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0&+.2&6<#E&#.26(#/,)2*'&'#.,#/,-&4.)-/(,#-&4+#0(4#.3&#.,'#6&9#-(#.))(*,-#0(4#7(-&,-/.2#

'/00&4&,)&6#/,#+/34.-/(,#6-4.-&35#;5#6&9#>/-%/,I.3&#)2.66<#E&#*6&'#-%&#0*,)-/(,#b6-&7c#/,#H#

-(#'4(7#-&4+6#.,'#'&-&4+/,&#-%&#;&6-I0/-#+('&2#*6/,3#FRL#1.2*&6<##

Q(4#6-(7(1&4#1.4/.;2&6#>&#*6&'#.#'/00&4&,-#.774(.)%#-(#6*++.4/f&#.3&I4&2.-&'#'/00&4&,)&68#

6/,)&#/,/-/.2#&9.+/,.-/(,#(0#-%&#'.-.#4&1&.2&'#,(#6&9#(4#;4&&'/,3#'&6-/,.-/(,#&00&)-6<#E&#

*6&'#.3&#.6#-%&#4&67(,6&#1.4/.;2&#/,#.#;/,(+/.2#2/,&.4#4&34&66/(,#.,'#*6&'#-%&#0(22(>/,3#

6-(7(1&4#1.4/.;2&6#.6#/,'&7&,'&,-#0.)-(46l#-(-.2#6-(7(1&4#,/3%-68#6-(7#,/3%-6#/,#-%&#i<#N<8#

6-(7#,/3%-6#/,#-%&#$4(7/)68#+&.,#6-(7(1&4#'*4.-/(,8#,*+;&4#(0#6-(768#.,'#'*4.-/(,#(0#

6-(7(1&4#;&0(4&#=*20#)4(66/,3#.,'#.0-&4#3*20#)4(66/,3<#$%/6#.,.256/6#.22(>&'#*6#-(#.66&66#

>%/)%#6-(7(1&4#1.4/.;2&#>.6#-%&#+(6-#'/00&4&,-#;&->&&,#.'*2-6#.,'#[*1&,/2&6#?/<&<#



# g!#

6/3,/0/).,-#74&'/)-(4#(0#.3&C<#E&#.26(#)(+7.4&'#6-(7(1&4#1.4/.;2&6#'/4&)-25#;&->&&,#.'*2-6#

.,'#[*1&,/2&6#*6/,3#-I-&6-6#/,#(4'&4#-(#6%(>#-%&#+&.,#'/00&4&,)&6#0(4#&.)%#1.4/.;2&<#E&#

&9.+/,&'#1.4/.,)&#/,#2(,3/-*'&#&,-&4/,3#-%&#i<#N<#;&->&&,#.'*2-6#.,'#[*1&,/2&6#*6/,3#

Q/6%&4U6#0*-&6-8#.,'#>&#)(+7.4&'#>%&-%&4#(4#,(-#;/4'6#)4(66&'#-%&#=*20#(0#O&9/)(#

(1&4>.-&4#(4#-((P#.,#(1&4I2.,'#4(*-&#;5#*6/,3#Q/6%&4U6#W9.)-#-&6-#-(#'&-&4+/,&#/0#[*1&,/2&6#

>&4&#6/3,/0/).,-25#+(4&#2/P&25#-(#3(#.4(*,'#-%&#3*20#-%.,#.'*2-6<#E&#4&7(4-#+&.,6#o#

6-.,'.4'#&44(4#*,2&66#(-%&4>/6&#/,'/).-&'<##

F+,*1&, 

!"#$%&"'-)&"7"-#. n*1&,/2&6#'&7.4-&'#6/3,/0/).,-25#2.-&4#04(+#(1&4>/,-&4/,3#6/-&6#-%.,#.'*2-6#

?+('&2#&6-/+.-&#0(4#[*1&,/2&6#m#"<a#o#A<a#'8#S#m#B<BBaC#?Q/3<#AI!FC8#)(,-4(22/,3#0(4#6/3,/0/).,-#

6&9#.,'#;4&&'/,3#'&6-/,.-/(,#&00&)-6#?$.;2&#AI!C<#$%/6#-/+/,3#'/00&4&,)&#>.6#.26(#&1/'&,-#.-#

-%&#i<#N<#=*20#(0#O&9/)(#)(.6-8#>%&4&#[*1&,/2&6#.26(#.44/1&'#2.-&4#4&2.-/1&#-(#.'*2-6#?&6-/+.-&#

0(4#[*1&,/2&6#m#a<BA#o#A<"'8#S#m#B<BB!C#?Q/3<#AI!FC<#F3&#%.'#-%&#+(6-#74(,(*,)&'#&00&)-#(,#

-/+/,3#(0#.44/1.2#.-#;4&&'/,3#6/-&6#?&6-/+.-&#0(4#[*1&,/2&6#m#!M<a"#o#A<"'8#S|B<BB!C#?Q/3<#AI

!FC<#$%&4&#>.6#,(#6/3,/0/).,-#/,-&4.)-/(,#;&->&&,#.3&#.,'#6&9#0(4#.,5#-/+/,3#1.4/.;2&<#



# gA#

 
Q/3*4&#AI!#n*1&,/2&#>(('#-%4*6%&6#&9%/;/-#.#6/3,/0/).,-25#'/00&4&,-#+/34.-/(,#6-4.-&35#/,#

674/,3#-%.,#.'*2-6<#FC#n*1&,/2&6#?6(2/'#65+;(26C#>&4&#2.-&4#-%.,#.'*2-6#?%(22(>#65+;(26C#.-#

>/,-&4#'&7.4-*4&8#&,-&4/,3#-%&#i<#N<#.2(,3#-%&#,(4-%&4,#=*20#(0#O&9/)(#)(.6-8#.,'#>%&,#

.44/1/,3#.-#;4&&'/,3#6/-&6<#$4/.,32&6#4&74&6&,-#.1&4.3&#0(4#0&+.2&6#.,'#6:*.4&6#0(4#+.2&6<#

J&4-/).2#;.46#/,'/).-&#6-.,'.4'#&44(4<#R,6&-#+.7#6%(>6#.,#&9.+72&#(0#2().-/(,6#>%&4&#

-/+/,3#>.6#+&.6*4&'#0(4#.,#/,'/1/'*.2#>(('#-%4*6%<#GC#N74/,3#+/34.-/(,#67&&'#?-(-.2#

'/6-.,)&w'*4.-/(,C#>.6#62(>&4#0(4#[*1&,/2&#>(('#-%4*6%&6<#LC#n*1&,/2&6#%.'#+(4&#

6-(7(1&46#'*4/,3#674/,3#+/34.-/(,#4&2.-/1&#-(#.'*2-68#.,'#VC#%.'#+(4&#6-(7(1&4#,/3%-6#/,#

-%&#i<#N<#-%.,#.'*2-6<#D(-&#-%.-#!#6-(7(1&4#,/3%-#m#A#)(,6&)*-/1&#,((,6#/,#-%&#6.+&#2().-/(,<#

G(972(-6#&9-&,'#-(#Ag-%#.,'#"g-%#:*.4-/2&6#>/-%#'.4P#2/,&6#6%(>/,3#-%&#+&'/.,#1.2*&#.,'#

)/4)2&6#/,'/).-/,3#(*-2/&46<#N.+72&#6/f&#/6#,#m#!"#0(4#[*1&,/2&68#.,'#,#m#MB#0(4#.'*2-68#&9)&7-#

0(4#>/,-&4#'&7.4-*4&#?,#m#!j8#AjC#+/34.-/(,#67&&'#?,#m#!g8#AgC8#.,'#6-(7(1&46#/,#-%&#i<#N<##?,#

m#!j8#AaC<#(



# gM#

(

8/$"-#)7"#$%&"'-).*$%&"'-)%-.),/++.E F3&#>.6#-%&#(,25#6/3,/0/).,-#0.)-(4#4&-./,&'#/,#

-%&#-(7#+('&2#0(4#674/,3#+/34.-/(,#'*4.-/(,#?&6-/+.-&#"<"M#o#A<"]8#-#m#A<Y!8#S#m#B<BBYC#

?$.;2&#AI!C8#/,'/).-/,3#-%.-#-%&#&00&)-#(0#.3&#(,#674/,3#+/34.-/(,#'*4.-/(,#/6#2.43&4#-%.,#

&00&)-6#(0#2().-/(,#(0#-%&#0/,.2#'&6-/,.-/(,8#(4#6&9#(0#-%&#;/4'<#n*1&,/2&6#67&,-8#(,#.1&4.3&8#

.;(*-#Y'#2(,3&4#(,#674/,3#+/34.-/(,#-%.,#.'*2-6#?+&.,#A]<g#o#A<g#'#0(4#[*1&,/2&6#1&46*6#

!j<Y#o#!<g#'#0(4#.'*2-6C<#h1&4.22#+/34.-/(,#67&&'#?).2)*2.-&'#.6#-%&#-(-.2#'/6-.,)&#)(1&4&'#

'/1/'&'#;5#-%&#'*4.-/(,#/,#'.56C#>.6#6/3,/0/).,-25#62(>&4#0(4#[*1&,/2&6#?!a!#o#!Y#P+w'C#

