
 

 
   C. Claravall, 1-3 
   08022 Barcelona 
   Tel. 936 022 200 
   Fax 936 022 249 
   E-mail: urlsc@sec.url.es 
   www.url.es 
 

!

!

!

!

!

!

!

!

!

!

!

!

!
!"#$"%&'($)*+,+!
!
!
!
"#$%&! "'#%()#*+!,')-(*!.'*($/-&0!1)(2&)$#&0!3()!4&*&!5&%#6&)7!822%#9'$#(*0!
!!!!!!!!!!!

!
!
!
1)&0&*$&:!-7! 8**'!,#3/&*$&0!;#/0!
!
!
,&*$)&!! <=>!>9?((%!(3!@*+#*&&)#*+!
!
!
!
5&2')$A&*$! B#(&*+#*&&)#*+!
!
!
!
5#)&9$&:!-7! 5)C!>'%6':()!B())D0!
!
!

!"
#"$
"%&

'%(
)*

+)
,-

*%
%.
/0
12
34
056

5%7
68

9/
%:;

<<%
$;
/=

6>
0?
%@
301
6=

6"
%7
A5
32
"%$
;/

="
%&
2/
23
6<
056

5%=
2%
!6

56
<;
/B
6%
/C

8
"%-
,D

%ED
FG
*D

G)
*H
%

!

!



!

 

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!



 

 

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

"#!$%&'(!!

)%*!+,+-+.*/0%!%,!.12%3&!04,



!

 

!



!

 

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

56.&!7%!8,'7!+3!.!9*')(!76.&!7%!9',:&!8,'7!+3!.,!'-%.,;!

-(,.//0(123456(



!

 

!

(



!

 <!

&07653829:;264.(

@*!2)#A&)! %%(9E!AF'+)':')#'!:(*')! %&0!AG0! 0#*9&)&0!+)H9#&0!'%!A&/!:#)&9$()!:&! $&0#E! &%!5)C! >'%6':()!

B())D0C!I(%$&0!+)H9#&0!,?#9?(!2&)!3&)J?(!2(00#-%&C!4)H9#&0!2&)!-)#*:')JA&!'K/&0$'!(2()$/*#$'$E!2&)!

&*0&*7')JA&! $'*$! #! 2&)! %L&*()A&! 9(*3#'*M'! K/&! ?'0! :#2(0#$'$! &*!A#! 0&A2)&C!4)H9#&0! 2&)! $($&0! %&0!

&N2&)#O*9#&0!#!(2()$/*#$'$0!K/&!AL?'0!:&#N'$!6#/)&!'!*#6&%%!2)(3&00#(*'%!P%L&0$':'!'%!I<"E!'!8/0$)H%#'E!

'%0!A#%&)0!:&!9(*+)&00(0CCCQE!2&)R!0(-)&$($!2&)!0&)!S&%!$#&$T!K/&!?'!9/#:'$!:&!A#!$'A-G!2&)0(*'%A&*$C!

.(! ?(! (-%#:')GC! @A! 0&*$(!A(%$! '3()$/*':'! :L?'6&)! 2(+/$! 9(A2')$#)! 'K/&0$! 9'AU! 'A-! $/C!I(%$&0!

+)H9#&0E!:&!6&)#$'$V!

<!W(/%:!%#X&!$(!$?'*X!1)(3C!Y#A-&)%7!Z'A':J>9?#33&)%#C!<!-&%#&6&!<!W#%%!*&6&)!+&$!$#)&:!$(!$?'*X!7(/!Y#A!

3()! %&$$#*+! A&! -&! 2')$! (3! 7(/)! +)(/2! 3()! $?&0&! 'W&0(A&! [\! A(*$?0! #*! B(0$(*C! "?'*X0! 3()! 7(/)!

9(*3#:&*9&!'*:!&6&)7$?#*+!7(/!?'6&!$'/+?$!A&C!"?&!$#A&!W()X#*+!W#$?!7(/!?'0!-&&*!'!+)&'$!%&')*#*+!

&N2&)#&*9&!'*:!'%%!$?&!3)/#$3/%!:#09/00#(*0!W&!?'6&!?':!')&!(3!'!2)#9&%&00!6'%/&!3()!A&C!<!W(/%:!'%0(!

%#X&!$(!$?'*X!5)C!]'A&0!Y'?!'*:!5)C!^?#9?/'*!_/!3()!$?&#)!?&%2E!0/22()$!'*:!':6#9&! #*!$?&! %'-C!`!&*!

&02&9#'%E!'!A#0!K/&)#:'0!3%()&0!:&!%'-()'$()#(E!Z&%&*'!7!1'/%'C!4)'9#'0!2()!?'9&)!K/&!9':'!:U'!P7!9':'!

9'3GQ! 3/&)'! +&*#'%C! ab0!&9?bc!:&!A&*bc0V!1&)! 0/2(0'$E!A(%$&0! +)H9#&0! $'A-G!'! %'!A&6'! 3'AU%#'! '!

B(0$(*E!%'!<=>!9)&WC!I')9&%#NE!1'-%#$(E!Y/N#E!](?**7E!5]Ed!>(/!3'*$H0$#90V!I(%$!&02&9#'%A&*$!'%!](0&E!

2&)!?'6&)!&0$'$!%L'/N#%#')!2&)3&9$&E!2'00'*$!2&%!9(A2'*7!4@I8"!2&)3&9$&E!2&)!3#*'%A&*$!9(*6&)$#)J0&!

&*!&%!)((AA'$&!2&)3&9$&V!<!&%!K/&!&*0!K/&:'V!4)H9#&0!2&)!$($!](0&%#$(!P8eI0!#*9%(0(0QV!

<! W(/%:! '%0(! %#X&! $(! $?'*X! 1)(3C! 8*:)&W! f?#$$'X&)! '*:! 5)C! Y)#0$(3&)! "?/)&9?$! 3()! +#6#*+! A&! $?&!

9?'*9&! $(! W()X! W#$?#*! $?&#)! 'A'g#*+! 1(%7A&)! ,?&A#0$)7! 4)(/2! '$! $?&! 8/0$)'%#'*! <*0$#$/$&! 3()!

B#(&*+#*&&)#*+! '*:! .'*($&9?*(%(+7! P8<B.Q! '$! c=C! "?'*X0! Y)#0! 3()! 7(/)! 6'%/'-%&! '*:! #*$&)&0$#*+!

09#&*9&!:#09/00#(*0C!`(/!?'6&!$'/+?$!A&!*($!(*%7!?(W!$(!$'9X%&!0(A&!(3!$?&!K/&0$#(*0!W&!A'7!'0XE!

-/$!A(0$!#A2()$'*$%7!$(!:#)&9$%7!'0X!$?&!'22)(2)#'$&!K/&0$#(*C!b3!9(/)0&E!<!W(/%:!%#X&!$(!$?'*X!$(!'%%!

A7!8<B.!A'$&0E! &02&9#'%%7!A7! 3'6(/)#$&! '/00#&0E! .#9XE! .'$&E! ](! '*:! >'AC! "?'*X0! 3()! 7(/)! &*:%&00!

?&%2!#*!$?&!%'-!'*:!3()!A'X#*+!A7!'/00#&!&N2&)#&*9&!A/9?!A()&!3/*!'%0(!(/$0#:&C!`(/!+/70!')&!+)&'$V!

IL'+)':')#'!'+)'#)!'!%L<=>!%'!9(*9&00#D!:&!%'!-&9'!:&!:(9$()'$!K/&!?'!2&)AO0!)&'%#$g')!'K/&0$'!3&#*'!

:/)'*$!h! '*70C! "'A-G!'! %'! +&*$!:&! S%'! 9'0'T!K/&!AL?'*!'i/:'$! '! 3&)!/*'!A#%%()! 3&#*'C!8+)'#)! '!5)C!

8*$(*#!1%'*'0E!5)C!_&6#!B#')*G0!#!5)'C!I'+:'!e'#i&0!2&)!%L'i/:'!'A-!%L&*g#AC!"'A-G!'%!5)C!>'*$#!.(*&%%!

2&)!:&#N')JA&!/0')!&%!0&/!2)&/'$!3%/()UA&$)&C!4)H9#&0!@0$&)!P*(#&$'VQ!2&)!%'!2'9#O*9#'V!!

"'A-G!6(%:)#'!:(*')! %&0!+)H9#&0!'! %'!5)'C!4&)(+#*'!Z($$&)E!5)'C!8**'!>(%'! #!5)C! ](0&!j/U0!k#l'0E!:&!

%L<*0$#$/$! :L<*6&0$#+'9#(*0! B#(AO:#K/&0! :&! B')9&%(*'! P<#-BQE! 2&)! %L&0$)&$'! 9(%m%'-()'9#DC! 4)'9#'0!

,?)70#'!2()! 3'9#%#$')A&! P7!'A&*#g')A&Q!&%! $)'-'i(!&*! 9/%$#6(0C!"'A-G!'! %'!5)'C!4&AA'!4'-)#&%!:&%!



!

 <<!

,&*$)&!.'9#(*'%!:&!I#9)(&%&9$)R*#9'! P,.IQ!2&)! %'! $&9*(%(+#'! 9(A2')$#:'C!"?'*X0!'%0(! $(!5)C! >(3#'!

>6&:?&A!3)(A!,?'%A&)0!c*#6&)0#$7!(3!"&9?*(%(+7!3()!$&'9?#*+!A&!'%%!'-(/$!$?&!=,IJ5!$&9?*(%(+7C!

<!*(!&A!2/9!(-%#:')!:&!%'!3'AU%#'!4@I8"V!4)H9#&0!2&)!3&)!K/&!'K/&0$0!'*70!?'+#*!&0$'$!2%&*0!:&!-(*0!

A(A&*$0E!K/&!?'+/&A!2(+/$!9(A2')$#)!A#%&)0!:&!0(A)#/)&0!2&)R!$'A-G!&%0!A'%:&9'20C!4)H9#&0!'%0!

S0O*#()0T!:&%!j'-!k&%%E!.n)#'E!I')#*'!#!1&)&E!2&)!3&)J?(!$($!AG0!3H9#%!#!:#6&)$#$C!>(/!%LH*#A'!:&%!+)/2V!

4)'9#'0!$'A-#G*!'!$#E!@%&*'E!2()!?'9&)*(0!&%!$)'-'i(!:/)(!2')'!K/&!$(:(0!2(:'A(0!'6'*g')C!I(%$&0!

+)H9#&0!'!$($0!&%0!:&%!B#(0($'*(E!b09')E!1)#E!4)&+E!8)-/E!,'0K/#dE!#!$'A-G!'%0!K/&!i'!*(!?#!0D*!]()+&E!

"(*#E!./)#JI')#Ed!k/%%!'+)'#)!&02&9#'%A&*$!'!%L8*'!:1!#!'!%'!.n)#'!,()(*'0E!2&)!'i/:')JA&!:&!A'*&)'!

A(%$!0#+*#3#9'$#6'!'!$#)')!&*:'6'*$!'K/&0$!2)(i&9$&C!>(-)&$($!'!%'!<*G0E!2&)!3&)JA&!%'!S3&#*'!-)/$'T!#!3&)!

K/&!'K/&0$'!n%$#A'!&$'2'!'! %L<=>!?'+#!&0$'$!A(%$!&02&9#'%! Pi/*$!'A-!%&0!S&*N/3':&0TQC! ]('*E!+)H9#&0!

2&)!3&)!:&%!2%'0A'!/*'!$O9*#9'!AG0!:#6&)$#:'E!7!'!$#!.'$E!2()!?'9&)A&!)&U)!9(*0$'*$&A&*$&C!.(!2/&:(!

#A'+#*')A&!&0$&!$#&A2(!0#*!$#!I'i(o!+)'9#'0!2()!0&)!%'!A&i()!0#&0'!:&%!A/*:(!7!9(A2')$#)!$/!6#$'%#:':!

9(*A#+(C! "'A2(9! 0&! K/&! 0&)#'! :&!A#! 0&*0&! %'!A&6'! 9(A2'*7'! :&! 6#'$+&! 2&)! &N9&%m%O*9#'o! +)H9#&0!

I')#'C! "($! #! K/&! 0&A-%'! K/&! &%0! *(0$)&0! 9'A#*0! 0L?'*! 0&2')'$E! 0G! K/&!2(:)G! 9(A2$')! 'A-! $/! 2&)!

0&A2)&C!5)C!j'/)#J_/))#E!+)H9#&0!2&)!$($!&%!K/&!?'0!9(A2')$#$!'A-!A#E!2&)!$($!&%!K/&!AL?'0!&*0&*7'$E!

2&)!$($!&%!K/&!?&A!6#09/$!i/*$&0E!2&)!%&0!'6&*$/)&0!#*3#*#$&0E!#!2&)!$($!&%!K!AL?'0!9/#:'$CCC!"($!2%&+'$!G0!

2(00#-%&A&*$!:&%!A#%%()!K/&!AL&*:/9!:&%!:(9$()'$!P&*!0&)#(VQC!<!2&)!:&09(A2$'$E!+)H9#&0!'!$/E!k#9$()C!

4)H9#&0!2&)!%'!2'9#O*9#'E!%'!3&!9&+'E!2&)!:(*')J?(!$($!#E!&*!:&3#*#$#6'E!2&)!0&)!#*:#02&*0'-%&C!

k(%:)#'! '+)'#)! '! $($0! 'K/&%%0! K/&! $'A-G! ?'*! 9(*$)#-/p$E! &*9')'! K/&! :&! 3()A'! #*:#)&9$'E! &*! 3&)!

:L'K/&0$'!&$'2'!/*!9'AU!AG0!&*$)'*7'-%&C!8! %&0!*&*&0E!2&)!?'6&)!&0$'$!'A-!A#!&*!&%0!-(*0! #!A'%0!

A(A&*$0E!0&A2)&!:(*'*$J?(!$($!#!:#03)/$'*$!'%!AHN#AE!9(*3#'*$!&*!&%!K/&!3'#+!#!)&9(%g'*$JA&!&*!$($C!

8!%&0!i'/%&0E!2&)!?'6&)!9)&09/$!#!0&+/#)!9)&#N&*$!i/*$&0E!2&)!3&)JA&!)#/)&!&*!$($!A(A&*$!#!2&)!0&)!/*&0!

+)'*0!9(A2'*7&0!:&!6#'$+&C!4/#%%&AE!+)H9#&0!2&)!'9(A2'*7')JA&!:&0!:&!3'!i'!/*0!'*7&$0E!2&)!3&)JA&!

:(*')! &%!AHN#AE! 2&)! 6'%()')JA&! $'*$! #! 3&)JA&! 0&*$#)! &02&9#'%C! 1&)R! 0(-)&$($E! +)H9#&0! 2&)! 0/2()$')!

'K/&0$'!:/)U00#A'!n%$#A'!&$'2'!:&%!:(9$()'$!&*!/*!A(A&*$!2%&!:&!9'*6#0!&*!%&0!*(0$)&0!6#:&0C!>&*0&!

$/E!A(%$'!2')$!:L'K/&0$!S$)&-'%%!:&!)&9&)9'T!*(!?'+/G0!&0$'$!2(00#-%&C!

<!&0$H!9%')!K/&!0#!'%+n!A&)&#N!$($!&%!A&/!'+)'pA&*$!G0!%'!A&6'!3'AU%#'C!4)H9#&0!'!$($0!&%0!'6#0E!*(!/0!

(-%#:(o! #! '! $($0! 'K/&%%0! K/&! ?&/! 9(*$)#-/p$! '! %'! 9'/0'! P$'A-G! '! $/! #! '%! $&/! 2'00W():! :&! %'!cBE!I'!

,')A&VQC!4)H9#&0!I')#'!2&)!0&)!/*'!'A#+'!'A-!K/#!)#/)&!#!'A-!K/#!2%()')!P#!9($#%%&i')VQE!#!'!$/!<0''9!2&)!

:(*')!%L(2$#A#0A&!K/&!A(%$&0!6&+':&0!&*0!3'%$'C!I(%$U00#A&0!+)H9#&0!'%0!:(0!2&)!:(*')JA&!&%!A#%%()!

*&-(:&$!:&%!AD*!'!K/#!&0$#A(!#AA&*0'A&*$!P1(%E!&$!$)(-(!A(%$U00#A!'!3'%$')VQC!<!0(-)&$($E!6/%%!'+)'#)!

'%0!A&/0!2')&0E!2&)!0&)!&%0!A#%%()0!2')&0!:&%!AD*E!2&)!?'6&)JAL?(!:(*'$!$($!#!)&9(%g'$!#!&0$#A'$!9(A!

*#*+nC!8!6(0'%$)&0!/0!:&9!$($!&%!K/&!0D9E!(*!&0$#9!#!/0!?&!:&!:#)!K/&!+)H9#&0!'!6(0'%$)&0!0D9!A(%$!3&%#MC!

1&)!A#E!0(/!#!0&)&/!/*!A(:&%!'!0&+/#)C!



!

 <<<!

+<;;/=>(

$/?85=?6:(#/=@56(1/654<@2.(A=5B2=4?2.(C5=(D262(!28?E2=>(&BB8?0/4?56.(

!

4&*&! $?&)'27! ?'0! -&9(A&!'*! #*9)&'0#*+! #**(6'$#6&! $&9?*#K/&! $(! $)&'$! :#0&'0&! -7! $?&! #*0&)$#(*! (3!

+&*&0! #*$(! #*:#6#:/'%L0! 9&%%0! '*:! $#00/&0C! "?&! 9?'%%&*+&! #0! $(! &33#9#&*$%7! '*:! 0'3&%7! :&%#6&)! $?&!

$?&)'2&/$#9! */9%&#9! '9#:! #*$(! $?&! $')+&$! 9&%%0! '*:! ()+'*0C! 8A(*+! $?&! 07*$?&$#9! 6&9$()0! )&9&*$%7!

:&6&%(2&:E! 9')-(*! *'*($/-&0! ')&! '*! #*$&)&0$#*+! 9?(#9&! '0! $?&7! ?'6&! '%)&':7! :&A(*0$)'$&:!

9(*0#:&)'-%&! 2)(A#0&! '0! :&%#6&)7! 070$&A0! :/&! $(! $?&#)! ?#+?! '02&9$! )'$#(! '*:! $?&#)! 9'2'9#$7! $(!

$)'*0%(9'$&! $?&! 9&%%! A&A-)'*&C! "?&! 2)(-%&A! $?'$! ')#0&0! #0! $?&#)! %#A#$&:! 0(%/-#%#g'$#(*! '*:!

02(*$'*&(/0!'++)&+'$#(*!0/%1019C!

8#A#*+! $(! &*+#*&&)! *&W! 9')-(*! *'*($/-&J-'0&:! :&0#+*0! 3()! $?&! 3()A'$#(*! (3! 9(A2%&N&0! '-%&! $(!

$)'*03&9$! 5.8q;.8! $(! 9&%%0! W#$?! '! +((:! $)'9X! (3! -#(9(A2'$#-#%#$7! '*:! 9&%%! 6#'-#%#$7E! :#33&)&*$!

0$)'$&+#&0! ?'6&! -&&*! :&6&%(2&:C! e#)0$%7E! $?&! 9(6'%&*$! 3/*9$#(*'%#g'$#(*! (3! 9')-(*! *'*($/-&0! -7!

2%'0A'! $&9?*#K/&0!?'0!-&&*!(2$#A#g&:C!"?#0! $72&!(3!A(:#3#9'$#(*!'%%(W0! $(!&#$?&)!'9?#&6#*+!?#+?%7!

)&'9$#6&! 0/)3'9&0! '-%&! $(! 9(6'%&*$%7! -#*:! 5.8! $(W'):0! '! 9?&A#9'%! %#*X&)! ()! '! 2(0#$#6&%7! 9?')+&:!

*'*($/-&! 0/)3'9&!&*'-%#*+! $?&!W)'22#*+!(3! $?&!*/9%&#9! '9#:!-7!&%&9$)(0$'$#9! #*$&)'9$#(*C! >&9(*:%7E!

$?&!:#02&)0#(*!(3!$?&!:#33&)&*$%7J0#g&:!9')-(*!*'*($/-&0!-7!A&'*0!(3!'!0$'-#%#g#*+!'+&*$!#*9%/:#*+!'!

0/)3'9$'*$E! '*! 'A2?#2?#%#9! 2(%7A&)! '*:! 2)($&#*0! ?'0! -&&*! '00&00&:C! "?&! 9?&A#9'%! *'$/)&! (3! $?&!

A(:#37#*+!A(#&$#&0!(*!$?&!9')-(*!*'*($/-&E!'%(*+0#:&!$(!($?&)!2?70#9'%!2)(2&)$#&0!0/9?!'0!%&*+$?!()!

:#'A&$&)E!?'0!'!:#)&9$!&33&9$!(*!$?&!:#02&)0#-#%#$7E!97$($(N#9#$7!'*:!-#(:#0$)#-/$#(*!(3!$?&0&!070$&A0C!

"?&!/0&!(3!2)($&#*0!#*!$?&!*'*(2')$#9%&!3/*9$#(*'%#g'$#(*!#0!&*9(/)'+#*+!:/&!$(!$?&!3()A'$#(*!(3!$?&!

2)($&#*!9()(*'!(*!#$0!0/)3'9&C!>/9?!9(A2%&N!&N?#-#$0!?#+?!5.8!%(':!9'2'9#$#&0!'*:!'%%(W0!'!$/*'-%&!

2'7%(':!)&%&'0&!-7!A'*#2/%'$#*+!$?&!9()(*'!9(A2(0#$#(*C!

!



!

 



!

 k!

%2.<;(

$/?85=?6:(#/=@56(1/654<@2.(A=5B2=4?2.(C5=(D262(!28?E2=>(&BB8?0/4?56.(

!

j'!$&)H2#'!+O*#9'!0L&0$H!9(*6&)$#$!&*!/*'!$O9*#9'!#**(6':()'!2&)!$'%!:&!9/)')!/*'!A'%'%$#'!A#$i'*M'*$!

%'!#*0&)9#D!:&!+&*0!:#*0!%&0!9&%%0!#!R)+'*0!:L/*!#*:#6#:/C!@%!)&2$&!)&9'/!&*!%L'%%#-&)'9#D!&3#9#&*$!#!0&+/)'!

:&! %LH9#:! */9%&#9! $&)'2O/$#9! '! %&0! 9O%m%/%&0! #! R)+'*0! (-i&9$#/C! 5&! $($0! &%0! 6&9$()0! 0#*$O$#90!

:&0&*6(%/2'$0!)&9&*$A&*$E!&%0!*'*($/-0!:&!9')-(*#!0D*!/*'!&%&99#D!#*$&)&00'*$!K/&!i'!?'!:&A(0$)'$!

2)(A&$)&!9(*0#:&)'-%&A&*$!9(A!'!0#0$&A'!'%%#-&)'9#DE!+)H9#&0!'!%'!0&6'!2)(2()9#D!'A2%':'J'%M':'!#!

%'! 0&6'! 9'2'9#$'$! :&! $)'*0%(9')! %'!A&A-)'*'! 9&%m%/%')C! @%! 2)(-%&A'!K/&! 0()+&#N! G0! %'! 0&6'! %#A#$':'!

0(%/-#%#$g'9#D!#!%L'+)&+'9#D!&02(*$H*#'!0/%1019C!

8A-!%L(-i&9$#/!:&!:&0&*6(%/2')!*(/0!:#00&*70!-'0'$0!&*!*'*($/-0!:&!9')-(*#!2&)!'! %'!3()A'9#D!:&!

9(A2%&N(0!9'2'M(0!:&!$)'*03&9$')!85.!'! %&0!9O%m%/%&0E!'A-!/*!'!-(*!)&+#0$)&!:&!-#(9(A2'$#-#%#$'$! #!

6#'-#%#$'$! 9&%m%/%')E! 0L?'*! :&0&*6(%/2'$! :#3&)&*$0! &0$)'$O+#&0C! @*! 2)#A&)! %%(9E! 0L?'! (2$#A#$g'$! %'!

3/*9#(*'%#$g'9#D! 9(6'%&*$! :&%0! *'*($/-0! 2&)! A#$iH! :&! $O9*#K/&0! :&! 2%'0A'C! 8K/&0$! $#2/0! :&!

A(:#3#9'9#D!2&)A&$!'9(*0&+/#)!$'*!0/2&)3U9#&0!'%$'A&*$!)&'9$#6&0!9'2'9&0!:L/*#)!85.!'!$)'6G0!:L/*'!

A(%O9/%'! &*%%'M'*$E! 9(A! 0/2&)3U9#&0! 9'))&+':&0! 2(0#$#6'A&*$! K/&! 2&)A&$&*! %L&*6(%9'%%! :&! %LH9#:!

*/9%&#9!2&)!#*$&)'99#D!&%&9$)(0$H$#9'C!@*!0&+(*!%%(9E!0L?'!'6'%/'$!%'!:#02&)0#D!:&!*'*($/-0!:&!:#3&)&*$0!

A#:&0! 2&)! A#$iH! :L/*! '+&*$! &0$'-#%#$g'*$! #*9%(&*$! /*! 0/)3'9$'*$E! /*! 2(%UA&)! 'A3#3U%#9! #! 2)($&p*&0C!

8K/&0$'!*'$/)'%&0'!K/UA#9'!:&! %'!0/2&)3U9#&!:&%!*'*($/-E! i/*$'A&*$!'A-!'%$)&0!2)(2#&$'$0! 3U0#K/&0!

9(A! ')'! %L'%%')+':'! (! &%! :#HA&$)&E! $G! /*! &3&9$&! :#)&9$&! &*! %'! :#02&)0#-#%#$'$E! 9#$($(N#9#$'$! #!

-#(:#0$)#-/9#D!:L'K/&0$!0#0$&A&0C!

jLn0! :&! 2)($&p*&0! 2&)! 3/*9$#(*'%#$g')! *'*(2')$U9/%&0! G0! &*9()'$i':()! i'! K/&! 3()A'! %'! 9()(*'! :&!

2)($&p*'! '! %'! 0&6'! 0/2&)3U9#&C! "'%0! 9(*i/+'$0! A(0$)&*! /*'! &%&6':'! 9'2'9#$'$! :&! 9'))&+')! 85.! #!

2&)A&$&*!%'!)&+/%'9#D!:&!%'!0&6'!'%%#-&)'9#D!A#$i'*M'*$!%'!A'*#2/%'9#D!:&!%'!9(A2(0#9#D!:&!9()(*'C!



!

 

!

!



"'-%&!(3!,(*$&*$0!

 k<<!

$/@82(5C(#564264.(

&07653829:;264.(FFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFF(,(

+<;;/=>(FFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFF(,,,(

%2.<;(FFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFF(G(

$/@82(5C(#564264.(FFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFF(G,,(

,692H(5C(+0I2;2.(&69(J?:<=2.(FFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFF(K,(

,692H(5C($/@82.(&69(*L</4?56.(FFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFF(K,G(

'?.4(5C(&@@=2E?/4?56.(FFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFF(KG(

MF( ,64=59<04?56(FFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFF(M(

MFMF!N/07:=5<69(FFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFF(O!

MFPF!&?;.(FFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFF(MP!

MFOF!#564264(5C(4I?.(!?..2=4/4?56(FFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFF(MO!

MFQF!%2C2=2602.(FFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFF(MR!

PF( +<=C/02(S59?C?0/4?56(N>(A8/.;/($20I6?L<2.(FFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFF(MT(

PFMF! ,64=59<04?56(FFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFF(PM!

PFPF!*HB2=?;264/8(+204?56(FFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFF(PU!

rCrC[C! 1%'0A'!;&'9$()!@A2%(7&:!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!rs!

rCrCrC! 1)(9&:/)&!(3!$?&!1%'0A'!1(%7A&)#g'$#(*!-7!1@,k5!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!rt!

rCrChC! I&$?(:(%(+7!(3!$?&!1%'0A'J4)'3$#*+!I(:#3#9'$#(*!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!rt!

rCrCuC! ,?&A#9'%!'*:!"(2(+)'2?#9'%!,?')'9$&)#g'$#(*!(3!$?&!>/)3'9&0!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!rv!

rCrCwC! e/*9$#(*'%#g'$#(*!(3!$?&!I(:#3#&:!>/)3'9&0!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!rv!

rCrCsC! e'-)#9'$#(*!(3!I#9)(0$)/9$/)&:!>/)3'9&0!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!rx!

rCrCtC! >$/:7!(3!$?&!,(6'%&*$!<AA(-#%#g'$#(*!(3!1)($&#*!I(*(%'7&)0!-7!=/')$g!,)70$'%!

I#9)(-'%'*9&!W#$?!5#00#2'$#(*!P=,IJ5Q!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!h\!

rCrCvC! e'-)#9'$#(*!(3!B#('9$#6&!>/)3'9&0!106!@*g7A&!<AA(-#%#g'$#(*!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!h[!

rCrCxC! ,(6'%&*$!<AA(-#%#g'$#(*!(3!4&*&!5&%#6&)7!k#)'%!k&9$()0!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!hu!



"'#%()#*+!,')-(*!.'*($/-&0!1)(2&)$#&0!3()!4&*&!5&%#6&)7!822%#9'$#(*0!

 k<<<!

PFOF!%2.<84.(/69(!?.0<..?56(FFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFF(OU!

rChC[C! 221eI!"?#*!e#%A!e()A'$#(*!-7!1@,k5!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!hs!

rChCrC! 5&6&%(2A&*$!(3!$?&!1%'0A'!4)'3$#*+!I(:#3#9'$#(*!822)('9?!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!u\!

rChChC! >$/:7!(3!$?&!1)($&#*!<AA(-#%#g'$#(*!-7!=,IJ5!8*'%70#0!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!ux!

rChCuC! b-$'#*#*+!B#('9$#6&!>/)3'9&0!-7!@*g7A&!<AA(-#%#g'$#(*!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!ws!

rChCwC! <AA(-#%#g'$#(*!(3!k#)'%!4&*&!5&%#6&)7!k&9$()0!3()!>/-0$)'$&JI&:#'$&:!")'*03&9$#(*0!C!su!

PFQF!#5608<9?6:(%2;/=7.(FFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFF(UV!

PFRF!%2C2=2602.(FFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFF(UW!

OF( S59?C?0/4?56(5C(#/=@56(1/654<@2.(@>(A*#G!(C5=(D262(!28?E2=>(G2045=.(FFFFFFFFFFFFFFFFFFF(VO(

OFMF! ,64=59<04?56(FFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFF(VR!

OFPF!*HB2=?;264/8(+204?56(FFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFF(VT!

hCrC[C! @A2%(7&:!,')-(*!.'*($/-&0!P,."0Q!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!tx!

hCrCrC! >/)3'9&!I(:#3#9'$#(*!(3!,."0!-7!1@,k5!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!tx!

hCrChC! ,?')'9$&)#g'$#(*!(3!$?&!I(:#3#&:!,."0!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!v\!

hCrCuC! ;&'9$#6#$7!(3!$?&!221eIJ9('$&:!),."0!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!vr!

hCrCwC! ,&%%!k#'-#%#$7!(3!$?&!5&9()'$&:J),."0!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!vh!

hCrCsC! 5#02&)0#-#%#$7!>$/:#&0!(3!$?&!221eIJA(:#3#&:!),."0!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!vh!

hCrCtC! ,&%%!")'*03&9$#(*!>$/:#&0!(3!$?&!5.8!k&9$()0!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!vu!

OFOF!%2.<84.(/69(!?.0<..?56(FFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFF(WR!

hChC[C! 1@,k5!I(:#3#9'$#(*!(3!),."0!W#$?!221eI!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!vw!

hChCrC! 5.8!,(*:&*0'$#(*!$(!$?&!),."!106!<(*#9!<*$&)'9$#(*!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC![\[!

OFQF!#5608<9?6:(%2;/=7.(FFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFF(MXU!

OFRF!%2C2=2602.(FFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFF(MXW!

QF( *CC204(5C(4I2(AI>.?050I2;?0/8(A=5B2=4?2.(5C(#1$.(?6(N?585:?0/8(&BB8?0/4?56.(FFFFFFFFFFFFF(MPM(

QFMF! ,64=59<04?56(FFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFF(MPO!

QFPF!*HB2=?;264/8(+204?56(FFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFF(MPW!

uCrC[C! ,."!$72&0!>$/:#&:!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC![rv!

uCrCrC! >?()$&*#*+!1)(9&00!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC![rv!

uCrChC! 5#02&)0#-#%#$7!>$/:#&0!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC![h\!

uCrCuC! @6'%/'$#(*!(3!$?&!,&%%!k#'-#%#$7!(3!$?&!,(A2%&N&0!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC![hr!

uCrCwC! >$/:7!(3!$?&%#/%I019!B#(:#0$)#-/$#(*!(3!,."0!#*!I#9&!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC![hh!

uCrCsC! @6'%/'$#(*!(3!$?&!24e1!,(A2%&N&0!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC![hu!



"'-%&!(3!,(*$&*$0!

 <_!

QFOF!%2.<84.(/69(!?.0<..?56(FFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFF(MOR!

uChC[C! >?()$&*#*+!(3!,."0!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC![hw!

uChCrC! 5#02&)0#-#%#$7!(3!$?&!5#33&)&*$!,."0!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC![ur!

uChChC! @33&9$!(3!$?&!,."!>$)/9$/)&!'*:!>/)3'9&!I(:#3#9'$#(*!(*!,&%%/%')!k#'-#%#$7!CCCCCCCCCCCCCCCC![ut!

uChCuC! >$/:7!(3!$?&!#/%I019!B#(:#0$)#-/$#(*!(3!$?&!,."0!#*!I#9&!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC![wh!

uChCwC! 800&00A&*$!(3!$?&!2288J,('$&:!,."!>70$&A0!3()!4e1!4&*&!5&%#6&)7!CCCCCCCCCCCCCCCCCCCCCCC![wv!

QFQF!#5608<9?6:(%2;/=7.(FFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFF(MUP!

QFRF!%2C2=2602.(FFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFF(MUQ!

RF( ,60=2/.?6:('5/9?6:(#/B/0?4>Y(A=542?6(#5=56/.(FFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFF(MUT(

RFMF! ,64=59<04?56(FFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFF(MVM!

RFPF!*HB2=?;264/8(+204?56(FFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFF(MVR!

wCrC[C! .'*(2')$#9%&!1)&2')'$#(*!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC![tw!

wCrCrC! ,()(*'!e()A'$#(*!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC![ts!

wCrChC! .'*(2')$#9%&!'*:!,()(*'!,?')'9$&)#g'$#(*!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC![tt!

RFOF!%2.<84.(/69(!?.0<..?56(FFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFF(MWX!

wChC[C! b2$#A#g#*+!$?&!1)($&#*!,()(*'!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC![v\!

wChCrC! 800&00A&*$!(3!$?&!@6(%/$#(*!(3!1)($&#*!,()(*'!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC![vt!

wChChC! c0#*+!4(%:!.'*)(:0!3()!>&%&9$#6&!")#++&)&:!;&%&'0&!822%#9'$#(*0!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCC![xh!

wChCuC! 1)($&#*!,()(*'!e()A'$#(*!(*!,."0!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC![xx!

RFQF!#5608<9?6:(%2;/=7.(FFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFF(PXQ!

RFRF!%2C2=2602.(FFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFF(PXU!

UF( #5608<.?56.(FFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFF(PXT(

'?.4(5C(A<@8?0/4?56.(/69(A=2.264/4?56.(FFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFF(PMQ(

!

(



!

 

(

(

!



<*:&N!(3!>9?&A&0!'*:!e#+/)&0!

 _<!

,692H(5C(+0I2;2.(
>9?&A&![C[C!4&*&!$?&)'27!2'$?W'7!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!u!
>9?&A&![CrC!>$)/9$/)&!(3!$?&!P8Q!0#*+%&JW'%%&:!,."0!'*:!PBQ!A/%$#JW'%%&:!,."0!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!s!
>9?&A&!rC[!21eI!$?#*!3#%A!0$)/9$/)&!'*:!)&'9$#(*!W#$?!'A#*&J$&)A#*'$&:!A(%&9/%&0C!CCCCCCCCCCCCCCCCCCCC!rr!
>9?&A&!rCrC!1/%0&:!2%'0A'!2(%7A&)#g'$#(*!2)(9&00!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!rh!
>9?&A&!rChC!4)'3$#*+!2)(9&00!(*!2(%7A&)!0/-0$)'$&0!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!ru!
>9?&A&!rCu!>9?&A'$#9!:#'+)'A!(3!$?&!2%'0A'!)&'9$()!'*:!#$0!&%&9$)#9'%!9(A2(*&*$0C!CCCCCCCCCCCCCCCCCCCCCC!rs!
>9?&A&!rCw!,?&A#9'%!0$)/9$/)&!(3!$?&!e">,!P%&3$Q!'*:!1@4J'A#*&!P)#+?$QC!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!rv!
>9?&A&!rCsC!I#9)(9(*$'9$!2)#*$#*+!A&$?(:(%(+7C!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!h\!
>9?&A&!rCtC!,?&A#9'%!0$)/9$/)&!(3!$?&![EhJ[EuJ!J+%/9'*&C!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!hh!
>9?&A&!rCvC!5.>!9?&A#9'%!)&'9$#(*C!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!hu!
>9?&A&!rCxC!=,IJ5!$&9?*(%(+7!/0&:!#*!$?#0!W()X!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!ux!
>9?&A&!rC[\C!,(*3()A'$#(*'%!9?'*+&0!(3!B>8!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!wu!
>9?&A&!rC[[C![EhJ[EuJ!J+%/9'*'0&!0$)/9$/)&!'*:!#AA(-#%#g'$#(*!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!wt!
>9?&A&!hC[C!e()A'$#(*!(3!,."J-'0&:!+&*&!:&%#6&)7!6&9$()!106!221eI!2(%7A&)#g'$#(*!CCCCCCCCCCCCCCCCCCCCC!tv!
>9?&A&!hCrC!b-$'#*#*+!$?&!2288JA(:#3#&:!,."JA&:#'$&:!$)'*03&9$#(*!6&9$()!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!tv!
>9?&A&!hChC!e%/()&09&*$%7J%'-&%&:!),."0!PeJ),."0Q!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!vr!
>9?&A&!uC[C!@33&9$!(3!$?&!2?70#9(9?&A#9'%!2)(2&)$#&0!(3!,."0!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC![rt!
>9?&A&!uCrC!,')-(*!*'*($/-&0!&A2%(7&:!#*!$?#0!W()X!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC![rv!
>9?&A&!uChC!8A2?72?7%#9!2(%7A&)!P2Z1I8Q!07*$?&0#0!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC![h\!
>9?&A&!wC[C!4)'2?#9'%!)&2)&0&*$'$#(*!(3!$?&!9()(*'!:&0#+*!'22)('9?!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC![th!
(

(

,692H(5C!J?:<=2.!(

e#+/)&![C[C!,."0!2&*&$)'$#(*!$?)(/+?!$?&!9&%%!A&A-)'*&!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!t!
e#+/)&!rC[C!>#%#9(*!A'0$&)!/0&:!#*!$?#0!W()X!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!rx!
e#+/)&!rCrC!f,8!(3!$?&!221eI!$?#*!3#%A0!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!ht!
e#+/)&!rChC!8eI!'*'%70#0!(3!$?&!221eI!3#%A0!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!hx!
e#+/)&!rCuC!;&'9$#6#$7!(3!$?&!221eI!%'7&)0!$(W'):0!e">,!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!u\!
e#+/)&!rCwC!8eI!h5!#A'+&0!(3!8)J2%'0A'!$)&'$&:!1>!0/)3'9&0!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!u[!
e#+/)&!rCsC!8eI!0$/:7!(3!$?&!+1eIJA(:#3#&:!0/)3'9&0!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!ur!
e#+/)&!rCtC!f,8!6'%/&0!3()!$?&!h!0$&20!#*!$?&!2%'0A'!+)'3$#*+!A(:#3#9'$#(*!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!uh!
e#+/)&!rCvC!I#9)(&0$)/9$/)'$#(*!(3!$?&!+1eIJA(:#3#&:!0/)3'9&0!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!uw!
e#+/)&!rCxC!I#9)(9(*$'9$!2)#*$#*+!(*!+1eIJA(:#3#&:!0/)3'9&0!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!ut!
e#+/)&!rC[\C!800'7!&6(%/$#(*!(3!$?&!=,IJ5!2')'A&$&)0!3()!$?&!A(:#3#&:!0&*0()0!CCCCCCCCCCCCCCCCCCCCCCCCCCCCC!w[!
e#+/)&!rC[[C!"#A&J&6(%/$#(*!(3!$?&!A'00!':?&)&:!(*!$?&!A(:#3#&:!0/)3'9&0!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!wr!
e#+/)&!rC[rC!8*'%70#0!(3!$?&!6#09(&%'0$#9!2)(2&)$#&0!(3!$?&!B>8!A(*(%'7&)!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!wr!
e#+/)&!rC[hC!=,IJ5!&6(%/$#(*!(3!$?&!&*g7A&!3)(*$!$?&!+1eIJA(:#3#&:!0&*0()!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!wv!
e#+/)&!rC[u!k#09(&%'0$#9!2)(2&)$#&0!(3!$?&!#AA(-#%#g&:!&*g7A'$#9!%'7&)!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!wx!



"'#%()#*+!,')-(*!.'*($/-&0!1)(2&)$#&0!3()!4&*&!5&%#6&)7!822%#9'$#(*0!

 _<<!

e#+/)&!rC[wC!;&'9$#6#$7!(3!$?&!+1eIJA(:#3#&:!1>!-&':0!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!s[!
e#+/)&!rC[sC!<AA(-#%#g&:![EhJ[EuJ!J+%/9'*'0&!(*!$?&!1>J+1eI!-&':0!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!s[!
e#+/)&!rC[tC!89$#6#$7!(3!$?&!#AA(-#%#g&:!&*g7A&!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!su!
e#+/)&!rC[vC!4e1!&N2)&00#(*!(3!$?&!0&&:&:!9&%%0!(*!$?&!,;>!'$!:#3&)&*$!Ib<!)'$#(0!CCCCCCCCCCCCCCCCCCCCCCCCCCCC!ss!
e#+/)&!hC[C!f,8!(3!$?&!)&0/%$#*+!221eI!3#%A!:&2&*:#*+!(*!$?&!$1@,k5!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!vw!
e#+/)&!hCrC!Z;"@I!#A'+&0!(3!$?&!),."J221eI!070$&A0!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!vs!
e#+/)&!hChC!j&*+$?!'*:!:#'A&$&)!(3!$?&!),."J221eI!9(A2%&N&0!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!vt!
e#+/)&!hCuC!!_J;'7!A#9)('*'%70#0!(3!$?&!Z;"@IJ#A'+&:!),."J221eI!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!vv!
e#+/)&!hCwC!_1>!(3!$?&!221eIJA(:#3#&:!),."0!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!vx!
e#+/)&!hCsC!5&9(*6(%/$#(*!(3!$?&!_1>!02&9)/A!3()!$?&!221eIJA(:#3#&:!),."0!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!x\!
e#+/)&!hCtC!e%/()&09&*$!A#9)(09(27!#A'+&0!(3!$?&!3/*9$#(*'%#g&:!eJ),."0!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!x[!
e#+/)&!hCvC!Z;"@I!#A'+&0!(3!$?&!),."0!3/*9$#(*'%#g&:!W#$?!=50!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!xr!
e#+/)&!hCxC!_J;'7!A#9)('*'%70#0!(3!$?&!=5J3/*9$#(*'%#g&:!),."0!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!xh!
e#+/)&!hC[\C!#/%10539!3%/()&09&*9&!$)'9X#*+!(3!$?&!eJ0,."0!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!xu!
e#+/)&!hC[[C!5#02&)0#(*!(3!$?&!221eIJA(:#3#&:!),."0!#*!&$?'*(%!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!xw!
e#+/)&!hC[rC!5#02&)0#-#%#$7!(3!),."J221eI!#*!:#33&)&*$!0(%6&*$0!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!xw!
e#+/)&!hC[hC!4)'2?#9!)&2)&0&*$'$#(*!(3!$?&!Z'*0&*!2')'A&$&)0!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!xt!
e#+/)&!hC[uC!_1>!'*'%70#0!(3!$?&!"18J3/*9$#(*'%#g&:!),."0!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!xv!
e#+/)&!hC[wC!8*'%70#0!(3!$?&!>r2!2&'X!(3!$?&!),."J221eIJ"18!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC![\\!
e#+/)&!hC[sC!<;!02&9$)/A!(3!$?&!2288!9('$#*+!'9?#&6&:!-7!1@,k5!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC![\r!
e#+/)&!hC[tC!f,8!(3!P8Q!$?&!*(*JA(:#3#&:!0#%#9(*!W'3&)!'*:!PBQ!9('$&:!W#$?!2288C!CCCCCCCCCCCCCCCCCCCCCCCC![\r!
e#+/)&!hC[vC!>#g&!'*:!9?')+&!(3!$?&!),."0J221eI!'*:!),."J2288!9(A2%&N&0!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC![\u!
e#+/)&!hCr\C!,&%%!$)'*03&9$#(*!(3!$?&!),."J2288y24e1!9(A2%&N&0!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC![\w!
e#+/)&!uC[C!>?()$&*#*+!2)(9&:/)&!&6'%/'$#(*!(3!),."0!-7!Z;"@I!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC![hs!
e#+/)&!uCrC!86&)'+&!%&*+$?!PzAQ!(3!'%%!0?()$&*&:!),."0!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC![ht!
e#+/)&!uChC!@5>!(3!$?&!0?()$&*&:!),."0!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC![hv!
e#+/)&!uCuC!Z;"@I!#A'+&0!(3!$?&!P8Q!*'p6&!3,."0!'*:!PBQ!$?&!0J3,."0!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC![u\!
e#+/)&!uCwC!I&'*!(3!$?&!%&*+$?0!(3!$?&!*'p6&!3,."0!'*:!0J3,."0!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC![u\!
e#+/)&!uCsC!@5>!(3!$?&!3%&N#-%&!,."0!-&3()&!'*:!'3$&)!0?()$&*#*+!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC![u[!
e#+/)&!uCtC!^&$'!2($&*$#'%!(3!$?&!,."0!W#$?!:#33&)&*$!3/*9$#(*'%#$#&0!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC![uh!
e#+/)&!uCvC!Z7:)(:7*'A#9!:#'A&$&)!(3!$?&!,."0!W#$?!:#33&)&*$!3/*9$#(*'%#$#&0!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC![uh!
e#+/)&!uCxC!5#02&)0#-#%#$7!(3!,."0!W#$?!:#33&)&*$!3/*9$#(*'%#$#&0!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC![uw!
e#+/)&!uC[\C!,(*9&*$)'$#(*!(3!3/*9$#(*'%#g&:J,."0!2)&0&*$!#*!0(%/$#(*!(6&)!$#A&!CCCCCCCCCCCCCCCCCCCCCCCCCCC![uw!
e#+/)&!uC[[C!1&)9&*$'+&!(3!,."0!:#02&)0&:!#*!0(%/$#(*!'3$&)![!?!(3!0(*#9'$#(*!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC![ut!
e#+/)&!uC[rC!,&%%!6#'-#%#$7!(3!,."0!#*!3/*9$#(*!(3!$?&!#*9/-'$#(*!$#A&!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC![uv!
e#+/)&!uC[hC!I#9)(09(2&!#A'+&!Pr\NQ!(3!h"h!9&%%0!#*9/-'$&:!W#$?!,."0!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC![uv!
e#+/)&!uC[uC!,&%%!6#'-#%#$7!(3!$?&!,."0!'$!:#33&)&*$!9(*9&*$)'$#(*0!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC![ux!
e#+/)&!uC[wC!,7$($(N#9#$7!(3!,."0!W#$?!:#33&)&*$!3/*9$#(*'%#$#&0!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC![w\!
e#+/)&!uC[sC!I#9)(09(2&!#A'+&0!(3!,."JZ>!#*!9&%%0!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC![w\!
e#+/)&!uC[tC!I#9)(09(2&!#A'+&0!(3!,."J,"8B!#*!9&%%0!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC![w[!
e#+/)&!uC[vC!I#9)(09(2&!#A'+&0!(3!,."J2Z1I8!#*!9&%%0C!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC![wr!
e#+/)&!uC[xC!I#9)(09(2&!#A'+&0!(3!,."J2288!#*!9&%%0!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC![wh!
e#+/)&!uCr\C!,(A2')#0(*!(3!0/%1019!-#(:#0$)#-/$#(*!(3!$?&!eJ,."0!#*i&9$&:!#*!A#9&!CCCCCCCCCCCCCCCCCCCCCCCCCCC![ww!
e#+/)&!uCr[C!JK%1019!()+'*!-#(:#0$)#-/$#(*!(3!$?&!eJ,."0!'3$&)!ru!?!(3!#*i&9$#(*!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC![ww!



<*:&N!(3!>9?&A&0!'*:!e#+/)&0!

 _<<<!

e#+/)&!uCrrC!>&A#JK/'*$#$'$#6&!'*'%70#0!(3!$?&!()+'*!-#(:#0$)#-/$#(*!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC![wt!
e#+/)&!uCrhC!8+')(0&!+&%!&%&9$)(2?()&0#0!(3!:#33&)&*$!,."J2288y24e1!PWqWQ!)'$#(0!CCCCCCCCCCCCCCCCCCCCCCC![wx!
e#+/)&!uCruC!,&%%!6#'-#%#$7!(3!$?&!24e1!9(A2%&N&0!6')7#*+!$?&!,."!9(*9&*$)'$#(*!CCCCCCCCCCCCCCCCCCCCCCCCCCCC![s\!
e#+/)&!uCrwC!")'*03&9$#(*!(3!h"h!9&%%0!W#$?!,."J2288y24e1!9(A2%&N&0!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC![s[!
e#+/)&!uCrsC!")'*03&9$#(*!(3!,(0Jt!9&%%0!W#$?!,."J2288y24e1!9(A2%&N&0!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC![s[!
e#+/)&!wC[C!k#'%0!(3!$?&!.;J9()(*'0!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC![v\!
e#+/)&!wCrC!8-0()-'*9&!02&9$)'!(3!$?&!.;J9()(*'!/0#*+!:#33&)&*$!$72&!(3!2)($&#*0!CCCCCCCCCCCCCCCCCCCCCCCCCC![v[!
e#+/)&!wChC!j(':#*+!3)(A!9()(*'0!A&'0/)&:!-7!0/2&)*'$'*$!%(00!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC![vr!
e#+/)&!wCuC!j(':#*+!(3!.;J9()(*'0!A&'0/)&:!-7!?&'$!:#02%'9&A&*$!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC![vh!
e#+/)&!wCwC!>#g&!'*:!9?')+&!(3!$?&!.;J9()(*'0!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC![vh!
e#+/)&!wCsC!,?')'9$&)#g'$#(*!(3!$?&!.;J9()(*'0!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC![vu!
e#+/)&!wCtC(@33&9$!(3!&*6#)(*A&*$'%!'*:!'00&A-%7!9(*:#$#(*0!(*!%(':#*+!(3!5.8!CCCCCCCCCCCCCCCCCCCCCCCCCCCCC![vw!
e#+/)&!wCvC!8-0()2$#(*!02&9$)'!(3!.;0!'3$&)!$?&!3()A'$#(*!(3!$?&!2)($&#*!9()(*'!CCCCCCCCCCCCCCCCCCCCCCCCCCCC![vs!
e#+/)&!wCxC!"#A&J&6(%/$#(*!(3!$?&!'-0()2$#(*!02&9$)'!(3!$?&!.;J9()(*'0!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC![vt!
e#+/)&!wC[\C(5.8!2'00#6&!)&%&'0&!2)(3#%&0!(3!.;J9()(*'0!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC![vv!
e#+/)&!wC[[C!1'00#6&!)&%&'0&!(3!.;J9()(*'0!#*!:#33&)&*$!-/33&)!9(*9&*$)'$#(*0!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC![vx!
e#+/)&!wC[rF!1'00#6&!)&%&'0&!5.8!2)(3#%&0!(3!9()(*'0!#*!'*!&N9?'*+&!&*6#)(*A&*$!CCCCCCCCCCCCCCCCCCCCCCCCC![x\!
e#+/)&!wC[hF!j&'X'+&!(3!.;J9()(*'0!'$!:#33&)&*$!&N9?'*+&!&*6#)(*A&*$0!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC![x[!
e#+/)&!wC[uF!j&'X'+&!(3!5.8!#*!-%((:!2%'0A'!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC![xr!
e#+/)&!wC[wC!I&%$#*+!$?&!.;J,"8B!'*:!.BJ,"8B!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC![xu!
e#+/)&!wC[sC!>&%&9$#6&!A&%$#*+!(3!'!.;q.BJ,"8B!A#N$/)&!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC![xu!
e#+/)&!wC[tC!,?')'9$&)#g'$#(*!(3!.BJ9()(*'0!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC![xw!
e#+/)&!wC[vC!1'00#6&!)&%&'0&!5.8!2)(3#%&0!(3!.BJ9()(*'0!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC![xs!
e#+/)&!wC[xC!.;0!'*:!.B0!07*$?&0#g&:!'*:!%(':&:!3()!$)#++&)&:!)&%&'0&!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC![xt!
e#+/)&!wCr\C!>&%&9$#6&!)&%&'0&!(3!.;q.BJ9()(*'!A#N$/)&!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC![xv!
e#+/)&!wCr[C!>&%&9$#6&!A&%$#*+!(3!.;0!'*:!.B0!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC![xv!
e#+/)&!wCrrF!Z;"@I!#A'+&0!(3!$?&!,."J9()(*'0C!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!r\\!
e#+/)&!wCrhC!>#g&!'*:!9?')+&!(3!$?&!,."J9()(*'0!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!r\\!
e#+/)&!wCruF!j(':#*+!9'2'9#$#&0!(3!$?&!,."J9()(*'0!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!r\[!
e#+/)&!wCrwF!>#g&E!9?')+&!'*:!5.8!%(':#*+0!(3!$?&!9()(*'0!3()A&:!W#$?!,."J221eI!CCCCCCCCCCCCCCCCCCCCCC!r\r!
e#+/)&!wCrsC!5.8!)&%&'0&!3)(A!$?&!3,."JZ>J5.8!W#$?!:#33&)&*$!&N9?'*+&!9(*:#$#(*0!CCCCCCCCCCCCCCCCCCCCC!r\h!



"'#%()#*+!,')-(*!.'*($/-&0!1)(2&)$#&0!3()!4&*&!5&%#6&)7!822%#9'$#(*0!

 _<k!

,692H(5C($/@82.((

"'-%&!rC[C!;&'9$()!9(*:#$#(*0!3()!$?&!:&2(0#$#(*!(3!221eI!-7!1@,k5C!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!rt!
"'-%&!rCrC!>'A2%&0!2)&2')&:!3()!3/)$?&)!'9$#6#$7!K/'*$#3#9'$#(*!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!hh!
"'-%&!rChC!b2$#A#g&:!)&'9$()!2')'A&$&)0!3()!$?&!3()A'$#(*!221eI!$?#*!3#%A0!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!ht!
"'-%&!rCuC!"(eJ><I>!*&+'$#6&!#(*0!A'20!(3!221eIJA(:#3#&:!4>!0/-0$)'$&0!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!hv!
"'-%&!rCwC!;(/+?*&00!6'%/&0!'3$&)!-&#*+!9('$&:!W#$?!221eI!-7!1@,k5!$&9?*#K/&C!CCCCCCCCCCCCCCCCCCCCCCCCCCC!hx!
"'-%&!rCsC!;(/+?*&00!(3!'!1>!0/)3'9&!'3$&)!8)J2%'0A'!$)&'$A&*$!3()!:#3&)&*$!$#A&0C!CCCCCCCCCCCCCCCCCCCCCCCCC!u[!
"'-%&!rCtC!;(/+?*&00!(3!$?&!)&0/%$#*+!+1eIJA(:#3#&:!0/)3'9&0!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!ur!
"'-%&!rCvC!"(eJ><I>!*&+'$#6&!#(*0!A'2!(3!'!A#9)(2'$$&)*&:!1>!0/)3'9&!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!us!
"'-%&!rCx!"(eJ><I>!*&+'$#6&!#(*0!A'2!(3!'!1>!0/)3'9&!3/*9$#(*'%#g&:!-7!{,1C!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!uv!
"'-%&!rC[\C!B>8!':(2$&:!3()A0!#*!3/*9$#(*!(3!$?&!2ZCsrEsh!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!wh!
"'-%&!rC[[C!B($?!9'%9/%'$&:!3(($2)#*$0!'*:!$?&()&$#9'%!2)($&#*!A'00!(3!B>8!A(*(%'7&)!CCCCCCCCCCCCCCCCCCCC!wu!
"'-%&!rC[rC!4&*&)'%!2)(2&)$#&0!(3!$?&!$W(!A(:#3#9'$#(*!$&9?*#K/&0!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!ws!
"'-%&!rC[hC!k'%/&0!3()!$?&!K/'*$#3#9'$#(*!(3!#AA(-#%#g&:!&*g7A&CC!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!s\!
"'-%&!rC[uC!5'$'!$(!9'%9/%'$&!$?&!A'00!(-$'#*&:!'3$&)!$?&![EhJ[EuJ!J+%/9'*'0&!'*:!$?&!1>!-&':0!')&!

#*9/-'$&:!3()![?!PI'00![!?Q!()!r!?!PI'00!r!?Q!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!sr!
"'-%&!rC[wC!89$#6#$#&0!(3![EhJ[EuJ!J+%/9'*'0&C!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!sh!
"'-%&!hC[C!1%'0A'!9(*:#$#(*0!/0&:!3()!$?&!221eI!:&2(0#$#(*!(*!,."0C!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!v\!
"'-%&!hCrC!1@,k5!9(*:#$#(*0!'22%#&:!3()!$?&!2288!:&2(0#$#(*!(*!,."0C!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!v\!
"'-%&!hChC!>(%6&*$0!/0&:!3()!$?&!:#02&)0#-#%#$7!0$/:#&0C!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!vh!
"'-%&!hCuC!8$(A#9!2&)9&*$'+&0!(3!$?&!"@IJ'*'%7g&:!0'A2%&0C!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!vv!
"'-%&!hCwC!8$(A#9!2&)9&*$'+&!(3!),."0!'*:!),."J221eI!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!x\!
"'-%&!hCsC!8$(A#9!2&)9&*$'+&!-($?!$?&!221eIJA(:#3#&:!),."0!'*:!$?&!0/-0&K/&*$%7!3/*9$#(*'%#g&:!

W#$?!"18C!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!xx!
"'-%&! hCtC! >/AA')7! (3! $?&! 2&)9&*$'+&! 9(*$)#-/$#(*0! (3! $?&! :#33&)&*$! 3/*9$#(*'%#$#&0! #:&*$#3#&:! 3()!

-($?!0'A2%&0!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!xx!
"'-%&!uC[C!,(*9&*$)'$#(*0!/0&:!$(!:#02&)0&!$?&!,."0!-7!*(*J9(6'%&*$!3/*9$#(*'%#g'$#(*C!CCCCCCCCCCCCCCC![h[!
"'-%&!uCrC!;&%'$#6&!'$(A#9!2&)9&*$'+&0!(3!$?&!&%&A&*$0!3(/*:!#*!$?&!0'A2%&0C!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC![hx!
"'-%&!uChC!;&%'$#6&!'$(A#9!2&)9&*$'+&0!(3!$?&!3,."0!'*:!0J3,."0!'*'%70&:!-7!Z;"@I!CCCCCCCCCCCCCCCCCCCC![u[!
"'-%&!uCuC!,(*:#$#(*0!(3!$?&!,."J2288y24e1!9(A2%&N&0C!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC![wx!

(

,692H(5C(*L</4?56.(

@K/'$#(*!rC[!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!rr!
@K/'$#(*!rCr!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!rr!
@K/'$#(*!rCh!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!h[!
@K/'$#(*!rCu!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!h[!
@K/'$#(*!hC[!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!xs!
!



j#0$!(3!8--)&6#'$#(*0!

 _k!

'?.4(5C(&@@=2E?/4?56.(

&&Y!8%%7%'A#*&!
&JSY!8$(A#9!e()9&!I#9)(09(27!
N+&Y!B(6#*&!>&)/A!8%-/A#*!
#1$Y!,')-(*!.'*($/-&!
#%+Y!,&%%!;&2)(+)'AA#*+!>/)3'9&!
#$&NY!,&$7%$)#A&$?7%'AA(*#/A!-)(A#:&!
#G!Y!,?&A#9'%!k'2()!5&2(0#$#(*!
!#Y!5/$7!,#9%&!
!)Y!Z7:)(:7*'A#9!5#'A&$&)!
!'+Y!57*'A#9!j#+?$!>9'$$&)#*+!
!S*SY!5/-&%9((L0!I(:#3#&:!@'+%&!I&:#/A!
!S+"Y!5#A&$?7%!>/%3(N#:&!
!1+Y!hEwJ:#*#$)(0'%#97%#9!'9#:!
*!+Y!@*&)+7!5#02&)0#6&!_J;'7!>2&9$)(09(27!
*+Y(@K/#*&!>&)/A!
*4")Y(@$?'*(%!
*4P"Y(5#&$?7%!@$?&)!!
C#1$Y!e%&N#-%&!,."!
J-#1$Y!e%/()&09&*$!,."!
J$,%Y!e(/)#&)!")'*03()A!<*3)')&:!>2&9$)(09(27!
C.|!3&A$(0&9(*:((
J$+#Y!e%/()&09&#*JwJ$?#(9')-'g#:&!
DJAY!4)&&*!e%/()&09&*$!1)($&#*!
D86Y![EhJ[EuJ}J4%/9'*'0&!
:AJSY!4)'3$&:!1eI(D+Y!4%'00!>%#:&!
)%$*SY!Z#+?!;&0(%/$#(*!"@I!
)+Y!Z/A'*!>&)/A!
,%Y!<*3)')&:((
'+A%Y!j(*+#$/:#*'%!>1;!
Z#AY!I#9)(9(*$'9$!1)#*$#*+!
S2")Y!I&$?'*(%!
S!Y!I(%&9/%')!57*'A#90!
;?%1&Y!I#9)(!;.8!
S[1$Y!I/%$#Jf'%%&:!.'*($/-&!
;\]Y!I'00J$(J9?')+&!
1NY!.'*(-(*&!
1AY!.'*(2')$#9%&!
1%Y!.'*()(:!
AN+Y!1?(02?'$&!B/33&)&:!>'%#*&!

A!S+Y!1(%7:#A&$?7%0#%(N'*&!
A*#G!Y!1%'0A'!@*?'*9&:!,k5!
A*DY!1(%7&$?7%&*&!+%79(%!!
AJSY!1&*$'3%/()(2?&*7%!A&$?'9)7%'$&((
AINY!1?(02?'$&!B/33&)((
B)AS&Y!1(%7J.JZ7:)(N72)(27%!I&$'9)7%'A#:&!
BDJAY!4e1!2%'0A#:!
BB&&Y!1@,k5J2(%7A&)#g&:!88!
BBAJSY!1@,k5J2(%7A&)#g&:!1eI!
A+Y!1(%70$7)&*&!
A+@Y!1(%70$7)&*&!-&':0!
A+BY!1(%70$7)&*&!2%'$&0!
A\+Y!1&*#9#%%#*!>$)&2$(A79#*!
^#S-!Y!=/')$g!,)70$'%!I#9)(-'%'*9&!W#$?!
5#00#2'$#(*!
%/Y(;(($!I&'*!>K/')&!;(/+?*&00(
%JY!;':#(!e)&K/&*97!
%;_HY(I'N#A/A!)(/+?*&00!?&#+?$!
%S+Y(;(($!I&'*!>K/')&!
%$-A#%Y!;&6&)0&!")'*09)#2$#(*J1(%7A&)'0&!
,?'#*!;&'9$#(*!
%LY(86&)'+&!)(/+?*&00!
+*SY!>9'**#*+!@%&9$)(*!I#9)(09(27!
.?%1&Y!>A'%%!#*$&)3&)#*+!;.8!
+A%Y!>/)3'9&!1%'0A(*!;&0(*'*9&!
+[1$Y!>#*+%&Jf'%%&:!.'*($/-&!
.-C#1$Y!>?()$!3%&N#-%&!,."!
.-=#1$Y!>?()$!)#+#:!,."!
$*SY!")'*0A#00#(*!@%&9$)(*!I#9)(09(27!
$5J-+,S+Y!"#A&J(3Je%#+?$!>&9(*:')7!<(*!
I'00!>2&9$)(09(27!
4"JJY!1%'0A'J(33!$#A&!
4"1Y!1%'0A'J(*!$#A&!
$A&Y!"?#(%J1@4J8A#*&!
`G-G?.Y!c%$)'6#(%&$Jk#0#-%&!
[#&Y!f'$&)!,(*$'9$!8*+%&!
[?Y!<*2/$!1(W&)!
[2LY!@K/#6'%&*$!1(W&)!!
KA+Y!_J)'7!1?($(&%&9$)(*!>2&9$)(09(27!



!

 

 

 

  

 

 

 

 



 

 

 (,?'2$&)!<C

MF ,64=59<04?56(



!

 



,?'2$&)!<!~!<*$)(:/9$#(*!

 h!

MFMF N/07:=5<69(

4&*&!$?&)'27!')(0&!'0!'!)&6(%/$#(*')7!9(*9&2$!#*!$?&!3#&%:!(3!A&:#9#*&!'$!$?&!&*:!(3!$?&!s\0!'*:!?'0!

+'#*&:!0#+*#3#9'*$!#A2()$'*9&!#*!$?&!)&9&*$!7&')0C[!"?&!2)#*9#2%&!(3!+&*&!$?&)'27!#0!$(!(6&)9(A&!$?&!

:#0():&)! 9'/0#*+! $?&! :#0&'0&! -7! :#)&9$! &A2%(7A&*$! (3! */9%&#9! '9#:0! '0! '! A&:#9#*&C! <*0$&':! (3!

3(9/0#*+!#*!&)'0#*+!$?&!07A2$(A0!(3!$?&!:#0&'0&!0/9?!($?&)!$)&'$A&*$0!'0!:)/+!$?&)'27!:(&0E!+&*&!

$?&)'27! 2)(2(/*:0! :&'%#*+! W#$?! $?&! )(($! (3! $?&! 2)(-%&AE! 9())&9$#*+! $?&! &))()0! ')#0#*+! 3)(A! $?&!

:&3&9$#6&!+&*&!()!+&*&0Cr!"?&)&3()&E!#*!$?#0!'22)('9?E!$?&!+&*&!9'/0#*+!$?&!:#0&'0&!#0!)&2%'9&:!W#$?!'!

?&'%$?7!9(27!-&9(A#*+!$?&!(*%7!?(2&!(3!3#*:#*+!'!9/)&!3()!+&*&$#9!:#0():&)0C!>#A#%')%7E!$?#0!$)&'$A&*$!

'%0(!9(*0#0$0!#*!'!2($&*$#'%!$((%!$(!3'9&!($?&)!$72&0!(3!:#0&'0&!&*'-%#*+!$?&!$)'*03&9$#(*!(3!+&*&0!W#$?!

($?&)!-&*&3#9#'%!3/*9$#(*0!0/9?!'0!&*?'*9#*+!$?&!0$#A/%'$#(*!(3!$?&!#AA/*(%(+#9'%!070$&AE!#*:/9#*+!

$?&! 9'*9&)! 9&%%0! :&'$?! -7! A&'*0! (3! $?&! #*$)(:/9$#(*! (3! '! 0/#9#:&! +&*&E! ()! A(:#37#*+! $?&! +&*&$#9!

#*3()A'$#(*!#*!():&)!$(!2)(:/9&!2)($&#*0!W#$?!$?&)'2&/$#9!2)(2&)$#&0C!!

>/9?! 0$)'$&+#&0!?'6&!(2&*&:!/2!*&W!2)(9&:/)&0! $(! 9(A-'$!:#33&)&*$! $72&0!(3! 9'*9&)E!?&A(2?#%#'E!

970$#9!3#-)(0#0E!1')X#*0(*L0!'*:!8%g?&#A&)L0!:#0&'0&E!'A(*+!($?&)0C!8%$?(/+?!+&*&!$?&)'27!-7!/0#*+!

+&*&!:&%#6&)7!6&9$()0!?(%:0!'!+)&'$!2($&*$#'%!W#$?#*!$?&!3/$/)&!(3!-#(A&:#9#*&E!9&)$'#*!X&7!(-0$'9%&0!

*&&:! $(! -&! (6&)9(A&! -&3()&! $?#0! 2($&*$#'%! 9'*! -&! 3/%%7! )&'%#g&:ChEu! f?#%&! $?#0! *&W! $?&)'2&/$#9!

'22)('9?!?'0! 7#&%:&:!+)&'$!&N2&9$'$#(*!(3!-&*&3#$E! &')%7! 9%#*#9'%! 0$/:#&0!?'6&! 0?(W*!:#0'22(#*$#*+!

3'#%/)&0!'0!W&%%!'0!'!3&W!?#*$0!(3!0/99&00C!!

,%'00#9'%%7E!+&*&!$?&)'27!?'0!-&&*!9%'00#3#&:!:&2&*:#*+!(*!$?&!0$)'$&+7!/0&:!$(!$)&'$!$?&!:#0&'0&|wJx!

• 4&*&!0/22%&A&*$'$#(*|! $?#0!'22)('9?! #0!-'0&:!(*! $?&! 0/22%&A&*$'$#(*!(3!:'A'+&:!+&*&0!

W#$?!3/*9$#(*'%!9(2#&0!(3!+&*&0!$(!$)&'$!:#0&'0&0!9'/0&:!-7!)&9&00#6&!A/$'$#(*0C!

• 4&*&! '/+A&*$'$#(*|! $?#0! 2)(9&:/)&! 9(*0#0$0! #*! $?&! #*$)(:/9$#(*! (3! '! *&W! +&*&! P()! +&*&0Q!

#*$(!$?&!$')+&$!9&%%0!#*!():&)!$(!A&:#'$&!'!*(6&%!3/*9$#(*C!

• 4&*&! 9())&9$#(*|! +&*&! 9())&9$#(*! $?&)'27! ()! 9?#A&)'2%'0$7! 9(*0#0$0! #*! $?&! 0/-0$#$/$#(*! (3!

0#*+%&!-'0&!2'#)0!#*!():&)!$(!9())&9$!A/$'$#(*0!#*!$?&!+&*(A&C!

• 4&*&!0#%&*9#*+|!$?#0!'22)('9?!#*6(%6&0!$?&!:&%#6&)7!(3!0?()$!:(/-%&!0$)'*:&:!;.8!P0#;.8Q!()!

A#9)(;.8! PA#;.8Q! 0&K/&*9&0! $(! #*:/9&! 2(0$J$)'*09)#2$#(*'%! +&*&! X*(9X:(W*! -7! &33#9#&*$!

:&+)':'$#(*!(3!02&9#3#9!A&00&*+&)!;.8!PA;.8Q!0&K/&*9&0C!



"'#%()#*+!,')-(*!.'*($/-&0!1)(2&)$#&0!3()!4&*&!5&%#6&)7!822%#9'$#(*0!

 u!

"?&!A'i()!?#0$()#9'%!2)(-%&A!(3!+&*&!$?&)'27!%#&0!#*!$?&!:&6&%(2A&*$!(3!0'3&!'*:!&33#9#&*$!070$&A0E!

'%0(!X*(W*!'0!6&9$()0E!3()!$?&!:&%#6&)7!(3!$?&)'2&/$#9!+&*&0!$(!$?&#)!#*$&*:&:!$')+&$!9&%%0C[\!"?#0!+('%!

#0! 3()A#:'-%&! '*:! %')+&%7! 2)&:#9$'-%&! 0#*9&! $?&! ?/A'*! -(:7! ?'0! &6(%6&:! $(! 2)($&9$! #$0&%3! 3)(A!

&*6#)(*A&*$'%! ?'g'):0E! *($'-%7! 3()&#+*! */9%&#9! '9#:0C! "?&! #:&'%! 6&9$()! 3()! 070$&A#9! :&%#6&)7! $(!

:#00&A#*'$&:!:#0&'0&0! 0?(/%:!-&! #*i&9$&:! #*$)'6&*(/0%7! '*:! '-%&! $(! :#09&)*! '*:! )&'9?! $')+&$! 9&%%0!

&33#9#&*$%7! W#$?(/$! 2)&A'$/)&! &%#A#*'$#(*! -7! 9(A2(*&*$0! (3! $?&! -%((:0$)&'A! 0/9?! '0! 0&)/A!

2)($&#*0E!'*$#-(:#&0!'*:!9&%%0C!b*9&!$?&!6&9$()!?'0!)&'9?&:!$?&!$')+&$!9&%%E!#$!0?(/%:!'%0(!-&!'-%&!$(!

/$#%#g&!/2$'X&!A&9?'*#0A0!'*:! 9&%%/%')!2)(9&00#*+!A'9?#*&)7!'*:! 9'))7!(/$!&33#9#&*$!&N2)&00#(*!(3!

$?&! $?&)'2&/$#9! 2)(:/9$C! >9#&*$#0$0! W()X#*+! #*! +&*&! $?&)'27! '*:! +&*&! :&%#6&)7! ?'6&! 9%'00#9'%%7!

:#0$#*+/#0?&:!$W(!$72&0!(3!:&%#6&)7!6&9$()0!~!6#)'%!6&9$()0!'*:!07*$?&$#9!6&9$()0C[\J[u!

!

>9?&A&![C[C!4&*&!$?&)'27!2'$?W'7!9(*0#0$#*+!#*!$?&!:#)&9$!:&%#6&)7!(3!'!$?&)'2&/$#9!+&*&!()!0#%&*9#*+!;.8!#*$(!

2'$#&*$0C!"?#0!$72&!(3!)(/$&!#*6(%6&0!&*9'20/%'$#*+!$?&!:&0#)&:!+&*&!#*!'!6&9$()E!W?#9?!:&%#6&)0!$?&!+&*&!$(!

$')+&$!9&%%0!9'/0#*+!'!02&9#3#9!&N2)&00#(*!P2)($&#*!07*$?&0#0E!&$9Q!()!'!+&*&!X*(9X:(W*C!

I'*7!#*#$#'%!&33()$0!#*!+&*&!$?&)'27!?'6&!-&&*!9(*9&*$)'$&:!(*!$?&!+&*&$#9!&*+#*&&)#*+!(3!6#)/0&0!$(!

:&6&%(2! &33#9#&*$! 6&9$()0! 3()! $?&! :&%#6&)7! (3! $?&)'2&/$#9! +&*&0! P>9?&A&! [C[QC[u! .(W':'70E! 6#)'%!

070$&A0!')&!'$!$?&!&:+&!(3!3/%3#%%#*+!$?&!0?()$J$&)A!)&K/#)&A&*$0!3()!+&*&!$?&)'27C!"?&!-'0#0!(3!$?#0!

0/99&00!%#&0!#*!$?&#)!?#+?!$)'*03&9$#(*!&33#9#&*97!#A2)(6&:!-7!7&')0!(3!&6(%/$#(*C!Z(W&6&)E!$?&!/0&!(3!

A'*7! 6#)'%! 6&9$()0! #0! )&0$)#9$&:!-7! $?&#)! %#A#$&:! 9'2'9#$7! $(! 9'))7! $)'*0+&*&0E! -7! $?&! 9(0$! (3! %')+&J

09'%&!2)(:/9$#(*!'*:!-7!#*?&)&*$!0'3&$7!)#0X0C[wE[s!e/)$?&)A()&E!6#)'%!6&9$()0!')&!(3$&*!0/09&2$#-%&!$(!

*&/$)'%#g'$#(*! -7! 0&)/A! '*$#-(:#&0! '*:! 9(A2%&A&*$E! 9(/2%&:! W#$?! 2(()! $')+&$J0&%&9$#6#$7! ()!

#*'22)(2)#'$&!#*3&9$#6#$7!2)(3#%&C!!

"?/0E! 07*$?&$#9! 6&9$()0! W(/%:! -&! $?&! 2)&3&))&:! 9?(#9&! #*! $?&! 3/$/)&E! -&9'/0&! (3! $?&#)! 0'3&$7! '*:!

)&%'$#6&%7!&'07!A'*/3'9$/)#*+C[\E[u!Z(W&6&)E!$?&#)!%(W!&33#9#&*97!#*!:&%#6&)#*+!+&*&$#9!A'$&)#'%!$(!$?&!

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

+#,#*-,)%&.'/%(0,*
1,*%*2#/13#$4*5#)60$*
"#$%&'!(%!)()*#$%&'+!!

+#,#*!"#$%&4*

!%$7#6*8#//*

,-)-!
.$'-)/$)0!

,-)-!
123%-44$()!

5-/6(%!%-'-&4-4!0-)-!
$)6(!67-!/-''!



,?'2$&)!<!~!<*$)(:/9$#(*!

 w!

$')+&$!9&%%0!?'0!%#A#$&:!$?&#)!/0&!'0!'!6#'-%&!$)&'$A&*$C!.(W':'70E!*(*J6#)'%!A&$?(:0!2)&0&*$!0(A&!

':6'*$'+&0! (6&)! 6#)'%! 070$&A0E! 0/9?! '0! '! 6#)$/'%%7! #*3#*#$&! 2'9X'+#*+! 9'2'9#$7! '*:! $?&! %'9X! (3!

0#+*#3#9'*$!#AA/*(%(+#9'%!0$#A/%'$#(*E!:&02#$&!$?&!3'9$!$?'$!*(*J6#)'%!070$&A0!')&!0$#%%!#*!$?&#)!#*3'*97!

(3! :&6&%(2A&*$C! "72#9'%%7E! */9%&#9! '9#:0! ?'6&! -&&*! 9(*:&*0&:! W#$?! 9'$#(*#9! '*:q()! ?7:)(2?(-#9!

9'))#&)0! #*! ():&)! $(! 3()A! :#09)&&$! 2')$#9%&0C[tE[v! 822)(2)#'$&! 3()A/%'$#(*0! (3! -($?! 2(%72%&N&0! '*:!

%#2(2%&N&0!9'*!-&!&33#9#&*$!'$!:&%#6&)#*+!*/9%&#9!'9#:0!#*$(!$')+&$!9&%%0!0/%10539E!'%$?(/+?!$?&0&!6&9$()0!

3'9&!0&6&)'%!%#A#$'$#(*0!W?&*!':A#*#0$&)&:!#*$)'6&*(/0%7C!

"?&!2)(+)&00!(3!A'$&)#'%!07*$?&0#0!'*:!$?&!)#0&!(3!*'*($&9?*(%(+7!?'6&!A':&!2(00#-%&!$?&!07*$?&0#0!

(3! *'*(A'$&)#'%0! W#$?! $'#%()&:! 2)(2&)$#&0! '*:! 02&9#3#9! 3/*9$#(*0C[x! "?&! :&6&%(2A&*$! (3!

*'*($&9?*(%(+7! #*! $?&! -#(%(+#9'%! ')&'! ?'0! (2&*&:! *&W! 2(00#-#%#$#&0! #*! $?&! :&0#+*! (3! *&W! :&%#6&)7!

070$&A0!3()!-($?!0A'%%!A(%&9/%&0!'*:!A'9)(A(%&9/%&0E!0/9?!'0!2)($&#*0!'*:!*/9%&#9!'9#:0C!,/))&*$%7E!

'! )'*+&!(3!*'*(A&$)#9!A'$&)#'%0!W#$?!:#33&)&*$!0?'2&0!'*:!0#g&0!')&!'6'#%'-%&!'0!*'*(9'))#&)0!W#$?!

2)(A#0#*+! 2)(2&)$#&0! $(! #A2)(6&! $?&! &33#9#&*97! (3! +&*&! $?&)'27C! I'*7! *'*(A'$&)#'%0! ?'6&! -&&*!

&6'%/'$&:!'0!$)'*03&9$#(*!9'))#&)0!:/&!$(!$?&#)!%(W!$(N#9#$7E!-#(9(A2'$#-#%#$7!'*:!0#A2%&!A(:#3#9'$#(*!

0/9?!'0!2(%7A&)#9! *'*(2')$#9%&0E! :&*:)#A&)0! '*:! #*()+'*#9!*'*(2')$#9%&0E! #*9%/:#*+! +(%:!*'*()(:0!

'*:!9')-(*!*'*($/-&0Cr\Jrt!!

1(%7A&)#9!*'*(2')$#9%&0!P.1Q!?'6&!-&9(A&!'!2($&*$#'%%7!/0&3/%!$((%!3()!$?&!:&%#6&)7!(3!*/9%&#9!'9#:0!

:/&!$(!$?&#)!':6'*9&:!2?70#9'%!2)(2&)$#&0E!%(W!$(N#9#$7!'*:!-#(:&+)':'-#%#$7E!'%(*+!W#$?!$?&#)!'-#%#$7!

$(!-&!9?&A#9'%%7!3/*9$#(*'%#g&:!W#$?!#A'+#*+!'+&*$0!'*:!$')+&$&:!%#+'*:0CruErw!"?&!A(0$!W#:&%7!/0&:!

07*$?&$#9! 2(%7A&)0! 3()! +&*&! $?&)'27! $&9?*(%(+7! ')&! 2(%7&$?7%&*&#A#*&! P1@<QE! 2(%7JPjJj70#*&Q! P1jjQ!

'*:! 2(%7P:#A&$?7%! 'A#*(&$?7%! A&$?'9)7%'$&Q! 2P5I8@I8QE! 'A(*+! ($?&)0C! .'$/)'%! 2(%7A&)0! %#X&!

9?#$(0'*E! :&N$)'*! ()! ?7'%/)(*#9! '9#:! ')&! 9(A2(0&:! (3! 2(%70'99?')#:&0! '*:! ')&! '%0(! &A2%(7&:! '0!

+&*&!9'))#&)0C!

>#A#%')%7E!:&*:)#A&)0!')&!2(%7A&)J-'0&:!0$)/9$/)&0!9(A2(0&:!(3!)&2&'$#*+!/*#$0!&A'*'$#*+!3)(A!'!

9&*$)'%! 9()&! )&0/%$#*+! #*! 9(A2%&$&%7! -)'*9?&:! 0$')J%#X&! $(2(%(+#&0! #*! '! 07AA&$)#9'%! '*:! ():&)&:!

3'0?#(*Cr\Erw! >/9?! /*#K/&! ')9?#$&9$/)&! 2)(2&)$#&0! 3'9#%#$'$&0! $?&! 07*$?&0#0! (3! '! -)(':! )'*+&! (3!

A(%&9/%&0! W#$?! :#33&)&*$! 3/*9$#(*'%#$#&0! '*:! #*! '! ?#+?%7! $/*&'-%&! 0?'2&! '*:! 0#g&C! f?&*! $?&0&!

0$)/9$/)&0! ')&! #A2&)3&9$%7! -)'*9?&:! ()! 2)&0&*$! #))&+/%')! 0$)/9$/)&0! ')&! X*(W*! '0! ?72&)-)'*9?&:!

2(%7A&)0Crv!B($?!$72&0!(3!?'6&!&A&)+&:!'0!'$$)'9$#6&!9'*:#:'$&0!$(!-&!/0&:!'0!+&*&!:&%#6&)7!6&9$()0C!!

b$?&)W#0&E!#*()+'*#9!.10!')&!*'*(0$)/9$/)&0!'%0(!/0&:!'0!+&*&!6&?#9%&0!'*:!')&!9?')'9$&)#g&:!-7!$?&!

2(00#-#%#$7! $(!-&!2)(:/9&:! #*!'! $/*&'-%&! 0?'2&!'*:!6')#'-%&! 0#g&Crs!"?&7!9'*!-&!A':&!(3! 0#%#9'!'*:!

9'%9#/A!2?(02?'$&E!W?#9?!9'*!-&!&*+#*&&)&:!W#$?!'!9&)$'#*!2()(0#$7!#*!():&)!$(!&*$)'2!$?&!02&9#3#9!



"'#%()#*+!,')-(*!.'*($/-&0!1)(2&)$#&0!3()!4&*&!5&%#6&)7!822%#9'$#(*0!

 s!

A(%&9/%')!2'7%(':!'*:!2)($&9$!#$!3)(A!:&*'$/)'$#(*!()!:&+)':'$#(*Crw!I'+*&$#9!2')$#9%&0!')&!3()A&:!

-7!'!A'+*&$#9!9()&!9(6&)&:!W#$?!'!3/*9$#(*'%#g'-%&!2(%7A&)!()!A&$'%!9('$#*+!'*:!')&!'%0(!9(AA(*%7!

/0&:!'0!+&*&!*'*(9'))#&)0!+#6&*!$?&#)!2(00#-#%#$7!$(!-&!:)#6&*!$(W'):0!$?&!$')+&$!9&%%!()!$#00/&!-7!'!

A'+*&$#9! 3#&%:Crx! b$?&)! 3)&K/&*$%7! &A2%(7&:! *'*(2')$#9%&0! 3()! +&*&! $?&)'27! $&9?*(%(+7! ')&! *(6&%!

A&$'%! *'*(2')$#9%&0!A'#*%7!A':&!(3! 0#%6&)! '*:!+(%:Ch\! "?&7!2)&0&*$!/*#K/&! 9?')'9$&)#0$#90! 0/9?!'0!

$?&#)! ?#+?%7! $/*&'-%&! (2$#9'%! 2)(2&)$#&0! '99():#*+! $(! $?&#)! 0?'2&E! 0#g&! '*:! 9(A2(0#$#(*E! $?&#)!

)&%'$#6&%7! &'07! 07*$?&0#0! '*:! 3'9#%&! 0/)3'9&! 3/*9$#(*'%#g'$#(*C! 4(%:! *'*()(:0! P.;0Q! ')&! &02&9#'%%7!

#*$&)&0$#*+! 9'*:#:'$&0! 3()! $?&#)! $/*&'-%&! '02&9$! )'$#(! P8;Q! $?'$! :#)&9$%7! 9?'*+&0! $?&#)! %(*+#$/:#*'%!

0/)3'9&!2%'0A(*!)&0(*'*9&!Pj>1;Q!'*:!$?/0E!$?&#)!2)(2&)$#&0Crt!1/%0&:!%'0&)!&N9#$'$#(*!#*!)&0(*'*9&!

W#$?!$?&#)!j>1;!9'*!#*:/9&!A&%$#*+!-7!%(9'%%7!?&'$#*+!$?&!.;0!$(!?#+?!$&A2&)'$/)&0C!80!'!)&0/%$E!.;0!

W#$?! :#33&)&*$! 8;0! 9'*! -&! &N9#$&:! #*:&2&*:&*$%7! '$! :#33&)&*$!W'6&%&*+$?0! '%%(W#*+! $?&#)! $)#++&)&:!

A&%$#*+!'*:!'!9(*$)(%%&:!)&%&'0&!(3!$?&!-#(A(%&9/%&!%(':&:!(*!$?&!.;0C!

8A(*+! $?&0&!6')#&$7!(3!*'*(A'$&)#'%0E! 9')-(*!*'*($/-&0! P,."0Q!')&!'*! #*$&)&0$#*+!9?(#9&!'0! $?&7!

?'6&! '%)&':7! :&A(*0$)'$&:! 9(*0#:&)'-%&! 2)(A#0&! '0! :&%#6&)7! 070$&A0C! ,')-(*! *'*($/-&0! W&)&!

:#09(6&)&:! -7! <i#A'! #*! [xx[! '*:! 9'*! -&! :#6#:&:! #*$(! 0#*+%&JW'%%&:! P>f."0Q! '*:! A/%$#JW'%%&:!

*'*($/-&0!PIf."0Q!'*:!')&!9?')'9$&)#g&:!-7!?'6#*+!:#'A&$&)0!(*!$?&!():&)!(3!'!3&W!*'*(A&$&)0!

'*:!%&*+$?0!$?'$!A'7!&N9&&:![!zA!P>9?&A&![CrQCh[Ehr!

!

>9?&A&![CrC!>$)/9$/)&!(3!$?&!P8Q!0#*+%&JW'%%&:!,."0!'*:!PBQ!A/%$#JW'%%&:!,."0Chh!!

"?&0&!*'*(0$)/9$/)&0!2(00&0!?#+?%7!0(/+?$!9?')'9$&)#0$#90E!0/9?!'0!'*!&'0#%7!3/*9$#(*'%#g'-%&!0/)3'9&!

106%:#33&)&*$!9?&A#0$)#&0E!?#+?!0/)3'9&!')&'!2&)!*'*($/-&!/*#$!3()!?#+?!:)/+q*/9%&#9!'9#:!%(':#*+E!?#+?!

3%&N#-#%#$7! '*:! '! +((:! $)'9X! )&9():! (3! -#(9(A2'$#-#%#$7C! <$! ?'0! -&&*! :&A(*0$)'$&:! $?'$! 9')-(*!

*'*($/-&0!P,."0Q!9'*!-&!#*$&)*'%#g&:!-7!6')#&$7!(3!9&%%!$72&0!$?'*X0!$(!$?&#)!+&(A&$)7!'*:!)&%'$#6&%7!

%(*+! %&*+$?! Pr\\! *AQCrrEhuJhs! "?&#)! ?#+?! 0/)3'9&! ')&'! 9'*! 2($&*$#'%%7! '9$! '0! '! $&A2%'$&! 3()! 9')+(!

A(%&9/%&0!'*:E!$?/0E!$(!:&%#6&)!$?&)'2&/$#9!'*:!:#'+*(0$#9!0A'%%!A(%&9/%&0!'*:!A'9)(A(%&9/%&0!$(!

9&%%0E!0/9?!'0!5.8!()!;.8ChwJht!!

!" #"



,?'2$&)!<!~!<*$)(:/9$#(*!

 t!

c*%#X&!($?&)! :&%#6&)7! 070$&A0E! 9')-(*!*'*($/-&0! ')&! 9'2'-%&!(3! &*$&)#*+! $?&! 9&%%! :#)&9$%7! $?)(/+?!

$?&!2%'0A'!A&A-)'*&!:/&!$(!$?&#)!3'6()'-%&!%#2(2?#%#9#$7!'*:!0#g&E!W#$?(/$!$?&!*&&:!(3!&*:(97$($#9!

2'$?W'70!Pe#+/)&![C[QChvEhx!!

!

e#+/)&![C[C!,."0!2&*&$)'$#(*!$?)(/+?!$?&!9&%%!A&A-)'*&Ch[!P8Q!>@I!#A'+&0!(3!$?&!9&%%0!'3$&)!-&#*+!3#N&:!W#$?!

(0A#/A!$&$)(N#:&!P09'%&!-')0!(3!h\\!*AQC!"?&0&!#A'+&0!&N?#-#$&:!$?&!$?)&0?(%:!(3!$?&!If."0!#*$(!?&2'$#9!

3#-)(-%'0$0!106%2'00#6&!:#33/0#(*!$?)(/+?!$?&!9&%%!A&A-)'*&C!PBQ!I(%&9/%')!0#A/%'$#(*!(3!$?&!If."!

2&*&$)'$#(*!#*$(!$?&!9&%%C!

5#)&9$! #*$)'9&%%/%')! :&%#6&)7! #0! '*! '$$)'9$#6&! 3&'$/)&! 3()! $?&! :&%#6&)7! (3! */9%&#9! '9#:0E! 0#*9&!

9(*6&*$#(*'%! A&$?(:0! 9'*! -&! 0(A&$#A&0! #*&33#9#&*$! '$! (6&)9(A#*+! -#(%(+#9'%! A&A-)'*&0C! <*!

'::#$#(*E! $')+&$#*+!A&9?'*#0A0E! 0/9?! '0! 9&%%! 0/)3'9&! )&9&2$()! %#+'*:0! 9'*! -&! #*9()2()'$&:! (*! $?&!

0/)3'9&!(3!9')-(*!*'*($/-&0!$(!&*?'*9&!$')+&$!-#*:#*+!$(!02&9#3#9!$#00/&0!()!9&%%!$72&0Cu\!Z(W&6&)E!

9%#*#9'%! #A2%&A&*$'$#(*! (3! 9')-(*! *'*($/-&0! ?'0! -&&*! ?'A2&)&:! -7! 0(%/-#%#$7! %#A#$'$#(*0! '*:!

02(*$'*&(/0! '++)&+'$#(*! 0/% 1019E! %&':#*+! $(! )&$#9/%(&*:($?&%#'%! 070$&A! P;@>Q! $)(2#0A! '*:!

0/-0&K/&*$! %#6&)! '99/A/%'$#(*Cu[Eur! ,?&A#9'%! 0/)3'9&! A(:#3#9'$#(*! (3! 9')-(*! *'*($/-&0! #0! '!

2)&)&K/#0#$&! $(! '9?#&6&! ?(A(+&*&(/0! :#02&)0#(*! #*! 'K/&(/0! 2?'0&! 3()! 0/% 1019! '22%#9'$#(*0CrrEhuEhx!

>/9?! :#02&)0#(*! #0! 2')$#9/%')%7! :#33#9/%$! $(! '9?#&6&! '0! '! 9(*0&K/&*9&! (3! $?&! ?7:)(2?(-#9! *'$/)&! (3!

9')-(*!*'*($/-&0E! %&':#*+!$(!$?&!3()A'$#(*!(3!-/*:%&0!()!'++)&+'$&0!:/&!$(!0$)(*+!9(?&0#6&!3()9&!

-&$W&&*!#*:#6#:/'%!$/-&0C!899():#*+%7E!3/%%!&N2%(#$'$#(*!(3!$?&!-&*&3#$!(3!,."0! #*!-#(%(+#9'%!0&$$#*+0!

)&K/#)&0! $?&#)! 9?&A#9'%! A(:#3#9'$#(*! #*! ():&)! $(! 3'9#%#$'$&! 0$'-#%#g'$#(*! (3! #*:#6#:/'%! *'*($/-&0! #*!

'K/&(/0!:#02&)0#(*0C! <*!'::#$#(*E!A(:#3#9'$#(*!(3!*'*($/-&0!9'*!2)(6#:&!0/#$'-%&!3/*9$#(*'%!+)(/20!

$(! #*$)(:/9&!3&'$/)&0!3()!0/2&)#()!*/9%&#9!'9#:! %(':#*+!()!$(!2)(A($&!&33#9#&*$!2(0$JA(:#3#9'$#(*!()!

:&9()'$#(*C!!

!" #



"'#%()#*+!,')-(*!.'*($/-&0!1)(2&)$#&0!3()!4&*&!5&%#6&)7!822%#9'$#(*0!

 v!

"?&! /0&! (3! 9')-(*! *'*($/-&0! #*! -#(%(+#9'%! '22%#9'$#(*0! ?'0! -&&*! ?'A2&)&:! -7! $?&#)! :#33#9/%$7! $(!

0(%/-#%#g&! #*!'K/&(/0!0(%/$#(*0C!@N#0$#*+!0$)'$&+#&0! 3()!2)(2&)!:#02&)0#(*!(3!,."0! #*!'K/&(/0!A&:#'!

#*9%/:&!9(6'%&*$!A(:#3#9'$#(*!-7!6')#(/0!+)'3$#*+!)&'9$#(*0!'*:!*(*J9(6'%&*$!':0()2$#(*!()!W)'22#*+!

(3!3/*9$#(*'%!A(%&9/%&0!W#$?!0/)3'9$'*$!*'$/)&CuhEuu!,(6'%&*$!A(:#3#9'$#(*!$)&'$A&*$0!?'6&!0?(W*!$(!

#*:/9&!'! %')+&!*/A-&)!(3!:&3&9$0!(*$(!$?&!+)'2?&*&!0$)/9$/)&E!W?#9?!A'7! %&':!$(!'%$&)'$#(*!(3! #$0!

2)(2&)$#&0C! <*! 9(*$)'0$E! *(*J9(6'%&*$%7! A(:#3#&:! ,."0! A'7! 0/33&)! %#+'*:q0/)3'9$'*$J&N9?'*+&!

)&'9$#(*0!W#$?!2)($&#*0!'*:!($?&)!9(A2(*&*$0!(3!$?&!-#(%(+#9'%!A#%#&/E! %&':#*+!$(!$?&!3()A'$#(*!(3!

%')+&! '++)&+'$&0Cuw! e/)$?&)A()&E! #*':&K/'$&! :&*0#$7! (3! A(:#37#*+! +)(/20! (*! $?&! 0/)3'9&! (3! ,."0!

%#A#$0! $?&! 2'9X#*+! (3! $?&)'2&/$#9'%%7! '9$#6&!A(%&9/%&0E! 0/9?! '0! */9%&#9! '9#:0E! '*:! $?&! 2)&0&*$'$#(*!

'*:! :#02%'7! (3! -#(%(+#9'%! $')+&$#*+! %#+'*:0E! W?#9?! #0! '! X&7! 3'9$()! #*! '22%#9'$#(*0! W?&)&! '! ?#+?!

-#(%(+#9'%! 02&9#3#9#$7! #0! )&K/#)&:C! "?&)&3()&E! $?&! :&6&%(2A&*$! (3! *&W! 9('$#*+! 0$)'$&+#&0! 3()!

-#(*'*($&9?*(%(+7! '22%#9'$#(*0! (3! 9')-(*! *'*($/-&0! )&K/#)&0! $(! -&! #*6&0$#+'$&:C! "?&! 2)(2&)!

3/*9$#(*'%#g'$#(*! (3! $?&0&! 6&9$()0! A'7! %&':! $(! $?&! '9?#&6&A&*$! (3! ?#+?%7! :#02&)0&:! ,."0! '*:!

&33#9#&*$%7! #*:/9&! $?&! '$$'9?A&*$!(3! $?&!:&0#)&:! +&*&$#9!A'$&)#'%E!W?#%&! 0#A/%$'*&(/0%7! &*?'*9#*+!

$?&!9&%%/%')!#*$&)*'%#g'$#(*!'*:!A#*#A#g#*+!$?&!97$($(N#9#$7!(3!$?&!070$&AC!

<*!+&*&)'%E!$W(!A'#*!A(:#3#9'$#(*!0$)'$&+#&0!?'6&!-&&*!:&6&%(2&:!3()!$?&!9(6'%&*$!3/*9$#(*'%#g'$#(*!

(3!,."0|!P#Q!'A#:'$#(*!'*:!&0$&)#3#9'$#(*!(3!(N#:#0&:!,."0!'*:!P##Q!'::#$#(*!)&'9$#(*0C!

"?&! $)&'$A&*$! (3! ,."0! /*:&)! 0$)(*+! '9#:#9! '*:! (N#:#g#*+! 9(*:#$#(*0! #0! '! 9(AA(*!A&$?(:! 3()! $?&!

+&*&)'$#(*! (3! (N7+&*J9(*$'#*#*+! 3/*9$#(*'%! +)(/20C! "72#9'%%7E! 2)(%(*+&:! ?&'$#*+! ()! 0(*#9'$#(*! (3!

,."0! /0#*+! 0$)(*+! '9#:0E! 0/9?! '0! 9(*9&*$)'$&:! 0/%3/)#9! ()! *#$)#9! '9#:E! ()!A#N$/)&0! (3! 0/%2?/)#9! '*:!

*#$)#9! '9#:!()! 0/%2?/)#9! '9#:! '*:!?7:)(+&*!2&)(N#:&E! )&0/%$0! #*! $?&! 3()A'$#(*!(3!?7:)(N7%E! 9')-(*7%!

'*:! &02&9#'%%7! 9')-(N7%! +)(/20! (*! $?&! 0#:&W'%%0! '*:E! 2)&:(A#*'*$%7E! (*! $?&! $#20! (3! ,."0CusEut!

,')-(N7%#9! '9#:0! +&*&)'$&:! -7! (N#:'$#6&! A&$?(:0! (*! $?&! 0$)/9$/)&! (3! 9')-(*! *'*($/-&0! 9'*! -&!

3/)$?&)! A(:#3#&:! $(! 2)(:/9&! &0$&)! ()! 'A#:&! :&)#6'$#6&0! 6#'! )&'9$#(*! W#$?! '%9(?(%0! '*:! 'A#*&0E!

)&02&9$#6&%7C!8A#:'$#(*!'*:!&0$&)#3#9'$#(*!)&'9$#(*0!9'*!-&!2&)3()A&:!6#'!0$'*:'):!A&$?(:0E!0/9?!'0!

'9$#6'$#(*!(3!9')-(N7%#9!'9#:0!6#'!'9#:!?'%#:&0!()!9')-(:##A#:&JA&:#'$&:!9(/2%#*+C!>&6&)'%!0$)'$&+#&0!

%&':#*+! $(! 0(%/-#%#g'$#(*! (3! ,."0! #*! ()+'*#9! 0(%6&*$0! ?'6&! -&&*! )&2()$&:E! A'#*%7! $?)(/+?!

&0$&)#3#9'$#(*! ()! 'A#:'$#(*! )&'9$#(*0! -&$W&&*! (N#:#g&:! ,."0! '*:! %(*+J9?'#*! '%9(?(%0! ()! 'A#:&0E!

)&02&9$#6&%7Cuv!"?&!)&0/%$#*+!'%X7%!9?'#*0!2)&0&*$!(*!$?&!,."0!0/)3'9&!'9$!'0!0(%/-#%#g#*+!'+&*$0!'*:!

$?&! :&)#6'$#g&:! *'*($/-&! -&9(A&0! 0(%/-%&! #*! A(0$! ()+'*#9! 0(%6&*$0C! Z(W&6&)E! A(0$! -#(%(+#9'%!

'22%#9'$#(*0! )&K/#)&! $?&! 9(*i/+'$#(*! (3! )'$?&)! ?7:)(2?#%#9! %#+'*:0! $?'$! 2)(A($&! :#02&)0#(*! (3!

3/*9$#(*'%#g&:! ,."0! #*! -#(%(+#9'%!A&:#'q'K/&(/0! 0(%/$#(*0C! "(! #*9)&'0&!W'$&)! :#02&)0#(*E! (N#:#g&:!

,."0! ?'6&! -&&*! A(:#3#&:! 6#'! '9$#6'$#(*! (3! $?&#)! 9')-(N7%#9! '9#:0! /0#*+! $?#(*7%! 9?%()#:&! ()! (N'%7%!



,?'2$&)!<!~!<*$)(:/9$#(*!

 x!

9?%()#:&!W#$?!'!W#:&!)'*+&!(3!?7:)(2?#%#9!A(#&$#&0E! 0/9?!'0!0A'%%!A(%&9/%&0E!?7:)(2?#%#9!2(%7A&)0E!

2)($&#*0!'*:!*/9%&#9!'9#:0CuxJw[!I'9)(A(%&9/%&0E! 0/9?!'0!2)($&#*0!'*:!*/9%&#9!'9#:0!?'6&!'%0(!-&&*!

&N2%()&:! '0! A(:#37#*+! A(#&$#&0! 3()! $?&! 0(%/-#%#0'$#(*! (3! ,."0! #*! 'K/&(/0! 0(%/$#(*0! ()! -#(%(+#9'%!

A&:#'CwrEwh! "?&! 0'A&! $W(J0$&2!2)(9&:/)&!?'0!-&&*!'%0(!/0&:! 3()! $?&! 9(6'%&*$! 9(*i/+'$#(*!(3!5.8!

0$)'*:0! -&')#*+! '! */9%&(2?#%#9! 2)#A')7! 'A#*&! '$! $?&! wL! '*:! hL! &*:0CwuEww! 8::#$#(*'%%7E! -#(2(%7A&)0E!

0/9?! '0! 9?#$(0'*E! ?'6&*! -&&*! 9(6'%&*$%7! +)'3$&:! $(! '9#:J3/*9$#(*'%#g&:! 0#*+%&J! '*:! A/%$#JW'%%&:!

9')-(*!*'*($/-&0!6#'!)&'9$#(*!(3!$?&#)!'97%!9?%()#:&!:&)#6'$#6&0!W#$?!0/#$'-%&!'A#*&0!2)&0&*$!(*!$?#0!

X#*:!(3! -#(2(%7A&)0CwsEwt! <*! '::#$#(*! $(!-#(2(%7A&)0E! 9(6'%&*$! +)'3$#*+!(3! ?7:)(2?#%#9! 2(%7A&)0! #0! '!

2(2/%')! 0$)'$&+7! 3()! #*9)&'0#*+! $?&! W'$&)! :#02&)0#(*! (3! ,."0C! 1&+7%'$#(*E! W?#9?! 9(*0#0$0! (3! $?&!

9(6'%&*$! '$$'9?A&*$! (3! 2(%7P&$?7%&*&! +%79(%Q! 2(%7A&)! 9?'#*0! $(! 2)($&#*0! '*:! *'*(2')$#9%&0E! #0! '!

9(AA(*!0$)'$&+7!/0&:!$(! #A2)(6&!$?&!-#(9(A2'$#-#%#$7!(3!0/9?!*'*(0$)/9$/)&0CwvJs\!>#A#%')%7E!($?&)!

W()X0!?'6&!)&2()$&:!,."J+)'3$#*+!(3!($?&)!?#+?%7!W'$&)J0(%/-%&!2(%7A&)0E!0/9?!'0!2(%7P6#*7%!'%9(?(%Q!

P1k8QE! 2(%7PAJ'A#*(-&*g&*&! 0/%3(*#9! '9#:Q! P18B>Q! ()! 2(%7P2)(2#(*7%&$?7%&*#A#*&J9(J&$?7%&*#A#*&Q!

P11@<J@<QE!$(!#A2)(6&!9(A2'$#-#%#$7!#*!-#(%(+#9'%!A&:#'Cs\Jsr!

<*! 9(*$)'0$! $(! 2(0$JA(:#3#9'$#(*! (3! 9')-(N7%#9! +)(/20! +&*&)'$&:! (*! ,."0! -7! (N#:'$#6&! 2)(9&00&0E!

W?#9?! $'X&!2%'9&!A'#*%7!'$! $?&!&*:0!'*:! $?&!0#:&W'%%!:&3&9$0E! 3/*9$#(*'%#g'$#(*!(3! $?&!0#:&W'%%0!(3!

,."0!#0!A()&!:#33#9/%$!$(!'99(A2%#0?C!"?&!:#33&)&*$!)&'9$#6#$7!$(W'):0!9(6'%&*$!9?&A#9'%!A(:#3#9'$#(*!

)&K/#)&0! $?&!/0&!(3!?#+?&)! )&'9$#6&!02&9#&0C!;&0&')9?!(*! 3/%%&)&*&!9?&A#0$)7!?'0! )&6&'%&:! $?'$! $?&!

9/)6'$/)&!(3!$?&!3/%%&)&*&!A(%&9/%&!:)#6&0!$?&!)&'9$#6#$7!(3!'::#$#(*!)&'9$#(*0C!<*9)&'0&:!9/)6'$/)&!(3!

$?&!9')-(*!*&$W()X!)&0/%$0! #*!&*?'*9&:q#*9)&'0&:!27)'A#:'%#g'$#(*!(3!$?&!02rJ?7-)#:#g&:!,!'$(A0E!

W?#9?!A'X&0!'::#$#(*! )&'9$#(*0!(*! 9')-(*J9')-(*!:(/-%&!-(*:0!A()&! 3'6(/)'-%&C!Z(W&6&)E!,."0!

9(*0#0$! (3! +)'2?#$#9! 0#:&W'%%0! $?'$! :(! *($! 2)&0&*$! 0$)(*+%7! 9/)6&:! )&+#(*0! #*! 9(A2')#0(*! $(!

3/%%&)&*&0C!"?&)&3()&E!3/*9$#(*'%#g'$#(*!(3!$?&!0#:&W'%%0!6#'!'::#$#(*!)&'9$#(*0!#0!%&00!3'6(/)&:!'*:!#$!

#0! (*%7! 2(00#-%&q'9?#&6&:! -7! )&'9$#6&! 02&9#&0E! 0/9?! '0! *#$)&*&0E! 9')-&*&0! '*:! )':#9'%0C! <*! )&'%#$7E!

9')-(*!*'*($/-&0!9(*$'#*!:&3&9$0!#*!$?&#)!0$)/9$/)&!'*:!#$!#0!%#X&%7!$?'$!'::#$#(*!)&'9$#(*0!$'X&!2%'9&!

2)&3&)&*$#'%%7! '$! 0/9?! :&3&9$! 0#$&0CshEsu! e/*9$#(*'%#g'$#(*! (3! -($?! 0#*+%&! '*:! A/%$#JW'%%! ,."0! 6#'!

'::#$#(*! )&'9$#(*0! $(! )&*:&)! W'$&)! 0(%/-#%#$7! ?'0! -&&*! '9?#&6&:! #*! -($?! *'p6&! '*:! 2)&JA(:#3#&:!

,."0C!"?&!�ry[Ä!979%('::#$#(*!(3!*#$)&*&0!#0!'!2(2/%')!)(/$&!3()!:&)#6'$#g#*+!,."0!#*!():&)!$(!#A2)(6&!

$?&#)!0(%/-#%#$7!'*:!A'X#*+!$?&A!A()&!'A&*'-%&!3()!-#(%(+#9'%!'22%#9'$#(*0C!8!6')#&$7!(3!?7:)(2?#%#9!

3/*9$#(*'%! +)(/20E! 0/9?! '0! 9)(W*! &$?&)0! '*:! 2(%7P&$?7%&*&! +%79(%! '*:! :#33&)&*$! $72&0! (3! 0/+')0!

P+%/9(0&E! +'%'9$(0&! '*:! A'**(0&Q! ?'6&! -&&*! 0/99&003/%%7! '$$'9?&:! (*$(! ,."0! )&0/%$#*+! #*! W'$&)!

0(%/-%&!9(*i/+'$&0CswJst!!



"'#%()#*+!,')-(*!.'*($/-&0!1)(2&)$#&0!3()!4&*&!5&%#6&)7!822%#9'$#(*0!

 [\!

8! 0#A2%&!A&$?(:! 3()!(-$'#*#*+!W'$&)J0(%/-%&!,."0!W'0!:&6&%(2&:!-7!1)'$(! '*:! 9(%%&'+/&0Csv! "?#0!

A&$?(:! #0! -'0&:! (*! [EhJ:#2(%')! 979%('::#$#(*! )&'9$#(*0! (3! 'g(A&$?#*&! 7%#:&0! +&*&)'$&:! #*! 0#$/! -7!

$?&)A'%! 9(*:&*0'$#(*! (3! ÅJ'A#*('9#:0! '*:! '%:&?7:&0C! [EhJ,79%('::#$#(*! (*! ,."0! 2)(:/9&0! #*!

0/-0$#$/$&:! 27))(%#:#*&! 3/0&:! )#*+0! (*! $?&! 0/)3'9&! (3! 9')-(*! *'*($/-&0E! W?#9?! ')&! 'A&*'-%&! 3()!

3/)$?&)!3/*9$#(*'%#g'$#(*C!"?&!/0&!(3!?7:)(2?#%#9!'J'A#*('9#:0E!0/9?!'0!2&+7%'$&:!ÅJ'A#*('9#:0E!#0!'*!

#*$&)&0$#*+!'22)('9?!3()!(-$'#*#*+!W'$&)J0(%/-%&!,."0Csx!e/*9$#(*'%#g&:!(%#+(&$?7%&*&!+%79(%!9?'#*0!

?'6&! 0?(W*! $(! -&! 2')$#9/%')%7! 0/#$'-%&! 3()! $?&! 9(6'%&*$! #AA(-#%#g'$#(*! (3! -#(A(%&9/%&0! 0/9?! '0!

'A#*('9#:0!(*!,."0Ct\Et[!

8*($?&)!'$$)'9$#6&!W'7!(3!3/*9$#(*'%#g#*+!,."0!#0!-7!3)&&J)':#9'%!'::#$#(*E!W?#9?!#0!'!W#:&%7!/0&:!(*&J

0$&2! A&$?(:! 3()! $?&! :&)#6'$#g'$#(*! (3! 9')-(*! *'*($/-&! 0#:&W'%%0C! <*! +&*&)'%E! 9')-(*! )':#9'%0!

+&*&)'$&:! -7! 6')#(/0! A&$?(:0E! 0/9?! '0! 2?($(9?&A#9'%%7E! $?&)A'%%7! ()! 6#'! (N#:'$#(*q)&:/9$#(*!

)&'9$#(*0E!)&'9$!9(6'%&*$%7!W#$?!,."0!$(!3()A!9(*i/+'$&0CtrJtt!

8%$&)*'$#6&%7E! 2%'0A'! &*?'*9&:! 9?&A#9'%! 6'2()! :&2(0#$#(*! P1@,k5Q! '22&')0! $(! -&! '*! #*$&)&0$#*+!

$&9?*#K/&!#*!W?#9?!2(%7A&)!9?'#*0!9'*!-&!+)(W*!:#)&9$%7!(*$(!$?&!0/)3'9&!(3!,."0C!"?#0!-($$(AJ/2!

'22)('9?!2)(6#:&0!0/2&)#()!0/)3'9&!9(6&)'+&!'*:!#*6(%6&0!$?&!9(6'%&*$!'$$'9?A&*$!(3!'!A(#&$7!$?'$!

#*#$#'$&0! 2(%7A&)#g'$#(*E! 0/9?! '0! A(*(A&)0! ()! #*#$#'$()0C! 5/)#*+! $?&! %'0$! :&9':&0E! 2%'0A'!

2(%7A&)#g'$#(*! '22)('9?&0! ?'6&! -&&*! (2$#A#g&:! '0! '! 0/)3'9&! $)&'$A&*$! $(! '9?#&6&! 9(6'%&*$%7!

3/*9$#(*'%#g&:! 0/)3'9&0!W#$?! '! ?#+?! :&+)&&! (3! 02&9#3#9#$7E! :&*0#$7! (3! '9$#6&0! +)(/20! '*:! 6&)0'$#%#$7C!

8%$?(/+?E!1@,k5!9(*0#0$0!#*!'*!'22)('9?!3()!9(6'%&*$!A(:#3#9'$#(*E!#$!'%%(W0!$?&!A(:#3#9'$#(*!(3!'%%!

X#*:0! (3! A'$&)#'%0! '*:! +&(A&$)#&0! W#$?(/$! '33&9$#*+! $?&#)! #*$)#*0#9! 2)(2&)$#&0CtvJv\! B&0#:&0! #$0!

6&)0'$#%#$7E!$?#0!$&9?*#K/&!#*6(%6&0!:)7!2)(9&00&0!'*:!$?/0!'6(#:0!$?&!&A2%(7A&*$!(3!W&$!9?&A#0$)7!

'*:! %#A#$0! $?&! +&*&)'$#(*! (3! 9?&A#9'%! )&0#:/&0Cv[! 80! '! )&0/%$E! 1@,k5! #0! '-%&! $(! A(:/%'$&! $?&!

'$$'9?A&*$!(3! $?&!-#(A'9)(A(%&9/%&0!()!+&*&$#9!A'$&)#'%!(3! #*$&)&0$!(*!$?&!,."0!0/)3'9&!'*:!'*7!

($?&)!0/)3'9&!#*!'!$'#%()&:!'*:!9(*$)(%%&:!W'7C!

b*! $?&! ($?&)! ?'*:E! $?&! 3&'0#-#%#$7! (3! 9')-(*! *'*($/-&! 9('$#*+! W#$?! 0/)3'9$'*$0E! 'A2?#2?#%#9!

9(2(%7A&)0!'*:!2%'0A'!2)($&#*0!6#'!*(*J9(6'%&*$!#*$&)'9$#(*0!#0!#*9)&'0#*+%7!'$$)'9$#*+!'$$&*$#(*CvrJ

vu!8%%!$?)&&!'22)('9?&0!9'*!)&*:&)!?#+?%7!&33#9#&*$!0/)3'9&J&*+#*&&)&:!9')-(*!*'*($/-&0!'-%&!$(!'9$!

'0! */9%&#9! '9#:! 9'))#&)0! W#$?! &N9&%%&*$! :#02&)0#(*! '*:! 9(%%(#:'%! 0$'-#%#$7! #*! 'K/&(/0! 0(%/$#(*C! "?&!

9('$#*+! (3! 9')-(*! *'*($/-&0!W#$?! ?7:)(2?#%#9! 9(2(%7A&)0!W#$?! 2&*:'*$! ?7:)(2?#%#9! +)(/20! #0! $?&!

-'0#9! &%&A&*$! $(! '9?#&6&! %(':#*+! (3! */9%&#9! '9#:0C! "?&! 2&)3()A&:! 2(%7A&)! 0#:&J9?'#*0! W#$?!

'22)(2)#'$&!9?&A#0$)#&0!9'*!-&!&'0#%7!#*$)(:/9&:!#*$(!$?&!'A2?#2?#%#9!2(%7A&)!0$)/9$/)&!$(!#*9)&'0&!

$?&!2'9X#*+!9'2'9#$7!(3!$?&!+&*&$#9!A'$&)#'%C!,(*9/))&*$%7E! #$!?'0!-&&*!)&9&*$%7!:&A(*0$)'$&:!$?'$!



,?'2$&)!<!~!<*$)(:/9$#(*!

 [[!

$?&! /0&! (3! 0W&%%'-%&! 2)($&#*0! ')(/*:! *'*(2')$#9%&0E! X*(W*! '0! 2)($&#*! 9()(*'E! 9'*! )&:/9&! $(N#9#$7!

W?#%&!#*9)&'0#*+!%(':#*+!9'2'9#$#&0CvwEvs!

5&02#$&! $?#0!2)(+)&00E!*&W!:&%#6&)7!'22)('9?&0!*&&:! $(!-&!&N2%()&:! 3()! 070$&A#9'%%7!':A#*#0$&)&:!

)&+/%'$()7! ;.80! #*! ():&)! $(! &33#9#&*$%7! 0#%&*9&! :#0&'0&J9'/0&! +&*&0! #*! '! $#00/&J02&9#3#9! A'**&)! '$!

9%#*#9'%%7! '9?#&6'-%&! :(0&0! $(! '6(#:! 2($&*$#'%! (33J$')+&$! &33&9$0! $?'$! A'7! 9(A2)(A#0&! $?&#)!

$?&)'2&/$#9!-&*&3#$C!;&9&*$!)&2()$0!0/++&0$!$?'$!*'*(2')$#9%&0!W#$?!9(*$)(%%&:!+&(A&$)#9'%!3&'$/)&0!

'*:! '22)(2)#'$&! 0/)3'9&! A(:#3#9'$#(*! 9'*! 2)&0&*$! 2)&3&)&*$#'%! $#00/&! '*:! ()+'*! $')+&$#*+E! W?&*!

':A#*#0$&)&:!070$&A#9'%%7C!>/9?!3&'$/)&0!')&!?#+?%7!:&0#)'-%&E!0#*9&!#$!#A2%#&0!$?'$!)'$#(*'%!:&0#+*!(3!

*'*(2')$#9%&0! A'7! '::)&00! -'0#9! 0$)'$&+#&0! 3()! A'N#A#g#*+! $')+&$! '99/A/%'$#(*E! W?#%&! A#*#A#g#*+!

*(*J02&9#3#9!/2$'X&CuwEvtEvv!j#X&W#0&E!2?70#9(9?&A#9'%!2)(2&)$#&0!(3!,."0! #*9%/:#*+! %&*+$?E!:#'A&$&)E!

0$#33*&00! '*:! 9?&A#9'%! 3/*9$#(*'%#g'$#(*! ?'6&! -&&*! 2)(6&:! $(! 2%'7! '! :&9#0#6&! )(%&! #*! $&)A0! (3! 9&%%!

#*$&)*'%#g'$#(*! '*:! 6#'-#%#$7Cu[Evx! <*! $?#0! 09&*')#(E! $'#%()#*+! (3! $?&! +&(A&$)#9'%! 0?'2&! '*:! 0/)3'9&!

9?')'9$&)#0$#90!(3!$?&0&!*'*(9'))#&)0E!W?#9?!A'7!#*3%/&*9&!$?&!97$($(N#9#$7E!2?')A'9(X#*&$#9!2)(3#%&!

'*:!-#(:#0$)#-/$#(*!(3!$?&!)&0/%$#*+!:&%#6&)7!070$&A0E!:&A'*:0!$(!-&!&N'A#*&:C!

! !



"'#%()#*+!,')-(*!.'*($/-&0!1)(2&)$#&0!3()!4&*&!5&%#6&)7!822%#9'$#(*0!

 [r!

MFPF &?;.(

"?&!A'#*! (-i&9$#6&! (3! $?#0! $?&0#0! #0! $(! :&6&%(2! #*J?(/0&! 9/0$(A#g&:! 9')-(*! *'*($/-&0! 9'2'-%&! (3!

&33#9#&*$!:&%#6&)7!(3!$?&)'2&/$#9!*/9%&#9!'9#:0!W#$?!$'#%()&:!2)(2&)$#&0!'*:!*&+%#+#-%&!97$($(N#9!&33&9$0C!!

<*!2')$#9/%')E!$?&!+('%0!(3!$?&!2)&0&*$!$?&0#0!9'*!-&!0/AA')#g&:!#*!$?&!3(%%(W#*+!2(#*$0|!

• "(!:&6&%(2E!(2$#A#g&!'*:!9?')'9$&)#g&!'!9(6'%&*$!0/)3'9&!A(:#3#9'$#(*!'22)('9?!#*!():&)!$(!

2)(:/9&!?#+?%7!)&'9$#6&!0/)3'9&0!W#$?!#*9)&'0&:!:&+)&&!(3!02&9#3#9#$7!P,?'2$&)!<<QC!

• "(!'9?#&6&! 3/*9$#(*'%#g&:!,."! 3()! 2($&*$#'%! /0&! '0! +&*&!:&%#6&)7! 6&9$()0!-7!-($?! 9(6'%&*$!

-#*:#*+!'*:!#(*#9!#*$&)'9$#(*!W#$?!5.8!'*:!&6'%/'$&!$?&#)!0/%10539!&33#9#&*97!P,?'2$&)!<<<QC!

• "(!'00&00! $?&!&33&9$!(3! $?&!2?70#9(9?&A#9'%! $)'#$0! #*9%/:#*+!0#g&E! 9?&A#9'%! 3/*9$#(*'%#g'$#(*!

'*:!A&9?'*#9'%!2)(2&)$#&0!(3!$?&!,."0!#*!$?&#)!#*!6#$)(!2&)3()A'*9&!#*!$&)A0!(3!:#02&)0#-#%#$7!

'*:!97$($(N#9#$7!'*:!&%/9#:'$&!$?&#)!#*!6#6(!-#(:#0$)#-/$#(*C!P,?'2$&)!<kQC!

• "(! A'*#2/%'$&! '*:! (2$#A#g&! 2)($&#*! 9()(*'! 2)(2&)$#&0! )(/*:! *'*(2')$#9%&0! #*! ():&)! $(!

#*9)&'0&!$?&!5.8!%(':#*+!9'2'9#$7!'*:!&6'%/'$&!#$0!)&%&'0&!2)(3#%&!P,?'2$&)!kQC!

 !



,?'2$&)!<!~!<*$)(:/9$#(*!

 [h!

MFOF #564264(5C(4I?.(!?..2=4/4?56(

,')-(*!*'*($/-&0!')&!2)&0&*$&:!'0!2)(A#0#*+!9'*:#:'$&0!$(!9'))7!+&*&$#9!A'$&)#'%!W#$?!'!?#+?!9')+(!

)'$#(! (3! +&*&0C! "?&#)! '-#%#$7! $(! $)'*0%(9'$&! $?)(/+?! 2%'0A'! A&A-)'*&0! '0! '! *'*(*&&:%&! &*'-%&0!

$?&A!$(!-&!&33&9$#6&%7!#*$&)*'%#g&:!#*$(!$?&!$')+&$!9&%%C!Z(W&6&)E!$?&0&!*'*(2')$#9%&0!3'9&!:#33&)&*$!

2)(-%&A0E! '0! 0$'$&:! -&3()&E! -&9'/0&! $?&7! 2)&0&*$! ?#+?%7! ?7:)(2?(-#9! 0/)3'9&0C! "?/0E! 9?&A#9'%!

3/*9$#(*'%#g'$#(*!(3!,."0!#0!)&K/#)&:!*($!(*%7!$(!'$$'9?!$?&!:&0#)&:!A(%&9/%&!$(!#$0!0/)3'9&E!-/$!'%0(!

$(!#*9)&'0&!$?&!-#(9(A2'$#-#%#$7!(3!$?&!)&0/%$#*+!9(*i/+'$&C!!

5#33&)&*$! 0/)3'9&! A(:#3#9'$#(*! '22)('9?&0! ')&! 2)&0&*$&:! #*! $?#0! W()X! $(! +&*&)'$&! '22)(2)#'$&!

3/*9#(*'%! +)(/20E! &*'-%#*+! $?&! '$$'9?A&*$! (3! 0/#$'-%&! 0(%/-#%#g#*+E! -#('9$#6&! ()! -#(9(A2'$#-%&!

02&9#&0C!1%'0A'!2(%7A&)#g'$#(*!$&9?*#K/&0E!W?#9?!2)(6#:&!'!9(6'%&*$! 3/*9$#(*'%#g'$#(*!(3! $?&!,."0!

0/)3'9&E!')&!&N2%()&:!W?#%&!*(*J9(6'%&*$%7!3/*9$#(*'%#g&:J'22)('9?&0!')&!'%0(!:&6&%(2&:C!

e#)0$E! $?&! 'A&*'-#%#$7! (3! :#33&)&*$! 2%'0A'! 2(%7A&)#g'$#(*! '22)('9?&0! #0! &N'A#*&:C! <$! #*$&*:0! $(!

-)(':&*! $?&! ?()#g(*! (3! $?&! 1@,k5! $&9?*(%(+7! 3)(A! $?&! 2(%7A&)! $?#*! 3#%A! :&2(0#$#(*! $(! $?&!

3'-)#9'$#(*!(3!-#('9$#6&!0/)3'9&0!'*:!/%$#A'$&%7E!$?&!'9?#&6&A&*$!(3!9&%%!$)'*03&9$#(*!:&6#9&0C!<*!$?#0!

%#*&E!,?'2$&)!<<!(2$#A#g&0!$W(!:#33&)&*$!2%'0A'!$&9?*#K/&0!W#$?!$?&!0'A&!A(*(A&)E!/*:&)0$'*:#*+!

$?&!:&2(0#$#(*!'*:!2(%7A&)#g'$#(*!2)(9&00&0!#*6(%6&:C!"?#0!2)&6#(/0!0$/:7!#*6&0$#+'$&0!$?&!)&'9$#6#$7!

'*:! 2)(2&)$#&0! (3! $?&! )&0/%$#*+! 3#%A0E! '*:! &6'%/'$&0! $?&! A(:#3#&:J0/)3'9&0! '0! 2($&*$#'%! A&'*0! $(!

'9?#&6&!0A')$E!-#('9$#6&!0/)3'9&0C!!

Z(W! 2%'0A'! $)&'$A&*$! 9'*! -&! '*! &33&9$#6&! A&$?(:! 3()! $?&! 0/)3'9&! 3/*9$#(*'%#g'$#(*! (3! ,."0! #0!

0$/:#&:! #*!,?'2$&)! <<<C!"?#0!9(6'%&*$!A(:#3#9'$#(*!$&9?*#K/&!'%%(W0!'!?#+?!9(*$)(%!(3! $?&!2)(2&)$#&0!

'*:!9?&A#0$)7!(3!$?&!0/)3'9&!9('$#*+!'0!:&A(*0$)'$&:!#*!,?'2$&)!<<C!"W(!0$)'$&+#&0!')&!'00&00&:!#*!

$?#0!2')$!(3!$?&!$?&0#0!&A2%(7#*+!$W(!:#33&)&*$!A(*(A&)0C!b*&!(3!$?&A!'%%(W0!$?&!9)&'$#(*!(3!?#+?%7!

)&'9$#6&! %'7&)0! W#$?! '! ?#+?! :&+)&&! (3! 02&9#3#9#$7E! &*'-%#*+! $?&! 9(6'%&*$! #AA(-#%#g'$#(*! (3! 0/#$'-%&!

9?&A#9'%!+)(/20!%#X&!$?#(%J)&'9$#6&!A(#&$#&0!3()!9(6'%&*$!9(*i/+'$#(*!W#$?!&*:JA(:#3#&:!*/9%&#9!'9#:0%

106!'!9%&'6'-%&!:#0/%3#:&!-(*:C!8%$&)*'$#6&%7E!$?&!:&2(0#$#(*!(3!2(%7A&)!W#$?!'A#*&J-&')#*+!A(#&$#&0!

W#%%! %&':! $(! '! 2(0#$#6&%7! 9?')+&:! 2(%7A&)! 3#%A! '-%&! $(! '00(9#'$&! W#$?! 5.8! '*:! ;.8! $?)(/+?!

&%&9$)(0$'$#9! #*$&)'9$#(*C! B($?! '22)('9?&0! ')&! (2$#A#g&:! #*! $?#0! 0$/:7E! '*:! $?&! 9&%%! 6#'-#%#$7! '*:!

$)'*03&9$#(*!&33#9#&*97!(3!$?&!)&0/%$#*+!6&9$()0!')&!&6'%/'$&:C!%

8%$?(/+?! $?&! 3#*'%! 0/)3'9&! 3/*9$#(*'%#g'$#(*! (3! $?&! ,."0! #0! '! X&7! 3'9$()! $(! '9?#&6&! 3&'0#-%&! +&*&!

:&%#6&)7! 6&9$()0E! $?&! 2?70#9(9?&A#9'%! 2)(2&)$#&0! (3! $?&! ,."0! 3()A#*+! $?&! *'*(9'))#&)! '%0(! ?'6&! '!

:#)&9$! #*3%/&*9&!(*! #$0!-&?'6#()C!,?'2$&)! <k!0&&X0!$(!&N2%()&!?(W!$?&0&!2')'A&$&)0!'33&9$!$?&!3#*'%!



"'#%()#*+!,')-(*!.'*($/-&0!1)(2&)$#&0!3()!4&*&!5&%#6&)7!822%#9'$#(*0!

 [u!

9&%%! #*$&)*'%#g'$#(*! ()! 97$($(N#9#$7! (3! $?&! )&0/%$#*+! 9(A2%&N&0C! "?#0! 0$/:7! &6'%/'$&0! ?(W! ,."0! (3!

:#33&)&*$!:#'A&$&)0E!%&*+$?0!'*:!9('$#*+0!P9(6'%&*$!'*:!*(*J9(6'%&*$Q!#*$&)'9$!W#$?!9&%%0!#*!$&)A0!(3!

9&%%! 6#'-#%#$7E! /2$'X&! '*:! -#(:#0$)#-/$#(*C! I()&(6&)E! +&*&! $)'*03&9$#(*! 6&9$()0! 3()A&:! W#$?! $?&0&!

070$&A0! ')&! '%0(! $&0$&:C! "?#0! W()X! W'0! A'#*%7! 2&)3()A&:! '$! $?&! 8/0$)'%#'*! <*0$#$/$&! 3()!

B#(&*+#*&&)#*+! '*:! .'*($&9?*(%(+7! P8<B.Q! (3! $?&! c*#6&)0#$7! (3! =/&&*0%'*:! Pc=Q! #*! B)#0-'*&!

P8/0$)'%#'Q! #*! 9(%%'-()'$#(*! W#$?! 5)C! "?/)&9?$E! '00(9#'$&! +)(/2! %&':&)! (3! $?&! 1(%7A&)! ,?&A#0$)7!

4)(/2C!

"?&! %'0$! 2')$! (3! $?#0! $?&0#0! #0! 9&*$&)&:! #*! $?&! #*9)&'0&! (3! $?&! %(':#*+! 9'2'9#$#&0! (3! $?&! :&6&%(2&:!

9'))#&)0C!f?&*!*'*(2')$#9%&0!')&!#*$)(:/9&:!$(!-#(%(+#9'%!3%/#:0E!$?&7!&*9(/*$&)!?#+?!9(*9&*$)'$#(*0!

(3! 2)($&#*0E! W?#9?! 9'*! *(*J02&9#3#9'%%7! ':0()-! (*! $?&! .1! 0/)3'9&E! 3()A#*+! '! 2)($&#*! 9()(*'C! "?&!

9()(*'! #0! %')+&! '*:!A/%$#%'7&)&:E! '*:! #$! ?'0! '! ?#+?! 9'2'9#$7! 3()! '! 2'7%(':! $?'$! #*$&)'9$0!W#$?! $?&!

2)($&#*0! #*! $?&! 9()(*'C! B&9'/0&! (3! $?#0E! $?&! 9()(*'! 9(/%:! -&! /0&:! $(! #A2)(6&! $?&! 9'))#&)! %(':#*+!

2)(2&)$#&0!3()!+&*&!:&%#6&)7C!"?/0E!,?'2$&)!k!#0!3(9/0&:!#*!$?&!(2$#A#g'$#(*!'*:!&6'%/'$#(*!(3!$?&0&!

2)($&#*!9()(*'!%(':#*+!'*:!)&%&'0&!2)(2&)$#&0C!"?&!2)($&#*!9()(*'!0$/:#&0!W&)&!'00&00&:!'*:!:&&2%7!

9?')'9$&)#g&:!#*!1)(3C!Z'A':J>?9#33&)%#L0!4)(/2!'$!$?&!I'00'9?/0&$$0!<*0$#$/$&!(3!"&9?*(%(+7!PI<"Q!#*!

,'A-)#:+&!Pc>8QC!

! (



,?'2$&)!<!~!<*$)(:/9$#(*!

 [w!

MFQF %2C2=2602.(

[! @:&%0$&#*E!IC!jCE!8-&:#E!IC!;CE!f#N(*E!]C!Ç!@:&%0$&#*E!;C!IC!4&*&!$?&)'27!9%#*#9'%!$)#'%0!W()%:W#:&![xvx!J!
r\\u!J!'*!(6&)6#&WC!LM2%N9;3/6<%9O%&2/2%P2=0>0/2!UE!wxtJs\r!Pr\\uQC!

r! k&)A'E!<C!IC!Ç!>(A#'E!.C!4&*&!$?&)'27!J!2)(A#0&0E!2)(-%&A0!'*:!2)(02&9$0C!Q65;32!OWTE!rhxJrur!P[xxtQC!
h! >&7A(/)E!jC!fC!"?&!3/$/)&!(3!+&*&!$?&)'27!#*!$?&!cYC!L32/=4%0/%R0952>M/9<9AB!PQE!hutJhux!Pr\\sQC!
u! ")&*$E! ;C! ]C! 8C! Ç! 8%&N'*:&)E! <C! @C! 4&*&! $?&)'27|! '22%#9'$#(*0! '*:! 2)(+)&00! $(W'):0! $?&! 9%#*#9C! #/523/6<%

P2=0>0/2%N9;3/6<!OQE!sr[Jsrw!Pr\\uQC!
w! B)(:&)#9XE!]C!8C!Ç!^'A()&E!1C!5C!A#9)(;.8!"?&)'2&/$#90C!&2/2%5M236SB!MWE![[\uJ[[[\!Pr\[[QC!
s! ,'2%&*E!.C!]C!4&*&!"?&)'27!1)(+)&00!'*:!1)(02&9$0C!5(W*)&+/%'$#*+!+&*&!&N2)&00#(*|!$?&!#A2'9$!(3!;.8!

#*$&)3&)&*9&C!&2/2%LM236SB!MME![ru[J[ruv!Pr\\uQC!
t! 5(&*9?E! ]C!4CE!1&$&)0&*E!,C!1C!Ç!>?')2E!1C!8C! 0#;.80!9'*! 3/*9$#(*!'0!A#;.80C!&2/24%T%U212<9S82/5!MVE!

uhvJuur!Pr\\hQC!
v! ;'*'E! "C! IC! <%%/A#*'$#*+! $?&! 0#%&*9&|! /*:&)0$'*:#*+! $?&! 0$)/9$/)&! '*:! 3/*9$#(*! (3! 0A'%%! ;.80C!Q65;32%

72102V4%P9<2>;<63%!2<<%R09<9AB!WE!rhJhs!Pr\\tQC!
x! >?'*X')E!1CE!I'*i/*'$?E!.C!.C!Ç!j#&-&)A'*E!]C!"?&!2)(02&9$!(3!0#%&*9#*+!:#0&'0&!/0#*+!;.8!#*$&)3&)&*9&C!

NWPW!PTOE![hstJ[hth!Pr\\wQC!
[\! j#E!>C!Ç!Z/'*+E!jC!.(*6#)'%!+&*&!$?&)'27|!2)(A#0&0!'*:!9?'%%&*+&0C!&2/2%LM236SB!VE!h[Jhu!Pr\\\QC!
[[! B)(W*E! IC! 5CE! >9?É$g%&#*E! 8C! 4C! Ç! c9?&+-/E! <C! eC! 4&*&! :&%#6&)7! W#$?! 07*$?&$#9! P*(*! 6#)'%Q! 9'))#&)0C!

#/523/6509/6<%N9;3/6<%9O%@M6386>2;50>4!PPTE![Jr[!Pr\\[QC!
[r! 5'6#0E!IC!@C!.(*J6#)'%!+&*&!:&%#6&)7!070$&A0C!!;332/5%XS0/09/%0/%R0952>M/9<9AB!MOE![rvJ[h[!Pr\\rQC!
[h! j#/E! eC! Ç! Z/'*+E! jC! 5&6&%(2A&*$! (3! *(*J6#)'%! 6&9$()0! 3()! 070$&A#9! +&*&! :&%#6&)7C! N9;3/6<% 9O% !9/539<<2=%

72<2642!VWE!rwxJrss!Pr\\rQC!
[u! .##:(A&E!"C!Ç!Z/'*+E!jC!4&*&!"?&)'27!1)(+)&00!'*:!1)(02&9$0|!.(*6#)'%!6&9$()0C!&2/2%LM236SB%@39A3244%

6/=%@394S2>54!T!Pr\\rQC!
[w! Y'7E!IC!8CE!4%()#(0(E!]C!,C!Ç!.'%:#*#E!jC!k#)'%!6&9$()0!3()!+&*&!$?&)'27|!$?&!')$!(3!$/)*#*+!#*3&9$#(/0!'+&*$0!

#*$(!6&?#9%&0!(3!$?&)'2&/$#90C!Q65;32%P2=0>0/2!VE!hhJu\!Pr\\[QC!
[s! "?(A'0E! ,C! @CE! @?)?'):$E!8C!Ç!Y'7E!IC!8C! 1)(+)&00! '*:!2)(-%&A0!W#$?! $?&!/0&!(3! 6#)'%! 6&9$()0! 3()! +&*&!

$?&)'27C!Q65;32%72102V4%&2/250>4!QE!husJhwv!Pr\\hQC!
[t! e#0?&)E!YC!5C%25%6<"!8!6&)0'$#%&!070$&A!3()!)&9&2$()JA&:#'$&:!+&*&!:&%#6&)7!2&)A#$0!#*9)&'0&:!&*$)7!(3!5.8!

#*$(! $')+&$! 9&%%0E! &*?'*9&:! :&%#6&)7! $(! $?&! */9%&/0! '*:! &%&6'$&:! )'$&0! (3! $)'*0+&*&! &N2)&00#(*C!&2/2%
LM236SB!VE![hhuJ[huh!Pr\\\QC!

