


 



 !"#$%

 !"#$%&'($!) (((

* +,-!-.(/( %)..) )/0#)//($!( *

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

 ! ! ". ,.00'. ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! 1

 ! !2 3) 4'*56*7% ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! 8

 ! !1 ". -#)'/'79 ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! 8

 ! !: ". 7,'*7#&&. ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ;

 ! !8 ". *%,+,#*. ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! <

 ! !; 3) 4'*+,#&&% ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! =

 ! !< ". +.6,. ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! >

 !2 "% *764'% 4#))# $'/,%#*+,#**'%(' ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! !  ?

 !1 3) $#7%4% @ABCD @./'.) A/7'%( B%4'(5 CE*7#$ ! ! ! ! ! ! ! ! !  2

 !: F.**#5(. 4' .++)'/.&'%(' ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! !  8

 !8 3) B%G(HI.(.4# AJHB%4#4 @./'.) KL+,#**'%( M.7.0.*# ! ! ! !  =

 !8! "# *+#/'N/G# 4#) 4.7.0.*# ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! !  >

 !8!2 OG# KL7#(4#4 B%G(HI.(.4# M.7.0.*# PBIQR ! ! ! ! !  >

1 2)3)!"( 0#$4#)//( !)..,-!-.(/( %)..) )/0#)//($!( 5-33(-.( 16

2! 3(7,%46&'%(# ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! 21

2!2 F'/%(%*/'$#(7% -.//'.)# ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! 2;

2!2! F')#S.$#(7% 4#) S%)7% ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! 2;

2!2!2 C7'$. 4#)). +%*'&'%(# 4#)). 7#*7. ! ! ! ! ! ! ! ! ! ! ! ! ! 2;

2!1 "# /.,.77#,'*7'/G# -.//'.)' ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! 2=

2!1! K*7,.&'%(# 4#))# /.,.77#,'*7'/G# 5#%$#7,'/G# ! ! ! ! ! ! ! 2=

2!1!2 T)' A/7'S# A++#.,.(/# U%4#)* ! ! ! ! ! ! ! ! ! ! ! ! ! ! 2>

2!1!1 K*7,.&'%(# 4#))# /.,.77#,'*7'/G# #*7#7'/G# ! ! ! ! ! ! ! ! 1?

2!: B).**'N/.&'%(# 4#))V#*+,#**'%(# -.//'.)# ! ! ! ! ! ! ! ! ! ! ! ! ! 12

2!:! F'/%(%*/'$#(7% 4' #*+,#**'%(' 4. '$$.5'(' *7.7'/G# ! ! 12

2!:!2 F'/%(%*/'$#(7% 4' #*+,#**'%(' 4. *#W6#(&# S'4#% ! ! ! ! 1:

'



   !" #$

 !"#$#%&'& ()& (#*&  +

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

!". /%01 2 ,231('0& 40 , ),25' + (%, ),1 5063 (%, " " " " " " " " " !7

!"! 801*&0+ (%, ), 6(),11 2&0& 2& 5 " " " " " " " " " " " " " " " " " 9!

!"!"# : )*+ (%, ),110 ) 6,%2 (%01 &; ), )0& " " " " " " " " " 9!

!"!". <,5% 5=, 2&0& 2& 5=, ) 51022 >50+ (%, " " " " " " " " " " 9?

!"!"! $63('&0%+0 , 2,1,+ (%, ),11, 40' 0@ 1 " " " " " " " " " " A?

!"!"9 801*&0+ (%, 5(%  %2 ,6, ) 4,' >50  %) 3,%),%&, " " " " ?.

!"9 B(%C'(%&( 5(%  ' 2*1&0& 3',5,),%& " " " " " " " " " " " " " " " ?!

, -$ #../011&0 2#3)'&#$04 5677 ./02#2&%&'*&1& 89

9"# $%&'()*+ (%, " " " " " " " " " " " " " " " " " " " " " " " " " " " " ?A

9". D('6*10+ (%, ),1 6(),11( " " " " " " " " " " " " " " " " " " " " " ??

9"."# E%0 4,'2 (%, 3'(@0@ 1 2& 50 ), FGHH " " " " " " " " " " ??

9".". FGHH I,&'(3(1 2GJ02& %K2 L0631,' " " " " " " " " " " " ?7

9"."! /331 50+ (%, 011, ,23',22 (% C055 01 " " " " " " " " " " " -M

9"! L,1,+ (%, ),11, 40' 0@ 1 " " " " " " " " " " " " " " " " " " " " " " -9

9"!"# /1K(' &6( IBIB 3,' 10 2,1,+ (%, ),11, 40' 0@ 1 " " " " -9

9"!". L,1,+ (%, ),11, 5((') %0&, ' 1,40%& " " " " " " " " " " " -?

9 :0$1%;'&0$& +<

A"# N',6,220 " " " " " " " " " " " " " " " " " " " " " " " " " " " " " " -7

A". : 2*1&0& (&&,%*& " " " " " " " " " " " " " " " " " " " " " " " " " OM

A"! B(%2 ),'0+ (% >%01 " " " " " " " " " " " " " " " " " " " " " " " O!

=..)$(&1) >9

?&@)/&A)$*& 2&2%&0B/#C1& <<



 !"#$%&'($!)

 ! !"#$!""%&'% ()**%)+% "&'& %+ #%, #&-!'-! ! ')-.$)+! /!00& 1% *&/.'%*)2

0%&'! -$) 3+% !""!$% ./)'%4 5""! $)##$!"!'-)'& &33!--& 1% "-.1%& "%' 1)+ 676

"!*&+&8 9.)'1& :)$;%' *&' %+ ")33%&  !" #$%&"''()* )+ #,)-()*' (* ./*

/*0 1*(,/2' 1%/&"-$< +=.'%>!$")+%-? 1!++! !"#$!""%&'% ()**%)+% ! +) *&'-%'.%-?

1% $)##$!"!'-)0%&'! 1!++! "-!""! ($) .&/& ! )'%/)+%8 $%>!'1%*)'1& +) #$!"!'2

0) 1% "#!*%@*A! !/&0%&'% %'')-! *&/! #$&1&--& 1% .') (.'0%&'! B%&+&3%*)

)1)--%>)4

C!+ DEFD 5G/)' ! H$%!"!'8 $!*.#!$)'1& +! -!"% 1)$;%'%)'!8 ">&+"!$& .') $%2

*!$*) %'-!$*.+-.$)+! )--$)>!$"& +! #%, 1%>!$"! (&$/! 1% *%>%+-? !"%"-!'-! #!$ #$&2

>)$! +=!"%"-!'0) 1% )+*.'! /)'%(!"-)0%&'% !/&-%>! &$%3%')+% #!$ +) "#!*%!8 *A%)2

/)-! !/&0%&'% #$%/)$%! & 1% B)"!8 -$)">!$")+% )++=%'-!$'& 1% -.--) +=./)'%-? !

%'1%#!'1!'-% 1)+ *&'-!"-& "&*%&2*.+-.$)+! 1% #$&>!'%!'0)4

 =!"#$!""%&'! 1!++! !/&0%&'% )>>%!'! -$)/%-! +=)--%>)0%&'! 1% 1!-!$/%')-%

/."*&+%8 '!3+% )'%/)+% *&/! '!++=.&/&4 I.!"-=.+-%/& #!$< #&""%!1! .') /)32

3%&$! )B%+%-? '!++=)$-%*&+)0%&'! 1!++! !"#$!""%&'% ()**%)+%8 -$)/%-! JK /."*&+%

*A! $%".+-)'& %+ #$%'*%#)+! >!--&$! 1% *&/.'%*)0%&'! !/&0%&')+!L &3'.'& 1%

9.!"-% M $)##$!"!'-)-& 1) .'%-? 1=)0%&'! NOPQ '!+ "%"-!/) ">%+.##)-& 5G/)'

! H$%!"!'8 %+ 3/4(/2 14-()* 5)0(*6 78'-", NHORSQ4  ) *&'-$)0%&'! 1% 9.!"-%

/."*&+% 3!'!$) &+-$! FTTT *&/B%')0%&'% 1%>!$"! 1% !"#$!""%&'% $%"*&'-$)B%+% ".

.' >&+-& ./)'&8 "!BB!'! +) /)33%&$ #)$-! 1% !""! "% 1%U!$!'0%'& #!$ #%**&+%

*)/B%)/!'-% 1% )+*.'! *)$)--!$%"-%*A! 1!+ >%"&4

V ')-& *&"W +& "-.1%& 1!++! ,(4&)"'%&"''()*(8 &""%) !"#$!""%&'% 1!+ >%"& *A!

)##)%&'& %' .' >!'-%*%'9.!"%/& 1% "!*&'1& #!$ #&% ">)'%$! ! *A! "&+%-)/!'-!

"&'& %'*&'")#!>&+%4

7+ "%"-!/) HORS "% M 1%/&"-$)-& !""!$! .' #&-!'-! /!00& #!$ /%".$)$! !

*+)""%@*)$! +=)--%>%-? ()**%)+!4 X.--)>%)8 +) (&$/)0%&'! 1% #!$"&')+! !"#!$-&

! +) $!3%"-$)0%&'! /)'.)+! 1!++! OP "&'& )--%>%-? 1%"#!'1%&"!8 %'&+-$! +=)(2

@1)B%+%-? 1!++) *&1%@*) /)'.)+! '&' #.< !""!$! %' )+*.' /&1& 3)$)'-%-)4

Y!$-)'-&8 .' "%"-!/) *A! #&"") $%*&'&"*!$! +! OP %' -!/#& $!)+! "!'0) %'-!$2

>!'-& ./)'& M 1!"%1!$)B%+! %' >)$% *)/#% 1% )##+%*)0%&'!8 *&/! #!$ +) $%*!$*)

*&/#&$-)/!'-)+!8 +) *$!)0%&'! 1% %'-!$()**! .&/&2/)**A%') ! +) "%*.$!00)4

%%%





 

!"#$% &'%(%$)% (*+  #+)# ,%++-"$," ",*#. (%$!/ *$/ 0#,"10/ "$)%'2%,"/ "$ 345

6-/(&%))# ,%+ '"0#$#(0"2%$)# ,"'%))# ,%++% %2#!"#$"  %''7 /8'#$)/)# ("/ 0#$

&'#0%,*'% 0+/(("09% ," /$/+"(" ,%" ,/)" 09% 0#$ *$ /&&'#00"# $*# # ," ()/2&#

:/;%("/$#5

<%+ =/&")#+# >  %$?#$#" "$)'#,#))" ?+" ()'*2%$)" /,#))/)" /++-"$)%'$# ,%++#

()*,"#. 0#$ &/')"0#+/'% /))%$!"#$% /++% 2"0'#%(&'%(("#$". ,%(0'" %$,# "+ ("()%2/

," 0#,"10/ @3=A &%' +-/$/+"(" ,%++% %(&'%(("#$" B/00"/+"5 A" '"09"/2/$# /+0*$%

$#!"#$" "$)'#,*))" % '%+/)" % /++# ()*,"# ,%++% %(&'%(("#$". (#8%'2/$,#(" (*++%

/&&+"0/!"#$" &%' +% C*/+" C*%()# )"&# ," '"0%'0/ /((*2% *$-"2&#')/$!/ '"+% /$)%

$%++/ '%/+)7 ," )*))" " ?"#'$"5 D$1$% (" &'%(%$)/ +/ B#$)% *)"+"!!/)/ &%' '%&%'"'%

" ,/)". +- !"#$%#% &'($)*+$+%# ,+"+-+.#. &*::+"0/)# $%+ EF>F /++# (0#&# ,"

B/ #'"'% +# ( "+*&&# ," (#+*!"#$" % 2%)#," &%' +-/$/+"(" ,%++% %(&'%(("#$"5

D+ =/&")#+# E ,%(0'" % " '%0%$)" ( "+*&&" $%+ 0/2&# ,%++-/$/+"(" ,%++% %(&'%(G

("#$". /$/+"!!/$,# "+ &'#0%((# "$ )*))% +% (*% &/')". &/')%$,# ,/++-/0C*"("!"#$%

,%++% "22/?"$". +-",%$)"10/!"#$% ,%+ &'#1+# B/00"/+%. +-%()'/!"#$% ,%++% 0/'/))%G

'"()"09% ,%+  #+)#. 1$# /++/  %'/ % &'#&'"/ 0+/(("10/!"#$% "$ 34 % "+ 0#$(%?*%$)%

'"0#$#(0"2%$)# ,%+ 0#2&#')/2%$)# %2#)" #5 H+" /))'":*)" &'%(" "$ 0#$(",%'/G

!"#$% &#((#$# %((%'% ("/ &*$)" ?%#2%)'"0" 09% &%0*+"/'")7 %()%)"09%. 2%$)'% +/

0+/(("10/!"#$% &*I /')"0#+/'(" "$ 2#,# ," %'(# / (%0#$,/ (%  "%$% %8%))*/)/

(* "22/?"$" # (* (%C*%$!%  ",%#5 D+ &*$)# ,-/''" # ,%++/ '/((%?$/ J 0#()")*")#

,/++/ '%0%$)% /$/+"(" '%/+"!!/)/ ,/ 6*0%; #" +/0 KEF>FL (*++# ()%((# 0/2&"#$%

," "22/?"$" *)"+"!!/)# $%+ &'%(%$)% +/ #'#5

<%+ =/&")#+# M (" /,/))/$# /++% "22/?"$" ,%+ =NO /+0*$% 2%)#,#+#?"% ,"

,/)/ 2"$"$? &%' +/ 0+/(("10/!"#$% "$ &'%(%$!/ ,"  /'"/:"+" '"(&#()/ 2*+)"0+/((%5

=#$?"*$)/2%$)% /++/ 0+/(("10/!"#$% "$ %2#!"#$". (" /8'#$)/ "+ &'#:+%2/ ,%++/

(%+%!"#$% ,%++% 0/'/))%'"()"09% ,%+  #+)# &"P '"+% /$)"5 Q#&# *$/  /+*)/!"#$%

0#$ 0/2&"#$" ," ()"2/ % ,"  %'"10/ "$,"&%$,%$)". (" %8%))*/ *$ 0#$B'#$)# "$

)%'2"$" ," '"(*+)/)" 0#$ 6*0%; #" +/0 KEF>FL5

D+ =/&")#+# R ,%(0'" % +# ( "+*&&# ," *$ /&&'#00"# :/;%("/$# 0#2&+%)/2%$G

)% ,"8%'%$)%. ",%$)"10/$,# *$ 2#,%++# &'#:/:"+"()"0# 0#2&+%)# &%' +-/+?#'")2#

,%" *)1#+2#." 1#34(-'2. % /&&+"0/$,#+# /++-/$/+"(" ,%++% 0#2&#$%$)" B/00"/+"5

6-/$/+"(" :/;%("/$/ &%' "+ '"0#$#(0"2%$)# ,%++% %2#!"#$" % +/ (%+%!"#$% ,%+ (#)G

)#"$("%2% ,"  /'"/:"+" &"P '"+% /$)% J ()/)# '%/+"!!/)/ )'/2")% +-*(# ," 2%)#,"

S#$)% =/'+# :/(/)" (* 0/)%$% ," S/'T# 5

6/ )'/))/!"#$% (" 0#$0+*,% 0#$ *$/  /+*)/!"#$% 0#2&+%((" / ,%" '"(*+)/)"

#))%$*)" % 0#$ /+0*$% 0#$(",%'/!"#$" 1$/+" (*+ +/ #'# ( #+)#. ,%+"$%/$,# +%

&'#(&%))" % ," '"0%'0/ B*)*'%5





 !"#$%&% '

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

 !" #$ %"!&$ '()"#&*+ )& ,('-.&,"/&(.$ .(. %$!0"#$ )$##( 1*"*( $'(*&%(2

3-"#& &# 1&1*$'" %(,"#$2 & 4$1*&2 #" 5(1*-!"2 .(. 1& 5-6 .(. *$.$!$ &. ,(.7

1&)$!"/&(.$ #( 14-"!)( $) &# %(#*(2 (%%$!( #" !$4&(.$ 5!&.,&5"#$ 5$! "**&!"!$

#8"**$./&(.$ $ #8&.*$!$11$ )$4#& &.*$!#(,-*(!&9 -. 1&1*$'" 5!&%&#$4&"*( )& ,(7

'-.&,"/&(.$ $ )& *!"1'&11&(.$ )$& 1&4.&:,"*&; <# 5!$1$.*$ ,"5&*(#( &.*!()-,$

#8"."#&1& )$##$ $15!$11&(.& =",,&"#&;

< >"!"4!": ?;? $ ?;@ 1& ,(.,$.*!".( 1-##" ."*-!" )$##$ $15!$11&(.& $ #" #(!(

)$1,!&/&(.$ "."#&*&,"; A$& >"!"4!": ?;B $ ?;C %&$.$ "D!(.*"*" #" *$'"*&,"

)$##( 1*-)&( )$##$ '&,!($15!$11&(.&2 5!$1$.*".)( &# 1&1*$'" )& '&1-!"/&(.$ )$&

'(%&'$.*& =",,&"#&  !"#!$ %"&#'( )'*#(+ ,-.&/0 EFGHIJ; I$4-$ -." !"11$4."

1- "#,-.$ "55#&,"/&(.& ,(.,!$*$ ,K$ 1%(#4(.( =-./&(.& )& -*&#&*+ .$##" %&*" !$"#$;

<.:.$ .$# >"!"4!"=( ?;L 1& )$1,!&%$ #" 0"1$ )& #"%(!( ")(**"*"2 &# )'1(23!(!*/

4!&!5!./2 "!*&,(#"*( .$##" 1-" 5!&'" $)&/&(.$ )$# @MMM :.( "##8"**-"#$ %$!1&(.$

$1*$1" $ "!!&,,K&*" )" '$*")"*&;

 ! "# #$%&'%(' # )# #*+,#**'%(' -.//'.)'0 1,#2#

+.(%,.$'/. 3#' +,'(/'+.)' %,'#(4.$#(4'

N11$!%"/&(.& 1-##8"55"!&!$ )& $'(/&(.& 1-# %(#*( 1& 5(11(.( *!(%"!$ 4&+ &.

%"!& 1,!&**(!& ".*&,K& $ '$)&$%"#&2 1&" )8N!&$.*$ 1&" )8N,,&)$.*$2 '" #( 1*-)&(7

1( "# ,-& #"%(!( ="..( ".,(!" !&=$!&'$.*( 4#& 1*-)& '()$!.& O HK"!#$1 P"!Q&.

E?RS@J2 &# 3-"#$ =(!'-#6 &# 5!&'( *!"**"*( 1-##$ $15!$11&(.& =",,&"#&; T8(0&$**&%(

)& P"!Q&. $!" 3-$##( )& '$**$!$ &. $%&)$./" &# *$!'&.$ U$15!$11&(.$V2 &.)&,".7

*$ -.8"/&(.$ ",,('5"4."*(!&" )& -.( 1*"*( '$.*"#$2 ,K$ .(. ,('5!$.)$%"

5$!6 1(#*".*( #$ $'(/&(.&2 '" ".,K$ 1$.1"/&(.&2 ,('5(!*"'$.*& $ *!"**& )$##"

5$!1(."#&*+; T" !&#$%"./" '"44&(!$ )$# 1-( #"%(!(2 &. 3-$1*( "'0&*(2 O 1*"7

?



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

!" #$%&&" '( )*+,('%-"-% &% %,.-%,,(*+( /"))("&( %+!-* 01-$..(2 !-" ( #$"&( )34

'(5%-,(!6 % +*+ )*7% )"!%1*-(% 8,,%9 (77$!":(&(;

<3(+=$%+>" '( ?"-@(+ A" '"!* 5(!" " '$% )*-,( '(,!(+!(9 $+* %!*&*1()* B'"

(+!%+'%-% )*7% ,!$'(* '%& )*7.*-!"7%+!* "+(7"&% +%& ,$* "7:(%+!% +"!$C

-"&%D %' $+* .,()*&*1()*; E&( ,!$'( .-*'*!!( '"1&( %!*&*1( ,( ,*+* )*+)%+!-"!(

.-%5"&%+!%7%+!% ,$&&% %,(:(>(*+( /"))("&( ,$& .("+* '%&&3(+!%-">(*+%9 7%+!-% 1&(

.,()*&*1( ,( ,*+* "55()(+"!( "&&% !%*-(% '"-@(+("+%9 (+ %.*)" 7*'%-+" ,*!!*

&" 1$('" '( FG7"+ +%1&( "++( 3HI; J+ #$%1&( "++( ,( '(,!(+,%-* !-% ,)$*&% '(

.%+,(%-*;

<" .-(7" 4 #$%&&" !%*-(>>"!" '" K**'@*-!A BLMNOD % ,$))%,,(5"7%+!%

,5(&$.."!" '" ,$*( "&&(%5( ( #$"&( (.*!(>>"-*+* )A% &% %,.-%,,(*+( /"))("&( )*7$C

+()A(+* /"7(1&(% '( %7*>(*+(9 "))*7$+"!% ,%)*+'* :",( #$"&( &" .(")%5*&%>>"

* ,.(")%5*&%>>"9 &3"!!(5">(*+% "$!*+*7" * (& -(&",,"7%+!*9 &3"!!%+>(*+% * (&

-(1%!!*;

<" ,%)*+'" ,)$*&" '( .%+,(%-* /$ ,5(&$.."!" '" P,1**'  ! "#$ BLMQQD

(& #$"&% '(%'% -(&(%5* "&&" %,(:(>(*+% '%&&3%,.-%,,(*+% /"))("&% %' "&&" -(,.*,!"

'%&&3*,,%-5"!*-% "' %,,"; R*-+S "+)A% .-*5% '%&&" 1%+%-"&(!6 !-"+,)$&!$-"&% '%&

,(1+(8)"!* '%& 5*&!*;

<" !%->" 4 -"..-%,%+!"!" '" R-(T'"  ! "#$ BLMOMD9 ( #$"&( .-*.*,%-* $+

7*'%&&* '( .%-)%>(*+% '%&&3%7*>(*+% '%& 5*&!* :","!* ,$&&3%&":*-">(*+% '%&C

&% (+/*-7">(*+(; UA( 5"&$!"5" &% %,.-%,,(*+( '*5%5" '%,)-(5%-% +*+ ,*&* &"

,(+1*&" %7*>(*+% )A% -()*+*,)%5" +%& 5*&!*9 7" "+)A% (77"1(+"-% 1&( ,!"!(

(+!%-+( '%&&" .%-,*+" )A% %,(:(5" &3%,.-%,,(*+% *&!-% "1&( ,!"!( (+!%-+( .-*5*)"!(

+%&&3*,,%-5"!*-% ,!%,,*; V+ $&!%-(*-% ",.%!!* -(1$"-'* &% %,.-%,,(*+( /"))("&(

-(1$"-'" ( 7%))"+(,7( "&&" :",% '%&&" &*-* .-*'$>(*+%; W #$%,!* .-*.*,(!* ,(

,*+* '(,!(+!% '$% *..*,!% !%*-(%9 &3(.*!%,( 1&*:"&% % &3(.*!%,( '(+"7()";

X%)*+'* &3(.*!%,( 1&*:"&%9 ,*!!*&(+%"!" '" R-('&$+'  ! "#$ BLMOHD %' "&!-(

-()%-)"!*-( #$"&( J>"-' BLMHHD9 &% )*+81$-">(*+( %,.-%,,(5% '%& 5*&!* ,*+* $+(C

!"-(%9 )A($,%9 $+(5%-,"&7%+!% )*+'(5(,%9 ,*,!"+>("&7%+!% 8,,% % ,.%)(8)A% .%-

*1+( %7*>(*+%;

J+ "&!%-+"!(5"9 &" !%*-(" '(+"7()" .-%5%'% $+ .-*)%,,* ,%#$%+>("&% % )$C

7$&"!(5* (+ *1+( %,.-%,,(*+% /"))("&%9 )A% ,"-%::%9 #$(+'(9 (& -(,$&!"!* '%&C

&" .-*1-%,,(5" "))$7$&">(*+% % '%&&3(+!%1-">(*+% '(+"7()" '%&&% ,(+1*&% /",(;

X%)*+'* #$%,!* "..-*))(*9 &% %,.-%,,(*+( /"))("&( ,*+* )*+81$-">(*+( 7*!*-(%

7*7%+!"+%%9 =%,,(:(&( % 5"-(":(&( %' (+ 1-"'* '( "'"!!"-,( "&&% 5"-(% ,(!$">(*+(;

V+3$&!%-(*-% /*)$, -(1$"-'" &" !-",7(,,(*+% '( ,(1+(8)"!* '%&&% %,.-%,,(*C

+( /"))("&( '(,!(+!" !-" .-*,.%!!(5" %7*!(5" % .-*,.%!!(5" )*7$+()"!(5"; Y%-

FG7"+ %' J>"-'9 ,*,!%+(!*-( '%&&3 "..-*))(* %7*!(5*9 &% 7()-*%,.-%,,(*+(9 *,C

,(" %,.-%,,(*+( /"))("&( (+5*&*+!"-(% '%&&" '$-"!" '( LZ [ '( ,%)*+'*9 A"++*

.-%5"&%+!%7%+!% $+ 5"&*-% %7*!(5* (+ #$"+!* -(,.*,!" (77%'("!"9 ,.*+!"C

+%" %' (+5*&*+!"-(" '%&&% %7*>(*+(; E$"-'"+'* &% 7()-*%,.-%,,(*+( /"))("&(



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

!" #$ %&''())& %" *&%%&$& +,(''(-(. ,( (/&0"&$" 12( ('," %)3 *-&43$!&5 "$)(%(

1&/( 13)('&-"( !"%1-()(6 73 8#(%)3 1&$1(0"&$( !(-"43 ,9"$43-"3:","); 1#,)#<

-3,( 12( =>/3$  ! "#$ ?@AB@C 23$$& 4(-"D13)& 1&$ %&''())" 3**3-)($($)" 3

!"4(-%( 1#,)#-( -"%*())& 3! (%*-(%%"&$" 1&--"%*&$!($)" 3 %())( (/&0"&$" !" :3<

%(6 E3," %)#!" $&$ %&$& %)3)" *(-F *-"4" !" 1-")"12(5 12( G31(43$& -"G(-"/($)&

%&*-3))#))& 3" /()&!" #)","003)" ( 8#"$!" 3" !3)" -"1343)"6 E#))34"35 -(%)3$&

1&/#$8#( !(,,( 1&--"%*&$!($0( 12( 23$$& !3)& 4")3 3,,3 )(&-"3 !(,,9#$"4(-<

%3,"); /"$"/35 %(1&$!& ,3 8#3,( (%"%)( #$ 1(-)& '-3!& !" %&/"',"3$03 G-3 ,(

1#,)#-( $(,,9"$)(-*-()30"&$( !(,,( /"1-&(%*-(%%"&$" G311"3,"6

H)-" %)#!"&%"5 1&/( I-"!,#$! ?@AAJC5 23$$& %&%)($#)& ,3 *-&%*())"43 1&<

/#$"13)"436 K(1&$!& )3,( 3**-&11"&5 ,( (%*-(%%"&$" G311"3," 23$$& #$ 43,&-(

*-(43,($)(/($)( 1&/#$"13)"4& *&"12L /3$"G(%)3$& 3'," 3,)-" ,( "$)($0"&$" !(,

*3-,3$)(6 M( /"1-&(%*-(%%"&$"5 *(-1"F5 43-"3$& "$ G#$0"&$( !(, 1&$)(%)& (!

23$$& #$ 43,&-( %&1"3,(N )-3%/())&$& 3'," 3,)-" &:"())"4" 1&/#$"13)"4"6 O,

1&$1())& !" %(/*,"1"); "/*,"1")3 %*"('2(-(::( ,3 *-&!#0"&$( !" /"1-&(%*-(%<

%"&$" G311"3," 3$12( "$ 3%%($03 !" "$)(-,&1#)&-"N %" P "$ *-(%($03 !" #$ #!")&-"&

"/*,"1")& 3$12( 8#3$!& %" P %&,"6

H, !" ,; !('," %)#!" (Q())#3)" ( !(,,( )(&-"( 12( %" %&$& %4",#**3)( 3))&-$&

3,,( (%*-(%%"&$" G311"3,"5 )#))" %&$& 1&$1&-!" $(, %&%)($(-( ,9#$"4(-%3,"); !(,,3

1&/#$"130"&$( (%*-(%%"43 !(,,( (/&0"&$"N + !"#$  %&'!$()'$((%!*% +,&&%,"%

(!*! )'$($*#% %* #-##! %"  !*.!/ %* !0*% ',11, $ &-"#-', - ,*, .

?I-"R!35 @ASAC5 %&$& 8#(%)( 1&$1,#%"&$" 3,,( 8#3," (-3 '"#$)& ,& %)(%%& 73-T"$ (5

"$ )(/*" /&,)& *"U -(1($)" I-"!,#$!  ! "#$ ?@ASBC5 %(1&$!& " 8#3," ,( (%*-(%%"&$"

!" ',22%,/ .%(0-(#!/ +$"%&%#3/ #'%(#$11,/ (!')'$(,/ .%()'$11! $ ),-',

%&$& #$"4(-%3,"6

V'$#$3 !" 8#(%)( (/&0"&$" *#F (%%(-( -"1&$&%1"#)3 $(, *-&*-"& 4"%& (! "$

8#(,,& !" )#))( ,( *(-%&$(5 3 *-(%1"$!(-( !3 ()$"35 1#,)#-35 '($(-(5 -(,"'"&$(

(5 1&$ #$ &**&-)#$& 3,,($3/($)&5 P *&%%":",( -"1&$&%1(-,( ( 13*"-( ,3 -(3,(

(/&0"&$( 12( #$3 *(-%&$3 *-&435 *(-%"$& %( 8#(,,3 *(-%&$3 %"3/& $&" %)(%<

%"6 7" %('#")& *-(%($)"3/& #$3 !(%1-"0"&$( !(,,( *-"$1"*3," 13-3))(-"%)"12( !"

