
University of Tasmania Open Access Repository

Cover sheet

Title
Staying ahead of the game : a framework for effective aquaculture decision-making

Author
King, AS

Bibliographic citation
King, AS (2016). Staying ahead of the game : a framework for effective aquaculture decision-making.
University Of Tasmania. Thesis. https://doi.org/10.25959/23239673.v1

Is published in:

Copyright information
This version of work is made accessible in the repository with the permission of the copyright holder/s under
the following,

Licence.

Rights statement: Copyright 2016 the Author

If you believe that this work infringes copyright, please email details to: oa.repository@utas.edu.au

Downloaded from University of Tasmania Open Access Repository

Please do not remove this coversheet as it contains citation and copyright information.

University of Tasmania Open Access Repository

Library and Cultural Collections

University of Tasmania

Private Bag 3

Hobart, TAS 7005 Australia

E oa.repository@utas.edu.au CRICOS Provider Code 00586B | ABN 30 764 374 782 utas.edu.au

http://doi.org/
http://rightsstatements.org/vocab/InC/1.0/
mailto:oa.repository@utas.edu.au
https://figshare.utas.edu.au
https://utas.edu.au


!"#$%&'(#)*#+(,-(")*('#.*/(0(-1#.*2,13(
-,1(*--*4"%5*(#67#478"71*(+*4%9%,&:.#3%&'((

0&+1*2(!;(<%&'(

=>?(@;!4;?(A;!4;?(A@0;?(>%B;A#1;?(C;D&';?(E=FG0(
 

 

(

(
 

 

 

 

 

 

H)%9( ")*9%9( %9( 97I.%""*+( %&( -78-%8.*&"( -,1( ")*(
1*67%1*.*&"9( -,1( #( 4,&J,%&"( +*'1**( ,-( K)>( #"( ")*(
L&%5*19%"$( ,-( H#9.#&%#( #&+( ")*( L&%5*19%"$( ,-( !"(
0&+1*29?(E*I17#1$(MNOP(

(

(

(

(!

!



	 	 	 		
	

	

	

Blank	Page	



Staying	ahead	of	the	game:	A	framework	for	effective	aquaculture	decision-making	
Statements	and	Declarations	

i	

STATEMENTS	AND	DECLARATIONS	
University	of	Tasmania	

Declaration	of	Originality:	

I,	 Andrew	 S.	 King,	 hereby	 certify	 that	 this	 thesis,	 which	 is	 approximately	 53,000	words	 in	

length	 contains	 no	 material	 which	 has	 been	 accepted	 for	 a	 degree	 or	 diploma	 by	 the	

University	 or	 any	 institution,	 except	 by	 way	 of	 background	 information	 and	 duly	

acknowledged	 in	 the	 thesis,	 and	 to	 the	 best	 of	 my	 knowledge	 and	 belief	 no	 material	

previously	 published	or	written	by	 another	 person	 except	where	due	 acknowledgement	 is	

made	 in	 the	 text	 of	 the	 thesis,	 nor	 does	 the	 thesis	 contain	 any	 material	 that	 infringes	

copyright.	

I	was	admitted	as	a	research	student	in	September	2011,	and	as	a	candidate	for	the	degree	

of	PhD	in	October	2011.	The	higher	study	for	which	this	thesis	is	a	record	was	carried	out	at	

both	the	University	of	Tasmania	(the	principal	supervisory	institution,	source	of	funding	and	

place	of	residence	during	the	course	of	the	PhD)	and	the	University	of	St	Andrews,	under	a	

cotutelle	 agreement	 between	 these	 institutions	 from	 2011	 to	 2016,	 and	 with	 additional	

supervisory	support	from	CSIRO	Australia.	

Statement	of	Ethical	Conduct	

The	 research	 associated	 with	 this	 thesis	 abides	 by	 international	 and	 Australian	 codes	 on	

human	and	animal	experimentation,	the	guidelines	by	the	Australian	Government’s	Office	of	

Gene	Technology	Regulator	and	 the	 rulings	of	 the	Safety,	Ethics	and	 Institutional	Biosafety	

Committees	 of	 the	 University.	 	 Ethics	 approval	 was	 granted	 under	 the	 University	 of	

Tasmania’s	human	ethics	(minimal	risk)	research	procedure:		Ethics	approval	Reference	No.	

H14069.	

Signed:	 Date:	 22nd	February	2016	

Andrew	Stephen	King	



Staying	ahead	of	the	game:	A	framework	for	effective	aquaculture	decision-making	
Statements	and	Declarations	

ii	

Authority	of	Access:

In	 submitting	 this	 thesis	 to	 the	University	 of	 Tasmania	 and	 the	University	 of	 St	 Andrews	 I	

understand	that	I	am	giving	permission	for	it	to	be	made	available	for	use	in	accordance	with	

the	 regulations	 of	 the	 University	 Libraries	 for	 the	 time	 being	 in	 force,	 subject	 to	 any	

copyright	vested	in	the	work	not	being	affected	thereby.		I	also	understand	that	the	title	and	

the	abstract	will	be	published,	and	that	a	copy	of	the	work	may	be	made	and	supplied	to	any	

bona	 fide	 library	 or	 research	 worker,	 that	 my	 thesis	 will	 be	 electronically	 accessible	 for	

personal	or	 research	use	unless	exempt	by	award	of	an	embargo	as	 requested	below,	and	

that	the	 library	has	the	right	to	migrate	my	thesis	 into	new	electronic	forms	as	required	to	

ensure	continued	access	to	the	thesis.		I	have	obtained	any	third-party	copyright	permissions	

that	may	 be	 required	 in	 order	 to	 allow	 such	 access	 and	migration,	 or	 have	 requested	 the	

appropriate	embargo	below.		

The	 following	 is	 an	 agreed	 request	 by	 candidate	 and	 supervisor	 regarding	 the	 electronic	

publication	of	this	thesis:	 	Embargo	on	all	of	printed	copy	and	electronic	copy	for	the	same	

fixed	period	of	three	years	on	the	grounds	that	publication	would	be	commercially	damaging	

to	the	salmon	aquaculture	industry	in	Australia,	and	that	publication	would	preclude	future	

publication.	

Date:		22nd	February	2016	

Signature	of	Candidate	

Date:		22nd	February	2016	

Signature	of	Primary	Supervisor	University	of	Tasmania	

Date:		22nd	February	2016	

Signature	of	Primary	Supervisor	University	of	St	Andrews	



Staying	ahead	of	the	game:	A	framework	for	effective	aquaculture	decision-making	
Statements	and	Declarations	

iii	

Supervisor’s	Declaration:	

I	 hereby	 certify	 that	 the	 candidate	 has	 fulfilled	 the	 conditions	 of	 the	 Resolution	 and	

Regulations	 appropriate	 for	 the	 degree	 of	 PhD	 in	 the	 University	 of	 Tasmania	 and	 the	

University	 of	 St	 Andrews	 and	 that	 the	 candidate	 is	 qualified	 to	 submit	 this	 thesis	 in	

application	for	that	degree.		

Date:		22nd	February	2016	 Date:		22nd	February	2016	

Signature	of	Primary	Supervisor	 Signature	of	Primary	Supervisor	

University	of	Tasmania	 University	of	St	Andrews	



89:;(,-!:#&:4!5<!9#&!-:=&>!*!<?:=&@5?A!<5?!&<<&69(B&!:CD:6DE9D?&!4&6('(5,)=:A(,-!
89:9&=&,9'!:,4!$&6E:?:9(5,'!

!

! !
!

(B!

!

"#$%&!'$()!

!

(
( (



89:;(,-!:#&:4!5<!9#&!-:=&>!*!<?:=&@5?A!<5?!&<<&69(B&!:CD:6DE9D?&!4&6('(5,)=:A(,-!
*6A,5@E&4-&=&,9'!

!

! !
!

B!

0C<GRTQD>UDADGH!(

Z(?'9!:,4!<5?&=5'9! F!@5DE4! E(A&!95!9#:,A!=;!'DI&?B('5?'>! !$?!V(6#5E:'!TEE(599! .P8FQN2!:,4!$?!

P:9?(5,:!]:6E&54!.L%:'2!(,!%:'=:,(:!@#5!#:4!9#&!(,(9(:E!B('(5,!<5?!9#&!I?5\&69!:,4!9#&!4?(B&G!

&,&?-;!:,4!&,9#D'(:'=!95!H?(,-!(9!95!E(<&!:,4!95!$?!]:?A!^:=&'!:,4!"?5<&''5?!$:B(4!":9&?'5,!

5<! 9#&! L,(B&?'(9;! 5<! 89! *,4?&@'! <5?! 9#&(?! #&EI<DE! 65,B&?':9(5,'G! (,B:ED:HE&! -D(4:,6&! :,4!

:4B('&3!!F!:=!:E'5!#(-#E;!:II?&6(:9(B&!95![(,4:!8:='!:9!%:'':E!(,!%:'=:,(:G!:,4!89&B&!U?:6A&,!

5<!]:?(,&!W:?B&'9!8659E:,4G!<5?!9#&(?!@#5E&#&:?9&4!'DII5?9!:,4!<5?!I:''(5,:9&E;!-:EB:,('(,-!

9#&(?!9&:='!(,95!:69(5,!@#&,!?&CD(?&43!!

ZD,4(,-!<5?!9#&!?&'&:?6#!@:'!&=H&44&4!@(9#!9#&!*D'9?:E(:,!8&:<554!P55I&?:9(B&!Q&'&:?6#!

P&,9?&S'!.PQP2!<D9D?&!:CD:6DE9D?&!I?54D69(5,!I?5-?:==&!."?5\&69!MK//)_J02G!:,4!I?5B(4&4!

H;! 9#&!%:'=:,(:,!8:E=5,(4!R?5@&?'!*''56(:9(5,! .%8R*23! ! F! :=!&79?&=&E;!-?:9&<DE! 95! 9#&'&!

5?-:,(':9(5,'!<5?!9#&(?!<(,:,6(:E!'DII5?93!

+&;! (,! 9#&! 'D66&''! 5<! 9#&! ?&'&:?6#! @:'! 9#&! :69(B&! &,-:-&=&,9! 5<! 9#&! (,9&?,:9(5,:E!

:CD:6DE9D?&!65==D,(9;3!!%#&!(,<5?=:9(5,!:,4!'DII5?9!9#:9!9#&;!I?5B(4&4!@:'!(,B:ED:HE&!(,!

-?5D,4)9?D9#(,-! 9#&! ?&'&:?6#! <(,4(,-'! :,4! :''&''(,-! 9#&! (=IE(6:9(5,'! <5?! 9#&! %:'=:,(:,!

*9E:,9(6! ':E=5,! (,4D'9?;3! ! ":?9(6DE:?! 9#:,A'!=D'9! -5! 95! *E('9:(?! 89?D9#&?'! :,4! R?&-5?! Q&(4!

.Z('#&?(&'! `! N6&:,'2! :,4! ":=&E:! ":?A&?! .*9E:,9(6! Z('#! Z:?=&?'! *''56(:9(5,2! (,! P:,:4:G!

W:=('#!Q54-&?'!.a&9)*CD:!F,9&?,:9(5,:E2!F?&E:,4G!:,4!b'9&,!^&,'&,!5<!8FV%TZ!Z('#&?(&'!:,4!

*CD:6DE9D?&G! V5?@:;G! @#5'&! (,4(B(4D:E! 65,9?(HD9(5,'! @&?&! (,'9?D=&,9:E! (,! <:6(E(9:9(,-! :!

