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%-)! &0($'! /-<! >(%('$0! )/(! &8&0-$44*)*-%! 1'-&(4.'(! <-.04! 2(! .,*%>! 0(,,! ,)$20(!



! ": !

$%4! 4*==('(%)08! ,.2,)*).)(4!4*(%(,! ,.&/! $,! -&*3(%(6! Z.')/('3-'(;! $&&(,,! )-!

$%$0->.(,!=-'!UJS!,).4*(,!$%4!(%$%)*-,(0(&)*5(!,8%)/(,*,!<-.04!0*H(08!2(!4*==*&.0)!

.,*%>!#-'&-M,!,)'$)(>86!K.'!'()'-,8%)/()*&!$%$08,*,!-=!) !$%4!3(*,!,/-<%!*%!U&/(3(!

96! C)! <$,! (%5*,$>(4! )/$)! $! I*(0,eJ04('! '($&) *-%! 2()<((%! $%! $11'-1'*$)(08!

,.2,)*).)(4!&/$0&-%(!W); X($%4! -&*3(%(!W)9 X!<-.04!1'-5*4(! -%(! -'! 2-)/! -=! )/(!

4(,*'(4! '(>*-*,-3('*&! &8&0-$44.&),6! +/$0&-%(! ); ! 3$8! 2(! $&&(,,(4! 5*$! $%! $04-0!

&-%4(%,$)*-%!2()<((%!)/(!&-''(,1-%4*%>!$&()-1/(%-%(!W)< X!$%4!2(%]$04(/84(!

W)= X6!!

F/(! $45$%)$>(,! -=! )/*,! '-.)(! $'(! )<-=-046! Z*',)08;! *)! '(1'(,(%),! $! 5('8!

&-%&*,(! '-.)(! )-! )/(!%$).'$0!1'-4.&)6!U(&-%408;!28! .,*%>!$!5$'*()8! -=!&/$0&-%(,!

*%)-! )/(! I*(0, eJ04('! '($&)*-%! $! %.32('! -=! ,)'.&).'$008! 4*5(',(! 1$%4.'$)*%!

$%$0->.(,! &-.04! 2(! $&&(,,(46! J0)('%$)*5(08;! 5$'*$)*-%! *%! )/(! 4*(%(! .,(4! <-.04!

$0,-!1'-5*4(!$%$0->.(,!=-'!)(,)*%>6!!

(

(

?0"&K&(=*!S()'-,8%)/()*&!$11'-$&/!)-!1$%4.'$)*%!JQ%*&-0$*-*4(,*%!V!

!



! "" !

3*;(Q1&B7! 5B.&'(!80B-#..1%1-,7(R71,:(#(S-.&B(!"#B0-,&(?87%&K((

!

C%! -'4('! )-! *%5(,)*>$)(! I*(0,! J04('! '($&)*-%,! 2()<((%! &/$0&-%(,! $%4!

-&*3(%(;! $! ,*310*=*(4! 3-4(0! ,8,)(3! .,*%>! .%,.2,)*).)(4! &/$0&-%(! )G! <$,!

(310-8(4!*%!)'*$0!'($&)*-%,!WU&/(3(!RX6!!

!

!!

?0"&K&(G*((

!

K&*3(%(! <$,! )/(! -25*-.,! &/-*&(! -=! 4*(%(! )-! (310-8! *%! &8&0-$44*)*-%,;!

/-<(5('! *)! <$,! ,.110* (4! $,! $! 3*G).'(! Df"! -=! )/(! 7! $%4!8! *,-3(',! WZ*>.'(! DX6!

O/*0,)! )/('(! $'(! 1'-&(4.'(,! =-'! )/(! ,(1$'$)*-%! -=! )/(,(! *,-3(', "P! )/(! 3*G).'(!

<$,!.,(4!$,!,.110*(4!-%!)/(!$,,.31)*-%!)/$)!)/(! 8@*,-3('!<-.04!2(!.%'($&)*5(!

*%!I*(0,! J04('!'($&)*-%,!F/*,!$,,.31)*-%!1'-5(4!)-!2(!&-''(&);!<*)/!%-!(5*4(%&(!

=-'!'($&)*-%!-=!)/(!86*,-3('!*%!$%8!-=!)/(!'($&)*-%,!,).4*(4! !

!

!

>1:/'&(9*(+7-K&'7(-N(-01K&,&((



! "B!

+/$0&-%(!)G! <$,! 1'(1$'(4! 5*$! $! 2$,(! 1'-3-)(4! $04-0! &-%4(%,$)*-%!

2()<((%!2(%]$04(/84(!$%4!$&()-1/(%-%(!WU&/(3(!PX6"Y!O*)/! )G!*%!/$%4;!*%*)*$0!

,).4*(,!-=!)/(! I*(0,gJ04('!&8&0-$44*)*-%!<('(!.%4(')$H(%6!!

!

(

?0"&K&(H6!$X!\Kb;!^(KbQbBK;!BE!h+;!"!/!

!

#'(0*3*%$'8!,).4*(,!(G$3*%(4!)/(!(==(&),!-=!5$'*$)*-%!*%!,-05(%);!/($);!$%4!

.,(!-=!a(<*,!$&*4!&$)$08,),!-%!)/(!&8&0-$44*)*-%!WF$20(!"X6!S($&)*-%,!$)!(0(5$)(4!

)(31('$).' (!W"":!h+;!#/^(X!W(%)'*(,! "@DX!>$5(!3-4('$)(!8*(04,!WBY@D"AX! -=!$!

3*G).'(! -=! )/(! 4(,*'(4! 1'-4.&),! )H( $%4( )I ;! /-<(5('! %-! '(>*-,(0(&)*5*)8! <$,!

-2,('5(46!O*)/!)/(!%-)$20(!(G&(1)*-%!-=!^( BJ0+0!W7%)'8!"EX;!a(<*,!$&*4!&$)$08,*,!

$)! '--3! )(31('$).'(! =$*0(4! )-! 1'-3 -)(! '($&)*-%;! (*)/('! '().'%*%>! ,)$')*%>!

3$)('*$0,!W(%)'*(,!9@""X!-'!>*5*%>!$!&-310(G!3*G).'(!-=!4(&-31-,*)*-%!1'-4.&),!

W(%)'*(,!"B;!"DX6!C%!)/(!&$,(!-=!^(BJ0+0@&$)$08,(4!'($&)*-%,;!)/(!L1$%4.'$)*%!0*H(M!

'(>*-*,-3('! W )HX( <$,! $==-'4(4! *%! 9BA! 8*(04! $,! )/(! ,-0(! *,-0$)(4! 1'-4.&)6!

J,,*>%3(%)!-=!'(0$)*5(!&-%=*>.'$)*-%!<$,!2$,(4!-%!&-31$'*,-%,!-=!)/(!&-.10*%>!

&-%,)$%),! 2()<((%! 5*&*%$0! '*%>! 1'-)-%,! <*)/! '(0$)(4! &8&0-/(G(%80! %$).'$0!

1'-4.&),!'(1-')(4!*%!)/(!0*)('$).'(6 "D!K.'!T^S!$%$08,(,!-=! )H !,.>>(,)(4!)/(!E;? @

3/$#,@?;9@)', !,)('(- &/(3*&$0!$''$%>(3(%)!,/-<%!*%!Z*>.'(!;*((

!

(

(

(

(



! "D!

4#MB&()*!S(,.0),!=-'!3-4(0!&/$0&-%(!I*(0,gJ04('!'($&)*-%,6!

7%)'8! a(<*,!$&*4! +-%4*)*-%,!! i*(04!WAX!

W-=!3*G).'(X!!

S$)*-!

W)H f)I X!

) ( T-%(! #/^(;!"":!h+;!"9!/ ! D"! ?:f?: !

3( VW+9Z?XD! #/^(;!"":!h+;!"9!/ ! D"! ?:f?: !

9( J0+0D! #/^(;!"":!h+;!"9!/ ! BY! ?:f?: !

; ( T-%(!! #/^(;!BE!h+;!"9!/ ! : ! @!

<( T-%(!! I+^;!BE!h+;!?!/ ! : ! @!

=( i2WKF=DX! I+^;!BE!h+;!?!/ ! : ! @!

G( `%+0B! I+^;!BE!h+;!?!/ ! : ! @!

H( U%+0E! I+^;!BE!h+;!?!/ ! : ! @!

I ( J0+0D! I+^;!BE!h+;!?!/ ! : ! @!

)J ( VW+9Z?XD! I+^;!BE!h+;!?!/ ! : ! @!

)) ( a*+0KE! 7)BK;!BE!h+;!?!/! : ! @!

)3 ( F*+0E! I+^;!BE!h+;!?!/ ! : ! @!

)9 ( VZDj K7)B! I+^;!BE!h+;!?!/ ! : ! @!

); ( ^( BJ0+0! I+^;!BE!h+;!?!/ ! 9B! "::f: !

"!(N.*5$0(%)!-=!a(<*,!$&*4!$%4!D!(N.*5$0(%),!-=!-&*3(%(!<('(!.,(4!*%!$00!'($&)*-%,!!

!

!!

>1:/'&(;* !+-.10*%>!&-%,)$%),!2()<((%!1'-)-%,!-=!&8&0-/(G(%80!&-31-.%4,6"D!

!

F/(! *4(%)*)8! -=!)I ! <$,! 4()('3*%(4! ='-3! )/(! " b! T^S! ,1(&)'.3! -=! $!

3*G).'( ! -=!)HT)I*( F/*,! ,1(&)'.3! ,/-<,! $! 0$'>(! %.32('! -=! 1'-)-%,! *%! )/(!

$'-3$)*&! $%4! $0*1/$)*&! '(>*-%,! $%4! ,*>%$0,! *%! )/(! (G1(&)(4! $0H(%(! $'($6! F/(!

&$%4*4$)(!,)'.&).'(!1-,,*2*0*)*(,!-=!&-31-.%4! )I !$'(!,/-<%!*%!=*>.'(!?6!F/(!H(8!

&-.10*%>! &-%,)$%),! .,(4! )-! 4()('3*%(! )/(! *4(%)*)8! -=!)I ! $'(! $2-.)! )/(! '*%>!

1'-)-%,!W$69X!$)!)/(!,)('(- &(%)(',!*%!=*>.'(!?6(



! "E!

!

Z*>.'(!?6!+$%4*4$)(!,)'.&).'(!1-,,*2*0*)*(,!-=!&-31-.%4! )I !!

!!

F/(!1'-4.&)! )H !(%4-!<$,!1'(,(%);!&-%=*'3(4!0$)('!28!,8%)/(,*,!$,!$!1.'(!

*,-3('6!#'-)-%,! $($%4!.( <('(!1'(, (%)!$,!$!4-.20()!-=!)'*10(),!W$X!$)!D6?:!113!W:!k!

":6?;!9!b]X!$%4!$!4-.20()!-=!4-.20(),!W. X!$)!E6B"!113!W:(;("";!?!b]X!$%4!$!4-.20()!

-=!)'*10(),!W$X!$)!D6?:!W":6?;!9!b]X6!F/(!-)/('!&-31-.%4!/$4!$!4-.20()!-=!)'*10(),!

$)!E6DE!113!W:(;("";9!b]X!$%4!$!4-.20()!-=!4-.20(),!$)!D6?R!113!W:(;("";!?!b]X6!C=!

)/(!-)/('!&-31-.%4!&-''(,1-%4(4!)-! )H !(G-!)/(!1'-)-%! +!<-.04!2(!(G1(&)(4!)-!

2(!$!++!-&&.''*%>!=.')/('!4-<%=*(04!)/$%!)/(! +3!-=!1'-)-%! ) !4.(!)-!1'-G*3*)8!-=!

)/(! &$'2-%80! >'-.16! F/*,! *,! %-)! &-%,*,)(%)! <*)/! </$)! <$,! -2,('5(4!

(G1('*3(%)$0086!C=! )/(! -)/('!&-31-.%4!&-''(,1-%4(4! )-! (*)/('! )I ! (%4-! -'! (G-!

)/(!1'-)-%! "<0!1'-)-%!<-.04!2(!(G1(&)(4!)-!2(!$! +3!-&&.''*%>!=.')/('!4-<%=*(04!

)/(! ++!-=!1'-)-%!=<9>(F/*,!*,!&-%,*,)(%)!<*)/!</$)!<$,!-2,('5(4!(G1('*3(%)$0086!! !

F-!4()('3* %(!</()/('!)/(!&-31-.%4!<$,! )I( (%4-!-' ()I( (G-()/(!&-.10*%>!

&-%,)$%),! -=! )/(!++!&-''(,1-%4*%>! )-! =Q0!<('(! (G$3*%(46!C%! )/(! (%4-!1'-4.&);!

-%(!<-.04! (G1(&)! )/(!&-.10*%>!&-%,)$%),! -=!1'-)-%!9()-!$4_$&(%)!1'-)-%,! )-!2(!

2-)/! l": @"B! b] ;! ,*3*0$'! )-! )/$)! -=! E;?@3/$#,@?;9@3/$#,! )'*,.2,)*).)(4!!

&8&0-/(G(%(80! '*%>,! W"0>! U$>>(%-%! I;! =*>.'(! EX*(C%! )/(! (G-! 1'-4.&);! -%(! <-.04!

(G1(&)! )/(!&-.10*%>!&-%,)$%),! -=!1'-)-%!=($%4!$4_$&(%)!1'-)-%,! )-!2(!0$'>(!W)$6!

": @"B!b]!X!=-'! )/(!E;? @3/$#,! *%)('$&)*-%!$%4! ,3$00('!W)$6!E@P!b]X!=-'! )/(!?;9 @)',(

$''$%>( 3(%)6!F/*,! *,!</$)!<$,! -2,('5(4! (G1('*3(%)$008!$%4! )/.,! )/(!&-.10*%>!

&-%,)$%),!-=!)/(!&-31-.%4!$'(!&-%,*,)(%)!<*)/ ()I !(G-6!!

!

O

O

O
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! "? !

O*)/! $! 1'-3*,*%>! a(<*,! $&*4! $44*)*5(! *%! /$%4;! =.')/('! *%5(,)*>$)*-%,! -=!

^( BJ0+0@&$)$08,(4! I*(0,gJ04('! '($&)*-%,! 2()<((%! )G! $%4!)9 ! <('(! .%4(')$H(%!

WU&/(3(!YX6!F/(!(==(&),!-=!)(31('$).'(;!&$)$08,)!0-$4*%>!$%4!'($&)*-%!)*3(!<('(!

(G$3*%(4;!$%4!)/(!'(,.0),!$'(!,.33$'*,(4!*%!F$20(!B6! !

!

!

?0"&K&(I*((

!

(4#MB&(3*!S(,.0),!=-'!3-4(0!&/$0&-%(!I*(0 ,gJ04('!'($&)*-%,!<*)/!^( BJ0+0!&$)$08,)!!

7%)'8! 7N.*5$0(%),!-=!

^( BJ0+0!

F(31('$).'(!

Wh+X!!

F*3(!W/X! i*(04!-=!)H !

WAX!!

i*(04!-=!3J !

WAX!!

) ( "6B! @RP! Y! : ! : !

3( "6B! @B: ! "9 ! BY! : !

9( "6B! E! ?! E9! : !

; ( "6B! E! EP! EY! E: !

<( "6B! BE! :6B?! "9 ! : !

=( "6B! BE! "9 ! ?R! D?!

G( :6?! BE! "9 ! 9?! R!

H( B! BE! "EE! : ! YE!

I ( :6?! BE! ?! 99! : !

)J ( " ! BE! ?! 9D! : !

)) ( B! BE! ?! 9B! : !

)3 ( E! BE! ?! EE! : !

)9 ( P! BE! ?! D9! : !

J00!'($&)*-%,!<('(!1('=-'3(4!*%!I+^ !

!



! "9 !

K1)*3*,(4!&-%4*)*-%,!W(%)'8!YX!1'-5*4(4!)/(!4(,*'(4!1'-4.&)! )H !*%!99A!

8*(046! m1-%! 0-%>('! '($&)*-%! )*3(,! W(%)'*(,! E;! 9;! RX;! 28@1'-4.&)! 3J ! <$,! $0,-!

-2,('5(46!U&/(3(! ":! *00.,)'$)(,! -.'! 1'-1-,(4!3(&/$%*,3!=-'! )/(! =-'3$)*-%! -=!

3J( ='-3! )H6! a(<*,! $&*4! $&)*5$)*-%! -=! )/(! &$'2-%80! >'-.1! -=!)H( 1'-3-)(,!

*%)'$3-0(&.0$'! $))$&H! 28! )/(! )'*,.2,)*).)(4! -0(=*%;! >*5*%>! &$'2-&$)*-%!3) 6!

Z-'3$) *-%! -=! -G()$%(!33! $%4! ,.2,(N.(%)! '*%>! -1(%*%>! '(,.0),! *%! )(')*$'8!

2(%]80*&!&$'2-&$)*-%!39L! ,)$2*0*,(4!28! )/(! $4_$&(%)!1/(%80! '*%>6!70*3*%$)*-%!28!

3($%,!-=!0-,,!-=!$&()-%(!0($4,!)-!)/(!=-'3$)*-%!-=!)/(!1'-4.&)!W 3JX6(+-31-.%4!

3J !&-.04!2(!=-'3(4!(G&0.,*5(08!</(%!'($&)*-%!)*3(,!<('(!-%!)/(!-'4('! -=!4$8,!

W(%)'8!PX6!!

!

!

?0"&K&()J* (

!

3*<(Q1&B7U5B.&'(!80B-#..1%1-,7(@1%"(?/M7%1%/%&.(!"#B0-,&7(

!

b$5*%>! &-310()(4! )/(! *%*)*$0! 3-4(0! ,).4*(,;! $! &/$0&-%(! 3-'(! &0-,(08!

'(,(320*%>! )/$)! -=! )/(! %$).'$0! ,8,)(3! <$,! (310-8(4! *%! I*(0,gJ04('! '($&)*-%,6!



! "R!

+/$0&-%(!3; ! <$,! 1'(1$'(4! 5*$! $! 2$,(! 1'-3-)(4! $04-0! &-%4( %,$)*-%! 2()<((%!

2(%]$04(/84(!$%4!)/(!,.2,)*).)(4!$&()-1/(%-%(! 3<!WU&/(3(!""X6!!

(

(

?0"&K&()) 6!$X!\Kb;!^(KbQbBK;!BEh+;!"!/!

!

O*)/! 3; !*%!/$%4;!)/(! I*(0,gJ04('! '($&)*-%!2()<((%! 3; !$%4!-&*3(%((<$,!

(G10-'(4!WU&/(3(!"BXc!)/(!'(,.0),!$'(!,.33$'*](4!*%!F$20(!D6! !

!

!!

?0"&K&()3*((

!

(

(

(

(



! "P!

4#MB&(9*!S(,.0),!-=!I*(0,gJ04('!'($&)*-%,!<*)/!&/$0&-%(! 3; !

V,%'8(( 7N.*5$0(%),!-=!

^( BJ0+0!

F(31('$).'(!

Wh+X!!

F*3(!W/X! U-05(%)!! 8*(04!3*G).'(!-=!

3=($%4!3G!WAX!!

!S$)*-n!

-=!3=W3G!!

) ( : ! BE! ?! I+^ ! : ! @!

3( :6?! BE! ?! I+^ ! o?! PDf"R!

9( " ! BE! ?! I+^ ! o?! PDf"R!

; ( B! BE! ?! I+^ ! o?! PDf"R!

<( 9! BE! ?! I+^ ! o?! PDf"R!

=( : ! BE! "9 ! #/^( ! : ! @!

G( : ! "": ! "9 ! #/^( ! o?! PDf"R!

H( : ! "E: ! "9 ! #/^( ! o?! PDf"R!

I ( " ! BE! "9 ! #/^( ! o?! PDf"R!

)J ( " ! "": ! "9 ! #/^( ! P! PDf"R!

)) ( " ! "E: ! "9 ! #/^( ! ": ! PDf"R!

J00!'($&)*-%,!<('(!1('=-'3(4!.,*%>!D!(N.*5$0(%),!-=!-&*3(%(! !

nS$)*-, !-=!3=T3G(<('(!4()('3*%(4!2$,(4!-%!)/(!'(0$)*5(!*%)(>'$)*-%!-=!4*,)*%&)! ,*>%$0,!*%!bT^S!
,1(&)'.3!-=!$!3*G).'(!-=!)/(!&-31-.%4,6 !

!

J))(31),! )-!>(%('$)(! )/(! I*(0,gJ04('!$44.&)! .,*%>!1'(5*-.,08! (G$3*%(4!

&-%4*)*-%,!W(%)'*(,!"@?X!<('(!.%,.&&(,,=.0;!>*5*%>!$!3*G).'(!-=!'(>*-*,-3(',!$%4!

28@1'-4.&),! *%! </*&/! )/(! 3()/80! ()/('! /$4! 2((%! &0($5(4! )-! >*5(! )/(!

&-''(,1-%4*%>!1/(%-06!C)!<$,! ,.,1(&)(4! )/$)! )/(! ,.2,)*).)(4!&/$ 0&-%(!<$,!0(,,!

'($&)*5(!4.(! )-! )/(!1'(,(%&(! -=! (0(&)'-%!4-%$)*%>! ,.2,)*).(%),! -%! )/(!$'-3$)*&!

'*%>6!!

+-31-.%4,! 3=($%4!3G!<('(!.%$20(!)-!2(!,(1$'$)(4!='-3!($&/!-)/(';!)/.,!

%-! T^S! -=! 1.'(! &-31-.%4,! <$,! -2)$*%(46! J,,*>%3(%)! -=! )/(! '(0$)*5(!

&-%=*>.'$)*-%,!-=!3=!$%4!3G!&-31-.%4,!<$,!2$,(4!-%!$%$0->8!<*)/!&-31-.%4,!

)HQ)I 6!!

F/(! " b! T^S! ,1(&)'.3! =-'! )/(! 3*G).'(! -=! 3=( $%4!3G! ,/-<(4! $! 0$'>(!

%.32('! -=! 1'-)-%,! *%! )/(! $'-3$)*&! $%4! $0*1/$)*&! '(>*-%,! $%4! ,*>%$0,! *%! )/(!

(G1(&)(4! $0H(%(! $'($! &-%,*,)(%)! <*)/! )/(! $,,*>%(4! ,)'. &).'(,6! K=! %-)(! $'(! )/(!

1'-)-%,!,/-<%!*%!=*>.'(!96!F/(!3$_-'!&-31-.%4;! 3=L!,/-<,!$!4-.20()!-=!4-.20(),!

W. X!$)!E6:9!113!W:(k!??;!?!b]X!$%4!$!4-.20()!-=!)'*10(),!W$X!$)!D6ED!113!W:(k!"";!9!



! "Y!

b]X6!F/(!3*%-'!&-31-.%4;! 3GL!4*,10$8,!$!4-.20()!-=!)'*10(),!W)X!$)!E6D"!W":6?;!9!

b]X!!$%4!$!4-.20()!-=!4-.20(),!W+X!$)!D6?9!W"";!?6?!b]X6!!F/(!'$)*-,!-=!)/(!1'-4.&),!

<('( ! 4()('3*%(4! 2$,(4! -%! )/(! '(0$)*5(! *%)(>'$)*-%! -=! 4*,)*%&)! 1($H,! W1'-)-%!

,*>%$0,! $2-.)! )/(! &8&0-/(G(%80! '*%>X! *%! bT^S! ,1(&)'.3! -=! $! 3*G).'(! -=! )/(!

&-31-.%4, 6!!

!

!

>1:/'&(=* !\(8!1'-)-%,!.,(4!)-!4()('3*%(!)/(!*4(%)*)8!-=! 3=!$%4(3G( !

!

C%!$%!$))(31)!)-!-5('&-3(!)/(!1--'!&-%5(',*-%!-=! 3; ;!^( BJ0+0!&$)$08,(4!

'($&)*-%,! <('(! 1('=-'3(4! $)! /*>/! )(31('$).'(,! *%! $! ,($0(4! ).2(6! F/*,! 4*4!

*%&'($,(! )/(! &-%,.31)*-%! -=! ,)$')*%>! 3 $)('*$0;! /-<(5(';! 1--'! '(>*-,(0(&)*5*)8!

$%4!4(3()/80$)*-%!1'-4.&),!<('(!$0,-!-2,('5(46!F/*,!1'(5(%)(4!)/*,!1$)/!='-3!

2(*%>! $! ,.*)$20(! $11'-$&/! )-! )/(! 4(,*'(4! 1'-4.&)6! C)! <$,! ,.,1(&)(4! )/$)! )/(!

4(3()/80$)*-%! '($&)*-%,! <('(! 2(*%>! 1'(3-)(4! 28! ^( BJ0+06! U)'-%>!a(<*,! $&*4,!

,.&/!$,!J0+0D!$%4!J0V'D!$'(!H%-<%!)-!&0($5(!$'80!3()/80!()/(',6 B: !

U(5('$0!-)/('!&/$0&-%(,!WU&/(3(!"DX!<('(!,8%)/(,*,(4!*%!-'4('!)-!$,,(,,!

)/(! (==(&)!-=!4*==('(%)! ,.2,)*).(%),;!$%4!)/.,!$!4*==('(%)!(0(&)'-%*&!1'-=*0(!-=!)/(!

4*(%-1/*0(! *%! )/(! &8&0-$44*)*-%6! m%=-').%$)(08;! ^(BJ0+0@&$)$08,(4! '($&)*-%,!

*%5-05*%>!&/$0&-%(,!3HL(3I($%4!9J('(,.0)(4!*%!4(1'-)(&)*-%Q4(3()/80$)*-%!-=!)/(!

&/$0&-%(! $%4Q-'! )/(! '(,.0)*%>! 1'-4.&),6! O*)/! 1--'! 8*(04,;! 0*))0(! -'! %-!

'(>*-,(0(&)*5*)8! $%4! .%<$%)(4! 28@1'-4.&),! 2(*%>! $,,-&*$)(4! <*)/! )/(,(!



! B: !

&8&0-$44*)*-%! '($&)*-%,;! *)!<$,!4((3(4! )/$)! )/*,!$11'-$&/! )-!1$%4.'$)*%!J!$%4!

%*&-0$*-*4(,*%!V!<$,!*%$4(N.$)(6!!

!

(?0"&K&()9*((

(

(

3*=(P&D17&.(P&%'-78,%"&%10(5,#B8717L(!1,,#K#%&(Q1&,-$"1B&7((

! !

O*)/! 0*3*)(4! ,.&&(,,! ='-3! I*(0, ! J04('! '($&)*-%,! 2()<((%! -&*3(%(! $%4!

$0H-G8@,.2,)*).)(4!&/$0&-%(!4*(%-1/*0(,;!$!%(<!$11'-$&/!)-!1$%4.'$)*%!J!$%4Q-'!

%*&-0$*-*4(,*%! V! <$,! %((4(46! K.'! '(5*,(4! '()'-,8%)/()*&! $%$08,*,! *,! ,/-<%! *%!

U&/(3(!"E6!U)*00!&-'(!)-!)/(!$11'-$&/!<$,!$!&8&0-$44*)*-%!2()<((%!-&*3(%(!W)9 X!

$%4! $%! $11'-1'*$)(! 4*(%-1/*0(! W9) X6! O(! 1'-1-,(4! )/(! .,(! -=! $! ,*310*=*(4!

4*(%-1/*0(! <-.04! &*'&.35(%)! )/(! 4(3()/80$)*-%! 1'-20(3,! $,,-&*$)(4! <*)/! )/(!

.,(!-=!/$',/ !a(<*,!$&*4,!*%!&-32*%$)*-%!<*)/!1'-)(&)(4!1/(%-0,c!$%4!,*310*=*(4!

4*(%-1/*0(,!<('(! 0*H(08! )-!2(!3-'(! '($&)*5(! *%! I*(0, ! J04('!&8&0-$44*)*-%,! )/$%!

