
!
!

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

!

"#$%&!'$#($)*%&!+,-!./0,1/,-!+,!23!40,!,5!+,!23!.3156!

!"#$%&'%()*'+$)',-./'0'!12345'+'-678'

!
!

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

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

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

!

"+,#!+.(&'/#!-&!0#)1&!1&!!"#$%&'()%(*+&,-.%'/-$0()%(1$'2/3"&'4!

2/%3/"-/'&!*!1#-%,#%/()&(5-.2,$!

4"$3/)-/($!"!6-"789/-:&%(%$(6-"*"4-%(1$'&#$&'2*%(

!

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

1.+2-(+.&3"%&4-)*/)*55673$(($*)2*787$,19$*

/$%'*,)'*#$%#).'*/)*:)''&)*

!
!
"#$%&!'()(*+,!-.)!/!
./&0'1*#2303&43#5/&4'6' 23'%435&'!"#$%&'56+/789:+;'

'

012230"&40%!/!
./&0'1*#7%)3809':#;*9)/1*<' 23'!071+<&'!=%#&'>0*?1+7*6@'A1'#9+A1/:B'

./&0'1*#;*%$%*9=1'#;3>9'*' $%.'.5C&'>0*?1+7*6@'A1'D9++/*01&'4/0,E'

!
14"0&%!5&560&%!74!8409!/!
./&0'1*#?3*&#51@@' 23'%435&'!"#$%&'56+/789:+;' '



!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

"!#$!%$!&$'()!*+,+-).!)/-0!*$!1+1%$.!)/-0!*2+&&'$%()!3.!4$5)/%!6+%($5+!

!



!

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

! "#!$%&'&()!*%+,#-$+!.&-,!/#!0&-1,/%($!.#!$23,#!-4&1%&($!*&,!+$+!*5,,(6)#!,&-,!)4&(.#7!)&!

/5-$%(61$(5-!#$!)#!,51$(#-!.#!-506%#1,#,!*#%,5--#,!8!!

!

! 951$!.4&65%.7! :4&(0#%&(,!%#0#%/(#%! )#,!0#06%#,!.#!05-!:1%;!.#!$23,#7!<%!=+6&,$(#-!

>%(651%?7!<%!>%+.+%(@1#!>&'(#%!#$!)#!<%!A&%/!B1CC7!@1(!5-$!&//#*$+!.4+'&)1#%!05-!$%&'&()D!E#!

)#1%!,1(,!%#/5--&(,,&-$#!*51%!)#!$#0*,!@14(),!5-$!/5-,&/%+!F!)&!)#/$1%#!.#!/#!0&-1,/%($!&(-,(!

@1#!*51%!)#1%!*%+,#-/#!F!)&!,51$#-&-/#!5%&)#!0&)?%+!)#,!/5-.($(5-,!.#!/%(,#!,&-($&(%#!)(+#!F!)&!

G5'(.HIJD!!

!

! E#! $(#-,! F! %#0#%/(#%! )#! .5/$#1%!K&$&/2&! B5/2#)7!0&! .(%#/$%(/#! .#! $23,#! .#!04&'5(%!

&//1#())(#!.&-,!,5-!+@1(*#!#$!.#!04&'5(%!*#%0(,!.#!$%&'&())#%!,1%!/#!*%5:#$!)(+!&1L!%+/#*$#1%,!

-1/)+&(%#,!#$!)#1%,!(0*)(/&$(5-,!.&-,!/#%$&(-#,!*&$25)5?(#,!$#)!@1#!)#!/&-/#%!.#!)&!'#,,(#D!E#!)1(!

,1(,! +?&)#0#-$! %#/5--&(,,&-$#! .#! 04&'5(%! *#%0(,! .#! *&%$(/(*#%! F! .#,! M5%N,25*,! @1(! 5-$!

/5-$%(61+!F!%#-C5%/#%!0#,!/50*+$#-/#,!#$!05-!(-$+%O$!*51%!)&!6(5)5?(#!,$%1/$1%&)#D!!

E#! %#0#%/(#! +?&)#0#-$! -5$%#! /2#CC#! .4+@1(*#! P--(/N! <#:&#?#%#! *51%! ,5-! &//1#()! #$! ,&!

?#-$())#,,#D!E#!%#0#%/(#!$51,!)#,!0#06%#,!*&,,+,!#$!&/$1#),!.#!)4+@1(*#!<#:&#?#%#!*51%!/#,!

05(,!#$Q51!&--+#,!*&,,+#,!#-,#06)#D!R-!0#%/(!*&%$(/1)(#%!&1L!*#%,5--#,!@1(!5-$!/5-$%(61+!

.41-#!0&-(3%#! 51! .41-#! &1$%#! F! %#-.%#! /#! $%&'&()! *5,,(6)#7! *)1,! *&%$(/1)(3%#0#-$!S1#-$(-!

T(**57! )#!,$&?(&(%#!.#!A&,$#%!U!@1#! :4&(!#1! )&!/2&-/#!.4#-/&.%#%! )5%,!.#!0&!$23,#!*51%!,5-!

$%&'&()! &,,(.17! ,&!05$('&$(5-7! ,5-! .;-&0(,0#! #$! ,5-! (0*)(/&$(5-! .&-,! )#! *%5:#$D! R-!0#%/(!

*&%$(/1)(#%!F!=&-.%&!G2&)25167!%+/#00#-$!.5/$#1%7!&-/(#--#0#-$!+$1.(&-$#!#-!$23,#!.&-,!

-5$%#! +@1(*#7! @1(7! &1! C()! .#,! &--+#,7! #,$! .#'#-1#7! #-! *)1,! .4O$%#! 1-#! ,1*#%! /5))3?1#! 1-#!

'+%($&6)#!&0(#!@1(!&!$51:51%,!+$+!.41-!,51$(#-!,&-,!*%+/+.#-$D!!

!

! E#!$(#-,!+?&)#0#-$!F!%#0#%/(#%!-5,!/5))&65%&$#1%,!.#! )4V-,$($1$!G1%(#!F!T&%(,!*51%!/#!

*%5:#$! @1(! &! +$+! 0#-+! #-! +$%5($#! /5))&65%&$(5-7! -5$&00#-$! >%&-W5(,! B&.'&-;(7! V,&6#))#!

X#%-&%.HT(#%%5$7! "&1%#!G51$5,H92+'#-5$! #$! $51,! )#,! &1$%#,!0#06%#,!.#! )4+@1(*#!*51%! )#1%!

$%&'&()!#$!)#1%!(-'#,$(,,#0#-$D



! A#%/(!F!$51$#,!)#,!+@1(*#,!.#!-5$%#!.+*&%$#0#-$!.#!6(5)5?(#!,$%1/$1%&)#!(-$+?%&$('#!

*51%!)#,!+/2&-?#,!,/(#-$(C(@1#,!#$!)#,!-506%#1,#,!.(,/1,,(5-,!*&,,+#,7!-5$&00#-$!)5%,!.#,!

,+0(-&(%#,!@1#!:4&(!#1!*)&(,(%!F!5%?&-(,#%!&1L!/Y$+,!.#!*)1,(#1%,!*#%,5--#,!@1(!5-$!%#-.1!/#,!

+'3-#0#-$,!*5,,(6)#,D!R-#!*#-,+#!*&%$(/1)(3%#!F!0#,!&-/(#--#,!/5))3?1#,!#$!&0(#,!V%(-&!#$!

Z&,,0(-#!*51%!&'5(%!(-($(+!/#)&!#-,#06)#D!G#,!,+0(-&(%#,!*#%0#$$&(#-$!.#!/%+#%!.#,!050#-$,!

.#!/5-'('(&)($+! (0*5%$&-$,!F! )&!'(#!.1!.+*&%$#0#-$7!&651$(,,&-$!&(-,(!F!.#,!.(,/1,,(5-,!C5%$!

#-%(/2(,,&-$#,!#$!F!.#,!/5))&65%&$(5-,!#-$%#!+@1(*#,D!E#!,1(,!*&%$(/1)(3%#0#-$!C(3%#!.4&'5(%!*1!

*&%$(/(*#%!F!/#)&7!#$!#,*3%#!@1#!/#)&!*51%%&!*#%.1%#%!0&)?%+!)#!.+*&%$!.#,!0#06%#,!(-($(&1L!

.#,![&**;![51%,D!!

!

! E#! $(#-,! F! %#0#%/(#%! )#,! 0#06%#,! .#! )&! *)&$#C5%0#! .#! X(5)5?(#! =$%1/$1%&)#! \!

]+-50(@1#! C5-/$(5--#))#! #$! $51$! *&%$(/1)(3%#0#-$! P)&,$&(%! ]D! A/^M#-! #$! T(#%%#! T51,,(-H

G51%05-$&?-#!*51%!)#1%!&(.#!*%+/(#1,#7!)#1%,!/5-,#(),7!)#1%!*&$(#-/#!#$!)#1%!,51$(#-!$51$!&1!

)5-?!.#!0&!$23,#D!^-!*)1,!.4O$%#!.#,!/5))3?1#,!6%())&-$,7! /4#,$!&1,,(!.#,!&0(,!@1(! C#%5-$7! :#!

)4#,*3%#7!*&%$(#!.#!/#$$#!C1$1%#!'(#!#$!.#!/#$$#!-51'#))#!*&?#!@1(!,451'%#D!!

!

! R-! ?%&-.! 0#%/(! F! 1-#! *#%,5--#! ,*+/(&)#7! @1#! :4&(! $51:51%,! /5-,(.+%+! /500#! 1-!

'+%($&6)#!0#-$5%!.3,!)#!.+61$!.#!0&!$23,#7!#$!@1(!&!@1($$+!)4V]XAG!6#&1/51*!$%5*!$Y$!8!E1)(5!

_%$(`!^,*(-5,&D!A#%/(!.4&'5(%!+$+!1-#!*#%,5--#!(-/%5;&6)#0#-$!210&(-#!#$!.4&'5(%!$%&-,0(,!

/#$$#!*&,,(5-!*51%!)&!/%;5H0(/%5,/5*(#!+)#/$%5-(@1#7!0#%/(!.#!04&'5(%!#-,#(?-+!)41$()(,&$(5-!

.1!9($&-!a%(5,!#$!.4&'5(%!+$+!1-!C#%'#-$!/506&$$&-$!*51%!)&!$%&-,0(,,(5-!.1!,&'5(%!,/(#-$(C(@1#!

&1L!-51'#))#,!?+-+%&$(5-,!.#!/2#%/2#1%,D!A#%/(!*51%!$5-!,51$(#-!#$!$&!/5-C(&-/#!@1(!5-$!+$+!

*51%!05(!1-#!.#,!*)1,!?%&-.#,!05$('&$(5-,! )5%,!.#!0&! $23,#D! E#! %#?%#$$#! ,(-/3%#0#-$! $5-!

&6,#-/#!.&-,!-5$%#!(-,$($1$D!!

A#%/(!F!$51,!)#,!0#06%#,!.#!)&!*)&$#C5%0#!.#!/%;5H0(/%5,/5*(#!@1(!5-$!+$+!*%+,#-$,!)5%,!.#!

0&!$23,#7!*51%!)#1%!&(.#7!)#1%!,51$(#-!#$!)#1%!&//50*&?-#0#-$7!-5$&00#-$!G5%(--#!G%1/(C(L!

#$!E#&-H>%&-W5(,!A+-+$%#$!@1(!045-$!6#&1/51*!&**%(,D!!

!

! R-!?%&-.!0#%/(!&1L!,#%'(/#,!X&/1)5'(%1,!#$!X(5)5?(#!A5)+/1)&(%#!.#!)4V]XAG7!,&-,!@1(!

05-!$%&'&()!.#!$23,#!-4&1%&($!*&,!+$+!*5,,(6)#D!S1(!.($!6(5)5?(#!,$%1/$1%&)#7!.($!*%5$+(-#,D!S1(!

.($!*%5$+(-#,!.($!/)5-&?#,D!P)5%,7!51(7!1-!?%&-.!0#%/(!F!92(#%%;!"#%51?#!*51%!,5-!$%&'&()!*%+/(,!

#$!&**)(@1+!)5%,!.4(--506%&6)#,!/)5-&?#,!%+&)(,+,!*51%!05-!*%5:#$D!R-!0#%/(!*&%$(/1)(#%!F!0&!



!

/23%#!/5))3?1#!#$!&0(#!T&5)&!B5,,5))()5!*51%!,5-!#L*#%$(,#!#$!,#,!/50*+$#-/#,!25%,H*&(%!@1(!

5-$!*#%0(,!.#!%+C)+/2(%!F!.#,!,$%&$+?(#,!.#!/)5-&?#,!*%+/(,#,!#$!#CC(/&/#,!)5%,!.#!0&!$23,#D!^-!

*)1,!.#!$#,!/50*+$#-/#,!,/(#-$(C(@1#,7!:#!$(#-,!F!%#0#%/(#%!)4&0(#!@1#!$1!&,!+$+!$51$!&1!)5-?!

.#! /#,! &--+#,7! $5-! ,51$(#-! (-/5-.($(5--#)! #$! $51,! )#,!050#-$,! .#! %(%#,! #$! .#! .(,/1,,(5-,!

%+'5)1$(5--&-$! )#!05-.#! @1(! -51,! 5-$! &-(0+,D! E#! /50*$#! 6(#-! #-! *&%$&?#%! .#! -506%#1L!

&1$%#,! &'#/! $5(D! 91! &,! $51:51%,! +$+! *%+,#-$#! *51%! )#,! 65-,! #$! )#,!0&1'&(,!050#-$,7! /4#,$!

*51%@15(!:#!$(#-,!F!$#!%#-.%#!/#$!2500&?#!*&%$(/1)(#%!&1:51%.421(D!!

!

! E#!%#0#%/(#!+?&)#0#-$!$51,!)#,!0#06%#,!.1!.+*&%$#0#-$!.#!X(5)5?(#!=$%1/$1%&)#!.#!

)4V]XAG!#$!,5-!.(%#/$#1%!A&%/!B1CC!*51%!)#1%!,51$(#-7!)#1%!&(.#!#$!*51%!/#$!#-'(%5--#0#-$!.#!

$%&'&()D!R-!?%&-.!0#%/(!F!$5(7!A&%/7!*51%!$5-!(0*)(/&$(5-!F!$51,!)#,!-('#&1L7!$5-!210&-(,0#!F!

$51$#!+*%#1'#!#$!$5-!̂ K^B]V^!/5001-(/&$('#!$51$!&1!)5-?!.#!/#,!&--+#,D!b!^K^B]V^!c!%#,$#%&!

$51:51%,!.&-,!1-!*#$($!/5(-!.#!0&!$O$#!d!

!

! E#!'51.%&(,!+?&)#0#-$!%#0#%/(#%!)#,!C(-&-/#1%,!.#!0&!$23,#!8!"#!"&6^L!VKB9!.1!T2<!

T%5?%&00#!.#!)4V]XAG!*51%!0#,!$%5(,!&--+#,!.#!$23,#7!&(-,(!@1#!)#!.+*&%$#0#-$!.#!6(5)5?(#!

,$%1/$1%&)#! *51%! )4#L$#-,(5-! .#! e!05(,! &//5%.+#D! G#,! $%5(,!05(,! 5-$! +$+! *%(05%.(&1L! *51%!

C(-&)(,#%!0#,! $%&'&1L!.#! $23,#! ,1($#! &1! %#$&%.! &//101)+! )5%,! .1! /5-C(-#0#-$! )(+! F! )&! /%(,#!

,&-($&(%#D!!

!

! E#!'51.%&(,!/2&)#1%#1,#0#-$!%#0#%/(#%!$51,!0#,!&0(,!.#!K&-/;!#$!.#!=$%&,651%?!@1(!

045-$! &//50*&?-+#! #$! ,1**5%$+#! $51$! &1! )5-?! .#!0&! $23,#D! ]%f/#! F! #1L7! :4&(! *&,,+! .#,!

050#-$,!(-516)(&6)#,!@1(!045-$!*#%0(,!.#!'#-(%!F!651$!.#!/#!*%5:#$!d!!

!

"&!$#&0!K&-/;!&'#/!)4(-/5-$51%-&6)#!G&0())#![D!@1(!&!.+:F!*&%$&?+!)&!05($(+!.#!0&!'(#!F!/#!

:51%7! E1:1! #$! E5:5! g&//50*&?-+,! .#! a(M(! #^1,$&/2#! #$! -5$%#! *#$($! >%&065(,#! #-! /51%,! .#!

C&6%(/&$(5-h7!0#,!05%1#,!T&1*&1!#$!9&-7!0&!$#&0!?;*,5*2()#,7!0&!*#$($#!]i),#)(-!#L()+#!#-!

=1(,,#!0&(,!.41-#!&0($(+!(-/5-.($(5--#))#7!05-!*#$($!E52-;!#$!,5-!,51$(#-!,&-,!C&())#,!0&)?%+!

)&!.(,$&-/#7! E#&-!#$! >+)(/(#!#$!0#,!e!*#$($,!05-,$%#,!*%+C+%+,7![+)3-#7!j&)#-$(-!\!G)5.%#;7!

]+%&1.! *51%! ,5-! ,51$(#-! *#-.&-$! .#! -506%#1,#,! &--+#,! (-516)(&6)#,!d! T)1,(#1%,! .#! /#,!

*#%,5--#,! 5-$! +$+! .#,! *()(#%,! .&-,! 0&! '(#! #$! .&-,! $51$#,! )#,! &'#-$1%#,! '+/1#,7! (),! ,#!



!

%#/5--&($%5-,!#$! :#!$#-&(,!F!'51,!%#0#%/(#%!.4&'5(%!+$+!*%+,#-$,!#$!.4O$%#!/#!@1#!'51,!O$#,!

/2&@1#!:51%!*51%!05(!$51$!,(0*)#0#-$D!!

!

"&! $#&0! =$%&,651%?! &'#/! *51%! /500#-/#%! 0#,! .51.51,! G&0())#! \! P--&! )#,! /2516(,! .#!

)4&051%!@1(!5-$!+$+!.41-!?%&-.!,51$(#-!&1!-('#&1!*%5C#,,(5--#)!g'('#!)#!X(&/5%#!#$!)&!$23,#h!#$!

,1%!)#!*)&-!*#%,5--#)D!^))#,!5-$!$51:51%,!,1!0#!%#-.%#!)#!,51%(%#!@1&-.!()!)#!C&))&($7!,&-,!516)(#%!

/2516(/2&$! .&-,! )4&'#-$1%#!d! T1(,! )4(-/5-$51%-&6)#! P1?1,$#! &)(&,! P1?1,$(.51! *51%! -5,!

.(,/1,,(5-,!(-$#%0(-&6)#,!,1%!)&!*5)($(@1#!#$!.4&1$%#,!,1:#$,!%+'5)1$(5--&(%#,7!G%(/%(!*51%!,#,!

/%(/%(,#,!#$! ,5-! %(%#! &$;*(@1#7!T#%-#))#!#$! ,#,! )(/5%-#%(#,7![#)?5!*51%! ,5-! ,51$(#-!.#*1(,! )#!

.+61$!.#!)4&'#-$1%#!V]XAG7!P)&,$&(%!&)(&,!A(,$#%!]%10*;!.+:F!/($+!*%+/+.#00#-$7!0&!*#$($#!

T&5)&!.4&051%!#$!,#,!(-/%5;&6)#,!$(%&0(,1!#$!*&--&!/5$$&!g#$!]-5//2(!#$!$&-$!.4&1$%#,h7!]5%&-!

#$!,5-!(-/%5;&6)#!T%5>#A&*7!T&1)(-#!#$!,#,!65-,!/25(L!.#!%51?#,!F!)3'%#,7!G+)(-#!aD7!E+%+0;7!

P)(-#7!A+)5.;7!#$! $51,!/#1L!@1(!5-$!@1($$+! )4V]XAG!8!Z&,,0(-#!*51%! ,&! :5(#!.#!'('%#!#$! ,5-!

,51$(#-7! V%(-&7!^.1&%.57!P%-&1.!j<X!#$! )#,!2#1%#,!*&,,+#,!F!/25(,(%! )#,!65--#,!/51)#1%,!.#!

C(?1%#,! #$! .#! ,$%1/$1%#,! e<7! *51%! ,5-! &(.#! *51%! )&! /%;5H^A!0&(,! &1,,(! *51%! ,5-! ,51$(#-! F!

.(,$&-/#!.#!KZGD!!

!

! E#!,1(,!#L$%O0#0#-$!%#/5--&(,,&-$#!#-'#%,!0#,!*&%#-$,7!0&!C&0())#!#$!0&!,k1%!"(-.&!

@1(!045-$!$51:51%,!,51$#-1#!.&-,!$51,!0#,!*%5:#$,!#$!@1(!5-$!$51:51%,!/%1!#-!05(7!:#!-#!'51,!

%#0#%/(#%&(!:&0&(,!&,,#`D!!

!

! A#%/(! F! $5(!05-!*#$($! /2&$7! *51%!&'5(%! ,1!0#! %#.5--#%! )#! ,51%(%#!@1&-.! :#!*#-,&(,!

)4&'5(%!*#%.1D!91!&,!+$+!1-!'+%($&6)#!*#$($!%&;5-!.#!,5)#()!@1&-.!$51$!,#06)&($!56,/1%D!91!&,!+$+!

.41-!,51$(#-!(-/500#-,1%&6)#7!#$!:4&(!%#.+/51'#%$!)#!05-.#!.(CC+%#00#-$7!F!$%&'#%,!$5(!#$!F!

$%&'#%,!-51,7!0#%/(!*51%!$51$!/#!@1#!$1!04&,!&**5%$+#!#$!/#!@1#!$1!04&**5%$#,!/2&@1#!:51%D!!

!

! ^-C(-7! :#! $(#-,! F! %#0#%/(#%! $51,! 0#,! *%5C#,,#1%,! F! )4R-('#%,($+! .#! "5%%&(-#7! F!

/500#-/#%!*&%!P%-&1.!]%1#`7!a(%&!l#(,,0&-7!P$2&-&,!j(,'(N(,7!X%1-5!G2&%*#-$(#%7!X#-:&0(-!

G2&?5$7!&1!C#1!T%5C#,,#1%!K&.(%!A%&6#$!#$!$&-$!.4&1$%#,!@1(!045-$!.5--+!)#!?5m$!.#!)&!,/(#-/#!

#$!.#!)&!%#/2#%/2#7!#$!$51$!*&%$(/1)(3%#0#-$!F!)&!6(5)5?(#!,$%1/$1%&)#!&'#/!1-#!*#-,+#!,(-/3%#!

F!>%+.+%(@1#!>&'(#%!@1(!&!&-(0+!0#,!#-'(#,!.4&**%5C5-.(%!/#$$#!.(,/(*)(-#!@1#!:4&CC#/$(5--#D!

G4#,$!#-!*&%$(#!?%f/#!F!/#$$#!#L*+%(#-/#!$%5*!6%3'#!&1!GBAU!F!K&-/;!)5%,!.41-!,$&?#!'5)5-$&(%#!



!

.#! A&,$#%! I! ,1*#%'(,+! *&%! >%+.+%(@1#! @1#! :4&(! .+/51'#%$! 1-#! *#%,5--#! *&,,(5--+#! #$!

*&,,(5--&-$#!@1(!&!,1!$%&-,0#$$%#!,5-!?5m$!*51%!)&!6#))#!,/(#-/#7!$1!&,!%+1,,(!F!0#!.5--#%!

#-'(#!.#!*51%,1('%#!/#$$#!/&%%(3%#!,/(#-$(C(@1#!#$!'5()F!@14&1:51%.421(!:#!*%+$#-.,!&1!$($%#!.#!

.5/$#1%D!A#%/(!F!$5(7!&'#/!@1(!/#$$#!&'#-$1%#!$%5*!/51%$#!&!0#%'#())#1,#0#-$!6(#-!/500#-/+D!!

!



!



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

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

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

AB7CD#.D7#;BEF5D7#DC#CGHADGFI#JJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJ#!!

K5DG?HFAD#JJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJ#L!

GH5DMBGCBN27#JJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJ#O!

5D7F?D#.D#AG#CPD7D#JJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJ#!Q!

AB7CD#.D7#KFHABRGCBN27#7RBD2CB;BSFD7#JJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJ#!O!

GFC5D7#RN??F2BRGCBN27#7RBD2CB;BSFD7#JJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJ#+,!

RPGKBC5D#!#T#B2C5N.FRCBN2#ED2D5GAD#JJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJ#++!

!J! ;!"#$%&'()$(#&!*'"&+,#+-*'FFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFF'GG!

+J! A$'(&$"$,#$%&'(*%".$!+&$'(U52'V'FFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFF'GH!

WJ! A$'(&$"$,#$%&'(!"#+/$'(,!&(.$'(,&-.+0$&!#$%&'()$(,$&-12'-3$'#T(KKG5''FFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFF'IG!

!"! #$%&'())*+$,-%&(%.-/0$%&'$&1123%&$-&4$5+&+*0!+-(-(.,&-(%%54!(+$!""""""""""""""""""""""""""""""""""""""""""!##!

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

!!"! ##$%β(δ&""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""&')!

!!!"! ##$%γ&"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""&'*!

6"! 7+8!,(%!-(.,&9.'54!(+$&'$%&1123%!""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""!#$!

:"! ;*:!,(%9$&'$&4(!(%.,&<&4=2>?&@&#$%&>A>%!""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""!#%!

!"! +,-,./0!1,2&""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""&)3!

!!"! 45&676&85&##$%γ&"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""&)9!

'"! ;*:!,(%9$&'=!:-(B!-(.,&4(8!,'C'*0$,'!,-&'$&1123γ&@&4$%&#A>%!""""""""""""""""""""""""""""""""""""""!&&!

!"! :1.;<1;.52&<.!21/00=>./?@!A;52&8;&8=B/!-5&476&85&##$%&"""""""""""""""""""""""""""""""""""""""""""""""""""""&))!

!!"! #=<@5&85&C!D/1!=-&8;&0!>/-8&E47#F&""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""&)*!

$"! #$%&4(8!,'%&,!-5+$4%&$-&0D!+9!:.4.8(E5$%&'$&1123γ!""""""""""""""""""""""""""""""""""""""""""""""""""""""""!&%!

!"! 4!>/-82&-/1;.502&"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""&)G!

!!"! 4!>/-82&2H-1@,1!A;52&"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""&*3!

)"! F*-*+.'(9*+(%!-(.,&'$&1123&!B$:&3G3!""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""!'#!



!

!"! 45&.,<5?15;.&-;<0,/!.5&I&852&.,1!-=J852&%I%&K&+,-,./0!1,2&"""""""""""""""""""""""""""""""""""""""""""""""""""&*'!

!!"! 45&<=B?05D5&##$%γL%I%α&K&+,-,./0!1,2&51&,1/1&852&0!5;D&"""""""""""""""""""""""""""""""""""""""""""""""""""&*M!

QJ! KKG5($#(.!(&$4%.!#+-*(#&!*'"&+,#+-**$..$()$(4$*$'("+5.$''FFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFF'JK!

!"! #$%&:.+*854!-$5+%&'$&1123γ&@&H*,*+!4(-*%!""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""!'(!

6"! 3*0+$%%(.,&'$&4!&-+!,%:+(0-(.,&0!+&1123γC3G3α&@&I-+5:-5+$CJ.,:-(.,!"""""""""""""""""""""""""""""!)*!

!"! %,?.522!=-&85&0/&1./-2<.!?1!=-&K&+,-,./0!1,2&"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""&M3!

!!"! 452&<=.,?.5225;.2&85&##$%γL%I%α&""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""&M9!

:"! 2:-(B!-(.,&'$&4!&-+!,%:+(0-(.,&0!+&1123γC3G3α&@&I-+5:-5+$CJ.,:-(.,!""""""""""""""""""""""""""""""!)+!

!"! $<1!N/1!=-&85&0/&1./-2<.!?1!=-&K&+,-,./0!1,2&"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""&MO!

!!"! 452&<=/<1!N/15;.2&85&##$%γL%I%α&"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""&M)!

!!!"! PQ69&K&05&<=/<1!N/15;.&852&.,<5?15;.2&-;<0,/!.52&""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""&MR!

XJ! KKG5Y5I5($#(.$("!*"$&()$(.!(/$''+$'FFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFF'HL!

!"! I-+5:-5+$CJ.,:-(.,&'5&:.904$K$&@&*-!-&'$%&4($5K!""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""!$*!

6"! #!&-59.+(8$,L%$&5+.-D*4(!4$!"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""!$#!

!"! 45&</-<5.&85&0/&N522!5&K&+,-,./0!1,2&"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""&S'!

!!"! 452&8!CC,.5-12&1H?52&85&1;B5;.2&;.=1@,0!/052&""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""&S)!

:"! 1123γC3G3α&$-&4$%&-59$5+%&5+.-D*4(!4$%!""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""!$$!

!"! %T05&85&##$%γ&&<=BB5&?=15-1!50&2;??.5225;.&85&1;B5;.2&""""""""""""""""""""""""""""""""""""""""""""""""""&SS!

!!"! %T05&?.=1;B=.!>,-!A;5&85&##$%γ&&8/-2&052&1;B5;.2&0;B!-/052&85&N522!5&""""""""""""""""""""""""""""&SS!

"J! N56$"#+0'()$(#7$'$'FFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFF'KL!

RPGKBC5D#+#T#ZCF.D7#7C5FRCF5GAD7#DC#HBNKP[7BSFD7#.D#?FCG2C7#.D#KKG5#B?KABSFD7#.G27#

AD#RG2RD5#.D#AG#MD77BD#JJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJ#\W!

!J! B*#&-)%"#+-*($#(-56$"#+0''FFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFF'KI!

+J! R!&!"#$&+'!#+-*()$'(3%#!#+-*'(+*!"#+/!#&+"$'()$(KKG5#T(?!*%'"&+#()$,-'$()!*'(H+-51+/'FFFFFFF'KK!

WJ! ?!*%'"&+#($*(,&$,!&!#+-*'FFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFF'MJG!

QJ! R-*".%'+-*($#(,$&',$"#+/$''FFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFF'MKN!

RPGKBC5D#W#T#RG5GRCD5B7GCBN2#.F#RN?KADID#KKG5]5I5#DC#AD#RNGRCBMGCDF5#?D.!#KG5#R5[NY

?BR5N7RNKBD#DADRC5N2BSFD#UR5[NY?DV#JJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJ#!\L!

!J! B*#&-)%"#+-*($#(-56$"#+0''FFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFF'MKH!

+J! R!&!"#$&+'!#+-*(5+-"7+3+8%$()%("-3,.$1$(KKG5Y5I5#T(5$'%.#!#'($#()+'"%''+-*'FFFFFFFFFFFFFFFFFFFFF'MOG!

,"! -./0122345!16!/703839,6345!:7!94;/<1.1!==>?γ@?A?α@B-CD!"""""""""""""""""""""""""""""""""""""""""""!D%+!



!

!"! 45&2H21UB5&8V5D?.522!=-&7QW:&=;&7/<;0=N!.;2&""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""&9GO!

!!"! X5212&A;/0!1/1!C2&85&0V,<@/-1!00=-&?.=1,!A;5&"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""&9GG!

!!!"! :H21UB5&8V5D?.522!=-&85&0/&N/<<!-5&5-&<500;052&85&B/BB!CU.52&7YZO9&"""""""""""""""""""""""""""""&O33!

WJ! R!&!"#$&+'!#+-*('#&%"#%&!.$()^%*($"7!*#+..-*(5+-.-4+8%$(,!&(3+"&-'"-,+$($.$"#&-*+8%$'FFFF'GLP!

!F! D!"#$%&'%'($)")*)%+&',$-.)"!"+&!,/#$//$',"Q$=CR'S""),)&!*$+)/")+"(&$,%$()/'FFFFFFFFFFFFFFFFFFFFFFFFFFF'GLP!

!"! #.=>.U2&2<!5-1!C!A;5&/;&<=;.2&8;&II!"#&2!U<05&""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""&O3M!

!!"! [-1.=8;<1!=-&\&0/&15<@-!A;5&85&PQX&K&#.!-<!?52&?@H2!A;52&"""""""""""""""""""""""""""""""""""""""""""""""""&O3S!

0F! DT)+.1)"1T.,")%2!,+$**',"0$'*'3$-.)"(!&"$=C'FFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFF'GMM!

!"! #/.&<=0=./1!=-&-,>/1!N5&"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""&O99!

!!"! #/.&<.H=LB!<.=2<=?!5&,05<1.=-!A;5&E].H=LPQF&""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""&O9'!

QJ! R!&!"#$&+'!#+-*('#&%"#%&!.$()%("-3,.$1$($*#+$&(KKG5Y5I5Y?D.!#T(5$'%.#!#'($#(

)+'"%''+-*_JJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJ(GMK!

!F! D!"%'*'&!+$',",)3!+$4)'FFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFF'GMK!

0F! D!"%&5'U$='FFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFF'GMO!

!"! 452&>.!0052&K&"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""&O9G!

!!"! 4/&<.H=>,-!2/1!=-&8;&<=B?05D5&?;.!C!,&""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""&OO3!

!!!"! 4V/<A;!2!1!=-&852&!B/>52&85&B!<.=2<=?!5&,05<1.=-!A;5&8;&<=B?05D5&,1;8!,&""""""""""""""""""""""&OO'!

%F! C&!$+)#),+"1)/"$#!3)/")+"&)%',/+&.%+$',"G2VI2'FFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFF'GGP!

!"! X.!&852&B!<.=>./?@52&51&2,05<1!=-&852&?/.1!<;052&""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""&OOM!

!!"! 4/&<0/22!C!</1!=-&O6&51&B=8U05&'6&!-!1!/0&""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""&OOG!

!!!"! 4!B!152&85&0V,1;85&?/.&<.H=LB!<.=2<=?!5&,05<1.=-!A;5&8;&<=B?05D5&""""""""""""""""""""""""""""""""""&O'O!

XJ! R-*".%'+-*'($#(,$&',$"#+/$''FFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFF'GIG!

!F! %!&!%+)&$/!+$',"0$'%2$#$-.)'FFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFF'GIG!

!"! ]=-<0;2!=-2&""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""&O'O!

!!"! #5.2?5<1!N52&""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""&O')!

0F! %!&!%+)&$/!+$',"/+&.%+.&!*)'FFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFF'GIN!

!"! ]=-<0;2!=-2&""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""&O')!

!!"! #5.2?5<1!N52&""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""&O'*!

R-*".%'+-*'(4$*$&!.$'($#(,$&',$"#+/$''FFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFF'GIK!

H+5.+-4&!,7+$'FFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFF'GNI!

G**$1$(!'FFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFF'GJP!



.+/0-&(!1!"#$%&#02!

!
!

I!

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

:(*;),! <!/! =/2+0&! ?+-+%&)! .#! )4(-($(&$(5-! .#! )&! $%&-,/%(*$(5-! *&%! )4PBK! *5);0+%&,#! VV! #$! )#!

/50*)#L#!.#!*%+H(-($(&$(5-!gTVGh7!

:(*;),!=!/!=/2+0&!?+-+%&)!.#!)45%?&-(,&$(5-!.41-!?3-#!.#!/)&,,#!VV7!

:(*;),!>!8!BY)#,!C5-/$(5--#),!.1!0+.(&$#1%!#$!.#,!C&/$#1%,!.#!$%&-,/%(*$(5-!?+-+%&1L!g]9>,h!

.&-,!)4(-($(&$(5-!.#!)&!$%&-,/%(*$(5-!*&%!)4PBK!*5);0+%&,#!VV7!

:(*;),!?!8!=/2+0&!?+-+%&)!.#!)4&/$('&$(5-!.#,!?3-#,!#$!C5%0&$(5-!.1!/50*)#L#!.#!*%+H(-($(&$(5-!

gTVGh!.#!)&!$%&-,/%(*$(5-!*&%!)4PBK!T5);0+%&,#!VV!#$!)#!/50*)#L#!0+.(&$#1%7!!

".@A,.;!<!/!"#,!%+/#*$#1%,!-1/)+&(%#,!/2#`!)#,!A&00(C3%#,!/)&,,+,!,#)5-!)#1%!-50#-/)&$1%#7!

)#1%,!)(?&-.,!-&$1%#),!#$!)#1%,!+$&$,!C5-/$(5--#),7!!

:(*;),!B!8!P)(?-#0#-$!.#,!,51,HC&0())#,!.#!%+/#*$#1%,!-1/)+&(%#,!#-!C5-/$(5-!.#,!.50&(-#,!

/5--1,! .&-,! )&! )($$+%&$1%#7! .#,! %+?(5-,! .+,5%.5--+#,! &(-,(! @1#! )#! -506%#! .#! ,$%1/$1%#,!

.(,*5-(6)#,!,1%!)#,!6&,#,!.#!.5--+#,!gT<X7!VRT%#.U&7!R-(*%5$h7!T%5>#A&*!g]5%&-!X(/2!UnUnh7!

:(*;),! C!/! "(&(,5-,! ,*+/(C(@1#,! .#,! BK,! F! )4P<K! #L*)5($&-$! .#,! ,+@1#-/#,! 01)$(*)#,! &1L!

C5-/$(5-,!,$%1/$1%&)#,!.('#%,#,!#$!'&%(+#,7!

:(*;),!D!/!A+/&-(,0#!.4&/$(5-!?+-+%&)!.1!%+/#*$#1%!-1/)+&(%#!TTPBγ!7!,&!.(,$%(61$(5-!$(,,1)&(%#!

#$!)#,!'5(#,!0+$&65)(@1#,!@14()!%+?1)#7!

:(*;),!E!/![50+5,$&,(#!0+$&65)(@1#!#$!%+*&%$($(5-!$(,,1)&(%#!#-$%#!)#,!.(CC+%#-$,!(,5$;*#,!.#,!

TTPB,7!

:(*;),!F!8!"#,!.(CC+%#-$,!$%&-,/%($,!#$!)#,!(,5C5%0#,!.1!?3-#!334567!!

:(*;),!<G!/!=$%1/$1%#!05.1)&(%#!.#!TTPBγI!#$!TTPBγU!#$!)#,!C5-/$(5-,!.#,!.50&(-#,!@1(!)#,!

/50*5,#-$7!!

:(*;),!<<!8!9%&-,&/$('&$(5-!.#!?3-#,!/(6)#,!#-!*&%$(#!.+*#-.&-$#!.1!.50&(-#!KH$#%0(-&)!K9<!

C)#L(6)#!?%f/#!F!)4(-$#%&/$(5-!#$!F!)4&/$(5-!.#,!.(CC+%#-$,!*%5$&?5-(,$#,7!

:(*;),!<=!/!=$%1/$1%#!/5-,#%'+#!#-!.5(?$,!.#!`(-/!.1!.50&(-#!.#! )(&(,5-!F! )4P<K!g<X<h!.#,!

%+/#*$#1%,!-1/)+&(%#,7!

:(*;),! <>!8! 9%5(,!05.#,! .#! )(&(,5-! *5,,(6)#,! F! )4P<K!.#,! .(CC+%#-$#,! /)&,,#,! .#! %+/#*$#1%,!

-1/)+&(%#,7!

:(*;),! <?!8! T%#0(3%#! ,$%1/$1%#! .1! /50*)#L#! #-$(#%! TTPBγHBoBαHG5%+?1)&$#1%! )(+! F! ,5-!

+)+0#-$!.#!%+*5-,#!F!)4P<K!gTTB^h!.#!$;*#!<BI!g7+-&8*!5&9&#*!:h7!



.+/0-&(!1!"#$%&#02!

!
!

U!

:(*;),!<B!8!A5.#!.#!)(&(,5-!b!$O$#H6O/2#!c!.1!/50*)#L#!TTPBγHBoBα!F!)4+)+0#-$!.#!%+*5-,#!

<BI!#$!,5-!,($#!.4#L$#-,(5-!,*+/(C(@1#!#-!p47!!

:(*;),!<C!8!=$%1/$1%#!$%(.(0#-,(5--#))#!.1!.50&(-#!.#!)(&(,5-!&1!)(?&-.!g"X<h!.#!TTPBγ!#$!)#,!

,($#,!.#!C(L&$(5-!.1!)(?&-.!g%5,(?)($&`5-#h!#$!.1!/5%+?1)&$#1%!gG5Bh!&1!-('#&1!.#!)42+)(/#![IU7!!

:(*;),!<D!8!"#,!)(?&-.,!-&$1%#),!.#,!.(CC+%#-$,!%+/#*$#1%,!-1/)+&(%#,7!

:(*;),!<E!8!"#!0+/&-(,0#!.4&/$(5-!.#!)42+)(/#Hα![IU!#,$!1-!05.3)#!/5-C5%0&$(5--#)!/5001-!

F!)&!,1*#%C&0())#!.#,!%+/#*$#1%,!-1/)+&(%#,!8!/5-C5%0&$(5-!&/$('#!#$!(-&/$('#!.#![IU7!

:(*;),!<F!8!"#,!/2&-?#0#-$,!/5-C5%0&$(5--#),!56,#%'+,!&*%3,!C(L&$(5-!.#,!/5%+?1)&$#1%,!.&-,!

)&!/&'($+!2;.%5*256#!.1!"X<!.#!TTPB7!

".@A,.;!=!8!"#,!,*+/(&)($+,!/500#%/(&)(,+#,!.#,!92(&`5)(.(-#.(5-#,!g9q<h7!

:(*;),!=G!8!"4#CC#$!*2&%0&/5)5?(@1#!.#,!.(CC+%#-$,!$;*#,!.#!)(?&-.,!#-!C5-/$(5-!.#!)4&/$('($+!

$%&-,/%(*$(5--#))#!6&,&)#!.1!%+/#*$#1%!-1/)+&(%#!+$1.(+7!

:(*;),!=<!8!=$%1/$1%#!/2(0(@1#!.#!)4&/(.#!JH8+(!%+$(-5r@1#7!

:(*;),!==!/!92+5%(#!.1!b!;+/!;#</!.#!BoB!c!.+/%('&-$! )42&6()($+!.#!BoB!F!,#! )(#%!F!.(CC+%#-$,!

*&%$#-&(%#,!#$!.4(-$#%'#-(%!.&-,!)&!%+?1)&$(5-!.#!*)1,(#1%,!'5(#,!0+$&65)(@1#,7!

:(*;),!=>!/!G&%&/$+%(,$(@1#,!.#,!+)+0#-$,!.#!%+*5-,#!F!)4P<K!.#!BoB!#$!,#,!*&%$#-&(%#,!BK,!

.#!$;*#!b!7+-&8*!5&9&#*!c!<BI!F!<Bp7!!

:(*;),!=?!8!G2&-?#0#-$,!/5-C5%0&$(5--#),!.1!"X<!.#!BoB!(-.1($,!*&%!)&!)(&(,5-!.41-!)(?&-.!

-&$1%#)! 51! ,;-$2+$(@1#! &(-,(! @1#! .1! /5%+?1)&$#1%! *#%0#$$&-$! )#! *&,,&?#! .#! )4+$&$! (-&/$(C!

b!#9=!c!F!&/$(C!b!>=%=!c!.#!)42+)(/#![IU7!

:(*;),!=B!8!A5.#!.4&/$('&$(5-!.#,!2+$+%5.(03%#,!.#!%+/#*$#1%,!-1/)+&(%#,!&'#/!BoB!,#)5-!)#1%!

*#%0(,,('($+7!

:(*;),!=C!8!"4#L*%#,,(5-!.#,!?3-#,!/(6)#,!,51,!)#!/5-$%Y)#!.1!/50*)#L#!TTPBHBoB!05.1)+#!*&%!

)#,!/5C&/$#1%,!,+)#/$(C,!.#!TTPB7!!

:(*;),!=D!/!j1#!.4#-,#06)#!.#,!/5&/$('&$#1%,!#$!.#,!/5%+*%#,,#1%,!.#!TTPBγ!(0*)(@1+,!.&-,!

)4&.(*5?#-3,#7!!

:(*;),!=E!8!G50*5,($(5-!05.1)&(%#!.1!/50*)#L#!0+.(&$#1%!.#,!)#'1%#,!#$!.#,!0&00(C3%#,7!

.5-$!*)1,(#1%,!,51,H1-($+,!,5-$!(.#-$(C(+#,!/500#!/5&/$('&$#1%,!.#!TTPBγ7!

:(*;),! =F!/! "#,! .(CC+%#-$#,! '5(#,! 0+$&65)(@1#,! .#! )&! %+*%#,,(5-! $%&-,/%(*$(5--#))#! *&%! )#,!

%+/#*$#1%,!-1/)+&(%#,!#$!)#,!/50*)#L#,!/5%+*%#,,#1%,!&,,5/(+,7!!

:(*;),!>G!8!=/2+0&!?)56&)!.1!05.#!.4&/$(5-!.#,!%+/#*$#1%,!-1/)+&(%#,7!



.+/0-&(!1!"#$%&#02!

!
!

e!

:(*;),! ><!/! "#,! .(CC+%#-$#,! '5(#,! 0+$&65)(@1#,! .#! )4&/$('&$(5-! $%&-,/%(*$(5--#))#! *&%! )#,!

%+/#*$#1%,!-1/)+&(%#,!#$!)#,!/50*)#L#,!/5&/$('&$#1%,!&,,5/(+,7!

:(*;),!>=!8! =1%C&/#!+)#/$%5,$&$(@1#!.#!TTPBγ! "X<! C5%0&-$!1-#!*(-/#!b!/2&%?+#!c!#-$%#! )#,!

%+,(.1,!/5-,#%'+,!aenI!#$!^stI!*#%0#$$&-$!.4&//5005.#%!)#!*#*$(.#!/5&/$('&$#1%!/5-$#-&-$!

)#!05$(C!"LL""!.&-,!)&!*5/2#!.#!C(L&$(5-!.1!/5%+?1)&$#1%7!

:(*;),!>>!8!"&!,1%C&/#!.4(-$#%&/$(5-!.#,!*#*$(.#,!/5%+*%#,,#1%,!#$!/5&/$('&$#1%,!.(CC3%#7!

:(*;),! >?!8! A5.3)#! .1! 0+/&-(,0#! .4(-$#%&/$(5-! #-$%#! )42+$+%5.(03%#! TTPBHBoB! #$! )#!

/50*)#L#! 0+.(&$#1%! '(&! 9BPTUUnQA#.I! :51&-$! 1-! %Y)#! .#! b!*5-$!c! *51%! )&! )(&(,5-! F! )&!

0&/2(-#%(#!$%&-,/%(*$(5--#))#7!

:(*;),!>B!8!A5.3)#!.1!/50*)#L#!.4(-($(&$(5-!.#!)&!$%&-,/%(*$(5-!/TVGH/A#.!5u!,#1)#!)&!,51,H

1-($+!A^<I!#,$!0&-@1&-$#!.&-,!)#!/50*)#L#!/A#.!%+,5)1!*&%!/%(,$&))5?%&*2(#!&1L!%&;5-,Ho!F!

e7s!v7!!

:(*;),!>C!8!=$%1/$1%#!.1!/50*)#L#!TTPBHBoB!#-!(-$#%&/$(5-!b!$O$#H6O/2#!c!&'#/!,5-!+)+0#-$!

.#!%+*5-,#!TTB^!F!)4P<K!.#!$;*#!<BI7!!

:(*;),! >D!8! P-&);,#,! #$! /50*&%&(,5-,! .#,! .5--+#,! ,$%1/$1%&)#,! *&%! /%(,$&))5?%&*2(#! &1L!

%&;5-,Ho!gT<X!e<qZh!#$!#-!,5)1$(5-!*&%!=Po=!.#,!/50*)#L#,!BPBHBoB!#$!TTPBHBoB!)(+,!F!)#1%!

+)+0#-$!.#!%+*5-,#!F!)4P<K!.#!$;*#!<BI7!

:(*;),!>E!8!B#*%+,#-$&$(5-!,/2+0&$(@1#!.#! )&!/)&,,(C(/&$(5-!.#! )&!*%5?%#,,(5-!$105%&)#!.#,!

/&-/#%,!.#!'#,,(#7!!

:(*;),! >F!/! =/2+0&! ?)56&)! .#,! .#1L! *%(-/(*&)#,! '5(#,! .#! )&! $105%(?#-3,#! 1%5$2+)(&)#7! )#,!

.(CC+%#-$,!$;*#,!.#!$10#1%,!#$!)#,!&)$+%&$(5-,!?+-50(@1#,!&,,5/(+#,7!

:(*;),! ?G!8! B#*%+,#-$&$(5-! ,/2+0&$(@1#! .#,! 01$&$(5-,! %+/1%%#-$#,! &/$('&$%(/#,! 51!

(-&/$('&$%(/#,!(.#-$(C(+#,!.#!TTPBγ!gPh!#$!BoBα!!gXh!.&-,!.#,!$10#1%,!.#!'#,,(#7!

:(*;),!?<!8!B#*%+,#-$&$(5-!?%&*2(@1#!.#,!/#))1)#,! $105%&)#,!#$! )#1%,!0(/%5#-'(%5--#0#-$,!

/)&,,+#,!,#)5-! )#!*51%/#-$&?#!.#!/2&@1#!$;*#!.#!$10#1%,!#-'&2(,,&-$! )#!01,/)#!1%5$2+)(&)!

gAVXGh7!

:(*;),!?=!8!"#,!01$&$(5-,!.#!TTPBγ!!#$!.#!BoBα!(.#-$(C(+#,!.&-,!)#,!/&-/#%,!.#!'#,,(#7!

:(*;),! ?>!8! P-&);,#,! #$! /50*&%&(,5-,! .#,! .5--+#,! ,$%1/$1%&)#,! *&%! /%(,$&))5?%&*2(#! &1L!

%&;5-,Ho! gT<X!e<qZh!#$!#-!,5)1$(5-!*&%!=Po=!.1!/50*)#L#!TTPBHBoB! )(+!F! ,5-!+)+0#-$!.#!

%+*5-,#!F!)4P<K!.#!$;*#!<BI7!!

:(*;),!??!/!=$%1/$1%#,!.#!/50*)#L#,!.#!%+/#*$#1%,!-1/)+&(%#,!%+,5)1#,!*&%!/%;5H0(/%5,/5*(#!

+)#/$%5-(@1#!gG%;5HA^h!8!j<BQBoBQP<K7!R=TQ^/BQP<K7!^BαQ=BGHeQ*enn!#$!PBQ=BGHeQ*enn!



.+/0-&(!1!"#$%&#02!

!
!

s!

:(*;),!?B! 8! B+/&*($1)&$(C! .#,!.(CC+%#-$#,! +$&*#,!.#!*1%(C(/&$(5-!.1! /50*)#L#!TTPBγUHBoBα!

210&(-!#L*%(0+!&'#/!)&!/5-,$%1/$(5-!I!gKH9#%H9M(-H=$%#*HTTPBγUh7!

:(*;),! ?C!8! B+/&*($1)&$(C! .#,! .(CC+%#-$#,! +$&*#,! .#! *1%(C(/&$(5-! .1! /50*)#L#! TTPBγUHBoBα!

210&(-!#L*%(0+!&'#/!)&!/5-,$%1/$(5-!I!#-!*%+,#-/#!.1!/5&/$('&$#1%!A^<IwpnHxxn7!

:(*;),!?D!8!B+/&*($1)&$(C!.#,!.#1L!+$&*#,!.#!*1%(C(/&$(5-!.1!/50*)#L#!TTPBγUHBoBα!210&(-!

/5H#L*%(0+!&'#/!)#!/5&/$('&$#1%!A^<IwpnHxxn!#-!/#))1)#,!.4(-,#/$#,!=>UI7!

:(*;),!?E!/!B+/&*($1)&$(C!.#,!.#1L!+$&*#,!.#!*1%(C(/&$(5-!.1!/50*)#L#!TTPBγUHBoBα!#L*%(0+!

&'#/!)&!/5-,$%1/$(5-!U7!

:(*;),!?F!8!>5%0&$(5-!.1!/50*)#L#!,$k/2(50+$%(@1#!TTPBγUHBoBα!!210&(-!#L*%(0+!.&-,!)&!

-51'#))#!/5-,$%1/$(5-!-yU!#$!/5H*1%(C(+!#-!*%+,#-/#!.1!/5&/$('&$#1%!A^<IwpnHxxn!#-!/#))1)#,!

.4(-,#/$#,!.&-,!)#!,;,$30#!X&/1)5'(%1,7!

:(*;),!BG!8!B+/&*($1)&$(C!.#,!#L*+%(#-/#,!.#!=^GHAP"=!%+&)(,+#,!,1%!1-!+/2&-$())5-!*%5$+(@1#!

.1!/50*)#L#!#-$(#%!*1%(C(+!2TTPBγUHBoBαHA^<I!.4&*%3,!)&!,$%&$+?(#!-ye7!

:(*;),! B<!8! G&%$#! ?+-50(@1#! .1! '(%1,! 05.(C(+! .#! )&! '&//(-#! gAjPh! /5-$#-&-$! )#,! %+?(5-,!

05.(C(+#,7!

:(*;),!B=!8!=/2+0&!%+/&*($1)&$(C!.#!)&!,$%&$+?(#!.#!/)5-&?#!.41-#!/&,,#$$#!*5);/(,$%5-(@1#!.&-,!

)#!?+-50#!'(%&)!.#!AjP!&C(-!.4#L*%(0#%!1-!/50*)#L#!01)$(H*%5$+(@1#!.4(-$+%O$7!

:(*;),!B>!8!=/2+0&!%+/&*($1)&$(C!.#!)4+$&*#!.#!,+)#/$(5-!.1Q.#,!?3-#g,h!.4(-$+%O$g,h!#$!.#!,5-!

(-$+?%&$(5-! .&-,! )#! '(%1,! AjP! @1(! *#%0#$$%&! )&! ,1%#L*%#,,(5-! .1! ?3-#! .4(-$+%O$! .&-,! )#,!

/#))1)#,!X[aUI7!

:(*;),!B?!8!=/2+0&,!%+/&*($1)&$(C,!.#,!.(CC+%#-$#,!/5-,$%1/$(5-,!?+-+%+#,!*51%! )4#L*%#,,(5-!

*%5$+(@1#!.1!/50*)#L#!2TTPBγUHBoBα!#$!)#1%!/5&/$('&$#1%!A^<I!.&-,!)#!,;,$30#!AjP7!

:(*;),!BB!8!B+/&*($1)&$(C!.#,!+$&*#,!*%+)(0(-&(%#,!.#,!#,,&(,!.#!*1%(C(/&$(5-,!F!0(/%5H+/2#))#!

.1! /50*)#L#! 2TTPBγUHBoBα! #$! )#1%! /5&/$('&$#1%! A^<I! .&-,! )#! ,;,$30#! AjP! .#! .#1L!

/5-,$%1/$(5-,!.(CC+%#-$#,!gG5-,$%1/$(5-,!I!#$!Uh7!

:(*;),!BC!8!B+/&*($1)&$(C!.#,!+$&*#,!*%+)(0(-&(%#,!.#,!#,,&(,!.#!*1%(C(/&$(5-,!F!0(/%5H+/2#))#!

.1! /50*)#L#! 2TTPBγUHBoBα! #$! )#! /5&/$('&$#1%! A^<I! .&-,! )#! ,;,$30#! AjP! .#! .#1L!

/5-,$%1/$(5-,!.(,$(-/$#,!gG5-,$%1/$(5-,!e!#$!sh7!

:(*;),!BD!8!B#*%+,#-$&$(5-!,/2+0&$(@1#!,(0*)(C(+#!.41-!0(/%5,/5*#!+)#/$%5-(@1#7!

:(*;),! BE!8! B#*%+,#-$&$(5-! ,/2+0&$(@1#! ,(0*)(C(+#! .#,! .(CC+%#-$#,! ,51%/#,! .4+)#/$%5-,!

1$()(,+#,!&1!/51%,!.1!$#0*,!*51%!)#,!0(/%5,/5*#,!+)#/$%5-(@1#,!F!$%&-,0(,,(5-!gA^9h7!



.+/0-&(!1!"#$%&#02!

!
!

p!

:(*;),! BF!/! =/2+0&! .#,! (-$#%&/$(5-,! 56,#%'+#,! #-$%#! )#,! +)#/$%5-,! +0(,! #$! )4+/2&-$())5-!

6(5)5?(@1#!+$1.(+!*&%!A^97!!

:(*;),! CG!8! =/2+0&! .+/%('&-$! )&! '&%(&$(5-! .#! )&! C5-/$(5-! .#! $%&-,C#%$! .#! /5-$%&,$#! g>9Gh!

.+*#-.&-$#!.#!)&!C%+@1#-/#!.45,/())&$(5-7!

:(*;),! C<!8! =/2+0&! ?)56&)! .+/%('&-$! )#! *%(-/(*#! #$! )#! /5-$%&,$#! 56$#-1! *51%! )4+$1.#! .41-!

+/2&-$())5-!6(5)5?(@1#!*&%!)&!$#/2-(@1#!.#!/5)5%&$(5-!-+?&$('#7!

:(*;),!C=!/!"#,!.(CC+%#-$,!+$&$,!.#!?)&/#!56$#-1,!,1($#!F!)&!/%;5H/5-?+)&$(5-!.41-!+/2&-$())5-!

6(5)5?(@1#7!

:(*;),!C>!/!^L#0*)#!.4&**&%#()!.#!.+/2&%?#!)10(-#,/#-$#!51!b!6%=?!7+(8>#-/&!c!*#%0#$$&-$!

)4(5-(,&$(5-!.#!)&!,1%C&/#!.#,!?%())#,!.#!0(/%5,/5*(#!gP**&%#()!^"A_9A!G5%.51&-h7!*%+,#-$!F!

)4V]XAGQGXV7!

:(*;),!C?!8!<#1L!$;*#,!.#!*)5-?#1%,!,#0(H&1$50&$(@1#,!1$()(,+,!&/$1#))#0#-$!*51%! )&!/%;5H

/5-?+)&$(5-!.#,!+/2&-$())5-,!6(5)5?(@1#,7!

:(*;),! CB!/! =/2+0&! ?)56&)! .+/%('&-$! )#! *%(-/(*#! #$! )#! /5-$%&,$#! 56$#-1! *51%! )4+$1.#! .41-!

+/2&-$())5-!6(5)5?(@1#!*&%!)&!$#/2-(@1#!.#!/%;5H0(/%5,/5*(#!+)#/$%5-(@1#7!

:(*;),!CC!8!=/2+0&!.1!*%5/#,,1,!.#!*%5:#/$(5-,!.#,!/)&,,#,!U<!.&-,!.(CC+%#-$#,!5%(#-$&$(5-,!

.#!)4#,*&/#!*#%0#$$&-$!.#!?+-+%#%!1-!05.3)#!e<!/5-$#-&-$!.#,!.+$&(),!,$%1/$1%&1L!.&-,!)#,!

e!.(%#/$(5-,!.#!)4#,*&/#7!

:(*;),!CD!8!<(CC+%#-$,!0(/%5?%&*2#,!56$#-1,!.1!/50*)#L#!2TTPBγUHBoBαHA^<IwpnHxxn!.&-,!

.#,!/5-.($(5-,!'&%(&6)#,!*&%! )&!0+$25.#!.#!/5)5%&$(5-!-+?&$('#!F! )4&/+$&$#!.41%&-;)#!*&%! )#!

0(/%5,/5*#!.#!/5)5%&$(5-!-+?&$('#!GAIUn!.#!)4V]XAG7!

:(*;),!CE!8!=/2+0&!#-!/51*#!.#!)45%?&-(,&$(5-!?+-+%&)#!.41-#!?%())#!.#!0(/%5,/5*(#!F!0&())#!

0+$&))(@1#!#$!@1&.%())+#!,#%'&-$!.#!,1**5%$!F!)4+/2&-$())5-!+$1.(+7!!

:(*;),!CF!8!^CC#$!.#!01)$(*)#,!+$&*#,!.#!.+*Y$!.#!)4+/2&-$())5-!*%5$+(@1#!,1%!)#,!?%())#,!#$!)#,!

0(/%5?%&*2#,!56$#-1,!.#!)4+/2&-$())5-!/5-/#-$%+!F!n7I!0?Q0"7!!

:(*;),!DG!8!G%;5H0(/%5,/5*#,!+)#/$%5-(@1#,!.(,*5-(6)#,!F!)4V]XAGQGXV7!!

".@A,.;!>!8!T&%&03$%#,!.#,!.5--+#,!#-%#?(,$%+#,!&1!0(/%5,/5*#!9($&-!a%(5,!*51%!)#!/50*)#L#!

2TTPBγUHBoBαHA^<IwpnHxxn7!,#,!)(?&-.,!g]lIJUJ!#$!J8+(@BPh!#$!,5-!+)+0#-$!.#!%+*5-,#!F!

)4P<K!g.4;3Ah7!

:(*;),! D<!/! ^L#0*)#,! .#!0(/%5?%&*2#,! 56$#-1,! &*%3,! )&! *%#0(3%#! ,#,,(5-! .4&/@1(,($(5-! .#!

.5--+#,!*51%!)#!/50*)#L#!2TTPBγUHBoBαHA^<IwpnHxxn!*&%!)#!/%;5H0(/%5,/5*#!+)#/$%5-(@1#!

9($&-!a%(5,7!



.+/0-&(!1!"#$%&#02!

!
!

x!

:(*;),! D=!/! ^L#0*)#! .41-!0(/%5?%&*2#! 56$#-1! &*%3,! )&! .#1L(30#! ,#,,(5-! .4&/@1(,($(5-! .#!

.5--+#,!*51%!)#!/50*)#L#!2TTPBγUHBoBαHA^<IwpnHxxn!*&%!)#!/%;5H0(/%5,/5*#!+)#/$%5-(@1#!

9($&-!a%(5,7!

:(*;),! D>!8! 3+9&%+<&! 1$()(,+! *51%! )#! $%&($#0#-$! .#! .5--+#,! .#! 0(/%5,/5*(#! .#! )4+$&*#!

.4&/@1(,($(5-! &1!9($&-!a%(5,! :1,@14F! )4+$&*#!.#! %#/5-,$%1/$(5-!.#! )&! ,$%1/$1%#!e<!.#! )456:#$!

+$1.(+7!

:(*;),!D?!8!̂ L#0*)#,!.#!/)&,,#,!U<!56$#-1#,!*&%!)#!)5?(/(#)!/(,9^A!F!*&%$(%!.#!Js!nUI!*&%$(/1)#,!

,+)#/$(5--+#,!&1!.+*&%$!*51%!?+-+%#%!Inn!/)&,,#,!U<7!B#)(5-UDnDe7!

:(*;),! DB!8! 9%&($#0#-$! .#,! .5--+#,! &*%3,! )&! .#1L(30#! &/@1(,($(5-! &1! /%;5H0(/%5,/5*#!

+)#/$%5-(@1#!9($&-!a%(5,!*&%&))3)#0#-$!*&%!.#1L!)5?(/(#),!8!B#)(5-!UDnDe!#$!/(,9^A!*51%!?+-+%#%!

.#,!/)&,,#,!U<!.1!/50*)#L#!+$1.(+7!

:(*;),! DC!/! =/2+0&! %+/&*($1)&$(C! .#! )&! ,$%&$+?(#! /25(,(#! *51%! )#,! +$1.#,! ,$%1/$1%&)#,! .1!

/50*)#L#!2TTPBγUHBoBαHA^<IwpnHxxnD!

!



!
!

3-B#)$0%&!

!

t!

0+1,2-*.%&
*

! !#$$#!$23,#!.#!.5/$5%&$!#CC#/$1+#!&1!,#(-!.#!)4z/5)#!<5/$5%&)#!.#,!=/(#-/#,!.#!)&!j(#!

#$!.#!)&!=&-$+!g^<sIsh!,4(-$3?%#!.&-,!)#!/&.%#!.#!)456$#-$(5-!.1!$($%#!.#!<5/$#1%!#-!=/(#-/#,!

.#!)4R-('#%,($+!.#!=$%&,651%?D!"#,!$%&'&1L!%+&)(,+,!&1!/51%,!.#!/#$$#!$23,#!5-$!*5%$+!,1%!)4+$1.#!

.#,!0+/&-(,0#,!05)+/1)&(%#,!.1!%Y)#!*%5$105%(?+-(@1#!.#,!%+/#*$#1%,!-1/)+&(%#,!TTPBγ!#$!

BoBα!.&-,!)#!/&-/#%!.#!)&!'#,,(#D!!

!

G#!$%&'&()!&!+$+!%+&)(,+!&1!,#(-!.1!.+*&%$#0#-$!.#!X(5)5?(#!=$%1/$1%&)#! V-$+?%&$('#!gGXVh!.#!

)4V-,$($1$! .#! ]+-+$(@1#7! .#! X(5)5?(#! A5)+/1)&(%#! #$! G#))1)&(%#! gV]XAGh! F! V))N(%/27! ,51,! )&!

,1*#%'(,(5-!.1!<%!K&$&/2&!B5/2#)!.#!=#*$#06%#!UnIt!F!<+/#06%#!UnUnD!!

!

" #1%&-$!0&!$23,#!.#!.5/$5%&$7! :4&(!/5-.1($!1-!*%5:#$!.#!%#/2#%/2#!01)$(.(,/(*)(-&(%#!

*5%$&-$! *%(-/(*&)#0#-$! ,1%! )4+$1.#! .1! %+/#*$#1%! -1/)+&(%#! TTPBγ! 210&(-7! )#,! 01$&$(5-,!

.+/51'#%$#,!/2#`!)#,!*&$(#-$,!&$$#(-$,!.#!$10#1%,!6&,&)#,!.#!)&!'#,,(#!&(-,(!@1#!)4(0*&/$!.#!

/#,!01$&$(5-,!,1%!)42+$+%5.(0+%(,&$(5-!&1!*&%$#-&(%#!BoBα7!)#!%#/%1$#0#-$!.#,!)(?&-.,!#$!.#,!

/5%+?1)&$#1%,! ,*+/(C(@1#,D! G#! *%5:#$! 04&! *#%0(,! .#! .+'#)5**#%! .#,! /50*+$#-/#,!

*)1%(.(,/(*)(-&(%#,!&))&-$!.#!)&!6(5)5?(#!05)+/1)&(%#!F!)&!/%;5H0(/%5,/5*(#!+)#/$%5-(@1#!gG%;5H

A^h7! #-! *&,,&-$! *&%! )&! 6(5/2(0(#! .#,! *%5$+(-#,7! )&! 6(5*2;,(@1#! #$! )&! /%(,$&))5?%&*2(#! &1L!

%&;5-,HoD!!

!
!
G#!0&-1,/%($!.#!$23,#!.4&%$(/1)#!#-!e!/2&*($%#,D!"#!HI.-(J),!<! (-$%5.1($! )&!,1*#%C&0())#!.#,!

%+/#*$#1%,! -1/)+&(%#,7! )#1%! %Y)#! .#! %+?1)&$#1%,! $%&-,/%(*$(5--#),7! #$! *)1,! *&%$(/1)(3%#0#-$!

)42+$+%5.(03%#!TTPBγQBoBαD!G#!/2&*($%#!*#%0#$!.#!C&(%#!1-!+$&$!.#,!)(#1L!.#,!/5--&(,,&-/#,!

6(5)5?(@1#,!#$! ,$%1/$1%&)#,!&/$1#))#,!.#! %+/#*$#1%,!-1/)+&(%#,!&;&-$!1-! %Y)#!.#! C&/$#1%,!.#!

$%&-,/%(*$(5-D!"4(-$%5.1/$(5-!,#! $#%0(-#!*&%! )&!.#,/%(*$(5-!.1!%Y)#!.#!TTPBγQBoBα!.&-,! )#,!

/&-/#%,!.#!'#,,(#!#$!*&%!)#,!56:#/$(C,!.#!)&!$23,#D!!

!



3-B#)$0%&!

!
!

{!

! "#! HI.-(J),! =! /5-/#%-#! )#,! +$1.#,! ,$%1/$1%&)#,! *&%! /%(,$&))5?%&*2(#! &1L! %&;5-,Ho! #$!

6(5*2;,(@1#,!.#,!01$&$(5-,!.#!TTPBγ!(0*)(@1+#,!.&-,!)#!/&-/#%!6&,&)!.#!)&!'#,,(#!g>eIn=!#$!

[sJsZhD!R-!*%#0(#%!0&-1,/%($!,510(,!.+/%($!/#,!01$&$(5-,!(-&/$('&$%(/#,!,*+/(C(@1#,!&1!,51,H

$;*#!6&,&)!.#,!$10#1%,!.#!'#,,(#!#$!)#1%,!(0*&/$,!,1%!)#!%#/%1$#0#-$!.#,!/5%+?1)&$#1%,!#$!,1%!

)&! %+?1)&$(5-!.#!?3-#,!/(6)#,D!^-,1($#7!1-!.#1L(30#!0&-1,/%($!#-!/51%,!.#!*%+*&%&$(5-!#,$!

*%+,#-$+!.&-,!/#!/2&*($%#D!"4(0*&/$!.#,!01$&$(5-,!*#%$#!.#!C5-/$(5-!g>eIn=!#$![sJsZh!,1%!)#!

%#/%1$#0#-$! .#! /5%+*%#,,#1%,! gKG5B! #$! =AB9h! 0+.(+! *&%! 1-! )(?&-.! (-'#%,#! &?5-(,$#!

g9nntnJnth!#,$!&)5%,!+$1.(+D!G#!/2&*($%#!,#!$#%0(-#!*&%!1-#!/5-/)1,(5-!#$!.#,!*#%,*#/$('#,D!

!

! "#! HI.-(J),! >! .#! /#! 0&-1,/%($! .#! $23,#! *5%$#! ,1%! )45*$(0(,&$(5-! .#! )4#L*%#,,(5-!

*%5$+(@1#! #$! ,1%! )4+$1.#! ,$%1/$1%&)#! .1! /50*)#L#! 210&(-! #-$(#%! TTPBγQBoBα! )(+! F! ,5-!

/5&/$('&$#1%! A^<I! #$! F! ,5-! +)+0#-$! .#! %+*5-,#! F! )4P<K! TTB^! .#! $;*#! <BI! *&%! /%;5H

0(/%5,/5*(#! +)#/$%5-(@1#! gG%;5HA^hD! "#! /2&*($%#! ,#! $#%0(-#! *&%! 1-#! /5-/)1,(5-! #$! .#,!

*#%,*#/$('#,D!!

!

! "#!0&-1,/%($!.#!$23,#!,#!$#%0(-#!*&%!.#,!/5-/)1,(5-,!?+-+%&)#,!#$!*#%,*#/$('#,7!*&%!)&!

6(6)(5?%&*2(#!&(-,(!@1#!*&%!)41KK,L,!<!.+$&())&-$!)#!*%5$5/5)#!.#!)&!*1%(C(/&$(5-!.1!/50*)#L#!

#-$(#%!TTPBγQBoBαQA^<IwpnHxxn!g1KK,L,!<M!-N=CBh!&;&-$!+$+!1$()(,+!*51%!)#,!+$1.#,!.#!/%;5H

0(/%5,/5*(#!+)#/$%5-(@1#D!!



!
!

4$-BC+#*+=<(!

!

J!

3-+14",$"56#&
!
!

1O3P<!/!3&-=2+(=)#%!48D%@E=&<FD)&!4!

G2+'#(&!:!

17Q!/!P/(.#!<#,5L;%(65-1/)+(@1#!

1:R<S=!/!48*+C#*+=<!.0<8*+=<!H!

155!/!P1$5%(,&$(5-!.#!A(,#!,1%!)#!A&%/2+!

10/!4<'-=/&<!5&8&9*=-!

10Q/!P/(.#!B(65K1/)+(@1#!

10QT/!PBK!0#,,&?#%!

10QJ!/!PBK!.#!$%&-,C#%$!

1"2/!P.+-5,(-#!9%(HT25,*2&$#!

!

6#U=</!;#$D!I#)(*&-!J+'<&D!8&%%(!

6%1!8!;=C+<!(&-0)!#%$0)+<!

!

O10!/!E=<(*+*0*+C&!4<'-=(*#<&!5&8&9*=-!

O62!/!E5K;@;+<'+</!3-=*&+<!

OV%!/!E#-8+<=)#!+<!(+*0!

OV"!8!G&%$#!.4V.#-$($+!.#,!910#1%,!

O5B!/!E#-$=2D)&*>D%#*&'!'&2*-#<!

OW1!L!E=#8*+C#*&0-!

OW0!8!G5%+?1)&$#1%!

O2"<!/!E#-<+*+<&!9#%)+*=D%*-#<(M&-#(&!N!!

O)XWR5&!8!G%;5H0(/%5,/5*(#!+)#/$%5-(@1#!

O"7!/!E@*&-)+<#%!'=)#+<!

O"&/!E@*&-)+<#%!K2*&<(+=<!

O":!/!E=<*-#(*!"-#<(M&-*!.0<8*+=<!

O;!8!G1('%#!

!

!

"#!L!7#%*=<!

767!8!7O4!;+<'+</!7=)#+<!

775!8!<5.+/;)HβH<HA&)$5,(.#!

7#1/!P/(.#!.5/5,&2+L&#-5(@1#!

7Y%/!7D<#)+8!P+/>*!Q8#**&-+</!

73!8!<#-,($+!_*$(@1#!

70/!7+-&8*!5&9&#*!

7""/!<"H<(92(5)92%#($5)!

!

$%!&'()/!K(8>&-+8>+#!8=%+!

&0/!K(*-=/&<!5&8&9*=-!

&00/!K(*-=/&<!5&8&9*=-!5&%#*&'!

!

:&Z/!.+&%'!K)+((+=<!60<!

:"O/!>5-/$(5-!.#!9%&-,C#%$!.#!G5-$%&,$#!

:2YO/!.#(*!3-=*&+<!P+R0+'!E>-=)#*=/-#9>D!

