
!

!

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

!

! "/.$..(0)!1234!'$-$.50#$!

! 6%*07&8(.!&)9!:$%8046;!'$-$.50#$!50)'%0-.!

! +&--()4&<!8(9$0!5&<$%&!!

! =(9$0!9(.#-&>?%$50%9()*!.>.'$<.!

!

!

!

!



! "!

@%$A&5$! !

#$!%&'&()($*!+,!#-.&..(/$!0123!450678!9!-&*:$!;<==($*!=/*&=>&%!/;&%:=($*!+:$<:?.!
:$@!&A<(;+&$=!.;&'(B(':=(/$.!=/!>&?;!+&!C>&$!9!*&=!.=<'D8!:$@!E:)&!F%(&*&!
.<**&.=&@!.>:%($*!(=!C(=>!/=>&%!23!/C$&%.G!!!9!C%/=&!=>&!+:$<:?!=/!%&B%&.>!+,!
+&+/%,!/B!B:'=.!:$@!.;&'(B(':=(/$.8!/B!):%(/<.!;%/'&@<%&.!:$@!=>&!.=&;.!=>:=!:%&!
%&A<(%&@!B/%!.&=<;!:$@!<.&!/B!01238!H%*/I:)(.!:$@!J&%)/3HK8!:$@!+,!)(@&/!(+:*($*!
&A<(;+&$=G!!L>&$!&)&%,=>($*!C:.!$&CM=>&!.'/;&8!=>&!$:)(*:=(/$8!=>&!)(@&/M:??!/B!
=>&!.=&;.!'/<?@!*&=!/)&%C>&?+($*8!:$@!=>&!+:$<:?.!>&?;&@!+&!*&=!;:.=!=>:=G!!9!<.&!
+,0123!:!?/=!($!'/+-($:=(/$!C(=>!)(@&/!@(.;?:,!B/%!;<-?('!&@<':=(/$G!!H??!/B!=>&!
;>/=/.!($'?<@&@!>&%&!.>/C!C>:=!':$!-&!.&&$!B%/+!+,!?(*>=!;/??<=&@!-:'D!,:%@!($!
$/%=>&%$!N(%*($(:!C(=>!:!O:??($3:+!)(@&/!':+&%:!:==:'>&@!=/!+,!0123!4=>&%&!:%&!
=C/!&P'&;=(/$.8!OQ0!:$@!O0608!C>('>!:%&!B%/+!:!@:%D!.D,!.(=&!$&:%!3>&%%,!J;%($*.8!
RH7G!!K>&!;('=<%&.!@&+/$.=%:=&!;%&==,!:''<%:=&?,!C>:=!':$!-&!.&&$!?()&!/$!:!KN!
+/$(=/%!$&P=!=/!=>&!.'/;&G!!9!>/;&!=>&!+:$<:?.!C(??!>&?;!/=>&%.!C(=>!:??!=>&!):%(/<.!
.=&;.S!.&==($*!<;!:$@!'/??(+:=($*!=>&!01238!.&==($*!=>&!HITJ3!$:)(*:=(/$!.,.=&+8!
&+;?/,($*!)(@&/!(+:*($*!.,.=&+.8!:+/$*!/=>&%!+:==&%.G!!
!
H.!:$!:+:=&<%!9!*%/<$@!:$@!B(*<%&@!1!:$@!0U!($'>!+(%%/%.!:$@!@(@!)(.<:?!/-.&%)($*!
C(=>!>/+&!-<(?=!=&?&.'/;&.!C(=>/<=!+/=/%(V:=(/$!B/%!+:$,!,&:%.G!!I/C!9!<.&!:$!
0123!C(=>!HITJ3!:$@!B($@!=>:=!=>&!C>/?&!.,.=&+!@&+:$@.!:!?/=!+/%&!:==&$=(/$G!!O,!
:.=%/$/+,!&P;&%(&$'&!:$@!C/%D!C(=>!?(*>=!+('%/.'/;&.!($!-(/+&@(':?!(+:*($*!>:)&!
-&&$!<.&B<?8!-<=!>:)($*!&A<(;+&$=!.;&'(B(':=(/$.!:=!>:$@!:$@!($.=%<'=(/$.!=/!%&B&%!=/!
>:.!*()&$!+&!=>&!'/$B(@&$'&!=/!B%&&?,!<.&!=>&!&A<(;+&$=8!%:=>&%!=>:$!-&($*!
($=(+(@:=&@!:$@!;<==($*!=>($*.!/BBG!!9!>/;&!=>&!+:$<:?.!C(??!*()&!%&:@&%.!:!-//.=!:.!
C&??G!
!
W&&?!B%&&!=/!C%(=&!+&!:-/<=!&%%/%.!:$@!/+(..(/$.!./!9!':$!D&&;!=>&!+:$<:?.!'/%%&'=!
:$@!<;!=/!@:=&G!
!
!
E/<*!O<%;>,8!X&&.-<%*8!NH!
!
CCCG@/<*YU6Z*+:(?G'/+!

!



! [!

40)'$)'.!
!

!
U!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
0Q!
0\!
!
!
!
!
!
"[!
!
!
!
"Y!
!
!
!
!
!
!
!
!
!
!
[Q!
!
!
[1!
[Y!
!
]0!

!
!
#-.&..(/$!0123!

3>&'D?(.=!J=:%=<;T!.><=@/C$!
E&=:(?&@!.&=;.!B/%!.&=<;!
3/??(+:=(/$S!A<('D!%&)(&C!
R/C&%!/$!:$@!.=:%=!HI^J3!
_$'/@&%!=&.=!
`/-($./$a.!&$'/@&%!b(*!
E/!"!.=:%!:?(*$!
H'=():=&!KRHJ!.,.=&+!!
O/@(B(':=(/$.!=/!.'/;&!!
E(.:..&+-?,!
K&?&.'/;&!.=/%:*&!
9B!H?=!C(%&!'/+&.!/BB!=%:'D!
R%/=&'=($*!+(%%/%!:$@!.'/;&!!
J=:=.S!0123!:$@!#O9!+(%%/%!
c<('D!W%($*&!K&.=!`&;/%=8!01d!
#O9!+(%%/%!

_,&;(&'&.8!B(?=&%.8!'/??(+:=(/$!&A<(;+&$=!
H%*/I:)(.!:$@!J&%)/3:=S!/)&%)(&C.!

H%*/!I:)(.!4HI7!
J&%)/3HK!4J37!
J&==($*!<;!#-.&..(/$!01T23!C(=>!($.=:??&@!J&%)/3HK!:$@!H%*/I:)(.!
J&%)/3HK!@&=:(?.!
H%*/I:)(.!@&=:(?.!

K&?&.'/;&!;/($=($*!:$:?,.(.!.,.=&+!4KRHJ7!
KRHJ!;%/'&@<%&ME/<*!O<%;>,a.!$/=&.!B/%!#-.&..(/$!0123M06T"[T6Y!
R%/'&@<%&!B/%!%<$$($*!HITJ3!C(=>!KRHJ!
I/=&!=/!=>&!B/%<+!/$!;/($=($*!:''<%:',!!

O:??($3:+!eR!4O:??($3:+!e,;&%R?<.!'/?/%!)(@&/!':+&%:7!
#;&%:=($*!;%/'&@<%&.!
O:??($3:+!e,;&%!R?<.!4O3eR7!$/=&.!!0^"Y^6Y!
K(;.!
I/=&!/$!*:($!:@b<.=+&$=!
efR_`!J=:%=<;!R%/'&@<%&.!
efR_`!J><=@/C$!R%/'&@<%&.!
H@@(=(/$:?!$/=&.!
HR38!'/?/%8!K_38!X<$:%^;?:$&=:%,!)(&C($*!
O:??($3:+!3#X#`!efR_`!RX2J!J;&'(B(':=(/$.!
H@b<.=($*!#-.&..(/$!0123!=/!C/%D!C(=>!O:??($3:+!4:!$/=&!=/!=>&!B/%<+.7!

W/':?!%&@<'&%!B/%!O:??($3:+!
W/':?!%&@<'&%!':?'<?:=/%!
W/':?!%&@<'&%!+:=>!B/%!OW`[!4@/C$?/:@!B%/+!C&-7!

J;&'/!KN!+/$(=/%!
`/'D!O:??($a.!@(*(=:?!)(@&/!&$>:$'&%!4EN_7!

2.&!
3/C/$!H[!;&%./$:?!+&@(:!;?:,&%!

!



! ]!

!
!
!
][!
!
!
!
!
!
!
]U!
!
!
!
]\!
]1!
]Y!
Q6!
!
!
!
!
Q[!
!
!

e/C!=/!<.&!
H@b<.=($*!!3/C/$!H[!:.B!B(?&.!B/%!)(&C($*!/$!O:'!:$@!(R/@!
J'>&+&!B/%!O3eR^=/^3/C/$!%&'/%@($*!

O:=%/P!Og#"!+($(!B%:+&!*%:--&%!B/%!O:'!
H;;%/:'>!
R%/'&@<%&!:=!=&?&.'/;&!
J'>&+&!B/%!O3eR^O:=%/P^O:'!?:;=/;!%&'/%@($*!
3/$@(=(/$.!B/%!N(@&/!%&'/%@($*!C(=>!O:??($3:+!:$@!0123!/$!:!O:'!4$/=&!=/!=>&!
B/%<+.7!
h/($P!J/B=C:%&!(J=/;O/=(/$!%&'/%@($*!./B=C:%&!B/%!O:'!

R%/'&..($*!(+:*&.!B/%!@(.;?:,!/$!'/+;<=&%!:$@!(R/@!K/<'>!
W(P($*!3/C/$!H[!:.B!B(?&.!B/%!)(&C($*!:.!)(@&/!'?(;.!/$!O:'!:$@!(R/@!
R%/'&..($*!)(@&/!B%:+&.!
I/=&!=/!E:)&!F%(&*&!:-/<=!<.($*!O:??($3:+!/$!0123!:$@!;%/'&..($*!

h%/:@':.=($*!/$!IJI!!
`&+($@&%!?(.=!/B!"6!&A<(;+&$=!(=&+.!=/!;:'D!B/%!=%:)&?!
L($@!@&B?&'=/%!
h:==&%(&.!:$@!W<.&.!

E<%:3&??!U66!"1H^>%8!.&:?&@!?&:@^:'(@8!HiO!
g:$=%&P!R/C&%;:'D!]66!;?<.8!"6!H^>%!.&:?&@!?&:@^:'(@!HiO!-:==&%,!
J;&'(:?!h:==&%(&.!
W<.&.!

J/+&!>:$@,!B/%+<?:.!:$@!;%($'(;?&.!
3/+;:%(./$!/B!-%(*>=$&..!/B!=C/!=&?&.'/;&.!C(=>!.:+&!&,&;(&'&!
W#N!/$!O:??($3:+!3:+&%:!!
J(V&!/B!/-b&'=.!($!=>&!(+:*&!;?:$&!
`&?:=(/$.>(;!-&=C&&$!J=%&>?!%:=(/!:$@!C:)&B%/$=!&%%/%!
!

!

! !

!



! Q!

!

!!

!
!
!
!

!

!

!



! U!

"/.$..(0)!12!()5B!3-'%&!40<#&5'!;$-$.50#$!C1234D!

!
4B$5E-(.'!:'&%',#F:B,'90G)!0A!1234!!!
4X(=>(<+!-:==&%(&.!($!J3!>:$@.&=!:%&!#F7!
L>&&?-:%%/C!>:$@?&.!/BB!B(%.=!
`&?&:.&!&?:.=('!.=%:;.j!
HXK!L(%&!($!;/.(=(/$!:$@!B%&&!($!'>:$$&?M3>&'D!=>(.j!
O(%%/%!.?($*!;/.(=(/$&@8!'&$=&%&@8!.&'<%&@M3>&'D!=>(.j!
R/?&.!:$@!2KH!+/<$=&@!:$@!=(*>=M3>&'D!=>(.j!
F&&;!+(%%/%!'/)&%&@!<$=(?!:??!(.!:..&+-?&@M`&+&+-&%!=>(.j!
E&Ci<:%@!;?<**&@!($=/!YN!-:==&%,!
3/<$=&%C&(*>=!:$@!&,&;(&'&!($!;?:'&!B/%!-:?:$'&j!/=>&%C(.&!HXK!@%()&!$/=!C/%D!C&??!
HXK!_$'/@&%!:==:'>&@8!b(*^'&$=&%&@8!:$@!':-?&!;?<**&@!($!:=!&$'/@&%!
J3!%&+/=&!%&'&()&%!:==:'>&@!:$@!;?<**&@!($!
E:,=(+&!&$'/@&%!'>&'D!C(=>!HIM3>&'D!=>(.j!
3:%!-:==&%,!>//D&@!=/!0123!)(:!;/C&%!'/%@!
h:==&%,T($)&%=&%!.C(='>!/$!B/%!:''&../%(&.!
"!J3!=/**?&!.C(='>&.!/$!
3/??(+:=(/$!
J>%/<@8!h:BB?&.8!@&C!.>(&?@!+/<$=&@!
i&:%.!&$*:*&@!:$@!J3!B<$'=(/$!'>&'D&@!<.($*!%&+/=&!>:$@^;:@G!!!i#j!
!
H$'&(-$9!.'$#.!A0%!.$',#!
C>&&?-:%%/C!>:$@?&.!%&+/)&@!
.=%:;.!<$@/$&!
=%<..!;/?&.!C(=>!;?:.=('!=%:.>!-:*!/)&%!>&:@!&$@.!
:==:'>!-/==/+!&$@.!/B!;/?&.!=/!)(%=<:?!+(%%/%!-/P!4NOh7!-,!.(+;?,!>/?@($*!=>&!
-<$'>!/B!;/?&.!=/*&=>&%!($!,/<%!:%+.!-&*($!:$@!B:.=&$($*!.'%&C.!4@/!=>&!.>/%=!%&:%!
/$&!B(%.=78!=>&$!%&+/)&!-:*8!!
:==:'>!2KH!:=!<;;&%!&$@8!.=:$@!:=!B/'<.&%8!*%(;!2KH!>:$@?&!:$@!:==:'>!%&:%!.'%&C!=/!
?&B=8!=>&$!.'%&C!-,!B/'<.&%8!B($:??,!.'%&C!/;;/.(=&!
3>&'D!=(*>=$&..!/B!.'%&C.8!&.;G!:.!=&+;!@%/;.!:$@!+&=:?!'/$=%:'=.!4+<.=!-&!=(*>=!
-&B/%&!HI!:$@!"!.=:%!:?(*$7!
H==:'>!&$'/@&%!=(*>=&$!:%+!?//.&?,8!:$@!<.&!&$'/@&%!b(*!=/!'&$=&%S!!
.'/;&!:=!]Qk8!=(*>=&$!?/C&%!$<=l!.'/;&!:=!V&$(=>8!=(*>=&$!<;;&%!$<=l!;?<*!($!'/+!':-?&!
=(*>=&$!.'%&C!=>:=!B:.=&$.!-%:'D&=!=/!&$'/@&%!:%+l!-/==/+!"!.'%&C.!:%&!?//.&l!
.&&!J=&)&!`/-($./$a.!($.=%<'=(/$.!B/%!<.($*!b(*!=/!'&$=&%!&$'/@&%!/$!B/??/C($*!;:*&.!
`&+/)&!+(%%/%!'/)&%8!.=/C!+(%%/%!=/C&?!($!;?:.=('!-:*8!'/%@!<.&@!B/%!HI!':-?&.!
.?(;!/$!.>%/<@8!-/==/+!/B!.>%/<@!(.!?&B=!?//.&!<$=(?!:B=&%!'/??(+:=(/$8!=C(.=!%&+:($($*!
($!=>&!;?:.=('!>//;!C(??!*/!:C:,l!($.&%=!.=('D^%/@!B/%!.>%/<@!($!%&:%!=%<..!;/?&!
:==:'>+&$=!
+(%%/%a.!?(*>=!-:BB?&!+/<$=&@l!+:D&!.<%&!.<$!':$$/=!%&B?&'=!/BB!+(%%/%!
2KH!?(*>=!-:BB?&!:==:'>&@!
:==:'>!A<(?=&@!%&B?&'=()&!;?:.=('!@&C!.>(&?@!4:<=/!C($@.>(&?@!.<$!@&B?&'=/%!B%/+!
H@):$'&@!H<=/!R:%=.78!.&'<%&!C(=>!&?:.=('!%(--/$!



