
! "!

!"##$%&'()*+(,$%-.&'$(*
!
!"#$"%&'%()*+,-.%/012")*%&'%3"!,-4).%5#61)%7'%5,8*)#%
/'%01&*/0&01&'$(*$,*20.&*.(3*4$53*/0(.&"%.&'$(*,$%*6.%&'.5*7(,$53'()*$,*.*6%$&0'(!
*
*
89*4$(:0%;'$(*$,*%.<*.=;$%=.(10*3.&.*.&*>?@*(-*&$*∆∆∆∆A$=;9*
!
#$%!&%'$()!*(+!,--(&./01$023!'$01!-(24%+10(2!01!1$(52!3+,.$0-,//6!02!7038+%!9":!

B')"%0*!89!;+,.$0-,/!0//81'+,'0(2!(*!'$%!&%'$()!81%)!'(!)%'%+&02%!'$%!%<80/0=+08&!-(21',2'1!*+(&!./(''023!%>'02-'0(2!
-(%**0-0%2'!),',!,'!?:@!A!3)2BC/!4%+181!'%&.%+,'8+%!D(CE:!F(=1!01!'$%!(=1%+4%)!%<80/0=+08&!-(21',2'!*(+!'$%!2,'04%!'(!
.,+'0,//6!82*(/)%)!1','%!'+,210'0(2!,'!%,-$!'%&.%+,'8+%!)%'%+&02%)!*+(&!'$%!.,+'0,//6!82*(/)%)!*+,-'0(2!D2,'04%!
=,1%/02%!&0281!'$%!1,&./%!4,/8%E!)040)%)!=6!'$%!2,'04%!*+,-'0(2!D1,&./%!4,/8%!&0281!'$%!.,+'0,//6!82*(/)%)!1','%!
=,1%/02%E:!!G,',!5%+%!-(//%-'%)!02!'$%!.+%1%2-%!(*!H?!&A!#+01I!@?!&A!J,C/!,'!.B!K:L!DHL!(CE:!
!
!

M=1(+=,2-%!),',!*(+!'$%!50/)!'6.%!01(N"N-6'(-$+(&%!1!D-(2',021!-61'%02%!"?H!'(!1%+02%!

&8','0(2!'(!.+%4%2'!02'%+&(/%-8/,+!)018/*0)%!)0&%+!*(+&,'0(2I!,1!)(%1!'$%!B01!KO!01(N"N

-6'(-$+(&%!1E!5$0-$!)(%1!2('!*(+&!'$%!.,+'0,//6!82*(/)%)!1','%!5%+%!-(//%-'%)!,'!PQL!2&!,1!,!

#%&.%+,'8+%!D(CE

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

R>
'02
-'
0(
2!
C
(%
**
0-
0%
2'
!,
'!P
QL
!2
&
!D&
A
N"
-&

N"
E

'!(#

!(!

!(#

!($

!(%

!(&

!("

!()

!(*

!(+

!(,

#(!

εJ

εPQL

εS

7+,-'0(2!S,+'0,//6!T2*(/)%)U!εJNεPQL

7+,-'0(2!J,'04%U!εPQLNεS

F(=1!V!DεJNεPQLEWDεPQLNεSE



! H!

*82-'0(2!(*!'%&.%+,'8+%!,2)!38,20)02%!$6)+(-$/(+0)%!D3)2BC/E!-(2-%2'+,'0(2!D?I!?:"I!?:"LI!,2)!

?:H!A!3)2BC/E:!!#$%!,=1(+=,2-%!,'!PQL!2&I!MPQLI!5,1!*0'!'(!,!1'+,03$'!/02%!=6!/%,1'!1<8,+%1!

&%'$()1!'(!.+(40)%!2,'04%!1','%!=,1%/02%1!DMPQL!50'$!$%&%NA%'!X?!/03,'0(2E:!

MPQL!),',!*(+!'$%!50/)!'6.%!01(N"N-6'(-$+(&%!1!5%+%!-(//%-'%)!,1!,!*82-'0(2!(*!

'%&.%+,'8+%!02!HI!H:L!,2)!O:?!A!3)2BC/!'(!(=',02!'$%!=%$,40(+!(*!MPQL!02!'$%!,=1%2-%!(*!$%&%N

A%'!X?!/03,'0(2!D.,+'0,//6!82*(/)%)!,2)!*8//6!82*(/)%)!1','%!=%$,40(+!(*!'$01!=,2)!,+%!,118&%)!'(!

