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!

Executive Summary 
!

"#$!%&'()&*+,-&!)'.!/&&-!0*12,3,-4!0*15&..,1-'6!3&2&6107&-8!81!9:;<!8&'()&*.!8)*1=4)!'!('8'614!15!
71*&!8)'-!;>?!1-6,-&!(1=*.&.@!8'=4)8!/A!12&*!;??!(1=*.&!5'(,6,8'81*.@!51*!8)&!0'.8!8&-!A&'*.B!!C.!D,8)!
8)&,*!0,1-&&*,-4!1-6,-&!(1=*.&!(1-8&-8!'-3!3&6,2&*A!713&6@!"#$!%&'()&*+,-&!)'.!,706&7&-8&3!'!
.=001*8!'-3!5&&3/'(9!.8*'8&4A!51*!8)&,*!1-6,-&!(1=*.&!,-.8*=(81*.!EF5'(,6,8'81*.GH!8)'8!&7/13,&.!
*&.&'*():/'.&3!/&.8!0*'(8,(&.@!,-(6=3,-4!'-!,--12'8,2&!>I!(1=*.&!*&2,&D!0*1(&..B!!
!
%),.!*&01*8!.=77'*,J&.!/18)!8)&!7&8)13.!'-3!5,-3,-4.!5*17!'!A&'*61-4!51*7'8,2&:.=77'8,2&!*&.&'*()!
.8=3A!1-!"#$!%&'()&*+,-&K.!-'8,1-'6!5'(,6,8'8,1-!713&6!'-3!>I!(1=*.&!*&2,&D.@!'-3!0*12,3&.!31(=7&-8.!
'-3!0*1(&3=*&.!8)'8!"#$!%&'()&*+,-&!=.&.!81!.=001*8!'-3!&2'6='8&!8)&,*!1-6,-&!(1=*.&!,-.8*=(81*.B!%)&!
.8=3A!,-2162&3!7=68,06&@!7,L&3!'006,&3!*&.&'*()!'(8,2,8,&.!8)'8!8119!06'(&!5*17!$&08&7/&*!<??M!
8)*1=4)!C=4=.8!<?;?@!3=*,-4!51=*!(1-.&(=8,2&!"#$!%&'()&*+,-&!(1=*.&!8&*7.B!C!.7'66&*!.8=3A!15!61('6!
(1=*.&!5'(,6,8'8,1-!.=001*8!8119!06'(&!3=*,-4!8)&!$0*,-4!<?;?!8&*7B!!!
!
N&A!5,-3,-4.!5*17!8)&!*&.&'*()!,-(6=3&O!!
!

T&.1<13&3)#!U=&<1(1.&31)2>*!

 "#$!%&'()&*+,-&!*&P=,*&.!'66!1-6,-&!(1=*.&!5'(,6,8'81*.!81!)163!7'.8&*K.!3&4*&&.!E;QB>R!)163!
SC$TU3$!1*!")I!3&4*&&.H!'-3!)'2&!0*,1*!&L0&*,&-(&!'.!1-6,-&!6&'*-&*.!/&51*&!5'(,6,8'8,-4!'!
-'8,1-'6!(1=*.&B!!C8!6&'.8!1-&!8),*3!15!-'8,1-'6!(1=*.&!5'(,6,8'81*.!)'3!&-*166&3!,-!>?!1*!71*&!
1-6,-&!(1=*.&.!'.!6&'*-&*.!/&51*&!8)&!V'66!<??M!(1=*.&!8&*7@!'-3!)'65!)'3!/&&-!8&'(),-4!1-6,-&!
51*!71*&!8)'-!5,2&!A&'*.!'8!8)'8!8,7&B!+1('6!(1=*.&!5'(,6,8'81*.!'*&!6&..!&L0&*,&-(&3!1-6,-&!
6&'*-&*.!8)'-!8)&,*!-'8,1-'6!(1=-8&*0'*8.!/=8!'*&!(170'*'/6A!&L0&*,&-(&3!1-6,-&!,-.8*=(81*.B!!

!
"+,!-$&./$#012$V>!%#)($>>1)2&<!'$W$<)%4$23!)(($#12E>*!

 C8!8)&!(1*&!15!"#$!%&'()&*+,-&K.!5'(,6,8'81*!8*',-,-4!0*14*'7!,.!8)&!,701*8'-(&!15!01.,8,1-,-4!
1-6,-&!5'(,6,8'81*.!'.!6&'*-&*.!8)&7.&62&.B!!"#$!%&'()&*+,-&!)'.!(*&'8&3O!!"#$"%&'()$#$*(*+,&

