,851(M(&;! ! #$(! $%4$! )(&,10*%,-! &*)0.*0)(! ,9! YZ?<<6! *$(! +-*(--+! 5),*(%-! %-! *$(!

J$,*,&2&*(8! <<! &05().,851(M! %-! 4)((-! 5(+6! /2! MF)+2! '%99)+.*%,-N6=! %&! &$,A-! %-!



! N!

R%40)(!";";! !#$%&!5),B%'(&!+!$%4$F)(&,10*%,-!1,,C!%-*,!*$(!'(*+%1('!5),*(%-!&*)0.*0)(!

+-'!+))+-4(8(-*!,9!5%48(-*&;! !YZ?<<! .,-*+%-&!801*%51(!B+)%(*%(&!,9! .+),*(-,%'&!+&!

A(11!+&!?$1!&!+-'!?$1!/!8,1(.01(&6!1(+'%-4!*,!B()2!.,851(M!5+*$A+2&!9,)!KK#;!!YZ?<<!

%&! *)%8()%.6! A%*$! (+.$! &0/0-%*! .,-*+%-%-4! "N! ?$1&! >[! ?$1!+6! \! ?$1!/@! +-'! *A,!

.+),*(-,%'&;!!#$(!?$1!+!+-'!?$1!/!5%48(-*&!+)(!5+.C('!*%4$*12!*,4(*$()!%-!.10&*()&!,9!

HFN!8,1(.01(&;!!#$%&!*%4$*!5+.C%-4!,9!?$1!5%48(-*&!+11,A!9,)!&*),-4F.,051%-46!A$()(!

(M.%*,-! )(1+M+*%,-! ,..0)&! A%*$%-! +! 9(A! $0-')('! 9(8*,&(.,-'&! ,9! 5$,*,(M.%*+*%,-6!

+-'! &0/&(:0(-*! 1,-4F)+-4(! (-()42! *)+-&9()! *,! ,-(! ,9! +! 9(A! 1,A! (-()42! ?$1!&!

8,1(.01(&!A%*$%-!*$(!&05().,851(M!,..0)&!%-!+/,0*!HU!5&;H!!<-!YZ?<<6!*$(!.+),*(-,%'!

&5(.%(&! +)(! /,0-'! /,*$! A%*$%-! *$(! 5),*(%-! 8+*)%M! +-'! -(+)! *$(! &0)9+.(6! ,9*(-!

+',5*%-4! -,-1%-(+)! +-'! *A%&*('! .,-9,)8+*%,-&6! '0(! *,! 5),*(%-! 5+.C%-4! 9,).(&! +-'!

*$(! .+),*(-,%'X&! 5),M%8%*2! *,! .$+)4('! )(&%'0(&;! ! G-(! ,9! *$(! 5)%8+)2! +%8&! ,9! *$%&!

'%&&()*+*%,-! %&! *,! /(**()! 0-'()&*+-'! *$(! ),1(! ,9! *A%&*('! .+),*(-,%'! &*+*(&6! /,*$! %-!

&,10*%,-! +-'! %-! 5),*(%-! &2&*(8&6! +-'! %85+.*! ,9! *$(&(! &*+*(&! ,-! (-()42! *)+-&9()!

5),.(&&(&;!



! =!

!
?5.1/7()8);! !L*)0.*0)(!,9!*$(!1%4$*F$+)B(&*%-4!.,851(M!<<!>YZ?<<@!*)%8()!9),8!()*+,%
*&#)-+,!>4)((-!5(+@!>H]Z^;5'/@!'(*()8%-('!/2!L*+-'90&&!"#%&';=!!R,)!%-*()5)(*+*%,-!
,9!*$(!)(9()(-.(&!*,!.,1,)!%-!*$%&!+-'!+11!,*$()!9%40)(&6!*$(!)(+'()!%&!)(9())('!*,!*$(!
(1(.*),-%.!B()&%,-!,9!*$%&!'%&&()*+*%,-;!

)8@( !+/0=72053($<0=0,<7:5>=/;(+23($<0=0A<;>5,>(

?+),*(-,%'&!+)(!+/0-'+-*! %-!-+*0)(!+-'!+)(!9,0-'!%-!*$(!*%&&0(&!,9!/,*$!51+-*&!

+-'!+-%8+1&6!/0*!+)(!,-12!&2-*$(&%7('!/2!51+-*&!+-'!8%.),,)4+-%&8&;I!!?+),*(-,%'&!

51+2! '%B()&(! ),1(&! %-! ,)4+-%&8&_! #$(2! +)(! C-,A-! *,! &.+B(-4(! &%-41(*! ,M24(-! +-'!

,*$()!)+'%.+1!&5(.%(&H6I6\!+-'!8+2!51+2!+!),1(!%-!8%*%4+*%-4!'%&(+&(6!&0.$!+&!.()*+%-!

C%-'&!,9!.+-.()!+-'!.+)'%,B+&.01+)!'%&(+&(!B%+!*$(%)!+-*%,M%'+-*!5),5()*%(&;`!!<-!1%4$*!

$+)B(&*%-46! .+),*(-,%'&! 9%11! 4+5&! 1(9*! /2! ?$1! &5(.*)+6! A$()(! *$(! &,1+)! &5(.*)08! %&!



! \!

8,&*! %-*(-&(6! /0*! *25%.+112! 51+2! ,-12! +!8%-,)6! 2(*! -,-*)%B%+1! ),1(! %-! KK#! +&! &$,)*F

)+-4(! (-()42! *)+-&9()! ',-,)&! *,! ?$1;! ! P! -08/()! ,9! &*0'%(&! ,-! YZ<<F*25(! 5),*(%-&!

$+B(! (&*%8+*('! *$+*! KK#! (99%.%(-.%(&! 9),8! .+),*(-,%'&! *,! ?$1! %&! $%4$12! B+)%+/1(!

/(*A((-! &2&*(8&! >I=F`UW! ./*$% &!)01/2)'&6! [UF"UUW! .3$% */2&"41)0"*@! +-'!

'(5(-'(-*! ,-! *$(! &5(.%9%.! .+),*(-,%'! ',-,);H! ! P&! 8(-*%,-('! +/,B(6! *$(! 5)%8+)2!

),1(&! ,9! .+),*(-,%'&! %-! 4)((-! 51+-*&! +-'! 50)51(! /+.*()%+! +)(! *$,04$*! *,! /(! *$(!

)(401+*%,-! ,9! (-()42! 91,A! *,! +-'! 9),8! ?$1! 8,1(.01(&! +-'! 5$,*,5),*(.*%,-! B%+!

-,-F5$,*,.$(8%.+1!:0(-.$%-4!>aJb@;!



! `!

!
?5.1/7()8@;!L*)0.*0)(&!,9!.,88,-!.+),*(-,%'&;!

)8@8)(!+/0=72053($<0=0A<;>5,>(

?+),*(-,%'&! /(1,-4! *,! +! .1+&&! ,9! 1%-(+)! .,-304+*('! 5,12(-(&! A%*$! (M*(-'('!

cF(1(.*),-! &2&*(8&! ,9! B+)2%-4! .,-304+*%,-! 1(-4*$&! >a@6! A$%.$! .,-*+%-! B+)%,0&!

90-.*%,-+1! 4),05&! +-'! (-'! 4),05&;! ! R%40)(!";H! &$,A&! +! 9(A! (M+851(&! ,9! .,88,-!

.+),*(-,%'&;! ! d+-2! ,9! *$(! %-*()(&*%-4! 5$2&%.+1! 5),5()*%(&! ,9! .+),*(-,%'&! +)(!

HO

O
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! [!

4,B()-('! /2! *$(! &288(*)2! ,9! *$(! 8,1(.01(;! ! ?+),*(-,%'&! 8,&*12! 9,11,A! *$(!

&288(*)2!)01(&!,9! *$(!?H$!5,%-*!4),05e!*$(!&288(*)2!4),05!*,!A$%.$!8+-2!,9!*$(!

51+-+)! &*)0.*0)(&!/(1,-4;! ! R%40)(!";I! &$,A&!+! &.$(8+*%.! (-()42F1(B(1!'%+4)+8!,9! +!

5),*,*25%.+1! .+),*(-,%'! A%*$! *$(! +&&,.%+*('! &288(*)2! 1+/(1&6! $%4$1%4$*%-4! *$(!

*)+-&%*%,-&! *$+*! 1(+'! *,! -,-1%-(+)! ,5*%.+1! &%4-+1&;! ! #$(! LU! +-'! L"! &*+*(&! $+B(!!"#
! !

&288(*)26! A$%1(! *$(! LH! &*+*(! $+&! !"#$+ !&288(*)2;! ! L%-41(F5$,*,-! *)+-&%*%,-&!

/(*A((-! &*+*(&! A%*$! &%8%1+)! &288(*)2! +-'f,)! 5+)%*2! >%;(;!!"#! "$ @! +)(! 9,)/%''(-6!

1(+'%-4!*,!*$(!0&45!-+*0)(!,9!*$(!L"!&*+*(!9),8!*$(!4),0-'!&*+*(6!+-'!%-'(('!!"#! "$ !

%&! *$(! 1,A(&*!(-()42!+11,A('! *)+-&%*%,-;! !^(+C! 910,)(&.(-.(6!$,A(B()6! %&!,/&()B('!

9),8!*$(!L"!&*+*(6I6[!&$,A%-4!*$%&!&*+*(! %&!5,501+*('!9),8!-,-)+'%+*%B(!'(.+2!9),8!

*$(! LH! &*+*(;! ! #$(! (-()42! 4+5&! +-'! )(1+*%B(! &5+.%-4! ,9! *$(! .+),*(-,%'! &*+*(&! B+)2!

4)(+*12!'(5(-'%-4!,-!.,-304+*%,-!1(-4*$!+-'!*$(!5)(&(-.(!,9!90-.*%,-+1!4),05&6!+-'!

(B(-! &0/*1(! .$+-4(&! %-! *$(! .+),*(-,%'! .+-! .$+-4(! *$(! 90-.*%,-! A%*$%-! +!

5$,*,&2-*$(*%.!.,851(M;H!



! V!

!
?5.1/7()8B;!K1(.*),-%.!(-()42!1(B(1&!,9!.+),*(-,%'&!+-'!*)+-&%*%,-&!*$+*!.,-*)%/0*(!*,!
-,-1%-(+)!,5*%.+1!&%4-+1&!9,11,A%-4!,5*%.+1!5)(5+)+*%,-!,9!*$(!LH &*+*(6!+9*()!J,1gBC+!
+-'!L0-'&*)S8;V!#$(!,-(F5$,*,-!*)+-&%*%,-&!,9!8,&*!.+),*(-,%'&!(99(.*%B(12!9,11,A!
*$(! &(1(.*%,-! )01(&! 9,)! 8,1(.01(&! /(1,-4%-4! *,! *$(! 6H$! 5,%-*! 4),05e! *)+-&%*%,-&!
/(*A((-!&*+*(&!,9!*$(!&+8(!&288(*)2!>4h46!0h0@!+-'!5&(0',5+)%*2!>ihi6!jhj@!+)(!
(1(.*)%.F'%5,1(!9,)/%''(-;"U6""!#$(!9%)&*!&*),-412!+11,A('!,5*%.+1!*)+-&%*%,-!%&!LU→LH;!
^(+C! 910,)(&.(-.(! %&! ,/&()B('! 9),8! *$(! 9,)8+112! '+)C! L" &*+*(6"H6"I!A$%.$! &$,A&!
*$+*! *$(!L" &*+*(! %&! )+5%'12!+..(&&('!B%+! %-*()-+1!.,-B()&%,-;!Q+)C!&*+*(&!&044(&*('!
/2! 5)(B%,0&! A,)C! +)(! 8+)C('! /2! /10(! 1%-(&! +-'! )('! 1+/(1&;! a,-)+'%+*%B(! '(.+2!
*)+-&%*%,-&!*$+*!'(+.*%B+*(!*$(!LH &*+*(!+)(!%-'%.+*('!A%*$!A+B2!+)),A&e!(M.%*('F&*+*(!
+/&,)5*%,-!*)+-&%*%,-&!*$+*!.,-*)%/0*(!*,!5085E5),/(!+-'!*)+-&%(-*F4)+*%-4!&%4-+1&!
+)(!&$,A-!+&!&,1%'!+)),A&;!#$(!*%8(&.+1(!%-.)(+&(&!9),8!1(9*!*,!)%4$*!%-!*$(!'%+4)+8;!

)8@8@(C02DA<0=0,<7:5,+E(F172,<52.(

?+),*(-,%'&!+)(!C-,A-!*,!:0(-.$!B+)%,0&!'%99()(-*!*25(&!,9!)(+.*%B(!?$1!(M.%*('!

&*+*(&! >&%-41(*! +-'! *)%51(*@! +&! A(11! &%-41(*! ,M24(-;H6I! ! #$(! &.$(8+*%.! '%+4)+8! %-!

!
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! "U!

R%40)(!";N!&$,A&!(-()42!91,A!A%*$%-!.+),*(-,%'&!+-'!?$1&!+-'!KK#!*)+-&9()!/(*A((-!

A(+C12!.,051('!.+),*(-,%'&!+-'!?$1&;! !R,)!.()*+%-!.+),*(-,%'E?$1!5+%)&6!*$(!LH!+-'!

L"!&*+*(&!+)(!$%4$()!%-!(-()42!*$+-!*$(!?$1!bM!+-!b2!&*+*(&6!A$%1(!*$(!*)%51(*!&*+*(!%&!

1,A()! %-! (-()42;! ! #$%&! 1(+'&! *,! 9+B,)+/1(! (-()42! *)+-&9()! 9),8! .+),*(-,%'! *,! ?$1!

A$%1(! &%801*+-(,0&12! /(%-4! +/1(! *,! '(+.*%B+*(! 1,-4F1%B('! *)%51(*! ?$1! &*+*(&! 9)((%-4!

*$(!?$1!*,!+/&,)/!&0/&(:0(-*!5$,*,-&6!*$()(/2!%-.)(+&%-4!,B()+11!KK#;!!<*!&$,01'!/(!

,/B%,0&!*$+*! *0-%-4!,9! *$(!(-()4%(&!,9! *$(!.+),*(-,%'!&*+*(&!)(1+*%B(!*,!*$(!?$1!A%11!

(99(.*!*$(!(-()42!*)+-&9()!)+*(&!+-'!.+-!(B(-!.$+-4(!*$(!'%)(.*%,-;!!

!
?5.1/7( )8G;! !K-()42! 1(B(1!'%+4)+8!'(5%.*%-4! *$(!)(1+*%B(!5,&%*%,-&!,9! *$(! 1,AF12%-4!
&%-41(*!+-'!*)%51(*!&*+*(&!,9!.+),*(-,%'&!+-'!>]@?$1&!+-'!B+)%,0&!5+*$A+2&!9,)!%-*)+F!
+-'! %-*()8,1(.01+)!(-()42!.,-B()&%,-;!#$(!&*+*(!)(5)(&(-*+*%,-&!+)(! *$,&(! 9,)! *$(!
6H$!5,%-*!4),05;!Q+&$('!+)),A&!)(5)(&(-*! %-*)+8,1(.01+)!-,-F)+'%+*%B(!5),.(&&(&e!
(-()42F*)+-&9()!5+*$A+2&!+)(!'(5%.*('!A%*$!$,)%7,-*+1!+)),A&;!

k-'()!$%4$!5$,*,-!910M!A%*$%-!*$(!YZ?<<!5),*(%-6!*$(!.+),*(-,%'!B%,1+M+-*$%-!%&!

C-,A-! *,! /(! (-728+*%.+112! .,-B()*('! *,! 7(+M+-*$%-6!A$,&(! 5)(&(-.(! %&! C-,A-! *,!

&*%801+*(! :0(-.$%-4! ,9! ?$1!&;"NF"\! ! R)+-C! "#%&';"`! 5),5,&('! +! &,F.+11('! l8,1(.01+)!

!"#$%&'()*'

!

"#!

"$!

"%!

$!$&'(!

#!$)*+!!

$!$)*+!

!" #"

,-./012/345!

6$!

78!

79!
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6$!
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#"!"



! ""!

4(+)! &$%9*l!8(.$+-%&8! 9,)!aJb!0-'()! *$(! +&&085*%,-! *$+*! *$(! L"! &*+*(! (-()42! 9,)!

B%,1+M+-*$%-!A+&!+/,B(!*$(!?$1!&!b2!&*+*(!+-'!*$(!.,))(&5,-'%-4!7(+M+-*$%-!&*+*(X&!

(-()42!A+&!/(1,A!*$(!?$1!&!b2!&*+*(;!!<-!*$%&!5%.*0)(6!*$(!.,-B()&%,-!,9!B%,1+M+-*$%-!

*,! 7(+M+-*$%-! A,01'! l*0)-! ,-l! :0(-.$%-4! ,9! *$(! ?$1!&! b2! &*+*(6! (M51+%-%-4!

7(+M+-*$%-X&! ),1(! %-! aJb;! ! Y+*()! '%)(.*! 8(+&0)(8(-*&! ,9! *$(! L"! &*+*(! (-()4%(&! ,9!

B%,1+M+-*$%-!+-'!7(+M+-*$%-!0-.,B()('!*$+*!L"!&*+*(!(-()4%(&!A()(!+/,B(!*$(!?$1!&!

b2!&*+*(! 9,)!/,*$!.+),*(-,%'&! %-!&,10*%,-!+-'! %-! *$(!YZ?<<!5),*(%-6! %-B+1%'+*%-4!*$(!

4(+)F&$%9*!8(.$+-%&8! 9,)! 7(+M+-*$%-! :0(-.$%-4;! ! <*! A+&! &0/&(:0(-*12! &$,A-! *$+*!

7(+M+-*$%-!',(&!%-'(('!51+2!+!'%)(.*!),1(!%-!?$1!+!(M.%*('F&*+*(!:0(-.$%-46"[6"V!/0*!%*!

$+&!&%-.(!/((-!5),5,&('! *$+*! *$(!(&&(-*%+1! 90-.*%,-!,9!7(+M+-*$%-! %-!aJb! %-B,1B(&!

*$(! 5),8,*%,-! ,9! .$+-4(&! %-! *$(! &*)0.*0)(! ,)! ,)4+-%7+*%,-! ,9! *$(! 1%4$*! $+)B(&*%-4!

.,851(M!*$+*!%&!9+B,)+/1(!9,)!:0(-.$%-4;!!?),9*&!"#%&';HU!&$,A!(B%'(-.(!9,)!+!.$+-4(!

%-!5),*(%-!&*)0.*0)(!%-!*$(!5)(&(-.(!,9!7(+M+-*$%-!*$+*!9+.%1%*+*(&!*$(!9,)8+*%,-!,9!+!

?$1!&!(M.%*,-!5+%)!A$%.$!*$(-!51+2&!+!),1(!%-!:0(-.$%-4;!#$%&!(M+851(!%110&*)+*(&!$,A!

*$(!.$+-4(!%-!&*)0.*0)(!,9!*$(!.+),*(-,%'!,)!&0)),0-'%-4!&*)0.*0)(!.+-!+99(.*!(-()42!

*)+-&9()!+-'!:0(-.$%-4!8(.$+-%&8&!+-'!$%4$1%4$*&!*$(!%85,)*+-.(!,9!.$),8,5$,)(F

5),*(%-!%-*()51+2;!

)8@8B(!+/0=72053(C02/+35+=5H7(I7,+;(+23(I+/-(4=+=7>(

#$(! )(&,-+-*! LH! &*+*(! %-! .+),*(-,%'&! %&! C-,A-! *,! $+B(! +! &$,)*! 1%9(*%8(! >

!! <"## !9&@!*$+*!'(.+2&!-,-F)+'%+*%B(12!*,!*$(!L"!&*+*(;!!](*A((-!*$(!LH!+-'!L"!&*+*(&!

(M%&*! ,-(! ,)! 8,)(! &*+*(&! *$+*! $+B(! /((-! 5)('%.*('! /2! *$(,)2H"! +-'! ,/&()B('! %-!

(M5()%8(-*;HHFH\!!#$(!5)(.%&(!*%8(&.+1(&!+-'!-+*0)(!,9!*$(&(!%-*()8('%+*(!&*+*(&!+)(!



! "H!

+!8+**()!,9!$,*!'(/+*(;! !?+1.01+*%,-&!%-B,1B%-4!!"#! "$ !%-*()-+1!.,-B()&%,-!)+*(&!,9!

.+),*(-,%'&!,9!B+)2%-4!1(-4*$&"H!+-'!&0/&(:0(-*!(M5()%8(-*&H`!&$,A('!*$+*!*$(&(!

)+*(&!',!-,*!9,11,A!*$(!(-()42!4+5!1+Ae!A$%1(!*$(!!"#! "$ !(-()42!4+5!%-.)(+&(&!A%*$!

%-.)(+&%-4! .,-304+*%,-! 1(-4*$6! *$(! LH! 1%9(*%8(&! '(.)(+&('! 9,)! 1,-4()! .+),*(-,%'&;!!

#$%&! +-,8+1,0&! /($+B%,)! /(.+8(! *$(! 4),0-'&! 9,)! *$(! 51+0&%/1(! (M%&*(-.(! ,9! +-!

%-*()8('%+*(! &*+*(!8('%+*%-4! *$(!!"#! "$ !%-*()-+1! .,-B()&%,-;! !P1*$,04$!+!-08/()!

,9! 9(8*,&(.,-'! -,-1%-(+)! &5(.*),&.,5%.! &*0'%(&! $+B(! 5),B%'('! (B%'(-.(! 9,)! *$(!

(M%&*(-.(! ,9! %-*()8('%+*(F(-()42! &*+*(&! /(*A((-! *$(! LH! +-'! L"! &*+*(&6! %*! %&! &*%11!

0-.1(+)! A$(*$()! &0.$! %-*()8('%+*(! &*+*(&! +)(! %-B,1B('! %-! !"#! "$ !%-*()-+1!

.,-B()&%,-;!

#$(! 9%&*! &5(.*),&.,5%.! (B%'(-.(! 9,)! +-! %-*()8('%+*(! &*+*(! 8('%+*%-4!!"#! "$ !
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Besides the well-defined bands in Fig. 1, survey of the recent lit-
erature reveals existence of additional transient spectral features
whose assignment is still a matter of debate. These bands have
been attributed either to the additional dark states, 1B!

u , 3A
!
g pre-

dicted earlier in calculations [7], or to states with so far undefined
symmetry, as for example the S* state [14,15]. Moreover, transient
bands assigned to hot vibrational bands have been also observed,
making the interpretation of the transient absorption spectra
vastly complicated. The most discussed issues, that form the core
of this Letter, are (1) mechanism of the S2–S1 relaxation that may
or may not involve dark intermediate states, and (2) the origin of
the S* state that has been proposed to be either separate electronic
excited state or a hot ground state populated by a nonlinear
process.

The motivation for this review Letter is to summarize and com-
ment on our knowledge about dark excited states of carotenoids in
a broad perspective from data gathered in numerous experimental
and theoretical studies in the past few years. While controversies
concerning the origin, lifetimes, energies, solvent dependence
and involvement of these states in excited-state dynamics still per-
sist, new theoretical approaches and application of sophisticated
methods of time-resolved spectroscopy (photon echo, quantum
control, femtosecond Raman spectroscopy, Kerr gate fluorescence,
pump–dump–probe) that recently entered into the field of carot-
enoid photophysics have shown a potential for disclosing the cur-
rently hidden details of excited-state processes in carotenoids.
Deeper insight into the complicated network of relaxation path-
ways and its dependence on environment is a key prerequisite
for understanding molecular mechanisms of light-harvesting and
protective functions of carotenoids in various biological systems.

2. Role of an intermediate state in the S2–S1 relaxation

More than a decade ago, it was established that the lifetime of
the S2 state is at the subpicosecond time scale. Since the S2 state
exhibits weak emission, fluorescence up-conversion measure-
ments set the S2 lifetime to 70–200 fs, depending on carotenoid
and solvent [16,17]. These values matched the lifetime expected
from measurements of the S2 emission quantum yields and radia-
tive lifetime calculated from the Strickler–Berg equation, but cal-
culations of the S2–S1 internal conversion rate from S2 emission
quantum yields for a series of spheroidene analogs showed that
the rates do not follow the energy gap law [18]. Further experi-
ments using fluorescence up-conversion and transient absorption
determined the S2 lifetimes for a number of carotenoids having
different conjugation lengths N, and confirmed the unexpected
N-dependence of the S2–S1 internal conversion rate. While the
S2–S1 energy gap increases with conjugation length (Fig. 2), the
S2 lifetime decreases for longer carotenoids, and the longest life-
time is observed for a carotenoid with effective conjugation
length2 N " 9 [19]. This anomalous N-dependence became the key
argument for existence of an intermediate state facilitating the
S2–S1 internal conversion.

Based on calculations, an obvious candidate for this intermedi-
ate state is the 1B!

u state. Its energy is strongly dependent on N, and
calculations by Tavan and Schulten [4] suggested that it should
drop below the S2 state for N " 9–10, matching nicely the N-depen-
dence of the S2 lifetime. Moreover, resonance Raman profiles mea-
sured for carotenoids with different conjugation lengths showed
features attributable to the 1B!

u state [7], because their N-depen-

dence matched those expected from calculations. Recent advances
in quantum chemistry calculations allowed verifying the original
calculations. A few new approaches, time-dependent density func-
tional theory [20,21], density matrix renormalization group [22],
and density functional theory/multireference configuration
interaction [23,24], appeared in the past 2 years. Although the
state-energy dependence on N and the actual energy of the vertical
transitions differ for the different calculations, they all confirmed
that the 1B!

u state indeed should be below the S2 state for poly-
enes/carotenoids with N > 9. The anomalous N-dependence of the
S2 lifetimes and predicted location of the 1B!

u state within the
S2–S1 gap initiated a number of experimental studies searching
for spectral signatures of the 1B!

u state.

2.1. Transient absorption data

The first assignment of transient absorption features to the 1B!
u

state was reported by Zhang et al. [25] who assigned bands in the
near-IR region (800–950 nm) of neurosporene as due to a transi-
tion from the 1B!

u state. It was concluded that the absorbing S2
state decayed in less than 70 fs to the 1B!

u state that further de-
cayed to the S1 state within 190–260 fs, depending on solvent. This
sequential scheme was further extended also to other carotenoids
with N = 9–13 [26] and even supported by fluorescence up-conver-
sion data from the same group [27]. A somewhat similar relaxation
scheme was proposed by Cerullo et al. [28] who used 15 fs pulses
to study excited-state processes in b-carotene. These authors also
assigned the transient absorption feature in the near-IR to a tran-
sition originating from an intermediate state denoted Sx. Their
argument was based on observation of the previously unknown
transient absorption band centered around 800 nm. They assigned
the 800 nm band to the 1Bþ

u state that decayed within "10 fs to
form the characteristic near-IR feature peaking at 1000 nm that
was attributed to the Sx state that the authors identified as the
1B!

u state. The model involving the Sx state was further extended
to a series of carotenoids with different conjugation lengths [29].

Although this model (denoted as Scheme 1 in Fig. 3) offered a
reasonable explanation of the anomalous N-dependence of the S2
lifetimes, it also had a serious problem. It assumed that the origin
of the ‘S2 emission’ is not the S2 state, but the 1B!

u state, because
the assigned 1B!

u lifetimes matched those obtained from fluores-
cence up-conversion experiments. This assignment of the emission
origin would require that the transition between the 1B!

u state and
the ground state, which is forbidden in the C2h point group

2 Effective conjugation length of a carotenoid with various functional groups is
estimated on the basis of comparison of its S1 lifetime with the lifetimes of
carotenoids with linear conjugated chain. e.g. b-Carotene has the effective conjuga-
tion length 10, because its S1 lifetime is comparable with the linear carotenoid
spheroidene that has 10 conjugated double bonds.

Fig. 2. Dependence of energies of carotenoid excited states on conjugation length.
The energies of the S1 state (open circles) were obtained from S1–S2 spectra [5], the
energies of the 1B!

u are based on resonance Raman profiles [7], and energies of the
S2 and Aþ

g states are obtained from absorption spectra. The dotted arrows denote
expected energies of the 1B!

u —1Aþ
g transition for N = 9 and 13.
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features of the complex with its spectroscopic properties and
attempting to rationalize its exceptionally high efficiency of
energy transfer between peridinin and Chl a.14-30
The photochemical behavior of carotenoids and long-chain

polyenes is dominated by the properties of the two lowest-lying
excited singlet states. Because the properties of these states in
low-symmetry, highly substituted polyenes can be understood
by reference to the corresponding states observed under rigorous
C2h symmetry, it is common to use the C2h symmetry labels for
reference.31-33 The lowest excited singlet state in long-chain
linear polyenes, S1, has 1Ag*--like symmetry and is optically
forbidden under one-photon selection rules because the closed
shell ground state has identical symmetry. The second excited
singlet state in these polyenes, S2, has 1Bu*+-like symmetry and
is strongly allowed under one-photon selection rules. This state
is responsible for the strong λmax absorption band observed in
carotenoids. The superscript “+” and “-” labels refer to the
configurational properties of the states with reference to the
addition or subtraction of component excitations.34 Minus states,
such as the 1Ag*- state, are described to a first approximation
in terms of the subtraction of two one-electron excitations.

Minus states are “covalent” in character, a reference to a valence
bond description involving a linear combination of bonding
structures that have small amounts of charge separation. In
contrast, “+” states are ionic in character and are described to
a first approximation in terms of the addition of two one-electron
excitations. Thus, “+” states are often intense because of the
additive properties of the participating configurations. Ionic
states are typically stabilized by a polar environment, whereas
covalent states are relatively unaffected by the polarity of the
polyene chain or environment.35 In many respects, the properties
of the excited states are determined more by the “ionic” (+)
versus “covalent” (-) properties than the symmetric (g) versus
unsymmetric (u) labels. The positions and dipolar properties of
both the1Ag*--like and 1Bu*+-like states are important because
the absorption properties are typically dominated by S2, whereas
the photochemical properties are dominated by S1.36 The
challenge is to assign the energetic and dipolar properties of
the S1 state, because it is optically forbidden. Although this state
can often be observed in fluorescence, and the properties
deduced from an analysis of the fluorescence lifetime and
emission profile, the emission takes place from a relaxed
excited-state geometry. The Franck-Condon properties of the
S1 state are therefore not well-established, and it is often not
possible to assign the location of the system origin. Finally,
recent investigations have suggested that longer polyenes and
carotenoids possess other electronic states, e.g., a 1Bu*--like
state, between S2 (11Bu*+ ) and S1 (21Ag*- ).37-40 One-photon
and two-photon absorption into 1Bu*- states is parity forbidden,
and in linear polyenes, the 1Bu*- state is spectroscopically silent
in both one and two photon spectroscopy. Birge and Pierce have
shown, however, that this state becomes two-photon allowed
when there are cis-linkages or polar groups in the polyene
chain.34

Peridinin is a highly substituted carotenoid associated with
the Peridiniales group of dinoflagellates.41-43 As shown above,
the molecule displays an atypical C37 carbon skeleton for
carotenoids and possesses an allene group and a lactone ring in
conjugation with the π-electron conjugated system.44 We have
labeled the carbon atoms along the polyene chain using a
simplified numbering scheme to facilitate discussion of the
conformers. Note that the carbonyl group of the lactone ring is
also part of the polyene conjugated network. These features, in
addition to epoxy and acetate functional group substitutions,
suggest no symmetry at all. Yet, the steady-state absorption and
fluorescence spectra of peridinin in nonpolar solvents are very
similar to those usually observed in carotenoids. Peridinin has
a strong absorption band in the visible region that shifts to lower
energy with increasing solvent polarizability.29 This behavior
identifies this band with the strong dipole-allowed 1Ag*- f
1Bu*+-like transition. The fluorescence spectrum of peridinin
is significantly red-shifted from its absorption spectrum indicat-
ing that the emission originates from a lower-lying singlet state,
which is consistent with a 1Ag*--like state.29,45 This observation
is typical of carotenoids and polyenes having more than three
but less than nine carbon-carbon double bonds.46 The dynamics
of the S1 state and the S1 f Sn transient absorption spectrum
of peridinin are not typical of carotenoids, however. Peridinin
exhibits a pronounced solvent dependence of its S1 f Sn

Figure 1. Structure of the pigments associated with one-third of the
trimeric minimal unit comprising the PCP complex is shown in A based
on PDB entry 1PPR (Hofmann, E.; Wrench, P. M.; Sharples, F. P.;
Hiller, R. G.; Welte, W.; Diederichs, K. Science 1996, 272, 1788). The
peridinin molecules are colored to reflect the pseudo 2-fold axis that
runs vertically through the center of the protein. The peridinin molecules
transfer energy to the Chl-a molecules shown in light green. Insert B
shows the structures of all of the peridinin molecules oriented for
maximal overlap in the polyene chain. A median structure of the
peridinin molecules within the crystal is shown in C and compared to
the lowest-energy vacuum structure based on density functional methods
[B3LYP/6-31G(d)] in D.
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the other peridinin molecules as discussed in Damjanovic et
al.21 Thus, the PER612 and PER622 sites optimize energy
transfer by increasing1Bu*+-like state population, as this state
is now the lowest excited singlet state.
The two-photon spectrum of PCP displays modest vibronic

structure, and some of the bands on the red edge of the excitation
profile may be associated with 1Ag*--like state contributions.
However, the polarization ratio data shown in Figure 5b
indicates that Ω is decreasing in the region of the first vibronic
band and suggests that all of the vibronic peaks in the TPE
spectrum of PCP are due to 1Bu*+-like state contributions. We
conclude that both the one-photon and two-photon profiles are
both dominated by the peridinin 1Bu*+-like states and that the
differences in vibronic band maxima reflect the four different
sites and differences in the electric fields within the protein.
Small changes in the ground and 1Bu*+-like excited-state dipole
moments due to protein binding site differences would be
sufficient to alter the vibronic profile of the two-photon
excitation spectrum.
The two-photon excitation spectra neither support nor con-

tradict our prediction that two of the peridinin molecules have
a blue-shifted, S1/S2 inverted excited-state manifold. We
therefore investigated this theoretical prediction by collecting
the spectrum of PCP in buffer/glycerol glass at 10 K and fitting
the overall spectrum to a linear combination of component
spectra. Individual spectra of Chl a and peridinin in 2-MTHF
solution at 10 K served as the component spectra, and we
assumed that only the two Chl a and eight peridinin molecules
contribute to the PCP spectrum above 375 nm. We allowed the
Chl a components to have any intensity but locked all of the
peridinin components to have the same intensity maximum. The
best fit is shown in Figure 9.
The fit of the component spectra to the observed PCP

spectrum is not perfect, but the general absorption profile is
unique and simulated to good precision. The fit requires that
the two Chl a spectra have different intensities, a result we
attribute to exciton coupling.25 However, the key observation
is the fact that the simulation predicts two peridinin molecules

(spectral origins marked with “1” in Figure 9) that are blue
shifted significantly relative to the other six, which are simulated
as pairs (spectral origins marked with “2” in Figure 9).
Our experimental and theoretical results are therefore con-

sistent with a model of two peridinin molecules that are blue-
shifted, and may have inverted excited singlet states. The
calculations suggest these two peridinin molecules occupy sites
612 and 622 within the PCP protein (Figure 1), and on the basis
of the previous theoretical studies of Damjanovic et al.,21 we
conclude that the primary biological function of these two
peridinin molecules is to transfer excitation energy to the other
six peridinin molecules.
Effect of Solvent Environment on Peridinin Conformation.

Changes in solvent environment have a significant impact on
the photophysical properties of peridinin.20,29,30,48 There are three
potential mechanisms that must be evaluated to properly
understand the role that solvent can play in mediating photo-
physics. First, the solvent can preferentially select conformers
that have different ground and excited state properties. Second,
the solvent can induce a reaction field that reorganizes the
electronic structure and alter the excited state level ordering or
mixing. Third, a solvent can couple directly with the solute and
alter the photophysical properties via covalent or ionic interac-
tions. All three of these interactions can be considered a logical
possibility for peridinin, and we will investigate all three in the
following sections.
Our first goal is to determine whether peridinin changes

conformation in response to changes in solvent environment.
We carried out a conformational search using MOPAC 2000
to find the lowest energy conformer in both vacuum and in
water. We selected water as the polar solvent because both
COSMO64 and MST65,66 methods have been parametrized for
water. We minimized all possible single bond isomers using
COSMO/AM1 methods, and used these results to search for
multi-s-cis conformers that might have lower energy. The lowest
energy conformers were then also examined by using density
functional methods (B3LYP) and a 6-31G(d) basis set. We
analyze the ground-state properties of the three lowest energy
conformers in Figure 10.
The conformation shown in Figure 10A is the all-trans

conformer which is identical to the conformation found in the
PCP binding sites (Figure 1). Density functional methods predict
that the all-trans conformer is the most stable in a vacuum,
whereas the semiempirical methods predict the 14-s-cis con-
former (Figure 10B) is slightly more stable (see below). The
all-trans conformer is calculated to have the highest polariz-
ability, which leads to the prediction that highly dispersive
solvents (such as CS2) will preferentially stabilize the all-trans
conformer. The 14-s-cis conformer shown in Figure 10B has a
comparable energy and may be populated in both polar and
nonpolar solvent environments (see discussion below). More
interestingly, we have found a multi-s-cis conformer that is
predicted by both AM1/COSMO and AM1/MST methods to
have a lower energy than the all-trans conformer in water (Figure
10C). This conformer has four s-cis bonds at atom positions 2,
6, 10, and 14 and is preferentially stabilized in polar media
because it has a smaller cavity but a larger dipole moment
(Figure 10). This conformer is predicted to be the most stable
conformer in water, and this prediction is true for AM1, PM3,
and PM5 Hamiltonians. The density functional calculations
predict that the all-trans conformer is 10 kcal/mol (42 kJ/mol)
lower in energy than the multi-cis conformer in a vacuum, and
this difference is significantly larger than the solvent stabilization
associated with the multi-cis geometry. Given the lack of

Figure 9. Analysis of the 10 K experimental absorption spectrum (solid
line) of the PCP complex in the Soret and peridinin absorption regions
by summation of the spectra of Chl (dashed/dotted) and peridinin (solid
line and dashed) components. The absorption spectrum of the PCP
complex taken in a buffer/glycerol glass at 10 K is seen in the figure
to be approximated by the summation of the arbitrarily shifted
absorption spectra of two Chl a species and eight peridinin molecules
taken in 2-MTHF at the same temperature. The peridinin spectra labeled
1 are based on a single peridinin molecule, whereas those labeled 2
represent two peridinin molecules assumed to have identical electronic
absorption spectra. The peak maxima in the Soret region of the two
Chl a molecules are 433 ( 1 nm and 439 ( 1 nm.
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of the C-C bonds of the polymethine chain29,30 (see eq 2) in
analogy with the isoelectronic retinal PSBs (see eq 1). Indeed,
the involvement of trans-cis isomerization in the S1 f S0
deactivation process is consistent with the dramatic fluorescence
enhancement obtained by dissolving the dye in viscous solvents,
chemical rigidization of the conjugated chain,31 or adsorbing
the dyes in inert surfaces.32,33
The challenge to synthetic chemists is to design cyanine dyes

where the radiationless trans-cis isomerization process is
“chemically” blocked. The first step in the quest for a solution
to this problem is the detailed understanding of the dye
deactivation path. In the results to be presented subsequently,
we report a computational study of the S1 reaction pathway and
dynamics for three unsubstituted streptocyanines with a three-,
five- and seven-unit polymethine chain in isolated conditions.
We shall compare this information with the results obtained on
the corresponding retinal PSB models that we have documented
previously at a similar level of theory.12,13 The trimethine
cyanine NH2-(CH)3-NH2+ is used as a model compound for
short-chain cyanines. The reaction pathway and dynamics for
this system will be compared with those of the pentadien-
imminium cation (C5H6NH2+), a “minimal” retinal PSB model.13
The penta- and heptamethine cyanines are used as models for
long polymethine cyanines, and the computational results are
compared with those obtained for the longer retinal PSB
models12 heptatrieniminium (C7H8NH2+) and nonatetraen-
iminium (C9H10NH2+) cations.
Our results indicate that, after evolution on the S1 energy

surface, all cyanines are ultimately delivered to S0 at a ca. 90°
twisted S1/S0 conical intersection. However, in contrast with
the analogous retinal PSB models, the intersection is not located
at the bottom of the S1 energy surface but rather near a fully
twisted excited S1 energy minimum that corresponds to a twisted
intramolecular charge transfer34 (TICT) state of the molecule.