:P0/!.#-<&(=+'!S!5&8&9*=-!

!

Z:/!6&%!.+%*-#*+=<!

Z08!6%08=8=-*+8=+'!5&8&9*=-!

Z":8!6&<&-#%!"-#<(8-+9*+=<!.#8*=-!

Z[!<F=F8!"(?&-.!&?5-(,$#!.#!TTPBγ!"X<!

!

#1"/!I+(*=<&!48&*D%"-#<(M&-#(&!

#7/!I&%+8=+'#%!7=)#+<!

#71O/!I+(*=<&!7&48&*D%#(&!

#&U/!I0)#<!K)$-D=<+8!J+'<&D!

#37&/![;.%5L;5/$&.+/&.(+-5r@1#!



4$-BC+#*+=<(!

!
!

II!

V10O!/!P?#-/#!(-$#%-&$(5-&)#!.#!)&!

%#/2#%/2#!/5-$%#!)#!/&-/#%!

V7!/!N<*&-#8*+=<!7=)#+<!!

V2"Z/!V,5*%5*;)H|H<HIH

$2(5?&)&/$5*;%&-5,(.#!

V0/!N<C&-(&!5&9&#*!

!

U"/!G5-,$&-$#!.#!<(,,5/(&$(5-!

\]!8!N()5j5)$!

!

Y6/!PD(=/&<D!;-=*>!

Y67/!"(?&-.!X(-.(-?!<50&(-!

Y62/!P+/#<'!;+<'+</!3=8T&*!

YOW0/!P+/#<'@'&9&<'#<*!O08%&#-!

E=5&9-&((=-!

Y7Y/!P=?!7&<(+*D!P+9=9-=*&+<!

YP08!P+C&-!S!5&8&9*=-!

!

T1/!A())(&0*3%#!

57./!A+?&H<&)$5-,!

5&7/!A+.(&$#1%!

5&7</!U&'+#*=-!=M!5O4!9=%D)&-#(&!NN!!

*-#<(8-+9*+=<!(0$0<+*!:!

5&"8!A(/%5,/5*#!z)#/$%5-(@1#!F!

9%&-,0(,,(5-!

5V6O/!U0(8%&!N<C#(+C&!;%#''&-!E#<8&-!

50/!U+<&-#%=8=-*+8=+'!5&8&9*=-!

5%/!U#((!Q9&8*-=)&*-D!

5%"/!U+8-=Q8#%&!">&-)=9>=-&(+(!

5%1/!U0%*+C#-+#*&!Q*#*+(*+8#%!4<#%D(+(!

5]18!U='+M+&'!V#88+<+#!4<T#-#!

Q.KW!7%:/!O#<=!7+MM&-&<*+#%!Q8#<<+</!

.%0=-&(8&<8&!

QOW08!K1/)#&%!G5%#*%#,,5%!I!

Q:Rκ6!8!O08%&#-!.#8*=-!κ!;!

QZ:<R68!O&-C&!6-=?*>!.#8*=-!N;!

Q#0/!O08%&#-!I=-)=<&!5&8&9*=-!

QY%8!O08%&#-!P=8#%+F#*+=<!Q&R0&<8&!

Q5V6O/!O=<@U0(8%&!N<C#(+C&!;%#''&-!

E#<8&-!!

Q"7/!O@"&-)+<#%!7=)#+<!

!

-@/!!T&(%#!.#!6&,#!

276/!3-=*&+<!7#*#!;#(&!

27U?/!3D-0C#*&!7&>D'-=/&<#(&! %+9=#)+'&!

J+<#(&!+(=FD)&!A!

2ZR<=/! :W@'&=2D@7@:XY:A@9-=(*#/%#<'+<&!

ZX!

2ZO<R!^8!3345@/#))#!8=#8*+C#*=-!:@#%9>#!

2&Z/!T5);^$2;)3-#!]);/5)!

2VO/!3-=*&#(&!N<>+$+*=-!E=8T*#+%!

2VOL!G50*)#L#!.#!T%+HV-($(&$(5-!

25%:/!3>&<D%U&*>D%Q0%M=<D%!.%0=-+'&!

2WA!VVL!PBK!*5);0+%&,#!VV!

2210/!3&-=2+(=)&!3-=%+M&-#*=-!48*+C#*&'!

5&8&9*=-!!

220&!8!TTPB!5&(9=<(&!K%&)&<*!

20!/!3-=/&(*&-=<&!5&8&9*=-!

2"5!8!3=(*@*-#<(%#*+=<#%!U='+M+8#*+=<!

!

010/!5&*+<=+'!48+'!5&8&9*=-!

06<!/!5&*+<=$%#(*=)#@#((=8+#*&'!3-=*&+<!:!

!



4$-BC+#*+=<(!

!
!

IU!

0&!/!5&(9=<(&!K%&)&<*!

0I!8!B25.(10!

0Q/!B+/#*$#1%,!K1/)+&(%#,!

05Q!/!B+,5--&-/#!A&?-+$(@1#!K1/)+&(%#!

05%7/!5==*@U&#<@QR0#-&!7&C+#*+=<!

0P0/!5&*+<=+'!S!5&8&9*=-!!

0P0&8!5S5!5&(9=<(&!K%&)&<*!!

!

%1P%L!Q)#%%!4</%&!S@-#D!Q8#**&-+</!

%7%R21Z&8!Q='+0)!7='&8D%!Q0%M#*&[

3=%D#8-D%#)+'&!6&%!K%&8*-=9>=-&(+(!

%:R<8!Q*&-=+'=/&<+8!.#8*=-!:!

%50"8!Q+%&<8+</!U&'+#*=-!M=-!5&*+<=+'!#<'!

">D-=+'!-&8&9*=-!

%Q0/!Q+/<#%!*=!O=+(&!5#*+=!

%0OR<8!!Q*&-=+'!-&8&9*=-!8=#8*+C#*=-!:!

%[VS%Q:/!Q\N*8>]Q08-=(&!O=<@

.&-)&<*#$%&!

!

"1:/!";3@4((=8+#*&'!.#8*=-!

"62L!"#*#@$=2!;+<'+</!3-=*&+<!

"OZ1/!">&!E#<8&-!6&<=)&!4*%#(!

":/!"-#<(8-+9*+=<!.#8*=-!

"V:=S%0OR=!}!"-#<(8-+9*+=<#%!+<*&-)&'+#-D!

M#8*=-!X!!

"T!8!U&%*+</!"&)9&-#*0-&!g9#0*+%&$1%#!

.#!C1,(5-h!!

"0^!8!B+/#*$#1%!.#,!25%05-#,!

$2;%5r.(#--#,H~!

"%%/!"-#<(8-+9*+=<!Q*#-*!Q+*&!

"_7/!92(&`5)(.5-#,!

!

4O2R<!8!^<8=09%+</!3-=*&+<@:!51!

92#%05?+-(-#!

4]/!R)$%&H'(5)#$!

!

]70/!V+*#)+<@7!5&8&9*=-!

]228!V=%*#!3>#(&!3%#*&!

!

["L!\+%'!"D9&!!

!

F&)*R01/!P/(.#!JH8+(!%+$(-5r@1#



!
!
!

!



!
!

5B(0)B!'&!%#!*>,(&!
!

!

Is!

71#*21&'%&.,&$89#%&
!

"(J),!';!-)W`,J!/!5+H.K(aT,a!TWA+H;A.(),a!';!)bA,!-)WJ;TW)(*+K(c;,!',!2210*.TT.!,J!

0P0.A-I.!'.Ka!A,a!H.KH,)a!',!d,aa(,N!

'

!194:;<=9>:1'39'5>23'31'=:193?93'@'

!
! G#!*%5:#$!.#!$23,#!#-!/5))&65%&$(5-!#-$%#!)4+@1(*#!.#!KD!B5/2#)!g<+*&%$#0#-$!.#!X(5)5?(#!

=$%1/$1%&)#! V-$+?%&$('#7! RAB! tInsHV]XAGh! #$! )4+@1(*#! .#! >D! B&.'&-;(! gRABIss7! GKB=HV-,$($1$!

G1%(#h7!+@1(*#!)&6+)(,+#!*&%!)&!"(?1#!K&$(5-&)#!/5-$%#!)#!G&-/#%7!&!*51%!,1:#$!.4+$1.#7!)#,!%+/#*$#1%,!

-1/)+&(%#,!2210*.TT.! gTTPBγh! #$!0P0.A-I.! gBoBαh! #$! )#1%,!0+/&-(,0#,!.4&/$(5-! F! )&! 6&,#!.#!

)4&/$('($+!*%5$105%(?+-(@1#!.&-,!)#,!/&-/#%,!.#!'#,,(#D!

"#!%+/#*$#1%!?&00&!&/$('+!*&%!)#,!*%5)(C+%&$#1%,!.#,!*#%5L;,50#,7!TTPBγ7!1-!0#06%#!.#!)&!C&0())#!

.#,!%+/#*$#1%,!-1/)+&(%#,7!&?($!,51,!C5%0#!.42+$+%5.(03%#!&'#/!)#!%+/#*$#1%!.#,!%+$(-5r.#,!o7!BoBD!

G#!,5-$!.#,!C&/$#1%,!.#!$%&-,/%(*$(5-7!#$!)#1%!&/$('($+!$%&-,/%(*$(5--#))#!#,$!%+?1)+#!*&%!)4(-$#%&/$(5-!

&'#/!.#,!/5%+?1)&$#1%,!g/5%+*%#,,#1%,!51!/5&/$('&$#1%,hD!"42+$+%5.(03%#!TTPBHBoB!%#/5--&�$!.#,!

,+@1#-/#,!.�P<K!,*+/(C(@1#,!#$!*51%!O$%#!&/$(C7!.5($!O$%#!&,,5/(+!F!.#,!/5&/$('&$#1%,D!V)!*#1$!(-$#%&?(%!

&'#/!.(CC+%#-$,!/5%+*%#,,#1%,!#$!/5&/$('&$#1%,!,#)5-!)#!)(?&-.7!)#!$;*#!/#))1)&(%#7!)#!*%505$#1%!#$!)#,!

.('#%,#,!'5(#,!.#!,(?-&)(,&$(5-D!G�#,$!1-!%+?1)&$#1%!/)+!.#!)&!.(CC+%#-/(&$(5-!.#,!&.(*5/;$#,!�! ()!#,$!

(0*)(@1+!.&-,!)4250+5,$&,(#!.1!?)1/5,#7!0&(,!&1,,(!.&-,!)&!.(CC+%#-/(&$(5-!.#,!/#))1)#,!1%5$2+)(&)#,D!

"#!%Y)#!.#!TTPBγ!.&-,!)&!*%5?%#,,(5-!$105%&)#!#,$!/50*)#L#D!TTPBγ!&!2(,$5%(@1#0#-$!+$+!/5-,(.+%+!

/500#!1-!,1**%#,,#1%!.#!$10#1%!.&-,!)#,!/&-/#%,!.1!/Y)5-7!.1!,#(-!51!.#!)&!*%5,$&$#D!<#,!.5--+#,!

%+/#-$#,! ,1??3%#-$! @14()! *%+,#-$#! 1-! %Y)#! *%5$105%(?+-(@1#! .&-,! )#,! /&-/#%,! .#! '#,,(#7! 1-! .#,!

/&-/#%,!)#,!*)1,!C%+@1#-$,!#-!P0+%(@1#!.1!K5%.!#$!#-!^1%5*#D!!

"#!,+@1#-W&?#!.#!33456!.&-,!.#,!$10#1%,!.#!/&-/#%,!.#!'#,,(#!.#!.(CC+%#-$,!?%&.#,!#$!,$&.#,!.#!

$10#1%,! g$10#1%,! (-'&,('#,! #$! -5-! (-'&,('#,h! &! %+'+)+! *)1,(#1%,! 01$&$(5-,! ,50&$(@1#,D! T&%!

/5-,+@1#-$7!33456!*#1$!O$%#!&CC#/$+!*&%!.#,!&0*)(C(/&$(5-,!.&-,!)#,!/&-/#%,!.#!'#,,(#!g#-'(%5-!en!

�!.#,!/&,h!0&(,!&1,,(!*&%!.#,!01$&$(5-,!ge!�!.#,!/&,hD!<#!*)1,7!)#!,+@1#-W&?#!.#!BoBα!.&-,!sne!

$10#1%,7! 05-$%#! )&! *%+,#-/#! .#! .#1L! 01$&$(5-,! %+/1%%#-$#,7! g9G]P7! UnIsh! .&-,! )#,! $10#1%,!

#-'&2(,,&-$! )#!01,/)#! gp!�!.#,!/&,hD! !])56&)#0#-$7! ()!&!+$+!$%51'+!.#,!&)$+%&$(5-,!?+-+$(@1#,!.#!

TTPBγ!51!BoBα!g&0*)(C(/&$(5-,!51!01$&$(5-,h!.&-,!pn!�!.#,!/&,!.#!/&-/#%,!.#!'#,,(#D!!^-!/#!@1(!

/5-/#%-#! )#,!01$&$(5-,! .#!334567! #))#,! ,5-$! $%51'+#,! .&-,! .(CC+%#-$,! .50&(-#,! ,$%1/$1%&1L! .#!

TTPBγ!.5-$!)&!0&:5%($+!.&-,!)#!.50&(-#!.#!)(&(,5-!&1!)(?&-.Q"X<!g:(*;),!<hD!!!



!
!

5B(0)B!'&!%#!*>,(&!

!
!

Ip!

!

!
!

+),-./!0!L!5&9-B(&<*#*+=<!'&(!)0*#*+=<(!#8*+C#*-+8&(!_<=+-`!&*!+<#8*+C#*-+8&(!_-=0/&`!'&!3345γX!

+'&<*+M+B&(!8>&F!'&(!9#*+&<*(!'&!8#<8&-(!'&!C&((+&a!

!
R-!*%#0(#%!$%&'&()!/5-/#%-&-$!)#,!01$&$(5-,!&/$('&$%(/#,!gAU{nV7!VUJnA7!9stpAh!&!.+:F!+$+!*16)(+!

*&%! )4+@1(*#! gB5/2#)! &*! #%7! K&$! G5007! UnIJhD! R-#! ,#/5-.#! *&%$(#! /5-/#%-&-$! )#,! 01$&-$,!

(-&/$('&$#1%,!g>eIn=!#$![sJsZh!&!+$+!.+*5,+#!.&-,!X(5BL('!g"&1%#!G51$5,H92+'#-5$7!%X)(K,!6,`(M!&*!

#%7!UnUnhN!

!

Y,a!W@`,HJ(ea!',!TWK!-)W`,J!',!JIfa,!aWKJ!',!8!

!

gVh!G&%&/$+%(,#%!)#,!/2&-?#0#-$,!.#!,$%1/$1%#!#$!.4&/$('($+!(-.1($,!*&%!.#,!01$&$(5-,!(-&/$('&$%(/#,!

.#!TTPBγ! g:(*;),!<h7! ,&! )(&(,5-!F!.#,! /5%+?1)&$#1%,7! #$! (.#-$(C(#%! .#,! )(?&-.,!@1(!05.1)#-$! /#$$#!

,$%1/$1%#Q&/$('($+D! P1! /51%,! .#!05-! *%5:#$! .#! $23,#7! :4&(!0#-+! 1-#! +$1.#! .#! /&%&/$+%(,&$(5-! .#!

/50*)#L#,!C5%0+,!*&%!TTPBγ!#$!.#,!*#*$(.#,!/5%+?1)&$#1%,!#-!1$()(,&-$!.#,!0+$25.#,!6(5/2(0(@1#,!

#$!6(5*2;,(@1#,D!"4(0*&/$!.#!01$&$(5-,!,50&$(@1#,! (-&/$('&$%(/#,7! (.#-$(C(+#,!&1*&%&'&-$!,1%!.#,!

$10#1%,!.#!*&$(#-$,!&$$#(-$,!.#!/&-/#%,!.#!'#,,(#7!&!+$+!+$1.(+!*&%!.#,!&**%5/2#,!6(5*2;,(@1#,!#$!

,$%1/$1%&)#,!&C(-!.#!/50*%#-.%#!)#1%,!0+/&-(,0#,!.4&/$(5-!#$!)#1%,!(0*&/$,!.&-,!)#!%#/%1$#0#-$!.#!

)(?&-.,! #$! .#! /5%+?1)&$#1%,! #,,#-$(#),! F! )&! $%&-,/%(*$(5-! .#! ?3-#,! /(6)#,D! T)1,(#1%,! ,$%1/$1%#,!

$%(.(0#-,(5--#))#,!5-$!.+:F!+$+!56$#-1#,!*&%!/%(,$&))5?%&*2(#!&1L!%&;5-,HoD!"4(0*&/$!.#,!01$&$(5-,!

(-&/$('&$%(/#,! ,1%! )4&CC(-($+! .#! %#/%1$#0#-$! .#! )(?&-.,! #$! .#! /5%+*%#,,#1%,! *&%! .#,! &**%5/2#,!

6(5*2;,(@1#,!&!&1,,(!+$+!+$1.(+7!#$! /#,!.5--+#,! C5-$! )456:#$!.#! )&!*%+*&%&$(5-!.41-#!*16)(/&$(5-!

,/(#-$(C(@1#!g%X)(K,!6,`(!&*!#%7!N<!9-&9#-#*+=<hD!

!



!
!

5B(0)B!'&!%#!*>,(&!

!
!

Ix!

gVVh! G&%&/$+%(,#%! )4(-$#%&/$(5-! .#! TTPBγHBoBα! &'#/! .#,! ,+@1#-/#,! P<K! g+)+0#-$! .#! %+*5-,#! .#!

TTPBγh!#$!)#!/5&/$('&$#1%!A^<ID!"45*$(0(,&$(5-!6(5/2(0(@1#!.#!)4+$1.#!.1!/50*)#L#!&!+$+!%+&)(,+#!

.1%&-$! )#,! .#1L! *%#0(3%#,! &--+#,! .#! $23,#D! "45*$(0(,&$(5-! .#! )4+$1.#! ,$%1/$1%&)#! .1! 0&/%5H

/50*)#L#! *%5$+(@1#! TTPBγHBoBα! #$! )#1%! /5&/$('&$#1%! A^<I! *&%! /%;5H0(/%5,/5*(#! +)#/$%5-(@1#!

gG%;5HA^h!&!+$+!%+&)(,+#!#$!.#,!%+,1)$&$,!*%+)(0(-&(%#,!5-$!+$+!56$#-1,D!!

!

)A2<B9C92':D931<2'

T51%!%+*5-.%#!&1L!56:#/$(C,!,1('&-$,!.+C(-(,!&1!.+61$!.#!0&!$23,#!8!

gVh!G&%&/$+%(,#%!)#,!/2&-?#0#-$,!.#!,$%1/$1%#!#$!.4&/$('($+!(-.1($,!*&%!.#,!01$&$(5-,!.#!TTPBγ7!,&!

)(&(,5-!F!.#,!/5%+?1)&$#1%,7!#$!(.#-$(C(#%!.#,!)(?&-.,!@1(!05.1)#-$!/#$$#!,$%1/$1%#Q&/$('($+D!!

gVVh!G&%&/$+%(,#%!)#!0&/%5H/50*)#L#!*%5$+(@1#!TTPBγHBoBα!#$!,5-!/5%&/$('&$#1%!A^<ID!

T)1,(#1%,!$#/2-(@1#,!.#!6(5*2;,(@1#!0&(,!&1,,(!.#!6(5)5?(#!,$%1/$1%&)#!5-$!+$+!&65%.+#,!)5%,!.#!0&!

$23,#7! )&! /%;5H0(/%5,/5*(#! +)#/$%5-(@1#! #$! )&! /%(,$&))5?%&*2(#! &1L! %&;5-,Ho! *%(-/(*&)#0#-$! *51%!

)4+$1.#!,$%1/$1%&)#!.#!/50*)#L#,!.#!TTPBγD!!

PC(-!.#!%+*5-.%#!&1!*%#0(#%!56:#/$(C!.#!0&!$23,#!gVh7!05-!$%&'&()!&!/5-,(,$+!#-!)4+$1.#!.#!01$&-$,!

.#! TTPBγU7! .#,! 01$&$(5-,! ,50&$(@1#,7! )5/&)(,+#,! .&-,! )#! .50&(-#! .#! )(&(,5-! &1! )(?&-.! g"X<h!

(.#-$(C(+#,!.&-,!.#,!$10#1%,!.#!/&-/#%,!.#!'#,,(#D!G#,!01$&$(5-,!5-$!+$+!(.#-$(C(+#,!,1%!1-#!/525%$#!

.#!*&$(#-$,!&$$#(-$,!.41-!/&-/#%!.#!'#,,(#!#-!/5))&65%&$(5-!&'#/!)4+@1(*#!.#!>DB&.'&-;(!F!)4V-,$($1$!

G1%(#!F!T&%(,D!"#,!,$%1/$1%#,!/%(,$&))5?%&*2(@1#,!.#,!.(CC+%#-$,!01$&-$,!5-$!+$+!56$#-1#,!8!>eIn=7!

[sJsZ7!#$! ^sppSD!<#,!+$1.#,!6(5*2;,(@1#,! /50*)3$#-$! )#,!+$1.#,! ,$%1/$1%&)#,!.#! /#,!01$&-$,! 8!

)4&-&);,#! <(CC+%#-$(#))#! .#! >)15%#,/#-/#! g<#<=<=>h! &C(-! .4&**%+/(#%! )&! ,$&6()($+! .#,! 01$&-$,! #-!

,5)1$(5-!*&%! %&**5%$!F!TTPBγU!"X<!,&1'&?#7! )&!B+,5--&-/#!T)&,05-!.#!=1%C&/#!*51%! )4+$1.#!.#!

)42+$+%5.(0+%(,&$(5-! .#,! 01$&-$,! .#! TTPBγU! F! BoB! g=TB! 51! X(&/5%#h7! )&! 92#%05*25%3,#! F!

A(/%5+/2#))#!gA=9h!&C(-!.#!.+$#%0(-#%!.#,!*&%&03$%#,!$#),!@1#!.#,!/5-,$&-$#,!.4&CC(-($+!ga"hD!G#,!

+$1.#,!C5-$!)456:#$!.41-#!*16)(/&$(5-!.+*5,+#!.&-,!X(5BL('!*51%!)#,!01$&-$,!(-&/$('&$#1%,!>eIn=!#$!

[sJsZ!g"D!G51$5,H92+'#-5$7!%X)(K,!6,`(!&*!#%Y!Q0$)+**&'h!#$!.41-#!&1$%#!*16)(/&$(5-!,/(#-$(C(@1#!#-!

/51%,!.#!%+.&/$(5-!@1(!/5-,(,$#!F!05-$%#%!)4#CC#$!.#,!01$&-$,!>eIn=!#$![sJsZ!,1%!)#!%#/%1$#0#-$!.#!

/5%+*%#,,#1%,! gKG5B! #$! =AB9h! #$! )#1%! )(&(,5-! F! 1-! )(?&-.! (-'#%,#! &?5-(,$#! g%X)(K,! 6,`(! &*! #%7! N<!

9-&9#-#*+=<hD!



!
!

5B(0)B!'&!%#!*>,(&!

!
!

It!

T51%! %+*5-.%#! &1! .#1L(30#! 56:#/$(C! .#!0&! $23,#! gVVh7! @1(! #,$! )&! /&%&/$+%(,&$(5-! 6(5/2(0(@1#! #$!

,$%1/$1%&)#!.1!0&/%5H/50*)#L#!*%5$+(@1#!TTPBγHBoBα!#$!,5-!/5&/$('&$#1%!A^<I!#-!*%+,#-/#!.#!

)4+)+0#-$! .#! %+*5-,#! F! )4P<K7! .#,! 5*$(0(,&$(5-,! 6(5/2(0(@1#,! 5-$! +$+! %+&)(,+#,D! "45*$(0(,&$(5-!

6(5/2(0(@1#!.#!)&!*1%(C(/&$(5-!*51%!.#,!+$1.#,!,$%1/$1%&)#,!.1!0&/%5H/50*)#L#!*%5$+(@1#!TTPBγH

BoBα!#$! )#1%!/5&/$('&$#1%!A^<I!&!+$+!%+&)(,+#!*&%!/%;5H0(/%5,/5*(#!+)#/$%5-(@1#!gG%;5HA^h7!.#,!

%+,1)$&$,!*%+)(0(-&(%#,!5-$!+$+!56$#-1,!g:(*;),!=hD!!

!

!
!

+),-./!1!2!5B(0%*#*(!9-B%+)+<#+-&(!=$*&<0(!'0!8=)9%&2&!3345γ@5S5α!&*!%&!8=#8*+C#*&0-!UK7:!9#-!

8-D=@)+8-=(8=9+&!B%&8*-=<+R0&a!

T)1,(#1%,!C5%0&$(5-,!gl5%N,25*,h!#-!0(/%5,/5*(#!045-$!*#%0(,!.4&'&-/#%!.#!0&-(3%#!/5-,(.+%&6)#!

.&-,! 05-! *%5:#$! .#! $23,#7! -5$&00#-$! )4&,*#/$! .#! )4+$1.#! ,$%1/$1%&)#! .1! /50*)#L#! #-$(#%!

2TTPBγQBoBα!&'#/!,5-!/5%+?1)&$#1%!g/5&/$('&$#1%h!A^<I!#$!)4&-&);,#!.#,!.5--+#,!*%+)(0(-&(%#,!.#!

0(/%5,/5*(#!.+:F!56$#-1#,D!<1%&-$!/#$$#!*+%(5.#!g1-#!*&%$(#!.#,!.#1L!*%#0(3%#,!&--+#,!.#!$23,#h7!

)4+$1.#!6(5/2(0(@1#!.1!/50*)#L#!&!-+/#,,($+!*)1,(#1%,!5*$(0(,&$(5-,7!-5$&00#-$!*51%! )&!*&%$(#!

*%5.1/$(5-! #$! *1%(C(/&$(5-D! R-#! *%#0(3%#! ,$%&$+?(#! &! +$+! &.5*$+#! .3,! )#! .+61$! .#! )&! $23,#!8!

)4#L*%#,,(5-! .1! /50*)#L#! .&-,! )#,! /#))1)#,! .4(-,#/$#,! g,;,$30#! X&/1)5'(%1,hD! G#*#-.&-$7! .#,!

*%56)30#,! .#! ,$&6()($+! #$! .42505?+-+($+! .1! /50*)#L#! 5-$! +$+! 56,#%'+,! )5%,! .#! /#$$#! *2&,#!

.45*$(0(,&$(5-!.#!*1%(C(/&$(5-!.1!/50*)#L#D!

T51%! %+*5-.%#! F! /#! *%56)30#! .#! ,$&6()($+! #-! ,5)1$(5-7! 1-#! -51'#))#! ,$%&$+?(#! .4#L*%#,,(5-! .1!

/50*)#L#!&!+$+!&05%/+#!8! )#! ,;,$30#!.4#L*%#,,(5-!#1/&%;5$#!#-! /#))1)#,!.#!0&00(C3%#,!X[aUI!

g,;,$30#! j&//(-(&h! .+'#)5**+! .&-,! )4+@1(*#! .#!A&%/! B1CC! F! )4V]XAGD! <(CC+%#-$#,! /5-,$%1/$(5-,!



!
!

5B(0)B!'&!%#!*>,(&!

!
!

I{!

*%5$+(@1#,! 5-$! +$+! /)5-+#,! *51%! .#,! $#,$,!.#! *1%(C(/&$(5-! F! *#$($#! +/2#))#! &C(-! .45*$(0(,#%! )&!

*1%(C(/&$(5-! .1! /50*)#L#! 8! /5H#L*%#,,(5-! .#! 2TTPBγHBoBα! #$!A^<I! #$! )&! /5H*1%(C(/&$(5-! .#! /#,!

.#%-(#%,D! ^-!#CC#$7! .#,!05.(C(/&$(5-,!*5,$H$%&.1/$(5--#))#,! ,1**)+0#-$&(%#,!*51'&-$! ,$&6()(,#%! )#!

/50*)#L#! ,5-$! *5,,(6)#,! .&-,! )#! ,;,$30#! .4#L*%#,,(5-! 0&00(C3%#,7! /#! @1(! *#%0#$$%&($! 1-#!

#L*%#,,(5-!.41-!/50*)#L#!,$k/2(50+$%(@1#!#$!*)1,!,$&6)#!#-!,5)1$(5-D!"#,!*%#0(#%,!$#,$,!F!*#$($#!

+/2#))#!5-$!+$+!$%3,!#-/51%&?#&-$,!0&(,!.#,!#,,&(,!F!?%&-.#!+/2#))#!,#%5-$!F!*%+'5(%D!!

%:1=B<2>:12''

!
! "5%,!.#!0&!$23,#7!1-!*%#0(#%!'5)#$!/5-,(,$&($!#-!)4+$1.#!#$!)&!/&%&/$+%(,&$(5-!,$%1/$1%&)#!.#,!

01$&-$,!(-&/$('&$#1%,!(.#-$(C(+,!.&-,!.#,!$10#1%,!.#!*&$(#-$,!&$$#(-$,!.41-!/&-/#%!.#!'#,,(#!g>eIn=7!

^sppS7! [sJsZh! #-! *%+,#-/#! .41-! )(?&-.! &?5-(,$#! 51! (-'#%,#! &?5-(,$#! #$! )#1%,! /5%+?1)&$#1%,!

gG5%+*%#,,#1%,!KG5BQ=AB9!51!#-/5%#!/5&/$('&$#1%!T]GIαh!&C(-!.#!/50*%#-.%#!)#1%!0+/&-(,0#!.#!

%#/%1$#0#-$D!G#!$%&'&()!&!&651$(!.&-,!1-!*%#0(#%!$#0*,!F!1-#!*%#0(3%#!*16)(/&$(5-!,/(#-$(C(@1#!g"D!

G51$5,H92+'#-5$7!%X)(K,!6,`(!&*!#%Y!Q0$)+**&'h!/5-/#%-&-$!)#,!01$&-$,!>eIn=!#$![sJsZ7!/50*)#L+,!

&'#/! 1-! /5&/$('&$#1%! gT]GIαh! #$! 1-! )(?&-.! &?5-(,$#! g]lIJUJhD! ^-! *&%&))3)#7! )#,!0O0#,! +$1.#,!

,$%1/$1%&)#,!#$!6(5*2;,(@1#,!5-$!+$+!0#-+#,!*51%!)#,!0O0#,!01$&-$,7!&C(-!.4+$1.(#%!)#!0+/&-(,0#!

.#!%#/%1$#0#-$!.41-!)(?&-.!&?5-(,$#!(-'#%,#!g9nntnJnth!#-!*%+,#-/#!.1!/5%+*%#,,#1%!KG5BD!<#,!

.5--+#,!5-$!+$+!56$#-1#,!*51%!)#,!01$&-$,!>eIn=!#$![sJsZ!g%X)(K,!6,`(!&*!#%7!N<!9-&9#-#*+=<hD!!

!

! R-!.#1L(30#!'5)#$!.#!)&!$23,#!&!*5%$+!,1%!)&!/&%&/$+%(,&$(5-!.1!/50*)#L#!TTPBγHBoBα!#-$(#%7!

.&-,!)456:#/$(C!.41-#!+$1.#!,$%1/$1%&)#!*&%!/%;5HA^D!<#,!+$&*#,!.45*$(0(,&$(5-,!.#!*%5.1/$(5-!#$!.#!

*1%(C(/&$(5-! 5-$! +$+! -+/#,,&(%#,D! ^-! '1#! .1! /2&))#-?#! .#! /#! *%5:#$7! .#,! %+,1)$&$,! *%+)(0(-&(%#,!

#-/51%&?#&-$,! 5-$! +$+! &/@1(,!0&(,! &1/1-#! ,$%1/$1%#! F! 2&1$#! %+,5)1$(5-! -4&! *1! O$%#! 56$#-1#! F!

)42#1%#!&/$1#))#D!!

!



!
!

30$%+8#*+=<(!Q8+&<*+M+R0&(!

!
!

IJ!

!"#$%&'%#&:*-.";,$"56#&#;"%6$"("<*%#&
!
!
0,H;)),KJ!.HJ(d.J(K*!T;J.J(WKa!We!2210γ!.aaWH(.J,'!i(JI!A;T(K.A!@A.'',)!J;TW)a8!K&$&/2&!B5/2#)7!

G)+0#-$(-#!a%1/N#%7!"&1%#!G51$5,H92+'#-5$7!E1.($!_,`7!B1(;1-!q2&-?7!^)5.(#!]1;5-7!l&;-#!q($&7!

=+'#%(-!j&-$25-?7!_,/&%!P)6&![#%-&-.#`7!A&L(0#!X51%?1#$7!a&;,!P)!X&.&M;7!>)5%#-$!<1C51%7!G&%5)#!

T#)1,5HV)$(,7!%X)(K,!6,`(7!P--(/N!<#:&#?#%#7!P1%+)(#!a&051-!7!P1%+)(#-!.#!B#;-(3,7!Z&--!K#1`())#$7!

=&-.%&!B#651(,,517!G)&(%#!X+%&1.7![#%'+!"&-?7!92(#%%;!A&,,C#).#%7!Z'#,!P))5%;7!=&%&2!G(&-C+%&-(7!

B5)&-.![D!=$5$#7!>%&-W5(,!B&.'&-;(!\!V,&6#))#!X#%-&%.HT(#%%5$7!O#*!E=)Y!Xb:c!

!

6.a.A!a;@JX-,Ra-,H(e(H!J;TW)!a;--),aaW)!)WA,!eW)!2210γ!(K!@A.'',)!H.KH,)!/!"&1%#!G51$5,H92+'#-5$7!

%X)(K,! 6,`(7! [+)3-#! K#;%#$Ha&2-7! S1#-$(-! T(**57! E&/@1#)(-#! >5-$1?-#7! E1.($! _,`7! G)+0#-$(-#!

a%1/N#%7! G)&%(/#! <5,! =&-$5,! ]%5#-#'#).7! >)5%#-$! <1C51%7! P1%+)(#! a&051-7! A&%(#! "#;7! ^)5.(#!

G2&*#&16)&-/7!P1%+)(#-!.#!B#;-(#,7!92(#%%;!"#6%#$7!Z'#,!P))5%;7!=&%&2!G(&-C+%&-(7!>%&-W5(,!B&.'&-;(7!

K&$&/2&!B5/2#)!&-.!V,&6#))#!X#%-&%.HT(#%%5$7!Q0$)+**&'Y!;+=52+C!

!

%J);HJ;).A!@.a(a!eW)!(Kd,)a,!.*WK(aJRT,'(.J,'!),H);(JT,KJ!We!QOW0!HW),-),aaW)!@X!2210γ!!:><G%!

(K.HJ(d.J(K*!T;J.KJ8! %X)(K,! 6,`(7! S1#-$(-! T(**57!A&%(#! "#;7! P)&,$&(%!A/^M#-7! =&%&2! G(&-C#%&-(7!

K&$&/2&!B5/2#)7!N<!9-&9#-#*+=<!

!

! *



!
!

E=))0<+8#*+=<(!Q8+&<*+M+R0&(!

!
!

Un!

3*$+%#&;522*6";,$"56#&#;"%6$"("<*%#&
!
!

2)+a,KJ.J(WK!W).A,!g%,-J,T@),!=G<Eh!8!^AX_!T%&/$(/&)!G51%,#!b!G%;5H^)#/$%5-!A(/%5,/5*;!&-.!e<!

V0&?#! T%5/#,,(-?! UnI{! c! >5%0&$(5-! $2+5%(@1#! #$! *%&$(@1#D! ^AX"! P.'&-/#.! 9%&(-(-?! G#-$#%!

g[#(.#)6#%?7!P))#0&?-#h7!

!

2WaJ,)!%H(,KJ(e(c;,!g3HJW@),!=G<Fh!8!b!V-&/$('&$(-?!01$&$(5-,!5C!TTPB?&00&!&,,5/(&$#.!M($2!6&,&)!

6)&..#%! $105%,!c7! %X)(K,! 6,`(7! S1#-$(-! T(**57! K&$&/2&! B5/2#)7! G5-?%3,! X=V! UnIJ7! X(5)5?(#!

=$%1/$1%&)#!V-$+?%&$('#7!g951)51,#7!>%&-/#h7!

!
2)+a,KJ.J(WK! W).A,! g3HJW@),! =G=GhM! %+T(K.(),! (KJ,)K,! VZ65O!/! b!=$%1/$1%#HC1-/$(5-! ,$1.(#,! 5C!

TTPBγ!01$&-$,!(.#-$(C(#.!(-!6&,&)!6)&..#%!/&-/#%7!V]XAG7!gV))N(%/27!>%&-/#hD!!

!

!



!
!
!

!

!

!

!

!

*

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!"#$%&'()*)

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

*



!
!

34#5)6./!0!L!N<*-='08*+=<!6B<B-#%&!

!

UU!

*

=8,:"$+%&>&?&@6$+5'*;$"56&A161+,.%&
!

!"!#$%&'()*+,'+&)$-*%)./&.0-+
!
! G2#`! )#,! &;H.)XWJ,a7! $%5(,! PBK! *5);0+%&,#,! -1/)+&(%#,! .(CC+%#-$#,! *#%0#$$#-$! )&!

$%&-,/%(*$(5-!.#,!.(CC+%#-$,!$;*#,!.4PBK,D!"4PBK!*5);0+%&,#!V!gT5)!Vh!$%&-,/%($!)#,!PBK!%(65,50(@1#,!

gPBK%h7!)4PBK!T5)!VV!*#%0#$!)&!$%&-,/%(*$(5-!.#,!PBK!0#,,&?#%,!gPBK0h7!#$!#-C(-7!)4PBK!T5)!VVV!*#%0#$!

/#))#! .#,!PBK,! .#! $%&-,C#%$,! #$! )#,! *#$($,! PBK,! gPBK$hD! 951$#,! )#,! *%5$+(-#,! &;&-$! 1-! %Y)#! .&-,!

)4(-($(&$(5-!.#! )&! $%&-,/%(*$(5-! ,5-$! /&%&/$+%(,+#,! /500#!&**&%$#-&-$!F! )&! /)&,,#!.#,! e.HJ,;)a!',!

J).KaH)(-J(WKD!T)1,(#1%,!C&/$#1%,!.#!$%&-,/%(*$(5-!,5-$!/5--1,!#$!&?(,,#-$!F!$%&'#%,!)&!%#/5--&(,,&-/#!

.#!,+@1#-/#,!/(6)#,!%+?1)&$%(/#,!&1!-('#&1!.#,!%+?(5-,!*%505$%(/#,!.#,!?3-#,D!V)!#L(,$#!&1:51%.421(!

*)1,! .#! Unnn! C&/$#1%,! .#! $%&-,/%(*$(5-! (.#-$(C(+,7! /5.+,! *&%! )#! ?+-50#! 210&(-D! G#,! *%5$+(-#,!

*5,,3.#-$!.#1L!.50&(-#,!/&%&/$+%(,$(@1#,!8!1-!.50&(-#!.4&/$('&$(5-!51!.#!%+*%#,,(5-!*#%0#$$&-$!

&1L! C&/$#1%,! .#! $%&-,/%(*$(5-! .4(-$#%&?(%! &'#/! .#,! /5C&/$#1%,! &C(-! .#! /5-$%Y)#%! )4&/$('&$(5-! 51! )&!

%+*%#,,(5-!.#!)&!0&/2(-#%(#!6&,&)#!.#!$%&-,/%(*$(5-7!#$!1-!,#/5-.!.50&(-#!@1(!#,$!1-!,($#!.#!)(&(,5-!

.(%#/$!F!1-#!,+@1#-/#!,*+/(C(@1#!.#!)4P<KD!G#*#-.&-$7!)4(-$#%&/$(5-!.41-!C&/$#1%!.#!$%&-,/%(*$(5-!

&'#/!1-#!,+@1#-/#!P<K!-4#,$!*&,!$51:51%,!%#@1(,#D!^-!#CC#$7!1-!C&/$#1%!.#!$%&-,/%(*$(5-!*#1$!#-!

%#/5--&($%#!1-!&1$%#!@1(!)1(7!#,$!)(+!F!)4P<K7!51!6(#-!(-$#%&?(%!.(%#/$#0#-$!&'#/!)4PBK!*5);0+%&,#D!!!

"#,!C&/$#1%,!.#!$%&-,/%(*$(5-!%#/5--&(,,#-$!*51%!)&!*)1*&%$!.#,!*#$($#,!,+@1#-/#,!.4P<K!/5-,#%'+#,!

&1!-('#&1!.#,!*%505$#1%,!.#!)#1%,!?3-#,!/(6)#,D!V)!C&1$!-5$#%!@1#!/#%$&(-#,!.#!/#,!,+@1#-/#,!,5-$!

/5001-#,! F! *)1,(#1%,! ?3-#,7! #$! 1$()(,+#,! .#! 0&-(3%#! /5-,$($1$('#7! #$! /#%$&(-#,! &1$%#,! ,5-$!

,*+/(C(@1#,!F!/#%$&(-,!?3-#,!#$!)#1%,!&/$('($+,!-+/#,,($#-$!1-#!%+?1)&$(5-!*&%$(/1)(3%#D!!

!
! "410Q!-WAXT+).a,!VV!-+/#,,($#!.4(-$#%&?(%!&'#/!1-#!0&/2(-#%(#!$%&-,/%(*$(5--#))#!/5-,$($1+#!

.#! *)1,(#1%,! C&/$#1%,! &1L()(&(%#,! &**#)+,! ":VVP! g5u! o! #,$! 1-#! )#$$%#! .4(.#-$(C(/&$(5-! .41-! C&/$#1%!

(-.('(.1#)h! g:(*;),! <hD! ^-! #CC#$7! #))#! -#! *#1$! *&,! (-($(#%! )&! $%&-,/%(*$(5-! ,&-,! )&! C5%0&$(5-! .41-!

/50*)#L#! 01)$(H*%5$+(@1#! /(6)&-$! 1-#! ,+@1#-/#! .4P<K! ,*+/(C(@1#D! G#! /50*)#L#! #,$! &**#)+!

HWT-A,L,! @.a.A! ',! J).KaH)(-J(WKD! <#,!05$(C,! -1/)+5$(.(@1#,! ,*+/(C(@1#,! ,5-$! %#/5--1,! .&-,! )#,!

%+?(5-,!8+(H%+?1)&$%(/#,!.#,!?3-#,!/(6)#,D!G#!/50*)#L#!#,$!-+/#,,&(%#!F!)&!$%&-,/%(*$(5-!.#!$51,!)#,!

?3-#,!.#!HA.aa,!VV!g:(*;),!=hD!"#,!*%505$#1%,!/5-$(#--#-$!.#,!,+@1#-/#,!.4P<K!,*+/(C(@1#,!#$!.#,!

+)+0#-$,!.#! %+*5-,#,!@1(! /5-,$($1#-$!.#,! ,($#,!.#! C(L&$(5-!.#! )4PBK!*5);0+%&,#!#$!.#,! C&/$#1%,!

?+-+%&1L!.#!$%&-,/%(*$(5-!g]9>,h!@1(!)&!%#/%1$#-$D!!!



!
!

34#5)6./!0!L!N<*-='08*+=<!6B<B-#%&!

!

Ue!

!

+),-./!0!L!Q8>B)#!/B<B-#%!'&!%d+<+*+#*+=<!'&!%#!*-#<(8-+9*+=<!9#-!%d45O!9=%D)B-#(&!NN!&*!%&!8=)9%&2&!

'&!9-B@+<+*+#*+=<!_3NE`Y!IJJ-a/SS.--N@(W),K',)NHWTN!

!

!
!

+),-./!1!L!Q8>B)#!/B<B-#%!'&!%d=-/#<+(#*+=<!'d0<!/,<&!'&!8%#((&!NNa!
!
!

G#,! +)+0#-$,! .#! %+*5-,#! ,5-$! )5/&)(,+,! #-! &05-$! .#,! *%505$#1%,7! /5-,$($1&-$,! &(-,(! )#! ,($#!

.4(-($(&$(5-!.#!)&!$%&-,/%(*$(5-!51!9==!g"-#<(8-+9*+=<!Q*#-*!Q+*&hD!<4&1$%#,!C&/$#1%,!*#1'#-$!(-$#%&?(%!

&'#/!.#,!,+@1#-/#,!/(6)#,!#-!&'&)!.#,!,+@1#-/#,!*%505$%(/#,!*51'&-$!O$%#!,($1+#,!F!.#,!0())(#%,!.#!

*&(%#,!.#!6&,#,!g*6h!.1!,($#!9==7!#$!/#,!,+@1#-/#,!,5-$!,5($!&0*)(C(/&$%(/#,!51!b!&<>#<8&-(!c!,5($!.#,!

,+@1#-/#,! .#! %+*%#,,(5-! 51! b!(+%&<8&-(!c! &651$(,,&-$! %#,*#/$('#0#-$! F! )&! $%&-,/%(*$(5-! 51! F! )&!

%+*%#,,(5-!.41-!?3-#!/(6)#!g=*($`!&-.!>1%)5-?7!UnIUh!�!g"#-2&%.!#$!&)D7!UnIUhD!

"#,!e.HJ,;)a!*+K+).;L!',!J).KaH)(-J(WK!/5-,$($1#-$!1-!0&/%5H/50*)#L#!*%5$+(@1#!:51&-$!1-!%Y)#!

(-.(,*#-,&6)#!F!)4(-($(&$(5-!.#!)&!$%&-,/%(*$(5-D!"#,!.(CC+%#-$,!&/$#1%,!(0*)(@1+,!&(-,(!@1#!)#,!+$&*#,!

/)+,! ,5-$! )#,! ,1('&-$,!8! )#,! ,+@1#-/#,!.4P<K!*%505$%(/#,7! )#! %#/%1$#0#-$!.#! )4PBK!*5);0+%&,#! VV!

*#%0#$$&-$!)&!C5%0&$(5-!.1!HWT-A,L,!',!-)+R(K(J(.J(WK!gTVGh7!)451'#%$1%#!.#!)&!.516)#!2+)(/#!.4P<K!



!
!

34#5)6./!0!L!N<*-='08*+=<!6B<B-#%&!

!

Us!

&1!-('#&1!.1!,($#!.#!C(L&$(5-!C5%0&-$!1-#!61))#!$%&-,/%(*$(5--#))#!&651$(,,&-$!F!)&!C5%0&$(5-!.#!)&!

*%#0(3%#! )(&(,5-!*25,*25H.(#,$#%!.&-,! )#!,($#!&/$(C!.#! )&!T5)! VV7!*1(,7! )4&/$('&$(5-!.#! )&!T5)! VV!#$!,&!

)(6+%&$(5-! .1! /50*)#L#! TVG! *#%0#$$#-$! )&! C5%0&$(5-! .1! /50*)#L#! .4+)5-?&$(5-! g:(*;),! >hD! "#,!

C&/$#1%,!?+-+%&1L!.#!$%&-,/%(*$(5-!51!]9>,!g9>!*51%!"-#<(8-+9*+=<!.#8*=-h!,5-$!)#,!,1('&-$,!8!9>VVP7!

9>VVX7!9>VV<7!9>VV^7!9>VV>7!#$!9>VV[!g=&(-,61%;!#$!&)D7!UnIphD!"#!C&/$#1%!9>VV<!*#%0#$!)&!C(L&$(5-!,1%!)&!

65�$#! 9P9P! *1(,@14()! /5-$(#-$! )&! *%5$+(-#! 9XT! g*51%! "4"4@;=2! $+<'+</! 9-=*&+<h! @1(! %#/5--&($! )&!

,+@1#-/#!/5-,#-,1,!.1!*%505$#1%!b!9P9PP9!c!/2#`!)#,!^1/&%;5$#,7!&(-,(!@1#!.#,!C&/$#1%,!&,,5/(+,!

F! )&! 9XT! g9P>,7!";3@4((=8+#*&'! .#8*=-(h! ! gX1%N#! &-.!a&.5-&?&7! IJJthD! "&!*%5$+(-#! 9XT!#,$! .5-/!

%#,*5-,&6)#!.#!)4(-($(&$(5-!?+-+%&)#!.#!)&!$%&-,/%(*$(5-7!#$!)#,!9P>,!5-$!1-!%Y)#!/)+!*51%!)4&,,5/(&$(5-!

#-$%#!)&!0&/2(-#%(#!$%&-,/%(*$(5--#))#!#$!)#,!*%505$#1%,!/(6)#,!gT)&,/2N&!#$!&)D7!UnIphD!^-!*)1,!.1!

/50*)#L#! .#! *%+H(-($(&$(5-7! )4&/$('&$(5-! .#! )&! $%&-,/%(*$(5-! #,$! &1,,(! .+*#-.&-$#! .41-! /50*)#L#!

/5&/$('&$#1%! 01)$(H*%5$+(@1#! 8! )#! T+'(.J,;)D! "#! 0+.(&$#1%! #,$! /5-,$($1+! .#! Un! ,51,H1-($+,!

*%5$+(@1#,! .41-! *5(.,! 05)+/1)&(%#! $5$&)! .#! I7U! A<&D! "#! 0+.(&$#1%! (-$3?%#! .#,! ,(?-&1L! .#,!

.(CC+%#-$#,!*%5$+(-#,!%+?1)&$%(/#,7!.#!-&$1%#!&/$('&$%(/#,!51!%+*%#,,('#,!*51%!%+?1)#%!)4(-($(&$(5-!.#!

)&!$%&-,/%(*$(5-!gX5%??%#C#!&-.!Z1#7!UnIIh!g:(*;),!?hD!!

^-! 51$%#! )#,! C&/$#1%,! ?+-+%&1L! .#! $%&-,/%(*$(5-! (-.(,*#-,&6)#,! F! )4(-($(&$(5-! .#! )&! $%&-,/%(*$(5-!

^1/&%;5$#! .+/%($#! *%+/+.#00#-$7! .4&1$%#,! C&/$#1%,! %+?1)#-$! )4#L*%#,,(5-! .#,! ?3-#,! ,51,! .#,!

/5-.($(5-,!'&%(&6)#,D!G#,!%+?1)&$(5-,!,5-$!(0*)(@1+#,!.&-,!.('#%,!*%5/#,,1,!6(5)5?(@1#,!$#),!@1#!)#,!

.(CC+%#-$#,! +$&*#,! .1! .+'#)5**#0#-$7! )&! .(CC+%#-$(&$(5-! /#))1)&(%#7! )&!05.(C(/&$(5-! .#,! %+*5-,#,!

/#))1)&(%#,!F!.(CC+%#-$,!,$(01)(! (-$#%-#,!51!#L$#%-#,!gC&/$#1%,!.#!$%&-,/%(*$(5-!,(?-&)H.+*#-.&-$,hD!

"#,!.(CC+%#-$#,!'5(#,!.#!,(?-&)(,&$(5-,7!)#,!0+/&-(,0#,!.4+*(,,&?#!.#!)4PBK7!)#,!PBK,!-5-!/5.&-$,7!

)#,!05.(C(/&$(5-,!+*(?+-+$(@1#,7! )#! %#05.#)&?#!.#! )&!/2%50&$(-#!#$! )#,! C&/$#1%,!.#! $%&-,/%(*$(5-!

:51#-$!1-!%Y)#!*%(05%.(&)!.&-,!)&!%+?1)&$(5-!.#!)4#L*%#,,(5-!?+-(@1#D!�!/#!:51%7!*)1,!.#!Unnn!C&/$#1%,!

.#! $%&-,/%(*$(5-! ,5-$! %+*#%$5%(+,! .&-,! )#,! 6&-@1#,! .#! .5--+#,D! 951,! /#,! C&/$#1%,! /(6)#-$! .#,!

+)+0#-$,!.#!%+*5-,#!,1%!)4P<K!#$!(-$#%&?(,,#-$!&'#/!*)1,(#1%,!/5C&/$#1%,D!



!
!

34#5)6./!0!L!N<*-='08*+=<!6B<B-#%&!

!

Up!

!
!
!

+),-./!7!L!5e%&(!M=<8*+=<<&%(!'0!)B'+#*&0-!&*!'&(!M#8*&0-(!'&!*-#<(8-+9*+=<!/B<B-#02!_6".(`!'#<(!

%d+<+*+#*+=<!'&!%#!*-#<(8-+9*+=<!9#-!%d45O!9=%D)B-#(&!NN!

89#56:/!9/!;'.,,./</!#=9!>-/?!1@00%! !



!
!

34#5)6./!0!L!N<*-='08*+=<!6B<B-#%&!

!

Ux!

!

!

+),-./!A!2!Q8>B)#!/B<B-#%!'&!%d#8*+C#*+=<!'&(!/,<&(!&*!M=-)#*+=<!'0!8=)9%&2&!'&!9-B@+<+*+#*+=<!

_3NE`!'&!%#!*-#<(8-+9*+=<!9#-!%d45O!3=%D)B-#(&!NN!&*!%&!8=)9%&2&!)B'+#*&0-Y!

IJJ-a/SS.--N@(W),K',)NHWTN!

!

<#,!.50&(-#,!.4(-$#%&/$(5-,!*&%$(/1)(#%,! $#),!@1#! )#,!.50&(-#,!.#! )(&(,5-,!F! )4P<K!51!<X<!g7O4!

;+<'+</! 7=)#+<h7! 51! #-/5%#! .#,! .50&(-#,! .4&/$('&$(5-! g51! P>! *51%! 48*+C#*+=<@.0<8*+=<h!

/&%&/$+%(,#-$!/#,!C&/$#1%,D!G#,!C5-/$(5-,!.4&/$('&$(5-,!,5-$!1-#!(-$#%C&/#!.4(-$#%&/$(5-!(0*5%$&-$#!

*51%! )#! %#/%1$#0#-$! .#,! HW)+*;A.J,;)aD! G#,! /5%+?1)&$#1%,! *#1'#-$! &'5(%! *)1,(#1%,! %Y)#,!

*2;,(5)5?(@1#,!$#),!@1#!)&!05.(C(/&$(5-!.#!)&!/2%50&$(-#!51!#-/5%#!*#%0#$$%#!)&!)(&(,5-!.#,!C&/$#1%,!

.#!$%&-,/%(*$(5-!F!)&!0&/2(-#%(#!$%&-,/%(*$(5--#))#7!05.1)&-$!)#,!.(CC+%#-$#,!'5(#,!.#!%+?1)&$(5-!.#!

)&!$%&-,/%(*$(5-D!G#,!C&/$#1%,!*5,,3.#-$!.#,!,$%1/$1%#,!05.1)&(%#,!#$!,5-$!.+$#%0(-&-$,!.&-,!)4+$&$!

+*(?+-+$(@1#!.#,!/#))1)#,D!^-!*)1,!.#,!.50&(-#,!.#!)(&(,5-!F!)4P<K!g<X<h7!/#%$&(-,!*5,,3.#-$!.#,!

.50&(-#,!.#!%+?1)&$(5-!,1**)+0#-$&(%#,!,(?-&)H.+*#-.&-$,!/500#!.#,!.50&(-#,!.#! )(&(,5-!&1L!

)(?&-.,!51!"X<!gP+/#<'!;+<'+</!7=)#+<h!51!#-/5%#!.#,!.50&(-#,!.#!*-#<(H&/$('&$(5-!51!.#!*-#<(H

%+*%#,,(5-D!G4#,$!-5$&00#-$!)#!/&,!.#,!C&/$#1%,!.#!$%&-,/%(*$(5-!.#!)&!C&0())#!K>HNX!51!#-/5%#!)#,!

C&/$#1%,!.#!$;*#!)+H,-J,;)a!K;HA+.(),aD!!

!



!
!

34#5)6./!0!L!N<*-='08*+=<!6B<B-#%&!

!

Ut!

1"!2'*+)3%'/&'()*+-(%43$.)'*+567*8+
!

! "#,!)+H,-J,;)a!K;HA+.(),a!gBK,h!,5-$!)41-#!.#,!/)&,,#,!)#,!*)1,!&65-.&-$#,!.#!%+?1)&$#1%,!.#!

)&!$%&-,/%(*$(5-!/2#`!)#,!&-(0&1L7!-5$&00#-$!)#,!'#%$+6%+,7!)#,!-+0&$5.#,!&(-,(!@1#!)#,!&%$2%5*5.#,!

g^,/%('&!#$!&)7!UnnUhD!R-#!/&%&/$+%(,$(@1#!/5001-#!)#,!.+C(-($!8! )&!%+?1)&$(5-!.#!)&!$%&-,/%(*$(5-!F!

$%&'#%,!.('#%,!0+/&-(,0#,7!*%(-/(*&)#0#-$!*&%! )42&6()($+!.4&/$('#%!51!.#!%+*%(0#%!)&!$%&-,/%(*$(5-!

.#,!?3-#,!@14(),!/5-$%Y)#-$!#-!%+*5-,#!F!)4(-$#%&/$(5-!&'#/!.#,!A(*.K'a!,*+/(C(@1#,D!T&%0(!)#,!*#$($#,!

05)+/1)#,!,#%'&-$!.#!)(?&-.,!&1L!BK,7!5-!*#1$!(.#-$(C(#%!.#,!25%05-#,!#-.5?3-#,!g$2;%5r.(#--#,!

#$! ,$+%5r.(#--#,h7! .#,! 05)+/1)#,! )(*5*2()#,! $#))#,! @1#! .#,! '($&0(-#,7! 51! #-/5%#! .(CC+%#-$,!

0+$&65)($#,!.1!/25)#,$+%5)!g".@A,.;!<hN!!

G#,! %+/#*$#1%,! %+?1)#-$! .('#%,#,! C5-/$(5-,! &1! ,#(-! .#! )45%?&-(,0#! $#))#,! @1#! )4250+5,$&,(#! .1!

?)1/5,#7!)&!%#*%5.1/$(5-7!)#!.+'#)5**#0#-$!&(-,(!@1#!)#!0+$&65)(,0#!.#,!&/(.#,!?%&,D!T)1,!.#!Ipn!

BK,! ,5-$! %+*#%$5%(+,! F! /#! :51%7! #$! (),! C5%0#-$! 1-#! a;-,)e.T(AA,! .#! *%5$+(-#,! &**&%#-$+#,!

*2;)5?+-+$(@1#0#-$7!.5-$!s{!?3-#,!(.#-$(C(+,!/2#`!)42500#!gB56(-,5-HB#/2&'(!#$!&)D7!UnnIhD!

G#,!*%5$+(-#,!&?(,,#-$!.&-,!)#!-5;&1!%#)&;&-$!.#,!,(?-&1L!25%05-&1L!#$!*#%0#$$#-$!)&!05.1)&$(5-!

.#!)4#L*%#,,(5-!.#,!?3-#,D!V),!&?(,,#-$!.#!0&-(3%#!*-#<(7!/4#,$HFH.(%#!@14(),!(-.1(,#-$!)4#L*%#,,(5-!.#!

?3-#,!/5.&-$!.#,!*%5$+(-#,!@1(7!F!)#1%!$51%7!&/$('#-$!.#!-506%#1L!&1$%#,!?3-#,D!!

"#,!%+/#*$#1%,!-1/)+&(%#,!*#1'#-$!O$%#!/)&,,+,!#-!.#1L!?%&-.#,!/)&,,#,!gX%#)('#$!#$!&)D7!Unnsh7!!)#,!

%+/#*$#1%,! .#! HA.aa,! V! &?(,,&-$! ,51,! C5%0#! .42505.(03%#,! #$! ,5-$! ,($1+,! .&-,! )#! /;$5,5)7! *1(,!

.+)5/&)(,+,!.&-,!)#!-5;&1!$#),!@1#!)#,!%+/#*$#1%,!,$+%5r.(#-,!�!#$!)#,!%+/#*$#1%,!-1/)+&(%#,!.#!HA.aa,!

VV7!@1&-$!F!#1L!,5-$!$51:51%,!0&(-$#-1,!.&-,!)#!-5;&1!#$!&?(,,#-$!,51,!C5%0#!.42+$+%5.(03%#,!&'#/!

)#!)+H,-J,;)!',a!)+J(KWj',a!PM!0P0!gB&,$(-#:&.7!UnnIhD!T&%0(!/#,!%+/#*$#1%,!8!!

!

H! "#!%+/#*$#1%!F!)&!'($&0(-#!<!gj<Bh!&;&-$!*51%!)(?&-.!-&$1%#)!)&!.(2;.%5L;'($&0(-#!<e7!.+%('+!

.1!/25)#,$+%5)7!

H! "#,!%+/#*$#1%,!.#,!%+$(-5r.#,!gBPB!#$!BoBh!&;&-$!*51%!)(?&-.,!)#,!&/(.#,!%+$(-5r@1#,7!

H! "#,!%+/#*$#1%,!.#,!25%05-#,!$2;%5r.(#--#,!g9Bh!)(&-$!)425%05-#!$%(5.5$2;%5-(-#7!

H! "#,! %+/#*$#1%,! ,$+%5r.(#-,! gAB7! PB7! ]B7! ^B7! TBh! .5-$! )#,! )(?&-.,! .+%('#-$! .1!

/25)#,$+%5)7!

H! "#,!%+/#*$#1%,!&1L!#(/5,&-5r.#,!g2210ah!8!B/.'C)*'D/!B.'()</.#6'.!8&6)E#6/9!F/&/56'.!)(&-$!

)#,!)#1/5$%(3-#,7!)#,!*%5,$&?)&-.(-#,!&(-,(!@1#!)#,!&/(.#,!?%&,D!G#,!BK,!C#%5-$!)456:#$!*%(-/(*&)!

.#!/#$$#!+$1.#D!

!



!
!

34#5)6./!0!L!N<*-='08*+=<!6B<B-#%&!

!

U{!

!

!

G#H(/#-!0!L!P&(!-B8&9*&0-(!<08%B#+-&(!8>&F!%&(!U#))+M,-&(!8%#((B(!(&%=<!%&0-!<=)&<8%#*0-&Y!%&0-(!

%+/#<'(!<#*0-&%(!&*!%&0-(!B*#*(!M=<8*+=<<&%(Y!I4'.#*#=)J#9/4!#=9!F#*6)=/K#9?!1@0L%!

! T)1,(#1%,!/)&,,(C(/&$(5-,!.#,!%+/#*$#1%,!-1/)+&(%#,!#L(,$#-$7!#-!C5-/$(5-!.#,!,(0()($1.#,!.#,!

.50&(-#,! /5--1,! $#),! @1#! )#,! <X<,! #$! "X<,! gP%&-.&! &-.! T&,/1&)7! UnnI! �! X1%%(,! #$! &)D7! UnIehD!

K+&-05(-,7!)&!/)&,,(C(/&$(5-!*2;)5?+-(@1#!-4#,$!*&,!)&!,#1)#!/)&,,(C(/&$(5-!*5,,(6)#!.#,!%+/#*$#1%,!

-1/)+&(%#,D!<&-,!)&!)($$+%&$1%#7!)#,!BK,!,5-$!.+/%($,!#-!C5-/$(5-!.#!*)1,(#1%,!*&%&03$%#,!$#),!@1#!)#,!

&)(?-#0#-$,!.#!,+@1#-/#,7!)#,!.50&(-#,!/5--1,!#$!.+/%($,!F!/#!:51%!gK9<7!<X<7!B+?(5-!/2&%-(3%#7!

"X<�h7!)#,!,$%1/$1%#,!$%(.(0#-,(5--#))#,!*%+,#-$#,!.&-,!)&!6&-@1#!.#!.5--+#,!*%5$+(@1#,!T<X7!&(-,(!

@1#! )#,! %+?(5-,! .+,5%.5--+#,D! T51%! %#?%51*#%! *)1,(#1%,! .#! /#,! *&%&03$%#,! #$! *#%0#$$%#! 1-#!



!
!

34#5)6./!0!L!N<*-='08*+=<!6B<B-#%&!

!

UJ!

'(,1&)(,&$(5-! ?)56&)#! .#! /#! @1(! #,$! .+/%($! F! /#! :51%! .&-,! )&! )($$+%&$1%#7! )#,! ,51,HC&0())#,! )#,! *)1,!

/5--1#,! 5-$! +$+! %#?%51*+#,! #$! &)(?-+#,! #-! C5-/$(5-! .#,! .5--+#,! /5--1#,! .4&*%3,! R-(*%5$7!

VRT%#.U&7! )&! $&())#!.#,!.50&(-#,!'(,1#))#0#-$!*%5*5%$(5--#))#!&1!-506%#!.4&/(.#,!&0(-+#,!&(-,(!

@1#! )#! -506%#! .#! ,$%1/$1%#,! /5--1#,! #-! C5-/$(5-! .#,! .50&(-#,! .&-,! )&! TX<! g:(*;),! BhD! G#$!

&)(?-#0#-$!&!+$+!%+&)(,+!?%f/#!F!1-!*%5?%&00#!g2)W:,5.-h!.+'#)5**+!*&%!]5%&-!X(/27!1-!.5/$5%&-$!

.#!)4V]XAG!.&-,!)4+@1(*#!.#!]())#,!9%&'+D!!

"#,!BK,!.#!HA.aa,!V!(-$#%&?(,,#-$!,51,!C5%0#!.4IWTW'(Tf),a!&1!-('#&1!.#,!+)+0#-$,!.#!%+*5-,#,!

,1%! )4P<K7! #$! )#1%,! 5&(9=<(&! K%&)&<*! gB^h! ,5-$! 5%?&-(,+,! ,51,! C5%0#! .#! ,+@1#-/#,! %+*+$+#,!

2+L&-1/)+5$(.(@1#,!*&)(-.%50(@1#,!(-'#%,+#,!gN<C&-*&'!5&9&#*!N5h!C5%0+,!.#!.#1L!2#L&03%#,!.#!

-1/)+5$(.#,!%+*+$+,!#-!$O$#HFH$O$#7!#$!/#,!%+*+$($(5-,!,5-$!,+*&%+#,!#-$%#,!#))#,!*&%!e!*&(%#,!.#!6&,#,!

gVBehD!G#$$#!/)&,,#!V!(-/)1#!)#,!%+/#*$#1%,!,$+%5r.(#-,!$#),!@1#!)#,!%+/#*$#1%,!&1L!k,$%5?3-#,!g^Bh7!

&1L!&-.%5?3-#,!gPBh7!&1L!*%5?#,$+%5-#,!gTBh7!51!#-/5%#!&1L!?)1/5/5%$(/5r.#,!g]BhD!G#,!BK,!,5-$!

,*+/(C(@1#0#-$!&/$('+,!*&%!)&!)(&(,5-!.#!C5%$#!&CC(-($+!F!.(CC+%#-$#,!25%05-#,!gP&?&&%.!#$!&)D7!UnIIhD!

<&-,!)&!0&:5%($+!.#,!/&,7!/#$!2#L&03%#!/5%%#,*5-.!&1!05$(C!p4HP]PPGPHe47!F!)4#L/#*$(5-!.#!^B!@1(!

%#/5--&($!)42#L&03%#!p4HP]]9GPHe4!g:(*;),!ChD!!

!

T51%!O$%#!&/$(C,7!)#,!BK,!.#!HA.aa,!VV!C5%0#-$!56)(?&$5(%#0#-$!.#,!I+J+)W'(Tf),a!&'#/!1-!0#06%#!

*&%$(/1)(#%!.#!/#$$#!,1*#%C&0())#!.#!BK,!8!!)#!%+/#*$#1%!o!.#,!%+$(-5r.#,!0P0!g5&*+<=+'!S!5&8&9*=-hD!

G#$$#!/)&,,#!VV!.#!BK,!/5-$(#-$!)#,!%+/#*$#1%,!&/$('+,!*&%!)#,!*%5)(C+%&$#1%,!.#!*#%5L;,50#,!gTTPB,h!

51!#-/5%#!)#,!%+/#*$#1%,!-1/)+&(%#,!.#,!5L;,$+%5),!g"oB!*51%!P+C&-!S!5&8&9*=-hD!G#,!%+/#*$#1%,!,5-$!

*%(-/(*&)#0#-$! )5/&)(,+,! .&-,! )#! -5;&1! gX1??#! #$! &)D7! UnnJhD! "#,! BK,! ,#! )(#-$! F! )&! a+c;,KH,!

I,L.Tf)(c;,! p4HP]]9GPHe4! %+*+$+#! #-! $&-.#0,! .(%#/$#,! 51! 7+-&8*! 5&9&#*! g<Bh7! #,*&/+#! .41-!

-506%#! '&%(&6)#! .#! n! F! p! *&(%#,! .#! 6&,#,! g*6h! g-5$+#! <Bn! F! <Bph! g:(*;),! ChD! G2&/1-! .#! /#,!

2+$+%5.(03%#,!,#!C(L#!*%+C+%#-$(#))#0#-$!F!1-#!,+@1#-/#!<B!*&%$(/1)(3%#D!"&!'&%(&6()($+!.#,!05$(C,!

<B,7!&(-,(!@1#!)#,!,+@1#-/#,!&.:&/#-$#,!*#%0#$$#-$!.4&1?0#-$#%!)#!.#?%+!.#!,*+/(C(/($+!#-$%#!)#,!

.(CC+%#-$,! %+/#*$#1%,! -1/)+&(%#,7! *#%0#$$&-$! )&! )(&(,5-! .#,! 2+$+%5.(03%#,! &1L! *%505$#1%,! .#,!

.(CC+%#-$,!?3-#,!/(6)#,!*5,,+.&-$!/2&/1-!)#1%!05$(C!*%+C+%#-$(#)!gA&-?#),.5%C!&-.!^'&-,7!IJJphD!V)!

&!%+/#00#-$!+$+!05-$%+!@1#!)&!,*+/(C(/($+!.#!)(&(,5-!F!)4P<K!.#,!BK,!.#!$;*#!VV!#,$!#-$(3%#0#-$!

.+C(-(#!*&%!.#,!*%+C+%#-/#,!F!/#%$&(-,!#,*&/#1%,!#-$%#!)#,!,+@1#-/#,!<BD!!!



!
!

34#5)6./!0!L!N<*-='08*+=<!6B<B-#%&!

!

en!

!

+),-./!M!L!4%+/<&)&<*!'&(!(=0(@M#)+%%&(!'&!-B8&9*&0-(!<08%B#+-&(!&<!M=<8*+=<!'&(!'=)#+<&(!8=<<0(!

'#<(!%#!%+**B-#*0-&Y!'&(!-B/+=<(!'B(=-'=<<B&(!#+<(+!R0&!%&!<=)$-&!'&!(*-08*0-&(!'+(9=<+$%&(!(0-!%&(!

$#(&(!'&!'=<<B&(!_37;Y!N^3-&'X#Y!^<+9-=*`Y!B.'+/N#5!OP'.#=!;)&4!1@1@Q%!

!

!

!



!
!

34#5)6./!0!L!N<*-='08*+=<!6B<B-#%&!

!

eI!

V)!&!+$+!0(,!#-!+'(.#-/#!.#1L!05.#,!.4(-$#%&/$(5-,!8!)4(-$#%&/$(5-!&'#/!)#!,($#!.#!)(&(,5-!#-$(#%!51!)&!

05($(+! .1! ,($#! .#! )(&(,5-7! /5%%#,*5-.&-$! &1L! ,+@1#-/#,! .#!)5-?1#1%,! '&%(&6)#,! @1(! #,*&/#-$! )#,!

2#L&-1/)+5$(.#,! .#! /2&@1#! +)+0#-$! .#! %+*5-,#! <B! gT#-'5,#! #$! &)D7! UnIJhD! G#*#-.&-$7! )&!

/50*%+2#-,(5-! .#! )&! ,*+/(C(/($+! .#! %#/5--&(,,&-/#! .#,! +)+0#-$,! .#! %+*5-,#! F! )4P<K! *&%! )#,!

.(CC+%#-$,!BK,!%#,$#!(-,1CC(,&-$#!F!/#!:51%D!!

!

!

!

+),-./!L!L!P+#+(=<(!(9B8+M+R0&(!'&(!5O(!f!%d47O!&29%=+*#<*!'&(!(BR0&<8&(!)0%*+9%&(!#02!M=<8*+=<(!

(*-08*0-#%&(!'+C&-(&(!&*!C#-+B&(a!

!

!
! G#%$&(-,! %+/#*$#1%,! C5%0#-$!1-#! /)&,,#!0&)!.+C(-(#!F! /#! :51%! gHA.aa,! VVVh! #$!5-$!1-#! C5%$#!

2505)5?(#!&'#/!)#,!%+/#*$#1%,!&1L!k,$%5?3-#,7!&**#)+,!^BB!g*51%!K(*-=/&<!5&8&9*=-!5&%#*&'hD!V),!

,5-$!/&*&6)#,!.#!,#!)(#%!,51,!C5%0#!.42505.(03%#,!51!.#!05-503%#,!F!)4P<KD!!G#,!%+/#*$#1%,!-#!

)(#-$!/#*#-.&-$!*&,!.#,!)(?&-.,!.#!$;*#!k,$%5?3-#,7!#$!,5-$!.5-/!/5-,(.+%+,!&/$1#))#0#-$!/500#!

.#,! %+/#*$#1%,! b!5%*2#)(-,!c! g<#6)5(,! &-.! ](?13%#7! UnIehD! G500#! '1! *%+/+.#00#-$7! )#,! BK,!



!
!

34#5)6./!0!L!N<*-='08*+=<!6B<B-#%&!

!

eU!

*5,,3.#-$! $%5(,! 05.&)($+,! .4&/$(5-,! .(,$(-/$#,!8! (),! &?(,,#-$! ,51,! C5%0#! .4IWTW'(Tf),a7!

.4I+J+)W'(Tf),a!51!#-/5%#!.#!TWKWTf),a!g".@A,.;!<hD!̂ -!#CC#$7!*%#,@1#!$51,!)#,!BK,!&?(,,#-$!,51,!