-,($"$".&/0&1(2*%,$".&*3%&45$##2&+6&!"#$"%&-%()3$".&7!'-&/89&,-!D),()!'66!-&D!5'(,6,8'81*.!&-*166W!!'-&

/&:#;2&1%"*+,$".9&8)*1=4)1=8!D),()!5'(,6,8'81*.!(1-3=(8!'!-'8,1-'6:6&2&6!(1=*.&!D,8)!8)&!',3!15!'!
7&-81*!D)1!.=001*8.!'-3!71-,81*.!8),.!5,*.8!5'(,6,8'8,1-!&551*8W!'-3!!'-&//0!<=>;2*$".&7+,&?;2*$".8&
@+;,&'()$#$*(*+,&A(*@!D),()!0*12,3&.!'32'-(&3!*&.&'*():/'.&3!(1-8&-8!81!&-*,()!8)&!,-.8*=(8,1-!
15!71*&!&L0&*,&-(&3!1-6,-&!5'(,6,8'81*.B!X&'*6A!.,L8A!0&*(&-8!15!-'8,1-'6!5'(,6,8'81*.!EYMBZRH!'-3!
'!8),*3!15!61('6!5'(,6,8'81*.!E>?BYRH!)'2&!(1706&8&3!/18)!!'-/!'-3!!'-//@!'-3!5'(,6,8'81*.!*'8&!8)&!
P='6,8A!15![V%\@![V%!\\!'-3!7&-81*,-4!2&*A!),4)6AB!!!

 $=006&7&-8,-4!!'-&/@!!'-&//!'-3!7&-81*,-4!'*&!&7/&33&3!6&'*-,-4!1001*8=-,8,&.!8)*1=4)!
5'(=68A!7&&8,-4.@!'!0*15&..,1-'6!6&'*-,-4!(177=-,8A!15!%&'()&*+,-&!5'(,6,8'81*.!EV]XH@!'-3!'!
*&.1=*(&!6,/*'*A!8)'8!.=001*8!5'(,6,8'81*.K!1-41,-4!,-51*7'8,1-!-&&3.!,-!*&'6!8,7&B!C68)1=4)!
-&'*6A!51=*!,-!8&-!-'8,1-'6!5'(,6,8'81*.!'*&!6=*9&*.!D)1!*&5&*!81!8)&!V]X!81!4',-!,-51*7'8,1-!
'-3T1*!-&8D1*9,-4!71*&!8)'-!8)&A!(1-8*,/=8&!81!8)&!.,8&@!8)*&&!,-!8&-!5'(,6,8'81*.!5&&6!8)&!
7'-'4&*:713&*'8&3!V]X!,.!&..&-8,'6!81!8)&,*!.=((&..!'.!'!%&'()&*+,-&!(1=*.&!5'(,6,8'81*B!!+1('6!
(1=*.&!5'(,6,8'81*.!'*&!6&..!'(8,2&!,-!8)&!V]X!8)'-!-'8,1-'6!5'(,6,8'81*.@!'-3!8)&!2'6=&!8)&A!06'(&!
1-!8)&!V]X!,.!(1**&.01-3,-46A!61D&*B!

 V'(,6,8'81*.!*'8&!8)&!P='6,8A!15!"#$!%&'()&*+,-&K.!0*15&..,1-'6!3&2&6107&-8!'-3!.=001*8!8)&A!
*&(&,2&!'.!1-6,-&!(1=*.&!5'(,6,8'81*.!2&*A!),4)6AW!.=0&*,1*!81!71.8!15!8)&!0*&0'*'8,1-!8)&A!)'2&!
*&(&,2&3!155&*&3!/A!'4&-(,&.!18)&*!8)'-!"#$!%&'()&*+,-&B!!V'(,6,8'81*.!)'2&!2&*A!5&D!=-7&8!
.0&(,5,(!6&'*-,-4!-&&3.!*&6'8&3!81!1-6,-&!5'(,6,8'8,1-@!D),()!.=44&.8.!'-!'3&P='8&!.(10&!15!
.=001*8!0*12,3&3!/A!"#$!%&'()&*+,-&B!!!
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!

!
;>>$>>12E!(&.1<13&3)#!%$#()#4&2.$!&2'!U=&<13:!

 "#$!%&'()&*+,-&!5'(,6,8'81*!0&*51*7'-(&!3=*,-4!'!(1=*.&!8&*7!,.!'..&..&3!,-!8)*&&!D'A.O!/A!
5'(,6,8'81*.!8)*1=4)!*&56&(8,1-!614.@!/A!"#$!%&'()&*+,-&K.!C..1(,'8&!I,*&(81*!51*![-6,-&!
V'(,6,8'8,1-!=.,-4!'-!&2'6='8,2&!*=/*,(@!'-3!/A!6&'*-&*.!D)1!(1706&8&!01.8:(1=*.&!6&'*-&*!
.=*2&A.!8)'8@!,-!'44*&4'8&@!0*12,3&!'!8),*3!0&*.0&(8,2&!1-!5'(,6,8'81*!0&*51*7'-(&B!!C66!5&&3/'(9!
1-!'!5'(,6,8'81*K.!0&*51*7'-(&!5*17!&'()!.1=*(&!,.!'44*&4'8&3!,-81!1-&!31(=7&-8!'-3!*&8=*-&3!
81!5'(,6,8'81*.!8)*1=4)!'--='6!>I!(1=*.&!*&2,&D.B!!