Ab initio semiclassical trajectory calculations reveal that, after
partial equilibration of the TICT state, the photoexcited cyanine
decays to the ground state by populating skeletal asymmetric
stretching and NH wagging modes, which modifies the equi-
librium geometry toward the conical intersection structure.
In contrast to the differences in the potential energy surface

between cyanines and PSB in the region of the conical
intersection, the initial excited-state evolution (near the Franck-
Condon FC point) of the cyanine models considered in this work
can be described using the two-state two-mode model reported
for the retinal PSBs.12,13 A detailed analysis of the computed
path of the trimethine cyanine indicates that the structure of
the S1 potential energy surface corresponds to that shown Chart
2A. The initial relaxation out of the FC point occurs along a
barrierless path dominated by skeletal stretching, strongly
coupled with concurrent torsional deformations of the carbon
framework. A similar type of behavior was previously reported
for the short PSB model, C5H6NH2+ 13 (see Chart 2B). In the
PSB model, however, the coupling of the torsional motion does
not occur immediately. Rather, a couple of stretching oscillations
take place before the onset of the stretching-torsion mixing.
As shown in Chart 2B, this delayed mixing of stretching and
torsion is due to a change in the topological structure of the S1
energy surface which exhibits a “valley-like” rather than a
“ridge-like” curvature at the FC point. In contrast, the S1 reaction
coordinate computed for the longer penta- and heptamethine
cyanines suggests that the initial relaxation will be fully
dominated by the stretching mode and that the torsional mode
will be populated only after partial equilibration at a metastable
untwisted intermediate. Thus, the potential energy surface
structure given in Chart 2C shows that, for these longer
molecules, there is an extended valley-like shape along the
stretching coordinate which prevents a fast stretching-torsional
coupling. The situation is almost identical to that reported for
longer retinal models (C7H8NH2+ and C9H10NH2+).12b

As we will discuss below, the generalized model illustrated
in Chart 2 rationalizes the fact that cyanines with short
polymethine chains undergo a barrierless S1 relaxation while
longer chain cyanines decay via slower activated processes. We
will see that the surface given in Chart 2A provides a two-
dimensional analogue of the empirical model proposed for
explaining the behavior of 1,1!-diethyl-4,4!-cyanine in
solution.24,41-43 Similarly the potential energy surface of Chart
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intersection, the initial excited-state evolution (near the Franck-
Condon FC point) of the cyanine models considered in this work
can be described using the two-state two-mode model reported
for the retinal PSBs.12,13 A detailed analysis of the computed
path of the trimethine cyanine indicates that the structure of
the S1 potential energy surface corresponds to that shown Chart
2A. The initial relaxation out of the FC point occurs along a
barrierless path dominated by skeletal stretching, strongly
coupled with concurrent torsional deformations of the carbon
framework. A similar type of behavior was previously reported
for the short PSB model, C5H6NH2+ 13 (see Chart 2B). In the
PSB model, however, the coupling of the torsional motion does
not occur immediately. Rather, a couple of stretching oscillations
take place before the onset of the stretching-torsion mixing.
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torsion is due to a change in the topological structure of the S1
energy surface which exhibits a “valley-like” rather than a
“ridge-like” curvature at the FC point. In contrast, the S1 reaction
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cyanines suggests that the initial relaxation will be fully
dominated by the stretching mode and that the torsional mode
will be populated only after partial equilibration at a metastable
untwisted intermediate. Thus, the potential energy surface
structure given in Chart 2C shows that, for these longer
molecules, there is an extended valley-like shape along the
stretching coordinate which prevents a fast stretching-torsional
coupling. The situation is almost identical to that reported for
longer retinal models (C7H8NH2+ and C9H10NH2+).12b

As we will discuss below, the generalized model illustrated
in Chart 2 rationalizes the fact that cyanines with short
polymethine chains undergo a barrierless S1 relaxation while
longer chain cyanines decay via slower activated processes. We
will see that the surface given in Chart 2A provides a two-
dimensional analogue of the empirical model proposed for
explaining the behavior of 1,1!-diethyl-4,4!-cyanine in
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the isomerization reaction coordinate (process 1 of Chart 3a) is
followed by an internal conversion S1 f S0 from the perpen-
dicular minimum41 (process 2 of Chart 3a). The monoexponen-
tial decay measured at long wavelength has been attributed to
this internal conversion. In comparison with the ultrafast
disappearance of the excited population in bacteriorhodopsin11
(500 fs), the internal conversion S1 f S0 in 1144-C is
significantly slower (4.5-12 ps). This slow process, in turn,
allows the detection of the rise time of the fluorescence.
The computed potential energy surface topology in the FC

region coupled with the results with ab initio semiclassical

dynamics computations near the region of the TICT minimum
provides a tentatiVe rationalization for these experimental results.
We have demonstrated that the first relaxation process on S1 is
barrierless (see Chart 2A and Figures 2 and 3) and corresponds
to skeletal stretching coupled with torsion. This feature can be
related to the fluorescence decay at short detection waVelengths
(region close to the FC). Thus, a part of the population remains
near the FC region long enough to be observed. From our results
it is clear that the reaction path to the TICT minimum breaks
symmetry twice, so one may have a slow IVR with consequent
increased lifetime in the high-energy region. We can speculate

Figure 8. S1 and S0 probabilities in the hopping region of the trajectory.
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tial decay measured at long wavelength has been attributed to
this internal conversion. In comparison with the ultrafast
disappearance of the excited population in bacteriorhodopsin11
(500 fs), the internal conversion S1 f S0 in 1144-C is
significantly slower (4.5-12 ps). This slow process, in turn,
allows the detection of the rise time of the fluorescence.
The computed potential energy surface topology in the FC

region coupled with the results with ab initio semiclassical

dynamics computations near the region of the TICT minimum
provides a tentatiVe rationalization for these experimental results.
We have demonstrated that the first relaxation process on S1 is
barrierless (see Chart 2A and Figures 2 and 3) and corresponds
to skeletal stretching coupled with torsion. This feature can be
related to the fluorescence decay at short detection waVelengths
(region close to the FC). Thus, a part of the population remains
near the FC region long enough to be observed. From our results
it is clear that the reaction path to the TICT minimum breaks
symmetry twice, so one may have a slow IVR with consequent
increased lifetime in the high-energy region. We can speculate

Figure 8. S1 and S0 probabilities in the hopping region of the trajectory.
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0&(!.2+-%-(!=!+&!+!5),/(!9,)!-,-5,1+)!&,1B+*%,-!%-!/01C!A+*()!+-'!%-!*$(!$2')+*%,-!

&$(11!,9!D-<<E&0/&*%*0*('!.2*,.$),8(!!!>D-?2*.@;!
! !



! I=!

!"#$%&'(@(

!
C02A0E+/(40EH+=502(+23(&Q,5=73D4=+=7(%0/>502+E(I;2+:5,>(
06(=<7(!;+2527(I;7(!;J(52(R+=7/(

@89( 41::+/;(

#$(! -,-5,1+)! &,1B+*%,-! )(&5,-&(! ,9! /01C! A+*()! +-'! (M.%*('F+-'! 4),0-'F&*+*(!

B%/)+*%,-+1! '2-+8%.&! ,9! *$(! &288(*)%.! %-',1(.2+-%-(! '2(! .2+-%-(! =! >?2=@! A()(!

&*0'%('!0&%-4!801*%51(!-,-1%-(+)!,5*%.+1!*(.$-%:0(&;!!#$)((F501&(!5$,*,-!(.$,!5(+CF

&$%9*! >IJKJL@! (M5()%8(-*&! 8(+&0)('! *$(! -,-5,1+)! )(&5,-&(! ,9! /01C! A+*()!

&0)),0-'%-4!?2=;! !#$%&!)(&5,-&(!.,-&%&*('!,9!+! 1+)4(!+851%*0'(6!q+0&&%+-!5$,-,-F

%-'0.('! .,85,-(-*! > ! ! !" !9&@! +-'! +! )(1+*%B(12! &8+116! (M5,-(-*%+1! '%990&%B(!

.,85,-(-*! ,-! *$(! VUU!9&! *%8(&.+1(;! ! J085E5),/(! 8(+&0)(8(-*&! ,9! *$(! 50)(!

&*%801+*('!(8%&&%,-!>LK@!)(4%,-!,9!?2=!%-!A+*()6!.,))(&5,-'%-4!*,!*$(!50)(!(M.%*('F

&*+*(! 5,501+*%,-6! &$,A! &*),-412! 8,'01+*('! B%/)+*%,-+1! .,$()(-.(! &%4-+1&! *$+*!

(M$%/%*!0-0&0+112!9+&*!'+85%-4;!!Q(4(-()+*(!*)+-&%(-*!4)+*%-4!8(+&0)(8(-*&!%-!*$(!

5$,*,/1(+.$%-4! i! &*%801+*('! (8%&&%,-! > !"#$%& @! )(4%,-! &$,A! 1(&&! &*),-412F

8,'01+*('!B%/)+*%,-+1!.,$()(-.(!&%4-+1&!A%*$!&%4-%9%.+-*12!1,-4()!'+85%-4!*%8(&;!

#$(! 0-0&0+112! 9+&*! '+85%-4! ,9! *$%&! (M.%*('F&*+*(! *,)&%,-+1! A+B(5+.C(*!8,*%,-!

A+&!+**)%/0*('!*,!.,$()(-*!/+))%()!.),&&%-4!,9!+!*)+-&%*%,-!&*+*(!*,A+)'!+!l*A%&*('F

8%-%808l! .,-9,)8+*%,-! %-! +..,)'+-.(! *,! *$(! *A,F&*+*(! *A,F8,'(! 5%.*0)(!

5)(&(-*('!/2!G1%B0..%;"! ! <-! +''%*%,-6!5,501+*%,-!'(.+2&!B%&%/1(! %-! *$(!5085E5),/(!

+-'! *)+-&%(-*F4)+*%-4! &%4-+1&! +)(! .,-&%&*(-*! A%*$! *$(! *%8(&.+1(&! 9,)! '%990&%B(!

-,-5,1+)! &,1B+*%,-! +&!8(+&0)('!/2!IJKJL! &5(.*),&.,52;! ! #$%&! &044(&*&! *$+*! *$()(!



! I\!

+)(!*A,!*%8(&.+1(&!9,)!*A%&*%-4!%-!*$%&!%-*()8('%+*(F1(-4*$!.2+-%-(_!.,$()(-*!/+))%()!

.),&&%-4! +1,-4! *,)&%,-+1!8,'(&6! +-'! '%990&%B(! /+))%()! .),&&%-4! *$+*! +55(+)&! *,! /(!

+99(.*('!/2!&,1B(-*!B%&.,&%*2;!
! !



! I`!

@8)( S2=/031,=502(

#$(! &*)0.*0)+1! .$+)+.*()%&*%.&! ,9! .2+-%-(&! %-.10'(! +! .,-304+*('! 5,128(*$%-(!

.$+%-!A%*$!+8%-,!(-'!4),05&;!!R%40)(!H;"!&$,A&!&,8(!)(5)(&(-*+*%B(!.2+-%-(&!A%*$!

B+)2%-4! 5,128(*$%-(! .$+%-! 1%-C&;! ! ?2+-%-(! '2(&! $+B(! /((-! A%'(12! (851,2('! +&!

5),/(&!%-!8%.),&.,5%.!%8+4%-46`HF`N!%-!&%-41(!8,1(.01(!910,)(&.(-.(!&*0'%(&6!`=!+-'!

(B(-! +&! &(-&%*%7()&! %-! '2(F&(-&%*%7('! &,1+)! .(11&;`\6``! ! P! '%&*%-.*%B(! +&5(.*! ,9! *$(!

5$,*,5$2&%.&!+-'!5$,*,.$(8%&*)2!,9!.2+-%-(&! %&! *$(%)! *(-'(-.2!*,!5$,*,%&,8()%7(6!

A$%.$! $(15&! (M51+%-! &,8(! ,9! *$(%)! .$+)+.*()%&*%.&! &0.$! +&! B%&.,&%*2F'(5(-'(-*!

910,)(&.(-.(! 2%(1'&`[F["! +-'! &%-41(F8,1(.01(! 910,)(&.(-.(! /1%-C%-4;`=! ! L$,)*!

.2+-%-(&! &0.$! +&! ""NNF?! $+B(! /((-! (M51,%*('! +&! 8,'(1! &2&*(8&! 9,)! *$(! &*0'2! ,9!

#4&8*E!)*!5$,*,.$(8%&*)2!%-!5,12(-(&;[HF[[!!#$%&!A,)C!5)(&(-*('!%-!*$%&!'%&&()*+*%,-!

5),B%'(&! +! '%)(.*! B%(A! ,9! *$(! -+*0)(! ,9! *$(! *)+-&%*%,-F&*+*(!8,*%,-&! +-'! 5,&&%/1(!

.$+-4(&! ,9! &5%-! &*+*(! *$+*! ,..0)! %-! 1,-4()! 5,12(-(&! ,-! *$(! A+2! *,!

5$,*,%&,8()%7+*%,-! /2! .$+)+.*()%7%-4! *$(! (M.%*('F&*+*(! B%/)+*%,-+1! .,$()(-.(! +-'!

'2-+8%.!-,-5,1+)!&,1B+*%,-!,9!*$(!&288(*)%.+16!A+*()F&,10/1(!*)%.+)/,.2+-%-(!'2(6!

.2+-%-(!=! >?2=@! >&((!R%40)(!H;"_! &*)0.*0)(&@;! !P! .,85+)%&,-!,9! *$(!R)+-.CE?,-',-!

>R?@!+-'!*)+-&%*%,-F&*+*(!B%/)+*%,-+1!8,*%,-&! %-!?2=!5),B%'(!(M5()%8(-*+1!&055,)*!

9,)! *$(! 9%)&*! *%8(! 9,)! *$(! *A,F&*+*(! *A,F8,'(! 5+*$A+2! &044(&*('! /2! G1%B0..%! +-'!

.,A,)C()&6"! *$+*! 1,-4()! 5,12(-(&! %-%*%+112! 5,501+*(! +! 51+-+)! &*)0.*0)(! 5)%,)! *,!

+.*%B+*%-4!*,)&%,-+1!8,*%,-&!-(+)!*$(!*)+-&%*%,-!&*+*(;!



! I[!

!
?5.1/7(@8);!!L*)0.*0)(&!,9!*25%.+1!.2+-%-(!'2(&!A%*$!B+)2%-4!.,-304+*%,-!1(-4*$&;!

#$(!.,-&(-&0&!B%(A!%&!*$+*!*$(!L"F&*+*(!>! ! !!@!5,*(-*%+1!&0)9+.(!9,)!.,-304+*('!

5,12(-(&! &0.$! +&! ?2=! %-.10'(&! +! .,-%.+1! %-*()&(.*%,-! >?<@! -(+)! %*&!8%-%8086! 9),8!

A$%.$! #4&8*E!)*! %&,8()%7+*%,-! +-'! 5,&&%/12! &%-41(*! *,! *)%51(*! &5%-! .,-B()&%,-[VFV"!

,..0)&! >&((! R%40)(!H;H@;! ! <-! *$%&! 5%.*0)(6! A$%.$! $+&! /((-! A%'(12! *(&*('! %-!

.,850*+*%,-+1VHFVN! +-'! (M5()%8(-*+1[HF[[! &*0'%(&! ,9! .2+-%-(! 5$,*,5$2&%.&6!

5),4)(&&!,9! *$(!(M.%*('F&*+*(!&*)0.*0)(! *,A+)'!*$(!?<! %&! %-.)(+&%-412!$%-'()('!/2!+!

/+))%()!*$+*!'%B%'(&!*$(!L"!&0)9+.(!/(*A((-!*$(!R?!&*)0.*0)(!+-'!*$(!?<!+&!*$(!1(-4*$!

,9!*$(!.,-304+*('!5,128(*$%-(!.$+%-!%-.)(+&(&;!

N+ NEt Et

N+ N
R R

N+

R
N

R

N+ N

CH3
H3C

CH3
CH3

(CH2)4SO2O– (CH2)4SO2O–

1144-C

Cy3

Cy5

HDITCP



! IV!

!
?5.1/7(@8@;! L.$(8+*%.! 5,*(-*%+1! (-()42! &.$(8(! 9,)! .2+-%-(! =! +9*()! ,5*%.+1!
5)(5+)+*%,-!,9! *$(!L"! &*+*(;! !P! *)+-&%*%,-!&*+*(! >y@!8+)C&! *$(! %-*()&(.*%,-!/(*A((-!
*$(! 51+-+)! 8%-%808! -(+)! *$(! R)+-.CE?,-',-! >R?@! 4(,8(*)26! +-'! *$(! *,)&%,-+1!
.,,)'%-+*(&! 1(+'%-4! *,!+! *A%&*('!8%-%808!-(+)! *$(!.,-%.+1! %-*()&(.*%,-!>?<@;!P9*()!
G1%B0..%!"#%&';"!

k5,-! 5$,*,(M.%*+*%,-6! *$(! &$,)*(&*! .2+-%-(&! +)(! *$,04$*! *,! (B,1B(! +1,-4! &*),-412!

.,051('! &*)(*.$%-4! 8,'(&! +-'! *,)&%,-! 8,*%,-&! ,-! +! /+))%()1(&&! ,)! 1,A! /+))%()[`!

*)+3(.*,)2! *,A+)'! +! ?<! *$+*! &0/&(:0(-*12! 5,501+*(&! *$(! %-%*%+1! R?! &*+*(! ,)! *$(! !)*!

5),'0.*!,-!+-!(M*)(8(12!&$,)*!*%8(&.+1(!>x!=U!9&@;V=FV[!!?,-&%'()+/1(!(99,)*!*,!+99(.*!

*$(! )(1+*%B(! 2%(1'&! ,9! *$(! !)*! +-'! #4&8*! %&,8()&! %-! .2+-%-(&! $+B(! /((-! +551%('! %-!

.,$()(-*! .,-*),1! (M5()%8(-*&VV6"UU! A%*$! *$(! &055,)*%-4! *$(,)2;"U"6"UH! ! #$(!

5$,*,5$2&%.&! ,9! 1,-4()! .2+-%-(&6! $,A(B()6! +)(! -,*! +&! A(11! &*0'%('6! /0*! +! C(2!

'%99()(-.(!/(*A((-!*$(!5,*(-*%+1!&0)9+.(&!9,)!*$(!8,-,8(*$%-(!.2+-%-(&!+-'!1,-4()!

Reaction Coordinate

Po
te

nt
ia

l E
ne

rg
y

S0

S1

CI

FC

h!

trans cis

‡planar
twisted

Sn

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

!,*+$' -#$'

!"!



! NU!

.2+-%-(&!%&!*$+*!*$(!*,)&%,-&!+)(!0-.,051('!9),8!*$(!R?!8,*%,-&!%-!1,-4()!5,12(-(&;"!!

R,)! *$(&(! 1,-4()!5,12(-(&6! *$(!G1%B0..%!5%.*0)(!+-*%.%5+*(&!+!/+))%()! *$+*!&(5+)+*(&!

*$(! R?! 8,'(&! 9),8! *,)&%,-&6! +-'! dQ! &%801+*%,-&! +.*0+112! &044(&*! *$+*! *$(!

B%/)+*%,-+112!'%&51+.('!&*)0.*0)(!%-!*$(!R?!)(4%,-!0-'()4,(&!&(B()+1!B%/)+*%,-&!5)%,)!

*,!)('%&*)%/0*%-4!(-()42!*,!*$(!*,)&%,-&!*$+*!&0/&(:0(-*12!*+C(!*$(!5,12(-(!*,!*$(!?<!

)(4%,-!,-!*$(!5,*(-*%+1!(-()42!&0)9+.(;!!#$%&!*A,F&*+*(!*A,F8,'(!5%.*0)(!%&!0&('!*,!

+..,0-*!9,)!*$(!5$,*,.$(8%&*)2!,9!*$(!)(*%-+1!5%48(-*!%-!/+.*()%,)$,',5&%-"UI!+-'!

)$,',5&%-=`!A$%.$!+)(!*$,04$*!*,!0-'()4,!01*)+9+&*!%&,8()%7+*%,-!+&!*$(!9%)&*!&*(5!%-!

B%&%,-;!

L055,&%-4!*$(!.$+)+.*()!,9!*$(!R?!+-'!*)+-&%*%,-!&*+*(!+.*%B(!8,'(&!+)(!'%99()(-*!

&044(&*&!+!'%99()(-*!+.*%,-!,9!*$(!&0)),0-'%-4!&,1B(-*!%-!*$(!*A,!&*+4(&!,9!'2-+8%.&;!!

#$(!R?F+.*%B(!8,*%,-&! +)(!5)(',8%-+-*12! %-F51+-(!8,*%,-&! *$+*!8%4$*!-,*! (M$%/%*!

&*),-4! &,1B(-*FB%&.,&%*2! (99(.*&[H6[I6[\6"UNF"U\! +-'! &$,01'! 4%B(! )%&(! *,! 5),85*! )('F

&$%9*%-4! %-! *)+-&%(-*! &5(.*)+;! ! <-! .,-*)+&*6! *$(! *)+-&%*%,-! &*+*(!8,*%,-&! +)(! ,0*F,9F

51+-(!%-!.$+)+.*()6!&,!*$(2!&$,01'!/(!&*),-412!1%8%*('!/2!&,1B(-*!B%&.,&%*26!+-'!*$0&!

*$(!*%8(&.+1(&!,9!-,-5,1+)!&,1B+*%,-;!!<-!,)'()!*,!+'')(&&!*$(&(!%&&0(&6!A(!0&(!?2=!+&!

+! 5),/(! 9,)! -,-5,1+)! &,1B+*%,-;! ! ?2=! %&! +B+%1+/1(! .,88().%+112! >qK! Z(+1*$.+)(!

JPH=UU"@! A%*$! +! T"U! v! *(*$()! *()8%-+*('! (%*$()! A%*$! +! aF$2'),M2&0..%'%8%'21!

>aZL@! (&*()! 9,)! 1%-C+4(! *,! +8%-(&6! ,)! +! 8+1(%8%'(! 4),05! 9,)! 1%-C+4(! *,! .2&*(%-(!

)(&%'0(&;!!#$%&!1%-C()!A,01'!(-+/1(!*(*$()%-4!*,!+!5),*(%-!&0.$!*$+*!*$(!'2(!8,1(.01(!

A,01'!)(&%'(!A%*$%-!*$(!$2')+*%,-!&5$()(!,9!*$(!8,1(.01(;!!#$(!(1(.*),-%.!&*)0.*0)(!

,9! *$(! ?2=! .$),8,5$,)(! %&! .,85+)+/1(! *,! *$+*! ,9! *$(! &*)0.*0)+112! )(1+*('! .2+-%-(!

'2(&! <m"H=! +-'! ZQ<#?J6! A$%.$! $+B(! /((-! '%&.0&&('! +&! -,-5,1+)! 5),/(&! 9,)!



! N"!

&,1B+*,.$),8%&8! +-'! -,-5,1+)! &,1B+*%,-! '2-+8%.&! /2! z,-+&! +-'! .,FA,)C()&;"U`!!

#A,! )(&,-+-.(! &*)0.*0)(&! 1%C(! *$(! ,-(! &$,A-! %-! R%40)(!H;"6! (+.$! A%*$! +! 9,)8+1!

5,&%*%B(! .$+)4(! ,-! ,-(! ,9! *$(! %-',1(! -%*),4(-! +*,8&! +*! *$(! (-'! ,9! *$(! .,-304+*('!

5,128(*$%-(! .$+%-! +-'! +! 8%)),)! %8+4(! ,9! *$(! ,*$()6! .,-*)%/0*(! (:0+112! *,! *$(!

+B()+4(! &*)0.*0)(! ,9! ?2=;! ! #$(! ;F(1(.*),-! '(-&%*2! +-'! .$+)4(! +)(! (M*(-&%B(12!

'(1,.+1%7('! ,B()! *$(! 9011! 1(-4*$! ,9! *$(! .,-304+*('! )(4%,-e! *$(!! ! !! !*)+-&%*%,-!

)(&01*&!%-!+!&288(*)%.+1!.$+-4(!%-!(1(.*),-!'(-&%*2!A%*$!)(&5(.*!*,!*$(!8%)),)!51+-(6!

&,! +! -(41%4%/1(! .$+-4(! %-! '%5,1(! 8,8(-*! ,..0)&;! ! #$(! -,-5,1+)! +&&%4-8(-*! %&!

&055,)*('!/2!+!.,850*+*%,-+1!&*0'2!,9! )(1+*('! %-',.2+-%-(!'2(&! %-!.,85+)%&,-! *,!

*$(!8(+&0)('!1%-(+)!1%-(F&$+5(&;"U=!!#$0&6!*$(!*%8(F%-*(4)+*('!&$%9*!*,!*$(!)('!,9!*$(!

.,-*%-0,0&FA+B(! 910,)(&.(-.(! &5(.*)08!A%*$! )(&5(.*! *,! *$(! +/&,)5*%,-! &5(.*)08!

+)%&(&! %-! ?2=! 5)%8+)%12! 9),8! +! -,-5,1+)! 8(.$+-%&8e! 0&%-4! *$(! .,-*%-008!

B%&.,(1+&*%.!*$(,)2!+'B+-.('!/2!]()46`"!*$(!&$%9*!%&!*)(+*('!%-!*()8&!,9!*$(!.$+-4(!%-!

&,10*(!&%7(!,)!&$+5(!*$+*!+..,85+-%(&!*$(!,5*%.+1!(M.%*+*%,-!+-'!*$(!5$,-,-F%-'0.('!

+-'!&*)0.*0)+1!)(&5,-&(&!,9!*$(!&0)),0-'%-4!&,1B(-*!.+B%*2;!

@8@( &QA7/5:72=+E(

@8@8)( 4+:AE7( $/7A+/+=5028! ! ?2=! &,10*%,-&! %-! A+*()! A()(! 5)(5+)('! 0&%-4! *$(!

&019,-+*('! +8%-(! 8,-,)(+.*%B(! aZL! (&*()! ,9! ?2=! >qK! Z(+1*$.+)(6! JPH=UU"@! +*!

5Z!`;U!%-!*$(!H=!8d!&,'%08!5$,&5$+*(!/099()!&,10*%,-e!*$(!aZL!(&*()!$2'),127(&!*,!

2%(1'! +! .+)/,M21+*(! +*! *$(! (-'! ,9! *$(! *(*$()! +9*()! 5),1,-4('! (M5,&0)(! %-! +:0(,0&!

&,10*%,-! +&! &$,A-! %-! R%40)(!H;I;! ! R,)! 0&(! %-! *$(! 9(8*,&(.,-'! 5085E5),/(!

(M5()%8(-*&6! &,10*%,-&! ,9! ?2=! %-! A+*()! A()(! 5)(5+)('! /2! '%10*%-4! .,-.(-*)+*('!



! NH!

&,10*%,-&!*,!,/*+%-!+-!+/&,)/+-.(!,9!U;I!9,)!+!5+*$!1(-4*$!,9!";U!88!+*!*$(!.(-*()!,9!

*$(! 1+&()!&5(.*)08!+*!\\=!-8;! !#$(!&+851(&!A()(!$(1'! %-! *$(! 9(8*,&(.,-'!5085E

5),/(! &5(.*),8(*()! +*! ),,8! *(85()+*0)(! >HI!u?@! %-! +! &*%))('! 90&('F&%1%.+! .0B(**(!

>";UF88! 5+*$! 1(-4*$@;! ! #$(! &+851(X&! +/&,)5*%,-! &5(.*)08! A+&! 8,-%*,)('! 9,)!

.$+-4(&!+)%&%-4!9),8!5$,*,.$(8%&*)2!,)!5()8+-(-*!5$,*,/1(+.$%-4;!

!
?5.1/7(@8B;! #$(! $2'),12&%&! )(+.*%,-! *$+*! ,..0)&! A%*$! *$(! .2+-%-(! =!
aF$2'),M2&0..%-%8%'21!(&*()!%-!A+*();!

@8@8@(T527+/(4A7,=/0>,0A;8!!P/&,)5*%,-!&5(.*)+!A()(!+.:0%)('!A%*$!+!Z%*+.$%!kF

NUU"! &5(.*),5$,*,8(*()! >H!-8! /+-'5+&&@;! ! R10,)(&.(-.(! &5(.*)+! A()(! ,/*+%-('!

0&%-4!+!$,8(F/0%1*!910,)(&.(-.(!&5(.*),8(*()!.,-&%&*%-4!,9!+!z,/%-F{B,-!PZ"U!"UU!

^! *0-4&*(-F$+1,4(-! 1%4$*! &,0).(6! +! z,/%-F{B,-! Z"U! (M.%*+*%,-! 8,-,.$),8+*,)!

N+ N

O

O N

O

O

Cl–

SO3––O3S

N+ N

O

OH

Cl–

SO3––O3S

Hydrolysis

N

O

O

+ HO

+ H2O



! NI!

>N!-8! /+-'5+&&@6! +-! P.*,-! m(&(+).$! LJF"=U! (8%&&%,-! &5(.*),4)+5$! >H!-8!

/+-'5+&&@6! +-'! +! z,/%-F{B,-! L285$,-2! ??Q! '(*(.*,);! ! #$(! &5+*%+112! %-*(4)+*('!

5,A()! ,9! *$(! (M.%*+*%,-! /(+86! +&! (&*%8+*('! 0&%-4! +! ?,$()(-*! R%(1'8+&*()! 5,A()!

8(*()! +-'! +&&,.%+*('! &%1%.,-! 5$,*,'%,'(! '(*(.*,)6! A+&! ""!r^! +*! =HH;V!-8;!!

R10,)(&.(-.(! (8%&&%,-! &5(.*)+!A()(! +.:0%)('! +&! *$(! +B()+4(!,9! *A(-*2!\UF&(.,-'!

(M5,&0)(&!,9!*$(!??Q!'(*(.*,);!!#$(!??Q!'(*(.*,)!(851,2&!+!1%:0%'!-%*),4(-!.,,1('6!
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+-'! 910,)(&.(-.(! >)('@! &5(.*)+! ,9! ?2=! %-! A+*()! &05()%85,&('! A%*$! *$(! 1+&()!

(M.%*+*%,-!&5(.*)08!>&,1%'!/1+.C@;!!#$(!(M.%*+*%,-!&5(.*)08!A+&!.$,&(-!*,!$%*!1,A!,-!

*$(! B%/),-%.! 8+-%9,1'! >-(+)! *$(! UEU! B%/),-%.! *)+-&%*%,-@! *,! 8%-%8%7(! +-2!

.,-*)%/0*%,-&!9),8!B%/)+*%,-+1!)(1+M+*%,-;!!#$(!&5(.*)+!.+-!/(!8,'(1('!/2!+!&08!,9!

B%/),-%.+112!'%&51+.('!>T"HUU!.8E"@!1,4-,)8+1!1%-(&$+5(&!A%*$!+!9011!A%'*$!+*!$+19F

8+M%808! >R^Zd@! ,9! T`[U!.8E";! ! #$(! ',**('! /1+.C! 1%-(! %-! R%40)(!H;V! &$,A&! *$(!

8%)),)!)(91(.*%,-!+),0-'!*$(!UEU!A+B(-08/();!!#$(!%-.)(+&('!91,)(&.(-.(!%-*(-&%*2!

*,! *$(! )('! &044(&*&! &*)0.*0)+1! '%&51+.(8(-*! ,9! *$(! (8%**%-4! &*+*(6! 5,&&%/12! +1,-4!

*,)&%,-+1!.,,)'%-+*(&;!!
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!
?5.1/7(@8P;!!m,,8F*(85()+*0)(!+/&,)5*%,-!>/10(@!+-'!910,)(&.(-.(!>)('@!&5(.*)+!,9!
?2+-%-(! =! %-!A+*();! L05()%85,&('! %&! *$(! ,0*50*! &5(.*)08!,9! *$(! NU!9&!GJP! &%4-+1!
/(+8!>\\=F-8!.(-*()!A+B(1(-4*$6! &,1%'!/1+.C! 1%-(@6! +&! *0-('! 9,)! *$(!5085E5),/(6!
*)+-&%(-*F4)+*%-46! +-'! *$)((F501&(! 5$,*,-! (.$,! 5(+CF&$%9*! >IJKJL@! (M5()%8(-*&;!!
#$(!/1+.C!',**('!1%-(!.,))(&5,-'&!*,!+!8%)),)!)(91(.*%,-!,9!*$(!+/&,)5*%,-!&5(.*)08!
+),0-'!*$(!UEU!B%/),-%.!A+B(-08/();!

@8B8@( $1:AU!02=5211:( A/0V7( >A7,=/0>,0A;;! ! #%8(! )(&,1B('! 5085E5),/(!

&5(.*)+! &$,A-! %-! R%40)(!H;"U! &$,A! .,-*)%/0*%,-&! 9),8! (M.%*('F&*+*(! 8,*%,-! +-'!

-,-5,1+)! &,1B+*%,-;! ! #$(! J]! 5+-(1! &$,A&! +! 5$,*,/1(+.$%-4! &5(.*)086! (&*%8+*('!

9),8!*$(!5),'0.*!,9!*$(!1+&()!&5(.*)08!+-'!4),0-'!&*+*(!+/&,)5*%,-!&5(.*)08;!!J]!

+-'!LK!&%4-+1&!+)(!5,&%*%B(12!&%4-('!)(91(.*%-4!+-!%-.)(+&(!%-!*)+-&8%**+-.(6!+-'!KLP!

&%4-+1&!+)(!-(4+*%B(12!&%4-('!)(91(.*%-4!+!'(.)(+&(!%-!*)+-&8%**+-.(;!!#$(!(+)12F*%8(!

&5(.*)+! &$,A!!"#$%& !.$+)+.*()! A(11! ,0*&%'(! ,9! *$(! $,1(F/0)-%-4! J]! )(4%,-! >*,5!

5+-(1! R%40)(!H;"U@6! &044(&*%-4! *$(! $,8,4(-(,0&! 1%-(! A%'*$! &5+-&! *$(! +/&,)5*%,-!

&5(.*)08;! ! #$(! (+)1%(&*F*%8(! &5(.*)08! >R%40)(!H;"U6! EHU!9&@! &$,A&! +! )(1+*%B(12!

8%)),)F&288(*)%.!&%4-+1!+),0-'!*$(!UEU!B%/),-%.!5,&%*%,-!.,))(&5,-'%-4!*,!*$(!&08!

,9!*$(!5$,*,/1(+.$%-4!+-'!&*%801+*('!(8%&&%,-!>+/&,)5*%,-!+-'!(8%&&%,-@!&5(.*)+;!
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?5.1/7(@8)9;! !#%8(F)(&,1B('!5085E.,-*%-008F5),/(!&5(.*)+!9),8!.2+-%-(!=!>?2=@!
%-! A+*()! +*! &(1(.*('! 5085E5),/(! '(1+2! *%8(&! =;! #$(! *,5! 5+-(1! >J]@! &$,A&! *$(!
%-&*+-*+-(,0&! 5$,*,/1(+.$%-4! &5(.*)086!A$%.$! %&! (&*%8+*('! +&! *$(! 5),'0.*! ,9! *$(!
1+&()!&5(.*)08!+-'!*$(!+/&,)5*%,-!&5(.*)08!,9!?2=!%-!A+*()!>&((!R%40)(!H;V@;!

]2! U!9&! *$(! /10(! &$,01'()! %&! '(.)(+&%-4! '0(! *,! *$(! ,-&(*! ,9! +-! KLP! &%4-+1! A$%.$!

/0%1'&! +-'! /10(F&$%9*&;! ! #$%&! (B,10*%,-! ,9! *$(! KLP! 9(+*0)(! %&! 8,&*12! .,851(*(! /2!

=UU!9&;!!Q0)%-4!*$%&!&+8(!*%8(!5()%,'6!*$(!)('!&$,01'()!,9!*$(!8+%-!5(+C!4),A&!%-!*,!

8+M%808! +*! +/,0*! =U!9&! ,A%-4! *,! 5$,*,/1(+.$%-4! ,9! *$(! 4),0-'! &*+*(! +-'! )('F
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*%8(!5()%,'! %&! +1&,! .,-&%&*(-*!A%*$! (M.%*('F&*+*(! *A%&*%-46! &%8%1+)! *,!A$+*!d+*$%(&!

+-'! L$+-C! "#% &';! ,/&()B('! '0)%-4! *$(! 5$,*,%&,8()%7+*%,-! ,9! )$,',5&%-"""! +-'!

/+.*()%,)$,',5&%-;"UI! ! P9*()! +/,0*! =UU!9&6! 8,&*! ,9! *$(! '2-+8%.! .$+)+.*()! ,9! *$(!

&5(.*)+!%&!.,851(*(6!+-'!*$(!&5(.*)+!'(.+2!+..,)'%-4!*,!)(5,501+*%,-!,9!*$(!4),0-'!

&*+*(;!

#$(!`HU!-8! *)+-&%(-*! %-!R%40)(!H;""+! &$,A&! *$(! *%8(!(B,10*%,-!,9! *$(!50)(! LK!

)(4%,-6!A$%.$!%&!90112!)(&,1B('!9),8!*$(!J]!>+/&,)5*%,-@!&5(.*)08;!!#$(!*)+-&%(-*!%&!

8,'(1('!/2!+!&08!,9!(M5,-(-*%+1&!.,-B,10*('!A%*$!+-!%-&*)08(-*!)(&5,-&(!90-.*%,-!

>R%40)(!H;""+6! &,1%'! 1%-(@;! #$(! &%4-+1! &$,A&! +-! %-&*)08(-*F)(&5,-&(! 1%8%*('! )%&(6!

)(5,)*%-4! (M.10&%B(12! &*%801+*('! (8%&&%,-! 9),8! *$(! (M.%*('! &*+*(6! 9,11,A('! /2! +!

801*%(M5,-(-*%+1! '(.+2! A%*$! *%8(&.+1(&! ,9! ";"!5&! +-'! \I`!5&;! m+5%'12! '+85('!

,&.%11+*%,-&! +)%&%-4! 9),8! B%/)+*%,-+1! .,$()(-.(! +)(! .1(+)12! B%&%/1(! ,-! *$(! 5085E

5),/(!*)+-&%(-*;!
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?5.1/7!@8));! ! \\=F-8F5085E`HUF-8F5),/(! *)+-&%(-*! ,9! ?2+-%-(! =! %-!A+*()! >/10(!
',*&@! 8,'(1('! A%*$! +-! %*()+*%B(! )(.,-B,10*%,-! 90-.*%,-! >/1+.C! 1%-(@! .,-&%&*%-4! *,!
*A,! '(.+2! .,85,-(-*&! >! ! !!!!+-'! \I`!5&@;! ! #$(! )(&%'0+1&! >&%4-+1!E!8,'(16! /10(!
',*&@6! >/@6! +)(! 9%*! A%*$! +! 1%-(+)! 5)('%.*%,-E&%-401+)! B+10(! '(.,85,&%*%,-! >YJL}Q@!
),0*%-(!>/1+.C!1%-(!%-!>/@@;!!#$(!5,A()!&5(.*)08!,9!*$(!8,'(1!%-!>/@!%&!&$,A-!%-!>.@;!!
#$(!YJL}Q!'+*+!%&!&$,A-!%-!#+/1(!H;";!

R%40)(!H;""/! &$,A&! *$(! ,&.%11+*,)2! .,85,-(-*&! ,9! *$(! )(&%'0+1&! >&%4-+1!F!8,'(1@!

9),8!R%40)(!H;""+!8,'(1('!A%*$! +! 1%-(+)! 5)('%.*%,-E&%-401+)! B+10(! '(.,85,&%*%,-!
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9)(:0(-.2! .,85,-(-*&! >R%40)(!H;"".@! +*! IH6! H\U! +-'! NIU!.8E"! A%*$! )(&5(.*%B(!

-,)8+1%7('!+851%*0'(&!,9!U;UN6!U;[!+-'!U;"\!>#+/1(!H;"@;!

%+VE7(@8)_!!Q+85('!.,&%-0&,%'&!+-'!(M5,-(-*%+1&!'(*()8%-('!/2!YJL}Q!+-+12&%&!,9!
*$(!5085E5),/(!*)+-&%(-*!,9!.2+-%-(F=!%-!A+*()!
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U;UN! NIU! "NV! IH!
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!

@8B8B(%/+2>572=D./+=52.( 45.2+E>;! !#$(!*)+-&%(-*F4)+*%-4!&%4-+1!5),/(&!+!)(4%,-!