[v! b/2#9X7E!5C%25%6<"!<A2()$'*9&!(3!%'$&)'%!'*:!0$&)#9!0$'-#%#g'$#(*!(3!2(%7&%&9$)(%7$&!+&*&!:&%#6&)7!6&9$()0!3()!
&N$&*:&:!070$&A#9!9#)9/%'$#(*C!P9<2>;<63%5M236SB'%5M2%Y9;3/6<%9O%5M2%W8230>6/%Z9>025B%9O%&2/2%LM236SB!RE!
ushJutr!Pr\\rQC!

[x! "#'*E!ZCE!,?&*E!]C!Ç!,?&*E!_C!.'*(2')$#9%&0!3()!4&*&!5&%#6&)7C!Z86<<!TE!r\huJr\uu!Pr\[hQC!
r\! 5/3O0E!,CE!c9?&+-/E!<C!eC!Ç!>9?É$g%&#*E!8C!4C!5&*:)#A&)0!#*!+&*&!:&%#6&)7C!W=16/>2=%U3;A%U2<0123B%72102V4!

RVE!r[ttJrr\r!Pr\\wQC!
r[! ]#*E!>CE!j&'9?E!]C!,C!Ç!`&E!YC!#*!P0>39%6/=%Q6/9%L2>M/9<9A024%0/%R096/6<B404!k(%C!wuu!!P&:0!;(-&)$!>C!e(($&!Ç!

]'A&0!f&#3/!j&&Q!!wutJwwt!PZ/A'*'!1)&00E!r\\xQC!
rr! j/E!eC%25%6<"!8:6'*9&0!#*!B#('22%#9'$#(*0!(3!,')-(*!.'*($/-&0C!W=16/>2=%P652306<4!PME![hxJ[wr!Pr\\xQC!
rh! I9B'#*E!>C!,CE!`#/E!ZC!ZC!1C!Ç!5(-0(*E!]C!I'+*&$#9!*'*(2')$#9%&0!3()!+&*&!'*:!:)/+!:&%#6&)7C!#/523/6509/6<%

N9;3/6<%9O%Q6/982=0>0/2!OE![sxJ[v\!Pr\\vQC!
ru! Z(00&#*X?'*#E!ZC%25%6<"!B#(:&+)':'-%&!*'*(2')$#9%&0!3()!+&*&!$?&)'27!$&9?*(%(+7C!N9;3/6<%9O%Q6/9S6350><2%

724263>M!MRE![J[w!Pr\[hQC!
rw! 1G)&gJI')$U*&gE!eC!,CE!,'))#D*E!BC!Ç!,&l'E!kC!*C!"?&!c0&!(3!.'*(2')$#9%&0!3()!4&*&!"?&)'27!#*!$?&!.&)6(/0!

>70$&AC!N9;3/6<%9O%W<[M20823\4%U042642!OME!sxtJt[\!Pr\[rQC!



"'#%()#*+!,')-(*!.'*($/-&0!1)(2&)$#&0!3()!4&*&!5&%#6&)7!822%#9'$#(*0!

 [s!

rs! _/E!^C!1CE!^&*+E!=C!ZCE!j/E!4C!=C!Ç!`/E!8C!BC!<*()+'*#9!*'*(2')$#9%&0!'0!9'))#&)0!3()!&33#9#&*$!9&%%/%')!:&%#6&)7C!
!M280>6<%J/A0/2230/A%Z>02/>2!UME![\rtJ[\u\!Pr\\sQC!

rt! f#i'7'E! 8CE! >9?'33&)E! >C! BCE! 1'%%')&0E! <C! 4C! Ç! Z'A':J>9?#33&)%#E! YC! >&%&9$#6&! ;&%&'0&! (3! I/%$#2%&! 5.8!
b%#+(*/9%&($#:&0!3)(A!4(%:!.'*()(:0C!W!Z%Q6/9!OE!v\Jvs!Pr\\xQC!

rv! "'*E! ]C! ZC% 25% 6<"! Z72&)-)'*9?&:! 2(%7A&)0! '0! :&%#6&)7! 6&9$()0! 3()! (%#+(*/9%&($#:&0C! N9;3/6<% 9O% @9<B823%
Z>02/>2%@635%W'%@9<B823%!M280453B!RXE!rwvwJrwxw!Pr\[rQC!

rx! I9B'#*E! >C!,CE! `#/E!ZC!ZC!Ç!5(-0(*E! ]C!I'+*&$#9!*'*(2')$#9%&0! 3()!+&*&!'*:!:)/+!:&%#6&)7C! #/523/6509/6<%
N9;3/6<%9O%Q6/982=0>0/2!OE![sxJ[v\!Pr\\vQC!

h\! ,(*:&E!]CE!5()#'E!4CE!'%(!Ç!B'2$#0$'E!1C!.(-%&!I&$'%!.'*(2')$#9%&0!822%#9'$#(*0!#*!,'*9&)C!N9;3/6<%9O%U3;A%
U2<0123B!PXMP!Pr\[[QC!

h[! <#i#A'E!>C!Z&%#9'%!A#9)($/-/%&0!(3!+)'2?#$#9!9')-(*C!Q65;32!ORQE!wsJwv!P[xx[QC!
hr! j#*E!`C%25%6<"!8:6'*9&0!$(W'):!-#('22%#9'$#(*0!(3!9')-(*!*'*($/-&0C!N"%P6523"%!M28"!MQE!wrtJwu[!Pr\\uQC!
hh! Z&)0'AE!IC!,C!.'*($/-&0!X&&2!)(%%#*+!(*C!Q65;32%Q6/952>M/9<9AB!QE!uswJusw!Pr\\xQC!
hu! B#'*9(E!8CE!Y(0$')&%(0E!YC!Ç!1)'$(E!IC!822%#9'$#(*0!(3!9')-(*!*'*($/-&0!#*!:)/+!:&%#6&)7C!!;332/5%XS0/09/%

0/%!M280>6<%R09<9AB!TE!stuJstx!Pr\\wQC!
hw! j'9&):'E! jCE! ;'33'E! >CE! 1)'$(E! ICE! B#'*9(E! 8C! Ç! Y(0$')&%(0E! YC! ,&%%J2&*&$)'$#*+! ,."0! 3()! :&%#6&)7! (3!

$?&)'2&/$#90C!Q6/9%L9=6B!PE!hvJuhE!:(#|[\C[\[sq0[tuvJ\[hrP\tQt\[trJN!Pr\\tQC!
hs! j#/E! ^CE!f#*$&)0E!ICE! Z(%(:*#7E!IC! Ç! 5'#E! ZC! 0#;.8! 5&%#6&)7! #*$(! Z/A'*! "!,&%%0! '*:! 1)#A')7! ,&%%0! W#$?!

,')-(*J.'*($/-&!")'*02()$&)0C!W/A2V6/=52%!M2802%#/523/6509/6<%J=0509/!QUE!r\rhJr\rt!Pr\\tQC!
ht! ]#*E!ZCE!Z&%%&)E!5C!8CE!>?')A'E!;C!Ç!>$)'*(E!IC!>C!>#g&J5&2&*:&*$!,&%%/%')!c2$'X&!'*:!@N2/%0#(*!(3!>#*+%&J

f'%%&:!,')-(*!.'*($/-&0|!>#*+%&!1')$#9%&!")'9X#*+!'*:!'!4&*&)#9!c2$'X&!I(:&%! 3()!.'*(2')$#9%&0C!W!Z%
Q6/9!OE![uxJ[wv!Pr\\xQC!

hv! >?#E! _CE! 6(*! :&A! B/009?&E! 8CE! Z/)$E! ;C! ZCE! Y'*&E! 8C! BC! Ç! 4'(E! ZC! ,&%%! &*$)7! (3! (*&J:#A&*0#(*'%!
*'*(A'$&)#'%0!(99/)0!-7!$#2!)&9(+*#$#(*!'*:!)($'$#(*C!Q65;32%Q6/952>M/9<9AB!UE!t[uJt[x!Pr\[[QC!

hx! 1)'$(E!ICE! Y(0$')&%(0E! YC!Ç!B#'*9(E! 8C! e/*9$#(*'%#g&:! ,')-(*!.'*($/-&0! #*!5)/+!5&0#+*! '*:!5#09(6&)7C!
W>>9;/54%9O%!M280>6<%724263>M!QME!s\Jsv!Pr\\vQC!

u\! j#*E! `C% 25% 6<"! 8:6'*9&0! $(W'):!-#('22%#9'$#(*0!(3! 9')-(*!*'*($/-&0C! N9;3/6<% 9O%P652306<4% !M280453B!MQE!
wrtJwu[E!:(#|[\C[\hxq-h[uuv[i!Pr\\uQC!

u[! j#/E! `CE! ^?'(E! `CE! >/*E! BC! Ç! ,?&*E! ,C! c*:&)0$'*:#*+! $?&! "(N#9#$7! (3! ,')-(*! .'*($/-&0C! W>>9;/54% 9O%
!M280>6<%724263>M!QUE!t\rJt[h!Pr\[hQC!

ur! `'*+E!>CJ"CE!j/(E!]CE!^?(/E!=C!Ç!f'*+E!ZC!1?')A'9(X#*&$#90E!I&$'-(%#0A!'*:!"(N#9#$7!(3!,')-(*!.'*($/-&0!
3()!B#(A&:#9'%!1/)2(0&0C!LM236/9450>4!PE!rt[Jrvr!Pr\[rQC!

uh! 5(/)(/A#0E! 5CE! e'$(/)(0E! 5C! 4CE! B(/)(2(/%(0E! .CE! 1'2'+&%#0E! YC! Ç! "'0#0E! 5C! ,(%%(#:'%! 0$'-#%#$7! (3! 9')-(*!
*'*($/-&0! #*!'*!'K/&(/0!:#02&)0#(*!(3!2?(02?(%#2#:C! #/523/6509/6<% N9;3/6<%9O%Q6/982=0>0/2!PE!ts[Jtss!
Pr\\tQC!

uu! >#*+?E! 1C% 25% 6<"! b)+'*#9! 3/*9$#(*'%#0'$#(*! '*:! 9?')'9$&)#0'$#(*! (3! 0#*+%&JW'%%&:! 9')-(*! *'*($/-&0C!
!M280>6<%Z9>025B%72102V4!OWE!rr[uJrrh\!Pr\\xQC!

uw! j#/E! ^C% 25% 6<"! ,#)9/%'$#(*! '*:! %(*+J$&)A! 3'$&! (3! 3/*9$#(*'%#g&:E! -#(9(A2'$#-%&! 0#*+%&JW'%%&:! 9')-(*!
*'*($/-&0!#*!A#9&!2)(-&:!-7!;'A'*!02&9$)(09(27C!@39>22=0/A4%9O%5M2%Q6509/6<%W>6=28B%9O%Z>02/>24!MXRE!
[u[\J[u[w!Pr\\vQC!

us! ,?&*E!]CE!,?&*E!=C!Ç!I'E!=C!<*3%/&*9&!(3!0/)3'9&!3/*9$#(*'%#g'$#(*!6#'!9?&A#9'%!(N#:'$#(*!(*!$?&!2)(2&)$#&0!
(3!9')-(*!*'*($/-&0C!N9;3/6<%9O%>9<<90=%6/=%0/523O6>2%4>02/>2!OVXE!hrJhv!Pr\[rQC!

ut! j#/%25%6<"!e/%%&)&*&!2#2&0C!Z>02/>2%EQ2V%]93^_%Q"]"H!PWXE![rwhJ[rws!P[xxvQC!
uv! ,?&*E!]C%25%6<"!>(%/$#(*!1)(2&)$#&0!(3!>#*+%&Jf'%%&:!,')-(*!.'*($/-&0C!Z>02/>2!PWPE!xwJxv!P[xxvQC!
ux! j#E! ZC! ]CE! j/E!fC! 4CE! j#E! ]C! ]CE! B'#E! _C! 5C! Ç! 4/E! ,C! ^C!I/%$#9?'**&%! B'%%#0$#9! ")'*02()$! #*!I/%$#W'%%! ,')-(*!

.'*($/-&0C!@MB40>6<%72102V%:255234!TR!Pr\\wQC!
w\! I'$0//)'E! YCE! Z'7'0?#E! YC! Ç! Y#A#g/X'E! .C! j&9$#*JA&:#'$&:! 0/2)'A(%&9/%')! i/*9$#(*0! (3! +'%'9$(0&J

:&)#6'$#g&:!0#*+%&JW'%%&:!9')-(*!*'*($/-&0C!!M280453B%:255234E!r[rJr[h!Pr\\hQC!



,?'2$&)!<!~!<*$)(:/9$#(*!

 [t!

w[! 1(A2&(E!eC!Ç!;&0'09(E!5C!@C!f'$&)!>(%/-#%#g'$#(*!(3!>#*+%&Jf'%%&:!,')-(*!.'*($/-&0!-7!e/*9$#(*'%#g'$#(*!
W#$?!4%/9(0'A#*&C!Q6/9%:255234!PE!hsxJhth!Pr\\rQC!

wr! Z/'*+E!fC%25%6<"!8$$'9?#*+!1)($&#*0!$(!,')-(*!.'*($/-&0!6#'!5##A#:&J89$#6'$&:!8A#:'$#(*C!Q6/9%:255234!
PE!h[[Jh[u!Pr\\rQC!

wh! ]#'*+E!YC%25%6<"!1)($&#*! #AA(-#%#g'$#(*!(*!9')-(*!*'*($/-&0!6#'!'! $W(J0$&2!2)(9&00!(3!:##A#:&J'9$#6'$&:!
'A#:'$#(*C!N9;3/6<%9O%P652306<4%!M280453B!MQE!htJhx!Pr\\uQC!

wu! f&#gA'**E!`CE!,?&*(W&$?E!5C!IC!Ç!>W'+&)E!"C!IC!8::)&00'-%&!"&)A#*'%%7!j#*X&:!5.8ÑHU,."!.'*(W#)&0C!
N9;3/6<%9O%5M2%W8230>6/%!M280>6<%Z9>025B!MOPE![u\\xJ[u\[[!Pr\[\QC!

ww! Z'g'*#E! ICE! .''A'*E! ;CE! Z&**)#9?E! eC! Ç! Y'22&0E! IC! IC! ,(*3(9'%! e%/()&09&*9&! <A'+#*+! (3! 5.8J
e/*9$#(*'%#g&:!,')-(*!.'*($/-&0C!Q6/9%:255234!OE![whJ[ww!Pr\\hQC!

ws! ,')0(*E! jC% 25% 6<"! >7*$?&0#0! '*:! 9?')'9$&)#g'$#(*! (3! 9?#$(0'*ÑÖÜ9')-(*! *'*($/-&! 9(A2(0#$&0C!P652306<4%
:255234!UOE!s[tJsr\!Pr\\xQC!

wt! Y&E!4C%25%6<"!,(6'%&*$!e/*9$#(*'%#g'$#(*!(3!I/%$#W'%%&:!,')-(*!.'*($/-&0!W#$?!'!j(W!I(%&9/%')!f&#+?$!
,?#$(0'*C!R0986>3989<2>;<24!WE!hrrJhrs!Pr\\tQC!

wv! Z'))#0E! ]C!IC!Ç!,?&00E! ;C! BC! @33&9$! (3! 2&+7%'$#(*! (*! 2?')A'9&/$#9'%0C!Q65;32% 32102V4"%U3;A% =04>9123B!PE!
r[uJrr[!Pr\\hQC!

wx! >'*(E! ICE! Y'A#*(E! 8CE! bX'A/)'E! ]C! Ç! >?#*X'#E! >C! >&%3Jb)+'*#g'$#(*! (3! 1@bJ+)'3$J>#*+%&Jf'%%&:! ,')-(*!
.'*($/-&0!#*!>(%/$#(*0!'*:!j'*+A/#)ÑHUB%(:+&$$!e#%A0C!:6/A8;03!MVE!w[rwJw[rv!Pr\\[QC!

s\! ^?'(E!BCE!Z/E!ZCE!`/E!8CE!1&)&'E!5C!Ç!Z'::(*E!;C!,C!>7*$?&0#0!'*:!,?')'9$&)#g'$#(*!(3!f'$&)!>(%/-%&!>#*+%&J
f'%%&:! ,')-(*!.'*($/-&!4)'3$! ,(2(%7A&)0C! N9;3/6<% 9O% 5M2%W8230>6/% !M280>6<% Z9>025B!MPVE! v[xtJvr\h!
Pr\\wQC!

s[! ;#++0E! ]C! @CE! 4/(E! ^CE! ,'))(%%E! 5C! jC! Ç! >/*E! `CJ1C! >$)(*+! %/A#*&09&*9&! (3! 0(%/-#%#g&:! 9')-(*! *'*($/-&0C!
N9;3/6<%9O%5M2%W8230>6/%!M280>6<%Z9>025B!MPPE!wvtxJwvv\!Pr\\\QC!

sr! >'?((E! .C! 4C% 25% 6<"! e/*9$#(*'%#g&:! 9')-(*! *'*(A'$&)#'%0! '0! *'*(9'))#&)0! 3()! %(':#*+! '*:! :&%#6&)7! (3! '!
2(()%7! W'$&)J0(%/-%&! '*$#9'*9&)! :)/+|! '! 9(A2')'$#6&! 0$/:7C! !M280>6<% !988;/0>6509/4! QVE! wrhwJwrht!
Pr\[[QC!

sh! 8#$9?#0(*E!"C!]CE!4#*#9JI')X(6#9E!ICE!I'$#0(*0E!]C!4CE!>#A(*E!4C!1C!Ç!e)&:&)#9X0E!1C!IC!1/)#3#9'$#(*E!,/$$#*+E!
'*:! >#:&W'%%! e/*9$#(*'%#g'$#(*! (3! I/%$#W'%%&:! ,')-(*! .'*($/-&0! c0#*+! 1($'00#/A! 1&)A'*+'*'$&!
>(%/$#(*0C!LM2%N9;3/6<%9O%@MB40>6<%!M280453B%!!MMME!ruu\JruusE!:(#|[\C[\r[qi2\sswu[:!Pr\\tQC!

su! ^#&+%&)E! YC! ]C% 25% 6<"! ,(*$)(%%&:! bN#:'$#6&! ,/$$#*+! (3! >#*+%&Jf'%%&:! ,')-(*! .'*($/-&0C! N9;3/6<% 9O% 5M2%
W8230>6/%!M280>6<%Z9>025B!MPVE![wu[J[wutE!:(#|[\C[\r[qi'\uuwht&!Pr\\wQC!

sw! Z(%g#*+&)E!IC%25%6<"!e/*9$#(*'%#g'$#(*!(3!>#*+%&Jf'%%&:!,')-(*!.'*($/-&0!W#$?!P;JQbN79')-(*7%!.#$)&*&0C!
N9;3/6<%9O%5M2%W8230>6/%!M280>6<%Z9>025B!MPRE!vwssJvwv\!Pr\\hQC!

ss! 4'(E! ,CE! Z&E! ZCE! ^?(/E! jCE! ^?&*+E! _C! Ç! ^?'*+E! `C! >9'%'-%&! e/*9$#(*'%! 4)(/2! @*+#*&&)#*+! (3! ,')-(*!
.'*($/-&0!-7!<A2)(6&:!b*&J>$&2!.#$)&*&!,?&A#0$)7C!!M280453B%9O%P652306<4!PME!hs\Jht\!Pr\\xQC!

st! I(+?'::'AE!IC!]C%25%6<"!Z#+?%7!@33#9#&*$!B#*:#*+!(3!5.8!(*!$?&!>#:&W'%%0!'*:!"#20!(3!,')-(*!.'*($/-&0!
c0#*+!1?($(9?&A#0$)7C!Q6/9%:255234!QE!vxJxh!Pr\\uQC!

sv! I'++#*#E!ICE!>9())'*(E!4C!Ç!1)'$(E!IC!8::#$#(*!(3!'g(A&$?#*&!7%#:&0!$(!,s\|!07*$?&0#0E!9?')'9$&)#g'$#(*E!
'*:!3/*9$#(*'%#g'$#(*!(3!3/%%&)&*&!27))(%#:#*&0C!N9;3/6<%9O%5M2%W8230>6/%!M280>6<%Z9>025B!MMRE!xtxvJxtxx!
P[xxhQC!

sx! 4&()+'X#%'0E!kC%25%6<"!b)+'*#9!e/*9$#(*'%#g'$#(*!(3!,')-(*!.'*($/-&0C!N9;3/6<%9O% 5M2%W8230>6/%!M280>6<%
Z9>025B!MPQE!ts\Jts[!Pr\\rQC!

t\! 4&()+'X#%'0E! kC% 25% 6<"! 8A#*(! '9#:! 3/*9$#(*'%#0'$#(*! (3! W'$&)! 0(%/-%&! 9')-(*! *'*($/-&0C! !M280>6<%
!988;/0>6509/4E!h\w\Jh\w[!Pr\\rQC!

t[! >#*+?E! ;C% 25% 6<"! B#*:#*+! '*:! ,(*:&*0'$#(*! (3! 1%'0A#:! 5.8! (*$(! e/*9$#(*'%#g&:! ,')-(*! .'*($/-&0|ÑÖá!
"(W'):! $?&!,(*0$)/9$#(*!(3!.'*($/-&JB'0&:!4&*&!5&%#6&)7!k&9$()0C! N9;3/6<% 9O% 5M2%W8230>6/%!M280>6<%
Z9>025B!MPVE!uhvvJuhxs!Pr\\wQC!

tr! B'?)E! ]C! jC! Ç! "(/)E! ]C! IC! Z#+?%7! e/*9$#(*'%#g&:! ,')-(*! .'*($/-&0! c0#*+! #*! >#$/! 4&*&)'$&:! 5#'g(*#/A!
,(A2(/*:0C!!M280453B%9O%P652306<4!MOE!hvrhJhvru!Pr\\[QC!



"'#%()#*+!,')-(*!.'*($/-&0!1)(2&)$#&0!3()!4&*&!5&%#6&)7!822%#9'$#(*0!

 [v!

th! Y')(/0#0E! .CE! 8%#JB(/9&$$'E! ZCE! Y(0$')&%(0E! YC! Ç! "'+A'$')9?#0E! .C! 8)7%J:&)#6'$#g&:E! W'$&)J0(%/-%&!
3/*9$#(*'%#g&:!9')-(*!*'*($/-&0!3()!-#(A&:#9'%!'22%#9'$#(*0C!P652306<4%Z>02/>2%6/=%J/A0/2230/A'%R!MRPE!
vJ[[!Pr\\vQC!

tu! IG*'):JI(7(*E! ,CE! e'--)(E! ,CE! 1)'$(E! IC! Ç! B#'*9(E! 8C! b*&J1($! ")#2%&! e/*9$#(*'%#g'$#(*! (3! ,')-(*!
.'*($/-&0C!!M280453B%`ab%W%J;39S26/%N9;3/6<!MVE!hrrrJhrrt!Pr\[[QC!

tw! 1&*+E!ZCE!8%&A'*7E!jC!BCE!I')+)'6&E!]C!jC!Ç!Y?'-'0?&0X/E!kC!.C!>#:&W'%%!,')-(N7%#9!89#:!e/*9$#(*'%#g'$#(*!
(3!>#*+%&Jf'%%&:!,')-(*!.'*($/-&0C!N9;3/6<%9O%5M2%W8230>6/%!M280>6<%Z9>025B!MPRE![w[tuJ[w[vr!Pr\\hQC!

ts! >$&2?&*0(*E! ]C! ]CE!Z/:0(*E! ]C! jCE! j&(*'):E!8C!5CE!1)#9&E!BC!YC!Ç!"(/)E! ]C!IC!;&2&$#$#6&!e/*9$#(*'%#g'$#(*!(3!
f'$&)J>(%/-%&! >#*+%&Jf'%%&:! ,')-(*! .'*($/-&0C! 8::#$#(*! (3! 89#:J>&*0#$#6&! 8::&*:0C! !M280453B% 9O%
P652306<4!MTE!hux[Jhuxv!Pr\\tQC!

tt! `'*+E!`CE!=#/E!>CE!_#&E!_CE!f'*+E!_C!Ç!j#E!;C!YC!`C!8!3'9#%&E!+)&&*E!'*:!$/*'-%&!A&$?(:!$(!3/*9$#(*'%#g&!9')-(*!
*'*($/-&0! W#$?! W'$&)J0(%/-%&! 'g(! #*#$#'$()0! -7! (*&J0$&2! 3)&&! )':#9'%! '::#$#(*C!WSS<02=% Z;3O6>2% Z>02/>2!
PRUE!hrvsJhrxr!Pr\[\QC!

tv! ,?/E! 1C! YCE! ,?&*E! ]C! `CE!f'*+E! jC! 1C!Ç!Z/'*+E!.C! 1%'0A'J0/)3'9&!A(:#3#9'$#(*!(3! -#(A'$&)#'%0C!P652306<4%
Z>02/>2%6/=%J/A0/2230/A'%7'%72S9354!OUE![uhJr\s!Pr\\rQC!

tx! e)'*9&09?E! jCE!4'))&$'E! @CE! B'%9&%%0E!ICE! @:&%A'*E! @C! ;C!Ç!B())D0E! >C! e'-)#9'$#(*!(3! B#('9$#6&! >/)3'9&0!-7!
1%'0A'! 1(%7A&)#g'$#(*! "&9?*#K/&0! c0#*+! '! .(6&%! 89)7%'$&J5&)#6&:! I(*(A&)C! @<6486% @39>24424% 6/=%
@9<B8234!PE!s\wJs[[!Pr\\wQC!

v\! eà)9?E!;CE! ^?'*+E! ^C!Ç!Y*(%%E!fC!>(3$!1%'0A'!")&'$&:!>/)3'9&0|!"'#%()#*+!(3! >$)/9$/)&!'*:!1)(2&)$#&0! 3()!
B#(A'$&)#'%!822%#9'$#(*0C!@<6486%@39>24424%6/=%@9<B8234!PE!hw[Jhtr!Pr\\wQC!

v[! e)'*9&09?E! jCE! B())(0E! >CE! Y*(%%E! fC! Ç! eà)9?E! ;C! >/)3'9&! ;&'9$#6#$7! (3! 1/%0&:J1%'0A'! 1(%7A&)#g&:!
1&*$'3%/()(2?&*7%!I&$?'9)7%'$&!P1eIQ!$(W'):!8A#*&0!'*:!1)($&#*0!#*!>(%/$#(*C!:6/A8;03!POE!hxrtJhxh[!
Pr\\tQC!

vr! bâ,(**&%%E! IC! ]C% 25% 6<"! ;&6&)0#-%&! W'$&)J0(%/-#%#g'$#(*! (3! 0#*+%&JW'%%&:! 9')-(*! *'*($/-&0! -7! 2(%7A&)!
W)'22#*+C!!M280>6<%@MB40>4%:255234!OQPE!rswJrt[!Pr\\[QC!

vh! k'#0A'*E! jCE! f'+*&)E! ZC! 5C! Ç! I')(AE! 4C! "?&! )(%&! (3! 0/)3'9$'*$0! #*! :#02&)0#(*! (3! 9')-(*! *'*($/-&0C!
W=16/>24%0/%!9<<90=%6/=%#/523O6>2%Z>02/>2!MPW-MOXE!htJus!Pr\\sQC!

vu! k'%&*$#E!jC!@CE!e#()#$(E!1C!8CE!4')9U'E!,C!5C!Ç!4#'9(A&%%#E!,C!@C!"?&!':0()2$#(*J:&0()2$#(*!2)(9&00!(3!-(6#*&!
0&)/A!'%-/A#*!(*!9')-(*!*'*($/-&0C!N9;3/6<%9O%!9<<90=%6/=%#/523O6>2%Z>02/>2!OXVE!huxJhws!Pr\\tQC!

vw! Y'?E! ]C! ,C! `CE! ,?&*E! ]CE! ^/-#&$'E! 8C! Ç! Z'A':J>9?#33&)%#E! YC! @N2%(#$#*+! $?&! 1)($&#*! ,()(*'! ')(/*:! 4(%:!
.'*()(:0!3()!j(':#*+!'*:!")#++&)&:!;&%&'0&C!W!Z%Q6/9!UE!sth\Jstu\!Pr\[rQC!

vs! >?'**'?'*E!]C!ZC%25%6<"!,(A2')#0(*!(3!.'*($/-&J1)($&#*!,()(*'!,(A2(0#$#(*!#*!,&%%!,/%$/)&!I&:#'C!Z86<<!
TE!r[t[Jr[v[!Pr\[hQC!

vt! j#/E! `C! @2#$?&%#'%! $(! I&0&*9?7A'%! ")'*0#$#(*! #*! ;&*'%! e#-)(+&*&0#0|! 1'$?(%(+#9! >#+*#3#9'*9&E! I(%&9/%')!
I&9?'*#0AE!'*:!"?&)'2&/$#9!<*$&)6&*$#(*C!N9;3/6<%9O%5M2%W8230>6/%Z9>025B%9O%Q2SM39<9AB!MRE![J[r!Pr\\uQC!

vv! I((*E!ZC!YCE!j&&E!>C!ZC!Ç!,?(#E!ZC!,C!<*!k#6(!.&')J<*3)')&:!I&:#'$&:!"/A()!5&0$)/9$#(*!-7!1?($($?&)A'%!
@33&9$!(3!,')-(*!.'*($/-&0C!W!Z%Q6/9!OE!ht\tJht[h!Pr\\xQC!

vx! ;'33'E!kCE!,#(3'*#E!4CE!k#$$()#(E!bCE!;#++#(E!,C!Ç!,/09?#&)#E!8C!1?70#9(9?&A#9'%!2)(2&)$#&0!'33&9$#*+!9&%%/%')!
/2$'X&!(3!9')-(*!*'*($/-&0C!Q6/982=0>0/2!RE!vxJxt!Pr\[\QC!

!



!

 

 (,?'2$&)!<<C

PF +<=C/02(S59?C?0/4?56(N>(A8/.;/($20I6?L<2.(

b)#+#*'%%7!2/-%#0?&:!'0|!

8C!,#3/&*$&0!'*:!>C!B())D0E!:6/A8;03E!PXMOE!rx!PrrQE!22!ssuw~ssw[!

5C!Z()*'E!]C!,C!;'A#)&gE!8C!,#3/&*$&0E!8C!B&)*':E!>C!B())D0!'*:!IC!8C!4(*gä%&gE!W=16/>2=%c26<5M>632%

P652306<4E!PXMPE![!PrQE!22![ttJ[vr!

8C! ,#3/&*$&0J;#/0E! IC! B/))#'%E! IC! e'#i&0E! 8C! 1%'*'0E! >C! B())D0E! B#(A'9)(A(%&9/%&0E! PXMO! P0/%

S32S636509/H%



!

 



,?'2$&)!<<!~!>/)3'9&!I(:#3#9'$#(*!-7!1%'0A'!"&9?*#K/&0!

 r[!

PFMF ,64=59<04?56(

899():#*+! $(! $?&! '9$/'%! *&&:0! #*! $?&! 0/)3'9&! 3/*9$#(*'%#g'$#(*! (3! :#33&)&*$!A'$&)#'%0E! #*! $?#0! #*#$#'%!

2')$! (3! $?#0! $?&0#0E! $W(! :#0$#*9$! 2%'0A'! 2(%7A&)#g'$#(*! $&9?*#K/&0! W&)&! &A2%(7&:! '0! '! 0/)3'9&!

A(:#3#9'$#(*!'22)('9?C!80!#$!?'0!-&&*!#*$)(:/9&:!#*!,?'2$&)!<E!9')-(*!*'*($/-&0!P,."0Q!')&!(*&!(3!

$?&0&! '-(6&JA&*$#(*&:! A'$&)#'%0! $?'$! :&A'*:! '! 0/#$'-%&! 3/*9$#(*'%#g'$#(*C! 1)#0$#*&! ,."0! %'9X!

'22)(2)#'$&!3/*9$#(*'%!+)(/20!$(!&*'-%&!9(6'%&*$!-#*:#*+!(3!-#(9(A2'$#-%&!+)(/20E!#*!():&)!$(!A'X&!

,."0!9(A2'$#-%&!W#$?!$?&!-#(%(+#9'%!A#%#&/C[Jw!"?&)&3()&E!$?&!0/)3'9&!(3!,."0!)&K/#)&0!A(:#3#9'$#(*!

-7!:#33&)&*$!9?&A#9'%!07*$?&$#9!A&$?(:0!$(!+&*&)'$&!'22)(2)#'$&! 3/*9$#(*'%#$#&0E!&*'-%#*+!9(6'%&*$!

'$$'9?A&*$!(3!0/#$'-%&!0(%/-#%#g#*+E!-#('9$#6&!()!-#(9(A2'$#-%&!A(#&$#&0C!,%'00#9'%%7E!)&0&')9?&)0!?'6&!

:#33&)&*$#'$&:!,."0!#*$(!$W(!g(*&0!#*!$&)A0!(3!$?&#)!)&'9$#6#$7E! #C&C!0#:&W'%%0!'*:!$#20CsJv! <$!?'0!-&&*!

0?(W*! $?'$! $#20! ')&! A()&! 2)(*&! 3()! A(:#3#9'$#(*! $?'*! 0#:&W'%%0E! '*:! -($?! A'7! -&! :)'A'$#9'%%7!

'%$&)&:!9?'*+#*+!$?&!&*$#)&!,."!A()2?(%(+7C!!

<*! $?#0! 0&*0&E! 2%'0A'! $&9?*#K/&0! ?'0! -&&*! 2)(6&:! '0! '! 0/)3'9&! A(:#3#9'$#(*! '22)('9?! '-%&! $(!

?(A(+&*&(/0%7! A(:#37! '! W#:&! 6')#&$7! (3! 0/)3'9&0! W#$?(/$! '33&9$#*+! $?&#)! -/%X! 2)(2&)$#&0! (3! $?&!

$)&'$&:! A'$&)#'%! -7! $?&! :&2(0#$#(*! (3! $?#*! 3#%A0CxJ[[! <*! $?&! )&9&*$! 7&')0E! 2%'0A'! 2(%7A&)#g'$#(*!

'22)('9?&0!?'6&!-&&*!&A2%(7&:!'0!'!2)&6#(/0!0/)3'9&!$)&'$A&*$!$(!'9?#&6&!3/*9$#(*'%#g&:!0/)3'9&0E!

-&9'/0&!(3!#$0!9'2'9#$7!$(!A(:#37!'%%!X#*:0!(3!A'$&)#'%0E!&6&*!#*&)$!(*&0E!'*:!#$0!'-#%#$7!$(!:(!0(!$(!'%%!

:#33&)&*$!+&(A&$)#&0C!"?&)&(3E!,."0!A'7!-&!0$)'$&+#9'%%7!9('$&:!W#$?!$?&!':&K/'$&!2(%7A&)E!$/*#*+!

$?&!2?70#9'%!'*:!9?&A#9'%!#*$&)'9$#(*!()!9(*i/+'$#(*!W#$?!$?&!A(%&9/%&!(3!#*$&)&0$C!e()!+&*&!:&%#6&)7!

'22%#9'$#(*0E! $?&! A(:#3#9'$#(*! (3! $?&! ,."! 0/)3'9&! 9(/%:! %&':! $(! $?&! 9(6'%&*$! '$$'9?A&*$! (3! $?&!

+&*&$#9! A'$&)#'%E! ()! 3'9#%#$'$&! #$0! W)'22#*+! ')(/*:! $?&! ,."! 0$)/9$/)&E! '0! #$! W#%%! -&! :#09/00&:! #*!

,?'2$&)!<<<C!1)#()!$(!$?#0E!'!$?()(/+?!0$/:7!#0!)&K/#)&:!#*!():&)!$(!+'#*!'!-&$$&)!/*:&)0$'*:#*+!#*!?(W!

$?#0!$&9?*#K/&!9'*!-&!$/*&:!3()!$?&!+&*&)'$#(*!(3!$'#%()&:!0/)3'9&0!'*:!W?'$!$?&0&!A(:#3#&:!0/)3'9&0!

A'7!)&*:&)C!!

<*!(/)!+)(/2E!$?&!&N2&)$#0&!#*!2%'0A'!0/)3'9&!A(:#3#9'$#(*!'%%(W&:!$?&!:&6&%(2A&*$!(3!2(%7A&)!$?#*!

3#%A0! -7! /0#*+! '! A(*(A&)! $?'$E! W?&*! 2(%7A&)#g&:E! %&':0! $(! '! )&'9$#6&! +)(/2! &N2(0&:! (*! $?&!

0/)3'9&C[\E[r!"?#0!A(*(A&)E!2&*$'3%/()(2?&*7%!A&$?'9)7%'$&!P1eIQE!#0!'9$#6'$&:!-7!2%'0A'!&N9#$'$#(*!

'*:!#$!#0!'-%&!$(!3()A!$?#*!3#%A0!(3!2(%7A&)#g&:!1eI!P21eIQ!(*!$?&!:&0#)&:!0/)3'9&C!<$0!&N2(0&:!&0$&)!

+)(/20! ')&! ?#+?%7! )&'9$#6&! $(W'):0! 'A#*&0E! W?#9?! A'X&0! #$! '*! (2$#A'%! 9'*:#:'$&! $(! '9?#&6&!

&N$)&A&%7!'9$#6&!0/)3'9&0!3()!0&%&9$&:!02&9#&0!P>9?&A&!rC[QC[\E[rJ[u!!



"'#%()#*+!,')-(*!.'*($/-&0!1)(2&)$#&0!3()!4&*&!5&%#6&)7!822%#9'$#(*0!

 rr!

B($?! 2')'A&$&)0E! $?&! 2(%7A&)#g'$#(*! $&9?*#K/&! '*:! $?&! A(*(A&)! /0&:E! ?'6&! '%%(W&:! $?&!

:&6&%(2A&*$!(3!'!6&)0'$#%&!'22)('9?!$(!3'-)#9'$&!'%%!X#*:!(3!-#('9$#6&!0/)3'9&0E!9'2'-%&!$(!9(6'%&*$%7!

#AA(-#%#g&!2)($&#*0!#*!'!$/*'-%&!W'7C!<*!$?#0!W()XE!W&!(2$#A#g&:!$W(!$&9?*#K/&0E!1@,k5!'*:!2%'0A'!

+)'3$#*+!(3!1eIE!#*!():&)!$(!'$$'9?!-#(A(%&9/%&0!#*!'!02&9#3#9!W'7!W?&)&!#$0!'9$#6#$7!#0!A'#*$'#*&:C!

!

>9?&A&!rC[!21eI!$?#*!3#%A!0$)/9$/)&!'*:!0/-0&K/&*$!)&'9$#(*!W#$?!'A#*&J$&)A#*'$&:!A(%&9/%&0C!

1%'0A'! &*?'*9&:! 9?&A#9'%! 6'2()! :&2(0#$#(*! P1@,k5QE! $?&! 3#)0$! $&9?*#K/&! '00&00&:! #*! $?#0! 0$/:7E!

&*'-%&0!$?&!A(:#3#9'$#(*!(3!W#:&!)'*+&!(3!A'$&)#'%0!-7!$?&!:&2(0#$#(*!(3!2(%7A&)!$?#*!3#%A0!(*!$?&!

0/-0$)'$&C! "?&! (2$#A#g'$#(*! (3! $?&! W()X#*+! 2')'A&$&)0! 2%'70! '*! #A2()$'*$! )(%&! $(! $/*&! $?&! 3#*'%!

2)(2&)$#&0!(3!$?&!2(%7A&)! %'7&)C!1)&6#(/0!W()X!2&)3()A&:!#*!(/)!+)(/2!(*!$?&!1@,k5J2(%7A&)#g&:!

1eI! P221eIQ! ?'6&! 2)(6&:! $?'$! $?&! :&2(0#$#(*! /*:&)! 2/%0&:! 2%'0A'! 9(*:#$#(*0! #0! 9)/9#'%! 3()! $?&!

9(*$)(%%&:!3()A'$#(*!(3!'9$#6&!2(%7A&)!$?#*!3#%A0C[rE[w!"?#0!'22)('9?!9'*!-&!$/*&:!-7!$?&!:/$7!979%&!

PU!Q!'22%#&:!#*!$?&!2)(9&00C!"?&!U!!#0!:&3#*&:!'0!$?&!)&%'$#(*!-&$W&&*!$?&!$#A&!#*!W?#9?!$?&!2%'0A'!

#0!(*!P5XQQ!'*:!$?&!$($'%!:/)'$#(*!(3!$?&!2/%0&!P5XQ!y!5X$$QE!'0!9'*!-&!0&&*!#*!@K/'$#(*!rC[C!!

!!
@K/'$#(*!rC[!

1/%0&:!2%'0A'!#0!9?')'9$&)#g&:!3()!-&#*+!9'))#&:!(/$!'$!'!?#+?&)!d0!A'#*$'#*#*+!$?&!0'A&!&K/#6'%&*$!

2(W&)!Pd2eQ!'0!$?&!9(*$#*/(/0!2%'0A'C!"?#0!#0!2(00#-%&!-&9'/0&!$?&!d2e!$?'$!#0!'9$/'%%7!)&'9?#*+!$?&!

0'A2%&! #0! :&2&*:&*$! (*! $?&! 2/%0&E! -&#*+! &N2)&00&:! '0! $?&! 2)(:/9$! (3! U!! '*:! $?&!d0! P@K/'$#(*!

rCrQC[[E[w!

!
@K/'$#(*!rCr!

!"#$%&'%()

*+,-$(.)/01)2&-",$)

0"345-3'678(.)
$"&9'4()

,/01)
%:73);6<)

!,(47()=7%:)')
9&(()'<73()

! 

DC =
tON

tON + tOFF

! 

Weq =Wi " DC



,?'2$&)!<<!~!>/)3'9&!I(:#3#9'$#(*!-7!1%'0A'!"&9?*#K/&0!

 rh!

>9?&A&!rCr!0?(W0!?(W!'$!5XQE!$?&!9?&A#9'%!)&'9$#(*0!$?'$!$'X&!2%'9&!#*!$?&!#*$&)3'9&!')&!:(A#*'$&:!

-7! $?&! )&'9$#6&! 02&9#&0! +&*&)'$&:! :/)#*+! $?&! 2%'0A'! 2?'0&! '*:! 9'*! -&! :#)&9$%7! 9(A2')&:! $(! $?&!

$)&'$A&*$!$?'$!$?&!0/)3'9&!#0!)&9&#6#*+!W?&*!9(*$#*/(/0!2%'0A'!#0!'22%#&:C[[!!

!

>9?&A&!rCrC!1/%0&:!2%'0A'!2(%7A&)#g'$#(*!2)(9&00C[[!

"?#0! )&'9$#6&! 02&9#&0! ')&! 9)&'$&:! -7! $?&! :#00(9#'$#(*! (3! $?&!A(*(A&)! '*:! $?&! +'0! 2)&0&*$! #*! $?&!

9?'A-&)!$(!:#33&)&*$!#(*0E!)':#9'%0!'*:!&%&9$)(*0C!I()&(6&)E!'!ck!)':#'$#(*!#0!+&*&)'$&:!:/&!$(!$?&!

)&%'N'$#(*!2)(9&00!(3!$?&!&%&9$)(*#9'%%7!&N9#$&:!02&9#&0C!"?&!$)&'$&:!0/)3'9&!#0!$?&*!0/-A#$$&:!$(!$?#0!

?#+?!)&'9$#6&!'$A(02?&)&E!)&0/%$#*+!#*!$?&!0/)3'9&!A(:#3#9'$#(*E!:&2(0#$#(*!'*:!'-%'$#(*!2)(9&00C!"?&!

%(*+&)!$?&!&N2(0/)&!$#A&!(3!$?&!0'A2%&!$(!$?&0&!9(*:#$#(*0E!$?&!?#+?&)!#0!$?&!&33&9$!(*!$?&!0/)3'9&C!

Z(W&6&)E!W?&*!$?&!2%'0A'!#0!(33!P5X$$QE!$?&!A()&!)&'9$#6&!02&9#&0!0/9?!'0!#(*0!'*:!&%&9$)(*0!$&*:!$(!

:#0'22&')!:/&!$(!)&%'N'$#(*!2)(9&00&0C!B&9'/0&!$?&!()+'*#9!)':#9'%0!3()A&:!:/)#*+!5XQ!?'6&!'!%(*+&)!

%#3&$#A&! $?'*! $?&0&!($?&)! 02&9#&0E! $?&7! )&A'#*!(*! $?&! 9?'A-&)! $#A&! %(*+!&*(/+?! $(! 9(*$#*/&! $?&!

)':#9'%! 2(%7A&)#g'$#(*! (*! $?&! 0/)3'9&C! 80! '! )&0/%$E! $?&!A(*(A&)! #0! &N2(0&:! $(! 0(3$&)! 9(*:#$#(*0E!

'6(#:#*+! 0&9(*:')7! )&'9$#(*0! '*:! )&$'#*#*+! '! ?#+?&)! )&'9$#6&! 3/*9$#(*'%#$7C[[E[w! "?&)&3()&E! /0#*+! '!

2/%0&:!2%'0A'!2(%7A&)#g'$#(*!A&$?(:!&*'-%&0!'*! #*9)&'0&:!9(*$)(%!:/)#*+! $?&!:&2(0#$#(*!2)(9&00!

'*:!'!?#+?&)!)&'9$#6&!3/*9$#(*'%#$7!#0!A'#*$'#*&:C!

>#A#%')%7E! $?&!2%'0A'!+)'3$#*+!'22)('9?!'6(#:0! $?&!A(*(A&)!&N2(0/)&! $(! 0/9?!?')0?!9(*:#$#(*0! #*!

():&)! $(! 2)&0&)6&! #$0! 9?&A#9'%! #*$&+)#$7! W?&*! 2(%7A&)#g&:C! <*! +&*&)'%! $&)A0E! +)'3$#*+! $&9?*#K/&0!

9(*0#0$! #*! $?&!A(:#3#9'$#(*!(3! $?&! 3#)0$! *'*(A&$&)0!(3! $?&! 0/)3'9&! 0/-0$)'$&!W?#%&!A'#*$'#*#*+! $?&!

2)(2&)$#&0! (3! $?&! -/%X! A'$&)#'%C! B'0#9'%%7E! '*! &*&)+7! 0(/)9&! /0&:! '0! '*! #*#$#'$()! 9)&'$&0! )&'9$#6&!

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

*+&

!"#

,-&

./
0'

$12
')

&3#
4/
&

!5"$/&653#2')&7%89&

!'
:
/3
&&7
;
9&

<3=#)1>&3#61>#"$&

?')1>&$0/>1/$&

,-&
,-&

,-&

,-&
,-&

,-& ,-&

,-&



"'#%()#*+!,')-(*!.'*($/-&0!1)(2&)$#&0!3()!4&*&!5&%#6&)7!822%#9'$#(*0!

 ru!

)':#9'%0!(*!$?&!0/)3'9&!(3!$?&!2(%7A&)E!W?#9?!0&)6&!'0!'9$#6&!0#$&0!3()!'!3/)$?&)!2(%7A&)#g'$#(*!(3!$?&!

A(*(A&)!P>9?&A&!rChQC[s!!

!

>9?&A&!rChC!4)'3$#*+!2)(9&00!(*!2(%7A&)!0/-0$)'$&0C[s!

f?&*!$?&!'9$#6&!0#$&0!')&!9)&'$&:!/0#*+!'!2%'0A'!0(/)9&E!$?&!'22)('9?!#0!X*(W*!'0!2%'0A'!+)'3$#*+E!

W?#9?!#0!'%0(!0$/:#&:!'*:!(2$#A#g&:!$?#0!$?&0#0C!<*!$?#0!9'0&E!'!2(%7A&)!0/-0$)'$&!#0!3#)0$%7!&N2(0&:!$(!

2%'0A'!9(*:#$#(*0! #*! $?&!2)&0&*9&!(3!'!+'0! #*!():&)! $(!'9$#6'$&! #$0!0/)3'9&C!f?&*!$?&!A(*(A&)!(3!

#*$&)&0$!#*$&)'9$0!W#$?!$?&!2%'0A'J'9$#6'$&:!0/)3'9&E!$?&!2(%7A&)#g'$#(*!0$')$0!'*:!$?&!2(%7A&)!9?'#*!

+)(W0!3)(A!$?&!0/)3'9&E!A'#*%7!#*!'!6&)$#9'%!:#)&9$#(*C!"?/0E!'!9(*$)(%%&:!'*:!%(9'%#g&:!A(:#3#9'$#(*!#0!

'9?#&6&:!'*:!2(%7A&)!-)/0?&0!')&!3()A&:!#*!$?&!)&0/%$#*+!2)&J'9$#6'$&:!0/)3'9&C[tJr[!

80! 0'#:E! $?&! 3#)0$! 0$&2! $(! '9?#&6&! $?&! 0/)3'9&! A(:#3#9'$#(*! #0! 9)&'$#*+! 0$'-%&! 3)&&! )':#9'%0! (*! $?&!

0/)3'9&C! c0#*+! '*! #*&)$! +'0! #*! 2%'0A'! $)&'$A&*$0! 9)&'$&0! 0$'-%&! 3)&&! )':#9'%0! (*! $?&! 2(%7A&)!

0/)3'9&Cr\ErrErh! <$! #0! X*(W*! $?'$! 2%'0A'! $)&'$A&*$0! #*! 2)&0&*9&! (3! *(-%&! +'0&0! #*:/9&! '! ?7:)(+&*!

:&0()2$#(*! (*! $?&! 2(%7A&)#9! 0/)3'9&! '*:! #*6(%6&! $?&! 9)&'$#(*! (3! '! ?#+?! :&*0#$7! (3! '9$#6&! 0#$&0C!

"?&)&3()&E! $?&)&! ')&! $W(! :#33&)&*$#'$&! 2)(9&00! $?'$! ?'22&*! '$! $?&! 0'A&! $#A&C! e#)0$E! '*! &$9?#*+!

2)(9&00! (99/)0E! #*! W?#9?! $?&! 3#)0$! *'*(A&$)&0! (3! $?&! 0/)3'9&! ')&! )&A(6&:C! >&9(*:E! )':#9'%0! ')&!

9)&'$&:! :/&! $(! $?&0&! A&9?'*#9'%! #*$&)'9$#(*0C! 5/)#*+! $?&! 3()A&)E! $?&! 0/)3'9&! #0! 0/-A#$$&:! $(! '!

9%&'*#*+!2)(9&00E!W?&)&'0! #*! $?&! %'$$&)! #0!W?&*! $?&! 3()A'$#(*!(3!'9$#6&0! 0#$&0!'9$/'%%7! $'X&0!2%'9&C!

8)+(*!?'0!$?&!%(W&)!&33&9$!(*!$?&!0/)3'9&!A()2?(%(+7!9(A2')&:!$(!($?&)!*(-%&!+'0&0E!'*:!-&9'/0&!

(3! $?'$E! #$! #0! $?&!+'0!/0&:! #*! $?#0!W()XC!b*! $?&!($?&)!?'*:E! )&'9$#6&!+'0&0! 9'*!-&!'%0(!/0&:! #*! $?#0!

2)(9&00!Pbr!()!.rQE!-/$!#*!0/9?!9'0&0!$?&7!#*$&)'9$!W#$?!$?&!0/)3'9&!3()A#*+!:#33&)&*$!9?&A#9'%!+)(/20!

$?'$!A'7!#*$&)3&)&!W#$?!$?&!3(%%(W#*+!A(*(A&)!+)'3$#*+Cr\Erh!!

<*!$?#0!)&+'):E!W?&*!A(:#37#*+!-7!2%'0A'!+)'3$#*+E!$?&!'9$/'%!2%'0A'!$)&'$A&*$!#0!(*%7!'22%#&:!#*!$?&!

2)&0&*9&!(3!8)E!W?&*!$?&!'9$#6'$#(*!(3!$?&!0/)3'9&!$'X&0!2%'9&C!83$&)!$?'$E!$?&!A(*(A&)!#0!3&:!#*$(!

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

/((#0,#12*&34(#56&
)")7'(2*,76&896&)'7:&

;<,0#12*&=;>&2(&?@;@A&
&;;4&&&&&;;?&&&&&&&;4;&

B<C2$,12*&'2&;@&

%2*2%)(&
(#0,7#"$& C2"5%)(&D(E$-)$&



,?'2$&)!<<!~!>/)3'9&!I(:#3#9'$#(*!-7!1%'0A'!"&9?*#K/&0!

 rw!

$?&! )&'9$()! 9?'A-&)! W?&*! $?&! 2%'0A'! #0! (33C! 80! '! )&0/%$E! #$! #0! &N2(0&:! $(! '! *(*J'++)&00#6&!

&*6#)(*A&*$!-&#*+!'-%&!$(!2(%7A&)#g&!/*:&)!9(*$)(%%&:!9(*:#$#(*0!'*:!)&$'#*#*+!'!A'i()!:&+)&&!(3!

#$0!3/*9$#(*'%#$7C!

80! '! )&0/%$! '*:! -7! $/*#*+! $?&! 2(%7A&)#g'$#(*! 9(*:#$#(*0! (3! $?&! 1eI! W#$?! $?&! $W(! $&9?*#K/&0!

&N2%'#*&:! '-(6&E! ?(A(+&*&(/0! '*:! )&'9$#6&! 0/)3'9&0! ')&! (-$'#*&:! #*! $?#0! 2')$! (3! $?&! W()XC! "?&!

#AA(-#%#g'$#(*!(3!'!2)($&#*!%'7&)!(*!$?&!$)&'$&:!0/)3'9&0!#0!$&0$&:!'*:!$?&!)&0/%$#*+!0A')$E!-#('9$#6&!

0/)3'9&!#0!'*'%7g&:!#*!:&$'#%C!@'9?!'22)('9?!:#33&)0!#*!$?&!)&0/%$#*+!-#('9$#6&!0/)3'9&!2)(2&)$#&0!'*:!

$?&!-&?'6#()!(3!$?&!2)($&#*0!#*$&)'9$#*+!W#$?!$?&AE!W?#9?!A'X&0!$?&A!'*!&N$)&A&%7!#*$&)&0$#*+!$((%!

3()! #AA(-#%#g#*+!2)($&#*0! #*!'!:&0#)&:!W'7!)&+'):#*+!$?&!3#*'%!'22%#9'$#(*!(3! $?&!A'$&)#'%C!B7!$?&0&!

A&'*0E! W&! 3#*'%%7! '#A! $(! +'#*! '! 9(A2%&$&! X*(W%&:+&! (3! $?#0! $&9?*#K/&! $(! 3/)$?&)! A(:#37! 0/9?! '!

0(2?#0$#9'$&:!A'$&)#'%!'0!,."0!#*!():&)!$(!$/)*!$?&A!#*$(!'!0A')$E!-#('9$#6&!+&*&!6&9$()C!

!! !



"'#%()#*+!,')-(*!.'*($/-&0!1)(2&)$#&0!3()!4&*&!5&%#6&)7!822%#9'$#(*0!

 rs!

PFPF *HB2=?;264/8(+204?56((

PFPFMF A8/.;/(%2/045=(*;B85>29(

B($?! $72&0! (3! 2%'0A'!A(:#3#9'$#(*!W&)&! 9'))#&:! (/$! #*! '! ?(A&-/#%$! 2%'0A'! )&'9$()! P>9?&A&! rCuQC!

1%'0A'!$)&'$A&*$!W'0!2&)3()A&:!-7!/0#*+!'*!&N9#$'$#(*!3)&K/&*97!(3![hCws!IZgC!4'0&0!$?'$!W&)&!

3&:!#*$(!$?&!9?'A-&)!$?)(/+?!$?&!070$&A!2'00!$?)(/+?!'!+%'00E!,brq'9&$(*&J9((%&:!$)'2!PJtv!(,Q!3()!

$?&! 9(%%&9$#(*! (3! &N9&00! )&'9$'*$! -&3()&! )&'9?#*+! $?&! 2/A2! P@:W'):0! ;k[r! x\hQC! 8*! '*'%(+#9'%!

1#)'*#J$72&! 6'9//A!A&$&)! PIY>E!c>8Q!W'0! 9(**&9$&:! *&')! $?&!A#::%&! (3! $?&! )&'9$()! 9?'A-&)! $(!

A(*#$()!$?&!)&'9$#(*!2)&00/)&C!<*!'!?(A&-/#%$!070$&AE!$?&!2/%0&!+&*&)'$()!9(*$)(%%&:!$?&!2/%0#*+!(3!

$?&! )':#(! 3)&K/&*97! P;eQ! 0#+*'%E! W?#9?! W'0! 'A2%#3#&:! -7! '! [w\! f! 'A2%#3#&)! '*:! 2'00&:! 106! '*!

'*'%(+/&!W'$$!A&$&)!'*:!'!A'$9?#*+!*&$W()X!$(!'![\J9AJ%(*+!9(#%!%(9'$&:!')(/*:!$?&!&N$&)#()!(3!$?&!

)&'9$()C!"?&!$72#9'%!-'0&!2)&00/)&!2)#()!$(!'%%!&N2&)#A&*$0!W'0!r!ã![\Jr!A-')C!1eI!A(*(A&)!6'2()!

P82(%%(! >9#&*$#3#9Q! ?&'$&:!'$! uw! (,!W'0! #*$)(:/9&:!/*$#%! )&'9?#*+! '! 9(*0$'*$!2)&00/)&!(3! [Cw! ã! [\J[!

A-')!106!'!*&&:%&!6'%6&C!"?&!#**&)!6(%/A&!(3!$?&!)&'9$()!W'0!'22)(N#A'$&%7!h!jE!W?#%&!$?&!&33&9$#6&!

2%'0A'!6(%/A&!W'0!'-(/$![Ct!jC!>/-0$)'$&0!W&)&!2%'9&:!i/0$!-&3()&!$?&!9((2&)!9(#%E!A')X&:!W#$?!'*!

'0$&)#0X! #*! >9?&A&! rCuC! <*! 0/9?! 2(0#$#(*E! $?&! +%(W! :#09?')+&! W'0! &*(/+?! $(! &*0/)&! A(:#3#9'$#(*!

W#$?(/$! :'A'+#*+! $?&! 3()A&:! 2(%7A&)#9! 3#%A! *&#$?&)! $?&! 0/-0$)'$&C[w! I()&(6&)E! $?&! A(*(A&)!

#*$&+)#$7!W?&*!9(*$'9$#*+!$?&!0/-0$)'$&L0!0/)3'9&!W'0!'%0(!+/')'*$&&:C!

!

>9?&A&!rCu!>9?&A'$#9!:#'+)'A!(3!$?&!2%'0A'!)&'9$()!'*:!#$0!&%&9$)#9'%!9(A2(*&*$0C!

a(



,?'2$&)!<<!~!>/)3'9&!I(:#3#9'$#(*!-7!1%'0A'!"&9?*#K/&0!

 rt!

PFPFPF A=5029<=2(5C(4I2(A8/.;/(A58>;2=?]/4?56(@>(A*#G!(

1(%70$7)&*&! 0$)#20! P>&)6&#! @0$'9#DE! B')9&%(*'o! [\! ã! [\! AAr! ')&'o! 1>Q! '*:! +%'00! 0%#:&0! Pkf;!

<*$&)*'$#(*'%o! [h! AA! :#'A&$&)! '*:! [! AA! $?#9XE! 4>Q! W&)&! A(:#3#&:! W#$?! 1eI! -7! 1@,k5C! "?&!

9(*$#*/(/0! ;e! #*2/$! 2(W&)! W'0! 6')#&:! 3)(A! [w! $(! x\!fE! '*:! 2/%0&:! 2%'0A'! 2(%7A&)#g'$#(*! P5,!

$/*&:!-&$W&&*![\qr\!'*:![\qs\Q!W'0!9'))#&:!(/$!3()!w!A#*!P"'-%&!rC[QC!"?&*!2%'0A'!:#09?')+&!W'0!

$/)*&:! (33E! '*:! $?&! 1eI! 6'2()! W'0! #*$)(:/9&:! '$! 9(*0$'*$! 3%(W! :/)#*+! [w! A#*! A()&C! 83$&)! $?&!

2(%7A&)#g'$#(*! 2)(9&00E! 1@,k5J2(%7A&)#g&:! 1eIJ0'A2%&0! P221eIQ! W&)&! 9')&3/%%7! )&A(6&:! 3)(A!

$?&!)&'9$#(*!9?'A-&)!'*:!0$()&:!#*!.r!/*$#%!3/)$?&)!/0&C!

"'-%&!rC[C!;&'9$()!9(*:#$#(*0!3()!$?&!:&2(0#$#(*!(3!221eI!-7!1@,k5C!

+/;B82(,!(
<=(

b[\[c(
5+(b[c( 5%1(b[c(

b! J! [w! [w!

8[!
8[!

[\qr\%
[\qs\!

[w!
[w!

tCw!
rCw!

B[!
Br!

[\qr\!
[\qs\!

h\!
x\!

[w!
[w!

!

PFPFOF S24I59585:>(5C(4I2(A8/.;/-D=/C4?6:(S59?C?0/4?56(

"W(!:#33&)&*$!0/-0$)'$&0!W&)&!A(:#3#&:C!e#)0$%7E!1>!0$)#20!W&)&!9('$&:!W#$?!1eI!-7!2%'0A'!+)'3$#*+!

#*!$?&!0'A&!2%'0A'!)&'9$()!'0!:&09)#-&:!-&3()&C!"?&!0/-0$)'$&0!W&)&!2)&6#(/0%7!'9$#6'$&:!-7!')+(*!

P,')-/)(0! I&$ä%#9(0! wC\Q! 2%'0A'E! W?#9?! &*$&)&:! $?&! )&'9$()! '$! '! 9(*0$'*$! 3%(W! (3! uw! 099A! '$! '!

2)&00/)&!(3!tCw!ã![\Jr!A-')C!"?&!9(*$#*/(/0!;e!2(W&)!0&$$#*+!W'0!9'))#&:!(/$!'$![w!f!3()![w!A#*C!

83$&)!0/)3'9&!'9$#6'$#(*E!$?&!2%'0A'!W'0!$/)*&:!(33!'*:!$?&!8)!+'0!W'0!9%(0&:C!"?&!1eI!A(*(A&)!

3%'0X!W'0!$?&*!(2&*&:!/*$#%!)&'9?#*+!$?&!:&0#)&:!2)&00/)&!3()![w!A#*C!>&9(*:%7E!2(%70$7)&*&!-&':0!

P4((:3&%%(WE! x\\! µA! :#'A&$&)o! 1>-Q! W&)&! A(:#3#&:! W#$?! 1eI! -7! 2%'0A'! +)'3$#*+! '0! 2)&6#(/0%7!

:&09)#-&:C!"?&!&*$#)&!2)(9&:/)&!W'0!9'))#&:!(/$!$?)&&!$#A&0!0?'X#*+!$?&!0'A2%&0! #*!-&$W&&*!&'9?!

$)&'$A&*$!#*!():&)!$(!'9?#&6&!'!?(A(+&*&(/0!A(:#3#9'$#(*!'%(*+!$?&!-&':!0/)3'9&!P1>-J1eIQC!!

f?&*!3#*#0?&:E!-($?!+)'3$&:J1eI!P+1eIQ!0/-0$)'$&0!W&)&!)&A(6&:!3)(A!$?&!)&'9$#(*!9?'A-&)!'*:!

0$()&:!3()!3/)$?&)!9?')'9$&)#g'$#(*!'*:!0/-0$)'$&!3/*9$#(*'%#g'$#(*C!



"'#%()#*+!,')-(*!.'*($/-&0!1)(2&)$#&0!3()!4&*&!5&%#6&)7!822%#9'$#(*0!

 rv!

PFPFQF #I2;?0/8(/69($5B5:=/BI?0/8(#I/=/042=?]/4?56(5C(4I2(+<=C/02.(

I(:#3#&:!0/)3'9&0!P221eI!'*:!+1eIJ9('$&:!0/-0$)'$&0Q!W&)&!9?')'9$&)#g&:!-7!W'$&)!9(*$'9$!'*+%&!

P5>8[\\!Y)å00o!f,8Q!'*:!'$(A#9! 3()9&!A#9)(09(27! P_@![\\!1')X! >70$&Ao!8eIQC!8eI!'*'%70#0!W'0!

2&)3()A&:! #*! $'22#*+!A(:&!'*:! $?&! )(/+?*&00!W'0!A&'0/)&:! #*! $&)A0!(3!'6&)'+&! )(/+?*&00! P76QE!

)(($!A&'*!0K/')&!P;I>Q!)(/+?*&00!P7eQ!'*:!A'N#A/A!)(/+?*&00!?&#+?$!P786KQC!8%%! $?&0&!'*'%7$#9'%!

$&9?*#K/&0!W&)&!9(A2')&:!$(!*(*JA(:#3#&:!0/)3'9&0C!

"#A&!(3!3%#+?$!0&9(*:')7!#(*!A'00!02&9$)(A&$)7!P<(*J"(e!4A-ZE!"(eJ><I>Q!W'0!'%0(!9'))#&:!(/$!3()!

$?&! 221eI! $?#*! 3#%A0! #*! ():&)! $(! &6'%/'$&! $?&! 2)&0&)6'$#(*! (3! $?&! 1eI! +)(/20C! "?#0! '*'%70#0!W'0!

2&)3()A&:!'$!$?&!Z23120%!02/50O0>95f>/0>4%=2%<6%./012340565%=2%R63>2<9/6!P>,"QC!

PFPFRF J<604?56/8?]/4?56(5C(4I2(S59?C?29(+<=C/02.(

"?&! )&'9$#6#$7! (3! $?&! 1eI! +)(/2! $(W'):0! 'A#*&0! W'0! $&0$&:! -7! /0#*+! '0! '! 3%/()&09&*$! :7&E!

3%/()&09&#*JwJ$#(0&A#9')-'g#:&! Pe%/X'o! e">,QE! W?#9?! '%%(W0! $?&! $)'9X#*+! (3! $?&! )&'9$#(*! -7!

3%/()&09&*9&!A#9)(09(27C!<*!'::#$#(*E!%L(JPrJ'A#*(&$7%Q2(%#&$#%&*+%#9(%!Pw\\\!X5'E!>#+A'J8%:)#9?o!1@4J

'A#*&QE! W'0! '%0(! $&0$&:! (*! +1eIJ0/)3'9&0! $(! &6'%/'$&! $?&! '-#%#$7! (3! $?&0&! 0/)3'9&0! $(! 0/22()$!

2(%7A&)!A#9)(0$)/9$/)'$#(*C!!

B($?!A(%&9/%&0!?'6&!'!3)&&!'A#*&!(*! #$0!0$)/9$/)&!'0!9'*!-&!0&&*! #*!>9?&A&!rCwC!"?&)&3()&E! #$!9'*!

)&'9$! W#$?! $?&! 1eI! +)(/20! (*! $?&! 0/)3'9&! 9(*3#)A#*+! $?&! A(:#3#9'$#(*E! $(+&$?&)! W#$?! $?&!

?(A(+&*&#$7! '*:! )&'9$#6#$7! (3! $?&!(-$'#*&:! 0/)3'9&C! >'A2%&0!W&)&! #*9/-'$&:!W#$?! e">,! '*:!1@4J

'A#*&! 0(%/$#(*0E! w\!AI! '*:! u!A+qAjE! )&02&9$#6&%7! 3()! r! ?! '*:! /*:&)! +&*$%&! '+#$'$#(*C! ,(6'%&*$!

3/*9$#(*'%#g'$#(*! (3! $?&! 0/)3'9&0! W'0! 2)(6&:! -7! W'0?#*+! $?&! 0'A2%&0! W#$?! I#%%#J=! W'$&)! #*! '*!

/%$)'0(*#9!-'$?!3()!h\!A#*C!>'A2%&0!W&)&!$?&*!:)#&:!W#$?!.r!'*:!9?')'9$&)#g&:C!

!

!

>9?&A&!rCw!,?&A#9'%!0$)/9$/)&!(3!$?&!e">,!P%&3$Q!'*:!1@4J'A#*&!P)#+?$QC!

!"

#$$!

$ $!$

!"

%

"!&

O
HO

!

NH2



,?'2$&)!<<!~!>/)3'9&!I(:#3#9'$#(*!-7!1%'0A'!"&9?*#K/&0!

 rx!

#I/=/042=?]/4?56(5C(4I2(J<604?56/8?]29(+<=C/02.(

8! 3%/()&09&*9&!A#9)(09(2&! P8N#(k0u\! ^&#00! <A'+#*+! >(%/$#(*0Q! '%%(W&:! $?&! 9?')'9$&)#g'$#(*! (3! $?&!

3%/()&9&*$%7JA(:#3#&:! 0/)3'9&0C! "(eJ><I>! W'0! &A2%(7&:! $(! :&A(*0$)'$&! 0/99&003/%! 1@4J'A#*&!

#AA(-#%#g'$#(*!(*!$?&!+1eIJA(:#3#&:!0/)3'9&0C!

PFPFUF J/@=?0/4?56(5C(S?0=5.4=<04<=29(+<=C/02.((

1'$$&)*&:!0/)3'9&0!W&)&!(-$'#*&:!/0#*+!'!9((2&)!+)#:!'0!'!A'0XC!"?&!A#9)(2'$$&)*#*+!2)(9&00!W'0!

9'))#&:!(/$!-7!$?&!A(:#3#9'$#(*!(3!-($?!0/-0$)'$&0!4>!'*:!1>!0$)#20!W#$?!'!9(22&)!+)#:!P4w\1E!4#%:&)!

4)#:Q!2)&6#(/0%7!9(%%(9'$&:!(*!#$0!0/)3'9&C!"?&!,/!+)#:!W'0!9')&3/%%7!2%'9&:!(*!$?&!:&0#)&:!2')$!(3!$?&!

0/-0$)'$&!+/')'*$&&#*+!3/%%!9(*$'9$!-&$W&&*!$?&!0/)3'9&!'*:!$?&!+)#:C!"?&!0'A2%&!W'0!$?&*!$)&'$&:!

&#$?&)! -7! 1@,k5! ()! 2%'0A'! +)'3$#*+E! '*:! '3$&)! A(:#3#9'$#(*! $?&! ,/! +)#:! W'0! )&A(6&:! 9')&3/%%7C!

1'$$&)*&:JA(:#3#&:! 0'A2%&0! W&)&! 3/*9$#(*'%#g&:! W#$?! e">,! '*:! '*'%7g&:! -7! 3%/()&09&*9&!

A#9)(09(27C!

I#9)(9(*$'9$!2)#*$#*+!P{,1Q!W'0!&A2%(7&:!$(!9)&'$&!'!2'$$&)*&:!0/)3'9&!'3$&)!2%'0A'!A(:#3#9'$#(*!

W'0!9'))#&:!(/$CruJrs!8!2(%7:#A&$?7%0#%(N'*&!P>7%+'):![vu!5(W!,()*#*+o!15I>Q!0$'A2!W'0!2)&2')&:!

Pv|[!)'$#(Q!(*!'!0#%#9(*!A'0$&)!2)&6#(/0%7!:&0#+*&:!-7!(/)!+)(/2!Pe#+/)&!rC[QC!"?&!15I>!W'0!2(/)&:!

(*!$?&!:&0#)&:!2')$!(3!$?&!A'0$&)!'*:!$?&*!9/)&:!'$!t\!(,!3()![r!?E!#$!W'0!)&A(6&:!3)(A!$?&!A'0$&)E!

W'0?&:! #*! '*! /%$)'0(*#9! -'$?!W?#%&! 0/-A&)+&:! #*! &$?'*(%! P1'*)&'9Q! '*:! 3#*'%%7! :)#&:!W#$?!.rC!"?&!

?7:)(2?(-#9!15I>!0$'A2!W'0!$)&'$&:!W#$?!8)|br!P[|[Q!2%'0A'!$(!A'X&!#$!A()&!?7:)(2?#%#9E!3'6()#*+!

$?&!#*$&)'9$#(*!W#$?!$?&!3%/()&09&*$!#*XC!!

!

e#+/)&!rC[C!>#%#9(*!A'0$&)!/0&:!#*!$?#0!W()XC!P8Q!4&*&)'%!6#&W!(3!$?&!A'0$&)!W#$?!h!:#33&)&*$!2'$$&)*0C!PBQ!5&0#+*!

(3!$?&!')&'!r!/0&:!#*!$?#0!W()X!'*:!P,Q!A#9)(09(2&!#A'+&0!(3!$?&!9?(0&*!2'$$&)*C!

!"#$%&%

!"#$%'%
!"#$%(%

)% *%

+%



"'#%()#*+!,')-(*!.'*($/-&0!1)(2&)$#&0!3()!4&*&!5&%#6&)7!822%#9'$#(*0!

 h\!

"?&! 3'-)#9'$&:!0$'A20!W&)&! #*9/-'$&:! #*!'!\Cw!AI!e">,!0(%/$#(*! 3()!w\!A#*E!2)($&9$&:! 3)(A! %#+?$!

'*:!#*!'*!()-#$'%!0?'X&)C!83$&)!:)7#*+!W#$?!.rE!$?&!0$'A20!W&)&!#AA&:#'$&%7!'*:!9')&3/%%7!2%'9&:!(*!

$?&!+1eIJ0/)3'9&0!'*:!W&)&! %&3$! #*! 9(*$'9$! 3()![!A#*C! "?&! 3)&0?!A#9)(2)#*$&:! 0/)3'9&!W'0! 0('X&:!

#*$(!'!u!A+qAj!1@4J'A#*&!0(%/$#(*!3()![w!A#*!P>9?&A&!rCsQC!e#*'%%7E!0'A2%&0!W&)&!W'0?&:!#*!I#%%#J=!

W'$&)!/*:&)!0(*#9'$#(*!#*!'*!/%$)'0(*#9!-'$?!3()![\!A#*C!8!9(*$)(%!W'0!9'))#&:!(/$!$(!'!*(*JA(:#3#&:!

1>!0'A2%&C!

!

>9?&A&!rCsC!I#9)(9(*$'9$!2)#*$#*+!A&$?(:(%(+7C!

+4/;B(/69(S?0=5.4=<04<=29(+<=C/02.(#I/=/042=?]/4?56(

15I>! 0$'A20!W&)&! #A'+&:! -7! >9'**#*+! @%&9$)(*!I#9)(09(27! P>@I! ]>I! wh[\! &K/#22&:!W#$?! @5>!

bN3(:! j#*XJ<0#0E! ]&(%o! >@IQ! '3$&)! -&#*+! 2)&6#(/0%7! 9('$&:! W#$?! '! +(%:! %'7&)E! '*:! W#$?! '! 5,I! h5!

I#9)(09(2&!P5/'%!,()&!h5!I&'0/)#*+!I#9)(09(2&E!j&#9'QC!I()&(6&)E!$?&!?7:)(2?(-#9#$7!-&3()&!'*:!

'3$&)!$?&!2%'0A'!$)&'$A&*$!(3!$?&!0$'A20!W'0!A&'0/)&:!-7!f,8C!I#9)(0$)/9$/)&:!0/)3'9&0!(-$'#*&:!

-7!$?#0!A&$?(:!W&)&!9?')'9$&)#g&:!-7!3%/()&09&*9&!A#9)(09(27!'*:!"(eJ><I>C!

PFPFVF +4<9>( 5C( 4I2( #5E/8264( ,;;5@?8?]/4?56( 5C( A=542?6( S5658/>2=.( @>(

^</=4](#=>.4/8(S?0=5@/8/602(3?4I(!?..?B/4?56(b^#S-!c(

=,IJ5!$&9?*(%(+7!P=J>&*0&!@[E!>W&:&*Q!W'0!&A2%(7&:!$(!9?')'9$&)#g&!$?&!#AA(-#%#g'$#(*!2)(9&00!

(3! $?&! -(6#*&! 0&)/A! '%-/A#*! P>#+A'J8%:)#9?o! B>8Q! (*! -($?! $72&0! (3! A(:#3#&:! 0/)3'9&0C! "?#0!

$&9?*#K/&!?'0!-&&*!2)(6&*!$(!-&!0/#$'-%&!3()! 0/%405;%:7*'A#9!0$/:#&0!(3!-($?!A'00!'*:!A&9?'*#9'%!

2)(2&)$#&0!-7!A(*#$()#*+! $?&! 3)&K/&*97! POQ!'*:! $?&!:#00#2'$#(*! PUQ!(3!'*!(09#%%'$#*+!0&*0()CrtJrx!"?&!

0&*0()!/0&:!9(*0#0$0!(3!'!2#&g(&%&9$)#9!K/')$g!9)70$'%!0&*0()!P=J>&*0&Q!W#$?!2(%#0?&:!+(%:!&%&9$)(:&0!

$?'$!?'0!'*!;I>! )(/+?*&00! %&00! $?'*!h!*AE!'!:#'A&$&)!(3![h!AAE!'*:!'*!&33&9$#6&!')&'!(3!w!AA!

:#'A&$&)C! 8*! #*9)&'0&! #*! $?&! '$$'9?&:! A'00! (*! $?&! 0&*0()L0! 0/)3'9&! %&':0! $(! '! :&9)&'0&! #*! $?&!

3)&K/&*97! 0#+*'%! P"OQ! '99():#*+! $(! $?&! >'/&)-)&7! )&%'$#(*! P@K/'$#(*! rChQE! W?#9?! 0?(W0! $?'$! $?&!

!"#$%&'%()

*+!,)

-.*/)

0123.45)

!"#$%&'%()

.6/!) !"#$%&'%()

.6/!)



,?'2$&)!<<!~!>/)3'9&!I(:#3#9'$#(*!-7!1%'0A'!"&9?*#K/&0!

 h[!

':0()-&:! A'00! P"8Q! #0! :#)&9$%7! 2)(2()$#(*'%! $(! $?&! 3)&K/&*97! 0?#3$E! W?&)&! $?&! A'00! 0&*0#$#6#$7!

9(*0$'*$!#0!X*(W*!'0!!!P[tCt!*+q9AmZg!3()!'!w!IZg!0&*0()Q!'*:!/!P[E!hE!wdQ!#0!$?&!(6&)$(*&!*/A-&)C!

!
@K/'$#(*!rCh!

"?&!6#09(&%'0$#9!2)(2&)$#&0!(3!$?&!3#%A!9'*!-&!#*3&))&:!3)(A!$?&!:#00#2'$#(*!0#+*'%!(-$'#*&:!3)(A!$?&!

(09#%%'$#*+! 0&*0()E! '*:! #$! #0! :&3#*&:!'0! $?&! )'$#(!(3! $?&!:#00#2'$&:!'*:! $?&! 0$()&:!&*&)+7! P@K/'$#(*!

rCuQC!

!
@K/'$#(*!rCu!

"?&!2/)9?'0&:!0&*0()0!P=J>&*0&Q!W&)&!9('$&:!W#$?!'!$?#*!3#%A!(3!+(%:!()!1>E!'*:!W&)&!A(:#3#&:!W#$?!

1eI!-7!$?&!$W(!:#33&)&*$!$&9?*#K/&0!'*'%7g&:!#*!$?#0!0$/:7E!1@,k5!'*:!2%'0A'!+)'3$#*+E!)&02&9$#6&%7C!

f?&*! $?&! 0&*0()! W'0! 2%'9&:! #*! $?&! =,IJ5! 9?'A-&)E! '! -'0&%#*&! W#$?! 2?(02?'$&J-/33&)&:! 0'%#*&!

P188!j'-()'$()#&0o!1B>Q!W'0!(-$'#*&:!'3$&)!3%(W#*+!$?&!0(%/$#(*!3()!w!A#*C!"?&*E!$?&!r\!µ+mAjJ[!(3!

B>8!0(%/$#(*!#*!1B>!W'0!2/A2&:!$?)(/+?!$?&!0&*0()!3()!rw!A#*C!"?&!&N9&00!(3!3)&&!B>8!W'0!)&A(6&:!

-7! '! 1B>! 3%(W! 3()! [\!A#*E! '*:! '! 3#*'%! 9%&'*#*+!W#$?! '! [\!AI! 0(%/$#(*! (3! 0(:#/A! :(:&97%! 0/%3'$&!

P>#+A'o!>5>Q!&*0/)&:!$?'$!$?&!B>8!)&A'#*#*+!(*!$?&!0&*0()!0/)3'9&!W'0!9(6'%&*$%7!'$$'9?&:Ch\!"?&!

B>8! '33#*#$7! $(W'):! $?&! *(*JA(:#3#&:! +(%:! '*:! 1>! 0&*0()0! W'0! '%0(! 9?&9X&:! '0! '! 9(A2')'$#6&!

9(*$)(%C!8%%!=,IJ5!A&'0/)&A&*$0!W&)&!2&)3()A&:!'$!rw!(,!'*:!'%%!0(%/$#(*0!/0&:!W&)&!2/A2&:!'$!'!

3%(W!)'$&!(3!w\!µjmA#*J[!'3$&)!-&#*+!:&+'00&:C!

B>8! 3(($2)#*$0!W&)&! 9'%9/%'$&:! 3)(A! $?&! ?7:)(:7*'A#9! :#'A&$&)! PUcQ!A&'0/)&:! -7! :7*'A#9! %#+?$!

09'$$&)#*+!P^&$'0#g&)!.'*(!^>E!I'%6&)*!<*0$)/A&*$0o!5j>QC!I()&(6&)E!$?&!)':#/0!W'0!'%0(!9'%9/%'$&:!

-7!A(%&9/%')!:7*'A#90!P4)A('90!6CuC\E!I5QC!"?#0!I5!0$/:7!W'0!9'))#&:!(/$!#*!9(%%'-()'$#(*!W#$?!$?&!

j'-()'$()7!(3!B#(9?&A#0$)7!'$!<=>C!

PFPFWF J/@=?0/4?56(5C(N?5/04?E2(+<=C/02.(>+.(*6]>;2(,;;5@?8?]/4?56(

MdO-MdQ-!-D8<0/6/.2(+>64I2.?.(

"?&! &*g7A&! /0&:! #*! $?#0! 0$/:7! 3()! $?&! )&'9$#(*! W#$?! $?&! +1eI! 0/-0$)'$&0! W'0! $?&! [EhJ[EuJ!J

+%/9'*'0&!P4%*QC!<$0!07*$?&0#0E!2/)#3#9'$#(*!'*:!K/'*$#3#9'$#(*!W'0!9'))#&:!(/$!'0!2)&6#(/0%7!:&09)#-&:!

! 

"m = #
C"f
n

! 

D =
Edissipated

2"Estored



"'#%()#*+!,')-(*!.'*($/-&0!1)(2&)$#&0!3()!4&*&!5&%#6&)7!822%#9'$#(*0!

 hr!

'*:! #*! 9(%%'-()'$#(*! W#$?! $?&! j'-()'$()7! (3! B#(9?&A#0$)7! '$! <=>Ch[Ehr! "?&! &*g7A&! W'0! &N2)&00&:!

$)(/+?! '! -'9$&)#'%! $)'*03()A'$#(*! (3! @C! ,(%#! 9&%%0! PBjr[! 5@hJ>$')E! .(6'+&*Q! 106! ?&'$J0?(9X!

$)'*03()A'$#(*!W#$?!'!25sJr!2%'0A#:C!b*9&!$?&!+&*&!W'0!&N2)&00&:!'*:!$?&!&*g7A&!W'0!2)(:/9&:E!

#$!W'0!&N$)'9$&:!-7!9&%%/%')! %70#0!W#$?!'!0(*#9'$()!P>b.<e<@;!rw\E!B)'*0(*QE!'*:!2/)#3#&:!-7!9'$#(*#9!

&N9?'*+&!9?)(A'$(+)'2?7!PÖY"8!e1j,E!8A&)0?'A!B#(09#&*9&0!cY!j#A#$&:Q!W#$?!'!9'$#(*#9!&N9?'*+&!

9(%/A*!P1?')A'9#'!B#($&9?E!Z#j(':"I!>1!>&2?')(0&"I!e'0$!e%(W!_Y![sQC!!

"?&! 2)(:/9$#(*! (3! 2/)&! [EhJ[EuJ!J+%/9'*'0&! W'0! 9(*3#)A&:! -7! 0(:#/A! :(:&97%! 0/%3'$&!

2(%7'9)7%'A#:&!+&%!&%&9$)(2?()&0#0! P>5>J184@Q!X*(W#*+! $?'$! #$0!A(%&9/%')!W&#+?$! #0!ruCu!X5'C!"?&!

9(*9&*$)'$#(*! W'0! :&$&)A#*&:! /0#*+! '! ckJk#0! >2&9$)(2?($(A&$&)! P,')7! [\\! ckJk#0!

>2&9$)(2?($(A&$&)E! 8+#%&*$! "&9?*(%(+#&0QE! X*(W#*+! $?'$! #rv\! ç! hCwh! ã! [\w! IJ[m9AJ[! ()! [uCw!

A+qAjm9AQCh[!"?&!2/)#3#&:!&*g7A&!W'0!$?&*!3)&&g&J:)#&:E!0$()&:!'$!Jr\!(,!'*:!:#00(%6&:!#*!w\!AI!

2?(02?'$&!-/33&)!P>#+A'J8%:)#9?o!1?BQ!2Z!t!W?&*!/0&:C!!

+4<9>(5C(4I2(*6]>;2(,;;5@?8?]/4?56((

=/')$g! ,)70$'%! I#9)(-'%'*9&! W#$?! 5#00#2'$#(*! W'0! &A2%(7&:! $(! 9?')'9$&)#g&! $?&! #AA(-#%#g'$#(*!

2)(9&00!(3!$?&!&*g7A&!$(!'!1>!0&*0()!A(:#3#&:!W#$?!+1eI!'$!$?&!0'A&!9(*:#$#(*0!'0!$?&!1>!-&':0C!

"?&!-'0&%#*&!W'0!(-$'#*&:!W#$?!$?&!1?B!w\!AI!'*:!'!h\!µ+qAj!(3![EhJ[EuJ!J+%/9'*'0&!0(%/$#(*!W'0!

/0&:! $(! 0$/:7! $?&! #AA(-#%#g'$#(*C! 8! 3#*'%! 9%&'*#*+! W#$?! [\! AI! >5>! 0(%/$#(*! '*:! 1?B! &*0/)&0! '!

9(6'%&*$! #AA(-#%#g'$#(*! (3! $?&! &*g7A&! $(! $?&! 0/)3'9&C! "?&! 6#09(&%'0$#9! 2)(2&)$#&0! (3! $?&! )&0/%$#*+!

&*g7A'$#9! %'7&)! W&)&! 0$/:#&:! #*! :&$'#%C! "?&! &*g7A&! '33#*#$7! $(W'):! $?&! 1>! 0&*0()! P1>y4%*Q! W'0!

9?&9X&:!'0!'! 9(A2')'$#6&! 9(*$)(%C! "?&! 3%(W!W'0! 3#N&:!'$!w\!µjqA#*!:/)#*+! $?&!W?(%&!&N2&)#A&*$C!

@*g7A&!3(($2)#*$0!W&)&!'%0(!9'%9/%'$&:!3()A!$?&!5j>!P^&$'0#g&)!.'*(!^>E!I'%6&)*!<*0$)/A&*$0Q!'*:!

I5!P4)A('90!6CuC\Q!:'$'C!

^</64?C?0/4?56(5C(4I2(,;;5@?8?]29(*6]>;2((

"?&! 'A(/*$! (3! &*g7A&! -(/*:! $(! $?&! +J1eIJA(:#3#&:! 1>-! W'0! :&$&)A#*&:! /0#*+! $?&! ,(A'00#&!

PB)':3():Q! 1)($&#*! 800'7! Y#$! P"?&)A(! e#0?&)! >9#&*$#3#9! <*9QC! 822)(N#A'$&%7! w\\! +1eIJ$)&'$&:! 1>!

-&':0!Prw!A+Q!W&)&!#*9/-'$&:!W#$?!'!h\\!*I!0(%/$#(*!(3![EhJ[EuJ!J+%/9'*'0&!Pw\\!zjQ!3()!:#33&)&*$!

$#A&0!P3)(A!\!$(!r?QC!83$&)!$?#0!#*9/-'$#(*!$#A&E![\\!zj!(3!$?&!0/2&)*'$'*$!W'0!A#N&:!W#$?!x\\!zj!(3!

B)':3():!)&'+&*$!'*:!$?&!'-0()-'*9&!(3!$?&!)&0/%$#*+!A#N$/)&!W'0!A&'0/)&:!'$!usw!*AC!>$'*:'):0!

0(%/$#(*0! (3! 3)&&! &*g7A&! )'*+#*+! 3)(A! \! $(! h\\! *I!W&)&! '%0(! 2)&2')&:! '*:!A&'0/)&:! W#$?! $?&!



,?'2$&)!<<!~!>/)3'9&!I(:#3#9'$#(*!-7!1%'0A'!"&9?*#K/&0!

 hh!

0'A2%&0! '%$(+&$?&)! #*! ():&)! $(! +&$! $?&! 9'%#-)'$#(*! 9/)6&! $?'$! %&:! $(! $?&! '9$/'%! K/'*$#3#9'$#(*! (3!

#AA(-#%#g&:!&*g7A&C!

MdO-MdQ-!-D8<0/6/.2(&04?E?4>(!242=;?6/4?56(

<AA(-#%#g'$#(*!(3!$?&!&*g7A&!$(!$?&!+1eIJA(:#3#&:!1>J-&':0!W'0!3#)0$!9'))#&:!(/$!#*!'!xs!W&%%!2%'$&!

$?'$!W'0!2)&6#(/0%7!$&0$&:!2)&0&*$#*+!*(!':0()2$#(*! #*!$?&!3/)$?&)!W()X#*+!$C!r\!/*#$0!(3!1>-J1eI!

W&)&! #*9/-'$&:! W#$?! [\! *I! [EhJ[EuJ!J+%/9'*'0&! 0(%/$#(*! #*! w\! AI! 1?B! '$! 2Z! tC! "?&! )&'9$#(*!

A#N$/)&!W'0!%&3$!/*:&)!A#%:!'+#$'$#(*!:/)#*+!r?!'$!u(,C!"?&!$($'%!6(%/A&!(3!$?&!W&%%0!W'0!)&A(6&:!

'*:!$?&!1>!-&':0!W#$?!$?&!#AA(-#%#g&:!&*g7A&!P1>-J1eIy4%*Q!W&)&!0/-0&K/&*$%7!9%&'*&:!W#$?!1?B!

'*:!I#%%#J=!W'$&)C!"?&!0'A&!2)(9&:/)&!W'0!9'))#&:!(/$!W#$?!()#+#*'%!1>!-&':0!W#$?(/$!A(:#3#9'$#(*!

P1>y4%*QE!'0!0/AA')#g&:!#*!"'-%&!rCrC!

"'-%&!rCrC!>'A2%&0!2)&2')&:!3()!3/)$?&)!'9$#6#$7!K/'*$#3#9'$#(*!(3!$?&!3/*9$#(*'%#g&:!1>!-&':0!-7!$?&!5.>!

A&$?(:C!

+/;B82(,!(
A+(N2/9.(
+<@.4=/42(

A8/.;/(D=/C4?6:(
S59?C?0/4?56(

MdO-MdQ-! -:8<0/6/.2(
,60<@/4?56(

1>-! !! "! "!

1>-y4%*! !! "! !!

1>-J+1eIy4%*! !! !! !!

e)&&!4%*! "! "! !!

!

"?&!&*g7A'$#9!'9$#6#$7!(3!$?&!#AA(-#%#g&:!&*g7A&!P1>-J+1eIy4%*!'*:!1>y4%*Q!W'0!$&0$&:!/0#*+!$?&!

5.>!A&$?(:C!83$&)!0&6&)'%!W'0?&0!W#$?!I#%%#=!W'$&)E!0'A2%&0!'*:!9(*$)(%0!W&)&!#*9/-'$&:!W#$?!$?&!

&*g7A&!0/-0$)'$&E!'!0(%/$#(*!(3![EhJ[EuJ!J+%/9'*&!PI&+'*g7A&Q!u!A+qAj! #*!1?B!w\!AI!'*:!,',%r!

\C[!AIE!3()!w!A#*!'$!ww!(,!P>9?&A&!rCtQC!!

!

>9?&A&!rCtC!,?&A#9'%!0$)/9$/)&!(3!$?&![EhJ[EuJ!J+%/9'*&C!

O

HOH

H

HO

H

H

H
OO

H

H
H

O

OH

H

HO

H

OH

O

HOH

H

H

H

H

!

! "

HO
!!"

!!" !!"

#!$%"&'()"

"#!$*"&'()"



"'#%()#*+!,')-(*!.'*($/-&0!1)(2&)$#&0!3()!4&*&!5&%#6&)7!822%#9'$#(*0!

 hu!

8! 3)'9$#(*!(3!&'9?!(*&!(3! $?&0&!A#N$/)&0!W'0!'::&:! $(! $?&!hEwJ:#*#$)(0'%#97%#9! '9#:! P5.>Q! 0(%/$#(*E!

W?#9?!)&'9$0!W#$?!$?&!3)&&!)&:/9#*+!0/+')0!2)&0&*$!2)(:/9#*+!'!9(%()!9?'*+&!P>9?&A&!rCvQC!"?&!5.>!

)&'+&*$!W'0!2)&2')&:!3)(A!'!A#N$/)&!(3!5.>!P>#+A'J8%:)#9?Q!0(%/$#(*!t\!AI!#*!.'bZ!P1'*)&'9Q![!

AI!'*:![Cw!I!(3!2($'00#/A!$')$)'$&!P>#+A'Q!#*!&K/'%!6(%/A&0C!!

!

>9?&A&!rCvC!5.>!9?&A#9'%!)&'9$#(*C!

"(!(-$'#*!$?&!9(%()!9?'*+&!)&K/#)&:!$(!:&$&9$!$?&!:#33&)&*$!'A(/*$0!(3!)&:/9#*+!0/+')E!$?&!0'A2%&0!

W&)&!-(#%&:!'$![\\!é,!3()![\!A#*E!9((%&:!:(W*!(*!#9&!'*:!A&'0/)&:!'$!wu\!*A!'+'#*0$!'!-%'*X!W#$?!

I#%%#J=! #*0$&':! (3! &*g7A&C! "?&! '9$#6#$7! (3! $?&! 3)&&! [EhJ[EuJ!J+%/9'*'0&! P[\! *IQ! 07*$?&0#g&:! W'0!

K/'*$#3#&:!3(%%(W#*+!$?&!0'A&!2)($(9(%C!>#A/%$'*&(/0%7E!'!9'%#-)'$#(*!9/)6&!A':&!(3!+%/9(0&!P>#+A'J

8%:)#9?Q!'$!'!X*(W*!9(*9&*$)'$#(*!W'0!)&K/#)&:C!>(%/$#(*0!3)(A!\!$(!u!AI!(3!+%/9(0&!#*!1?B!w\!AI!

'*:! 2Z! t! W&)&! 2)&2')&:! '*:! W&)&! -(#%&:! W#$?! $?&! 5.>! )&'+&*$! $(+&$?&)! W#$?! $?&! 2)&6#(/0%7!

:&09)#-&:!0'A2%&0C!

PFPFTF #5E/8264(,;;5@?8?]/4?56(5C(D262(!28?E2=>(G?=/8(G2045=.((

A=2B/=/4?56(5C(4I2(G?=/8(A/=4?082(,;;5@?8?]/4?56(A8/4C5=;(

1%'0A'!+)'3$#*+!W'0!9'))#&:!(/$!'0!:&09)#-&:!-&3()&!#*!$?&!0&9$#(*!rCrChC!80!$?&!2)#A')7!0/)3'9&E!hw!

AA!2(%70$7)&*&!2%'$&0!PB5E!e)'*X%#*!j'X&0E!.]E!c>8o!1>2Q!W&)&!&A2%(7&:E!W?#9?!W&)&!#*$)(:/9&:!$(!

$?&! )&'9$()! /0&:! -&3()&! P>9?&A&! rCuQC! ;&9&*$%7! A(:#3#&:J1>2! W&)&! 0$()&:! #*! 8)! 3()! 3/)$?&)!

':&*(6#)/0!3/*9$#(*'%#g'$#(*C!

A=59<04?56(5C(4I2(#288(%2B=5:=/;;?6:(+<=C/02.(b#%+.c(

1>2!A(:#3#&:!W#$?!+1eI!W&)&!2%'9&:!#*!9(*$'9$!W#$?!'!0(%/$#(*!9(*$'#*#*+!':&*(6#)'%!0/2&)*'$'*$!#*!

9/%$/)&!A&:#/A! P5I@IQ!'$!ht! (,! 3()![!?! #*!'*!()-#$'%! 0?'X&)C! "?&!A&:#/A!W'0! )&A(6&:!'*:! $?&!

2%'$&0! W&)&! W'0?&:! W#$?! 5I@I! 9(*$'#*#*+! [\è! eB>! Pw! N! w\! AjQC! "?&! 9(*9&*$)'$#(*! (3! $?&!

O2N

O

OH

OH

NO2

O

HO

OH

OH

OH

OH

HO

OH

OH

OH

OH

O

OH

O2N

O

OH

OH

NH2

O2N

O

OH

OH

NO2

O

HO

OH

OH

OH

OH

HO

OH

OH

OH

OH

O

OH

O2N

O

OH

OH

NH2



,?'2$&)!<<!~!>/)3'9&!I(:#3#9'$#(*!-7!1%'0A'!"&9?*#K/&0!

 hw!

':&*(6#)/0! #*! 0(%/$#(*! &A2%(7&:! W'0! 3/*9$#(*! $(! $?&! 3#*'%! */A-&)! (3! 9&%%0! 0&&:&:! Pu\\\\\!

9&%%0q2'$&Q!#*!():&)!$(!?'6&!'!A/%$#2%#9#$7!(3!#*3&9$#(*!PIb<Q!(3!rw!'*:!rw\C!;&9(A-#*'*$!':&*(6#)/0!

6&9$()0!&N2)&00#*+!4e1!W&)&!2)(6#:&:!'*:!2)(:/9&:!-7!$?&!<*0$#$/$!:L<*6&0$#+'9#(*0!B#(AO:#K/&0!:&!

B')9&%(*'!P<#-BQ!+)(/2C!

*CC?0?260>(5C(#%+($=/6.C204?56(56(S/0=5BI/:2.(

,;>!2%'$&0!W&)&!#AA&:#'$&%7!#*9/-'$&:!W#$?!A(/0&!A'9)(2?'+&0!;8f!rsuCt!P8",,Q!3()!ru!?!'$!ht!
(,C!8! $($'%!'A(/*$!(3!u\\\\\!9&%%0!W&)&!0&&:&:!(*!&'9?!2%'$&C!,%'00#9'%! $)'*03&9$#(*!2)($(9(%!W'0!

:&6&%(2&:!-7!<#-B!'*:!3(%%(W&:!'0!2)&6#(/0%7!)&2()$&:ChhEhu!

S2/.<=2( 5C( 4I2( D262( *HB=2..?56( @>( =2/8-4?;2( %2E2=.2( $=/6.0=?B4?56-A58>;2=/.2( #I/?6(

%2/04?56(b%$-A#%c(

"($'%!A;.8!W'0!&N$)'9$&:!3)(A!?(A(+&*#g&:!A'9)(2?'+&0!9/%$/)&!W#$?!";<g(%!;&'+&*$!P<*6#$)(+&*Q!

'99():#*+! $(! $?&! A'*/3'9$/)&)L0! #*0$)/9$#(*0E! '*:! ;.8! 9(*9&*$)'$#(*0! W&)&! 9'%9/%'$&:! 3)(A! 8rs\!

:&$&)A#*'$#(*0C!4e1!A;.8!&N2)&00#(*!*()A'%#g&:!$(!$?&!?(/0&X&&2#*+!+&*&!4851Z!W'0!A&'0/)&:!

-7!$?&!K/'*$#$'$#6&!;"J1,;!A&$?(:!'$!<##BB!3'9#%#$#&0C!=/'*$#$'$#6&!;"J1,;0!W&)&!2&)3()A&:!#*!'!B#(J

;':!#,79%&)!#=!;&'%J"#A&J1,;!5&$&9$#(*!>70$&AC!8A2%#3#9'$#(*0!W&)&!9'))#&:!(/$!#*!'!rwJz%J)&'9$#(*!

6(%/A&!W#$?! $?&!b*&!>$&2!;"J1,;!Y#$!W#$?!>`B;!4)&&*! PB#(J;':QE!'99():#*+! $(! $?&!A'*/3'9$/)&)L0!

#*0$)/9$#(*0C!5'$'!W&)&!)&9():&:!'0!A&'*!ê!0$'*:'):!&))()!(3!A&'*!P>@IQC!"?&!A&'*0!(3!:#33&)&*$!

+)(/20! W&)&! 9(A2')&:! /0#*+! '! (*&JW'7! 8.bk8C! "?&! >$/:&*$J.&WA'*JY&/%0! $&0$! W'0! /0&:! $(!

&6'%/'$&!0#+*#3#9'*$!:#33&)&*9&0!-&$W&&*!+)(/20E!0#+*#3#9'*9&!-&#*+!0&$!'$!1!ë!\C\wC! !



"'#%()#*+!,')-(*!.'*($/-&0!1)(2&)$#&0!3()!4&*&!5&%#6&)7!822%#9'$#(*0!

 hs!

PFOF %2.<84.(/69(!?.0<..?56(

PFOFMF BBAJS($I?6(J?8;(J5=;/4?56(@>(A*#G!(

*E/8</4?56(5C(4I2(A*#G!(A58>;2=?]/4?56(A/=/;242=.(

<*! $?&!1@,k5!2)(9&00E! $?&! #*2/$!2(W&)! Pd0Q! '*:! $?&!:/$7! 9#9%&! PU!Q! 2%'7!'! 9)/9#'%! )(%&! #*! $?&! 3#*'%!

9?&A#9'%!0$)/9$/)&!(3!$?&!:&2(0#$&:!2(%7A&)!$?#*!3#%AC!1)&6#(/0!)&0&')9?!#*!(/)!+)(/2!9(*3#)A&:!$?'$!

$?&! )&$&*$#(*! (3! $?&! 1eI! 3/*9$#(*'%#$7! W?&*! 2(%7A&)#g&:! -7! 1@,k5! 9(/%:! -&! (-0&)6&:! -7! f,8!

A&'0/)&A&*$0C[r!4#6&*!$?&!?7:)(2?(-#9#$7!0?(W&:!-7!$?&!1eI!A(#&$#&0E!$?&!2)&0&*9&!(3!$?#0!+)(/2!

#*! $?&! $?#*! 3#%A! %&':0! $(! '! ?7:)(2?(-#9! 0/)3'9&C! "?/0E! $?&! ?7:)(2?(-#9#$7! (3! $?&! )&0/%$#*+! 0/)3'9&!

#*9)&'0&0! W#$?! $?&! */A-&)! (3! )&'9$#6&! 1eI! +)(/20! ()#&*$&:! $(W'):0! $?&! 0/)3'9&! -&#*+! $?&! (*&0!

'99&00#-%&! (*! $?&! 2(%7A&)! 3#%AC! 80! '! )&0/%$E! $?&! K/'%#$7! (3! $?&! (-$'#*&:! 221eI! 9('$#*+0! 9'*! -&!

:#)&9$%7! :&$&)A#*&:! 3)(A! $?&!f,8! 6'%/&0!A&'0/)&:! '%%(W#*+! '! :#)&9$! (2$#A#g'$#(*! (3! $?&! 2%'0A'!

2(%7A&)#g'$#(*!2')'A&$&)0C!

"(!':i/0$!$?&0&!2(%7A&)#g'$#(*!2')'A&$&)0!-7!W?#9?!$?&!1eI!+)(/20!)&A'#*!?#+?%7!&N2(0&:!(*!$?&!

0/)3'9&!(3! $?&! )&0/%$#*+!2(%7A&)! %'7&)E!4>! 0/-0$)'$&0!W&)&!2(%7A&)#g&:!/*:&)!:#33&)&*$! 9(*:#$#(*0!

P"'-%&!rC[QC!f?&*!$?&!d0%W'0!3#N&:!'$![w!f!'*:!$?&!U!!W'0!6')#&:!3)(A![!P9(*$#*/(/0!2%'0A'Q!$(!

[\qs\E! $?&!d2e% #*0#:&! $?&! )&'9$()!9?'*+&:E!'*:! #$!'33&9$&:! $?&! )&0/%$#*+!2(%7A&)! %'7&)! Pe#+/)&!rCrE!

%&3$Q!"?&!f,8!6'%/&0!(3!'%%!$?)&&!0'A2%&0!W&)&!?#+?&)!$?'*!$?&!suCh(!ê!\Cu(!(3!$?&!9(*$)(%!P-')&!4>QE!

W?#9?! 9(*3#)A0! $?&! 3()A'$#(*! (3! '! 221eI! 3#%A! (*! $?&! 0/)3'9&C! <$! 9'*! -&! (-0&)6&:! $?'$! $?&!

?7:)(2?(-#9#$7! (3! $?&! $W(! 2/%0&:J2%'0A'! 221eI! %'7&)0! PvsCh(! ê! [C[(! '*:! vxCv(! ê! \Cu(Q! W&)&!

0/-0$'*$#'%%7!0/2&)#()!$(!$?&!tuCr(!ê!rCv(!(-$'#*&:!/*:&)!9(*$#*/(/0!2%'0A'E!9(*3#)A#*+!$?'$!0(3$&)!

9(*:#$#(*0! %&':! $(! '!?#+?&)! )&$&*$#(*!(3! $?&!1eI!+)(/2C!80!A&*$#(*&:!-&3()&E! 9(*$#*/(/0!2%'0A'!

#*6(%6&0!&N2(0#*+!$?&!0/)3'9&!/*:&)!0/9?!?')0?!9(*:#$#(*0!$?'$!A'7!:'A'+&!$?&!2(%7A&)!$?#*!3#%AC!

"?&0&!*&+'$#6&!0#:&!&33&9$0!#*9%/:&!'*!#*9)&'0&!#*!$&A2&)'$/)&E!'-%'$#(*!2)(9&00&0!'*:!$?&!&N9&00!(3!

3)'+A&*$'$#(*!(3!$?&!A(*(A&)!)&0/%$#*+!#*!'!9(*$'A#*'$#(*!(3!$?&!3()A&:!%'7&)ChwJu\!<*!'::#$#(*E!#$!#0!

&N2&9$&:!$(!0&&!'*!#*9)&'0&!#*!$?&!)&$&*$#(*!(3!$?&!1eI!3/*9$#(*'%#$7!(*!$?&!2(%7A&)!3#%A!W#$?!$?&!

2%'0A'J(33! 2&)#(:E! 0#*9&! $?&! 2(%7A&)#g'$#(*! 2)(9&00! #0! 9'))#&:! (/$! /*:&)! A#%:! 9(*:#$#(*0! W?&*! '!

%')+&)!5X$$%#0!'22%#&:C!Z(W&6&)E!$?&!?7:)(2?(-#9#$7!(-$'#*&:!'$!U!%g![\qs\!PvsCh(!ê![C[(Q!W'0!0%#+?$%7!

%(W&)! $?&! )&0/%$#*+! 3#%A! '$!U!! ç! [\qr\! Pf,8!(3! vxCv(! ê! \Cu(QC! "?&0&! )&0/%$0! 0/++&0$! $?'$E! '$! 0(A&!

2(#*$E!%(W!U!0!:(!*($!#A2)(6&!$?&!K/'%#$7!(3!$?&!)&'9$#6&!$?#*!3#%AC!"?#0!A#+?$!-&!$?&!9(*0&K/&*9&!(3!

$?&! %(*+&)!2%'0A'J(33!2/%0&E!9'/0#*+!$?&!$($'%!:#0'22&')'*9&!(3!$?&!'9$#6&!02&9#&0!+&*&)'$&:!W?&*!



,?'2$&)!<<!~!>/)3'9&!I(:#3#9'$#(*!-7!1%'0A'!"&9?*#K/&0!

 ht!

$?&! 2%'0A'! #0! (*E! '6(#:#*+! $?&! +)(W$?! (3! $?&! 2(%7A&)! 9?'#*! (*! $?&! 0/)3'9&C[w! I()&(6&)E!

:&0$'-#%#g'$#(*! (3! $?&! 2%'0A'! A'7! (99/)! W?&*! $?&! 5XQq5X$$! )'$#(0! ')&! $((! 0A'%%E! '*:! $?/0! 2)(2&)!

3()A'$#(*!(3!$?&!)&'9$#6&!3#%A!#0!?'):%7!3'6()&:C!

!

e#+/)&!rCrC!f,8!(3!$?&!221eI!$?#*!3#%A0C!k'%/&0!:&2&*:#*+!(*!$?&!'22%#&:!d2e!A'#*$'#*#*+!$?&!d0!9(*0$'*$!

P%&3$Q!()!6')7#*+!$?&!d0!0&$!X&&2#*+!$?&!d2e!3#N&:C!>'A2%&0!W&)&!A(:#3#&:!-7!1@,k5!/*:&)!$?&!9(*:#$#(*0!

#*:#9'$&:!#*!"'-%&!rC[C!

"?&! 6')#'$#(*! (3! $?&!d0! #*! ():&)! $(! &*0/)&! $?&! 0'A&!d2e% P[w!fQ! 3()! $?&! 0'A&!U!! 0$/:#&:! '-(6&!

'%%(W&:!$?&!&6'%/'$#(*!(3!$?&!'9$/'%!&33&9$!(3!$?&!#*2/$!2(W&)C!e#+/)&!rCr!P)#+?$!2%($Q!9(*3#)A0!$?'$!

:#33&)&*$! 2)(2&)$#&0! (3! $?&! 221eI! $?#*! 3#%A! ')&! (-$'#*&:!-&$W&&*! $?&! 2/%0&:! '*:! $?&! 9(*$#*/(/0!

2%'0A'E!&6&*!$?(/+?!$?&!0'A2%&0!')&!&N2(0&:!$(!0'A&!&K/#6'%&*$!2(W&)!:/)#*+!2%'0A'!$)&'$A&*$C!

Z(W&6&)E!f,8!6'%/&0! 3()! $?&!2/%0&:J221eI! %'7&)0!'$!x\!'*:!h\!f! PvhCs(!ê!hC[(!'*:!vtCs(!ê!rCr(E!

)&02&9$#6&%7Q! W&)&! 0#A#%')E! #*:#0$#*9$%7! $(! $?&! 6')#'$#(*! #*! $?&! :/)'$#(*! (3! $?&! 2/%0&C! "?#0! )&0/%$!

0/++&0$! $?'$! '0! 3')! '0! 2/%0&:J2%'0A'! 9(*:#$#(*0! ')&! '22%#&:! #*! ():&)! $(! X&&2! $?&!d2e! 9(*0$'*$! -7!

$/*#*+!$?&!#*2/$!2(W&)E!$?&!6')#'$#(*!#*!$?&!U!!:(&0!*($!#*3%/&*9&!#*!$?&!)&$&*$#(*!(3!$?&!1eI!+)(/2!

(*!$?&!221eI!$?#*!3#%A0C!!

80! '! )&0/%$! (3! $?#0! 0$/:7E! 0'A2%&0!A(:#3#&:! '$! $?&! 9(*:#$#(*0! 0?(W*! #*! "'-%&! rCh! ?'6&! 2)(6&:! $(!

)&$'#*!'!?#+?&)!'A(/*$!(3!1eI!A(#&$#&0!(*!$?&!:&2(0#$&:!2(%7A&)! %'7&)!'*:!$?/0E!A'7!2($&*$#'%%7!

2)(6#:&!'!%')+&)!:&*0#$7!(3!'9$#6&0!0#$&0!(*!$?&!0/)3'9&C!

"'-%&!rChC!b2$#A#g&:!)&'9$()!2')'A&$&)0!3()!$?&!3()A'$#(*!(3!?#+?%7!)&'9$#6&!221eI!$?#*!3#%A0!

5+!PfQ( &?$(PA0Q( &?@@!!PA0Q! <=(PfqfQ( 5%1(PfQ(

[w! [\! [\! [\qr\! tCw!

Bare
 G

S 2.5 7.5 15
0

20

40

60

80

100

Weq (W)

W
C

A 
(º)

Bare
 G

S 90 30 15
0

20

40

60

80

100

Wi (W)

W
C

A 
(º)



"'#%()#*+!,')-(*!.'*($/-&0!1)(2&)$#&0!3()!4&*&!5&%#6&)7!822%#9'$#(*0!

 hv!

#I2;?0/8(+4=<04<=2(/69(+<=C/02($5B5:=/BI>(!242=;?6/4?56(5C(4I2(J?8;.((

b*9&! 2%'0A'! 9(*:#$#(*0! ?'6&! -&&*! :&$&)A#*&:! #*! ():&)! $(! (-$'#*! $?&! :&0#)&:! 2)(2&)$#&0! (*! $?&!

A(:#3#&:!0/-0$)'$&0E!$?&!*&W%7!2)(:/9&:!0/)3'9&0!W&)&!9?')'9$&)#g&:!-7!"(eJ><I>!P"'-%&!rCuQC!>/9?!

$&9?*#K/&! +#6&0! :&$'#%&:! #*3()A'$#(*! '-(/$! $?&! 0/)3'9&! 9?&A#0$)7! '*:! $?&! #(*! A'20! '%%(W! $?&!

:&$&)A#*'$#(*!(3!$?&!9?&A#9'%!9(*$&*$!(3!$?&!0'A2%&!$(+&$?&)!W#$?!$?&!?(A(+&*&#$7!(3!$?&!9('$#*+C!

"'-%&!rCuC!"(eJ><I>!*&+'$#6&!#(*0!A'20!(3!221eIJA(:#3#&:!4>!0/-0$)'$&0C!@'9?!A'2!)&2)&0&*$0!'!r\\!zAr!

')&'!(3!$?&!0/)3'9&C!

12:/4?E2(,56(S/B( 0\A( ,6426.?4>(
P'C/CQ( A5..?@82(?56?0(.4=<04<=2(

$I25=24?0/8(
0\A((

!

rrtCr\! wst\uu!

!

rrtC\v!

!

rhtCrr! [hust\!

!

rhtC[w!

!

rwhCr[! wtt\h[!

!

rwhC[u!

!

"'-%&! rCu! 0?(W0! $?&!A'#*! 2&'X0! (3! $?&! "(eJ><I>! *&+'$#6&! #(*0!A'20! $(+&$?&)! W#$?! $?&!A'00J$(J

9?')+&! P8q[Q! '*:! $?&! 3)'+A&*$!'00(9#'$#(*C!"?&!NE! 7E! g!2&'X0!W&)&!'00#+*&:! $(! $?&!A(*(A&)!1eI!

0$)/9$/)&! 9(*3#)A#*+! $?'$! $?&!1eI!+)(/2! #0! 0/99&003/%%7! 3(/*:! #*! $?&!:&2(0#$&:!2(%7A&)! $?#*! 3#%AC!

"?&!3'9$!$?'$!#(*0!W#$?!%')+&!8q[!)'$#(!W&)&!:&$&9$&:!#*!$?&!0'A2%&!#0!&02&9#'%%7!#*$&)&0$#*+!-&9'/0&!

#$!'33#)A0!$?'$! $?&!)&$&*$#(*!(3! $?&!&0$&)! )&'9$#6&!+)(/2! #0! 0/99&003/%%7!'9?#&6&:!W?&*!2(%7A&)#g&:!

/*:&)! $?&! 0(3$! 9(*:#$#(*0! (3! $?&! 2/%0&:! 2%'0A'C! .&6&)$?&%&00E! '%%! #(*! A'20! &6#:&*9&! $?'$! $?&!

'9?#&6&:! 9('$#*+! W'0! *($! 3/%%7! ?(A(+&*&(/0! 'A(*+! $?&! ')&'! (3! 0$/:7E! 2)(-'-%7! :/&! $(! 2%'0A'!

9(*:#$#(*0C!

"?&! )(/+?*&00! (3! $?&!A(:#3#&:! 0/-0$)'$&0! W'0! $72#9'%%7! ')(/*:! rw! *A! P7eQE! W?&)&'0! $?&! -')&! 1>!

0/-0$)'$&! )(/+?*&00! W'0! *&')%7! [! *AC! "?&0&! )&0/%$0! ')&! 2)(-'-%7! :/&! $(! $?&! &N#0$#*+! #*$&)'9$#(*!

F

F

F

F

F

O

O

F

F

F

F

F

O

O

F

F

F

F

F

O

O



,?'2$&)!<<!~!>/)3'9&!I(:#3#9'$#(*!-7!1%'0A'!"&9?*#K/&0!

 hx!

-&$W&&*! $?&! 1eI! +)(/20! :/)#*+! 2(%7A&)#g'$#(*! 9'/0#*+! $?&! 3()A'$#(*! (3! 9%/0$&)0! '*:! $?/0!

#*9)&'0#*+! $?&! 3#*'%! 0/)3'9&!)(/+?*&00!W?&*!9(A2')&:!$(! $?&! 3%'$! $(2(+)'2?7!(3! $?&!*(*JA(:#3#&:!

0'A2%&0! Pe#+/)&! rChQCu[! 8eI! #A'+#*+! (3! $?&! 1@,k5JA(:#3#&:! 0/-0$)'$&0! '%0(! )&6&'%0! $?'$! '!

?(A(+&*&(/0!$?#*!3#%A!W'0!(-$'#*&:E!'0!(/)!+)(/2!)&2()$&:!-&3()&C[\E[rC!!

"'-%&!rCwC!;(/+?*&00!6'%/&0!(3!$?&!-')&!1>!0/-0$)'$&0!'*:!'3$&)!-&#*+!9('$&:!W#$?!221eI!-7!1@,k5!$&9?*#K/&C!

+/;B82(,!( B1(P*AQ( B.(P*AQ( B0.C(P*AQ(

B')&!1>! [C[! \Cv! [Cs!

221eI! rwCs! rhC[! s\Ct!

!

e#+/)&!rChC!8eI!'*'%70#0!(3!$?&!221eI!3#%A0C!8eI!#A'+&!P%&3$Q!'*:!$(2(+)'2?#9!2)(3#%&!P)#+?$Q!(3!P8Q!-')&!1>!'*:!

PBQ!221eI!$?#*!3#%A0!(-$'#*&:!-7!1@,k5!(*!1>!0/-0$)'$&0C!

%2/04?E?4>(/69(S?0=5B/442=6?6:(5C(4I2(BBAJS-S59?C?29(+<@.4=/42.(

"?&!A(:#3#&:! 0/-0$)'$&0!W&)&! '%0(! 9?')'9$&)#g&:!-7! 3%/()&09&*9&!A#9)(09(27!/0#*+! e">,C! "?#0! #0! '!

3%/()&09&*$!A(%&9/%&!W#$?!'!3)&&!'A#*&!(*!#$0!0$)/9$/)&!'*:!#0!'-%&!$(!)&'9$!W#$?!$?&!1eI!+)(/2!(*!

$?&! 0/)3'9&C[\E[h!"?#0!A&$?(:!2)(6#:&0!'!K/'%#$'$#6&! $)'9X#*+!(3! $?&! )&'9$#(*!-&$W&&*! $?&!'9$#6'$&:!

0/)3'9&! '*:! $?&! 'A#*&! (3! #*$&)&0$C! 8::#$#(*'%%7E! #$! 9(*3#)A0! $?&! 1eI! )&'9$#6#$7! $(W'):! 2)#A')7!

'A#*&0! '*:! 0?(W0! $?&! ?(A(+&*&#$7! (3! $?&! 9('$#*+0! '9?#&6&:! -7! $?&0&! $&9?*#K/&0C! <*! '::#$#(*E!

-&3()&! $?&! 2%'0A'!A(:#3#9'$#(*E! '! ,/! +)#:!W'0! 2%'9&:! (*! $?&! 0/)3'9&! (3! $?&! 0/-0$)'$&! $(! $&0$! $?&!

A#9)(2'$$&)*#*+!6#'-#%#$7!$?'$!$?#0!'22)('9?!A'7!(33&)!Pe#+/)&!rCuQC!"?&!e">,!'33#*#$7!$(W'):0!'!*(*J

A(:#3#&:!1>! 0/-0$)'$&!W'0!'%0(! $&0$&:!'0!'! 9(*$)(%! #*!():&)! $(!&*0/)&! $?'$! $?&! 3%/()&09&*9&! 0#+*'%!

'9?#&6&:!3()!$?&!A(:#3#&:!0'A2%&0!W'0!'9$/'%%7!:/&!$(!$?&!9(6'%&*$!'$$'9?A&*$!(3!$?&!3%/()&09&*$!

Rq (nm) Ra (nm) Rmax (nm) 

28.6 23.1 60.7 
 

!"#$"

!"

#"
%&"
"
&"
"

'%&"
&""""""""""""""""""""""""("""""""""""""""""""""""")""""""""""""""""""""""""*"

#$"

+$
"

!"
"

&"
"

'!"
"

+$
"

"&""""""""""""""""""""""""("""""""""""""""""""""""")""""""""""""""""""""""""*"

#$"



"'#%()#*+!,')-(*!.'*($/-&0!1)(2&)$#&0!3()!4&*&!5&%#6&)7!822%#9'$#(*0!

 u\!

:7&C!Pe#+/)&!rCu8Q!I()&(6&)E!'3$&)!0&6&)'%!9%&'*#*+!0$&20!W#$?!I#%%#J=!W'$&)E!$?&!3%/()&09&*9&!0#+*'%!

)&A'#*&:!9(*3#)A#*+!$?&!9(6'%&*$!/*#(*!(3!e">,!(*!$?&!1>!0/)3'9&!Pe#+/)&!rCuBQC!!

! !

e#+/)&!rCuC!;&'9$#6#$7!(3!$?&!221eI!%'7&)0!$(W'):0!e">,C!e%/()&09&*9&!#A'+&0!'3$&)!#*9/-'$#(*!W#$?!e">,!'*:!

0&6&)'%!W'0?#*+!0$&20!W#$?!I#%%#J=!(3!'!P8Q!-')&!1>!0/-0$)'$&!'*:!PBQ!'!221eIJ9('$&:!1>!0$)#20C!

<$! 9'*! -&! 0&&*! $?'$! $?&! ,/! +)#:! W'0! *($! '-%&! $(! '6(#:! $?&! A(:#3#9'$#(*! (3! 0(A&! 9(6&)&:! ')&'0C!

Z(W&6&)E! $?&! A'i()! 3%/()&09&*9&! 0#+*'%! 2)&0&*$! W'0! (*! $?&! ')&'0! &N2(0&:! $(! $?&! 2)&6#(/0!

A(:#3#9'$#(*E!A&'*#*+!$?'$!$?&!e">,!A(%&9/%&0!')&!'-%&!$(!)&'9$!W#$?!$?&!2(%7A&)#g&:!1eI!A'#*%7!

(*! $?&! :&0#)&:! 2')$! (3! $?&! 0/)3'9&C! Z&*9&E! $?&! /0&! (3! '! +)#:! ()! '*! &N$&)*'%! 2'$$&)*! $(! 9(6&)! $?&!

0/-0$)'$&! #*! '! :&0#+*&:! W'7! :/)#*+! A(:#3#9'$#(*! 9'*! -&! 2($&*$#'%%7! /0&:! '0! '! 0#A2%&! A&$?(:! $(!

'9?#&6&! A#9)(0$)/9$/)&:! 0/)3'9&0! '0! '*! '%$&)*'$#6&! $(! ($?&)! %#$?(+)'2?#9! '22)('9?&0Cwh! >/9?!

A&$?(:(%(+7!(2&*0!'!W#:&! )'*+&!(3!2(00#-#%#$#&0! 3()! $?&!:&0#+*!(3!:&%#6&)7! $&A2%'$&0E!'!2'$$&)*&:!

0/-0$)'$&! '-%&! $(! 0$()&! '! 0/-0$'*9&! '*:! :&%#6&)! #$! #*! '! 2)&:&$&)A#*&:! 2'$$&)*! '*:! $(! '! 02&9#3#9!

A&:#/AE!W?#9?!9'*!-&!&A2%(7&:!'%0(!3()!-#(%(+#9'%!'22%#9'$#(*0E!0/9?!'0!#*!+&*&!:&%#6&)7Cwu!

PFOFPF !2E285B;264(5C(4I2(A8/.;/(D=/C4?6:(S59?C?0/4?56(&BB=5/0I(

+4<9>(5C(4I2(*CC204.(5C(4I2(&=-A8/.;/(&04?E/4?56($=2/4;264((

f?&*!'!A'$&)#'%!#0!$)&'$&:!W#$?!2%'0A'E!'*!&$9?#*+!&33&9$!(*!$?&!0/)3'9&!(99/)0!$?'$E!0(A&?(WE!A'7!

'%$&)! #$0! 3#*'%! 9?&A#9'%! '*:! 2?70#9'%! 2)(2&)$#&0! $(! /*:&0#)'-%&! 9?'*+&0o! &02&9#'%%7! #*! $&)A0! (3!

)(/+?*&00!'*:!$(2(+)'2?7CrhEuuJus!B&9'/0&!#*!$?&!2%'0A'!+)'3$#*+!'22)('9?!$?&!0/-0$)'$&!#0!&N2(0&:!

$(! '*! 8)J2%'0A'! '9$#6'$#(*! 2)#()! $(! $?&! 1eI! -)/0?&0! 3()A'$#(*E! '! 3#*&! 9(*$)(%! (3! #$0! 0/)3'9&!

2)(2&)$#&0! #0! )&K/#)&:C! "?&! &33&9$! #*! $(2(+)'2?7! '*:! )(/+?*&00!W'0! 0$/:#&:! #*! 3)(*$! (3! 8)J2%'0A'!

&N2(0/)&!2&)#(:J$#A&0!-7!8eI!P"'-%&!rCs!'*:!e#+/)&!rCwQC!"?&!#*2/$!2(W&)!(3!$?&!2%'0A'!$)&'$A&*$!

!" #"



,?'2$&)!<<!~!>/)3'9&!I(:#3#9'$#(*!-7!1%'0A'!"&9?*#K/&0!

 u[!

W'0!3#N&:!'$![w!f!#*!():&)!'6(#:!$?&!#*9)&'0&!#*!$&A2&)'$/)&!()!$?&!:&+)':'$#(*!(3!$?&!A'$&)#'%!:/&!

$(!/*W'*$&:!&$9?#*+!2)(9&00&0C!!

"'-%&!rCsC!;(/+?*&00!(3!'!1>!0/)3'9&!'3$&)!8)J2%'0A'!$)&'$A&*$!3()!:#33&)&*$!$#A&0C!

&"*/)#.30.(PA#*Q( B1(P*AQ( B.(P*AQ( B0.C(P*AQ(

w!! \Ct! \Cs! hCu!

[w! [Cr! \Cv! sCh!

h\! [Cw! rC\! xCu!

f?&)&'0! $?&! ;I>! )(/+?*&00! P7eQ! 6'%/&0! 0?(W&:! *(! )&A')X'-%&! 9?'*+&0! #*! $?&! 0/)3'9&! '$! ?#+?&)!

$#A&0!(3!$)&'$A&*$!9(A2')&:!$(!$?&!-')&!1>!P:'$'!0?(W*!#*!"'-%&!rCwQE!76!'*:!786K! 0/++&0$&:!$?'$!

%')+&)! #))&+/%')#$#&0! #*! $?&! 3#*'%! $(2(+)'2?7!W&)&!9)&'$&:! P"'-%&!rCsQC!8eI! #A'+&0!9(*3#)A!$?#0! %'0$!

0$'$&A&*$E!W?&)&!'*!#*9)&'0&!(3!#))&+/%')#$#&0!W'0!(-0&)6&:!:/&!$(!$?&!3()A'$#(*!(3!'9$#6&!0#$&0!(*!

$?&!2(%7A&)!*'$/)&!(3!$?&!0/-0$)'$&!Pe#+/)&!rCwQC!

!

e#+/)&!rCwC!8eI!h5!#A'+&0!(3!8)J2%'0A'!$)&'$&:!1>!0/)3'9&0!3()!P8Q!w!A#*E!PBQE![w!A#*!'*:!P,Q!h\!A#*C!

5/)#*+!$?&!3#)0$!A#*/$&0!(3!$?&!8)J2%'0A'!'9$#6'$#(*!2)(9&00E!$?&!0/)3'9&!$&*:0!$(!0%#+?$%7!:&9)&'0&!

#$0! )(/+?*&00! '0! 9'*! -&! 0&&*! #*! $?&! 7e! 6'%/&0! 3()! $?&! wJA#*J$)&'$&:! 0'A2%&0C! >/9?! (-0&)6'$#(*!

9(*3#)A0! $?'$! 2%'0A'! &N2(0#$#(*! 3()! 0?()$! $#A&0! 9'/0&0! '! 0A(($?#*+! &33&9$! (*! $?&! 0/)3'9&C[w!

Z(W&6&)E!9?'*+&0!9'*!-&!*($#9&:!'0!$?&!A'+*#3#9'$#(*!(3! #))&+/%')#$#&0!:/&!$(!&$9?#*+!2)(9&00&0!'$!

%')+&)!$#A&0!(3!2%'0A'!&N2(0/)&!Ph\!A#*QC!"?#0!#*9)&'0&!#*!)(/+?*&00!A'7!?'6&!'!*&+'$#6&!&33&9$!3()!

$?&!0/-0&K/&*$!#AA(-#%#g'$#(*!(3!2)($&#*0!3'6()#*+!#$0!:&*'$/)'%#g'$#(*Cut!B&9'/0&!(3!$?#0E!8)J2%'0A'!

'9$#6'$#(*!3()![w!A#*!0&&A0!$(!-&!$?&!A(0$!0/#$'-%&!$#A&!#3!+)&'$!'A(/*$!(3!'9$#6&!0#$&0!W'*$!$(!-&!

'9?#&6&:!W#$?(/$!0#+*#3#9'*$!'%$&)'$#(*!#*!$?&!0/)3'9&!)(/+?*&00C!

,6C8<2602(5C(4I2(AJS(*HB5.<=2(/C42=(&=-A8/.;/(&04?E/4?56(

80!#$!?'0!-&&*!:&A(*0$)'$&:!-&3()&E!:/)#*+!$?&!'9$#6'$#(*!2)(9&:/)&!#*!$?&!3#)0$!0$&2!(3!$?&!2%'0A'J

+)'3$#*+!A(:#3#9'$#(*E!'9$#6&!0#$&0!')&!+&*&)'$&:E!'*:!W?&*!1eI!#0!&N2(0&:E!$?&!2(%7A&)!9?'#*!0$')$0!

!" #" $"



"'#%()#*+!,')-(*!.'*($/-&0!1)(2&)$#&0!3()!4&*&!5&%#6&)7!822%#9'$#(*0!

 ur!

+)(W#*+! 3)(A! $?&! 0/)3'9&Cuv! 8eI! #A'+&0! #*! e#+/)&! rCs! 0?(W! $?'$! $?#0! $&9?*#K/&! 3()A0! 2(%7A&)!

-)/0?&0!(3!1eIC!"?#0!8eI!'*'%70#0!2&)3()A&:! 3()!'%%! 0'A2%&0E!&N?#-#$!'+'#*!:#33&)&*$! $(2(+)'2?#&0!

-&$W&&*!$?&!()#+#*'%!1>!0$)#2!'*:!$?&!A(:#3#&:!0'A2%&0C!!

"(!:&$&)A#*&!$?&!(2$#A'%!$#A&!(3!1eI!&N2(0/)&!'3$&)!$?&!8)J2%'0A'!$)&'$A&*$E!2)&6#(/0%7!'9$#6'$&:!

0/)3'9&0! W&)&! &N2(0&:! $(! $?&! A(*(A&)! 3()! :#33&)&*$! $#A&0! Pw! $(! h\! A#*QC! "?&*E! $?&! 3)&K/&*97E!

%&*+$?!'*:!K/'%#$7!(3! $?&!2(%7A&)!-)/0?&0!'*:! $?&! )(/+?*&00!(3! $?&! 3#*'%! +1eIJA(:#3#&:! 0/)3'9&0!

W&)&!9?')'9$&)#g&:!-7!8eI!Pe#+/)&!rCs!'*:!"'-%&!rCtE!)&02&9$#6&%7QC!!

!

e#+/)&!rCsC!8eI!0$/:7!(3!$?&!+1eIJA(:#3#&:!0/)3'9&0C!8eI!A'+&!P%&3$Q!'*:!$(2(+)'2?#9!2)(3#%&!P)#+?$Q!(3!8)J

2%'0A'!$)&'$&:!1>!0/)3'9&0!'3$&)!&N2(0/)&!(3!1eI!A(*(A&)!3()!P8Q!w!A#*E!PBQE![w!A#*!'*:!P,Q!h\!A#*C!

"'-%&!rCtC!;(/+?*&00!(3!$?&!)&0/%$#*+!+1eIJA(:#3#&:!0/)3'9&0!'3$&)!-&#*+!&N2(0&:!$(!1eI!A(*(A&)!3()!

:#33&)&*$!$#A&0C!

&D@E/%C)'32*%(PA#*Q( B1(P*AQ( B.(P*AQ( B0.C(P*AQ(

w!! [Ct! [Ch! sCx!

[w! [[Cu! tCw! whCx!

h\! wtC[! wrCh! [uvCw!

!

Z#+?&)! )(/+?*&00! W'0! (-0&)6&:! '$! %(*+&)! 1eIJ&N2(0/)&! $#A&0! Ph\!A#*Q! :/&! $(!A()&! #*$&)'9$#(*!

-&$W&&*!$?&!1eI!)':#9'%0C!e/)$?&)A()&E! $?&!*/9%&#!2)&0&*$! #*!e#+/)&!rCs!9(*3#)A!$?&! 3()A'$#(*!(3!

!"#$"

!"

#"

$"

%"
"

&"

'$
"

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

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

+&"
"

*&"
"

(&"
"

&"
"

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

!(&"

,&"

*&"

&"
"



,?'2$&)!<<!~!>/)3'9&!I(:#3#9'$#(*!-7!1%'0A'!"&9?*#K/&0!

 uh!

1eI!-)/0?&0!+)(W#*+!%')+&)!W#$?!$#A&C!b*!$?&!($?&)!?'*:E!W?&*!0'A2%&0!W&)&!&N2(0&:!3()!%&00!$?'*!

[w!A#*E!+)'3$#*+!(3!$?&!1eI!9(/%:!*($!-&!&*0/)&:C!"?#0!-&?'6#()!W'0!9(*0#0$&*$!W#$?!$?&!8eI!#A'+&0!

$'X&*E! W?&)&! $?&! #))&+/%')#$#&0! (-0&)6&:! W&)&! ?#+?&)! '*:! $?#9X&)! )&'9?#*+! ')(/*:! w\! *A! ?&#+?$!

W?&*! $?&! 1eI! W'0! &N2(0&:! 3()! [w! A#*E! '*:! *&')%7! [w\! *A! 3()! $?&! h\JA#*J&N2(0&:! 0'A2%&0C!

I()&(6&)E!$?&!$(2(+)'2?7!(-$'#*&:!)&6&'%&:!$?'$!$?&!3()A'$#(*!(3!1eI!9%/0$&)0!0&&*!#*!$?&!1@,k5J

A(:#3#&:!0'A2%&0!W'0!'%0(!$'X#*+!2%'9&!3()!$?&!2%'0A'!+)'3$#*+!0/)3'9&!A(:#3#9'$#(*!'22)('9?C!!

8eI! #A'+&0! '%0(! &N?#-#$! $?'$! '! ?#+?&)! :&*0#$7! (3! 2(%7A&)! -)/0?&0!W&)&! (-0&)6&:! #*! $?&! [wJA#*J

&N2(0&:! 0'A2%&C! "?/0E! '*! #*9)&'0&:! )&'9$#6#$7! W(/%:! -&! &N2&9$&:! 3)(A! $?&! 0/)3'9&0! A(:#3#&:! '$!

$?&0&! 9(*:#$#(*0C! 80! '! )&0/%$E! 2%'0A'J+)'3$#*+! 2')'A&$&)0! W&)&! 3#N&:! '$! [w! A#*! (3! 8)J2%'0A'!

$)&'$A&*$! 3(%%(W&:! -7! [w! A#*! (3! 1eI! &N2(0/)&E! #*! ():&)! $(! (-$'#*! ?#+?%7! )&'9$#6&! 1>! 0/)3'9&0!

W#$?(/$! '%$&)#*+! $?&! 0/-0$)'$&!A()2?(%(+7C! >/)3'9&0! (-$'#*&:!-7! $?#0!A&$?(:!?':! '! )(/+?*&00! (3!

-&$W&&*! t! '*:! [[! *AE! i/0$! 0%#+?$%7! ?#+?&)! $?'*! $?'$! (3! -')&! 1>! P[! *AQ! '0! &N2&9$&:! 3)(A! $?&! %(W!

9(6&)'+&!(3!$?&!1eI!-)/0?&0C!B)#&3%7E!'0!0?(W*!-7!$?&!$(2(+)'2?#9!6'%/&0E!$?&!+)'3$&:!0/)3'9&0!W&)&!

3%'$$&)!$?'*!$?&!1@,k5!3#%A0C!

*E/8</4?56(5C(4I2(:AJS-S59?C?29(+<=C/02.(N2I/E?5=(

1%'0A'! +)'3$#*+! (3! 1eI! (*! 1>! 0/-0$)'$&0! %&:! $(! '! 9(*0#:&)'-%&! :&9)&'0&! #*! 9(*$'9$! '*+%&! (3! $?&!

()#+#*'%!1>!Pe#+/)&!rCtQC!!

!

e#+/)&!rCtC!f,8!6'%/&0!3()!$?&!h!0$&20!#*!$?&!2%'0A'!+)'3$#*+!A(:#3#9'$#(*C!5'$'!3)(A!$?&!-')&!1>!0/-0$)'$&E!

'3$&)!8)J2%'0A'!'9$#6'$#(*E!'*:!W?&*!1eI!#0!&N2(0&:!'*:!+)'3$&:!(*!$?&!0/)3'9&!P+1eIQC!

"?&!-')&!1>!?':!'!9(*$'9$!'*+%&!(3!vhCh(!ê!\Cs(E!W?#9?!:&9)&'0&:!$(!w[Cv(!ê!hCv(!'3$&)!2%'0A'!+)'3$#*+!

A(:#3#9'$#(*C! "?#0!W'0! '*! /*&N2&9$&:! 6'%/&! 9(*0#:&)#*+! $?&! ?7:)(2?(-#9#$7! (-0&)6&:!(*! $?&! 1eI!

Bare
 P

S

Ar-p
las

ma
gP

FM
0

20

40

60

80

100

W
C

A
 (o )



"'#%()#*+!,')-(*!.'*($/-&0!1)(2&)$#&0!3()!4&*&!5&%#6&)7!822%#9'$#(*0!

 uu!

3#%A0!2(%7A&)#g&:!-7!1@,k5!#*!0&9$#(*!rChC[!PvxCv(!ê!\Cu(Q!'*:!0?(W*!#*!2)&6#(/0!2/-%#9'$#(*0!(3!(/)!