-%.,#.'*2-6#?A"A#o#A]#P+w'C#?-#m#A<jB8#'0#m#Mg<gY8#S#m#B<B!]C#?Q/3<#AI!GC<#O/34.-/(,#67&&'#(,#

02/3%-#,/3%-6#(,25#>.6#,(-#6/3,/0/).,-25#'/00&4&,-#;5#.3&#?[*1&,/2&6l#g]!#o#Ma#P+w'8#.'*2-6#

gaA#o#MgP+w'K#-#m#B<aY8#'0#m#MM<B]8#S#m#B<MMC<  

!"#$%&'$(),&'/'0+$,. $%&#(,25#6/3,/0/).,-#0.)-(4#4&-./,&'#/,#(*4#;/,(+/.2#2/,&.4#

4&34&66/(,#>/-%#.3&#.6#-%&#'&7&,'&,-#1.4/.;2&#>.6#-(-.2#,*+;&4#(0#,/3%-6#6-(77&'#/,#-%&#i<#

N<#?&6-/+.-&#0(4#[*1&,/2&6l#B<a]#o#B<Mg8#f#m#A<ja8#S#m#B<BB"C<#L(+7.4/,3#6-(7(1&4#1.4/.;2&6#

;&->&&,#.'*2-6#.,'#[*1&,/2&6#*6/,3#-I-&6-6#4&1&.2&'#-%.-#-%&#04&:*&,)5#(0#6-(7(1&46#>.6#

6/3,/0/).,-25#'/00&4&,-#;5#.3&#?-mIA<]j8#'0#m#MY<g!8#S#m#B<B!YCl#[*1&,/2&6#6-(77&'#+(4&#-/+&6#

?]<j#o#B<MC#-%.,#.'*2-6#?M<]#o#B<MC#?Q/3<#AI!LC<#R,#)(,-4.6-8#+&.,#6-(7(1&4#'*4.-/(,#>.6#,(-#

6/3,/0/).,-25#'/00&4&,-#;&->&&,#.'*2-6#.,'#[*1&,/2&6#?+&.,#0(4#[*1&,/2&6l#M<]#o#B<M#'8#+&.,#

0(4#.'*2-6#M<A#o#B<M#'K#-#m#IB<gY8#'0#m#Mg<AA8#S#m#B<gjC<#n*1&,/2&#;/4'6#%.'#+(4&#6-(7#,/3%-6#

(1&4#-%&#&,-/4&#+/34.-(45#[(*4,&5#?[*1&,/2&6l#!j<A#o#A<!#'8#.'*2-6l#!B<A#o#!<!#'K#-#m#IA<]]8#'0#m#

A]<g!8#S#m#B<BAC8#.,'#+(4&#67&)/0/).2258#+(4&#6-(7(1&4#,/3%-6#/,#-%&#i<#N<#?[*1&,/2&6l#"<]#o#!<B#

'8#.'*2-6l#M<a#o#B<g#'K#-#m#IM<Ba8#'0#m#A!<aYa8#S#m#B<BBgC#?Q/3<#AIAVC<#$%&4&#>.6#,(#6/3,/0/).,-#

'/00&4&,)&#;&->&&,#.'*2-6#.,'#[*1&,/2&6#/,#-%&#,*+;&4#(0#,/3%-6#67&,-#.-#6-(7(1&46#/,#-%&#



# g]#

$4(7/)6#?[*1&,/2&6l#Y<Y#o#A<B'8#.'*2-6l#j<j#o#!<!'C#?-#m#IB<aB8#'0#m#A]<j!8#S#m#B<MYC<#E&#0(*,'#

,(#.3&I4&2.-&'#'/00&4&,)&6#/,#-%&#'*4.-/(,#(0#-%&#2.6-#6-(7(1&4#;&0(4&#-%&#=*20#(0#O&9/)(#

)4(66/,3#?-#m#IB<BY8#'0#m#MM<a"8#S#m#B<aMC8#(4#/,#-%&#'*4.-/(,#(0#-%&#0/46-#6-(7(1&4#(,#-%&#i<N<#

6/'&#?-#m#IB<aY8#'0#m#AA<"g8#S#mB<M]C<##

 

Q/3*4&#AIA#O/34.-/(,#4(*-&6#.-#-%&#=*20#(0#O&9/)(#.4&#,(-#6/3,/0/).,-25#'/00&4&,-#0(4#FC#.'*2-#

?,#m#MBC#.,'#GC#[*1&,/2&#?,#m#!"C#>(('#-%4*6%&6<#_/,&6#7(/,-#-(#-%&#2(,3/-*'&#(,#-%&#

,(4-%&4,#=*20#(0#O&9/)(#)(.6-#>%&4&#;/4'6#+.'&#2.,'0.22<#$%/)P,&66#(0#.#2/,&#/6#74(7(4-/(,.2#

-(#-%&#7&4)&,-#(0#;/4'6#>/-%/,#.3&I)2.66#*6/,3#-%.-#4(*-&<#G/4'6#.4&#.22#6%(>,#)4(66/,3#-%&#

=*20#04(+#.#6/,32&#7(/,-#(,#-%&#p*).-.,#7&,/,6*2.#(0#O&9/)(#0(4#6/+72/)/-5K#-%&4&#>&4&#62/3%-#

1.4/.-/(,6#/,#-.P&(00#2().-/(,6#-%.-#.4&#,(-#6%(>,#%&4&<#$%&#.44(>#.4(*,'#-%&#=*20#/,'/).-&6#

-%&#74(7(4-/(,#(0#;/4'6#-%.-#'/'#,(-#025#'/4&)-25#.)4(66#;*-#/,6-&.'#*6&'#.,#(1&42.,'#4(*-&#

?,#m#M#(0#!"#[*1&,/2&68#,#m#M#(0#MB#.'*2-6C<##

)

!"#$%&"'-)$'*&+)%-.).+,&"-%&"'-E)F3&#>.6#,(-#.#6/3,/0/).,-#0.)-(4#&972./,/,3#1.4/.-/(,#

/,#2(,3/-*'&#(0#&,-&4/,3#-%&#i<#N<#?$.;2&#AI!C<#N/,)&#-%&4&#>&4&#,(#6/3,/0/).,-#&00&)-6#(0#



# gg#

;4&&'/,3#'&6-/,.-/(,#(4#6&9#(,#2(,3/-*'&#&,-&4/,3#i<#N<8#>&#'/4&)-25#)(+7.4&'#-%&#2(,3/-*'&#

(0#.'*2-6#1&46*6#[*1&,/2&6#.-#-%&#7(/,-#(0#&,-45#-(#i<#N<#;5#*6/,3#.#-I-&6-8#.,'#'/'#,(-#'&-&)-#.#

6/3,/0/).,-#'/00&4&,)&#;5#.3&#?[*1&,/2&6l#a!<"#o#B<"#^E8#.'*2-6l#aB<j#o#B<g^EK#-#m#I!<AB8#'0#m#

MB<MM8#S#m#B<A]C#?Q/3<#AIAC<#J.4/.,)&#/,#2(,3/-*'&#&,-&4/,3#-%&#i<#N<#>.6#.26(#,(-#6/3,/0/).,-25#

'/00&4&,-#;5#.3&#?Q#m#B<YB8#'0#m#Aaw!j8#7#m#B<gYC<#O/34.-(45#'/6-.,)&8#)(,-4(22/,3#0(4#

;4&&'/,3#'&6-/,.-/(,8#>.6#.26(#,(-#6/3,/0/).,-25#'/00&4&,-#;5#.3&8#.6#>(*2'#;&#&97&)-&'#/0#

[*1&,/2&6#-((P#2(,3&4#4(*-&6#-(#3&-#-(#-%&#6.+&#72.)&#?$.;2&#AI!C<#F#62/3%-25#%/3%&4#

74(7(4-/(,#(0#[*1&,/2&6#.1(/'&'#)4(66/,3#-%&#=*20#(0#O&9/)(#(1&4>.-&4#?M#(0#!"C#)(+7.4&'#

-(#.'*2-6#?M#(0#MBC8#.2-%(*3%#-%/6#>.6#,(-#6/3,/0/).,-#?Q/6%&4U6#W9.)-#-&6-8#S#m#B<jgC#?Q/3<#AI!C<  

>'-."&"'-)%-.)7'$/4'1'#"3%1).";;+$+-3+,)/$"'$)&'),/$"-#)7"#$%&"'-+(F3&#>.6#,(-#

4&-./,&'#/,#-%&#-(7#+('&2#0(4#7&4)&,-#2&.,#;('5#+.66#?S#m#B<AMC8#,(4#>.6#-%&4&#.#6/3,/0/).,-#

/,-&4.)-/(,#;&->&&,#.3&#.,'#'.-&#(0#).7-*4&#?S#m#B<AAC#/,#G&2/f&<#O&.,#qS_GO#0(4#.'*2-6#

>.6#M<]g#o#B<Y"q#.,'#0(4#[*1&,/2&6#]<B]#o#B<"Mq#?Q/3<#AIMFC<#E&#.26(#'/'#,(-#0/,'#.3&I

4&2.-&'#'/00&4&,)&6#/,#->(#(-%&4#+&.6*4&6#(0#;('5#)(,'/-/(,8#7&)-(4.2#+*6)2&#6)(4&6#?Q#m#

A<jg8#S#m#B<!BjC#.,'#0.-#6)(4&6#?Q#m#!<gY!8#S#m#B<A!BC#?Q/3<#AIMGC<#n*1&,/2&#>(('#-%4*6%&6#