,9! *$(! ?2=! &5(.*)08! .,-*+%-%-4! /,*$! J]! +-'! LK! .,85,-(-*&! +-'! *$(! 4(-()+*('!

&%4-+1!.,-*+%-&!'2-+8%.+1!%-9,)8+*%,-!,-!*$(!4),0-'!+-'!(M.%*('!&*+*(&;!!#$(!&%4-+1!

%&!8,'(1('! &%8%1+)! *,! *$(! 5085E5),/(! *)+-&%(-*&;! ! #$(! *)+-&%(-*F4)+*%-4! &%4-+1! %-!

R%40)(!H;"H+! &$,A&! +-! %-&*)08(-*F)(&5,-&(! 1%8%*('! )%&(! %-! !"#$%& !9,11,A('! /2!

'(.+2&!,-!*$(!H"!+-'!VUU!9&!*%8(&.+1(&;!#$(!,&.%11+*,)2!.,85,-(-*!,9!*$(!)(&%'0+1&!

A%*$! +! YJL}Q! 8,'(1! %&! &$,A-! %-! R%40)(!H;"H/;! #$()(! +)(! *$)((! 8+%-! ,&.%11+*,)2!

.,85,-(-*&!,9!NU6!"HU!+-'!H==!.8E"6!+-'!*$(%)!+&&,.%+*('!A(%4$*&!+-'!+851%*0'(&!

+)(!&$,A-!%-!#+/1(!H;H;!
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?5.1/7(@8)@;! ! \\=F-8! '(4(-()+*(! *)+-&%(-*F4)+*%-4! &%4-+1! ,9! ?2+-%-(! =! %-! A+*()!
>/10(!',*&@!8,'(1('!A%*$!+-!%*()+*%B(!)(.,-B,10*%,-!90-.*%,-!>/1+.C!1%-(@!.,-&%&*%-4!
*,! *A,!'(.+2!.,85,-(-*&! >! ! !"!+-'!VUU!9&@;! !#$(!)(&%'0+1&! >&%4-+1!E!8,'(16!/10(!
',*&@6!>/@6!+)(!9%*!A%*$!+-!YJL}Q!),0*%-(!>/1+.C!1%-(!%-!>/@@;!!#$(!5,A()!&5(.*)08!,9!
*$(!8,'(1!%-!>/@!%&!&$,A-!%-!>.@;!!#$(!YJL}Q!'+*+!%&!&$,A-!%-!#+/1(!H;H;!
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%+VE7(@8@_!Q+85('!.,&%-0&,%'&!+-'!(M5,-(-*%+1&!'(*()8%-('!/2!YJL}Q!+-+12&%&!,9!
*$(!*)+-&%(-*F4)+*%-4!&%4-+1&!,9!.2+-%-(F=!%-!A+*();!

P851%*0'(!! Q+85%-4!#%8(!>9&@! J$+&(!>°)! R)(:0(-.2!>.8E"@%
U;"N! "UNU! EN`! NU!
U;=N! IV=! E\! "HU!
U;IH! "\U! E"[! H==!

!

@8B8G(%</77DA1E>7($<0=02(&,<0($7+-D><56=(45.2+E>;!!#$(!IJKJL!(M5()%8(-*!%&!+!

5,501+*%,-F9)((6!%-'%)(.*!8(+&0)(!,9!*$(!8(8,)2!90-.*%,-!! ! 6""I!A$%.$!8(+&0)(&!

*$(!*%8(F(B,1B%-4!)(5$+&%-4!+/%1%*2!,9!+!5),/(!8,1(.01(;!!<-!*$(!.+&(!,9!&,1B+*%,-6!*$(!

8(8,)2! 90-.*%,-! .,))(&5,-'&! *,! +! &,1B(-*! *%8(F.,))(1+*%,-! 90-.*%,-! A$%.$!

8(+&0)(&! $,A! A(11! *$(! (-()42! ,9! *$(! *%8(! (B,1B%-4! &*+*(! ,9! +! 5),/(! 8,1(.01(!

)(8+%-&! .,))(1+*('! A%*$! +-! %-%*%+1! &*+*(! 0-'()! *$(! %-910(-.(! ,9! *$(! &0)),0-'%-4!

&,1B(-*;!!R,)!-,-5,1+)!&,1B+*%,-!*$()(!%&!+!-(41%4%/1(!.$+-4(!%-!*$(!*)+-&%*%,-!'%5,1(!

8,8(-*! ,9! *$(! 5),/(!8,1(.01(! 05,-! 5$,*,(M.%*+*%,-6! &,! &.)+8/1%-4! ,9! *$(! %-%*%+1!

&*+*(X&! (-()42! ,..0)&! +&! &,1B(-*! 8,B(&! A%*$! )(&5(.*! *,! *$(! 5),/(;! ! k-1%C(! 5,1+)!

&,1B+*%,-6! +!-,-5,1+)! &,1B+*%,-!5),/(! %&! )(1+*%B(12! %-&(-&%*%B(! *,! *$(!,)%(-*+*%,-!,9!

*$(!&,1B(-*!'%5,1(;!!#$(!&,1B+*%,-!)(&5,-&(!*,!+!-,-5,1+)!5),/(!%&6!*$()(9,)(6!+!4,,'!

8(+&0)(8(-*! ,9! &,1B(-*! B%&.,&%*2! %-! C((5%-4! A%*$! *$(! B%&.,(1+&*%.! .,-*%-008!

*$(,)2;`"! ! #$(! IJKJL! *)+.(&! +*! (+.$! 8(+&0)('! 5,501+*%,-! *%8(! =! A()(! 9%*! *,! +!

q+0&&%+-! +-'! *$(%)! 5(+CF&$%9*&! )(1+*%B(! *,!! ! !!+)(! 51,**('! %-! R%40)(!H;"I;! #$(!

01*)+9+&*!'+*+!%&!8,'(1('!+&!+!&08!,9!+!q+0&&%+-!+-'!+-!(M5,-(-*%+1!/2!

! !!" #( ) = $" %! ##""( )$ + $$ %! ##"$( ) + $%! ! !&#"$%
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A$()(! #! %&! *$(! 5,501+*%,-! *%8(6!!! !%&! +-! (M5,-(-*%+1! *%8(&.+1(6! +-'! 78! %&! *$(!

.,85,-(-*! +851%*0'(;! #$(! 9%*! 5+)+8(*()&! +)(! &$,A-! %-! #+/1(!H;I;! ! #$(! 01*)+9+&*!

H"!9&!q+0&&%+-!.,85,-(-*!A+&!9,11,A('!/2!+-![VU!9&!(M5,-(-*%+1!'(.+2;!

!
?5.1/7(@8)B;! ! #$)((F501&(! 5$,*,-! (.$,! 5(+CF&$%9*! >IJKJL@! '+*+! 9,)! .2+-%-(! =! %-!
A+*();!!#$(!'+*+!+)(!9%*!*,!K:0+*%,-!H;"!>/1+.C!1%-(@!+-'!*$(!5+)+8(*()&!+)(!&$,A-!%-!
#+/1(!H;I;!

%+VE7(@8B_! d,'(1! 5+)+8(*()&! ,9! *$(! IJKJL! '+*+! 9),8! .2+-%-(! =! %-! A+*()! 9%*! *,!
K:0+*%,-!H;";!

P"! �"! PH! �H% PU!
U;`[! H"!9&! U;HH! [VU!9&! U!9&!

!

@8G( I5>,1>>502(

#$(!+/&,)5*%,-!+-'!(8%&&%,-!&5(.*)+!,9!*$(!?2=!aZL!(&*()!>R%40)(!H;V6!/10(!+-'!

)('! 1%-(&@! &$,A! +! '(5+)*0)(! 9),8! 8%)),)! &288(*)26! A$()(! *$(! 8+%-! (8%&&%,-!

1%-(&$+5(!%&!H=!.8E"!A%'()6!+-'!*$(!910,)(&.(-.(!+*!1,A()!(-()4%(&!%&!8,)(!%-*(-&(!
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*$+-! *$(!8%)),)('! +/&,)5*%,-! &5(.*)08! >R%40)(!H;V6! ',**('! /1+.C! 1%-(@;! ! #$%&! )('F

&$%9*%-4! ,9! *$(! (8%&&%,-! 1%C(12! +)%&(&! 9),8!/+))%()F.),&&%-4! +&! +! 5,501+*%,-! ,9! ?2=!

%&,8()%7(&6! /0*! *$%&! %&! -,*! -(+)12! +&! :0+-*%*+*%B(! +&! *$(! )(1+*('! &$,)*()! .2+-%-(6!

""NNF?;V=6V\6""N!!#$%&!%&!.,-&%&*(-*!A%*$!*$(!*A,F&*+*(!*A,F8,'(!*$(,)26"!A$()(!*$(!

/+))%()!9,)!%&,8()%7+*%,-!%&!1,A()!9,)!&$,)*()!.2+-%-(&!+&!&$,A-!%-!R%40)(!H;H;!

#$(! IJKJL! '+*+! %-! R%40)(!H;"I! &$,A! *A,! 8+%-! .,85,-(-*&! 9,)! -,-5,1+)!

&,1B+*%,-! '2-+8%.&! %-!A+*()_! +! 1+)4(! +851%*0'(6! H"!9&! q+0&&%+-! l5$,-,-! %-'0.('l!

.,85,-(-*6! +-'! +! &8+11()! +851%*0'(6! [VU!9&! (M5,-(-*%+1! '%990&%B(! .,85,-(-*!

>#+/1(!H;I@;!!L%8%1+)!*,!A$+*!A+&!&$,A-!/2!z,,!"#%&';6\N!*$(!*)+-&%(-*F4)+*%-4!&%4-+1&!

)(5,)*!&%8%1+)!'2-+8%.&!>HU!+-'!VUU!9&!'(.+2&@!A%*$!&%8%1+)!+851%*0'(&6!A$()(!*$(!

*)+-&%(-*F4)+*%-4!&,1B+*%,-!&%4-+1!1%(&!,-!*,5!,9!+!5,501+*%,-!&%4-+1;!

#$(!B()2!(+)12F*%8(!5085E5),/(!*)+-&%(-*!+/&,)5*%,-!&5(.*)+!(M$%/%*! %-*(-&%*2!

,0*&%'(! ,9! *$(! $,1(F/0)-('! J]! )(4%,-! >&((! R%40)(!H;"U6! HU!9&@! A%*$! *$(! B%/),-%.!

&*)0.*0)(! .,-&()B('6! &044(&*%-4! *$+*! ?2=! %&! )(1+*%B(12! 9)((! ,9! %-$,8,4(-(,0&!

/),+'(-%-4! '0(! *,! +! .,-9,)8+*%,-+1! '%&*)%/0*%,-! %-! *$(! 4),0-'! &*+*(;! ! P&! *$(!

5,501+*%,-! *%8(! %-.)(+&(&6! *$(! &*%801+*('! (8%&&%,-! *,! *$(! )('! ,9! *$(!8+%-!!"#$%& !

5(+C!)%&(&!+..,)'%-4! *,! *$(! %-&*)08(-*!)(&5,-&(! 90-.*%,-6!A$%1(!+-!KLP! 9(+*0)(! *,!
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&,8(A$+*! &1,A('! .,85+)('! *,! *$,&(! %-! *$(! /01C;\`! ! Z+11(! +-'! Q+B%',B%.""\6"HN!

&044(&*('! *$+*! *$(!+55+)(-*!'%&+4)((8(-*!/(*A((-!*$(!RLL!+-'!dmQ!(M5()%8(-*&!

8%4$*!/(! )(&,1B('! %9! *$(!B%&.,&%*2!,9! *$(!$2')+*%,-!&$(11! %&! 1+)4()! *$+-! *$+*!,9!/01C!

A+*();! !#$%&!%&!%-!1%-(!A%*$!*$(!$25,*$(&%&!/2!d+*20&$,B"HV!*$+*!A+*()!%&!5,1+)%7('!

/2! &0)9+.(! .$+)4(&6! A$%.$! A,01'! 1(+'! *,! +-! %-.)(+&('! B%&.,&%*2! ,9! *$(! $2')+*%,-!

1+2()6!A$%.$!%&!%-'%.+*%B(!,9!.$+-4(&!%-!*$(!1,-4F)+-4(!ZF/,-'%-4!&*)0.*0)(!,9!A+*()!

-(+)!*$(!&0)9+.(!,9!+!5),*(%-;!



! \`!

!
?5.1/7( B8);! #$(! &*)0.*0)(&! ,9! >+@! *$(! .2+-%-(! =! aZL! (&*()6! >/@! ]IY{J! 4(,8(*)2!
,5*%8%7+*%,-!,9!*$(!.2+-%-(!=!&*)0.*0)(6!+-'!>.@!D-?2*.!5),*(%-!A%*$!(M51%.%*! 12&%-(!
)(&%'0(&!')+A-;!

<-!,)'()!*,!+'')(&&!*$(&(!%&&0(&6!A(!0&(!.2+-%-(!=!>?2=@!+&!+!5),/(!9,)!-,-5,1+)!

&,1B+*%,-! %-! *$(! $2')+*%,-! &$(11! ,9! D-<<E&0/&*%*0*('! .2*,.$),8(! !! >D-?2*.@;! ! #$(!

+&&%4-8(-*! ,9! ?2=! +&! +! 5),/(! 5)%8+)%12! 9,)! -,-5,1+)! &,1B+*%,-! '2-+8%.&! %&!

'%&.0&&('!%-!47,=502(@8)!,9!*$%&!'%&&()*+*%,-;!!#$(!?2=!'2(!%&!+B+%1+/1(!.,88().%+112!

>qK! Z(+1*$.+)(! JPH=UU"@! A%*$! +! T"U! v! *(*$()! *()8%-+*('! (%*$()! A%*$! +! aF

$2'),M2&0..%-%8%'21! >aZL@! (&*()! 9,)! 1%-C+4(! *,! +8%-(&! >&((! R%40)(! I;"+@6! ,)! +!

8+1(%8%'(!4),05!9,)!1%-C+4(!*,!.2&*(%-(!)(&%'0(&;!!?2+-%-(!'2(&!+)(!.,88,-12!0&('!

%-! *$%&! .+5+.%*2! +&! 5),/(&! 9,)! 8%.),&.,5%.! %8+4%-46`HF`N6! +-'! *$(! B+)2%-4! .$+%-!

1(-4*$&! +-'! &0/&*%*0(-*&! ,9! .,88().%+112! +B+%1+/1(! .2+-%-(&! +11,A! 9,)! *$(%)!

0*%1%7+*%,-!+.),&&!)(1+*%B(12!1+)4(!&5(.*)+1!)(4%,-&;!!R%40)(!I;H!&$,A&!*$(!.,-304+*%,-!

)(+.*%,-!,9!+-!m"E&0/&*%*0*('!aZL!(&*()!A%*$!+!12&%-(!)(&%'0(;!

!"#$%&'()*'
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! \[!

!
?5.1/7(B8@;!!KM+851(!,9!+-!m"E12&%-(!.,-304+*%,-!)(+.*%,-!0&%-4!+-!m"EaZL!(&*();!

B8@( &QA7/5:72=+E(

B8@8)( 4+:AE7( $/7A+/+=5028! ! D-?2*.! A+&! 5)(5+)('! 9),8! $,)&(F$(+)*!

9())%.2*,.$),8(! !! >L%48+! ?H[\`6! tVVW@! 0&%-4! *$(! 5),.('0)(! '(&.)%/('! /2!

}+-'()C,,%;"IU! ! Y%:0%'! +-$2'),0&! $2'),4(-! 910,)%'(! >Y%-'(@! A+&! 0&('! +&! *$(!

'(8(*+1+*%-4!+4(-*;! !#$(!)(+.*%,-!A+&!)0-!,-!+!$,8(F/0%1*!4+&F$+-'1%-4!&2&*(8!%-!

#(91,-! )(+.*%,-!B(&&(1&;! !#$(!8(*+1F9)((!,)! 9)((F/+&(!5),*(%-! >9/?2*.@!A+&! %&,1+*('!

0&%-4! &*),-4! .+*%,-! %,-F(M.$+-4(! .$),8+*,4)+5$2! ,-! +!^$+*8+-! ?dF=H! .,108-;!!

m(.,-&*%*0*%,-!A%*$!D-<<!A+&!5()9,)8('!!+*!=U!°?!%-!*$(!5)(&(-.(!,9!+!"UF9,1'!8,1+)!

(M.(&&! ,9! 7%-.! +.(*+*(! >L%48+!I`V`[\6! VV;VVVW@;! ! ?,851(*%,-!,9! *$(!'(8(*+1+*%,-!

+-'! 8(*+1F)(.,-&*%*0*%,-! )(+.*%,-&! A()(! '(*()8%-('! &5(.*),5$,*,8(*)%.+112! /2!

,/&()B%-4!'%99()(-.(&!%-!*$(!-08/()!+-'!5,&%*%,-!,9!/+-'&!%-!*$(!b!/+-'!)(4%,-!,9!

*$(!+/&,)5*%,-!&5(.*)08;!
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R1–NHS ester
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! \V!

#$(!D-?2*.!5),'0.*!&,10*%,-!A+&!90)*$()!5)(5+)('!0&%-4!8(*$,'&!'(&.)%/('!/2!

^%-C1()!+-'!.,A,)C()&"I"!+-'!/2!p,&*%Ä!+-'!.,A,)C()&;"IH! !#$(!5),*(%-! &,10*%,-!

A+&!'(&+1*('!+-'!*$(!5),*(%-!A+&!%&,1+*('!/2!.+*%,-F(M.$+-4(!.$),8+*,4)+5$2!,-!+!

.1(+-!^$+*8+-!?dF=H!.,108-;!!R)+.*%,-&!.,-*+%-%-4!D-?2*.!A()(!(:0%1%/)+*('!A%*$!

H=!8d! &,'%08! 5$,&5$+*(! /099()! +*! 5Z!`;U! /2! )(5(+*('! .,-.(-*)+*%,-! ,B()! +-!

P8%.,-! {dF"U! 01*)+9%1*)+*%,-!8(8/)+-(! >d%11%5,)(@! +-'! &0/&(:0(-*! '%10*%,-!A%*$!

*$(!/099()!&,10*%,-;!!#$(!9%-+1!5),'0.*!A+&!.,-.(-*)+*('6!+1%:0,*('6!91+&$F9),7(-6!+-'!

&*,)('!+*!F[U!°?!5)%,)!*,!0&(;!

#$(!?2=ED-?2*.!.,851(M!A+&!5)(5+)('!/2!)(+.*%-4!+!*$+A('!&+851(!,9!D-?2*.!

A%*$! *$(! +8%-(! 8,-,)(+.*%B(! aF$2'),M2&0..%'%8%'21! >aZL@! (&*()! ,9! ?2=! >qK!

Z(+1*$.+)(6! JPH=UU"6! &((! R%40)(! I;"+@! *,! 5)(5+)(! -,-&5(.%9%.+1126! +! &%-412F1+/(1('!

12&%-(!+''0.*!>&((!R%40)(!I;".@!+..,)'%-4!*,!*$(!B(-',)X&!5),*,.,1;!!#$(!)(+.*%,-!A+&!

.,-'0.*('!A%*$!5),*(%-!.,-.(-*)+*%,-!,9!TI!84f8Y!+*!5Z!V;I!+*!),,8!*(85()+*0)(!

%-! +! "UU!8d! &,'%08! /%.+)/,-+*(! &+851(! /099()! &,10*%,-!A%*$! (-,04$! ?2=! '2(! *,!

,/*+%-! +*! /(&*! +! "_"! &*,%.$%,8(*)2e! *$(! 1,A! 5),*(%-! .,-.(-*)+*%,-! 9+B,)&! +! 1,A()!

+''0.*! 2%(1';! ! m(5(+*('! 01*)+9%1*)+*%,-! .2.1(&! A%*$! +''%*%,-&! ,9! H=!8d! &,'%08!

5$,&5$+*(!/099()!&,10*%,-!+*!5Z!`;U!,B()!{d"U!8(8/)+-(&!A()(!0&('!*,!&(5+)+*(!

0-)(+.*('! +-'! A(+C12! /,0-'! ?2=! 9),8! *$(! 5),*(%-! +''0.*&;! ! #$(! +''0.*&! A()(!

.,-.(-*)+*('! 90)*$()! *,!,/*+%-!&,10*%,-&! 9,)!&*,)+4(!+*!j[U!u?6!+&!+/,B(;! !#$(! 9%-+1!

.,-.(-*)+*('! 5),'0.*! A+&! &*,)('! %-! H=!8d! &,'%08! 5$,&5$+*(! /099()! &,10*%,-! +*!

5Z!`;U;!!?2=!&,10*%,-&!%-!A+*()!A()(!5)(5+)('!0&%-4!*$(!aZL!(&*()!,9!?2=!+*!5Z!`;U!

%-!*$(!H=!8d!&,'%08!5$,&5$+*(!/099()!&,10*%,-e!*$(!aZL!(&*()!$2'),127(&!*,!2%(1'!+!

.+)/,M21+*(!+*!*$(!(-'!,9!*$(!*(*$()!+9*()!5),1,-4('!(M5,&0)(!%-!+:0(,0&!&,10*%,-;!



! `U!

R,)!0&(! %-! *$(! 9(8*,&(.,-'!5085E5),/(!(M5()%8(-*&6! &,10*%,-&!,9!?2=ED-?2*.!

,)! ?2=! %-! A+*()! A()(! 5)(5+)('! /2! '%10*%-4! .,-.(-*)+*('! &,10*%,-&! *,! ,/*+%-! +-!

+/&,)/+-.(!,9!U;I!9,)!+!5+*$!1(-4*$!,9!";U!88!+*!*$(!.(-*()!,9!*$(!1+&()!&5(.*)08!+*!

\\=!-8;! !#$(!&+851(&!A()(!$(1'! %-! *$(! 9(8*,&(.,-'!5085E5),/(!&5(.*),8(*()!+*!

),,8! *(85()+*0)(! >HI!u?@! %-! +! &*%))('! 90&('F&%1%.+! .0B(**(! >";UF88! 5+*$! 1(-4*$@;!!

#$(! &+851(X&! +/&,)5*%,-! &5(.*)08! A+&! 8,-%*,)('! 9,)! .$+-4(&! +)%&%-4! 9),8!

5$,*,.$(8%&*)2!,)!5()8+-(-*!5$,*,/1(+.$%-4;!

B8@8@(O+>>(4A7,=/0:7=/;8!!R,)!0&(!%-!8+&&!&5(.*),8(*)%.!+-+12&(&6!?2=FD-?2*.!

+-'!D-?2*.!A()(!*)(+*('!A%*$!*)25&%-!*,!,/*+%-!5(5*%'(!9)+48(-*&;!!P9*()!%-.0/+*%,-!

,B()-%4$*6! *$(! &+851(&!A()(! +-+127('! 0&%-4! +! L$%8+'70! PM%8+! ?Rm! J10&!8+*)%ME

+&&%&*('! 1+&()! '(&,)5*%,-f%,-%7+*%,-! *%8(F,9F91%4$*! 8+&&! &5(.*),8(*()! >dPYQ<–

#GR!dL@;!!#$(!&+851(&!A()(!5)(5+)('!/2!51+.%-4!"!!Y!,9!&+851(!>II;H!!d!D-?2*.!,)!

HV;=!!d!D-?2*.F?2=!%-!"!8d!5$,&5$+*(!/099()@!,-!+!dPYQ<!51+*(!A%*$!I!!Y!,9!*$(!

8+*)%M!!F.2+-,FNF$2'),M2.%--+8%.!+.%'!%-!I_"!+.(*,-%*)%1(_U;"W!*)%910,),+.(*%.!+.%';!

#$(!&+851(&!A()(!+11,A('!*,!')2!/(9,)(!/(%-4!51+.('! %-*,!*$(!8+&&!&5(.*),8(*();!!

R,)!8+&&!.+1%/)+*%,-6!*$(!{PqRYm!5(5*%'(!>`H\;N!Q+@6!/)+'2C%-%-!>"U=V;\!Q+@6!+-'!

+-4%,*(-&%-!<!>"HV`;=!Q+@!A()(!0&('!+&!&*+-'+)'&;!!J(+C&!A()(!5),.(&&('!0&%-4!*$(!

8+&&!1%&*!'%&51+2!%-!*$(!L$%8+'70!]%,*(.$!dPYQ<–dL!5),4)+8;!

B8@8B( T527+/( 4A7,=/0>,0A;;! !#$(!+/&,)5*%,-!+-'!910,)(&.(-.(! %-&*)08(-*+*%,-!

+-'!8(*$,'&!+)(!%'(-*%.+1!*,!A$+*!%&!)(5,)*('!%-!47,=502(@8@8@!,9!*$%&!'%&&()*+*%,-;!

B8@8G( ?7:=0>7,023( $1:AU,02=5211:DA/0V7( >A7,=/0>,0A;;! ! #$(! 5085E

.,-*%-008F5),/(!%-&*)08(-*+*%,-!+-'!8(*$,'&!+)(!%'(-*%.+1!*,!A$+*!%&!)(5,)*('!%-!

47,=502(@8@8B!,9!*$%&!'%&&()*+*%,-;!



! `"!

B8@8J( $<0=02( &,<0( 4A7,=/0>,0A;;! ! #$(! 5$,*,-F(.$,! %-&*)08(-*+*%,-! +-'!

8(*$,'&!+)(!%'(-*%.+1!*,!A$+*!%&!)(5,)*('!%-!47,=502(@8@8G!,9!*$%&!'%&&()*+*%,-;!

B8@8K( !0:A1=+=502+E( !<7:5>=/;;! ! #$(! ,5*%8%7('! &*)0.*0)(! 9,)! *$(! ?2=!

.$),8,5$,)(! &$,A-! %-! R%40)(!"/! A+&! ,/*+%-('! 0&%-4! q+0&&%+-! UI""U! 0&%-4! *$(!

]IY{J!'(-&%*2!90-.*%,-+1!+-'!*$(!\FI"q>'@!1(B(1!,9!*$(,)2;!#$(!1(-4*$!,9!*$(!91(M%/1(!

*(*$()!/(*A((-! *$(! *+44('! 12&%-(! )(&%'0(X&!:! .+)/,-!+-'! *$(!a!+*,8! %-! *$(! %-',1(!

8,%(*2!+*!*$(!,*$()!(-'!,9!*$(!*(*$()!A+&!(&*%8+*('!A%*$!&*)0.*0)(&!,5*%8%7('!0&%-4!

*$(!kRR!8,1(.01+)!8(.$+-%.&!9,).(!9%(1';!

B8B( '7>1E=>(

B8B8)( O+>>( 4A7,=/0:7=/;;! ! dPYQ<E#GR! 8+&&! &5(.*),8(*)2! ,9! (-728+*%.+112!

'%4(&*('!D-?2*.!A+&!5()9,)8('!*,!+&&%4-!*$(!5,&%*%,-&!,9!*$(!?2=!8,1(.01(!-(+)!*$(!

&0)9+.(! ,9! *$(! 5),*(%-;! ! #$(! )(&01*&! &$,A! *$+*! 5(5*%'(&! ["F[`6! .,))(&5,-'%-4! *,!

Y2&[\!,)!Y2&[`6!+)(!*$(!8,&*!1%C(12!*,!.,-*+%-!*$(!?2=!+''0.*;!!#$(!-(M*!8,&*!1%C(12!

?2=! .,-304+*('! )(&%'0(&! +)(! Y2&HH! +-'! Y2&`H;! ! q%/&,-! +-'! .,A,)C()&"II!

'(*()8%-('!*$+*!*$(!&%M!8,&*!)(+.*%B(! 12&%-(&!>,9! *$(!"[!*,*+1@! %-!*$(!.2*,.$),8(!!!

5),*(%-! +)(! )(&%'0(&! [\! 6H=6! `H6! "I! 6[`6! +-'! HH! %-! ,)'()! ,9! '(.)(+&%-4! )(+.*%B%*2;!!

#+C(-!A%*$!,0)! )(&01*&6! *$%&! &044(&*&! *$+*!Y2&[\! %&! *$(!8,&*!5),/+/1(! &%*(! 9,)!?2=!

.,-304+*%,-;! ! G0)! )(&01*&! &$,A! &*),-4! (B%'(-.(! 9,)! .,-304+*%,-! *,! *$)((! 5(5*%'(!

9)+48(-*&6! .,))(&5,-'%-4! *,! 9,0)! 5,&&%/1(! 12&%-(&6! /0*! *$%&! ',(&! -,*! )01(! ,0*! *$(!

5,&&%/%1%*2!,9!.,-304+*%,-!*,!,*$()!12&%-(&6!/(1,A!*$(!'(*(.*+/1(!1%8%*!,9!*$(!dPYQ<E

#GR!(M5()%8(-*;!!#$(&(!)(&01*&!&044(&*!*$+*!*$(!8(+&0)('!'2-+8%.&!+)(!-,*!&5(.%9%.!

*,! +! &%-41(! (-B%),-8(-*! )(1+*%B(! *,! *$(! 5),*(%-! &0)9+.(6! /0*! +)(! 1%C(12! +! 8,)(!



! `H!

$(*(),4(-(,0&!.,8/%-+*%,-!,9!*$)((!*,!9,0)!&%*(&!,-!*$(!5),*(%-!&0)9+.(;!!R0)*$()6!%*!

%&! 1%C(12! *$+*!+!?2=!8,1(.01(!+**+.$('!*,!+!&5(.%9%.! 12&%-(!)(&%'0(! %-$+/%*&!801*%51(!

,)%(-*+*%,-&!)(1+*%B(!*,!*$(!5),*(%-!+*!+-2!4%B(-!*%8(;(

B8B8@( T527+/( 4A7,=/+;! ! R%40)(!I;I+! &$,A&! *$(! 1%-(+)! +/&,)5*%,-! >/10(@! +-'!

910,)(&.(-.(! >)('@! &5(.*)+! ,9! ?2=ED-?2*.! +1,-4!A%*$! *$(! 1+&()! (8%&&%,-! &5(.*)08!

>/1+.C@! +-'! *$(! +/&,)5*%,-! &5(.*)08! ,9! +! &,10*%,-! ,9! *$(! D-?2*.! 5),*(%-! ,-12!

>4)((-@;!!<-!R%40)(!I;I+6!%*!.+-!/(!(+&%12!,/&()B('!*$+*!*$(!+''%*%,-+1!&*)0.*0)(!,-!*$(!

/10(!&%'(!,9!*$(!?2=ED-?2*.!+/&,)5*%,-!&5(.*)08!+)%&(&!9),8!*$(!+/&,)5*%,-!,9!*$(!

D-?2*.! 5),*(%-;! ! <-! R%40)(! I;I/6! *$(! &+8(! +/&,)5*%,-! +-'! 910,)(&.(-.(! &5(.*)+! ,9!

?2=ED-?2*.!+)(!,B()1+%'!A%*$!*$(!+/&,)5*%,-!+-'!910,)(&.(-.(!&5(.*)+!,9!?2=!%-!/01C!

A+*()!>',**('!/10(!+-'!',**('!)('!)(&5(.*%B(12@;!



! `I!

!
?5.1/7(B8B;!!m,,8F*(85()+*0)(!+/&,)5*%,-!>&,1%'!/10(@!+-'!910,)(&.(-.(!>&,1%'!)('@!
&5(.*)+!,9!?2=ED-?2*.;!!#$(!&5(.*)+!%-!>+@!+)(!&05()%85,&('!A%*$!*$(!1+&()!(8%&&%,-!
&5(.*)08!>\\=F-8!.(-*()!A+B(1(-4*$6!&,1%'!/1+.C!1%-(@!+-'!*$(!+/&,)5*%,-!&5(.*)08!
,9! %&,1+*('! D-?2*.! >4)((-! 1%-(@;! ! #$(! &5(.*)+! %-! >/@! +)(! &05()%85,&('! A%*$! *$(!
+/&,)5*%,-! +-'! 910,)(&.(-.(! &5(.*)+! ,9! ?2=! %-! A+*()! >/10(! +-'! )('! ',**('! 1%-(&6!
)(&5(.*%B(12@! *,! +..(-*0+*(! *$(! '%99()(-.(&! %-! ,B()+11! 5),9%1(! +-'! )(1+*%B(! 5(+C!
5,&%*%,-&!'0(!*,!*$(!$2')+*%,-F&$(11!(-B%),-8(-*;!

!

#$(!+/&,)5*%,-!+-'!910,)(&.(-.(!&5(.*)+!,9!?2=!%-!A+*()!+)(!8,'(1('!A(11!/2!+!

&08! ,9! $+)8,-%.+112! '%&51+.('! 1,4-,)8+1! 1%-(F&$+5(&! A%*$! +! 8,'(! 9)(:0(-.2! ,9!
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! `N!

"UN=!.8E";!!#$(!)('!&$%9*!,9!*$(!UEU!5(+C!,9!*$(!910,)(&.(-.(!>R@!&5(.*)08!)(1+*%B(!

*,! *$(! +/&,)5*%,-! >P@! &5(.*)08! 5),B%'(&! +-! (&*%8+*(! 9,)! *$(! &,1B+*%,-!

)(,)4+-%7+*%,-!(-()426!Å6!

!
!!
! =

""###$" #"###$# %
& ! !'#"$%

#$(! &,1B+*%,-! )(,)4+-%7+*%,-! (-()4%(&! 9,)! *$(! &%8%1+)! &288(*)%.! .2+-%-(! '2(&!

ZQ<#?J! +-'! <m"H=! A()(! '(*()8%-('! /2! z,-+&! +-'! .,A,)C()&"U`! *,! /(! (-*%)(12!

-,-5,1+)e! *$(! )(,)4+-%7+*%,-! (-()4%(&! A()(! %-&(-&%*%B(! *,! &,1B(-*! 5,1+)%*2;! ! ^(!

&%8%1+)12!+&&%4-!*$(!&,1B(-*!)(,)4+-%7+*%,-!(-()4%(&!9,)!?2=ED-?2*.!+-'!?2=!%-!/01C!

A+*()! >"V=!+-'! HH=!.8E"@! 5)%8+)%12! *,! -,-5,1+)! &,1B+*%,-6! A$()(! *$(! '2-+8%.&!

+)%&(! 5)%8+)%12! 9),8! &,1B(-*! +-'! &,10*(! 5,1+)%7+/%1%*2;"IN! #$(! )('0.('! &,1B(-*!

)(,)4+-%7+*%,-! (-()42! ,/&()B('! 9,)! ?2=ED-?2*.! 8+2! %-'%.+*(! *$+*! *$(! $2')+*%,-F

&$(11!8('%08!%&!1(&&!5,1+)%7+/1(!*$+-!/01C!A+*()!,A%-4!*,!%*&!+&&085*%,-!,-!+B()+4(!

,9!+!'%99()(-*!$2'),4(-F/,-'('!&*)0.*0)(!*$+-!%-!/01C!A+*();!!

B8B8B($1:AD!02=5211:DA/0V7(4A7,=/+;!!R%40)(!I;N!&$,A&!*$(!*%8(!(B,10*%,-!,9!

*$(!5085E5),/(!&5(.*)+!A%*$!*$(!*,5!5+-(1!&$,A%-4!*$(!5$,*,/1(+.$%-4!&5(.*)08!

>J]@6!A$%.$! %&! *$(!5),'0.*! ,9! *$(! 1+&()! +-'! 1%-(+)! +/&,)5*%,-! &5(.*)08;! ! #$(! B()2!

(+)12F*%8(! &5(.*)+! >!"#"$!9&@! &$,A! +! -(+)12! &288(*)%.! )%&(! ,9! *$(!!"#$%& !&%4-+1&!

.(-*()('!-(+)!*$(!UEU!B%/),-%.!A+B(1(-4*$;!!#$%&!%&!(B%'(-.(!9,)!5085%-4!*$(!(-*%)(!

$,8,4(-(,0&!1%-(FA%'*$!+&!,55,&('!*,!+!&0/&(*!,9!+-!%-$,8,4(-(,0&12!/),+'(-('!

(-&(8/1(;! #$(! )('! &%'(! ,9! *$(! 8+%-!!"#$%& !5(+C! %-.)(+&(&! A%*$! *$(! %-&*)08(-*!

)(&5,-&(! 90-.*%,-6!A$%1(! *$(!/10(! &%'(!,9! *$(!5(+C! %-.)(+&(&! 1(&&!:0%.C12;! !P-!KLP!

9(+*0)(!*,!*$(!/10(!,9!*$(!8+%-!!"#$%& !5(+C!+55(+)&!+),0-'!=U!9&!+-'!&$%9*&!*,!*$(!



! `=!

/10(;!!#$(&(!&5(.*)+1!'2-+8%.&!+)(!B()2!&%8%1+)!*,!*$,&(!,9!?2=!%-!/01C!A+*()6!*$,04$!

*$(!5085F5),/(!&5(.*)+1!A%'*$&!9,)!?2=!%-!*$(!$2')+*%,-!1+2()!,9!D-?2*.!+)(!1+)4()6!

,A%-4!*,!*$(!%-.)(+&('!A%'*$!,9!*$(!?2=ED-?2*.!1%-(+)!+/&,)5*%,-!&5(.*)08;!

!
?5.1/7(B8G;!!#%8(F)(&,1B('!5085E.,-*%-008F5),/(!&5(.*)+!9),8!.2+-%-(!=!>?2=@!%-!
A+*()! +*! &(1(.*('! 5085E5),/(! '(1+2! *%8(&! =;! #$(! *,5! 5+-(1! >J]@! &$,A&! *$(!
%-&*+-*+-(,0&! 5$,*,/1(+.$%-4! &5(.*)086!A$%.$! %&! (&*%8+*('! +&! *$(! 5),'0.*! ,9! *$(!
1+&()! &5(.*)08! +-'! *$(! +/&,)5*%,-! &5(.*)08! ,9! ?2=ED-?2*.! %-! A+*()! >&((!
R%40)(!I;I+@;!
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! `\!

R%40)(! I;=+! &$,A&! +! 5085E5),/(! *)+-&%(-*!A$()(! *$(! ,/&()B('! '2-+8%.&! +)(!

(-*%)(12! %-! *$(! &*%801+*('! (8%&&%,-! )(4%,-! >`HU!-86! N!-8! /+-'5+&&@6! A%*$!

+55),M%8+*(12! -,! .,-*)%/0*%,-! 9),8! *$(! J]! .,85,-(-*;! ! #$(! &%4-+1! (M$%/%*&! +-!

%-&*)08(-*! )(&5,-&(F1%8%*('! )%&(! 9,11,A('! /2! +! 801%*(M5,-(-*%+1! '(.+2! ,-! *,5! ,9!

A$%.$! +)(! 801*%51(! ,&.%11+*%,-&;! ! #$(! &%4-+1! %&! 9%*! A%*$! +-! %*()+*%B(! )(.,-B,10*%,-!

),0*%-(!>R%40)(!I;=+6!/1+.C!.0)B(@!0&%-4!+!&,1B(-*!&%4-+1!+&!+-!%-&*)08(-*!)(&5,-&(!

90-.*%,-;!!#$(!)(&%'0+1&!>&%4-+1!E!8,'(1@!+)(!51,**('!%-!R%40)(!I;=/!>)('!5,%-*&@!+-'!

9%*! 0&%-4! +! 1%-(+)F5)('%.*%,-! &%-401+)! B+10(! '(.,85,&%*%,-! >YJL}Q@! ),0*%-(! >I;=/6!

/1+.C!.0)B(@;! !R%40)(!I;=.!&$,A&!&%8%1+)!'+*+!*,!R%40)(!I;N/6!,-12!A%*$!?2=! %-!/01C!

A+*();!!#$(!YJL}Q!'+*+!9,)!?2=ED-?2*.!%&!&$,A-!%-!#+/1(!I;";!!?2=!%-!/01C!A+*()!$+&!

1+)4(! +851%*0'(! .,85,-(-*&! +*!H\U!+-'!NIU! .8E"6!A%*$!'+85%-4! *%8(&!,9!=U! +-'!

"HU!9&!)(&5(.*%B(12;! !<-!*$(!$2')+*%,-!1+2()!,9!D-?2*.6!*$(!.,))(&5,-'%-4!,&.%11+*,)2!

.,85,-(-*&! +)(! +*! 1,A()! 9)(:0(-.%(&! >H"=! +-'! I\=!.8E"@! +-'! $+B(! &%4-%9%.+-*12!

9+&*()! '+85%-4! *%8(&! >NU! +-'! \=!9&@;! ! #$%&! %&! .,-&%&*(-*! A%*$! *$(! 5%.*0)(! ,9! *$(!

$2')+*%,-!1+2()!/(%-4!&%4-%9%.+-*12!8,)(!B%&.,0&!*$+-!/01C!A+*();!