I?54D69(B&! :,4! c'9?&'')<?&&S! <(&E4@5?A! &7I&?(&,6&d! 95! 89&B&,! 8D==&?<&E9! .Z?&'#@:9&?!

F,'9(9D9&G! L8*2! :,4! %#D&! W5E=! .*9E:,9(6! 8:II#(?&G! $&,=:?A2! @#5! 955A! =&! DI! 9#&! Q*8!

E&:?,(,-! 6D?B&d! :,4! 95! P?:(-! 8&EA(?AG! *E:,!e:99! :,4! Q(6#:?4!](EE&?! 5<! 9#&! %:'':E! R?5DI! (,!

*D'9?:E(:! :,4! *E('9:(?! $D<<! .]:?(,&! W:?B&'9! 8659E:,42! @#5'&! (,4(B(4D:E! 65,9?(HD9(5,'! @&?&!

(,'9?D=&,9:E! (,! c':,(9;! 6#&6A(,-S! 9#&! 9&6#,(6:E! '6?&&,(,-! :,4! B:E(4:9(,-! 9#&! &65,5=(6!

:,:E;'('3!

8I&6(:E!9#:,A'!=D'9!-5!95!=;!<:=(E;G!,:9D?:E!:,4!&79&,4&4G!(,!H59#!#:EB&'!5<!9#&!@5?E4G!@#5!

'DII5?9&4!:,4!&,65D?:-&4!=&!9#?5D-#!:EE!9#&!6#:EE&,-(,-!9(=&'3!!!%5!$?!^&,,(<&?!P5H6?5<9!<5?!

#&?!cD,)5<<(6(:E!'DI&?B('5?;!:4B(6&S!5B&?!=:,;!W5I')V(-#9!H&&?'!:9!9#&!V&@!8;4,&;!"DH!:,4!

<5?!E55A(,-!:<9&?!=;!<:(9#<DE!/1f0!a5EB5!MXK!'9:9(5,)@:-5,!c^DE(:S!@#&,!F!@:'!:@:;d!95!^:,&!

=;!@(<&!@#5!I:9(&,9E;!@:96#&4!#&?! #D'H:,4! 95D?! 9#&!@5?E4! :,4! 'DII5?9&4! #(=!@#(E'9! #&!



89:;(,-!:#&:4!5<!9#&!-:=&>!*!<?:=&@5?A!<5?!&<<&69(B&!:CD:6DE9D?&!4&6('(5,)=:A(,-!
*6A,5@E&4-&=&,9'!

!

! !
!

B(!

=;5I(6:EE;! <56D'&4!5,! #('! ?&'&:?6#d! :,4! 95! 5D?! 6#(E4?&,! %#5=:'G! *=&E(:! :,4! T4@:?4!@#5!

:E@:;'!@:,9&4!:,!DI4:9&!5<!#5@!g4:44;g!('!-&99(,-!5,3!

Z(,:EE;! :,4! ,59! E&:'9! 95! c"&,,;S! 9#&! U?(9('#! HDEE45-! @#5! 95! CD59&! =;! *D'9?:E(:,! <?(&,4'!

h:E@:;'!ID9!:! '=(E&!5,!=;!4(:Ei!@#&,! F! ?&9D?,&4! 95! 9#&!L+G!:,4! 95!=;! <:9#&?!:,4!=59#&?!

@#5! ,&B&?! E5'9! <:(9#! :,4! :E@:;'! &,65D?:-&4! 9#&(?! '5,! 95! '9?(B&! <5?! 'D66&''3! ! %5! 9#&=! F!

4&4(6:9&!9#('!"#$3!

!

!

*,4?&@!89&I#&,!+(,-!

W5H:?9G!*D'9?:E(:!`!89!*,4?&@'G!R?&:9!U?(9:(,!

*D-D'9!MK/0!
! ! !

(



89:;(,-!:#&:4!5<!9#&!-:=&>!!*!<?:=&@5?A!<5?!&<<&69(B&!:CD:6DE9D?&!4&6('(5,)=:A(,-!
*H'9?:69!

! !
!

B((!

0@!H=0CH(

RE5H:EE;G!*9E:,9(6!':E=5,!:CD:6DE9D?&!('!<:6&4!@(9#!:!6?(9(6:E!6#:EE&,-&>!!W5@!H&'9!95!4&E(B&?!

E5,-)9&?=! 'D'9:(,:HE&! -?5@9#G! @#(E'9! 5I9(=('(,-! 9#&! 5II5?9D,(9;! <5?! 9#&! &7I:,'(5,! 5<! 9#&!

(,4D'9?;!I?&'&,9&4!H;!:,!(,6?&:'(,-!-E5H:E!'&:<554!4&=:,4j!!!

%#('! 9#&'('! I?&'&,9'! :!,5B&E! <?:=&@5?A!5<! 65=IE&=&,9:?;!4&6('(5,! 'DII5?9! :II?5:6#&'! 95!

&,:HE&! 4&6('(5,)=:A&?'! 95! H&99&?! D,4&?'9:,4! 9#&! <:695?'! (,<ED&,6(,-! :CD:6DE9D?&!

4&B&E5I=&,9G! :,4! &7:=(,&! :E9&?,:9(B&! I?54D69(5,! .-?5@5D92! 9&6#,5E5-(&'! 9#:9! =5?&!

&<<&69(B&E;! :44?&''! 9#&! 6#:EE&,-&'! :''56(:9&4! @(9#! (,9&,'(<(6:9(5,! :,4! &7I:,'(5,3! ! %#&!

<?:=&@5?A! @:'! 4&B&E5I&4! 9#?5D-#! :! 65=H(,:9(5,! 5<! <(&E4@5?A! .(,9&?,:9(5,:E! 4:9:)

-:9#&?(,-2G! A&;! '9:A&#5E4&?! 4('6D''(5,'G! :,4! 9#&! :IIE(6:9(5,! 5<! 9:?-&9&4! CD:E(9:9(B&! :,4!

CD:,9(9:9(B&!:,:E;9(6:E!:II?5:6#&'d!D'(,-!9#&!%:'=:,(:,!(,4D'9?;!:'!:!P:'&!89D4;3!!%#&!(,(9(:E!

?&'&:?6#!<56D'&4!5,!'#5?9&?)9&?=!.9:69(6:E2!4&6('(5,!'DII5?93! !*!'(9D:9(5,:E!:,:E;'('!4&<(,&4!

9#&! HD'(,&''! &,B(?5,=&,9G! :,4! :II?:('&4! B(:HE&! &7I:,'(5,! 5I9(5,'! .5<<'#5?&G! 6E5'&4)

65,9:(,=&,9!:,4!&79?:69(B&!H(5)?&=&4(:9(5,23!!*,!&65,5=(6!:,:E;'('!5<!'&E&69&4!5I9(5,'!9#&,!

I?5B(4&4! :! 65=I:?('5,! 5<! <(,:,6(:E! I&?<5?=:,6&! :,4! ?('A3! %#&! 5D9ID9'! 5<! 9#('! (,(9(:E!

65=I5,&,9! ,&79! (,<5?=&4! '9?:9&-(6! 4&6('(5,)=:A(,-! :II?5:6#&'d! &=IE5;(,-! '6&,:?(5!

:,:E;'('! 95! &7IE5?&! IE:D'(HE&! '9?:9&-(&'! <5?! 9#&! :45I9(5,! 5<! E:,4)H:'&4! ?&6(?6DE:9(,-!

:CD:6DE9D?&! ';'9&='d! :,4! CD:E(9:9(B&!=54&EE(,-! 95! D,4&?'9:,4! 9#&! 6:D':E! 4;,:=(6'! 4?(B(,-!

:,4!?&-DE:9(,-!9#&!(,4D'9?;G!:,4!9#&(?!(=I:69!5,!9&6#,5E5-;!'&E&69(5,3!!

e#(E'9!(9!@:'!6E&:?!9#:9!HD'(,&''!&65,5=(6!B(:H(E(9;!('!I:?:=5D,9G!9#&!?&'DE9'!'D--&'9&4!9#:9!

'56(&9:E!:66&I9:,6&!.9#&!856(:E![(6&,'&!95!5I&?:9&2!('!IE:;(,-!:,!(,6?&:'(,-E;!(=I5?9:,9!?5E&!(,!

(,<ED&,6(,-! HD'(,&''! 4&6('(5,'3! ! %#&?&! ('! ,5! '(,-E&! c?(-#9S! 9&6#,5E5-(6:E! '5ED9(5,d! '56(:E!

:66&I9:,6&G! (,! I:?9(6DE:?! 65,'(4&?:9(5,'! ?&-:?4(,-! #D=:,! @&EEH&(,-G! 9?D'9G! :,4! :,(=:E!

@&E<:?&!65,6&?,'G!@(EE!'#:I&!9#&!HD'(,&''!&,B(?5,=&,9!:,4!9#&?&<5?&!9&6#,5E5-;!'&E&69(5,3!!

%#&! ?&'&:?6#! &=I#:'('&4! 9#&! (=I5?9:,6&! 5<! &=IE5;(,-! :! H:E:,6&! 5<! 9:69(6:E! :,4! '9?:9&-(6!

4&6('(5,)=:A(,-!9&6#,(CD&'G!:,4!5<!&,-:-(,-!@(9#!:!H?5:4!?:,-&!5<!(,4D'9?;!'9:A&#5E4&?'3!!F9!

:E'5!#(-#E(-#9&4! 9#&!65=IE&7(9;!:,4!4;,:=(6!,:9D?&!5<! 9#&! (,4D'9?;!:,4! 9#:9!A&;!B:?(:,6&'!

.&65,5=(6G! ?&-(5,:EG! '9?:9&-(6G! 9&6#,5E5-(6:EG! :,4! 9&=I5?:E2! =D'9! H&! (,6ED4&4! (,! 4&6('(5,)

=:A(,-3!!



89:;(,-!:#&:4!5<!9#&!-:=&>!!*!<?:=&@5?A!<5?!&<<&69(B&!:CD:6DE9D?&!4&6('(5,)=:A(,-!
*H'9?:69!

! !
!

B(((!

!

"#$%&!'$()!

!

(



89:;(,-!:#&:4!5<!9#&!-:=&>!!*!<?:=&@5?A!<5?!&<<&69(B&!:CD:6DE9D?&!4&6('(5,)=:A(,-!
P5,9&,9'!

! ! ! !!
!

(7!

H0@QD(RE(CRGHDGH!(
!

!H0HDADGH!(0G>(>DCQ0=0HFRG!(( %(

0C<GRTQD>UDADGH!( 5(

0@!H=0CH( 5%%(

H0@QD(RE(CRGHDGH!( %V(

QF!H(RE(EFUL=D!(0G>(H0@QD!( V%%%(

QF!H(RE(0@@=DWF0HFRG!( VV%%(

CX0KHD=(O/! HXD!F!(FGH=R>LCHFRG( O!

O;O! @#43'1,7&+(",(")*(=*9*#14)( Y!

O;M! =*9*#14)(K71B,9*( Z!

O;Y! H)*9%9(!"174"71*( [!

O;\! =*9*#14)(@,7&+#1%*9( ]!

CX0KHD=(M/! !FHL0HFRG0Q(0G0Q^!F!((K0=H(0(_(@L!FGD!!(

DGWF=RGADGH( OO!

M;O! F&"1,+74"%,&( OY!

M;M! 0%.`9a(#&+(RIJ*4"%5*9( OP!

M;Y! A*"),+( Ob!
M3J3/! $:9:!P5EE&69(5,! /O!
M3J3M! *,:E;'('! /f!