&/$0&-%(,6! Z.')/('3-'(;! )/(! .,(! -=! &/*'$0! ,)$')*%>! 3$)('*$0,! -'! &$)$08,),! *%! )/(!

&8&0-$44*)*-%!-==('(4!)/(!$44*)*-%$0!1-)(%)*$0!2(%(=*)!-=!$%!(%$%)*-,(0(&)*5(!'-.)(!

)-! )/(!4(,*'(4!&-31-.%4,6!C)!<$,! (%5*,$>(4!)/$)! )/(!%$).'$0!1'-4.&),!&-.04!2(!

$&&(,,(4!='-3!I*(0, ! J04('!$44.&),! 93($%4(99!$%4!)/(!-'>$%-0*)/*.3!,1(&*(,! 9; 6!

J0)/-.>/!,0*>/)08!0-%>('!)/$%!-.'!1'(5*-.,!10 $%;!*=!,.&&(,,=.0;!)/*,!$11'-$&/!<$,!



! B"!

$!&-%&*,(!$%4!=0(G*20(!'-.)(!)-!)/(!%$).'$0!1'-4.&);!$00-<*%>!,*>%*=*&$%)!,&-1(!=-'!

$%$0->.(!>(%('$)*-%!1$')*&.0$'08!)/'-.>/!5$'*$)*-%,!*%!)/(!-'>$%-0*)/*.3! 9; 6!

!

(

?0"&K&();*( (

(

(

3*G( X':#,-0#%#B87&.( V,#,%1-7&B&0%1D&( Q1&B7U5B.&'(

!80B-#..1%1-,7((

(

! C%! B:::;! ^$&^*00$%! $%4! &-<-'H(',! 1.20*,/(4! )/(! =*',)! (G$310(! -=! $%!

(%$%)*-,(0(&)*5(! -'>$%-&$)$08)*&! I*(0,gJ04('! '($&)*-%;B"! 4(3-%,)'$)*%>! )/$)!

&/*'$0! $3*%(,! &-.04! 2(! .,(4! $ ,! am^K @0-<('*%>! &$)$08,),! *%! &8&0-$44*)*-%,6!

U&/(3(! "?! ,/-<,! )/(! 1'-1-,(4! &$)$08)*&! &8&0(! -=! )/*,! 1'-&(,,6 B"! F/(!

&-%4(%,$)*-%! -=! $04(/84(!9<! <*)/! &/*'$0! $3*%(!9=! 0($4,! )-! )/(! =-'3$)*-%! -=!

*3*%*.3!*- %!9G6!C3*%*.3!*-%!9G!/$,!$!&-%,*4('$208!0-<('!(%('>8!am^K!)/$%!)/(!



! BB!

&-''(,1-%4*%>! $04(/84(! 9<! $%4! )/.,! *,! &-%,*4('$208! 3-'(! $&)*5$)(4! )-<$'4,!

&8&0-$44*)*-%!<*)/! (0(&)'-%! '*&/! 4*(%(,6B"!S($&)*-%! -=!9G!<*)/!&8&0-1(%)$4*(%(!

W9HX!>*5(,!*3*%*.3!*-%!9I 6!b84'-08,*,!-=!9I !>*5(,!)/(!(%$%)*-3('*&$008!(%'*&/(4!

$04(/84(!&8&0-$44.&)!;J !$%4!'(>(%('$)(,!)/(!$3*%(!&$)$08,)6!

!!

?0"&K&()<*B"!

!

^$&^*00$%!'(1-'),!&/*'$0!$3*%(@&$)$08,(4!&8&0-$44*)*-%,!2()<((%!4*(%(,!

$%4!" ;#@.%,$).'$)(4! H()-%(,! $%4! $04(/84(,! <*)/! >--4! 8*(04,! $%4! (G&(00(%)!

4*$,)('(- @!$%4!(%$%)*-,(0(&)*5*)*(,6B"!K%(!,.&/!(G$310(!*,! ,/-<%!*%!U&/(3 (!"96!

V$,(4! -%! )/(! '(1-'),! -=! ,*3*0$'! ,.2,)'$)(,c! )/(! .,(! -=! )/(,(! -'>$%-&$)$08,), ! *%!

I*(0,gJ04('! '($&)*-%,! 2()<((%! -&*3(%(! W )9 X! $%4! &*%%$3$04(/84(! W;) X! <$,!

(G$3*%(46!!

!

?0"&K&()=*!B"!

!



! BD!

C%*)*$0! ,).4*(,! <('(! &$''*(4! -.)! .,*%>! &$)$08,)!;3 ! W,.110*(4! $,! )/(!

/84'-&/0-'*4(! ,$0)X6! m%=-').%$)(08;!;3 ! =$*0(4! )-! 1'-3-)(! '($&)*-%! 2()<((%!

-&*3(%(! W)9 X($%4! &*%%$3$04(/84(! W;) X;! '().'%*%>! ,)$')*%>! 3$)('*$0! .%4('! $!

5$'*()8!-=!&-%4*)*-%,6!C%!$!0$)('!,).48;!^$&^*00$%!'(1-'),!)/(!.,(!-=!B%4!>(%('$)*-%!

&/*'$0!$3*%(!&$)$08,),! ,.&/!$,!;9 ;!*%!&8&0-$44*)*-%!'($&)*-%,6BB!O/(%!&-31$'(4!

)-! )/(! " ,) ! >(%('$)*-%! &$)$08,),;! )/(! B%4! >(%('$)*-%! &/*'$0! $3*%(! &$)$08,),! >*5(!

&8&0-$44.&),! *%! ,.1('*-'! 8*(04,! <*)/! *%&'($,(4! 4*$,)('(- @! $%4!

(%$%)*-,(0(&)*5*)*(,6BB! J45$%)$>(-.,08;! &$)$08,)! ;9( <$,! ,.110*(4! $,! )/(! ='((!

$3*%(!$%4!)/.,!)/(!(==(&),!-=!4*==('(%)!$&*4!&-@&$)$08,),!*%!)/(!'($&)*-%!&-.04!2(!

'($4*08!(G$3*%(4!WU&/(3(!"RX6!O*)/!)/*,!*%!3*%4!$!3-'(!(G)(%,*5(!,).48!-=!)/(!

$=-'(3(%)*-%(4! &8&0-$44*)*-%! .,*%>! &$)$08,)!;9 ! <$,! .%4(')$H(%c! '( ,.0),! -=!

</*&/!$'(!,/-<%!*%!F$20(!E6!!

!

!

?0"&K&()G*((

(

(

(

(

(

(

(

(



! BE!

4#MB&(;6!S(,.0),!-=!-'>$%-&$)$08,(4!I*(0,gJ04('!'($&)*-%,!!

7%)'8! 7N.*5!

$04(/84( !

7N.*5!

I*(%( !

U-05(%)Q!

b BK!WYPfBX!

J&*4!&-!

&$)$08,)!

+$)$08,)!!

!W3-0!AX!

F*3(! !

W/X!

F(31 !

Wh+X!

i*(04(

WAX!

" ! " ! "6?! +b+0D! b+0KE! B: ! 99! E! o?!

B! " ! "6?! +b+0D! b+0! B: ! BE! E! o?!

D! " ! "6?! +b+0D! FZJ! B: ! B9! E! o?!

E! " ! "6?! ^(TK B! b+0KE! B: ! R?! E! o?!

?! " ! "6?! ^(TK B! b+0! B: ! RR! E! o?!

9! " ! "6?! ^(TK B! FZJ! B: ! RY! E! o?!

R! " ! "6?! ^(+T ! b+0KE! B: ! PP! E! P!

P! " ! "6?! ^(+T ! b+0! B: ! Y"! E! o?!

Y! " ! "6?! ^(+T ! FZJ! B: ! YD! E! o?!

": ! " ! "6?! +b+0D! b+0KE! B: ! 9Y! BE! ": !

"" ! D! " ! +b+0D! b+0KE! B: ! 9?! BE! o?!

"B! " ! ": ! +b+0D! b+0KE! B: ! 9P! E! B: !

"D! " ! "6?! +b+0D! b+0KE! ":: ! P: ! E! o?!

"E! " ! ": ! +b+0D! b+0KE! ?: ! YB! E! D: !

"? ! " ! ": ! +b+0D! b+0KE! ":: ! YD! E! ?B!

!

!

F/*,! 3()/-4! )81*&$008! >$5(! 0(,,! )/$%! ?A! 8*(04! -=! &8&0-$44.&),6! m,*%>! $!

0$'>(!(G&(,,!-=!4*(%(!$%4!0$'>(!&$)$08,)Q$&*4!0-$4*%>,!*%&'($,(4!)/(!&-%5(',*-%!-=!

)/*,! '($&)*-%6! m%=-').%$)(08;! )/(! 1'-4.&)! *,-0$)(4! 4*4! %-)! &-''(,1-%4! )-! )/(!

4(,*'(4!&-31-.%46! " b!T^S!$%$08,*,!,/-<(4!=-.'!3()/80!1($H,;!)/(!3-,)!.1=*(04!

-=!</ *&/!<$,!$!4-.20()!W:6R9;!4;!:(k!R!b]X6!T$VbE!'(4.&)*-%!-=!)/(!3$_-'!*,-0$)(4!

$04(/84(! ;;( =-00-<(4!28!3$,,!,1(&)'-3()'8!$%4!(G)(%,*5(!BI!T^S!(G1('*3(%),!

-%!)/(! '(,.0)$%)!1'*3$'8!$0&-/-0! ;< ;!0(4!)-! )/(!*4(%)*=*&$)*-%!-=!)/(! .%(G1(&)(4!

&-31-.%4! ;; 6! C)! <$,! ,.,1(&)(4! )/$)! .%4('! )/(,(! '($&)*-%! &-%4*)*-%,;! $&*4@

&$)$08,(4! '($''$%>(3(%)! -=! -&*3(%((>$5(! )/(! 3-'(! ,)$20(! *%)('%$0! )'*(%(! ;= ;!

</*&/!<(%)! -%!)-! '($&)!<*)/!&*%%$3$04(/84(!>*5*%>! .%4(,*'(4!&8&0-/(G(%(!;; !

WU&/(3(! "PX6!T-!$))(31)!<$,!3$4(! )-! 4()('3*%(! )/(! (%$%) *-,(0(&)*5*)8! -=! )/*,!

'($&)*-%6!F/(!$,,*>%3(%)!!!-=!)/(! '(0$)*5(!&-%=*>.'$)*-%!-=!)/(,(!1'-4.&),!28!" b!

T^S!<$,!%-)!1-,,*20(!4.(!)-!)/(!/*>/!4(>'((!-=!,10*))*%>!-=!H(8!,*>%$0,6!J,!,.&/;!

)/(! ! $,,*>%(4! &-%=*>.'$)*-%! -=! )/(,(! &-31-.%4,! *,! 2$,(4! -%! $%$0->8! )-! 1'*-'!



! B?!

<-'H!-=!^$&^*00$%!$%4!&-<-'H(',6BB!p*5(%!)/$)!$&*4!&-@&$)$08,),!<('(! '(N.*'(4!

*%! )/(,(! &8&0-$44*)*-%! '($&)*-%,;! <(! &-.04! ,((! %-! <$8! $'-.%4! )/(! 1'-20(3! -=!

4*(%(! '($''$%>(3(%);! )/.,! )/(! .,(! -=! )/(,(! &$)$08,),! <$,! .%)(%$20(! =-'! )/*,!

$11'-$&/!)-!)/(!%$).'$0!1'-4.&)6! !

!!

!!

?0"&K&()H*(

(

3*H(Q1&B7U5B.&'(!80B-#..1%1-,7(@1%"(VD#,7(!"1'#B(5/Y1B1#'8((

J%-)/('! $11'-$&/! (G$3*%(4! )-<$'4,!%*&-0$*-*4(,*%!V!$%4!1$%4.'$)*%!J(

<$,!&8&0-$44*)*-%!2()<((%!$!&/*'$0!@@$&80-G$]-0*4*%-%(!$%4!-&*3(%(6!F/(!.,(!-=!

&/*'$0! -G$]-0*4*%-%(!4*(%-1/*0(,! *%!$,833()'*&! I*(0,gJ04('! '($&)*-%,!<$,!=*',)!

4(3-%,)'$)(4! 28! 75$%,! $%4! &-@<-'H(',6 BD! +/*'$0! " ;#@.%,$).'$)(4! @@

$&80-G$]-0*4*%-%(!4*(%-1/*0(,!$'(!H%-<%!)-!2(! /*>/08! '($&)*5(!$%4!(G/*2*)! /*>/!

0(5(0,! -=! 4*$,)('(-, (0(&)*5*)8! *%! &8&0-$44*)*-%! '($&)*-%,! </(%! 1'-3-)(4! 28!

4*$0H80$0.3*%*.3! &/0-'*4(,6BE! C%)('(,)*%>08! 75$%,! $%4! &-@<-'H(',! =-.%4! )/$)!

</(%! >'($)('! )/$%! "! (N.*5$0(%)! -=! 4*$0H80$0.3*%*.3! &/0-'*4(! <$,! .,(4! *%!

'($&)*-%,;! 2-)/! )/(! '$)(! $%4! )/(! 4*$,) ('(-,(0(&)*5*)8! *%&'($,(4! 4'$3$)*&$0086BE!

F/*,! (==(&)! *,! (G10$*%(4! 28! )/(! >(%('$)*-%! -=! )/(! 2*4(%)$)(! &$)*-%*&! ,1(&*(,!;G !

</(%! 3-'(! )/$%! "! (N.*5$0(%)! -=! 4*$0H80$0.3*%*.3! &/0-'*4(! *,! 1'(,(%)! WZ*>.'(!

RX6BE! +-310(G! ;G ! *,! 1'(4*&)(4! )-! 2(! (G&(1)*-%$008! '($&)*5(! $%4! /*>/08!

1'(-'>$%*](4;!1'-3-)*%>!'$1*4!&8&0-$44*)*-%!<*)/!(G&(00(%)!=$&*$0!,(0(&)*5*)86!BE!!

!
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Ph
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Ph
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! B9!

!

>1:/'&(G*(C1.&,%#%&(0#%1-,10(.1&,&-$"1B&(;G(

!

F/(! 4(,*'(4! &/*'$0! -G$]-0*4*%-%(! <$,! ,8%)/(,*](4! ='-3! a@1/(%80$0$%*%(!

*%!D! ,)(1,!WB"A!8*(04X;!$&&-'4*%>! )-! )/(!1'-&(4.'(! -=!V('>4$/!$%4!&-@<-'H(',!

WU&/(3(!"YX6B?!a@#/(%80$0$%*%(!W;H X!<$,!'(4.&(4!<*)/!Vb D;!>(%('$)(4!'#(,'32!28!

)/(!-G*4$)*-%!-=!T$VbE!<*)/!CB6!V-'$%(!'($&)(4!<*)/!)/(!$3*%-!$&*4!)-!>(%('$)(! a@

1/(%80$0$%*%-0!W;I X6!Z-'3$)*-%! -=! -G$]-0*4*%-%(!<J(<$,!$&/*(5(4! .,*%>! \ B+KD!

$%4!4*()/80&$'2-%$)(6!KG$]-0*4*%-%(!<J!<$,! )/(%! @@$&80$)(4! .,*%>!#@V.a*!$%4!

&*%%$3-80!&/0-'*4(;!$==-'4*%>!4(,*'(4!@@&*%%$3-80-G$]-0*4*%-%(!<) 6!

!

!

?0"&K&()I* !$X!T$VbE;!CB;!R:!- +;!FbZ;!"9!/c!2X!4*()/80!&$'2-%$)(;!\B+KD;!"E:! - +;!P!

/c!&X!*X!#6V.a*;!@RP!-+!FbZ!**X!&*%%$3-80!&/0-'*4(!@RP!-+!)-!:! - +;!"!/ !

!

O*)/! <) !*%!/$%4;!)/(!&8&0-$44*)*-%!'($&)*-%!<$,!(G10-'(4!.,*%>!$!5$'*()8!

-=! ,-05(%),;! )(31('$).'(,! $%4! (N.*5$0(%),! -=! ^( BJ0+0! WU&/(3(! B:X6! F81*&$008;!

8*(04,! -=! 4(,*'(4! 3$)('*$0,! <('(! 0(,,! )/$%! B:A! $%4! '(>*-,(0(&)*5(08! -=! )/(!

'($&)*-%!<$,!1--'!W0(,,! )/$%!Bf"! '$)*-! -=!<3W<9X6!O(! ,.,1(&)! )/*,! *,!4.(! )-! )/(!

1--'! '($&)*5*)8! -=! )/(! 4*(%(6!O*)/! )/(! ,.&&(,,! -=! -)/('! '-.)(,;! )/*,! 1$)/! )-! )/(!

%$).'$0!1'-4.&)!<$,!%-)!1.',.(4!=.')/('6! !

!



! BR!

!

?0"&K&(3J*(

!

(

3*I(Q1&B7U5B.&'(!80B-#..1%1-,7(@1%"(?1K$B1N1&.(Q1&,-$"1B&7(

!

I*(0,gJ04('!'($&)*-%,!<*)/!,*310*=*(4!4*(%-1/*0(,!<('(!%(G)!(G10-'(4!$,!$!

3($%,! -=! $&&(,,*%>! H(8!&8&0-/(G(%80!*%)('3(4*$)(,6! F/'((! 4*(%-1/*0(,;! <; ;!<G(

$%4(<I !<('(!&/-,(%!$,!&$%4*4$)(,!=-'!&8&0-$44*)*-%,6!WZ*>.'(!PX6!!

!

!

>1:/'&(H*(U*310*=*(4!4*(%-1/*0(,!(G$3*%(4!*%!&8&0-$44*)*-%!'($&)*-%,!

!

!#(%)$=0.-'-1/(%80! &*%%$3$)(! W<; X! <$,! &/-,(%! *%! )/(! / -1(! )/$)! )/(!

(0(&)'-%@<*)/4'$<*%>! &/$'$&)('! -=! )/(! =0.-'*%(! ,$).'$)(4! 1/(%80! '*%>! <-.04!

'(,.0)! *%!$!3-'(! '($&)*5(!4*(%-1/*0(!$%4!$&)!$,!$!>--4!0($5*%>!>'-.1!*%!=.')/('!

)'$%,=-'3$)*-%,6B9!7,)('! <; !<$,!1'(1$'(4!='-3!&*%%$3*&!$&*4!W<<X!<*)/!" @7)/80@

D@WD@4*3()/80$3*%-1'-180X&$'2-4**3*4( ! W7I+X! $%4! 1(%)$=0.-'-1/(%-0! W<=X! *%!

YRA!8*(04!WU&/(3(!B"X6!!



! BP!

!

!

?0"&K&(3)*!$X!7I+;!I+^;!');!"9!/ !

!

O(*%'(2!!$3*4(! <G!<$,!,(0(&)(4!-%!)/(!2$,*,!)/$);!*=!&8&0-$44*)*-%!1'-5(4!

,.&&(,,=.0;! *)! <-.04! 1'-5*4(! $! 3-'(! (G1(4*(%)! '-.)(! )-! )/(! %$).'$0! 1'-4.&)6!

O(*%'(2! $3*4(,! $00-<! =-'! )/(! $44*)*-%! -=! -'>$%-3()$00*&,! )-! 1'-5*4(! H()-%(!

1'-4.&),!</*0,)!$5-*4*%>!)'-.20(,-3(!-5('$44*)*-%,!)-!>*5(!)(')*$'8!$0&/-0-0,6 BR!

U)$2*0*]$)*-%! -=! )/(! *%)('3(4*$)(!<H! 4.(! )-! &/(0$)*-%! -=! )/(! 3()$0! <*)/! )/(!

O(*%'(2! $3*4(! 1'(5(%),! &-00$1,(! )-! )/(! H()-%(! .%)*0! <-'H.1! )/.,! $5-*4*%>!

=.')/('!$44*)*-%!$)!) /(!&$'2-%80!&(%)'(!WU&/(3(!BBX6BR!

!

!

!

?0"&K&(33*(

!

O(*%'(2!$3*4(! <G!<$,!,8%)/(,*,(4!28!'($&)*-%!-=!3()/80!&*%%$3$)(!W<I X!

<*)/! '#( ,'32! >(%('$)(4! @AB@4*3()/80/84'-G80$3*4(! $%*-%! $&&-'4*%>! )-! )/(!

1'-&(4.'(!4(,&'*2(4!28! Grabowski and coworkers28!WU&/(3(!BDX6!!

!



! BY!

!

?0"&K&(39*!$X!'6#'^>+0;!FbZ;!@B:!h+!e!');!"9!/! !

!

!^()/80! &*%%$3$)(! <$,! $0,-! ,(0(&)(4! $,! $! 4*(%-1/*0(! $,! *)! <$,!

&-33('&*$008!$5$*0$20(!$%4!&-.04!2(!,.2,(N.(%)08!)'$%,=-'3(4!*%)-!)/(!O(*%'(2!

$3*4(! *=! &8&0-$44*)*-%! <$,! ,.&&(,,=.06! +8&0-$44*)*-%! '($&)*-%! <*)/! 3()/80!

&*%%$3$)(!<-.04!$0,-!1'-5*4(!)/(!%$).'$0!1'-4.&),!1$%4.'$)*%,!b!$%4!C!WZ*>.'(!

BX6!!

!

+8&0-$44*)*-%,!<*)/!4*(%-1/*0(,!<; ;!<G!$%4!<I !<('(!1('=-'3(4! .%4('!$!

%.32('!-=!&-%4*)*-%,!WU&/(3(!BEX;!)/(!H(8!'(,.0),!-=!</*&/!$'(!,/-<%!*%!F$20(!

?6!!

!

!

?0"&K&(3;* (

(

(

(



! D: !

4#MB&(<6!a(<*,!$&*4!&$)$08,(4!I*(0,gJ04('!'($&)*-%,!<*)/!,*310*=*(4!4*(%(, (

7%)'8! I*(%-1/*0( ! !a(<*,!$&*4!
W:6?(NX!!

U-05(%)! F(31!Wh+X! F*3(!W/X! i*(04! S$)*-!!
=Jf=) !

) ( ?E! ^( BJ0+0! F-0.(%( ! BE! "B! : ! : !

3( ?Y! ^( BJ0+0! F-0.(%( ! BE! "B! : ! : !

9( ?R!! ^( BJ0+0!! F-0.(%( ! BE! "B! : ! : !

; ( ?E! ^( BJ0+0!! F-0.(%( ! "E: ! " 9! : ! : !

<( ?Y! ^( BJ0+0!! F-0.(%( ! "E: ! "9 ! "RA ! PRf"D!

=( ?R!! ^( BJ0+0!! F-0.(%( ! "E: ! "9 ! : ! : !

G( ?E! ^( BJ0+0!! %($)!)9 ! "E: ! D! : $! @!

H( ?Y! ^( BJ0+0!! %($)!)9 ! "E: ! D! : $! @!

I ( ?R! ^( BJ0+0!! %($)!)9 ! "E: ! D! : $! @!

)J ( ?E! @! %($)!)9 ! "E: ! "9 ! Y9A! DDf99!

)) ( ?Y! @! %($)!)9 ! "E: ! "9 ! YRA! B?fR?!

)3 ( ?R! @! %($)!)9 ! "E: ! "9 ! P:A ! :f":: !

$!4(&-31-,*)*-% !

!

^$%8!a(<*,!$&*4,!<('(! (G$3*%(4!*%!)/(!&8&0-$44*)*-%!*%&0.4*%>!J0+0D;!

i2WKF=DX;!`%+0B;!U%+0E;!F*+0E;!VZDqK7)B!$%4!^(BJ0+06!K=!)/(!a(<*,!$&*4,!(G$3*%(4;!

-%08!^(BJ0+0!<*)/!3()/80!&*%%$3$)(!W<I X!$)! (0(5$)(4! )(31( '$).'(,! *%!$! ,($0(4!

).2(! W(%)'8! ?X! >$5(! )/(! 4(,*'(4! 1'-4.&),;! $02(*)! *%! 0-<! 8*(046! S($&)*-%,!

1('=-'3(4!<*)/!%($)!-&*3(%(!$%4!a(<*,!$&*4,!'(,.0)(4!*%!4*(%(!1-083('*,$)*-%6!

Z-').%$)(08;! '($&)*-%,! &-%4.&)(4! *%! %($)! -&*3(%(! $)! "E:! h+! *%! ,($0(4! ).2(,!

<*)/-.)!a( <*,!$&*4,!>$5(!)/(!4(,*'(4!1'-4.&),!*%!>--4!8*(04!W(%)'*(,!": @"BX6!C)!*,!

%-)(4!)/$)!*%!)/(!&$,(!-=!)/(!a(<*,!$&*4!&$)$08,(4!3()/80!&*%%$3$)(!'($&)*-%;!)/(!

-2,('5(4! '(>*-,(0(&)*5*)8! <$,! 3$'H(408! 4*==('(%)! )/$%! )/$)! -=! )/(! .%&$)$08,(4!

'($&)*-%,! WPRf"D!=JW=)! 5,! B?fR?! '(,1(&)*5(08X6! F81*&$008;! ^(BJ0+0! &$)$08,(4!

'($&)*-%,!=$5-.'(4!)/(!1$%4.'$)*% @0*H(! '(>*-*,-3('!W =JXc!.%&$)$08,(4! '($&)*-%,!

,/-<(4!$!1'(=('(%&(!=-'! )/(! %*&-0$*-*4(,*% @0*H(! '(>*-*,-3('!W =) X6! ^.&/! )-! -.'!

4(0*>/);! .%&$)$08,(4! &8&0-$44*)*-%,! 2()<((%! -&*3(%(! W)9 X! $%4! O(*%'(2! $3*4(!

<G!W(%)'8!"BX!1'-5*4(4!$!,*%>0(!'(>*-*,-3(';!=3!WU&/(3(!B?X6!T^S!$%$08,*,!$%4!

&-31$'*,-%!<*)/!%*&-0$*-*4(,*%!V"B!,/-<(4! =3!)-!/$5(!)/(!4(,*'(4!E;? @3/$#,;?;9@

)', !,)('(-&/(3*&$0!$''$%>(3(%)!WZ*>.'(!YX6!!

!



! D"!

(

?0"&K&(3<*(

!

(

>1:/'&( I* ! +-.10*%>! &-%,)$%),! 2()<((%! H(8! '*%>! 1'-)-%,! -=!=3! $%4(

T*&-0$*-4(,*%!V!

(

F/(! '(>*-! $%4! 4*$,)('(-,(0(&)*5*)8! -=! I*(0, ! J04('! '($&)*-%,! 2()<((%!

-&*3(%(! $%4! 4*(%(-1/*0(,!<; ;!<G($%4( <I( $'(! *%=0.(%&(4! 28! $! &-32*%$)*-%! -=!

(0(&)'-%*&!$%4!,)('*&!(==(&),6!!

C%! I*(0,@J04('! '($&)*-%,! )/(! (G*,)*%>!$0H(%(!>(-3()'8! -=! )/(!4*(%(-1/*0(!

<*00! 2(! )'$%,0$)(4! *%)-! )/(! ,)('(-&/(3*&$0! '(0$)*-%,/*1,! *%! )/(! 1'-4.&) BY6! F/.,!

W7C@4*(%-1/*0(,! <; ;!<G! $%4!<I( <*00! 0($4! )-!3/$#,! 1'-4.&),6! F/.,! )/('(! $'(! E!

1-,,*20( !*,-3('*&!1'-4.&),!='-3!)/(! '($&)*-%!2()<((%!$!4*(%(-1/*0(!,.&/!$,! <I !

$%4!-&*3(%(!W=*>.'(!":X6!!

!

!

!



! DB!

!

>1:/'&( )J 6! C,-3('*&! 1'-4.&), ! 1-,,*20(! ='-3! '($&)*-%! 2()<((%! <I ! $%4!
-&*3(%(!

!