! ``!

!
?5.1/7( B8J;! ! \\=F-8F5085E`HUF-8F5),/(! *)+-&%(-*! ,9! ?2=ED-?2*.! >)('! ',*&@!
8,'(1('!A%*$!+-!%*()+*%B(!)(.,-B,10*%,-!90-.*%,-!>/1+.C!1%-(@!.,-&%&*%-4!*,!801*%51(!
'(.+2! .,85,-(-*&;! ! #$(! )(&%'0+1&! >&%4-+1!E!8,'(16! /10(! ',*&@6! >/@6! +)(! 9%*! A%*$! +!
1%-(+)!5)('%.*%,-E&%-401+)!B+10(!'(.,85,&%*%,-!>YJL}Q@!),0*%-(!>/1+.C!1%-(!%-!>/@@;!!
#$(!)(&%'0+1&!+-'!YJL}Q!8,'(1!9,)!?2=!%-!A+*()!+)(!&$,A-!%-!>.@;!!#$(!YJL}Q!'+*+!
9,)!?2=ED-?2*.!+)(!5)(&(-*('!%-!#+/1(!I;";!
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! `[!

%+VE7(B8)_!Q+85('!.,&%-0&,%'&!+-'!(M5,-(-*%+1&!'(*()8%-('!/2!YJL}Q!+-+12&%&!,9!
*$(!5085F5),/(!`HU!-8!*)+-&%(-*!,9!.2+-%-(F=!%-!*$(!$2')+*%,-!&$(11!,9!D-?2*.;!

P851%*0'(!! Q+85%-4!#%8(!>9&@! J$+&(!>°)! R)(:0(-.2!>.8F"@%
U;U"! `N=!9&! "=`! I=!
U;`I! NU!9&! F"[N! H"I!
U;HN! \=!9&! F[V! I\\!
U;UH! "N=!9&! FHV! =U=!

!

B8B8G( %</77DA1E>7( $<0=02( &,<0( $7+-( 4<56=( 45.2+E>;! ! L%8%1+)! *,!?2=! %-!A+*()6!

*$(!IJKJL!*)+.(&!9,)!?2=ED-?2*.!+*!(+.$!8(+&0)('!5,501+*%,-!*%8(!=!A()(!9%*!*,!+!

q+0&&%+-! +-'! *$(%)! 5(+CF&$%9*&! )(1+*%B(! *,!! ! !!+)(! 51,**('! %-! R%40)(! I;\;! ! #$(!

01*)+9+&*!'+*+!%&!8,'(1('!+&!+!&08!,9!+!q+0&&%+-!+-'!+-!(M5,-(-*%+1!/2!

! !!" #( ) = $" %! ##""( )$ + $$ %! ##"$( ) + $%! ! !'#&$%

A$()(! #! %&! *$(! 5,501+*%,-! *%8(6!!! !%&! +-! (M5,-(-*%+1! *%8(&.+1(6! +-'! P-! %&! *$(!

.,85,-(-*! +851%*0'(;! ! #$(! IJKJL! '+*+!A()(! 9%*! 0&%-4! K:0+*%,-!H! 9,)! ?2=ED-?2*.!

+-'!?2=!%-!/01C!A+*()!+-'!*$(!5+)+8(*()&!+)(!&$,A-!%-!#+/1(!I;H;!



! `V!

!
?5.1/7( B8K;! !IJKJL!'+*+! 9,)! >+@!?2=ED-?2*.! >)('!',*&@!+-'! >/@!?2=! %-!A+*()! >/10(!
',*&@!A%*$! *$(%)! +&&,.%+*('!8,'(1&! >/1+.C! 1%-(&@! ,5*%8%7('! B%+! 1(+&*F&:0+)(&! 9),8!
K:0+*%,-!I;H;!!#$(!8,'(1&!+)(!)(51,**('!%-!>.@!>)('_!?2=ED-?2*.6!/10(_!?2=!%-!A+*()@!
*,! +..(-*0+*(! *$(! '%99()(-.(&! %-! *$(!!!!! !*%8(&.+1(&;! ! #$(! ,5*%8%7('! 8,'(1!
5+)+8(*()&!9,)!*$(!+/,B(!&2&*(8&!+)(!5)(&(-*('!%-!#+/1(!I;H;!
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! [U!

%+VE7( B8@_! d,'(1! 5+)+8(*()&! ,9! *$(! IJKJL! '+*+! 9),8! ?2=D-?2*.! 9%*! *,! *$(!! ! !
90-.*%,-!

! P"! �"! PH! �H! PU%
?2=!^+*()! U;`[! H"!9&! U;HH! [VU!9&! U!9&!
?2=ED-?2*.! U;I[! "\!9&! U;\H! "\U!9&! ";H=!9&!
!

],*$! &2&*(8&! $+B(! +! B()2! 9+&*! 5$,-,-! %-'0.('! .,85,-(-*! >�!Ç!HU!9&@6! /0*! *$(!

9)+.*%,-!,9!!" #( ) 6! +&&,.%+*('!A%*$! *$%&!5$,-,-! %-'0.('! .,85,-(-*! %&! +/,0*!$+19! +&!
1+)4(! %-! *$(! $2')+*%,-! &$(116! A%*$! *$(! ,*$()! $+19! '(.+2%-4! A%*$! +-! (M5,-(-*%+1!

*%8(&.+1(!,9!"\U!9&;! !#$%&!)(-'()&!*$(!+B()+4(!)(&5,-&(!,B()!*$(!x!IUU!9&!*%8(&.+1(!

*,!/(!&%4-%9%.+-*12!&1,A()!%-!*$(!$2')+*%,-!&$(11;!R0)*$()6!*$()(!%&!(B%'(-.(!9,)!&*+*%.!

%-$,8,4(-(%*2!%-!*$(!$2')+*%,-!&$(11F)(&5,-&(!9),8!+!1,-4()!1%B('!,99&(*!,9!É";H=!9&!

*$+*! ',(&! -,*! '(.+2! ,-! *$(!8(+&0)('! *%8(&.+1(;! ! #$%&! &044(&*&! *$+*! A+*()! %-! *$(!

$2')+*%,-!&$(11!,9!D-?2*.!$+&!+!8,)(!41+&&F1%C(!)(&5,-&(!*$+-!?2=!%-!/01C!A+*();!

B8G( I5>,1>>502(

?,85+)('! *,! ?2=! %-! /01C!A+*()6! ?2=! %-! *$(! $2')+*%,-! 1+2()! ,9! D-?2*.! (M$%/%*&!

&%4-%9%.+-*12! '%99()(-*! -,-5,1+)! &,1B+*%,-! '2-+8%.&! +&! (B%'(-.('! /2! *$(! IJKJL!

*)+.(&6!+&!A(11!+&!(-$+-.('!'+85%-4!,9!.,$()(-.(!&%4-+*0)(&!,/&()B('!%-!*$(!5085E

5),/(!*)+-&%(-*&!,9!*$(!&*%801+*('!(8%&&%,-!)(4%,-;!!#+C(-!*,4(*$()6!*$%&!1(+'&!*,!*$(!

.,-.10&%,-! *$+*! *$(! $2')+*%,-! &$(11! %&! 1%C(12! 8,)(! B%&.,0&6! /0*! +1&,! ,)4+-%7('!

'%99()(-*12!*$+-!A+*()!%-!*$(!/01C;!

#$(! B%/)+*%,-+1! .,$()(-.(! &%4-+*0)(&! %-! *$(! 5085E5),/(! &%4-+1&! ,9! *$(! 50)(!

&*%801+*('!(8%&&%,-! >LK@! )(4%,-!,9!?2=! %-! *$(!$2')+*%,-! 1+2()! (M$%/%*! &%4-%9%.+-*12!



! ["!

1,A()!*,)&%,-+1!8,'(!9)(:0(-.%(&!.,85+)('!*,!%-!/01C!A+*();!!#$%&!.+-!/(!+**)%/0*('!

*,! +-! %-.)(+&(! %-! &,1B(-*! 9)%.*%,-! >B%&.,&%*2@! +-'! %&! .,-&%&*(-*! A%*$! &1,A('! 5,1+)!

&,1B+*%,-! '2-+8%.&! %-! &*0'%(&! ,9! .$),8,5$,)(&! -(+)! *$(! &0)9+.(! ,9!

5),*(%-&;\N6""`6""[!!#$(!&%4-%9%.+-*12!9+&*()!'+85%-4!*%8(&.+1(&!9,)!*,)&%,-+1!8,*%,-!

%-! *$(! $2')+*%,-! 1+2()! .,85+)('! *,! /01C! A+*()! .+-! &%8%1+)12! /(! +**)%/0*('! *,!

%-.)(+&(! %-! B%&.,&%*2;! ! #$%&! 9+&*()! '+85%-4! .,01'! +1&,! /(! +..,0-*('! 9,)! /2! +!

'(.)(+&('! /+))%()! $(%4$*! *,! *,)&%,-+1! '(+.*%B+*%,-! %-! *$(! $2')+*%,-! 1+2()! %-!

+..,)'+-.(!A%*$!G1%B0..%X&!*A,!&*+*(!*A,!8,'(!*$(,)2;"!!P!'(.)(+&('!/+))%()!$(%4$*!

.,01'! /(! (M5(.*('! -(+)! +! 5),*(%-! '0(! *,! *$(! %-*())05*%,-! ,9! *$(! *(*)+$(')+1!

$2'),4(-F/,-'! -(*A,)C! *$+*! %&! *$,04$*! *,! ,..0)! -(+)! &0)9+.(&"I=;! ! #$%&! 5()$+5&!

8,)(! .$+%-F1%C(! $2'),4(-! /,-'! ,)4+-%7+*%,-! .,01'! /(! (M5(.*('! *,! $+B(! 1(&&! ,9! +!

$+85()%-4!(99(.*!,-! *,)&%,-+1!8,B(8(-*!,9! *$(! )(1+*%B(12!/01C2!(-'F4),05&!,9! *$(!

?2=!8,1(.01(!*$+-!+!50)(12!%&,*),5%.!8('%08;!

#$(!-,-5,1+)!&,1B+*%,-!'2-+8%.&!,9!*$(!(+)12F*%8(!q+0&&%+-6!&,F.+11('!l5$,-,-!

%-'0.('l! )(&5,-&(! .,85,-(-*! ,9!!" #( ) !%&! 80.$! 1+)4()! %-! /01C! A+*()! *$+-! %-! *$(!
$2')+*%,-!&$(11!,9!D-?2*.e!!" #( ) !'(.+2&! *,!+!80.$! 1,A()!B+10(!80.$! 9+&*()! %-!/01C!
A+*()!>&((!R%40)(!I;\.6!#+/1(!I;H@;!!<-*()(&*%-4126!*$(!(M5,-(-*%+16!'%990&%B(!)(&5,-&(!

%-! *$(! $2')+*%,-! &$(11! $+&! +! 9+&*()! '(.+2! *$+-! *$(! &8+11()! '%990&%B(! .,85,-(-*! %-!

/01C! A+*()! >"\U! B&;! [VU!9&@6! +-'!!" #( ) !%-! *$(! $2')+*%,-! 1+2()! *()8%-+*(&! A%*$! +-!
,99&(*;! ! #$%&! 1+)4()! ,99&(*! &044(&*&! (%*$()! *$+*! *$()(! %&! +! B()2! &1,A! '%990&%B(!

.,85,-(-*!.,85+)('!*,!*$(!*%8(&.+1(!,9! *$(!IJKJL!8(+&0)(8(-*6!,)! *$+*! *$()(! %&!

&*+*%.! %-$,8,4(-(%*2e! +! '%&,)'()! .,85,-(-*! *$+*! ',(&! -,*! +B()+4(! ,0*! ,B()! *%8(;!!

G0)! '+*+! ',(&! -,*! +11,A! '%&*%-40%&$%-4! /(*A((-! *$(! *A,! 5,&&%/%1%*%(&6! /0*! *$(!



! [H!

&%851(&*! (M51+-+*%,-! A,01'! /(! *$(! &1,A! '%990&%B(! .,85,-(-*;! ! P! )(+&,-+/1(!

&044(&*%,-! 9,)! *$(! ,)%4%-! ,9! *$(! )(1+*%B(12! 9+&*! (M5,-(-*%+1! .,85,-(-*F)(&5,-&(! %&!

*$+*!*$%&!.,85,-(-*!%&!+!/%8,'+1!(M*(-&%,-!,9!*$(!5$,-,-F%-'0.('!.,85,-(-*!+-'!

*$(! '%990&%B(! .,85,-(-*! '(.+2&! ,-! +! *%8(&.+1(! 80.$! 4)(+*()! *$+-! H;=!5&;! ! <*! %&!

5,&&%/1(! *$+*! *$%&! 1,-4F*%8(&.+1(! .,85,-(-*! .,01'! +)%&(! 9),8! .,051%-4! ,9! A+*()!

8,*%,-&!A%*$!5),*(%-!8,*%,-&6!A$()(!*$(!A+*()!8,1(.01(&!+)(!')%B(-!/2!*$(!5),*(%-!

8,*%,-&6!A$%.$!.+-!/(!,)'()&!,9!8+4-%*0'(!&1,A()!*$+-!A+*()!8,*%,-&;6"I\F"NI!

J)(B%,0&!&,1B+*%,-!&*0'%(&!,-!1%-(+)!+1%5$+*%.!+1.,$,1&!,9!B+)2%-4!1(-4*$&!&$,A('!

*$+*!*$(!(M*)(8(12!9+&*!.,85,-(-*!'(.)(+&('!%-!+851%*0'(!)(1+*%B(!*,!*$(!'%990&%B(!

.,85,-(-*! +&! *$(! .$+%-! 1(-4*$! >+-'! B%&.,&%*2@! %-.)(+&(';=V! ! #$()(! A+&! +1&,! +!

1(-4*$(-%-4! ,9! %-*()8('%+*(F+-'! 1,-4F*%8(&.+1(! '2-+8%.&! A%*$! %-.)(+&%-4! .$+%-!

1(-4*$;!!KM*(-'%-4!*$%&!5%.*0)(!*,!,0)!&2&*(8!A,01'!1(+'!*,!*$(!5)('%.*%,-!,9!&8+11()!

+-'! &1,A()! )(1+*%B(! .,85,-(-*&! .,))(&5,-'%-4! *,! *$(! "\F+-'! "\UF9&! '2-+8%.!

*%8(&.+1(&!+-'!+! 1+)4()!,99&(*!,-!,0)!(M5()%8(-*+1! *%8(&.+1(! %9! *$(!B%&.,&%*2!,9! *$(!

$2')+*%,-! 1+2()! A()(! *,! /(! %-.)(+&(';! ! J)(B%,0&! &*0'%(&! ,-! '2-+8%.&! ,9!

.$),8,5$,)(&!A%*$%-!5),*(%-&!/2!*$(!](.C!1+/"NN!+-'!R1(8%-4!1+/"N=6!,-!*$(!,*$()!

$+-'6! &$,A! +-! %-.)(+&(! %-! *$(! 9+&*6! q+0&&%+-! .,85,-(-*! .,85+)('! *,! *$(!

.$),8,5$,)(! %-! *$(! /01C;! ! #$%&! 1(+'&! *,! *$(! .,-.10&%,-! *$+*! *$(! $2')+*%,-! 1+2()!

A+*()! %&! -,*! 5),*(%-! 1%C(6! (M.(5*! 9,)! *$(! 9+.*! *$+*! 5),*(%-&! $+B(! 1,-4F1%B('!

%-$,8,4(-(%*2!+-'!&1,A!'%990&%B(!.,85,-(-*&;!

J)(B%,0&!&*0'%(&!/2!d+*20&$,B!"#%&';"N\!&044(&*!*$+*!*$(!$2')+*%,-!&$(11!%&!1%C(12!

*,!/(!,)4+-%7('!/2!*A,!(99(.*&_!*$(!%-*()9+.(!/(*A((-!*$(!5),*(%-!+-'!*$(!$2')+*%,-!

&$(11! /)(+C&! *$(! 1,-4F)+-4(! $2'),4(-! /,-'%-4! -(*A,)C! ,9! /01C! A+*()6! +-'! *$(!



! [I!

5)(&(-.(!,9! .$+)4(&!,-! *$(!5),*(%-! &0)9+.(! *(-'&! *,!5,1+)%7(! *$(!A+*()!8,1(.01(&;!!

#$(&(!A+*()!8,1(.01(&! +)(! ,)%(-*('! /2! *$(! (1(.*),&*+*%.! %-*()+.*%,-&! /(*A((-! *$(!

.$+)4(&! +-'! *$(!A+*()! '%5,1(&;! ! Q0(! *,! *$%&! (99(.*6! *$()(! %&! 1%C(12! *,! /(! +! 1+2()! ,9!

A+*()!8,1(.01(&!*$+*!+)(!5,%-*%-4!8,)(!,)!1(&&!%-!*$(!&+8(!'%)(.*%,-6!A$%.$!8+C(&!%*!

%85,&&%/1(!9,)!*$(!$2')+*%,-!1+2()!A+*()&!*,!9,)8!9,0)!$2'),4(-!/,-'&!%-!+-!%.(F1%C(!

5+**()-;!!<-&*(+'6!*$(!A+*()&!8+C(!8,)(!5+%)A%&(!,)!*$)((FA+2!%-*()+.*%,-&6!8+C%-4!

*$(! +B()+4(!-08/()!,9! $2'),4(-!/,-'&! &8+11();! ! #$%&! %'(+! %&! &055,)*('!/2!HQ! <m!

(M5()%8(-*&!A$()(!+!)('0.('!-08/()!,9!$2'),4(-!/,-'&!+)(!*$,04$*!*,!(M%&*!-(+)!

%-*()9+.(&;"I=! ! #$(! )(1+*%B(! +/0-'+-.(! ,9! 5,&%*%B(! &0)9+.(! .$+)4(&! %-! *$(! D-?2*.!

5),*(%-! 1(+'! *,! *$(! &044(&*%,-! *$+*! +! )(1+*%B(12! 1+)4(! +8,0-*! ,9! A+*()! 8,1(.01(&!

A,01'!1%C(12!(M%&*!%-!*$%&!8,)(!1%-(+)!$2'),4(-!/,-'%-4!.,-9%40)+*%,-;!

<-! *$%&! 1%4$*6! +-! +1*()-+*(f+''%*%,-+1! &044(&*%,-! 9,)! *$(! ,)%4%-! ,9! *$(! 9+&*()!

(M5,-(-*%+1! .,85,-(-*! %-! *$(! $2')+*%,-! 1+2()! .,85+)('! *,! /01C! A+*()! .+-! /(!

5),5,&('! %-B,1B%-4! $2'),4(-! /,-'%-4;! ! <-! *$%&! 5%.*0)(6! *$(! )(,)%(-*+*%,-+1!

>$2'),4(-!/,-'!&A%*.$%-4@!'2-+8%.&!,9!+!*A,F,)!*$)((FA+2!$2'),4(-!/,-'('!A+*()!

8,1(.01(! %-! *$(! $2')+*%,-! &$(11! &$,01'! /(! 9+&*()! *$+-! %-! *$(! /01C6! A$()(!

)(,)%(-*+*%,-+1! 8,*%,-! %-B,1B(&! /)(+C%-4! ,)! &A%*.$%-4! ,9! +18,&*! 9,0)! /,-'&! 5()!

8,1(.01(;! !^(!&044(&*! *$+*! *$(!'%99()%-4!'2-+8%.&!,9!?2=! %-! *$(!$2')+*%,-!&$(11!,9!

D-?2*.! +)(! +..,0-*('! 9,)! /2! +-! %-.)(+&(! %-! (99(.*%B(! B%&.,&%*2! .,85+)('! *,! /01C!

A+*()!+-'!*$(!(M%&*(-.(!,9!+-!+-%&,*),5%.!&*)0.*0)(!,9!*$(!A+*()!8,1(.01(&6!5()$+5&!

+))+-4('!%-!&$,)*!1%-(+)6!$2'),4(-F/,-'('!.$+%-&;!
! !



! [N!

!
!"#$%&'(G(

!
&Q,5=73D4=+=7(%0/>502+E(I;2+:5,>(+23(C02/+35+=5H7(I7,+;(
S2=7/:735+=7>(6/0:(=<7(4@ 4=+=7(06(XD!+/0=727(

G89( 41::+/;(

#$(!(1(.*)%.F9%(1'!)(&,1B('!9(8*,&(.,-'!*)+-&%(-*F4)+*%-4!&%4-+1!9),8!OF.+),*(-(!

%-! /(-7,-%*)%1(! +*! ),,8! *(85()+*0)(! A+&! +.:0%)('! A%*$! ,5*%.+1! $(*(),'2-(!

'(*(.*%,-!+9*()!)(&,-+-*!5)(5+)+*%,-!,9!*$(!LH!>!"#$+ @!&*+*(!A%*$!NU!9&!501&(&!+*!=HU!

-8;! #$(! +/&,)5*%,-! +-'! '%&5()&%,-! .,85,-(-*&! ,9! *$(! *$%)'F,)'()! &%4-+1! (M$%/%*!

'%&*%-.*! *%8(! 5),9%1(&! ,A%-4! *,! -,-)+'%+*%B(! 5,501+*%,-! ,9! +! &()%(&! ,9! '+)C! &*+*(&!

5)%,)! *,! )(.,B()2! ,9! *$(! ,)%4%-+1! 4),0-'! &*+*(;! #$(! +/&,)5*%,-! .,85,-(-*! '(.+2&!

%-%*%+112!,-!+-!01*)+9+&*!>"=!9&@!*%8(&.+1(!+&!.,-*)%/0*%,-&!9),8!&*%801+*('F(8%&&%,-!

+-'! (M.%*('F&*+*(! +/&,)5*%,-! 5+*$A+2&! &$%9*! )+5%'12! *,! *$(! )('! +-'! /10(6!

)(&5(.*%B(126!+-'!9+'(!+A+2;!#$%&!)(&5,-&(!%&!.,-&%&*(-*!A%*$!+-!%-%*%+1!'%&51+.(8(-*!

9),8! *$(! R)+-.CE?,-',-! &*)0.*0)(! +1,-4! )(&,-+-.(! m+8+-F+.*%B(! .+)/,-E.+)/,-!

/,-'F&*)(*.$%-4! +-'! .,85)(&&%,-! .,,)'%-+*(&! 9,11,A('! /2! &288(*)2! /)(+C%-4!

*,)&%,-+1! 8,*%,-&! *$+*! 5),8,*(! .),&&%-4! ,9! +! /+))%()! ,-! *$(! LH F&*+*(! 5,*(-*%+1!

&0)9+.(;! m(1+M+*%,-! +1,-4! *,)&%,-+1! .,,)'%-+*(&! &0/&(:0(-*12! .,-*)%/0*(&! +! "NUF9&!

'(.+2! .,85,-(-*! *$+*! )(5,)*&! '(.+2! ,9! *$(! LH &*+*(! *,! *$(! L" >!"#$
! @! &*+*(6! A$%.$!

(M$%/%*&! +! &*),-4! (M.%*('F&*+*(! +/&,)5*%,-! &%4-+1;! #$%&! %-*()8('%+*(! *%8(! )(4%8(!

A,01'! /(! +&&,.%+*('!A%*$!8%M%-4! ,9! *$(! LH +-'! L" &*+*(&! +-'! *$(! 9,)8+*%,-! ,9! +-!

%-*)+8,1(.01+)! .$+)4(F*)+-&9()! .$+)+.*()! +&! *$(! LHF&*+*(! *A%&*('! 8%-%808! %&!



! [=!

+55),+.$(';! ?,85+)%&,-! ,9! *$(! )(.,B()2! *%8(&.+1(&! ,9! *$(! +/&,)5*%,-! +-'!

'%&5()&%,-! .,85,-(-*&! %-'%.+*(&! *$+*! -,-)+'%+*%B(! '(.+2! ,9! *$(! L" &*+*(! %-%*%+112!

2%(1'&!+!.,-9,)8+*%,-+112!'%&51+.('!4),0-'F&*+*(!>"U!5&@!5)%,)!*,!9011!)(.,B()2!,9!*$(!

,)%4%-+1! 4),0-'! &*+*(! >"H! 5&@;! #$(&(! )(&01*&! 5),85*! *$(! &044(&*%,-! *$+*! *$(!

(99%.%(-.2! ,9! .+),*(-,%'F*,F.$1,),5$211! (-()42! *)+-&9()! %-! 5$,*,&2-*$(*%.! 1%4$*F

$+)B(&*%-4! 5),*(%-&! '(5(-'&! ,-! &*()%.! +-'! (1(.*),&*+*%.! .,-*),1! ,9! *$(! 8%-%808F

(-()42!5+*$!,-! *$(! .+),*(-,%'X&! LH F&*+*(!5,*(-*%+1! &0)9+.(! +1,-4!/,-'F+1*()-+*%,-!

+-'!*,)&%,-+1!.,,)'%-+*(&;!
! !



! [\!

G8)( S2=/031,=502(

?+),*(-,%'&!+)(!(&&(-*%+1!.,85,-(-*&!%-!*$(!5$,*,&2-*$(*%.!1%4$*F$+)B(&*%-4!+-'!

)(+.*%,-F.(-*()!5),*(%-&!,9!5$,*,&2-*$(*%.!,)4+-%&8&!,A%-4!*,!*$(%)!%-B,1B(8(-*!%-!

5$,*,5),*(.*%,-! 8(.$+-%&8&! +-'! %-! 1%4$*! $+)B(&*%-4;! H6I6\6V! #$(2! &()B(! +&! &*),-4!

+-*(--+! .$),8,5$,)(&! %-! *$(!8%'FB%&%/1(6!A$()(! *$(! *())(&*)%+1! &,1+)! &5(.*)08! %&!

*$(! 8,&*! %-*(-&(6! *$),04$! &*),-46! (1(.*)%.F'%5,1(F+11,A('! *)+-&%*%,-&! 9),8! *$(!

4),0-'!&*+*(6!LU >!"#$
! @6!*,!*$(!LH >!"#$+ @!(M.%*('!&*+*(!>R%40)(!N;"@;V6"N`!](.+0&(!*$(!

1%9(*%8(!,9!*$(!LH &*+*(!%&!B()2!&$,)*6!*25%.+112!1(&&!*$+-!H=U!9&6!*$(!9,)8+112!'+)C!L" >

!"#$
! @!&*+*(!51+2&!+!.)0.%+1!),1(!%-!(M.%*+*%,-!(-()42!*)+-&9()!>KK#@!9),8!.+),*(-,%'&!

*,! .$1,),5$211&;! #$(! )+*(! ,9! KK#! /2! *$(! RS)&*()! 8(.$+-%&8! 9),8! *$(! L" &*+*(! %&!

+55+)(-*12!(-$+-.('!%-!1%4$*F$+)B(&*%-4!5),*(%-&!/2!51+.%-4!*$(!.+),*(-,%'!-(+)12!%-!

B+-!'()!^++1&! .,-*+.*!A%*$! +-! +'3+.(-*! .$1,),5$211! &,! *$+*! *$(!?,01,8/! .,051%-4!

/(*A((-!*$(8!%&!,5*%8%7(';N=6"N[!



! [`!

!
?5.1/7(G8)8(K1(.*),-%.!(-()42!1(B(1&!,9!.+),*(-,%'&!+-'!*)+-&%*%,-&!*$+*!.,-*)%/0*(!*,!
-,-1%-(+)!,5*%.+1!&%4-+1&!9,11,A%-4!,5*%.+1!5)(5+)+*%,-!,9!*$(!LH &*+*(6!+9*()!J,1gBC+!
+-'!L0-'&*)S8;V!#$(!,-(F5$,*,-!*)+-&%*%,-&!,9!8,&*!.+),*(-,%'&!(99(.*%B(12!9,11,A!
*$(! &(1(.*%,-! )01(&! 9,)! 8,1(.01(&! /(1,-4%-4! *,! *$(! 6H$! 5,%-*! 4),05e! *)+-&%*%,-&!
/(*A((-!&*+*(&!,9!*$(!&+8(!&288(*)2!>4h46!0h0@!+-'!5&(0',5+)%*2!>ihi6!jhj@!+)(!
(1(.*)%.F'%5,1(!9,)/%''(-;"U6""!#$(!9%)&*!&*),-412!+11,A('!,5*%.+1!*)+-&%*%,-!%&!LU →LH 
;!^(+C!910,)(&.(-.(!%&!,/&()B('!9),8!*$(!9,)8+112!'+)C!L" &*+*(6"H6"I!A$%.$!&$,A&!
*$+*! *$(!L" &*+*(! %&! )+5%'12!+..(&&('!B%+! %-*()-+1!.,-B()&%,-;!Q+)C!&*+*(&!&044(&*('!
/2! 5)(B%,0&! A,)C! +)(! 8+)C('! /2! /10(! 1%-(&! +-'! )('! 1+/(1&;! a,-)+'%+*%B(! '(.+2!
*)+-&%*%,-&!*$+*!'(+.*%B+*(!*$(!LH &*+*(!+)(!%-'%.+*('!A%*$!A+B2!+)),A&e!(M.%*('F&*+*(!
+/&,)5*%,-!*)+-&%*%,-&!*$+*!.,-*)%/0*(!*,!5085E5),/(!+-'!*)+-&%(-*F4)+*%-4!&%4-+1&!
+)(!&$,A-!+&!&,1%'!+)),A&;!#$(!*%8(&.+1(!%-.)(+&(&!9),8!1(9*!*,!)%4$*!%-!*$(!'%+4)+8;!!

#$(! )+*(! ,9! KK#! A,01'! /(! 90)*$()! (-$+-.('! %-! +! 1%4$*F$+)B(&*%-4! 5),*(%-! /2!

/%-'%-4! .+),*(-,%'&! %-! &%*(&! *$+*! 9+B,)! +-! +&&085*%,-! ,9! +! *A%&*('! .,-9,)8+*%,-!

/(.+0&(! *$(! /)%4$*! LH +-'! '+)C! L" (M.%*('! &*+*(&! A,01'! 8%M! +-'! '(B(1,5!

!
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! [[!

%-*)+8,1(.01+)! .$+)4(F*)+-&9()! .$+)+.*()! +&! +! .,-%.+1! %-*()&(.*%,-! %&! +55),+.$('!

+1,-4!*,)&%,-+1!.,,)'%-+*(&;H"6==6"NVF"=H!#A%&*('!.,-9,)8+*%,-&!8+2!/(!%-B,1B('!%-!

*$(!-,-)+'%+*%B(!'(.+2!5+*$A+2&! %-%*%+*('! 9),8! *$(!LH!&*+*(! *$+*!5,501+*(! *$(!LM! >

!"#$! @! +-'! Ls! '+)C! &*+*(&! %-! .+),*(-,%'&6! A$%.$! $+B(! /((-! *$(! &0/3(.*! ,9!

.,-*),B()&2;V!#$(!%-B,1B(8(-*!,9!*$(!LM!&*+*(!+&!+!/)%'4%-4!%-*()8('%+*(!%&!&*),-412!

&044(&*('! /2! '(B%+*%,-! ,9! *$(! LH hL"! %-*()-+1! .,-B()&%,-! )+*(&! ,9! .+),*(-,%'&! ,9!

B+)2%-4!1(-4*$&!9),8!*$(!(-()42!4+5!1+A"H6H`6I`!+-'!/2!'(*(.*%,-!,9!+-!(M.%*('F&*+*(!

+/&,)5*%,-!/+-'!5)%,)!*,!*$(!9,)8+*%,-!,9!*$(!L" &*+*(;HH6H[6IU6"=I!G/&()B+*%,-!,9!+-!

,99F'%+4,-+1! .),&&F5(+C! %-! HQ! (1(.*),-%.! &*%801+*('! 5$,*,-F(.$,! (M5()%8(-*&!

&055,)*&! *$(! &044(&*%,-! *$+*! *$(! LM! &*+*(! 8('%+*(&! (-()42! *)+-&9()! 9),8! *$(!

.+),*(-,%'! LH &*+*(! *,! *$(! /+.*()%,.$1,),5$211! bM! &*+*(! %-! 50)51(! /+.*()%+1! 1%4$*F

$+)B(&*%-4! 5),*(%-&;HN6H=! #$(! Ls! &*+*(6! A$%.$! %&! 8+)C('! /2! 9,)8+*%,-! ,9! +! /10(!

&$,01'()! ,-! *$(! L" hL-! KLP! *)+-&%*%,-! %-! *$(! *)+-&%(-*! +/&,)5*%,-! &5(.*)086! $+&!

/((-! +&&%4-('! *,! *$(! B%/)+*%,-+112! (M.%*('! LU! &*+*(6! +&! 4(-()+*('! /2! -,-)+'%+*%B(!

'(.+2!9),8!*$(!L" &*+*(IV!,)!/2!&*%801+*('!m+8+-!&.+**()%-4!A%*$!)(&,-+-*!LH F&*+*(!

(M.%*+*%,-;HI! P-! +1*()-+*%B(! &044(&*%,-! %&! *$+*! Ls! +)%&(&! 9),8! +! '%&.)(*(! (1(.*),-%.!

&*+*(!12%-4!/(1,A!*$(!L" &*+*(!(-()42!*$+*!$+&!+!*A%&*('!.,-9,)8+*%,-;NUFNH!!

P! &5(.*),&.,5%.! +55),+.$! 9,)! *$(! '(*(.*%,-! +-'! .$+)+.*()%7+*%,-! ,9! *$(! '+)C!

&*+*(&!*$+*!.,-*)%/0*(!*,!*$(!-,-)+'%+*%B(!'(.+2!,9!.+),*(-,%'&! %&!&044(&*('!/2!*$(!

A,)C! ,9! R1(8%-4! +-'! .,A,)C()&6! A$,! 0&('! 9(8*,&(.,-'! *)+-&%(-*F4)+*%-4!

&5(.*),&.,52! A%*$! ,5*%.+1! $(*(),'2-(! '(*(.*%,-! *,! &*0'2! -,-)+'%+*%B(! '(.+2!

8(.$+-%&8&!%-B,1B%-4!(M.%*('F&*+*(!*,)&%,-+1!'2-+8%.&!%-!*)%5$(-218(*$+-(!>#Jd@!

'2(&;=N6"=N! G5*%.+1! $(*(),'2-(! '(*(.*%,-! 5()8%*&! +! 9011! .$+)+.*()%7+*%,-! ,9! *$(!



! [V!

(1(.*)%.!9%(1'!,9!*$(!*$%)'F,)'()!-,-1%-(+)!,5*%.+1!&%4-+1!%-!*()8&!,9!*A,!.,85,-(-*&!

%-!:0+')+*0)(6!*$(!+/&,)5*%,-!+-'!'%&5()&%,-!.,85,-(-*&;!#$(!)(&,-+-*!&,10*(!+-'!

-,-)(&,-+-*!&,1B(-*!&%4-+1&!.+-!/(!'%&*%-40%&$('!8,)(!)(+'%12!%-!,5*%.+1!$(*(),'2-(!

(M5()%8(-*&!*$+-!%-!(M5()%8(-*&!A%*$!$,8,'2-(!'(*(.*%,-6!A$%.$!'(*(.*&!*$(!&08!

,9! *$(!&:0+)(&!,9! *$(!+/&,)5*%,-!+-'!'%&5()&%,-!.,85,-(-*&;"U[6"==!#$(!*)+-&%(-*F

4)+*%-4! &%4-+1&! 9),8! #Jd! '2(&! A()(! &$,A-! *,! (M$%/%*! &*)%C%-412! '%99()(-*! C%-(*%.!

5),9%1(&!+-'!5085FA+B(1(-4*$F'(5(-'(-*!'(.+2!*%8(&.+1(&!,A%-4!*,!*$(!9,)8+*%,-!

,9!%-*()8('%+*(!&*+*(&!5)%,)!*,!)(.,B()2!,9!*$(!,)%4%-+1!4),0-'!&*+*(;=N6"=N!!

<-! *$%&! .,-*)%/0*%,-6! A(! $+B(! 9,11,A('! +! &%8%1+)! +55),+.$! *,! .$+)+.*()%7(! *$(!

-,-)+'%+*%B(!'(.+2!'2-+8%.&! 9),8! *$(!LH &*+*(!,9!OF.+),*(-(! >R%40)(!N;H@! +*! ),,8!

*(85()+*0)(;!G5*%.+1!$(*(),'2-(!'(*(.*%,-!A+&!5()9,)8('!A%*$!R,0)%()F*)+-&9,)86!

&5(.*)+1! %-*()9(),8(*)%.! 8(*$,'&"=\! 0&%-4! +! 5+&&%B(12! 5$+&(F&*+/%1%7('! 5$,*,-F

(.$,f*)+-&%(-*F4)+*%-4! &5(.*),8(*();! ]2! '(*(.*%-4! *$(! +/&,)5*%,-! +-'! '%&5()&%,-!

.,85,-(-*&! ,9! *$(! *)+-&%(-*F4)+*%-4! &%4-+1! &(5+)+*(126! A(! ,/&()B(! '%)(.*12! *$(!

'2-+8%.&!,-!*$(!LH F&*+*(!5,*(-*%+1!&0)9+.(!*$+*! %-%*%+*(&!-,-)+'%+*%B(!'(.+2!*,!*$(!

L" +-'!LU &*+*(&;!#$(!)(&01*&!&$,A!*$+*!+9*()!,5*%.+1!5)(5+)+*%,-!,9!*$(!LH &*+*(!+-'!

+-! %-%*%+1! '%&51+.(8(-*! +1,-4! )(&,-+-.(! m+8+-F+.*%B(! .+)/,-E.+)/,-! /,-'F

&*)(*.$%-4! +-'! .,85)(&&%,-! .,,)'%-+*(&6! OF.+),*(-(! 0-'()4,(&! +! )+5%'! &*)0.*0)+1!

(B,10*%,-! +A+2! 9),8! *$(! R)+-.CE?,-',-! 4(,8(*)2! +1,-4! *,)&%,-+1! 8,*%,-&! *$+*!

5),8,*(! .),&&%-4! ,9! +-! +.*%B+*%,-F(-()42! /+))%()! 1(+'%-4! *,! +! *A%&*('! ,)!

52)+8%'+1%7('!8%-%808;!!!



! VU!

!
?5.1/7(G8@8(L*)0.*0)(!,9!OF.+),*(-(;!!

G8@( &QA7/5:72=+E(

G8@8)( 4+:AE7( $/7A+/+=502;! ! OF.+),*(-(! &+851(&! A()(! ,/*+%-('! 9),8! L%48+F

P1')%.$! >.+*+1,4! -,;! ?V`=U@! +-'! 50)%9%('! /2! $%4$F5()9,)8+-.(! 1%:0%'!

.$),8+*,4)+5$2! >ZJY?@! 0&%-4! +!^+*()&! \UUKf\UUL!801*%&,1B(-*! '(1%B()2! &2&*(8!

(:0%55('!A%*$!+!HVV\!5$,*,'%,'(!+))+2!'(*(.*,)!+&!'(&.)%/('!5)(B%,0&12;"=`! !#$(!

.,108-! A+&! +! ^+*()&! P*1+-*%&! J)(5! #I! G]Q! =! r8! .,108-! >"V! M! "UU! 88@;!

P.(*,-%*)%1(! A+&! '(1%B()('! %&,.)+*%.+112! A%*$! +! `;U! 8Yf8%-! 91,A! )+*(;! L+851(&!
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?5.1/7( G8));! ! ?,85+)%&,-! ,9! *$(! (+)12F*%8(! '%&5()&%,-! .,85,-(-*&! ,9! *$(!
$(*(),'2-(! *)+-&%(-*F4)+*%-4! &%4-+1&! 9),8! OF.+),*(-(! %-! /(-7,-%*)%1(! +-'! -(+*!
/(-7,-%*)%1(_! >+@!OF.+),*(-(! '%&5()&%,-! .,85,-(-*! ,B()1+55('! A%*$! +-! ,5*%8%7('!
C%-(*%.! 8,'(1! >&,1%'! 1%-(@6! +&! '%&.0&&('! %-! *$(! *(M*! +-'! K:0+*%,-&!N;`EN;"He! >/@!
)(&%'0+1! >&%4-+1!E!8,'(1@e! >.@!'%&5()&%,-!.,85,-(-*!,9! *$(! *)+-&%(-*F4)+*%-4!&%4-+1!
9),8!-(+*!/(-7,-%*)%1(!0-'()!*$(!&+8(!8(+&0)(8(-*!.,-'%*%,-&;!
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! "UV!

#$(!+/&,)5*%,-!+-'!'%&5()&%,-!.,85,-(-*&!,9! *$(!OF.+),*(-(! *)+-&%(-*F4)+*%-4!