+)(/2C[\E[rEux!.&6&)$?&%&00E!W?&*!1eI!#0!+)'3$&:!(*!$?&!2(%7A&)#9!0/)3'9&!-7!2%'0A'!+)'3$#*+E!#$!3()A0!

'!2(%7A&)!-)/0?!%'7&)E!'0!9(*3#)A&:!#*!$?&!8eI!#A'+&0!Pe#+/)&!rCsQE!'33&9$#*+!'%0(!#$0!?7:)(2?(-#9#$7C!!

f?&*! $?&! 0/)3'9&! #0! '9$#6'$&:! -7! 2%'0A'! #*! $?&! 2)&0&*9&! (3! 8)E! '*! &$9?#*+! &33&9$! #0! 2)(:/9&:!

$(+&$?&)!W#$?!$?&!9)&'$#(*!(3!3)&&!)':#9'%0C[t!"?&0&!')&!*&&:&:!3()!$?&!3()A'$#(*!(3!$?&!1eI!-)/0?&0!

W?&*! $?&! A(*(A&)! 9(A&0! #*$(! 9(*$'9$! W#$?! $?&! '9$#6'$&:! 0/)3'9&! '*:! ')&! )&02(*0#-%&! 3()! $?&!

(-$'#*#*+!(3!'!?#+?%7!?7:)(2?#%#9!0/)3'9&!PrvC[(!ê!hCv(QC!Z(W&6&)E!$?&!1eI!+)'3$#*+!#0!*($!&*(/+?!$(!

'9?#&6&!$?&!?7:)(2?(-#9#$7!(-0&)6&:!3()!$?&!221eI!3#%A0E!2)(-'-%7!-&9'/0&!$?&!2(%7A&)#9!-)/0?&0!

:(!*($!9(6&)! $?&! $($'%! 0/)3'9&!'0!9(*3#)A&:!-7! $?&!8eI!:'$'C!"?&!0A'%%&)!*/A-&)!(3!1eI!+)(/20!

2)&0&*$!(*!$?&0&!0/)3'9&0!')&!*($!&*(/+?!$(!0/-0$'*$#'%%7!:&9)&'0&! $?&!?7:)(2?#%#9#$7!'9?#&6&:!(*!

$?&!221eIJA(:#3#&:!0/)3'9&0C!80!'!)&0/%$E!$?&!+)'3$&:!0/)3'9&!A'7!2)(6#:&!%&00!'*:!A()&!02)&':!(/$!

'9$#6&!0#$&0!3()!$?&!-#*:#*+!(3!2)($&#*!A(%&9/%&0!#*!'!A()&!?7:)(2?#%#9!&*6#)(*A&*$E!W?#9?!A'7!'6(#:!

)&A')X'-%&! 9(*3()A'$#(*'%! 9?'*+&0! (3! $?&! 2)($&#*! 0$)/9$/)&Cw\! "?#0! 3'9$! #0! &02&9#'%%7! #*$&)&0$#*+!

W?&*!'*!'9$#6&!-#(A(%&9/%&E!0/9?!'0!'*!&*g7A&E!#0!#AA(-#%#g&:!(*!'!0/)3'9&!+#6&*!$?&!#A2()$'*9&!(3!

A'#*$'#*#*+!#$0!9(*3()A'$#(*!'*:!/%$#A'$&%7!#$0!'9$#6#$7Cw[!

J<604?56/8?]/4?56(/69(S?0=5.4=<04<=/4?56(5C(4I2(:AJS-S59?C?29(+<=C/02.(

>#A#%')%7! $(!W?'$! ?'0! -&&*! :(*&! 3()! $?&! 0/)3'9&0! 2(%7A&)#g&:! -7! 1@,k5! '*:! ?'0! -&&*! 2)&6#(/0%7!

:#09/00&:E!$?&!3/*9$#(*'%#$7!(3!$?&!+1eIJ9('$&:!0/-0$)'$&0!W'0!'00&00&:C!e/)$?&)A()&E!$?&!0/)3'9&0!

W&)&! A#9)(2'$$&)*&:! /0#*+! '! ,/! +)#:C! "?&! e">,! A(%&9/%&! W'0! '%0(! &A2%(7&:! $(! 2)(6&! $?&! 1eI!

A(:#3#9'$#(*!'*:!$?&!:#33&)&*$!0/)3'9&!*'$/)&!-&$W&&*!$?&!$W(!2?'0&0!W'0!'%0(!'*'%7g&:!-7!8eIC!

1?'0&! #A'+#*+! '*'%70#0! -7! 8eI! '%%(W0! $?&!A(*#$()#g'$#(*! (3! *'$/)&! 9?'*+&0! #*! $?&! 0'A&! 0/)3'9&E!

9)&'$#*+!'!*&W!#A'+&!W?&)&!$?&!:#0$#*9$!2?'0&0!9'*!-&!:#33&)&*$#'$&:C!"?&0&!6')#'$#(*0!#*!$?&!0/)3'9&!

*'$/)&! ')&! :/&! $(! 9?'*+&0! #*! $?&! #**&)! A'$&)#'%! $)'#$0! 0/9?! '0! 6#09(&%'0$#9#$7! ()! A&9?'*#9'%!

2)(2&)$#&0E!$?&)&3()&!'%%(W0!$?&!:&$&)A#*'$#(*!(3!$?&!&33&9$0!$?'$!2%'0A'!+)'3$#*+!A(:#3#9'$#(*!?'6&!

(*!$?&!0/)3'9&Cwr!

e#+/)&!rCv8!0?(W0!$W(!:#33&)&*$!2?'0&0E!(*&!9())&02(*:#*+!$(!$?&!&N2(0&:!2')$!(3!$?&!0/)3'9&!$?'$!

&N2&)#A&*$&:!$?&!2%'0A'!+)'3$#*+!$)&'$A&*$E!'*:!$?&!($?&)!-&%(*+0!$(!$?&!2')$!9(6&)&:!-7!$?&!,/!

+)#:C! @'9?! 2?'0&! ?'0! #$0! (W*! *&W! 2)(2&)$#&0E! '*:! $?#0! #0! W?7! $?&! 9'*$#%&6&)! #0! '-%&! $(! 9?'*+&! #$0!

(09#%%'$#(*! )&02(*0&! W?&*! 2'00&0! 3)(A! (*&! $(! $?&! ($?&)E! :#33&)&*$#'$#*+! $?&! ')&'0! W?&)&! 1eI!

A(%&9/%&0!?'6&!-&&*!+)'3$&:!$(!$?&!(*&0!2)($&9$&:!-7!$?&!+)#:C!"?/0E! #$!9'*!-&!9(*3#)A&:!$?'$!$?&!



,?'2$&)!<<!~!>/)3'9&!I(:#3#9'$#(*!-7!1%'0A'!"&9?*#K/&0!

 uw!

A(:#3#9'$#(*!(3!$?&!0/-0$)'$&!(99/))&:!:#33&)&*$%7!'%(*+!$?&!0/)3'9&!'*:!'99():#*+%7!$(!$?&!2'$$&)*!

/0&:C!!

!

e#+/)&!rCvC!I#9)(&0$)/9$/)'$#(*!(3!$?&!+1eIJA(:#3#&:!0/)3'9&0C!P8Q!8eI!2?'0&!#A'+&!(3!$?&!A#9)(2'$$&)*&:!

0/)3'9&!2)&6#(/0!$(!3/*9$#(*'%#g'$#(*C!PBQ!e%/()&09&*9&!#A'+&!(3!e">,J3/*9$#(*'%#g&:!+1eIJA(:#3#&:!1>C!

Z(W&6&)E!$?&!2)&0&*9&!(3!)&'9$#6&!1eI!+)(/20!(*!$?&!&N2(0&:!')&'0!0$#%%!*&&:0!$(!-&!2)(6&:E!'*:!

3()!$?#0!)&'0(*!$?&!#AA(-#%#g'$#(*!(3!$?&!3%/()&09&*$!:7&!W#$?!'!3)&&!'A#*&!#*!#$0!0$)/9$/)&!Pe">,Q!W'0!

9'))#&:!(/$C!e#+/)&!rCvB!:&A(*0$)'$&0!$?&!0/99&003/%!'$$'9?A&*$!(3!$?&!3%/()&09&*$!A(%&9/%&!106!$?&!

+)'3$&:!1eI!(*!$?&!1>!0/)3'9&C!j#X&W#0&E!e#+/)&!rCvB!'%%(W0!$?&!:#0$#*9$#(*!(3!$?&!*(*JA(:#3#&:!')&'0!

9(6&)&:!-7!$?&!,/!+)#:!6&)#37#*+!$?&!'9?#&6&A&*$!(3!$?&!A#9)(2'$$&)*&:!0/)3'9&!'%0(!-7!$?#0!A&$?(:C!

,(6'%&*$! /*#(*! (3! e">,! W'0! '+'#*! +/')'*$&&:! '3$&)! 0&6&)'%! W'0?&0! W#$?! I#%%#J=! W'$&)! /*:&)!

0(*#9'$#(*C!

,(*9/))&*$%7E!$?&!)&'9$#6#$7!(3!$?&!+1eIJA(:#3#&:!'*:!A#9)(2'$$&)*&:!W#$?!'!,/!+)#:!$(W'):0!'!1@4J

'A#*&! W'0! '%0(! $&0$&:! '*:! '*'%7g&:! -7! "(eJ><I>C! "?&! A(0$! )&%&6'*$! *&+'$#6&! #(*! A'20!

9())&02(*:#*+! $(! $?&! 'A#*(J1@4! 3/*9$#(*'%#g&:! 0/)3'9&0! ')&! 2)&0&*$&:! #*! "'-%&! rCvC! "?#0! A'2!

#A'+#*+! $&9?*#K/&! '%%(W&:! $?&! :#33&)&*$#'$#(*! (3! $?&! $W(!A'#*! ')&'0E! -&%(*+#*+! $(! $?&! $)'*0#$#(*!

-&$W&&*!$?&!9(6&)'+&!(3!$?&!,/!+)#:!'*:!$?&!2%'0A'J+)'3$#*+!&N2(0&:!2')$!P"'-%&!rCvQC!"?&)&3()&E!'!

A()&! #*$&*0&! 0#+*'%! W'0! )&9():&:! #*! $?&! +1eI! )&+#(*0! W?&)&! $?&! 1@4J'A#*&! W'0! #AA(-#%#g&:E!

W?&)&'0! *(! 3/*9$#(*'%#g'$#(*!W'0! :&$&9$&:! #*! $?&! +)#:J2)($&9$&:! ')&'C! <$! 9'*! -&! *($#9&:! $?'$! 1@4!

$72#9'%! 0#+*'%0! (3!8q[! rw! '*:! uh!W&)&! '%0(! (-0&)6&:! #*! $?&! *(*J&N2(0&:! 2')$0! :&02#$&! -&#*+! %&00!

#*$&*0&E!2)(-'-%7!:/&!$(!$?&!%(W!9(6&)'+&!(3!$?&!,/!+)#:!#*!$?&0&!*&')!3)(*$#&)!')&'0C!.(*&$?&%&00E!

$?&0&!2')$0!:#:!*($!0?(W!?#+?!8q[!0#+*'%0E!W?#9?!$72#9'%%7!-&%(*+!$(!%')+&)!A(%&9/%')!1@4!3)'9$#(*0!

'*:! $?/0! #$! 9'*! -&! 9(*0#:&)&:! '0! '! %(W! 9(*$'A#*'$#(*! &33&9$C! I()&(6&)E! $?&0&! 0#+*'%0! '%0(!

9())(-()'$&!$?&!2)(2&)!3/*9$#(*'%#g'$#(*!(3!$?&!A#9)(2'$$&)*&:!0/)3'9&!W#$?!1@4J'A#*&C!

!" #"



"'#%()#*+!,')-(*!.'*($/-&0!1)(2&)$#&0!3()!4&*&!5&%#6&)7!822%#9'$#(*0!

 us!

"'-%&!rCvC!"(eJ><I>!*&+'$#6&!#(*0!A'2!(3!'!A#9)(2'$$&)*&:!1>!0/)3'9&!2)&6#(/0%7!A(:#3#&:!-7!2%'0A'!+)'3$#*+!

'*:!3/*9$#(*'%#g&:!W#$?!1@4J'A#*&C!

12:/4?E2(,56(
S/B(

0\A( ,6426.?4>(P'C/CQ( A5..?@82(?56?0(.4=<04<=2(
$I25=24?0/8(

0\A((

!

rwC\\! s\tx[\! ! rwC\\!

!

uhC\\! s[vswv! ! uhC\\!

!

s[Cxx! r[[swv! ! s[C\w!

!

txCxs! [[u[s[! ! v\C\x!

!

xsCxs! ru[r[h!
!

xtC\x!

!

[rhC\[! wxwuu! ! [rhE\r!

!

;&+'):%&00E!$?#0!'22)('9?!#0!(*%7!3&'0#-%&!3()!$?&!#AA(-#%#g'$#(*!(3!(*&!$72&!(3!A(%&9/%&!#*!'!02&9#3#9!

W'7!-&9'/0&! #$! (33&)0! -'0#9'%%7! $W(! g(*&0|! (*&! '-%&! $(! -&! 3/*9$#(*'%#g&:E!W?#%&! $?&!($?&)! )&A'#*0!

/*A(:#3#&:C!`&$E!0(A&!'22%#9'$#(*0!A'7!*&&:!$(!?'6&!$W(!:#33&)&*$!$72&0!(3!A(%&9/%&0!()!2)($&#*0!

'$$'9?&:!(*!$?&!0/)3'9&Cru!8A(*+!$?&!'%)&':7!&N#0$#*+!A&$?(:0!$(!'9?#&6&!$?&0&!$72&0!(3!&*+#*&&)&:!

0/)3'9&0E! {J9(*$'9$! 2)#*$#*+! P{,1Q! ?'0! +'#*&:! #*9)&'0#*+!2(2/%')#$7! #*! $?&! %'0$! :&9':&0! 3()! -&#*+! '!

0#A2%&E! 9%&'*! '*:! 3'0$!A#9)(2'$$&)*#*+! $((%CruJrsEww! <$0!A'#*! ':6'*$'+&! #0! $?&! 2(00#-#%#$7! $(! 2)(:/9&!

!"#

!"#$%

O
HO

O
HO

O
HO O

O
HO O



,?'2$&)!<<!~!>/)3'9&!I(:#3#9'$#(*!-7!1%'0A'!"&9?*#K/&0!

 ut!

&N$)&A&%7!:&$'#%&:!2'$$&)*0!W#$?!$?&!:&0#)&:!:&0#+*!:&2&*:#*+!(*!$?&!'22%#9'$#(*Cru!<*!$?#0!W()XE!'!

0#%#9(*!A'0$&)!W'0!:&0#+*&:!W#$?!$?&!#*#$#'%0!(3!#/4505;5%h;i80>%=2%Z6330j!P<=>Q!'*:!!2/532%Q6>09/6<%=2%

P0>392<2>53k/0>6!P,.IQE!$?&!9&*$)&0!#*!9(%%'-()'$#(*!3()!$?#0!2)(i&9$E!'*:!W'0!/0&:!$(!3'-)#9'$&!$?&!

15I>!0$'A20C!"?&0&!0$'A20!W&)&!&A2%(7&:!$(!2)(:/9&!'!2'$$&)*&:!0/)3'9&!(*!$?&!+1eIJA(:#3#&:!

0/-0$)'$&0!Pe#+/)&!rCxQC!!

!

e#+/)&!rCxC!I#9)(9(*$'9$!2)#*$#*+!(*!+1eIJA(:#3#&:!0/)3'9&0C!P8Q!4&*&)'%E!PBQ!#*!:&$'#%!'*:!P,Q!h5!>@I!#A'+&0!

(3!$?&!)&9&*$%7!2)(:/9&:!15I>!0$'A2E!'*:!P5Q!0$'A2!6#&W&:!#*!h5!W#$?!'!9(*3(9'%!A#9)(09(2&C!f,8!(3!$?&!

15I>!0$'A2!P8Q!-&3()&!'*:!PBQ!'3$&)!2%'0A'!$)&'$A&*$!W#$?!8)|br!P[|[Q!'$![\!f!'*:!3()![\!A#*C!P4Q!e#*'%!

3%/()&09&*9&!#A'+&!(3!$?&!2'$$&)*&:!+1eIJA(:#3#&:!1>!0/)3'9&!-7!{,1C!

>@I! '*:! 9(*3(9'%! A#9)(09(27! W&)&! /0&:! $(! 9())(-()'$&! $?&! 0/99&003/%! 3'-)#9'$#(*! (3! '!

?(A(+&*&(/0!0$'A2E!'0!2)&0&*$&:!#*!e#+/)&!rCx8!$(!5C!e/)$?&)A()&E!$?&!15I>!0#%#9(*&!W'0!$/)*&:!

?7:)(2?#%#9!-7!'!br|8)!2%'0A'!$)&'$A&*$!'*:!9(*3#)A&:!-7!f,8E!W?#9?!2)(6&:!$?'$!$?&!0$'A2!W'0!

9(*6&)$&:!3)(A!#$0!?7:)(2?(-#9!*'$/)&!Pe#+/)&!rCx@Q!$(!?7:)(2?#%#9!Pe#+/)&!rCxeQ!W#$?!?#+?&)!:&+)&&!

(3! W&$$'-#%#$7C! 80! '! )&0/%$E! $?&! 15I>! 0$'A2! 9(/%:! -&! 0('X&:! #*$(! $?&! e">,JW'$&)! 0(%/$#(*! '*:!

0/-0&K/&*$%7!/0&:!$(!2'$$&)*!$?&!2%'0A'J+)'3$#*+!A(:#3#&:!0/)3'9&0C!e#+/)&!rCx4!&N?#-#$0!$?&!)&0/%$!

(3! $?&! 2'$$&)*&:! 0/)3'9&!-7! $?#0! $&9?*#K/&! '*:!/0#*+! $?&!:&09)#-&:!15I>! 0$'A2C! "?&! 3%/()&09&*$!

A#9)(09(2&! #A'+&! 9(*3#)A0! $?&! 3/*9$#(*'%#g'$#(*! (3! +1eIJA(:#3#&:! 0/)3'9&0! W?&*! $?&7! 9(A&! #*!

9(*$'9$!W#$?!$?&!3%/()&09&*$!:7&!':0()-&:!(*!$?&!0$'A2C!

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

!" #" $"

%" &"

'"

'%%"&#"

("

)*+"

,-+"



"'#%()#*+!,')-(*!.'*($/-&0!1)(2&)$#&0!3()!4&*&!5&%#6&)7!822%#9'$#(*0!

 uv!

"?&! :&'9$#6'$#(*! (3! $?&! )&A'#*#*+! 1eI! +)(/20! (*! $?&! 0/)3'9&! W'0! 9'))#&:! (/$! W#$?! $?&!

#AA(-#%#g'$#(*!(3!$?&!1@4J'A#*&!A(%&9/%&E!'*:!$?&!0/99&00!(3!$?#0!2)(9&00!W'0!$&0$&:!-7!"(eJ><I>C!

,(*9%/0#6&!)&0/%$0!')&!0?(W*!#*!"'-%&!rCxE!W?&)&!*($!(*%7!$?&!1@4J'A#*&!$72#9'%!0#+*'%0!P8q[!rw!'*:!

uhQE! -/$! '%0(! $?&! 2)&0&*9&! (3! $?&! 3)'9$#(*0! 9())&02(*:#*+! $(! e">,! A(%&9/%&! W&)&! 3(/*:! (*! $?&!

3/*9$#(*'%#g&:! 0/)3'9&0C! B&0#:&0! $?'$E! $?&0&! e">,! 3)'9$#(*0! P8q[! r[[C[xE! hh[C[h! '*:! husCtxQ! W&)&!

9%&')%7! :&$&9$&:! #*! $?&! #A'+&! A'20! )&6&'%#*+! $?&! 2'$$&)*! 3()A&:! -7! {,1! '*:! 0/22()$#*+! $?&!

3%/()&09&*9&!A#9)(09(2&! #A'+&!:&09)#-&:!-&3()&!Pe#+/)&!rCx4QC!Z&*9&E!$?#0!W()X!9())(-()'$&0!$?'$!

2)(:/9#*+!$?#0!X#*:!(3!0/)3'9&0!(*!+1eIJ$)&'$&:!0/)3'9&0!#0!'%0(!2(00#-%&!'*:!$?&)&3()&!'!W#:&!)'*+&!

(3!'22%#9'$#(*0!')&!2($&*$#'%%7!(2&*&:!$(!$?#0!A(:#3#9'$#(*!$&9?*#K/&C!

"'-%&!rCx!"(eJ><I>!*&+'$#6&!#(*0!A'2!(3!'!1>!0/)3'9&!3/*9$#(*'%#g&:!W#$?!e">,!'*:!1@4J'A#*&!-7!{,1C!

12:/4?E2(,56(S/B( 0\A( ,6426.?4>(
P'C/CQ( A5..?@82(?56?0(.4=<04<=2(

$I25=24?0/8(
0\A((

!

rwC\\! tvh[tw! ! rwC\\!

!

uhC\\! svrxss! ! uhC\\!

!

r[[C\h! ttwvv!

!

r[[C[x!

!

hh[C[h! [rx[sh!

!

hh[Crx!

!

husCtx! tx\\u!

!

husCh[!

!"#

!"#$%

! !"!

!""#

" "#"

!"

#$$"

$ $"$



,?'2$&)!<<!~!>/)3'9&!I(:#3#9'$#(*!-7!1%'0A'!"&9?*#K/&0!

 ux!

PFOFOF +4<9>(5C(4I2(A=542?6(,;;5@?8?]/4?56(@>(^#S-!(&6/8>.?.(

e#)0$!&N2&)#A&*$0!2)(6&:!$?&!)&'9$#6#$7!(3!$?&0&!1eIJA(:#3#&:!0/)3'9&0!#*!3)(*$!(3!'A#*&0!2)&0&*$!#*!

0A'%%!A(%&9/%&0E!0/9?!'0!$?&!3%/()&09&*$!e">,!:7&C!Z(W&6&)!$?&!'$$'9?A&*$!(3!-#(A'9)(A(%&9/%&0!

(*! $?&! 0/)3'9&! #0! )&K/#)&:! $(! '9?#&6&! -#('9$#6&! 0/)3'9&0Cuh! .($&W()$?7E! '0! #$! W#%%! -&! :#09/00&:! #*!

,?'2$&)!kE!/*:&)0$'*:#*+!$?&!2)($&#*!#AA(-#%#g'$#(*!(*!0/)3'9&0!#0!(3!'!+)&'$!#*$&)&0$E!&02&9#'%%7!#*!

$?&! /0&! (3! *'*(2')$#9%&0! %#X&! ,."0! W#$?! 3#*'%! -#(%(+#9'%! '22%#9'$#(*0C! f?&*! *'*(2')$#9%&0! ')&!

#*$)(:/9&:! #*$(! '! -#(%(+#9! &*6#)(*A&*$E! 2)($&#*! '-0()2$#(*! (*! $?&#)! 0/)3'9&! 9&)$'#*%7! (99/)0! '*:!

3()A0! W?'$! #0! X*(W*! '0! 2)($&#*! 9()(*'Cws! "?#0! (20(*#g'$#(*! 2)(9&00! A'7! :)'A'$#9'%%7! '33&9$! $?&!

*'*(2')$#9%&!2)(2&)$#&0E!#*:/9#*+!#$0!'++)&+'$#(*!()!A'0X#*+!$?&!'$$'9?&:!%#*X&)0!'*:!)&9&2$()0!'*:!

$?/0E!&%/9#:'$#*+!#$0!-&?'6#()!#0!+'#*#*+!'$$&*$#(*CwtJwx!80!'!)&0/%$E!$?&!9'2'9#$7!$(!#AA(-#%#g&!2)($&#*0!

(*! $?&! A(:#3#&:! 0/)3'9&0! -7! -($?! $&9?*#K/&0! '*:! ?(W! $?&0&! -#(%(+#9'%! 02&9#&0! #*$&)'9$! W#$?! $?&!

0/)3'9&!*&&:0!$(!-&!&6'%/'$&:C!=,IJ5!#0!'!W&%%J0/#$&:!$&9?*#K/&!3()!$?#0!2/)2(0&!'*:!W'0!$?&)&3()&!

9?(0&*! $(! :&6&%(2! $?#0! 0$/:7CrtErx! "?#0! $&9?*(%(+7!A&'0/)&0! $?&! 3)&K/&*97! POQ! '*:! :#00#2'$#(*! PUQ!

3)(A! $?&! (09#%%'$()7! A(6&A&*$! (3! '! K/')$g! 0&*0()! '*:! A(*#$()0! $?&! $#A&J&6(%/$#(*! (3! $?&0&!

2')'A&$&)0!W?&*!$?&!0&*0()! #0! #*!9(*$'9$!W#$?!$?&!0(%/$#(*!(3! #*$&)&0$!P>9?&A&!rCx8QC!8!3)&K/&*97!

0?#3$!#*:#9'$&0!'!6')#'$#(*!#*!A'00!':?&)&:!$(!$?&!0&*0()!0/)3'9&o!'!:&9)&'0&!#*!3)&K/&*97!A&'*0!$?'$!

$?&! 0&*0()! (09#%%'$&0! 0%(W&)! :/&! $(! '*! #*9)&'0&! (3! $?&! )&'%!A'00! (*! #$C! "?&! :#00#2'$#(*! 2')'A&$&)!

+#6&0!#*3()A'$#(*!'-(/$!$?&!6#09(&%'0$#9!2)(2&)$#&0!(3!$?&!3()A&:!%'7&)!(*!$?&!0&*0()o!0(3$&)!9('$#*+0!

%&':!$(!'*!#*9)&'0&!(3!$?&!(09#%%'$#(*!:'A2#*+!W?#9?!#0!$)':/9&:!'0!'*!#*9)&'0&!#*!:#00#2'$#(*C!!

!

>9?&A&!rCxC!=,IJ5!$&9?*(%(+7!/0&:!#*!$?#0!W()XC!P8Q!"?&!=,IJ5!2)#*9#2%&!0?(W#*+!$?&!:#33&)&*9&0!)&02(*0&0!

#*!3)&K/&*97!'*:!:#00#2'$#(*!3()!)#+#:!'*:!0(3$!%'7&)0Cs\!PBQ!@6(%/$#(*!(3!$?&!=,IJ5!2')'A&$&)0!3()!2)($(9(%!

0$/:#&:!#*!$?#0!W()XC!

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

&'()*(+,-$$
.!$/012$

345546789+$
."$/:;<=2$

>4?(@$#$/?4+2$

!75(A4+($/%!"2$$ !"#$B+C('7,89+$ D75E(5$/"3"$7+F$%!"2$

!"#$ !"#$ !"#$ !"#$
!"#$!"#$

!"#$ !"#$

&'()*(+,-$/012$$

345546789+$

#$ !$



"'#%()#*+!,')-(*!.'*($/-&0!1)(2&)$#&0!3()!4&*&!5&%#6&)7!822%#9'$#(*0!

 w\!

"(!0$/:7! $?&!2)($&#*! #AA(-#%#g'$#(*!(*!0(%#:!0/)3'9&0E!'!A&$?(:(%(+7!*&&:0! $(!-&!0$'*:'):#g&:! #*!

():&)!$(!9'))7!(/$!0'A&!9(*:#$#(*0!3()!'%%!0/-0$)'$&0!P>9?&A&!rCxBQC!"?&!A&$?(:!W'0!9(*:/9$&:!'0!

3(%%(W0C!e#)0$E!$?&!0#+*'%!W'0!0$'-#%#g&:!'*:!$?&*!'!-'0&%#*&!W'0!'9K/#)&:E!W?#9?!W'0!/0&:!3()!3/)$?&)!

K/'*$#3#9'$#(*0C!83$&)W'):0E!$?&!B>8!0(%/$#(*!W'0!&*$&)&:!$(!$?&!9?'A-&)!'*:!$?&!#*$&)'9$#(*!W#$?!

$?&!0&*0()!-&+'*E!)&0/%$#*+!#*!'!:&9)&'0&!#*!3)&K/&*97C!"?#0!2?&*(A&*(*!W'0!/0/'%%7!'99(A2'*#&:!

-7!'*!#*9)&'0&!(3!:#00#2'$#(*E!:/&!$(!$?&!3()A'$#(*!(3!'!2)($&#*!%'7&)!(*!$?&!0/)3'9&C!>&6&)'%!W'0?#*+!

0$&20!W#$?!1B>!'*:!>5>!W&)&!3(%%(W&:!$(!&*0/)&!9(6'%&*$!'$$'9?A&*$!(3!$?&!2)($&#*!(*!$?&!0/)3'9&!

'*:! $?&! 9(*0&K/&*$! )&A(6'%!(3! $?&!/*02&9#3#9! #*$&)'9$#(*0C! "?&!'00'7! 3#*#0?&:!W#$?!'! 3#*'%!2'00!(3!

1B>! $?)(/+?! $?&! 9?'A-&)E! W?#9?! '%%(W&:! $?&! 9(A2')#0(*! -&$W&&*! $?&0&! 3#*'%! 6'%/&0! '*:! $?&!

-'0&%#*&C!<*!+&*&)'%E!>5>!#0!'!:&$&)+&*$!3)&K/&*$%7!&A2%(7&:!$(!/*3(%:!2)($&#*0!3()!+&%!3)'9$#(*'$#(*!

'*:! $(! )&A(6&! 2)($&#*0! 2?70#9'%%7! ':0()-&:! (*! 0/)3'9&0C! `#*! 25% 6<"! :&A(*0$)'$&:! $?'$! $?&! >5>!

9%&'*#*+!2)(9&00!#*!'!=,IJ5!'00'7!#0!'!6'%#:!A&$?(:!$(!&*0/)&!9(6'%&*$!'*9?()#*+!(3!$?&!?()0&)':#0?!

2&)(N#:'0&!PZ;1Q!2)($&#*!(*!'9&$7%&*&!2%'0A'!2(%7A&)#g&:!0/)3'9&0E!9(*3#)A#*+!$?&!3()A'$#(*!(3!'!

2)($&#*!A(*(%'7&)Cwx!"?&!W'0?#*+!2)(9&:/)&!/0#*+!>5>!2&)3()A&:!W'0!-'0&:!#*!$?#0!)&2()$C!

"?&! #AA(-#%#g'$#(*!(3!B>8!(*!$?&!221eI!'*:!+1eIJA(:#3#&:!0/)3'9&0!W'0! 0/%405;!A(*#$()&:!/0#*+!

$?&!=,IJ5! $&9?*(%(+7! '*:! 3(%%(W#*+! $?&! 2)($(9(%! :&09)#-&:! -&3()&! Pe#+/)&! rC[\QC! "?#0! 2)(9&:/)&!

W'0! '%0(! 2&)3()A&:! (*! *'p6&! +(%:! '*:! 1>! 0&*0()0! $(! 2)(-&! #3! $?&! B>8! 0?(W&:! 0$)(*+! /*02&9#3#9!

-#*:#*+! W#$?! $?&! -')&! 0/-0$)'$&! '*:! #3! #$0! )&A(6'%! W'0! 0/99&003/%%7! '9?#&6&:! W#$?! $?&! 9%&'*#*+!

2)($(9(%! Pe#+/)&!rC[\!-($$(AQC!.($&! $?'$!-($?! 0&*0()0!W&)&! 9('$&:!W?&$?&)!W#$?!'! 9')-(*'9&(/0!

A'$&)#'%!0/9?!$?&!1>!#*!'99():'*9&!$(!$?&!3/)$?&)!9(*i/+'$#(*!(3!2)($&#*0!(*!,."0!P,?'2$&)!<k!'*:!

kQE! ()!W#$?! +(%:E!W?#9?!W#%%! '%%(W! $?&! 6&)#3#9'$#(*!(3! $?&!2)($&#*! #*$&)'9$#(*!W#$?! +(%:!*'*()(:0! #*!

,?'2$&)!kC!b*%7! 0/-$%&! 9?'*+&0! #*!íU!W&)&!(-0&)6&:!(*!B>8J9('$&:! 0/)3'9&0!106! -($?!1@,k5!'*:!

2%'0A'! +)'3$#*+! A(:#3#9'$#(*! $&9?*#K/&0! Pe#+/)&! rC[\! $(2E! )&:! %#*&QC! Z(W&6&)E! #$! #*:&&:! 9'/0&:! '!

0#+*#3#9'*$! 3)&K/&*97! 0?#3$! PíOQE! W?#9?! 9(/%:! -&! :#)&9$%7! 9())&%'$&:! $(! $?&! #*9)&'0&! #*!A'00! (*! $?&!

0&*0()L0!0/)3'9&!'0!'!)&0/%$!(3!$?&!'$$'9?A&*$!(3!$?&!B>8!Pe#+/)&!rC[\!$(2E!-%/&!%#*&QC!.&6&)$?&%&00E!

$?#0! 3)&K/&*97!2)(3#%&! 6')#&:!:&2&*:#*+!(*! $?&! 0/)3'9&!A(:#3#9'$#(*!2)&6#(/0%7! 9'))#&:!(/$C! "?#0! #0!

$?&!A'#*!)&'0(*!W?7!'!:&&2&)!#*0#+?$!#*$(!$?&!3)&K/&*97!0#+*'%!W'0!2&)3()A&:C!

f?&*!$?&!B>8!9'A&!#*$(!9(*$'9$!W#$?!-($?!A(:#3#&:!K/')$g!9)70$'%!0&*0()0E!$?&!)&0/%$!W'0!&N2)&00&:!

'0!'!0?#3$!#*!$?&#)!)&0(*'*9&!3)&K/&*9#&0C!<$!9'*!-&!0&&*!?(W!$?&!3)&K/&*97!:&9)&'0&:!)'2#:%7!#*!$?&!

1@,k5JA(:#3#&:! 0&*0()! '*:! ?(WE! '3$&)! h\!A#*E! $?&! 0#+*'%!W'0! 0$'-#%#g&:! '$! ')(/*:! J[t!Zg! Pe#+/)&!

rC[\8!$(2E!-%/&!%#*&QC!<*!9(*$)'0$E!$?&!3)&K/&*97!6')#'$#(*!(*!$?&!9)70$'%!A(:#3#&:!-7!2%'0A'!+)'3$#*+!

W'0!A/9?!0%(W&)E!0/++&0$#*+!$?'$!#$!W'0!9'2'-%&!(3!#AA(-#%#g#*+!%&00!$?'*!'!?'%3!(3!$?&!2)($&#*!PJt!Zg!

'2)(NCQ!W?&*! 9(A2')&:! $(! 1@,k5! Pe#+/)&! rC[\B! $(2E! )&:! %#*&QC! "?&0&! )&0/%$0! 9(*3#)A! $?'$! +)&'$&)!



,?'2$&)!<<!~!>/)3'9&!I(:#3#9'$#(*!-7!1%'0A'!"&9?*#K/&0!

 w[!

'A(/*$0!(3!'9$#6&!1eI!'*:!$?/0!?#+?&)!)&'9$#6#$7!')&!'9?#&6&:!W?&*!1@,k5!#0!/0&:C!"?&)&3()&E!$?&!

3#*'%! '22%#9'$#(*! (3! $?&! A(:#3#&:! 0/)3'9&! #0! 9)/9#'%! $(! :&$&)A#*&! W?#9?! (3! $?&! 2%'0A'! $)&'$A&*$0!

0?(/%:!-&!9'))#&:!(/$C!"?#0!?'0!$(!-&!2(#*$&:!(/$E!'0!#$!W#%%!-&!&N2%'#*&:!%'$&)E!-&9'/0&!$?&!:#33&)&*$!

)&'9$#6#$7!(3!$?&!0/)3'9&0!$(W'):0!2)($&#*0!A'7!#*!0(A&!9'0&0!9'/0&!'!9(*3()A'$#(*'%!9?'*+&!(*!$?&!

2)($&#*!0$)/9$/)&E!2)(-'-%7!'33&9$#*+!#$0!3#*'%!'9$#6#$7Cw\!

!

!!e#+/)&!rC[\C!800'7!&6(%/$#(*!(3!$?&!=,IJ5!2')'A&$&)0!3()!$?&!A(:#3#&:!0&*0()0C!@6(%/$#(*!(3!$?&!3)&K/&*97!

P-%/&Q!'*:!:#00#2'$#(*!P)&:Q!3()!P8Q!1@,k5!'*:!PBQ!2%'0A'J+)'3$#*+!A(:#3#&:!0&*0()0C!1%($0!(*!$?&!-($$(A!

9())&02(*:!$(!*'p6&!P8Q!+(%:!'*:!PBQ!1>!0&*0()0E!&N2(0&:!$(!$?&!0'A&!2)($(9(%C!

8! 3#*'%! 9%&'*#*+!W#$?! >5>! '*:!1B>! )&A(6&:!'%%! $?&!/*-(/*:&:!B>8E!W?#9?!&*0/)&:! $?'$! '! 2)($&#*!

A(*(%'7&)!W'0!(-$'#*&:!'*:!/*02&9#3#9!#*$&)'9$#(*!W'0!)&A(6&:!3)(A!$?&!0/)3'9&Ch\!"?&!3)&K/&*97!

:'$'!(-$'#*&:!W'0!$?&*!'*'%7g&:!'*:!9(*6&)$&:!$(!$?&!9(*0&K/&*$!A'00!6'%/&!-7!/0#*+!@K/'$#(*!rCh!

Pe#+/)&!rC[[QC!"?#0!&K/'$#(*!#0!6'%#:!(*%7!3()!)#+#:!%'7&)0!'0!#0!$?&!9'0&!3()!$?&!0$/:7!9'))#&:!(/$!'3$&)!

(-$'#*#*+!'*!'%A(0$!*&+%#+#-%&!6')#'$#(*!#*!$?&!:#00#2'$#(*!0#+*'%!3()!-($?!0/)3'9&0C!!

"?&!0/)3'9&!9('$&:!W#$?!221eI!-7!1@,k5!W'0!'-%&!$(!#AA(-#%#g&!r[\!*+q9ArE!W?#%&!$?&!+)'3$&:!1eI!

9(/%:!9(6'%&*$%7!-#*:!(*%7![[w!*+q9ArC!"?#0!:#33&)&*9&!9'*!-&!'$$)#-/$&:!$(!$?&!:#33&)&*$!:&*0#$#&0!(3!

'9$#6&!0#$&0!2)&0&*$!(*!$?&!A(:#3#&:!0/)3'9&0E!'0!?'0!-&&*!2)&6#(/0%7!:#09/00&:C!5/)#*+!$?&!2%'0A'J

+)'3$#*+!2)(9&00E!W?&*!$?&!2(%7A&)!-)/0?&0!')&!3()A&:E!3&W&)!A(%&9/%&0!(3!3)&&!1eI!')&!'6'#%'-%&!

$(!)&'9$!W#$?!$?&!2)(2&)!'A#*&C!<*0$&':E!$?&!2(%7A&)#9!3#%A!(-$'#*&:!106!$?&!1@,k5!2)(9&00!#0!A/9?!

A()&!)&'9$#6&E!)&0/%$#*+!#*!'!+)&'$&)!'A(/*$!(3!9(6'%&*$!%#*X#*+!0#$&0!'-%&!$(!)&'9$!W#$?!$?&!2)($&#*C!

"?/0E! $?&!2)($&#*! %'7&)! 3()A&:!-7!1@,k5!A(:#3#9'$#(*! #0!A()&!:&*0&! $?'*! $?&!(-$'#*&:!W?&*! $?&!

!"

0 20 40 60 80
-25

-20

-15

-10

-5

0

5

-2.0
-1.5
-1.0
-0.5
0.0
0.5
1.0
1.5
2.0

Dissipation (10-6)
Frequency (Hz)

t (min)

!
f (

H
z)

!D
 (10

-6)

0 20 40 60 80
-25

-20

-15

-10

-5

0

5

-2.0
-1.5
-1.0
-0.5
0.0
0.5
1.0
1.5
2.0

t (min)

!
f (

H
z)

!D
 (10

-6)

#$
%"

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

0 20 40 60 80
-25

-20

-15

-10

-5

0

5

-2.0
-1.5
-1.0
-0.5
0.0
0.5
1.0
1.5
2.0

t (min)

!
f (

H
z)

!D
 (10

-6)

0 20 40 60 80
-25

-20

-15

-10

-5

0

5

-2.0
-1.5
-1.0
-0.5
0.0
0.5
1.0
1.5
2.0

t (min)

!
f (

H
z)

!D
 (10

-6)

#$
%"

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

$"



"'#%()#*+!,')-(*!.'*($/-&0!1)(2&)$#&0!3()!4&*&!5&%#6&)7!822%#9'$#(*0!

 wr!

2%'0A'J+)'3$#*+!$&9?*#K/&!#0!9'))#&:!(/$C!Z(W&6&)E!$?#0!+)&'$&)!'$$'9?A&*$!$(!$?&!0/)3'9&!'9?#&6&:!

W#$?! $?&! 221eI! 3#%A0! '*:! $?&! ?#+?! ?7:)(2?(-#9#$7!A'7! '33&9$! $?&! 2)($&#*! 0$)/9$/)&! '*:! 9'/0&! #$0!

:&*'$/)'%#g'$#(*E!W?#9?!9(/%:!'33&9$!#$0!'9$#6#$7C!!

!

e#+/)&!rC[[C!"#A&J&6(%/$#(*!(3!$?&!A'00!':?&)&:!(*!$?&!A(:#3#&:!0/)3'9&0C!!

G?.0528/.4?0(A=5B2=4?2.(5C(4I2("@4/?629(A=542?6('/>2=(&..2..;264(

8*!'%$&)*'$#6&!A&$?(:!$(!'*'%7g&!$?&!:'$'!(-$'#*&:!-7!$?&!=,IJ5! #0! $(!0$/:7!$?&!6')#'$#(*!(3!$?&!

:#00#2'$#(*!1234;4!$?&!3)&K/&*97!0?#3$!Pe#+/)&!rC[r8QCrtErvEs[!!

!

e#+/)&!rC[rC!8*'%70#0!(3!$?&!6#09(&%'0$#9!2)(2&)$#&0!(3!$?&!B>8!A(*(%'7&)C!P8Q!1%($!(3!$?&!6')#'$#(*!(3!$?&!

:#00#2'$#(*!PìUQ!14"!$?&!3)&K/&*97!0?#3$!PìOQ!0?(W#*+!'!?#+?&)!#*9)&'0&!#*!$?&!6#09(&%'0$#9!2)(2&)$#&0!2&)!A'00!

/*#$!'$$'9?&:!(*!$?&!+1eIJA(:#3#&:!0/)3'9&C!PBQ!"?&!3#*'%!6'%/&!(3!$?&!ìUqìO%)'$#(!9(*3#)A&:!$?'$!$?&!2)($&#*!

%'7&)!3()A&:!-7!1@,k5!W'0!A()&!)#+#:!'*:!$?/0!?':!%(W&)!W'$&)!9(*$&*$C!

B7! $?#0! A&$?(:E! $?&! 2')'A&$&)! $#A&! #0! &%#A#*'$&:! 3)(A! $?&! 2%($! '*:! '! :#)&9$! 9(A2')#0(*! (3! $?&!

&*&)+7! :#00#2'$#(*! PíUQ! 2&)! /*#$! A'00! '$$'9?&:! $(! $?&! 0/)3'9&! PíOQ! #0! 2(00#-%&C! 899():#*+! $(! $?#0!

)&%'$#(*E!$?&!#*3%/&*9&!$?'$!$?&!2)($&#*!'-0()2$#(*!?'0!(*!$?&!:'A2#*+!(3!$?&!0&*0()!(09#%%'$#(*!:/&!

$(! 6#09(&%'0$#9! &33&9$0! 9'*! -&! #AA&:#'$&%7! :&$&)A#*&:C! "?&*E! $?&! 6#09(&%'0$#9! 2)(2&)$#&0! (3! $?&!

2)($&#*!%'7&)!3()A&:!'*:!$?&!9(*3()A'$#(*!(3!?(W!$?&!2)($&#*!#0!#AA(-#%#g&:!(*!$?&!0/)3'9&!9'*!-&!

0 20 40 60 80
0

100

200

300 PECVD
plasma grafting

t (min)

M
as

s 
(n

g/
cm

2 )

-8-7-6-5-4-3-2-10
0.0

0.1

0.2

0.3

0.4

0.5 PECVD

plasma grafting

!f7 (Hz)

!
D

7 (
10

-6
) 

PECVD plasma grafting
0

5

10

15

!D
7/!

f 7 (
10

-8
 H

z-1
)

!" #"



,?'2$&)!<<!~!>/)3'9&!I(:#3#9'$#(*!-7!1%'0A'!"&9?*#K/&0!

 wh!

:&:/9&:C!;&0/%$0!0?(W!$?'$!$?&!6')#'$#(*!(3!$?&!6#09(&%'0$#9#$7!2&)!A'00!/*#$!(3!':0()-&:!2)($&#*!W'0!

?#+?&)!W?&*!$?&!B>8!)&'9$&:!W#$?!$?&!1eI!-)/0?&0!(-$'#*&:!-7!$?&!2%'0A'J+)'3$#*+!A(:#3#9'$#(*C!

"?#0!-&?'6#()!W(/%:!0/++&0$!$?'$!$?&!3()A&:!2)($&#*!%'7&)!#*!$?&0&!0/)3'9&0!#0!%&00!)#+#:!$?'*!$?&!B>8!

'*9?()&:!(*!$?&!221eIE!)&0/%$#*+!#*!'!A()&!6#09(&%'0$#9!3#%AC!

"(!+'#*!'!:&&2&)!/*:&)0$'*:#*+!(3!$?&!6#09(&%'0$#9!2)(2&)$#&0!(3!$?&!2)($&#*!%'7&)!(-$'#*&:!-7!$?&0&!

$W(!$&9?*#K/&0E!#$0!W'$&)!9(*$&*$!W'0!&N2%()&:C!"?&!$)'22&:!W'$&)!(*!$?&!3()A&:!2)($&#*!%'7&)!9'*!

-&! :&$&)A#*&:! -7! $?&! 3#*'%! 6'%/&! (3! $?&! ìUqìO% )&%'$#(*E! W?#9?! :&9)&'0&0! W#$?! $?&! )#+#:#$7! (3! $?&!

2)($&#*!3#%A!Pe#+/)&!rC[rBQC!<*!($?&)!W():0E!$?&!%(W&)!$?#0!6'%/&!#0E!$?&!%(W&)!W'$&)!9(*$&*$!$?&!B>8!

':0()-&:! %'7&)!?'0! '*:E! $?/0!(33&)0! '! %&00! 6#09(&%'0$#9! -&?'6#()C!Z(W&6&)E! #$! ?'0! $(!-&! 9(*0#:&)&:!

$?'$! $?#0! $((%! :(&0! *($! +#6&! K/'*$#$'$#6&! 6'%/&0! (3! $?&! W'$&)! 2)&0&*$! (*! $?&! 3#%A! -/$! 0$#%%! +#6&0!

0'$#03'9$()7!#*3()A'$#(*!'-(/$!$?&!070$&A!#*!():&)!$(!A'X&!$?&!'22)(2)#'$&!'22)(N#A'$#(*0!#*!$&)A0!

(3!6#09(&%'0$#9!2)(2&)$#&0C!B7!2%($$#*+!$?&!$W(!6'%/&0!9())&02(*:#*+!$(!-($?!A(:#3#9'$#(*!$&9?*#K/&0!

P1@,k5! '*:! 2%'0A'! +)'3$#*+Q! :#09/00&:! ?&)&E! #$! 9(/%:! -&! 0&&*! $?'$! $?&! )#+#:#$7! (3! $?&! B>8! %'7&)!

3()A&:!(*!$?&!+1eI!0&*0()0!W'0!0#+*#3#9'*$%7!%(W&)!$?'*!W?&*!$?&!2)($&#*!#0!'$$'9?&:!$(!$?&!221eI!

3#%A!Pe#+/)&!rC[rBQC!"?#0!:'$'!9(*3#)A0!$?&!A()&!6#09(&%'0$#9!-&?'6#()!(3!$?&!2)($&#*!%'7&)!(-$'#*&:!

-7!2%'0A'!+)'3$#*+E!W?&)&'0!$?&!3()A&:!(*!$?&!1@,k5JA(:#3#&:!0&*0()0! #0!A()&!:&*0&!'*:!)#+#:Cs[!

I()&(6&)E! $?&! %'9X! (3! W'$&)! )&$&*$#(*! #*! $?&! B>8! 0$)/9$/)&! '9?#&6&:! (*! $?&! 221eIJA(:#3#&:!

0/)3'9&0!A'7!'%0(!#*:/9&!'!9(*3()A'$#(*'%!9?'*+&!(3!$?&!2)($&#*C!

+4<9>(5C(4I2(N+&(#56C5=;/4?56(&0L<?=29([I26(&44/0I29(45(4I2(S59?C?29(+<=C/02.((

80! 2)&6#(/0%7!A&*$#(*&:E! 2)($&#*! #AA(-#%#g'$#(*! (*! '! 0/)3'9&! #0! %#X&%7! $(! 9'/0&! '! 9(*3()A'$#(*'%!

9?'*+&!#*!#$0!0$)/9$/)&Cw\!<$!#0!X*(W*!$?'$!$?&!B>8!?'0!'!?#+?!'33#*#$7!$(W'):0!?7:)(2?(-#9!0/)3'9&0E!

W?#9?!A'7!#*:/9&!#$0!:&3()A'$#(*!:/&!$(!$?&!&N2(0/)&!(3!#$0!?7:)(2?(-#9!:(A'#*0!%(9'$&:!#*0#:&!#$0!

0$)/9$/)&Csr!80!'!)&0/%$E!B>8L0!0$)/9$/)&!9'*!&6(%6&!3)(A!$?&!*'$#6&!3()A!P.!3()AQ!9())&02(*:#*+!$(!

$?&!3(%:&:!3()A!'*:!3(/*:!/*:&)!*()A'%!9(*:#$#(*0E!$(!$?&!&N2'*:&:!3()A!P@!3()AQE!W?#9?!#0!$($'%%7!

:&*'$/)'%#g&:!'*:!#*'9$#6&C!Z(W&6&)E!-&$W&&*!$?&0&!$W(E!$?&)&!#0!'!$?#):!3()A!9'%%&:!3'0$!Pe!3()AQ!#*!

W?#9?!$?&!$W(!A'#*!:(A'#*0!(3!$?&!2)($&#*!')&!2')$#'%%7!/*3(%:&:E!-/$!#$!2)&0&)6&0!2')$!(3!#$0!'9$#6#$7!

P"'-%&!rC[\!'*:!>9?&A&!rC[\QCsrEsh!

"'-%&!rC[\C!B>8!':(2$&:!3()A0!#*!3/*9$#(*!(3!$?&!2ZCsrEsh!

! *( e(J( e(1( e(N( e(&(

1/;2( @N2'*:&:! e'0$! .()A'%! B'0#9! 8+&:!

$=/6.?4?56(B)(( rEt! uEh! v! [\! J!



"'#%()#*+!,')-(*!.'*($/-&0!1)(2&)$#&0!3()!4&*&!5&%#6&)7!822%#9'$#(*0!

 wu!

!

>9?&A&!rC[\C!,(*3()A'$#(*'%!9?'*+&0!(3!B>8C!<$!9'*!&6(%6&!3)(A!P8Q!$?&!+%(-/%')!*'$#6&!0$)/9$/)&!$(!PBQ!$?&!

3'0$!'*:!P,Q!&N2'*:&:!3()ACsh!

4#6&*! $?&! :#33&)&*9&0! (3! ?7:)(2?(-#9#$7! 0&&*! (*! -($?! 0/)3'9&0! 0$/:#&:! ?&)&E! #$! #0! 2')$#9/%')%7!

#*$&)&0$#*+!$(!'*'%7g&!$?&!3#*'%!9(*3()A'$#(*'%!0$)/9$/)&!-7!W?#9?!$?&!B>8!#0!'$$'9?&:!$(!&'9?!$72&!

(3!0/)3'9&C!"(!:(!0(E!'!9'%9/%/0!(3!'!2)($&#*!A(*(%'7&)!-7!/0#*+!#$0!3(($2)#*$!#0!)&K/#)&:!P"'-%&!rC[[QC!

@'9?!2(00#-%&! 3()A!':(2$&:!-7! $?&!B>8!?'0!X*(W*!:#A&*0#(*0!:&09)#-&:!&%0&W?&)&E! #*9%/:#*+! $?&!

*'$#6&! 3()AE! W?#9?! W'0! A&'0/)&:! -7! A(%&9/%')! :7*'A#90! PI5Q! '*:! :7*'A#9! %#+?$! 09'$$&)#*+!

P5j>QCsrEsh!B($?!A&'0/)&A&*$0!#*9%/:&!$?&!W'$&)!9(*$&*$!(3!$?&!2)($&#*!-7!+#6#*+!$?&!?7:)(:7*'A#9!

:#'A&$&)!P')(/*:![\!*AQC!

"'-%&!rC[[C!B($?!9'%9/%'$&:!3(($2)#*$0!'*:!$?&()&$#9'%!2)($&#*!A'00!$?'$!#0!&N2&9$&:!$(!-&!#AA(-#%#g&:!3()!&'9?!

$72&!(3!B>8!9(*3()A'$#(*C!

! 1(C5=;( J(C5=;( *(C5=;(

J554B=?64(P*ArQ( v\! uh! hs!

$I25=24?0/8(S/..(P*+q9ArQ( [u\! rwv! h\r!

<$! ?'0! $(! -&! 9(*0#:&)&:! $?'$! #$! #0! /*%#X&%7! $(! (-$'#*! '! 3/%%! 9('$#*+! (3! $?&! 2)($&#*! (*! $?&! 0/)3'9&!

-&9'/0&! (3! $?&! 3'9$! $?'$! $?&! 3#)0$! 9(*$'9$! (3! $?&! -#(A(%&9/%&!W#$?! #$! #0! $($'%%7! )'*:(AC! "?&)&3()&E!

-&9'/0&! #$! #0! '*! #))&6&)0#-%&! #*$&)'9$#(*E! 0(A&! :&':! 02($0!A#+?$! -&! 2)(:/9&:E!W?&)&! '*7! 2)($&#*!

W(/%:!-&!'-%&!$(!'99&00C!Z(W&6&)E!$(!'6(#:!$?'$E!$?&!B>8!9(*9&*$)'$#(*!/0&:!#*!$?#0!&N2&)#&*9&!W'0!

?#+?!&*(/+?!$(!&*0/)&!$?&!A'N#A/A!9(6&)'+&!(3!2)($&#*!(*!$?&!A(:#3#&:!0/)3'9&0C!

Z'6#*+! 0'#:! $?'$E! #$! #0! 0$'$#0$#9'%%7!:#33#9/%$! $(!(-$'#*!'!2)($&#*! %'7&)! 3()A&:!A'#*%7!-7!B>8! #*! $?&!@!

3()A! -&9'/0&! #$! W(/%:! A&'*! $?'$! $?&! #AA(-#%#g'$#(*! 7#&%:! (-$'#*&:! (*! -($?! A(:#3#&:! 0/)3'9&0!

P1@,k5!'*:!2%'0A'!+)'3$#*+Q! )&+'):#*+! $?&! $?&()&$#9'%!A'00!9'%9/%'$&:!W(/%:!-&!A/9?! %(W&)! $?'*!

$?&!2)&:#9$&:!+#6&*!#$0!?#+?%7!)&'9$#6&!1eI!9?&A#0$)7C[\E[r!

b*! $?&! 1@,k5JA(:#3#&:! 0/)3'9&0E! $?&! :#33&)&*9&! -&$W&&*! $?&! $?&()&$#9'%! A'00! (-$'#*&:! #3! '! B>8!

A(*(%'7&)!#0!'$$'9?&:!$(!$?&!0/)3'9&!'*:!$?&!'9$/'%!A'00!:&$&9$&:!-7!$?&!=,IJ5!$&9?*(%(+7!#0!(*%7!

#*! #$0! .! 3()A! #0! ')(/*:! h\èC! "?'$! W(/%:! 0/++&0$! $?'$! $?&! )&0$! (3! $?&! A'00! $?'$! W'0! K/'*$#3#&:!

!" #" $"



,?'2$&)!<<!~!>/)3'9&!I(:#3#9'$#(*!-7!1%'0A'!"&9?*#K/&0!

 ww!

&N2&)#A&*$'%%7! 9(/%:! -&! '$$)#-/$&:! $(! W'$&)! 9(*$&*$! (3! $?&! 2)($&#*! %'7&)C! "?#0! 'A(/*$! (3! W'$&)!

$)'22&:! (*! '! 2)($&#*! 9('$#*+! #0! $72#9'%%7! &N2&9$&:! W?&*! 6#09(&%'0$#9! 2)($&#*0! 0/9?! '0! '! A/00&%!

':?&0#6&!2)($&#*! PI&%2J[Q! #0!/0&:Csu!"?#0! #0!*($!$?&!9'0&!W?&*!/0#*+!B>8!3()! #AA(-#%#g'$#(*E!W?#9?!

/0/'%%7! 3()A0! )#+#:! %'7&)0! W#$?! %(W! W'$&)! 9(*$&*$0Crt! "?/0E! $?&0&! )&0/%$0! 0/++&0$! $?'$! $?&! B>8!

/*:&)+(&0!'!9(*3()A'$#(*'%!9?'*+&!W?&*!#$!)&'9$0!W#$?!$?&!221eI!:&2(0#$&:!-7!1@,k5E!A(0$!%#X&%7!

$(! $?&! e! 3()AC! "?&! %')+&!*/A-&)!(3! '99&00#-%&! %70#*&! +)(/20E! $?&!'A#*(!'9#:! #*! 9?')+&!(3! )&'9$#*+!

W#$?!$?&!1eI!%'-#%&!+)(/2!'*:!2)&0&*$!#*!'!%')+&!K/'*$#$7!#*!$?&!B>8!0$)/9$/)&E!A'7!9'/0&!$?&!2')$#'%!

/*3(%:#*+!(3!$?&!2)($&#*!'0!'!)&0/%$!(3!$?&!:#33&)&*$!$&*0#(*0!9)&'$&:!')(/*:!#$0!0$)/9$/)&!:/)#*+!$?&!

#AA(-#%#g'$#(*!2)(9&00Csw!"?#0!2?&*(A&*(*!#0!'%0(!3'6()&:!-7!$?&!?7:)(2?(-#9!*'$/)&!(3!$?&!221eI!

9('$#*+! 2)&6#(/0%7! :#09/00&:E! W?#9?! A'7! #*:/9&! $(! '! 9(*3()A'$#(*'%! 9?'*+&Cw\! B($?! &33&9$0! ')&!

&02&9#'%%7! 9)/9#'%!W?&*!2)($&#*!/*#$0!')&! 3#)0$! #AA(-#%#g&:!(*! $?&!0/)3'9&E!-/$!'0! 0((*!'0!:#33&)&*$!

B>8!A(%&9/%&0!9(6&)!#$E!$?&!?7:)(2?(-#9!3()9&0!:&9)&'0&!$(+&$?&)!W#$?!$?&!3)&&!1eI!+)(/20!'-%&!$(!

#*$&)'9$!W#$?! j70C! <*! $?#0! &*6#)(*A&*$E! $?&! #*$&)'9$#(*! (3! B>8!W#$?! $?&! 0/)3'9&! #0!W&'X&)! '*:! $?&!

/*3(%:#*+!(3!#$0!0$)/9$/)&!#0!%&00!2)(-'-%&E!0(!#*!$?&!&*:!$?&!.!3()A!9'*!-&!#AA(-#%#g&:!'0!W&%%C!"?&!

'6&)'+&!A'00! 9(*0#:&)#*+! $?&! $?&()&$#9'%!A'00! 9'%9/%'$&:! -7! '00/A#*+! $?'$! ?'%3! (3! $?&! 2)($&#*! #0!

#AA(-#%#g&:! #*! #$0! e! 3()A! '*:! $?&! ($?&)! ?'%3! #0! '*9?()&:! #*! #$0! *'$#6&! 0$)/9$/)&! P.! 3)(AQ! #0! r\\!

*+q9ArE!W?#9?!:#33&)0!3)(A!$?&!&N2&)#A&*$'%%7!(-$'#*&:!A'00!-7!(*%7!wèC!"?#0!2&)9&*$'+&!(3!&N$)'!

A'00! A(*#$()&:! -7! $?&! =,IJ5! $&9?*(%(+7! 9'*! -&! '$$)#-/$&:! $(! $?&! W'$&)! 9(*$&*$! (3! $?&! %'7&)E!

A&'*#*+!$?'$!$?&!2)($&#*!9(6&)'+&!(3!$?&!0/)3'9&!#0!*&')!$(!#$0!$($'%#$7C!

80! #$! ?'0! -&&*! 0'#:E! $?&! (-$'#*&:! A'00! (3! #AA(-#%#g&:! B>8! (*! $?&! 0/)3'9&0! A(:#3#&:! -7! 2%'0A'!

+)'3$#*+!W'0!'22)(N#A'$&%7![[w!*+q9ArC!"?#0!6'%/&!#0!%(W&)!$?'*!$?&!$?)&&!9'%9/%'$&:!-7!$?&!:#33&)&*$!

3(($2)#*$0! :&2&*:#*+! (*! $?&! 3()A! #*! W?#9?! B>8! #0! '$$'9?&:! $(! $?&! 0/)3'9&! P"'-%&! rC[[QE! W?#9?!

9(*3#)A0! $?'$! $?&!:&*0#$7! (3! '9$#6&! 0#$&0! #0! %(W&)! $?'*! $?&! 3()A&:!-7!1@,k5C! e()! $?'$! )&'0(*E! $?&!

'A(/*$!(3! #AA(-#%#g&:!2)($&#*!:(&0!*($!9(6&)!$?&!&*$#)&!0/)3'9&C!Z(W&6&)E!$?&!'$$'9?A&*$!(3!$?&!

B>8!#*!e!()!@!3()A!#0!)/%&:!(/$!-7!$?&!%(W!7#&%:!$?'$!$?&!+1eI!)&'9$#6#$7!W(/%:!(33&)C!<*!$?'$!9'0&E!#$!

9'*! -&! '00/A&:! $?'$! $?&! B>8! #0! #AA(-#%#g&:! $(! $?&! 0/)3'9&! #*! #$0! *'$#6&! 9(*3()A'$#(*C! "?&! %&00!

?7:)(2?(-#9!&*6#)(*A&*$! $?'$! $?&!2%'0A'!+)'3$#*+!9(*3&)0! $(! $?&!A(:#3#&:! 0/)3'9&!A'7! 3'6()! $?#0!

-&?'6#()E!'%0(!9'/0#*+!'!A()&!6#09(&%'0$#9!%'7&)!9'2'-%&!(3!$)'22#*+!'!+)&'$&)!'A(/*$!(3!W'$&)!(*!#$0!

0$)/9$/)&E! '0! ?'0! -&&*! 2)&6#(/0%7! :&A(*0$)'$&:C! Z(W&6&)E! -&9'/0&! $?&! 6'%/&! (3! $?&! *'$#6&! B>8!

)':#/0! W'0! (-$'#*&:! -7! 5j>! '*:! 0(! $?&! 0(%6'$#*+! W'$&)! ')(/*:! $?&!A(%&9/%&! W'0! '%0(!A&'0/)&:!

P?7:)(:7*'A#9!:#'A&$&)QE!$?&!:#33&)&*9&!9(/%:!-&!:/&!$(!$?&!)&'%!'A(/*$!(3!$)'22&:!W'$&)!(*!$?&!

2)($&#*!%'7&)E!W?#9?!0&&A0!$(!-&!?#+?&)!9(*0#:&)#*+!$?&!6#09(&%'0$#9#$7!0?(W*C!Z(W&6&)E!#$!A#+?$!-&!

2%'/0#-%&!$?'$!B>8!A#+?$!0/33&)!'!:&3()A'$#(*!(3! #$0!*'$#6&!0$)/9$/)&!W#$?(/$!)&0/%$#*+! #*!'!*($'-%&!



"'#%()#*+!,')-(*!.'*($/-&0!1)(2&)$#&0!3()!4&*&!5&%#6&)7!822%#9'$#(*0!

 ws!

9(*3()A'$#(*'%! 9?'*+&! W?&*! #$! '22)('9?&0! $(! $?&! A(:#3#&:! 0/)3'9&C! <3! 0(E! $?&! 3(($2)#*$! /0&:! $(!

9'%9/%'$&! $?&! $?&()&$#9'%! A'00! W(/%:! *($! 3/%%7! ':i/0$! $(! $?&! )&'%! :#A&*0#(*0! :/)#*+! $?&!

#AA(-#%#g'$#(*!2)(9&00C!!

"?&)&3()&E! $?&! /0&! (3! &'9?! 0/)3'9&JA(:#3#9'$#(*! $&9?*#K/&! 9'*! -&! /0&:! :&2&*:#*+! (*! #$0! 3#*'%!

'22%#9'$#(*E!)&+'):#*+!$?&!'A(/*$!(3!2)($&#*!#AA(-#%#g&:!(*!#$!'*:!#$0!9(*3()A'$#(*!0$)/9$/)&!!

PFOFQF "@4/?6?6:(N?5/04?E2(+<=C/02.(@>(*6]>;2(,;;5@?8?]/4?56(

<$! ?'0! -&&*! :&A(*0$)'$&:! $?'$! &'9?! $&9?*#K/&! (33&)0! :#33&)&*$! 2)(2&)$#&0! $(! $?&! 3#*'%! 2)($&#*!

A(*(%'7&)E! :&2&*:#*+! (*! $?&! 9)/9#'%! 3/*9$#(*! $?'$! $?&! -#(A'$&)#'%! #0! '0X&:! $(! :&6&%(2C! <3! 3/%%!

9(6&)'+&! (3! $?&! 0/)3'9&! #0! *&&:&:! '*:! $?&! '9$#6#$7! (3! $?&! -#(A'9)(A(%&9/%&! #AA(-#%#g&:! #0! *($!

#A2()$'*$E! $?&*! 1@,k5! W(/%:! -&! $?&! 2)&3&))&:! (2$#(*C! b*&! 9%&')! &N'A2%&! W(/%:! -&! W?&*! '!

9?&A#9'%!%#*X&)!W'*$0!$(!-&!'$$'9?&:!#*!'!?#+?!:&*0#$7!(*!'!0/)3'9&E!'0!#$!W#%%!-&!:#09/00&:!#*!,?'2$&)!

<<<C!<*!0/9?!9'0&E!'!1@4J'A#*&!A(%&9/%&!#0!#AA(-#%#g&:!(*!$?&!,."0!0/)3'9&!106!$?&!1eI!3/*9$#(*'%#$7!

2)&6#(/0%7!:&2(0#$&:!-7!1@,k5C!Z(W&6&)E!2%'0A'!+)'3$#*+!W(/%:!-&!A()&!0/#$'-%&!W?&*!-#('9$#6&!

2)($&#*0!()!A(%&9/%&0!0/9?!'0!&*g7A&0!?'6&!$(!-&!#AA(-#%#g&:!W#$?(/$!0/33&)#*+!'*7!9(*3()A'$#(*'%!

9?'*+&0C! Z&*9&E! #*! $?&! 2)(:/9$#(*! (3! -#('9$#6&! 0/)3'9&0E! W?&)&! $?&! '9$#6#$7! (3! $?&! '$$'9?&:!

-#(A(%&9/%&! 2%'70! '! 9)/9#'%! )(%&! #*! $?&! 3#*'%! '22%#9'$#(*E! 2%'0A'! +)'3$#*+! ?'22&*0! $(! -&! $?&!A(0$!

0/#$'-%&!(2$#(*!+#6&*!$?&!2)(2&)$#&0!$?'$!(33&)0!'0!&')%7!:#09/00&:!P"'-%&!rC[rQ!

"'-%&!rC[rC!4&*&)'%!2)(2&)$#&0!(3!$?&!$W(!A(:#3#9'$#(*!$&9?*#K/&0E!1@,k5!'*:!2%'0A'!+)'3$#*+C!!

( A=5B2=4?2.( A*#G!( A8/.;/(D=/C4?6:(

S59?C?29(
+<=C/02(

"@4/?629(#5/4?6:(

1/4<=2(

%5<:I62..(b7ec(

221eI!$?#*!3#%A!
Z7:)(2?(-#9!
rvCs!*A!

+1eI!-)/0?&0!
Z7:)(2?#%#9!
[[Cu!*A!

A=542?6(
'/>2=(

&44/0I29(;/..(

N+&(J5=;(/60I5=29(

[/42=(0564264((

1/4<=2(

r[\!*+q9Ar!
e!y!.!e()A!

j(W!
;#+#:!

[[w!*+q9Ar!
.!e()A!
Z#+?!

I()&!6#09(&%'0$#9!

!

"?#0!0$/:7!0&&X0!$(!9(*3#)A!$?'$!$?&!-#(A'9)(A(%&9/%&!(3!#*$&)&0$!)&A'#*0!'9$#6&!(*9&!'$$'9?&:!(*!

+1eIJA(:#3#&:!0/)3'9&0C!e()!$?#0!)&'0(*E!$?&!#AA(-#%#g'$#(*!(3!$?&!&*g7A&![EhJ[EuJ!J+%/9'*'0&!P4%*Q!

W'0!2&)3()A&:!'*:!#$0!'9$#6#$7!(*9&!'*9?()&:!W'0!K/'*$#3#&:C!"?#0!&*g7A&!(33&)0!'!?#+?!$?&)A'%!'*:!



,?'2$&)!<<!~!>/)3'9&!I(:#3#9'$#(*!-7!1%'0A'!"&9?*#K/&0!

 wt!

2Z!0$'-#%#$7E!A'X#*+!#$!$?&!2&)3&9$!9'*:#:'$&!$(!-&!/0&:!'0!'!2)((3!(3!9(*9&2$!3()!$?&!2)(:/9$#(*!(3!

-#('9$#6&!0/)3'9&0!-7!$?#0!A&$?(:CssEst!e/)$?&)A()&E!-&9'/0&! #$!2)&0&*$0!'!0$)#9$!02&9#3#9#$7! $(W'):0!

$?&! !J[Eh! '*:! !J[Eu! -(*:0! #*! $?&! !J+%/9'*&! 0$)/9$/)&E! #$! -&9(A&0! (3! '! )&A')X'-%&! 6'%/&! #*! 3((:!

$&9?*(%(+7!'22%#9'$#(*0C!!

"?#0!&*g7A&E!*($!(*%7!A&&$0!$?&!:&09)#-&:!':6'*$'+&0E!-/$!'%0(!2(00&00&0!'*!#*$&)&0$#*+!0$)/9$/)&E!

W?#9?! %&'6&0! #$0! '9$#6&! 9&*$)&! &N2(0&:! (*9&! #AA(-#%#g&:! (*! $?&! +1eIJA(:#3#&:! 0/)3'9&0C! 8!

A(%&9/%')!:7*'A#9!0$/:7! P4)(A'90!6CuC\Q!9'))#&:!(/$!-7! $?&!j'-()'$()7!(3!B#(9?&A#0$)7!'$! #/4505;5%

h;i80>%=2%Z6330j! P<=>Q!)&6&'%&:!$?'$! $?&! %70#*&!+)(/20!2)&0&*$! #*! $?&![EhJ[EuJ!J+%/9'*'0&!0$)/9$/)&!

$?'$! '9$! '0! $?&! %#*X#*+! 0#$&0E! ')&!A'#*%7! %(9'$&:! #*! $?&! (22(0#$&! 0#:&! (3! $?&! '9$#6&! 9&*$)&! P>9?&A&!

rC[[8QC!"?&)&3()&E! $?&!'9$#6&!2')$!(3! $?&!&*g7A&!)&A'#*0!'99&00#-%&! 3()! $?&! 0/-0$)'$&E!'6(#:#*+! #$0!

#*'9$#6'$#(*E! '0! #$! #0! 2)&0&*$&:! #*! >9?&A&! rC[[BC! e/)$?&)A()&E! #$! #0! &*0/)&:! $?'$! $?&! 'A#*(! '9#:!

)&0#:/&0!&00&*$#'%!3()!$?&!9'$'%7$#9!'9$#6#$7!')&!*($!#*6(%6&:!#*!$?&!9(6'%&*$!%#*X'+&!$(!$?&!0/22()$C!!

!

>9?&A&!rC[[C![EhJ[EuJ!J+%/9'*'0&!0$)/9$/)&!'*:!#AA(-#%#g'$#(*C!P8Q!I(:&%!(3!$?&![EhJ[EuJ!J+%/9'*'0&!0$)/9$/)&!

(-$'#*&:!-7!A(%&9/%')!:7*'A#90E!0?(W#*+!$?&!'9$#6&!9&*$&)!P()'*+&Q!'*:!$?&!'99&00#-%&!%70#*&0!P-%/&QC!PBQ!

1(00#-%&!'-0()2$#(*!(3!$?&!&*g7A&!j'A8E!W#$?!0#A#%')!0$)/9$/)&!'0!$?&!&*g7A&!0$/:#&:!?&)&E!W?&)&!$?&!'9$#6&!

9&*$&)!-&9(A&0!#*'99&00#-%&!3()!$?&!0/-0$)'$&!9'*!-&!'6(#:&:Css!!

"?&!'$$'9?A&*$!(3!&*g7A&0!$(!$?&!'22)(2)#'$&!0/)3'9&!&*0/)&0!$?'$!$?&7!0$'7!W?&)&!$?&#)!'9$#6#$7!#0!

)&K/#)&:C! "?#0! #AA(-#%#g'$#(*! &*?'*9&0! $?&! 9(*9&*$)'$#(*! '$! $?&! 2)(2&)! %(9'$#(*! '*:! #$! A'7! '%0(!

2)($&9$!$?&!&*g7A&!3)(A!-&#*+!:&0$)(7&:C!"?/0E!'9?#&6#*+!'!0$'-%&!%#*X'+&!-&$W&&*!$?&!&*g7A&!'*:!

$?&!0/-0$)'$&!?'0!-&9(A&!#*9)&'0#*+%7!#*$&)&0$#*+!3()!#$0!$&9?*#9'%!/$#%#$7!#*!$?&!-#($&9?*(%(+7!3#&%:Csv!

`692=.4/69?6:(4I2(MdO-MdQ-!-D8<0/6/.2(,;;5@?8?]/4?56(

1%'0A'J+)'3$#*+! A(:#3#9'$#(*! $&9?*#K/&! 3/%3#%%0! $?&! )&K/#)&A&*$0! :#09/00&:! -&3()&! $?&)&3()&! 1>!

0&*0()0!W&)&!/0&:C!8+'#*E!=,IJ5!$&9?*(%(+7!'%%(W&:!$?&!'*'%70#0!(3!$?&!#*$&)'9$#(*!(3!$?&![EhJ[EuJ

!J+%/9'*'0&!'*:!$?&!1eIJ+)'3$&:!1>C!>'A&!2)($(9(%!-'0#0!'22%#&:!3()!$?&!B>8!#AA(-#%#g'$#(*!0$/:#&0!

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

!""%++,-.%&/0+&

!& 1&



"'#%()#*+!,')-(*!.'*($/-&0!1)(2&)$#&0!3()!4&*&!5&%#6&)7!822%#9'$#(*0!

 wv!

2&)3()A&:! -&3()&! W&)&! 9'))#&:! (/$! W#$?! $?&! &*g7A&! (3! #*$&)&0$C! "?&! *(*J02&9#3#9! #*$&)'9$#(*!

$(W'):0!$?&!1>!0&*0()!W'0!'%0(!$&0$&:!Pe#+/)&!rC[hCQC!

<*!$?&!$W(!9'0&0E!$?&!0&*0()!W'0!0$'-%&!:/)#*+!$?&!-'0&%#*&!W#$?!2?(02?'$&!-/33&)!P1?BQE!W?#%&!-($?!

2')'A&$&)0E! :#00#2'$#(*! '*:! &02&9#'%%7! 3)&K/&*97E! 0#+*#3#9'*$%7! 9?'*+&:! W?&*! $?&! [EhJ[EuJ!J

+%/9'*'0&! 9(A&0! #*! 9(*$'9$! W#$?! $?&! 0/)3'9&C! Z(W&6&)E! (*%7! 0/-$%&! 9?'*+&0! #*! íU! W&)&! '+'#*!

(-0&)6&:E!A&'*#*+! $?'$! $?&! 3()A&:! %'7&)!W'0! )#+#:C! e()! $?&!*(*JA(:#3#&:! 0&*0()E! $?&!:&9)&'0&! #*!

3)&K/&*97! W'0! 0A(($?! '*:! A(:&0$! 9(A2')&:! $(! $?&! +1eIJ$)&'$&:! 0/)3'9&C! <*! $?&! 3()A&)E! $?&!

3)&K/&*97!W'0!0$'-#%#g&:!')(/*:!Jw!Zg!W?&)&'0!#$!)&'9?&:!J[w!Zg!3()!$?&!A(:#3#&:!0&*0()C!"?#0!)&0/%$!

0/++&0$0! $?'$! $?&!&*g7A&!9%&')%7! 0?(W0!'!?#+?&)!'33#*#$7! $(! $?&!1eI!-)/0?&0! $?'*! $(! $?&!-')&!1>C!

.(*&$?&%&00E! $?&! /*02&9#3#9! ':0()2$#(*! (3! $?&! [EhJ[EuJ!J+%/9'*'0&! $(! $?&! 1>! 9'**($! -&! &*$#)&%7!

)&A(6&:!W#$?!$?#0!2)($(9(%E!:&02#$&!-&#*+!&33&9$#6&!3()!$?&!B>8E!'*:!$?&!'A(/*$!':0()-&:!?'0!$(!-&!

$'X&*!#*$(!'99(/*$!3()!3/)$?&)!=,IJ5!K/'*$#3#9'$#(*0C!

!

e#+/)&!rC[hC!=,IJ5!&6(%/$#(*!(3!$?&!&*g7A&!3)(*$!$?&!+1eIJA(:#3#&:!0&*0()C!e)&K/&*97!PíOQ!'*:!:#00#2'$#(*!

PíUQ!0?#3$!'0!3/*9$#(*!(3!$#A&!(3!$?&![EhJ[EuJ!J+%/9'*'0&!#AA(-#%#g'$#(*!9'))#&:!(/$!(*!'!+2eI!A(:#3#&:!0&*0()!

P/22&)!2%($Q!'*:!$?&!-')&!1>!0&*0()!P%(W&)!2%($QC!

"(!9(*3#)A! $?&! )#+#:#$7!(3! $?&!(-$'#*&:!&*g7A'$#9! %'7&)E! $?&!:#00#2'$#(*!&*&)+7! PíUQ!'0! 3/*9$#(*!'0!

$?&!':?&)&:!A'00!PíOQ!(*!-($?!+1eIJ$)&'$&:!'*:!*(*JA(:#3#&:!0&*0()0!W'0!'*'%7g&:!Pe#+/)&!rC[u8QC!!

0 20 40 60 80
-25

-20

-15

-10

-5

0

5

-2.0
-1.5
-1.0
-0.5
0.0
0.5
1.0
1.5
2.0

t (min)

!
f (

H
z)

!D
 (10

-6)

0 20 40 60 80
-25

-20

-15

-10

-5

0

5

-2.0
-1.5
-1.0
-0.5
0.0
0.5
1.0
1.5
2.0 Frequency (Hz)

Dissipation (10-6)

t (min)

!
f (

H
z)

!D
 (10

-6)

!"
#$
$$$
$$$
$$$
$

%&'(%&)(*(+,-./0/12$
$$$$$$$$$$$

!"#$ 343$ !"#$



,?'2$&)!<<!~!>/)3'9&!I(:#3#9'$#(*!-7!1%'0A'!"&9?*#K/&0!

 wx!

!

e#+/)&!rC[u!k#09(&%'0$#9!2)(2&)$#&0!(3!$?&!#AA(-#%#g&:!&*g7A'$#9!%'7&)C!P8Q!@6(%/$#(*!(3!$?&!ìUqìO%)'$#(E!

0?(W#*+!'!?#+?&)!#*9)&'0&!#*!$?&!6#09(&%'0$#9!2)(2&)$#&0!2&)!A'00!/*#$!(3!&*g7A&!'$$'9?&:!(*!$?&!+1eIJ

A(:#3#&:!0/)3'9&!$?'*!W?&*!#0!':?&)&:!-7!/*02&9#3#9!#*$&)'9$#(*0C!PBQ!e#*'%!ìUqìO%)'$#(!6'%/&!9(*3#)A&:!$?'$!

$?&!&*g7A'$#9!%'7&)!3()A&:!-7!9(6'%&*$!#AA(-#%#g'$#(*!W'0!A()&!)#+#:!'*:!$?/0!?':!%(W&)!W'$&)!9(*$&*$C!

"?#0!2%($!)&6&'%0!$?'$!$?&!9(6'%&*$!'$$'9?A&*$!(3!$?&!&*g7A&!$?(/+?!$?&!1eI!-)/0?&0!%&:!$(!'!%&00!

6#09(&%'0$#9E! $?/0! A()&! )#+#:E! %'7&)! $?'*! $?&! 3()A&:! :/&! $(! /*02&9#3#9! #*$&)'9$#(*0! W#$?! $?&! 1>!

0/)3'9&C!"?#0!-&?'6#()!W'0!9(*3#)A&:!-7!$?&!3#*'%!6'%/&!(3!$?&!íUqíO%)'$#(!Pe#+/)&!rC[uBQ!W?&)&!$?&!

&*g7A'$#9!9('$#*+!W'0!0#+*#3#9'*$%7!A()&!)#+#:!3()!$?&!+1eIJA(:#3#&:!0&*0()E!)&0/%$#*+!#*!'!%'7&)!W#$?!

%(W&)!W'$&)!9(*$&*$C!

80!2)&6#(/0%7!:(*&!3()!$?&!B>8!'$$'9?A&*$!0$/:#&0!'*:!-&9'/0&!$?&!3()A&:!&*g7A'$#9!%'7&)!9(/%:!-&!

9(*0#:&)&:!)#+#:E!$?&!3#*'%!':?&)&:!A'00!W'0!K/'*$#3#&:!-7!/0#*+!@K/'$#(*!rChC!e/)$?&)A()&E!$?&![EhJ

[EuJ!J+%/9'*'0&L0! 3(($2)#*$!W'0! '9K/#)&:! 3)(A! $?&!Uc! 6'%/&!A&'0/)&:! -7! 5j>! '*:! $?&! $?&()&$#9'%!

A'00!(3!'![EhJ[EuJ!J+%/9'*'0&!':?&)&:!A(*(%'7&)!W'0!9'%9/%'$&:C!8%$(+&$?&)!')&!2)&0&*$&:!#*!"'-%&!

rC[hC! 8*7! 9(*3()A'$#(*'%! 9?'*+&0! $?'$! $?#0! &*g7A&! A'7! 0/33&)! ')&! 0$#%%! /*X*(W*E! $?/0! $?&!

$?&()&$#9'%!K/'*$#3#9'$#(*!W'0!9'))#&:!(/$!9(*0#:&)#*+!'0!#3!#$!W'0!#AA(-#%#g&:!#*!#$0!*'$#6&!0$)/9$/)&C!

"?&! 'A(/*$! (3! [EhJ[EuJ!J+%/9'*'0&! 9(6'%&*$%7! '$$'9?&:! $(! $?&! 1>! 0&*0()! A(:#3#&:! W#$?! 1eI! -7!

2%'0A'!+)'3$#*+E!W'0!'22)(N#A'$&%7!rs\!*+q9ArE!W?&)&'0!$?&!-')&!1>!W'0!'-%&!$(!':?&)&!')(/*:!v\!

*+q9ArC! "?#0! %'0$! )&0/%$! 9(*3#)A0! $?'$! $?&! >5>! 9%&'*#*+!W'0! *($! &*(/+?! $(! )&A(6&! $?&! /*02&9#3#9!

'$$'9?&:!&*g7A&!(*!'!1>!0/-0$)'$&E!W?#9?!W'0!*($!'!0/)2)#0#*+!-&?'6#()!:/&!$(!$?&!?#+?!'33#*#$7!$?'$!

$?#0! $72&! (3! &*g7A&0! ?'6&! (*! ?7:)(2?(-#9! 0/)3'9&0Css! Y(/$0(2(/%(0! 25% 6<C! '9?#&6&:! $?&!

#AA(-#%#g'$#(*! (3! '! [EhJ[EuJ!J+%/9'*'0&! &*g7A&! P&*:(J[EhJ!J+%/9'*'0&Q! (*! '! ?#+?%7! ?7:)(2?(-#9!

0/)3'9&!0/9?!'0!"&3%(*!#*!'!tvè!(3!0/)3'9&!9(6&)'+&!'*:!2)(6&:!$?'$!$?&!#*$&)'9$#(*!$(!$?#0!0/-0$)'$&!

W'0!#))&6&)0#-%&C!"?&)&3()&E!#$!9(/%:!-&!&N2&9$&:!$(!(-$'#*!'!*(*J02&9#3#9!'*:!2&)A'*&*$!':?&0#(*!(3!

$?&![EhJ[EuJ!J+%/9'*'0&!'%0(!(*!$?&!1>!0/-0$)'$&0!/0&:!#*!$?#0!0$/:7C!.&6&)$?&%&00E!?(W!$?&!'9$#6#$7!

Bare PS PS-gPFM
0

5

10

15

20

25

!D
7/!

f 7 (
10

-8
 H

z-1
)

-5-4-3-2-10
0.0

0.2

0.4

0.6

0.8 PS
PS-gPFM

!f7 (Hz)

!
D

7 (1
0-6

) 
!" #"



"'#%()#*+!,')-(*!.'*($/-&0!1)(2&)$#&0!3()!4&*&!5&%#6&)7!822%#9'$#(*0!

 s\!

(3!$?#0!'$$'9?&:!&*g7A&!9(/%:!-&!'33&9$&:!?'0!$(!-&!'*'%7g&:C!<*!$?&!2)&9&:#*+!Y(/$0(2(/%(0L!W()XE!

$?&!2)&0&*9&!(3!/*0$)/9$/)&:!:(A'#*0!(3!$?&!&*:(J[EuJ!J+%/9'*'0&!W'0!:&$&9$&:!(*9&!#AA(-#%#g&:!

(*!$?&#)!"&3%(*!0/)3'9&0E!?&*9&!#$0!'9$#6#$7!A'7!?':!-&&*!9%&')%7!'%$&)&:C!

"'-%&!rC[hC!k'%/&0!3()!$?&!K/'*$#3#9'$#(*!(3!#AA(-#%#g&:!&*g7A&C!Z7:)(:7*'A#9!:#'A&$&)!(3!$?&![EhJ[EuJ!J

+%/9'*'0&!A&'0/)&:!-7!5j>E!$?&!0/-0&K/&*$!6'%/&!3()!#$0!3(($2)#*$E!'*:!$?&!$?&()&$#9'%!'*:!&N2&)#A&*$'%%7!

(-$'#*&:!A'00!(3!'![EhJ[EuJ!J+%/9'*'0&!':?&)&:!A(*(%'7&)!(*!-($?E!$)&'$&:!P1>J+1eIQ!'*:!*'p6&!P1>Q!0&*0()0C!

<F(
P*AQ(

J554B=?64(
P*ArQ(

$I25=24?0/8(S/..(
P*+q9ArQ(

A+-:AJS(
P*+q9ArQ(

A+(
P*+q9ArQ(

uCv! [v! r[t! rs\! v\!

C!

,(*0#:&)#*+!$?&!A'00!(3!$?#0!/*02&9#3#9!':?&)&:![EhJ[EuJ!J+%/9'*'0&!(*!$?&!1>!0&*0()!'0!$?&!-'0&%#*&!

'*:! 0/-$)'9$#*+! #$! 3)(A! $?&! rs\! *+q9Ar! (3! &*g7A&! 9(6'%&*$%7! '$$'9?&:! (*! $?&! +1eIJA(:#3#&:!

0/)3'9&E!$?&!3#*'%!'A(/*$!(3!#AA(-#%#g&:![EhJ[EuJ!J+%/9'*'0&!W'0!9'%9/%'$&:!$(!-&![v\!*+q9ArC!>/9?!

6'%/&!:#33&)&:!-&$W&&*!r\!'*:!rwè!3)(A!$?&! $?&()&$#9'%!A'00!(-$'#*&:E!A&'*#*+! $?'$! $?&!2%'0A'!

+)'3$#*+!$&9?*#K/&!W'0!'-%&!$(!#AA(-#%#g&!')(/*:!v\Jvwè!(3!$?&![EhJ[EuJ!J+%/9'*'0&C!"?&0&!)&0/%$0!

')&! 9(*0#0$&*$!W#$?! #AA(-#%#g'$#(*! )'$&!(-$'#*&:! #*! 2)&6#(/0! 0$/:#&0!W#$?! $?&!B>8E! #%%/0$)'$#*+! $?&!

?(A(+&*&#$7!(3!$?#0!A(:#3#9'$#(*!'*:!$?&!'22%#9'-#%#$7!$(!:#33&)&*$!X#*:!(3!2)($&#*0C!

+<=C/02(S59?C?0/4?56(5C(4I2(+<@.4=/42.(&6/8>.?.(

>/)3'9&!A(:#3#9'$#(*!(3!3%'$!0/)3'9&0!?'0!-&&*!9(AA(*%7!&A2%(7&:!:/&!$(!#$0!&'0#*&00!'*:!'0!'!2)((3!

(3!9(*9&2$C!Z(W&6&)E!$?&!A(:#3#9'$#(*!(3!02?&)#9'%!2')$#9%&0!?'0!-&&*!9(*0#:&)&:!+#6&*!$?&!#*:/0$)#'%!

'22%#9'$#(*!$?'$!$?#0!A&$?(:(%(+7!A'7!)&*:&)C!"?&0&!$72&0!(3!A'$&)#'%!&N?#-#$!'!?#+?!02&9#3#9!0/)3'9&!

')&'E! W?#9?! A'X&! $?&A! #:&'%! $(! -&! /0&:! #*! -#()&'9$()0! '*:! 9(/%:! &'0#%7! -&! 0&2')'$&:! 3)(A! $?&!

)&'9$#(*! A&:#'Csx! "?&)&3()&E! 1>! -&':0! P1>-Q! W&)&! A(:#3#&:! W#$?! 1eI! -7! $?&! 2%'0A'! +)'3$#*+!

'22)('9?!'$!$?&!2)&6#(/0%7!(2$#A#g&:!'*:!'*'%7g&:!9(*:#$#(*0C!

83$&)! $?&!1eI!+)'3$#*+E! 1>J+1eI! 0/-0$)'$&0!W&)&! 3/*9$#(*'%#g&:!W#$?! e">,C! e#+/)&! rC[w! 0?(W0! $?&!

$)'9X#*+!(3!$?#0!#AA(-#%#g&:!3%/()&09&*$!A(%&9/%&C!+1eIJA(:#3#&:!1>!-&':0!&N?#-#$&:!?(A(+&*&(/0!

3%/()&09&*9&!')(/*:!$?&!02?&)#9'%!0/)3'9&!Pe#+/)&!rC[wBQE!#*!9(*$)'0$!$(!$?&!-')&!1>-!0'A2%&0!Pe#+/)&!

rC[wB8QC!Z&*9&E!$?&!$&9?*(%(+7!:&6&%(2&:!#*!$?#0!W()X!$(+&$?&)!W#$?!$?&!)&'9$()!/0&:!#0!'-%&!$(!'%0(!

2)(:/9&!)&'9$#6&!02?&)#9'%!2')$#9%&0!106!$?&!1eI!+)'3$#*+!(*!#$0!0/)3'9&C!!



,?'2$&)!<<!~!>/)3'9&!I(:#3#9'$#(*!-7!1%'0A'!"&9?*#K/&0!

 s[!

!

e#+/)&!rC[wC!;&'9$#6#$7!(3!$?&!+1eIJA(:#3#&:!1>!-&':0C!e%/()&09&*9&!#A'+&!(3!$?&!P8Q!-')&!1>!-&':0!'*:!PBQ!

$?&!1>J+1eI!'3$&)!#*9/-'$#*+!W#$?!$?&!3%/()&09&*$!:7&!e">,C!

^</64?C?0/4?56(5C(4I2(,;;5@?8?]29(*6]>;2(56(4I2(:AJS-S59?C?29(+<@.4=/42.(

83$&)! $?&! #AA(-#%#g'$#(*! 0$/:#&0!(3! $?&! [EhJ[EuJ!J+%/9'*'0&!(*! +1eIJ$)&'$&:! 3%'$! 0/)3'9&0! '*:! $?&!

9())(-()'$#(*!(3!$?&!0/99&003/%!A(:#3#9'$#(*!'%0(!(*!1>!-&':0E!$?&!'$$'9?A&*$!(3!$?&!&*g7A&!(*!$?&!

*&W! A(:#3#&:! 02?&)#9'%! 0/-0$)'$&! W'0! '*'%7g&:C! >/-0$)'$&0! W&)&! #*9/-'$&:! W#$?! $?&! &*g7A&! '$!

:#33&)&*$! $#A&0! P3)(A! \! $(! r! ?Q! '*:! $?&! &*g7A&! )&A'#*#*+! #*! $?&! 0(%/$#(*! W'0! K/'*$#3#&:! -7! $?&!

B)':3():!A&$?(:C!"?/0E!-7!A&'0/)#*+!$?&![EhJ[EuJ!J+%/9'*'0&!*($!-(/*:!(*!$?&!1>J+1eI!-&':0E!$?&!

K/'*$#$7!(3!#AA(-#%#g&:!&*g7A&!9(/%:!-&!:&$&)A#*&:!'*:!2%($$&:!#*!3/*9$#(*!(3!$#A&!Pe#+/)&!rC[sQC!!

!

e#+/)&!rC[sC!<AA(-#%#g&:![EhJ[EuJ!J+%/9'*'0&!(*!$?&!1>J+1eI!-&':0!#*!3/*9$#(*!(3!$?&!#*9/-'$#(*!$#A&C!

"?&!t\è! Pr[\!*IQ!(3! $?&!'::&:![EhJ[EuJ!J+%/9'*'0&!W'0! #AA(-#%#g&:!'3$&)![!?!(3! #*9/-'$#(*E!'*:!

(*%7!'!wè!A()&!(3!&*g7A&!W'0!'$$'9?&:!'3$&)!'!$($'%!$#A&!(3!r!?C!Y*(W#*+!$?&!0/)3'9&!')&'!(3!$?&!1>!

-&':0! P>81>Q! $?'$!W'0! 9'%9/%'$&:! '*:! $?&! $($'%! 'A(/*$! (3! /0&:!2')$#9%&0!W'0! 9(*0#:&)&:E! $?&! 3#*'%!

0/)3'9&!P>8$($'%Q!')&'!W?&)&!$?&![EhJ[EuJ!J+%/9'*'0&!9(/%:!-&!'$$'9?&:!W'0!&0$#A'$&:!P"'-%&!rC[uQC!!

!""#$%#

!" #"

0 20 40 60 80 100 120
0

100

200

300

tincubation (min)

Im
m

ob
ili

ze
d 

en
zy

m
e 

(n
M

)



"'#%()#*+!,')-(*!.'*($/-&0!1)(2&)$#&0!3()!4&*&!5&%#6&)7!822%#9'$#(*0!

 sr!

"'-%&!rC[uC!5'$'!$(!9'%9/%'$&!$?&!A'00!(-$'#*&:!'3$&)!$?&![EhJ[EuJ!J+%/9'*'0&!'*:!$?&!1>!-&':0!')&!#*9/-'$&:!

3()![?!PI'00![!?Q!()!r!?!PI'00!r!?Q!

+&A+(
PAArQ(

A+(@2/9.(
<6?4.(

+&454/8(

P9ArQ(
S/..(M(I(
P*+q9ArQ(

S/..(P(I(
P*+q9ArQ(

$I25=24?0/8(S/..(
P*+q9ArQ(

rCw! w\\! [rCt! [xv!ê!s! r[t!ê!r\! r[t!

"?&0&! )&0/%$0! 0?(W&:! $?'$! $?&! $($'%! 9(6&)'+&! (3! $?&! 1>-J+1eI! '3$&)! r! ?! (3! #*9/-'$#(*! W'0!

'99(A2%#0?&:! P"'-%&! rC[uQC! "?&! A'00! (3! [EhJ[EuJ!J+%/9'*'0&! 9(6'%&*$%7! '$$'9?&:! (*! $?&! 2')$#9%&!

0/-0$)'$&0!3#$!W#$?!$?&!$?&()&$#9'%!A'00!9'%9/%'$&:!-&3()&!3()!$?&!=,IJ5!'*'%70#0E!'00/A#*+!$?'$!'*!

&*g7A&!A(*(%'7&)!W'0! #AA(-#%#g&:C!"?&)&3()&E!*($!(*%7!$?&!$($'%! #AA(-#%#g'$#(*!(3!$?&![EhJ[EuJ!J

+%/9'*'0&!(*!$?&!1>-!-/$!'%0(!$?&!'9?#&6&A&*$!(3!'!?(A(+&*&(/0!'*:!9(A2%&$&!A(:#3#9'$#(*!9(/%:!

-&!)&'33#)A&:C!

"?&!:#33&)&*9&!(-0&)6&:!W#$?!$?&!=,IJ5!'*'%70#0E!W?&)&!$?&!&*g7A&!9(6&)#*+!W'0!')(/*:!v\Jvwè!

3)(A! $?&! $?&()&$#9'%! A'00! 9'%9/%'$&:E! 9'*! -&! '$$)#-/$&:! $(! $?&! &N2&)#A&*$'%! :#33&)&*9&0! (3! &'9?!

2)(9&:/)&C!e()!$?&!=,IJ5!'00'7E!'!9(*0$'*$!3%(W!(3!&*g7A&!0(%/$#(*!2'00&:!$?)(/+?!$?&!A(:#3#&:!

0/)3'9&!'*:!'!)'*:(A!#*$&)'9$#(*!W#$?!$?&!1eI!#0!A()&!%#X&%7!$(!(99/)C!b*!$?&!($?&)!?'*:E!W?&*!$?&!

[EhJ[EuJ!J+%/9'*'0&! W'0! #*9/-'$&:! W#$?! $?&! +1eIJ$)&'$&:! 1>! -&':0E! $?&! &*g7A&! )&A'#*&:! #*!

0(%/$#(*!W#$?!$?&!0/-0$)'$&0! 3()! %(*+&)!$#A&0C! <*!0/9?!9(*:#$#(*0E! $?&! #*$&)'9$#(*!&*g7A&J0/-0$)'$&!

'*:! $?/0! $?&! 9'2'9#$7! (3! )&'9$#*+! 9'*! -&! 0#+*#3#9'*$%7! #*9)&'0&:E! &02&9#'%%7! 3()! 0A'%%!

-#(A'9)(A(%&9/%&0! %#X&! $?&! [EhJ[EuJ!J+%/9'*'0&C! e/)$?&)A()&E! #*! $?&! =,IJ5! A&$?(:(%(+7! '! >5>!

9%&'*#*+! &*0/)&:! '! $($'%! )&A(6'%! (3! $?&! /*02&9#3#9! '$$'9?&:! 2)($&#*0C! "?#0! W'0?#*+! 0$&2! W'0! *($!

9'))#&:!(/$!3()!$?&!3/*9$#(*'%#g&:!1>!-&':0!#*!():&)!$(!'6(#:!$?&!&*g7A&!:&*'$/)'%#g'$#(*C!"?&)&3()&E!

=,IJ5!$&9?*(%(+7!#0!0$#%%!2)&0&*$&:!'0!'!)&%#'-%&!'*:!#*$&)&0$#*+!$((%!3()!2)($&#*!%'7&)!K/'*$#3#9'$#(*!

'*:!9?')'9$&)#g'$#(*!#3!$?&0&!%#A#$'$#(*0!')&!$'X&*!#*$(!'99(/*$C!

S2/.<=2;264(5C(4I2(*6]>;2(&04?E?4>(5C(4I2(A=59<029(N?5/04?E2(+<=C/02.(

80! 2)&6#(/0%7! :#09/00&:E! #AA(-#%#g&:! 2)($&#*0! (*! 0(%#:! 0/)3'9&0! A'7! 0/33&)! 3)(A! 9(*3()A'$#(*'%!

9?'*+&0! $?'$! 9'*! '33&9$! #$0! 3#*'%! '9$#6#$7C! "?#0! 3'9$! #0! &02&9#'%%7! /*:&0#)'-%&! W?&*! &*g7A&0! ')&!

'*9?()&:! (*! 0/-0$)'$&0! 0#*9&! $?&#)!A'i()! 3/*9$#(*! #0! 0$#%%! )&K/#)&:C! "?&)&3()&E! (*9&! $?&! [EhJ[EuJ!J

+%/9'*'0&! W'0! #AA(-#%#g&:! (*! $?&! A(:#3#&:! 0/-0$)'$&0! :&6&%(2&:! #*! $?#0! W()X! P1>J+1eIQE! $?&!

)&0/%$#*+!-#('9$#6&!1>!-&':0!W&)&!'0X&:!$(!A'#*$'#*!$?&!&*g7A'$#9!'9$#6#$7C!!



,?'2$&)!<<!~!>/)3'9&!I(:#3#9'$#(*!-7!1%'0A'!"&9?*#K/&0!

 sh!

"?&! 3)&&! [EhJ[EuJ!J+%/9'*'0&L0! '9$#6#$7! W'0! A&'0/)&:! $(+&$?&)! W#$?! $?&! 3/*9$#(*'%#g&:! 1>! -&':0!

P1>-y4%*!'*:!1>-J+1eIy4%*Q!-7!$?&!5.>!A&$?(:C!"?#0!'00'7!K/'*$#3#&0!$?&!)&:/9#*+!0/+')!2)&0&*$!

'3$&)! $?&! &*g7A&!?'0! -&&*! #*9/-'$&:!W#$?! #$0! 0/-0$)'$&E! $?&! [EhJ[EuJ!J+%/9'*&! P>9?&A&!rCvCQC! "?&!

[EhJ[EuJ!J+%/9'*'0&! #0! $?&! )&02(*0#-%&! 3()! $?&! 9%&'6'+&! (3! $?&! [EhJ[EuJ!J+%/9'*&E! +&*&)'$#*+! '!

:&$&)A#*&:!'A(/*$!(3!)&:/9#*+!0/+')0!$?'$!9'*!-&!:#)&9$%7!)&%'$&:!$(!$?&!'9$#6#$7!(3!$?&!&*g7A&C!"?&!

2)(:/9&:! )&:/9#*+! 0/+')0! )&'9$! W#$?! $?&! 5.>! )&'+&*$! 7#&%:#*+! $?&! 9(%()&:! 0/-0&K/&*$! 2)(:/9$!

:&$&9$'-%&! '$! '! wu\! *A! '-0()-'*9&C! 8%$(+&$?&)! W#$?! '! 0$'*:'):! 9/)6&! A':&! W#$?! :#33&)&*$!

9(*9&*$)'$#(*0!(3!+%/9(0&!'%%(W&:!$?&!:&$&)A#*'$#(*!(3!$?&!)&:/9#*+!0/+')0!9(*9&*$)'$#(*!'*:!$?&*E!

$?&!&*g7A'$#9!'9$#6#$7!W'0!9'%9/%'$&:C!83$&)![\!A#*!(3!)&'9$#(*E!$?&!3)&&![EhJ[EuJ!J+%/9'*'0&!W'0!'-%&!

$(! ?7:)(%'0&! $?&! [EhJ[EuJ!J+%/9'*&! 2)(:/9#*+! '! $($'%! 'A(/*$! (3! h!AI! (3! )&:/9#*+! 0/+')0E! W?#9?!

9())&02(*:0! $(! '*! '9$#6#$7! (3! '22)(N#A'$&%7! h\! zA(%! (3! )&:/9#*+! 0/+')0! 2&)! *A(%! (3! [EhJ[EuJ!J

+%/9'*'0&!'*:!A#*/$&Ch[!"?&!0'A&!'00'7!)&'%#g&:!$(!$?&!3/*9$#(*'%#g&:!1>!-&':0!'*:!'!9(*$)(%!%&':!$(!

$?&!)&0/%$0!0?(W*!#*!"'-%&!rC[w!'*:!2%($$&:!#*!e#+/)&!rC[tC!!

"'-%&!rC[wC!89$#6#$#&0!(-$'#*&:!3()!$?&!:#33&)&*$!0/-0$)'$&0!'*:!$?&!3)&&![EhJ[EuJ!J+%/9'*'0&C!

+/;B82(,!(
,;;5@?8?]29(

*6]>;2(C=5;(4I2(
$54/8(&9929(PèQ!

&04?E?4>((
PzA(%!)&:/9#*+!0/+')0!m!*A(%!
[EhJ[EuJ!J+%/9'*'0&J[!m!A#*J[Q(

%28/4?E2(
&04?E?4>(
PèQ(

1>-y4%*! w\! t! rr!

1>-J+1eIy4%*! v\! [s! wu!

e)&&!4%*! [\\! h\! [\\!

!

f?&*! $?&! [EhJ[EuJ!J+%/9'*'0&! W'0! *(*J02&9#3#9'%%7! -(/*:&:! $(! $?&! 1>-! P10-y4%*QE! $?&! '9$#6#$7!

'9?#&6&:! 3()! $?&0&! 0/-0$)'$&0! W'0! (*%7! ')(/*:! r\è! (3! $?&! (-0&)6&:! 3()! $?&! 3)&&! &*g7A&C! "?&!

(-$'#*&:! &*g7A'$#9! '9$#6#$7! 3()! $?&! 1>-y4%*! 0'A2%&0! W'0! 9'%9/%'$&:! 9(*0#:&)#*+! $?'$! w\è! (3! $?&!

'::&:!&*g7A&!:/)#*+!$?&! #*9/-'$#(*!2)(9&00!W#$?!$?&!-')&!1>!-&':0!W'0!'9$/'%%7!'$$'9?&:!(*!$?&!

0/-0$)'$&!'*:!#$!W'0!*($!)&A(6&:!'3$&)!W'0?#*+!W#$?!I#%%#=!P'0!#$!#0!#*3&))&:!3)(A!$?&!=,IJ5!:'$'!#*!

e#+/)&!rC[hQC!;&0/%$0!0?(W!'!0/-0$'*$#'%!:&9)&'0&!(3!$?&!'9$#6#$7!(3!$?&!1>!0/-0$)'$&0!3/*9$#(*'%#g&:!

W#$?!$?&![EhJ[EuJ!J+%/9'*'0&!#*!'!*(*J02&9#3#9!W'7C!"?#0!9'*!-&!9'/0&:!-7!0&6&)'%!3'9$()0C!e#)0$E!$?&!

&*g7A&! #0! 2)(*&! $(! :&*'$/)'%#g&! W?&*! #*$&)'9$0! W#$?! $?&! ?7:)(2?(-#9! -')&! 1>-CssEsx! >&9(*:E! '*:!

A(0$!#A2()$'*$E!$?&!/*02&9#3#9!'$$'9?A&*$!(*!$?&!0/)3'9&!A'7!%&':!$(!$?&!#*'99&00#-#%#$7!(3!#$0!'9$#6&!

9&*$)&Css!b*!$?&!9(*$)')7E!$?#0!3'9$!W'0!2)(-'-%7!'6(#:&:!W?&*!$?&!&*g7A&!W'0!#AA(-#%#g&:!106!$?&!

+)'3$&:!1eIC!"?#0!#0!%#X&%7!$(!-&!$?&!A'#*!)&'0(*!W?7!$?&!'9$#6#$7!W'0!9(*0#:&)'-%7!#*9)&'0&:!3()!$?&!



"'#%()#*+!,')-(*!.'*($/-&0!1)(2&)$#&0!3()!4&*&!5&%#6&)7!822%#9'$#(*0!

 su!

1>!-&':0!A(:#3#&:!W#$?!1eI!-7!2%'0A'!+)'3$#*+!'*:!0/-0&K/&*$%7!3/*9$#(*'%#g&:!W#$?!$?&![EhJ[EuJ!J

+%/9'*'0&C! "?&! 9(6'%&*$%7! 3/*9$#(*'%#g&:! 0/-0$)'$&0! &N?#-#$&:! '*! '9$#6#$7! #*! &N9&00! (3! w\è! (3! $?&!

(-$'#*&:! 3()! $?&! 3)&&! &*g7A&C! "?#0! 6'%/&!W'0! (-$'#*&:! 9(*0#:&)#*+! $?'$! v\è!(3! $?&! $($'%! &*g7A&!

'::&:!:/)#*+! $?&! #*9/-'$#(*!2)(9&00!W'0!9(*0#:&)&:!'9$/'%%7!'$$'9?&:E!'0!:&A(*0$)'$&:!-&3()&! #*!

$?&!=,IJ5!'*'%70#0C!!

!!

e#+/)&!rC[tC!89$#6#$7!(3!$?&!#AA(-#%#g&:!&*g7A&C!;&%'$#6&!'9$#6#$7!(3!$?&![EhJ[EuJ!J+%/9'*'0&!#AA(-#%#g&:!$(!$?&!

1>!0/-0$)'$&0!/*02&9#3#9'%%7!()!$?)(/+?!$?&!1eI!-(/*:!9(A2')&:!$(!$?&!'9$#6#$7!(-$'#*&:!3()!$?&!3)&&!&*g7A&C!

"?&0&!)&0/%$0!0/++&0$!$?'$!2')$!(3!$?&!&*g7A&L0!'9$#6#$7!?'0!-&&*!'%0(!%(0$!:/)#*+!$?&!'$$'9?A&*$!(*!

$?&!+)'3$&:!0/-0$)'$&E!-/$!'!?#+?&)!9(*$)(%!(3! $?&!&*g7A&! #AA(-#%#g'$#(*!2)(9&00!?'0!-&&*!9%&')%7!

'9?#&6&:!9(A2')&:!$(!$?&!*(*J02&9#3#9!#*$&)'9$#(*C!Z&*9&E!$?#0!$&9?*#K/&!&*$'#%0!2)(A#0#*+!':6'*9&0!

3()!$?&!2)(:/9$#(*!(3!#AA(-#%#g&:!&*g7A&!070$&A0!W#$?(/$!'33&9$#*+!#$0!3#*'%!'9$#6#$7E!)&0/%$#*+!#*!$?&!

3()A'$#(*!(3!-#('9$#6&! 0/)3'9&0C!8::#$#(*'%%7E! $?#0! 0$/:7!2)(6#:&0!'! 0$&2! 3()W'):! #*! $?&!9)&'$#(*!(3!

$?&0&!0A')$E!-#('9$#6&!0/)3'9&0! #*!9(A2%&N!0/-0$)'$&0! %#X&!2')$#9%&0E!W?#9?!')&!(3!02&9#'%! #*$&)&0$! #*!

A'*7!-#(&*+#*&&)#*+!'22%#9'$#(*0E!'0!W#%%!-&!:&&2%7!&6'%/'$&:!#*!,?'2$&)!<<<C!

PFOFRF ,;;5@?8?]/4?56(5C(G?=/8(D262(!28?E2=>(G2045=.(C5=(+<@.4=/42-S29?/429(

$=/6.C204?56.(

j'0$! 0&9$#(*! 2)(6&:! $?'$! 2%'0A'! +)'3$#*+! #0! '! 6&)0'$#%&! '22)('9?! $(! 2)(:/9&! -#('9$#6&! 0/)3'9&0C!

5&2&*:#*+! (*! $?&! 3#*'%! '22%#9'$#(*E! $?&! #AA(-#%#g'$#(*! (3! $?&! :&0#)&:! -#(A'9)(A(%&9/%&! 9'*! -&!

'9?#&6&:!'*:!#$0!'9$#6#$7!9'*!-&!A'#*$'#*&:!'%A(0$!&*$#)&%7C!80!&N2(0&:!#*!,?'2$&)!<E!$?#0!$?&0#0!'#A0!

$(!$'X&!':6'*$'+&!(3!$?&0&!2%'0A'!$&9?*#K/&0!#*!():&)!$(!2)(:/9&!,."0!6&9$()0!$(!&33#9#&*$%7!:&%#6&)!

PSb+
Gln

PSb-g
PFM+G

ln

Free
 G

ln
0

25

50

75

100

Ac
tiv

ity
 (%

)



,?'2$&)!<<!~!>/)3'9&!I(:#3#9'$#(*!-7!1%'0A'!"&9?*#K/&0!

 sw!

'!$?&)'2&/$#9!0#%&*9#*+!*/9%&#9!'9#:!$(!$')+&$!9&%%0C!"?#0!6&9$()!0?(/%:!-&!#*i&9$&:!#*$)'6&*(/0%7!'*:!

'-%&! $(!:#09&)*!'*:! )&'9?! $')+&$! 9&%%0!&33#9#&*$%7!W#$?(/$!2)&A'$/)&!&%#A#*'$#(*!-7! 9(A2(*&*$0!(3!

$?&!-%((:0$)&'AE!0/9?!'0!2)($&#*0!'*$#-(:#&0!'*:!9&%%0E!'0!#$!W#%%!-&!3/)$?&)!:#09/00&:!#*!$?&!3(%%(W#*+!

9?'2$&)0!P,?'2$&)!<<<E!<k!'*:!kQC!

Z(W&6&)E! 0'3&$7! #00/&0! #*! $?&! 0/% 1019% /0&! (3! +&*&! $?&)'27! 0$&A! 3)(A! $?&! %#$$%&! 9(*$)(%! (6&)! $?&!

%(9'$#(*!(3! $)'*0:/9$#(*!0#$&0E!(*9&!6&9$()0!')&!':A#*#0$&)&:! #*! $?&!-(:7C!c*:&)! $?&0&!9(*:#$#(*0E!

$?&! ':A#*#0$&)&:! 6&9$()0! 9'*! $)'6&%! -&7(*:! $?&! 0#$&! (3! ':A#*#0$)'$#(*E! %&':#*+! $(! /*9(*$)(%%&:!

'99/A/%'$#(*!'*:!$)'*0:/9$#(*!(3!*(*J$')+&$!$#00/&0!'*:!()+'*0Ct\Jth!8%$?(/+?!0/%1019!+&*&!:&%#6&)7E!

0/9?!'0!3/*9$#(*'%#g&:J,."0E!3()!070$&A#9!'22%#9'$#(*0! #0!&N2&9$&:!$(!(6&)9(A&!$?&0&! %#A#$'$#(*0! #*!

$?&!*&')! 3/$/)&E!W?#9?! #0! $?&!9?'%%&*+&!(3! $?#0!W()XE!($?&)!+&*&!$?&)'27!0$)'$&+#&0!A'7!?(%:!+)&'$!

2)(A#0&!#*!02&9#3#9!$?&)'2&/$#9!0#$/'$#(*0Ctu!j(9'%#g&:!+&*&!:&%#6&)7!3)(A!0/)3'9&0!#0!'!+)(W#*+!')&'!

(3!)&0&')9?E!-&9'/0&!(3!#$0!':6'*$'+&!#*!:&%#6&)#*+!*/9%&#9!'9#:0!:#)&9$%7!'$!$?&!0#$&!(3!#*$&)&0$C!>/9?!

%(9'%#g&:! +&*&! :&%#6&)7!A&$?(:E! '%0(! X*(W*! '0! 0/-0$)'$&JA&:#'$&:E! )&6&)0&! $)'*03&9$#(*! ()! 0(%#:J

2?'0&! $)'*03&9$#(*E!?'0!2)(A#0#*+!'22%#9'$#(*0! #*! $#00/&!&*+#*&&)#*+E!A&:#9'%! #A2%'*$0!'*:! 0/% 10539!

$)'*03&9$#(*!2)($(9(%0C!<*!$?&0&!0&$$#*+0E!+&*&!:&%#6&)!6&9$()0!')&!$&$?&)&:!(*!$?&!0/)3'9&!(3!0/#$'-%&!

0/-0$)'$&0E! 0/9?! '0! $#00/&! 9/%$/)&!A'$&)#'%! 3()! 0/% 10539! '22%#9'$#(*0! ()!A&:#9'%! #A2%'*$0! 3()! 0/% 1019!

'22)('9?&0E!'*:!2%'9&:!:#)&9$%7!'*:!#*!0/0$'#*&:!9(*$'9$!W#$?!$')+&$!9&%%0C!>/)3'9&!#AA(-#%#g'$#(*!(3!

+&*&!:&%#6&)7!6&9$()0!A'7!#A2)(6&!9&%%!-#*:#*+!'*:!#*$&)*'%#g'$#(*E!)&K/#)#*+!%(W&)!:(0&0!(3!*/9%&#9!

'9#:0C!>/-0$)'$&JA&:#'$&:!+&*&!:&%#6&)7!2&)A#$0!$(!9(*9&*$)'$&!*/9%&#9!'9#:0!'$!$?&!0#$&!(3!#*$&)&0$E!

)&0/%$#*+! #*! #A2)(6&:! $)'*03&9$#(*! &33#9#&*97CtuJts! <*! 9(*$)'0$! $(! 070$&A#9! :&%#6&)7E! 0/-0$)'$&J

A&:#'$&:!:&%#6&)7!A#*#A#g&0!:#0$)#-/$#(*!$(!*(*J$')+&$&:!$#00/&0E!'0!W&%%!'0!)&:/9#*+!$?&!2($&*$#'%!(3!

#AA/*&! '*:! $(N#9#$7! )&02(*0&0CttEtv! ,%'00#9'%%7E! >8I0! ?'6&! -&&*! $?&! 2)&3&))&:! 9?(#9&! $(! :&0#+*!

0/-0$)'$&JA&:#'$&:! :&%#6&)7! 070$&A0! :/&! $(! $?&#)! &'0&! (3! 3'-)#9'$#(*! '*:! '! W#:&! 02&9$)/A! (3!

2(00#-%&! 0/)3'9&! 9?&A#0$)#&0C! Z(W&6&)E! >8I0! ')&! %#A#$&:! $(! 02&9#3#9! 0/-0$)'$&0! P&C+C! $?#(%0! (*! 8/!

0/)3'9&0Q!'*:!#*!A(0$!9'0&0!')&!)&0$)#9$&:!$(!9&)$'#*!A&$'%!0/)3'9&0E!W?#9?!A'7!-&!#*9(A2'$#-%&!W#$?!

0(A&!-#(A&:#9'%!'22%#9'$#(*0Ctx!!

"(!'::)&00!%#A#$'$#(*0!W#$?!2)&0&*$!0$)'$&+#&0!3()!6&9$()!#AA(-#%#g'$#(*E!2%'0A'!+)'3$#*+!'22&')0!$(!

-&! '! 3&'0#-%&! A&$?(:! $(! '9?#&6&! 9(A2%&$&! 0/)3'9&! 3/*9$#(*'%#$7! '*:! &*?'*9&! #AA(-#%#g'$#(*!

02&9#3#9#$7C! <*!$?#0! %#*&E!'!2)&%#A#*')7!0$/:7!W'0!9'))#&:!(/$E! #*!W?#9?!'*!':&*(6#)'%!6&9$()!&*9(:#*+!

4e1! W'0! '$$'9?&:! (*! 1eIJ+)'3$&:! 1>! 2%'$&0! P1>2QC! 83$&)! &N$&*0#6&! W'0?#*+E! $?&0&! 9&%%!

)&2)(+)'AA#*+! 0/)3'9&0! P,;>Q!W&)&! 0&&:&:!W#$?!A(/0&!A'9)(2?'+&0! P;8f!rsuCtQC! "W(!:#33&)&*$!

9(*9&*$)'$#(*0! (3! 6#)/0! 2')$#9%&0! W&)&! /0&:! $(! $)'*03&9$! $?&! 0'A&! 'A(/*$! (3! 9&%%0! Pu\\E\\\!

9&%%0q2%'$&Q!(-$'#*#*+!'!A/%$#2%#9#$7!(3! #*3&9$#(*! PIb<Q!(3!rw!'*:!rw\C!")'*03&9$#(*!(3!4e1!-7! $?&0&!



"'#%()#*+!,')-(*!.'*($/-&0!1)(2&)$#&0!3()!4&*&!5&%#6&)7!822%#9'$#(*0!

 ss!

,;>0! W'0! 9(A2')&:! W#$?! $?&! 9%'00#9'%! $)'*03&9$#(*! 2)($(9(%! :&6&%(2&:! -7! $?&! <*0$#$/$!

:L<*6&0$#+'9#(*0! B#(AO:#K/&0! :&! B')9&%(*'! P<<BBQ!W#$?! ':&*(6#)'%! 0/2&)*'$'*$! &*9(:#*+! $?&! 0'A&!

+&*&ChhEhu! =/'*$#$'$#6&! ;"J1,;! (3! $?&! 0'A2%&0! '%%(W&:! $?&! :&$&)A#*'$#(*! (3! $?&! ;.8! 'A(/*$!

$)'*03&9$&:!$(!$?&!A'9)(2?'+&0!(3!-($?!6#)/0J3/*9$#(*'%#g&:!0/)3'9&0!Pe#+/)&!rC[vQC!

!

e#+/)&!rC[vC!4e1!&N2)&00#(*!(3!$?&!0&&:&:!9&%%0!(*!$?&!,;>!'$!:#3&)&*$!Ib<!)'$#(0C!=/'*$#3#9'$#(*!'00&00&:!-7!

K/'*$#$'$#6&!;"J1,;!#*!A'9)(2?'+&0C!5'$'!W'0!9(%%&9$&:!'3$&)!3(%%(W#*+!9%'00#9'%!':&*(6#)'%!0/2&)*'$'*$!

2)($(9(%!()!/0#*+!$?&!9)&'$&:!,;>0C!4&*&!&N2)&00#(*!*()A'%#g&:!$(!4815Z!#0!)&2)&0&*$&:!'0!A&'*!ê!>@IC!î1!ë!

\C\w!1234;4!,(*$)(%C!

e#+/)&!rC[v!0?(W0!$?'$!$?&!4e1!$)'*03&9$#(*!'9?#&6&:!3()!$?&!,;>0!'$!%(W!Ib<!PrwQ!W'0!0#+*#3#9'*$%7!

?#+?&)!$?'*!&A2%(7#*+!$?&!$)':#$#(*'%!2)($(9(%!'$!0'A&!)'$#(!(3!#*3&9$#(/0!6#)/0!2')$#9%&0!$(!#*3&9$#(*!

$')+&$!9&%%0C!Z(W&6&)E!$?&!$)'*03&9$#(*!'$!?#+?&)!Ib<!Prw\Q!#*9)&'0&:!-&#*+!0/2&)#()!$(!$?&!'9?#&6&:!

-7!$?&!,;>0C! <*! 3'9$E! $?&!0'A&!$)'*03&9$#(*!&33#9#&*97!W'0!(-0&)6&:!3()!-($?!)'$#(0!W?&*!/0#*+!$?&!

A(:#3#&:J1>2C!"?#0! #0!:/&!$(!$?&!3'9$!$?'$!-($?!2%'$&0!2)(-'-%7!?'6&!$?&!0'A&!*/A-&)!(3!'$$'9?&:!

6#)/0!2')$#9%&0E!#*:&2&*:&*$%7!$(!$?&!':&*(6#)/0!9(*9&*$)'$#(*!#*#$#'%%7!/0&:C!f?&*!1>2!')&!A(:#3#&:!

-7!2%'0A'!+)'3$#*+E!'!9&)$'#*!'A(/*$!(3!'9$#6&!0#$&0!')&!9)&'$&:E!'0!:&A(*0$)'$&:!-&3()&C!"?&)&3()&E!

'! %#A#$&:! K/'*$#$7! (3! 6#)/0! 2')$#9%&0! 9'*! -&! 9(6'%&*$%7! #AA(-#%#g&:! )&+'):%&00! (3! $?&! $($'%! 'A(/*$!

2)&0&*$C!80!'!)&0/%$E!$?&!(-$'#*&:!,;>0!#*9/-'$&:!W#$?!:#33&)&*$!9(*9&*$)'$#(*0!(3!':&*(6#)/0!?'6&!

0#A#%')!:&*0#$7!(3!'$$'9?&:!+&*&!:&%#6&)7!'+&*$0!'3$&)!0&6&)'%!W'0?#*+!0$&20C!.($!0/)2)#0#*+%7E!$?&*E!

$?&! $)'*03&9$#(*! &33#9#&*97! (3! -($?! 6#)/0J3/*9$#(*'%#g&:! 0/)3'9&0! #0! X&2$! 9(*0$'*$E! W?&)&'0! 3()! $?&!

$)':#9#(*'%!2)($(9(%E!$?&!2)(:/9$#(*!(3!4e1!#*9)&'0&0!W#$?!$?&!K/'*$#$7!(3!':&*(6#)/0!/0&:C!Z&*9&E!

$?&!/0&!(3!$?&0&!,;>0!#A2)(6&0!$?&!$)'*03&9$#(*!&33#9#&*97!'$!%(W!#*3&9$#(/0!'+&*$!$(!#*3&9$#(*!$')+&$!

)'$#(0C! "?&0&! )&0/%$0! (2&*! $?&! :(()! $(! *&W!A&$?(:0! 3()! +&*&! :&%#6&)7! '22%#9'$#(*0! /0#*+! 2%'0A'!

$)&'$A&*$0!3()!$?&!#AA(-#%#g'$#(*!(3!6#)'%!-/$!'%0(!07*$?&$#9!*/9%&#9!'9#:!6&9$()0C! !

Con
tro

l

MOI 2
5

MOI 2
50

0.0

0.5

1.0

1.5

2.0

2.5 Classical Transfection
PSp-gPFM+Adenovirus

G
en

e 
Ex

pr
es

si
on

 o
f G

FP
 

no
rm

al
iz

ed
 to

 G
AP

D
H



,?'2$&)!<<!~!>/)3'9&!I(:#3#9'$#(*!-7!1%'0A'!"&9?*#K/&0!

 st!

PFQF #5608<9?6:(%2;/=7.(

f&! ?'6&! :&6&%(2&:! $W(! :#33&)&*$! '22)('9?&0! $(! $?&! #AA(-#%#g'$#(*! (3! -#(A'9)(A(%&9/%&0E!

:&2&*:#*+!(*!$?&!3#*'%!'22%#9'$#(*!(3!$?&!3/*9$#(*'%#g&:!A'$&)#'%C!1@,k5!'*:!2%'0A'!+)'3$#*+!9)&'$&!

?#+?%7!)&'9$#6&!0/)3'9&0!$(W'):0!'A#*&0!'*:!9'*!-&!/0&:!$(!2)(:/9&!A#9)(2'$$&)*&:!0/)3'9&0C!"?&!

)&0/%$#*+!0/)3'9&0!6')7!#*!2)(2&)$#&0!0/9?!'0!)(/+?*&00E!?7:)(2?(-#9#$7!'*:!)&'9$#6#$7E!W?#9?!%&':!$(!

:#33&)&*$!-&?'6#()!#*!3)(*$!(3!$?&!-#(A(%&9/%&!(3!#*$&)&0$C!"?&!&33&9$!(3!$?#0!X#*:!(3!9?')'9$&)#0$#90!(*!

$?&!A'$&)#'%J2)($&#*!#*$&)3'9&!?'0!-&&*!:&&2%7!'*'%7g&:!0$/:7#*+!$?&!#*$&)'9$#(*!(3!$?&!B>8!2)($&#*!

W#$?!$?&0&!$W(!0/)3'9&0E!1@,k5J2(%7A&)#g&:!'*:!2%'0A'J+)'3$&:!1eIE!-7!=,IJ5!$&9?*(%(+7C!B($?!

'%%(W!$?&!9(6'%&*$!/*#(*!(3!B>8!2)($&#*0!#*!:#33&)&*$!)'*+&0!Pr\\!'*:![\\!*+q9AïrE!)&02&9$#6&%7QC!!

8%$?(/+?!$?&!#AA(-#%#g'$#(*!)'$&!#0!%(W&)E!2%'0A'!+)'3$#*+!3()A0!A()&!?7:)(2?#%#9!'*:!3%'$!0/)3'9&0!

$?'*!1@,k5E!W?#9?!#0!9)/9#'%!3()!$?&!#AA(-#%#g'$#(*!(3!'9$#6&!A(%&9/%&0!%#X&!2)($&#*0!'*:!&*g7A&0C!<*!

0/9?! 9(*:#$#(*0E! $?&! -#('9$#6&! A(%&9/%&! 9'*! -&! '$$'9?&:! (*! $?&! 0/)3'9&! W#$?(/$! 0/33&)#*+! '*7!

)&A')X'-%&!0$)/9$/)'%!9?'*+&C!80!'!)&0/%$E!3()!$?&!2)(:/9$#(*!(3!-#('9$#6&!0/)3'9&0E!2%'0A'!+)'3$#*+!

W(/%:!-&!$?&!A(0$!0/#$'-%&!$&9?*#K/&C!"?#0!#0!W?7!$?#0!W()X!?'0!'%0(!:&A(*0$)'$&:!$?'$!+)'3$&:!1eI!

9'*! #AA(-#%#g&! $?&! [EhJ[EuJ!J+%/9'*'0&! (*! 1>! -&':0! A'#*$'#*#*+! s\è! (3! #$0! *'$/)'%! '9$#6#$7E!

-&9(A#*+!'!0$&2! 3()W'):! #*! $?&!2)(:/9$#(*!(3!-#('9$#6&!0/)3'9&0!106! $?&!1eI!+)(/2C!e/)$?&)A()&E!

9(A2%&N&0!A'$&)#'%0! 0/9?!'0!1>!-&':0!?'6&!-&&*!0/99&003/%%7!A(:#3#&:!/0#*+! $?&!:&09)#-&:!?(A&J

-/#%$! )&'9$()C!"?&)&3()&E! $?#0!'22)('9?!(2&*0! $?&!2(00#-#%#$7! $(! 3/*9$#(*'%#g&!($?&)!*(*J3%'$! $72&!(3!

A'$&)#'%0! #*! $?&! W()X#*+! )&'9$()! %#X&! 2(W:&)! ,."0C! <*! '::#$#(*E! #$! ?'0! -&&*! :&A(*0$)'$&:! $?'$!

$'#%()&:!)&'9$#6&!0/)3'9&0!'%%(W!$?&!9(*$)(%%&:!9(6'%&*$!#AA(-#%#g'$#(*!(3!+&*&!:&%#6&)7!'+&*$0!(*!'!

0(%#:JA'$)#NE! +&*&)'$#*+! &33#9#&*$! ,;>0! (6&)! W?#9?! 9&%%0! $(! -&! )&2)(+)'AA&:! 9'*! -&! 0&&:&:! '*:!

0/99&003/%%7!$)'*03&9$&:C!

b*! $?&!($?&)!?'*:E!-7!1@,k5E!'!A()&!?7:)(2?(-#9! 0/)3'9&! #0!'9?#&6&:!:/&! $(! $?&!1eI!3#%A! %'7&)E!

W?#9?!9'/0&0!'!+)&'$&)!9(*3()A'$#(*'%!9?'*+&!W?&*!B>8!#0!'*9?()&:C!Z(W&6&)E!$?&!+)&'$&)!*/A-&)!

(3!&N2(0&:!1eI!+)(/20!(-$'#*&:!-7!$?#0!A&$?(:!9(A2')&:!$(!$?&!1eI!-)/0?&0!3()A&:!W#$?!2%'0A'!

+)'3$#*+!)&0/%$0! #*!'!?#+?&)!9'2'9#$7!(3!B>8!#AA(-#%#g'$#(*C!"?&!?#+?&)!:&*0#$7!(3!)&'9$#6&!+)(/20! #0!

&02&9#'%%7!#*$&)&0$#*+!W?&*!0/2&)#()!9(6&)'+&!(3!$?&!0/)3'9&!#0!:&0#)&:C!"?#0!9(/%:!-&!$?&!9'0&!W?&*!

'! 9?&A#9'%! %#*X&)! #0! *&&:&:! -&$W&&*! $?&! A(:#3#&:! 0/)3'9&! '*:! $?&! A(%&9/%&! (3! #*$&)&0$! $(! -&!

#AA(-#%#g&:C! "?&*E! $?&! A'N#A/A! 3/*9$#(*'%#g'$#(*! (3! $?&! 0/)3'9&! 2(00#-%&! #0! :&0#)&:! '*:! $?/0E!

1@,k5! #0! $?&! 9?(0&*! (2$#(*C! .&N$! 9?'2$&)! P,?'2$&)! <<<Q! 2)&0&*$0! ?(W! $?#0! $&9?*#K/&! &*'-%&0! $?&!

3()A'$#(*!(3!,."0!3()!+&*&!:&%#6&)7!6&9$()0!-7!$?&!9(6'%&*$!#AA(-#%#g'$#(*!(3!'!1@4J'A#*&!106!$?&!

1eI!+)(/2E!W?#9?!9'*!-&!/0&:!'0!'!%#*X&)!$(!-#*:!A#9)(J;.8C! !



"'#%()#*+!,')-(*!.'*($/-&0!1)(2&)$#&0!3()!4&*&!5&%#6&)7!822%#9'$#(*0!

 sv!

PFRF %2C2=2602.(

[! B#'*9(E! 8C% 25% 6<"! #*! P2=0>0/6<% !M280453B% 6/=% @M6386>9<9A0>6<% @952/506<% 9O% $;<<232/24% 6/=% !63l9/%
Q6/95;l24!k(%C![!!P&:0!e)'*9(!,'$'%:(!Ç!"'$#'*'!;(0Q!!rhJw\!P>2)#*+&)!.&$?&)%'*:0E!r\\vQC!

r! ]&(*E!<CJ`CE!,?'*+E!5C!fCE!Y/A')E!.C!8C!Ç!B'&XE!]CJBC!$;/>509/6<0[6509/%9O%!63l9/%Q6/95;l24C!!Pr\[[QC!
h! j/E!eC%25%6<"!8:6'*9&0!#*!B#('22%#9'$#(*0!(3!,')-(*!.'*($/-&0C!W=16/>2=%P652306<4!PME![hxJ[wr!Pr\\xQC!
u! 1)'$(E!ICE! Y(0$')&%(0E! YC!Ç!B#'*9(E! 8C! e/*9$#(*'%#g&:! ,')-(*!.'*($/-&0! #*!5)/+!5&0#+*! '*:!5#09(6&)7C!

W>>9;/54%9O%!M280>6<%724263>M!QME!s\Jsv!Pr\\vQC!
w! f&*)(*+E!`CE!1'%%E!"CE!4((:#*+E!]C!]CE!>#A(*E!1C!;C!Ç!e#%#2E!BC!,')-(*!*'*($/-&0!3()!-#(%(+#9'%!'*:!-#(A&:#9'%!

'22%#9'$#(*0C!Q6/952>M/9<9AB!MW!Pr\\tQC!
s! 5'#E!ZC!,')-(*!.'*($/-&0|!>7*$?&0#0E!<*$&+)'$#(*E!'*:!1)(2&)$#&0C!W>>"%!M28"%724"!ORE![\hwJ[\uu!Pr\\rQC!
t! B'%'0/-)'A'*#'*E! YC!Ç!B/)+?'):E!IC! ,?&A#9'%%7! 3/*9$#(*'%#g&:! 9')-(*!*'*($/-&0C!Z86<<% Ed20/M208%6/%

=23%R23A4536442_%&2386/BH!ME![v\J[xr!Pr\\wQC!
v! "'0#0E!5CE!"'+A'$')9?#0E!.CE!B#'*9(E!8C!Ç!1)'$(E!IC!,?&A#0$)7!(3!,')-(*!.'*($/-&0C!!M280>6<%72102V4!MXUE!

[[\wJ[[hs!Pr\\sQC!
x! ,?/E! 1C! YCE! ,?&*E! ]C! `CE!f'*+E! jC! 1C!Ç!Z/'*+E!.C! 1%'0A'J0/)3'9&!A(:#3#9'$#(*!(3! -#(A'$&)#'%0C!P652306<4%

Z>02/>2%6/=%J/A0/2230/A'%7'%72S9354!OUE![uhJr\s!Pr\\rQC!
[\! e)'*9&09?E! jCE!4'))&$'E! @CE! B'%9&%%0E!ICE! @:&%A'*E! @C! ;C!Ç!B())D0E! >C! e'-)#9'$#(*!(3! B#('9$#6&! >/)3'9&0!-7!

1%'0A'! 1(%7A&)#g'$#(*! "&9?*#K/&0! c0#*+! '! .(6&%! 89)7%'$&J5&)#6&:! I(*(A&)C! @<6486% @39>24424% 6/=%
@9<B8234!PE!s\wJs[[!Pr\\wQC!

[[! eà)9?E!;CE! ^?'*+E! ^C!Ç!Y*(%%E!fC!>(3$!1%'0A'!")&'$&:!>/)3'9&0|!"'#%()#*+!(3! >$)/9$/)&!'*:!1)(2&)$#&0! 3()!
B#(A'$&)#'%!822%#9'$#(*0C!@<6486%@39>24424%6/=%@9<B8234!PE!hw[Jhtr!Pr\\wQC!

[r! e)'*9&09?E! jCE! B())(0E! >CE! Y*(%%E! fC! Ç! eà)9?E! ;C! >/)3'9&! ;&'9$#6#$7! (3! 1/%0&:J1%'0A'! 1(%7A&)#g&:!
1&*$'3%/()(2?&*7%!I&$?'9)7%'$&!P1eIQ!$(W'):!8A#*&0!'*:!1)($&#*0!#*!>(%/$#(*C!:6/A8;03!POE!hxrtJhxh[!
Pr\\tQC!

[h! 5/K/&E! jC% 25%6<"! ;&'9$#(*0!(3!1%'0A'J1(%7A&)#0&:!1&*$'3%/()(2?&*7%!I&$?'9)7%'$&!W#$?!>#A2%&!8A#*&0C!
@<6486%@39>24424%6/=%@9<B8234!VE!x[wJxrw!Pr\[\QC!

[u! Z()*'E! 5C% 25% 6<"! @33#9#&*$! 9&%%! )&2)(+)'AA#*+! /0#*+! -#(&*+#*&&)&:! 0/)3'9&0C! W=16/>2=% M26<5M>632%
8652306<4!ME![ttJ[vrE!:(#|[\C[\\rq':?ACr\[r\\\[t!Pr\[rQC!

[w! e)'*9&09?E! jC! Z;3O6>2% 89=0O0>6509/% 9O% S9<B8234% lB% S<6486% S9<B8230[6509/% 52>M/0e;24% O93% 5044;2%
2/A0/2230/A!1?C5!"?&0#0!$?&0#0E!1?C5!"?&0#0!J!c*#6&)0#$'$!;'A(*!j%/%%E!Pr\\vQC!

[s! 4/2$'E!BCE!1%/AA&)E!,CE!B#00(*E!<CE!e)&7E!1C!Ç!Z#%-()*E!]C!1%'0A'J#*:/9&:!+)'3$!2(%7A&)#g'$#(*!(3!'9)7%#9!'9#:!
(*$(! 2(%7P&$?7%&*&! $&)&2?$?'%'$&Q! 3#%A0|! 9?')'9$&)#g'$#(*! '*:! ?/A'*! 0A(($?! A/09%&! 9&%%! +)(W$?! (*!
+)'3$&:!3#%A0C!R098652306<4!POE!vshJvt[!Pr\\rQC!