[-/%,-%! $%4! ^$0/-)'$ D:! 4(,&'*2(! ";9! $0080*&! ,)'$*%! WJ";9! ,)'$*%X! -=! ";9@

$0080*&!,.2,)*).)(4!&8&0-/(G(%(!,8,)(3,6!F/(!,)'$*%!*,!4.(!)-!.%=$5-.' $20(!,)('*&!

*%)('$&)*-%,!2()<((%!,.2,)*).(%),!$)! )/(! "!$%4!9!1-,* )*-%,!-=!)/(!$0080*&!,8,)(3!

W=*>.'(!""X6!F/(!4*/(4'$0!$%>0(!2()<((%!)/(!,.2,)*).(%),!*, ($11'-G*3$)(08!D?h!*%!

5;!,-!,)('*&!/*%4'$%&(!2()<((%!)/(!,.2,)*).(%),!*,!,*>%*=*&$%)6!b-<(5(';!*%!C!)/*,!

$%>0(!*,!*%&'($,(4!)-!P?h;!(,,(%)*$008!(0*3*%$)*%>!)/(!,)('*&!*%)('$&)*-%,!2()<((%!

)/(!,.2,)*).(%),!$%4!)/('(28!=$5- . '*%>!C!-5('! 56D:!

!

O

OMe

Ph

O

OMe

Ph

60 endo

60 exo

OMe

Ph

O

OMe

Ph

O

Ph

OMe

O

Ph

OMe

O

61 exo

61 endo
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! DD!

!

>1:/'&())* !!J";9!,)'$*%!-=!";9@$0080*&!,.2,)*).)(4!&8&0-/(G(%(!,8,)(3,(

!

F/(!/$0=!&/$*'!&-%=-'3$)*-%,!-=!)/(!=-.'!1-,,*20(!I*(0, @J04('!$44.&),! =J(

$%4(=)( $'(! ,/-<%! *% (=*>.'(! )3*( F/('(= -'(;! )/(! 3-,)! )/('3-48%$3*&$008! ,)$20(!

1'-4.&),! $'(! 0*H(08! )-! 2(! =J( &,.- ! $%4!=)( &Y-*(F/(,(! &-31-.%4,! &$%! $4-1)!

,)$20(! &-%=-'3$)*-%,! )/$)! 3*%*3*](! ,) ( '*&! *%)('$&)*-%,! 2()<((%! ,.2,)*).(%),!

$2-.)! )/(! &8&0-/(G(%(! '*%>! 28! 10$&*%>! )/(! E@!$%4! ?@,.2,)*).(%),! *%)-! 1,(.4- @

(N.$)-'*$0! 1-,*)*-%,! $%4! 3*%*3*]*%>! J";9! ,)'$*%! 2()<((%! )/(! " @! $%4! 9@

,.2,)*).(%), 6! 7G1('*3(%)$008;!=J( &,.- ! $%4!=)( &Y- ! <('(! )/(! -%08! 1'-4.&),!

-2,('5(4! )-!=-'36!F/.,;! *=! )/(! '($&)*-%!*,! '(5(',*20(!$%4! .%4('! )/('3-48%$3*&!

&-%)'-0;!)/*,!3$8!(G10$*%!)/(!-2,('5(4!1'-4.&),6! !

!

R2

R1

R2

H R1 R1

R2

H

R2

H

R1

35o
R2

H
R1

85o

A B



! DE!

!

>1:/'&()3* !!b$0=!&/$*'!&-%=-'3$)*-%,!-=!=J!$%4!=) (

!

J%-)/('! =$&)-'! *%=0.(%&*%>! )/(! -.)&-3(! -=! )/(! I*(0, @J04('! '($&)*-%!

2()<((%! <I !$%4!-&*3(%(!*,!)/(!(0(&)'-%*&!1'-=*0(!-=!)/(!4*(%(!$%4!4*(%(-1/*0(6!!

K&*3(%(! *,! $! ";B@4*$0H80! ,.2,)*).)(4! 4*(%(6! J0H80! ,.2,)*).)*-%! -=! $! 4*(%(!

/$,!$%!(==(&)!-%!)/(!-'2*)$0!&-(==*&*(%),!-=!)/(!/*>/(,)!-&&.1*(4!3-0(&.0$'!-'2*)$0!

WbK^KX! -=! )/(! ,8,)(3;! )/.,! /$5*%>! $%! (==(&)! -%! )/(! '(>*-,(0(&)*5*)8! -=! )/(!

'($&)*-%6D"!C%!>(%('$0;!4*(%(,!2($'*%>!$0H80!,.2,)*).)*-%!-%!)/(!"@1-,*)*-%!)(%4!)-!

=$5-.' ! )/(! =-'3$)*-%! -=! )/(! r-')/-s! 1'-4.&)! </('(! $,! 4*(%(,! 2($'*%>! B @$0H80!

,.2,)*).(%),!)(%4!)-!=$5-.'!)/(!r1$'$s!1'-4.&)6 D"!C%!>(%('$0;!)/(!4*'(&)*5(!(==(&)!-=!

O

OMe

Ph

O

OMe

Ph

60 endo

60 exo

Ph

OMe

O

Ph

OMe

O

61 exo

61 endo

CO2Me

H

H

R

H

CO2Me

H

R

H

H

Ph

H

H

R

CO2Me

H

Ph

H

R

H

CO2Me

H

H

MeO2C

Ph

H

R

H

H

MeO2C

Ph

R

H

H

Ph

CO2Me

H

R

H

H

Ph

CO2Me

H

R

Ph H

H

Ph



! D?!

" @,.2, )*)*.(%),!4-3*%$)(! -5('!B @,.2, )*).)*-%!$%4!)/(! "@,.2,)*).(%)!<*00!)(%4!)-!

4-3*%$)(!*=!)/(!,.2,)*).(%),!&-%=0*&)!W=*>.'(!"DX6D"!!

!

!

>1:/ '&()9*(U.2,)*).(%)!(==(&),!-=!4*(%(!-%!'(>*-,(0(&)*5*)8!!

!

F/(!,1(&*=*&!&$,(!-=!-&*3(%(!*,!/$'4!)-!1'(4*&)6!7G1('*3(%)$0!'(,.0),!,/-<!

2-)/! '(>*-*,-3(',! &$%! 2(! =-'3(4! 4(1(%4*%>! -%! &-%4*)*-%,6! ! U*%&(! )/(! -')/-!

-.)&-3(!=-'! -%(!4*(%(-1/*0(! -'*(%)$)*-%! *,! (N.*5$ 0(%)! )-! )/(!1$'$! -.)&-3(!=-'!

)/(! -11-,*)(! 4*(%(-1/*0(! -'*(%)$)*-%! *)! *,! 4*==*&.0)! )-! 4()('3*%(! )/(! 4(>'((! -=!

*%=0.(%&(!-=!)/(!4*==('(%)!,.2,)*).(%),!-=!-&*3(%(!/$5(!-%!)/*,!'($&)*-%6!!

F/(! 4*(%(-1/*0(,! (G$3*%(4! $00! 2($'! $%! (0(&)'-%! <*)/4'$<*%>! >'-.16!

70(&)'-%!<*)/4'$<*%>!,.2,)*).(%),!-%!4*(%(-1/*0(,!,('5(!)-!0-<('!)/(!(%('>8!-=!

)/(!am^K;!)/.,!*%&'($,*%>!)/(!'($&)*5*)8!$%4!&$%!&/$%>(!)/(!-'2*)$0!&-(==*&*(%),;!

*%&'($,*%>! '(>*-,(0(&)*5*)8! &-31$'(4! <*)/! $%! .%,.2,)*).)(4! 4*(%(-1/*0(6BY!

C%)('(,)*%>08;! *%! )/(!&$,(! -=! '($&)*-%! -=!<I( <*)/! -&*3(%(! )/(! '(>*-,(0(&)*5*)8! -=!

)/(! '($&)*-%! *,! 4*==('(%)! 4(1(%4*%>! -%! )/(! 1'(,(%&(! -=! )/(! a(<*,! $&*4! ^(BJ0+0!

W)$20(! ?L((%)'*(,! ?! $%4! ""X6! F/*,! *,! 3-,)! 0*H(08! 4.(! )-! $! &/$%>(! *%! )/(! am^K!

-'2*)$0!&-(==*&*(%),!-=!)/(!4*(%(-1/*0(!4.(!)-!)/(!a(<*,!$&*46! !

O

OMe

O

OMe

O

OMe

CO2Me

CO2Me

CO2Me

CO2Me

CO2Me

CO2Me

10:1

2:1

6.7:1 ortho favoured

ortho favoured

para favoured



! D9!

!C%)('$&)*-%! -=!<I ! <*)/! )/(! a(<*,! $&*4! <-.04! *%&'($,(! )/(! (0(&)'-%!

4(=*&*(%&8! -=! 4*(%(-/1/*0(;! =.')/('! 0-<('*%>! )/(! am^K! $%4! *%&'($,*%>! )/(!

'(0(5$%)!-'2*)$0!&-(==*&*(%),! '(,.0)*%>!*%!,)'-%>('! ,(&-%4$'8!-'2*)$0!*%)('$&)*-%,!

2()<((%! )/(! bK^K! -=! )/(! 4*(%(! $%4! )/(! am^K! -=! )/(! 4*(%-1/*0(6 BY! F/(,(!

,(&-%4$'8! -'2*)$0! *%)('$&)*-%,! $'(! -%08! 1'(,(%)! *%! )/(! (%4-! )'$%,*)*-%! ,)$)(!

W=*>.'(! "EX6!b(%&(!</(%!)/(!0(<*,!$&*4!&$)$08,)!*,!1'(,(%)!)/(! '($&)*-%!,/-<,!$!

>'($)('!1'(=(' (%&(!=-'!)/(! =J(&,.- !-.)&-3(6! !

!

!

>1:/'&();* !U(&-%4$'8!-'2*)$0!*%)('$&)*-%,!2()<((%!<I !$%4!-&*3(%(!!

(

O*)/!$! '($4*08! ,&$0$20(!3()/-4!=-'! )/(!>(%('$)*-%!-=! I*(0, eJ04('!$44.&)!

=3;! <(! ,()! $2-.)! (G$3*%*%>! )/(! &-.10*%>! -=!=3! <*)/! $%! -'>$%-0*)/*.3! ,1(&*(,!

W9; X!WU&/(3(!B9X6!

(

OLA
+

Ph

O

MeO

AL

secondary orbital 
interactions

O

OMe

Ph

60 endo

endo transitionstate

exo transition state

LA

+
no secondary orbital 
interactions

Ph

OMe

O

61 exo
Ph

CO2Me

O



! DR!

(

?0"&K&(3=*(

!

3*)J(X':#,-B1%"1#%1-,(5..1%1-,7(#,.(%"&(!-K$B&%1-,(-N(%"&(4-%#B(

?8,%"&717(-N(Z[\6A10-B#1-1.&71,(C((

F/(! >(%('$)*-%! -=! -'>$%-0*)/*.3! ,1(&*(,! 9; ! <$,! $11'-$&/(4! 5*$! $!

4*'(&)(4 @*/39*@3()$0$)*-%! WIK^X! ,)'$)(>86! F/(! IK^! 1'-&(,,! *%5-05(,! $%!

*%)('$&)*-%! -=! 1/(%80! '*%>,! 2($'*%>! $! 3()$0$)*-%! 4*'(&)*%>! >'-.1! <*)/! $%!

$0H800*)/*.3! ,1(&*(,;! )-! =-'3! $! &-310(G! W=9X! WU&/(3(! BRX6! S(>*-,(0(&)*5(!

4(1'-)-%$)*-%!$)!)/(!$4_$&(%)!*/39*(1-,*)*-%!)/'-.>/!&-310(G!*%4.&(4!1'-G*3*)8!

(==(&),;! =-'3,! $'800*)/*.3! =; ;! </*&/! >-(,! -%! )-! '($&)! <*)/! $%! (0(&)'-1/*0(6 DB!

F81*&$008;!3()$0$)*-%!4*'(&)*%>!>'-.1,!*%)('$&)!<*)/!0*)/*.3!5*$!/()('-$)-3!0-%(!

1$*',6DD! F/(! 0*)/*$)*-%! -=! $! 1-08-G8>(%$)(4! 1/(%80'*%>! .,*%>! $! IK^! $11'-$&/!

<-.04!1'-5*4(!$%!(G1(4*(%)!'-.)(!)-!)/(!H(8!&-31-.%4! 9; 6!!

!

!

?0"&K&(3G*(((

!



! DP!

O(!4(,*'(4!0*)/*$)*-%!)-!1'-&((4!2()<((%!)/(!)<-!/84'-G80!>'-.1,!-=! =<6!

^()/-G83()/80!W^K^X!$%4!3()/-G83()/80()/80)'*3()/80,*080!WU7^X!()/(',!$'(!

'(1-')(4!)-!2(!$! ,)'-%>('!3()$0$)*-%!4*'(&)*%>!>'-.1,!)/$%!3()/80!()/(',; DD!)/.,;!

=<! <$,! 1'-)(&)(4! $,! )/(! 4* @̂K^! ()/('! W ==X! $%4! )/(! 4*@U7^! ()/('! W =GX! *%! )/(!

/-1(! )-!4*'(&)! )/(!3()$0$)*-%!)-! )/(!4(,*'(4!1-,*)*-%!WU&/(3(!BPX6!+-31-.%4,!

==!$%4!=G!<('(!)'($)(4!<*)/! #@V.a*!$%4!N.(%&/(4!<*)/!I BK!*%!-'4('! )-!$,,(,,!*=!

0*)/*$)*-%! /$4! -&&.''(4! ,(0(&)*5(086! T^S! $%$08,*,! -=! )/(! '(,.0)*%>! 4(.)('*$)(4!

1'-4.&),!<$,!$)!2(,)!&-%,*,)$%)!<*)/!$!9:fE:!3*G).'(!-=! =H!$%4!=I ;!'(,1(&)*5(08;!!

,/-<*%>! -%08! $! ,0*>/)! $! 1'(=('(%&(! *%! 0*)/*$)*-%! ,*)(6! C)! <-.04! $11($'! )/$)! )/(!

4*==('(%&(!*%!3()$0$)*-%!4*'(&)*%>!,)'(%>)/,!2()<((%!^K^!$%4!U7^!()/(',!$%4!

)/(! 3()/-G8! >'-.1! <$,! *%,.==*&*(%)! )-! >(%('$)(! ,(0(&)*5*)8! %((4(4! *%! )/*,!

'($&)*-%6! #'(,.3$208;! $0)/-.>/! )/(! =-'3$)*-%! -=! ^K^! $%4! U7^! &--'4*%$)*-%!

&-310(G(,! *,! =$5-.'(4! 1'*-'! )-! 3()$ 0$)*-%;! )/(,(! &-310(G(,! $'(! '(0$)*5(08!

.%,(0(&)*5(! *%! </*&/! 4*'(&)*-%! )/(! 3()$0$)*-%! 1'-&((4,6! C%! -'4('! )-! -5('&-3(!

)/*,!1'-20(3!<(!-1)(4!*%,)($4!=-'!$!0*)/*.3 @/$0->(%!(G&/$%>(!$11'-$&/6!

!

!

?0"&K&(3H*!$X!T$b;!^K^+0!I+^;!');!D!/c!2X!U7^+0;!'@#' BT7);!I+^;! @" :!h+!

D!/c!&X!#6V.a*;!FbZ;!@RP!h+;!:6?!/'c!4X!IBK;!')!":!3*%;! !

!

+-31-.%4! =<! <$,! /$0->(%$)(4! <*)/! B;E;E;9@)()'$2'-3-&8&0-/(G$ @B;?@

4*(%@" @-%(! WGJX! =-00-<*%>! )/(! 1'-&(4.'(! -=! F'-,)! $%4! &-<-'H(',6 DE! F/(!

2'-3*%$)(4 ! &-31-.%4! G)! <$,! )/(%! 1'-)(&)(4! $,! )/(! 4* @U7^! ()/('! G36! C%*)*$0!

$))(31),! )-!&-.10(! G3!<*)/!O(*%'(2!$3*4(! =3! .,*%>!#6V.a*!<('(! .%,.&&(,,=.0!

WU&/(3(!BYX6!O(!,.,1(&)!)/$)!)/*,!<$,!4.(!)-!,)('*&!*%)('$&)*-%,!1'(5(%)*%>!)/(!

$11'-$&/!-=!)/(!/*%4('(4!$'800*)/*.3! )-!)/(!/*%4('(4!O(*%'(2!$3*4(6! !



! DY!

!

!

?0"&K&( 3I* ! $X! B;E;E;9@)()'$2'-3-&8&0-/(G$ @B;?@4*(%@" @-%(! WGJX;!

4*-G$%(;!+b+0D;!:!h+;!?!/!c!2X!U7^+0;!W'@#'XBT7);!I+^;! @":!h+;!D!/ !

!

C%!$%!(==-')!)-!*%&'($,(!(0(&)'-1/*0*&*)8!$%4!)-!'(4.&(!)/(!,)('*&!/*%4'$%&(!

$)! )/(! &$'2- %80! &(%)'(;! O(*%'(2! $3*4(!=3! <$,! )'$%,=-'3(4! *%)-! $04(/84(! G9!

<*)/! ICVJa! WU&/(3(! D:X6! F/(! &-.10*%>! -=!G3! $%4! $04(/84(!G9! <$,! )/(%!

,.&&(,,=.0;!>(%('$)*%>!$0&-/-0!G; ;!</*&/!*%!).'%;!<$,!-G*4*,(4!)-!H()-%(!G<!.,*%>!

I(,, e^$')*%! 1('*-4*%$%(6D?! I(1'-)(&)*-%! .%4('! 3*04! $&*4*&! &-%4*)*-%,! WbBUKE!

FbZ@̂(KbX! >$5(! )/(! '$&(3*&! %$).'$0! 1'-4.&)6! T^S! 4$)$! <$,! &-%,*,)(%)! <*)/!

1'(5*-.,08! '(1-')(4! 4$)$6 "B! C%! ,.33$'8;! WdX@%*&-0$*-*4(,*%! V! <$,! ,8%)/(,*](4!

='-3!3()/80!&*%%$3$)(!*%!D"A!8*(04!-5('!9!,)(1, .!

!



! E: !

!

?0"&K&(9J*($X!ICVJa;!FbZ;!@RP!h+;!"! /c!2X!G3L(#6V.a*;!FbZ;!@RP!h+!)-! ');!B!/c!&X!

I(,, @̂$')*%!1('*-4*%$%(;!18'*4*%(;!I+^;!');!EP!/c!4X!bBUKE;!FbZQ^(Kb;!:!h+;!B!/ !

(

3*))(5,#B-:/&7(-N(A10-B#1-1.&71,(C(#,.(C1-B-:10#B(4&7%1,:(

F/(!0$)(! ,)$>(! *%&-'1-'$)*-%! -=! )/(! ,.2,)*).)(4!$'80! '*%>!$00-<(4!=-'! )/(!

'$1*4!>(%('$)*-%!-=!$%$0->.(,6!U(5('$0!$%$0->.(,!<('(!'($4*08!,8%)/(,*,(4!='-3!

O(*%'(2! $3*4(! =3! $%4! &-33('&*$008! $5$*0$20(! 2'-3*%(! ,.2,)*).)(4! $'-3$)*&,!

WU&/(3(!D"X6!F/(! .,(! -=! 0(,,! 2.0H8! ,.2,)*).)(4! $'-3$)*&,! (%$20(4! ,8%)/(,*,! -=!

$%$0->.(,!4*'(&)08!='-3!O(*%'(2!$3*4(! =3L!<*)/-.)! )/(!%((4!= -'!&-%5(',*-%!)-!

$04(/84(!G9!$%4!,.2,(N.(%)!-G*4$)*-%6!!

!



! E"!

((

?0"&K&(9)*(((

(

S$&(3*&! %*&-0$*-*4(,*%! V! $%4! )/(,(! $%$0->.(,! <('(! ,&'((%(4! $>$*%,)!

#JT+ @"!&(00,!*%!2-)/!%.)'*(%)!'*&/!$%4!%.)'*(%)!4(1'*5(4!3(4*.3!28!7,.3*!$%4!

&-<-'H(',6! J&)*5*)*(,! $'(! ,/-<%! *%! F$2 0(! 96! J00! $%$0->.(,! ,8%)/(,*](4! ,/-<(4!

0(,,! 1-)(%)! $&)*5*)8! )/$%! )/(! %$).'$0! 1'-4.&)! $%4! %-! &0($'! ,)'.&).'(! $&)*5*)8!

'(0$)*-%,/*1,!<('(! -2,('5(46!C%)('(,)*%>08;! )/$)! )/(!$%$0->.(,!4*,10$8!$%8!$%)*@

$.,)('*)8! $&)*5*)8! ,/-<,! )/$)! )/(! /84'-G8$'-3$)*&! >'-.1! *,! %-)! $%! $2,-0.)(!

'(N.*'(3(%)!=-'!2*-0->*&$0!$&)*5*)86!!



! EB!

O*)/! )/(!%$).'$0!1'-4.&)! -%08! ,/-<*%>!$&)*5*)8! *%! )/(!µ^! '$%>(!$%4!%-!

1'-3*,*%>!$%$0->.(,!<(!4(&*4(4!$>$*%,)!)/(!,8%)/(,*,!-=!=.')/('!$%$0->.(,6 !

(

4#MB&(=*(#+?:! !$&)*5*)8!-=!!WdX@%*&-0$*-*4(,*%!V!$%4!'(0$)(4!$%$0->.(,(

+-31-.%4 ! #+?: !

WdX@%*&-0$*-*4(,*%!V! :6P:!µ^!d!:6:BP !

R9! D6R"!µ^!d!"6"! !

RR! B69R!µ^!d!:6D?!

RP! P6R9!µ^!d!P6E!!

RY! "6"9!µ^!d!:6D9!

P: ! D6"R!µ^!d!"6" !

P"! ?6R9!µ^!d!"6D!

PB! D6::!µ^!d!B6"!

PD! P6B!µ^!d!:6RR!!

PE! 96D!µ^!d!"6B!

P?! ?6Y!µ^!d!B6:!

P9! R6R!µ^!d!:69Y!

$00!&-31-.%4,!$'(!'$&(3*&!!

(

3*)3(?/KK#'8(#,.(>/%/'&(E-'] (

C%!,.33$'8;!WdX@%*&-0$*-*4(,*%!V!<$,!,8%)/(,*](4!='-3!3()/80!&*%%$3$)(!

*%!D"A!8*(04!-5('!9!,)(1,!0-%>(,)!0*%($'!,(N.(%&(;!5*$!$!I*(0,eJ04('!,)'$)(>86!\(8!

)-!)/*,!,8%)/(,*,!<$,!)/(!1'(1$' $)*-%!-=!*31-')$%)!*%)('3(4*$)(;!O(*%'(2!$3*4(!

=36! U(5('$0! $%$0->.(,! <('(! '($4*08! 1'(1$'(4! ='-3! O(*%'(2! $3*4(! =3! .,*%>!

5$'*-.,! $'800*)/*.3! ,1(&*(,6! ! T-%(! -=! )/(! $%$0->.(,! 1'(1$'(4! ,/-<(4! 3-'(!

1-)(%)!$&)*5*)8!)/$%!)/$)!-=!)/(!%$).'$0!1'-4.&)6!C)!*,!%-)(4!)/$)!.%0*H(!)/(!%$).'$0!

1'-4.&);!%-%(!-=!)/(!$%$0->.(,!,8%)/(,*,(4!2($'!$%8!/84'-G80!>'-.1,6!C=!=.')/('!

UJS! ,).4*(,!$'(! )-!2(! .%4(')$H(%;! *)!<-.04!2(! *%)('(,)*%>! )-! ,((! *=!&-31-.%4,!

2($'*%>!/84'-G80!>'-.1,!,/-<!$&)*5*)8!&-31$'$20(!)-!)/(!1$'(%)!&-31-.%4;!$%4 !

)-! *%5(,)*>$)(! =.')/('! )/(! 3*%*3.3! '(N.*'(3(%),! =-'! 1-)(%)! $%)* @$.,)('*)8!

$&)*5*)8!



! ED!

!"#$%&'(9*(5,:&BK#'1,(5,#B-:/&7 !

(

9*)(5,:&BK#'1, (

C%!)/(! ,($'&/!=-'!$%)*@$.,)('*)8!&-31-.%4,;! \-4-)$! "3($%D9! ).'%(4! )-! )/(!

1/$'3$&-1(*$! -=! [$1$%(,(! )'$4*)*-%$0!3(4*&*%(,6!m,*%>!$%)*@$.,)('*)8!2*- @$,,$8!

>.*4(4! ='$&)*-%$)*-%! -=! 10$%)! (G)'$&),;! )/(8! *,-0$)(4! WtX@$%>(03$'*%! W9X! W=*>.'(!

"?X!='-3! D#0"%')$(12.",)"#,6!J%>(03$'*%!4*,10$8(4!1-)(%)!$%)*@$.,)('*)8!$&)*5*)8!

(G/*2*)*%>!1'(=('(%)*$0!&8)-)-G*&*)8!)-<$'4,!#JT+@"!&(00,!$)!:6:"!µ>Q3a!W#+":: !k!

B9! %^X! .%4('! %.)'*(%)! 1--'! &-%4*)*-%,! 8()! %-! )-G*&*)8! *%! %.)'*(%)! ,.==*&*(%)!

&-%4*)*-%,6D9!

!

!

>1:/'&()< 6!WtX@$%>(03$'*%!

(

9*3(2'&D1-/7(?%/.1&7(E1%"1,(%"&(F1%&'#%/'&((

U(5('$0!,8%)/()*&!'-.)(,!)-!WtX @$%>(03$'*%!W9X;!/$5(!2((%!'(1-')(46 DR;DP;DY(

#'(5*-.,08!<*)/*%!)/(!+-,)('!>'-.1! /$) @$%>(03$'*%;! /$4!2((%! ,8%)/(,*](4!='-3!

.32(00*=('-%(!WHGX!$,!,/-<%!*%!U&/(3(!DB6DY(



! EE!

!

?0"&K&(936!$X!J0080!2'-3*4(;!\ B+KD;!$&()-%(;!'(=0.G;!9!/c!2X!#/T7)B;!'(=0.G;!

E!/c!&X!p'.22,!CC;!B@3()/80 @B@2.)(%(;!+b B+0B;!'(=0.G!W,0-<!$44*)*-%!-=!,.2,)'$)(Xc!

4X!&@+#VJ;!\ B+KD;!+bB+0B;!SF;!P! /c! (X!^(04'.3M,!$&*4;! )-0.(%(;! '(=0.G;!9! /c!=X!E@

/84'-G8 @2(%]$04(/84(;!1*1('*4*%(;!18'*4*%(;!R:!h+;!"B!/ !!

 

!

J0080$)*-%! -=! .32(00*=('-%(! WHGX! <*)/! $0080! 2'-3*4(! =-00-<(4! 28! +0$*,(%!

'($''$%>(3(%)! >$5(! HI 6! K0(=*%! 3()$)/(,*,! 2()<((%!HI ! $%4!B@3()/80 @B@2.)(%(!

<*)/!p'.22,! ,(&-%4 @>(%('$)*-%!&$)$08,)!$==-'4(4!IJ 6!71-G*4$)*-%!<*)/!&@+#VJ!

*%! )/(! 1'(,(%&(! -=! \ B+KD! >$5(! /$) @&-0.32*$%()*%! WI) X6! F'($)3(%)! -=!I) ! <*)/!

^(04'.3M,! $&*4! 1'-5*4(4! 3$0-%*&! /$0=! (,)('! I3L! </*&/! <$,! ,.2,(N.(%)08!

&-%5(')(4!)-!)/(!%$).'$0!1'-4.&)!5*$!$!I-(2%(' e\%-(5(%$>(0!&-%4(%,$)*-%!<*)/!

E@/84'-G82(%]$04(/84(6DY!!

J%!(%$%)*-,(0(&)*5(!,8%)/(,*,!-=!)/(!%$).'$0!1'-4.&)!<$,!&-310()(4!5*$!$!