! \!

HI!'/+;<=&%!+/<$=&@!/$!=%<..!;/?&l!HI!':-?&.!:==:'>&@!:=!-:.&!:=!=>&!;%/=&'=(/$!
'(%'<(=!=&%+($:?8!*%:,!'/$$&'=/%!=/!*%:,!./'D&=8!/=>&%.!;?<*!($!-,!@&B:<?=G!
J3!%&+/=&!%&'&()&%!+/<$=&@!:$@!:$=&$$:!;<??&@!/<=8!.C(='>!(.!B?(;;&@!($!@(%&'=(/$!
=/C:%@.!=(;!/B!:$=&$$:!B/%!'/$=%/?!-,!=>&!>:$@^>&?@!%&+/=&!
'/<$=&%C&(*>=!/%!O:??($3:+!4b<.=!/$&7!:@@&@!=/!2KH!
H==:'>!06PQ6!B($@&%!.'/;&!=/!2KH!4%&;?:'&.!K&?%:@7!
`&+/)&!./'D!B%/+!.&'/$@:%,!
3>&'D!B/%!=(*>=$&..!/B!=%<..!;/?&!+/<$=($*!.'%&C.!
?//.&$!HXK8!Hm!@%()&.!
O/<$=!%&=('<?&!&,&;(&'&!C(=>!"!($'>!:@:;=&%8!:$@!:?(*$!B($@&%!/$!+//$!/%!:!-%(*>=!
.=:%8!/%!@(.=:$=!/-b&'=l!/-b&'=!.>/<?@!-&!($!'&$=&%!/B!'%/..>:(%.!/B!&,&;(&'&8!=>&$!
:@b<.=!;/.(=(/$!/B!B($@&%!
!
40--(<&'(0)I!J,(5E!%$8($G!

2.&!'&$=&%&@!:?(*$+&$=!B/%!'/??(+:=(/$8!<.($*!'&$=&%!@/=!/$!=>&!.&'/$@:%,!:$@!
;%(+:%,!+(%%/%.G!!!J&&!%&B.8!N('!O:,$:%@!:$@!I(?.!#?/B!3:%?($G!!E/($*!=>(.!D&&;.!=>&!
=<-&!:P(.!.<;&%(+;/.&@!/$!=>&!/;=('!:P(.!:$@!:)/(@.!:$!:?(*$+&$=!&%%/%!/B!<;!=/!0"aG!
49+;/%=:$=!B/%!i#^K#!:''<%:',!<.($*!':+&%:!C(=>!$:%%/C!W#NG!!H?=>/<*>!(=!(.!
'&$=&%&@!:?(*$+&$=!(.!$/=!($!B:)/%8!(=!@/&.$a=!.&&+!=/!(+;:'=!=>&!)(@&/!(+:*&.!:$,G7!!
R%&:@b<.=+&$=S!O/<$=!=>&!.(*>=($*!=<-&!:$@!:@b<.=!=>&!.&'/$@:%,!./!=>:=!'%/..>:(%.!
?($&!<;!/$!@/=!/$!=>&!.&'/$@:%,!+(%%/%!:$@!=>&!.&'/$@:%,a.!;&%(+&=&%!(.!%/<$@G!
H.=%/.,.=&+.!99!?:.&%^'/??(+:=/%!+/<$=&@8!./!>&:@!/B!'/??(+:=/%!%&+:($.!($.(@&!
B/'<.&%!'/??:%!:$@!.'/;&!:(+&@!:=!U6^\6k!H?=!
:@b<.=!.&'/$@:%,!+(%%/%!.'%&C.!./!?:.&%!.;/=!>(=.!=>&!'&$=&%!/B!+(%%/%!($.(@&!=>&!%&@!
=%(:$*?&!.=('D&%!
:==:'>!'/??(+:=/%a.!B?:=!;>/.;>/%!.'%&&$!/%!&?.&!i?:==&%a.!h?<*!:$@!:?(*$!;%(+:%,!
+(%%/%a.![!:@b<.=+&$=!.'%&C.!=/!'&$=&%!@:%D!'(%'<?:%!(+:*&!B%/+!;%(+:%,!/$!=>&!
?:.&%!&P(=!>/?&!/$!;>/.;>/%!.'%&&$8!%&;&:=!<$=(?!%&=<%$!-&:+!*/&.!($!?:.&%a.!&P(=!>/?&!
L(=>!#O9!+(%%/%!,/<!.&&!]!@(BB%:'=(/$!.;(D&.!/$!B:'&!/B!'/??(+:=/%!B%/+!=>&!.+:??!P!
&$*%:)&@!/$!=>&!'&$=&%!/B!=>&!+(%%/%G!!I/=&S!(B!<.($*!)(@&/8!-&!.<%&!=/!:@):$'&!=>&!
;%(+:%,a.!:@b<.=+&$=!.'%&C.!=/!=>&(%!&P=&$@&@!;/.(=(/$.!4$&:%!+:P(+:??,!:@):$'&@7!
K>(.!(.!%&A<(%&@!./!=>&!B/':?!;?:$&!%&:'>&.!/<=!=/!B:'&;?:=&!/B!O:??($3:+!':+&%:!
!
K)509$%!'$.'!

J3!@%()&.!@(.&$*:*&@!:$@!.'/;&!B%&&?,!+/)($*!
h&B/%&!=&.=($*8!C:?D!.'/;&!:%/<$@!($!:!'(%'?&8!&.;&'(:??,!(+;/%=:$=!(B!.'/;&!(.!/$!:!
?:C$!/%!B(&?@G!!!K>&!.'/;&!+<.=!>:)&!:!./?(@!B//=($*!-&B/%&!:?(*$($*8!KRHJ!:$@!i#^
K#a.!:%&!@/$&G!!H..<%&!=>&!B&&=!4-/?=!'/$=:'=.7!+:D&!B(%+!'/$=:'=!C(=>!=>&!*%/<$@8!
/=>&%C(.&!:?(*$+&$=!:$@!;/($=($*!:''<%:',!C/$a=!C/%D!C&??G!
R/($=!.'/;&!=/!V&$(=>8!.&?&'=!TO/@&!_$'/@&%.!/$!HI8!:$@!>(=!&$=&%l!+/)&!.'/;&!($!
:?=(=<@&!@/C$!=/!"6k!:$@!-:'D!<;!=/!V&$(=>!
K>&$!B/'<.!/$!@(.=:$=!/-b&'=!($!:!%&=('?&!&,&;(&'&8!C:?D!.'/;&!:%/<$@![U6k!($!
:V(+<=>G!!O:D&!.<%&!HV!):?<&.!%&=<%$!=/!V&%/!C>&$!/%(*($:?!%&B!;/($=.!:%&!.&&$!($!=>&!
&,&;(&'&G!



! 1!

!

9$.=%<'=(/$.8!J=&)&!`/-($./$a.!b(*!
B/%!&$'/@&%!;?:'&+&$=!/$!0123!



! Y!

!

!



! 06!

@0G$%!0)!&)9!.'&%'!67L:4!!C%0,'()$!,.$M!9$'&(-.!0)!67!&)9!:4!&%$!*(8$)!/$-0GD!

J3!@%()&.!:%&!@(.&$*:*&@!:$@!.'/;&!B%&&?,!+/)&.!
h&B/%&!-&*($$($*8!'>&'D!=>:=!"!J3!=/**?&!.C(='>&.!:=!/BB!;/.(=(/$!:=!%&:%!/B!.'/;&G!
4>&?;.!:)/(@!)/?=:*&!.<%*&!:$@!;/;;($*!;/C&%!':-?&!B<.&7!
H==:'>0123!;/C&%!':-?&!=/!'(*:%&==&!?(*>=&%!./'D&=!/$!0"N!.=/%:*&!-:==&%,8!-&!.<%&!
%&@!?(*>=!/$!=>&!;/C&%!':-?&a.!'/$$&'=/%!?(*>=.!<;8!($@(':=($*!;/C&%!'/%@!(.!
B<$'=(/$($*l!9B!$/!%&@!?(*>=8!'>&'D!=>&!B<.&!($!':-?&a.!;?<*l!!!
R?<*!/=>&%!&$@!/B!':-?&!($=/!*%/<$@!-/:%@!:=!-:.&!/B!=&?&.'/;&!
I/C!=<%$!/$!J3!=/**?&!.C(='>&.!:=!%&:%!?&B=!/B!.'/;&8!B(%.=!=>&!?&B=!/$&8!=>&$!=>&!/=>&%!
L:='>!=>&!X_E!?(*>=.!:=!%(*>=!%&:%!/B!.'/;&!C>&$!=<%$!/$!.C(='>&.S!.&&!*%&&$!?(*>=!:=!
?/C&%!%(*>=8!=>&$!:@b:'&$=!,&??/C!?(*>=!-?($D.!Q!=(+&.8!B/??/C&@!-,!.=&:@,!*%&&$!?(*>=!
I/C!#F!=/!.C(='>!/$!HI!'/+;<=&%!<$(=!
HI!@(.;?:,!%&:@.!nO/@&!W(P!H?=!`&Bd8!;/($=!.'/;&!=/!V&$(=>8!<.&!:!.+:??!-<--?&!?&)&?!
=/!-%($*!2KH!=/;!.<%B:'&!;&%;&$@('<?:%!=/!)&%=(':?!
H?./!(B!*%/<$@!>:.!.?(*>=!.?/;&8!:?(*$!H?=!:P(.!;&%;&$@('<?:%!=/!:P(.!/B!>(*>^?/C!
*%:@(&$=!!
HI!@(.;?:,!.>/<?@!%&:@!noY6kd8!:<=/!:@b<.=!(.!n/$d!
;%&..!&$=&%!:$@!.&&!HI!B?:.>!n#Fd!+/+&$=:%(?,!
_P(=!:$@!.&?&'=!O/@&!H?(*$!J=:%!

!



! 00!

!
6%*07&8(.!N!.'&%!&-(*)!!C9$'&(-.!&%$!/$-0GD!
O/@&!:?(*$!.=:%8!9!B(%.=!;('D!R/?:%(.8!'&$=&%!($!%&=('?&!&,&;(&'&!:$@!>(=!&$=&%!
K>&$!9!B($@!:$/=>&%!-%(*>=!.=:%!./!=>:=!;/.(=(/$.!/B!"!.=:%.!=/*&=>&%!C(=>!=>&!V&$(=>!
;/($=!@&B($&!?:%*&!&A<(?:=&%:?!=%(:$*?&G!
h&B/%&!&$*:*($*!@%()&.!:$@!;%/'&&@($*!($!B($@($*!/-b&'=.8!@/!=>(.!:?(*$+&$=!'>&'DS!
O/@&!3:=:?/*8!-%(*>=!.=:%.8!;('D!R/?:%(.!:*:($8!&$=&%8!+/)&!.'/;&!-:'D!=/!R/?:%(.l!
'&$=&%!($!%&=('<?&!&,&;(&'&l!'>&'D!:''<%:',!B%/+!%&:@/<=!/$!HI!@(.;?:,G!!!9B!
:?(*$+&$=!(.!/BB!4p6G6]q78!*/!=/!O/@&!H?(*$8!&$=&%8!%&:@/<=!.>/<?@!.:,!R/?:%(.8!=>&$!
/$'&!'&$=&%&@8!>(=!&$=&%!:*:($!=/!%&*(.=&%!=>&!$&C!'//%@($:=&.G!!E/!=>&!.:+&!B/%!=>&!
.&'/$@!.=:%G!!=>&!:''<%:',!(.!<.<:??,!)&%,!*//@!
_$*:*&!H?=!:$@!HV!@%()&.!4/%!C:(=!B/%!?:=&%!(B!,/<!:%&!@/($*!+/%&!:?(*$+&$=.!C(=>!=>&!
=>&!A<('D!KRHJ!;%/'&&@<%&7!
`&+&+-&%!HI!*()&.!C:%$($*!./<$@!C>&$!.&?&'=&@!/-b&'=!:?=(=<@&!p16k!:$@!r0Qk!
!
65'(8&'$!;@6:!.>.'$<!!C%0,'()$!,.$M!;@6:!9$'&(-.!&%$!/$-0GD!