C5%0#!.(0+%(@1#7!F!)4#L/#*$(5-!.#!/#%$&(-,!$#),!@1#!=>HI!51!#-/5%#!K]>VHX7!@1(!,#!C(L#-$!,51,!C5%0#!

05-50+%(@1#!,1%!.#,!.#0(H,($#,!C5%0+,!.41-!1-(@1#!2#L&03%#!gl(),5-!#$!&)D7!IJJehD!

!

"#,!BK,!,5-$!(0*)(@1+,!.&-,!.#!-506%#1,#,!*&$25)5?(#,!&;&-$!*51%!/5-,+@1#-/#!)#!.+%3?)#0#-$!

.#!)4#L*%#,,(5-!.#,!?3-#,!/(6)#,7!#$!#-?#-.%#-$!*)1,(#1%,!$;*#,!.#!/&-/#%,!/500#!)#!/&-/#%!.#!)&!

*%5,$&$#7!.1!%#/$107!.1!/5)5-7!.1!,#(-!51!#-/5%#!.#!)&!'#,,(#D!z$1.(#%!)#1%,!0+/&-(,0#,!.4&/$(5-!#$!

/50*%#-.%#!)#1%,!C5-/$(5-,!*#%0#$$%&($!F!$#%0#!.#!.+'#)5**#%!.#,!)(?&-.,!,;-$2+$(@1#,!*51%!/(6)#%!

$2+%&*#1$(@1#0#-$! /#,! %+/#*$#1%,! -1/)+&(%#,D! <&-,! /#$$#! +$1.#7! )#! )+H,-J,;)! .HJ(d+! -.)! A,a!

-)WA(e+).J,;)a!',!-,)WLXaWT,a!gTTPB,h!#$!,5-!%Y)#!.&-,!)#!H.KH,)!',!A.!d,aa(,!,#%&!*&%$(/1)(3%#0#-$!

+$1.(+D!!

!

9"!2'*+)3%'/&'()*+$%&.:3*+/$)+4'*+/)04.;3)$&'()*+,'+/')0<=*0>'*+?+

@@A6*+

!

! T&%0(! )&!,1*#%C&0())#!.#,!BK,7! )#,!)+H,-J,;)a!K;HA+.(),a!.HJ(d+a!-.)! A,a!-)WA(e+).J,;)a!',!

-,)WLXaWT,a! b!3&-=2D(=)&!3-=%+M&-#*=-!48*+C#*&'!5&8&9*=-!c! 51!TTPB! :51#-$!1-! %Y)#! (0*5%$&-$!

.&-,! )&! %+?1)&$(5-! .#! ?3-#,D! V),! ,5-$! (0*)(@1+,! .&-,! *)1,(#1%,! '5(#,!0+$&65)(@1#,! $#))#,! @1#! )#!

/5-$%Y)#!.1!/;/)#!/#))1)&(%#7!.&-,!)&!*&$25?#-3,#!.1!.(&63$#!.#!$;*#!U7!)456+,($+7!)&!/&%/(-5?#-3,#!

51! #-/5%#! )4(-C)&00&$(5-! #$! )4&$2+%5,/)+%5,#! gX&%(,27! Unnxh! g"#C$#%5'&! #$! &)D7! UnInh! D! "#,! TTPB,!

/5-$%Y)#-$!*)1,!*&%$(/1)(3%#0#-$!)4#L*%#,,(5-!.#!%+,#&1L!.#!?3-#,!(0*)(@1+,!.&-,!)4.'(-W*,Kfa,7!)#!

0+$&65)(,0#!.#,!)(*(.#,7!)4(-C)&00&$(5-!#$!)#!0&(-$(#-!.#!)4250+5,$&,(#!0+$&65)(@1#D!V)!#L(,$#!$%5(,!

(,5$;*#,!.#!TTPB!8!2210α!gKBIGIh7!2210βSδ!gKBIGUh!#$!2210γ!gKBIGeh!#L*%(0+,!.&-,!.('#%,!$(,,1,!

gP20&.(&-!#$!&)D7!UnIe&hD!T51%!O$%#!&/$(C,7!(),!C5%0#-$!1-!2+$+%5.(03%#!&'#/!)#!%+/#*$#1%!BoB!&C(-!

.#!%+?1)#%!)#,!?3-#,!/(6)#,!#-!,#!)(&-$!,1%!)#1%,!+)+0#-$,!.#!%+*5-,#,!F!)4P<K!51!220&!g*51%!3345!

5&(9=<(&!K%&)&<*h!g:(*;),!DhD!!

X(#-!@1�(),!,5(#-$!/5--1,!/500#!%+/#*$#1%,!&1L!&/(.#,!?%&,!%#$%51'+,!.&-,!)4&)(0#-$&$(5-!/51%&-$#!

$#),! @1#! )#,! &/(.#,! 5)+(@1#,7! )(-5)+(@1#,! #$! )(-5)+-(@1#,7! )#,! TTPB,! ,#! )(#-$! +?&)#0#-$! F! .('#%,!

0+$&65)($#,! )(*(.(@1#,7!-5$&00#-$! )&!*%5,$&?)&-.(-#! EU7! )�&/(.#!{=H2;.%5L;+(/5,&$+$%&+-5r@1#!#$!

1-#!,+%(#!.#!*25,*25)(*(.#,!5L;.+,D!A&)?%+!)#1%,!-506%#1,#,!,(0()($1.#,7!/2&@1#!(,5$;*#!.#!TTPB!

&!.#,!C5-/$(5-,!1-(@1#,!+<!C+C=7!*%56&6)#0#-$!#-!%&(,5-!.#!)&!.(,$%(61$(5-!$(,,1)&(%#!.(,$(-/$#7!.#,!



!
!

34#5)6./!0!L!N<*-='08*+=<!6B<B-#%&!

!

ee!

%+*5-,#,! .(CC+%#-$(#))#,! F! .#,! )(?&-.,! .(,$(-/$,! #$! .#,! .(CC+%#-/#,! (-2+%#-$#,! .#,! *%5*%(+$+,!

6(5/2(0(@1#,D!

!

!

!

!
+),-./!R!L!UB8#<+()&!'d#8*+=<!/B<B-#%!'0!-B8&9*&0-!<08%B#+-&!3345γ!Y!(#!'+(*-+$0*+=<!*+((0%#+-&!&*!

%&(!C=+&(!)B*#$=%+R0&(!R0d+%!-B/0%&a!

!

"#! $%&!'())*+%,-&!(&.-/0%&!'%!1123&!%-!4%5+!+*0"+-(-(.,!-(&&54"(+%!!

!

!"! ##$%α&

!
! 2210α!g51!KBIGI!*51%!O08%&#-!5&8&9*=-!(0$M#)+%D!:!/-=09!E!)&)$&-!:h!#,$!)#!*%#0(#%!TTPB!

(.#-$(C(+7!*%(-/(*&)#0#-$!#L*%(0+!.&-,!)#,!$(,,1,!5u!)#!/&$&65)(,0#!.#,!&/(.#,!?%&,!#,$!(0*5%$&-$7!

$#),!@1#!)#,!01,/)#,7!)#!C5(#7!)#!/k1%!51!)#,!%#(-,!gG2(-#$$(!#$!&)D7!UnnnhD!G#!C&/$#1%!.#!$%&-,/%(*$(5-!

#,$! 1-! %+?1)&$#1%! 0&:#1%! .1! 0+$&65)(,0#! .#,! )(*(.#,! .&-,! )#! C5(#! g:(*;),! EhD! TTPBα! %+?($! .#!

-506%#1L! *%5/#,,1,! 6(5)5?(@1#,! #-!05.(C(&-$! )4#L*%#,,(5-! .41-! ?%&-.! -506%#! .#! ?3-#,! /(6)+,7!

%+?1)&-$!)4#L*%#,,(5-!.#!?3-#,!(0*)(@1+,!.&-,!)#!0+$&65)(,0#!.#,!)(*5*%5$+(-#,D!G#!%+/#*$#1%!#,$!

*%(-/(*&)#0#-$! &/$('+! *&%! )&! )(&(,5-! .#! )(?&-.,! #-.5?3-#,! -&$1%#),! 51! ,;-$2+$(@1#,! g=2#%! #$! &)D7!

IJJehD!!

TTPBα!#,$!-&$1%#))#0#-$!&/$('+!*&%!.('#%,!.+%('+,!.4#(/5,&-5r.#,7!/5-,$($1&-$!1-#!'&,$#!C&0())#!.#!

.+%('+,! .45L;.&$(5-! .4&/(.#,! ?%&,! *5);(-,&$1%+,! F! Un! &$50#,! .#! /&%65-#7! /500#! )4&/(.#!

&%&/2(.5-(@1#7!)#!*%+/1%,#1%!)#!*)1,!&65-.&-$7!F!$%&'#%,!)&!'5(#!0+$&65)(@1#!(0*)(@1&-$!)&!*%5$+(-#!



!
!

34#5)6./!0!L!N<*-='08*+=<!6B<B-#%&!

!

es!

#-`;0&$(@1#! )(*5L;?+-&,#D! G#$$#! '5(#! *#%0#$! .#! /&$&65)(,#%! )45L;.&$(5-! .#,! &/(.#,! ?%&,D! "&!

6(5,;-$23,#!.#,! #(/5,&-5r.#,!*#%0#$!.#! ?+-+%#%! $%5(,! $;*#,! .#! /50*5,+,!8! )#,! )#1/5$%(3-#,7! )#,!

*%5,$&?)&-.(-#,!#$!)#,!$2%5065L&-#,!g<#)#%('#!#$!&)D7!UnnnhD!

!

!

+),-./!S!L!I=)B=(*#(+&!)B*#$=%+R0&!&*!-B9#-*+*+=<!*+((0%#+-&!&<*-&!%&(!'+MMB-&<*(!+(=*D9&(!'&(!3345(a!

!

<#,!)(?&-.,!,;-$2+$(@1#,!,5-$!/5--1,!*51%!,#!)(#%!F!TTPBα7!/#,!)(?&-.,!,5-$!&**#)+,!b!e(@).J,a!c7!

/50*5,+,!&**&%$#-&-$!F!1-#!C&0())#!.#!05)+/1)#,!0+.(/&0#-$#1,#,!2;*5);*+0(&-$#,!g^'&-,!&-.!

A&-?#),.5%C7! UnIshD! G#,! 05)+/1)#,! ,;-$2+$(@1#,! 5-$! +$+! .+'#)5**+#,! *51%! %+?1)#%! )#! $&1L! .#!

/25)#,$+%5)! #$Q51! .#! $%(?);/+%(.#,D! V),! ,5-$! *%#,/%($,! )5%,! .41-! .(&?-5,$(/! .42;*#%$%(?);/+%(.+0(#,!

*1%#,!0&(,!+?&)#0#-$!.#,!.;,)(*(.+0(#,!*&%!#L#0*)#D!V),!*#1'#-$!&1,,(!O$%#!*%#,/%($,!.&-,!.#,!/&,!

.42;*#%/25)#,$+%5)+0(#,D!"42+$+%5.(0+%(,&$(5-!.#!TTPBα!&'#/! )#!%+/#*$#1%!BoB!#,$!%#@1(,#!*51%!

&,,1%#%!)4&/$('($+!.#!$%&-,&/$('&$(5-!.#,!?3-#,!/(6)#,!$#),!@1#!37JA7!4EGS:!51!#-/5%#!E3":D!!

!

!!"! ##$%β'δ&

!
! 2210δ7!+?&)#0#-$!&**#)+!2210β!51!*)1,!/5001-+0#-$!2210βSδ!!g51!KBIGU!*51%!O08%&#-!

5&8&9*=-!(0$M#)+%D!:!/-=09!E!)&)$&-!Xh!*&%$&?#!.#,!C5-/$(5-,!,(0()&(%#,!&'#/!TTPBαD!V)!#,$!#L*%(0+!

.#! 0&-(3%#! 16(@1($&(%#! #$! :51#! 1-! %Y)#! /%1/(&)! .&-,! )45L;.&$(5-! .#,! &/(.#,! ?%&,! .&-,! )#,! $(,,1,!

0+$&65)(@1#,!$#),!@1#!)#,!$(,,1,!%+-&1L7!)#!01,/)#!,@1#)#$$(@1#7!)#!C5(#7!#$!)#!/k1%!gX&%(,27!Unnxh!

g:(*;),!EhD!<#!*&%!,&!)5/&)(,&$(5-!16(@1($&(%#!#$!)4&6,#-/#!.#!)(?&-.,!,*+/(C(@1#,!/5--1,7!/#!0#06%#!

.#!)&!C&0())#!.#,!TTPB,!%#W5($!1-#!*)1,!C&(6)#!&$$#-$(5-D!!G#$$#!,51,HC&0())#!.#!TTPB!%#,$#!F!/#!:51%!



!
!

34#5)6./!0!L!N<*-='08*+=<!6B<B-#%&!

!

ep!

)&!*)1,!+-(?0&$(@1#!#$!)&!05(-,!/&%&/$+%(,+#!.&-,!)&!)($$+%&$1%#D!K+&-05(-,7!.#,!+$1.#,!5-$!05-$%+!

)#! %Y)#! (0*5%$&-$!.#!TTPBδQβ! ! .&-,! )#!0+$&65)(,0#! )(*(.(@1#7! )&!.+*#-,#!+-#%?+$(@1#!&(-,(! @1#!

)4&$2+%5,/)+%5,#! g^'&-,! #$! &)D7! UnnshD! G#%$&(-,! )(?&-.,! &?5-(,$#,! #-! *2&,#! /)(-(@1#! *51%! $%&($#%!

)456+,($+!,1%!.#,!,(-?#,!5-$!+$+!.+'#)5**+,!g]lpnIpIxh7!&C(-!.#!.(0(-1#%!)#!$&1L!.#!$%(?);/+%(.#,!

.1!*)&,0&!/2#`!.#,!,(-?#,!&;&-$!1-#!C5%$#!.#-,($+!.#!)(*5*%5$+(-#,D!G#,!#,,&(,!/)(-(@1#,!5-$!*51%!

61$! .#! $%&($#%! .#,! /&,! .42;*#%)(*(.+0(#,! /2#`! )#,! *&$(#-$,D! G#,! +$1.#,! 5-$! 0(,! #-! +'(.#-/#!

)4(0*5%$&-/#! .#! TTPBβQδ! @1(! ,#06)#! O$%#! 1-! %+?1)&$#1%! /)+! .1! *%5/#,,1,! .#! /5061,$(5-! .#,!

?%&(,,#,D!!

!

!!!"! ##$%γ&

!
! 2210γ! gKBIGeh! #,$! (0*)(@1+! .&-,! .('#%,#,! '5(#,! 0+$&65)(@1#,7! *&%$(/1)(3%#0#-$!

)4.'(-W*,Kfa,D! V)! &! 1-! (-$+%O$! C5-.&0#-$&)! #$! /)(-(@1#! *1(,@14()! (-$#%'(#-$! .&-,! .#,! *%5/#,,1,!

*2;,(5*&$25)5?(@1#,!(0*5%$&-$,7!$#),!@1#!)&!.(CC+%#-/(&$(5-7!)&!%+,(,$&-/#!F!)4(-,1)(-#7!)#!.(&63$#!.#!

$;*#! U7! )4&$2+%5,/)+%5,#7! 51! #-/5%#! *)1,(#1%,! /&-/#%,! $#),! @1#! )#,! /&-/#%,! .#! )&! '#,,(#! #$! .#! )&!

*%5,$&$#D!TTPBγ!&!.#,!)(?&-.,!&/$('&$#1%,!#-.5?3-#,!/5--1,!@1(!,5-$!)#,!&/(.#,!?%&,!#$!)#1%,!.+%('+,!8!

)#,!,jHWa.KWj',a7!C&0())#!.4&/(.#,!?%&,!(-,&$1%+,7!.5-$!)#!*%(-/(*&)!#,$!)4.H(',!.).HI('WK(c;,D!V)!,4&?($!

.5-/!.41-#!C&0())#!.#!05)+/1)#,!/50*)#L#,!F!Un!&$50#,!.#!/&%65-#D!!"#,!05)+/1)#,!/500#!)#!IpH

.+,5L;H�IU7Is!*%5,$&?)&-.(-#HEU7!#$!.#,!/50*5,&-$,!.#,!"<"!5L;.+,!$#),!@1#!)#,!&/(.#,!JH!#$!IeH!

2;.%5L;5/$&.+/&.(+-5r@1#7!/5-,$($1#-$!.#,!)(?&-.,!-&$1%#),!*)1,!,*+/(C(@1#,!*51%!)#!TTPBγ!gK&?;!

#$!&)D7!IJJ{hD!TTPBγ!#,$!1-#!/(6)#!$2+%&*#1$(@1#!0&:#1%#7!#$!*)1,(#1%,!)(?&-.,!,;-$2+$(@1#,!.#!C5%$#!

&CC(-($+!,5-$!.+'#)5**+,!*51%!,#!)(#%!F!TTPBγD!G#,!)(?&-.,!&**&%$(#--#-$!-5$&00#-$!F!)&!C&0())#!.#,!

JI(.kWA('(K,'(WK,a!g9q<h!51!*A(J.kWK,a7!#$!/#%$&(-,!#L#0*)#,!/500#!)&!%5,(?)($&`5-#7!)&!$%5?)($&`5-#!

51! #-/5%#! )&! *(5?)($&`5-#! 5-$! +$+! 1$()(,+,! #-! %#/2#%/2#! /)(-(@1#! *51%! )#1%,! *%5*%(+$+,! .#!

,#-,(6()(,&$(5-! .#! )&! %+*5-,#! F! )4(-,1)(-#! #$! .5-/! .&-,! )#! $%&($#0#-$! .1! '(.@fJ,! ',! JX-,! =D!

K+&-05(-,7!.#,!#CC#$,!,#/5-.&(%#,!5-$!+$+!56,#%'+,7!#$!/#,!05)+/1)#,!5-$!+$+!%#$(%+#,!.1!0&%/2+!

*2&%0&/#1$(@1#D!!

G2#`! )4[500#7! )#! ?3-#! 33456! #,$! ,($1+! ,1%! )#! /2%505,50#! eD! S1&$%#! PBK!0#,,&?#%,! gPBK0h!

.(CC+%#-$,! 5-$! +$+! (.#-$(C(+,7! &651$(,,&-$! F! )4#L*%#,,(5-! .#! .#1L! (,5C5%0#,! &*%3,! )4+$&*#! .#!

$%&.1/$(5-!8!2210γ<!#,$!/5.+!*&%! )#,!PBK0!33456:7!33456g!#$!33456AY!$&-.(,!@1#!2210γ=!#,$!

/5.+!*&%! )4PBK0!33456X!g:(*;),!FN1!,J!FN6hD!G#,!.#1L!*%5$+(-#,!.(CC3%#-$!*&%! )#1%!#L$%+0($+!KH

$#%0(-&)#7!5u!)4(,5C5%0#!TTPBγU!*5,,3.#!1-#!#L$#-,(5-!*%5$+(@1#!.#!U{!&/(.#,!&0(-+,!g=1-.'5).!

&-.!"(#-7!UnnIhD!V)!C&1$!-5$#%!@1#!$51$!&1!)5-?!.#!/#$$#!$23,#7!)&!-10+%5$&$(5-!.#,!&/(.#,!&0(-+,!

1$()(,+#!/5%%#,*5-.!F!/#))#!.#!)4(aWeW)T,!2210γ=D!!



!
!

34#5)6./!0!L!N<*-='08*+=<!6B<B-#%&!

!

ex!

!

!

+),-./!T!L!P&(!'+MMB-&<*(!*-#<(8-+*(!&*!%&(!+(=M=-)&(!'0!/,<&!33456!!

8!2!Q*-08*0-&!/B<B-#%&!'0!/,<&!33456Y!;!2!!Q*-08*0-&!'&(!R0#*-&!45O)!&*!%&(!9-=*B+<&(!

&29-+)B&(!#9-,(!%&0-!*-#'08*+=<Y!89#56:/!9/!85.)(/!/6!#(%?!1@0A%!

!

P)5%,!@1#!TTPBγI!#,$!#L*%(0+!.&-,!.#!-506%#1L!$(,,1,7!)4#L*%#,,(5-!.#!TTPBγU!#,$!)(0($+#!&1!$(,,1!

&.(*#1L! .&-,! .#,! /5-.($(5-,! *2;,(5)5?(@1#,7!0&(,! *#1$! O$%#! (-.1($#! .&-,! .4&1$%#,! $(,,1,! *&%! 1-!

%+?(0#!%(/2#!#-!?%&(,,#,!g=&%%&C!#$!&)D7!UnIUhD!^-C(-7!2210γ>!#,$!#L*%(0+!F!)&!C5(,!&1!,#(-!.#,!$(,,1,!

&.(*#1L!&(-,(!@14&1!,#(-!.#!)4+*($2+)(10!.1!/Y)5-D!A&(,!/#$$# (,5C5%0# &!1-!$&1L!+)#'+!.4#L*%#,,(5-!

.&-,! )#! -5;&1! .#,! 0&/%5*2&?#,! 210&(-,! g>&:&,! #$! &)D7! IJJ{hD! T)1,(#1%,! +$1.#,! 5-$! *&%! &())#1%,!

05-$%+!)#!%Y)#!*%(-/(*&)!.#!)4(,5C5%0#!TTPBγe!.&-,!)#!/5-$%Y)#!.#!)4&.(*5?#-3,#!&(-,(!@1#!)#!0&(-$(#-!

.#!)4250+5,$&,(#!)(*(.(@1#D!!

"42+$+%5.(0+%(,&$(5-!.#!TTPBγ!&'#/!)#!%+/#*$#1%!-1/)+&(%#!BoB!#,$!%#@1(,#!*51%!&,,1%#%!)4&/$('($+!

.#!$%&-,&/$('&$(5-!.#,!?3-#,!/(6)#,D!R-#!C5(,!2+$+%5.(0+%(,+7! )#!/50*)#L#!,#! )(#!,1%! )4+)+0#-$!.#!

%+*5-,#! F! )4P<K! gTTB^h7! )4(-$#%&/$(5-! &'#/! ,#,! /5&/$('&$#1%,! #$! ,#,! )(?&-.,!-&$1%#),! #,$! *#%0(,#7!

*#%0#$$&-$!&(-,(!)4(-($(&$(5-!.#!)&!$%&-,/%(*$(5-!.#,!?3-#,!/(6)#,D!!

!



!
!

34#5)6./!0!L!N<*-='08*+=<!6B<B-#%&!

!

et!

6#! 7+8",(&"-(.,!9.'54"(+%!'%&!1123&!

!

"#,!%+/#*$#1%,!-1/)+&(%#,!*5,,3.#-$!1-#!&%/2($#/$1%#!,$%1/$1%&)#!05.1)&(%#!g:(*;),!<G1!,J!<G6h7!#$!

/5-$(#--#-$!)#,!.50&(-#,!,1('&-$,!g]%5-#0#;#%!#$!&)D7!Unnsh8!

!

!! R-!'WT.(K,!1S6!@1(!#,$!1-!.50&(-#!%+?1)&$#1%!#-!KH$#%0(-&)!gQ"7h7!/5-$#-&-$!)&!C5-/$(5-!

.�&/$('&$(5-!I! g1:R<h!.5-$! )�&/$(5-!#,$! )(?&-.H(-.+*#-.&-$#D!G#$$#! %+?(5-!05.1)&(%#!#,$! )&!

*)1,!'&%(&6)#7!&1,,(!6(#-!#-!$&())#!@14#-!,+@1#-/#D!"#!.50&(-#!K9<!#,$!+?&)#0#-$!)&!/(6)#!.#!

05.(C(/&$(5-,! *5,$H$%&.1/$(5--#))#,! gT9A,h! $#))#,! @1#! .#,! *25,*25%;)&$(5-,!0+.(+#,! *&%!

.(CC+%#-$#,! '5(#,! .#! ,(?-&)(,&$(5-! *51'&-$! &CC#/$#%! ,(?-(C(/&$('#0#-$! )4&/$('($+!

$%&-,/%(*$(5--#))#!g=2&5!&-.!"&`&%7!IJJJhD!"#,!%+?1)&$(5-,!$%&-,/%(*$(5--#))#,!-+/#,,&(%#,!F!

)4#L*%#,,(5-! .#! ?3-#,! .4(-$+%O$,! ,5-$! +?&)#0#-$! .+*#-.&-$#,! .1! .50&(-#! KH$#%0(-&)!

C)#L(6)#! gK9<h! *#%0#$$&-$! .4&1?0#-$#%! )&! ,*+/(C(/($+! .#! /2&@1#! BKD! "#,! .(CC+%#-$,!

*%5$&?5-(,$#,! (0*)(@1+,! $#),!@1#! )#,!.(CC+%#-$,! /5C&/$#1%,! ,#! )(&-$!&1L!BK,7! )#,! )(?&-.,7! )#!

.50&(-#! <X<! #$! ,&! ,*+/(C(/($+! *51%! 1-! +)+0#-$! .#! %+*5-,#! F! )4P<K! &(-,(! @1#! )#,!

05.(C(/&$(5-,! *5,$H$%&.1/$(5--#))#,! gT9A,h! /5--1#,7! *#1'#-$! 05.1)#%! *&%! .#,!

/2&-?#0#-$,!/5-C5%0&$(5--#),!)#,!.50&(-#,!K9<!.#,!BK,D!^-!#CC#$7!.#!*&%!)#,!.(CC+%#-$#,!

(-$#%&/$(5-,! .#! /2&@1#! .50&(-#7! )#! .50&(-#! K9<! &1! *%+&)&6)#! .+,5%.5--+! #-! ,5)1$(5-!

&/@1(3%#-$!1-!.#?%+!+)#'+!.#!,$%1/$1%&$(5-!#-!%+*5-,#!&1L!.(CC+%#-$,!#CC#/$#1%,!(0*)(@1+,!

&651$(,,&-$!F!)&!$%&-,&/$('&$(5-!.#,!?3-#,!/(6)#,!g:(*;),!<<hD!!

!! R-!'WT.(K,!O!.#! )(&(,5-!F! )�P<K!g767h7!2&1$#0#-$!/5-,#%'+!�! ()!#,$!/5-,$($1+!.#!xn!F!tn!

&/(.#,! &0(-+,7! /5-$(#-$!.#1L!.5(?$,!.#! `(-/! /55%.5--+,! /2&/1-!*&%!s! /;,$+(-#,!#$!.41-#!

#L$#-,(5-! $#%0(-&)#! G__[! gG9^hD! <#,! ,$%1/$1%#,! $%(.(0#-,(5--#))#,! .#! <X<,! 5-$! +$+!

56$#-1#,!*&%!/%(,$&))5?%&*2(#!&1L!%&;5-,Ho!#$!*&%!%+,5--&-/#!0&?-+$(@1#!-1/)+&(%#!gBAKh!

g=/2M&6#!#$!&)D7!IJJeh! g_,`!#$!&)D7!UnIph!#$!/#,!.50&(-#,!5-$!+$+!+$1.(+,!*&%!.;-&0(@1#!

05)+/1)&(%#!g[1&-?!#$!&)D7!UnIehD!!

!! R-!'WT.(K,!7!@1(!#,$!1-!.50&(-#!HI.)K(f),!C)#L(6)#!*#%0#$!.#!)(#%!)#!<X<!&1!.50&(-#!.#!

C(L&$(5-!&1!)(?&-.!g"X<h!g:(*;),!<G1h7!/5--1!*51%!O$%#!1-#!%+?(5-!$%3,!C)#L(6)#!*51%!)&!*)1*&%$!

.#,!%+/#*$#1%,!-1/)+&(%#,7!*#%0#$$&-$!.4&//5005.#%!)#,!.(CC+%#-$#,!/5-C5%0&$(5-,!.1!<X<!

#$! .1! "X<D! "&! %+?(5-! <! /5-$(#-$! -+&-05(-,! 1-#! ,+@1#-/#! .#! )5/&)(,&$(5-! -1/)+&(%#! K"=!

g]1(5/25-HA&-$#)!#$!&)D7!IJJshD!!



!
!

34#5)6./!0!L!N<*-='08*+=<!6B<B-#%&!

!

e{!

!

!

+),-./!0@!L!Q*-08*0-&!)='0%#+-&!'&!3345γ:!&*!3345γX!&*!%&(!M=<8*+=<(!'&(!'=)#+<&(!R0+!%&(!

8=)9=(&<*Y!8!2!Q8>B)#!/B<B-#%!'&!%d=-/#<+(#*+=<!)='0%#+-&!'&(!'=)#+<&(!M=<8*+=<<&%(!'&!3345γY!

;!2!Q*-08*0-&!*-+'+)&<(+=<<&%%&!'&(!'+MMB-&<*&(!+<*&-#8*+=<(!+<*&-@'=)#+<&(!'&!3345γY!E='&!37;!L!

g7hiY!89#56:/!9/!8#,##.9!/6!#(%?!1@00%!

!

!! R-! 'WT.(K,! &! @1(! #,$! 1-! .50&(-#! .#! C(L&$(5-! &1! )(?&-.! gY67h7! 05.+%+0#-$! /5-,#%'+!

#-!,+@1#-/#!#$!2&1$#0#-$!/5-,#%'+!#-!,$%1/$1%#!#-$%#!)#,!.(CC+%#-$,!%+/#*$#1%,!-1/)+&(%#,D!

"#! .50&(-#! "X<! #,$! /5-,$($1+! .4#-'(%5-! Upn! &/(.#,! &0(-+,7! #$! *%+,#-$#! 1-#! 65--#!

/5-,#%'&$(5-!(-$%&!#$!(-$#%H#,*3/#,!g"&1.#$!#$!&)D7!IJJUhD!!

P'#/!)#!<X<7!)#!"X<!/5-$%(61#!F!)�(-$#%C&/#!.#!.(0+%(,&$(5-!.1!%+/#*$#1%!*#%0#$$&-$!)&!)(&(,5-!

&1L!*%5$+(-#,!/5&/$('&$%(/#,!#$!/5%+*%#,,('#,D!V)!(-$#%'(#-$!.5-/!.&-,!)&!C5%0&$(5-!.42505H!

#$!.42+$+%5.(03%#,D!G#!.50&(-#!/5-$(#-$!+?&)#0#-$!.#1L!05$(C,!$%3,!/5-,#%'+,!8!1-!05$(C!

.($!b!,(?-&$1%#!c!-500+!9(!#$!)&!C5-/$(5-!.�&/$('&$(5-!U!g1:R=h!&1!-('#&1!$#%0(-&)!G__[7!.5-$!

)�&/$(5-!#,$!)(?&-.H.+*#-.&-$#!gl1%$`!#$!&)D7!IJJxh!51!&/$(C!,&-,!)(?&-.!g/#%$&(-,!%+/#*$#1%,!

-1/)+&(%#,!.($,!b!5%*2#)(-,!chD!<#!-506%#1,#,!,$%1/$1%#,!$%(.(0#-,(5--#))#,!.#!"X<,!5-$!+$+!



!
!

34#5)6./!0!L!N<*-='08*+=<!6B<B-#%&!

!

eJ!

%+,5)1#,7!0#$$&-$!#-!+'(.#-/#!1-#!C5%$#!,(0()&%($+!.#!,$%1/$1%#,!#-$%#!)#,!"X<,!.#!.(CC+%#-$,!

BK,7!,1??+%&-$!1-#!aJ);HJ;),!H.KWK(c;,!*51%!)#,!.('#%,!0#06%#,!.#!/#$$#!,1*#%C&0())#D!!

!! "#! 'WT.(K,! :! #,$! 1-! .50&(-#! 2&1$#0#-$! '&%(&6)#! ,($1+! F! )4#L$%+0($+! GH$#%0(-&)#! .#,!

%+/#*$#1%,!-1/)+&(%#,!.5-$!)&!C5-/$(5-!#,$!#-/5%#!0&)!/5--1#!F!/#!:51%D!

!

!

+),-./!00!L!"-#<(#8*+C#*+=<!'&!/,<&(!8+$%&(!&<!9#-*+&!'B9&<'#<*&!'0!'=)#+<&!O@*&-)+<#%!O"7!

M%&2+$%&!/-j8&!f!%d+<*&-#8*+=<(!&*!f!%d#8*+=<!'&(!'+MMB-&<*(!9-=*#/=<+(*&(Y!89#56:/!9/!8#,##.9!/6!#(%?!

1@00%!

! 951$! &1! )5-?! .#! /#! 0&-1,/%($7! -51,! &))5-,! *&%$(/1)(3%#0#-$! C5/&)(,#%! )4&-&);,#! #$! )&!

.#,/%(*$(5-!.1!0+/&-(,0#!.4&/$(5-!.1!%+/#*$#1%!-1/)+&(%#!.#!$;*#!VV7!2210γ7!*)1,!*&%$(/1)(3%#0#-$!

)4(,5C5%0#! 2210γ=D! G#! .#%-(#%! *5,,3.#! $51,! )#,! .50&(-#,! ,$%1/$1%&1L! .+/%($,! *%+/+.#00#-$D!

K+&-05(-,!)4#L$%+0($+!GH$#%0(-&)#!g.50&(-#!>h!/5-$(#-$!,#1)#0#-$!$%5(,!&/(.#,!&0(-+,7!/#!@1(7!-#!

/5-,$($1#-$!*&,!1-!.50&(-#!,$%1/$1%&)!F!*&%$!#-$(3%#D!

!

:#! ;*:",(&9%!'%!4("(&.,!<!4=2>?!@!$%&!>A>&!!

!



!
!

34#5)6./!0!L!N<*-='08*+=<!6B<B-#%&!

!

sn!

!"! ()*)+,-!.)/&

!
! "#!'WT.(K,!',!A(.(aWK!l!Am17Q!#,$!1-!.#,!.50&(-#,!)#,!*)1,!/5-,#%'+,!.&-,!)&!,1*#%C&0())#!

.#,!%+/#*$#1%,!-1/)+&(%#,7!/50*5,+!.41-!.50&(-#!,$%1/$1%+!.#!xx!&/(.#,!&0(-+,D!"&!.('#%,($+!.1!

%+*#%$5(%#!.#,!+)+0#-$,!.#! %+*5-,#,!&1L!25%05-#,!*%5'(#-$!.#! )&! %+*+$($(5-!.#!/#,! ,+@1#-/#,D!!

G#$$#!%#/5--&(,,&-/#!,#!C&($!,(01)$&-+0#-$!F!)&!.(0+%(,&$(5-!.#,!.50&(-#,!.#!)(&(,5-!F!)4P<K!g<X<,h!

g:(*;),!<G6hD!=#1),!)#,!<X<,!,5-$!/&*&6)#,!.#!%#/5--&($%#!/#,!,+@1#-/#,!,*+/(C(@1#,!,1%!)4P<K!#$!.#!

?+-+%#%! 1-! *%5C()! .#! .(0+%(,&$(5-! ,#06)&6)#! F! /#)1(! .41-! %+/#*$#1%! -1/)+&(%#! #-$(#%D! "#,! +$1.#,!

,$%1/$1%&)#,!.#,!<X<,!,51,!C5%0#!05-50+%(@1#!51!.(0+%(@1#!&1!/51%,!.1!$#0*,!5-$!*#%0(,!.#!

/50*%#-.%#!)#!*%(-/(*#!%+?(,,&-$!)&!%#/5--&(,,&-/#!.#,!+)+0#-$,!.#!%+*5-,#,!,*+/(C(@1#,!F!)4P<K!

&(-,(!@1#!)#!0+/&-(,0#!.#!.(0+%(,&$(5-!g=/2M&6#!#$!&)D7!IJJehD!

!

^-!#CC#$7!)#!/k1%!.1!.50&(-#!.#!)(&(,5-!F!)4P<K!.#,!BK,!*%+,#-$#!1-#!,$%1/$1%#!?)56&)#!,(0()&(%#D!

"#,! ,+@1#-/#,! /5-,#-,1,! %#/5--1#,! ,5-$! %+*+$+#,! #-! $&-.#07! #-! *&)(-.%50#,! 51! .#!0&-(3%#!

(-'#%,+#,D!!!

"#!<X<!,#!%#*)(#!&1$51%!.#!.#1L!05$(C,!.#!)(&(,5-!&1L!`(-/,!(-.(,*#-,&6)#,!*51%!)41-!&1!%#*)(#0#-$!

.1!.50&(-#!#$!F! )&!.(0+%(,&$(5-! g@WnJ,R7h7!#$!*51%! )4&1$%#!F!,&! )(&(,5-!F! )4P<K!g@WnJ,R2hD!G2&@1#!

&$50#!.#!`(-/!#,$!/55%.5--+!*&%!s!/;,$+(-#,!/5-,#%'+#,!g:(*;),!<=hD!R-!*%#0(#%!05$(C!#-!.5(?$,!.#!

`(-/! #,$! .5-/! (0*)(@1+! .&-,! )4(-$#%&/$(5-! ,*+/(C(@1#! F! )4P<K7! )#! .#1L(30#! .&-,! )4(-$#%C&/#! .#!

.(0+%(,&$(5-!*#%0#$$&-$!)&!C5%0&$(5-!.#!.(03%#,!/55*+%&$(C,!gB&,$(-#:&.!#$!&)D7!IJJphD!

!

"#,! <X<,! 5-$! 1-#! ,$%1/$1%#! ?)56&)#! ,51,! C5%0#! .#! .#1L! ,51,H.50&(-#,! &;&-$! )45%?&-(,&$(5-!

$5*5)5?(@1#!,1('&-$#!8!<50&(-#,!#-!.5(?$!.#!`(-/Q2+)(/#,Q%+?(5-,!+$#-.1#,D!<#!*)1,7!1-#!#L$%+0($+!

GH$#%0(-&)#!gG9^h!#,$!*%+,#-$#!#$!.#,!+$1.#,!,$%1/$1%&)#,!*&%!BAK!5-$!0(,!#-!+'(.#-/#!)&!*%+,#-/#!

.41-#!$%5(,(30#!2+)(/#H~7!/5-$#-&-$!&1,,(!.#,!65�$#,!.($#,!65�$#,!P!#$!97!&;&-$!1-!%Y)#!.&-,!)&!)(&(,5-!

F!)4P<K!.#!05-503%#,D!"&!,$%1/$1%#!?+-+%&)#!.#,!<X<,!/5-$(#-$!.5-/!/#,!s!,+@1#-/#,!&**#)+#,!

b!65�$#,!c!gX5�$#,!<7!T!#$!65�$#,!P!#$!9h!#$!,5-$!%#,*5-,&6)#,!.#!)&! )(&(,5-!F! )4P<K!&(-,(!@1#!.#!)&!

.(0+%(,&$(5-!g]#%0&(-!#$!&)D7!UnnehD!!



!
!

34#5)6./!0!L!N<*-='08*+=<!6B<B-#%&!

!

sI!

!

!

+),-./!01!L!Q*-08*0-&!8=<(&-CB&!&<!'=+/*(!'&!F+<8!'0!'=)#+<&!'&!%+#+(=<!f!%d47O!_7;7`!'&(!

-B8&9*&0-(!<08%B#+-&(Y!89#56:/!9/!8.#=9#!#=9!B#*&-#(?!1@@0%!

!

! "#,!*%#0(3%#,!,$%1/$1%#,!e<!.#!<X<,!5-$!+$+!%+,5)1#,!*&%!H)(aJ.AAW*).-I(,!.;L!).XWKaRP!F!

*&%$(%!.#,!&--+#,!IJJn!*#%0#$$#-$!.#!.+/%(%#!)4(-$#%C&/#!.4(-$#%&/$(5-!P<KH*%5$+(-#7!-5$&00#-$!)#!

<X<!.1! %+/#*$#1%! -1/)+&(%#! &1L! ?)1/5/5%$(/5r.#,! g]BhD! "#,! .#1L! 2+)(/#,H~! ,5-$! *#%*#-.(/1)&(%#,!

)41-#!F!)4&1$%#7!#$!)#1%,!/2&(-#,!)&$+%&)#,!2;.%5*256#,!*#%0#$$#-$!.#!C5%0#%!1-!.50&(-#!*%5$+(@1#!

?)561)&(%#! #-! (-$#%&/$(5-! &'#/! )#,! %+?(5-,! +$#-.1#,! g"1(,(7! IJJIhD! V)! ;! &! $%5(,! 05.#,! .#! )(&(,5-,!

*5,,(6)#,!F!)4P<K!g:(*;),!<>hD!"#,!.#1L!05-503%#,!&1!,#(-!.#!)42505.(03%#!C5%0+!*&%!)#!%+/#*$#1%!

&1L!?)1/5/5%$(/5r.#,!5-$!1-#!5%(#-$&$(5-!b!JoJ,RlRJoJ,!c!,1%!)4+)+0#-$!.#!%+*5-,#!F!)4P<K!g:(*;),!

<>1hD! R-#! &1$%#! 5%(#-$&$(5-! .#,! <X<,! &! +$+! 0(,#! #-! +'(.#-/#! *&%! )4+$1.#! ,$%1/$1%&)#! .#!

)42+$+%5.(03%#! BoBH9B7! 5u! )#,! .#1L! 05-503%#,! ,5-$! 5%(#-$+,! .#! 0&-(3%#! .($#! b!JoJ,R@oHI,!c!

g:(*;),!<>6h!gB&,$(-#:&.!#$!&)D7!IJJphD!V)!C&1$!-5$#%!@141-!$%5(,(30#!05.#!.#!)(&(,5-!F!)4P<K!#,$!/5--17!

-5$&00#-$!*51%!/#%$&(-,!%+/#*$#1%,!-1/)+&(%#,!5%*2#)(-,!@1(!,5-$!/&*&6)#,!.#!)(#%!)4P<K!,51,!C5%0#!

TWKWT+)(c;,!g:(*;),!<>OhD!!!

!

!!"! 01&232&41&##$%γ&

!
! TTPBγ!#,$!1-!%+/#*$#1%!-1/)+&(%#!.#!HA.aa,!VVD!V)!C5%0#!1-!2+$+%5.(03%#!(-.(,*#-,&6)#!&'#/!

0P0!&C(-!.4#-?#-.%#%!)&!J).Ka.HJ(d.J(WK!.#,!?3-#,D!=5-!+)+0#-$!.#!%+*5-,#!TTB^!%#/5--1!*&%!,5-!

.50&(-#!.#!)(&(,5-!F!)4P<K!/5-$(#-$!)&!,+@1#-/#!/5-,#-,1,!p4HP]]9GPHe4D!<&-,!)#!/&,!.#!TTPBγ7!

)4+)+0#-$! .#! %+*5-,#! %#/5--1! *&%! )#! <X<! #,$! .#! $;*#! %+*+$($(5-! .(%#/$#! <BI! g7+-&8*! 5&9&#*! :h!

gP&?&&%.!#$!&)D7!UnIIhD!



!
!

34#5)6./!0!L!N<*-='08*+=<!6B<B-#%&!

!

sU!

!

!

!

+),-./!07!L!"-=+(!)='&(!'&!%+#+(=<!9=((+$%&(!f!%d47O!'&(!'+MMB-&<*&(!8%#((&(!'&!-B8&9*&0-(!

<08%B#+-&(Y!8!L!3(#**/!UY!8='&!37;!:iO\Y!;!L!!3(#**/!UUY!8='&!37;!:PG:Y!3!L!3(#**/!UUUY!8='&!37;!

:IEkY!89#56:/!9/!8#,##.9!/6!#(%?!1@00%!

!

! "&!*%#0(3%#!,$%1/$1%#!.#!TTPBγ!#-!/50*)#L#!&'#/!BoB~!&!+$+!%+,5)1#!*&%!/%(,$&))5?%&*2(#!

&1L!%&;5-,Ho!#-!Unn{!gG2&-.%&!#$!&)D7!Unn{hD!G50*&%+#!&1L!&1$%#,!,$%1/$1%#,!.#!<X<,!/5--1#,!.&-,!

)#,!6&-@1#,!.#!.5--+#,7!5-!*#1$! %#0&%@1#%!1-#! C5%$#!2505)5?(#!.#!,+@1#-/#!&(-,(!@141-!2&1$!

-('#&1!.#!/5-,#%'&$(5-!,$%1/$1%&)D!!

TTPBγ!'5($!.5-/!,#,!.50&(-#,!<X<!#$!"X<!*%5/2#,!.&-,!)4#,*&/#!$%(.(0#-,(5--#)!#-!/5-$%&,$#!&'#/!

.4&1$%#,! BK,! /500#! BoB~! @1(! '5($7! @1&-$! F! )1(! ,#,! .#1L! .50&(-#,! <X<! #$! "X<! +)5(?-+,! .&-,!

)4#,*&/#7!*#%0#$$&-$!&1!.50&(-#!"X<!.#!TTPBγ!.#!,4(-,+%#%!#-$%#!/#,!.#1L!.#%-(#%,!g:(*;),!<?hD!!

!

! G50*&%+#!F!/#%$&(-,!<X<,!.4&1$%#,!BK,!&;&-$!1-#!#L$#-,(5-!/&%65L;H$#%0(-&)#!gG9^h!/51%$#7!

)&! G9^! .#! TTPBγ! C5%0#! .#! C5%$#,! (-$#%&/$(5-,! &'#/! )4P<K! *#%0#$$&-$! )&! %#/5--&(,,&-/#! .41-#!

,+@1#-/#!.4P<K!#-!&05-$!.1!,($#!2+L&-1/)+5$(.(@1#!/5-$#-&-$!1-!05$(C!PPPG9!,1**)+0#-$&(%#!

g:(*;),!<BhD!

!

!

!

!



!
!

34#5)6./!0!L!N<*-='08*+=<!6B<B-#%&!

!

se!

!

+),-./!0A!L!3-&)+,-&!(*-08*0-&!'0!8=)9%&2&!&<*+&-!3345γ@5S5α@E=-B/0%#*&0-!%+B!f!(=<!B%B)&<*!'&!

-B9=<(&!f!%d47O!_335K`!'&!*D9&!75:!_7+-&8*!5&9&#*!:`Y!89#56:/!9/!34#=9.#!/6!#(%?!1@@S%!

!

!

!

+),-./!0M!L!U='&!'&!%+#+(=<!l!*m*&@$m8>&!n!'0!8=)9%&2&!3345γ@5S5α!f!%dB%B)&<*!'&!-B9=<(&!75:!&*!

(=<!(+*&!'d&2*&<(+=<!(9B8+M+R0&!&<!WdY!34#=9.#!/6!#(%?!1@@S%!

!



!
!

34#5)6./!0!L!N<*-='08*+=<!6B<B-#%&!

!

ss!

'#! ;*:",(&9%!'=":-(B"-(.,!4(8",'C'*0%,'",-!'%!1123γ!@!4%&!$A>&!

!

!"! 5.+67.6+1/&7+!/.,--89+,:;!<61/&46&48=,!*1&032&41&##$%&

!

!
! <#! -506%#1,#,! ,$%1/$1%#,! $%(.(0#-,(5--#))#,! .#! "X<,! ! 5-$! +$+! %+,5)1#,! *&%! .(CC+%#-$#,!

$#/2-(@1#,!.#!6(5)5?(#!,$%1/$1%&)#!$#))#,!@1#!)&!/%(,$&))5?%&*2(#!&1!%&;5-,Ho!#$!)&!BAK!gX51%?1#$!#$!

&)D7!IJJph7!,51,!C5%0#!-5-H)(?&-.+#!g#9=h!51!)(?&-.+#!g>=%=h7!#$!5-$!*#%0(,!.#!0(#1L!/50*%#-.%#!

)#,!0+/&-(,0#,! (0*)(@1+,! .&-,! )&! )(&(,5-! .1! )(?&-.D! "#,! *%#0(3%#,! +'(.#-/#,! .41-! /2&-?#0#-$!

/5-C5%0&$(5--#)!.1!"X<!)5%,!.#!)&!C(L&$(5-!.1!)(?&-.!%+,1)$#-$!.#,!,$%1/$1%#,!$%(.(0#-,(5--#))#,!.1!

.50&(-#!"X<!.#,!%+/#*$#1%,!-1/)+&(%#,!BoB~!#$!BPB!,51,!C5%0#!-5-!)(?&-.+#!#9=!&(-,(!@1#!,51,!

C5%0#!)(?&-.+#!>=%=!g^?#&!#$!&)D7!Unnnh!#-!*%+,#-/#!.#!,5-!)(?&-.!-&$1%#)!)4.H(',!FR&)*!)+J(KWjc;,!

gJ8+(@BPhD!!R-#!C5%$#!,(0()($1.#!.#,!,$%1/$1%#,!.#!"X<,!%+'3)#!1-#!aJ);HJ;),!H.KWK(c;,!/5001-#!F!

)&!,1*#%C&0())#!.#,!BK,D!

!
!
! "#,!"X<,!,5-$!/50*5,+,!.#!<=!I+A(H,aR.A-I.!/5-,#%'+#,7!-10+%5$+#,!.#![I!F![IU!#$!.41-!

C#1())#$!β!&-$(*&%&))3)#!/5-,$($1+!.#!s!6%(-,!β!g:(*;),!<ChD!G#*#-.&-$7!TTPBγ!*5,,3.#!1-#!,$%1/$1%#!

*&%$(/1)(3%#!,1**)+0#-$&(%#!/50*&%+!&1L!&1$%#,!BK,!#$!/5-$(#-$!1-#!2+)(/#H&)*2&!,1**)+0#-$&(%#7!

-500+#! [U47! ,($1+#! #-$%#! )#! C#1())#$! β! #$! )42+)(/#! [eD! G#$$#! *&%$(/1)&%($+! ,$%1/$1%&)#! ,#06)#!

*#%0#$$%#!1-!0#())#1%!&//3,!&1L!.(CC+%#-$,!)(?&-.,!gK5)$#!#$!&)D7!IJJ{&hD!"45%?&-(,&$(5-!,$%1/$1%&)#!

.#,!"X<,!*5,,3.#!1-!%#*)(#0#-$!.#!$;*#!b!,&-.M(/2!c!.42+)(/#,Hα!#-! $%5(,!/51/2#,D!R-#!/51/2#!

/#-$%&)#! C5%0+#! *&%! $%5(,! 2+)(/#,! #,$! /50*%(,#! #-$%#! .#1L! /51/2#,! ,1**)+0#-$&(%#,! /%+&-$! 1-#!

/&'($+!8! )&! -WHI,! ',! A(.(aWK! .;! A(*.K'! g51! P+/#<'! ;+<'+</! 3=8T&*Y! )&! Y62hD! G#$$#! *&%$(#! #,$!

#,,#-$(#))#0#-$!2;.%5*256#!#$!#-C51(#!.&-,!)&!*&%$(#!(-C+%(#1%#!.1!.50&(-#!"X<D!"#,!(-$#%&/$(5-,!

&'#/!)#!)(?&-.!*#1'#-$!O$%#!-506%#1,#,!#-!C5-/$(5-!.#!)&!-&$1%#!.1!)(?&-.7!#$!(0*)(@1#-$!.(CC+%#-$#,!

*&%$(#,! .1! "X<! )5%,! .#! /#,! )(&(,5-,D! G#,! ,$%1/$1%#,! 5-$! /5-C(%0+! )4#L(,$#-/#! .41-! %#*)(#0#-$! .#!

)42+)(/#H~! [IU! #-! *%+,#-/#! .#! )(?&-.,! &?5-(,$#,7! #-! *&,,&-$! .41-#! /5-C5%0&$(5-! 51'#%$#! F! 1-#!

/5-C5%0&$(5-!C#%0+#!6)5@1&-$!&(-,(!)4&//3,!F!)&!*5/2#!.#!C(L&$(5-!.1!)(?&-.D!!

!

!



!
!

34#5)6./!0!L!N<*-='08*+=<!6B<B-#%&!

!

sp!

!

!

+),-./!0L!L!Q*-08*0-&!*-+'+)&<(+=<<&%%&!'0!'=)#+<&!'&!%+#+(=<!#0!%+/#<'!_P;7`!'&!3345γ!&*!%&(!(+*&(!

'&!M+2#*+=<!'0!%+/#<'!_-=(+/%+*#F=<&!+8+!&<!C+=%&*`!&*!'0!8=-B/0%#*&0-!_E=5`!#0!<+C&#0!'&!%d>B%+8&!I:XY!

3'9/!B";!2!A$N8%!

!

"&!*%+,#-/#!.1!)(?&-.!&?5-(,$#!*%5'5@1#!.5-/!1-!/2&-?#0#-$!/5-C5%0&$(5--#)!*#%0#$$&-$ &1!"X<!

.4&.5*$#%!1-#!/5-C5%0&$(5-!C&'5%(,&-$!)#!%#/%1$#0#-$!.4&1$%#,!*&%$#-&(%#,!/#))1)&(%#,!$#),!@1#!)#,!

/5&/$('&$#1%,D! "#,! )(?&-.,! &?5-(,$#,! #$! &-$&?5-(,$#,! ,#! )(#-$! F! )&! "XT! &1! -('#&1! .1! "X<! 0&(,!

,$&6()(,#-$!.(CC+%#00#-$!)#,!%+?(5-,!.#!)&!*5/2#!.1!%+/#*$#1%D!"&!.(CC+%#-/#!*%(-/(*&)#!,#!,($1#!&1!

-('#&1!.#!)4I+A(H,!<=!@1(!&.5*$#!1-#!/5-C5%0&$(5-!.(CC+%#-$#7!#-!*%+,#-/#!.41-!$;*#!*&%$(/1)(#%!.#!

)(?&-.! .*WK(aJ,7! .KJ.*WK(aJ,! 51! (Kd,)a,! .*WK(aJ,! *&%! #L#0*)#7! (0*&/$&-$! &(-,(! .41-#! 0&-(3%#!

.(CC+%#-$#!)4&CC(-($+!.#!%#/%1$#0#-$!.#,!/5%+?1)&$#1%,D!!

!

!!"! #87;1&41&>!?,.!8*&46&-!9,*4&@03#A&

! "#,! (-$#%&/$(5-,! &'#/! 1-! )(?&-.! .41-! $;*#! .5--+! *#1'#-$! O$%#! -506%#1,#,! #$! (-/)1#-$!

.(CC+%#-$#,!*&%$(#,!.#!)&!*5/2#!.#!)(&(,5-!&1!)(?&-.D!!



!
!

34#5)6./!0!L!N<*-='08*+=<!6B<B-#%&!

!

sx!

<(CC+%#-$,!$;*#,!.#!)(?&-.,!,5-$!(.#-$(C(+,!#$!/2&/1-!#,$!,*+/(C(@1#!F!1-!%+/#*$#1%!-1/)+&(%#!.5--+!

g:(*;),!<DhD!!

!

+),-./!0R!2!P&(!%+/#<'(!<#*0-&%(!'&(!'+MMB-&<*(!-B8&9*&0-(!<08%B#+-&(Y!89#56:/!9/!F/=#-9!#=9!

N'.#*V?!1@@@%!



!
!

34#5)6./!0!L!N<*-='08*+=<!6B<B-#%&!

!

st!

^-!.+*($!.#!)#1%,!.(CC+%#-$,!*%+/1%,#1%,7!/#,!)(?&-.,!*&%$&?#-$!.#!-506%#1,#,!,(0()($1.#,D!951,!.#!

$&())#!05.+%+#7!/#,!05)+/1)#,!,5-$!%(?(.#,7!&'#/!1-!.#?%+!.42;.%5*256(/($+!%#)&$('#0#-$!+)#'+D!"#,!

?%51*#0#-$,! *5)&(%#,! ,5-$! /&*&6)#,! .#! C5%0#%! .#,! )(&(,5-,! 2;.%5?3-#,! #$! .#,! (-$#%&/$(5-,!

+)#/$%5,$&$(@1#,7!#$!,5-$!,51'#-$!)5/&)(,+,!&1L!#L$%+0($+,!.#!/#,!05)+/1)#,D!

"#1%! -&$1%#! 2;.%5*256#! )#1%! *#%0#$! .4#-$%#%! .&-,! )#,! /#))1)#,! *&%! ,(0*)#! .(CC1,(5-7! #$! .#,!

0+/&-(,0#,! .#! $%&-,*5%$,! &/$(C,! ,5-$! &1,,(! (0*)(@1+,D! <#,! /&)/1),! .#! '5)10#,! 5-$! *#%0(,! .#!

.+$#%0(-#%!1-#!+/2#))#!&))&-$!.#!Upn!F!epn!v#! *51%! $51,! /#,! )(?&-.,! /5--1,D!G#,! ,(0()($1.#,!.#!

*%5*%(+$+,! *2;,(/5H/2(0(@1#,! ,1??3%#-$! 1-! 05.#! .#! )(&(,5-! ,(0()&(%#! *51%! )&! C&0())#! .#,! BK,7!

2;*5$23,#!/5-C(%0+#!*&%!.(CC+%#-$#,!+$1.#,!,$%1/$1%&)#,!.#!/50*)#L#,!)(?&-.H"X<!gl#&$2#%0&-!#$!

&)D7!IJJJhD!!!

"&!$&())#!.#!)&!*5/2#!.#!C(L&$(5-!'&%(#!#-!C5-/$(5-!.#,!BK,!�!#))#!#,$!$%3,!?%&-.#!.&-,!)#!/&,!.#!TTPBγ!

-5$&00#-$7!!,5($!Ienn!v!g/5-$%#!xnn!v!*51%!)#,!%+/#*$#1%,!&1L!25%05-#,!$2;%5r.(#--#,h7!1-#!.#,!

*)1,!?%&-.#!"XT!.#!)&!C&0())#!.#,!%+/#*$#1%,!-1/)+&(%#,!gK5)$#!#$!&)D7!IJJ{6h7!)1(!*#%0#$$&-$!.#!)(#%!

.#,!05)+/1)#,!.#!$&())#!$%3,!'&%(+#D!^))#!(0*)(@1#!.#,!(-$#%&/$(5-,!2;.%5*256#,!.41-#!*&%$7!#$!.#,!

)(&(,5-,!2;.%5?3-#,!#-$%#!)#,!%+,(.1,!*5)&(%#,!#$!)#,!?%51*#0#-$,!2;.%5L;)#,!.41-!)(?&-.!.5--+!*&%!

#L#0*)#!.41-#!&1$%#!*&%$7!(0*)(@1&-$!)#,!2+)(/#,H~![U7![e7![II!#$![IUD!"5%,!.#!)&!C(L&$(5-!.1!)(?&-.7!

1-#!/50*&/$(5-!.#!)45%.%#!.#!In!�!.1!"X<!#,$!56,#%'+#!&(-,(!@141-!/2&-?#0#-$!/5-C5%0&$(5--#)!

*#%0#$$&-$!1-#!%+5%(#-$&$(5-!.#,!2+)(/#,!(0*)(@1+#,D!G#$$#!%+5%(#-$&$(5-!*#%0#$!&(-,(!.#!?+-+%#%!

1-#! ,1%C&/#! .4(-$#%&/$(5-! &'#/! )#! )(?&-.! #$! /5-$%(61#! +?&)#0#-$! F! )&! ,$&6()(,&$(5-! .1!

%#*5,($(5--#0#-$!.#!)4I+A(H,!#<=!/5-$#-&-$!)&!C5-/$(5-!.4&/$('&$(5-!1:R=D!^-!#CC#$7!)#!/2&-?#0#-$!

/5-C5%0&$(5--#)!)#!*)1,!%#0&%@1&6)#!)5%,!.#!)&!C(L&$(5-!.1!)(?&-.!/5-/#%-#!)42+)(/#![IUD!G#$$#!2+)(/#!

#,$!/50*)3$#0#-$!#L*5,+#!&1!,5)'&-$!#-!/5-.($(5-!#9=!-5-!)(?&-.+#7!#$!,#!%#*5,($(5--#!&1!/k1%!

.1!"X<!.&-,! )&!*5/2#!.#! C(L&$(5-7! %#C#%0&-$!&(-,(!/#$$#!.#%-(3%#!#-!/5-.($(5-!>=%=7! )(?&-.+#D!^-!

C5-/$(5-!.#!)&!-&$1%#!.1!)(?&-.!#$!.#!,#,!*%5*%(+$+,7!*)1,(#1%,!/5-C5%0&$(5-,!,5-$!.+/%($#,!.&-,!)&!

)($$+%&$1%#!8! 5-! *&%)#! .#! HWKeW)T.J(WK! .*WK(aJ,! 51! .KJ.*WK(aJ,! #-! C5-/$(5-! .1! *5,($(5--#0#-$!

,$%1/$1%&)!.#![IU!ga5:#$(-!&-.!X1%%(,7!UnIeh!g:(*;),!<EhD!!

!

"&! /5-C5%0&$(5-!>=%=H&?5-(,$#! #,$! ,$&6()(,+#! *&%! .#,! (-$#%&/$(5-,! .(%#/$#,! #$! (-.(%#/$#,! #-$%#! )#!

)(?&-.!#$!)#,!%+,(.1,!.#,!2+)(/#,![e7![II!#$![IUD!V)!C&1$!.5-/!-5$#%!@1#!)5%,!.#!)&!C(L&$(5-!.1!)(?&-.!

.&-,!)&!"XT7!)42+)(/#![e!,16($!&1,,(!1-!/2&-?#0#-$!.#!/5-C5%0&$(5-7!*&,,&-$!.41-#!C5%0#!/5-'#L#!

F!1-#!C5%0#!/5-/&'#D!!

!



!
!

34#5)6./!0!L!N<*-='08*+=<!6B<B-#%&!

!

s{!

! <#!*)1,7! /#,! /2&-?#0#-$,! .#! /5-C5%0&$(5-,! .#! )42+)(/#![IU!*%+,#-$#!51!-5-!.&-,! /#$$#!

/&'($+! 2;.%5*256#7! *#%0#$$#-$! .4&//5005.#%! 1-! 05$(C! ,$%1/$1%&)! *%+,#-$! /2#`! )&! *)1*&%$! .#,!

/5%+?1)&$#1%,!(0*)(@1&-$!)#,!2+)(/#,![e7![s!#$![IU!.&-,!1-!,($#!.#!C(L&$(5-!.1!/5%+?1)&$#1%!gP&?&&%.!

#$!&)D7!UnIIh!g:(*;),!<FhD!G#!05$(C!*5,,3.#!)&!,+@1#-/#!/5-,#-,1,!YLLYY!*51%!)#,!HW.HJ(d.J,;)a7!#$!)&!

,+@1#-/#!YLLVLLYY!*51%!)#,!HW)+-),aa,;)aD!

!

!

!

!

+),-./!0S!L!P&!)B8#<+()&!'d#8*+=<!'&!%d>B%+8&@α!I:X!&(*!0<!)=',%&!8=<M=-)#*+=<<&%!8=))0<!f!%#!

(09&-M#)+%%&!'&(!-B8&9*&0-(!<08%B#+-&(!L!8=<M=-)#*+=<!#8*+C&!&*!+<#8*+C&!'&!I:XY!89#56:/!9/!

I'K/6)=!#=9!;-..)*?!1@07%!



!
!

34#5)6./!0!L!N<*-='08*+=<!6B<B-#%&!

!

sJ!

!

!

+),-./!0TL!P&(!8>#</&)&<*(!8=<M=-)#*+=<<&%(!=$(&-CB(!#9-,(!M+2#*+=<!'&(!8=-B/0%#*&0-(!'#<(!%#!

8#C+*B!>D'-=9>=$&!'0!P;7!'&!3345Y!89#56:/!9/!8#,##.9!/6!#(%?!1@00!

!

"&!*5/2#!.#!C(L&$(5-!.1!)(?&-.!#,$!/&*&6)#!.4&//5005.#%!1-!?%&-.!-506%#!.#!)(?&-.,!-&$1%#),!#$!

,;-$2+$(@1#,7! 51'%&-$! &(-,(! )&! *5,,(6()($+7! C+#! /#$$#! *5/2#7! .#! /(6)#%! $2+%&*#1$(@1#0#-$! )#,! BK,!

/5-$%#!.(CC+%#-$#,!*&$25)5?(#,!#$!)#,!/&-/#%,!.&-,!)#,@1#),!(),!,5-$!(0*)(@1+,D!

"&!*5/2#!.#!C(L&$(5-!.1!)(?&-.!.#!TTPBγ!#,$!1-#!.#,!*)1,!?%&-.#!/5--1#!.&-,!/#$$#!,1*#%C&0())#!.#!

C&/$#1%,!.#!$%&-,/%(*$(5-7!/#)&!C&($!.5-/!.#!TTPBγ!1-#!H(@A,!JI+).-,;J(c;,!0&:#1%#D!

!

%#! $%&!4(8",'&!,"-5+%4&!%-!0D"+9":.4.8(E5%&!'%!1123γ!

!

!"! 0!9,*4/&*,.6+1-/&

!

! 2210γ! #,$! &/$('+! *&%! .#,! 0+$&65)($#,! .+%('+,! .#! )4.H(',! .).HI('WK(c;,! C+#! )#,! '5(#,!

0+$&65)(@1#,!.#!)&!/;/)5L;?+-&,#!#$!.#!)&!)(*5L;?+-&,#!/500#!*&%!#L#0*)#!)&!T]HIU!gIpH.#5L;H<H

IU7IsH*%5,$&?)&-.(-#!EUh!g>5%0&-!#$!&)D7!IJJphD!<#!*)1,7!.#,!/50*5,+,!.+%('+,!.4&/(.#,!?%&,!(,,1,!.#!

)45L;.&$(5-! .#,! )(*5*%5$+(-#,! .#! 6&,,#! .#-,($+! g51! "<"h! /500#! )#,! &/(.#,! JH51HIeH

2;.%5L;5/$&.+/&.(+-5r@1#! gJQIeH[_<^h! ,5-$! +?&)#0#-$! /5--1,! /500#! )(?&-.,! &/$('&$#1%,!



!
!

34#5)6./!0!L!N<*-='08*+=<!6B<B-#%&!

!

pn!

#-.5?3-#,!.#!TTPBγ!gK&?;!#$!&)D7!IJJ{hD!951,!/#,!)(?&-.,!#-.5?3-#,!*#1'#-$!&/$('#%!TTPBγ!+<!C+*-=7!

0&(,!)#1%!&CC(-($+!.#!)(&(,5-!F!TTPBγ!&(-,(!@1#!)#1%!.+$#/$&6()($+!/#))1)&(%#!,5-$!C&(6)#,D!!

!!"! 0!9,*4/&/B*.;).!<61/&

!
! "#,! 2210a! ,5-$! 05.1)+,! *&%! .#! -506%#1,#,! 05)+/1)#,! *2&%0&/5)5?(@1#,! /5--1#,! #$!

.+/%($#,! F! /#! :51%D! T)1,! .41-#! /#-$&(-#! .#! ,$%1/$1%#,! $%(.(0#-,(5--#))#,! .#! TTPBγH"X<! 5-$! +$+!

%+,5)1#,! #-! *%+,#-/#! .#! .(CC+%#-$,! )(?&-.,! ,;-$2+$(@1#,! 05.1)&-$! *)1,(#1%,! &/$('($+,!

*2&%0&/5)5?(@1#,D!G#,!+$1.#,!,$%1/$1%&)#,!05-$%#-$!.#!C5%$#,!,(0()($1.#,7!@1#)!@1#!,5($!)#!)(?&-.!

*%+,#-$!.&-,!)&!*5/2#!.#!)(&(,5-!gG2%(,0&-!#$!&)D7!UnI{h!D!V)!#,$!*&%!&())#1%,!.(CC(/()#!.#!/50*%#-.%#!)#!

0+/&-(,0#!.4&/$(5-!,$%1/$1%&)!*&%!)#@1#)!)&!)(&(,5-!.#!/#,!.(CC+%#-$,!)(?&-.,!&CC#/$#!)&!.;-&0(@1#!

,$%1/$1%&)#7! -5$&00#-$! &1! -('#&1! .#! )42+)(/#! [IU! @1(! #,$! .+$#%0(-&-$#! &1! %#/%1$#0#-$! .#,!

/5&/$('&$#1%,!$%&-,/%(*$(5--#),D!P1!/51%,!.#,!.(CC+%#-$#,!+$1.#,!0#-+#,7!()!&!+$+!0(,!#-!+'(.#-/#!1-!

/#%$&(-!#-,#06)#!.#!/5-C5%0&$(5-,7!#$!-5-!1-#!/5-C5%0&$(5-!,$&$(@1#!51!1-(@1#!.#!)42+)(/#![IU7!

#-!*%+,#-/#!51!-5-!.#!)(?&-.,!ga5:#$(-!&-.!X1%%(,7!UnIehD!G#$$#!.;-&0(@1#!/5-C5%0&$(5--#))#!#,$!

1-!$%#0*)(-!*51%!)&!.+/51'#%$#!.#!-51'#))#,!05)+/1)#,!$2+%&*#1$(@1#,!/(6)&-$!)#,!BK,D!!

"&!)Wa(*A(J.kWK,7!1-!#L#0*)#!.4&-$(.(&6+$(@1#!$%3,!+$1.(+!.#!)&!C&0())#!.#,!JI(.kWA('(K,'(WK,a!51!

9q<7! g&**#)+,! &1,,(! b!?)($&`5-#,!ch! &**&%1#! ,1%! )#!0&%/2+! .1!0+.(/&0#-$! #-! UnnU7! *#%0#$! .#!

,#-,(6()(,#%! )#,! $(,,1,! /(6)+,! *&%! )4(-,1)(-#! #-! %+.1(,&-$! )&! ?);/+0(#7! .(0(-1&-$! &(-,(! )4(-,1)(-5H

%+,(,$&-/#!&1!-('#&1!.#,!$(,,1,!&.(*#1L7!.1!01,/)#!,@1#)#$$(@1#!#$!.1!C5(#D!N<!C+C=7!/#,!05)+/1)#,!

(-.1(,#-$!)&!.(CC+%#-$(&$(5-!.#,!&.(*5/;$#,D!=5-!&/$('($+!&-$(H2;*#%?);/+0(@1#!&!+$+!.+05-$%+#!#$!

&0+)(5%#!)#!/5-$%Y)#!?);/+0(@1#!/2#`!)#,!*&$(#-$,!.(&6+$(@1#,!.#!$;*#!UD!T)1,(#1%,!,$%1/$1%#,!e<!.#!

TTPBγH"X<!,5-$!.+/%($#,!#-!*%+,#-/#!.#!/#! )(?&-.!&?5-(,$#!,+)#/$(C!&C(-!.#!0(#1L!/50*%#-.%#! )#!

0+/&-(,0#! .4&/$(5-! #$! .#! %#/%1$#0#-$! .#,! )(?&-.,! #$! .#,! /5%+?1)&$#1%,D! K+&-05(-,7! ,5-!

&1$5%(,&$(5-! .#! 0(,#! ,1%! )#! 0&%/2+! gPAAh! &! +$+! ,1,*#-.1#! #-! UnIn! #-! >%&-/#! #-! %&(,5-!

.4(0*5%$&-$,!#CC#$,!,#/5-.&(%#,!$#),!@1#!.#,!%(,@1#,!/&%.(5'&,/1)&(%#,!g".@A,.;!=hD!!

G#,!05)+/1)#,!*#%0#$$#-$!.#!05.1)#%!)4&/$('($+!$%&-,/%(*$(5--#))#!.#!/#%$&(-,!?3-#,!(0*)(@1+,!.&-,!

.(CC+%#-$#,! *&$25)5?(#,! #$! /&-/#%,D! G#,! )(?&-.,! *#1'#-$! O$%#! .*WK(aJ,a7! *#%0#$$&-$! .4&0+)(5%#%!

)4&/$('($+! $%&-,/%(*$(5--#))#!�! .#,! .KJ.*WK(aJ,a! 6)5@1&-$,! 51! 0&(-$#-&-$! 1-#! &/$('($+! 6&,&)#! .#!

$%&-,/%(*$(5-! .#,! ?3-#,! /(6)#,!�! 51! #-/5%#! .#,! (Kd,)a,a! .*WK(aJ,a! %+*%(0&-$! )4&/$('($+!

$%&-,/%(*$(5--#))#! *&%! %&**5%$! &1! -('#&1! .4&/$('($+! 6&,&)! .1! %+/#*$#1%D! <#! -506%#1L! )(?&-.,!

,;-$2+$(@1#,!,+)#/$(C,!.#!TTPBγ!5-$!.+:F!+$+!+$1.(+,!51!,5-$!#-!/51%,!.4+$1.#!F!/#!:51%!8!.#,!)(?&-.,!



!
!

34#5)6./!0!L!N<*-='08*+=<!6B<B-#%&!

!

pI!

&?5-(,$#,!g*(5?)($&`5-#7!$%5?)($&`5-#7!]lIJUJ7!51!#-/5%#!/(?)($&`5-#!*&%!#L#0*)#,h7!&-$&?5-(,$#,!

g]lJxxU!#$!)#!.(/)5C#-&/h7!51!#-/5%#!(-'#%,#!&?5-(,$#,!g$#)!@1#!)#!9nntnJnthD!!

!

G#H(/#-!1!L!P&(!(9B8+#%+*B(!8=))&-8+#%+(B&(!'&(!">+#F=%+'+<&'+=<&(!_"h7`a!



!
!

34#5)6./!0!L!N<*-='08*+=<!6B<B-#%&!

!

pU!

G500#! .($! *%+/+.#00#-$7! ()! #L(,$#! .5-/!?! JX-,a! ',! A(*.K'a! ,#! )(&-$! &1L! %+/#*$#1%,! -1/)+&(%#,!

g:(*;),!=Gh!8!

!

!! "#,! A(*.K'a! .*WK(aJ,a!8! (),! ,#! )(#-$! .&-,! )&! *5/2#!.#! C(L&$(5-!.1! )(?&-.! g"XTh! (-.1(,&-$! 1-!

/2&-?#0#-$! /5-C5%0&$(5--#)! .#! )42+)(/#! [IU7! *#%0#$$&-$! &(-,(! )#! %#/%1$#0#-$! .#,!