1"3%1#$3 !(,,( %())( (/&0"&$" *-"/3-"(6

 ! ! "# $#%%&#

W&,)( %&$& ,( 13#%( 12( *&%%&$& G3- *-&43-( #$ %($%& !" -3::"36 O /&)"4"

*(- 1#" 1"F *#F 3113!(-( %&$& !"4(-%"5 3! (%(/*"& 8#3$!& #$ "/*-(4"%)& -(13

#$ !3$$& "//(!"3)&5 /3 3$12( #$ %($%& !" "$'"#%)"0"3 *#F %&-)"-( ,& %)(%%&

(Q())&5 & 1&/( 1&$%('#($03 !" #$93''-(%%"&$( D%"13 & 4(-:3,(6 X3)#-3,/($)(

4"($( (%*-(%%3 1&$ 43-" ,"4(,,"6 7"Q(-($)(/($)( !3 3,)-( (/&0"&$"5 1&/( *3#-3

( %&-*-(%35 $&$ %" /3$"G(%)3 "//(!"3)3/($)( $(,,3 %#3 "$)(-(0035 /3 )($!(

3 -3''"#$'(-( ", %#& 3*"1( *(- '-3!"6 Y#F "$"0"3-( 1&/( %($%& !" G3%)"!"& (



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

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

'")&$$-))! !/)-!.'(&")!$%' $&"#&"#-%' ,-%0 %&(+$& +'1 #'2,'.& #! ,-")$-..!$&3

455'!(&")& #'+&"#& #!. (-)'5- +&$ '. 6/!.& %' +$-5! $!77'!* +&$,89 (!:;

:'-$& < '. =#!""-> %/70)-* (!::'-$& %!$? .! 5&.-,')? & .! +$-7!7'.')? ,8& %'

!/)-!.'(&")'3 @" A':/$! B3B %-"- &5'#&"C'!)& .& +&,/.'!$')? #&..D&%+$&%%'-"& #'

$!77'!3 E/!"#- %' (!"'F&%)!* ,-(+!$& %/ )/))& & )$& .& +!$)' #&. 5'%-G F$-")&*

-,,8'* 7-,,!3

A':/$! B3BG H!77'!3 @((!:'"& $!2:/$!")& I'( H-)8* !))-$& & $&:'%)! '":.&%&3

A-")&    !"#$%&'()*&+!%,3

J-(& < +-%%'7'.& "-)!$& "&..! F$-")&* .& %-+$!,,':.'! %' !77!%%!"-* :.' !":-.'

'")&$"' %&(+$& #&..& %-+$!,,':.'! %' !77!%%!"- !",8D&%%' (/-5&"#-%' 5&$%-

'. ,&")$- F-$(!"#- #/& .'"&& 5&$)',!.' "&. (&CC-3 K! +!.+&7$! '"F&$'-$& &

6/&..! %/+&$'-$& $'%/.)!"- &%%&$& '" )&"%'-"& & .& .!77$! %-"- +$&%%!)& ,-"

F-$C!3 H&%)!"#- '"5!$'!)! .! +!$)& #&..! F$-")& & 6/&..! $&.!)'5! !:.' -,,8'*

+/L 5!$'!$& 6/&..! #&..! 7-,,!3 K& .!77$! 5&":-"- +$&%%!)&* ! (&"- ,8& "-"

%' %)'! +!$.!"#- - /$.!"#- (&")$& %' %F-:! .! +$-+$'! $!77'!* '" 6/&%)- ,!%-

.! 7-,,! $'%/.)&$? !+&$)! (! '" )&"%'-"&3



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

 ! !" #$ %&'()'*+

!" #$%&' ()' *+)*',"%)+ -" -"*.(*/% 0(')-% *" '&&+$/+ $+#(1*"%)+ #+$ 0('12

3%*'4 5(6 +**+$+ () %..+//%7 () %-%$+7 () *'#%$+ % () #+)*"+$%7 ' &%1/+ *%1% "1

$"3%$-% -" 3"6 #+$ 3(" *" 8 #$%&'/% -"*.(*/% #(6 9'$ #$%&'$+ 0(+*/' *+)*',"%)+4

:) /(//+ 0(+*/+ %33'*"%)" 1' #$";' $+',"%)+ 8 0(+11' -" '11%)/')'$*" % 1"<+$'$*"

-' 3"6 3=+ #$%&%3' -"*.(*/%4

>".($' ?4@A B"*.(*/%4 5+$ " $"9+$";+)/" '11C";;'.")+ *" &+-' 1' >".($' ?4?4

D%;+ #$+*+)/'/% ") >".($' ?4@7 ()C+*#$+**"%)+ -" -"*.(*/% *" ;')"9+*/'

3%) "1 *%11+&';+)/% -+1 1'<<$% *(#+$"%$+ -+11' <%33'7 1+ .(')3+ *" '1,')%

#$%&%3')-% 1C"))'1,';+)/% -+11+ #'1#+<$+ ")9+$"%$"7 1+ *%#$'33".1"' *3+)-%)%

'<<'**')-% ' 1%$% &%1/' 1+ #'1#+<$+ *(#+$"%$"7 ;+)/$+ "1 )'*% *" '$$"33"'4

 ! !, -. /0$&1&*2

E' 9+1"3"/F 8 1C+;%,"%)+ 3=+ /(//" &%.1"%)% #$%&'$+ + *+)/"$+ "1 #"G *#+**%

#%**"<"1+4 HC 1C+;%,"%)+ #"G #"'3+&%1+ #+$3=8 0(')-% *" #$%&' *" */' <+)+7

/')/% 3=+ *" #$+9+$"*3+ 9$+0(+)/'$+ #+$*%)+ 3=+ $"-%)% + *%)% 9+1"3" #"(//%*/%

-" '1/$+ 3=+ )%) 1% *%)%4 I -"J+$+),' -+11' #'($'7 1+ *"/(',"%)+ -%&+ *" #$%&'

9+1"3"/F *" ;+;%$",,')% #+$ 3+$3'$+ -" $"#+/+$1+ % 9'$+ ") ;%-% 3=+ $"'33'-')%4



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

!"#$%& '()* !+,"-"./( 0+% " %"1+%"2+3." &,,4"22&#"3+ 5" 6+7& ,& !"#$%& '('(

83 69,.9 1+,"-+ -92+ :$+,,9 ;%+5+3.&.9 3+,,& !"#$%& '() < -93.%&77"5."3.9

7& $34+5;%+55"93+ -=+ -92;9%.& ", 296"2+3.9 7+,,& >9--& 6+%59 ,4+5.+%39 +

6+%59 ,4&,.9? ,+ #$&3-+ 5" &,@&39 ;%969-&379 & ,9%9 69,.& ,4"33&,@&2+3.9 7+,,+

;&,;+>%+ "31+%"9%" + 7+,,+ %$#=+ 5" 19%2&39 &..9%39 &#," 9--="( A39,.%+ $3&

,"3+& 5" 19%2& ;&%.+379 7&, 3&59 B39 &#," &3#9," 7+,,& >9--&(

 ! !" #$ %&'(%)**$

C$&379 5" 5$>"5-+ $3& ;+%7".& 5" ;%96& .%"5.+@@&( D" ;$E .%&..&%+ 7+,,4&,F

,93.&3&2+3.9 7" $3& ;+%593& 9 ,& ;+%7".& 7" $3 9##+..9 & -$" 5" +%& ;&%."-9F

,&%2+3.+ &G+@"93&."( 0$E &--&7+%+ 79;9 ,& 5+;&%&@"93+ 7& $3 &2"-9 9 7& $3&

;+%593& &2&.&? ;+% ,& ;+%7".& 7+, ,&69%9 9 7+,,& ;%9;%"& 5&,$.+( H& .%"5.+@F

@& < $34+29@"93+ -=+ ;+%2+..+ 7" 5$;+%&%+ :$+5.+ ;+%7".+ + 7" -92$3"-&%+

&#," &,.%" ", 395.%9 >"59#39 7" +55+%+ -9319%.&."( A, 69,.9 7" $3& ;+%593& .%"5.+

I!"#$%& '(JK &;;&%"%/ "3 :$+5.9 2979(



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

!"#$%& '()* +%",-.//&( 0.% " %"1.%"2.3-" &445"22&#"3. ," 6.7& 4& !"#$%& '('(

8.44& 9&%-. %.4&-"6& &44& 1%:3-. ," 3:-& ;<. #4" &3#:4" "3-.%3" 7.44. ,:9%&;=

;"#4"& ," &4/&3: 6.%,: "4 ;.3-%:( >. 9&49.?%. ,$9.%":%" -.37:3: &7 &4/&%," 3.#4"

&3#:4" "3-.%3"( @4" &3#:4" 7.44& ?:;;& %",$4-&3: &??&,,&-" . ;:3 45"3-.3,"A;&%,"

7.44& -%",-.//& 4. 4&??%& %",$4-.%&33: -%.2&3-" . "4 4&??%: "31.%":%. .,-.,: "3

&6&3-"(

 ! !" #$ %&'(')%$

B$&37: ;" ," -%:6& 7" 1%:3-. &7 $3 1&--: "3&,9.--&-:C 4& 9%"2& ,.3,&/":3.

;<. ," 9%:6& D ,:%9%.,&( 0$E &;;&7.%. F$&37: ," "3;:3-%& F$&4;$3: ;<. 3:3 ,"

6.7.6& 7& 2:4-: -.29:C :99$%. F$&37: 6".3. 7&-& $35"31:%2&/":3. ;<. 3:3

;" ," &,9.--&6& : "3 2"44. &4-%. ;"%;:,-&3/. ;<. "3 ;:2$3. <&33: "4 1&--: 7"

&;;&7.%. ,.3/& &4;$3 9%.&66",:( G$. ,:3: 4. 9&%-";:4&%"-H 7" F$.,-& .2:/":3.(

I ",-&3-&3.&C "31&--" <& $3& 7$%&-& ?%.6",,"2&C &3;<. $3& ,:4& 1%&/":3. 7" ,.=

;:37:C "4 -.29: 3.;.,,&%": &4 ;.%6.44: 7" .4&?:%&%. F$.,-& 3$:6& "31:%2&/":3.(

J3& 6:4-& .4&?:%&-& ,$?.3-%.%H 45.2:/":3. ,$;;.,,"6& ;<. 7"9.37. 7&4 2:-"6:

7" -&4. ,:%9%.,&( 0.% .,.29": 9$E .,,.%. 7" #":"& ,. ," &99%.37. 7" &6.%. 6"3-:

&4 ,$9.%.3&4:--: : 7" 9&$%& ,. $3& 2&;;<"3& .,;. &445"29%:66",: -&#4"&37: 4&

,-%&7&( K.;:37&%"&2.3-. 4& ,:%9%.,& 3:3 D $35.2:/":3. 3L 9:,"-"6& 3L 3.#&=

-"6&( 8:3 7H 3L #":"& 3L -$%?&2.3-:( M:2. 7.--: ,.%6. 9.% &99%.37.%. .7



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

!"#$%&#&! '(# ('%)# *(+%&,#-*%(!. /#&0 1%* "2!,%-*%(! /'33!//*)# #4 !//!&!

1%/*5*)# % (!6#5*)#7

8*6'&# 97:; <%&1&!/#7 =!& * &*+!&*,!(5* #""2*,,#6*(! /* )!4# "# 8*6'&# 9797

>%,! ? 1%//*$*"! %//!&)#&! *( 8*6'&# 97:. (!""# 1#&5! &!"#5*)# #""# +&%(5!.

"! /%1&#33*6"*# /%(% #"-#5! ! +%&,#(% '(# 3'&)#5'&# )!&/% "2#"5%7 <1!//% 3%,!

3%(/!6'!(-# 4* @'!/5% ,%)*,!(5% /* +%&,#(% "*(!! %&*--%(5#"* 3A! #55&#)!&/#B

(% 5'55# "# +&%(5!7 C"* %33A* &*/'"5#(% /1#"#(3#5*. 1!&,!55!(4% 3%/D #" 3!&)!""%

4* #3@'*/*&! *" ,#66*%& (',!&% 4* 4#5* *( ,!&*5% # @'!/5# ('%)# *(+%&,#-*%(!

3A! 3&!# /%&1&!/#7 E!//'(# 5!(/*%(! /* 3&!# /'""# 1#"1!$&# /'1!&*%&! % *(+!B

&*%&!7 >%,! 3%(/!6'!(-# 4* '(# /%&1&!/# /* #1&! "# $%33# 3%( '( ,%)*,!(5%

4!""# ,#/3!""# )!&/% *" $#//% 3A! /!1#&# "! #&3#5! 4!(5#"*7

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

F" 4*/1&!--% ? '(2!,%-*%(! &*)%"5# !/3"'/*)#,!(5! )!&/% "! 1!&/%(!7 E%( /*

1&%)# 4*/1&!--% 1!& %66!55* %4 %4%&*. 1*'55%/5% 4*/6'/5%7 <* ,#(*+!/5# @'#(B

4% 3* /* 5&%)# 4* +&%(5! # /*5'#-*%(* &*5!('5! *,,%&#"* ! /* 1&%)# '( /!(/% 4*

/'1!&*%&*50 &*/1!55% # 3A* A# 3%,1*'5% "2#-*%(!7 ='G #33#4!&! @'#(4% /* )!4!

'( '%,% ,#"5&#55#&! '(# 4%((# % '( $#,$*(%. %11'&! /! /* (%5# '(# 1!&B

/%(# 3A! ,#"5&#55# '( #(*,#"!7 <* 1&%)# 4*/1&!--% #(3A! @'#(4% *" 1&%1&*%



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

!"#$%&'%" " '( )*")*%( ")%#%"#+ #"# ,%+#+ ($!"'-(-( " !"#-*(..+--( .( /0('1

!0#" !2+ "!!0)( 0# &*(." $0)+*%"*+ 3!()"04!%" )+* +$+5)%"6 5( *%-+#0-"

5"*('5+#-+ %#7+*%"*+8 9# :%&0*( ;8< 0#( -%)%!( +$)*+$$%"#+ .% .%$)*+=="8

:%&0*( ;8<> ?%$)*+=="8 @+* % *%7+*%5+#-% (''A%55(&%#+ $% ,+.( '( :%&0*( ;8;8

B*( '+ +5"=%"#% .% C($+D %' .%$)*+==" E 'A0#%!( !2+ $% )*+$+#-( %# 5"."

($%55+-*%!"D ",,+*" $0 0# $"'" '(-" .+' ,"'-"8 F"5)(*+ $"'" #+''( )(*-+

%#7+*%"*+ .+' ,%$" .",+ '( C"!!( .( 0# '(-" $% -+#.+ ,+*$" 'A+$-+*#" !"# 'A(#&"'"

*%,"'-" (''A%#$G8

 ! !" #$ %$&'$

H( )(0*( E 0#A+5"=%"#+ ( !0% /0('$%($% +$$+*+ ,%,+#-+ *%#0#!+*+CC+D #"#

-(#-" )+* '+ $+#$(=%"#% !2+ !"5)"*-(D 5( /0(#-" )+* '+ !(0$+ !2+ '( $!(-+#(1

#"8 H( )*%"*%-I .+' !+*,+''" E /0+''( .% $")*(,,%,+*+ + )+* 7(*'" 2( C%$"&#" .%

(''"#-(#(*$% .( -0--+ '+ $%-0(=%"#+ !2+ '" 5+--(#" %# )+*%!"'"D .( -0--" !%J !2+

)0J *+!(*+ .(##" K$%!"D 5"*('+ " )$%!"'"&%!"8 @+* *(&&%0#&+*+ /0+$-" $!")"

,%+#+ L(--%,(-(M 'A+5"=%"#+ .+''( )(0*(D 0#( $+#$(=%"#+ #+&(-%,( + $&*(.+,"'+

!2+ )*","!( 0#( *+(=%"#+ K$%!( %55+.%(-( .% 70&( )+* !*+(*+ .%$-(#=( .(' )+1

*%!"'"D %#"'-*+ )+*5+--+ (' !+*,+''" .% 5+5"*%==(*+ /0+' )+*%!"'" ($$"!%(#."'"

(''( $+#$(=%"#+ .% )(0*( %# 5"." -('+ .( +,%-(*'" %# 70-0*"8



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

"#$%&'  ()* +'%&'( +,& # &#-,&#.,/0# '112#..'$#/, 3# 4,5' 1' "#$%&'  ( (

6,11' "#$%&'  ()7 1, 389&'::#$1#' 38/8 '1;'0, , 983#;#8/'0, <%'3# #/ 1#/,'

8&#;;8/0'1, =' 5#>,&,/;' 5,11' 38&9&,3' 584, 38/8 9#,$'0, 4,&38 12'108?7 $1#

'/$81# #/0,&/# 4'//8 4,&38 #1 :,/0&8 , 3%11' -&8/0, 3# -8&.'/8 1#/,, 8&#;;8/0'1#

3818 #/ :,/0&8 =' 5#>,&,/;' 5,11' 38&9&,3' 584, 1, 1#/,, 8&#;;8/0'1# '00&'4,&3'/8

0%00' 1' -&8/0,?( @1# 8::A# 3# '9&8/8 9,&:AB 3#' 1, 389&'::#$1#' :A, 1, 9'19,C&,

3%9,&#8&# 3# '1;'/87 .' /8/ &#3%10' 18 30,338 ,>,008 239'1'/:'082 :8., /,11'

38&9&,3' #/ <%'/08 38/8 #/ 0,/3#8/, , 0,/58/8 '5 '1;'&3# 1, 9'19,C&, #/-,&#8D

&#( E' C8::' 9%F '9&#&3# :8., /,11' 38&9&,3'7 .' '/;#:AB ,33,&, &#1'33'0'7

9&,3,/0' 0,/3#8/, /,11, 1'CC&' :A, 3# 0,/58/8 4,&38 12,30,&/8(

 !" #$ %&'()$ (*++* ,)-.$*%/.*%%)$0)

G%'/58 3# 833,&4' %/ 48108 :A, ,39&#., %/2,.8;#8/,7 1' 5,:85#H:' 5,11'

3%' ,39&,33#4#0I 3,.C&' /8/ ,33,&, %/ 9&8C1,.' 3#$/#H:'0#48 9,& 1' .'$$#8&

9'&0, 5,11, 9,&38/,( E2#/-8&.';#8/, :8/0,/%0' #/ ,33, 3,.C&' ,33,&, %/'

'39,008 /'0%&'1, 5,11, #/0,&';#8/# , 5,11, &,1';#8/# 38:#'1# , 1' 3%' ,1'C8&';#8D

/, 9&8:,5, 381#0'.,/0, 3,/;' 5#J:810I 8 9&8C1,.# /,11' :8.%/#:';#8/,( K

5#39,008 5# <%,30' -':#1#0I 5# $,30#8/, 5,11, ,39&,33#8/# -'::#'1# /,112#/0,&';#8D

/, <%80#5#'/'7 # &#:,&:'08&# 3# 0&84'/8 5' 3,.9&, 5#3:8&5# 3%112#/0,&9&,0';#8/,

5,11, #/-8&.';#8/# 4,#:81'0, 5'1 48108 , 3%11' .,085818$#' 9#L '5,$%'0' 9,&



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

!"#$%&'()* +( ,'-.()/& ,'%01%,&() 1-0!%!") 0)( '%1-0-!1%/)0"- - /)0-2 $)((3)!%4

!")05& - /)0- ) $)((& 0&"#'& $% #03%0")05%-0) 1-/,-'"&/)0"&() - $% #0- !"&"-

$% !)0"%/)0"- )/-5%-0&() &((3%0")'0- $)(() )!,')!!%-0% $)( 6-("-* 7)' '%!,-04

$)') & !6&'%&"% 8#)!%"% '%9#&'$&0"% % ()9&/% )!%!")0"% "'& () /%1'-)!,')!!%-0%

:&11%&(% ) () 1&'&"")'%!"%1;) $% ,)'!-0&(%"<2 (3)!,)'%)05& )/-"%6& )$ % ,'-1)!!%

1-/#0%1&"%6%2 !-0- !"&") /)!!) & ,#0"-2 & ,&'"%') $&9(% &00% 3=>2 0#/)'-!)

")10%1;) $% '%()6&5%-0) ) $% &0&(%!% $)(() )!,')!!%-0% :&11%&(%* ?) ")10%1;) 1;)

!% 1-01)0"'&0- !#( 6-("-2 8#&() )()/)0"- ,')$-/%0&0") $)(() )!,')!!%-0% $)(()

)/-5%-0%2 !% !#$$%6%$-0- %0 !"#$% $% 9%#$%5%- )$ %0 !"#$% $% /%!#'&5%-0)*

@(% !"#$% $% 9%#$%5%- '%9#&'$&0- () %0:-'/&5%-0% 6)%1-(&") $&( 1-/,-'"&4

/)0"- :&11%&()2 () )/-5%-0% 1;) 0) ,-!!-0- $)'%6&')2 0-01;A 8#&(% "'&""% $)((&

,)'!-0&(%"< 6)09-0- )!,')!!% $&((& /%/%1& :&11%&()* B-/,()!!%6&/)0") !% !-0-

$%')""% 6)'!- $#) -'%)0"&/)0"% 0-0 )!1(#!%6%C (& :-'/#(&5%-0) $% 9%#$%5% 8#&(%4

"&"%6%2 '&,,')!)0"&"-2 ,)' )!)/,%-2 $&((& !1)("& :-'5&"& $)( 9%#$%5%- )0"'- #0

0#/)'- (%/%"&"- $% ,-!!%.%(%"<2 - %( /)"-$- $% 6&(#"&5%-0)2 1;) ,)'/)"") $%

6&(#"&') %0 8#&() /%!#'& 1-/,&%-0- #0& !)'%) $% ,'-,'%)"< 0)% 6-("% ,')!% %0

)!&/) ) (& !1)("& D !)/,') )E)""#&"& $&( '%1)'1&"-')*

@(% !"#$% $% /%!#'&5%-0) !% 1-01)0"'&0- %0 ,')6&()05& !#((& '%()6&5%-0)

$)% /-6%/)0"%2 -!!%& !#9(% &!,)""% 1;) 0-0 ,')0$-0- %0 1-0!%$)'&5%-0) 1%F

1;) 6#-() )!!)') 1-/#0%1&"- 1-0 %( 1-/,-'"&/)0"- :&11%&()* G% .&!&0- !#((&

%$)0"%H1&5%-0) $% #0%"< $% 1-/,-'"&/)0"- :&11%&(% 6%!%.%(%* G% $%!"%09#-0- $&%

/)"-$% $% 9%#$%5%- ,-%1;A2 0-0-!"&0") %/,(%1;%0- %( 9%#$%5%- $% -!!)'6&"-'%2

() 6&(#"&5%-0% !-0- ,#'&/)0") $)!1'%""%6) ) 0-0 %0")',')"&"%6)* @(% %0$%'%55%

$% "&(% !"#$% !% !#$$%6%$-0- & (-'- 6-("& %0 $#) 9'#,,%C 8#)((% .&!"&"% !#((&

'%I)!!%-0) ")-'%1& ) 8#)((% :-0$&"% !#((3&0&"-/%& /#!1-(&') $)( 6-("-*

+ ,'%/% ,#0"&0- &((3%$)0"%H1&5%-0) $)(() 1-/.%0&5%-0% $% /-6%/)0"- :&14

1%&()2 ,')!#/%.%(/)0") &!!-1%&") &$ )/-5%-0% ,&'"%1-(&'%2 8#)(() J#0%6)'!&(%K2

/& 0-0 ,)'/)""-0- $% /%!#'&') (3%0")0!%"< $)( 1-/,-'"&/)0"- ) 0-0 $&00-

9%#!"%H1&5%-0) &$ &5%-0% $%6)'!) $& 8#)(() ,')1-!"%"#%")2 8#&(% ,'-"-"%,- $%

$)")'/%0&"% !"&"% )/-"%6%* L 8#)!"& 1&")9-'%& $% !%!")/% $% 6&(#"&5%-0) :&00-

,&'") %(  !"#!$ %&'"( )"*+#,- .'"/,#01' $% MN/&0 '( !$2 O PQ R2 %( 3!4#5!$$6

7#8"+#5#,!(#9'  !"#!$ 3*9'5',( :*;#,- )68('5 $% +5&'$ O PQPR )$ %( )68('5

<*+ =;',(#<6#,- %&'"( >4?+'88#*, @6 A*$#8(#" B1;-5',( $% +5&'$ ) S-#9;)'"T

O PU>R*

7)' 8#&0"- '%9#&'$& 9(% !"#$% !#((3&0&"-/%& /#!1-(&')2 #0& ,'%/& "'&""&4

5%-0) D !"&"& ,')!)0"&"& $& VW-'"!WX O P=PR* +/,&'&0$- & /#-6)') 6-(-0"&4

'%&/)0") % /#!1-(% :&11%&(%2 VW-'"!WX ;& !6%(#,,&"- #0& $)!1'%5%-0) ,')1%!& $)%

1&/.%&/)0"% '%!#("&0"% $& 1%&!1#0 /-6%/)0"- /#!1-(&') :&11%&() )$ ;& :-'0%"-

#0 !%!")/& $% 1-$%H1& 0#/)'%1-* Y%,')0$)0$- 8#)!"& %$)&2 MN/&0 ) Z'%)!)0

O PQUR ;&00- )(&.-'&"- #0 !%!")/& /&99%-'/)0") !-H!"%1&"-2 %(  !"#!$ %"(#*,

:*;#,- )68('5 C %:)D* +0 8#)!"- !%!")/& -90% /-6%/)0"- !%09-(&'/)0") '%4



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

"#$%&'"# ( )*%*+ ',-'.%*+ .+/# 0,'*1 -2%3'+,#4 % .0' 506 #))#7# %**7'&0'*+ 0,

50,*#88'+ ', &%)# %""2',*#,)'*19 : 0, )')*#/% 5'0**+)*+ #"%&+7%*+ # ,+, *0**'

' /+$'/#,*' 7'"#$%*' 5+))+,+ #))#7# %**7'&0'*' %- 0,% )5#.';.% #/+3'+,#9 <#7

+$$'%7# %""# -'=.+"*1 5#7 ' 7'.#7.%*+7'4 8"' )*#))' %0*+7' >%,,+ #"%&+7%*+ "2?@A

BCDE F GH!I .># %))#8,% 0, 50,*#88'+ )+"*%,*+ %""# 0,'*1 + .+/&',%3'+,'

-' 0,'*1 -2%3'+,# .># "% *#+7'% .+,)'-#7% )#8,%"' #/+3'+,%"'9 J,+ ).>#/%

#)5"'.%*'$+ )0""# *'5+"+8'# -' )*0-'+ -#"',#%*# ( K+7,'*+ ', B'807%  9H9

B'807%  9HL @#*+-' 5#7 "+ )*0-'+ -#""# #)57#))'+,'

 !" #$ %&'()( *+,-. */01/$ +0'1(2 ,()123 -45

6'&%

?M/%, # B7'#)#, >%,,+ #"%&+7%*+ '" B%.'%" C.*'+, D+-',8 EN)*#/ F GOHI

.+/# )')*#/% -' +))#7$%3'+,# # ."%))';.%3'+,# -' *0**' ' /+$'/#,*' K%..'%"'

$')'&'"'4 %,.># P0#""' /','/'4 ', 7'K#7'/#,*+ %""# "+7+ .+/5+,#,*' %,%*+/+A

;)'+"+8'.># .># )+,+ 8"' #"#/#,*' .+)*'*0*'$' -#""# #)'&'3'+,' K%..'%"'9 Q7% ' $%7'

)')*#/' -' %,%"')' # /')07%3'+,# -#""# #)57#))'+,' K%..'%"' #"%&+7%*# ;,+ %- +7%

'" BCDE ( '" 5'R .+/57#,)'&'"#4 .+/5"#*+ # $#7)%*'"#9 S, #))+ '" $+"*+ ( .+,)'A

-#7%*+ .+/# 0, )')*#/% -' 7')5+)*% /0"*'-'/#,)'+,%"#4 .%5%.# -' T#))'&'"'*1

# )5#.';.'*19 S" $+"*+ $#'.+"% ',K+7/%3'+,' %**7%$#7)+ P0%**7+ ."%))' -' )#8,%"'L



 !"! #$ %&'()( *+,-. *+,#+$ +,'#(/ ,()#/0 -1-'&%  !