o C.!'!D)16&@!"#$!%&'()&*+,-&K.!1-6,-&!(1=*.&!5'(,6,8'81*.!&L(&6!'8!7'-A!9&A!
(170&8&-(,&.!8)'8!'*&!(1-.,.8&-8!D,8)!(=**&-8!*&.&'*()!1-!&55&(8,2&!1-6,-&!5'(,6,8'8,1-!
.9,66.O!(1=*.&!(6,7'8&!'-3!(177=-,8A!/=,63,-4@!,-.8*=(8,1-@!,-8&*'(8,1-!'-3!3,.(=..,1-!
5'(,6,8'8,1-@!(1=*.&!1*4'-,J'8,1-@!,706&7&-8'8,1-!15!'..&..7&-8.!'-3!18)&*!E&B4B!
(1706,'-(&!D,8)!%&'()&*+,-&K.!0*1(&3=*&.HB!!

o "#$!%&'()&*+,-&!8&-3&3!81!*'8&!-'8,1-'6!(1=*.&!5'(,6,8'81*.!71*&!5'21*'/6A!8)'-!61('6!
(1=*.&!5'(,6,8'81*.@!8)1=4)!5'(,6,8'81*.K!'-3!6&'*-&*.K!*'8,-4.!(1-2&*4&3B!!

o V'(,6,8'81*.!'6.1!'*8,(=6'8&3!'*&'.!51*!,70*12&7&-8!,-!8)&,*!1D-!0&*51*7'-(&@!D),()!
(1-2&*4&3!'(*1..!(1=*.&!8&*7.O!!6'-3.('0&!01.8.@!0*&.&-(&!1-!8)&!3,.(=..,1-!/1'*3@!
'-3!0*12,3,-4!(1-.8*=(8,2&@!2'6='/6&!'-3!.0&(,5,(!5&&3/'(9!81!6&'*-&*.B!

o "'*8,(,0'8,1-!,-!"#$!%&'()&*+,-&K.!>I!(1=*.&!*&2,&D!0*1(&..!0*1718&.!(*,8,('6!.&65:
*&56&(8,1-@!D,8)!5'(,6,8'81*.!4',-,-4!8)&!('0'(,8A!81!(*,8,('66A!'..&..!8)&,*!0&*51*7'-(&!
12&*!8,7&B!

o +&'*-&*!&2'6='8,1-.@!&L'7,-&3!,-!'44*&4'8&!'(*1..!5'(,6,8'81*.!'-3!8&*7.@!'6.1!*&2&'6!
),4)!P='6,8A!5'(,6,8'8,1-!'-3!8)&,*!*'8,-4.!15!5'(,6,8'81*!0&*51*7'-(&!'6,4-!D,8)!*'8,-4.!
0*12,3&3!/A!"#$!%+B!+&'*-&*.K!.'8,.5'(8,1-!D,8)!(1=*.&!&L0&*,&-(&.!'-3!8)&,*!
3&.(*,08,1-.!15!5'(,6,8'81*!&L(&66&-(&!*&,-51*(&!8)&.&!5,-3,-4.B!+&'*-&*!*'8,-4.!15!8)&,*!
5'(,6,8'81*.!D&*&!2&*A!.,7,6'*!51*!-'8,1-'6!'-3!61('6!(1=*.&.B!

o ^1.8!5'(,6,8'81*.!D,66!&-*166!,-!'-18)&*!%&'()&*+,-&!(1=*.&@!*&(177&-3!%&'()&*+,-&!
(1=*.&.!81!8)&,*!(166&'4=&.@!'-3!,77&3,'8&6A!'006A!D)'8!8)&A!6&'*-&3!5*17!%&'()&*+,-&!
(1=*.&.!'.!'!*&.=68!15!8)&,*!5'(,6,8'81*K.!),4)!P='6,8A!0&*51*7'-(&B!
!

,=EE$>31)2>!()#!3/$!(=3=#$!

 C((1*3,-4!81!8)&!0*14*'7!&2'6='8,1-!*=/*,(!(*&'8&3!3=*,-4!8),.!.8=3A@!=0!81!Z?!0&*(&-8!15!"#$!
%&'()&*+,-&K.!5'(,6,8'81*.!D1=63!/&-&5,8!5*17!'33,8,1-'6!.=001*8!'-3T1*!0*15&..,1-'6!
3&2&6107&-8!,-!1*3&*!81!,70*12&!8)&,*!0&*51*7'-(&@!'.!()'*'(8&*,J&3!/A!/18)!"#$!%&'()&*+,-&!
'-3!(1=*.&!6&'*-&*.B!

 V'(,6,8'81*.!*&2&'6&3!3=*,-4!8)&!*&.&'*()!.8=3A!8)'8!"#$!%&'()&*+,-&K.!5=8=*&!&551*8.!81!'..=*&!
),4)!5'(,6,8'81*!P='6,8A!.)1=63!,-(6=3&!0*15&..,1-'6!3&2&6107&-8!8)'8!,.O!!&7/&33&3@!0*1/6&7:
/'.&3@!,-(6=3&.!*&.&'*():8&.8&3!.8*'8&4,&.@!'-3!)'.!'!)'-3.:1-!51*7'8!D,8)!&L8&-.,2&!713&6,-4!
15!/&.8!0*'(8,(&.!(1-8&-8B!!