%.'#6/3,/0/).,-25#6%(4-&4#>/,36#-%.,#.'*2-68#>/-%/,#6&9I)2.66#?0&+.2&6l#-#m#]<ag8#'0#m#!Mg8#S#

|B<BB!K#+.2&6l#-#m#M<"Y8#'0#m#!MA<Ma8#S|B<BB!C#?Q/3<#AIMLC< 

 



# gj#

 

Q/3*4&#AIM#G('5#)(,'/-/(,#(0#.'*2-#?,#m#"YC#.,'#[*1&,/2&#?,#m#!B"C#>(('#-%4*6%&6#).7-*4&'#

/,#G&2/f&#/,#2.-&#>/,-&4#>.6#,(-#6/3,/0/).,-25#'/00&4&,-8#;*-#>/,3#2&,3-%#>.6#6/3,/0/).,-25#

6%(4-&4#0(4#[*1&,/2&68#>/-%/,#6&9&6<#FC#S&4)&,-#2&.,#;('5#+.668#.,'#GC#0.-#?,#m#!AA#.'*2-68#,#

m#!"M#[*1&,/2&6C#.,'#7&)-(4.2#+*6)2&#6)(4&6#?,#m#YY#.'*2-68#,#m#!Aa#[*1&,/2&6C#>&4&#,(-#

'/00&4&,-#;5#.3&I)2.66<#LC#E/,3#2&,3-%#>.6#6+.22&6-#0(4#[*1&,/2&#0&+.2&6#?,#m#aAC8#0(22(>&'#

;5#.'*2-#0&+.2&6#?,#m#"MC8#[*1&,/2&#+.2&6#?,#m#aaC8#.,'#.'*2-#+.2&6#?,#m#"AC<#G(972(-6#6%(>#

Ag-%#-(#"g-%#:*.4-/2&6#>/-%#(7&,#)/4)2&6#/,'/).-/,3#(*-2/&46<##

)



# g"#

,&-.$(/01(,23(4$5$%&.(."5$&%(62*$.7(#8&#($93.&"5(:&%"&#"25("5(73%"54(6"4%&#"25(

7#%&#$4;(2<(=':$5".$(&5*(&*'.#(>22*(#8%'78$7+(_&--&46#/,#;4.)P&-6#/,'/).-&#-%&#;.6&#

).-&3(45#0(4#-%.-#&6-/+.-&8#/<&<#n#m#[*1&,/2&8#O#m#+.2&<#Q*22#+('&26#0(4#.22#1.4/.;2&6#/,)2*'&'#

.3&8#6&98#;4&&'/,3#2.-/-*'&#.,'#;4&&'/,3#2(,3/-*'&<#E&#.26(#/,)2*'&'#.,#/,-&4.)-/(,#-&4+#0(4#

.3&#.,'#6&98#.2-%(*3%#/-#>.6#,(-#6/3,/0/).,-#/,#.,5#+('&2<(

Dependent variable Factors retained in top 

model 

Estimate ± 

standard error 

t P 

Spring departure date Age (J) 7.93 ± 2.91 2.73 0.009 

 Sex (M) -10.88 ± 2.89 -3.76 <0.001 

 Breeding latitude 0.74 ± 0.38 1.96 0.057 

Spring enter U.S. Age (J) 9.02 ± 2.66 3.39 0.001 

 Sex (M) -10.57 ± 2.53 -4.17 <0.001 

 Breeding latitude 1.02 ± 0.34 2.98 0.005 

Breeding arrival date Age (J) 13.97 ± 2.66 5.25 <0.001 

 Sex (M) -11.58 ± 2.53 -4.57 <0.001 

 Breeding latitude 1.12 ± 0.34 3.03 0.002 

Spring migration duration Age (J) 7.73 ± 2.74 2.81 0.008 

Longitude entering N.A.  No significant factors - - - 

Spring migration distance Breeding latitude 79.78 ± 26.81 2.98 0.002 

 Breeding longitude -107.49 ± 25.81 -4.16 <0.001 

Spring migration speed 

(distance/ migration 

duration) 

Age (J) -80.70 ± 33.99 -2.37 

 

0.023 

 



# gY#

G",3*,,"'-)

Q(4#-%&#0/46-#-/+&8#>&#-4.)P&'#[*1&,/2&#6(,3;/4'6#04(+#6-.4-I-(I0/,/6%#(,#-%&/4#/,.*3*4.2#

674/,3#+/34.-/(,#.,'#0(*,'#6/3,/0/).,-#'/00&4&,)&6#/,#+/34.-/(,#6-4.-&35#;&->&&,#[*1&,/2&6#

.,'#.'*2-6#-4.)P&'#04(+#-%&#6.+&#>/,-&4/,3#6/-&6<#F0-&4#.))(*,-/,3#0(4#-%&#&00&)-6#(0#6&9#.,'#

;4&&'/,3#'&6-/,.-/(,8#[*1&,/2&6#>&4&#.#>&&P#2.-&4#-%.,#.'*2-6#/,#'&7.4-/,3#04(+#>/,-&4/,3#

6/-&6#.,'#->(#>&&P6#2.-&4#/,#.44/1/,3#.-#;4&&'/,3#6/-&6#?Q/3<#AI!FC<#$%&#62(>&4#+/34.-/(,#

67&&'#(0#[*1&,/2&6#(1&4.22#?Q/3<#AI!GC#>.6#-%&#4&6*2-#(0#[*1&,/2&6#6-(77/,3#0(4#+(4&#,/3%-6#
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!jI(f#72.6-/)#)*76#72.)&'#/,#%(2&6#.-#!+8#g+#.,'#!B#+#.2(,3#-%&#-4.,6&)-8#6(#-%.-#-%&#&'3&#(0#

-%&#)*7#>.6#02*6%#>/-%#-%&#34(*,'<#$4.76#>&4&#0/22&'#>/-%#>.-&4#.,'#.#'4(7#(0#'/6%#6(.7#-(#.#

'&7-%#(0#A#)+8#.,'#&+7-/&'#.,'#4&6&-#&1&45#A]#%(*46#0(4#.#-(-.2#(0#"A#%(*46#(0#-4.77/,3#?M#

'.56C#/,#&.)%#%.;/-.-#/,#&.)%#6&.6(,<#E&#*6&'#.#72.6-/)#72.-&#+(*,-&'#(,#->(#>(('&,#

6P&>&46#-(#)4&.-&#.#2/'#}!)+#(1&4#-%&#-(7#(0#-%&#-4.7#-(#.1(/'#(1&402(>#04(+#4./,#(4#).7-*4&#

(0#6+.22#1&4-&;4.-&6<#F4-%4(7('6#)(22&)-&'#04(+#M#-4.76#7&4#-4.,6&)-#>&4&#7((2&'#-(#)4&.-&#

(,&#6.+72&#7&4#-4.,6&)-<#F22#.4-%4(7('6#)(22&)-&'#/,#-%&#-4.76#>&4&#6-(4&'#04(f&,#(4#/,#

&-%.,(2#*,-/2#-%&5#>&4&#/'&,-/0/&'#-(#0.+/25#(4#(4'&4<#$%&#;('5#2&,3-%#(0#&.)%#.4-%4(7('#

>.6#+&.6*4&'#-(#-%&#,&.4&6-#!I++<#N/,)&#6(+&#.4-%4(7('6#).7-*4&'#/,#-%&#7/-0.22#-4.76#.4&#

+(4&#2/P&25#-(#;&#)(,6*+&'#;5#E(('#$%4*6%#-%.,#(-%&468#>&#).2)*2.-&'#.,#/,'&9#(0#&'/;2&#

.4-%4(7('#;/(+.66<#Q(22(>/,3#2&,3-%I>&/3%-#&:*.-/(,6#7*;2/6%&'#0(4#D&(-4(7/).2#

.4-%4(7('6#?N-4(,3#.,'#N%&445#ABBBC8#>&#).2)*2.-&'#-%&#'45#>&/3%-#(0#L(2&(7-&4.8#

Q(4+/)/'.&8#.,'#F4.,&.&#.,'#6*++&'#-%&+#/,-(#(,&#+&.6*4&#(0#&'/;2&#.4-%4(7('#;/(+.66#

7&4#-4.,6&)-<(

M*%-&";("-#);$*"&)%C*-.%-3+E*$(#.66&66#04*/-#.;*,'.,)&8#>&#6&.4)%&'#0(4#04*/-#(,#

-4&&6#(4#6%4*;6#>/-%/,#A+#(0#-%&#34(*,'8#.,'#04*/-#(,#34(*,'#?0.22&,#04(+#).,(75C#/,#!B+#9#

]+#72(-6#.'[.)&,-#-(#-%&#,&-I2.,&#>%&4&#&.)%#E(('#$%4*6%#>.6#).7-*4&'<#E&#)(*,-&'#-%&#

,*+;&4#(0#/,'/1/'*.2#04*/-6#.,'#-57&6#(0#04*/-6<#$(#)4&.-&#.,#/,'&9#(0#04*/-#.;*,'.,)&8#>&#



# YM#

+*2-/72/&'#-%&#,*+;&4#(0#04*/-6#;5#-%&#,*+;&4#(0#-57&6#(0#04*/-6<#J.2*&6#2&66#-%.,#!B#>&4&#

)2.66/0/&'#.6#x2(>#.;*,'.,)&U8#!BIAB#.6#x+('&4.-&#.;*,'.,)&U#.,'#34&.-&4#-%.,#AB8#x%/3%#