/5&/$('&$#1%,!-+/#,,&(%#,!F!)4&/$('&$(5-!.#!)&!$%&-,/%(*$(5-!.#,!?3-#,!%+?1)+,!�!(),!&1?0#-$#-$!

*&%!/5-,+@1#-$!)4&/$('($+!$%&-,/%(*$(5--#))#!6&,&)#!.1!%+/#*$#1%!&1@1#)!(),!,#!)(#-$!gX&$(,$&!

&-.!A&%$�-#`7!UnIehD!!

!! "#,! A(*.K'a! .KJ.*WK(aJ,a! p!-;)a!q!8! (),! #0*O/2#-$! )#! %#/%1$#0#-$! .#,! /5%+?1)&$#1%,! #$!

6)5@1#-$! .5-/! )&! $%&-,/%(*$(5-! .#,! ?3-#,! /(6)#,7! 0&(,! -4&CC#/$#-$! *&,! )4&/$('($+!

$%&-,/%(*$(5--#))#!6&,&)#!.#,!%+/#*$#1%,!-1/)+&(%#,D!

!! "#,!A(*.K'a!(Kd,)a,a!.*WK(aJ,a!8!/#!,5-$!.#,!/50*+$($#1%,!.#,!&?5-(,$#,!*1%,!#$!.(0(-1#-$!

)4&/$('($+! $%&-,/%(*$(5--#))#! 6&,&)#! #-! C&'5%(,&-$! )#! %#/%1$#0#-$! .#! /5%+*%#,,#1%,D! G#)&!

/5-.1($!.5-/!F!)4(-2(6($(5-!.#!)&!$%&-,/%(*$(5-!.#!?3-#,!/(6)#,D!!

!! "#,!A(*.K'a!.*WK(aJ,aS.KJ.*WK(aJ,a!-.)J(,Aa!8!(),!*5,,3.#-$!1-#!#CC(/&/($+!b!*&%$(#))#!c!.5-/!

%+.1($#!*&%!%&**5%$!&1L!)(?&-.,!.($,!b!*1%,!cD!"#1%,!#CC#$,!.+*#-.#-$!.1!$;*#!/#))1)&(%#7!.#!

)4#-'(%5--#0#-$!(-$%&/#))1)&(%#!&(-,(!@1#!.#!)&!*%+,#-/#!.#!/5%+?1)&$#1%,D!!!

!

+),-./!1@ 2!Pd&MM&*!9>#-)#8=%=/+R0&!'&(!'+MMB-&<*(!*D9&(!'&!%+/#<'(!&<!M=<8*+=<!'&!%d#8*+C+*B!

*-#<(8-+9*+=<<&%%&!$#(#%&!'0!-B8&9*&0-!<08%B#+-&!B*0'+Ba!

!



!
!

34#5)6./!0!L!N<*-='08*+=<!6B<B-#%&!

!

pe!

)#! F*-*+.'(9*+(&"-(.,!'%!1123γ!"B%:!3G3α!

!

!"! 01&+)71:.16+&*67-),!+1&C&41/&+).!*8D41/&%C%&E&()*)+,-!.)/&

!

! "#,!)+H,-J,;)a!P!',a!)+J(KWj',a!gBoBh!,5-$!.#,!/5%+?1)&$#1%,!.#!?3-#,!.#!$;*#!C&/$#1%,!.#!

$%&-,/%(*$(5-!%+*5-.&-$!&1L! )(?&-.,!,1('&-$,!8! )4.H(',!FR&)*! )+J(KWjc;,!51!F&)*R017!*%#0(#%! )(?&-.!

-&$1%#)!.#!BoB!F!&'5(%!+$+!.+/%($!g:(*;),!=<hD!G4#,$!1-!0+$&65)($#!.+%('+!.#!)&!'($&0(-#!P!51!%+$(-5)D!

"#,! )(?&-.,! -&$1%#),! .#! BoB! (-/)1#-$! +?&)#0#-$! )4&/(.#! .5/5,&2+L&#-5(@1#! g<[Ph! &(-,(! @1#! .#,!

&/(.#,! ?%&,! *5);(-,&$1%+,7! $#)! @1#! )4&/(.#! &%&/2(.5-(@1#! g"#-?@'(,$! #$! &)D7! UnnshD! <#,! )(?&-.,!

,;-$2+$(@1#,! 5-$! &1,,(! +$+! .+'#)5**+,! *#%0#$$&-$! -5$&00#-$! )4(-2(6($(5-! .#! )4&/$('($+! .#! BoB!

gl&$&-&6#!&-.!a&N1$&7!UnI{hD!

V)! #L(,$#! J)W(a! (aWJX-,a! .#! BoB!/2#`! )#,! 0&00(C3%#,! 8! 0P0α! gKBUXIh7! 0P0β! gKBUXUh7! #$! 0P0γ!

gKBUXehD!"4(,5$;*#!0P0α!#,$!#L*%(0+!&1!-('#&1!.1!C5(#7!.#!)&!*#&17!.#!)4+*(.#%0#7!.#,!01,/)#,7!.#,!

*5105-,7!.#,!%#(-,7!#$!.#!)4(-$#,$(-D!S1&-$!F!)4(,5$;*#!0P0β7!()!#,$!#L*%(0+!.&-,!$51,!)#,!$(,,1,!.1!

/5%*,7! $&-.(,!@1#!0P0γ! #,$! )5/&)(,+!.&-,! )#,!01,/)#,! ,@1#)#$$(@1#,7! /&%.(&@1#,!&(-,(! @1#!.&-,! )#!

/#%'#&1D!V)!#,$!.+05-$%+!@1#!)#,!.#1L!,51,H$;*#,!BoBα!#$!β!:51#-$!1-!%Y)#!0&:#1%!.&-,!)4+@1()(6%#!

+-#%?+$(@1#!/5%*5%#)!�!0P0α!:51#!1-!%Y)#!.&-,!)#!,$5/N&?#!#$!)&!056()(,&$(5-!.#,!$%(?);/+%(.#,7!&)5%,!

@1#!0P0β!#,$!(0*)(@1+!@1&-$!F!)1(!&1!/51%,!.1!*%5/#,,1,!.#!.+'#)5**#0#-$!g"(!#$!&)D7!UnnUhD!!

!

+),-./!10!2!Q*-08*0-&!8>+)+R0&!'&!%d#8+'&!c@8+(!-B*+<=oR0&!_c8+(@54`a!

V)! &! +$+! 05-$%+! *51%! )&! *%#0(3%#! C5(,! @1#! )#,! TTPB,! +$&(#-$! )#,! *%#0(#%,! %+/#*$#1%,! F!

,42+$+%5.(0+%(,#%! &'#/! BoB! ga)(#M#%! #$! &)D7! IJJUhD! "#,! BoB,! *#1'#-$! &1,,(! ,#! )(#%! &1L! BK,! -5-!

,$+%5r.(#-,! .#! $;*#! BPB7! j<B! 51! #-/5%#! 9BD! V)! &! &1,,(! +$+!05-$%+! @1#! BoB! *51'&($! C5%0#%! 1-!

2505.(03%#!BoBQBoB!/&*&6)#!.#!,#!)(#%!F!)4+)+0#-$!.#!%+*5-,#!gBoB^hD!BoB!*5,,3.#!1-#!?%&-.#!

/&*&/($+!.#! ,#! )(#%!F!1-!?%&-.!-506%#!.#!BK,!*#%0#$$&-$!.#! %+?1)#%! ,*+/(C(@1#0#-$!.#,!?3-#,!



!
!

34#5)6./!0!L!N<*-='08*+=<!6B<B-#%&!

!

ps!

/(6)#,7! (0*)(@1+,!.&-,!.(CC+%#-$#,!'5(#,!0+$&65)(@1#,!�!5-!*&%)#!.41-#! $2+5%(#!.1!b!;),!;#=,!',!

0P0!c!g:(*;),!==hD!!

!

+),-./!11!2!">B=-+&!'0!l!;+/!;#</!'&!5S5!n!'B8-+C#<*!%d>#$+%+*B!'&!5S5!f!(&!%+&-!f!'+MMB-&<*(!

9#-*&<#+-&(!&*!f!+<*&-C&<+-!'#<(!%#!-B/0%#*+=<!'&!9%0(+&0-(!C=+&(!)B*#$=%+R0&(Y!$E#=*!#=9!

N#=,/(*9'.<?!1@0A%!

0P0!*#1$!.5-/!,#!)(#%!F!*%3,!.#!Is!*&%$#-&(%#,7!%#/5--&(,,&-$!&(-,(!.(CC+%#-$,!+)+0#-$,!.#!%+*5-,#!

F!)4P<K!.#!$;*#!0+-+J(J(WKa!7(),HJ,a!<B!I!F!<B!p!g:(*;),!=>hD!G#$$#!'&%(&6()($+!.#!%#/5--&(,,&-/#!#,$!

%#,*5-,&6)#! .#! )&! 05.1)&%($+! .#,! .(CC+%#-$#,! C5-/$(5-,! @14&,,1%#! BoB! &'#/! ,#,! .(CC+%#-$,!

*&%$#-&(%#,7!'&%(&-$!&(-,(!)4&CC(-($+!.#!)(&(,5-!#$!(-.1(,&-$!.(CC+%#-$,!/2&-?#0#-$,!/5-C5%0&$(5--#),!

g_,`!#$!&)D7!UnIJhD!BoB!*&%$&?#!1-#!5%?&-(,&$(5-!05.1)&(%#!,(0()&(%#!&1L!&1$%#,!BK,!gX51%?1#$!#$!&)D7!

IJJph8! 1-! .50&(-#! KH$#%0(-&)! '&%(&6)#! gK9<h! /5-$#-&-$! 1-#! )&! C5-/$(5-! .4&/$('&$(5-! )(?&-.H

(-.+*#-.&-$#! gP>HIh7! 1-! .50&(-#! GH$#%0(-&)! /5-,$($1+! *&%! )#! "X<! /5-$#-&-$! )&! ,1%C&/#! .#!

.(0+%(,&$(5-!&(-,(!@141-!.50&(-#!<X<!/5-,#%'+!@1(! (-$#%&?($!&'#/!)#!05$(C!2+L&-1/)+5$(.(@1#!p4H!

gPQ]h]g]Q9h9GP! gX#)5%1,5'&! #$! &)D7! UnIxhD! "&! )(&(,5-! &1! )(?&-.! (-.1($! 1-! /2&-?#0#-$!

/5-C5%0&$(5--#)!&1!-('#&1!.#!)42+)(/#![IU!(-.1(,&-$!)#!*&,,&?#!.#!)&!C5%0#!#9=!F!)&!C5%0#!>=%=!.#!

/#$$#!.#%-(3%#!g:(*;),!=?hD!!!



!
!

34#5)6./!0!L!N<*-='08*+=<!6B<B-#%&!

!

pp!

!

+),-./!17!2!E#-#8*B-+(*+R0&(!'&(!B%B)&<*(!'&!-B9=<(&!f!%d47O!'&!5S5!&*!(&(!9#-*&<#+-&(!'&!*D9&!

l!7+-&8*!5&9&#*!n!75:!f!75WY!F#*6)=/K#9?!1@@0%!

!

+),-./!1A!2!E>#</&)&<*(!8=<M=-)#*+=<<&%(!'0!P;7!'&!5S5!+<'0+*(!9#-!%#!%+#+(=<!'d0<!%+/#<'!<#*0-&%!

=0!(D<*>B*+R0&!&*!'d0<!8=-B/0%#*&0-!9&-)&**#<*!%&!9#((#/&!'&!%dB*#*!+<#8*+M!l!#9=!n!f!#8*+M!l!>=%=!n!

'&!%d>B%+8&!I:XY!89#56:/!9/!2+),k!,J!.ANM!=G<=%!



!
!

34#5)6./!0!L!N<*-='08*+=<!6B<B-#%&!

!

px!

G#! /2&-?#0#-$! .#! /5-C5%0&$(5-! *#%0#$! .#! C5%0#%! 1-#! ,1%C&/#! .4(-$#%&/$(5-! 51! C5-/$(5-!

.4&/$('&$(5-! P>HU! &'#/! )#,! 2+)(/#,! [e! #$! [p7! *#%0#$$&-$! .4(-$#%&?(%! &'#/! .#,! ),TW',A,;)a! ',! A.!

HI)WT.J(K,! &(-,(! @1#! .#,! /5%+?1)&$#1%,! *51%! &/$('#%! 51! %+*%(0#%! )&! $%&-,/%(*$(5-! .41-! ?3-#!

gB5,#-C#).7!UnnxhD!!G#$$#!C5-/$(5-!.4&/$('&$(5-!1:R=!A(*.K'R'+-,K'.KJ,!C5%0#!.5-/!1-!.50&(-#!@1(!

(0*)(@1#![e7![s7![p7![II!#$![IU!.1!.50&(-#!"X<D!K+&-05(-,7!1-#!C5-/$(5-!.4&/$('&$(5-! A(*.K'R

(K'+-,K'.KJ,!1:R<!#L(,$#!#$!#,$!(0*)(@1+#!.&-,!)#!%#/%1$#0#-$!.#!/5%+?1)&$#1%,!#$!)5/&)(,+#!.&-,!

)&!%+?(5-!KH$#%0(-&)#!.1!"X<D!^))#!#,$!(-$%(-,3@1#0#-$!.+,5%.5--+#7!#$!*#1$!&CC#/$#%!)4#CC(/&/($+!#$!

)&!,+)#/$('($+!.#! )4#L*%#,,(5-!.#,!?3-#,!/(6)#,7!&(-,(!@1#! )#,! %+*5-,#,!&1L! )(?&-.,! )(+,!&1!"X<!.#,!

%+/#*$#1%,!,$+%5r.(#-,!g9250*,5-!#$!&)D7!IJJ{hD!

0P0 #,$!1-#!H(@A,!JI+).-,;J(c;,0&:#1%# 8!#-!#CC#$7!()!#,$!(0*)(@1+!.&-,!*)1,(#1%,!*&$25)5?(#,!$#))#,!

@1#!)#,!);0*250#,!/1$&-+,7!)#,!/&-/#%,!.1!,#(-7!.1!C5(#!51!#-/5%#!.&-,!.#,!0&)&.(#,!0+$&65)(@1#,D!

"#! .+'#)5**#0#-$! .#! )(?&-.,! ,;-$2+$(@1#,! &?5-(,$#,! 51! &-$&?5-(,$#,! .#! BoB! *#%0#$$%&($! .#!

05.1)#%! .#,! %+*5-,#,! *2;,(5)5?(@1#,! ,*+/(C(@1#,! F! $%&'#%,! )&! %+?1)&$(5-! .#! )4&/$('($+!

$%&-,/%(*$(5--#))#!.#,!?3-#,!/(6)#,!gT+%#`!#$!&)D7!UnIUhD!!

!

!!"! 01&78=:-1?1&!!"#γ$#%#α&'&()*)+,-./)0&1/&)/,/&210&-.134&&

! "5%,!.#!)&!J).Ka.HJ(d.J(WK!P<KH.+*#-.&-$#7!2210γ!C5%0#!1-!I+J+)W'(Tf),!-,)T(aa(e!&'#/!

)#!%+/#*$#1%!F!)4&/(.#!%+$(-5r@1#!0P0α!*51%!#-,1($#!,#!)(#%!F!)4+)+0#-$!.#!%+*5-,#!TTB^"!%+?1)&-$!

&(-,(!)&!$%&-,/%(*$(5-!.#!?3-#,!/(6)#,!g:(*;),!=BhD!!

!

!

+),-./!1M!2!U='&!'d#8*+C#*+=<!'&(!>B*B-='+),-&(!'&!-B8&9*&0-(!<08%B#+-&(!#C&8!5S5!(&%=<!%&0-!

9&-)+((+C+*B!L!>B*B-='+),-&!<=<!9&-)+((+M!_/#08>&`!=0!9&-)+((+M!_'-=+*&`a!



!
!

34#5)6./!0!L!N<*-='08*+=<!6B<B-#%&!

!

pt!

! ^-!#CC#$7!/#$!2+$+%5.(03%#!TTPBQBoB!#,$!.($!b!-,)T(aa(e!c!#$!*#1$!O$%#!&/$('+!*&%!1-!)(?&-.!

.#!TTPB!51!1-!)(?&-.!.#!BoB!g=21)0&-!#$!&)D7!UnnshD!^-!%#'&-/2#7!()!C&1$!-5$#%!@1#!.4&1$%#,!$;*#,!

.42+$+%5.(03%#,!C5%0+,!&'#/! )#!*&%$#-&(%#!BoB!#L(,$#-$!#$!,5-$!/)&,,+,!,#)5-!)4#CC#$!.1!)(?&-.!.#!

BoB! ,1%! )4&/$('($+! $%&-,/%(*$(5--#))#!8! #-! *)1,! .#,! 2+$+%5.(03%#,! b!-,)T(aa(ea!c! .+/%($,!

*%+/+.#00#-$7! ()! #L(,$#! .#,! %+/#*$#1%,! .($,! b!KWK! -,)T(aa(ea!c7! 5u! BoB! #,$! 1-! *&%$#-&(%#!

b!,()#-/(#1L!c!#$!-#!*#1'#-$!*&,!O$%#!&/$('+,!*&%! )#! )(?&-.!.#!BoB!�! #$!#-C(-7!.#,! %+/#*$#1%,!.($,!

b!-,)T(aa(ea!HWK'(J(WKK,Aa!c7!5u!)#!)(?&-.!.#!BoB!,#1)!-#!,1CC($!*&,!F!)4&/$('&$(5-!.#!)42+$+%5.(03%#7!

0&(,!*%+,#-$#!/#*#-.&-$!1-!#CC#$!,;-#%?(@1#!&'#/!)#!)(?&-.!.#!,5-!*&%$#-&(%#!*#%0#$$&-$!&(-,(!)&!

$%&-,&/$('&$(5-!.1!?3-#!/(6)#!gT+%#`!#$!&)D7!UnIUhD!

"42+$+%5.(03%#!*%5$+(@1#!2210γS0P0α! !*#%0#$!.#!%#/%1$#%!1-!/50*)#L#!*%5$+(@1#!/5&/$('&$#1%!

51!/5%+*%#,,#1%7!*#%0#$$&-$7!.4&/$('#%!51!.#!%+*%(0#%!)&!$%&-,/%(*$(5-!%#,*#/$('#0#-$D!"4&/$('($+!.#!

/#!/50*)#L#!#,$! )&%?#0#-$!05.1)+#!*&%!.#!-506%#1L!/5%+?1)&$#1%,7!#-$%&(-&-$!&(-,(!.#,!#CC#$,!

#L$%O0#0#-$!'&%(&6)#,!,#)5-! )#,! $(,,1,!#$! )#,! ,($1&$(5-,!*2;,(5*&$25)5?(@1#,D!T&%!/#!0+/&-(,0#7!

)4&/$('&$(5-! *&%! )#! /50*)#L#! TTPBγQBoBα! ! *#%0#$! .#! /5-$%Y)#%! )4#L*%#,,(5-! .#,! ?3-#,! /(6)#,!

(0*)(@1+,!.&-,!.#,!0+$&65)(,0#,!?)1/(.5H)(*(.(@1#,!g<1%&-H=&-.5'&)!#$!&)D7!UnnehD!!

<#!-506%#1L!/5C&/$#1%,!,5-$!%#/%1$+,7!,#!C(L&-$!/500#!.+/%($!*%+/+.#00#-$!,1%!TTPBγ!#$!BoBα!!

#$! 05.(C(&-$! &(-,(! )&! /5-C5%0&$(5-! .1! /50*)#L#! #$! )4&CC(-($+! .#! )(&(,5-! *51%! )#,! .(CC+%#-$,!

/5%+?1)&$#1%,! g/5&/$('&$#1%,! #$! /5%+*%#,,#1%,hD! G#)&! /5-.1($! F! 1-#! #L*%#,,(5-! .(CC+%#-$(#))#! .#,!

?3-#,!/(6)#,7!#$!F!1-#!%+*5-,#!6(5)5?(@1#!.(,$(-/$#!.#!.(CC+%#-$,!)(?&-.,!,#!)(&-$!&1!0O0#!%+/#*$#1%!

TTPBγ! gX&)(-$! &-.! K&?;7! UnnxhD! P(-,(7! )#,! .(CC+%#-$,! )(?&-.,! *#1'#-$7! C+#! 1-! 0O0#! %+/#*$#1%!

-1/)+&(%#7!(-.1(%#!.#,!%+*5-,#,!6(5)5?(@1#,!/5001-#,7!0&(,!&1,,(!.#,!%+*5-,#,!6(5)5?(@1#,!@1(!)#1%!

,5-$!,*+/(C(@1#,!g:(*;),!=ChD!



!
!

34#5)6./!0!L!N<*-='08*+=<!6B<B-#%&!

!

p{!

!

+),-./!1L!2!Pd&29-&((+=<!'&(!/,<&(!8+$%&(!(=0(!%&!8=<*-e%&!'0!8=)9%&2&!3345@5S5!)='0%B&!9#-!%&(!

8=M#8*&0-(!(B%&8*+M(!'&!3345a!!

B"!@@A6γ+'&+4$+)3C(4$&.0-+&)$-*%)./&.0--'44'+,'+CD-'*+%.E4'*+
!

"#! $%&!:.+*854"-%5+&!'%!1123γ!@!H*,*+"4(-*&!

!

!

! "#!.+'#)5**#0#-$!.#!$(,,1,!&.(*#1L!#,$!1-!*%5/#,,1,!(0*)(@1&-$!)&!/55*+%&$(5-!/5-/#%$+#!

.#! -506%#1L! C&/$#1%,! .#! $%&-,/%(*$(5-! $#)! @1#! TTPBγ7! &(-,(! @1#! )#1%,! /5%+?1)&$#1%,! .#! $;*#,!

/5&/$('&$#1%,!51!/5%+*%#,,#1%,D!^-!#CC#$7!TTPBγ!#,$!/5-,(.+%+!/500#!1-!.#,!*%(-/(*&1L!%+?1)&$#1%,!

.#!)&!.(CC+%#-$(&$(5-!.#,!.'(-WHXJ,aD!!"#,!/5%+?1)&$#1%,!.#!TTPBγ!.&-,!/#,!*%5/#,,1,!*2;,(5)5?(@1#,7!

#$!)&!,*+/(C(/($+!.#!)#1%,!C5-/$(5-,!6(5)5?(@1#,!/5-,$($1#!1-!-('#&1!,1**)+0#-$&(%#!.#!%+?1)&$(5-!.1!

.+'#)5**#0#-$! .1! $(,,1! &.(*#1LD!R-#! )(,$#! -5-! #L2&1,$('#! .#,! /5%+?1)&$#1%,! (-$#%&?(,,&-$! &'#/!

TTPBγ!#$!:51&-$!1-!%Y)#!.&-,!)4&.(*5?#-3,#!#,$!/5--1#!.&-,!)&!)($$+%&$1%#!g:(*;),!=DhD!!

!

!



!
!

34#5)6./!0!L!N<*-='08*+=<!6B<B-#%&!

!

pJ!

!

!

+),-./!1R 2!V0&!'d&<(&)$%&!'&(!8=#8*+C#*&0-(!_$%&0`!&*!'&(!8=-B9-&((&0-(!_-=0/&`!'&!3345γ _C&-*@

=-#</&`!+)9%+R0B(!'#<(!%d#'+9=/&<,(&Y!89#56:/!9/!I'55/=!#=9!I#(W4'E/=?!1@0@%!

!!

"#,!*%5$+(-#,!.1!/50*)#L#!0+.(&$#1%!/5-,$($1#-$!1-!#L#0*)#!6(#-!.+/%($!.#,!*%5$+(-#,!.#!

)(&(,5-,!&1L!BK,7!-5$&00#-$!TTPBγD! "#!T+'(.J,;)! gA^<h!#,$!1-!0&/%5H/50*)#L#! $%3,! /5-,#%'+!

#-$%#! )#,! #,*3/#,7! ,#%'&-$! .4(-$#%C&/#! *2;,(@1#! #$! C5-/$(5--#))#! #-$%#! )#,! C&/$#1%,! ?+-+%&1L! .#!

$%&-,/%(*$(5-! g]9>,h! )(+,!F! )4P<K!#$!F! )&!0&/2(-#%(#! $%&-,/%(*$(5--#))#!#1/&%;5$#! gG5-&M&;!#$!&)D7!

UnnphD! V)! *5,,3.#! 1-#! 5%?&-(,&$(5-!TW';A.(),! #$! ,5-! 5%?&-(,&$(5-! ?)56&)#! #,$! /5-,$($1+#! .#! ?!

TW';A,a!8!)&!JoJ,7!)#!T(A(,;7!)&!c;,;,!#$!)#!TW';A,!\(K.a,!@1(!-4#,$!*&,!$51:51%,!&,,5/(+!&1L!&1$%#,!

,51,H1-($+,! .1!0+.(&$#1%! g:(*;),! =EhD!K51,! *51'5-,! /($#%! )#,! ,51,H1-($+,!5&7<! g&1,,(! &**#)+#!

9BPTUUnQ<BVTUnph!51!#-/5%#!5&7<?! /500#!/5&/$('&$#1%,! /5--1,!.&-,! )&! %+?1)&$(5-!.#!TTPBγ!

.&-,!)&!'5(#!0+$&65)(@1#!.#,!&.(*5/;$#,D!S1&-$!&1L!/5%+*%#,,#1%,!.#!TTPBγ7!*)1,(#1%,!,5-$!/5--1,!

F!/#!:51%7!0&(,!%50"!#$!QOW0!%#,$#-$!)#,!*%#0(#%,!(.#-$(C(+,!gG2#-!&-.!^'&-,7!IJJphD!

!



!
!

34#5)6./!0!L!N<*-='08*+=<!6B<B-#%&!

!

xn!

!

+),-./!1S!2!E=)9=(+*+=<!)='0%#+-&!'0!8=)9%&2&!)B'+#*&0-!'&(!%&C0-&(!&*!'&(!)#))+M,-&(Y!'=<*!

9%0(+&0-(!(=0(@0<+*B(!(=<*!+'&<*+M+B&(!8=))&!8=#8*+C#*&0-(!'&!3345γY!89#56:/!9/!X'-6'-.)=#?!

1@0S%

!

6#! 3*0+%&&(.,!'%!4"!-+",&:+(0-(.,!0"+!1123γC3G3α!@!I-+5:-5+%CJ.,:-(.,!

!

!"! %):+1//!8*&41&-,&.+,*/7+!:.!8*&E&()*)+,-!.)/&

! "4&/@1(,($(5-!51!)#!0&(-$(#-!.41-#!C5-/$(5-!/#))1)&(%#!%#*5,#!&1,,(!6(#-!,1%!)4&/$('&$(5-!@1#!

,1%!)&!%+*%#,,(5-!.#,!?3-#,D!<#!-506%#1L!%+?1)&$#1%,!$%&-,/%(*$(5--#),!*#1'#-$!.5-/!#L#%/#%!1-#!

C5-/$(5-! *-#<(H%+*%#,,('#! ,1%! 1-#! *&%$(#! .#,! ?3-#,! /(6)+,D! "&! %+*%#,,(5-! .#! )&! $%&-,/%(*$(5-! .#!

/#%$&(-,!?3-#,!C+#!)#,!%+/#*$#1%,!-1/)+&(%#,!(0*)(@1#!)#!%#/%1$#0#-$!.1!/50*)#L#!.#!/5%+*%#,,#1%,D!

^-!&6,#-/#!.#!,5-! )(?&-.7! )#!%+/#*$#1%!-1/)+&(%#!*%+,#-$!.&-,! )#!-5;&1!&?($!&'#/!,5-!*&%$#-&(%#!

*%5$+(@1#7!/500#!*&%!#L#0*)#!BoB7!#$!)#!/50*)#L#!*#1$!,#!)(#%!F!,5-!+)+0#-$!.#!%+*5-,#!F!)4P<K7!

0&(,! %#,$#!0&(-$#-1!.&-,!1-!+$&$!.($!b!,()#-/(#1L!c!*&%!.#,!/50*)#L#,!.#!/5%+*%#,,(5-!@1(! ,5-$!

%#/%1$+,7!&;&-$!1-#!&/$('($+!#-`;0&$(@1#!.#!$;*#!'+a.H+JXA.a,7!/500#!)#,!/5%+*%#,,#1%,!%50"!51!

QOW07!*#%0#$$&-$!.4&?(%!,1%! )#,!2(,$5-#,!#-! )#,!.+,&/+$;)&-$! gK&?;!#$!&)D7!IJJJhD!G#)&!*#%0#$!.#!

0&(-$#-(%! )&! /2%50&$(-#! .&-,! 1-! +$&$! /50*&/$#! %#-.&-$! )#! %#/%1$#0#-$! .#! )&! 0&/2(-#%(#!

$%&-,/%(*$(5--#))#! (-&//#,,(6)#D! K+&-05(-,7! )#,! 0+/&-(,0#,! .4&/$(5-! %+?(,,&-$! )&! %+*%#,,(5-!

.#0#1%#-$!*#1!/5--1,D!!

!

! "#,!%+/#*$#1%,!-1/)+&(%#,!*5,,3.#-$!.(CC+%#-$,!,($#,!.#!C(L&$(5-!#-!C5-/$(5-!.#!)&!-&$1%#!.1!

/5%+?1)&$#1%7!/5&/$('&$#1%!51!/5%+*%#,,#1%D!"#,!*%5$+(-#,!/5%+?1)&$%(/#,!,#!C(L#-$!&1!.50&(-#!"X<!

.#,!%+/#*$#1%,!-1/)+&(%#,7!&1!-('#&1!.#!)&!*5/2#!.#!C(L&$(5-!.1!/5%+?1)&$#1%!C5%0+#!*&%!)#,!2+)(/#,!



!
!

34#5)6./!0!L!N<*-='08*+=<!6B<B-#%&!

!

xI!

[e7! [s! #$! [IU! .1! "X<7! %+?(5-! &**#)+#! eWKHJ(WK! 'm.HJ(d.J(WK! 1:R=D! ^-! #CC#$7! *)1,(#1%,! +$1.#,!

05-$%#-$! @1#! )#,! 01$&$(5-,! .#! .(CC+%#-$,! %+,(.1,! /)+,! .#! )&! %+?(5-! P>HU7! (0*&/$#-$! C5%$#0#-$!

)4&CC(-($+!.#!%#/%1$#0#-$!.#,!/5%+?1)&$#1%,D!"#,!HW)+-),aa,;)a!,5-$!.5-/!.#,!*%5$+(-#,!@1(!,#!C(L#-$!

&1L!BK,!#-!&6,#-/#!.#!)(?&-.!&?5-(,$#7!#$!,#!.(,,5/(#-$!)5%,!.#!)&!)(&(,5-!.#!/#!.#%-(#%!gG2#-!&-.!

^'&-,7!IJJphD!V)!#,$!&1,,(!05-$%+!@14(),!*#1'#-$!,#!)(#%!#-!*%+,#-/#!.41-!)(?&-.!&-$&?5-(,$#!gq2&-?!

#$!&)D7!IJJ{hD!"#!0+/&-(,0#!.#!%#/%1$#0#-$!C+#!)42+)(/#!P>HU!/5-/#%-#!&1,,(!1-#!&1$%#!/&$+?5%(#!.#!

/5%+*%#,,#1%,! )(?&-.H.+*#-.&-$,!8! )#,! YOW0! gP+/#<'@'&9&<'#<*! <08%&#-! E=-&9-&((=-hD! "#,!

/2&-?#0#-$,!/5-C5%0&$(5--#),!.#!)42+)(/#!P>HU!(-.1($,!*&%!)&!)(&(,5-!.#,!)(?&-.,!,5-$!,1CC(,&-$,!*51%!

(-2(6#%!)4(-$#%&/$(5-!.#,!/5%+*%#,,#1%,!#$!*#%0#$$%#!)#!%#/%1$#0#-$!.#,!/5&/$('&$#1%,!,1??+%&-$!1-!

0+/&-(,0#!.4+/2&-?#,!&/$(C,!gT#%(,,(!#$!&)D7!UnnshD!

!

!!"! 01/&78+):+1//16+/&41&##$%γF%C%α&&&

!

! "#,!HW)+-),aa,;)a!,#!C(L#-$!#-!*%+,#-/#!.#!)(?&-.!&-$&?5-(,$#!51!#-!&6,#-/#!.#!)(?&-.!C+#!)#!

05$(C!YLLVLLYD!V)!#L(,$#!*)1,(#1%,!$;*#,!.#!*%5$+(-#,!/5%+*%#,,('#,!.#!)42+$+%5.(03%#!TTPBHBoB!8!)#,!

QOW0a! gO08%&#-! 5&8&9*=-! E=-&9-&((=-h7! )#,! %50"a! gQ+%&<8+</! U&'+#*=-! =M! 5&*+<=+'! #<'! ">D-=+'!

-&8&9*=-h7!51!#-/5%#!)&!*%5$+(-#!.4(-$#%&/$(5-!.#,!)+H,-J,;)a!<?G!gBVTIsnh!*&%!#L#0*)#!g:(*;),!=FhD!!

!

"#,!/5%+*%#,,#1%,!'5-$!*#%0#$$%#!.4&'5(%!1-#!&/$(5-!.#!%+*%#,,(5-!,1%!/#%$&(-,!?3-#,7!-5$&00#-$!

#-! %#/%1$&-$! .#,! I(aJWK,a! '+a.H+JXA.a,a! g#71Oh! gj(,M&N&%0&! #$! &)D7! UnInhD! "#! %#/%1$#0#-$!

.42(,$5-#,H.+,&/+$;)&,#,!#,$!1-#!*%5*%(+$+!/5001-#!F!*)1,(#1%,!%+*%#,,#1%,!$%&-,/%(*$(5--#),D!"#!

%#/%1$#0#-$!#,$!,5($!'(),HJ!g1-#![<PG!,#!)(#!.(%#/$#0#-$!F!1-!C&/$#1%!.#!$%&-,/%(*$(5-h7!,5($!(K'(),HJ!

gC+#! .#,! (-$#%0+.(&(%#,! *%5$+(@1#,! /500#! =AB9QKG5BhD! "#1%,! 05$(C,! .#! %#/5--&(,,&-/#,! ,5-$!

,51'#-$!,($1+,!.&-,!.#,!%+?(5-,!(-$%(-,3@1#0#-$!.+,5%.5--+#,7!/#!@1(!%#-.!*)1,!.(CC(/()#!)#,!+$1.#,!

,$%1/$1%&)#,! .#! /#,! /50*)#L#,! g=(05-,! #$! &)D7! UnIshD! <#! *)1,7! ()! C&1$! -5$#%! @1#! )5%,! .#! )&! *-#<(H

%+*%#,,(5-7!)#,!TTPB,!*#1'#-$!%+*%(0#%!.#!0&-(3%#!P<KH(-.+*#-.&-$#!)&!$%&-,/%(*$(5-!.#!?3-#,!#-!

(-2(6&-$! .4&1$%#,! '5(#,! .#! $%&-,.1/$(5-! .1! ,(?-&)7! $#))#! @1#! )&! '5(#! .#! ,(?-&)(,&$(5-! .1! C&/$#1%!

-1/)+&(%#!κ!X!gK>HκXhD!!



!
!

34#5)6./!0!L!N<*-='08*+=<!6B<B-#%&!

!

xU!

!

!

+),-./!1T!2!P&(!'+MMB-&<*&(!C=+&(!)B*#$=%+R0&(!'&!%#!-B9-&((+=<!*-#<(8-+9*+=<<&%%&!9#-!%&(!-B8&9*&0-(!

<08%B#+-&(!&*!%&(!8=)9%&2&(!8=-B9-&((&0-(!#((=8+B(Y!89#56:/!9/!F'*/=</(9?!1@@L%!

!

9%3,! *#1! .#! ,$%1/$1%#,! #-! *%+,#-/#! .41-! /5%+?1)&$#1%! .#! $;*#! /5%+*%#,,#1%! #L(,$#-$! .&-,! )#,!

6&-@1#,!.#!.5--+#,!&1:51%.421(D!"&!*%#0(3%#!,$%1/$1%#!.#!2210γ!Y67!,&1'&?#!gl9h!#-!*%+,#-/#!

.#,!*#*$(.#,!/5%+*%#,,#1%,7!QOW0!#$!%50"7!&(-,(!@1#!.41-!)(?&-.!(-'#%,#!&?5-(,$#!g9nntnJnth!5-$!

+$+! %+,5)1#,! $%3,! %+/#00#-$! *&%! /%(,$&))5?%&*2(#! &1L! %&;5-,Ho! F! I7{! v! #$! U7I! v! %#,*#/$('#0#-$!

g=2&-?!#$!&)D7!UnUnh!g276!8!x_KV!#$!xT<qhD!G#,!,$%1/$1%#,!*#%0#$$#-$!.#!0#$$%#!#-!+'(.#-/#7!)#!%Y)#!

/5-C5%0&$(5--#)! *%(05%.(&)! .#! )42+)(/#! [IU! .1! "X<! *51%! )#! %#/%1$#0#-$! .#,! /5%+?1)&$#1%,D! ^-!

*%+,#-/#!.#!)(?&-.,7!)&!6.#=*R)+-),aa(WK!)&(,,#!*)&/#!F!)&!6.#=*R.HJ(d.J(WK!.#!?3-#,!/(6)#,!*&%!)#,!BK,!

/5-/#%-+,D!!

!

:#! 2:-(B"-(.,!'%!4"!-+",&:+(0-(.,!0"+!1123γC3G3α!@!I-+5:-5+%CJ.,:-(.,!

!

!"! $7.!G,.!8*&41&-,&.+,*/7+!:.!8*&E&()*)+,-!.)/&

!



!
!

34#5)6./!0!L!N<*-='08*+=<!6B<B-#%&!

!

xe!

! P)5%,!@1#!)4PBK!*5);0+%&,#!VV!#$!)#,!C&/$#1%,!?+-+%&1L!.#!$%&-,/%(*$(5-!,5-$!,1CC(,&-$,!*51%!

&/$('#%!)&!$%&-,/%(*$(5-7!.#,!C&/$#1%,!,1**)+0#-$&(%#,!51!#CC#/$#1%,!,5-$!%#@1(,!&C(-!.4#L*%(0#%!.#,!

?3-#,!#-!%+*5-,#!F!.#,!/5%+?1)&$#1%,7! (/(!.#,!HW.HJ(d.J,;)aD! !"4#L(,$#-/#!.#,!/5&/$('&$#1%,!&!+$+!

.+/51'#%$#!.&-,!)#,!&--+#,!IJJn!�!/#$$#!.+/51'#%$#!#,$!6&,+#!,1%!)#1%!/&*&/($+!F!(-$#%&?(%!&'#/!)#,!

9>,!#$!/#,!.#%-(#%,!*#1'#-$!O$%#!/)&,,+,!#-!',;L!H.J+*W)(,a!g:(*;),!>Gh!8!

!

!! "#,! /5&/$('&$#1%,! (-$#%&?(,,&-$! .(%#/$#0#-$! &'#/! )&! T5)! VV! 51! .4&1$%#,! /50*5,&-$,! .#! )&!

0&/2(-#%(#!$%&-,/%(*$(5--#))#!6&,&)#7!

!! "#,! /5&/$('&$#1%,! &?(,,&-$! .(%#/$#0#-$! ,1%! )&! /2%50&$(-#! /500#! )#,! 2(,$5-#,!

&/+$;)$%&-,C+%&,#,!g#1"ah!51!#-/5%#!)#,!2(,$5-#,!.+,&/+$;)&,#,!g#71Oah!gK��%!#$!&)D7!UnnIhD!!

!

V)! #L(,$#! /#*#-.&-$! .4&1$%#,! /5&/$('&$#1%,! .#! /#! $;*#! /500#! )#,! *#*$(.;)&%?(-(-#7! )#,!

0+$2;)$%&-,C+%&,#,7! )#,!.+0+$2;)&,#,7!.#,!*%5$+(-#,! (0*)(@1+#,!.&-,!)#!%#05.#)&?#!.#!)&!

/2%50&$(-#!P9TH.+*#-.&-$!51!#-/5%#! )#,!,51,H1-($+,!.1!0+.(&$#1%! gA^<h!/500#!.+/%($!

*%+/+.#00#-$D!!!

!

T&%0(! )#,! /50*)#L#,! #1"a! (.#-$(C(+,! /500#! &/$('&$#1%,! $%&-,/%(*$(5--#),7! ',;L! JX-,a! ,5-$!

/&%&/$+%(,+,!8!)#,![P9,!.#!JX-,!1!-1/)+&(%#,7!#$!)#,![P9,!.#!JX-,!6!/;$5*)&,0(@1#,D!"#,![P9,!.#!$;*#!

P!'5-$!*&%$(/1)(3%#0#-$!-51,!(-$+%#,,#%!)5%,!.#!/#$$#!(-$%5.1/$(5-D!^-!#CC#$7!*)1,(#1%,!C&0())#,!.#!/#!

$;*#!.#![P9,!5-$!+$+!(.#-$(C(+#,!8!!

!

"&! C&0())#! ->GGSO627! )#,! /5&/$('&$#1%,! .#,! %+/#*$#1%,! -1/)+&(%#,! /500#! *&%! #L#0*)#! )#,!

/5&/$('&$#1%,!.#,!)+H,-J,;)a!aJ+)Wj'(,Ka!%0O!g=BGHI7!=BGHU!51!=BGHeh7!)#!/5&/$('&$#1%!,*+/(C(@1#!.1!

%+/#*$#1%! &/$('+! *&%! )#,! *%5)(C+%&$#1%,! .#! *#%5L;,50#,! TTPB! g2ZOR<αh7! 51! #-/5%#!

5&7<S"012=G=GS70V2=GB!@1(!(-$#%&?($!&'#/!*)1,(#1%,!$;*#,!.#!BK,D!^-!#CC#$7!()!&!+$+!05-$%+!@1#!

)4&/$('&$(5-!.41-!?3-#!,#06)#!#CC#/$('#0#-$!.+*#-.%#!.#!)4&/+$;)&$(5-!/(6)+#!.#,!2(,$5-#,7!*1(,@1#!

.#!-506%#1L!/5&/$('&$#1%,7!$#),!@1#!)#,!*%5$+(-#,!/($+#,!*%+/+.#00#-$!g*ennQGXT7!=BG!51!#-/5%#!

)#,! *%5$+(-#,! 9P>,h! *%+,#-$#-$! 1-#! &/$('($+! #-`;0&$(@1#! (-$%(-,3@1#! .#! $;*#! 2(,$5-#H&/+$;)H

$%&-,C+%&,#!g=*#-/#%!#$!&)D7!IJJthD!!



!
!

34#5)6./!0!L!N<*-='08*+=<!6B<B-#%&!

!

xs!

!

!

+),-./!7@!2!Q8>B)#!/%=$#%!'0!)='&!'d#8*+=<!'&(!-B8&9*&0-(!<08%B#+-&(Y!P.'=/D/Y/.!/6!#(%?!1@@A%!

!

!!" 01/&78,7.!G,.16+/&41&##$%γF%C%α

!

! G500#!.+/%($!*%+/+.#00#-$7!)#!T+H.K(aT,!',!)+*;A.J(WK!.#!)&!$%&-,/%(*$(5-!.#,!?3-#,!*&%!

)4&/$('&$(5-!.#,!%+/#*$#1%,!2210!%+*5-.!F!*)1,(#1%,!+$&*#,!*&,,&-$!*&%!1-#!+$&*#!.#!%+*%#,,(5-!.#!

)&!$%&-,/%(*$(5-7!*&%!)&!)(&(,5-!.#!)4&?5-(,$#!*#%0#$$&-$!)&!.(,,5/(&$(5-!.1!/50*)#L#!.#!%+*%#,,(5-7!)&!

)(&(,5-!.1!/50*)#L#!TTPBHBoB!,1%!,5-!+)+0#-$!.#!%+*5-,#!gTTB^h7!#$!#-C(-!*&%!)#!%#/%1$#0#-$!.#,!

/5&/$('&$#1%,!&651$(,,&-$!F!)&!$%&-,/%(*$(5-!.1Q.#,!?3-#,!/(6)#,D!T&%!/#!0+/&-(,0#7!)4&/$('&$(5-!.#,!

TTPB,!/5-$%Y)#!&(-,(!)4#L*%#,,(5-!.#,!?3-#,!(0*)(@1+,!.&-,!)#!0+$&65)(,0#!.#,!)(*(.#,!#$!.&-,!/#)1(!

.1! ?)1/5,#D! G#*#-.&-$7! ()! C&1$! -5$#%! @1#!.#!-506%#1L! &1$%#,! ?3-#,! ,5-$! %+?1)+,!C+#! /#$$#! '5(#!

.4&/$('&$(5-7! *%5'5@1&-$! &(-,(! .#,! #CC#$,! *)#r5$%5*#,! .&-,! .(CC+%#-$#,! '5(#,! 0+$&65)(@1#,!

g0+$&65)(,0#7!*%5)(C+%&$(5-7!0(?%&$(5-!&(-,(!@1#!)&!,$%1/$1%#!/#))1)&(%#hD!!!

!"#,! -506%#1L! /5C&/$#1%,! %#/%1$+,! g.(CC+%#-$,! $;*#,! .#! )(?&-.,h! #L(,$&-$! 51! #-! /51%,! .#!

.+'#)5**#0#-$7!*#1'#-$7!#-!,#!C(L&-$!,1%!)#!%+/#*$#1%!TTPB!05.(C(#%!)&!/5-C5%0&$(5-!.1!/50*)#L#!



!
!

34#5)6./!0!L!N<*-='08*+=<!6B<B-#%&!

!

xp!

#$!&(-,(!)4&CC(-($+!.#!)(&(,5-!*51%!)#,!.(CC+%#-$,!/5&/$('&$#1%,D!G#)&!/5-.1($!F!)4#L*%#,,(5-!.(CC+%#-$(#))#!

.#!*)1,(#1%,!?3-#,!#$!&(-,(7!F!1-#!%+*5-,#!6(5)5?(@1#!.(,$(-/$#!.#!.(CC+%#-$#,!05)+/1)#,!,#!)(&-$!&1!

0O0#!%+/#*$#1%!TTPBD!

!

"#,!HW.HJ(d.J,;)a!gG5Ph!,#!C(L#-$!#-!*%+,#-/#!.#!)(?&-.!&?5-(,$#!C+#! )#!05$(C!/5-,#-,1,!YLLYY!g"!8!

"#1/(-#! #$! L!8! &1$%#! &/(.#! &0(-+hD! G#,! G5P! /5-$(#--#-$! 1-! 51! *)1,(#1%,!05$(C,! /5-,#%'+,! "LL""!

-+/#,,&(%#,! F! )4(-$#%&/$(5-! &'#/! )&! C5-/$(5-!.4&/$('&$(5-!P>HU! ,($1+#! F! )4#L$%+0($+!GH$#%0(-&)#!.1!

%+/#*$#1%! -1/)+&(%#! gj5#?#)7! IJJ{hD! V)! #L(,$#! *)1,(#1%,! C&0())#,! .#! -)WJ+(K,a! HW.HJ(d.J)(H,a7!

-5$&00#-$!=BGHI7!9V>UQ=BGHU7! )#,!*%5$+(-#,!.#! )&! C&0())#!*Ixn7!GXTQ*enn7!T]GIH!"β!51!#-/5%#!

A^<IQ<BVT!g:(*;),!><hD!

!

!

!

+),-./!70!2!P&(!'+MMB-&<*&(!C=+&(!)B*#$=%+R0&(!'&!%d#8*+C#*+=<!*-#<(8-+9*+=<<&%%&!9#-!%&(!-B8&9*&0-(!

<08%B#+-&(!&*!%&(!8=)9%&2&(!8=#8*+C#*&0-(!#((=8+B(Y!89#56:/!9/!F'*/=</(9?!1@@L%!

!

"#,! HW.HJ(d.J,;)a! '5-$! *#%0#$$%#! )4&,,5/(&$(5-! .#! /50*)#L#,! *51%! &,,1%#%! )&! $%&-,/%(*$(5-! .#,!

?3-#,7! -5$&00#-$! #-! %#/%1$&-$! .#,! 2(,$5-#,! &/+$;)$%&-,C+%&,#! g=*#-/#%! #$! &)D7! IJJthD! G#%$&(-,!

/5&/$('&$#1%,!,5-$!*)1,!,*+/(C(@1#,!@1#!.4&1$%#,D!



!
!

34#5)6./!0!L!N<*-='08*+=<!6B<B-#%&!

!

xx!

! ^-!#CC#$7!)#!/5&/$('&$#1%!0#06%#!.#!)&!C&0())#!.#,!b!3345γ!8=#8*+C#*=-@:!c!g2ZOR<α!#$!2ZOR

<βh! *%+,#-$#! 1-#! #L*%#,,(5-! 6#&1/51*! *)1,! 0&%@1+#! .&-,! )#,! $(,,1,! @1(! -+/#,,($#-$! 1-#!

/5-,500&$(5-! .4+-#%?(#! (0*5%$&-$#! $#),! @1#! )#,! $(,,1,! &.(*#1L! 6%1-,7! )#! /k1%7! )#,! 01,/)#,!

,@1#)#$$(@1#,! &(-,(! @1#! )#! /#%'#&1!#$! )#! %#(-D! V),! ,#%'#-$! #-! #CC#$! .#!*)&$#C5%0#!.#! %#/%1$#0#-$!

.4&1$%#,!0#06%#,!.1!/50*)#L#!.4&/$('&$(5-!.#!)&!$%&-,/%(*$(5-!g>(-/N7!UnnxhD!"#,!/5&/$('&$#1%,!T]GH

I!,5-$!/5--1,!*51%! )#1%! (-$#%&/$(5-!F!*)1,(#1%,! %+/#*$#1%,!-1/)+&(%#,7!-+&-05(-,7! )#1%!*%#0(3%#!

/(6)#!(.#-$(C(+#!+$&($!TTPBγ!.5-$!(),!$(%#-$!)#1%!-50D!V)!&!+$+!/&%&/$+%(,+!#-!IJJ{!/500#!/5&/$('&$#1%!

.#! TTPBγ! *51%! &/$('#%! )4#L*%#,,(5-!.#! )&! *%5$+(-#!0($5/25-.%(&)#!RGTHI! g^<8=09%+</! 3-=*&+<@:hD!

2ZOR<α!#,$!1-!%+?1)&$#1%!.#!)&!JI,)TW*,Kfa,!(-.1(,&-$!)&!*%5.1/$(5-!.#!/2&)#1%!*2;,(5)5?(@1#!#-!

C5-/$(5-!.#,!'&%(&$(5-,!#-'(%5--#0#-$&)#,D!^-!#CC#$7! )5%,!.#! )4#L*5,($(5-!&1! C%5(.7! /#$$#!*%5$+(-#!

*#%0#$! .#! ,$(01)#%! )4#L*%#,,(5-! .#! RGTHI! @1(7! F! ,5-! $51%7! .(,,(*#! )#! ?%&.(#-$! +)#/$%5/2(0(@1#!

0($5/25-.%(&)!#$!(-.1($!)&!*%5.1/$(5-!.#!/2&)#1%!gT1(?,#%'#%!#$!&)D7!IJJ{hD!"#!/5%+?1)&$#1%!T]GHIα!

*5,,3.#!$%5(,!05$(C,!/5-,#-,1,!YLLYY!*#%0#$$&-$!)4(-$#%&/$(5-!&'#/!)#,!%+/#*$#1%,!-1/)+&(%#,D!

!

<4&1$%#,!/5&/$('&$#1%,!,5-$!(0*)(@1+,!.&-,!)#!%#05.#)&?#!.#!)&!/2%50&$(-#7!$#),!@1#!)#,!*%5$+(-#,!

0#06%#,! .1! /50*)#L#! %[VS%Q:D! G#,! .#%-(#%,! *#%0#$$#-$! )&! .+/50*&/$(5-! 51! 51'#%$1%#! .#! )&!

/2%50&$(-#!P9TH.+*#-.&-$#!&?(,,&-$!&(-,(!,1%!)#,!-1/)+5,50#,!gZ5,2(-&?&!#$!&)D7!IJJUhD!

"#,! /5%+?1)&$#1%,! ,5-$! .#,! *%5$+(-#,! /5-,$($1+#,! .#! .50&(-#,! $%3,! *#1! ,$%1/$1%+,! 51!

(-$%(-,3@1#0#-$! .+,5%.5--+,D! G4#,$! *51%@15(7! )&! )($$+%&$1%#! .+/%($! $%3,! 0&)! )#,! ,$%1/$1%#,! .#!

/50*)#L#,!.#!BK,!#-!*%+,#-/#!.41-!/5%+?1)&$#1%!#-$(#%D!V)!#L(,$#!-+&-05(-,!1-!?%&-.!-506%#!.#!

,$%1/$1%#,!#-!*%+,#-/#!.#!*#*$(.#,!/5%+?1)&$#1%,7!-5$&00#-$! )&!%+?(5-!.4(-$#%&/$(5-! (-/)1&-$! )#!

05$(C!/5-,#-,1,!"LL""7!*#%0#$$&-$!.#!/50*%#-.%#!)#,!6&,#,!,$%1/$1%&)#,!.1!0+/&-(,0#!&))5,$+%(@1#!

/5-$%Y)&-$!)&!)(&(,5-!.#,!/5&/$('&$#1%,D!!

!

! "#,!*%#0(3%#,!,$%1/$1%#,!$%(.(0#-,(5--#))#,!.#!2210γ!Y67!#5'!g276!8!ITB]h!51!.1!/50*)#L#!

$#%-&(%#! /5-,$($1+! .41-! )(?&-.! &?5-(,$#! .#! $;*#! 9q<! g%5,(?)($&`5-#h! &(-,(! @1#! .41-! .50&(-#! .1!

/5&/$('&$#1%! =BGHI! g{{! &/(.#,! &0(-+,h! /5-$#-&-$! .#1L! 05$(C,! "LL""! 5-$! +$+! %+,5)1,! *&%!

/%(,$&))5?%&*2(#!&1!%&;5-,Ho!#-!IJJ{!g276!8!UTB]h!F!U7e!v!gK5)$#!#$!&)D7!IJJ{6hD!T)1,(#1%,!+$1.#,!

6(5/2(0(@1#,!5-$!05-$%+!)4(0*5%$&-/#!.#!/#,!05$(C,!"LL""!*51%!)4(-$#%&/$(5-!/55*+%&$('#!.#!=BGHI!

&1L! %+/#*$#1%,! -1/)+&(%#,D! G#$$#! ,$%1/$1%#! .+/%($! )4(-$#%&/$(5-! .1! .50&(-#! .#! =BGHI! F! 1-!

2505.(03%#!.#!TTPBγ7!5u!/2&@1#!05$(C!"LL""!g05$(C!I!#$!U!%#,*#/$('#0#-$h!(-$#%&?($!&'#/!/2&/1-!

.#,!05-503%#,!.#!TTPBγD!V)!&!+$+!0(,!#-!+'(.#-/#!)4(0*5%$&-/#!.#!.#1L!%+,(.1,!$%3,!/5-,#%'+,!/2#`!

$51,!)#,!BK,!8!)#!*A;J.T.J,!?D<!g&?D<h7!#$!)&! AXa(K,!>G<!gU>G<hD!G#,!%+,(.1,!(-$#%&?(,,#-$!&'#/!)#,!



!
!

34#5)6./!0!L!N<*-='08*+=<!6B<B-#%&!

!

xt!

.50&(-#,!2+)(/5r.&1L! g[<h!.#!=BGHI! C5%0+,!*&%! )#,!05$(C,! "LL""!I!#$!U! g[<I!#$![<UhD!G#,!.#1L!

%+,(.1,! *#%0#$$#-$! .#! C5%0#%! 1-#! b!-(KH,! HI.)*+,!c! :51&-$! 1-! %Y)#! .&-,! )45%(#-$&$(5-! #$! )#!

*)&/#0#-$!.#,!05$(C,![<,!.#!=BGHI!.&-,!)#!,($#!.#!C(L&$(5-!.1!/5&/$('&$#1%!g:(*;),!>=hD!G#,!*#*$(.#,!

/5-$#-&-$![<I!#$![<U!C5%0#-$!1-#!2+)(/#H&)*2&!&0*2(*&$2(@1#!@1#!)45-!%#$%51'#!.&-,!$51$#,!)#,!

,$%1/$1%#,! %+,5)1#,! .#,! .(CC+%#-$,! /50*)#L#,! .#! BK,D! G#$$#! 2+)(/#! (-$#%&?($! &'#/! )4(KJ,)e.H,!

IX')W-IW@,!C5%0+#!*&%!)#,!2+)(/#,![e7!)&!651/)#!eHs7!&(-,(!@1#!)#,!2+)(/#,![s!#$![IU!.1!.50&(-#!

"X<!g_,`!#$!&)D7!UnIUhD!!

!

!

!

+),-./!71!2!Q0-M#8&!B%&8*-=(*#*+R0&!'&!3345γ!P;7!M=-)#<*!0<&!9+<8&!l!8>#-/B&!n!&<*-&!%&(!-B(+'0(!

8=<(&-CB(!Jgb:!&*!KAp:!9&-)&**#<*!'d#88=))='&-!%&!9&9*+'&!8=#8*+C#*&0-!8=<*&<#<*!%&!)=*+M!

P22PP!'#<(!%#!9=8>&!'&!M+2#*+=<!'0!8=-B/0%#*&0-Y!34)D/.#Z%!

!

T)1,(#1%,! ,$%1/$1%#,! 5-$! +$+! %+,5)1#,! *&%! /%(,$&))5?%&*2(#! *#%0#$$#-$! .#!05-$%#%! )#,! .(CC+%#-$#,!

/5-C5%0&$(5-,!.#,!.50&(-#,!.#!)(&(,5-!&1!)(?&-.!"X<!#-!*%+,#-/#!.#!.(CC+%#-$,!/5%+?1)&$#1%,!8!/#)&!

*#%0#$! .#! .+/%(%#! )#,! HWKeW)T.J(WKa! .HJ(d,! 51! )+-),aa(d,! .#! )42+)(/#! #<=! .1! "X<7! &(-,(! @1#!

)4(-$#%C&/#!.4(-$#%&/$(5-!#-$%#!)#,!*#*$(.#,!/5%+?1)&$#1%,!#$!)#!.50&(-#!"X<D!"&!,1%C&/#!.4(-$#%&/$(5-!

.#,! *#*$(.#,! /5%+*%#,,#1%,! gKG5B! V<U! #$! =AB9! V<Uh! #,$! *)1,! ?%&-.#! @1#! /#))#! .1! /5&/$('&$#1%!



!
!

34#5)6./!0!L!N<*-='08*+=<!6B<B-#%&!

!

x{!

9BPTUUnQA^<I! g:(*;),! >>hD! G#)&! ,4#L*)(@1#! *&%! 1-#! 2+)(/#! /5-$#-&-$! )#,! 05$(C,! /5-,#-,1,!

"LL""Q"LLVLL"!*)1,!+$#-.1#!*51%!)#,!/5%+*%#,,#1%,!KG5BQ=AB9!.41-!$51%!.42+)(/#!,1**)+0#-$&(%#!

*&%!%&**5%$!&1!/5&/$('&$#1%!9BPTUUnQA^<I!g=2&-?!#$!&)D7!UnUnhD!!

!

!

!

!

+),-./!77!2!P#!(0-M#8&!'d+<*&-#8*+=<!'&(!9&9*+'&(!8=-B9-&((&0-(!&*!8=#8*+C#*&0-(!'+MM,-&!_'.#=,/`Y!8!2!

Q*-08*0-&!8-+(*#%%=/-#9>+R0&!&<!8=<M=-)#*+=<!-B9-&((+C&!'&!3345γ!P;7!\"!&<!9-B(&<8&!'0!9&9*+'&!

8=-B9-&((&0-!OE=5!N7X!&*!'0!%+/#<'!+<C&-(&!#/=<+(*&!"bbpbcbp?!;!2!3345γ!P;7!&<!8=<M=-)#*+=<!

-B9-&((+C&!&<!9-B(&<8&!'0!9&9*+'&!8=-B9-&((&0-!QU5"!N7X!N7X!&*!'&!%d+<C&-(&!#/=<+(*&!"bbpbcbpY!

3!2!3345γ!P;7!&<!8=<M=-)#*+=<!#8*+C&!&<!9-B(&<8&!'0!9&9*+'&!8=#8*+C#*&0-!"543XXb]U&':!&*!'0!

%+/#<'!#/=<+(*&!-=(+/%+*#F=<&Y!89#56:/!9/!%I.K*!,J!.ANM!=G=GN!

!

!!!"! HI2J&E&-1&78,7.!G,.16+&41/&+)71:.16+/&*67-),!+1/&

!

! T)1,(#1%,!/50*)#L#,!/5-,$($1+,!.#!/#%$&(-#,!,51,H1-($+,!.1!0+.(&$#1%!#$!.4&1$%#,!*%5$+(-#,!

.#!-&$1%#!b!C&/$#1%,!.#!$%&-,/%(*$(5-!c!&;&-$!1-!%Y)#!.&-,!)&!%+?1)&$(5-!.#!)4#L*%#,,(5-!.#,!?3-#,!

5-$!+$+!(,5)+,D!"&!*%5$+(-#!5&7<!#,$!)&!,51,H1-($+!-yI!.1!/50*)#L#!T+'(.J,;)!/5-,$($1+!.#!en!,51,H

1-($+,!/2#`!)42500#7!)5/&)(,+#!.&-,!,5-!05.1)#!/#-$%&)D!A^<I!#,$!1-#!.#,!*%5$+(-#,!*&%$#-&(%#!.#,!

%+/#*$#1%,!-1/)+&(%#,!/500#!TTPB!51!#-/5%#!j<B7!*#%0#$$&-$!.4(-($(#%!)&!$%&-,/%(*$(5-!.#!?3-#,!

/(6)#,D!"5%,!.#!/#,!(-$#%&/$(5-,!&'#/!)#,!BK,7!1-!/5%+?1)&$#1%!.#!$;*#!/5&/$('&$#1%!/500#!A^<I!

*#%0#$! .#! C&(%#! )#! )(#-! #-$%#! /#,! .#%-(#%,7! )&!0&/2(-#%(#! $%&-,/%(*$(5--#))#! #$! )#!0+.(&$#1%D! ! "&!

*%5$+(-#!A^<I!#,$!&1,,(!/5--1#!,51,!)#!-50!.#!"012!@1&-.!#))#!&!(-($(&)#0#-$!+$+!.+/51'#%$#!)(+#!

&1! %+/#*$#1%! .#! )425%05-#! $2;%5r.(#--#! g9Bh! /2#`! )42500#! g>5-.#))! #$! &)D7! IJJxh7! *1(,!0(,#! #-!



!
!

34#5)6./!0!L!N<*-='08*+=<!6B<B-#%&!

!

xJ!

+'(.#-/#!*&%!,&! )(&(,5-!&1!%+/#*$#1%!.#! )&!'($&0(-#!<!gj<Bh!,51,! )#!-50!.#!70V2! gB&/2#`!#$!&)D7!

IJJ{hD! "4(-$#%&/$(5-! .1! /50*)#L#! 0+.(&$#1%! F! )42+$+%5.(03%#! TTPBγHBoBα! ,#! C&($! .5-/! *&%!

)4(-$#%0+.(&(%#!.#!A^<IQ<BVTQ9BPT!@1(! :51#! )#! %Y)#!.#!b!-WKJ!c!#-$%#!/#,!.#%-(#%,!&C(-!.4(-($(#%!

)4(-($(&$(5-!.#!)&!$%&-,/%(*$(5-!*&%!)4PBK!*5);0+%&,#!VV!gE(&!#$!&)D7!UnIsh!g:(*;),!>?hD!!

!

!

!

+),-./!7A!2!U=',%&!'0!)B8#<+()&!'d+<*&-#8*+=<!&<*-&!%d>B*B-='+),-&!3345@5S5!&*!%&!8=)9%&2&!

)B'+#*&0-!C+#!"543XXb]UK7:!q=0#<*!0<!-e%&!'&!l!9=<*!n!9=0-!%#!%+#+(=<!f!%#!)#8>+<&-+&!

*-#<(8-+9*+=<<&%%&Y!89#56:/!9/!P/!/6!#(%?!1@@S%!

!

! "&! *%5$+(-#! A^<I! #,$! 1-#! *%5$+(-#! .#! IxJ! N<&7! 0&:5%($&(%#0#-$! (-$%(-,3@1#0#-$!

.+,5%.5--+#7! /#! @1(! #L*)(@1#! @14&1/1-#! ,$%1/$1%#! $%(.(0#-,(5--#))#! .#! /#$$#! *%5$+(-#! -4#,$!

.(,*5-(6)#!.&-,!)&!)($$+%&$1%#!&/$1#))#0#-$!g:(*;),!>BhD!^))#!*5,,3.#!',;L!TWJ(ea!HWKa,Ka;a!YLLYY7!

(-$#%&?(,,&-$!.#!C&W5-!*%+C+%#-$(#))#!)41-!51!)4&1$%#!&'#/!1-!$;*#!.#!BK!*&%$(/1)(#%D!^-!#CC#$7!A^<I!

(-$#%&?($!&'#/!.(CC+%#-$,!BK,!8!9B,7!j<B7!BoBα7!TTPBαQγ7!51!#-/5%#!^BαQβD! ! V)!&!+$+!05-$%+!@1#!

A^<I!(-$#%&?($!&'#/!TTPBγ!.#!0&-(3%#! A(*.K'R'+-,K'.KJ,!,1??+%&-$!1-!%Y)#!.#!/5&/$('&$#1%!.#!

TTPBγ!gq21!#$!&)D7!IJJthD!K+&-05(-,7!)#!0+/&-(,0#!.4&/$(5-!*#%0#$$&-$!.#!/50*%#-.%#!)#!)(#-!#-$%#!

)&!,$%1/$1%#!#$!)&!C5-/$(5-!.#!/#$$#!*%5$+(-#!%#,$#!0&)!/5--1!F!/#!:51%7!0&)?%+!1-!%Y)#!(0*5%$&-$!.#!

A^<I!*51%!TTPBγ!0(,!#-!+'(.#-/#!.&-,!)#,!*%5/#,,1,!*2;,(5)5?(@1#!.4&.(*5?#-3,#!*&%!#L#0*)#!

g]#!#$!&)D7!Unn{hD!"#,!,#1)#,!,$%1/$1%#,!.#!/50*)#L#,!BKHA^<I!/5--1#,!F!/#!:51%!,#!)(0($#-$!F!.#,!



!
!

34#5)6./!0!L!N<*-='08*+=<!6B<B-#%&!

!

tn!

*#*$(.#,!/5&/$('&$#1%,7!/5-$#-&-$!1-!.#,!.#1L!05$(C,!/5-,#-,1,!"LL""!(-$#%&?(,,&-$!&'#/!)&!C5-/$(5-!

.4&/$('&$(5-!P>HU!)(?&-.H.+*#-.&-$#!.1!.50&(-#!"X<!.#!TTPBγD!

!

!

!

+),-./!7M!2!U=',%&!'0!8=)9%&2&!'d+<+*+#*+=<!'&!%#!*-#<(8-+9*+=<!83NE@8U&'!=r!(&0%&!%#!(=0(@0<+*B!

UK7:!&(*!)#<R0#<*&!'#<(!%&!8=)9%&2&!8U&'!-B(=%0!9#-!8-+(*#%%=/-#9>+&!#02!-#D=<(@S!f!gYA!sY!

89#56:/!9/!['J#\#!/6!#(%?!1@0RH%!

!

F"!@@A6γG6H6α+'&+4'+%$-%')+,'+4$+:'**.'+
!

"#! I-+5:-5+%CJ.,:-(.,!'5!:.904%K%!@!*-"-!'%&!4(%5K!

!

! "#,!%+/#*$#1%,!-1/)+&(%#,!,5-$!.#,!C&/$#1%,!.#!$%&-,/%(*$(5-!01)$(H.50&(-#,!,#!)(&-$!F!)4P<K!

C+#! .#,! +)+0#-$,! .#! %+*5-,#! ,*+/(C(@1#,! *#%0#$$&-$! )&! %+?1)&$(5-! .#! )4#L*%#,,(5-! ?+-(@1#D! "#,!

%+/#*$#1%,!&/$('+,!*&%!)#,!*%5)(C+%&$#1%,!.#!*#%5L;,50#,!gTTPB,h!C5%0#-$!.#,!2+$+%5.(03%#,!&'#/!

)#!%+/#*$#1%!o!.#!%+$(-5r.#,!gBoBh!5u!2210!&!+$+!&/$('#0#-$!+$1.(+!/500#!H(@A,!JI+).-,;J(c;,!.#!

*&%! ,5-! )(#-! &'#/! )&! %+?1)&$(5-!.#! )4(Ka;A(K,D!K+&-05(-,7! )4+$1.#!.1!0+/&-(,0#!05)+/1)&(%#! *&%!

)#@1#)!)#,!01)$(H.50&(-#,!/55*3%#-$!*51%!05.1)#%!)#,!*%5*%(+$+,!.#,!%+/#*$#1%,!-1/)+&(%#,!%#,$#!



!
!

34#5)6./!0!L!N<*-='08*+=<!6B<B-#%&!

!

tI!

0&)! /5--1D! ^-! #CC#$7! /#,! /50*)#L#,! ,5-$! 'XK.T(c;,a! #$! )#1%! eA,L(@(A(J+! %#-.! )#1%,! +$1.#,!

,$%1/$1%&)#,!$%3,!.(CC(/()#,D!G4#,$!*51%@15(7!.#!-506%#1,#,!+$1.#,!,$%1/$1%&)#,!*5%$#-$!,1%!)4+$1.#!

.#,!+)+0#-$,!.#!%+*5-,#,!(,5)+,!51!#-/5%#!.#,!,#?0#-$,!.#!)(&(,5-,!&'#/!)#,!)(?&-.,7!/#!@1(!%#-.!

.(CC(/()#!)&!/50*%+2#-,(5-!.1!*%5/#,,1,!.&-,!,&!?)56&)($+D!!

!

! R-#!*%#0(3%#!,$%1/$1%#!.1!/50*)#L#!2210γR0P0α!,KJ(,)!g<50&(-#!PQX!0&-@1&-$!.&-,!)&!

,$%1/$1%#7! .#! *&%! ,5-! 2&1$! .#?%+! .#! C)#L(6()($+h! ,51,! C5%0#! 2+$+%5.(0+%(@1#! )(+! F! )4+)+0#-$! .#!

%+*5-,#!F!)4P<K!.#!$;*#!70<!gTTB^h7!F!1-!)(?&-.!&(-,(!@14&1!*#*$(.#!/5&/$('&$#1%!&!+$+!%+,5)1#!*&%!

H)(aJ.AAW*).-I(,!.;L!).XWKaRP!#-!Unn{!gOW',!276!8!e<qZh7!05-$%&-$! )&!C5%0&$(5-!.41-!HWT-A,L,!

.aXT+J)(c;,!5u!)#!.50&(-#!.#!)(&(,5-!&1!)(?&-.!g"X<h!.#!TTPBγ!#,$!F!)4(-$#%C&/#!.4(-$#%&/$(5-!&'#/!

.4&1$%#,! .50&(-#,! .1! /50*)#L#! #-$(#%7! &(-,(! @1#! )&! 0(,#! #-! +'(.#-/#! .#! )4#L(,$#-/#! .#! $%5(,!

(-$#%C&/#,!.4(-$#%&/$(5-,!)(&-$!TTPBγ!F!BoBα!@1(!,#06)#-$!P<K!.+*#-.&-$#D!̂ -!#CC#$7!)4+$1.#!05-$%#!

@1#!)#!.50&(-#!"X<!.#!TTPBγ!/55*3%#!&'#/!,5-!*%5*%#!.50&(-#!.#!)(&(,5-!F!)4P<K!g<X<h!#$!/#)1(!

.#!BoBα7! *#%0#$$&-$!.4&0+)(5%#%! )&! )(&(,5-!F! )4+)+0#-$!.#! %+*5-,#!TTB^D! "&! ,$%1/$1%#!.+/%($! 1-!

&%%&-?#0#-$!-WA.(),!.#,!767a!.#!TTPBγ!!#$!BoBα!%#,*#/$('#0#-$7!5u!TTPBγ!!,#06)#!,#!*5,($(5--#%!

#-!&05-$!.#!BoBα7!05-$%&-$!&1,,(!@1#!)#,!<X<,!#$!)#1%!#L$#-,(5-!GH$#%0(-&)#!gG9^h!C5%0#-$!1-#!

(-$#%&/$(5-!.#!$;*#!b!JoJ,R@oHI,!c!P<KH.+*#-.&-$#!F!$%&'#%,!)#,!/2&(-#,!)&$+%&)#,!.#!)#1%,!%+,(.1,!

g:(*;),!>ChD! "4+)+0#-$!.#! %+*5-,#!TTB^! ,#06)#! /5-$%(61#%!.#!0&-(3%#!.AAWaJ+)(c;,! F! ,&!*%5*%#!

(-$#%&/$(5-!&1L!<X<,!.#,!.#1L!%+/#*$#1%,!gG2&-.%&!#$!&)D7!Unn{hD!

!

! T&%&))3)#0#-$!F!/#$$#!+$1.#7!1-#!&1$%#!+$1.#!0#$!#-!+'(.#-/#!1-#!aJ);HJ;),!,K!aWA;J(WK!.1!

/50*)#L#! TTPBγHBoBα! #-! *%+,#-/#! .#! )4+)+0#-$! .#! %+*5-,#! F! )4P<K!.#! $;*#!<BI7! .#! *#*$(.#,!