K>(.!/;&%:=(/$!(.!/;=(/$:?!-<=!(+;%/)&.!;/($=($*!:''<%:',!"g8!(+;/%=:$=!C>&$!<.($*!
O:??($3:+!)(@&/!C(=>!0Q!:%'+($!B(&?@!/B!)(&Cl!$/=!$&&@&@!B/%!)(.<:?!<.&!/B!.'/;&!
<.($*!&,&;(&'&.l!.&&!=>&!KRHJ!.&'=(/$!/B!=>&!HI!+:$<:?!B/%!B<??!@&.'%(;=(/$!/B!
;%/'&@<%&l!=>&!B/??/C($*!@&.'%(-&.!C>:=!+<.=!-&!@/$&!:B=&%!:!KRHJ!':?(-%:=(/$!%<$!
>:.!-&&$!+:@&!/$!:!;%&)(/<.!/'':.(/$G!!K>&!%/<=($&!.&=<;!%&A<(%&.!*&==($*!
'//%@($:=&.!/B!Q!-%(*>=!.=:%.!;/.(=(/$&@!:%/<$@!=>&!.D,!-&=C&&$!>(*>!\Qk!:$@!?/C!
[6k!:?=(=<@&.G!
J3!@%()&.!:%&!@(.&$*:*&@!
O/@&!.&=<;8!.&=<;!+/<$=!&%%/%.8!:'A<(%&8!'>&'D!=>:=!.:+;?&!+/@&!.&=!(.!n/$d!!
i/!=/!O/@&!9@&$=(B,8!&$=&%!-<==/$!=>%/<*>!.&)&%:?!+&$<.!
.&?&'=S!.=:%8!o]!+:*8!:??!'/$.=&??:=(/$.8![U6k!:%'8!#F!
R/($=!=/!:!-%(*>=!.=:%!($!B($@&%8!HI!.>/<?@!($@(':=&!'/%%&'=!.=:%8!>(=!&$=&%!=C('&!<$=(?!
.&&!@&.'%(;=(/$8!=/**?&!=>&!'&$=&%!@(:?!B/%!n.:+;?&!+/<$=!&%%/%d!4@(.;?:,!-?($D.78!
:?(*$!.=:%!:$@!>(=!&$=&%8!=>&$!>(=!&P(=!-<==/$!/$'&!=/!*/!-:'D!=/!9@&$=(B,!!
9@&$=(B,!$&P=!$&C!.=:%!:$@!%&;&:=!=>&!;%/'&..!B/%!Q!.=:%.G!!!3:$!:?./!($'?<@&!:$@!
%&<.&!=>&!"!.=:%.!=>:=!C&%&!<.&@!B/%!($(=(:?!:?(*$+&$=!
4/;=(/$:?S!`&=<%$!=/!O/@&!.&=<;8!J&=<;!+/<$=!&%%/%.8!%&)(&C!@:=:8!&$=&%!:$@!.&&!=>&!
%:C!@&?=:.G!!_?(+($:=&!.=:%.!C(=>!@&)(:=(/$.!p![6!:%'!.&'G!!e(=!&$=&%!:*:($!=/!&?(+($:=&!
:!n-:@!.=:%d7!
E&B($&!+/@&?S!!2.&!'<%%&$=!':?'<?:=&@!@:=:!B/%!9_!):?<&!4=,;(':??,!s"78!:$@!<.&!IRH_!
;%&.&=!):?<&!4^0"G1!:%'+($!&.=:-?(.>&@!/$!&:%?(&%!KRHJ!':?(-%:=(/$!%<$7G!
R&%B/%+!3/+;<=&!:$@!%&:@!/<=!=>&!&%%/%.!/$!=>&!.=:%.!(B!,/<!C(.>G!!e(=!&$=&%!:*:($!
:$@!'>&'D!=>:=!9_t<.&!$/Cl!IRH_t<.&@!.=/%&@!):?<&l!/=>&%!=&%+.tn@/$a=!<.&d!
_P(=!J&=<;G!!!L(=>!`OJ!/B!r\!:%'!+($8!:-/<=!Q6u!/B!=:%*&=.!C(??!:;;&:%!($!':+&%:!:$@!
)(%=<:??,!:??!C(??!-&!)(.(-?&!($!:!?/C!;/C&%!&,&;(&'&G!
3>&'D!i#^K#.!B/%!:!B&C!/-b&'=.!/%!.=:%.!
!
J'/;&!$/C!%&:@,!=/!<.&G!
!
!



! 0"!

!

!

!

+09(A(5&'(0).!'0!.50#$!

e/C(&!i?:==&%!C(%&!.?($*!%&;?:'&.!F%(&*&a.!D&)?:%!-&?=!.?($*!
H@@&@!E&?%($!.;:'&%.!:$@!?/$*&%!&,&^-/?=.!=/!C>&&?-:%%/C!>:$@?&.!=/!;%&)&$=!=>&!
>:$@?&.!B%/+!;%&..($*!/$!=>&!H?=!+/=/%!+&'>:$(.+!
YPQ6!B($@&%.'/;&!4#%(/$7!%&;?:'&.!K&?%:@!
!

H(.&..$</->!
9=a.!(+;/%=:$=!=/!?&:%$!:!B(P&@!%/<=($&!:$@!$&)&%!@&)(:=&!B%/+!(=G!!!K>&%&a.!?/=.!=/!
%&+&+-&%!:$@!=>&!/%@&%!(.!(+;/%=:$=G!!9B!,/<!@/$a=!<.&!:!%/<=($&!,/<!':$!B/%*&=!:!
+($/%!.=&;!=>:=!':$!':<.&!@:+:*&!4-%/D&$!&$'/@&%.8!'%(+;&@!C(%&8!;/;;&@!
;/C&%?($&!B<.&8!&='7!
!
HI!.C(='>&@!=/!/BB!!
J3!;/C&%!.C(='>&.!=<%$&@!=/!/BB8!B(%.=!h!=>&$!H8!;/C&%!C(%&!<$;?<**&@!B%/+!.'/;&!
;/C&%!'/%@!%&+/)&@!B%/+!-:==&%,!4=>(.!%&)&%.&!/%@&%!:)/(@.!.>/%=.7!
HI!%&+/)&@!:$@!.=/%&@!C(=>!'/%@.!:==:'>&@!
O:??($3:+!':-?&.!%&+/)&@!:$@!.=/%&@!
KN!:$@!;/C&%!':-?&.!;:'D&@!:$@!.=/%&@!
@&C!.>(&?@!.=/C&@!
&?:.=('!'/%@!.=/C&@!
?(*>=!-:BB?&.!%&+/)&@!:$@!.=/%&@!
'/<$=&%!C&(*>=!.=/%&@!($!-/P!
B($@&%!.'/;&!%&+/)&@8!':;;&@8!:$@!.=/%&@!($!-/P!
'>&'D!=>:=!E&C*<:%@!(.!<$;?<**&@!B%/+!(=.!YN!-:==&%,!
'>&'D!=>:=!?:.&%!'/??(+:=/%!/BB8!%&=('<?&!&,&;(&'&!(.!/BB!:$@!%&=<%$&@!=/!&,&;(&'&!-/P!
-/==/+!.=%:;.!/B!.>%/<@!B%&&@!:$@!.>%/<@!;<??&@!<;!
H?=!&$'/@&%!<$@/$&!:$@!;:%=.!.=/%&@!($!&$'/@&%!.=/%:*&!-/P!
O(%%/%!'/)&%&@!C(=>!+('%/B(-&%!=/C&?8!;?:.=('!'/)&%!:$@!.&'<%&@!C(=>!&?:.=('!'/%@!
.>%/<@!%&+/)&@8!=C(.=!>//;!($=/!B(*<%&!18!B/?@!<;!.>%/<@!:$@!.=/%&!
2KH!%&+/)&@8!;?:.=('!-:*!;?:'&@!/$!=/;.!/B!;/?&.!=/!;%&)&$=!.;?:,($*8!-/==/+!
.'%&C.!=/!=%<..&.!%&+/)&@!:$@!=%<..!;/?&.!.=/%&@!($!.>(;;($*!=<-&!
.=%:;.!:==:'>&@!=(*>=?,j!!9+;/%=:$=8!/=>&%C(.&!H?=!@%()&!C(%&!'/+&.!?//.&!
'>&'D!=>:=!H?=!@(.&$*:*&@!:$@!HV!&$*:*&@!
:==:'>!C>&&?-:%%/C!>:$@?&.!
!
;$-$.50#$!.'0%&*$!

J'/;&!(.!.=/%&@!@(.:..&+-?&@!($!*:%:*&!C(=>!C>&&?-:%%/C!>:$@?&.!:==:'>&@!
%<--&%!.=%:;.!:==:'>&@8!($!=(*>=!;/.(=(/$8!B/%!=%:$.;/%=8!.=/%:*&G!!!9B!.=%:;.!$/=!=(*>=8!
H?=!C(%&!b<+;.!/BB!-&:%($*!%&A<(%($*!,/<!=/!%&+/<$=!=>&!C(%&!4-&?/C7G!!`&:%!;:(%!/B!
.=%:;.!/$!B(%.=!>/?&8!B%/$=!;:(%!/B!.=%:;.!/$!.&'/$@!>/?&G!
H?=(=<@&!@%()&!@(.&$*:*&@!C(=>!.=%:($!/BB!C(%&l!!
HV(+<=>!+/=/%!@(.&$*:*&@!
!



! 0[!

!
!
OA!6-'!G(%$!50<$.!0AA!'%&5EI!!

X(B=!&$=(%&!)(%=<:?!+(%%/%!-/P!4NOh7!/BB!=>&!%/'D&%!:$@!-:.&!:$@!;?:'&!/$!':%;&=!
.<%B:'&!./!$/=!.'<BB!<;!B(-&%*?:..!?:+($:=&!.<%B:'&.!/$!-&:%($*.8!.'%&C!($!C(%&!
:==:'>+&$=!:=!=/;!/B!B%/$=!&$@8!C%:;!=(*>=?,!:$@!:==:'>!C(%&!:?/$*!=>&!H?=!-&:%($*!
.<%B:'&!C(=>!.&)&%:?!.>/%=!;(&'&.!/B!-?<&!;:($=&%.!=:;&8!;?:'&!-:'D!/$!%/'D&%^-:.&l!
'>&'D!C(%&!'?&:%:$'&!($!-&:%($*!.?/=!-,!%/'D($*!=>&!NOh!-:'D!:$@!B/%=>!:$@!:B=&%!
%&+/)($*!=>&!=:;&!-,!.?(@($*!C(%&!-:'D!:$@!B/%=>G!!L(%&!+<.=!-&!B%&&G!
L%:;!C(%&!=C('&!:%/<$@!H?=!.;//?!/%!.;($@?&8!:$@!:==:'>!%&+:($($*!B%&&!&$@!/B!C(%&!
:=!=>&!H?=!%&?&:.&!?&)&%G!H??!/B!=>(.!':$!-&!:)/(@&@!-,!D&&;($*!=>&!%<--&%!.=%:;.!/$!
=(*>=!4$/=!.$<*8!=(*>=j7!@<%($*!=%:$.;/%=G!
!
@%0'$5'()*!<(%%0%!&)9!.50#$!

H!+('%/B(-&%!=/C&?!(.!;?:'&@!@(%&'=?,!/$!+(%%/%!4<$@&%!=>&!+(%%/%!'/)&%7!=/!
+($(+(V&!@<.=8!($.&'=!-<(?@<;G!!!E/!$/=!%<-!=/C&?!/$!+(%%/%8!-<=!#F!=/!?(*>=?,!@%:*!
=/C&?!/)&%!.<%B:'&!=/!%&+/)&!-(*!;:%=('?&.G!!i/=!=>&!=/C&?.!:=!H@):$'&!H<=/!R:%=.G!
R<??!:!./'D!/)&%!.&'/$@:%,!=/!D&&;!@<.=!/BB!
;<??!:!?:%*&!;?:.=('!.>&&=!/)&%!=>&!.'/;&!=/!D&&;!@<.=!/BB!
!
:'&'.I!1234!&)9!"+O!<(%%0%!

B?!\QG"!($'>&.!40Y6Q++7!
_$>:$'&@!:?<+($<+!'/:=($*!YUu!;%(+:%,!+(%%/%!B%/+!#O9l!Y1u!+<?=(;?&!@(&?&'=%('!
'/:=($*!4h%(??(:$=!E(:+/$@7!/$!0T06!C:)&!.&'/$@:%,!+(%%/%!B%/+!2$(=&@!X&$.!
#O9!+(%%/%!BT]G"8!01!($'>&.!@(:+&=&%8!"!($'>&.!=>('D!
#O9!/;&%:=/%8!v:+&.!O<?>&%($!
J=%&>?!%:=(/!6GY18!`OJ!6G6""!C:)&.!:=!QQ6$+8!!
;&:D^=/^):??&,!&%%/%!(.!w0T0Q=>!C:)&!
.&%(:?5!01^"]0^6[6U61!
W&:=>&%=/<'>!"^($'>!B/'<.&%!
K&?%:@!
E&C!i<:%@!
!
!
!
!
!

!



! 0]!

!

Quick Fringe Test Report

!"##$%&'()*$+,-./)0123402565751))))))))))))))))))))))))))))))))

8"9-.):$%;&<()=>?3),%9<$'

@A&BA&)C%,&'()D-E$'

FG* )5?533

*&+$<.)F-&," )5?H1

*9-.$ 5?>5

D-E$.$%;&< >>5?5)%#

I$'9+,B&,"% @GJ)01K)8L4?3

I-&$)M$'&$N G-+9<)7O)3551

@B$+-&"+ P-#$')GA.<$+,%

!"##$%&' *$+,-./)0123402565751)))))))))))))))))))))

0.050 Waves / contour

-1 -0.6 -0.2 0.2 0.6 1

-1

-0.6

-0.2

0.2

0.6

1

-1

-0.6

-0.2

0.2

0.6

1

-1 -0.6 -0.2 0.2 0.6 1

-0.15

X

Y

W
a
v
e
s

James 
Mulherin

Digitally signed by James Mulherin 
DN: cn=James Mulherin, o=Optical 
Mechanics, Inc., ou=Certification, 
email=jcmulherin@opticalmechani
cs.com, c=US 
Date: 2008.04.06 11:30:25 -05'00'



! 0Q!

K>$#($5$.P!50--(<&'(0)!$J,(#<$)'!

B/':?!?&$*=>!/B!0123!;%(+:%,!(.!0Y6Q++!4\Q!($7!
!
NL()5B!.$%($.!

[0++!K&?&!N<&!I:*?&%!K,;&!Q! ! U0g!!!4=>&!;($&:;;?&7!
"1++!2$()&%.(=,!#;=('.!R%&=/%(:! ! U1g!!!4'/+:^'/%%&'=&@!/;=('.!B/%!BT]7!
"6++!K&?&!N<&!I:*?&%!K,;&!Q! ! YQg!
0[++!K&?&!N<&!_=>/.! ! ! 0]\g!
K&?&!N<&!R:%:'/%%!;:%:-/?:!'/%%&'=/%!4B/%!'/+:!'/%%&'=(/$7!
!
1QNR!()5B!.$%($.!

"[++!J=&??:%N<&!%&=('?&!&,&;(&'&8!Q6k!W#N8!1[g!
C(=>!`(*&?!J,.=&+.!R<?.&i<(@&!(??<+($:=/%!
!
["++!N&%$/$.'/;&!h%:$@/$! ! U6g!
"1++!_@+/$@a.!J'(&$=(B('!.,++&=%(':?!! U1g!
0"++!N&%$/$.'/;&!h%:$@/$! ! 0QYg!
1++!N&%$/$.'/;&!h%:$@/$!! ! "[1g!
U++!N&%$/$.'/;&!h%:$@/$!! ! [01g!
"g!E:D($!h:%?/C!4N&%$/$.'/;&7!
!

!

!

!

!
!

!

!

!

!

!

!

!

!



! 0U!

!

!

!

S(-'$%.!

0G"Q!($'>!%/=:=:-?&!;/?:%(V&%!&,&;(&'&!C(=>!"!'%/..&@!;/?:%(V($*!B(?=&%.!B/%!)(&C($*!
+//$8!N&$<.!
"!($'>!X<+('/$!2e3!$:%%/C!-:$@;:..!B(?=&%!0UUQ!56"8!Y\uK!B/%!]1U!4e^-&=:78!:$@!
]YU8!Q60!$+!4#P,*&$!9997!
0G"Q!($'>!2NT9`!-?/'D!3&?&.=%/$!B(?=&%!/$!O:??($3:+!4*%:;>!-&?/C7!.>/C.!($'?<@&.!
UQU!$+!e^:?;>:!-<=!&P'?<@&.!?/$*!C:)&?&$*=>!9`!:$@!:??!2N!-&?/C!]66$+!4-%/:@!
-:$@;:..7!
!
!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

40--(<&'(0)!$J,(#<$)'!!