M;\! =*978"9( O]!
M3X3/! ]:6?5!UD'(,&''!T,B(?5,=&,9! /1!
M3X3M! "T8%T[!*,:E;'('! MK!
M3X3J! 8eN%!*,:E;'('! MX!

M;P! >%94799%,&( MP!

M;b! C,&4879%,&( YO!



89:;(,-!:#&:4!5<!9#&!-:=&>!!*!<?:=&@5?A!<5?!&<<&69(B&!:CD:6DE9D?&!4&6('(5,)=:A(,-!
P5,9&,9'!

! ! ! !!
!

7!

CX0KHD=(Y/! !FHL0HFRG0Q(0G0Q^!F!((K0=H(@(_(HDCXGRQRU^(
!DQDCHFRG( YY!

Y;O! F&"1,+74"%,&( YP!

Y;M! 0%.(#&+(RIJ*4"%5*9( Y[!

Y;Y! A*"),+( Y]!

Y;\! =*978"9( \\!
J3X3/! %&6#,5E5-;!P#:?:69&?(':9(5,! XX!
J3X3M! %&6#,5E5-;!86?&&,(,-!.%:'=:,(:,!F,4D'9?;!P:'&!89D4;2! D11,1c(@,,3.#13(&,"(

+*-%&*+;!
Y;P! >%94799%,&( PY!

Y;b! C,&4879%,&( P[!

CX0KHD=(\/! DCRGRAFC(0G0Q^!F!( P]!

\;O! F&"1,+74"%,&( bO!

\;M! 0%.(#&+(RIJ*4"%5*9( bY!

\;Y! A*"),+( b\!
X3J3/! NB&?B(&@! OX!
X3J3M! "?54D69(5,!86&,:?(5'! O_!
X3J3J! ]54&EE(,-!*''D=I9(5,'!.Z('6:EG!U(5E5-(6:EG!P:I(9:E!:,4!NI&?:9(,-2! _/!
X3J3X! Z(,:,6(:E!"&?<5?=:,6&!F,4(6:95?'! _f!

\;\! =*978"9( [N!
X3X3/! $&9&?=(,('9(6!:,4!8956#:'9(6!*,:E;'&'! fK!
X3X3M! 8DH)86&,:?(5!*,:E;'('! 1K!

\;P! >%94799%,&( ]P!

\;b! C,&4879%,&( ONY!
! (



89:;(,-!:#&:4!5<!9#&!-:=&>!!*!<?:=&@5?A!<5?!&<<&69(B&!:CD:6DE9D?&!4&6('(5,)=:A(,-!
P5,9&,9'!

! ! ! !!
!

7(!

CX0KHD=(P/! !CDG0=FR(0G0Q^!F!( ONP!

P;O! F&"1,+74"%,&( ONZ!

P;M! 0%.(#&+(RIJ*4"%5*9( OON!

P;Y! A*"),+( OOO!

P;\! =*978"9( OOZ!
03X3/! 89:A&#5E4&?!$('6D''(5,'! //_!
03X3M! 86&,:?(5!V:??:9(B&'! /MM!
03X3J! V:??:9(B&!Z&&4H:6A!:,4!*,:E;'('! /MJ!

P;P! >%94799%,&( OYY!

P;b! C,&4879%,&( O\O!

CX0KHD=(b/! dL0QFH0HFWD(AR>DQQFGU( O\Y!

b;O! F&"1,+74"%,&( O\P!

b;M! 0%.(#&+(RIJ*4"%5*9( O\b!

b;Y! d7#8%"#"%5*(A,+*88%&'( O\Z!
O3J3/! 8(-,&4!$(-?:I#'! /X_!
O3J3M! ]54&E!$&B&E5I=&,9! /0/!
O3J3J! 8:E=5,!*CD:6DE9D?&S'!8;'9&=!$;,:=(6'! /0f!
O3J3X! TB5ED9(5,!5<!8:E=5,!*CD:6DE9D?&S'!8;'9&=!$;,:=(6'! /OX!
O3J30! %&6#,5E5-;!*45I9(5,!"&?9D?H:9(5,'!.%:'=:,(:,!F,4D'9?;!P:'&!89D4;2! /O_!

b;\! >%94799%,&( OZY!

b;P! C,&4879%,&( O[N!

CX0KHD=(Z/! TX0H(>RD!(FH(0QQ(AD0Ge( O[O!

Z;O! =*9*#14)(C,&"*V"( O[Y!

Z;M! =*9*#14)(0BB8%4#"%,&( O[P!
_3M3/! *IIE(6:9(5,!5<!9#&!$&6('(5,!8DII5?9!Z?:=&@5?A! /f0!
_3M3M! R?5@5D9!%&6#,5E5-;!8&E&69(5,!89:9&=&,9'! /f_!

Z;Y! =*-8*4"%&'(,&(")*(F.B#4"(,-(")*(=*9*#14)( O[]!

Z;\! E7"71*(=*9*#14)(>%1*4"%,&9( O]O!

Z;P! C,&487+%&'(=*.#139( O]M!



89:;(,-!:#&:4!5<!9#&!-:=&>!!*!<?:=&@5?A!<5?!&<<&69(B&!:CD:6DE9D?&!4&6('(5,)=:A(,-!
P5,9&,9'!

! ! ! !!
!

7((!

CX0KHD=([/! 0KKDG>FCD!( O]Y!

*II&,4(7!/*!k!P:'&!89D4;>!%#&!*9E:,9(6!8:E=5,!F,4D'9?;!(,!%:'=:,(:! /10!
*II&,4(7!M*!k!Q&CD&'9!<5?!":?9(6(I:9(5,!.T7:=IE&2! MK/!
*II&,4(7!MU!k!a('(9!P5,<(?=:9(5,!.T7:=IE&2! MKM!
*II&,4(7!MP!k!T7:=IE&!8(9D:9(5,:E!*,:E;'('!F,9&?B(&@!"?5<5?=:! MKJ!
*II&,4(7!M$!k!T7:=IE&!8(9D:9(5,:E!*,:E;'('!F,9&?B(&@!Q&65?4!8#&&9! MKX!
*II&,4(7!MT!k!P5D,9?;!P:'&!89D4(&'!Z(&E4@5?A!P5=I:,(&'!:,4!N?-:,(':9(5,'!Q&<&?&,6&4!(,!
9#&!P5D,9?;!:,4!%&6#,5E5-;!P:'&)'9D4(&'! MKO!
*II&,4(7!MZ!k!P5D,9?;!P:'&!89D4(&'! MK_!
*II&,4(7!J*!k!*9E:,9(6!8:E=5,!R?5@5D9!"?54D69(5,!T7I:,'(5,!NI9(5,'! M/f!
*II&,4(7!JU!k!%&6#,5E5-;!P:'&)89D4;!*-?(]:?(,&!ZPP! MMX!
*II&,4(7!JP!k!%&6#,5E5-;!P:'&)89D4;!*9E:,9(6!8:II#(?&!Q*8! MMO!
*II&,4(7!J$!k!%&6#,5E5-;!P:'&)89D4;!*CD:$5=&!ZPP! MM1!
*II&,4(7!JT!!k!%&6#,5E5-;!P:'&)89D4;!P55A&!*CD:6DE9D?&S'!F]%*! MJ/!
*II&,4(7!JZ!k!%&6#,5E5-;!P:'&)89D4;!R:E@:;!U:;!$&&I!8&:!$&B&E5I=&,9! MJJ!
*II&,4(7!JR!k!%&6#,5E5-;!P:'&)89D4;!F'E&!5<!U:??:!W(-#)T,&?-;!8(9&! MJ0!
*II&,4(7!JW!k!%&6#,5E5-;!P:'&)89D4;!V:=-('!Q*8!"?5\&69! MJ_!
*II&,4(7!JF!!k!%&6#,5E5-;!P:'&)89D4;!8T*<554!8;'9&=!F]%*! MJ1!
*II&,4(7!J^!k!T7:=IE&!%&6#,(6:E!F,9&?B(&@!"?5<5?=:! MX/!
*II&,4(7!J+!k!T7:=IE&!%&6#,(6:E!F,9&?B(&@!Q&65?4!8#&&9! MXM!
*II&,4(7!J[!)!%&6#,5E5-;!8&E&69(5,!P#:EE&,-&'!:,4!Q('A'!F4&,9(<(&4!(,!9#&!$:9:!R:9#&?(,-!
Z(&E4@5?A3! ! MXJ!
*II&,4(7!X*!k!$&9&?=(,('9(6!*,:E;'('!Q&'DE9'! MX_!
*II&,4(7!XU!k!8956#:'9(6!*,:E;'('!Q&'DE9'! M0/!
*II&,4(7!XP!k!R?5@9#!]54&E'! M00!
*II&,4(7!0*!k!":?9(6(I:,9S'!U?(&<(,-!8#&&9! M01!
*II&,4(7!0P!k!86&,:?(5!V:??:9(B&!Z&&4H:6A!Z5?=! MOM!
*II&,4(7!O*!k!R&,&?(6!*CD:6DE9D?&!"?54D69(5,!8(-,&4!$(-?:I#!]54&E! MO0!

CX0KHD=(]/! =DED=DGCD!( MbZ!

( (



89:;(,-!:#&:4!5<!9#&!-:=&>!!*!<?:=&@5?A!<5?!&<<&69(B&!:CD:6DE9D?&!4&6('(5,)=:A(,-!
[('9!5<!Z(-D?&'!:,4!%:HE&'!

! ! ! !!
!

7(((!

QF!H(RE(EFUL=D!(0G>(H0@QD!(

E%'71*9!

Z(-D?&!/3/! L,6&?9:(,! :,4! I?&4&9&?=(,&4! &E&=&,9'! 5<! 4&6('(5,)9(=&! #5?(l5,!!
.:4:I9&4!<?5=!a:,!4&?!W&(\4&,!MK//23! O!

Z(-D?&!M3/>! "?(,6(I:E! 4?(B&?'! :,4! 9?&,4'! :69(,-! 5,! 9#&! HD'(,&''! &,B(?5,=&,9! 5<! 9#&!
-E5H:E!*9E:,9(6!':E=5,!:CD:6DE9D?&!(,4D'9?;3! /1!

Z(-D?&!M3M>! Q&E:9(B&! ?:,A(,-! 5<! 9#&! 95I! 4?(B&?'! 9#:9! I:?9(6(I:,9'! *%+,-.! 65,'(4&?&4!
@5DE4! (,<ED&,6&! 9#&! <D9D?&! 4&B&E5I=&,9! 5<! 9#&! *9E:,9(6! ':E=5,!
:CD:6DE9D?&!(,4D'9?;G!6:9&-5?('&4!H;!65D,9?;!.:,4!?&-(5,2G!:,4!-?5DI&4!H;!
"T8%T[!<:695?3! MJ!

Z(-D?&!M3J>! "?(,6(I:E! (,9&?,:E! 6#:?:69&?('9(6'! 5<! 9#&! (,4D'9?;! .'9?&,-9#'! :,4!
@&:A,&''&'2! :,4! &79&?,:E! .5II5?9D,(9(&'! :,4! 9#?&:9'2! HD'(,&''!
&,B(?5,=&,9!<:695?'!@(9#!9#&!I59&,9(:E!95!(,<ED&,6&!&7I:,'(5,!5<!*9E:,9(6!
':E=5,! :CD:6DE9D?&! (,! *D'9?:E(:! .%:'=:,(:2G! :'! (4&,9(<(&4! (,! 4('6D''(5,'!
@(9#!9#&!%:'=:,(:,!:CD:6DE9D?&!(,4D'9?;!:,4!?&-DE:95?'3! MX!