[t! B&9?E!jC%25%6<"!5(/-%&!1%'0A'!")&'$A&*$J<*:/9&:!4)'3$!1(%7A&)#g'$#(*!(3!,')-(?7:)'$&:!I(*(A&)0!(*!
1(%7P&$?7%&*&!$&)&2?$?'%'$&Q!e#-&)0C!:6/A8;03!POE![\huvJ[\hwr!Pr\\tQC!

[v! ,?/'E! >CJ]CE! Y&E! jCE! Y/A')E! ;C! >C! Ç! ^?'*+E! YC! >$'-#%#g'$#(*! (3! &%&9$)(:&! A#+)'$#(*! #*! 2(%7A&)!
&%&9$)(%/A#*&09&*$!:&6#9&0C!WSS<02=%@MB40>4%:255234!WME![[[x!Pr\\rQC!

[x! Y'$(E! YCE! c9?#:'E! @CE! Y'*+E! @CJ"CE! c7'A'E! `C! Ç! <X':'E! `C! 1(%7A&)! 0/)3'9&! W#$?! +)'3$! 9?'#*0C! @39A3244% 0/%
@9<B823%Z>02/>2!PWE!r\xJrwx!Pr\\hQC!

r\! j&&E!>CJ5CE!Z0#/&E!4CJZCE!,?'*+E!1C!,CJ"C!Ç!Y'(E!,CJ`C!1%'0A'J#*:/9&:!+)'3$&:!2(%7A&)#g'$#(*!(3!'9)7%#9!'9#:!
'*:! 0/-0&K/&*$! +)'3$#*+! (3! 9(%%'+&*! (*$(! 2(%7A&)! 3#%A! '0! -#(A'$&)#'%0C! R098652306<4! MVE! [wxxJ[s\v!
P[xxsQC!

r[! ^?'(E! BC! Ç! B)#$$'#*E!fC! ]C! 1(%7A&)! -)/0?&0|! 0/)3'9&J#AA(-#%#g&:!A'9)(A(%&9/%&0C! @39A3244% 0/% @9<B823%
Z>02/>2!PRE!sttJt[\!Pr\\\QC!

rr! Z(%%&*E!]C!;C!Ç!B&%%E!8C!"C!L2>M/0e;24%6/=%WSS<0>6509/4%9O%@<6486%!M280453BC!!Pf#%&7E![xtuQC!
rh! ,(%%'/:!,(&*E!ICE!5#&$%&)E!4CE! Y'0'0E! >C!Ç!4)ñó*#*+E! 1C! 8eI!A&'0/)&A&*$0! (3! $?&! $(2(+)'2?7! '*:! $?&!

)(/+?*&00!(3!@,;!2%'0A'!$)&'$&:!2(%72)(27%&*&C!WSS<02=%Z;3O6>2%Z>02/>2!MXOE!rtJhu!P[xxsQC!



,?'2$&)!<<!~!>/)3'9&!I(:#3#9'$#(*!-7!1%'0A'!"&9?*#K/&0!

 sx!

ru! ,0/90E!4CE!I#9?&%E!;CE!j/00#E!]C!fCE!"&N$()E!IC!Ç!5'*/0&)E!4C!I#9)(9(*$'9$!2)#*$#*+!(3!*(6&%!9(J2(%7A&)0!#*!
9(A-#*'$#(*!W#$?!2)($&#*0!3()!9&%%J-#(%(+#9'%!'22%#9'$#(*0C!R098652306<4!PQE![t[hJ[tr\!Pr\\hQC!

rw! bâ>?'/+?*&007E!fC!>CE!I')UJB/7GE!.CE!B())D0E!>C!Ç!4%&'0(*E!YC!YC!<*#$#'$&:!,?&A#9'%!k'2()!5&2(0#$#(*!(3!'!
>/)3'9&JI(:#3#'-%&! ,(2(%7A&)! 3()! ,(6'%&*$! 8$$'9?A&*$! '*:! 1'$$&)*#*+! (3! ./9%&(2?#%#9! j#+'*:0C!
P6>3989<2>;<63%76S0=%!988;/0>6509/4!PWE![vttJ[vvr!Pr\\tQC!

rs! ;(gX#&W#9gE! 5C! <C% 25% 6<"! ,(6'%&*$! I#9)(9(*$'9$! 1)#*$#*+! (3! 1)($&#*0! 3()! ,&%%! 1'$$&)*#*+C! !M280453B% G% W%
J;39S26/%N9;3/6<!MPE!srx\Jsrxt!Pr\\sQC!

rt! e&#%&)E! 8C! 8CE! >'?%?(%AE! 8CE! >'*:-&)+E! "C! Ç! ,'%:W&%%E! YC! 5C! 8:0()2$#(*! '*:! 6#09(&%'0$#9! 2)(2&)$#&0! (3!
3)'9$#(*'$&:! A/9#*! PB>IQ! '*:! -(6#*&! 0&)/A! '%-/A#*! PB>8Q! 0$/:#&:! W#$?! K/')$g! 9)70$'%! A#9)(-'%'*9&!
P=,IJ5QC!N9;3/6<%9O%!9<<90=%6/=%#/523O6>2%Z>02/>2!OMRE!utwJuv[!Pr\\tQC!

rv! Z&AA&)0'AE!8C!4CE!e(00E!ICE!,?&6'%%#&)E!]C!Ç!B&0&*-'9?&)E!eC!8:0()2$#(*!(3!3#-)#*(+&*!(*!$'*$'%/A!(N#:&E!
$#$'*#/A!(N#:&!'*:!+(%:!0$/:#&:!-7!$?&!=,IJ5!$&9?*#K/&C!!9<<90=4%6/=%Z;3O6>24%R'%R090/523O6>24!QOE!r\vJ
r[w!Pr\\wQC!

rx! `#*E!`C%25%6<"!89&$7%&*&!2%'0A'!9('$&:!0/)3'9&0! 3()!9(6'%&*$! #AA(-#%#g'$#(*!(3!2)($&#*0C!LM0/%Z9<0=%$0<84!
RMVE!whuhJwhus!Pr\\xQC!

h\! >'*$(0E! >C! eCE! ^'*&$$&E! 5CE! e#09?&)E! ZC! Ç! <$)#E! ;C! 8! 070$&A'$#9! 0$/:7! (3! -(6#*&! 0&)/A! '%-/A#*! PB>8Q! '*:!
0(:#/A!:(:&97%!0/%3'$&!P>5>Q!#*$&)'9$#(*0!-7!0/)3'9&!$&*0#(*!'*:!0A'%%!'*+%&!_J)'7!09'$$&)#*+C!N9;3/6<%9O%
!9<<90=%6/=%#/523O6>2%Z>02/>2!PUPE!u\\Ju\v!Pr\\hQC!

h[! e'#i&0E! ICE! 1G)&gE! _CE! 1G)&gE! bC! Ç! 1%'*'0E! 8C! 4%79(07*$?'0&! 89$#6#$7! (3! B'9#%%/0! %#9?&*#3()A#0! [EhJ[EuJ}J
4%/9'*'0&!I/$'*$0|ò!>2&9#3#9#$7E!Y#*&$#90E!'*:!I&9?'*#0AôC!R09>M280453B!QPE![hh\uJ[hh[v!Pr\\hQC!

hr! k#%':($E!]CJjCE!:&!;'A(*E!@CE!5/)'*7E!bC!Ç!1%'*'0E!8C!1)(-#*+!$?&!I&9?'*#0A!(3!B'9#%%/0![EhJ[EuJ}J:J4%/9'*!
uJ4%/9'*(?7:)(%'0&0! -7! ,?&A#9'%! ;&09/&! (3! <*'9$#6&! I/$'*$0! '$! ,'$'%7$#9'%%7! @00&*$#'%! ;&0#:/&0ôC!
R09>M280453B!OVE![[hhrJ[[hur!P[xxvQC!

hh! k#l'0E!]C!jC%25%6<"!<*?#-#$()7!'9$#(*!(3!f*$!$')+&$!+&*&!(0$&(2(*$#*!(*!A#$(9?(*:)#'%!97$(9?)(A&!9!)&%&'0&!
:&$&)A#*&0!)&*'%!#09?&A#9!)&0#0$'*9&C!W8230>6/%N9;3/6<%9O%@MB409<9AB%G%72/6<%@MB409<9AB!PTTE!erhuJerur!
Pr\[\QC!

hu! k#*/&0'E!@C%25%6<"!I'9)(2?'+&!#*6(%6&A&*$!#*!$?&!X#:*&7!)&2'#)!2?'0&!'3$&)!#09?'&A#'q)&2&)3/0#(*!#*i/)7C!
LM2%N9;3/6<%9O%@65M9<9AB!PMQE![\uJ[[h!Pr\\vQC!

hw! B'#E!`C%25%6<"!>/)3'9&!I(:#3#9'$#(*!3()!@*?'*9#*+!8*$#-(:7!B#*:#*+!(*!1(%7A&)JB'0&:!I#9)(3%/#:#9!5&6#9&!
3()!@*g7A&Jj#*X&:!<AA/*(0()-&*$!800'7C!:6/A8;03!PPE!xuwvJxust!Pr\\sQC!

hs! ,'%:&)(*E! ]C! 4C! Ç! "#AA(*0E! ;C! BC! >/)3'9&! I(%&9/%')! "'#%()#*+! 6#'! 1/%0&:! 1%'0A'J4&*&)'$&:! 89)7%(7%!
,?%()#:&!1(%7A&)0|!>7*$?&0#0!'*:!;&'9$#6#$7C!P6>3989<2>;<24!OME!hr[sJhrru!P[xxvQC!

ht! :â8+(0$#*(E!;C!1%'0A'!5&2(0$#$#(*E!")&'$A&*$!'*:!@$9?#*+!(3!1(%7A&)!e#%A0C!W>6=280>%@3244'%R9459/_%PW!
P[xx\QC!

hv! Z'*E!jC!ICE!"#AA(*0E!;C!BC!Ç!j&&E!fC!fC!1/%0&:!2%'0A'!2(%7A&)#g'$#(*!(3!'*!')(A'$#9!2&)3%/()(9')-(*!
A(*(A&)|!e()A'$#(*!(3!%(W!:#&%&9$)#9!9(*0$'*$E!?#+?!$?&)A'%!0$'-#%#$7!3#%A0C!N9;3/6<%9O%I6>;;8%Z>02/>2%T%
L2>M/9<9AB%R'%P0>392<2>539/0>4%6/=%Q6/982523%Z53;>5;324!MWE!txx!Pr\\\QC!

hx! 1'*9?'%#*+'AE!kCE!,?&*E!_CE!>'6'+&E!,C!;CE!"#AA(*0E!;C!BC!Ç!@-&)?')$CE!;C!,C!I(%&9/%')!"'#%()#*+!(3!>/)3'9&0!
6#'! 1/%0&:!;e!1%'0A'!5&2(0#$#(*0C! N9;3/6<% 9O%WSS<02=%@9<B823% Z>02/>2'%WSS<02=%@9<B823% ZB8S940;8!RQE!
[rhJ[u[!P[xxuQC!

u\! `'0/:'E! ZC! Ç! Z0/E! "C! >(A&! '02&9$0! (3! 2%'0A'! 2(%7A&)#g'$#(*! #*6&0$#+'$&:! -7! 2/%0&:! ;CeC! :#09?')+&C!
N9;3/6<%9O%@9<B823%Z>02/>2'%@9<B823%!M280453B%J=0509/!MRE!v[Jxt!P[xttQC!

u[! I')UJB/7GE!.C% 25%6<"! e/*9$#(*'%#g&:E! >W&%%'-%&!Z7:)(+&%! j'7&)0!'0!'!1%'$3()A! 3()!,&%%! >$/:#&0C!W=16/>2=%
$;/>509/6<%P652306<4!MTE![rtsJ[rvs!Pr\\xQC!

ur! 4(*+E! ]C% 25% 6<"! I#9)(J! '*:! .'*(2'$$&)*#*+! (3! <*()+'*#9! '*:! 1(%7A&)#9! >/-0$)'$&0! -7! <*:&*$'$#(*!
j#$?(+)'2?7C!Q6/9%:255234!MXE!rt\rJrt\v!Pr\[\QC!

uh! B)'9?&)E!1C!]CE!4/2$'E!IC!Ç!f?#$&0#:&0E!4C!IC!1'$$&)*&:!2'2&)!'0!'!$&A2%'$&!3()!$?&!:&%#6&)7!(3!)&'9$'*$0!
#*!$?&!3'-)#9'$#(*!(3!2%'*')!A'$&)#'%0C!Z9O5%P65523!UE!uh\hJuh\x!Pr\[\QC!

uu! ,6&%-')E! cCE! 1&i(6*#XE! >CE! I(g&$#ñöE! IC! Ç! ^'%')E! 8C! <*9)&'0&:! 0/)3'9&! )(/+?*&00! -7! (N7+&*! 2%'0A'!
$)&'$A&*$!(3!+)'2?#$&q2(%7A&)!9(A2(0#$&C!WSS<02=%Z;3O6>2%Z>02/>2!PMXE!rwwJrs[!Pr\\hQC!



"'#%()#*+!,')-(*!.'*($/-&0!1)(2&)$#&0!3()!4&*&!5&%#6&)7!822%#9'$#(*0!

 t\!

uw! Z'E!>C!fCE!Z'/&)$E!;CE!@)*0$E!YC!ZC!Ç!f#*$&)A'*$&%E!@C!>/)3'9&!'*'%70#0!(3!9?&A#9'%%7J&$9?&:!'*:!2%'0A'J
$)&'$&:! 2(%7&$?&)&$?&)X&$(*&! P1@@YQ! 3()! -#(A&:#9'%! '22%#9'$#(*0C! Z;3O6>2% 6/=% !9650/A4% L2>M/9<9AB!TUE!
rxhJrxx!P[xxtQC!

us! >(*+E!BCE!I&*+E!jC!ZC!Ç!Z/'*+E!`C!5C!<*3%/&*9&!(3!2%'0A'!$)&'$A&*$!$#A&!(*!2%'0A'!#*:/9&:!6'2()!2?'0&!
+)'3$#*+!A(:#3#9'$#(*!(3!1Bb!3#-&)!0/)3'9&C!WSS<02=%Z;3O6>2%Z>02/>2!PRWE!ww\wJww[\!Pr\[rQC!

ut! ;&9?&*:()33E! YCE! Z(6+''):E!IC! BCE! e(00E!ICE! ^?:'*(6E! kC! 1C!Ç! B&0&*-'9?&)E! eC! @*?'*9&A&*$! (3! 1)($&#*!
8:0()2$#(*!<*:/9&:!-7!>/)3'9&!;(/+?*&00C!:6/A8;03!PPE![\vvwJ[\vvv!Pr\\sQC!

uv! I'E! ^CE!I'(E! ^C!Ç!4'(E! ,C! >/)3'9&!A(:#3#9'$#(*! '*:!2)(2&)$7! '*'%70#0! (3! -#(A&:#9'%! 2(%7A&)0! /0&:! 3()!
$#00/&!&*+#*&&)#*+C!!9<<90=4%6/=%Z;3O6>24%R'%R090/523O6>24!UXE![htJ[wt!Pr\\tQC!

ux! 5/K/&E! jC% 25%6<"! ;&'9$#(*0!(3!1%'0A'J1(%7A&)#0&:!1&*$'3%/()(2?&*7%!I&$?'9)7%'$&!W#$?!>#A2%&!8A#*&0C!
@<6486%@39>24424%6/=%@9<B8234!VE!x[wJxrw!Pr\[\QC!

w\! ;('9?E!1CE!e'))')E!5C!Ç!1&))7E!,C!,C!<*$&)2)&$'$#(*!(3!1)($&#*!8:0()2$#(*|!>/)3'9&J<*:/9&:!,(*3()A'$#(*'%!
,?'*+&0C!N9;3/6<%9O%5M2%W8230>6/%!M280>6<%Z9>025B!MPVE!v[svJv[th!Pr\\wQC!

w[! Y)'i&W0X'E!BC!822%#9'$#(*!(3!9?#$#*J!'*:!9?#$(0'*J-'0&:!A'$&)#'%0! 3()!&*g7A&! #AA(-#%#g'$#(*0|!'!)&6#&WC!
J/[B82%6/=%P0>39l06<%L2>M/9<9AB!ORE![rsJ[hx!Pr\\uQC!

wr! I9j&'*E! ;C! >C! Ç! >'/&)E! BC! BC! "'22#*+JI(:&! 8eI! >$/:#&0! c0#*+! 1?'0&! 5&$&9$#(*! 3()! ;&0(%/$#(*! (3!
.'*(2?'0&0! #*!>&+A&*$&:!1(%7/)&$?'*&0!'*:!b$?&)!B%(9X!,(2(%7A&)0C!P6>3989<2>;<24!OXE!vh[uJvh[t!
P[xxtQC!

wh! 1'$$'*#E! kCE! j#E! ,CE! 5&0'#E! "C! Ç! k/E! "C! I#9)(9(*$'9$! 2)#*$#*+! (3! K/'*$/A! :($! -#(9(*i/+'$&! '))'70! 3()!
%(9'%#g&:!9'2$/)&!'*:!:&$&9$#(*!(3!-#(A(%&9/%&0C!R0982=0>6<%P0>39=210>24!MXE!hstJhtu!Pr\\vQC!

wu! ;('9?E! 1CE! @+%#*E! 5CE! ;(?:&E! YC! Ç! 1&))7E! ,C! ,C! I(:&)*! -#(A'$&)#'%0|! '! )&6#&W! J! -/%X! 2)(2&)$#&0! '*:!
#A2%#9'$#(*0!(3!0/)3'9&!A(:#3#9'$#(*0C!N9;3/6<%9O%P652306<4%Z>02/>2'%P652306<4% 0/%P2=0>0/2!MWE![rshJ[rtt!
Pr\\tQC!

ww! f'%9g7XE! 5CE! B(A-&%%#E! eC! BCE! I(*(2(%#E! IC! 1CE! j7*9?E! <C! Ç! 5'W0(*E! YC! 8C! f?'$! $?&! ,&%%! õ>&&0õ! #*!
B#(*'*(09#&*9&C!N9;3/6<%9O%5M2%W8230>6/%!M280>6<%Z9>025B!MOPE!wts[Jwtsv!Pr\[\QC!

ws! Y'?E! ]C! ,C! `CE! ,?&*E! ]CE! ^/-#&$'E! 8C! Ç! Z'A':J>9?#33&)%#E! YC! @N2%(#$#*+! $?&! 1)($&#*! ,()(*'! ')(/*:! 4(%:!
.'*()(:0!3()!j(':#*+!'*:!")#++&)&:!;&%&'0&C!W!Z%Q6/9!UE!sth\Jstu\!Pr\[rQC!

wt! I#)0?'3#&&E!kCE!I'?A(/:#E!ICE!j(/E!YC!`CE!,?&*+E!]C! ]C!Ç!Y)'3$E!IC!jC!1)($&#*!9()(*'!0#+*#3#9'*$%7!)&:/9&0!
'9$#6&!$')+&$#*+!7#&%:C!!M280>6<%!988;/0>6509/4!QTE!rwwtJrwwx!Pr\[hQC!

wv! I(*(2(%#E!IC! 1C% 25% 6<"! 1?70#9'%J,?&A#9'%! 802&9$0! (3! 1)($&#*! ,()(*'|! ;&%&6'*9&! $(! #*! k#$)(! '*:! #*! k#6(!
B#(%(+#9'%!<A2'9$0!(3!.'*(2')$#9%&0C!N9;3/6<%9O%5M2%W8230>6/%!M280>6<%Z9>025B!MOOE!rwrwJrwhu!Pr\[[QC!

wx! `#*E! `C% 25% 6<"! 89&$7%&*&! 2%'0A'! 2(%7A&)#g&:! 0/)3'9&0! 3()! 9(6'%&*$! #AA(-#%#g'$#(*! (3! :&*0&! -#('9$#6&!
2)($&#*!A(*(%'7&)0C!Z;3O6>2%6/=%!9650/A4%L2>M/9<9AB!PXOE![h[\J[h[s!Pr\\xQC!

s\! =J>&*0&C!?$$2|qqWWWCKJ0&*0&C9(AqK9AJ:J$&9?*(%(+7E!5&0&A-)&!r\[\QC!
s[! 5(%'$0?'?#J1#)(/gE!8C%25%6<"!B(6#*&!0&)/A!'%-/A#*!':0()2$#(*!(*!*'*(J)(/+?!2%'$#*/A!0/)3'9&0!0$/:#&:!-7!

=,IJ5C!!9<<90=4%6/=%Z;3O6>24%R'%R090/523O6>24!UUE!whJwx!Pr\\vQC!
sr! 1&*+E!^C!4CE!Z#:'i'$E!YC!Ç!c::#*E!IC!>C!,(*3()A'$#(*'%!9?'*+&!(3!':0()-&:!'*:!:&0()-&:!-(6#*&!0&)/A!

'%-/A#*!(*!*'*(J0#g&:!A'+*&$#9!2')$#9%&0C!!9<<90=4%6/=%Z;3O6>24%R'%R090/523O6>24!OOE![wJr[!Pr\\uQC!
sh! ,')$&)E!5C!,C!Ç!Z(E!]C!_C!W=16/>24%0/%@39520/%!M280453BC!k(%C!uw!P[xxuQC!
su! ZààXE! eC% 25% 6<"! k')#'$#(*0! #*! ,(/2%&:! f'$&)E! k#09(&%'0$#9! 1)(2&)$#&0E! '*:! e#%A! "?#9X*&00! (3! '! I&32J[!

1)($&#*! e#%A! :/)#*+! 8:0()2$#(*! '*:! ,)(00Jj#*X#*+|ÑÖá! 8! =/')$g! ,)70$'%! I#9)(-'%'*9&! W#$?! 5#00#2'$#(*!
I(*#$()#*+E! @%%#20(A&$)7E! '*:! >/)3'9&! 1%'0A(*! ;&0(*'*9&! >$/:7C! W/6<B50>6<% !M280453B! VOE! wtxsJwv\u!
Pr\\[QC!

sw! Z%':7E! kC! Ç! B/#i0E! ]C! 1)($&#*! ':0()2$#(*! (*! 0(%#:! 0/)3'9&0C! !;332/5% XS0/09/% 0/% R0952>M/9<9AB! VE! trJtt!
P[xxsQC!

ss! Y(/$0(2(/%(0E!>CE!6'*!:&)!b(0$E!]C!Ç!.():&E!fC!>$)/9$/)'%!3&'$/)&0!(3!'!?72&)$?&)A(0$'-%&!&*:(J-&$'J[EhJ
+%/9'*'0&!#*!0(%/$#(*!'*:!':0()-&:!(*!õ#*6#0#-%&õ!2')$#9%&0C!R09SMB40>6<%N9;3/6<!WWE!ustJutu!Pr\\wQC!

st! 1%'*'0E!8C!B'9$&)#'%![EhJ[EuJ�-&$'ÄJ+%/9'*'0&0|!0$)/9$/)&E!3/*9$#(*!'*:!2)($&#*!&*+#*&&)#*+C!R09>M080>6%25%
R09SMB40>6%W>56%ERRWH%G%@39520/%Z53;>5;32%6/=%P9<2>;<63%J/[B89<9AB!MRQOE!hs[Jhvr!Pr\\\QC!



,?'2$&)!<<!~!>/)3'9&!I(:#3#9'$#(*!-7!1%'0A'!"&9?*#K/&0!

 t[!

sv! I'$&(E!,CE!1'%(A(E!]C!ICE!e&)*'*:&gJj()&*$&E!4CE!4/#0'*E!]C!IC!Ç!e&)*'*:&gJj'3/&*$&E!;C!<A2)(6&A&*$!(3!
&*g7A&!'9$#6#$7E!0$'-#%#$7!'*:!0&%&9$#6#$7!6#'!#AA(-#%#g'$#(*!$&9?*#K/&0C!J/[B82%6/=%P0>39l06<%L2>M/9<9AB!
QXE![uw[J[ush!Pr\\tQC!

sx! 4(::'):E! ]C! IC! Ç! Z($9?X#00E! ]C! ZC! 1(%7A&)! 0/)3'9&! A(:#3#9'$#(*! 3()! $?&! '$$'9?A&*$! (3! -#('9$#6&!
9(A2(/*:0C!@39A3244%0/%@9<B823%Z>02/>2!OPE!sxvJtrw!Pr\\tQC!

t\! e')%&7E! 5C! ,C% 25% 6<"! e'9$()0! $?'$! #*3%/&*9&! k>kJ4! 20&/:($72#*+! '*:! $)'*0:/9$#(*! &33#9#&*97! (3! %&*$#6#)'%!
6&9$()0ÑÖú#*!6#$)(!'*:!#*!6#6(!#A2%#9'$#(*0C!LM2%N9;3/6<%9O%&2/2%P2=0>0/2!TE!huwJhws!Pr\\tQC!

t[! >$&6&*0(*E!IC%25%6<"!<*9()2()'$#(*!(3!'!%'A#*#*J:&)#6&:!2&2$#:&!P><Yk8kQ!(*!2(%7A&)JA(:#3#&:!':&*(6#)/0!
2&)A#$0!$/A()J02&9#3#9!$')+&$#*+!6#'!ùêsJ#*$&+)#*0C!!6/>23%&2/2%LM236SB!MQE!hhwJhuw!Pr\\tQC!

tr! B'#*-)#:+&E!]C!fC!BC%25%6<"!@33&9$!(3!4&*&!"?&)'27!(*!k#0/'%!e/*9$#(*!#*!j&-&)â0!,(*+&*#$'%!8A'/)(0#0C!Q2V%
J/A<6/=%N9;3/6<%9O%P2=0>0/2!ORWE!rrh[Jrrhx!Pr\\vQC!

th! ,'6'gg'*'J,'%6(E! IC% 25% 6<"! 4&*&! "?&)'27! (3! Z/A'*! >&6&)&! ,(A-#*&:! <AA/*(:&3#9#&*97! P>,<5QJ_[!
5#0&'0&C!Z>02/>2!PWWE!ssxJstr!Pr\\\QC!

tu! B&*+'%#E! ^CE! ;&'E! ]C! ,CE! 4#-%7E! ;C! eC! Ç! >?&'E! jC! 5C! @33#9'97! (3! #AA(-#%#g&:! 2(%72%&N&0! '*:! %#2(2%&N&0! 3()!
0/-0$)'$&JA&:#'$&:!+&*&!:&%#6&)7C!R0952>M/9<9AB%6/=%R092/A0/2230/A!MXPE![stxJ[sx[!Pr\\xQC!

tw! I&#E!jCE!]#*E!_CE!>(*+E!,CE!f'*+E!IC!Ç!j&67E!;C!]C!<AA(-#%#g'$#(*!(3!+&*&!6&9$()0!(*!2(%7/)&$?'*&!0/)3'9&0!
/0#*+!'!A(*(9%(*'%!'*$#-(:7!3()!%(9'%#g&:!+&*&!:&%#6&)7C!LM2%N9;3/6<%9O%&2/2%P2=0>0/2!WE!sx\Jsxv!Pr\\sQC!

ts! f'*+E!,CJZC!YCE!]#'*+E!>C!Ç!1/*E!>C!ZC!j(9'%#g&:!,&%%!c2$'X&!(3!Z#0J"'++&:!1(%72%&N&0!<AA(-#%#g&:!(*!."8!
>&%3J800&A-%&:!I(*(%'7&)0C!:6/A8;03!PUE![wuuwJ[wuwr!Pr\[\QC!

tt! 5/**E!,C!8C%25%6<"!BI1!+&*&!:&%#6&)7!3()!'%6&(%')!-(*&!&*+#*&&)#*+!'$!:&*$'%! #A2%'*$!:&3&9$0C!P9<2>;<63%
LM236SB!MME!rxuJrxx!Pr\\wQC!

tv! e#0?-&#*E! <C% 25% 6<"! j(9'%! 5&%#6&)7! (3! 4&*&! k&9$()0! e)(A! B')&JI&$'%! >$&*$0! -7! c0&! (3! '! B#(:&+)':'-%&!
>7*$?&$#9!,(A2%&N!<*?#-#$0!<*J>$&*$!;&0$&*(0#0!#*!;'$!,')($#:!8)$&)#&0C!!03>;<6509/!MMVE!r\xsJr[\h!Pr\\vQC!

tx! f'*+E! ,CJZC! YC!Ç! 1/*E! >C! ZC! >/-0$)'$&JA&:#'$&:! */9%&#9! '9#:! :&%#6&)7! 3)(A! 0&%3J'00&A-%&:!A(*(%'7&)0C!
L32/=4%0/%R0952>M/9<9AB!PTE![[xJ[rs!Pr\[[QC!

!



!

 



 

 

 (,?'2$&)!<<<C

OF S59?C?0/4?56(5C(#/=@56(1/654<@2.(@>(A*#G!(C5=(D262(
!28?E2=>(G2045=.(

b)#+#*'%%7!2/-%#0?&:!'0|!

8C! ,#3/&*$&0J;#/0E! 8C! :&! 1'-%(E! kC! ;'A(0J1&)&gE! >C! B())D0E! @<6486% @39>24424% 6/=% @9<B8234E! PXMO(

P4;l80552=H!

kC!;'A(0J1&)&gE!8C!,#3/&*$&0E!.C!,()(*'0E!8C!:&!1'-%(E!>C!B())D0C!<*|!YC!Z'A':J>9?#33&)%#E!1C!B&)+&0&E!

Q6/98652306<%#/523O6>24%0/%R09<9AB'%P25M9=4%6/=%@3959>9<4E!PXMOC!B(0$(*|!>2)#*+&)C!h\r!



!

 



,?'2$&)!<<<!~!I(:#3#9'$#(*!(3!,."0!-7!1@,k5!3()!4&*&!5&%#6&)7!k&9$()0!

  tw!

OFMF ,64=59<04?56(

"?&!2)&6#(/0!9?'2$&)!P,?'2$&)!<<Q!?'0!0?(W*!$?&!9(A2%&$&!0$/:7!(3!-($?!1@,k5!'*:!2%'0A'!+)'3$#*+!

$&9?*#K/&0! '0! #*$&)&0$#*+! A&$?(:(%(+#&0! 3()! 2)&2')#*+! /%$)'$?#*! 3#%A0! (3! 1eI! $(! (-$'#*! 0A')$E!

-#('9$#6&!0/)3'9&0C!"?&!:&6&%(2A&*$!(3!A#9)(2')$#9%&0!W#$?!&*g7A'$#9!'9$#6#$7!'*:!3'-)#9'$#(*!(3!9&%%!

)&2)(+)'AA#*+! 0/)3'9&0! 2)(6&:! $?&! 6&)0'$#%#$7! (3! $?&! 2%'0A'! +)'3$#*+! '22)('9?! $(+&$?&)! W#$?! #$0!

'22%#9'-#%#$7! $(! +&*&! :&%#6&)7! '22%#9'$#(*0C! b*! $?&! ($?&)! ?'*:E! $?&! 221eI! $?#*! 3#%A! :&2(0#$#(*! -7!

1@,k5!0?(W&:!?#+?&)!&33#9#&*97!)'$&0!(3!#AA(-#%#g'$#(*C!j')+&!'A(/*$0!(3!'9$#6&0!0#$&0!')&!)&K/#)&:!

3()!$?&!'$$'9?A&*$!(3!$?&!5.8!()!'*!#*$&)A&:#'$&!%#*X&)!9'2'-%&!$(!02&9#3#9'%%7!%(':!'*:!)&%&'0&!$?&!

:&0#)&:!+&*&$#9!A'$&)#'%C!"?&)&3()&E!$?&!A(:#3#9'$#(*!-7!1@,k5!'22&')0!$(!-&!A()&!0/#$'-%&!3()!$?&!

3/*9$#(*'%#g'$#(*!(3!9')-(*!*'*($/-&0C!

80! #$! ?'0! -&&*! #*$)(:/9&:! #*! ,?'2$&)! <! '*:! ,?'2$&)! <<E! :&02#$&! 2)(A#0#*+! ':6'*$'+&0E! $?&! /0&! (3!

9')-(*!*'*($/-&0!P,."0Q!3()!-#(A&:#9'%!'22%#9'$#(*0! #0! %#A#$&:!:/&!$(!$?&#)! %(W!-#(9(A2'$#-#%#$7C[Jh!

.'p6&!9')-(*!*'*($/-&0!2)&0&*$!?#+?%7!?7:)(2?(-#9!0/)3'9&0E!W?#9?!)&0/%$! #*!2(()!W'$&)!0(%/-#%#$7!

'*:! :#02&)0#-#%#$7E! A'X#*+! $?&A! /*0/#$'-%&! 3()! -#(%(+#9'%! '22%#9'$#(*0C! "(! #A2)(6&! $?&!

-#(9(A2'$#-#%#$7!(3!9')-(*!*'*($/-&0E!0/)3'9&!A(:#3#9'$#(*!()!3/*9$#(*'%#g'$#(*!#0!)&K/#)&:!$(!'33():!

0(%/-#%#$7! #*! 'K/&(/0! 0(%/$#(*0CuEw! I(:#3#9'$#(*! (3! ,."0! A'7! -&! 2&)3()A&:! -7! 9(6'%&*$! '*:! *(*J

9(6'%&*$! A&$?(:0C[EsEt! ,(6'%&*$! 3/*9$#(*'%#g'$#(*! &N2%(#$0! $?&! 9?&A#9'%! )&'9$#6#$7! (3! ,."0! $(! 3()A!

-(*:0!-&$W&&*!$?&!,."!0/)3'9&!'*:!'!?7:)(2?#%#9!A(#&$7C!,(6'%&*$!-(*:#*+!(3!A(:#37#*+!A(#&$#&0!

?'6#*+!?7:)(2?#%#9!+)(/20!#*!$?&#)!0$)/9$/)&!)&0/%$0!#*!#*9)&'0&:!W'$&)!0(%/-#%#$7!(3!A(:#3#&:!,."0C!<*!

9(*$)'0$E!*(*J9(6'%&*$!A(:#3#9'$#(*!$&9?*#K/&0!')&!-'0&:!(*!?7:)(2?(-#9!#*$&)'9$#(*0!-&$W&&*!$?&!

,."! 0/)3'9&! '*:! $?&! ?7:)(2?(-#9! )&+#(*! (3! '*! 'A2?#2?#%#9! A(#&$7C! ,."! W)'22#*+! W#$?! A/%$#2%&!

'A2?#2?#%#9! A(#&$#&0! ?'6#*+! 0/)3'9$'*$J%#X&! '9$#6#$7! )&0/%$0! #*! 0(%/-#%#g'$#(*! (3! ,."0! #*! 'K/&(/0!

A&:#'C[EvJ[r!B($?!$&9?*#K/&0!2)(6#:&!&33#9#&*$!,."!A(:#3#9'$#(*!0$)'$&+#&0!3()!-#(%(+#9'%!'22%#9'$#(*0E!

)&0/%$#*+!#*!#*9)&'0&:!-#(9(A2'$#-#%#$7!'*:!)&:/9&:!$(N#9#$7E!'0!W#%%!-&!:#09/00&:!#*!,?'2$&)!<kC!<*!'*7!

9'0&E! #$! #0! 9%&')! $?'$! -7! ':i/0$#*+! $?&! 0/)3'9&! A(:#3#9'$#(*! (3! ,."0! #$! #0! 2(00#-%&! $(! $'#%()! $?&#)!

9'2'-#%#$7!$(!-#*:!+&*&$#9!A'$&)#'%!'*:!/0&!$?&#)!'-#%#$7!$(!9)(00!$?&!9&%%/%')!A&A-)'*&!$(!$)'*03&9$!

$?&!+&*&$#9!A'$&)#'%!$(!$?&!9&%%C[hE[u!

Z(W&6&)E! 9(6'%&*$! 3/*9$#(*'%#g'$#(*! )&0/%$0!A()&! '$$)'9$#6&!:/&! $(! #$0!A()&! 9(*$)(%%&:!2)(9&:/)&E!

'%%(W#*+! $?&! 3()A'$#(*! (3! 0/)3'9&0! W#$?! '! ?#+?&)! :&+)&&! (3! 02&9#3#9#$7! '*:! +)&'$&)! $/*'-%&!

2)(2&)$#&0C[wE[s! 8A(*+! '%%! $?&! '22)('9?&0! $(! 9(6'%&*$%7! A(:#37! ,."0! 0/)3'9&! :&09)#-&:! #*! ($?&)!

W()X0E!A(0$!(3! '%%! #*6(%6&!A/%$#! 0$&2! )&'9$#(*0!'*:! )'$?&)!?')0?! 9(*:#$#(*0! $(!'9?#&6&! $?&!:&0#)&:!



"'#%()#*+!,')-(*!.'*($/-&0!1)(2&)$#&0!3()!4&*&!5&%#6&)7!822%#9'$#(*0!

 ts!

3/*9$#(*'%! +)(/2E!W?#9?!A'7!:'A'+&! $?&! 0#:&W'%%0! ()! $#20!(3! $?&!,."0E! '0! 9(AA&*$&:! #*!,?'2$&)!

<<CsE[w!1%'0A'!2(%7A&)#g'$#(*!?'0!-&&*!2)(6&:!$(!-&!'!)&%'$#6&%7!0#A2%&E!3'0$!'*:!:)7!A&$?(:!3()!$?&!

A(:#3#9'$#(*!(3!:#33&)&*$!0/)3'9&0!W#$?(/$!'33&9$#*+!$?&!A&9?'*#9'%!2)(2&)$#&0!(3!$?&!-/%X!A'$&)#'%C[tJ

[x!<$!#0!-'0#9'%%7!/0&:!$(!9(*$)(%!$?&!0/)3'9&!9?&A#0$)7!(3!$?&!:&0#)&:!A'$&)#'%E!()#+#*'%%7!:&6&%(2&:!$(!

A(:#37!2(%7A&)0!0/)3'9&0E!2)(6#:#*+!?(A(+&*&(/0!)&'9$#6&!9('$#*+0!W#$?!'!?#+?!:&+)&&!(3!02&9#3#9#$7!

3()!$?&!#AA(-#%#g'$#(*!(3!A(%&9/%&0Cr\Jrr! <*!$?&!)&9&*$!7&')0E! #$!?'0!-&&*!'%0(!/0&:!3()!$?&!9?&A#9'%!

A(:#3#9'$#(*!(3!A()&!0(2?#0$#9'$&:!A'$&)#'%0! 0/9?!'0!?7:)(N7'2'$#$&!2(W:&)E!A&$'%!*'*(2')$#9%&0E!

9')-(*!*'*(3#-&)0!'*:!'%0(!*'*($/-&0!:/&! $(!'%%! $?&!':6'*$'+&0! $?'$! $?#0! $&9?*#K/&!(33&)0CrhEru!B7!

$?#0! A&$?(:E! $?&! 9')-(*! *'*($/-&! 0/)3'9&! 9'*! -&! '%0(! $/*&:! #*! ():&)! $(! #A2)(6&! W&$$'-#%#$7E!

:#02&)0#-#%#$7E!0$'-#%#$7!'*:!-#(9(A2'$#-#%#$7E!'%$(+&$?&)!W#$?!$?&!)&$&*$#(*!(3!#$0!0$)/9$/)'%!#*$&+)#$7C[v!

1%'0A'!$)&'$A&*$!9'*!-&!/0&:!W?&$?&)!$(!2)&6#(/0%7!'9$#6'$&!$?&!0/)3'9&!-&3()&!$?&!2(%7A&)#g'$#(*!

#0! 9'))#&:! (/$! ()! $(! :#)&9$%7! 2(%7A&)#g&! $?&! :&0#)&:!A(*(A&)! 2)&0&*$! #*! $?&! )&'9$()! 9?'A-&)! -7!

&33&9$!(3!$?&!;e!+%(WJ:#09?')+&C!<*!$?&!%'0$!:&9':&E!2%&*$7!(3!2%'0A'!2(%7A&)#g'$#(*!(*!,."0!0$/:#&0!

?'6&!-&&*!9'))#&:!(/$C!"?&0&!')&!A'#*%7!3(9/0&:!(*!'22%#9'$#(*0!#*6(%6#*+!&%&9$)(*#9!0&*0()0E!W?&)&!

$?#0! $&9?*#K/&! #0! /0&:! $(! #*9)&'0&! $?&! #*$&)'9$#(*! '*:! #A2)(6&! $?&! 3#*'%! 2)(2&)$#&0! (3! 9(A2(0#$&!

A'$&)#'%0! -7! 9('$#*+! $?&A!W#$?! :#33&)&*$! $72&0! (3! 2(%7A&)0CrwErs!Z(W&6&)E! 3&W! #*6&0$#+'$#(*0! ?'6&!

-&&*!:(*&!W?&)&!$?&!3#*'%!'22%#9'$#(*!(3!$?&!$)&'$&:!,."0!#0!#*!'!-#(%(+#9'%!070$&AC[vErtErv!

e)(A!$?#0!)&:/9&:!+)(/2E!$?&)&!')&!0$#%%!0(A&!:)'W-'9X0!$?'$!*&&:!$(!-&!'::)&00&:C!<*!0(A&!0$/:#&0!

2&)3()A&:! -7! k(?)&)! 25% 6<"E! $?&! ?7:)(2?#%#g'$#(*! (3! ,."! 0?&&$0! P9'%%&:! -/9X7! 2'2&)0Q! -7! 2%'0A'!

$)&'$A&*$! W#$?! :#33&)&*$! *(*J2(%7A&)#g'-%&! A(*(A&)! +'0&0! #*9%/:#*+! $?&#)! 2(00#-%&! 2(0$J

)&'9$#(*0Crv! "?&7! '9?#&6&:! '! +&*$%&! (N#:'$#(*! (3! $?&! ,."0! W?&*! $)&'$#*+! $?&A! W#$?! .r! +'0! #*! '!

07AA&$)#9'%! )&'9$()! 9(*0#0$#*+! (3! $W(! 2%'*&! 2')'%%&%! &%&9$)(:&0! 3(%%(W&:! -7! '*! (N#:'$#(*! 2(0$J

$)&'$A&*$!W#$?!'*!(N7+&*!3%(WC!"?&#)!$)&'$&:!,."0!0?(W&:!'!?#+?!#*9)&'0&!#*!0(%/-#%#$7!)&:/9#*+!$?&!

[w\(!#*!W'$&)!9(*$'9$!'*+%&!(3!$?&!/*A(:#3#&:!-/9X7!2'2&)0!$(![\(!3()!$?&!(N#:#g&:!(*&0C!f#$?!$?#0!

$)&'$A&*$E!$?&7!&*0/)&:!*(!'%$&)'$#(*!(3!$?&#)!A()2?(%(+7C!.(*&$?&%&00E!$?&#)!_J)'7!2?($(&%&9$)(*!

02&9$)(09(27! P_1>Q! )&0/%$0! )&6&'%&:!'! 9(*0$'*$!:&9)&'0&! #*! $?&!(N#:'$#(*!:&+)&&!(3! $?&!,."0!(6&)!

$#A&E! &6&*$/'%%7! %(0#*+! $?&! 3/*9$#(*'%#$7! '9?#&6&:C! "?#0! 2?&*(A&*(*! A'7! ?'6&! '! *&+'$#6&! &33&9$!

)&+'):#*+!$?&!'22%#9'$#(*!W?&)&!$?&0&!*'*(2')$#9%&0!?'6&!$(!-&!/0&:C!b*!$?&!($?&)!?'*:E!,?&*!25%6<C!

/0&:!$?&!2(%7A&)#g'$#(*!(3!$W(!$72&0!(3!A(*(A&)0E!'9&$'%:&?7:&!'*:!&$?7%&*&:#'A#*&E!#*!():&)!$(!

2&)A'*&*$%7! #AA(-#%#g&! :#33&)&*$! $72&0! (3! 2(%70'99?')#:&0! '*:! $?/0! 2)(6#:&! ?#+?%7! ?7:)'$&:!

9('$#*+0!$(!$?&!,."!0/)3'9&C[v!e#)0$%7E!$?&7!0/99&003/%%7!2)(6&:!$(!A(:#37!$?&#)!'0J07*$?&0#g&:!'%#+*&:!

,."!3#%A!(*!-($?!'*!'A()2?(/0!9')-(*!%'7&)!()!:#)&9$%7!+)(W*!(*!'!0#%#9(*!W'3&)!W#$?!'9&$'%:&?7:&!

'*:!&$?7%&*:#'A#*&!-7!'!;e!+%(W!:#09?')+&!2%'0A'!$)&'$A&*$!'*:! #*!'!?(A&J-/#%$!2%'0A'!)&'9$()C!



,?'2$&)!<<<!~!I(:#3#9'$#(*!(3!,."0!-7!1@,k5!3()!4&*&!5&%#6&)7!k&9$()0!

  tt!

83$&)!2%'0A'!'9$#6'$#(*!(3!$?&!#*:#6#:/'%!,."!0/)3'9&E!$?&7!W&)&!'-%&!$(!#AA(-#%#g&!8A#*(J5&N$)'*!

'*:! 1&)#(:'$&JbN#:#g&:! 5&N$)'*! 9?'#*0! $?)(/+?! '! >?#33J-'0&! 3()A'$#(*E! 3(%%(W&:! -7! )&:/9$#6&!

0$'-#%#g'$#(*! (3! $?&! >?#33J-'0&! %#*X'+&! W#$?! 0(:#/A! 97'*(-()(?7:)#:&C! 8%$?(/+?! $?#0! '22)('9?!

'%%(W&:! $?&! 3()A'$#(*! (3! ?#+?%7! ?7:)(2?#%#9! '*:! 0(%/-%&! ,."0! W#$?(/$! 0#+*#3#9'*$! 9?'*+&0! #*! $?&!

*'*($/-&L0! 0$)/9$/)&! #*$&+)#$7E! #$! 0$#%%! #*6(%6&:! 9(A2%#9'$&:! '*:! 9(0$! &33&9$#6&!A/%$#J0$&2! )&'9$#(*0!

-&3()&!$?&!:&0#)&:!2)(2&)$#&0!(3!$?&!,."0!W&)&!'9?#&6&:C!;&+'):%&00E!$?#0!0$/:7!0?(W&:!?(W!2%'0A'!

2(%7A&)#g'$#(*! )&0/%$0! #*! '! 2)(A#0#*+! $&9?*#K/&! $(! ?(A(+&*&(/0%7! A(:#37! $?&! ,."! 0/)3'9&C! "?#0!

0$'$&A&*$!W'0!9(*3#)A&:!#*!'!W()X!(3!û6#%'Jb)$'!25%6<"E!W?&)&!$?#*!11@4!P2%'0A'!2%(7&$?#%&*+%79(%Q!

%'7&)0! P[Jh! *A! $?#9XQ! W&)&! :&2(0#$&:! (*! ,."0Crt! "?&7! /0&:! 0&*0#$#6&! $&9?*#K/&0! 0/9?! '0! ?#+?J

)&0(%/$#(*! $)'*0A#00#(*!&%&9$)(*!A#9)(09(27! PZ;"@IQ!'*:!e(/)#&)J$)'*03()A! #*3)')&:!02&9$)(09(27!

Pe"<;Q! $(! 0$/:7! $?&#)! 2(%7A&)! 3#%A0C!I()&(6&)E! $?&7! 2)(6&:! $?'$! $?#0! 2%'0A'! 9('$#*+! 2)(6#:&:! $?&!

*&&:&:!?7:)(2?#%#9#$7!#*!():&)!$(!:#02&)0&!$?&!A(:#3#&:!*'*($/-&0!#*!W'$&)E!A&$?'*(%!'*:!&$?7%&*&!

+%79(%E!A'#*$'#*#*+!$?&!:#02&)0#(*!0$'-%&!W#$?!$#A&C!@6&*! #3! $?&0&!11@4JA(:#3#&:!,."0!A#+?$!-&!'*!

&33&9$#6&! 0(%/$#(*! $(! :#02&)0&! ,."0! 3()! '%%! X#*:! (3! '22%#9'$#(*0E! $(! /0&! $?&A! #*! 9&%%! -#(%(+7! '*:!

&02&9#'%%7! 3()! 9&%%! $)'*03&9$#(*! '! 02&9#3#9! 3/*9$#(*'%#g'$#(*! (*! $?&! ,."! 0/)3'9&! A'7! -&! )&K/#)&:C!

"?&)&3()&E! $?&! :&2(0#$#(*! (3! '! 2(%7A&)! 9('$#*+! $?'$! 9'*! 2)(6#:&! 9?&A#9'%! )&'9$#6&! 0#$&0! 3()! $?&!

02&9#3#9! '*9?()#*+! (3! '9$#6&! A(%&9/%&0! A'7! -&9(A&! ?#+?%7! 2)(A#0#*+Cr[Err! "?#0! $72&! (3!

3/*9$#(*'%#g'$#(*! 9'*! -&! '9?#&6&:! -7! $?&! 221eI! 2(%7A&)#g'$#(*! -7! 1@,k5E! '0! :&A(*0$)'$&:! #*!

,?'2$&)!<<C!

8::#$#(*'%%7E! $?&!6&)0'$#%#$7!(3!$?&!1@,k5!2(%7A&)#g'$#(*!'%%(W0!$?&!:&2(0#$#(*!(3!'!W#:&!6')#&$7!(3!

A(*(A&)0E!W?#9?!2)(6#:&!:#33&)&*$!9?&A#9'%! 0/)3'9&!2)(2&)$#&0Crx!"?&)&3()&! $?&!2(%7A&)#g'$#(*!(3!

'%%7%'A#*&! P88Q! -7! $?#0! $&9?*#K/&! #0! '%0(! 0$/:#&:! #*! $?#0! 9?'2$&)C! "?#0! A(*(A&)! #0! &02&9#'%%7!

#*$&)&0$#*+! +#6&*! #$0! '-#%#$7! $(! 2(%7A&)#g&! 3()A#*+! '! 2(%7A&)! %'7&)! P288Q! W#$?! &N2(0&:! 2)#A')7!

'A#*&0! (*! $?&! 0/)3'9&C! >/9?! 'A#*(! +)(/20! ')&! 2)($(*'$&:! W?&*! 0/-i&9$&:! $(! 'K/&(/0! -/33&)E!

&02&9#'%%7!'$!2Z!')(/*:!wCwE!+#6#*+!)#0&!$(!'!2(0#$#6&%7!9?')+&:!0/)3'9&Ch\Jhr!"?&0&!$72&0!(3!A(:#3#&:!

0/)3'9&0!')&!2)&0&*$&:!'0!0/99&003/%!:&6#9&0!$(!9(*:&*0'$&!*/9%&#9!'9#:0! #*!?#+?!)'$#(0!$?)(/+?!$?&!

#(*#9! #*$&)'9$#(*! -&$W&&*! $?&! *&+'$#6&%7! 9?')+&:! 2?(02?'$&! -'9X-(*&! (3! $?&! 5.8! '*:! $?&!

2)($(*'$&:! 'A#*&0! 3)(A! $?&! 0/)3'9&C! ,(*9/))&*$%7E! 8-(/! ;#9?! 25% 6<"! 2)(6&:! $?&! 0/99&003/%%7! 288!

9('$#*+!-7!2%'0A'!(*!,."!0/)3'9&0!-/$!$?&!&33&9$#6&*&00!(3!$?&0&!A(:#3#&:!2')$#9%&0!$(!9(*:&*0'$&!

5.8!'*:!$?/0!-&!/0&:!'0!+&*&!:&%#6&)7!6&9$()0!#0!0$#%%!/*X*(W*Crs!

<*! $?#0!W()X!W&! '#A! $(! 2)(6&! ?(W! $?&! 3/*9$#(*'%#g'$#(*! (3! 9')-(*! *'*($/-&0! 9'*! -&! '9?#&6&:! -7!

1@,k5E! %&':#*+!$(!'!?#+?%7!)&'9$#6&!0/)3'9&!'-%&!$(!3()A!&33#9#&*$!9(A2%&N&0!W#$?!+&*&$#9!A'$&)#'%C!

"(!:(! 0(E! $W(! 0$)'$&+#&0! ')&!2)&0&*$&:C! e#)0$E!W&! $&0$! $?&! #AA(-#%#g'$#(*!(3! $?&!*/9%&#9! '9#:! 106! '!



"'#%()#*+!,')-(*!.'*($/-&0!1)(2&)$#&0!3()!4&*&!5&%#6&)7!822%#9'$#(*0!

 tv!

9(6'%&*$! -(*:! $?)(/+?! '! 2(%7&$?7%&*&! +%79(%! P1@4Q! %#*X&)C! "?#0! '22)('9?! 9(*0#0$0! #*! $?&! 9(6'%&*$!

'*9?()#*+!(3!'!$?#(%J1@4J'A#*&!P"18Q!$?)(/+?!$?&!1eI!A(#&$#&0!(3!$?&!221eI!9('$#*+!P>9?&A&!hC[QC!

"?&!"18!9?&A#9'%! %#*X&)! #0!$?(/+?$!*($!(*%7!$(!9'))7!$?&!+&*&$#9!A'$&)#'%!(3! #*$&)&0$!106!'!:#0/%3#:&!

-(*:!-/$!'%0(!A'7!#A2)(6&!$?&!:#02&)0#-#%#$7!(3!$?&!3/*9$#(*'%#g&:!,."0E!0#*9&!1@4!-'0&:!A(%&9/%&0!

')&!&0$'-%#0?&:!A'9)(A(%&9/%&0!W#$?!?#+?!:#02&)0#*+!2)(2&)$#&0!#*!W'$&)!-'0&:!A&:#'Chh!I()&(6&)E!

$?&!$?#(%!+)(/2!'$!$?&!&*:!(3!$?&!A(%&9/%&!'%%(W0!$?&!02&9#3#9!)&'9$#(*!W#$?!'!$?#(%J$&)A#*'$&:!5.8E!

W?#9?!W#%%!2)(A($&!9%&'6'+&J)&%&'0&!/2(*!&*$&)#*+!$?&!)&:/9$#6&!9&%%!&*6#)(*A&*$Chu!

! !

>9?&A&!hC[C!e()A'$#(*!(3!,."J-'0&:!+&*&!:&%#6&)7!6&9$()!106!221eI!2(%7A&)#g'$#(*C!"?&!0$)'$&+7!(3!$?&!

)&'9$#(*!3(%%(W0|!P[Q!:&2(0#$#(*!(3!$?&!221eIE!PrQ!'*9?()#*+!(3!"18!$?)(/+?!#$0!'A#*&!+)(/2!'*:!PhQ!

#AA(-#%#g'$#(*!(3!5.8!106!'!:#0/%3#:&!-(*:C!

>&9(*:%7E!#$!#0!X*(W*!5.8!9'*!-&!':0()-&:!')(/*:!$?&!,."!0/)3'9&E!W)'22#*+!#$0!0$)/9$/)&ChwJhx!"?#0!

':0()2$#(*!9'*!-&!&*?'*9&:!-7!$?&!&%&9$)(0$'$#9!#*$&)'9$#(*!-&$W&&*!$?&!*&+'$#6&!2?(02?'$&!+)(/20!

2)&0&*$!#*!$?&!5.8!0$)/9$/)&!'*:!$?&!2(0#$#6&%7!9?')+&:!0/)3'9&!(3!$?&!,."0C!Z&*9&E! #*!$?#0!2')$!(3!

$?&! $?&0#0E! W&! &N2%()&! $?#0! W)'22#*+! 9'2'9#$7! (3! $?&! 5.8! (*! $?&! A(:#3#&:J,."0! W#$?! 1@,k5J

2(%7A&)#g&:! 88! P2288QC! 1%'0A'! 9(*:#$#(*0! ')&! 3#)0$%7! (2$#A#g&:! $(! '9?#&6&! $?&! 0/99&003/%! 2288!

:&2(0#$#(*! (*! $?&! ,."! 0/)3'9&! P,."J2288Q! #*! ():&)! $(! 7#&%:! '! 2(0#$#6&%7! 9?')+&:! 0/)3'9&! '-%&! $(!

#*$&)'9$!W#$?!$?&!5.8!(3!#*$&)&0$!P>9?&A&!hCrQC!I()&(6&)E!+((:!:#02&)0#(*!)'$&0!')&!&N2&9$&:!:/&!$(!

$?&!&%&9$)(0$'$#9!)&2/%0#(*!9)&'$&:!-&$W&&*!2')$#9%&0Cu\!

!

>9?&A&!hCrC!b-$'#*#*+!$?&!2288JA(:#3#&:!,."JA&:#'$&:!$)'*03&9$#(*!6&9$()C!"?&!2)(9&:/)&!3(%%(W0|!P[Q!2288!

:#02(0#$#(*E!PrQ!0/-0&K/&*$!'A#*&!+)(/20!2)($(*'$#(*!'$!2Z!w!'*:!PhQ!3#*'%!5.8!9(*:&*0'$#(*C!! !

!" #" $"

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

*+,"0123)"

))*+,"
'*-"

/&-"

%45676845"9:;34<95"82=9"

!""#$%&'()*'+#,-./-%01#

2# 3# 4#

567# 5678&&""# 5678&&""9#

&&""#

!'()*:%;1#<=/.0%>#
(?.@/<%#

5678&&""99$6"#

$6"#



,?'2$&)!<<<!~!I(:#3#9'$#(*!(3!,."0!-7!1@,k5!3()!4&*&!5&%#6&)7!k&9$()0!

  tx!

OFPF *HB2=?;264/8(+204?56(

OFPFMF *;B85>29(#/=@56(1/654<@2.(b#1$.c(

I/%$#JW'%%&:!,')-(*!.'*($/-&0!PIf."0Q!/0&:!#*!$?#0!W()X!W&)&!2/)9?'0&:!3)(A!>#+A'J8%:)#9?!'*:!

W&)&!(-$'#*&:!-7!'!,?&A#9'%!k'2()!5&2(0#$#(*!P,k5Q!A&$?(:C!"?&0&!?':!'!%&*+$?!(3!wJx(zA!'*:!'!

:#'A&$&)! (3! [[\J[t\! *AC! "?#0! $72&! (3! ,."! W'0! :&*(A#*'$&:! '0! )#+#:! ,."! P),."QE! '0! #$! W#%%! -&!

&N2%'#*&:!#*!,?'2$&)!<kC!

OFPFPF +<=C/02(S59?C?0/4?56(5C(#1$.(@>(A*#G!(

A8/.;/(%2/045=(/69(A58>;2=?]/4?56((

e()! $?&! 2%'0A'!A(:#3#9'$#(*! (3! 9')-(*! *'*($/-&0!W#$?! -($?! 221eI! '*:! 2288E! $?&! 0'A&! +&*&)'%!

2)($(9(%!W'0!3(%%(W&:C!e#)0$E!$?&!:&0#)&:!K/'*$#$7!(3!),."!2(W:&)!W'0!2%'9&:!(*!'!hw!AA!1>!2%'$&!

PB5E!e)'*X%#*!j'X&0E!.]E!c>8o!1>2QE!A'N#A#g#*+! $?&!0/)3'9&!(3! $?&!),."!&N2(0&:C!"?&*E! $?&!9'20/%&!

W'0!2%'9&:!#*0#:&!$?&!2%'0A'!)&'9$()!9?'A-&)!/*:&)*&'$?!$?&!9(22&)!9(#%!P>9?&A&!rCuQC!"?&!)&'9$()!

W'0! 9%(0&:! '*:! $?&! 6'9//A! 2/A2!W'0! 0%(W%7! (2&*&:! /*$#%! $?&! -'0&! 2)&00/)&! )&'9?&:! \C\rJ\C\h!

A-')C! 8! )(/*:! 3%'0X! 9(*$'#*#*+! $?&! :&0#)&:!A(*(A&)! P1eI! ()! 88Q! W'0! 9(**&9$&:! $(! (*&! (3! $?&!

&*$)'*9&!9(**&9$#(*0!'*:!W'0!2)($&9$&:!3)(A!%#+?$C!8$!$?&!0'A&!$#A&E!$?&!9(%:!$)'2!W'0!'9$#6'$&:!

'::#*+!'!A#N$/)&!(3!:)7!#9&!'*:!'9&$(*&!PJtv!(,QC!"?&!A(*(A&)!(3!#*$&)&0$!W'0!#*$)(:/9&:!#*$(!$?&!

9?'A-&)!(2&*#*+!$?&!*&&:%&!6'%6&E!W?#9?!9(**&9$&:!$?&!3%'0X!W#$?!$?&!)&'9$()C!"?&!&*$)'*9&!(3!+'0!

W'0!'%%(W&:!3()![w!A#*!$(!&*0/)&!$?'$!$?&)&!W'0!*(!'#)!#*0#:&!$?&!-'%%((*!'*:!(*%7!A(*(A&)!6'2()!

&*$&)&:! $?&! )&'9$()! '6(#:#*+! '*7! 3/)$?&)! 9(*$'A#*'$#(*!(3! $?&! )&0/%$#*+! 3#%AC! 1#*X! 9(%()&:!2%'0A'!

')(/*:!$?&!9(22&)!9(#%!W'0!+&*&)'$&:!'3$&)!$?&!;e!+&*&)'$()!W'0!9(**&9$&:!'$!'*!#*2/$!2(W&)!Pd0Q!

(3![w!f!'*:!W#$?!'!:/$7!979%&! PU!Q!(3![\qr\C!"?&!2(%7A&)#g'$#(*!2)(9&00!6')#&:! #*! 3/*9$#(*!(3! $?&!

A(*(A&)!/0&:! '*:!'3$&)! $?'$! $#A&E! $?&!2%'0A'!W'0! $/)*&:!(33C! "?&!&*$)'*9&!(3! +'0!W'0! X&2$! 3()!

'*($?&)! [w!A#*! $(! '00/)&! '! 9(A2%&$&! )&'9$#(*! (3! $?&! 6'2()! W#$?! -($?! $?&! )&A'#*#*+! '9$#6&! 0#$&0!

+&*&)'$&:! (*! $?&! ),."0! 0/)3'9&! '*:! $?&! '%)&':7! 3()A&:! 2(%7A&)C! <*! ():&)! $(! '9?#&6&! '!

?(A(+&*&(/0!A(:#3#9'$#(*!'%(*+! $?&!&*$#)&! ),."!0/)3'9&E! $?#0!2)(9&:/)&!W'0!9'))#&:!(/$!h! $#A&0E!

+&*$%7!A#N#*+!$?&!),."0!(*!$?&!1>2!#*!-&$W&&*C!>#%#9(*!W'3&)0!W&)&!/0&:!'0!'!9(*$)(%!(*!&'9?!-'$9?!

(3!$?&!),."0!2(%7A&)#g'$#(*!3()!3/)$?&)!/0&!#*!$?&!9?')'9$&)#g'$#(*!(3!$?&!A(:#3#9'$#(*C!



"'#%()#*+!,')-(*!.'*($/-&0!1)(2&)$#&0!3()!4&*&!5&%#6&)7!822%#9'$#(*0!

 v\!

AJS(!2B5.?4?56(#569?4?56.(

1eI! 2(%7A&)#g'$#(*! (*! ),."0! 0/)3'9&! W'0! 2&)3()A&:! '0! 2)&6#(/0%7! :&09)#-&:! '*:! $?&! 9(*:#$#(*0!

/0&:! ')&! 0/AA')#g&:! #*! "'-%&! hC[C! "?&! 3%'0X! 9(*$'#*#*+! $?&! 1eI!A(*(A&)! P82(%%(! >9#&*$#3#9Q!W'0!

?&'$&:!'$!uw! (,! #*!():&)! $(! 3'9#%#$'$&! $?&!+&*&)'$#(*!(3! $?&!6'2()!'*:!0/-0&K/&*$!&*$)'*9&! $(! $?&!

)&'9$#(*! 9?'A-&)C! "?&! $72&! (3! A(:#3#&:! 0/-0$)'$&! P),."0! #*! '! 2(W:&)! 3()AQ! )&K/#)&:! $?'$! $?&!

2)(9&:/)&! ?':! $(! -&! )&2&'$&:! h! $#A&0C! "?&)&3()&E! :#33&)&*$! :/)'$#(*0! P5@J!IUQ! (3! '! 0#*+%&!

2(%7A&)#g'$#(*!0$&2!W&)&!'*'%7g&:!#*!():&)!$(!+/')'*$&&!'!2)(2&)!221eI!)&'9$#6&!3#%AC!!

"'-%&!hC[C!1%'0A'!9(*:#$#(*0!/0&:!3()!$?&!221eI!:&2(0#$#(*!(*!,."0C!

+/;B82(,!(
<=!

PfqfQ!
5+!
PfQ!

5%1!
PfQ!

&DG=H<!
PA#*Q!

4454/8!
PA#*Q!

),."J221eIJ[!
),."J221eIJh!
),."J221eIJw!
),."J221eIJ[\!

[\qr\!
[\qr\!
[\qr\!
[\qr\!

[w!
[w!
[w!
[w!

tCw!
tCw!
tCw!
tCw!

[!
h!
w!
[\!

h!
x!
[w!
h\!

BB&&(#5/4?6:(+B20?C?0/4?56.(

"(!(-$'#*!'A#*&0!'0!'!9?&A#9'%!3/*9$#(*'%#$7!(*!$?&!),."!0/)3'9&E!$?&!A(*(A&)!'%%7%'A#*&!P>#+A'E!

xvè!2/)#$7o!88Q!W'0!/0&:C!88!6'2()!W'0!&*$&)&:!$(! $?&!)&'9$()!9?'A-&)!W#$?(/$!?&'$#*+!'*:!$?&!

2(%7A&)#g'$#(*!$#A&!3()!&'9?!-'$9?!W'0!0&$!'$!w!A#*!P"'-%&!hCrQC!

"'-%&!hCrC!1@,k5!9(*:#$#(*0!'22%#&:!3()!$?&!2288!:&2(0#$#(*!(*!,."0C!

+/;B82(,!(
<=!

PfqfQ!
5+!
PfQ!

5%1!
PfQ!

&DG=H<!
PA#*Q!

4454/8!
PA#*Q!

),."J2288! [\qr\! [w! tCw! w! [w!

OFPFOF #I/=/042=?]/4?56(5C(4I2(S59?C?29(#1$.(

[/42=(#564/04(&6:82(b[#&c(

8%%!$)&'$&:!),."0!P221eI!'*:!2288Q!W&)&!A(:#3#&:!$(+&$?&)!W#$?!'!0#%#9(*!W'3&)!/0&:!'0!'!9(*$)(%!(3!

$?&! 2(%7A&)#g'$#(*! 2)(9&00E! W?#9?! W'0! #AA&:#'$&%7! '*'%7g&:! '3$&)! 2%'0A'! $)&'$A&*$C! "?&!

9(*0&K/&*$%7! 2(%7A&)#g&:!W'3&)! '$! 0'A&! 9(*:#$#(*0! '0! $?&! ),."0!W'0! '*'%7g&:! -7!f,8! P5>8[\\!



,?'2$&)!<<<!~!I(:#3#9'$#(*!(3!,."0!-7!1@,k5!3()!4&*&!5&%#6&)7!k&9$()0!

  v[!

Y)å00Q! '*:! $?&)&3()&! $?&! K/'%#$7E! *'$/)&! '*:! ?(A(+&*&#$7! (3! $?&! 9('$#*+! W&)&! :&$&)A#*&:C! "?&!

0'A&!2)(9&:/)&!W'0!:(*&!3()!'!-')&!0#%#9(*!W'3&)!/0&:!'0!'!)&3&)&*9&C!

)?:I(%2.58<4?56($=/6.;?..?56(*8204=56(S?0=5.05B>(b)%$*Sc(

B($?!221eIJA(:#3#&:!'*:!/*A(:#3#&:!9')-(*!*'*($/-&0!W&)&!9?')'9$&)#g&:!-7!Z;"@I!P]@bj!j"5C!

r\\!YkQ!&K/#22&:!W#$?!'*!&*&)+7!:#02&)0#6&!_J;'7!02&9$)(09(27!:&$&9$()! PbN3():!j<.,8E!@5>Q!'*:!

$?&!'*'%70#0!W'0!2&)3()A&:!'$!$?&!Z23120%=2%P0>3k4>9S06%=2%<6%./012340565%W;5k/986%=2%R63>2<9/6C!<$!

W'0!'-%&!$(!2)(:/9&!?#+?J)&0(%/$#(*!#A'+&0!-7!'22%7#*+!'*!&%&9$)(*!-&'A!(*!$?&!0$/:#&:!0/-0$)'$&0!

'*:! +#6&! K/'*$#$'$#6&! #*3()A'$#(*! '-(/$! $?&! 9?&A#9'%! 9(A2(0#$#(*! (3! $?&! '*'%7g&:! 0'A2%&C! "?&!

(-$'#*&:! :'$'! '%%(W&:! $?&! &6'%/'$#(*! (3! 0#g&! P%&*+$?! '*:! :#'A&$&)QE! A()2?(%(+7! '*:! 0/)3'9&!

9?&A#0$)7!(3!$?&!),."0!-&3()&!'*:!'3$&)!1eI!2(%7A&)#g'$#(*C!>'A2%&0!W&)&!:#00(%6&:!#*!&$?'*(%!#*!

():&)!$(!&*0/)&!)'2#:!&6'2()'$#(*!(3!$?&!0(%6&*$!W?&*!'!:)(2!(3!,."!0(%/$#(*!W'0!:&2(0#$&:!(*!$?&!

?(%7!9')-(*!9((2&)!+)#:!P4#%:&)!4)#:0QC!"?&!9(*9&*$)'$#(*!/0&:!3()!'%%!0'A2%&0!W'0!')(/*:![\!{+qAjC!

K-%/>(AI54528204=56(+B204=5.05B>(bKA+c(

221eIJ2(%7A&)#g&:! ),."! 0'A2%&0! W&)&! '*'%7g&:! -7! _1>! P1Z<J@>,8Jww\\Q! '$! $?&! Z23120%

!02/50O0>95f>/0>% =2% <6%./012340565% =2%R63>2<9/6! P>,"Q! #*!():&)! $(!(-$'#*!:&$'#%&:! #*3()A'$#(*! '-(/$!

$?&!9?&A#0$)7!(3! $?&!2(%7A&)! %'7&)C!5&9(*6(%/$#(*!(3! $?&!9')-(*!0#+*'%!W'0!9'))#&:!(/$!$(! #:&*$#37!

$?&! A'#*! 9?&A#9'%! -(*:0! 2)&0&*$! #*! $?&! 3()A&:! 2(%7A&)! 0$)/9$/)&C! ! .'p6&! ),."0! W&)&! '%0(!

9?')'9$&)#g&:!-7!$?#0!$&9?*#K/&!'0!'!9(*$)(%!'*:!)&0/%$0!3()!-($?!0'A2%&0!W&)&!2%($$&:!$(+&$?&)C!

J5<=?2=($=/6.C5=;(,6C=/=29(+B204=5.05B>(bJ$,%c(

;&$&*$#(*!(3!$?&!2288!3/*9$#(*'%#$7!:/)#*+!2%'0A'!2(%7A&)#g'$#(*!W'0!9'))#&:!(/$!-7!e"<;!P.#9(%&$!

#>[\Q!3)(A!$?&!&3;S%=mJ/A0/B2306%P9<2>;<63!P4@IQ!'$!<=>C!>#%#9(*!W'3&)0!2(%7A&)#g&:!$(+&$?&)!W#$?!

$?&!),."0!W&)&!'*'%7g&:!-7!$?#0!$&9?*#K/&E!+#6#*+!$?&!02&9$)/A!9())&02(*:#*+!$(!$?&!2(%7A&)!$?#*!

3#%A! (-$'#*&:! (*! $?&! 0/)3'9&C! >/9?! 9?')'9$&)#g'$#(*! '%%(W&:! $?&! :&$&)A#*'$#(*! (3! $?&! 9?&A#9'%!

0$)/9$/)&!(3!$?&!:&2(0#$&:!%'7&)C!8!-'0&%#*&!W'0!(-$'#*&:!3)(A!$?&!'*'%70#0!(3!'!-')&!0#%#9(*!W'3&)C!

!>6/;?0('?:I4(+0/442=?6:(b!'+c(/69(f24/(A54264?/8(&6/8>.?.(

>#g&!'*:!g&$'!2($&*$#'%!A&'0/)&0!W&)&!9'))#&:!(/$!W#$?!'!^&$'0#g&)!.'*(!^>!PI'%6&)*!<*0$)/A&*$0QC!

),."0E!),."J221eI!'*:!),."J2288!0(%/$#(*0!(3!'22)(N#A'$&%7![\!{+qAj!W&)&!2)&2')&:! #*!I#%%#J=!



"'#%()#*+!,')-(*!.'*($/-&0!1)(2&)$#&0!3()!4&*&!5&%#6&)7!822%#9'$#(*0!

 vr!

W'$&)! '*:!rw!AI!0(:#/A!'9&$'$&!-/33&)! PI&)X!I#%%#2()&o!.'b89Q! '$! 2Z!w! 3()! $?&! %'$$&)C! >'A2%&0!

W&)&!:#02&)0&:!#*!'*!/%$)'0(*#9!-'$?!3()![w!A#*!2)#()!$(!$?&!'*'%70#0C!

OFPFQF %2/04?E?4>(5C(4I2(BBAJS-05/429(=#1$.(

J8<5=2.0264(!205=/4?56(

"?&!#AA(-#%#g'$#(*!(3!e">,!'0!/0&:!#*!,?'2$&)!<<!P>9?&A&!rCsQ!'*:!=/'*$/A!5($0!P=:($ö!sww!<"Yü!

8A#*(! P1@4QE! j#3&! "&9?*(%(+#&0o! =50Q! W'0! $&0$&:! P>9?&A&! hChQC! e">,! '*:! =50! W&)&! :#00(%6&:! #*!

W'$&)!'$!9(*9&*$)'$#(*!(3!\Cw!AI!'*:![s!*IE!)&02&9$#6&%7E!'*:!W&)&!0/-0&K/&*$%7!A#N&:!W#$?!$?&!

221eIJ9('$&:! ),."0! P'22)(N#A'$&%7! r! A+! (3! ,."0! 2&)! -'$9?! W&)&! /0&:QC! >'A2%&0! W&)&! 3#)0$!

:#02&)0&:!#*!'*!/%$)'0(*#9!-'$?!3()![w!A#*!'*:!%&3$!#*!+&*$%&!'+#$'$#(*!3()!'*($?&)![w!A#*C!83$&)!$?&!

)&'9$#(*!W'0!9(A2%&$&E!-($?!3%/()&09&*$!),."0!PeJ),."Q!W&)&!9&*$)#3/+&:!'$![sr\\!)93!3()!w!A#*!'*:!

)&:#00(%6&:! #*! I#%%#J=! W'$&)C! "?#0! W'0?#*+! 2)(9&:/)&! W'0! 9'))#&:! (/$! $W#9&! $(! &*0/)&! $?&! $($'%!

)&A(6'%! (3! /*-(/*:! 3%/()&09&*$! :7&C! e#*'%! 9(*9&*$)'$#(*!(3! $?&! 9(A2%&N&0!W'0! ')(/*:![!A+qAjC!

5/)#*+!$?&!W?(%&!2)(9&00E!0'A2%&0!W&)&!2)($&9$&:!3)(A!%#+?$C!e#*'%!eJ),."0!W&)&!0$()&:!2)($&9$&:!

3)(A! %#+?$!/*$#%! 3/)$?&)!/0&C!"(!6&)#37! $?'$! $?&! 3/*9$#(*'%#g'$#(*!?':!-&&*!0/99&003/%E!eJ),."0!W&)&!

:#%/$&:![\\! $#A&0! #*!I#%%#J=!W'$&)! '*:!W&)&! '*'%7g&:!-7! 3%/()&09&*9&!A#9)(09(27! P8N#(k0u\! ^&#00!

<A'+#*+!>(%/$#(*0QC!8::#$#(*'%%7E!Z;"@I!W'0!&A2%(7&:!$(!#A'+&!$?&!=50J3/*9$#(*'%#g&:!),."0C!

!

>9?&A&!hChC!e%/()&09&*$%7J%'-&%&:!),."0!PeJ),."0QC!e%/()&09&*$!9(A2%&N&0!(-$'#*&:!-7!$?&!9(6'%&*$!

#AA(-#%#g'$#(*!(3!e">,!()!=50!106!$?&!1eI!)&'9$#(*C!

&60I5=?6:(5C(/($I?58-A*D-&;?62(b$A&c(

e()!$?&!9?&A#9'%!%#*X&)!#AA(-#%#g'$#(*!(*!$?&!),."J221eI!0/)3'9&E!'!h!A+qAj!0(%/$#(*!(3!"18!P1@4!

,)&'$#6&!f()X0E![!X5'Q!#*!I#%%#J=!W'$&)!W'0!2)&2')&:C!<AA&:#'$&%7E!'!9(*0$'*$!3%(W!(3!W'0!-/--%&:!

#*$(! $?&! 0(%/$#(*! '6(#:#*+! $?&! (N#:'$#(*! (3! $?&! 3)&&! $?#(%! +)(/2C! >/-0&K/&*$%7E! 221eIJA(:#3#&:!

),."0! W&)&! '::&:! $(! $?&! 0(%/$#(*! (-$'#*#*+! '! 3#*'%! 9(*9&*$)'$#(*! (3! [! A+qAjC! >'A2%&0! W&)&!

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



,?'2$&)!<<<!~!I(:#3#9'$#(*!(3!,."0!-7!1@,k5!3()!4&*&!5&%#6&)7!k&9$()0!

  vh!

0(*#9'$&:!3()![\!A#*!'*:!W&)&!%&3$!'$!)((A!$&A2&)'$/)&!'*:!+&*$%&!'+#$'$#(*!3()![w!A#*/$&0!A()&C!

8+'#*E!$?&!*(W!"18J3/*9$#(*'%#g&:!),."0!W&)&!W'0?&:!h!$#A&0!-7!9&*$)#3/+'$#(*!P[sr\\!)93E!w!A#*QE!

:#00(%6#*+! #*!I#%%#J=!W'$&)!&'9?!$#A&C! ),."J221eIJ"18!W&)&! 3#*'%%7!:)#&:!/*:&)!6'9//A!(6&)*#+?$!

'*:!9?')'9$&)#g&:!-7!_1>C!!

OFPFRF #288(G?/@?8?4>(5C(4I2(!205=/429-=#1$.(

"(! 0$/:7! $?&! 9&%%/%')!/2$'X&!'*:! 9&%%! 6#'-#%#$7!(3! $?&!:&9()'$&:!2')$#9%&0E!A'9)(2?'+&0!;8f!rsuCt!

P8",,Q!W&)&!&A2%(7&:!'*:!$?&!0$/:7!W'0!2&)3()A&:!'$!$?&!$#00/&!9/%$/)&!P",Q!3'9#%#$#&0!(3!$?&!<##BC!<*!

'! sJW&%%! 2%'$&E! u\C\\\! 9&%%0! 2&)! W&%%! W&)&! 2%'$$&:! '*:! +)(W*! (6&)*#+?$! '$! ht! (,! '*:! wè! ,br! #*!

0/22%&A&*$&:! A&:#/AC! "?&! A&:#/A! W'0! 3()A&:! -7! 5I@IqeJ[r! ?#+?! +%/9(0&! uCw\\! A+qj!

P4jc"8I8_üQE![è!2&*#9#%%#*!0$)&2$(A79#*!P<*6#$)(+&*o!1q>Q!'*:![\è!(3!3&$'%!-(6#*&!0&)/A!P4#-9(öo!

eB>QC! 83$&)! ru! ?E! eJ,."0!W&)&! :#00(%6&:! #*! 0$&)#%&! 1B>! [N! P5/%-&99(L0E! 188! j'-()'$()#&0Q! '$! '! 3#*'%!

9(*9&*$)'$#(*!(3![!A+qAjC!"?&!0(%/$#(*!W'0!:#02&)0&:!#*!'*!/%$)'0(*#9!-'$?!3()![w!A#*!3(%%(W&:!-7!h!

0(*#9'$#(*!979%&0!(3![w!2/%0&0!W#$?!'*!/%$)'0(*#9!2)(-&!P>(*#90!k#-)'J,&%%Q!'$![h\!f!'*:!r\!XZgC!"?&!

)&0/%$#*+! :#02&)0&:! 0(%/$#(*!W'0!:#00(%6&:! #*! 0/22%&A&*$&:!A&:#/A! #*! ():&)! $(! '9?#&6&! '! 3#*'%! eJ

),."! 9(*9&*$)'$#(*! (3! w\! z+qAj! '*:E! '3$&)! W'0?#*+! $?&! 9&%%0! W#$?! 1B>! [NE! $?&! *&W! A&:#/A!

9(*$'#*#*+! $?&!:&9()'$&:!2')$#9%&0!W'0!'::&:C!83$&)![r!?!(3! #*9/-'$#(*!'$!ht! (,!'*:!wè!,brE! 9&%%0!

W&)&!W'0?&:!W#$?!1B>![NE!3)&0?!A&:#'!W'0!'::&:!'*:!W&)&!'*'%7g&:!#*!$?&!3%/()&09&*$!A#9)(09(2&!

Pj&#9'!cY!j$:E!I#%$(*!Y&7*&0E!cYQC!

OFPFUF !?.B2=.?@?8?4>(+4<9?2.(5C(4I2(BBAJS-;59?C?29(=#1$.(

"?&!:#02&)0#-#%#$7!(3![!A+qAj!(3! ),."J221eI! #*!:#33&)&*$! 0(%6&*$0!6')7#*+!2(%')#$7!W&)&!&6'%/'$&:!

'*:!2%($$&:!3(%%(W#*+!$?&!Z'*0&*!2')'A&$&)0!P"'-%&!hChQCu[!!

"'-%&!hChC!>(%6&*$0!/0&:!3()!$?&!:#02&)0#-#%#$7!0$/:#&0CP():&)&:!-7!+)(W#*+!:#&%&9$)#9!9(*0$'*$Q!

+58E264( $>B2( g(

"(%/&*&!
5#&$?7%!&$?&)!
@$?7%!'9&$'$&!

5#9?%()(A&$?'*&!
@$?'*(%!

89&$(*#$)#%&!
f'$&)!

.(*J2(%')!'2)($#9!

.(*J2(%')!'2)($#9!

.(*J2(%')!'2)($#9!

.(*J2(%')!'2)($#9!
1)($#9!

1(%')!'2)($#9!
1)($#9!

rChv!
uChu!
sC\r!
vC\x!
ruCh\!
hsC\r!
tvC\w!



"'#%()#*+!,')-(*!.'*($/-&0!1)(2&)$#&0!3()!4&*&!5&%#6&)7!822%#9'$#(*0!

 vu!

e/)$?&)A()&E!$?&!'++)&+'$#(*!#*!0(%/$#(*!(3!$?&!),."0!A(:#3#&:!W#$?!221eI!9(A2')&:!$(!$?&!*(*J

A(:#3#&:! #*!&$?'*(%! P>#+A'Q!W'0!0$/:#&:! #*! $?&!A#9)(09(2&C!>(%/$#(*0!(3![\!z+qAj!W&)&!2)&2')&:E!

:#02&)0&:! #*! '*! /%$)'0(*#9! -'$?! 3()! [w! A#*! '*:! :&2(0#$&:! #*! +%'00! 0%#:&C! "?&! '++)&+'$&0! 0#g&! '*:!

A()2?(%(+7!3()A&:!'3$&)!9(6&)#*+!$?&!0'A2%&!W#$?!'!9(6&)0%#2!W&)&!:&$&)A#*&:C!!

OFPFVF #288($=/6.C204?56(+4<9?2.(5C(4I2(!1&(G2045=.(

J5=;/4?56(/69(#I/=/042=?]/4?56(5C(4I2(#5;B82H(

),."J2288!070$&A0!W&)&!9(A2%&N&:!W#$?!'!)&2()$&)!+&*!Phh\\!-'0&!2'#)Q!&*9(:#*+!$?&!2)(:/9$#(*!

(3!+)&&*!3%/()&09&*$!2)($&#*!P4e1QE!W?#9?!9'*!-&!&'0#%7!:&$&)A#*&:!-7!$?&!3%/()&09&*$!A#9)(09(2&C!

"?&! 2%'0A#:! P24e1Q! W'0! &N2)&00&:E! #0(%'$&:! '*:! 2/)#3#&:! /0#*+! $?&! 1/)&j#*Xö! Z#1/)&! 1%'0A#:!

I#*#2)&2!Y#$! Pj#3&! "&9?*(%(+#&0Q! '99():#*+! $(! $?&! A'*/3'9$/)&)L0! #*0$)/9$#(*0C! 83$&)! $?&!

2(%7A&)#g'$#(*!(3!2288!(*!$?&!),."!0/)3'9&E! $?&! 3)&0?%7!A(:#3#&:!),."0!W&)&!:#00(%6&:! #*!rw!AI!

'9&$'$&:! -/33&)! &*0/)#*+! 2Z! w! $?'$!W(/%:! %&':! $(! $?&! 2)($(*'$#(*! (3! $?&! 'A#*&0C! 5#33&)&*$! )'$#(0!

PWqWQ! (3! 2288JA(:#3#&:! ),."0! '*:! 24e1! P3)(A! [|[! $(! r\\|[Q! '$! '! 3#N&:! K/'*$#$7! (3! 2%'0A#:!W&)&!

2)&2')&:! '*:! #*9/-'$&:! 3()! [! ?! '$! ht! (,C! "?&! 9(A2%&N'$#(*! )'$#(! W'0! '*'%7g&:! -7! '+')(0&! +&%!

&%&9$)(2?()&0#0C!8+')(0&!P>#+A'Q!W'0!:#00(%6&:!'$!\Cvè!#*!"8@!P")#0J'9&$'$&J@5"8Q!-/33&)![N!'*:!s!zj!

(3!&$?#:#/A!-)(A#:&C!"8@!-/33&)!W'0!2)&2')&:!3)(A!A#N#*+!rCur!+!(3!")#gA'ö!-'0&E!\Cwt!Aj!(3!'9&$#9!

'9#:E! \C[vw! +! (3! @5"8! P&$?7%&*&:#'A#*&$)&$)''9&$#9! '9#:Q! '*:! w\\! Aj! (3! I#%%#J=! W'$&)C! 8%%! "8@!

)&'+&*$0!W&)&!2/)9?'0&:!3)(A!>#+A'J8%:)#9?C!"?&!+&%!W'0!%(':&:!W#$?!$?&!:#33&)&*$!9(A2%&N&0!'*:!

W'0!)/*!'$!sw!k!3()![!?C!83$&)!$?'$!$#A&E!$?&!)&0/%$#*+!+&%!W'0!#A'+&:C!

#288($=/6.C204?56(3?4I(4I2(=#1$-BB&&hBDJA(G2045=.((

I'9)(2?'+&0! ;8f! rsuCt! W&)&! 2)&2')&:! '0! :&09)#-&:! -&3()&! PhCrCwQC! 83$&)! ru! ?E! 24e1! W'0!

9(*:&*0&:! (*! $?&! ),."J2288! '$! $?&! )'$#(! (3! 0$/:7E! '*:! #*9/-'$&:! 3()! [! ?! '$! ht! (,C! "?&! )&0/%$#*+!

9(A2%&N&0!W&)&! :#%/$&:! #*! 9(A2%&$&!A&:#/A! '9?#&6#*+! '! 3#*'%! 9(*9&*$)'$#(*! (3! ),."0! ')(/*:! w\!

z+qAjE!W?#9?!W'0!'::&:!$(!$?&!W&%%0C!83$&)!$?&!#*9/-'$#(*!(3!$?&!9(A2%&N&0!W#$?!$?&!A'9)(2?'+&0!

3()![r!?E!9&%%0!W&)&!W'0?&:!W#$?!1B>![N!'*:!3)&0?!A&:#'!W'0!'::&:C!,&%%0!W&)&!%&3$!'$!ht!(,!'*:!wè!

,br! 3()! uv! ?! A()&E! W?&*! $?&7! W&)&! '*'%7g&:! #*! '! 3%/()&09&*$! A#9)(09(2&! Pj&#9'! cY! j$:E! I#%$(*!

Y&7*&0E!cYQC! (



,?'2$&)!<<<!~!I(:#3#9'$#(*!(3!,."0!-7!1@,k5!3()!4&*&!5&%#6&)7!k&9$()0!

  vw!

OFOF %2.<84.(/69(!?.0<..?56(

OFOFMF A*#G!(S59?C?0/4?56(5C(=#1$.(3?4I(BBAJS(

"B4?;?]/4?56(5C(4I2(A8/.;/(A58>;2=?]/4?56($?;2(

"?&!#*#$#'%!2')$!(3!$?#0!9?'2$&)!'#A0!$(!'9?#&6&!'!?(A(+&*&(/0!'*:!)&'9$#6&!221eI!$?#*!3#%A!(*!$?&!

),."! 0/)3'9&! -7! 1@,k5C! 80! 2)&6#(/0%7! :&09)#-&:! '*:! 9(*3#)A&:! -&3()&! P,?'2$&)! <<QE! 1eI! 9'*! -&!

2(%7A&)#g&:!(*! '! 0/-0$)'$&!-7!2%'0A'! $&9?*#K/&0C! "?&! )&'9$#6#$7! (3! $?&! )&0/%$#*+!221eIJA(:#3#&:!

0/)3'9&! #0! &*?'*9&:! W#$?! $?&! ?#+?&)! )&$&*$#(*! (3! $?&! 1eI! 3/*9$#(*'%#$7Cr[Eur! Z&*9&E! $?&! +)&'$&)!

'A(/*$0!(3!1eI!A(#&$#&0!&N2(0&:!$(!$?&!0/)3'9&!%&':!$(!'*!#*9)&'0&!(3!$?&!?7:)(2?(-#9!-&?'6#()!(3!

$?&!(-$'#*&:!0/)3'9&C!80!'!)&0/%$E!f,8!#0!'-%&!$(!$)'9X!$?&!221eI!:&2(0#$&:!3#%AC!

8%$?(/+?! $?&! 2(%7A&)#g'$#(*! (3! $?&! ),."0! W'0! 9'))#&:! (/$! h! $#A&0! #*! ():&)! $(! +/')'*$&&! '!

?(A(+&*&(/0!A(:#3#9'$#(*!'%(*+!$?&!),."!0/)3'9&E!#$!W'0!&N2&9$&:!$?'$!0(A&!')&'0!W(/%:!-&!A()&!

&N2(0&:! $(! $?&! &33&9$! (3! $?&! 2(%7A&)#g'$#(*! $?'*! ($?&)0C! "?&)&3()&E! $?&! :/)'$#(*! (3! &'9?!

2(%7A&)#g'$#(*!-'$9?!-&9(A&0!'!9)/9#'%!2')'A&$&)!$(!-&!':i/0$&:!#*!():&)!$(!(-$'#*!'!3#*'%!$?#*!3#%A!

W#$?!$?&!:&0#)&:!2)(2&)$#&0C!e()!$?#0!)&'0(*E!$?&!)&0/%$#*+!%'7&)!(3!hJ$#A&0!2(%7A&)#g&:!0#%#9(*!W'3&)0!

6')7#*+!$?&!2/%0&:!2%'0A'!:/)'$#(*!3()!&'9?!2(%7A&)#g'$#(*!W'0!'*'%7g&:!Pe#+/)&!hC[QC!

!

e#+/)&!hC[C!f,8!(3!$?&!)&0/%$#*+!221eI!3#%A!:&2&*:#*+!(*!$?&!2(%7A&)#g'$#(*!$#A&!P$1@,k5QC!"?&!2(%7A&)#g'$#(*!

W'0!9'))#&:!(/$!h!$#A&0!(*!'!0#%#9(*!W'3&)!'0!:(*&!3()!$?&!),."0!'*:!$?&!$($'%!$#A&!P$$($'%Q!W'0!9(*0#:&)&:!'0!$?&!

'++)&+'$&!(3!$?&0&!h!2(%7A&)#g'$#(*!'0!0?(W*!#*!"'-%&!hC[C!

;&0/%$0! #*! e#+/)&! hC[! 0?(W! $?&! ?7:)(2?(-#9#$7! (3! $?&! )&0/%$#*+! 221eI! 9('$#*+0! W?&*! &'9?!

2(%7A&)#g'$#(*!0$&2!W'0!:(*&!3()![!$(![\!A#*!P5@J!IUQ!'*:!W'0!)&2&'$&:!h!$#A&0C!<$!9'*!-&!0&&*!$?'$!

0 2 4 6 8 10
50

60

70

80

90

tPECVD (min)

W
C

A
 (o )



"'#%()#*+!,')-(*!.'*($/-&0!1)(2&)$#&0!3()!4&*&!5&%#6&)7!822%#9'$#(*0!

 vs!

'3$&)! [!A#*! (3! 2(%7A&)#g'$#(*! Ph!A#*! #*! $($'%Q!W'0! *($! &*(/+?! $(! '9?#&6&! $?&! :&0#)&:! 1eI! +)(/2!

)&$&*$#(*C!"?&!A&'0/)&:!ttCr(!ê!rC[(!W&)&!0$#%%!3')!3)(A!$?&!v\Jx\(!&N2&9$&:!3()!$?&!?#+?%7!)&'9$#6&!

221eI!$?#*!3#%A0!0$/:#&:!-&3()&!P,?'2$&)!<<QC!Z(W&6&)E!W?&*!&'9?!2(%7A&)#g'$#(*!2)(9&:/)&!%'0$&:!

-&$W&&*!h!()!w!A#*/$&0E!$?&!?7:)(2?(-#9#$7!W'0!#*9)&'0&:E!)&'9?#*+!$?&!:&0#)&:!6'%/&0!3()!$?#0!X#*:!

(3!9('$#*+0!PvsC\(!ê!hCx(!'*:!vuCt(!ê!uC\(E!)&02&9$#6&%7QC!I()&(6&)E!#$!W'0!2)(6&:!$?'$!:&02#$&!-&#*+!

&N2(0&:!$(!'!$($'%!$#A&!(3!2(%7A&)#g'$#(*!P$$($'%Q!(3!-&$W&&*!x!'*:![w!A#*E!$?&!K/'%#$7!(3!$?&!)&'9$#6&!

%'7&)!W'0!A'#*$'#*&:C!.&6&)$?&%&00E! 3()! %')+&)!2(%7A&)#g'$#(*!$#A&0E!$?&!9?'*9&0!(3!0#:&!)&'9$#(*0E!

&$9?#*+!&33&9$0!'*:!2(%7A&)! 3#%A!:&+)':'$#(*!')&! #*9)&'0&:E!W?#9?!W(/%:! %&':! $(! $?&! 3()A'$#(*!(3!

2(()%7!)&'9$#6&!9('$#*+0C!"?#0!W'0!9(*3#)A&:!W#$?!$?&!:&9)&'0&!(3!$?&!f,8!PshCw(!ê!hCw(Q!W?&*!$?&!

2(%7A&)#g'$#(*!W'0!9'))#&:!(/$!3()![\!A#*!Ph\!A#*!$($'%!$#A&QC!!

!

e#+/)&!hCrC!Z;"@I!#A'+&0!(3!$?&!),."J221eI!070$&A0C!1#9$/)&0!9())&02(*:#*+!$(!P8Q!*'p6&!),.">'*:!$?&!

2(%7A&)#g&:!3()!PBQ!h!A#*!'*:!P,Q!w!A#*C!P[Q!e#)0$!)(W!(3!#A'+&0!2)(6&!$?'$!$?&!0$)/9$/)'%!2)(2&)$#&0!(3!$?&!

A(:#3#&:!,.">PB[!'*:!,[Q!)&A'#*0!/*'%$&)&:!'0!$?&!-')&!),."0!P8[QC!PrQ!>&9(*:!)(W!(3!#A'+&0!0?(W!'!

A'+*#3#9'$#(*!(3!'*!#*:#6#:/'%!),."E!W?&)&!$?&!221eI!$?#*!3#%A!#0!9(*3#)A&:!#*!$?&!),.">2(%7A&)#g&:!3()!PBrQ!

h!A#*!'*:!P,rQ!w!A#*!#3!9(A2')&:!$(!P8rQ!$?&!-')&!),."0C!

822')&*$%7E!221eI!3#%A0!(-$'#*&:!'3$&)!2(%7A&)#g'$#(*! $#A&0! 3)(A!h! $(!w!A#*! P),."J221eIJh!'*:!

),."J221eIJwE!)&02&9$#6&%7Q!0&&A&:!$(!?'6&!'!0#A#%')!-&?'6#()!'*:!$?/0!-($?!2&)#(:0!(3!$#A&!W&)&!

/0&:! 3()! $?&! A(:#3#9'$#(*! (3! ),."0C! "?&! )&0/%$#*+! 9(A2%&N&0! W&)&! 9?')'9$&)#g&:! -7! Z;"@I! '*:!

!"#"$%"

!"&"$%"

'"(%" '"(%"

&)"$%" &)"$%"

'"(%"

*&"

*'" +'" ,'"

+&" ,&"

&)"$%"



,?'2$&)!<<<!~!I(:#3#9'$#(*!(3!,."0!-7!1@,k5!3()!4&*&!5&%#6&)7!k&9$()0!

  vt!

0/AA')#g&:! #*! e#+/)&! hCrC! "?&0&! #A'+&0! 0/++&0$! $?'$! $?&! -/%X! 2)(2&)$#&0! )&+'):#*+! 0?'2&! (3! $?&!

),."0! )&A'#*! /*'%$&)&:! '3$&)! 2%'0A'! A(:#3#9'$#(*! 3()! h! '*:! w! A#*C! 8*7! )&A')X'-%&! :'A'+&! #0!

(-0&)6&:! *&#$?&)! (*! $?&! ),."! 0/)3'9&! *()! (*! $?&! $#20C! "?&)&3()&E! 0/33#9#&*$%7!A#%:! 9(*:#$#(*0! ')&!

'22%#&:!W?&*!2/%0&:!2%'0A'!2(%7A&)#g'$#(*!#0!9'))#&:!(/$!#*!():&)!$(!2)&0&)6&!$?&!),."!A()2?(%(+7C!

"?&! 0'A&!0#g&! 9(*0#0$&*97! #0!(-0&)6&:! #*! $&)A0!(3!:#'A&$&)0!'*:! %&*+$?0!(3! $?&!:#33&)&*$! $72&0!(3!

),."0!A&'0/)&:!3)(A!$?&!"@I!#A'+&0!Pe#+/)&!hChQC!Z(W&6&)E!'%%!0'A2%&0!&N?#-#$!'!9&)$'#*!:&+)&&!(3!

2(%7:#02&)0#$7E! +#6&*! $?&! 3'9$! $?'$! $?&! ),."! 07*$?&0#0! 2)(9&00! -7! 9?&A#9'%! 6'2()! :&2(0#$#(*! P,k5Q!

:(&0! *($! '%%(W! '*! '99/)'$&! 9(*$)(%! (3! $?&! 3#*'%! (-$'#*&:! 0#g&! '*:! $?&! */A-&)! (3! 9')-(*! %'7&)0!

3()A&:CuhJuw!

!

e#+/)&!hChC!j&*+$?!'*:!:#'A&$&)!(3!$?&!),."J221eI!9(A2%&N&0C!"?&!&))()!-')!P0$'*:'):!:&6#'$#(*Q!#0!(-$'#*&:!

-7!A&'0/)#*+!w!$(![\!:#33&)&*$!*'*($/-&0!3)(A!:#33&)&*$!"@I!#A'+&0C!

<3!'*!#*:#6#:/'%!),."!(3!&'9?!$72&!#0!g((A&:!#*!Pe#+/)&!hCr8rE!Br!'*:!,rQE!$W(!:#33&)&*$!)&+#(*0!9'*!

-&! (-0&)6&:C! b*! (*&! ?'*:E! $?&! ),."! 0/)3'9&E! W?#9?! (33&)0! '! ?#+?&)! 9(*$)'0$! :/&! $(! $?&! %')+&)!

*/A-&)!(3!0$'9X&:!9')-(*!3#%A0!'*:!'%%(W!$?&!:#0$#*9$#(*!(3!:#33&)&*$!'$(A#9!%'7&)0!PrCw!†Q!$?'$!3()A0!

#$C! b*! $?&! ($?&)! ?'*:E! )#+?$! #*! $?&! #*$&)3'9&! (3! $?&! ),."! 0/)3'9&E! '! %&00! 9(*$)'0$&:! g(*&! W#$?! '*!

'A()2?(/0! 0$)/9$/)&! #0! *($#9&:E! 9())&02(*:#*+! $(! $?&! 221eI! $?#*! 3#%AC! "?&! 3()A&:! 221eI! #0!

(-0&)6&:! '%(*+! $?&! ),."E! ?(A(+&*&(/0%7! 9(6&)#*+! $?&! 0/)3'9&! &N2(0&:! $(! 2%'0A'C! I()&(6&)E!

:#33&)&*$!$?#9X*&00!W'0!A&'0/)&:!3()!$?&!0'A2%&0!A(:#3#&:!3()!h!A#*!'*:!$?&!(*&0!2(%7A&)#g&:!3()!w!

A#*C!"?#9X*&00!3()!$?&!h!A#*!$)&'$&:!0'A2%&0!W'0!$72#9'%%7!')(/*:![!*A!W?&)&'0!3()!2(%7A&)#g'$#(*0!

9'))#&:!(/$!3()!w!A#*E!$?#9X*&00!6')#&:!3)(A!u!$(!s!*AC!"?&)&3()&E!$?&!3()A'$#(*!(3!$?&!221eI!(*!$?&!

),."0! #0! 0/0$'#*&:! '*:! #$! #0! &6#:&*9&:! $?'$! $?&! 2(%7A&)#g'$#(*! $#A&! ?':! '! :#)&9$! &33&9$! (*! $?&!

:&2(0#$&:!$?#9X*&00!%'7&)C!!

no
n-m

od
ifie

d C
NT

CNT-pP
FM 3 

min

CNT-pP
FM 5 

min
0

2

4

6

8

0

50

100

150

200 Length (µm)

Diameter (nm)

Le
ng

ht
 (µ

m
)

D
iam

eter (nm
)

Naïv
e r

CNT  

rC
NT-p

pP
FM-3 

rC
NT-p

pP
FM-5 



"'#%()#*+!,')-(*!.'*($/-&0!1)(2&)$#&0!3()!4&*&!5&%#6&)7!822%#9'$#(*0!

 vv!

!

e#+/)&!hCuC!_J;'7!A#9)('*'%70#0!(3!$?&!Z;"@IJ#A'+&:!),."J221eIC!;&0/%$0!(3!P8Q!*'p6&!),."0!'*:!),."0!

2(%7A&)#g&:!3()!PBQ!h!A#*!'*:!P,Q!w!A#*C!>#+*'%!W'0!A&'0/)&:!'0!#*$&*0#$7!P920Q!14"!&*&)+7!P&kQC!!

8*!_J;'7!A#9)('*'%70#0!(3!$?&!0$/:#&:!0'A2%&0!W'0!2&)3()A&:!'%%(W#*+!$?&!9'%9/%'$#(*!(3!$?&!)&%'$#6&!

'$(A#9!2&)9&*$'+&!2)&0&*$!Pe#+/)&!hCu!'*:!"'-%&!hCuE!)&02&9$#6&%7QC!"?&0&!)&0/%$0!:&A(*0$)'$&:!$?'$!

'$!?#+?&)!2%'0A'!&N2(0#$#(*!$#A&0E!$?&!)&%'$#6&!'A(/*$!(3!(N7+&*!#*9)&'0&:E!2)(-'-%7!:/&!$(!0A'%%!

K/'*$#$#&0!(3!(N7+&*!2)&0&*$! #*! $?&!)&'9$()!:/)#*+! $?&!1eI!2(%7A&)#g'$#(*C!"?#0! )&A'#*#*+!(N7+&*!

9'*! )&'9$!W#$?! $?&! ),."0! 3()A#*+!'!?&$&)(+&*&(/0!A#N!(3! 9?&A#9'%! 3/*9$#(*'%#$#&0!(*! $?&! 0/)3'9&E!

0/9?!'0!?7:)(N7%E!2&)(N#:&!()!9')-(N7%#9!+)(/20C[xErv!

"'-%&!hCuC!8$(A#9!2&)9&*$'+&0!(3!$?&!"@IJ'*'%7g&:!0'A2%&0C!

+/;B82(,!( i#( i"( i#<! iJ(

.'p6&!),."!
),."J221eIJh!
),."J221eIJw!

xhC\h!
vvChw!
shCs[!

uCsr!
[\Cx[!
[wCsv!

rChw!
\Cxu!
J!

J!
î!

\Ct[!

î!k'%/&!-&%(W!$?&!K/'*$#3#9'$#(*!%#A#$!

!

<*! $?&!0'A2%&! $)&'$&:! 3()!h!A#*! P),."J221eIJhQE!'!W&'X!0#+*'%!(3! 3%/()#*&! P9?')'9$&)#0$#9! 0#+*'%!(3!

$?&!1eIQ!W'0!:&$&9$&:E!#*!02#$&!(3!-&#*+!(6&)%'22&:!-7!$?&!9(22&)!0#+*'%!9())&02(*:#*+!$(!$?&!+)#:!

!" #" $"



,?'2$&)!<<<!~!I(:#3#9'$#(*!(3!,."0!-7!1@,k5!3()!4&*&!5&%#6&)7!k&9$()0!

  vx!

W?&)&! $?&! 0'A2%&! W'0! 2%'9&:C! "?&! 3%/()#*&! 9(*$&*$! W'0! *($! &*(/+?! $(! -&! :&$&)A#*&:! -7! $?#0!

$&9?*#K/&!-&9'/0&!$?&!K/'*$#3#9'$#(*!%#A#$!(3!$?&!:&$&9$()!#0!\C[è!'*:!$?&!%')+&!2)&0&*9&!(3!9')-(*!

9(A2%#9'$&:!#$0!K/'*$#3#9'$#(*C!Z(W&6&)E!W?&*!$?&!2(%7A&)#g'$#(*!W'0!9'))#&:!(/$!3()!w!A#*!P),."J

221eIJwQE! '! \Ct[è! (3! 3%/()#*&! W'0! :&$&9$&:! A&'*#*+! $?'$! '! ?#+?&)! 9(6&)#*+! (3! $?&! 0/)3'9&! W'0!

'9?#&6&:E!#*!'99():'*9&!W#$?!$?&!$?#9X*&00!(-0&)6&:!(*!$?&!Z;"@I!#A'+&0C!

"?#0! 0$/:7! 9())(-()'$&0! $?&! 3()A'$#(*!(3! '! 0$'-%&! '*:!?(A(+&*&(/0!221eI! $?#*! 3#%A!W#$?! '! ?#+?!

:&*0#$7!(3!)&'9$#6&!+)(/20!W?&*!),."0!')&!2(%7A&)#g&:!3()!w!A#*!P[w!A#*!#*!$($'%QC!80!'!)&0/%$E!$?&0&!

9(*:#$#(*0!W&)&!0&$!3()!$?&!3/)$?&)!'*'%70#0!9'))#&:!(/$C!!

"?&)&-7E!$?&!9?&A#0$)7!(3!$?&!221eI!$?#*!3#%A!:&2(0#$&:!(*!$?&!),."!0/)3'9&!3()!$?&!2(%7A&)#g'$#(*!

$#A&!(3!w!A#*!W'0!:&&2%7!'*'%7g&:!-7!_1>!Pe#+/)&!hCwQC!"?&!W#:&!09'*!02&9$)'!(-$'#*&:!3()!-($?!$?&!

*'p6&!'*:!$?&!),."J221eI!')&!0?(W*!#*!e#+/)&!hCw8C!;&0/%$0!)&6&'%&:!$?&!2)&0&*9&!(3!9')-(*!'*:!

(N7+&*!3()!-($?!0'A2%&0E!'*:!3%/()#*&!'*:!*#$)(+&*!W&)&! 3(/*:!(*%7!(*!$?&!A(:#3#&:!W#$?!221eI!

Pe#+/)&! hCwBQC!f?&*! 9(*0#:&)#*+! $?&! '$(A#9! 2&)9&*$'+&0! 9'%9/%'$&:! '*:! $?&!bq,! )'$#(! P"'-%&! hCwQE!

*&')%7! u! $#A&0!A()&!(3!(N7+&*! #*$&*0#$7!W'0!:&$&9$&:E! $(+&$?&)!W#$?! $?&!'22&')'*9&!(3!*#$)(+&*C!

"?&!)&'0(*0!?'6&!'%)&':7!-&&*!9(AA&*$&:E!#*:#9'$#*+!$?&!2)&0&*9&!(3!'#)!#*!$?&!)&'9$#(*!9?'A-&)E!

W?#9?!+#6&! )#0&! $(! $?&!(N7+&*'$&:! 3/*9$#(*'%#$#&0C[xErv!8! )&'9$#(*!-&$W&&*! $?&! 3#%A!'*:! $?&!(N7+&*!

'*:! W'$&)! A(%&9/%&0! :&0()-&:! 3)(A! $?&! W'%%0! (3! $?&! 2%'0A'! 6&00&%E! :/)#*+! '*:! '3$&)! $?&!

2(%7A&)#g'$#(*E!A'7!?'6&!'%0(!9(*$)#-/$&:!$(!$?&!9(A2(0#$#(*!(3!$?&!9('$#*+CusEut!

!

e#+/)&!hCwC!_1>!(3!$?&!221eIJA(:#3#&:!),."0C!P8Q!_1>!W#:&!02&9$)'!(3!$?&!-')&!),."0!'*:!$?&!),."J221eI!'*:!

PBQ!9(A2')#0(*!(3!$?&!A(:#3#&:!0'A2%&!W#$?!$?&!9(*$)(%!(*!&'9?!'$(A#9!0#+*'%!:&$&9$&:!P9')-(*E!(N7+&*E!

*#$)(+&*!'*:!3%/()#*&QC!"?&!'))(W!(*!,[0!2%($!0?(W0!$?&!2)(3#%&!:#33&)&*9&!-&$W&&*!0'A2%&0E!A')X#*+!$?&!

A(:&0$!0?(/%:&)!'22&')&:!(*!$?&!221eIJA(:#3#&:!),."0C!

275 280 285 290 295 300
Binding Energy (eV)

In
te

ns
ity

 (a
.u

.)

520 525 530 535 540 545
Binding Energy (eV)

In
te

ns
ity

 (a
.u

.)

0
10

0
20

0
30

0
40

0
50

0
60

0
70

0
80

0
90

0
10

00
11

00

Binding Energy (eV)

In
te

ns
ity

 (a
.u

.)

!"#$%

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

",-%

#,-% .,-% ),-%

!"
C1s

275 280 285 290 295 300

CNT
CNT-PFM

Binding Energy (eV)

In
te

ns
ity

 (a
.u

.)

N1s

385 390 395 400 405 410 415

CNT
CNT-PFM

Binding Energy (eV)

In
te

ns
ity

 (a
.u

.)

F1s

675 680 685 690 695 700

CNT
CNT-PFM

Binding Energy (eV)

In
te

ns
ity

 (a
.u

.)

",-% #,-%

.,-% ),-%

#"C1s

275 280 285 290 295 300
0

10000

20000

30000

CNT
CNT-PFM

Binding Energy (eV)

C
ou

nt
s

rCNT  
rCNT-ppPFM-5  



"'#%()#*+!,')-(*!.'*($/-&0!1)(2&)$#&0!3()!4&*&!5&%#6&)7!822%#9'$#(*0!

 x\!

!"'-%&!hCwC!8$(A#9!2&)9&*$'+&!(3!),."0!'*:!),."J221eI!'*:!$?&!*()A'%#g&:!(N7+&*!)'$#(!3()!-($?!0'A2%&0C!

5'$'!(-$'#*&:!3)(A!$?&!_1>!'*'%70#0C!

+/;B82(,!(

( &45;?0(A2=0264/:2( ( %/4?5(

( i#( i"( i1! iJ( ( "\#(

),."!
),."J221eIJw(

! xvCw!
vsCv!

[Ct!
sCh!

J!
\Ct!

J!
sC\!

! \C\r!
\C\t!

"?&! 2)&0&*9&! (3! 3%/()#*&! (*! $?&! 221eIJA(:#3#&:! 0'A2%&! PsèQ! 9(*3#)A&:! $?&! :&2(0#$#(*! (3! $?&!

3%/()#*'$&:!2(%7A&)C!8::#$#(*'%%7E!#3!$?&!9')-(*!0#+*'%!W'0!%((X&:!#*!:&$'#%!Pe#+/)&!hCwBQE!'!A'#*!2&'X!

W#$?! $?&!A'N#A/A! #*$&*0#$7!W'0!(-0&)6&:!'$!rvu!&k! 3()!-($?! 0'A2%&0C!Z(W&6&)E! '! %#$$%&! 0?(/%:&)!

-&$W&&*! rvw! '*:! rx\! &k!W'0! *($#9&:! (*! $?&!A(:#3#&:! 0'A2%&! $?'$!W'0! *($! 2)&0&*$! (*! $?&! -')&!

),."0C! "?#0!2)#*9#2'%!2&'X!'$!rvu!&kE!W?#9?!W'0! $?&!(*%7!(*&!(-0&)6&:!(*! $?&!/*A(:#3#&:! ),."0E!

9())&02(*:0!$(!$?&!,JZq,J,!'*:!#0!$72#9'%%7!2)&0&*$!#*!),."!0$)/9$/)&0Cuv!"(!:&$&)A#*&!$?&!*'$/)&!(3!

$?&! ($?&)! 9')-(*! -(*:0! &N#0$#*+! #*! $?&! 221eIJA(:#3#&:! 0'A2%&0E! $?&! ,[0! 9()&! %&6&%! 0#+*'%0! W&)&!

3#$$&:! (*! :#33&)&*$! 3/*9$#(*'%#$#&0! 9(*$'#*#*+! (N7+&*! '*:! 3%/()#*&! Pe#+/)&! hCsQC! .#$)(+&*!

3/*9$#(*'%#$#&0!W&)&!*($!9(*0#:&)&:E!0#*9&!*#$)(+&*!W'0!3(/*:!(*%7!#*!%#A#$&:!'A(/*$0!'$!$?&!0/)3'9&!

9('$#*+!P\CtèQC!"?&!02&9$)/A!W'0!3#$!W#$?!($?&)!3(/)!0#+*'%0!'2')$!3)(A!$?&!,J,q,JZ!$?'$!W'0!0&$!'$!

rvu!&kC!"?&!ÅJ&0$&)!9')-(*!P,J,bbQ!'*:!$?&!9')-(N7%'$&!P,bbQ!W&)&!:&$&9$&:!'$!rvwCt!&k!'*:!rvxCu!

&kE!)&02&9$#6&%7C!"?&!3%/()#*'$&:!9')-(*!P,JeQ!W'0!3(/*:!'$!rvvCr!&kC!"?&!0#+*'%0!(3!$?&!&$?&)!9')-(*!

P,JbQ!'*:! $?&!ÅJ9')-(*! 3%/()#*'$&:! 9')-(*! P,J,eQ! 3/*9$#(*'%#$#&0!?'6&!-&&*! )&2()$&:! $(!-&!/0/'%%7!

$((! *&')! 3()A! &'9?! ($?&)! $?'$! 9'*! -&9(A&! :#33#9/%$! $(! :#0$#*+/#0?Cux! "?&)&3()&! $?&7! W&)&! -($?!

'00#+*&:! '$! $?&! rvtCv! &k! 2&'XC! 8%%! $?&0&! 0#+*'%0! ')&! )&02(*0#-%&! (3! $?&! 0?(/%:&)! 2)&0&*$! (*! $?&!

+&*&)'%!,[0!0#+*'%C!

!

e#+/)&!hCsC!5&9(*6(%/$#(*!(3!$?&!_1>!02&9)/A!3()!$?&!221eIJA(:#3#&:!),."0C!

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

c/
s 

(a
.u

.) 

Binding Energy (eV) 

!"#$!"!%
/012*3*

!"!&&%
2415*3*

!"&$!"!'%
610*3* !"'%

517*3* !"!&&%
714*3*



,?'2$&)!<<<!~!I(:#3#9'$#(*!(3!,."0!-7!1@,k5!3()!4&*&!5&%#6&)7!k&9$()0!

  x[!

8%$?(/+?! $?&! ?#+?! 2)&0&*9&! (3! $?&! ?7:)(9')-(*! 0#+*'%! 9())&02(*:#*+! $(! $?&! ),."! 0$)/9$/)&!

9(*0#:&)'-%7! A'0X&:! $?&! ($?&)! 3/*9$#(*'%#$#&0E! $?&0&! )&0/%$0! 0?(W! '! 2(0#$#6&! )&$&*$#(*! (3! $?&!

3%/()#*'$&:!)#*+!'*:!$?&!&0$&)!+)(/2C!

=#1$-BBAJS(#I/=/042=?]/4?56(/69(%2/04?E?4>(*E/8</4?56(

80!2)&6#(/0%7!)&2()$&:!#*!,?'2$&)!<<E!$?&!9(*i/+'$#(*!(3!'!3%/()&09&*$!A(%&9/%&!?'0!-&&*!6'%#:'$&:!'0!

'*!&'07!W'7!$(!9(*3#)A!$?&!3%/()#*'$&:!&0$&)!)&$&*$#(*!'*:!&6'%/'$&!$?&!)&'9$#6#$7!(3! $?&!(-$'#*&:!

$?#*! 3#%AC! e()! $?'$! 2/)2(0&E! $?&! 0&%&9$&:! 3%/()&09&*$! :7&! ?'0! $(! 9(*$'#*! '*! 'A#*&! +)(/2! (*! #$0!

0$)/9$/)&E! W?#9?! &*'-%&0! $?&! 9(6'%&*$! )&'9$#(*! W#$?! $?&! :&2(0#$&:! 1eI! %'7&)Cr[Eur! I()&(6&)E! $?&!

3/*9$#(*'%#g'$#(*! (3! $?&! A(:#3#&:! ),."0! W#$?! 3%/()&09&*$! :7&0E! '%%(W0! $?&! $)'9X#*+! (3! $?&0&!

*'*(A'$&)#'%0! 0/% 10539! '*:! 0/% 1019! #A'+#*+! '22%#9'$#(*0Cw\Ew[! <*! +&*&)'%E! ,."0! ?'6&! #*$)#*0#9!

3%/()&09&*9&! #*! $?&! *&')! #*3)')&:! P.<;QCwrEwh! Z(W&6&)E! (*%7! #*:#6#:/'%! ,."0! ')&! '-%&! $(! &A#$! .<;!

3%/()&09&*9&! '*:! $?/0! (-$'#*#*+! $?#0! X#*:! (3! :&9()'$&:! 6&9$()0! 9'*! #A2)(6&! $?&#)! :&$&9$#(*!

0&*0#-#%#$7CwuJws!

<*! $?#0! 0$/:7E! e">,! '*:! =50! W&)&! /0&:! $(! '33#)A! $?&! )&'9$#6#$7! '*:! ?(A(+&*&#$7! (3! $?&! 221eI!

9('$#*+! (*! $?&! ),."! 0/)3'9&C! "?&! %'$$&)E! #0! 9(A2(0&:! '! ,:>&! 9()&! W#$?! '! ^*>! 0?&%%! '*:! W'0!

#AA(-#%#g&:!(*!$?&!221eI!0/)3'9&!$?)(/+?!$?&!1@4J'A#*&!9('$#*+!(*!#$0!0/)3'9&E!'!A(%&9/%&!2)(6&:!

$(! )&'9$! W#$?! 1eI! +)(/20! -&3()&! P,?'2$&)! <<QC! 221eIJA(:#3#&:! ),."0! 3()! '! 5@J!IU! (3! w! A#*! W&)&!

#*9/-'$&:!W#$?! 0(%/$#(*0! (3! -($?! 3%/()&09&*$! :7&0! $(+&$?&)!W#$?! '! 0'A2%&! 9(*$)(%! (3! -')&! ),."0C!

>'A2%&0!W&)&! '%%! (-0&)6&:! #*! $?&! 3%/()&09&*$!A#9)(09(2&! '3$&)! 0&6&)'%!W'0?#*+! 0$&20!W#$?!I#%%#J=!

W'$&)!/*:&)!0(*#9'$#(*!Pe#+/)&!hCtQC!

!

e#+/)&!hCtC!e%/()&09&*$!A#9)(09(27!#A'+&0!(3!$?&!3/*9$#(*'%#g&:!eJ),."0C!221eIJA(:#3#&:!0'A2%&0!)&'9$&:!

W#$?!P8Q!e">,!'*:!PBQ!=50C!B($?!$?&!P[Q!9(*$)(%!'*:!$?&!PrQ!),."J221eIJw!W&)&!'*'%7g&:C!

!"#$%&$

'($ )($

'!$ )!$



"'#%()#*+!,')-(*!.'*($/-&0!1)(2&)$#&0!3()!4&*&!5&%#6&)7!822%#9'$#(*0!

 xr!

j')+&!'++)&+'$&0!(3!e">,J3/*9$#(*'%#g&:!),."0!Pe#+/)&!hCt8rQ!0?(W&:!3%/()&09&*$!0#+*'%!W?&)&'0!*(!

3%/()&09&*9&!W'0!:&$&9$&:!3)(A!$?&!9(*$)(%!Pe#+/)&!hCt8[QE!9(*3#)A#*+!$?'$!$?&!9(6'%&*$!'$$'9?A&*$!

(3!$?&!3%/()&09&*$!A(%&9/%&!W#$?!$?&!,."!0/)3'9&!W'0!0/99&003/%C!>#A#%')!-&?'6#()!W'0!(-0&)6&:!3()!

$?&!),."0!3/*9$#(*'%#g&:!W#$?!=50!&N9&2$!$?'$! %&00!'++)&+'$#(*!$((X!2%'9&C("?#0! #0!2)(-'-%7!:/&!$(!

$?&!3'9$!$?'$!$?&!'A#*(J1@4!9('$#*+!(3!$?&!=5!3'6()0!$?&!:#02&)0#(*!(3!$?&!),."0!3()A#*+!'++)&+'$&0!

(3!-&$W&&*![\!$(!u\!zAC!b*!$?&!($?&)!?'*:E!e">,!#0!'!?7:)(2?(-#9!A(%&9/%&!$?'$!9'/0&0!?#+?&)!),."!

'++)&+'$#(*! P[\! '*:! [\\! zAQC! "?&! %(W! :#02&)0#-#%#$7! (-0&)6&:! (3! $?&! eJ),."0E! &6&*! /0#*+! =50E!

$(+&$?&)!W#$?!'!K/&*9?#*+!&33&9$!A'7!?'6&!9'/0&:!'!:&9)&'0&!#*!$?&!3%/()&09&*$!0#+*'%!(-0&)6&:CwtJwx!!

b*&! X&7! ':6'*$'+&! #*! $?&! /0'+&! (3! =50! 3()! $?&! 3/*9$#(*'%#g'$#(*! (3! ),."0! #0! $?'$! $?&7! 2)&0&*$!

&*(/+?! 9(*$)'0$! $(! -&! (-0&)6&:! -7! Z;"@I! :/&! $(! $?&#)! #*()+'*#9! *'$/)&C! "?/0E! $?&! =5J

3/*9$#(*'%#g&:! ),."0! W&)&! '*'%7g&:! -7! $?#0! $&9?*#K/&! Pe#+/)&! hCvQC! Z;"@I! #A'+&0! )&6&'%! '! ?#+?!

:&*0#$7! (3! *'*(2')$#9%&0! ?(A(+&*&(/0%7! :&9()'$#*+! $?&! ),."! 0/)3'9&C! <$! #0! '%0(! 2(00#-%&! $(!

:#0$#*+/#0?!$?&!-(*:#*+!$?)(/+?!$?&!'A()2?(/0!%'7&)!9())&02(*:#*+!$(!$?&!221eI!9('$#*+!(-0&)6&:!

-&3()&! Pe#+/)&!hCrQ!'*:!?&)&!'+'#*! Pe#+/)&!hCvQC! "?&!:#'A&$&)!(3! $?&0&!*'*(9)70$'%0! #0!wJv!*AE! $?&!

0'A&!0#g&!(3!$?&!=50!/0&:E!9(*3#)A#*+!$?&!9(6'%&*$!'$$'9?A&*$!(3!=50!(*!$?&!,."!0/)3'9&C!!

!

e#+/)&!hCvC!Z;"@I!#A'+&0!(3!$?&!),."0!3/*9$#(*'%#g&:!W#$?!=50C!

"?&! _J;'7! A#9)('*'%70#0! 9'))#&:! (/$! (*! $?&! "@IJ0$/:#&:! 0'A2%&0! '%0(! 9())(-()'$&:! $?#0!

#AA(-#%#g'$#(*! -&9'/0&! $?&! &%&A&*$0! 3()A#*+! $?&! =50! P,:E! >&E! ^*E! >Q! W&)&! (*%7! 3(/*:! (*! $?&!

3/*9$#(*'%#g&:! ),."0! Pe#+/)&! hCxQC! "?&)&3()&E! $?&! 2)&6#(/0! 0$'$&A&*$! 0'7#*+! $?'$! -($?! $?&! %(W!

:#02&)0#-#%#$7!'*:!$?&!K/&*9?#*+!&33&9$!A#+?$!?'6&!9'/0&:!'!:&9)&'0&! #*!$?&!3%/()&09&*9&!(-0&)6&:!

-7!$?&!A#9)(09(2&! #0! )'$#3#&:!+#6&*!$?&! %')+&!*/A-&)!(3!=5!$?'$!')&!'9$/'%%7!0&&*!'$$'9?&:!(*!$?&!

),."!0/)3'9&C!

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



,?'2$&)!<<<!~!I(:#3#9'$#(*!(3!,."0!-7!1@,k5!3()!4&*&!5&%#6&)7!k&9$()0!

  xh!

!

e#+/)&!hCxC!_J;'7!A#9)('*'%70#0!(3!$?&!P8Q!=/'*$/A!5($0!'*:!$?&!PBQ!=5J3/*9$#(*'%#g&:!),."0C!

80!'!)&0/%$!$(!$?#0!0$/:7E!$?&!)&'9$#6#$7!'*:!?(A(+&*&#$7!(3!$?&!221eIJA(:#3#&:!,."0!#0!2)(6&:!'*:!

$?&! 3()A&:! 9(A2%&N&0! 3()A&:! W#$?! 3%/()&09&*$! :7&0! &N?#-#$! 3%/()&09&*9&! '*:! '! ?#+?! :&+)&&! (3!

3/*9$#(*'%#g'$#(*C! "?#0! $72&! (3! 3/*9$#(*'%#g'$#(*! (2&*0! $?&! 2(00#-#%#$7! $(! $)'9X! $?&! 0/% 1019!

-#(:#0$)#-/$#(*!(3!eJ),."0E!'0!#$!W#%%!-&!0&&*!#*!,?'2$&)!<kE!'*:!$?&#)!#*$&)'9$#(*!W#$?!9&%%0!0/%10539C!

#288<8/=(`B4/72(/69(G?/@?8?4>(5C(4I2(J-=#1$.(

8%$?(/+?! )&A')X'-%&! 3%/()&09&*9&! #*$&*0#$7! #0! %(0$! :/&! $(! '! K/&*9?#*+! &33&9$E! $?&! $)'9X#*+! (3! $?&!

3%/()&09&*$! ),."0! PeJ,."Q! #0! 0$#%%!2(00#-%&!'0!:&A(*0$)'$&:!-&3()&C!"(!&6'%/'$&! $?&!9'2'9#$7!(3! $?&!

:&9()'$&:!),."0!$(!9)(00!$?&!9&%%!A&A-)'*&!$(+&$?&)!W#$?!$?&!9&%%!6#'-#%#$7!(3!$?#0!$72&!(3!6&9$()0E!

A'9)(2?'+&0! 9&%%0! W&)&! #*9/-'$&:! W#$?! :#33&)&*$! eJ,."C! ,?&)/X/)#! 25% 6<"! '%)&':7! )&2()$&:! $?'$!

A'9)(2?'+&0!9&%%0!')&!'-%&!$(!#*+&0$!*'*($/-&0![!zA!%(*+!#*!0#+*#3#9'*$!K/'*$#$#&0!-7!2?'+(97$(0#0Cs\!

<*!$?#0!9'0&E!9&%%0!W&)&!#*9/-'$&:!3()![r!?!W#$?!eJ),."0!W#$?!-($?!e">,!'*:!=50!'$![\\!z+qAj!'*:!w\!

z+qAjE!)&02&9$#6&%7!Pe#+/)&!hC[\QC!!

e#+/)&! hC[\8! 9(*3#)A&:! $?'$! A'9)(2?'+&0! :#:! *($! 0?(W! #*$)#*0#9! 3%/()&09&*9&C! >#A#%')%7E! $?&!

A'9)(2?'+&0! #*9/-'$&:!W#$?! e">,J3/*9$#(*'%#g&:! ),."0! 0?(W&:! *(! 3%/()&09&*9&E! 2)(-'-%7! :/&! $(!

$?&!3()A'$#(*!(3! %')+&)!'++)&+'$&0! #*!$?&!9&%%!A&:#/A!-&9'/0&!(3!$?&!?7:)(2?(-#9!-&?'6#()!(3!$?&!

e">,!Pe#+/)&!hC[\BQC!"?&!2)&0&*9&!(3!2)($&#*0!'*:!($?&)!02&9#&0!#*!$?&!A&:#/A!')&!X*(W*!$(!':0()-!

!" #"

$%" $" &'"



"'#%()#*+!,')-(*!.'*($/-&0!1)(2&)$#&0!3()!4&*&!5&%#6&)7!822%#9'$#(*0!

 xu!

(*! $?&! ?7:)(2?(-#9! 0/)3'9&! (3! $?&! *'*($/-&0! 3'6()#*+! #$0! '++)&+'$#(*E! '0! #$! W#%%! -&! :#09/00&:! #*!

,?'2$&)!<kC!Z(W!2)($&#*0!$&*:!$(!-#*:!0$)(*+%7!(*!?7:)(2?(-#9!0/)3'9&0!W'0!'%0(!2)(6&:!#*!,?'2$&)!

<<C!8::#$#(*'%%7E! $?&!?#+?!9(*9&*$)'$#(*!(3!eJ),."0!/0&:!A'7! #*:/9&!'*! #*9)&'0&!(3! $?&!'++)&+'$#(*!

&33&9$! 9'/0#*+! '! 0/-0$'*$#'%! :&9)&'0&! (3! 3%/()&09&*9&! &A#00#(*C! >/9?! '++)&+'$#(*! $&*:&*97! A'7!

:#33#9/%$!$?&!#*$&)*'%#g'$#(*!(3!$?&!),."0!#*$(!$?&!9&%%E!'0!0$/:#&:!#*!,?'2$&)!<kC!Z(W&6&)E!e#+/)&!hC[\,!

0?(W! $?'$! 0A'%%! ),."! 2')$#9%&0! W&)&! (-0&)6&:! #*0#:&! $?&! A'9)(2?'+&0! 9&%%0! W#$?(/$! '%$&)#*+! #$0!

9&%%/%')! A()2?(%(+7E! 0/++&0$#*+! '! 2(0#$#6&! /2$'X&! '*:! 6#'-#%#$7C! >#*9&! $?&! ?#+?! 9(*9&*$)'$#(*! (3!

),."0!&6&*$/'%%7!&*?'*9&:!9&%%!:&'$?E!#$!W'0!)&:/9&:!W#$?!$?&!=5J:&9()'$&:!),."0!'*:!'3$&)!0&6&)'%!

W'0?&0E! 3%/()&09&*9&! W'0! (-0&)6&:! '22')&*$%7! #*0#:&! $?&! 9&%%! Pe#+/)&! hC[\,QC! <*! 02#$&! (3! $?&!

3()A'$#(*! (3! '++)&+'$&0E! W?#9?! '6(#:&:! $?&! 2)(2&)! 0$/:7! (3! $?&! 9?')'9$&)#0$#9! *'*(*&&:%&! &33&9$!

W?&*!#*$&)'9$#*+!W#$?!$?&!9&%%0E!$?&!9&%%/%')!/2$'X&!(3!$?&!=5J3/*9$#(*'%#g&:!),."0!9'*!-&!$)'9X&:C!

!

e#+/)&!hC[\C!#/%10539!3%/()&09&*9&!$)'9X#*+!(3!$?&!eJ),."0C!<A'+&0!(3!$?&!A'9)(2?'+&0!P8Q!9(*$)(%!'*:!

#*9/-'$&:!W#$?!PBQ!e">,J3/*9$#(*'%#g&:!),."0!P[\\!z+qAjQ!'*:!P,Q!=5J'*9?()&:!),."0!Pw\!z+qAjQC!

e%/()&09&*9&!W'0!(*%7!(-0&)6&:!#*!9&%%0!#*9/-'$&:!W#$?!=5J:&9()'$&:!),."0C!

+4<9>(5C(4I2(=#1$-BBAJS(!?.B2=.?@?8?4>((

8$!$?#0!2(*$E!0/)3'9&!A(:#3#9'$#(*!(3!),."0!W#$?!$?&!:&2(0#$#(*!(3!'!?(A(+&*&(/0!221eI!$?#*!3#%A!

-7! 1@,k5! 9(*0&)6#*+! $?&! ),."! A()2?(%(+7! ?'0! -&&*! :&A(*0$)'$&:C! Z(W&6&)E! '! 0$/:7! (3! $?&!

:#02&)0#-#%#$7! $?'$! $?&0&! $)&'$&:! ),."0! A'7! (33&)! ?'0! $(! -&! '%0(! 0$/:#&:! +#6&*! $?&! )&A')X'-%&!

'++)&+'$#(*!)'$&!2)&6#(/0%7!(-0&)6&:C!

<*!+&*&)'%E!$?&!:#02&)0#(*!(3!,."!#*6(%6&0!'!+)&'$!9?'%%&*+&!(W#*+!$(!$?&!9(A-#*'$#(*!(3!A'#*%7!$W(!

3'9$()0CrEtEuhEs[! <*!$?&!3#)0$!2%'9&E!+#6&*!$?&#)!$/-/%')!0$)/9$/)&!W#$?!'!?#+?!'02&9$!)'$#(!'*:!3%&N#-#%#$7E!

,."0!')&!2)(*&!$(!-/*:%&!3()A#*+!0A'%%!+)(/20!:#33#9/%$!$(!-&!A&9?'*#9'%%7!:#00(9#'$&:C!b*!$?&!($?&)!

?'*:E!:/&!$(!$?&#)!0/)3'9&!9/)6'$/)&E!$?&!02r!-(*:!$72&0!$?'$!%#*X!$?&!9')-(*!'$(A0!')&!#*!'!0$'$&!(3!

!" #" $"



,?'2$&)!<<<!~!I(:#3#9'$#(*!(3!,."0!-7!1@,k5!3()!4&*&!5&%#6&)7!k&9$()0!

  xw!

$&*0#(*E!#*9)&'0#*+!$?&!0/)3'9&!&*&)+7C!"?&)&3()&E!W?&*!#*$&)'9$#*+!(*&!&'9?!($?&)!$?)(/+?!k'*!:&)!

f''%0!3()9&0E!$?&!0$)/9$/)&!#0!0$'-#%#g&:C!"?&!2(()!:#02&)0#-#%#$7!-&9(A&0!'*!#A2()$'*$!?'*:#9'2!3()!

$?&!2)(9&00#*+!(3!,."0! #*!$?&!A'i()#$7!(3!'22%#9'$#(*0E!&02&9#'%%7! #*!'K/&(/0!A&:#'E!:#A#*#0?#*+! #$0!

-#(9(A2'$#-#%#$7C!

e#)0$%7E! -($?! -')&! ),."0! '*:! ),."J221eIJw! W&)&! :#02&)0&:! #*! &$?'*(%! '*:! (-0&)6&:! #*! $?&!

A#9)(09(2&! Pe#+/)&! hC[[QC! j')+&! '++)&+'$&0! (3! ')(/*:! rw\! zA!W&)&! (-0&)6&:! 3()! $?&! /*A(:#3#&:!

,."0E!W?&)&'0!$?&!:#02&)0#(*!:&+)&&!W'0!0/-0$'*$#'%%7!#A2)(6&:!W#$?!$?&!:&2(0#$#(*!(3!$?&!221eI!

3#%A!(*! $?&! ),."! 0/)3'9&C! "?&! %'$&)! 3()A&:!2')$#9%&0! 3)(A!u!/2! $(![w!zA! Pe#+/)&!hC[[BQC! <*! e#+/)&!

hC[[8E! '! 9%&')! $&*:&*97! (3! $?&! ,."! $(! 3()A! '++)&+'$&0! 3()A#*+! %')+&! 3#%'A&*$0! W'0! (-0&)6&:E!

2)(-'-%7!&*?'*9&:!-7!$?&!3'0$!&6'2()'$#(*!(3!$?&!0(%6&*$C!!

!

e#+/)&!hC[[C!5#02&)0#(*!(3!$?&!221eIJA(:#3#&:!),."0!#*!&$?'*(%C!<A'+&0!(3!P8Q!-')&!),."!'*:!PBQ!),."J221eIC!

,(*9/))&*$%7E! $?&!:#02&)0#-#%#$7! (3! $?&!A(:#3#&:! ),."J221eIJw!W'0! &6'%/'$&:! #*!W'$&)! '*:! '%0(! #*!

()+'*#9!0(%6&*$0!(3!:#33&)&*$!2(%')#$#&0!'0!#*:#9'$&:!#*!"'-%&!hCh!Pe#+/)&!hC[rQC!!

!

e#+/)&!hC[rC!5#02&)0#-#%#$7!(3!),."J221eI!#*!:#33&)&*$!0(%6&*$0C!<A'+&0!(3!P8Q!)#+?$!'3$&)!0(*#9'$#(*!'*:!PBQ!'3$&)!

0&$$%#*+!'$!)((A!$&A2&)'$/)&!3()![!?C!

!" #"

!

"



"'#%()#*+!,')-(*!.'*($/-&0!1)(2&)$#&0!3()!4&*&!5&%#6&)7!822%#9'$#(*0!

 xs!

<*#$#'%%7E! )#+?$! '3$&)! 0(*#9'$#(*! (3! $?&! 0'A2%&0E! '! :')X! '*:! /*#3()A%7! :#02&)0&:! 2?'0&!W'0! 3()A&:E!

&N9&2$!W?&*! $?&! :#02&)0'*$! '+&*$!W'0!W'$&)! ()! &$?'*(%! P2(%')! 0(%6&*$0QC! <*! $?&0&! 9'0&0E! '! %')+&)!

9(*9&*$)'$#(*!(3! '++%(A&)'$&0!W'0!(-0&)6&:C!83$&)! 0&6&)'%!A#*/$&0E! $?&! 3()A'$#(*!(3! $W(!2?'0&0!

(99/))&:! W?&*! 2')$! (3! $?&! ),."J221eIJw! 0&$$%&:! (*! $?&! -($$(A! (3! $?&! 6#'%C! "?#0! -&?'6#()! W'0!