 "#$%&'( ")&)(*(+ *,# -&..-#"#%)&%/ )-&))( -#'&)(0&1#%)# .#-1&%#%)( 2#'

0/')/+ */1# '& ")-3))3-& 2#''# /""& # '# 1&""# 2( )#""3)/ "/))/*3)&%#/

*,# */%)-(43("*/%/ & 2&-# 5/-1& &' 0/')/6

 "#$%&'( '#%)(+ *,# "/%/ */")()3()( 2&( *&14(&1#%)( *,# &00#%$/%/ "3'

0/')/ %#' */-"/ 2#' )#1./ # *,# "#$%&%/ (' 0("/ */% '# -3$,#+ */% ('

*&14(&1#%)/ %#''& $-&%& 2#''& .#''#6

 "#$%&'( &-)(7*(&'(+ -&..-#"#%)&)( 2&( )-&))( 2#' 0/')/ 2#)#-1(%&)( 2& #'#8

1#%)( &-)(7*(/"(+ */1# $'( /**,(&'(+ '& */"1#"( / (%)#-0#%)( 2( *,(-3-$(&

-(*/")-3))(0&6

 "#$%&'( -&.(2(+ 0&-(&9(/%( *,# "( */%7$3-&%/ "3' 0/')/ 2/03)# &'':&))(0();

%#3-/13"*/'&-# # *,# 2#)#-1(%&%/ '# 0#-# # .-/.-(# #".-#""(/%( 5&**(&'(<

=& "/11& 2#''# >3&))-/ *'&""( 2( "#$%&'( 2#)#-1(%&%/ '& 7"(/%/1(& 2( 3%

0/')/+ # "(%$/'&-1#%)# / *313'&)(0&1#%)# */13%(*&%/ 1/')( 1#""&$$(< ?( 7%(

2#''/ ")32(/ "3''# #1/9(/%( "( &%&'(99&%/ ( "#$%&'( -&.(2( *,# &))3&%/ 0&-(&9(/%(

2#''& 5/-1& 2#$'( /**,(+ 2#''# "/.-&**($'(&+ 2#''& 4/**& # 2#''# '&44-&<

?' 7%# 2( 5/-%(-# 3% (%2(*# ".#*(7*/ .#- /$%( )(./ 2( 1/0(1#%)/ # 2(

#".-#""(/%#+ (' @?AB .-#%2# (% */%"(2#-&9(/%# CC 3%(); 5/%2&1#%)&'( 2#%/8

1(%&)# 2& DE1&% # @-(#"#% FG%(); 2:?9(/%#H I?*)(/% G%()"+ %#' "#$3()/ ?GJ

*,# ./""/%/ 2&-# '3/$/ & .(K 2( LMMM */14(%&9(/%( ./""(4('(< N% )/)&'# "/%/

*'&""(7*&)( OP 2(0#-"( 1/0(1#%)( / *&-&))#-(")(*,#+ &'*3%( 2#( >3&'( "/%/ &""/8

*(&)( )(.(*&1#%)# & 3%:#1/9(/%# ".#*(7*&+ 1#%)-# &')-( %/% "/%/ &""/*(&)( &2

&'*3%& #1/9(/%# (% .&-)(*/'&-#<

Q#- *(&"*3%& ?G "/%/ 2#"*-())# %#' 1&%3&'# 2#' @?AB+ %#''& "#9(/%# ?J (

*&14(&1#%)( /""#-0&4('( "3' 0/')/+ .-/0/*&)( 2& >3#' 1/0(1#%)/6 %#''& "#9(/%#

RJ+ (%2(*&9(/%( "3 */1# #S#))3&-# >3#' ".#*(7*/ 1/0(1#%)/+ */% '& 2#"*-(9(/%#

2( #0#%)3&'( 2(T*/'); # "/'39(/%( 3)('( & "3.#-&-'#6 %#''& "#9(/%# AJ+ */1#

-#$(")-&-# ':(%)#%"(); 2( >3#''& "(%$/'& ?G<

N' @?AB U 3% "(")#1& 2( /""#-0&9(/%# .3-&1#%)# 2#"*-())(0/+ # (% >3&%)/

)&'#+ %/% "/$$#))/ &''& )#%2#%9& 2( &))-(43(-# (11#2(&)&1#%)# 3% "($%(7*&)/

(%)#-.-#)&)(0/ &''& 1(1(*& 5&**(&'#< Q#- -&$$(3%$#-# ':/44(#))(0/+ $'( &3)/-(

,&%%/ 5&))/ -(5#-(1#%)/ #"*'3"(0&1#%)# &'':&%&'("( 2#' 5/%2&1#%)/ &%&)/1(*/

2#( 1/0(1#%)( 2#' 0/')/ 31&%/< Q/(*,V /$%3%/ 2( >3#")( 1/0(1#%)( U ('

-("3')&)/ 2#'':&9(/%# "(%$/'& / "(%#-$(*& 2#( 13"*/'( 5&**(&'(+ (' @?AB .-#%2#

(% */%"(2#-&9(/%# (' 1/2/ (% *3( /$%( 13"*/'/ 5&**(&'# &$("*# %#' 1/2(7*&-#

0("(4('1#%)# '& */%7$3-&9(/%# 2#' 0/')/ ")#""/< N%/')-#+ DE1&% # @-(#"#%

,&%%/ 5&))/ -(*/-"/ &%*,# &''& )#*%(*& 2( W3*,#%%# *,# */%"(")# %#''/ ")(1/'&-#

2(0#-"( 5&"*( 2( 74-# 13"*/'&-( */% #'#))-/2(+ */"X 2& 2#)#-1(%&-#+ (% 1/2/

-(Y#""/+ $'( #S#))( *(%#"(*( #")#-(/-1#%)# /""#-0&4('(<



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

"#$ %&'&($)&*#+ ,+% -./01 2*#3&3(+ (4(($5&$ #+% 67+#,+7+ &# 2*#3&,+7$)&*8

#+ 3*%* & '4($'+#(& 5&3&9&%& ,+% 5*%(* 4'$#*1 #*# :4+%%& #*# *33+75$9&%&; 0&

(7$(($ ,& 4#$ +36%&2&($ 32+%($ ,& <='$# $% >#+ ,& 4#$ 2*#2+#(7$)&*#+ 34 2&?

2@+ 64? +33+7+ +A+((&5$'+#(+ &'6&+B$(* #+%%$ 2*'4#&2$)&*#+ #*# 5+79$%+; C+%

-./0 &#D$((&1 5+#B*#* (7$3247$(+ %+ 2$7$((+7&3(&2@+ 3($(&2@+ ,+% 5*%(* :4$%& &%

(7422* * %E$22*#2&$(47$ +, +367+33&*#& D$22&$%& :4$%& &% 7*33*7+ + %$ 34,*7$)&*#+;

F+7 B%& $4(*7& $#,7+99+7* &# :4+3(& 2$3& $66%&2$(+ $%(7+ '+(*,*%*B&+ ,& 7&2+72$;

F+7 ,+327&5+7+ &# '*,* 67+2&3* + $((+#,&9&%+ *B#& ."1 <='$# + -7&+3+# @$##*

67+3* &# 2*#3&,+7$)&*#+ &% %&#B4$BB&* ,+% 2*76* #+%%$ 34$ 67*2+334$%&(G1 #*#

3*%($#(* %$ ,+327&)&*#+ ,+%%+ 2*#>B47$)&*#& 3($(&2@+ >#$%&;

"# $36+((* 7&%+5$#(+ ,+%%$ '+(*,*%*B&$ H %$ 6*33&9&%&(G ,& 7&%+5$7+ %&5+%%& ,&

&#(+#3&(G ,& *B#& $((&5&(G '432*%$7+; I%& $4(*7& @$##* 27+$(* 4#* 3(74'+#(*

*BB+((&5* ,& 2$(+B*7&))$)&*#+ ,+& '*5&'+#(& D$22&$%&1 2@+ 64? +33+7+ 7&+%$8

9*7$(* &# 7+%$)&*#+ $B%& 3(4,& 2@+ 3& ,+3&,+7$ 2*#,477+1 + 2@+ #+ 67+5+,$#*

%E$66%&2$)&*#+;

J %&5+%%& ,& &#(+#3&(G 3*#* 2&#:4+ + 2*3K 34,,&5&3&L %&5+%%* .1 &# 67+3+#)$ ,&

(7$22+ ,+9*%& ,+%%E$)&*#+M %&5+%%* N1 2*# +5&,+#)$ %+BB+7$M %&5+%%* /1 ,&#$#)& $

3+B#& '$72$(& * 67*#4#2&$(& ,+% '*5&'+#(*M %&5+%%* O1 7&32*#(7$9&%+ 2*# 3+B#&

&#(+#3& * +3(7+'& ,+%%E$)&*#+M %&5+%%* <1 6+7 &#(+#3&(G '$33&'$ ,+% '*5&'+#(*;

P4+3($ 32$%$ ,E&#(+#3&(G #*# H 4#$ 32$%$ $, &#(+75$%%& 7+B*%$7&1 & %&5+%%& .1 N

+ < @$##* 4#E$'6&+))$ $99$3($#)$ 7&3(7+(($1 '+#(7+ & %&5+%%& / + O 2*'67+#8

,*#* %$ '$BB&*7 6$7(+ ,+& '*5&'+#(& D$22&$%&; J# 4#E$#$%&3& ,& 4# '*5&'+#(*

D$22&$%+ %$ %+((+7$ 7+%$(&5$ $, 4# ,$(* %&5+%%* ,& &#(+#3&(G &#,&5&,4$($ 5&+#+

6*3($ $ >$#2* ,+% #4'+7* ,+%%$ 7+%$(&5$ ."; ., +3+'6&*1 H 6*33&9&%+ 7&%+5$7+

%+ ,&A+7+#)+ ,& &#(+#3&(G 6+7 %E." 2@+ 67+5+,+ %$ 2*#(7$)&*#+ ,+%%$ 6$%6+97$

&#D+7&*7+ 6+7 $)&*#+ ,+% '432*%* *79&2*%$7+ ,+%%E*22@&*1 &# ,4+ &''$B&#& 2@+

3*#* 3($(+ 5$%4($(+ ,$B%& 3(+33& $4(*7& 7&36+((&5$'+#(+ ,& &#(+#3&(G N +, <;

/*#B&4#($'+#(+ $%%$ 27+$)&*#+ ,& ($%+ 2*,&>2$1 B%& $4(*7& @$##* 67*55+,48

(* $#2@+ $ 27+$7+ 4# '$#4$%+ ,& &#3+B#$'+#(* 6499%&2$(* #+%  QQR 6+7 :4+&

7&2+72$(*7& 2@+ &#(+#,+33+7* $66%&2$7+ %$ 7&2+72$ 34%%E$#$%&3& ,+& 3&#B*%& '*5&8

'+#(& D$22&$%&; "# $#$%&3($ -./01 &#D$((&1 *%(7+ $ 2*#*32+7+ %+ 3&#B*%+ ."1

,+5+ $#2@+ +33+7+ &# B7$,* ,& 3+%+)&*#$7+ 4#E+367+33&*#+ *33+75$($1 ,+2*'6*8

#+#,*%$ #+%%+ 3&#B*%+ 4#&(G 2@+ 3*((*3($##* $% '*5&'+#(* D$22&$%+; O+5+ 3$6+7

$((7&94&7+ 4# 64#(+BB&* $%%E&#(+#3&(G1 5$%4($7+ %E$66$7&)&*#+ + %$ 32*'6$73$ ,&

*B#& $)&*#+ '432*%$7+ *%(7+ $%%$ +5+#(4$%+ 67+3+#)$ ,& $3&''+(7&+ 9&%$(+7$%&1

2$7$((+7&))$(+ ,$%%$ %+((+7$ S * T1 2@+ 2*#(7$,,&3(&#B4*#* 7&36+((&5$'+#(+ &%

%$(* 3&#&3(7* +, &% %$(* ,+3(7* ,+% 5*%(*;

S+ 4#&(G ,& 64#(+BB&*1 *55+7* 4#$ %&3($ ,& ." 2*&#5*%(+ &# 4#E+367+33&*#+

D$22&$%+ 2*# & 7&36+((&5& %&5+%%& ,& &#(+#3&(G1 3*#* 647$'+#(+ ,+327&((&5+L #*#

&#(+7D+7&32*#* 2&*H 2*# %E&#(+767+($)&*#+ ,+%%+ +'*)&*#& + 6*33*#* +33+7+ 2*#8



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

"#$%&%# '( )* +,-%.($# )+(*', )* '&/&,*($&, '& &*%#$0$#%(/&,*# # 0$#'&/&,*#

'#11# #2,/&,*&3 4,2# 5)#11, 0$#+#*%(%, *#11( 6(7#11(  8 8

 !"#$"%& '(

9#1&4&%: ;< =

6$&+%#//(  <>< !

?,$0$#+(  <=<!@<=;

A()$(  <=<><!<=B<=;

C(77&( ><!<D<=E

F&+G)+%, H< !< ;

F&+0$#//, ; C =I<C >I

6(7#11(  8 J 6(7#11( '& &*%#$0$#%(/&,*# '#11# #2,/&,*&

K "(*%(GG& ,L#$%& '(11M)+, '#1 9IN? 4,2# +&+%#2( '& (*(1&+& '#11# #+0$#+O

+&,*& -(44&(1&3 5)&*'&3 +,*, &**(*/&%)%%, '& ,$'&*# 2#%,',1,G&4,J P )* +&+%#2(

7(+(%, +)11M(*(%,2&( '#& 2)+4,1& 2&2&4& #' &* 5)(*%, %(1#3 2(GG&,$2#*%#

0$#4&+, # 0#$2#%%#3 &*,1%$#3 '& &'#*%&Q4($# # $&1#"($# ,G*& 2,"&2#*%, 0,++&7&1#

4,* &1 *)2#$, #+(%%, '& 2)+4,1& 4R# +& +,*, 4,*%$(%%& , $&1(++(%& 0#$ #+#G)&$1,8

SM(%%$&7)/&,*# '#& 2,"&2#*%& (' )*&%: 'M(/&,*#3 0&)%%,+%, 4R# (11M(/&,*#

'#& +&*G,1& 2)+4,1&3 $#*'# 0&T 4R&($( 1( 4,'&Q4(3 '(1 2,2#*%, 4R# ,G*& IU

&'#*%&Q4( )* +&*G,1, 2,"&2#*%, -(44&(1#3 2#*%$# )* 2)+4,1, 0)V +,%%,+%($# (

0&T 2,"&2#*%& ,""#$, )*M(/&,*# -(44&(1# 0)V #++#$# 1( $&+)1%(*%# '#11M(/&,*# '&

0&T '& )* 2)+4,1,8 A#$ 4,*%$,3 +"(*%(GG& '#$&"(*%& '(11M)+, '& 5)#+%, +&+%#2(

$&G)($'(*, 1( '&W4,1%: '& (00$#*'&2#*%, '#11# %#4*&4R# #' & %#20& *#4#++($&

0#$ &1 +), )%&1&//,8

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

S( 4,'&Q4( '#11# #+0$#++&,*& -(44&(1& %$,"( +0(/&, &* )* &*+&#2# 2,1%, #+%#O

+, '& (001&4(/&,*& 4,*4$#%#J *#11( $&4#$4( 0+&4,1,G&4(3 0#$ $#(1&//($# +&+%#2&

'& &*%#$0$#%(/&,*# #2,/&,*(1# # 1( +&2)1(/&,*# '#11( 2&2&4( -(44&(1#3 4,2#

*#11M&*%#$(/&,*# ),2,O2(44R&*(3 +0(/&(*', &* 5)(1+&(+& (27&%, 4R# 4,&*",1G(

'&*(2&4R# +,4&(1& # )2(*#8 F& +#G)&%, "#*G,*, 0$#+#*%(%# (14)*# #+#201&QO

4(/&,*& '& 4,2# 5)#+%, (00$,44&, 2)1%&'&+4&01&*($# %$,"& +0(/&, *#11( "&%( '&

%)%%& & G&,$*&8 S( 2#%$&4( '& $&-#$&2#*%, 0#$ %)%%& & 1(",$& 2#*/&,*(%& P &* IU

9IN?8

K* )*, +%)'&, '#11( ?%(*-,$' U*&"#$+&%X YIR*  ! "#$ =BBZ[ P +%(%( )%&1&//(%(

1M(*(1&+& '#11M#+0$#++&,*# -(44&(1# 0#$ "(1)%($# 1, +%(%, #2,%&", '#& 4,*+)2(O

%,$& (11, +4,0, '& &'#*%&Q4($# & $#(1& (45)&$#*%&3 +&( 4R# +& $#4R&*, (1 0)*%,



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

"#$%&'( ) *)+,&($) -# -).) /*#-'# "&( 0#12 34)1&#''&") 5 .&/,(.+&(.# '#+,) #

%&.&6#.# &- ,#./)$(-# (& ,7$'& "#$%&'( %)"# 5 ,&8 ,.)1(1&-# .&*#"#.# (*97&.#$:

'& &$'#.#//('&; +#$'.# $#--) /<),,&$6 )$-&$# 5 )=.&.# 7$( +(66&).# -&1#.'> %&

$("&6(?&)$# # ,#./)$(-&??(?&)$# %#- /#."&?&) (6-& 7'#$'& (7+#$'($%) *)/@ &- ,):

'#$?&(-# ,#. -# "#$%&'# A7'7.#2 3# (,,-&*(?&)$& %& 97#/'& /'7%& ,#.+#''#.($$)

(& *)+,7'#. %& 4-#66#.#4 & ")-'& %#6-& 7'#$'&; ,.#"#%#.# -( /#97#$?( /7**#//&:

"( %& *)+,).'(+#$'& # %& (6&.# ,.#"#$'&"(+#$'#2 B7#/') '&,) %& ,.)6.#//&

$#& $7)"& +#%&( ,#.+#''# %& &$'#.(6&.# *)$ -( '#*$)-)6&(; &$"#*# %& .#(6&.#

,(//&"(+#$'# (- *)+,).'(+#$') %#6-& 7'#$'&2

C$( .&*#.*( ,711-&*('( $#- -76-&) DEEF (=.)$'( -( /,&$)/( 97#/'&)$# %#--(

,#.*#?&)$# %#- %)-).# GH#-%'  ! "#$; DEEFI $#& /)66#''& *)$ %#'#.&).(+#$')

*)6$&'&")2 3) /'7%&) "(-7'( -# #/,.#//&)$& A(**&(-& *)+# +#??) ,#. &%#$'&J*(.#

&- %)-).# ).)A(**&(-# &$ /)66#''& ($?&($& /&( *)$ *(,(*&'> *)6$&'&"# &$'(''# *<#

%#J*&'(.&#; *)$A.)$'($%) & .&/7-'('& .&/,#'') (% (-'.& /'.7+#$'& %&/,)$&1&-& ,#.

-( "(-7'(?&)$# %#- %)-).#2

347$&"#./&'> %& K''(0( <( (=.)$'(') &- ,.)1-#+( %& .(,,.#/#$'(.# #/,.#/:

/&)$& A(**&(-& %& #+)?&)$& *)+1&$('# &$ +)%) ,#.*#''&"(+#$'# "(-&%) GL.M(

 ! "#$; DEENI2 3( .&*#.*( 5 /'('( #=#''7('( $#- *)$'#/') %& /($&'> # &/'.7?&)$#

(- J$# %& +&6-&).(.# -( *)+,#'#$?( /)*&(-# # -( *(,(*&'> %& .&*)$)/*&+#$')

%#--# #/,.#//&)$& A(**&(-& &$ 1(+1&$& (7'&/'&*&; $)$*<O -4(,,.#$%&+#$') %#--#

-&$67# $('&"#; +( & .&/7-'('& ,)//)$) #//#.# #/'#/& ( +)-'# (-'.# (,,-&*(?&)$&

*)+# 6&)*<& *)$ $#*#//&'> %& #/,.#//&)$& A(**&(-& %&$(+&*<# ) /'.7+#$'& ,#.

(7')+('&??(.# -( *.#(?&)$# %& ($&+(?&)$& %#- ")-') 7+($)2

C$4(-'.( (,,-&*(?&)$# +)-') (''7(-# /& ,7P .&/*)$'.(.# $#--4(+1&') %#--(

/&*7.#??( /)*&(-#2 Q#. #/#+,&); & '&.)*&$($'& ,.#//) -4L**(%#+&( R(?&)$(-# %&

HST "#$6)$) (%%#/'.('& &$ +)%) %( (7+#$'(.# -( -).) *(,(*&'> %& .&*)$)/*#:

.# +&*.)#/,.#//&)$&; 7'&-&??($%) /)A'0(.# *<# ,#.+#'')$) 7$ (,,.#$%&+#$')

&$ (-*7$& *(/& /7,#.&).# (- NEUV /'.7+#$'& %& 97#/') '&,) /7,,).'($) ($:

*<# -( A).+(?&)$# %& (-'& 7W*&(-& &$97&.#$'& %#--( CX Y)(/' Z7(.%; & 97(-&

<($$) %&+)/'.(') 7$( *(,(*&'> ,)/':(,,.#$%&+#$') )-'.# -4[EU2 R#& ,&8 &+:

,).'($'& (#.),).'& /'('7$&'#$/& # '#%#/*<&; /)$) (''&"& /&/'#+& (7')+('&*& %&

.&*)$)/*&+#$') A(**&(-#; *<# )=.($) 7$ /7,,).') (--( /&*7.#??( # (--( -)''( (-

'#..).&/+)2

T- \&,(.'&+#$') %& T$A).+('&*( %#--4C$&"#./&'> %& X($ \&#6) GY(-&A).$&(I;

<( ,.#/#$'(') $#- DEE! & .&/7-'('& %& (-*7$# .&*#.*<# /7--# #/,.#//&)$& A(**&(-&; &$

*7& /)$) /'('& .(66&7$'& .&/7-'('& *)$*.#'& &$ /#'').& *.7*&(-& 97(-& #%7*(?&)$#;

+#%&*&$( # ,/&*)-)6&( %#- *)+,).'(+#$') 7+($); 7'&-&??($%) 7$) /'.7+#$')

(7')+('&*) %& .&*)$)/*&+#$') %#--# #/,.#//&)$& A(**&(-& &$ '#+,) .#(-#; ,.#:

/#$'(') *)+# %&'()! * +,(* --.&/ 0 1&2/.!.&/ 3&&#4&, GY]^_I2 R#--( /7(

7-'&+( "#./&)$# %#- DE  ; ,7P .&-#"(.# (7')+('&*(+#$'# -4&$'#$/&'> %&  N %&:

"#./# (?&)$& A(**&(-& %#- HLYX # ! %&=#.#$'& #/,.#//&)$& A(**&(-& ,.)')'&,&*<#



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

"#$%&'(&&  ! "#$) *++,-. /$'01'$ 231'&%( '( '10$'244$42132 52  + 0$%$&&(%26&27

08( 9$002$'2) 31308: ';1%2(3&$<(3&1 =7> "<1?2<(3&1 '$&(%$'() 61''(?$<(3&1)

%1&$4213(- 5(''$ &(6&$.

@3 A&2'2441 5(' /BCD E 6&$&1 (F(&&A$&1 G(% 5260%2<23$%( '( (6G%(662132 52

51'1%( H(3A23( 5$ IA(''( 62<A'$&( "#$%&'(&&  ! "#$) *++J-. K;1L2(&&2?1 M3$'(

5(''1 6&A521 313 %2HA$%5$?$ ';2352?25A$4213( 52 (6G%(662132 3137$A&(3&208( 23

6:) <$ G2A&&16&1 52<16&%$%( '$ 0$G$02&N 52 A3 626&(<$ $A&1<$&244$&1 52 %2'(7

?$%( A3 01<G1%&$<(3&1 9$002$'( 08( ';100821 23(6G(%&1 G1&%(LL( 313 %2A602%(

$5 23&(%G%(&$%() ( 52 $GG%191352%( '( 013160(34( 6A' 013&%1''1 3(%?161 5(' ?261.

O' P2326&(%1 5(2 D%$6G1%&2 $<(%20$31 3(' *++ 8$ 6&2<$&1 08( '$ 613317

'(34$ 5(' 0135A0(3&( G%1?10$ G2Q 23025(3&2 <1%&$'2 08( '$ HA25$ 23 6&$&1 52

(L%(44$. RA2352 A3 626&(<$ $A&1<$&244$&1 23 H%$51 52 %2'(?$%( '$ 61331'(34$

( $??(%&2%( 2' 0135A0(3&( 1 H'2 $'&%2 G$66(HH(%2 G1&%(LL( 6$'?$%( <1'&( ?2&(.

P(3&%( ?2 E A3$ 31&(?1'( (?25(34$ (<G2%20$ 08( '$ 9%(IA(34$ 52 $<<200$<(37

&1 GAS (66(%( %('$4213$&$ $'';2361%H(%( 5(''$ 61331'(34$) 313 E 31&1 6( 02 62$31

$'&%2 01<G1%&$<(3&2 9$002$'2 23 H%$51 52 G%(52%( &$'2 1001%%(34(. D%$<2&( A31

6&A521 $GG162&1 62 E 0(%0$&1 52 601G%2%( IA$'2 013MHA%$42132 9$002$'2 62$31 6237

&1<$&208( 5(''$ 6&$308(44$) 1&&(3(351 %26A'&$&2 61%G%(35(3&2. O' <1?2<(3&1

9$002$'( E 6&$&1 $3$'244$&1 $A&1<$&20$<(3&( A&2'244$351 2' /BCD) 6AGG1%&$37

51 '$ %$001'&$ 5$&2 <(52$3&( A3 $00('(%1<(&%1 G16&1 6A''$ &(6&$ 5(' 61HH(&&1

( A3 %2'(?$&1%( 52 1602''$42132 6A' ?1'$3&(.

/13 A3 G%1H(&&1 62<2'() >23H(6  ! "#$ "*++T- 8$331 '$?1%$&1 $ A3 626&(<$

$A&1<$&244$&1 23 H%$51 52 5260%2<23$%( 9%$ L$662 ( $'&2 '2?(''2 52 6&%(66 (6G%(662

5$ A3 ?1'&1 A<$31. RA(6&$ G$%&201'$%( $GG'20$4213( 9A 6?2'AGG$&$ $ 6AGG1%&1

5(''( <2662132 $(%16G$42$'2 013 '1 601G1 52 IA$3&2M0$%( '1 6&%(66 <$329(6&$&1

5$H'2 $6&%13$A&2 23?2$&2 3(''1 6G$421.

U82&(82''  ! "#$ "*++V- 8$331 6&A52$&1 ';A&2'2&N 52 23&(H%$%( 2' %201316027

<(3&1 5(''( (6G%(662132 23 A3 626&(<$ 52 236(H3$<(3&1 $A&1<$&244$&1. RA(6&1

'$?1%1 A&2'244$ ';(6G%(66213( G(% 6&2<$%( '$ ?('102&N 52 ?26A$'244$4213( 5(2 ?27

5(1 G%(9(%2&$ 5$''1 6&A5(3&( ( 2' '2?(''1 52 52W01'&N 5(''$ '(4213( 01<( ?2(3(

G(%0(G2&1 5$' 623H1'1 6&A5(3&() 23 1H32 26&$3&( 52 &(<G1. RA(6&1 6&A521 G27

'1&$ 8$ 01<G2A&1 2 G%2<2 G$662 ?(%61 '1 6?2'AGG1 52 <(&152 52 236(H3$<(3&1

013 G1'2&208( $ 020'1 082A61) 01<( 626&(<2 08( 5$331 $00(661 $ 6&2<( 23 &(<G1

%($'( 5(H'2 6&$&2 01H32&2?2 (5 (<1&2?2 5(H'2 6&A5(3&2 ( $H260131 52 0136(HA(34$.

XGG'20$42132 52 6A00(661 6131 6&$&( %$HH2A3&( $308( 3(''$ 6&A521 52 526&A%7

L2 G62082$&%202 "U$3H  ! "#$) *++V-) %2?1'H(35162 $ 5A( 0$626&208( 52 G$42(3&2Y

IA(''2 $F(&&2 5$ 6082419%(32$ ( IA(''2 013 '$ 6235%1<( 52 X6G(%H(%. P(3&%( E

L(3 31&1 08( 2 G$42(3&2 013 G%1L'(<2 52 6082419%(32$ G%(6(3&$31 3('';(6G%(67

6213( 9$002$'( $GG2$&&2<(3&2 ( $31%<$'2&N) 02 6131 G1082 5$&2 1HH(&&2?2 6A'

01<G1%&$<(3&1 9$002$'( $ 0$A6$ 5(' &(<G1 %2082(6&1 G(% '$ 0152M0$ <$3A$'(.