Z(-D?&!M3X>! "?5H:HE&!4(?&69(5,!5<!-?5@5D9!9&6#,5E5-;!:45I9(5,!<5?!&7I:,'(5,G!4&?(B&4!
<?5=! 9#&! 65D,9?;! '9D4(&'3! ! %#&! E&,-9#! 5<! :??5@'! ?&<E&69(,-! 9#&! ?&E:9(B&!
'9?&,-9#!:,4!H&:?(,-!5<!9#&!95I!9@5!5?!9#?&&!"T8%T[!."5E(9(6:EG!T65,5=(6G!
856(:EG!%&6#,(6:EG!T,B(?5,=&,9:E!:,4![&-:E2!4?(B&?'G!<?5=!Z(-D?&!M3M3! MO!

Z(-D?&!J3/>! 86#&=:9(6!?&I?&'&,9:9(5,!5<!9#&!(,9&?)?&E:9&4!65=I5,&,9'!(,B5EB&4!(,!9#&!
'&E&69(5,!5<!9#&!:II?5I?(:9&!I?54D69(5,!9&6#,5E5-;3! JO!

Z(-D?&!J3M>! %&6#,5E5-;!'&E&69(5,!<?:=&@5?A!:45I9&4! (,!9#('!?&'&:?6#G! (EED'9?:9(,-!9#&!
#(&?:?6#;! 5<! 9#&! 4&6('(5,! I?56&''G! :,4! 9#&! 4:9:! 65EE&69(5,! :,4! :,:E;'&'3!!
"T8%T[! :,:E;'('! k! I5E(9(6:EG! &65,5=(6G! '56(&9:EG! 9&6#,(6:EG! &,B(?5,=&,9:E!
:,4! E&-:E3! ! 8eN%! :,:E;'('! k! '9?&,-9#'G! @&:A,&''&'G! 5II5?9D,(9(&'! :,4!
9#?&:9'3!!Q*R!'6?&&,(,-!k!Q&4G!*=H&?!:,4!R?&&,!'9:9D'3! XM!

Z(-D?&!J3J>!!!R?5@5D9!9&6#,5E5-;!'6?&&,(,-!)!Q*R!.Q&4G!*=H&?G!R?&&,2!:''&''=&,9!5<!
&(-#9!:E9&?,:9(B&!I?54D69(5,!'6&,:?(5'!:-:(,'9!'&B&,!'&E&69(5,!6?(9&?(:!(,!:!
%:'=:,(:,!P:'&!89D4;!5I&?:9(,-!&,B(?5,=&,93! 0M!

Z(-D?&!X3/>!! Q*8!I?54D69(5,!':E=5,!5,-?5@(,-!6;6E&!=54&EE&43! O1!
Z(-D?&!X3M>! "?54D69(5,!I?5<(E&'!.m&:?'!/!k!J2!D'&4!@(9#(,!9#&!&65,5=(6!=54&EE(,-3! _K!
Z(-D?&!X3J>! P5=I:?('5,!5<!9#&!I?(,6(I:E! <(,:,6(:E!I&?<5?=:,6&! (,4(6:95?'! <5?!9#&!<5D?!

9&6#,5E5-(&'!<?5=!9#&!4&9&?=(,('9(6!=54&EE(,-3!!V&9!(,65=&!(,6ED4(,-!4&H9!
:,4! @5?A(,-! 6:I(9:E! (,9&?&'93! ! V"a! 6:E6DE:9&4! :! /0! ;&:?! I&?(54G! _n!
4('65D,9!<:695?3! fJ!



89:;(,-!:#&:4!5<!9#&!-:=&>!!*!<?:=&@5?A!<5?!&<<&69(B&!:CD:6DE9D?&!4&6('(5,)=:A(,-!
[('9!5<!Z(-D?&'!:,4!%:HE&'!

! ! ! !!
!

7(B!

Z(-D?&!X3X>! P5=I:?('5,!5<!(,(9(:E!6:I(9:E!(,B&'9=&,9!<5?!9#&!I?54D69(5,!'6&,:?(5'!@(9#!
I?5H:H(E(9;!4('9?(HD9(5,'!<5?!&:6#!5<!9#&!:E9&?,:9(B&'3! fX!

Z(-D?&!X30>! NB&?E:II(,-! m&:?! J! 65'9! 5<! I?54D69(5,! 4('9?(HD9(5,'! <5?! 9#&! I?54D69(5,!
'6&,:?(5'3! f_!

Z(-D?&!X3O>! "?5H:H(E(9;! 'I?&:4!5<! 9#(?4! ;&:?!,&9! (,65=&! <5?! 9#&!I?54D69(5,! '6&,:?(5'!
'#5@(,-!&79?&=&!".02!:,4!".102!B:ED&'!<5?!"8/!:,4!"8M3! ff!

Z(-D?&!X3_>! P5=I:?('5,! 5<! ,&9! I?&'&,9! B:ED&! *-/! 012345%6! 7$36489! :;! <8=! >)8140.!
4('9?(HD9(5,'!<5?!9#&!:E9&?,:9(B&!I?54D69(5,!'6&,:?(5'!(EED'9?:9(,-!:!*Lo/KK!
=(EE(5,!?:,-&!H&9@&&,!"8/!."02!:,4!"8M!."102!I?5\&69(5,'3! f1!

Z(-D?&!X3f>! %#&! (=I:69!5<!*=5&H(6!R(EE!$('&:'&!5,!'&:)I&,!65'9!5<!I?54D69(5,! .PN"2!
I?5\&69(5,'3! 1K!

Z(-D?&!X31>! 8&,'(9(B(9;! 5<! '9&:4;! '9:9&! .m&:?! J2! ,&9! (,65=&! 95! 9#&! (=I:69! 5<! 5,&)5<<!
&B&,9'3! 1M!

Z(-D?&!X3/K>!F,<ED&,6&!5<! 9#&!:''&''&4! ?('A!I?&=(D=! .9#?5D-#!4('65D,9! ?:9&! '&E&69(5,2!
5,!6:E6DE:9&4!E5,-)9&?=!V"a!(,B&'9=&,9!?&9D?,'3! 1X!

Z(-D?&!X3//>!!*9E:,9(6! ':E=5,! Q*8! 6:I(9:E! 65'9'! .*Lo2! I&?! A-! I?54D69(5,! 6:I:6(9;G! <5?!
I?&B(5D'!&65,5=(6! '9D4(&'G! I?&'&,9:9(5,'! :,4! (,4D'9?;!4:9:G! :,4! <5?! 9#&!
6D??&,9!'9D4;3! 1O!

Z(-D?&!X3/M>!P5=I:?('5,!5<! 65'9!5<!*9E:,9(6! ':E=5,!I?54D69(5,! .*LopA-2! )! 9:A&,! <?5=!
&65,5=(6!'9D4(&'G!I?&'&,9:9(5,'G! (,4D'9?;!4:9:!:,4!I&?'3!65==3!'5D?6&'3!!
$599&4!E(,&'!(,4(6:9&!65=I:?:9(B&!-?5DI(,-'!H;!-?5@5D9!9&6#,5E5-;!9;I&G!
&76ED4(,-!%:'=:,(:,!*R$!4:9:!I5(,9'3! 1_!

Z(-D?&!03/>! ND9E(,&! 5<! 4:9:! 65EE&69(5,! :,4! <&&4H:6A! 95! 9#&! I:?9(6(I:,9'! 4D?(,-! 9#&!
9#?&&!(9&?:9(B&!?5D,4'!5<!9#&!$&EI#(!P5,9&79!'6&,:?(5!?&'&:?6#3! //M!

Z(-D?&!03M>!! Q:,A(,-!5<!9#&!E(A&E(#554!<5?!&:6#!5<!9#&!Q*8!,:??:9(B&!'6&,:?(5'!5B&?!&:6#!
5<!9#?&&!9(=&<?:=&'!.MK/0)MKMKG!MKMK)MKM0!:,4!MKM0)MKJK2!:'!(4&,9(<(&4!
H;!Q5D,4!J!I:?9(6(I:,9'!.%+JK23! /MO!

Z(-D?&!03J>! Q5D,4!J!(,9&?B(&@!I:?9(6(I:,9S'!.%+JK2!:''&''=&,9!5<!9#&!E(A&E(#554!.E(A&E;!
:,4! B&?;! E(A&E;! ?:9(,-'! 65=H(,&42! 5<! Q*8! 9&6#,5E5-;! H&(,-! :45I9&4! H;!
MKJK!<5?!9#&!-?5@5D9!5<!*9E:,9(6!':E=5,!<5?!&:6#!5<!9#&!<5D?!'6&,:?(5'3! /M_!

Z(-D?&!03X>!! P5??&E:9(5,! 5<! *D'9?:E(:,! .Y2! :,4! Q&'9! 5<! e5?E4! .!2! I:?9(6(I:,9S'! .%+JK2!
:''&''=&,9! 5<! 9#&! 6#:,-&! <:695?'S! (,<ED&,6&! 5,! :45I9(5,! 5<! E:,4)H:'&4!
Q*8!<5?!9#&!-?5@5D9!5<!*9E:,9(6!':E=5,3!!$:9:!I5(,9'!\5(,&4!95!:''('9!B('D:E!
(,9&?I?&9:9(5,3! /J/!

Z(-D?&!030>!! P5??&E:9(5,! H&9@&&,! ]:,:-&?S'! ."2! :,4! T7&6D9(B&! 5?! $(?&695?S'! .#2!
:''&''=&,9!5<!9#&!6#:,-&!<:695?'!(,<ED&,6&!5,!:45I9(5,!5<!E:,4)H:'&4!Q*8!



89:;(,-!:#&:4!5<!9#&!-:=&>!!*!<?:=&@5?A!<5?!&<<&69(B&!:CD:6DE9D?&!4&6('(5,)=:A(,-!
[('9!5<!Z(-D?&'!:,4!%:HE&'!

! ! ! !!
!

7B!

<5?! 9#&! -?5@5D9! 5<! *9E:,9(6! ':E=5,3! ! $:9:! I5(,9'! \5(,&4! 95! :''('9! B('D:E!
(,9&?I?&9:9(5,3! /JM!

Z(-D?&!O3/>!! *! '9;E('&4! &7:=IE&! 5<! 8(-,&4! 4(-?:I#! :,4! cP5==D,(9;S! =:9?(7!
?&I?&'&,9:9(5,'!<5?!:CD:6DE9D?&!&,B(?5,=&,9:E!?&-DE:9(5,3!!"5'(9(B&!4(?&69!
&<<&69'!:?&!'#5@,!H;!:??5@'!.5?!q/!(,!=:9?(72G!:,4!,&-:9(B&!4(?&69!&<<&69'!
H;! E(,&'! &,4(,-! (,! :! 6(?6E&! .5?! )/23! ! ! 8&E<)&<<&69'! :?&! 4&I(69&4! H;! E(,&'!
?&9D?,(,-!95!9#&!'5D?6&!B:?(:HE&G!@#(6#!=:;!H&!&(9#&?!I5'(9(B&!5?!,&-:9(B&3!
"&?9D?H:9(5,'! .(,6?&:'&'2! 566D?! 45@,! 9#&! =:9?(7! 65ED=,'G! @#(E'9!
?&'I5,'&'!.I?&4(69(5,'2!95!I&?9D?H:9(5,'!:?&!?&:4!:6?5''!?5@'3! /Xf!