.;*,'.,)&U<#*

>'-."&"'-)';)C"$.,E!L(,'/-/(,#(0#-%&#;/4'6#>.6#.66&66&'#;5#0(*4#+&.6*4&6l#!C#.#

3&,&4.2#;('5#)(,'/-/(,#/,'&9#?+.66#)(44&)-&'#0(4#6/f&C#?_.;()%.#.,'#X.5&6#AB!AC8#AC#

6)(4&6#(0#1/6/;2&#;('5#0.-#?L(,>.5#&-#.2<#!aa]C8#MC#6)(4&6#(0#7&)-(4.2#+*6)2&#6/f&#?N.2&>6P/#

&-#.2<#ABBaC8#.,'#]C#.#+&.6*4&#(0#-%&#7.)P&'#;2(('#)&22#1(2*+&#?%&+.-()4/-C#?X.-)%#&-#.2<#

AB!BC<#E&#*6&'#+*2-/72&#+&.6*4&6#6/,)&#&.)%#+.5#1.45#'/00&4&,-25#/,#4&2.-/(,#-(#)(,'/-/(,6#

&97&4/&,)&'#;5#.,#/,'/1/'*.2#;/4'8#.,'#&.)%#+&.6*4&#%.6#2/+/-.-/(,6#?_.;()%.#.,'#X.5&6#

AB!AC<#G('5#)(,'/-/(,#74(1/'&6#.,#(1&4.22#/,'/).-/(,#(0#,*-4/&,-#6-(4&6#?0.-#~#+*6)2&C8#;*-#

2((P/,3#.-#;(-%#0*&2#?0.-C#.,'#02/3%-#+*6)2&#6&7.4.-&25#/6#.26(#*6&0*2<#Q(4#&9.+72&8#%/3%#2&1&26#

(0#0.-#+.5#;&#.66()/.-&'#>/-%#*,4&2/.;2&#.))&66#-(#0(('8#'*4/,3#-/+&6#>%&,#;/4'6#.4&#,(-#

.)-/1&25#74&7.4/,3#0(4#+/34.-/(,#?E/--&4#.,'#L*-%/22#!aaMC8#2/P&>/6&#1&45#2(>#2&1&26#(0#0.-#

+.5#,(-#;&#.#6/3,#(0#7((4#)(,'/-/(,8#;*-#1&45#2(>#7&)-(4.2#+*6)2&#6)(4&6#.4&#2/P&25#.#6/3,#(0#

+*6)2&#).-.;(2/6+#.,'#&+.)/.-/(,<#X&+.-()4/-#74(1/'&6#.#7%56/(2(3/).2#/,'&9#(0#)(,'/-/(,<#

H&)&,-#6-*'/&6#%.1&#0(*,'#-%.-#%/3%&4#%&+.-()4/-#?4&2.-/1&25#+(4&#4&'#;2(('#)&226C#/6#

.66()/.-&'#>/-%#&.42/&4#674/,3#.44/1.2#.-#;4&&'/,3#6/-&6#0(4#=4.5#L.-;/4'6#?=(&3-311#*

'#$%1+,3,)+)C#?X.-)%#&-#.2<#AB!BC#.,'#F+&4/).,#H&'6-.4-6#?$(,4.#&-#.2<#AB!!C<#X/3%#

%&+.-()4/-#).,#/,)4&.6&#02/3%-#&00/)/&,)5#?n&,,/#&-#.2<#ABBjC8#-%&4&0(4&#/-#6%(*2'#/,)4&.6&#.6#

;/4'6#74&7.4&#0(4#+/34.-/(,#?X.-)%#&-#.2<#AB!BC<#X&+.-()4/-#6%(*2'#.26(#'&)4&.6&#>/-%#%/3%#

&,&435#&97&,'/-*4&6#?n&,,/#&-#.2<#ABBjC8#-%&4&0(4&#;/4'6#&97&,'/,3#+(4&#&,&435#0(4.3/,3#/,#

7((4I:*.2/-5#%.;/-.-6#6%(*2'#%.1&#2(>&4#%&+.-()4/-#-%.,#;/4'6#/,#%/3%I:*.2/-5#%.;/-.-<#!



# Y]#

$(#).2)*2.-&#.#3&,&4.2#;('5#)(,'/-/(,#/,'&98#>&#*6&'#+&-%('6#6/+/2.4#-(#(-%&4#

6-*'/&6#(0#+/34.-/,3#-%4*6%&6#/,#-%&#$4(7/)6#?G.525#&-#.2<#AB!M8#=(+&f#&-#.2<#AB!MC#.,'#

&6-/+.-&'#2&.,#;('5#+.66#0(4#&.)%#;/4'#*6/,3#.#4&34&66/(,#&:*.-/(,#(0#+.66#1&46*6#-.46*6#

2&,3-%#0(4#0.-I04&&#;/4'6<#$%&#;/4'U6#.)-*.2#;('5#+.66#>.6#-%&,#)(+7.4&'#-(#-%&#&6-/+.-&'#

;('5#+.66#.,'#-%&#'/00&4&,)&#)(,1&4-&'#-(#.#7&4)&,-.3&<#G/4'6#>/-%#.#7(6/-/1&#;('5#

)(,'/-/(,#/,'&9#>&4&#%&.1/&4#-%.,#&97&)-&'8#/<&<#;('5#)(,'/-/(,#/,'&9#(0#"<Aq#/,'/).-&6#.,#

/,'/1/'*.2#"<Aq#2.43&4#-%.,#/-6#&97&)-&'#2&.,#+.668#.,'#;/4'6#>/-%#,&3.-/1&#;('5#)(,'/-/(,#

/,'/)&6#.4&#2/3%-&'#-%.,#&97&)-&'8#/<&<#;('5#)(,'/-/(,#/,'&9#(0#Ig<Mq#/,'/).-&6#.,#/,'/1/'*.2#

g<M#q#2/3%-&4#-%.,#/-6#&97&)-&'#2&.,#+.66<#Q.-#>.6#6)(4&'#;5#&9.+/,/,3#-%&#-(46(#(0#-%&#;/4'#

0(4#1/6/;2&#0.-#'&7(6/-68#.,'#0(22(>/,3#.#6-.,'.4'/f&'#"I7(/,-#6)(4/,3#656-&+#-(#&6-/+.-&#-%&#

.+(*,-#(0#1/6/;2&#0.-#?V&6.,-&#&-#.2<#ABBaC<##Q&>#;/4'6#%.'#0.-#6)(4&6#34&.-&4#-%.,#]8#

-%&4&0(4&#>&#-4*,).-&'#(*4#+&.6*4&6#.-#g#).-&3(4/&6#?BI]C#.,'#)(,6/'&4&'#-%&#2.43&6-#

).-&3(45#.6#x]#(4#34&.-&4U<#S&)-(4.2#+*6)2&6#/,#;/4'6#.4&#-%&#74/+.45#+&.,6#(0#7(>&4/,3#

02/3%-#.,'#.4&#).-.;(2/6&'#-(#74('*)&#&,&435#>%&,#,&&'&'#?74(-&/,#0*&2C#?N.2&>6P/#&-#.2<#

ABBaC<#S&)-(4.2#+*6)2&6#>&4&#6)(4&'#;5#&9.+/,/,3#-%&#+*6)2&6#1/6*.225#.,'#;5#0&&2#-(#

'&-&4+/,&#.#6)(4&#(*-#(0#]8#>/-%#B#.6#)(,).1&#+*6)2&8#.,'#]#.6#;*23/,3#)(,1&9#+*6)2&<#

O*6)2&#6)(4&6#.774(9/+.-&#-%&#6)(4/,3#656-&+#(0#?=(62&4#!aa!C#(,25#/,6-&.'#(0#.#AI7(/,-#

6).2&#>/-%#%.20I7(/,-#1.2*&68#>&#6/+725#*6&'#.#]I7(/,-#6).2&<##

8&%&",&"3%1)%-%1(,+,E(Q(4#6&.6(,.2#.,.256&68#>&#34(*7&'#)(,'/-/(,#.,'#&,1/4(,+&,-.2#

1.4/.;2&6#/,-(#->(#-/+&#7&4/('6l#h)-ID(1#?>&-#6&.6(,C#.,'#Q&;IO.4#?'45#6&.6(,C<#E&#

)(+7.4&'#6(/2#+(/6-*4&8#0(('#.;*,'.,)&#?.4-%4(7('#.;*,'.,)&#.,'#&'/;2&#;/(+.66C8#.,'#

)(,'/-/(,#/,'/)&6#?;('5#)(,'/-/(,#.,'#%&+.-()4/-C#.)4(66#%.;/-.-6#;5#*6/,3#.#,&6-&'#

FDhJF#>/-%#6&.6(,#.,'#%.;/-.-#.6#/,'&7&,'&,-#0.)-(46<#X.;/-.-6#>&4&#,&6-&'#;5#6&.6(,8#



# Yg#

6/,)&#>&#>&4&#/,-&4&6-&'#/,#>/-%/,I6&.6(,#'/00&4&,)&6#;5#%.;/-.-#-57&8#.,'#6&.6(,#>.6#

,&6-&'#;5#5&.4#6/,)&#6(+&#5&.46#>&4&#(,25#6.+72&'#/,#(,&#6&.6(,#?&<#3<#>/,-&4#ABBawAB!B#