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

"##$ %&'%%$ ($)$* '%+%&$,$ -$./' -0$1' %.+',&+2./' 0'#3&+1' 3##3 -0$)45+$,'

)+ '%-0'%%+$,+ 63..+3#+ +, %$77'&&+ 38'&&+ )3 )+%&409+ )'##$ %-'&&0$ 34&+%&+.$:

;3%%'#  ! "#$ <=>>!? /3,,$ -0$)$&&$ #3 -0+(3 3--#+.35+$,' -'0 #3 (+%4@

035+$,' 34&$(3&+.3 )'##A3%%$.+35+$,' ,3&403#' ./' %+ +,%&3403 +, &'0(+,+ )+

'%-0'%%+$,+ 63..+3#+ ,'##' +,&'035+$,+ 603 93(9+,$ ' 7',+&$0': B3,,$ %&4)+3&$

+# .$(-$0&3(',&$ 63..+3#' )+ )4' .$--+' )+ (3)0+ ' 93(9+,+ )403,&' #' %'%@

%+$,+ )+ 7+$.$* 0+%.$,&03,)$ %+,.0$,+' ,'##3 -0$)45+$,' )'+ %$00+%+ <"C  =?*

.$,&035+$,' )'7#+ $../+ <"C D? ' 3-'0&403 )'##3 9$..3 <"C =E* =D?:

F' &'.,$#$7+3 -'0 #A+(-#'(',&35+$,' )+ G4'%&$ &+-$ )+ %+%&'(+ H -0$70')+&3

3# -4,&$ )3 -$&'0 3--#+.30' #' 3,3#+%+ 3 '%-0'%%+$,+ 63..+3#+ %-$,&3,'' .$, 4,

)+%.0'&$ %4..'%%$: FA3..403&'553 %-'%%$ ,$, H &3#' )3 0',)'0#+ 4,$ %&04(',&$

+,)+-',)',&' )3##3 %4-'01+%+$,' 4(3,3* -'0I -0'%',&3,$ -4,&+ )+ 6$053 G43#+

.3-3.+&J )+ 3%&035+$,' )'##' -0$9#'(3&+./'* +)',&+2.35+$,' )+ %&04&&40' #3&',@

&+* 03--0'%',&35+$,' )+,3(+.3 &0+)+(',%+$,3#' ' 3--#+.35+$,' '%&',%+13 ./'

0+1'#3,$ .$(' G4'%&$ .3(-$ )+ 0+.'0.3 -$%%3 0+%4#&30' 3..3&&+13,&' ' -0$2.4$

,'7#+ 3,,+ 3 1',+0':

 !" #$ %&'()*+(+,- ./)%&,-, 0+12+$ 3456-7)

72&( 8+9+:+7-

K'0 %4803730' 3)'743&3(',&' #$ %1+#4--$ )+ %$#45+$,+ -'0 #A3,3#+%+ )'##'

'%-0'%%+$,+ 63..+3#+ H +,)+%-',%39+#' )+%-$00' )+ 4,3 93%' )+ #31$0$ .$(4,'

3 &4&&3 #3 .$(4,+&J %.+',&+2.3: C,3 -+3&&36$0(3 4,+1'0%3#(',&' .$,)+1+%3

3&&43#(',&' ,$, H 3,.$03 %&3&3 -0')+%-$%&3* (3 %+,7$#+ 704--+ )+ 0+.'0.3 #3@

1$03,$ 3 -0$7'&&+ +,)+-',)',&+* 4&+#+553,)$ 93%+ )+ )3&+ .0'3&' 3--$%+&3(',&'

-'0 %$))+%630' %-'.+2./' '%+7',5' %-'0+(',&3#+:

K'0 #3 13#4&35+$,' )+ ($)'##+ %&3&+%&+.+ H .$,%+7#+39+#' #A4&+#+55$ )+ 4, +,@

%+'(' )+ )3&+ $($7','$ ' .$(-#'&$ ./' -'0('&&3 4, .$,60$,&$ )+0'&&$ .$,

+ 0+%4#&3&+ $&&',4&+ +, 3#&0+ %&4)+: F3 %.'#&3 )+ 4,3 93,.3 )3&+ 3--0$-0+3&3

)$10'99' '%%'0' '8'&&43&3 +, 93%' 37#+ $9+'&&+1+ -0'2%%3&+ ' 3##' -0$-0+'&J ./'

%+ +,&',)' %&4)+30' <L0$%%  ! "#$* =>>E?: M, 64,5+$,' )+ &3#' .0+&'0+$* 399+3($

63&&$ 4%$ )'# )393%' 03..$#&$* %&04&&403&$ ' ('%%$ 3 )+%-$%+5+$,' )3 ;$/,*

N3,3)' ' O+3,* #3 .4+ -0+(3 -499#+.35+$,' 0+%3#' 3##A3,,$ =>>>:

M# 704--$ )+ 0+.'0.3 +,&'0)+%.+-#+,30' 6$0(3&$ )3 -%+.$#$7+ ' +,6$0(3&+.+

)'##AC,+1'0%+&J )+ K+&&%9407/ /3 %1+#4--3&$ G4'%&A3(-+3 .$##'5+$,' )+ '%-0'%@

%+$,+ 63..+3#+ -'0 #$ %1+#4--$ ' +# .$,&0$##$ )+ 3#7$0+&(+ -'0 #A3,3#+%+ )'##'

'%-0'%%+$,+* )',$(+,3&$ %&'()*!!+,-./0 1'(%23 3 4"5 678. ++*29 :;"/ 

<"!","+ : F3 .$##'5+$,' ,'##3 %43 )+%&0+945+$,' 3&&43#' H .$(-$%&3 )3 P!!

%'G4',5' )+ +((37+,+ 0'#3&+1' 3 QR -'0%$,' )+1'0%': S7,+ %'G4',53 )+ +((3@



 !"! #$ %&'()*+(+,- +.)%&,-, /+%#+$ -012-33#&( ,+4+5+3- !

"#$# %&$'#($(  ) #**+"#$# #$ *(,#+- ,+ .$ *#$#*& ,# / + .$ *+00#*& ,# 112

3"$# 0(4.($5+ *&0'6+ .$+ 7+%%#+ $(.'6+ +889#$#5#& :(6 :&# 0;#8.::+60# #$ .$+

,(88( 0(''( (0:6(00#&$# 7+%%#+8# .$#;(60+8# ,(<$#'( ,+ =>*+$ ( ?6#(0($2 @$&8'6(

;($"&$& 7&6$#'( 89#$0#(*( ,(88( AB %&#$;&8'( #$ %#+0%.$+ 0(4.($5+- 6#8(;+'(

,+ (0:(6'# ?ACD2 D# $&'# %E( #8  !"#$%&#&'( )*$ !'(' +&,-&. /012(33-!#

4&5&6&3( $&$ %&$'#($( (0:6(00#&$# $+'.6+8#- F($0G E+ %E#(0'& +# 0&""(''# ;&H

8&$'+6# ,# 6+::6(0($'+68(2 I( 0(4.($5( ,# #**+"#$#- ,(6#;+$'# ,+ 6#:6(0( ;#H

,(&- 0&$& 0'+'( 6("#0'6+'( #$ .$ +*F#($'( ,# 8+F&6+'&6#& %&$ %&$,#5#&$# ,#

#88.*#$+5#&$( :6(,(<$#'(- 7&$,& &*&"($(& ( :6&0:(''#;+ 76&$'+8(2 @ 6#0.8'+'#

&''($.'# ,+# *&,(88# %&$ 4.(0'( 0(4.($5( ,# #**+"#$# $&$ :&00&$& ,.$4.(

(00(6( #*:8#%#'+*($'( (0'(0# + .$ %&$'(0'& ,# ;#'+ 6(+8(- *+ 7&6$#0%&$& .$+

F+0( 0:(6#*($'+8( :(6 0;#8.::# :#J %&*:8(00#2

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

@ %&*:&6'+*($'# 7+%%#+8# 0&$& 0'+'# 6("#0'6+'# 0. .$ %+*:#&$( &6#"#$+6#&

,# K L +,.8'# %&$ ('M %&*:6(0+ 76+ #  ) ( # NL +$$#2 I+ %&*:&0#5#&$( O ;&H

8.'+*($'( ('(6&"($(+P 1!Q ,&$$(- R Q .&*#$#S ) Q A*(6#%+$# ,# &6#"#$(

(.6&:(+-  RQ A*(6#%+$# ,# &6#"#$( +76#%+$+- 1Q ,# +8'6# "6.::# ('$#%#2 I(

6#:6(0( 0&$& +;;($.'( #$ .$+ 0+8+ ,9&00(6;+5#&$( %&$'($($'( .$+ 0(,#+ ,&H

;( 0&$& 0'+'# 7+''# 0(,(6( # 0&""(''# ( K 7&'&%+*(6(- %#+0%.$+ %&88("+'+ + .$

;#,(&6("#0'6+'&6( 7&6$#'& ,# .$ '#*(H"($(6+'&62 B$+ ,(88( 7&'&%+*(6( O 0'+H

'+ :&0#5#&$+'+ 76&$'+8*($'( +8 0&""(''&- 89+8'6+ %&$ .$ +$"&8& ,# RL "6+,# +

,(0'6+2 C&$ %#6%+ .$ '(65& ,(# ;&8&$'+6# 8+ 8.*#$&0#'M ,(88+ 0+8+ O 0'+'+ +.H

*($'+'+ %&$ .$+ 8+*:+,+ +, +8'+ #$'($0#'M- *($'6( #8 6(0'& ,("8# #$,#;#,.# E+

.0.76.#'& ,# .$ 0#0'(*+ ,# #88.*#$+5#&$( .$#7&6*( +::&6'+'+ ,+ ,.( ,#T(6($'#

7&$'# ,# 8.%(2 @ 0&""(''# 0&$& 0'+'# #0'6.#'# ,+ .$& 0:(6#*($'+'&6( + (0(".#6(

.$+ 0(6#( ,# KR :&0( 7+%%#+8#S '6+ 4.(0'( <".6+$& 0#+ 0#$"&8( .$#'M ,9+5#&$( %E(

%&*F#$+5#&$# ,# AB2 B8'(6#&6# ,(''+"8# 0.88+ %&*:&0#5#&$( ,(8 ,+'+F+0( 0&$&

6(:(6#F#8# $(8 ,&%.*($'& +00&%#+'& +88+ :.FF8#%+5#&$( UV+$+,( (5 &.7- KLLLW2

I+ X+F(88+  2K 6#+00.*( 8( :6#$%#:+8# %+6+''(6#0'#%E( '(%$#%E(2

 !"!0 1*$ 23.$4+$+ 56*478-4-+$ 9-.-/-%$ :58;<

@8  !"#$%&#&'( 8 %9 4&5&6&3( O 0'+'& ,#0'6#F.#'& +88& 0%&:& ,# :6&*.&H

;(6( 8+ 6#%(6%+ $(889#$,#;#,.+5#&$( +.'&*+'#%+ ,(88( (0:6(00#&$# 7+%%#+8# #$,#H

;#,.+8#2 Y+ +88&6+- #8 CV ,+'+F+0( O ,#;($'+'& .$& ,(# :#J ,#T.0# F+$%E# ,#

:6&;+ :(6 8& 0;#8.::& ( 8+ ;+8.'+5#&$( ,# 0#0'(*# ,# %8+00#<%+5#&$(2 Y.6+$'(

4.(0'& :(6#&,&- '6( 8#*#'+5#&$# 0&$& +::+60( (;#,($'#P *($'6( # %&,#%# AB

;($"&$& %&66(''+*($'( #,($'#<%+'#- :(6 8( ('#%E(''( ,(88( (*&5#&$# $&$ 0# :.Z

,#6( +8'6(''+$'&- 6#7(6($,&0# + %#Z :(6 %.# (6+$& 0'+'( 6#%E#(0'( :#.''&0'& %E( +



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

 !""#$$%

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

.,/ -012! 344)

5'44% 678

9'$)4) :-8

.#&'1;$%&)<34) 0-8

;=&'1;$%&)<34) -:8

;>,&) 6 8

 #&'#()# *%"%$+,%))+$#

"#$%&' () *'++%,,) -0 

?)*'>#@)'4% 6A!BA7! )4 *<3>3 () +&)+)

6A!BA0! C%& <'>'&)  A D),

E)*#3>% =&'4,3>% - -!2

E)*#3>% 3 :! +&3() F'>' )4 &)C&%*3 G)(%'

5#&3,3 (%>>3 *%H#%4@3 716! =&3$%*I*%H#%4@3

J3D%>>3 -K L MN91O),,*D#&P ;91M'(%( Q3<)3> .BC&%**)'4 R$3+% 53,3D3*%K

S3 H#34,),/ () *%H#%4@% &%3>)@@3,% T<'4  -! *'++%,,) <')4G'>,)U V *#C%&)'&% 3

H#%>>% *#<<%**)G3$%4,% ()+),3>)@@3,% T-0 *'++%,,)UW (3 H#%*,% *'4' *,3,% C')

*%>%@)'43,% >% A00 *%H#%4@% X43>) C#DD>)<3,% 4%>>3 ()*,&)D#@)'4% #Y<)3>% T7Z

)4()G)(#)UK

<)[ <P% G)%4% &)C&'(',,' )4 &%3>,/W >3 $34<34@3 () #43 $%,&)<3 <'$#4% (%>>%

C&%*,3@)'4) <'4 <#) G3>#,3&% ) 4#'G) $'(%>>)W 4'4 %*)*,% #4 C&','<'>>' C%& )>

<'4=&'4,' (%) &)*#>,3,) =&3 ()\%&%4,) D3*) () (3,)K 5) <'4*%+#%4@3] )> (3,3D3*%

M^ V *,3,' #,)>)@@3,' *)3 C%& )> &)>%G3$%4,' () ;9 <P% (%>>% %$'@)'4)] *%D1

D%4% >% %,)<P%,,% C%& H#%*,_#>,)$% 4'4 *)34' *,3,% )4 3><#4 $'(' G%&)X<3,%W

$34<3 )4'>,&% #4 <'4=&'4,' <'4 ) $'(%>>) *,3,)*,)<) () &)=%&)$%4,'] % >_#*' ()

*',,')4*)%$) <3*#3>) (%> (3,3D3*% '&)+)43>% &%4(% >3 $%,31343>)*) ()Y<)>%K O%&

3\&'4,3&% H#%*,% % 3>,&% H#%*,)'4)] V *,3,' *G)>#CC3,' )> -!.(/0+(+*# 12/

$#(*#* 3-045 6+$+7+8#K R> 4#$%&' () *%H#%4@% V 3#$%4,3,' (%>   8 % )>

4#$%&' () *'++%,,) (%>  Z8] +)#4+%4(' 3 #4 ,',3>% () 27: *%H#%4@% % - : *'+1

+%,,) <')4G'>,)K S_%*C&%**)'4% 'D)%,,)G' C%& '+4) *%H#%4@3 V <'$C>%,3$%4,%

<'()X<3,' <'4 Q;MF % >% %,)<P%,,% (%>>% %$'@)'4) *'4' *,3,% &)G)*,% % <'4G3>)1

(3,% *%<'4(' >3 <'()X<3 .NQ;MFK R4 3++)#4,3 3 H#%*,'] *'4' *,3,% 3++)#4,%

*%H#%4@% 4'4 )4 C'*3 C%& ) ()G%&*) ,)C) () *'&&)*) <'4 3**'<)3,% ) &)*C%,,)G) $%1

,3(3,)K ;>>' *,3,' 3,,#3>%] 4%>>3 D3*% () (3,) G%4+'4' &3CC&%*%4,3,% :! ,)C) ()

;9 % >% Z %$'@)'4) () D3*%K ;><#4) %*%$C) (3> M^` *'4' &)C'&,3,) )4 Q)+#&3

-K7K





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



 !"#$%&% '

()*)+$# ",%-,)..# +)&&/!+!&#.# 0)&&)

).",)..#%+# 1!**#!&#

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

 !" #$%&' ()!*+, -.**. /0!112!/, 3.0 "! 3024! -,"/! 2" 4,-24.*/, +2 56

3)*/2 2*+2-2+)!/2 7) )*! 7.().*8! +2 244!92*2' . 32: 1,*10./!4.*/. +!" #$$6'

1,* ";2*/0,+)82,*. +2 7/0)4.*/2 /.1*,",9212 . 2*<,04!/212 !-!*8!/2' 7,*, 7/!/2

7-2")33!/2 )* 1.0/, *)4.0, +2 !330,112 2* !4=2/, +2 -272,*. !0/2>12!". 3.0

021,*,71.0. ?@ . ". ",0, 1,4=2*!82,*2A

B.*.0!"4.*/.' 72 !+,//! )*! 30,1.+)0! 2* /0. <!72C +!33024!' D *.1.77!02,

!1()2720. ". 244!92*2 . 021,*,71.0. 2" -,"/, 1,*/.*)/, 2* .77.E ! ().7/, 3)*/,

!--2.*. ";.7/0!82,*. +."". 1!0!//.027/21F. <!112!"2 0."!/2-. !" -,"/, 0!330.7.*G

/!/,' 1,* ";.-.*/)!". 1,7/0)82,*. +2 /0!7<,04!82,*2 9.,4./021F. +."". 7/.77.E

2*>*. ().7/;)"/24. -.*9,*, 1"!772>1!/. 2* ?@ +! !33,72/2 !"9,02/42 +2 021,G

*,7124.*/,A @*! /0!//!82,*. 1,43"./! 7) 727/.42 +2 ().7/, /23,' D 30.7.*/!/!

+! H2 . I!2* J566KLA

M* ().7/, 1!32/,",' -.*9,*, 2"")7/0!/2 =0.-.4.*/. 2 0.1.*/2 30,90.772 *."";!G

*!"272 +."". .730.772,*2 <!112!"2' 30.7.*/!*+, ". -!02. <!72 +." 30,1.77, 2* ().7/!

/023"21. ,//21! J!1()27282,*.' .7/0!82,*. . 0!330.7.*/!82,*.' 021,*,7124.*/,LA

M 7)11.772 32: 02".-!*/2 2* ().7/! /.4!/21! 7,*, 7/!/2 0!992)*/2 1,* 2 72G

7/.42 7-2")33!/2 +!""!  !"#$%&$ '$(()# *#&+$",&-. J2* 7.9)2/, NO@C H2.* $-

!(/' #$$&L' *#&+$,&-. )0  !(&0)"#&!1 2!# 3&$%) J@NP C Q!0/".// $- !(/' 566#L'

*#&+$",&-. )0 4((&#)&, !- *"5!#!6 7!89!&%# J@M@NC N,F.* $- !(/' 566RL''!,6

,!:7;,$--, 4#,-&-;-$ )0 <$:7#)()%. JOMSC T77! . U.*/"!*+' #$$%L' *#&+$",&-.

)0 '!".(!#= J@O C V!1,,= .  !-27' #$$WL' 3$(0- *#&+$",&-. )0 <$:7#)()%.

JS@ THXSC U!*/21 . Y,/FZ0!*/8' 5666L' 3!(($ ')(($ 4#,-&-;-$ 0)" >$":$9-;!(

?"-&@:&!( 4#-$((&%$#:$ JM M?UC X!7." . H)//2*' 566RL . !"/02' 302*123!"4.*/.

5R



 !  !"#$%&% '( )*+*,$# "-%.-*//# ,*&&0!,!&#/# 1*&&* */"-*//#%,# 2!++#!&#

"#$$%  !"#" $%&'()*&#! &'()*+ (# +,-, -.../0

1%$ 2)2#*3) 45# $6#++#*7% "#$ $%8)9) ": ;<=, >;1, =>1?'@=, <1<AB #

%$39: C D#* +:*3#3:77%3) :* @%+#$ # 'E33:* & FFG/ # B%*3:4 # H)35I9%*37 & FFF/,

JE: 8#99%**) "#+49:33: K$: +3E": ": L;>, >LM1 # ><>L, +8:$ENN%3: ")N) :$

 FFF0

<* N%93:4)$%9# $# 9#4#*3: 9:4#945# N#9 $% 9#%$:77%7:)*# ": +:+3#2: %E3)2%3:4:

": %*%$:+: "#$$# #+N9#++:)*: O%44:%$: +)*) )9:#*3%3# *#$$# +#KE#*3: ":9#7:)*:P

 4)+39E7:)*# ": N:Q 9)DE+3: +:+3#2: 4%N%4: ": K#+3:9# #R4%4#2#*3# 2)S

8:2#*3: "#$$% 3#+3%, 45:E+E9% "#K$: )445:, 4%2D:%2#*3: ": $E4# # D%++#

:*3#*+:3T ": #+N9#++:)*#U

 E3:$:77) ": E* *E2#9) 2%KK:)9# ": 4%9%33#9:+3:45# "#$ 8)$3) %$$) +4)N) ":

9:4)*)+4#9# N:Q #+N9#++:)*: # 9%KK:E*K#9# $:8#$$$: ": N9#4:+:)*# +EN#9:)9:U

 9:4)*)+4:2#*3) "#$$# A> # $# $)9) 4)2D:*%7:)*: N:E33)+3) ": +N#4:V45#

#2)7:)*:U

 9#%$:77%7:)*# ": +:+3#2: ": %*%$:+: 4)2N$#3%2#*3# %E3)2%3:4:0

W#$$% 3%D#$$%  0- +)*) +45#2%3:77%3# $# N9)N9:#3T #++#*7:%$: ": +#: +:+3#2:

N9)8#*:#*3: "%$$# E*:8#9+:3T +)N9%44:3%3#P 4)* $6%49)*:2) L;>- 4: +: 9:O#9:+4#

% X%*%"# (# +,- "#$  FFFU 4)* L;> +: :*":4% $% N9)"E7:)*# ": L)5* (# +,- "#$

 FF-U 4)* >LM1- +: O% 9:O#9:2#*3) % @)9" & FF /U >LM1 N#9 Y%93$#33 (# +,-

"#$  FF-U ><>L- C "#+49:33) "% L)5#* (# +,- & FFG/U ><>L "% Z#* # [E%*K

& FFG/0 >*% "#+49:7:)*# % N%93# C +3%3% O%33% N#9 $# 2#3)")$)K:# ": $%8)9)

%93:4)$%3# "% 'E4#( (# +,- &L;>/ 45# *#$  F-F 4)* :$ LX\, 9#%$:77%9)*)

E*% 4$%++:V4%7:)*# 4)2D:*%*") ./#&'( .00(+)+%/( 1"2(,* &AA;/ # 3400")#

5(/#") 1+/6&%( &M];/, 4)2# *%3E9%$# +8:$ENN) "#$ $%8)9) N9#+#*3%3) *#$

L;>- # *#$ L;> 0

B#9 )K*: +:+3#2% 8#*K)*) "#V*:3: : 2#3)": N#9 4:%+4E*% "#$$# 39# O%+: ":

4E: :$ +:+3#2% C 4)2N)+3)0



 !"! #$%&'()*#'$+  !

 !"#$# %&#'&(!")

*!+'# ,-"# ,."&#

/!0.!

 !"# $%&'('&)*+',%- (,./, *..* 01 01 2,% 3-4/'45- 6,('6-%/'

78'6* '66*3'%- &-..* /-4/*9

:4/8*+',%- 5*8*//-8'4/'5;- 2, 2, (,./' 5,% ,55;'*.' -

*..* 78'6* '66*3'%- 5*7-..'9 7'< &' => ?"

@'.-(*6-%/, 78,78'-/A 3-,6-/8'5;- 01 01 - 5,6B'%*+',%'9

:4/8*+',%- 78,78'-/A -4/-/'5;- 01 01 78'6* '66*3'%-

 .*44'C5*+',%- ('* 8-/' %-)8*.' 01 01 D8,%/*.- - '%-478-44'(*

 !"E $%&'('&)*+',%- (,./, *..* 01 01 F-4/'45- 6,('6-%/'

78'6* '66*3'%- &-..* /-4/*9

!,&-.., D*55'*.- *..* 01 01 8-4'4/-%/- * 5*6B'*G

78'6* '66*3'%- 6-%/' &' .)6'%,4'/A -

@'.-(*6-%/, =H &-..* /-4/* 01 01 5;')4)8* ,55;'9

0/*B'.'++*+',%- &-..* 01 01 8'5,%,45- -478-44',%'

8-3',%- D*55'*.- 47,%/*%--9 78'6*

:4/8*+',%- 78,78'-/A 3-,6-/8'5;- 01 01 '66*3'%- D8,%/*.- -

 .*44'C5*+',%- B*4*/* 4) 8-3,.- 01 01 '%-478-44'(*

" 0H# $%&'('&)*+',%- (,./, 01 01 I8,47-//'(* D8,%/*.-9

*& ,3%' '66*3'%- 8'5,%,45'6-%/, &'

@'&'6-%4',%*6-%/, &-. (,./, 01 01 -478-44',%' -.-6-%/*8'9

:4/8*+',%- 78,78'-/A -4/-/'5;- 01 01 %-5-44'/A &' (,./, %-)/8,

 .*44'C5*+',%- ('* 0J! 01 01 5,6- B*4-

" 0HE !,&-..*+',%- &-. (,./, '% =H 2, 2, F-4/'45- 6,('6-%/'

0/*B'.'++*+',%- &-..* 01 01 &-..* /-4/*9 %-5-44'/A &'

8-3',%- D*55'*.- B*4- * (,./, %-)/8,9

:4/8*+',%- 78,78'-/A -4/-/'5;- 01 01 8'5,%,45'6-%/, &' 4'%3,G

.- ?"9 (*.'&, 7-8

 .*44'C5*+',%- 5,% K!!G0J! 01 01 -478-44',%' 47,%/*%--

"$" # H-C%'+',%- &-. 6,&-.., 2, 2, F-4/'45- .'6'/*/'

D*55'*.- 6,('6-%/' &-..* /-4/*9

@'.-(*6-%/, &-. (,./, '% =H 01 01 8'5,%,45'6-%/, &'

:4/8*+',%- 78,78'-/A 01 01 -478-44',%' -.-6-%/*8'9

3-,6-/8'5;- 78'6* '66*3'%-

 .*44'C5*+',%- 5,% K!! 01 01 D8,%/*.- - '%-478-44'(*

"$" E H-C%'+',%- &-. 2, 2, F-4/'45- .'6'/*/'

6,&-.., D*55'*.- 6,('6-%/' &-..* /-4/*9

@'.-(*6-%/, &-. (,./, '% =H 01 01 8-4'4/-%/- * 5*6B'*6-%G

/' &' .)6'%,4'/A9

:4/8*+',%- 78,78'-/A 3-,6-/8'5;- 01 01 8'5,%,45'6-%/, &'

-478-44',%' -.-6-%/*8'9

:4/8*+',%- 78,78'-/A -4/-/'5;- 2, 01 78'6* '66*3'%-

 .*44'C5*+',%- 5,% 22GK!! 01 01 D8,%/*.- - '%-478-44'(*

"#$%&&#  '() *%+%,-. #//01++. ,%&&2#,#&.3. 4%&&% %3/0%33.1,. 5#++.#&.' 6. 7%4# &#

/#8.,# /0%+%4%,-% /%0 9,# 4%3+0.:.1,% 4%&&% 3.8&% 0./10-#-%



 !  !"#$%&% '( )*+*,$# "-%.-*//# ,*&&0!,!&#/# 1*&&* */"-*//#%,# 2!++#!&#

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

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

"#$%&'() $%*'+) +) ,-.#)()/)'0% +%1 2'1*' ('0' (*,*) (2)1#33,*) 3%& )+%0*)4

5-,&% 1, 3&%(%0/, +) 2'1*) )0 #0 -'0*%(*' .#,1(),()6 7, $,88)'& 3,&*% +) .#%(*)

9 )0 8&,+' +) &)1%2,&% 3'(% :&'0*,1) ' .#,()4:&'0*,1)6 ;%)(%1%  ! "#$ < ==>? @,04

0' &%,1)//,*' #0 ()(*%$, ,++%(*&,A)1% A,(,*' (# -'$3'0%0*) 3%& 1, &)1%2,/)'0%

+) :,--% )0 3'()/)'0% :&'0*,1% % .#,() :&'0*,1%B #*)1)//,0+' )$$,8)0) 8&)8)% ,

)0.#,+&,*#&, 5((,6 C'D1%E  ! "#$ <>FFG? @,00' (2)1#33,*' #0 ()(*%$, A,(,*'

(# &%*) 0%#&,1) 3%& 3'(% :,--),1) :&'0*,1)6 H)'1, % I'0%( < ==>? @,00' 3&'8%**,4

*' #0 &)1%2,*'&% +) 2'1*) )0 *%$3' &%,1% A,(,*' (# #0, (%&)% +) -,&,**%&)(*)-@%

&%**,08'1,&)6 J%& 8%(*)&% )1 $'2)$%0*' +%11, *%(*,B ,1-#0) &)-%&-,*'&) @,00'

(2)1#33,*' (%0('&) 3%& )+%0*)5-,&% )1 2)(' +, +)2%&() 3#0*) +) 2)(*,6 J%0*1,0+

 ! "#$ <>FFK? ('0' &)-'&() ,11L#(' )0 *%$3' &%,1% +) #0 ()(*%$, +) ,#*'(3,/)B )0

8&,+' +) 8%(*)&% +)2%&(% 3'()/)'0) +%11, *%(*,6 M-@0%)+%&$,0 % N,0,+% < ===?