/5&/$('&$#1%,! $#),!@1#!A^<I!51!#-/5%#!=BGI!#$!.#! )(?&-.,!*&%!7(ee;a(WK!',!).XWKaRP!.;L!-,J(Ja!

.K*A,a! g%1P%h7!05-$%&-$! 1-#! /5-C5%0&$(5-! .(CC+%#-$#! @1#! /#))#! %+,5)1#! *&%! /%(,$&))5?%&*2(#! &1L!

%&;5-,Ho!gB5/2#)!#$!&)D7!UnIIhD!

!

G#,! .#1L! +$1.#,! /($+#,! *%+/+.#00#-$! ,51)(?-#-$! )4(0*5%$&-/#! .#! )4+$1.#! .#! ,$%1/$1%#,! .#!

/50*)#L#,!.#!BK,!#-$(#%,!.&-,!.(CC+%#-$,!+$&$,!C5-/$(5--#),!&C(-!.#!.+-51#%!)4&%/2($#/$1%#!#$!)#!%Y)#!

&))5,$+%(@1#! @1#! :51#! )4P<K! .&-,! )&! C5%0&$(5-! #$! )45%?&-(,&$(5-! ,$%1/$1%&)#! .#! )4I+J+)W'(Tf),!

2210γR0P0αN!V)!C&1$!-5$#%!@1#!)#,!(-C5%0&$(5-,!,$%1/$1%&)#,!56$#-1#,!*&%!)&!0+$25.#!=Po=!5-$!)#!

*%('()3?#!.#!-#!*&,!O$%#!6(&(,+#,!*&%!)#!b!9#8T+</!c!/%(,$&))(-!+'($&-$!&(-,(!)#,!&%$+C&/$,D!"#,!%+,1)$&$,!

.#! /#$$#! +$1.#!05-$%#-$! 1-#! C5%0#! &))5-?+#! .1! /50*)#L#! TTPBγHBoBαH<BI! #-$(#%7! &(-,(! @141-!



!
!

34#5)6./!0!L!N<*-='08*+=<!6B<B-#%&!

!

tU!

'5)10#!.4(-$#%&/$(5-! #-$%#! )#,!<X<,! #$! )#,! "X<,! *)1,! )&%?#! @1#! /#)1(! *%+,#-$+! .&-,! )&! ,$%1/$1%#!

/%(,$&))5?%&*2(@1#!gOW',!276!8!e<qZh!g:(*;),!>DhD!

!

!

!

+),-./!7L!2!Q*-08*0-&!'0!8=)9%&2&!3345@5S5!&<!+<*&-#8*+=<!l!*m*&@$m8>&!n!#C&8!(=<!B%B)&<*!'&!

-B9=<(&!335K!f!%d47O!'&!*D9&!75:!_7+-&8*!5&9&#*!:`Y!34)D/.#Z%!

!

<#!*)1,7!)#,!.50&(-#,!"X<,!,5-$!)5/&)(,+,!.41-!,#1)!/Y$+!.#!)4+)+0#-$!.#!%+*5-,#!F!)4P<K!.#!$;*#!

<BI!,1('&-$!)4&L#!5%(#-$+!.#!)4#L$%+0($+!p4!F!)4#L$%+0($+!e4!@1(!)#!.+C(-($!g:(*;),!>DhD!!_-!*#1$!.5-/!

56,#%'#%!@14&/$1#))#0#-$7!)#,!%&%#,!.5--+#,!,$%1/$1%&)#,!.1!/50*)#L#!#-$(#%!,5-$!/5-$%&.(/$5(%#,!8!

.41-#! *&%$! 1-#! +$1.#! ,$%1/$1%&)#! *&%! /%(,$&))5?%&*2(#! &1L! %&;5-,Ho! .+/%('&-$! 1-#! /5-C5%0&$(5-!

/50*&/$#7!#$!F!)4(-'#%,#7!1-#!+$1.#!*&%!=Po=!#-!,5)1$(5-!.+/%('&-$!1-#!/5-C5%0&$(5-!&))5-?+#!.1!

/50*)#L#!TTPBγHBoBαH<BID!G#,!.(CC+%#-$#,!/5-C5%0&$(5-,!*#1'#-$!O$%#!#-,1($#!%#/5--1#,!*&%!)#,!

/5%+?1)&$#1%,D!<#,!+$1.#,!,$%1/$1%&)#,!.#!/50*)#L#,!.#!TTPBHBoBHP<K!&'#/!)#,!/5%+?1)&$#1%,!,5-$!

&(-,(! -+/#,,&(%#,! *51%! .+$#%0(-#%! )&! /5-C5%0&$(5-! .#! /50*)#L#,! *)1,! C5-/$(5--#),! #$! ,5-$!

(-.(,*#-,&6)#,! *51%! )&! /50*%+2#-,(5-! .#,!0+/&-(,0#,!05)+/1)&(%#,! %+?(,,&-$! )4&/$('&$(5-! 51! )&!

%+*%#,,(5-!.#!)&!$%&-,/%(*$(5-!.#,!?3-#,!%+?1)+,!*&%!TTPBHBoBD!!

!



!
!

34#5)6./!0!L!N<*-='08*+=<!6B<B-#%&!

!

te!

!
!

+),-./!7R!2!4<#%D(&(!&*!8=)9#-#+(=<(!'&(!'=<<B&(!(*-08*0-#%&(!9#-!8-+(*#%%=/-#9>+&!#02!-#D=<(@S!

_37;!g7hi`!&*!&<!(=%0*+=<!9#-!Q4SQ!'&( 8=)9%&2&(!545@5S5!&*!3345@5S5!%+B(!f!%&0-!B%B)&<*!'&!

-B9=<(&!f!%d47O!'&!*D9&!75:Y!89#56:/!9/!F'&4/(!/6!#(%?!1@00%!

!

6#! $"!-59.+(8%,L&%!5+.-D*4("4%!

!

!"! 01&7,*71+&41&-,&G1//!1&E&()*)+,-!.)/&&

!
! "#!H.KH,)!#,$!1-!*%5/#,,1,!*&%$(/1)(#%!5u!)&!$%&-,C5%0&$(5-!/#))1)&(%#!#,$!?+-+%+#!*&%!1-#!

&//101)&$(5-! .#! 05.(C(/&$(5-,! ?+-+$(@1#,! #$! +*(?+-+$(@1#,D! G#,! 05.(C(/&$(5-,! &)$3%#-$! .#,!

*%5/#,,1,!'($&1L!$#),!@1#!)&!%+?1)&$(5-!.#!)&!*%5)(C+%&$(5-!/#))1)&(%#7!)&!.(CC+%#-$(&$(5-7!)4&*5*$5,#7!51!

#-/5%#! )#! /5-$%Y)#! .1!0&(-$(#-!.#! )4(-$+?%($+! .1! ?+-50#D!K+&-05(-,7! )#,!05.(C(/&$(5-,! )#,! *)1,!

/5--1#,! .&-,! )#,! /&-/#%,! /5-/#%-#-$! )4&/$('&$(5-! .#! ?3-#,! *%+#L(,$&-$,! #-! 5-/5?3-#,! 51!

)4(-&/$('&$(5-!.#!?3-#,!,1**%#,,#1%,!.#!$10#1%,!#-$%&(-&-$!1-#!*%5)(C+%&$(5-!/#))1)&(%#!(-/5-$%Y)+#D!

"&!0&:5%($+!.#,!/&-/#%,!/2#`!)4[500#!,#!0&-(C#,$#-$!*&%!)4&**&%($(5-!.#!H.)H(KWT,a!8!.#,!$10#1%,!

(,,1#,!.41-#!.+,5%?&-(,&$(5-!.#,!+*($2+)(10,D!<#!*)1,7!)#,!C&/$#1%,!&??%&'&-$,!$#),!@1#!)#,!C&/$#1%,!



!
!

34#5)6./!0!L!N<*-='08*+=<!6B<B-#%&!

!

ts!

#-'(%5--#0#-$&1L7! ?+-+$(@1#,! &/@1(,! 51! (--+,7! &(-,(! @1#! .#,! &?#-$,! (-C#/$(#1L! :51#-$! 1-! %Y)#!

(0*5%$&-$!.&-,!)4&**&%($(5-!.#!$10#1%,D!"#!/&-/#%!#,$!1-!*%56)30#!0&:#1%!.#!,&-$+!*16)(@1#!#-!

>%&-/#!*1(,@14()!#,$!%#,*5-,&6)#!.#!*%3,!.#!Ipn!nnn!.+/3,!*&%!&-D!!

!

! <&-,!)#,!*&;,!(-.1,$%(&)(,+,7!)#!H.KH,)!;)WJI+A(.A!',!d,aa(,!,#!,($1#!&1!5-`(30#!%&-?!&1!-('#&1!

05-.(&)D!^-!>%&-/#7!5-!#,$(0#!F!Ie!Inn!-51'#&1L!/&,!#-!UnI{7!.5-$!{I!�!/2#`!)42500#D!G#!/&-/#%!

$51/2#!$%5(,!F!@1&$%#!C5(,!*)1,!)#,!2500#,!@1#!)#,!C#00#,!#$!)&!05%$&)($+!#,$!/(-@!C5(,!*)1,!+)#'+#!

/2#`! /#! .#%-(#%D! "#! J.@.H! #,$! )&! *%#0(3%#! /&1,#! .#,! /&-/#%,! .#! '#,,(#! .m! &1L! /&-/+%5?3-#,!

1%5$2+)(&1L! /5-$#-1,! .&-,! )&! C10+#! .1! $&6&/! g0+$&65)($#,! .1! $%;*$5*2&-#! #$! .#,! &0(-#,!

&%50&$(@1#,hD! "#! .#1L(30#! C&/$#1%! .#! %(,@1#! /5--1! #,$! )(+! &1L! #L*5,($(5-,! *%5C#,,(5--#))#,!

-5$&00#-$!*51%!)#,!*#%,5--#,!.1!,#/$#1%!(-.1,$%(#)7!/500#!)#,!(-.1,$%(#,!/2(0(@1#,7!&1$5056()#,!

51! 0+$&))1%?(@1#,! ga5?#'(-&,! #$! &)D7! UnnehD! B&:51$+,! F! /#,! C&/$#1%,! .#! %(,@1#,7! )4&?#-/#!

(-$#%-&$(5-&)#!.#!)&!%#/2#%/2#!/5-$%#!)#!/&-/#%!gVPBGh!&!/)&,,+!)&!*5))1$(5-!&$05,*2+%(@1#!*&%0(!)#,!

/&-/+%5?3-#,D!^-!#CC#$7!.#!*)1,!#-!*)1,!.4+$1.#,!05-$%#-$!)#!)(#-!(0*5%$&-$!#-$%#!)&!*5))1$(5-!#$!

)4&1?0#-$&$(5-!.#,!%(,@1#,!.#!.+'#)5**#%!1-!/&-/#%7!-5$&00#-$!.1!*5105-!0&(,!+?&)#0#-$!.#!)&!

'#,,(#!g"550(,!#$!&)D7!UnIshD!"#,!J;T,;)a!',!A.!d,aa(,!,5-$!/)&,,+#,!,#)5-!J)W(a!JX-,a!8!)#,!$10#1%,!F!

C&(6)#!*5$#-$(#)!.#!0&)(?-($+7!)#,!$10#1%,!.#!6&,!?%&.#!#$!#-C(-!)#,!$10#1%,!.#!2&1$!?%&.#D!^))#,!,5-$!

,5($! (Kd.a(d,a!,5($!KWK!(Kd.a(d,a!51!a;-,)e(H(,AA,a7!&**#)+#,!&1,,(! (Ke(AJ).KJ,a!51!KWK!(Ke(AJ).KJ,a!

g:(*;),!>EhD!!

!

!!"! 01/&4!>>)+1*./&.B:1/&41&.6=16+/&6+8.;)-!,-1/&

!
! "#,!J;T,;)a!',!d,aa(,!C5%0#-$!1-!?%51*#!2+$+%5?3-#!&1L!/&%&/$+%(,$(@1#,!05%*25)5?(@1#,!

#$! 6(5)5?(@1#,! .(CC+%#-$#,7! &(-,(! @14&1L! *%5-5,$(/,! '&%(+,D! V)! C&1$! -5$#%! @1#! )#!05.3)#! &.0(,! .#!

)4WKHW*,Kfa,! ;)WJI+A(.A,! #,$! .5-/! ,+*&%+! #-! ',;L! dW(,a!.(,$(-/$#,!*5,,+.&-$! /2&/1-#! ,#,!

/&%&/$+%(,$(@1#,7!,#,!*%5-5,$(/,!#$!&)$+%&$(5-,!*%5*%#,!gl17!UnnphD!!

!

"&!*%#0(3%#!'5(#!)&!*)1,!C%+@1#-$#!#-?)56#!{n!�!.#,!$10#1%,!1%5$2+)(&)#,!8!/#,!$10#1%,!.#!6&,!?%&.#!

,5-$! /&%&/$+%(,+#,! *&%! 1-#! 05%*25)5?(#! *&*())&(%#! g:(*;),! >Eh! #$! *5,,3.#-$! .#,! *%5-5,$(/,!

#-/51%&?#&-$,D! G#*#-.&-$7! )#1%! C5%$! $&1L! .#! %+/(.('#! gtn!�! #-'(%5-h! -+/#,,($#! 1-#! ,1%'#())&-/#!

&//%1#!.1!*&$(#-$D!"&!*%#0(3%#!&)$+%&$(5-!?+-50(@1#!0(,#!#-!+'(.#-/#!*51%!/#$$#!'5(#!$105%&)#!

1%5$2+)(&)#!/5-/#%-#!)45-/5?3-#!I54Q!gB#..;!#$!&)D7!IJ{UhD!

!



!
!

34#5)6./!0!L!N<*-='08*+=<!6B<B-#%&!

!

tp!

!

!

+),-./!7S!2!5&9-B(&<*#*+=<!(8>B)#*+R0&!'&!%#!8%#((+M+8#*+=<!'&!%#!9-=/-&((+=<!*0)=-#%&!'&(!8#<8&-(!

'&!C&((+&Y!\\\%/]&#=&/.%<.%!

!

! <#!*)1,7!tn!�!.#!/#,!$10#1%,!*&*())&(%#,!*%+,#-$#-$!.#,!01$&$(5-,!.#!.6.5g!#-$%&(-&-$!1-#!

&/$('&$(5-!/5-,$($1$('#!.#!)&!*%5$+(-#!gl())(&0,!#$!&)D7!UnIehD!

"#,!Un!�!.#,!$10#1%,!%#,$&-$#,!,5-$!.(&?-5,$(@1+#,!F!1-!+$&$!&'&-/+!.#!$;*#!(-'&,(CD!G#,!$10#1%,!

,5-$!*&%$(/1)(3%#0#-$!&?%#,,('#,!8!#-!#CC#$7!pn!�!.#,!*&$(#-$,!.+/3.#-$!.&-,! )#,!p!&-,!,1('&-$! )#!

.(&?-5,$(/D!G#,!$10#1%,!.+%('#-$!.41-!/&%/(-50#!+<!(+*0!gGV=h7!1-#!)+,(5-!/&-/+%#1,#!*)&-#!.#!2&1$!

?%&.#!g:(*;),!>FhD!G5-$%&(%#0#-$!&1L!$10#1%,!*&*())&(%#,7!/#,!.#%-(3%#,!,5-$!,510(,#,!F!1-!2&1$!

%(,@1#!.#!*%5?%#,,(5-!gp!�!/5-$%#!snHpn!�!%#,*#/$('#0#-$hD!G#$$#!.#1L(30#!'5(#!*%+,#-$#!&1,,(!.#,!

0&%@1#1%,!.4&)$+%&$(5-,!?+-50(@1#,7!-5$&00#-$!1-#!&)$+%&$(5-!$51/2&-$!)&!'5(#!.#!,(?-&)(,&$(5-!

*peD! <#,! 01$&$(5-,! (.#-$(C(+#,! #-?#-.%#-$! 1-#! (-&/$('&$(5-! $5$&)#! .#! )&! '5(#! *pe! &;&-$! *51%!

/5-,+@1#-/#! )&!*#%$#!.#! )&!%+?1)&$(5-!.1!/;/)#!/#))1)&(%#!&(-,(!@1#!/#))#!.#! )4&*5*$5,#!g[#!#$!&)D7!

UnnJhD! <#! *)1,7! )#,! $10#1%,! (-C()$%&-$#,! ,5-$! +?&)#0#-$! #-%(/2(#,! #-! &)$+%&$(5-,! .#! 5;:D! "#,!

01$&$(5-,!.#!/#$$#!*%5$+(-#!(-($(&)#0#-$!.+/%($#!/500#!C&/$#1%!.#!%(,@1#!.&-,!)#!%+$(-56)&,$50#!

.#!)4#-C&-$7!#-$%&(-#-$!/2#`!)4&.1)$#!1-#!&1?0#-$&$(5-!.1!.+'#)5**#0#-$!.#!$10#1%,!1%5$2+)(&)#,!

g>)#$/2#%!#$!&)D7!UnnshD!!



!
!

34#5)6./!0!L!N<*-='08*+=<!6B<B-#%&!

!

tx!

!

!

+),-./!7T!2!Q8>B)#!/%=$#%!'&(!'&02!9-+<8+9#%&(!C=+&(!'&!%#!*0)=-+/&<,(&!0-=*>B%+#%&Y!%&(!'+MMB-&<*(!

*D9&(!'&!*0)&0-(!&*!%&(!#%*B-#*+=<(!/B<=)+R0&(!#((=8+B&(a!

!
_-!.(,$(-?1#!*)1,!*&%$(/1)(3%#0#-$!>!*)W;-,a!',!J;T,;)a!;)WJI+A(.A,a!g:(*;),!>Fh!8!!

!

!! "#,!J;T,;)a!a;-,)e(H(,AA,a!',!aJ.',!-".!.#!6&,!?%&.#!,51,!C5%0#!.#!/&%/(-50#,!.#!'#,,(#D!

G#,!$10#1%,!%+/(.('#-$!$%3,!,51'#-$!gxn!�!.#,!/&,h!0&(,!*%5?%#,,#-$!%&%#0#-$!gp!�!.#,!/&,hD!

G#,!$10#1%,!,5-$! (-$%&H+*($2+)(&)#,!#$!*#1'#-$!O$%#!%+,+@1+#,!.#!0&-(3%#!/2(%1%?(/&)#!#-!

&,,5/(&$(5-! 51! -5-! &'#/! 1-! $%&($#0#-$! .#! $;*#! (001-5$2+%&*(#! gXG]h! 51! *&%!

/2(0(5$2+%&*(#D!!

!! "#,!J;T,;)a!a;-,)e(H(,AA,a!l!)(ac;,!g910#1%,!9&!.#!2&1$!?%&.#7!/&%/(-50#,!+<!(+*07!$10#1%,!

9IhD! G#,! $10#1%,! %+/(.('#-$! +?&)#0#-$! $%3,! ,51'#-$7! #$! *#1'#-$! *%5?%#,,#%! '#%,! 1-!

*2+-5$;*#!&?%#,,(CD!^))#,!*#1'#-$!O$%#! %+,+@1+#,!/2(%1%?(/&)#0#-$!0&(,! ()! C&1$!-5$#%!@1#!

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

%#@1(,#7!0&(,!-+&-05(-,!(-'&,('#!#$!/5m$#1,#D!!

!! "#,! J;T,;)a! (Kd.a(d,aM! (Ke(AJ).KJ,a! W;!T+J.aJ.J(c;,a! %#*%+,#-$#-$! )#! .#%-(#%! ?%51*#! .#!

$10#1%,!1%5$2+)(&)#,!g$10#1%,!.#!,$&.#!*9U!F!*9shD!̂ ))#,!#-'&2(,,#-$!)#!01,/)#!#$!)#,!5%?&-#,!

&'5(,(-&-$,D!G#,!$10#1%,!,5-$!$%3,!&?%#,,('#,!#$!5-$!1-!C5%$!*5$#-$(#)!0+$&,$&$(@1#D!^))#,!-#!

*#%0#$$#-$! @1#! pn! �! .#! ,1%'(#! F! p! &-,! *51%! )#,! ,$&.#,! )5/&)(,+,D! "4(-$#%'#-$(5-! @1&,(!



!
!

34#5)6./!0!L!N<*-='08*+=<!6B<B-#%&!

!

tt!

,;,$+0&$(@1#!*51%!$%&($#%!/#,!$10#1%,!%#,$#! )&!/;,$#/$50(#!51!&6)&$(5-!.#! )&!'#,,(#!8!1-#!

(-$#%'#-$(5-! )51%.#! #$! (-'&)(.&-$#! *51%! )#! *&$(#-$! -4#0*O/2&-$! *&,! 1-! *%5-5,$(/! '($&)!

#-?&?+D! "#! $%&($#0#-$! /50*)+0#-$&(%#! %#,$#! )&! /2(0(5$2+%&*(#! &,,5/(+#! 51! -5-! F! )&!

%&.(5$2+%&*(#D!T)1,(#1%,!*%5$5/5)#,!0+.(/&0#-$#1L!*51%!$%&($#%!/#,!$10#1%,!,5-$!/5--1,!#$!

1$()(,+,!F!/#!:51%!0&(,!)&!%#/2#%/2#!.#!-51'#))#,!/(6)#,!$2+%&*#1$(@1#,!*51%!)#1%!$%&($#0#-$!

&**&%&�$!/500#!1-!#-:#1!0&:#1%D!!

!

:#! 1123γC3G3α!%-!4%&!-59%5+&!5+.-D*4("4%&!

!

!"! %K-1&41&##$%γ&&78==1&:8.1*.!1-&/6::+1//16+&41&.6=16+/&

!
! G2#`!)4[500#7!2210γ!#,$!)4(,5$;*#!)#!*)1,!)&%?#0#-$!+$1.(+!.#,!TTPB,D!B+/#00#-$7!TTPBγ!

&!+$+!05-$%+!/500#!+$&-$!#L*%(0+!.&-,!*)1,(#1%,!$;*#,!.#!/&-/#%,!8!C5(#7!*%5,$&$#7!'#,,(#7!/Y)5-7!

,#(-7!.15.+-10!51!#-/5%#!$2;%5r.#7!#$!/#%$&(-#,!+$1.#,!,#06)#-$!05-$%#%!@1#!)#,!&/$('&$#1%,!.#!

TTPBγ!(-2(6#-$!)&!*%5)(C+%&$(5-!.#,!$10#1%,!.#!'#,,(#D!"#,!*%#0(3%#,!+$1.#,!.1!%Y)#!.#!TTPBγ!.&-,!

)&!$105%(?#-3,#!1%5$2+)(&)#!5-$!+$+!%+&)(,+#,!,1%!1-#!)(?-+#!.#!/&%/(-50#,!.#!'#,,(#!-5-H)10(-&)#!

g9Ush!&;&-$!1-#!C&(6)#!#L*%#,,(5-!.#!TTPBγ!g^&%)!#$!&)D7!UnIphD!"#!$%&($#0#-$!.#!/#,!)(?-+#,!*&%!.#,!

)(?&-.,! .#! TTPBγ! #-$%&(-#! 1-#! .(0(-1$(5-! .#! )&! '(&6()($+! /#))1)&(%#7! $&-.(,! @1#! )4&/$('&$(5-! .#!

)42+$+%5.(03%#! TTPBγHBoBα! *&%! )#1%,! )(?&-.,! %#,*#/$(C,! 05-$%#! 1-! #CC#$! ,;-#%?(@1#! ,1%! /#$$#!

.(0(-1$(5-!.#!)&!'(&6()($+!/#))1)&(%#!gA&-,1%#!#$!&)D7!UnIehD!!

<#,! +$1.#,! 05-$%#-$! +?&)#0#-$! @141-! &?5-(,$#! .#! TTPBγ! (-2(6&($! )&! /%5(,,&-/#! .#! /#))1)#,!

/&-/+%#1,#,!.#!'#,,(#7!.+/%('&-$!&(-,(!1-!%Y)#!.#!a;--),aa,;)!',!J;T,;)a!.#!TTPBγD!G#,!%+,1)$&$,!

)&(,,#-$!,1**5,#%!@1#!)4&/$('&$(5-!.#!TTPBγ!,#06)#!O$%#!1-#!*(,$#!*%50#$$#1,#!*51%!1-!+'#-$1#)!

$%&($#0#-$! .1! /&-/#%! .#! )&! '#,,(#7! /#! @1(! %#-.! TTPBγ! 1-#! H(@A,! JI+).-,;J(c;,! (-$+%#,,&-$#D!!

K+&-05(-,7!.#,!+$1.#,!5-$!0(,!F!:51%!1-!)(#-!,(?-(C(/&$(C!#-$%#!)41$()(,&$(5-!.4&?5-(,$#,!.#!TTPBγ7!

-5$&00#-$! )&! *(5?)($&`5-#7! #$! )4(-/(.#-/#! .#! /&-/#%! .#! )&! '#,,(#! gP`51)&;! #$! &)D7! UnIUhD! T&%!

/5-,+@1#-$7!)42;*5$23,#!.1!%Y)#!5-/5?+-(@1#!.#!TTPBγ!'&!F!)4#-/5-$%#!.1!%Y)#!.#!,1**%#,,#1%!.#!

$10#1%,!.+/%($!*%+/+.#00#-$D!!

!

!!"! %K-1&:+8.6=8+!9)*!<61&41&##$%γ&&4,*/&-1/&.6=16+/&-6=!*,-1/&41&G1//!1&&

!

! <#*1(,! )&!0(,#! #-! +'(.#-/#! .#! /#,! .#1L! 2;*5$23,#,! 5**5,+#,7! *)1,(#1%,! +$1.#,! ,#! ,5-$!

C5/&)(,+#,! ,1%! )&! /50*%+2#-,(5-!.1!0+/&-(,0#!05)+/1)&(%#! *&%! )#@1#)! TTPBγ! (-$#%'(#-$! #$! .&-,!

@1#))#,!0#,1%#,!()!*#1$!O$%#!,5($!,1**%#,,#1%!.#!$10#1%,7!,5($!5-/5?3-#D!"41-!.#,!*%#0(#%!(-.(/#,!



!
!

34#5)6./!0!L!N<*-='08*+=<!6B<B-#%&!

!

t{!

.1!%Y)#!*%5$105%(?+-(@1#!.#!TTPBγ!&!+$+!0(,!#-!+'(.#-/#!*&%!)&!,1,*(/(5-!.41-#!&1?0#-$&$(5-!.#,!

%(,@1#,!.#!/&-/#%,!.#!'#,,(#!/2#`!.#,!*&$(#-$,!$%&($+,!*&%!)&!*(5?)($&`5-#!*51%!1-#!.(&63$#!.#!$;*#!

U!g"#M(,!#$!&)D7!UnIIhD!<#!-506%#1,#,!+$1.#,!5-$!+$+!0#-+#,!F!/#!,1:#$7!&651$(,,&-$!F!.#,!%+,1)$&$,!

'&%(+,D! G#*#-.&-$7! .#,!0+$&.5--+#,!*16)(+#,!5-$! /5-C(%0+!@14()! ;! &!6(#-!1-#!&1?0#-$&$(5-!.1!

%(,@1#!.#!.+'#)5**#0#-$!.41-!/&-/#%!.#!)&!'#,,(#!/2#`!)#,!*&$(#-$,!&;&-$!+$+!#L*5,+,!&1!$%&($#0#-$!

F!)5-?!$#%0#!gG2(1!#$!&)D7!UnIthD!!

<#!*)1,7!1-#!&0*)(C(/&$(5-!.1!?3-#!33456!#,$!56,#%'+#!.&-,!Un!�!.#,!$10#1%,!.#!'#,,(#!05-$%&-$!

)#!%Y)#!.#!/#$$#!.#%-(3%#!.&-,!)&!*%5?%#,,(5-!.#,!$10#1%,7!-5$&00#-$!)#,!$10#1%,!(-'&,('#,!#$!)#,!

$10#1%,! .#! 2&1$! ?%&.#7! ,51)(?-&-$! &(-,(! )4(0*5%$&-/#! .#! )4&/$('&$(5-! .#! )&! '5(#! TTPBγ! .&-,! )&!

0(?%&$(5-!#$!)4(-'&,(5-!.#,!/#))1)#,!/&-/+%#1,#,!1%5$2+)(&)#,!gZ&-?!#$!&)D7!UnIehD!!

!

! P1!'1!.#!)4#-,#06)#!.#,!%+,1)$&$,!.#,!.(CC+%#-$#,!+$1.#,!.&-,!)&!)($$+%&$1%#7!1-#!0#())#1%#!

/50*%+2#-,(5-!.1!%Y)#!.#!TTPBγ!.&-,!)&!/&-/+%5?#-3,#!1%5$2+)(&)#!,#06)#!#,,#-$(#))#!*51%!0(#1L!

/50*%#-.%#!)#,!'5(#,!0+$&65)(@1#,!(0*)(@1+#,!.&-,!)4+'5)1$(5-!.#,!$10#1%,!.#!'#,,(#!.&-,!1-!61$!

.#!.+'#)5**#%!.#!-51'#))#,!H(@A,a!JI+).-,;J(c;,a!*)1,!a-+H(e(c;,aD!PC(-!.#!0(#1L!/50*%#-.%#!)#,!

0+/&-(,0#,!.#!*%5?%#,,(5-!$105%&)#!.#,!/&-/#%,!.#!'#,,(#7!)4+@1(*#!.#!>%&-W5(,!B&.'&-;(!gV-,$($1$!

G1%(#h!&!#-$%#*%(,!1-#!&-&);,#!.1!$%&-,/%(*$50#!.#!*)1,!.#!Unn!+/2&-$())5-,!$105%&1L!*#%0#$$&-$!

)4&-&);,#! ,(01)$&-+#! .#! *)1,! .#! IU! nnn! ?3-#,D! R-#! /5%%+)&$(5-! ,(?-(C(/&$('#! #-$%#! )4&)$+%&$(5-!

?+-50(@1#!#$!)4#L*%#,,(5-!.1!?3-#!33456!.&-,!)#,!+/2&-$())5-,!$105%&1L!#$!)#,!)(?-+#,!/#))1)&(%#,!

.#!'#,,(#!&!+$+!56,#%'+#D!<#!*)1,7!.#,!'WKK+,a!J).KaH)(-JWT(c;,a!5-$!*#%0(,!.#!0#$$%#!#-!+'(.#-/#!

)4#L(,$#-/#! .#! ,51,H$;*#,! .#! $10#1%,! (-'&,('#,!.1! 01,/)#! 1%5$2+)(&)! 8! .#,! J;T,;)a! @.a.A,a! 51!

A;T(K.A,a!.#!)&!'#,,(#D!!

!

<#,! %#/2#%/2#,! ,;,$+0&$(@1#,! .#!T;J.J(WKa! .#! /#! %+/#*$#1%! -1/)+&(%#! 5-$! +$+! #-$%#*%(,#,! *&%!

.(CC+%#-$#,!+@1(*#,D!V)!#,$!05-$%+!@1#!)#!?3-#!33456!@1(!/5.#!*51%!)#!%+/#*$#1%!-1/)+&(%#!TTPBγ!

#,$! &/$('+! .&-,! )#,! /&-/#%,! .#! '#,,(#7! .(%#/$#0#-$! *&%! )4&0*)(C(/&$(5-! .1! ?3-#! 51! *&%! )4#CC#$! .#!

01$&$(5-,!.#!TTPBγ!51!.#!BoBα!g]5).,$#(-!#$!&)D7!UnIt&hD!]5).,$#(-!#$!&)D7!5-$!+?&)#0#-$!05-$%+,!

@141-#!#L*5,($(5-!*%5)5-?+#!.#!)(?-+#,!/#))1)&(%#,!.#!$10#1%,!)10(-&)#,!&1L!(-'#%,#,!&?5-(,$#,!.#!

TTPBγ!#-$%&(-#!+?&)#0#-$!1-#!.(0(-1$(5-!.#!)&!'(&6()($+!/#))1)&(%#7!,51$#-&-$!&(-,(!)42;*5$23,#!.1!

)bA,!-)WJ;TW)(*+K(c;,!.#!TTPBγ!&1!,#(-!.#!/#,!$10#1%,D!"&!@1#,$(5-!.#!)4(0*5%$&-/#!.1!*&%$#-&(%#!

.42+$+%5.(0+%(,&$(5-!BoBα!.#!TTPBγ!&!+?&)#0#-$!+$+!,51)#'+#D!<#,!+$1.#,!5-$!$#-$+!.#!%+*5-.%#!

&1L! (-$#%%5?&$(5-,!#$!0#$$#-$!#-!+'(.#-/#!.#,!01$&$(5-,! %+/1%%#-$#,!&/$('&$%(/#,! (.#-$(C(+#,! ,1%!

BoBα! ga5%*&)!#$!&)D7! UnIt&h! g]5).,$#(-!#$!&)D7! UnIt&hD!G#,!01$&$(5-,!=sUt>QZ! $51/2#-$!1-#! `5-#!



!
!

34#5)6./!0!L!N<*-='08*+=<!6B<B-#%&!

!

tJ!

*&%$(/1)(3%#! @1(! /5%%#,*5-.! F! )4(-$#%C&/#! .#! .(0+%(,&$(5-! #-$%#! BoBα! #$! TTPBγ7! #-$%&(-&-$! 1-#!

,$&6()(,&$(5-!.#!)4(-$#%&/$(5-!#-$%#!)#,!.#1L!*&%$#-&(%#,!*%5$+(@1#,7!&(-,(!@1#!)&!,$&6()(,&$(5-!.#!)&!

/5-C5%0&$(5-!&?5-(,$#!&651$(,,&-$!F!)4&1?0#-$&$(5-!.#!)&!$%&-,/%(*$(5-!.#,!?3-#,!/(6)#,!g:(*;),!?G1!

,J!?G6hD!!

<#,! .AJ+).J(WKa! *+KWT(c;,a! ,5-$! +?&)#0#-$! 56,#%'+#,! #$! ,5-$! /50*)+$+#,! *&%! .#,! +$1.#,!

C5-/$(5--#))#,7!0#$$&-$!&(-,(!#-!+'(.#-/#!)4#L(,$#-/#!.#!T;J.J(WKa!.HJ(d.J)(H,a!51!(K.HJ(d.J)(H,a!.#!

2210γ!%+'+)&-$!&(-,(!1-!%Y)#!*%5$105%(?+-(@1#!.#!/#!.#%-(#%!.&-,!)#,!$10#1%,!)10(-&)#,!.1!01,/)#!

1%5$2+)(&)!gX($5-!#$!&)D7!UnIs&hD!!

"#!aJ.J;J!T;J.J(WKK,A!.#!33456!&!+$+!+$1.(+!F!*&%$(%!.#!$10#1%,!.#!'#,,(#,!*&%!)4+@1(*#!.#!>%&-W5(,!

B&.'&-;(7!#$!/#$$#!+$1.#!&!0(,!#-!+'(.#-/#!.#,!T;J.J(WKa!)+H;)),KJ,a!51!-5-!.#!2210γ!&(-,(!@1#!

.#!0P0α!.&-,!e7J!�!gIsQepJh!#$!I7t!�!gxQee{h!.#,!$10#1%,7!%#,*#/$('#0#-$!gB5/2#)!#$!&)D7!UnIJ&hD!

"4#-,#06)#!.#,!%+,1)$&$,!.#!/#,!+$1.#,!&!*#%0(,!.#!05-$%#%!@1#!TTPBγ!,#06)#!,#!/50*5%$#%!*)1$Y$!

/500#!1-!WKHW*fK,!.&-,!/#%$&(-#,!$10#1%,!.#!'#,,(#7!/5-$%&(%#0#-$!F!/#!@1(!+$&($!.+/%($!.&-,!)&!

*)1*&%$!.#!)&!)($$+%&$1%#!F!/#!:51%D!!

!

!

+),-./!A@!L!5&9-B(&<*#*+=<!(8>B)#*+R0&!'&(!)0*#*+=<(!-B80--&<*&(!#8*+C#*-+8&(!=0!+<#8*+C#*-+8&(!

+'&<*+M+B&(!'&!3345γ!_8`!&*!5S5α!!_;`!'#<(!'&(!*0)&0-(!'&!C&((+&Y!89#56:/!9/!F'&4/(!/6!#(%?!1@0T%



!
!

G$q&8*+M(!'&!*>,(&!

!

{n!

I"!JEK'%&.;*+,'+&LD*'+
!

G#!*%5:#$!.#!$23,#!#-!/5))&65%&$(5-!#-$%#!)4+@1(*#!.#!KD!B5/2#)!g<+*&%$#0#-$!.#!X(5)5?(#!

=$%1/$1%&)#! V-$+?%&$('#7! RAB! tInsHV]XAGh! #$! )4+@1(*#! .#! >D! B&.'&-;(! gRABIss7! GKB=HV-,$($1$!

G1%(#h7!+@1(*#!)&6+)(,+#!*&%!)&!"(?1#!K&$(5-&)#!/5-$%#!)#!G&-/#%7!&!*51%!,1:#$!.4+$1.#7!)#,!%+/#*$#1%,!

-1/)+&(%#,!TTPBγ!#$!BoBα!#$! )#1%,!0+/&-(,0#,!.4&/$(5-!F! )&!6&,#!.#! )4&/$('($+!*%5$105%(?+-(@1#!

.&-,!)#,!/&-/#%,!.#!'#,,(#D!

!

R-#! &-&);,#! .1! $%&-,/%(*$50#! #$! .#,! &)$+%&$(5-,! ?+-50(@1#,! ,1%! .#,! +/2&-$())5-,! $105%&1L! .#!

'#,,(#!5-$!+$+!%+&)(,+,!*&%!)4+@1(*#!.#!>DB&.'&-;(!F!)4(-,$($1$!G1%(#D!G#,!+$1.#,!5-$!*#%0(,!.#!0#$$%#!

#-!+'(.#-/#!1-#!%+?(5-!0(-(0&)#!/5-$#-&-$!)#!?3-#!/5.&-$!*51%!)#!%+/#*$#1%!-1/)+&(%#!TTPBγD!^-!

#CC#$7! )#! %Y)#! *%5$105%(?+-(@1#! .#! TTPBγ! .&-,! )#,! $10#1%,! )10(-&)#,! .#! )&! '#,,(#! #,$! .+C(-($D!

K+&-05(-,7!)#,!0+/&-(,0#,!(0*)(@1+,!,1($#!&1L!&)$+%&$(5-,!56,#%'+#,!%#,$#-$!0&)!/50*%(,!F!/#!:51%D!

<#! *)1,7! 1-#! /5%%+)&$(5-! ,(?-(C(/&$('#! #-$%#! )4&)$+%&$(5-! ?+-50(@1#! #$! )#! -('#&1! .4#L*%#,,(5-! .#!

TTPBγ! #,$! 56,#%'+#! .&-,! )#,! +/2&-$())5-,! $105%&1L! &-&);,+,! &(-,(! @1#! )#,! )(?-+#,! /#))1)&(%#,! .#!

'#,,(#!+$1.(+#,D!G#,!.5--+#,!,5-$!/5-C%5-$+#,!&1L!.5--+#,!/5-$%&.(/$5(%#,!.&-,!)&!)($$+%&$1%#!5u!

TTPBγ!#,$!/5-,(.+%+!/500#!a;--),aa,;)!',!J;T,;)!.41-#!*&%$7!51!/500#!WKHW*fK,!.41-#!&1$%#!

*&%$D! G#,! /5-$%&.(/$(5-,! -51,! 5-$! 0#-+! F! ,#! C5/&)(,#%! ,1%! /#! C&/$#1%! .#! $%&-,/%(*$(5-! &C(-! .#!

/50*%#-.%#!)#!%Y)#!:51+!*&%!TTPBγ!.&-,!)#,!/&-/#%,!.#!)&!'#,,(#!#$!)#,!0+/&-(,0#,!(0*)(@1+,D!!

!

951$!.4&65%.7!)#!,$&$1$!01$&$(5--#)!.1!?3-#!33456!.&-,!)#,!$10#1%,!.#!'#,,(#!&!+$+!+$1.(+D!

T)1,(#1%,!01$&$(5-,!%+/1%%#-$#,!51!-5-7!.HJ(d.J)(H,a!g$10#1%,!)10(-&)#,h!51!(K.HJ(d.J)(H,a!g$10#1%,!

6&,&)#,h!5-$!+$+!(.#-$(C(+#,!/2#`!TTPBγ!#$!,5-!*&%$#-&(%#!BoBα!.&-,!.(CC+%#-$#,!$10#1%,!#$!)(?-+#,!

/#))1)&(%#,!+$1.(+#,D!"#,!?3-#,!/(6)#,!%+?1)+,!*&%!TTPBγ!,5-$!/5--1,7!-5$&00#-$!)#,!?3-#,!.&-,!)#,!

&.(*5/;$#,! @1(! 5-$! +$+! )&%?#0#-$! +$1.(+,D! K+&-05(-,7! )#,! ?3-#,! @14()! %+?1)#! .&-,! )41%5$2+)(10!

'+,(/&)! ,&(-! #$! $105%&)! ,5-$! 0&)! /5--1,! F! /#! :51%D! V)! #,$! .5-/! #,,#-$(#)! .#! /50*%#-.%#! )#!

C5-/$(5--#0#-$!.#!/#$$#!'5(#!.&-,!)#,!$10#1%,!)10(-&)#,!#$!6&,&)#,!#$!.4+$&6)(%!*)1,!*%+/(,+0#-$!)#!

%Y)#!.#!)42+$+%5.(03%#!TTPBγQBoBα!.&-,!)#,!0+/&-(,0#,!*%5$105%(?+-(@1#,!56,#%'+,D!V)!C&1$!.5-/!

.41-#!*&%$!/&%&/$+%(,#%!)#!%Y)#!.1!/50*)#L#!TTPBγQBoBα!.&-,!)&!$105%(?#-3,#!1%5$2+)(&)#!#$!.41-#!

&1$%#!*&%$! )41$()(,#%! /500#!*5$#-$(#))#! /(6)#! $2+%&*#1$(@1#!*51%! )#! $%&($#0#-$!.#,! /&-/#%,!.#! )&!

'#,,(#D!!

PC(-!.#!0(#1L!/50*%#-.%#!)#,!0+/&-(,0#,!(0*)(@1+,!.&-,!)#,!/&-/#%,!.#!)&!'#,,(#7!)#,!%Y)#,!:51+,!

*&%! )#! %+/#*$#1%! -1/)+&(%#! TTPBγ! #$! )#! /50*)#L#! TTPBγQBoBα7! #$! .#! %+*5-.%#! &1L! @1#,$(5-,!



!
!

G$q&8*+M(!'&!*>,(&!

!

{I!

6(5)5?(@1#,!*5,+#,7!',;L!W@`,HJ(ea!*+K+).;L!.#!)&!$23,#!,5-$!.+C(-(,D!G#1LH/(!,#%5-$!.+$&())+,!.&-,!

)&!*&%$(#!b!!194:;<=9>:1'39':DE3=9>F2!c!.#!/2&@1#!/2&*($%#!8!

!

gVh! G&%&/$+%(,#%! )#,! /2&-?#0#-$,! .#! ,$%1/$1%#! #$! .4&/$('($+! (-.1($,! *&%! .#,! 01$&$(5-,!

(-&/$('&$%(/#,!.#!TTPBγ7!,&!)(&(,5-!F!.#,!,+@1#-/#,!.4P<K!#$!F!.#,!/5&/$('&$#1%,7!#$!(.#-$(C(#%!.#,!

)(?&-.,!@1(!05.1)#-$!/#$$#!,$%1/$1%#Q&/$('($+D!P1!/51%,!.#!05-!*%5:#$!.#!$23,#7!:4&(!0#-+!1-#!+$1.#!

.#!/&%&/$+%(,&$(5-!.#!/50*)#L#,!C5%0+,!*&%!TTPBγ!#$!.#,!*#*$(.#,!/5%+?1)&$#1%,!#-!1$()(,&-$!.#,!

0+$25.#,! 6(5/2(0(@1#,! #$! 6(5*2;,(@1#,D! "4(0*&/$! .#! 01$&$(5-,! ,50&$(@1#,! (-&/$('&$%(/#,7!

(.#-$(C(+#,!&1*&%&'&-$!,1%!.#,!$10#1%,!.#!*&$(#-$,!&$$#(-$,!.#!/&-/#%,!.#!'#,,(#7!5-$!+$+!+$1.(+#,!

*&%!.#,!&**%5/2#,!6(5*2;,(@1#,!#$!,$%1/$1%&)#,!&C(-!.#!/50*%#-.%#!)#1%,!0+/&-(,0#,!.4&/$(5-,!#$!

)#1%,! (0*&/$,!.&-,! )#!%#/%1$#0#-$!.#! )(?&-.,!#$!.#!/5%+?1)&$#1%,!#,,#-$(#),!F! )&!$%&-,/%(*$(5-!.#!

?3-#,! /(6)#,D! T)1,(#1%,! ,$%1/$1%#,! $%(.(0#-,(5--#))#,! 5-$! +$+! 56$#-1#,! *&%! /%(,$&))5?%&*2(#! &1L!

%&;5-,HoD! "4(0*&/$! .#,! 01$&$(5-,! (-&/$('&$%(/#,! ,1%! )4&CC(-($+! .#! %#/%1$#0#-$! .#! )(?&-.,! #$! .#!

/5%+?1)&$#1%,!*&%!.#,!&**%5/2#,!6(5*2;,(@1#,!&!&1,,(!+$+!+$1.(+D!R-#!*%#0(3%#!*&%$(#!/5-/#%-&-$!

.#1L!01$&-$,!(-&/$('&$#1%,!#,$!#-!/51%,!.#!*16)(/&$(5-!g"&1%#!G51$5,H92+'#-5$7!%X)(K,!6,`(M!&*!#%7!

UnUnh!#$!1-#!,#/5-.#!*&%$(#!.#,!.5--+#,!C5-$!)456:#$!.#!)&!*%+*&%&$(5-!.41-#!.#1L(30#!*16)(/&$(5-!

,/(#-$(C(@1#!g%X)(K,!6,`(!&*!#%7!N<!9-&9#-#*+=<hD!G#$!&L#!.#!05-!*%5:#$!.#!%#/2#%/2#!#,$!*%+,#-$+!.&-,!

)#!b!%GCH>943'6!c!.#!/#!0&-1,/%($!.#!$23,#D!!

!

gVVh!G&%&/$+%(,#%!)4(-$#%&/$(5-!.#!TTPBγHBoBα!&'#/!.#,!,+@1#-/#,!P<K!g+)+0#-$!.#!%+*5-,#!

.#!TTPBγ7!TTB^h!#$!)#!/5&/$('&$#1%!A^<ID!"45*$(0(,&$(5-!6(5/2(0(@1#!.#!)4+$1.#!.1!/50*)#L#!&!+$+!

%+&)(,+#! .1%&-$! 05-! $%&'&()! .#! $23,#D! "45*$(0(,&$(5-! .#! )4+$1.#! ,$%1/$1%&)#! .1!0&/%5H/50*)#L#!

*%5$+(@1#!TTPBγHBoBα!#$!)#1%!/5&/$('&$#1%!A^<I!&!+$+!%+&)(,+#!*&%!/%;5H0(/%5,/5*(#!+)#/$%5-(@1#!

gG%;5HA^h7!.#,!%+,1)$&$,!*%+)(0(-&(%#,!5-$!+$+!56$#-1,D!G#$!&L#!.#!05-!*%5:#$!.#!$23,#!#,$!#L*5,+!

.&-,!)#!b!%GCH>943'I!c!.#!/#!0&-1,/%($!.#!$23,#D!!



!
!

34#5)6./!1!2!E#-#8*B-+(#*+=<(!'&!)0*#<*(!'&!3345γ!+)9%+R0B(!'#<(!%&!8#<8&-!'&!%#!C&((+&!

!

{U!

!

!

!

! !
!

!

!

!
!

!"#$%&'()+)

+#'&,-*-#$'(#'$./,-*,#*0)%123-)4',-*&,-*

5'#."#-*&,*6678γ*)51/)4'9-*&."-*/,*(."(,$*&,*

/.*:,--),*

!



!
!

34#5)6./!1!2!E#-#8*B-+(#*+=<(!'&!)0*#<*(!'&!3345γ!+)9%+R0B(!'#<(!%&!8#<8&-!'&!%#!C&((+&!

!

{e!

!

=8,:"$+%&B&?&C$*'%#&#$+*;$*+,.%#&%$&-"5:8D#"<*%#&'%&

2*$,6$#&'%&0037γ&"2:."<*1#&',6#&.%&;,6;%+&'%&.,&

4%##"%&

!
!

!"! M-&)0,(%&.0-+'&+0EK'%&.;*+

! "#!.50&(-#!.#!)(&(,5-!&1!)(?&-.!51!Y67!'&!C&(%#!)456:#$!*%(-/(*&)!.#!/#$$#!+$1.#D!"#,!)(?&-.,!

,5-$! %#,*5-,&6)#,! .#! )&! %+?1)&$(5-! .#! )4&/$('($+! .1! %+/#*$#1%! -1/)+&(%#! &1@1#)! (),! ,5-$! )(+,7!

*#%0#$$&-$! .4(-($(#%! )&! $%&-,/%(*$(5-! .#,! ?3-#,! /(6)#,! '(&! )#! %#/%1$#0#-$! .#! /5%+?1)&$#1%,!

*%5$+(@1#,!8!HW)+-),aa,;)a!51!HW.HJ(d.J,;)aD!!

"#,!TTPB,!,5-$!&/$(C,!#-!$&-$!@142+$+%5.(03%#,!#-!&,,5/(&$(5-!&'#/! )#!%+/#*$#1%!-1/)+&(%#!o!.#,!

%+$(-5r.#,7!BoBD!"#!/50*)#L#!TTPBγQBoBα!#,$!1-!%+?1)&$#1%!/)+!.#!)&!.(CC+%#-/(&$(5-!.#,!&.(*5/;$#,!

#$! #,$! (0*)(@1+! .&-,! )4250+5,$&,(#! .1! ?)1/5,#! #$! )&! ,#-,(6()(,&$(5-! F! )�(-,1)(-#7! ()! #,$! +?&)#0#-$!

(0*)(@1+!.&-,!)&!.(CC+%#-/(&$(5-!.#!)41%5$2+)(10D!T)1,(#1%,!+$1.#,!F!/#!:51%!0#$$#-$!#-!+'(.#-/#!)#,!

%Y)#,!@1#!:51#!TTPBγ!.&-,!)&!%+?1)&$(5-!.#!)�#L*%#,,(5-!?+-+$(@1#!.#!-506%#1,#,!0&)&.(#,7!.5-$!

)�56+,($+7!)#!.(&63$#!#$!/#%$&(-,!/&-/#%,D!"#!%Y)#!.#!TTPBγ!.&-,!)#,!J;T,;)a!@.a.A,a!',!d,aa(,!'&!C&(%#!

)456:#$!.#!/#$$#!*&%$(#!.1!0&-1,/%($!.#!$23,#D!!

V-($(&)#0#-$!TTPBγ!&!*%(-/(*&)#0#-$!+$+!05-$%+!/500#!*%+,#-$&-$!.#,!&/$('($+,!.#!,1**%#,,#1%!.#!

$10#1%,7!0&(,!%+/#00#-$!*)1,(#1%,!&%?10#-$,!(-.(@1#-$!@14()!*%+,#-$#!1-!%Y)#!*%5$105%(?+-(@1#!

.&-,!)#,!/&-/#%,!.#!'#,,(#!gB5/2#)!#$!&)D7!UnIJ&h!g"(!#$!&)D7!Unn{hD!"42;*5$23,#!.41-!%Y)#!5-/5?+-(@1#!

.#!TTPBγ!&!+$+!+0(,#!,1($#!F!)456,#%'&$(5-!.41-!%(,@1#!&//%1!.#!.+'#)5**#%!.#,!/&-/#%,!.#!'#,,(#!

/2#`!.#,!*&$(#-$,!.(&6+$(@1#,!&;&-$!,1('(!1-!$%&($#0#-$!F!6&,#!.4&?5-(,$#,!.#!TTPBγD!<#*1(,!UnIU7!

/#,!/50*5,+,!&?5-(,$#,!g)&!%5,(?)($&`5-#7!)&!$%5?)($&`5-#!51!#-/5%#!)&!*(5?)($&`5-#!*&%!#L#0*)#,h!.#!

TTPBγ!!5-$!+$+!%#$(%+,!.1!0&%/2+!.&-,!*)1,(#1%,!*&;,!.5-$!)&!>%&-/#D!G#$$#!2;*5$23,#!&!*&%!)&!,1($#!

+$+!/5-C5%$+#!*&%!)4(.#-$(C(/&$(5-!.41-#!,(?-&$1%#!$%&-,/%(*$50(@1#!.4&/$('&$(5-!.#!TTPBγ!.&-,!1-!

,51,H?%51*#!.#!$10#1%,!.#!'#,,(#!#-'&2(,,&-$!)#!01,/)#D!G#!%Y)#!5-/5?+-(@1#!.#!TTPBγ!.&-,!)#,!

$10#1%,!.#!'#,,(#!&!#-/5%#!+$+!%#-C5%/+!*&%! )#,!$%&'&1L!.#! )4+@1(*#!.#!>D!B&.'&-;(!@1(!&!0(,!#-!

+'(.#-/#!1-#!%+?(5-!0(-(0&)#!.4&0*)(C(/&$(5-!/5-$#-&-$!1-(@1#0#-$!33456!*1(,!&!.+05-$%+!@1#!



!
!

34#5)6./!1!2!E#-#8*B-+(#*+=<(!'&!)0*#<*(!'&!3345γ!+)9%+R0B(!'#<(!%&!8#<8&-!'&!%#!C&((+&!

!

{s!

)&! *#%$#! .4#L*%#,,(5-! .#!33456! (-.1(,&($! 1-#! (-2(6($(5-! .#! )&! /%5(,,&-/#! /#))1)&(%#D!R-#! %+/#-$#!

*16)(/&$(5-!0#$!#-!+'(.#-/#!1-#!/)&,,(C(/&$(5-!*%+/(,#!.#,!.(CC+%#-$#,!/)&,,#,!,#)5-!)#!*51%/#-$&?#!

.#! $10#1%,! #-'&2(,,&-$! )#! 01,/)#! gAVXGh! .+/%('&-$! )#,! /#))1)#,! $105%&)#,7! )#1%,!

0(/%5#-'(%5--#0#-$,7!&(-,(!@1#!)#,!0+/&-(,0#,!5-/5?+-(@1#,!#$!&)$+%&$(5-,!?+-50(@1#,!/5--1,!F!

/#!:51%!ga&051-!#$!&)D7!UnUnh!g:(*;),!?<hD!!

!

+),-./!A0!L!5&9-B(&<*#*+=<!/-#9>+R0&!'&(!8&%%0%&(!*0)=-#%&(!&*!%&0-(!)+8-=&<C+-=<<&)&<*(!8%#((B&(!

(&%=<!%&!9=0-8&<*#/&!'&!8>#R0&!*D9&!'&!*0)&0-(!&<C#>+((#<*!%&!)0(8%&!0-=*>B%+#%!_UN;E`Y!OI#D'-=!

/6!#(%?!1@1@Q%!

PC(-! .#! .+05-$%#%! )4(0*)(/&$(5-! .#! 334567! )#,! &1$#1%,! 5-$! +$1.(+! )4#CC#$! .#! )4(-'&)(.&$(5-! .#! )&!

C5-/$(5-!.#!TTPBγ!*&%!)41$()(,&$(5-!.#!,(BKP!,1%!)&!/%5(,,&-/#!.#!-#1C!)(?-+#,!/#))1)&(%#,!.+%('+#,!.#!

/&-/#%,!.#!)&!'#,,(#!#$!5-$!05-$%+!@1#!)4(-2(6($(5-!.#!)&!*%5)(C+%&$(5-!/#))1)&(%#!+$&($!/5%%+)+#!&1!$&1L!

.4#L*%#,,(5-!.#!TTPBγ!.&-,!/#,!/#))1)#,!gX($5-!#$!&)D7!UnIs&h!gB5/2#)!#$!&)D7!UnIJ&hD!<#!*)1,7!()!&!+$+!

05-$%+! @1#! TTPBγ! /5-$%Y)#! )4#L*%#,,(5-! .#! ?3-#,! (0*)(@1+,! .&-,! )&! .(CC+%#-/(&$(5-! .#,! /#))1)#,!

$105%&)#,D! T)1,! %+/#00#-$7! )4+@1(*#!.#! >D! B&.'&-;(! &! #L*)5%+! )&! *5,,(6()($+!@1#!TTPBγ! ,5($! -5-!

,#1)#0#-$!&0*)(C(+!.&-,!)#,!$10#1%,!.#!'#,,(#!#-'&2(,,&-$!)#!01,/)#!0&(,!&1,,(!@14()!,5($!01$+D!"#!

,+@1#-W&?#!.#!33456!.&-,!.#,! $10#1%,!.#!/&-/#%,!.#!'#,,(#!.#!.(CC+%#-$,!?%&.#,!#$! ,$&.#,!.#!

$10#1%,! g$10#1%,! (-'&,('#,!#$!-5-! (-'&,('#,h!&! %+'+)+!{!01$&$(5-,! ,50&$(@1#,D!T&%!/5-,+@1#-$7!

TTPBγ!*#1$!O$%#!&CC#/$+!*&%!.#,!&0*)(C(/&$(5-,!.&-,!)#,!/&-/#%,!.#!'#,,(#!g#-'(%5-!en!�!.#,!/&,h!



!
!

34#5)6./!1!2!E#-#8*B-+(#*+=<(!'&!)0*#<*(!'&!3345γ!+)9%+R0B(!'#<(!%&!8#<8&-!'&!%#!C&((+&!

!

{p!

0&(,!&1,,(!*&%!.#,!01$&$(5-,! ge!�!.#,!/&,hD!<#!*)1,7! )#! ,+@1#-W&?#!.#!5S54!.&-,!sne! $10#1%,7!

05-$%#! )&! *%+,#-/#! .#! .#1L! 01$&$(5-,! %+/1%%#-$#,! .1! *&%$#-&(%#! 2+$+%5.(0+%(@1#! .#! TTPBγ7!

g9G]P7!UnIsh!.&-,!)#,!$10#1%,!#-'&2(,,&-$!)#!01,/)#!gp!�!.#,!/&,hD!!

])56&)#0#-$7! ()! &! +$+! $%51'+! .#,! &)$+%&$(5-,! ?+-+$(@1#,! .#! 33456! 51! 5S54! g&0*)(C(/&$(5-,! 51!

01$&$(5-,h!.&-,!pn!�!.#,!/&,!.#!/&-/#%,!.#!'#,,(#D!!"#,!01$&$(5-,!$%51'+#,!,5-$!)5/&)(,+#,!.&-,!)#,!

.50&(-#,!<X<,!#$!"X<,!.#!TTPBγ7!#$!.&-,!)#!.50&(-#!"X<!.#!BoBα!g:(*;),!?=hD!G#,!01$&$(5-,!,5-$!

,5($!&/$('&$%(/#,! gB5/2#)!#$!&)D7!UnIJ&h7!,5($! (-&/$('&$%(/#,!51!#-/5%#!&**#)+#,!01$&$(5-,!*#%$#!.#!

C5-/$(5-D!!

!

+),-./!A1!L!P&(!)0*#*+=<(!'&!3345γ!!&*!'&!5S5α!+'&<*+M+B&(!'#<(!%&(!8#<8&-(!'&!C&((+&Y!8!2!P=%%+9%=*!

'&(!)0*#*+=<(!-B80--&<*&(!'&!3345γ!_9#<&%!'0!>#0*`!&*!'&!5S5α!_9#<&%!'0!$#(`!+'&<*+M+B&(!(0-!tWc!

*0)&0-(Y!;!2!3=(+*+=<(!'&(!-B(+'0(!#MM&8*B(!9#-!%&(!)0*#*+=<(!-B80--&<*&(!'0!8=)9%&2&!3345γ!!5S5α!

&<*+&-Y!OF'&4/(!/6!#(%?!1@0T#Q!%!

"#,!01$&$(5-,!%+/1%%#-$#,!.#!TTPBγ!(.#-$(C(+#,!.&-,!.#,!$10#1%,!)10(-&)#,!5-$!C&($!)456:#$!.41-#!

*%#0(3%#!*16)(/&$(5-!gB5/2#)!#$!&)D7!UnIJ&hD!G#$$#!+$1.#!&!05-$%+!)4(0*&/$!.#!/#,!01$&$(5-,!,1%!)&!

%+?1)&$(5-! $%&-,/%(*$(5--#))#! .#! ?3-#,! /(6)+,! *&%! TTPBγHBoBα! .&-,! )#,! $10#1%,! )10(-&)#,!

1%5$2+)(&)#,!*%+,#-$&-$!1-#!,1%#L*%#,,(5-!.#!/#,!?3-#,D!<&-,!/#$$#!*&%$(#!.1!0&-1,/%($!.#!$23,#7!

.4&1$%#,!01$&$(5-,!-5-!%+/1%%#-$#,!(.#-$(C(+#,!.&-,!)#,!/&-/#%,!.#!'#,,(#!5-$!+$+!/&%&/$+%(,+#,!&C(-!

.#!0(#1L!/50*%#-.%#!)#,!0+/&-(,0#,!05)+/1)&(%#,!.#!%+?1)&$(5-!.#!)&!$%&-,/%(*$(5-!*&%!TTPBγ!#$!



!
!

34#5)6./!1!2!E#-#8*B-+(#*+=<(!'&!)0*#<*(!'&!3345γ!+)9%+R0B(!'#<(!%&!8#<8&-!'&!%#!C&((+&!

!

{x!

BoBα!#$!.#!/50*%#-.%#!)#,!0+/&-(,0#,!+$&-$!F!)&!6&,#!.#!)4&/$('($+!*%5$105%(?+-(@1#!.#!TTPBγH

BoBα!.&-,!)#,!/&-/#%,!.#!'#,,(#D!G#$$#!+$1.#!&!+$+!/5-.1($#!#-!+$%5($#!/5))&65%&$(5-!&'#/!)�+@1(*#!

.4_-/5)5?(#!A5)+/1)&(%#!.#!>%&-W5(,!B&.'&-;(!gV-,$($1$!G1%(#7!T&%(,hD!A#,!$%&'&1L!5-$!*5%$+!,1%!)&!

/&%&/$+%(,&$(5-! .#! )4(0*&/$! .#,!01$&$(5-,! ,1%! )#! %#/%1$#0#-$! .#,! /5%+?1)&$#1%,! #$! .#! )4#CC#$! .#!

)(?&-.,!@1(!05.1)#-$!/#$$#!,$%1/$1%#Q&/$('($+D!!

<#,!01$&$(5-,! (-&/$('&$%(/#,!-5-! %+/1%%#-$#,!5-$!+$+! (.#-$(C(+#,! $#))#,!@1#! )#,!01$&$(5-,! >eIn=7!

^sppS7!51!#-/5%#![sJsZD!"4&-&);,#!.#!/#,!01$&$(5-,!#$! )&!/&%&/$+%(,&$(5-!,$%1/$1%#HC5-/$(5-!.#,!

01$&$(5-,! >eIn=! #$! [sJsZ! .#! TTPBγ! &! C&($! )456:#$! .41-#! *16)(/&$(5-! ,/(#-$(C(@1#! #-! /51%,! .#!

,510(,,(5-!#$!#,$!*%+,#-$+#!.&-,!/#!0&-1,/%($!.#!$23,#!#-!JC49>3'6!gG51$5,H92+'#-5$!#$!&)D7!UnIJhD!!

9%3,! *#1! .4+$1.#,! ,$%1/$1%&)#,! #$! 6(5*2;,(@1#,! #L*)(@1#-$! F! /#! :51%! )#! %#/%1$#0#-$! .#,!

/5%+*%#,,#1%,!.#!TTPBγ!#$!)4(0*&/$!.#,!01$&$(5-,!,1%!/#!.#%-(#%D!G4#,$!*51%@15(7!1-!.#%-(#%!'5)#$!

.#!/#$$#!+$1.#!,#!C5/&)(,#!,1%!)4+$1.#!.1!%#/%1$#0#-$!.#,!/5%+*%#,,#1%,!.#!TTPBγ!gKG5B!#$!=AB9h!

0+.(+!*&%!)&!*%+,#-/#!.41-!(-'#%,#!&?5-(,$#!g9nntnJnth!#$!)4(0*&/$!.#,!01$&$(5-,!(.#-$(C(+#,!.&-,!

)#,!$10#1%,!6&,&)#,!g>eIn=!#$![sJsZh!,1%!/#!%#/%1$#0#-$!/50*&%+!F!)&!*%5$+(-#!-&$('#!l9D!G#$$#!

+$1.#!,#%&!*%+,#-$+#!,51,!C5%0#!.#!0&-1,/%($!*51%!*16)(/&$(5-!,/(#-$(C(@1#!#-!JC49>3'I g%X)(K,!

6,`(!&*!#%7!UnUn7!N<!3-&9#-#*+=<hD!!



!
!
!

!

!

+

+

+

+

+

+

+

+

,#-./0'%&)12$3/2)1#-/)4%356%78)

;.-./*-'0#31,<-1,()=)(*#'5%$*-'11$,--%$*$%/,*=%$*

6678γ*)"*0/.&&,$*(."(,$*

!
!



!
!

34#5)6./!1!2!E#-#8*B-+(#*+=<(!'&!)0*#<*(!'&!3345γ!+)9%+R0B(!'#<(!%&!8#<8&-!'&!%#!C&((+&!
!

!

{{!

1"!N$)$%&3).*$&.0-+,'*+>(&$&.0-*+.-$%&.:$&).%'*+,'+@@A6γ+?+

O$-(*%).&+,3/0*3+,$-*+P.06<.:++

!

1,),.*)2-(34"5)4"%&6&%*(2#7$*)244$"))7$*$7."*67$*889!γ*&'*-.,//"$*

%,'%"$*

!
!"#$%&'(#)(*+,-./%0()!"#1&!"#$%&'(&)$$%&1&2.340%&5%6$%)+7"-0!"#1&8#%0)90&:9;;($%&1&'"$(3%&:%3#*(+

<3)9*$%&1& =">?#%390%& @(0)#A0%!"#1& =#B9)& C*D$%&1& '3.E%0)90%& 7$#>F%$!"#1& '3"$9>%& G(*& H"0)(*&

I$(%0%/%3B!"#1&@3($%0)&G#J(#$!"#1'K#$.39%&7"E(#0(1&L"$9%&!%6)1&M3(B9%&'-";%"#N3"0>!"#1&K#$.39%0&B%&

O%609%*(1& ,-9%$$6& !%N$%)*"!+1& P/%*& K33($6!"!+"!!1& H"$"-& '9"0J.$"09)1'@$"0Q(9*& O"B/"069!"#1& 5")">-"&

O(>-%3$%&R&"0B&<*"N%33%&S%$0"$B+:9%$$()!"#"&RT&

! !

!"#$%&%'%!(')&*+!,-.!/*$*0)12!3#&4*)$&%5+!(6/-+!37/899+!:;'&<*!.0=*>>&$?*!.&@'*!1A#%)*!

>*!(0#1*)+!BCDDC!,0)&$+!E)0#1*!!

"-A)=A##*!3#&4*)$&%?$+!3,7(!3#&4*)$&%?!,0)&$!DF+!(6/-+!37/899+!BCDDC!,0)&$+!E)0#1*!

#"#$%&%'%!G*!H?#?%&;'*!*%!G*!I&A>A@&*!7A>?1'>0&)*!*%!(*>>'>0&)*!J"HI7(K+!$"#$%&%'%!60%&A#0>!G*!

.0!-0#%?!*%!G*!.0!/*12*)12*!7?G&10>*!J"6-L/7K+!%38MCNO(*#%)*!60%&A#0>!G*!/*12*)12*!

-1&*#%&P&;'*!J(6/-K+!&37/B8D9O3#&4*)$&%?!G*!-%)0$=A')@+!">>Q&)12+!E)0#1*!

'.&@'*!60%&A#0>*!(A#%)*!>*!(0#1*)+!,)A@)0RR*!(0)%*$!GS"G*#%&%?!G*$!T'R*')$!J("TK+!,0)&$+!

E)0#1*!!

(.0=A)0%A&)*!G*!-<*1%)AR?%)&*!G*!70$$*!I&AU)@0#&;'*+!3#&4*)$&%?!G*!-%)0$=A')@+!(6/-+!

",V(!37/!B8BN+!FBDDD!-%)0$=A')@+!E)0#1*!

)VW<&%0>!EA12+!X*<0)%R*#%!AP!3)A>A@5+!-')*$#*$+!E)0#1*Y!

!*3#&4*)$&%?!,0)&$!-01>05+!3E/!G*!$0#%?+!Z*)$0&>>*$!-0&#%[\'*#%&#!*#!]4*>&#*$+!E)0#1*!!!!!

!!"#$%&%'%!(')&*+!G*<0)%R*#%!AP!,0%2A>A@5+!^C!)'*!X0&>>5+!_MM8D!-0&#%[(>A'G!

`!TA!a2AR!1A))*$<A#G*#1*!$2A'>G!=*!0GG)*$$*GY!

L[R0&>b!&$0=*>>*Y=*)#0)G[<&*))A%c1')&*YP)!!



!
!

34#5)6./!1!2!E#-#8*B-+(#*+=<(!'&!)0*#<*(!'&!3345γ!+)9%+R0B(!'#<(!%&!8#<8&-!'&!%#!C&((+&!
!

!

{J!

L[R0&>b!)A12*>c&@=R1YP)!

9-)($,%(**

*
,,d/γ 01%&40%&A#! 0<<*0)$! %A! =*! 0! 1)&%&10>! *4*#%! &#! >'R&#0>! R'$1>*[&#40$&4*! =>0GG*)!

10#1*)! J7"I(K! %'RA)&@*#*$&$+! P04A)&#@! =A%2! %'RA)! 1*>>! @)Aa%2! 0#G! R&1)A*#4&)A#R*#%!

RAG'>0%&A#! %Aa0)G! %'RA)! &RR'#*! *$10<*Y! (A#4*)$*>5+! %2*! GAa#[)*@'>0%&A#! AP!

,,d/γ  01%&4&%5! &#! =0$0>!7"I(! $'@@*$%$! %'RA)! $'<<)*$$&4*! *PP*1%$! &#! %2&$! $'=@)A'<Y!e*!

&G*#%&P&*G!2*%*)Af5@A'$!G*>*%&A#$+!X6d!25<*)[R*%25>0%&A#!0#G!>A$$[AP[P'#1%&A#!R'%0%&A#$!AP!

,,d/γ &#! =0$0>! 7"I(+! 0$$A1&0%*G! a&%2! ""#$γ ! '#G*)[*g<)*$$&A#! $'<<A)%&#@! &%$! %'RA)!

$'<<)*$$A)! )A>*Y! /*[*g<)*$$&A#! AP! ,,d/γ  &#! =0$0>! %'RA)! 1*>>$! RAG'>0%*G! P0%%5! 01&G!

R*%0=A>&$R!0#G!1*>>!G&PP*)*#%&0%&A#!0#G! &#G'1*G!0!G*1)*0$*G!1*>>!@)Aa%2!%20%!1A'>G!<0)%>5!

)*>5!A#!LHE/!GAa#[)*@'>0%&A#Y!-%)'1%')*[P'#1%&A#!$%'G&*$!AP! %aA!,,d/γ!R'%0#%!<)A%*&#$!

0>>Aa*G! %2*! &G*#%&P&10%&A#!AP!Q*5!$%)'1%')0>!*>*R*#%$! PA)!,,d/γ 01%&4&%&*$!0#G!$2A'>G!2*><!

G*4*>A<! <A%*#%! RA>*1'>*$! %A! 01%&40%*! ,,d/γ! 0$! 0! %2*)0<*'%&1! $%)0%*@5! PA)! 7"I(Y! T2*!

&G*#%&P&10%&A#!AP!%2&$!$'=%5<*[G*<*#G*#%!G'0>!)A>*!AP!,,d/γ!&#!7"I(!$%)*#@%2*#$!%2*!1)&%&10>!

)A>*!AP!,,d/γ! &#!=>0GG*)! %'RA)&@*#*$&$!0#G! )*&#PA)1*$! %2*! &#%*)*$%! &#! $%)0%&P&*G!R*G&1&#*!

=0$*G!A#!%'RA)!RA>*1'>0)!$'=%5<&#@Y!

!

!

! !



!
!

34#5)6./!1!2!E#-#8*B-+(#*+=<(!'&!)0*#<*(!'&!3345γ!+)9%+R0B(!'#<(!%&!8#<8&-!'&!%#!C&((+&!
!

!

Jn!

:'($7/2%(&7'* *

*
,,d/γ!J<*)Ag&$AR*!<)A>&P*)0%A)[01%&40%*G!)*1*<%A)!@0RR0K!&$!0!R*R=*)!AP!%2*!#'1>*0)!

)*1*<%A)! %)0#$1)&<%&A#! P0R&>5! %20%! P'#1%&A#$! 0$! 0! <*)R&$$&4*! 2*%*)AG&R*)! a&%2! )*%&#A&G! h!

)*1*<%A)!J/h/α)!0#G!)*1A@#&f*$!$<*1&P&1!$*;'*#1*!RA%&P$+!G*P&#*G!0$!,,/L!J<*)Ag&$AR*!

<)A>&P*)0%&4*!)*$<A#$*!*>*R*#%$K!&#!%2*!)*@'>0%A)5!)*@&A#$!AP!%0)@*%!@*#*$Y!"#!%2*!0=$*#1*!AP!