&%4-+1! '(&.)%/(! *$(! -,-)+'%+*%B(! '(.+2! ,9! *$(! L" &*+*(! %-! *()8&! ,9! +! &%-41(F

(M5,-(-*%+1! )(.,B()2!A%*$! +! T"U!5&! *%8(! .,-&*+-*! >&((! R%40)(!N;`@;! #$(! ,/&()B('!

*%8(! .,-&*+-*&! %-! *$(! *A,! .,85,-(-*&! +)(! &%4-%9%.+-*12! '%99()(-*e! *$(! +/&,)5*%,-!

.,85,-(-*!'(.+2&!A%*$!+!"";=!5&!*%8(!.,-&*+-*6!A$()(+&!*$(!'%&5()&%,-!.,85,-(-*!

(M$%/%*&! +! V;[!5&! *%8(! .,-&*+-*;! #$(&(! '%99()(-.(&! %-! )(1+M+*%,-! *%8(&.+1(! +)(!

.,-&%&*(-*! A%*$! *$(! %-%*%+1! 5),'0.*%,-! ,9! +! $,*! >B%/)+*%,-+112! (M.%*('! ,)!

.,-9,)8+*%,-+112! '%&51+.('@! LU F&*+*(! 5),'0.*! 9),8! L" ;! #$(&(! 4),0-'F&*+*(!

8,1(.01(&!A,01'!/(!(M5(.*('! *,! (M$%/%*! +!5$,*,%-'0.('!+/&,)5*%,-! &5(.*)08! *$+*!

&$%9*&! *,! *$(! /10(! +-'! -+)),A&! +&! *$(2! )(1+M! >/2! B%/)+*%,-+1! .,,1%-4! ,)!

.,-9,)8+*%,-+1!)(1+M+*%,-@!,-!*$(!5%.,&(.,-'!*%8(&.+1(;"\I!!

G/&()B+*%,-&!,9!5$,*,%-'0.('!+/&,)5*%,-!9),8!$,*!4),0-'F&*+*(!5,501+*%,-&!%-!

.+),*(-,%'&!+)(!8+'(!'%99%.01*!/2!*$(!,B()1+55%-4!LK!+-'!KLP!&%4-+1&! *,!*$(!)('!,9!

*$(!!"#! "$ !+/&,)5*%,-! &5(.*)08;V! <-! *$(! $(*(),'2-(! *)+-&%(-*F4)+*%-4! &*0'%(&! ,9!

-,-)+'%+*%B(!'(.+2! %-! *$(! *,)&%,-+112!+.*%B(!#Jd!'2(&!.)2&*+1!B%,1(*!+-'!8+1+.$%*(!

4)((-!/2!R1(8%-4!+-'!.,A,)C()&6=N6"\N!$,A(B()6!*$(!'%&5()&%,-!.,85,-(-*!(M$%/%*&!

+!&$,)*(-('!)(.,B()2!1%9(*%8(!.,85+)('!*,!*$+*!,9!*$(!+/&,)5*%,-!.,85,-(-*!A$(-!

*$(!1+&()!%&!*0-('!*,!*$(!)('!1%8%*!,9!*$(!+/&,)5*%,-!&5(.*)08;!#$(!*%8(&.+1(&!9,)!*$(!

*A,! .,85,-(-*&!8()4(! +&! *$(! 1+&()! %&! *0-('! *,A+)'&! *$(! .(-*()! ,9! *$(! &5(.*)08;!

](.+0&(!*$(!'%&5()&%,-!.,85,-(-*!$+&!+!/),+'!A%-4!>,A%-4!*,!*$(!p)+8()&Fp),-%4!

)(1+*%,-&$%5@!,-!*$(!)('!&%'(!,9!*$(!+/&,)5*%,-!1%-(&$+5(6!*$(!'%&5()&%,-!.,85,-(-*!

%&! )(1+*%B(12! %-&(-&%*%B(! *,! *$(! /10(! &$%9*%-4! ,9! *$(! $,*! 4),0-'F&*+*(! 5,501+*%,-X&!

5$,*,%-'0.('! +/&,)5*%,-! &5(.*)08! +&! )(1+M+*%,-! ,..0)&;! #$0&6! *$(! '%&5()&%,-!



! ""U!

.,85,-(-*! %&! 5)%8+)%12! &(-&%*%B(! *,! *$(!!"#! "$ !'(.+2! C%-(*%.&;! #$(! +/&,)5*%,-!

.,85,-(-*!+''%*%,-+112!&(-&(&!*$(!)(.,B()2!,9!*$(!%-%*%+1!B%/)+*%,-+1!'%&*)%/0*%,-!%-!

*$(! 4),0-'! &*+*(;! #$0&6! %-! OF.+),*(-(6! *$(! V;[F5&! '%&5()&%,-! )(.,B()2! 5),B%'(&! +-!

(&*%8+*(! 9,)! *$(! !"#! "$ !-,-)+'%+*%B(! '(.+2! *%8(&.+1(e! *$(! 1(-4*$(-%-4! ,9! *$(!

+/&,)5*%,-! )(.,B()2! *,! "";=!5&! %-'%.+*(&! .,,1%-4! ,9! *$(! )(&01*%-4! $,*! 4),0-'! &*+*(!

5,501+*%,-!,-!*$(!TH!5&!*%8(&.+1(;!

G8B8J( R+H7E72.=<D/7>0EH73( %/+2>572=D./+=52.( 45.2+E>;! Q(&5%*(! *$(! 1%8%*('!

&5(.*)+1!)+-4(!+99,)'('!/2!*$(!NUF9&6!=HU!-8!501&(&6!*$(!&5(.*)+1!%-9,)8+*%,-!*$+*!%&!

+B+%1+/1(! %-! *$(! *)+-&%(-*F4)+*%-4! &%4-+1! 9),8!OF.+),*(-(!5),B%'(&! &,8(! %85,)*+-*!

.10(&!+&!*,!A$+*!%&!$+55(-%-4!+&!5,501+*%,-!5+&&(&!*$),04$!*$(!&(:0(-.(!,9!C%-(*%.!

&*+*(&! >K:0+*%,-!N;`@! *$+*! )(.,B()! *$(! 4),0-'! &*+*(;! R%40)(!N;"H! &$,A&! +! .,-*,0)!

)(5)(&(-*+*%,-!,9!*$(!A+B(1(-4*$F'%&5()&('6!+/&,)5*%,-!.,85,-(-*!,9!*$(!*)+-&%(-*F

4)+*%-4! &%4-+16! +&! ,/*+%-('! '%)(.*12! 9),8! &5(.*)+1! %-*()9(),8(*)2e! R%40)(!N;"I!

%&,1+*(&!&(B()+1!*%8(F)(&,1B('!&5(.*)+!+&!&1%.(&!,9!*$(!'(1+2!=EA+B(1(-4*$E%-*(-&%*2!

&0)9+.(;!



! """!

!
?5.1/7( G8)@;! ?,-*,0)! )(5)(&(-*+*%,-! >%-*(-&%*2! +&! +! 90-.*%,-! ,9! 5),/(! 501&(!
A+B(1(-4*$!+-'!'(1+2!=@!,9!*$(!+/&,)5*%,-!.,85,-(-*!,9!*$(!*)+-&%(-*F4)+*%-4!&%4-+1!
9),8!OF.+),*(-(!%-!/(-7,-%*)%1(;!
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! ""H!

!
?5.1/7( G8)B;! #%8(F)(&,1B('! *)+-&%(-*F4)+*%-4! +/&,)5*%,-! .,85,-(-*! &5(.*)+! 9),8!
OF.+),*(-(!%-!/(-7,-%*)%1(!+*!&(1(.*('!5085E5),/(!'(1+2!*%8(&!=;!#$(!*,5!5+-(1!>J]@!
&$,A&! *$(! %-&*+-*+-(,0&! 5$,*,/1(+.$%-4! &5(.*)086! A$%.$! A+&! (&*%8+*('! +&! *$(!
5),'0.*! ,9! *$(! 1+&()! &5(.*)08! +-'! *$(! +/&,)5*%,-! &5(.*)08! ,9! OF.+),*(-(! >&((!
R%40)(!N;I@;!

P*! '(1+2&! !!" <"## !9&6! *$(! *%8(F)(&,1B('! &5(.*)+! (B,1B(! '0)%-4! *$(! C%-(*%.!

*%8(&.+1(&!+&&,.%+*('!A%*$!*$(!LH &*+*(!+-'!*$(!%-*()8('%+*(!<;!!^%*$!*$(!+&&085*%,-!

*$+*! *$(!J]!&5(.*)08!&.+1(&!A%*$! *$(! %-*(4)+1!,9! *$(! %-&*)08(-*!)(&5,-&(!+-'! *$+*!

)(.,B()2!,9! *$(!4),0-'!&*+*(! %&! %-&%4-%9%.+-*6! *$(!&5(.*)+1!.$+-4(&! %-'%.+*(! *$+*! *$(!

LK!.,-*)%/0*%,-!*,!*$(!&%4-+1!,B()!*$(!1+&()!/+-'A%'*$!%&!B()2!&$,)*!1%B(';!!R0)*$()6!
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! ""I!

+&!*$(!&(:0(-.(!,9!&*+*(&!5),.(('&!9),8!*$(!LH &*+*(!*,!*$(!L" &*+*(6!*$(!.$+)+.*()!,9!

*$(!KLP!&5(.*)08!.$+-4(&!*A%.(!+-'!,B()+11!*(-'&!*,!&$%9*!*,!*$(!/10(;!

P*! (+)12! '(1+2&!!" !>E"U! +-'! U!9&@! -(+)! *$(! 5(+C! ,9! *$(! %-&*)08(-*F)(&5,-&(!

90-.*%,-6!*$(!*%8(F)(&,1B('!&5(.*)+!&$,A-!%-!R%40)(!N;"I!%-.10'(!.,-*)%/0*%,-&!9),8!

J]! +-'! LK! 1%-(&$+5(&! ,B()1+55('!A%*$! +! /),+'!0-'()12%-4!KLP!/+-'! +)%&%-4! 9),8!

!!"#!""$# !*)+-&%*%,-&;IH6"\=! #$(! -(*!!"#+ $% !)(4%,-! %&! .,-&%&*(-*! %-! /)(+'*$! +-'!

*0-%-4!A%*$! *$(! %-&*+-*+-(,0&! J]! &5(.*)08! >R%40)(!N;"I6! *,5! 5+-(1@6! +&! (&*%8+*('!

9),8! *$(! 5),'0.*! ,9! *$(! 1+&()! +-'! 1%-(+)! +/&,)5*%,-! &5(.*)08! >R%40)(!N;I@6! )+*$()!

*$+-!/(%-4!.,-&%&*(-*!A%*$!*$(!1%-(+)!&5(.*)08!%*&(19;!#$%&!,/&()B+*%,-!&044(&*&!*$+*!

*$(!4),0-'F&*+*(!+/&,)5*%,-!&5(.*)08! %&!+*! 1(+&*! %-$,8,4(-(,0&12!/),+'(-('!+-'!

5,&&%/12!$(*(),4(-(,0&!,A%-4!*,!*$(!5)(&(-.(!,9!4),0-'F&*+*(!.,-9,)8()&;I\!#$(!LK!

1%-(&$+5(! +55(+)&! *,! /(! ,B()1+55('! A%*$! +! )(4%,-! ,9! KLP! 30&*! *,! *$(! )('! ,9! *$(!

%-&*+-*+-(,0&!J]!&5(.*)08;!

P&! *$(! '(1+2! =! %-.)(+&(&! &0/&(:0(-*126! *$(! LK! &%4-+1! &$%9*&! +-'! (B(-*0+112!

B+-%&$(&6!+-'!*$(!%-%*%+112!5)(&(-*!KLP!&%4-+1!%&!)(51+.('!/2!*A,!'%&*%-.*!*25(&!,9!KLP!

&%4-+1&;! !Q0)%-4!*$(!'(1+2!)(4%8(!+&&,.%+*('!A%*$!*$(!'(.+2!,9!*$(!LH!&*+*(!+-'!*$(!

)%&(! ,9! *$(! %-*()8('%+*(! <6!!!" !"# !9&6! *$(! LK! +-'! *$(! %-%*%+1! KLP! &%4-+1! +)(! &$+)512!

+**(-0+*('!+&!*$(%)!&5(.*)+!&$%9*!*,!*$(!)('!+-'!/10(6!)(&5(.*%B(12;!#$(!!!" ="# !9&!+-'!

!!" ="# !9&! &5(.*)+6! *$(! 1+**()! .,))(&5,-'%-4! *,! *$(! 8+M%8+1! 5,501+*%,-! 9,)! *$(!

%-*()8('%+*(6!%-.10'(!+!-(A!KLP!)(4%,-!-(+)!=IU!-86!*,!*$(!)('!,9!*$(!%-&*+-*+-(,0&!

J]! 5(+C6! *$+*! /),+'(-&! &%4-%9%.+-*12! +-'! (M*(-'&! *,! *$(! /10(! %-! *$(!!!" ="# !9&! +-'!

!!" ="## !9&!&5(.*)+!&,!*$+*!%*!&5+-&!+-'!%-.)(+&%-412!.+-.(1&!*$(!J]!1%-(&$+5(;!!



! ""N!

R%-+1126!+*! 1,-4()!'(1+2&6!!!" >"## !9&6!+!'%&*%-.*!+-'!8,)(!%-*(-&(!-(*!KLP!9(+*0)(!

+55(+)&!%-!*$(!=HUE=I=F-8!)+-4(!+-'!&$%9*&!&,8(A$+*!*,!*$(!/10(!+&!*$(!L" &*+*(!%&!

5,501+*(';!#$%&!KLP!/+-'!)(+.$(&!+!8+M%808!%-*(-&%*2!+*!!!" =" !5&!>&((!R%40)(!N;`+@!

+-'!+*!*$%&!5,%-*!1+)4(12!(M*%-40%&$(&!*$(!J]!5(+C;!!

G8G( I5>,1>>502(

#$(!(M5()%8(-*&!+-'!)(&01*&!'(&.)%/('!%-!*$%&!.,-*)%/0*%,-!&$,A!*$+*!*)+-&%(-*F

4)+*%-4! &5(.*),&.,52! A%*$! ,5*%.+1! $(*(),'2-(! '(*(.*%,-! ,/*+%-&! +-! %85),B('!

'(&.)%5*%,-!,9!*$(!%-%*%+1!-,-)+'%+*%B(!'(.+2!'2-+8%.&!,9!*$(!LH!&*+*(!,9!OF.+),*(-(;!

#$(!0&(!,9!&5(.*)+1!%-*()9(),8(*)2!%-!*$(!'(*(.*%,-!&.$(8(!5()8%*&!+!.1(+-!%&,1+*%,-!

,9!*$(!-,-1%-(+)!,5*%.+1!&%4-+1!9),8!&.+**()%-4!+-'!,*$()!/+.C4),0-'!.,-*)%/0*%,-&!

*$+*! $+B(! 5)(B%,0&12! $+85()('! *$(! %-*()5)(*+*%,-! ,9! *)+-&%(-*F4)+*%-4! &%4-+1&! +*!

&$,)*!5085E5),/(!'(1+2!*%8(&;IH6=N!#$(!)(&01*&!5),B%'(!+''%*%,-+1!&055,)*!9,)!*$(!

.,-.10&%,-!*$+*!+!C%-(*%.!%-*()8('%+*(!%&!5),'0.('!,-!+-!01*)+9+&*!*%8(&.+1(!>"N!9&@!

+9*()!*$(!)(&,-+-*!9,)8+*%,-!,9!*$(!L" &*+*(!>"NH!9&@;!#$(&(!*%8(&.+1(&!+)(!-(+)12!%-!

:0+-*%*+*%B(! +4)((8(-*! A%*$! *$,&(! '(*()8%-('! 5)(B%,0&12! /2! ?()011,! "#%&';! 0&%-4!

*)+-&%(-*F+/&,)5*%,-! &5(.*),&.,52;IU! #$(! *%8(F)(&,1B('! *)+-&%(-*F4)+*%-4! &5(.*)+6!

$,A(B()6!5),B%'(!&,8(!-(A!%-&%4$*!%-*,!*$(!-+*0)(!,9!*$(!&*)0.*0)+1!'2-+8%.&!*$+*!

,..0)! '0)%-4! *$(! )+'%+*%,-1(&&! '(.+2! 5+*$A+2! %-! *()8&! ,9! &5(.*)+1! '2-+8%.&! +-'!

%-*(-&%*2!.$+-4(&!%-!*$(!LK!+-'!KLP!5+)*&!,9!*$(!&%4-+1;!!R0)*$()6!+!.,85+)%&,-!,9!*$(!

+/&,)5*%,-! +-'! '%&5()&%,-! .,85,-(-*&! ,9! *$(! *)+-&%(-*F4)+*%-4! &%4-+1! 5),B%'(&!

%-9,)8+*%,-! ,-! *$(! -+*0)(! ,9! *$(! (-&(8/1(! *$+*! )(*0)-&! *,! *$(! 4),0-'! &*+*(;! #$(!

,B()+11!5%.*0)(!&044(&*('!/2!*$(&(!)(&01*&! %&!*$+*!OF.+),*(-(!0-'()4,(&!+-!(M.%*('F



! ""=!

&*+*(! &*)0.*0)+1! (B,10*%,-! *$+*! 1%C(12! %-B,1B(&! )(1+M+*%,-! *,A+)'&! +! *A%&*('!

.,-9,)8+*%,-! %-! *$(! LH &*+*(;! ! #$(!'2-+8%.&! %-B,1B(! .),&&%-4! +-! +.*%B+*%,-F(-()42!

/+))%()! *$+*! '%B%'(&! *$(! 8%-%808F(-()42! 5+*$! ,-! *$(! LHF&*+*(! 5,*(-*%+1F(-()42!

&0)9+.(! +1,-4! /,-'F+1*()-+*%,-! +-'! *,)&%,-+1! .,,)'%-+*(&;! #$(&(! 8,*%,-&! +)(!

&%4-%9%.+-*! /(.+0&(! *$(2! +)(! 1%C(12! *,! %-'0.(! +-! %-*)+8,1(.01+)! .$+)4(F*)+-&9()!

.$+)+.*();!

#$(! &$,)*! *%8(&.+1(! +55+)(-*12! +&&,.%+*('! A%*$! *$(! 9,)8+*%,-! ,9! *$(! C%-(*%.!

%-*()8('%+*(! &*+*(! +9*()! )(&,-+-*! 5)(5+)+*%,-! ,9! *$(! LH &*+*(! 51+.(&! &%4-%9%.+-*!

1%8%*+*%,-&! ,-! *$(! *25(! ,9! &*)0.*0)+1! .$+-4(&! *$+*! +)(! 5,&&%/1(! &*+)*%-4! 9),8! *$(!

R)+-.CE?,-',-! >R?@! 4(,8(*)26! 5)(5+)('! B()*%.+112! 9),8! *$(! (:0%1%/)%08! 4),0-'F

&*+*(! 4(,8(*)2;! p,2+8+6"=I6"\\! ?()011,6IU6I`! +-'! *$(%)! .,A,)C()&! +&&%4-! *$(!

%-*()8('%+*(! ,/&()B('! %-! OF.+),*(-(! +-'!,*$()! .+),*(-,%'&! *,! *$(! LM! >"!"#! @! &*+*(6!

A$%.$!A+&!(M5(.*('!/2!#+B+-!+-'!L.$01*(-"NV!/(1,A!*$(!LH &*+*(!>R%40)(!N;"@;!#$(!

.,-.10&%,-! *$+*! *$(! %-*()8('%+*(! %&! *$(! 5),'0.*! ,9! +! -,-)+'%+*%B(! .$+-4(! ,9!

(1(.*),-%.!&*+*(!.,8(&!9),8!*$(!,/&()B+*%,-!,9!+!'%&*%-.*!KLP!&5(.*)08!9),8!*$+*!,9!

*$(!LH &*+*(6!A$%.$!A,01'!+)%&(! 9),8!5),/(F')%B(-!*)+-&%*%,-&!*,!+!'%99()(-*!$%4$()!

12%-4!LH &*+*(!/(.+0&(!,9!+!.$+-4(!%-!&(1(.*%,-!)01(&;!<-!*$(!.+&(!,9!*$(!+&&%4-8(-*!*,!

*$(! LM! >"!"#! @! &*+*(6! ! *$(! &044(&*%,-! %&!8+'(! *$+*! *$(! %-*()8('%+*(! (B,1B(&! 9),8! +!

.,B+1(-*! &*+*(! >i!5&(0',5+)%*2@! *,! +-! %,-%.! &*+*(! >j!5&(0',5+)%*2@!A%*$! &%4-%9%.+-*!

',0/1(!(M.%*+*%,-!.$+)+.*();!!

#$(!%-%*%+1!&*)0.*0)+1!'%&51+.(8(-*!%-'%.+*('!/2!)(&,-+-.(!m+8+-!&5(.*),&.,52!

9,)! OF! .+),*(-(! +-'! 9,)! 8,&*! .+),*(-,%'&! %&! +1,-4! *$(! *,*+112! &288(*)%.! -,)8+1!

.,,)'%-+*(&! +&&,.%+*('!A%*$! ?E?! +-'!?n?!/,-'! &*)(*.$%-4! .,,)'%-+*(&;! ! #$(&(! +)(!



! ""\!

*$(! 8,'(&! *$+*! +55(+)! %-! *$(! 4),0-'F&*+*(! B%/)+*%,-+1! .,$()(-.(! %-! $,8,'2-(!

*)+-&%(-*F4)+*%-4!&%4-+1&!,/&()B('!A%*$!B()2!&$,)*!501&(&;"\`F"\V!](.+0&(!*$(!9,)8+1!

/,-'! ,)'()! ,9! *$(! .+)/,-E.+)/,-! /,-'&! %-! *$(! .,-304+*('! 5,12(-(! /+.C/,-(! %-!

.+),*(-,%'&!&$%9*&!9),8!*$+*!,9!*$(!4),0-'!&*+*(!,A%-4!*,!*$(!c!>ZGdG@hcs!>YkdG@!

.$+)+.*()! ,9! *$(! LU hLH (M.%*+*%,-6! *$(&(!8,*%,-&! .,-*)%/0*(! *,! .$+-4(&! %-! /,-'F

+1*()-+*%,-!.$+)+.*();=\6"="!!

Q2-+8%.&!+1,-4!*$(!/,-'F+1*()-+*%,-!.,,)'%-+*(&!%&!%851%.+*('!%-!&$,)*!5,12(-(&!

%-!*$(!01*)+9+&*!.$+-4(&!%-!'%5,1(!&*)(-4*$!*$+*!+..,85+-2!*)+-&%*%,-&!A%*$!+'3+.(-*!

'+)C! &*+*(&;! P&! ,-(! %85,)*+-*! (M+851(6! &%801+*%,-&! /2! Y(B%-(! +-'! d+)*g-(7"=H!

'(&.)%/(! $,A! #4&8*FHF/0*+'%(-(! 0-'()4,(&! +! 5),85*! '%&51+.(8(-*! ,-! *$(! "UF9&!

*%8(&.+1(! *$+*! )(&01*&! %-! +! 5+)*%*%,-%-4! ,9! *$(! 5,501+*%,-! 5)(5+)('! %-%*%+112! %-! *$(!

""]0! &*+*(! %-*,! *$(! '+)C! H"P4! &*+*(! 12%-4! +*! &,8(A$+*! 1,A()! (-()42;! #,)&%,-+1!

8,*%,-&! +)(! &0/&(:0(-*12! +.*%B+*('! *$+*! (B(-*0+112! 1(+'! *,! +! *A%&*('! 8%-%808F

(-()42!&*)0.*0)(!+*!+!.,-%.+1!%-*()&(.*%,-!>?<@;!!

P!&%8%1+)!&(:0(-.(!,9!(B(-*&!%&!,/*+%-('!9),8!*$(!+-+12&%&!/2!G1%B0..%6!m,//6!+-'!

.,A,)C()&"6"`UF"`N! ,9! *$(! '2-+8%.&! *$+*! 1(+'! *,! %&,8()%7+*%,-! %-! .2+-%-(&! +-'! %-!

5),*,-+*('!L.$%99!/+&(&!>JL]&@;!#$(!5,*(-*%+1F(-()42!&0)9+.(&!,9!1,-4!.2+-%-(&!+-'!

JL]&!'%99()! 9),8! *$,&(! ,9! &$,)*! .2+-%-(&! +-'!5,12(-(&! ,A%-4! *,! *$(!-+*0)(! ,9! *$(!

9,).(&!*$+*!+.*!,-!*$(!R?!&*)0.*0)(!+-'!*$(!$(%4$*!,9!*$(!/+))%()!/(*A((-!*$(!51+-+)!

+-'! *A%&*('! )(4%,-&! ,9! *$(! &0)9+.(;! ! P&! *$(! .,-304+*('! 1(-4*$! ,9! *$(! 5,12(-(!

%-.)(+&(&6! *$(! $(%4$*! ,9! *$(! /+))%()! %-.)(+&(&e! 9,)! (*$21(-(6! /0*+'%(-(6! +-'! *$(!

.2+-%-(!""NNF?6!*$(!5+*$!9),8!*$(!R?!&*)0.*0)(!*,!+!?<!+*!*$(!VUu!*A%&*('!4(,8(*)2!%&!

.,-&%'()('!/+))%()1(&&;[I!R0)*$()6!*$(!&$+5(!,9!*$(!5,*(-*%+1!(-()42!&0)9+.(!.$+-4(&!



! ""`!

A%*$!*$(!1(-4*$!,9!*$(!.,-304+*('!)(4%,-e!A%*$!&$,)*!5,12(-(&6!+!8,-,*,-%.!'(&.(-*!

*,! 1,A()!(-()42! 9),8! *$(!R?! &*)0.*0)(!,..0)&!+1,-4! .,051('!/,-'F+1*()-+*%,-!+-'!

*,)&%,-+1! .,,)'%-+*(&;! ! ^%*$! 1,-4()! .,-304+*%,-! 1(-4*$&6! *$(! R)+-.CF?,-',-!

&*)0.*0)(! %&! +.*0+112!+*! +! 1,.+1!8%-%808!A%*$! )(&5(.*! *,! *$(! *,)&%,-+1! .,,)'%-+*(&;!

#$(! %-%*%+1! 8,*%,-&! 9),8! *$(! R?! )(4%,-! +)(! &*((512! +1,-4! /,-'F+1*()-+*%,-!

.,,)'%-+*(&e!*$(!5,*(-*%+1F(-()42!4)+'%(-*!+..(1()+*(&!*$(!&2&*(8!*,A+)'&!+!51+-+)!

8%-%8086!A$()(!,-12!+!9(A!B%/)+*%,-+1!5()%,'&!,..0)!/(9,)(!*$(!*,)&%,-+1!8,*%,-&!

+)(!1+0-.$(';!!#$(!*,)&%,-&!5),8,*(!*$(!.),&&%-4!,9!*$(!5,*(-*%+1!(-()42!/+))%()!*$+*!

&(5+)+*(&!*$(!51+-+)!8%-%808!9),8!+!*A%&*('!)(4%,-!*$+*!(M$%/%*&!+!8%-%808!+*!+!

?<;!!#$(!910,)(&.(-.(!,9!.2+-%-(&!+-'!JL]&!+)(!1+)4(12!:0(-.$('!/2!.),&&%-4!*$),04$!

*$(!?<!*,!)(.,B()!*$(!4),0-'!&*+*(6!(%*$()!A%*$!%&,8()%7+*%,-!,)!/2!)(*0)-%-4!*,!*$(!

,)%4%-+1!8%-%808;!

#$(!5)(&(-*!*)+-&%(-*F4)+*%-4!)(&01*&!&044(&*!*$+*!+!&%8%1+)!5%.*0)(!>R%40)(!N;"N@!

+551%(&!*,!*$(!5$,*,5$2&%.&!,9!OF.+),*(-(!+9*()!)(&,-+-*!5)(5+)+*%,-!,9!*$(!LH &*+*(;!

#$(! 8%-%808F(-()42! 5+*$! ,-! *$(! OF.+),*(-(! LH F&*+*(! 5,*(-*%+1! (-()42! &0)9+.(!

/(4%-&! A%*$! '%&51+.(8(-*&! +1,-4! *$(! )(&,-+-.(Fm+8+-! +.*%B(! /,-'F+1*()-+*%,-!

.,,)'%-+*(&6! +&! 8(-*%,-('! +/,B(;! ! #$(! .1(+)! &%4-+*0)(! ,9! *,)&%,-+1! 8,*%,-&V=6"UI!

*$+*! 1(+'! 9),8! *$(! 51+-+)! >#4&8*@! 8%-%808! ,B()! *$(! /+))%()! *,A+)'&! +! LH F&*+*(!

*A%&*('!8%-%808!%&!'(*(.*('! %-!*$(!*%8(F)(&,1B('!*)+-&%(-*F4)+*%-4!&5(.*)+!,-!*$(!

xH=F9&!*%8(&.+1(_!*$(!LK!+-'!KLP!&%4-+1&!&$%9*!*,!*$(!)('!+-'!/10(6!)(&5(.*%B(126!%-!*$(!

&5(.*)+!,/&()B('!-(+)! *$(!8+M%808!,9! *$(! %-&*)08(-*F)(&5,-&(! 90-.*%,-;! !#$(!LK!

&$%9*&!*,!*$(!)('!/(.+0&(!*$(!(-()42!4+5!/(*A((-!*$(!LH F&*+*(!+-'!LU F&*+*(!&0)9+.(&!

-+)),A&!+&!*$(!*,)&%,-+1!/+))%()!%&!.),&&('!(&5(.%+112!/(.+0&(!,9!*$(!&*((5-(&&!,9!*$(!



! ""[!

LU &*+*(!&0)9+.(!*,A+)'&!%*&!VUu!*,)&%,-+1!8+M%808;!#$(!KLP!&$%9*&!*,!*$(!/10(!+9*()!

*$(!/+))%()!%&!.),&&('!/(.+0&(!*$(!*,)&%,-+1!&%'(!,9!*$(!/+))%()!%&!+&&,.%+*('!A%*$!+-!

%-.)(+&(! %-! *$(! (-()42! 4+5! 9),8! LH *,! L-e! *$(! /+))%()! $(%4$*! +-'! &1,5(! ,9! *$(! L-!

&0)9+.(!%&!&8+11()!*$+-!%-!*$(!LH &*+*(!,A%-4!*,!%*&!%-.)(+&('!cs!.$+)+.*();!#$(!LK!+-'!

KLP! .,-*)%/0*%,-&! *,! *$(! &%4-+1! 9+'(! +A+2! B()2! )+5%'12! +&! *$(! *,)&%,-+1! 8,*%,-&!

/(4%-!,A%-4!*,!+!/)(+C%-4!,9!&288(*)2;"UI!!<-!*$%&!5%.*0)(6!*$(-6!*$(!%-*()8('%+*(!<!

+.*0+112!+)%&(&!9),8!*$(!.$+-4(&!%-!*$(!&5(.*)+!,9!*$(!LK!+-'!KLP!&%4-+1&!'0(!*,!*$(!

*,)&%,-+1!8,*%,-&;! ! #$(! "=F9&! *%8(&.+1(!A,01'! /(! *$(! )(+1! *%8(! '(1+2! )(:0%)('! *,!

8,B(! 9),8! *$(! R?! &*)0.*0)(! +1,-4! /,-'F+1*()-+*%,-! .,,)'%-+*(&! *,! *$(! 51+-+)!

8%-%808!+-'!*$(-!*,!)('%&*)%/0*(!*$(&(!8,*%,-&!+1,-4!*,)&%,-+1!.,,)'%-+*(&!&,!*$+*!

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



! ""V!

!
?5.1/7( G8)G8( ( J,*(-*%+1F(-()42! &.$(8(! 9,)! )+'%+*%,-1(&&! '(.+2!,9! OF.+),*(-(! +9*()!
,5*%.+1!5)(5+)+*%,-!,9! *$(!LH &*+*(! %-B,1B%-4! &(:0(-*%+1!'%&51+.(8(-*&!+1,-4!/,-'F
+1*()-+*%,-! +-'! *,)&%,-+1! .,,)'%-+*(&;! #$(! *)+-&%*%,-! &*+*(! >y@!8+)C&! *$(! 5,&%*%,-!
+1,-4!*$(!)(+.*%,-!.,,)'%-+*(!*$+*!'%B%'(&!*$(!5,*(-*%+1F(-()42!.0)B(&!/(*A((-!*$(!
51+-+)! )(4%,-! +&&,.%+*('! A%*$! *$(! R)+-.CE?,-',-! >R?@! &*)0.*0)(! +-'! *$+*! +1,-4!
*,)&%,-+1!.,,)'%-+*(&!1(+'%-4!*,!+!*A%&*('!8%-%808F(-()42!&*)0.*0)(;!

#$(! &(.,-'! 5$+&(! ,9! *$(! '2-+8%.&! &044(&*('! %-! R%40)(!N;"N! %&! +&&,.%+*('!A%*$!

'(&.(-*! +1,-4! *,)&%,-+1! .,,)'%-+*(&! *,A+)'&! +! *A%&*('! LH F&*+*(! 8%-%808;! #$(&(!

'2-+8%.&! +)(! )(5,)*('!/2! *$(! &(.,-'!5$+&(! ,9! KLP! &5(.*)+1! '2-+8%.&!'(*(.*('! %-!

*$(!*%8(F)(&,1B('!*)+-&%(-*F4)+*%-4!&5(.*)+;!LK!*)+-&%*%,-&!'0)%-4!*$%&!&(.,-'!5+)*!,9!

*$(!)(&5,-&(!A,01'!/(!(M5(.*('!*,!*$(!)('!,9!*$(!1+&()X&!&5(.*)+1!/+-'A%'*$!/(.+0&(!

*$(!(-()42!4+5!*,!*$(!LU &*+*(!.,-*%-0(&!*,!-+)),A!+&!*$(!&2&*(8!+'B+-.(&!+1,-4!*$(!

*,)&%,-+1! .,,)'%-+*(&;! #$(! ,-&(*! ,9! *$(! '%&*%-.*! KLP! 1%-(&$+5(! *,! *$(! )('! ,9! *$(!

%-&*+-*+-(,0&!J]!&5(.*)08!>R%40)(!N;"I6!H=!9&!+-'!=U!9&!&5(.*)+@!8+)C&!*$(!,-&(*!,9!

Reaction Coordinate

Po
te

nt
ia

l E
ne

rg
y

S0

S1
FC

h!

‡

trans cis

S2

Sn,2

Sn,1

planar
twisted



! "HU!

'%5,1(! &*)(-4*$! *,! +! '%99()(-*! $%4$()! 12%-4! &%-41(*! &*+*(! L-! *$+*! (B%'(-*12!

+..,85+-%(&! *$(! +&&085*%,-! ,9! +! *A%&*('! &*)0.*0)(;! ! #$(! /),+'(-%-4! ,9! *$%&! KLP!

&5(.*)08! *,! *$(! /10(! ,B()! *$(! =UE"UUF9&! *%8(&.+1(! )(5,)*&! *$(! &5)(+'%-4! ,9! *$(!

5),/+/%1%*2! '%&*)%/0*%,-! -(+)! *A%&*('! 8%-%808;! ! #$0&6! *$(! 1%9(*%8(! ,9! *$(! C%-(*%.!

%-*()8('%+*(!'(*(.*('!%-!*$(!%-*(4)+*('!*)+-&%(-*F4)+*%-4!*)+-&%(-*&!.,))(&5,-'&!*,!

*$(! +55),+.$! *,! *$(! *A%&*('! 8%-%808! ,-! *$(! LH F&*+*(! 5,*(-*%+1! &0)9+.(;! ! #$(!

'2-+8%.&! ,-! *$%&! *%8(&.+1(! +)(! (99(.*%B(12! +&&,.%+*('! A%*$! .,,1%-4! ,9! *$(! &2&*(8!

+9*()! %*! 5+&&(&! *$(! *)+-&%*%,-F&*+*(! /+))%()! ,A%-4! *,! )(1+M+*%,-! +1,-4! *,)&%,-+1!

.,,)'%-+*(&;!!a,*(!*$+*!+55+)(-*!1%9(*%8(!,9!*$(!LH &*+*(!,9!OF.+),*(-(!,/*+%-('!9),8!

p())F4+*(! 910,)(&.(-.(! *)+-&%(-*&H`6"`=! %&! .,-&%&*(-*! A%*$! *$(! *%8(&.+1(! ,9! *$(!

%-*()8('%+*(! '(*(.*('! %-! *$(! 5)(&(-*! A,)C6! &,! *$(! *A%&*('! .,-9,)8+*%,-! $+&!

&%4-%9%.+-*!'%5,1(!&*)(-4*$;!

#$(! 8,*%,-! +1,-4! *$(! &(.,-'! 5$+&(! ,9! )(&5,-&(! A,01'! /(! (M5(.*('! *,! /(!

'%990&%B(! %-! .$+)+.*()! +-'! &*),-412! .,-*),11('! /2! 9)%.*%,-! '0(! *,! 5,1+)! &,1B+*%,-!

'2-+8%.&;! ! #$(! %85+.*! ,9! &,1B+*%,-! %&! +-*%.%5+*('! ,A%-4! *,! *$(! 1%C(1%$,,'! *$+*! +-!

%-*)+8,1(.01+)!.$+)4(F*)+-&9()!><?#@!.$+)+.*()!%&!%-'0.('!+&!*$(!*A%&*%-4!5),.(('&;!

#$(!<?#!.$+)+.*()!+)%&(&!%-!&$,)*()!5,12(-(&!,A%-4!*,!*$(!5),M%8%*2!,9!%,-%.!&*+*(&!+*!

1,A()! (-()42! *$+-! .,B+1(-*! >l*)+-&,%'l@! &*+*(&! %-! *A%&*('! 5,12(-(&! +-'!

JL]&==6"=U6"=H! +-'! )(&01*&! %-! +! '%&*,)*%,-! +1,-4! ,0*F,9F51+-(! .,,)'%-+*(&! 9),8! *$(!

*A%&*('! 8%-%808! *,A+)'&! +! 52)+8%'+1%7('! &*)0.*0)(;! ! <-! 1,-4()! 5,12(-(&! +-'!

.+),*(-,%'&!*$(!9,)8+*%,-!,9!<?#!.$+)+.*()!+-'!+!52)+8%'+1%7('!.+)/,-!+*,8!8%4$*!

9+B,)! 5),'0.*%,-! ,9! +! 1,.+1! '%&.,-*%-0%*2! ,)! lC%-Cl! %-! *$(! .,-304+*('! 5,12(-(!

/+.C/,-(! )+*$()! *$+-! +! 90112! *A%&*('! .,-9,)8+*%,-;! #$(! 5)(&(-.(! ,9! +-!



! "H"!

%-*)+8,1(.01+)!.$+)4(6!+&!%-!*$(!.2+-%-(&!,)!JL]&6!A,01'!(-$+-.(!*$(!9,)8+*%,-!,9!

<?#!.$+)+.*()!+-'!1,A()!*$(!/+))%()!/(*A((-!*$(!51+-+)!+-'!*A%&*('!)(4%,-&!,9!*$(!

5,*(-*%+1F(-()42! &0)9+.(;! <-*()+.*%,-! ,9! 5,1+)! &,1B(-*&! A%*$! *$(! %-'0.('! <?#!

.$+)+.*()! -(+)! *$(! *A%&*('! 8%-%808! '+85&! *$(! *,)&%,-+1! 8,*%,-&! %-! JL]&e!

&%801+*%,-&!/2!Z2-(&!+-'!.,A,)C()&!&$,A!*$+*!&,1B(-*!9)%.*%,-!%-.)(+&(&!*$(!)+*(!,9!

)+'%+*%,-1(&&!'(.+2! 9),8!*$(!)(4%,-!-(+)! *$(!?<! %-.)(+&(&!,A%-4! *,!&055)(&&%,-!,9!

*)+3(.*,)%(&!,-! *$(! (M.%*('F&*+*(! &0)9+.(! *$+*! +B,%'! &0)9+.(! .),&&%-4! (B(-*&;=\!#$%&!

9%-'%-4! &044(&*&! &*),-412! *$+*! *$(! 1%9(*%8(! ,9! *$(! *A%&*('! LH F&*+*(! &*)0.*0)(! %-!

.+),*(-,%'&!A,01'!/(!&$,)*(-('!/2!+-!%-.)(+&(!%-!*$(!5,1+)%*2!,9!*$(!&0)),0-'%-4&;!!