!

!
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!

A.  Introduction 
!
[-6,-&!(1=*.&.!)'2&!4',-&3!8*'(8,1-!'.!'!(1-2&-,&-8@!'551*3'/6&@!'-3!(*&3,/6&!0*15&..,1-'6!3&2&6107&-8!
108,1-!51*!9:;<!8&'()&*.@!*&.=68,-4!,-!8)&!-&&3!51*!71*&!1-6,-&!(1=*.&!,-.8*=(81*.B!_,8)!8)&.&!,-(*&'.&3!
3&7'-3.!(17&.!'!4*&'8&*:8)'-:&2&*!&551*8!81!0*&0'*&@!.=001*8@!3&2&610!'-3!&2'6='8&!1-6,-&!(1=*.&!
,-.8*=(81*.B!!!
!
"#$!%&'()&*+,-&!)'.!/&&-!0*12,3,-4!0*15&..,1-'6!3&2&6107&-8!81!9:;<!8&'()&*.!8)*1=4)!'!('8'614!15!
71*&!8)'-!;>?!1-6,-&!(1=*.&.@!8'=4)8!/A!12&*!;??!(1=*.&!5'(,6,8'81*.@!51*!8)&!0'.8!8&-!A&'*.B!!C.!D,8)!
8)&,*!0,1-&&*,-4!1-6,-&!(1=*.&!(1-8&-8!'-3!3&6,2&*A!713&6@!"#$!%&'()&*+,-&!)'.!,706&7&-8&3!'!
.=001*8!'-3!5&&3/'(9!.8*'8&4A!51*!8)&,*!1-6,-&!(1=*.&!,-.8*=(81*.!EF5'(,6,8'81*.GH!8)'8!&7/13,&.!
*&.&'*():/'.&3!/&.8!0*'(8,(&.B!!C-!&55&(8,2&!/6&-3!15!1-6,-&!(1=*.&.@!-1-:),&*'*(),('6!7&-81*,-4@!
*&4=6'*!5'(=68A!7&&8,-4.!'-3!'-!1-6,-&!(177=-,8A!)'2&!0*12,3&3!%&'()&*+,-&!(1=*.&!5'(,6,8'81*.!D,8)!
*&.1=*(&.!81!.=001*8!71.8!'.0&(8.!15!1-6,-&!(1=*.&!,-.8*=(8,1-!12&*!8)&!0'.8!3&('3&B!$&&9,-4!81!3&&0&-!
8)&!5'(,6,8'8,1-!0*14*'7!'-3!'33*&..!'!-&&3!81!0*12,3&!5'(,6,8'81*.!D,8)!5&&3/'(9!'/1=8!8)&,*!.8*&-48).!
'-3!'*&'.!15!-&&3&3!,70*12&7&-8@!"#$!%&'()&*+,-&!*&(&-86A!,706&7&-8&3!'!-&D!>I!(1=*.&!*&2,&D!
0*1(&..!8)'8!,-2162&.!7=68,06&!0&*.0&(8,2&.!1-!5'(,6,8'81*.K!0&*51*7'-(&!'-3!155&*.!0&*.1-'6,J&3!
5&&3/'(9!'/1=8!8)&,*!,-.8*=(8,1-!'8!6&'.8!1-(&!'!A&'*B!!!
!
`&.&'*()!1-!8)&!&55&(8,2&-&..!15!1-6,-&!(1=*.&.!,-!4&-&*'6!,.!&7&*4,-4@!A&8!2&*A!6,886&!*&.&'*()!)'.!/&&-!
31-&!81!&.8'/6,.)!/&.8!0*'(8,(&.!51*!.=001*8,-4!'-3!&2'6='8,-4!1-6,-&!(1=*.&!5'(,6,8'81*.B!!U2&-!5&D&*!
31(=7&-8.!'-3!,-.8*=7&-8.!&L,.8!81!1=86,-&!8)&!(1701-&-8.!'-3!0*1(&3=*&.!8)'8!'*&!=.&3!81!&2'6='8&!
1-6,-&!,-.8*=(81*.B!%),.!*&01*8!.=77'*,J&.!/18)!8)&!7&8)13.!'-3!5,-3,-4.!5*17!'!A&'*61-4!51*7'8,2&:
.=77'8,2&!*&.&'*()!.8=3A!1-!"#$!%&'()&*+,-&K.!5'(,6,8'8,1-!713&6!'-3!>I!(1=*.&!*&2,&D@!'-3!0*12,3&.!
31(=7&-8.!'-3!0*1(&3=*&.!8)'8!"#$!%&'()&*+,-&!=.&.!81!.=001*8!'-3!&2'6='8&!8)&,*!1-6,-&!(1=*.&!
,-.8*=(81*.B!!#18)!&551*8.!'*&!,-8&-3&3!81!&-4'4&!'!/*1'3&*!3,.(=..,1-!'/1=8!/&.8!0*'(8,(&.!51*!1-6,-&!
(1=*.&!5'(,6,8'8,1-!.=001*8!'-3!&2'6='8,1-@!'-3!81!&-(1=*'4&!8)&!'006,('8,1-!15!8)&.&!0*1(&3=*&.!,-!
7=68,06&!.&88,-4.B!"#$!%&'()&*+,-&K.!&551*8.!81!3'8&!0*12,3&!'!=-,P=&!1001*8=-,8A!81!&L'7,-&!'!D&66:
&.8'/6,.)&3!1-6,-&!5'(,6,8'8,1-!.=001*8!'-3!&2'6='8,1-!713&6B!!%),.!.8=3A!'33*&..&.!8)&!51661D,-4!41'6.O!
!