>&@0#G+!,,d/γ! &$!1AR<>*g*G!a&%2!1A)*<)*$$A)!<)A%*&#$!$'12!0$!6(A/8!J6'1>*0)!)*1*<%A)!

1A)*<)*$$A)! 8K! A)! -7/T! J$&>*#1&#@!R*G&0%A)! AP! )*%&#A&1! 01&G! )*1*<%A)K! )*1)'&%&#@!VXd($!

J2&$%A#*! G*01*%5>0$*K! 0#G! ,,d/γ! $'<<)*$$*$! %)0#$1)&<%&A#Y! 3<A#! >&@0#G! =&#G&#@+! 0!

1A#PA)R0%&A#0>!120#@*!0>>Aa$!%2*!)*>*0$*!AP!1A)*<)*$$A)$!0#G!)*1)'&%R*#%!AP!1A01%&40%A)$!

$'12!0$!7LX8!J7*G&0%A)!1AR<>*g!$'='#&%!8K!A)!,H(8α!J,,d/H(8d+!,,d/H!1A01%&40%A)!

8!0><20K!0#G!,,d/γ!01%$!0$!0!%)0#$1)&<%&A#0>!01%&40%A)Y!d!40)&*%5!AP!#0%')0>!>&@0#G$+!$'12!0$!

<A>5'#$0%')0%*G!P0%%5!01&G!A)!<)A$%0@>0#G&#!iM!G*)&40%&4*$+!0#G!$5#%2*%&1! >&@0#G$+!$'12!0$!

%2&0fA>&#*G&A#*$+!10#!01%&40%*!,,d/γY!,,d/γ!&$!&#4A>4*G!&#!)*@'>0%&#@!@>'1A$*!2AR*A$%0$&$!

0#G!0G&<A@*#*$&$!Jd2R0G&0#!*%!0>Y+!MD8^=j!TA#%A#Af!0#G!-<&*@*>R0#+!MDDNK!='%!!0>$A!&#!

G&PP*)*#%&0%&A#! &#! $*4*)0>! %&$$'*$! &#1>'G&#@! %2*!')A%2*>&'R! JZ0)>*5!*%!0>Y+! MDD9K! J.&'!*%!0>Y+!

MD8_KY!"%$!!)A>*!&#!10#1*)!&$!>*$$!1>*0)!0#G!$**R$!%A!=*!G'0>+!%'RA)!$'<<)*$$&4*!J0$!&#!1A>A#+!!

>'#@!10#1*)$!0#G!#*')A=>0$%AR0K!A)!<)A[%'RA)&@*#&1!J0$!&#!<0#1)*0%&1!A)!=>0GG*)!10#1*)$K!

G*<*#G&#@!A#!%2*!1*>>!%5<*!Jd2R0G!*%!0>Y+!MD8Fj!I&%A#!*%!0>Y+!MD89=j!HA>G$%*&#!*%!0>Y+!MD8B=j!

.**!*%!0>Y+!MD8Mj!,*%*)$!*%!0>Y+!MD8MKY!!!

!"#! =>0GG*)! 10#1*)+! %2*! 9+,! RA$%! P)*;'*#%! 10#1*)! &#! R*#! &#! &#G'$%)&0>&f*G! 1A'#%)&*$+!

>'R&#0>! R'$1>*[&#40$&4*! =>0GG*)! 10)1&#AR0$! J7"I($K+! 0! $'=%5<*! AP! =>0GG*)! %'RA)$!

011A'#%&#@!PA)!FDk!AP!7"I($!Jl0RA'#!*%!0>Yj!/A=*)%$A#!*%!0>Y+!MD8BK+!!204*!=**#!$2Aa#!%A!

G&$<>05!0!,,d/γ!01%&40%&A#!$&@#0%')*!JI&%A#!*%!0>Y+!MD89=j!(2A&!*%!0>Y+!MD89KY!T2&$!01%&40%&A#!

&$! 0$$A1&0%*G! a&%2! ! @*#*%&1! 0>%*)0%&A#$! [!X6d! @0&#$! 0#G! 0R<>&P&10%&A#$! J^DkK+! )*1'))*#%!

01%&40%&#@! R'%0%&A#$! AP! /h/α! JCkK! A)! ,,d/γ! J9kK! [! 0$$A1&0%*G! a&%2! >'R&#0>! %'RA)$!



!
!

34#5)6./!1!2!E#-#8*B-+(#*+=<(!'&!)0*#<*(!'&!3345γ!+)9%+R0B(!'#<(!%&!8#<8&-!'&!%#!C&((+&!
!

!

JI!

JV0>$%*0G!*%!0>Y+!MD8Bj!lA)<0>!*%!0>Y+!MD8B=j!/A=*)%$A#!*%!0>Y+!MD8Bj!/A12*>!*%!0>Y+!MD8_=j!

T(Hd+! MD89KY! ,,d/γ! 01%&40%&A#! )*#G*)$! =>0GG*)! %'RA)! 1*>>! @)Aa%2! ,,d/γ[G*<*#G*#%!

JV0>$%*0G! *%! 0>Y+! MD8Bj! /A12*>! *%! 0>Y+! MD8_=K-0#G! <)ARA%*$! &RR'#*! *40$&A#! &#! 7"I($!

JV*G*@00)G! *%! 0>Y+! MD8FK! 2&@2>&@2%&#@! 1)'1&0>! <)A[%'RA)&@*#&1! )A>*$! AP! %2*! ,,d/γO/h/α!

<0%2a05!&#!>'R&#0>!=>0GG*)!%'RA)$Y!!

"#%*)*$%&#@>5+!,,d/γ!01%&40%&A#!$&@#0%')*!A)!)*@'>A#!01%&4&%5!&$!G)0R0%&10>>5!G*1)*0$*G!&#!

=0$0>! =>0GG*)! %'RA)$+! 0! $'=%5<*! 011A'#%&#@! PA)! ^Dk! AP! 7"I($! 0#G! <)*$*#%&#@! 0! <AA)!

<)A@#A$&$+!$'@@*$%&#@!%20%!,,d/γ!1A'>G!G&$<>05!0#!A<<A$&%*!)A>*!&#!%2*$*!%'RA)$!J(2A&!*%!

0>Y+!MD89j!l0RA'#!*%!0>Yj!/*=A'&$$A'!*%!0>Y+!MD89j!/A=*)%$A#!*%!0>Y+!MD8BKY!T2*!>A$$!AP!,,d/γ!

01%&4&%5! 1A'>G!=*!*$$*#%&0>! PA)! %2*! %'RA)&@*#*$&$!AP! %2*$*!=0$0>! %'RA)$Y! "#! %2&$!aA)Q+!a*!

$*0)12*G!PA)!@*#*%&1!0#G!*<&@*#*%&1!0>%*)0%&A#$!%20%!1A'>G!G)&4*!,,d/γ!&#01%&40%&A#!&#!=0$0>!

=>0GG*)! %'RA)$!0#G!1A'>G!$'<<A)%!0! %'RA)!$'<<)*$$A)!)A>*!AP!,,d/γY!e*! &G*#%&P&*G!=A%2!

2*%*)Af5@A'$!G*>*%&A#$!0#G!X6d!25<*)[R*%25>0%&A#!AP!,,d/γ+!0$$A1&0%*G!a&%2!,,d/γ!>A$$!

AP!*g<)*$$&A#!*#)&12*G!&#!=0$0>!%'RA)$Y!dRA#@!%2*!#A#[)*1'))*#%!R'%0%&A#$!AP!,,d/γ!%20%!

a*!<)*4&A'$>5!&G*#%&P&*G!=5!$*;'*#1&#@!,,d/γ!&#!^C_!%'RA)$!0#G!$%'G5&#@!<'=>&1>5!040&>0=>*!

G0%0!PA)!9CC!7"I($!J/A12*>!*%!0>Y+!MD8_=K+!a*!&G*#%&P&*G!PA')!R'%0%&A#$!0$$A1&0%*G!a&%2!=0$0>!

%'RA)$Y!E'#1%&A#0>!0#0>5$&$! )*4*0>*G! %20%! %2*$*! PA')!R'%0%&A#$! )*G'1*! %2*! %)0#$1)&<%&A#0>!

01%&4&%5!AP!,,d/γY!d!$%)'1%')*[P'#1%&A#!0#0>5$&$!)*4*0>*G!%20%!%aA!AP!%2*!R'%0%&A#$!0PP*1%&#@!

%2*!>&@0#G[=&#G&#@!GAR0&#+!P04A)!%2*!&#01%&4*!$%0%*!AP!,,d/γ!%2)A'@2!%2*!G*$%0=&>&f0%&A#!AP!

2*>&g!V8M+! %2*)*=5! &R<0&)&#@! %2*!)*>*0$*!AP!1A)*<)*$$A)$!0#G!)*1)'&%R*#%!AP!1A01%&40%A)$Y!

E&#0>>5+! &#G'1*G!,,d/γ! *g<)*$$&A#! &#! =0$0>! =>0GG*)! 10#1*)! 1*>>! >&#*$!01%&40%*G!,,d/γ! [

G*<*#G*#%!%)0#$1)&<%&A#!0#G!G*1)*0$*G!1*>>!4&0=&>&%5!a2*)*0$!&%!G&$<>05*G!#A!*PP*1%!A#!1*>>!

4&0=&>&%5!AP! >'R&#0>!1*>>$+!$'<<A)%&#@!0!,,d/γ! %'RA)!$'<<)*$$&4*!01%&4&%5! &#!=0$0>! %'RA)$Y!

T2*$*!%'RA)!$'<<)*$$&4*!01%&4&%&*$!1A'>G!0%! >*0$%!<0)%&0>>5!)*>5!A#!LHE/!GAa#[)*@'>0%&A#Y!

U')!$%'G5!<)A4&G*$!@*#*%&1+!*<&@*#*%&1!0#G! P'#1%&A#0>!*4&G*#1*$! PA)!0! %'RA)!$'<<)*$$&4*!



!
!

34#5)6./!1!2!E#-#8*B-+(#*+=<(!'&!)0*#<*(!'&!3345γ!+)9%+R0B(!'#<(!%&!8#<8&-!'&!%#!C&((+&!
!

!

JU!

)A>*!AP!,,d/γ !&#!=0$0>!=>0GG*)!10#1*)!0#G!%2*)*PA)*!$'<<A)%!%2*!'$*!AP!,,d/γ!$5#%2*%&1!

0@A#&$%$!0$!0! %2*)0<*'%&1!A<%&A#! PA)! %2*$*! %'RA)$Y! "%! )*&#PA)1*$! %2*!1)&%&10>!1*#%)0>! )A>*!AP!

,,d/γ!&#!=>0GG*)!%'RA)&@*#*$&$!%20%!0<<*0)$!%A!=*!$'=@)A'<!G*<*#G*#%b!<)A[%'RA)&@*#&1!

&#!G&PP*)*#%&0%*G!>'R&#0>!%'RA)$!0#G!%'RA)!$'<<)*$$&4*!&#!=0$0>!%'RA)$Y

!

!")2.()*

*

Q'&')'R=C0(*+,'4'&.0-*S+T7A+L=/')>'&L=4$&.0-+$-,+ 40**+0;+'</)'**.0-+0;+

@@A6γ+$**0%.$&',+U.&L+E$*$4+OMPN+

+
e*!$%'G&*G!!""#$γ!!*g<)*$$&A#!&#!8_B!=>0GG*)!%'RA)$![8D8!AP!a2&12!a*)*!6A#!7'$1>*[

"#40$&4*! I>0GG*)! (0#1*)$! J67"I($K[! &#! A')! ("T! $*)&*$! AP! %'RA)$! J(0)%*! Gm"G*#%&%?! G*$!

T'R*')$K! '$&#@! 38^^! <>'$! MYD! dPP5R*%)&g! %)0#$1)&<%AR&1! G0%0! JI&%A#! *%! 0>Y+! MD89=j!

/*=A'&$$A'!*%!0>Y+!MD89K!0#G!&#!9DC!7"I(!$0R<>*$!'$&#@!!<'=>&1>5!040&>0=>*!/6d$*;!G0%0!

P)AR!T2*!(0#1*)!H*#AR*!d%>0$!J/A=*)%$A#!*%!0>Y+!MD8Bj!T(Hd+!MD89K-@*#AR&1!G0%0=0$*!

J2%%<bOO10#1*)@*#AR*Y#&2Y@A4K! J"#$%! &'KY! T'RA)$! a*)*! @)A'<*G! &#! $&g! RA>*1'>0)! 1>0$$*$!

011A)G&#@! %A! 0! RA>*1'>0)! 1A#$*#$'$! 1>0$$&P&10%&A#! G*)&4*G! P)AR! $&g! &#G*<*#G*#%!

1>0$$&P&10%&A#! $5$%*R$! <)*4&A'$>5! G*$1)&=*G! PA)! 7"I(! Jl0RA'#! *%! 0>YK! J()**+,-,./'01!

2'3+,!&KY!"#!@AAG!0@)**R*#%!a&%2!%2*!>A$$!AP!%)0#$1)&<%&A#0>!01%&4&%5!AP!,,d/γ!A=$*)4*G!&#!

=0$0>! %'RA)$! J(2A&! *%! 0>Y+! MD89j!l0RA'#!*%! 0>Yj!/A=*)%$A#!*%! 0>Y+! MD8BK+!a*!A=$*)4*G!0!

$&@#&P&10#%>5!>Aa*)!*g<)*$$&A#!AP!,,d/γ!&#!I0$0>O-;'0RA'$!%'RA)$!0#G!RA)*!a&G*>5!&#!#A#n

>'R&#0>! %'RA)$! &#1>'G&#@! 6*')A*#GA1)&#*[>&Q*! 0#G! -%)AR0[)&12! %'RA)$! J"#$%&'KY! 3$&#@!

040&>0=>*! 1A<5! #'R=*)! G0%0! PA)! ^NC!7"I($! P)AR! %2*!T(Hd+!a*!A=$*)4*G! 2*%*)Af5@A'$!

G*>*%&A#$!AP!,,d/γ! %20%!a*)*! $&@#&P&10#%>5! 0$$A1&0%*G!a&%2!0! >Aa!*g<)*$$&A#! J"#$%&3! +,4/!

*'.,+K!0#G!01%&4&%5! J"#$%&3!0#$5/!*'.,+K!AP!,,d/γ. !(A#4*)$*>5+!@0&#$!0#G!0R<>&P&10%&A#$!

a*)*!0$$A1&0%*G!a&%2!A4*)*g<)*$$&A#!0#G!25<*)[01%&4&%5!AP!,,d/γ!0$!<)*4&A'$>5!G*$1)&=*G!



!
!

34#5)6./!1!2!E#-#8*B-+(#*+=<(!'&!)0*#<*(!'&!3345γ!+)9%+R0B(!'#<(!%&!8#<8&-!'&!%#!C&((+&!
!

!

Je!

JI&%A#!*%!0>Y+!MD89=j!HA>G$%*&#!*%!0>Y+!MD8B=j!V0>$%*0G!*%!0>Y+!MD8Bj!/A12*>!*%!0>Y+!MD8_=KY!e*!

P')%2*)! #A%&1*G! %20%! %2*$*! 2*%*)Af5@A'$! G*>*%&A#$! a*)*! $&@#&P&10#%>5! *#)&12*G! &#!

=0$0>O$;'0RA'$!%'RA)$!0#G!1A'>G!%2*)*PA)*!011A'#%!PA)!<0)%!AP!%2*!>A$$*$!AP!*g<)*$$&A#!AP!

,,d/γ!&#!%2*$*!%'RA)$!J"#$%!&6KY!T2*!@*#AR&1!G*>*%&A#$!AP!,,d/γ!&#!=0$0>!%'RA)$!a*)*!0!

P&)$%!@*#AR&1!*4&G*#1*!$'<<A)%&#@!0!%'RA)!$'<<)*$$A)!)A>*!AP!,,d/γ!&#!%2*$*!%'RA)$Y!-&#1*!

0=*))0#%!<0%%*)#$!AP!X6d!R*%25>0%&A#!10#!0>$A!0PP*1%! %'RA)!$'<<)*$$A)!@*#*!*g<)*$$&A#!

G')&#@! %'RA)&@*#*$&$+! a*! 0#0>5f*G! ,,d/γ! X6d! R*%25>0%&A#! &#! ^FN! 7"I($! '$&#@! X6d!

R*%25>0%&A#!0))05!G0%0!040&>0=>*!P)AR!T(HdY!e*!&G*#%&P&*G!0!$&@#&P&10#%!25<*)[R*%25>0%&A#!

AP!,,d/γ!(<H$!&#!=0$0>!%'RA)$!1AR<0)*G!%A!>'R&#0>!A#*$+!RA$%>5!&#!$2A)*!)*@&A#$!AP!(<H!

&$>0#G$!a&%2&#!%2*!,,d/γ!<)ARA%*)!J"#$%&78!)**,0!*'.,+!'.7!9)**+,-,./'01!"#$%&'KY!T2&$!

25<*)[R*%25>0%&A#+!a2&12!1A))*>0%*G!a&%2!%2*!GAa#[)*@'>0%&A#!AP!,,d/γ  *g<)*$$&A#!&#!=0$0>!

%'RA)$! J"#$%&78! -#77+,! '.7! +:;,0! *'.,+9K+! 1A'>G! 0>$A! 011A'#%! PA)! <0)%! AP! &%$! >A$$! AP!

*g<)*$$&A#!&#!=0$0>!%'RA)$Y!T2*$*!)*$'>%$!a*)*!0>$A!40>&G0%*G!&#!A')!("T!$*)&*$!AP!%'RA)$!

J()**+,-,./'01! "#$%&3K! 0#G! <)A4&G*! 0#! *<&@*#*%&1! *4&G*#1*! $'<<A)%&#@! %2*! %'RA)!

$'<<)*$$A)!)A>*!AP!,,d/γ!&#!=0$0>!%'RA)$Y!!

!

20**G0;G;(-%&.0-+>(&$&.0-*+0;+@@A6V+.-+E$*$4+&(>0)*+

+
.A$$[AP[P'#1%&A#!R'%0%&A#$!0)*!0>$A!0!20>>R0)Q!AP!%'RA)!$'<<)*$$A)!@*#*$Y!e*!%2*)*PA)*!

$*0)12*G!PA)!$'12!0>%*)0%&A#$!AP!,,d/γ!&#!=0$0>!=>0GG*)!%'RA)$Y!e*!<)*4&A'$>5!$*;'*#1*G!

,,d/γ! &#! ^C_!=>0GG*)! %'RA)$!0#G! $%'G&*G!<'=>&1>5! 040&>0=>*!G0%0! PA)! 9CC!7"I($+!a2&12!

0>>Aa*G! '$! %A! &G*#%&P5! )*1'))*#%! 01%&40%&#@!R'%0%&A#$! AP! ,,d/γ! &#! 9k! AP! =>0GG*)! %'RA)$!

J/A12*>!*%!0>Y+!MD8_KY!T2*$*!R'%0%&A#$!a*)*!*#)&12*G!&#!%'RA)$!<)*$*#%&#@!0!2&@2!,,d/γ!

01%&40%&A#! $1A)*+!a2&12!a*)*!RA$%>5! >'R&#0>! %'RA)$+! $'<<A)%&#@! 0! <)A%'RA)&@*#&1! )A>*! AP!

,,d/γ!&#!%2&$!$'=@)A'<Y!e*!0>$A!&G*#%&P&*G!*>*4*#!#A#!)*1'))*#%!,,d/γ!R'%0%&A#$!%20%!a*!

G&G!#A%!P')%2*)!$%'G5!<)*4&A'$>5!J/A12*>!*%!0>Y+!MD8_=K!J"#$%!<'KY!e*!#'R=*)*G!0>>!R'%0%&A#$!



!
!

34#5)6./!1!2!E#-#8*B-+(#*+=<(!'&!)0*#<*(!'&!3345γ!+)9%+R0B(!'#<(!%&!8#<8&-!'&!%#!C&((+&!
!

!

Js!

)*>0%&4*! %A! %2*! ,,d/#%! &$APA)R! J67oD8CNF_K+! a2&12! &$! MN! 0R&#A! 01&G$! >A#@*)! %20#! %2*!

,,d/#&!&$APA)R!J67o8^NB8MK!0%!%2*!6[%*)R&#0>!*#G!J"#$%!<'KY!EA')!AP!%2*$*!#A#[)*1'))*#%!

R'%0%&A#$+!-B9(+! E^8D-+!L9CC\!0#G!V9_9]+!a*)*! 0$$A1&0%*G!a&%2! =0$0>! %'RA)$!a2&12!

<)*$*#%*G!0! >Aa!,,d/γ!01%&40%&A#!$1A)*!J"#$%!<3KY!e*!%2*)*PA)*!25<A%2*$&f*G!%20%! %2*$*!

PA')!R'%0%&A#$!1A'>G!=*!>A$$[AP[P'#1%&A#!R'%0%&A#$!0#G!&#4*$%&@0%*G!%2*&)!P'#1%&A#0>!&R<01%!

A#!%2*!%)0#$1)&<%&A#0>!01%&4&%5!AP!,,d/γ!J"#$%!<6!'.7!<7KY!e*!'$*G+!&#!VLlM_^ET!1*>>$+!0!

>'1&P*)0$*! )*<A)%*)! @*#*! 1A#%0&#&#@! %2)**! 1A<&*$! AP! %2*! X/8! $*;'*#1*! AP! ,,d/#! X6d!

)*$<A#$*!*>*R*#%!J,,/LK!0))0#@*G!&#!%0#G*R!0#G!>&#Q*G!%A!%2*!%25R&G&#*!Q&#0$*!<)ARA%*)!

J,,/L[^h[TlK!Jl&R!*%!0>Y+!MDDMKY!T2*!PA')!,,d/#!R'%0#%!<)A%*&#$!20G!$&@#&P&10#%>5!>Aa*)!

>*4*>$!AP!%)0#$1)&<%&A#0>!01%&4&%5!%20#!%2*!a&>G!%5<*!*4*#!&#!%2*!<)*$*#1*!AP!)A$&@>&%0fA#*+!0!

$5#%2*%&1! ,,d/#! 0@A#&$%! >&@0#G! J01%&4&%5! )*G'1*G! =5! MCk! %A! _DkK! J"#$%! <6KY!e*! P')%2*)!

PA1'$*G!A#! %2*! %aA!RA$%! &#01%&4*!R'%0#%$! %20%!0PP*1%! %2*! >&@0#G!=&#G&#@!GAR0&#!J.IXK!AP!

,,d/γ+!E^8D-!0#G!V9_9]Y!e*!$2Aa*G! %20%! %2*&)!A4*)*g<)*$$&A#! &#!=0$0>!=>0GG*)!CF^B!

1*>>$!&#G'1*G!0!$&@#&P&10#%>5!>Aa*)!*g<)*$$&A#!AP!$*4*)0>!Q#Aa#!,,d/#!%0)@*%!@*#*$!J'#(")!

0#G!#*+,-K!1AR<0)*G!%A!%2*!a&>G[%5<*!<)A%*&#!0$!$2Aa#!=5!/T[;,(/!J"#$%!<7KY!T2*!*PP*1%$!

AP! %2*!R'%0#%$!a*)*!1AR<0)0=>*!%A! %20%!AP! %2*!*R<%5!<>0$R&G+!$'@@*$%&#@!0#!0=$*#1*!AP!

%)0#$1)&<%&A#0>! 01%&4&%5! AP! %2*! <)A%*&#$! &#! %2&$! $5$%*RY! T2*! )*$'>%$! AP! %2*$*! %aA! G&PP*)*#%!

0<<)A012*$!%A!R*0$')*!,,d/γ!%)0#$1)&<%&A#0>!01%&4&%5!1>*0)>5!$2Aa*G!%20%!,,d/γ!R'%0%&A#$!

E^8D-!0#G!V9_9]!0)*!>A$$[AP[P'#1%&A#!R'%0%&A#$!0PP*1%&#@!=0$0>!%'RA)$Y!

!

20**G0;G;(-%&.0-+ >(&$&.0-*+ .>/$.)+ &L'+ )'4'$*'+ 0;+ %0)'/)'**0)*+ $-,+

)'%)(.&>'-&+0;+%0$%&.:$&0)*+E=+@@A6γ+.-+&L'+/)'*'-%'+0;+4.C$-,"++

+
e*! %2*#! '$*G! =&A12*R&10>! 0#G! =&A<25$&10>! 0#0>5$*$! %A! '#G*)$%0#G! 2Aa! %2*$*! %aA!

R'%0%&A#$!&R<0&)!,,d/#!01%&4&%5Y!T2*!V9_9]!R'%0%&A#!&#4A>4*$!0!)*$&G'*!0%!%2*!6[%*)R&#0>!

=A'#G0)5!AP!2*>&g!8M!a2*)*0$!E^8D-!&$!>A10%*G!&#!%2*!6[%*)!AP!2*>&g!̂ !P01&#@!%2*!>AA<!=*%a**#!



!
!

34#5)6./!1!2!E#-#8*B-+(#*+=<(!'&!)0*#<*(!'&!3345γ!+)9%+R0B(!'#<(!%&!8#<8&-!'&!%#!C&((+&!
!

!

Jp!

2*>&1*$! 88! 0#G! 8M! J"#$%! ='KY! 60%&4*! *>*1%)A$<)05! R0$$! $<*1%)AR*%)5! &#G&10%*G! %20%! %2*!

<')&P&*G! )*1AR=&#0#%! .IX! a&>G[%5<*! 0#G! R'%0#%$! J()**+,-,./'01! "#$9%! <>=K! a*)*! #A%!

=A'#G!%A!0#5!>&@0#G!J()**+,-,./'01!"#$%!?KY!e*!'$*G!#0#A!G&PP*)*#%&0>!$10##&#@!P>'A)&R*%)5!

%A!1AR<0)*! %2*! %2*)R0>!$%0=&>&%5!AP! %2*!<')&P&*G!,,d/#!eT!0#G!R'%0#%$+!0>A#*!0#G!'<A#!

=&#G&#@!%A!%2*!0@A#&$%!>&@0#G+!He8_M_!J()**+,-,./'01!"#$%!<6KY!T2*!%aA!R'%0#%$!&#!%2*&)!

0<A!PA)R+!*g2&=&%!0!>Aa*)!R*>%&#@!%*R<*)0%')*!JT.K!%20#!%2*!eT!a&%2!0!∆T.!AP!8p(!0#G!Mp(!

PA)!E^8D-!0#G!V9_9]+!)*$<*1%&4*>5Y!UP!#A%*+!He8_M_!&#G'1*G!0!$%)A#@!$%0=&>&f0%&A#!AP!%2*!

eT+!0$!a*>>!0$!AP!%2*!M!R'%0#%$+!$'@@*$%&#@!%20%!%2*!M!R'%0%&A#$!GA!#A%!$&@#&P&10#%>5!0PP*1%!

%2*!=&#G&#@!AP!%2*!>&@0#G$Y!IA%2!R'%0#%$!*PP&1&*#%>5!PA)R*G!2*%*)AG&R*)$!a&%2!/h/α!$&R&>0)>5!

%A! ,,d/γ! a&>G[%5<*! J()**+,-,./'01! "#$%! <3KY! e*! %2*)*PA)*! PA1'$*G! A#! %2*! 0=&>&%5! AP!

R'%0%&A#$! %A!RAG'>0%*! ,,d/γ! =&#G&#@! %A! 1A)*<)*$$A)$! 0#G! 1A01%&40%A)$+! a2&12! &#4A>4*$!

)*1A@#&%&A#!AP!RA%&P$!A#!1A)*@'>0%A)$!=5!%2*!.IX+!0#G!'>%&R0%*>5!)*@'>0%*$!%2*!%)0#$1)&<%&A#0>!

A'%<'%!AP!%0)@*%!@*#*$Y!70RR0>&0#!%aA[25=)&G!0$$05!&#!VLlM_^ET!1*>>$!'$&#@!Z,8F[P'$*G!

,,d/γ! Ja&>G[%5<*+! E^8D-! 0#G! V9_9]K+! Hd.9[X6d[=&#G&#@[GAR0&#[P'$*G! 1A[)*<)*$$A)!

J6(A/8!A)!-7/TK!A)!1A[01%&40%A)!7LX8!0#G!<HC[.3(!)*<A)%*)!$2Aa*G!%20%!&#!%2*!1A#%*g%!

AP!P'>>!<)A%*&#!0#G!&#!<)*$*#1*!AP!8q7!*gA@*#A'$!>&@0#G!J)A$&@>&%0fA#*K+!%2*!%aA!R'%0%&A#$!

$&@#&P&10#%>5!P04A)!%2*!=&#G&#@!AP!%2*!%aA!1A[)*<)*$$A)!GAR0&#$!0#G!&#2&=&%!%2*!)*1)'&%R*#%!AP!

7LX8!1A01%&40%A)!GAR0&#!1AR<0)*G!%A!,,d/#!a&>G[%5<*!J"#$%!=3KY!T2*!>Aa*)!)*1)'&%R*#%!AP!

%2*! 1A01%&40%A)! 0#G! &#1)*0$*G! )*1)'&%R*#%! AP! %2*! 1A)*<)*$$A)! =5! %2*! %aA! R'%0#%$! a0$!

1A#P&)R*G!=5!RA#&%A)&#@!1A)*@'>0%A)!<*<%&G*$!)*1)'&%R*#%!=5!%2*!G&PP*)*#%!.IX$!J"#$%!=6KY!

e*! R*0$')*G! %2*! &#%*)01%&A#! =*%a**#! a&>G[%5<*! A)! R'%0#%! PA)R$! AP! ,,d/#! 0#G! 0!

P>'A)*$1*#%>5!>0=*>*G!1A01%&40%A)!<*<%&G*!AP!,H(8$!J,,d/H(8dK!A)!0!P>'A)*$1*#%!>0=*>*G!

6(A/8!1A)*<)*$$A)!<*<%&G*+!=5!7&1)A-10>*!T2*)RA<2A)*$&$Y!"#!%2*!0=$*#1*!AP!>&@0#G+!%2*!

eT!)*1)'&%$!%2*!1A01%&40%A)!<*<%&G*!a&%2!2&@2*)!0PP&#&%5!%20#!%2*!%aA!R'%0#%$!J"#$%!=6KY!T2*!

0GG&%&A#!AP!0!P'>>!0@A#&$%+!)A$&@>&%0fA#*!J()**+,-,./'01!"#$%!@K+!*#20#1*G!%2*!&#%*)01%&A#!

=*%a**#!,,d/#!0#G!,H(8r!1A01%&40%A)!<*<%&G*+!a&%2!%2*!eT!*g2&=&%&#@!0@0&#!%2*!2&@2*$%!



!
!

34#5)6./!1!2!E#-#8*B-+(#*+=<(!'&!)0*#<*(!'&!3345γ!+)9%+R0B(!'#<(!%&!8#<8&-!'&!%#!C&((+&!
!

!

Jx!

0PP&#&%5Y! U#! %2*! A%2*)! 20#G+! %2*! M! R'%0#%$! *g2&=&%! &#1)*0$*G! 0PP&#&%5! PA)! %2*! 1A)*<)*$$A)!

<*<%&G*!AP!6(A/8!1AR<0)*G!%A!eT!J"#$%!=6KY!T2*!&#1)*0$*G!&#%*)01%&A#!a&%2!1A)*<)*$$A)!

0#G!G*1)*0$*G!&#%*)01%&A#!a&%2!1A01%&40%A)!AP!%2*!R'%0#%$!a0$!0>$A!A=$*)4*G!=5!#0%&4*!R0$$!

$<*1%)AR*%)5! J()**+,-,./'01! "#$9%! A>BKY! TA@*%2*)+! %2*$*! G0%0! $'@@*$%! %20%! %2*! %aA!

1A#$&G*)*G!R'%0%&A#$+!E^8D-!0#G!V9_9]+!&R<0&)!%2*!0GA<%&A#!AP!0#!0@A#&$%!1A#PA)R0%&A#!

=5! ,,d/#! &#! %2*! 0=$*#1*! AP! >&@0#G+! %2*)*=5! *#20#1&#@! 1A)*<)*$$A)! &#%*)01%&A#$! 0#G!

&#2&=&%&#@!1A01%&40%A)!&#%*)01%&A#Y!

!

@@A6γ+2PT+>(&$&.0-*+#9!WX+$-,+QBYBZ+;$:0)+$-+.-$%&.:'+%0-;0)>$&.0-+

+
TA!*>'1&G0%*!%2*!$%)'1%')0>!=0$&$!PA)!%2*!G*>*%*)&A'$!P'#1%&A#0>!*PP*1%$!AP!%2*!R'%0%&A#$+!

a*! 0#0>5f*G! %2*! 1)5$%0>! $%)'1%')*$! AP! ,,d/#! .IX! E^8D-! 0#G! V9_9]! J()**+,-,./'01!

2'3+,!<KY!,,d/#!E^8D!.IX!R'%0#%!a0$!1)5$%0>>&f*G!&#!1AR<>*g!a&%2!He8_M_!0#G!,,d/γ!

V9_9]!.IX!&#!1AR<>*g!a&%2!He8_M_!0#G!%2*!,H(8α 1A01%&40%A)!<*<%&G*Y!d>%2A'@2!%2*!%aA!

R'%0#%$! 0)*! >*$$! 01%&4*! %20#! %2*!a&>G[%5<*! <)A%*&#+! %2*! >&@0#G! 0#GOA)! 1A01%&40%A)! <*<%&G*!

1A#1*#%)0%&A#!'$*G!PA)!1)5$%0>>&f0%&A#!0>>Aa*G!%2*!<)A%*&#$!1AR<>*g*$!%A!=*!1)5$%0>>&f*G!&#!0#!

01%&4*!1A#PA)R0%&A#Y!T2*!He8_M_!0@A#&$%! >&@0#G!&#!%2*!%aA!R'%0#%!1AR<>*g*$!R0&#%0&#$!

%2*!$0R*!<A$&%&A#!0$!%2*!eT!1AR<>*g!PA)R&#@!$&R&>0)!&#%*)01%&A#$!J/A12*>!*%!0>Y+!MD8_=K!a&%2!

%2*! *g1*<%&A#+! &#! %2*! E^8D-! R'%0#%+! AP! %2*! <)*$*#1*! AP! %aA! a0%*)! RA>*1'>*$! 0$! 0!

1A#$*;'*#1*!AP!0!>0)@*)!=&#G&#@!<A1Q*%!!J()**+,-,./'01!"#$%!CKY!!

"#!%2*!eT!1AR<>*g+!V9_9!&#!2*>&g!8M!<01Q$!A#!%A<!AP!Z^8N!JV^K!0#G!PA)R$!&#%)0[2*>&10>!

&#%*)01%&A#$!a&%2!,9_C!0#G!.9_F!%20%!=A%2!1A#%)&='%*!%A!0!25G)A<2A=&1!$')P01*!A#!a2&12!%2*!

1A01%&40%A)!<01Q$!J"#$%!?'KY!"#!%2*!V9_9]!R'%0#%+!%2*!$&G*!120&#!<A&#%*G!%Aa0)G!>AA<!M[^!

0#G!%2*!$&G*!&#%*)01%&A#$!a&%2!,9_C!0#G!.9_F!a*)*!>A$%!$'@@*$%&#@!0!G*$%0=&>&f0%&A#!AP!2*>&g!

8MY!X'*!%A!%2*!]9_9!$&G*!120&#!)*[A)&*#%0%&A#+!]9_9!PA)R$!#*a!&#%*)01%&A#$!a&%2!)*$&G'*$!

E^8C!JV^K!0#G!EM_M!0#G!VM_9!J>AA<!M[^K!AP!%2*!R'%0#%Y!!



!
!

34#5)6./!1!2!E#-#8*B-+(#*+=<(!'&!)0*#<*(!'&!3345γ!+)9%+R0B(!'#<(!%&!8#<8&-!'&!%#!C&((+&!
!

!

Jt!

"#!%2*!A%2*)!R'%0#%!AP!&#%*)*$%+!%2*!='>Q5!E^8D!$&G*!120&#!P01*$!%2*!>AA<!88[8M!0#G!&$!

&#4A>4*G!&#!40#!G*)!e00>$!&#%*)01%&A#$!a&%2!E^NN!JVBK+!"9N9!JV88K!0#G!79_8!J>AA<!88[8MKY!

I*10'$*!AP!%2*!$R0>>*)!$&f*!AP!%2*!-^8D!$&G*!120&#+!%2*$*!&#%*)01%&A#$!0)*!>A$%!J"#$%!?3K+!0#G!

&#G'1*$!0!G&PP*)*#%!RA)*!P>*g&=>*!1A#PA)R0%&A#!AP!%2*!>AA<!88[8MY!!"#!1A#%)0$%!-^8D!25G)Ag5>!

@)A'<!&#%*)01%$!a&%2!%2*!10)=A#5>!RA&*%5!AP!\^88!0#G!0!a0%*)!RA>*1'>*Y!T2*$*!40)&0%&A#$!&#!

2*>&g! 88! 0#G! >AA<88[8M! &#%*)01%&A#$! a&>>! )*$'>%! &#! V8M! G*$%0=&>&f0%&A#! 0#G! >*$$! *PP&1&*#%!

)*1)'&%R*#%! AP! 1A01%&40%A)Y! U4*)0>>+! %2*$*! G0%0! $'@@*$%! %20%! %2*! %aA! $%'G&*G! R'%0%&A#$+!

E^8D-!0#G!V9_9]+!0)*! &R<A)%0#%! )*$&G'*$! PA)!<)A<*)!$%0=&>&f0%&A#!AP!2*>&g!8M!AP!,,d/#"!

<)*4*#%&#@!<)A<*)!1A)*<)*$$A)!)*>*0$*!0#G!1A01%&40%A)!&#%*)01%&A#Y!

!

@@A6γ+,.*/4$=*+$-+.-L.E.&0)=+';;'%&+0-+E$*$4+E4$,,')+%$-%')+%'44*+C)0U&L+

+
T2*!GAa#[)*@'>0%&A#!AP!,,d/γ!&#!=0$0>!%'RA)$!$'@@*$%*G!0!<A%*#%&0>!%'RA)!$'<<)*$$&4*!

01%&4&%5! AP! ,,d/γ! &#! %2*$*! %'RA)$Y! d$$A1&0%&A#! AP! ,,d/γ! GAa#[)*@'>0%&A#!a&%2! @*#AR&1!

G*>*%&A#$+!X6d!25<*)R*%25>0%&A#!0#G!AP!>A$$[AP[P'#1%&A#!R'%0%&A#$+!0>%2A'@2!)0)*!*4*#%$!&#!

=0$0>! %'RA)$! JA=$*)4*G! &#! 9! A'%! AP! 8NN! =0$0>! %'RA)$+!"#$%! <3K+! $%)A#@>5! )*&#PA)1*G! %2&$!

25<A%2*$&$Y! d1%&40%&A#! AP! ,,d/γ! ! =5! $5#%2*%&1! 0@A#&$%$! 20$! =**#! 0! R0%%*)! AP! G*=0%*!

)*@0)G&#@! %2*! ,,d/γ! &#G*<*#G*#%[*PP*1%$! AP! $'12! RA>*1'>*$! J(20PP*)! *%! 0>Y+! MDDFKY!

T2*)*PA)*+! %A! $%'G5! %2*! 0=&>&%5! AP! ,,d/γ! 01%&40%&A#! %A! &#2&=&%! =0$0>! =>0GG*)! 10#1*)! 1*>>!

<)A>&P*)0%&A#+!a*!%)0#$&*#%>5!*g<)*$$*G!,,d/γ  &#! %2)**!1*>>! >&#*$!<)*$*#%&#@!0! >Aa!,,d/γ!

01%&40%&A#!$1A)*!0#G!0! >Aa!,,d/γ!*g<)*$$&A#! >*4*>! J373([^+!'#1>0$$&P&*Gj!373([F!0#G!

Z7(3I[8+!I0$0>O-;'0RA'$!1*>>!>&#*$K+!0$!a*>>!0$!&#!A#*!>'R&#0>!<0<&>>0)5!1*>>!>&#*+!-X9N+!

a2&12!G&<>05$!0!2&@2!*g<)*$$&A#!>*4*>!AP!,,d/γ+!0!2&@2!,,d/γ!01%&40%&A#!$1A)*!0#G!)*>&*$!

A#! ,,d/γ! *g<)*$$&A#! PA)! &%$! @)Aa%2! JI&%A#! *%! 0>Y+! MD89=K! J"#$%! @'! '.7! @3KY! ,,d/γ!

A4*)*g<)*$$&A#+! A=$*)4*G! =5!a*$%*)#[=>A%! J"#$%! @38! )**,0! *'.,+K! A)! /T[;,(/! 0#0>5$&$!

J()**+,-,./'01! "#$%! &D'K+! 01%&40%*G! 0! ,,d/γ[G*<*#G*#%! %)0#$1)&<%&A#! <)A@)0R!



!
!

34#5)6./!1!2!E#-#8*B-+(#*+=<(!'&!)0*#<*(!'&!3345γ!+)9%+R0B(!'#<(!%&!8#<8&-!'&!%#!C&((+&!
!

!

J{!

J()**+,-,./'01!"#$%!&D'K!&#!%2*!PA')!1*>>!>&#*$Y!,,d/γ!A4*)*g<)*$$&A#!&#G'1*G!0!$&@#&P&10#%!

G*1)*0$*!&#!1*>>!4&0=&>&%5!&#!%2*!%2)**!1*>>!>&#*$!*g<)*$$&#@!>Aa!>*4*>$!AP!*#GA@*#A'$!,,d/γ+!

='%!G&G!#A%!0PP*1%! %2*!@)Aa%2!AP!-X9N!1*>>$!J"#$%!@38! +:;,0!*'.,+KY!3$&#@!373([F!=0$0>!

1*>>$+!a*!1A#P&)R*G!%20%!%2*!A=$*)4*G!*PP*1%$!a&%2!%2*!a&>G[%5<*!)*1*<%A)!A)!%2*!01%&40%&#@!

R'%0%&A#!T9BC7!a*)*!G*<*#G*#%!A#!,,d/γ!01%&4&%5!$&#1*!%2*!A4*)*g<)*$$&A#!AP!%2*!&#01%&4*!

R'%0#%!AP!,,d/γ+!V9_9]+!20G!#A!*PP*1%!#*&%2*)!A#!1*>>!4&0=&>&%5!#A)!A#!,,d/γ!%0)@*%!@*#*!

*g<)*$$&A#!J"#$%!@6!'.7!9)**+,-,./'01!"#$%!&D3KY!T2*!%'RA)!$'<)*$$&4*!)A>*!AP!,,d/γ!&#!

=0$0>! %'RA)$! a0$! P')%2*)! $'<<A)%*G! =5! A')! 0%%*R<%! %A! *$%0=>&$2! $%0=>*! 1>A#*$! AP! =0$0>!

373([F!1*>>$Y!e*!a*)*!A#>5!0=>*!%A!A=%0&#!0!P*a!1>A#*$!a&%2!%2*!a&>G[%5<*!A)!T9BC7!,,d/γ!

1A#$%)'1%$+! a2&12! %')#*G! A'%! #A%! %A! *g<)*$$! ,,d/γ+! a2*)*0$! a*! A=%0&#*G! ,,d/γ[

*g<)*$$&#@! 1>A#*$! '$&#@! V9_9]!,,d/γ! 1A#$%)'1%! J()**+,-,./'01! "#$%! &D6KY! TA! =*%%*)!

'#G*)$%0#G! %2*! RA>*1'>0)! R*120#&$R$! '#G*)>5&#@! %2&$! %'RA)! $'<<)*$$&4*! <)A<*)%5! AP!

,,d/γ+!a*!1AR<0)*G!373([F!%)0#$1)&<%AR&1!G0%0!0P%*)!%)0#$&*#%!%)0#$P*1%&A#!'$&#@!*&%2*)!

0!1A#%)A>!=01Q=A#*!A)!0!,,d/γ!*#1AG&#@!<>0$R&GY!e*!&G*#%&P&*G!9C_!G&PP*)*#%&0>>5!*g<)*$$*G!

@*#*$!'$&#@!."77d!0>@A)&%2R!0#G!1A#$&G*)&#@!0!<[40>'*sDYDC!J()**+,-,./'01!/'3+,!?KY!

d#0>5$&$! AP! %2*! =&A>A@&10>! <)A1*$$*$! *#)&12*G! &#! %2*$*! @*#*$! '$&#@! XdZ"X! $AP%a0)*!

2&@2>&@2%*G! %20%+! 0$! <)*4&A'$>5! A=$*)4*G! &#! >'R&#0>! =>0GG*)! 1*>>! >&#*$+!,,d/γ! *g<)*$$&A#!

&#G'1*G!0#!&#1)*0$*G!>&<&G!R*%0=A>&$R!JI&%A#!*%!0>Y+!MD89=j!HA>G$%*&#!*%!0>Y+!MD8B=j!V0>$%*0G!

*%! 0>Y+! MD8BK! 0#G! &R<0&)*G! &RR'#&%5! 0#G! &#P>0RR0%&A#! JlA)<0>! *%! 0>Y+! MD8B=KY! VAa*4*)+!

,,d/γ! *g<)*$$&A#! 0>$A! &#G'1*G! 0! GAa#[)*@'>0%&A#! AP! %aA! $*%$! AP! @*#*$! P04A)&#@! 1*>>!

<)A>&P*)0%&A#! 0#G! &#2&=&%&#@! 0<A<%A$&$! J"#$%! @7KY! T2*! )*@'>0%&A#! AP! %2*$*! %aA! <)A1*$$! =5!

,,d/γ!1A'>G!011A'#%!PA)!%2*!&#2&=&%&A#!AP!1*>>!4&0=&>&%5!&#G'1*G!'<A#!,,d/γ!*g<)*$$&A#!&#!

=0$0>!1*>>!>&#*$Y!EA1'$$&#@!A#!%2*!>&$%!AP!')A%2*>&0>!G&PP*)*#%&0%&A#!R0)Q*)$!)*1*#%>5!<)A4&G*G!

=5!.&'!*%!0>Y!MD8_+!a*!0>$A!1A#P&)R*G!%2*!)A>*!AP!,,d/H!&#!&#G'1&#@!G&PP*)*#%&0%&A#!%20%!a*!

<)*4&A'$>5!G*$1)&=*G!JI&%A#!*%!0>Y!MD89K!J"#$%!@,KY!VAa*4*)+!0$!G*$1)&=*G!=5!e0))&1Q!*%!0>./!



!
!

34#5)6./!1!2!E#-#8*B-+(#*+=<(!'&!)0*#<*(!'&!3345γ!+)9%+R0B(!'#<(!%&!8#<8&-!'&!%#!C&((+&!
!

!

JJ!

Je0))&1Q!*%!0>Y+!MD8BK!,,d/H!*g<)*$$&A#!0>A#*!a0$!#A%!$'PP&1&*#%!%A!%)0#$G'1*!=0$0>!1*>>$!

&#%A! >'R&#0>! A#*$! 011A)G&#@! %A! A')! 1A#$*#$'$! 1>0$$&P&*)! PA)! 1*>>! >&#*$Y! ! T2*$*!a*)*! 0>$A!

$'<<A)%*G! =5! H-Ld! 0#0>5$&$! AP! )*@'>0%*G! @*#*$! '$&#@! /*01%AR*! G0%0=0$*$+! a2&12!

2&@2>&@%*G!0#!'<[)*@'>0%&A#!AP!tP0%%5!01&G!R*%0=A>&$Ru!0#Gu!P0%%5!01&G!=*%0!Ag5G0%&A#u!0$!a*>>!

0$! 0#! &#1)*0$*! AP! tEUhU[R*G&0%*G! %)0#$1)&<%&A#! AP! 1*>>! G*0%2! @*#*$uY! d! <A%*#%&0>!

&#4A>4*R*#%!AP! %2*!LHE/!<0%2a05! &#! %2*!)*@'>0%&A#!AP!1*>>!@)Aa%2!a0$!$'@@*$%*G!=5! %2*!

GAa#[)*@'>0%&A#!AP!tH/IM!*4*#%$!&#!LHE/!$&@#0>&#@u+!a2&12!&#1>'G*G!0!GAa#[)*@'>0%&A#!&#!

@*#*!*g<)*$$&A#!AP!LHE/!0#G!&%$!>&@0#G$!L/LH!0#G!L,H6!J()**+,-,./'01!"#$)0,!&&KY!

e*!P')%2*)!40>&G0%*G!%2&$!P&#G&#@!0%!%2*!<)A%*&#!>*4*>!=5!a*$%*)#[=>A%!&#!373([F+!Z7(3I8!

0#G!373([^b!,,d/γ!*g<)*$$&A#!&#G'1*G!0!GAa#[)*@'>0%&A#!AP!d')A)0!I+!dh.!0#G!LHE/!

>*4*>$+! a2&12! 1A'>G! )*@'>0%*! 1*>>! <)A>&P*)0%&A#! 0#G! 0<A<%A$&$! J"#$%@4KY! T2*$*! GAa#[

)*@'>0%&A#$!)*>&*G!A#!,,d/γ!01%&4&%5!$&#1*! %2*5!a*)*!$%)A#@*)!0P%*)! %2*!*g<)*$$&A#!AP! %2*!

01%&4*!R'%0#%!AP!,,d/γ!T9BC7!='%!#A%!A=$*)4*G!0P%*)!%2*!*g<)*$$&A#!AP!%2*!&#01%&4*!R'%0#%!

,,d/γ!V9_9]!J"#$%!@4+!373(F!1*>>$KY!!

!

;&)%2))&7'*

+
,)*4&A'$!$%'G&*$!204*!$'@@*$%*G!0!%'RA)!$'<<)*$$&4*!)A>*!AP!,,d/γ!!&#!=>0GG*)!10#1*)+!

=0$*G!A#!&%$!A=$*)4*G!GAa#[)*@'>0%&A#!&#!0!$'=$*%!AP!%'RA)$!0#G!A#!%2*!&#2&=&%A)5!*PP*1%$!AP!

,,d/γ!0@A#&$%!A#!=>0GG*)!10#1*)!1*>>!>&#*$!JH'0#!*%!0>Y+!8___j!.4!*%!0>Y+!MD8_j!]0#!*%!0>Y+!

MD89j!]A$2&R')0!*%!0>Y+!MDD^KY!-&R40$%0%&#[&#G'1*G!&#2&=&%&A#!AP!=>0GG*)!10#1*)!1*>>!@)Aa%2!

a0$!0>$A! 0%%)&='%*G! %A! %2*!01%&40%&A#! AP! %2*!,,d/γ! <0%2a05+! P')%2*)! $'<<A)%&#@! &%$! %'RA)!

$'<<)*$$&4*!)A>*!&#!=>0GG*)!%'RA)$!Je0#@!*%!0>Y+!MD8FKY!"#!%2&$!$%'G5+!a*!<)A4&G*G!*<&@*#*%&1+!

@*#*%&1!0#G!P'#1%&A##0>!*4&G*#1*!%A!G*RA#$%)0%*!%2*!%'RA)!$'<<)*$$&4*!)A>*!AP!,,d/γ,!0#G!

a*!0$$A1&0%*G!%2&$!)A>*!%A!0!<0)%&1'>0)!$'=@)A'<!AP!%'RA)$b!%2*!=0$0>!$'=%5<*Y!"#!A)G*)!%A!

G*RA#$%)0%*! &%$! %'RA)! $'<<)*$$&4*! <)A<*)%&*$+! a*! A4*)*g<)*$$*G! ,,d/γ &#! =0$0>! A)!



!
!

34#5)6./!1!2!E#-#8*B-+(#*+=<(!'&!)0*#<*(!'&!3345γ!+)9%+R0B(!'#<(!%&!8#<8&-!'&!%#!C&((+&!
!

!

Inn!

'#1>0$$&P&*G! 1*>>! >&#*$! *g<)*$$&#@! >Aa! >*4*>! AP! ,,d/H! &#1>'G&#@! 373([^! 1*>>$! &#! a2&12!

,,d/H!*g<)*$$&A#!&#G'1*G!1AR<0)0=>*!)*$'>%$!%A!%2A$*!A=$*)4*G!'$&#@!0@A#&$%$!J.4!*%!0>Y+!

MD8_KY!"#!0GG&%&A#+!1*>>!>&#*$!PA)!a2&12!,,d/H!0@A#&$%!20$!=**#!$2Aa#!%A!&#G'1*!1*>>!@)Aa%2!

&#2&=&%&A#! JH'0#! *%! 0>Y+! 8___j! .4! *%! 0>Y+! MD8_j! ]0#! *%! 0>Y+! MD89j! ]A$2&R')0! *%! 0>Y+! MDD^K!!

20<<*#*G!%A!=*!#A#[>'R&#0>!1*>>!>&#*$Y!T2&$!P&#G&#@!$'@@*$%$!%20%!%2*!A=$*)4*G!*PP*1%$!'$&#@!

0@A#&$%!RA>*1'>*$!a*)*! &#G**G!,,d/γ[G*<*#G*#%! 0#G! %2'$! $'<<A)%$! %2*! '$*! AP! ,,d/γ!

$5#%2*%&1!0@A#&$%$!0$!0!%2*)0<*'%&1!A<%&A#!PA)!=0$0>!%'RA)$Y!VAa*4*)+!0!=*%%*)!'#G*)$%0#G&#@!

AP!%2*!RA>*1'>0)!=0$&$!AP!%2*!%'RA)!$'<<)*$$&4*!01%&4&%5!AP!,,d/γ!&#!=0$0>!=>0GG*)!%'RA)$!

R05!>05!%2*!@)A'#GaA)Q!%A!<)A<A$*!0>%*)#0%&4*!%2*)0<*'%&1!$%)0%*@&*$!%A!&#G&)*1%>5!%0)@*%!%2*!

,,d/γ <0%2a05!0#G!04A&G!40)&A'$!$&G*!*PP*1%$!&#G'1*G!=5!%2*!040&>0=>*!,,d/γ  $5#%2*%&1!

0@A#&$%$! J(A>2A'#! *%! 0>Y+! MD8Mj! H'0#! *%! 0>Y+! MDDCKY!e*! <)*4&$A'>5! $2Aa*G! &#! <)*1>&#10>!

RAG*>$! %20%!=0$0>! %'RA)$!<)*$*#%!0#!01%&40%&A#!AP! %2*!LHE/!<0%2a05!0#G!)*>5!A#!LHE/!

01%&4&%5!PA)!%2*&)!@)Aa%2!01!20345!0#G!01!2025!J/*=A'&$$A'!*%!0>Y+!MD89KY!!V*)*+!a*!$2Aa*G!%20%!

,,d/γ ! A4*)*g<)*$$&A#! &#! =0$0>! 1*>>! >&#*$! &#G'1*$! 0! GAa#[)*@'>0%&A#! AP! LHE/! 0#G! &%$!

>&@0#G$+!a2&12!a0$+!0%! >*0$%!PA)!LHE/+!G*<*#G*#%!A#!,,d/γ!01%&4&%5+!$&#1*!#A%!A=$*)4*G!

'<A#!%2*!A4*)*g<)*$$&A#!AP!%2*!&#01%&4*!R'%0#%!AP!,,d/H+!V9_9]Y!T2*$*!)*$'>%$!$'@@*$%!

%20%! %2*!G*1)*0$*G!1*>>! 4&0=&>&%5! &#G'1*G!=5!,,d/γ A4*)*g<)*$$&A#!R05!=*!<0)%>5!LHE/[

R*G&0%*GY!d!%'RA)!$'<<)*$$A)!)A>*!AP!,,d/H!20$!0>)*0G5!=**#!)*<A)%*G!PA)!$*4*)0>!10#1*)!

%5<*$!&#1>'G&#@!1A>A#+!>'#@+!=)*0$%!0#G!A40)&0#!10#1*)$+!='%!%2*!)*>0%&A#$2&<!a&%2!%2*!LHE/!

<0%2a05!20$!#A%!=**#!)*<A)%*G!&#!%2*$*!10#1*)$Y!-A!P0)+!%2*!%'RA)!$'<<)*$$&4*!<)A<*)%&*$!

AP!,,d/H!204*!=**#!RA)*!>&#Q*G!%A!0#%&[0#@&A@*#&1!*PP*1%$!J/*4&*a!&#!10#1*)!=&A>A@5!0#G!

%2*)0<5+!,0#&@)0<25!*%!0>Y+!MDDCK!A)!%A!0#!&#1)*0$*!&#!)*01%&4*!Ag5@*#!$<*1&*$!J/U-K!>*4*>!

G'*! %A! 0! R*%0=A>&1! $a&%12! &#G'1*G! =5! ,,d/H! J-)&40$%040+! 1*>>! R*%0=A>&$R! MD89KY! T2*!

RAG'>0%&A#!AP!P0%%5!01&G!R*%0=A>&$R!0#G!R&%A12A#G)&0>!=*%0[Ag5G0%&A#!=5!,,d/H!&#!=0$0>!

=>0GG*)! 10#1*)! 1*>>! 1A'>G! 0>$A! 1A#%)&='%*! %A! %2*!RAG'>0%&A#! AP! /U-! >*4*>! 0#G! &%$! %'RA)!

$'<<)*$$&4*! 01%&4&%&*$Y! "#! 4&4A! $%'G&*$! $2A'>G! 0>>Aa! $%'G5&#@! %2*! &R<01%! AP! ,,d/H!



!
!

34#5)6./!1!2!E#-#8*B-+(#*+=<(!'&!)0*#<*(!'&!3345γ!+)9%+R0B(!'#<(!%&!8#<8&-!'&!%#!C&((+&!
!

!

InI!

*g<)*$$&A#!A#!0#@&A@*#*$&$!0#G!%'RA)!R&1)A*#4&)A#R*#%!0#G!%2*&)!1A#%)&='%&A#!A#!%'RA)!

@)Aa%2Y!"#01%&40%&#@!R'%0%&A#$+!0>%A'@2!#A%!P)*;'*#%+!$**R!%A!=*!=>0GG*)!10#1*)[$<*1&P&1+!='%!

G*>*%&A#$! A)! R*%25>0%&A#$! 0<<*0)! %A! =*! %2*! R0&#! 10'$*$! AP! ,,d/H! >A$$! AP! 01%&4&%5Y!

"#01%&40%&#@!R'%0%&A#$!a*)*!&#&%&0>>5!)*<A)%*G!&#!1A>A#!10#1*)!='%!)*R0&#!1A#%)A4*)$&0>!$&#1*!

%2*5! 204*! #*4*)! =**#! A=$*)4*G! &#! &#G*<*#G*#%! 1A2A)%$Y! d! =*%%*)! Q#Aa>*G@*! AP! %2*!

$%)'1%')*OP'#1%&A#! *PP*1%$! AP! %2*! >A$$[AP[P'#1%&A#!R'%0%&A#! AP!,,d/γ! 1A'>G! 0>$A! @'&G*! %2*!

G*$&@#!AP!#*a!<A%*#%!0@A#&$%$Y!

!

TA@*%2*)! a&%2! A')! <)*4&A'$! $%'G&*$! %20%! <A&#%*G! A'%! 0! <)A[%'RA)&@*#&1! )A>*! AP!

,,d/γ 0$$A1&0%*G! a&%2! X6d! 0R<>&P&10%&A#! 0#G! @0&#[AP[P'#1%&A#! R'%0%&A#$! JI&%A#! *%! 0>Y+!

MD89=j!/A12*>!*%!0>Y+!MD8_=K!&#!>'R&#0>!%'RA)$+!%2&$!$%'G5!2&@2>&@2%$!0!G'0>!)A>*!AP!,,d/γ!&#!

=>0GG*)! 10#1*)$Y! T2*! %2*)0<*'%&1! $%)0%*@&*$! %0)@*%&#@! ,,d/γ! $2A'>G! %2*)*PA)*! =*! %'RA)!

$'=%5<*[G*<*#G*#%+!$%)*#@%2*#&#@!%2*!&#%*)*$%!PA)!0!RA>*1'>0)!1>0$$&P&10%&A#!&#!%2*!1>&#&1Y!T2*!

G'0>!)A>*!AP!,,d/γ!0>$A!$'@@*$%!%20%!%2*!)&$Q!AP!=>0GG*)!10#1*)!0$$A1&0%*G!a&%2!%2*!'$*!AP!

<&A@>&%0fA#*! J.*a&$! *%! 0>Y+! MD8Cj! 70R%0#&! *%! 0>Y+! MD8MK! $2A'>G! =*! 0$$A1&0%*G! a&%2!

G*4*>A<R*#%!AP! >'R&#0>! %'RA)$Y!T2*!1*>>!1A#%*g%!G*<*#G*#%!*PP*1%!AP!,,d/γ!20$!0>)*0G5!

=**#!$2Aa#!&#!=)*0$%!0#G!1A>A#!10#1*)!J.*P*=4)*!*%!0>Y+!8__Nj!7*#*#G*f+!MD8Dj!-0*f!*%!0>Y+!

8__NKY!d!=*%%*)!'#G*)$%0#G&#@!AP!%2*!$&@#0>&#@!<0%2a05$!01%&40%*G!=5!%2*!)*1*<%A)!%A!R*G&0%*!

=A%2! &%$! <)A[%'RA)&@*#&1! 0#G! %'RA)! $'<<)*$$&4*! *PP*1%$! $2A'>G! 2*><! P')%2*)! A')!

'#G*)$%0#G&#@! AP! %2*! )*>0%&A#! =*%a**#! 1*>>! 1A#%*g%+! &#! <0)%&1'>0)! 1*>>! G&PP*)*#%&0%&A#+! 0#G!

,,d/γ!01%&4&%5!&#!=>0GG*)!10#1*)!='%!0>$A!&#!A%2*)!%'RA)!%5<*$Y



!
!

34#5)6./!1!2!E#-#8*B-+(#*+=<(!'&!)0*#<*(!'&!3345γ!+)9%+R0B(!'#<(!%&!8#<8&-!'&!%#!C&((+&!
!

!

InU!

<"(=7/)*

*
E'/,0#'+9! '.7! 65,-#6'+9%! /A$&@>&%0fA#*! 0#G! He8_M_! a*)*! <')120$*G! P)AR!

TA1)&$!I&A$1&*#1*Y!T2*!P>'A)*$1*#%!,H(8r!<*<%&G*!J8^B[LdLL,-..ll...d,d[8CMK!

0#G! P>'A)*$1*#%! 6(A/8! <*<%&G*! JMMFD[6.H.LX""/ld.7H[MMB^K! a*)*! <')120$*G!

P)AR!T2*)RA[E&$2*)Y!T2*!,H(8α!<*<%&G*!J8^_[LL,-..ll...d,d[8CMK!0#G!6(A/8!

JMMCN[d-6.H.LX""/ld.7H-[MMB9K!a*)*!$5#%2*$&f*G!=5!,0$10>!L=*)>&#@! J"HI7(!

<*<%&G*!$5#%2*$&$!1ARRA#!P01&>&%5KY!

!

20'.960#*/:-#68! $,.:-#68! -,/51+'/#:.! '.7! F5#*(,G! 7'/'%! e*! '$*G!

%)0#$1)&<%AR&1! G0%0! 040&>0=>*! PA)! A')! ("T! $*)&*$! AP! %'RA)$! JI&%A#! *%! 0>Y+! MD89=j!

/*=A'&$$A'!*%!0>Y+!MD89K!0#G!PA)!9DC!7"I(!P)AR!T(Hd!J2%%<bOO10#1*)@*#AR*Y#&2Y@A4KY!

e*! '$*G! A')! 0PP5R*%)&g! *gA#! $%YD! %)0#$1)&<%AR&1! G0%0! 040&>0=>*! PA)! /T88M+! .8MDB+!

Z7(3I[8+!373([^+!373([F!1*>>!>&#*$Y!T'RA)$!0#G!1*>>!>&#*$!a*)*!1>0$$&P&*G!'$&#@!0!

RA>*1'>0)! 1A#$*#$'$! 1>0$$&P&10%&A#! $5$%*R! Jl0RA'#! *%! 0>YK! 0#G! ,,d/H! 01%&40%&A#!

$1A)*!a*)*!10>1'>0%*G!0$!<)*4&A'$>5!G*$1)&=*G!%0Q&#@!&#%A!1A#$&G*)0%&A#!%2*!*g<)*$$&A#!

>*4*>$!AP!BB!,,d/H!%0)@*%!@*#*$!J/A12*>!*%!0>Y+!MD8_=KY!e*!'$*G!<'=>&1>5!040&>0=>*!

1A<5!#'R=*)!G0%0!PA)!9DM!7"I(!P)AR!T(Hd!J2%%<bOO10#1*)@*#AR*Y#&2Y@A4KY!e*!'$*G!

R*%25>0%&A#!G0%0!J9CDQ!R*%25>0%&A#!0))05K!040&>0=>*!PA)!^FN!7"I(!P)AR!T(Hd!0#G!PA)!

C_!$0R<>*$!P)AR!A')!("T!$*)&*$Y!!

!

H+'9-#7! 6:.9/0)6/9%! T2*! <1X6d^[,,d/γM! 0#G! ,,/L! h^[Tl[>'1! a*)*!

@*#*)A'$>5! <)A4&G*G! =5! ,)Y! (20%%*)v**! J"#$%&%'%*! AP! 7*%0=A>&1! -1&*#1*+! "7-+!

(0R=)&G@*K!0#G!I)'1*!-<&*@*>R0#!JdGG@*#*!<>0$R&G!w8D8CK+!)*$<*1%&4*>5Y!e*!'$*G!

<1X6d^Y8[,,d/γM! 0#G! %2*! \'&Q(20#@*! ""! -&%*[X&)*1%*G! 7'%0@*#*$&$! l&%! Jd@&>*#%!

T*12#A>A@&*$K!011A)G&#@!%A!%2*!R0#'P01%')*)m$!<)A%A1A>+!%A!@*#*)0%*!0>>!%2*!R'%0%&A#$Y!



!
!

34#5)6./!1!2!E#-#8*B-+(#*+=<(!'&!)0*#<*(!'&!3345γ!+)9%+R0B(!'#<(!%&!8#<8&-!'&!%#!C&((+&!
!

!

Ine!

7'%0%&A#$! a*)*! 1A#P&)R*G! =5! X6d! $*;'*#1&#@Y! T2*! Hd.9! X6d[=&#G&#@! GAR0&#!

1>A#&#@! 4*1%A)! <7! 0#G! %2*! 01%&40%&A#[GAR0&#! 1>A#&#@! 4*1%A)! <Z,8F! 0)*! <0)%! AP! %2*!

70RR0>&0#! 70%12R0Q*)! TaA[V5=)&G! d$$05! Q&%! JIX! I&A$1&*#1*$! (>A#%*12KY! T2*!

1A#$%)'1%! <7[7LX8! JC8D[BNBK! *g<)*$$&#@! %2*! H0>9! XIX[7LX8! #'1>*0)! )*1*<%A)!

&#%*)01%&#@! GAR0&#! a0$! <)A4&G*G! =5! .&*4*! Z*)>&#G*#! Jl3! .*'4*#+! I*>@&'RKY! T2*!

<(7h[Hd.96[-7/T!a0$! 0! @&P%! AP!70QA%A!70Q&$2&R0! J6&2A#!3#&4*)$&%5! -12AA>! AP!

7*G&1&#*KY! T2*! H0>9! XIX[6(A/8! 6/"X! a0$! Q&#G>5! <)A4&G*G! =5! e&>>&0R! IA')@*%!

J(*#%)*!G*!I&A12&R&*!-%)'1%')0>*+!7A#%<*>>&*)+!E)0#1*KY!

!

F,++!6)+/)0,!'.7!/0'.94,6/#:.%!T2*!VLlM_^ET!2'R0#!1*>>!>&#*!0#G!%2*!373([F+!

373([^+!Z7(3I[8+!/T88M!0#G!CF^B!2'R0#!=>0GG*)!%'RA)[G*)&4*G!1*>>! >&#*$!a*)*!

A=%0&#*G! P)AR! X-7x! JV*&G*>=*)@+! H*)R0#5KY! VLlM_^ET8! 373([F+! 373([^+!

Z7(3I[8+!.8MDB!1*>>$!a*)*!1'>%')*G!&#!X7L7+!a2*)*0$!CF^B!0#G!/T88M!1*>>$!a*)*!

1'>%')*G!&#!/,7"Y!7*G&0!a*)*!$'<<>*R*#%*G!a&%2!8Dk!Pe%0>!10>P!$*)'R!JE(-KY!(*>>$!

a*)*!&#1'=0%*G!0%!^Bp(+!'#G*)!0#!0%RA$<2*)*!1A#%0&#&#@!Ck!(U"Y!T2*!&G*#%&%5!AP!%2*!

1*>>! >&#*$! '$*G! a0$! 12*1Q*G! =5! 0#0>5f&#@! @*#AR&1! 0>%*)0%&A#$! a&%2! 1AR<0)0%&4*!

@*#AR&1! 25=)&G&f0%&A#! 0))05$! J(HV! 0))05K+! 0#G! EHE/^! 0#G! T,C^!R'%0%&A#$! a*)*!

12*1Q*G!a&%2! %2*!-60,$2A%! %*12#&;'*! JPA)!EHE/^K!A)! =5! 1>0$$&10>! $*;'*#1&#@! JPA)!

T,C^KY!T2*!)*$'>%$!A=%0&#*G!a*)*!1AR<0)*G!a&%2!%2*!&#&%&0>!G*$1)&<%&A#!AP!%2*!1*>>$Y!e*!

)A'%&#*>5!12*1Q*G!PA)!R51A<>0$R0!1A#%0R&#0%&A#Y!

EA)!)*<A)%*)!@*#*!0$$05$+!VLlM_^ET!1*>>$!a*)*!<>0%*G!&#!_F[a*>>!<>0%*$!J^D+DDD!

1*>>$Oa*>>K!0#G!%)0#$P*1%*G!a&%2!^D!#@!<1X6d^[,,d/γM!Ja&>G[%5<*!A)!R'%0%*GK+!CD!#@!

,,/L!h^[Tl[>'1!0#G!F!#@!</.[-Z9D!J,)AR*@0K+!&#!%2*!<)*$*#1*!AP!%2*!E'@*#*!VX!

%)0#$P*1%&A#! )*0@*#%! J,)AR*@0K+! &#! 011A)G0#1*!a&%2! %2*!R0#'P01%')*)m$! <)A%A1A>! M9!

2A')$! >0%*)+! 1*>>$! a*)*! $%&R'>0%*G! =5! 8q7! )A$&@>&%0fA#*Y! .'1&P*)0$*! 01%&4&%5! a0$!



!
!

34#5)6./!1!2!E#-#8*B-+(#*+=<(!'&!)0*#<*(!'&!3345γ!+)9%+R0B(!'#<(!%&!8#<8&-!'&!%#!C&((+&!
!

!

Ins!

G*%*)R&#*G!M9!2A')$!>0%*)+!a&%2!%2*!X'0>[H>Ay!.'1&P*)0$*!d$$05!-5$%*R!J,)AR*@0K+!

011A)G&#@!%A!%2*!R0#'P01%')*)m$!&#$%)'1%&A#$+!0#G!%2*!)*$'>%$!A=%0&#*G!a*)*!#A)R0>&f*G!

a&%2!%2*!$610778!>'1&P*)0$*!$&@#0>!A=%0&#*G!a&%2!%2*!</.[-Z9D!<>0$R&GY!

EA)!,,d/γM!%)0#$&*#%!A4*)*g<)*$$&A#!&#!%2*!CF^B!1*>>!>&#*+!a*!'$*G!$&g[a*>>!<>0%*$+!

MCD+DDD!1*>>$!$**G*G!<*)!a*>>Y!T2*$*!1*>>$!a*)*!%)0#$P*1%*G!M9!2!>0%*)!a&%2!MYC!q@!AP!

<1X6d^[,,d/γM!Ja&>G[%5<*!A)!R'%0%*GK!&#!%2*!<)*$*#1*!AP!%2*!E'@*#*!VX!%)0#$P*1%&A#!

)*0@*#%! J,)AR*@0KY! ,,d/γM! %)0#$&*#%! A4*)*g<)*$$&A#! &#! %2*! 373(^+! 373(F+!

Z7(3I8!0#G!-X9N!1*>>! >&#*$!a*)*!<*)PA)R*G!&#!$&g[a*>>!<>0%*$+!CDD+DDD!1*>>$!a*)*!

$**G*G!<*)!a*>>!PA)!%2*!373(^!1*>>!>&#*+!0#G!MCD+DDD!1*>>$!PA)!%2*!%2)**!A%2*)!1*>>!>&#*$Y!

M9!2! >0%*)+!1*>>$!a*)*!%)0#$P*1%*G!a&%2!MYC!q@!AP!</,[,,d/HM!a&>G[%5<*!A)!R'%0%*G!

4*1%A)!JZ*1%A)!I'&>G*)K!&#!%2*!<)*$*#1*!AP!E'@*#*!VX!%)0#$*1%&A#!)*0@*#%!011A)G&#@!%A!

R0#'P01%')*)m$!&#$%)'1%&A#$!J,)AR*@0KY!T2*!1*>>$!a*)*!$*>*1%*G!M9!2!0P%*)!%)0#$P*1%&A#!

a&%2!9!q@OR.!AP!<')AR51&#! PA)!M9!2+!0#G! %2*#!$**G*G!0%! )*$<*1%&4*>5!B+DDD+!^+DDD+!

^+DDD!0#G!M+CDD!1*>>$!<*)!a*>>$!&#!#&#*%5[$&g[a*>>!<>0%*$Y!(*>>!4&0=&>&%5!a0$!0$$*$$*G!=5!

(*>>T&%*)[H>Ay!.'R&#*$1*#%!(*>>!Z&0=&>&%5!d$$05!J,)AR*@0K!BM!2!>0%*)!0#G!#A)R0>&f*G!

=5!%2*!$&@#0>!A=%0&#*G!v'$%!0P%*)!<>0%&#@Y!