@,00' 3&'3'(*' #0 $%*'+' (*,*)(*)-' 3%& )1 &)1%2,$%0*' +) '88%**) OP -@%

3#Q )+%0*)5-,&% )0 $'+' ,R+,A)1% :,--% #$,0% -'0 &'*,/)'0% :#'&) 3),0'6

S,1% ,33&'--)' 9 -'(*)*#)*' +, (*,*)(*)-@% +) ,(3%**' +%11L'88%**' % +) (*&#**#4

&% :#'&)4'88%**' *&,$)*% #0 3&'+'**' +) )(*'8&,$$)6 7)  ! "#$ 0%1  ==> @,00'

1,2'&,*' , #0 ,33&'--)' +) *)3' %&"'(()! 3%& &)1%2,&% ) 2)() +, +)T%&%0*) 3&'4

(3%**)2%6 U0, &,((%80, +%**,81),*, (#1 &)1%2,$%0*' :,--),1% 9 3&%(%0*,*, +,

V@#W,  ! "#$ < == ?6

7, UXMP> @, #*)1)//,*' )1 &)1%2,*'&% (2)1#33,*' +, I'0%( % H)'1, 3%&

&)-'0'(-%&% ) 2'1*) 3%& '80) :'*'8&,$$,6 Y ()(*%$) XZU ,((#$'0' -@% )1 3&)$'

:'*'8&,$$, +%11, (%.#%0/, (), :&'0*,1% % (%0/, %(3&%(()'0%6 [(() )0+)2)+#,0'

) 2'1*) ('1' 0%1 3&)$' :'*'8&,$$, 8&,/)% , #0 )+%0*)5-,*'&% :,--),1% A,(,*'

(# #0, &%*% 0%#&,1%6

 ! ! .+$)( -&%%( /,0$1$,*& -&%%( +&0+(

Y0 #0 ,$A)%0*% &%,1%B ) $'2)$%0*) +%11, *%(*, :#'&) 3),0' ('0' #0 %1%$%04

*' &)-'&&%0*% 0%11L,0,1)() +%11L%(3&%(()'0% :,--),1%6 J%& 8%(*)&% .#%(*, 3&'A1%4

$,*)-,B () -%&-, +) -,1-'1,&% 1, 3'()/)'0% +%11, *%(*,6 \1) ,33&'--) %()(*%0*)

3'(('0' %((%&% &,88&#33,*) )0 $%*'+) A,(,*) (# $'+%11) OP % $%*'+) A,(,*)

(# )$$,8)0)  P6

Y ()(*%$) XZU B UXMP B UYUX> % UYUX @,00' #*)1)//,*' #0 $%*'+'

A,(,*' (# #0 $'+%11' OP 3%& (*)$,&% 1, 3'()/)'0% +%11, *%(*,6

UXMP @, -'(*&#)*' #0 $'+%11' :,--),1% , $,81), $%*,11)-, 3%& (*)$,&%

1, 8%'$%*&), % 1, 3'(, )0 OP +) #0 )0()%$% +) 3#0*) :,--),1) (%80,*) , $,0'6

Y ()(*%$) UYUX () ('0' (%&2)*) +) #0 $'+%11' OP , &,33&%(%0*,/)'0% 8&,5-,



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

"#$ %$&''(&$# )# '&$&%%#$(*%('+# ,#-.#%$('+# /#) 0(*- /#12(%# 2#) .-/#))-3 4)

.-/#))- 56 7 .-2%&%- *8) "$(.- 9-%-,$&..& /#))& *#:8#2;& *#)#;(-2&2/-

.&28&).#2%# /#( "82%( /( $(9#$(.#2%-< '-.# ,)( &2,-)( /#,)( -''+( # /#))&

=-''&3 4) .-/#))- 9&''(&)# ,#2#$('-< '+# '-2*(*%# /( >? .&''+(# *8"#$1'(&)(< 7

/#9-$.&%- "#$ &/&%%&$*( &))# '&$&%%#$(*%('+# 9&''(&)( *#)#;(-2&%#3 @#$ *%(.&$#

() .-0(.#2%- /#))& %#*%& # )# /#9-$.&;(-2( /#))# '&$&%%#$(*%('+# 9&''(&)(< *(

$('-$$# & 82 "$-'#**- (2 /8# 9&*(A () .-0(.#2%- 0(#2# .-2(%-$&%- 8%()(;;&2/-

82& *&,-.& '+# $()#0& '-$$(*"-2/#2;# %$& 9-%-,$&..( & /(0#$*# $(*-)8;(-2(3

6&( .-0(.#2%( (2  6 /( .-)%( "82%( *8) .-/#))- 9&''(&)#< 0(#2# *%(.&%- ()

.-0(.#2%- (2 56 /#))& %#*%& "-( 7 *%(.&%- $(*-)0#2/- 82 *(*%#.& /( #:8&;(-2(

/#( .-%( "$-(#%%(0( '-2 82 &),-$(%.- *(.()# &( .(2(.( :8&/$&%(3

B#) CDE < *( 7 9&%%- 8*- /( 82 .-/#))- 9&''(&)# '()(2/$('- "#$ *%(.&$#

&8%-.&%('&.#2%# ( ? ,$&/( /( )(=#$%F /( .-0(.#2%- /#))& %#*%& (2 %#."- $#&G

)#3 E2  !"#$%  &&%'(')!% *+,%- H/( *#,8(%- IID< /& C--%#* %" '-.< >JJKL<

'+# 0#$$F /#*'$(%%- 2#) @&$&,$&9-  353 < 0(#2# 8%()(;;&%- "#$ &**-'(&$# &8%-G

.&%('&.#2%# () .-/#))- &))& $#,(-2# 9&''(&)#3 @#$ 82 /&%- 9-%-,$&..&< ()

.-/#))- 7 )M(..&,(2# /#) 0-)%- 2#))M(*%&2%&2#& "$#'#/#2%# '+# 0(#2# "$-(#%%&G

%- *8) .-/#))- '()(2/$('-3 N8(2/( :8#*%M8)%(.- 0(#2# $#,(*%$&%- '-2 )M&*"#%%-

/#) 9-%-,$&..& '-$$#2%# "#$ $('-*%$8($# () .-0(.#2%- '-.")#%- /#))& %#*%&3

6&) .-.#2%- '+# )& *%$8%%8$& /#))& %#*%& 0(#2# $#'8"#$&%& 8%()(;;&2/- /#,)(

*%&."( '-*%&2%#.#2%# &,,(-$2&%( # )& "-*(;(-2# *%(.&%& "#$ () 9$&.# '-$$#2G

%# 0(#2# 8%()(;;&%& "#$ *%(.&$# :8#))& /#) 9$&.# *8''#**(0-< *# 2-2 0#2,-2-

,#*%(%( "$#0#2%(0&.#2%# *( "-%$#==#$- &''8.8)&$# /#,)( #$$-$(3 @#$ $(*-)0#$#

:8#*%- "$-=)#.&< () *(*%#.& *#)#;(-2& &8%-.&%('&.#2%# # .#.-$(;;& 82- -

"(O 9$&.# # &**8.# '-.# $(9#$(.#2%- )# $(*"#%%(0# "-*# 9&''(&)(3

B#))M&.=(%- /#( .#%-/( =&*&%( *8 (..&,(2(< P(&2 %" '-. H QQ5L< "#$ ,#*%($#

)M(2%#$& ,&..& /( .-0(.#2%( /#) '&"-< +&22- $()#0&%- )& %#*%& (20#'# /#) 0-)%-3

RM&':8(*(;(-2# 7 $#&)(;;&%& %$&.(%# 82& *&,-.& )#0(,&%& /#))M-,,#%%- (2 "$(.-

"(&2- '-2 *-%%$&;(-2# /#) 9-2/-< '&)'-)&2/- )& '8$0&%8$& 2#,&%(0& .(2(.&

/#( "82%( /#))& *&,-.&3 6-"- '+# )& %#*%& 7 *%&%& $()#0&%&< )M(..&,(2# 0(#2#

'-20#$%(%& (2 *'&)& /( ,$(,(< $("8)(%& # $(/(.#2*(-2&%& &))& $(*-)8;(-2# *%(.&%&3

S8''#**(0&.#2%# 82& $#%# 2#8$&)# HBBL & %$# *%$&%( )&%#2%( #T#%%8& 82& *%(.&

/#))& "-*(;(-2# /#))& %#*%&3 R& 0&$(&=()# /M(2,$#**- "#$ )& $#%# 7 )M(..&,(2#

#)&=-$&%&3 R# 8*'(%# *-2- %$# "-*# 9&''(&)(A H>L 0(*%& 9$-2%&)# - :8&*(G9$-2%&)#<

H L 0(*%& )&%#$&)# - /( "$-1)-< H5L &)%$(< '-.# "&$%# "-*%#$(-$# /#))& %#*%& -

0-)%- '-"#$%-3 B#))& "$-*"#%%(0& 9$-2%&)#< ,)( &2,-)( /( -''+( # )&==$& *-2-

0(*(=()(3 B#))& )&%#$&)#< &).#2- 82 -''+(- - 82 &2,-)- /#))& =-''& 2-2 7 0(*(=()#

& '&8*& /#))& %#*%&3 4) "$-'#**- /( &2&)(*( /( #*"$#**(-2# 0(#2# &"")('&%& *-)-

*8))# 9&''# 0(*%& 9$-2%&)# # :8&*(G9$-2%&)#3 4) )-$- *(*%#.& 982;(-2& =#2# &2'+#

'-2 $(*-)8;(-2# /#))# (..&,(2( .-)%- =&**&3



 !  !"#$%&% '( )*+*,$# "-%.-*//# ,*&&0!,!&#/# 1*&&* */"-*//#%,# 2!++#!&#

 !" #$%&'()*+, , &'--&,$,+%'()*+, .,//, 0'&'%1

%,&)$%)02, 3'00)'/)

"#$# %&'( ()*'&%+# )* &#*+#, )* $%--# -.//'--)&# 0 *1'-+(%2)#3' 4'**' /%(%++'()5

-+)/6' 7%//)%*)8 ".' +)$) 4) %++()9.+) $#--#3# '--'(' -'*'2)#3%+): *' /%(%++'()-+)5

/6' ;'#<'+()/6' ' *' /%(%++'()-+)/6' '-+'+)/6'8 =' /%(%++'()-+)/6' ;'#<'+()/6'

$('-'3+%3# *% 7#(<% ' *% $#-)2)#3' 4'**' /#<$#3'3+) 4'* &)-# >+(% /.) 9#/5

/%, #//6), -#$(%//);*)%, 3%-#?8 =' /#<$#3'3+) 7%//)%*) &'3;#3# '-+(%++' $'(

7#(<%(' .3 &'++#(' 4) /%(%++'()-+)/6' /6' (%$$('-'3+% *% ;'#<'+()% 7%//)%*'8

=' $'/.*)%()+@ '-+'+)/6' (%$$('-'3+%3# ) /%<9)%<'3+) 3'**1%-$'++# 4'* &)-#

>-+(.++.(% 4'**% $'**'?, /#<' (.;6' ' -#*/6): $#--#3# '--'(' '-+(%++) -)% -.*5

*1)3+'(# &#*+# # -. (';)#3) -$'/)A/6'8 B'( ()/#3#-/'(' *' '-$('--)#3) 7%//)%*),

.3 -)-+'<% %.+#<%+)22%+# $.C .+)*)22%(' -#*# $(#$()'+@ ;'#<'+()/6' >D#6'3

 ! "#$,  EEFG B%3+)/ ' H#+6I(%3+2,  EEE?, -#*# $(#$()'+@ '-+'+)/6' >J%(+*'++  !

"#$,  EEKG L#(4,  EE G M6%3;  ! "#$, KNN!?, # /%(%++'()-+)/6' )9()4', -)% ;'#5

<'+()/6' /6' '-+'+)/6' >J%(+*'++  ! "#$ KNNNG O)%3  ! "#$,  EEK '  EE G P'3 '

Q.%3;,  EEF?8 =% ()/'(/% <#-+(% /6' .+)*)22%3# /%(%++'()-+)/6' )9()4' -) $#--#5

3# #++'3'(' <);*)#() ()-.*+%+) $'( %*/.3' '-$('--)#3)8 B'( ()<.#&'(' ;*) 'R'++)

4'**% &%()%2)#3) 4) -/%*%, <#&)<'3+#, )**.<)3%2)#3', ' 4) %*+() 7%++#(), -) $.C

$()<% %**)3'%(' ' 3#(<%*)22%(' *% 7%//)%, <%3.%*<'3+' # %.+#<%+)/%<'3+',

% .3% -%;#<% -+%34%(4 > " # F"?, ' S.)34) #++'3'(' *' <)-.(' 3#(<%*)22%+'

.+)*)22%34# .31)<<%;)3' 4) ()7'()<'3+# >'-$('--)#3' 3'.+(%?8

 !"!# $%&'()*+,- .-//- 0('(&&-'*%&*01- 2-+3-&'*01-

T'* DUVK, $'( ()*'&%(' ' +'3'( +(%//)% 4') /%<9)%<'3+) 3'**' /#<$#3'3+)

7%//)%*) )3 $#-' 7(#3+%*), -) -#3# -&)*.$$%+) <#4'**) <.*+)-+%+# $'( '-+(%((' *'

$'/.*)%()+@ ;'#<'+()/6' 4'* &#*+#8 W* $(#A*# 4'**' *%99(% 0 -+%+# ()$(#4#+5

+# )3 F <#<'3+): %$'(+#, /6).-# ' -'((%+#8 B'( /)%-/.3# 4';*) #//6) &)'3'

%--#/)%+% .3% -+(.++.(% %  -+%+), <'3+(' $'( 7(#3+' ' ;.%3/' .3% <#3#-+%5

+#8 X*/.3' /%(%++'()-+)/6' '-+'+)/6' /#<' )* -#*/# 3%-#5*%9)%*' ' *' (.;6' 4'*

/#3+#(3# #//6) -#3# (%$$('-'3+%+' )3 <#4# '-$*)/)+# /#3 4.' -+%+) '-/*.-)5

&) >$('-'3+'Y%--'3+'?8 "%+% .3% -'S.'32% 4) )<<%;)3), *% (';)#3' 7%//)%*'

' *% $#-)2)#3' %$$(#--)<%+)&% 4';*) %++()9.+) )34)&)4.%*) 4'* &)-# &'3;#3# ()5

*'&%+' %.+#<%+)/%<'3+' 3'**% -+(.++.(% )3)2)%*'8 W /#3+#(3) ' *' /#<$#3'3+)

%;;).3+)&' &'3;#3# (';#*%+) <%3.%*<'3+' -. 4) '--%8 "#$# S.'-+% 7%-' 4)

)3)2)%*)22%2)#3', +.++' ) /%<9)%<'3+) '-$('--)&) &'3;#3# ()*'&%+) ' (';)-+(%+)

3'**% -'S.'32% 4) )<<%;)3)8 Z.'-+# -)-+'<% /#<$('34' K[ $%(%<'+() $'(

*% $%(+' -.$'()#(' 4'* &)-# ' N $'( S.'**% )37'()#(', /6' 4'-/()&#3# 7#(<%,

<#&)<'3+) ' -+%+# 4'**' /#<$#3'3+) 4'* &)-# ' 4'**' (.;6'8 O.++) ) &%*#() -#5



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

"# $%&"'&(')**&%) ()$+,%%# &- .&-#(, ') ()/,()0,"%# ',--& $%(1%%1(& &"&%#0)2&

)")*)&-,3

4,- 567 8 )- ()-,.&0,"%# /&22)&-, )" 9: ; $%&%# &++-)2&%# +,( <,$%)(,

<(&"') 0#.)0,"%) ',--& %,$%& /1#() +)&"# , ()2#"#$2,(, 2#0+#","%) "#" ()<)',3

=& +(,>,-&?#(&*)#", 0&"1&-, ',--& /1"*)#", ') )")*)&-)**&*)#", <,#0,%()2& ",-

567@ .,"", ()'#%%& 1%)-)**&"'# 1"& 0&++&%1(& %(&0)%, AA63 7"& .#-%&

2B, -& +#$& ',--& %,$%& ; $%&%& (,21+,(&%&8 -& (,<)#", /&22)&-, ; $%&?)-)**&%&

%(&$/#(0&"'# -C)00&<)", )" 1" #(),"%&0,"%# #++#(%1"# +,( )- ()2#"#$2)0,"%#

',--C,$+(,$$)#",3

D $)$%,0) 7D75 $) $#"# $,(.)%) ') 1" 0#',--# 9: & <()<-)& +,( %(&22)&(, )

+1"%) <,#0,%()2) ',- .)$#3 D- 0#',--# 9: ; 2&-2#-&%# $1- +()0# /#%#<(&00&

',--& $,E1,"*& $,-,*)#"&"'# 0&"1&-0,"%, ) +1"%) /&22)&-) ') ()/,()0,"%#8 2#0,

<-) &"<#-) ',<-) #22B) , ',--& ?#22&3 D- 0#',--# /&22)&-, <,",()2#8 2B, 2#"$)>

$%, ') @F &(,, $1+,(G2)&-)8 .),", ',/#(0&%# +,( &'&%%&($) &--, 2&(&%%,()$%)2B,

$,-,*)#"&%,3

 !"! #$% &'(%)* &++*,-,.'* /01*$2

=C&"&-)$) ',--, ,$+(,$$)#") (,&-)**&%& '&--& 567 ",-  H@H $1- 5IJ8 ; $%&%&

,K,%%1&%& & +&(%)(, '& 2&(&%%,()$%)2B, <,#0,%()2B, L=&"'0&(M$N8 ,$%(&%%, ,

0#',--&%, &%%(&.,($# <-) AA63

O#(0&-)**&%) +,( -& +()0& .#-%& '& 5##%,$  ! "#$ L@!!PN8 (&++(,$,"%&"#

1" ?1#" 0,%#'# +,( &$$#2)&(, 1" 0#',--# -)",&(, +,( )00&<)")8 )" <(&'#

') <,$%)(, &"2B, .&()&*)#") -)",&() ') /#(0&8 &' 1"C)00&<)", 2#"%,","%, -C#<>

<,%%# ') )"%,(,$$,3 D" <,",(&-,8 -CAA6 0#',--& -, 2#0+#","%) ,$%,%)2B, ,

') /#(0& &%%(&.,($# 1"& ()2,(2& & ')$2,$& ',- <(&'),"%,3 =& /#(0& s ') 1"

AA6 ; ',$2()%%& '& 1"& 0&<-)& ') +1"%) ').)$) )" %()&"<#-)8 .),", +(,$,"%&%&

)" O)<1(&  3@3 D" +&(%)2#-&(,8 -, 2##(')"&%, ',) .,(%)2) ',G")$2#"# -& /#(0&

s = [x1, y1, x2, y2, ..., xn, yn]8 '#., n ; )- "10,(# ',) .,(%)2)3 =& +#$)*)#", ')

E1,$%) .,(%)2) /1"<, '& ()/,()0,"%# +,( -C&$+,%%# '& (&++(,$,"%&(,8 '&) E1&-)

-& /#(0& .),", ',-)",&%&3 :&- 0#0,"%# 2B, <-) AA6 +,(0,%%#"# .&()&*)#")

-)",&() ') /#(0&8 )- .,%%#(, ') +1"%) s +1Q ,$$,(, ,$+(,$$# 2#0, 1"& /#(0& ')

?&$, s0 +)R 1"& 2#0?)"&*)#", -)",&(, ') m .,%%#() ') /#(0& siS

s = s0 +
m
∑

i=1

pisi, L 3@N

'#., ) 2#,T2),"%) p = (p1, ..., pm)
T
(&++(,$,"%&"# ) +&(&0,%() ') /#(0&3 U1,>

$%) +&(&0,%() +#$$#"# ,$$,(, ').)$) )" +&(&0,%() ') $#0)<-)&"*& ()<)'& ps ,

+&(&0,%() ') ',/#(0&*)#", "#" ()<)'& p08 %&-) '& ,$$,( (&++(,$,"%&?)-) ",--&

/#(0& pT = [pTs , p
T
0 ]3 D +&(&0,%() ') $)0)-&()%V $#"# &$$#2)&%) & %(&$/#(0&*)#")



 !  !"#$%&% '( )*+*,$# "-%.-*//# ,*&&0!,!&#/# 1*&&* */"-*//#%,# 2!++#!&#

"#$%#&'()*# +,-.( &'-/.-0($1#2 '$&-0($1# # '(3,0($1# 3( /)-.-4 5# %(/,'# /6#7

)(8)*# 3#..9$""#&&$ (1 +,#/&($1# '(/,.&-1$ #//#'# ( 6-'-%#&'( '-66'#/#1&-1&(

:-'(-0($1( "#$%#&'()*# 1$1 '("(3# )*# 3#&#'%(1-1$ .- ;$'%- 3#..9$""#&&$ /&#/7

/$ <(4#4 -6#'&,'- 3#..- =$))-2 )*(,/,'- 3#".( $))*( #&)4>4 ?#' /&(%-'# .- ;$'%-

3( =-/# s0 /( ,&(.(00- ,19-1-.(/( 3( /&',&&,'- )*(-%-&- -..(1#-%#1&$ ?'$),/&#4 @

;$&$"'-%%( )*(-:# -..9(1&#'1$ 3( $"1( '(6'#/- /$1$ /&-&( %-1,-.%#1&# #&()*#&7

&-&(2 %#1&'# ( '(%-1#1&( /$1$ /&-&( %$3#..-&( -,&$%-&()-%#1&# ,&(.(00-13$ ,1

-."$'(&%$ 3( /&(%- - 3(/)#/- 3#. "'-3(#1&# <A-&&*#B/ # C-D#'2 E!!F>4

G(",'- E4HI J&',&&,'- 8/()- 3( ,1 KKA4 5- %-66-&,'- - &'(-1"$.( s0 #  

6$//(=(.( :-'(-0($1( 3( ;$'%- -66.()-=(.(

5- /&',&&,'- 3( /(%(.-'(&L 1$'%-.(00-&- sn2 M )$/&(&,(&- 3- NO 6,1&( (1 )$$'7

3(1-&- 3$66(- x− # y− )*# 3-11$ $'("(1# - ,1 :#&&$'# 3( H N )-'-&&#'(/&()*#

;-))(-.( 6#' $"1( (%%-"(1# -1-.(00-&-4 P.&#'($'( (1;$'%-0($1( - '(",-'3$ /$7

1$ )$1&#1,&# 1#. 3$),%#1&$ 3( -))$%6-"1-%#1&$ 3#. 3-&-=-/# '#3-&&$ 3-

5,)#Q  ! "#$ 1#..9-11$ E!H!4

 !"!" #$%&'()*+, -,.., /'&'%%,&)$%)/0, ,$%,%)/0,

?#' +,-1&$ )$1)#'1# .9#/&'-0($1# 3( )-'-&&#'(/&()*# 8/($1$%()*# 3#. :$.&$2

.# %"&'( )"* # !+ <R-,"%-12 HSOT> /$1$ -%6(-%#1&# ,&(.(00-&# (1 +,#/&$

/#1/$2 ;$'1#13$ ,1- /#'(# 3( )$#U)(#1&( 3( /)-.- # $'(#1&-%#1&$4 @. 8.&'$ 3(

V-=$' <,1 8.&'$ .(1#-'# )'#-&$ 6#' (181(&# )$%=(1-0($1( 3( '$&-0($1( # 3(.-7

&-0($1(2 ,&(.(00-&$ 3(W,/-%#1&# 1#..9#.-=$'-0($1# 3#..# (%%-"(1(> 6,X #//#'#

-66.()-&$ - /6#)(8)*# 6$'0($1( 3#. :$.&$ $ -..- /-"$%- (1&#'-4 Y*-1"  ! "#$

<HSSO> /$1$ /&-&( ( 6'(%( - )$1;'$1&-'# 3,# &(6( 3( )-'-&&#'(/&()*# 6#' (. '(7

)$1$/)(%#1&$ 3( #/6'#//($1(I .# %(/,'# "#$%#&'()*# 3(  F '(;#'(%#1&( # ( NHE

)$#U)(#1&( )"* # !+ 3( V-=$' #/&'-&&( 3-..- /&#//- (%%-"(1# (1 )$''(/6$13#17

0- 3#(  F 6,1&(4 @ &-//( 3( '()$1$/)(%#1&$ 6#' .# N #%$0($1( /6#)(8)-&# #'-1$

/("1(8)-&(:-%#1&# 6(Z -.&( 6#' ( )$#U)(#1&( )"* # !+4

C-'&.#&&  ! "#$ <HSSS> *-11$ )$1;'$1&-&$ 3(:#'/# &#)1()*# 6#' (. '()$1$/)(7

%#1&$ 3( N KP 3#..- 6-'&# /,6#'($'# # N 3#..- 6-'&# (1;#'($'# 3#. :(/$4 [,#7

/&# &#)1()*# )$%6'#13$1$ ',!-."# /') <C-''$1 # C#-,)*#%(12 HSST>2 -1-.(/(



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

"#$$# %&'(&)#)*+ (,+)%+(-$+. -)-$+/+ "#$$# %&'(&)#)*+ +)"+(#)"#)*+. $0-)-$+/+

"+ %-,-**#,+/*+%1# $&%-$+. # $- ,-((,#/#)*-2+&)# *,-'+*# 3-4&,  !"#$#%&5 6#

(,#/*-2+&)+ '+7$+&,+ /&)& /*-*# &**#)8*# "- 98#/*08$*+'- # "-$$# %&'(&)#)*+

+)"+(#)"#)*+5 :8**+ 98#/*+ /+/*#'+ /&)& /*-*+ /&**&(&/*+ - 8) (-//-77+& '-;

)8-$# (#, -$$+)#-,# &7)+ +''-7+)# +) +)7,#//& %&) 8)- +''-7+)# <-%%+-$# "+

,+<#,+'#)*& 8*+$+22-)"& +$ %#)*,& "#7$+ &%%1+ # $- 4&%%-5

=#$ >?@!. :+-) #% !$' ABCCBD 1-))& /*8"+-*& $# %-,-**#,+/*+%1# 7#&'#*,+;

%1# # + %&#E%+#)*+ "+ 3-4&, (#, ,+%&)&/%#,# /+)7&$+ F@ # $&,& %&'4+)-2+&)+.

'#)*,# 6G&)/ #% !$' A!HHID. 1-))& 8*+$+22-*& JIC %&#E%+#)*+ "+ 3-4&, )#$;

$- (-,*# /8(#,+&,# (#, BC (&/+2+&)+ # J B %&#E%+#)*+ "+ 3-4&, )#$$- (-,*#

+)<#,+&,# (#, -$*,# !I (&/+2+&)+5 K) *-$# %+,%&/*-)2- /+ L ,#-$+22-*& %&'# +

3-4&,  !"#$#%& <8)2+&)+)& 4#)# (#, +$ ,+%&)&/%+'#)*& "+ /+)7&$# +) /&77#**+

&'&7#)#+. /#)2- '&M+'#)*+ "#$$- *#/*-5 :8**-M+-. (#, +$ ,+%&)&/%+'#)*& "+

%&'4+)-2+&)+ "+ F@ )#$ %-/& "+ /#98#)2# "+ +''-7+)+ %&) /&77#**+ )&) &'&;

7#)#+ # (+%%&$+ '&M+'#)*+ "#$ %-(&. + ,+/8$*-*+ 8/-)"& /&$& $# %-,-**#,+/*+%1#

3-4&, /&)& ,#$-*+M-'#)*# (&M#,+5 N+M#,/+ <-**&,+ (&//&)& 7+8/*+O%-,# *-$#

"+P#,#)2-. +) (,+'+/ $08/& "+ /&77#**+ /#'(,# 878-$+. )#7$+ /*8"+ (,#%#"#)*+

# +$ ,+%&)&/%+'#)*& "+ /(#%+O%1# #'&2+&)+ & /&$& /+)7&$# F@Q +)&$*,#. $# +';

'-7+)+ M#)+M-)& ,+*-7$+-*# # -$$+)#-*# '-)8-$'#)*#5 K) 98#/*& /+/*#'- M+#)#

&'#//& 98#/*& (-//-77+& "+ (,#;#$-4&,-2+&)# # %&'4+)-)"& %&#E%+#)*+ "+ 3-;

4&,  !"#$#%& %&) %-,-**#,+/*+%1# 7#&'#*,+%1#. $# (,#/*-2+&)+ "+ ,+%&)&/%+'#)*&

,+/8$*-)& '-77+&,+ (#, *8**# $# F@5

=#$ @>RN!. $0+''-7+)# BN +) M+/*- <,&)*-$# "#$ M&$*& M#))# ,+$#M-*- (#,

%+-/%8) <&*&7,-''-5 S#, @>RNB. $- (&/+2+&)# +)  N # $- 7#&'#*,+- <-%%+-$#

M#)7&)& /*+'-*# - (-,*+,# "- (8)*+ #*+%1#**-*+ - '-)& 8*+$+22-)"& 8) '&"#$$&

"+ ,#*# <-%%+-$#5 @)- M&$*- /*+'-*- $- (&/- +)  N. $# <-%%# M#)7&)& ,8&*-*#

+) (&/+2+&)# <,&)*-$# # "#<&,'-*# +) 8)- 7#&'#*,+- <-%%+-$# %-)&)+%-5 T8+);

"+. $# +''-7+)+ <-%%+-$+ M#)7&)& -8*&'-*+%-'#)*# ,+"+'#)/+&)-*# # ,+*-7$+-*#

/8$$- 4-/# "+ 8) M&$*& /*-)"-," %&) 8)- "+/*-)2- O//- *,- + "8# &%%1+ /+-

+) @>RN! %1# @>RNBQ M+#)# (&+ /&**,-**- 8)- <-%%+- - #/(,#//+&)# )#8*,-5

U)*,-'4+ 7$+ -((,&%%+ +'(+#7-)& 8)- <-'+7$+- "+ 3-4&,  !"#$#%& - %+)98#

<,#98#)2# /(-2+-$+ # &**& &,+#)*-'#)*+ (#, %+-/%8)- +''-7+)#5 K)M#%# %1# +)

"#*#,'+)-*# (&/+2+&)+ /8 "+ 8) M&$*&. +$ O$*,& "+ 3-4&, M+#)# -(($+%-*& -$$0+);

*#,- +''-7+)#5 S#, "-,# '-77+&,# /&$+"+*V -$$# %&)"+2+&)+ "+ +$$8'+)-2+&)# #

-+ '&M+'#)*+ "#$$0+''-7+)# 1-))& +'(+#7-*& 8)- ,-((,#/#)*-2+&)# +) %8+ +

,+/8$*-*+ "+ "8# O$*,+ "+ 3-4&, +) 98-",-*8,- /&)& #$#M-*+ -$ 98-",-*& # (&+

/&''-*+5 T8#/*- ,-((,#/#)*-2+&)# L )&*- %&'# O$*,+ "+ #)#,7+- "+ 3-4&,

#" + ,#$-*+M+ '&"#$$+ %&'($#//+ %&'# %#$$8$# "#$$- %&,*#%%+- M+/+M- (,+'-,+-5

T8#/*& *+(& "+ #/*,-2+&)# "-*+ L +$$8/*,-*& +) W-,*$#** #% !$' ABCC!D5

=#$ @K@>B. X#) # Y8-)7 ABCC D 1-))& +'(&/*-*& 8) '#*&"& 4-/-*& /8$

,-((&,*& "0+''-7+)# (#, #/*,-,,# $# %-,-**#,+/*+%1# #/*#*+%1#. %1# L +)"+(#);



 !  !"#$%&% '( )*+*,$# "-%.-*//# ,*&&0!,!&#/# 1*&&* */"-*//#%,# 2!++#!&#

"#$%# "&''& ()&$%*%+ "* '),# -*.#//& "&' 01'%1 "* )$& 2#-/1$&3 4#- '*5*%&-# 6'*

#7#%%* "#' -)51-# ")-&$%# *' 51$*%1-&66*1 # '& 0&-*&8*'*%+ *$"*0*")&'#9 :&$$1

#/%-&%%1 '# ,&-&%%#-*/%*,:# #/%#%*,:# "#''# -#6*1$* "#' 0*/1 *$0#,# "#* /*$61'*

2)$%*9 -#6*/%-&$"1 21* )$& 5#"*& 21$"#-&%& ,15# ,&-&%%#-*/%*,& ;$&'# 2#-

16$* -#6*1$#3 4#- 51$*%1-&-# '# 0&-*&<*1$* "* &/2#%%1 "#' 0*/19 = /%&%& ,-#&>

%& )$& /%-)%%)-& & /)2#-;,*# 2*&$& 2#- *55&6*$* )%*'*<<&$"1 )$& 5*/%)-& "*

51"#''* 6&)//*&$*3 ?$;$# /* = -*,1-/1 & )$ &'61-*%51 "* &"&%%&5#$%1 *$ %#521

-#&'# 2#- &"#6)&-# 2-16-#//*0&5#$%# *' 51"#''1 & $)10# ,1$"*<*1$* &58*#$%&'*9

()&'* ,&58*&5#$%* "* *'')5*$&<*1$# 1 *$/#-*5#$%1 "* $)10* *$"*0*")*3

 !" #$%&&'()%*'+,- .-$$/-&01-&&'+,- 2%))'%$-

@A)'%*5& B&/# "* )$ /*/%#5& &)%15&%*,1 = *' -*,1$1/,*5#$%1 "#''# #/2-#/>

/*1$* B&,,*&'* /)''& 8&/# "#''# ,&-&%%#-*/%*,:# #/%-&%%#3 C1'%* ,'&//*;,&%1-* /1$1

/%&%* &22'*,&%* & %&'# /,121 ,15# D#%* E#)-&'* FEEG9  !""#$% &'(%#$ )*+

(,-.'/ FHICG9 J$&'*/* K*/,-*5*$&$%# @*$#&-# F@KJG9 0+1'*$'/% 1'-2,3#$/

FL>EEG9 )!4%-.#5-*4 6#2-/%-( 7-82' 7'2$'//-#. FC@DG9 9-88'. )*$:#; )#+

8'4/ FMCCG9 <$'' =!25'.%'8 1*-;' >*?'/ FNJEG # 51'%* &'%-*3 J',)$*

/*/%#5* )%*'*<<&$1 /1'1 )$& ,'&//*;,&<*1$# 8&/&%& /) -#61'# "#;$*%# # &)%1>

5&%*<<&%#3 K* /#6)*%1 -*&//)5*&51 * 5#%1"* 2*O -&22-#/#$%&%*0*9 /*& 2#- *'