?)&<!9*!!I&.(*,/&!"#$!%&'()&*+,-&K.!713&6!51*!0*&0'*,-4!'-3!.=001*8,-4!1-6,-&!(1=*.&!5'(,6,8'81*.!
D,8),-!8)&!(1-8&L8!15!&L,.8,-4!*&.&'*():/'.&3!'-3!(1771-6A!=.&3!/&.8!0*'(8,(&.B!

?)&<!6*!!I&8&*7,-&!8)&!&55&(8,2&-&..!15!"#$!%&'()&*+,-&K.!713&6!51*!0*&0'*,-4!),4):P='6,8A!1-6,-&!
(1=*.&!5'(,6,8'81*.!'71-4!3,55&*&-8!8A0&.!15!(1=*.&!5'(,6,8'81*.!'-3!51*!3,55&*&-8!8A0&.!15!
1-6,-&!(1=*.&.B!

?)&<!X*!!^&'.=*&!8)&!(1--&(8,1-!/&8D&&-!"#$!%&'()&*+,-&!5'(,6,8'81*!&55&(8,2&-&..!'-3!8)&!12&*'66!
(1=*.&!&L0&*,&-(&!51*!6&'*-&*.B!

?)&<!P*!!I&8&*7,-&!8)&!.('6'/,6,8A!15!"#$!%&'()&*+,-&K.!713&6!51*!0*12,3&*.!15!18)&*!1-6,-&!(1=*.&.!
-'8,1-D,3&B!

?)&<!R*!!I&2&610!,-.8*=7&-8.!'-3!4=,3&6,-&.!51*!=.,-4!8)&!,-.8*=7&-8.!8)'8!('-!/&!=.&3!'.!1-41,-4!
0*15&..,1-'6!3&2&6107&-8!&L0&*,&-(&.!'71-4!%&'()&*+,-&!5'(,6,8'81*.B!!!

!

B.  Methods 
!
%),.!51*7'8,2&:.=77'8,2&!*&.&'*()!.8=3A!,-2162&3!,-8&4*'8&3!'006,&3!*&.&'*()!'(8,2,8,&.!8)'8!8119!
06'(&!5*17!$&08&7/&*!<??M!8)*1=4)!C=4=.8!<?;?@!3=*,-4!51=*!(1-.&(=8,2&!"#$!%&'()&*+,-&!(1=*.&!
8&*7.@!D),()!/&4'-!1-!8)&!51661D,-4!3'8&.O!
!



2345!9!
!

V'66!<??M!8&*7O!![(81/&*!<a@!<??M!
_,-8&*!<?;?!8&*7O!b'-='*A!<c@!<?;?!
$0*,-4!<?;?!8&*7O!^'*()!>;@!<?;?!

! !!!!$=77&*!<?;?!8&*7;O!b=-&!<>@!<?;?!
!