<-! *$(! .,-*(M*! ,9! *$(! 5%.*0)(! &044(&*('! %-! R%40)(!N;"N6! 4),0-'F&*+*(! )(.,B()2!

A,01'! ,..0)! 9),8! -(+)! *$(! *A%&*('! 8%-%808! ,9! *$(! L" &*+*(! +9*()! %*! )(1+M(&!

B%/)+*%,-+112;!!#$(!&*),-4!KLP!&5(.*)08!,/&()B('!9),8!*$(!L" &*+*(!(M$%/%*&!+!&$%9*!*,!

*$(!/10(!,-!*$(!=UU!9&!*%8(&.+1(e!*$%&!%&!.,-&%&*(-*!A%*$!*$(!/10(!&$%9*%-4!,9!*$(!KLP!

&%4-+1! '(*(.*('! %-! 5)(B%,0&! *A,F.,1,)! $,8,'2-(! *)+-&%(-*F4)+*%-4! &*0'%(&;"`\! #$(!

'%&*%-.*! *%8(&.+1(&!A(! ,/&()B('! %-! *$(! )(.,B()2! ,9! *$(! +/&,)5*%,-! +-'! '%&5()&%,-!

.,85,-(-*&! ,9! *$(! %-*(4)+*('! *)+-&%(-*F4)+*%-4! &%4-+1! *$(-! &044(&*! *$+*! +! $,*! LU F

&*+*(!(-&(8/1(!A,01'!/(!%-%*%+112!9,)8('!05,-!-,-)+'%+*%B(!'(.+2!9),8!*$(!L" &*+*(;!

^(! +&&%4-! *$(! TH!5&! '%99()(-.(! /(*A((-! *$(! "UF5&! )(.,B()2! ,9! *$(! '%&5()&%,-!

.,85,-(-*!+-'! *$(!"HF5&! )(.,B()2!,9! *$(!+/&,)5*%,-!.,85,-(-*! *,! *$(! )(1+M+*%,-!

+1,-4!*,)&%,-+1!.,,)'%-+*(&!*,!*$(!,)%4%-+1!4),0-'!&*+*(;!

#$(&(!%'(+&!)+%&(!+!-08/()!,9!%-*)%40%-4!:0(&*%,-&!+/,0*!$,A!+!1%4$*F$+)B(&*%-4!

5),*(%-! 8%4$*! (-$+-.(! %*&! .+),*(-,%'E*,F.$1,),5$211! (-()42F*)+-&9()! 2%(1'! /2!

9+B,)%-4!*$(!+&&085*%,-!,9!+!*A%&*('!.,-9,)8+*%,-!%-!*$(!.+),*(-,%'X&!/%-'%-4!&%*(;!!



! "HH!

#$(! 9,)8+*%,-! ,9! <?#! .$+)+.*()! +-'! *$(! 8%M%-4! ,9! *$(! LH +-'! L" &*+*(&! A,01'! /(!

9+B,)('!/2!*A%&*%-4!*$(!.+),*(-,%'X&!.,-304+*('!5,12(-(!/+.C/,-(;!

P!-08/()!,9!:0(&*%,-&!+)(!)+%&('!/2!*$(&(!(M5()%8(-*&! *$+*!)(:0%)(!+''%*%,-+1!

A,)C6! 5)(9()+/12! A%*$! 1+&()! 501&(&! A%*$! /),+'()! &5(.*)+;! #$(! ,/&()B+*%,-! ,9!

)(1+*%B(12! -+)),A! &5(.*)+1! 9(+*0)(&! %-! *$(! *%8(F)(&,1B('! *)+-&%(-*F4)+*%-4! &5(.*)+!

&044(&*&! *$+*! *$(! .0))(-*! )(&01*&! '(&.)%/(! ,-12! *$(! (M.%*('F&*+*(! '2-+8%.&! ,9! *$(!

1,A(&*F(-()42! .,-9,)8()&! ,9! OF.+),*(-(! %-! *$(! 4),0-'F&*+*(! (-&(8/1(;I\! #$%&!

&044(&*&! *$(! -(('! *,! .$+)+.*()%7(! *$(! A+B(1(-4*$F'(5(-'(-*! '2-+8%.&! ,9! *$%&!

&2&*(86! A$%.$! 8%4$*! /(! 8,&*! (99%.%(-*12! .+))%('! ,0*! %-! HQ! (M5()%8(-*&! A%*$!

/),+'/+-'!&5(.*)+;!
! !



! "HI!

!
!"#$%&'(J(

!
&Q,5=73D4=+=7(%0/>502+E(I;2+:5,>(+23(C02/+35+=5H7(I7,+;(
S2=7/:735+=7>(6/0:(=<7(4@ 4=+=7(06($7/535252(52(40E1=502(+23(52(
=<7($7/535252U!<E0/0A<;EE(!($/0=752(
(

J89( 41::+/;(

#$(! (1(.*)%.F9%(1'! )(&,1B('! 9(8*,&(.,-'! *)+-&%(-*F4)+*%-4! &5(.*),&.,52!

5)(&(-*('! %-! *$%&! A,)C! +''&! %-&%4$*! *,! *$(! &*)0.*0)+1! -+*0)(! ,9! *$%&! <?#! &*+*(! /2!

.,85+)%-4!*$(!*)+-&%(-*F4)+*%-4!+/&,)5*%,-!&5(.*)+!+-'!C%-(*%.!5),9%1(&!,9!5()%'%-%-!

%-! 8(*$+-,1! +-'! 5()%'%-%-! %-! *$(! J?J! 5),*(%-;! ! #$(! %-*(4)+*('! *)+-&%(-*F4)+*%-4!

C%-(*%.&!9,)!/,*$!&2&*(8&!&044(&*!*$+*!+-!%-*()8('%+*(!%&!9,)8('!9,11,A%-4!!"#! "$ !

(M.%*+*%,-!,-!+!TIU!9&!*%8(&.+1(;! !#$(!&5(.*)+1!&%4-+*0)(&!,9!*$%&!%-*()8('%+*(!&*+*(!

*$+*!9,)8!,-!*$%&!01*)+9+&*!*%8(&.+1(!9,)!5()%'%-%-!%-!8(*$+-,16!$,A(B()6!+55(+)!*,!

/(! 5)(&(-*! +*! +11! *%8(&! 9,)! *$(! .+&(! ,9! 5()%'%-%-! %-! J?J;! ! <-! +''%*%,-6! *$(! '(.+2!

5),9%1(&! ,9! *$(! +/&,)5*%,-! +-'! '%&5()&%,-! *)+-&%(-*F4)+*%-4! &%4-+1&! &044(&*! *$+*!

'(.+2!,9!*$(!L"!%-!5()%'%-%-!%-!8(*$+-,1!9,)8&!+!'%&51+.('!4),0-'!&*+*(!)(1+*%B(!*,!

*$(! +/&,)/%-4! &*+*(6! A$%1(! *$(! '(.+2! ,9! *$(! L"! &*+*(! %-! *$(! .+&(! ,9! J?J! 9,)8&! *$(!

%-%*%+1!4),0-'!&*+*(;!!#$%&!%&!.,-&%&*(-*!A%*$!*$(!5%.*0)(!,9!5+.C%-4!9,).(&!A%*$%-!*$(!

J?J! 5),*(%-! '%&*,)*%-4! *$(! 51+-+)! 4(,8(*)2! +-'! .,-&*)+%-%-4! .,-9,)8+*%,-+1!

'2-+8%.&!,9!*$(!5()%'%-%-!.$),8,5$,)(&;!!#$(&(!,/&()B+*%,-&!1(+'!*,!*$(!&044(&*%,-!

*$+*!*$(!-+*0)(!,9!*$%&!%-*()8('%+*(!%-!8(*$+-,1!%&!1%C(12!*A%&*('!,)!/(-*!%-!.$+)+.*()!

+-'! *$+*! *$%&! .,-9,)8+*%,-+112! '%&51+.('! %-*()8('%+*(! 1%C(12! '(.+2&! *,! +! &%8%1+)12!



! "HN!

'%&51+.('!L"f<?#!&*+*(!.,-&%&*(-*!A%*$!*$(!*A,F&*+*(!*A,F8,'(!*$(,)2!/2!G1%B0..%;"!!

^(! .,-.10'(! *$+*! *$%&! '%&*,)*('! .$+)+.*()! ,9! 5()%'%-%-! (-9,).('! /2! *$(! 5),*(%-!

/%-'%-4! &%*(&! ,9! J?J! 8+2! 1(+'! *,! +-! (-$+-.(8(-*! ,9! *$(! %-*)+8,1(.01+)! .$+)4(F

*)+-&9()!.$+)+.*()!%-!*$(!L"!&*+*(6!(-+/1%-4!8,)(!(99%.%(-*!(-()42!*)+-&9()!*,!?$1!&;!
! !



! "H=!

J8)( S2=/031,=502(

?+),*(-,%'&! $+B(! '%B()&(! 90-.*%,-&! %-! 5$,*,&2-*$(*%.! &2&*(8&! %-.10'%-4!

5$,*,5),*(.*%,-!+-'!1%4$*!$+)B(&*%-46I6\6V!/0*!*25%.+112!51+2!+!8%-,)!),1(!%-!*$(!1+**()!

'0(!%-!1+)4(!5+)*!*,!*$(%)!&288(*)2!5),5()*%(&!+-'!.,851(M!(M.%*('F&*+*(!'2-+8%.&;!!

?+),*(-,%'&! +/&,)/!A(11! %-! *$(!8%'FB%&%/1(!A$()(! *$(! &,1+)! &5(.*)08! %&! *$(!8,&*!

%-*(-&(6! "N`! /0*! (M.%*+*%,-! (-()42! *)+-&9()! >KK#@! /(*A((-! .+),*(-,%'&! +-'!

.$1,),5$211&! >?$1&@! %-!8+-2! 5$,*,&2-*$(*%.! 1%4$*! $+)B(&*%-4! 5),*(%-&! %&! %-(99%.%(-*!

,A%-4! *,! *$(! &$,)*! 1%9(*%8(! ,9! *$(! 9%)&*! )(&,-+-*! (M.%*('! LH! >"!"#+ @! &*+*(6! +-'! *$(!

9,)8+112! A(+C! *)+-&%*%,-F'%5,1(! &*)(-4*$! ,9! *$(! &0/&(:0(-*6! -,-F)+'%+*%B(12F

5,501+*('6!'+)C!L"!>H!"#
! @!&*+*(;!!<-!)(&5,-&(!*,!*$(&(!&$,)*.,8%-4&6!1%4$*!$+)B(&*%-4!

&*)0.*0)(&!$+B(!(B,1B('!*,!8%-%8%7(!*$(!'%&*+-.(!/(*A((-!.+),*(-,%'&!+-'!?$1&!+-'!

$+B(!(B,C('!&288(*)2!/)(+C%-4!B%+!*A%&*('!+-'f,)!/(-*!.,-9,)8+*%,-&!A%*$%-!*$(!

5$,*,&2-*$(*%.! +55+)+*0&;[6V! ! #$(! 5()%'%-%-E.$1,),5$211!&! 5),*(%-! >J?J@! 9),8! *$(!

'%-,91+44(1+*(!7,/2)0)8)+,%!&4#&4&"! >R%40)(!=;"@!$+&!0-0&0+112!$%4$!.+),*(-,%'! *,!

?$1!KK#!2%(1'&!>t!VUW@!'0(6!%-!5+)*6!*,!%*&!0&(!,9!5()%'%-%-!+&!*$(!&,1(!.+),*(-,%';!



! "H\!

!
?5.1/7(J8);! ! L*)0.*0)(! ,9! *$(! *)%8()%.! 5()%'%-%-E.$1,),5$211!&! 5),*(%-! >J?J@! 9),8!
7,/2)0)8)+,%!&4#"4&"!>"JJm;5'/@!'(*()8%-('!/2!Z,98+--!"#%&';NN!

](.+0&(!*$(!.+),*(-,%'!LH!&*+*(!1%(&!+/,B(!*$+*!,9!*$(!bM!(M.%*('!&*+*(!,9!?$1!,)!

/+.*()%,.$1,),5$211!>]?$1@6!LHhbM!(-()42!*)+-&9()!B%+!*$(!RS)&*()!)(&,-+-*!'%5,1(E

'%5,1(! 8(.$+-%&8"``6"`[! %&! (-()4(*%.+112! 9+B,)(';! ! #$%&! 5+*$A+2! .,85(*(&! A%*$!

LHhL"!-,-)+'%+*%B(!'(.+26!$,A(B()6! &,!,-12!+! 9)+.*%,-!,9! *$(! *,*+1!(-()42F*)+-&9()!

2%(1'!%-B,1B(&!*$(!LH!&*+*(;! !#$(!/+1+-.(!,9!(-()42!*)+-&9()!%-B,1B(&!.,051%-4!,9!*$(!

.+),*(-,%'!L"!&*+*(!*,!*$(!?$1!b2!&*+*(;!!q%B(-!*$+*!*$()(!%&!B()2!1%**1(!'%5,1(!&*)(-4*$!

9,)!*$(!L"hLU!*)+-&%*%,-6!,-(!8%4$*!(M5(.*!*$+*!*$(!2%(1'!,9!RS)&*()!(-()42!*)+-&9()!

*,!*$(!?$1!b2!&*+*(!A,01'!/(!B()2!&8+11;!!#$%&!(M5(.*+*%,-!5),85*&!*$(!&044(&*%,-!,9!

+! Q(M*()F*25(6! ,)/%*+1F,B()1+56! (1(.*),-! (M.$+-4(F8('%+*('! (-()42F*)+-&9()!



! "H`!

8(.$+-%&86"`V! /0*! .+1.01+*%,-&! &044(&*! *$+*! (-()42! *)+-&9()! /2! *$(! '%5,1(E'%5,1(!

8(.$+-%&8!.+-!&*%11!/(!8,)(!9+B,)+/1(!%-!1%4$*F$+)B(&*%-4!5),*(%-&N=6"N[6"[U;!!P&!,-(!

(M+851(!*,!.,85+)(!A%*$!J?J6!R1(8%-4!+-'!.,A,)C()&"N[!&$,A('!*$+*![=W!,9!*$(!

(-()42F*)+-&9()!2%(1'!/(*A((-!+!.+),*(-,%'6! )$,',5%-!410.,&%'(6!+-'!]?$1!&! %-! *$(!

][UUE][HU!&2&*(8!9),8!.2101/*"+01,18&*%&!)01/2)'&!,..0)&!%-!TVU!9&!B%+!*$(!LHF

&*+*(! .$+--(1e! ,-12! "=W! ,9! *$(! 2%(1'! 4,(&! *$),04$! *$(! L"F&*+*(! .$+--(1! 0&%-4! *$(!

'%5,1(F'%5,1(! 8(.$+-%&8! '(&5%*(! *$(! &$,)*! '%&*+-.(! *,! *$(! ]?$1! &! +..(5*,);! ! #$(!

*,*+1! (-()42F*)+-&9()! 2%(1'! %&! ,-12!`UW;!#$(!L"! &*+*(!,9! )$,',5%-!410.,&%'(! %-! *$%&!

&2&*(8!$+&!+!)(1+*%B(12!1,A!'%5,1(!&*)(-4*$!+-'!+!&$,)*!1%9(*%8(6!&,!(-()42!*)+-&9()!

.,85(*(&! 0-9+B,)+/12!A%*$!-,-)+'%+*%B(! '(.+2! ,9! *$(! L"! &*+*(;"N[! ! #$(!5()%'%-%-E

.$1,),5$211!&!5),*(%-!>J?J@6!A$%.$!&()B(&!+&!*$(!5()%5$()+1!1%4$*!$+)B(&*%-4!.,851(M!

%-! *$(! 5$,*,&2-*$(*%.! 8(8/)+-(&! ,9! '%-,91+4(11+*(&6! "["! $,A(B()6! $+&! (B,1B('!

&5(.%9%.! &*)0.*0)+1! +'+5*+*%,-&! &0.$! *$+*! *$(! ! 5()%'%-%-! .+),*(-,%'! +.*&! +&! *$(!

5)%8+)2! 1%4$*! $+)B(&*%-4! 0-%*6! (99%.%(-*12! *)+-&9())%-4! (M.%*+*%,-! *,! ?$1!&! 9,)!

&0/&(:0(-*! 1,-4F)+-4(! (-()42! *)+-&9()! *,! )(+.*%,-! .(-*()&;! ! #$(&(! +'+5*+*%,-&!

%-.10'(!B()2!*%4$*!5+.C%-4!,9!*$(!5()%'%-%-!.+),*(-,%'&!+),0-'!*$(!?$1!&!5%48(-*&!*,!

%-.)(+&(!RÜ)&*()!(-()42!*)+-&9()!)+*(&6!+-'!&*)0.*0)+1!+'+5*+*%,-&!*,!*$(!.+),*(-,%'!

%*&(19!*,!%-.10'(!+-!+11(-(!4),05!+-'!1+.*,-(!)%-4!%-!.,-304+*%,-!A%*$!*$(!(M*(-'('!cF

(1(.*),-! &2&*(8! ,9! *$(! 5,12(-(! /+.C/,-(! >L((! R%40)(!=;H@;! ! #$(&(! &*)0.*0)(&! +)(!

*$,04$*! *,! .,-*)%/0*(! *,! *$(! %-*)+8,1(.01+)! .$+)4(F*)+-&9()! ><?#@! .$+)+.*()! *$+*!

1(+'&!*,!&%4-%9%.+-*12!(-$+-.('!(-()42F*)+-&9()!.,051%-4!*,!?$1!&;!



! "H[!

!
?5.1/7(J8@;! ! L*)0.*0)(! ,9! *$(! 5()%'%-%-! .+),*(-,%'! >*,5@! +-'! *$(! +))+-4(8(-*! ,9!
5()%'%-%-!>8+4(-*+@!+-'!.$1,),5$211!&! >2(11,A@!5%48(-*&! %-!+!&%-41(!&0/0-%*!,9! *$(!
5()%'%-%-E.$1,),5$211!&!5),*(%-!>/,**,8@;!

K-()42! *)+-&9()! 9),8! 5()%'%-%-! *,! ?$1! &! %-! J?J! ,..0)&! )+5%'12! *$),04$! *A,!

5+)+11(1! .$+--(1&_! 9),8!*$(!LH!&*+*(! *,! *$(!?$1!+!bM!&*+*(!,-! *$(!THUUF9&! *%8(&.+1(!

+-'!9),8!*$(!L"!&*+*(!*,!*$(!?$1!+!b2!&*+*(!%-!TH;=!5&;=H!!d,)(!*$+-!*A,F*$%)'&!,9!*$(!

(-()42!*)+-&9()!0&(&!*$(!L"!&*+*(!.$+--(1;! !#$(!*,*+1!:0+-*08!(99%.%(-.2!9,)!(-()42!

*)+-&9()!%&!VU!~!=W!+11,A%-4!5()%'%-%-!*,!(99%.%(-*12!0*%1%7(!*$(!4)((-!4+5!N\UF=`UF

-8!)(4%,-!/(*A((-!*$(!?$1!&!L,)(*!+-'!b!/+-'&;!!P&!&$,A-!/2!R)+-C!+-'!.,A,)C()&6!

*$(!1%9(*%8(!,9!*$(!1,A(&*!(M.%*('!&%-41(*!&*+*(!,9!5()%'%-%-!%&!&*),-412!'(5(-'(-*!,-!

*$(! &,1B(-*!(-B%),-8(-*;"[H6"[I! !#$(! 1%9(*%8(! )+-4(&! 9),8!`!5&! %-! *$(!$%4$12!5,1+)!

&,1B(-*6! *)%910,),(*$+-,16! *,! "`H!5&! %-! *A,! -,-5,1+)! &,1B(-*&6! .2.1,$(M+-(! +-'!

!"#$%&'()*'

HO

O
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!"#$%"$#&'()'*+*')#(,'!"#$%&%'%(")*+,-.,+.'-.**/01234'
'

5(),677'&"'6809'/*%.'*.'+,,-9':;:9'.;<<0'



! "HV!

/(-7(-(;! !#$(!'2-+8%.&!A()(!9,0-'!*,!/(!'%)(.*12!.,))(1+*('!A%*$!&,1B(-*!5,1+)%*2;!!

#$(!A+B(1(-4*$&!,9!(8%&&%,-!8+M%8+6! *$(!:0+-*08!2%(1'&!,9! 910,)(&.(-.(6!+-'!*$(!

*)+-&%(-*! +/&,)5*%,-! &5(.*)+!A()(! +1&,! +99(.*('!/2! *$(! &,1B(-*! (-B%),-8(-*;! ! #$%&!

/($+B%,)! %&!$%4$12!0-0&0+1! 9,)! .+),*(-,%'&e! %-!4(-()+16! *$(! &5(.*)+1!5),5()*%(&!+-'!

1%9(*%8(&!,9!*$(!L"!&*+*(!,9!.+),*(-,%'&!+)(!%-'(5(-'(-*!,9!*$(!&,1B(-*!(-B%),-8(-*;!

#$(!&,1B(-*!&(-&%*%B%*2!,9!5()%'%-%-!$+&!/((-!+**)%/0*('!/2!R)+-C!+-'!.,A,)C()&!

*,! *$(! 5)(&(-.(! ,9! +-! <?#! &*+*(6"[H6"[I! +-'! *$%&! %'(+! $+&! /((-! &055,)*('! /2! /,*$!

*$(,)(*%.+1! .,850*+*%,-&"[N! +-'! (M5()%8(-*&! ,-! -08(),0&! ,*$()! .+)/,-21F

.,-*+%-%-4! .+),*(-,%'&! +-'! 5,12(-+1&;=H6"[=F"VI! ! GA%-4! *,! *$(! <?#! .$+)+.*()6! *$(!

(-()42!*)+-&9()!5+*$A+2&!%-!J?J!+)(!8+'(!80.$!8,)(!&(-&%*%B(!*,!*$(!)(+.*%,-!9%(1'!

+)%&%-4! 9),8! *$(! 5,1+)%*2! +-'! 5,1+)%7+/%1%*2! ,9! *$(! &0)),0-'%-4! 5),*(%-! +-'!

.$),8,5$,)(! 8('%08;"VNF"V\! Q(&5%*(! *$(&(! &*0'%(&6! $,A! *$(! <?#! .$+)+.*()!

'(B(1,5&!%-!*$(!L"!&*+*(!%&!-,*!0-'()&*,,';!

J8@( &QA7/5:72=+E(

J8@8)( 4+:AE7( $/7A+/+=502;! ! #$(! 5()%'%-%-! .+),*(-,%'! A+&! %&,1+*('! 9),8! *$(!

8+)%-(!+14+6!7,/2)0)8)+,%!&4#"4&"%>??dJ"H"@6!A$%.$!A()(!4),A-!%-!*$(!1+/,)+*,)2!

,9! Z+))2! R)+-.C! 0&%-4! 8+)%-(! 9fHFL%! 8('%+;"V`! #$(! .01*0)(! A+&! %-.0/+*('! %-! +!

4),A*$!.$+8/()!%1108%-+*('!A%*$!*A,!\U!^!%-.+-'(&.(-*! 1%4$*!/01/&!5),4)+88('!

9,)! +! '%0)-+1! 1%4$*f'+)C! .2.1(! ,9! "H! $,0)&! (+.$;! ?(11&! A()(! $+)B(&*('! '0)%-4! *$(!

1,4+)%*$8%.! !4),A*$!5$+&(!+-'!.,11(.*('!/2!.(-*)%904+*%,-!+*!NUUU!Ñ!4! %-!+!L,)B+11!

m?F=]!.(-*)%904(;!J+.C('!.(11&!A()(!&*,)('!+*!jHUu?!0-*%1!-(('('!9,)!*$(!(M*)+.*%,-!

,9!*$(!5%48(-*&;!



! "IU!

#$(!+14+1%.(11&!A()(!'%&)05*('!/2!+''%-4!"!8Y!,9!+.(*,-(!*,!+-!(:0+1!B,108(!,9!

*$+A('!.(11&!+-'!4(-*12!&$+C%-4;! !a%-(!8Y!,9!+!"_"!8%M*0)(!>BfB@!,9!$(M+-(!>R%&$()!

L.%(-*%9%.@! +-'! 8(*$21! #"4#F/0*21! (*$()! >R%&$()! L.%(-*%9%.@! A()(! *$(-! +''(';! #$(!

&+851(! A+&! *)+-&9())('! *,! ";=! 8Y! (55(-',)9! *0/(&! +-'! .(-*)%904('! 9,)! H! 8%-! +*!

"I6\UU! Ñ! 4! 0&%-4! +! /(-.$F*,5!8%.),.(-*)%904(! >R%&$()! L.%(-*%9%.6!8,'(1! -,;! HI=?@;!

#$(!5%48(-*('!$25()5$+&(!,9!(+.$!*0/(!A+&!.,11(.*('6!.,8/%-('6!+-'!')%('!0-'()!+!

4(-*1(! &*)(+8! ,9! -%*),4(-! 4+&;! #$(! &+851(! A+&! *$(-! )('%&&,1B('! %-! "U! 8Y!

+.(*,-%*)%1(! >R%&$()!L.%(-*%9%.@! +-'! &8+11! +1%:0,*&! >TH!8Y@!A()(! 9%1*()('! *$),04$!+!

^+*()&! L(5FJ+C! "H..! ?"[! .+)*)%'4(! >.+*+1,4! -,;! ^P#UI\V"=@! *,! )(8,B(! *$(!

8+3,)%*2! ,9! .$1,),5$211;! ! L+851(&! A()(! *$(-! .,-.(-*)+*('! ',A-! *,! TH! 8Y! /2!

(B+5,)+*%,-!0&%-4!+!4(-*1(!&*)(+8!,9!-%*),4(-!4+&!+-'!&*,)('!%-!+.(*,-%*)%1(!+*!jHUu?!

0-*%1!90)*$()!0&(;!

J)%,)! *,! 0&(! %-! *$(! &5(.*),&.,5%.! (M5()%8(-*&6! 5()%'%-%-!A+&! 50)%9%('! /2! $%4$F

5()9,)8+-.(! 1%:0%'! .$),8+*,4)+5$2! >ZJY?@! 0&%-4! +! ^+*()&! \UUKf\UUL!

801*%&,1B(-*! '(1%B()2! &2&*(8! (:0%55('!A%*$! +! HVV\! 5$,*,'%,'(! +))+2! '(*(.*,)! +&!

'(&.)%/('! 5)(B%,0&12;"=`! #$(! .,108-! A+&! +! ^+*()&! P*1+-*%&! J)(5! #I! G]Q! =! r8!

.,108-!>"V!M!"UU!88@;!P.(*,-%*)%1(!A+&!'(1%B()('!%&,.)+*%.+112!+*!+!91,A!)+*(!,9!`;U!

8Yf8%-;! L+851(&! .,11(.*('! 9),8! *$(! ZJY?! A()(! ')%('! 0-'()! -%*),4(-! 4+&! +-'!

&*,)('!+*!FHUu?!0-*%1!90)*$()!0&(;!

J()%'%-%-F.$1,),5$211!5),*(%-!>J?J@!A+&!%&,1+*('!+&!5)(B%,0&12!'(&.)%/('"V[!

9),8!+-!7,/2)0)8)+,%!&4#"4&"!.01*0)(!5),B%'('!/2!Q);!m,4()!Z%11();!

J8@8@(T527+/(4A7,=/0>,0A;;!P/&,)5*%,-!&5(.*)+!A()(!+.:0%)('!A%*$!+!Z%*+.$%!kF

NUU"!&5(.*),5$,*,8(*()!>H!-8!/+-'5+&&@;!!?,-*%-0,0&!A+B(!+/&,)5*%,-!&5(.*)+!,9!



! "I"!

5()%'%-%-!%-!8(*$+-,1!+-'!J?J!%-!*).%-(!/099()!>=U!8d!*)%.%-(6!HU!8d!p?1!5Z!n!`;=@!

&05()%85,&('!A%*$!*$(!(M.%*+*%,-!1+&()!&5(.*)08!+)(!&$,A-!%-!R%40)(!=;I;!

!
?5.1/7(J8B;!!m,,8F*(85()+*0)(!+/&,)5*%,-!&5(.*)+!,9!>+@!5()%'%-%-!%-!8(*$+-,1!+-'!
>/@!J?J!%-!*)%.%-(fp?1!/099();!!L05()%85,&('!%&!*$(!,0*50*!&5(.*)08!,9!*$(!NU!9&!GJP!
&%4-+1! /(+8! >="VF-8! .(-*()! A+B(1(-4*$@6! +&! *0-('! 9,)! *$(! $(*(),'2-(! *)+-&%(-*F
4)+*%-4!(M5()%8(-*&;!

Ab
so

rb
an

ce

 
350 400 450 500 550 600 650 700

Ab
so

rb
an

ce

Wavelength (nm)
350 400 450 500 550 600 650 700

A

B



! "IH!

J8@8B(C02E527+/(4A7,=/0>,0A;;!!#$(!5$,*,-F(.$,!%-&*)08(-*+*%,-!+-'!8(*$,'&!
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!"#$%&'&%( e!5,&%*%B(!!!!""# !)(5,)*!!"#$ %&'(#" ;!
/;!!!! " ="##" 6!&((!K:0+*%,-!=;";!
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! "IV!

J8B8K( O037E52.( 06( =<7( $7/535252U,<E0/0A<;EE(!( %/+2>572=D./+=52.( 45.2+E;!!

L%8%1+)! *,!5()%'%-%-6!J?J! %&!8,'(1('!+&! *$(!.,-B,10*%,-!,9!+-! %-&*)08(-*!)(&5,-&(!

90-.*%,-!+-'!+!&2&*(8!)(&5,-&(!90-.*%,-;! !#$(!,5*%8%7('!&2&*(8!)(&5,-&(!90-.*%,-!

9,)!*$(!+/&,)5*%,-!.,85,-(-*!.,-&%&*&!,9!*A,!'(.+2!.,85,-(-*&!A%*$!*%8(&.+1(&!,9!

H`!+-'!=\N!9&! +-'!+! )%&%-4! .,85,-(-*!,-! *$(!"\!5&! *%8(&.+1(;! ! #$(!C%-(*%.&! ,9! *$(!

J?J!&2&*(8!+)(!8,'(1('!&%8%1+)!*,!5()%'%-%-!+&_!

! !!"#!
"$
%!
"#
"$!

"&
"' ! !)#&/$%

! !!"!
"#
#$ ! !)#&0$%

! !!"#!
" #
$% ! !)#&1$%

/0*! A%*$! *$(! +''%*%,-+1! /)+-.$%-4! '(+.*%B+*%,-! 5+*$A+2&! '0(! *,! (-()42! *)+-&9()!

9),8!*$(!<!+-'!L"!&*+*(&!,9!5()%'%-%-!*,!*$(!bM!+-'!b2!&*+*(&!,9!?$1!&!>K:0+*%,-&!=;H/!

+-'!=;H.@!)(&5(.*%B(12;!!K-()42!*)+-&9()!9),8!*$(!LH!&*+*(!A+&!%4-,)('!%-!,0)!8,'(1!

'0(! *,! %*&! (M*)(8(12! &$,)*! 1%9(*%8(! >x! IU! 9&@;! ! #$(! *%8(&.+1(&! 0&('! %-! ,0)! 8,'(1!

.,))(&5,-'%-4!*,!!!"" 6!!"# 6!+-'!!" # !A()(!,/*+%-('!9),8!1%*()+*0)(!B+10(&!9,)!*$(!'(.+2!

,9! *$(! L"! &*+*(! ,9! 5()%'%-%-! %-! J?J! >"\!5&@=H6! +-'! *$(! (-()42! *)+-&9()! )+*(&! ,9!

5()%'%-%-!*,!*$(!bM!>HUU!9&@!+-'!b2!>I!5&@!,9!?$1!&!%-!J?J!)(&5(.*%B(12;=H!!]2!&,1B%-4!

*$(! &%801*+-(,0&! '%99()(-*%+1! )+*(! (:0+*%,-&! .,))(&5,-'%-4! *,! K:0+*%,-! =;H! 0&%-4!

*$(!&+8(!/,0-'+)2!.,-'%*%,-&!+&!5()%'%-%-6! *$(!5,501+*%,-&! 9,)! *$(!!"# !&*+*(&!A()(!

,/*+%-('!+-'!*$(!)(&01*&!+)(!51,**('!%-!R%40)(!=;\!>90-.*%,-&!-,*!&$,A-@;!!L%8%1+)!*,!

5()%'%-%-6!*$(!+/&,)5*%,-!+-'!'%&5()&%,-!.,85,-(-*!&%4-+1&!9),8!J?J!+)(!8,'(1('!



! "NU!

/2! K:0+*%,-&!N;""! +-'!N;"H! )(&5(.*%B(126! ,-12! A%*$! *$(! 5,501+*%,-! 90-.*%,-&!

,/*+%-('!+&!&*+*('!+/,B(;! !#$(!C%-(*%.!8,'(1&!9,)!*$(!J?J!*)+-&%(-*F4)+*%-4!&%4-+1&!

+)(!&$,A-!+&!',**('!1%-(&!%-!R%40)(!=;\;!!#$(!+/&,)5*%,-!+-'!'%&5()&%,-!.,85,-(-*!

&%4-+1&!+)(!8,'(1('!A(11!0&%-4!*$(!41,/+1!*%8(&.+1(&!,9!H`!9&!9,)!*$(!01*)+9+&*!'(.+2!

,9!*$(!LH!&*+*(6!=\N!9&!9,)!*$(!'(.+2!,9!*$(!<!&*+*(6!+-'!"\!5&!9,)!*$(!'(.+2!,9!*$(!L"!

&*+*(!>&((!#+/1(!=;H@;!<*!&$,01'!/(!-,*('!*$+*!%-!*$(!.+&(!,9!5()%'%-%-!%-!J?J6!*$(!1,-4F

*%8(! '+*+! .+-! /(! 8,'(1('! A%*$! +! .,88,-! '(.+2! .,85,-(-*! ,9! "\!5&! 9,)! *$(!

+/&,)5*%,-! +-'! '%&5()&%,-! .,85,-(-*&6! A$()(+&!A%*$! 5()%'%-%-! %-!8(*$+-,16! *A,!

*%8(&.+1(&! ,9! ""! +-'! `!5&! +)(! -(('('! *,! 8,'(1! *$(! +/&,)5*%,-! +-'! '%&5()&%,-!

.,85,-(-*&;!

%+VE7(J8@_!a(*!*)+-&%*%,-F'%5,1(!&*)(-4*$&+!+*!=HU!-8!.,-*)%/0*%-4!*,!*$(!*)+-&%(-*F
4)+*%-4! &%4-+1! 9,)! &*+*(&! +-'! %-*()8('%+*(&! %-! *$(! -,-)+'%+*%B(! '(.+2! ,9! *$(! J?J!
5),*(%-!%-!&,10*%,-;!

L*+*(! �/! !!! ""# ! !!!""# %
LH! H`!9&! "! U;I=!
<.! =\N!9&! EU;UN! U;=N!
L"'! "\!5&! EU;HU! ";=\!

+;!L((!K:0+*%,-&!N;`6!N;""6!N;"H!+-'!*$(!*(M*!>47,=502(G8B8G@;!J,&%*%B(!!! ""# !)(5,)*!
!"#$%&'&%( e!5,&%*%B(!!!!""# !)(5,)*!!"#$ %&'(#" ;!
/;!!!! " ="##" 6!&((!K:0+*%,-!=;";!
.;!<!%&!:0(-.$('!/2!bM!A%*$!+!*%8(&.+1(!,9!HUU!9&;=H!
';!L"!%&!:0(-.$('!/2!b2!A%*$!+!*%8(&.+1(!,9!I!5&;=H!

J8B8L( R+H7E72.=<D/7>0EH73( %/+2>572=D./+=52.( 45.2+E>( 06( $7/535252( 52(

O7=<+20E8( (R%40)(!=;`+!&$,A&!+!.,-*,0)!)(5)(&(-*+*%,-!,9!*$(!(+)12F*%8(!*)+-&%(-*F

4)+*%-4!+/&,)5*%,-!&5(.*)+!9),8!5()%'%-%-!%-!8(*$+-,1;!!#$(!.,-*,0)!8+5!&$,A&!+-!

%-&*)08(-*!)(&5,-&(F1%8%*('!)%&(!,9!+!!"#$%& !9(+*0)(!-(+)!*$(!5(+C!,9!*$(!(M.%*+*%,-!



! "N"!

&5(.*)08!>="V!-8@!+&!*$(!LH!&*+*(!%&!5,501+*('6!A$%.$!)+5%'12!/),+'(-&!+-'!'(.+2&!

*,! /+&(1%-(! /(9,)(! HUU!9&;! ! P-! KLP! 9(+*0)(! /(4%-&! *,! 9,)8! -(+)! *$(! 7(),! ,9! *%8(6!

.(-*()('!-(+)!=H=!-8!+&!*$(!<!&*+*(!%&!5,501+*('!9),8!*$(!LH!&*+*(6!+-'!%-.)(+&(&!%-!

%-*(-&%*2!/(2,-'!*$(!*%8(FA%-',A!&$,A-!%-!R%40)(!=;`;!



! "NH!

!
?5.1/7( J8L;! ! ?,-*,0)! )(5)(&(-*+*%,-! >%-*(-&%*2! +&! +! 90-.*%,-! ,9! 5),/(! 501&(!
A+B(1(-4*$!+-'!'(1+2!=@!,9!*$(!+/&,)5*%,-!.,85,-(-*!,9!*$(!*)+-&%(-*F4)+*%-4!&%4-+1!
9),8! >+@! 5()%'%-%-! %-! 8(*$+-,1! +-'! >/@! *$(! 5()%'%-%-E.$1,),5$211!&! 5),*(%-! %-!
&,10*%,-;! ! #$(! 9%40)(&! .,-*+%-! "=! 1%-(+)12! &5+.('! .,-*,0)&! /(*A((-! *$(!8%-%808!
+-'!8+M%808!%-*(-&%*2!B+10(&!,9!*$(!)(&5(.*%B(!'+*+!&(*&;!

!"#$%&'()*'
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! "NI!

R%40)(!=;[! &$,A&! *)+-&%(-*! &5(.*)+! ,9! *$(! &+8(! '+*+! &$,A-! %-! .,-*,0)! 8+5!

>R%40)(!=;`+@;!!#$(!*,5!5+-(1!%-!R%40)(!=;[!&$,A&!*$(!5$,*,/1(+.$%-4!&5(.*)08!>J]@6!

A$%.$! A+&! .+1.01+*('! +&! *$(! 5),'0.*! ,9! *$(! (M.%*+*%,-! &5(.*)08! +-'! *$(! 1%-(+)!

5()%'%-%-!+/&,)5*%,-!&5(.*)08;!L%8%1+)!*,!*$(!.,-*,0)!)(5)(&(-*+*%,-6!*$(!(+)12F*%8(!

&5(.*)+!>R%40)(!=;[6!E"U!9&@!&$,A!+!-+)),A!J]!5(+C!-(+)!="=!-8!A%*$!1,A!+851%*0'(!

KLPF',8%-+*('!)(4%,-&!*,!*$(!/10(!+-'!)('!,9!*$(!J]!9(+*0)(;!!#$(!KLP!9(+*0)(!*,!*$(!

/10(! %&!-(+)12!4,-(!/2!U!9&! +&! *$(! <! &*+*(!5,501+*%,-!/(4%-&! *,!',8%-+*(;! !#$(!KLP!

9(+*0)(!*,!*$(!)('!4),A&!%-!%-*(-&%*2!*,!',8%-+*(!*$(!(-*%)(!8(+&0)('!&5(.*)08!/2!

HUU!9&;! #$(! &5(.*)+1! '2-+8%.&! +)(! .,851(*(! /2! +55),M%8+*(12! "!5&6! A$()(!

&0/&(:0(-*!&5(.*)+!8()(12!'(.+2! %-! %-*(-&%*2!'0(! *,!-,-F)+'%+*%B(!'(.+2!,9! *$(!L"!

&*+*(;!



! "NN!

!
?5.1/7( J8M;! ! #%8(F)(&,1B('! *)+-&%(-*F4)+*%-4! +/&,)5*%,-! .,85,-(-*! &5(.*)+! 9),8!
5()%'%-%-!%-!8(*$+-,1!+*!&(1(.*('!5,501+*%,-!*%8(&!=;!!#$(!*,5!5+-(1!>J]@!&$,A&!*$(!
%-&*+-*+-(,0&!5$,*,/1(+.$%-4!&5(.*)086!A$%.$!A+&!(&*%8+*('!+&!*$(!5),'0.*!,9!*$(!
1+&()! &5(.*)08! +-'! *$(! +/&,)5*%,-! &5(.*)08! ,9! 5()%'%-%-! %-! 8(*$+-,1! >&((!
R%40)(!=;I+@;!#$(&(!&5(.*)+!.,8(!9),8!*$(!&+8(!'+*+! %-!*$(!.,-*,0)!51,*!&$,A-!%-!
R%40)(!=;`+;!