,*3*0$'! 3()/-4! .)*0*]*%>! $%! $,833()'*&! (1 -G*4$)*-%! ,)(16! #'-)(&)*-%! -=! 1/(%-0!

IJ ! $,! $! W3"/3@2.)804*1/(%80,*080X()/80! WFVI#U7X! ()/('! $%4! ,.2,(N.(%)! U/*!

(G1-G*4$)*-%!>$5(!WtX@I) !*%!R:A!8*(04!<*)/!R?A!((;!</*&/!<$,!&-%5(')(4!)-!)/(!

%$).'$0! 1'-4.&)6DY! +-31$'*,-%! -=! ,1(&*=*&! '-)$)*-%,! &-%=*'3(4! )/(! $,,*>%(4!

$2,-0.)(!&-%=*>.'$)*-%!-=!WtX@$%>(03$'*%6!!



! E?!

F/(! 0$)(! *%,)$00$)*-%! -=! )/(!&*%%$3$)(! (,)('! $00-<(4! =-'! )/(! '$1*4!

>(%('$)*-%! -=!$%$0->.(,!4*==('*%>!*%! ,.2,)*).)*-%!$2-.)! )/(! ,*4(!&/$*%!$'-3$)*&!

'*%>6! U(5('$0! $%$0->.(,! <('(! ,8%)/(,*](4! )-! 4()('3*%(! *=! -)/('! ,)'.&).'$0!

3-4*=*&$)*-%,! &-.04! 2(! )-0('$)(4! $)! 4*==('(%)! 1-*%),! -=! )/(! 3-0(&.0(6! ! \(8!

(G$310(,!-=!$%$0->.(,!<*)/!$&)*5*)*(,!$'(!,((%!*%!Z*>.'(!"96E: !!

!

!

>1:/'&()=* !#'(=('(%)*$0!&8)-)-G*&*)8!W#+?: X!5$0.(,!=-'!,(0(&)(4!$%>(03$'*%!

$%$0->.(,6!E: ;E"!(



! E9!

J0)('$)*-%,! )-! )/(! =.%&)*-%$0! >'-.1! $2-.)! )/(! ,-.)/('%! 1/(%80! '*%>!

W&-31-.%4,!I9 6IH X! <('(! >(%('$008! )-0('$)(4! <*)/! 2-)/! I9 ! $%4!I= ! (G/*2*)*%>!

3-'(! 1-)(%)! $&)*5*)8! )/$%! )/(! %$). '$0! 1'-4.&)6! S(3-5$0! -=! )/(! 0"& @4*3()/80!

3-*()8!!WII X!'(,.0)(4!*%!$!'(4.&)*-%!-=!$&)*5*)8!</('($,!*%!)/(!&$,(!-=!)/(!()/80!

3()/80!W)JJ X;!1-)(%&8! *%&'($,(46E: !K)/('! 3-4*=*&$)*-%,!W&-31-.%4,! )J) 6)J; X!

,/-<(4!$!,*>%*=*&$%)!'(4.&)*-%!-'!&-310()(!0-,,!-=!$&)*5*)86E: !!

!

!

9*9(?8,%"&717(-N(?1.&(!"#1,(!-,%'#0%&.(5,#B-:/&7*((

Z.')/('! $%$0->.(,! -=! $%>(03$'*%! <('(! 1'(1$'(4! *%! $%! (==-')! )-! (G1 $%4!

-.'! .%4(',)$%4*%>! -=! )/(! ,)'.&).'(! $&)*5*)8! '(0$)*-%,/*1,! -=! )/*,! 3-0(&.0(6!

J%$0->.(,! ,.&/!$,! )J< !WZ*>.'(! "RX!<('(!4(,*>%(4!)-!1'-2(!</()/('!3-0(&.0(,!

<*)/!&-%)'$&)(4!,*4(!&/$*%,!<-.04!'()$*%!$&)*5*)86!Z-'!($,(!-=!,8%)/(,*,!)/(!(,)('!

>'-.1!<$,!$0,-!*%5 (')(46! !

!

>1:/'&()G* !p(%('$0!,)'.&).'(!=-'!&-%)'$&)(4!,*4( @&/$*%!$%$0->.(,!!

 

C%*)*$008;! $))(31),! )-! ,8%)/(,*,(! /(3*$&()$0!)J= ! ='-3! HI ! <*)/! -,3*.3!

)()'-G*4(;!T^KQT$CKE!<('(!.%,.&&(,,=.0;!>(%('$)*%>!.%4(,*'(4!$%>(0*&*%!W)JH# X!

WZ*>.'(!"PX6EB!C)!<$,!,.,1(&)(4!)/$)!)/(!2$,*&!<-'H!.1!&-%4*)*-%,!>$5(!'*,(!)-!)/*,!

4(/84'$)*-%! 1'-4.&)6! F/*,! 1'-20(3! <$,! &*'&.35(%)(4! 5*$! )/(! 3-'(! (==*&*(%)!

&-%5(',*-%! .,*%>! -]-%-08,*,! WU&/(3(! DDX;! </*&/! 1'-5*4(4! )/(! 4(,*'(4!

/(3*$&()$0!)J= !*%!>--4!8*(04!WYDAX6!



! ER!

!

>1:/'&()H* !4(/84'$)*-%!1'-4.&)!$%>(0*&*%!!

!

!!

?0"&K&( 99*! $X! KD;! FbZ;! @RP! h+;! ":! 3*%;! ^(BU;! ');! "?! 3*%c! 2X!

3()/80W)'*1/(%801/-,1/-'$%80*4(%(X$&()$)(;!I+7;!P:!h+;!"9!/c!\ B+KD;!P:!h+;!D!/c!!

!

K1(%! &/$*%! /84'-G8$04(/84(,! &$%! (G*,)! *%! (N.*0*2'*.3! <*)/! )/(*'! &8&0*&!

/(3*$&()$0! *,-3(',6! F/(,(! $04(/84(,! &$%! .%4('>-! O*))*>! '($&)*-%,! <*)/!

$11'-1'*$)(! 1/-,1/-'.,! 80*4(,6 ED! b(3*$&()$0! )J= ! <$,! &-.10(4! <*)/ ! 3()/80!

W)'*1/(%801/-,1/-'$%80*4(%(X$&()$)(!5*$!$!O*))*>!'($&)*-%6!I(1'-)-%$)*-%!-=!)/(!

'(,.0)*%>!1/(%-0!W)JG X;!*%!,*).;!<*)/!\B+KD!>$5(!)/(!'*%>@&0-,(4!1'-4.&)! )JH !5*$!

$!/()('- @̂*&/$(0!)81(!$44*)*-%!WU&/(3(!DEX6!!

!



! EP!

!

?0"&K&(9;* (

!

C%! -'4('! )-! -2)$*%!$!&0-,('! 3*3*&! -=! )/(!%$).'$0!1'-4.&)! $))(31),! <('(!

3$4(! )-! *%,)$00! )/(!0"& @4*3()/80! =.%&)*-%$0*)8!" ! )-! )/(! &$'2-%80! >'-.1! W)JI\ 6(

J))(31),! )-! 4(1'-)-%$)(! $%4! )/(%! 3()/80$)(! )/*,! 1-,*)*-%! .,*%>! $! 5$'*()8! -=!

2$,(,! ,.&/! $,! V.a*;! T$b;! aIJ;! \b! <*)/! ^(C! '(,.0)(4! *%! (*)/ ('! %-! '($&)*-%;!

4(>'$4$)*-%! -'! '*%>! -1(%*%>! $%4!B@3()/80$)*-%! -=! )/(! '(,.0)*%>! 1/(%-G*4(! )-!

=-'3!)/(!&-''(,1-%4*%>!3()/80!()/('!W ))J X!WU&/(3(!D?X6!

!

!

?0"&K&(9<*(

!



! EY!

!J%! $0)('%$)*5(! '-.)(! )-! *%,)$00*%>! $! 3()/80! >'-.1! $)! )/*,! 1-,*)*-%! <$,!

-0(=*%! &'-,,! 3()$)/(,* ,! 2()<((%! HI ! $%4! $! &-.10*%>! 1$')%('! <*)/! )/(! 3()/80!

>'-.1!$0'($48!*%!10$&(!WU&/(3(!D9X6!^()/80!3()/$&'80$)(!W))) X!<$,!,(0(&)(4!$,!

$!&-.10*%>!1$')%('6!m%=-').%$)(08!)/(!&-%4*)*-%,!(G$3*%(4!1'-5(4!.%,.&&(,,=.06!

O(! ,.,1(&)! )/*,! <$,! 4.(! )-! )/(! 0-<! '($&)*5*)8! - =!HI ! *%! -0(=*%!&'-,,! 3()$)/(,*,!

'($&)*-%,6!C%!1'(5*-.,!,).4*(,!<*)/*%!)/(!+-,)('!>'-.1;! HI !<$,!%-)(4!)-!2(!$!1--'!

,.2,)'$)(! =-'! 3()$)/(,*,;! >*5*%>! 0-<! 8*(04,! =-'! ,-3(! ,.2,)'$)(,6! ! J)! )/*,! 1-*%)!

(==-'),!)-!*%,)$00!)/(!0"& @4*3()/80!=.%&)*-%$0*)8!<('(!$2$%4-%(4!$%4!$%$0->.(,!

0$&H*%>!)/(!4*3()/80!>'-.1,!<('(!)$'>()(46 !

!

!

?0"&K&(9=*(

!

J))(31),! )-! *%,)$00! )/(! ,*4(! &/$*%! 4*'(&)08! ='-3! 3()/80! (,)('! )JH ! 5*$!

)'$%,(,)('*=*&$)*-%! <*)/! ,.2,)*).)(4! 2(%]80! $0&-/-0,! <('(! .%,.&&(,,=.0! .%4('!

2-)/! 2$,*&! $%4! $&*4*&! &-%4*)*-%,6!^()/80! (,)('! )JH ! <$,! )'$%,=-'3(4! *%)-! )/(!

&-''(,1-%4*%>!&$'2-G80*&!$&*4!))3 !*%!)/(!/-1(!)/$)!*)!<-.04!1'-5(!$3(%$20(!)-!

(,)('*=*&$)*-%! WU&/(3(! DRX6! ^()/80! (,)('!)JH ! 1'-5(4! ,.'1'*,*%>08! 4*==*&.0)! )-!

/84'-08](! WF$20(! RX6! V$,*&! &-%4*)*-%,! W(%)'*(,! "@EX! >$5(! '*%>@-1(%(4! 1'-4.&)!

))9( WZ*>.'(!"YX!-'! '(,.0)(4!*%!4(>'$4$)*-%6!C)!*,!,.,1(&)(4!)/$)!)/(!4(>'$4$)*-%!

3$8!2(!4.(!)-!)/(!0$2*0*)8!-=!)/(!&-.3$'*%!0$&)-%(!,.2.%*)!)-<$'4,!$N.(-.,!2$,*&!

&-%4*)*-%,6!JN.(-.,!$&*4*&!&-%4*)*-%,!<('(!$0,-!.%,.&&(,,=.0;!'().'%*%>!,)$')*%>!

3$)('*$0,! W(%)'8! RX6! a*)/*.3! *-4*4(! 1'-5*4(,! $%! $0)('%$)*5(! )-! )/(! $&*4! -'! 2$,(!

/84'-08,*,! -=!(,)(',6 EE!a*)/*.3!*-%!&--'4*%$)*-%!)-!)/(!&$'2-%80!>'-.1!$&)*5$)(,!

)/(! 3()/80! )-<$'4,! U TB! %.&0(-1/*0*&! $))$&H;! 1'-5*4*%>! $%! $0)('%$)*5(! 3($%,! -=!

(,)('! /84'-08,*,! </(%! $&*4! -'! 2$,(! ,(%,*)*5(! =.%&)*-%$0*)*(,! $'(! 1'(,(%)6 EE!

a*)/*.3!*-4*4(!&0($5$>(!-=!)/(! (,)('!$0,-!=$*0(4!)-!8*(04!4(,*'$20(! '(,.0),!W(%)'8!



! ?: !

9X6!+.'*-.,08;!-=!)/(!&-%4*)*-%,!(G$3*%(4!-%08!VV'D@3(4*$) (4!/84'-08,*,!>$5(!)/(!

4(,*'(4!&$'2-G80*&!$&*4!W))3 X;!$02(*)!*%!3-4(,)!8*(04!WB:AX6!

!

!

?0"&K&(9G6!

!

4#MB&(G*!&-%4*)*-%,!=-'!)/(!/84'-08,*,!-=!3()/80!(,)('! )JH !!

7%)'8! +-%4*)*-%,! S(,.0) !

) ( T$Kb;!b BKQ7)Kb;!P:!h+;!D!/! I(>'$4$)*-%! !

3( \Kb;!b BKQ7)Kb;!P:!h+;!D!/E?! I(>'$4$)*-%! !

9( V$KbWPbBKX;!^(Kb;!');!"!/ E9! S*%>!-1(%(4!1'-4.&)!!))9 !

; ( a*Kb;!bB:Q^(Kb!E!h+;!"9!/ ER! S*%>!-1(%(4!1'-4.&)!!))9 !

<( T$VbE;!C;!I+^;!');!"9!/ EP! I(>'$4$)*-%! !

=( a*C;!bBKQ^(Kb;!'(=0.G;!"9!/ EY! I(>'$4$)*-% !

G( b+0;!bBK;!FbZ;!R:h+;!"!/'! ! U)$')*%>!3$)('*$0,!

H( VV' D;!I+^;!');!"9/ ?: ! #'- 4.&)!W))3 X;!B:A!

!

!

>1:/'&()I* !S*%>!-1(%(4!1'-4.&)!!

!



! ?" !

O*)/! &$'2-G80*&! $&*4!))3 ! *%! /$%4;! 5$'*-.,! 2(%]80! $0&-/-0,! <('(! '($4*08!

&-.10(4!<*)/!7I+QI^J#!1'-5*4*%>!)/(!4(,*'(4!$%$0->.(,! )); ;())<( $%4!))G !*%!

3-4(,)!8*(04,!WU&/(3(!DPX6!

!

 

?0"&K&(9H*!$X!I^J#;!7I+;!J'+ b BKb;!');!D:!3*%c!2X!FVJZ;!FbZ;!');!B:!3*%!!

!

+-31-.%4,! )); ;( ))<( $%4!))G ! <('(! ,&'((%(4! $>$*%,)! #JT+ @"! &(00,! 28!

7,.3*!$%4!&-<-'H(',!*%!%.)'*(%) @4(1'*5(4!5,6!%.)'*(%)@,.==*&*(%)!3(4*.36!F/(,(!

$%$0->.(,!,/-<(4!%-!$%)*@$.,)('*)8!$&)*5*)8!.1!)-!":!3>Q3a6!O/*0(!) /(!'(5(',$0!

-=!)/(!(,)('!0*%H$>(!$%4!,/-')(%(4!,*4(!&/$*%!$'(!=$*'08!3$_-'!,)'.&).'$0!&/$%>(,;!

)/(! 0$&H! -=! )/(! 0"& @4*3()/80! >'-.1! 3$8! $0,-! 0($4! )-! .% =$5-.' $20(!

&-%=-'3$)*-%$0! 1'(=('(%&(,! 0($4*%>! )-! )/*,! 0$&H! -=! $&)*5*)86! Z.')/('! ,).4*(,;!

*,-0$)*%>!-%(!-=!)/(!5$'*$20(,!)(,)(4!W*%5(')(4!(,)(';!%-! 0"& @4*3()/80;!,/-')(%(4!

,*4(!&/$*%X!<-.04!/(01!.%4(',)$%4!</*&/!&-32*%$)*-%!-=!)/(,(!<$,!'(,1-%,*20(!

=-'! )/(! 0-,,! -=! $&)*5*)86! U.2,)*).)(4! B@1/(%80()/$%-0,! 3$8! 2(! (310-8(4! $,!

&-.10*%>!1$')%(',!)-!1'-5*4(!$%$0->.(,!,. &/!$,!))H !WU&/(3(!DYX6!m%=-').%$)(08;!

$11'-1'*$)(08! ,.2,)*).)(4! B @1/(%80()/$%-0,! <('(! %-)! '($4*08! $5$*0$20(6! I.(! )-!

)/(! 0$&H! -=! '($48! $&&(,,! )-! ,.2,)*).)(4! B @1/(%80()/$%-0,;! )*3(! &-%,)'$*%),! $%4!

)/(! 0*3*)(4! ,.&&(,,! -=! )/(,(! $%$0->.(,;! -)/('! $5(%.(,! -=! *%5( ,)*>$)*-%! <('(!

1.',.(46 !

!



! ?B!

!

?0"&K&(9I* (

(

(

9*;(?8,%"&717(-N(!80B-M/%8B(5,#B-:/&7((

C%!)/(!,8%)/(,*,!-=!$%>(03$'*%!4(,&'*2(4!*%!U&/(3(!DB!)/(!0"& @4*3()/80!

,.2.%*)! *,! *%,)$00(4! 5*$! $! 3()$)/(,*,! '($&)*-%6DY! J! <*4(! 5$'*()8! -=! 3()$)/(,*,!

1$')%(',! &-.04! 2(! .,(4! *%! )/(! &-.10*%>! 3$H*%>! )/*,! =0(G*20(! '($&)*-%! *4($0! =-'!

(G10-'*%>! $%$0->.(,! $2-.)! )/*,! 1-,*)*-%6! #'(5*-.,08! <*)/*%! )/(! >'-.1;! )<-!

$%$0->.(,!$2-.)!)/*,!1-,*)*-%!/$4!2((%!1'(1$'(4;! II !$%4!)JJ !WZ*>.'(!"?X6!O/(%!

)/(! 3()/80! >'-.1,! $'(! %-)! 1'(,(%)! W II X;! )/(! 3-0(&.0(! ,/-<,! %-! $%)* @$.,)('*)8!

$&)*5*)86E"! C%)('(,)*%>08;! )/(! ()/80@3()/80! $%$0->.(! W)JJ X! ,/-<(4! *%&'($,(4!

1-)(%&8!<*)/! '(,1(&)!)-!)/(!%$).'$0!1'-4.&)6 E"!J!&8&0-2.)80!3-*()8!<-.04!2(!$%!

*%)('(,)*%>!$0)('%$)*5(!)-!)/(!0"& @4*3()/80!=.%&)*-%$0*)8!$,!*)!*,!)/(!&0-,(,)!,)('*&!

3 $)&/! )-! )/(! 3-'(! 1-)(%)! ()/80 @3()/80! &-31-.%46 ! F/(! &8&0-2.)80! $%$0->.(!

<-.04!/$5(!)/(!$44(4!$45$%)$>(!-=!0$&H*%>!)/(!,)('(-&(%)('!1'(,(%)!*%!)/(!()/80 @

3()/80!&-31-.%4;! )/.,!$5-*4*%>! .%<$%)(4!4*$,)('(-3(',6!F/(!&-%=-'3$)*-%$0!

'*>*4*)8!-=!)/(!&8&0-2.)80!$%$0->.(!3$8!$0,-!1'-5*4(!.,(=.0!UJS!4$)$6! F-!)/*,!(%4;!

&8&0-2.)80!$%$0->.(,!))I !$%4!)3J !<('(!1'(1$'(4! *%!E! ,)(1,!='-3! HI !WU&/(3(!

E:X6!!

!



! ?D!

!

?0"&K&( ;J*  $X! p'.22,! CC;! 3()/80(%(&8&0-2.)$%(;! +bB+0B;! '(=0.G! W,0-<!

$44*)*-%! -=! ,.2,)'$)(Xc! 2X! &@+#VJ;! \ B+KD;! +bB+0B;! ');! P! /c! &X! ^(04'.3M,! $&*4;!

)-0.(%(;!'(=0.G;!9!/c!4X!,.2,)*).)(4!2(%]$04(/84(;!1*1('*4*%(;!18'*4*%(;!R:!h+;!"B!/ !

!

K0(=*%! 3()$)/(,*,! 2()<((%! HI ! $%4!3()/80(%(&8&0-2.)$%(! <*)/! p'.22,!

,(&-%4@>(%('$)*-%! &$)$08,)?" ! $==-'4(4! )3) ! *%! 0-<! 8*(046! C)! /$,! 2((%! %-)(4!

1'(5*-.,08! <*)/*%! )/(! >'-.1! )/$)! HI ! *,! $! &$1'*&*-.,! &-.10*%>! 1$')%('! *%!

3()$)/(,*,! '($&)*-%,!-=)(%!0($4*%>!)-!*%,-0.20(!/-3-4*3('*]$)*-% !1'-4.&),!$%4!

0-<!8*(04,!-=!4(,*'(4!&-31-.%4,6 DY!J))(31),!)-!*31'-5(!)/*,!8*(04!28!)/(!.,(!-=!

b- 5(84$ep'.22,! &$)$08,)?B;! ='(,/08! 4*,)*00(4! 3()/80(%(&8&0-2.)$%(! $%4! ,0-<!

,8'*%>(! 1.31! $44*)*-%,! -=! 2-)/! ,.2,)'$)(! $%4! $! ,(&-%4! 2$)&/! -=! &$)$08,)! 4*4!

'(,.0)! *%! '(4.&*%>! )/(! $3-.%)! -=! /-3-4*3('*]$)*-% ! 1'-4.& )! =-'3(4! 2.)!

.%=-').%$)(08! 8*(04,! <('(! %-)! ,((%! )-! *%&'($,(46! ^()/80(%(&8&0-2.)$%(! /$,!

1'(5*-.,08!2((%! .,(4!$,! $!&-.10*%>!1$')%('! =-'! 3()$)/(,*,! '($&)*-%,!<*)/! /*>/!

8*(04,6?D;?E!O(! ,.,1(&)!)/$)! )/(!0-<!8*(04!<$,!4.( ! )-! )/(!0-<! '($&)*5*)8!-=! HI !*%!

-0(=*%!3()$)/(,*,!'($&)*-%6!!

J! 1-)(%)*$0! (G10$%$)*-%! =-'! )/(! 0-<! '($&)*5*)8! -=!HI( *%! 3()$)/(,*,!

'($&)*-%,!*,!)/(!1-,,*20(!=-'3$)*-%!-=!$!,)$20(!9 @3(32('(4!&/(0$)(!2()<((%!)/(!

,.2,)'$)(!$%4!p'.22M,!&$)$08,)6!Z*>.'(!B:6??!F/(!&/(0$)(!3$8!/-04!)/(!&$)$08,)!*%!

$%!.%1'-4.&)*5(!=-'3!'(,.0)*%>!*%!0-<!8*(04,!-=!4(,*'(4!&-31-.%46!!



! ?E!

!

!

!

!

Z*>.'(!B:6!!9@3(32('(4!&/(0$)(!2()<((%! HI !$%4!3()$)/(,* ,!&$)$08,)!

!

T(5(')/(0(,,;! )/*,! 1'-&(4.'(! 1'-5*4(4! ,.==*&*(%)! N.$%)*)*(,! -=! )3) ! =-'!

=.')/('! (0$2-'$)*-%6!71-G*4$)*-%!-=!)3) !<*)/! &@+#VJ!*%!)/(!1'(,(%&(! -=! \ B+KD!

>$5(!)33 6!$0&-/-0!)33 !<$,!)/(%!)'($)(4!<*)/!^(04'.3M,!$&*4!)-!1'-5*4(!3$0-%*&!

/$0=!(,)('! )39 !< /*&/!<$,!,.2,(N.(%)08!&-%5(')(4!)-!)/(!=*%$0!1'-4.&),! ))I( $%4(

)3J !5*$!$!I-(2%(' e\%-(5(%$>(0!&-%4(%,$)*-%6?P!!

!

!

!

9*<(C1-B-:10#B(4&7%1,:((

+-31-.%4,! ))I ! $%4!)3J ! <('(! ,&'((%(4! 28! 7,.3*! $%4! &-<-'H(',;!

$>$*%,)! #JT+@"! &(00,! *%! %.)'*(%)@4(1'*5(4! 5,6! %.)'*(%)@,.==*&*(%)! 3(4*.3;! )/(!

'(,.0),!-=!</*&/!$'(!,/-<%!*%!F$20(!P *(

(

(

(

(

(

(

(



! ??!

(

4#MB&*(H(#+?:! !$&)*5*)8!-=!!WdX@$%>(03$'*%!$%4!&8&0-2.)80!$%$0->.(,!

+-31-.%4 ! #+?: !

(

PY6:!d!B!%!̂

!

BD!d!P!%!̂

(

P6Y!d!:6?!µ^ !

(

Y6?!d!"6?!µ^ !

(

O OO

O
O

OH3+(  )

O OO

O
O

CF3
93+(  )

O OO

O
O

OH119+(  )

O OO

O
O

CF3
120+(  )



! ?9!

(F/(!&8&0-2.)80!$%$0->.(,!))I !$%4!)3 J!<('(!=-.%4!)-!2(!$11'-G*3$)(08!

":: @E:: @=-04! 0(,,! $&)*5(! )/$%! )/(*'! 1$'(%)! &-31-.%4,6! F/*,! '(,.0)! <$,! N.*)(!

.%(G1(&)(4;!&-%,*4('*%>!)/(!&0-,(!,)'.&).'$0!,*3*0$'*)86!C%!$%!$))(31)!)-!'(&-%&*0(!

)/(,(! '(,.0),;! 3-0(&.0$'! 3-4(0*%>! (G1('*3(%),! <('(! 1('=-'3(46! F /(! 0-<(,)!

(%('>8! &-%=-'3$)*-%,! -=! )3J ! $%4! )/(! 1$/$6)'*=0.-'-3()/80! $%$0->.(! -=!

$%>(03$'*%!WI9 X!<('(!=-.%46!C%!2-)/!&$,(,! )/'((!&-%=-'3$)*-%$0!=$3*0*(,!<('(!

$4-1)(4!28!)/(!3-0(&.0(,!<*)/*%!?!H&$0Q3-0!-=!)/(!0-<(,)!(%('>8!&-%=-'3('6!!Z-'!

($,(! -=! '(=('(%&(! )/ (,(! =$3*0*(,! -=! &-%=-'3(',! <*00! 2(! &$00(4! L(G)(%4(4M;!

L1('1(%4*&.0$'M!$%4!Lm@,/$1(4Mc!(G$310(,!-=!($&/!$'(!,/-<%!*%!Z*>.'(,!B" @BD6!

(

(

!

4*3()/80!&-31-.%4!WI9 X!

!

!!

&8&0-2.)80!&-31-.%4!W)3J X!

>1:/'&(3)* !7G$310(,!-=!(G)(%4(4!&-%=-'3$)*-%,!!

!!



! ?R!

!!

I*3()/80!&-31-. %4!WI9 X!! ! ! +8&0-2.)80!&-31-.%4!W)3J X! !

>1:/'&(33* !7G$310(,!-=!1('1(%4*&.0$'!&-%=-'3$)*-%, !

!

! !!

!

4*3()/80!&-31-.%4!WI9 X! ! ! &8&0-2.)80!&-31-.%4!W)3J X!!!

>1:/'&(39* !7G$310(,!-=!!m@,/$1(4!&-%=-'3$)*-%, !!

!

!

Z*>.'(,! BE @B9! ,/-<! &-%=-'3$)*-%,! -=! I9 ! $%4!)3J ! <*)/*%! ";!B! $%4! D!

H&$0Q3-0;! '(,1(&)*5(08;! -=! )/(!>0-2$0!3*%*3.3! (%('>8!&-%=-'3$)*-%6!F/(!$&)*5(!

4*3()/80! &-31-.%4! WI9 X! *,! ,/-<%! *%! >'((%! $%4! )/(! 0(,,! $&)*5(! &8&0-2.)80!



! ?P!

$%$0->.(! W)3J X! *,! ,/-<%! *%! '(46! C%! $00! &$,(,! )/(! &-.3$'*%! 1-')*-%! -=! )/(!

3-0(&.0(,!*,!$0*>%(46!