C!9&A!5&'8=*&!15!8),.!.8=3AK.!3&.,4-!,.!'(8,1-!*&.&'*()@!D),()!
0*12,3&3!1-41,-4!.=001*8!'-3!&2'6='8,1-!5&&3/'(9!81!
5'(,6,8'81*.!8)*1=4)!>I!(1=*.&!*&2,&D.!D),6&!.,7=68'-&1=.6A!
0*12,3,-4!3'8'!1-!)1D!"#$!%&'()&*+,-&K.!5'(,6,8'8,1-!713&6!
*&'66A!D1*9.B!!_,8)!'!41'6!15!&-)'-(,-4!8)&!5'(,6,8'8,1-!
&L0&*,&-(&!51*!5'(,6,8'81*.@!5'(,6,8'81*!6&'3&*.!'-3!=68,7'8&6A!
6&'*-&*.@!.,4-,5,('-8!(1701-&-8.!15!8)&!*&.&'*()!()'-4&3!
3=*,-4!8)&!.8=3A!81!9&&0!=0!D,8)!5'(,6,8'81*.!'.!8)&,*!
5'(,6,8'8,1-!&2162&3B!!%)&!*&7',-,-4!*&.&'*()!'(8,2,8,&.!
0*12,3&3!.=77'8,2&!3'8'!51*!8*'(9,-4!8)&!0*14*'7K.!&55&(8,2&-&..!12&*!'-!'--='6!(A(6&!15!51=*!(1=*.&!
8&*7.B!%),.!'00*1'()!'661D&3!51*!'!.7'66!(170'*,.1-!.8=3A!15!"#$!%&'()&*+,-&K.!61('6!(1=*.&!.=001*8!
'-3!&2'6='8,1-!713&6!8)'8!8119!06'(&!3=*,-4!8)&!$0*,-4!<?;?!8&*7B!!%)&!.6,4)86A!3,55&*&-8!.'706,-4!
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('*&&*!E+14!+2!\H!1*!71*&!&.8'/6,.)&3!E+14!+2!\\H!1-6,-&!(1=*.&!5'(,6,8'81*.!D),6&!'-()1*,-4!8)&!>I!(1=*.&!
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f='-8,8'8,2&!'-3!P='6,8'8,2&!3'8'!D&*&!(170'*&3!81!,3&-8,5A!.,7,6'*,8,&.!'-3!3,55&*&-(&.!8)'8!,-51*7!8)&!
.8=3AK.!5,-'6!(1-(6=.,1-.B!!!
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V'66!<??M!(1=*.&!8&*7@!'-3!)'65!)'3!/&&-!8&'(),-4!1-6,-&!51*!
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3,2&*.&!'-3!),4)6A!,-3,2,3='6,J&3!&-2,*1-7&-8!.=()!'.!1-6,-&B!!"#$!%&'()&*+,-&K.!713&6!&7/13,&.!5,2&!
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1D-!6&'*-&*.!D,66!&L0&*,&-(&!D)&-!8)&A!&-*166!,-!'!%&'()&*+,-&!(1=*.&B!!V'(,6,8'81*.K!,77&*.,1-!,-!
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8)&!(1=*.&!8&*7!/&4,-.B!!$&(1-3@!'!0*&.&-8&*!155&*.!'!-&D!8&()-,P=&@!.9,66!1*!,3&'!8)'8!5'(,6,8'81*.!('-!
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%)&!V]X!155&*.!'-!1-6,-&!0*15&..,1-'6!6&'*-,-4!(177=-,8A!
8)'8!,.!'2',6'/6&!81!'66!"#$!%&'()&*+,-&!(1=*.&!5'(,6,8'81*.@!
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%&'()&*+,-&K.!0*15&..,1-'6!3&2&6107&-8!'-3!.=001*8!8)&A!*&(&,2&!'.!1-6,-&!(1=*.&!5'(,6,8'81*.!2&*A!
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(1=*.&!*&2,&D!0*1(&..B!!V'(,6,8'81*.!=.&!8)&,*!>I!*&2,&D.!,-!'!2'*,&8A!15!D'A.@!71.8!(1771-6A!81!,3&-8,5A!
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_),6&!8)&!P='6,8A!15!"#$!%&'()&*+,-&K.!1-6,-&!5'(,6,8'8,1-!('--18!/&!.16&6A!'88*,/=8&3!81!8)&!P='6,8A!15!
8)&!0*&0'*'8,1-!155&*&3!/A!"#$!%&'()&*+,-&@!5&D!18)&*!0*12,3&*.!155&*!'!0*14*'7!8)'8!,.!'.!
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-)!L/&3!$a3$23!')!:)=!($$<!:)=!/&W$!#$.$1W$'*! Z2&'$U=&3$! ;'$U=&3$! Ja$4%<&#:!

[001*8=-,8,&.!8)1=4)!'!.&*2,(&!18)&*!8)'-!%&'()&*+,-&!81!3&&0&-!8)&!
9-1D6&34&!-&(&..'*A!81!/&!'!71*&!&55&(8,2&!1-6,-&!5'(,6,8'81*!
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E-d>;H!
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(E(,%!15!0*15&..,1-'6!3&2&6107&-8!51*!1-6,-&!5'(,6,8'8,1-!8)'8!,.!
155&*&3!/A!'!.&*2,(&!18)&*!8)'-!%&'()&*+,-&@!'-3!'00*1L,7'8&6A!)'65!
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XDR! ?BcQ! XDS! ?BcM! XDR! ?Ba;!

`&(177&-3!'!%&'()&*+,-&!
(1=*.&!8'=4)8!/A!8),.!5'(,6,8'81*!81!
'!(166&'4=&!1*!5*,&-3!

XDP! ?BM<! XDR! ?BaM! XDX! ?BMM!

$&&9!8*',-,-4!1-!)1D!81!/&!'!
%&'()&*+,-&!(1=*.&!5'(,6,8'81*!

6D7! ;B<Y! 6D7! ;B<>! 9DH! ;B<M!

& S0&]&Y&<K2+#;*%#G9&N&Y&/&(M&:,%**G&2;,%&/&E+;#=9&U&Y&/&M$.3*&)+"2$=%,&$*9&S&Y&/&=+;K*&$*9&T&Y&?%6$"$*%#G&"+*&
!