Z(-D?&!O3M>! P5==D,(9;!:,4!*4\5(,9!=:9?(7! ?&I?&'&,9:9(5,'!5<! <5D?!B:?(:HE&'!@(9#(,!:!
/X! B:?(:HE&! ';'9&=! .4&I(69&4! (,! *II&,4(7! O*23! ! %#&! P5==D,(9;! =:9?(7!
(4&,9(<(&'! 9#&! 4(?&69! (,9&?:69(5,'! H&9@&&,! 9#&! B:?(:HE&'3! ! %#&! *4\5(,9!
=:9?(7! '#5@'! 9#&!4(?&69(5,!5<!6#:,-&! .(,6?&:'&!5?!4&6?&:'&2!:,4! 9#&!,&9!
,D=H&?! 5<! &<<&69'! .4(?&69! :,4! (,4(?&692! 9#:9! 65,9?(HD9&! 95! :! B:?(:HE&S'!
?&'I5,'&3! /X1!

Z(-D?&!O3J>! %#&! B:?(5D'! E&B&E'! 5<! ';'9&=! '9:H(E(9;! :2! (EED'9?:9(,-! :! '9:HE&! ';'9&=G!
45=(,:9&4!H;!,&-:9(B&!<&&4H:6A!6;6E&'d!H2!:,!D,'9:HE&!PE:''!/!65,4(9(5,:E!
';'9&=!45=(,:9&4!H;!I5'(9(B&!<&&4H:6A!6;6E&'!:,4!62!:,!D,'9:HE&!PE:''!M!
';'9&=!45=(,:9&4!H;!#(-#&?!E&B&E!<&&4H:6A!5'6(EE:95?;!H&#:B(5D?3! /0K!

Z(-D?&!O3X>! ](,4)=:I! ?&I?&'&,9:9(5,!5<! 9#&!=:6?5!:,4!=(6?5!HD'(,&''!&,B(?5,=&,9!
<:695?'G!9?&,4'!:,4!4?(B&?'!.-?5DI&4!H;!"T8%T[2!5I&?:9(,-!5,!9#&!*9E:,9(6!
':E=5,!F,4D'9?;3!!%#&!?&I?&'&,9:9(5,!<5?=&4!9#&!H:'('!<5?!65,'9?D69(5,!5<!
9#&!'(-,&4!4(-?:I#!=54&E'3! /0M!

Z(-D?&!O30>! P5?&! '(-,&4! 4(-?:I#! ]54&E! *>! :! -&,&?(6! ':E=5,! :CD:6DE9D?&! HD'(,&''!
&,B(?5,=&,9G!@(9#!?&-DE:9(5,G!&65,5=(6!:,4!'DIIE;!'DH)'&695?'!(4&,9(<(&43!!
T:6#!5<!9#&!/X!B:?(:HE&'!('!?&I?&'&,9&4!H;!:!-?&;!6(?6E&G!E(,A'!&,4(,-!('!:,!
:??5@!4&,59&!:!I5'(9(B&!4(?&69!&<<&69! <?5=!5,&!B:?(:HE&! 95!:,59#&?G! E(,A'!
&,4(,-! (,! :! <(EE&4! 6(?6E&! 4&,59&! :! ,&-:9(B&! 4(?&69! &<<&69G! :,4! :! E(,A!
65,,&69(,-!:!B:?(:HE&!95!(9'&E<!4&,59&'!:!'&E<)&<<&693!!*EE!6#:,-&'!:?&!<?5=!:!
I5'(9(B&!(,ID9!95!9#&!B:?(:HE&'G!:,4!:?&!4&'6?(H&4!(,!%:HE&!O3J3! /00!

Z(-D?&!O3O>! 8(-,! 4(-?:I#! ]54&E! U! 5<! *9E:,9(6! ':E=5,! :CD:6DE9D?&! I?54D69(5,!
r%:'=:,(:,! P:'&! 89D4;s3! ! Q&<E&69(,-! ?&=5B:E! .-?&;&4! 5D92! 5<! 9#&!
65==&?6(:E!<('#&?(&'!65,9?(HD9(5,!.Z(2!:,4!9#&!:B:(E:H(E(9;!5<!(=I5?9'!.F=I2!
(,!9#&!45=&'9(6!=:?A&9!IE:6&3!!*EE!6#:,-&'!:?&!<?5=!:!I5'(9(B&!(,ID9!95!9#&!
B:?(:HE&'3! /0_!

Z(-D?&!O3_>! "?(,6(I:E! :CD:6DE9D?&! I?54D69(5,! ?&-DE:9(5,! =&6#:,('='3! ! 8I:9(:E!
?&-DE:9(5,!5I&?:9&'!9#?5D-#!(,6?&:'&4!I?54D69(5,!?&4D6(,-!9#&!:B:(E:H(E(9;!
5<! '(9&'! <5?! &7I:,'(5,3! ! W&(-#9&,&4! &,B(?5,=&,9:E! .H(5E5-(6:E2! E5:4(,-'!
(=I:?9!:!?&-DE:95?;!?&'I5,'&d!:,4!'56(&9:E!65,6&?,'!(,4D6&!:!9(-#9&,(,-!5<!
I?54D69(5,!?&-DE:9(5,'!9#?5D-#!I5E(9(6:E!(,9&?:69(5,3! /01!



89:;(,-!:#&:4!5<!9#&!-:=&>!!*!<?:=&@5?A!<5?!&<<&69(B&!:CD:6DE9D?&!4&6('(5,)=:A(,-!
[('9!5<!Z(-D?&'!:,4!%:HE&'!

! ! ! !!
!

7B(!

Z(-D?&!O3f>! T7I:,4&4!=54&E!5<! 9#&!P5'9!5<!"?54D69(5,!.PN"2! (EED'9?:9(,-!9#&!:H'&,6&!
5<!<&&4H:6A!E55I'!:,4!9#&!E(,&:?(9;!5<!9#&!'DH)';'9&=3!!%#&!=54&E!(,6ED4&'!
5I&?:9(5,:E! .N"TY2!:,4!6:I(9:E! .P*"TY2!6:9&-5?(&'!5<!Z(,:,6(:E!P5'9'! .ZP2!
:,4!9#&!<554!65,B&?'(5,G!=5?9:E(9;!:,4!-?5@9#!I&?<5?=:,6&!65,'9(9D&,9'!
5<!"?54D69(5,!T<<(6(&,6;! ."T23! ![(,A'!&,4(,-! ('!:,!:??5@!4&,59&!:!I5'(9(B&!
4(?&69! &<<&69! <?5=! 5,&! B:?(:HE&! 95! :,59#&?G! E(,A'! &,4(,-! (,! :! <(EE&4! 6(?6E&!
4&,59&!:!,&-:9(B&!4(?&69!&<<&69G!:,4!:! E(,A!65,,&69(,-!:!B:?(:HE&! 95! (9'&E<!
4&,59&'! :! '&E<)&<<&693! ! *! 'CD:?&! :,,59:9&4!@(9#! :! qp)! 45,:9&'! :,! &<<&69!
9#:9!6:,!H&!&(9#&?!I5'(9(B&!5?!,&-:9(B&!4&I&,4(,-!5,!6&?9:(,!65,4(9(5,'!.5?!
:!9(II(,-!I5(,923!!*EE!6#:,-&'!:?&!<?5=!:!I5'(9(B&!(,ID9!95!9#&!B:?(:HE&'3! /O/!

Z(-D?&!O31>! 8(-,&4!4(-?:I#!=54&E'!4&I(69(,-!(,6?&:'(,-!';'9&=!65=IE&7(9;!5<!*9E:,9(6!
':E=5,!:CD:6DE9D?&!I?54D69(5,!@(9#(,!:!?&-(5,!5?!65D,9?;!:'!:,! (,4D'9?;!
=:9D?&'3!TB5ED9(5,:?;!4(?&69!&<<&69'!:?&!#(-#E(-#9&4!(,!HE:6AG!:!4599&4!E(,&!
(,4(6:9(,-!5I9(5,:E!4&B&E5I=&,9'3! /OO!

Z(-D?&!O3/K>!8(-,&4! 4(-?:I#! ?&I?&'&,9:9(5,! 5<! :! '(=DE9:,&5D'! I&?9D?H:9(5,! 95!
%:'=:,(:,! :CD:6DE9D?&! I?54D69(5,! 9#?5D-#! :45I9(,-! :,! N<<'#5?&! .NZZ2!
&7I:,'(5,! '9?:9&-;3!%#&!4(?&69!&<<&69!5,!&,B(?5,=&,9:E! E5:4(,-'! .T,B[52G!
4&I(69&4!H;!9#&!4:'#&4)E(,&G!@:'!&B:ED:9&4!(,!I&?9D?H:9(5,!'6&,:?(5!FG!:,4!
&76ED4&4! (,! '6&,:?(5'! FF! :,4! FFF! .%:HE&! O3O2G! :,4! 9#&! ,&-:9(B&! 'I:9(:E!
65,'9?:(,9!.8I!P5,2!E(,A!5=(99&4!(,!'6&,:?(5!FFF3! /Of!

Z(-D?&!O3//>!8(-,&4! 4(-?:I#! ?&I?&'&,9:9(5,! 5<! :! '(=DE9:,&5D'! I&?9D?H:9(5,! 95!
%:'=:,(:,!:CD:6DE9D?&!I?54D69(5,! 9#?5D-#!:45I9(,-!:,! F]%*!&7I:,'(5,!
'9?:9&-;3! ! %#&! 4:'#&4)E(,&4! ?&<&?'! 95! 4(?&69! &<<&69'! 5,! I?54D69(5,!
&<<(6(&,6;!."T23!!*!<(,:,6(:E!65'9!.ZP2!I&?9D?H:9(5,!@:'!(,6ED4&4!(,!'6&,:?(5!
Fa!:,4!&76ED4&4!(,!aG!%:HE&!O3O3! /O1!

Z(-D?&!O3/M>!8(-,&4! 4(-?:I#! =54&E! 5<! :! '(=DE9:,&5D'! I&?9D?H:9(5,! 95! %:'=:,(:,!
:CD:6DE9D?&! I?54D69(5,! 9#?5D-#! :45I9(,-! E:,4)H:'&4! Q*83! ! %#&! 4(?&69!
&<<&69!5,!&,B(?5,=&,9:E!E5:4(,-'!.T,B[52!@:'!&B:ED:9&4!(,!'6&,:?(5!aF!:,4!
9#&! D,6&?9:(,9;! :''56(:9&4! @(9#! 5H9:(,(,-! :! '56(:E! E(6&,6&! 95! 5I&?:9&! (,!
'6&,:?(5'!aFFG!aFFF!:,4!FY!.%:HE&!O3O23! /_K!

Z(-D?&!O3/J>!P5=I(E&4! I&?9D?H:9(5,! ?&'I5,'&'! <?5=! 9#&! '6&,:?(5! *4\5(,9! =:9?(6&'! 5<!
9#&!65=I:?:9(B&!'9?&,-9#!5<!9#&!9?:,'=(99&4!4(?&69!:,4!(,4(?&69!<&&4H:6A!
6;6E&'! <?5=! ?D,,(,-! 9#&! *9E:,9(6! ':E=5,! ]54&E! U! r%:'=:,(:,! F,4D'9?;!
P:'&! 89D4;s! @(9#! :E9&?,:9(B&! 9&6#,5E5-;! :45I9(5,! 5I9(5,'! :,4! D,4&?!
'I&6(<(&4!I&?9D?H:9(5,'!.Z(-D?&'!O3/K!95!O3/MG!:,4!%:HE&!O3O23! /_M!