&A2?'0#g&:!'3$&)![!?!'*:!$?&!:#33&)&*$!0(%/-#%#g'$#(*!9'2'9#$#&0!(3!&'9?!0(%6&*$!/0&:!W&)&! #*3&))&:!

3)(A!$?&!9?)(A'$#9#$7!(3!$?&!0/2&)*'$'*$C!80!#$!W'0!&N2&9$&:!:/&!$(!$?&!?7:)(2?(-#9!*'$/)&!(3!$?&!

221eI! 9('$#*+0! (*! $?&! ),."! 0/)3'9&E! '%%! *(*J2(%')! 0(%6&*$0!W&)&! '-%&! $(! '9?#&6&!A()&! 0$'-#%#g&:!

:#02&)0#(*0! $?'$! $?&! 2(%')! (*&0! PW'$&)! '*:! &$?'*(%QC! c0#*+! '9&$(*#$)#%&E! W?#9?! #0! '! 2(%')! '2)($#9!

0(%6&*$E! '! %(W!:#02&)0#-#%#$7!W'0! '%0(!(-0&)6&:C!b*! $?&!($?&)!?'*:E! $?&!*(*J2(%')! '2)($#9! 0(%6&*$0!

0/9?!'0!&$?7%!'9&$'$&E!$(%/&*&!'*:!&02&9#'%%7!:#9?%()(A&$?'*&E!&N?#-#$&:!'!-&$$&)!:#02&)0#-#%#$7!:/&!

$(!$?&#)!9'2'9#$7!$(!0$'-#%#g&!$?&!?7:)(2?(-#9!*'$/)&!(3!$?&!),."0C!<$! #0!*($&W()$?7!$?'$!$?&!:#&$?7%!

&$?&)! W'0! *($! '-%&! $(! 0(%/-#%#g&! $?&! ),."J221eIJw! :&02#$&! -&%(*+#*+! $(! $?&! +)(/2! (3! *(*J2(%')!

'2)($#9!0(%6&*$0!'0!W&%%C!"?#0!(-0&)6'$#(*!?#+?%#+?$0!$?'$!($?&)!:#02&)0#-#%#$7!2')'A&$&)0!-&0#:&0!$?&!

2(%')#$7!(3!$?&!0(%6&*$!/0&:!2%'7!'!9)/9#'%!)(%&!#*!$?&!,."!0(%/-#%#g'$#(*!2)(9&00E!'0!#$!W'0!:&09)#-&:!#*!

$?&!0$/:7!:&6&%(2&:!-7!ZC!"!Z'A!&$!'%Cu[!!

<*!Z'AL0!W()XE! $?&!:#02&)0#-#%#$7!(3!>f."! #*!:#33&)&*$!()+'*#9!0(%6&*$0!'*:!0/)3'9$'*$0!'+&*$0!W'0!

0$/:#&:E! 9())&%'$#*+! $?&! :#02&)0#(*! )'$&! #*! $?&! 0(%6&*$! W#$?! $?&! Z'*0&*! 0(%/-#%#$7! 2')'A&$&)0!

P@K/'$#(*!hC[QC! <*!0'#:!&K/'$#(*E!n5! #0! $?&! $($'%! 0(%/-#%#$7!2')'A&$&)E! $?&!:#02&)0#6&!9(A2(*&*$! Pn=Q%

:&09)#-&0!$?&!*(*J2(%')!$72&!(3!#*$&)'9$#(*0E!$?&!2(%')!9(A2(*&*$!PnSQ!+#6&0!#*3()A'$#(*!'-(/$!$?&!

:#2(%&J:#2(%&!#*$&)'9$#(*0E!'*:!$?&!PnMQ!2')'A&$&)E!:&3#*&0!$?&!?7:)(+&*J-(*:!'$$)'9$#(*0C!83$&)!$?&!

&6'%/'$#(*!(3!$?&!:#02&)0&!2?'0&!9?)(A'$#9#$7!(3!$?&!:&09)#-&:!0'A2%&0E!$?&!Z'*0&*!2')'A&$&)0!3()!

$?&!0$/:#&:!0(%6&*$0!W&)&!0&')9?&:!P"'-%&!hChQ!'*:!9(*0&K/&*$%7!2%($$&:!Pe#+/)&!hC[hQC!

°$r!ç!°:r!y!°2r!y!°?r!!

@K/'$#(*!hC[!

e#+/)&!hC[h8!0?(W0!$W(!9%&')!')&'0! #*! $?&!'))'*+&A&*$!(3! $?&!0$/:#&:!0(%6&*$0C!b*!(*&!?'*:E! $?&!

*(*J2(%')! 0(%6&*$0! 9(*6&)+&:! 9(*9&*$)'$&:! #*! '!W&%%J:&3#*&:! g(*&!W#$?!nM! 6'%/&0! -&%(W! [\!I1'¢!

'*:!nS! #*3&)#()! $(!v!I1'¢C!b*! $?&!($?&)!?'*:E! $?&!2(%')! 0(%6&*$0! PW'$&)E!&$?'*(%!'*:!'9&$(*#$)#%&Q!

(W*&:!nS%6'%/&0!0/2&)#()!$(!v!I1'¢!'*:!6')#'-%&!nM%6'%/&0E!W?#9?!W'0!:#)&9$%7!)&%'$&:!$(!$?&!'-#%#$7!

(3!$?&!0(%6&*$!$(!3()A!?7:)(+&*!-(*:0C!4#6&*!$?&!(-0&)6'$#(*0!9(AA&*$&:!'-(6&E!'%%!0(%6&*$0!W#$?!

?#+?!nS%6'%/&0!W&)&!*($! '-%&! $(! 0$'-#%#g&! $?&!221eIJA(:#3#&:!,."! #*! 0/02&*0#(*E! #*:&2&*:&*$%7! #3!

$?&7!W&)&!2)($#9!()!*(*J2)($#9C!Z(W&6&)E!$?&!:#&$?7%!&$?&)E!:&02#$&!-&#*+!'!*(*J2(%')!0(%6&*$E!W'0!



,?'2$&)!<<<!~!I(:#3#9'$#(*!(3!,."0!-7!1@,k5!3()!4&*&!5&%#6&)7!k&9$()0!

  xt!

*($!'-%&!$(!0$'-#%#g&!$?&!A(:#3#&:!*'*($/-&0!#*!0/02&*0#(*C!"?#0! #0!W?&*!$?&!:#02&)0#6&!9(A2(*&*$!

*&&:0!$(!-&!&6'%/'$&:C!<*!0/9?!9'0&E!:#&$?7%!&$?&)!&N?#-#$&:!$?&!%(W&0$!n=%6'%/&!P[uCw!I1'¢Q!#*3&)#()!

$(!-($?!2(%')! '*:!*(*J2(%')! 0(%6&*$0! Pe#+/)&! hC[hBQC!I()&(6&)E! 3()! ?#+?!n=%6'%/&0E!W?&)&! 0(%6&*$0!

0/9?! '0! $(%/&*&! '*:! :#9?%()(A&$?'*&! W&)&! 3(/*:E! $?&! :#02&)0#(*! 9'2'9#$7! (3! $?&! ),."J221eI!

#*9)&'0&:E!W?#9?!W'0!9(*0#0$&*$!W#$?!W?'$!W'0!&N2&)#A&*$'%%7!(-0&)6&:C!"?#0!2%($!:&A(*0$)'$&0!$?&!

#A2()$'*9&!(3!$?&!:#02&)0#6&!2')'A&$&)!#*!$&)A0!(3!$?&!'9$/'%!0(%/-#%#g'$#(*!(3!$?&!A(:#3#&:!),."0C!

"?#0!9(A2(*&*$!?'0!'!2)&:(A#*'*$!&33&9$! #*!9(A2')#0(*!$(!$?&!2(%')!2')'A&$&)!()!$?&!9'2'9#$7!(3!

$?&!0(%6&*$!$(!3()A!?7:)(+&*!-(*:0C!Z(W&6&)E!$?&!(6&)'%%!&33&9$!(3!'%%!2')'A&$&)0!*&&:0!$(!-&!$'X&*!

#*$(! '99(/*$C! e#+/)&! hC[h,! 2)(6&:! $?'$! $?&! 0(%6&*$0! $?'$! 3'9#%#$'$&! :#02&)0#(*! P$(%/&*&! '*:!

:#9?%()(A&$?'*&Q!W&)&!%(9'$&:!#*!$?&!)&+#(*!:&3#*&:!-&$W&&*!n=%6'%/&0!0/2&)#()0!$(![tCw!I1'¢!'*:!

6'%/&0! (3! nS% '*:! nM% -&%(W! sCw! I1'¢C! "?&)&3()&E! 0(%6&*$0! $?'$! 2)&0&*$! $?&0&! 9?')'9$&)#0$#90! ')&!

#:&*$#3#&:!'0!$?&!(*&0!$?'$!3'9#%#$'$&!$?&!:#02&)0#(*!(3!$?&!221eIJA(:#3#&:!),."0C!!

!

e#+/)&!hC[hC!4)'2?#9!)&2)&0&*$'$#(*!(3!$?&!Z'*0&*!2')'A&$&)0C!<$!0!$?&!0?(W0!$?&!9())&%'$#(*!-&$W&&*!P8Q!nM%

'*:!nSE!PBQ!nM%'*:!n=_%'*:!P,Q!$?&!:&2&*:&*9&!(-0&)6&:!3()!$?&!h!2')'A&$&)0C!e()!-($?!3#)0$!2%($0E!P8Q!'*:!PBQE!

$?&!:($!0#g&!#0!2)(2()$#(*'%!$(!$?&!2')'A&$&)!6'%/&C!

!" #"

$"



"'#%()#*+!,')-(*!.'*($/-&0!1)(2&)$#&0!3()!4&*&!5&%#6&)7!822%#9'$#(*0!

 xv!

80!'! )&0/%$E! $?#0! 0$/:7!-&9(A&0!'!?&%23/%! $((%! 3()!9?((0#*+! $?&!2)(2&)!0(%6&*$! #*!():&)! $(!+'#*! $?&!

:&0#)&:!0(%/-#%#g'$#(*! 3()! $?&!?'*:%#*+!'*:!A'*#2/%'$#(*!(3!),."0C!.&6&)$?&%&00E! #*!-#(A&:#9'%!'*:!

9&%%!-#(%(+7!'22%#9'$#(*0E!$?&!:#02&)0#(*!(3!$?&!3/*9$#(*'%#g&:!),."0!?'0!$(!-&!0/99&003/%!#*!'K/&(/0!

A&:#'!$?&)&3()&!($?&)!0$)'$&+#&0!A/0$!-&!0$/:#&:C!

#5E/8264(N?69?6:(5C(4I2($A&(8?672=(56(4I2(BBAJS-;59?C?29(=#1$.(

4#6&*! $?&! %(W!:#02&)0#-#%#$7! )'$&!(3! $?&!221eIJ$)&'$&:! ),."0! #*! 'K/&(/0!A&:#'! $(+&$?&)!W#$?! $?&!

02&9#3#9#$7!(3!$?&!)&'9$#6&!:&2(0#$&:!2(%7A&)!$(W'):0!2)#A')7!'A#*&0E!$?&!'$$'9?A&*$!(3!'!9?&A#9'%!

%#*X&)! (*! $?&! ,."! 0/)3'9&! #*! 9?')+&! (3! #A2)(6#*+! #$0! 0(%/-#%#g'$#(*! #0! &N'A#*&:C! 80! 2)&6#(/0%7!

:&A(*0$)'$&:! #*! ,?'2$&)! <<E! 221eI! 9('$#*+0! ')&! '-%&! $(! 0/99&003/%%7! )&'9$!W#$?! $?&! 1@4J'A#*&E! '!

A(%&9/%&! 9?')'9$&)#g&:! 3()! #$0! ?7:)(2?#%#9! *'$/)&! '*:! #$0! 9'2'9#$7! $(! -&! 0(%/-#%#g&:! #*! W'$&)CsrEsh!

"?&)&3()&E! $?&! %#*X'+&! (3! $?#0! $72&! (3! A(%&9/%&! (*! $?&! ),."J221eI! 6&9$()0! A'7! #A2)(6&! $?&!

0(%/-#%#$7!'*:!:#02&)0#-#%#$7!(3!$?&!3#*'%!9(A2%&NC!I()&(6&)E!#3!$?&!/0&:!1@4J'A#*&!?'0!'!$?#(%!+)(/2!

(*!$?&!($?&)!&*:E!'%%(W0!$?&!9(*i/+'$#(*!W#$?!$?&!(%#+(*/9%&($#:&!(3!#*$&)&0$!P'%0(!W#$?!'!$?#(%!+)(/2!

(*!$?&!wL!&*:Q!$?)(/+?!'!:#0/%3#:&!-(*:C!"?&!)&:/9$#6&!&*6#)(*A&*$!(3!$?&!9&%%/%')!97$(2%'0A!%&':0!

$(!$?&!9%&'6'+&!(3!$?&!3()A&:!:#0/%3#:&!-(*:E!)&%&'0#*+!$?&!+&*&$#9!A'$&)#'%!#*$(!$?&!9&%%Chu!

!

e#+/)&!hC[uC!_1>!'*'%70#0!(3!$?&!"18J3/*9$#(*'%#g&:!),."0C!,(A2')#0(*!(3!&'9?!'$(A#9!0#+*'%!:&$&9$&:!P9')-(*E!

(N7+&*E!3%/()#*&!'*:!0/%3/)Q!3()!-($?!$?&!221eIJA(:#3#&:!'*:!$?&!"18J3/*9$#(*'%#g&:!),."0C!"?&!'))(W!(*!,[0!

2%($!)&A')X0!$?&!0%#+?$!0?(/%:&)!*($#9&:!3()!$?&!),."J221eIJ"18C!

"?&)&-7E! 221eIJA(:#3#&:! ),."0! W&)&! #*9/-'$&:! W#$?! "18! /*:&)! 8)! '$A(02?&)&! #*! ():&)! $(!

A#*#A#g&! #$0! (N#:'$#(*C! "?&! 3/*9$#(*'%#g&:! 0'A2%&0!W&)&! '*'%7g&:! -7! _1>! $(+&$?&)!W#$?! $?&! #*#$#'%!

N1s

385 390 395 400 405 410 415

CNT-PFM
CNT-PFM-TPA

Binding Energy (eV)

In
te

ns
ity

 (a
.u

.)

C1s

275 280 285 290 295 300

CNT-PFM-TPA
CNT-PFM

Binding Energy (eV)

In
te

ns
ity

 (a
.u

.)

O1s

520 525 530 535 540 545

CNT-PFM-TPA
CNT-PFM

Binding Energy (eV)

In
te

ns
ity

 (a
.u

.)

F1s

675 680 685 690 695 700

CNT-PFM-TPA
CNT-PFM

Binding Energy (eV)

In
te

ns
ity

 (a
.u

.)

S2p

150 155 160 165 170 175 180

CNT-PFM
CNT-PFM-TPA

Binding Energy (eV)

In
te

ns
ity

 (a
.u

.)

S2p

150 155 160 165 170 175 180

CNT-PFM
CNT-PFM-TPA

Binding Energy (eV)

In
te

ns
ity

 (a
.u

.)

!"#$ %"#$

&"#$ '()$

*"#$

rCNT-ppPFM-TPA 
rCNT-ppPFM-5  



,?'2$&)!<<<!~!I(:#3#9'$#(*!(3!,."0!-7!1@,k5!3()!4&*&!5&%#6&)7!k&9$()0!

  xx!

),."J221eIE!W?#9?!W'0!/0&:!'0!'!9(*$)(%C!"?&!A'#*!2&'X0!(-$'#*&:!')&!0/AA')#g&:!#*!e#+/)&!hC[u!

'*:!"'-%&!hCsC!

"?&! +&*&)'%! 02&9$)/A! -'0#9'%%7! 0/++&0$&:! $W(! A'#*! 9?'*+&0! -&$W&&*! 0'A2%&0o! $?&! :&9)&'0&! (3!

3%/()#*&!9(*$&*$!'*:!$?&!'22&')'*9&!(3!$?&!0#+*'%!9())&02(*:#*+!$(!0/%3/)!(*!$?&!"18J3/*9$#(*'%#g&:!

),."0C! B($?! 2?&*(A&*'! A&'*! $?'$! $?&! 0/99&003/%! '*9?()#*+! (3! $?&! 9?&A#9'%! %#*X&)! $((X! 2%'9&C!

e/)$?&)A()&E!$?&!#*9)&'0&!P')(/*:!r\èQ!(3!(N7+&*!'*:!*#$)(+&*!PA()&!$?'*!w\èQ!2)&0&*$!9(/%:!'%0(!

-&!:/&!$(!$?&!1@4!9?'#*!#AA(-#%#g'$#(*C!

"'-%&!hCsC!8$(A#9!2&)9&*$'+&!-($?!$?&!221eIJA(:#3#&:!),."0!'*:!$?&!0/-0&K/&*$%7!3/*9$#(*'%#g&:!W#$?!"18!

(-$'#*&:!3)(A!$?&!_1>!:'$'E!$(+&$?&)!W#$?!$?&#)!9())&02(*:#*+!(N7+&*E!*#$)(+&*!'*:!3%/()#*&!)'$#(0C!!

+/;B82(,!(

( &45;?0(A2=0264/:2( ( %/4?5(

( i#( i"( i1( iJ! i+( ( "\#( 1\#( J\#(

),."J221eI!
),."J221eIJ"18(

! vsCv!
vtCr!

sCh!
tCx!

\Ct!
rC\!

sC\!
rCu!

J!
\Cw!

! \C\t!
\C\x!

\C\[!
\C\r!

\C\t!
\C\h!

8%$?(/+?!$?&!3%/()#*&!0#+*'%!:&9)&'0&:!*&')%7!'!s\è!9(A2')&:!$(!$?&!),."J221eI!0/-0$)'$&0!:/&!$(!

$?&! "18! '*9?()#*+! (*! $?&! 0/)3'9&E! 0(A&! $)'9&0! (3! 3%/()#*&! W&)&! 0$#%%! 2)&0&*$! #*! $?&0&! 0'A2%&0E!

&6#*9#*+!$?'$!$?&!)&'9$#(*!(3!$?&!"18!W#$?!$?&!1eI!+)(/2!W'0!#*9(A2%&$&C!"?&!9(A2%&$&!)&'9$#(*!(3!

$?&! 1eI! /*$#%! *(! 0#+*'%! #0! (-0&)6&:! #0! ?'):%7! '9?#&6'-%&! :/&! $(! $?&! /*&N2(0&:! 1eI! +)(/20! $?'$!

)&A'#*!#*!$?&!#**&)!2')$!(3!$?&!$?#*!3#%AE!'0!9(*3#)A&:!#*!2)&6#(/0!0$/:#&0Cur!!

"'-%&!hCtC!>/AA')7!(3!$?&!2&)9&*$'+&!9(*$)#-/$#(*0!(3!$?&!:#33&)&*$!3/*9$#(*'%#$#&0!#:&*$#3#&:!3()!-($?!

0'A2%&0|!$?&!221eIJA(:#3#&:!'*:!$?&!0/-0&K/&*$!3/*9$#(*'%#g'$#(*!W#$?!"18C!

#I2;?0/8(
J<604?56/8?4?2.(

N?69?6:(*62=:>(
P&kQ(

( #564=?@<4?56(i#M.(

( =#1$-BBAJS( =#1$-BBAJS-$A&(

,JZq,J,!
,J,bbq,J.!
,çbq,J,e!
,Jeq.J,çb!
,J,bb!

rvuC\!
rvwCt!
rvtCv!
rvvCr!
rvxCs!

! stC[!
[hCw!
xCt!
wCu!
uCh!

uxC[!
rwCr!
[\Cu!
vCs!
sCt!

f?&*!'*'%7g#*+!$?&!(-$'#*&:!9')-(*!0#+*'%E!-($?!0'A2%&0!0?(W&:!*&')%7!$?&!0'A&!2)(3#%&!&N9&2$!3()!

'!A(:&)'$&! #*9)&'0&!(3! $?&!0?(/%:&)!2)&6#(/0%7!*($#9&:!'*:!A')X&:!W#$?!'*!'))(W! #*!e#+/)&!hC[uC!

"'-%&!hCt!0?(W0!$?&!-#*:#*+!&*&)+#&0!(-$'#*&:!3()!$?&!$W(!'*'%7g&:!0/-0$)'$&0E!W?#9?!*($!(*%7!:#33&)!

#*! 9(*$)#-/$#(*! -/$! '%0(! #*! $?&! *'$/)&! (3! $?&! 3/*9$#(*'%#$#&0! $?'$! 9(/%:! -&! '$$)#-/$&:C! 8+'#*E! $?&!



"'#%()#*+!,')-(*!.'*($/-&0!1)(2&)$#&0!3()!4&*&!5&%#6&)7!822%#9'$#(*0!

 [\\!

?7:)(9')-(*! 0#+*'%! W'0! 0&$! '$! rvu! &k! '*:! :#33&)&*$! 3/*9$#(*'%#$#&0! #*6(%6#*+! (N7+&*E! 3%/()#*&! '*:!

*#$)(+&*! W&)&! 3#$C! 8$! rvwCt! &k! $?&! ÅJ&0$&)! 9')-(*! P,J,bbQ! W'0! '+'#*! :&$&9$&:! W#$?! '! 0#+*#3#9'*$!

#*9)&'0&! (3! 9(*$)#-/$#(*! (*! $?&! ),."J221eIJ"18! 0'A2%&E! &N2%'#*#*+! $?&! 0%#+?$! #*9)&'0&! (3! $?&!

0?(/%:&)!'$!$?#0!&*&)+7C!"?#0!#*9)&'0&!A'7!-&!(W#*+!$(!$?&!3()A'$#(*!(3!*#$)(+&*!3/*9$#(*'%#$#&0!*($!

9(*0#:&)&:!-&3()&C!>/9?!3/*9$#(*'%#$#&0!'22&')!'0!9(*0&K/&*9&!(3!$?&!)&'9$#(*!-&$W&&*!$?&!'A#*&!

(3! $?&! "18! '*:! $?&! 1eI! +)(/2C! "?&! 0#+*'%! (3! ,J,bb! '*:! ,J.! W&)&! 9%(0&! &*(/+?! $(! -&!

#*:#0$#*+/#0?'-%&C! 8! 0#A#%')! 2?&*(A&*(*! (99/)0! '$! rvtCv! &k! '*:! rvvCr! &kE! W?(0&! 9(*$)#-/$#(*0!

&N2&)#&*9&:!'!0%#+?$! #*9)&'0&!3()!$?&!"18J3/*9$#(*'%#g&:!0'A2%&0!:/&!$(!$?&!'::#$#(*'%!2)&0&*9&!(3!

*#$)(+&*'$&:! 3/*9$#(*'%#$#&0C!"?&! 3()A&)!W'0!'00#+*&:! $(! $?&!&$?&)!9')-(*! P,JbQ!'*:! $?&!ÅJ9')-(*!

3%/()#*'$&:!9')-(*!P,J,eQ!'0!-&3()&C!Z(W&6&)E!3()!$?&!),."0!9(*$'#*#*+!"18E!9(/%:!'%0(!-&!'$$)#-/$&:!

$(!$?&!ÅJ9')-(*!*#$)(+&*'$&:!9')-(*!P,J,.Q!(3!$?&!1@4!9?'#*C!"?&!%'$$&)E!'$!rvvCr!&kE!9())&02(*:&:!

$(!$?&!'%)&':7!i/0$#3#&:!3%/()#*'$&:!9')-(*!P,JeQ!'*:!3()!$?&!),."J221eIJ"18E!$?&!'A#:&!9')-(*!P.J

,çbQ! 9(/%:!-&!'%0(! 9(*0#:&)&:C!.(*&$?&%&00E! #$!W'0! #A2(00#-%&! $(!:#33&)&*$#'$&!W?#9?! 3/*9$#(*'%#$7!

2)&:(A#*'$&:! (*! $?&! "18J3/*9$#(*'%#g&:! ,."0C! "?&)&3()&E! #$! 0?(/%:! -&! '00/A&:! $?'$! 2')$! (3! $?&!

3%/()#*'$&:!3/*9$#(*'%#$#&0!W'0!2)&0&*$!'%0(!#*!$?&0&!0'A2%&0E!'0!9(AA&*$&:!-&3()&C!!

80! 0'#:E! $?&!2)&0&*9&!(3! 0/%3/)!(*! $?&!"18J3/*9$#(*'%#g&:! ),."0!'%0(! 0/++&0$0! $?&!2)&0&*9&!(3! $?&!

%#*X&)C!"(!:#0$#*+/#0?!W?&$?&)!$?&!>!2)&0&*$!#0!#*!#$0!)&'9$#6&!3()A!P;J>ZQ!()!?'0!'%)&':7!)&'9$&:!W#$?!

'*($?&)!>!3()A#*+!'!:#0/%3#:&!-)#:+&!P;J>J>J;QE!$?&!(-$'#*&:!0#+*'%! #0!0$/:#&:!#*!:&$'#%! Pe#+/)&!hC[wQC!

899():#*+! $(! %#$&)'$/)&E! $?&!-#*:#*+!&*&)+#&0! 3()! $?#(%! 3/*9$#(*'%#$#&0!')&!9(A2)#0&:!-&$W&&*![shCr!

&k! '*:! [shCx! &kE! W?&)&'0! '! :#0/%3#:&! -(*:! 9'*! -&! 3(/*:! ')(/*:! [shCrJ[suCr! &kCsu! "?&! %'9X! (3!

)&0(%/$#(*!:/&!$(!$?&!%(W!#*$&*0#$7!)&9():&:!:#:!*($!'%%(W!$(!A'X&!'*!/*&K/#6(9'%%7!:#0$#*9$#(*!-/$!

'*! '22)(N#A'$&! '*'%70#0! (3! $?&! (6&)'%%! 2&'X! W'0! 9'))#&:! (/$C! B'0#9'%%7E! $W(! A'#*! 2&'X0! W&)&!

(-$'#*&:E!(*&!'$![shCr!&k!'*:! $?&!($?&)!(*&!'$![suCr!&kC! "?&0&! )&0/%$0! '33#)A&:! $?'$!s\è!(3! $?&!

0/%3/)!2)&0&*$!W'0!#*!#$0!)&:/9&:!3()A!P;J>ZQC!!

!

e#+/)&!hC[wC!8*'%70#0!(3!$?&!>r2!2&'X!(3!$?&!),."J221eIJ"18C!5'$'!(-$'#*&:!3)(A!$?&!_1>!02&9$)/AC!

Binding Energy (eV) 

c/
s 

(a
.u

.) 

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

!"#"#"!%
'(#"%&%



,?'2$&)!<<<!~!I(:#3#9'$#(*!(3!,."0!-7!1@,k5!3()!4&*&!5&%#6&)7!k&9$()0!

  [\[!

80!'!)&0/%$E!221eIJ9('$&:!),."0!9'*!0/99&003/%%7!#AA(-#%#g&!"18E!W?#9?!9'*!-&!/0&:!'0!'!9?&A#9'%!

%#*X&)!$(!-#*:!0A'%%!(%#+(*/9%&($#:&0!%#X&!0#;.8!()!A#;.8C!"?&!2(00#-#%#$7!$(!'*9?()!$?&0&!'9#:!*/9%&#9!

$?)(/+?! '! :#0/%3#:&! -(*:!?'0! '! 0#+*#3#9'*$! 2($&*$#'%! 3()! $?&! &33#9#&*$! )&%&'0&! '*:! 0/-0&K/&*$! +&*&!

0#%&*9#*+C!

OFOFPF !1&(#56926./4?56(45(4I2(=#1$(>+.(,56?0(,642=/04?56(

"?&! 2)&6#(/0! 0&9$#(*! PhChC[Q! ?'0! 2)(6&:! $?'$! $?&! 221eI! 9('$#*+! #0! '*! #*$&)&0$#*+! $((%! $(! '9?#&6&!

3/*9$#(*'%#g&:!),."0C!<$!'%%(W0!$?&!'*9?()#*+!(3!3%/()&09&*$!:7&0!'*:!9?&A#9'%!%#*X&)0!%#X&!"18C!>/9?!

$72&! (3! 3/*9$#(*'%#g'$#(*! #0! &02&9#'%%7! /0&3/%!W?&*! 0?()$! (%#+(*/9%&($#:&0! %#X&! 0#;.8!()!A#;.8! ')&!

#AA(-#%#g&:C! Z(W&6&)E! $?&! 3()A'$#(*! (3! $?&0&! 9(A2%&N&0! #*6(%6&0! '! A/%$#! 0$&2! '*:! '! )'$?&)!

9(A2%#9'$&:!2)(9&:/)&C!"?&)&3()&E!'*($?&)!0$)'$&+7!$?'$!A'7!3'9#%#$'$&!$?&!9(*i/+'$#(*!(3!'%%!$72&!(3!

+&*&$#9!A'$&)#'%! $(! $?&! ),."! 0/)3'9&! #0! $?&! 2(%7A&)#g'$#(*! (3! '%%7%'A#*&! P88Q! '%0(! -7! 1@,k5C! "?#0!

$&9?*#K/&! &*0/)&0! '! $($'%! '*:! ?(A(+&*&(/0! 9('$#*+! (3! 1@,k5J2(%7A&)#g&:! 88! P2288Q! '%(*+! $?&!

),."! 0/)3'9&! '0! 2)&6#(/0%7! :&A(*0$)'$&:! 3()! $?&! :&2(0#$#(*! (3! 221eI! %'7&)0C! I()&(6&)E! ),."0!

A(:#3#&:!W#$?! 2288! -7! $?#0! $&9?*#K/&! 9(/%:! &'0#%7! -&! :#02&)0&:! #*! 'K/&(/0!A&:#'E! 02&9#3#9'%%7! #*!

'9&$'$&!-/33&)! '$!2Z!w!:/&! $(! $?&!2)($(*'$#(*!(3! $?&!'A#*&!+)(/20Ch\Jhr! "?&0&!2(0#$#6&! 9?')+&0!'%%!

(6&)! $?&! 0/)3'9&! W(/%:! A'X&! $?&! 2288JA(:#3#&:! ,."0! %&00! 2)(*&! $(! '++)&+'$#(*! (W#*+! $(! $?&!

#*9)&'0&! (3! $?&! &%&9$)(0$'$#9! )&2/%0#(*! -&$W&&*! 2')$#9%&0Cu\! 8::#$#(*'%%7E! $?&! 'A#*&! 2)($(*'$#(*!

W(/%:!'%%(W!$?&!9(A2%&N'$#(*!W#$?!$?&!5.8E!:/&!$(!#$0!*&+'$#6&%7!9?')+&:!2?(02?'$&!-'9X-(*&Ch\Jhr!

"?/0E!$?&!'A(/*$!(3!5.8!'-%&!$(!#*$&)'9$!W#$?!$?&!,."!A#+?$!-&!#*9)&'0&:!9(A2')&:!$(!$?&!9(6'%&*$!

-#*:#*+!2)(6#:&:!-7!$?&!221eI!9('$#*+!'33():#*+!'!2($&*$#'%!$)'*03&9$#(*!'+&*$C!!

BB&&($I?6(J?8;(#I/=/042=?]/4?56((

f,8! '*:! <;! 02&9$)(09(27! 9(*3#)A&:! $?&! 3()A'$#(*! (3! $?&! 2288! $?#*! %'7&)! &*0/)#*+! $?&! 2)(2&)!

1@,k5!2(%7A&)#g'$#(*!(3!$?#0!A(*(A&)!#*!$?&!'%)&':7!0$/:#&:!)&'9$()C!>#%#9(*!W'3&)0!W&)&!A(:#3#&:!

$(+&$?&)!W#$?!$?&!),."0!'%%(W#*+!$?&!9?')'9$&)#g'$#(*!(3!$?&!:&2(0#$&:!2(%7A&)C!

"?&!3()A'$#(*!(3!'!2288!3#%A!'*:!$?&!)&$&*$#(*!(3!$?&!'A#*&!3/*9$#(*'%!+)(/2!(*!$?&!0/)3'9&!W&)&!

9(*3#)A&:! -7! <;! 02&9$)(09(27C! "?&! '-0()2$#(*! 02&9$)/A! (3! $?&! 9(*$)(%! P-')&! 0#%#9(*! W'3&)Q! W'0!

0/-$)'9$&:! 3)(A! $?&!(-$'#*&:! 02&9$)/A!(3! $?&!2288J9('$&:! 0/-0$)'$&! Pe#+/)&!hC[sQC!1&'X0!')(/*:!

hhhx! 9AJ[E! [sw\! 9AJ[! '*:! tw\! 9AJ[! W&)&! 3(/*:E! 9())&02(*:#*+! $(! :#33&)&*$! $&*0#(*! '*:! 3%&N#(*!

A(:&0! $72#9'%%7! '00(9#'$&:! W#$?! 'A#*&! +)(/20Csw! "72#9'%%7E! '$! '22)(N#A'$&%7! hhhw! 9AJ[E! 2)#A')7!



"'#%()#*+!,')-(*!.'*($/-&0!1)(2&)$#&0!3()!4&*&!5&%#6&)7!822%#9'$#(*0!

 [\r!

'A#*&0!0?(W!$W(!$&*0#(*!-'*:0!-&%(*+#*+!$(!.JZ!-(*:0E!W?&)&'0!0&9(*:')7!'A#*&0! i/0$!&6#:&*9&!

(*&C!b*!$?&!02&9$)/A!(-$'#*&:!#*!$?#0!W()X!(*%7!(*&!W#:&!-'*:!'$!hhhx!9AJ[!W'0!*($#9&:!A'0X#*+!

$?&!($?&)!(*&E!W?#9?!'22&')&:!'0!'! 0?(/%:&)! PA')X&:!W#$?! $?&!'))(WQC!"?&0&! )&0/%$0! 0/++&0$! $?'$!

2%'0A'! 2(%7A&)#g'$#(*! $&9?*#K/&! %&':0! $(! '! 2288! 3#%A! W#$?! '! A()&! %#A#$&:! )&$&*$#(*! (3! 2)#A')7!

'A#*&0!9(A2')&:!$(!($?&)!A&$?(:0Css!"?#0! #0!2)(-'-%7!-&9'/0&!A(0$!(3! $?&!2)#A')7!'A#*&0! 3#)0$%7!

3()A&:E!$&*:!$(!)&'9$!'*:!3()A!0&9(*:')7!'A#*&0C!"?#0!2?&*(A&*(*!?'0!-&&*!2)&6#(/0%7!:&09)#-&:!

#*!%#$&)'$/)&!'*:!'+)&&0!W#$?!$?&!2288!2(%7A&)#g'$#(*!A&9?'*#0A!-7!1@,k5!&N2%'#*&:!&%0&W?&)&Css!

"?&!6#-)'$#(*0!(3!$?&!-'*:!:&3()A'$#(*!'$![sw\!9AJ[!W&)&!0/2&)2(0&:!W#$?!'*($?&)!)'*+&!(3!-'*:0!

-&$W&&*![w\\!'*:![h\\!9AJ[!9())&02(*:#*+!$(!:#33&)&*$!6#-)'$#(*!'*:!$&*0#(*!A(:&0!3)(A!$?&!,JZ!

-(*:0!(3!$?&!2(%7A&)!9?'#*C!

!

e#+/)&!hC[sC!<;!02&9$)/A!(3!$?&!2288!9('$#*+!'9?#&6&:!-7!1@,k5!(*!'!0#%#9(*!W'3&)!0/)3'9&C!

.&6&)$?&%&00E! f,8! )&0/%$0! &N?#-#$&:! $?&! #*9)&'0&! #*! W&$$'-#%#$7! 9('$#*+! W#$?! $?&! 2288! %'7&)E!

:&9)&'0#*+!$?&!9(*$'9$!'*+%&!3)(A!$?&!$72#9'%!wtCh(!ê!\Cr(!(3!$?&!/*A(:#3#&:!0/)3'9&!$(!hwC\(!ê!rC[(!

Pe#+/)&!hC[tQC!!

!

e#+/)&!hC[tC!f,8!(3!P8Q!$?&!*(*JA(:#3#&:!0#%#9(*!W'3&)!'*:!PBQ!9('$&:!W#$?!2288C!

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

12
"&
3-

45
"&
,$
*+6

0*

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

+& ,&



,?'2$&)!<<<!~!I(:#3#9'$#(*!(3!,."0!-7!1@,k5!3()!4&*&!5&%#6&)7!k&9$()0!

  [\h!

"?&)&3()&E! '! 9%&')! ?7:)(2?#%#9! -&?'6#()! W'0! '9?#&6&:! :/&! $(! $?&! 2288! 9('$#*+E! W?#9?! W(/%:! -&!

9)/9#'%!3()!$?&!),."!:#02&)0#(*C!8::#$#(*'%%7E!#$!'%0(!0/++&0$&:!$?'$!$?&!2)#A')7!'A#*&0!2)&0&*$!W&)&!

&*(/+?!$(!'9?#&6&!'!2(0#$#6&%7!9?')+&:!0/)3'9&C!"?#0!%'0$!0$'$&A&*$!W'0!9(*3#)A&:!-7!A&'0/)#*+!$?&!

0#g&! '*:! 9?')+&! (3! $?&! )&0/%$#*+! :#02&)0#(*! (3! ),."J2288! '$! 2Z! w! Pe#+/)&! hC[vQC! 8%$?(/+?! $?&! 0#g&!

A&'0/)&:! -7!5j>! #0! (*%7! 6'%#:! 3()! 02?&)#9'%! *'*(2')$#9%&0E! $?&!A&'0/)&A&*$! (3! $?&! 3/*9$#(*'%#g&:!

),."0! 9(/%:! +#6&! K/'%#$'$#6&! #*3()A'$#(*! '-(/$! $?&! :#02&)0#(*! :&+)&&! (3! $?&! 0'A2%&! #3! $?&!

9(*9&*$)'$#(*! #0!A'#*$'#*&:!9(*0$'*$CstEsv!>#g&!A&'0/)&A&*$0! #*!e#+/)&!hC[v8!0?(W&:!$?'$!$?&!0#g&!

:#0$)#-/$#(*! W'0! X&2$! 0#A#%')%7! $(! $?&! *'p6&! ),."0! '3$&)! $?&! A(:#3#9'$#(*! W#$?! 221eI! :/&! $(! #$0!

?7:)(2?(-#9! *'$/)&C! b*! $?&! ($?&)! ?'*:E! $?&! 2288J9('$&:! ),."0! :&9)&'0&:! $?&! 3#*'%! 2')$#9%&! 0#g&!

9(*3#)A#*+!'!-&$$&)!:#02&)0#(*!(3!$?&!2)($(*'$&:!),."J2288C!^&$'!2($&*$#'%!'*'%70#0!:&A(*0$)'$&:!

$?&! 2(0#$#6&%7! 9?')+&:! 0/)3'9&! (-$'#*&:! '3$&)! $?&! 2288! 2(%7A&)#g'$#(*! W?&*! 9(A2')&:! $(! $?&!

*'$/)'%%7!*&+'$#6&%7!9?')+&:!),."0C!"?&!*&+'$#6&%7!9?')+&:!0/)3'9&!(3!$?&!),."0!W'0!#*9)&'0&:!'3$&)!

$?&!A(:#3#9'$#(*!W#$?!221eIC!"?&!2(0#$#6&!9?')+&0!(*!$?&!),."J2288!0/)3'9&!W(/%:!-&!)&02(*0#-%&!

(3!$?&!3#*'%!#*$&)'9$#(*!W#$?!$?&!5.8!(3!#*$&)&0$C!

! !

e#+/)&!hC[vC!>#g&!'*:!9?')+&!(3!$?&!),."0J221eI!'*:!),."J2288!9(A2%&N&0C!P8Q!Uc!'*:!PBQ!g&$'!2($&*$#'%!(3!

$?&!*'p6&!),."E!221eIJA(:#3#&:!),."0!'*:!$?&!9('$&:!W#$?!2288C!!

J5=;/4?56(5C(4I2(=#1$-BB&&(#5;B82H(3?4I(!1&(

83$&)!$?&!:&A(*0$)'$#(*!(3!$?&!2288!:&2(0#$#(*!(*!$?&!),."!0/)3'9&E!#$0!6&)0'$#%#$7!'0!'!$)'*03&9$#(*!

6&9$()! W'0! 9'))#&:! (/$C! e()! $?#0! 0$/:7! '! 2%'0A#:! &*9(:#*+! $?&! +&*&)'$#(*! (3! +)&&*! 3%/()&09&*$!

2)($&#*0! P24e1Q!W'0!/0&:!'*:! $?&!9(A2%&N!W'0! 3()A&:!:/&! $(! $?&!&%&9$)(0$'$#9! #*$&)'9$#(*!(3! $?&!

5.8!W#$?!$?&!2(0#$#6&%7!9?')+&:!),."J2288C!1)&6#(/0!0$/:#&0!:&A(*0$)'$&:!$?'$!$?&!9(*:&*0'$#(*!

(3!5.8!(*!$?&!*'*($/-&0!0/)3'9&!(99/)0!-7!A&'*0!(3!'!W)'22#*+!A&9?'*#0A!(3!$?&!+&*&$#9!A'$&)#'%!

')(/*:! $?&! ,."E! '*:! $?#0! 2)(9&00! A'7! 6')7! :&2&*:#*+! (*! $?&! ,."! :#'A&$&)CvEhx! bW#*+! $(! $?#0!

-50

0

50

100

z 
po

te
nt

ia
l (

m
V

)

!" #"

CNT

CNT-pP
FM

CNT-P
AA

0

200

400

600

800

1000

H
yd

ro
dy

na
m

ic
 D

ia
m

et
er

 (n
m

)

Naïv
e r

CNT  

rC
NT-p

pP
FM-5 

rC
NT-p

pA
A 

Naïv
e r

CNT  

rC
NT-p

pP
FM-5 

rC
NT-p

pA
A 



"'#%()#*+!,')-(*!.'*($/-&0!1)(2&)$#&0!3()!4&*&!5&%#6&)7!822%#9'$#(*0!

 [\u!

W)'22#*+!&33&9$E!$?&!:#02&)0#(*!:&+)&&!9(/%:!-&!A'#*$'#*&:E!)&A'#*#*+!'0!#*:#6#:/'%!,."0!'*:!$?/0!

$?&! :#33/0#(*! (3! $?&! 9(A2%&N! $?)(/+?! $?&! 9&%%! A&A-)'*&! 3(%%(W#*+! $?&! *'*(*&&:%&! A&9?'*#0A!

W(/%:!-&!3'6()&:C!!

B&3()&!$?&!3()A'$#(*!(3!$?&!2%'0A#:!6&9$()E!$?&!%(':!9'2'9#$7!(3!5.8!2)&0&*$&:!-7!$?&!),."0J2288!

*&&:0! $(! -&! :&$&)A#*&:C! "?&! '#A! #0! $(! :&$&)A#*&! $?&! 'A(/*$! (3! +&*&$#9! A'$&)#'%! $?'$! 9'*! -&!

9?')+&:!2&)!/*#$!A'00!(3!9')-(*!*'*($/-&0C!"(!&6'%/'$&!$?&!9'2'9#$7!(3!$?&!2288JA(:#3#&:!,."0!$(!

9(*:&*0'$&! 5.8E! '! +&%! )&$'):'$#(*! '00'7! W'0! 2&)3()A&:! '$! 6')7#*+! $?&! 9(A2%&N'$#(*! )'$#(0C! "?&!

)'$#(0!0$/:#&:!)'*+&:!3)(A![|[!$(!r\\|[!Pe#+/)&!hC[xQC!

!

e#+/)&!hC[xC!8+')(0&!+&%!&%&9$)(2?()&0#0!(3!$?&!,."J2288|24e1!PWqWQ!)'$#(0C!

"?&!A#+)'$#(*!(3!$?&!:#3&)&*$!02&9#&0!(*!'*!'+')(0&!+&%!:&2&*:0!(*!$?&!)&%'$#(*!9?')+&qA'00!(3!$?&!

0'A2%&C!5/&!$(!$?&#)!%')+&!0#g&E!),."0!W&)&!*($!'-%&!$(!)/*!$?)(/+?!$?&!+&%E!W?&)&'0!$?&!2%'0A#:!W'0!

'-%&! $(!A#+)'$&! $(W'):0! $?&! 2(0#$#6&! &%&9$)(:&! 9(**&9$&:! $(! $?&! +&%! :/&! $(! #$0! #*$)#*0#9! *&+'$#6&!

9?')+&C!8!9(*$)(%!P24e1!'%(*&Q!0?(W&:!$?&!2(0#$#(*!#*!$?&!+&%!W?&)&!$?&!2%'0A#:!?':!$(!-&!3(/*:E!

'*:!$?#0!0#+*'%!W'0!:&$&9$&:!/*$#%!$?&![w\|[!)'$#(C!"?#0!A&*$!$?'$!2&)!&'9?!A'00!/*#$!(3!24e1E!'$!%&'0$!

[w\! (3! ),."J2288! W&)&! *&&:&:! $(! 0/99&003/%%7! 9(*:&*0'$&! '%%! $?&! 2%'0A#:! '::&:E! '6(#:#*+! $?&!

2)&0&*9&!(3!3)&&!24e1!#*!$?&!0(%/$#(*C!

*E/8</4?56(5C(4I2(#288($=/6.C204?56(*CC?0?260>(5C(4I2(BDJA(G2045=.(

b*9&! $?&! 3()A'$#(*!(3! $?&! 9(A2%&N!W'0! 9(*3#)A&:E! 9&%%! 0$/:#&0!W&)&!'%0(! 9'))#&:!(/$C! "&0$#*+! $?&!

24e1! 6&9$()0! '%%(W0! $?&! 9(*3#)A'$#(*! (3! $?&! 9&%%/%')! /2$'X&! '*:! 5.8! )&%&'0&! (3! $?&! ),."J

2288y24e1!9(A2%&N&0C!Z&*9&E!A'9)(2?'+&0!W&)&! #*9/-'$&:!W#$?!$?&0&!24e1!$)'*03&9$#(*!6&9$()0!

'*:! $?&! 4e1! &N2)&00#(*! W'0! &6'%/'$&:! -7! 3%/()&09&*$! A#9)(09(2&! Pe#+/)&! hCr\QC! 83$&)! uv! ?! (3!

#*9/-'$#(*E!9(*$)(%!A'9)(2?'+&0!0?(W&:!*(!3%/()&09&*9&!Pe#+/)&!hCr\8!'*:!BQE!W?#%&!*&')%7!v\è!(3!

$?&! 9&%%! 2(2/%'$#(*! W'0! 3(/*:! +)&&*! W?&*! #*9/-'$&:! W#$?! $?&! ),."J2288y24e1! 6&9$()0! Pe#+/)&!

hCr\,E!5!'*:!@QC! >/9?! )&0/%$0! 9(*3#)A! $?'$! $?&! 3()A&:!24e1!6&9$()0!W&)&! 0/99&003/%%7! #*$&)*'%#g&:!

#*$(!$?&!A'9)(2?'+&0!'*:!$?&!9(*:&*0&:!2%'0A#:!W'0!&33&9$#6&%7!)&%&'0&:!'*:!&N2)&00&:!2)(:/9#*+!

4e1C! e#+/)&! hCr\5! 0?(W! 0A'%%! '++)&+'$&0! (*! 2)'9$#9'%%7! &6&)7! $)'*03&9$&:! 9&%%E! #*:#9'$#*+! '*!

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



,?'2$&)!<<<!~!I(:#3#9'$#(*!(3!,."0!-7!1@,k5!3()!4&*&!5&%#6&)7!k&9$()0!

  [\w!

'99&2$'-%&! :#02&)0#(*! (3! $?&! ),."0! #*! $?&! 2)&0&*9&! (3! 0&)/A! 2)($&#*0! (3! $?&! 9&%%! 9/%$/)&C!

.&6&)$?&%&00E!($?&)!')&'0!W&)&! 3#%%&:!(3! %')+&!2')$#9%&!'++%(A&)'$&0! $?'$!A'7!9'/0&!9&%%!'%$&)'$#(*E!

A/$'+&*&0#0!'*:!&6&*$/'%%7!9&%%!:&'$?C!

!

e#+/)&!hCr\C!,&%%!$)'*03&9$#(*!(3!$?&!),."J2288y24e1!9(A2%&N&0C!P8Q!I#9)(09(2&!#A'+&!(3!A'9)(2?'+&0!

9(*$)(%!9/%$/)&!9(*3#)A#*+!PBQ!*(!#*$)#*0#9!3%/()&09&*9&!W?&*!/*$)&'$&:C!P,Q!4&*&)'%!6#&W!(3!$?&!A'9)(2?'+&0!

&N?#-#$#*+!+)&&*!3%/()&09&*9&!'3$&)!),."J2288y24e1!#*9/-'$#(*!P'%A(0$!v\è!(3!$)'*03&9$#(*QC!I()&!:&$'#%&:!

#A'+&0!(3!$?&!$)'*03&9$&:!A'9)(2?'+&0!0?(W#*+!$?&!2)&0&*9&!(3!P5Q!A(:&0$!'*:!P@Q!%')+&!'++)&+'$&0!(3!),."C!!

;&+'):%&00E! 2288J9('$&:! ),."0! '%%(W! $?&! 9(A2%&N'$#(*! (3! '! 2%'0A#:! )&2()$&)! 24e1! 9'2'-%&! $(!

9(*3#)A! $?&! 9(A2%&N! #*$&)*'%#g'$#(*! '*:! $)'*03&9$#(*C! "?&!4e1! &N2)&00#(*! (-0&)6&:! :&A(*0$)'$&0!

$?'$! $?&0&! 6&9$()0! ')&! '-%&! $(! /2$'X&! #*$(!A'9)(2?'+&0! )&%&'0#*+! $?&! */9%&#9! '9#:! 9(*:&*0&:! (*!

$?&#)! 0/)3'9&0C!80! '! )&0/%$E! $?&! 3/*9$#(*'%#g'$#(*!(3!,."0!-7! $?#0! $&9?*#K/&!-&9(A&0!'*! #*$&)&0$#*+!

$((%! $(! 2)(:/9&! &33&9$#6&! +&*&! :&%#6&)7! 6&9$()0C! Z(W&6&)E! #$! #0! &00&*$#'%! $(! +'#*! '! :&&2&)!

/*:&)0$'*:#*+!(3! $?&!:#02&)0#-#%#$7E! $?&!97$($(N#9#$7!'*:!+&*&)'%!-&?'6#()! #*!-#(%(+#9'%! 3%/#:0!(3! $?#0!

$72&!(3!9(A2%&N&0C!"?#0!0()$!(3!K/&0$#(*0!W#%%!-&!$)&'$&:!#*!$?&!*&N$!9?'2$&)!P,?'2$&)!<kQC! !

!""#$%#

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

(# )#

*# +# ,#



"'#%()#*+!,')-(*!.'*($/-&0!1)(2&)$#&0!3()!4&*&!5&%#6&)7!822%#9'$#(*0!

 [\s!

OFQF #5608<9?6:(%2;/=7.(

"?#0!2')$!(3!$?&!$?&0#0!2)&0&*$0!$?&!A(:#3#9'$#(*!(3!),."0!-7!1@,k5!/0#*+!$W(!:#33&)&*$!A(*(A&)0E!

1eI!'*:!88C!<$!?'0!-&&*!:&A(*0$)'$&:!$?'$!-($?!$72&!(3!A(*(A&)0!9'*!-&!2(%7A&)#g&:!(*!$?&!),."!

0/)3'9&! #*! '! ?(A&J-/#%$! 2%'0A'! )&'9$()E! '%%(W#*+! $?&! 3()A'$#(*! (3! +&*&! :&%#6&)7! 6&9$()0! 3)(A! $?&!

*'p6&! ),."0E! W?#9?! ')&! #*9(A2'$#-%&! W#$?! $?&! -#(%(+#9'%! A#%#&/C! b*9&! 2(%7A&)#g&:E! $?&7! 2)(6#:&!

:#33&)&*$!2)(2&)$#&0!$(!$?&!),."!0/)3'9&!'*:!$?/0!$?&!)&0/%$#*+!9(A2%&N!W(/%:!-&?'6&!:#33&)&*$%7C!!

b*!(*&!?'*:E!$?&!2(%7A&)#g'$#(*!(3!1eI!(*!),."0!?'0!-&&*!0/99&003/%%7!'9?#&6&:!A'#*$'#*#*+!$?&!

9(*:#$#(*0!(2$#A#g&:!3()!$?&!1@,k5!$&9?*#K/&!#*!$?&!2)&6#(/0!9?'2$&)!P1#!ç![w!fE!5,!ç![\qr\E!$!ç!w!

A#*q-'$9?QC!Z(W&6&)E!$?&!2)(9&:/)&!*&&:0!$(!-&!9'))#&:!(/$!h!$#A&0!P$($'%!$#A&!(3!1@,k5!'22%#&:!#0!

[w!A#*QE!+&*$%7!0?'X#*+!$?&!0'A2%&!#*!-&$W&&*!-'$9?&0E!:/&!$(!$?&!2(W:&)!*'$/)&!(3!$?&!,."C!"@I!

#A'+&0! 0?(W! $?'$! /*:&)! $?&0&! 9(*:#$#(*0! $?&!A()2?(%(+7! (3! $?&! ,."! )&A'#*0! /*'%$&)&:! -/$! '%0(!

$?'$!$?&!221eI!%'7&)!(-$'#*&:!#0!?(A(+&*&(/0%7!:#0$)#-/$&:!'%(*+!$?&!,."!0/)3'9&!W#$?!'!$?#9X*&00!

-&$W&&*!u!'*:!s!*AC!@5>!'*:!_1>!'*'%70#0!9(*3#)A!$?&!9?&A#9'%!9(A2(0#$#(*!(3!$?&!2(%7A&)!9('$#*+!

'*:!$?&!)&0/%$#*+!?#+?%7!)&'9$#6&!0/)3'9&!#0!:&A(*0$)'$&:!-7!$?&!#AA(-#%#g'$#(*!(3!3%/()&09&*$!:7&0!

0/9?!'0!e">,!'*:!=50C!"?&0&!3%/()&09&*$%7J%'-&%&:!),."0!')&!2)&0&*$&:!'0!#*$&)&0$#*+!9'*:#:'$&0!3()!

-#(#A'+#*+! '+&*$0! W?&*! #*9/-'$&:! W#$?! A'9)(2?'+&0C! e#*'%%7E! '! 9?&A#9'%! %#*X&)! ?'0! -&&*!

0/99&003/%%7!'*9?()&:!106!$?&!1eI!+)(/2!%&'6#*+!'!$?#(%!+)(/2!&N2(0&:E!W?#9?!(33&)0!$?&!2(00#-#%#$7!

$(!(3!-#*:!$?&!5.8!(3!#*$&)&0$!$?)(/+?!'!:#0/%3#:&!-)#:+&C!!

e/)$?&)!(*E!$?&!(2$#A#g'$#(*!(3!$?&!1@,k5!$&9?*#K/&!3()!),."!A(:#3#9'$#(*!(2&*&:!'!W#:&!)'*+&!(3!

2(00#-#%#$#&0! #*! ():&)! $(! '9?#&6&! '*7! 3/*9$#(*'%#g'$#(*! (3! #*$&)&0$! (*! $?&! ),."! W'%%C! "?&!

2(%7A&)#g'$#(*!(3!88!-7!1@,k5!)&0/%$0! #*! $?&!2288!9('$#*+E!W?#9?!(33&)0!'!?#+?!:&*0#$7!(3!'A#*&0!

&N2(0&:! (*! $?&! ),."! 0/)3'9&C! Z'6#*+! 2)($(*'$&:! 'A#*&! +)(/20! P2Z! wQ! (*! $?&! ),."! W'%%! 9'*!

2($&*$#'%%7!-&!/0&:!'0!'!6&9$()!3()!+&*&$#9!A'$&)#'%!:/&!$(!$?&!#*$&)'9$#(*!W#$?!$?&!*&+'$#6&!9?')+&0!

(3!$?&!(%#+(*/9%&($#:&!-'9X-(*&C!"?#0!'22)('9?!'%%(W0!$?&!0$/:7!(3!$?&!W)'22#*+!&33&9$!(3!$?&!5.8!

(*! $?&! ),."! 0/)3'9&! '+'#*0$! $?&! :#)&9$! 9(6'%&*$! #AA(-#%#g'$#(*! $(W'):0! '! :#0/%3#:&! -)#:+&C! <*! $?#0!

)&+'):E! $?&! 3()A&)! )&0/%$0! #*! '!A()&! 3'9#%&! '*:! 3'0$&)!W'7! $(! (-$'#*! +&*&! 6&9$()0!A':&!(3! ),."0!

9(A2')&:!$(!$?&!%'-()#(/0!0$&20!$?'$!$?&!9(6'%&*$!-#*:#*+!#*6(%6&0C!!

f,8E!<;!>2&9$)(09(27!'*:!g&$'!2($&*$#'%!0$/:#&0!9(*3#)A!$?&!2)(2&)!2(%7A&)#g'$#(*!(3!2288!(*!$?&!

),."!W'%%0!'*:!#$0!2(0#$#6&!)&0#:/&0!'$!2Z!wC!"?&!3()A&:!),."J2288!')&!'-%&!$(!9(A2%&N!24e1!#*!'!

)'$#(!(3![w\|[!P,."|24e1!#*!A'00Q!'*:!$?&!$)'*03&9$#(*!&33#9#&*97!#*!A'9)(2?'+&0!#0!')(/*:!$?&!v\èC!

Z(W&6&)E! %')+&!'++)&+'$&0!(3!),."0!')&!(-0&)6&:!#*!$?&!9&%%!9/%$/)&E!W?#9?!A#+?$!:&9)&'0&!$?&!9&%%!



,?'2$&)!<<<!~!I(:#3#9'$#(*!(3!,."0!-7!1@,k5!3()!4&*&!5&%#6&)7!k&9$()0!

  [\t!

6#'-#%#$7! '*:! #*9)&'0&! $?&! 97$($(N#9#$7! (3! $?&! 070$&AC! 8%$?(/+?! :#02&)0#(*! 0$/:#&0! (3! -($?! 070$&A0!

P),."J221eI!'*:!),."J2288Q!')&!'%0(!9'))#&:!(/$!#*!$?#0!9?'2$&)E!'!:&&2&)!#*0#+?$!(*!?(W!$?&!3#*'%!

2?70#9(9?&A#9'%! 2)(2&)$#&0! (3! $?&! ,."0! '3$&)!A(:#3#9'$#(*! '33&9$0! $?&! 97$($(N#9#$7E! 9&%%/%')! /2$'X&!

'*:!$)'*03&9$#(*!(3!$?&0&!+&*&!6&9$()0!#0!)&K/#)&:C!

! !



"'#%()#*+!,')-(*!.'*($/-&0!1)(2&)$#&0!3()!4&*&!5&%#6&)7!822%#9'$#(*0!

 [\v!

OFRF %2C2=2602.(

[! B#'*9(E! 8C% 25% 6<"! #*! P2=0>0/6<% !M280453B% 6/=% @M6386>9<9A0>6<% @952/506<% 9O% $;<<232/24% 6/=% !63l9/%
Q6/95;l24!k(%C![!!P&:0!e)'*9(!,'$'%:(!Ç!"'$#'*'!;(0Q!!rhJw\!P>2)#*+&)!.&$?&)%'*:0E!r\\vQC!

r! ]&(*E!<CJ`CE!,?'*+E!5C!fCE!Y/A')E!.C!8C!Ç!B'&XE!]CJBC!$;/>509/6<0[6509/%9O%!63l9/%Q6/95;l24C!!Pr\[[QC!
h! j#*E!`C%25%6<"!8:6'*9&0!$(W'):!-#('22%#9'$#(*0!(3!9')-(*!*'*($/-&0C!N"%P6523"%!M28"!MQE!wrtJwu[!Pr\\uQC!
u! ,?&*E!]CE!,?&*E!=C!Ç!I'E!=C!<*3%/&*9&!(3!0/)3'9&!3/*9$#(*'%#g'$#(*!106%9?&A#9'%!(N#:'$#(*!(*!$?&!2)(2&)$#&0!

(3!9')-(*!*'*($/-&0C!N9;3/6<%9O%>9<<90=%6/=%0/523O6>2%4>02/>2!OVXE!hrJhv!Pr\[rQC!
w! ,?&*E!;C!]CE!^?'*+E!`CE!f'*+E!5C!Ç!5'#E!ZC!.(*9(6'%&*$!>#:&W'%%!e/*9$#(*'%#g'$#(*!(3!>#*+%&Jf'%%&:!,')-(*!

.'*($/-&0!3()!1)($&#*!<AA(-#%#g'$#(*C!N9;3/6<%9O%5M2%W8230>6/%!M280>6<%Z9>025B!MPOE!hvhvJhvhx!Pr\\[QC!
s! B'%'0/-)'A'*#'*E! YC!Ç!B/)+?'):E!IC! ,?&A#9'%%7! 3/*9$#(*'%#g&:! 9')-(*!*'*($/-&0C!Z86<<% Ed20/M208%6/%

=23%R23A4536442_%&2386/BH!ME![v\J[xr!Pr\\wQC!
t! Z#)09?E! 8C! e/*9$#(*'%#g'$#(*! (3! >#*+%&Jf'%%&:! ,')-(*! .'*($/-&0C! W/A2V6/=52% !M2802% #/523/6509/6<%

J=0509/!QME![vwhJ[vwx!Pr\\rQC!
v! j#/E! `CE! ,?#2($E! ,CE! >?'(E! _C! Ç! ,'#E! fC! >(%/-#%#g#*+! 9')-(*! *'*($/-&0! $?)(/+?! *(*9(6'%&*$!

3/*9$#(*'%#g'$#(*C! <*0#+?$! 3)(A! $?&! )&6&)0#-%&! W)'22#*+! (3! '%+#*#9! '9#:! ')(/*:! '! 0#*+%&JW'%%&:! 9')-(*!
*'*($/-&C!LM2%Y9;3/6<%9O%SMB40>6<%>M280453B"%R!MMQE!wtvhJwtvx!Pr\[\QC!

x! .$#AE! >C! 8CE! >'&JY?(WE! bCE! f#$gA'**E! eC! 8C! Ç! I#$)'E! >C! @33&9$0! (3! 2(%7A&)! W)'22#*+! '*:! 9(6'%&*$!
3/*9$#(*'%#g'$#(*! (*! $?&! 0$'-#%#$7! (3! If,."! #*! 'K/&(/0! :#02&)0#(*0C! N9;3/6<% 9O% !9<<90=% 6/=% #/523O6>2%
Z>02/>2!ORRE!hvhJhvv!Pr\[[QC!

[\! 1&$)(6E!1CE!>$'00#*E!eCE!1'+*(/%%&E!,C!Ç!]&)(A&îE!;C!.(*9(6'%&*$!3/*9$#(*'%#g'$#(*!(3!A/%$#JW'%%&:!9')-(*!
*'*($/-&0!-7!27)&*&!9(*$'#*#*+!2(%7A&)0C!!M280>6<%!988;/0>6509/4E!rx\uJrx\w!Pr\\hQC!

[[! >/*E! `CJ1CE! e/E! YCE! j#*E! `C! Ç! Z/'*+E! fC! e/*9$#(*'%#g&:! 9')-(*! *'*($/-&0|! 2)(2&)$#&0! '*:! '22%#9'$#(*0C!
W>>9;/54%9O%>M280>6<%324263>M!ORE![\xsJ[[\u!Pr\\rQC!

[r! k'#0A'*E! jCE! f'+*&)E! ZC! 5C! Ç! I')(AE! 4C! "?&! )(%&! (3! 0/)3'9$'*$0! #*! :#02&)0#(*! (3! 9')-(*! *'*($/-&0C!
W=16/>24%0/%!9<<90=%6/=%#/523O6>2%Z>02/>2!MPW-MOXE!htJus!Pr\\sQC!

[h! 5(6-&0?X(E! 4C! <CE! ;&2*7$0X'E! bC! 1CE! b-)'g$0(6'E! @C! 5CE! >?$(+/*E! `C! kC! Ç! 8*:)&&6E! @C! bC! >$/:7! (3! 5.8!
#*$&)'9$#(*!W#$?!9')-(*!*'*($/-&0C!Z280>9/=%@MB4%h;6/5;8%J<2>539/%XS592<2>539/!UE![\wJ[\v!Pr\\hQC!

[u! 4/(E! ^CE! >':%&)E! 1C! ]C! Ç! "0'*+E! >C! ,C! <AA(-#%#g'$#(*! '*:! k#0/'%#g'$#(*! (3! 5.8! '*:! 1)($&#*0! (*! ,')-(*!
.'*($/-&0C!W=16/>2=%P652306<4!MXE!t\[Jt\h!P[xxvQC!

[w! B'?)E! ]C! jC! Ç! "(/)E! ]C! IC! ,(6'%&*$! 9?&A#0$)7! (3! 0#*+%&JW'%%! 9')-(*! *'*($/-&0C! N9;3/6<% 9O% P652306<4%
!M280453B!MPE![xwrJ[xwv!Pr\\rQC!

[s! 57X&E! ,C! 8C! Ç! "(/)E! ]C!IC! ,(6'%&*$! e/*9$#(*'%#g'$#(*! (3! >#*+%&Jf'%%&:! ,')-(*!.'*($/-&0! 3()!I'$&)#'%0!
822%#9'$#(*0C!LM2%N9;3/6<%9O%@MB40>6<%!M280453B%W!MXWE![[[w[J[[[wx!Pr\\uQC!

[t! ,?&*E! ,CE! b+#*(E! 8CE! f'*+E! _C! Ç! .'+'$0/E! IC! 1%'0A'! $)&'$A&*$! (3! A/%$#W'%%! 9')-(*! *'*($/-&0! 3()!
:#02&)0#(*!#A2)(6&A&*$!#*!W'$&)C!WSS<02=%@MB40>4%:255234!TUE![h[w\u!Pr\[\QC!

[v! ,?&*E! =CE! 5'#E! jCE! 4'(E!ICE! Z/'*+E! >C! Ç!I'/E! 8C! 1%'0A'! 89$#6'$#(*! (3! ,')-(*! .'*($/-&0! 3()! ,?&A#9'%!
I(:#3#9'$#(*C!LM2%N9;3/6<%9O%@MB40>6<%!M280453B%R!MXRE!s[vJsrr!Pr\\[QC!

[x! `'0/:'E!ZC!@<6486%S9<B8230[6509/C!!P89':&A#9!1)&00E![xvwQC!
r\! 5/K/&E! jCE! I&*+&0E! BCE! B())(0E! >C! Ç! eà)9?E! ;C! <AA(-#%#g'$#(*! (3! -#(A(%&9/%&0! $(! 2%'0A'! 2(%7A&)#g&:!

2&*$'3%/()(2?&*7%!A&$?'9)7%'$&C!R0986>3989<2>;<24!MME!rv[vJrvrh!Pr\[\QC!
r[! e)'*9&09?E! jCE! B())(0E! >CE! Y*(%%E! fC! Ç! eà)9?E! ;C! >/)3'9&! ;&'9$#6#$7! (3! 1/%0&:J1%'0A'! 1(%7A&)#g&:!

1&*$'3%/()(2?&*7%!I&$?'9)7%'$&!P1eIQ!$(W'):!8A#*&0!'*:!1)($&#*0!#*!>(%/$#(*C!:6/A8;03!POE!hxrtJhxh[!
Pr\\tQC!

rr! e)'*9&09?E! jCE!4'))&$'E! @CE! B'%9&%%0E!ICE! @:&%A'*E! @C! ;C!Ç!B())D0E! >C! e'-)#9'$#(*!(3! B#('9$#6&! >/)3'9&0!-7!
1%'0A'! 1(%7A&)#g'$#(*! "&9?*#K/&0! c0#*+! '! .(6&%! 89)7%'$&J5&)#6&:! I(*(A&)C! @<6486% @39>24424% 6/=%
@9<B8234!PE!s\wJs[[!Pr\\wQC!



,?'2$&)!<<<!~!I(:#3#9'$#(*!(3!,."0!-7!1@,k5!3()!4&*&!5&%#6&)7!k&9$()0!

  [\x!

rh! Y?')&E!BC!.C%25%6<"!e/*9$#(*'%#g'$#(*!(3!,')-(*!.'*($/-&0!-7!8AA(*#'!4%(WJ5#09?')+&|!@N2&)#A&*$0!'*:!
I(:&%#*+C!LM2%N9;3/6<%9O%@MB40>6<%!M280453B%R!MXWE!v[ssJv[tr!Pr\\uQC!

ru! 4'))&$'E!@CE!")#9ä0E!.CE!=/#*$'*'E!jCE!>&A#*(E!,C!@C!Ç!B())D0E!>C!1%'0A'!1(%7A&)#g'$#(*!(*!Z7:)(N7'2'$#$&!
1(W:&)0!$(!<*9)&'0&!f'$&)!5#02&)0'-#%#$7!3()!B#(A&:#9'%!822%#9'$#(*0C!@<6486%@39>24424%6/=%@9<B8234!OE!
wwhJws[!Pr\\sQC!

rw! "0&*+E! ,C! ZCE! f'*+E! ,C! ,C! Ç! ,?&*E! ,C! `C! I(:#3#9'$#(*! (3! A/%$#JW'%%&:! 9')-(*! *'*($/-&0! -7! 2%'0A'!
$)&'$A&*$!'*:!3/)$?&)!/0&!'0!$&A2%'$&0!3()!+)(W$?!(3!,:>!*'*(9)70$'%0C!Q6/952>M/9<9AB!MVE!ws\rJws[r!
Pr\\sQC!

rs! 8-(/! ;#9?E! >C% 25% 6<"! 1(%7A&)! 9('$#*+0! $(! 3/*9$#(*'%#g&! 9')-(*! *'*($/-&0C! @MB40>6% J'% :9VG=082/409/6<%
ZB45284%6/=%Q6/9453;>5;324!,6(A=2..d(#5==20429(A=55C!Pr\[rQC!

rt! û6#%'Jb)$'E!,C!8C%25%6<"!>/)3'9&!A(:#3#9'$#(*!(3!9')-(*!*'*($/-&0!W#$?!&$?7%&*&!+%79(%!2%'0A'C!!63l9/!QVE!
[x[sJ[xr[!Pr\\xQC!

rv! k(?)&)E! cCE! ^09?(&)2&)E! .C! 1CE! Y(&?*&E! `CE! j'*+(W0X#E! >C! Ç! b&?)E! ,C! 1%'0A'! I(:#3#9'$#(*! (3! ,')-(*!
.'*($/-&0!'*:!B/9X7!1'2&)0C!@<6486%@39>24424%6/=%@9<B8234!QE!>vt[J>vtt!Pr\\tQC!

rx! eà)9?E!;CE! ^?'*+E! ^C!Ç!Y*(%%E!fC!>(3$!1%'0A'!")&'$&:!>/)3'9&0|!"'#%()#*+!(3! >$)/9$/)&!'*:!1)(2&)$#&0! 3()!
B#(A'$&)#'%!822%#9'$#(*0C!@<6486%@39>24424%6/=%@9<B8234!PE!hw[Jhtr!Pr\\wQC!

h\! ,?&*E! =CE! eà)9?E! ;C! Ç! Y*(%%E! fC! ,?')'9$&)#g'$#(*! (3! 1/%0&:! 1%'0A'! 1(%7A&)#g'$#(*! 8%%7%'A#*&! '0! '*!
8:?&0#(*!j'7&)!3()!5.8!8:0()2$#(*qZ7-)#:#g'$#(*C!!M280453B%9O%P652306<4!MUE!s[uJsr\!Pr\\uQC!

h[! ^?'*+E! ^CE! Y*(%%E!fCE! e(&)9?E! ;CE! Z(%9(A-E! ;C!Ç! ;(#$A'*E! 5C! 5.8!Z7-)#:#g'$#(*! (*! 1%'0A'J1(%7A&)#g&:!
8%%7%'A#*&C!P6>3989<2>;<24!OWE![rt[J[rts!Pr\\wQC!

hr! Z((XE!8C!jCE!"?#00&*E!ZCE!=/#*$(*E!]C!Ç!k(&%9X&)E!.C!ZC!,(A2')#0(*!(3!$?&!-#*:#*+!A(:&!(3!2%'0A#:!5.8!$(!
'%%7%'A#*&!2%'0A'!2(%7A&)!'*:!2(%7P&$?7%&*&!+%79(%Q!0/)3'9&0C!Z;3O6>2%Z>02/>2!UXPE![vvhJ[vx[!Pr\\vQC!

hh! ^?'*+E!ICE!5&0'#E!"C!Ç!e&))')#E!IC!1)($&#*0!'*:!9&%%0!(*!1@4!#AA(-#%#g&:!0#%#9(*!0/)3'9&0C!R098652306<4!MTE!
xwhJxs\!P[xxvQC!

hu! j#/E! ^CE!f#*$&)0E!ICE! Z(%(:*#7E!IC!Ç! 5'#E! ZC! 0#;.8!5&%#6&)7! #*$(! Z/A'*! "J,&%%0! '*:! 1)#A')7! ,&%%0! W#$?!
,')-(*J.'*($/-&!")'*02()$&)0C!W/A2V6/=52%!M2802%#/523/6509/6<%J=0509/!QUE!r\rhJr\rt!Pr\\tQC!

hw! @*7'0?#*E!8C!.CE!4&AA#*+E!>C!Ç!>&#3&)$E!4C!5.8JW)'22&:!9')-(*!*'*($/-&0C!Q6/952>M/9<9AB!MW!Pr\\tQC!
hs! Z&%%&)E! 5C! 8C% 25% 6<"! b2$#9'%! 5&$&9$#(*! (3! 5.8! ,(*3()A'$#(*'%! 1(%7A()2?#0A! (*! >#*+%&Jf'%%&:! ,')-(*!

.'*($/-&0C!Z>02/>2!OMME!w\vJw[[!Pr\\sQC!
ht! Y'AE!.C!fC!>CE!j#/E!^C!Ç!5'#E!ZC!,')-(*!.'*($/-&0!'0!<*$)'9&%%/%')!")'*02()$&)0!3()!1)($&#*0!'*:!5.8|!8*!

<*6&0$#+'$#(*!(3!$?&!c2$'X&!I&9?'*#0A!'*:!1'$?W'7C!W/A2V6/=52%!M2802!MMWE!wx[Jwxw!Pr\\sQC!
hv! ^?&*+E! IC% 25% 6<"! >$)/9$/)&JB'0&:! ,')-(*! .'*($/-&! >()$#*+! -7! >&K/&*9&J5&2&*:&*$! 5.8! 800&A-%7C!

Z>02/>2!OXPE![wuwJ[wuv!Pr\\hQC!
hx! ](?*0(*E!;C!;CE! ](?*0(*E!8C!"C!,C!Ç!Y%&#*E!IC!jC!1)(-#*+! $?&!>$)/9$/)&!(3!5.8J,')-(*!.'*($/-&!Z7-)#:0!

W#$?!I(%&9/%')!57*'A#90C!Q6/9%:255234!WE!sxJtw!Pr\\vQC!
u\! ;'33'E!kCE!,#(3'*#E!4CE!k#$$()#(E!bCE!;#++#(E!,C!Ç!,/09?#&)#E!8C!1?70#9(9?&A#9'%!2)(2&)$#&0!'33&9$#*+!9&%%/%')!

/2$'X&!(3!9')-(*!*'*($/-&0C!Q6/982=0>0/2!RE!vxJxt!Pr\[\QC!
u[! Z'AE!ZC!"CE!,?(#E!`C!>C!Ç!,?/*+E!<C!]C!8*!&N2%'*'$#(*!(3!:#02&)0#(*!0$'$&0!(3!0#*+%&JW'%%&:!9')-(*!*'*($/-&0!

#*!0(%6&*$0!'*:!'K/&(/0!0/)3'9$'*$!0(%/$#(*0!/0#*+!0(%/-#%#$7!2')'A&$&)0C!N9;3/6<%9O%!9<<90=%6/=%#/523O6>2%
Z>02/>2!PWUE!r[sJrrh!Pr\\wQC!

ur! 5/K/&E! jC% 25%6<"! ;&'9$#(*0!(3!1%'0A'J1(%7A&)#0&:!1&*$'3%/()(2?&*7%!I&$?'9)7%'$&!W#$?!>#A2%&!8A#*&0C!
@<6486%@39>24424%6/=%@9<B8234!VE!x[wJxrw!Pr\[\QC!

uh! Z#%:#*+E! ]CE! 4)/%X&E! @C! 8CE! 4&()+&! ^?'*+E! ^C!Ç! j(9XW((:E! eC! 5#02&)0#(*! (3! ,')-(*!.'*($/-&0! #*! j#K/#:0C!
N9;3/6<%9O%U04S23409/%Z>02/>2%6/=%L2>M/9<9AB!PQE![Ju[!Pr\\hQC!

uu! "'+A'$')9?#0E! .CE! ^'$$(*#E! 8CE! ;&09?#+%#'*E! 1C! Ç! 1)'$(E!IC! >&2')'$#(*! '*:! 2/)#3#9'$#(*! (3! 3/*9$#(*'%#0&:!
W'$&)J0(%/-%&! A/%$#JW'%%&:! 9')-(*! *'*($/-&0! -7! 3%(W! 3#&%:J3%(W! 3)'9$#(*'$#(*C! !63l9/! QOE! [xvuJ[xvx!
Pr\\wQC!

uw! k&)#00#A(E! ,CE! 4(--#E! 8C! jC! Ç!I(0?X'%&6E! >C! 8C! >7*$?&0#0! (3! 9')-(*! *'*($/-&0! :#)&9$%7! (6&)! "@I! +)#:0!
'#A#*+!$?&!0$/:7!(3!*/9%&'$#(*!'*:!+)(W$?!A&9?'*#0A0C!WSS<02=%Z;3O6>2%Z>02/>2!PRQE!hvx\Jhvxw!Pr\\vQC!



"'#%()#*+!,')-(*!.'*($/-&0!1)(2&)$#&0!3()!4&*&!5&%#6&)7!822%#9'$#(*0!

 [[\!

us! ,'%:&)(*E! ]C! 4C! Ç! "#AA(*0E! ;C! BC! >/)3'9&! I(%&9/%')! "'#%()#*+! 106% 1/%0&:! 1%'0A'J4&*&)'$&:! 89)7%(7%!
,?%()#:&!1(%7A&)0|!>7*$?&0#0!'*:!;&'9$#6#$7C!P6>3989<2>;<24!OME!hr[sJhrru!P[xxvQC!

ut! 1'*9?'%#*+'AE! kC% 25% 6<"! I(%&9/%')! 0/)3'9&! $'#%()#*+! (3! -#(A'$&)#'%0! 106% 2/%0&:! ;e! 2%'0A'! :#09?')+&0C!
N9;3/6<%9O%R098652306<4%Z>02/>2_%@9<B823%J=0509/!RE![h[J[uw!P[xxuQC!

uv! >?/%+'E! `C! IC% 25% 6<"! _1>! 0$/:7! (3! 3%/()#*'$&:! 9')-(*! A/%$#JW'%%&:! *'*($/-&0C! N9;3/6<% 9O% J<2>539/%
ZS2>5394>9SB%6/=%72<652=%@M2/982/6!MUXE!rrJrv!Pr\\tQC!

ux! e)'*9&09?E! jC! Z;3O6>2% 89=0O0>6509/% 9O% S9<B8234% lB% S<6486% S9<B8230[6509/% 52>M/0e;24% O93% 5044;2%
2/A0/2230/A!1?C5!"?&0#0!$?&0#0E!1?C5!"?&0#0!J!c*#6&)0#$'$!;'A(*!j%/%%E!Pr\\vQC!

w\! Z(*+E!ZCE!4'(E!"C!Ç!,'#E!fC!I(%&9/%')!#A'+#*+!W#$?!0#*+%&JW'%%&:!9')-(*!*'*($/-&0C!Q6/9%L9=6B!QE!rwrJ
rs[!Pr\\xQC!

w[! ]#'*+E!>CE!4*'*'0'AA'*:?'*E!IC!YC!Ç!^?'*+E!`C!b2$#9'%! #A'+#*+J+/#:&:!9'*9&)!$?&)'27!W#$?!3%/()&09&*$!
*'*(2')$#9%&0C!N9;3/6<%9O%LM2%79B6<%Z9>025B%#/523O6>2!VE!hJ[v!Pr\[\QC!

wr! j'9&):'E! jCE! ;'33'E! >CE! 1)'$(E! ICE! B#'*9(E! 8C! Ç! Y(0$')&%(0E! YC! ,&%%J2&*&$)'$#*+! ,."0! 3()! :&%#6&)7! (3!
$?&)'2&/$#90C!Q6/9%L9=6B!PE!hvJuh!Pr\\tQC!

wh! j#/E!^CE!"'-'XA'*E!>CE!f&%0?&)E!YC!Ç!5'#E!ZC!,')-(*!*'*($/-&0!#*!-#(%(+7!'*:!A&:#9#*&|!<*!6#$)(!'*:!0/%1019!
:&$&9$#(*E!#A'+#*+!'*:!:)/+!:&%#6&)7C!Q6/9%724263>M!PE!vwJ[r\!Pr\\xQC!

wu! B($$#*#E!IC% 25% 6<"! e/%%Jj&*+$?! >#*+%&Jf'%%&:! ,')-(*!.'*($/-&0! 5&9()'$&:!W#$?! >$)&2$'6#:#*J,(*i/+'$&:!
=/'*$/A! 5($0! '0! I/%$#6'%&*$! <*$)'9&%%/%')! e%/()&09&*$! .'*(2)(-&0C! R0986>3989<2>;<24! VE! rrwxJrrsh!
Pr\\sQC!

ww! >?#E! 5C% 25% 6<"! =/'*$/AJ5($J89$#6'$&:! j/A#*&09&*$! ,')-(*! .'*($/-&0! 106% '! .'*(! >9'%&! >/)3'9&!
e/*9$#(*'%#g'$#(*!3()!0/%1019!<A'+#*+C!W=16/>2=%P652306<4!MTE!u\hhJu\ht!Pr\\tQC!

ws! `'*+E!>CJ"CE!j/(E!]CE!^?(/E!=C!Ç!f'*+E!ZC!1?')A'9(X#*&$#90E!I&$'-(%#0A!'*:!"(N#9#$7!(3!,')-(*!.'*($/-&0!
3()!B#(A&:#9'%!1/)2(0&0C!LM236/9450>4!PE!rt[Jrvr!Pr\[rQC!

wt! B')(*&E!1C!fCE!B'#XE!>CE!Z&%%&)E!5C!8C!Ç!>$)'*(E!IC!>C!.&')J#*3)')&:!(2$#9'%!0&*0()0!-'0&:!(*!0#*+%&JW'%%&:!
9')-(*!*'*($/-&0C!Q65;32%P652306<4!QE!vsJxr!Pr\\wQC!

wv! B#i/E! kCE! <$(?E! "CE! B'-'E! `C! Ç! <0?#X'W'E!IC!=/&*9?#*+! (3! 1?($(%/A#*&09&*9&! #*! ,(*i/+'$&0! (3!=/'*$/A!
5($0!'*:!>#*+%&Jf'%%&:!,')-(*!.'*($/-&C!LM2%N9;3/6<%9O%@MB40>6<%!M280453B%R!MMXE!rs\svJrs\tu!Pr\\sQC!

wx! 5#:&*X(E! kC! kC! Ç! B'0X#*E! 5C! >C! Z()0&)':#0?! 2&)(N#:'0&J:)#6&*! 3%/()&09&*$! %'-&%#*+! (3! *'*($/-&0! W#$?!
K/'*$/A!:($0C!R09L2>M/0e;24!QXE!rxwJrxsE!rxvE!h\\Jh\r!Pr\\sQC!

s\! ,?&)/X/)#E!1CE!B'9?#%(E!>C!ICE!j#$(60X7E!>C!ZC!Ç!f&#0A'*E!;C!BC!.&')J<*3)')&:!e%/()&09&*9&!I#9)(09(27!(3!
>#*+%&Jf'%%&:! ,')-(*! .'*($/-&0! #*! 1?'+(97$#9! ,&%%0C! N9;3/6<% 9O% 5M2% W8230>6/% !M280>6<% Z9>025B! MPUE!
[wshvJ[wshx!Pr\\uQC!

s[! 5'#E!ZC!,')-(*!.'*($/-&0|!>7*$?&0#0E!<*$&+)'$#(*E!'*:!1)(2&)$#&0C!W>>"%!M28"%724"!ORE![\hwJ[\uu!Pr\\rQC!
sr! I#9?&%E!;CE!1'09?&E!>CE!"&N$()E!IC!Ç!,'0$*&)E!5C!4C! <*3%/&*9&!(3!1@4!8)9?#$&9$/)&!(*!1)($&#*!8:0()2$#(*!

'*:!,(*3()A'$#(*C!:6/A8;03!PME![rhrtJ[rhhr!Pr\\wQC!
sh! `'*+E!>CJ"C%25%6<"!,(6'%&*$%7!1@47%'$&:!,')-(*!.'*($/-&0!W#$?!>$&'%$?!,?')'9$&)!#/%I019C!Z86<<!QE!xu\Jxuu!

Pr\\vQC!
su! j#*:-&)+E! BC! ]C% 25% 6<"! I(%&9/%')! >2&9$)(09(27! -7! I&'*0! (3! @>,8! <<C! >/%3/)! 9(A2(/*:0C! ,())&%'$#(*! (3!

&%&9$)(*!-#*:#*+!&*&)+7!W#$?!0$)/9$/)&C!@MB40>6%Z>30S56!M!P[xt\QC!
sw! >$/')$E!BC!ZC!#/O3632=%ZS2>5394>9SB'%$;/=682/56<4%6/=%WSS<0>6509/4C!!P](?*!f#%&7!Ç!>(*0E!r\\uQC!
ss! ,?(/X(/)(6E!8C%25%6<"!I&9?'*#0$#9!>$/:#&0!(3!1%'0A'!1(%7A&)#g'$#(*!(3!8%%7%'A#*&C!LM2%N9;3/6<%9O%@MB40>6<%

!M280453B%R!MXTE!rh\vsJrh\xw!Pr\\wQC!
st! 1&9()'E! ;C! 57*'A#9! j#+?$! >9'$$&)#*+! I&'0/)&A&*$! (3! .'*(A&$&)! 1')$#9%&0! #*! j#K/#:0C! N9;3/6<% 9O%

Q6/9S6350><2%724263>M!PE![rhJ[h[!Pr\\\QC!
sv! >?'**'?'*E!]C!ZC%25%6<"!,(A2')#0(*!(3!.'*($/-&J1)($&#*!,()(*'!,(A2(0#$#(*!#*!,&%%!,/%$/)&!I&:#'C!Z86<<!

TE!r[t[Jr[v[!Pr\[hQC!
!

!



 

 

 (,?'2$&)!<kC

QF *CC204(5C(4I2(AI>.?050I2;?0/8(A=5B2=4?2.(5C(#1$.(?6(
N?585:?0/8(&BB8?0/4?56.(

b)#+#*'%%7!2/-%#0?&:!'0|!

kC!;'A(0J1&)&gE!8C!,#3/&*$&0E!.C!,()(*'0E!8C!:&!1'-%(E!>C!B())D0C!<*|!YC!Z'A':J>9?#33&)%#E!1C!B&)+&0&E!

Q6/98652306<%#/523O6>24%0/%R09<9AB'%P25M9=4%6/=%@3959>9<4E!PXMOC!B(0$(*|!>2)#*+&)C!h\r!

8C!,#3/&*$&0J;#/0E! <C! e(*$E!.C!,()(*'0E!.C!B('0&E!YC! "?/)&9?$E!kC!;'A(0J1&)&gE! >C!B())D0C(W=16/>2=%

c26<5M>632%P652306<4E!PXMO!P0/%S32S636509/Q(



!

 



,?'2$&)!<k!~!@33&9$!(3!$?&!1?70#9(9?&A#9'%!1)(2&)$#&0!(3!$?&!,."0!#*!B#(%(+#9'%!822%#9'$#(*0!

 [rh!

QFMF ,64=59<04?56(

<*! $?&! 2)&6#(/0! 9?'2$&)E! $?&! 9(6'%&*$! 3/*9$#(*'%#g'$#(*! (3! ),."0! -7! 1@,k5! ?'0! -&&*! 0/99&003/%%7!

'9?#&6&:!'*:!0$/:#&:! #*!:&$'#%C!Z(W&6&)E! #$!?'0!-&&*!:&A(*0$)'$&:!?(W!0(A&!2')'A&$&)0!0/9?!'0!

$?&!:#02&)0#6&!2)(2&)$#&0!(3! $?&! )&0/%$#*+!A(:#3#&:!,."0!0(%/$#(*E! $?&!9(*9&*$)'$#(*!/0&:E!'*:! $?&!

3()A'$#(*! (3! 0/2)'A(%&9/%')! 9(A2%&N&0! W?&*! #*! 9(*$'9$! W#$?! $?&! -#(%(+#9'%! A&:#/A! ')&! (3! 6#$'%!

#A2()$'*9&C[Jh!8%%! $?&0&! 3'9$()0!A'7!?'6&!'!:#)&9$! #A2'9$!(*! $?&#)! 9&%%/%')! /2$'X&!'*:! 97$($(N#9#$7!

:/&! $(! $?&! 3()A'$#(*!(3! %')+&!'++)&+'$&0! $?'$!A'7!&6&*$/'%%7! 9'/0&!9&%%!:&'$?C!"?&)&-7E!'!:&&2&)!

/*:&)0$'*:#*+! (3! $?&0&! 9)/9#'%! 2')'A&$&)0! #0! )&K/#)&:! #*! ():&)! $(! A'N#A#g&! $?&! 9&%%/%')!

#*$&)*'%#g'$#(*!2)(9&00!W#$?(/$!A'i()!$(N#9#$7!#00/&0C!

<*!$?&!)&9&*$!7&')0E!:#33&)&*$!#*6&0$#+'$#(*0!'-(/$!9&%%/%')!/2$'X&!(3!,."0!'*:!$?&#)!97$($(N#9!&33&9$0!

?'6&! -&&*! 9'))#&:! (/$E! )&0/%$#*+! #*! '! 9(%%&9$#(*! (3! 9(*3%#9$#*+! 2/-%#0?&:! :'$'C[Js! >(A&! )&0&')9?!

0$/:#&0! 9(*3#)A! %(W! ()! #*0#+*#3#9'*$! 9&%%/%')! )&02(*0&0! W?&*! >f."0! ()! If."0! ')&! &N2(0&:! $(!

0&6&)'%! 9&%%! $72&0E! W?#%&! ($?&)0! )&2()$! $(N#9! &33&9$0! '3$&)! $?&! /0&! (3! $?&0&! :&%#6&)7! 6&9$()0ChEtEv!

.&6&)$?&%&00E! 'A(*+! $?&!A'i()#$7! (3! $?&0&! 0$/:#&0E! #$! #0! ?#+?%#+?$&:! $?'$! $?&)&! ')&! 0&6&)'%! 9)/9#'%!

2')'A&$&)0! 2%'7#*+! '*! #A2()$'*$! )(%&! #*! $?&! #*$&)*'%#g'$#(*! 2)(9&00! '*:! 97$($(N#9#$7C! .($!

0/)2)#0#*+%7E!$?&0&!2')'A&$&)0!')&!9%(0&%7!)&%'$&:!$(!-($?!$?&!A&9?'*#9'%!$)'#$0!(3!$?&!/0&:!,."0!'*:!

#$0! 0/-0&K/&*$!9?&A#9'%!A(:#3#9'$#(*E!'*:! $(+&$?&)!')&!X*(W*!'0!2?70#9(9?&A#9'%!2)(2&)$#&0C!"?&!

%'$$&)E! '0! :#09/00&:! #*! $?&! 2)&6#(/0! 9?'2$&)! P,?'2$&)! <<<QE! ?'6&! '! :#)&9$! #*3%/&*9&! (*! $?&!

-#(9(A2'$#-#%#$7! '*:! $?&!:&+)&&!(3!:#02&)0#(*!'9?#&6&:! #*! 0(%/$#(*C! "?&! )&0/%$!W(/%:!&*$'#%! ?'6#*+!

#*:#6#:/'%!,."0!W&%%!:#02&)0&:!#*!$?&!'K/&(/0!A&:#'!()!$?&!3()A'$#(*!(3!*'*($/-&!9%/0$&)0!'*:q()!

-/*:%&0E! W?#9?! ')&! ?#+?%7! /*:&0#)'-%&! 3()! -#(%(+#9'%! '22%#9'$#(*0C! >/#$'-%&! ,."! :#02&)0#(*0! A'7!

3'9#%#$'$&!$?&!:#33/0#(*!(3!$?&!2')$#9%&!$?)(/+?!$?&!2%'0A'!A&A-)'*&!3(%%(W#*+!$?&!*'*(*&&:%&!&33&9$!

W?&)&'0!,."0!'++)&+'$#(*!#0!A()&!%#X&%7!$(!:&9)&'0&!$?&!6#'-#%#$7!(3!$?#0!:&%#6&)7!6&9$()CxJ[[!80!0'#:E!

A&9?'*#9'%!9?')'9$&)#0$#90!(3!$?&!,."0!?'6&!'%0(!'!)&A')X'-%&!&33&9$!#*!$?&#)!9&%%/%')!/2$'X&!'*:!9'*!

#*3%/&*9&!$?&!:#02&)0#-#%#$7!(3!$?&!)&0/%$#*+!9(A2%&N!'0!W&%%C!<*!($?&)!W():0E!$?&!*'*($/-&!%&*+$?!'*:!

)#+#:#$7! ')&! %#X&%7! $(! 2%'7! '! X&7! )(%&! (*! $?&! 2&*&$)'$#(*! 9'2'-#%#$7! '*:!A'7! 9(*0#:&)'-%7! 6')7! $?&!

$(N#9#$7!(3!$?&!070$&ACuE[rE[h!!

<*!$?#0!)&+'):E!:#33&)&*$!2)(9&:/)&0!#*!$?&!3'-)#9'$#(*!(3!,."0!')&!'6'#%'-%&E!2)(:/9#*+!*'*($/-&0!#*!

:#33&)&*$!%&*+$?0!'*:!:#'A&$&)0C[uJ[s!e()!$?&!9'0&!(3!If."0E!$?&!$72&!(3!,."!0$/:#&:!#*!$?#0!$?&0#0E!

$?&!:#'A&$&)!A'#*%7!:&2&*:0!(*!$?&!*/A-&)!(3!+)'2?&*&!%'7&)0!3()A#*+!$?&!*'*($/-/%')!0$)/9$/)&E!

W?#9?!:#)&9$%7!'33&9$0!$?&!)#+#:#$7!(3!$?&!)&0/%$#*+!*'*($/-&C!B($?!2')'A&$&)0E!%&*+$?!'*:!)#+#:#$7E!')&!

9%(0&%7! )&%'$&:! $(! $(N#9#$7! #00/&0! $?'$! $?&! ,."0!A'7! 9'/0&CrEuE[h! Y(0$')&%(0! 0/++&0$&:! $?'$! 0?()$! ()!



"'#%()#*+!,')-(*!.'*($/-&0!1)(2&)$#&0!3()!4&*&!5&%#6&)7!822%#9'$#(*0!

 [ru!

$'*+%&:!If."0!9(/%:!-&!0/99&003/%%7!&*+/%3&:!-7!A'9)(2?'+&0!'*:!$?/0!9%&')&:!106!$?&!%7A2?'$#9!

070$&AE!W?&)&'0!%(*+!'*:!)#+#:!If."!W&)&!*($!9(A2%&$&%7!2?'+(97$#g&:!9'/0#*+!A/$'+&*&0#0!'*:!

&6&*$/'%%7! 9'*9&)C! Z(W&6&)E! $?&! /0&! (3! 3%&N#-%&! ,."0! $?'$! ')&! 2)(*&! $(! $'*+%&! A'7! 3'9#%#$'$&! $?&!

3()A'$#(*!(3!'++)&+'$&0!'6(#:#*+!#$0!$?)&0?(%:!$(!$?&!9&%%!106!*'*(2&*&$)'$#(*!'*:!$?&)&3()&!3()9#*+!

$?&! &*:(97$(0#0! /2$'X&C[! Z&*9&E! $?&! 2)(:/9$#(*! (3! ,."0! '-%&! $(! '99(A2%#0?! '%%! $?&! )&K/#)&:!

A&9?'*#9'%!'*:!2?70#9'%!2)(2&)$#&0!#*!():&)!$(!-&!&'0#%7!#*$&)*'%#g&:!-7!2'00#6&!:#33/0#(*!'9)(00!$?&!

9&%%/%')!A&A-)'*&!W#$?!'!)&:/9&:!%&6&%!(3!$(N#9#$7!#0!0$#%%!3')!$(!-&!:&$&)A#*&:C!

8::#$#(*'%%7E!0(A&!%#A#$'$#(*0!#*!$?&!3'-)#9'$#(*!(3!$?&!,."0!A'7!9'/0&!#*$)#*0#9!:#33&)&*9&0!-&$W&&*!

$?&A!9(A2%#9'$#*+!$?&!?(A(+&*&#$7!#*!0#g&!'*:!0?'2&!W#$?#*!$?&!0'A&!$72&!(3!*'*($/-&CrEhE[t!b$?&)!

:#33&)&*9&0! 0/9?! '0! 0/-$%&! 6')#'$#(*0! #*! %(9'%! '*:! (6&)'%%! 9?')+&E! $?&! )&A'#*0! (3! 9'$'%70$! )&0#:/&0!

/0&:!:/)#*+!3'-)#9'$#(*!P$72#9'%%7!e&E!,(!'*:!.#Q!()!0&6&)'%!0$)/9$/)'%!:&3&9$0!')&!2)(*&!$(!(99/)!'*:!

A'7! )&2)&0&*$! '*! #00/&! #*! $&)A0! (3! $(N#9#$7ChE[v! "?&0&! #A2/)#$#&0! '*:! 3%'W0! 2)&0&*$! #*! $?&! #**&)!

0$)/9$/)&!(3!#*:#6#:/'%!,."0!')&!?'):%7!)&A(6&:!'3$&)!2)(:/9$#(*!'*:!0/-0&K/&*$!2/)#3#9'$#(*C!

"(!0(%6&!0(A&!(3!$?&!2)(-%&A0!&N2%'#*&:!'-(6&E!$?&!0?()$&*#*+!(3!,."0%106!(N#:'$#(*!A&$?(:0!?'0!

-&&*! 2)&0&*$&:! '0! '*! #*$&)&0$#*+! $((%! $(! 9(*$)(%! $?&! %&*+$?! '*:! 2)&0&*9&! (3! :&3&9$0! '*:! A&$'%!

#A2/)#$#&0C[uE[wE[x!b$?&)!'22)('9?&0!?'6&!-&&*!:&6&%(2&:!#*!$?&!%'0$!:&9':&E!0/9?!'0!$?&!A&9?'*#9'%!

9/$$#*+! 106! 0(*#9'$#(*! (3! $?&! ,."0! #*! 9(*$'9$!W#$?! '-)'0#6&! 2')$#9%&0! ()! $?)(/+?! #$0! &N2(0/)&! $(! '!

?#+?%7! &*&)+&$#9! &%&9$)(*! -&'ACr\Jrr! .&6&)$?&%&00E! '%%! $?&0&! 2)(9&:/)&0! )&K/#)&! $?&! '22%#9'$#(*! (3!

)'$?&)! ?')0?! 9(*:#$#(*0! $(! $?&! *'*($/-&0E! :'A'+#*+! $?&#)! 0#:&W'%%0E! #*9)&'0#*+! $?&! 'A(/*$! (3!

0$)/9$/)'%! :&3&9$0! '*:! /%$#A'$&%7! '%$&)#*+! $?&#)!A()2?(%(+7C! "?/0E! 9?&A#9'%! (N#:'$#(*! (3! $?&! ,."0!

$'X&0! ':6'*$'+&! (3! $?&! '%)&':7! &N#0$#*+! :&3&9$0! #*! $?&#)! 0$)/9$/)&E! -&0#:&0! $?&! *&W! (*&0! 9)&'$&:!

:/)#*+!$?&!2)(9&00E! #*!():&)! $(!9/$! $?&!*'*($/-&! #*!'!A()&!9(*$)(%%&:!W'7C[uE[wE[xErh!"?&!0?()$&*#*+!

2)(9&00! (3! $?&! ,."0! A'7! '%0(! #*#$#'$&! 3)(A! ($?&)! ?#+?%7! &*&)+&$#9! 2(#*$0! (3! $?&! *'*($/-&!

A()2?(%(+7! 0/9?! '0! $?&! &*:! 9'20C! 5#33&)&*$! (N#:#g#*+! 0(%/$#(*0! ?'6&! -&&*! &A2%(7&:! 3()! $?#0!

2/)2(0&E!$72#9'%%7!'9#:!-'0&:E!'*:!#$0!(N#:#g#*+!0$)&*+$?!W(/%:!:&2&*:!(*!$?&!,."0!/0&:!+#6&*!$?&#)!

:#33&)&*$!A&9?'*#9'%!2)(2&)$#&0CruErw!

b*!$?&!($?&)!?'*:E!0#*9&!-#(A&:#9'%!'22%#9'$#(*0!)&K/#)&!0$'-%7!:#02&)0&:!*'*($/-&0!3()!$?&!)&'0(*0!

2)&6#(/0%7! 9(AA&*$&:E! A/9?! '$$&*$#(*! #0! 3(9/0&:! (*! $?&! 2)&2')'$#(*! (3! W'$&)J0(%/-%&! 9')-(*!

*'*($/-&0C!"72#9'%%7E! 07*$?&0#0!(3!9')-(*!*'*($/-&0!7#&%:! $/-&0! #*! $?&! 3()A!(3!-/*:%&0C[s!e()!0/9?!

'22%#9'$#(*0E!#*:#6#:/'%!*'*($/-&0!')&!A()&!'$$)'9$#6&!$?'*!-/*:%&0E!$?&)&3()&!$?&!+&*&)'%!#:&'!#0!$(!

0&2')'$&! $?&! $/-&0! #*!'K/&(/0! 0(%/$#(*0!-7! $?&!'::#$#(*!(3! 0$'-#%#g#*+!()!:#02&)0'*$!A'$&)#'%0! $?'$!

2)&6&*$0!)&J-/*:%#*+!'*:!3'6()0!'!0$'-%&!:#02&)0&:!0$'$&C!<*!,?'2$&)!<<<!W&!:&A(*0$)'$&:!$?'$!),."0!

9(/%:! -&! 9(6'%&*$%7! A(:#3#&:! -7! 1@,k5! $&9?*#K/&0! W#$?! 221eI! '*:! 2288E!A'X#*+! $?&A! '-%&! $(!



,?'2$&)!<k!~!@33&9$!(3!$?&!1?70#9(9?&A#9'%!1)(2&)$#&0!(3!$?&!,."0!#*!B#(%(+#9'%!822%#9'$#(*0!

 [rw!

9(*:&*0'$&! 5.8E! '*:! ?(W! $?&0&! 6&9$()0! A'7! -&9(A&! 2)(A#0#*+! +&*&! 9'))#&)0! 3()! :&%#6&)7!

'22%#9'$#(*0C!Z(W&6&)E!*(*J9(6'%&*$! 3/*9$#(*'%#g'$#(*!(3! 9')-(*!*'*($/-&0! 9'*!'%0(! #A2)(6&! $?&#)!

9?&A#9'%! 9(A2'$#-#%#$7!W#$?! $?&!-#(%(+#9'%!A&:#/AE!&*?'*9#*+! $?&#)!W'$&)! 0(%/-#%#$7!'*:! #A2)(6#*+!

$?&#)!-#(9(A2'$#-#%#$7C[[ErsJrv! "?&0&!*(*J9(6'%&*$! $)&'$A&*$0! ')&!'9?#&6&:!-7! 9('$#*+! $?&!*'*($/-&!

0/)3'9&!W#$?! 'A2?#2?#%#9!A(%&9/%&0! '*:! ')&! (3! '! +)&'$! #*$&)&0$! '0!W&%%E! 0#*9&! $?&! £! 070$&A!(3! $?&!

+)'2?&*&!0?&&$0!#0!*($!:#0$/)-&:!'*:!$?&!(2$#9'%!'*:!&%&9$)#9'%!2)(2&)$#&0!(3!,."0!')&!2)&0&)6&:C!8!

W#:&!6')#&$7!(3!*(*J9(6'%&*$! 0/)3'9&! $)&'$A&*$0!/0#*+!0/)3'9$'*$0E!2(%7A&)0!()!&6&*!-#(A(%&9/%&0!

?'6&!-&&*!&N2%()&:!$(!(-$'#*!#*:#6#:/'%%7!:#02&)0&:!*'*($/-&0!#*!'K/&(/0!0(%/$#(*0C!!

>/)3'9$'*$0! ')&! 'A2?#2?#%#9! 9(A2(/*:0! $?'$! ?'6&! -($?! 2(%')! '*:! *(*J2(%')! +)(/20! #*! $?&! 0'A&!

A(%&9/%&C! <*!+&*&)'%E!$W(!9%&')%7!:&3#*&:!3&'$/)&0!9'*!-&!#:&*$#3#&:! #*!$?&!0/)3'9$'*$!0$)/9$/)&E!$?&!

?7:)(2?#%#9! )&+#(*!(3!$?&!A(%&9/%&!()!$?&!2(%')!?&':!+)(/2!'*:!$?&!?7:)(2?(-#9!)&+#(*!()!$?&!$'#%!

+)(/2! $?'$! /0/'%%7! 9(*0#0$0! (3! (*&! ()! 3&W! ?7:)(9')-(*! 9?'#*0C! >/9?! 3&'$/)&0! ')&! )&02(*0#-%&! 3()!

':0()2$#(*!'$!$?&!#*$&)3'9&!(3!#AA#09#-%&!2?'0&0C!>/)3'9$'*$0!':0()-!(*$(!?7:)(2?(-#9!0/)3'9&0!:/&!

$(!0$)(*+!?7:)(2?(-#9!'$$)'9$#(*0!-&$W&&*!$?&!0(%#:!0/)3'9&!'*:!$?&!0/)3'9$'*$â0!?7:)(2?(-#9! $'#%E!

W?#%&! &N2(0#*+! $?&#)! 2(%')! ?&':! $(! $?&! ?7:)(2?#%#9! A&:#/AC! "?#0! A&9?'*#0A! ?'0! -&&*! /0&:!

&N$&*0#6&%7! $(! 0$'-#%#g&! 0/2)'A(%&9/%')! 0$)/9$/)&0E! 0/9?! '0! 0$'-%&! 9(%%(#:'%! :#02&)0#(*0Crx! "72#9'%%7E!

:#02&)0#(*! (3! 9')-(*! *'*($/-&0! #*! 'K/&(/0! 0(%/$#(*0! #0! '9?#&6&:! -7! ':0()2$#(*! (3! 0/)3'9$'*$!

A(%&9/%&0!(*!$?&!*'*($/-&!0/)3'9&!106!?7:)(2?(-#9!#*$&)'9$#(*0E!)&0/%$#*+!#*!*'*($/-&!/*-/*:%#*+!

-7! 0$&)#9! '*:q()! &%&9$)(0$'$#9! )&2/%0#(*0C! "?#0! 2)(9&00! #0! 3'6()&:!W#$?! $?&! ?&%2! (3! /%$)'0(*#9'$#(*E!

W?#9?! #0! %#X&%7! $(! ?&%2! $?&! 0/)3'9$'*$! A(%&9/%&0! $(! #*$&)9'%'$&! -&$W&&*! -/*:%&:! *'*($/-&0C! 8!

A&9?'*#0A!(3!*'*($/-&!:#02&)0#(*! 3)(A!-/*:%&0!?'0!-&&*!2)(2(0&:E!W?&)&! 3()A'$#(*!(3! +'20!()!

02'9&0!'$!$?&!-/*:%&!&*:0!/*:&)!0(*#9'$#(*!2)(A($&0!0/)3'9$'*$!':0()2$#(*!3(%%(W&:!-7!2)(2'+'$#(*!

'%(*+! $?&! -/*:%&! %&*+$?! #*! '! W'7! $?'$! )&00&A-%&0! '*! &N3(%#'$#(*! ()! '*! /*g#22#*+! A&9?'*#0ACh\!

,(A2%&$&! 0/)3'9$'*$! 9('$#*+! )&0/%$0! #*! 0&2')'$#(*! (3! #*:#6#:/'%! *'*($/-&0E!W?#9?! )&A'#*! 0$'-%&! #*!

'K/&(/0!A&:#'C!"?&! )&0/%$#*+!*'*($/-&J0/)3'9$'*$!9(A2%&N!0?'%%!2)&6&*$! )&-/*:%#*+!'*:!A'#*$'#*!

*'*($/-&0!0(%/-%&!#*!'K/&(/0!A&:#'C!8!W#:&!6')#&$7!(3!0/)3'9$'*$0!?'6&!-&&*!&N2%()&:E!)&0/%$#*+!#*!

:#33&)&*$!:&+)&&0!(3!:#02&)0#(*!'*:!0$'-#%#$7C!5#33&)&*$!0/)3'9$'*$!2')'A&$&)0E!0/9?!'0!$?&#)!*'$/)&E!

9(*9&*$)'$#(*!'*:!$72&!(3!#*$&)'9$#(*!P&C+C!#(*#9!14"!*(*J#(*#9Q!?'6&!-&&*!:&09)#-&:!$(!2%'7!'!9)/9#'%!

)(%&!#*!$?&!:#02&)0#-#%#$7!(3!,."0Ch[!"?&!#*3%/&*9&!(3!$?&!9?')+&!(3!$?&!0/)3'9$'*$!?&':J+)(/2!?'0!-&&*!

#*6&0$#+'$&:! #*! 6')#(/0! 0/)3'9$'*$J,."! 070$&A0E! )&6&'%#*+! *(! 9%&')! 2)&3&)&*9&!-&$W&&*! 9'$#(*#9! ()!

'*#(*#9!?&':!+)(/20!3()!*'*($/-&!:#02&)0#(*Chr!

"?&!/0&!(3! 0/)3'9$'*$J9('$&:!9')-(*!*'*($/-&0!?'0!-&9(A&!'!W#:&%7!/0&:!2)(9&:/)&! 3()!'K/&(/0!

'22%#9'$#(*0o! ?(W&6&)E! 0/)3'9$'*$0! ')&! X*(W*! $(! A&:#'$&! 9&%%J$(N#9#$7E! A&A-)'*&! :&J0$'-#%#g'$#(*!



"'#%()#*+!,')-(*!.'*($/-&0!1)(2&)$#&0!3()!4&*&!5&%#6&)7!822%#9'$#(*0!

 [rs!

'*:q()!2)($&#*!/*3(%:#*+C!"?&)&3()&E!&*+#*&&)#*+!07*$?&$#9!'A2?#2?#%#9!2(%7A&)0!'-%&!$(!3/%3#%%!0'A&!

:#02&)0#(*! 2)(9&:/)&! '0! 0/)3'9$'*$0! A'7! #*9)&'0&! -#(9(A2'$#-#%#$7C! <$! ?'0! -&&*! )&2()$&:! $?'$! '!

6')#&$7!(3!2(%7A&)0!')&!'-%&!$(!:#02&)0&!9')-(*!*'*($/-&0!-/*:%&0!'*:!)&*:&)!#*:#6#:/'%%7!0$'-#%#g&:!

9')-(*! *'*($/-&0! #*! 'K/&(/0! A&:#'! -7! 2(%7A&)! W)'22#*+C! <*! +&*&)'%E! $?&! #*$&)'9$#(*0! (3! $?&!

2(%7A&)!9?'#*0!'*:!$?&!0/)3'9&!(3!$?&!*'*($/-&0!?'6&!-&&*!:&09)#-&:!'0!)(-/0$!'*:!/*#3()AE!'*:!

#*:&2&*:&*$!(3! $?&!2)&0&*9&!(3! &N9&00! 'A(/*$0!(3!2(%7A&)CrsEhhJhs!f)'22#*+!(3! 9')-(*!*'*($/-&0!

W#$?! W'$&)J0(%/-%&! 2(%7A&)0! #0! '! $?&)A(:7*'A#9'%%7! 3'6()'-%&! 2)(9&00! $?'$! %#A#$0! ?7:)(2?(-#9!

&N2(0/)&! (3! *'*($/-&0! $(! 'K/&(/0! A&:#/AC! <*! '::#$#(*E! 2(%7A&)! W)'22#*+! &*?'*9&0! 0$&)#9!

0$'-#%#g'$#(*E!)&0/%$#*+! #*!2)&6&*$#(*!(3!*'*($/-&!'++)&+'$#(*C!B'0&:!(*!&N2&)#A&*$'%!(-0&)6'$#(*0!

'*:!9(A2/$'$#(*'%!0$/:#&0E!#$!?'0!-&&*!0/++&0$&:!$?'$!0(%/-#%#g'$#(*!(3!*'*($/-&0!(99/)!#*!'!A/%$#J

?&%#9'%! W)'22#*+! A'**&)E! W?&)&! ?#+?! 0/)3'9&! '*:! *&')! A(*(%'7&)! 9(6&)'+&! (3! $#+?$%7! '00(9#'$&:!

2(%7A&)!')(/*:!#*:#6#:/'%!*'*($/-&0!#0!'9?#&6&:Chs!

8%$?(/+?!07*$?&$#9!A(%&9/%&0!'*:!2(%7A&)0!?'6&!-&&*!0?(W*!$(!-&9(A&!9?&A#9'%%7!9(*i/+'$&:!$(!

()! ':0()-&:! (*! $?&! 0/)3'9&0! (3! 9')-(*! *'*($/-&0E! #$! #0! K/#$&! 9?'%%&*+#*+! $(! (-$'#*! /*#3()AE!

3/*9$#(*'%! '*:! -#(9(A2'$#-%&! 9('$#*+0! 3()! -#(%(+#9'%! '22%#9'$#(*0C! "?&)&3()&E! 9('$#*+! (3!

*'*(0$)/9$/)&0!W#$?!-#(A(%&9/%&0!?'0!-&&*!9%'00#9'%%7!&N2%()&:!'0!'*!&33#9#&*$!0$)'$&+7!$(!(6&)9(A&!

2(00#-%&! #*9(A2'$#-#%#$#&0! W#$?! $?&! -#(%(+#9'%!A#%#&/C! B#(A(%&9/%&0% S23% 42E! 0/9?! '0! 2)($&#*0E! %#2#:0E!

2(%70'99?')#:&0!'*:!*/9%&#9!'9#:0E!')&!'-%&!$(!:#02&)0&!9')-(*!*'*($/-&0!$(!'!9&)$'#*!&N$&*$!W#$?(/$!

$?&!*&&:!(3!9(6'%&*$!-(*:#*+ChtJur! <*! $?#0!9'0&E!:#02&)0#(*! #0!'9?#&6&:!-7!6'*!:&)!f''%0! #*$&)'9$#(*!

-&$W&&*! $?&! +)'2?#$#9! W'%%! (3! $?&! 9')-(*! *'*($/-&0! '*:! $?&! ?7:)(2?(-#9! :(A'#*0! (3! 0/9?!

-#(A(%&9/%&0C!!

@02&9#'%%7E! *'*(A'$&)#'%0! 9(*i/+'$#(*! W#$?! 2)($&#*0! #0! +'#*#*+! 2)(A#*&*9&! #*! $?&! *'*($&9?*(%(+7!

'*:!-#(&*+#*&&)#*+!3#&%:0E!3()A#*+!W?'$!#0!X*(W*!'0!2)($&#*!9()(*'E!'0!#$!W#%%!-&!:&&2%7!'*'%7g&:!#*!

,?'2$&)!kCwErvEuhEuu!1)($&#*0!?'6&!-&&*!0?(W*!$(!':0()-!0$)(*+%7!(*!$?&!0/)3'9&!(3!9')-(*!*'*($/-&0E!

)&0/%$#*+!#*!0$'-%&!W'$&)J:#02&)0&:!2)($&#*J,."!9(A2%&N&0C!>&6&)'%!2)($&#*0E!#*9%/:#*+!-(6#*&!0&)/A!

'%-/A#*E! '*:! &*g7A&0E! 0/9?! '0! +%/9(0&! (N#:'0&! ?'6&! -&&*! 0/99&003/%%7! 3(/*:! $(! ':0()-! (*! $?&!

0/)3'9&!(3! 9')-(*!*'*($/-&0ChtEhv!Z(W&6&)E! #$! #0! %')+&%7! '99&2$&:! $?'$! '! 3)'9$#(*!(3! 2)($&#*0! 3'#%! $(!

)&$'#*!$?&#)!*'$#6&!0$)/9$/)&!/2(*!':0()2$#(*!(*!$?&!*'*($/-&!0/)3'9&E!%&':#*+!$(!2')$#'%!%(00!(3!$?&#)!

-#(%(+#9'%!'9$#6#$7C!

<$! #0! +&*&)'%%7! '99&2$&:! $?'$! '%%! $?&0&! 2?70#9(9?&A#9'%! 2')'A&$&)0! (3! $?&! ,."0! ?'6&! '%0(! '! ?#+?!

#A2'9$! #*! $?&#)! -&?'6#()! 0/% 1019CuwJwr! "?&)&3()&E! -#(:#0$)#-/$#(*! (3! $?&0&! 070$&A0! A'7! 6')7! W?&*!

9?'*+#*+!'*7(*&!(3!$?&#)!2)(2&)$#&0!%#X&!0#g&!P%&*+$?!'*:!:#'A&$&)QE!:#02&)0#-#%#$7!P3#*'%!+&(A&$)7!(3!



,?'2$&)!<k!~!@33&9$!(3!$?&!1?70#9(9?&A#9'%!1)(2&)$#&0!(3!$?&!,."0!#*!B#(%(+#9'%!822%#9'$#(*0!

 [rt!

9(A2%&N&0! 3()A&:! #*! $?&! -#(%(+#9'%! A&:#/AQE! ()! 9?&A#9'%! 3/*9$#(*'%#g'$#(*! P0/)3'9&! 9?')+&! '*:!

#AA(-#%#g&:!9(A2(/*:0QC!!

80!'!)&0/%$E!$?#0!9?'2$&)!0&&X0!$(!0(%6&!0(A&!(3!$?&0&!K/&0$#(*0!'*:!'9?#&6&!$?#0!0/#$'-%&!$72&!(3!,."!

*($! (*%7! -7! 0$/:7#*+! :#33&)&*$! $72&0! (3! *'*($/-&0! W#$?! :#33&)&*9&0! #*! $?&#)! 2?70#9(9?&A#9'%!

2)(2&)$#&0! -/$! '%0(! -7! (2$#A#g#*+! $?&! 0/-0&K/&*$! 0?()$&*#*+! (3! $?&! /0&:! ,."0! P0J,."0Q! W#$?!

:#33&)&*$! (N#:#g#*+! '+&*$0C! <$! ?'0! $(! -&! $'X&*! #*$(! '99(/*$E! $?'$! $?#0! (N#:#g#*+! $)&'$A&*$!A'7! '%0(!

#A2)(6&!$?&!0(%/-#%#g'$#(*! #*!W'$&)!(3!$?&0&!0J,."0!:/&!$(!$?&!9)&'$#(*!(3!9')-(N7%#9!'9#:!9?&A#9'%!

+)(/20!(*!$?&!0/)3'9&C!"?/0E!$?&!-#(9(A2'$#-#%#$7!(3!$?&0&!6&9$()0!')&!#*9)&'0&:E!'%(*+0#:&!W#$?!$?&!

)&:/9$#(*!(3!A&$'%! #A2/)#$#&0!'*:!0$)/9$/)'%!:&3&9$0Crw!Z&*9&E! $?#0!9?'2$&)!0&&X0!$(! #*6&0$#+'$&!$?&!

)&0/%$#*+!:#02&)0#-#%#$7!'*:!97$($(N#9#$7!(3!$?&!/0&:!*'*($/-&0!'*:!$?&#)!0?()$&*&:!6&)0#(*0E!'*:!?(W!

$?&0&!2')'A&$&)0!9'*!-&!$/*&:!-7!9(6'%&*$!'*:!*(*J9(6'%&*$!3/*9$#(*'%#g'$#(*!P>9?&A&!uC[QC!!

!

>9?&A&!uC[C!@33&9$!(3!$?&!2?70#9(9?&A#9'%!2)(2&)$#&0!(3!,."0!#*!$?&#)!#*$&)'9$#(*!W#$?!9&%%0C!e'9$()0!#*3%/&*9#*+!

$?&!P8Q!9&%%!#*$&)*'%#g'$#(*E!6#'-#%#$7!'*:!-#(:#0$)#-/$#(*!(3!$?&!,."0|!PBQ!0#g&E!P,Q!9?&A#9'%!3/*9$#(*'%#g'$#(*E!P5Q!

0$#33*&00!'*:!P@Q!:#02&)0#-#%#$7C!!

! !

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

!"

''
1/2)"&2/3/#/*,''

43$56#"27'
%88&"8%*"29'

#"

!:";/0%#'
<$50=-5%#/>%=-5'

$"

?"58*:'
1/%;"*"&'

%"

<#"./3#"7'
@%58#"6' A/8/6'

&"

$'(")*+,-./01*""
2)+3"/,445"

B/-6/2*&/3$=-5'



"'#%()#*+!,')-(*!.'*($/-&0!1)(2&)$#&0!3()!4&*&!5&%#6&)7!822%#9'$#(*0!

 [rv!

QFPF *HB2=?;264/8(+204?56((

QFPFMF #1$(4>B2.(+4<9?29(

"W(!$72&0!(3!If."!W&)&!/0&:!#*!$?#0!2')$!(3!$?#0!$?&0#0!P>9?&A&!uCrQC!!

!

>9?&A&!uCrC!,')-(*!*'*($/-&0!&A2%(7&:!#*!$?#0!W()Xo!P8Q!)#+#:!,."!P),."Q!'*:!PBQ!3%&N#-%&!,."!P3,."QC!

"?&! 0'A&! /0&:! #*! $?&! 2)&6#(/0! 9?'2$&)! P9?'2$&)! <<<QE! X*(W*! '0! )#+#:! ,."0! P),."0Q! :/&! $(! #$0! ?#+?!

$?#9X*&00! P[[\J[t\! *A! :#'A&$&)Q! W&)&! 0$/:#&:! #*! $?#0! 2')$C! "?&0&! W&)&! 2/)9?'0&:! 3)(A! >#+A'J

8%:)#9?E!W&)&!(-$'#*&:!-7!,k5!'*:!W&)&!wJx!zA!%(*+C("?#**&)!If."!W&)&!/0&:!'0!'!9(A2')#0(*E!

X*(W*! '0! 3%&N#-%&! ,."0! P3,."0QC! "?&7! W&)&! '%0(! 2)(:/9&:! -7! ,k5! $(! 0$)#9$! %&*+$?! '*:! :#'A&$&)!

02&9#3#9'$#(*0!P[!~!w!zA!%&*+$?E![w!*A!:#'A&$&)Q!'*:!2/)#3#&:!$(!§!xwèC!!

QFPFPF +I5=426?6:(A=502..(

#<44?6:(5C(#1$.(@>(jS6"Q("H?9/4?56($=2/4;264(

),."0! W&)&! ?&'$&:! $(! wx\! (,! 3()! h! ?! #*! '! 2()9&%'#*! 3%'0X! #*! ():&)! $(! (N#:#g&! '*:! )&A(6&! $?&!

'A()2?(/0!9')-(*C!822)(N#A'$&%7E!rw!A+!(3!?&'$J$)&'$&:!9')-(*!*'*($/-&0!W&)&!:#02&)0&:! #*!h\!

Aj! (3! \Cr! I! 0(%/$#(*! (3! 2($'00#/A! 2&)A'*+'*'$&! PB#(c%$)'! W#$?! +)&'$&)! 2/)#$7! $(! xxC\èE! e%/X'o!

YI*buQC! e&W! :)(20! (3! 0(:#/A! ?7:)(N#:&! P1'*)&'9o! .'bZQ! \Cr!I!W&)&! '::&:! /*$#%! $?&! 2Z! (3! $?&!

:#02&)0#(*!W'0![\C!"?&!A#N$/)&!W'0!2%'9&:!#*!'*!/%$)'0(*#9!-'$?!3()!r\!A#*!'*:!$?&*!)&3%/N&:!3()!u\!

A#*!'$![\\!(,C!"?&!A#N$/)&!W'0!'+#$'$&:! 3()!r\!?!'3$&)!'::#*+!\Ct!+!(3! 0(:#/A!0/%3#$&! P2/)#$7!xxèE!

1'*)&'9o!.'r>bhQ!'*:!t!Aj!(3!9(*9&*$)'$&:!0/%3/)#9!'9#:!P1'*)&'9o!Zr>buQC!I#%%#J=!W'$&)!W'0!'::&:!

$(!$?&!A#N$/)&!/*$#%!$?&!6(%/A&!)&'9?&:!'22)(N#A'$&%7![\\!Aj!#*!():&)!$(!0$(2!$?&!)&'9$#(*E!W?&*!#$!

!"#$%&$

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

!!)"!*)$'&$

+$ ,$



,?'2$&)!<k!~!@33&9$!(3!$?&!1?70#9(9?&A#9'%!1)(2&)$#&0!(3!$?&!,."0!#*!B#(%(+#9'%!822%#9'$#(*0!

 [rx!

W'0!9&*$)#3/+&:!PZ&$$#9?!@B8!r[Q!3()!r\!A#*!'$![\\\!)93C!1')$!(3!$?&!0/2&)*'$'*$!W'0!)&A(6&:!'*:!

$?&!2&%%&$!'*:!$?&!)&0$!(3!'K/&(/0!2?'0&!W&)&!3#%$&)&:!$?)(/+?!'!2(%7$&$)'3%/()(&$?7%&*&!A&A-)'*&!

PI#%%#2()&E! e4j1!\\!(3!\utQ!(3!\Crr!zA!(3!2()&! 0#g&C!5/)#*+! 3#%$)'$#(*E! 0&6&)'%!W'0?&0!W&)&!9'))#&:!

(/$o!3#)0$E!W#$?!'!0(%/$#(*!(3!\Cu!+qj!.'bZE!0&9(*:!W#$?!I#%%#J=!W'$&)E!'*:!3#*'%%7!W#$?!9(*9&*$)'$&:!

Z,%! $(! )&A(6&! $?&! A'*+'*&0&! (N#:&! PI*brQ! 3()A&:! :/&! $(! $?&! )&:/9$#(*! (3! $?&! 2($'00#/A!

2&)A'*+'*'$&C! "?&! W'0?#*+! 2)(9&:/)&! W'0! 9(*$#*/&:! /*$#%! $?&)&! W'0! *(! $72#9'%! -)(W*! 9(%()! (3!

A'*+'*&0&!(N#:&!)&A'#*0!(*!$?&!3#$&)C!83$&)!3#%$)'$#(*E!$?&!A&A-)'*&!W#$?!$?&!3#%$&)&:!*'*($/-&0!P0J

),."0Q!W'0!6'9//A!:)#&:!3()!rJh!:'70C!

B'0#9'%%7E! $?&! 0'A&! 2)(9&:/)&! W'0! 9'))#&:! (/$! 3()! $?&! 3,."0E! &N9&2$! 3)(A! $?&! 2)&6#(/0! ?&'$#*+!

$)&'$A&*$C!8::#*+! $?&!I#%%#J=!W'$&)! $(! 0$(2! $?&! )&'9$#(*E!w\!Aj!(3!Z,%!W'0!'::&:! $(!:#00(%6&! $?&!

I*br! 2)(:/9&:! :/)#*+! $?&! (N#:'$#(*! 2)(9&00C! b*9&! $?&! 0(%/$#(*! W'0! $)'*02')&*$E! #$! W'0! 3#%$&)&:!

$?)(/+?!'!\Crr!zA!2()(/0!A&A-)'*&C!e#*'%%7E!0?()$&*&:!3,."0!P0J3,."0Q!W&)&!W'0?&:!W#$?!I#%%#J=!

W'$&)!'*:!%7(2?#%#g&:C!

"H?9/4?56(5C(=#1$.(<.?6:(A?=/6I/(+58<4?56(

b*%7!),."0!W&)&!&A2%(7&:!3()!$?#0!2)(9&:/)&C!83$&)!$?&!?&'$#*+!$)&'$A&*$E![!Aj!(3!2#)'*?'!2&)!A+!

(3!),."0!2)&0&*$!W'0!'::&:C!"?&!2#)'*?'!0(%/$#(*!W'0!2)&2')&:!3)&0?%7!-7!A#N#*+!Zr>bu!'*:!Zrbr!#*!

'!)'$#(!(3!u|[!P6q6QC!"?&!A#N$/)&!W#$?!$?&!),."0!W'0!'+#$'$&:!3()![!?!P2[J),."Q!()!s!?!P2sJ),."QC!83$&)!

$?#0! $#A&E! [! j! (3! I#%%#J=! W'$&)! 2&)! &'9?! [\\! Aj! (3! 0(%/$#(*! W'0! '::&:! $(! )&:/9&! $?&! (N#:#g#*+!

9?')'9$&)#0$#90!(3!$?&!2#)'*?'C!"?&!:#02&)0#(*!W'0!9&*$)#3/+&:!3()!h\!A#*!'$![\\\!)93!'*:!2')$!(3!$?&!

0/2&)*'$'*$! W'0! )&A(6&:C! "?&! )&A'#*#*+! 2&%%&$! '*:! 0/2&)*'$'*$! W&)&! '+'#*! 3#%$&)&:! $?)(/+?! '!

2(%7$&$)'3%/()(&$?7%&*&!A&A-)'*&!(3!\Crr!zA!(3!2()&!0#g&C!5/)#*+! 3#%$)'$#(*E! $?&!0?()$&*&:!),."0!

P2[J),."!'*:!2sJ),."Q!W&)&!W'0?&:!W#$?!I#%%#J=!W'$&)!/*$#%!2Z!t!'*:!3#*'%%7!W#$?!&$?'*(%!P1'*)&'9QC!

"?&!A&A-)'*&!W#$?!$?&!*'*($/-&0!W'0!6'9//A!:)#&:!3()!rJh!:'70C!

#I/=/042=?]/4?56(5C(4I2(.I5=42629(#1$(b.-#1$c(

8%%! $72&0!(3!,."0! P),."0! '*:! 3,."0Q! '*:! $?&#)! 0?()$&*&:! 6&)0#(*0!W&)&! '*'%7g&:!-7!Z;"@I! P]@bj!

j"5C!r\\!YkQ!&K/#22&:!W#$?!'*!&*&)+7!:#02&)0#6&!_J)'7!>2&9$)(09(27!P@5>Q!:&$&9$()!PbN3():!j<.,8QC!

"?&! Z;"@I! '*'%70#0! W'0! 2&)3(A&:! '$! $?&! Z23120% =2% P0>394>kS06% =2% <6% ./012340565% W;5k/986% =2%

R63>2<9/6C!>#A#%')%7!'0!#*!,?'2$&)!<<<E!$?&!9?&A#9'%!9(A2(0#$#(*!(3!$?&!0'A2%&!W'0!'%0(!:&$&)A#*&:C!!

e)(A!$?&!Z;"@I!#A'+&0E![\Jr\!,."0!W&)&!A&'0/)&:!'*:!$?&!'6&)'+&!%&*+$?!W'0!9'%9/%'$&:C!



"'#%()#*+!,')-(*!.'*($/-&0!1)(2&)$#&0!3()!4&*&!5&%#6&)7!822%#9'$#(*0!

 [h\!

QFPFOF !?.B2=.?@?8?4>(+4<9?2.(

J<604?56/8?]/4?56(5C(#1$.(

8%%! $72&0! (3! ,."0! P),."0E! 0J),."0E! 3,."0! '*:! 0J3,."0Q! W&)&! *(*J9(6'%&*$%7! 3/*9$#(*'%#g&:! W#$?!

9&$7%$)#A&$?7%'AA(*#/A! -)(A#:&! P>#+A'J8%:)#9?o! ,"8BQE! '*! 'A2?#2?#%#9! 2(%7A&)! 1(%7�.PrJ

?7:)(N72)(27%QA&$?'9)7%'A#:&!P2Z1I8Q!'*:!2)($&#*0!2)&0&*$! #*!$?&!?/A'*!0&)/A!P>#+A'J8%:)#9?o!

Z>QC! "?&! 'A2?#2?#%#9! 2(%7A&)! 2Z1I8E! W#$?! '! 9(*$&*$! (3! wè! 9?(%&0$&)(%E! W'0! 07*$?&0#g&:! #*! (/)!

%'-()'$()7! PI'$&)#'%0! @*+#*&&)#*+! 4)(/2! P4@I8"QE! <*0$#$/$! =/UA#9! :&! >'))#H! P<=>QQ! '0! 0?(W*! #*!

>9?&A&!uChC!

!!

>9?&A&!uChC!8A2?72?7%#9!2(%7A&)!P2Z1I8Q!07*$?&0#0C!>9?&A&!(3!$?&!2Z1I8!07*$?&0#g&:!#*!$?&!4@I8"!+)(/2!

P<=>Q!'-%&!$(!:#02&)0&!9')-(*!*'*($/-&0!#*!W'$&)C!"?&!2(%7A&)!W'0!(-$'#*&:!-7!3)&&!)':#9'%!2(%7A&)#g'$#(*!(3!

'!A(*(A&)!.JPrJ?7:)(N72)(27%Q!A&$?'9)7%'A#:&!PZ1I8Q!W#$?!'!A&$?'9)7(7%'$&:!:&)#6'$#6&!(3!9?(%&0$&)(%!

PI'J8,81J9?(%Q!07*$?&0#g&:!#*!$?&!%'-C!"?&!$($'%!9(*9&*$)'$#(*!(3!A(*(A&)0!W'0!3#N&:!'$![rCwè!PWqWQE!'*:!

$?&!9(*9&*$)'$#(*!(3!#*#$#'$()!'g(-#0#0(-/$7)(*#$)#%&!P8<B.Q!#*!rC\è!PWqWQE!W?#9?!'3$&)!$?&!2(%7A&)#g'$#(*!'*:!

2/)#3#9'$#(*!)&0/%$&:!#*!'!2Z1I8!9(2(%7A&)!?'6#*+!'!A(%&9/%')!W&#+?$!'6&)'+&!(3!rwE\\\!+qA(%C!

8%%!,."0!W&)&!W&#+?$&:!'*:!:#00(%6&:!#*!'!0(%/$#(*!(3!&'9?!:#02&)0#*+!'+&*$!'0!0?(W*!#*!"'-%&!uC[E!#*!

():&)!$(!'9?#&6&!'!3#*'%!9(*9&*$)'$#(*!(3![!A+qAj!#*!0(%/$#(*C!,"8B!W'0!:#00(%6&:!#*!I#%%#J=!W'$&)C!

2Z1I8!W'0!3#)0$%7!:#00(%6&:!#*!:#A&$?7%!0/%3(N#:&!P>#+A'J8%:)#9?o!5I>bQ!'*:!0/-0&K/&*$%7!:#%/$&:!

#*!I#%%#J=!W'$&)!$(!'9?#&6&!'!A'N#A/A!(3!rè!(3!5I>b!P6q6QC!Z>!0(%/$#(*!W'0!2)&2')&:!3#%$&)#*+!$?&!

'0J)&9&#6&:!Z>!'*:!:#%/$#*+!#$!#*!2?(02?'$&!-/33&)!P>#+A'J8%:)#9?o!1?BQ!w!AI!'*:!2Z!tCuC!



,?'2$&)!<k!~!@33&9$!(3!$?&!1?70#9(9?&A#9'%!1)(2&)$#&0!(3!$?&!,."0!#*!B#(%(+#9'%!822%#9'$#(*0!

 [h[!

"'-%&!uC[C!,(*9&*$)'$#(*0!/0&:!$(!:#02&)0&!$?&!,."!-7!*(*J9(6'%&*$!3/*9$#(*'%#g'$#(*C!

!?.B2=.?6:(&:264( #560264=/4?56(

,"8B!
2Z1I8!

Z>(

w!AI!
u!A+qAj!
[\è!

I()&(6&)E! ,."0! W&)&! '%0(! A(:#3#&:! W#$?! 2288! -7! 1@,k5! 3(%%(W#*+! $?&! 2)($(9(%! :&09)#-&:! #*!

,?'2$&)!<<<C!83$&)!2%'9#*+!$?&!,."0!#*$(!$?&!)&'9$()!9?'A-&)E!$?&!88!A(*(A&)!W'0!3&:!#*$(!)&'9$()!

P>9?&A&! rCuQ! '*:! $?&! 2(%7A&)#g'$#(*! 2')'A&$&)0! W&)&! 0&$! '$! d0! (3! [w! fE! [\qr\! (3! U!C! "?&!

2(%7A&)#g'$#(*!W'0!9'))#&:!(/$!3()!w!A#*!'*:!)&2&'$&:!h!$#A&0E!0?'X#*+!$?&!,."!2(W:&)!#*!-&$W&&*C!

83$&)!A(:#3#9'$#(*E!,."0!W&)&!:#00(%6&:! #*!'9&$'$&!-/33&)!Prw!AI!'*:!2Z!wo!.'b89Q!(-$'#*#*+!$?&!

0'A&!3#*'%!9(*9&*$)'$#(*!(3![!A+qAj!#*!0(%/$#(*C!

8%%!0'A2%&0!W&)&!:#02&)0&:!#*!'*!/%$)'0(*#9!-'$?!3()!r!?C!83$&)!$?#0!$#A&E!w\!{j!(3!&'9?!0'A2%&!W'0!

0$()&:!3()! 3/)$?&)!K/'*$#3#9'$#(*!'*:!9?')'9$&)#g'$#(*C!"?&!)&0$!W'0!&A2%(7&:!$(!$)'9X!$?&!0$'-#%#$7!

(6&)!$#A&!(3!$?&!070$&A0!#*!0(%/$#(*C!

#I/=/042=?]/4?56(5C(4I2(J<604?56/8?]29-#1$.(

>(%/$#(*0! ')(/*:! [\! {+qAj! (3! &'9?! 070$&A! P),."0E! 0J),."0E! 3,."0! '*:! 0J3,."0QE! #*9%/:#*+! *(*J

3/*9$#(*'%#g&:!,."0E!W&)&!2)&2')&:! #*!I#%%#J=!W'$&)E!&N9&2$! 3()! $?&!Z>J9('$&:!'*:!2288JA(:#3#&:!

,."0! $?'$! W&)&! :#00(%6&:! #*! 1?B! w! AI! P2Z! tCuQ! '*:! .'b8,! rw! AI! P2Z! wQE! )&02&9$#6&%7C! ^&$'!

2($&*$#'%!'*:!5j>!A&'0/)&A&*$0!W&)&!9'))#&:!(/$!/0#*+!'!^&$'0#g&)!.'*(!^>!PI'%6&)*!<*0$)/A&*$0Q!