-*,1$1/,*5#$%1 "& *55&6*$# /*$61'& ,:# "& /#()#$<& 0*"#13 @# 5#%1"1'16*#

2#- *55&6*$* /%&%*,:# '&01-&$1 /1'%&$%1 /)' B1%16-&55& ,1--#$%# ,1$ 1 /#$>

<& )$A*55&6*$# "* -*B#-*5#$%1 F%*2*,&5#$%# )$A#/2-#//*1$# $#)%-&'#G /) ,)*

-*'#0&-# * ,&58*&5#$%*3 ? 5#%1"* 2#- /#()#$<# 0*"#1 /* /#-01$1 *$0#,# &$,:#

"#''A*$B1-5&<*1$# %#521-&'# 2#- -*,1$1/,#-# '# #/2-#//*1$* /) )$1 1 2*O B1%1>

6-&55* *$ /),,#//*1$#3 @& N&8#''& !3! -*&//)5# * 5#%1"* "* ,'&//*;,&<*1$#9 *'

%&//1 "* -*,1$1/,*5#$%1 # * "&%&8&/# )%*'*<<&%* 2#- 0&')%&-# '# 2-1,#")-#3

 !"!# $%&'(')&%*+(,' -% +)./+))%'(% -0 %**01%(% ),0,%2

&3+

?' -*,1$1/,*5#$%1 "* #/2-#//*1$* "& B1%16-&55* $1$ ,1$/*"#-& &',)$& *$>

B1-5&<*1$# %#521-&'# &//1,*&%& &''# *55&6*$* *$ *$6-#//13 P)#/%# 21//1$1

#//#-# *55&6*$* /%&%*,:# 1 )$& */%&$%&$#& "* )$& /#()#$<& ,:# 0*#$# %-&%%&%&

*$ 51"1 *$"*2#$"#$%#3

QCRS /* = /#-0*%1 "* )$& -#%# $#)-&'# *$ 6-&"1 "* -*,1$1/,#-# '# JR "#'

TJQH3 ?$ 2&-%*,1'&-# /1$1 /%&%# &""#/%-&%# -#%* $#)-&'* ,1$ )$1 /%-&%1 '&%#$%#

*$ 6-&"1 "* -*,1$1/,#-# '# JR &%%-&0#-/1 )$ ,'&//*,1 5#%1"1 "* 3*(:"$#"*2*+

%-#.3 H* /1$1 )%*'*<<&%# -#%* /#2&-&%# 2#- '& 2&-%# /)2#-*1-# # *$B#-*1-# "#'

01'%13 @# 0&-*&8*'* *$ *$6-#//1 21//1$1 #//#-# '# ,&-&%%#-*/%*,:# 6#15#%-*,:#



 !"! #$%&&'('#%)'*+, -,$$.,&/0,&&'*+, (%##'%$,   

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

!"#$ %&'& (&)*+,& -./.0 123+(45+6&* 7$-8-9

7:33+6:(:9 !;<(4=+(+>& 7?@@@9

!"#? A+B+'; B) *&6;,& $@@0 C*+(24123+( 7$--D9

 !"#$"%&"'

()*+, *-. / .01 2,345 )67%89:%:;"  <==='

 >??:@>%>'

()*+< *-. / A.. 2B5 CD:%E8FE?:%  ,22G'

 !"#$"%&"'

(H(), IJ / A.. GK3<<5 )67%89:%:;"  <==='

 >??:@>%> " !"#$"%&"' LL34K5 (H()8)7"%  <==='

(H()< JJ / M.. G,5 )67%89:%:;"  <==='

 >??:@>%>'

N:O"PP: <3<Q ."R6;> S"D P: TP:!!>UT:&>6%" ;"PP" "?6&>6%> "!SD"!!" RD:?>R"

"!SD"!!>6%> V:TT>:P>3 *-.W *$SS6DR -"TR6D .:T7>%"!X .01W .$PR>%6?>:P 068

@>!R>T 1>;@" 1"@D"!!>6%X A..W A>;;"% .:DE6Y .6;"P!X IJ I:Z"! J"R[6DEX

M..W M:$!!>:% .>\R$D" .6;"P3

%6D?:P>&&:R"W P" T:D:RR"D>!R>T7" "!R"R>T7"W 6 "%RD:?O"W ?"%RD" P" Y:D>:O>P> D>8

!S6!R: !6%6 P" ]( D>T6%6!T>$R"3 0: D"R" ^ :;;"!RD:R: S"D D>!S6%;"D" :PP" ](

;"!>@%:R" !>: !" !> Y"D>UT:%6 !>%@6P:D?"%R" 6 >% T6?O>%:&>6%"3 J"P !"T6%;6

T:!6W Y"%@6%6 @"%"D:R> %6;> ;> $!T>R: ?$PR>SP>3 HP ).(, V$ >P SD>?6 !>!R"8

?: >% @D:;6 ;> @"!R>D" T6?O>%:&>6%> ;> ](3 )6?SP"!!>Y:?"%R" !6%6 !R:R"

6!!"DY:R" S>_ ;> G3=== ;>Y"D!" T6?O>%:&>6%> ;>`"D"%R> ;> ](W T6% $% R:!!6 ;>

D>T6%6!T>?"%R6 @P6O:P" ;"P 24345 S"D Pa"!SD"!!>6%" %"$RD: " ,L ](W Y"D>UT:R"!>

!>%@6P:D?"%R" 6 >% T6?O>%:&>6%"3

HP ()*+, 7: V:RR6 $!6 ;> $% TP:!!>UT:R6D" >% ;$" V:!> S"D D>T6%6!T"D"

$%a"!SD"!!>6%" %"$RD: " !"> "!SD"!!>6%> :!!6T>:R" : "?6&>6%> !S"T>UT7"3 H%

SD>?6 P$6@6W *-. !6%6 !R:R" $R>P>&&:R" S"D > TP:!!>UT:R6D> : T6SS>"W Y:P"

: ;>D" T7" P: SD6T";$D: "D: T7>:?:R: : ;>!R>%@$"D" RD: ;$" "?6&>6%>3 H%

!"@$>R6 7:%%6 R"!R:R6 ;>Y"D!> :SSD6TT>W T6?" :; "!"?S>6  !"#!$% &!'()*+#W

$% !"?SP>T" !T7"?: ;> Y6R6 " ,-.%'&+/'". .+('$%'0 #'1(! #!(#!$$'+&  .01' S"D

T6%Y"DR>D" P: D:SSD"!"%R:&>6%" SD6;6RR: %"P SD>?6 !R:;>6 >% $%: ;>!RD>O$&>6%"

;> SD6O:O>P>Rb !$ !"> ;"R"D?>%:R" "!SD"!!>6%>W S>_ #$"PP: %"$RD:3 0" ?>@P>6D>

SD"!R:&>6%> D:@@>$%@6%6 $% 2,345 ;> SD"T>!>6%"3

]%T7" (H()< ^ D>T6D!6 : $% TP:!!>UT:R6D" >% ;$" V:!> S"D D>T6%6!T"D"

$%a"!SD"!!>6%" %"$RD: " !"> "!SD"!!>6%> D"P:R>Y" : "?6&>6%> !S"T>UT7"3 HP SD>8

?6 S:!!6 ^ !R:R6 $R>P>&&:D" $%: D"R" %"$D:P" S"D TP:!!>UT:D" RD: "!SD"!!>6%"



 !  !"#$%&% '( )*+*,$# "-%.-*//# ,*&&0!,!&#/# 1*&&* */"-*//#%,# 2!++#!&#

"#$%&'(# # ")" "#$%&'(#* +$,"-, .'"") /)0%&$,%) -#,  !"##$!% &$'(")* &+,*-#

12334 5#& (# #05&#00,)", &,6'"#"%,* 7( %'00) /)65(#00,8) -, &,/)")0/,6#"%)

6#-,) 9 0%'%) -#( :;< /)" $" /'65,)"# -, 5&)8' ,"-,5#"-#"%#*

 !"! #$%&'&(%$)*'+& ,$ *(-.*(($&'$ ,/ (*01*'2* 3$,*&

=' /('00,>/'?,)"# -, #05&#00,)", @'0'%' 0$ A)%)B&'66, -, 0#C$#"?# 8,-#) A'

'65,) $0) -#((# ,"A)&6'?,)", %#65)&'(, /)6# 0$55)&%) '((D'"'(,0,* =# %#/",/.#

5,E -,F$0# 0)") 0%'%# 0%)&,/'6#"%# G33H &#%, "#$&'(, &,/)&0,8# # /('00,>/'%)&,

5&#I'--#0%&'%,* 7 0,0%#6, J3KLH KJMNL # K7KJ; A'"") $0) -, /('00,>/'%)&,

5#& 0#C$#"?#*

M, ")%, /.# , 0,0%#6, J3KL # KJMNL 0)") 0%$-, /)65'&'%,8, 5#& ,( &,/)")I

0/,6#"%) -, OK 05)"%'"##H $%,(,??'"-) () 0%#00) -'%'@'0#* 7" C$#0%, ('8)&,H ,

0)BB#%%, #&'") #%",/'6#"%# #%#&)B#"#, # (# OK 0, 0)") 6'",A#0%'%# -$&'"%# ,(

-,0/)&0)H /)" &,/)&&#"%, 5'00'BB, A$)&, 5,'") # )//($0,)", -)8$%# '( 6)8,6#"%)

-#((' %#0%' # '((' 5&#0#"?' -, )//.,'(,*

J3KL 0, 9 0#&8,%) -, $" /('00,>/'%)&# @'0'%) 0$ &#B)(# 5#& &,/)")0/#&# OK

-#((D)//.,) # -#((' A&)"%# /.# 0, 8#&,>/'8'") 05)"%'"#'6#"%#H $%,(,??'"-) $"

/#&%) "$6#&) -, A)%)B&'66, ," 0#C$#"?'* =D'(B)&,%6) .' )%%#"$%) $"D'//$I

&'%#??' /)65(#00,8' -#( PQ< 5#& %&# /)65)&%'6#"%, -#B(, )//.,R '66,//'"%#

1OK !S4H /.,$0) ' ,"%#&6,%%#"?'H # '5#&%) 1OK T4* K"' 5&#/,0,)"# -#( ;TT< 9

0%'%' &'BB,$"%' "#( -,0/#&"#&# %&' '5#&%, # /.,$0,* =D'//$&'%#??' "#((# %&# /'I

%#B)&,# -#((' &#B,)"# A&)"%# 10)5&'//,B(,' '(?'%#H '@@'00'%# # &,('00'%#4 9 0%'%'

-#( S:<*

KJMNL ,",?,'(6#"%# .' $%,(,??'%) (# MU3 5#& &,/)")0/#&# OKH 0#&8#"-)0,

-#((# &'55&#0#"%'?,)", -, 2'@)&V ," $" 0#/)"-) 6)6#"%) .'"") $0'%) B(,

G33 5#& &,(#8'&# OK -,"'6,/.#* G33 0)") 0%'%# '55(,/'%# ," -$# 6)-,R 1;4

%#"#"-) (# &'55&#0#"%'?,)", -, 2'@)& /)6# ,"5$%H # 1L4 5&#"-#"-) , &,0$(%'%,

-#((# MU3 /)6# ,"B&#00)* +$'"-) 0, $%,(,??'") (# &'55&#0#"%'?,)", -, 2'@)&

/)6# ,"5$% 5#& '--#0%&'&# B(, G33H , /)#W/,#"%, -, 2'@)& 0)") 0%'%, &,-)%%, '

-,6#"0,)"# ;TT 5#& ,66'B,"# '%%&'8#&0) (D'"'(,0, -#((# /)65)"#"%, 5&,"/,5'(,

1XJO4* J)65(#00,8'6#"%# 0)") 0%'%, ,65&)"%'%, -$# G33H $") 5#& B#0%,&#

(D'66,//'6#"%) -#B(, )//., # $") 5#& (# 0,%$'?,)", &#0%'"%,H $%,(,??'"-) $"'

/)"8'(,-' ,"/&)/,'%' -*!.*/+%*/+"(* K"' -#((# 6,B(,)&, 5&#0%'?,)",H /)" $"

%'00) -, &,/)")0/,6#"%) -#( PS*:<H 9 0%'%) )%%#"$%) $%,(,??'"-) /,"C$# 0%'%,

# %&# A$"?,)", B'$00,'"#* K%,(,??'"-) ," ,"B&#00) , &,0$(%'%, -#((# MU3 0,

9 &'BB,$"%) $" %'00) -, &,/)")0/,6#"%) -#( PQ*;<H /)" G33 A)&6'%) -'

/,"C$# 0%'%, # %&# A$"?,)", B'$00,'"#* =' 5&#/,0,)"# "#((# %&# /'%#B)&,# -#(('

&#B,)"# A&)"%# 9 0%'%) 5'&, &,05#%%,8'6#"%# '( :T*;< 1G33 '--#0%&'%) /)"

2'@)&IXJO4 # YY*P< 1G33 /)0%,%$,%) 0$ &,0$(%'%, MU34* Z&'('0/,'"-) ()



 !"! #$%&&'('#%)'*+, -,$$.,&/0,&&'*+, (%##'%$,  !

"#$#% &%' "%()$&&*+,*$ $--$""$#./ ,$ ().&*"*%'. $01.'#$ $, 23425 . 624!5 (.)

* 70. $(()%&&*4

8., 9:9;</ ;%=.'  ! "#$ >?33 @ 7$(()*1$ =$''% &%"#)0*#% ).#* -$A."*$B

'. C0$,* %"&''(") )"(* +", ' >8DBE$0""*$'@/ -"&./, )"(* +", ' >8DB

;$0&=A@/ . 01  2"&34 )! 52)"(* +", ' >FG8@ (.) ,$ H$,0#$I*%'. 7* *11$B

+*'* "#$#*&=./ &%'&.'#)$'7%"* "0* &$1-*$1.'#* '.,,. *(%#."* 7* 7*"#)*-0I*%'.

. "0,,. "#)0##0). 7* 7*(.'7.'I$4 :' 0' ".&%'7% #.1(% =$''% ()%(%"#% 0'$

'0%H$ $)&=*#.##0)$ 7* JKK (.) &,$""*L&$). M ."().""*%'* "(.&*L&=. >*'&,0"$

C0.,,$ '.0#)$@ 7$ ".C0.'I. H*7.%4 ;%' 0' *'"*.1. 7* H.)*L&$ *'7*(.'7.'#.

".,.I*%'$#% 7$, -6/)27")"5 8"!"9"' / ,$ 1*+,*%). ()."#$I*%'./ &%' 0' #$""%

7* )*&%'%"&*1.'#% 7., M 4?5/ N "#$#$ )$++*0'#$ 7$, &,$""*L&$#%). FG84

9' )*&%'%"&*1.'#% #)$1*#. OPK N "#$#% $7%##$#% 7$, +)0((% 7* ,$H%)%

7.,,$ ;K9 &=. =$ (0--,*&$#% ,$ H.)"*%'. ."#."$ 7., -6/)27")"5 8"!"9"' 

'., ?3<3/ )$++*0'+.'7% 0' )*"0,#$#% 7*"&).#% (.) #0##. ,. .1%I*%'* &%*'H%,#./

&%1. ().".'#$#% *' F$-.,,$ ?4 4 :' C0."#% &$"% "%'% "#$#. 0#*,*II$#. ,. &$)$#B

#.)*"#*&=. 7* Q%)1$ ."#)$##. #)$1*#. GGK/ (.) &%"#)0*). 0' "*"#.1$ -$"$#% "0

OPK (.) *7.'#*L&$). ,. M .1%I*%'* 7* -$". #.%)*II$#. 7$ RS1$' . T)*.".'4

:)3 -6) 8(' ; " <"= >"5 >&1

:)3  !"# !43 M4! !43 343 !43 ?4!

-6)  4< $%"%  4< 343 U4  4< 343

8(' !4 343 &%" 343 343 343 343

; "1 V4V 64M 343 '!"( 64M 343 < 43

<"= 343 343 343 343 )##"# 343 343

>"5 <?43 643 V43 V43 343 '$"# V43

>&1 343 343 343 343 343 V43 &'"#

F$-.,,$ ?4 W K$#)*&. 7* &%'Q0"*%'. (.) *, )*&%'%"&*1.'#% 7.,,. M .1%I*%'* 7*

-$"./ %##.'0#$ 7$ X0&.A  ! "#$ >?3<3@4 Y.) %+'* .1%I*%'./ N "#$#$ .H*7.'I*$#$

,$ &,$""*L&$I*%'. &%' (.)&.'#0$,. 1$++*%).4 X. .#*&=.##. )$(().".'#$'%W G'+

Z [$--*$/ ;%' Z \*").II%/ \*" Z \*"+0"#%/ T.$ Z Y$0)$/ J$( Z T.,*&*#]/

O$7 Z F)*"#.II$/ O0) Z O%)()."$4 :, 1.#%7% 0#*,*II$#% N 0' OPK 10,#*&,$"".4



 !  !"#$%&% '( )*+*,$# "-%.-*//# ,*&&0!,!&#/# 1*&&* */"-*//#%,# 2!++#!&#



 !"#$%&% '

()!*!&#+# ,-# ,!$#

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

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

"-. #0$)$#&'& %-##- -'".-''&!)& 1$22&$#&3 &) 4*-'+! 2$"&+!#! '& $5.!)+$ &# ".!6#-7

($ %$ *)0!++&2$ "*.$(-)+- '+$+&'+&2$3 2!)2-)+.$)%!'& '*##0*#+&(! $'"-++! %-#

".!2-''!3 4*-##! %-# .&2!)!'2&(-)+! %-##- -'".-''&!)& 1$22&$#& $ "$.+&.- %$ *)

&)'&-(- %& %$+& &) &)/.-''!3 +&"&2$(-)+- #- 2$.$++-.&'+&28- /-!(-+.&28- ".-2-7

%-)+-(-)+- -'+.$++- %$& 1!+!/.$((& &) -'$(-9 :0$++&;&+< %& 2#$''&=2$,&!)-3

2!(- -;&%-),&$+! )-# >$.$/.$1! ?9@3 $;;&-)- '!#&+$(-)+- &%-)+&=2$)%! #- AB

2!&);!#+- )-##0-'".-''&!)-9 A++.$;-.'! *) $"".!22&! "-.'!)$#&,,$+!3 6$'$+!

'*##0$)$#&'& %&.-++$ %-##- .-#$,&!)& -'&'+-)+& 1.$ "*)+& /-!(-+.&2& %-# ;!#+! -

2$.$++-.&,,$,&!)- -(!,&!)$#-3 '& 2-.2$ %& '*"-.$.- 4*-'+$ (-+.&2$ 2$)!)&2$ -

%& .&2!)!'2-.- %&.-++$(-)+- *) &)'&-(- #&(&+$+! %& -(!,&!)&3 ".-2&'$(-)+- #-

C -(!,&!)& *)&;-.'$#& $ 2*& '& D 1$++! (-),&!)- )-# E$"&+!#! F - #0-'".-''&!)-

)-*+.$3 '-),$ 2!)%&,&!)$.- &# .&'*#+$+! $# .&#-;$(-)+! %-##- '&)/!#- AB9 E!)

4*-'+! 2.&+-.&! !"-.$+&;! '& .&%*2- &# )*(-.! %& ;$.&$6&#& &) *'2&+$ %-# '&'+-($

G%$ @@ AB 2!(6&)$6&#& $ H '+$+& -(!+&;&I 2!) #0$*'"&2&! %& $*(-)+$.- #$ 2$7

"$2&+< ".-%&++&;$ %-& (!%-##&3 %$# (!(-)+! 28- #$ 1$'- %& &%-)+&=2$,&!)- %-##-

-(!,&!)& ;&-)- &)2#*'$ )-# ".!2-''! %& '+&($ - )!) $''-/)$+! "!'+-.&!.(-)7

+- $++.$;-.'! *) '&'+-($ %& 2!%&=2$ 2!(- 4*-##! ".-'-)+$+! &) J$6-##$ F9F9

 & '-/*&+! '& ;$#*+$)! $#2*)& +.$ & "&K %&5*'& (-+!%& %& 2#$''&=2$,&!)- "-.

;$.&$6&#& .&'"!'+$ (*#+&)!(&$#&3 *+&#&,,$)%! 2!(- 2$("&!)- %& .&1-.&(-)+! *)

'!++!&)'&-(- %& &(($/&)& 2!)+-)*+- )-##0 !"#$%#% &'($)*+$+%# ,+"+-#" %-7

'2.&++! )-# >$.$/.$1! F9L9F9 >-. %-++$/#& '*##$ '+.*++*.$ %-# 2$("&!)-3 .&1-.&.'&

$# >$.$/.$1! M9?9

A##0&)+-.)! %-##! '+*%&! '& 2!)'&%-.$)! #- C -(!,&!)& *)&;-.'$#& 28- %$)7

)! ;&+$ $##- (&2.!-'".-''&!)& 1$22&$#&3 '-2!)%! #$ +-!.&$ ';&#*""$+$ %$ NO($)

MC



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

" #$%"&"' '"( #)*+, - ./% 0%"'" -11%/'2- (3"&4$"&&%5'" '"/2$-, .6" &% /'%7

&." -((" -(2$" .(-&&% " %' -(./'% 8"259% :/'1" 9- $%:"$%8"'25 4"$ (3-'-(%&%; <(

2-1(%5 .584("&&%05 9"( (-05$5 = -&&5.%->%(" -( ?(5'" .6" &% 5../4- 9"( $%.5'57

&.%8"'25 9% "&4$"&&%5'% :-..%-(% 9- %88-1%'% &2-2%.6"; +% = 2"'/25 .5'25 9"((-

&"@/"'A- .$5'5(51%.- 5$%1%'-$%- "&.(/&%0-8"'2" 4"$ (- &."(2- 9"% :5251$-87

8% 9- %'.(/9"$" '"((- .-84%5'", 9-( 858"'25 .6" (" $%4$"&" $-44$"&"'2-'5

/'3%'2"'&%2B "&4$"&&%0- .$"&."'2"; *58" 0"$$B 9"&.$%225 '"( 4$5&&%85 4-$-7

1$-:5, &5'5 &2-2" 4$"&" %' "&-8" &5(5 %88-1%'% %' ./% (3"85A%5'" "&4$"&&- &%-

9"?'%2- %'2"1$-(8"'2";

<( 4$545&%25 9% @/"&2- :-&" 9"((5 &2/9%5 = (- 0-(/2-A%5'" 9"((" .-4-.%2B 9%

$%.5'5&.%8"'25 9"% .(-&&%?.-25$% .5'&%9"$-2%, 54"$-'95 9%$"22-8"'2" &/%  !"#$

%!&'( "&2$-22% 2$-8%2" ))C, "9 %9"'2%?.-'95 2$-8%2" "&&% (" .(-&&% 9% "85A%57

'% $-44$"&"'2-2" '"((- #%1/$- D;E; F/"&25 -&4"225 $-44$"&"'2- /' "("8"'25

9% -&&5(/2- '50%2B $%&4"225 - 2/22% 1(% &2/9% 4$"."9"'2%, .6" &% &5'5 9"9%.-2%

"&.(/&%0-8"'2" -((- .(-&&%?.-A%5'" 9"((" )G;

H3-44$5..%5 -((- @/"&2%5'" = -I'" - @/"((5 4$"&"'2-25 9- H/."J )* ! +

&/((" "&4$"&&%5'% :-..%-(% KLMDMN; O-(% -/25$% &5'5 &0%(/44-25$% 9% &%&2"8% 4"$

(3-'-(%&% -/258-2%.- 9% "&4$"&&%5'% :-..%-(% " .55$9%'-25$% 9"( 4$51"225 .6" $/57

2- -225$'5 -( 9-2->-&" *PQ; H- 9%R"$"'A- &5&2-'A%-(" &% -$2%.5(- '"((3/2%(%AA5

9%$"225 9"% H-'98-$S&, '"((- 859-(%2B 9% .-2-(51-A%5'" K%' "85A%5'%N " '"(7

(3/&5 "&2"'&%05 " -$2%.5(-25 9% /' '/8"$5 .5'&%&2"'2" 9% 859"((% &2-2%&2%.% 4"$

522%8%AA-$" (- .-4-.%2B 9% $%.5'5&.%8"'25, " @/%'9% (- :/'A%5'-(%2B &2"&&- 9"((-

4$5."9/$- 9% -'-(%&%; T"$ -44$5:5'9%8"'2% &/% $"."'2% &0%(/44% " (" 8"2595(57

1%" %' /&5, &% :-..%- $%:"$%8"'25 -( *-4%25(5 L " '"((5 &4".%?.5 4"$ %( 9-2->-&"

*PQ - H/."J )* ! + KLMDMN;

)( 9% (B 9"( 1%/9%A%5 .584("&&%05 &/((" 4$"&2-A%5'% 5R"$2" 9-% 859"((%, =

-'.6" %'2"$"&&-'2" %'9%0%9/-$" @/-(% 8"259% 5R$5'5 8-11%5$% 1-$-'A%" 9%7

'-'A% - /' 4$5>("8- 9% .(-&&%?.-A%5'" -22$-0"$&5 .55$9%'-2" 1"58"2$%.6",

&"("A%5'-'95 "0"'2/-(8"'2" -(./'% 4/'2% 4%U $%("0-'2% 9% -(2$%;

<( .-4%25(5 .584$"'9" /'- 4$%8- 4-$2" 9"9%.-2- -((3-'-(%&% "&4(5$-2%0-

KT-$-1$-:5  ;DN; V"((- &".5'9- 4-$2" KT-$-1$-:5  ;LN &% -$2%.5(- %( 4$5."&&5

9% -'-(%&% " .(-&&%?.-A%5'" 9"((" "&4$"&&%5'%W 9-44$%8- &% -R$5'2- %( 4$5>("8-

9"((- 9%8"'&%5'-(%2B "("0-2- 9"((- 8-2$%." 9"% 9-2%, "R"22/-'95 /' 2"'2-2%05

9% $%9/A%5'" 9"( '/8"$5 9% .50-$%-2" .5%'05(2" 2$-8%2" /'3-'-(%&% 9"((" .587

45'"'2% 4$%'.%4-(% KT*)NX @/%'9% &% &0%(/44- (- 859"((-A%5'" 9"( 4$5>("8-,

4$"&"'2-'95 1(% -44$5..% 9% ./% &% = :-225 /&5 " 9"&.$%0"'95 %( (5$5 .5845$2-7

8"'25 .58" .(-&&%?.-25$% 9% "85A%5'%X @/%'9% &% 9%&./2" %( 2"8- 9"((- &"("A%5'"

9"((" 0-$%->%(%, $-..51(%"'95 " .5':$5'2-'95 (" %'9%.-A%5'% :5$'%2" 9-% &%&2"8%

.6" 6-''5 9%85&2$-25 8-11%5$ 4$".%&%5'" &/( 4%-'5 9"((- .(-&&%?.-A%5'"X %'7

?'" &% .5'0-(%9-'5 % 859"((% &2%8-2% &/ /'3%'&%"8" 9% 0"$%?.- %'9%4"'9"'2",

500"$5 .5845&25 9- %88-1%'% $"-(%AA-2" &/ &511"22% 9%0"$&% $%&4"225 -((- :-&"



 !"! #$#%&'& (')%*+#,&-# ( .('/+&0&*$( .(% /#1)&*$(  !