?)&<!P*!!I&8&*7,-&!8)&!.('6'/,6,8A!'-3!8*'-.5&*'/,6,8A!15!"#$!%&'()&*+,-&!713&6!51*!18)&*!0*12,3&*.!15!
1-6,-&!(1=*.&.!-'8,1-D,3&B!
!

C-!&2'6='8,2&!*=/*,(!D'.!'6.1!3&2&610&3!3=*,-4!8)&!.8=3A!81!.A-8)&.,J&!5'(,6,8'81*!0&*51*7'-(&!
5&&3/'(9!'-3!()'*'(8&*,J&!"#$!%&'()&*+,-&K.!12&*'66!713&6!51*!.=001*8,-4!'-3!&2'6='8,-4!1-6,-&!(1=*.&!
5'(,6,8'81*.B!!%)&!*=/*,(!'D'*3.!01,-8.!51*!'!(17/,-'8,1-!15!5'(,6,8'81*!P='6,5,('8,1-.!E;;!01,-8.H!'-3!
0&*51*7'-(&!E>;!01,-8.H!=.,-4!'..&..7&-8!3'8'!0*12,3&3!/A!"#$!%&'()&*+,-&@!6&'*-&*.@!'-3!8)&!
5'(,6,8'81*.!8)&7.&62&.B!!%)&!0*14*'7!&2'6='8,1-!*=/*,(!,-8&4*'8&.!3'8'!5*17!7=68,06&!.1=*(&.!'-3!
0*12,3&.!'!(170*&)&-.,2&!0,(8=*&!15!%&'()&*+,-&!5'(,6,8'81*!P='6,8AB!%)&!*=/*,(!('-!'6.1!/&!=.&3!81!
,-51*7!"#$!%&'()&*+,-&!15!8)1.&!5'(,6,8'81*.!8)'8!)'2&!.)1D-!'!.=0&*,1*!1*!3,.8,-4=,.)&3!*&(1*3!,-!
1-6,-&!5'(,6,8'8,1-!E.&&!C00&-3,L!N!51*!&'()!(=**&-8!5'(,6,8'81*K.!*=/*,(!.(1*&HB!!C006,('8,1-!15!8)&!*=/*,(!
81!8)&!<??M:<?;?!1-6,-&!5'(,6,8'81*.!8)'8!0'*8,(,0'8&3!,-!8)&!*&.&'*()!.)1D.!71*&!8)'-!1-&!8),*3!E>cB<RH!
15!%&'()&*+,-&!5'(,6,8'81*.!3,.06'A,-4!.=0&*,1*!P='6,8A!5'(,6,8'8,1-!'-3!'(),&2,-4!1(2*%,&'()$#$*(*+,!.8'8=.B!!
C-18)&*!<;B>!0&*(&-8!'(),&2&3!?$2*$".;$23%=&'()$#$*(*+,!.8'8=.!E%'/6&!;>HB!
!

-&5<$!9X*!"#)%)#31)2>!)(!(&.1<13&3)#>!L/)!&./1$W$'$&'()*+!&2'!,-()-./0-(1*2!>3&3=>!

-13<$!

C=5#1.!#&L!

>.)#$! "$#.$23! @)=23!

1(2*%,&'()$#$*(*+,& >Z:>a!01,-8.! >cB<R! >Y!
?$2*$".;$23%=&'()$#$*(*+,& ;c:>>!01,-8.! <;B>R! <?!
'()$#$*(*+,& ?:;Q!01,-8.! Z;BYR! >M!
-)3&<! 977D7[! HP!

!

%)&.&!5,-3,-4.!.=44&.8!8)'8!=0!81!Z?!0&*(&-8!15!"#$!%&'()&*+,-&K.!5'(,6,8'81*.!D1=63!/&-&5,8!5*17!
'33,8,1-'6!.=001*8!'-3T1*!0*15&..,1-'6!3&2&6107&-8!,-!1*3&*!81!,70*12&!8)&,*!0&*51*7'-(&@!'.!
()'*'(8&*,J&3!/A!/18)!"#$!%&'()&*+,-&!'-3!(1=*.&!6&'*-&*.B!!V'(,6,8'81*.!*&2&'6&3!3=*,-4!8)&!*&.&'*()!
.8=3A!8)'8!"#$!%&'()&*+,-&K.!5=8=*&!&551*8.!81!'..=*&!),4)!5'(,6,8'81*!P='6,8A!.)1=63!,-(6=3&!8)&!
51661D,-4!(1701-&-8.O!
!

 U7/&33&3!'-3!0*1/6&7:/'.&3O!C-!
,77&3,'8&!'006,('8,1-!E&B4B!'!(1=*.&@!
0*1/6&7'8,(!6&'*-&*H!51*!8)&!(1-8&-8!
(1-2&A&3!8)*1=4)!0*15&..,1-'6!
3&2&6107&-8!,.!&..&-8,'6!81!>Z!E1*!>QB<R!15H!
5'(,6,8'81*.B!!!