3(%%(W&:!-7!$?&!:#02&)0#(*!(3!$?&!0'A2%&0!3()![w!A#*!#*!'*!/%$)'0(*#9!-'$?C!

&6/8>.?.(5C(4I2(!?.B2=.?@?8?4>(/69($?;2(+4/@?8?4>(?6(&L<25<.(S29?/(

e#)0$%7E! '! 0&$! (3! :#02&)0#(*0! P3)(A! rCw! z+qA%! $(! u\! z+qA%Q! W'0! 2)&2')&:! -7! :#%/$#*+! $?&! ()#+#*'%!

:#02&)0#(*0!P[!A+qA%Q!W#$?!I#%%#J=!W'$&)!3()!$?&!,."J,"8B!'*:!,."J2Z1I8!9(A2%&N&0E!1?B!w!AI!

3()! $?&! ,."JZ>! (*&0! '*:! .'b8,! rw! AI! 3()! $?&! 2288JA(:#3#&:! ,."0C! "?&0&! :#02&)0#(*0! W&)&!

:#02&)0&:!3()!h\!A#*!-&3()&!2%'9#*+!$?&A!$(!'!xsJW&%%!2%'$&!P3%'$!-($$(Ao!./*9Q!'*:!$?&!'-0()2$#(*!

'$! w\\! *A! W'0! A&'0/)&:! /0#*+! '! A#9)(2%'$&! )&':&)! P<*3#*#$&! Ir\\E! "&9'*! 4)(/2! j$:CQC! "?&!

'-0()-'*9&! '9K/#)&:! '$! $?#0!W'6&%&*+$?!W'0! /0&:! $(! :&$&)A#*&! $?&! 9(*9&*$)'$#(*! (3! $?&! ,."0! #*!

0(%/$#(*! -7! $?&! 2)&6#(/0! 2)&2')'$#(*! (3! '! 9'%#-)'$#(*! 9/)6&! W#$?! '! 0&$! (3! :#02&)0#(*0! '$! '! X*(W*!

9(*9&*$)'$#(*C!



"'#%()#*+!,')-(*!.'*($/-&0!1)(2&)$#&0!3()!4&*&!5&%#6&)7!822%#9'$#(*0!

 [hr!

83$&)!0(*#9'$#(*E!0'A2%&0!W&)&!%&3$!'$!)((A!$&A2&)'$/)&!P;"Q!'*:![\\!{j!(3!$?&!0/02&*0#(*!PW#$?(/$!

0$#))#*+Q!W&)&!0/-$)'9$&:!3)(A!&'9?!6#'%!'3$&)!h\!A#*E![!?E!r!?E![s!?!'*:!ru!?C!"?&!0/-$)'9$&:!6(%/A&!

W'0!#AA&:#'$&%7!'*'%7g&:!#*!$?&!A#9)(2%'$&!)&':&)!A&'0/)#*+!$?&!'-0()-'*9&!'$!w\\!*AC!!

1#9$/)&0!(3!$?&!6#'%0!W&)&!$'X&*!)#+?$!'3$&)!0(*#9'$#(*!'*:!'%0(!'3$&)!-&#*+!%&3$![!?!'*:!ru!?!'$!;"C!

QFPFQF (*E/8</4?56(5C(4I2(#288(G?/@?8?4>(5C(4I2(#5;B82H2.(

,7$($(N#9#$7! W'0! A&'0/)&:! #*! h"h! 9&%%0! P8",,Q! /0#*+! $?&! I">! '00'7! P,&%%"#$&)! xsö! 8=/&(/0! b*&!

>(%/$#(*!,&%%!1)(%#3&)'$#(*!800'7Q! 3)(A!1)(A&+'C!B&3()&! $?'$E! #A'+&0!(3! $?&!W&%%0!W&)&! $'X&*!W#$?!

$?&!A#9)(09(2&! Pb%7A2/0! <_w[QC! 8%%! '*'%70#0! W&)&! :&6&%(2&:! '$! $?&! $#00/&! 9/%$/)&! 3'9#%#$#&0! (3! $?&!

8/0$)'%#'*!<*0$#$/$&!3()!B#(&*+#*&&)#*+!'*:!.'*($&9?*(%(+7!P8<B.Q!'$!c*#6&)0#$7!(3!=/&&*0%'*:!Pc=QC!

+4<9>(5C(4I2(*CC204(5C(+?]2d(,60<@/4?56($?;2(/69(#1$(#560264=/4?56(

,&%%0!W&)&!2%'$$&:!#*$(!u!:#33&)&*$!xsJW&%%!2%'$&!'$!'!9(*9&*$)'$#(*!(3![\\\\!9&%%0qW&%%!P[w\!{jqW&%%Q!

#*! 0/22%&A&*$&:!A&:#/A! 3()A&:!-7!5I@IqeJ[r!?#+?!+%/9(0&!uCw\\!A+qj! P4jc"8I8_üQE![è!1q>!

P<*6#$)(+&*Q!'*:![\è!(3!eB>! P4#-9(öQC!83$&)!'%%(W#*+!ru!?! 3()! $?&! 9&%%!'$$'9?A&*$!'$!ht! (,!'*:!wè!

,brE!,."0!P),."0E!0J),."0E!3,."0!'*:!0J3,."0Q!W&)&!:#%/$&:!'22)(2)#'$&%7!#*!3)&0?!A&:#'!#*!():&)!$(!

?'6&!'!3#*'%!9(*9&*$)'$#(*!(3!uE![\!'*:!h\!{+qAjC![w\!{j!(3!&'9?!0(%/$#(*!W'0!'::&:!$(!$?&!2%'$&0!#*!

$)#2%#9'$&0C!,&%%0!W&)&!W'0?&:!W#$?!0$&)#%&!1B>![N!'*:!*&W!A&:#'!W'0!'::&:!'3$&)!h!?(/)0! 3()!(*&!

2%'$&E!ru!?!3()!'*($?&)!'*:!uv!?!3()!$?&!$?#):C!"?&!3()$?!2%'$&!W'0!%&3$!#*!9(*$#*/(/0!&N2(0/)&!$(!$?&!

,."0! /*$#%! $?&! 97$($(N#9#$7! '00'7! W'0! 9'))#&:! (/$! P'3$&)! tr! ?QC! ,&%%! 6#'-#%#$7! 3()! $?&! h! 2%'$&0! W'0!

:&$&)A#*&:!-7!$?&!'::#$#(*!(3!I">!P:#%/$&:!'$!r\è!#*!3)&0?!5I@I!'0!02&9#3#&:!-7!$?&!0/22%#&)Q!'3$&)!

tr! ?C! B&3()&! '::#*+! $?&! I">! )&'+&*$E! 9&%%0! W&)&! W'0?&:! W#$?! [\\! {j! (3! 0$&)#%&! 1B>! [N! '*:! $?&!

'-0()-'*9&!W'0!A&'0/)&:!'$!ux\!*A!#*!():&)!$(!:&$&)A#*&!$?&!-'9X+)(/*:!'-0()-'*9&!(3!$?&!,."0!

3()!3/)$?&)!9'%9/%'$#(*0C!b*9&!W#$?!$?&!I">!)&'+&*$E!9&%%0!W&)&!%&3$!u\!A#*!'$!ht!(,!'*:!wè!,br!'*:!

$?&!'-0()-'*9&!'$!ux\!W'0!A&'0/)&:!'+'#*C!"?&!'-0()-'*9&!(3!'!2(0#$#6&!9(*$)(%!W#$?!(*%7!h"h!9&%%0!

P9(*0#:&)&:![\\è!(3! 6#'-#%#$7! 3()! 3/)$?&)!K/'*$#3#9'$#(*Q! '*:!'!*&+'$#6&!(*&!W#$?! $?&!I">! )&'+&*$!

'%(*&!P-($?!#*!$)#2%#9'$&0Q!W'0!'%0(!:&$&)A#*&:C!

&6/8>.?.(5C(4I2(,6C8<2602(5C(4I2(#1$(#I2;?0/8(J<604?56/8?]/4?56(56(4I2(#>4545H?0?4>(

>(%/$#(*0!(3!'%%!X#*:0!(3!,."0!P),."0E!0J),."0E!3,."0!'*:!0J3,."0Q!:#33&)&*$%7!9('$&:!P,"8BE!2Z1I8E!

Z>! '*:! 2288Q!W&)&! 2)&2')&:! $(! '! 3#*'%! 9(*9&*$)'$#(*! (3! [\\! {+qAj! '0! 2)&6#(/0%7! 9(AA&*$&:! #*!



,?'2$&)!<k!~!@33&9$!(3!$?&!1?70#9(9?&A#9'%!1)(2&)$#&0!(3!$?&!,."0!#*!B#(%(+#9'%!822%#9'$#(*0!

 [hh!

0&9$#(*!uCrCh! P"'-%&!uC[QC!,(A2%&N&0!W&)&!W'0?&:! $W#9&!-7!9&*$)#3/+'$#(*!'$![\\\\! )93! 3()!h\!A#*!

'*:!$?&!3#)0$!0/2&)*'$'*$!W'0!0$()&:!$(!-&!'*'%7g&:!'0!W&%%C!!

,&%%0!W&)&!2%'$$&:!'*:!+)(W*!'0!'-(6&!:&09)#-&:C!83$&)!ruE! $?&7!W&)&! #*9/-'$&:!W#$?!u!{+qAj!(3!

&'9?! $72&! (3! ,."!W#$?! $?&! :#33&)&*$! 9('$#*+0! #*! 3)&0?! 0/22%&A&*$&:!5I@IC! >'A&! :#%/$#(*0!W&)&!

:(*&! 3()! $?&! 0/2&)*'$'*$! 0$()&:! 3)(A! $?&! 2')$#9%&0! W'0?&0E! 9())&02(*:#*+! $(! $?&! &N9&00! (3!

:#02&)0#*+!'+&*$!/*-(/*:!3)(A!$?&!,."!0/)3'9&C!8-0()-'*9&!'$!ux\!*A!W'0!A&'0/)&:!3(%%(W#*+!uv!

?!(3!9(*$#*/(/0!&N2(0/)&!(3!$?&!,."0C!"?&!:&$&)A#*'$#(*!(3!'!-'9X+)(/*:!'-0()-'*9&!6'%/&!(3!$?&!

,."0!#*$(!$?&!9&%%0!#*!1B>!'*:!$?&!A&'0/)&A&*$!(3!2(0#$#6&!'*:!*&+'$#6&!9(*$)(%0!W&)&!'%0(!9'))#&:!

(/$C!

QFPFRF +4<9>(5C(4I2!I,!H+>'(N?59?.4=?@<4?56(5C(#1$.(?6(S?02(

A=2B/=/4?56(5C(J8<5=2.02648>-'/@2829(#1$(#5;B82H2.(

8*! #*3)')&:! P<;Q! :7&! P<;57&ö! tw\! <*3)')&:! 57&! .Z>! @0$&)Q! 2/)9?'0&:! 3)(A! j#J,()! W'0! 9(6'%&*$%7!

#AA(-#%#g&:! (*! $?&! 2288JA(:#3#&:! ,."! 0/)3'9&C! 8%%! $72&0! (3! 2288J9('$&:! ,."0! P),."0E! 0J),."0E!

3,."0!'*:!0J3,."0Q!W&)&!:#00(%6&:!#*!1?B![\!AI!'$!2Z!x!#*!():&)!$(!(-$'#*!')(/*:!s\\!{j!(3!0'A2%&!

6(%/A&!Pw\\!{+qAjQC!"?&*E!w\!{j!(3!$?&![!A+qAj!:7&!0(%/$#(*!#*!5I>b!'*?7:)(/0!P>#+A'J8%:)#9?Q!

W'0!'::&:!'*:! $?&!A#N$/)&!W'0! %&3$!(6&)*#+?$!'$!;"!'*:!2)($&9$&:! 3)(A! %#+?$C!83$&)! $?#0! $#A&E! $?&!

3%/()&09&*$%7J%'-&%&:!,."0!W&)&!W'0?&:!$W#9&C!"?&!W'0?#*+!2)(9&:/)&! #*6(%6&:!$?&!9&*$)#3/+'$#(*!

(3!$?&!2')$#9%&0!'$![hw\\!)93!'*:!:#00(%6#*+!W#$?!1B>![N!'$!2Z!tC!

"?&!9(*9&*$)'$#(*!(3!3%/()&09&*$%7J%'-&%&:!,."!0(%/$#(*!W'0!:&$&)A#*&:!#*!$?&!A#9)(2%'$&!)&':&)!'0!

&N2%'#*&:!-&3()&C!I()&(6&)E!$?&!K/'*$#$7!(3!9(6'%&*$%7!'$$'9?&:!:7&!W'0!K/'*$#3#&:!A&'0/)#*+!$?&!

'-0()-'*9&! '$! tws! PA'N#A/A! '-0()-'*9&Q! '*:! X*(W#*+! $?'$! #$0! &N$#*9$#(*! 9(&33#9#&*$! #*! 1B>! #0!

rs\\\\!IJ[m9AJ[C!8!-'0&%#*&!(3!2288J9('$&:!,."0!'$!0'A&!9(*9&*$)'$#(*!W'0!'%0(!A&'0/)&:C!

N?59?.4=?@<4?56(+4<9>(?6(S?02(

8%%! '*#A'%! &N2&)#A&*$0! W&)&! 2&)3()A&:! #*! 9(A2%#'*9&! W#$?! $?&! %(9'%! &$?#90! 9(AA#$$&&! (3! $?&!

8/0$)'%#'*! <*0$#$/$! 3()! B#(&*+#*&&)#*+! '*:! .'*($&9?*(%(+7! P8<B.Q! '*:! $?&! ,&*$)&! 3()! 8:6'*9&:!

<A'+#*+!P,8<Q!'$!$?&!c*#6&)0#$7!(3!=/&&*0%'*:!Pc=QC!!

<*!$?#0!0$/:7E![w\!zj!(3!$?&!3%/()&09&*$%7J%'-&%&:!,."0!PeJ,."0Q!W&)&! #*$)'6&*(/0%7! #*i&9$&:!-7!$?&!

$'#%!6&#*!$(!&'9?!,wtBjqs]!A(/0&!'$!9(*9&*$)'$#(*!)'*+#*+!3)(A![w\!$(!h\\!z+qAjC!@'9?!$72&!(3!,."!



"'#%()#*+!,')-(*!.'*($/-&0!1)(2&)$#&0!3()!4&*&!5&%#6&)7!822%#9'$#(*0!

 [hu!

P),."E!0J),."E!3,."!'*:!0J3,."Q!W'0!#*i&9$&:!h!:#33&)&*$!A#9&C!"?&!-#(:#0$)#-/$#(*!(3!$?&!3%/()&09&*$!

,."0!W&)&!A(*#$()&:! 0/%1019!(6&)!'!2&)#(:!(3![!?E!v!?!'*:!ru!?!'3$&)! #*i&9$#(*!/0#*+! 3%/()&09&*9&!

#A'+#*+!P,')&0$)&'A!I(%&9/%')! <A'+#*+! #/%1019!I_!1)(E!B)/X&)QC!8%%!A#9&!W&)&!0'9)#3#&:!ru!?!2(0$J

#*i&9$#(*!'*:!$?&#)!A'#*!$#00/&!()+'*0!P%#6&)E!0$(A'9?!'*:!#*$&0$#*&0E!%/*+E!X#:*&70E!02%&&*!'*:!?&')$Q!

W&)&! #AA&:#'$&%7! :#00&9$&:! '*:! 3%/()&09&*$%7! #A'+&:! 2K% 1019C! 8%%! :'$'! W'0! 2)(9&00&:! /0#*+! $?&!

<A'+&]!0(3$W')&C!

QFPFUF *E/8</4?56(5C(4I2(BDJA(#5;B82H2.((

J5=;/4?56(5C(4I2(BB&&-05/429(#1$(#5;B82H2.(3?4I(BDJA(

,(A2%&N&0!(3!24e1!W#$?!(3!'%%!$72&0!(3!2288JA(:#3#&:!,."0!W&)&!3()A&:!'*:!9?')'9$&)#g&:!-7!+&%!

'+')(0&!&%&9$)(2?()&0#0!'0!:&$'#%&:!#*!,?'2$&)!<<<C!B'0#9'%%7E!9(A2%&N&0!(3!,."J2288!W&)&!2)&2')&:!

'*:!#*9/-'$&:!W#$?!$?&!0'A&!24e1!P)'$#(*0!3)(A![|[!$(!r\\|[!PWqWQC!,(A2%&N&0!W&)&!%(':&:!$(!$?&!

+&%!W&%%0!'*:!#$!W'0!)/*!3()![!?!'$!sw!kC!

#288($=/6.C204?56(&6/8>.?.(5C(4I2(BDJA(G2045=.(

,&%%!$)'*03&9$#(*!W'0!9'))#&:!(*!h"h!9&%%0E!W?#9?!W&)&!2%'$$&:!'0!&N2%'#*&:!#*!0&9$#(*!uCrCu!'*:!W&)&!

'%0(! 2&)3()A&:! '$! 8<B.! 3'9#%#$#&0! Pc=QC! ,."J2288y24e1! 0(%/$#(*0! PuE! [\! '*:! h\! {+qAjQ! W&)&!

2)&2')&:!#*!3)&0?!5I@I!'*:!'::&:!$(!$?&!9&%%0!P$)#2%#9'$&0QC!,&%%0!W&)&!W'0?&:!'3$&)!ru!?C!83$&)!uv!

?E!$?&!$)'*03&9$#(*!W'0!9(*3#)A&:!-7!'!3%/()&09&*$!A#9)(09(2&!Pb%7A2/0!<_w[Q!'*:!3%(W!97$(A&$&)!

P899/)#"I!,sE!B5!B#(09#&*9&0QC!8!2(0#$#6&!9(*$)(%!W'0!/0&:!P4&*&]/#9&ö!")'*03&9$#(*!;&'+&*$E!I&)X!

I#%%#2()&o!4]Q!'*:!2)&2')&:!-7!A#N#*+!rCt!{j!(3!4]!W#$?!h\\!{j!(3!5I@IC!83$&)!w!A#*!'$!;"E!s\!{j!(3!

24e1!P[v!{+qAjQ!W'0!'::&:!'*:!%&3$!3()![w!A#*!'$!;"C!"?&!)&0/%$#*+!A#N$/)&!W'0!:#%/$&:!s!$#A&0!#*!

():&)! $(! &*0/)&! $?'$! w\! *+qW&%%! P[\\! {jQ! (3! 24e1! W&)&! #*9/-'$&:! W#$?! $?&! 9&%%0! P$)#2%#9'$&0QC!

I()&(6&)E!9&%%!6#'-#%#$7!W'0!'%0(!:&$&)A#*&:!-7!$?&!I">!'00'7!2)&6#(/0%7!&N2%'#*&:!P0&9$#(*!uChChQC!

"?&! 0'A&! 2)(9&:/)&! W'0! 9'))#&:! (/$! W#$?! 9(0Jt! 9&%%0! P8",,QC! Z(W&6&)E! (*%7! ),."0! '*:! 0J),."0!

A(:#3#&:!W#$?!2288!W&)&!$&0$&:!#*!'!9(*9&*$)'$#(*!(3!u!{+qAjC!"?&!4e1!2)(:/9$#(*!W'0!9(*3#)A&:!

-7!3%/()&09&*9&!A#9)(09(27!Pj&#9'!cY!j$:E!I#%$(*!Y&7*&0E!cYQC!

! (



,?'2$&)!<k!~!@33&9$!(3!$?&!1?70#9(9?&A#9'%!1)(2&)$#&0!(3!$?&!,."0!#*!B#(%(+#9'%!822%#9'$#(*0!

 [hw!

QFOF %2.<84.(/69(!?.0<..?56(

QFOFMF +I5=426?6:(5C(#1$.(

"?&!#A2()$'*9&!(3!$?&!2?70#9'%!2)(2&)$#&0!(3!$?&!,."0!&A2%(7&:!'0!+&*&!()!:)/+!:&%#6&)7!6&9$()0!?'0!

-&&*!2)&6#(/0%7!:#09/00&:C!B&9X&)!'*:!9(JW()X&)0E!;'33'!25%6<C!'*:!Y(0$')&%(0E!'A(*+!($?&)0E!?'6&!

'%)&':7! )&2()$&:! $?&! #A2()$'*9&! (3! $?&! 3#*'%! %&*+$?! (3! $?&0&! *'*(A'$&)#'%0! #*! $&)A0! (3! 9&%%/%')!

/2$'X&!'*:!-#(9(A2'$#-#%#$7ChEuExEwh!Z(W&6&)E! $?&)&!')&!0&6&)'%! 9(*3%#9$#*+! )&0/%$0!:/&! $(! $?&! %'9X!(3!

9(*0#0$&*97!)&0/%$#*+!3)(A!:#33&)&*9&0!#*!$?&!&N2&)#A&*$'%!2)($(9(%0!/0&:C!I()&(6&)E!:#33&)&*$!$72&0!

(3!,."0!W#$?!:#33&)&*$!X#*:0!(3! 3/*9$#(*'%#g'$#(*!')&!-&#*+! $&0$&:E!W?#9?!A'X&0! $?&!9(A2')#0(*!(3!

$?&!)&0/%$0!&6&*!A()&!:#33#9/%$C!"?&)&3()&E! $?&!*&&:!(3!9(*$)(%%#*+!'%%! $?&0&!2')'A&$&)0! #*!():&)!$(!

/*:&)0$'*:! $?&! )&0/%$#*+! -&?'6#()! (3! $?&! 3/*9$#(*'%#g&:! 9(A2%&N&0! ?'0! '$$)'9$&:! A(0$! (3! $?&!

'$$&*$#(*! #*! $?&! )&9&*$! 7&')0C! 80! '! )&0/%$E! $?#0! 3#)0$! 2')$! (3! $?&! 9?'2$&)! '#A0! $(! :&6&%(2! '! ,."!

0?()$&*#*+! A&$?(:! $(! (-$'#*! 0?()$! ,."0! P0J,."0Q! W#$?! '! )&:/9&:! %&*+$?! -/$! A'#*$'#*#*+! $?&!

A&9?'*#9'%!2)(2&)$#&0!0/9?!'0!)#+#:#$7q3%&N#-#%#$7!3)(A!$?&!()#+#*'%%7!2/)9?'0&:!,."0C!

<*! $?&! )&9&*$! 7&')0E! 0(A&! (N#:'$#(*! $)&'$A&*$0! ?'6&! -&9(A&! &33#9#&*$! A&'*0! (3! 9)&'$#*+! 0?()$!

,."0C[uE[wErhErw! "?&! 0?()$&*#*+! (3! ,."0! -7! 9?&A#9'%! (N#:'$#(*! 0$')$0! W#$?! $?&! (N#:'$#6&! '$$'9X! (3!

'%)&':7!&N#0$#*+!'9$#6&!0#$&0E!0/9?!'0!0#:&W'%%!:&3&9$0!X*(W*!'0!>$(*&Jf'%&0!:&3&9$0!P)#*+0!A':&!/2!

(3!w!$(!t!9')-(*Q!'*:!$?&!%&00!&*&)+&$#9'%%7!0$'-%&!&*:!9'20!(3!&'9?!#*:#6#:/'%!,."C!80!'!9(*$#*/'$#(*!

$(!$?#0!(N#:'$#(*!2)(9&00E! $?&!9(*0/A2$#(*!(3! $?&!+)'2?&*&!0#:&W'%%!')(/*:!$?&!6'9'*97!:&3&9$!()!

*'*($/-&!&*:!#*:/9&0!$?&!'9$/'%!0?()$&*#*+!(3!$?&!*'*($/-&C!>(A&!0$/:#&0!0/++&0$!$?'$!$?&!/0&!(3!

0$)(*+!(N#:'$#6&!'9#:0! %&':0! $(! $?&!+&*&)'$#(*!(3!A()&!:&3&9$0!(*! $?&!,."! 0$)/9$/)&! $?'$!?&%20! $(!

(-$'#*!0?()$&)!,."0C[wErw!Z(W&6&)E! $?&!&A2%(7A&*$!(3! $?&0&!'++)&00#6&! )&'+&*$0!A'7!:)'A'$#9'%%7!

'33&9$! $?&#)! 0$)/9$/)'%! #*$&+)#$7C!"?&)&3()&E!(3! 02&9#'%! #*$&)&0$! #0! $(!:&6&%(2!'!0?()$&*#*+!2)(9&:/)&!

$?'$! &N2(0&0! $?&! ,."0! $(! )'$?&)!A#%:! 9(*:#$#(*0! #*! ():&)! $(! )&:/9&! $?&! *&+'$#6&! #A2'9$! (*! $?&#)!

9?&A#9'%!'*:!2?70#9'%!#*$)#*0#9!2)(2&)$#&0C!<*!$?#0!9(*$&N$E!#$!#0!&02&9#'%%7!#*$&)&0$#*+!$(!&6'%/'$&!'*:!

9(*$)(%!$?&!&33&9$!(3!$?&!9/$$#*+!A&$?(:(%(+7!(*!$?&!,."!A()2?(%(+7C!

"B4?;?]/4?56(5C(4I2(+I5=426?6:(A=502..(56(=#1$.(

"?&!9/$$#*+!'22)('9?!3(%%(W&:!#*!$?#0!0$/:7!W'0!-'0&:!(*!'!9(A-#*'$#(*!(3!$?&!2)&6#(/0!W()X!:(*&!

-7!8#$9?#0(*!25%6<"!Pr\\tQ!'*:!^#&+%&)!'*:!9(%%&'+/&0!Pr\\wQC[uE[w!<*!$?&!3#)0$!(*&E!,."0!W&)&!$)&'$&:!

W#$?! '! YI*bu! 0(%/$#(*! W?&)&'0! $?&! 0&9(*:! /0&:! '! 2#)'*?'! (N#:'$#(*! $)&'$A&*$C! 4#6&*! $?&! A#%:!



"'#%()#*+!,')-(*!.'*($/-&0!1)(2&)$#&0!3()!4&*&!5&%#6&)7!822%#9'$#(*0!

 [hs!

(N#:'$#(*! 9(*:#$#(*0! $?'$! $?&! 3()A&)! '22)('9?! &*$'#%&:E! ,."0! W&)&! #*9/-'$&:! W#$?! $?&! YI*bu!

0(%/$#(*! P\Cr!IQ! 3()! r\! ?! P0J,."0QC! b*! $?&! ($?&)! ?'*:E! $?&! 2#)'*?'! 0(%/$#(*! Pu|[! 6q6! Zr>bu|ZrbrQ!

#*6(%6&:!'!A()&!'++)&00#6&!(N#:'$#(*!$?'$!9'/0&:!$?&!)&:/9$#(*!(3!$?&!$)&'$A&*$!$#A&!P[!?!'*:!s!?!

3()! $?&! 2[J,."0! '*:! 2sJ,."0E! )&02&9$#6&%7QC! "?&! 0'A&! $72&! (3! ,."0! P),."0Q! /0&:! #*! $?&! 2)&6#(/0!

9?'2$&)! P,?'2$&)! <<<Q!W'0!&A2%(7&:!3()! $?&0&!$)&'$A&*$0!'*:!$?&!)&0/%$#*+!0?()$&)!),."0! P0J),."0Q!

W&)&!9?')'9$&)#g&:!-7!Z;"@I!'*:!9(A2')&:!$(!*'p6&!),."0!Pe#+/)&!uC[QC!

!!

e#+/)&!uC[C!>?()$&*#*+!2)(9&:/)&!&6'%/'$#(*!(3!),."0!-7!Z;"@IC!<A'+&0!(3!$?&!P8Q!'0!2/)9?'0&:!),."0E!PBQ!

$)&'$&:!W#$?!YI*bu!0(%/$#(*!\Cr!I!3()!r\!?!P0J),."0QE!'*:!'3$&)!$?&!#*9/-'$#(*!W#$?!$?&!2#)'*?'!0(%/$#(*!Pu|[!

6q6!Zr>bu|ZrbrQ!3()!P,Q![!?!P2[J),."0Q!'*:!P5Q!s!?!P2sJ),."0QC!

Z;"@I!#A'+&0!#*!e#+/)&!uC[!0?(W!$?'$!$?&!h!$)&'$A&*$0!9'))#&:!(/$!#*!$?#0!W()X!%&:!$(!0?()$&)!,."0C!

e)(A!$?&0&! #A'+&0! P'*:!($?&)0!*($! 0?(W*QE! $?&! )&0/%$#*+! %&*+$?!(3! $?&!,."0!'3$&)!&'9?! $)&'$A&*$!

W'0! :&$&)A#*&:C! "?&)&3()&E! -&$W&&*! [\! '*:! r\! #*:#6#:/'%! ,."0! ')&! A&'0/)&:E! 9(*3#)A#*+! '!

0#+*#3#9'*$! %&*+$?! )&:/9$#(*! '3$&)! (N#:'$#(*! Pe#+/)&! uCrQC! "?&! (-$'#*&:! )&0/%$0! 0/++&0$! $?'$! '%%!

$)&'$A&*$0!)&:/9&:!$?&!),."! %&*+$?!-7!?'%3o!&6&*! #$!W'0!:&9)&'0&:!')(/*:!s\è!W?&*!$?&!2#)'*?'!

0(%/$#(*!W'0!/0&:C!8!?#+?!2(%7:#02&)0#$7!W'0!'%0(!(-0&)6&:!(*!'%%!$72&0!(3!,."0E!2)(-'-%7!:/&!$(!$?&!

!"#

!$#

!%#

&"#

&$#

&%#

'"#

'$#

("#

($#

'%# )%#

"#*+# "#*+# "#*+# "#*+#

$,,#-+# $,,#-+# $,,#-+# $,,#-+#

.,#-+# .,#-+# .,#-+# .,#-+#



,?'2$&)!<k!~!@33&9$!(3!$?&!1?70#9(9?&A#9'%!1)(2&)$#&0!(3!$?&!,."0!#*!B#(%(+#9'%!822%#9'$#(*0!

 [ht!

9(A-#*'$#(*!(3!$W(!3'9$()0C!"?&!3#)0$!(*&E!'0!'%)&':7!9(AA&*$&:!#*!,?'2$&)!<<<E!#0!-'0#9'%%7!'0!'!)&0/%$!

(3! $?&! %'9X! (3! 9(*$)(%! :/)#*+! $?&! ),."! 07*$?&0#0E! %&':#*+! $(! $?&! 2)(:/9$#(*! (3! :#33&)&*$%7J0#g&:!

*'*($/-&0C!>&9(*:%7E!$?&!3'9$!$?'$!$?&!0'A&!9/$$#*+!2)(9&:/)&!9'**($!-&!+/')'*$&&:!3()!'%%!),."0!

2)&0&*$! #*!$?&!0(%/$#(*!'++)'6'$&0!$?&!:#33&)&*$!0?()$&*#*+!:&+)&&!(-0&)6&:C!80!0$'$&:!-&3()&E! #$! #0!

X*(W*!$?'$!$?&!),."!(N#:'$#(*! #0! #*#$#'$&:!(*!$?&!A(0$!&*&)+&$#9!2(#*$0!'%(*+!$?&#)!0/)3'9&E!W?#9?!

')&! /0/'%%7! 9&*$&)&:!(*! $?&! $#20! '*:!(*! $?&#)! 0$)/9$/)'%! :&3&9$0! P>$(*&!f'%&0QC[uE[wE[tE[xErhEwuEww! >#*9&!

*&#$?&)!(3!$?&0&!$W(!2')'A&$&)0!9'*!-&!9(*$)(%%&:!#*!$?&!,."!2)(:/9$#(*E!$?&!&33&9$!(3!$?&!(N#:#g#*+!

'+&*$!#0!?'):%7!3()&0&&'-%&C!!

!

e#+/)&!uCrC!86&)'+&!%&*+$?!PzAQ!(3!'%%!0?()$&*&:!),."0C!;&0/%$0!9(A2')&:!$(!$?&!*'p6&!),."0C!

>?()$&)!,."0!W&)&! 0/99&003/%%7!(-$'#*&:!'*:! $?&!A()2?(%(+7!(3! $?&!(N#:#g&:! ),."!W'0! 0$/:#&:! #*!

:&$'#%C!B7!9')&3/%%7! %((X#*+!'$!$?&!"@I!#A'+&0!(*!$?&!3#)0$!)(W!(3!e#+/)&!uC[!Pe#+/)&!uC[J[QE!0'A2%&0!

$)&'$&:! W#$?! 2#)'*?'! 0(%/$#(*! 3()! s! ?! P2sJ),."0E! e#+/)&! uC[5[Q! 2)&0&*$&:! '! %')+&! 'A(/*$! (3!

2)($/-&)'*9&0!'%(*+!$?&!,."!0/)3'9&C!"?&0&!#))&+/%')#$#&0!W&)&!*($!(-0&)6&:!(*!$?&!($?&)!0'A2%&0E!

-($?!(N#:#g&:!'*:!/*$)&'$&:! Pe#+/)&!uC[8[E!B[!'*:!,[QC! "?#0!(-0&)6'$#(*!W'0! 9(*3#)A&:!(*! 9%(0&)!

&N'A#*'$#(*! P0&9(*:! )(W! (3! e#+/)&! uC[E! e#+/)&! uC[JrQC! >2&9#3#9'%%7E! $?#0! 2?&*(A&*(*! W'0! *($!

(-0&)6&:!3()!$?&!$)&'$&:!),."0!W#$?!$?&!0'A&!(N#:#g#*+!'+&*$!-/$! 3()!'!0?()$&)!$#A&!(3! #*9/-'$#(*!

P2[J),."0E!e#+/)&!uC[,rQC!"?&)&3()&E!$?&!:&3()A'$#(*!(3!$?&!,."!0/)3'9&!A#+?$!-&!:#)&9$%7!)&%'$&:!$(!

$?&!%(*+!:/)'$#(*!(3!$?&!$)&'$A&*$!W#$?!'*!&N9&00#6&%7!'++)&00#6&!(N#:#g#*+!0(%/$#(*!0/9?!'0!2#)'*?'C!

<*!$?#0!?(0$#%&!&*6#)(*A&*$E!$?&!9')-(*!(3!$?&!),."0!'*:!$?&!2#)'*?'!0(%/$#(*!)&'9$!9'/0#*+!'*!&N9&00!

(3! 9')-(*!:#(N#:&! P,brQ!+'0!2)(:/9$#(*C!"?#0!+'0!-/--%&0!-&9(A&0! $)'22&:!(*! $?&! ),."!0$)/9$/)&E!

3()A#*+! $?&! #))&+/%')#$#&0! (-0&)6&:C[u! Z&*9&E! $?&! 0?()$&*#*+! 2)(9&:/)&! #*! $?&0&! 9(*:#$#(*0! W'0!

:#0A#00&:!:/&!$(!$?&!?#+?!'%$&)'$#(*!$?'$!$?#0!$)&'$A&*$!9'/0&:!$(!$?&!),."!0$)/9$/)&C!

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

rCNT s-rCNT p1-rCNT p6-rCNT
0

2

4

6

8

Le
ng

ht
 (µ

m
)



"'#%()#*+!,')-(*!.'*($/-&0!1)(2&)$#&0!3()!4&*&!5&%#6&)7!822%#9'$#(*0!

 [hv!

,(*9/))&*$%7E! W?&*! %((X#*+! '$! $?&! ),."0! #*!A()&! :&$'#%! P$?#):! )(W! (3! e#+/)&! uC[E! e#+/)&! uC[JhQE! #$!

9(/%:!-&!0&&*!$?'$!W?'$&6&)!9/$$#*+!'22)('9?!W'0!'22%#&:!$(! $?&!),."0E! $?&!(N#:'$#(*!9'/0&:!$?&!

(2&*#*+!(3!$?&#)!&*:!$#20C!4#6&*!$?&#)!9/)6'$/)&!'*:!:/&!$(!$?&!%#X&%7!2)&0&*9&!(3!)#*+0!3()A&:!-7!w!

'$(A0! (3! 9')-(*E! $?&7! ')&! &*&)+&$#9'%%7! %&00! 0$'-%&! '*:! $?/0! &'0#%7! )&'9$!W#$?! '*7! (N#:#g#*+! '+&*$!

2)&0&*$C[uE[xEwuEwsEwt!Z(W&6&)E!$?&!)&0/%$#*+!),."!&*:0!'3$&)!$?&!2#)'*?'!$)&'$A&*$!Pe#+/)&!uC[,h!'*:!

5hQ!&N?#-#$&:!'!A()&!:&+)':&:!'*:!%&00!?(A(+&*&(/0!9/$!W?&*!9(A2')&:!$(!$?&!0J),."0!(-$'#*&:!

-7! YI*bu! Pe#+/)&! uC[BhQC! <*! $?#0! %'0$! 9'0&E! P0J),."0Q! $?&! A()2?(%(+7! (3! $?&! $)&'$&:! $#20! W'0!

A#*#A'%%7!'%$&)&:!'*:!$?&!0$)/9$/)'%!#*$&+)#$7!0&&A&:!$(!-&!A'#*$'#*&:E!%((X#*+!0#A#%')!$(!$?&!*'p6&!

),."! 9'20! Pe#+/)&! uC[8hQC! 8::#$#(*'%%7E! e#+/)&! uC[Br! 9(*3#)A&:! $?'$! $?&! YI*bu! 0(%/$#(*E! :&02#$&!

-&#*+!'!%&00!'++)&00#6&!$)&'$A&*$!9(A2')#*+!$(!$?&!2#)'*?'!(N#:'$#(*!P&6&*!3()![!?E!0?(W*!#*!e#+/)&!

uC[,hQE! W'0! *($! (*%7! '-%&! $(! 9/$! $?&! ),."0! 3)(A! $?&! &*:0! -/$! '%0(! 3)(A! 02&9#3#9! 2(#*$0! (3! $?&!

0#:&W'%%C!

B&0#:&0! $?&! A()2?(%(+#9! 9?'*+&! 0/33&)&:! '3$&)! 9/$$#*+E! $?&! 9?&A#9'%! A(:#3#9'$#(*! (3! $?&! $)&'$&:!

),."0!W'0!:&$&)A#*&:!-7!@5>!'*:!9(A2')&:!$(!$?&!*'p6&!),."0!Pe#+/)&!uChQC!!

!

e#+/)&!uChC!@5>!(3!$?&!0?()$&*&:!),."0C!;&0/%$0!(3!$?&!Z;"@IJ'*'%7g&:!0'A2%&0o!P8Q!*'p6&!),."0E!'*:!(N#:#g&:!

),."0!-7!PBQ!YI*bu!)&'+&*$!'*:!-7!2#)'*?'!0(%/$#(*!3()!P,Q![!?!'*:!P5Q!s!?C!

"?&! )&%'$#6&! '$(A#9! 2&)9&*$'+&! W'0! '%0(! 9'%9/%'$&:! P"'-%&! uCrQC! "?#0! &%&A&*$'%! 9?&A#9'%! '*'%70#0!

&6#:&*9&:! '*! #*9)&'0&! (3! (N7+&*! 9(*$&*$! (*! $?&! $)&'$&:! 0'A2%&0C! "?&! 6')#'$#(*! (-0&)6&:! W'0!

A(:&)'$&!3()!$?&!0J),."0!'*:!2[J),."0E!W?&)&'0!#$!W'0!A()&!0#+*#3#9'*$!3()!$?&!2sJ),."0C!<*!($?&)!

!" #" $" %"



,?'2$&)!<k!~!@33&9$!(3!$?&!1?70#9(9?&A#9'%!1)(2&)$#&0!(3!$?&!,."0!#*!B#(%(+#9'%!822%#9'$#(*0!

 [hx!

W():0E! $?&! (N#:'$#(*! :&+)&&! (3! $?&! $)&'$&:! ),."0! #0! %#X&%7! $(! -&! #*! '99():'*9&! W#$?! $?&!

'++)&00#6&*&00!(3!$?&!0?()$&*#*+!A&$?(:!'22%#&:C!

"'-%&!uCrC!;&%'$#6&!'$(A#9!2&)9&*$'+&0!(3!$?&!&%&A&*$0!3(/*:!#*!$?&!"@IJ#A'+&:!0'A2%&0C!

+/;B82(,!( i#( i"( i#<!

=#1$(

.-=#1$(

BM-=#1$(

BU-=#1$!

xrCxw!
xhCwu!
vtCxt!
sxChw!

uCs[!
uCvw!
uCxr!
rrCwv!

rCh[!
[Ct\!
tC[[!
vC\t!

!

Z;"@I!9?')'9$&)#g'$#(*!'%%(W&:!$?&!'*'%70#0!(3!$?&!&33&9$!(3!&'9?!(N#:#g#*+!$)&'$A&*$!)&+'):#*+!$?&!

3#*'%! ),."0! 0$)/9$/)&E!A()2?(%(+7! '*:! 9?&A#0$)7C! 80! '! )&0/%$E! $?&! ),."0! 0?()$&*&:!-7! $?&! YI*bu!

0(%/$#(*! P0J),."0Q! 0?(W&:! '! ?#+?&)! )&$&*$#(*! (3! $?&! #*#$#'%! 2?70#9'%! 2)(2&)$#&0! '*:! $?&! 0$)/9$/)'%!

#*$&+)#$7!(3!$?&!*'p6&!),."0C!4#6&*!$?&!3'9$!$?'$!#$!#0!'!%&00!'++)&00#6&!(N#:'$#(*!)&'+&*$!'*:!$?'$!$?&!

$)&'$A&*$!)&K/#)&0!'!%(*+&)!2&)#(:!(3!$#A&E!#$!%&':0!$(!'!A'i()!9(*$)(%!(3!$?&!9/$$#*+!2)(9&00C!

+I5=426?6:(5C($I?6(/69(J82H?@82(#1$.(bC#1$.c(

"?&!/*K/&0$#(*'-%&!#A2()$'*9&!(3!$?&!2?70#9'%!2)(2&)$#&0!(3!$?&!,."0!&A2%(7&:!'0!'!:&%#6&)7!6&9$()!

#*!$&)A0!(3!9&%%!/2$'X&!?'0!'%)&':7!-&&*!:#09/00&:C[ErEuEw!80!#$!?'0!-&&*!0$'$&:E!#$!#0!(3!02&9#'%!#*$&)&0$!

$?&!#*3%/&*9&!$?'$!$?&!:#'A&$&)!'*:!$?/0!$?&!)#+#:#$7!(3!$?&!,."0!?'0!#*!$?&!#*$&)*'%#g'$#(*!2)(9&00C[h!

Z&*9&E! '! $?#**&)! $72&! (3! ,."!W'0! 0$/:#&:! #*! $?#0! W()X! P')(/*:! [w! *AQE! W?#9?! )&0/%$0! #*! '!A()&!

3%&N#-%&! $72&!(3!,."C!"?&0&! 3%&N#-%&!,."0! P3,."0Q!')&![! $(!w!zA! %(*+C!8!9/$$#*+!2)($(9(%! $(!'9?#&6&!

0?()$&)!3,."0!W#$?!$?&!0'A&!2?70#9'%!2)(2&)$#&0!W'0!':'2$&:!3)(A!$?&!(*&!(2$#A#g&:!3()!$?&!),."0C!

>#*9&!$?&!3,."0!')&!$?#**&)!$?'*!),."0E!$?&#)!)(-/0$*&00!A'7!-&!%(W&)!'*:!$?/0!$?&!'++)&00#6&*&00!

(3! $?&! &*6#)(*A&*$! $?'$! $?&7! ')&! '-%&! $(! ?'*:%&! #0! 2)(-'-%7!A(:&0$C[w! <*! $?#0! 9(*$&N$E! 0#+*#3#9'*$!

0#:&W'%%! :'A'+&! '*:! 0/)3'9&! &$9?#*+! #0! %#X&%7! $(! (99/)! $(! $?&! *'*($/-&0! W#$?! 0A'%%&)! :#'A&$&)C!

Z&*9&E! $?&! 0?()$&*#*+!A&$?(:! &A2%(7#*+! $?&! YI*bu! 0(%/$#(*! W'0! '22%#&:! $(! $?&! 3,."0! '*:! $?&!

)&0/%$#*+! 0?()$! 3,."0! P0J3,."0Q! W&)&! '%0(! $)'9X&:! -7! Z;"@I! Pe#+/)&! uCuQC! <$! #0! *($#9&:! $?'$! 3,."0!

0?(W&:!%&00!9(*$)'0$!9(A2')&:!$(!$?&!),."0!:/&!$(!$?&!%(W&)!'A(/*$!(3!+)'2?&*&!%'7&)0!$?'$!A'X&!

$?&A!/2E!W?#9?!#0!'9$/'%%7!$?&!9'/0&!(3!$?&#)!%(W&)!:#'A&$&)!'*:E!'99():#*+%7E!$?&#)!3%&N#-%&!-&?'6#()C!

8::#$#(*'%%7E!#$!0?(/%:!'%0(!-&!)&A')X&:!?(W!$?&!3,."0!W&)&!A()&!2)(*&!$(!-&*:!$?'*!$?&!),."0C!



"'#%()#*+!,')-(*!.'*($/-&0!1)(2&)$#&0!3()!4&*&!5&%#6&)7!822%#9'$#(*0!

 [u\!

!

e#+/)&!uCuC!Z;"@I!#A'+&0!(3!$?&!P8Q!*'p6&!3,."0!'*:!PBQ!$?&!0J3,."0E!$?&#)!0?()$&*&:!6&)0#(*C!

e#+/)&! uCu! &N?#-#$0! $?'$! 3,."0! W&)&! 0/99&003/%%7! 9/$! )&0/%$#*+! #*! 0?()$&)! 3,."0! P0J3,."0QE! W#$?(/$!

'%$&)#*+!$?&!0$)/9$/)'%!#*$&+)#$7!(3!$?&!*'p6&!3,."0C!I&'0/)#*+!$?&!%&*+$?!(3![\Jr\!#*:#6#:/'%!0J3,."0E!

'! )&:/9$#(*! (3! '22)(N#A'$&%7! s\è! W'0! '9?#&6&:! Pe#+/)&! uCwQC! "?&)&3()&E! 3,."0! :&9)&'0&:! 3)(A!

')(/*:!h!zA!$(!*&')%7![!zA!P0J3,."0Q!(*!'6&)'+&C!8+'#*E!%')+&!&))()!-')0!W&)&!(-$'#*&:!:/&!$(!$?&!

?#+?!2(%7:#02&)0#$7!'0!'!9(*0&K/&*9&!(3!$?&!6')#'$#(*!(3!0#g&0!3(/*:!#*!$?&!()#+#*'%!3,."0!9(A-#*&:!

W#$?! $?&!:#33&)&*$! 9/$$#*+!:&+)&&0! $?'$! $?#0! '22)('9?!&*$'#%0C! "?&)&3()&E! $?&! %&*+$?!(3! $?&! 0J3,."0!

6')#&:!3)(A!r\\!*A!$(!u!zAE!W?&)&'0!$?&!/*$)&'$&:!3,."0!A&'0/)&:!-&$W&&*![!'*:!w!zAC!

!

e#+/)&!uCwC!I&'*!(3!$?&!%&*+$?0!(3!$?&!*'p6&!3,."0!'*:!0J3,."0C!k'%/&0!A&'0/)&:!/0#*+!$?&!Z;"@I!#A'+&0C!!

80!:(*&!3()!$?&!),."0E!@5>!'*'%70#0!'%%(W&:!$?&!:&$&)A#*'$#(*!(3!$?&!9?&A#9'%!9(A2(0#$#(*!(3!$?&!

$)&'$&:! '*:! -')&! 3,."0C! ;&0/%$0! ')&! 0?(W*! #*! e#+/)&! uCs! '*:! )&%'$#6&! '$(A#9! 2&)9&*$'+&0! (3! $?&!

&%&A&*$0!3(/*:!#*!$?&!0'A2%&0!')&!0/AA')#g&:!(*!"'-%&!uChC!

!"# !$# !%#

&"# &$# &%#

'((#)*# $(#)*# '#)*#

'((#)*# $(#)*# '#)*#

fCNT s-fCNT
0

1

2

3

4

5

Le
ng

ht
 (µ

m
)

!"#$#%%&#



,?'2$&)!<k!~!@33&9$!(3!$?&!1?70#9(9?&A#9'%!1)(2&)$#&0!(3!$?&!,."0!#*!B#(%(+#9'%!822%#9'$#(*0!

 [u[!

!

e#+/)&!uCsC!@5>!(3!$?&!3%&N#-%&!,."0!-&3()&!'*:!'3$&)!0?()$&*#*+C!8*'%70#0!(3!P8Q!*'p6&!3,."0!'*:!PBQ!9/$!0J3,."0!

#A'+&:!-7!Z;"@IC!

B7! 3(9/0#*+! (*! $?&! &%&A&*$0! 2)&0&*$! (*! $?&! *'p6&! 3,."0! P"'-%&! uChQE! 0(A&! :#33&)&*9&0! 3)(A! $?&!

),."0! 9(/%:! -&! '22)&9#'$&:C! >2&9#3#9'%%7E! 0(A&! &%&A&*$0! *($! :&$&9$&:! (*! $?&! ),."0!W&)&! #*:&&:!

3(/*:! (*! $?&! 3%&N#-%&! $/-&0! P>#E! >E! e&QC! "?&0&! $72&0! (3! #A2/)#$7! ')&! $72#9'%%7! )&0#:/&0! 3)(A! $?&!

2)(:/9$#(*!'*:!2/)#3#9'$#(*!2)(9&:/)&0!(3!$?&!3,."0C!f?&*!3,."0!W&)&!$)&'$&:!W#$?!YI*bu!*($!(*%7!

$?&! *'*($/-&! %&*+$?! W'0! :&9)&'0&:! -/$! '%0(! $?&! 2)&0&*9&! (3! #A2/)#$#&0! W'0! A#*#A#g&:C!

<*$&)&0$#*+%7E! :#33&)&*$! )&0&')9?&)0! 9(*3#)A! $?'$! $?&0&! #A2/)#$#&0E! &02&9#'%%7! 9'$'%70$! A&$'%!

9(*$'A#*'*$0! #*$)(:/9&:! :/)#*+! $?&#)! 07*$?&0#0! '*:! 2/)#3#9'$#(*E! ')&! (*&! (3! $?&! X&7! 3'9$()0! $?'$!

#*:/9&!$(N#9#$7CrEhE[vEwv!!

"'-%&!uChC!;&%'$#6&!'$(A#9!2&)9&*$'+&0!(3!$?&!3,."0!'*:!0J3,."0!'*'%7g&:!-7!Z;"@I!

+/;B82(,!( i#( i"( i+?( i+( iJ2( i#<! i#8( ij(

C#1$(

.-C#1$!
xtCtr!
xwCtt!

\Cst!
rCh[!

\Crx!
\C\v!

\C\x!
\C\t!

\Cht!
\C\h!

\Cvt!
[Cwt!

J!
\C[t!

J!
\C\w!

!

Z&*9&E!)&0/%$0!(*!"'-%&!uCh!:&A(*0$)'$&!$?'$!(-$'#*#*+!0?()$!*'*($/-&0!-7!'*!(N#:#g#*+!$)&'$A&*$!

W#$?! YI*bu! %&':0! $(! $?&! )&:/9$#(*! '*:! '%A(0$! $($'%! &%#A#*'$#(*! (3! '%%! $?&! )&0#:/&0! 3(/*:! (*! $?&!

()#+#*'%!3,."0C!

!" #"



"'#%()#*+!,')-(*!.'*($/-&0!1)(2&)$#&0!3()!4&*&!5&%#6&)7!822%#9'$#(*0!

 [ur!

QFOFPF !?.B2=.?@?8?4>(5C(4I2(!?CC2=264(#1$.(

80! #$! ?'0! -&&*! #*$)(:/9&:! #*! ,?'2$&)! <E! W?#%&! ,."! %&*+$?! '*:! A&$'%! #A2/)#$#&0! 2)&0&*$! (*! $?&!

2/)9?'0&:!2(W:&)!A'7!?'6&!'!)&A')X'-%&!&33&9$!(*!$(N#9#$7!#00/&0E!$?&!:&+)&&!(3!:#02&)0#(*!#0!'%0(!'!

9)/9#'%!2')'A&$&)!$(!-&!$'X&*!#*$(!'99(/*$C[Jh!I()&(6&)E!$?#0!3'9$()!9(/%:!'%0(!A'X&!'!:#33&)&*9&!#*!

$?&! #*$&)'9$#(*! (3! $?&! ,."0!W#$?! 9&%%0! #*! $&)A0! (3! 9&%%/%')! #*$&)*'%#g'$#(*E! 0#*9&! $?&! '++%(A&)'$&:!

0$'$&! ?'0! '! :#)&9$! #A2'9$! (*! $?&! 3#*'%! 0?'2&! '*:! 0/)3'9&! ')&'! (3! $?&! ,."0CxE[\! "?&)&3()&E! 02&9#'%!

'$$&*$#(*!*&&:0! $(!-&!2'#:! #*! $?&#)!2)(2&)! 0(%/-#%#g'$#(*!(3!,."0! #3! #*:#6#:/'%!'*:!?#+?%7!:#02&)0&:!

$/-&0!')&!:&0#)&:C!

<$! ?'0! '%)&':7! -&&*! 9(AA&*$&:! $?'$! 2)#0$#*&! ,."0! %'9X! '22)(2)#'$&! 3/*9$#(*'%! +)(/20! $(! &*'-%&!

9(6'%&*$! -#*:#*+! (3! -#(9(A2'$#-%&! +)(/20! #*! ():&)! $(! A'X&! ,."0! 9(A2'$#-%&! W#$?! $?&! -#(%(+#9'%!

A#%#&/C! "?&)&3()&E! $?&! 0/)3'9&! (3! $?&! ,."0! )&K/#)&0! A(:#3#9'$#(*! -7! :#33&)&*$! 9?&A#9'%! 07*$?&$#9!

A&$?(:0E!-7!9(6'%&*$!()!*(*J9(6'%&*$!3/*9$#(*'%#g'$#(*E!$(!+&*&)'$&!'22)(2)#'$&!3/*9$#(*'%!+)(/20E!

&*'-%#*+! 9(6'%&*$! '$$'9?A&*$! ()! 2?70#9'%! ':0()2$#(*! (3! 0/#$'-%&! 0(%/-#%#g#*+E! -#('9$#6&E! ()!

-#(9(A2'$#-%&!A(#&$#&0C!

<*! $?#0! W()XE! :#02&)0#(*! 0$/:#&0! W&)&! 9'))#&:! (/$! -&3()&! '*:! '3$&)! $?&! 3/*9$#(*'%#g'$#(*! (3! $?&!

:#33&)&*$! $72&0! (3! ,."0! P)#+#:! '*:! 3%&N#-%&Q! '*:! $?&#)! 0?()$&*&:! 6&)0#(*0C! b*! $?&! (*&! ?'*:E!

:#02&)0#-#%#$7! (3! 2288JA(:#3#&:! ,."0! -7! 1@,k5!W'0! 0$/:#&:E! +#6&*! $?&! &33&9$#6&*&00! (3! $?&! ),."J

2288! $(!-#*:!24e1!'0!:&A(*0$)'$&:! #*! $?&!2)&6#(/0! 9?'2$&)! P,?'2$&)! <<<QC!b*! $?&!($?&)E! :#33&)&*$!

:#02&)0#(*!A&$?(:(%(+#&0!3(%%(W#*+!$?&!*(*J9(6'%&*$!3/*9$#(*'%#g'$#(*!2)#*9#2%&!W&)&!9'))#&:!(/$C!"(!

:(! 0(E! '! 9'$#(*#9! 0/)3'9$'*$E! $?&! 9&$7%$)#A&$?7%'AA(*#/A! -)(A#:&! P,"8BQE! '! 07*$?&$#9! 2(%7A&)!

:&0#+*&:! -7! (/)! +)(/2! P4@I8"QE! $?&! 1(%7�.PrJ?7:)(N72)(27%QA&$?'9)7%'A#:&! P2Z1I8QE! '*:!

2)($&#*0!2)&0&*$!#*!$?&!?/A'*!0&)/A!PZ>Q!W&)&!&A2%(7&:C!

#I/=/042=?]/4?56(5C(4I2(J<604?56/8?]29(#1$.(

"?&! $W(! $72&0! (3! ,."0! W#$?! :#33&)&*$! 2?70#9'%! 2)(2&)$#&0! P),."0! '*:! 3,."0Q! '*:! $?&#)! 0?()$&*&:!

6&)0#(*0! P0J),."0! '*:! 0J3,."0Q! W&)&! 3/*9$#(*'%#g&:! W#$?! '! 6')#&$7! (3! 9('$#*+0C! ^&$'! 2($&*$#'%!

A&'0/)&A&*$0!(3!$?&!)&0/%$#*+!,."0!9(*3#)A&:!#$0!2)(2&)!3/*9$#(*'%#g'$#(*!Pe#+/)&!uCtQC!

.'p6&! ,."0! #*! W'$&)! 0?(W&:! *&+'$#6&! 9?')+&E! 02&9#'%%7! $?&! 0?()$&*&:! (*&0! :/&! $(! $?&! (N#:'$#(*!

2)(9&00!0/33&)&:E!W?#9?!9'/0&:!$?&!3()A'$#(*!(3!?7:)(N7%E!9')-(*7%!'*:!&02&9#'%%7!9')-(N7%!+)(/20!

(*! $?&! 0#:&W'%%0! '*:E!2)&:(A#*'*$%7E!(*! $?&! $#20!(3!,."0CruEwx! "?&!,"8BJ0$'-#%#g&:!,."0!2)&0&*$&:!

2(0#$#6&!g&$'!2($&*$#'%E!'0!'!)&0/%$!(3!#*:#6#:/'%!*'*($/-&0!-&#*+!9(6&)&:!-7!0/)3'9$'*$!A(%&9/%&0C!8!



,?'2$&)!<k!~!@33&9$!(3!$?&!1?70#9(9?&A#9'%!1)(2&)$#&0!(3!$?&!,."0!#*!B#(%(+#9'%!822%#9'$#(*0!

 [uh!

2(0#$#6&%7! 9?')+&:! 0/)3'9&! W'0! '%0(! A&'0/)&:! 3()! $?&! 2288JA(:#3#&:! 2')$#9%&0E! &6#:&*9#*+! $?&!

2)($(*'$#(*!(3!$?&!'A#*&0!'$!2Z!wE!'0!:&A(*0$)'$&:!#*!,?'2$&)! <<<C!"?&!:(A#*'*9&!(3!$?&!*&+'$#6&!

02&9#&0!(*!$?&!Z>!%&:!$(!'!*&+'$#6&%7!9?')+&:!,."!0/)3'9&!9('$&:!W#$?!$?&!0&)/A!2)($&#*0C!.&/$)'%!

9?')+&!W'0!(-$'#*&:!3()!$?&!),."0!'*:!0J),."0!9('$&:!W#$?!2Z1I8E!9(*3#)A#*+!$?&!':?&0#(*!(3!$?#0!

*(*J9?')+&:! 2(%7A&)! (*! $?&! *'*($/-&! 0/)3'9&C! Z(W&6&)E! $?&! 07*$?&$#9! 2(%7A&)! W'0! *($! '-%&! $(!

W)'2! $?&! 3%&N#-%&! ,."0C! >/9?! 2?&*(A&*(*! #0! 2(00#-%7! 9'/0&:! -7! $?&! %')+&! '*:! )#+#:! 9?(%&0$&)(%!

+)(/20!(3!$?&!2Z1I8E!W?#9?!')&!*($!'-%&!$(!'99&00!$?&!$'*+%&:!,."!0/)3'9&!:/&!$(!0$&)#9!?#*:)'*9&C!

! !

e#+/)&!uCtC!^&$'!2($&*$#'%!(3!$?&!,."0!W#$?!:#33&)&*$!3/*9$#(*'%#$#&0C!;&0/%$0!(3!$?&!$W(!$72&0!(3!,."0!P)#+#:!'*:!

3%&N#-%&Q!'*:!$?&#)!0?()$&*&:!6&)0#(*0!'3$&)!-&#*+!3/*9$#(*'%#g&:!W#$?!,"8BE!2Z1I8E!Z>!'*:!2288C!

5j>! A&'0/)&A&*$0! (3! $?&! 9('$&:J,."0! 9(A2')&:! $(! $?&! *'p6&! (*&0! '%%(W&:! '! K/'%#$'$#6&!

:&$&)A#*'$#(*!(3!$?&!:#02&)0#(*!:&+)&&!Pe#+/)&!uCvQE!'0!9(AA&*$&:!#*!,?'2$&)!<<<Crv!!

! !

e#+/)&!uCvC!Z7:)(:7*'A#9!:#'A&$&)!(3!$?&!,."0!W#$?!:#33&)&*$!3/*9$#(*'%#$#&0C!Uc!A&'0/)&:!-7!5j>!(3!,."0!

P),."0E!0J),."0E!3,."0!'*:!0J3,."0Q!'3$&)!-&#*+!3/*9$#(*'%#g&:!-7!,"8BE!2Z1I8E!Z>!'*:!2288C!

Naïve CNT CTAB pHPMA HS ppAA-20

-10

0

10

20

30

40 rCNT
s-rCNT
fCNT
s-fCNT

Ze
ta

 P
ot

en
tia

l (
m

V)

Naïve CNT CTAB pHPMA HS ppAA
0

500

1000

1500

2000
rCNT
s-rCNT
fCNT
s-fCNT

H
yd

ro
dy

na
m

ic
 D

ia
m

et
er

 (n
m

)



"'#%()#*+!,')-(*!.'*($/-&0!1)(2&)$#&0!3()!4&*&!5&%#6&)7!822%#9'$#(*0!

 [uu!

<3!$?&!9(*9&*$)'$#(*!(3!,."0!#*!$?&!0'A2%&0!#0!A'#*$'#*&:!9(*0$'*$E!$?&!2)&0&*9&!(3!%')+&!2')$#9%&0!#*!

0(%/$#(*! 0/++&0$0! '! %'9X!(3! :#02&)0#(*!(3! $?&!,."0!:/&! $(! $?&!/*0/99&003/%!:&-/*:%#*+!(3! $?&!,."!

'++)&+'$&0C! <*! ($?&)! W():0E! '$! 0'A&! 9(*9&*$)'$#(*E! $?&! 0A'%%&)! $?&! 2')$#9%&! 0#g&! 3(/*:! #*! $?&!

9())&02(*:#*+!:#02&)0'*$!'+&*$E!$?&!-&$$&)!:#02&)0#(*!:&+)&&!#0!'9?#&6&:C!B7!%((X#*+!'$!$?&!(-$'#*&:!

)&0/%$0E!,"8BJ9('$&:!,."0!0?(W&:!'!?#+?&)!:#02&)0#(*!:&+)&&!3()!'%%!9'0&0C!.&6&)$?&%&00E!#*!+&*&)'%!

$&)A0E! '%%! $72&! (3! 3/*9$#(*'%#g'$#(*! %&:! $(! '! ?#+?&)! :#02&)0#-#%#$7! (3! $?&! ,."0E! #*! &N9&2$#(*! (3! $?&!

2Z1I8!9('$#*+!(*!$?&!3,."0!'*:!0J3,."0C!e%&N#-%&!,."0!W&)&!*($!:#02&)0&:!W#$?!2Z1I8E!'0!$?&!g&$'!

2($&*$#'%!A&'0/)&A&*$0! 0/++&0$&:E! 0#*9&! $?&! )&0/%$#*+! :#02&)0#(*! ?':! $?&! 0'A&! 0#g&! '0! $?&! *'p6&!

2')$#9%&0!#*!W'$&)C!

+4/@?8?4>(5C(4I2(!?.B2=.?56(5E2=($?;2(

.($!(*%7!$?&!'9?#&6&A&*$!(3!0/#$'-%&!:#02&)0#(*!)'$&0!(3!$?&!,."0!/0#*+!:#3&)&*$!3/*9$#(*'%#$#&0E!-/$!

'%0(! $?&!0$'-#%#g'$#(*!(3! $?&! #*:#6#:/'%!,."0! #*! 0(%/$#(*!(6&)! $#A&! #0!'*! #A2()$'*$!2')'A&$&)! $(!-&!

0$/:#&:C! >(%/$#(*0! (3! 3/*9$#(*'%#g&:! ,."0! P[! A+qAjQ! W&)&! 2)&2')&:! '*:! '3$&)! 0(*#9'$#(*! #*! '*!

/%$)'0(*#9!-'$?!3()!r!?E!$?&!-&?'6#()!(3!$?&!:#02&)0#(*0!W'0!'*'%7g&:!#*!:&$'#%!Pe#+/)&!uCx!'*:!Pe#+/)&!

uC[\QC!!

e#+/)&! uCx! 0?(W0! A(:&0$! :#33&)&*9&0! -&$W&&*! $?&! $?#9X! ),."0! '*:! #$0! 9/$! 6&)0#(*E! W?&)&'0!

)&A')X'-%&!9?'*+&0!')&!*($#9&:!(*! $?&! 3%&N#-%&!(*&0C!I()&(6&)E! 0J3,."0! 0?(W&:!'!-&$$&)! 0$'-#%#$7!

$?'*!0J),."0C!"?&!0?()$&*#*+!$)&'$A&*$!A'7!?'6&!9'/0&:!'!?#+?&)!(N#:'$#(*!:&+)&&!(*!$?&!$?#**&)!

*'*($/-&0!:/&! $(! $?&#)! %(W&)! )&0#0$'*9&!9(A2')&:! $(! $?&! $?#9X&)!(*&0E! 3'6()#*+! #$0! 0$'-#%#g'$#(*! #*!

W'$&)C!<*!+&*&)'%!$&)A0E!-($?!)#+#:!,."0!&N?#-#$&:!'!-&$$&)!:#02&)0#(*!:&+)&&!$?'*!$?&!(-0&)6&:!3()!

$?&!3,."0E!'$! %&'0$!:/)#*+!$?&!3#)0$!?(/)!'3$&)!0(*#9'$#(*C!"?&0&!(-0&)6'$#(*0!W&)&!9(*3#)A&:!W?&*!

$?&! 9(*9&*$)'$#(*! (3! $?&! 3/*9$#(*'%#g&:! ,."0! $?'$! )&A'#*&:! #*! 0(%/$#(*! W'0!A&'0/)&:! -7! ckJk#0!

02&9$)(09(27E!'3$&)!%&'6#*+!$?&!:#02&)0#(*!0&$$%#*+!:(W*!3()!h\!A#*E![!?E!r!?E![s!?!'*:!ru!?!'$!)((A!

$&A2&)'$/)&! Pe#+/)&!uC[\QC! <*!+&*&)'%E! ),."0!'*:! $?&#)! 0?()$&*&:!6&)0#(*! P0J),."0Q! 0?(W&:!0#A#%')!

0$'-#%#$7! (6&)! $#A&E! W?&)&'0! $?&! 3,."0! :#02&)0#-#%#$7! 0#+*#3#9'*$%7! :#33&)&:! 3)(A! $?&! 0J3,."0C! "?&!

3()A&)!W'0!A()&!2)(*&! $(! 0&$$%&! $?'*! $?&#)! 0?()$&*&:! 6&)0#(*E!W?#9?! &N?#-#$&:!?#+?&)! 0$'-#%#$7! #*!

0(%/$#(*C!!

,"8BJ9('$&:!,."0!W&)&!'-%&!$(!)&A'#*!#*!0(%/$#(*!3()!%(*+&)!$#A&0!$?'*!($?&)!0/)3'9&!A(:#3#9'$#(*0!

3()!-($?!),."0!'*:!0J),."0!Pe#+/)&!uC[\E!-%/&!%#*&o!8!'*:!BE!)&02&9$#6&%7QC!j(W&)!0$'-#%#$7!(3!$?&!($?&)!

9('$#*+0! P2Z1I8E!Z>!'*:!2288o! )&:E!+)&&*!'*:!2/)2%&! %#*&0E! )&02&9$#6&%7Q!W'0!(-0&)6&:! 3()! $?&!0J

),."0!9(A2')&:!$(!$?&!),."0C!!



,?'2$&)!<k!~!@33&9$!(3!$?&!1?70#9(9?&A#9'%!1)(2&)$#&0!(3!$?&!,."0!#*!B#(%(+#9'%!822%#9'$#(*0!

 [uw!

!

e#+/)&!uCxC!5#02&)0#-#%#$7!(3!,."0!W#$?!:#33&)&*$!3/*9$#(*'%#$#&0C!k#'%0!9())&02(*:#*+!$(!P8Q!*'p6&!,."0!#*!I#%%#J=!

W'$&)!'*:!3/*9$#(*'%#g&:!W#$?!PBQ!,"8BE!P,Q!2Z1I8E!P5Q!Z>!'*:!P@Q!2288C!P[Q!83$&)!0(*#9'$#(*E!PrQ!'3$&)![!?!'$!

)((A!$&A2&)'$/)&!'*:!PhQ!'3$&)!ru!?C!8%%!,."0!W&)&!'*'%7g&:!P),."0E!0J),."0E!3,."0!'*:!0J3,."0QC!

!

e#+/)&!uC[\C!,(*9&*$)'$#(*!(3!3/*9$#(*'%#g&:J,."0!)&A'#*#*+!#*!0(%/$#(*!(6&)!$#A&C!5'$'!(-$'#*&:!3()!P8Q!

),."0E!PBQ!0J),."0E!P,Q!3,."0!'*:!P5Q!0J3,."0C!

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

)+%

),%

-*%

-+%

-,%

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

"+%

",%

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

.*%

.+%

.,%

/*%

/+%

/,%

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

0 5 10 15 20 25
0

200

400

600

800

1000 CNT
CNT-CTAB
CNT-pHPMA
CNT-HS
CNT-PAA

time (h)

[C
N

T]
 in

 s
ol

ut
io

n 
(µ

g/
m

L)

!" #"

0 5 10 15 20 25
0

200

400

600

800

1000 CNT
CNT-CTAB
CNT-pHPMA
CNT-HS
CNT-PAA

time (h)

[C
N

T]
 in

 s
ol

ut
io

n 
(µ

g/
m

L)

0 5 10 15 20 25
0

200

400

600

800

1000 CNT
CNT-CTAB
CNT-pHPMA
CNT-HS
CNT-PAA

time (h)

[C
N

T]
 in

 s
ol

ut
io

n 
(µ

g/
m

L)

$" %"
0 5 10 15 20 25

0

200

400

600

800

1000 CNT
CNT-CTAB
CNT-pHPMA
CNT-HS
CNT-PAA

time (h)

[C
N

T]
 in

 s
ol

ut
io

n 
(µ

g/
m

L)

Naïve CNT
CTAB
pHPMA
HS
ppAA



"'#%()#*+!,')-(*!.'*($/-&0!1)(2&)$#&0!3()!4&*&!5&%#6&)7!822%#9'$#(*0!

 [us!

e#)0$%7E!'%$?(/+?!$?#0!%(00!(3!?7:)(2?(-#9#$7!:(&0!*($!'33&9$!$?&!'-0()2$#(*!(3!$?&!,"8BE!#$!A'7!?'6&!

-&&*!&*(/+?!$(!:&9)&'0&!$?&!2Z1I8!W)'22#*+!:/&!$(!#$0!%')+&)!?7:)(2?(-#9!+)(/2C!>&9(*:%7E!'0!#$!

?'0!-&&*!&N$&*0#6&%7!:#09/00&:!#*!,?'2$&)!<<E!3&W&)!'A(/*$0!(3!2)($&#*0!3)(A!$?&!Z>!')&!3'6()&:!$(!

'$$'9?! (*! '9$#6'$&:! '*:! A(:&)'$&%7! ?7:)(2?#%#9! 0/)3'9&0E! W?&)&'0! ?#+?&)! ':0()2$#(*! 9'*! -&!

'9?#&6&:! (*! ?7:)(2?(-#9! 0/)3'9&0Cs\Es[! "?/0E! 0J),."0! ')&! 2)(*&! $(! #AA(-#%#g&! %(W&)! 'A(/*$! (3!

2)($&#*0E! 0?(W#*+! '! A(:&0$! 0$'-#%#$7! #*! 0(%/$#(*! W?&*! 9(A2')&:! $(! ),."0C! Z(W&6&)E! $?&!

#AA(-#%#g'$#(*!#0!&*(/+?!$(!:#02&)0&!$?&!0J),."0!#*!1?BC!<$!#0!X*(W*!$?'$E!'%$?(/+?!(N#:#g&:!,."0!')&!

0(%/-%&! #*! 'K/&(/0! 0(%/$#(*0! S23% 42E! $?&7! A'7! '++)&+'$&! #*! $?&! 2)&0&*9&! (3! 0'%$0! '*:! ($?&)!

9(A2(*&*$0! 3(/*:! #*! -#(%(+#9'%! 3%/#:0E! '*:! $?/0! A'7! *($! -&! /0&:! :#)&9$%7! 3()! A(0$! -#(%(+#9'%!

'22%#9'$#(*0Csr!80!'!)&0/%$E!'*7!)&A'#*#*+!(N#:#g&:!+)(/20!(*!$?&!2288J9('$&:!0J),."0!A'7!9'/0&!$?&!

:&9)&'0&!(3!$?&!3#*'%!:#02&)0#-#%#$7!(-0&)6&:!#*!2)&0&*9&!(3!'9&$'$&!-/33&)!'$!2Z!wC!

b*!$?&!($?&)!?'*:E!0#+*#3#9'*$!:#33&)&*9&0!W&)&!(-0&)6&:!-&$W&&*!$?&!/*$)&'$&:!3%&N#-%&!,."0!'*:!

$?&#)!0?()$&*&:!6&)0#(*!Pe#+/)&!uC[\,!'*:!e#+/)&!uC[\5E!)&02&9$#6&%7QC! 3,."0!W&)&!-')&%7!:#02&)0&:!

W#$?! '*7! (3! $?&! 0$'-#%#g#*+! '+&*$0! '3$&)! [! ?! (3! 0(*#9'$#(*E! W?&)&'0! W&%%J0$'-%&:! :#02&)0#(*0! W&)&!

(-$'#*&:!W#$?!$?&!3/*9$#(*'%#g&:!0J3,."0C!"?&!$'*+%&:!-&?'6#()!(3!$?#0!$?#*!'*:!3%&N#-%&!$72&!(3!,."0!

#*!W'$&)! 2)(-'-%7! 9(A2%#9'$&0! $?&! 2)(2&)! 3/*9$#(*'%#g'$#(*! #*! 0(%/$#(*C! B7! 9(*$)'0$E! $?&! #A2)(6&:!

:#02&)0#(*! $?'$! $?#0! X#*:! (3! ,."0! &N?#-#$&:! '3$&)! $?&! (N#:'$#(*! $)&'$A&*$! '%%(W&:! '! 0/2&)#()!

3/*9$#(*'%#g'$#(*! '*:! $?/0! 3'9#%#$'$&:! '! %(*+&)! 0$'-#%#g'$#(*C! "?&! ?#+?! ?7:)(2?#%#9#$7! (3! $?&! 0J3,."!

0/)3'9&! :/&! $(! $?&! 2)&0&*9&! (3! '! +)&'$&)! 'A(/*$! (3! '9$#6&! +)(/20! '3$&)! 9/$$#*+! W'0! '%)&':7!

:&A(*0$)'$&:!-7! g&$'!2($&*$#'%! Pe#+/)&!uCtQC! "?&0&! )&0/%$0!W&)&! 9(*3#)A&:!-7! %((X#*+!'$! $?&!W&%%J

:#02&)0&:!0(%/$#(*!(-$'#*&:!#*!W'$&)!Pe#+/)&!uCx8QE!W?#9?!)&0/%$&:!#*!'!?#+?%7!0$'-%&!:#02&)0#(*!(6&)!

$#A&!Pe#+/)&!uC[\,E!-%'9X!%#*&QC!"?&!?7:)(2?#%#9#$7!(-$'#*&:!3()!$?&0&!0J3,."0!W'0!0#+*#3#9'*$%7!?#+?&)!

$?'*! $?&!(-0&)6&:! 3()! $?&! 0J),."0! Pe#+/)&!uC[\BE!-%'9X! %#*&QC!80!'! )&0/%$E! $?&!&N9&00!(3!'9$#6&! 0#$&0!

A'7!9'/0&! $?&! #AA(-#%#g'$#(*!(3!+)&'$&)!'A(/*$0!(3!2)($&#*0!'*:! $?/0! #*9)&'0&0! $?&!:#02&)0#-#%#$7!

'*:!0$'-#%#$7!(3!$?&!9(A2%&N!#*!1?B!Pe#+/)&!uC[\,E!+)&&*!%#*&QC!b*!$?&!9(*$)')7E!$?&!2288J9('$#*+!W'0!

*($! &*(/+?! $(! 0$'-#%#g&! $?&!(N#:#g&:! 0J3,."0! #*! '9&$'$&! -/33&)! '*:! '++)&+'$&0!W&)&! 3()A&:! 3'0$&)!

$?'*!W#$?(/$!$?&!:&2(0#$&:!$?#*!3#%A!#*!W'$&)!Pe#+/)&!uC[\,E!-%'9X!%#*&QC!I()&(6&)E!-&9'/0&!$?&!2288!

:&2(0#$#(*!-7!1@,k5!9(*0#0$0!#*!'!:)7!2)(9&00E!$?&!#A2)(6&:!:#02&)0#-#%#$7!(3!$?&!(N#:#g&:!0J3,."0!#*!

W'$&)!%'9X!(3!#A2()$'*9&!'*:!$?/0!'!0#A#%')!-&?'6#()!'0!$?&!3,."0!W'0!(-0&)6&:C!.($&!$?'$!0J3,."0!

0/22(0&:%7! 9('$&:!W#$?!2Z1I8!2)&0&*$&:! $?&! 0'A&! 0$'-#%#$7! '0! $?&!*(*J3/*9$#(*'%#g&:! 0J3,."0! #*!

W'$&)E!9(*3#)A#*+!$?'$!$?&!07*$?&$#9!2(%7A&)!W'0!*($!'-%&!$(!0/99&003/%%7!W)'2!$?&!*'*($/-&!0/)3'9&!

Pe#+/)&!uC[\,o!-%'9X!%#*&!'*:!)&:!%#*&E!)&02&9$#6&%7QC!



,?'2$&)!<k!~!@33&9$!(3!$?&!1?70#9(9?&A#9'%!1)(2&)$#&0!(3!$?&!,."0!#*!B#(%(+#9'%!822%#9'$#(*0!

 [ut!

e#+/)&!uC[[!2)&0&*$0!$?&!2&)9&*$'+&!(3!#*:#6#:/'%!,."!)&A'#*#*+!#*!0(%/$#(*!'3$&)![!?!(3!0(*#9'$#(*E!

W?&)&! $?&! (-0&)6'$#(*0! :#09/00&:! '-(6&! 9'*! -&! 9(*3#)A&:C! "?#0! 0$/:7! 9())(-()'$&0! $?'$! 6')#(/0!

$72&0! (3! 9('$#*+0! 9(/%:! 3'9#%#$'$&! ,."! :#02&)0#(*! '*:! '%0(! :&A(*0$)'$&0! ?(W! $?&! 2?70#9(9?&A#9'%!

2)(2&)$#&0!(3!&'9?!$72&!(3!,."!')&!&K/'%%7!#A2()$'*$!#*!$?&!'9?#&6&A&*$!(3!W&%%J:#02&)0&:!0(%/$#(*0C!

"?&! -&?'6#()! (3! $?&0&! 070$&A0! #*! 0(%/$#(*! W(/%:! '%0(! ?'6&! '! :#)&9$! #A2'9$! #*! $?&! 97$($(N#9#$7!

(-0&)6&:!W?&*!/0&:!#*!-#(%(+#9'%!'22%#9'$#(*0C!

!

e#+/)&!uC[[C!1&)9&*$'+&!(3!,."0!:#02&)0&:!#*!0(%/$#(*!'3$&)![!?!(3!0(*#9'$#(*C!5'$'!(-$'#*&:!3()!),."0E!0J),."0E!

3,."0!'*:!0J3,."0E!*(*JA(:#3#&:!'*:!3/*9$#(*'%#g&:!W#$?!,"8BE!2Z1I8E!Z>!'*:!2288C!

QFOFOF *CC204( 5C( 4I2( #1$( +4=<04<=2( /69( +<=C/02( S59?C?0/4?56( 56( #288<8/=(

G?/@?8?4>(

80! '%)&':7! 9(AA&*$&:E! '! %($! (3! 9(*3/0#*+! '*:! 9(*$)':#9$()7! )&2()$0! ?'6&! -&&*! 2/-%#0?&:! #*! $?&!

)&9&*$! 7&')0! )&+'):#*+! $(N#9#$7! #00/&0! W?&*! &A2%(7#*+! ,."0! 0/% 1019% ()% 0/% 10539C! 8A(*+! $?&0&!

#*9(*0#0$&*9#&0E! 0(A&! ')&! :&)#6&:! 3)(A! $?&! 2)($(9(%! 3(%%(W&:! 0/9?! '0! $?&! 9(*9&*$)'$#(*! (3! ,."0!

/0&:!'*:!$?&!#*9/-'$#(*!$#A&0!&N2%()&:C!b$?&)0!')&!9'/0&:!-7!$?&!2?70#9(9?&A#9'%!2)(2&)$#&0!(3!$?&!

,."0!'%)&':7!:#09/00&:E!W?#9?!#*9%/:&!%&*+$?E!:&3&9$0!'*:!#A2/)#$#&0!2)&0&*$!'*:!:#02&)0#(*!:&+)&&C!

,(*0&K/&*$%7E!$?&0&!3'9$()0!$?'$!A'7!?'6&!'!:#)&9$!&33&9$!(*!$?&!)&0/%$#*+!97$($(N#9#$7!(3!$?&!,."0!

W&)&!'00&00&:C!

&..2..;264(5C(4I2(*CC204(5C(4I2(+?]2d(,60<@/4?56($?;2(/69(#1$(#560264=/4?56(

B($?! $72&0! (3! ,."0! P),."0! '*:! 3,."0Q! '*:! $?&#)! 0?()$&*&:! 6&)0#(*0! P0J),."0! '*:! 0J3,."0QE! W&)&!

:#02&)0&:! #*! 5I@I! 9(*$'#*#*+! eB>E! W?#9?! #0! X*(W*! $(! :#02&)0&! ,."0! 0#A#%')%7! '0! Z>! :#:! #*! $?&!

2)&6#(/0!0&9$#(*Crv!>/-0&K/&*$%7E![\!z+qAj!,."!0(%/$#(*0!W&)&!#*9/-'$&:!#*$(!h"h!9&%%0!3()!h!?E!ru!?E!

Naïve CNT CTAB pHPMA HS ppAA
0

20

40

60

80

100

rCNT
s-rCNT
fCNT
s-fCNT

C
N

T 
in

 s
ol

ut
io

n 
(%

)



"'#%()#*+!,')-(*!.'*($/-&0!1)(2&)$#&0!3()!4&*&!5&%#6&)7!822%#9'$#(*0!

 [uv!

uv!?!'*:!tr!?E!'*:!9&%%!6#'-#%#$7!'3$&)!tr!?!W'0!A&'0/)&:!-7!$?&!I">!)&'+&*$!2)($(9(%!Pe#+/)&!uC[rQC!

c*$)&'$&:! ),."0! &N?#-#$&:! $?&! 0'A&! 9&%%! 6#'-#%#$7! 2)(3#%&! '0! $?&#)! 0?()$&*&:! 6&)0#(*! P0J),."0QC! 80!

0&&*! #*! $?&! 2)&6#(/0! 0&9$#(*E! '%$?(/+?! $?&7! :#33&)! #*! %&*+$?E! -($?! ?'6&! 0#A#%')! 2?70#9(9?&A#9'%!

2)(2&)$#&0!'*:!:#02&)0#-#%#$7!-&?'6#()E!'*:!'0!'!)&0/%$E!0#A#%')!97$($(N#9#$7C!

!

e#+/)&!uC[rC!,&%%!6#'-#%#$7!(3!,."0!P),."0E!0J),."0E!3,."0!'*:!0J3,."0Q!#*!3/*9$#(*!(3!$?&!#*9/-'$#(*!$#A&C!

I#9)(09(2&! #A'+&0! #*! e#+/)&! uC[h! 0/++&0$! $?'$! $?&! )#+#:#$7! (3! $?&! $?#9X&)! ,."0! '%%(W&:! '! -&$$&)!

:#02&)0#(*!W#$?#*! $?&! 9&%%!A&:#/A! $?'*! $?&! 3%&N#-%&! ,."0! '*:! $?/0! '! ?#+?&)! 'A(/*$! (3! #*:#6#:/'%!

),."0!'*:!0J),."0!9(/%:!-&!3(/*:C! <$!?'0!-&&*!(-0&)6&:!$?'$! 3,."0!')&!A()&!2)(*&!$(!$'*+%&!'*:!

3()A! %')+&)! '++)&+'$&0E! W?#9?! A'7! #*:/9&! '*! #*9)&'0&! (3! 97$($(N#9#$7! Pe#+/)&! uC[h,! '*:! 5QC! "?#0!

:&9)&'0&! #*! 9&%%! 6#'-#%#$7! W'0! &02&9#'%%7! :&$&9$&:! '$! ?#+?&)! #*9/-'$#(*! $#A&0C! 0J3,."0! 0?(W&:! '!

0/2&)#()!9&%%!6#'-#%#$7!3()!%')+&)!#*9/-'$#(*!2&)#(:0!$?'*!$?&!3,."0E!2)(-'-%7!:/&!$(!$?&!3'9$!$?'$!%&00!

#A2/)#$#&0!W&)&!2)&0&*$!(*!$?&!(N#:#g&:!*'*($/-&0E!'0!2)&6#(/0%7!:&A(*0$)'$&:C!!

!

e#+/)&!uC[hC!I#9)(09(2&!#A'+&!Pr\NQ!(3!h"h!9&%%0!#*9/-'$&:!W#$?!,."0C!<A'+&0!$'X&*!'3$&)!ru!?!#*9/-'$#(*!(3![\!

z+qAj!P8Q!),."0E!PBQ!0J),."0E!P,Q!3,."0!'*:!P5Q!0J3,."0C!

0 10 20 30 40 50 60 70
0

20

40

60

80

100

120

140
rCNT
s-rCNT
fCNT
s-fCNT

incubation time (h)

C
el

l V
ia

bi
lit

y 
(%

)

!"

#"$"

%"
!""#$%#



,?'2$&)!<k!~!@33&9$!(3!$?&!1?70#9(9?&A#9'%!1)(2&)$#&0!(3!$?&!,."0!#*!B#(%(+#9'%!822%#9'$#(*0!

 [ux!

8!0#A#%')!$&*:&*97!W'0!(-0&)6&:!W?&*!0$/:7#*+!$?&!&33&9$!(3!$?&!9(*9&*$)'$#(*!(3!,."0!/0&:!Pe#+/)&!

uC[uQC!,&%%!6#'-#%#$7!)&A'#*&:!2)'9$#9'%%7!/*'%$&)&:!3()!-($?!)#+#:!,."0C!b*%7!'$!?#+?!9(*9&*$)'$#(*!(3!

),."0! Ph\!z+qAjQ! #*9/-'$&:! 3()! ru!?! Pe#+/)&!uC[uBQ! $?&! 6#'-#%#$7! :&9)&'0&:! #*! '22)(N#A'$&%7![\èE!

W?&)&'0! 9&%%0! $)&'$&:! W#$?! 0J),."0! 0?(W&:! 3/%%! 6#'-#%#$7C! >/9?! 2?&*(A&*(*! A'7! -&! 2)(-'-%7!

&N2%'#*&:! :/&! $(! 0%#+?$! :#33&)&*9&0! #*! :#02&)0#-#%#$7! '$! ?#+?! ,."! 9(*9&*$)'$#(*0C! "?#0! ?72($?&0#0! #0!

)&#*3()9&:!-7!$?&!3'9$!$?'$!0J3,."0!&N?#-#$&:!0/2&)#()!9&%%!6#'-#%#$7!$?'*!3,."0!'$!%(W!9(*9&*$)'$#(*0!

Pu!z+qAj!'*:![\!z+qAjQE!'0!#$!W'0!&N2&9$&:C!

!

e#+/)&!uC[uC!,&%%!6#'-#%#$7!(3!$?&!,."0!'$!:#33&)&*$!9(*9&*$)'$#(*C!k'%/&0!A&'0/)&:!'3$&)!#*9/-'$#(*!#*!h"h!9&%%0!

'$!P8Q!h!?!()!PBQ!ru!?C!

&6/8>.?.(5C(4I2(,6C8<2602(5C(4I2(#1$(#I2;?0/8(J<604?56/8?]/4?56(

"?&! 9?&A#9'%! *'$/)&! (3! $?&! 9('$#*+! (*! $?&! ,."! 0/)3'9&! #0! (3! 6#$'%! #A2()$'*9&! $(! 9#)9/A6&*$!

:#02&)0#-#%#$7! #00/&0E! '0! :&A(*0$)'$&:! -&3()&E! '*:! $?&)&3()&!W(/%:! '%0(! ?'0! '! :#)&9$! &33&9$! (*! $?&!

97$($(N#9#$7!(3!$?&0&!6&9$()0C!"(!#*6&0$#+'$&!#$0!#*3%/&*9&E!u!z+qAj!(3!:#33&)&*$%7!3/*9$#(*'%#g&:!,."0!

W&)&!#*9/-'$&:!#*!h"h!9&%%0!3()!uv!?!'*:!$?&!9&%%!6#'-#%#$7!W'0!A&'0/)&:!'3$&)!$?#0!$#A&!Pe#+/)&!uC[wQC!

<$! #0! X*(W*! $?'$!*(*J9(6'%&*$! 3/*9$#(*'%#g'$#(*!'22)('9?&0! 9(*0#0$! #*!'!:7*'A#9! #*$&)'9$#(*!(3! $?&!

0$'-#%#g#*+!'+&*$!'*:!$?&!,."!0/)3'9&E!W?#9?!#*6(%6&0!'!9(*0$'*$!&N9?'*+&!(3!$?&!0/)3'9&!%#+'*:!W#$?!

$?&!0/))(/*:#*+!A&:#'Ch[EhsEht!"(!:#09&)*!$?&!'9$/'%!97$($(N#9#$7!(3!$?&!*(*J9(6'%&*$!3/*9$#(*'%#g'$#(*!

'+&*$!P,"8BE!2Z1I8!'*:!Z>Q!3()A!$?&!3#*'%!9('$&:J,."0E!$?&!3#)0$!0/2&)*'$'*$!&N$)'9$&:!3)(A!$?&!

W'0?#*+0!(3!$?&!,."0!W'0!'%0(!'*'%7g&:C!!

e#+/)&! uC[w! &N?#-#$0! $?&! ?#+?! 9&%%! 6#'-#%#$7! '9?#&6&:! 3()! '%%! $72&0! (3! Z>J9('$&:! ,."0! P,."JZ>QE!

2)(-'-%7!:/&!$(!$?&!%(W!$(N#9#$7!'%0(!(-0&)6&:!3()!$?&!Z>!0/2&)*'$'*$C!

0 10 20 30
0

20

40

60

80

100

120

140
rCNT
s-rCNT
fCNT
s-fCNT

[CNT] (µg/mL)

C
el

l V
ia

bi
lit

y 
(%

)

0 10 20 30
0

20

40

60

80

100

120

140
rCNT
s-rCNT
fCNT
s-fCNT

[CNT] (µg/mL)

C
el

l V
ia

bi
lit

y 
(%

)

!" #



"'#%()#*+!,')-(*!.'*($/-&0!1)(2&)$#&0!3()!4&*&!5&%#6&)7!822%#9'$#(*0!

 [w\!

!

e#+/)&!uC[wC!,7$($(N#9#$7!(3!,."0!W#$?!:#33&)&*$!3/*9$#(*'%#$#&0C!5'$'!(-$'#*&:!'3$&)!uv!?!(3!#*9/-'$#(*!(3!),."0E!

0J),."0E!3,."0!'*:!0J3,."0!9('$&:!W#$?!,"8BE!2Z1I8E!Z>!'*:!2288!Pu!z+qAjQC!

<A'+&0!#*!e#+/)&!uC[s!0?(W!$?&!3()A'$#(*!(3!'++)&+'$&0E!&02&9#'%%7!3()!$?&!0J3,."JZ>!Pe#+/)&!uC[s@QC!

"?#0! )&0/%$! #0! #*9(*0#0$&*$! W#$?! $?&! #*3&))&:! 3)(A! $?&! :#02&)0#-#%#$7! '00'7! :&09)#-&:! #*! 0&9$#(*! \!

Pe#+/)&!uC[\E!2/)2%&! %#*&0QE!W?&)&! $?&0&!9(A2%&N&0!0?(W&:!'*!'99&2$'-%&!0$'-#%#$7! #*! 0(%/$#(*!(6&)!

$#A&C!Z(W&6&)E!$?&!2)&0&*9&!(3!($?&)!9(A2(*&*$0!#*!$?&!9&%%!9/%$/)&!A&:#/A!A'7!?'6&!'33&9$&:!$?&!

:#02&)0#6&!2)(2&)$#&0!2)&6#(/0%7!(-0&)6&:Crv! <$! #0! X*(W*! $?'$! 2')$#9%&0! #*$&)'9$!W#$?!2)($&#*0!W?&*!

#*$)(:/9&:! #*$(! '! -#(%(+#9'%! A&:#'! A'X#*+! /2! $?&! 2)($&#*! 9()(*'E! W?#9?! &N?#-#$0! '! ?#+?! 2'7%(':!

9'2'9#$7E! '0! W#%%! -&! :&&2%7! '*'%7g&:! #*! ,?'2$&)! kCuh! <*! $?#0! )&+'):E! $?&! %(W! 97$($(N#9#$7! (-0&)6&:!

W?&*!2)($&#*!9()(*'0!')&!3()A&:!')(/*:!,."0!+#6&!)#0&!$(!'!2($&*$#'%!A(:#3#9'$#(*!'22)('9?!3()!$?&!

3()A'$#(*!(3!+&*&!6&9$()0Csh!

!

e#+/)&!uC[sC!I#9)(09(2&!#A'+&0!(3!,."JZ>!#*!9&%%0C!h"h!9&%%0!#*9/-'$&:!3()!uv!?!#*!0/22%&A&*$&:!5I@I!P8Q!

3)&&!(3!,."0E!PBQ!W#$?!$?&!0/2&)*'$'*$!P9(*$'#*#*+!3)&&!Z>Q!(3!$?&!W'0?&:!,."0E!'*:!#*9/-'$&:!W#$?!u!z+qAj!(3!

P,Q!),."JZ>E!P5Q!0J),."JZ>E!P@Q!3,."JZ>!'*:!PeQ!0J3,."JZ>C!

CTAB pHPMA HS ppAA
0

20

40

60

80

100

rCNT
s-rCNT
fCNT
s-fCNT
Supernatant

C
el

l V
ia

bi
lit

y 
(%

)

!"

#"

$"

%"

&"

'"

!""#$%#



,?'2$&)!<k!~!@33&9$!(3!$?&!1?70#9(9?&A#9'%!1)(2&)$#&0!(3!$?&!,."0!#*!B#(%(+#9'%!822%#9'$#(*0!

 [w[!

b*!$?&!9(*$)')7E!W?&*!,"8B!W'0!/0&:E!9&%%!6#'-#%#$7!W'0!)&:/9&:!$(!v\è!3()!$?&!0J),."0E!$(!*&')%7!

w\è!3()!$?&!),."0!'*:!3,."0E!'*:!$(!r\è!3()!$?&!0J3,."0!Pe#+/)&!uC[wQC!"?&0&!)&0/%$0!')&!9(*0#0$&*$!

W#$?! 2)&6#(/0! (-0&)6'$#(*0! A':&! -7! ($?&)0CsuJss! "?&! 97$($(N#9#$7! (3! 0J3,."J,"8B! 9(A2%&N&0! W'0!

'%A(0$!'0!?#+?!'0!$?&!(-0&)6&:!3()!$?&!,"8B!&N$)'9$&:!3)(A!$?&!0/2&)*'$'*$C!"?#0!9(/%:!-&!:/&!$(!

$?&! 3'9$! $?'$! $?&!,"8B!':0()-&:!(*! $?&! 0J3,."0! #0!W&'X%7!-(/*:!(*! $?&!*'*($/-&! 0/)3'9&!:/&! #$0!

?#+?!?7:)(2?#%#9#$7!'*:!$?/0! #0!2)(*&!$(!-&!&'0#%7!:&$'9?&:!3)(A!$?&!0/)3'9&!W?&*! #*$)(:/9&:! #*$(!

$?&!-#(%(+#9'%!A&:#/AC!80!'!)&0/%$E!$?&!/*-(/*:!,"8B!A(%&9/%&0!9'/0&!$?&!0?')2!:&9)&'0&!(3!$?&!9&%%!

6#'-#%#$7!(-0&)6&:E!'0!(99/)0!3()!$?&!0/2&)*'$'*$!9(*$'#*#*+!'%0(!3)&&!,"8BCst!e#+/)&!uC[t!0?(W0!$?&!

:&9)&'0&!#*!$?&!*/A-&)!(3!?&'%$?7!9&%%0!#*$(!$?&!,"8B!9(*$'#*#*+!W&%%0E!&02&9#'%%7!3()!$?&!$W(!9'0&0!

:#09/00&:! -&3()&E! 0J3,."J,"8B! '*:! $?&! ,"8B! 0/2&)*'$'*$! Pe#+/)&! uC[tB! '*:! eE! )&02&9$#6&%7QC! "?&!

'++)&+'$&0!(-0&)6&:!3()!$?&!),."J,"8B!'*:!3,."J,"8B!#A'+&0!Pe#+/)&!uC[t,!'*:!@E!)&02&9$#6&%7Q!')&!

%#X&%7! $(!-&! $?&! 9'/0&!(3! $?&!:&9)&'0&! #*! $?&! 9&%%! 6#'-#%#$7C! "?&!2(0#$#6&%7! 9?')+&:! 0/)3'9&!(3! $?&0&!

9(A2%&N&0!3'9#%#$'$&0!$?&!-#*:#*+!(3!$?&!*&+'$#6&!02&9#&0! %#X&!2)($&#*0!2)&0&*$! #*!$?&!0&)/A!A&:#'E!

9'/0#*+!$?&!3()A'$#(*!(3!$?&!9%/0$&)0!(-0&)6&:C!b*!$?&!($?&)!?'*:E!0J),."J,"8B!&N?#-#$&:!'!-&$$&)!

:&+)&&! (3! :#02&)0#(*C! >/9?! (-0&)6'$#(*! 9(/%:! -&! :/&! $(! $?&! 0%#+?$! ?7:)(2?#%#9#$7! 9'/0&:! -7! $?&!

(N#:'$#(*!2)(9&00E!W?#9?!2)&6&*$&:!$?&!0/)3'9&!3)(A!$?&!-#*:#*+!(3!%')+&!'A(/*$0!(3!,"8B!%#+'*:0C!

Pe#+/)&!uC[\BE!-%/&!%#*&0QC!

!

e#+/)&!uC[tC!I#9)(09(2&!#A'+&0!(3!,."J,"8B!#*!9&%%0C!h"h!9&%%0!#*9/-'$&:!3()!uv!?!#*!0/22%&A&*$&:!5I@I!P8Q!

3)&&!(3!,."0E!PBQ!W#$?!$?&!0/2&)*'$'*$!P9(*$'#*#*+!3)&&!,"8BQ!(3!$?&!W'0?&:!,."0E!'*:!#*9/-'$&:!W#$?!u!z+qAj!

(3!P,Q!),."J,"8BE!P5Q!0J),."J,"8BE!P@Q!3,."J,"8B!'*:!PeQ!0J3,."J,"8BC!

"?&!9&)$'#*!:&+)&&!(3!97$($(N#9#$7!(-0&)6&:!3()!$?&!),."J,"8B!'*:!0J),."J,"8B!9(A2%&N&0!9(/%:!-&!

'A&*:&:! W#$?! $?&! 9('$#*+! (3! $?&! ,."0! 0/)3'9&! W#$?! '! 07*$?&$#9! 2(%7A&)! 0/9?! '0! 2Z1I8! Pe#+/)&!

uC[wQC!"?&!9&%%!6#'-#%#$7!(3!$?&!0/2&)*'$'*$!P')(/*:!s\èQ!)&6&'%&:!$?'$!$?#0!2(%7A&)!W'0!*($!'0!$(N#9!

!"

#"

$"

%"

&"

'"

!""#$%#



"'#%()#*+!,')-(*!.'*($/-&0!1)(2&)$#&0!3()!4&*&!5&%#6&)7!822%#9'$#(*0!

 [wr!

'0!,"8BC!"?&)&3()&E!$?&!)&0/%$#*+!9('$&:J,."0!0?(W&:!%(W&)!97$($(N#9#$7C!"?#0!W'0!*($!$?&!9'0&!3()!

$?&!3,."0!'*:!0J3,."0!-&9'/0&!2Z1I8!W'0!*($!'-%&!$(!9('$!$?#0!$72&!(3!$?#*!,."0E!'0!2)(6&:!-&3()&C!

,(*0&K/&*$%7E! %')+&! '++)&+'$&0! W&)&! 3()A&:! #*! $?&! 9&%%! 9/%$/)&! A&:#/A! W?&)&'0! $?&! 2(%7A&)J

9('$&:!)#+#:!*'*($/-&0! P),."J2Z1I8!'*:!0J),."J2Z1I8Q!0?(W&:!'!-&$$&)!:#02&)0#(*!)'$&! Pe#+/)&!

uC[vQC!

!

e#+/)&!uC[vC!I#9)(09(2&!#A'+&0!(3!,."J2Z1I8!#*!9&%%0C!h"h!9&%%0!#*9/-'$&:!3()!uv!?!#*!0/22%&A&*$&:!5I@I!

P8Q!3)&&!(3!,."0E!PBQ!W#$?!$?&!0/2&)*'$'*$!P9(*$'#*#*+!3)&&!2Z1I8Q!(3!$?&!W'0?&:!,."0E!'*:!#*9/-'$&:!W#$?!u!

z+qAj!(3!P,Q!),."J2Z1I8E!P5Q!0J),."J2Z1I8E!P@Q!3,."J2Z1I8!'*:!PeQ!0J3,."J2Z1I8C!

>(!3')E!$?&!9&%%!6#'-#%#$7!(3!$?&!)&0/%$#*+!9('$&:J,."0!W#$?!:#33&)&*$!*(*J9(6'%&*$!3/*9$#(*'%#$#&0!?'0!

-&&*! 0$/:#&:C! 80! #$! #0! :&A(*0$)'$&:! #*! ,?'2$&)! <<<E! $?&! 9(6'%&*$%7JA(:#3#&:! ,."0! W#$?! 2288! 9'*!

2($&*$#'%%7! -#*:! 5.8! :/&! $(! #$0! 2(0#$#6&%7! 9?')+&:! 'A#*&0! +)(/20! '*:! $?#0! #0! W?7! $?&0&! $72&! (3!

070$&A0!')&!(3!02&9#'%!#*$&)&0$C!"?&!9&%%!6#'-#%#$7!(3!$?&0&!6&9$()0!W'0!X&2$!')(/*:!$?&!s\Jv\è!'3$&)!

uv! ?! (3! #*9/-'$#(*! Pe#+/)&! uC[wQ! 0?(W#*+! '! 0/#$'-%&! :#02&)0#(*! :&+)&&! #*! $?&! 9&%%!A&:#/A! Pe#+/)&!

uC[xQC!.($&W()$?7E!-($?!)#+#:!'*:!3%&N#-%&!,."0!'*:!$?&#)!0?()$&*&:!6&)0#(*0!-&?'6&:!0#A#%')%7!#*!$?&!

9&%%! 9/%$/)&!A&:#/AC!"?&! )&:/9$#(*!(3! 9&%%! 6#'-#%#$7!A#+?$!-&! 9'/0&:!:/&! $(! $?&!A(:&)'$&!2(0#$#6&!

9?')+&! $?'$!2288J9('$&:!,."0!2)&0&*$!(*! $?&! 0/)3'9&E!'0! $?&! g&$'!2($&*$#'%!:'$'! )&6&'%&:! Pe#+/)&!

uCtQC! >#A#%')! )&0/%$0!W&)&!(-$'#*&:! #*! j#!25% 6<C!W()XE!W?&)&! 0$)(*+! 9'$#(*#9! 3/*9$#(*'%#g'$#(*0!W&)&!

3(/*:! $(! #*:/9&! $(N#9#$7E! W?&)&'0! W&'X! 'A#*&! 9'$#(*#9! 9('$#*+0! &N?#-#$&:! ?#+?&)! 9&%%! 6#'-#%#$7Csv!

I(:&)'$&!2(0#$#6&%7!9?')+&:!0/)3'9&0!A#+?$!0$#%%!2)(A($&!'++)&+'$#(*!:/&!$(! $?&! #*$&)'9$#(*0!W#$?!

$?&!2)($&#*0!3)(A!$?&!9&%%!9/%$/)&!-/$!W#$?(/$!9'/0#*+!'!:)'A'$#9!&33&9$!#*!$&)A0!(3!97$($(N#9#$7C!b*!

$?&!($?&)!?'*:E!$?&0&!,."J2288!6&9$()0!?'6&!2)(6&:!$(!0/99&003/%%7!-#*:!5.8!'*:!$?/0!'%$&)#*+!$?&!

3#*'%!0/)3'9&!9?')+&!P,?'2$&)!<<<QC!<*!'*7!9'0&E!$?&0&!2(0#$#6&%7!9?')+&:!2288JA(:#3#&:!,."0!PW#$?(/$!

5.8Q!2)&0&*$! '! %(W! 97$($(N#9#$7! '*:! 0/#$'-%&! 0$'-#%#$7! #*! $?&! 9&%%!A&:#/AE! )&0/%$#*+! #*! '! 2)(A#0#*+!

!"

#"

$"

%"

&"

'"

!""#$%#



,?'2$&)!<k!~!@33&9$!(3!$?&!1?70#9(9?&A#9'%!1)(2&)$#&0!(3!$?&!,."0!#*!B#(%(+#9'%!822%#9'$#(*0!

 [wh!

070$&A!$(!%(':!5.8C!4#6&*!$?&!&*9(/)'+#*+!)&0/%$0!(-0&)6&:!0/%10539E!?(W!$?&0&!6&9$()0!-&?'6&!'%0(!

0/%1019!A#+?$!-&!(3!+)&'$!#*$&)&0$!3()!$?&!0$/:7!(3!$')+&$&:!:&%#6&)7!(3!5.8C!

!

e#+/)&!uC[xC!I#9)(09(2&!#A'+&0!(3!,."J2288!#*!9&%%0C!h"h!9&%%0!#*9/-'$&:!3()!uv!?!W#$?!u!z+qAj!(3!P8Q!),."J

2288E!PBQ!0J),."J2288E!P5Q!3,."J2288!'*:!P@Q!0J3,."J2288C!

QFOFQF +4<9>(5C(4I2(I,!H+>'(N?59?.4=?@<4?56(5C(4I2(#1$.(?6(S?02(

<*! +&*&)'%E! *'*(2')$#9%&0! ')&! X*(W*! $(! -&! 9%&')&:! )'2#:%7! 3()A! $?&! 9#)9/%'$#(*! -7! $?&!

)&$#9/%(&*:($?&%#'%! 070$&A! P;@>QCsxEt\! Z(W&6&)E! '0! #$! ?'0! -&&*! '%)&':7! #*$)(:/9&:! #*! ,?'2$&)! <E!

$'#%()#*+! $?&! +&(A&$)#9'%! 0?'2&! '*:! 0/)3'9&! 9?')'9$&)#0$#90! (3! *'*(9'))#&)0! A'7! #*3%/&*9&! $?&!

2?')A'9(X#*&$#9! 2)(3#%&! '*:! $?&! -#(:#0$)#-/$#(*! (3! $?&! )&0/%$#*+! :&%#6&)7! 070$&ACsxEt[Etr! j#X&W#0&E!

:#33&)&*9&0! #*! $?&! -%((:! 9#)9/%'$#(*E! 9%&')'*9&E! ()+'*! -#(:#0$)#-/$#(*! '*:! '99/A/%'$#(*! (3! ,."0!

)&+'):#*+! 0#g&! P%&*+$?! '*:! :#'A&$&)Q! '*:! 9?&A#9'%! 3/*9$#(*'%#g'$#(*! ?'6&! -&&*! '%0(! )&2()$&:CuwEuvJ

wrEthEtuC!!

@%/9#:'$#*+!$?&!0/%1019!2?')A'9(X#*&$#9E!-#(:#0$)#-/$#(*!'*:!$(N#9(%(+#9'%!2)(3#%&0!(3!$?&!,."0!0$/:#&:!

#*! $?#0!W()X! #0! (3! 6#$'%! #A2()$'*9&! #*! $?&! /*:&)0$'*:#*+! (*! ?(W! $?&0&! 070$&A0! -&?'6&! #*0#:&! $?&!

-(:7C! ;#+#:! '*:! 3%&N#-%&! ,."0! '*:! $?&#)! 0?()$&*&:! 6&)0#(*0! W&)&! &6'%/'$&:! 3(%%(W#*+! #*$)'6&*(/0!

':A#*#0$)'$#(*!$(!A#9&! #*!():&)!$(!:&$&)A#*&!$?&!()+'*!$')+&$#*+!:&2&*:&*9&!W#$?!)&+'):!$(!$?&#)!

2?70#9(9?&A#9'%! 2)(2&)$#&0C! "?#0! X#*:! (3! 0$/:7!W(/%:! &*'-%&! $?&! 0&%&9$#(*! (3! $?&!A(0$! 2)(A#0#*+!

9'*:#:'$&!$(!A'N#A#g&!$?&!*'*(9'))#&)!/2$'X&!W?&*!'!2')$#9/%')!()+'*!#0!$?&!$')+&$!3()!'!$?&)'2&/$#9!

:&%#6&)7C!

!"

#"

$"

%"

!""#$%#



"'#%()#*+!,')-(*!.'*($/-&0!1)(2&)$#&0!3()!4&*&!5&%#6&)7!822%#9'$#(*0!

 [wu!

#/% 1019! 3%/()&09&*9&! #A'+#*+! 2)(6#:&0! '! K/'%#$'$#6&q0&A#JK/'*$#$'$#6&! A&'0/)&A&*$! (3! $?&!

*'*(9'))#&)!-&?'6#()!/2(*!#*$)'6&*(/0!':A#*#0$)'$#(*!'*:!#0!$?&!9?(0&*!$&9?*#K/&!$(!9'))7!(/$!$?#0!

2)&%#A#*')7! 0$/:7C! <*! ,?'2$&)! <<<E! $?&! '-#%#$7! (3! $?&! ,."0! $(! -&! 3%/()&09&*$%7! %'-&%&:! ?'0! -&&*!

:&A(*0$)'$&:C! <*! $?#0! 9(*$&N$E! +#6&*! $?&! 2($&*$#'%! #*! -#*:#*+! '*:! :&%#6&)#*+! */9%&#9! '9#:0! (3! $?&!

2288JA(:#3#&:! 9(A2%&N&0E! $(+&$?&)! W#$?! $?&! 0/#$'-%&! 0$'-#%#$7! #*! $?&! -#(%(+#9'%! A&:#/A! '*:! %(W!

97$($(N#9#$7! (-0&)6&:! -&3()&E! $?&0&! 3/*9$#(*'%#g&:! ,."0! W&)&! 9?(0&*! 3()! $?&! 0/% 1019! 3%/()&09&*$!

$)'9X#*+C!"?&!'A#*(!+)(/20!2)&0&*$!(*!$?&#)!0/)3'9&0!'%%(W&:!$?&!9(6'%&*$!'*9?()#*+!(3!'*!#*3)')&:!

P<;Q!:7&!'*:!&*'-%&:!$?&! %'-&%#*+!(3!$?&!2288JA(:#3#&:!,."0!P3%/()&09&*$!,."0E!eJ,."0QC!"?&!/0&:!

:7&! 9(*$'#*&:!'*!'A#*&J)&'9$#6&! 9?&A#9'%! +)(/2! P.Z>!&0$&)QE!W?#9?! 3()A&:!'! 9(6'%&*$!-(*:!W#$?!

$?&!2)#A')7!'A#*&0!2)&0&*$!#*!$?&!,."!0/)3'9&C!

b*9&!'%%!$72&0!(3!,."0!W&)&!%'-&%&:E![w\!zj!(3!'!W&%%J:#02&)0&:!0(%/$#(*!#*!1B>![N!P')(/*:![w\Jh\\!

z+qAjQ!W&)&!':A#*#0$&)&:!#*$)'6&*(/0%7!$(!$?&!A#9&C!"?&!#*i&9$&:!A#9&!W&)&!#A'+&:!'3$&)![E!v!'*:!

ru!?(/)0!(3!#*i&9$#(*!Pe#+/)&!uCr\QC!83$&)![!:'7!(3!#*i&9$#(*E!A#9&!W&)&!0'9)#3#9&:!'*:!$?&!A'#*!()+'*0!

P%#6&)E! 0$(A'9?! '*:! #*$&0$#*&0E! %/*+0E! X#:*&70E! 02%&&*! '*:! ?&')$Q! W&)&! #AA&:#'$&%7! 9(%%&9$&:! '*:!

#A'+&:C!.&#$?&)!A()$'%#$7! *()! '*7! $(N#9! 0#:&! &33&9$0!W&)&!(-0&)6&:!W#$?! '*7!(3! $?&!A#9&! #*i&9$&:!

W#$?!eJ,."0!:/)#*+!$?&!ruJ?(/)0!2&)#(:!(3!$?&!0$/:7C!e#+/)&!uCr\!0?(W0!$?&!2(0#$#6&!/2$'X&!(3!$?&!eJ

,."0!#*!'%%!9'0&0!P),."0E!0J),."0E!3,."0!'*:!0J3,."0Qo!W?#9?!W&)&!'22')&*$%7!:#0$)#-/$&:!$?)(/+?(/$!

A(0$! (3! $?&! ()+'*0!W#$?#*! ru! ?C! b$?&)0! ?'6&! '%0(! )&2()$&:! $?#0! -&?'6#()E! 2)(6#*+! $?'$! ,."0!A'7!

&'0#%7!2'00!$?)(/+?!'!*/A-&)!(3!9(A2')$A&*$0!$(!)&'9?!$')+&$0!')(/*:!$?&!W?(%&!A(/0&!-(:7CuwEwr!

Z(W&6&)E!$(!:&$&)A#*&!$?&!&N'9$!()+'*0!'*:!$?&!)&%'$#6&!/2$'X&!$?'$!$((X!2%'9&E!&'9?!()+'*!?'0!$(!

-&!#A'+&:!2K%1019!Pe#+/)&!uCr[QC!

"?&!'99/A/%'$#(*!(3!,."0!&02&9#'%%7!#*!$?&!%#6&)E!%/*+0!'*:!02%&&*E!0/++&0$&:!$?'$!$?&!)'2#:!/2$'X&!

$((X! 2%'9&! 106! $?&!A(*(*/9%&')! 2?'+(97$&0! #*! $?&! ;@>! Pe#+/)&! uCr[QC! >/9?! '*! /2$'X&!A&9?'*#0A!

#*6(%6#*+! $?&! ;@>! #0! X*(W*! $(! -&! '! +&*&)'%! 2?&*(A&*(*! (*! $?&! 3'$&! (3! *'*(2')$#9%&0! 0/% 101(E!

#*9%/:#*+! $?&! *'*($/-&0CusEuxEwrEt[! "?&0&! )&0/%$0! ')&! *($! 0/)2)#0#*+! :/&! $(! $?&! 9'2'9#$7! (3! $?&!

A'9)(2?'+&0!$(!&*+/%3!3()&#+*!A'$&)#'%0!0/9?!'0!6#)/0&0E!-'9$&)#'!'*:!:/0$!2')$#9%&0E!'*:!'%0(!,."0!

'0!0&&*!#*!$?&!,?'2$&)!<<<C!>(A&!0$/:#&0!9(*3#)A!$?'$!,."!%&6&%0!#*!;@>!()+'*0!)'2#:%7!:&9)&'0&!W#$?!

$#A&! -&#*+! '%A(0$! $($'%%7! &N9)&$&:! 3)(A! $?&! -(:7CuvEtu! .&6&)$?&%&00E! ($?&)0! 0/++&0$! $?'$! $?&!

'99/A/%'$#(*!(3!,."0!#*!$?&0&!()+'*0!#0!*($!&'0#%7!&N9)&$&:E!W?#9?!A'7!&6&*$/'%%7!#*:/9&!2($&*$#'%!

:'A'+&! '*:! $(N#9#$7CusEwrEtwEts! <*! $?#0! )&+'):E! 0(A&! (3! $?&0&! #*6&0$#+'$#(*0! ?'6&! #*:#9'$&:! $?'$! $?&!

#*i&9$&:!,."0!A'7!-&!&N9)&$&:!3(%%(W#*+!$W(!2(00#-%&!2'$?W'70!:&2&*:#*+!(*!$?&#)!0#g&CusEts!!



,?'2$&)!<k!~!@33&9$!(3!$?&!1?70#9(9?&A#9'%!1)(2&)$#&0!(3!$?&!,."0!#*!B#(%(+#9'%!822%#9'$#(*0!

 [ww!

!

e#+/)&!uCr\C!,(A2')#0(*!(3!0/%1019!-#(:#0$)#-/$#(*!(3!$?&!eJ,."0!#*i&9$&:!#*!A#9&C!e%/()&09&*9&!#A'+&0!'9K/#)&:!

ru!?!'3$&)!$?&!#*i&9$#(*!(3!P8[Q!),."0E!P8rQ!0J),."0E!PB[Q!3,."0!'*:!PBrQ!0J3,."0C!"?&!9'%#-)'$#(*!-')!(*!$?&!%&3$!

9())&02(*:!$(!$?&!8!#A'+&0!'*:!3()!A#9&!B!$?&!(*&!#*!$?&!)#+?$!'22%#&0C!1)#()!$(!#*i&9$#(*E!2288JA(:#3#&:!,."0!

W&)&!3%/()&09&*$%7!%'-&%&:!W#$?!'!<;!:7&!$?)(/+?!$?&!'A#*&!+)(/2!(*!$?&!,."!0/)3'9&C!

!

e#+/)&!uCr[C!JK%1019!()+'*!-#(:#0$)#-/$#(*!(3!$?&!eJ,."0!'3$&)!ru!?!(3!#*i&9$#(*C!e%/()&09&*$!#A'+&0!

9())&02(*:#*+!$(!(3!$?&!3%/()&09&*$%7J%'-&%&:!P8[Q!),."0E!P8rQ!0),."0E!PB[Q!3,."0!'*:!PBrQ!03,."0!(3!$?&!%#6&)E!

0$(A'9?!'*:!#*$&0$#*&E!%/*+0E!X#:*&70!02%&&*!'*:!?&')$!P3)(A!%&3$!$(!)#+?$QC!"?&!9'%#-)'$#(*!-')!(*!$?&!$(2!

-&%(*+0!$(!$?&!8!#A'+&0!'*:!3()!()+'*0!(3!$?&!B!0'A2%&0!$?&!(*&!#*!$?&!-($$(A!'22%#&0C!

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

!"#

!$#

%"#

%$#

&# '# (# )# *# +#



"'#%()#*+!,')-(*!.'*($/-&0!1)(2&)$#&0!3()!4&*&!5&%#6&)7!822%#9'$#(*0!

 [ws!

e#)0$E!%')+&!*'*($/-&0!')&!%#X&%7!$(!-&!'99/A/%'$&:!#*!$?&!%#6&)!'*:!$?&*!&N9)&$&:!$?)(/+?!$?&!-#%#')7!

2'$?W'7E! &*:#*+! /2! #*! 3&9&0C! "?#0! 2?&*(A&*(*! A'7! 9'/0&! $?&! ?#+?! eJ,."! )&$&*$#(*! &N?#-#$&:!

2')$#9/%')%7! #*! $?&! 0$(A'9?! '*:! #*$&0$#*&0C! >/9?! )&0/%$0! 0/++&0$! $?'$! ,."0! &A2%(7&:! #*! $?#0! 0$/:7!

A#+?$! -&! &N9)&$&:! -7! $?&! +'0$)(#*$&0$#*'%! $)'9$! '3$&)! -&#*+! '99/A/%'$&:! #*! $?&! %#6&)E! '0! W'0! '%0(!

(-0&)6&:!-7!^?'*!'*:!9(%%&'+/&0Cw[!b*!$?&!($?&)!?'*:E!#$!?'0!-&&*!2(#*$&:!(/$!$?'$!0#*+%&!,."0!9'*!

-&!9%&')&:! $?)(/+?! $?&!X#:*&7!'*:! $?/0!106! $?&!/)#*')7!2'$?W'7C!"?&)&3()&E! $?&!9&)$'#*!:&+)&&!(3!

'99/A/%'$#(*!#*!$?&!X#:*&70!(3!'%%!$72&0!(3!eJ,."0!/0&:!#*!$?#0!W()X!9(*3#)A0!$?&!2)&0&*9&!(3!0?()$!

$/-&0! '-%&! $(! 2&)A&'$&! $?)(/+?! $?&! +%(A&)/%')! 2()&0C! "?&)&3()&E! $?&! 2(%7:#02&)0#$7! (3! $?&! ,."!

0'A2%&0!9(*3#)A&:!'$!$?&!-&+#**#*+!(3!$?&!9?'2$&)!W'0!'%0(!(-0&)6&:!0/%1019C!!

b*! $?&! 9(*$)')7E! j'9&):'! '*:! 9(JW()X&)0! 0$'$&:! $?'$! $?&! %&*+$?! (3! $?&! ,."0! #0! *($! '! 9)#$#9'%!

2')'A&$&)!#*!$?&!)&*'%!9%&')'*9&!2)(9&00E!-&#*+!#$0!:#'A&$&)!W?'$!#0!)&'%%7!#A2()$'*$Cs!.'*($/-&0!(3!

r\Jh\! #*!:#'A&$&)!W&)&!2)(6&:! $(!-&! 0A'%%! '*:!:#02&)0&:!&*(/+?! $(!2'00! $?)(/+?! $?&!+%(A&)/%')!

3#%$)'$#(*!-'))#&)C!"(!9())(-()'$&!$?#0!-&?'6#()E! $?&!-#(:#0$)#-/$#(*!(3!$?&!3%&N#-%&!P$?#*E![w!*AQ!'*:!

)#+#:! P$?#9XE![w\J[t\!*AQ!,."0!/0&:! #*! $?#0!W()X!0?(/%:!-&!9(A2')&:C!8%$?(/+?!(*%7! )':#(%'-&%#*+!

'%%(W0!2)&9#0&!K/'*$#3#9'$#(*!(3!$?&!,."0!'99/A/%'$&:!'*:!9%&')&:!#*!$?&!-(:7E!0/%1019!3%/()&09&*9&!

#A'+#*+!9'*!2)(6#:&!'!0&A#JK/'*$#3#9'$#(*!(3!$?&!2')$#9%&!/2$'X&C!<$!?'0!$(!-&!9(*0#:&)&:!$?'$!*&#$?&)!

$?&! 'A(/*$! (3! :7&! '$$'9?&:! (*! $?&! :#33&)&*$! $72&0! (3! ,."0! *()! $?&! 9(*9&*$)'$#(*! (3! $?&! ,."0!

':A#*#0$&)&:!$(!$?&!A#9&!W'0!X&2$!9(*0$'*$!-&$W&&*!0'A2%&0C!"?&)&3()&E!$?&!3#*'%!K/'*$#$7!(3!:7&!

#*i&9$&:!9(6'%&*$%7!-(/*:!$(!&'9?!X#*:!(3!eJ,."0!P),."0E!0J),."0E!3,."0!'*:!0J3,."0Q!W'0!A&'0/)&:!

-7! ckJk#0! 02&9$)(09(27E! W?#9?! W'0! /0&:! $(! *()A'%#g&! $?&! 3%/()&09&*9&! #*$&*0#$#&0! 3(/*:! #*! $?&!

()+'*0C! >#*9&! $?)&&! A#9&! W&)&! /0&:! 3()! '%%! eJ,."0! 0$/:#&:! #*! $?#0! W()XE! $?&! 0&A#JK/'*$#$'$#6&!

-#(:#0$)#-/$#(*!:'$'!(-$'#*&:!9(/%:!-&!2%($$&:!Pe#+/)&!uCrrQC!!

"?&0&!)&0/%$0!&N?#-#$0!$?'$!$?&!)#+#:!,."0!'*:!$?&#)!0?()$&*&:!6&)0#(*!P),."0!'*!0J),."0Q!W&)&!2)(*&!

$(!?'6&!?#+?&)!'99/A/%'$#(*! #*! $?&!0$(A'9?!'*:! #*$&0$#*&0C!83$&)!ru!?E! $?&#)! %')+&)!0#g&! #0! %#X&%7! $(!

3'6()!$?&!9%&')'*9&!106!:&!-#%#')7!2'$?W'7E!W?&*!9(A2')&:!$(!$?&!3%&N#-%&!$/-&0C!Z(W&6&)E!3%&N#-%&!

,."0! P3,."0! '*:! 0J3,."0Q! ?':! '! 0/2&)#()! /2$'X&! #*! $?&! %/*+0C! b$?&)0! )&2()$&:! 0#A#%')! )&0/%$0E!

02&9#3#9'%%7! W?&*! >f."! ()! $?#*! If."! W&)&! &A2%(7&:CttEtvC! `'*+! 25% 6<"! 0/++&0$&:! $?'$! $?&! ?#+?!

'99/A/%'$#(*! #*! $?&!2/%A(*')7!6&00&%0! #0! $72#9'%%7! 9'/0&:!-7! $?&! %&00!:#02&)0&:!*'*($/-&0Ctv! >/9?!

2?&*(A&*(*! #0! 9(*0#0$&*$! W#$?! $?&! :#02&)0#-#%#$7! 0$/:#&0! 3)(A! $?&! 0&9$#(*! \E! W?&)&! #$! W'0!

:&A(*0$)'$&:! $?'$! 3%&N#-%&! ,."0! $&*:! $(! &'0#%7! 3()A! %')+&)! '++)&+'$&0C! 8::#$#(*'%%7E! `'*+! '*:!

9(%%&'+/&0!9(*3#)A!$?'$!$?&!'99/A/%'$#(*!(3!,."0!#*!$?&!%/*+0!)'2#:%7!:&9)&'0&0!(6&)!$#A&!3(%%(W#*+!

$W(!2(00#-%&!9%&')'*9&!2'$?W'70C!b*&!#0!$?&!&N9)&$#(*!$?)(/+?!$?&!'%6&(%')!A'9)(2?'+&0!#*!3()A!(3!

A/9/0E!W?#9?!'%%(W0!$?&!0&9)&$#(*!(3!$?&!,."0!106! $?&!A/9(9#%#')7!$)'*02()$C!"?&!($?&)!9(*0#0$0! #*!



,?'2$&)!<k!~!@33&9$!(3!$?&!1?70#9(9?&A#9'%!1)(2&)$#&0!(3!$?&!,."0!#*!B#(%(+#9'%!822%#9'$#(*0!

 [wt!

$?&! $)'*03&)! (3! $?&0&! ,."0! $(! $?&! 02%&&*! $?)(/+?! $?&! %7A2?! *(:&0C! "?&! %'$$&)E! 9(/%:! &N2%'#*! $?&!

?#+?&)!)&$&*$#(*!(3! $?&!)#+#:!,."0! P),."0!'*:!0J),."0Q! 3(/*:! #*!$?&!02%&&*!W?&*!9(A2')&:!$(!$?&!

(-0&)6&:! 3()! $?&! 3%&N#-%&! *'*($/-&0! P3,."0! '*:! 0J3,."0QC! "?&0&! )&0/%$0! 0/++&0$! $?'$! $?&! )#+#:! '*:!

$?#9X&)! ,."0! ')&! A()&! )'2#:%7! 9%&')&:E! 2)(-'-%7! :/&! $(! $?&! -&$$&)! :#02&)0#6&! -&?'6#()! #*! $?&!

-#(%(+#9'%!A#%#&/C!.($&W()$?7E!$?&!'99/A/%'$#(*!(-0&)6&:!#*!$?&!;@>!()+'*0!P%#6&)!'*:!X#:*&70Q!W'0!

0#A#%')!3()!'%%!$72&0!(3!,."0!/0&:C!"?&!2(0#$#6&!/2$'X&!#*!-($?!()+'*!$#00/&0!9(*3#)A&:!$?&!2)&0&*9&!

(3! %')+&!,."0E!A'#*%7! )&$'#*&:! #*! $?&! %#6&)E! '*:! 0?()$! $/-&0E!W?#9?!')&!&N9)&$&:! $?)(/+?! $?&! )&*'%!

070$&A!3()!'%%!0'A2%&0C!

!

e#+/)&!uCrrC!>&A#JK/'*$#$'$#6&!'*'%70#0!(3!$?&!()+'*!-#(:#0$)#-/$#(*C!899/A/%'$#(*!(3!),."0E!0J),."0E!3,."!'*:!

0J3,."0!3%/()&09&*$%7!%'-&%&:!106!$?&!2288!A(:#3#9'$#(*!#*!A#9&!A&'0/)&:!ru!?!2(0$J#*i&9$#(*C!5'$'!#0!

2)&0&*$&:!'0!$?&!A&'*!ê!>5!P*!ç!hQC!

"?&0&!2)&%#A#*')7! )&0/%$0! 0/99&003/%%7!2)(6&! $?'$! $?&!9?&A#9'%!-#*:#*+!-&$W&&*!'*! <;!:7&!'*:! $?&!

2288! :&2(0#$&:! -7! 1@,k5! (*! $?&! *'*($/-&! 0/)3'9&! %&':0! $(! $?&! 2)(:/9$#(*! 3%/()&09&*$%7J%'-&%&:!

,."0E! W?#9?! ')&! ?#+?%7! 3&'0#-%&! 3()! -#(#A'+#*+! 0$/:#&0C! "?#0! W()X! 0?(W0! 0&A#JK/'*$#$'$#6&!

#*3()A'$#(*!'-(/$!$?&!:#0$#*9$!0/%1019!-#(:#0$)#-/$#(*!2)(3#%&!(3!$?&!:#33&)&*$!$72&0!(3!,."0!'00&00&:!

#*!$?#0!9?'2$&)C!e/)$?&)! #*6&0$#+'$#(*0!0?(/%:!'%%(W!$?&!$($'%!K/'*$#3#9'$#(*!(3!,."!'99/A/%'$#(*! #*!

$?&!()+'*!$#00/&0!-7!0/%1019!)':#($)'9#*+!(3!)':#(%'-&%&:!070$&A0C!I()&(6&)E!'!:&&2&)!)&0&')9?!#*!$?&!

9%&')'*9&! ?'%3J%#3&! '*:! -%((:! 9#)9/%'$#(*! 0?(/%:! -&! 9(*0#:&)&:! #*! ():&)! $(! #:&*$#37! $?&!

2?')A'9(%(+#9'%! 2)(3#%&! (3! $?&! 0/% 1019! ':A#*#0$)'$&:! ,."0C! "?&0&! 0$/:#&0! W#%%! 2)(6#:&! '! -&$$&)!

/*:&)0$'*:#*+! (3! $?&! /2$'X&! A&9?'*#0A! '*:! ()+'*! -#(:#0$)#-/$#(*! (3! $?&0&! 070$&A0E! W?#9?! #0!

&00&*$#'%!3()!$')+&$&:!+&*&!:&%#6&)7C!!

Liver Stomach - Intestines Lungs Kidney Spleen Heart
0

10

20

30
rCNT
srCNT
fCNT
sfCNT

Fl
uo

re
sc

en
ce

 In
te

ns
ity

 (A
U

/µ
g 

D
ye

)
no

rm
al

iz
ed

 p
er

 µ
g 

of
 in

je
ct

ed
 d

ye



"'#%()#*+!,')-(*!.'*($/-&0!1)(2&)$#&0!3()!4&*&!5&%#6&)7!822%#9'$#(*0!

 [wv!

QFOFRF &..2..;264(5C(4I2(BB&&-#5/429(#1$(+>.42;.(C5=(DJA(D262(!28?E2=>(

<*! ,?'2$&)! <<<E! W&! 2)(6&:! $?&! /0&! (3! ),."J2288! 6&9$()0! $(! %(':! 24e1! '*:! 0/99&003/%%7! $)'*03&9$!

A'9)(2?'+&0C!>#A#%')%7E!$?&!'00&00A&*$!(3!5.8!-#*:#*+!9'2'9#$7!(3!$?&#)!0?()$&*&:!6&)0#(*!P0J),."0Q!

'*:! -($?! 3%&N#-%&! *'*($/-&0! P3,."0! '*:! 0J3,."0Q! 9('$&:! W#$?! 2288! W'0! $&0$&:C! 80! '! )&0/%$E! $?&!

$)'*03&9$#(*!&33#9#&*97!(3!$?&!)&0/%$#*+!5.8!6&9$()0!9(/%:!-&!&6'%/'$&:C!"?#0!'22)('9?!W(/%:!9(*3#)A!

#3! $?&0&!6&9$()0!')&!'-%&! $(!+&$! #*$&)*'%#g&:! #*$(! $?&!9&%%!(3! #*$&)&0$E! )&%&'0&! $?&!9'))7#*+!+&*&!'*:!

&6#:&*9&! #$0! $)'*03&9$#(*!9'2'9#$7!-7! $?&!2)(:/9$#(*!(3!4e1C!8::#$#(*'%%7E! $?&! 97$($(N#9#$7!(3! $?&0&!

9(A2%&N&0!W'0!'%0(!&6'%/'$&:C!

$=/6.C204?56(G2045=(J5=;/4?56(/69(#I/=/042=?]/4?56(@>(D28(%24/=9/4?56(&../>(

b*9&!$?&!,."0!W&)&!0/99&003/%%7!A(:#3#&:!W#$?!2(%7'%%7%'A#*&!-7!1@,k5!P2288Q! $?&!9(A2%&N!W#$?!

$?&! +&*&$#9! A'$&)#'%! W'0! 3()A&:! $?)(/+?! #(*#9! #*$&)'9$#(*! -&$W&&*! $?&! *&+'$#6&%7! 9?')+&:!

2?(02?'$&!+)(/20!(*! $?&!5.8!-'9X-(*&E!'*:! $?&!2(0#$#6&%7!9?')+&:!'A#*&0!(*! $?&!0/)3'9&!(3! $?&!

A(:#3#&:! ,."0! '$! 2Z! wC! Z(W&6&)E! -&3()&! $?&! 3()A'$#(*! (3! $?&! 3#*'%! 2%'0A#:! 6&9$()E! $?&! %(':#*+!

9'2'9#$7! (3! 5.8! 2)&0&*$&:! -7! $?&! ,."0! W'0! &6'%/'$&:C! "?&! '#A! #0! $(! :&$&)A#*&! $?&! 'A(/*$! (3!

+&*&$#9!A'$&)#'%!$?'$!9'*!-&!9(A2%&N&:!S23!/*#$!A'00!(3!9')-(*!*'*($/-&0C!"?&)&3()&E!'+')(0&!+&%!

&%&9$)(2?()&0#0!W'0!/0&:!$(!2)(-&!$?&!,."0!9(A2%&N'$#(*!)'$#(!W?&*!$?&!0'A&!'A(/*$!(3!5.8!W'0!

&N2(0&:!$(!#*9)&'0#*+!'A(/*$0!(3!,."0E!'0!9'))#&:!(/$!#*!$?&!,?'2$&)!<<!3()!$?&!),."0C!f?&*!$?&!5.8!

:(&0!*($!A#+)'$&!$(W'):0!$?&!2(0#$#6&!&%&9$)(:&!#*:#9'$&0!$?'$!#$!#0!9(A2%&N&:!W#$?!$?&!,."0E!'0!$?&7!

')&!/*'-%&!$(!2'00!$?)(/+?!$?&!2()&0!(3!$?&!+&%!:/&!$(!$?&!%')+&!0#g&!(3!$?&!9(A2%&NC!

8![w\|[!)'$#(!W'0!(-$'#*&:!3()!),."J188!2&)!24e1!P,?'2$&)! <<<Ee#+/)&!hC[xQE!W?#9?!W'0!)&:/9&:!$(!

rw|[!W?&*!0J),."J188!W&)&!/0&:!Pe#+/)&!uCrh8QC!"?&0&!)&0/%$0!0?(W!$?'$!'!%(W&)!K/'*$#$7!(3!,."0!

W'0! )&K/#)&:! $(! %(':! $?&! 0'A&! 'A(/*$! (3! 24e1! W?&*! $?&! 0?()$&*&:! 6&)0#(*! (3! )#+#:! ,."0! W'0!

&A2%(7&:C! >2&9#3#9'%%7E! [w\! {+! (3! ),."0! W&)&! *&&:&:! $(! -#*:! [! {+! (3! 24e1E! W?&)&'0! $?&! 0'A&!

K/'*$#$7! (3! 5.8!W'0! %(':&:! $(! rw! {+! (3! 0J),."0C! B&9'/0&! 0J),."0!W&)&!A'#*%7! 0?()$&)! $?'*! $?&!

/*$)&'$&:! ),."0E! $?&! 3()A&)! 0?(W&:!'!?#+?&)! 02&9#3#9! ')&'!2&)!/*#$!A'00E!W?#9?!'%%(W&:!'! +)'$&)!

%(':#*+! &33#9#&*97C! <*! '::#$#(*E! e#+/)&! uCrh! 0?(W0! $?&! )&0/%$#*+! '+')(0&! +&%! )&$'):'$#(*! '00'7! '3$&)!

$&0$#*+!$?&!9(A2%&N!3()A'$#(*!-&$W&&*!24e1!'*:!-($?!3%&N#-%&!,."0!P3,."J2288!'*:!0J3,."J2288E!

e#+/)&!uCrhB!'*:!,E!)&02&9$#6&%7QC!3,."J2288!&N?#-#$&:!$?&!0'A&!9(A2%&N'$#(*!&33#9#&*97!'0!0J),."J

2288! Prw|[QE! 2)(-'-%7! :/&! $(! $?&! 0'A&! &33&9$! (3! 0#g&! &N2%'#*&:! -&3()&C! "?&! %(W&)! :#'A&$&)! '*:!

%&*+$?!(3! $?&! 3,."0!&*'-%&:!'!?#+?&)!24e1! %(':#*+! 9'2'9#$7E!W?#9?!W'0! #*9)&'0&:!W#$?! $?&! %&*+$?!

)&:/9$#(*!(3!$?&!0J3,."0!P[\|[!)'$#(QC!



,?'2$&)!<k!~!@33&9$!(3!$?&!1?70#9(9?&A#9'%!1)(2&)$#&0!(3!$?&!,."0!#*!B#(%(+#9'%!822%#9'$#(*0!

 [wx!

!

e#+/)&!uCrhC!8+')(0&!+&%!&%&9$)(2?()&0#0!(3!:#33&)&*$!,."J2288y24e1!PWqWQ!)'$#(0C!"?&!#A'+&0!9())&02(*:!$(!