"# $%#&'( )*+ ,'-'.-'/0  ( (1 $# '%%2' 23 403/-03%0 $2+ 5#'30 "*# -#$2+%'%# 403

#+ 5-*4*"*3%* +'60-# $2+ 789 "# :24*;  ! "#$ %&'(')( :* '3'+#$# $%'%#$%#4<*

$030 $%'%* #3%*-'&*3%* $6#+255'%* #3 * => ?*6*+05&*3% 70-* @*'&1 ABCAD(

E+ 40"#4* -*+'%#60 '++* '3'+#$# 6#*3* '++*.'%0 #3 F55*3"#4*(

 !" #$%&'(' )(*&+,%-'.% ) /)(0,'1'+$) /)& 0%23

*'+$)

,*- +* '3'+#$# $030 $%'%# $*+*G#03'%# /0%0.-'&&# "' 4#'$423' $*H2*3G' -*'I

+#GG'%' * #34+2$' 3*+ 789J 5*- 0.323' $030 $%'%* 403$#"*-'%* +* 50$* -*+'%#6*

'.+# 2+%#&# K #$%'3%# #3 42# +L*$5-*$$#03* <' 23L#3%*3$#%M &'$$#&'1 "# +#6*++0 ?I

N ="*$4-#%%# 3*+ ,'-'.-'/0 C( D( 703$#"*-'3"0 # K #$%'3%# 40&* -*'+#GG'G#03# "#

23' $#3.0+' *$5-*$$#03* 5-0"0%%' "' 23 $0..*%%01 $# 0%%#*3* 23 403$#"*-*60+*

32&*-0 "# 50$* ' "#$50$#G#03* 5*- +L'3'+#$#(

E3 $*403"0 +20.0 $030 $%'%# '..#23%# O! /0%0.-'&&# -*+'%#6# '++* *$5-*$I

$#03# 3*2%-* #3#G#'+# "# 0.3# -#5-*$' 6#"*01 5*- 23 %0%'+* "# A!PO 23#%M 4'&5#0I

3'-#*( 7#'$423' 05*-'G#03* "# *$%-'G#03* "'%# "'+ "'%'Q'$* 0-#.#3'+* R $%'%'

-*'+#GG'%' 403 +L'2$#+#0 "# 23 5-0.-'&&' -*'+#GG'%0 #3 +#3.2'..#0 S'6'1 #+ 42#

40"#4* 5-#34#5'+* R -#50-%'%0 #3 F55*3"#4*(

?'++L#3$#*&* $030 $%'%* $244*$$#6'&*3%* *$4+2$* %2%%* H2*++* 50$* "06*

+L*$5-*$$#03* /'44#'+* -#$2+%'3%* 303 /0$$* 40"#T4'Q#+* 23#604'&*3%* 403 23'

$0+' *%#4<*%%' *&0G#03'+* #3 Q'$* '+ $#$%*&' UF7V1 #(*( *$5-*$$#03# &#$%*( V#

R 05*-'%' "23H2* +' $4*+%' "# 4'&50 "# 6'+2%'-* $0+0 $%'%# *&0%#6# 4<#'-'I

&*3%* "*T3#%# * 403 23 +#6*++0 "# *$5-*$$#03* 303 *H2#604'Q#+*( E+ 4'&5#03*

T3'+* "# CWWC 0$$*-6'G#03# R $%'%0 H2#3"# $2""#6#$0 #3  $0%%0#3$#*&#X 23 5-#I

&0 -'..-255'&*3%0 "# $%#&'1 40--#$503"*3%* ' 4#-4' +LWBY "*+ %0%'+*1 5*-

+L'""*$%-'&*3%0 "*# &0"*++#1 * "2* 4'&5#03# 5'-# '+ CBY 4#'$4230X #+ 5-#&0

$60+.* 23' /23G#03* 5-#34#5'+*1 066*-0 6'+2%'-* +' 4'5'4#%M "# -#4030$4#&*3%0

"*# 4+'$$#T4'%0-#J #+ $*403"0 6#*3* 2%#+#GG'%0 5*- *6*3%2'+# $%#&' #%*-'%#6* "*#

5'-'&*%-# "# 403%-0++0( :' $2""#6#$#03* "*++* #&&'.#3# 3*#  .-255# R '66*I

32%' #3 &0"0 40&5+*%'&*3%* 4'$2'+*( :' 5-*$*3G' "# #&&'.#3# -'Z.2-'3%#

.+# $%*$$# $0..*%%# #3 .-255# "#6*-$# 52[ 50-%'-* ' 23' "#$%0$#03* "*++* $%#&*1

%'+* H2*$%#03* 6*--M "#$42$$' 3*+ ,'-'.-'/0  ( (K( 703/-03%'3"0 +* 400-"#3'I

%* "# 523%# 403 +' -#$5*%%#6' #&&'.#3*1 $# 52[ 0$$*-6'-* =U#.2-'  (CD 40&* $#

0%%*3.' 23' -'55-*$*3%'G#03* $5'G#'+* "*++L*$5-*$$#03*1 $0$%'3G#'+&*3%* 303

6#340+'%' '++* $5*4#T4<* 4'-'%%*-#$%#4<* $0&'%#4<* "*+ $0..*%%0(

\3L'3'+#$# 5-*+#&#3'-* 403$#$%* 3*+ 6'+2%'-* +' "#$%-#Q2G#03* "# /-*H2*3G'

"*+ 4'&5#03* $*+*G#03'%0 =U#.2-'  (AD1 $2++' Q'$* "*++' 40"#T4' *&0G#03'+*X

'+423# $%'%# $030 5#] -'55-*$*3%'%# "# '+%-#1 &'3#/*$%'3"0 +' 3*4*$$#%M "# /0-I



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

"#$%&' ()*+ ,-.&/--#01/ 2# -0&.&/-'3 -4%.0&/) 5016&0140 6&' .%14# /-4&'44# 2'

%17#88'$#1/ 901 #: 6040$&'88' 0&#$#1':/)

1#&/ %1 1%8/&0 -%;9#/14/ 2# 0--/&<'=#01# ./& 0$1# 9:'--/3 '::/ .&09/2%&/ 2#

'..&/12#8/140) >7/-.&/--#01/ 1/%4&' ? #1</9/ .&/-/14/ ./& 4%44/ :/ -/@%/1=/3

&#</-4/120 %1' .'&4#90:'&/ #8.0&4'1=' 2': 808/140 9A/ ':9%1# -#-4/8# %4#:#=B

='10 %1' 802':#4C 2/::' <'&#'D#:/ 9'4/$0&#':/ 908/ &#6/&#8/140 ./& :' -4#8/+

' 4':/ -90.0 %1' .0-' 1/%4&' 2/: -0$$/440 6%1$/ 2' -4'8.0 ./& :' 802/::'=#0B

1/ / '::0 -4/--0 4/8.0 2' ':4/&1'4#<' 6&' :/ /4#9A/44/ /80=#01':# -/:/=#01'D#:#

2': 9:'--#E9'40&/) >' 902#E9' '2044'4' ? :' -4/--' 2/: 5FG3 0--#'+ !H1/%B

4&':/3 *H&'DD#'3 IH2#-.&/==03 (H2#-$%-403  H&'DD#'3 JH6/:#9#4C3 KH4&#-4/=='3

LH-0&.&/-')

M2 0$1# 0--/&<'=#01/ -010 '--09#'4/ KN 90..#/ 2# 900&2#1'4/ (x, y)3 908/

@%/::/ &';$%&'4/ #1 "#$%&' ()*3 &/:'4#</ ' 9#'-9%1 .%140 /-4&'440 2': <0:40

%8'10 .&/-/14/ 1/::' 6040) >' .0-#=#01/ 2# 9#'-9%1 .%140 ? &'..&/-/14'4' #1

"#$%&' ()() O/::7#88'$#1/ -# .%P 104'&/ 908/ </1$' &#90-4&%#4' :' -'$08'

2/: <0:40 %8'10 #1 4%44/ :/ -%/ 908.01/14# 80D#:#+ 4&'8#4/ :0 -.0-4'8/140 2#

%10 0 .#Q 2# @%/-4# .%14# 2'::' .0-#=#01/ #1#=#':/ ? .0--#D#:/ &#:/<'&/ :7'44#<#4C

8%-90:'&/ 4#.#9' 2/::/ /-.&/--#01# 6'99#':# %8'1/) R  !"#$!%&' '--09#'4# '#

D0&2# 2/::' D099' S T3 J!3 J 3 JJ3 JK3 K!U / '::/ -0.&'99#$:#' S*T3 I!3 I*3 I 3

IJ3 IKU -010 -0$$/44# ' %1' <'&#'=#01/ .0-#=#01':/ .#Q 8'&9'4' &#-./440 '2

':4&# .%14# 2/: <#-0)



 !"! #$#%&'& (')%*+#,&-# ( .('/+&0&*$( .(% /#1)&*$(  !

"#$%&' ()*+ ,#-.&#/%0#123 4# 5&36%320' 73& 3810#123 4399:#2-#383 4# -.#8')

;' <'&#'/#9#.= 43993 >11&4#2'.3 43# 7%2.# ? 7#%..1-.1 3.3&1$323'@ -17&'..%.A

.1 >125&12.'241 93 8#-%&3 #2 '->#--' &#-73..1 ' 6%3993 #2 1&4#2'.'@ >183 -# 7%B

<343&3 #2 "#$%&' () + 6%'-# 73& 1$2#  !"#$!%&@ #24#>#00'.1 4' i = 1, . . . , 136@
#9 <'91&3 4399:'->#--' xi C' %2' 43<#'0#123 -.'24'&4 -%73&#1&3 '99' >1&&#-712A

432.3 1&4#2'.' yi@ 4# >12-3$%320' ># -# '-73..' >C3 # >9'--#D>'.1&# 8'2#53-.#21

%2' -32-#/#9#.= 4#E3&32.3 239 4#->&#8#2'&3 &#-73..1 ' -71-.'832.# 43# 7%2.# #2

4#&30#123 1&#0012.'93 3 <3&.#>'93) "'221 3>>30#123 # 7%2.# F@ G 3 !H I832.1J@

KL@ KF@ KG 3 ML I7'&.3 #253&#1&3 4399' /1>>'J)



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

"#$%&' ()(* +',,&-.-/0'1#2/- 3-# 45 ,%/0# 6'77#'8# -.0&'00# 3' %/9#::'$#/-;

&'<$%&'/0- 89-.,&-..#2/- /-%0&') = /%:-&# #3-/0#>7'/2 8' ,2.#1#2/- 3# 2$/#

 !"#$!%&' .%8 ?2802) @# /20# 72:- /-889#::'$#/- /-%0&' # ,%/0# 4! - 45; 4( -

4A; 4 - 44 .#'/2 ' ! ' ! .2?&',,2.0#)

"#$%&' () * B-?#'1#2/- .0'/3'&3 3-# ?'82&# ,-& 722&3#/'0') C- 72&&#.,2/3-/1-

#/ '.7#..' .2/2 &',,&-.-/0'0- 3' ,%/0#; D%-88- #/ 2&3#/'0' 3' .0-88-)



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

"# $%&'%%'&# ()#*+ ,+**# -#%&./+ ,+. ,#%. 0 /1$%.%'.%# ,# 2332 1$$+&4#5.1).6

/.#$/')# /1&&+,#%# ,# 73 /188.+ ,. /11&,.)#%+ ,. 8')%. ,+().%.  !"#$!%&' +

,#**9+%./:+%%# /:+ ,+().$/+ *9+-15.1)+ 8&+$+)%+6 8+& ') %1%#*+ ,. 2!; 4#&.#<.*.6

/1-+ 0 8&+$+)%#%1 .) =.>'&# !?@?

=.>'&# !?@A B%&'%%'&# ,+. ,#%. 1%%+)'%# ,181 *# C#$+ ,. +$%&#5.1)+ ,+. 4#*1&.

&+*#%.4. #. C1%1>&#--. /1)$.,+&#%.?

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

 ! !" #$%&'$()* %*++, %$-*).$(),+$/0 %*$ %,/$

D)# ,+**+ E'+$%.1). 8.F $8.)1$+ ,. /'. 0 )+/+$$#&.1 1//'8#&$. 8&.-# ,.

#44+)%'&#&$. )+**# -1,+**#5.1)+ ,+**+ /#&#%%+&.$%./:+ C#//.#*.6 0 $+)5# ,'<<.1

*# >+$%.1)+ ,+**# ,.-+)$.1)#*.%G ,+* /#-8.1)+? H* )'-+&1 ,. 1$$+&4#5.1). n
0 ,. 2332 I.--#>.). ,+* JKLM6 -+)%&+ *9.)$.+-+ ,+**+ /14#&.#%+ p ,+**# -#N

%&./+ ,+. ,#%. 0 /1$%.%'.%1 ,# 2!7 4#&.#<.*. E'#)%.%#%.4+ /1)%+)+)%. /11&,.)#%+

)1&-#*.55#%+ ,. 8')%.6 # /'. $. #>>.')>+ *# 4#&.#<.*+ .),./#%&./+ ,+**9+-15.1)+

&#O>'&#%#6 8+& ')# $%&'%%'&# ,#%. /1-8*+$$.4# ,. ,.-+)$.1)+ 1881× 137? B+
$. /1)$.,+&# .* )'-+&1 ,. /*#$$. I3M6 -1,+**. $8+/.(/. 8+& 4#&.#<.*. -'*%./*#$$+

,+41)1 #P&1)%#&+ 18+&#5.1). ,. $%.-# 8#&%./1*#&-+)%+ 1)+&1$+ ? Q9 E'.),.

1881&%')1 /+&/#&+ ')# $+-8*.(/#5.1)+ 8+& &+),+&+ /1-8'%#5.1)#*-+)%+ 8.F

>+$%.<.*+ *9+$+/'5.1)+ ,+>*. #*>1&.%-.? D)# 81$$.<.*.%G 8+& /+&/#&+ ,. $.)%+%.55#N

&+ .* /1)%+)'%1 .)C1&-#%.41 .) ') )'-+&1 *.-.%#%1 ,. 4#&.#<.*. 0 *9#)#*.$. ,+**+

/1-81)+)%. 8&.)/.8#*. IRJSM6 ,+$/&.%%# $' T#&,.# () ! *6 2U;UM? "1 $/181

8&.-#&.1 ,. E'+$%# %+/)./# 0 *# &.,'5.1)+ ,. p 4#&.#<.*. .) ')# E'#)%.%G k < p
,. 4#&.#<.*. *#%+)%.A /.V #44.+)+ %&#-.%+ ')# %&#$C1&-#5.1)+ *.)+#&+ ,+**+ 4#N

&.#<.*. /:+ 8&1.+%%# E'+**+ 1&.>.)#&.+ .) ') )'141 $.$%+-# /#&%+$.#)1 )+* E'#*+

*# )'14# 4#&.#<.*+ /1) *# -#>>.1&+ 4#&.#)5# 4.+)+ 8&1.+%%#%# $'* 8&.-1 #$$+6



p





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

"# $%&''& (#)*#+,-.#/& - 01(.&2#12#3 4& 10&2-5#1*# "# (.#6- 2#,7#&"&2-**1 %*
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%&#!'#()'! SST >EET >EET F=T >EET >EET >EET F T 678
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*./ FDT >EET FET >EET >EET >EET SFT F T 6:8

0,  S T SET FET !!T U=T >EET >EET F T ;:8

1 &,"# 1 !2(,34 FST >EET >EET FVT >EET >EET >EET F!T 6;8

5/% S T >EET >EET FVT >EET >EET >EET F!T 678

*/667 FVT SET >EET FVT >EET >EET SFT F T 678

%/86 FVT >EET !ET FVT SVT >EET SFT F T 6<8

69% FST F=T FET SST !=T >EET !ST ! T ;68

:;11 !=T >EET FET >EET F=T >EET >EET >EET 6=8

<((4!'+) FVT F=T >EET FVT F=T FVT >EET F>T 6<8

<"))'+) FDT F=T >EET >EET SET >EET SFT F>T 6<8

8"+-(= >(, 4! FDT F=T >EET >EET >EET >EET >EET F T 6:8
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<0 3(#%/ +33(/**#/ .-#0#77+-/ 6 ($8($""#/2$ 0/8#"-#*+ %.0-#2/%#+0$1 */2
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ln
Pr(Yi = 1)

Pr(Yi = K)
= β1 ·Xi

ln
Pr(Yi = 2)

Pr(Yi = K)
= β2 ·Xi

9

9

9

ln
Pr(Yi = K − 1)

Pr(Yi = K)
= βK−1 ·Xi
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6# 077/6%7/) QE% )( !*+ CO**:F? E'660 #67&010770 -A'-$0&#790 D,RRS? %6'



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

"#$#%&'())&)(*$# +#'', !"#$$%& -#% .&%(&/('( 01'2($*0(&'(3 +*.# (' -#4* +#'5

'# *44#%.&)(*$( +(-#$+# &$67# +&' $10#%* +( 6'&44( +#''& .&%(&/('# %(4-*42&8

9$,(0-'#0#$2&)(*$# +( :1#42& .#%4(*$# ; 6*$2#$12& $#''& '(/%#%(& "!"#"' +(

(3 "%&)(# &''& :1&'# &//(&0* 6&'6*'&2* <== (2#%&)(*$(3 *22#$#$+* 1$& -%#6(4(*5

$# 0#+(& 41' -%(0* 6&0-(*$# +( .#%(>6& +#' ?@A3 #.(+#$)(&$+* 1$& 6&-&6(2B

+( %(6*$*46(0#$2* #66#''#$2# -#% 2122# '# 2(-*'*"(# +( #4-%#44(*$(8

9$ 2(-* +( &--%*66(* 6*0-'#2&0#$2# +(C#%#$2# ; :1#''* +#''# %#2( $#1%&'(

D'(/%#%(& ))*&E3 *..#%* 42%1221%# $*$ '($#&%( 6&'6*'&2# -#% 0*+#''&%# %#'&)(*$(

6*0-'#44# 2%& 1$ ($4(#0# +( .&%(&/('( +( ($"%#44* # ( .&'*%( &441$2( ($ 146(5

2& +&''# *44#%.&)(*$( 6*%%(4-*$+#$2(3 4#6*$+* 1$* 467#0& 67# 4(01'& ( %#&'(

6(%61(2( $#1%*$&'( +#"'( #44#%( .(.#$2(8 F&'# 4(42#0& 4( 6*0-*$# +( G 42%&2( ($5

2#%6*$$#44( 2%&0(2# H1$)(*$( $*$ '($#&%( * -&%)(&'0#$2# $*$ '($#&%(3 6*42(21(2(

+& .&%(&/('( +( ($"%#44*3 .&%(&/('( '&2#$2( # .&%(&/('( +,146(2&8 I#22&"'( 2#6$(6(

41''& 0#2*+*'*"(& 4( -*44*$* 2%*.&%# ($ J(-'#K D<??L3 M&-(2*'*  E8 N#% :1&$5

2* 6*$6#%$# (' 0*+#''* %#&'())&2* -#% '# #4-%#44(*$( H&66(&'(3 ( -&%&0#2%( +(

6*$2%*''* 4*$* 42&2( 42(0&2( (2#%&2(.&0#$2# &' >$# +( *22#$#%# '& 6*0/($&)(*$#

67# %(+16#44# &' 0($(0* ',#%%*%# +( 6'&44(>6&)(*$# 41'',($4(#0# +( .#%(>6& 4#5

6*$+&%(*O +*,'-& !*."/ -&%( =8<=P3 Q 1$(2B $#''* 42%&2* '&2#$2#3 <<LQ -#4( -#%

'# 6*$$#44(*$( 2%& ( $*+( # 1$ 0&44(0* +( !=== (2#%&)(*$( -#% '& 6*$.#%"#$)&

+#'',&'"*%(20*3 67# ; 42&2& #C#22(.&0#$2# %&""(1$2&8 R' 2&44* +( #%%*%# 41'

6&0-(*$# +( .#%(>6& -%($6(-&'# ; -&%( &'',<8LA3 6*$ -%#6(4(*$# 0&44(0& -#%

%&//(&3 +(4-%#))*3 -&1%&3 "(*(& # 2%(42#))&8

N%*4#"1#$+* 6*$ &--%*66( $*$ -&%&0#2%(6(3 ; 42&2* 6*42%1(2* 1$ 0*+#''*

&++(2(.* STU -#% .&%(&/('( 01'2($*0(&'#3 4#"1#$+* '& -%*-*42& +( V## # W('+

D<??LE8 R$ :1#42& 0*+#''&)(*$# +#( +&2(3 (' '#"&0# 2%& .&%(&/('# +(-#$+#$2#

# 6(&461$ -%#+(22*%# ; $*$ '($#&%#8 X( (-*2())& 67# (' .&'*%# &22#4* 6*$+()(*5

$&2* +( Y +&2& '& 0&2%(6# X +( #4-'(6&2(.# ; 1"1&'# &''& 4*00& +( H1$)(*$(

($6*"$(2# +#''# .&%(&/('( #4-'(6&2(.# -(Y 1$ 2#%0($# 6*42&$2#Z '& 42(0& +#''#

H1$)(*$( &..(#$# 2%&0(2# 1$& -%*6#+1%& (2#%&2(.& 6*$*46(12& 6*0# &'"*%(20*

+( #".01&&,)'3 4*42&$)(&'0#$2# 1$& .&%(&$2# +#'',&'"*%(20* +( S&1445X#(+#'3

0#$2%# '& .&%(&/('# %(4-*42& .(#$# 2%&4H*%0&2& 6*$ 1$& H1$)(*$# '#"&0# +(

2(-* 2$',& 6*0# $#' 6&4* +#''& %#"%#44(*$# 01'2($*0(&'# .(42* ($ -%#6#+#$)&8

J(6*%%#$+* &'',(0-'#0#$2&)(*$# 6*$2#$12& $#''& '(/%#%(& 3'"43 4*$* 42&2# ($5

4#%(2# $#' .#22*%# +( .&%(&/('( +& '(46(&%# 2122# '# 6&%&22#%(42(67# "#*0#2%(67#

& +(4-*4()(*$#3 6*0# 6'&44# +( %(H#%(0#$2* ; 42&2& 46#'2& ',#4-%#44(*$# $#12%&8

N#% '(0(2&%# (' 6&%(6* 6*0-12&)(*$&'# ; 42&2* >44&2* & G= 4(& (' $10#%* 0&45

4(0* +( (2#%&)(*$( 6*0-(12# +&'',&'"*%(20* +( #".01&&,)'3 4(& -#% '# (2#%&)(*$(

+( 5*+&$)6("7-%$)3 6&'6*'&2# -#% %(4*'.#%# '*6&'0#$2# '# #:1&)(*$( +#''# H1$5

)(*$( 67# 6&%&22#%())&$* (' 0*+#''*8 9$& .*'2& 6&2#"*%())&2# '# 6'&44( -%#+#22#

41'',($4(#0# +( .#%(>6& D-#% .*2* +( 0&""(*%&$)&E3 4( ; *22#$12* 1$ 2&44* +(

#%%*%# +#'  A3 :1&4( 2*2&'0#$2# %#'&2(.* & #%%&2# 6'&44(>6&)(*$( +( (00&"($(



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

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

.$ ,/+(, &+(*++*(, '%( 0#1%//,(% '(#2/%0) "#$ 0#/+% 3,(),2)/) %&'/)",+)4

3% 5 )/ 6789 : !"#$%&'$&#( &)&*#$%( '(+'(,,$-. ,*"$.(, ;< *$, &'%")=",>)#$%

)+%(,+)3, 1%//% ,*"$.( 1) (%?(%&&)#$%- @%( #?$) 3,(),2)/% %&'/)",+)3, &) 1%+%(4

0)$, *$, "#''), 1) 2,&) "A% #'%(,$# /#",/0%$+%B )/ /#(# '(#1#++# +%$&#(),/%<

"#02)$,+# , "#%C")%$+) β &+)0,+) 0)$)0)>>,$1# /, &#00, 1%) D*,1(,+) 1%)

(%&)1*)< 1E /*#?# , *$, ',(+)"#/,(% F#(0, 1) 0#1%//# /)$%,(% "A% ,*+#0,+)",4

0%$+% ?%&+)&"% $#$ /)$%,()+E % )$+%(,>)#$) +(, /% 3,(),2)/)- G$ *$, '()0, F,&%

1) ,$,/)&) &) &#$# ,1,++,+) ) 1,+) , *$, 3%(&)#$% 1) 6789 &3)/*'',+, 1, 9+#$%

(# &"/ :HIIJ;< &'%")=", '%( '(#2/%0) 1) "/,&&)=",>)#$% 0*/+)"/,&&%- K,/% F#(4

0*/,>)#$%< "A% '(%$1% )/ $#0% 1) 0-"1 234< ,3%$+% *$, &+(*++*(, /#?)&+)",

0*/+)'/,< "#&+(*)&"% )/ 0#1%//# "#$ *$, '(#"%1*(, 5-'6&') ,#&+(6$,( "#0%

$%) 6789 "/,&&)")< 1#3% '%(L ,1 #?$) ")"/# /, F*$>)#$% 1) 3%(#&)0)?/),$>,

3)%$% &#&+)+*)+, 1, *$, ,''(#&&)0,>)#$% D*,1(,+)", '%( "%(",(% /, "#''), 1)

2,&) &*""%&&)3%- .$, 3#/+, ,??(%?,+, /, $*#3, "#''), ,/ 0#1%//#< &) ()&+)0,$#

+*++) ) "#%C")%$+) 3), 0,&&)0, 3%(#&)0)?/),$>, % &) ',&&, ,/ ")"/# &%?*%$+%-

MN,''/)",>)#$% 1%//, +%"$)", &*/ $#&+(# )$&)%0% 1) 1,+) :/)2(%(), *-",*"$.( 1)

3; A, F#($)+# *$ +,&&# 1) %((#(% 1%/ HOP< $#$ %D*)',(,2)/% ,) ()&*/+,+) #++%$*+)

,++(,3%(&# ?/) ,/+() "/,&&)=",+#()- 9) 5 &"%/+# 1*$D*% 1) "#&+(*)(% *$ 0#1%//#

6789 ')Q +(,1)>)#$,/% '%( 3,(),2)/) "#$+)$*%- 8()F%(%$1#&) , D*%//# )$+(#1#+4

+# 1, R()%10,$ :HIIH;< &) 5 F,++# ()"#(&# ,//N)0'/%0%$+,>)#$% (&'#7 "#$+%$*+,

$%//N#0#$)0# ',""A%++# 3- M, '(#"%1*(, 6789 ,++*, *$, &%/%>)#$% ,*+#0,4

+)", 1%//% 3,(),2)/) 1) )$?(%&&#< )$"/*1%$1# $%/ 0#1%//# =$,/% OS '(%1)++#() &*

H!T % HUI F*$>)#$) 1) 2,&%- M, 3,/*+,>)#$% &*/ ",0')#$% 1) 3%()=", '(#1*"%

*$ +,&&# 1) ()"#$#&")0%$+# 1%/ IVP< "#$ '%("%$+*,/) &*24#++)0,/) '%( D*,&)

+*++% /% "/,&&)-

M% 9W6 &#$# &+,+% *+)/)>>,+% 1, M*"%X (# &"/ :USHS; '%( 3,/*+,(% /% ",',4

")+E 1) ()"#$#&")0%$+# %&'(%&&)3# &*/ YZ[- M, F#(0*/,>)#$% 5 #'%(, 1) Y#(+%&

% W,'$)\ :HII ;] /N,/?#()+0# 1) "/,&&)=",>)#$% #'%(, )$1)3)1*,$1# 1%) 0,(?)$)

"A% 0,&&)0)>>,$# /, 1)&+,$>, +(, ?/) %/%0%$+) 1%//% 1)3%(&% 0#1,/)+E< ,00%+4

+%$1# *$ $*0%(# /)0)+,+# 1) %""%>)#$)- MN)$&)%0% 1) '*$+) "A% 1%+%(0)$,$# /,

'#&)>)#$% 1%) 0,(?)$) 5 1%++, ,!**-'# %(8#-' B /, F*$>)#$% #2)%++)3# "#$&)1%(,

+(,&F#(0,+% 1%//% 3,(),2)/) #()?)$,()%< "A% %$+(,$# $%/ 0#1%//# +(,0)+% '(#1#+4

+) )$+%($) "A% &%?*#$# /, &+(*++*(, 1%//% F*$>)#$) $*"/%# ')Q 1)^*&%- _%/ ",&#

1%//% %&'(%&&)#$)< 5 &+,+, *+)/)>>,+, *$, F*$>)#$% (,1),/% 1) ',(,0%+(# γ ',()

, 7.35× 10−3
% *$ "#&+,$+% 1) '%$,/)>>,>)#$% '%( ) '*$+) %""%1%$+) 1) 3,/#(%

U< #++%$*+, +(,0)+% *$, "#$3,/)1, )$"(#"),+, "#&+)+*)+, 1, US ',(+)>)#$) 1%/4

/N)$&)%0% 1) &+)0,- G/ $*0%(# +#+,/% 1) 3%++#() 1) &*''#(+# ",/"#/,+) :F*$>)#$%

,%9 1%//, /)2(%(), (:;<: 1) 3; '%( /% O 0#1,/)+E 5 HHVH< '%( *$ %((#(% 1)

"/,&&)=",>)#$% 1%//NHHP &*/ ",0')#$% 1) 3%()=",B /% '()$")',/) 1)C"#/+E &#$#

&+,+% ()&"#$+(,+% '%( /% "/,&&) 1)&?*&+#< ',*(,< +()&+%>>, % &#('(%&,-



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

"#$% &'()$# *++,#--)# *''.*/*')0) 1%''% %0+,%00)#/) 2*--)*') 3 0(*(# 0-%'(#

'.*'4#,)($# +)5 0%$+')-% 2,* 6&%'') &()')77*() /%''.*++,%/1)$%/(# *&(#$*()-#8

)  !"#$%#&' "#()*+,%&9 :/ #44%((# 3 -'*00);-*(# )/ <*0% *''* $*44)#,*/7* 1%)

=#() 1%) 0&#) k =)-)/)9 >% k = 1 *''#,* '.#44%((# =)%/% *00%4/*(# *''* -'*00%

1%' 0&# =)-)/#9 >%-#/1# '* (%#,)* 1) ?*0*,*(@A BCDDCEF *) ;/) 1%' -*'-#'# 1%''*

1)0(*/7* 4') #44%(() 0#/# ,*++,%0%/(*() *((,*=%,0# =%((#,) 1) +#0)7)#/% )/ &/#

0+*7)# $&'()1)$%/0)#/*'%9 ?) 0#')(# =)%/% &0*(* '* 1)0(*/7* %&-')1%*F $* */G

-@% *'(,) ()+) 1) 1)0(*/7* 0#/# &4&*'$%/(% &()')77*<)')F *1 %0%$+)# '* 1)0(*/7*

-$"*$''$"9 H' -'*00);-*(#,% *00%4/* &/ +&/(# *''* -'*00% C 0% 6&%0(* 3 '* +)5

2,%6&%/(% 2,* ) k %0%$+) +)5 =)-)/) *''.#44%((# 0#((# %0*$%F 1*(# &/ )/0)%$%

1) #44%(() +%, -&) 3 /#(* '* -'*00);-*7)#/% -#,,%((*9 H' =*'#,% 1%' +*,*$%(,#

k #(()$*'% /%' -*0# -#,,%/(% 3 0(*(# 0()$*(# (,*$)(% -#/=*')1* )/-,#-)*(*F

&()')77*/1# '* +,#-%1&,* *++#0)(* -#/(%/&(* /%''* ')<,%,)* (.%#/9 "#0(,&)(#

&/ $#1%''# -#/ k = 2 % 1)0(*/7* %&-')1%*F 0) 3 #((%/&(* &/* +%,-%/(&*'% 1)