J8B8M( R+H7E72.=<D/7>0EH73( %/+2>572=D./+=52.( 45.2+E>( 06( =<7( $7/535252U

,<E0/0A<;EE(!( $/0=7528( ( R%40)(!=;`/! &$,A&! +! .,-*,0)! )(5)(&(-*+*%,-! ,9! *$(! (+)12F

*%8(!J?J!*)+-&%(-*F4)+*%-4!+/&,)5*%,-!&5(.*)+;! !#$(!(+)12F*%8(!>!"# !9&@!'+*+!&$,A!+!

)%&%-4!!"#$%& !.,85,-(-*!.(-*()('!-(+)!="\!-8!.,%-.%'%-4!A%*$!*$(!+55(+)+-.(!,9!+!

-(4+*%B(!KLP!&%4-+1!.(-*()('!-(+)!=H`!-8;! !d,&*!,9! *$(! %-%*%+1!!"#$%& !9(+*0)(!-(+)!
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! "N=!

="`!-8!'(.+2&!/2!`=!9&6!1(+B%-4!+/,0*!HUW!,9!*$(!+851%*0'(!*,!'(.+2!,-!*$(!T"\!5&!

*%8(&.+1(;! !#$(!KLP!9(+*0)(!.,-*%-0(&!*,!/0%1'!*,!+!8+M%808!%-*(-&%*2!-(+)!=UU!9&!

+-'!'(.+2&!A%*$!*$(!*%8(F.,-&*+-*!,9! *$(!L"!&*+*(;! !R%40)(!=;V!&$,A&!*$(!*)+-&%(-*F

4)+*%-4!&5(.*)+!,9!*$(!&+8(!'+*+!&$,A-!%-!*$(!.,-*,0)!8+5!>R%40)(!=;`/@;!!#$(!(+)12F

*%8(! *)+-&%(-*F4)+*%-4! &5(.*)+! >R%40)(!=;V6! E"U!9&@! &$,A! +! -+)),A!!"#$%& !9(+*0)(!

.(-*()('!-(+)!="`!-8!A%*$!+!B()2!A(+C!KLP!9(+*0)(!*,!*$(!/10(6!+-'!+!&*),-4()!KLP!

9(+*0)(! *,! *$(! )(';! ! #$(!!"#$%& !9(+*0)(!/),+'(-&! +-'!'(.+2&!8,-,*,-%.+1126!A$%1(!

*$(!KLP!9(+*0)(!/0%1'&!*,!+!8+M%808!-(+)!\UU!9&6!+-'!'(.+2&!,-!*$(!*%8(&.+1(!,9!*$(!

L"!&*+*(!1%9(*%8(;!



! "N\!

!
?5.1/7( J8P;! ! #%8(F)(&,1B('! *)+-&%(-*F4)+*%-4! +/&,)5*%,-! .,85,-(-*! &5(.*)+! 9),8!
5()%'%-%-E.$1,),5$211!+! 5),*(%-! >J?J@! %-! &,10*%,-! +*! &(1(.*('! 5,501+*%,-! *%8(&! =;!!
#$(! *,5!5+-(1! >J]@!&$,A&! *$(! %-&*+-*+-(,0&!5$,*,/1(+.$%-4!&5(.*)086!A$%.$!A+&!
(&*%8+*('!+&!*$(!5),'0.*!,9!*$(!1+&()!&5(.*)08!+-'!*$(!+/&,)5*%,-!&5(.*)08!,9!J?J!
>&((!R%40)(!=;I/@;!!#$(&(!&5(.*)+!.,8(!9),8!*$(!&+8(!'+*+!%-!*$(!.,-*,0)!51,*!&$,A-!
%-!R%40)(!=;`/;!

J8G( I5>,1>>502(

<-! *$%&! .,-*)%/0*%,-6! *$(! %-*(4)+*('! $(*(),'2-(! *)+-&%(-*F4)+*%-4! &%4-+1&! ,9!

5()%'%-%-! %-!8(*$+-,1! +-'! 5()%'%-%-! %-! *$(! 5()%'%-%-E.$1,),5$211!&! 5),*(%-! )(B(+1!

'%B()4(-*!C%-(*%.&!,9!*$(%)!+&&,.%+*('!+/&,)5*%,-!+-'!'%&5()&%,-!&%4-+1&!+-'!&*+)C12!

'%99()(-*! *%8(F(B,10*%,-! ,9! *$(! *)+-&%(-*F4)+*%-4! +/&,)5*%,-! &5(.*)+;! ! KB(-!
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! "N`!

.,-&%'()%-4! *$(! 1%8%*('! (M.%*+*%,-! 1+&()! /+-'A%'*$6! *$(! *)+-&%(-*F4)+*%-4! &5(.*)+!

5),B%'(! %-&%4$*! *,A+)'! +! &*)0.*0)+1! +&&%4-8(-*! ,9! *$(! <?#! &*+*(;! ! <-! +''%*%,-6! ,0)!

8,'010&! &:0+)('! >l$,8,'2-(l@! *)+-&%(-*F4)+*%-4! &%4-+1&! 1+.C! *$(! 1+)4(6! 7(),F*%8(!

&5%C(! +-'! *$(! +&&,.%+*('! 1+)4(! +851%*0'(! '(.+2! *$+*! %&! 5)(&(-*! %-! 5)(B%,0&! 9,0)F

A+B(F8%M%-4! &%4-+1&! 9),8! 5()%'%-%-! %-! &,10*%,-! +-'! %-! J?J6="! +-'! 90)*$()6! *$(!

&(5+)+*%,-! ,9! *$(! +/&,)5*%,-! +-'! '%&5()&%,-! &%4-+1&! +11,A! ,/&()B+*%,-! ,9! *$(!

01*)+9+&*!'2-+8%.&! +55+)(-*! %-! *$(! +/&,)5*%,-! &%4-+1! ,9! 5()%'%-%-! *$+*! %&! ,/&.0)('!

'0)%-4!*$(!)(1+*%B(12!&1,A!)%&(!,9!*$(!8,'010&!&:0+)('!&%4-+1;!

#$(! %-*(4)+*('! *)+-&%(-*F4)+*%-4! &%4-+1&! 5),B%'(! +! C%-(*%.! ,0*1%-(! 9,)! *$(!

*%8(&.+1(&!,9! *$(!-,-)+'%+*%B(!'(.+2!5+*$A+2&!,..0))%-4! %-!5()%'%-%-! %-!8(*$+-,1!

+-'!J?J;!#$(!%-*(4)+*('!*)+-&%(-*F4)+*%-4!+/&,)5*%,-F.,85,-(-*!&%4-+1!,9!5()%'%-%-!

%-!8(*$+-,1!(M$%/%*&!+-!%-&*)08(-*!)(&5,-&(F1%8%*('!)%&(!+&!*$(!!"#$%& F',8%-+*('!

LH!&*+*(!%&!5,501+*('!9,11,A('!/2!+!&0/&(:0(-*!801*%F(M5,-(-*%+1!'(.+2!%-*,!+!KLPF

',8%-+*('! *%8(F)(4%,-;! #$(! '(.+2&! A%*$! *%8(F.,-&*+-*&! ,9! I"! +-'! \"=!9&! >&((!

#+/1(!=;"@! .,))(&5,-'! *,! *$(! &%801*+-(,0&! 1,&&! ,9! &*%801+*('! (8%&&%,-! +&!

-,-)+'%+*%B(!'(.+2! *)+-&9()&!5,501+*%,-!+A+2! 9),8!*$(!&*),-412!'%5,1(!+11,A('!LH!

&*+*(!+-'!+!')+8+*%.!4+%-!%-!KLP!+&!*$(!!"! #$ !+-'!!"#! "$ !5+*$A+2&!+)(!')%B(-!/2!

*$(!(M.%*+*%,-!&5(.*)08;! !#$%&!.+-!/(!0-'()&*,,'!/(&*!.,-&%'()%-46!+4+%-6! *$(! *A,F

&*+*(6! *A,F8,'(! 5%.*0)(! '(B(1,5('! /2! G1%B0..%;"! ! #$(! 01*)+9+&*! '(5+)*0)(! ,9! *$(!

&2&*(8! 9),8! *$(! R)+-.CE?,-',-! 4(,8(*)2! %-%*%+112! +1,-4! m+8+-F+.*%B(! /,-'F

+1*()-+*%,-! .,,)'%-+*(&! +-'! &0/&(:0(-*! +.*%B+*%,-! ,9! *,)&%,-+1!8,'(&! +..,0-*! 9,)!

*$(!1,&&!,9!&*%801+*('!(8%&&%,-!.,))(&5,-'%-4!*,!*$(!TIU!9&!'(.+2!*%8(&.+1(;!!L%8%1+)!

*,!*$(!OF.+),*(-(!&*0'2!%-!*$(!5)(B%,0&!.$+5*()6!*$(!C%-(*%.!<!&*+*(!.+-!/(!0-'()&*,,'!



! "N[!

%-!*$%&!.,-*(M*!+&!(M%&*%-4!-(+)!*$(!l51+-+)!8%-%808l!&*+*(!,-!*$(!LH!&*+*(!5,*(-*%+1!

-(+)!*$(!*)+-&%*%,-!&*+*(!A$()(!*$(!8,1(.01(!/(.,8(&!*,)&%,-+112!+.*%B(>&((!R%40)(!

N;"N@;! ! J2)+8%'+1%7+*%,-!,9! +! .+)/,-!+*,8!'0)%-4! *$(! 9%)&*!01*)+9+&*!C%-(*%.! (B(-*! >

!! ""# !9&@! 1(+'%-4! *,! *$(! <! &*+*(! .,01'! +.*! *,! 1,A()! *$(! *)+-&%*%,-F&*+*(!

/+))%()6==6"=U6"=H!%-.)(+&%-4!*$(!)+*(!*,!*$(!L"!&*+*(;!!?),&&%-4!,9!*$%&!/+))%()!,..0)&!

,-!T\UU!9&!*%8(&.+1(!1(+'&!*,!5,501+*%,-!,9!*$(!*,)&%,-+112!'%&51+.('6!L"!&*+*(!B%+!+!

.,-%.+1! %-*()&(.*%,-! >?<@;! ! #$%&! .,-9,)8+*%,-+1! .$+-4(! %&! 1%C(12! *,! (-$+-.(! *$(! <?#!

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

L%8%1+)! %-*(4)+*('! *)+-&%(-*F4)+*%-4! '2-+8%.&! 9,)! *$(! +/&,)5*%,-! .,85,-(-*!

&%4-+1!,9!5()%'%-%-!%-!J?J!+)(!,/&()B('!A%*$!5()$+5&!%-'%&*%-40%&$+/1(!LH!1%9(*%8(&!

>I"!9&! 9,)! 5()%'%-%-6! H`!9&! %-! J?J@! +-'! ,-12! +! 8,'(&*12! 9+&*()! '(.+2! *%8(&.+1(!

.,))(&5,-'%-4! *,! *$(! <! &*+*(! %-! J?J! .,85+)('! *,! 5()%'%-%-! %-! 8(*$+-,1!

>=\=!B&!\"=!9&@;! ! #$(! +851%*0'(! ,9! *$(! KLP! %&! 1+)4()! %-! *$(! .+&(! ,9! 5()%'%-%-! %-!

8(*$+-,1!*$+-!%-!J?J!'0(!*$(!1,&&!%-!<!+-'!L"!&*+*(!5,501+*%,-!'0(!*,!(-()42!*)+-&9()!

*,! ?$1!&! %-! J?J! +-'! *$(!'%99()(-.(! %-! '%5,1(! &*)(-4*$! ,9! *$(! +&&,.%+*('! *)+-&%*%,-&!

>&((!#+/1(&!=;"!+-'!=;H@;!!<-!/,*$!.+&(&6!*$(!'(.+2!,9!*$(!KLP!&%4-+1!*,!/+&(1%-(!,..0)&!

+&!5,501+*%,-!%-!*$(!L"!&*+*(!'(.+2&!*,!*$(!4),0-'!&*+*(;!

#$(! '%&5()&%,-! .,85,-(-*F&%4-+1! 9,)! 5()%'%-%-! >R%40)(!=;N/@! (M$%/%*&! +-!

%-&*)08(-*! )(&5,-&(F1%8%*('! )%&(6! /0*! %&! '(1+2('! /2! TIU!9&;! ! <-! *$(! '%&5()&%,-!

.$+--(16! *$(! )%&%-4! &%4-+1! .,))(&5,-'&! *,! KLP! *)+-&%*%,-&6! 1%C(12! +)%&%-4! B%+!

*)+-&%*%,-&!9),8!*$(!<!+-'!L"!&*+*(&!+&!+/,B(6!/0*!*$(!1,-4()!*%8(&.+1(!'(.+2!%-!*$(!

'%&5()&%,-!&%4-+1!,..0)&!,-!+!'%99()(-*!*%8(&.+1(!*$+-!%-!*$(!+/&,)5*%,-!&%4-+1;!!#$(!

'(.+2! ,9! *$(! L"! &*+*(! (M$%/%*&! '%99()%-4! C%-(*%.&! %-! *$(! +/&,)5*%,-! +-'! '%&5()&%,-!



! "NV!

&%4-+1!,9!5()%'%-%-!%-!8(*$+-,16!&044(&*%-4!*$+*!5,501+*%,-!)('%&*)%/0*%,-!,..0)&!%-!

*$(!LU!&*+*(6!&%8%1+)!*,!?$,!+-'!R1(8%-4w&!A,)C!,-!*$(!*,)&%,-+112!+.*%B(!8,1(.01(&!

.)2&*+1!B%,1(*!+-'!8+1+.$%*(!4)((-6=N!+-'!,0)!5)(B%,0&!A,)C!,-!OF.+),*(-(;! ! <-!*$(!

.+&(! ,9! OF.+),*(-(6! *$(! B%/)+*%,-+1! .,,1%-4! A+&! +**)%/0*('! *,! )(1+M+*%,-! 9),8! +!

.,-9,)8+*%,-+112!*A%&*('!L"!&*+*(!*,!+!'%&51+.('!!"#$ !&*+*(;!!?,-B()&(126!%-!*$(!.+&(!,9!

5()%'%-%-!%-!J?J6!*$(!)%&(!,9!*$(!+/&,)5*%,-!+-'!'%&5()&%,-!.,85,-(-*!&%4-+1&!,..0)!

&2-.$),-,0&12! +-'! /,*$! &%4-+1&! +)(! 8,'(1('! 41,/+1126! A%*$! *$(! 1,-4F*%8(! &%4-+1!

'(.+2%-4! ,-! *$(! &+8(! *%8(&.+1(! >"\!5&@;! ! #$%&! 41,/+1! *%8(&.+1(! ,/&()B('! %-! J?J!

&044(&*&! *$+*! '(.+2! 9),8! *$(! L"! &*+*(! 5,501+*(&! *$(! %-%*%+1! 4),0-'! &*+*(! A$%.$! %&!

1%C(12!'0(! *,! *$(!5),*(%-!8+*)%M! (-9,).%-4!+!8,)(! &*+*%.! .,-9,)8+*%,-!,9!5()%'%-%-!

*$+-!*$(!.,-9,)8+*%,-&!+..(&&%/1(!%-!&,10*%,-;!

k&%-4! *$(! C%-(*%.! 5%.*0)(! ,0*1%-('! +/,B(6! &,8(! *)+-&%(-*F4)+*%-4! &5(.*)+1!

9(+*0)(&!A%*$%-!*$(!1%8%*('!/+-'A%'*$!,9!,0)!%-&*)08(-*!.+-!/(!%'(-*%9%('!9,)!(+.$!

&*+*(;!!R,)!5()%'%-%-!%-!8(*$+-,16!*$(!(+)12F*%8(!*)+-&%(-*F4)+*%-4!+/&,)5*%,-!&5(.*)+!

>R%40)(&!=;`+! +-'!=;[6! !"#$ !9&@6! .,))(&5,-'%-4! *,! *$(! %-%*%+112! 5085('! LH! &*+*(6!

(M$%/%*!+!&*),-4!!"#$%& !&%4-+1!.(-*()('!+),0-'!*$(!1+&()!&5(.*)08!+*!="V!-8!A%*$!+!

A(+C! KLPF',8%-+*('! .,85,-(-*! *,! *$(! /10(! &%'(! ,9! *$%&! 9(+*0)(;! ! #$(!!"#$%& !

.,85,-(-*! /(4%-&! *,! /),+'(-6! *$(! A(+C! KLP! 9(+*0)(! *,! *$(! /10(! &0/&%'(&6! +-'! +!

&*),-4!KLP!9(+*0)(!*,!*$(!)('!/(4%-&!*,!9,)8!+&!*$(!<!&*+*(!%&!5,501+*('!9),8!*$(!LH!

&*+*(! ,-! +! TIU!9&! *%8(&.+1(;! ! #$(! &%4-+1! 9),8! *$(! %-*()8('%+*(! &*+*(! ',8%-+*(&!

.,-*)%/0*%,-&! 9),8! *$(! (+)1%()! LH! +-'! &0/&(:0(-*! L"! &*+*(! +*! +),0-'! `=!9&! >&((!

R%40)(!=;[@;!!#$(!`=!9&!*)+-&%(-*F4)+*%-4!&5(.*)08!%-!R%40)(!=;[!&$,A&!+!&%4-%9%.+-*12!

&8+11()!!"#$%& !.,85,-(-*!*$+*!/(.,8(&!',8%-+*('!/2!*$(!KLP!9(+*0)(!*,!*$(!/10(;!!
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#$(!/),+'!KLP!9(+*0)(!.,))(&5,-'%-4!*,!*$(!!!"#!"" !.,-*%-0(&!*,!4),A!+&!+11!,9!*$(!

5,501+*%,-!%&!*)+-&9())('!*,!*$(!L"!&*+*(6!A$()(!*$(!KLP!',8%-+*(&!+11!,*$()!&%4-+1!

%-*(-&%*2! /2! +/,0*! HUU!9&;! #$(! &$+5(! ,9! *$(! *)+-&%(-*F4)+*%-4! &5(.*)+! )(8+%-&!

)(1+*%B(12!.,-&*+-*!+9*()!+55),M%8+*(12!"!5&6!+&!*$(!&%4-+1!'(.+2&!*,!/+&(1%-(!'0(!*,!

-,-)+'%+*%B(!'(.+2!,9!5,501+*%,-!*,!*$(!LU!&*+*(;!

#$(! *)+-&%(-*F4)+*%-4! +/&,)5*%,-! &5(.*)+! 9,)! 5()%'%-%-! %-! J?J6! &$,A-! %-!

R%40)(&!=;`/! +-'!=;V! &$,A! &%8%1+)! &5(.*)+1! 9(+*0)(&6! /0*! A%*$! '%99()%-4! *%8(F

(B,10*%,-&;! ! L%8%1+)! *,! 5()%'%-%-! %-! 8(*$+-,16! *$(! (+)12F*%8(! *)+-&%(-*F4)+*%-4!

+/&,)5*%,-! &5(.*)+! >!"#$ @! .,))(&5,-'%-4! *,! *$(! %-%*%+1! LH! &*+*(! $+B(! +!!"#$%& !

9(+*0)(!5(+C('!+),0-'!*$(!(M.%*+*%,-!&5(.*)08!+*!="V!-8!+-'!+!A(+C!KLP!9(+*0)(!*,!

*$(! /10(;! ! J()%'%-%-! %-! J?J6! $,A(B()6! $+&! +-!KLP! 9(+*0)(! *,! *$(! )('! ,9! *$(!!"#$%& !

9(+*0)(!+*! +11! *%8(&! *$+*!',(&!-,*!,..0)!A%*$!5()%'%-%-! %-! &,10*%,-!0-*%1! *$(! <! &*+*(!

/(.,8(&! &099%.%(-*12! 5,501+*(';! #$%&! .+-! /(! (+&%12! ,/&()B('! /2! .,85+)%-4! *$(!

!"#$ !9&! &5(.*)+1! .,-*,0)!8+5&! 9,)! 5()%'%-%-! %-!8(*$+-,1! +-'! %-! J?J! >R%40)(!=;`@;!!

#$(!%-%*%+1!LH!&*+*(!9,)!5()%'%-%-!%-!J?J!1,,C&!&5(.*)+112!B()2!&%8%1+)!*,!*$(!<!&*+*(!9,)!

5()%'%-%-!%-!8(*$+-,16!+-'!+1*$,04$!*$()(!+)(!.$+-4(&!%-!*$(!&%4-+1!%-*(-&%*2!9,)!*$(!

!"#$%& !+-'!KLP!.,85,-(-*&6!*$(!&$+5(!,9!*$(!&5(.*)08!)(8+%-&!&%8%1+)!*$),04$,0*!

*$(! (-*%)(! 8(+&0)('! *%8(&.+1(;! ! #$(! J?J! *)+-&%(-*F4)+*%-4! &5(.*)+! &044(&*! *$+*! +!

&*+*(!A$%.$!1,,C&!1%C(!*$(!<!&*+*(!,9!5()%'%-%-!%-!8(*$+-,16!%&!5)(5+)('!/2!*$(!5),*(%-!

8+*)%M;! !P! .,85+)%&,-!,9! *$(! &*)0.*0)(!,9!5()%'%-%-! %-!J?J! *,! *$(!51+-+)! &*)0.*0)(!

&044(&*&!*$+*!*$(!-+*0)(!,9! *$%&!&*+*(! %&! 1%C(12!*A%&*(';!R0)*$()6! *$(!5,&%*%B(!!"#$%& !

9(+*0)(! *$+*! %&! 5)(&(-*! %-! *$(! %-%*%+112! 5)(5+)('! LH! &*+*(! 5()&%&*&! *$),04$! *$(!

*%8(&.+1(! ,9! *$(! (M5()%8(-*6! -(B()! /(%-4! .,851(*(12! ',8%-+*('! /2! *$(! )('! KLP!
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9(+*0)(;! ! #$%&! &055,)*&! *$(! %'(+! *$+*! *$(! L"f<?#! &*+*(! .,01'! /(!8%M('!A%*$! *$(! LH!

&*+*(!*,!/,)),A!'%5,1(!&*)(-4*$6!A$%.$!A,01'!%-.)(+&(!!"#!$% !(-()42!*)+-&9()!+-'!

%851%.+*(&! *A%&*%-4!+&! *$(!8(.$+-%&8!9,)! *$%&!&*+*(!8%M%-4;! !R%-+1126! *$(! %'(-*%*2!,9!

*$(!C%-(*%.!<!&*+*(!%&!0-1%C(12!*,!"!"#$ !&*+*(6!/0*!)+*$()!+!*A%&*('!&*)0.*0)(!,-!*$(!LH!

&*+*(!5,*(-*%+16!%-!+..,)'+-.(!A%*$!*$(!*A,F&*+*(6!*A,F8,'(!*$(,)2!/2!G1%B0..%;"!
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TS%&'#%Y'&(!S%&I(

!
>"@! L+-.$(7Fq+1B(76!P;e!Z0-*6!J;e!m,//6!d;!P;e!G1%B0..%6!d;e!})(B(-6!#;e!L.$1(4(16!Z;!];!
k1*)+9+&*! )+'%+*%,-1(&&! '(+.*%B+*%,-! ,9! ,)4+-%.! '2(&_! (B%'(-.(! 9,)! +! *A,F&*+*(! *A,F
8,'(! 5+*$A+2! %-! 5,128(*$%-(! .2+-%-(&;! C$%7,$%62",$% D1!$!@9996!EFF6! HV""FHVHN;!
QG<_!"U;"UH"f3+VVIV[=M!!

>H@! L0-'&*)S86! };! J$,*,&2-*$(*%.! 1%4$*! $+)B(&*%-46! .$+)4(! &(5+)+*%,-6! +-'!
5$,*,5),*(.*%,-_! *$(!5)%8+)2! &*(5&;! <-!(21#13)1'1GHI%=2"%D!)"8!"%1J%>)J"%&80%>)G2#e!
L(.,-'!K'%*%,-!(';e!]3S)-6!Y;!G;6!K';e!L5)%-4()_!a(A!{,)C6!HUU`6!5!H[VFI"V;!

>I@! J,1gBC+6! #;e! L0-'&*)S86! };! k1*)+9+&*! '2-+8%.&! ,9! .+),*(-,%'&! (M.%*('! &*+*(&Ö
9),8! &,10*%,-! *,! -+*0)+1! +-'! +)*%9%.%+1! &2&*(8&;! 62",$%."-$!@99G6!EKL6! HUH"FHU`";!
QG<_!"U;"UH"f.)UHU\`N-;!

>N@! Y%06!D;!R;e!{+-6!Z;!?;e!^+-46!p;!];e!p0+-46!#;!{;e!D$+-46! z;!J;e!q0%6!Y;!Y;e!P-6!o;!d;e!
?$+-46!^;!m;! ?)2&*+1!&*)0.*0)(!,9!&5%-+.$!8+3,)!1%4$*F$+)B(&*%-4!.,851(M!+*!H;`H!v!
)(&,10*%,-;! M&#+4"!@99G6!LFN6!H[`FHVH;!

>=@! L*+-'90&&6!z;e!#()A%&&.$+!B+-!L.$(1*%-4+6!P;!?;e!Y+8/,)4$%-%6!d;e!pá$1/)+-'*6!^;!
d(.$+-%&8&! ,9! 5$,*,5),*(.*%,-! +-'! -,-5$,*,.$(8%.+1! :0(-.$%-4! %-! 5(+! 1%4$*F
$+)B(&*%-4! .,851(M! +*! H;=! v! )(&,10*%,-;! AOPQ% C$! @99J6! FL6! V"VFVH[;! QG<_!
"U;"UI[f&3;(8/,3;`\UU=[=;!

>\@! R)+-C6!Z;!P;e!])0'B%46!q;!^;! m(',M! 90-.*%,-&!,9! .+),*(-,%'&! %-!5$,*,&2-*$(&%&;!
P)1!2",)*#4H!@99G6!LR6![\U`F[\"=;! QG<_!"U;"UH"f/%UNVHUV\;!

>`@! ^%11.,M6!z;!p;e!P&$6!L;!Y;e!?+*%4-+-%6!q;!Y;! P-*%,M%'+-*&!+-'!J)(B(-*%,-!,9!?$),-%.!
Q%&(+&(;! 64)#$% ."-$% S110% D!)$% M+#4)#$! @99G6! LL6! H`=FHV=;! QG<_!
"U;"U[Uf"UNU[\VUNVUN\[N[V;!

>[@! J,1gBC+6! #;e! R)+-C6! Z;! P;! d,1(.01+)! 9+.*,)&! .,-*),11%-4! 5$,*,&2-*$(*%.! 1%4$*!
$+)B(&*%-4! /2! .+),*(-,%'&;! 7!!$% 62",$% ."*$! @9)96! FKEK6! ""H=F""IN;! QG<_!
"U;"UH"f+)"UUUIU8;!

>V@! J,1gBC+6! #;e! L0-'&*)S86! };! Q+)C! (M.%*('! &*+*(&! ,9! .+),*(-,%'&_! .,-&(-&0&! +-'!
.,-*),B()&2;! 62",$%(2H*$%>"##$!@99P6!LTT6!"E"";! QG<_!"U;"U"\f3;.51(**;HUUV;U\;U"";!

>"U@! ]%)4(6! m;! m;! #A,! 5$,*,-! &5(.*),&.,52! ,9! 5),*(%-F/,0-'! .$),8,5$,)(&;! 7!!$%
62",$%."*$!)PMK6!EU6!"I[F"N\;!

>""@! ?$)%&*(-&(-6!m;!Y;! #$(!(1(.*),-%.!&*+*(&!,9!.+),*(-,%'&;! <-!=2"%(21#1!2",)*#4H%
1J% 6&41#"81)0*e! R)+-C6! Z;! P;6! {,0-46! P;! z;6! ])%**,-6! q;6! ?,4'(116! m;! z;6! K'&;e! p10A()!
P.+'(8%.!J0/1%&$()&_!Q,)')(.$*6!"VVVe!},1;![6!5!"I`F"=V;!
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>"H@! R)+-C6! Z;! P;e! Q(&+8(),6! m;! D;! ];e! ?$2-A+*6! };e! q(/$+)'6! m;e! B+-! '()! Z,(96! <;e!
z+-&(-6! R;! z;e! Y04*(-/0)46! z;e! q,&7*,1+6! Q;e! ^+&%(1(A&C%6! d;! m;! L5(.*),&.,5%.!
5),5()*%(&! ,9! &5$(),%'(-(! +-+1,4&! $+B%-4! '%99()(-*! (M*(-*&! ,9! cF(1(.*),-!
.,-304+*%,-;! C$%(2H*$%62",$%7!)PPL6!EKE6!"NVF"=`;! QG<_!"U;"UH"f35V\HI`I1;!

>"I@! R)+-C6!Z;!P;e!z,&0(6!z;!L;e!]+0*%&*+6!z;!P;e!B+-!'()!Z,(96!<;e!z+-&(-6!R;!z;e!Y04*(-/0)46!
z;e!^%('())(.$*6!q;e!?$)%&*(-&(-6!m;!Y;! L5(.*),&.,5%.!+-'!5$,*,.$(8%.+1!5),5()*%(&!,9!
,5(-F.$+%-!.+),*(-,%'&;! C$%(2H*$%62",$%P!@99@6!EKV6!HU[IFHUVH;!

>"N@! R)+-C6!Z;!P;e!Q+&6!L;!p;e!]+0*%&*+6! z;!P;e!])0.(6!Q;e!?)%8%6!d;e!?),.(6!m;e!]+&&%6!m;!
J$,*,.$(8%.+1!/($+B%,)!,9!M+-*$,5$211&!%-!*$(!)(.,8/%-+-*!5$,*,&2&*(8!<<!+-*(--+!
.,851(M6!?JH\;! P)1!2",)*#4H!@99)6!LK6!"HHUF"HH=;! QG<_!"U;"UH"f/%UU""\U:;!

>"=@! J,1gBC+6! #;e! D%48+-*+&6! Q;e! L0-'&*)S86! };e! R,)8+44%,6! K;e! ?%-:0(6! q;e! ]+&&%6! m;!
?+),*(-,%'! L" &*+*(! %-! +! )(.,8/%-+-*! 1%4$*F$+)B(&*%-4! .,851(M! ,9! 5$,*,&2&*(8! <<;!
P)1!2",)*#4H!@99)6!LE6!NIVFN=U;! QG<_!"U;"UH"f/%U""=[VM;!

>"\@! m%.$*()6!d;e!q,&&6!m;e!^+4-()6!];e!Z,17A+)*$6!P;!m;! ?$+)+.*()%7+*%,-!,9!*$(!9+&*!
+-'! &1,A! )(B()&%/1(! .,85,-(-*&! ,9! -,-F5$,*,.$(8%.+1! :0(-.$%-4! %-! %&,1+*('! 5(+!
*$21+C,%'&! /2! 5%.,&(.,-'! *%8(F)(&,1B('! .$1,),5$211! 910,)(&.(-.(! +-+12&%&;!
P)1!2",)*#4H!)PPP6!RN6!"H`"[F"H`H\;! QG<_!"U;"UH"f/%V[IUUV+;!

>"`@! R)+-C6!Z;!P;e! ?0+6!P;e! ?$2-A+*6!};e! {,0-46!P;e!q,&7*,1+6!Q;e!^+&%(1(A&C%6!d;!m;!
J$,*,5$2&%.&! ,9! *$(! .+),*(-,%'&! +&&,.%+*('! A%*$! *$(! M+-*$,5$211! .2.1(! %-!
5$,*,&2-*$(&%&;! (21#1*H8$%."*$!)PPG6!LE6!I[VFIV=;!

>"[@! Z,1*6! a;! K;e! D%48+-*+&6! Q;e! }+1C0-+&6! Y;e! Y%6! o;FJ;e! a%2,4%6! p;! p;e! R1(8%-46! q;! m;!
?+),*(-,%'!.+*%,-! 9,)8+*%,-!+-'! *$(! )(401+*%,-!,9!5$,*,&2-*$(*%.! 1%4$*!$+)B(&*%-4;!
D!)"8!"!@99J6!RKT6!NIIFNI\;! QG<_!"U;""H\f&.%(-.(;""U=[II;!

>"V@! d+6!{;FD;e!Z,1*6!a;!K;e!Y%6!o;FJ;e!a%2,4%6!p;!p;e!R1(8%-46!q;!m;! KB%'(-.(! 9,)!'%)(.*!
.+),*(-,%'! %-B,1B(8(-*! %-! *$(! )(401+*%,-! ,9! 5$,*,&2-*$(*%.! 1%4$*! $+)B(&*%-4;! (41!$%
M&#'$%7!&0$%D!)$%W$D$7!@99B6!EKK6!NI``FNI[H;! QG<_!"U;"U`If5-+&;U`I\V=V"UU;!

>HU@! ?),9*&6! P;! m;e! {()C(&6! ?;! #;! P! 8,1(.01+)! 8(.$+-%&8! 9,)! :KF:0(-.$%-4;! SAPD%
>"##$!)PPG6!RXF6!H\=FH`U;! QG<_!"U;"U"\fUU"NF=`VI>VN@UUV`\F`;!

>H"@! #+B+-6! J;e! L.$01*(-6! p;! K1(.*),-%.! (M.%*+*%,-&! %-! 9%-%*(! +-'! %-9%-%*(! 5,12(-(&;!
(2H*$%."-$%P!)PML6!RV6!NII`FNI=[;! QG<_!"U;""UIfJ$2&m(B];I\;NII`;!

>HH@! p,2+8+6!{;e!m,-',-0A06!R;!L;e!R03%%6!m;e!^+*+-+/(6!{;! Y%4$*F$+)B(&*%-4!90-.*%,-!
,9! .+),*(-,%'&! %-! 5$,*,F&2-*$(&%&_! #$(! ),1(&! ,9! *$(! -(A12! 9,0-'! ""]0F! &*+*(;!
P)1/1'H,"4*!@99G6!TL6!HF"[;!

>HI@! ^,$11(/(-6!^;e!]0.C056!#;e!Z+&$%8,*,6!Z;e!?,4'(116!m;! z;e!Z()(C6! z;!Y;e!d,*7C0&6!
d;! J085E'(51(*(E5),/(!&5(.*),&.,52!+-'! *$(!50771(!,9! .+),*(-,%'!'+)C!&*+*(&;! C$%
(2H*$%62",$%P!@99G6!EKN6!IIHUFIIH=;! QG<_!"U;"UH"f35UI\"N=C;!



! "==!

>HN@! G&*),08,B6!K;!K;e!d01B+-(26!m;!d;e!?,4'(116!m;! z;e!L.$,1(&6!q;!Q;! ]),+'/+-'!HQ!
(1(.*),-%.!&5(.*),&.,52!)(B(+1&!+!.+),*(-,%'!'+)C!&*+*(! %-!50)51(!/+.*()%+;! D!)"8!"!
@9)B6!RLK6!=HF=\;! QG<_!"U;""H\f&.%(-.(;"HIU"U\;!

>H=@! G&*),08,B6! K;! K;e! d01B+-(26! m;! d;e! P--+6! z;! d;e! ?,4'(116! m;! z;e! L.$,1(&6! q;! Q;!
K-()42! *)+-&9()! 5+*$A+2&! %-! 1%4$*F$+)B(&*%-4! .,851(M(&! ,9! 50)51(! /+.*()%+! +&!
)(B(+1('! /2! 41,/+1! C%-(*%.! +-+12&%&! ,9! *A,F'%8(-&%,-+1! *)+-&%(-*! &5(.*)+;! C$% (2H*$%
62",$%P!@9)B6!EET6!""INVF""I\H;! QG<_!"U;"UH"f35NUIUH[M;!

>H\@! q)+'%-+)06! ?;! ?;e! p(--%&6! z;! #;! d;e! J+5+4%+--+C%&6! K;e! B+-! L*,CC086! <;! Z;! d;e!
?,4'(116!m;!z;e!R1(8%-46!q;!m;e!a%('()8+-6!m;!P;e!B+-!q),-'(11(6!m;! P-!0-0&0+1!5+*$A+2!
,9!(M.%*+*%,-!(-()42!'(+.*%B+*%,-!%-!.+),*(-,%'&_!&%-41(*F*,F*)%51(*!.,-B()&%,-!,-!+-!
01*)+9+&*!*%8(&.+1(!%-!+!5$,*,&2-*$(*%.!+-*(--+;! (41!$%M&#'$%7!&0$%D!)$%W$D$7$!@99)6!UN6!
HI\NFHI\V;! QG<_!"U;"U`If5-+&;U="=U"HV[;!

>H`@! p,&08%6! Q;e! {+-+4%6! p;e! R03%%6! m;e! Z+&$%8,*,6! Z;e! {,&$%7+A+6! d;! ?,-304+*%,-!
1(-4*$! '(5(-'(-.(! ,9! )(1+M+*%,-! C%-(*%.&! %-! OF.+),*(-(! $,8,1,4&! 5),/('! /2!
9(8*,&(.,-'!p())F4+*(!910,)(&.(-.(!&5(.*),&.,52;! 62",$%(2H*$%>"##$!@99K6!LFX6!\\F
`U;! QG<_!"U;"U"\f3;.51(**;HUU\;U=;UHI;!

>H[@! D$+-46!z;!J;e!<-+/+6!#;e!^+*+-+/(6!{;e!p,2+8+6!{;! KM.%*('F&*+*(!'2-+8%.&!+8,-4!
*$(! "]0i6! "]0F! +-'! HP4F! &*+*(&! ,9! &''Y#4&8*F-(0),&5,)(-(! +&! )(B(+1('! /2! -(+)F
%-9)+)('! *%8(F)(&,1B('!+/&,)5*%,-! &5(.*),&.,52;! 62",$%(2H*$%>"##$!@9996!RRF6! I="F
I=[;!

>HV@! R03%%6!m;e!R03%-,6!#;e!<-+/+6!#;e!a+4+(6!Z;e!p,2+8+6!{;! <-*()-+1!.,-B()&%,-!,9!"]0i!
Ft! "]0F! Ft! HP4F! +-'! 910,)(&.(-.(! 9),8! *$(! "]0F! &*+*(! %-! +11Y#4&8*F-(0),&5,)(-(! +&!
5),/('!/2!05F.,-B()&%,-!&5(.*),&.,52;! 62",$%(2H*$%>"##$!@99G6!RNL6!VF"=;!

>IU@! ?()011,6! q;e! J,11%6! Q;e! Y+-7+-%6! q;e! Q(! L%1B(&*)%6! L;e! Z+&$%8,*,6! Z;e! ?,4'(116! m;! z;!
J$,*,&2-*$(*%.!1%4$*!$+)B(&*%-4!/2!.+),*(-,%'&_!Q(*(.*%,-!,9!+-!%-*()8('%+*(!(M.%*('!
&*+*(;! D!)"8!"!@99@6!FUN6!HIV=FHIV[;! QG<_!"U;""H\f&.%(-.(;"U`N\[=;!

>I"@! d.?+8+-*6! Q;! ^;e! p0C0)+6! J;e! d+*$%(&6! m;! P;! R(8*,&(.,-'! *%8(F)(&,1B('!
&*%801+*('!m+8+-!&5(.*),&.,52_!+551%.+*%,-!*,! *$(!01*)+9+&*! %-*()-+1!.,-B()&%,-! %-!
OF.+),*(-(;! C$%(2H*$%62",$%7$!@99B6!EKT6![HU[F[H"N;!

>IH@! ?$)%&*(-&&,-6! a;e! J,1gBC+6! #;e! {+)*&(B6! P;e! J011()%*&6! #;! J$,*,-! (.$,!
&5(.*),&.,52!)(B(+1&!&*)0.*0)(F'2-+8%.&!)(1+*%,-&$%5&! %-!.+),*(-,%'&;! (2H*$%."-$%P!
@99P6!TU6!HN=""[;! QG<_!"U;""UIfJ$2&m(B];`V;HN=""[;!

>II@! G&*),08,B6!K;!K;e!d011()6!d;!q;e!m(0&6!d;e!Z,17A+)*$6!P;!m;! G-!*$(!-+*0)(!,9!*$(!
l'+)C!Lsl!(M.%*('!&*+*(!,9!OF.+),*(-(;! C$%(2H*$%62",$%7!@9))6!EEX6!I\V[FI`"H;! QG<_!
"U;"UH"f35"U=I[=.;!