"!($'>!@(:+!.(*>=($*!=<-&8!3:=.&,&8!v(+!W?,!
"!($'>!3:=.&,&!H<=/'/??(+:=/%8!v(+!W?,!4>:)&!$/=!<.&@!+<'>7!
H.=%/.,.=&+!H.=%/h&:+!99!?:.&%!:<=/'/??(+:=/%!
e/C(&!i?:==&%a.!h?<*!B/%!]Qk!)(&C!/B!B:'&!/B!?:.&%!:<=/'/??(+:=/%!
!
!

!

!



! 0\!

6%*07&8(.!&)9!:$%804&'I!08$%8($G.!

!
6%*07&8(.!!C67D!(.!:!'/+;<=&%!+/@<?&!C(=>![!':-?&.!=>:=!'/$$&'=!($=/!=>&!.:B&=,!
'/$=%/?!'(%'<(=!/B!=>&!J3!.,.=&+!/$!=>&!-:.&!/B!0123!=&?&.'/;&G!!J&?&'=!:$!/-b&'=!:$@!
HI!.>/C.!@&*%&&.!sH?=!:$@!sHV!:$@!:%%/C.!.>/C($*!=>&!@(%&'=(/$.!$&&@&@!=/!+/)&!
.'/;&!=/!=>&!/-b&'=G!!K>&!/-b&'=!':=/?/*!'/$=:($.![68666!/-b&'=.8!-%(*>=!.=:%.8!;?:$&=.8!
O&..(&%!/-b&'=.8!Ii3!:$@!93!/-b&'=.!:$@!+/%&G!!I:)(*:=(/$!':$!-&!@/$&!+:$<:??,!
C(=>/<=!J3!/%!:<=/+:=(':??,!<$@&%!J3!+/=/%(V&@!'/$=%/?G!!K>&%&!(.!:!;/C&%!':-?&8!:!
.&%(:?!':-?&!=>:=!B&&@.!($B/!=/!J3!B%/+!HI!:$@!:$!&$'/@&%!':-?&!=>:=!($;<=.!($B/!=/!HI!
B%/+!=>&!&$'/@&%.G!!HI!>:.!:!@&=:(?&@!+:$<:?!':??&@!H%*/+:$!=>:=!@&=:(?.!HI!.&=<;8!
($.=%<'=(/$.!B/%!:!;%:'=('&!%<$!<.($*!HI!:==:'>&@!=/!J38!:$@!:$!(+;/%=:$=!.&'=(/$!/$!
KRHJ8!:!>(*>&%!?&)&?!;%&'(.(/$!:?(*$+&$=!;%/=/'/?G!HI!(.!+:@&!-,!i:%,!F$/BB!:=!
L(?@':%@!($!IJL8!H<.=%:?(:G!
!
:$%8046;!C:4D!(.!:!+/=/%(V:=(/$!.,.=&+!B/%!:<=/+:=&@!=&?&.'/;&!'/$=%/?!B/%!i#^K#!
'/++:$@.!:$@!:<=/+:=&@!=%:'D($*G!!9=!'/$.(.=.!/B!'(%'<(=%,8!+/=>&%!-/:%@8!/$^/BB!
=/**?&!.C(='>&.8!X_E!B<$'=(/$!?(*>=.8!:$@!($=&%B:'&.!C(=>!=>&!;/C&%!.<;;?,8!&$'/@&%.!
:$@!HI8!:??!+/<$=&@!/$!=>&!%/'D&%^-:.&!/B!=>&!.'/;&G!!J3!(.!&..&$=(:?!B/%!)(@&/^
:.=%/$/+,!-&':<.&!(+:*&.!:%&!&:'>!($=&*%:=(/$.!?:.=($*!.&)&%:?!.&'/$@.!:$@!
:''<%:=&!=%:'D($*!(.!:!+<.=G!!J3!(.!-,!i:%,!O,&%.!:=!J=&??:%3HK!($!H?=:!N(.=:8!HmG!
!
K>&%&!:%&!H?=!:$@!HV!&$'/@&%.!:$@!.&%)/+/=/%!.,.=&+.!B/%!@%()($*!=>&!H?=!:$@!HV!
@(%&'=(/$.!/B!=>&!=&?&.'/;&G!!K>&!H?=!+/)&+&$=!C/%D.!C(=>!:!C(%&!@%()&!=>:=!B/??/C.!
:?/$*!=>&!&$=(%&!H?=!-&:%($*!:$@!(.!C%:;;&@!-,!"!=<%$.!:%/<$@!:!+/=/%(V&@!.;($@?&G!!!
K>&!HV!+/)&+&$=!C/%D.!-,!:!D$<%?&@!C>&&?!=>:=!+:D&.!B(%+!'/$=:'=!C(=>!=>&!&@*&!
/B!:!%/=:=($*!'(%'<?:%!-:.&G!!K>&!&$'/@&%.!&:'>!>:)&!068666!@()(.(/$.!:$@!;%/)(@&!
:;;%/P(+:=&?,!6G6"!@&*%&&.T.=&;!4"G0U!:%'+($T.=&;7G!!K%:'D($*!<.<:??,!;%/)(@&.!:$!
:''<%:',!/B!s!0!.=&;G!!W/%!:!)(@&/!':+&%:!C(=>!""!:%'+($!W#N!/$!=>&!@(:*/$:?!4:-/<=!
06!&$'/@&%!.=&;.7!:''<%:=&!=%:'D($*!(.!%&A<(%&@G!!K>&!J3!.,.=&+!($'?<@&.!:!;/C&%!
':-?&!=>:=!'/$$&'=.!:$!&P=&%$:?!0"N!-:==&%,!=/!:!;/C&%&@!*%/<$@!-/:%@!./'D&=!/$!
=>&!.'/;&G!!K>&!;/C&%&@!*%/<$@!-/:%@!;%/)(@&.!;/C&%!C>(?&!:??/C($*!=>&!-:.&!=/!
%/=:=&!B%&&?,!C(=>!$/!C(%&!+/)&+&$=!:$@!B/<?!<;G!

!

!
!



! 01!

!
!
:$''()*!,#!"/.$..(0)!12F34!G('B!().'&--$9!:$%8046;!&)9!6%*07&8(.!

!
0G `&:@!:$@!B/??/C!E:)&!F%(&*&a.!($.=%<'=(/$!*<(@&!B(%.=G!
!
"G L>&$!+/<$=($*!=>&!@&C!>&:=&%!/$!=>&!-:'D!/B!=>&!.&'/$@:%,!+(%%/%8!?&:)&!.;:'&!

/$!=>&!-:'D!B/%!:==:'>($*!=>&!$,?/$!.:B&=,!'/%@G!!X//D!:=!E:)&a.!.D&='>!B(%.=G!!
R?:'&!=>&!+(%%/%!($!=>&!>/?@&%8!B(??!C(=>!B?<BB8!:$@!($.&%=!=>&!-:'D!;?:=&G!!#;&$!=>&!
.&'/$@:%,!>/?@&%!&$/<*>!=>:=!=>&!]!@&C!C:%+&%!?&:@.!:$@!.:B&=,!=C($&!:%&!
.;:'&@!:?/$*!=>&!&@*&!;%/)(@($*!&$/<*>!.;:'&!B/%!,/<!=/!'%:+!=>&!-:'D($*!;?:=&!
C(=>!(=.![!:@b<.=+&$=!.'%&C.!($=/!=>&!>/?@&%!./!:.!$/=!=/!:-%:@&!=>&!C(%&.G!!9!b<.=!
.=<BB&@!(=!($!=>&%&!B:.=&$&@!@/C$!=>&!>/?@&%!.'%&C.!:$@!(=!C/%D.G!!K>&!N&?'%/!=:-!
:=!=>&!.;(@&%!(.!B/%!>/?@($*!=>&!C:%+&%a.!YN!-:==&%,8!:$@!,/<!':$!%&:@!:-/<=!
;/.(=(/$($*!=>:=G!!E/=!=>&!.&'/$@:%,!<.($*!=>&!=&+;?:=&!.<;;?(&@!-,!EFG!!K>(.!
@/&.$a=!><%=!=>&!(+:*&!:$@!':$!>&?;!-&*($$&%.G!!!O,!.&'/$@:%,a.!'&$=&%!@/=!C:.!
/BB!-,!"++!B%/+!=>&!?:.&%!-&:+!B%/+!=>&!i?:==$&%!?:.&%!'/??(+:=/%8!-<=!(=!
@/&.$a=!.&&+!=/!+:==&%G!

!
[G R?:'&!:!-?:'D!%&($B/%'&+&$=!%($*!/$!=>&!;%(+:%,!:.!@&.'%(-&@G!!K>&!-?:'D!'/?/%&@!

%($*!.<;;?(&@!-,!EF!(.!+<'>!-&==&%!=>:$!:!C>(=&!'/?/%&@!%($*!C>&$!<.($*!=>&!
i?:==$&%!?:.&%!'/??(+:=/%!C(=>!=>&!C>(=&!%&B?&'=()&!;?:=&G!

!
]G O/<$=!=>&!;%(+:%,!($!(=.!'&??!:.!@&.'%(-&@!-,!F%(&*&G!!I/=&!C>&$!,/<!'/??(+:=&!

C(=>!=>&!?:.&%!&,&;(&'&!=>:=!=>&!?:.&%!.;/=!/$!=>&!;%(+:%,!.>(B=.!-,!:-/<=!0!'+!
-&=C&&$!)&%=(':?!:$@!]Qk!;/.(=(/$.!:=!B(%.=G!!H;;:%&$=?,8!=>&%&!:%&!'>:$*($*!
:+/<$=.!/B!B=^?-.!:$@!=/%A<&!/$!=>&!2KH!:$@!=%<..!;/?&.!C(=>!'>:$*($*!:?=(=<@&!
:$@!:?./!=>&!B:'=!=>:=!=>&!.'/;&!>:.!U!=%<..!;/?&.!($.=&:@!/B!1!:$@!(.!$/=!
'/+;?&=&?,!%(*(@G!

!
QG 3/??(+:=(/$G!!K/!:?(*$!=>&!.&'/$@:%,8!C>('>!,/<!@/!-,!/-.&%)($*!=>&!?:.&%!.;/=!/$!

=>&!;%(+:%,!+(%%/%8!<.&!=>&!?:.&%!'/??(+:=/%!C(=>/<=!(=.!C>(=&!+:*$&=('!B:'&!
;?:=&G!!f/<!$&&@!=/!.&&!=>&!($=&$.&!B/'<.&@!?:.&%!-&:+!=/!@/!=>(.G!I/=&S!=>&![!
:@b<.=+&$=!.'%&C.!B/%!'&$=&%($*!=>&!.&'/$@:%,!:%&!;%&==,!.=(BB!=/!/;&%:=&G!!K/!
:?(*$!=>&!;%(+:%,!,/<!@/$a=!$&&@!=/!'/<;?&!:!R:%:'/%%!/%!:!h:%?/C!?&$.!C(=>!=>&!
?:.&%!'/??(+:=/%!=/!@/!B($&!'/??(+:=(/$G!!f/<!.>/<?@!<.&!i?:==$&%a.!C>(=&!

!!



! 0Y!

+:*$&=('!B:'&!;?:=&8!C>('>!>:.!:!.+:??!?&$.!=>:=!.;%&:@.!=>&!-&:+!;&%B&'=?,!./!
,/<!':$!.&&!:!>(*>!'/$=%:.=!(+:*&!/B!=>&!-?:'D!%&($B/%'&+&$=!%($*!/$!=>&!C>(=&!
@(.DG!!49!>:)&!v(+!W?,a.!%&@!=%(:$*?&.!B/%!=>&!3:=.&,&!'/??(+:=/%.8!C>('>!%&A<(%&!
,/<!?($&!<;!]!(+:*&.!/B!=%(:$*?&!%&B?&'=(/$.8!-<=!9!@/$a=!D$/C!(B!9!C(??!$&&@!=>(.!
+&=>/@!:.!=>&!?:.&%!'/??(+:=/%!(.!./!*//@G7!!f/<!':$!:@b<.=!=>&!;/.(=(/$!/B!=>&!
-?:'D!%($*!@:,!/%!$(*>=!-,!,/<%.&?B!:$@!C(=>/<=!=>&!-?//*8!-<=!,/<!@/!$&&@!=>&!
.>%/<@!=/!-&!/BBG!!3/??(+:=&!B(%.=8!=>&$!;<=!/$!=>&!.>%/<@G!

!
UG 3/<$=&%C&(*>=.G!!!9!<.&@!'/;;&%!hh!.>/=!B/%!:(%!%(B?&.8!:$@!(=!C/%D.!C&??G!!X&:@!

.>/=!(.!;%&==,!=/P('!.=<BBG!
\G K>&!$&C!.>%/<@!B(=.!.$<*?,G!!9!'/<?@!-:%&?,!*&=!=>&!.?/=.!($!=>&!B:-%('!=/!B(=!/)&%!
1G =>&!;/?&!:==:'>+&$=!D$/-.G!!X&:)&!=>&!=/;!>&+!:$@!=(&!.=%($*!/)&%!=>&!2KH!%($*G!
YG K>&!%(;^.=/;!$,?/$!+:=&%(:?!@/&.!$/=!.&&+!=/!?//.&$!<;!C(=>!C&:%!:$@!><+(@(=,!

/)&%!=(+&G!
!
!
:$%8046;!9$'&(-.!

!
0G E:)&!F%(&*&!.>(;.!#-.&..(/$!0123!C(=>!.&)&%:?!($B/%+:=(/$!.>&&=.8!3E.!:$@!

ENE8!':-?&.!:$@!.&%(:?!'/$$&'=/%.!B%/+!=>&!+:$<B:'=<%&%.!/B!J&%)/3HK!:$@!
H%*/I:)(.G!!E/$a=!*&=!/)&%C>&?+&@!-&':<.&!,/<!@/$a=!$&&@!:??!/B!=>(.G!!#$!=>&!
/=>&%!>:$@8!=>&%&!(.!$/!'?&:%!.=&;^-,^.=&;!($.=%<'=(/$!/$!C>:=!=/!@/8!:$@!,/<!
>:)&!=/!@(*!./+&!B/%!:!=:.D!=>:=!(.!<?=(+:=&?,!;%&==,!.(+;?&!.($'&!=>&!+/<$=($*!
>:.!:?%&:@,!-&&$!@/$&G!
!