(,25#'45#6&.6(,#1.2*&6C<#$(#.66&66#>%&4&#6/3,/0/).,-#'/00&4&,)&6#>&4&#())*44/,3#?/<&<#>%/)%#

%.;/-.-6#.,'#6&.6(,6C8#>&#)(,'*)-&'#7(6-I%()#$*P&5U6#XNV#-&6-6#-(#)(+7.4&#+&.,6<#Q(4#0.-8#

+*6)2&8#.,'#04*/-#6)(4&68#>&#*6&'#3&,&4.2/f&'#2/,&.4#+('&26#>/-%#.#S(/66(,#&44(4#

'/6-4/;*-/(,#.,'#.66&66&'#-%&#;&6-#+('&2#;5#)(+7.4/,3#FRL#1.2*&6#(0#0*22#+('&26#-(#4&'*)&'#

+('&26<#Q*22#+('&26#/,)2*'&'#%.;/-.-#,&6-&'#;5#6&.6(,#.,'#5&.4<#F0-&4#(;6&41/,3#-%.-#;/4'6#

3&,&4.225#'&)2/,&'#/,#)(,'/-/(,#04(+#>&-#-(#'45#6&.6(,68#>&#-&6-&'#0(4#'/00&4&,)&6#/,#-%&#

62(7&#(0#-%/6#'&)2/,&#;5#%.;/-.-#;5#*6/,3#.,#FDLhJF8#>/-%#;('5#)(,'/-/(,#(0#;/4'6#).7-*4&'#

-%4(*3%(*-#-%&#&,-/4&#>/,-&4#?h)-#-(#F74C#.6#-%&#4&67(,6&8#.,'#.,#/,-&4.)-/(,#;&->&&,#'.-&#

(0#).7-*4&#.,'#%.;/-.-#.6#-%&#/,'&7&,'&,-#0.)-(4<#E&#)(+7.4&'#-%&#62(7&#(0#-%&#'&)2/,&#-(#

-%&#4.-&#(0#)%.,3&#0(4#Ag#/,'/1/'*.2#;/4'6#).7-*4&'#->/)&#>/-%/,#-%&#6.+&#>/,-&4#-(#

'&-&4+/,&#/0#-%&#(1&4.22#4.-&#(0#;('5#)(,'/-/(,#'&)2/,&#>.6#6/+/2.4#0(4#/,'/1/'*.2#;/4'6<#$(#

)(+7.4&#6&9#.,'#.3&#4.-/(6#.)4(66#6&.6(,6#.,'#%.;/-.-68#>&#*6&'#.#3&,&4.2/f&'#2/,&.4#

+('&26#>/-%#.#;/,(+/.2#&44(4#'/6-4/;*-/(,#.,'#.66&66&'#-%&#;&6-#+('&2#;5#FRL<#F22#

6-.-/6-/).2#.,.256&6#>&4&#7&40(4+&'#*6/,3#-%&#6(0->.4&#H#?H#V&1&2(7+&,-#L(4&#$&.+#

AB!!C<(

F+,*1&,)

8'"1)7'",&*$+)1+0+1,E#D&.4#-%&#;&3/,,/,3#(0#-%&#(1&4>/,-&4/,3#7&4/('#0(4#E(('#$%4*6%#/,#

G&2/f&#?D(1C8#6(/2#+(/6-*4&#2&1&26#>&4&#+(4&#-%.,#'(*;2&#?!AI!]qC#-%.-#.-#-%&#&,'#(0#-%&#

>/,-&4#?O.4K#AIjq#6(/2#+(/6-*4&C#>%&,#E(('#$%4*6%&6#.4&#6-.4-/,3#-(#74&7.4&#0(4#

+/34.-/(,#?}!AIAB#'.56#74/(4#-(#'&7.4-*4&C#?G&4-%(2'#ABB!C<#E(('#$%4*6%&6#-4.)P&'#04(+#

(*4#6-*'5#6/-&#'&7.4-&'#04(+#(,#.1&4.3&#(,#a#F748#>/-%#&.42/&6-#;/4'#'&7.4-/,3#A"#O.4#.,'#



# Yj#

2.-&6-#;/4'#'&7.4-/,3#Ag#F74#?W<#F<#O)T/,,(,8#*,7*;2<#'.-.C<#N(/2#+(/6-*4&#'/00&4&,)&6#>&4&#

6/3,/0/).,-#;(-%#;5#6&.6(,#.,'#%.;/-.-#?$.;2&#MI!8#Q/3<#MIAVC<#S(6-I%()#-&6-6#/,'/).-&'#-%.-#

.)4(66#6&.6(,68#6)4*;#%.;/-.-#>.6#'4/&4#-%.,#0(4&6-8#;*-#,(-#4&2.-/1&#-(#'/6-*4;&'#%.;/-.-#

?Q/3<#MIAVC<#$%&#,&6-&'#%.;/-.-w6&.6(,w5&.4#-&4+#>.6#6/3,/0/).,-K#*7(,#0*4-%&4#

&9.+/,.-/(,8#-%/6#>.6#(>/,3#-(#-%&#>&-#6&.6(,#/,#AB!B#;&/,3#6/3,/0/).,-25#>&--&4#(1&4.22#

-%.,#/,#AB!!#?'0#m#!8!gj8#Q#m#!"<!M8#S#|B<BB!C<#

L''.)B4$*,4);''.E(F4-%4(7('#.;*,'.,)&#>.6#4&2.-&'#-(#7.--&4,6#(0#6(/2#+(/6-*4&#/,#

-%.-#%/3%&4#6(/2#+(/6-*4&#>.6#.66()/.-&'#>/-%#%/3%&4#.;*,'.,)&#(0#.4-%4(7('6#?4AmB<!M8#

Q!8"Y#m#!A<ag8#S#|#B<BB!C<#h1&4.22#.4-%4(7('#.;*,'.,)&#'&)2/,&'#6/3,/0/).,-25#(1&4#-%&#

>/,-&48#;*-#>/-%/,I6&.6(,#.;*,'.,)&#>.6#6/3,/0/).,-25#'/00&4&,-#;5#%.;/-.-8#.,'#,(-#.22#

%.;/-.-6#'&)2/,&'#6/3,/0/).,-25#(1&4#-%&#>/,-&4#?Q/3<#MIAF8#$.;2&#MI!C<#S(6-I%()#-&6-6#

4&1&.2&'#-%.-#/,#-%&#&.425#>/,-&4#?>&-#6&.6(,C8#6)4*;#%.'#6/3,/0/).,-25#+(4&#.4-%4(7('6#7&4#

-4.,6&)-#-%.,#'/6-*4;&'#?'/00&4&,)&l#g!<M#.4-%4(7('6w-4.,6&)-8#LR#]<!YIaY<g8#S#m#B<BMC#.,'#

0(4&6-#%.;/-.-6#?'/00&4&,)&l#j"<"#.4-%4(7('6w-4.,6&)-8#LRl#Ag<jI!Ba<"8#S#m#B<BBB!C<#R,#2.-&#

>/,-&4#?'45#6&.6(,C8#-%&4&#>.6#,(#6/3,/0/).,-#'/00&4&,)&#;&->&&,#%.;/-.-#-57&6<#R,#-&4+6#(0#

6&.6(,.2#)%.,3&8#7(6-I%()#-&6-6#6%(>&'#-%.-#(,25#0(4&6-#%.;/-.-#'/'#,(-#'/00&4#6/3,/0/).,-25#

(1&4#-%&#6&.6(,#?SmB<M!C<#G(-%#'/6-*4;&'#%.;/-.-#?'/00&4&,)&l#IgA<j#.4-%4(7('6w-4.,6&)-8#LRl#

"<jIa"<j8#S#B<B!C#.,'#6)4*;#%.;/-.-#?'/00&4&,)&l#Iag<g#.4-%4(7('6w-4.,6&)-8#LRl#g]!I!Mj<a8#7#

|B<BB!C#%.'#6/3,/0/).,-25#2(>&4#,*+;&46#(0#.4-%4(7('68#>/-%#6)4*;#%.;/-.-#6%(>/,3#-%&#

34&.-&6-#'&)2/,&<##



# Y"#

$.;2&#MI!#FDhJF#4&6*2-6#0(4#-%&#&00&)-6#(0#6&.6(,#.,'#%.;/-.-#(,#-(-.2#.4-%4(7('#

.;*,'.,)&8#&'/;2&#.4-%4(7('#;/(+.668#.,'#6(/2#+(/6-*4&#)(,-&,-<#p&.4#>.6#/,)2*'&'#.6#.,#

/,-&4.)-/(,#0.)-(4#0(4#.4-%4(7('#.;*,'.,)&#.,'#;/(+.66#.,'#.6#.#,&6-/,3#0.)-(4#/,#6(/2#

+(/6-*4&#6/,)&#-%&4&#>.6#(,&#5&.4#>/-%#(,25#'45#6&.6(,#6(/2#+(/6-*4&#+&.6*4&+&,-6<#