Z*>.'(!BE!,/-<,!)/$)!)/(!4*3()/80!&-31-.%4!&$%!'($4*08!$4-1)!$00!)/'((!

&-%=-'3$)*-%,!<*)/*%!"!H&$0Q3-0!-=!)/(!0-<(,)!(%('>8!&-%=-'3('6!C%!&-%)'$,);!)/(!

&8&0-2.)80! &-31-.%4! (G*,),! ,-0(08! *%! )/(! m@,/$1(4! &-%=-'3$)*-%6! O*)/*%! B!

H&$0Q3-0! -=! )/(! 0-<(,)! (%('>8! &-%=-'3$)*-%! WZ*>.'(! B?X! )/(! &8&0-2.)80!

&-31-.%4!&$%!$4-1)!2-)/!)/(!1('1(%4*&.0$'!$%4!)/(!m @,/$1(4!&-%=-'3$)*-%,6!C)!

*,!-%08!2()<((%!B!$%4!D!H&$0Q3-0!$2-5(!)/(!0-<(,)!(%('>8!&-%=-'3('!WZ*>.'(!B9X!

)/$)! )/(! =*',)! (G$310(,! -=! )/(! &8&0-2.)80! &-31-.%4! $4-1)*%>! )/(! (G)(%4(4!

&-%=-'3$)*-%!$'(!,((%6!!

!

>1:/'&(3;* !+-%=-'3(',!<*)/*%!"!H&$0Q3-0!-=!0-<(,)!(%('>8!&-%=-'3$)*-%!W$&)*5(!

4*3()/80!*%!>'((%;!0(,,!$&)*5(!&8&0-2.)80!*%!'(4X6!!



! ?Y!

!!

>1:/'&(3<* !+-%=-'3(',!<*)/*%!B!H&$0Q3-0!-=!0-<(,)!(%('>8!&-%=-'3$)*-%6!WJ&)*5(!

4*3()/80! *%!>'((%;!0(,,!$&)*5(!&8&0-2.)80!*%!'(4X6!!



! 9: !

!

>1:/'&(3=* !+-%=-'3(',!<*)/*%!D!H&$0Q3-0!-=!0-<(,)!(%('>8!&-%=-'3$)*-%!W$&)*5(!

4*3()/80!*%!>'((%;!0(,,!$&)*5(!&8&0-2.)80!*%!'(4X6!!

!

!

T(<3$%!1'-_(&)*-%,!-=!)/(,(! )<-!3-0(&.0(,!&$%!2(! ,((%!*%!=*>.'(!BR6!C%!

)/(! 4*3( )/80! &$,(;! )/(! )/'((! 1'-_(&)*-%,! ,/-<! ,*3*0$'! 0(5(0,! -=! p$.&/(!

*%)('$&)*-%,!2()<((%!,.2,)*).(%),6!F/*,!*,! '(=0(&)(4!*%!)/(!&$0&.0$)(4!V-0)]3$%%!

4*,)'*2.)*-%! -=! )/(! &-%=-'3(',c! F$20(! Y! ,/-<,! $! '(0$)*5(08! (5(%! 4*,)'*2.)*-%!

$3-%>,)!)/(!D!&-%=*>.'$)*-%,6!T(<3$%!1'-_(&)*-%,!-=!)/(!&8&0-2.)80!&-31-.%4!

,/-<!)/$)!p$.&/(!*%)('$&)*-%,!$'(!3*%*3*,(4!</(%!)/(!3-0(&.0(!$4-1),! )/(!m @



! 9" !

,/$1(4! &-%=-'3$)*-%6! C%! )/*,! &-%=-'3$)*-%;! 4.(! )-! 2-%4@$%>(0! &-31'(,,*-%! *%!

)/(!&8&0-2.)80!'*%>;!>$.&/(!*%)('$&)*-%,!2()<((%!&8&0-2.)80!+bB!>'-.1,!$%4!)/(!

2.0H8!>'-.1,!-=!)/(!$4_$&(%)!&(%)'(!$'(!3*%*3*,(46!V-0)]3$%%!&$0&.0$)*-%,!,/-<!

)/$)!)/(!m @,/$1(!*,!/*>/08! =$5-.' (4;!-&&.18*%>!YBA!-=!)/(!1-1.0$)*-%6!7G)(%4(4!

&-%=-'3(',! -=! )/(!&8&0-2.)80!&-31-.%4!&-%,)*).)(!$11'-G*3$)(08! :69RA!-=! )/(!

)-)$0! 1-1.0$)*-%6! C=! )/(! (G)(%4(4! -'! 1('1(%4*&.0$'! &-%=-'3$)*-%! *,! )/(! $&)*5(!

&-%=-'3$)*-%!)/(%!)/('(!<*00!2(!$%!(%('>()*&!1(%$0)8!)-!)/(!&8&0-2.)80!$%$0->.(,!

$4-1)*%>! )/(! '(N.*'(4! &-%=-'3$)*-%;! )/.,! $&&-.%)*%>! =-'! )/(! >'($)08! '(4.&(4!

2*-0->*&$0!$&)*5*)86!

!

!

>1:/ '&(3G*(T(<3$%!1'-_(&)*-%,!-=!&-31-.%4,! I9 !$%4()3J( ( (

( $X!4*3()/80!&-31-.%4! I9( 2X!&8&0-2.)80!$%$0->.(!)3J !(

!

4#MB&(I*!V-0)]3$%%!1-1.0$)*-%!-=!&-%=-'3(',6$!

+-%=-'3$)*-%! I9( WI*3()/80X! )3J !W+8&0-2.)80X!

7G)(%4(4!! BP!A! :69R!A!

#('1(%4*&.0$'! DP!A! R6B!A!

m@,/$1(4 ! DD!A! YB!A!
$!&$0&.0$)*-%,!1('=-'3(4!$)!BYP\!

!



! 9B!

U(5('$0!-)/('!&8&0-$0H80!$%$0->.(,!<('(!3-4(00(4!WZ*>.'(!BPX6!K5('0$8,!-=!

&-%=-3(',!<*)/*%!"!H&$0Q3-0!-=!)/(!0-<(,)!(%('>8!&-%=-'3('!=-'! )3; @)3= !<*)/!

I9 !$'(!,/-<%!*%!=*>.'(,!BY @D"6!F/(!&8&0-1'-180!$%$0->.(!)3; !,/ -<(4!$!,*3*0$'!

'(,.0)!)-!)/(!&8&0-2.)80!$%$0->.(;!)/(!m@,/$1(4!&-%=-'3$)*-%!*,!/*>/08!=$5-.'(46!

7G)(%4(4! &-%=-'3(',! <('(! -%08! ,((%! u! B! H&$0Q3-0! $2-5(! )/(! 0-<(,)! (%('>8!

&-%=-'3('6!C%!&-%)'$,);!2-)/!)/(!&8&0-1(%)80!$%4!&8&0-/(G80!&-31-.%4,!)3< !$%4!

)3= ! '(,1(& )*5(08;! =$5-.'(4! )/(! (G)(%4(4! $%4! 1('1(%4*&.0$'! &-%=-'3$)*-%,6! m@

,/$1(4!&-%=-'3$)*-%,!=-'!)/(,(!&-31-.%4,!<('(!-%08!,((%!u!B!H&$0Q3-0!$2-5(!
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,1(&)'-3()('6 !

(

(

(

(

(



! RE!

<*3(?8,%"&717(-N(!-K$-/,.7(N'-K(!"#$%&'(3 (

!

+/$0&-%(!W)GX!

!

+/$0&-%(!)G( <$,! 1'(1$'(4! $&&-'4*%>! )-! )/(! 1'-&(4.'(! -=! b$3$3-)-! $%4!

&-<-'H(',6 R:!F-!$!,)*''(4!,-0.)*-%!-=!$&()-1/(%-%(!WD9:!3>;!D6:"!33-0;!"!(N.*5X!

$%4! 2(%]$04(/84(! WD?"! 3>;! D6D"! 33-0;! "6"! (N.*5X!*%! 3()/$%-0! W":! 3aX! <$,!

$44(4!$N.(-.,! \Kb!W"69P!>;!D:!33-0! *%! ":! 3a!b BK;! ":! (N.*5X!4'-1<*,(6!F/(!

'(,.0)*%>! ,.,1(%,*-%! <$,! '(=0.G(4! =-'! B! /-.',! $%4! )/(%! ,)*''(4! $)! '--3!

)(31('$).'(! -5('%*>/)6! F/(! '($&)*-%! 3*G).'(! <$,! )/(%! 1-.'(4! -%)-! *&(! $%4!

$&*4*=*(4! )-! 1b! E! .,*%>! $N.(-.,! b+0! WB! ^X6! F/(! '(,.0)*%>! 1'(&*1*)$)(! <$,!

&-00(&)(4!28!,.&)*-%!=*0)'$)*-%;!<$,/(4!<*)/!bBK!W9:!3aX!$%4!1.'*=*(4!28!&-0.3%!

&/'-3$)->'$1/8!WYf"! 1()'-0(.3! ,1*'*), Q7)KJ&X!)-!>*5(! )/(! )*)0(!&-31-.%4!$,!$!

4.00!8(00-<!1-<4('!W?9:!3>;!Y:AX6!U1(&)'- ,&-1*&!4$)$!<$,!&-%,*,)(%)!<*)/!)/$)!

1'(5*-.,08!'(1-')(46 R:!!

! K*$!ED6?@EE!h+;!ZB1%GJ(<<6<G(`!\(PN( (:6E:;!WY?f?!1()'-0(.3! ,1*'*), Q7)KJ&X;!

) a(ASP( ?::!^b];!+I+0 Df!w!P6:D!WBb;!4;!!:!k!R6:!b];!J'bX;!!R6P"!W"b;!4;!:!k!"?6?!b];!

+K+b+bX;!!R6?E!W"b;!4;!:(k!"?6?!b];!+K+b+bX;!R699@R69E!WBb;!3;!J'bX;!R69:@R6?R!

W"b;!3;!J'bX;!R6?B@R6EY!WBb;!3;!J'bX;!R6ED@R6E"!WDb;!3;!J'bX!

!

!

!

!

!

!

!



! R?!

WD@̂()/80 @B@WD@3()/802.) @B@(%80X@9@1/(%80&8&0-/(G@D@(%80XW1/(%80X3()/$%-%(!

W)H\ (

(

F-!$! '--3! )(31('$).'(! ,-0.)*-%! -=! )9 !WBY9!3>;! "6EB!33-0;! "! (N.*5X! *%!

I+^! W?! 3aX! <$,! $44(4! 4*3()/80$0.3*%*.3! &/0-'*4(! W"! ^! *%! /(G$%(! :6R"! 3a;!

:6R"! 33-0;! "^! *%! /(G$%(;! :6?! (N.*5X! 4'-1<*,(6! F/(! '(,.0)*%>! ,-0.)*-%! <$,!

,)*''(4c !$=)('!B!3*%.)(,!%($)!-&*3(%(!W?P:!3>;!E6B9!33-0;!D!(N.*5X!<$,!$44(4!

4'-1<*,(6!F/(! 3*G).'(! <$,! ,)*''(4!=-'! "9! /-.',! .1-%!</*&/! )*3(! )/(! '($&)*-%!

<$,!&--0(4!)-!:!h+!$%4!N.(%&/(4!28!)/(!$44*)*-%!-=!$N.(-.,!1-)$,,*.3!,-4*.3!

)$')'$)(!W"!^;!":!3aX6!F/(!3*G).'(! <$,!)/(%!(G)'$&)(4!<*)/!I+^!WD!G!"?!3aX;!)/(!

-'>$%*&!1/$,(! <$,!<$,/(4!<*)/! <$)('!W"?!3aX!$%4! )/(%!2'*%(!W"?!3aX;! 4'*(4!

-5('!^>UK E!$%4!&-%&(%)'$)(4('#(4$)2*6!F/(!'(,*4.(!<$,!)/(%!1.'*=*(4!28!&-0.3%!

&/'-3$)->'$1/8!WY?f?! 1()'-0(.3!,1*'*), Q7)KJ&X!)-!>*5(!)/(!)*)0(!&-31-.%4!$,!$!

</*)(!&'8,)$00*%(!,-0*4!W99AX6!

K*$*(PD6?@PE6?!h+;!PN! !:6??!WY?f?!1()'-0(.3! ,1*'*), Q7)KJ&X;!) a(ASP (?::!

^b];!+I+0 Df!w!R6YB!WBb;!4;!:(k!P!b];!B!G!J'bX;!R6?E!W"b;!4;!:(k!P!b];!J'bX;!R6E9!WBb;!

44!W$11$'(%)!)'*10()X;!:(k!P!b];!B!G!J'bX;!R6D:@R6BD!WEb;!3;!E!G!J'bX;!R6"E!W"b;!44!

W$11$'(%)!)'*10()X;!:(k!P!b];!B!G!J'bX;!?6??!W"b;!,;!+bB+b++bDX;!E6P9!W"b;!);!:!k!R!

b];!+b B+b+W+bDXBX;!E6B"!W"b;!44;(:!k!""!b];!R!b]!+K+bX;!D6EY!W"b;!4);!:(k!":6?!b];!

9!b];!J'+bX;!B6?:@B6E9!WBb;!3;!J'+b+b BX;!B6B9@B6B:!W"b;!3;!+K+b+b+X;!B6"Y@B6":!

WBb;!3;!+b B+b+W+bDXBX;!"6PE!WDb;!,;!+b D++bX;!"6?D;!WDb;!,;!+bD++bDX;!"6?B;!WDb;!,;!

+bD++bDX!)9 !(ASP( "B?!^b]; !+I+0Df!$!B::6R;! "E96?;! "DR6R;! "D96P;! "DB69;! "DB6";!

"BP69;!"BP6E;!"BP6";!"BR6B;!"B?6Y;!"BD6Y;!"B"6?;!?:6R;!ED6:;!DR6B;!D?6";!BY6:;!B?6P;!

BB6Y;!"R6Y!+P(D:"?;!BYRE;!BY":!"99P;!"?Y?;!"EEP;!"B"R;!":B:;!PDR;!R??;!R::!&3@

" ;! S?( Wt7UCX( DE?6B?! W^tbt X;! aPS?( Wt7UCX! &$0&.0$)(4! =-'! +B?b BYK! x^tb t y!

DE?6BB"B;!=-.%4!DE?6BBBB(



! R9!

R@̂()/80 @D;E@4*1/(%80@D$;E;?;R$@)()'$/84'- @" F@*%4(%(!W3JX(

(

(

F-! $! '--3! )(31('$).'(! ,-0.)*-%! -=! &/$0&-%(! )9( W"9R! 3>;! :6P:! 33-0;! "!

(N.*5X!*%!I+^!WE!3aX!<$,!$44(4!4*3()/80$0.3*%*.3!&/0-'*4(!W"!^!*%!/(G$%(,;!

:6P:!3a;!:6P:33-0;!"!(N.*5X!4'-1<*,(6!F/(! '(,.0)*%>!,-0.)*-%!<$,!,)*''(4!=-'!B!

3*%.)(,;!)/(%!%($)!-&*3(%(!WDB?!3>;!B6E:!33-0;!D!(N.*5X!<$,!$44(4!4'-1<*,(6!

F/(!'($&)*-%!<$,!,)*''(4!=-'!9!4$8,!.1-%!</*&/!)*3(!)/(!'($&)*-%!<$,!&--0(4!)-!:!

h+!$%4!N.(%&/(4!28!)/(!$44*)*-%!-=!$N.(-.,!1-)$,,*.3!,-4*.3!)$')'$)(!W"!^;!?!

3aX6!F/(!3*G).'(!<$,!)/(%!(G)'$&)(4!<*)/! I+^!WD!G!"?!3aX;!)/(!-'>$%*&!1/$,(!

<$,!<$,/(4!<*)/!<$)('!WD!G!"?!3aX!)/(%!2'*%(!W"?!3aX;!4'*(4!-5('!^>UK E!$%4!

&-%&(%)'$)(4!'#(4$)2*6!F/(!'(,*4.(!<$,!)/(%!1 .'*=*(4!28!&-0.3%!&/'-3$)->'$1/8!

WY?f?!1()'-0(.3!,1*'*), Q7)KJ&X!)-!$==-'4!)/(!)*)0(!&-31-.%4 !$,!&-0-'0(,,!&'8,)$0,!

WB"P!3>;!Y?!AX6!!

K*$*(R:6:6R"6:!h+;!PN! !:6?:!WYYf"!1()'-0(.3! ,1*'*), Q7)KJ&X;!) a(ASP (?::!

^b];!+I+0 Df!!

w!R6:"@96P9!W":b;!3;!J'bX;!96:B!W"b;!4;!:(k!B6?!b];!J'++bX;!?6?R!W"b;!4;!:!k!B!

b];! +bD++bX;!D6DB@D6BP!W"b;!)4;!:!k!":6?!b];!B!b];!J'+ bX;!B6Y:!W"b;!44!:!k!"96R;!P6?!

b];! J'+b+ bX;!B6PE@B6RP! W"b;! 3;! J'+b+bbX;! B6RD! W"b;! )4;!:( k! ":6?;! E6?! b];!

+b+bW+X+bX;! B6ED@B6D?! WBb;! 3;! J'+b+bb ! $%4! J'++b+bbX;! B6B:@B6"9! W"b;! 3;!

J'++b+b bX;!"6P:;!WDb;!,;!+bDX;!)9 !(ASP( "B?(^b];!+I+0 Df!$!"EP69;!"EE6Y;!"DR6E;!

"D96?;!"BP6E;!"BR6R;!"BR6E;!"B96E;!"B96D;!"B?6Y;!"B?6P;!"B"6:;!EY6Y;!E?69;!ED6R;!DR6Y;!

DD6:;!BB6"!+P!D:B?;!BY:R;!BPDR;!"EYB;!"EEE;!"B"9;!R?B;!9YD;!99R!&3@" ;!S?(Wt7UCX(

BPR6"Y!W^tbt X;!aPS?( Wt7UCX!&$0&.0$)(4!=-'!+BBb BBT$!x^tT$ t y!D:Y6""R:;!=-.%4!

D:Y6""9E!

(

(



! RR!

W7X@" @WB@b84'-G8 @E@3()/-G81/(%80X@D@1/(%801'-1 @B@(%@" @-%(!

(

3;( <$,!1'(1$'(4!$&&-'4*%>!)-!)/(!1'-&(4.'(!-=! #*%H(8!$%4!&-<-'H(',6R"!

F-!$!,)*''(4!,-0.)*-%!-=! B@/84'-G8 @E@3()/-G8$&()-1/(%-%(! W"6::!>;!96:B!33-0;!"!

(N.*5X!$%4!2(%]$04(/84(!WR::!3>;!969:!33-0;!969! (N.*5X!*%!3()/$%-0!W":!3aX!

<$,!$44(4!$N.(-.,! \Kb!W"6R:!>;!D:!33-0! *%! ":!3a!b BK;!D:! (N.*5X!4'-1<*,(6!

F/(! '(,.0)*%>! ,.,1(%,*-%! <$,! '(=0.G(4! =-'! B! /-.',! $%4! )/(%! ,)*''(4! $)! '--3!

)(31('$).'(! -5('%*>/)6! F/(! '($&)*-%! 3*G).'(! <$,! )/(%! 1-.'(4! -%)-! *&(! $%4!

$&*4*=*(4!)-!1b!E!.,*%>!$N.(-.,!b+0!WB!^X!)/(!'(,.0)*%>!1'(&*1*)$)(!<$,!&-00(&)(4!

28! ,.&)*-%!=*0)'$)*-%;!<$,/(4!<*)/!bBK!W9:!3aX!$%4! '(&'8,)$00*,(4!='-3!4*()/80!

()/('! )-! >*5(! )/(! )*)0(! &-31-.%4 ( $,! $! 2'*>/)! 8(00-<! 1-<4('! W"6D"! >;! P9AX6!

U1(&)'-,&-1*&!4$)$!<$,!&-%,*,)(%)!<*)/!)/$)!1'(5*-.,08!'(1-')(46 RB!!

K*$( ":D6?! h+L( W0*)RB( ":96R@":R6R! h+X( PN! :6DD! WY?f?;!1()'-0(.3!

,1*'*), Q7)KJ&XL() a(ASP( ?::!^b];!+I+0 Df! f! !w!"D6E:!W"b;! ,;!KbX;!R6PY!W"b;!4;!:!k!

"?6?!b];!+K+b+bX;!R6PD!W"b;!4;!:!k!P6?!b];!J'bX;!R69R@R69?!WBb;!3;!J'bX;!R6?P!W"b;!

4;!:!k!"?6?!b];!+K+b+bX;!R6ED@R6EB!WDb;!3;!J'bX;!96EY!W"b;!4;!:(k!P6?!b];!J'bX;!96EP!

W"b;!,;!J'bX;!D6PR!WDb;!,;!K+bDX!)9 !(ASP( "B?!^b]! +I+0DW(w!"YB6:;!"996Y;!"996?;!

"EE69;! "D?6:;! "D"6?;! "D:6P;! "BY6:;! "BP6R;! "B:69;! ""E6D;! ":R6Y;! ":"6D;! ??6P(S?(

Wt7UCX(B??6""! W^tbt X;!aPS?( Wt7UCX! &$0&.0$)(4! =-'! +"9 b "? KD!x^tb t y! B??6":"?;!

=-.%4!B??6":BB!

!

!

1-(2-hydroxy-4,6-dimethoxyphenyl)ethanone!

!!

(

1-(2-hydroxy-4,6-dimethoxyphenyl)ethanone! <$,! 1'(1$'(4! $&&-'4*%>! )-! )/(!



! RP!

1'-&(4.'(! -=! J1-%)(! $%4! &-! <-'H(',6 RD! B;E;9@F'*/84'-G8$&()-1/(%-%(!

3-%-/84'$)(!WB6BE>!""6Y!33-0;! "! (N.*5X!<$,!4'*(4! -5('!# BK?!$)! "9:! - +! .%4('!

5$&..3!=-'!E!/-.',6!F/(!'(,.0)*%>!B;E;9 @)'*/ 84'-G8$&()-1/(%-%(!$%4!$%/84'-.,!

\ B+KD!W:6Y9?!>;!R6"!33-0;!:69!(N.*5X!<('(!4*,,-05(4!*%!$&()-%(6!I*3()/80,.0=$)(!

W"6":>;!R6Y:! 33-0;! :699! (N.*5X!<$,! $44(4!4'-1<*,(! $%4! )/(! '(,.0)*%>!3*G).'(!

<$,! /($)(4!)-! '(=0.G!=-'!B! /-.',;! .1-%!</*&/!)*3(!$N.(-.,!T$Kb!WB^; !"B!3aX!

<$,! $44(4;! =-00-<(4! 28! bBK! W":3aX6! J=)('! "?! 3*%.)(,! =.')/('! ,)*''*%>! )/(!

$&()-%(!<$,! '(3-5(4! '#(4$)2*>(F/(!$N.(-.,!3*G).'(!<$,!(G)'$&)(4!<*)/!7)KJ&!

WD!G!B?!3aX6!F/(!&-32*%(4!-'>$%*&!(G)'$&),!<('(!<$,/(4!<*)/!bBK!WD!G!B?!3aX;!

2'*%(!WB!G!B?!3aX;!4'*(4!-5('!^>UK E!$%4!&-%&(%)'$)(4!'#(4$)2*6(#.'*=*&$)*-%!-%!

,*0*&$!>(0!W":f"!1()'-0(.3! ,1*'*),Q7)KJ&X!$==-'4(4! )/(! )*)0(!&-31-.%4!$,!$%! -==!

</*)(! ,-0*4! W"DB! 3>;! 9AX6! U1(&)'-,&-1*&! 4$)$! <$,! &-%,*,)(%)! ! <*)/! )/$)!

1'(5*-.,08!'(1-')(46 RD!!

! K*$*(RY6?@P"6:!h+;!W0*)RE!RY@P"!h+X!PN(:6D?!W":f"!1()'-0(.3!,1*'*),Q7)KJ&X; ) a(

ASP( ?::!^b]!+I+0 Df!$!96:9!W"b;! ,;!J'bX;(?6YB!W"b;! ,;!J'bX;(D6P?!WDb;! ,;!K+bDX;!

D6PB!WDb;!,;!K+bDX;!B69"!WDb;!,;!+WKX+bDX(WKb!%-)!-2,('5('X!

!

(

W7X@" @WB@WV(%]80-G8X@E@3()/-G81/(%80X@D@1/(%801'-1 @B@(%@" @-%(!W3HX(

!!

!W7X@" @WB@b84'-G8 @E@3()/-G81/(%80X@D@1/(%801'-1 @B@(%@" @-%(! WDYP! 3>;!

"6?9!33-0;! "! (N.*5X!$%4!\B+KD!WEDB!3>;!D6"D!33-0;!B!(N.*5X!<$,!4*,,-05(4!*%!

I^Z! W?! 3aX! $%4! ,)*''(4! $)! '--3! )(31('$).'(6! V(%]80! 2'-3*4(! WE::! 3>;! B6D?!

33-0;!"6?(N.*5X!<$,!$44(4!4'-1<*,(!$%4!)/(!3*G).'(!<$,!'(=0.G(4!$)!9:!h+6!F/(!

'($&)*-%! <$,! )/(%! &--0(4! $%4! =*0)('(46! F/(! =*0)'$)(! <$,! &-%&(%)'$)(4!'#( 4$)2*;!

4*,,-05(4! *%! 7)BK! WD:! 3aX! $%4! <$,/(4! <*)/! $N.(-.,! b+0! W"! ^;! E! G! B?! 3aX!

=-00-<(4! 28! 2'*%(! WE! G! B:! 3aX;! 4'*(4! ! -5('! ^>UKE;! &-%&(%)'$)(4!'#( 4$)2*! $%4!



! RY!

'(&'8,)$00*,(4! *%!7)BK! )-!$==-'4!)/(! )*)0(!&-31-.%4 !$,!4.00!8(00-<!&'8,)$0,!WEB9!

3>;!RYAX6!U1(&)'-,&-1*&!4$)$!<$,!&-%,*,)(%)!!<*)/!)/$)!1'(5*-.,08!'(1-')(4 6R?!

K*$*(YE6B!h+;!W0*)R?! ":? @":9h!+X;!PN( (:6?:!WY?f?!1()'-0(.3! ,1*'*), Q7)KJ&X;!

) a(ASP (?::!^b];!+I+0 Df!w!R6PY!W"b;!4;(:(;(P!b];!+WKX+b+bX;!R69:!WBb;!N;!:(k!BD!

b];! "9!b];!J'bX;!R6E"!W"b;!4;!:!k!P!b];!+WKX+b+bX;!R6E:!W"b;!4!:(k! "6?!b]!J'bX;!

R6BY@R6B:!WPb;!3;!P!G!J'bX;!96?R!W"b;!4!:(k! "6?!b]!J'bX;!96?E!W"b;! ,;!J'bX;!?6"E!

WBb;! ,;! K+bBJ'X;! D6PR! WDb;! ,;! K+bDXc!)9 !( ASP( "B?! ^b]! +I+0Df! $! "PY6Y;! "9E69;!

"9:6:;!"EB6:;!"D96B;!"D?6R;!"DD69;!"BY6Y;!"BP6Y;!"BP6Y;!"BP6?;!"BP6E;!"BR6Y;!"BR6R;!

"BB6E;! ":96:;! YY6Y;! R"6";! ??6P;( +P(D::P;! BYE:;! BPDP;! "9?:;! "9:9;! "EYR;! "EEP;!

"DP";!"DD";!"BP";!"B?:;!"B"";!""9P;!""BE;!":B";!Y"B;!PD";! R9D!&3@) ;(S?(Wt7UCX!

DE?69P! W^tbt X;!aPS?( Wt7UCX! &$0&.0$)(4! =-'! +BDb B:KDT$! x^tT$ t y! D9R6"D:E;!

=-.%4!D9R6"D:R(

!

!