=%!'$%!1,&%!102-%!=('$!1','%1!/,-Y!$%&%NA%'!X?!/03,'0(2!,2)!'$81!/,-Y!10320*0-,2'!,=1(+=,2-%!,'!

'$01!5,4%/%23'$E:!#$%!2,'04%!=,1%/02%!,2)!.,+'0,//6!82*(/)%)!1','%!=,1%/02%!02'%+-%.'1!,'!?!(C!,1!,!

*82-'0(2!(*!Z3)2BC/[!5%+%!)%'%+&02%)U!

R<2:!D9"EU! !

εJD?(CE!V!εPQLIJ?!\!&3IJZ3)2BC/[!

R<2:!D9HEU! !

εS!D?(CE!V!εPQLIS?!\!&3ISZ3)2BC/[!

!5$%+%!εPQLIJ?!,2)!εPQLIS?!,+%!'$%!,=1(+=,2-%!4,/8%1!,'!?!(C!*(+!'$%!2,'04%!=,1%/02%!,2)!'$%!

02'%+&%)0,'%!1','%!=,1%/02%!02!?!A!3)2BC/I!&3IJ!,2)!&3IS!,+%!'$%!Z3)2BC/[!)%.%2)%2-%!(*!2,'04%!

,2)!.,+'0,//6!82*(/)%)!1','%!=,1%/02%1!,'!?!(C!D1%%!#,=/%!9"E:!!#$%!4,/8%1!*+(&!'$01!%<8,'0(2!5%+%!

81%)!'(!-,/-8/,'%)!'$%!'%&.%+,'8+%!)%.%2)%2-%!(*!'$%!2,'04%!,2)!02'%+&%)0,'%!1','%!=,1%/02%1!,'!

)0**%+%2'!Z3)2BC/[U!

R<2:!D9OEU! !

εJD#E!V!εJD?(CE!\!&#IJ#!!

R<2:!D9@EU! !

εSD#E!V!εSD?(CE!\!&#IS#!



! O!

5$%+%!&#IJ!,2)!&#IS!,+%!'$%!1/(.%1!(*!'$%!2,'04%!,2)!.,+'0,//6!82*(/)%)!1','%!=,1%/02%1!,1!,!

*82-'0(2!(*!'%&.%+,'8+%I!#I!+%1.%-'04%/6!D1%%!#,=/%!9"E:!!]0'$02!%++(+!'$%!4,/8%1!(*!&#IJ!,2)!&#IS!

5%+%!02)%.%2)%2'!(*!Z3)2BC/[:!#$%!4,/8%1!(*!εJD?(CE!,2)!εSD?(CE!5%+%!-,/-8/,'%)!,'!'$%!,..+(.+0,'%!

Z3)2BC/[!*(+!%,-$!),',!1%':!!

*
C.=50*!8:!S,+,&%'%+1!81%)!'(!3%2%+,'%!2,'04%!,2)!
.,+'0,//6!82*(/)%)!1','%!=,1%/02%1:!
S,+,&%'%+1!

!
^,/8%1!

εPQLIJ?!
!

!!!!!?:K@K!!!!!!!!D&AN"-&N"E!

εPQLI_?!
!

!!!!!?:?"QX!!!!!!D&AN"-&N"E!

&3IJ!
!

!!!!!?:"PO!!!!!!!!D&AN"-&N"AN"E!

&3I.!
!

!!!!NL:"P>"?NO!D&AN"-&N"AN"E!

&#IJ!
!

!!!!NO:?>"?N@!!!!D&AN"-&N"(CN"E!

&#I_!
!

!!!!!":H>"?NL!!!!D&AN"-&N"(CN"E!

*

*

D9*E0&F$3$5$)G*,$%*.;;0;;'()*&F0*&0-#0%.&"%0*30#0(30(10*$,*&F0*H#I.J*#2K*&0%-*'(*
0L".&'$(*89*
!

S+%40(81!),',!(2!'$%!B01!KO!4,+0,2'!(*!01(N"N-6'(-$+(&%!1!1$(5!'$,'!'$%!.F,!*(+!'$%!

$01'0)02%!)+04023!'$%!-(2*(+&,'0(2,/!'+,210'0(2!01!P:K!±!?:":"!!S(10'0(2!KO!02!'$%!01(N"N-6'(-$+(&%!

1!1%<8%2-%!01!$03$/6!1(/4%2'!%>.(1%)IH!!1(!5%!81%)!),',!*(+!'$%!'%&.%+,'8+%!)%.%2)%2-%!(*!'$%!