N/3,/0/).,-#0.)-(46#/,'/).-&'#;5#.,#.6-&4/6P<(

# $(-.2#.4-%4(7('#.;*,'.,)&#

N(*4)&# '<#0<# O&.,#6:*.4&# 0* !*

N&.6(,# !# Y!Agj# ]a<MY# |B<BB!�#

X.;/-.-# A# !]YA!# a<B!# |B<BB!�#

X.;/-.-wN&.6(,# A# Y"!M# g<Aa# B<BB"�#

X.;/-.-wN&.6(,wp&.4# M# jjj# B<]B# B<"g#

H&6/'*.26# Yg# !j]g# # #

# W'/;2&#.4-%4(7('#;/(+.66#

N&.6(,# !# B<B!# B<BA# B<YY#

X.;/-.-# A# !<]A# A<aM# B<BgY#

X.;/-.-wN&.6(,# A# B<]j# B<a]# B<Ma#

X.;/-.-wN&.6(,wp&.4# M# B<BM# B<Bj# B<aY#

H&6/'*.26# Y]# B<]Y# # #

# N(/2#+(/6-*4&#

N&.6(,# !# Aj"!<]# ggA<""# |B<BB!�#

X.;/-.-# A# !""<j# Mj<"j# |B<BB!�#

X.;/-.-wN&.6(,# A# A!<]# ]<]]# B<B!]�#

X.;/-.-wN&.6(,wp&.4# g# M"<"# "<YB# |B<BB!�#

H&6/'*.26# !A]# ]<Y# # #

(

W'/;2&#.4-%4(7('#;/(+.66#>.6#,(-#6/3,/0/).,-25#'/00&4&,-#;5#6&.6(,8#;*-#-%&4&#>.6#.#

-4&,'#0(4#'/00&4&,)&6#;5#%.;/-.-#/,#-%.-#0(4&6-#-&,'&'#-(#%.1&#+(4&#&'/;2&#.4-%4(7('#

;/(+.66#?$.;2&#MI!8#Q/3<#MIAGC<#$%&#;&6-#+('&2#0(4#04*/-#.;*,'.,)&#>.6#-/&'#;&->&&,#

%.;/-.-#~#6&.6(,#.,'#6&.6(,#.2(,&<#Q4*/-#.;*,'.,)&#>.6#6/3,/0/).,-25#%/3%&4#/,#-%&#>&-#



# YY#

6&.6(,#?&6-/+.-&#o#NW#m#B<gY#o#B<A!8#f#m#A<""8#S#m#B<BBjC#.,'8#.2-%(*3%#,(-#6/3,/0/).,-#/,#-%&#

+('&28#7(6-I%()#-&6-6#4&1&.2&'#-%.-#04*/-#.;*,'.,)&#>.6#%/3%&4#/,#-%&#0(4&6-#?&6-/+.-&#o#NW#

m#B<!j#o#B<M!8#f#m#B<gB8#S#m#B<jAC#.,'#6)4*;#%.;/-.-6#?&6-/+.-&#o#NW#m#B<MA#o#B<Aa8#f#m#!<Ba8#S#

m#B<AYC#4&2.-/1&#-(#'/6-*4;&'#%.;/-.-#?$.;2&#MIA8#Q/3<#MIALC<#

#
$.;2&#MIA#FRL#1.2*&6#04(+#.#3&,&4.2/f&'#2/,&.4#+('&2#0(4#'/00&4&,)&6#/,#04*/-#6)(4&6#;5#

%.;/-.-#.,'#6&.6(,8#,&6-&'#;5#5&.4<#F6-&4/6P6#/,'/).-&#2(>&6-#FRL#1.2*&6<(

O('&2#0(4#04*/-#6)(4&# FRL#1.2*&6##

X.;/-.-#9#N&.6(,wp&.4# MMa#

X.;/-.-#~#N&.6(,#~#X.;/-.-wN&.6(,# MMA#

X.;/-.-#~#N&.6(,# MM!�#

N&.6(,# MAa�#

X.;/-.-# MMj#

)

) L''.)B4$*,4)3'-."&"'-K)%#+)%-.),+9)$%&"',E!E(('#$%4*6%#;('5#)(,'/-/(,#'&)2/,&'#

6/3,/0/).,-25#04(+#&.425#-(#2.-&#>/,-&4#?$.;2&#MIM8#Q/3*4&#MIAC<#G('5#)(,'/-/(,#>.6#,(-#

6/3,/0/).,-25#'/00&4&,-#;5#%.;/-.-#(,#/-6#(>,8#;*-#(,25#>%&,#,&6-&'#;5#6&.6(,#.,'#5&.48#

/,'/).-/,3#-%.-#5&.425#1.4/.-/(,#())*46<#W9.+/,/,3#7.--&4,6#(0#;('5#)(,'/-/(,#;5#%.;/-.-#0(4#

&.)%#5&.4#6&7.4.-&25#;5#*6/,3#.#$*P&5#XNV#7(6-I%()#-&6-8#>&#0(*,'#-%.-#%.;/-.-#(,25#%.'#.,#

&00&)-#(,#;('5#)(,'/-/(,#/,#-%&#>&-#6&.6(,#?/,#;(-%#5&.46#+&.6*4&'C#;*-#,(-#/,#-%&#'45#

6&.6(,<#R,#-%&#>&-#6&.6(,8#;('5#)(,'/-/(,#>.6#6/3,/0/).,-25#2(>&4#/,#6)4*;#4&2.-/1&#-(#

'/6-*4;&'#%.;/-.-#/,#AB!B#?S#mB<BBgC8#.,'#2(>&4#/,#6)4*;#4&2.-/1&#-(#0(4&6-#/,#AB!!#?S#m#

B<BAC<##W9.+/,/,3#.22#;/4'6#).7-*4&'#-%4(*3%(*-#-%&#&,-/4&#>/,-&4/,3#7&4/('#?04(+#h)-IF74C8#

>&#0(*,'#-%.-#-%&4&#>.6#,(#6/3,/0/).,-#/,-&4.)-/(,#;&->&&,#%.;/-.-#.,'#'.-&#(0#).7-*4&8#

/,'/).-/,3#-%.-#-%&#4.-&#(0#'&)2/,&#/,#;('5#)(,'/-/(,#?62(7&C#>.6#,(-#6/3,/0/).,-25#'/00&4&,-#



# Ya#

;5#%.;/-.-#?'0#m#A8#]!A8#Q#m#B<]M8#S#m#B<jgC<#L.7-*4&#'.-&#>.6#.#6/3,/0/).,-#0.)-(4#&972./,/,3#

;('5#)(,'/-/(,#(1&4#-%&#&,-/4&#>/,-&48#>/-%#.,#&6-/+.-&'#2(66#(0#B<B]#o#B<BBY#q#;('5#+.66#

7&4#'.5#04(+#h)-(;&4#-(#F74/2#?'0#m#!8#]!]8#Q#m#!a<BY8#S#|#B<BB!C#?Q/3<#MIMC<#Q(4#Ag#;/4'6#

).7-*4&'#+(4&#-%.,#(,)&#/,#-%&#6.+&#>/,-&4#?(,#.1&4.3&8#A"#'.56#.7.4-8#4.,3&#04(+#"Ijg#

;&->&&,#).7-*4&6C#-%&#'./25#4.-&#(0#)%.,3&#/,#;('5#)(,'/-/(,#>.6#,&.425#/'&,-/).2#-(#-%&#

(1&4.22#7.--&4,8#.-#IB<BMY#o#B<B]q#;('5#+.66#2(6-#7&4#'.5<#

X&+.-()4/-#'/'#,(-#6%(>#.,5#6/3,/0/).,-#7.--&4,#;5#6&.6(,#(4#%.;/-.-#?$.;2&#MIMC<#

$%&#-(7#+('&2#0(4#0.-#6)(4&6#(,25#/,)2*'&'#6&.6(,#?$.;2&#MI]C8#>%/)%#%.'#.#7(6/-/1&#&00&)-#

0(4#>&-#6&.6(,8#/,'/).-/,3#-%.-#0.-#6)(4&6#>&4&#%/3%&4#/,#&.425#>/,-&4#4&2.-/1&#-(#2.-&#>/,-&4#

?&6-/+.-&#o#NW#m#B<MAoB<B"8#f#m#]<A!8#S#|#B<BB!C<#$%&#->(#-(7#+('&26#0(4#+*6)2&#6)(4&6#>&4&#

%.;/-.-#~#6&.6(,#.,'#6&.6(,#.2(,&8#>%/)%#>&4&#&:*.225#4.,P&'#;5#FRL#?$.;2&#MI]C<#R,#;(-%#

+('&268#+*6)2&#6)(4&6#>&4&#%/3%&4#/,#-%&#>&-#6&.6(,#?&6-/+.-&#o#NW#m#B<!g#o#B<Bj8#f#m#A<gg8#

S#m#B<B!K#6&.6(,#(,25#+('&2C<#R,#-%&#6&.6(,#~#%.;/-.-#+('&268#+*6)2&#6)(4&6#-&,'&'#-(#;&#

%/3%&4#/,#-%&#0(4&6-#?&6-/+.-&#o#NW#m#B<!!#o#B<B!8#f#m#!<"B8#S#m#B<BaC#.,'#2(>&4#/,#-%&#6)4*;#

?&6-/+.-&#o#NW#m#IB<BA#o#B<BY8#f#m#IB<MB8#S#m#B<"jC8#4&2.-/1&#-(#'/6-*4;&'#%.;/-.-8#;*-#-%&6&#