W7X@B@+*%%$3-80@?@3()/-G81/(%80!$&()$)(!W3I X!

(

F-! $! ,)*''(4;! '--3! )(31('$).'(! ,-0.)*-%! -=! W7X@" @WB@b84'-G8 @E@

3()/-G81/(%80X@D@1/(%801'-1 @B@(%@" @-%(! W"E:! 3>;! :6??! 33-0;! "! (N.*5X! *%!

18'*4*%(! WE! 3aX! <$,! $44(4! $&()*&! $%/84'*4(! WPE! 3>;! :6PB! 33-0;! "6?! (N.*5X!

4'-1<*,(6! F/(! 3*G).'(! <$,! ,)*''(4! =-'! 9! /-.',;! )/(%! N.(%&/(4! <*)/! $N.(-.,!

T$b+KD!W?!3aX!$%4!,)*''(4!=-'!$!=.')/('! /-.'6!F/(!3*G).'(!<$,! )/(%!(G)'$&)(4!

<*)/! 7)KJ&! WD! G! "?! 3aX6! F/(! &-32*%(4! -'>$%*&! (G)'$&),! <('(! <$,/(4! <*)/!

$N.(-.,! b+0! W"! ^;! ! D! G! "?! 3aX;! 2'*%(! W"?! 3aX;! 4'*(4! -5('! ^>UKE! $%4!

&-%&(%)'$)(4! '#( 4$)2*>! F/(! '(,.0)*%>! '(,*4.(! <$,! 1.'*=*(4! 28! &-0.3%!

&/'-3$)->'$1/8!WY?f?! 1()'-0(.3!,1*'*), Q7)KJ&X!)-!>*5(!)/(!)*)0(!&-31-.%4!$,!$!

8(00-<!-*0!W":E!3>!9DAX6!U1(&)'-,&-1*&!4$)$!<$,!&-%,*,)(%)!<*)/!)/$)!1'(5*-.,08!

'(1-')(46 R9!



! P: !

( PN! !:6B:!WYYf?!1()'-0(.3! ,1*'*), Q7)KJ&X;!) a(ASP( ?::! ^b] ;! +I+0Df!w!R6RY!

W"b;!4;!:(; !P6?!b];!+K+b+bX;!R69B!W"b;!4;!:(; !P6?!b];!+K+b+bX;!R69"@R6?Y!WBb;!3;!B!

G!J'bX;!R6ED@R6E"!WDb;!3;!D!G!J'bX;!R6BP!W"b!!,;!J'bX;!96PP!W"b;!4;!:(; B!b];!J'bX ;!
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WB7X@@@3()/-G8 @@@3()/80 @D@1/(%801'-1 @B@(%$3*4(!W"69"!>;!P6E9!33-0;!"!

(N.*5X!<$,!&-32*%(4!<*)/!-&*3(%(!WD6?:>;!B?!33-0;!E6?!3a;!D!(N.*5X!$%4!/($)(4!

)-!"E:!h+!*%!$!,($0(4!).2(!=-'!D!4$8,6!!F/(!3*G).'(!<$,!&--0(4!$%4!1.'*=*(4!5*$!

=0$,/!&/'-3$)->'$1/8!<*)/! 1()'-0(.3! ,1*'*),Q7)KJ&!W?::! 3a!Yf";!B?:! 3a!PfB;!

?::!3a!"f"X!>$5(!)/(!)*)0(!&-31-.%4!$,!$!8(00-<!-*0!W"6Y"!>;!R:AX!

) a( ASP( ?::! ^b];! +I+0 Df! !w! R6B?@R6BB! WBb;! 3X;! R6"?@R6"B! WDb;! 3X;! ?6?:!

W"b;! ,X;!E6YD!W"b;!);!:!k!?!b]X;!D6R9!WEb;!2,X;!D6DY!W"b;!44;!:!k!"B!b];!?!b]X;!D6:B!

WDb;!,X!B6D?!WBb;!2,X;!B6D:@B6BR!W"b;!3X;!"6Y9@"6Y:!WBb;!3X;!"6R?!WDb;!,X;!"69"!WDb;!

,X;!"6E:!WDb;!,Xc!)9 !(ASP( "B?!^b];!+I+0 Df!!w!"RR6Y!W+X;!"ED6"!W+X;!"DR6D!W+X;!"D:69!

W+X;!"BP6D!W+bX;!"BP6B!W+bX;!"B96:!W+bX;!"BD6R!W+bX;!"B:6D!W+bX;!9"6Y!W+bDX;!E96P!

W+bX;!E?6D!W+bX;!DE69!W+bX;!D:69!W+bDX;!BY6P!W+bBX;!BR6E!W+bBX;!B96:!W+bDX;!BB6P!

W+bDX;! "P6"! W+bDXc!+P! D:"?;! BY9B;! BY"B;! "99B;! "EY9;! "E?B;! "DPD;! ""R?;! """D;!



! Y?!

"::"! &3 @" c!S?( Wt7UCX! DBP6D! W^tbt Xc( aPS?( Wt7UCX! &$0&.0$)(4! =-'! +B"b BYTKBT$!

x^tT$ t y!(G1(&)(4!D?:6B:Y:!=-.%4!D?:6B:RD!

!

!

" @̂()/-G8 @D;?@2*,W3()/-G83()/-G8X2(%](%(!W==X!

!

?@̂()/-G8'(,-'&*%-0!WRD6B!3>;! :6?B!33-0;! "! (N.*5X!<$,! ,)*''(4! *%! I+^!

W"6?!30X!<*)/!@A@64**,-1'-180()/80$3*%(!WB:B!3>;!"6?9!33-0;!D!(N.*5X!$)! '--3!

)(31('$).'(6!$=)('!B:!3*%.)(,!,)*''*%>;!^K^+0!W"9P!3>;!B6:Y!33-0;!E!(N.*5X!<$,!

$44(4!4'-1<*,(6!F/(!'($&)*-%!3*G).'(!<$,!,)*''(4!=-'!$!=.')/('!B!/-.',!$%4!)/(%!

N.(%&/(4!<*)/!$ N.(-.,!\Kb!WB^!":!3aX6!F/(!'($&)*-%!<$,!)/(%!(G)'$&)(4!<*)/!

7)BK!WB?!3aX;! )/(! -'>$%*&!1/$,(!<$,!<$,/(4!<*)/!$N.(-.,!Tb E+0!WB!G!"?!3aX!

$%4!2'*%(!W"?!3aX;!4'*(4!-5('!^>UKE!$%4!&-%&(%)'$)(4!'#(4$)2*>(#.'*=*&$)*-%!-%!

,*0*&$! >(0! WEf"! 1()'-0(.3! ,1*'*),Q7)KJ&X! $==-'4(4! )/(! )*)0(! &-31-.%4! $,! $!

&-0-'0(,,! -*0! W"?6E! 3>;! "DAX6! U1(&)'-,&-1*&! 4$)$! <$,! &-%,*,)(%)! <*)/! )/$)!

1'(5*-.,08!'(1-')(46! PD!

) a( ASP( ?::! ^b];! +I+0 D!96D9@96D?! W"b;! 3;! J'bX;! 96BY@96BP! WBb;! 3;! B! G!

J'bX;!?6"D!WEb;!!,;!B!G!+bBX;!D6R9!WDb;!,;!K+bDX;!D6ER!W9b;!,;!B!G!K+bDXc!)9 !(ASP(

"B?!^b];!+I+0 Df! !w! "9"6?!W+X;! "?Y6"!W+X;!YR6?!W+bX;!Y96E!W+bX;!YE69!W+bBX;!?96B!

W+bDX;! ??6?! W+bDXc!S?( Wt7UCX( BBY6""! W^tbt Xc!aPS?( Wt7UCX! &$0&.0$)(4! =-'!

+"" b "9 K?T$!x^tT$ t y!(G1(&)(4!B?"6:PPY!=-.%4!B?"6:PPR!

!

!

!

!



! Y9!

" @̂()/-G8 @D;?@2*,W3()/-G8()/80)'*3()/80,*0$%(X2(%](%(!W=GX!

!

?@3()/-G8'(,-'&*%-0!WRB6:!3>;! :6?"!33-0;! "! (N.*5X!<$,! ,)*''(4! *%! I+^!

W"6?!30X!<*)/!@A@64**,-1' -180()/80$3*%(!WB::!3>;!"6?E!33-0;!D!(N.*5X!$)! '--3!

)(31('$).'(6! $=)('! B:! 3*%.)(,! ,)*''*%>;! U7^+0! W"YR! 3>;! "6BD! 33-0;! B6E! (N.*5X!

<$,!$44(4!4'-1<*,(6!F/(!'($&)*-%!3*G).'(!<$,!,)*''(4!=-'!$!=.')/('!9!/-.',!$%4!

)/(%!N.(%&/(4!<*)/! ,$).'$)(4!$N.(-.,!T$ B+KD!W":!3aX6!F/(! '($&)*-%!<$,!)/(%!

(G)'$&)(4!<*)/!7) BK!WB?!3aX;!)/(!-'>$%*&!1/$,(!<$,!<$,/(4!<*)/!$N.(-.,!Tb E+0!

WB! G! "?! 3aX! $%4! 2'*%(! W"?! 3aX;! 4'*(4! -5('! ^>UKE! $%4! &-%&(%)'$)(4!'#( 4$)2*>(

#.'*=*&$)*-%! -%! ,*0*&$! >(0! WY?f?! 1()'-0(.3! ,1*'*),Q7)KJ&X! $==-'4(4! )/(! )*)0(!

&-31-.%4!$,!$!1$0(!8(00-<!-*0!W9D6B!3>;!D:AX6!

) a(ASP( ?::!^b];!+I+0 D!96D9W"b;!3;!J'bX;!96BP!WBb;!3;!J'bX;!?6"R!WEb;!,;!

B!G!+bBX;!D6R9!WDb;!,;!K+bDX;!D6RE!WEb;!);!:!k!P6:!b];!B!G!+bBX;!:6Y9!WEb;!);!:!k!P6:!b];!

B!G!+bBX;!:6:B!W"Pb;!,;!B!G!+W+bDXDXc)9 !(ASP( "B?!^b];!+I+0 Df!!w!"9"6E!W+X;!"?Y6D!

W+X;! Y96B! W+bX;! YD6"! W+bBX;! Y"6R! W+bX;! 996E! W+bBX;! ??6E! W+bDX;! "B6P! W+bBX;!@"6B9!

W+bDXc!+P!BYPB;!BP"?;!"9BR;!"?PD;!"?R";!"E:B;!"DPY;!"":D;!":R:;!YPD;!RR9;!RE9;!

RB"3! ?:D! &3 @" c(aPS?( Wt7UCX! &$0&.0$)(4! =-'! +"Yb D9K?U*BT$! x^tT$ t y! (G1(&)(4!

EBB6"YYD!=-.%4!EBB6"YY:!!

! !

B@V'-3- @?@3()/-G82(%](%( @";D@4*-0!WG)X!

(

F-!$!,.,1(%,*-%!-=!?@3()/-G8'(,-'&*%-0!WB?:!3>;!"6RP!33-0!"!(N.*5X!*%!

+b+0D! W":! 3aX! $%4! 4*-G$%(! W:6E! 3aX! $)! :! h+! <$,! $44(4! *%! 1-')*-%,! -5('! D:!

3*%.)(,! B;E;E;9@)()'$2'-3-&8&0-/(G $@B;?@4*(%@" @-%(! WP::! 3>;! "6Y9! 33-0;! "6"!



! YR!

(N.*5X6!F/(!'(,.0)*%>!,-0.)*-%!<$,!,)*''(4!$)!!:!h+!-5('%*>/);!)/(%!&-%&(%)'$)(4!'#(

4$)2*>!Z0$,/!&/'-3$)->'$1/8!<*)/!I+^!$==-'4(4!)/(!)*)0(!&-31-.%4!$,!$!1*%H!-*0!

W"Y?!3>;!?:!AX6!T^S!4$)$!<$,!&-%,*,)(%)!<*)/!0*)('$).'(!5$0.(,6 DE(

) a(ASP( ?::!^b];!+I+0 Df! !w!96BB!WBb;!3;!B!G!J'bX;!?6E?!WBb;! ,;!B!G!KbX;!

D6R?!WDb;!,!K+bDX((

(

(

xB@WB@V'-3- @?@3()/-G8 @D@

zxBW)'*3()/80,*080X()/-G8y3()/-G8{1/(%-G83()/-G8X()/80y)'*3()/80,*0$%(!WG3X!

(

F-!$!,-0.)*-%!-=!B@2'-3- @?@3()/-G82(%](%( @";D@4*-0!WG)\ !W"::!3>;!:6ER!

33-0;! "! (N.*5X! *%! FbZ! WD! 3aX! <$,! $44(4!@A@64**,-1'-180()/80$3*%(! WDD?!µa;!

"6YB!33-0;!E6"!(N.*5X!4'-1<*,(6!F/(!,-0.)*-%!<$,!,)*''(4!=-'!":!3*%.)(,!$)!'--3!

)(31('$).'(6!U7^+0!W"9:! µa;!:6Y9!33-0;!B6:?!(N.*5X!<$,!$44(4!4'-1<*,(!-5('!?!

3*%.)(,6!F/(!,-0.)*-%!<$,!)/(%!,)*''(4!=- '!E!/-.',!.1-%!</*&/!)*3(!)/(!'($&)*-%!

<$,!4*0.)(4!<*)/!b BK6!F/(!'($&)*-%!3*G).'(!<$,!(G)'$&)(4!<*)/!7) BK!WD!G!"?!3aX!

$%4! )/(! &-32*%(4! -'>$%*&! 1/$,(,! <('(! <$,/(4! <*)/! 2'*%(;! 4'*(4! -5('! ^>UK E;!

&-%&(%)'$)(4!'#( 4$)2*! $%4! )/(! &'.4(! 1'-4.&)! <$,! 1.'*=*(4! 28! &-0. 3%!

&/'-3$)->'$1/8! WI+^X! )-! >*5(! )/(! )*)0(! &-31-.%4! $,! $! &-0-'0(,,! -*0! W"9R! 3>;!

R?AX6!U1(&)'-,&-1*&!4$)$!<$,!&-%,*,)(%)!<*)/!)/$)!1'(5*-.,08!'(1-')(46 PE!

PNL(:6Y:!*%!I+^c() a(ASP( ?::!^b];!+I+0 Df! !w!96EP!WBb;!3X;!?6B9!WEb;! ,X;!

D6RY!WDb;!,X;!D6P:!WEb;!$11$'(%)!);!:!k!R!b]X;!:6Y9!WEb;!$11$'(%)!);!:!k!R!b]X;!:6:B!

W"Pb;! ,Xc( )9 !(ASP( "B?!^b];!+I+0 Df! !w!"9:6B!W+X;!"??69!W+X;!Y96?!W+bX;!Y?6:!W+X;!

YD6P!W+bBX;!996P!W+bBX;!??6R!W+bDX;!"P6"!W+bBX;!@"6B?!W+bDX6!(

!



! YP!

W±X@W"S;?U;9SX@E@̂()/80 @?@WD@3()/802.) @B@(%@" @80X@9@1/(%80&8&0-/(G@D@(%(@" @

&$'2$04(/84(!WG9X!

!

F-!$!,-0.)*-%!-=!W±X@W"S;?U;9SX@@@3()/-G8 @@;E@4*3()/80 @?@WD@3()/802.) @

B@(%@" @80X@9@1/(%80&8&0-/(G@D@(%(@" @&$'2-G$3*4(! W=3X! W9??! 3>;! B6::! 33-0;! "!

(N.*5X!*%!FbZ!WB!3aX!$)!e!RP!h+!<$,!$44(4!ICVJa!WB!^!*%!)-0.(%(;!B6::!30;!E6::!

33-0;!B!(N.*5X6!)/(!,-0.)*-%!<$,!<$'3(4!)-!'--3!)(31('$).'(!$%4!,)*''(4!=-'!"!

/-.'6! F/(! '($&)*-%! <$,! N.(%&/(4! <*)/! ,$).'$)(4! $N.(-.,! Tb E+0! ,-0.)*-%6! F/(!

3*G).'(!<$,!(G)'$&)(4!<*)/!7) BK!WD!G!"?!3aX6!F/(!&-32*%(4!-'>$%*&!1/$,(,!<('(!

<$,/(4! <*)/! b BK! WB:! 3aX;! 2'*%(! WB:! 3aX;! 4'*(4! -5('! ^>UKE;! &-%&(%)'$)(4!'#(

4$)2*>(!Z0$,/!&/'-3$)->'$1/8!<*)/!1()'-0(.3!,1*'*),Q7)KJ&!WY?f?X!$==-'4(4!)/(!

)*)0(!&-31-.%4!!$,!$!&-0-'0(,,!-*0!WER?!3>;!PPAX!

PN(W!:6P:!WY?f?!1()'-0(.3!,1*'*),Q7)KJ& Xc!) a(ASP(?::!^b];!+I+0 D!w!Y6EE!W"b;!4;!:!

k!D!b]X;!R6BY@R6B9!WBb;!3X;!!R6B"@R6"R!WDb;!3X;!?6?:!W"b;!,X;!E6P?!W"b;!);!:!k!R!b]X;!

D6D?!W"b;!44;!:!k!"";!?!b]X;!D6::!W"b;!44);!:(k!"";!R;!D!b]X;!B6BR@B6B?!WEb;!3X;!"6YY@

"6YD!W"b;!3X;!"6R9!WDb;!,X;!"6?R!WDb;!,X;!"6BP!WDb;!,Xc!)9 !(ASP( "B?!^b];!+I+0 Df!!w!

B:E6E! W+X;! "E"6D! W+X;! "DP6B! W+X;! "D"6R! W+X;! "BY6"! W+bX;! "BP6E! W+bX;! "B969! W+bX;!

"BD6"!W+bX;!""Y6E!W+bX;!E96R!W+bX;!EE6D!W+bX;!ED6P!W+bX;!BR69!W+bBX;!B?6Y!W+bBX;!

BE6P!W+bDX;!BB6P!W+bDX;!"R6R!W+bDXc!+P!D:B9;!BY9D;!BY"D;!BR:?;!"RBE;!"9:";!"EYE;!

"E?B;! "DR9;! ":EY;! Y"D;! P?D! &3@" c!S?( Wt7UCX( B9Y6BB! W^tbt Xc!aPS?( Wt7UCX!

&$0&.0$)(4!=-'!+"Yb BEKT$!x^tT$ t y!(G1(&)(4!BY"6"R"Y!=-.%4!BY"6"R":!

!

!

!

!



! YY!

W±X@xE@3()/-G8 @B;9@2*,WzxB@

W)'*3()/80,*080X()/-G8y3()/-G8{X1/(%80yxW"S;?U;9SX@E@3()/80 @?@WD@3()/802.) @

B@(%@" @80X@9@1/(%80&8&0-/(G@D@(%@" @80X3()/$%-0!WG;X!

!

!

F-!$!,-0.)*-%!-=!G3!WR?!3>;!:6"9!33-0;!"6B!(N.*5X!*%!FbZ!W"!3aX!$)!!@RP!h+!

<$,!$44(4!V.a*!WB!^!*%!b(G$%(;!Y:!µa;!:6"P!33-0;!"6E!(N.*5X6!F/(!,-0.)*-%!<$,!

<$'3(4!)-!'--3!)(31('$).'(!!=-'!"?!3*%.)(,6!F/(!,-0.)*-%!<$ ,!$>$*%!&--0(4!)-!@

RP! h+! $%4! $! ,-0.)*-%! -=!G9(WD?! 3>;! "6DB! 33-0;! "! (N.*5X! *%! FbZ! W"! 3aX6! F/(!

,-0.)*-%!<$,!,0-<08!<$'3(4!)-!'--3!)(31('$).'(!-5('!B!/-.',!$%4!,)*''(4!=-'!"!

/-.'!=.')/('6!F/(! ,-0.)*-%!<$,!&--0(4! )-! :!h+!$%4!$N.(-.,!Tb E+0!WB:!3aX!<$,!

$44(46!F/(!3*G).'(!<$,!(G)'$&)(4!<*)/!7) BK!WD!G!"?!3aX6!F/(!&-32*%(4!-'>$%*&!

1/$,(,! <('(! <$,/(4! <*)/! b BK! WB:! 3aX;! 2'*%(! WB:! 3aX;! 4'*(4! -5('! ^>UKE;!

&-%&(%)'$)(4!'#( 4$)2*>(! Z0$,/! &/'-3$)->'$1/8! <*)/! 1()'-0(.3! ,1*'*),Q7)KJ&!

WYf"X!$==-'4(4!$!DfB!3*G).'(! -=! )/(!$2-5(!&-31-.%4,!$,!$!8(00-<! -*0!WER6R!3>;!

??AX!

PN( W! :6B?! WYf"!1()'-0(.3! ,1*'*),Q7)KJ& Xc!) a( ASP( ?::! ^b];! +I+0 D!w! R6BY@R6":!

W"B6?b;!3X;!96E9!WDb;!,X;!96E:!WBb;!,X;!?6EY!W"6?b;!,X;!?6DR!W"b;!,X!?6BB@?6:Y!W"B6?b;!

3X;!?6:?!W"b;!);!:!k!R!b]X;!E69Y!W"b;!);!:!k!R!b]X;!D6RP!WR6?b;!,X;!D6R9@D69E!W":b;!3X;!

D6?E!W"6?b;!4!:!k!":b]X;!D6D?!W"b;!4!:!k!":b]X;!B6PE!W"6?b;!44;!9;9!b]X;!B6RE!W"b;!

2,X;!B6ED@B6DY!WB6?b;!3X;!B6BD@B6"Y!WB6?b;!3X;!B6:P@B6:?!W"b;!3X;!B6:9@"6PR!W":b;!

3X!"6PB!WDb;!,X;!"6R?!WE6?b;!,X;!"6?Y!WDb;!,X;!"6ER!WE6?b;!,X;!"6B"!WDb;!,X;!"6"9!WE6?b;!

,X;!"6:D!WDb;!,X!:6YR@:6PP!W":b;!3X!:6::!WE?b];! ,Xc!)9 !(ASP( "B?!^b];!+I+0 Df! !w!

"9:6"!W+X;!"?R6:!W+X;!"?96P!W+X;!"EE6Y!W+X;!"ED6Y!W+X;!"DR6:!W+X;!"D96D!W+X;!"D"6R!

W+X;!"D:6P!W+X;!"BY6R!W+bX;!"BY69!W+bX;!"BR6P!W+bX;!"BR6R!W+bX;!"B?69!W+bX;!"B?6E!



! ":: !

W+bX;!"BE6:!W+bX;!"BD6R!W+bX;!"BB6E!W+bX;!"B"6P!W+bX;!""D6R!W+X;!""D6:!W+X;!Y?6B!

W+bBX;! YE6Y! W+bBX;! YD6R! W+bX;! YD6E! W+bX;! 9Y6D! W+bX;! 9P6E! W+bX;! 996P! W+bBX;! 9969!

W+bBX;! ??6?! W+bDX;! ??6E! W+bDX;! E?6Y! W+bX;! E?6B! W+bX;! EB6Y! W+bX;! EB6:! W+bX;! E"6Y!

W+bX;!DR69!W+bX;!BR6R!W+bBX;!BR69!W+bBX;!B?6Y!W+bBX;!B?6R!W+bBX;!BE6"!W+bBX;!BB69!

W+bDX;!BB6"!W+bDX;!"P6B!W+bDX;!"P6"!W+bDX;!"R6?!W+bDX;!"R6B!W+bDX;!@"6B!W+bDX;!@"6D!

W+bDXc!+P!D9EP;!D?9?;!DEBY;!B":D;!"9D9;!"?:P;!"E?R;!"BEP;!""YR;!":DP;!PD?!&3@" c!

S?( Wt7UCX(9Y"6ERW^tT$t Xc!aPS?( Wt7UCX! &$0&.0$)(4! =-'! +DPb 9: K9U*BT$! x^tT$ t y!

(G1(&)(4!9Y"6DPB:!=-.%4!9Y"6DRYE!

!

!

W±X@xB@W?@̂()/-G8 @B@zxW"S;!?U;!9SX@E@3()/80 @?@WD@3()/802.) @B@(%@80X@9@

1/(%80&8&0-/(G@D@(%@" @80y&$'2-%80{@D@

zxBW)'*3()/80,*080X()/-G8y3()/-G8{1/(%-G83()/-G8X()/80y)'*3()/80,*0$%(!WG<\!

!

F-!$!,)*''(4!,.,1(%,*-%!-=!I(,, e^$')*%!1('*-4*%$%(!W"DB!3>;!:6D"!33-0!

?!(N. *5X!$%4!18'*4*%(!WB9!3>;!:6DR!33-0;!9!(N.*5X!*%!I+^!WD!3aX!<$,!$44(4!G;(

WEB!3>;! :6:9D!33-0;! "! (N.*5X6!F/(! ,.,1(%,*-%!<$,! ,)*''(4!=-'!B!4$8,! $)! '--3!

)(31('$).'(6! T$ BUKD! W":! 3aX! <$,! )/(%! $44(4! $%4! )/(! 3*G).'(! <$,! ,)*''(4!

5*>-'-.,08!=-'!B:!3*%.)(,;!)/(%!(G)'$ &)(4!<*)/!7) BK!WD!G!B:!3aX6!F/(!&-32*%(4!

-'>$%*&! (G)'$&),! <('(! <$,/(4! <*)/! 2'*%(! WB:! 3aX! 4'*(4! -5('! ^>UK E! $%4!
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&/'-3$)->'$1/8!WRfD!1()'-0(.3!,1*'*),!f!7)KJ&X!)-!>*5(!)/(!)*)0(!&-31-.%4!$,!$!

&-0-'0(,,!-*0!W"E3>;!!EYAX(

(

PN!k!:6B:!WRfD!1()'-0(.3!,1*'*),Q7)KJ& Xc!) a(ASP !W?::!^b];!+I+0 DX;!R69B!

W"b;!4;!:!k!":!b];!J'bX;!R6D?!W"b;!4;!:(k!Y!b];!J'bX;!R6:?!W"b;!4);!:(k!"?;!R!b];!+b@

B+b+bX;!96P?!W"b;!4;!:(k!Y!b];!J'bX;!96BE!W"b;!4;!:(k!":!b];!J'bX;!!?6RY!W"b;!4;!:(k!

"?b]!+b B+b+bX;!D6Y"!WDb;!,;!+bDX;!D6RE;!WBb;!4;!:!k!R!b]!+bBXL(D69P!WDb;!,;!+bDXc!

)9 !( ASP ! W"B?! ^b];! +I+0DX!$! "9R6B;! "9"6:;! "9:6?;! "?D6";! "E?6R;! "ED6R;! "BR6?;!

"B"6R;!""D6Y;!""D6E;!""D6";!":R6?;!?96D;!?"6?;!B?6Ec!S?(Wt7UCX(BYR6:P(W^tT$t X!

!

!

B@WB@KG-@Bb;Pb;Yb@=.'-xB;D@/y&/'-3(% @P@80X$&()*&!$&*4!W))3 X!

!

!

! +-31-.%4! )JH(W"?:!3>;!:6?P!33-0;!"!(N.*5X!<$,!4*,,-05(4!*%!I+^!W?!3aX!

$%4!&--0(4! )-!@":!h+6!J! I+^! ,-0.)*-%! -=!VV' D!WB6P!3a;!B6P!33-0;!?! (N.*5X!<$,!

)/(%! $44(4! 4'-1<*,(6! F/(! '($&)*-%! 3*G).'(! <$,! $00-<(4! )-! <$'3! )-! '--3!

)(31('$).'(!$%4!,)*''(4!-5('!%*>/)6!F/(!'($&)*-%!3*G).' (!<$,!N.(%&/(4!<*)/!)/(!

,0-<!$44*)*-%! -=! (G&(,,! $N.(-.,!T$b+K D! ,-0.)*-%!$%4!4*0.)(4!<*)/!7)KJ&6!F/(!