$?&!(-$'#*&:!+&%!(3!P8Q!0J),."J2288E!PBQ!3,."J2288!'*:!P,Q!0J3,."J2288C!"?&!3#)0$!)(W!0#+*'%!-&%(*+0!$(!$?&!

24e1!'%(*&E!W?#9?!#0!/0&:!'0!'!A')X&)C!!

#288<8/=(`B4/72d($5H?0?4>(/69(DJA($=/6.C204?56(*CC?0?260>(5C(4I2(#5;B82H2.(

"?&!24e1!:&%#6&)7!6&9$()0!W#$?!&'9?!$72&!(3!,."!W&)&!2)&2')&:!3(%%(W#*+!$?&!'22)(2)#'$&!)'$#(!(3!

9(A2%&N'$#(*!'*:!W&)&!#*9/-'$&:!'$!ht!(,!3()![!?C!"?&!3#*'%!9(A2%&N&0!W&)&!:#%/$&:!#*!5I@I!'*:!

W&)&!#*9/-'$&:!W#$?!h"h!9&%%0!'$!:#33&)&*$!3#*'%!9(*9&*$)'$#(*0!PuE![\!'*:!h\!{+qAjQC!"?&)&3()&E!$?&!

3#*'%!'A(/*$!(3!24e1!2&)!W&%%!W'0!:#33&)&*$! 3()!'%%! 0'A2%&0E! )'*+#*+! 3)(A!u! $(!uw\!{+qW&%%! P"'-%&!

uCuQC! "?&! 9(A2%&N&0! W&)&! %&3$! #*! $?&! 9&%%! 9/%$/)&! 3()! ru! ?! '*:! '3$&)! uv! ?E! $?&! 9&%%! 6#'-#%#$7! '*:!

$)'*03&9$#(*!&33#9#&*97!W&)&!'00&00&:C!!

"'-%&!uCuC!,(*:#$#(*0!(3!$?&!,."J2288y24e1!9(A2%&N&0C!

+/;B82(,!(
k#1$l(
P{+qAjQ(

#5;B82H(
J5=;/4?56(%/4?5(

PWqWQ(

kBDJAl(
P{+qAjQ(

BDJA(
P*+qW&%%Q(

=#1$-BB&&(

u!
[\!
h\!

[w\|[!
\C\h!
\C\t!
\Cr\!

u!
[\!
h\!

.-=#1$-BB&&(

u!
[\!
h\!

rw|[!
\Cr\!
\Cu\!
[Cr\!

ru!
s\!
[v\!

C#1$-BB&&(

u!
[\!
h\!

rw|[!
\Cr\!
\Cu\!
[Cr\!

ru!
s\!
[v\!

.-C#1$-BB&&(

u!
[\!
h\!

[\|[!
\Cu\!
[C\\!
hC\\!

s\!
[w\!
uw\!

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

-%

.%



"'#%()#*+!,')-(*!.'*($/-&0!1)(2&)$#&0!3()!4&*&!5&%#6&)7!822%#9'$#(*0!

 [s\!

e#)0$%7E! $?&! 97$($(N#9! '00'7! 9'))#&:!(/$!W#$?! $?&!I">! )&'+&*$! 0?(W&:! $?&!:&9)&'0&!(3! 9&%%! 6#'-#%#$7!

W#$?! $?&! #*9)&'0&! (3! ,."! 9(*9&*$)'$#(*E! 9(*0#0$&*$%7! $(!W?'$!W'0! (-0&)6&:! -&3()&! #*! $?&! 0&9$#(*!

uChCh! Pe#+/)&! uCruQC! I()&(6&)E! ),."0! '*:! $?&#)! 0?()$&*&:! 6&)0#(*! P0J),."0Q! 0?(W&:! A'i()! 9&%%!

6#'-#%#$7!'$!u!'*:![\!{+qAj!P')(/*:![\\èQ!$?'*!$?&!3%&N#-%&!*'*($/-&0E!W?#9?!W'0!')(/*:!v\èC!B($?!

(-0&)6'$#(*0!A#+?$! -&! 9'/0&:! -7! $?&! '++)&+'$#(*! $&*:&*97! (3! $?&! ,."0! '$! ?#+?&)! 9(*9&*$)'$#(*0E!

'%(*+0#:&!$?&!3'9$!$?'$!3%&N#-%&E!$'*+%&:!*'*($/-&0!')&!A()&!2)(*&!$(!3)(A!%')+&!'++)&+'$&0!$?'*!$?&!

)#+#:!(*&0C!"?#0!$'*+%&:!-&?'6#()!A'7!'%0(!'33&9$!$?&!$)'*03&9$#(*!9'2'-#%#$#&0!(3!$?&0&!070$&A0C!"?&#)!

0$)(*+! '++)&+'$#(*! $&*:&*97! A'7! 9(A2%#9'$&! $?&! $?)&0?(%:! (3! $?&! 6&9$()! $(! $?&! 9&%%! W#$?(/$!

:)'A'$#9!&33&9$0E!$(+&$?&)!W#$?!$?&!)&%&'0&!(3!$?&!%(':&:!5.8C!!

!

e#+/)&!uCruC!,&%%!6#'-#%#$7!(3!$?&!24e1!9(A2%&N&0!6')7#*+!$?&!,."!9(*9&*$)'$#(*C!5'$'!(-$'#*&:!'3$&)!uv!?!

#*9/-'$#(*!#*!h"h!9&%%0C!

"?&!-&$$&)!:#02&)0#-#%#$7!&N?#-#$&:!W?&*!%(W!9(*9&*$)'$#(*0!(3!,."0!W&)&!&A2%(7&:!#0!2)(-'-%7!W?7!

9&%%0! #*9/-'$&:! W#$?! u! {+qAj! ,."0! W&)&! $?&! (*&0! $?'$! 0?(W&:! 4e1! $)'*03&9$#(*! Pe#+/)&! uCrwQC!

<*:&&:E!(*%7!$?&!)#+#:J$72&!(3!,."0!P),."0!'*:!0J),."0QE!W?#9?!W&)&!2)(6&:!$(!)&A'#*!W&%%!:#02&)0&:!

#*!$?&!-#(%(+#9'%!A&:#/AE!W&)&!'-%&!$(!$)'*03&9$!$?&!h"h!9&%%0!'*:!0/-0&K/&*$%7!2)(:/9&!4e1!Pe#+/)&!

uCrw8! '*:! BQE! '0! 0/++&0$&:! -&3()&C! "?&)&3()&E! #$! #0! 9(*3#)A&:! $?'$! $?&! '++)&+'$#(*! (3! $?&! 3%&N#-%&!

,."0! #0! %#X&%7! $(! '6(#:! $?&! 2)(2&)! $)'*03&9$#(*E! 2)(-'-%7! -&9'/0&! $?&! 3()A'$#(*! (3! $?&0&!

0/2)'A(%&9/%')! 9(A2%&N&0! 9(A2%#9'$&0! 0/99&003/%! #*$&)*'%#g'$#(*! '*:! )&%&'0&! (3! $?&! 24e1E! '*:!

:&9)&'0&0!$?&!9&%%!6#'-#%#$7C!!

8%$?(/+?!0(A&!'++)&+'$&0!W&)&!7&$!(-0&)6&:E!&02&9#'%%7! #*!$?&!0J),."!0'A2%&0! Pe#+/)&!uCrwBQE! $?&!

?#+?%7! :#02&)0&:! )#+#:! ,."J2288y24e1! 9(A2%&N&0! W&)&! '-%&! $(! $)'*03&9$! '*:! )&%&'0&! $?&! 4e1!

2%'0A#:C!8!2(0#$#6&!9(*$)(%!&*0/)#*+!'!)&%&'0&!(3!w\!*+!(3!4e1!2&)!W&%%E!9(*3#)A&:!$?'$!$?&!'A(/*$!(3!

4 10 30
0

20

40

60

80

100

rCNT
s-rCNT
fCNT
s-fCNT

C
el

l V
ia

bi
lit

y 
(%

)



,?'2$&)!<k!~!@33&9$!(3!$?&!1?70#9(9?&A#9'%!1)(2&)$#&0!(3!$?&!,."0!#*!B#(%(+#9'%!822%#9'$#(*0!

 [s[!

5.8! &A2%(7&:! W'0! *($! &*(/+?! $(! (-$'#*! ?#+?! $)'*03&9$#(*! &33#9#&*9#&0! Pe#+/)&! uCrw,QC! e%(W!

97$(A&$)7!0$/:#&0!9(*3#)A&:!$?'$!%&00!$?'*![\è!(3!$?&!h"h!9&%%0!W&)&!0/99&003/%%7!$)'*03&9$&:C!"?&0&!

)&0/%$0!')&!0/0$'#*&:!W?&*!($?&)!3#-)(-%'0$J%#X&!9&%%0!W&)&!$)'*03&9$&:!P9(0JtQE!0?(W#*+!$?'$!$?&!%(W!

&33#9#&*97! (-0&)6&:!W'0! *($! :&2&*:&*$! $(! $?&! 9&%%! $72&! &A2%(7&:Ctx! Z(W&6&)E! 0%#+?$! $)'*03&9$#(*!

&33#9#&*97!W'0!'+'#*!(-0&)6&:E!2)(-'-%7!:/&!$(!$?&!%(W!'A(/*$0!(3!2%'0A#:!%(':&:!(*!$?&!,."0C!80!'!

)&0/%$E!'!0$)'$&+7!#*!():&)!$(!'9?#&6&!?#+?&)!%(':#*+!9'2'9#$#&0!0?(/%:!-&!9(*0#:&)&:C!

!

e#+/)&!uCrwC!")'*03&9$#(*!(3!h"h!9&%%0!W#$?!,."J2288y24e1!9(A2%&N&0C!I#9)(09(2&!#A'+&0!(3!$?&!h"h!9&%%0!

#*9/-'$&:!W#$?!u!{+qAj!(3!P8Q!),."0E!PBQ!0J),."0E!'*:!'!2(0#$#6&!9(*$)(%!Pw\!*+qW&%%!(3!24e1QC!@'9?!9(*:#$#(*!#0!

0?(W*!#*!#$0!P[Q!-)#+?$!3#&%:!'*:!PrQ!3%/()&09&*9&!A#9)(09(27C!!

!

e#+/)&!uCrsC!")'*03&9$#(*!(3!,(0Jt!9&%%0!W#$?!,."J2288y24e1!9(A2%&N&0C!I#9)(09(2&!#A'+&0!(3!$?&!,(0Jt!9&%%0!

#*9/-'$&:!W#$?!u!{+qAj!(3!P8Q!),."0!'*:!PBQ!0J),."0C!@'9?!9(*:#$#(*!#0!0?(W*!#*!#$0!P[Q!-)#+?$!3#&%:!'*:!PrQ!

3%/()&09&*9&!A#9)(09(27C!! !

!"# $"# %"#

!""#$%#

!&# $&# %&#

!""#$%#

!"# $"#

!%# $%#



"'#%()#*+!,')-(*!.'*($/-&0!1)(2&)$#&0!3()!4&*&!5&%#6&)7!822%#9'$#(*0!

 [sr!

QFQF (#5608<9?6:(%2;/=7.(

"?#0! 9?'2$&)! :&A(*0$)'$&0! $?'$! $?#9X! '*:! $?#**&)! ,."0! 9'*! -&! 0?()$&*&:! $?)(/+?!A#%:! (N#:'$#(*!

$)&'$A&*$0! W#$?(/$! '33&9$#*+! $?&#)! A()2?(%(+7! '*:! %&':#*+! $(! '! A()&! ?7:)(2?#%#9! 0/)3'9&C! "?&0&!

:#33&)&*9&0! #*! %&*+$?E! )#+#:#$7E! '*:! &02&9#'%%7! #*! $?&! ?7:)(2?(-#9#$7! $?'$! 9?')'9$&)#g&0! $?&! ,."!

0/)3'9&E!?'6&!'!:#)&9$! #A2'9$!(*! $?&!:#02&)0#-#%#$7E! $(N#9#$7!'*:! #*$&)'9$#(*!W#$?! $?&! 3/*9$#(*'%#g#*+!

'+&*$C!

.($&W()$?7E!$?&!&33&9$!(3!%&*+$?!-&$W&&*!$?&!*'p6&!$/-&0!'*:!$?&#)!0?()$&*&:!6&)0#(*0!?'0!'!%#A#$&:!

0#+*#3#9'*9&!#*!$&)A0!(3!0$'-#%#$7!#*!0(%/$#(*!'*:!97$($(N#9#$7C!>/9?!(-0&)6'$#(*0!')&!2)(-'-%7!:/&!$(!

$?&!2(%7:#02&)0#$7!(-0&)6&:!W#$?#*!$?&!0'A&!0'A2%&E!W?#9?!9(A2%#9'$&0!$?&!)&'%!:#0$#*9$#(*!-&$W&&*!

$?&!0?()$!'*:!$?&!%(*+!$/-&0!2)&0&*$!#*!$?&!0(%/$#(*C!

<*!+&*&)'%!$&)A0E!)#+#:!*'*($/-&0!P),."0!'*:!0J),."0Q!0?(W!'!0/#$'-%&!:&+)&&!(3!:#02&)0#(*E!?#+?&)!

9&%%! 6#'-#%#$7! '*:! $?&! '-#%#$7! $(! -&! 3/*9$#(*'%#g&:!W#$?! '%%! $72&0! (3! 9('$#*+0! P,"8BE! 2Z1I8E!Z>! '*:!

2288QC!b*!$?&!($?&)!?'*:E!3,."0!')&!A()&!2)(*&!$(!$'*+%&!#*!0(%/$#(*E!W?#9?!9'/0&0!$?&!3()A'$#(*!

(3!%')+&)!'++)&+'$&0C!"?&)&3()&E!$?&#)!0$'-#%#$7!:&9)&'0&0!)&+'):%&00!(3!$?&#)!0/)3'9&!3/*9$#(*'%#g'$#(*E!

#*9)&'0#*+!$?&!97$($(N#9#$7C!8%$?(/+?!$?&!:#02&)0#-#%#$7! #00/&0!')&!0(%6&:!W?&*!3,."0!')&!0?()$&*&:E!

$?&!?#+?!?7:)(2?#%#g'$#(*!(3! $?&! 0J3,."0! 0/)3'9&! $(+&$?&)!W#$?! $?&#)! $'*+%&:!-&?'6#()E! #*:/9&0! $?&!

'++)&+'$#(*!W?&*!')&!#*$)(:/9&:!#*$(!$?&!9&%%!9/%$/)&!A&:#/A!:/&!$(!$?&!-#*:#*+!(3!0&)/A!2)($&#*0!

'*:!$?/0E!$?&!3()A'$#(*!(3!%')+&!0/2)'A(%&9/%')!9(A2%&N&0C!!

"?&! 9&%%! 6#'-#%#$7! #0! A'#*$'#*&:! (6&)! $#A&! W?&*! 2288JA(:#3#&:! '*:! &02&9#'%%7! Z>! 9(*i/+'$&0! ')&!

/0&:C! b*! $?&! 9(*$)')7E! ,"8BJ9('$#*+0! &N?#-#$! ?#+?! 97$($(N#9#$7E! W?#9?! 9'*! -&! 'A&*:&:! W#$?! $?&!

2Z1I8!W)'22#*+!(*!$?&!,."!0/)3'9&!'0!'!:#02&)0#*+!'+&*$!#*0$&':!(3!/0#*+!$?&!0/)3'9$'*$C!Z(W&6&)E!

$?#0!$72&!(3!'A2?#2?#%#9!2(%7A&)!#0!*($!'-%&!$(!9('$!$?&!$?#*!'*:!3%&N#-%&!$/-&0E!2)(-'-%7!:/&!$(!$?&!

)#+#:#$7!(3!#$0!9(%&0$&)(%!+)(/2C!!

"?#0! W()X! ?'0! '%0(! 2)(6&:! $?'$! $?&! 2?70#9(9?&A#9'%! 2)(2&)$#&0! (3! $?&! ,."0! '%0(! #*3%/&*9&! $?&#)!

-&?'6#()!#*0#:&!$?&!-(:7C!#/%1019!3%/()&09&*9&!#A'+#*+!(3!$?&!3%/()&09&*$%7J%'-&%&:!,."0!?'0!'%%(W&:!

'! 0&A#JK/'*$#$'$#6&!A&'0/)&A&*$! (3! $?&! ()+'*! -#(:#0$)#-/$#(*! (3! $?&0&! 070$&A0! #*!A#9&E! 0?(W#*+!

$?'$! $?&7! 9'*! -&! :#0$)#-/$&:! $?)(/+?(/$! A(0$! (3! $?&! ()+'*0! W#$?#*! ru! ?C! "?&! A'#*! :#33&)&*9&!

(-0&)6&:! -&$W&&*! $?&! 3%&N#-%&! '*:! )#+#:! ,."0! /2$'X&! #0! #*! $?&! %/*+0C! B'0#9'%%7E! 3%&N#-%&! $/-&0! ')&!

%')+&%7!'99/A/%'$&:!#*!$?&!%/*+0!:/&!$(!$?&#)!?#+?&)!'++)&+'$#(*!$&*:&*97!'0!'!9(*0&K/&*9&!(3!$?&#)!

$?#**&)!0$)/9$/)&C!!



,?'2$&)!<k!~!@33&9$!(3!$?&!1?70#9(9?&A#9'%!1)(2&)$#&0!(3!$?&!,."0!#*!B#(%(+#9'%!822%#9'$#(*0!

 [sh!

"?#0!:#33&)&*$!-&?'6#()!-&$W&&*! 3%&N#-%&!'*:!)#+#:!*'*($/-&0!'%0(!'33&9$0! $?&! #*$&)*'%#g'$#(*!(3! $?&!

)&0/%$#*+! +&*&! 6&9$()! #*$(! $?&! 9&%%! '*:! $?/0! #$0! $)'*03&9$#(*! &33#9#&*97C! 5&02#$&! $?'$! 2288J9('$&:!

3%&N#-%&!*'*($/-&0!?'6&!-&&*!2)(6&:!$(!-#*:!?#+?&)!'A(/*$0!(3!24e1!$?'*!)#+#:!$/-&0!-7!'+')(0&!+&%!

&%&9$)(2?()&0#0E! $?&#)! $'*+%&:!-&?'6#()!9(A2%#9'$&0! $?&! $?)&0?(%:!(3! $?&!9(A2%&N! #*$(! $?&!9&%%!'*:!

$?&!0/99&003/%!)&%&'0&!(3!$?&!%(':&:!5.8C!

8::#$#(*'%%7E!#$!?'0!-&&*!9(*3#)A&:!$?'$!97$($(N#9#$7!#*9)&'0&0!W?&*!?#+?!9(*9&*$)'$#(*0!(3!,."0!')&!

&A2%(7&:C!80! '! )&0/%$E! %(W!'A(/*$0!(3! ,."0!?'6&! $(!-&!/0&:E! #3! ?#+?! 9&%%! 6#'-#%#$7! #0! )&K/#)&:! '*:!

$?/0E!)'$?&)!A(:&0$!K/'*$#$#&0!(3!24e1!?'6&!$(!-&!'::&:!$(!$?&!9&%%0C!Z&*9&E!'!3/)$?&)!#A2)(6&A&*$!

(3! $?&! *'*(9'))#&)! ')9?#$&9$/)&! 106! $?&! #*$)(:/9$#(*! (3! 3/*9$#(*'%! +)(/20! $?'$! A'7! &*?'*9&! $?&!

%(':#*+!9'2'9#$7!(3!5.8!'*:!#A2)(6&!$?&!0$&)#9!2)($&9$#(*!W#$?(/$!#*9)&'0#*+!$?&!97$($(N#9#$7!(3!$?&!

070$&A! ?'0! $(! -&! #*6&0$#+'$&:C! <*! $?#0! )&+'):E! Z>! 9('$#*+! ?'0! 0?(W*! ?#+?! 9&%%! 6#'-#%#$7! '*:! 0&&A0!

/*:&*#'-%&! $?'$! $?&! 2)($&#*J2')$#9%&! #*$&)'9$#(*! #*$(! '! -#(%(+#9'%! 3%/#:! 9'**($! -&! '6(#:&:C! "?&!

'-0()2$#(*! (3! $?&0&! 2)($&#*0! '*:! ($?&)! 0A'%%! -#(A(%&9/%&0! $(! $?&! *'*(2')$#9%&! 0/)3'9&! 3()A0! $?&!

2)($&#*!9()(*'E!W?#9?!?'0!-&&*!)&9&*$%7!2)(6&:!$(!?'6&!?#+?!9'2'9#$7!3()!'!2'7%(':!#A2)(6#*+!:)/+!

'*:! +&*&! 9'))7#*+! 2)(2&)$#&0C! "?/0E! 0#*9&! $?&! 2)($&#*! 9()(*'! $)'#$0! ')&! 0$#%%! *($! W&%%! X*(W*E! $?&!

/*:&)0$'*:#*+! (*! ?(W! W&! 9'*! A'*#2/%'$&! '*:! (2$#A#g&! $?&#)! 2)(2&)$#&0! 3()! $?&! #*9)&'0&! (3! $?&!

*/9%&#9!'9#:!-#*:#*+!(*!$?&!,."0!3()!'!2')$#9/%')!-#(%(+#9'%!'22%#9'$#(*!#0!*&&:&:C!

! !



"'#%()#*+!,')-(*!.'*($/-&0!1)(2&)$#&0!3()!4&*&!5&%#6&)7!822%#9'$#(*0!

 [su!

QFRF %2C2=2602.(

[! ;'33'E!kCE!25%6<C!1?70#9(9?&A#9'%!2)(2&)$#&0!'33&9$#*+!9&%%/%')!/2$'X&!(3!9')-(*!*'*($/-&0C!Q6/982=0>0/2!
RE!vxJxt!Pr\[\QC!

r! j#/E! `CE! ^?'(E! `CE! >/*E! BC! Ç! ,?&*E! ,C! c*:&)0$'*:#*+! $?&! "(N#9#$7! (3! ,')-(*! .'*($/-&0C! W>>9;/54% 9O%
!M280>6<%724263>M!QUE!t\rJt[h!Pr\[hQC!

h! e#)A&! <##E! ,C! 1C! Ç! B'*:')/E! 1C! ;C! "(N#9#$7! #00/&0! #*! $?&! '22%#9'$#(*! (3! 9')-(*! *'*($/-&0! $(! -#(%(+#9'%!
070$&A0C!Q6/982=0>0/2'%Q6/952>M/9<9AB_%R09<9AB%6/=%P2=0>0/2!UE!ruwJrwsE!Pr\[\QC!

u! Y(0$')&%(0E!YC!"?&!%(*+!'*:!0?()$!(3!9')-(*!*'*($/-&!$(N#9#$7C!Q65;32%R0952>M/9<9AB!PUE!ttuJttsE!Pr\\vQC!
w! j'*(*&E! >CE! 8*:/i')E! 1CE! Y&)A'*#g':&?E! 8C! Ç! B(9gX(W0X#E! ]C! 5&$&)A#*'*$0! (3! 9')-(*! *'*($/-&! $(N#9#$7C!

W=16/>2=%U3;A%U2<0123B%72102V4E!Pr\[hQC!
s! j'9&):'E!jCE!B#'*9(E!8CE!1)'$(E!IC!Ç!Y(0$')&%(0E!YC!,')-(*!*'*($/-&0!'0!*'*(A&:#9#*&0|!e)(A!$(N#9(%(+7!

$(!2?')A'9(%(+7C!W=16/>2=%U3;A%U2<0123B%72102V4!RWE![us\J[ut\!Pr\\sQC!
t! ^?'(E!`CE!_#*+E!4C!Ç!,?'#E!^C!.'*($(N#9(%(+7|!8)&!9')-(*!*'*($/-&0!0'3&•!Q65;32%Q6/952>M/9<9AB!OE![x[J

[xrE!Pr\\vQC!
v! 5(*'%:0(*E!YC!Ç!1(%'*:E!,C!8C!.'*($(N#9(%(+7|!.&W! #*0#+?$0! #*$(!*'*($/-&0C!Q65;32%Q6/952>M/9<9AB!QE!

t\vJt[\E!Pr\\xQC!
x! ;'33'E! kC% 25% 6<"! ,'*! $?&! 2)(2&)$#&0! (3! 9')-(*! *'*($/-&0! #*3%/&*9&! $?&#)! #*$&)*'%#g'$#(*! -7! %#6#*+! 9&%%0•!

!63l9/!QUE![s\\J[s[\E!Pr\\vQC!
[\! j'9&):'E! jCE! ;'33'E! >CE! 1)'$(E! ICE! B#'*9(E! 8C! Ç! Y(0$')&%(0E! YC! ,&%%J2&*&$)'$#*+! ,."0! 3()! :&%#6&)7! (3!

$?&)'2&/$#90C!Q6/9%L9=6B!PE!hvJuh!Pr\\tQC!
[[! j#/E! `CE! ,?#2($E! ,CE! >?'(E! _C! Ç! ,'#E! fC! >(%/-#%#g#*+! 9')-(*! *'*($/-&0! $?)(/+?! *(*9(6'%&*$!

3/*9$#(*'%#g'$#(*C! <*0#+?$! 3)(A! $?&! )&6&)0#-%&! W)'22#*+! (3! '%+#*#9! '9#:! ')(/*:! '! 0#*+%&JW'%%&:! 9')-(*!
*'*($/-&C!LM2%Y9;3/6<%9O%SMB40>6<%>M280453B"%R!MMQE!wtvhJwtvx!Pr\[\QC!

[r! B&9X&)E! IC! jC% 25% 6<"! j&*+$?J5&2&*:&*$! c2$'X&! (3! 5.8Jf)'22&:! >#*+%&Jf'%%&:! ,')-(*! .'*($/-&0C!
W=16/>2=%P652306<4!MTE!xhxJxuwE!Pr\\tQC!

[h! .'+'#E!ZC%25%6<"!5#'A&$&)!'*:!)#+#:#$7!(3!A/%$#W'%%&:!9')-(*!*'*($/-&0!')&!9)#$#9'%!3'9$()0!#*!A&0($?&%#'%!
#*i/)7!'*:!9')9#*(+&*&0#0C!@39>22=0/A4%9O%5M2%Q6509/6<%W>6=28B%9O%Z>02/>24!MXWE!@[hh\J@[hhvE!Pr\[[QC!

[u! 8#$9?#0(*E!"C!]CE!4#*#9JI')X(6#9E!ICE!I'$#0(*0E!]C!4CE!>#A(*E!4C!1C!Ç!e)&:&)#9X0E!1C!IC!1/)#3#9'$#(*E!,/$$#*+E!
'*:! >#:&W'%%! e/*9$#(*'%#g'$#(*! (3! I/%$#W'%%&:! ,')-(*! .'*($/-&0! c0#*+! 1($'00#/A! 1&)A'*+'*'$&!
>(%/$#(*0C!LM2%N9;3/6<%9O%@MB40>6<%!M280453B%!!MMME!ruu\JruusE!Pr\\tQC!

[w! ^#&+%&)E! YC! ]C% 25% 6<"! ,(*$)(%%&:! bN#:'$#6&! ,/$$#*+! (3! >#*+%&Jf'%%&:! ,')-(*! .'*($/-&0C! N9;3/6<% 9O% 5M2%
W8230>6/%!M280>6<%Z9>025B!MPVE![wu[J[wutE!Pr\\wQC!

[s! 5'#E!ZC!,')-(*!.'*($/-&0|!>7*$?&0#0E!<*$&+)'$#(*E!'*:!1)(2&)$#&0C!W>>"%!M28"%724"!ORE![\hwJ[\uu!Pr\\rQC!
[t! ,?')%#&)E!]C!,C!5&3&9$0!#*!9')-(*!*'*($/-&0C!W>>9;/54%9O%>M280>6<%324263>M!ORE![\shJ[\sx!Pr\\rQC!
[v! 1/A&)'E!IC!Ç!I#7'?')'E!`C!f?'$!'A(/*$!(3!A&$'%%#9!#A2/)#$#&0!#*!9')-(*!*'*($/-&0!#0!0A'%%!&*(/+?!*($!

$(!:(A#*'$&!$?&#)!)&:(N!2)(2&)$#&0•!Q6/94>6<2!ME!rs\JrswE!Pr\\xQC!
[x! .#7(+#E!>C%25%6<"!,?&A#0$)7!(3!>#*+%&Jf'%%&:!,')-(*!.'*($/-&0C!W>>9;/54%9O%!M280>6<%724263>M!ORE![[\wJ

[[[hE!Pr\\rQC!
r\! j#E!]C!Ç!B'*?')$E!eC!"?&!@*+#*&&)#*+!(3!Z($!,')-(*!.'*($/-&0!W#$?!'!e(9/0&:!@%&9$)(*!B&'AC!Q6/9%:255234!

QE![[uhJ[[usE!Pr\\uQC!
r[! j#/E! 1CE! 8)'#E! eC! Ç! e/X/:'E! "C! ,/$$#*+! (3! 9')-(*! *'*($/-&0! '00#0$&:! W#$?! (N7+&*! +'0! #*0#:&! '! 09'**#*+!

&%&9$)(*!A#9)(09(2&C!WSS<02=%@MB40>4%:255234!WTE!Pr\\sQC!
rr! >$&2'*&XE! <C% 25% 6<"! .'*(JA&9?'*#9'%! 9/$$#*+! '*:! (2&*#*+! (3! 0#*+%&! W'%%! 9')-(*! *'*($/-&0C! !M280>6<%

@MB40>4%:255234!OOME![rwJ[h[E!Pr\\\QC!
rh! B&$$#*+&)E!ZC!eC!"?&!)&'9$#6#$7!(3!:&3&9$0!'$! $?&!0#:&W'%%0!(3!0#*+%&JW'%%&:!9')-(*!*'*($/-&0|! $?&!>$(*&J

f'%&0!:&3&9$C!LM2%Y9;3/6<%9O%SMB40>6<%>M280453B"%R!MXTE!sxrrJsxruE!Pr\\wQC!
ru! ,?&*E!]CE!,?&*E!=C!Ç!I'E!=C!<*3%/&*9&!(3!0/)3'9&!3/*9$#(*'%#g'$#(*!106%9?&A#9'%!(N#:'$#(*!(*!$?&!2)(2&)$#&0!

(3!9')-(*!*'*($/-&0C!N9;3/6<%9O%>9<<90=%6/=%0/523O6>2%4>02/>2!OVXE!hrJhv!Pr\[rQC!



,?'2$&)!<k!~!@33&9$!(3!$?&!1?70#9(9?&A#9'%!1)(2&)$#&0!(3!$?&!,."0!#*!B#(%(+#9'%!822%#9'$#(*0!

 [sw!

rw! 5'$07/XE!kC%25%6<"!,?&A#9'%!(N#:'$#(*!(3!A/%$#W'%%&:!9')-(*!*'*($/-&0C!!63l9/!QUE!vhhJvu\E!Pr\\vQC!
rs! 5#:&*X(E!kC!kCE!I(()&E!kC!,CE!B'0X#*E!5C!>C!Ç!>A'%%&7E!;C!@C!k#0/'%#g'$#(*!(3!<*:#6#:/'%!>#*+%&Jf'%%&:!,')-(*!

.'*($/-&0!-7!e%/()&09&*$!1(%7A&)!f)'22#*+C!Q6/9%:255234!RE![wshJ[wstE!Pr\\wQC!
rt! I/X?(2':?7'7E! YC% 25% 6<"! 4(%:! .'*(2')$#9%&0! 800&A-%&:! (*! 8A#*&Je/*9$#(*'%#g&:! .'ÑHU`! ^&(%#$&|ÑÖá! 8!

B#(9(A2'$#-%&!>/)3'9&!3()!@*g7A&!<AA(-#%#g'$#(*C!:6/A8;03!MTE!hvwvJhvsh!Pr\\hQC!
rv! >?'**'?'*E!]C!ZC%25%6<"!,(A2')#0(*!(3!.'*($/-&J1)($&#*!,()(*'!,(A2(0#$#(*!#*!,&%%!,/%$/)&!I&:#'C!Z86<<!

TE!r[t[Jr[v[!Pr\[hQC!
rx! >&&%&*A&7&)E! >C!Ç!B'%%'/33E!IC!8*'%70#0! (3! >/)3'9$'*$0!8:0()-&:!(*$(! $?&! >/)3'9&!(3! j'$&N!1')$#9%&0! -7!

>A'%%J8*+%&!_J)'7!>9'$$&)#*+C!:6/A8;03!MUE!u\xuJu\xxE!Pr\\\QC!
h\! >$)'*(E! IC! >C% 25% 6<"! @%&9$)(*#9! >$)/9$/)&! ,(*$)(%! (3! >#*+%&Jf'%%&:! ,')-(*! .'*($/-&! e/*9$#(*'%#g'$#(*C!

Z>02/>2!OXME![w[xJ[wrrE!Pr\\hQC!
h[! k'#0A'*E! jCE! f'+*&)E! ZC! 5C! Ç! I')(AE! 4C! "?&! )(%&! (3! 0/)3'9$'*$0! #*! :#02&)0#(*! (3! 9')-(*! *'*($/-&0C!

W=16/>24%0/%!9<<90=%6/=%#/523O6>2%Z>02/>2!MPW-MOXE!htJus!Pr\\sQC!
hr! I(()&E!kC!,C%25%6<"!<*:#6#:/'%%7!>/02&*:&:!>#*+%&Jf'%%&:!,')-(*!.'*($/-&0!#*!k')#(/0!>/)3'9$'*$0C!Q6/9%

:255234!OE![htxJ[hvrE!Pr\\hQC!
hh! .$#AE! >C! 8CE! >'&JY?(WE! bCE! f#$gA'**E! eC! 8C! Ç! I#$)'E! >C! @33&9$0! (3! 2(%7A&)! W)'22#*+! '*:! 9(6'%&*$!

3/*9$#(*'%#g'$#(*! (*! $?&! 0$'-#%#$7! (3! If,."! #*! 'K/&(/0! :#02&)0#(*0C! N9;3/6<% 9O% !9<<90=% 6/=% #/523O6>2%
Z>02/>2!ORRE!hvhJhvv!Pr\[[QC!

hu! Y/A')E!.C!8CE!B/*:E!8CE!,?(E!BC!4CE!j#AE!YC!"C!Ç!]&(*+E!`C!"C!.(6&%!'A#*(J'9#:J-'0&:!2(%7A&)qA/%$#JW'%%&:!
9')-(*! *'*($/-&! -#(J*'*(9(A2(0#$&0|! ?#+?%7!W'$&)! :#02&)0#-%&! 9')-(*! *'*($/-&0! :&9()'$&:!W#$?! +(%:!
*'*(2')$#9%&0C!Q6/952>M/9<9AB!PXE!Pr\\xQC!

hw! Y'*+E! `C! YC% 25% 6<"! Z&%#9'%! f)'22#*+! (3! >#*+%&Jf'%%&:! ,')-(*! .'*($/-&0! -7! f'$&)! >(%/-%&! 1(%7P2J
2?&*7%&*&&$?7*7%&*&QC!Q6/9%:255234!TE![u[uJ[u[vE!Pr\\xQC!

hs! bâ,(**&%%E! IC! ]C% 25% 6<"! ;&6&)0#-%&! W'$&)J0(%/-#%#g'$#(*! (3! 0#*+%&JW'%%&:! 9')-(*! *'*($/-&0! -7! 2(%7A&)!
W)'22#*+C!!M280>6<%@MB40>4%:255234!OQPE!rswJrt[!Pr\\[QC!

ht! k'%&*$#E!jC!@CE!e#()#$(E!1C!8CE!4')9U'E!,C!5C!Ç!4#'9(A&%%#E!,C!@C!"?&!':0()2$#(*J:&0()2$#(*!2)(9&00!(3!-(6#*&!
0&)/A!'%-/A#*!(*!9')-(*!*'*($/-&0C!N9;3/6<%9O%!9<<90=%6/=%#/523O6>2%Z>02/>2!OXVE!huxJhws!Pr\\tQC!

hv! 8g'A#'*E!BC!;CE!5'6#0E! ]C! ]CE!,(%&A'*E!YC! >CE!B'+0?'WE!,C!BC!Ç!4)&&*E!IC! jC!ZC!B#(&%&9$)(9?&A#9'%! >#*+%&J
f'%%&:!,')-(*!.'*($/-&0C!N9;3/6<%9O%5M2%W8230>6/%!M280>6<%Z9>025B!MPQE![rssuJ[rsswE!Pr\\rQC!

hx! f/E! `C% 25% 6<"! ,('$#*+! 0#*+%&JW'%%&:! 9')-(*! *'*($/-&0! W#$?! 2?(02?(%#2#:0C! LM2% Y9;3/6<% 9O% SMB40>6<%
>M280453B"%R!MMXE!rutwJrutvE!Pr\\sQC!

u\! =#'(E!;C!Ç!Y&E!1C!,C!j#2#:J,')-(*!.'*($/-&!>&%3J800&A-%7! #*!8K/&(/0!>(%/$#(*C!N9;3/6<%9O% 5M2%W8230>6/%
!M280>6<%Z9>025B!MPWE![hswsJ[hswtE!Pr\\sQC!

u[! ^?&*+E! ]C% 25% 6<"! 8:0()2$#(*! (3! */9%&#9! '9#:! -'0&0! '*:! 'A#*(! '9#:0! (*! 0#*+%&JW'%%&:! 9')-(*! '*:! -()(*!
*#$)#:&! *'*($/-&0|! '! 3#)0$J2)#*9#2%&0! 0$/:7C! N9;3/6<% 9O% /6/94>02/>2% 6/=% /6/952>M/9<9AB! TE! shtsJshv\!
Pr\\xQC!

ur! 4'(E!ZC!Ç!Y(*+E!`C!>#A/%'$#(*!(3!5.8J.'*($/-&! <*$&)'9$#(*0C!W//;6<%72102V%9O%P652306<4%724263>M!OQE!
[rhJ[w\E!Pr\\uQC!

uh! Y'?E! ]C! ,C! `CE! ,?&*E! ]CE! ^/-#&$'E! 8C! Ç! Z'A':J>9?#33&)%#E! YC! @N2%(#$#*+! $?&! 1)($&#*! ,()(*'! ')(/*:! 4(%:!
.'*()(:0!3()!j(':#*+!'*:!")#++&)&:!;&%&'0&C!W!Z%Q6/9!UE!sth\Jstu\!Pr\[rQC!

uu! :&! 1/#+E! ZCE! ,#3/&*$&0! ;#/0E! 8CE! e%&A#0$&)E! 5CE! B'N'A/0'E! >C! ZC! Ç! Z'A':J>9?#33&)%#E! YC! >&%&9$#6&! j#+?$J
")#++&)&:!;&%&'0&!(3!5.8!3)(A!4(%:!.'*()(:0!>W#$9?&0!B%((:!,%($$#*+!b*!'*:!b33C!@:9Z%XQJ!WE!Pr\[hQC!

uw! 4/(E! ]CE! ^?'*+E!_CE! j#E!=C!Ç! j#E!fC!B#(:#0$)#-/$#(*!(3! 3/*9$#(*'%#g&:!A/%$#W'%%! 9')-(*!*'*($/-&0! #*!A#9&C!
Q;><263%82=0>0/2%6/=%l09<9AB!OQE!wtxJwvhE!Pr\\tQC!

us! I((*E!ZC!YCE!j&&E!>C!ZC!Ç!,?(#E!ZC!,C!<*!k#6(!.&')J<*3)')&:!I&:#'$&:!"/A()!5&0$)/9$#(*!-7!1?($($?&)A'%!
@33&9$!(3!,')-(*!.'*($/-&0C!W!Z%Q6/9!OE!ht\tJht[h!Pr\\xQC!

ut! >#*+?E!;C%25%6<"!B#*:#*+!'*:!,(*:&*0'$#(*!(3!1%'0A#:!5.8!(*$(!e/*9$#(*'%#g&:!,')-(*!.'*($/-&0|!"(W'):!
$?&! ,(*0$)/9$#(*! (3! .'*($/-&JB'0&:!4&*&! 5&%#6&)7! k&9$()0C! N9;3/6<% 9O% 5M2% W8230>6/% !M280>6<% Z9>025B!
MPVE!uhvvJuhxs!Pr\\wQC!

uv! f'*+E!ZC%25%6<"!B#(:#0$)#-/$#(*!(3!,')-(*!>#*+%&Jf'%%!,')-(*!.'*($/-&0!#*!I#9&C!N9;3/6<%9O%Q6/94>02/>2%
6/=%Q6/952>M/9<9AB!QE![\[xJ[\ruE!Pr\\uQC!



"'#%()#*+!,')-(*!.'*($/-&0!1)(2&)$#&0!3()!4&*&!5&%#6&)7!822%#9'$#(*0!

 [ss!

ux! `'*+E! >CJ$C% 25% 6<"! B#(:#0$)#-/$#(*! (3! 1)#0$#*&! >#*+%&Jf'%%&:! ,')-(*!.'*($/-&0! <*! k#6(ÑÖôC!LM2% N9;3/6<% 9O%
@MB40>6<%!M280453B%!!MMME![tts[J[ttsuE!Pr\\tQC!

w\! `'*+E!>CJ"CE!j/(E!]CE!^?(/E!=C!Ç!f'*+E!ZC!1?')A'9(X#*&$#90E!I&$'-(%#0A!'*:!"(N#9#$7!(3!,')-(*!.'*($/-&0!
3()!B#(A&:#9'%!1/)2(0&0C!LM236/9450>4!PE!rt[Jrvr!Pr\[rQC!

w[! ^?'*E! jC% 25% 6<"! B#(:#0$)#-/$#(*! (3! 9(J&N2(0/)&! $(! A/%$#JW'%%&:! 9')-(*! *'*($/-&0! '*:! +)'2?&*&! (N#:&!
*'*(2%'$&%&$0!)':#($)'9&)0C!N9;3/6<%9O%Q6/9S6350><2%724263>M!MOE!rxhxJrxutE!Pr\[[QC!

wr! Y'*+E!BC%25%6<"!B#(:#0$)#-/$#(*!'*:!'99/A/%'$#(*!(3!#*$)'6&*(/0%7!':A#*#0$&)&:!9')-(*!*'*($/-&0!#*!A#9&!
2)(-&:!-7!;'A'*!02&9$)(09(27!'*:!3%/()&09&*$!%'-&%#*+C!!63l9/!QVE![[vxJ[[xrE!Pr\\xQC!

wh! j'AE!,CJfCE!]'A&0E!]C!"CE!I9,%/0X&7E!;CE!8)&2'%%#E!>C!Ç!Z/*$&)E!;C!jC!8!)&6#&W!(3!9')-(*!*'*($/-&!$(N#9#$7!
'*:!'00&00A&*$!(3!2($&*$#'%!(99/2'$#(*'%! '*:!&*6#)(*A&*$'%!?&'%$?! )#0X0C!!3050>6<% 32102V4% 0/% 59K0>9<9AB!
OUE![vxJr[t!Pr\\sQC!

wu! B'%'0/-)'A'*#'*E! YC!Ç!B/)+?'):E!IC! ,?&A#9'%%7! 3/*9$#(*'%#g&:! 9')-(*!*'*($/-&0C!Z86<<% Ed20/M208%6/%
=23%R23A4536442_%&2386/BH!ME![v\J[xr!Pr\\wQC!

ww! ,(%%#*0E!1C!4C!U2O2>54%6/=%=0493=23%0/%>63l9/%/6/95;l24C!PbN3():!c*#6&)0#$7!1)&00|!bN3():E!r\[\QC!
ws! IG*'):JI(7(*E!,CE!Y(0$')&%(0E!YCE!1)'$(E!IC!Ç!B#'*9(E!8C!e/*9$#(*'%#g&:!,')-(*!.'*($/-&0!3()!1)(-#*+!

'*:!I(:/%'$#*+!I(%&9/%')!e/*9$#(*0C!!M280453B%T%R09<9AB!MVE![\tJ[[wE!Pr\[\QC!
wt! >/*E! `CJ1CE! e/E! YCE! j#*E! `C! Ç! Z/'*+E! fC! e/*9$#(*'%#g&:! 9')-(*! *'*($/-&0|! 2)(2&)$#&0! '*:! '22%#9'$#(*0C!

W>>9;/54%9O%>M280>6<%324263>M!ORE![\xsJ[[\u!Pr\\rQC!
wv! 1/%0X'A2E! YCE! 5#'-'$GE! >C! Ç! Y)/+E! ZC! eC! ,')-(*! *'*($/-&0! 0?(W! *(! 0#+*! (3! '9/$&! $(N#9#$7! -/$! #*:/9&!

#*$)'9&%%/%')! )&'9$#6&! (N7+&*! 02&9#&0! #*! :&2&*:&*9&! (*! 9(*$'A#*'*$0C! L9K0>9<9AB% :255234! MUWE! wvJtuE!
Pr\\tQC!

wx! j#/E!]C%25%6<"!e/%%&)&*&!1#2&0C!Z>02/>2!PWXE![rwhJ[rwsE!P[xxvQC!
s\! ,#3/&*$&0E!8C!Ç!B())D0E!>C!,(A2')#0(*!(3!"W(!5#33&)&*$!1%'0A'!>/)3'9&JI(:#3#9'$#(*!"&9?*#K/&0!3()!$?&!

,(6'%&*$!<AA(-#%#g'$#(*!(3!1)($&#*!I(*(%'7&)0C!:6/A8;03!PTE!ssuwJssw[E!Pr\[hQC!
s[! Z%':7E! kC! Ç! B/#i0E! ]C! 1)($&#*! ':0()2$#(*! (*! 0(%#:! 0/)3'9&0C! !;332/5% XS0/09/% 0/% R0952>M/9<9AB! VE! trJtt!

P[xxsQC!
sr! Z&#0$&)E! @C% 25% 6<"! Z#+?&)! 5#02&)0#(*! @33#9'97! (3! e/*9$#(*'%#g&:! ,')-(*! .'*($/-&0! #*! ,?&A#9'%! '*:!

B#(%(+#9'%!@*6#)(*A&*$0C!W!Z%Q6/9!QE!rs[wJrsrsE!Pr\[\QC!
sh! 4&E! ,C% 25% 6<"! B#*:#*+! (3! -%((:! 2)($&#*0! $(! 9')-(*! *'*($/-&0! )&:/9&0! 97$($(N#9#$7C! @39>22=0/A4% 9O% 5M2%

Q6509/6<%W>6=28B%9O%Z>02/>24!MXWE![sxsvJ[sxth!Pr\[[QC!
su! 8%X#%'*7E!8C!IC%25%6<"!,&%%/%')!c2$'X&!'*:!,7$($(N#9#$7!(3!4(%:!.'*()(:0|!I(%&9/%')!b)#+#*!(3!,7$($(N#9#$7!

'*:!>/)3'9&!@33&9$0C!Z86<<!RE!t\[Jt\vE!Pr\\xQC!
sw! f'*+E! >C% 25% 6<"! ,?'%%&*+&! #*!/*:&)0$'*:#*+! 0#g&! '*:! 0?'2&!:&2&*:&*$! $(N#9#$7!(3! +(%:!*'*(A'$&)#'%0! #*!

?/A'*!0X#*!X&)'$#*(97$&0C!!M280>6<%@MB40>4%:255234!QUOE![uwJ[uxE!Pr\\vQC!
ss! ^?'*+E!`CE!_/E!5CE!j#E!fCE!`/E!]C!Ç!,?&*E!`C!@33&9$!(3!>#g&E!>?'2&E!'*:!>/)3'9&!I(:#3#9'$#(*!(*!,7$($(N#9#$7!(3!

4(%:!.'*(2')$#9%&0!$(!Z/A'*!Z@2Jr!'*:!,'*#*&!I5,Y!,&%%0C!N9;3/6<%9O%Q6/98652306<4!PXMPE!Pr\[rQC!
st! j&W#*0X#E!.C!25%6<C!,7$($(N#9#$7!(3!.'*(2')$#9%&0C!Z86<<!QE!rsJuxE!Pr\\vQC!
sv! j#E!;C%25%6<"!>/)3'9&!9?')+&!'*:!9&%%/%')!2)(9&00#*+!(3!9(6'%&*$%7!3/*9$#(*'%#g&:!A/%$#W'%%!9')-(*!*'*($/-&0!

:&$&)A#*&!2/%A(*')7!$(N#9#$7C!W!Z%/6/9!VE!rhwrJrhsv!Pr\[hQC!
sx! j#E!>CJ5C!Ç!Z/'*+E!jC!1?')A'9(X#*&$#90!'*:!-#(:#0$)#-/$#(*!(3!*'*(2')$#9%&0C!P9<2>;<63%SM6386>2;50>4!RE!

uxsJw\uE!Pr\\vQC!
t\! j(*+A#)&E!ICE!,?(7X&E!1C!jC!Ç!Y(-'7'0?#E!ZC!,%&')'*9&!2)(2&)$#&0!(3!*'*(J0#g&:!2')$#9%&0!'*:!A(%&9/%&0!'0!

#A'+#*+!'+&*$0|!9(*0#:&)'$#(*0!'*:!9'6&'$0C!Q6/982=0>0/2%E:9/=9/_%J/A<6/=H!OE!t\hJt[tE!Pr\\vQC!
t[! 8%A&#:'E! ]C! 1C!ICE! ,?&*E! 8C! jCE! e(0$&)E! 8C! Ç! 5;&g&XE! ;C! <*! k#6(! B#(:#0$)#-/$#(*! (3! .'*(2')$#9%&0C! $;5;32%

P2=0>0/2!UE!v[wJvh[!Pr\[[QC!
tr! I(+?#A#E! >C!ICE!Z/*$&)E!8C! ,C!Ç!8*:)&0&*E! "C! jC! e'9$()0!,(*$)(%%#*+!.'*(2')$#9%&!1?')A'9(X#*&$#90|!8*!

<*$&+)'$&:!8*'%70#0!'*:!1&)02&9$#6&C!W//;6<%72102V%9O%@M6386>9<9AB%6/=%L9K0>9<9AB!RPE!uv[Jw\hE!Pr\[rQC!
th! j'9&):'E!jC%25%6<"!,')-(*J.'*($/-&!>?'2&!'*:!<*:#6#:/'%#g'$#(*!,)#$#9'%!3()!;&*'%!@N9)&$#(*C!Z86<<!QE![[h\J

[[hrE!Pr\\vQC!



,?'2$&)!<k!~!@33&9$!(3!$?&!1?70#9(9?&A#9'%!1)(2&)$#&0!(3!$?&!,."0!#*!B#(%(+#9'%!822%#9'$#(*0!

 [st!

tu! >#*+?E! ;C% 25% 6<"! "#00/&! -#(:#0$)#-/$#(*! '*:! -%((:! 9%&')'*9&! )'$&0! (3! #*$)'6&*(/0%7! ':A#*#0$&)&:! 9')-(*!
*'*($/-&!)':#($)'9&)0C!@39>22=0/A4%9O%5M2%Q6509/6<%W>6=28B%9O%Z>02/>24%9O%5M2%./052=%Z56524%9O%W8230>6!
MXOE!hhwtJhhsr!Pr\\sQC!

tw! 4)/-&XJ]'W()0X'E!ZC%25%6<"!1)&%#A#*')7!)&0/%$0!(*!$?&!2'$?(+&*#9!&33&9$0!(3!#*$)'$)'9?&'%!&N2(0/)&!$(!(*&J
:#A&*0#(*'%!*'*(9')-(*0C!!63l9/!QQE![\wtJ[\shE!Pr\\sQC!

ts! j#/E! ^C% 25% 6<"! <*! 6#6(!-#(:#0$)#-/$#(*! '*:!?#+?%7! &33#9#&*$! $/A(/)! $')+&$#*+!(3! 9')-(*!*'*($/-&0! #*!A#9&C!
Q65;32%Q6/952>M/9<9AB!PE!utJwrE!Pr\\tQC!

tt! f&#E! =C% 25% 6<"! B#(:#0$)#-/$#(*! (3! 9(J&N2(0/)&! $(!A/%$#JW'%%&:! 9')-(*! *'*($/-&0! '*:! *'*(:#'A(*:0! #*!
A#9&C!Q6/94>6<2%724263>M%:255234!VE!Pr\[rQC!

tv! `'*+E!>CJ"C%25%6<"!,(6'%&*$%7!1@47%'$&:!,')-(*!.'*($/-&0!W#$?!>$&'%$?!,?')'9$&)!<*!k#6(C!Z86<<!QE!xu\Jxuu!
Pr\\vQC!

tx! Y(0$')&%(0E! YC% 25% 6<"! ,&%%/%')! /2$'X&! (3! 3/*9$#(*'%#g&:! 9')-(*! *'*($/-&0! #0! #*:&2&*:&*$! (3! 3/*9$#(*'%!
+)(/2!'*:!9&%%!$72&C!Q65;32%Q6/952>M/9<9AB!PE![\vJ[[hE!Pr\\tQC!

!



!

 

!

!



 

 

 (,?'2$&)!kC

RF ,60=2/.?6:('5/9?6:(#/B/0?4>Y(A=542?6(#5=56/.(

b)#+#*'%%7!2/-%#0?&:!'0|!

8C! ,#3/&*$&0J;#/0E!ZC! :&!1/#+E! ]C! Y'?E! >C! B())(0E! YC!Z'A':J>9?#33&)%#F!W!Z%Q6/9E!PXMO! P6350><2%WZW@_%

!",Y([\C[\r[q**u\u[ssKQ!

ZC!:&!1/#+E!8C!,#3/&*$&0!;#/0E!5C!e%&A#0$&)E!>C!ZC!B'N'A/0'!'*:!YC!Z'A':J>9?#33&)%#C!@:9Z%XQJE!PXMOE!v!

PtQE!&svw[[!



!

 



,?'2$&)!k!~!<*9)&'0#*+!j(':#*+!,'2'9#$7|!1)($&#*!,()(*'0!

   [t[!

RFMF ,64=59<04?56(

,?'2$&)! <<<! '*:! ,?'2$&)! <k! ?'6&! :&A(*0$)'$&:! $?'$! 9?&A#9'%! 3/*9$#(*'%#g'$#(*! P9(6'%&*$! ()! *(*J

9(6'%&*$Q!(3!,."0!?'6&!'!:#)&9$!&33&9$!(*!$?&#)!:#02&)0#-#%#$7E!-#(9(A2'$#-#%#$7!'*:!9'2'9#$7!3()!+&*&!

%(':#*+!'*:!9&%%!$)'*03&9$#(*C!8%$?(/+?!#A2()$'*$!':6'*9&0!#*!$?&!/*:&)0$'*:#*+!(3!$?&!(2$#A'%!,."J

A&:#'$&:! +&*&! 6&9$()! 3&'$/)&0! ?'6&! -&&*! :(*&! #*! $?#0! 2)&6#(/0!W()XE! $?&)&! ')&! 0(A&! 0#+*#3#9'*$!

:)'W-'9X0!$?'$!/)+&!$(!-&!0(%6&:C!b*!$?&!-)#+?$!0#:&E!4e1!&N2)&00#(*!?'0!#*:&&:!-&&*!0/99&003/%%7!

'9?#&6&:!W#$?!$?&!#*$&)*'%#g'$#(*!(3!24e1!9(A2%&N&:!(*!2288JA(:#3#&:!,."0C!Z(W&6&)E!$?&!/0&!(3!

#*0/33#9#&*$! 9(*9&*$)'$#(*! (3! 2%'0A#:! #0! 3()9&:E! 9'/0#*+! %(W! $)'*03&9$#(*! &33#9#&*9#&0C! <$! '%%! 9(A&0!

:(W*! $(! $?&! 97$($(N#9#$7! (-0&)6&:! :/&! $(! $?&! 2')$#9%&! '++)&+'$#(*! &N2&)#&*9&:! W?&*! ?#+?!

9(*9&*$)'$#(*0! (3! ,."0! ')&! /0&:C! I()&(6&)E! $?&! :#02&)0#-#%#$7! (3! $?&! *'*(2')$#9%&0! P.10Q! 9'*!

/*2)&:#9$'-%7! 9?'*+&! '0! 0((*! '0! $?&7! -&9(A&! #*$(! 9(*$'9$! W#$?! $?&! 0&)/A! 2)($&#*0! (3! $?&! 9&%%!

A&:#/AC!"?&)&3()&E!'!A(:#3#9'$#(*!070$&A!$?'$!*($!(*%7!'%%(W0!'!?#+?&)!%(':#*+!(3!5.8!2&)!,."!-/$!

'%0(!2)&0&)6&0!$?&!2?70#9(9?&A#9'%!2)(2&)$#&0!W?&*!#*$)(:/9&:!#*$(!'!-#(%(+#9'%!A#%#&/!#0!&N$)&A&%7!

:&0#)'-%&C!!

f?&*!.10!')&! #*$)(:/9&:!#*$(!-#(%(+#9'%!3%/#:0!'*:!070$&A0E!$?&!2)($&#*0!'*:!0A'%%!A(%&9/%&0!$?'$!

')&! 2)&0&*$! ':0()-! (*$(! $?&! .1! 0/)3'9&E! 3()A#*+! '! 2)($&#*! 9()(*'C[Er! "?&! 2)($&#*! 9()(*'! #0!

A/%$#%'7&)&:!'*:!?&%:!$(+&$?&)!-7!*/A&)(/0!*(*J9(6'%&*$!-(*:0C!B&9'/0&!9()(*'!2)(2&)$#&0!')&!0(!

9(A2%&NE! #$! #0!:#33#9/%$!*($!(*%7! $(!9?')'9$&)#g&! #$!-/$!'%0(!$(!2)&:#9$! #$0!-&?'6#()C!e/)$?&)A()&E! $?&!

9()(*'!2?70#9'%%7!A'0X0!$?&!0/)3'9&!(3!$?&!.1E!'*:!9'*!9(*9&'%!$?&!3/*9$#(*!(3!'*$#-(:#&0E!%#+'*:0E!()!

'2$'A&)0!:#)&9$%7!'$$'9?&:!$(!$?&!.1ChJw!5&02#$&!9(*$#*/&:!&33()$0!$(!)&*:&)!.1!0/)3'9&0!*(*J3(/%#*+E!

+)(W#*+!&6#:&*9&!0?(W0!$?'$!9()(*'!3()A'$#(*!9'**($!-&!'6(#:&:Cs!

Z(W&6&)E!#A2()$'*$!':6'*9&0!#*!/*:&)0$'*:#*+!$?&!2)($&#*!9()(*'!?'6&!-&&*!A':&C!f?#%&!$?&!.10!

?'6&!6')#&:!'A(*+!0$/:#&0E!$?&!X&7!3#*:#*+!#0!$?'$!9&)$'#*!9%'00&0!(3!2)($&#*0!-#*:!0$)(*+%7!$(!$?&!.10!

A'X#*+! /2! $?&! S?'):! 9()(*'ET! W?#%&! ($?&)0! #*$&)'9$!A()&! W&'X%7! W#$?! $?&! .1E! 3()A#*+! $?&! S0(3$!

9()(*'TCtJx!b*9&! 3()A&:E! $?&! 9()(*'! #0! *($! 0$'$#9E!W?&)&! #$0! 2)($&#*0! ')&! 9(*$#*/(/0%7! &N9?'*+#*+!

W#$?! 3)&&! 02&9#&0! #*! $?&! 0/))(/*:#*+0C! "?&0&! 02&9#&0! 9?'*+&! '0! $?&! .1! A(6&0! $?)(/+?! :#33&)&*$!

2?70#(%(+#9'%! &*6#)(*A&*$0E! 9'/0#*+! $?&! 2)($&#*! 9()(*'! $(! &6(%6&C[\J[h! "?&0&! ':6'*9&0! #*!

/*:&)0$'*:#*+! $?&! 2)($&#*! 9()(*'! 2)(2&)$#&0! ?'6&! -)(/+?$! /0! 9%(0&)! $(W'):0! :&6&%(2#*+! -'0#9!

S:&0#+*! )/%&0T! $?'$! W(/%:! &*'-%&! /0! $(! A'*#2/%'$&! $?&#)! 2)(2&)$#&0! '*:! (2$#A#g&! $?&A! 3()! '!

2')$#9/%')!-#(%(+#9'%!'22%#9'$#(*C!!



"'#%()#*+!,')-(*!.'*($/-&0!1)(2&)$#&0!3()!4&*&!5&%#6&)7!822%#9'$#(*0!

 [tr!

1)($&#*! 9()(*'0! ?'6&! 2)(A#0#*+! 2)(2&)$#&0! $?'$! 9'*! -&! &N2%(#$&:C[u! "?&! 9()(*'! #0! %')+&! '*:!

A/%$#%'7&)&:E! '*:! 9'*! -&! /0&:! $(! #A2)(6&! 9'))#&)! 2)(2&)$#&0! 3()! :)/+! :&%#6&)7! -7! ?(%:#*+! ?#+?!

'A(/*$0!(3!$?&)'2&/$#9!2'7%(':0C!;&9&*$%7E!Y'?!'*:!9(%%&'+/&0!:&A(*0$)'$&:!$?'$!2)($&#*!9()(*'0!

(*! +(%:! *'*()(:0! P.;0Q! 9'*! -&! %(':&:!W#$?!5.8! '*:! :(N()/-#9#*! '$! 9'2'9#$#&0! wJ[\ã! ?#+?&)! $?'*!

W?'$!#0!'9?#&6'-%&!-7!9(6'%&*$!9?&A#0$)7C[w!e/)$?&)A()&E!-&9'/0&!$?&!2)($&#*!9()(*'!#0!3()A&:!3)(A!

&*:(+&*(/0! 2)($&#*0E! /*W'*$&:! #AA/*&! )&02(*0&0! '+'#*0$! $?&! $?&)'2&/$#9! 9'))#&)! 9(/%:! -&!

A#*#A#g&:!()!2)&6&*$&:!'%$(+&$?&)C[s!I()&(6&)E! $?&!2)&0&*9&!(3!2)($&#*0!(*! $?&!.1!0/)3'9&!9(/%:!

'%0(! 3'9#%#$'$&! $)'*0A&A-)'*&! #*$&)*'%#g'$#(*!:/&! $(! $?&!?#+?&)!'A(/*$!(3!&N2(0&:! %#+'*:0!(*! $?&!

9()(*'E! W?#9?! 9(/%:! '00#0$! )&9(+*#$#(*! -7! 9&%%! A&A-)'*&! )&9&2$()0C[t! "?/0E! .;J9()(*'0! )&0/%$! #*!

/*#K/&! 9'))#&)0! W#$?! &*?'*9&:! 2?70#9'%! '*:! -#(%(+#9'%! 2)(2&)$#&0E! '*:! ?'6&! +)&'$! 2)(A#0&! 3()!

#A2)(6#*+!:)/+!:&%#6&)7C!!

B&0#:&0!,."0E!+(%:!*'*()(:0!')&!'%0(!'*!#*$&)&0$#*+!9?(#9&!3()!0/%1019!'*:!#/%10539%'22%#9'$#(*0!:/&!$(!

$?&#)!%(W!$(N#9#$7!#*!-#(%(+#9'%!&*6#)(*A&*$0C[vJr\!>&6&)'%!A&$?(:0!/$#%#g#*+!0&&:JA&:#'$&:!+)(W$?!#*!

$?&!2)&0&*9&!(3!'!0$)/9$/)&J:#)&9$#*+!0/)3'9$'*$!?'6&!-&&*!:&6&%(2&:!$(!07*$?&0#g&!+(%:!*'*()(:0!

W#$?!$/*'-%&!0#g&!'*:!'02&9$!)'$#(0!P8;QC[tEr[!<*:&&:E!#$!?'0!-&&*!3(/*:!$?'$!-7!$/*#*+!$?&#)!0#g&!$?&#)!

(2$#9'%! 2)(2&)$#&0! 9'*! -&! '%0(! $/*&:E! W?#9?! A'X&0! +(%:! .;0! 2')$#9/%')%7! '$$)'9$#6&C! "?&7! 9'*! -&!

07*$?&0#g&:!$(!'-0()-!%#+?$!#*!$?&!#*3)')&:!P<;Q!)&+#(*E!W?&)&!-#(%(+#9'%!$#00/&!:(&0!*($!'-0()-E!'*:!

$?/0! &*'-%#*+! $?&#)! /0&! 3()! 2?($($?&)A'%! $?&)'27Crr! B7! /0#*+! 0/9?! $&9?*#K/&E! #$! #0! 2(00#-%&! $(!

0&%&9$#6&%7!X#%%! $')+&$&:!9&%%0!()!&*'-%&!&N$&)*'%%7!9(*$)(%%&:!:)/+!'*:!+&*&!:&%#6&)7C! <*!():&)!$(!:(!

0(E!$?&!'-0()2$#(*!2&'X!(3!$?&!+(%:!.;0!?'0!$(!-&!#*0#:&!$?&!S$#00/&!W#*:(WTE!-&$W&&*!s\\!'*:![h\\!

*AE!W?&)&! $?&! 2&*&$)'$#(*! (3! %#+?$! #0!A'N#A'%C! "?#0! &*0/)&0! $?'$! $?&! +(%:! *'*()(:0!W#$?! 0/)3'9&!

2%'0A(*! )&0(*'*9&! P>1;Q! #*0#:&! $?&! $#00/&! W#*:(W! W#%%! '-0()-! %#+?$! 2)&3&)&*$#'%%7C! c%$)'3'0$!

2?($($?&)A'%! ?&'$#*+! (3! $?&! .;0! '$! $?&#)! >1;! #*:/9&0! $?&! A&%$#*+! (3! $?&! 2')$#9%&0E! 9'/0#*+! $?&!

:#00(9#'$#(*! (3! $?&#)! 9?&A#9'%! 3/*9$#(*'%#$7! (*! $?&! 0/)3'9&! 3)(A! $?&! +(%:! *'*()(:0C[wErh!I()&(6&)E!

2)&6#(/0!W()X! 3()A!Z'A':J>9?#33&)%#!+)(/2!0?(W&:!$?'$! #0!2(00#-%&! $(!0&%&9$#6&%7! )&%&'0&!:#33&)&*$!

0#*+%&J0$)'*:&:! 5.8! P005.8Q! 0&K/&*9&0! 3)(A! .;0! W#$?! :#33&)&*$! 8;0C[v! "?#0! X#*:! (3! '22)('9?! #0!

&02&9#'%%7! #*$&)&0$#*+!W?&*! $W(! $72&0!(3!*/9%&#9! '9#:0!?'6&! $(!-&! 0&%&9$#6&%7! )&%&'0&:! #*! $?&! 0'A&!

A&:#/AE!0/9?!'0!0W#$9?#*+!-%((:!9%($$#*+!(*!'*:!(33!-7!$?&!#*$)(:/9$#(*!(3!'*!#*?#-#$()!P'2$'A&)0Q!

'*:!'!02&9#3#9!'*$#:($&!W#$?!02'$#'%!'*:!$&A2()'%!9(*$)(%C!!

<*! $?#0! )&+'):E! :&2&*:#*+! (*! $?&! :&%#6&)7! '22%#9'$#(*E! :#33&)&*$!A(:&0! (3! 2'7%(':! )&%&'0&!A'7! -&!

:&0#)'-%&C!>(A&!'22%#9'$#(*0!)&K/#)&!)&%&'0&!'$!'!9(*0$'*$!)'$&!$(!(2$#A#g&!$?&!$?&)'2&/$#9!#*:&NC!<*!

($?&)!9'0&0E! #$! #0!*&9&00')7!$(!?'%$!2'7%(':!)&%&'0&!/*$#%!'9$#6'$#(*!-7!'*!&N$&)*'%!$)#++&)E!0/9?!'0!'!

9?'*+&! #*! -#(%(+#9'%! ()! 9?&A#9'%! &*6#)(*A&*$E! '0! &N2%'#*&:! -&3()&Cru! "?&)&3()&E! +/#:&%#*&0! 3()!



,?'2$&)!k!~!<*9)&'0#*+!j(':#*+!,'2'9#$7|!1)($&#*!,()(*'0!

   [th!

9(*0$)/9$#*+!'!2)($&#*!9()(*'!$?'$!&N?#-#$0!'!2')$#9/%')!)&%&'0&!-&?'6#()!W(/%:!'::!3/)$?&)!6'%/&!$(!

#$0! 2($&*$#'%! '0! '! $?&)'2&/$#9! 9'))#&)C! 8%%! $?&! ':6'*9&:! 9?')'9$&)#0$#90! $?'$! +(%:! *'*()(:0! (33&)E!

'%(*+0#:&!$(!$?&#)!0/)3'9&!2)(2&)$#&0E!'%%(W#*+!$?&!3/*9$#(*'%#g'$#(*!'%0(!W#$?!2)($&#*!9()(*'0E!A'X&0!

$?&A! '! 2)(A#0#*+! 9'*:#:'$&! $(! &%/9#:'$&! $?#0! 2)($&#*! 9()(*'! -&?'6#()C! .;0! ?'6&! /*#K/&! (2$#9'%!

2)(2&)$#&0!:/&!$(!$?&#)! %'9X!(3!07AA&$)7!$?'$E!'$!$?&!0'A&!$#A&E!:&$&)A#*&0!$?&#)!>1;!W'6&%&*+$?E!

W?#9?!:&2&*:0!(*!$?&!.;!'02&9$!)'$#(C!80!'!)&0/%$E!.;0!W#$?!:&3#*&:!8;!9'*!-&!&'0#%7!$)'9X&:!-7!ckJ

k#0!02&9$)(09(27!'*:!$?/0!3'9#%#$'$&!$?&!9?')'9$&)#g'$#(*!(3!$?&!3()A&:!2)($&#*!9()(*'0C!

"?#0! 9?'2$&)! #0! -/#%$! /2(*! $?&0&! 9(AA(*! (-0&)6'$#(*0! '-(/$! 2)($&#*! 9()(*'0! $(!A'*#2/%'$&! '*:!

(2$#A#g&!$?&#)!2)(2&)$#&0!3()!$?&)'2&/$#9!:&%#6&)7C!<$!#0!&N2&9$&:!$?'$!W?&*!.10!W#$?!2)($&#*!9()(*'0!

')&! #*! '*! &*6#)(*A&*$!W#$?! '*! '-/*:'*9&! (3! ?'):! 9()(*'! 2)($&#*0E! &N9?'*+&!W#%%! (99/)! -&$W&&*!

$?(0&!#*!$?&!&*6#)(*A&*$!'*:!(*!$?&!.1!P>9?&A&!wC[8QC[h!!

!

>9?&A&!wC[C!4)'2?#9'%!)&2)&0&*$'$#(*!(3!$?&!9()(*'!:&0#+*!'22)('9?C!P8Q!>9?&A'$#9!(3!$?&!9()(*'!&N9?'*+&!

9(*9&2$C!.;0!W#$?!?/A'*!0&)/A!9()(*'0!%(':&:!W#$?!5.8!P.;JZ>J5.8Q!#*!$?&!2)&0&*9&!(3!?'):!P()'*+&Q!'*:!

0(3$!P-%/&Q!9()(*'!2)($&#*0!&N2&)#&*9&!A()&!%'-#%&!)&%&'0&!'*:!?#+?&)!)&%&'0&E!W?#%&!#*!$?&!2)&0&*9&!(3!0(3$!

9()(*'!2)($&#*0!&N2&)#&*9&!0%(W&)!'*:!%(W&)!)&%&'0&!(3!5.8C!PBQ!e()A'$#(*!(3!Z>J5.8!9(*i/+'$&0!')(/*:!

.;0E!.B0E!'*:!,."0C!"?&!%(':#*+!'*:!2'00#6&!)&%&'0&!(3!'!5.8!2'7%(':!#0!A(*#$()&:!3()!:#33&)&*$!.1!9?')+&0E!

9()(*'!9(A2(0#$#(*0E!-/33&)!0$)&*+$?0E!'*:!0&)/A!9(*9&*$)'$#(*0C!

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

!"#$%&
•  ./%0!"#1+%
•  234+#%5*#+(1*!%
•  ./%6,1"($%&'(&+(*#"7'(%
•  5+#38%&'(&+(*#"7'(%

."('#'$-%9.:;%

."('<'(+-%9.2;%

0"#<'(%
."('*3<+-%90.=;%

%
&'(&)*#*+",&-*"./.&01&2'3&

-'>%&'#'("%
)#'*+,(-%

?.@%)"A6'"$%

B"<,6+%+C&!"(1+%
B"<,6+%?.@%#+6+"-+%

56'D+#%+C&!"(1+%
56'D%?.@%#+6+"-+%

'(4)*#*+"&/+56#*+7/+8%&
9"#.&:&,*;&<#*8/6+,&

'(4)*#*+"&/+56#*+7/+8%&
,*;&<#*8/6+,&

=&

3&



"'#%()#*+!,')-(*!.'*($/-&0!1)(2&)$#&0!3()!4&*&!5&%#6&)7!822%#9'$#(*0!

 [tu!

<3!$?&!9()(*'!(*!$?&!.1!9(*$'#*0!'!2'7%(':E!$?#0!&N9?'*+&!W(/%:!#*:/9&!2'7%(':!)&%&'0&C!Z(W&6&)E!#3!

(*%7!0(3$!9()(*'!2)($&#*0!')&!2)&0&*$! #*!$?&!&*6#)(*A&*$E!$?&!'A(/*$!(3!&N9?'*+&!W#%%!-&! %#A#$&:E!

)&0/%$#*+! #*! %&00! 2'7%(':! )&%&'0&C! "?&)&3()&E! (*&! 9'*! /0&! $?&0&! $W(! :#33&)&*$! 2)($&#*! 9%'00&0! $(!

A'*#2/%'$&!$?&!&N9?'*+&!'*:!9(*0&K/&*$%7!$?&!)&%&'0&!2)(3#%&C!!

"?#0! &N9?'*+&! 0$)'$&+7! #0! &A2%(7&:! (*! .10! (3! #*$&)&0$! $(! -#(%(+#9'%! '22%#9'$#(*0! P.;0E! +(%:!

*'*(-(*&0E! .B0! '*:! 9')-(*! *'*($/-&0E! ,."0Q! W#$?! 9()(*'0! 3()A&:! 3)(A! ?/A'*! 0&)/A! PZ>Q!

P>9?&A&!wC[BQC!.;0!'*:!.B0!')&!+(%:!*'*()(:0!(3!:#33&)&*$!'02&9$! )'$#(0!W#$?!>1;!(3!v\\!*A!'*:!

[[\\! *AE! )&02&9$#6&%7E! W?#9?! W#%%! -&! /0&:! $(! 2)(-&! 0&%&9$#6&! 2'7%(':! )&%&'0&C! .;E! .BE! '*:! ,."J

9()(*'0!W&)&!%(':&:!W#$?!'!5.8!(%#+(*/9%&($#:&!2'7%(':!'*:!$?&#)!)&%&'0&!2)(3#%&0!W&)&!A(*#$()&:C!

"?&! &33&9$! (3! 6')7#*+! -/33&)! 0$)&*+$?E! 2'00#6'$#*+! %#+'*:! 9(*9&*$)'$#(*E! '*:! Z>! 'A(/*$! (*! $?&!

2'00#6&! )&%&'0&! (3! 5.8! W&)&! '%0(! &N'A#*&:E! '*:! $?&! )(-/0$*&00! (3! $?&! .;J9()(*'0! #*! 9?'*+#*+!

-/33&)! 9(*:#$#(*0! '*:! -%((:! 2%'0A'! W&)&! &N2%()&:C! <$! #0! 0?(W*! ?(W! 9()(*'! 2)(2&)$#&0! $(! &#$?&)!

A#*#A#g&!%&'X'+&!3()!$)#++&)&:!)&%&'0&!'22%#9'$#(*0E!()!$(!9(*$)(%!$?&!)'$&!(3!9(*0$'*$!2'00#6&!)&%&'0&!

9'*!-&!0$)'$&+#9'%%7!$/*&:C!

!

! !



,?'2$&)!k!~!<*9)&'0#*+!j(':#*+!,'2'9#$7|!1)($&#*!,()(*'0!

   [tw!

RFPF *HB2=?;264/8(+204?56((

8%%! $?&! &N2&)#&*9&0! 9'))#&:! (/$! #*! $?#0! 9?'2$&)! /*%&00! ($?&)W#0&! *($&:! W&)&! 2&)3()A&:! '$! $?&!

Z'A':J>9?#33&)%#! j'-E! #*! $?&!I&9?'*#9'%! '*:! B#(%(+#9'%! @*+#*&&)#*+! 5&2')$A&*$! '$!I'00'9?/0&$$0!

<*0$#$/$&!(3!"&9?*(%(+7!PI<"QC!

RFPFMF 1/65B/=4?082(A=2B/=/4?56((

D589(1/65=59(b1%c(+>64I2.?.(

4(%:!.;0! '*:!.B0!W&)&! 07*$?&0#g&:! -7! 0$'*:'):! 0&&:! '*:!*(*J0&&:!A&:#'$&:!A&$?(:0! 3)(A! $?&!

%#$&)'$/)&Crw!e()!$?&!07*$?&0#0!(3!+(%:!*'*()(:0!P.;0QE!'!0#*+%&!0/)3'9$'*$!*(*J0&&:JA&:#'$&:!+)(W$?!

A&$?(:!#*!r\!Aj!-'$9?&0!W'0!/0&:C!ru\!z%!(3!w\!AI!+(%:!9?%()#:&!$)#?7:)'$&!PZ8/,%uQ%W&)&!'::&:!

$(! [sCst! Aj! (3! \Cr! I! 9&$7%$)#A&$?7%'AA(*#/A! -)(A#:&! P,"8BQ! A#N&:! W#$?! h\\! zj! (3! [\\! AI!

>(:#/A! ,?%()#:&! P.',%QE! '*:! $?&! 0(%/$#(*! $/)*&:! ()'*+&o! ru\! zj! (3! [\!AI! 0#%6&)! *#$)'$&! P8+.bhQ%

W&)&!'::&:!$(!$?&!0(%/$#(*E!3(%%(W&:!-7!+&*$%&!A#N#*+o!r\\!zj!(3![\\!AI!809()-#9!89#:!P88Q!W&)&!

'::&:E! 3(%%(W&:! -7! #*6&)0#(*! /*$#%! $?&! 0(%/$#(*! $/)*&:! 9(%()%&00C! [rv! zj! (3! \Ch[rw! AI! 0(:#/A!

-()(?7:)#:&! P.'BZuQ!W&)&! '::&:C! ! "?&! 0(%/$#(*! 0'$! (*! $?&! -&*9?! /*:#0$/)-&:! (6&)*#+?$! '$! )((A!

$&A2&)'$/)&E! :/)#*+! W?#9?! $#A&! #$! $/)*&:! )&::#0?! -)(W*E! #*:#9'$#*+! $?&! 2)&0&*9&! (3! .;0C! "@I!

'*'%70#0!0?(W&:!$?'$!$?&!.;0!?':!:#A&*0#(*0!(3!hw!±!w!*A!%![\!±![!*AC!!

D589(1/65@562(b1Nc(+>64I2.?.(

4(%:!*'*(-(*&0!W&)&!07*$?&0#g&:!-7!'!-#*')7J0/)3'9$'*$!0&&:!A&:#'$&:!+)(W$?!A&$?(:C!e#)0$E!+(%:!

0&&:0!W&)&!2)&2')&:!-7!A#N#*+!tCw!Aj!(3!\Cr!I!,"8B!W#$?!rCw!Aj!(3![!AI!Z8/,%u!'*:!\Cs!Aj!(3!#9&J

9(%:!\C\[!I!.'BZuC!83$&)E!$?&!+)(W$?!0(%/$#(*!W'0!2)&2')&:!-7!'::#*+!rw!Aj!(3![!AI!Z8/,%u!'*:![!

Aj! (3! u! AI! 8+.bh! #*$(! '! A#N$/)&! (3! [\! Aj! (3! \Cr! I! ,"8B! '*:! [w! Aj! (3! \Ch! I!

-&*g7%:#A&$?7%?&N':&97%'AA(*#/A!9?%()#:&!PB58,QE!'*:!$?&!0(%/$#(*!$/)*&:!()'*+&C!\Ch!Aj!(3!\C[!

I! '09()-#9! '9#:! W'0! '::&:! $(! $?&! 0(%/$#(*E! 3(%%(W&:! -7! +&*$%&! A#N#*+! /*$#%! $?&! 0(%/$#(*! $/)*&:!

9(%()%&00C!e#*'%%7E!\C\w!Aj!(3!$?&!0&&:!0(%/$#(*!W'0!'::&:!$(!$?&!+)(W$?!0(%/$#(*C!"?&!0(%/$#(*!W'0!

X&2$! /*:#0$/)-&:! (6&)*#+?$! '*:! $/)*&:! )&::#0?J2/)2%&E! 3()A#*+! %(*+! +(%:! *'*(9'20/%&0C! "?&! :'7!

'3$&)! $?&! 07*$?&0#0E![!Aj!(3!\C[!I!'09()-#9!'9#:!W&)&!'::&:! $(!&6&)7!w\!Aj!(3! %(*+!*'*(9'20/%&0!

0(%/$#(*E!$/)*#*+!$?&A!#*$(!*'*(-(*&0C!"@I!#A'+#*+!0?(W&:!$?'$!$?&!.B0!?'6&!:#A&*0#(*0!vw!N![[!



"'#%()#*+!,')-(*!.'*($/-&0!1)(2&)$#&0!3()!4&*&!5&%#6&)7!822%#9'$#(*0!

 [ts!

*AC! 8%%! $?&! )&'+&*$0! W&)&! 2/)9?'0&:! 3)(A! >#+A'J8%:)#9?E! &N9&2$! 3()! .',%E! W?#9?! W'0! 3)(A!

I'%%#*9X)(:$C!

83$&)!$?&!07*$?&0#0E!.;0!'*:!.B0!W&)&!W'0?&:!$(!)&A(6&!$?&!&N9&00!)&'+&*$0!Ph\!A#*!'$![hw\\!)93Q!

)&0/02&*:&:! #*! I#%%#=! W'$&)! '*:! 0$()&:! /*$#%! /0'+&C! .10! W&)&! 9&*$)#3/+&:! $W#9&! #*! $?&! :&0#)&:!

9(*9&*$)'$#(*!(3!,"8B! P3)(A!\Cw! $(![\!AIE!-/$! $72#9'%%7! w!AIQ!-&3()&!2)(9&&:#*+! $(! $?&! 9()(*'!

3()A'$#(*C!

#/=@56(1/654<@2(b#1$c(+58<@?8?]/4?56(

,')-(*!*'*($/-&0!P,."0Q!/0&:!#*!$?#0!W()X!W&)&!$?&!0'A&!'0!$?&!(*&0!/0&:!#*!,?'2$&)!<kE!#*9%/:#*+!

$?&!0?()$&*&:!6&)0#(*0!2)(:/9&:! #*! $?&!0'A&!9?'2$&)C!221eIJA(:#3#&:!,."0!W&)&!'%0(!&A2%(7&:!

P,?'2$&)!<<Q!'*:!W&)&!0/-0&K/&*$%7!3/*9$#(*'%#g&:!W#$?!Z>!'0!:&09)#-&:!#*!,?'2$&)!<<<C!"?&!3()A'$#(*!

(3!$?&!9()(*'0!(*!),."0!'*:!221eIJA(:#3#&:!*'*($/-&0!'*:!#$0!9?')'9$&)#g'$#(*!W'0!2&)3()A&:!'$!

<=>E!3(%%(W#*+!$?&!0'A&!2)($(9(%!'*:!/0#*+!$?&!0'A&!&K/#2A&*$!A(:&%!(!!

Z#+?%7!W&%%J:#02&)0&:!,."J,"8B!W&)&!(-$'#*&:!'3$&)!:#00(%6#*+!$?&!,."! #*!w!AI!,"8B!Pr!A+qAjQE!

3(%%(W&:!-7!0(*#9'$#(*!Pr!?Q!'*:!9&*$)#3/+'$#(*!P[sr\\!)93E![!?Q!$(!#0(%'$&!$?&!?#+?%7!:#02&)0&:!9')-(*!

*'*($/-&0! 3)(A! $?&!-/*:%&0C!8! 0&$!(3!:#02&)0#(*0! P3)(A!rCw!z+qAj! $(!u\!z+qAjQ!W'0!2)&2')&:!-7!

:#%/$#*+! $?&! ()#+#*'%! :#02&)0#(*! Pr! A+qAjo! ,."J,"8BQ! W#$?! w! AI! ,"8BC! "?&0&! :#02&)0#(*0! W&)&!

0(*#9'$&:!3()!h\!A#*!-&3()&!ckJk#0!'*'%70#0C!"?&!'-0()2$#(*!'$!w\\!*A!W'0!/0&:!$(!:&$&)A#*&!$?&!

9(*9&*$)'$#(*!(3!$?&!3#*'%!W&%%J:#02&)0&:!,."0C!Y*(W#*+!$?'$!$?&!2/)9?'0&:!,."0!W&)&!w!zA!%&*+$?E!

[w!*A!:#'A&$&)!'*:!rC[!+qAj!:&*0#$7!'6&)'+&E! $?&! 9(*9&*$)'$#(*!(-$'#*&:!W'0! 9(*6&)$&:! $(!*IC!

,."J,"8B!9(*i/+'$&0!W&)&!W'0?&:!W#$?!I#%%#=!W'$&)!-7!/0#*+! 9&*$)#3/+&! 3#%$&)0! P8A#9(*!c%$)'J\Cw!

AjE!I&)9X!I#%%#2()&QC!

RFPFPF #5=56/(J5=;/4?56(

Z/A'*!0&)/A!PZ>Q!'*:!?/A'*!0&)/A!'%-/A#*!PZ>8Q!W&)&!2/)9?'0&:!3)(A!>#+A'J8%:)#9?C!"?&!5.8!

/0&:!?':!'! 0&K/&*9&!(3!wLJ,84!,4"!4,4!,,8",,!"",!,,J"I;JhL! PB,jrE!If!ç!sxxvCvE! <*$&+)'$&:!

5.8!"&9?*(%(+#&0E!<*9CQC!!

"?&!9()(*'!3()A'$#(*!W'0!9'))#&:!(/$!106%0&K/&*$#'%!'*:!9(A-#*&:!A&$?(:C!B($?!*&&:&:!'!2)&6#(/0!

9&*$)#3/+'$#(*! P[hw\\! )93! 3()! h\!A#*Q! (3! [!Aj! (3!W'0?&:! *'*(2')$#9%&0! P.;0E! .B0! '*:! ,."0QC! "?&!

(-$'#*&:!2&%%&$!W'0!)&0/02&*:&:!W#$?!$?&!9()(*'!9(9X$'#%C!!



,?'2$&)!k!~!<*9)&'0#*+!j(':#*+!,'2'9#$7|!1)($&#*!,()(*'0!

   [tt!

+2L<264?/8(S24I59(

<*!$?&!0&K/&*$#'%!A&$?(:E!$?&!2&%%&$!W'0!3#)0$!)&0/02&*:&:!W#$?!w\\!z%!(3!Z>!()!Z>8!Pwè!P6q6Q!/*%&00!

($?&)W#0&! #*:#9'$&:Q! #*! [Jr\! AI! 2?(02?'$&! -/33&)! P1?BE! 2Z! tCuQE! #*9/-'$&:! '$! ht! (,! 3()! s! ?E!

9&*$)#3/+&:!'$!uw\\!)93!3()!r\!A#*!'*:!)&0/02&*:&:!W#$?!w\\!zj!(3![!zI!5.8!#*!1?BC!!

#5;@?629(&..2;@8>(

e()! $?&! 9(A-#*&:! '00&A-%7E! $?&! 9()(*'! 9(9X$'#%! W'0! 2)&6#(/0%7! 2)&2')&:! $(+&$?&)! P2)($&#*! '*:!

5.8Q!W#$?!0'A&!3#*'%!9(*9&*$)'$#(*0!'0!:&09)#-&:!-&3()&!Pw\\!zj!(3![!zI!5.8!'*:!wè!Z>! #*!1?BQ!

W?#9?! W'0! /0&:! $(! )&0/02&*:! $?&! 2&%%&$C! 8%%! *'*(2')$#9%&0! W&)&! #*9/-'$&:! (6&)*#+?$! '$! ht! (,! $(!

&*'-%&!5.8!%(':#*+!'*:E!'3$&)!#*9/-'$#(*E!W&)&!W'0?&:!$W#9&!W#$?!w\\!zj!1?BC!

N8507?6:(5C(4I2(1A-#5=56/.(

<*!$?&!-%(9X#*+!2)(9&00E!$?&!%'0$!W'0?!:/)#*+!$?&!9()(*'!3()A'$#(*!W'0!9'))#&:!(/$!W#$?!w\\!z%!(3!Z>!

()!Z>8!0(%/$#(*!P\C\sE!\C[w!'*:!\Chè!P6q6QQ!#*!w!AI!1?BC!!

J5=;/4?56(5C(#5=56/.(C5=(+28204?E2($=?::2=29(%282/.2((

"(! 0$/:7! ?(W! $(! 0&%&9$#6&%7! $)#++&)! 2'7%(':! )&%&'0&E! 9()(*'0! (3! ?/A'*! 0&)/A! PZ>Q! W&)&! 3()A&:!

')(/*:!.;0!'*:!.B0!/0#*+!$?&!2)&6#(/0%7!:&09)#-&:!9(A-#*&:! %(':#*+!'22)('9?C!.;J,()(*'0!W&)&!

%(':&:!W#$?!'! $?)(A-#*!-#*:#*+!'2$'A&)! P"B8Q!W?&)&'0!.BJ9()(*'0!W#$?! #$0! 9(A2%&A&*$')7!5.8E!

W?#9?!W'0! /0&:! '0! '*! '*$#:($&! P'*$#Q! -&9'/0&! #$! 9'*! )&6&)0&! "B8L0! &33&9$! -7J-'0&! 2'#)#*+!W#$?! #$C!

>#*+%&J0$)'*:&:!5.8!W'0!2/)9?'0&:!3)(A!<*$&+)'$&:!5.8!"&9?*(%(+#&0!'*:!3%/()&09&*$%7!%'-&%&:!3()!

K/'*$#3#9'$#(*!W#$?!$&$)'A&$?7%)?(:'A#*&!P"I;Q!'*:!3%/()&09&#*!Pe8IQE!)&02&9$#6&%7C!"?&!0&K/&*9&0!

/0&:!W&)&!wL!44""44"4"44""44J"I;!hL!P"B8Q!'*:!wL!88,,88,8,88,,88Je8I!hL!P'*$#QC!!

RFPFOF 1/65B/=4?082(/69(#5=56/(#I/=/042=?]/4?56(

B($?!*'X&:!.10! '*:! $?&! 9()(*'! 9(*i/+'$&0!W&)&! '*'%7g&:!-7!ckJk#0! 02&9$)(2?($(A&$)7C! e()!.;0!

'*:!,."0!$?&!09'*!9'))#&:!(/$!W'0!3)(A!u\\!$(!x\\!*A!P,')7![\\!ckJk#0!02&9$)(2?($(A&$&)E!8+#%&*$!

"&9?*(%(+#&0Q! W?#%&! 3()! $?&! .B0! #$! W'0! 3)(A! u\\! $(! [[\\! *A! P,')7! w\\#! ckJk#0J.<;!

02&9$)(2?($(A&$&)E! 8+#%&*$! "&9?*(%(+#&0QC! .;! '*:! .B! 9(*9&*$)'$#(*0! (3! '%%! 0'A2%&0! 9(/%:! -&!



"'#%()#*+!,')-(*!.'*($/-&0!1)(2&)$#&0!3()!4&*&!5&%#6&)7!822%#9'$#(*0!

 [tv!

:&$&)A#*&:!3)(A!$?&!(-$'#*&:!ckJk#0!02&9$)'!'*:!X*(W*!&N$#*9$#(*!9(&33#9#&*$0C!,."!9(*9&*$)'$#(*!

W'0!9'%9/%'$&:!3)(A!$?&!9'%#-)'$#(*!9/)6&E!'0!&N2%'#*&:!2)&6#(/0%7C!

8%$&)'$#(*! (3! $?&! *'*(2')$#9%&0L! A()2?(%(+7! W?&*! $?&! 9()(*'! W'0! 3()A&:! W'0! 9?')'9$&)#g&:! -7!

"@IC! ,?'*+&0! #*! 0#g&! '*:! 9?')+&! W&)&! '%0(! :&$&)A#*&:! -7! /0#*+! :7*'A#9! %#+?$! 09'$$&)#*+! P5j>E!

57*'1)(!"#$'*E!f7'$$!"&9?*(%(+7!,()2()'$#(*Q!'*:!g&$'!2($&*$#'%!PI'%6&)*!^&$'0#g&)!.'*(!^>x\QC!

!1&('5/9?6:(@>(J8<5=2.02602(

@'9?!0'A2%&!W'0!$?&)A'%%7!$)&'$&:!#*!():&)!$(!K/'*$#37!$?&!5.8!#*#$#'%%7!%(':&:!(*!$?&!3()A&:!.1J

9()(*'0C!<*!():&)!$(!:(!$?'$E!h\!zj!'%#K/($0!(3!$?&!.1J9()(*'0!W&)&!?&'$&:!'$!x\!(,!3()!h\!A#*E!'*:!

9&*$)#3/+&:! '$! [hw\\! )93C! "?&! 9(*9&*$)'$#(*! (3! 5.8! #*! $?&! 0/2&)*'$'*$0! W'0! K/'*$#3#&:! -7!

3%/()&09&*9&!02&9$)(09(27!(3!$?&!"I;!$'+!P$&N!ç!wwt!*A!'*:!$&A!ç!wv[!*AQ!'$$'9?&:!(*!$?&!wL!&*:!(3!

$?&!5.8C! "?&! 0'A&!2)(9&00! -/$!W#$?(/$! ?&'$#*+!W'0! 9'))#&:!(/$! 3()! ($?&)! h\Jzj! '%#K/($0! (3! &'9?!

0'A2%&!'0!'!9(*$)(%C!!

>#A#%')%7E!$?&!5.8!%(':#*+!(3!$?&!3()A&:!9()(*'0!')(/*:!-($?!*'p6&!),."0!'*:!221eIJ9('$&:!),."0!

'*:! 3,."0! W&)&! A&'0/)&:! -7! !"#$%& '&  !"#$% &'()*)+,$J!! !"#$%&'()*'&'+#%#&, -.'&/01 ! !"#$%J!"#$%&

!"#$%&'()*+ !'$!$?&!&3;S%=mJ/A0/B2306%P9<2>;<63!!"#$%&'(&)*+,   !

A/..?E2(!1&(%282/.2(A=5C?82.(

1'00#6&%7! )&%&'0&:! 5.8!W'0!A&'0/)&:! -7! K/'*$#37#*+! $?&! 5.8! #*! $?&! 0/2&)*'$'*$! '3$&)! '! 9&)$'#*!

2&)#(:!(3!$#A&C!>'A2%&0!W&)&!%&3$!'$!)((A!$&A2&)'$/)&!3()![w!:'70!'*:!&6&)7!$#A&!2(#*$!'*!'%#K/($!

Ph\!zjQ!W'0!&N$)'9$&:C!"?&!'%#K/($0!W&)&!9&*$)#3/+&:!'$![hw\\!)93! 3()![r!A#*!'*:!$?&!0/2&)*'$'*$!

W'0!:#%/$&:!#*!1?B!3()!3%/()&09&*9&!02&9$)(09(27!'*'%70#0C!"?&!%&'X#*+!2&)9&*$'+&!W'0!(-$'#*&:!-7!

:#6#:#*+! $?&! 2'00#6&%7! )&%&'0&:! 9(*9&*$)'$#(*! (3! 5.8! -7! $?&! %(':#*+!A&'0/)&:! '3$&)! $?&! $?&)A'%!

$)&'$A&*$!Px\!(,!:/)#*+!h\!A#*Q!(*!:'7![C!!

A/..?E2(!1&(%282/.2(?6(N8559(A8/.;/(

"?&!.;JZ>J5.8!W'0!2)&2')&:!W#$?!wè!P6q6Q!Z>!'*:![!µI!5.8!'0!:&$'#%&:!2)&6#(/0%7C!e(%%(W#*+!$?&!

3()A'$#(*!(3!$?&!5.8!%(':&:!9()(*'E!$?&!.;JZ>J5.8!W&)&!W'0?&:!$W#9&!-7!9&*$)#3/+'$#(*!'$!uw\\!

)93!3()!r\!A#*!#*!w!AI!1?B!2)#()!$(!-%(9X#*+!-7!\Chè!Z>8!#*!w!AI!1?BC!!"?&!-%(9X#*+!W'0!2&)3()A&:!

/*:&)! [! ?! #*9/-'$#(*! '$! ht! °,! -&3()&! 9&*$)#3/+#*+! $?&! .;JZ>J5.8! '$! wE\\\! )93! 3()! r\! A#*! '*:!

)&0/02&*:#*+! $?&A! #*! [!Aj!(3! ?/A'*!-%((:!2%'0A'C! "?&! -%((:!2%'0A'!W'0! (-$'#*&:! 3)(A!W?(%&!



,?'2$&)!k!~!<*9)&'0#*+!j(':#*+!,'2'9#$7|!1)($&#*!,()(*'0!

   [tx!

?/A'*!-%((:!P;&0&')9?!-%((:!9(A2(*&*$0Q!-7!9&*$)#3/+'$#(*!'$!uw\\!)93!3()!r\!A#*C!"?&!.;JZ>J5.8!

W&)&!X&2$!#*!-%((:!2%'0A'!'$!ht!°,!(6&)!'!2&)#(:!(3![w!:'70E!:/)#*+!W?#9?![\\!µj!W&)&!'%#K/($&:!'$!

3#N&:!$#A&!2(#*$0!$(!K/'*$#37!3()!$?&!'A(/*$!(3!5.8!)&%&'0&:C!

+28204?E2(%282/.2(C=5;(1%\1N(S?H4<=2((

j'0&)! #))':#'$#(*0!W&)&!2&)3()A&:!/0#*+!2/%0&:! 3&A$(0&9(*:! P30Q! %#+?$C!e()! $?&!v\\!*A! #))':#'$#(*E!

$?&!whr!*A!(/$2/$!(3! '!=J0W#$9?&:!.:|`je! %'0&)! P@A2(W&)E! >2&9$)'J1?70#90Q!W'0!/0&:! $(!2/A2!'!

"#|>'22?#)&!)&+&*&)'$#6&!'A2%#3#&)!P>2#$3#)&E!>2&9$)'J1?70#90QE!W?#9?!'A2%#3#&0!$?&!vr!IZg!(/$2/$!(3!'!

"#|>'22?#)&! (09#%%'$()E! 2)(:/9#*+! w\Jutw! z]! %#+?$! 9&*$&)&:! '$! v\\! *AE!W#$?! '! :/)'$#(*! (3! [\\! 30E! '!

)&2&$#$#(*!)'$&!(3![!XZgE!'*:!'!02($!0#g&!(3!s!AAC!"?&![[\\!*A!#))':#'$#(*!W'0!'9?#&6&:!W#$?!'!$W(J

0$'+&!BBbqY.-bh!(2$#9'%!2')'A&$)#9!'A2%#3#&)E!2/A2&:!W#$?!'!v\\!*A!2/%0&!P,(?&)&*$!j&+&*:!c>_|!

ërw!30E![!XZgQE!2)(:/9#*+!J[hCs!z]!2/%0&0E!W#$?!'!:/)'$#(*!(3!Juw!30E!9&*$&)&:!'$![[\\!*AC!"?&!-&'A!

W'0! 3(9/0&:! $(!'! 02($! 0#g&!(3!J[\\J[r\!zA;! <*!'! $72#9'%!&N2&)#A&*$E![\\!z%!(3! $?&!.;q.B!A#N$/)&!

W&)&! #))':#'$&:! #*! '! hNh! AA! K/')$g! 9/6&$$&! 3()! r\! A#*C! 83$&)! #))':#'$#(*E! 0'A2%&0! W&)&! 02/*! '$!

[u\\\! )93! 3()! [w!A#*E! '*:! $?&! 0/2&)*'$'*$0!W&)&! 9(%%&9$&:! $(! K/'*$#37! $?&!5.8! )&%&'0&:! '*:! 3()!

-%((:!9%($$#*+!$&0$0C!.1!A&%$#*+!W'0!9(*3#)A&:!-7!(-0&)6#*+!'!:&9)&'0&!#*!$?&#)!'-0()-'*9&!02&9$)'C!!

! !



"'#%()#*+!,')-(*!.'*($/-&0!1)(2&)$#&0!3()!4&*&!5&%#6&)7!822%#9'$#(*0!

 [v\!

RFOF %2.<84.(/69(!?.0<..?56(

RFOFMF "B4?;?]?6:(4I2(A=542?6(#5=56/(

*;B85>?6:(!?CC2=264(#5=56/(J5=;/4?56(+4=/42:?2.(/69(A=542?6.(

"?&! 9(A2(0#$#(*!(3! $?&! 2)($&#*! 9()(*'! ')(/*:!*'*(2')$#9%&0! (3! 2(%7A&)0E! 0#%#9'E! +(%:E! 9')-(*! '*:!

($?&)!A'$&)#'%0!?'0!-&&*!9?')'9$&)#g&:!-7!A'00!02&9$)(A&$)7!'*:!($?&)! $&9?*#K/&0C[Es! <$!?'0!-&&*!

3(/*:!$?'$!(20(*#*0!'*:!'2(%#2(2)($&#*0!-#*:!0$)(*+%7!$(!$?&!.1!$(!9(*0$#$/$&!$?&!S?'):!9()(*'T!'*:!

')&! :#33#9/%$! $(! -&! )&A(6&:C[h! >/)2)#0#*+%7E! $?&! 9()(*'! 0/))(/*:#*+! .10! :(&0! *($! ?'6&! '! ?#+?!

'-/*:'*9&!(3!'%-/A#*E!:&02#$&!A'X#*+!/2!*&')%7!?'%3!(3!?/A'*!0&)/AC!<*0$&':E!0(A&!0$/:#&0!?'6&!

2(#*$&:!(/$!$?'$!?/A'*!0&)/A!'%-/A#*!PZ>8Q!-#*:0!W&'X%7!$(!$?&!.10E!A'X#*+!/2!$?&!0(3$!9()(*'CrsJ

rv! ,()(*'! 9(A2(0#$#(*! 6')#&0!W#$?!2')$#9%&! $72&E! 0#g&E! '*:! 0/)3'9&! 9?&A#0$)7E! -/$! #*! +&*&)'%E! $?&0&!

$W(!9%'00&0!(3!9()(*'!2)($&#*0!')&!+&*&)'%%7!(-0&)6&:Crx!

"(!:&$&)A#*&!?(W!$?&0&! 3'9$()0!A'7!'33&9$! $?&!/0&!(3!2)($&#*!9()(*'0! $(!?(%:!'!2'7%(':! 3()!+&*&!

:&%#6&)7! '22%#9'$#(*0E! 9()(*'0! ')(/*:! ,"8B! 9('$&:! +(%:! .;0! Pu\! N! [\! *AQ! W&)&! 2)&2')&:! /0#*+!

?/A'*!0&)/A!'%-/A#*!PZ>8QE!?/A'*!0&)/A!PZ>Q!'*:!&K/#*&!0&)/A!P@>QC!Z>!'*:!@>!9(*$'#*!'!A#N!(3!

?'):! '*:! 0(3$! 9()(*'! 2)($&#*0E! W?&)&'0! 2/)&! ?/A'*! 0&)/A! '%-/A#*! PZ>8QE! W?#9?! #0! $?&! A'i()!

9(A2(*&*$! (3! Z>! PW?#9?! ?'0! '! Z>8! 9(*9&*$)'$#(*! (3! ¶s! A+qAjQE! #0! X*(W*! '0! '! 0(3$! 9()(*'!

2)($&#*CrE[h!e#+/)&!wC[!0?(W0!$?'$!$?&!2')$#9%&0!-&?'6&:!:#33&)&*$%7!:&2&*:#*+!(*!$?&!$72&!(3!2)($&#*!

'::&:!'*:!$?&!2)&2')'$#(*!A&$?(:C!!

!

e#+/)&!wC[C!k#'%0!(3!$?&!.;J9()(*'0C!,()(*'0!2)&2')&:!W#$?!@>E!Z>!'*:!Z>8!P3)(A!%&3$!$(!)#+?$QC!

8::#$#(*'%%7E! :#33&)&*$! 2)(9&:/)&0! #*! ():&)! $(! 3()A! $?&! 2)($&#*! 9()(*'! W#$?! $?&! ?#+?&0$! %(':#*+!

9'2'9#$7!W&)&! $&0$&:E! -'0&:! (*! '! 2)&6#(/0%7! 2/-%#0?&:! '22)('9?C[w! <*! $?'$! 0&*0&E! 2)($&#*! 9()(*'0!

W&)&! 3()A&:! 3(%%(W#*+! $?&! 9(A-#*&:! '22)('9?! P,(.;Q! ()! $?&! 0&K/&*$#'%! '00&A-%7! P>&.;QC! "?&!

3()A&)! 9(*0#0$0! #*! $?&! '::#$#(*! (3! $?&! 2)($&#*! '*:! 5.8! '%)&':7!A#N&:E! W?&)&'0! #*! $?&! %'$$&)! $?&!



,?'2$&)!k!~!<*9)&'0#*+!j(':#*+!,'2'9#$7|!1)($&#*!,()(*'0!

   [v[!

2)($&#*!9()(*'!#0!3#)0$%7!3()A&:!'*:!$?&!5.8!#0!'::&:!'3$&)W'):0C!"?&!9()(*'!2'7%(':!W'0!'!r\!-'0&!

5.8!(%#+(!$'++&:!W#$?!$?&!3%/()(2?()&!"8I;8!PwL!,84!,4"!4,4!,,8!",,!"",!,,!~"I;!hLQC!

e()!&'9?!(3!$?&!9()(*'!3()A'$#(*!0$)'$&+#&0!'*:!2)($&#*0!/0&:!P@>E!Z>!'*:!Z>8QE!$?&!'-0()-'*9&!(3!

$?&!2')$#9%&0!Pe#+/)&!wCrQ!'*:!$?&!5.8!%(':#*+!2&)!.;!W'0!A&'0/)&:!Pe#+/)&!wCh!'*:!e#+/)&!wCuQC!

!

e#+/)&!wCrC!8-0()-'*9&!02&9$)'!(3!$?&!.;J9()(*'!/0#*+!:#33&)&*$!$72&!(3!2)($&#*0C!,()(*'0!2)&2')&:!3(%%(W#*+!

P8Q!$?&!9(A-#*&:!A&$?(:!'*:!$?&!PBQ!0&K/&*$#'%!(*&C!j(*+#$/:#*'%!0/)3'9&!2%'0A(*!)&0(*'*9&!Pj>1;Q!(3!$?&!

.;0!#0!0$#%%!6#0#-%&E!W#$?!'!A#*()!)&:!0?#3$!'*:!0%#+?$!-)(':&*#*+!(6&)!$?&!.;J,"8BC!

<*!$?&!9(A-#*&:!'22)('9?E!$?&!,"8B!9('$&:!.;0!Pe#+/)&!wCr8E!-%'9XQ!W&)&!*($!'++)&+'$&:E!-/$!'3$&)!

$?&!'::#$#(*!(3!2)($&#*0!'*:!5.8E!$?&!%(*+#$/:#*'%!0/)3'9&!2%'0A(*!)&0(*'*9&!Pj>1;Q!)&:!0?#3$0!'*:!

-)(':&*#*+! #*:#9'$&:! $?'$! $?&!.;0!W&)&! #*!2)(N#A#$7! $(!(*&!'*($?&)! #*! $?&!9()(*'C!"?#0!2)(N#A#$7!

9'/0&:! $?&! '++)&+'$#(*! (3! $?&! 2')$#9%&0E! W?#9?! W'0! 0&&*! '0! '! :&9)&'0&! #*! $?&! '-0()-'*9&! )'$#(!

8v\\q8u\\C! <*#$#'%%7E!$?&!.;J,"8B!?':!'*!'-0()-'*9&!)'$#(!(3!uCu!ê!\Cr!'*:!'!j>1;!2&'X&:!'$!txs!ê!s!

*AC!8A(*+!$?&!$?)&&!070$&A0!$)#&:E!Z>8!W'0!$?&!2)($&#*!$?'$!9'/0&:!$?&!%(W&0$!'++)&+'$#(*!(*!$?&!

2')$#9%&0E! 0?(W#*+! '*! '-0()-'*9&! )'$#(! (3! hC[! ê! \Ch! '*:! j>1;A'N! '$! tvh! ê! w! *A! Pe#+/)&! wCr8E! )&:QE!

W?#%&! Z>! W'0! )&02(*0#-%&! 3()! $?&! ?#+?&0$! '++)&+'$#(*! W#$?! '*! '-0()-'*9&! )'$#(! (3! [Cv! ê! \Ch! '*:!

j>1;A'N!'$!v\v!ê![\!*A!Pe#+/)&!wCr8E!+)&&*QC!80!3()!&K/#*&!0&)/AE!$?&!'-0()-'*9&!)'$#(!W'0!rCw!ê!\CvE!

'*:!j>1;A'N!'$!txs!ê![\!*A!Pe#+/)&!wCr8E!-%/&QC!@6&*!$?(/+?!$?&!.;J9()(*'0!9(*$'#*&:!A/%$#2%&!.;0E!

$?&!'-0()2$#(*!02&9$)/A!#*:#9'$&:!$?'$!$?&!.;0!W&)&!0/33#9#&*$%7!0&2')'$&:!*($!$(!?'6&!$?&#)!j>1;0!

0$)(*+%7! #*$&)'9$C!b*! $?&!($?&)!?'*:E!-7!0&K/&*$#'%! %(':#*+! Pe#+/)&!wCrBQE!'%%! $?&!.;J9()(*'0! PZ>8E!

Z>8!'*:!@>Q!?':!0#A#%')!'-0()-'*9&!)'$#(0!PrCu!ê!\CrE!rCr!ê!\C[!'*:!rCu!ê!\C[E!)&02&9$#6&%7Q!'*:!j>1;!

2&'XE!W?#9?!W'0!'$!ttv!ê!s!*A!3()!$?&!.;JZ>8E!v\w!ê!s!*A!3()!$?&!.;JZ>!'*:!v\w!ê![v!*A!3()!$?&!

.;J@>C!

!" #"



"'#%()#*+!,')-(*!.'*($/-&0!1)(2&)$#&0!3()!4&*&!5&%#6&)7!822%#9'$#(*0!

 [vr!

"?&!%(':#*+!(*!$?&!.10!W'0!$?&*!A&'0/)&:!3()!'%%!9'0&0!-7!0/2&)*'$'*$!%(00C!"(!:(!0(E!2')$#9%&0!W&)&!

9&*$)#3/+&:! '*:! $?&! 'A(/*$! (3! 5.8! 2)&0&*$! #*! $?&! 0/2&)*'$'*$E! $?&)&3()&! *($! '$$'9?&:! #*! $?&!

9()(*'E! W'0! K/'*$#3#&:! #*! ():&)! $(! 9'%9/%'$&! '*! '22)(N#A'$&! %(':#*+! (*! $?&! 2')$#9%&0C! 5.8!

9(*9&*$)'$#(*!W'0!A&'0/)&:!-7!3%/()&09&*9&!02&9$)(09(27!(3!$?&!3%/()(2?()&!$'+!-(/*:!$(!$?&!5.8!

Pe#+/)&! wChQC! I&'0/)#*+! 5.8! %(':#*+0! -7! 0/2&)*'$'*$! %(00! 0?(W&:! 0#A#%')! )&0/%$0! 3()! '%%! X#*:0! (3!

9()(*'0!-/$!(6&)&0$#A'$&:!$?&!%(':#*+!(*!$?&!.;0E!'0!5.8!9(/%:!-&!2($&*$#'%%7!)&%&'0&:!:/)#*+!$?&!

0/-0&K/&*$!W'0?&0!(3!$?&!.10C!

!

e#+/)&!wChC!j(':#*+!3)(A!9()(*'0!A&'0/)&:!-7!0/2&)*'$'*$!%(00C!

<*!():&)! $(! 9(*3#)A! $?&0&! )&0/%$0E! $?&! 9(*i/+'$&:!.;0!W&)&!?&'$&:!'$!x\! (,! 3()!?'%3!?(/)!'*:! $?&!

3%/()&09&*9&! (3! $?&! 3%/()&09&*$%7! $'++&:! 5.8! $?'$! 9(/%:! -&! )&%&'0&:! -7! ?&'$! :#02%'9&A&*$! W'0!

A&'0/)&:!Pe#+/)&!wCuQC!!

f?#%&! ?#+?! $&A2&)'$/)&!W'0! '-%&! $(! :#0'00&A-%&! $?&! 9()(*'! $(! )&%&'0&! -($?!Z>! '*:!5.8E! #$!W'0!

*($&:!$?'$!?&'$#*+!:#:!*($!:#02%'9&!$?&!&*$#)&!2'7%(':!#*!$?&!9()(*'E!'0!W'0!3(/*:!2)&6#(/0%7C[w!8%0(E!

$?&! 'A(/*$! (3! 0&)/A! '*:! 2'7%(':! )&%&'0&:! -7! ?&'$! :#02%'9&A&*$! 9?'*+&0! W#$?! $#A&! '*:!

/*:&)&0$#A'$&0! $?&!5.8! %(':#*+C!8!A()&!'99/)'$&!K/'*$#3#9'$#(*!W(/%:! )&K/#)&!9(A-#*#*+!0&6&)'%!

$&9?*#K/&0! #*9%/:#*+! 9?&A#9'%%7! :#00(%6#*+! $?&! .10! ()! :#02%'9#*+! $?&! 2)($&#*0! #*! $?&! 9()(*'! -7!

:&$&)+&*$0C!Z(W&6&)E!$?&)A'%!:#02%'9&A&*$!W'0!3(/*:!$(!+#6&!9(*0#0$&*$!)&':#*+0!#3!$?&!9(*:#$#(*0!

W&)&! X&2$! 9(*0$'*$o! ?&*9&! '%%! A&'0/)&A&*$0! W&)&! :(*&! 9(*0#0$&*$%7! 3()! 9(A2')#0(*C! "?&)&3()&E!

?&'$! :#02%'9&A&*$! W'0! /0&:! '0! $?&! )&3&)&*9&! 6'%/&! $(! 9'%9/%'$&! $?&! $($'%! 9(6&)'+&! (3! $?&! .;J

9()(*'0C!f?#%&!Z>8E!Z>!'*:!@>!9(/%:!3()A!'!9()(*'!')(/*:!.10E!$?&#)!'-#%#$7!$(!9'))7!5.8!2'7%(':!

W'0! 3(/*:! 6&)7! :#33&)&*$C! .($()#(/0%7E! &))()! -')0! (-$'#*&:! W&)&! %')+&! 9(A2')&:! $(! 9(6'%&*$!

'$$'9?A&*$! 0$)'$&+#&0!:/&! $(! $?&!9(A2%&N!*'$/)&!(3! 9()(*'! 3()A'$#(*E!'0! #$! #*6(%6&0!*(*J9(6'%&*$!

#*$&)'9$#(*0! -&$W&&*! A/%$#2%&! 02&9#&0! '*:! #$! 9'*! /*:&)+(! '! 9(*0$'*$! :7*'A#9! &N9?'*+&! W#$?! #$0!

0/))(/*:#*+!A&:#'C!

NR-E
S-D

NA

NR-H
S-D

NA

NR-H
SA-D

NA
0

200

400

600

800

1000

Combined 
Sequential

D
N

A/
N

R
 b

y 
Su

pe
rn

at
an

t L
os

s



,?'2$&)!k!~!<*9)&'0#*+!j(':#*+!,'2'9#$7|!1)($&#*!,()(*'0!

   [vh!

!

e#+/)&!wCuC!j(':#*+!(3!.;J9()(*'0!A&'0/)&:!-7!?&'$!:#02%'9&A&*$C!

e#+/)&!wCu!0?(W0!$?'$!-($?!@>!'*:!Z>!7#&%:!?#+?!%(':#*+!(3!2'7%(':!(*!$?&!.10!:/&!$(!$?&!3'9$!$?'$!

$?&7!')&!9(A2)#0&:!(3!A#N$/)&0!(3!2)($&#*0E!0(A&!(3!W?#9?!')&!0$)(*+!-#*:&)0!$(!$?&!.10C!<*!9(*$)'0$E!

.;JZ>8!9()(*'0!?':!*&+%#+#-%&!5.8!%(':#*+!3()!-($?!'00&A-%7!'22)('9?&0C!8%$?(/+?!'!9()(*'!W'0!

3()A&:!3)(A!Z>8E!'0!&6#:&*9&:!-7!$?&!#*9)&'0&!#*!Uc!Pe#+/)&!wCw8QE!#$!W'0!*($!'0!&33&9$#6&!'0!Z>!()!@>!

'$! %(':#*+!5.8C!"?#0! #0!A(0$! %#X&%7!:/&!$(!$?&!3'9$!$?'$!Z>8!#0!'!0(3$!9()(*'!2)($&#*E!W?#9?!3()A0!'!

%')+&)! '*:!A()&! %((0&%7! -(/*:! 9()(*'E! '*:! :(&0! *($! #*$&)'9$! 0$)(*+%7!W#$?!5.8C! B'0&:! (*! $?&0&!

)&0/%$0E!#$!'22&')0!$?'$!9(A2(*&*$0!#*!$?&!0&)/A!($?&)!$?'*!Z>8!')&!)&02(*0#-%&!3()!?(%:#*+!$?&!.;0E!

9()(*'E!'*:!5.8!2'7%(':!$(+&$?&)C!!

!

e#+/)&!wCwC!>#g&!'*:!9?')+&!(3!$?&!.;J9()(*'0C!P8Q!Z7:)(:7*'A#9!:#'A&$&)!(3!9()(*'0!3()A&:!W#$?!Z>E!@>!'*:!

Z>8!A&'0/)&:!-7!5j>!'*:!PBQ!$?&#)!9())&02(*:#*+!g&$'!2($&*$#'%C!,()(*'0!W&)&!3()A&:!-7!$?&!9(A-#*&:!

'22)('9?C!

B&0#:&0E!5j>!A&'0/)&A&*$!Pe#+/)&!wCw8Q!)&6&'%&:!$?'$!W?&*!9()(*'0!W&)&!3()A&:!3)(A!&#$?&)!Z>!()!

Z>8E! %')+&)!02&9#&0!'22&')&:C!.;0!?':!'*!'6&)'+&!Uc!ç!hr!ê![w!*A!W?#9?! #*9)&'0&:!$(!Uc!ç!vsw!ê!

NR-E
S-D

NA

NR-H
S-D

NA

NR-H
SA-D

NA
0

200

400

600

800

1000

Combined 
Sequential

D
N

A/
N

R
 b

y 
H

ea
t D

is
pl

ac
em

en
t

NR

NR-H
S

NR-H
SA

NR-H
S-D

NA

NR-H
SA-D

NA
0

500

1000

1500

2000

H
yd

ro
dy

na
m

ic
 D

ia
m

et
er

 (n
m

)

NR

NR-H
S

NR-H
SA

NR-H
S-D

NA

NR-H
SA-D

NA
-20

0

20

40

60

Ze
ta

 P
ot

en
tia

l (
m

V)

!" #"



"'#%()#*+!,')-(*!.'*($/-&0!1)(2&)$#&0!3()!4&*&!5&%#6&)7!822%#9'$#(*0!

 [vu!

[st!*A!W#$?!Z>! 9()(*'! 3()A'$#(*!()!Uc! ç![[hv!ê!hh\!*A!W#$?!Z>8!9()(*'! 3()A'$#(*C!"?&0&! 0#g&!

#*9)&'0&0!0/++&0$&:!$?'$!-($?!Z>!'*:!Z>8! 3()A&:! %')+&!9()(*'0!')(/*:!'!9%/0$&)!(3!A/%$#2%&!.10E!

'*:!$?'$!Z>8!'22')&*$%7!3()A&:!'!%')+&)!9()(*'!$?'*!Z>C!"?#0!9(/%:!-&!:/&!$(!$?&!3'9$!$?'$!Z>8!#0!'!

0(3$!9()(*'!2)($&#*E!W?#9?!?'0!'!W&'X&)!#*$&)'9$#(*!W#$?!$?&!.10C!"?&!0#g&!#*9)&'0&!W'0!*($!'0!%')+&!

3()!9()(*'0!3()A&:!W#$?!5.8!2'7%(':0E!W?#9?!9(/%:!-&!:/&!$(!:#33&)&*9&0!#*!$?&!9()(*'!9(A2(0#$#(*!

()! -#*:#*+! 0$)&*+$?! #*! $?&! 2)&0&*9&! (3! $?&! *&+'$#6&%7! 9?')+&:! 5.8C! @6&*! $?(/+?! $?&! .;J9()(*'0!

9(*$'#*&:!A/%$#2%&!.;0E!$?&!'-0()2$#(*!02&9$)/A!#*:#9'$&:!$?'$!$?&!.;0!W&)&!0/33#9#&*$%7!0&2')'$&:!

*($!$(!?'6&!$?&#)!>1;0!0$)(*+%7!#*$&)'9$C!^&$'!2($&*$#'%!A&'0/)&A&*$0!(3!'%%!$?)&&!2(0#$#6&%7!9?')+&:!

.10!0?(W&:!$?'$!'0! $?&!.1J9()(*'0!W&)&! 3()A&:E! $?&7!':(2$!'!0#A#%')!*&+'$#6&!9?')+&! Pe#+/)&![3Q!

:/&!$(!$?&!*&+'$#6&!02&9#&0!$?'$!:(A#*'$&!Z>!9(A2(0#$#(*!Pe#+/)&!wCwBQC!

80!'!)&0/%$!(3!$?#0!0$/:7E!2)($&#*!9()(*'!')(/*:!.;0!W&)&!3()A&:!/0#*+!$?&!9(A-#*&:!A&$?(:!'*:!

Z>E!+#6&*!$?&!?#+?&)!5.8!%(':#*+0!(-$'#*&:!'*:!:&A(*0$)'$&:! #*!$?#0!W()XC!.;J9()(*'0!3()A&:!#*!

0/9?!9(*:#$#(*0!&N?#-#$!+((:!9(%%(#:'%!0$'-#%#$7!#*!0(%/$#(*!'3$&)!9()(*'!3()A'$#(*!Pe#+/)&!wCs8QCh\!!

"@I! #A'+&0!0?(W! %')+&E!:#33/0&!'++%(A&)'$&0!9(*$'#*#*+!A'*7!.;0E!9(*3#)A#*+! $?'$! $?&)&!')&!*($!

(*&! -/$!A'*7! .10! #*! '! 9()(*'! Pe#+/)&! wCsBQC! >/9?! (-0&)6'$#(*!A'7! ?'6&! '! :#)&9$! #A2'9$! (*! $?&!

%(':#*+!9'2'9#$#&0!(3!$?&!3#*'%!.;J9()(*'C!!

!

e#+/)&!wCsC!,?')'9$&)#g'$#(*!(3!$?&!.;J9()(*'0C!P8Q!<A'+&!(3!$?&!6#'%!'3$&)!9()(*'!3()A'$#(*!9(*3#)A#*+!$?'$!

.;JZ>J5.8!')&!0$'-%&!#*!0(%/$#(*!'*:!PBQ!"@I!#A'+&0!(3!.;0!'*:!.;JZ>J5.8!&6#:&*9#*+!$?'$!$?&!9()(*'!#0!

3()A&:!W#$?!A'*7!.10C!

$<6?6:(!1&('5/9?6:(@>(G/=>?6:(#5=56/(J5=;/4?56(#569?4?56.((

"(! :&$&)A#*&! (2$#A'%! 2')'A&$&)0! 3()! ?#+?&0$! 5.8! %(':#*+! (*! .;0E! $?&! 9(*:#$#(*0! 3()! 9()(*'!

3()A'$#(*!W&)&!6')#&:C!>/9?!9(*:#$#(*0!W&)&!$/*#*+!$?&!2?(02?'$&!-/33&)! P1?BQ!9(*9&*$)'$#(*E!Z>!

2&)9&*$'+&!'*:!,"8B!9(*9&*$)'$#(*! Pe#+/)&!wCtQC!5.8! %(':#*+! P*/A-&)!(3!5.8q.;Q!W'0!A&'0/)&:!

(*! $?&! 3#)0$!:'7!(3! $?&!&N2&)#A&*$!-7!?&'$#*+! $?&! 0'A2%&!'$!x\! (,! 3()!h\!A#*!'*:!K/'*$#37#*+! $?&!

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

! "#



,?'2$&)!k!~!<*9)&'0#*+!j(':#*+!,'2'9#$7|!1)($&#*!,()(*'0!

   [vw!

"8I;8J9(*i/+'$&:!5.8!)&%&'0&:!#*!$?&!0/2&)*'$'*$C[w!f&!(-0&)6&:!$?'$!$?&!5.8!%(':#*+!A&'0/)&:!

'$!:'7![!#0!(3$&*!%(W&)!$?'*!$?&!'A(/*$!(3!5.8!2'00#6&%7!)&%&'0&:!'3$&)![\!:'70E!W?#9?!0?(W0!$?'$!

2)($&#*!9()(*'!2)(2&)$#&0!')&!9(A2%#9'$&:E!'*:! $?'$! #$! #0!:#33#9/%$! $(!:#02%'9&! $?&!&*$#)&!'A(/*$!(3!

5.8!3)(A!$?&!9()(*'0!W?&*!$?&7!')&!#*#$#'%%7!3()A&:C!

!

e#+/)&!wCtC(@33&9$!(3!&*6#)(*A&*$'%!'*:!'00&A-%7!9(*:#$#(*0!(*!%(':#*+!(3!5.8!3)(A!.;JZ>J5.8E!6')7#*+!P8Q!

,"8BE!PBQ!Z>!'*:!P,Q!2?(02?'$&!-/33&)!P1?BQ!9(*9&*$)'$#(*!:/)#*+!9()(*'!'00&A-%7!'*:!$?&#)!&33&9$!(*!5.8!

%(':#*+!2&)!.;C!

e#)0$%7E! ?(W! $?&! 9(*9&*$)'$#(*! (3! ,"8B! '33&9$&:! 5.8! %(':#*+! #*! $?&! 9()(*'! Pe#+/)&! wCt8Q! W'0!

&N'A#*&:C!5.8!%(':#*+!W'0!*&+%#+#-%&!'$!�,"8BÄ!ë![!AIE!-/$!#*9)&'0&:!0%#+?$%7!$(!vv!ê!hh!5.8q.;!

3()!�,"8BÄ!ç![!AIC!5.8!%(':#*+!2&'X&:!'$!ttt!ê!su!5.8q.;!'$!�,"8BÄ!ç!w!AIE!-&3()&!:&9)&'0#*+!$(!

hv\!ê!rwr!5.8q.;!'$!�,"8BÄ!ç![\!AIC!B&9'/0&!,"8B!-#*:0!W&'X%7!$(!$?&!.10E!#$!#0!#*!:7*'A#9!3%/N!

W#$?! $?&! &*6#)(*A&*$E!W?&)&! #$! 0W#$9?&0! -&$W&&*! -(/*:! '*:! /*-(/*:! 0$'$&0C! 5/&! $(! #$0! 9?')+&E!

,"8B!9'*!#*$&)'9$!W#$?!-($?!$?&!5.8!'*:!$?&!*&+'$#6&%7!9?')+&:!9()(*'!2)($&#*0C!@N9&00!,"8B!9'*!

3()A! 0$'-%&!A#9&%%&0! $?'$! 9(/%:! #*$&)'9$!W#$?! $?&! 3)&&!Z>! 2)($&#*0! '*:!5.8E! $?/0! 9(A2&$#*+!W#$?!

9()(*'! 3()A'$#(*! '*:! 5.8! %(':#*+! (*! $?&! .1! 0/)3'9&C! "?#0! &N9&00! (3! ,"8B! W#%%! *($! (*%7! ?'6&! '!

*&+'$#6&!&33&9$!(*!$?&!%(':#*+!9'2'9#$#&0!(3!$?&!3()A&:!2)($&#*!9()(*'0E!-/$!A'7!'%0(! #*9)&'0&!$?&!

97$($(N#9#$7!(3!$?&0&!5.8!6&?#9%&0!W?&*!/0&:!#*!-#(%(+#9'%!070$&A0E!'0!0&&*!#*!$?&!2)&6#(/0!9?'2$&)!

P,?'2$&)!<kQ!'*:!)&2()$&:!-&3()&C[t!b*!$?&!($?&)!?'*:E!#3!$?&!,"8B!9(*9&*$)'$#(*!#0!-&%(W!#$0!9)#$#9'%!

A#9&%%&!9(*9&*$)'$#(*E!9A9!P9A9,"8B!ç![Cr!AI!h[EhrQE!$?&!.10!')&!*($!3/%%7!2'00#6'$&:E[wEhhEhu!!0(!3&W&)!

Z>!2)($&#*0!')&!'-%&!$(! #*$&)'9$!W#$?!$?&!.10!'*:!3()A!'!9()(*'!'*:!%(':!5.8C!"?&)&3()&E!,"8B!#0!

#*$#A'$&%7!#*6(%6&:!#*!9()(*'!3()A'$#(*!'*:!#$0!9(*9&*$)'$#(*!'33&9$0!5.8!%(':#*+!(*!$?&!.10C!

>&9(*:%7E! $?&! &33&9$! (3! 6')7#*+! Z>! 9(*9&*$)'$#(*! 3)(A! [Jr\! è! :/)#*+! 9()(*'! 3()A'$#(*! '*:! 5.8!

%(':#*+! Pe#+/)&! wCtBQ!W'0! '%0(! &N'A#*&:C!5.8! j(':#*+!W'0! %(W! 3()! [è!Z>! Pt\! ê! wv!5.8q.;Q! '*:!

2&'X&:!'$!ttt!ê!su!5.8q.;!3()!wè!Z>C!8$!?#+?&)!Z>!9(*9&*$)'$#(*0E!$?&! %(':#*+!:&9)&'0&:!Putt!ê!

rwx!5.8q.;!3()![\è!Z>!9()(*'0QE!-&9(A#*+!*&+%#+#-%&!'$!r\è!Z>C!"?#0!0?(W0!$?'$!$?&!9(*9&*$)'$#(*!

0 2 4 6 8 10
0

200

400

600

800

1000

[CTAB] (mM)

D
N

A
/N

R

0 5 10 15 20
0

200

400

600

800

1000

[HS] (%)

D
N

A
/N

R

0 5 10 15 20
0

200

400

600

800

1000

[PhB] (mM)

D
N

A
/N

R

! " #



"'#%()#*+!,')-(*!.'*($/-&0!1)(2&)$#&0!3()!4&*&!5&%#6&)7!822%#9'$#(*0!

 [vs!

(3!Z>!/0&:!$(!3()A!$?&!9()(*'!'%0(!'33&9$0!$?&!'A(/*$!(3!5.8!%(':&:C!f?&*!%')+&!'A(/*$0!(3!Z>!

')&!2)&0&*$E! $?&!Z>!2)($&#*0!A'7!9(A2&$&!W#$?! $?&!5.8! 3()! $?&!2(0#$#6&%7! 9?')+&:!0/)3'9&!(3! $?&!

.10E! $?/0!)&:/9#*+!$?&! %(':#*+!(3!5.8!W#$?#*!$?&!9()(*'C!I()&(6&)E! $?&!&N9&00!(3!Z>!A'7! %&':!$(!

$?&!3()A'$#(*!(3!%')+&)!'++)&+'$&0E!'0!0/++&0$&:!-7!$?&!)&:!0?#3$0!'*:!2&'X!-)(':&*#*+!(3!$?&!j>1;E!

W?#9?! #*! $/)*! )&:/9&0! $?&#)! 0$'-#%#$7! #*! 0(%/$#(*! Pe#+/)&! wCv8QC! "?&! )&0/%$#*+! '-0()2$#(*! 02&9$)'!

0/++&0$&:! $?'$! 9()(*'0! 3()A&:! '$! ?#+?&)! Z>! 9(*9&*$)'$#(*0! W&)&! A()&! 2)(*&! $(! 3()A! %')+&)!

'++)&+'$&0E!&N9&2$!'$!r\è!(3!Z>E!#*!W?#9?!9'0&!$?&!2(00#-%&!#*9)&'0&!(3!$?&!&%&9$)(0$'$#9!#*$&)'9$#(*!

-&$W&&*!$?&!*&+'$#6&%7!9?')+&:!2')$#9%&0!%&:!$(!'!:&9)&'0&!(3!$?&!9%/0$&)#*+!&33&9$!(3!$?&!9()(*'C!

!

e#+/)&!wCvC!8-0()2$#(*!02&9$)'!(3!.;0!'3$&)!$?&!3()A'$#(*!(3!$?&!2)($&#*!9()(*'C!I&'0/)&A&*$0!9'))#&:!(/$!#*!

:#33&)&*$!P8Q!Z>!9(*9&*$)'$#(*0!'*:!PBQ!-/33&)!0$)&*+$?0E!0?(W#*+!$?'$!-($?!2')'A&$&)0!'33&9$!$?&!*'$/)&!(3!$?&!

.;C!I()&(6&)E!$?&!'02&9$!)'$#(!P#*0&$Q!3()!-($?!9'0&0!:&9)&'0&:!9(A2')&:!$(!$?&!.;J,"8BC!!

j'0$%7E! $?&! 2?(02?'$&! -/33&)! P1?BQ! 9(*9&*$)'$#(*! W'0! 6')#&:! :/)#*+! 9()(*'! 3()A'$#(*! '*:! 5.8!

%(':#*+! Pe#+/)&! wCt,QC! "?&! 5.8! %(':#*+! 2)(3#%&! 6')#&:! W#$?! 1?BE! 0?(W#*+! $?'$! 1?B! #*3%/&*9&0! $?&!

2)($&#*!9()(*'!#*$&+)#$7!'*:!$?/0! #$0!'-#%#$7!$(!?(%:!2'7%(':E!W?#9?!#0!A(0$! %#X&%7!:/&!$(!$?&!9?')+&!

09)&&*#*+!A(:/%'$#*+!$?&!&%&9$)(0$'$#9!#*$&)'9$#(*0!-&$W&&*!$?&!5.8E!9()(*'!2)($&#*0E!'*:!,"8BC!b3!

'%%! $?&!$?)&&!2')'A&$&)0E!1?B!?':!$?&!W&'X&0$!&33&9$!(*!9()(*'! %(':#*+C!Z(W&6&)E! #$!?':!'!0#A#%')!

&33&9$!(*!$?&!'-0()2$#(*!02&9$)'!Pe#+/)&!wCvBQ!'0!$?&!(-0&)6&:!3()!$?&!Z>E!W?&)&!$?&!#*9)&'0&!(3!1?B!

#*:/9&:!'!-)(':&*#*+!(3!$?&!v\\!*A!2&'X!'*:!'!:&9)&'0&!(3!$?&!'02&9$!)'$#(!W?&*!9(A2')&:!$(!$?&!

*'$#6&!,"8BJ9('$&:!.;0!PW#$?(/$!9()(*'Q!#*!I#%%#J=!W'$&)C!

!"#

$"#

!%#

$%#



,?'2$&)!k!~!<*9)&'0#*+!j(':#*+!,'2'9#$7|!1)($&#*!,()(*'0!

   [vt!

RFOFPF &..2..;264(5C(4I2(*E58<4?56(5C(A=542?6(#5=56/((

j?624?0.(5C(4I2(A=542?6(#5=56/(J5=;/4?56(

"?&! &33&9$! (3! $?&! 9()(*'! 3()A'$#(*! ')(/*:! $?&!.;0!(*! $?&! '-0()2$#(*! 02&9$)/A!W#$?! $#A&! #0! '%0(!

'*'%7g&:!Pe#+/)&!wCxQC!!

!

e#+/)&!wCxC!"#A&J&6(%/$#(*!(3!$?&!'-0()2$#(*!02&9$)'!(3!$?&!.;J9()(*'0C!5'$'!9(%%&9$&:!'0!$?&!2)($&#*!9()(*'!

W'0!-&#*+!3()A&:C!

B7!A(*#$()#*+! $?&! X#*&$#90! (3! 3()A'$#(*! (3! 2)($&#*! 9()(*'0! '! :&9)&'0&! #*! $?&#)! 8;!W'0! (-0&)6&:E!

#*:#9'$#*+! $?'$! 2')$#9%&0! W&)&! #*$&)'9$#*+! '*:! 9(A#*+! W#$?#*! 2)(N#A#$7! (3! (*&! '*($?&)C! "?&!

'22&')'*9&!(3!'*! #0(0-&0$#9!2(#*$!¶tu\*A!:/)#*+! $?&!9()(*'! 3()A'$#(*!9(/%:!'%0(!-&!0&&*E!W?#9?!

0/++&0$0!$?'$!$?)(/+?(/$!$?&!)&'9$#(*!$?&)&! #0!&K/#%#-)#/A!-&$W&&*!$?&!2')$#9%&0! #*!'*:!(/$!(3! $?&!

9()(*'C!

*CC204(5C(4I2(#5=56/(J5=;/4?56(A/=/;242=.(56(4I2(A/..?E2(%282/.2((

,?'*+#*+!�,"8BÄE!Z>èE!'*:!�1?BÄ!'%0(!'33&9$&:!$?&!2'00#6&!)&%&'0&!(3!5.8!'0!0?(W*!#*!e#+/)&!wC[\C!

;&0/%$0!')&!2%($$&:!'0!)&%&'0&:!5.8!2&)!.1!'*:!$?&!%&'X#*+!2&)9&*$'+&!9(*0#:&)#*+![\\è!$?&!%(':#*+!

A&'0/)&:!'3$&)!$?&)A'%!$)&'$A&*$!Px\!(,E!h\!A#*Q!(*!:'7![C!

.;JZ>J5.8! 0?(W&:! %(W!5.8! )&%&'0&!:/)#*+! $?&! 3#)0$! u!:'70! 3()! $?&! $?)&&! 9(*9&*$)'$#(*0!(3!,"8B!

$?'$! 0?(W&:! *(*J*&+%#+#-%&! 5.8! %(':#*+! P[E! wE! '*:! [\! AIQ! Pe#+/)&! wC[\8QC! ;&%&'0&! #*9)&'0&:!

$?&)&'3$&)E!W#$?! '! %')+&! )&%&'0&! '$! :'7! tE! 2')$#9/%')%7! #*! $?&! 2)&0&*9&!(3! w! '*:! [\!AI!,"8BC! "?#0!

#*#$#'%!h!~!u!:'7!%'+!W'0!(-0&)6&:!2)&6#(/0%7!3()!.;0!9('$&:!W#$?!9()(*'0!(3!&K/#*&!0&)/AC[w!1)&6#(/0!

!!!"!
!!!!
!!!#!
!!!!
!!!$!

!!!%!

!!!&!

!!!'!

!!!!

!!!!

!!!!



"'#%()#*+!,')-(*!.'*($/-&0!1)(2&)$#&0!3()!4&*&!5&%#6&)7!822%#9'$#(*0!