"G HV(+<=>!'/$=%/?G!!h&B/%&!,/<!-&*($!>//D($*!<;!:$@!=&.=($*!J&%)/3HK8!B(%.=!*&=!
B:+(?(:%!C(=>!=>&!%/'D&%!-:.&!:$@!@%()&.8!'(%'<(=!?/':=(/$.8!:$@!;?:'&+&$=!/B!
.C(='>&.!:$@!b:'D.!B/%!':-?&.G!!X//D!:=!=>&!%/'D&%!;?:=B/%+!:$@!$/=&!=>&!%&@!
>:$@?&M=>(.!(.!=>&!:V(+<=>!&$*:*&+&$=!?&)&%G!!L>&$!;<.>&@!($!B?<.>!C(=>!=>&!
&@*&!/B!=>&!%/'D&%!-/:%@!4(=!%&A<(%&.!./+&!B/%'&j78!=>&!-&:%($*!(.!@(.&$*:*&@8!:$@!
=>&!;?:=B/%+!+/)&.!B%&&?,!-,!>:$@G!!X//D!:=!=>&!-/==/+!/B!=>&!%/'D&%^*%/<$@!
-/:%@!<$(=G!!H.!,/<!+/)&!=>&!?&)&%!($!:$@!/<=!/-.&%)&!>/C!:!D$<%?&@!+&=:?!C>&&?!
:==:'>&@!=/!=>&!:V(+<=>!+/=/%!+/)&.!:*:($.=!:$@!'/+;%&..&.!=>&!&@*&!/B!=>&!
'(%'<?:%!C//@&$!@(.D!:$@!+/)&.!=>&!.'/;&!($!:V(+<=>G!!L>&$!&$*:*&@8!=>&!?&)&%!
.=('D.!/<=!Y6kG!!K>(.!?//D.!'%<@&!B/%!:!+&'>:$(.+!?($D&@!=/!:!068666^.=&;!
;%&'(.(/$!&$'/@&%8!-<=!(=!C/%D.!)&%,!C&??G!!E/$a=!C/%%,!:-/<=!=>&!C//@&$!@(.D!
*&==($*!B%:,&@!/%!+:D($*!@<.=!=>:=!+(*>=!@:+:*&!=>&!.'/;&G!!e/C&)&%8!(B!=>&!
:V(+<=>!C>&&?!(.!&$*:*&@!:$@!,/<!.&&!=>&!.'/;&!(.!$/=!+/)($*8!.=/;!=>&!
+/)&+&$=!(++&@(:=&?,j!!K>&!'/$=($<&@!+/)&+&$=!/B!=>&!D$<%?&@!C>&&?!:*:($.=!
=>&!C//@!':$!%<-!/<=!:!$/='>!/$!=>&!-/:%@!:$@!':<.&!=>&!.'/;&!=/!-&!b&%D,!C>&$!
(=!=%:)&?.!=>%/<*>!=>(.!?/':=(/$G!!9=!':$!:?./!>:;;&$!=>:=!=>&!.'/;&!+/)&.!($!./+&!
'%:V,!<$'/$=%/??&@!C:,!:$@!C:$=.!=/!;?/C!($=/!=>&!*%/<$@G!!9B!./8!>/?@!@/C$!:$,!
[!-<==/$.!/$!=>&!D&,;:@!=/!.=/;G!HB=&%!:!B&C!.&'/$@.!=>&!>:$@;:@!%&'/)&%.!:$@!
,/<!':$!+/)&!=>&!.'/;&!:*:($G!!K>&%&!(.!$/=>($*!/$!=>&!J=&??:%3HK!)(@&/.!,/<!
$&&@!=/!.&&!:-/<=!($.=:??($*!/%!'/$$&'=($*!=>&!:V(+<=>!@%()&!-&':<.&!EF!>:.!
:?%&:@,!@/$&!=>&!C/%DG!!f/<!:?./!@/$a=!$&&@!=/!B/??/C!EFa.!($.=%<'=(/$.!B/%!



! "6!

:==:'>($*!=>&!:V(+<=>!'/++<$(':=(/$!':-?&.!4-/==/+!;!0]!/B!>(.!.>&&=.7!-&':<.&!
=>(.!>:.!:?%&:@,!-&&$!@/$&G!
!
9B!=>&%&!(.!$/!%&.;/$.&!C>&$!>(==($*!D&,;:@8!'>&'D!=>&%&!(.!;/C&%!4HI!C/%D.!:$@!
X_E!?(*>=.!:%&!/$7!:$@!=>:=!=>&!%&'&()&!(.!;?<**&@!($!%(*>=!:$@!>:.!(=.!=/**?&!
.C(='>!;/($=&@!($!@(%&'=(/$!=/C:%@!=>&!:$=&$$:G!!9B!:??!#F8!(=!'/<?@!-&!=>:=!=>&!
?(=>(<+!-:==&%(&.!($!=>&!>:$@;:@!:%&!@&:@!:$@!$&&@!%&;?:'($*!4.&&!-:==&%,!'>:%=7G!
!

[G H?=(=<@&!'/$=%/?G!!f/<!@/!$&&@!=/!C:='>!=>&!J=&??:%3HK!)(@&/!.>/C($*!($.=:??:=(/$!
/B!=>&!:?=(=<@&!':-?&!:?/$*!=>&!-&:%($*!.<%B:'&!/B!=>&!NOhG!!K>&!)(@&/!:?./!.>/C.!
>/C!=/!@/<-?&^?//;!=>&!C(%&!:%/<$@!=>&!-%/$V&!%/??&%!:==:'>&@!=/!=>&!:?=(=<@&!
.&%)/!+/=/%!:$@!>//D!(=!<;!=/!=>&!=&$.(/$!+&'>:$(.+!/$!=>&!-&:%($*G!!!R:,!
:==&$=(/$!/$!>/C!=/!+/)&!=>&!%&@!?&)&%!=/!=>&!Y6k!;/.(=(/$!=/!@(.&$*:*&!=>&!
+/=/%!@%()&!B/%!+/)($*!=>&!.'/;&!+:$<:??,G!!I/=!.>/C$!(.!>/C!=/!%&?&:.&!=>&!
?&)&%!-,!016k!=/!:==:'>^@&=:'>!=>&!C(%&8!'/%%&'=!B/%!/)&%?:;;($*!.=%:$@.!/$!=>&!
%/??&%8!/%!:@b<.=!=>&!;/.(=(/$!/B!=>&!C(%&!/$!=>&!%/??&%G!!f/<!$&&@!=/!?&:%$!>/C!=/!
@/!=>&.&!=>($*.G!!E:)&a.!($.=%<'=(/$.!/$!=>&!:?=(=<@&!+&'>:$(.+!/$!;0]!:%&!
(+;/%=:$=G!!K>&,!@&.'%(-&!:==:'>+&$=!/B!=>&!H?=(=<@&!&$'/@&%!:%+!:$@!=>&!
:../'(:=&@!%&B&%&$'&!:%+!/$!=>&!#-.&..(/$!NOh!.(@&!-&:%($*G!!H??!=>&!@&=:(?.!:%&!
=>&%&G!!H.!EF!.:,.8!@/$a=!/)&%^=(*>=&$!=>&!.'%&C.!=>:=!>/?@!=>&!B/%D&@!&$@!/B!=>&!
%&B&%&$'&!:%+!:.!(=!$&&@.!B%&&@/+!=/!+/)&!<;!:$@!@/C$!@<%($*!.'/;&!
+/)&+&$=.G!
!

]G I/=&.!/$!:==:'>($*!=>&!:?=(=<@&!C(%&!/$!0123G!!K>(.!C/%D!($)/?)&.!+/)($*!=>&!
NOh!/$!:$@!/BB!/B!=>&!%/'D&%!;?:=B/%+G!!J($'&!,/<!;<=!=>&!NOh!/$!=>&!*%/<$@!
%(*>=!/$!(=.!-&:%($*!.<%B:'&.!,/<!$&&@!:!':%;&=!/%!;:@!=/!;%/=&'=!=>&+G!!!9!C/<?@!
=>($D!(=a.!:!*//@!(@&:!=/!@/!=>(.G!!9!-&*($!C(=>!=>&!NOh!%&.=($*!/$!(=.!;:@!$&P=!=/!
=>&!%/'D&%G!!K/!:==:'>!=>&!C(%&!&:.(?,8!B(%.=!.'%&C!(=!@/C$!/$!=>&!-&:%($*a.!B%/$=!
=/;!.<%B:'&!C(=>!=>&!.'%&C!;%/)(@&@G!!!f/<!C(??!$&&@!=/!;/.(=(/$!=>&!C(%&!($!=>&!
+(@@?&!/B!=>&!-&:%($*!.<%B:'&!./!,/<!':$!?(B=!=>&!NOh!:$@!+(%%/%!C(=>!C(%&!($!
;?:'&!<;!:$@!/$=/!=>&!%/'D&%!./!=>:=!=>&!C(%&!C($@.!<;!($!=>&!*%//)&!($!=>&!
K&B?/$!-&:%($*!.<%B:'&G!!I&P=!C%:;!=>&!C(%&!:?/$*!=>&!-&:%($*!:$@!<.&!.=%(;.!/B!
+:.D($*!=:;&!/%!-?<&!;:($=&%.!=:;&!=/!;/.(=(/$!:$@!>/?@!=>&!C(%&!($!=>&!+(@@?&!/B!
=>&!-&:%($*G!!F$&&?($*!$&P=!=/!=>&!NOh8!?&:@!=>&!C(%&!=/C:%@!=>&!%&:%!:?/$*!=>&!
/<=.(@&!/B!=>&!-&:%($*8!?(B=!<;!=>&!NOh!C(=>!=>&!>:$@?&!4&:.,!=/!@/!/$&^>:$@&@7!
=/!;/.(=(/$!=>&!C(%&!:?/$*!=>&!?&$*=>!/B!=>&!-&:%($*G!!K:;&!=>&!C(%&!($=/!;/.(=(/$!
=/C:%@.!=>&!%&:%!&$@!/B!=>&!-&:%($*!C(=>!:$/=>&%!C(@&!.=%(;!/B!+:.D($*!=:;&G!!
HB=&%!;?:'($*!=>&!NOh!/$!=>&!%/'D&%8!%&+/)&!=>&!=:;&.8!:$@!;<??!=>&!C(%&!-:'D!
:$@!B/%=>!=/!+:D&!.<%&!(=!(.!B%&&!($!=>&!K&B?/$!'>:$$&?G!!K>&!J&%)/3HK!)(@&/!
.>/C.!>/C!=/!@/!=>(.G!!K>&$!C%:;!=>&!C(%&!:%/<$@!=>&!%/??&%!/$!=>&!:?=(=<@&!
+/=/%!:$@!B:.=&$8!:??!:.!.>/C$!($!=>&!)(@&/G!

!
9B!,/<!>:)&!=>&!+/=/%(V&@!0123!=>&!:?=(=<@&!@%()&!@&B($(=&?,!':<.&.!:!.=/%:*&!).G!
'/$)&$(&$'&^/B^<.&!@(?&++:G!!L(=>!=>&!:?=(=<@&!@%()&!C(%&!($.=:??&@8!,/<!@/$a=!
%&:??,!C:$=!=/!=:D&!(=!:;:%=!:*:($!=/!.=/%&!(=!($!=>&!C>(=&!.=/%:*&!-/PG!!h<=!.=/%:*&!
($!=>&!-/P!(.!;%&==,!@<.=^!:$@!><+(@(=,^;%//B!:$@!;%&)&$=.!%&;&:=&@!','?&.!/B!



! "0!

@&C($*!/B!=>&!+(%%/%!C>&$!=>&!.'/;&!(.!$/=!($!<.&!:$@!(.!:!)&%,!:==%:'=()&!/;=(/$G!
9B!,/<!?&:)&!=>&!NOh!/$!=>&!%/'D&%8!C>('>!(.!C>:=!9!'>/.&!=/!@/8!,/<!':$!b<.=!
C>&&?!(=!:%/<$@!:$@!<;!:$@!@/C$!%:+;.!&='8!-<=!9!<.&!+('%/B(-&%!=/C&?.!:$@!
;?:.=('!.>&&=.!=/!;%/=&'=!.'/;&!:$!+(%%/%!B%/+!@<.=G!
!

QG I/=&!=>:=!=>&!H?=!&$'/@&%!>:.!:!'/+;<=&%!-/:%@!:$@!%&'&;=:'?&!B/%!=>&!]^
'/$@<'=/%!':-?&G!!K>(.!(.!:!B%:*(?&!:%&:G!!!9!-%/D&!+($&!=>&!B(%.=!=(+&!/<=!C>&$!=>&!
%&'&;=:'?&!*/=!':<*>=!/$!=>&!($.(@&!/B!=>&!.>%/<@!C>(?&!+/)($*!=>&!.'/;&G!!HB=&%!
%&;:(%($*!=>&!-%/D&$!-/:%@8!9!%&($B/%'&@!=>&!:%&:!C(=>!:!?:,&%!/B!Q!+($!&;/P,!:$@!
:!+&=:?!.=%(;8!C>('>!.>/<?@!>&?;!;%&)&$=!@:+:*&!($!=>&!B<=<%&G!
!

UG H==:'>+&$=!/B!'/++<$(':=(/$.!':-?&.!=/!;/%=.!/$!=>&!%/'D&%!;?:=B/%+G!!I&P=!=/!
=>&!:V(+<=>!&$*:*&+&$=!?&)&%!:=!?&B=!%&:%!'/%$&%!/B!=>&!%/'D&%!(.!:!.+:??!"d!
'/+;<=&%!-/:%@!+/<$=&@!&@*&C(.&8!=>&!T#%0'$5'(0)!/0&%9UP!C(=>!]!':-?&!
%&'&;=:'?&.!:%%:$*&@!)&%=(':??,!($!:!%/CG!!K>(.!(.!=>&!+:($!($;<=^/<=;<=!.(=&!B/%!
':-?&!:==:'>+&$=!=/!=>&!.'/;&G!!K>&!-/:%@!;%/=&'=.!J&%)/3HKa.!+:($!'/+;<=&%!
-/:%@!.>/<?@!=>&%&!-&!:!;%/-?&+!C(=>!&?&'=%(':?!'/$$&'=(/$.!=/!=>&!.'/;&G!!W%/+!
=/;!=/!-/==/+8!=>&!]!%&'&;=:'?&.!:%&S!
!
(G h?:'D!%&'&;=:'?&!B/%!U!'/$@<'=/%!':-?&!B/%!H%*/I:)(.!.&%(:?!;/%=!50!
((G i%:,!%&'&;=:'?&!B/%!Y!'/$@<'=/%!':-?&!B/%!=>&!H%*/I:)(.!&$'/@&%!;/%=!
(((G 3/$$&'=/%!B/%!/=>&%!:''&../%,8!?(D&!/;=(/$:?!H%*/I:)(.!;/C&%!'/%@!/%!B:$!
()G h/==/+!'/$$&'=/%!B/%!J&%)/3HK!'/$=%/?!;/@!4-/=>!=>&!C(%&@!/%!=>&!C(%&?&..!

)&%.(/$7!
!