&6-/+.-&6#>&4&#,(-#6/3,/0/).,-<##

#



# aB#

#

Q/3*4&#MIA#N&.6(,.2#)%.,3&6#/,#;/(-/)#?FILC#.,'#.;/(-/)#?VC#4&6(*4)&6#0(4#E(('#$%4*6%&6#/,#

-%4&&#%.;/-.-#-57&6<#N.+72&#6/f&#?Ç#-4.,6&)-6C#0(4#>&-#.,'#'45#6&.6(,68#4&67&)-/1&258#/,#&.)%#

%.;/-.-#>&4&l#0(4&6-8#,m!g8!jK#'/6-*4;&'8#,ma8A!K#6)4*;8#,#m#!j8!j<#W.)%#!BI+#-4.,6&)-#

)(,6/6-&'#(0#M#7/-0.22#-4.76#.,'#M#6(/2#6.+72&68#.,'#04*/-#>.6#6*41&5&'#/,#.#]9!B9A+#.4&.<#FC#

F4-%4(7('#.;*,'.,)&#'&)2/,&'#6/3,/0/).,-25#04(+#>&-#-(#'45#6&.6(,6#/,#.22#%.;/-.-6<#GC#

W'/;2&#.4-%4(7('#;/(+.66#?'45#>&/3%-#(0#.,-68#;&&-2&68#.,'#67/'&46C#1.4/&'#;5#%.;/-.-#.,'#

6&.6(,<#LC#Q4*/-#.;*,'.,)&#6)(4&#>.6#%/3%&4#/,#-%&#>&-#6&.6(,#4&2.-/1&#-(#-%&#'45#6&.6(,<#

Q4*/-#6)(4&6#>&4&#;.6&'#(,#-%&#,*+;&4#(0#04*/-6#+*2-/72/&'#;5#-%&#,*+;&4#(0#-57&6#(0#04*/-<#

N)(4&6#(0#Bm,(#04*/-8#2(>#m#|!B8#+('&4.-&#m#!BIAB8#%/3%#m#kAB<#VC#N(/2#+(/6-*4&#?.1&4.3&#q#

+(/6-*4&#;5#>&/3%-C#'&)2/,&'#6/3,/0/).,-25#.)4(66#.22#%.;/-.-6#04(+#>&-#-(#'45<#J&4-/).2#;.46#

/,#F8#G8#.,'#V#/,'/).-&#6-.,'.4'#&44(4<#

(



# a!#

$.;2&#MIM#FDhJF#4&6*2-6#(0#)(,'/-/(,#/,'/)&6#0(4#E(('#$%4*6%#;5#%.;/-.-#.,'#6&.6(,<#

# G('5#)(,'/-/(,#/,'&9#

N(*4)&# '<#0<# O&.,#6:*.4&# 0* !*

N&.6(,# !# !""g<!# Aj<BM# |B<BB!�#

X.;/-.-# A# !"A<]# A<gM# B<BY#

X.;/-.-wN&.6(,# A# g]<Y# B<YB# B<]g#

X.;/-.-wN&.6(,wp&.4# !A# AjY<!# M<aM# |B<BB!�#

H&6/'*.26# ]BB# jY<A# # #

# X&+.-()4/-#

N&.6(,# !# aa<"!# A<!Y# B<!]#

X.;/-.-# A# AA<a!# B<gB# B<j!#

X.;/-.-wN&.6(,# !# "M<a]# !<jA# B<AB#

X.;/-.-wN&.6(,wp&.4# M# AY<"j# B<jM# B<jB#

H&6/'*.26# !M]# ]g<j"# # #

(

$.;2&#MI]#FRL#1.2*&6#0(4#3&,&4.2/f&'#2/,&.4#+('&26#>/-%#0.-#6)(4&68#+*6)2&#6)(4&68#6&9#.,'#

.3&#(0#>(('#-%4*6%&6#;5#6&.6(,#.,'#;5#%.;/-.-<#N&.6(,#/6#,&6-&'#;5#5&.4#-(#.))(*,-#0(4#

6(+&#5&.46#>%&4&#(,25#(,&#6&.6(,#>.6#6.+72&'<#F6-&4/6P6#/,'/).-&#-%&#2(>&6-#FRL#1.2*&6K#

.,5#+('&2#>/-%#FRL#6)(4&#>/-%/,#A#(0#-%&#2(>&6-#6)(4&#/6#)(,6/'&4&'#.,#&:*.225#.))&7-.;2&#

+('&2<#

O('&26# Q.-# O*6)2&## N&9# F3&#

X.;/-.-#9#N&.6(,wp&.4# !MA]# !!aa# ]!j# ggj#

X.;/-.-##~#N&.6(,#~#X.;/-.-wN&.6(,# !M!B# !!Y]# ]B]�# ggM#

X.;/-.-#~#N&.6(,# !MBY# !!Y!�# ]Bj�# g]a#

N&.6(,# !MBg�# !!Y!�# ]B]�# g]g�#

X.;/-.-# !MAM# !!Yj# ]Bg�# g]a#

!



# aA#

#

Q/3*4&#MIM#N&.6(,.2#.,'#%.;/-.-#'/00&4&,)&6#/,#0(*4#+&.6*4&6#(0#)(,'/-/(,#0(4#E(('#

$%4*6%&6#/,#G&2/f&#?,*+;&4#.;(1&#;.46#/,'/).-&6#6.+72&#6/f&C<##FC#G('5#)(,'/-/(,#'&)2/,&'#

6/3,/0/).,-25#04(+#>&-#-(#'45#6&.6(,6<#GC#X&+.-()4/-#?q#7.)P&'#4&'#;2(('#)&226C#'/'#,(-#

'/00&4#6/3,/0/).,-25#;5#6&.6(,#(4#%.;/-.-<#LC#Q.-#6)(4&6#?6).2&#(0#BI]C#>&4&#6/3,/0/).,-25#

%/3%&4#/,#-%&#>&-#6&.6(,#4&2.-/1&#-(#-%&#'45#6&.6(,#/,#.22#%.;/-.-6<#VC#S&)-(4.2#+*6)2&#6)(4&6#

>&4&#%/3%&4#?6).2&#(0#BI]C#/,#.22#%.;/-.-6#'*4/,3#-%&#>&-#6&.6(,8#.,'#-&,'&'#-(#;&#%/3%&4#/,#

-%&#0(4&6-#4&2.-/1&#-(#'/6-*4;&'#.,'#6)4*;#%.;/-.-<##

(

#



# aM#

#
Q/3*4&#MI]#N&.6(,.2#'&)2/,&#/,#;('5#)(,'/-/(,#(0#,#m#]!Y#E(('#$%4*6%&6#(1&4>/,-&4/,3#/,#

G&2/f&#04(+#Ag#h)-#-(#"#F74<#$%&4&#>.6#,(#6/3,/0/).,-#'/00&4&,)&#/,#-%&#62(7&#(0#-%&#'&)2/,&#

;5#%.;/-.-<##

(

N&9#4.-/(6#>&4&#6/3,/0/).,-25#'/00&4&,-#;5#%.;/-.-#.,'#6&.6(,8#>/-%#.,#/,-&4.)-/(,#

;&->&&,#%.;/-.-#.,'#6&.6(,#?Q/3<#MI]F8#$.;2&#MI]C<#$%&#/,-&4.)-/(,#())*44&'#;&).*6&#6&9#

4.-/(6#)%.,3&'#6/3,/0/).,-25#;5#6&.6(,#(,25#/,#-%&#6)4*;#%.;/-.-8#04(+#%/3%25#+.2&I;/.6&'#-(#

%/3%25#0&+.2&I;/.6&'<#N)4*;#%.;/-.-#%.'#.#+(4&#0&+.2&I;/.6&'#6&9#4.-/(#(1&4.22#?&6-/+.-&#o#

NW#m#I!<Ba#o#B<]j8#f#m#IA<M"8#S#m#B<BAC8#;*-#-%/6#>.6#'4/1&,#;5#-%&#'45I6&.6(,#6&9#4.-/(8#>%&4&#

-%&4&#>&4&#B<g#+.2&6#).7-*4&'#7&4#0&+.2&#?Q/3<#MI]FC<#V*4/,3#-%&#>&-#6&.6(,8#-%&#6)4*;#

6%(>&'#-%&#(77(6/-&#-4&,'8#>/-%#->(#+.2&6#).7-*4&'#7&4#0&+.2&#?!<"Y#o#B<"Y8#f#m#A<Aa8#S#m#

B<BAC<##



# a]#

$%&#;&6-#+('&2#-(#&972./,#'/00&4&,)&6#/,#.3&#4.-/(6#(,25#4&-./,&'#6&.6(,#.6#.#0.)-(4<#

$%&4&#-&,'&'#-(#;&#+(4&#[*1&,/2&6#).7-*4&'#/,#.22#%.;/-.-6#'*4/,3#-%&#>&-#6&.6(,#?Q/3<#MI

]GC#-%.,#'45#6&.6(,8#.2-%(*3%#-%/6#>.6#,(-#6/3,/0/).,-#?&6-/+.-&#o#NW#m#B<M!#o#B<A!8#f#m#!<]"8#