 [vv!

0$/:#&0!?'6&!3(/*:!$?'$!$?&!9(A2(0#$#(*!(3!$?&!9()(*'!9?'*+&0!:/)#*+!'*!#*#$#'%!2&)#(:E!-&3()&!$?&!

9()(*'!?'):&*0!P'3$&)!¶uv!?QC[\!"?#0!#*#$#'%!%'+!#0!-&*&3#9#'%!3()!$)#++&)&:!)&%&'0&!&N2&)#A&*$0E!W?&)&!

$?&!9()(*'!9'*!-&!/0&:! $(!?(%:! $?&!2'7%(':!W#$?#*! $?&! 3#)0$! $?)&&!:'70!W#$?(/$! 0#+*#3#9'*$!2'00#6&!

)&%&'0&C!"?&!'A(/*$!(3!5.8!2'00#6&%7!)&%&'0&:!#*9)&'0&:!W#$?!�,"8BÄ!Pe#+/)&!wC[\BQC!

!

e#+/)&!wC[\C(5.8!2'00#6&!)&%&'0&!2)(3#%&0!(3!.;J9()(*'0C!@33&9$!(3!6')7#*+!P8Q!,"8B!PBQ!Z>E!'*:!P,Q!1?B!

9(*9&*$)'$#(*!(*!5.8!%&'X'+&C!5'$'!&N2)&00&:!#*!P[Q!5.8!)&%&'0&:!2&)!.;!'*:!PrQ!2&)9&*$'+&!(3!5.8!

)&%&'0&:C!

k')7#*+!Z>è!'*:!�1?BÄ!'%0(!'33&9$&:!2'00#6&!)&%&'0&E!'*:!$?&!'A(/*$!)&%&'0&:!9())&%'$&:!W#$?!$?&!

'A(/*$!(3!5.8!#*#$#'%%7!%(':&:!Pe#+/)&!wC[\BQC!"?&!#*#$#'%!hJu!:'7!%'+!W'0!0?()$&*&:!$(!r!:'70!3()!?#+?!

1?B! 9(*9&*$)'$#(*0! Pr\! AIQ! '*:! %(W! Z>! 9(*9&*$)'$#(*0! P[èQE! #*:#9'$#*+! $?'$! $?&! '-#%#$7! (3! $?&!

2)($&#*! 9()(*'! $(! ?(%:! (*! $(! $?&! 5.8! 2'7%(':0! '$! &')%#&)! $#A&! 2(#*$0! #0! '%0(! :&2&*:&*$! (*! $?&!

2)($&#*!'*:!#(*#9!&*6#)(*A&*$C!!

*E58<4?56(5C(A=542?6(#5=56/(&CC204.(A/..?E2(%282/.2(

"?&!9()(*'0!')(/*:!.10!')&!X*(W*!$(!9?'*+&!#*!:#33&)&*$!&*6#)(*A&*$0C!"?&!&33&9$!(3!A'X#*+!.;J

Z>J5.8!9()(*'0!'$!(*&!#(*#9!0$)&*+$?E!'*:!$?&*!#*$)(:/9#*+!$?&A!$(!'!0(%/$#(*!W#$?!'!:#33&)&*$!#(*#9!

0$)&*+$?!W'0!&N2%()&:!Pe#+/)&!wC[[QC!!

!"#!$#

%$# %"#

&$# &"#



,?'2$&)!k!~!<*9)&'0#*+!j(':#*+!,'2'9#$7|!1)($&#*!,()(*'0!

   [vx!

!

e#+/)&!wC[[C!1'00#6&!)&%&'0&!(3!.;J9()(*'0!#*!:#33&)&*$!-/33&)!9(*9&*$)'$#(*0C!@33&9$!(3!3()A#*+!.;JZ>J5.8!#*!

(*&!1?B!9(*9&*$)'$#(*E!'*:!A&'0/)#*+!$?&!2'00#6&!)&%&'0&!#*!'!:#33&)&*$!1?B!9(*9&*$)'$#(*C!P8Q!.;JZ>J5.8!

W&)&!2)&2')&:!P1Q!#*!�1?BÄ!ç!w!AI!/0#*+!wè!Z>E!'*:!$?&*!2'00#6&!)&%&'0&!P;Q!A&'0/)&:!#*!w!AI!P)&:!

:#'A(*:0Q!'*:![!AI!P-%/&!:#'A(*:0QC!.;JZ>J5.8!2)&2')&:!#*!�1?BÄ!ç![!AI!'*:!'!2'00#6&!)&%&'0&!2)(3#%&!

A&'0/)&:!#*![AI!P()'*+&!:#'A(*:0QC!PBQ!.;JZ>J5.8!2)&2')&:!#*!w!AI!1?B!'*:!)&%&'0&:!#*![\!AI!1?B!

P2/)2%&!:#'A(*:0Q!'*:!w!AI!1?B!P)&:!:#'A(*:0QC!.;JZ>J5.8!3()A&:!#*![\!AI!1?B!'*:!)&%&'0&:!#*![\!AI!

1?B!P+)&&*!:#'A(*:0Q!3()!9(A2')#0(*C!1'00#6&!)&%&'0&!&N2)&00&:!'0!P[Q!5.8!)&%&'0&:!2&)!.;!'*:!PrQ!%&'X'+&!

2&)9&*$'+&C!

.;JZ>J5.8!W&)&!3()A&:!#*!�1?BÄ!ç!w!AI!'*:!$?&*!)&%&'0&!2)(3#%&0!W&)&!A&'0/)&:!#*!�1?BÄ!ç![!AIE!

w!AIE!'*:![\!AIC!f&!(-0&)6&:!$?'$!$?&!9()(*'0!3()A&:!'$!w!AI!1?B!'*:!$?&*! #*$)(:/9&:!$(![!

AI! 1?B! Pe#+/)&! wC[[8E! -%/&! :#'A(*:0Q! ?'6&! '! 2'00#6&! )&%&'0&! 2)(3#%&! $?'$! #0! :#33&)&*$! 3)(A! $?&!

9()(*'0! 3()A&:! '*:! )&%&'0&:! '$! w!AI! 1?B! Pe#+/)&! wC[[8E! )&:! :#'A(*:0Q! '*:! $?(0&! 3()A&:! '*:!

)&%&'0&:!'$![!AI!1?B!Pe#+/)&!wC[[8E!()'*+&!:#'A(*:0QC!>#A#%')%7E!$?&!.;JZ>J5.8!3()A&:!'$!w!AI!

1?B! '*:! )&%&'0&:! '$! [\! AI! 1?B! Pe#+/)&! wC[[BE! 2/)2%&! :#'A(*:0Q! '%0(! 0?(W! '! :#33&)&*$! )&%&'0&!

2)(3#%&!-&$W&&*!$?'$! 3()A&:!'*:!)&%&'0&:!'$![\!AI!1?B!Pe#+/)&!wC[[BE!+)&&*!:#'A(*:0Q!'*:!$?'$!

3()A&:!'*:!)&%&'0&:!'$!w!AI!1?B!Pe#+/)&!wC[[BE!)&:!:#'A(*:0QC!B($?!)&%&'0&!2)(3#%&0!#*![!AI!'*:!

[\!AI!1?B!0?(W!$?&!0'A&!#*#$#'%!h!:'7!%'+!'0!$?'$!(3!9()(*'0!A':&!'*:!)&%&'0&:!#*!w!AIE!#*:#9'$#*+!

$?'$!W?&*!$?&!9()(*'0!')&!3()A&:!#*!(*&!1?B!9(*9&*$)'$#(*!'*:!$?&*!/0&:!3()!)&%&'0&!#*!'*($?&)E!

$?&! )&%&'0&! 2)(3#%&! )&$'#*0! 0(A&! (3! #$0! ()#+#*'%! )&%&'0&! 2)(2&)$#&0E! )&0/%$#*+! #*! '*! #*$&)A&:#'$&!

!"#

$"#

!%#

$%#



"'#%()#*+!,')-(*!.'*($/-&0!1)(2&)$#&0!3()!4&*&!5&%#6&)7!822%#9'$#(*0!

 [x\!

-&?'6#()C!"?/0E!$?&!9()(*'!?'0!0(A&!)&0#%#&*9&!$?'$!9'*!-&!A'#*$'#*&:!#*!:#33&)&*$!-/33&)!0(%/$#(*0!

3()!0&6&)'%!:'70C!

*HB85?4?6:(#5=56/(*H0I/6:2(C5=(S/6?B<8/4?6:(A/>85/9(%282/.2(

5&02#$&! #$0!2(()! %(':#*+!9'2'9#$7E!Z>8!9'*!2($&*$#'%%7! 3/*9$#(*!'0!'!-%(9X#*+!'+&*$!3()!.;JZ>J5.8E!

W?&)&!#$!9(/%:!-&!/0&:!$(!3()A!'*!'::#$#(*'%!9()(*'!%'7&)!')(/*:!'%)&':7!3()A&:!9()(*'0!$(!-%(9X!

2'00#6&!5.8!)&%&'0&!(*!'%)&':7J3()A&:!9()(*'0C!B&9'/0&!Z>8!#0!'!0(3$!9()(*'!2)($&#*E!#$!?'0!%#A#$&:!

&N9?'*+&!W#$?! $?&!?'):! 9()(*'!2)($&#*0! #*!Z>E! '*:!9(*0&K/&*$%7! )&0/%$0! #*! 0%(W&)! )&%&'0&!(3!5.8!

3)(A!$?&!9()(*'!P>9?&A&!wC[BQC!"?#0!2)(2&)$7!9'*!-&!&N2%(#$&:!$(!?(%:!$?&!2'7%(':!#*!$?&!9()(*'!3()!

'*! &N$&*:&:! 2&)#(:! (3! $#A&! 2)#()! $(! $?&#)! $)#++&)&:! )&%&'0&C! <*! 9(*$)'0$E! Z>! 9(*$'#*0! ?'):! 9()(*'!

2)($&#*0!$?'$!9'*!&N9?'*+&!W#$?!$?(0&!#*!$?&!.;JZ>J5.8!$(!2)(A($&!2'7%(':!)&%&'0&C!"?&)&3()&E!'!

)'$#(*'%! 0&%&9$#(*! (3! 2)($&#*! &*6#)(*A&*$! 9(/%:! 2)(6#:&! /0! W#$?! '! ?'*:%&! 3()! A'*#2/%'$#*+! $?&!

2'7%(':!)&%&'0&!2)(3#%&C!

@N$&*:#*+!$?&! #:&'!$?'$!Z>!'*!Z>8!?'6&!:#33&)&*$!9'2'9#$#&0! $(! 3()A!2'7%(':J9'))7#*+!9()(*'0E! $?&!

'-#%#$7!(3!$?&!2)($&#*!&*6#)(*A&*$!$(!A'*#2/%'$&!$?&!2'00#6&!)&%&'0&!(3!5.8!3)(A!.;JZ>J5.8!W'0!

$&0$&:C!1'00#6&!)&%&'0&!(3!5.8!3)(A!.;JZ>J5.8!W?(0&!9()(*'!W'0!&N9?'*+&:!W#$?!Z>!()!Z>8!W'0!

9(A2')&:C! ,()(*'! &N9?'*+&!W'0! '9?#&6&:!-7! 2%'9#*+!.;JZ>J5.8! #*! '! 0(%/$#(*! (3!Z>! ()!Z>8E! '*:!

)&%&'0&!W'0!K/'*$#3#&:!-7!A&'0/)#*+!$?&!5.8!#*!$?&!0/2&)*'$'*$!'0!'!3/*9$#(*!(3!$#A&C!;&%&'0&!W'0!

9(A2')&:!$(!.;JZ>J5.8!$?'$!W&)&!*($!&N9?'*+&:!W#$?!Z>!()!Z>8!PS*(!-%(9XTQC!

"?&!)&%&'0&!2)(3#%&!9?'*+&:!:&2&*:#*+!(*!$?&!2)($&#*!&*6#)(*A&*$!Pe#+/)&!wC[rQC!!

! !

e#+/)&!wC[rF!1'00#6&!)&%&'0&!5.8!2)(3#%&0!(3!9()(*'0!#*!'*!&N9?'*+&!&*6#)(*A&*$!(3!\C[wè!Z>!P9#)9%&0QE!\C[wè!

Z>8!P$)#'*+%&0QE!()!*(!2)($&#*!P0K/')&0Q!(*!.;0C!1'00#6&!)&%&'0&!&N2)&00&:!'0!5.8!)&%&'0&:!2&)!.;!P%&3$Q!'*:!

%&'X'+&!2&)9&*$'+&!P)#+?$QC!!



,?'2$&)!k!~!<*9)&'0#*+!j(':#*+!,'2'9#$7|!1)($&#*!,()(*'0!

   [x[!

<3! $?&!.;J9()(*'0!W&)&!2%'9&:! #*!\C[wè!0(3$!9()(*'!2)($&#*0! PZ>8QE! %&00!5.8!W'0! )&%&'0&:! Pe#+/)&!

wC[rE! )&:! $)#'*+%&0Q! 9(A2')&:! $(! $?&! 9(*$)(%!W#$?(/$! 9()(*'! &N9?'*+&! Pe#+/)&! wC[rE! )&:! 0K/')&0QC!

Z>8! W'0! $?/0! '-%&! $(! )&:/9&! $?&! 2'00#6&! )&%&'0&! (3! 5.8! 3)(A! $?&! .;JZ>J5.8E! A(0$! %#X&%7! -7!

A#*#A#g#*+!$?&!2)($&#*!&N9?'*+&!#*!$?&!9()(*'C!Z(W&6&)E!W?&*!9()(*'!&N9?'*+&!W'0!2&)3()A&:!#*!

\C[wè!Z>E!'!-/)0$!(3!2'7%(':!)&%&'0&!(99/))&:!:/)#*+!$?&!3#)0$!u!:'70!Pe#+/)&!wC[rE!)&:!9#)9%&0QC!<*!3'9$E!

¶r\!è! Prsu! ê! vh!5.8q.;Q! (3! 2'7%(':!W'0! '%)&':7! 2'00#6&%7! )&%&'0&:! '$! :'7! [E!W?&)&'0! $?&! 0'A&!

'A(/*$! (3! )&%&'0&! #0! *($! )&'9?&:! /*$#%! :'7! t! 3()! $?&! Z>8! &N9?'*+&C! "?#0! #0! A(0$! %#X&%7! :/&! $(!

0#+*#3#9'*$! 2)($&#*! &N9?'*+&! (99/))#*+! -&$W&&*! $?&! 3)&&! Z>! 2)($&#*0! '*:! $?(0&! #*! $?&! 9()(*'E!

0/22()$#*+!(/)!2(0$/%'$#(*!$?'$!($?&)!9(A2(*&*$0!#*!Z>!($?&)!$?'*!Z>8!')&!2&)$/)-#*+!$?&!9()(*'!

$(! )&%&'0&! A()&! 2'7%(':C! "?&! )&02(*0#-%&! 2)($&#*! 9(A2(*&*$0! ')&! A(0$! %#X&%7! $?&! ?'):! 9()(*'!

2)($&#*0!#*!$?&!Z>!$?'$!')&!'-%&!$(!&N9?'*+&!W#$?!$?&!&N#0$#*+!9()(*'!2)($&#*0!(*!$?&!.;0!-&9'/0&!(3!

0#A#%')!-#*:#*+!'33#*#$7C!"?&)&3()&E!'*!'22)(2)#'$&!0&%&9$#(*!(3!-%(9X#*+!2)($&#*0!9'*!2)(6#:&!'!A&'*0!

$(!9(*$)(%!2'7%(':!)&%&'0&!)'$&C!

8::#$#(*'%%7E!$?&!&33&9$!(3!6')7#*+!$?&!Z>!'*:!Z>8!9(*9&*$)'$#(*!#*!-%(9X#*+!$(!$/*&!2'00#6&!)&%&'0&!

W'0!&N'A#*&:!Pe#+/)&!wC[hQC!!

!

e#+/)&!wC[hF!j&'X'+&!(3!.;J9()(*'0!'$!:#33&)&*$!&N9?'*+&!&*6#)(*A&*$0C!1'00#6&!)&%&'0&!(3!5.8!3)(A!9()(*'0!

(*!.;!-7!6')7#*+!$?&!'A(/*$!(3!P8Q!Z>!'*:!PBQ!Z>8!&N9?'*+&!P\C\sèE!\C[wèE!'*:!\Chè!Z>!'*:!Z>8QC!1'00#6&!

)&%&'0&!&N2)&00&:!'0!P[Q!5.8!)&%&'0&:!2&)!.;!'*:!PrQ!%&'X'+&!2&)9&*$'+&C!

!"# $"#

$%#!%#



"'#%()#*+!,')-(*!.'*($/-&0!1)(2&)$#&0!3()!4&*&!5&%#6&)7!822%#9'$#(*0!

 [xr!

<*9)&'0#*+! $?&! Z>è! /0&:! 3()! 9()(*'! &N9?'*+&! #*9)&'0&:! $?&! 5.8! )&%&'0&:! 3)(A! $?&! .;0! Pe#+/)&!

wC[h8QC!8! 0#A#%')! $)&*:!W'0!(-0&)6&:! 3()! #*9)&'0#*+! $?&!Z>8è!'%$?(/+?! $?&! )&%&'0&!'A(/*$0!W&)&!

%(W&)E! 9(*3#)A#*+! $?'$! Z>8! #0! -&$$&)! '$! -%(9X#*+! $?&! 9()(*'0! $?'*! Z>! Pe#+/)&! wC[hBQC! @6#:&*$%7E! '!

?#+?&)! 2)($&#*! 9(*9&*$)'$#(*! #*! $?&! .;JZ>J5.8! &*6#)(*A&*$! 3'9#%#$'$&0! '! +)&'$&)! :&+)&&! (3!

&N9?'*+&E!$?/0!#*:/9#*+!'!%')+&)!'A(/*$!(3!5.8!)&%&'0&:C!!

'2/7/:2(?6(N8559(A8/.;/((

>#*9&! $?&! '22%#9'$#(*! (3! $?&0&! &*+#*&&)&:! *'*(2')$#9%&0! #0! '00(9#'$&:! $(! $?&! #*$&)'9$#(*! W#$?! '!

-#(%(+#9! 3%/#:!9(*$'#*#*+!-($?!?'):!'*:!0(3$!9()(*'!2)($&#*0E! $?&!9()(*'!9(A2(0#$#(*!'*:!-&?'6#()!

A#+?$! -&! '33&9$&:C! "?&)&3()&E! 2'00#6&! )&%&'0&! (3! 5.8! 3)(A! .;JZ>J5.8! #*! ?/A'*! -%((:! 2%'0A'E!

W?#9?! 9(*$'#*0! -($?! ?'):! '*:! 0(3$! 9()(*'! 2)($&#*0E! W'0! '%0(! #*6&0$#+'$&:C! 1)(3#%&0! (3! 2'00#6&%7!

)&%&'0&:!5.8!3)(A![Cw!*I!(3!.;JZ>J5.8!W#$?!'*:!W#$?(/$!-%(9X#*+!W#$?!\Chè!Z>8!W&)&!A&'0/)&:!

Pe#+/)&!wC[uQC!

! !

e#+/)&!wC[uF!j&'X'+&!(3!5.8!#*!-%((:!2%'0A'C!k'%/&0!3)(A!.;JZ>J5.8!W#$?!*(!-%(9X#*+!P()'*+&!0K/')&0Q!'*:!

.;JZ>J5.8!#*!-%((:!2%'0A'!-%(9X&:!-7!\Chè!Z>8!P+)&&*!$)#'*+%&0QC!1'00#6&!)&%&'0&!&N2)&00&:!'0!5.8!)&%&'0&:!

2&)!.;!P%&3$Q!'*:!%&'X'+&!2&)9&*$'+&!P)#+?$QC!

<*! $?&! '-0&*9&! (3! -%(9X#*+E! hsx! ê! vx!5.8! 0$)'*:0!W&)&! %(':&:! 2&)!.;E! (/$! (3!W?#9?! wv!5.8q.;!

P[wCtè!(3! %(':&:!5.8Q!W'0!)&%&'0&:!'$!5'7![!'3$&)!2)&2')'$#(*! Pe#+/)&!wC[uE!()'*+&!0K/')&0QC!"?&!

'A(/*$!(3!)&%&'0&:!5.8!)&A'#*&:!)&%'$#6&%7!9(*0$'*$!/*$#%!5'7![wE!'*:!*(!#*#$#'%!%'+!W'0!(-0&)6&:C!

"?#0! 0?(W0! $?'$! '0! 0((*! '0! $?&! .;JZ>J5.8! ')&! 2%'9&:! #*$(! 2%'0A'E! '! 0A'%%! 'A(/*$! (3! 5.8! #0!

)&%&'0&:E! 2)(-'-%7! :/&! $(! $?&! &N9?'*+&! W#$?! ?'):! 9()(*'! 2)($&#*0! #*! $?&! 2%'0A'C! ;&%&'0&:! 5.8!

:&9)&'0&:!0%#+?$%7!'$!h!:'70E!2&)?'20!:/&!$(!$?&!9()(*'!)&()+'*#g'$#(*E!W?&)&!5.8!%(':0!-'9X!(*$(!

$?&!.;JZ>J5.8!'0! $?&!-%((:!2%'0A'!2)($&#*0!9(*$)#-/$&:! $(! $?&!&N#0$#*+!9()(*'C!"?&!5.8!)&%&'0&!

2)(3#%&!W'0!0#A#%')!3()!.;JZ>J5.8!-%(9X&:!-7!\Chè!Z>8C!<*!$?#0!9'0&E![h\!ê!ht!5.8!W&)&!%(':&:!2&)!



,?'2$&)!k!~!<*9)&'0#*+!j(':#*+!,'2'9#$7|!1)($&#*!,()(*'0!

   [xh!

.;E!(3!W?#9?![x!5.8q.;!W'0!)&%&'0&:!'$!5'7![!Pe#+/)&!wC[uE!+)&&*!$)#'*+%&0QC!8%$?(/+?!$?&!'A(/*$!

(3!5.8!)&%&'0&:!W'0!A/9?!%(W&)E!$?&!2&)9&*$'+&!(3!%(':&:!5.8!$?'$!W'0!)&%&'0&:!(*!5'7![!P[uCsè!

(3! %(':&:!5.8Q! #0!(*%7! 0%#+?$%7! %(W&)!9(A2')&:! $(! $?'$!W#$?(/$!-%(9X#*+C!"?#0! 0?(W0! $?'$!-%(9X#*+!

9'*!:&9)&'0&!$?&!9(*9&*$)'$#(*!(3!2'00#6&%7!)&%&'0&:!5.8C!

<*!2)'9$#9&E!&33&9$#6&!-%(9X#*+!-7!Z>8!A'7!-&!:#33#9/%$!$(!'9?#&6&!0#*9&!$?&!-%((:!2%'0A'!9(*$'#*0!'!

%')+&!*/A-&)!(3!?'):!'*:!0(3$!9()(*'!2)($&#*0!$?'$!9'*!&'0#%7!&N9?'*+&!W#$?!$?&!9()(*'!(*!$?&!.;0E!

#*9%/:#*+!$?&!Z>8!/0&:!3()!-%(9X#*+C!"?#0!#0!&6#:&*$!3)(A!$?&!0#A#%')!:#2!'$!5'7!h!3()!$?#0!&N2&)#A&*$E!

0/++&0$#*+! $?'$! 9()(*'! )&()+'*#g'$#(*! 9(/%:! '%0(! -&! $'X#*+! 2%'9&! W#$?! $?&! \Chè! Z>8! 2)&0&*$C!

Z(W&6&)E! #*! -($?! 9'0&0E!W&!(-0&)6&:!*(! 3/)$?&)! #*9)&'0&! #*! $?&!5.8! %&'X'+&! -&7(*:!5'7! vC! "?#0!

0?(W0!$?'$!$?&!2)($&#*!9()(*'!9'*!-&!/0&:!$(!?(%:!$?&!%(':&:!5.8!0$'-%7!3()!A()&!$?'*!'!W&&X!#*!

-%((:C!!

RFOFOF `.?6:(D589(1/6=59.(C5=(+28204?E2($=?::2=29(%282/.2(&BB8?0/4?56.((

4(%:! *'*()(:0! P.;0Q! ?'6&! +'#*&:! 9(*0#:&)'-%&! #*$&)&0$! 3()! $?&)'2&/$#9! '22%#9'$#(*0! -&9'/0&! $?&7!

9'*!-&!0&%&9$#6&%7!&N9#$&:!'$!W'6&%&*+$?0!W?&)&!$#00/&!#0!$)'*02')&*$!$(!)&%&'0&!A/%$#2%&!02&9#&0!$?'$!

9'*! #A2'9$!9(A2%&N!2)(9&00&0E!0(!$?&7!?'6&!A'*7!':6'*$'+&0!3()!$)#++&)#*+!2'7%(':!)&%&'0&C[vEhwJhv!

80!#$!?'0!-&&*!#*$)(:/9&:!'$!$?&!-&+#**#*+!(3!$?#0!9?'2$&)E!$?&!/*#K/&!(2$#9'%!2)(2&)$#&0!(3!+(%:!.;0!

)&%7!(*!$?&#)!%'9X!(3!07AA&$)7C!"?&#)!'02&9$!)'$#(!P%&*+$?!:#6#:&:!-7!W#:$?Q!9'*!-&!$/*&:!-7!07*$?&0#0!

9(*:#$#(*0! '*:! #$! :&$&)A#*&0! $?&!W'6&%&*+$?! (3! $?&! >1;C! "?&)&3()&E! +(%:! *'*()(:0!W#$?! :#33&)&*$!

'02&9$!)'$#(0!W#%%!?'6&!:#33&)&*$!>1;0C!>/9?!3&'$/)&0!W#%%!'%%(W!$?&!0&%&9$#6&!A&%$#*+!(3!'!A#N$/)&!.;0!

(3!:#33&)&*$!8;!-7!'22%7#*+!$?&!/%$)'3'0$!$?&)A'%!?&'$#*+!'$!$?&#)!02&9#3#9!>1;C[v!!

A=5E?6:(+28204?E2('/.2=(,==/9?/4?56(5C(!?CC2=2648>(+?]29(1%.(

,&$7%$)#A&$?7%'AA(*#/A! -)(A#:&! P,"8BQJ9('$&:! +(%:! 2')$#9%&0! $?'$! '-0()-&:! '$! $W(! :#0$#*9$!

W'6&%&*+$?0!W&)&! 07*$?&0#g&:CrwEhxEu\! b*! $?&! (*&! ?'*:E! $?&! 0'A&! )(:J0?'2&:! *'*()(:0! 2)&6#(/0%7!

'*'%7g&:!W#$?!'*!8;!ç!hCt!'*:!Uc!ç!uw!*A!?':!'!j>1;!'$!tsh!*AC!b*!$?&!($?&)!?'*:E!-(*&J0?'2&:!

S*'*(-(*&0T!P.B0Q!W#$?!8;!ç!uCv!'*:!Uc!ç!ww!*A!?':!'!j>1;!'$![\sw!*AC!e#)0$%7E!A&%$#*+!(3!$?&!.;0!

'*:!.B0!-7!&N$&)*'%!%'0&)!&N9#$'$#(*!'$!$?&#)!A'N#A/A!j>1;!W'0!9(*3#)A&:!0&2')'$&%7!Pe#+/)&!wC[w8!

'*:!BE!)&02&9$#6&%7QC!>&9(*:%7E!-&9'/0&!.;0!'*:!.B0!&N?#-#$&:!:#0$#*9$!'-0()2$#(*!3&'$/)&0E!0&%&9$#6&!

&N9#$'$#(*!-7!30J2/%0&:!%'0&)0!(3!'!.;q.B!A#N$/)&!W'0!$&0$&:C!v\\!*A!#))':#'$#(*!(3!'!.;q.B!A#N$/)&!

)&0/%$&:!#*!A&%$#*+!(3!$?&!.;0!(*%7E!0&&*!-7!'!:&9)&'0&!(3!$?&!j>1;!'$!v\\!*A!Pe#+/)&!wC[s8QC!I&%$#*+!



"'#%()#*+!,')-(*!.'*($/-&0!1)(2&)$#&0!3()!4&*&!5&%#6&)7!822%#9'$#(*0!

 [xu!

#*:/9&0! $?&!.;0! $(!9?'*+&!0?'2&! $(!02?&)&0E!W?#9?!0?#3$0!'*:!:&9)&'0&0! $?&#)! j>1;Cu[!"?&!j>1;!'$!

[[\\! *A! :#:! *($! 9?'*+&E! #*:#9'$#*+! $?'$! .B0!W&)&! *($!A&%$&:! -&9'/0&! v\\! *A! 9(#*9#:&0! W#$?! '!

A#*#A/A! #*! $?&#)! '-0()2$#(*! Pe#+/)&! wC[wBE! -%'9X! %#*&QC! j#X&W#0&E! .;0! :(! *($! '-0()-! '$! [[\\! *A!

Pe#+/)&!wC[w8E!-%'9X!%#*&QE!0(![[\\!*A!#))':#'$#(*!)&0/%$&:!#*!'!:&9)&'0&!(3!$?&!.B!j>1;!-/$!:#:!*($!

'33&9$!$?&!.;!j>1;E!#*:#9'$#*+!0&%&9$#6&!A&%$#*+!(3!$?&!.B0!Pe#+/)&!wC[sBQC[v!

! !

e#+/)&!wC[wC!I&%$#*+!$?&!.;J,"8B!'*:!.BJ,"8BC!"?&!A&%$#*+!(3!$?&!P8Q!.;J,"8B!'*:!PBQ!$?&!.BJ,"8B!P-Q!W'0!

0&2')'$&%7!$&0$&:C!<$!9(/%:!-&!(-0&)6&:!$?'$!$?&!.;J,"8B!A&%$&:!'3$&)!v\\!*A!#))':#'$#(*E!'*:!$?'$!$?&!.BJ

,"8B!9(/%:!A&%$!'3$&)!#))':#'$#(*!'$![[\\!*AE!'0!&6#:&*9&:!-7!$?&!:&9)&'0&!#*!$?&#)!)&02&9$#6&!j>1;!2&'X0C!

! !

e#+/)&!wC[sC!>&%&9$#6&!A&%$#*+!(3!'!.;q.BJ,"8B!A#N$/)&C!8-0()2$#(*!02&9$)'!(3!P8Q!A#N$/)&!(3!.;J,"8B!y!.BJ

,"8B!-&3()&!P-%'9XQ!'*:!'3$&)!P)&:Q!v\\!*A!#))':#'$#(*o!'*:!PBQ!.;J,"8B!y!.BJ,"8B!-&3()&!P-%'9XQ!'*:!'3$&)!

P)&:Q![[\\!*A!#))':#'$#(*C!

*E/8</4?56(5C(4I2(A=542?6(#5=56/(56(D589(1/65@562.(

"?&!0'A&!2)(9&:/)&!$(!3()A!9()(*'0! #*!$?&!9(*:#$#(*0!(2$#A#g&:!3()!$?&!.;0!Pw!AI!,"8BE!wè!Z>!

'*:!w!AI!1?BQ!W'0!3(%%(W&:!3()!$?&!2)&2')'$#(*!(*!.B0!Pvw!N![[!*AQC!"?&!5.8!&A2%(7&:! #*!$?#0!

0$/:7! W'0! '%0(! $?&! 0'A&! '0! -&3()&! Pr\! -'0&! 5.8! (%#+(! $'++&:! W#$?! '! 3%/()(2?()&! "8I;8QC! "?&!

)&0/%$#*+!9(*i/+'$&0!W&)&!9?')'9$&)#g&:!$(+&$?&)!W#$?!$?&!.BJ,"8B!2')$#9%&0!Pe#+/)&!wC[tQC!!

!" #"

!" #"



,?'2$&)!k!~!<*9)&'0#*+!j(':#*+!,'2'9#$7|!1)($&#*!,()(*'0!

   [xw!

>#A#%')! -&?'6#()! '0! $?&! (*&! 2)&6#(/0%7! :&09)#-&:! 3()! $?&! .;J9()(*'0! W'0! :&$&9$&:! 3()! $?&! .BJ

9()(*'0C!.BJZ>J5.8!0?(W&:!$?'$!$?&!%(*+#$/:#*'%!0/)3'9&!2%'0A(*!)&0(*'*9&!Pj>1;Q!(3!$?&!.B0!W'0!

0$#%%! 6#0#-%&E!W#$?!'!A#*()! )&:! 0?#3$! '*:! 0%#+?$!-)(':&*#*+!(6&)! $?&!,"8B!9('$&:!.;0! Pe#+/)&!wC[t8E!

0(%#:!14"!:'0?&:! %#*&0QC!j>1;!)&:!0?#3$0!'*:!-)(':&*#*+! #*:#9'$&:!$?'$!$?&!.B0!W&)&! #*!2)(N#A#$7!$(!

(*&! '*($?&)! #*! $?&! 9()(*'E! W?#9?! W'0! 9(*3#)A&:! -7! "@I! Pe#+/)&! wC[t@QC! "?&)&3()&E! $?&! 9%/0$&)!

3()A'$#(*!(-0&)6&:!3()!$?&!.;J9()(*'0!W'0!&K/'%%7!)&6&'%&:!3()!$?&!.B0!-7!"@I!#A'+#*+C!5j>!'%0(!

0/22()$!$?#0!0/++&0$#(*E!'0!'!Uc!#*9)&'0&!W'0!'%0(!:&$&9$&:E!#*:#9'$#*+!$?'$!'!9%/0$&)!(3!A/%$#2%&!.B0!

3()A&:!$?&!9()(*'!Pe#+/)&!wC[t,QC!"?&!9()(*'!3()A'$#(*!'%0(!'33&9$&:!$?&!.B!9?')+&E!0#*9&!$?&!Z>!

'*:! 5.8! '-0()2$#(*! 9?'*+&:! $?&! 2(0#$#6&%7! 9?')+&:! .BJ,"8B! $(! *&+'$#6&E! 9(*3#)A#*+! #$0! 2)(2&)!

3()A'$#(*!Pe#+/)&!wC[t5QC!

! !

e#+/)&!wC[tC!,?')'9$&)#g'$#(*!(3!.BJ9()(*'0C!P8Q!8-0()2$#(*!02&9$)'!(3!.B0!-&3()&!P0(%#:!%#*&Q!'*:!'3$&)!P:'0?&:!

%#*&Q!$?&!3()A'$#(*!(3!$?&!2)($&#*!9()(*'0C!PBQ!<A'+&!(3!$?&!6#'%!'3$&)!9()(*'!3()A'$#(*!0?(W!$?'$!

*'*(2')$#9%&0!W&)&!0$'-%&!#*!0(%/$#(*C!P,Q!86&)'+&!?7:)(:7*'A#9!:#'A&$&)E!UcE!A&'0/)&:!-7!5j>!'*:!P5Q!^&$'!

2($&*$#'%!(3!.B0!'*:!.BJZ>J5.8C!P@Q!"@I!#A'+&0!(3!.BJ,"8B!'*:!.BJZ>J5.8C!

,()(*'! 3()A'$#(*! ')(/*:! .B0! '%0(! '%%(W&:! '*! &N9&%%&*$! 0$'-#%#$7! #*! -/33&)! Pe#+/)&! wC[vBQC!

e/)$?&)A()&E! .BJZ>J5.8! ?':! t[\! ê! [h\! 5.8q.B! '*:! '! 0/)3'9&! %(':#*+! :&*0#$7! (3! \Cr! 5.8q*ArE!

W?#9?!#0!%(W&)!9(A2')&:!$(!$?&!6'%/&0!(-$'#*&:!3()!$?&!.;!Pttt!ê!su!5.8q.;E![!5.8q*ArQC!"?&0&!

)&0/%$0! 0?(W! $?'$! 9()(*'0! 9'*! -&! 3()A&:! '*:! %(':&:! W#$?! 5.8! (*! :#33&)&*$! .10E! '%$?(/+?! $?&#)!

%(':#*+!:&*0#$#&0!A'7!:#33&)C!

8::#$#(*'%%7E!$?&!0'A&!9()(*'!&N9?'*+&!2?&*(A&*(*!0$/:#&:!3()!$?&!.;J9()(*'0!W'0!'%0(!'*'%7g&:!

3()! $?&! )&9&*$%7!:&6&%(2&:!.BJ9()(*'0C! "?&! #*#$#'%! h!~!u!:'7! %'+!(-0&)6&:! 3()! $?&!.;JZ>J5.8!W'0!

!" #"

$"

%"

NB NB-HS-DNA
-20

0

20

40

60

Ze
ta

 P
ot

en
tia

l (
m

V
)

NB NB-HS-DNA
0

500

1000

1500

H
yd

ro
dy

na
m

ic
 D

ia
m

et
er

 (n
m

)

NB-CTAB NB-HS-DNA
0

500

1000

1500

H
yd

ro
dy

na
m

ic
 D

ia
m

et
er

 (n
m

)

&"

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



"'#%()#*+!,')-(*!.'*($/-&0!1)(2&)$#&0!3()!4&*&!5&%#6&)7!822%#9'$#(*0!

 [xs!

'%0(!*&&:&:!3()!$?&!.BJ9()(*'0!$(!-&!'-%&!$(!9'))7!(/$!$)#++&)&:!)&%&'0&!&N2&)#A&*$0!-7!'*!&N$&)*'%!

&*&)+7! 0(/)9&C! "?&)&3()&E! 2'00#6&! )&%&'0&! (3!5.8! 3)(A!.BJZ>J5.8!W?(0&! 9()(*'!W'0! &N9?'*+&:!

W#$?!Z>!()!Z>8E!-($?!#*!:#33&)&*$!9(*9&*$)'$#(*0E!W'0!'%0(!A(*#$()&:!Pe#+/)&!wC[vQC!!

! !

e#+/)&!wC[vC!1'00#6&!)&%&'0&!5.8!2)(3#%&0!(3!.BJ9()(*'0C!5.8!%&'X'+&!#*!'*!&N9?'*+&!&*6#)(*A&*$!(3!P8Q!\C[wè!

Z>!P9#)9%&0QE!\C[wè!Z>8!P$)#'*+%&0QE!()!*(!2)($&#*!P0K/')&0Q!(*!.;E!PBQ!:#33&)&*$!9(*9&*$)'$#(*0!(3!Z>E!'*:!P,Q!

6')7#*+!$?&!'A(/*$!(3!Z>8C!1'00#6&!)&%&'0&!&N2)&00&:!'0!P[Q!5.8!)&%&'0&:!2&)!.;!'*:!PrQ!%&'X'+&!2&)9&*$'+&C!

.BJZ>J5.8! W#$?(/$! 9()(*'! &N9?'*+&! 2'00#6&%7! )&%&'0&:! 5.8! W#$?! '! 2)(3#%&! 0#A#%')! $(! $?&! .;0E!

0$')$#*+! W#$?! *&+%#+#-%&! )&%&'0&! #*! $?&! 3#)0$! h! :'70! '*:! $?&*! #*9)&'0#*+! W#$?! $#A&! Pe#+/)&! wC[v8E!

0K/')&0QC! Z(W&6&)E! 9()(*'! &N9?'*+&! W#$?! \C[wè! Z>8! 0&&A&:! $(! #*9)&'0&! $?&! 'A(/*$! (3! 5.8!

2'00#6&%7!)&%&'0&:!'$!$?&!-&+#**#*+!Phwu!ê!r[v!5.8q.B!()![t!ê!xè!(3!#*#$#'%%7!%(':&:!5.8!'$!5'7![Q!

Pe#+/)&!wC[v8E!$)#'*+%&0QC!"?#0!'A(/*$!#0!&6&*!?#+?&)!Pvuv!ê!rtx!5.8q.B!()!w[!ê!h\è!(3!%(':&:!5.8Q!

#*! $?&!2)&0&*9&!(3!\C[wè!Z>! Pe#+/)&!wC[v8E!9#)9%&0QC!822')&*$%7E! 9()(*'0! 3()A&:!(*! %')+&)!.B0!')&!

A()&!2)(*&!$(! %&'X'+&E!'*:!Z>8!0&&A0! %&00!&33&9$#6&! #*!-%(9X#*+!2'00#6&!)&%&'0&!9(A2')&:!$(!.;0!

Pe#+/)&!wC[rQC!80!W'0!2)&6#(/0%7! )&2()$&:E!.1!0#g&!9'*!'%0(! #*3%/&*9&!9()(*'! 3()A'$#(*CrEr[Eur!f?#%&!

-%(9X#*+! W'0! *($! (-0&)6&:! W#$?! \C[wè! Z>8! 9(A2')&:! $(! $?&! 9(*$)(%! #*! .B0E! :#33&)&*$#'%! 2'00#6&!

)&%&'0&!-&$W&&*!Z>!'*:!Z>8!'0!W#$?!.;0!W'0!0$#%%!:&A(*0$)'$&:C!

>#A#%')! -&?'6#()! $(! $?&! (*&! (-0&)6&:! 3()! $?&! .;0! Pe#+/)&! wC[hQE! 9(/%:! '%0(! -&! 0&&*! 3()! $?&! .BJ

9()(*'0!W?&*!9?'*+#*+!$?&!Z>! Pe#+/)&!wC[vBQ!'*:!Z>8!Pe#+/)&!wC[v,Q!9(*9&*$)'$#(*! #*!-%(9X#*+C! <*!

-($?!9'0&0E!'*!#*9)&'0&!(3!)&%&'0&:!5.8!W'0!&6#:&*9&:C!Z(W&6&)E!#$!W'0!'+'#*!9(*3#)A&:!$?'$!Z>8!

'$! %(W!9(*9&*$)'$#(*0! '9$0! '0! '!-&$$&)!-%(9X#*+!'+&*$! $?'*!Z>E! 0#*9&! $?&!'A(/*$!(3!5.8! )&%&'0&:!

K/'*$#3#&:!W'0!0%#+?$%7!%(W&)C!

!"#$"# %"#

!&#$&# %&#



,?'2$&)!k!~!<*9)&'0#*+!j(':#*+!,'2'9#$7|!1)($&#*!,()(*'0!

   [xt!

#I/=/042=?]/4?56(5C(4I2(A=542?6(#5=56/(C5=(+28204?E2(A/>85/9(%282/.2(

,()(*'0! (3! ?/A'*! 0&)/A! PZ>Q! W&)&! 3()A&:! ')(/*:! $?&! 2')$#9%&0! 3(%%(W#*+! $?&! 0'A&! 0$)'$&+7!

(2$#A#g&:!'$!$?&!-&+#**#*+!(3!$?&!9?'2$&)!'*:!)&2()$&:!&%0&W?&)&C[w!Z(W&6&)E!$?#0!$#A&E!.;J9()(*'0!

W&)&! %(':&:! W#$?! '! 5.8! W#$?! '! :#33&)&*$! 0&K/&*9&! PwL! 44""44"4"44""44J"I;! hLQ! 3)(A! $?&!

2)&6#(/0%7! /0&:E! X*(W*! '0! $?)(A-#*! -#*:#*+! '2$'A&)! P"B8Q! '*:! $72#9'%%7! /0&:! 3()! -%((:! 9%($$#*+!

'22%#9'$#(*0!+#6&*! #$0!9'2'-#%#$7! $(! #*?#-#$! $?)(A-#*!'*:!9(*0&K/&*$%7!9('+/%'$#(*! P.;JZ>J"B8QCuhEuu!

"?&! 9(A2%#A&*$')7! 0&K/&*9&! 3%/()&09&*$%7! %'-&%&:! W#$?! '! :#33&)&*$! 3%/()&09&*$! $'+! PwL!

,,88,,8,8,,88,,Je8I!hLQ!W'0!/0&:!$(!3()A!$?&!.BJ9()(*'0E!'*:!#$!'9$0!'0!'*!'*$#:($&!-&9'/0&!#$!

9'*!)&6&)0&!"B8L0!&33&9$!-7!-'0&J2'#)#*+!W#$?! #$! P.BJZ>J'*$#:($&QC!"?&)&3()&E!0&%&9$#6&!&N9#$'$#(*!(3!

$?&0&!$W(!:#33&)&*$!.;0!$(!)&%&'0&!"B8!'*:! #$0!'*$#:($&!-&9(A&0!'*! #*$&)&0$#*+!$((%! $(!&*'-%&!$?&!

2'#)!$(!'9$!'0!'*!(*q(33!0W#$9?!3()!9('+/%'$#(*C!

!

e#+/)&!wC[xC!.;0!'*:!.B0!07*$?&0#g&:!'*:!%(':&:!3()!$)#++&)&:!)&%&'0&C!8-0()2$#(*!02&9$)'!(3!P8Q!.;0E!.;JZ>8J

"B8!9()(*'0!Pj>1;!A'N!ç!ttt!*AQE!PBQ!.BE!.BJZ>8J'*$#:($&!Pj>1;!A'N!ç![\xh!*AQC!P,Q!Uc!P5j>Q!(3!.;0E!.;JZ>J

"B8E!.B0E!.BJZ>J'*$#:($&E!#*:#9'$#*+!$?'$!'!9()(*'!9(*$'#*0!A/%$#2%&!*($!'!0#*+%&!.;!()!.BE!-/$!A/%$#2%&!(*&0C!

P5Q!^&$'!2($&*$#'%!(3!.;0E!.;JZ>J"B8!ç!JxCv!AkE!.B0E!.BJZ>J'*$#:($&!ç!J[\C[!Ak!P@Q!=/'*$#3#&:!5.8!2'7%(':0!

(3!.;JZ>J"B8!'*:!.BJZ>J'*$#:($&C!

"?&! .;JZ>J"B8! ?':!Uc! ç! ssr! *A! ê! rwE! '*:! .BJZ>J'*$#:($&!Uc! ç! xhv! ê! w\! *AE! #*:#9'$#*+! $?'$! '!

9()(*'!9(*$'#*0!A/%$#2%&!2')$#9%&0!Pe#+/)&!wC[x,QC!Z(W&6&)E!.;!'*:!.B!j>1;0!W&)&!*($!0#+*#3#9'*$%7!

0?#3$&:E!0(!&N9#$'$#(*!'$!v\\!'*:![[\\!*A!W'0!0$#%%! 3&'0#-%&!Pe#+/)&!wC[x8!'*:!BE!)&02&9$#6&%7QC!^&$'!

2($&*$#'%0! 3()! .;JZ>J"B8! '*:! .BJZ>J'*$#! W&)&! *&+'$#6&! -&9'/0&! Z>! #0! *&+'$#6&! Pe#+/)&! wC[x5QC[\!

5.8!%(':#*+!W'0!stu!ê!tu!"B8q.;!'*:![h\t!ê!rww!'*$#:($&q.B!Pe#+/)&!wC[x@QC!!

!"

#"

$

%

&



"'#%()#*+!,')-(*!.'*($/-&0!1)(2&)$#&0!3()!4&*&!5&%#6&)7!822%#9'$#(*0!

 [xv!

+28204?E2($=?::2=29(%282/.2(C=5;(4I2(1%\1N-#5=56/.(

j'0&)!#))':#'$#(*!(3!.;!'*:!.BJ9()(*'!9(/%:!$)#++&)!5.8!)&%&'0&C!.BJZ>J'*$#!W&)&!#))':#'$&:!'$![[\\!

*A!'*:!$?&#)!j>1;!:&9)&'0&:E!9(*3#)A#*+!.B!A&%$#*+!Pe#+/)&!wCr\8QC!;&%&'0&:!'*$#:($&!K/'*$#3#&:!-7!

3%/()&09&*9&! W'0! �'*$#Ä! ç! uh\! ê! [t! '*$#! )&%&'0&:! 2&)! .B! e#+/)&! wCr\E! #*0&$QC! .;JZ>J"B8! W&)&!

#))':#'$&:! '$! v\\!*A!'*:! $?&#)! j>1;!:&9)&'0&:E! 9(*3#)A#*+!A&%$#*+E! '*:! )&%&'0&:! �"B8Ä! ç! rrh! ê! v!

5.8!)&%&'0&:!2&)!.;!Pe#+/)&!wCr\BE!#*0&$QC!"?&0&!&N2&)#A&*$0!0?(W!$?'$!%'0&)!#))':#'$#(*!9'*!)&%&'0&!

"B8!3)(A!9()(*'0!(*!.;0!'*:!'*$#:($&!3)(A!.BJ9()(*'0C!

!

e#+/)&!wCr\C!>&%&9$#6&!)&%&'0&!(3!.;q.BJ9()(*'!A#N$/)&C!P8Q!8-0()2$#(*!02&9$)/A!(3!.BJZ>J"B8!-&3()&!P-%'9XQ!

'*:!'3$&)!P)&:Q![[\\!*A!#))':#'$#(*C!PBQ!8-0()2$#(*!02&9$)/A!(3!.;JZ>J"B8!-&3()&!P-%'9XQ!'*:!'3$&)!P)&:Q!v\\!

*A!#))':#'$#(*C!<*0&$|!3%/()&09&*9&!02&9$)/A!(3!)&%&'0&:!"B8!-&3()&!P-%'9XQ!'*:!'3$&)!P)&:Q!v\\!*A!#))':#'$#(*C!

8$!$?#0!2(#*$E!$?&!0&%&9$#6&!)&%&'0&!(3!"B8!3)(A!.;0!'*:!'*$#:($&!.B0!9()(*'0!W'0!&6'%/'$&:!Pe#+/)&!

wCr[8QC!!

!

e#+/)&!wCr[C!>&%&9$#6&!A&%$#*+!(3!.;0!'*:!.B0C!.;JZ>J"B8!'*:!.BJZ>J'*$#:($&!W&)&!A#N&:!'$!'!)'$#(!0(!$?'$!

$?&!"B8|'*$#:($&!W'0![|[C!'Q!.;JZ>J"B8!y!.BJZ>J'*$#!A#N$/)&!-&3()&!P-%'9XQ!'*:!'3$&)!v\\!*A!#))':#'$#(*!P)&:QE!

'3$&)!v\\!*A!'*:!$?&*![[\\!*A!#))':#'$#(*!P-%/&Q!-Q!3%/()&09&*9&!(3!)&%&'0&:!0/2&)*'$'*$!-&3()&!P-%'9XQ!'*:!

'3$&)!v\\!*A!#))':#'$#(*!P)&:QE!'*:!'3$&)!v\\!*A!y![[\\!*A!#))':#'$#(*!P-%/&QC!!!

!" #"

!" #"



,?'2$&)!k!~!<*9)&'0#*+!j(':#*+!,'2'9#$7|!1)($&#*!,()(*'0!

   [xx!

=/'*$#37#*+!)&%&'0&!0?(W&:!$?'$!v\\!*A!#))':#'$#(*!)&%&'0&:!rwr!"B8q.;E!-/$!(*%7![Ch!*I!'*$#:($&!

P')(/*:!u!)&%&'0&:!'*$#q.BQC!.&N$E!$?&!.;JZ>J"B8!y!.;JZ>J'*$#:($&!A#N$/)&!W'0!#))':#'$&:!'$![[\\!

*AC! "?&! [[\\! *A! j>1;! :&9)&'0&:E! 9(*3#)A#*+!.B!A&%$#*+! Pe#+/)&! wCr[8E! -%/&QC! e8I! 3%/()&09&*9&!

#*9)&'0&:E!#*:#9'$#*+!$?'$!sxr!'*$#:($&q.B!W'0!)&%&'0&:!Pe#+/)&!wCr[BE!-%/&QE!W?#%&!sh!*I!"B8!W'0!

)&%&'0&:!P*&')%7!r\!"B8q.;QC!!

"?#0!W()X!:&A(*0$)'$&0!$?'$!&N$&)*'%! %'0&)!&N9#$'$#(*!9'*!0&%&9$#6&%7!)&%&'0&!:#33&)&*$!$72&!(3!5.8!

P#*!$?'$!9'0&E!'!$?)(A-#*!#*?#-#$()!'*:!#$0!'*$#:($&Q!3)(A!$?&!2)($&#*!9()(*'E!'%%(W#*+!$?&!.;q.B!2'#)!

$(!'9$E!3()! #*0$'*9&E!'0!'*!(*q(33!0W#$9?!3()!-%((:!9%($$#*+!e/)$?&)A()&E!$?&!/0&!(3!2)($&#*!9()(*'0!

3()! %(':#*+! '*:! )&%&'0&! (3! 2'7%(':0! 3)(A! .;0! (2&*0! /2! *&W! 2(00#-#%#$#&0! 3()! 0&%&9$#6&! )&%&'0&!

'22%#9'$#(*0C!

RFOFQF A=542?6(#5=56/(J5=;/4?56(56(#1$.(

#1$-#5=56/.(#I/=/042=?]/4?56(

1)($&#*! 9()(*'0! (*! ,."0! W&)&! '%0(! $&0$&:C! ,()(*'0! W&)&! A':&! 3)(A! ?/A'*! 0&)/A! PZ>Q! 106!

9(A-#*&:!A&$?(:! '*:! /0#*+! $?&! 9(*:#$#(*0! (2$#A#g&:! 3()! $?&! .;! '*:! 3(/*:! $(! ?'6&! $?&! ?#+?&0$!

%(':#*+0! Pw!AI!,"8BE!w!AI!1?B!'*:!wè!Z>QC!4#6&*!$?&!W&%%J:#02&)0&:!-&?'6#()!(-0&)6&:! 3()! $?&!

,"8BJ9('$&:!,."0!#*!$?&!2)&6#(/0!9?'2$&)!P,?'2$&)!<kQE!?#+?%7J:#02&)0&:!,."0!PZ5J,."0Q!W&)&!3#)0$!

(-$'#*&:! -7! &%#A#*'$#*+! $?&! -/*:%&0! '*:! %')+&! '++)&+'$&0! *($! :#02&)0&:! '3$&)! r! ?! 0(*#9'$#(*!W#$?!

,"8B! w! AIC! 83$&)! 0&6&)'%! W'0?&0! $(! &*0/)&! $?&! A#*#A/A! 2)&0&*9&! 3)&&! ,"8B! #*! 0(%/$#(*E! $?&!

9()(*'!3()A'$#(*!W'0!9'))#&:!(/$!/0#*+!'!wè!(3!Z>! #*!w!AI!1?BC!8%%! 3(/)!$72&0!(3!,."0!P),."0E!0J

),."0E! 3,."0E! 0J3,."0Q! W&)&! 0$/:#&:E! '*:! '0! 2)&6#(/0%7! :(*&E! $?&! )&0/%$#*+! 2)($&#*! 9()(*'0! W&)&!

9?')'9$&)#g&:!#*!:&$'#%C!

e#+/)&!wCrr!0?(W!$?'$! $?&!9()(*'!W'0! 3()A&:!')(/*:!'%%! $72&0!(3!,"8BJ9('$&:!,."0C!e()! $?&!)#+#:!

'*:! $?#9X! ,."0! P),."0Q! #*! -($?! 3()A0E! 0?()$&*&:! '*:! /*$)&'$&:E! #*:#6#:/'%! *'*($/-&0! 9(/%:! -&!

3(/*:E!W?&)&'0!3()!$?&!3,."0!'*:!0J3,."0!$?&!9()*'!9'/0&:!$?&!9%/0$&)#*+!(3!0&6&)'%!*'*($/-&0!'0!

0&&*!3()!$?&!.;0!'*:!.B0C!>2&9#'%%7E!$?&!9()(*'!3()A&:!(*!$?&!3%&N#-%&!,."0!'3$&)!9/$$#*+!P0J3,."0Q!

0&&A&:!$(!3()A!'!$#+?$&)!'*:!A()&!:&*0&!9()(*'!Pe#+/)&!wCrr5rQC!>/9?!(-0&)6'$#(*!#0!2)(-'-%7!:/&!

$(! $?&! 3'9$! $?'$! $?&! )&A'#*#*+! '9$#6&! 0#$&0! +&*&)'$&:! '3$&)! $?&! (N#:'$#(*! $)&'$A&*$! :/)#*+! $?&!

0?()$&*#*+! 2)(9&00! ')&! 0$#%%! '-%&! $(! #*$&)'9$!W#$?! $?&! 2)($&#*0! 2)&0&*$! #*! $?&! Z>C! 5j>! (3! $?&! ,."J

9()(*'0E!9(A2')&:!$(!$?&!Z5J,."0E!0/22()$&:!$?#0!(-0&)6'$#(*E!0#*9&!?#+?!?7:)(:7*'A#9!:#'A&$&)0!

W&)&!A&'0/)&:! 3()! $?&!-($?! 9()(*'0! 3()A&:!W#$?! 3%&N#-%&!,."0! P3,."0!'*:! 0J3,."0QE!W?&)&'0! $?&!



"'#%()#*+!,')-(*!.'*($/-&0!1)(2&)$#&0!3()!4&*&!5&%#6&)7!822%#9'$#(*0!

 r\\!

'-0()2$#(*!(3!$?&!Z>!(*!$?&!,."!0/)3'9&!9'/0&:!'!A()&!A(:&)'$&!#*9)&'0&!(!0#g&!3()!$?&!),."0!'*:!

0J),."0! Pe#+/)&! wCrh8QC! ^&$'! 2($&*$#'%! :'$'! 9(*3#)A&:! $?'$! Z>! 9(A2(*&*$0!W&)&! ':0()-&:! $(! $?&!

2(0#$#6&%7! 9?')+&:! ,"8BJ9('$&:! ,."0E! 9'/0#*+! $?&! *&+'$#6&! 9?')+&! (-0&)6&:! 3()! $?&! ,."J9()(*'0E!

'*:!2)&6#(/0%7!(-0&)6&:!3()!$?&!.;!'*:!.B0!Pe#+/)&!wCrhBQC!

!

e#+/)&!wCrrF!Z;"@I!#A'+&0!(3!$?&!,."J9()(*'0C!,()(*'0!3()A&:!/0#*+!P8Q!$?#9X!'*:!)#+#:!,."0!P),."0QE!PBQ!

$?&#)!0?()$&*&:!6&)0#(*!0J),."0E!()!P,Q!$?#*!'*:!3%&N#-%&!,."0!P3,."0QE!'*:!PBQ!'3$&)!-&#*+!9/$!P0J3,."0QC!>9'%&!

-')0!9())&02(*:!$(!P[Q!h\\!*A!'*:!PrQ![\\!*AC(

!

e#+/)&!wCrhC!>#g&!'*:!9?')+&!(3!$?&!,."J9()(*'0C!P8Q!Uc!'*:!PBQ!g&$'!2($&*$#'%!(3!Z5J,."0!'*:!,."J9()(*'0!

A':&!W#$?!Z>!'*:!5.8C!!

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

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

rCNT s-rCNT fCNT s-fCNT
0

1000

2000

3000

4000

HD-CTAB
HS-DNA

H
yd

ro
dy

na
m

ic
 D

ia
m

et
er

 (n
m

)

rCNT s-rCNT fCNT s-fCNT

-20

0

20

40

60

80

HD-CTAB
HS-DNA

Ze
ta

 P
ot

en
tia

l (
m

V)

!"

#

rCNT s-rCNT fCNT s-fCNT
0

1000

2000

3000

4000

HD-CTAB
HS-DNA

H
yd

ro
dy

na
m

ic
 D

ia
m

et
er

 (n
m

)

rCNT s-rCNT fCNT s-fCNT
0

1000

2000

3000

4000

HD-CTAB
HS-DNA

H
yd

ro
dy

na
m

ic
 D

ia
m

et
er

 (n
m

)

rCNT s-rCNT fCNT s-fCNT
0

1000

2000

3000

4000

HD-CTAB
HS-DNA

H
yd

ro
dy

na
m

ic
 D

ia
m

et
er

 (n
m

)

rCNT s-rCNT fCNT s-fCNT
0

1000

2000

3000

4000

HD-CTAB
HS-DNA

H
yd

ro
dy

na
m

ic
 D

ia
m

et
er

 (n
m

)

rCNT s-rCNT fCNT s-fCNT
0

1000

2000

3000

4000

HD-CTAB
HS-DNA

H
yd

ro
dy

na
m

ic
 D

ia
m

et
er

 (n
m

)

rCNT s-rCNT fCNT s-fCNT
0

1000

2000

3000

4000

HD-CTAB
HS-DNA

H
yd

ro
dy

na
m

ic
 D

ia
m

et
er

 (n
m

)

rCNT s-rCNT fCNT s-fCNT
0

1000

2000

3000

4000

HD-CTAB
HS-DNA

H
yd

ro
dy

na
m

ic
 D

ia
m

et
er

 (n
m

)

rCNT s-rCNT fCNT s-fCNT
0

1000

2000

3000

4000

HD-CTAB
HS-DNA

H
yd

ro
dy

na
m

ic
 D

ia
m

et
er

 (n
m

)

rCNT s-rCNT fCNT s-fCNT
0

1000

2000

3000

4000

HD-CTAB
HS-DNA

H
yd

ro
dy

na
m

ic
 D

ia
m

et
er

 (n
m

)

rCNT s-rCNT fCNT s-fCNT
0

1000

2000

3000

4000

HD-CTAB
HS-DNA

H
yd

ro
dy

na
m

ic
 D

ia
m

et
er

 (n
m

)

rCNT s-rCNT fCNT s-fCNT

-20

0

20

40

60

80

HD-CTAB
HS-DNA

Ze
ta

 P
ot

en
tia

l (
m

V)

rCNT s-rCNT fCNT s-fCNT

-20

0

20

40

60

80

HD-CTAB
HS-DNA

Ze
ta

 P
ot

en
tia

l (
m

V)

rCNT s-rCNT fCNT s-fCNT

-20

0

20

40

60

80

HD-CTAB
HS-DNA

Ze
ta

 P
ot

en
tia

l (
m

V)

rCNT s-rCNT fCNT s-fCNT

-20

0

20

40

60

80

HD-CTAB
HS-DNA

Ze
ta

 P
ot

en
tia

l (
m

V)

rCNT s-rCNT fCNT s-fCNT

-20

0

20

40

60

80

HD-CTAB
HS-DNA

Ze
ta

 P
ot

en
tia

l (
m

V)

rCNT s-rCNT fCNT s-fCNT

-20

0

20

40

60

80

HD-CTAB
HS-DNA

Ze
ta

 P
ot

en
tia

l (
m

V)

rCNT s-rCNT fCNT s-fCNT
0

1000

2000

3000

4000

HD-CTAB
HS-DNA

H
yd

ro
dy

na
m

ic
 D

ia
m

et
er

 (n
m

)



,?'2$&)!k!~!<*9)&'0#*+!j(':#*+!,'2'9#$7|!1)($&#*!,()(*'0!

   r\[!

*E/8</4?56(5C(4I2('5/9?6:(#/B/0?4?2.(5C(4I2(!?CC2=264(#1$-#5=56/.((

83$&)!$?&!3()A'$#(*!(3!$?&!2)($&#*!9()(*'!(*!,."0!W'0!0/99&003/%%7!9(*3#)A&:E!$?&!9'2'9#$7!(3!&'9?!

$72&!(3!,."!$(!%(':!5.8!W'0!&N2%()&:C!"(!:(!0(E!$?&!3%/()&09&*$%7!%'-&%&:!5.8!#*#$#'%%7!%(':&:!W'0!

)&%&'0&:! -7! ?&'$! :#02%'9&A&*$E! '0! /0&:! -&3()&E! '*:!W'0! K/'*$#3#&:! -7! 3%/()&09&*9&! Pe#+/)&! wCruQC!

Z#+?&)!K/'*$#$#&0!(3!5.8q,."!W&)&!'-%&! $(!-&! %(':&:! 3()!'%%!u! $72&0!(3!,."0!9(A2')&:!$(! $?&!.;!

'*:!.BE!'0!&N2&9$&:!'3$&)! $?&#)!-#++&)!0#g&C!Z(W&6&)E!(*%7! $?&! 3%&N#-%&!,."0!0?(W&:!'!0'$#03'9$()7!

%(':#*+!:&*0#$7! P-&$W&&*!h!'*:![\!5.8q9ArQ!W?&)&'0!(*%7!')(/*:!\C[!5.8q9Ar!W'0!(-$'#*&:!3()!

$?&!)#+#:!,."0C!"?&0&!2?&*(A&*(*!A#+?$!-&!:/&!$(!$?&!3'9$!$?'$!W?'$!'9$/'%%7!'%%(W0!$?&!%(':#*+!(*!

$?&!9()(*'! #0! $?&! 3()A'$#(*!(3!9%/0$&)0E!'0!:&A(*0$)'$&:! 3()! $?&!.;0C!"?&)&3()&E!'0!:&:/9&:! 3)(A!

$?&!"@I!#A'+&0E!(*%7!$?&!3%&N#-%&!,."0E!-($?!/*$)&'$&:!'*:!0?()$&*&:E!W&)&!'-%&!$(!$'*+%&!'*:!3()A!

%')+&! '++)&+'$&0! W?#9?! W(/%:! -&! )&02(*0#-%&! $(! ?(%:! $?&! 2'7%(':! Pe#+/)&! wCrr! ,! '*:! 5QC! ;#+#:!

*'*($/-&0E!(*!$?&!($?&)!?'*:E! )&A'#*&:! #*:#6#:/'%%7! #0(%'$&:E!W#$?!'!?#+?&)!:#02&)0#(*!:&+)&&!-/$!

%(W&)!'A(/*$!(3!%(':&:!5.8!Pe#+/)&!wCrr!8!'*:!BQC!

!

e#+/)&!wCruF!j(':#*+!9'2'9#$#&0!(3!$?&!,."J9()(*'0C(

>/)2)#0#*+%7E!-&$W&&*!$?&!3,."0!'*:!$?&#)!0?()$&*&:!6&)0#(*!P0J3,."0Q!0#+*#3#9'*$!:#33&)&*9&0!#*!$?&#)!

%(':#*+! 9'2'9#$#&0! W&)&! (-0&)6&:C! "?&! 3()A&)! &N?#-#$&:! '! ?#+?&)! %(':#*+! 9'2'9#$7E! #*! 9(*$)'0$! $(!

W?'$!W(/%:!-&!&N2&9$&:!'0!%')+&)!'*:!:&*0&)!0J3,."J9()(*'0!W&)&!(-0&)6&:!(*!$?&!"@I!#A'+&0!'*:!

$?&!5j>!A&'0/)&0!Pe#+/)&!wCrr!'*:!e#+/)&!wCrh8E!)&02&9$#6&%7QC!"?&!0$#%%!&N2(0&:!'9$#6&!0#$&0!'3$&)!$?&!

(N#:'$#(*! $)&'$A&*$! (3! $?&! 0?()$&)! 3%&N#-%&! ,."0! P0J3,."0Q!A#+?$! ?'6&! 9'/0&:! $?&! 3()A'$#(*! (3! '!

$#+?$&)!'*:!$?#9X&)!9()(*'!:/&!$(!$?&!9(6'%&*$!/*#(*!(3!0(A&!2)($&#*0!2)&0&*$!#*!$?&!Z>E!0/9?!'0!$?&!

Z>8E! '0! #$! W'0! 0#A#%')%7! :#09/00&:! #*! ,?'2$&)! <<C! Z(W&6&)E! '0! #$! ?'0! -&&*! :&A(*0$)'$&:! #*! $?#0!

9?'2$&)E!Z>8!#0!*($!$?&!)&02(*0#-%&!3()!$?&!9()(*'!%(':#*+!'*:!$?&)&3()&E!$?&!9(6'%&*$!/*#(*!(3!$?#0!

2)($&#*! (*! $?&! ,."! 0/)3'9&! A#+?$! ?'6&! '6(#:&:! #$0! 2)(2&)! 3()A'$#(*C! <*! '99():'*9&! W#$?! $?#0!

'00/A2$#(*E!),."0!'*:!3,."0!W&)&!A(:#3#&:!W#$?!1eI!3(%%(W#*+!$?&!2)($(9(%!2)&6#(/0%7!:&6&%(2&:!

rC
NT
-H
S-
DN
A

s-r
CN
T-
HS
-D
NA

fC
NT
-H
S-
DN
A

s-f
CN
T-
HS
-D
NA

0.0!10+00

5.0!1005

1.0!1006

1.5!1006

2.0!1006

2.5!1006

D
N
A/
C
N
T

rC
NT
-H
S-
DN
A

s-r
CN
T-
HS
-D
NA

fC
NT
-H
S-
DN
A

s-f
CN
T-
HS
-D
NA

0.0!10+00

5.0!1005

1.0!1006

1.5!1006

2.0!1006

2.5!1006

D
N
A/
C
N
T

rC
NT
-H
S-
DN
A

s-r
CN
T-
HS
-D
NA

fC
NT
-H
S-
DN
A

s-f
CN
T-
HS
-D
NA

0.0!10+00

5.0!1005

1.0!1006

1.5!1006

2.0!1006

2.5!1006

D
N
A/
C
N
T

rC
NT
-H
S-
DN
A

s-r
CN
T-
HS
-D
NA

fC
NT
-H
S-
DN
A

s-f
CN
T-
HS
-D
NA

0.0!10+00

5.0!1005

1.0!1006

1.5!1006

2.0!1006

2.5!1006

D
N
A/
C
N
T

rC
NT
-H
S-
DN
A

s-r
CN
T-
HS
-D
NA

fC
NT
-H
S-
DN
A

s-f
CN
T-
HS
-D
NA

0.0!10+00

5.0!1005

1.0!1006

1.5!1006

2.0!1006

2.5!1006

D
N
A/
C
N
T

rC
NT
-H
S-
DN
A

s-r
CN
T-
HS
-D
NA

fC
NT
-H
S-
DN
A

s-f
CN
T-
HS
-D
NA

0.0!10+00

5.0!1005

1.0!1006

1.5!1006

2.0!1006

2.5!1006

D
N
A/
C
N
T

rC
NT
-H
S-
DN
A

s-r
CN
T-
HS
-D
NA

fC
NT
-H
S-
DN
A

s-f
CN
T-
HS
-D
NA

0.0!10+00

5.0!1005

1.0!1006

1.5!1006

2.0!1006

2.5!1006

D
N
A/
C
N
T

rC
NT
-H
S-
DN
A

s-r
CN
T-
HS
-D
NA

fC
NT
-H
S-
DN
A

s-f
CN
T-
HS
-D
NA

0.0!10+00

5.0!1005

1.0!1006

1.5!1006

2.0!1006

2.5!1006

D
N
A/
C
N
T

rC
NT
-H
S-
DN
A

s-r
CN
T-
HS
-D
NA

fC
NT
-H
S-
DN
A

s-f
CN
T-
HS
-D
NA

0.0!10+00

5.0!1005

1.0!1006

1.5!1006

2.0!1006

2.5!1006

D
N
A/
C
N
T

rC
NT
-H
S-
DN
A

s-r
CN
T-
HS
-D
NA

fC
NT
-H
S-
DN
A

s-f
CN
T-
HS
-D
NA

0.0!10+00

5.0!1005

1.0!1006

1.5!1006

2.0!1006

2.5!1006

D
N
A/
C
N
T

rC
NT
-H
S-
DN
A

s-r
CN
T-
HS
-D
NA

fC
NT
-H
S-
DN
A

s-f
CN
T-
HS
-D
NA

0.0!10+00

5.0!1005

1.0!1006

1.5!1006

2.0!1006

2.5!1006

D
N
A/
C
N
T

!"
#$
%$&

"
'$



"'#%()#*+!,')-(*!.'*($/-&0!1)(2&)$#&0!3()!4&*&!5&%#6&)7!822%#9'$#(*0!

 r\r!

#*! ,?'2$&)! <<<E! '*:! '3$&)! 2(%7A&)#g'$#(*E! $?&! 9()(*'! W'0! 3()A&:C! "?&! )&0/%$#*+! 9(A2%&N&0! W&)&!

9?')'9$&)#g&:!-7!5j>!'*:!g&$'J2($&*$#'%E!'*:!$?&#)!%(':#*+!9'2'9#$#&0!W&)&!A&'0/)&:!Pe#+/)&!wCrwQC!<*!

,?'2$&)!<<E!$?&!'-#%#$7!(3!$?&!1eI!+)(/2!$(!-#*:!$?&!B>8!2)($&#*!W'0!2)(6&:E!'*:!#$0!#AA(-#%#g'$#(*!

9'2'9#$7!'*:!$?&!9(*3()A'$#(*!(3!$?&!'*9?()&:!2)($&#*!W&)&!:&&2%7!'*'%7g&:C!>#A#%')%7E!#$!W(/%:!-&!

&N2&9$&:! $?'$! $?&! Z>8! 2)&0&*$! #*! $?&! Z>! (3! $?&! 9()(*'! W(/%:! -&! #AA(-#%#g&:! (*! $?&! 221eIJ

A(:#3#&:!0/)3'9&!(3!$?&!,."0E!'0!#$!W'0!0/++&0$&:!3()!$?&!#*9)&'0&!(3!0#g&!Pe#+/)&!wCrw8QC!B($?!$72&0!

(3!,."0!P3,."0!'*:!),."0Q!&N?#-#$&:!%(W!%(':#*+!9'2'9#$#&0E!02&9#'%%7!9(A2')&:!$(!$?&!(-$'#*&:!W#$?!

$?&!,"8BJ9('$&:!3,."0!Pe#+/)&!wCruQC!80!'!)&0/%$E! $?&!9(6'%&*$!/*#(*!(3!$?&!Z>8!:/)#*+!$?&!9()(*'!

3()A'$#(*! :(&0! *($! #A2)(6&! $?&! %(':#*+! 9'2'9#$7! (3! $?&! 9(A2%&N&0C! "?&)&3()&E! $?&! '-#%#$7! (3! $?&!

9()(*'!$(!?(%:!?#+?&)!'A(/*$0!(3!2'7%(':!#0!:/&E!*($!(*%7!$(!$?&!3()A'$#(*!(3!9%/0$&)0!'*:!$?&!($?&)!

02&9#&0!'2')$!3)(A!$?&!Z>8!2)&0&*$!#*!$?&!Z>E!-/$!'%0(!:/&!$(!$?&!#(*#9!#*$&)'9$#(*!(3!$?&0&!*&+'$#6&!

02&9#&0!W#$?!$?&!2(0#$#6&%7!9?')+&:!,"8BJ9('$&:!0/)3'9&C!

!

e#+/)&!wCrwF!>#g&E!9?')+&!'*:!5.8!%(':#*+0!(3!$?&!9()(*'0!3()A&:!W#$?!,."J221eIC!P8Q!5j>!'*:!PBQ!g&$'!

2($&*$#'%!(3!$?&!221eIJA(:#3#&:!),."0!'*:!3,."0E!-&3()&!'*:!'3$&)!$?&!9()(*'!3()A'$#(*C!P,Q!j(':#*+!

9'2'9#$#&0!(3!$?&!)&0/%$#*+!9()(*'0!&A2%(7#*+!221eIJ9('$&:!),."0!'*:!3,."0C!!

*H/;?6?6:(4I2(A/..?E2(%282/.2(/69(*H0I/6:2(5C(4I2(#1$-#5=56/.(

80!9'))#&:!(/$!3()!$?&!9()(*'0!3()A&:!(*!.;!'*:!.BE!$?&!2'00#6&!)&%&'0&!(3!$?&!,."J9()(*'0!'*:!#$0!

&N9?'*+&!W#$?!$?&!0/))(/*:#*+!A&:#'!W'0!'%0(!0$/:#&:!Pe#+/)&!wCrsQC!"?#0!0$/:7!W'0!2&)3()A&:!3()!

$?&! 3,."J9()(*'0E!W?#9?!0?(W&:!$?&!A'N#A/A!%(':#*+!'*:!$?&)&3()&!'!A()&!0#+*#3#9'*$!&6(%/$#(*!

9(/%:! -&! A(*#$()&:C! 80! &N2&9$&:E! 3,."JZ>J5.8! '%0(! &N?#-#$&:! $?&! 0'A&! #*#$#'%! hJ:'7! %'+! #*! $?&!

2'00#6&!)&%&'0&!(3!5.8!3()!'%%!h!9'0&0!P9(*$)(%E!9()(*'!&N9?'*+&!W#$?!Z>8!'*:!9()(*'!&N9?'*+&!W#$?!

Z>QE! '3$&)! W?#9?! $?&! )&%&'0&! #*9)&'0&:! 0#+*#3#9'*$%7! Pe#+/)&! wCrs8QC! 83$&)! h! :'70E! $?&! )&%&'0&:!

rCNT fCNT

-40

-20

0

20

Ze
ta

 P
ot

en
tia

l (
m

V
)

rCNT fCNT
0

1000

2000

3000
PFM-modified CNT
HS-DNA conjugated

H
yd

ro
dy

na
m

ic
 D

ia
m

et
er

 (n
m

)

!"

#"

$"

rCNT s-rCNT fCNT s-fCNT
0

1000

2000

3000

4000

HD-CTAB
HS-DNA

H
yd

ro
dy

na
m

ic
 D

ia
m

et
er

 (n
m

)

rCNT s-rCNT fCNT s-fCNT
0

1000

2000

3000

4000

HD-CTAB
HS-DNA

H
yd

ro
dy

na
m

ic
 D

ia
m

et
er

 (n
m

)

rCNT s-rCNT fCNT s-fCNT
0

1000

2000

3000

4000

HD-CTAB
HS-DNA

H
yd

ro
dy

na
m

ic
 D

ia
m

et
er

 (n
m

)

rCNT s-rCNT fCNT s-fCNT
0

1000

2000

3000

4000

HD-CTAB
HS-DNA

H
yd

ro
dy

na
m

ic
 D

ia
m

et
er

 (n
m

)

rCNT s-rCNT fCNT s-fCNT
0

1000

2000

3000

4000

HD-CTAB
HS-DNA

H
yd

ro
dy

na
m

ic
 D

ia
m

et
er

 (n
m

)

rCNT s-rCNT fCNT s-fCNT
0

1000

2000

3000

4000

HD-CTAB
HS-DNA

H
yd

ro
dy

na
m

ic
 D

ia
m

et
er

 (n
m

)

rCNT s-rCNT fCNT s-fCNT
0

1000

2000

3000

4000

HD-CTAB
HS-DNA

H
yd

ro
dy

na
m

ic
 D

ia
m

et
er

 (n
m

)

rCNT fCNT

-40

-20

0

20

Ze
ta

 P
ot

en
tia

l (
m

V
)

rCNT fCNT

-40

-20

0

20

Ze
ta

 P
ot

en
tia

l (
m

V
)

rCNT fCNT

-40

-20

0

20

Ze
ta

 P
ot

en
tia

l (
m

V
)

rCNT fCNT

-40

-20

0

20

Ze
ta

 P
ot

en
tia

l (
m

V
)

rCNT fCNT
0

1000

2000

3000
PFM-modified CNT
HS-DNA conjugated

H
yd

ro
dy

na
m

ic
 D

ia
m

et
er

 (n
m

)

rC
NT
-P
FM
-H
S-
DN
A

fC
NT
-P
FM
-H
S-
DN
A

0.0!10+00

1.0!1004

2.0!1004

3.0!1004

4.0!1004

5.0!1004

D
N
A/
C
N
T

rC
NT
-P
FM
-H
S-
DN
A

fC
NT
-P
FM
-H
S-
DN
A

0.0!10+00

1.0!1004

2.0!1004

3.0!1004

4.0!1004

5.0!1004

D
N
A/
C
N
T

rC
NT
-P
FM
-H
S-
DN
A

fC
NT
-P
FM
-H
S-
DN
A

0.0!10+00

1.0!1004

2.0!1004

3.0!1004

4.0!1004

5.0!1004

D
N
A/
C
N
T

rC
NT
-P
FM
-H
S-
DN
A

fC
NT
-P
FM
-H
S-
DN
A

0.0!10+00

1.0!1004

2.0!1004

3.0!1004

4.0!1004

5.0!1004

D
N
A/
C
N
T

rC
NT
-P
FM
-H
S-
DN
A

fC
NT
-P
FM
-H
S-
DN
A

0.0!10+00

1.0!1004

2.0!1004

3.0!1004

4.0!1004

5.0!1004
D
N
A/
C
N
T

rC
NT
-P
FM
-H
S-
DN
A

fC
NT
-P
FM
-H
S-
DN
A

0.0!10+00

1.0!1004

2.0!1004

3.0!1004

4.0!1004

5.0!1004

D
N
A/
C
N
T

rC
NT
-P
FM
-H
S-
DN
A

fC
NT
-P
FM
-H
S-
DN
A

0.0!10+00

1.0!1004

2.0!1004

3.0!1004

4.0!1004

5.0!1004

D
N
A/
C
N
T

rC
NT-p

pP
FM-H

S-D
NA 

fC
NT-p

pP
FM-H

S-D
NA 

CNT-ppPFM-HS-DNA 
CNT-ppPFM 

!"
#$
%$&

"
'$



,?'2$&)!k!~!<*9)&'0#*+!j(':#*+!,'2'9#$7|!1)($&#*!,()(*'0!

   r\h!

9(*9&*$)'$#(*!(3!5.8!W'0!%(W&0$!W#$?!Z>8J-%(9X#*+!Pe#+/)&!wCrs8E!$)#'*+%&0QE!)&'9?#*+!(*%7!uw!ê!rvè!

(3!$?&!%(':#*+!'$!:'7![wE!'*:!?#+?&0$!'3$&)!9()(*'!&N9?'*+&!W#$?!Z>!Pe#+/)&!wCrs8E!9#)9%&0QE!0#A#%')!$(!

$?&!(-0&)6'$#(*0!3()!.;0!'*:!.B0C!"?&0&!)&0/%$0!9(*3#)A&:!$?'$!'2')$!3)(A!0#g&E!$?&!'A(/*$!(3!,"8B!

2'00#6'$#(*! 2%'70! '! :(A#*'*$! )(%&! #*! #*3%/&*9#*+! 9()(*'! 3()A'$#(*E! %(':#*+! '*:! )&%&'0&C! >#*9&! $?&!

9(*9&*$)'$#(*! (3! ,"8B! 2'00#6'$#*+! &'9?! (3! $?&!.10! :#33&)0! :/&! $(! 0/)3'9&! 9?&A#0$)7! '*:! '6'#%'-%&!

0/)3'9&! ')&'E! $?#0! 9(/%:! -&! )&02(*0#-%&! 3()! $?&! :#33&)&*9&0! #*! %(':#*+E! -%(9X#*+! '*:! &N9?'*+&!

:7*'A#90E!'*:!9(*0&K/&*$%7!2'00#6&!)&%&'0&!-&?'6#()C!!

!

e#+/)&!wCrsC!5.8!)&%&'0&!3)(A!$?&!3,."JZ>J5.8!W#$?!:#33&)&*$!&N9?'*+&!9(*:#$#(*0C!P8Q!,(A2')#0(*!(3!$?&!

2'00#6&!)&%&'0&!(3!5.8!3)(A!$?&!3J,."J9()(*'0!#*!'*!&N9?'*+&!&*6#)(*A&*$!(3!\C[wè!Z>!P9#)9%&0QE!\C[wè!Z>8!

P$)#'*+%&0QE!()!*(!2)($&#*!P0K/')&0Q!(*!-Q!.B0!'*:!9Q!,."0C!1'00#6&!)&%&'0&!2)(3#%&0!(3!$?&!3,."JZ>J5.8!W?&*!

6')7#*+!$?&!'A(/*$!(3!P@Q!Z>!'*:!P,Q!Z>8!#*!$?&!A&:#'C!1'00#6&!)&%&'0&!&N2)&00&:!'0!P[Q!5.8!)&%&'0&:!2&)!.;!

'*:!PrQ!%&'X'+&!2&)9&*$'+&C!

80!(-0&)6&:!3()!$?&!.;0!'*:!.B0E!$?&!#*9)&'0&!(3!Z>8è!#*!$?&!A&:#'!Pe#+/)&!wCrsBQ!:#:!*($!?'6&!'!

0#+*#3#9'*$! &33&9$! (*! $?&! 2'00#6&! )&%&'0&! 2)(3#%&! (3! $?&! 3,."J9()(*'0E! W?&)&'0! $?&! ?#+?&)!

9(*9&*$)'$#(*0!(3!Z>!%&:!$(!'!3'0$&)!5.8!%&'X'+&!3)(A!$?&!9()(*'C!"?#0!)&0/%$0!0/22()$0!$?&!2)&6#(/0!

)&0/%$0E!9(*3#)A#*+!$?'$!$?&!Z>8!#0!*($!'-%&!$(!&N9?'*+&!W#$?!$?&!&N#0$#*+!9()(*'!#*!9(*$)'0$!$(!$?&!

Z>E!W?#9?!#*:/9&0!'*!#*9)&'0&!(3!$?&!2'00#6&!5.8!)&%&'0&C!!

"?#0! 0$/:7! :&A(*0$)'$&0! $?'$! $?&! 3()A'$#(*! (3! $?&! 2)($&#*! 9()(*'! ')(/*:! :#33&)&*$! $72&0! (3!

*'*(2')$#9%&0!P+(%:!.;0E!.B0!'*:!,."0Q!9'*!-&!0/99&003/%%7!'9?#&6&:C!I()&(6&)E!$?#0!0$)'$&+7!'%%(W0!

2(00#-#%#$7!$(!$/*&!$?&#)!2'00#6&!)&%&'0&E!+&*&)'$#*+!'!2)(A#0#*+!$((%!3()!+&*&!:&%#6&)7!'22%#9'$#(*0C! !

!"#

!"
#$
%$&

"
'$

!"
#$
%$&

"
'$

!"
#$
%$&

"
'$

!"
#$
()

*$

!"
#$
()

*$

!"
#$
()

*$

$"# %"#

!&# $&# %&#



"'#%()#*+!,')-(*!.'*($/-&0!1)(2&)$#&0!3()!4&*&!5&%#6&)7!822%#9'$#(*0!

 r\u!

RFQF #5608<9?6:(%2;/=7.(

"?&! )&0/%$0! (3! $?#0! W()X! 0?(W! $?'$! 2)($&#*! 9()(*'0! 9'*! -&! /0&:! 3()! &*?'*9&:! %(':#*+! (*! +(%:!

*'*(2')$#9%&0!3()!-($?!$)#++&)&:!)&%&'0&!'22%#9'$#(*0!'*:!2'00#6&!)&%&'0&C!f?&*!$?&!3()A&)!#0!*&&:E!

$?&! %&'X#*+! ?'0! $(! -&!A#*#A#g&:! /*$#%! $?&)&! #0! '*! &N$&)*'%! 0#+*'%C! <$! ?'0! -&&*! :&A(*0$)'$&:! $?'$!

2)($&#*! 9()(*'0! &N?#-#$! ?#+?! 2'7%(':! 9'2'9#$7! W?#%&! 0$#%%! &*'-%#*+! $)#++&)&:! )&%&'0&! 106! %'0&)!

&N9#$'$#(*! (3!.;0C! 80! '! )&0/%$E! 0&%&9$#6&!5.8! )&%&'0&! 9'*! -&! '9?#&6&:! -7! /0#*+! 9()(*'0! (*!.;0! (3!

:#33&)&*$!'02&9$!)'$#(0C!"?/0E!$?#0!X#*:!(3!*'*(2')$#9%&0!9'*!'9$!'0!?'*:%&0!3()!9(*$)(%%#*+!-#(%(+#9'%!

2)(9&00&0C!

!b*!$?&!($?&)!?'*:E!$?#0!9?'2$&)!:&A(*0$)'$&0!$?'$!#$!#0!2(00#-%&!$(!$/*&!$?&!2'00#6&!)&%&'0&!2)(3#%&!

(3!2)($&#*!9()(*'0!-7!6')7#*+!$?&!9()(*'!9(A2(0#$#(*!'*:!.1!0/)3'9&!2)(2&)$#&0C!B7!&N2%(#$#*+!$?&!

3'9$!$?'$!?'):!'*:!0(3$!9()(*'!2)($&#*0!?'6&!:#33&)&*$!&N9?'*+&!)'$&0E!0$)'$&+#9!&N2(0/)&!$(!?'):!()!

0(3$!9()(*'!2)($&#*0!9'*!$/*&!$?&!)'$&!(3!)&%&'0&!(3!'!5.8!2'7%(':!3)(A!.10C!Z'):!9()(*'!2)($&#*0!

&N9?'*+&!A()&! '*:! )&0/%$! #*! ?#+?&)! )&%&'0&E! W?#%&! 0(3$! 9()(*'! 2)($&#*0! 9'/0&! '! %(W&)! :&+)&&! (3!

&N9?'*+&!'*:!9'*!-&!/0&:!$(!:&9)&'0&!2'00#6&!)&%&'0&C!B7!':0()-#*+!Z>8!(*$(!'%)&':7J3()A&:!.1J

Z>J5.8!9()(*'0E!5.8!)&%&'0&!)'$&!9'*!-&!0%(W&:C!"?#0!0$)'$&+7!9'*!-&!&A2%(7&:!(*!:#33&)&*$!$72&0!

(3!.10!#*9%/:#*+!,."0!'*:E!'%$?(/+?!$?&#)!%(':#*+!:&*0#$#&0!:#33&)&:E!#0!&'0#%7!&N$&*:&:!$(!($?&)!.10!

W#$?!0#A#%')! %#+'*:0C!"?&0&!)&0/%$0!9'*!'#:!$?&!A'*#2/%'$#(*!(3!9()(*'!2)(2&)$#&0!$(!(2$#A#g&!$?&A!

3()!-#(%(+#9'%!'22%#9'$#(*0C!

"?#0! 9?'2$&)!+#6&0! )#0&! $(!'!*&W!0$)'$&+7! #*!():&)! $(! #A2)(6&! $?&!A(:&0$! %(':#*+! 9'2'9#$&0!(3! $?&!

,."0E! (-0&)6&:! #*! $?&! 2)&6#(/0! 9?'2$&)C! <*! +&*&)'%E! 2)($&#*! 9()(*'! ?'0! &A&)+&:! '0! '*($?&)!

:&$&)A#*'*$!#00/&!$(!-&!9(*0#:&)&:!#*!$?&!0/%10539!'*:!0/%1019!-#(%(+#9'%!'22%#9'$#(*!(3!*'*(2')$#9%&0"!

e/)$?&)! )&0&')9?! #0! )&K/#)&:! $(! 3#%%! $?&! +'20! #*! (/)! X*(W%&:+&! (3! $?&! 9&%%/%')! #*$&)*'%#g'$#(*!

A&9?'*#0A! (3! $?&0&! 070$&A0E! '%(*+0#:&! W#$?! $?&#)! -&?'6#()! 0/% 1019! '*:! $(N#9! &33&9$0C! e/%%!

/*:&)0$'*:#*+!(3!$?&0&!#00/&0!W#%%!&*'-%&!$?&!)'$#(*'%!:&0#+*!(3!,."J-'0&:!*'*(2?')A'9&/$#9'%0!#*!

$?&!*&')!3/$/)&C!

<*!$?'$!09&*')#(E!$?#0!W?(%&!$?&0#0!?'0!0(/+?$!$(!:&A(*0$)'$&!$?'$!W&%%J3/*9$#(*'%#g&:!,."0!-7!-($?!

*(*J9(6'%&*$!'*:!9(6'%&*$!A&$?(:(%(+#&0!')&!2)(A#0#*+!9'*:#:'$&0! 3()!+&*&!:&%#6&)7!'22%#9'$#(*0E!

+#6&*!$?&#)!+&(A&$)#9'%!$)'#$0!W#$?!'!?#+?!'02&9$!)'$#(E!W?#9?!&*'-%&0!2&*&$)'$#(*!#*$(!$?&!9&%%C!b*&!

(3! $?&! A'i()! #00/&0! '33&9$#*+! *'*($/-&! -#(A&:#9'%! '22%#9'$#(*0! #0! $?&! &N#0$#*+! 6')#'-#%#$7! #*! $?&#)!

2?70#9'%! 2)(2&)$#&0! P0?'2&E! %&*+$?! '*:! :#'A&$&)Q! '*:! $?&! $72&! (3! 9?&A#9'%!A(:#3#9'$#(*E! ?'6#*+! '!

:#)&9$! &33&9$! (*! $?&! :&+)&&! (3! ,."! :#02&)0#(*E! $?&! &*$)7! A&9?'*#0A0! $?'$! +(6&)*! $?&#)! 9&%%/%')!



,?'2$&)!k!~!<*9)&'0#*+!j(':#*+!,'2'9#$7|!1)($&#*!,()(*'0!

   r\w!

#*$&)*'%#g'$#(*!'*:!$?&#)!0'3&$7!$?)&0?(%:!6'%/&C!5&02#$&!$?&!3'9$!$?'$!$?&!:#6&)0#$7!(3!,."0!A'$&)#'%0!

$?&A0&%6&0!9(A2%#9'$&0!$(!&6'%/'$&!()!2)&:#9$!$?&#)!#*$&)'9$#(*0!W#$?!9&%%0!()!$#00/&0E!#*!$?#0!W()X!W&!

#*$&*:&:! $(! /*:&)0$'*:! $?&0&! 9)#$#9'%! 3&'$/)&0! $?'$! 0&&A! $(! :&$&)A#*&! $?&! ,."! $(N#9#$7E! $?&#)! 9&%%!

#*$&)*'%#g'$#(*! '*:! 9')+(! )&%&'0&E! '*:! 0/% 1019! -#(:#0$)#-/$#(*C! ,')&3/%%7! (2$#A#g#*+! $?&#)!

2?70#9(9?&A#9'%! 2')'A&$&)0! $(!A#*#A#g&! $?&#)! '++)&+'$#(*! #0! ?#+?%7! 3'6()'-%&C! <*! (/)! (2#*#(*E! $?&!

A()&!#A2()$'*$!#00/&!#0!$(!-&!'-%&!$(!2)(:/9&!,."0!W#$?!9(*0#0$&*$!2)(2&)$#&0E!-'0#9'%%7!#*!%&*+$?E!#*!

():&)!$(!+'#*!'!?#+?&)!9(*$)(%!(3!$?&!-&?'6#()!(3!$?&0&!070$&A0!#*!$?&!-#(%(+#9'%!A#%#&/C!f&!-&%#&6&!

$?'$!$?#0!9(*9&)*!W#%%!-&!)&0(%6&:!W?&*!0?()$&)!,."0!')&!'9?#&6&:!A'#*$'#*#*+!'!9&)$'#*!:&+)&&!(3!

)#+#:#$7! $?'$!W#%%! 3'6()! #$0! 2&*&$)'$#(*! #*$(! $?&! 9&%%!106! $?&!*'*(*&&:%&! &33&9$C!Z'6#*+! 0/9?! $72&!(3!

2?70#9'%!9?')'9$&)#0$#90!W#$?!$?&!'22)(2)#'$&!0/)3'9&!9?&A#0$)7!$?'$!W#%%!'%%(W!$?&!'*9?()#*+!(3!$?&!

+&*&$#9! A'$&)#'%! (3! #*$&)&0$E! ,."0! 9'*! -&! 2(W&)3/%! $?&)'2&/$#9! '+&*$0! 3()! 3/$/)&! +&*&! $?&)'27!

$)&'$A&*$0C! <*! $?#0! )&+'):E! $?&!W)'22#*+! #AA(-#%#g'$#(*!(3! $?&!'9#:!*/9%&#9!(*!$?&0&!,."0!$?)(/+?!

$?&!2288!:&2(0#$#(*!-7!1@,k5E!()!$?&!2'7%(':!%(':#*+!106!$?&!2)($&#*!9()(*'!3()A'$#(*!')&!')#0&*!'0!

X&7!:&$&)A#*'*$!9?&A#9'%! 3/*9$#(*'%#g'$#(*!'22)('9?&0!$(!2)(:/9&!$?&0&!$72&!(3!:&%#6&)7!070$&A0C!

Z(2&3/%%7E!$?#0!0$/:7!9'*!&*9(/)'+&!3/)$?&)!#*6&0$#+'$#(*0!$(!-)#*+!/0!9%(0&)!$(W'):0!:&$&)A#*#*+!$?&!

%#A#$'$#(*0!'*:!-&*&3#$0!$?'$!$?&!,."J-'0&:!9'))#&)!6&9$()0!A'7!(33&)C!

f?'$! 0&&A0! 9&)$'#*E! '0! 3')! '0! W&! 9'*! 0&&E! #0! $?'$! *'*(2')$#9%&0! W#$?! *(*J02?&)#9'%! 0?'2&0! '0!

&6'%/'$&:!#*!$?#0!$?&0#0!(2&*!/2!'!W#:&!)'*+&!(3!2(00#-#%#$#&0!3()!$?&!:&0#+*!(3!9'))7#*+!A'$&)#'%0!3()!

$?&)'2&/$#9! :)/+0! '*:! +&*&0C! Z(2&3/%%7E! #*! $?&! 9(/)0&! (3! $?&! 9(A#*+! 7&')0E! *'*($&9?*(%(+7! W#%%!

'%%(W! /0! $?&! :&6&%(2A&*$! (3! *'*($/-&0! A':&! (3! ($?&)! -/%X! A'$&)#'%0! $?'$E! -7! $/*#*+! $?&#)!

2?70#9(9?&A#9'%!2)(2&)$#&0E!9'*!+#6&!)#0&!$(!*&W!+&*&!:&%#6&)7!0$)'$&+#&0!$'X#*+!':6'*$'+&!(3!$?&#)!

$/-/%')! 0?'2&C! .(WE! W&! ')&! A()&! 9(*9&)*&:! '-(/$! $?&! &33&9$! $?'$! $?&! )#+#:#$7! (3! $?&! *&W%7J

:&6&%(2&:!*'*($/-&!W#%%!?'6&!(*!#$0!-&?'6#()!#*!$?&!9&%%!9/%$/)&!A&:#/AE!()!?(W!#$0!%&*+$?!W#%%!-&!'!

9)/9#'%! 3'9$()! $(! '9?#&6&! $?&! '22)(2)#'$&! -#(9(A2'$#-#%#$7C! 8%%! $?&0&! 2')'A&$&)0E! 9(A-#*&:!W#$?! '!

0/#$'-%&! 9?&A#9'%! 3/*9$#(*'%#g'$#(*E! 9'*!-)#*+!/0! 9%(0&)! $(! '!W?(%&!*&W!W()%:!(3!(22()$/*#$#&0! 3()!

+&*&!$?&)'27!$)&'$A&*$0C!

!

! !



"'#%()#*+!,')-(*!.'*($/-&0!1)(2&)$#&0!3()!4&*&!5&%#6&)7!822%#9'$#(*0!

 r\s!

RFRF %2C2=2602.(

[! f'%9g7XE! 5CE! B(A-&%%#E! eC! BCE! I(*(2(%#E! IC! 1CE! j7*9?E! <C! Ç! 5'W0(*E! YC! 8C! f?'$! $?&! ,&%%! õ>&&0õ! #*!
B#(*'*(09#&*9&C!N9;3/6<%9O%5M2%W8230>6/%!M280>6<%Z9>025B!MOPE!wts[Jwtsv!Pr\[\QC!

r! f'%X&7E!,C!5CE!b%0&*E! ]C!BCE!4/(E!ZCE!@A#%#E!8C!Ç!,?'*E!fC!,C!fC!.'*(2')$#9%&!>#g&!'*:!>/)3'9&!,?&A#0$)7!
5&$&)A#*&!>&)/A!1)($&#*!8:0()2$#(*!'*:!I'9)(2?'+&!c2$'X&C!N9;3/6<%9O%5M2%W8230>6/%!M280>6<%Z9>025B!
MOQE!r[hxJr[ut!Pr\[rQC!

h! >'%6'$#E! 8C% 25% 6<"! ")'*03&))#*J3/*9$#(*'%#g&:! *'*(2')$#9%&0! %(0&! $?&#)! $')+&$#*+! 9'2'-#%#$#&0! W?&*! '!
-#(A(%&9/%&!9()(*'!':0()-0!(*!$?&!0/)3'9&C!!WE![htJ[uh!Pr\[hQC!

u! I#)0?'3#&&E!kCE!I'?A(/:#E!ICE!j(/E!YCE!,?&*+E! ]C!Ç!Y)'3$E!IC!1)($&#*!9()(*'!0#+*#3#9'*$%7! )&:/9&0!'9$#6&!
$')+&$#*+!7#&%:C!!M280>6<%!988;/0>6509/4!QTE!rwwtJrwwxE!Pr\[hQC!

w! ,'6':'0E! ICE! 4(*gä%&gJe&)*ä*:&gE! ûC! Ç! e)'*9(E! ;C! 1'$?(+&*JA#A&$#9! 0$&'%$?! *'*(9'))#&)0! 3()! :)/+!
:&%#6&)7|!'!3/$/)&!2(00#-#%#$7C!!VE!th\Jtuh!Pr\[[QC!

s! f'%X&7E! ,C! 5C! Ç! ,?'*E!fC! ,C!fC! c*:&)0$'*:#*+! '*:! 9(*$)(%%#*+! $?&! #*$&)'9$#(*! (3! *'*(A'$&)#'%0! W#$?!
2)($&#*0!#*!'!2?70#(%(+#9'%!&*6#)(*A&*$C!!M280>6<%Z9>025B%72102V4!QME!rtv\Jrtxx!Pr\[rQC!

t! I(*(2(%#E!IC! 1C% 25% 6<"! 1?70#9'%J,?&A#9'%! 802&9$0! (3! 1)($&#*! ,()(*'|! ;&%&6'*9&! $(! 0/% I0539! '*:! #*! k#6(!
B#(%(+#9'%!<A2'9$0!(3!.'*(2')$#9%&0C!N9;3/6<%9O%5M2%W8230>6/%!M280>6<%Z9>025B!MOOE!rwrwJrwhu!Pr\[[QC!

v! j#/E!fC% 25% 6<"! 1)($&#*! 9()(*'! 3()A'$#(*! 3()! *'*(A'$&)#'%0! '*:! 2)($&#*0! (3! '! 0#A#%')! 0#g&|! ?'):! ()! 0(3$!
9()(*'•!Q6/94>6<2!RE![swvJ[ssvE!Pr\[hQC!

x! I#%'*#E! >CE! B(A-&%%#E! eCE! 1#$&XE! 8CE! 5'W0(*E! YC! Ç! ;':%&)E! ]C! ;&6&)0#-%&! 1234;4! <))&6&)0#-%&! B#*:#*+! (3!
")'*03&))#*!$(!1(%70$7)&*&!.'*(2')$#9%&0|!>(3$!'*:!Z'):!,()(*'C!W>4%Q6/9!UE!rwhrJrwu[E!Pr\[rQC!

[\! ,'0'%0E!@CE!13'%%&)E!"CE!5/09?%E!8CE!b(0$#*+?E!4C!]C!Ç!1/*$&0E!kC!"#A&!@6(%/$#(*!(3!$?&!.'*(2')$#9%&!1)($&#*!
,()(*'C!W!Z%Q6/9!QE!hsrhJhshrE!Pr\[\QC!

[[! 8)6#g(E!;C!;C%25%6<"! <:&*$#37#*+!.&W!"?&)'2&/$#9!"')+&$0!106%I(:/%'$#(*!(3!1)($&#*!,()(*'!e()A'$#(*!-7!
@*+#*&&)&:!.'*(2')$#9%&0C!@:9Z%XQJ!VE!&hhsw\!Pr\[rQC!

[r! 5&%%âb)9(E!5CE! j/*:K6#0$E!ICE!b0%'X(6#9E!,CE! ,&:&)6'%%E! "C!Ç! j#*0&E! >C!I(:&%#*+! $?&!"#A&!@6(%/$#(*!(3! $?&!
.'*(2')$#9%&J1)($&#*!,()(*'!#*!'!B(:7!e%/#:C!@<94%X/2!RE!Pr\[\QC!

[h! j/*:K6#0$E!IC%25%6<"!"?&!@6(%/$#(*!(3!$?&!1)($&#*!,()(*'!')(/*:!.'*(2')$#9%&0|!8!"&0$!>$/:7C!W!Z%Q6/9!RE!
tw\hJtw\x!Pr\[[QC!

[u! 1)'2'#*(2E! YCE! f#$$&)E! 5C! 1C! Ç! f&*$W()$?E! 1C! 8! ,?&A#9'%! 822)('9?! 3()! ,&%%J>2&9#3#9! "')+&$#*+! (3!
.'*(A'$&)#'%0|! >A'%%JI(%&9/%&J<*#$#'$&:! I#03(%:#*+! (3! .'*(2')$#9%&! ,()(*'! 1)($&#*0C! N9;3/6<% 9O% 5M2%
W8230>6/%!M280>6<%Z9>025B!MOQE!u[\\Ju[\h!Pr\[rQC!

[w! Y'?E! ]C! ,C! `CE! ,?&*E! ]CE! ^/-#&$'E! 8C! Ç! Z'A':J>9?#33&)%#E! YC! @N2%(#$#*+! $?&! 1)($&#*! ,()(*'! ')(/*:! 4(%:!
.'*()(:0!3()!j(':#*+!'*:!")#++&)&:!;&%&'0&C!W!Z%Q6/9!UE!sth\Jstu\!Pr\[rQC!

[s! 4&E! ,C% 25% 6<"! B#*:#*+! (3! -%((:! 2)($&#*0! $(! 9')-(*! *'*($/-&0! )&:/9&0! 97$($(N#9#$7C! @39>22=0/A4% 9O% 5M2%
Q6509/6<%W>6=28B%9O%Z>02/>24%9O%5M2%./052=%Z56524%9O%W8230>6!MXWE![sxsvJ[sxthE!Pr\[[QC!

[t! =#/E!`C%25%6<"!>/)3'9&!9?&A#0$)7!'*:!'02&9$! )'$#(!A&:#'$&:!9&%%/%')!/2$'X&!(3!8/!*'*()(:0C!R098652306<4!
OME!ts\sJts[x!Pr\[\QC!

[v! f#i'7'E! 8CE! >9?'33&)E! >C! BCE! 1'%%')&0E! <C! 4C! Ç! Z'A':J>9?#33&)%#E! YC! >&%&9$#6&! ;&%&'0&! (3! I/%$#2%&! 5.8!
b%#+(*/9%&($#:&0!3)(A!4(%:!.'*()(:0C!W!Z%Q6/9!OE!v\Jvs!Pr\\xQC!

[x! ,?&*E!,CJ,C%25%6<"!5.8J4(%:!.'*()(:!,(*i/+'$&0!3()!;&A($&!,(*$)(%!(3!j(9'%#g&:!4&*&!@N2)&00#(*!-7!*&')!
<*3)')&:!<))':#'$#(*C!N9;3/6<%9O%5M2%W8230>6/%!M280>6<%Z9>025B!MPWE!ht\xJht[w!Pr\\sQC!

r\! 1')XE! >C! Ç! Z'A':J>9?#33&)%#E! YC! @*?'*9&A&*$! (3! #/% I0539! ")'*0%'$#(*! -7! 4(%:! .'*(2')$#9%&J5.8!
,(*i/+'$&0C!W!Z%Q6/9!QE!rwwwJrws\!Pr\[\QC!

r[! j/*:K6#0$E!IC%25%6<"!.'*(2')$#9%&!0#g&!'*:!0/)3'9&!2)(2&)$#&0!:&$&)A#*&!$?&!2)($&#*!9()(*'!W#$?!2(00#-%&!
#A2%#9'$#(*0! 3()!-#(%(+#9'%! #A2'9$0C!@39>22=0/A4%9O% 5M2%Q6509/6<%W>6=28B%9O%Z>02/>24!MXRE![urswJ[urt\!
Pr\\vQC!

rr! Z/'*+E!_CE!]'#*E!1C!YCE!@%J>'7&:E!<C!ZC!Ç!@%J>'7&:E!IC!8C!1%'0A(*#9!2?($($?&)A'%!$?&)'27!P11""Q!/0#*+!+(%:!
*'*(2')$#9%&0C!:64234%0/%P2=0>6<%Z>02/>2!POE!r[tJrrv!Pr\\vQC!



,?'2$&)!k!~!<*9)&'0#*+!j(':#*+!,'2'9#$7|!1)($&#*!,()(*'0!

   r\t!

rh! ]'#*E! 1C! YCE! =#'*E! fC! Ç! @%J>'7&:E! IC! 8C! c%$)'3'0$! ,((%#*+! (3! 1?($(&N9#$&:! @%&9$)(*0! #*! 4(%:!
.'*(2')$#9%&ÑHU"?#(%'$&:!5.8!,(*i/+'$&0! <*6(%6&0! $?&!5#00(9#'$#(*!(3! $?&!4(%:ÑHU"?#(%!B(*:C! N9;3/6<% 9O%
5M2%W8230>6/%!M280>6<%Z9>025B!MPWE!rursJruhh!Pr\\sQC!

ru! :&! 1/#+E! ZCE! ,#3/&*$&0! ;#/0E! 8CE! e%&A#0$&)E! 5CE! B'N'A/0'E! >C! ZC! Ç! Z'A':J>9?#33&)%#E! YC! >&%&9$#6&! %#+?$J
$)#++&)&:!)&%&'0&!(3!5.8!3)(A!+(%:!*'*()(:0!0W#$9?&0!-%((:!9%($$#*+!(*!'*:!(33C!@:XZ%XQJE!Pr\[hQC!

rw! >'/E!"C!YC!Ç!I/)2?7E!,C!]C!>&&:&:!?#+?!7#&%:!07*$?&0#0!(3!0?()$!8/!*'*()(:0!#*!'K/&(/0!0(%/$#(*C!:6/A8;03!
PXE!su[uJsur\!Pr\\uQC!

rs! 5&%%âb)9(E!5CE! j/*:K6#0$E!ICE!b0%'X(6#9E!,CE! ,&:&)6'%%E! "C!Ç! j#*0&E! >C!I(:&%#*+! $?&!"#A&!@6(%/$#(*!(3! $?&!
.'*(2')$#9%&J1)($&#*!,()(*'!#*!'!B(:7!e%/#:C!@:9Z%XQJ!RE!&[\xux!Pr\[\QC!

rt! ")&/&%E! jC% 25%6<"!=/'*$#37#*+! $?&! #*3%/&*9&!(3!2(%7A&)!9('$#*+0!(*! $?&! 0&)/A!'%-/A#*!9()(*'! 3()A'$#(*!
')(/*:!0#%6&)!'*:!+(%:!*'*(2')$#9%&0C!N9;3/6<%9O%Q6/9S6350><2%724263>M!MQE![J[r!Pr\[rQC!

rv! j'9&):'E!>C!ZC!5C%25%6<"!<*$&)'9$#(*!(3!4(%:!.'*(2')$#9%&0!W#$?!,(AA(*!Z/A'*!B%((:!1)($&#*0C!W>4%Q6/9!
QE!hswJhtxE!Pr\[\QC!

rx! `(/E! ,C! ,CE! k&)A'E! 8C! Ç! ;($&%%(E! kC! IC! @*+#*&&)#*+! $?&! *'*(2')$#9%&J-#(A'9)(A(%&9/%&! #*$&)3'9&C! Z9O5%
P65523!PE![x\Jr\uE!Pr\\sQC!

h\! 83)((gE!8C!;C!IC!.C% 25%6<"! >2?&)&0!14"! )(:0|!"?&! 0?'2&!(3!+(%:!*'*(2')$#9%&0! #*3%/&*9&0!'++)&+'$#(*!'*:!
:&2(0#$#(*!-&?'6#()C!!TME!xhJxv!Pr\[hQC!

h[! B'?)#E! IC! 8C% 25% 6<"! <*6&0$#+'$#(*! (3! >5>E! 5"8B! '*:! ,"8B! A#9&%%&! A#9)(6#09(0#$#&0! -7! &%&9$)(*! 02#*!
)&0(*'*9&C!!9<<90=4%6/=%Z;3O6>24%W'%@MB40>9>M280>6<%6/=%J/A0/2230/A%W4S2>54!PTXE!r\s!Pr\\sQC!

hr! I'i?#E! 1C! ;C! Ç! I(/%#XE! >C! 1C! @*&)+&$#90! (3! I#9&%%#g'$#(*|! ;&'00&00A&*$! -7! '! Z#+?J>&*0#$#6#$7! "#$)'$#(*!
I#9)(9'%()#A&$&)C!:6/A8;03!MQE!hxvsJhxx\!P[xxvQC!

hh! 8%2&)E!]CE!,)&02(E!IC!Ç!Z'A':J>9?#33&)%#E!YC!;&%&'0&!I&9?'*#0A!(3!b9$':&97%!;?(:'A#*&!B!,?%()#:&!3)(A!
8/!.'*()(:0!-7!c%$)'3'0$!j'0&)!1/%0&0C!LM2%N9;3/6<%9O%@MB40>6<%!M280453B%!!MMOE!wxstJwxthE!Pr\\xQC!

hu! Y'?E! ]CE! ^/-#&$'E! 8CE! >''6&:)'E! ;C! Ç! Z'A':J>9?#33&)%#E! YC! >$'-#%#$7! (3! 4(%:! .'*()(:0! 1'00#6'$&:! W#$?!
8A2?#2?#%#9!j#+'*:0C!:6/A8;03!PWE!vvhuJvvuuE!Pr\[rQC!

hw! B')?(/A#E!8CE!Z/09?X'E!;CE!B'):?'*E!;CE!Y*#+?$E!IC!fC!Ç!Z'%'0E!.C! ]C!j#+?$J#*:/9&:!)&%&'0&!(3!5.8!3)(A!
2%'0A(*J)&0(*'*$! *'*(2')$#9%&0|! "(W'):0! %#+?$J9(*$)(%%&:! +&*&! $?&)'27C! !M280>6<% @MB40>4% :255234! QWPE!
[t[J[tx!Pr\\xQC!

hs! j&&E! >C! @C% 25% 6<"! 1?($(*#9!4&*&!,#)9/#$0! -7!b2$#9'%%7!8::)&00'-%&! 0#;.8J8/!.'*('*$&**'0C!W!Z%Q6/9!UE!
ttt\Jttv\!Pr\[rQC!

ht! `'A'0?#$'E! >C% 25% 6<"! ,(*$)(%%&:J)&%&'0&! 070$&A! (3! 0#*+%&J0$)'*:&:! 5.8! $)#++&)&:! -7! $?&! 2?($($?&)A'%!
&33&9$! (3! +(%:! *'*()(:0! '*:! #$0! #*! 6#6(! '22%#9'$#(*C! R0993A6/0>% T% P2=0>0/6<% !M280453B! MTE! r[h\Jr[hw!
Pr\[[QC!

hv! Z/09?X'E!;C% 25% 6<"! j#+?$J<*:/9&:!;&%&'0&!(3!5.8! 3)(A!4(%:!.'*(2')$#9%&0|!.'*(0?&%%0! '*:!.'*()(:0C! N"%
W8"%!M28"%Z9>"!MOOE![rrutJ[rrww!Pr\[[QC!

hx! 4(/E!jC!eC!Ç!I/)2?7E!,C!]C!e#*&J$/*#*+!$?&!0?'2&!(3!+(%:!*'*()(:0C!!M280453B%9O%P652306<4!MVE!hssvJhstr!
Pr\\wQC!

u\! ]'*'E!.C! ;C!4)'AJ>9'%&! >7*$?&0#0! (3! >(%/-%&E!.&')JI(*(:#02&)0&!4(%:!.'*()(:0! '*:!b$?&)!8*#0($)(2#9!
.'*(2')$#9%&0C!Z86<<!ME!vtwJvvr!Pr\\wQC!

u[! j#*XE! >CE! B/):'E! ,CE! .#X((-'X?$E! BC! Ç! @%J>'7&:E! IC! 8C! j'0&)J<*:/9&:! >?'2&! ,?'*+&0! (3! ,(%%(#:'%! 4(%:!
.'*()(:0!c0#*+!e&A$(0&9(*:!'*:!.'*(0&9(*:!j'0&)!1/%0&0C!N9;3/6<%9O%@MB40>6<%!M280453B%R!MXQE!s[wrJ
s[sh!Pr\\\QC!

ur! "&*g&)E!>C%25%6<"!.'*(2')$#9%&!>#g&!<0!'!,)#$#9'%!1?70#9(9?&A#9'%!5&$&)A#*'*$!(3!$?&!Z/A'*!B%((:!1%'0A'!
,()(*'|!8!,(A2)&?&*0#6&!=/'*$#$'$#6&!1)($&(A#9!8*'%70#0C!W!Z%Q6/9!RE!t[wwJt[st!Pr\[[QC!

uh! Y#AE!`CE!1?#%%#20E! ]C!8CE!j#/E!ZCE!Y'*+E!ZC!Ç!"'*E!fC!c0#*+!2?($(*0!$(!A'*#2/%'$&!&*g7A&! #*?#-#$#(*!-7!'*!
'g(-&*g&*&JA(:#3#&:! */9%&#9! '9#:! 2)(-&C!@39>22=0/A4% 9O% 5M2%Q6509/6<% W>6=28B% 9O% Z>02/>24!MXUE! suvxJ
suxu!Pr\\xQC!

uu! j&3X(6#$0E!]C!Ç!"(2(%E!@C!]C!5#)&9$!$?)(A-#*!#*?#-#$()0!#*!9'):#(6'09/%')!A&:#9#*&C!!03>;<6509/!TXE![wrrJ[whs!
P[xxuQ!



!

 



 

 

!

!

 (,?'2$&)!k<C

UF #5608<.?56.(
!

! !

!



 

 



,?'2$&)!k<!J!,(*9%/0#(*0!

 r[[!

>$'-%&!'*:!?#+?%7!)&'9$#6&!0/)3'9&0!W#$?!$?&!'-#%#$7!$(!#AA(-#%#g&!:#33&)&*$!X#*:!(3!-#(%(+#9'%%7!'9$#6&!

02&9#&0!?'6&!-&&*!:&6&%(2&:E!(2$#A#g&:!'*:!9?')'9$&)#g&:C!!

• >/)3'9&!A(:#3#9'$#(*!-7!2%'0A'!$&9?*#K/&0!?'0!-&&*!:&A(*0$)'$&:!'0!'!+&*$%&!A&$?(:!3()!

$?&!2(%7A&)#g'$#(*!1eI!(*!'!0/)3'9&E!'%%(W#*+!$?&!9(6'%&*$!'*9?()#*+!(3!A(%&9/%&0!$?)(/+?!

$?&!?#+?! 02&9#3#9#$7!(3! $?#0! &0$&)! +)(/2! $(W'):0!2)#A')7! 'A#*&0C! "W(!:#33&)&*$! '22)('9?&0!

?'6&! -&&*! '00&00&:! #*! ():&)! $(! 9)&'$&! 0A')$E! -#('9$#6&! 0/)3'9&0C! B($?! $&9?*#K/&0E! 1@,k5!

'*:! 2%'0A'! +)'3$#*+E! ?'6&! -&&*! 2)(6&:! $(! #AA(-#%#g&! B>8! '%$?(/+?! $?&#)! 3#*'%! 2)(2&)$#&0!

?'6&! -&&*! 3(/*:! $(! -&! :#33&)&*$E! 9'/0#*+! '%0(! :#33&)&*9&0! #*! $?&! )&0/%$#*+! 3/*9$#(*'%#g&:!

0/)3'9&0C!!

• "?&!3()A'$#(*!(3!'!?7:)(2?(-#9!221eI!%'7&)!-7!1@,k5!'*:!$?&!9'2'9#$7!(3!'*9?()#*+!?#+?&)!

'A(/*$0!(3!2)($&#*!?'6&!-&&*!9(*3#)A&:C!Z(W&6&)E!'!+)&'$&)!9(*3()A'$#(*'%!9?'*+&!#*!$?&!

B>8!0$)/9$/)&!:/&!$(!#$0!0$)(*+!-#*:#*+!'*:!?#+?!?7:)(2?(-#9#$7!?'0!-&&*!(-0&)6&:C!221eI!

9('$#*+!#0!2)&3&))&:!#3!3/%%!9(6&)'+&!(3!$?&!0/)3'9&!#0!*&&:&:!'*:!$?&!'9$#6#$7!(3!$?&!'*9?()&:!

A(%&9/%&!%'9X!(3!#A2()$'*9&!

• 1%'0A'! +)'3$#*+! ?'0! -&&*! :&A(*0$)'$&:! $(! 3()A! 1eI! 2(%7A&)! -)/0?&0! ?(A(+&*&(/0%7!

:#0$)#-/$&:!(*!$?&!0/)3'9&!-/$!W#$?(/$!9(6&)#*+!#$0!$($'%#$7E!'*:!$?/0!2)(6#:#*+!%&00!'*:!A()&!

02)&':! (/$! )&'9$#6&! 0#$&0! 3()! $?&! -#*:#*+! (3! -#(A(%&9/%&0C! >/9?! 2?&*(A&*(*! ?'0! -&&*!

9(*3#)A&:! $(! 9'/0&! $?&! ?7:)(2?#%#g'$#(*! (3! $?&! $72#9'%%7! ?7:)(2?(-#9! 221eIJA(:#3#&:!

0/)3'9&0C!"?/0E!$?&!'*9?()#*+!(3!$?&!2)($&#*!W#$?(/$!)&A')X'-%&!0$)/9$/)'%!9?'*+&0!?'0!-&&*!

9())(-()'$&:! 3()!2%'0A'J+)'3$&:!0/-0$)'$&0C! <*! $?#0! )&+'):E!'*!&*g7A&!'*:!'!+&*&!:&%#6&)7!

6&9$()! ?'0! -&&*! 0/99&003/%%7! #AA(-#%#g&:! (*! +1eIJA(:#3#&:! 0/-0$)'$&0! A'#*$'#*#*+! A(0$!

2')$!(3!#$0!'9$#6#$7E!()!&6&*!&*?'*9#*+!#$!'0!#$!#0!$?&!9'0&!3()!$?&!9&%%!)&2)(+)'AA#*+!0/)3'9&0!

W#$?!'*!'*9?()&:!6#)/0!2')$#9%&C!

!

,."0!?'6&!-&&*!0'$#03'9$()#%7!A(:#3#&:!-7!1@,k5!W#$?!'!?(A(+&*&(/0!'*:!)&'9$#6&!9('$#*+!#*!():&)!

$(!&A2%(7!$?&A!'0!:&%#6&)7!6&9$()0C!!

• "?&! 221eIJ9('$&:! ,."0! ?'6&! -&&*! 2)(6&:! $(! -#*:! =50! '%%(W#*+! $?&! 0/% 10539! $)'9X#*+! #*!

A'9)(2?'+&0C!"?&!2(0#$#6&!9&%%/%')!/2$'X&!(3!$?&!=5J3/*9$#(*'%#g&:!,."0!#*$(!A'9)(2?'+&0!

9&%%0! ?'0! -&&*! &6#:&*9&:C! "?&! #AA(-#%#g'$#(*! (3! "18! (*! $?&0&! 070$&A0! ?'0! -&&*! '%0(!

:&A(*0$)'$&:C!!



"'#%()#*+!,')-(*!.'*($/-&0!1)(2&)$#&0!3()!4&*&!5&%#6&)7!822%#9'$#(*0!

 r[r!

• ,')-(*! *'*($/-&0! ?'6&! '%0(! -&&*! 0/99&003/%%7! A(:#3#&:! W#$?! 2288C! "?&! )&0/%$#*+! 2288J

:&2(0#$&:! (*! $?&! ,."0! ?'0! -&&*! 2)(6#:&0! '! 2(0#$#6&%7! 9?')+&:! 0/)3'9&E! &*'-%#*+! $?&! 5.8!

-#*:#*+!$?)(/+?!&%&9$)(0$'$#9!#*$&)'9$#(*C!,(A2%&N&0!(3!2288JA(:#3#&:!,."0!'*:!24e1!?'6&!

-&&*!0/99&003/%%7!2)&2')&:!'*:!$?&#)!$)'*03&9$#(*!&33#9#&*97! #*!A'9)(2?'+&0!9&%%0!?'0!-&&*!

'00&00&:C! 5&02#$&! $?&! 2(0#$#6&! $)'*03&9$#(*! '9?#&6&:E! %')+&! '++)&+'$&0! (3! *'*($/-&0! ?'0!

-&&*!*($#9&:E!9(A2%#9'$#*+!$?&#)!9&%%!6#'-#%#$7C!!

!

"?&!&33&9$!(3! $?&!2?70#9(9?&A#9'%!2)(2&)$#&0!(3! $?&!,."0! #*!$&)A!(3!:#02&)0#-#%#$7E!9&%%!6#'-#%#$7!'*:!

-#(:#0$)#-/$#(*!?'0!-&&*!'00&00&:C!

• "W(!:#33&)&*$!,."0!?'6&!-&&*!'*'%7g&:|! $?#9X&)E! )#+#:!If."!'*:! $?#**&)E! 3%&N#-%&!If."C!

8*! (N#:'$#(*! 2)(9&:/)&! #*! ():&)! $(! 9/$! $?&0&! $W(! $72&0! (3! ,."0! ?'0! -&&*! (2$#A#g&:E!

2)(:/9#*+!0?()$&)!'*:!A()&!?7:)(2?#%#9!,."0!-/$!W#$?(/$!'33&9$#*+!$?&#)!A()2?(%(+7C!

• "?&!3/*9$#(*'%#g'$#(*!(3!$?&0&!3(/)!X#*:0!(3!,."0!W#$?!*(*J9(6'%&*$!0$'-#%#g#*+!'+&*$0!P,"8BE!

2Z1I8! '*:! Z>Q! '*:! 2288! :&2(0#$#(*! ?'6&! -&&*! &N2%()&:E! '%(*+0#:&! W#$?! $?&#)! )&0/%$#*+!

:#02&)0#-#%#$7! #*!'K/&(/0!A&:#'!'*:! 0/%10539! $(N#9(%(+7C!B'0#9'%%7E! #$!?'0!-&&*!:&A(*0$)'$&:!

$?'$!$?#9X!'*:!$?#**&)!,."0!-&?'6&!:#33&)&*$%7!#*!'K/&(/0!'*:!-#(%(+#9!A#%#&/C!e%&N#-%&!$/-&0!

?'6&!-&&*!3(/*:!$(!-&!A()&!2)(*&!$(!$'*+%&!3()A#*+!%')+&!'++)&+'$&0E!W?&)&'0!)#+#:!,."0!

9'*!)&A'#*!0$'-%&!#*!0(%/$#(*!9'/0#*+!'!%(W&)!#A2'9$!(*!$?&!9&%%!6#'-#%#$7C!

• 5#33&)&*9&0!#*!$?&!#*!6#6(!-#(:#0$)#-/$#(*!(3!$?&0&!9(A2%&N&0!?'6&!-&&*!'%0(!&6#:&*9&:C!"?&#)!

-&?'6#()! #*0#:&! $?&! -(:7! (3! '! A(/0&! ?'0! -&&*! &%/9#:'$&:! '3$&)! %'-&%! $?&! 2288JA(:#3#&:!

,."0! W#$?! '*! <;! :7&C% #/% 1019! 3%/()&09&*9&! 0&A#JK/'*$#3#9'$#(*! ?'0! :&A(*0$)'$&:! $?&!

'99/A/%'$#(*!(3! $?&0&! 070$&A0! #*! '! 0#A#%')!A'*&)! $?)(/+?(/$! $?&!A'#*! ()+'*0! ru!?! 2(0$J

#*i&9$#(*C!Z(W&6&)E!'!A'i()!/2$'X&!?'0!-&&*!:&$&9$&:!#*!$?&!%/*+0!(3!$?&!A#9&!#*i&9$&:!W#$?!

$?&!3%&N#-%&!$/-&0!:/&!$(!#$0!?#+?&)!'++)&+'$#(*!$&*:&*97C!

• 8%%!$72&0!(3!,."0!2)&6#(/0%7!A(:#3#&:!W#$?!2288!?'6&!-&&*!2)(6&:!$(!%(':!5.8!'*:E!#*!3'9$E!

$?&! %(W&)! $?&! 0#g&! (3! $?&! $/-&E! $?&! ?#+?&)! $?&! %(':#*+! 9'2'9#$7! (-0&)6&:C! Z(W&6&)E! 9&%%!

$)'*03&9$#(*!&N2&)#A&*$0!?'6&! )&6&'%&:! $?'$! $?&! 3%&N#-%&! $/-&0!9'**($! )&%&'0&! $?&!24e1! #*!

$?&!9(*:#$#(*0!0$/:#&:C!8::#$#(*'%%7E!,."0!?'6&!-&&*!3(/*:!$(!A'#*$'#*!$?&!9&%%!6#'-#%#$7!(*%7!

W?&*!%(W!:(0'+&0!')&!':A#*#0$&)&:!'*:!$?/0E!%(W!'A(/*$0!(3!5.8!?'6&!$(!-&!'::&:!$(!$?&!

9&%%0!'6(#:#*+!?#+?!$)'*03&9$#(*!&33#9#&*9#&0C!



,?'2$&)!k<!J!,(*9%/0#(*0!

 r[h!

1)($&#*! 9()(*'0! ?'6&! -&&*! 2)&0&*$&:! '0! $?&! '%$&)*'$#6&! $(! '9?#&6&! ?#+?&)! %(':#*+0! (*! $?&! ,."0!

0/)3'9&!'*:!#$0!2)(2&)$#&0!?'6&!-&&*!A'*#2/%'$&:!'*:!(2$#A#g&:C!

• "?&!Z>!2)($&#*!9()(*'!'-#%#$7!$(! %(':!'*:!?(%:!*/9%&#9!'9#:0!?'0!-&&*!A'#*%7!(2$#A#g&:!3()!

+(%:! *'*()(:0E! +#6&*! $?&#)! ':6'*9&:! (2$#9'%! 2)(2&)$#&0E! '*:! #$! ?'0! -&&*! 0/-0&K/&*$%7!

&N$&*:&:!$(!+(%:!*'*(-(*&0!'*:!,."0C!!

• <$! ?'0! -&&*! :&A(*0$)'$&:! $?'$! $?&! 2'00#6&! )&%&'0&! )'$&0! (3! 5.8! 2'7%(':0! 9'*! -&!

A'*#2/%'$&:! -7! 6')7#*+! $?&! 9()(*'! 9(A2(0#$#(*E! &N?#-#$#*+! ?#+?! %(':#*+! 9'2'9#$#&0! W?#%&!

?(%:#*+!$?&!2'7%(':!'*:!$?/0!0%(W!$?&!)&%&'0&!)'$&C!>/9?!2?&*(A&*(*!?'0!-&&*!2)(6&:!$(!

-&!&02&9#'%%7!-&*&3#9#'%!3()!$)#++&)&:!)&%&'0&!&N2&)#A&*$0!106!%'0&)!&N9#$'$#(*!(3!'!A#N$/)&!(3!

.;q.BJ9()(*'0C! I()&(6&)E! $?&0&! 9()(*'! 2)(2&)$#&0! ?'6&! -&&*! :&A(*0$)'$&:! $(! 2%'7! '*!

#A2()$'*$! )(%&! #*! 2'00#6&! )&%&'0&E! '*:! 9(*9&*$)'$#(*0! (3! ,"8BE! Z>E! '*:! 2?(02?'$&! -/33&)!

/0&:!#*!$?&!9()(*'!3()A'$#(*!?'6&!-&&*!2)(6&:!$(!$/*&!$?&!2'7%(':!)&%&'0&!2)(3#%&0C!!

• 5&02#$&!-&#*+!'-%&! $(! 3()A!'!9()(*'E!Z>8! P0(3$!2)($&#*Q!?'6&!-&&*! 3(/*:!*($! $(! %(':!5.8!

'*:! $?/0E! $?&! %(':#*+! 9'2'9#$7! (3! $?&! Z>! 9()(*'! ?'0! -&&*! &6#:&*9&:! $(! -&! :/&! $(! ($?&)!

02&9#&0!2)&0&*$!#*!$?&!Z>!P?'):!2)($&#*0QC!B&9'/0&!Z>8!#0!'!0(3$!9()(*'!'*:!-#*:0!W&'X%7!$(!

$?&!.1! 0/)3'9&E! #$! 9'*! -&! /0&:! '0! '! -%(9X#*+! '+&*$E! 2)(6#:#*+! '!A&'*0! $(! 9(*$)(%! 2'7%(':!

)&%&'0&C!"?&0&!':6'*9&0!#*!/*:&)0$'*:#*+!$?&!2)($&#*!9()(*'!2)(2&)$#&0!?'6&!-&9(A&!'!0$&2!

3()W'):!$(W'):0!:&6&%(2#*+!'!0&$!(3!-'0#9!:&0#+*!)/%&0! $?'$!&*'-%&! $?&#)!A'*#2/%'$#(*!'*:!

(2$#A#g'$#(*!3()!2')$#9/%')!-#(%(+#9'%!'22%#9'$#(*0C!

!



!

 r[u!

'?.4(5C(A<@8?0/4?56.(/69(A=2.264/4?56.(

A<@8?0/4?56.(/69(A/4264.(

8C!,#3/&*$&0J;#/0E!ZC!:&!1/#+E!]C!Y'?E!>C!B())(0E!YC!Z'A':J>9?#33&)%#C!Pr\[hQ!"B4?;?]?6:(4I2(A=5B2=4?2.(
5C(4I2(A=542?6(#5=56/(+<==5<69?6:(1/65B/=4?082.(C5=(A/>85/9(%282/.2C!W!Z%Q6/9!P6350><2%WZW@Q!

8C! ,#3/&*$&0J;#/0E! 8C! :&! 1'-%(E! kC! ;'A(0J1&)&gE! >C! B())(0C! Pr\[hQ!A8/.;/(S59?C?0/4?56( 5C( #/=@56(
1/654<@2.(C5=(D262(!28?E2=>(G2045=.C!@<6486%@39>24424%6/=%@9<B8234!PZ;l80552=Q!

8C! ,#3/&*$&0! '*:! >'%6':()! B())D0C! Pr\[hQ! #5;B/=?.56( 5C( $35( !?CC2=264( A8/.;/( +<=C/02(
S59?C?0/4?56($20I6?L<2.( C5=(#5E/8264( ,;;5@?8?]/4?56(5C(A=542?6(S5658/>2=.F(:6/A8;03E!rx!PrrQE!
ssuw~ssw[!

ZC! :&! 1/#+E!8C! ,#3/&*$&0! ;#/0E!5C! e%&A#0$&)! '*:! YC! Z'A':J>9?#33&)%#C! Pr\[hQ! +3?40I?6:( "6( /69( "CC(
N8559(#8544?6:(3?4I('?:I4(`.?6:(1/65=59(A=542?6(#5=56/.C!@:9Z%XQJE!vPtQE!&svw[[!

kC!;'A(0J1&)&gE!8C!,#3/&*$&0E!.C!,()(*'0E!8C!:&!1'-%(E!>C!B())D0C! Pr\[hQC!S59?C?0/4?56(5C( #/=@56(
1/654<@2.(C5=(D262(!28?E2=>(G2045=.C!<*|!YC!Z'A':J>9?#33&)%#E!1C!B&)+&0&E!Q6/98652306<%#/523O6>24%
0/%R09<9AB'%P25M9=4%6/=%@3959>9<4C!B(0$(*|!>2)#*+&)C!h\rC!

5C!Z()*'E!]C!,C!;'A#)&gE!8C!,#3/&*$&0E!8C!B&)*':E!>C!B())D0!'*:!IC!8C!4(*gä%&gC!Pr\[rQ!*CC?0?264(#288(
%2B=5:=/;;?6:(`.?6:(N?526:?622=29(+<=C/02.C!W=16/>2=%c26<5M>632%P652306<4E![PrQE![ttJ[vrC!

IC8C!4(*gä%&gE! ]C,C!;'AU)&gE!8C!B&)*':E!>C!B())D0E!5C!Z()*'E!8C!,#3/&*$&0C! Pr\\xQ!N?5/04?E2( +<=C/02(
#/B/@82( 5C( D2624?0/88>( S59?C>?6:( #288.( 5=( $?..<2.( /69( `.2( $I2=25CC! @>! 1'$&*$! r\\xh[rsvE! 3#%&:!
5&9&A-&)!ruE!r\\x!'*:!#00/&:!]/%7![hE!r\[[C!

+2;?6/=.(/69(#5<=.2.(

[[qr\[h! $I2(%5>/8(&<.4=/8?/6(#I2;?0/8(,6.4?4<42(,60F(b%&#,c(A58>;2=(+4<9264(+>;B5.?<;(PXMOF!
=/&&*0%'*:!c*#6&)0#$7!(3!"&9?*(%(+7!P=c"QE!B)#0-'*&E!8/0$)'%#'C!!
b)'%! 1)&0&*$'$#(*|! ,(6'%&*$! <AA(-#%#g'$#(*! (3! @*g7A&0! (*! 1(%70$7)&*&! >/-0$)'$&0!
I(:#3#&:!-7!1%'0A'!4)'3$#*+!P8W'):&:!W#$?!$?&!;/**&)Jc2!1)#g&Q!

\tqr\[[! ,642=6/4?56/8(+>;B5.?<;(56(A8/.;/(#I2;?.4=>(b,+A#(PXcF!1?#%':&%2?#'E!18E!c>8C!!
1(0$&)!1)&0&*$'$#(*|!e'9#%&!>/)3'9&!I(:#3#9'$#(*!3()!,(6'%&*$!<AA(-#%#g'$#(*!(3!@*g7A&0!
(*!5#33&)&*$!4&(A&$)#&0!

\xqr\[\!! D5=956( %2.2/=0I( #56C2=2602( bD%#cF! B#(#*$&)3'9&! >9#&*9&C! j&0! 5#'-%&)&$0! ,(*3&)&*9&!
,&*$&)E!j&0!5#'-%&)&$0E!>W#$g&)%'*:C!!
1(0$&)!1)&0&*$'$#(*|!@*g7A&!<AA(-#%#g'$#(*!(*!1(%7A&)#9!>/)3'9&0!I(:#3#&:!-7!1%'0A'J
4)'3$#*+!

\hqr\[\!! 1&1"#)&%Sd( O=9( [?642=( +0I558( 56( *88?B.5;24=>F! B':! Z(3+'0$&#*E! >'%g-/)+E! 8/0$)#'C!
1(0$&)!1)&0&*$'$#(*|!@*g7A&!<AA(-#%#g'$#(*!(*!1%'0A'J4)'3$#*+!I(:#3#&:!>/)3'9&0!

\sqr\\x! 1+J-D*SQ(+<;;2=(+0I558"%c*#6&)0#$7!(3!<%%#*(#0!'$!c)-'*'J,?'A2'#+*E!c)-'*'E!<jE!c>8C!!
1(0$&)! 1)&0&*$'$#(*|! 5&*0#$7J,(*$)(%%&:! 8$$'9?A&*$! (3! 1&2$#:&0! (*! 1%'0A'JI(:#3#&:!
>2?&)#9'%!>/)3'9&0!3()!,&%%!@N2'*0#(*!

\wqr\\x! #2=/;?0.d( #288.( /69( $?..<2.F% e'&*g'E! <$'%7C! 1(0$&)! 1)&0&*$'$#(*|! 5&*0#$7J,(*$)(%%&:!
8$$'9?A&*$!(3!1&2$#:&0!(*!1%'0A'JI(:#3#&:!>2?&)#9'%!>/)3'9&0!3()!,&%%!@N2'*0#(*!


	ACR_Thesis_1
	ACR_Thesis_2