Z(-D?&!O3/X>!8(-,&4! 4(-?:I#! 'DH)=54&E'! (EED'9?:9(,-! I59&,9(:E! (,9&?:69(5,'! H&9@&&,!
4&=:,4!.$&=2!:,4!'56(:E!E(6&,'&!6#:EE&,-&!.8[P2!9#?5D-#!I5IDE:9(5,!."5I2!
:,4! I&?)6:I(9:! ."&?! P:I2! 4?(B&,! (,6?&:'&'! (,! 4&=:,43! 8DH)=54&E! *G!
?&I?&'&,9'!@#&?&!,5!'56(&9:E!65,6&?,'!=:9&?(:E('&!:'!I5IDE:9(5,!:,4!I&?!
6:I(9:!65,'D=I9(5,!-?5@3!!8DH)=54&E!U!'6&,:?(5!('!@#&?&!?('(,-!I&?!6:I(9:!



89:;(,-!:#&:4!5<!9#&!-:=&>!!*!<?:=&@5?A!<5?!&<<&69(B&!:CD:6DE9D?&!4&6('(5,)=:A(,-!
[('9!5<!Z(-D?&'!:,4!%:HE&'!

! ! ! !!
!

7B((!

65,'D=I9(5,G! 4?(B&,! H;! :,! (,6?&:'(,-! :<<ED&,9! 65,'D=&?! H:'&G! ('!
:665=I:,(&4!@(9#! #&(-#9&,&4! 65,6&?,'! 5B&?! 9#&! (=I:69! 5<! :CD:6DE9D?&d!
#5@&B&?!9#&?&!('!.:'!;&92!,5!(=I:69!5,!4&=:,43!!F,!'DH)=54&E!P!4&=:,4!
-?5@9#!4?(B&,!H;! :,! :-(,-!I5IDE:9(5,! ('! :665=I:,(&4!H;! :! ?('&! (,! '56(:E!
E(6&,'&!6#:EE&,-&'G!@#(6#!(,!9D?,!:69'!95!?&4D6&!4&=:,43! /_X!

Z(-D?&!_3/>! Q&I?&'&,9:9(5,! 5<! 9#&! 9:?-&9&4! :,:E;9(6:E! :II?5:6#&'! &7IE5?&4! (,! 9#('!
9#&'('G! (EED'9?:9(,-! 9#&! I59&,9(:E! <(9! :-:(,'9! 9:69(6:E! :,4! '9?:9&-(6! 4&6('(5,!
9(=&!#5?(l5,'3! /fX!

Z(-D?&!_3M>! %#&!4(=&,'(5,'!5<!'D'9:(,:H(E(9;!(,!':E=5,!-?5@5D9!9&6#,5E5-;!'&E&69(5,3! /1K!
Z(-D?&!f3/>!! %:'=:,(:,!<:?=&4!':E=5,(4!I?54D69(5,!MKKJ!k!MK/J3! /10!
Z(-D?&!f3M>! 8:E=5,! <:?=(,-! =:?(,&! -?5@5D9! '(9&'! (,! %:'=:,(:! .Z&H?D:?;! MK/J2!

'#5@(,-!9#&!,D=H&?!5<! E&:'&'G! E&:'&4!:6?&:-&!.#&69:?&'2!:,4!I&?6&,9:-&!
5<!9#&!959:E!E&:'&4!:?&:3! /1O!

Z(-D?&!f3J>! P5=I:?('5,!5<!(,9&?,:9(5,:E!*9E:,9(6!':E=5,!I?54D6&?S'!'&:@:9&?!-?5@5D9!
I#:'&!@:9&?!9&=I&?:9D?&'!(EED'9?:9(,-!%:'=:,(:S'!#(-#&?!9&=I&?:9D?&'3! /1_!

Z(-D?&!f3X>! P5=I:?('5,! H&9@&&,! *D'9?:E(:,! @(E4! 6:D-#9! :,4! :CD:6DE9D?&! 95,,:-&'!
MKKJ! k! MK/J! '#5@(,-! (,6?&:'(,-! :CD:6DE9D?&! '#:?&! :,4! 4&6E(,(,-! @(E4!
6:96#3! /1f!

Z(-D?&!f30>! P5=I:?('5,!5<! 9#&!*9E:,9(6! ':E=5,!=:?A&9! (,!*D'9?:E(:3!$5=&'9(6!=:?A&9!
:,4!(=I5?9!B5ED=&'!.95,,&'2G!MKKf!)MK/J3! /11!

Z(-D?&!f3O>! *D'9?:E(:,! 45=&'9(6! :,4! &7I5?9! =:?A&9! .95,,&'2! <5?! %:'=:,(:,! *9E:,9(6!
':E=5,!':E&'!MKKf!k!MK/J3! MKK!

Z(-D?&!f3_>! %#&! I?(,6(IE&! 5<! &79?:69(B&! :CD:6DE9D?&! :''56(:9&4! @(9#! ':E=5,!
:CD:6DE9D?&!'&:)I&,'3! MMJ!

Z(-D?&!f3f>! *-?(]:?(,&!8;'9&=!NB&?B(&@3! MM0!
Z(-D?&!f31>! [:,-'9:,![:A'!*9E:,9(6!8:E=5,!R?5@5D9!8;'9&=!:,4!"?54D69(5,!ZE5@3! MM_!
Z(-D?&!f3/K>!*CD:45=&!"?5959;I&!ZE5:9(,-!PE5'&4!P5,9:(,=&,9!8;'9&=3! MM1!
Z(-D?&!f3//>![:;5D9!5<!P55A&!*CD:6DE9D?&S'!Z?(:?S'!W&:4!F]%*!8(9&3! MJ/!
Z(-D?&!f3/M>!Z?(:?S'!W&:4!]D''&E!:,4!]:6?5:E-:&!PDE9D?&3! MJM!
Z(-D?&!f3/J>!$&&I! 8&:! '(9&'! I?5I5'&4! @(9#(,! 9#&! F?('#! Z('#&?(&'! U5:?4! R:E@:;! U:;!

4&B&E5I=&,93! MJJ!
Z(-D?&!f3/X>!]:?(,&!W:?B&'9!8659E:,4S'!W&EE(':;!'(9&3! MJ0!
Z(-D?&!f3/0>!V:=-('!Q*8!Z:6(E(9;!]54DE&!$&'(-,3! MJf!
Z(-D?&!f3/O>!8T*<554! 8;'9&=! FEED'9?:9(B&! P5,<(-D?:9(5,! :,4! 8I&6(&'! 8I:9(:E!

Q&E:9(5,'#(I3! MJ1!



89:;(,-!:#&:4!5<!9#&!-:=&>!!*!<?:=&@5?A!<5?!&<<&69(B&!:CD:6DE9D?&!4&6('(5,)=:A(,-!
[('9!5<!Z(-D?&'!:,4!%:HE&'!

! ! ! !!
!

7B(((!

H#I8*9(

%:HE&!/3/>! ]:\5?!?&'&:?6#!:(='!:,4!#5@!9#&!9#&'('!6#:I9&?'!?&E:9&!95!9#&=3! _!
%:HE&!M3/>! VD=H&?'! 5<! 9#&! (,4(B(4D:E! I:?9(6(I:,9'! @#5! 955A! I:?9! (,! 9#&! '(9D:9(5,:E!

:,:E;'('!4:9:!65EE&69(5,!(,9&?B(&@'!)!HD'(,&''!&,B(?5,=&,9!.P#:I9&?!M2!:,4!
9&6#,5E5-;!'&E&69(5,! .P#:I9&?!J2! )! '#5@(,-!:!H?&:A45@,!5<! 9#&!I?(,6(I:E!
<56D'!5<! 9#&!4('6D''(5,G!5?-:,(':9(5,:E!6:9&-5?;G!65D,9?;G!:,4!I5'(9(5,!5?!
E&B&E3! /_!

%:HE&!M3M>! P5=I:?('5,! 5<! 9#&! I?(,6(I:E! "T8%T[! <:695?'! :<<&69(,-! *9E:,9(6! ':E=5,!
I?54D69(5,!4&B&E5I=&,9!(,!<(B&!(,9&?,:9(5,:EE;!4('9(,69!<:?=(,-!?&-(5,'!:'!
(4&,9(<(&4!(,!9#&!65D,9?;!'9D4(&'!.*II&,4(7!MZ23! M/!

%:HE&!M3J>! ":?9(6(I:,9'! *%+,-9! UD'(,&''! T,B(?5,=&,9! <56D'&4! (,9&?B(&@&&'.! ?:,A(,-!
5<!9#&!95I!9#?&&!"T8%T[!4?(B&?'!9#:9!9#&;!65,'(4&?&4!@5DE4!(,<ED&,6&!9#&!
<D9D?&!4&B&E5I=&,9!5<!9#&!*9E:,9(6!':E=5,!:CD:6DE9D?&!(,4D'9?;3! MM!

%:HE&!J3/>! "?54D69(5,!9&6#,5E5-;!6:'&)'9D4(&'!'&E&69&4!95!B('(9!:,4!(,9&?B(&@!<5?!9#('!
?&'&:?6#! .ZPP! )! ZE5:9(,-! PE5'&4! P5,9:(,=&,9G! Q*8! )! Q&6(?6DE:9(,-!
*CD:6DE9D?&!8;'9&='G!F]%*!k!F,9&-?:9&4!]DE9()%?5I#(6!*CD:6DE9D?&23! XK!

%:HE&!J3M>! V&:?)9&?=! HD'(,&''! 4&B&E5I=&,9! 6?(9&?(:! <5?! 9#&! %:'=:,(:,! (,4D'9?;!
4&?(B&4! 9#?5D-#! 9#&! HD'(,&''! &,B(?5,=&,9! '(9D:9(5,:E! :,:E;'('! :,4! 9#&!
9&6#,5E5-;!6#:?:69&?(':9(5,3! XJ!

%:HE&!J3J>! V&:?)9&?=! 5I&?:9(5,:E! :''D=I9(5,'! 4&B&E5I&4! 9#?5D-#! 4('6D''(5,! @(9#!
9#&!%:'=:,(:,!(,4D'9?;3! XJ!

%:HE&!J3X>!! "?(=:?;! 9&6#,5E5-;! '&E&69(5,! 6?(9&?(:! .:'! (4&,9(<(&4! 9#?5D-#! '9:A&#5E4&?!
'D?B&;'2! 6:9&-5?('&4! :'! &65,5=(6G! '56(&9:EG! 9&6#,(6:E! :,4! &,B(?5,=&,9:E!
<:695?'3! ! 8#5@(,-! 65=I:?('5,! 5<! 9#&! I?(,6(I:E! :4B:,9:-&'! :,4!
4(':4B:,9:-&'! 5<! :E9&?,:9(B&! I?54D69(5,! ';'9&='! ?&E:9(B&! 95! (,'#5?&! '&:)
I&,!I?54D69(5,3! !*! 9(6A!! 4&,59&'!@#&?&!:!6#:?:69&?('9(6!5<!:!I:?9(6DE:?!
9&6#,5E5-;! ('! 65,'(4&?&4! :4B:,9:-&5D'! 95! :45I9(5,G! :! 6?5''! "!
D,<:B5D?:HE&G! :,4! @#&,! &,6E5'&4! @(9#(,! I:?&,9#&'&'! 9#&! :4B:,9:-&! 5?!
4(':4B:,9:-&!('!6(?6D='9:,6&!'I&6(<(6d!,p:!k!65,'(4&?&4!,59!:IIE(6:HE&3! XO!