3*G).'(!<$,!%().'$0*,(4!<*)/! "^!b+0!$%4!<$,/(4!<*)/!<$)('!WD!G!"?!3aX!$%4!

2'*%(!W"?!3aX;!4'*(4!-5('!^>UKE!$%4!&-%&(%)'$)(46!!F/(!'(,*4.(!<$,!1.'*=*(4!28!

&-0.3%! &/'-3$)->'$1/8! W"::A! 7)KJ&X! )-! >*5(! )/(! )*)0(! &-31-.%4! $,! $! &'($3!

,-0*4!WBR!3>;!B:AX!



! ""R !

K*$*!"YY!h+c!PN!k!:6":!W7)KJ&Xc!) a(ASP !W?::!^b];!+I DKIX;!$!R6PR!W"b;!4;!

:!k!Y!b];!J'b X;!R6E"!W"b;!4;!:!k!P!b];!J'b X;!96R?!W"b;!4;!:!k!P!b];!J'b X;!96"P!W"b;!4;!:!

k!Y!b] ;!J'b X;!?6D9@?6DD!W"b;!3;!+bX;!D6?E!W"b;!44;!:!k!"9;!Yb]! ;!J'+ bbX!D6""!W"b;!

44;!:!k!"9;!R!b];!J'+b bX;!B6P:!W"b;!44;!:!k!"9;!R!b];!+WKX+bbX;!B6R:!W"b;!44;!:!k!"9;!

9!b];!+WKX+bbXc!WKb!%-)!-2,('5(4X!)9 !(ASP !W"B?!^b];!+I DKIX!$!"PE6P;!"9?6";!

"9D6";! "?B6R;!"E96D;!"D:6E;!""E69;!""E6?;!""B6D;!":P6B;!PD69;!ED6:;!DB6Rc!+P!DBE";!

B""Y;! "9YP;! "9"9;! "E:E;! "B?9;! ""B:;!YYD;!PD?!&3@" c!S?(Wt7UCX(BPE6BB(W^t\ t Xc!

aPS?( Wt7UCX! &$0&.0$)(4! =-'! +"Db ": K?T$! x^tT$ t y! (G1(&)(4! B9Y6:EB:! =-.%4!

B9Y6:E"E!

!

!

!

W7X@3()/80!E @WR@/84'-G8 @B@-G-@BF@&/'-3(% @P@80X2.)@B@(%-$)( !

F-! $! ,)*''(4! '--3! )(31('$).'(! ,-0.)*-%! -=! )JH ! W"?! 3>;! :6:?P! 33-0;! "!

(N.*5X!*%!^(-b!W"!3aX!<$,!$44(4!V$KbqPbBK!W"P!3>;!:6:9!33-0;!"!(N.*5X6!)/(!

'(,.0)*%>!,-0.)*-%!<$!,)*''(4!$)!'--3!)(31('$).'(!=-'!"!/-.' 6!F/(!3*G).'(!)/(%!

<$,!%().'$0*,(4!<*)/!"^!T$b+K D!$%4!<$,/(4!<*)/!<$)('!WD!G!"?!3aX!$%4!2'*%(!

W"?! 3aX;! 4'*(4! -5('! ^>UKE! $%4! &-%&(%)'$)(46! ! F/(! '(,*4.(! <$,! 1.'*=*(4! 28!

&-0.3%! &/'-3$)->'$1/8! W"f"! 1()'-0(.3! ,1*'*),Q7)KJ&X! )-! >*5(! )/(! )*)0(!

&-31-.%4!$,!$! </*)(!,-0*4!W"D6?!3>;!Y:AX!

K*$*("?:h+c!PN!k!:6B?!W"f"!1()'-0(.3!,1*'*),Q7)KJ& Xc!) a(ASP !W?::!^b];!

W+IDXB+KX;!R6P9!W"b;!4;!:!k!":!b];!J'bX;!R6ED!W"b;!4;!:(k!P6?!b];!J'bX;!R6R:!W"b;!4);!:(

k!"?;!R6?!b];!+bB+b+bX;!96YE!W"b;!4;!:(k!P6?!b];!J'bX;!96"R!W"b;!4;!:(k!":!b];!J'bX;!!

?6P:!W"b;!4;!:(k!"?b]!+b B+b+bX;!D6RD!WBb;!4;!:!k!R6?!b]!+bBXL(D69"!WDb;! ,;!+bDX;!

WKb!%-)!-2,('5(4Xc!)9 !(ASP !W"B?!^b];!W+IDXB+KX;!!$!"9R6:;!"9:6Y;!"?Y6?;!"E96E;!

"E?6:;!"BP6?;!"BB6B;!""D6B;!""D6";!""B6R;!""B6D?;!?"6E;!B?6Yc!+PL!DB"P;!BY?B;!"9YP;!

"9:R!"?R9;!"?:B;!"EBR;!" E:D;!"D:Y;!"BER;!""9:;!""BE;!":DP;!YP:;!PD?;!R?:!&3@" c!



! ""P !

S?( Wt7UCX(BPD6:D(W^tT$t Xc!aPS?( Wt7UCX! &$0&.0$)(4! =-'! +"Eb "BK?T$! x^tT$ t y!

(G1(&)(4!BPD6:?RR!=-.%4!BPD6:?RD!

!

!

xE@WF'*=0.-'-3()/80X1/(%80y3()/80!B@WB@-G-@Bb;Pb;Yb@=.'-xB;D@/y&/'-3(% @P@

80X$&()$)(!W))< X!

!

! F-! $! ,-0.)*-%! -=!))3 ! W"Y6"! 3>;! :6:RR! 33-0;! "(N.*5XX;! I^J#! W"6"! 3>! 6:"!

33-0;!:6"D(N.*5X;!$%4!E@)'*=0.-'-3()/802(%]80!$0&-/-0!W"R6R!3>;!:6":!33-0;!"6D!

(N.*5X!*%!I+^!WB!3aX!<$,!$44(4!7I+!W"Y6D!3>;! :6":!33-0;!"6D!(N.*5X!$%4!)/(!

'(,.0)*%>!,-0.)*-%!<$,!,)*''(4!$ )!'--3!)(31('$).'(!=-'!D:!3*%.)(,6!F/(!'($&)*-%!

3*G).'(!<$,!4*0.)(4!<*)/!7)KJ&!$%4!<$,/(4!<*)/!<$)('!WD!G!"?!3aX;!2'*%(;!4'*(4!

-5('! ^>UK E;! &-%&(%)'$)(4! *%! 5$&&.-! $%4! )/(! '(,*4.(! <$,! 1.'*=*(4! 5*$! &-0.3%!

&/'-3$)->'$1/8!WRfD!1()'-0(.3! ,1*'*),Q7)KJ&X!)-!>*5(! ) /(! )*)0(!&-31-.%4!$,!$!

</*)(!,-0*4!W"D6P!3>;!EDAX!!

( K*$*! ""B! h+c!PN(:6B?! WRfD!1()'-0(.3! ,1*'*), Q7)KJ&Xc! ) a( ASP ! W?::! ^b];!

+I+0DX!R69B!WBb;!4;!:!k!Y!b];!B!G!J'bX;!R69"!W"b;!4;!:!k!":!b];!J'bX;!R6E?!WBb;!4;!:!k!P!

b];!B!G!J'bX;!R6B9!W"b;!4;!:!k!P!b];!J'bX;!96R:!W"b;!4;!:!k!P!b];!J'bX;!96B"!W"b;!4;!:!k!

Y!b];!J'bX;!?6E:@?6D?!W"b;!3;!+bX;!?6BB!WBb;!,;!K+bBX;!D6?R!W"b;!44;!:!k!":!b];!"9!

b];! + bbX;! D6"B! W"b;! 44;!:! k! R! b];! "9! b];! +b bX;! B6Y?! W"b;! 44;!:! k! "9;! P! b];!

+WKX+bbX;!B6P?!W"b;!44;!:!k!"9;!9!b];!+WKX+bbXc()9 !(ASP !W"B?!^b];!+I+0DX!"9Y69;!

"9D6B;! "9"6:;! "?"69;! "EE6:;! "DY69;! "BY6";! "BP6E;! "B?6R! WN;!:+Zk! D6Rb]!+b++ZDX;!
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! ""Y !
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xD@WF'*=0.-'-3()/80X1/(%80y3()/80!B@WB@-G-@Bb;Pb;Yb@=.'-xB;D@/y&/'-3(% @P@
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FbZ;!"6?!(N.*5X!$%4!)/(!3*G).'(!<$,!,)*''(4!$)!'--3!)(31('$).'(!=-'!"!/-.'6!!F/(!
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! "B" !
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!!

!

! +-31-.%4! HH! <$,! 1'(1$'(4! $&&-'4*%>! )-! )/(! 1'-&(4.'(! -=! +0$H(! $%4!

&-<-'H(',6 P?! J0080! 2'-3*4(! W"D6?! 3a;! "?9! 33-0X! <$,! $44(4! 4'-1<*,(! 5*$! $%!

$44*)*-%! =.%%(0! )-! $! ,)*''(4! 3*G).'(! -=! .32(00*=('-%(! W""6Y! >;! RD6:! 33-0X! $%4!

\ B+KD!W"D6R!>;!YY6"!33-0X! *%!4'8!$&()-%(!WD::!3aX6!F/(! '($&)*-%!3*G).'(!<$,!

/($)(4!)-! '(=0.G!=-'!E!/-.',;!)/(%! &--0(4!)-! '--3!)(31('$).'(!$%4!=*0)('(46!F/(!

=*0)('!&$H(!<$,!<$,/(4! )/-'-.>/08!<*)/!$&()-%(6!F/(!=*0)'$)(!<$,!&-%&(%)'$)(4!

.%4('! '(4.&(4! 1'(,,.'(! )-! >*5(! $! 1$0(! ,-0*4! )/$)! <$,! '(&'8,)$00*](4! ='-3!

3()/$%-0!*%!)<-!&-%,(&.)*5(!&'-1,!)-!8*(04!$0080!()/('!H!W"E6D!>;!R:6P!33-0;!YRAX!

$,!&'($3 @8(00-<!&'8,)$0,6!U1(&)'-,&-1*&!4$)$!3$)&/(4!)/$)!1'(5*-.,08! '(1-')(46!

P?!

( K*$*!RP!h+;!W0*)P?!RP@RYh+Xc!PN!k!:6??!WRfD!1()!,1*'*),f!7)KJ&Xc!) a(ASP !W?::!

^b];!+I+0 DX!w!R69D!W"b;!4;!:(; !Y6E!b]X;!R6D9!W"b;!4;!:(; !P6?!b]X;!96P9!W"b;!44;!:(; !P6?;!

B6?!b]X;!96PD!W"b;!4;!:( ; !B6?!b]X;!96B?!W"b;!4;!:( ; !Y6?!b]X;!96:E!W"b;!44);!:( ; ! "R6:;!

":6E;!?6?!b]X;!?6EE!W"b;!44;!:(; !"R6:;!:6?!b]X;!?6DE!W"b;!44;!:(; !":6E;!:6?!b]X;!E69:!

WBb;!4;!:(; !?6?!b];Xc!)9 !(ASP !W"B?!^b];!+I+0DX!w!"9"6P;!"9"6";!"??6P;!"ED6D;!"DB6";!
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!

!

R@b84'-G8 @P@W1'-1@B@(%@" @80X@Bb@&/'-3(% @B@-%(!WHI X!

!



! "BB!

+-31-.%4! HI ! <$,! 1'(1$'(4! $&&-'4*%>! )-! )/(! 1'-&(4.'(! -=! +0$H(! $%4!

&-<-'H(',6 P?!HH!W""6E! >;! ?96E! 33-0X! <$,! 4*,,-05(4! *%!@A@@4*()/80$%*0*%(! W""?!

3aX!$%4!/($)(4!)-!'(=0.G!W-*0!2$)/!BD:!h+X!=-'!E!/-.',6!F/(!'($&)*-%!3*G).'(!<$,!

&--0(4! )-! '--3! )(31('$).'(;!$%4! ,-3(!1'(&*1*)$)(!<$,! -2,('5(46!b(G$%(!W"::!

3aX!<$,!$44(4!$%4!)/(!3*G).'(!<$,!,)*''(4!=-'!":! 3*%.)(,6!F/(!1'(&*1*)$)(!<$,!

&-00(&)(4!28!5$&..3!=*0)'$)*-%;!<$,/(4!<*)/!/(G$%(!$%4!4'*(4!.%4('!$!,)'($3!-=!
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! I*$]-3()/$%(! <$,! >(%('$)(4 !<*)/! $! 4*$]-3()/$%( @>(%('$)*%>! >0$,,<$'(!

H*)! WJ04'*&/X6!J! ,-0.)*-%! -=!@@3()/80 @@@%*)'-,- @E@)-0.(%(,.0=-%$3*4( !WI*$]$04;!

E6BP!>;!B:6:!33-0X!*%!()/('!WE?!3aX!<$,!$44(4!4'-1<*,(! )-!$!3*G).'(! -=! \Kb!

WD6D9! >;! 9:6:! 33-0X! *%! <$)('! WB:! 3aX;! ()/('! WE! 3aX;! $%4! B@WB@

() /-G8()/-G8X()/$%-0! WB:! 3aX! H(1)! $)! R:! h+6! F/(! ()/('($0! ,-0.)*-%! -= !

4*$]-3()/$%(!<$,!&-%)*%.-.,08!4*,)*00(4!*%)-!$!,)*''(4 !,-0.)*-%!-=!E@2'-3- @B;?@

4*3()/-G8!3()/80!&*%%$3$)(!W)9<\( W9::!3>;!B6:!33-0X!$%4!#4WKJ&XB!W?6:!3>;!

:6:B!33-0X!*%!I+^Q()/('!WB:Q":!3aX!H (1)!$)!@":!h+6!F/(!'$)(!-=!4*,)*00$)*-%!<$,!

&-%)'-00(4! )-! 3$)&/! )/( ! '$)(! -=! $44*)*-%6! J=)('! )/(! $44*)*-%! -=! I*$]$04! <$,!

&-310()(;!)/(!,-0.)*-%!<$,!,)*''(4!$)!')!=-'!D:!3*%6 !F/(!(G&(,,!-=!4*$]-3()/$%(!

<$,! 4(,)'-8(4! <*)/! $&()*& ! $&*46! F/(! '(,.0)*%>! 3*G).'(! <$,! <$,/(4! <*)/! $!

,$).'$)(4 ! ,-0.)*-%! -=! T$b+KD;! 2'*%(;! 4'*(4! -5('! T$ BUKE;! =*0)('(4;!&-%&(%)'$)(4!

$%4! )/(%! 1.'*=*(4! 28! =0$,/! &/'-3$)->'$1/8! )-! >*5(! $! Df"! 3*G).'(! )/(! 4(,*'(4 !

&8&0-1'-1$%(!)-!,)$')*%>!3$)('*$0!WR?A!-=!4(,*'(4!3$)('*$0X !

K*$*!Y"@YD!h+c!) a(ASP !D:: b^];!+I+0 D!$!R6::!W"b;! ,X;!96E9!W"b;! ,X;!D6P:!

WDb;!,X;!D6RR!WDb;!,X;!D6R"!WDb;!,X;!B6R:@B69D!W"b;!3X;!"6PY@"6PD!W"b;!3X;!"6?Y@"6?D!

W"b;! 3X;! "6DD@"6B?! W"b;! 3Xc!)9 !( ASP ! +I+0D!$! "RD6Y! W+X;! "?B6R! W+X;! "?:6:! W+X;!

"BP6E!W+X;!""?6Y!W+bX;!"""6E!W+X;!"":6Y!W+bX;!?R6:!W+bDX;!?96B!W+bDX;!?"6Y!W+bDX;!

BB6E!W+bX;!B"6D!W+bX;!"?6R!W+bBXc!S?(Wt7UCX!D"E6D?;!D"969E!W^tbt X!

!

!

!

!

!

!

!



! "D: !

3/$#,@B@WE@2'-3- @B;?@4*3()/-G81/(%80X&8&0-1'-1$%(&$'2-G80*&!$&*4!W)9GX(

!

F-! $! ,)*''(4! ,-0.)*-%! -=! 3()/80! B @WE@2'-3- @B;?@

4*3()/-G81/(%80X&8&0-1'-1$%(&$'2-G80$)(! W)9= X! WE":! 3>;! "6D:! 33-0X! *%!

3()/$%-0! WY! 3aX! <$,! $44(4! $N.(-.,! T$Kb! WB^;! "! 3aX! $%4! )/(! '(,.0)*%>!

,-0.)*-%!<$,!/($)(4!)-! '(=0.G!-5('%*>/)6!F/(!,-0.)*-%!<$,!)/(%!&--0(4;!$&*4*=*(4!

<*)/!b+0!W:6?!^X!$%4! )/(!3()/$%-0!<$,! '(3-5(4! '#(4$)2*6!F/(!$N.(-., !1/$,(!

<$,! (G)'$&)(4!<*)/! I+^!WD!G! "?!3aX!$%4! )/(!&-32*%(4! -'>$%*&! (G)'$&),!<('(!

<$,/(4!<*)/!2'*%(;!4'*(4!-5('!T$ BUKE!$%4!&-%&(%)'$)(4!'#(4$)2*()-!>*5(!)/(!)*)0(!

&-31-.%4!$,!$!</*)(!,-0*4!!WDP"!3>;!YPAX!

K*$*!"9: @"9"h+c!) a(ASP !D::b^];!+I+0 D!$!R6:D!W"b;!,X;!96?:!W"b;!,X;!D6PD!

WDb;! ,X;! D6P"! WDb;! ,X;! B6R?@B6R"! W"b;! 3X;! "6PR@"6PD! W"b;! 3X;! "699@"69D! W"b;! 3X;!

"6ED@"6DP!W"b;!3X;!WKb!%-)!-2,('5(4Xc!)9 !(ASP !$!"RY69!W+X;!"?B6P!W+X;!"EY6Y!W+X;!

"BR6P!W+X;! ""?6Y!W+bX;! """6:!W+bX;! ":Y69!W+X;!?R6:!W+bDX;!?96B!W+bDX;!BB6E!W+bX;!

BB6B!W+bX;!"96"!W+bBXc!S?(Wt7UCX!D::6D?;!D:B69E!W^tbt X!

!

!

!

3/$#,@3"/3@V.)80!B@WE@2'-3- @B;?@4*3()/-G81/(%80X&8&0-1'-180&$'2$3$)(!W);) X!

!!

! J ! 3*G).'( ! -=! B@WE@2'-3- @B;?@4*3()/-G81/(%80X&8&0-1'-1$%(&$'2-G80*&!

$&*4! W)9GX(W"::! 3>; ! :6DD!33-0X; !)'*()/80$3*%( !W9E!µa;! :6E9!33-0X; !$%4!()/80!

&/0-'-=-'3$)( !W?:!µa;! : 6?:!33-0X !*%!4'8 !$&()-%(!W?!3aX!<$, !,)*''(4 !$)!@": !h+;!

$%4!$!,-0.)*-%!-=!T$TD!WDR!3 >;!: 6?R!33-0X !*%!b BK!W:6?!3aX!<$, !$44(4!$=)('!B6?!/6!



! "D" !

F/( !,)*''*%>!<$, !4*,&-%)*%.(4!$=)('!$%!$44*)*-%$0!B!/6!F/( !'(,.0)*%>!,.,1(%,*-% !

<$, !1-.'(4 !*%)-!&-04!b BK!W?:!3aX!$%4!<$, !(G)'$&)(4!<*)/ !)-0.(%( !WE!G!"? !3aX6!

F/( !&-32*%(4!-'>$%*&!0$8(', !<('( !4'*(4 !-5('!T$ BUKE!$%4!&-%&(%)'$)(4!)- !$2-.) !

?:A !-=!)/( !5-0.3( !)- ! '(3-5( ! '(3$*%*%>!)'$&(, !-=!b BK6!F/( ! '(,.0)*%>!,-0.)*-%!

<$, !/($)(4 !)-! Y: !h+!.%)*0!)/( !(5-0.)*-%!-=!%*)'->(%!&($,(4 !WD!/X;!$%4!)/( !,-0.)*-%!

<$, !&-%&(%)'$)(46!F/( !'(,.0)*%>!*,-&8$%$)(!<$, !4*,,-05(4 !*%!4'8 !)@V.Kb !W?!3aX;!

$%4! )/( ! ,-0.)*-%! <$, ! '(=0.G(4! -5('! %*>/)6! F/( ! '($&)*-%! 3*G).'( ! <$, !

&-%&(%)'$)(4;! $%4! )/( ! &'.4( ! 1'-4.&)! <$, ! 1.'*=*(4 ! 28! =0$,/! &/'-3$)->'$1/8!

Wb(G$%(f7)KJ&! Yf"X! )-! >*5(! )/(! )*)0(! &-31-.%4! $,! $! 1$0(! 8(00-<! ,-0*46! WPD! 3>;!

9RAX6!

K*$*!"BE@"B9!h+c!) a(ASP !D::b^];!+I+0 D!$!R6::!W"b;!,X;!96ER!W"b;!,X;!E6Y:;!

W"b;!2,X;!D6P"!WDb;!,X;!D6P:!WDb;!,X;!B6R?@B6R"!W"b;!3X;!B6"Y@B6"E!W"b;!3X;!"6E?!WYb;!

,X;!"6B:@"6"B!WBb;!3Xc!)9 !(ASP( +I+09($("?96B!W+X;!"?B6?!W+X;!"?:6:!W+X;!"BY6D!W+X;!

""?6R!W+bX;! "":69!W+bX;! ":P69!W+X;!RY69! !W+X;!?96Y!W+bDX;!?96B!W+bDX;!D"6P!W+bX;!

BP6D!W+bDX;!"Y6B!W+bX;!"96B!W+bBXc(S?(Wt7UCX!DYD6RE;!DY?6P"!W^tT$t X!

!

!

!

3/$#, @B@WE@V'-3- @B;?@4*3()/-G81/(%80X&8&0-1'-180$3*%(!/84'-&/0-'*4(!W)9J\ (

!

! F-! $! ,-0.)*-%! -=! 3"/3@2.)80! B@WE@2'-3- @B;?@

4*3()/-G81/(%80X&8&0-1'-180&$'2$3$)(!W);) X!WE?!3>;!:6"B!33-0X!*%!^(Kb!WB:!

3aX!<$,!$44(4!$N.(-.,! b+0!WD^;! "6?!3aX6!F/(! ,-0.)*-%!<$,!<$'3(4 ! )-!E?!h+!

$%4!,)*''(4!-5('%*>/)6!F/(!,-0.)*-%!<$,!)/(%!4*0.)(4!<*)/!$N.(-.,!Tb E+0!WB:30X!

$%4!<$,/(4!<*)/! I+^!WD!G!":!3aX6!F/(!$N.(-.,!1/$,(!<$,! )/(%!2$,*=*(4!<*)/!

T$b+KD! $%4! (G)'$&)(4! <*)/! I+^! WD! G! "?! 3aX6! F/(! -'>$%*&! (G)'$&),! <('(!

&-32*%(4! $%4! 4'*(4! -5('! T$BUKE! $%4! &-%&(%)'$)(4! )-! >*5(! B@WE@2'-3- @B;?@

4*3()/-G81/(%80X&8&0-1'-1$%$3*%(!WD"!3>;!YEAX!</*&/!<$,!)/(%!&-%5(')(4!)-!

)/(!/84'-&/0-'*4(!,$0)!$%4!'(&8,)$0*](4!='-3!^(KbQ7) BK6!



! "DB!

K*$*!B:E@B:?!h+c!) a(ASP !D::b^];! I BK!$!R6"Y!W"b;! ,;!J'bX;!969D!W"b;! ,;!

J'bX;!D6RP!WDb;!,;!K+bDX;!D6R?!WDb;!,;!K+bDX;!B6P:@B6R?!W"b;!3;!+bX;!B6ED@B6D9!W"b;!

3;!+bX;!"6DY@"6D:!WBb;!3;!+bBX;!WTbB6b+0B!%-)!-2,('5(4Xc!)9 !(ASP !I BK!"?D6B!W+X;!

"EY6Y! W+X;! "BR69! W+X;! ""R6:! W+bX;! ""B6R! W+bX;! ":Y6R! W+X;! ?R6?! W+bDX;! ?R6"W+bDX;!

D:6D!W+bX;!"96Y!W+bX;!""6?!W+bBXc!S?(Wt7UCX!BR"6R";!BRD6R?!W^tbt X!

!

!

E@C-4-@B;?@4*3()/-G82(%]$04(/84(!W);3 X(

!

+-31-.%4! );3( <$,! 1'(1$'(4! $&&-'4*%>! )-! )/(! 1'-&(4.'(! -=! b$)/$<$8!

$%4!&-<-'H(',6P9!J!,-0.)*-%!-=!B;?@4*3()/-G82(%]$04(/84(!W"6:B!>;!96"E!33-0X;!

J>TKD! W"6"B! >! 9699! 33-0X! $%4! C-4*%(! W"69B! >;! 96DP! 33-0X! *%! 3()/$%-0! <$,!

,)*''(4!$)!'--3!)(31('$).'(!=-'!R!/-.',6!F/(!8(00-<!1'(&*1*)$)(!<$,!=*0)('(4!-==!

$%4! <$,/(4! <*)/! 3()/$%-06! F/(! =*0)'$)(! <$,! )'($)(4! 4'-1<*,(! <*)/! ,$).'$)(4!

T$bUKD!)-! '(4.&(!)/(! '(3$*%*%>!*-4*%(6!F/(!,-05(%)!<$,!)/(%!'(3-5(4!$%4!)/(!

'(,.0)*%>!,-0*4!<$,! ,.,1(%4(4!*%!<$)('!$%4!=*0)('(46!S(&'8,)$0*,$)*-%!='-3!Y?A!

7)Kb! >$5(! )/(! )*)0(! &-31-.%4! $,! 8(00-<! %((40(,! W"69B! >;! Y"AX6! U1(&)'-,&-1*&!

4$)$!<$,!&-%,*,)(%)!<*)/!)/$)!1'(5*-.,08!'(1-')(46 P9!

K*$*!"D" @"DE!h+;!W0*)PR!"D?@"D9!h+Xc!) a(ASP( D::b^];!+I+0 D!":6E:W"b;!,X;!

R6ER!W"b;!,X;!R6BB!W"b;!,X;!D6Y:!WDb;!,X;!D6PP!WDb;!,X!

!

!

!

!



! "DD!

W7X@E@C-4-@B;?@4*3()/-G8!&*%%$3*&!$&*4!W);9 X(

!

F-!$!,)*''(4!,-0.)*-%!-=!E @*-4- @B;?@4*3()/-G82(%]$04(/84(!W);3 X!W"6E:!>;!

E6P:!33-0X!$%4!3$0-%*&!$&*4!W:6R?!>;!R6B:!33-0X!*%!18'*4*%(!WP!3aX!<$,!$44(4!

1*1('*4*%(! W:69! 3aX6! )/(! ,-0.)*-%! <$,! )/(%! /($)(4! )-! '(=0.G! =-'! D! /-.',6! F/(!

,-0.)*-%!<$,!&--0(4!$%4!)/(%!1-.'(4!-%)-!*&(;!$&*4*=*(4!<*)/!"^!b+0!)-!1b!D!$%4!

)/(!'(,.0)*%>!,-0*4!<$,!&-00(&)(4!28!,.&)*-%!=*0)'$)*-%!$%4!<$,/(4!<*)/!<$)('6!F-!

>*5(!)/(!)*)0(!&-31-.%4!$,!$!8(00-<!&'8,)$00*%(!1-<4('!W"6E:>;!PPAX6!

K*$*!B:" @B:Dh+c!) a(ASP !D::b^];!+I+0 D!$!R6PR!W"b;!4;!:! k! "9!b]X;!R6E"!

W"b;! ,X;!R6":!W"b;! ,X;!96?9!W"b;!4;!:!k! "9!b]X;!D6PE!WDb;! ,X;!D6PD!WDb;! ,X;!WKb!%-)!