.F,!(*!B01!"?L!(*!+0=(28-/%,1%I!5$0-$!01!1(/4%2'!%>.(1%)!,2)!$,1!,!10&0/,+!.F,!2%,+!HL!(C:O!!#$%!

),',!*(+!B01!"?L!(*!+0=(28-/%,1%!,+%!/02%,+!(4%+!'$%!+,23%!1'8)0%)!D"?N@"!(CEI!304023!).F,W)#!V!!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
"!J%/1(2I!C:!`:a!b(5/%+I!b:!R:!50,12)$0+4#9!DMMMI!:;I!"OLX@N"OLQ@:!
H!b(5/%+I!b:!R:a!A,6I!F:a!c,+,3(d,I!#:a!e(+YI!S:a!G(23I!M:a!C,83$%6I!]:!9:!50,12)$0+4#9!8??NI!:<I!"XON"Q?:!
O!f(=%+'1I!;:!F:!C:a!A%,)(51I!G:!B:a!`,+)%'dY6I!g:!50,12)$0+4#9!8?>?I!=I!H?LONH?LP:!



! @!

N?:?H?@!D_!V!?:HE:!!#$81!'$%!%<8,'0(2!81%)!*(+!'$%!'%&.%+,'8+%!)%.%2)%2-%!(*!'$%!.F,!02!%<8,'0(2!

"!01U!

R<2:!D9LEU!

.F,D#E!V!P:K!N!?:?H?@hD#NHQX:"LEI!5$%+%!#!01!02!)%3+%%1!F%/402:!!

90&0/,+I!&(+%!%>'%2104%!),',!*(+!0&0),d(/%@!01!/02%,+!(4%+!'$%!+,23%!?NL?!(C!,2)!304%1!4%+6!

10&0/,+!4,/8%1!(*!).F,W)#!(*!N?:?H"Q!D_!V!?E!,2)!N?:?HHH!D_!V!?:"E:!

g8+!#+01!=8**%+!01!,)i81'%)!'(!.B!K:L!,'!HL!(C:!!#$%!!.F,!4%+181!'%&.%+,'8+%!),',!*(+!#+01!

)%40,'%!1/03$'/6!*+(&!/02%,+0'6IL!1(!5%!1%/%-'%)!),',!*(+!.F,!4%+181!#!(4%+!'$%!+,23%!L!(C!'(!OL!(C!

5$%+%!(8+!),',!5%+%!-(//%-'%):!!_2!'$01!'%&.%+,'8+%!+,23%I!.F,!4%+181!#!*(+!#+01!=8**%+!01!/02%,+!

50'$!,!-(++%/,'0(2!-(%**0-0%2'!fH!V!?:QQXP!,2)!304%1!).F,W)#!V!N?:?HQH:!!#$%+%*(+%!'$%!

'%&.%+,'8+%!)%.%2)%2-%!(*!'$%!.B!02!%<8,'0(2!"!5,1!+%.+%1%2'%)!=6!%<8,'0(2!9PU!

R<2:!D9PEU!

! .B!V!K:L!N!?:HQHhD#NHQX:"LEI!5$%+%!#!01!02!)%3+%%1!F%/402!!

#$81I!'$%!'%+&!D.F,!N!.BE!02!%<8,'0(2!"!01!304%2!=6!%<8,'0(2!9KU!

R<2:!D9KEU!

! D.F,!N!.BE!V!R<2:!D9LE!N!R<2:!D9PE!V!NO:@O!\!?:??XXh#!

902-%!'$%!.F,!4,/8%1!(*!$01'0)02%!,2)!#+01!$,4%!10&0/,+!'%&.%+,'8+%!)%.%2)%2-%1I!'$%!&,>0&,/!

-(++%-'0(2!)8%!'(!'$%!f#*-D"!\!"?D.F,!N!.BEE!'%+&!02!%<8,'0(2!"!01!1&,//I!,=(8'!?:?H!Y-,/W&(/!,'!/(5!

#!Dj!L!(CE!,2)!,=(8'!N?:?H!Y-,/W&(/!,'!$03$!#!Dj!OK!(CE:!

!

!

!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
@!G,'',I!9:!S:a!;+d6=(51Y0I!M:!F:!&'%!2)$'%>,1'%?5@!8?>>I!"OPN"@?:!
L!G,'',I!9:!S:a!;+d6=(51Y0I!M:!F:a!]%1'(2I!b:!M:!&'%!2)$'%>,1'!8?>NI!KQHNKQP:!