\G K>&!J&%)/3HKa.!;/C&%&@!*%/<$@!-/:%@!>:.!:!.;&'(:?!./'D&=!:=!=>&!)&%,!&$@!/B!
/$&!/B!=>&![!?&*.!B/%!:==:'>($*!=>&!;/C&%!'/%@G!!K>&!'/%@!>:.!:!'(*:%&==&!?(*>=&%!
;?<*!/$!(=.!/=>&%!&$@!B/%!'/$$&'=($*!=/!:!-:==&%,G!!!K>&!B?//%!+:=!<.&@!B/%!+/)($*!
=>&!NOh!(.!:?./!<.&B<?!B/%!'/)($*!=>&!':-?&!%<$$($*!B%/+!=>&!*%/<$@!-/:%@!=/!=>&!
-:==&%,!:$@!D&&;.!;&/;?&!B%/+!=%(;;($*!/$!=>&!'/%@G!
!

1G K>&!J&%)/3HK!%&+/=&!%&'&()&%!4>:.!:$!:$=&$$:7!:$@!%&+/=&!>:$@^>&?@!
=%:$.+(==&%^'/$=%/??&%!-/=>!$&&@!=/!-&!+/@(B(&@!-,!,/<!($!/%@&%!=/!C/%DG!!4K>&%&!
:%&!WHH!%<?&.!%&A<(%($*!,/<8!$/=!F%(&*&!/%!O,&%.8!=/!@/!=>&!./?@&%($*!(B!,/<!<.&!
=>&!%&+/=&!B&:=<%&G7!!9$.(@&!=>&!%&'&()&%!(.!:!;?:.=('!C%:;;&%!C(=>!"!.+:??!-/:%@.!
B/%!=>&!"!<$(=.G!!f/<!$&&@!:!;%&'(.(/$!./?@&%($*!*<$!4/%!:.D!:!B%(&$@!=/!@/!(=!?(D&!9!
@(@7G!!K>&!($.=%<'=(/$.!B/%!@/($*!=>&!./?@&%($*!:%&!($'?<@&@!($!i:%,!O,&%.a!
($.=%<'=(/$!.>&&=.!($'?<@&@!C(=>!E:)&a.!.>(;+&$=G!!#$&!-/:%@!(.!B/%!=>&!%&'&()&%8!
:$@!=>&!/=>&%!(.!B/%!=>&!%&+/=&!'/$=%/??&%!>:$@!;:@!C(=>!=>&!,&??/C!@(%&'=(/$!
-<==/$.G!!!K>&!./?@&%($*!*/&.!A<('D?,!:$@!=>&!<$(=.!:%&!.=%/$*!:$@!C/%D!C&??G!!h&!
.<%&!=/!%&+/)&!=>&!;:;&%!=:-!=>:=!($.<?:=&.!=>&!-:==&%,G!!9B!,/<!<.&!=>&!C(%&@!
>:$@!;:@8!,/<!<.&!=>&!Ya!?/$*!':-?&!=/!'/$$&'=!(=!=/!=>&!-/==/+^+/.=!'/$$&'=/%!
$&:%!=>&!;%/=&'=(/$!-/:%@!:$@!$/!+/@(B(':=(/$!(.!%&A<(%&@!:=!:??G!!9B!,/<!<.&!=>&!
%&+/=&!%&'&()&%8!;?<*!(=!($=/!=>&!.:+&!./'D&=!C(=>!(=.!.>/%=!;(*=:(?!C(%&G!!f/<!':$!
<.&!:!N&?'%/!=:-!;%/)(@&@!-,!EF!=/!:==:'>!=>&!%&'&()&%!=/!=>&!-/==/+!N&?'%/a@!
&@*&!/B!=>&!%/'D&%!;?:=B/%+G!!i:%,!O,&%.!>:.!:!)(@&/!;(&'&!/$!=>&!ENE!.>/C($*!



! ""!

>/C!=>&!-<==/$.!/$!=>&!>:$@!;:@!C/%DG!!L:='>!(=G!!3>&'D!=>:=!=>&!<;!-<==/$!
+/)&.!=>&!=&?&.'/;&!=<-&!<;!:$@!=>:=!=>&!@/C$!-<==/$!+/)&.!(=!@/C$!:$@!=>:=!
=>&!'?/'DC(.&!:$@!'/<$=&%'?/'DC(.&!-<==/$.!:?./!C/%DG!
!

YG e//D!<;!=>&!':-?&.!-&=C&&$!#-.&..(/$!:$@!/$!=>&!H%*/!;/@!:.!.=:=&@!:-/)&G!!!
I/C!,/<a%&!:-/<=!@/$&!:$@!%&:@,!=/!*/G!
!

06G!!H@@(=(/$:?!&A<(;+&$=G!!f/<!$&&@!:!*//@!-:==&%,8!:$@!:!*//@!>&:),!@<=,!./?<=(/$!
(.!:!"6!:+;^>%!;/C&%!;:'D!40"!H8!0"!N!;&:D!;/C&%7!C(=>!'(*:%&==&!?(*>=&%!./'D&=G!!
K>(.!C/<?@!;%/)(@&!]!$(*>=.!/B!/-.&%)($*!;/C&%!-&B/%&!$&&@($*!%&'>:%*($*G!
E//%!+:=!'/)&%($*!;/C&%!':-?&8!=/!D&&;!B%/+!=%(;;($*!!
J;:%&!06H![Hi!B<.&!4B:.=!-<%$!*?:..!B<.&7!B/%!=>&!'/%@!=/!=>&!;/C&%&@!*%/<$@!

-/:%@!
H!B&C!xd!;<.>!$<=.!B/%!>/?@($*!;/?&!&$@.!=/*&=>&%M=>&.&!+(*>=!'/+&!/BB!
J;:%&!HH!-:==&%(&.!4H%*/7!:$@!YN!-:==&%(&.!4@&C!C:%+&%7!
!

00G!O,!=:D&!/$!=>&!B/??/C($*!.>&&=.!:-/<=!J&%)/3HKS!
nJ&%)/3HK!.=:%=<;!:$@!<.:*&!$/=&.dS!!./+&!($=&%&.=($*!;/($=.!/$!<.&!:$@!
/;&%:=(/$8!!
nH%*/I:)(.TJ&%)/3HK!($(=(:?!.&=<;dS!K>&!.&=<;!/B!HI!B/%!J&%)/3HK!-&*($.!/$!;"!
-<=!(.!$/=!=>&!'/+;?&=&G!!f/<!%&:??,!$&&@!=>&!HI!+:$<:?G!!K>&!.&'=(/$!':??&@!nW(%.=!
.&=<;!:B=&%!($(=(:?!=&.=d!(.!>&?;B<?G!
nK>:$D.!B/%!,/<%!;<%'>:.&!/B!:!J&%)/3HK!:$@!i#K#!.,.=&+dS!=>&!.&'=(/$!/$!
n'/$$&'=(/$.d!;/($=!"!:$@!nW/%!23!/C$&%.d!(.!>&?;B<?!
nJ&%)/3HK!+:$<:?d!B%/+!"66US!!!9!@(@!$/=!<.&!=>(.!,&=l!?(.=&$&@!=/!ENE!($.=&:@!!!!!

!
6%*07&8(.!9$'&(-.!

!
0G i:%,!F/;BB!>:.!C%(==&$!:!'?&:%8!=>/%/<*>!+:$<:?!B/%!=>&!<.&!/B!HIG!!K>&!B(%.=![Q!

;:*&.!:%&!:!+<.=G!!f/<!':$a=!<.&!HI!/$!,/<%!.'/;&!<$=(?!:B=&%!,/<!>:)&!
;%/*%:++&@!(=G!!K>&!($(=(:?!.&=<;!;%/'&@<%&!=:D&.!b<.=!:!B&C!+($<=&.!:$@!(.!
@&.'%(-&@!'?&:%?,!/$!;:*&.!00^"[G!!h&B/%&!,/<!@/!=>(.8!,/<!$&&@!,/<%!;%&'(.&!
?:=(=<@&!:$@!?/$*(=<@&G!!f/<!':$!*&=!(=!/BB!=>&!C&-!:=!>==;STTCCCG?:=^?/$*G'/+G!!9!
@(@$a=!>:)&!:$,!=%/<-?&!C(=>!=>(.8!:$@!?&:%$($*!HI!*/&.!A<('D?,G!!!

!
"G K/!<.&!H%*/a.!i/^K/!'/++:$@!/%!(@&$=(B,!+/@&.8!,/<!B(%.=!$&&@!=/!@/!:!.=:%!

:?(*$+&$=G!!K>(.!C/%D.!C&??!:=!$(*>=8!-<=!(B!,/<a)&!.&=!<;!($@//%.8!,/<a??!B($@!,/<!
':$!B:D&!=>&!.=:%!:?(*$G!!9=a.!B<$!=/!;%:'=('&!HITJ3!B<$'=(/$.!($@//%.G!!#$'&!@/$&8!
=>&!:''<%:',!(.!:+:V($*!:$@!J&%)/3HK!+/)&.!=>&!.'/;&!;%&'(.&?,G!
@%05$9,%$!()900%.S!H==:'>!?:.&%!;/($=&%!=/!'/<$=&%!C&(*>=!=<-&!:$@!=<%$!/$!
O/@&!B(P!:?=!%&B!:$@!&$=&%!V&$(=>!;/.(=(/$G!!K>&$!=<%$!/$!O/@&!_$'/@&%.G!
X/C&%!=<-&!<$=(?!H?=!%&:@.![Yk!/%!C>:=&)&%G!!O:%D!C:??!C>&%&!?:.&%!>(=.!4=>(.!C(??!
-&!R/?:%(.7G!!L(=>!=>&!;/($=&%!/$!R/?:%(.!*/!=/!TO/@&!H?(*$!J=:%8!@(:?!($!R/?:%(.8!
:$@!>(=!&$=&%G!!9$!J=&??:%(<+!./B=C:%&!/$!:!'/+;<=&%!'>&'D!/<=!'<%%&$=!=>&!.D,!
:$@!;('D!:!.&'/$@!B:)/%:-?&!.=:%8!C>('>!=/*&=>&%!C(=>!R/?:%(.!:$@!=>&!m&$(=>!
B/%+.!:!-%/:@!&A<(?:=&%:?!=%(:$*?&G!!i&=!($B/!B/%!=>&!.=:%8!C>('>!.>/C.!(=.!HV!:$@!



! "[!

H?=G!!!#$!HI!*/!=/!TO/@&!H?(*$!.=:%!Th%(*>=!.=:%8!@(:?!<;!=>:=!.=:%8!:$@!>(=!&$=&%!
:$@!+:%D!(=.!;/.(=(/$!/$!=>&!C:??!C(=>!:!;(&'&!/B!=:;&G!!f/<!':$!$/C!*/!=/!TO/@&!
3:=:?/*<&8!Th%(*>=!.=:%8!:$@!>(=!i#^K#!:$,!.=:%!:-/)&!>/%(V/$8!&P'&;=!C(=>($!
B/%-(@@&$!V/$&.!,/<!>:)&!.&=!($!HIG!!J/<=>&%$!>&+(.;>&%&!<.&%.!C(??!>:)&!=/!
+/@(B,!=>&!;%/'&@<%&G!
!!!

[G f/<!':$!%<$!=>&!H%*/I:)(.!'/+;<=&%!;/@!/$!]!HH!-:==&%(&.8!-<=!(=!(.!+<'>!+/%&!
'/$)&$(&$=!=/!%<$!:!;/C&%!?($&!B%/+!=>&!H%*/!'/+;<=&%!@/C$!=/!=>&!':-?&!
:==:'>+&$=!:%&:8!$:+&?,8!=>&!.&'/$@!b:'D!B%/+!=>&!-/==/+!/$!=>&!%/'D&%!
;?:=B/%+!$&:%!=>&!;%/=&'=(/$!':%@G!!f/<!':$!/%@&%!=>&!.;&'(:?!H%*/!;/C&%!':-?&!
B%/+!i:%,!O,&%.!:=!J=&??:%3HKG!

!
]G H.!EF!=>&!=>&!=C/!i:%,.!:@)(.&8!(=a.!(+;/%=:$=!=/!=&.=!=>&!&$'/@&%.!B/%!;%/;&%!

'/$$&'=(/$!:$@!.?(;;:*&!-&B/%&!@/($*!:!.=:%!:?(*$!/$!H%*/!:$@!=/!@/!=>(.!&)&$!
C>&$!,/<!D$/C!=>&!.'/;&!C&??G!!O/)&!=>&!.'/;&!=/!=>&!V&$(=>!:$@!@/!:!TO/@&!W(P!
H?=!`&B!:$@!=>&$!:!TO/@&!_$'/@&%.!'/++:$@G!!O/)&!=>&!.'/;&!B%/+!=>&!V&$(=>!:=!
oY6k!@/C$!=/!]Qk!:$@!-:'D!:*:($!C>(?&!'>&'D($*!=>&!:?=(=<@&!%&:@/<=!/$!H%*/!=/!
+:D&!.<%&!(=!@/&.$a=!.?(;G!!J/+&=(+&.!=>&!.?(;;:*&!(.!/$?,!($!/$&!@(%&'=(/$G!!9B!=>&!
:?=(=<@&!&$'/@&%!.?(;.8!'>&'D!=>&!.&=!.'%&C!/$!=>&!&$'/@&%!:%+G!!#=>&%C(.&!'>&'D!
=>&!'&$=%:=(/$!/B!=>&!H?=(=<@&!&$'/@&%!><-G!!3>&'D!/<=!=>&!:V(+<=>!=//G!!9!':$!
<.<:??,!%/=:=&![U6k!:$@!%&=<%$!=/!:$!/-b&'=!($!=>&!&,&;(&'&!=/!C(=>($!0!&$'/@&%!
'?('DG!

!
;$-$.50#$!#0()'()*!&)&->.(.!.>.'$<!C;@6:D!

K>(.!(.!:!B<$'=(/$!/B!HI!B/%!(+;%/)($*!=>&!;/($=($*!:''<%:',!/B!=>&!=&?&.'/;&!@<%($*!
i#^K#!'/++:$@.G!!`&BS!;!00Q!/B!=>&!HI!+:$<:?!4;@B!@/'<+&$=7!
!
;@6:!#%05$9,%$?H0,*!+,%#B>V.!)0'$.!A0%!"/.$..(0)!1234?1WFNXFWY!