 `&.&'*():8&.8&3!.8*'8&4,&.O!U2,3&-(&!15!8)&!
01.,8,2&!,70'(8!1-!'!(1=*.&!0*12,3&3!/A!'!
0*15&..,1-'6!3&2&6107&-8!(1-(&08!,.!
&..&-8,'6!81!ac!E1*!M<BQR!15H!5'(,6,8'81*.B!

 h'-3.:1-!51*7'8!D,8)!&L8&-.,2&!713&6,-4O!

]0!81!Z?!0&*(&-8!15!"#$!
%&'()&*+,-&K.!5'(,6,8'81*.!

D1=63!/&-&5,8!5*17!'33,8,1-'6!
.=001*8!'-3T1*!0*15&..,1-'6!

3&2&6107&-8!,-!1*3&*!81!
,70*12&!8)&,*!0&*51*7'-(&@!'.!

()'*'(8&*,J&3!/A!/18)!"#$!
%&'()&*+,-&!'-3!(1=*.&!

6&'*-&*.B!

R
E

S
E

A
R

C
H
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!

g=,3&3!0*'(8,(&!D,8)!=.,-4!-&D!8&()-,P=&.!'-3T1*!8&()-1614,&.!,.!&..&-8,'6!81!aM!E1*!MZBcR!
15H!5'(,6,8'81*.B!!!

!
[8)&*!0*12,3&*.!15!0*15&..,1-'6!3&2&6107&-8!'-3!5&&3/'(9!81!1-6,-&!(1=*.&!5'(,6,8'81*.!.)1=63!(1-.,3&*!
'006A,-4!7'-A!15!8)&!*&.&'*():8&.8&3!/&.8!0*'(8,(&.!8)'8!"#$!%&'()&*+,-&!=8,6,J&.!.=()!'.O!
!

 $&6&(8,-4!1-6,-&!(1=*.&!5'(,6,8'81*.!8)'8!)'2&!0*,1*@!*&(&-8!&L0&*,&-(&!'.!1-6,-&!6&'*-&*.B!
 "*15&..,1-'6!3&2&6107&-8!51*!5'(,6,8'81*.!8)'8!,.!155&*&3!,-!7=68,06&!51*7'8.!'-3!,-8&4*'8&.!0&&*!
.=001*8!D,8)!0*1/6&7:/'.&3@!&7/&33&3!6&'*-,-4B!

 S6&'*6A!.8'8&3!0&*51*7'-(&!&L0&(8'8,1-.!'-3!&2'6='8,1-!(*,8&*,'!8)'8!1*,4,-'8&!D,8)!*&.&'*():
/'.&3!/&.8!0*'(8,(&.!51*!),4)!P='6,8A!1-6,-&!,-.8*=(8,1-B!

 %,7&6A!'-3!,8&*'8,2&!5&&3/'(9!1-!5'(,6,8'81*!0&*51*7'-(&!5*17!7=68,06&!0&*.0&(8,2&.B!
 C((=*'8&!7&'.=*&7&-8!15!5&&3/'(9!'/1=8!8)&!P='6,8A!'-3!&55&(8,2&-&..!15!0*15&..,1-'6!
3&2&6107&-8!'-3!5&&3/'(9!0*12,3&3B!

!
%14&8)&*@!8)&.&!5&'8=*&.!('-!(*&'8&!'!(=68=*&!15!1-41,-4!6&'*-,-4!'-3!&L(&66&-(&!'71-4!(1=*.&!
5'(,6,8'81*.@!5'(,6,8'81*!6&'3&*.!'-3!6&'*-&*.!8)'8!)'.!0*12&-!&55&(8,2&!51*!"#$!%&'()&*+,-&B!!!

!
?)&<!R*!!I&2&610!,-.8*=7&-8.!'-3!4=,3&6,-&.!51*!=.,-4!8)&!,-.8*=7&-8.!8)'8!('-!/&!=.&3!'.!1-41,-4!
0*15&..,1-'6!3&2&6107&-8!&L0&*,&-(&.!'71-4!%&'()&*+,-&!5'(,6,8'81*.B!!!

!
%)&!51661D,-4!,-.8*=7&-8.!D&*&!=.&3!3=*,-4!8),.!.8=3AO!
!
!!!!"#)E#&4O<$W$<*!

 "*14*'7!*=/*,(!
 #'(94*1=-3!.=*2&A!

!
T&.1<13&3)#O<$W$<*!

 `&56&(8,1-!614!+2!\!!
 `&56&(8,1-!614!+2!\\!!
 V'(,6,8'81*!,-8&*2,&D.!
 "1.8:(1=*.&!6&'*-&*!.=*2&A!
 %+!(1=*.&!*&2,&D!*=/*,(!

!
%)&!31(=7&-8!'()$#$*(*$+"&\D(#;(*$+"&^;$=%#$"%2!EC00&-3,L!+H!&L06',-.!8)&!0*1(&3=*&.!'-3!0*181(16!51*!
=.,-4!8)&.&!,-.8*=7&-8.!81!(1-3=(8!8)&!5'(,6,8'8,1-!.=001*8!'-3!&2'6='8,1-!0*14*'7!3&.(*,/&3!,-!8),.!
*&01*8B!!