S#m#B<!]C<##

#

Q/3*4&#MIg#E/-%/,I>/,-&4#6&.6(,.2#'/00&4&,)&6#/,#6&9#.,'#.3&#4.-/(6#(0#E(('#$%4*6%&6#/,#

'/00&4&,-#%.;/-.-6<#D*+;&46#.;(1&#;.46#/,'/).-&#6.+72&#6/f&6<#FC#N&9#4.-/(6#'/00&4&'#

6/3,/0/).,-25#;5#6&.6(,#.,'#;5#%.;/-.-<#$%&#+(6-#'4.6-/)#6%/0-#>.6#/,#6)4*;#%.;/-.-#>%&4&#

6&9#4.-/(6#4&1&46&'#;&->&&,#6&.6(,6<#GC#F3&#4.-/(6#>&4&#6/+/2.4#.)4(66#%.;/-.-6#;*-#-%&#

74(7(4-/(,#(0#[*1&,/2&6#).7-*4&'#'&)2/,&'#04(+#>&-#-(#'45#6&.6(,6<##

(



# ag#

G",3*,,"'-)

$%&#%.;/-.-#>%&4&#E(('#$%4*6%&6#(1&4>/,-&4#/,#G&2/f&#*,'&43(&6#.#6-4(,3#6&.6(,.2#

4&'*)-/(,#/,#6(/2#+(/6-*4&#.,'#0(('#4&6(*4)&6#04(+#&.425#>/,-&4#-(#2.-&#>/,-&4#?h)-IF74C<#

$%&#6(/2#6%(>&'#.#)2&.4#7.--&4,#(0#'45/,3#?Q/3<#MIAC#>%/)%#)(44&67(,'&'#>/-%#.#'&)2/,&#/,#

;(-%#.4-%4(7('#.;*,'.,)&#.,'#04*/-#.;*,'.,)&#.-#(*4#6-*'5#6/-&#?Q/3<#MIAC<#E&#.26(#

'()*+&,-&'#.#'&)2/,&#/,#;('5#)(,'/-/(,#(0#E(('#$%4*6%&6#6&.6(,.2258#7.4.22&2#-(#'&)2/,&6#

/,#6(/2#+(/6-*4&#.,'#0(('8#.,'#6/+/2.4#-(#7.--&4,6#4&7(4-&'#0(4#h1&,;/4'6#/,#6%.'&#)(00&&8#

6)4*;8#.,'#'45#2/+&6-(,&#0(4&6-6#/,#n.+./).#?N-4(,3#.,'#N%&445#ABBBC<#G('5#)(,'/-/(,8#0.-8#

.,'#+*6)2&#+.66#(0#E(('#$%4*6%&6#.22#'&)2/,&'#(1&4#-/+&<#S.--&4,6#(0#6&9#.,'#.3&I4.-/(6#

>&4&#+(4&#)(+72&98#.,'#6%(>&'#6/3,/0/).,-#)%.,3&6#04(+#+(4&#[*1&,/2&6#.,'#+.2&6#/,#-%&#

>&-#6&.6(,8#-(#4&2.-/1&25#+(4&#.'*2-6#.,'#0&+.2&6#).7-*4&'#'*4/,3#-%&#'45#6&.6(,<#

i,&97&)-&'258#-%&4&#>.6#.#)2&.4#4&1&46.2#(0#6&9#4.-/(6#04(+#-%&#>&-#-(#'45#6&.6(,#/,#6)4*;#

%.;/-.-#(,258#04(+#%/3%25#+.2&I;/.6&'#?A#+.2&6#7&4#0&+.2&C#-(#%/3%25#0&+.2&I;/.6&'#?B<g#

+.2&6#7&4#0&+.2&C<#h1&4.22#(*4#4&6*2-6#6*33&6-#-%.-#/,#.22#%.;/-.-6#2.-&#>/,-&4#/6#.#

)%.22&,3/,3#7&4/('#0(4#-%/6#0(4&6-I'>&22/,3#(+,/1(4&8#&67&)/.225#6/,)&#;/4'6#+*6-#

.))*+*2.-&#&,(*3%#0.-#.,'#+*6)2&#0(4#*7)(+/,3#674/,3#+/34.-/(,8#>%/)%#;&3/,6#.6#&.425#.6#

AY#O.4)%#/,#-%/6#7(7*2.-/(,#(0#E(('#$%4*6%&6#?6&&#L%.7-&46#A#.,'#]C<###

E&#&97&)-&'#0(4&6-#%.;/-.-#-(#;&#4&2.-/1&25#%/3%#:*.2/-5#0(4#E(('#$%4*6%&6#?+(4&#

0(('C#?N%&445#.,'#N-4(,3#ABBB8#H/)%.4'6#.,'#E/,'6(4#ABB"C<#N*474/6/,3258#6)4*;#%.;/-.-#

%.'#-%&#%/3%&6-#.;*,'.,)&#(0#.4-%4(7('6#'*4/,3#-%&#>&-#6&.6(,8#.,'#>.6#,(-#6/3,/0/).,-25#

2(>&4#/,#.4-%4(7('6#-%.,#(-%&4#%.;/-.-6#'*4/,3#-%&#'45#6&.6(,8#'&67/-&#;&/,3#62/3%-25#'4/&4#

-%.,#0(4&6-#%.;/-.-<#V*4/,3#-%&#>&-#6&.6(,#/,#-%&#-4(7/)68#.4-%4(7('#.;*,'.,)&#/6#4&2.-&'#-(#

74('*)-/1/-5#(0#1&3&-.-/(,8#>%/)%#/6#%/3%#/,#&.425I6*))&66/(,.2#%.;/-.-68#)(+7.4&'#>/-%#



# aj#

+.-*4&#0(4&6-6#?H/)%.4'6#.,'#E/,'6(4#ABB"C<#$%/6#2/P&25#&972./,6#-%&#%/3%#.4-%4(7('#

.;*,'.,)&#>&#(;6&41&'#/,#6)4*;#%.;/-.-#'*4/,3#-%&#>&-#6&.6(,<#F4-%4(7('#.;*,'.,)&#/,#

-%&#'45#6&.6(,#/6#2/+/-&'#;5#-&+7&4.-*4&#.,'#%*+/'/-58#>%/)%#;(-%#'&)4&.6&#/,#+(4&#(7&,#

%.;/-.-6#4&2.-/1&#-(#0(4&6-6#?H/)%.4'6#.,'#E/,'6(4#ABB"C<#Q(22(>/,3#-%/6#7.--&4,8#6)4*;#

%.;/-.-#'&)2/,&'#6-4(,325#/,#.4-%4(7('6#/,#-%&#'45#6&.6(,8#>%/2&#0(4&6-#%.;/-.-#?+(4&#6-.;2&#

/,#-&4+6#(0#%*+/'/-5#.,'#-&+7&4.-*4&C#4&-./,&'#.#6/+/2.4#.;*,'.,)&#(0#.4-%4(7('6#/,#;(-%#
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Q#m#!"<"Y8#'0#m#M8#"A8#7#m|B<BB!C<##

#



# !A!#

#

Q/3*4&#]IM#E/,-&4#6/-&#DVJR#'*4/,3#O.4)%#0(4#/,'/1/'*.26#04(+#.#7(7*2.-/(,#(0#E(('#

$%4*6%&6#-%.-#;4&&'#.-#-%&#6.+&#6/-&#/,#S&,,6521.,/.#'/'#,(-#)(44&2.-&#>/-%l#FC#674/,3#
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!1%)*A,3E#Bl#&YjgYY<#

#
N$FD_Wp8#L<#e<8#OFLSXWHNhD8#O<#O<8#QHFNWH8#T<#L<8#OLTRDDhD8#W<#F<#.,'#N$i$LXGiHp8#G<#

n<#AB!A<#H&7&.-#-4.)P/,3#(0#/,'/1/'*.2#6(,3;/4'6#4&1&.26#)(,6/6-&,-#+/34.-/(,#-/+/,3#
;*-#02&9/;/2/-5#/,#4(*-&<#I!G%:*A,3E#El#&]BjYY<#

#
N$FD_Wp8#L<#e<8#OLTRDDhD8#W<#F<8#QHFNWH8#T<#L<8#OFLSXWHNhD8#O<#S<8#LFNGhiHD8#=<8#

QHRWNWD8#_<8#OFHHF8#S<#S<8#N$iVVN8#L<#W<8#HpVWH8#$<#G<8#VR==N8#D<#.,'#N$i$LXGiHp8#
G<#n<#AB!]<#L(,,&)-/1/-5#(0#E(('#$%4*6%#;4&&'/,38#>/,-&4/,38#.,'#+/34.-/(,#6/-&6#
;.6&'#(,#4.,3&I>/'&#-4.)P/,3<#I;%,)3$7#-+%,*L+%1%4/E#)#!$%&''<#
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6-4(,3#7.--&4,#(0#.3&I4&2.-&'#'&2.56#/,#-/+/,3#0(4#[*1&,/2&#;/4'6<#p(*,3#;/4'6#'&7.4-&'#(,#

+/34.-/(,#2.-&4#-%.,#.'*2-68#.,'#4&+./,&'#'&2.5&'#-%4(*3%(*-#-%&#&,-/4&#+/34.-(45#

[(*4,&5<#R,#0.)-8#[*1&,/2&6#>&4&#/,)4&.6/,325#'&2.5&'#.2(,3#-%&#>.5#(>/,3#-(#+(4&#6-(7(1&4#
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