!
W(P!:?=!%&B!:$@!"^.=:%!:?(*$!:.!;&%!<.<:?!
!
H!KRHJ!%<$!(.!($)/?)&@!-<=!.(*$(B(':$=?,!(+;%/)&.!=>&!;/($=($*!:''<%:',!/B!=>&!.'/;&G!!
f/<!C(??!$&&@!=/!%&:@!i:%,!F/;BBa.!+:$<:?!=/!<$@&%.=:$@!=>&!@&=:(?.G!!f/<!-&*($!-,!
:'A<(%($*!;/.(=(/$!@:=:!/$!"6^[6!.=:%.G!!f/<!C(??!<.&!TO/@&!J&=<;8!TJ&=<;!+/<$=!
&%%/%.!B/%!=>(.8!C>('>!>:.!Q!.<-+&$<.!4H'A<(%&8!E&B($&8!3/+;<=&8!`&)(&C8!J&=!&%%/%!
):?<&.7G!!f/<!C(??!$&&@!:??!/B!=>&.&!+&$<.G!!H!*//@!06!P!Q6!B($@&%!.'/;&!:$@!
(??<+($:=&@!%&=('?&!&,&;(&'&!:%&!>&?;B<?G!!
!
i/!=/!TO/@&!J&=<;8!TJ&=<;!O/<$=!_%%/%.8!TH'A<(%&!:$@!;<=!n.:+;?&!+/@&!.&=d!=/!
n/$dG!!K>&$!*/!=/!TE&B($&!:$@!.&=!9_!=/!n'/+;<=&d8!.&=!IRH_8!_3_38!_3_J8!3H!=/!n@/$a=!
<.&d!<.($*!HIa.!@(:?!=/!=/**?&!-&=C&&$!=>&!=C/!'>/('&.G!!K>&.&!:%&!=>&!Q!=&%+.!=>:=!
':$!-&!<.&@!B/%!:?=:V(+<=>!+/<$=.!?(D&!0123G!!E&;&$@($*!/$!,/<%!.=:%!@:=:!,/<!C(??!
&)&$=<:??,!@&'(@&!=/!<.&!$/$&8!/$&8!=C/8!/%!<;!=/!Q!/B!=>&!=&%+.!($!:!;/($=($*!+/@&?G!!
#$!+,!0123!9!C/<$@!<;!<.($*!/$?,!9_!:$@!IRH_8!:$@!(*$/%&@!=>&!/=>&%.G!!K>&!
'%(=&%(:!B/%!@&'(@($*!C>('>!=&%+.!=/!;('D!:%&!*()&$!-&?/CG!!f/<!B(%.=!'/??&'=!@:=:!/$!
"6^[6!.=:%.!-&B/%&!':?'<?:=($*!=>&!=&%+.G!!K>&$!,/<!?&=!HI!'/+;<=&!):?<&.!B/%!



! "]!

@(BB&%&$=!'/+-($:=(/$.!/B!=&%+.8!@&'(@&!C>('>!(.!-&.=8!.=/%&!:$@!<.&!./+&!/B!=>&!Q!
=&%+.8!:$@!=>&$!@/!,/<%!/-.&%)($*G!!J/+&!=&%+.!49_8!3H7!+<.=!-&!@&=&%+($&@!-,!
+&:.<%($*!;/.(=(/$.!/B!Q^1!.=:%.!&:'>!=(+&!,/<!.&=!<;!=>&!.'/;&l!/=>&%.!4_3_38!_3_J8!
IRH_7!:%&!'/$.(@&%&@!;&%+:$&$=8!*&=!.=/%&@!-,!,/<!($!$/$)/?:=(?&!`HO!/B!HI!:B=&%!
=>&!($(=(:?![6!.=:%!%<$8!:$@!*&=!:<=/+:=(':??,!<.&@!&)&%,!=(+&!,/<!;/C&%!/$!HIG!!K>&!
;%/'&@<%&!=:D&.!:!C>/?&!&)&$($*!:$@!$&&@.!.<.=:($&@!-:==&%,!;/C&%8!./!@/$a=!<.&!
HH!-:==&%(&.!B/%!HI8!<.&!:!*//@!;/C&%!./<%'&G!!f/<!+(*>=!C($@!<;!@/($*!=>(.!/$!:!
B&C!&)&$($*.!<$=(?!,/<!:%&!'/+B/%=:-?&!:$@!'/$B(@&$=!($!,/<%!$<+-&%.!:$@!($!C>:=!
,/<a%&!@/($*G!
!
3/??&'=!=>&!.=:%!@:=:G!!i/!=/!TO/@&!9@&$=(B,8!:(+!:=!:!.=:%8!'?('D!=>&!&$=&%!-<==/$!
=>%/<*>!.&)&%:?!+&$<.S!.&?&'=!n.=:%d8!o]!+:*!?(+(=8!:??!'/$.=&??:=(/$.8!:$@![U6k!:%'G!!!
E(.&$*:*&!=>&!J=&??:%3:=!@%()&.!B/%!=>(.!./!=>&!.'/;&!+/)&.!B%&&?,!-,!>:$@G!!K>&!
$:+&!/B!=>&!.=:%!C(??!.>/C8!,/<!'?('D!&$=&%!=C('&!<$=(?!,/<!.&&!n@&.'%(;=(/$dG!!H=!=>:=!
;/($=!+/)&!=>&!@(:?!/$&!'?('D!=/!n.:+;?&!+/<$=!&%%/%d!4@(.;?:,!-?($D.7!:$@!C(=>!=>&!
.=:%!'&$=&%&@!C&??8!'?('D!&$=&%G!!`&:@!=>&!HI!+:$<:?!;0"Y!:-/<=!=>&!+&:$($*!/B!=>&!
&%%/%.!&='G!=>:=!:%&!@(.;?:,&@G!!K>:=a.!,/<%!B(%.=!.=:%G!!I&(=>&%!/B!,/<%!"!:?(*$+&$=!
.=:%.!'/<$=.!($!:$,!/B!=>(.8!-<=!,/<!':$!%&)(.(=!:$@!%&^&$=&%!=>&+!:*:($!B/%!KRHJ!
<$@&%!n.:+;?&!+/<$=!&%%/%d!(B!,/<!C(.>G!!K/!-:*!=>&!$&P=!.=:%8!'?('D!=>&!&P(=!-<==/$!
/$'&!:$@!%&^:(+!:=!:!$&C!=:%*&=G!!!I&C!.=:%!$:+&.!.>/C!:.!,/<!+/)&!=>&!.'/;&!
:'%/..!=>&!.D,G!!3?('D!=>&!&$=&%!-<==/$!=C('&8!HI!.>/<?@!$/C!.>/C!n.:+;?&!+/<$=!
&%%/%d8!:?(*$!=>&!.=:%!;%&'(.&?,8!:$@!'?('D!&$=&%!=/!*%:-!=>:=!.=:%a.!;/.(=(/$G!!!K>&%&8!
=>:=a.!=>&!.&'/$@!.=:%G!!!`&;&:=!B/%!"6^[6!.=:%.G!!TO/@&!(@&$=(B,!(.!)&%,!:''<%:=&!-<=!
./+&=(+&.!(=!.'%&C.!<;8!./!:?C:,.!-&!':%&B<?!=>&!.=:%!:$@!'/%%&.;/$@.!=/!=>&!$:+&G!!!
9B!=>&%&!:%&!+(.=:D&.!=>&%&!(.!:!C:,!=/!@&?&=&!-:@!+&:.<%&+&$=.!4.&&!-&?/C7G!
!
9B!=>(.!(.!,/<%!B(%.=!=(+&8!.&==?&!B/%!b<.=!06!.=:%.!./!,/<!':$!.&&!C>:=!=>&!+&=>/@!B&&?.!
?(D&G!!9B!,/<a%&!?(D&!+&!,/<!C(??!$&&@!"^[!$(*>=.!<$=(?!,/<!*&=!*//@G!!9!<.&!:!06PQ6!
B($@&%!=&?&.'/;&!C(=>!'%/..>:(%.!=/!:?(*$!/$!=:%*&=!.=:%.G!!!9!;<??&@!/BB!=>&!K&?%:@!:$@!
%&;?:'&@!(=!C(=>!=>&!06PQ6!B($@&%G!!K>&!K&?%:@!@(@$a=!>:)&!=>&!;%&'(.(/$!%&A<(%&@!=/!
*&=!=>&!.=:%!($=/!=>&!W#N!/B!=>&!"[++!&,&;(&'&!A<('D?,G!!K>&!&,&;(&'&!9!<.&!(.!:!
"[++!J=&??:%)<&!%&=('<?&!&,&;(&'&!=>:=!'/.=!y0"68!C(=>!=>&!%&@!X_E!'%/..>:(%.!
(??<+($:=/%G!K>(.!'/+-/!C/%D.!*%&:=G!!9B!,/<!*&=!=>(.!.,.=&+!/%@&%!<;!:!-<$'>!/B!
-:==&%(&.!B%/+!:!;>/=/*%:;>,!.>/;!/%!:!C&-.(=&!?(D&!E(*(D&,G'/+G!!J&&!-:==&%,!?(.=G!!
!
I/C!%&)(&C!=>&!.=:%!@:=:!=/!=>%/C!/<=!./+&!-:@!:;;?&.!-&B/%&!%<$$($*!./+&!
':?'<?:=(/$.G!!!i/!=/!TJ&=<;8!TJ&=<;!+/<$=!&%%/%.8!TZ$8($G!9&'&8!&$=&%8!:$@!,/<!':$!
%/=:=&!=>&!@(:?!=/!.&&!,/<%!.=:%.!:$@!=>&(%!;/.(=(/$!&%%/%.!.>/C$!:.!!G!!9B!,/<!>:)&!:!

.=:%!C(=>!'%:V,!@:=:!C(=>!./+&=>($*!?(D&!p0k!;<.>!&$=&%!:$@!&$=&%!:*:($!=/!@&?&=&G!!9!
>:)&!$/=!:''&;=&@!.=:%.!C(=>!&%%/%.!*%&:=&%!=>:$![6!:%'+($G!!R('D($*!:!%&b&'=(/$!?(+(=!
(.!:!=/<*>!':??!-&':<.&!./+&!:%&:.!/B!=>&!.D,!*/($*!=/!-&!/BB!+/%&!=>:$!./+&!/=>&%.G!!
#$!+,!0123!=>&!&%%/%.!:%&!=,;(':??,!06^"6!:%'+($!4Q^06!:%'+($!C(=>!.=:-(?(V&%!
-:%.78!C(=>!./+&!?&..!:$@!./+&!*%&:=&%!=>:$!=>(.!%:$*&G!!!9!@%:C!=>&!?($&!:=![6!:%'+($!!
C>('>!(.!"^[!=(+&.!=>&!=,;(':?!&%%/%G!!`&:@!=>&!+:$<:?!=/!.&&!+/%&!/$!=>&!T`&)(&C!
@:=:!'/++:$@G!



! "Q!

!
K(+&!$/C!=/!C%(=&!@/C$!$<+-&%.!':?'<?:=&@!-,!HIG!!H!>&:@?:+;!(.!>&?;B<?!>&%&G!!i/!
=/!TJ&=<;8!TJ&=<;!+/<$=!&%%/%.8!TH$A()$!:$@!>(=!&$=&%!:$@!B/%!.=:%=&%.!.&?&'=!
n'/+;<=&d!B/%!b<.=!=>&!9_!=&%+!:$@!.&=!=>&!/=>&%!=&%+.!=/!n@/$a=!<.&dG!!K>&$!<$@&%!
TJ&=<;!+/<$=!&%%/%.8!*/!=/!T40<#,'$!:$@!>(=!&$=&%!=/!($(=(:=&!':?'<?:=(/$.8!:$@!,/<!
C(??!.&&!$<+-&%.!.'%/??!:'%/..!=>&!.'%&&$8!%/=:=&!=>&!@(:?!-,!>:$@!=/!%&:@!:$@!%&'/%@!
&:'>!=&%+G!!W/%!=>&!9_^/$?,^+/@&?!,/<!.&&!):?<&.!B/%!`OJ8!RJE8!:$@!9_G!!L%(=&!@/C$!
:??!/B!=>&!$<+-&%.!:$@!%&:@!=>&!+:$<:?!:-/<=!=>(.G!!I/C!*/!-:'D!=/!TE&B($&!:*:($!
:$@!.&?&'=!n'/+;<=&d!B/%!:@@(=(/$:?!'/+-($:=(/$.!/B!=&%+.!,/<!C:$=!=/!<.&G!!
i&$&%:??,8!:?C:,.!($'?<@&!9_!($!=>&!+/@&?.G!!K>&$!@/!:!T3:?'<?:=&!:'=(/$!B/%!&:'>!
'/+-($:=(/$!:$@!C%(=&!@/C$!=>&.&!):?<&.!=//G!!X&:)&!:??!=>&!&A<(;+&$=!/$!4(B!,/<!
=<%$!HI!/BB!:=!=>(.!;/($=!,/<!C(??!?/.&!:??!/B!=>&!.:+;?($*!@:=:jjj78!*/!($!=>&!>/<.&!:$@!
?//D!=>($*.!/)&%8!=:D&!,/<%!=(+&!&)&$!(B!(=a.!B/%!:$!>/<%!C(=>!HI!%<$$($*8!:$@!@&'(@&!
/$!C>:=!=/!<.&!($!:!+/@&?G!!K>&!>(*>&.=!;%(/%(=,!(.!=/!<.&!:!+($(+:?!'/+-($:=(/$!=>:=!
.(*$(B(':$=?,!%&@<'&.!`OJ!:$@!RJEG!!`&'/%@($*!:$@!%&)(&C($*!,/<%!$<+-&%.!:$@!
=>($D($*!:-/<=!=>($*.!=:D&.!:-/<=!>:?B!=>&!=(+&!/B!=>&!C>/?&!KRHJ!%<$G!!E/$a=!%<.>!(=G!
f/<!C(??!;%/-:-?,!C($@!<;!'/$=:'=($*!i:%,!F/;BB!:$@!%&)(&C!($B/!/$!=>&!C&-.(=&.!=/!
@&'(@&!(B!=>&!):?<&.!:%&!.(*$(B(':$=!&$/<*>!=/!($'?<@&G!!e&%&a.!:!.&=!/B!$<+-&%.!B%/+!
+,!B(%.=!KRHJ!%<$!B/%!+,!0123G!!9!%&'/%@&@!:-/<=!01!.=:%.G!
!
!
IE!!!!
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IE + NPAE!!!!
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NPAE!!!-15.3!!!±8.8!!!!
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IE!!!17.8!!!±12.9!!!!