/6d$! a*)*! *g%)01%*G! a&%2! %2*! /6d! *0$5! R&#&! Q&%! J\&0@*#K! 0#G! <)A%*&#$! a*)*!

*g%)01%*G!=5!1*>>!>5$&$!&#!.0*RR>&!='PP*)!JCD!R7!T)&$[V(>!J<V!BYCK+!MCD!R7!60(>+!8k!

-X-K!$'<<>*R*#%*G!a&%2!<)A%*0$*!&#2&=&%A)$!0#G!<2A$<20%0$*!&#2&=&%A)$!J/A12*K!9N!2!

0P%*)!%)0#$P*1%&A#Y!

EA)!R0RR0>&0#! %aA[25=)&G!0$$05+!VLlM_^ET!1*>>$!a*)*!<>0%*G! &#!_F[a*>>!<>0%*!

J^D!DDD!1*>>$O!a*>>K!0#G!%)0#$P*1%*G!a&%2!MD!#@!<Z8F[,,d/γM!Ja&>G[%5<*!A)!R'%0%*GK+!

MD! #@! <7[7LX8+! CD! #@! <HC[>'1! J,)AR*@0K! )*<A)%*)! <>0$R&G! 0#G! F! #@! </.[-Z9D!

J,)AR*@0K+! &#! %2*! <)*$*#1*! AP! %2*! E'@*#*! VX! %)0#$P*1%&A#! )*0@*#%! J,)AR*@0K+! &#!

011A)G0#1*!a&%2! %2*!R0#'P01%')*)m$!<)A%A1A>Y!.'1&P*)0$*!01%&4&%5!a0$!G*%*)R&#*G!9N!



!
!

34#5)6./!1!2!E#-#8*B-+(#*+=<(!'&!)0*#<*(!'&!3345γ!+)9%+R0B(!'#<(!%&!8#<8&-!'&!%#!C&((+&!
!

!

Inp!

2A')$!>0%*)+!a&%2!%2*!X'0>[H>Ay!.'1&P*)0$*!d$$05!-5$%*R!J,)AR*@0K+!011A)G&#@!%A!%2*!

R0#'P01%')*)m$!&#$%)'1%&A#$+!0#G!%2*!)*$'>%$!A=%0&#*G!a*)*!#A)R0>&f*G!a&%2!%2*!$610778!

>'1&P*)0$*!$&@#0>!A=%0&#*G!a&%2!%2*!</.[-Z9D!<>0$R&GY!

!

I--).:3+://#.$%! (*>>! >5$0%*$! a*)*! 1>0)&P&*G! =5! 1*#%)&P'@0%&A#Y! T2*! <)A%*&#!

1A#1*#%)0%&A#!AP!%2*!$'<*)#0%0#%$!a0$!G*%*)R&#*G!a&%2!%2*!I(d!<)A%*&#!0$$05!JT2*)RA!

-1&*#%&P&1KY!8D!q@!AP!<)A%*&#$!a*)*!)*$A>4*G!=5!-X-[,dHL!&#!0!9[8Ck!<A>501)5>0R&G*!

@*>$+! *>*1%)A%)0#$P*))*G! A#%A! I&A)0G! #&%)A1*>>'>A$*! R*R=)0#*$! 0#G! 0#0>5f*G! =5!

&#1'=0%&A#!a&%2!<)&R0)5!0#%&=AG&*$!0@0&#$%!,,d/γ!Jd=10R!w0=98_MN+!'$*G!0%!8O8DDDK!

0#G! z[01%&#! J-&@R0! d>G)&12! wdMMMN+! '$*G! 0%! 8OMC+DDDKY! VA)$*)0G&$2! <*)Ag&G0$*[

1A#v'@0%*G!0#%&[RA'$*!"@H!J(*>>!-&@#0>&#@!T*12#A>A@5!w!BDB9+!'$*G!0%!8O^+DDDK!a0$!

'$*G! 0$! %2*! $*1A#G0)5! 0#%&=AG5Y! ,)A%*&#! >A0G&#@! a0$! 12*1Q*G! =5! $%0&#&#@! %2*!

R*R=)0#*!a&%2!dR&GA!I>01Q!0P%*)!*>*1%)A=>A%&#@Y!!

!

J,'+>/#-,! 0,K,09,! /0'.960#*/#:.>G)'./#/'/#K,! HFJ%!/*4*)$*! %)0#$1)&<%&A#! a0$!

<*)PA)R*G!a&%2!8!q@!AP!%A%0>!/6d+!0#G!0!2&@2[10<01&%5!1X6d!)*4*)$*!%)0#$1)&<%&A#!Q&%!

Jd<<>&*G!I&A$5$%*R$KY! 1X6d$!a*)*!0R<>&P&*G!=5!,(/! &#!0!/A12*! )*0>[%&R*! %2*)R0>!

151>*)+!a&%2!%2*!/A12*!98:R0#!R0$%*)!R&g!J/A12*K!0#G!98:R0#!<)A=*O<)&R*)!<0&)$!!

%20%! a*! <)*4&A'$>5! '$*G! 0#G! G*$1)&=*G! J/A12*>! *%! 0>Y+! MD8_=KY! /*>0%&4*! @*#*!

*g<)*$$&A#!a0$!0#0>5f*G!=5!%2*!G*>%0!(%!R*%2AG+!a&%2!TI,!0$!)*P*)*#1*Y!

!

L#:65,-#9/01%! T2*! $*;'*#1*$! *#1AG&#@! %2*! >&@0#G[=&#G&#@! GAR0&#! AP! %2*!V&$[

2,,d/γ! JM^8[CDCK! )*1*<%A)$! a0$! &#$*)%*G! &#%A! <LT8C=Y! ,A&#%! R'%0%&A#$! a*)*!

&#%)AG'1*G! &#%A! ""#$γ! a&%2! %2*! \'&Q(20#@*! ""! h.! -&%*[X&)*1%*G! 7'%0@*#*$&$! Q&%!

Jd@&>*#%K+!&#!011A)G0#1*!a&%2!%2*!R0#'P01%')*)m$!&#$%)'1%&A#$Y!!



!
!

34#5)6./!1!2!E#-#8*B-+(#*+=<(!'&!)0*#<*(!'&!3345γ!+)9%+R0B(!'#<(!%&!8#<8&-!'&!%#!C&((+&!
!

!

Inx!

T2*! 1A))*$<A#G&#@! <)A%*&#$! a*)*! <)AG'1*G! &#! ;<=>640=>08! =570! I.M8! XL^! =5!

A4*)#&@2%! &#1'=0%&A#! 0%! MMp(! 0P%*)! &#G'1%&A#!a&%2! 8!R7! ",TH!0%! 0#!UX&**! AP! {DYNY!

-A>'=>*!<)A%*&#$!a*)*!<')&P&*G!=5!6&[6Td!12)AR0%A@)0<25!PA>>Aa*G!=5!$&f*!*g1>'$&A#!

12)AR0%A@)0<25!A#!0!-'<*)G*g!MDD!JHLK!1A>'R#!*;'&>&=)0%*G!&#!MD!R7!T)&$[V(>+!<V!

NYD+!MDD!R7!60(>+!Ck!@>51*)A>+!0#G!8!R7!T(L,Y!T2*!<)A%*&#$!a*)*!1A#1*#%)0%*G!%A!

^[F!R@OR.!a&%2!0#!dR&1A#!3>%)0!8D!QX0!7e(UY!,')&%5!0#G!2ARA@*#*&%5!AP!0>>!<)A%*&#$!

a*)*!0$$*$$*G!=5!-X-!0#G!60%&4*!,0@*!J()**+,-,./'01!"#$)0,!<KY!

!

F019/'++#M'/#:.8!N>0'1!7'/'!6:++,6/#:.!'.7!6019/'+! 9/0)6/)0,! 0,4#.,-,./%! T2*!

1)5$%0>>&f0%&A#!*g<*)&R*#%$!a*)*!<*)PA)R*G!=5!$&%%&#@!G)A<!40<A)!G&PP'$&A#!0%!M_D!l+!

R&g&#@!*;'0>!4A>'R*$!JMDD!#.K!AP!<)A%*&#!0%!C!R@OR.!0#G!)*$*)4A&)!$A>'%&A#Y!EA)!0>>!

1)5$%0>!$%)'1%')*$+! %2*!G0%0!a*)*! &#G*g*G!0#G! &#%*@)0%*G!a&%2!hX-!Jl0=$12+!MD8D0K!

0#G!$10>*G!a&%2!d"7.L--!J(A>>0=A)0%&4*!(AR<'%0%&A#0>!,)Av*1%+!8__9j!L40#$+!MDDF0KY!

T2*!$%)'1%')*!a0$!$A>4*G!=5!RA>*1'>0)!)*<>01*R*#%!&#!,Vd-L/!J71(A5!*%!0>Y+!MDDC0K!

0#G!)*P&#*G!a&%2!,VL6"h!JdG0R$!*%!0>Y+!MD8D0K!0#G!I3-TL/!J-R0)%!*%!0>Y+!MD8MK!a&%2!

T.-!)*P&#*R*#%+!PA>>Aa*G!=5!&%*)0%&4*!RAG*>!='&>G&#@!&#!(UUT!JLR$>*5!0#G!(Aa%0#+!

MDD90KY!!

()5$%0>$!AP!,,d/γ!E^8D-[He8_M_!a*)*!@)Aa#!&#!MCk!,LH^^CD+!DYM!7!.&-U9+!

I&$T)&$!DY8!7!<V!FYC+!%)0#$P*))*G!%A!0)%&P&1&0>!RA%2*)!>&;'A)!1A#%0&#&#@!^Ck!,LH^^CD!

0#G! P>0$2[1AA>*G! &#! >&;'&G! #&%)A@*#Y! h[)05! G&PP)01%&A#! G0%0! a*)*! 1A>>*1%*G! 0%! ,h8!

=*0R>&#*!AP!%2*!-U.L".!$5#12)A%)A#!a&%2!0!a04*>*#@%2!AP!DY_B_|}Y!T2*!P&#0>!$%)'1%')*!

a0$!)*P&#*G!%A!//012-0#G!/3144!40>'*$!AP!8FYN!0#G!MDYFk+!)*$<*1%&4*>5+!a&%2!*g1*>>*#%!

@*AR*%)5!J_BYMBk!AP!)*$&G'*$!&#!P04A)*G!)*@&A#!AP!%2*!/0R0120#G)0#!<>A%!0#G!MYB^k!

&#!%2*!0>>Aa*G!)*@&A#KY!



!
!

34#5)6./!1!2!E#-#8*B-+(#*+=<(!'&!)0*#<*(!'&!3345γ!+)9%+R0B(!'#<(!%&!8#<8&-!'&!%#!C&((+&!
!

!

Int!

()5$%0>$! AP! ,,d/γ! V9_9][He8_M_[,H(8r! a*)*! @)Aa#! &#! DYM! 7! 0RRA#&'R!

01*%0%*+!DY8!7!V*<*$!<V!BYC+!%)&$AG&'R!1&%)0%*!8YM!7+!%)0#$P*))*G!%A!0)%&P&1&0>!RA%2*)!

>&;'A)!1A#%0&#&#@!8Ck!@>51*)A>!0#G!P>0$2[1AA>*G!&#!>&;'&G!#&%)A@*#Y!h[)05!G&PP)01%&A#!G0%0!

a*)*!1A>>*1%*G!0%!%2*!"X^Dd^!=*0R>&#*!AP!L-/E!a&%2!0!a04*>*#@%2!AP!DY_FN!}Y!T2*!

P&#0>!$%)'1%')*!a0$!)*P&#*G!%A!//012!0#G!/3144!40>'*$!AP!8BYMM!0#G!MDY^Dk+!)*$<*1%&4*>5+!

a&%2!*g1*>>*#%!@*AR*%)5!J_BYN8!k!AP!)*$&G'*$!&#!P04A)*G!)*@&A#!AP!%2*!/0R0120#G)0#!

<>A%!0#G!MY8_k! &#! %2*!0>>Aa*G! )*@&A#KY!X0%0!1A>>*1%&A#!0#G! )*P&#*R*#%!$%0%&$%&1$!0)*!

<)A4&G*G!&#!()**+,-,./'01!2'3+,!&Y!He8_M_!0#G!$&G*!120&#$!AP!%2*!R'%0%*G!)*$&G'*$!

AP!V9_9]!0#G!E^8D-!1AR<>*g*$!1A'>G!=*!RAG*>>*G!a&%2!1A#P&G*#1*!0$!$2Aa#!&#%A!%2*!

,A>G*)! AR&%! R0<$! J.&*=$12#*)! *%! 0>Y+! MD8BK! G&$<>05&#@! )*G'1*G! RAG*>! =&0$! 0#G!

*g1>'$&A#!AP!$A>4*#%!RA>*1'>*$!J()**+,-,./'01!"#$%!=L!'.7!=FKY!d>>!$%)'1%')0>!P&@')*$!

a*)*!<)*<0)*G!a&%2!,57U.!JaaaY<5RA>YA)@OKY!

!

E#60:96'+,! /5,0-:*5:0,9#9! R*0$')*R*#%$! a*)*! <*)PA)R*G! a&%2! 0! 7A#A>&%2!

6TY88C! &#$%)'R*#%! J60#AT*R<*)! T*12#A>A@&*$! HR=V+! 7'#12*#+! H*)R0#5KY! T2*!

,,d/γ!1AR<>*g*$!a*)*!<)*<0)*G!&#!MD!R7!T)&$!<V!NYD+!MDD!R7!60(>+!8!R7!T(L,+!

DYDCk! Ta**#! MDY! L012! R*0$')*R*#%! 1A#$&$%$! AP! 8F! )*01%&A#! R&g%')*$! a2*)*! %2*!

P>'A)*$1*#%[>0=*>*G!<*<%&G*!1A#1*#%)0%&A#!a0$!1A#$%0#%!JBD!#7K!0#G!$*)&0>!G&>'%&A#$!AP!

,,d/γ!.IX!P)AR!0!1A#1*#%)0%&A#!AP!8DD!~7!GAa#!%A!M!#7Y!7*0$')*R*#%$!a*)*!R0G*!

a&%2!$%0#G0)G!@>0$$!10<&>>0)&*$!J60#A%*R<*)K!0%!MCp(+!0%!MD[9Dk!.LX!*g1&%0%&A#!0#G!

NDk!7-T!<Aa*)+!a&%2!0!>0$*)[A#!%&R*!AP!^D!$!0#G!0!>0$*)[APP!%&R*!AP!C$Y!60#AT*R<*)!

d#0>5$&$!MY^!$AP%a0)*!a0$!'$*G!%A!P&%!%2*!G0%0!0#G!%A!G*%*)R&#*!%2*!l5Y!

!

25,0-'+! ).4:+7#.$8! .'.:O("%!E>'A)*$1*#1*! =0$*G! %2*)R0>! *g<*)&R*#%$!a*)*!

<*)PA)R*G! '$&#@! ,)AR*%2*'$! 6TY9N! J60#AT*R<*)! T*12#A>A@&*$+! H*)R0#5K! a&%2!



!
!

34#5)6./!1!2!E#-#8*B-+(#*+=<(!'&!)0*#<*(!'&!3345γ!+)9%+R0B(!'#<(!%&!8#<8&-!'&!%#!C&((+&!
!

!

In{!

10<&>>0)&*$!1A#%0&#&#@!8D!~.!,,d/γ!eT!A)!R'%0#%$!0%!9R@OR.Y!T2*!%*R<*)0%')*!a0$!

&#1)*0$*G!=5!0!)0%*!AP!8!p(OR&#!P)AR!MD!%A!_C!p(!0#G!%2*!P>'A)*$1*#1*!0%!*R&$$&A#!

a04*>*#@%2$!AP!̂ ^D!#R!0#G!̂ CD!#R!a0$!R*0$')*GY!60#AT*R<*)!,/Y-%0=&>&%5!d#0>5$&$!

48YDYM!a0$!'$*G!%A!P&%!%2*!G0%0!0#G!%A!G*%*)R&#*!%2*!R*>%&#@!%*R<*)0%')*$!T.Y!!

!

E'99!(*,6/0:-,/01!P.'+19#9Y!,)&A)!%A!R0$$!$<*1%)AR*%)5!0#0>5$&$+!,,d/γ!0#G!0>>!

%2*!G&PP*)*#%!R'%0#%!<)A%*&#$!a*)*!='PP*)!*g120#@*G!0@0&#$%!MDD!R7!AP!0RRA#&'R!

01*%0%*!0%!<V!FYN+!'$&#@!P&4*!151>*$!AP!1A#1*#%)0%&A#OG&>'%&A#!a&%2!0!R&1)A1A#1*#%)0%A)!

JZ&40$<&#+!8D[lX!1'%APP+!-0)%A)&'$+!H�%%&#@*#+!H*)R0#5KY!d>>!%2*!$0R<>*$!a*)*!G&>'%*G!

*&%2*)!&#!VMUOd(6OV(UUV!JG*#0%')&#@!7-!1A#G&%&A#$K!A)!&#!MDD!R7!d1U6V9!J#0%&4*!

7-!1A#G&%&A#$K!%A!0!P&#0>!1A#1*#%)0%&A#!AP!C!q7!0#G!&#P'$*G!a&%2!0#!0'%AR0%*G!12&<!

=0$*G!#0#A*>*1%)A$<)05!G*4&1*!JT)&4*)$0!60#AR0%*+!dG4&A#!I&A$1&*#1*+!"%2010+!3-dK!

A<*)0%&#@!&#!%2*!<A$&%&4*!&A#!RAG*+!1A'<>*G!%A!0!-5#0<%!HM!VX7-!R0$$!$<*1%)AR*%*)!

Je0%*)$+!70#12*$%*)+!3lKY!!

!

OQP!'00'1!

"#! A)G*)! %A! &G*#%&P5! @*#*$! G&$<>05&#@! 120#@*$! &#! *g<)*$$&A#! 0P%*)! ,,d/γ! %)0#$&*#%!

*g<)*$$&A#!&#!373([F!1*>>$+!a*!%)0#$P*1%*G!%2*!1*>>$!PA)!_F!2A')$!a&%2!</,[,,d/HM!

a&>G[%5<*!A)!=01Q=A#*!4*1%A)!JZ*1%A)!I'&>G*)KY!T2)**!&#G*<*#G*#%!%)0#$P*1%&A#$!a*)*!

<*)PA)R*GY!R/6d!a0$!*g%)01%*G!0#G!<')&P&*G!a&%2!/6*0$5!7&#&!Q&%$!J\&0@*#KY!TA%0>!

/6d!JMDD!#@K!P)AR!1A#%)A>!0#G!,,d/γ!*g<)*$$&#@!373([F!1*>>$!a0$!0#0>5f*G!a&%2!

%2*! dPP5R*%)&g! V'R0#! (>0)&AR! /! X6d! 0))05Y! /0a! @*#*! *g<)*$$&A#! G0%0! a*)*!

#A)R0>&f*G!0#G!$'RR0)&f*G!=5!%2*!/7d!J)A='$%!R'>%&[0))05!04*)0@&#@K!R*%2AG!a&%2!0!

1'$%AR&f*G! 12&<! G*P&#&%&A#! G*4*>A<*G! =5! 7&1)A0))05! .0=+! I)0&#d))05!

J(>0)&ARXV'R0#oV$oL6T/LxHo4MMK!JIA>$%0G!*%!0>Y+!MDD^j!")&f0))5!*%!0>Y+!MDD^KY!



!
!

34#5)6./!1!2!E#-#8*B-+(#*+=<(!'&!)0*#<*(!'&!3345γ!+)9%+R0B(!'#<(!%&!8#<8&-!'&!%#!C&((+&!
!

!

InJ!

T2*!."77d!0>@A)&%2R!a0$!'$*G!%A!&G*#%&P5!@*#*$!G&PP*)*#%&0>>5!*g<)*$$*G!0P%*)!,,d/H!

*g<)*$$&A#!J/&%12&*!0#G!,2&<$A#!MD8CKY!T2*!<[40>'*$!a*)*!0Gv'$%*G!PA)!R'>%&<>*!%*$%&#@!

=5!I*#v0R&#&nVA12=*)@!EX/!R*%2AG$Y!H*#*$!a&%2!0!EX/!=*>Aa!Ck!a*)*!1A#$&G*)*G!

%A!=*!G&PP*)*#%&0>>5!*g<)*$$*GY*

;,(,*,>,&.,-&.&(3*

*
d%AR&1!1AA)G&#0%*$!0#G!)*>0%*G!$%)'1%')*!P01%A)$!204*!=**#!G*<A$&%*G!&#!%2*!,)A%*&#!

X0%0!I0#Q!a&%2!011*$$&A#!1AG*$b!FT8-!0#G!FT8ZY!T)0#$1)&<%AR&1!0#0>5$&$!AP!373(F!

1*>>!>&#*!PA>>Aa&#@!,,d/γM!A4*)*g<)*$$&A#!204*!=**#!G*<A$&%*G!&#!%2*!HLU!G0%0=0$*Y!!

!

!"6"$"'%")*

P&?&&%.7!ADAD7!B&,01,!=(#%,6�N7!&-.!A&-.%1*7!=D!gUnIIhD!A5)#/1)&%!6&,(,!C5%!?#-#H,*#/(C(/!
$%&-,&/$('&$(5-!6;!-1/)#&%!%#/#*$5%,D!X(5/2(0D!X(5*2;,D!P/$&!XXP!H!A5)D!X&,(,!<(,D!:t:X7!{Us�
{epD!

P.&0,7!TD<D7!PC5-(-#7!TD!jD7!X1-N�/`(7!]D7!G2#-7!jDXD7!<&'(,7!VDlD7!^/25),7!KD7![#&..7!EDED7![1-?7!
"DlD7!a&*%&)7!]DED7!]%5,,#Ha1-,$)#'#7!BDlD7!#$!&)D!gUnIn&hD!T[^KVo8!P!/50*%#2#-,('#!T;$25-H
6&,#.!,;,$#0!C5%!0&/%505)#/1)&%!,$%1/$1%#!,5)1$(5-D!P/$&!G%;,$&))5?%D!<!X(5)D!G%;,$&))5?%D!

P.&0,7!TD<D7!PC5-(-#7!TDjD7!X1-N�/`(7!]D7!G2#-7!jDXD7!<&'(,7!VDlD7!^/25),7!KD7![#&..7!EDED7![1-?7!
"DHlD7!a&*%&)7!]DED7!]%5,,#Ha1-,$)#'#7!BDlD7!#$!&)D!gUnIn6hD!3IKONS�8!&!/50*%#2#-,('#!T;$25-H
6&,#.!,;,$#0!C5%!0&/%505)#/1)&%!,$%1/$1%#!,5)1$(5-D!P/$&!G%;,$&))5?%D!<!X(5)D!G%;,$&))5?%D!uu7!
UIe�UUID!

P20&.7!VD7!A1(7!^D7!]&)6%&($27!"D7!T&$#)7!BD7!9&-7!^D[D7!=&):(7!AD7!B1,$7!PD]D7!B#*(,/&N7!TD7![#.)#;7!
PD7!A&%N#%$7!^D7!#$!&)D! gUnIxhD!=)##*(-?!X#&1$;!,/%##-!%#'#&),!T*&%?!&/$('&$(5-! (-!0#$&,$&$(/!
*%5,$&$#!/&-/#%!D!T%5/D!K&$)D!P/&.D!=/(D!

P20&.(&-7!AD7!=127!EDAD7![&27!KD7!"(..)#7!GD7!P$N(-,7!PDBD7!<5M-#,7!AD7!&-.!̂ '&-,7!BDAD!gUnIe&hD!
TTPB�!,(?-&)(-?!&-.!0#$&65)(,08!$2#!?55.7!$2#!6&.!&-.!$2#!C1$1%#D!K&$D!A#.D!:c7!ppt�pxxD!

P20&.(&-7!AD7!=127!EDAD7![&27!KD7!"(..)#7!GD7!P$N(-,7!PDBD7!<5M-#,7!AD7!&-.!̂ '&-,7!BDAD!gUnIe6hD!
T*&%�!,(?-&)(-?!&-.!0#$&65)(,08!92#!?55.7!$2#!6&.!&-.!$2#!C1$1%#D!K&$D!A#.D!

P*%()#7! AD7! P06%5,(57! ADBD7! <4^,*5,($57! jD7! X#?1(-5$7! >D7! >5%0(,&-57! TD7! G5,$&7! jD7! &-.!
G(//5.(/5)&7!PD!gUnIshD!33456!(-![10&-!P.(*5?#-#,(,8!<(CC#%#-$(&)!G5-$%(61$(5-!5C!G&-5-(/&)!
9%&-,/%(*$,!&-.!<50(-&-$!K#?&$('#!V,5C5%0,D!TTPB!B#,D!Xb:A7!I�IID!



!
!

34#5)6./!1!2!E#-#8*B-+(#*+=<(!'&!)0*#<*(!'&!3345γ!+)9%+R0B(!'#<(!%&!8#<8&-!'&!%#!C&((+&!
!

!

IIn!

P%&-.&7!PD7!&-.!T&,/1&)7!PD!gUnnIhD!K1/)#&%![5%05-#!B#/#*$5%,!&-.!]#-#!^L*%#,,(5-D!T2;,(5)D!
B#'D!t:7!IUxJ�IensD!

P`51)&;7!"D7!Z(-7![D7!>()(5-7!aDXD7!P,,&;&?7!ED7!A&:.&-7!PD7!T5))&N7!ADKD7!&-.!=1(,,&7!=D!gUnIUhD!92#!
1,#!5C!*(5?)($&`5-#!&-.!$2#!%(,N!5C!6)&..#%!/&-/#%!(-!*#5*)#!M($2!$;*#!U!.(&6#$#,8!-#,$#.!/&,#H
/5-$%5)!,$1.;D!XAE!gAA7!#exsp�#exspD!

X&)(-$7!XD7!&-.!K&?;7!"D!gUnnxhD!=#)#/$('#!A5.1)&$5%,!5C!TTPB!P/$('($;!&,!K#M!92#%&*#1$(/!955),!
(-!A#$&65)(/!<(,#&,#,D!^-.5/%D!A#$&6D!V001-#!<(,5%.D!H!<%1?!9&%?#$,!u7!ee�seD!

X&%(,27! ]D<D! gUnnxhD! T#%5L(,50#! T%5)(C#%&$5%HP/$('&$#.! B#/#*$5%,! &-.! "('#%! o! B#/#*$5%,! (-!
P$2#%5,/)#%5,(,!&-.!V001-($;D!ED!K1$%D!:gu7!xJn�xJsD!

X&$(,$&7!ADBDXD7! &-.!A&%$�-#`7! "D! gUnIehD! <;-&0(/,! 5C!K1/)#&%! B#/#*$5%![#)(LHIU! =M($/2! 5C!
9%&-,/%(*$(5-! P/$('&$(5-! 6;! A5.#)(-?! 9(0#HB#,5)'#.! >)15%#,/#-/#! P-(,5$%5*;! <#/&;,D!
X(5*2;,D!ED!:bW7!Ixtn�Ix{nD!

X#)5%1,5'&7!PDZD7!_,`7!ED7!T#$51N25'7!ADjD7!T#)1,5HV)$(,7!GD7!a(#CC#%7!XD7!='#%?1-7!<DVD7!&-.!B5/2#)7!
KD!gUnIxhD!=5)1$(5-!X#2&'(5%!5C!$2#!V-$%(-,(/&));!<(,5%.#%#.!KH9#%0(-&)!<50&(-!5C!B#$(-5(.!o!
B#/#*$5%!~!(-!$2#!G5-$#L$!5C!$2#!>1))H"#-?$2!T%5$#(-D!X(5/2#0(,$%;!WW7!ItsI�Its{D!

X($5-7!PD7!X#%-&%.HT(#%%5$7! VD7! "517!ZD7!a%1/N#%7!GD7!G2&*#&16)&-/7!^D7!B16(5HT+%#`7!GD7! "�*#`H
X(?&,7! KD7! a&051-7! PD7! K#1`())#$7! ZD7! ]#,$%&1.7! TD7! #$! &)D! gUnIs&hD! V-.#*#-.#-$! G50*5-#-$!
P-&);,(,!R-/5'#%,!$2#!"&-.,/&*#!5C!$2#!X)&..#%!9105%!9%&-,/%(*$50#!&-.!B#'#&),!V-,(?2$,!
(-$5!"10(-&)!&-.!X&,&)!=16$;*#,D!G#))!B#*D!c7!IUep�IUspD!

X($5-7!PD7!X#%-&%.HT(#%%5$7! VD7! "517!ZD7!a%1/N#%7!GD7!G2&*#&16)&-/7!^D7!B16(5HT+%#`7!GD7! "�*#`H
X(?&,7! KD7! a&051-7! PD7! K#1`())#$7! ZD7! ]#,$%&1.7! TD7! #$! &)D! gUnIs6hD! V-.#*#-.#-$! G50*5-#-$!
P-&);,(,!R-/5'#%,!$2#!"&-.,/&*#!5C!$2#!X)&..#%!9105%!9%&-,/%(*$50#!&-.!B#'#&),!V-,(?2$,!
(-$5!"10(-&)!&-.!X&,&)!=16$;*#,D!G#))!B#*D!c7!IUep�IUspD!

X5),$&.7! XDAD7! V%(`&%%;7! BDPD7! v,$%&-.7! AD7! &-.! =*##.7! 9DTD! gUnnehD! P! /50*&%(,5-! 5C!
-5%0&)(`&$(5-!0#$25.,!C5%!2(?2!.#-,($;!5)(?5-1/)#5$(.#!&%%&;!.&$&!6&,#.!5-!'&%(&-/#!&-.!6(&,D!
X(5(-C5%0&$(/,D!

X5%??%#C#7!9D7!&-.!Z1#7!oD!gUnIIhD!V-$#%&/$(5-,!6#$M##-!,161-($,!5C!$2#!A#.(&$5%!/50*)#L!M($2!
?#-#H,*#/(C(/!$%&-,/%(*$(5-!C&/$5%,D!=#0(-D!G#))!<#'D!X(5)D!XX7!tpJ�tx{D!

X51%?1#$7!lD7!B1CC7!AD7! G2&065-7!TD7! &-.!]%5-#0#;#%7![D! gIJJphD! G%;,$&)! ,$%1/$1%#!5C! $2#!
)(?&-.H6(-.(-?!.50&(-!5C!$2#!210&-!-1/)#&%!%#/#*$5%!BoB�&D!gpW7!xD!

X%#)('#$7! ZD7! a&00#%#%7! =D7! B5/2#)7! KD7! T5/27! _D7! &-.! A5%&,7! <D! gUnnshD! =(?-&$1%#! 5C! $2#!
5)(?50#%(/!6#2&'(51%!5C!-1/)#&%!%#/#*$5%,!&$!$2#!,#@1#-/#!&-.!,$%1/$1%&)!)#'#)D!^AX_!B#*D!W7!
sUe�sUJD!

X%1,$7! BD7! "(-7! [D7! >12%0&--7! ED7! P,$#(&-7! PD7! a&0#-#/N&7! 9DAD7! &-.! a5:#$(-7! <DED! gUnIthD!
A5.(C(/&$(5-!5C!$2#!_%$25,$#%(/!TTPB�!G5'&)#-$!P-$&?5-(,$!=/&CC5).!Z(#).,!&-!V0*%5'#.!<1&)H
=($#!P))5,$#%(/!V-2(6($5%D!PG=!G2#0D!X(5)D!:X7!JxJ�Jt{D!



!
!

34#5)6./!1!2!E#-#8*B-+(#*+=<(!'&!)0*#<*(!'&!3345γ!+)9%+R0B(!'#<(!%&!8#<8&-!'&!%#!C&((+&!
!

!

III!

X%1,$7!BD7!=2&-?7!ED7!>12%0&--7!ED7!X&,,7!ED7!G&-57!PD7![#(.&%(7!qD7!G2%(,0&-7!VDAD7!X)&;57!PDH"D7!
]%(CC(-7! BDTD7! a&0#-#/N&7! 9DAD7! #$! &)D! gUnI{hD! P! ,$%1/$1%&)!0#/2&-(,0! C5%! .(%#/$(-?! (-'#%,#!
&?5-(,0!5C!TTPB�!gX(5/2#0(,$%;hD!

X1??#7!PD7!]%�-$'#.7!"D7!P&?&&%.7!ADAD7!X5%1*7!BD7!&-.!A&-.%1*7!=D!gUnnJhD!92#!TTPB�U!PQXH
<50&(-! T)&;,! &! ]#-#H=*#/(C(/! B5)#! (-! 9%&-,&/$('&$(5-! &-.! G5C&/$5%! B#/%1($0#-$D! A5)D!
^-.5/%(-5)D!Xg7!tJs�{n{D!

X1%N#7! 9DlD7! &-.! a&.5-&?&7! ED9D! gIJJthD! 92#! .5M-,$%#&0! /5%#! *%505$#%! #)#0#-$7! <T^7! (,!
/5-,#%'#.!C%50!<%5,5*2()&!$5!210&-,!&-.!(,!%#/5?-(`#.!6;!9P>VVxn!5C!<%5,5*2()&D!]#-#,!<#'D!
::7!enUn�eneID!

X1%%(,7!9DTD7!=5)$7!"DPD7!l&-?7!ZD7!G%106)#;7!GD7!X&-#%:##7!=D7!]%(CC#$$7!aD7!"1-.&,#-7!9D7![1?2#,7!
9D7!&-.!a5:#$(-7!<DED!gUnIehD!K1/)#&%!B#/#*$5%,!&-.!92#(%!=#)#/$('#!T2&%0&/5)5?(/!A5.1)&$5%,D!
T2&%0&/5)D!B#'D!uW7!tIn�tt{D!

G2&CC#%7!GD"D7!9250&,7!<DAD7!9250*,5-7!^DlD7!&-.!l())(&0,7!^D<D!gUnnxhD!TTPB�H(-.#*#-.#-$!
(-.1/$(5-!5C!?%5M$2!&%%#,$!&-.!&*5*$5,(,!(-!*%5,$&$#!&-.!6)&..#%!/&%/(-50&D!XAG!G&-/#%D!

G2&-.%&7!jD7![1&-?7!TD7![&01%57!ZD7!B&?21%&07!=D7!l&-?7!ZD7!X1%%(,7!9DTD7!&-.!B&,$(-#:&.7!>D!
gUnn{hD!=$%1/$1%#!5C!$2#!(-$&/$!TTPBH��BoBH~!-1/)#&%!%#/#*$5%!/50*)#L!5-!<KPD!K&$1%#!AWu7!
epn�epxD!

G2#-7!ED<D7!&-.!^'&-,7!BDAD!gIJJphD!P!$%&-,/%(*$(5-&)!/5H%#*%#,,5%!$2&$!(-$#%&/$,!M($2!-1/)#&%!
25%05-#!%#/#*$5%,D!K&$1%#!gpp7!sps�sptD!

G2(-#$$(7!]D7!>%1/2&%$7!EDHGD7!&-.!=$&#),7!XD!gUnnnhD!T#%5L(,50#!*%5)(C#%&$5%H&/$('&$#.!%#/#*$5%,!
gTTPB,h8!K1/)#&%! %#/#*$5%,!&$! $2#!/%5,,%5&.,!6#$M##-! )(*(.!0#$&65)(,0!&-.! (-C)&00&$(5-D!
V-C)&00D!B#,D!Ac7!sJt�pnpD!

G2(17! AD7! A/X#$27! "D7! =(-.2M&-(7! TD7! &-.! [(-.,7! 9D<D! gUnIthD! <#/(*2#%(-?! $2#! B5)#,! 5C!
92(&`5)(.(-#.(5-#,!&-.!TTPB!�!(-!X)&..#%!G&-/#%D!TTPB!B#,D!Xb:p7!I�JD!

G25(7!lD7!T5%$#-7!=D7!a(07!=D7!l())(,7!<D7!T)(0&/N7!^D7![5CC0&-HG#-,($,7! ED7!B5$27!XD7!G2#-?7!9D7!
9%&-7!AD7!"##7!VD"D7!#$!&)D!gUnIshD!V.#-$(C(/&$(5-!5C!<(,$(-/$!X&,&)!&-.!"10(-&)!=16$;*#,!5C!A1,/)#H
V-'&,('#!X)&..#%!G&-/#%!M($2!<(CC#%#-$!=#-,($('($(#,!$5!>%5-$)(-#!G2#05$2#%&*;D!G&-/#%!G#))!
XW7!IpU�IxpD!

G2%(,0&-7! VDAD7! K#0#$/2#N7! AD<D7! .#! j#%&7! VDAD=D7! =2&-?7! ED7! [#(.&%(7! qD7! "5-?7! ZD7! B#;#,H
G&6&))#%57! [D7! ]&)(-.5HA1%())57! BD7! G2#&$2&07! 9D^D7! X)&;57! PDH"D7! #$! &)D! gUnI{hD! <#C(-(-?! &!
/5-C5%0&$(5-&)!#-,#06)#!$2&$!.(%#/$,!&/$('&$(5-!5C!TTPB�D!K&$D!G5001-D!c7!ItJsD!

G5)251-7![DAD7!"('(-?,$5-#7!=DED7!"55N#%7![DGD7!A5%%(,7!PD<D7!l().7!=D[D7!"(-.,&;7!BD=D7!B##.7!GD7!
<5--&-7! TD9D7! ]1$2%(#7! XD7! "##,#7! ]DTD7! #$! &)D! gUnIUhD! [5,*($&)(,#.! 2(*! C%&/$1%#! %(,N! M($2!
%5,(?)($&`5-#!&-.!*(5?)($&`5-#!1,#!/50*&%#.!M($2!5$2#%!?)1/5,#H)5M#%(-?!.%1?,D!<(&6#$5)5?(&!
WW7!UJUJ�UJetD!

G5))&65%&$('#! G50*1$&$(5-&)! T%5:#/$7! KD! s! gIJJshD! 92#! GGTs! ,1($#8! *%5?%&0,! C5%! *%5$#(-!
/%;,$&))5?%&*2;D!P/$&!G%;,$&))5?%D!<!X(5)D!G%;,$&))5?%D!Wb7!txn�txeD!



!
!

34#5)6./!1!2!E#-#8*B-+(#*+=<(!'&!)0*#<*(!'&!3345γ!+)9%+R0B(!'#<(!%&!8#<8&-!'&!%#!C&((+&!
!

!

IIU!

G5))&65%&$('#!G50*1$&$(5-&)!T%5:#/$7!K106#%!s!gIJJshD!92#!GGTs!,1($#8!*%5?%&0,!C5%!*%5$#(-!
/%;,$&))5?%&*2;D!P/$&!G%;,$&))5?%D!<!X(5)D!G%;,$&))5?%D!Wb7!txn�txeD!

G5-&M&;7! BDGD7! =&$57! =D7! 950505%(H=&$57! GD7! Z&57! 9D7! &-.! G5-&M&;7! EDlD! gUnnphD! 92#!
0&00&)(&-!A#.(&$5%!/50*)#L!&-.!($,!%5)#!(-!$%&-,/%(*$(5-&)!%#?1)&$(5-D!9%#-.,!X(5/2#0D!=/(D!
gb7!Upn�UppD!

G51$5,H92+'#-5$7! "D7! X#:(7! =D7! K#;%#$Ha&2-7! [D7! T(**57!SD7! >5-$1?-#7! ED7! _,`7! ED7! a%1/N#%7! GD7!
]%5#-#'#).7!GD<D=D7!<1C51%7!>D7!a&051-7!PD7!#$!&)D!gUnIJhD!TTPB�!(,!&!$105%!,1**%#,,5%!(-!6&,&)!
6)&..#%!$105%,!5CC#%(-?!-#M!*5$#-$(&)!$2#%&*#1$(/!5**5%$1-($(#,!gG&-/#%!X(5)5?;hD!

<#6)5(,7!]D7!&-.!](?13%#7!jD!gUnIehD!_#,$%5?#-H%#)&$#.!%#/#*$5%,!(-!6%#&,$!/&-/#%8!/5-$%5)!5C!
/#))1)&%!0#$&65)(,0!&-.!6#;5-.D!K&$D!B#'D!G&-/#%!:g7!Ut�exD!

<#)#%('#7!TD7!>1%0&-7!GD7!9#(,,(#%7!^D7!>%1/2&%$7!EDHGD7!<1%(#`7!TD7!&-.!=$&#),7!XD!gUnnnhD!_L(.(`#.!
*25,*25)(*(.,!&/$('&$#!TTPB~!(-!&!*25,*25)(*&,#!PUH.#*#-.#-$!0&--#%D!>^X=!"#$$D!Ap:7!es�
e{D!

<1%&-H=&-.5'&)7! <D7! 9250&,7! PDHGD7! X&())#1)7! XD7! >%1/2&%$7! EDHGD7! &-.! =$&#),7! XD! gUnnehD!
T2&%0&/5)5?(#! .#,! &?5-(,$#,! .#! TTPB~! #$! TTPB�! #$! .#,! &/$('&$#1%,! TTPB~Q�! 0(L$#,! #-!
.+'#)5**#0#-$!/)(-(@1#D!0+.#/(-#Q,/(#-/#,!:c7!{IJ�{UpD!

^&%)7!ED7!B(/57!<D7!G&%%())5H.#H=&-$&HT&17!^D7!B5.%�?1#`H=&-$(&?57!XD7!A+-.#`HT#%$1`7!AD7!P1#%7!
[D7!]�0#`7!]D7!]%5,,0&-7![DXD7!T(,&-57!<D]D7!=/21)`7!lDPD7!#$!&)D!gUnIphD!92#!RXGHsn!R%5$2#)(&)!
X)&..#%!G&-/#%!/#))!)(-#!(-.#L8!&!?#-50(/!%#,51%/#!C5%!C1-/$(5-&)!,$1.(#,D!XAG!]#-50(/,!:u7!
sneD!

^6#%2&%.$7!ED7!A/^M#-7!PD]D7!X51%?1#$7!lD7!A5%&,7!<D7!&-.!<#:&#?#%#7!PD!gUnIJhD!P!%#'(,($#.!
'#%,(5-! 5C! $2#! &*5! ,$%1/$1%#! 5C! $2#! )(?&-.H6(-.(-?! .50&(-! 5C! $2#! 210&-!-1/)#&%! %#/#*$5%!
%#$(-5(/!o!%#/#*$5%!~D!P/$&!G%;,$&))5?%D!=#/$D!>!=$%1/$D!X(5)D!G5001-D!pW7!J{�InsD!

^?#&7!TD>D7!a)&25)`7!XDTD7!&-.!A5%&,7!<D!gUnnnhD!"(?&-.H*%5$#(-!(-$#%&/$(5-,!(-!-1/)#&%!%#/#*$5%,!
5C!25%05-#,D!>^X=!"#$$D!Apu7!xU�xtD!

^0,)#;7!TD7!&-.!G5M$&-7!aD!gUnns&hD!G55$8!A5.#)H61().(-?!$55),!C5%!05)#/1)&%!?%&*2(/,D!P/$&!
G%;,$&))5?%D!<!X(5)D!G%;,$&))5?%D!

^0,)#;7!TD7!&-.!G5M$&-7!aD!gUnns6hD!E==*�8!05.#)H61().(-?!$55),!C5%!05)#/1)&%!?%&*2(/,D!P/$&!
G%;,$&))5?%D!<!X(5)D!G%;,$&))5?%D!ub7!UIUx�UIeUD!

^,/%('&7![D!P0*2(5L1,!BP!,(?-&)(-?D!IUD!

^'&-,7!TD!gUnnx&hD!=/&)(-?!&-.!&,,#,,0#-$!5C!.&$&!@1&)($;D!P/$&!G%;,$&))5?%D!<!X(5)D!G%;,$&))5?%D!

^'&-,7!TD!gUnnx6hD!=/&)(-?!&-.!&,,#,,0#-$!5C!.&$&!@1&)($;D!P/$&!G%;,$&))5?%D!<!X(5)D!G%;,$&))5?%D!
uX7!tU�{UD!

^'&-,7!BDAD7!&-.!A&-?#),.5%C7!<DED!gUnIshD!K1/)#&%!B#/#*$5%,7!BoB7!&-.!$2#!X(?!X&-?D!G#))!:Wp7!
Upp�UxxD!



!
!

34#5)6./!1!2!E#-#8*B-+(#*+=<(!'&!)0*#<*(!'&!3345γ!+)9%+R0B(!'#<(!%&!8#<8&-!'&!%#!C&((+&!
!

!

IIe!

^'&-,7!BDAD7!X&%(,27!]D<D7!&-.!l&-?7!ZDHoD!gUnnshD!TTPB,!&-.!$2#!/50*)#L!:51%-#;!$5!56#,($;D!
K&$D!A#.D!:b7!epp�exID!

>&:&,7! "D7! >%1/2&%$7! EDHGD7! &-.! P1M#%L7! ED! gIJJ{hD! TTPBSe! 0BKP8! &! .(,$(-/$! TTPBS! 0BKP!
,16$;*#!$%&-,/%(6#.!C%50!&-!(-.#*#-.#-$!*%505$#%D!>^X=!"#$$D!xD!

>(-/N7!XDKD! gUnnxhD!T]GHI!/5&/$('&$5%,8! (-.1/(6)#!%#?1)&$5%,!5C!#-#%?;!0#$&65)(,0!(-!2#&)$2!
&-.!.(,#&,#D!ED!G)(-D!V-'#,$D!::u7!xIp�xUUD!

>)#$/2#%7!_D7!^&,$5-7!<D7!P-.#%,5-7!aD7!]()2&07!GD7!E&;7!AD7!&-.!T#$57!ED!gUnnshD!"(C#$(0#!B(,N,!5C!
G5005-!G&-/#%,!P05-?!B#$(-56)&,$50&!=1%'('5%,D!EKGV!ED!K&$)D!G&-/#%!V-,$D!cu7!ept�exeD!

>5-.#))7! ED<D7!]#7![D7!&-.!B5#.#%7!BD]D! gIJJxhD!"(?&-.! (-.1/$(5-!5C!&! $%&-,/%(*$(5-&));!&/$('#!
$2;%5(.!25%05-#!%#/#*$5%!/5&/$('&$5%!/50*)#LD!T%5/D!K&$)D!P/&.D!=/(D!cg7!{eUJ�{eeeD!

>5%0&-7!XDAD7!95-$5-5`7!TD7!X%1-7!TD7!&-.!^'&-,7!AD!Ip<#5L;HP!IU?IsHT%5,$&?)&-.(-!EU!V,!&!
"(?&-.!C5%!$2#!P.(*5/;$#!<#$#%0(-&$(5-!>&/$5%!TTPB;D!InD!

]&))&,$#?1(7!KD7!A&/N(--5-7!EDPD]D7!>)#$$#%(/N7!BDED7!&-.!^,$+6&-#`HT#%*(��7!^D!gUnIphD!P.'&-/#,!
(-!51%!,$%1/$1%&)!1-.#%,$&-.(-?!5C!5%*2&-!-1/)#&%!%#/#*$5%,D!9%#-.,!X(5/2#0D!=/(D!Ab7!Up�epD!

]#7!aD7!G257!ZDHlD7!]157![D7![5-?7!9DXD7!]1#%0&27!AD7!V$57!AD7!Z17![D7!a&)N107!AD7!&-.!B5#.#%7!
BD]D!gUnn{hD!P)$#%-&$('#!A#/2&-(,0,!6;!l2(/2!A#.(&$5%!=161-($!A^<IQ9BPTUUn!B#?1)&$#,!
T#%5L(,50#! T%5)(C#%&$5%HP/$('&$#.! B#/#*$5%! �H=$(01)&$#.! P.(*5?#-#,(,! &-.! 9&%?#$! ]#-#!
^L*%#,,(5-D!A5)D!G#))D!X(5)D!Xt7!In{I�InJID!

]#%0&(-7!TD7!P)$1//(7!"D7!X51%?1#$7!lD7!B5/2#$$#H^?);7!GD7!&-.!]%5-#0#;#%7![D!gUnnehD!K1/)#&%!
%#/#*$5%!,1*#%C&0();8!T%(-/(*)#,!5C!,(?-&)(-?D!T1%#!P**)D!G2#0D!pW7!IxIJ�IxxsD!

]5..&%.7!9D<D7![1&-?7!GDGD7!A#-?7!^DGD7!T#$$#%,#-7!^D>D7!G51/27!]D=D7!A5%%(,7!ED[D7!&-.!>#%%(-7!
9D^D!gUnI{hD!RG=>!G2(0#%&o8!A##$(-?!05.#%-!/2&))#-?#,!(-!'(,1&)(`&$(5-!&-.!&-&);,(,8!RG=>!
G2(0#%&o!j(,1&)(`&$(5-!=;,$#0D!T%5$#(-!=/(D!Xp7!Is�UpD!

]5).,$#(-7!ED9D7!X#%?#%7!PDGD7!=2(27!ED7!<1N#7!>D>D7!>1%,$7!"D7!aM(&$N5M,N(7!<DED7!G2#%-(&/N7!PD<D7!
A#;#%,5-7!AD7!&-.!=$%&$2.##7!GDPD!gUnIt&hD!]#-50(/!P/$('&$(5-!5C!33456!B#'#&),!&!G&-.(.&$#!
92#%&*#1$(/!PL(,!(-!X)&..#%!G&-/#%D!G&-/#%!B#,D!pp7!xJ{t�xJJ{D!

]5).,$#(-7!ED9D7!X#%?#%7!PDGD7!=2(27!ED7!<1N#7!>D>D7!>1%,$7!"D7!aM(&$N5M,N(7!<DED7!G2#%-(&/N7!PD<D7!
A#;#%,5-7!AD7!&-.!=$%&$2.##7!GDPD!gUnIt6hD!]#-50(/!P/$('&$(5-!5C!TTPB]!B#'#&),!&!G&-.(.&$#!
92#%&*#1$(/!PL(,!(-!X)&..#%!G&-/#%D!G&-/#%!B#,D!pp7!xJ{t�xJJ{D!

]%5-#0#;#%7! [D7! ]1,$&C,,5-7! EDHvD7! &-.! "&1.#$7! jD! TBVKGVT"^=! >_B!A_<R"P9V_K! _>! 9[^!
KRG"^PB!B^G^T9_B!=RT^B>PAV"ZD!<BR]!<(,/5'D!IxD!

]1&-7!ZD7![&57!GD7!G2&7!<DBD7!B&57!BD7!"17!lD7!a52&-7!<D^D7!A&?-1,5-7!ADPD7!B#.2&7!BD7!q2&-?7!
ZD7! &-.! X%#;#%7!AD<D! gUnnphD! 92(&`5)(.(-#.(5-#,! #L*&-.! 65.;! C)1(.! '5)10#! $2%51?2! TTPB�!
,$(01)&$(5-!5C!^K&GH0#.(&$#.!%#-&)!,&)$!&6,5%*$(5-D!K&$D!A#.D!::7!{xI�{xxD!



!
!

34#5)6./!1!2!E#-#8*B-+(#*+=<(!'&!)0*#<*(!'&!3345γ!+)9%+R0B(!'#<(!%&!8#<8&-!'&!%#!C&((+&!
!

!

IIs!

]1&-7! ZD>D7! q2&-?7! ZD[D7! X%#;#%7! BDAD7! <&'(,7! "D7! &-.! X%#;#%7! AD<D! gIJJJhD! ^L*%#,,(5-! 5C!
*#%5L(,50#! *%5)(C#%&$5%H&/$('&$#.! %#/#*$5%! ?&00&! gTTPB?&00&h! (-! 210&-! $%&-,($(5-&)!
6)&..#%!/&-/#%!&-.!($,!%5)#!(-!(-.1/(-?!/#))!.#&$2D!K#5*)&,(&!KD!ZD!K!:7!een�eeJD!

]1(5/25-HA&-$#)7! PD7! <#)&6%#7! aD7! "#,/5*7! TD7! &-.!A()?%507! ^D! gIJJshD! K1/)#&%! )5/&)(`&$(5-!
,(?-&),!&),5!0#.(&$#!$2#!51$M&%.!05'#0#-$!5C!*%5$#(-,!C%50!$2#!-1/)#1,D!T%5/D!K&$)D!P/&.D!
=/(D!c:7!tItJ�tI{eD!

[&),$#&.7!PDAD7!a&*&.(&7!GD<D7!X5)`#-(1,7!ED7!G217!GD^D7!=/2%(#C#%7!PD7!l&%$0&-7!"D<D7!X5M0&-7!
]DBD7! &-.! P%5%&7! jDaD! gUnIthD! X)&..#%H/&-/#%H&,,5/(&$#.! 01$&$(5-,! (-! BoBP! &/$('&$#!
*#%5L(,50#!*%5)(C#%&$5%H&/$('&$#.!%#/#*$5%,!$5!.%('#!1%5$2#)(&)!*%5)(C#%&$(5-D!^"(C#!u7!I�UtD!

[#7!>D7!A57!"D7!q2#-?7!oDHZD7![17!GD7!"#*5%7![D7!"##7!^DZDH[DTD7!=1-7!9DH9D7!&-.!l17!oDHBD!gUnnJhD!
<#C(/(#-/;!5C!*B6!>&0();!T%5$#(-,!&-.!*pe!(-!V-'&,('#!R%5$2#)(&)!9105%(?#-#,(,D!G&-/#%!B#,D!
uc7!JsIe�JsUID!

[#.#?&&%.7!ED7!"&0;7!TD7!K5%.#-$5C$7!VD7!P)?&6&7!>D7![�;#%7!=D7!R)2�(7!XDTD7!j&-?7!=D7!B#(-#%$7!9D7!
[#%0&--7!]D]D7!A5?#-,#-7!aD7!#$!&)D!gUnIxhD!G50*%#2#-,('#!9%&-,/%(*$(5-&)!P-&);,(,!5C!^&%);H
=$&?#!R%5$2#)(&)!G&%/(-50&D!G&-/#%!G#))D!

[1&-?7!lD7!]%##-#7!]D"D7!B&'(N10&%7!aDAD7!&-.!Z&-?7!=D!gUnIehD!G%5,,H$&)N!6#$M##-!$2#!)(?&-.H!
&-.! <KPH6(-.(-?! .50&(-,! 5C! #,$%5?#-! %#/#*$5%8! ^B~! <50&(-! G%5,,H9&)ND! T%5$#(-,! =$%1/$D!
>1-/$D!X(5(-C5%0&D!t:7!IJnn�IJnJD!

[1?2#,7!9D=D7!G2&)0#%,7!ADED7!K5'(/N7!=D7!a1%1'())&7!<D=D7!G2&-?7!ADBD7!a&0#-#/N&7!9DAD7!B&-/#7!
AD7! E52-,5-7! XDPD7! X1%%(,7! 9DTD7! ]%(CC(-7! TDBD7! #$! &)D! gUnIUhD! "(?&-.! &-.! B#/#*$5%! <;-&0(/,!
G5-$%(61$#!$5!$2#!A#/2&-(,0!5C!]%&.#.!TTPB�!P?5-(,0D!=$%1/$1%#!Xb7!IeJ�IpnD!

V%(`&%%;7!BDPD7!X5),$&.7!XDAD7!G5))(-7!>D7!G5*#7!"DAD7![566,7!XD7!&-.!=*##.7!9DTD!gUnnehD!=100&%(#,!
5C!PCC;0#$%(L!]#-#G2(*!*%56#!)#'#)!.&$&D!K1/)#(/!P/(.,!B#,D!

E(&7! ZD7!j(,M&N&%0&7!KD7! &-.!B#..;7! EDaD! gUnIshD!A#.I!=161-($!5C! $2#!A#.(&$5%!G50*)#L! (-!
K1/)#&%! B#/#*$5%HB#?1)&$#.! ^-#%?;! A#$&65)(,07! "('#%! B#?#-#%&$(5-7! &-.!
[#*&$5/&%/(-5?#-#,(,D!]#-#!^L*%D!:u7!xe�tpD!

a&6,/27! lD! gUnIn&hD! =5C$M&%#! o<=! C5%! (0&?#! %5$&$(5-7! %#/5?-($(5-! &-.! /%;,$&)! ,;00#$%;!
&,,(?-0#-$D!P/$&!G%;,$&))5?%!=#/$!X(5)!G%;,$&))5?%D!

a&6,/27!lD!gUnIn6hD!S7QD!P/$&!G%;,$&))5?%D!<!X(5)D!G%;,$&))5?%D!uu7!IUp�IeUD!

a&051-7!PD7!B#;-(#,7!PD!.#7!P))5%;7!ZD7!=:5.&2)7!]D7!B56#%$,5-7!PD]D7!=#()#%7!BD7![5&.)#;7!aD7!P)H
P20&.(#7! [D7! G25(7! lD7! ]%5#-#'#).7! GD=D7! #$! &)D! 92#! /5-,#-,1,! 05)#/1)&%! /)&,,(C(/&$(5-! 5C!
01,/)#H(-'&,('#!6)&..#%!/&-/#%D!^1%D!R%5)D!N<!3-&((D!

a&051-7!PD7!.#!B#;-(3,7!PD7!P))5%;7!ZD7!=:�.&2)7!]D7!B56#%$,5-7!PD]D7!=#()#%7!BD7![5&.)#;7!aDPD7!
]%5#-#'#).7!GD=D7!P)HP20&.(#7![D7!G25(7!lD7!#$!&)D!gUnUnhD!P!G5-,#-,1,!A5)#/1)&%!G)&,,(C(/&$(5-!
5C!A1,/)#H(-'&,('#!X)&..#%!G&-/#%D!^1%D!R%5)D!pp7!sUn�seeD!

a25%&,&-(`&.#27!=D7!&-.!B&,$(-#:&.7!>D!gUnIxhD!j(,1&)(`(-?!$2#!P%/2($#/$1%#,!&-.!V-$#%&/$(5-,!5C!
K1/)#&%!B#/#*$5%,D!^-.5/%(-5)5?;!:Wp7!sUIU�sUUID!



!
!

34#5)6./!1!2!E#-#8*B-+(#*+=<(!'&!)0*#<*(!'&!3345γ!+)9%+R0B(!'#<(!%&!8#<8&-!'&!%#!C&((+&!
!

!

IIp!

a(07! EDXD7!l%(?2$7! [DAD7!l%(?2$7!AD7! &-.! =*(#?#)0&-7! XDAD! gUnnUhD! P<<IQ=B^XTI! &/$('&$#,!
TTPB!!$2%51?2!$2#!*%5.1/$(5-!5C!#-.5?#-51,!)(?&-.D!T%5/D!K&$)D!P/&.D!=/(D!

a)(#M#%7! =DPD7!R0#,5-57!aD7!A&-?#),.5%C7!<DED7! &-.!^'&-,7!BDAD! gIJJUhD!B#$(-5(.!o! %#/#*$5%!
(-$#%&/$,!M($2!-1/)#&%!%#/#*$5%,!(-!%#$(-5(/!&/(.7!$2;%5(.!25%05-#!&-.!'($&0(-!<e!,(?-&))(-?D!
K&$1%#!gWW7!ssx�ssJD!

a5?#'(-&,7!AD7!A&--#$:#7!PD!4$7!G5%.(#%7!=D7!B&-C$7!RD7!]5-`�)#`7!GDPD7!j(-#(,7!TD7!G2&-?HG)&1.#7!
ED7!";-?#7!^D7!l&2%#-.5%C7!ED7!9`5-517!PD7!#$!&)D!gUnnehD!_//1*&$(5-!&-.!6)&..#%!/&-/#%!&05-?!
0#-!(-!l#,$#%-!^1%5*#D!G&-/#%!G&1,#,!G5-$%5)!:A7!Jnt�JIsD!

a5:#$(-7! <DED7! &-.! X1%%(,7! 9DTD! gUnIehD! =0&))! A5)#/1)#! A5.1)&$(5-! 5C! K1/)#&%! B#/#*$5%!
G5-C5%0&$(5-&)!<;-&0(/,8!V0*)(/&$(5-,!C5%!>1-/$(5-!&-.!<%1?!<(,/5'#%;D!A5)D!T2&%0&/5)D!tg7!
I�{D!

a5**#-7! PD7! &-.! a&)N25'#-7! ^D! gUnInhD! X%5M-! ',!M2($#! &.(*5/;$#,8! 92#! TTPB�! /5%#?1)&$5%!
,$5%;D!>^X=!"#$$D!WtA7!eUpn�eUpJD!

a5%*&)7!AD7!T1;&-?7!oD7! E#%#0;!l17!qD7! =#()#%7!BD7! >1%0&-7!GD7!_57![DqD7!=#()#%7!AD7! V%M(-7!=D7!
=16%&0&-(&-7! jD7! E1)(#! E5,2(7! ED7! #$! &)D! gUnIt&hD! ^'&,(5-! 5C! (001-5,1%'#())&-/#! 6;! ?#-50(/!
&)$#%&$(5-,!5C!TTPB�QBoB~!(-!6)&..#%!/&-/#%D!K&$D!G5001-D!tD!

a5%*&)7!AD7!T1;&-?7!oD7! E#%#0;!l17!qD7! =#()#%7!BD7! >1%0&-7!GD7!_57![DqD7!=#()#%7!AD7! V%M(-7!=D7!
=16%&0&-(&-7! jD7! E1)(#! E5,2(7! ED7! #$! &)D! gUnIt6hD! ^'&,(5-! 5C! (001-5,1%'#())&-/#! 6;! ?#-50(/!
&)$#%&$(5-,!5C!TTPB�QBoB~!(-!6)&..#%!/&-/#%D!K&$D!G5001-D!t7!IneD!

a%5N#%7!PDED7!&-.!X%1-(-?7!EDXD!gUnIphD!B#'(#M!5C!$2#!=$%1/$1%&)!&-.!<;-&0(/!A#/2&-(,0,!5C!
TTPB!v!T&%$(&)!P?5-(,0D!TTPB!B#,D!Xb:W7!I�IpD!

"&1.#$7!jD7![�--(7!GD7!G5))7! ED7!G&$`#C)(,7!>D7!&-.!=$+2#)(-7!<D! gIJJUhD!^'5)1$(5-!5C! $2#!-1/)#&%!
%#/#*$5%!?#-#!,1*#%C&0();D!^AX_!ED!::7!Inne�InIeD!

"##7!]D7!̂ )M55.7!>D7!A/K&));7!ED7!l#(,`0&--7!ED7!"(-.,$%507!AD7!P0&%&)7!aD7!K&N&01%&7!AD7!A(&57!
=D7! G&57! TD7! "#&%-#.7! BDAD7! #$! &)D! gUnnUhD! 9nntnJnt7! &! =#)#/$('#! "(?&-.! C5%! T#%5L(,50#!
T%5)(C#%&$5%H&/$('&$#.! B#/#*$5%! �7! >1-/$(5-,! &,! &-! P-$&?5-(,$! 5C! X(5/2#0(/&)! &-.! G#))1)&%!
P/$('($(#,D!ED!X(5)D!G2#0D!Xpp7!IJxsJ�IJxptD!

"##7! EDED7!<%&N&N(7!PD7! V)(5*51)5,7!<D7! &-.!=$%12)7!aD! gUnIUhD!A(BHUt6! $&%?#$,!TTPB�! $5! (-2(6($!
?%5M$27!$105%!*%5?%#,,(5-!&-.!$2#!(-C)&00&$5%;!%#,*5-,#!(-!-#1%56)&,$50&!/#)),D!_-/5?#-#D!

"#C#6'%#7! PDHAD7! G2#-7! VD7! <#,%#10&1L7! TD7! K&:(67! ED7! >%1/2&%$7! ED7! ]#65#,7! aD7! X%(??,7! AD7!
[#;0&-7! BD7! &-.! P1M#%L7! ED! gIJJ{hD! P/$('&$(5-! 5C! $2#! *#%5L(,50#! *%5)(C#%&$5%H&/$('&$#.!
%#/#*$5%!�!*%505$#,!$2#!.#'#)5*0#-$!5C!/5)5-!$105%,!(-!GptX"QxEHPTGA(-Q�!0(/#D!K&$D!A#.D!
A7!Inpe�InptD!

"#C$#%5'&7!ADVD7!=$#?#%7!<DED7!q2157!<D7!S&$&-&-(7!AD7!A1))(/&-7!=D^D7!91$#:&7!]D7!A&-.1/2(7!^D7!
]%&-$7!]DBD7! &-.! "&`&%7!ADPD! gUnInhD! G#))H=*#/(C(/!<#$#%0(-&-$,!5C! T#%5L(,50#!T%5)(C#%&$5%H
P/$('&$#.!B#/#*$5%!�!>1-/$(5-!(-!P.(*5/;$#,!&-.!A&/%5*2&?#,D!A5)D!G#))D!X(5)D!gb7!Unt{�Un{JD!



!
!

34#5)6./!1!2!E#-#8*B-+(#*+=<(!'&!)0*#<*(!'&!3345γ!+)9%+R0B(!'#<(!%&!8#<8&-!'&!%#!C&((+&!
!

!

IIx!

"#-?@'(,$7!ED7!A&$&!.#!R%@1(`&7!PD7!X#%?0&-7!PDHGD7!l()),5-7!9DAD7!=:�'&))7!ED7!T#%)0&--7!9D7!&-.!
]%(CC($2,7!lDED!gUnnshD!T5);1-,&$1%&$#.!>&$$;!P/(.,!V-/)1.(-?!<5/5,&2#L&#-5(/!&-.!P%&/2(.5-(/!
P/(.!X(-.!$5!$2#!B#$(-5(.!o!B#/#*$5%!~!"(?&-.H6(-.(-?!<50&(-D!A5)D!G#))D!T%5$#50(/,!g7!xJU�
tneD!

"#-2&%.7! XD7! =&-.#)(-7! PD7! &-.! G&%-(-/(7! TD! gUnIUhD! A#$&`5&-! *%505$#%,8! #0#%?(-?!
/2&%&/$#%(,$(/,!&-.!(-,(?2$,!(-$5!$%&-,/%(*$(5-&)!%#?1)&$(5-D!K&$D!B#'D!]#-#$D!:g7!Uee�UspD!

"#M(,7!ED<D7!>#%%&%&7!PD7!T#-?7!9D7![#..#%,5-7!AD7!X()N#%7!lDXD7!S1#,#-6#%%;7!GDTD7!j&1?2-7!<DED7!
K#,,#)7!"D7!=#)6;7!ED7!&-.!=$%507!XD"D!gUnIIhD!B(,N!5C!X)&..#%!G&-/#%!P05-?!<(&6#$(/!T&$(#-$,!
9%#&$#.!l($2!T(5?)($&`5-#8! V-$#%(0!%#*5%$!5C!&! )5-?($1.(-&)!/525%$!,$1.;D!<(&6#$#,!G&%#!gA7!
JIx�JUUD!

"#M(,7!ED<D7![&6#)7!"DPD7!S1#,#-6#%%;7!GDTD7!=$%507!XD"D7!T#-?7!9D7![#..#%,5-7!ADAD7!̂ 2%)(/27!=D>D7!
A&0$&-(7!BD7!X()N#%7!lD7!j&1?2-7!<DED7!#$!&)D!gUnIphD!T(5?)($&`5-#!1,#!&-.!%(,N!5C!6)&..#%!/&-/#%!
&-.!5$2#%!/5005-!/&-/#%,!(-!*#%,5-,!M($2!.(&6#$#,D!EPAP!H!ED!P0D!A#.D!P,,5/D!

"(7!<D7!"(7!9D7!l&-?7!>D7!9(&-7![D7!&-.!=&01#),7![D[D!gUnnUhD!>1-/$(5-&)!^'(.#-/#!C5%!B#$(-5(.!o!
B#/#*$5%!gBoBh!&,!&!K5-,()#-$!T&%$-#%!(-!$2#!92;%5(.![5%05-#!B#/#*$5%QBoB![#$#%5.(0#%D!
A5)D!G#))D!X(5)D!XX7!pt{U�ptJUD!

"(7![D7!l#(,#%H^'&-,7!ADGDAD7!&-.!K#0#-5CC7!BD!P-$(H!&-.!T%5$105%(?#-(/!^CC#/$,!5C!TTPB�!(-!
"1-?!G&-/#%!T%5?%#,,(5-8!P!<516)#H^.?#.!=M5%.D!TTPB!B#,D!IeD!

"(#6,/2-#%7!<D7!PC5-(-#7!TD!jD7!A5%(&%$;7!KDlD7!T55-7!XDaD7!=565)#'7!_D!jD7!9#%M())(?#%7!9DGD7!&-.!
P.&0,7! TD<D! gUnIthD! T5).#%! 0&*,8! (0*%5'(-?! _AV9! 0&*,! 6;! #L/)1.(-?! 61)N! ,5)'#-$D! P/$&!
G%;,$&))5?%D!=#/$D!=$%1/$D!X(5)D!

"550(,7!<D7![1&-?7!lD7!&-.!G2#-7!]D!gUnIshD!92#!V-$#%-&$(5-&)!P?#-/;!C5%!B#,#&%/2!5-!G&-/#%!
gVPBGh! #'&)1&$(5-! 5C! $2#! /&%/(-5?#-(/($;! 5C! 51$.55%! &(%! *5))1$(5-8! C5/1,! 5-! G2(-&D! G2(-D! ED!
G&-/#%!gg7!I{J�IJxD!

"1(,(7!XD>D! gIJJIhD!G%;,$&))5?%&*2(/!&-&);,(,!5C! $2#! (-$#%&/$(5-!5C! $2#!?)1/5/5%$(/5(.!%#/#*$5%!
M($2!<KPD!gWX7!JD!

"'7!=D7!l&-?7!lD7!l&-?7![D7!q217!ZD7!&-.!"#(7!GD!gUnIJhD!TTPB�!&/$('&$(5-!,#%'#,!&,!$2#%&*#1$(/!
,$%&$#?;!&?&(-,$!6)&..#%!/&-/#%!'(&!(-2(6($(-?!TVeaHPN$!,(?-&)(-?!*&$2M&;D!XAG!G&-/#%!:c7!UnsD!

A&0$&-(7! BD7! [&;-#,7! aD7! X()N#%7!lDXD7! j&1?2-7! <DED7! =$%507! XD"D7! ])&-`7! aD7! &-.! "#M(,7! ED<D!
gUnIUhD! P,,5/(&$(5-! 6#$M##-! )5-?#%! $2#%&*;! M($2! $2(&`5)(.(-#.(5-#,! &-.! %(,N! 5C! 6)&..#%!
/&-/#%8!P!/525%$!,$1.;D!ED!K&$)D!G&-/#%!V-,$D!

A&-?#),.5%C7!<DED7!&-.!^'&-,7!BDAD!gIJJphD!92#!BoB!2#$#%5.(0#%,!&-.!5%*2&-!%#/#*$5%,D!G#))!
tg7!{sI�{pnD!

A&-,1%#7!EDED7!K&,,(07!BD7!G2#'&)(#%7!=D7!=`;0&-,N(7!aD7!B5/2&7!ED7!P).51,&%(7!=D7!&-.!a&,,51C7!lD!
gUnIehD!P!K5'#)!A#/2&-(,0!5C!TTPB!]&00&!V-.1/$(5-!'(&!̂ ]>B!=(?-&))(-?!G5-,$($1$#,!B&$(5-&)!
C5%!G506(-&$(5-!92#%&*;!(-!X)&..#%!G&-/#%D!T"5=!_K^!t7!#ppJJtD!



!
!

34#5)6./!1!2!E#-#8*B-+(#*+=<(!'&!)0*#<*(!'&!3345γ!+)9%+R0B(!'#<(!%&!8#<8&-!'&!%#!C&((+&!
!

!

IIt!

A/G5;7! PDED7! ]%5,,#Ha1-,$)#'#7! BDlD7! =$5%5-(7! "DGD7! &-.! B#&.7! BDED! gUnnp&hD! "(N#)(255.H
#-2&-/#.!C&,$!$%&-,)&$(5-!C1-/$(5-,D!P/$&!G%;,$&))5?%D!<!X(5)D!G%;,$&))5?%D!

A/G5;7! PDED7! ]%5,,#Ha1-,$)#'#7! BDlD7! =$5%5-(7! "DGD7! &-.! B#&.7! BDED! gUnnp6hD! "(N#)(255.H
#-2&-/#.!C&,$!$%&-,)&$(5-!C1-/$(5-,D!P/$&!G%;,$&))5?%D!<!X(5)D!G%;,$&))5?%D!u:7!sp{�sxsD!

A#-#-.#`7!EDPD!gUnInhD!>(-#H$1-(-?!$2#!)(*5?#-(/Q)(*5);$(/!6&)&-/#!$5!5*$(0(`#!$2#!0#$&65)(/!
%#@1(%#0#-$,! 5C! /&-/#%! /#))! ?%5M$28!A5)#/1)&%!0#/2&-(,0,! &-.! $2#%&*#1$(/! *#%,*#/$('#,D!
X(5/2(0D!X(5*2;,D!P/$&!XXP!H!A5)D!G#))!X(5)D!"(*(.,!:tb:7!e{I�eJID!

K��%7!PDAD7!"#05-7!XD<D7!&-.!9:(&-7!BD!gUnnIhD!9%&-,/%(*$(5-&)!G5&/$('&$5%!G50*)#L#,D!P--1D!
B#'D!X(5/2#0D!pb7!stp�pnID!

K&?;7!"D7!a&57![DHZD7!"5'#7!ED<D7!"(7!GD7!X&-&;57!^D7!]55/27!ED9D7!a%(,2-&7!jD7!G2&$$#%:##7!aD7!^'&-,7!
BDAD7! &-.! =/2M&6#7! EDlDBD! gIJJJhD! A#/2&-(,0! 5C! /5%#*%#,,5%! 6(-.(-?! &-.! %#)#&,#! C%50!
-1/)#&%!25%05-#!%#/#*$5%,D!]#-#,!<#'D!:g7!eUnJ�eUIxD!