-2,('5(4Xc ()9 !(ASP !+I+0D!$!"R:69!W+X;!"?E6B!W+X;!"?"6E!W+X;!"E:69!W+bX;!"B?6"!W+X;!

"BE6:!W+bX;!"B:6B!W+bX;!"""6:!W+bX;!PY6Y!W+X;!?R69!W+bDX;!?96Y!W+bDXc(S?(Wt7UCX!

DDE6P?!W^tbt X!

!

!

W7X@E@C-4-@B;?@4*3()/-G8!3()/80!&*%%$3$)(!!W);; X(

!

E@C-4-@B;?@4*3()/-G8!&*%%$3*&!$&*4!W);9 X!W:6Y:!>X!<$,!)/(%!4*,,-05(4!*%!

^(Kb!W":!3aX;!&-%&6!bBUKE!<$,!$44(4!W:6E!3aX!$%4!)/(! ,-0.)*-%!<$,! '(=0.G(4!

-5('%*>/)6!F/(!,-0.)*-%!<$,!)/(%!%(.) '$0*](4!<*)/!$N.(-.,!T$b+K D;!4*0.)(4!<*)/!

I+^!WB:!3aX!$%4!)/(!-'>$%*&!1/$,(!<$,!<$,/(4!<*)/!b BK!WD!G!B:!3aX;!2'*%(!WB:!



! "DE!

3aX;! )/(%! 4'*(4! -5('! T$UK E! $%4! &-%&(%)'$)(4! )-! >*5(! )/(! )*)0(! &-31-.%4! $,! $!

&-0-'0(,,!1-<4('!W:6YE!>;!"::AX !

K*$*!""E @""?!h+c!) a(ASP !D::b^ ];!+I+0D!$!R6Y:!W"b;!4;!:!k!"9!b]X;!R6DB!

W"b;!,X;!96Y"!W"b;!,X;!96?D!W"b;!4;!:!k!"9!b]X;!D6PR!WDb;!,X;!D6PE!WDb;!,X;!D6P:!WDb;!,Xc!

)9 !(ASP ;!+I+0D!$!"9R69!W+X;!"?B6P!W+X;!"?B6?!W+X;!"DY6E!W+bX;!"BD6Y!W+bX;!"BB6R!

W+bX;! ""P6P! W+bX;! "":6:! W+bX;! PP6Y! W+X;! ?96Y!W+bDX;! ?96B! W+bDX;! ?"6R! W+bDXc!S?(

Wt7UCX!DEP6BE!W^tbt X!

(

(

!

3/$#,@̂()/80 @B@W@B;?@4*3()/-G81/(%80X&8&0-1'-1$%(&$'2-G80$)(!W);H X!

!

I*$]-3()/$%(! <$,! >(%('$)(4 ! .,*%>! $%! J04'*&/! ^*%*! I*$]$04! $11$'$).,6!

I*$]$04!W@@3()/8 @%*)'-,- @1@)-0.(%(,.0=-%$3*4(X!W":6:!>;!E969!33-0X! *%!Y:!3a!

7)BK!<$,!$44(4 !4'-1<*,(!)-!$!3*G).'(!&-%)$*%*%>!?6:!>!WPY!33-0X!\Kb!*%!P!3a!

b BK;!"9!3a!7) BK;!$%4!B?!3a!B@WB@()/-G8()/-G8X()/$%-0!<$'3(4!-%!$!9: !h+!-*0!

2$)/6! F/( ! 4*$]-3()/$%(Q()/('! 4*,)*00$)(! <$,! &-00(&)(4! <*)/! $! 4'8! *&(Q$&()-%(!

&-04=*%>('!&-%4(%,('!$%4!)/(!4*,)*00$)(!<$,!$44(4!4'-1<*,(!)-!$!,)*''(4 !,-0.)*-%!

-=!96??!>!WBY6?!33-0X!3()/80!B;?@4*3()/-G8&*%%$3$)(!$%4!DB!3>!W:6"EP!33-0X!

#4WKJ&XB!*%!+bB+0BQ()/('!W"::Q?:!3aX!&/*00(4!)- !@"? !h+!*%!$%!*&(Q,$0)!2$)/6!F/(!

'($&)*-%! <$,! ,)*''(4! $)! @"?! - +! =-'! D:! 3*%! $=)('! &-310()(! $44*)*-%! -=! )/(!

4*$]-3()/$%(;! =-00-<(4! 28! ,)*''*%>! $)! '--3! )(31('$).'(! =-'! -%(! /-.'6 !7G&(,,!

4*$]-3()/$%(! <$,! N.(%&/(4! <*)/! $&()*& ! $&*4;! $%4! )/(! '(,.0)*%>! 3*G).'(! <$,!

<$,/(4!<*)/!,$).'$)(4!T$b+K D;!2'*%(;!$%4!4'*(4!-5('!^>UKE6!J=)('!=*0)'$)*-%;!)/(!

-'>$%*&! ,-05(%)! <$,! '(3-5(4! 28! '-)$'8! (5$1-'$)*-%6! ! F/(! '(,*4.(;! </*&/!

&-%)$*%(4! ,-3(! .%'($&)(4! ,)$')*%>!3$)('*$0;! <$,! '(&'8,)$00*](4!='-3! 7) BK6!F/(!

&'.4(!)$%!&'8,)$0,!<('(! '(&'8,)$00*](4!$!,(&-%4!)*3(!)-!1'-5*4(!?6:P!>!WREAX!-=!

</*)(!&'8,) $00*%(!1'-4.&)6!!



! "D?!

K*$*!?B!h+c!) a(ASP !D::b^];! +I+0D!$!96RR!W4;(:(k!P6E"b];!"bX;!969Y!W44;!:(;(

B6"Y;!P6E"!b];!"bX;!96E?!W4;!:!k!B6"Y!b];!"bX;!D6RYW,;!DbX;!D6R?!W,;!DbX;!D6RD!W,;!DbX;!

B6RP@B6R:!W3;!"bX;!"6Y:@"6PB!W3;!"bX;!"69"@"6?D!W3;!BbX;!S? !W7UCX!BDRW^tbt X!

(

3/$#,@̂()/80!B @WE@*-4- @B;?@4*3()/-G81/(%80X&8&0-1'-1$%(&$'2-G80$)(!W);I X(

(

J! ,-0.)*-%! -=! 3/$#,@̂()/80 @B@W@B;?@

4*3()/-G81/(%80X&8&0-1'-1$%(&$'2-G80$)(! W);H X! W""6ED! >;! ?"6?! 33-0X;! J>TKD!

WY6?R!>;!?969!33-0X!$%4!*-4*%(!W"E6DB!>;!?969!33-0X!*%!3()/$%-0!<$,!,)*''(4!$)!

'--3!)(31('$).'(!-5('%*>/)6!F/(!8(00-<!1'(&*1*)$)(!<$,!=*0)('(4!-==!$%4!<$,/(4!

<*)/!7)KJ&6!F/(!=*0)'$)(!<$,!)'($)(4!4'-1<*,(!<*)/!,$).'$)(4!T$bUK D!)-!'(4.&(!

)/(!'(3$*%*%>!C-4*%(6!F/(!,-05(%)!<$,!)/(%!'(3-5(4!$%4!)/(!'(,.0)*%>!,-0*4!<$,!

,.,1(%4(4!* %!<$)('!$%4!=*0)('(4!>*5*%>!)/(!)*)0(!&-31-.%4!$,!$!1$0(!8(00-<!,-0*4!
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K*$*!YP@"::h+c ( )a(ASP( D::b^];!+I+0 D!$!R6"Y!W"b;! ,X;!96DP!W"b;! ,X;!D6RP!
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! "DR!

B6?! /6! F/( ! ,)*''*%>! <$, ! 4*,&-%)*%.(4! $=)('! $%! $44*)*-%$0! B! /6! F/( ! '(,.0)*%>!
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W#JT+@"X!<('(!,((4(4!*%!Y9 @<(00!10$)(,!W"G": E!1('!<(00X!$%4!*%&.2$)(4!*%!='(,/!
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,$0*%(!W#VUX;!$%4!)/(!3(4*.3!<$,!&/$%>(4!)-!(*)/('!I^7^!-'!%.)'*(%) @4(1'*5(4!
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Q&%#1B7(-N(!-K$/%#%1-,#B(K-.&B1,:((
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P&N&'&,0&7!

! W"X! b*'-H$<$;!i6c!a(5*)]H*;!J6c!a(,,(%(;!p6c!V$(00;![6c!|*$-;!i6c!`/.;!b6c!
^$'.)$;!b6! H$#)"/(J"33>!3JJG;!KLM;!BEB@B?"6!
! WBX! a*;!I6c!|*(;!\6c!O-0==;!S6c!J22'.]](,(;![6!J$#)"3(3JJ; ;!NIN;!":EY@
":?R6!
! WDX! !O/$)!i-.!T((4!F-!\%-<!J2-.)!+$%&('!-=!)/(!# $%&'($,c!v-06!
/))1fQQ<<<6&$%&('6>-5Q&$%&(')-1*&,Q<8%)HQ1$%&'($,Q1$>(?!W:DQ:EQ"BX6!
! WEX! !F'($)3(%)!-=!#$%&'($)*&!+$%&('!
c!v-06!/))1fQQ1$)/-0->86_/.6(4.Q1$%&'($,QF'($)3(%)U.'>('861/1!W:DQ:EQ"BX6!
! W?X! !O/$)!i-.!T((4!F-!\%-<!J2-.)!+$%&('!-=!)/(!#$%&'($,c!v-06!
/))1fQQ<<<6&$%&('6>-5Q&$%&(')-1*&,Q<8%)HQ1$%&'($,Q1$>(P!W:DQ:EQ"BX6!
! W9X! C].*,/*;!\6c!\$)-;!\6c!K>.'$;!F6c!\*%-,/*)$;!F6c!7,.3*;!b6!H$#)"/(!",> !
3JJJ ;!IO;!9B:" @9B:R6!
! WRX! S.>>('*;!V6!J6c!b.$%>;!a6c!O--4;!^6c!+/(%>;![6!ƒ6c!F(,)$;![6!S6!G*%>(
H$/)'#*0>!)IIH ;!K?;!P"6!
! WPX! O*%;!T6!T6c!J<$0(;!U6c!7,.3*;!b6c!F(].H$;!i6c!\$4-)$;!U6!:>(@$3>(
P/*+(3JJG;!QO;!"?PB@"?PR6!
! WYX! J<$0(;!U6c!T$H$,/*3$;!76!^6!T6c!\$0$.%*;!U6!\6c!F(].H$;!i6c!
\.'$,/*3$;!i6c!a.;![6c!7,.3*;!b6c!\$4-)$;!U6!-'**/0>(G"+>(H9"&>(J"33>!3JJ= ;!?I ;!?P"@
?PD6!
! W":X! J<$0(;!U6c!a*;!Z6c!K%-].H$;!b6c!7,.3*;!b6c!F(].H$;!i6c!\$4-)$;!U6!
-'**/0>(G"+>(H9"&>!3JJH;!?I ;!"P" @"PY6!
! W""X! ^$,.4$;!F6c!K/2$;!U6c!\$<$4$;!^6c!C*_*3$;!^6c!C%-.(;!b6c!K,-%-;!^6c!
CH(4$;!I6c!\.%*3-)-;!U6!:>(D#3'.'*3>!3JJ= ;!MR;!B"?@B"Y6!
! W"BX! p.;![6@ƒ6c!#$'H;!76![6c!v*>-;![6!U6c!p'$/$3;![6!p6c!Z-%>;!b6!b6!U6c!#(]].)-;![6!
^6c!\*%>/-'%;!J6!I6(:>(@$3>(P/*+>(3JJ3 ;!IM;!"9"9 @"9B:6!
! W"DX! F.%)*<$&/<.))*H.0;!#6c!#$%&/$'-(%;!K6c!S(.)'$H.0;!v6c!V8'%(;!a6!F6!
D2,3>(:>(H9"&>!)IH; ;!NQ;!EEY@?D6!
! W"EX! O*%!T6c!J<$0(!U6c!7,.3*!b6c!F(].H$!i6!H9"&')$%(S(P9$/&$)"23')$%(
-2%%"3'#!3JJH;!MI;!EY"@EY96!
! W"?X! +-%>;!b6c!a(42())(';!I6c!S-<(;!p6!F6c!+$'$4-%%$;![6!#6c!#-'&-;![6!J6;!['6!
:>(D&>(H9"&>(E*)!3JJH;!?NO;!YB"E@YB"?6!
! W"9X! +-%>;!b6c!V(&H(';!+6!Z6c!700*-));!U6![6c!p'*%,)$==;!^6!O6c!#-'&-;![6!J6;!['6!:>(
D&>(H9"&>(E*)!3J)J ;!?NK;!R?"E@R?"P6!
! W"RX! +/((;!+6!Z6c!J24.00$/;!C6c!V.&H0(;!^6![6!+6c!J246!S$/3$%;!T6!
T"3/$9"+/*#(J"33>(3J)J ;!M?;!EY?@EYP6!
! W"PX! K/0-==;!p6c!U(*20;![6c!\-5$),;!76!,6!:2,32,(J'".'0,(D##$%"#(+"/(H9"&'"!
)I=; ;!IQM;!PD@":"6 !
! W"YX! +/$<0$;!b6!^6c!+/$H'$2$')8;!\6!:>(H9"&>(E*)>A(P"/U'#(T/$#,>(?!)IH; ;!Q;!
"?"" @"?"D6!
! WB:X! p'((%(;!F6c!O.),;!#6!1/*3")3'4"(0/*21,('#(*/0$#')(,V#39",', c!O*0(8@
C%)(',&*(%&(;!"YYYc!v-06!D'4!(4*)*-%6!
! WB"X! J/'(%4);!\6!J6c!V-')/,;!+6![6c!^$&^*00$%;!I6!O6!+6!:>(D&>(H9"&>(E*)!
3JJJ ;!?KK;!EBED@EBEE6!
! WBBX! T-')/'.1;!J6!V6c!^$&^*00$%;!I6!O6!+6!:>(D&>(H9"&>(E*)>!3JJ3 ;!?KL;!
BE?P@BE9:6!
! WBDX! 75$%,;!I6c!+/$13$%;!\6c!V*,$/$;![6!:>(D&>(H9"&>(E*)!)IH; ;!?OI;!EB9"@
EB9D6!
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! WBEX! 75$%,;!I6!J6c!+/$13$%;!\6!F6c!V*,$/$;![6!:>(D&>(H9"&>(E*)!)IHH ;!??O;!
"BDP@"B?96!
! WB?X! I$32$&/(';![6c!J%%(,,;!S6c!#-00-&H;!#6c!V('>4$/0;!^6!T"3/$9"+/*#(
J"33>!3JJ; ;!IO;!B:YR@B"":6 !
! WB9X! \$%;!F6c!K/=.%(;!i6!T"3/$9"+/*#(J"33>!)II< ;!NI;!YED@YE96!
! WBRX! T$/3;!U6c!O(*%'(2;!U6!^6!T"3/$9"+/*#(J"33>!)IH) ;!KK;!DP"?@DP"P6!
! WBPX! O*00*$3,;![6!^6c![-2,-%;!S6!V6c!i$,.4$;!T6c!^$'&/(,*%*;!p6c!I-00*%>;!m6@
b6c!p'$2-<,H*;!76![6![6!T"3/$9"+/*#(J"33>!)II< ;!NI;!?E9"@?E9E6!
! WBYX! Z0(33*%>;!C6!W/*#3'"/(B/.'3$%,($#+(B/0$#')(H9"&')$%(!"$)3'*#,Xc!
O*0(8!$%4!U-%,;!"YRR6!
! WD:X! [-/%,-%;!Z6c!^$0/-)'$;!U6!:>(D&>(H9"&>(E*)!)I =<;!YQ;!?EYB@?EYD6!
! WD"X! b-.H;!\6!T6!:>(D&>(H9"&>(E*)>;!RM;!E:YB6!
! WDBX! O!/*,0(';!^6!+6c!^$&T(*0;!U6c!U%*(&H.,;!v6c!V($H;!#6!D#0"Z>(H9"&>([#3>(
7+>!3JJ; ;!LN;!BB:9@BBB?6!
! WDDX! U%*(&H.,;!v6!H9"&>(!"4>!)IIJ ;!RO;!PRY@YDD6!
! WDEX! F'-,);!V6c!F-,)(;!I6!:>(D&>(H9"&>(E*)>!3JJ9 ;!?KM;!D:Y: @D"::6 !
! WD?X! I(,,;!I6!V6c!^$')*%;![6!+6!:>(D&>(H9"&>(E*)!)II) ;!??N;!RBRR@RRPR6!
! WD9X! J<$0(;!U6!T6;!74.$'4-!^6!T6c!\$0$.%*;!U.'8$!\6c!F(].H$;!i$,./*'-c!
\.'$,/*3$;!i.H*H-c!a.;![*(c!7,.3*;!b*'-8$,.c!\$4-)$;!U/*>()-,/*! -'**/0$#')(S(
G"+')'# $%(H9"&',3/V(J"33"/,(3JJ= ;!?I ;!?P"@?PD6!
! WDRX! 7'*&!V6[6!b$''*,;!^6!p6!V6;!J%)/-%8!+6!O*00*,!T"3/$9"+/*#(J"33"/, !
3J)) ;!MK;!9PPR@9PPY6!
! WDPX! [*$%>;!b6c!b$3$4$;!i6!B/0>(-'*&*%>(H9"&>!3JJI ;!Q;!E"RD@E"R96!
! WDYX! ^$>-0$%;![6c!+-,)(';!^6![6!:>(B/0>(H9"&>!3JJI ;!QL;!?:PD@?:P96!
! WE:X! ^$>-0$%;![6c!J4$3,;!T6!V6!#6c!K%-].H$;!b6c!b.%>('=-'4;!T6!a6c!7,.3*;!
b6c!+-,)(';!^6![6!H9"&G"+H9"&!3J)3 ;!Q;!R99@RR:6!
! WE"X! ^$>-0$%;![6c!+-,)(';!^6![6!!B:"B6!m%1.20*,/(4!<-'H6!
! WEBX! O.0==;!O6!I6c!^&+$00.3;![6!U6c!\.%%>;!Z6!J6!:>(D&>(H9"&>(E*)>!)IHH ;!
??O;!RE"Y@REDE6!
! WEDX! +$''*00-;![6c!+-,)$;!J6!^6c!U*4('$;!^6c!v*0$''$,$;![6!T"3/$9"+/*#(J"33>!
3J)) ;!MK;!?"?D@?"?96!
! WEEX! F$,&/%(';!76c!a*2('(H;!V6!-2%%"3'#(+"(%\D)$+"&'"(P*%*#$',"(+"(
E)'"#)",A(E"/'"(+",(E)'"#)",A(H9'&']2",A(^"*%*0']2",("3(^"*0/$19']2", !)I<I ;!Q;!
PRR@PY:6!
! WE?X! b-%4$;!^6c!b*'$)$;!\6c!U.(-H$;!b6c!\$),.H*;!F6c!i$3$>.&/*;!^6!
T"3/$9"+/*#(J"33>()IH) ;!KK;!B9RY@B9PB6!
! WE9X! C%-.(;!\6c!U$H$*;!\6!T"3/$9"+/*#(J"33>()IGG ;!LI ;!E:9D@E:996!
! WERX! +-'(8;!76![6c!U](H(08;!C6c!U/*%(';!+6!U6!T"3/$9"+/* #(J"33>!)IGG ;!LO;!
D?BY@D?DB6!
! WEPX! V$')-%;!I6!b6!S6c!V-.04;!a6c!+0*5(;!I6!a6![6c!^$>%.,;!#6!I6c!b$,(;!F6!:>(
H9"&>(E*)>!)IG) ;!?K;!BB:E@BB"?6!
! WEYX! ^$>%.,;!#6c!p$00$>/(';!F6!:>(H9"&>(E*)>A(H9"&>(H*&&2#>!)IH; ;!I ;!
DPY@Y:6!
! W?:X! 4(%!b$')->;!F6c!^$&*$;!V6c!^*%%$$'4;!J6![6c!Z('*%>$;!V6!a6!D+4>(EV#39>(
H$3$%>!3J)J ;!NMK;!YYY@":"D6 !
! W?"X! U&/-00;!^6c!I*%>;!U6c!a((;!+6!O6c!p'.22,;!S6!b6!B/0>(J"33>()III ;!?;!Y?D@
Y?96!
! W?BX! p$'2(';!U6!V6c!\*%>,2.'8;![6!U6c!p'$8;!V6!a6c!b-5(84$;!J6!b6!:>(D&>(H9"&>(
E*)!3JJJ ;!?KK;!P"9P@P"RY6!



! "R: !

! W?DX! +0$'H;!I6!J6c!V$,*0(;!V6!U6c!\$'%-=(0;!O6!U6c!I*5(';!U6!F6!B/0>(%"33>!3JJH;!
?O;!EYBR@EYBY6!
! W?EX! \'.(>(';!+6c!^$4*>$%;!I6!a6c!p'((%;!V6!76c!b.)&/*%,-%;!I6!\6c![*$%>;!O6!
O6c!\$)*;!O6!^6c!a*.;!i6c!^$'*%>;!+6![6c!^$,,(;!U6!v6c!^&I$%*(0;!\6!Z6c!^*440()-%;!F6!S6c!
^-;!b6c!^-00$;!J6c!^-%)>-3('8;!I6!J6c!T>;!F6!C6c!\(31=;!I6![6!-'**/0>(G"+>(H9"&>(J"33>!
3JJG;!?Q;!BBPY@BBYB6!
! W??X! Z.',)%(';!J6! D#0"Z>(H9"&>([#3>(7+>!3JJJ ;!NR;!D:"B@D:ED6!
! W?9X! b('2(');!^6!V6c!a$%;!i6c!\(*)];!V6!\6c!a*.;!#6c!7%4-;!\6c!I$8;!^6!O6!:>(D&>(
H9"&>(E*)!3J)3 ;!?NL;!RP9"@RP996!
! W?RX! b-%>;!U6!b6c!O(%](0;!J6!p6c!U$0>.('-;!F6!F6c!I$8;!^6!O6c!p'.22,;!S6!b6!:>(
D&>(H9"&>(E*)(
!3JJG;!?KR;!RY9"eRY9P6!
! W?PX! I-(2%(';!K6! -"/')93"(+"/(_"23,)9"#(H9"&',)9"#(^","%%,)9$=3()IJ3 ;!
NM;!""D9@""ER!
6!
! W?YX! b-8('!I;! +6!I6;!Z-]$'4![S;!b$')*>!#S;!^$')*%!pS;!^80(&/$'$%(!7[;!
U$G(%$!#S;!b.31/'(8!##!P9$/&$)*%*0')$%(!"4'"Z,!)II; ;!LI ;!"?R@B:D6!
! W9:X! V('>(';!^6c!p'$8;![6!J6c!S-)/;!V6!a6!D##2$%(!"4'"Z(*=(G"+')'#"!3JJI ;!
IO;!DD?@D996!
! W9"X! T*&/-0,;!I6!76c!T*&/-0,;!+6!I6!H9"&>(!"4>!3JJH;!?OY;!"9"E @"9E"6!
! W9BX! Z-.'%*(';![6!+6c!I(S.2(*,;!S6![6c!b-00-%;!U6!I6c!I*3*4_*$%;!U6c!
J3,)('4$3;![6!I6c!U/(0)-%;!S6!+6c!Z$<&());![6!`*2/#$%(*=(39"(D&"/')$#(G"+')$%(
D,,*)'$3'*# !3J)J ;!NON6!
! W9DX! F*)(0(';!^6c!a8-%;!S6c!p0(%%-%;!S6!P,V)9*19$/&$)*%*0V!) IHH;!RL;!
B"D@B"96!
! W9EX! p0(%%-%;!S6!J6c!\*(';!a6!V6c!U/.0>*%;!J6!F6!:>(P9$/&>(E)'>()IGI ;!IY;!Y:9@
R6!
! W9?X! T*&/-0,;!I6!76!#6;!O*00*$3!S6c!i*3;!p(-'>(!\6!O6!J'="(E)'>!)IGH ;!KK;!
B"9?@B"R:6!
! W99X! T*&/-0,;!I6!76c!O--4$'4;!S6c!b$)/$<$8;!V6!J6c!a-<8;!^6!F6c!i*3;!p6!\6!
O6!:>(G"+>(H9"&>!)IGI ;!KK;!E?P@E9:6!
! W9RX! [-/%,-%!^c!^$)/*,!+c!U/.0>*%!Jc!b-==3$%!Jc!T*&/-0,!I!P9$/&$)*%>A(
-'*)9"&>(-"9$4>!)IIJ ;!NM;!B"" @B"R6!
! W9PX! O(*%,)-&H;![6!:>(B/0>(H9"&>!)I=) ;!KI ;!D?""6!
! W9YX! T*&/-0,;!I6!76c!^&+-'58;![6!I6c!Z'(,&$,;!U6c!#*>-));!J6c!b.$%>;!|6c!S-)/;!
V6!!B:"B6!.%1.20*,/(4!<-'H6!
! WR:X! b$3$3-)-;!b6c!\.4-/;!^6c!F$H$/$,/*;!b6c!CH(>$3*;!U6!B/0>(J"33>!
3JJ= ;!Y;!E:"? @E:"P6!
! WR"X! #*%H(8c![$*%!#6c!p'-5('!U6!H2//"#3(E)'"#)"!)IH9 ;!MK;!""P? @""PP6!
! WRBX! U.>$3-)-;!\6c!i-/ @*&/*!^$),.,*)$c!\$%$!^$ ),.*c!+/*$H*!\.'->*c!
^$),.*;!F6!T"3/$9"+/*# !3J)) ;!IQ;!?DE9@?D?Y6!
! WRDX! J1-%)(;![6c!U)(>.*;!v6c!^$@0$>$;!76c!`*3*&;!^6c!ƒ.*0*$%-;!^6c!v$*,2('>;!
J6c!p*03$%;!S6c!b$33-%4;!p6!:>(G"+>(H9"&!3JJH;!M?;!9BD:@9BDE6!
! WREX! I(%>;!i6@S6c!U-%>;!J6@|6c!O$%>;!b6@ƒ6!:>H9'#>(H9"&>(E*)!3JJ; ;!M?;!
9BY@9D96!
! WR?X! +/-1*%;![6c!I.'.$0;!#6!-2%%>(E*)>H9'&>(W/!)I=< ;!DD?:@DD?R6!
! WR9X! #(0)(';!J6!:>(H9"&>(E*)>A(P"/U'#(T/$#,>(?;!KN;!BER?@BEPD6!
! WRRX! ^$/$%)/8;!#6![#+'$#>(:>(H9"&!)I=< ;!N;!"B" @"BD6!



! "R" !

! WRPX! I-'(;!I6!I6c!V.'>(,-%;![6!S6c!I$5*,;!S6!J6c!b*)&/&-&H;!U6!S6!
T"3/$9"+/*#a(D,V&&"3/V!3JJ= ;!?Q;!BDP9@BDYB6!
! WRYX! 75$%,;!I6c!O(2(';!J6!:>(D&>(H9"&>(E*);!?OY;!9R?R@9R9"6!
! WP:X! F8''$$;!O6c!T$.3$%%$;!I6c!ƒ.$4)$;!U6c!V.,0(*$;!U6c!i$>.1-0,H**2!i!ac!
^6;!\6!^6!:>(W%2*/'#"(H9"&>!3JJG;!?KY;!P"D@P"R6!
! WP"X! V$2$4]/$%-5$;!a6!J6!T"3/$9"+/*# !3JJ< ;!I? ;!"P"D@"P"Y6!
! WPBX! V$'*$.;!J6c!+$%();![6c!+/$0$'4;!#6c!F'-*%;!i6!T"3/$9"+/*#a(D,V&>!3JJ< ;!
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