!! !! !! !! !!!
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NPAE!!!-15.3!!!±8.8!!!!!!
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K/!+:D&!(+:*&.!-%(*>=&%8!,/<!':$!($=&*%:=&!?/$*&%!4-&.=7!/%!<.&!:<=/+:=('!*:($!
'/$=%/?!4Hi378!/%!($'%&:.&!=>&!-%(*>=$&..!4*:($7!/$!=>&!+/$(=/%G!!9=!=:D&.!./+&!
;%:'=('&!=/!*&=!<.&@!=/!-:?:$'($*!=>&.&!):%(:-?&.!/$!=>&!':+&%:^+/$(=/%!.,.=&+8!-<=!
/$'&!=>($*.!:%&!B:+(?(:%8!=>($*.!*/!A<('D?,G!!
!
K>&%&!:%&!./+&!:''&../%(&.!=/!=>&!(+:*($*!.,.=&+8!?(D&!:!B/':?!%&@<'&%!=/!*&=!:!
.+:??&%!B/':?!%:=(/8!:!;&%./$:?!+&@(:!;?:,&%!%&'/%@&%.8!@(*(=:?!)(@&/!&$>:$'&%8!B%:+&!
*%:--&%8!=>:=!=>%/C!./+&!'/$B<.(/$!($!=>&!+(P8!-<=!=>&!-&$&B(=!/B!>:)($*!%&'/%@&@!
@(*(=:?!.&A<&$'&.!B/%!.>/C($*!;&/;?&!:B=&%C:%@.!(.!C&??!C/%=>!(=G!!W%:+&.!':$!=>&$!
-&!&P=%:'=&@8!;%/'&..&@!:$@!@(.;?:,&@!/$!'/+;<=&%!/%!(R/@G!!`&+&+-&%!=>&!;<%;/.&!
/B!)(@&/!(.!%&:?!=(+&!)(&C($*!/$!:!KN8!$/=!>(*>!A<:?(=,!@(*(=:?!(+:*($*G!
!
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':+&%:a!.!;/.(=(/$!C(=>!"6++!&P=&$@&%!:$@!OW`[!(.!:??!=>&!C:,!($!C(=>!/$?,!"^[++!
=/!.;:%&G!!K>&!J;&'/!+/$(=/%!:?./!$&&@.!:@b<.=($*!B/%!+:P!-%(*>=$&..T*:($!:$@!
/BB.&=!=<%$&@!=/!+:D&!-:'D*%/<$@!*%:,!$/=!-?:'DG!!H=!B/'<.!B:($=!.=:%.!-&'/+&!
)(.(-?&G!!K>(.!=:D&.!./+&!;%:'=('&!/)&%!:!B&C!+/$=>.!=/!+:D&!*/!B:.=G!!K>&$!?&$*=>&$!
($=&*%:=(/$!=/!\!.&'!:$@!+:D&!+/$(=/%!:@b<.=+&$=.8!C/%D($*!=/C:%@.!/;=(+<+!
&P;/.<%&G!!W/%!'/$)&$(&$'&!C>&$!-&*($$($*8!D&&;!&P;/.<%&.!=/!0]!.&'!/%!?&..G!
!
K>&!>:%@&.=!=>($*!(.!*&==($*!/-b&'=.!($!=>&!W#N!:$@!*&==($*!:$@!D&&;($*!=>&+!
'&$=&%&@G!!9B!$/!/-b&'=8!%&+/)&!':+&%:!:$@!%&;?:'&!C(=>!%&=('<?&!&,&;(&'&G!!K>&$!<.&!
=>&!J3!>:$@;:@!=/!'&$=&%!/-b&'=.G!!K>(.!(.!=>&!>:%@&.=!=>($*G!!9B!?//D($*!($!_:.=&%$!.D,!
:$@!=<-&!C:.!+/)($*!($!:$!<;C:%@.!@(%&'=(/$!=/!%&:'>!/-b&'=!/$!:!*/^=/8!=>&%&!(.!$/!
.?:'D!($!H?=!C(%&!:$@!=>&!B($&!+/)&+&$=!<;!(.!(++&@(:=&?,!:'=()&!C(=>!=>&!>:$@;:@G!!!
h<=!(B!=<-&!C:.!+/)($*!@/C$C:%@.!=/!%&:'>!:$@!&:.=&%$!/-b&'=8!:$@!=>&!'/%%&'=(/$!
%&A<(%&.!:$!<;C:%@!+/)&+&$=8!=>&%&!(.!:!%&B%:'=/%,!;&%(/@8!:!>,.=&%&.(.8!-&B/%&!=>&!
C(%&!(.!=:<*>=!:$@!:'=()&G!!HV!+/)&+&$=.!:%&!$/!;%/-?&+G!!`&;/.(=(/$!=>&!':+&%:8!
B/'<.!/$'&!:*:($8!:$@!@/!B<%=>&%!B($&^=<$($*G!!K>(.!=:D&.!./+&!&P;&%(&$'&8!.D(??8!:$@!
;%:'=('&G!
!
!
+&--()4&<![>#$%!@-,.!C+4[@D!)0'$.!!1LNYLWY!

!
W/%!efR_`!+/@&8!J_IJ_!2R!+<.=!-&!.&=!:=!0"1g!40"1!B%:+&.TU6!B;.!)(@&/!B%:+&!
%:=&!t!"G0!.7G!!#=>&%!;/..(-?&!($=&*%:=(/$.!:%&!\8!0]8!"1!:$@!QU!.&'G!!QU!(.!=>&!?(+(=G!
HX3T_X3!

H<=/+:=('!?&)&?!'/$=%/?!4HX37!
;?:$&=.8!+//$l!:<=/!:@b<.=.!B/%!.D,!-:'D*@!
?&)&?!'/++:$@!$/=!C/%D!C(=>/<=!'/$$&'=($*!:$!&?&'=%/$('!!.><==&%!

!
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<.&!B/%!efR_`!+/@&8!:[3;;KZ!'0!0AAP!-$8$-!A,--!%(*B'!
_?&'=%/$('!?&)&?!'/$=%/?!4_X37!
! 9$!efR_`!+/@&8!_X3!$&&@.!J_IJ!2R!:=!0"1g!
! O/)&+&$=!=/!?&B=!%&@<'&.!-%(*>=$&..!

Hi3!=/!/BB!B/%!;?:$&=.8!+//$!
+&),&-!!#0.('(0)!A0%!H:".G!!efR_`!%&A<(%&.!OHI!;/.(=(/$8!.?(@&%!($!+(@@?&!
#WW!!;?:$&=.8!+//$!
#I!!@:,=(+&!)(&C($*!

#RK9#I8!R`9#`9Kf!.&?&'=!H3i!/%!:K7:!
#RK9#I8!HR3!:<=/+:=('!;(P&?!'/$=%/?!B/%!.>:%;&$($*!o!-?//+($*!

I/%+:?!(.!.?(@&%!:=!+(@%:$*&!;/.(=(/$!4N!:$@!e7!/%!1!5-(5E!A%0<!/0''0<!
_g9K8!JHN_!;%&..!+(@@?&!-<==/$!
!
;(#.!

• L>&$!=>&!':+&%:!(.!($!=>&!HX3!+/@&8!(=!:<=/+:=(':??,!:@b<.=.!=>&!/<=;<=!B/%!
):%(:=(/$.!($!.D,!-%(*>=$&..!:$@!-:'D*%/<$@!?(*>=($*!?&)&?.G!!

• L>&$!<.($*!=>&!efR_`!O/@&8!HX3T_X3!+<.=!-&!.&=!=/!HX38!=>&!Je2KK_`!+<.=!
-&!#WW8!:$@!=>&!X_N_X!B<$'=(/$!+<.=!-&!.&=!=/!W2XX!`9ieK!

• _X3!.>/<?@!/$?,!-&!<.&@!/$!:!O:??($3:+!efR_`!C>&$!/-.&%)($*!:$@!(+:*($*!
<;!=/!=>&!"G0!.&'/$@!+:P(+<+!&P;/.<%&!=(+&G!!E/!$/=!<.&!_X3!C>&$!U!/%!0"!
.&'/$@!&P;/.<%&!=(+&.!:%&!=/!-&!<.&@!/$!:!O:??($3:+!efR_`G!

• 9$!@&&;!.D,!/-.&%)($*8!+:$,!B:)/%!=>&!*:($!.&=!=/!=>&!+:P!=/!/-=:($!=>&!
+:P(+<+!;/C&%!:):(?:-?&!B%/+!=>&!33E!.&$./%G!!K>(.!.&==($*!(.!B/%!?()&!
)(&C($*!/$?,!/B!B:($=!/-b&'=.G!!!

• L>&$!<.($*!=>&!efR_`!O/@&8!=>&!Hi3!+<.=!-&!.&=!=/!OHI!B/%!<.&!/B!=>&!U!/%!
0"!.&'/$@!&P;/.<%&!?(+(=.G!!9=!(.!%&'/++&$@&@!=>:=!=>&!X_N_X!-&!.&=!0T[!=/!
{!B%/+!=>&!X&B=!($(=(:??,!:$@!=>&$!:@b<.=&@!=/!.<(=!=>&!.D,!'/$@(=(/$.!:$@!=>&!
=&?&.'/;&!-&($*!<.&@G!!

• HR3!.?(@&%.!4>/%(V/$=:?!:$@!)&%=(':?7!=/!'&$=&%!;/.(=(/$!|!#RK9#IJ!.<-^+&$<!
• W/%!3/?/%!':+&%:8!.&=!LTh!=/!OHI2HX!C(=>!hX2_!o0!B%/+!=>&!O(@@?&!

R/.(=(/$!:$@!`_E!0!/%!"!B%/+!=>&!X&B=!
• X2IH`TRXHI_KH`f!N9_L9IiS!!K_3!($!#WW!;/.(=(/$!
!

Note on gain adjustment  (from Rock Mallin) 
When the AGC is adjusted, the shutter is affected. The SENS mode reverts 
to zero and it takes about 3 minutes to built up the image and stabilize the 
AGC without going to overload. Every 2.1 second refresh is registered by 
the video processor where the image is build up to avoid sudden CCD 
sensor amplifier overload. This is a safety feature built into the camera and 
is normal for its operation.   Therefore, it is important to run the camera 
for several minutes in 2.1 second mode after adjusting the AGC (Gain). 

 

HYPER Startup Procedures 
• K_3!JC(='>!=/!#WW!;/.(=(/$!
• efR_`!UT0"!JC(='>!=/!#WW!43&$=&%7!;/.(=(/$!
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• e//D!<;!:??!':-?&.!=/!':+&%:!|!>//D!;/C&%!':-?&!?:.=!
• H;;?,!':+&%:!;/C&%!|!*%&&$!?(*>=!.>/<?@!-&!/$!
• E&;%&..!=>&!3&$=&%!-<==/$!/B!=>&!#$!J'%&&$!E(.;?:,!!
• O:D&!=>&!B/??/C($*!O&$<!:@b<.=+&$=.!
• J_IJ_!=/!0"1g!
• HX3T_X3!=/!HX3!C(=>!.><==&%!#WW!:$@!.?(@&%!=/!B<??!%(*>=!;/.(=(/$!
• Hi3!=/!OHI2HX!C(=>!.?(@&%!0T[!=/!{!B%/+!=>&!?&B=!
• HR3!.?(@&%.!4>/%(V/$=:?!:$@!)&%=(':?7!=/!'&$=&%!;/.(=(/$!|!#RK9#IJ!.<-^+&$<!
• W/%!3/?/%!':+&%:8!.&=!LTh!=/!OHI2HX!C(=>!hX2_!o0!B%/+!=>&!O(@@?&!R/.(=(/$!:$@!`_E!0!/%!

"!B%/+!=>&!X&B=!
• JHN_!:$@!C:(=!"^[!+($<=&.!B/%!B<??!(+:*&!($=&*%:=(/$!
• K_3!#I!
• 3&$=&%!/-b&'=!:$@!B/'<.!
• J&?&'=!U!/%!0"!.&'/$@!+/@&!B/%!efR_`!
• #-.&%)&!

HYPER Shutdown Procedures 
!

• `&=<%$!efR_`!.C(='>!=/!#WW!43&$=%:?7!;/.(=(/$!
• K<%$!#WW!K_3!
• L:(=!"^[!+($<=&.!
• E(.'/$$&'=!':+&%:!;/C&%!':-?&!
• `&+/)&!%&+:($($*!':+&%:!':-?&.!

Additional Notes 
6@4!
• HR3!.?(@&%.!=/!B<??!X_WK!@(.:-?&.!EJR!
• EJR!#WW!|!$/!:$=(^-?//+($*!/%!.>:%;&$($*8!':+&%:!:'=.!?(D&!:!33E!(+:*&%!
• EJR!#I!|!:$=(^-?//+($*!:$@!.>:%;&$($*!!

4"\"Z!
• JD,!|!-?:'D!=/!?(*>=!-%/C$!
• K&.=!/$!i?/-<?:%!|!./B=!,&??/C!=/!C>(=&!.=:%.!
• K&.=!/$!OQ\!|!`&@!/<=&%!:$@!h?<&Ti%&&$!($$&%!

;K4!
• "!J&'/$@!O/@&!|!X&:)&!#WW!$/%+:??,8!;?:'&!#I!=/!'/$=%/?!C:%+!;(P&?.!
• UT0"!J&'/$@!O/@&!|!X&:)&!#I!

!

\376ZF@\67K;6Z]!=OK^O7_!
• K_3!($!#WW!;/.(=(/$!

!

!
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!

+&--()4&<!4"\"Z![]@KZ!@\3:!:#$5(A(5&'(0).!

!
!

R#L_`!J2RRXf! 0"!N#XK!E3!`&*<?:=&@!:=!][Q+:!C(=>!R&?=(&%!3//?&%!:$@!9$=&*%:=(/$!#I!

#R_`HK9#IHX!K_OR_`HK2`_! ^[0!3!=/!Q"!3!4!^"[!W!=/!0"Q!W7!

#R_`HK9#IHX!e2O9E9Kf! rY6u!`e!

iHOOH!3#``_3K9#I! 6G]Q!HIE!0G6!H@b<.=:-?&!-,!#JE!

N9E_#!#2KR2K! 0G0!N/?=8!R^R!:=!\Q!#>+.!

_X_3K`#I93!Je2KK_`! 0TU6=>!=/!0T0"8666!J&'/$@!

JTI!`HK9#! U"!@h!C(=>!Hi3!#WW!

iH9I!3#IK`#X! 6!=/!"6!Eh!4Hi37!

`_J#X2K9#I! Q\6!X($&.!4K&.=&@!:=!UU6!X($&.7!

J3HII9Ii!JfJK_O! Q"Q!X($&.8!U6!B(&?@.!;&%!.&'/$@!

33E!J_IJ#`!JR_39W93HK9#IJ! 93g!]01!HFX^Hh!4H.=%/$/+(':?!i%:@&!3?:..!0^"7!3/?/%!

33E!J_IJ#`!KfR_! 33E!C(=>!O('%/X&$.!R(P&?!K&'>$/?/*,!

9OHi_!J9m_!KfR_! 0T"!9$'>!

JfJK_O! IKJ3!/%!RHX!493g!]0Y!HFX7!

K#KHX!R9g_XJ! 100e!g!Q61N!4]06F!R(P&?.7!

_WW_3K9N_!R9g_XJ! \U1e!g!]Y]N!4[16F!R(P&?.7!

J_IJ9K9N9Kf! 08[66!+N!4K&.=&@!:=!J><==&%!J;&&@!/B!0T"Q6=>!J&'/$@!:=!3&$=&%!J'%&&$7!

2I9K!3_XX!J9m_! 1G]!}+!e!P!YG1!}+!N!

3e9R!J9m_! \G]6++!e!g!QGYQ++!N!

!
!
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• ,!*)DB.-!9-0/0!J)*'1%)1`%!K'B!H)<!%0--'1B!-.0!$G-!01C)?0<!)H!2345!A0<H0C-G=:!!
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-.0<0H)<0!0%%01-'$G!-)!B'/0!$CC0A-$*G0!A)'1-'1B!$CCD<$C=:!

!
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