K&?;7! "D7! 95-$5-5`7! TD7! P)'&%#`7! ED]DPD7! G2#-7! [D7! &-.! ^'&-,7! BDAD! _L(.(`#.! "<"! B#?1)&$#,!

A&/%5*2&?#!]#-#!^L*%#,,(5-!$2%51?2!"(?&-.!P/$('&$(5-!5C!TTPB!D!IUD!

K5)$#7!BD9D7!l(,#);7!]DXD7!l#,$(-7!=D7!G5667!ED^D7!"&06#%$7!AD[D7!a1%5N&M&7!BD7!&-.!B5,#-C#).7!
AD]D! gIJJ{&hD! "(?&-.! 6(-.(-?! &-.! /5H&/$('&$5%! &,,#06);! 5C! $2#! *#%5L(,50#! *%5)(C#%&$5%H

&/$('&$#.!%#/#*$5%H!!{D!gcW7!JD!

K5)$#7!BD9D7!l(,#);7!]DXD7!l#,$(-7!=D7!G5667!ED^D7!"&06#%$7!AD[D7!a1%5N&M&7!BD7!&-.!B5,#-C#).7!
AD]D! gIJJ{6hD! "(?&-.! 6(-.(-?! &-.! /5H&/$('&$5%! &,,#06);! 5C! $2#! *#%5L(,50#! *%5)(C#%&$5%H

&/$('&$#.!%#/#*$5%H!!{D!gcW7!tD!

K5`&M&7!aD7!=/2-#(.#%7!9DBD7!&-.!G%&0#%7!TD!gUnIthD!G5%#!A#.(&$5%!,$%1/$1%#!&$!eDs!v!#L$#-.,!
05.#)!5C!$%&-,/%(*$(5-!(-($(&$(5-!/50*)#LD!K&$1%#!WAW7!Us{�UpID!

_2&,2(7!AD7!]&057!aD7!_;&0&7!9D7!&-.!A(;&/2(7![D!gUnIphD!T#%5L(,50#!*%5)(C#%&$5%H&/$('&$#.!
%#/#*$5%!?&00&! gTTPB/h!2&,!01)$(*)#!6(-.(-?!*5(-$,! $2&$!&//5005.&$#! )(?&-.,! (-!'&%(51,!
/5-C5%0&$(5-,8! =$%1/$1%&));! ,(0()&%! TTPB/! *&%$(&)! &?5-(,$,! 6(-.! $5! TTPB/! "X<! (-! .(CC#%#-$!
/5-C5%0&$(5-,D!X(55%?!A#.!G2#0!"#$$!pD!

_,`7!ED7!X%#)('#$7!ZD7!T#)1,5HV)$(,7!GD7!G1%&7!jD7!^()#%7!=D7!B1CC7!AD7!X51%?1#$7!lD7!B5/2#)7!KD7!&-.!
A5%&,7!<D! gUnIUhD!=$%1/$1%&)!6&,(,! C5%!&!05)#/1)&%!&))5,$#%(/!/5-$%5)!0#/2&-(,0!5C!/5C&/$5%!
6(-.(-?!$5!-1/)#&%!%#/#*$5%,D!T%5/D!K&$)D!P/&.D!=/(D!:bc7!^p{{�^pJsD!

_,`7!ED7!A/^M#-7!PD]D7!T51,,(-HG51%05-$&?-#7!TD7!A51$(#%7!^D7!X(%/N7!GD7!<&'(.,5-7!VD7!A5%&,7!
<D7!&-.!B5/2#)7!KD!gUnIphD!=$%1/$1%&)!X&,(,!5C!K&$1%&)!T%505$#%!B#/5?-($(5-!6;!$2#!B#$(-5(.!o!
K1/)#&%!B#/#*$5%D!=/(D!B#*D!W7!{UIxD!

_,`7!ED7!A/^M#-7!PD]D7!l5)C7!ED7!T51,,(-HG51%05-$&?-#7!TD7!T#)1,5HV)$(,7!GD7!G2#6&%57!ZD7!a(#CC#%7!
XD7!&-.!B5/2#)7!KD!gUnIJhD!A5.1)&$(5-!5C!BoBH<KP!/50*)#L!&,,#06);!6;!<KP!/5-$#L$D!A5)D!
G#))D!^-.5/%(-5)D!At:7!ss�pUD!



!
!

34#5)6./!1!2!E#-#8*B-+(#*+=<(!'&!)0*#<*(!'&!3345γ!+)9%+R0B(!'#<(!%&!8#<8&-!'&!%#!C&((+&!
!

!

II{!

T#-'5,#7!PD7!a##-&-7!ED"D7!X%&;7!<D7!B&0)&))7!jD7!&-.!=(??#%,7!9D!gUnIJhD!G50*%#2#-,('#!,$1.;!5C!
-1/)#&%! %#/#*$5%! <KP! 6(-.(-?! *%5'(.#,! &! %#'(,#.! C%&0#M5%N! C5%! 1-.#%,$&-.(-?! %#/#*$5%!
,*#/(C(/($;D!K&$D!G5001-D!:b7!UpIsD!

T+%#`7!^D7!X51%?1#$7!lD7!]%5-#0#;#%7![D7!&-.!.#!"#%&7!PDBD!gUnIUhD!A5.1)&$(5-!5C!BoB!C1-/$(5-!
$2%51?2!)(?&-.!.#,(?-D!X(5/2(0D!X(5*2;,D!P/$&!XXP!H!A5)D!G#))!X(5)D!"(*(.,!:tX:7!pt�xJD!

T#%(,,(7! jD7! P??&%M&)7! PD7! ])&,,7! GDaD7! B5,#7! <DlD7! &-.! B5,#-C#).7! AD]D! gUnnshD! P!
G5%#*%#,,5%QG5&/$('&$5%! ^L/2&-?#! G50*)#L! B#@1(%#.! C5%! 9%&-,/%(*$(5-&)! P/$('&$(5-! 6;!
K1/)#&%!B#/#*$5%,!&-.!_$2#%!B#?1)&$#.!9%&-,/%(*$(5-!>&/$5%,D!G#))!::u7!pII�pUxD!

T#$#%,7! EDAD7! =2&27! ZDAD7! &-.! ]5-`&)#`7! >DED! gUnIUhD! 92#! %5)#! 5C! *#%5L(,50#! *%5)(C#%&$5%H
&/$('&$#.!%#/#*$5%,!(-!/&%/(-5?#-#,(,!&-.!/2#05*%#'#-$(5-D!:XD!

T)&,/2N&7!GD7!"&%('(3%#7!"D7!l#-`#/N7!"D7!=#(`)7!AD7![#0&--7!AD7!9#?1-5'7!<D7!T#$%5$/2#-N57!^DjD7!
X5%/2#%,7!GD[D7!X&10#(,$#%7!lD7![#%`5?7!>D7!#$!&)D!gUnIphD!P%/2($#/$1%#!5C!$2#!BKP!*5);0#%&,#!
VV�A#.(&$5%!/5%#!(-($(&$(5-!/50*)#LD!K&$1%#!W:t7!etx�e{nD!

T1(?,#%'#%7!TD7!l17!qD7!T&%N7!GDlD7!]%&'#,7!BD7!l%(?2$7!AD7!&-.!=*(#?#)0&-7!XDAD!gIJJ{hD!P!G5).H
V-.1/(6)#!G5&/$('&$5%!5C!K1/)#&%!B#/#*$5%,!"(-N#.!$5!P.&*$('#!92#%05?#-#,(,D!G#))!cX7!{UJ�
{eJD!

B&/2#`7!GD7!=1).&-7!qD7!l&%.7!ED7!G2&-?7!GDHTDXD7!X1%&N5'7!<D7!^%.:10#-$HX%50&?#7![D7!9#0*,$7!
TD7! &-.!>%##.0&-7! "DTD! gIJJ{hD!P!-5'#)!*%5$#(-!/50*)#L! $2&$! (-$#%&/$,!M($2! $2#!'($&0(-!<e!
%#/#*$5%! (-! &! )(?&-.H.#*#-.#-$! 0&--#%! &-.! #-2&-/#,! j<B! $%&-,&/$('&$(5-! (-! &! /#))HC%##!
,;,$#0D!]#-#,!<#'D!:X7!It{t�I{nnD!

B&,$(-#:&.7!>D!gUnnIhD!B#$(-5(.!o!%#/#*$5%!&-.!($,!*&%$-#%,!(-!$2#!-1/)#&%!%#/#*$5%!C&0();D!G1%%D!
_*(-D!=$%1/$D!X(5)D!::7!ee�e{D!

B&,$(-#:&.7!>D7!T#%)0&--7!9D7!^'&-,7!BDAD7!&-.!=(?)#%7!TDXD!gIJJphD!=$%1/$1%&)!.#$#%0(-&-$,!5C!
-1/)#&%!%#/#*$5%!&,,#06);!5-!<KP!.(%#/$!%#*#&$,D!K&$1%#!gpW7!Une�UIID!

B#651(,,517!=D7!X#%-&%.HT(#%%5$7!VD7!.#!B#;-(3,7!PD7!"#*&?#7!ADH"D7!a%1/N#%7!GD7!G2&*#&16)&-/7!
^D7! [+%&1)$7! PD7! a&051-7! PD7! G&())&1)$7! PD7! "#$51`+7! ^D7! #$! &)D! gUnIshD! ^]>B! &,! &! *5$#-$(&)!
$2#%&*#1$(/! $&%?#$! C5%! &! ,16,#$! 5C!01,/)#H(-'&,('#! 6)&..#%! /&-/#%,! *%#,#-$(-?! &! 6&,&)H)(N#!
*2#-5$;*#D!=/(D!9%&-,)D!A#.D!u7!Uss%&JID!

B#..;7!̂ DTD7!B#;-5).,7!BDaD7!=&-$5,7!̂ D7!&-.!X&%6&/(.7!AD!gIJ{UhD!P!*5(-$!01$&$(5-!(,!%#,*5-,(6)#!
C5%!$2#!&/@1(,($(5-!5C!$%&-,C5%0(-?!*%5*#%$(#,!6;!$2#!9Us!210&-!6)&..#%!/&%/(-50&!5-/5?#-#D!
K&$1%#!gbb7!IsJ�IpUD!

B#-&1.7!EDTD7!&-.!A5%&,�7!<D!gUnnnhD!=$%1/$1%&)!,$1.(#,!5-!-1/)#&%!%#/#*$5%,8!G#))D!A5)D!"(C#!=/(D!
Wp7!Its{�ItxJD!

B56#%$,5-7!PD]D7!a(07! ED7!P)HP20&.(#7![D7!X#))01-$7! ED7!]157!]D7!G2#%-(&/N7!PD<D7![(-51#7!9D7!
"&(%.7!TDlD7![5&.)#;7!aDPD7!PN6&-(7!BD7!#$!&)D!gUnIthD!G50*%#2#-,('#!A5)#/1)&%!G2&%&/$#%(`&$(5-!
5C!A1,/)#HV-'&,('#!X)&..#%!G&-/#%D!G#))D!



!
!

34#5)6./!1!2!E#-#8*B-+(#*+=<(!'&!)0*#<*(!'&!3345γ!+)9%+R0B(!'#<(!%&!8#<8&-!'&!%#!C&((+&!
!

!

IIJ!

B56(-,5-HB#/2&'(7!AD7! G&%*#-$(#%7! PDH=D7! <1CC%&(,,#7!AD7! &-.! "&1.#$7! jD! gUnnIhD! [5M!0&-;!
-1/)#&%!25%05-#!%#/#*$5%,!&%#!$2#%#!(-!$2#!210&-!?#-50#�!9%#-.,!]#-#$D!:p7!pps�ppxD!

B5/2#)7! KD7! G(#,(#),N(7! >D7! ]5.#$7! ED7! A50&-7! ^D7! B5#,,)#7! AD7! T#)1,5HV)$(,7! GD7! A51)(-7! AD7!
[&#%$)#(-7!AD7!G&))5M7!TD7!A+);7!ZD7! #$!&)D! gUnIIhD!G5005-!&%/2($#/$1%#!5C!-1/)#&%! %#/#*$5%!
2#$#%5.(0#%,!5-!<KP!.(%#/$!%#*#&$!#)#0#-$,!M($2!.(CC#%#-$!,*&/(-?,D!K&$D!=$%1/$D!A5)D!X(5)D!
:t7!pxs�ptnD!

B5/2#)7!KD7!a%1/N#%7!GD7!G51$5,H92+'#-5$7!"D7!_,`7!ED7!q2&-?7!BD7!]1;5-7!^D7!q($&7!lD7!j&-$25-?7!
=D7![#%-&-.#`7!_DPD7!X51%?1#$7!AD7!#$!&)D! gUnIJ&hD!B#/1%%#-$!&/$('&$(-?!01$&$(5-,!5C!TTPB�!
&,,5/(&$#.!M($2!)10(-&)!6)&..#%!$105%,D!K&$D!G5001-D!:bD!

B5/2#)7!KD7!a%1/N#%7!GD7!G51$5,H92+'#-5$7!"D7!_,`7!ED7!q2&-?7!BD7!]1;5-7!^D7!q($&7!lD7!j&-$25-?7!
=D7![#%-&-.#`7!_DPD7!X51%?1#$7!AD7!#$!&)D! gUnIJ6hD!B#/1%%#-$!&/$('&$(-?!01$&$(5-,!5C!TTPB�!
&,,5/(&$#.!M($2!)10(-&)!6)&..#%!$105%,D!K&$D!G5001-D!:b7!UpeD!

B5,#-7! ^D<D7! &-.! =*(#?#)0&-7! XDAD! gUnnIhD! TTPB�8! &! K1/)#&%! B#?1)&$5%! 5C! A#$&65)(,07!
<(CC#%#-$(&$(5-7!&-.!G#))!]%5M$2D!ED!X(5)D!G2#0D!Xpu7!etteI�ettesD!

B5,#-C#).7!AD]D! gUnnxhD!=#-,5%,!&-.!,(?-&),8!&!/5&/$('&$5%Q/5%#*%#,,5%Q#*(?#-#$(/!/5.#! C5%!
(-$#?%&$(-?! ,(?-&)H.#*#-.#-$! *%5?%&0,! 5C! $%&-,/%(*$(5-&)! %#,*5-,#D! ]#-#,! <#'D! Xb7! Isnp�
IsU{D!

=&#`7!̂ D7!95-$5-5`7!TD7!K#),5-7!ADGD7!P)'&%#`7!ED]DPD7!A(-?!R7!9D7!X&(%.7!=DAD7!9250&`;7!jDPD7!&-.!
^'&-,7!BDAD!gIJJ{hD!P/$('&$5%,!5C!$2#!-1/)#&%!%#/#*$5%!TTPB�!#-2&-/#!/5)5-!*5);*!C5%0&$(5-D!
K&$D!A#.D!A7!Inp{�InxID!

=&(-,61%;7!=D7!X#%-#/N;7!GD7!&-.!G%&0#%7!TD!gUnIphD!=$%1/$1%&)!6&,(,!5C!$%&-,/%(*$(5-!(-($(&$(5-!
6;!BKP!*5);0#%&,#!VVD!K&$D!B#'D!A5)D!G#))!X(5)D!:u7!IUJ�IseD!

=&%%&C7! TD7! A1#))#%7! ^D7! =0($27! lDAD7! l%(?2$7! [DAD7! a107! EDXD7! &-.! P&)$5-#-7! "DPD! "5,,H5CH

>1-/$(5-!A1$&$(5-,!(-!TTPB!!P,,5/(&$#.!M($2![10&-!G5)5-!G&-/#%D!A5)D!G#))!xD!

=/2M&6#7!EDlD>D7!G2&*0&-7!"D7!B25.#,7!<D7!&-.!>(-/27!ED9D!92#!G%;,$&)!=$%1/$1%#!5C!$2#!^,$%5?#-!
B#/#*$5%!<KPHX(-.(-?!<50&(-!X51-.! $5!<KP8![5M!B#/#*$5%,!<(,/%(0(-&$#!6#$M##-!92#(%!
B#,*5-,#!^)#0#-$,D!IUD!

=2&-?7! ED7!A5,1%#7!=DPD7!q2#-?7! ED7!X%1,$7!BD7!X&,,7! ED7!K(/25),7!PD7!=5)$7!"DPD7!]%(CC(-7!TDBD7!&-.!
a5:#$(-7!<DED!gUnUnhD!P!05)#/1)&%!,M($/2!%#?1)&$(-?!$%&-,/%(*$(5-&)!%#*%#,,(5-!&-.!&/$('&$(5-!5C!
TTPB�D!K&$D!G5001-D!::7!JpxD!

=2&57!<D7!&-.!"&`&%7!ADPD!gIJJJhD!A5.1)&$(-?!-1/)#&%!%#/#*$5%!C1-/$(5-8!0&;!$2#!*25,!6#!M($2!
;51D!ED!G)(-D!V-'#,$D!:bg7!IxIt�IxI{D!

=2#%7! 9D7! Z(7! [D>D7! A/X%(.#7! _DlD7! &-.! ]5-`&)#`7! >DED! gIJJehD! /<KP! /)5-(-?7! /2%505,50&)!
0&**(-?7! &-.! C1-/$(5-&)! /2&%&/$#%(`&$(5-! 5C! $2#! 210&-! *#%5L(,50#! *%5)(C#%&$5%! &/$('&$#.!
%#/#*$5%D!X(5/2#0(,$%;!gX7!ppJ{�pxnsD!

=21)0&-7! PDVD7! "&%,5-7! GD7! A&-?#),.5%C7! <DED7! &-.! B&-?&-&$2&-7! BD! gUnnshD! =$%1/$1%&)!
<#$#%0(-&-$,!5C!P))5,$#%(/!"(?&-.!P/$('&$(5-!(-!BoB![#$#%5.(0#%,D!G#))!::u7!sIt�sUJD!



!
!

34#5)6./!1!2!E#-#8*B-+(#*+=<(!'&!)0*#<*(!'&!3345γ!+)9%+R0B(!'#<(!%&!8#<8&-!'&!%#!C&((+&!
!

!

IUn!

=(05-,7!=D=D7!^.M&%.,7!<DTD7!&-.!a10&%7!BD!gUnIshD!A(-(%#'(#M8!<;-&0(/!=$%1/$1%#,!5C!K1/)#&%!
[5%05-#!B#/#*$5%,8!K#M!T%50(,#,!&-.!G2&))#-?#,D!A5)D!^-.5/%(-5)D!Xt7!Ite�I{UD!

=0&%$7!_D=D7!l50&/N7!9D_D7!>)#-,61%?7!GD7!a#))#%7!TD7!T&/(5%#N7!lD7!=2&%CC7!PD7!j5-%2#(-7!GD7!&-.!
X%(/5?-#7!]D!gUnIUhD!^L*)5($(-?!,$%1/$1%#!,(0()&%($;!(-!%#C(-#0#-$8!P1$50&$#.!KG=!&-.!$&%?#$H
,$%1/$1%#!%#,$%&(-$,!(-!XR=9^BD!P/$&!G%;,$&))5?%D!<!X(5)D!G%;,$&))5?%D!

=51$51%(-&7!ED!gUnI{hD!9%&-,/%(*$(5-!%#?1)&$(5-!6;!$2#!A#.(&$5%!/50*)#LD!K&$D!B#'D!A5)D!G#))!
X(5)D!:c7!UxU�UtsD!

=*#-/#%7!9D^D7!E#-,$#%7!]D7!X1%/(-7!ADAD7!P))(,7!GD<D7!q2517!ED7!A(``#-7!GDPD7!A/a#--&7!KDED7!_-&$#7!
=DPD7! 9,&(7! =DZD7! 9,&(7! ADHED7! #$! &)D! gIJJthD! =$#%5(.! %#/#*$5%! /5&/$('&$5%HI! (,! &! 2(,$5-#!
&/#$;)$%&-,C#%&,#D!K&$1%#!gtc7!IJs�IJ{D!

=*($`7! >D7! &-.! >1%)5-?7! ^D^DAD! gUnIUhD! 9%&-,/%(*$(5-! C&/$5%,8! C%50! #-2&-/#%! 6(-.(-?! $5!
.#'#)5*0#-$&)!/5-$%5)D!K&$D!B#'D!]#-#$D!:g7!xIe�xUxD!

=1-.'5).7![D7!&-.!"(#-7!=D!gUnnIhD!V.#-$(C(/&$(5-!5C!&!K5'#)!T#%5L(,50#!T%5)(C#%&$5%HP/$('&$#.!
B#/#*$5%! gTTPBh! �! T%505$#%! (-!A&-! &-.! 9%&-,&/$('&$(5-! 6;! $2#!K1/)#&%! B#/#*$5%! B_B~ID!
X(5/2#0D!X(5*2;,D!B#,D!G5001-D!Xtp7!e{e�eJnD!

9G]P! gUnIshD! G50*%#2#-,('#! 05)#/1)&%! /2&%&/$#%(`&$(5-! 5C! 1%5$2#)(&)! 6)&..#%! /&%/(-50&D!
K&$1%#!Wbp7!eIp�eUUD!

9250*,5-7! TD<D7! E1%1$N&7! TDlD7! [&1,,)#%7! GDPD7!l2($C(#).7! ]DaD7! &-.! [&1,,)#%7! ADBD! gIJJ{hD!
[#$#%5.(0#%(/!<KP!X(-.(-?!6;!$2#!j($&0(-!<!B#/#*$5%!&-.!B#$(-5(.!o!B#/#*$5%,!V,!^-2&-/#.!
6;!I7UpH<(2;.%5L;'($&0(-!<!#!&-.!V-2(6($#.!6;!JH!8+(!HB#$(-5(/!P/(.8!̂ jV<^KG^!>_B!P""_=9^BVG!
B^G^T9_B!VK9^BPG9V_K=D!ED!X(5)D!G2#0D!Xpg7!{s{e�{sJID!

95-$5-5`7!TD7!&-.!=*(#?#)0&-7!XDAD!gUnn{hD!>&$!&-.!X#;5-.8!92#!<('#%,#!X(5)5?;!5C!TTPB�D!
P--1D!B#'D!X(5/2#0D!

j&%)#;7!GD"D!gUnnshD!B5)#!5C!TTPB!&-.!^]>B!,(?-&))(-?!(-!$2#!1%5$2#)(&)!$#%0(-&)!.(CC#%#-$(&$(5-!
*%5?%&00#D!ED!G#))!=/(D!::p7!UnUJ�UnexD!

j&%)#;7!GD"D7!=$&2),/20(.$7!ED7!"##7!lDHGD7![5).#%7!ED7!<(??)#7!GD7!=#)6;7!TDED7!9%#:.5,(#M(/`7!"DaD7!
&-.!=51$2?&$#7!ED!gUnnshD!B5)#!5C!TTPB?&00&!&-.!^]>B!,(?-&))(-?!(-!$2#!1%5$2#)(&)!$#%0(-&)!
.(CC#%#-$(&$(5-!*%5?%&00#D!ED!G#))!=/(D!::p7!UnUJ�UnexD!

j(,M&N&%0&7!KD7! E(&7! ZD7! X&(7! "D7!j)1??#-,7!PD7!X5%#-,`$&:-7! ED7! o17! ED7! &-.!B#..;7! EDaD! gUnInhD!
G5&/$('&$5%,!(-!TTPBHB#?1)&$#.!]#-#!^L*%#,,(5-D!TTPB!B#,D!Xb:b7!I�UID!

j5#?#)7!EDED!gIJJ{hD!92#!/5&/$('&$5%!9V>U!/5-$&(-,!$2%##!-1/)#&%!%#/#*$5%H6(-.(-?!05$(C,!&-.!
0#.(&$#,!$%&-,&/$('&$(5-!$2%51?2!GXT!6(-.(-?H.#*#-.#-$!&-.!H(-.#*#-.#-$!*&$2M&;,D!̂ AX_!
ED!:p7!pnt�pIJD!

l&-?7!]D7!G&57!BD7!l&-?7!ZD7!S(&-7!]D7!<&-7![DGD7!E(&-?7!lD7!E17!"D7!l17!AD7!o(&57!ZD7!&-.!l&-?7!
oD!gUnIxhD!=(0'&,$&$(-!(-.1/#,!/#))!/;/)#!&%%#,$!&-.!(-2(6($,!*%5)(C#%&$(5-!5C!6)&..#%!/&-/#%!/#)),!
'(&!TTPB�!,(?-&))(-?!*&$2M&;D!=/(D!B#*D!u7!ept{eD!



!
!

34#5)6./!1!2!E#-#8*B-+(#*+=<(!'&!)0*#<*(!'&!3345γ!+)9%+R0B(!'#<(!%&!8#<8&-!'&!%#!C&((+&!
!

!

IUI!

l&$&-&6#7!AD7!&-.!a&N1$&7![D! gUnI{hD!B#$(-5(.!o!B#/#*$5%!P-$&?5-(,$,D! V-$D! ED!A5)D!=/(D!:c7!
UepsD!

l#&$2#%0&-7! BDjD7! >)#$$#%(/N7! BDED7! &-.! =/&-)&-7! 9D=D! gIJJJhD! K1/)#&%HB#/#*$5%! "(?&-.,! &-.!
"(?&-.HX(-.(-?!<50&(-,D!P--1D!B#'D!X(5/2#0D!ut7!ppJ�p{ID!

l())(&0,7!=DjD7![1%,$7!GD<D7!&-.!a-5M)#,7!ADPD!gUnIehD!_-/5?#-(/!>]>Be!?#-#!C1,(5-,!(-!6)&..#%!
/&-/#%D![10D!A5)D!]#-#$D!XX7!tJp�{neD!

l(),5-7! 9D^D7! >&2%-#%7! 9DED7! &-.! A()6%&-.$7! ED! gIJJehD! 92#! 5%*2&-! %#/#*$5%,! K]>VHX! &-.!
,$#%5(.5?#-(/! C&/$5%!I!#,$&6)(,2!05-50#%!6(-.(-?!&,!&!$2(%.!*&%&.(?0!5C!-1/)#&%!%#/#*$5%H
<KP!(-$#%&/$(5-D!A5)D!G#))D!X(5)D!:g7!ptJs�p{nsD!

l17!oDHBD!gUnnphD!R%5$2#)(&)!$105%(?#-#,(,8!&!$&)#!5C!.('#%?#-$!*&$2M&;,D!K&$D!B#'D!G&-/#%!W7!
tIe�tUpD!

l1%$`7!EDHAD7!X51%?1#$7!lD7!B#-&1.7!EDHTD7!j('&$7!jD7!G2&065-7!TD7!A5%&,7!<D7!&-.!]%5-#0#;#%7!
[D! gIJJxhD! P! /&-5-(/&)! ,$%1/$1%#! C5%! $2#! )(?&-.H6(-.(-?! .50&(-! 5C! -1/)#&%! %#/#*$5%,D! K&$D!
=$%1/$D!X(5)D!g7!{t�JsD!

Z&-7!=D7!Z&-?7!oD7!G2#-7!9D7!o(7!qD7!&-.!E(&-?7!oD!gUnIshD!92#!TTPB�!&?5-(,$!9%5?)($&`5-#!(-.1/#,!
&1$5*2&?;7!&*5*$5,(,!&-.!-#/%5*$5,(,!(-!6)&..#%!/&-/#%!/#)),D!G&-/#%!]#-#!92#%D!

Z&-?7!<DHBD7!"(-7!=DHED7!<(-?7!oDH>D7!A(;&05$57![D7!A#,,(-?7!^D7!"(7!"DHSD7!l&-?7!KD7!&-.!G2&-?7!GD!
gUnIehD![(?2#%!^L*%#,,(5-!5C!T#%5L(,50#!T%5)(C#%&$5%H&/$('&$#.!B#/#*$5%!�!5%!V$,!P/$('&$(5-!6;!
P?5-(,$!92(&`5)(.(-#.(5-#H%5,(?)($&`5-#!T%505$#,!X)&..#%!G&-/#%!G#))!A(?%&$(5-!&-.!V-'&,(5-D!
R%5)5?;!t:7!IInJD#IHIInJD#xD!

Z5,2(01%&7!BD7!A&$,1;&0&7!AD7!=#?&M&7!ZD7![&,#7!9D7!A($,12&,2(7!AD7!9,1/2(.&7!aD7!l&.&7!=D7!
a&M&2($57! ZD7! =&-57! [D7! &-.! K&N&$&-(7! 9D! gUnnehD! ^L*%#,,(5-! 5C! *#%5L(,50#! *%5)(C#%&$5%H
&/$('&$#.!%#/#*$5%,!gTTPB,h!(-!210&-!1%(-&%;!6)&..#%!/&%/(-50&!&-.!?%5M$2!(-2(6($(5-!6;!($,!
&?5-(,$,D!V-$D!ED!G&-/#%!:bA7!pJt�xnUD!

Z5,2(-&?&7!=D7!T#$#%,5-7!GD7![#%,N5M($`7!VD7!&-.!Z&0&05$57!aD!gIJJUhD!B5)#,!5C!=lVI7!=lVU7!&-.!
=lVe!*%5$#(-,!C5%!$%&-,/%(*$(5-&)!#-2&-/#0#-$!6;!,$#%5(.!%#/#*$5%,D!=/(#-/#!XWt7!IpJ{�IxnsD!

q2&-?7!oD7!E#;&N10&%7!AD7!T#$1N25'7!=D7!&-.!X&?/2(7!ADaD!gIJJ{hD!92#!T5*1)&$(5-!G51-/()!&-.!
92#!B5/N#C#))#%!R-('#%,($;!K#M!Z5%N7!K#M!Z5%N!InnUD!:X7!IUD!

q217!ZD7!S(7!GD7!E&(-7!=D7!B&57!AD=D7!&-.!B#..;7!EDaD!gIJJthD!V,5)&$(5-!&-.!G2&%&/$#%(`&$(5-!5C!TXT7!
&!T%5$#(-!92&$!V-$#%&/$,!M($2!T#%5L(,50#!T%5)(C#%&$5%H&/$('&$#.!B#/#*$5%D!ED!X(5)D!G2#0D!XpX7!
Uppnn�UppnxD!

9%?'7@."/A"#"'()!

*
T2&$!aA)Q!a0$!$'<<A)%*G!=5!0!@)0#%!P)AR!.&@'*!60%&A#0>*!(A#%)*!>*!(0#1*)!J!.Y(Y[T+!

VY6[l+!(Yl+!iYE+!(YX-H+EYX+!LY(+!]YdY+!EY/Y+!"YIY[,YK!0$!0#!0$$A1&0%*G!%*0R!J:;'&<*!



!
!

34#5)6./!1!2!E#-#8*B-+(#*+=<(!'&!)0*#<*(!'&!3345γ!+)9%+R0B(!'#<(!%&!8#<8&-!'&!%#!C&((+&!
!

!

IUU!

>0=*>>&$?*K+!%2*!t(0)%*!Gm"G*#%&%?!G*$!T'R*')$u!<)A@)0R!&#&%&0%*G+!G*4*>A<*G!0#G!P'#G*G!

=5!.&@'*!60%&A#0>*!(A#%)*! >*!(0#1*)+!=5!0!t,.[I&Au!<)Av*1%! P'#G*G!=5! "6(0!JMD8Fn

89FK+!%2*!E)*#12!7&#&$%)5!AP!LG'10%&A#!0#G!/*$*0)12+!%2*!(6/-+!0#G!%2*!"#$%&%'%!(')&*Y!

T2*!<)Av*1%!a0$!0>$A!$'<<A)%*G!=5!%2*!.&@'*!/?@&A#0>*!H)0#G[L$%!(A#%)*!>*!(0#1*)+!

%2*!(*#%)*!60%&A#0>!G*!>0!/*12*)12*!-1&*#%&P&;'*+!%2*!"#$%&%'%!60%&A#0>!G*!>0!-0#%?!*%!

G*!>0!/*12*)12*!7?G&10>*!0#G!%2*!3#&4*)$&%5!AP!-%)0$=A')@Y!e*!01Q#Aa>*G@*!d6/[

8D[.dIh[DD^D["6/T! '#G*)! %2*! P)0R*! <)A@)0R! "#4*$%&$$*R*#%$! Gmd4*#&)! >0=*>>*G!

d6/[8D["XLh[DDDM[DMd6/!0#G!%2*!$'<<A)%!0#G!%2*!'$*!AP!)*$A')1*$!AP!%2*!E)*#12!

"#P)0$%)'1%')*!PA)!"#%*@)0%*G!-%)'1%')0>!I&A>A@5!E/"-I"!d6/[8D["6I-[DC+!%2*!"#$%)'1%[

L/"(!0#G!%2*!E)*#12!,)A%*AR&1!"#P)0$%)'1%')*!,)AE"!d6/[8D["6I-[DNnD^Y!e*!aA'>G!

>&Q*! %A! %20#Q! %2*! $%0PP! AP! ,)Ag&R0! 8! 0%! -U.L".! 0$! a*>>! 0$! AP! "X^Dd^! 0%! L-/E! PA)!

0$$&$%0#1*!&#!'$&#@!%2*!=*0R>&#*$Y!e*!0>$A!%20#Q!d>0$%0&)!71La*#!J"HI7(K!PA)!2*><!

&#!h[)05!G0%0!1A>>*1%&A#$Y!e*!aA'>G!>&Q*!%A!%20#Q!-&RA#*!I*#20RA'!J"H/K!0#G!T2&*))5!

.*=)*%!JEA12!VA$<&%0>K!PA)!%2*&)!2*><!&#!$*%%&#@!'<!%2*!("T!$*)&*$!AP!=>0GG*)!%'RA)$Y!e*!

%20#Q!H"-!"I&-d!0#G!/?@&A#!d>$01*!PA)!P&#0#1&0>!$'<<A)%!&#!<')120$&#@!0!-5#0<%!HM!

VX7-!&#$%)'R*#%Y!

!

92(=7$*%7'($&-2(&7')*

!
.Y([T+!-Y(+!EY/+!6Y/Y!0#G!"YIY[,Y!G*$&@#*G!%2*!$%'G5Y!.Y(Y[TY+!VY6[l+!iYE+!(YX-H+!LY(!

10))&*G!A'%!%2*!=&A&#PA)R0%&1$!0#0>5$&$Y!dYl!0#G!dY!X/!1>0$$&P&*G!%2*!%'RA)$!0#G!1*>>!

>&#*$!011A)G&#@!%A!%2*!1A#$*#$'$!RA>*1'>0)!1>0$$&P&10%&A#+!][d!<*)PA)R*G!2&$%A>A@&10>!

0#0>5$&$! AP! %2*! %'RA)$+! T[.! 0#G! ][dY! .Y(Y[TY+! VY6[l+! EYXY+! (YlY+! iYEY! 0#G! "YIY[,Y!

<*)PA)R*G! %2*! P'#1%&A#0>! $%'G&*$! 0#G! 0#0>5f*G! %2*! G0%0Y! -YI+!\Y,+!(Y,Y"Y! 0#G! iYUY!

<*)PA)R*G! %2*! =&A12*R&10>+! 0#G! =&A<25$&10>! $%'G&*$Y! 6Y/Y! <*)PA)R*G! %2*! $%)'1%')0>!

$%'G&*$!0#G!0#0>5f*G! %2*!=&A<25$&10>!0#G!$%)'1%')0>!G0%0Y!7Y.Y!<*)PA)R*G! %2*!R0$$!



!
!

34#5)6./!1!2!E#-#8*B-+(#*+=<(!'&!)0*#<*(!'&!3345γ!+)9%+R0B(!'#<(!%&!8#<8&-!'&!%#!C&((+&!
!

!

IUe!

$<*1%)AR*%)5!*g<*)&R*#%$+!7Y.Y!0#G!-Y(Y!0#0>5f*G!%2*!R0$$!$<*1%)AR*%)5!G0%0Y!!.Y(Y[

T+!VY6[l+!iYE+!6Y/Y!0#G!"YIY[,Y!a)A%*!%2*!R0#'$1)&<%Y!d>>!0'%2A)$!R0G*!1ARR*#%$!A#!

%2*!R0#'$1)&<%Y!

! !



!
!

34#5)6./!1!2!E#-#8*B-+(#*+=<(!'&!)0*#<*(!'&!3345γ!+)9%+R0B(!'#<(!%&!8#<8&-!'&!%#!C&((+&!
!

!

IUs!

!"#$%&'(

!

!

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

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

!
&
-.
&
+
($
*
/$
!
!
"
#
$

0
&
'&
()
*
+
,

"
''

1
2
3
!

1
2
3
4
5

1
2
3
6

7
8
95
:

4
;
<'
)=
&

>

?>

@>

A>

BBB B

BBBB

.

0

12

10

3

4

5

/

12

4
*
-3
8
'

1
2
3
!

1
2
3
4
5

1
2
3
6

7
8
95
:

4
;
<'
)=
&

1
2
3
!

1
2
3
4
5

1
2
3
6

7
8
95
:

4
;
<'
)=
&

BBBB
BBBB

BBBB
BBBB

BBBB

BBBB

8 CDE" DFC

D*+,&+,2,$.'8,,)/).8()*+$@>?G

BBBB
BBBB

BBBB

3

4

5

/

12

13

14

%
&
'&
()
*
+
,

4
*
+
&

E
8
)+

!
!
"
#

BBBB
BBBB

BBBB

2

1

3

%
&
'&
()
*
+
,

4
*
+
&

E
8
)+

!
!
"
#
$8
.
()
H
8
()
*
+
$,
.
*
-&

CDE"

262

260

162

789:,';

<')';=>?8'9@8)

<')';

789:,';

$9A;:B:C'(:@,

D*C8EE*,(%98('(:@,

F@,*

F@,+E*C8EE*,(%98('(:@,

E&+&().$8'(&-8()*+,

+. 32

2 0 12 10+1 +260 2 260

+1 2 1

C
G
3
0
H
3
H
H
I
5

C
G
1
/
2
5
.
3
I
/

C
G
3
5
.
5
4
/
H
H

C
G
3
I
2
H
0
0
3
I

C
G
2
5
0
I
.
5
4
4

C
G
3
1
H
4
5
3
H
H

C
G
3
.
0
1
4
.
3
4

C
G
2
4
I
4
/
H
/
/

C
G
1
0
I
3
3
4
2
4

C
G
1
.
0
1
/
I
H
3

C
G
2
H
4
2
0
1
5
H

C
G
2
4
5
.
3
5
I
1

C
G
2
I
0
0
5
1
.
4

C
G
1
/
/
/
I
1
/
5

C
G
3
1
/
0
H
2
0
.

C
G
2
4
H
2
/
.
2
2

C
G
1
5
/
3
I
0
.
4

C
G
1
/
0
.
I
3
3
3

C
G
2
I
/
H
0
0
I
5

C
G
2
I
5
I
5
H
3
2

C
G
1
2
4
H
H
5
0
1

"
'(
&
-8
()
*
+
,

BBBB
BBBB BBBB

BBBB
BBBB

BB

BBBB
0



!
!

34#5)6./!1!2!E#-#8*B-+(#*+=<(!'&!)0*#<*(!'&!3345γ!+)9%+R0B(!'#<(!%&!8#<8&-!'&!%#!C&((+&!
!

!

IUp!

"#$)0,!&R!S,/,0:M1$:)9!7,+,/#:.9!'.7!OQP!51*,0-,/51+'/#:.!'0,!'99:6#'/,7!

;#/5!+:99!:4!,T*0,99#:.!:4!HHPJγ!#.!3'9'+!3+'77,0!/)-:09%!'U!Lg<)*$$&A#!>*4*>!AP!

,,d/γ!&#!^^F!=>0GG*)!%'RA)$!P)AR!A')!("T!$*)&*$!AP!%'RA)$!JdPP5R*%)&g!38^^!<>'$MYD!

$&@#0>K!0#G!&#!9DC!7"I($!P)AR!T(Hd!J/6d[$*;KY!T'RA)$!a*)*!1>0$$&P&*G!011A)G&#@!%A!

0!1A#$*#$'$!RA>*1'>0)!1>0$$&P&10%&A#!%20%!G*P&#*$!$&g!$'=@)A'<$!AP!7"I(!Jl0RA'#!*%!

0>Y+!MD8NKY!,,d/γ!*g<)*$$&A#! >*4*>$! &#!$%)AR0[)&12+!=0$0>O$;'0RA'$! JI0O-;K!0#G! &#!

6*')A*#GA1)&#*[>&Q*! J6L[>&Q*K! %'RA)$! a*)*! 1AR<0)*G! %A! %2A$*! &#! >'R&#0>! %'RA)$+!

1AR<)&$&#@! >'R&#0>! <0<&>>0)5! J.'R,K+! .'R&#0>! #A#[$<*1&P&*G! J.'R6-K! 0#G! .'R&#0>!

'#$%0=>*!J.'R3K!%'RA)$!'$&#@!X'##*%%S$!R'>%&<>*!1AR<0)&$A#!%*$%+!````!?sDYDDD8Y!3U!

Lg<)*$$&A#! >*4*>! 0#G! 01%&4&%5! AP! ,,d/γ! a*)*! 1AR<0)*G! &#! )*>0%&A#! %A! ,,d/γ! 1A<5!

#'R=*)!0>%*)0%&A#$!&#!̂ NC!7"I($!P)AR!T(Hd!'$&#@!X'##*%%S$!R'>%&<>*!1AR<0)&$A#!%*$%+!

````! ?sDYDDD8Y! 6U! E)*;'*#15! AP! @*#AR&1! 2*%*)Af5@A'$! G*>*%&A#! AP! ,,d/γ! &#! %2*!

G&PP*)*#%!1A#$*#$'$!$'=@)A'<$!AP!7"I(Y!L#)&12R*#%!A)!G*<>*%&A#!&#!@*#AR&1!,,d/γ!

G*>*%&A#! &#! %2*! G&PP*)*#%! $'=@)A'<$! a*)*! *40>'0%*G! '$&#@! E&$2*)! *g01%! %[%*$%+! `!

DYD8s?sDYDCj! ```! DYDDD8s<s! DYDD8j! ````! ?sDYDDD8Y! 7U! 7*%25>0%&A#! AP! *012! (<H! &#!

T(Hd!G0%0$*%!PA)!=0$0>!J@)**#K!0#G!>'R&#0>!J)*GK!%'RA)$!J'<<*)!<0#*>K+!1A))*>0%&A#!AP!

(<H!R*%25>0%&A#! 0#G!,,d/γ! *g<)*$$&A#! JR&GG>*! <0#*>K! 0#G!2*0%R0<! )*<)*$*#%&#@!

1*#%*)*G! R*%25>0%&A#! $1A)*! PA)! *012! %'RA)! J>Aa*)! <0#*>KY! L#)&12R*#%! &#! (<H!

R*%25>0%&A#! &#! %2*! G&PP*)*#%! $'=@)A'<$! a*)*! *40>'0%*G! '$&#@! Ma05! d6UZd! %*$%+! `!

DYD8s?sDYDCj!```!DYDDD8s<s!DYDD8j!````!?sDYDDD8!!

!



!
!

34#5)6./!1!2!E#-#8*B-+(#*+=<(!'&!)0*#<*(!'&!3345γ!+)9%+R0B(!'#<(!%&!8#<8&-!'&!%#!C&((+&!
!

!

IUx!

!

"#$)0,!<R!20'.960#*/#:.'+!'6/#K#/1!:4!.:.>0,6)00,./!HHPJ"!-)/'./9!#7,./#4#,7!

#.!3'9'+!/)-:09%!'U!.A>>&<>A%!)*<)*$*#%0%&A#!AP!#A#[)*1'))*#%!R'%0%&A#$!AP!,,d/γ!%20%!

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

/&'(%%&#)*+",#)*-().),"# 0.1.2345(.6"(1

7(6,#.2*8.+,22.%9

7(6,#.2*!"#$4+&',:,&;

7(6,#.2*<#1).=2& 4)%"6.$%,'>

!?$2,@&

#3456

7859:

;5<=>

!?8"

#34?@

A5==B

C89D>

E595F

#3456

GH3D7

7859:

8&.%1"#*A"%%&2.),"#B*CDEFG*+DH.2(&I*GDJKLC

D

3

= 3D 3=

!!"#$%(IJ)(..+,-%K&,L8M

!
!
"
#
$
%*
2
'+
N
*
'+
,
-
%7
2
,
)(

;/$"%O*'*.('

F=D=E

C89D>

7<5/

G8<=7

P<Q
D

= < 9

!!"#$%(IJ)(..+,-%K&,L8M

!
!
"
#
$
%*
2
'+
N
*
'+
,
-
%7
2
,
)(

8&.%1"#*A"%%&2.),"#B*CDEEM*+DH.2(&I*JDJKLC

/0)+(%O*'*.('
R

NCNGOFGLLLOPL

P
<
Q

7
<
5
/

!
?
8
"

G
8
<
=
7

G
H
3
D
7

:
H
H
9
G

A
5
=
=
B

E
5
9
5
F

F
=
D
=
E

C5
8
D
>

P
8
H
D
Q

PSP"TS%P,U*+- :SP

!!"# %-,-V)(20))(-'%J,+-'%U0'*'+,-.
*

A
U
J'
W
6
;

GH
3D
7

E
59
5F

!!"#$8%U0'*-'.

=D%XP*

=D%XP*

H<%XP*

!!"#

V"2'+-

A
U
J'
W
6
;

GH
3D
7

E
59
5F

D

=D

3DD

G"S!5

!!"#$8%U0'*-'.

#
(
&*
'+
N
(
%G
"
S
!
5
%T
%;
S
!
%U
#
Q
"
%&
(
N
(
&%
KY
M

ZZZZ
ZZZZ ZZZZ

A
U
J'
W
6
;

GH
3D
7

E
59
5F

D

=D

3DD

"/7:=

!!"#$8%U0'*-'.

#
(
&*
'+
N
(
%"
/
7
:
=
%T
%;
S
!
%U
#
Q
"
%&
(
N
(
&%
KY
M

ZZ ZZZ
ZZ

/
(
&&
%&
+-
(
%U
,
O
(
&%
[%
=
4
H
<

O

/
(
&&
%&
+-
(
%U
,
O
(
&%
[%
E
A
@
8
9
H
G
;

D

=D

3DD

#
(
&*
'+
N
(
%#
:
\
%K
Y
M

ZZZZ

ZZZ

6
;

7
<5
/

GH
3D
7

A
5=
=B

E
59
5F

!!"#$8%U0'*-'.

/"1,Q2,).R"#&*CSL*T-

ZZZZ
ZZZZ

2



!
!

34#5)6./!1!2!E#-#8*B-+(#*+=<(!'&!)0*#<*(!'&!3345γ!+)9%+R0B(!'#<(!%&!8#<8&-!'&!%#!C&((+&!
!

!

IUt!

a*!<)*4&A'$>5!&G*#%&P&*G!&#!NC_!=>0GG*)!%'RA)$!J/A12*>!*%!0>Y+!MD8_KY!-*;'*#1*$!0)*!

#'R=*)*G! 011A)G&#@! %A! %2*! ,,d/#M! &$APA)RY! dOIb! 6[%*)R&#0>! GAR0&#j! XIXb! X6d[

=&#G&#@!GAR0&#j!.IXb!>&@0#G[=&#G&#@!GAR0&#!J.IXKY!3U!,,d/γ *g<)*$$&A#!>*4*>$!0#G!

01%&40%&A#!$1A)*$ &#!9D^!0#G!8_F!%'RA)$!P)AR!T(Hd!0#G!("T!$*)&*$!)*$<*1%&4*>5+!PA)!

a2&12!=A%2!,,d/γ!R'%0%&A#!G0%0!0#G!%)0#$1)&<%AR&1!G0%0!a*)*!040&>0=>*Y!6U!d!)*<A)%*)!

<>0$R&G! 1A#%0&#&#@! %2*! P&)*P>5! >'1&P*)0$*! @*#*! '#G*)! %2*! 1A#%)A>! AP! 0! ,,/L[h^[Tl!

<)ARA%*)!a0$!1A[*g<)*$$*G!&#!VLlM_^ET!1*>>$!a&%2!0!<1X6d^!4*1%A)!*#1AG&#@!a&>G[

%5<*! JeTK!A)!R'%0#%! 0$$A1&0%*G!a&%2! =0$0>! %'RA)$! J-B9(+!E^8D-+!L9CC\+!V9_9]K!

,,d/#MY!$610778! >'1&P*)0$*+!*g<)*$$*G!'#G*)!%2*!1A#%)A>!AP! %2*!(7Z!<)ARA%*)+!a0$!

'$*G! %A! #A)R0>&f*! %2*! $&@#0>Y! T2*! G0%0! $2Aa#! 0)*! %2*! R*0#$! �! -X! AP! A#*!

)*<)*$*#%0%&4*!*g<*)&R*#%!1A#G'1%*G! &#! %)&<>&10%*Y!T2*!)*$'>%$! PA)!*012!R'%0#%!a*)*!

1AR<0)*G!a&%2! %2A$*! PA)! %2*!a&>G[%5<*!'$&#@!X'##*%%S$!R'>%&<>*!1AR<0)&$A#! %*$%+! ```!

DYDDD8s?sDYDD8j! ````! ?sDYDDD8! LU! CF^B! 1*>>$! a*)*! %)0#$&*#%>5! %)0#$P*1%*G! a&%2! 0!

<1X6d^!4*1%A)!*#1AG&#@!a&>G[%5<*!JeTK!A)!R'%0#%!AP!%2*!.IX!GAR0&#!JE^8D-+!V9_9]K!

,,d/γY!T2*!*g<)*$$&A#!AP!0>>!,,d/#!PA)R$!a0$!12*1Q*G!=5!a*$%*)#!=>A%%&#@+!β[01%&#!

a0$!'$*G!0$!>A0G&#@!1A#%)A>!J>Aa*)!<0#*>KY!T2*!*g<)*$$&A#!AP!%aA!,,d/#!%0)@*%!@*#*$!

a0$!#A)R0>&f*G!0@0&#$%!TI,!*g<)*$$&A#!0#G!&$!*g<)*$$*G!0$!<*)1*#%0@*!)*>0%&4*!%A!

%2*!*g<)*$$&A#!&#G'1*G!=5!a&>G[%5<*!,,d/#!J'<<*)!<0#*>KY!T2*!G0%0!0)*!<)*$*#%*G!0$!

%2*!R*0#!�!-X!AP!%2)**!&#G*<*#G*#%!*g<*)&R*#%$Y!T2*!)*$'>%$!PA)!*012!R'%0#%!a*)*!

1AR<0)*G!a&%2! %2A$*! PA)! %2*!a&>G! %5<*!'$&#@!X'##*%%S$!R'>%&<>*!1AR<0)&$A#! %*$%b! ! ``!

DYDD8s?sDYD8j!```!DYDDD8s<s!DYDD8j!````!?sDYDDD8Y!



!
!

34#5)6./!1!2!E#-#8*B-+(#*+=<(!'&!)0*#<*(!'&!3345γ!+)9%+R0B(!'#<(!%&!8#<8&-!'&!%#!C&((+&!
!

!

IU{!

!

!

"#$)0,! =R! V44,6/! :4! HHPJγ! "=&D(! '.7! S?C?W! -)/'/#:.9! :.! 6:0,$)+'/:0!

#./,0'6/#:.9%!'U!,A$&%&A#!AP!%2*!)*$&G'*$!0PP*1%*G!=5!#A#[)*1'))*#%!,,d/#!R'%0%&A#$!

0$$A1&0%*G!a&%2!=0$0>!%'RA)$!A#!%2*!^X!$%)'1%')*!AP!,,d/γ!.IXY!3U!!70RR0>&0#!%aA[

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

3

43

533

543

6,75

8
"
#9
:%
;
"
$8
<
=
$>
?
@

AAAA

AA

B
2

10
53
C

+
D/
DE

FFG8H.$'I:9&:J
!"#$%&$'()"*+,-,./

3

.33

D33

K33

L33

5333

M!N85

AAAA

AAAA

8
"
#9
:%
;
"
$8
<
=
$>
?
@

B
2

10
53
C

+
D/
DE

FFG8H.$'I:9&:J
!"#$%&$'()"*+,-,./

3

.33

D33

K33

L33

C682

AAAA

AAAA

8
"
#9
:%
;
"
$8
<
=
$>
?
@

B
2

10
53
C

+
D/
DE

FFG8H.$'I:9&:J
!"#$%&$'()"*+,-,./

O

9

!"#$%

&'%()

*+,+-

./

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

"'&

"

!

(
)*
+
,
-
./
,
0
-
1
20
-
/
,
0
-
1

3,-+4-5)* ,-.6-78

01"%2

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

3,-+4-5)* ,-.6-78

"'&

"

!

(
)*
+
,
-
./
,
0
-
1
20
-
/
,
0
-
1

&'%()

*+,+-

./

&'%()

*+,+-

./

91 6 78

%'".: "'!

%'!.: "';

!'<.: "'!

91 6 78

"'=#.: "'"&

!'"&.: "'">

#'!.: "'!

P



!
!

34#5)6./!1!2!E#-#8*B-+(#*+=<(!'&!)0*#<*(!'&!3345γ!+)9%+R0B(!'#<(!%&!8#<8&-!'&!%#!C&((+&!
!

!

IUJ!

25=)&G! 0#0>5$&$! &#! VLlM_^T! 1*>>$Y! <HC[E&)*P>5! >'1&P*)0$*! )*<A)%*)! <>0$R&G! a0$! 1A[

*g<)*$$*G! a&%2! Z,8F[,,d/H! Ja&>G[%5<*! A)! R'%0#%$! P'>>[>*#@%2! <)A%*&#$K! 0#G! a&%2!

Hd.9[X6d[=&#G&#@[GAR0&#[P'$*G!6(A/8!A)!-7/T!1A)*<)*$$A)!A)!7LX8!1A01%&40%A)!

GAR0&#$Y!$610778! >'1&P*)0$*+!*g<)*$$*G!'#G*)!%2*!1A#%)A>!AP!%2*!(7Z!<)ARA%*)+!a0$!

'$*G! %A! #A)R0>&f*! %2*! $&@#0>Y! T2*! G0%0! $2Aa#! 0)*! %2*! R*0#$! �! -X! AP! A#*!

)*<)*$*#%0%&4*!*g<*)&R*#%! 1A#G'1%*G! &#! ;'0G)'<>&10%*Y!T2*! )*$'>%$! PA)! *012!R'%0#%!

a*)*!1AR<0)*G!a&%2!%2A$*!PA)!%2*!a&>G[%5<*!'$&#@!X'##*%%S$!R'>%&<>*!1AR<0)&$A#!%*$%+!

``!DYDD8s!?sDYD8+!````!<sD+DDD8Y!6U!LPP*1%!AP!,,d/γ!R'%0%&A#$!A#!%2*!6(A/8!<*<%&G*!

J>*P%K! 0#G! ,H(8α! <*<%&G*! J)&@2%K! &#%*)01%&A#$! 0$! G*%*)R&#*G! =5! R&1)A$10>*!

%2*)RA<2A)*$&$Y!3#>0=*>*G!,,d/γ!.IX!<)A%*&#!a0$!%&%)0%*G!&#%A!0!P&g*G!1A#1*#%)0%&A#!

AP! P>'A)*$1*#%>5! >0=*>*G!<*<%&G*! &#! %2*!0=$*#1*!AP! >&@0#GY! "$A%2*)R$!a*)*!04*)0@*G!

A4*)!%2)**!1A#$*1'%&4*!R*0$')*R*#%$!0#G!P&%%*G!011A)G&#@!%A!%2*!>0a!AP!R0$$!01%&A#!

%A! 5&*>G! %2*! 0<<0)*#%! l5Y! L012! <>A%! &$! )*<)*$*#%0%&4*! AP! 0%! >*0$%! %aA! &#G*<*#G*#%!

*g<*)&R*#%$!<*)PA)R*G!a&%2!G&PP*)*#%!=0%12*$!AP!<)A%*&#!<)*<0)0%&A#Y!



!
!

34#5)6./!1!2!E#-#8*B-+(#*+=<(!'&!)0*#<*(!'&!3345γ!+)9%+R0B(!'#<(!%&!8#<8&-!'&!%#!C&((+&!
!

!

Ien!

!

!

"#$)0,! ?R! I-*'6/! :4! HHPJγ! "=&D(! '.7! S?C?W! -)/'/#:.9! :.! /5,! 6019/'+!

9/0)6/)0,! :4! /5,! *0:/,#.%! 'U!(>A$*['<! AP! %2*! )*@&A#$! 0)A'#G! %2*!V9_9]!R'%0%&A#+!

$2Aa&#@! &%$! &#%*)01%&A#$! &#! %2*!eT!1AR<>*g! J>*P%K!0#G! &#! %2*!R'%0#%!1AR<>*g! J)&@2%KY!!

,,d/γ! eT! 0#G! V9_9]! 0)*! &#! @)**#! 0#G! 150#+! )*$<*1%&4*>5+! a&%2! %2*! 1A01%&40%A)!

<*<%&G*!&#!<>'RY!3U!(>A$*['<!AP!%2*!)*@&A#$!0)A'#G!%2*!E^8D-!R'%0%&A#+!$2Aa&#@!&%$!

&#%*)01%&A#$!&#!%2*!eT!1AR<>*g!J>*P%K!0#G!&#!%2*!R'%0#%!1AR<>*g!J)&@2%KY!

!

!

!"#$

%"#&

!"#$

%"#&

'()#*#

!"#

$%&
+"#"

$%&

!"#

,"#"

!"#$

'()#*#

%"#&

-.)&

+*#"

-*#*

!"#
'()#*#

-.)/

!""

0"1"

2"#)

-.11

'()#*#

3.)/

!"#

!""

%"##

%"##

!

"



!
!

34#5)6./!1!2!E#-#8*B-+(#*+=<(!'&!)0*#<*(!'&!3345γ!+)9%+R0B(!'#<(!%&!8#<8&-!'&!%#!C&((+&!
!

!

IeI!

!

!

!"#$%&

'(#$%&

)'(#$%&

)'(#$%&

!"#$%&

!"#$%&

'(#$%&

'(#$%&

*+*,!*+*,- .+,*/)

0012

314567

189:9&#/

1;<

=>?2

314567

0012>@#A85&75B

=
A
C
5D

E
F
G
F
H

I
J

J
F
"
'
+

=
A
C
5D

I
J

=
A
C
5D

I
J

K

!
"
#
$

!
"
#
%

L
2
J
'

L
2
J
-
1

L
2
J
-
/

!
"
#
$
&

L
2
J
)
F

!
"
#
$
'

L
2
J
)
-

(
)
!
$
*

(
)
!
$
+

(
)
!
,

(
)
!
&
*

(
)
!
&
+

!
"
#
$
-

!
"
#
,
.

2
1
/
@
"
/

/
0
1
&
$

(
2
3
4
$

>
2
E
<
!

0
0
1
2
>

?
1
/
0
F

)
)
*
"
*

5
*
#
*
&

?
M
;
1
)

0
0
1
2
> N

3

6$ . $

=OC9P#.&Q8R#SQ:T@U /789:;8<=:9>?@>

/8A@>BCDC9E=D@EE=:9>?@>

AFG9E8@=H=.F.'

R

(

'(

)((

,
R
QQ
#T
9:
V
5W
#:
7
#"
@
W

&
B
#4
:
A
C
&
9R
X
#5
:
#=
A
C
5D
#Y
R
4
5:
9#
SZ
U

[[[[
[[[[

=
A
C
5D

E
F
G
F
H

I
J

J
F
"
'
+

0012 #&456Y65D 3 3 N NN

,
R
QQ
#Q
67
R
#A
:
X
R
Q#
\#
*
+
*
,
-

4

]
%
F^

*
+
*
,
!

*
+
*
,
-

.
+
,
*
/
)

(

'(

)((

,
R
QQ
#T
9:
V
5W
#:
7
#"
@
W

&
B
#4
:
A
C
&
9R
X
#5
:
#=
A
C
5D
#Y
R
4
5:
9#
SZ
U

[
[[

[

48:CI9E 0;I6JKA@ +9<9E

,RQQ#Q67R#4Q&BB6K64&56:7

_

<)@("

2J))@

2JF
]%F^

*+*,-
.+,*/)

*+*,!

(

)

- ^ )(

0012 ROC9RBB6:7#SQ:T@U

0
0
1
2
#&
4
56
Y
&
56
:
7
#B
4
:
9R

,:7BR7B8B#4Q&BB6K64&56:7#S@()^U

+9<9EL/789:;8<

48:CI9E=)9ACEE9>K

48:CI9E=(I<J9ME@

0;I6JKA@

&

/N")O0+,
+O"2&
#3+/$
2PQ%
3R5*,
)4!,
O4S
0(*!,
#5R,
/T1U
+0O)&
)4*("
N5V"
ON"&
OVO#&
0V!+O*
/TP,

N###3

1C:C5:B6B

224&4&
2124$$
N)50
224&
2124-
#3+/$
224,.
3*/,
O03+*
R#$1
224'
0"5$
R#,*
4OV
NVNR)$
O4&&
WN5V2
2X)$+$
O4,%
4*R2,
34*6+
*14
N""VO$
2124$.
"(01,
420,
O4S
N#/$
#RNR$Q&
#5V+,
34*6V
N"*),
/T1U
34*6P)*$
R#$P)
/0*O,
3)/N
+0O)&
+,R
N5V"
34*62
R#$V
2124,
YV)&S4$
0V!+O*
PP1'-
2124&
"*2,

N###3

09:Q6KR9&56:7

OVO#R$
224&4&
2124$$
O4&S5
224&
2124-
OV0!
)P2P$45,
O4$"0
#3+/$
02V,
224,.
#0V*O)S
3*/,
5+)'
O4&S+
224'
)R*O)$
4OV
O4&&
)/R+U
2#//
O4,%
2PQ%
2$/
2V+
3R5*,
34*6+
OVO#R,
#0O)$
"/*P,
*14
4*R)&
2124$.
420,
O4S
#0V/V$.
N#/$
#RNR$Q&
#5R,
3N"2'
#5V+,
34*6V
#"OR,,
N"*),
/T1U
34*6P)*$
/#R0$
2$"
2*PR$
5+)$
+#0&*&
#0V/V$'
+0O)&
V#3$
5+)S
+,R
N5V"
34*62
0V!+OY
2124,
OVO#&
PP1'-
2124&
"*2,

N###3

`AA8765D
`7KQ&AA&56:7

<6C6X
+R5&_:Q6BA

P5*#,
3)5P
*2/RS
*!"$+$.
)0)4*,
))*"5
*2N",
*2/4'
V*+)%
4O)!
T4*3
)4+$
*2/V,
*)T2$
)4*,5$,*
0"$3&
*+3P,
)421P$
*2T1$
)"!5,
V*P/$
3*P3
))#,
*!"$+$
O"/,
)4*,5$S
2X+'"$
*!"$2$
*!"$2,
3"*/4/,
*+25$
))*"P
*Z)Q
4)2*#&
*2*PW4
*5)*#,
5PN$
1+)$
)4)),
)42P&

N###3 0012 @

6.F'

.

.F'

0&5WV&D
]4:9R

6,

.

,

=OC9RBB6:7
S<:T@U

X



!
!

34#5)6./!1!2!E#-#8*B-+(#*+=<(!'&!)0*#<*(!'&!3345γ!+)9%+R0B(!'#<(!%&!8#<8&-!'&!%#!C&((+&!
!

!

IeU!

"#$)0,! @R! V44,6/9! :4! HHPJγ! :K,0,T*0,99#:.! :.! 3'9'+! 3+'77,0! 6'.6,0! 6,++!

$0:;/5%!'U!,,d/γ!*g<)*$$&A#!0#G!01%&40%&A#!$1A)*!&#!0!<0#*>!AP!=>0GG*)!10#1*)!1*>>!

>&#*$Y!3U!EA')!=>0GG*)!10#1*)!1*>>! >&#*$!a*)*! %)0#$P*1%*G!=5!0!</,!4*1%A)!*#1AG&#@!

a&>G[%5<*!JeTK!,,d/γ. 9N2!>0%*)+!*g<)*$$&A#!AP!,,d/γ a0$!*$%&R0%*G!=5!a*$%*)#[=>A%!

0#0>5$&$!J'<<*)!<0#*>KY!T2*!#'R=*)!AP!4&0=>*!1*>>$!a0$!;'0#%&P&*G!=5!(*>>T&%*)[H>A!0%!

BM2!J>Aa*)!<0#*>KY!6U!373([F!1*>>$!a*)*!%)0#$P*1%*G!=5!0!</,!4*1%A)!*#1AG&#@!a&>G[

%5<*! JeTK+! &#01%&4*! R'%0#%! JV9_9]K! A)! 01%&4*! R'%0#%! JT9BC7K! ,,d/γ. 9N2! >0%*)+!

*g<)*$$&A#! AP! ,,d/γ a0$! *$%&R0%*G! =5! a*$%*)#[=>A%! 0#0>5$&$! J'<<*)! <0#*>KY! T2*!

#'R=*)!AP!4&0=>*!1*>>$!a0$!;'0#%&P&*G!=5!(*>>T&%*)[H>A!0%!BM2!J>Aa*)!<0#*>KY!=[1b!)*$'>%$!

a&%2!,,d/γ JeT!A)!R'%0#%K !a*)*!1AR<0)*G!%A!%2A$*!A=%0&#*G!a&%2!0#!*R<%5!4*1%A)!

'$&#@! X'##*%%S$! R'>%&<>*! 1AR<0)&$A#! %*$%+! `! DYD8s! ?sDYDC+! ``! DYDD8s! ?sDYD8+! ````!

<sD+DDD8Y!7U!T)0#$1)&<%AR&1!0#0>5$&$!'<A#!,,d/γ! %)0#$&*#%!*g<)*$$&A#! &#!373([F!

1*>>$!%)0#$P*1%*G!a&%2!*R<%5!4*1%A)!J[K!A)!1A#%)A>!J�KY!XdZ"X!0#0>5$&$!a0$!<*)PA)R*G!

PA)!0!>&$%!AP!9C_!G&PP*)*#%&0>>5!*g<)*$$*G!@*#*$!'<A#!,,d/γ!A4*)*g<)*$$&A#!J?[40>'*!s!

DYDCK!%A!&G*#%&P5!%2*!=&A>A@&10>!<)A1*$$!0>%*)*G!=5!,,d/H!*g<)*$$&A#Y!,U!Lg<)*$$&A#!AP!

@*#*$! &#4A>4*G! &#!')A%2*>&0>!G&PP*)*#%&0%&A#! &$!2&@2>&@2%*GY! 4U!e*$%*)#[=>A%!0#0>5$&$!AP!

,,d/γ+!d')A)0!I+!dh.!0#G!LHE/!*g<)*$$&A#!BM2!0P%*)!%)0#$&*#%!%)0#$P*1%&A#!AP!1*>>$!

=5!0!</,!4*1%A)!*#1AG&#@!a&>G[%5<*!JeTK+!&#01%&4*!R'%0#%!JV9_9]K!A)!01%&4*!R'%0#%!

JT9BC7K!,,d/γ. d1%&#!a0$!'$*G!0$!>A0G&#@!1A#%)A>Y!

!



!
!
!

!

!

!
!
!
!
!
!
!
!
!
! !
!
!
!
!
!
!
!
!
!
!
!

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



!
!

34#5)6./!1!2!E#-#8*B-+(#*+=<(!'&!)0*#<*(!'&!3345γ!+)9%+R0B(!'#<(!%&!8#<8&-!'&!%#!C&((+&!
!

!

Ies!

&

!

Total population 405 196

Sex

Male 299 156

Female 106 36

NA 0 4

Tumor stage

Ta 0 56

T1 2 45

T2 130 28

T3 138 44

T4 133 22

NA 2 1

Tumor classification

LumP 127 114

LumU 53 18

LumNS 20 11

Stroma-rich 45 13

Ba/Sq 152 36

NE-like 6 4

NA 2 0

CIT CohorteTCGA

Supplementary Table 1: Clinical and pathological characteristics of TCGA and CIT

tumors.
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Supplementary Table 2: crystallographic data and refinement.

PPARg2 F310S-GW1929 PPARg2 H494Y-GW1929-PGC1a

PDB ID 6T1S 6T1V

Data collection

Space group P41212 I 2 2 2

Cell dimensions

a, b, c (Å) 60.66 60.66 169.52 56.35, 120.74, 149.84 

a, b, g (°) 90, 90, 90 90, 90, 90

Resolution (Å) 49.33-1.65 52.74-2.21

Rmerge (%) 0.0096 (0.675) 0.026 (0.291)

Rpim (%) 0.0096 (0.675) 0.026 (0.291)

I/sI 25.77 (1.0) 17.90 (2.43)

Completeness (%) 99.72 (97.31) 99.75 (99.96)

Redundancy 2.0 (2.0) 2.0. (2.0)

CC(1/2) 1 (0.524) 0.999 (0.842)

Refinement

Resolution 49.33-1.65 56.35-2.21

N° reflections 39253 25889

Rwork/Rfree 0.168/0.206 0.184/0.198

N° atoms

Protein 2206 2250

Ligand/ion 52 37

Water 243 169

B-factors

Protein 48.34 48.46

Ligand/ion 50.88 36.02

Water 48.29 50.99

R.m.s. deviations

Bond lengths (Å) 0.016 0.004

Bond angles 1.74 0.98
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Supplementary Table 3: Up and down-regulated genes following PPARG2

overexpression
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Supplementary Figure 1: a) Relative position of the CpG close to PPARG gene. b)

Methylation of each CpG in CIT dataset for basal (green) and luminal (red) tumors (upper

panel), correlation of CpG methylation and PPARG expression (middle panel) and heatmap

representing centered methylation score for each tumor (lower panel).c) Genome Browser

view of ChIPseq analysis for PPARg locus in Basal (L1207, 5637) and Luminal cell lines

(RT112, SD48). ChIPseq aligned reads and associated peaks (MACS2) are represented in

yellow and grey for H3K27ac and H3K9me3 marks respectively.
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Supplementary Figure 2: Characterization of PPARg mutants. a) Left: Gel filtration (S75

26/60) elution profile of apo PPARg WT and mutants that eluate as monomers. Right:

coomassie stained SDS gel corresponding to the PPARg wild-type (WT) and mutants

monomeric peaks. b) Native PAGE of PPARg WT (lane 1), F310S (lane 2), H494Y (lane 3),

PPARg WT with 1 equivalent of RXRα WT (lane 4), F310S with 1 equivalent of RXRα WT

(lane 5), H494Y with1 equivalent of RXRα WT (lane 6) and RXRα monomeric WT (lane 7).

c) Nano differential scanning fluorimetry comparing the thermal stability of the purified

PPARγ WT and mutants alone and upon binding to the agonist ligand.
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Supplementary Figure 3: Denaturing mass spectra of PPARg LBD H494Y, F310S and WT.

The experimental measured masses of the proteins are depicted in the right side of the

mass spectra.
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Supplementary Figure 4: Native electrospray ionization mass spectra of PPARg LBD

H494Y, F310S and WT. Mass spectra of apo proteins indicating the absence of any

unexpected bound ligand in apo proteins.
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Supplementary Figure 6: Native electrospray ionization mass spectra of PPARg LBD

H494Y, F310S and WT. Mass spectra of the complexes obtained after addition of 3 fold

excess of PGC1a coactivator peptide.
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Supplementary Figure 7: Native electrospray ionization mass spectra of PPARg LBD

H494Y, F310S and WT. Mass spectra of the complexes obtained after addition of 5 fold

excess of NCoR corepressor peptide
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Supplementary Figure 8: Histogram of complexation rate between peptides PGC1α or

NCoR and PPARg LBD H494Y, F310S and WT.
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Supplementary Figure 9: GW1929 modelled into the difference density of the PPARγ a)

F310S and b) H494Y crystal structures. Left: Residues mutated shown is an unbiased omit

Polder map contoured at 3.5σ, with model bias reduction and exclusion of solvent density.

Center: GW1929 modelled into the difference density of the mutants crystal structures.

Shown is an unbiased omit Polder map contoured at 3.5σ, with model bias reduction and

exclusion of solvent density. Right: Comparisons of the interactions made between GW1929

and residues lining the ligand binding pocket of PPARg mutants and WT (grey). Contributing

side chains are shown as grey sticks, with residue forming hydrogen bonds (yellow dashed

lines). Water molecules are shown by red spheres.
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Supplementary figure 10: Transient expression of PPARG induces a PPARg-

dependent transcription in basal bladder cancer cell lines. a) Expression of PPARg and

PPARg -target genes 72 h after transfection by a pRP vector encoding PPARg2 in 4

different bladder cancer cell lines. b) Expression of PPARg and PPARg target genes 72 h

after transfection by a pRP vector encoding WT , gain-of-function (T475M) or loss-of-

function mutant (H494Y) PPARg2 in UMUC-6 basal bladder cancer cell lines. c) Expression

of PPARG in pooled-UMUC6 cells transfected by a pRP vector encoding wt , gain-of-

function (T475M) or loss-of-function mutant (H494Y) PPARg2 . a-c) results obtained after

PPARg transfection were compared to those obtained after transfection with the backbone

vector using Dunnett's multiple comparison test, * 0.01< p<0.05, ** 0.001< p<0.01, ****

p<0,0001.d)
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Supplementary figure 11: . Core enrichment genes, present in the leading or trailing

edge, are annotated in the plot. Samples with overexpressed PPARγ were enriched with

proteins involved in Fatty Acid Metabolism (a), and, specifically, in Mitochondrial fatty

acid beta−oxidation of saturated fatty acids (b). Conversely, they presented EGFR

downregulation (c) and were specifically depleted of GRB2 events in EGFR signaling (d).

Finally, after PPARγ overexpression, FOXO-mediated transcription of pro-apoptotic genes

is upregulated (e), which may contribute to the observed lower viability of cells.
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