%:HE&!J30>! +&;!6:9&-5?(6:E!4?(B&?'!D,4&?I(,,(,-!9#&!4&6('(5,!95! (,B&'9! (,!:!I:?9(6DE:?!
-?5@5D9!9&6#,5E5-;!:'!(4&,9(<(&4!(,!9#&!9&6#,5E5-;!6:'&)'9D4(&'3! X_!

%:HE&!J3O>!! %&6#,5E5-;! :45I9(5,! 6#:EE&,-&'! :,4! ?('A'! (4&,9(<(&4! H;! 9#&! (,9&?B(&@!
I:?9(6(I:,9'G! @(9#! ,D=H&?! 5<! 9(=&'! ?:('&4! 4D?(,-! 9#&! 1K! (,9&?B(&@'3!!
U?:6A&9'! (,4(6:9&! @#&?&! I?&45=(,:,9E;! :''56(:9&4! @(9#! :! 'I&6(<(6!
9&6#,5E5-;3! 0K!

%:HE&!X3/>! "?(,6(I:E!(,ID9!B:?(:HE&'!:,4!:''(-,&4!'956#:'9(6!4('9?(HD9(5,'3! OO!
%:HE&!X3M>! 8&:)I&,!&CD(I=&,9!'I&6(<(6:9(5,'!=54&EE&4!"8/!:,4!"8M3! O_!



89:;(,-!:#&:4!5<!9#&!-:=&>!!*!<?:=&@5?A!<5?!&<<&69(B&!:CD:6DE9D?&!4&6('(5,)=:A(,-!
[('9!5<!Z(-D?&'!:,4!%:HE&'!

! ! ! !!
!

7(7!

%:HE&!X3J>! 89?:(-#9)E(,&!4&I?&6(:9(5,!I?5<(E&'!<5?! (EED'9?:9(B&!6:I(9:E! (9&='!:''D=&4!(,!
9#&!=54&EE(,-3! _/!

%:HE&!X3X>! %#&?=:E!R?5@9#! P5&<<(6(&,9! .%RP2! :,4!@:9&?! 9&=I&?:9D?&! .tP2! I?5<(E&! :9!
0=!4&I9#3! _J!

%:HE&!X30>!! P:I(9:E!65'9'!=54&EE&4!<5?!(,'#5?&!'&:!I&,'!'6&,:?(5!."8/23! _X!
%:HE&!X3O>!! P:I(9:E!65'9'!=54&EE&4!<5?!I?54D69(5,!'6&,:?(5!M!k!W(-#)T,&?-;!p!Q&=59&!

8(9&!'&:!I&,'3! _0!
%:HE&!X3_>! P:I(9:E!65'9'!=54&EE&4!<5?!I?54D69(5,!'6&,:?(5!J!k!Z?&'#@:9&?!Q*83! _0!
%:HE&!X3f>!! P:I(9:E!65'9'!=54&EE&4!<5?!I?54D69(5,!'6&,:?(5!X!k!Z?&'#@:9&?!Q*8!';'9&=!

:,4!W(-#)T,&?-;!p!Q&=59&!8(9&!'&:)I&,'3! _O!
%:HE&!X31>! $&9&?=(,('9(6! =54&E! 5I&?:9(,-! HD4-&9! '#5@(,-! m&:?! J! '9&:4;! '9:9&! ,&9!

(,65=&3! __!
%:HE&!X3/K>! 89&:4;!'9:9&!E:H5D?!?&CD(?&=&,9'!I5'9!=5,9#!'(7!?:=I)DI3! _f!
%:HE&!X3//>! P5=I:?('5,! 5<! 9#&! H(5E5-(6:E! 5D9ID9'! <?5=! 9#&! 4&9&?=(,('9(6! H(5E5-(6:E!

=54&EE(,-!<5?!9#&!9#?&&!:E9&?,:9(B&!9&6#,5E5-(&'!65=I:?&4!95!9#&!H:'&E(,&!
(,'#5?&!I&,'!'6&,:?(5!<5?!:!OGKKK!9!WNR!I?54D69(5,3! fK!

%:HE&!X3/M>! !P5=I:?('5,! 5<! 9#&! m&:?! J! P5'9! 5<! "?54D69(5,! 'IE(9! .n2! (EED'9?:9(,-!
45=(,:,6&!5<!<&&4G!'=5E9!:,4!5B&?#&:4!65'9'!.4&9&?=(,('9(6!=54&EE(,-23! f/!

%:HE&!X3/J>! !P5=I:?('5,!5<!9#&!<('6:E!5D9ID9'!<?5=!9#&!4&9&?=(,('9(6!=54&EE(,-!<5?!9#&!
9#?&&! :E9&?,:9(B&! 9&6#,5E5-(&'! 65=I:?&4! 95! H:'&E(,&! (,'#5?&! I&,'!
'6&,:?(5!<5?!:!OGKKK!9!WNR!I?54D69(5,!.'#5@,!-?:I#(6:EE;!(,!<(-D?&'!X3J.:2!
95!.4223! fM!

%:HE&!X3/X>! !Z5?&6:'9! I:?:=&9&?'! :,4! '9:9('9(6'! -&,&?:9&4! <?5=! ]5,9&! P:?E5!
'(=DE:9(5,'!.M0GKKK!(9&?:9(5,'23! f0!

%:HE&!X3/0>! %#&! (=I:69! 5<! *R$! 5,! 9#&! (,'#5?&! '&:)I&,! I?54D69(5,3! ! FEED'9?:9(,-! 9#&!
?&4D69(5,'!(,!PN"!:,4!6:I(9:E!&7I&,4(9D?&G!:,4!(,6?&:'&4!<(<9&&,);&:?!V"a!
?&9D?,'!:-:(,'9!9#&!H:'&E(,&!'6&,:?(5!."8/2G!'#5DE4!9#&?&!H&!,5!(=I:693! 1/!

%:HE&!X3/O>! %#&!(=I:69!5<!*R$!5,!9#&!W(-#)T,&?-;!p!Q&=59&!8(9&!'&:)I&,!I?54D69(5,!
'6&,:?(5! "8M3! ! FEED'9?:9(,-! 9#&! (,6?&:'&'! (,! PN"! :,4! 6:I(9:E! &7I&,4(9D?&G!
:,4!?&4D6&4!V"aG!<5?!H:9#(,-!H:?-&!:,4!@&EEH5:9!9?&:9=&,9!?&-(=&'3! 1/!

%:HE&!X3/_>! F,6?&:'&'! 95! <?&'#@:9&?! Q*8! I?5<(9:H(E(9;! 9#?5D-#! I59&,9(:E! 65'9! :,4!
?&B&,D&!(,(9(:9(B&'G!'#5@(,-!(,6?&=&,9:E!J?4!;&:?!,&9!(,65=&!:-:(,'9!"8J!
H:'&E(,&3! 1J!

%:HE&!03/>!!! ]:A&DI!5<!9#&!I:?9(6(I:,9'!(,!&:6#!?5D,4!5<!9#&!'9:A&#5E4&?!&,-:-&=&,93! //X!



89:;(,-!:#&:4!5<!9#&!-:=&>!!*!<?:=&@5?A!<5?!&<<&69(B&!:CD:6DE9D?&!4&6('(5,)=:A(,-!
[('9!5<!Z(-D?&'!:,4!%:HE&'!

! ! ! !!
!

77!

%:HE&!03M>! P5==5,!4?(B&?'!<5?!9#&!:45I9(5,!5<! E:,4)H:'&4!*9E:,9(6!':E=5,!-?5@5D9!
Q*8G! (4&,9(<(&4! :'! D,'5E(6(9&4! ?&'I5,'&'! ?:('&4! H;! I:?9(6(I:,9'! .%+J/2!
4D?(,-!$&EI#(!Q5D,4!/3! //_!

%:HE&!03J>!! 856(&9:E!9?&,4'!:,4!I&?6&I9(5,'!(4&,9(<(&4!(,!9#&!(,(9(:E!$&EI#(!?5D,4G!9#:9!
I:?9(6(I:,9'! .%+J/2! 65,'(4&?&4! 65DE4! (,<ED&,6&! :45I9(5,! 5<! Q*8!
9&6#,5E5-;! <5?! *9E:,9(6! ':E=5,! -?5@5D93! ! %?&,4'! #:B&! H&&,! -?5DI&4! H;!
9#&=&'!:,4!9#&,!H;!6ED'9&?'G!:,4!:! \D4-&=&,9!=:4&!5<! 9#&!65,9?(HD9(5,!
.I5'(9(B&G! ,&-:9(B&! 5?! ,&D9?:E2! 9#:9! 9#&! 9?&,4'! 65DE4! =:A&! 95! <D9D?&!
:45I9(5,3! //1!

%:HE&!03X>! P#:,-&! <:695?'! :,4! :''56(:9&4! 4&'6?(I9(5,'! 4&?(B&4! 9#?5D-#! 9#&! (,(9(:E!
?5D,4!5<!'9:A&#5E4&?!4('6D''(5,'!9#:9!65DE4!(,<ED&,6&!9#&!:45I9(5,!5<!Q*8!
9&6#,5E5-;!<5?!*9E:,9(6!':E=5,!-?5@5D93! /M/!

%:HE&!030>!! *''&''=&,9!5<!9#&!E(A&E(#554!5<!Q*8!9&6#,5E5-;!H&(,-!:45I9&4!<5?!*9E:,9(6!
':E=5,!-?5@5D9!H;!MKJK!(,!&:6#!5<!9#&!<5D?!'6&,:?(5'3!!P:9&-5?('&4!H;!9#&!
5?-:,(':9(5,:E!'&695?!5<!9#&!(,9&?B(&@!I:?9(6(I:,9'!(,!Q5D,4!J!.%+JK23! /M_!

%:HE&!03O>!! ":?9(6(I:,9'!?:,A(,-!5<!9#&!65=I:?:9(B&!(,<ED&,6&!5<!9#&!6#:,-&!<:695?'!5,!
9#&! :45I9(5,! 5<! E:,4)H:'&4! Q*8! 9&6#,5E5-;! <5?! 9#&! -?5@5D9! 5<! *9E:,9(6!
':E=5,3! !P#:,-&! <:695?'! ?:,A&4!H;!=&4(:,G!:,4! 9#&,!B:?(:,6&G! (,<ED&,6&!
'65?&'3! ! "T8%T[! ."5E(9(6:EG! T65,5=(6G! 856(&9:EG! %&6#,(6:EG! T,B(?5,=&,9:E!
:,4![&-:E!5?!Q&-DE:95?;2!6:9&-5?(&'!&,:HE&!65=I:?('5,!5<!9#&!?&'DE9'!@(9#!
9#&!?&'DE9'!5<!P#:I9&?!J3! /M1!

%:HE&!03_>! ]&:,! (,<ED&,6&! E&B&E'! 5<! 9#&! 6#:,-&! <:695?'! :'! (4&,9(<(&4! H;! 9#&!
I:?9(6(I:,9S'! .%+JK2!5?-:,(':9(5,:E!'&695?3! !%#&!95I!9@5!.?:,A&4!H;!=&:,!
:,4! 9#&,! B:?(:,6&2! <5?! &:6#! '&695?! :?&! (4&,9(<(&4! @(9#! :! 6(?6E&G! :,4! 9#&!
E5@&'9! @(9#! :! 'CD:?&3! ! e#&?&! =&:,! :,4! B:?(:,6&! :?&! 9#&! ':=&! <5?! :,!
(,4(B(4D:E!6#:,-&!<:695?!H59#!566:'(5,'!#:B&!H&&,!(4&,9(<(&43! /JK!