! "=\!

>IN@! R03%%6!m;e!G-+C+6!p;e!p0C%6!d;e!p,2+8+6!{;e!^+*+-+/(6!{;! #$(!HP4F!(-()4%(&!,9!+11F
#4&8*F-(0),&5,)(-(!+-'!&5$(),%'(-(!+&!'(*()8%-('!/2! 910,)(&.(-.(!&5(.*),&.,52;!
62",$%(2H*$%>"##$!)PPM6!FNN6![N`F[=I;!

>I=@! R03%%6!m;e!<&$%C+A+6!#;e!p,2+8+6!{;e!#+40.$%6!d;e!<&,/(6!{;e!a+4+(6!Z;e!^+*+-+/(6!
{;! R10,)(&.(-.(! &5(.*),&.,52! ,9! +11F#4&8*F+-$2'),)$,',B%/)%-! +-'! &5%)%11,M+-*$%-_!
Q(*(.*%,-!,9!*$(!"]0F!910,)(&.(-.(;! C$%(2H*$%62",$%7!@99)6!EKX6!=IN[F=I==;!

>I\@! Y0C(à6! };e! ?$)%&*(-&&,-6! a;e! d%1,*+6! R;e! p+0998+--6! Z;! R;e! Z+0()6! z;! K1(.*),-%.!
4),0-'! &*+*(! .,-9,)8()&! ,9! OF.+),*(-(! +-'! *$(%)! ),1(! %-! 01*)+9+&*! &5(.*),&.,52;!
62",$%(2H*$%>"##$!@9))6!XKV6!"HHF"H`;! QG<_!"U;"U"\f3;.51(**;HU"";UH;U\U;!

>I`@! J,11%6! Q;e! ?()011,6! q;e! Y+-7+-%6! q;e! Q(! L%1B(&*)%6! L;e! {+-+4%6! p;e! Z+&$%8,*,6! Z;e!
?,4'(116! m;! ?,-304+*%,-! 1(-4*$! '(5(-'(-.(! ,9! %-*()-+1! .,-B()&%,-! %-! .+),*(-,%'&_!
),1(! ,9! *$(! %-*()8('%+*(! &*+*(;! (2H*$% ."-$% >"##$! @99G6! UR;! QG<_!
"U;""UIfJ$2&m(BY(**;VI;"\IUUH;!

>I[@! R03%%6! m;e! <-+/+6! #;e! ^+*+-+/(6! {;e! p,2+8+6! {;e! D$+-46! z;! J;! #A,! '%99()(-*!
5+*$A+2&! ,9! %-*()-+1! .,-B()&%,-! %-! .+),*(-,%'&! '(5(-'%-4! ,-! *$(! 1(-4*$! ,9! *$(!
.,-304+*('!.$+%-;! 62",$%(2H*$%>"##$!@99B6!RVU6!"\=F"`H;!

>IV@! P-'()&&,-6!J;!G;e!q%11/),6!#;! J$,*,5$2&%.&!+-'!'2-+8%.&!,9!*$(!1,A(&*!(M.%*('!
&%-41(*! &*+*(! %-! 1,-4! &0/&*%*0*('!5,12(-(&!A%*$! %851%.+*%,-&! *,! *$(!B()2! 1,-4F.$+%-!
1%8%*;! C$%62",$%(2H*$!)PPJ6!EKR6!H=UVFH="V;! QG<_!"U;"U\If";N\V\`H;!

>NU@! a%('7A%('7C%6!Q;e!p,&.%(1(.C%6!z;!R;e!?,-46!Z;e!L011%B+-6!z;!G;e!q%/&,-6!q;!a;e!]%)4(6!
m;! m;e! R)+-C6! Z;! P;! k1*)+9+&*! '2-+8%.&! +-'! (M.%*('! &*+*(! &5(.*)+! ,9! ,5(-F.$+%-!
.+),*(-,%'&!+*!),,8!+-'!1,A!*(85()+*0)(&;! C$%(2H*$%62",$%P!@99L6!EEE6!=V[NF=VV[;!

>N"@! ?,-46! Z;e! a%('7A%('7C%6! Q;! d;e! q%/&,-6! q;! a;e! R)+-C6! Z;! P;! k1*)+9+&*! *%8(F
)(&,1B('! &5(.*),&.,52! ,9! M+-*$,5$211&! +*! 1,A! *(85()+*0)(;! C$%(2H*$%62",$%P!@99M6!
EEF6!I==[FI=\`;!

>NH@! a%('7A%('7C%6! Q;! d;e! L011%B+-6! z;! G;e! J,1gBC+6! #;e! ]%)4(6! m;! m;e! R)+-C6! Z;! P;!
R(8*,&(.,-'! *%8(F)(&,1B('! *)+-&%(-*! +/&,)5*%,-! &5(.*),&.,52! ,9! M+-*$,5$211&;! C$%
(2H*$%62",$%P!@99K6!EEK6!HH[`HFHH[[=;! QG<_!"U;"UH"f35U\HH`I[;!

>NI@! J+5+4%+--+C%&6! K;e! p(--%&6! z;! #;! d;e! B+-! L*,CC086! <;! Z;! d;e! ?,4'(116! m;! z;e! B+-!
q),-'(11(6! m;! P-! +1*()-+*%B(! .+),*(-,%'F*,F/+.*()%,.$1,),5$211! (-()42! *)+-&9()!
5+*$A+2! %-! 5$,*,&2-*$(*%.! 1%4$*! $+)B(&*%-4;! (41!$% M&#'$% 7!&0$% D!)$% W$D$7$! @99@6! UU6!
\U"`F\UHH;! QG<_!"U;"U`If5-+&;UVH\H\=VV;!

>NN@! Z,98+--6!K;e!^)(-.$6!J;!d;e!L$+)51(&6!R;!J;e!Z%11()6!m;!q;e!^(1*(6!^;e!Q%('()%.$&6!
p;! L*)0.*0)+1!/+&%&!,9!1%4$*!$+)B(&*%-4!/2!.+),*(-,%'&_!5()%'%-%-F.$1,),5$211F5),*(%-!
9),8! 7,/2)0)8)+,% !&4#"4&";! D!)"8!"! )PPK6! FTF6! "`[[E"`V";! QG<_!
"U;""H\f&.%(-.(;H`H;=H\V;"`[[;!



! "=`!

>N=@! Q+83+-,B%Ä6! P;e! m%*76! #;e! L.$01*(-6! p;! KM.%*+*%,-! *)+-&9()! %-! *$(! 5()%'%-%-F
.$1,),5$211F5),*(%-! ,9! 7,/2)0)8)+,% !&4#"4&";! P)1/2H*$% C$! @9996! TU6! "\V=E"`U=;!
QG<_!"U;"U"\fLUUU\FINV=>UU@`\NHHF[;!

>N\@! L$%8+6!L;e!<1+4+-6!m;!J;e!q%11(&5%(6!a;e!L,88()6!];!z;e!Z%11()6!m;!q;e!L$+)51(&6!R;!J;e!
R)+-C6!Z;!P;e!]%)4(6!m;!m;! #A,F5$,*,-!+-'!910,)(&.(-.(!&5(.*),&.,52!+-'!*$(!(99(.*!
,9!(-B%),-8(-*!,-!*$(!5$,*,.$(8%.+1!5),5()*%(&!,9!5()%'%-%-!%-!&,10*%,-!+-'!%-!*$(!
5()%'%-%-F.$1,),5$211F5),*(%-! 9),8! 7,/2)0)8)+,% !&4#"4&";! C$% (2H*$% 62",$% 7! @99B6!
EKT6![U=HF[U\\;! QG<_!"U;"UH"f35UHH\N[7;!

>N`@! L.$01*(6!#;e!a%('A%('7C%6!Q;!d;e!]%)4(6!m;!m;e!Z%11()6!m;!q;e!J,1gBC+6!#;e!Z,98+--6!
K;e! R)+-C6! Z;! P;! <'(-*%9%.+*%,-! ,9! +! &%-41(! 5()%'%-%-! &(-&%-4! ?$1F&! (M.%*+*%,-! %-!
)(.,-&*%*0*('! J?J! /2! .)2&*+11,4)+5$2! +-'! &5(.*),&.,52;! (41!$% M&#'$% 7!&0$% W$D$7$!
@99P6!EKV6!HUN`NFHU`\V;! QG<_!"U;"U`If5-+&;UVU[VI["U\;!

>N[@! ?,11%-%6! K;e!^,-46! ?;! {;e!^%1C6!p;! K;e! ?0)8%6! J;!d;!q;e! ])08()6! J;e! L.$,1(&6! q;!Q;!
?,$()(-*12! A%)('! 1%4$*F$+)B(&*%-4! %-! 5$,*,&2-*$(*%.! 8+)%-(! +14+(! +*! +8/%(-*!
*(85()+*0)(;! M&#+4"!@9)96!LVR6!\NN;! QG<_!"U;"UI[f-+*0)(U[["";!

>NV@! Z,&&(%-Fa(3+'6! Z;e! ?0)0*.$(*6! ?;e! p0/%.+6! P;e! L.$,1(&6! q;! Q;! Q(1,.+1%7+*%,-F
(-$+-.('! 1,-4F)+-4(! (-()42! *)+-&9()! /(*A((-! .)25*,5$2*(! +14+(! JK=N=! +-*(--+!
5),*(%-&;! C$%(2H*$%62",$%P!@9)96!EEX6!=HNI;! QG<_!"U;"UH"f35"U[IV`+;!

>=U@! ])%M-()6!#;e!L*(-4()6!z;e!}+&A+-%6!Z;!d;e!?$,6!d;e!]1+-C(-&$%56!m;!K;e!R1(8%-46!q;!
m;! #A,F'%8(-&%,-+1!&5(.*),&.,52!,9!(1(.*),-%.!.,051%-4&!%-!5$,*,&2-*$(&%&;! M&#+4"!
@99J6!LRL6!\H=F\H[;!

>="@! ?$)%&*(-&&,-6!a;e!?$â/()+6!J;e!Z%11()6!m;!q;e!J011()%*&6!#;e!J,1gBC+6!#;! R,0)FA+B(F
8%M%-4! &5(.*),&.,52! ,9! 5()%'%-%-! %-! &,10*%,-! +-'! %-! *$(! 5()%'%-%-E.$1,),5$211F&!
5),*(%-;! 62",$%(2H*$!@9)96!RTR6!"=FHH;! QG<_!"U;"U"\f3;.$(85$2&;HUUV;"H;U"";!

>=H@! D%48+-*+&6! Q;e! Z%11()6! m;! q;e! J,1gBC+6! #;e! L0-'&*)S86! };! ?+),*(-,%'! *,!
.$1,),5$211! (-()42! *)+-&9()! %-! *$(! 5()%'%-%-E.$1,),5$211F&E5),*(%-! .,851(M!
%-B,1B(&!+-!%-*)+8,1(.01+)!.$+)4(!*)+-&9()!&*+*(;! (41!$%M&#'$%7!&0$%D!)$%WD7!@99@6!UU6!
"\`\UF"\`\=;! QG<_!"U;"U`If5-+&;H\H=I`=VV;!

>=I@! Y%-'(-6!J;!P;e!D%88()8+--6!z;e!])%M-()6!#;e!Z,1*6!a;!K;e!}+&A+-%6!Z;!d;e!Z%11()6!m;!
q;e!R1(8%-46!q;!m;! #)+-&%(-*!+/&,)5*%,-!&*0'2!,9!5()%'%-%-!+-'!5()%'%-%-E.$1,),5$211!
&E5),*(%-! +9*()! *A,F5$,*,-! (M.%*+*%,-;! C$% (2H*$% 62",$% P! @99G6! EKN6! "UINUF"UIN=;!
QG<_!"U;"UH"f35UI"II"/;!

>=N@! o06!b;FZ;e!d+6!{;FD;e!R1(8%-46!q;!m;! Q%99()(-*!)(+1!+-'!%8+4%-+)2!.,85,-(-*&!,9!
*$(! )(&,-+-*! *$%)'F,)'()! 5,1+)%7+*%,-! )(B(+1('! /2! ,5*%.+1! $(*(),'2-(! '(*(.*('!
*)+-&%(-*! 4)+*%-4! &5(.*),&.,5%.! &*0'%(&! ,9! .)2&*+1! B%,1(*_!8,'(1! +-'! (M5()%8(-*;! C$%
(2H*$%62",$%7!@99@6!EKV6!"U`==;! QG<_!"U;"UH"f35U"N`"N-;!



! "=[!

>==@! Y(B%-(6!];!q;e!d+)*%-(76!#;!z;! <&,8()%7+*%,-!*$),04$!.,-%.+1!%-*()&(.*%,-&;! 788+$%
."-$% (2H*$% 62",$! @99L6! XN6! \"IF\IN;! QG<_!
"U;""N\f+--0)(B;5$2&.$(8;=`;UIHVU=;"UN\"H;!

>=\@! d+1$+',6! z;! J;e! L5(7%+6! m;e! Z2-(&6! z;! #;! Q2-+8%.+1! 9)%.*%,-! (99(.*&! ,-! *$(!
5$,*,%&,8()%7+*%,-!,9! +!8,'(1!5),*,-+*('!L.$%99! /+&(! %-! &,10*%,-;! C$%(2H*$%62",$%7!
@9))6!EEX6!I`HUFI`I=;! QG<_!"U;"UH"f35"U\UV\8;!

>=`@! L.$,(-1(%-6!m;!^;e!J(*(+-06!Y;!P;e!d+*$%(&6!m;!P;e!L$+-C6!?;!};! #$(! 9%)&*!&*(5! %-!
B%&%,-_!9(8*,&(.,-'!%&,8()%7+*%,-!,9!)$,',5&%-;! D!)"8!"!)PP)6!FXL6!N"HFN"=;! QG<_!
"U;""H\f&.%(-.(;"VH==V`;!

>=[@! ^+-46! b;e! L.$,(-1(%-6! m;! ^;e! J(*(+-06! Y;! P;e! d+*$%(&6! m;! P;e! L$+-C6! ?;! };!
}%/)+*%,-+112!.,$()(-*!5$,*,.$(8%&*)2!%-!*$(!9(8*,&(.,-'!5)%8+)2!(B(-*!,9!B%&%,-;!
D!)"8!"!)PPG6!FVV6!NHHFNHN;! QG<_!"U;""H\f&.%(-.(;`VIV\[U;!

>=V@! L*)+**6! m;!d;e!d+),-.(11%6!d;! a,-)(+.*%B(! '2-+8%.&! %-! &,10*%,-_! *$(! (8()4%-4!
8,1(.01+)! B%(A! ,9! &,1B+*%,-! '2-+8%.&! +-'! B%/)+*%,-+1! )(1+M+*%,-;! C$% (2H*$% 62",$!
)PPK6!EKK6!"HV["F"HVV\;! QG<_!"U;"UH"f35V\U[N[I;!

>\U@! R1(8%-46! q;! m;! 62",)!&'% 7//')!&#)18*% 1J% W'#4&J&*#% D/"!#41*!1/He! GM9,)'!
k-%B()&%*2!J)(&&_!a(A!{,)C6!"V[\;!

>\"@! ]+)/+)+6!J;!R;e!^+1C()6!q;!?;e! L8%*$6!#;!J;! }%/)+*%,-+1!8,'(&!+-'! *$(!'2-+8%.!
&,1B(-*!(99(.*!%-!(1(.*),-!+-'!5),*,-!*)+-&9();! D!)"8!"!)PP@6!FXV6!V`=FV[";!

>\H@! d+),-.(11%6!d;! #$(!'2-+8%.&!,9!&,1B+*%,-! %-!5,1+)!&,1B(-*&;! C$%O1'$%>)Z$!)PPB6!
XT6!"FI`;! QG<_!"U;"U"\fU"\`F`IHH>VI@[UUN=F^;!

>\I@! d+),-.(11%6! d;e! d+.<--%&6! z;e! R1(8%-46! q;! m;! J,1+)! &,1B(-*! '2-+8%.&! +-'!
(1(.*),-F*)+-&9()! )(+.*%,-&;! D!)"8!"! )PMP6! FLR6! "\`NF"\[";! QG<_!
"U;""H\f&.%(-.(;HNI;N[VV;"\`N;!

>\N@! z,,6!#;e! z%+6!{;e!{06! z;F{;e!Y+-46!d;! z;e! R1(8%-46!q;!m;! #$%)'F,)'()!-,-1%-(+)! *%8(!
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>"=U@! p1(&&%-4()6! d;e! d%.$16! z;! A_!)#"0% *#&#"*% &80% /21#1!2",)*#4H% 1J% 14G&8)!%
,1'"!+'"*e!}?Z!J0/1%&$()&_!a(A!{,)C6!"VV=;!

>"="@! Y(B%-(6!];!q;e!p,6!?;e!b0(--(B%11(6! z;e!d+)*ë-(76!#;! z;! ?,-%.+1! %-*()&(.*%,-&!+-'!
',0/1(! (M.%*+*%,-&! %-! *%8(F'(5(-'(-*! '(-&%*2! 90-.*%,-+1! *$(,)2;! O1'$% (2H*$! @99K6!
EKL6!"UIVF"U=";! QG<_!"U;"U[UfUUH\[V`U=UUN"``\H;!

>"=H@! Y(B%-(6!];!q;e!d+)*g-(76!#;!z;! P/!%-%*%,!801*%51(!&5+A-%-4!'2-+8%.&!,9!(M.%*('!
/0*+'%(-(_! ),1(!,9! .$+)4(! *)+-&9();! C$%(2H*$%62",$%7!@99P6!EER6! "H["=F"H[HN;! QG<_!
"U;"UH"f35VU`"""0!!

>"=I@! D$+-46! z;FJ;e! <-+/+6! #;e! ^+*+-+/(6! {;e! p,2+8+6! {;! L0/F5%.,&(.,-'! *%8(F
)(&,1B('!+/&,)5*%,-!&5(.*),&.,52!,9!+11F#4&8*F-(0),&5,)(-(! %-!&,10*%,-!+-'!/,0-'!
*,!*$(!YZH!.,851(M!9),8!.21013&!#"4!*/2&"41)0"*!q"?;! 62",$%(2H*$%>"##$!@9996!RRE6!
"=NF"\H;! QG<_!"U;"U"\fLUUUVFH\"N>UU@U""\=FV;!

>"=N@! o06! b;FZ;e! d+6! {;FD;e! L*%,5C%-6! <;! };e! R1(8%-46! q;! m;! ^+B(1(-4*$F'(5(-'(-*!
)(&,-+-*! $,8,'2-(! +-'! $(*(),'2-(! *)+-&%(-*! 4)+*%-4! &5(.*),&.,52! A%*$! +!
'%99)+.*%B(! ,5*%.&! 8(*$,'_! &,1B(-*! (99(.*! ,-! *$(! *$%)'F,)'()! &%4-+1;! C$% 62",$% (2H*$!
@99@6!EEV6!VIIIFVINU;! QG<_!"U;"U\If";"N`I\=I;!



! "\`!

>"==@! d,)+-6! P;! d;e! a,8(6! m;! P;e! L.$()()6! a;! R;! m(&,1B%-4! *$(! (8%&&%,-! *%8(&! ,9!
&,10*(! +-'! &,1B(-*! 9,0)FA+B(! 8%M%-4! &%4-+1&! /2! &5(.*)+1! %-*()9(),8(*)2;! C$% 62",$%
(2H*$!@99K6!EFX6!I""U";! QG<_!"U;"U\If";HH"`VNU;!

>"=\@! q+11+4$()6!L;!d;e!P1/)(.$*6!P;!^;e!Z2/16!z;!Q;e!Y+-'%-6!];!Y;e!m+3+)+86!];e!z,-+&6!Q;!
d;! Z(*(),'2-(! '(*(.*%,-! ,9! *$(! .,851(*(! (1(.*)%.! 9%(1'! ,9! 9(8*,&(.,-'! 9,0)FA+B(!
8%M%-4! &%4-+1&;! C$% Q/#$% D1!$% 7,$% P! )PPM6! EX6! HII[FHIN=;! QG<_!
"U;"I\NfzGLP];"=;UUHII[;!

>"=`@! K-)%:0(76!d;!d;e! R0.%8+-6!d;e! Y+R,0-*+%-6!P;!d;e!^+4-()6!a;! Y;e!]%)4(6!m;!m;e!
R)+-C6! Z;! P;! #$(! %-*)+8,1(.01+)! .$+)4(! *)+-&9()! &*+*(! %-! .+)/,-21F.,-*+%-%-4!
5,12(-(&! +-'! .+),*(-,%'&;! C$% (2H*$% 62",$% P! @9)96! EEL6! "HN"\F"HNH\;! QG<_!
"U;"UH"f35"U\""I$;!

>"=[@! d0C+8(16! L;! (4)8!)/'"*% 1J%M18')8"&4%Q/#)!&'% D/"!#41*!1/He! GM9,)'! k-%B()&%*2!
J)(&&_!a(A!{,)C6!"VV=;! <L]a_!UF"VF=UVH`[FI;!

>"=V@! Z2/16! z;! Q;e! R()),6! P;! P;e! z,-+&6! Q;! d;! #A,F'%8(-&%,-+1! R,0)%()! *)+-&9,)8!
(1(.*),-%.! &5(.*),&.,52;! C$% 62",$% (2H*$! @99)6! EEX6! \\U\F\\HH;! QG<_!
"U;"U\If";"IV[=`V;!

>"\U@! q0826!z;F?;e!a%.,1(*6!G;e!}+0*$(26!K;! <-B(&*%4+*%,-!,9!*$(!&,1B+*%,-!'2-+8%.&!,9!
+-!,)4+-%.!'2(!%-!5,1+)!&,1B(-*&!0&%-4!*$(!9(8*,&(.,-'!*)+-&%(-*!4)+*%-4!*(.$-%:0(;!
C$%(2H*$%62",$%7!)PPP6!EKR6!"U`I`F"U`NI;! QG<_!"U;"UH"f35VVHH\=i;!

>"\"@! ^+&%(1(A&C%6!d;!m;e!p%&5()*6!Y;!Q;! Q%)(.*!8(+&0)(8(-*!,9! *$(! 1,A(&*!(M.%*('!
&%-41(*! &*+*(! 1%9(*%8(! ,9! +11F*)+-&FOF.+),*(-(! +-'! )(1+*('! .+),*(-,%'&;! 62",$% (2H*$%
>"##$!)PMK6!EFN6!HI[FHNI;! QG<_!"U;"U"\fUUUVFH\"N>[\@[UIIHFI;!

>"\H@! Z()&$/()4()6!d;!P;e!d,)+-6!P;!d;e! L.$()()6!a;!R;! a(A! %-&%4$*&! %-*,! )(&5,-&(!
90-.*%,-&! ,9! 1%:0%'&! /2! (1(.*)%.! 9%(1'F)(&,1B('! 5,1+)%7+*%,-! (8%&&%,-! *%8(!
8(+&0)(8(-*&;! C%(2H*%62",%P!@9))6!EEX6!=\"`F=\HN;! QG<_!"U;"UH"f35"""`V\';!

>"\I@! m,')%40(76! z;e! Z,1*(-6! Q;! k1*)+9+&*! B%/)+*%,-+1! '2-+8%.&! ,9! +! 5$,*,(M.%*('!
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>"\N@! o06! b;FZ;e! d+6! {;FD;e! R1(8%-46! q;! m;! Z(*(),'2-(! '(*(.*('! *)+-&%(-*! 4)+*%-4!
&5(.*),&.,52! %-! )(&,-+-*! +-'! -,-F)(&,-+-*! &2&*(8&! 0&%-4! +! &%851%9%('! '%99)+.*%B(!
,5*%.&! 8(*$,';! 62",$% (2H*$% >"##$! @99)6! RRN6! H=N;! QG<_! "U;"U"\fLUUUVF
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>"\=@! ?$)%&*(-&&,-6! a;e! d%1,*+6! R;e! a(8(*$6! P;e! J041%(&%6! <;e! m%('1(6! K;e! L5()1%-46! z;e!
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>"##$!@9)96!E6!II\\FII`U;! QG<_!"U;"UH"f37"U"NUV)íz;!



! "\[!

>"\\@! m,-',-0A06! R;! L;e! ^+*+-+/(6! {;e! D$+-46! z;FJ;e! R0)0%.$%6! p;e! p,2+8+6! {;!
<-*()-+1F.,-B()&%,-! +-'! )+'%+*%B(F*)+-&%*%,-! 5),.(&&(&! +8,-4! *$(! "]0å6! "]0ì! +-'!
HP4ì! &*+*(&! ,9! +11F#4&8*F-(0),&5,)(-(! +&! )(B(+1('!/2! &0/5%.,&(.,-'! *%8(F)(&,1B('!
m+8+-! &5(.*),&.,52;! 62",$%(2H*$%>"##$!@99@6!RXT6! I`\FI[N;! QG<_! "U;"U"\fLUUUVF
H\"N>UH@UUNV"F[;!

>"\`@! L04%&+C%6!d;e!{+-+4%6!p;e!?,4'(116!m;! z;e!Z+&$%8,*,6!Z;! k-%9%('!(M51+-+*%,-! 9,)!
1%-(+)!+-'!-,-1%-(+)!,5*%.+1!)(&5,-&(&! %-!OF.+),*(-(_!P!&0/FHUF9&!'(4(-()+*(! 9,0)F
A+B(! 8%M%-4! &5(.*),&.,5%.! &*0'2;! (2H*$% ."-$% P! @99L6! TX6! "==""U;! QG<_!
"U;""UIfJ$2&m(B];`=;"==""U;!

>"\[@! L04%&+C%6!d;e!R03%A+)+6!d;e!{+-+4%6!p;e!?,4'(116!m;!z;e!Z+&$%8,*,6!Z;! R,0)FA+B(!
8%M%-4!&%4-+1&!9),8!OF.+),*(-(!+-'!%*&!8!n!"=!$,8,1,40(;! (21#1*H8#2$%."*$!@99M6!UX6!
HVVFIU[;! QG<_!"U;"UU`f&"""HUFUU`FVH\=F2;!

>"\V@! R03%A+)+6! d;e! {+8+0.$%6! p;e! L04%&+C%6! d;e! q+116! P;e! m,/()*6! ];e! ?,4'(116! m;e!
Z+&$%8,*,6! Z;! K-()42! '%&&%5+*%,-! %-! *$(! 4),0-'F&*+*(! B%/)+*%,-+1! 8+-%9,1'&! ,9! OF
.+),*(-(! $,8,1,40(&_! P! &0/FHUF9&! *%8(F)(&,1B('! *)+-&%(-*! 4)+*%-4! &5(.*),&.,5%.!
&*0'2;! (2H*$%."-$%P!@99M6!TT6!HU=""[;! QG<_!"U;""UIfJ$2&m(B];``;HU=""[;!

>"`U@! q+)+B(11%6!d;e!?(1+-%6!J;e!]()-+)'%6!R;e!m,//6!d;!P;e!G1%B0..%6!d;! #$(!?îZïaZñå!
5),*,-+*('!L$%99!/+&(_!+-!&3%)8)#)1!8%-%8+1!8,'(1!9,)!)(*%-+1!5$,*,%&,8()%7+*%,-;! C$%
7,$%62",$%D1!$!)PPL6!EEU6!\[V"F\VU";! QG<_!"U;"UH"f3+V\"U[V=;!

>"`"@! q+)+B(11%6! d;e! })(B(-6! #;e! ?(1+-%6! J;e! ]()-+)'%6! R;e! m,//6! d;! P;e! G1%B0..%6! d;!
J$,*,%&,8()%7+*%,-! 5+*$! 9,)! +! )(+1%&*%.! )(*%-+1! .$),8,5$,)(! 8,'(1_! *$(!
-,-+*(*)+(-%8%-%08! .+*%,-;! C$% 7,$% 62",$% D1!$! )PPM6! EFK6! "H[=F"H[[;! QG<_!
"U;"UH"f3+V`H\V=%;!

>"`H@! q+)+B(11%6! d;e! a(4)%6! R;e! G1%B0..%6! d;! <-%*%+1! (M.%*('F&*+*(! )(1+M+*%,-! ,9! *$(!
%&,1+*('!""F.%&!5),*,-+*('!L.$%99!/+&(!,9!)(*%-+1_!(B%'(-.(!9,)!%-F51+-(!8,*%,-!9),8!
+/! %-%*%,! :0+-*08! .$(8%.+1! &%801+*%,-! ,9! *$(! )(&,-+-.(! m+8+-! &5(.*)08;! C$% 7,$%
62",$%D1!$!)PPP6!EFE6!"UHIF"UHV;! QG<_!"U;"UH"f3+V["`"V2;!

>"`I@! m,//6!d;!P;e!G1%B0..%6!d;! J$,*,.$(8%.+1!5),.(&&(&_!5,*(-*%+1!(-()42!&0)9+.(!
*,5,1,42!+-'!)+*%,-+1%7+*%,-!0&%-4!}]!+)408(-*&;! C$%(21#1!2",$%(21#13)1'$%7!@99)6!
ELL6!HI`FHNI;! QG<_!"U;"U"\fL"U"UF\UIU>U"@UUN=IF";!

>"`N@! m0%76!Q;!L;e!?(8/)+-6!P;e!q+)+B(11%6!d;e!G1%B0..%6!d;e!R0ó6!^;! L*)0.*0)(!,9! *$(!
.,-%.+1! %-*()&(.*%,-&! ')%B%-4! *$(! !)*E#4&8*! 5$,*,%&,8()%7+*%,-! ,9! .,-304+*('!
8,1(.01(&;! (21#1!2",$% (21#13)1'$! @99@6! TV6! \HHF\II;! QG<_! "U;"=\HfUUI"F
[\==>HUUH@U`\U\HHLG#?<QH;U;?GH;!

>"`=@! p,&08%6!Q;e!R03%A+)+6!d;e!R03%%6!m;e!?,4'(116!m;!z;e!Z+&$%8,*,6!Z;e!{,&$%7+A+6!d;!
#$(! '(5(-'(-.(! ,9! *$(! 01*)+9+&*! )(1+M+*%,-! C%-(*%.&! ,9! *$(! LH +-'! L" &*+*(&! %-! OF
.+),*(-(! $,8,1,4&! +-'! 12.,5(-(! ,-! .,-304+*%,-! 1(-4*$! &*0'%('! /2! 9(8*,&(.,-'!



! "\V!

*%8(F)(&,1B('!+/&,)5*%,-!+-'!p())F4+*(!910,)(&.(-.(!&5(.*),&.,5%(&;! C$%62",$%(2H*$!
@99P6!ERK6!H"N=U\;! QG<_!"U;"U\If";I"N`UU[;!

>"`\@! L%(/()*6!#;e!K-4(16!};e!d+*()-26!P;e!p%(9()6!^;e!L.$8%**6!d;! J),/%-4!*$(!C%-(*%.&!
,9!+!-,-+'%+/+*%.!*)+-&%*%,-!%-%*%+*%-4!,0*!,9!B%/)+*%,-+112!(M.%*('!+&!A(11!+&!4),0-'!
&*+*(! 8,'(&! A%*$! 9(8*,&(.,-'! *%8(F)(&,1B('! *)+-&%(-*! 4)+*%-4&;! C$% (2H*$% 62",$% 7!
@99B6!EKT6![I==F[I\H;! QG<_!"U;"UH"f35UHH\=U:;!

>"``@! RS)&*()6!#;! DA%&.$(-8,1(C01+)(!K-()4%(A+-'()0-4!0-'!R10,)(&7(-7;! 788+$%
(2H*)5!)PGM6!F6!==F`=;!

>"`[@! RS)&*()6! #;! <-*()8,1(.01+)! (-()42! *)+-&9()! +-'! 910,)(&.(-.(;! 788+$% (2H*$!
)PKM6!F6!==F`=;!

>"`V@! Q(M*()6! Q;! Y;! P! *$(,)2! ,9! &(-&%*%7('! 108%-(&.(-.(! %-! &,1%'&;! C$% 62",$% (2H*$!
)PJB6!FE6![I\;! QG<_!"U;"U\If";"\VVUNN!!

>"[U@! Z&06!?;FJ;e!^+11+6!J;!z;e!Z(+'Fq,)',-6!d;e!R1(8%-46!q;!m;! #$(!),1(!,9!*$(!L"!&*+*(!
,9!.+),*(-,%'&!%-!5$,*,&2-*$(*%.!(-()42!*)+-&9()_!*$(!1%4$*F$+)B(&*%-4!.,851(M!<<!,9!
50)51(!/+.*()%+;! C$%(2H*$%62",$%P!@99)6!EKX6!""U"\F""UH=;!

>"["@! d%80),6!d;e!#+8+%6!a;e!<&$%8+)06!#;e!{+8+7+C%6!<;! ?$+)+.*()%&*%.!910,)(&.(-.(!
.,85,-(-*&! %-! 5$,*,&2-*$(*%.! 5%48(-*! &2&*(8! ,9! +! 8+)%-(! '%-,91+4(11+*(6!
(41#1G18H&+'&_% #&,&4"8*)*6! +-'! (M.%*+*%,-! (-()42! 91,A! +8,-4! *$(8;! L*0'%(&! /2!
8(+-&! ,9! &*(+'2F&*+*(! +-'! *%8(F)(&,1B('! 910,)(&.(-.(! &5(.*),&.,52;! P)1!2),$%
P)1/2H*$%7!#&!)PP96!EKEV6!H[U;! QG<_!"U;"U"\fUUU=FH`H[>VU@VUU`UFp;!

>"[H@! R)+-C6!Z;!P;e!]+0*%&*+6! z;!P;e! z,&0(6! z;e!J(-',-6!D;e!Z%11()6!m;!q;e! L$+)51(&6!R;!J;e!
q,&7*,1+6! Q;e! ^+&%(1(A&C%6! d;! m;! K99(.*! ,9! *$(! &,1B(-*! (-B%),-8(-*! ,-! *$(!
&5(.*),&.,5%.!5),5()*%(&!+-'!'2-+8%.&!,9!*$(!1,A(&*!(M.%*('!&*+*(&!,9!.+),*(-,%'&;! C$%
(2H*$%62",$%P!@9996!EKL6!N=\VFN=``;! QG<_!"U;"UH"f35UUUU`V0;!

>"[I@! ]+0*%&*+6!z;!P;e!?,--,)&6!m;!K;e!m+306!];!];e!Z%11()6!m;!q;e!L$+)51(&6!R;!J;e!q,&7*,1+6!
Q;e! ^+&%(1(A&C%6! d;! m;e! R)+-C6! Z;! P;! KM.%*('! &*+*(! 5),5()*%(&! ,9! 5()%'%-%-_!
G/&()B+*%,-!,9!+!&,1B(-*!'(5(-'(-.(!,9!*$(!1,A(&*!(M.%*('!&%-41(*!&*+*(!1%9(*%8(!+-'!
&5(.*)+1! /($+B%,)! 0-%:0(! +8,-4! .+),*(-,%'&;! C$% (2H*$% 62",$% P! )PPP6! EKR6! [`="F
[`=[;! QG<_!"U;"UH"f35VV"\"I=;!

>"[N@! }+&A+-%6!Z;!d;e!Z&06!?;!J;e!Z(+'Fq,)',-6!d;e!R1(8%-46!q;!m;! b0+-*08!.$(8%.+1!
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>"[=@! D%48+-*+&6! Q;e! J,1gBC+6! #;e! Z%11()6! m;! q;e! {+)*&(B6! P;e! L0-'&*)S86! };!
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>"[\@! D%48+-*+&6!Q;e!Z%11()6!m;!q;e!{+)*&(B6!P;e!L0-'&*)S86!};e!J,1gBC+6!#;! Q2-+8%.&!,9!
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.+),*(-F"HXF+1;! (2H*$%62",$%62",$%(2H*$!@99K6!N6!HNVVFH=U=;!

>"V"@! L*+1C(6! L;e! ^%1'6! Q;! P;e! Y(-7()6! #;e! p,5.72-&C%6! d;e! Y,$&(6! J;! ^;e! G086! p;!
L,1B(-*F'(5(-'(-*!01*)+9+&*!%-*()-+1!.,-B()&%,-!'2-+8%.&!,9!-XF+5,FOF.+),*(-,%.F-XF
+.%'&!>-!n![6!"U6!"H@;! (2H*$%62",$%62",$%(2H*$!@99M6!EK6!H"[UFH"[[;!

>"VH@! p,5.72-&C%6!d;e!K$1()&6!R;e!Y(-7()6!#;e!G086!p;! KB%'(-.(!9,)!+-!%-*)+8,1(.01+)!
.$+)4(! *)+-&9()! &*+*(! %-! "HXF+5,FOF.+),*(-F"HXF+1! +-'! [XF+5,FOF.+),*(-F[XF+1_!
<-910(-.(! ,9! &,1B(-*! 5,1+)%*2! +-'! *(85()+*0)(;! C$% (2H*$% 62",$% 7! @99L6! EEE6! =I`UF
=I[";!

>"VI@! K$1()&6! R;e!^%1'6!Q;!P;e! Y(-7()6! #;e!G086!p;! <-B(&*%4+*%,-!,9! *$(! L"f<?#! Ft! LU!
%-*()-+1! .,-B()&%,-! 1%9(*%8(! ,9! NXF+5,FOF.+),*(-FNXF+1! +-'! [XF+5,FOF.+),*(-F[XF+1_!
Q(5(-'(-.(!,-!.,-304+*%,-!1(-4*$!+-'!&,1B(-*!5,1+)%*2;! C$%(2H*$%62",$%7!@99L6!EEE6!
HH=`FHH\=;!

>"VN@! J)(8B+)'$+-6! Y;e! J+5+4%+--+C%&6! K;e! Z%11()6! m;! q;e! B+-! q),-'(11(6! m;! #$(!
.$+)4(F*)+-&9()! .$+)+.*()! ,9! *$(! LU →LH *)+-&%*%,-! %-! *$(! .+),*(-,%'! 5()%'%-%-! %&!
)(B(+1('! /2! L*+)C! &5(.*),&.,52;! C$% (2H*$% 62",$% P! @99J6! EKU6! "==[VF"==V`;! QG<_!
"U;"UH"f35U=HUH`4;!

>"V=@! p0&08,*,6!#;e!Z,)%/(6!#;e!p+3%C+A+6!#;e!Z+&(4+A+6!L;e!<A+&$%*+6!#;e!?,4'(116!m;!
z;e! ]%)4(6! m;! m;e! R)+-C6! Z;! P;e! p+*&080)+6! L;e! Z+&$%8,*,6! Z;! ! L*+)C! +/&,)5*%,-!
&5(.*),&.,52! ,9! 5()%'%-%-! +-'! +11(-(F8,'%9%('! +-+1,40(&;! 62",$% (2H*$! @9)96! RTR6!
`";! QG<_!"U;"U"\f3;.$(85$2&;HU"U;U";U"[;!



! "`"!

>"V\@! J,1gBC+6! #;e! Z%11()6! m;! q;e! R)+-C6! Z;! P;! L5(.*),&.,52! ,9! *$(! 5()%'%-%-E
.$1,),5$211!&!5),*(%-_! <-&%4$*! %-*,! 1%4$*F$+)B(&*%-4!&*)+*(42!,9!8+)%-(!+14+(;! %74!2$%
P)1!2",$%P)1/2H*$!@99L6!LXN6!"""F"HU;! QG<_!"U;"U"\f3;+//;HUU\;"U;UU\;!

>"V`@! q0%11+)'6!m;!m;!Y;! ?01*0)(!,9!5$2*,51+-C*,-!9,)!9(('%-4!8+)%-(!%-B()*(/)+*(&;!
<-!6+'#+4"%1J%O&4)8"%@8-"4#"34&#"%78),&'*e!L8%*$6!^;!Y;6!?$+-1(26!d;!Z;6!K'&;e!J1(-08!
J)(&&_!a(A!{,)C6!"V`=;!

>"V[@! L*(.C6! p;e!^+.C()6! #;e!^(1*(6!^;e! L$+)51(&6! R;! J;e! Z%11()6! m;! q;! ?)2&*+11%7+*%,-!
+-'! 5)(1%8%-+)2! oF)+2! +-+12&%&! ,9! 5()%'%-%-E.$1,),5$211! &! 5),*(%-! 9),8!
7,/2)0)8)+,% !&4#"4&";! SAPD% >"##$! )PP96! FVN6! N[F=U;! QG<_! "U;"U"\fUU"NF
=`VI>VU@[UV\VFJ;!
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