%:HE&!O3/>! $&<(,(9(5,'! 5<! <5D?9&&,! A&;! B:?(:HE&'! (4&,9(<(&4! <?5=! 9#&! =(,4)=:II(,-!
&7&?6('&!.,:=&'!:,4!,D=H&?'!:?&!D'&4!65,'('9&,9E;!@(9#(,!:EE!=54&E'G!:,4!
(,!I:?&,9#&'&'!(,!9#&!9&7923! /0J!

%:HE&!O3M>! uD:E(9:9(B&!'(-,&4!4(-?:I#!=54&E'!4&B&E5I&4!95!?&<E&69!:!?:,-&!5<!':E=5,!
:CD:6DE9D?&!I?54D69(5,!HD'(,&''!&,B(?5,=&,9'!:,4!9#&!'9:-&'!5<!(,4D'9?;!
4&B&E5I=&,93! /0X!

%:HE&!O3J>! 8(-,! 5<! 9#&! 4(?&69! &<<&69'! H&9@&&,! 9#&! 'DIIE;G! ?&-DE:9(5,! :,4! &65,5=(6!
B:?(:HE&'! (,<ED&,6(,-! ':E=5,! :CD:6DE9D?&! I?54D69(5,! .Z(-D?&! O3023! ! %#&!
,D=H&?'!65??&'I5,4(,-!95!9#&!B:?(:HE&'!4&<(,&4!(,!%:HE&!O3/3! /0O!

%:HE&!O3X>! P:9&-5?('&4!<&&4H:6A!6;6E&'!<5?!9#&!'(-,&4!4(-?:I#!=54&E'G!(4&,9(<;(,-!9#&!
I?56&''G! <&&4H:6A! '(-,G! 65,'9(9D&,9! B:?(:HE&'! :,4! E(,A'3! ! FEED'9?:9(,-!
(,6?&:'(,-! 65=IE&7(9;! @(9#! :E9&?,:9(B&! '5D?6&'! 5<! 'DIIE;! :,4! (,4D'9?;!
=:9D?(9;3! ! %#&! 6;6E&'! #:B&! H&&,! :EE599&4! :?H(9?:?;! '9:?9(,-! I5(,9'! 5<!



89:;(,-!:#&:4!5<!9#&!-:=&>!!*!<?:=&@5?A!<5?!&<<&69(B&!:CD:6DE9D?&!4&6('(5,)=:A(,-!
[('9!5<!Z(-D?&'!:,4!%:HE&'!

! ! ! !!
!

77(!

:CD:6DE9D?&!I?54D69(5,! ./2G! ':E&'! I?(6&! .O2! :,4! '56(&9:E! 65,6&?,'! .02! :,4!
9#&!I?&'&,6&!5<!:,!(,4(B(4D:E!E55I!@(9#(,!:!=54&E!4('9(,-D('#&4!H;!:!9(6A!p!
6#&6A3!!a:?(:HE&'!4&<(,&4!:,4!,D=H&?&4!:'!(,!%:HE&!O3/3! /OM!

%:HE&!O30>! P5=I:?:9(B&!';'9&=!'9:H(E(9;!5<!9#&!'(-,&4!4(-?:I#!=54&E'!4&9:(E(,-!PE:''!
5<!89:H(E(9;G!e&(-#9&4!Z&&4H:6A!.@Z,2G!:,4!e&(-#9&4!$&9&?=(,:,9!.@$,2!
Q:9(5!95!PE:''!M!'9:H(E(9;!9#?&'#5E43! /OJ!

%:HE&!O3O>! %&6#,5E5-;!:45I9(5,!I&?9D?H:9(5,'!'6&,:?(5'!:IIE(&4!95!:!'(-,&4!4(-?:I#!
5<! *9E:,9(6! ':E=5,! :CD:6DE9D?&! (,! %:'=:,(:! .?&I?&'&,9&4! H;! ]54&E! U2!
'#5@(,-!I&?9D?H:9(5,!'6&,:?(5!?&<&?&,6&!,D=H&?!.F!95!FY2G!&7I:,'(5,!9;I&!
.N<<'#5?&G!F]%*!5?![:,4)H:'&4!Q*82G!:,4!I&?9D?H&4!B:?(:HE&'3! !*!I5'(9(B&!
I&?9D?H:9(5,!5<!:!B:?(:HE&!('!(,4(6:9&4!H;!q!'(-,G!,&-:9(B&!I&?9D?H:9(5,!H;!)!
'(-,G!:,4!@#&?&!:!B:?(:HE&!('!,59!I&?9D?H&4!H;!:!HE:,A3! /O_!

%:HE&!O3_>! "?&4(69&4! '(-,! ?&'I5,'&'! <5?! 9@&EB&! A&;! B:?(:HE&'! <?5=! ?D,,(,-! 9#&!
*9E:,9(6!':E=5,!]54&E!U!r%:'=:,(:,!F,4D'9?;!P:'&!89D4;s!@(9#!:E9&?,:9(B&!
9&6#,5E5-;! :45I9(5,! 5I9(5,'! :,4! D,4&?! 'I&6(<(&4! I&?9D?H:9(5,'! .Z(-D?&'!
O3/K!95!O3/MG!:,4!%:HE&!O3O23!!*=H(-D5D'!I?&4(69(5,'!@(9#!:!?&E:9(B&E;!#(-#!
I?5H:H(E(9;!5<!'(-,!4&9&?=(,:6;!.vK3f02!:?&!&,6E5'&4!(,!I:?&,9#&'&'d!:!wjw!
4&,59&'!9#5'&!@(9#!:!E5@!I?5H:H(E(9;!@#&?&!A,5@E&4-&!:H5D9!9#&!?&E:9(B&!
(,9&?:69(5,!@5DE4!H&!?&CD(?&4!95!4&9&?=(,&!9#&!?&'I5,'&!4(?&69(5,d!:,4!:!
'(-,!&,6:'&4!@(9#(,!'CD:?&!H?:6A&9'!4&I(69'!@#&?&!:!'DII5?9(,-!65,4(9(5,G!
?&<&?&,6&4! H;! 9#&! 'DI&?'6?(I9G! #:'! H&&,! D'&4! 95! (,9&?I?&9! 9#&! E5@&?!
I?5H:H(E(9;!:=H(-D(9;3!!*!l&?5!(,4(6:9&'!,5!?&'I5,'&!I?&4(69&43! /_/!

%:HE&!f3/>! %:'=:,(:,!8:E=5,(4!R?5@&?'!*''56(:9(5,S'!89?:9&-(6!"E:,!]&9?(6'3! MKK!
%:HE&!f3M>! 8&:!'9:9&!.W'2!E(=(9'!95!?5D9(,&!<('#!#D'H:,4?;!(,!=:?(,&!'&:)I&,'!4&?(B&4!

9#?5D-#!4('6D''(5,'!@(9#!=:,D<:69D?&?'!:,4!5I&?:95?'3! M/1!



89:;(,-!:#&:4!5<!9#&!-:=&>!!*!<?:=&@5?A!<5?!&<<&69(B&!:CD:6DE9D?&!4&6('(5,)=:A(,-!
[('9!5<!*HH?&B(:9(5,'!

! ! ! !!
!

77((!

QF!H(RE(0@@=DWF0HFRG!(

*R$! *=5&H(6!R(EE!$('&:'&!

*8P! *CD:6DE9D?&!89&@:?4'#(I!P5D,6(E!

P*RQ! P5=I5D,4!*B&?:-&!R?5@9#!Q:9&!

P*"TY! P:I(9:E!T7I&,4(9D?&!

P"]! P5=I&9(9(B&!"?5<(E&!]:9?(7!

PQP!! *D'9?:E(:,!8&:<554!P55I&?:9(B&!Q&'&:?6#!P&,9?&!

PN"! P5'9!N<!"?54D69(5,!

$PZ! $('65D,9&4!P:'#!ZE5@!

$ZN! $&I:?9=&,9!5<!Z('#&?(&'!`!N6&:,'G!P:,:4:!

$"F"eT! $&I:?9=&,9!5<!"?(=:?;!F,4D'9?(&'G!":?A'G!e:9&?!:,4!T,B(?5,=&,9G!%:'=:,(:!

TUF%! T:?,(,-'!U&<5?&!F,9&?&'9!:,4!%:7!

TF8! T,B(?5,=&,9:E!F=I:69!89:9&=&,9!

TVRN! T,B(?5,=&,9:E!V5,!R5B&?,=&,9:E!N?-:,(':9(5,!

Z*N! Z554!:,4!*-?(6DE9D?:E!N?-:,(':9(5,!

ZPP! ZE5:9(,-!PE5'&4!P5,9:(,=&,9!

ZPQH! U(5E5-(6:E!Z&&4!P5,B&?'(5,!Q:9(5!

ZPQ&! T65,5=(6!Z&&4!P5,B&?'(5,!Q:9(5!

ZQ$P! Z('#&?(&'!Q&'&:?6#!:,4!$&B&E5I=&,9!P5?I5?:9(5,G!*D'9?:E(:!

ZQ"! Z(H?&!Q&(,<5?6&4!"E:'9(6!

Z%T! ZDEE!%(=&!TCD(B:E&,9!

WNR! W&:4!N,!RD99&4!

W'! 8(-,(<(6:,9!e:B&!W&(-#9!.=&:,!@:B&!#&(-#9G!9?5D-#!95!6?&'9!5<!9#&!#(-#&'9!/pJ!5<!9#&!@:B&'2!

F8Z*! F,9&?,:9(5,:E!8:E=5,!Z:?=&?'!*''56(:9(5,!

F]%*! F,9&-?:9&4!]DE9(!%?5I#(6!*CD:6DE9D?&!



89:;(,-!:#&:4!5<!9#&!-:=&>!!*!<?:=&@5?A!<5?!&<<&69(B&!:CD:6DE9D?&!4&6('(5,)=:A(,-!
[('9!5<!*HH?&B(:9(5,'!

! ! ! !!
!

77(((!

FQQ! ! F,9&?,:E!Q:9&!5<!Q&9D?,!

V"a! V&9!"?&'&,9!a:ED&!

N"TY! NI&?:9(5,:E!T7I&,4(9D?&!

"T8%T[! "5E(9(6:EG!T65,5=(6G!856(:EG!%&6#,5E5-(6:EG!T,B(?5,=&,9:E!:,4![&-:E!

Q*8! Q&6(?6DE:9(,-!*CD:6DE9D?&!8;'9&=.'2!

QNT! Q&9D?,!N,!TCD(9;!

QNF! Q&9D?,!N,!F,B&'9=&,9!

QNe! Q&'9!N<!9#&!e5?E4!

8U"! 8&E&69(B&!U?&&4(,-!"?5-?:==&!

8T"*! 86599('#!T,B(?5,=&,9:E!"?59&69(5,!*-&,6;!

8]T! 8DH\&69!]:99&?!T7I&?9!

8N"'! 89:,4:?4!NI&?:9(,-!"?56&4D?&'!

88"N! 86599('#!8:E=5,!"?54D6&?'!N?-:,(':9(5,!

8eN%! 89?&,-9#'G!e&:A,&''&'G!NII5?9D,(9(&'!:,4!%#?&:9'!

%RP! %#&?=:E!R?5@9#!P5&<<(6(&,9!

%8R*! %:'=:,(:,!8:E=5,(4!R?5@&?'!*''56(:9(5,!
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