-#,,%((* -'*00);-*7)#/% /%' DIJ 1%) -*0)F -#/ 1)K-#'(L +,%1)(()=% 0#'# +%, '*

-'*00% /%&(,*9 M%) -*0) )/ -&) ) 1&% +&/() +)5 =)-)/) *++*,(%/4*/# * -'*00)

1)=%,0%F '.#00%,=*7)#/% =)%/% *00%4/*(* -*0&*'$%/(% * &/* 1%''% 1&% %$#7)#/)9

:'()$*(* '* 2*0% 1) -#0(,&7)#/% 1%) -'*00);-*(#,)F 0) +&N %O%((&*,% &/* =*G

'&(*7)#/% -#$+'%00)=* 1%) ,)0&'(*() #((%/&()9 >% 0) +,%/1% )/ -#/0)1%,*7)#/%

)' -#$+#,(*$%/(# 4%/%,*'% /%''% P -'*00)F '.*++,%/1)$%/(# +%, '.%0+,%00)#/%

2%')-% 3 0(*(# #(()$*'%F $%/(,% '% )$$*4)/) /%&(,% @*//# -,%*(# 1)K-#'(L

* (&(() ) -'*00);-*(#,)9 M%''* $*44)#, +*,(% 1%) -*0)F '.%,,*(* -'*00);-*7)#/%

3 0(*(* +,#=#-*(* 1* %0+,%00)#/) /%&(,% -*(*'#4*(% -#$% %$#7)#/) 1)0()/(%F

#==%,# 1* &/* $)/#,% 0%/0)<)')(L /%' 1)0-%,/%,% &/ =#'(# %0+,%00)=# 1* &/#

%$#7)#/*'$%/(% )/1)O%,%/(%9 Q&%0(# ()+# 1) -*,%/7* +,%1)(()=* 0) +&N #00%,G

=*,% /%''* $*(,)-% 1) 1)0+%,0)#/% 1%' $#1%''# '#4)0()-#F +,%0%/(*(* )/ R*<%''*

S9I9 Q&%0(# +&N %00%, 1#=&(# * 1&% ,*4)#/)8 )/ +,)$)0F 0+#0*/1# '* (%#,)* 1)

TU$*/ % V,)%0%/ BCDWCEF '* 0(,&((&,* %0+,%00)=* 1%' =#'(# &$*/# 3 1%(%,$)/*G

(* 1*''.*(()=*7)#/% 1) $&0-#') 2*--)*') -@% -*&0*/# &/* =*,)*7)#/% ,)0+%((# *''*

$#,2#'#4)* /*(&,*'% 1%' 0#44%((#F ,*4)#/ +%, -&) ) +&/() 4%#$%(,)-) 1) ,)2%,)G

$%/(# $#1);-*/# '% +,#+,)% -##,1)/*(% )/ ,%'*7)#/% * &/ +#0)7)#/*$%/(# 1)

<*0% #,)4)/*,)# B6&%''# 1%;/)(# 1*''.%0+,%00)#/% /%&(,*E9 X*11#=% 1&/6&% '*

(,*0'*7)#/% /%''# 0+*7)# /#/ ,)0&'() +*,()-#'*,$%/(% *--%/(&*(*F '% +,#-%1&,%

2*()-*/# * 1)0()/4&%,% % -*(*'#4*,% -#,,%((*$%/(%9 :/* 0%-#/1* ,*4)#/% +&N

,)-%,-*,0) /%''* /#/ )/1)+%/1%/7* -#$+'%00)=* 1%''% #00%,=*7)#/) 0%'%7)#/*(%F

1#=&(* *''* ,)+%()7)#/% 1%) 0#44%(() -#)/=#'()9 Y%/(,% +%, )' +,)$# *00&/(#

/#/ 0) #+%,%,L /%00&/ *++,#2#/1)$%/(#F -#/0)1%,*/1#'# +*,(% )/(%4,*/(% 1%'G

'* /*(&,* 0(%00* 1%' +,#<'%$*F +%, '* 0%-#/1* 6&%0()#/% =%,,L *--%,(*(# /%'

Z*,*4,*2# S9S9! 0% '.&0# 1) -*$+)#/) 1) 0()$* % =%,);-* )/1)+%/1%/() -#/1&-%

* ,)0&'(*() 0%/0)<)'$%/(% 1)=%,0)9

X* 0-%'(* 1%' $#1%''# $)4')#,% /#/ 3 +%,N -#0[ <*/*'%F 1*' $#$%/(# -@%



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

 !" #$% &'$ ()* +!, -,. /,0 /"1

 !"  ! ! ! ! ! ! ! "

#$% " "! ! ! ! ! ! "

&'$ " ! "# ! ! ! ! !

()* " ! ! $! ! ! ! !

+!, " ! ! ! "! ! ! !

-,. ! ! ! ! ! $% ! !

/,0 " ! ! " ! ! & !

/"1 " ! ! " ! ! ! '$

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

')/&**) -,0+ 1*)22345)63%7& 28**93723&:& ;3 <&$345) %((&78() 5%7 3* :%;&**% ;3

$&=$&223%7& *%=32(35) :8*(37%:3)*&, >)($35& ;3 5%7?823%7& @&$ 3* $35%7%253:&7A

(% ;&**& B &:%63%73 5%723;&$)(&, C& 5%*%77& 5%$$32@%7;%7% )3 <)*%$3 &D&((3<3E *&

$3=F& ) G8&**3 @$&;&((3, C) :)==3%$ @)$(& ;&**& &$$)(& 5*)22345)63%73 5%37<%*=&

3::)=373 $)H=8$)7(3 *9&2@$&223%7& 7&8($),

@3I ;3 87 )@@$%553% F) ?%$73(% $328*()(3 9%((3:)*39, J7 )*5873 5)23E 5%:& *&

$&(3 7&8$)*3E *) 2($8((8$) ;3 5*)22345)63%7& K ;3H53*:&7(& 37(&$@$&()/3*& &; K

2%<&7(& 2%==&(() ) 2%<$);)(():&7(% ;&3 ;)(3, L7% 2($8:&7(% $&*)(3<):&7(&

%/3&((3<% @&$ :328$)$& *& @$&2()63%73 5%:@*&223<& ;&3 5*)22345)(%$3 /37)$3 K 3*

<)*%$& ML1 N#1!, 2$0!1 34! 56& &"17! OE %<<&$% 87) 2(3:) ;&**) @&$5&7(8)*&

;3 )$&) 2%((&2) ;)**) 58$<) PQ1 N5!8!)7!1 6.!1,3)$% &4,1,83!1)*3)8OE 5F& K

87) $)@@$&2&7()63%7& ;&**) @$%@%$63%7& ;3 <&$3 @%23(3<3 N2&723/3*3(RO $32@&((% )*

78:&$% ;3 @%23(3<3 &D&((3<3E )22%53)() )**) @$%@%$63%7& ;3 ?)*23 @%23(3<3 $32@&((%

)* (%()*& ;&3 7&=)(3<3 &D&((3<3 N"A2@&53453(ROE )* <)$3)$& ;&* <)*%$& ;3 2%=*3)

5F& ;&(&$:37) *& 5*)223, S8&2() 2($8((8$)E 828)*& 2($8:&7(% ;3 2(8;3% @&$

5*)22345)63%73 /37)$3&E K 2()(% $3);)(()() )* 5)2% :8*(35*)22& ;) T)7; )7; '3**

N0!!"O & 3:@*&:&7()() 7&**) *3/$&$3) .56&, J7 G8&2() <&$23%7&E 23 5%723;&$)7%

3 <)*%$3 ;3 2&723/3*3(R & 2@&53453(R @&$ (8((3 3 5%7?$%7(3 /37)$3 ($) *& 5*)223 &;

87) <%*() 5)*5%*)(3 3 237=%*3 ML1E 23 (3&7& 5%7(% ;&**) :&;3) 5%:& :328$)

5%:@*&223<) @&$ (8((& *& 5)(&=%$3&, J <)*%$3 $&*)(3<3 )3 :%;&**3 5F& F)77%

?%$73(% @$&<323%73 @3I @$&532& 2%7% $3@%$()(3 37 ')/&**) -,-,

U)*8()7;% 2()/3*3(R ;&3 $328*()(3E 37(&$@$&()/3*3(RE @$&2()63%73 @$&<323<& &

<)*%$& ML1E ?$) (8((3 3 :%;&**3 5%723;&$)(3 2&*&63%73):% 3* 5*)22345)(%$& CVME

*) $&=$&223%7& *%=32(35) CMWWQ &; 3 5*)22345)(%$3 5%:/37)(3 ($):3(& 9''*3)$%

& ?%$&2(& 5)28)*3 5%:& 3 @3I );&=8)(3 @&$ *9)7)*323 &D&((8)() 28**& &2@$&223%A

73 ?)553)*3 ;&**) /)2& ;3 ;)(3 1XY, Z&$ G8&2(& [ :%;&**)63%73 23 @%$(&$R

)<)7(3 *9)7)*323 )7;)7;% ) 37;)=)$& G8)*3 <)$3)/3*3 $328*()7% :)==3%$:&7(&



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

 !"#$$! %&' ()**! "+ ,+-!.!*-+/#.0!

"#$%&$'(&% )*+,-. )/+0.

123 )0+*!. ) +4.

56#78$ 56%9'7:; ) + *. )4+/.

13<<= )4+,4. ) +,.

>'';%&?( ) +,!. )*+0.

@8?A'B C'76;% )/+ ,. )!+0.

D8E6$$8 *+*F G8$'76 3HI B#$%&J$8;;6 6 %8;;' A& 7&J'?';J&B6?%' K67 & B'A6$$&

;6$6L&'?8%&+

&?M'7B8%&N6+

 ! ! "#$%&'()*( + ,+-+*.%)+ /+--+ 0(&.(1.-.

H? 8;K6%%' M'?A8B6?%8$6 O#8?%' &$ 78((&#?(&B6?%' A& #?8 J'?;&A676N'$6

8E&$&%P K76N&;&N8Q R $S&A6?%&TJ8L&'?6 A6$$6 N87&8E&$& ;#$$8 E8;6 A6$$8 $'7' 7&$6U

N8?L8 ;%8%&;%&J8 8$$S&?%67?' A6$ B'A6$$'Q JV6 A8$ K#?%' A& N&;%8 &?%67K76%8%&N'

;&(?&TJ8 ;%8E&$&76 #? '7A&?8B6?%' A6$$6 J878%%67&;%&JV6 (6'B6%7&JV6 ;#$$8 E8;6

A6$ $'7' #%&$&%P K67 &$ 7&J'?';J&B6?%' A6$$S6;K76;;&'?6+ H%&$&LL8?A' A6($& &?A&J&

K67 O#8?%&TJ876 $S&BK'7%8?L8 A6$$6 J'N87&8%6Q N6?('?' K76;6?%8%& 8$J#?& J7&%6U

7& A& ;6$6L&'?6 6 '7A&?8B6?%' K67 & B'A6$$& JV6 V8??' '%%6?#%' $6 K76;%8L&'?&

A& J$8;;&TJ8L&'?6 B&($&'7&+ W? K87%&J'$876 ($& 8KK7'JJ& 8 J#& ;& M8 7&M67&B6?%'

&? O#6;%' K878(78M' ?'? A6N'?' 8N67 7&;J'?%78%' A&XJ'$%P &? ?6;;#?8 A6$$6

J$8;;&+

Y67 123Q R ;%8%8 8A'%%8%8 #?8 K7'J6A#78 A& ;6$6L&'?6 Z*0#12+*#[ JV6 'K6U

78 &? 6?%78BE6 $6 A&76L&'?& Z3)-42),"56!,2)," [+ W$ B'A6$$' &?&L&8$6 R A6T?&%'

A8$$6 N87&8E&$& A& K87%6?L8\ 8A '(?& K8;;' N6?('?' (6?678%& ?#'N& B'A6$$& &?U

J$#A6?A' '(?& ;&?('$8 N87&8E&$6 JV6 ?'? R K76;6?%6Q 6A 6;J$#A6?A' '(?& ;&?('$8

N87&8E&$6 JV6 R (&P ;%8%8 &?;67&%8+ 16 K76;%8L&'?& K67 & ;'%%'B'A6$$& ;'?' N8$#U

%8%6 %78B&%6 8 J'?N8$&A8 &?J7'J&8%8Q 6 ;6 &$ B8;;&B' B&($&'78B6?%' '%%6?#%' R

;#K67&'76 8 #? N8$'76 A& ;'($&8Q $8 N87&8E&$6 J'77&;K'?A6?%6 R &?J$#;8 ' 6;J$#;8+

18 K7'J6A#78 ;& &?%677'BK6Q ;6 &$ ?#'N' N8$'76 B8;;&B' A& B&($&'78B6?%' ?'?

R ;#XJ&6?%6Q ' ;6 N&6?6 78((&#?%' &$ ?#B67' B8;;&B' A& N87&8E&$&+ H?S&BK$6U

B6?%8L&'?6 A& O#6;%8 K7'J6A#78 ;& K#] 6^6%%#876 J'? $8 M#?L&'?6 *0#1-$)**

A6$$8 $&E767&8 4$)7Q 6 ?6$ J8;' &? 6;8B6 R ;%8%8 #%&$&LL8%8 #?8 ;'($&8 A& B&($&'U

78B6?%' A& -+-_ K67 '(?& &%678L&'?6 A6$$S8$('7&%B'+ 18 ;'($&8 R ;%8%8 ;J6$%8 &?

B'A' JV6 8 J&8;J#? J8BE&8B6?%' A& ;%8%' A6$$6 N87&8E&$& J'77&;K'?A6;;6 #?

B&($&'78B6?%' ;6?;&E&$6 ?6$$8 O#8$&%P A6$ B'A6$$'+ W 7&;#$%8%& ;'?' 7&K'7%8%&

?6$$8 D8E6$$8 *+/+ W$ ?#B67' A& N87&8E&$& ?6$ B'A6$$' T?8$6 R A& _, N'$%6 &?U



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

"#$%&$# $%'(#))& *++,%-'%#.# /&.(+#)& # $*//0%12# '&+& /&&$2%-*)# 3#$)%/*+% *+

'1& %-)#$-&4 5+ )*''& 2% /&$$#))* /+*''%6/*7%&-# '1++,%-'%#.# 2% 3#$%6/* 89 :; #

+,<=> /&.(+#''%3& 8?@:; /&- A1#')* /&-6B1$*7%&-# 2#++# 3*$%*C%+% D (#BB%&$#

$%'(#))& *+ .&2#++& '*)1$&E (#$F % )#.(% 2% /*+/&+& '&-& 2% ?G 3&+)# %-"#$%&$%E

$#-2#-2& +* "*'# 2% *2*))*.#-)& 2#% 2*)% *+ .&2#++& 2#/%'*.#-)# (%H 3#+&/#4

 !"# $%&'%(')" * +',-.-/,'0".!-

@ ')*$) I @4@@

J %- K4 L*-2.*$M 9 @4G9

N %- K4 L*-2.*$M @ @4  

G %- K4 L*-2.*$MGO @4PP

O %- K4 L*-2.*$MO? @4!@

 %- K4 L*-2.*$MP @4!O

P %- K4 L*-2.*$MP9 @4!P

! %- K4 L*-2.*$MPN @4!9

9 %- K4 L*-2.*$MGJ @49@

? %- K4 L*-2.*$MNN @49J

J@ %- K4 L*-2.*$MOJ @49G

JJ %- K4 L*-2.*$MGP @49 

Q*C#++* G4OR S$&/#21$* /!"#1'/" 2% '#+#7%&-# 2#++# 3*$%*C%+% (#$ LT<4 U#++*

($%.* /&+&--* %+ -1.#$& 2#++,%)#$*7%&-#E -#++* '#/&-2* %+ )%(& 2% /!"# *V$&-)*)&

8%-'#$%.#-)& & $%.&7%&-#;E -#++* )#$7* %+ -&.# 2#++* 3*$%*C%+# # -#++* A1*$)*

%+ )*''& 2% $%/&-&'/%.#-)&4

5+ WLX /&- (#-*+%77*7%&-# L<YYZ #V#))1* 1-* '#+#7%&-# %.(+%/%)* 2#++#

3*$%*C%+%E 2*+ .&.#-)& /0# +* $%217%&-# 2#++& '(*7%& 2#% (*$*.#)$% %-21/#

*+/1-% /&#[/%#-)%E &33#$& A1#++% .#-& $%+#3*-)% (#$ 1-* ')$1))1$* "1-7%&-*+#

2#+ .&2#++&E *2 *''1.#$# 3*+&$# -1++&4 \%''*)& A1%-2% %+ 3*+&$# 2% '&B+%* λE '%
&))%#-# 1-* /&.C%-*7%&-# 2% /&#[/%#-)% 2%3#$'% 2* @ (#$ /%*'/1-* .&2*+%)]

2#++* 3*$%*C%+# $%'(&')*4 L,*((+%/*7%&-# *+ -&')$& %-'%#.# 2% 2*)% 0* "&$-%)&

%+ $%'1+)*)& %- Q*C#++* G4 4 L# /&3*$%*)# '#-7* /&#[/%#-)% 2% 3*+&$# *''&+1)&

*+.#-& (*$% * 0.2 '&-& ')*)# #'/+1'# 2*++* '#+#7%&-# # /&-'%2#$*)# 2% (#'&

)$*'/1$*C%+#4



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

 !" #$% &'( )*' +,- .$! /!0 1!2 1*"

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

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

.#$%&'(%)*0 /,#- ,#1 ,#1 /,#2

"#$%&'(%)*1! ,#2

.#$%&'(%)*10 ,#1 /,#-

.#$%&'(%)*-- /,#1 /,#1 ,#1 /,#- ,#1

.#$%&'(%)*-2 ,#- /,#- /,#1

.#$%&'(%)*-3 ,#- ,#2 /,#1

.#$%&'(%)*21 /,#1 ,#-

"#$%&'(%)*2- /,#3 /,#1

.#$%&'(%)*2- ,#1 /,#2

.#$%&'(%)*23 /,#2 ,# 

.#$%&'(%)*24 /,#3 ,#- /,#1

"#$%&'(%)*20 ,#1 ,#-

.#$%&'(%)*3, /,#1 ,#2

.#$%&'(%)*31 /,#2 /,#1 ,#-

.#$%&'(%)*3- ,#2 /,#-

"#$%&'(%)*32 ,#- ,#1

.#$%&'(%)*33 /,#-

"#$%&'(%)*3 /,#2

"#$%&'(%)*34 /,#1 ,#-

.#$%&'(%)*34 ,#1 /,#-

"#$%&'(%)*30 ,#- /,#-

.#$%&'(%)*30 /,#2 /,#2 ,#+

.#$%&'(%)* , ,#1 /,#2 /,#1

.#$%&'(%)* 1 /,#1 ,#4 ,# 

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

.#$%&'(%)* 3 /,#-

"#$%&'(%)*  /,#1 ,#1 /,#-

.#$%&'(%)*  /,#2 ,#3

"#$%&'(%)* 4 /,#2

"#$%&'(%)*4, /,#- ,#1

.#$%&'(%)*4, /,#2 ,#2 /,#1

.#$%&'(%)*4- ,#2 /,#1

.#$%&'(%)*42 ,#1 /,#-

"#$%&'(%)*4 /,#1 ,#- ,#1

.#$%&'(%)*44 ,#-

.#$%&'(%)*4+ ,#2

"#$%&'(%)*4! /,#- /,#1

.#$%&'(%)*4! ,#1 /,#4 ,#-

5%6788% 2# 9 :787;<=&7 '7887 >%)<%6<8< ?7) <8 @$A B=& )7C=8%;<=&7 $D::E#

F B=7GB<7&H< IH<(%H< )%??)7I7&H%&= < ?7I< B=& BJ< 87 >%)<%6<8< <&KJ7&;%&= 8%

>%)<%6<87 )<I?=IH%L ?7) B<%IBJ&% 7(=;<=&7#



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

"# $%&'() *+ ,-(+-.+#+ '/0#+1-2+,' /+ (+*%1' /'$/+.+#&'$2' - 34 1))(*+$-2'

*+ 0%$2+5 67 -/1+//' ' 89 )(*+$-2': ;#1%$' '$2(-$) $'# 1-#1)#) *+ *+,'(/'

'&)<+)$+5 -#2(' -//%&)$) ,-#)(+ $)$ $%##+ 0'( 0)1=' &)*-#+2>: "  !"#$!%&'

?:3! ' ?:@A =-$$) %$- B)(2' +$C%'$<- 0'( #- 1#-//+D1-<+)$' *'##- 2(+/2'<<-5 +#

?: 6 0'( (-..+- ' *+/0('<<):

E- &)*'##-<+)$' 1)&.+$-2- *'F#+ -#.'(+ *+ 1#-//+D1-<+)$' 1)$ 2'1$+1=' *+

.))/2+$F =- %$ 1(+2'(+) *+ /'#'<+)$' *'##' ,-(+-.+#+ 1=' -//)1+- - 1+-/1%$-

%$ 0%$2'FF+) +$ B%$<+)$' *'##G+&0)(2-$<- $'# 0()1'//) *+ 1#-//+D1-<+)$': "$

0-(2+1)#-(' H%'/2- &+/%(- 1)$/+*'(- #G+$*+1' *+ I+$+ ('F+/2(-2) *- %$- ,-(+-.+#'

-##G+$2'($) *+ %$ -#.'() ' +# 0'/) *+ 2-#' -#.'() $'##- /2(%22%(- *+ 1#-//+D1-<+)$':

" (+/%#2-2+ )22'$%2+ *-# &)*'##) 0'( #' '/0('//+)$+ B-11+-#+ /)$) (+0)(2-2+ +$

J-.'##- 7:@:

(!%)!*) + ,$-.%/!"0!

6 ?: E-$*&-(K6! 7: 6

8 ?: E-$*&-(K36 8:A!

7 ?: E-$*&-(K88 8:7@

3 ?: E-$*&-(K38 8:63

 ?: E-$*&-(K8! 6:AA

@ ?: E-$*&-(K37 6:A 

9 ?: E-$*&-(KA 6:9@

A ?: E-$*&-(K 6:97

! ?: E-$*&-(K68 6: @

64 ?: E-$*&-(K3 6:  

66 L: E-$*&-(K@ 6: 8

68 ?: E-$*&-(K7A 6: 4

67 ?: E-$*&-(K@8 6:7!

63 ?: E-$*&-(K@ 6:7A

6 ?: E-$*&-(K 3 6:8@

6@ ?: E-$*&-(K7 6:86

69 ?: E-$*&-(K67 6:69

6A ?: E-$*&-(K79 6:4!

6! ?: E-$*&-(K7@ 6:47

J-.'##- 7:@M N'#'<+)$' *'##' ,-(+-.+#+ 0'( 1#-//+D1-2)(+ 1)&.+$-2+ ,+- *..'/)"1:

E' ,-(+-.+#+ 1)$ 0%$2'FF+ &-FF+)(+ /)$) #' 0+O (+#',-$2+ 0'( +# (+1)$)/1+&'$2)

*'##' '/0('//+)$+: P'$F)$) (+0)(2-2' #' ,-(+-.+#+ 1)$ ,-#)(+ /%0'(+)(+ - 6:

;$1=' H%'/2- 0()1'*%(- =- 0)/2) 0+O +$ -#2) $'##- F'(-(1=+- *'##' ,-(+-.+#+

0(+$1+0-#&'$2' 1))(*+$-2' Y *'+ 0%$2+ B-11+-#+M %$+1- '11'<+)$' #G-/1+//- *'#



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

 !"#$!%&'("

#$%&'()* +,-(./* 0,- &$(1,2'(./*3(42, 1,&&, ,50&(/*'(+, /6, 5+4&7424 %2

-%4&4 0-(2/(0*&, 0,- &* /&*55./*3(42, (2 /*',74-(, ,)43(42*&( 8 5+4&'* 5%& )49

1,&&4 /4):(2*'4 /42 &* ',/2(/* 1,&&, ;4-,5', /*5%*&(" <2 =%,5'4 /*54 5( )(5%-*

&$()04-'*23* 1( %2* +*-(*:(&, +*&%'*214 &* 0,-1('* 1( 0-,/(5(42, /*%5*'* 1*&9

&$,5/&%5(42, 1,&&* 5',55* 1*& )41,&&4" >2/6, (2 =%,5'$4''(/*? ( 0%2',77( 0(@

*&'( AB*:,&&* C"DE +,27424 *554/(*'( * %2 54''4(25(,), 1( 4-1(2*',"

)!%*!+* , -,!" .,/%,!0, -,!" .,/%,!0,

1//2%!/3 4*"*

F G" #*21)*-H D !"D! CD"IJ

K G" #*21)*-HLI !"  CF"FL

C G" #*21)*-HLJ !" C KL" I

M G" #*21)*-H I !" K KL" F

C L G" #*21)*-HLL !" D KM"JC

 G" #*21)*-HMJ !" I KM"D 

D G" #*21)*-HLD !" K KC"LD

I G" #*21)*-H  !"LD KC"!I

J G" #*21)*-HKM !" K KF"LI

F! G" #*21)*-HKF !"LJ K!"JL

FF G" #*21)*-HL! !" M FJ"KC

FK G" #*21)*-HKC !"LI FI"JI

FC G" #*21)*-HLM !" C FI"DK

FM G" #*21)*-HKK !"LD FI"KD

FL G" #*21)*-HK! !"L FI"K 

F G" #*21)*-HKL !"LL FD"M!

FD G" #*21)*-H C !"LD FL" C

FI G" #*21)*-H L !"L FL"KD

B*:,&&* C"DN O,&,3(42, 1,&&, +*-(*:(&( 0,- ()04-'*23*" P4-,5', /*5%*&(? /42

4-1(2*),2'4 0,- 1()(2%3(42, ),1(* 1,&&* 0-,/(5(42, , (21(/, 1( Q(2("

R2* +*&%'*3(42, /4)0&,55(+* 1,( -(5%&'*'( ,+(1,23(* %2 *50,''4 /,2'-*&,

*&&$(2',-24 1,&&$(2',-* *2*&(5(N &* 0-,+*&,23* 1( /44-1(2*', +,-'(/*&( 2,&&$(25(,9

), 1,&&, +*-(*:(&( 0(@ -(&,+*2'(" S%,5'4 /4)04-'*),2'4 8 (21(/*'(+4 1( /4),

1* %2 0%2'4 1( +(5'* )()(/4 5(* 0(@ 1(T/(&, -,*&(33*-, )4+(),2'( 4-(3342'*&(?

-,21,214 &, -(50,''(+, /4)042,2'( ),24 (2;4-)*'(+, 0,- (1,2'(./*-, (& '(04

1( ,)43(42, -*00-,5,2'*'*" #, 342, 0(@ U,50-,55(+,V? 5424 &$*-/*'* 540-*//(9

7&(*-, , &* :4//*? ),2'-, ( )*-7(2( &*',-*&( 242 5424 =%*5( )*( /425(1,-*'(

1*( )41,&&(" R2* 0*-3(*&, (2',-0-,'*3(42, * =%,5'4 -(5/42'-4 ,)0(-(/4 5( 0%W



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

"#$%"$&"% '%((& )&**#+"% )+,#(#-. /# 01%2-% 3 $+)4+'%'-# "#24%--+ &((% &(-"%5

6' &(-"+ %(%)%'-+ #'-%"%22&'-% "#*1&"/& (7#)4+"-&'8& /%((7&22% $%'-"&(% /%(

9+(-+: #' $+""#24+'/%'8& /%((& 8+'& '&2+;(&,#&(% <41'-# =!;=>:  =; ?@5 A%'%;

"&()%'-% (7&2#))%-"#& <4"%9&(%'8& /# 41'-# "#(%9&'-# 21( (&-+ /%2-"+ + 2#'#2-"+

/%( 9+(-+@ '+' 2# $+'B*1"& $+)% 1'& $&"&--%"#2-#$& 4%$1(#&"% '%((7#/%'-#B$&;

8#+'% /%((% %24"%22#+'#: &/ %$$%8#+'% $C% 4%" (7%)+8#+'% /%( /#24"%88+5 D%" 1'7

&'&(#2# /%((% $+""#24+'/%'8% E&$$#&(#: 4"%2%'-#&)+ #' F#*1"& =5!! (& "&44"%2%';

-&8#+'% 21 9+(-+ #'%24"%22#9+ /%((% 9&"#&,#(# 2#*'#B$&-#9% 4%" #( )+/%((+ GHI5

I $&12& /# +99#% (#)#-&8#+'# *"&B$C%: J 2-&-+ %9#/%'8#&-+ (7#'-%"+ 41'-+ % '+'

(& 2#'*+(& $++"/#'&-& #'/#$&-& /&((& 4"+$%/1"& /# 2%(%8#+'%5

F#*1"& =5!!K L&44"%2%'-&8#+'% /%#  M 41'-# E&$$#&(# %2-"&--# /& 1'7#))&*#'%

"&N*1"&'-% (7%24"%22#+'% '%1-"&5 O '1)%"# % (% $"+$# %9#/%'8#&'+ (& 4+2#8#+;

'% /%#  !"#$!%&' 2%(%8#+'&-# /&((& 4"+$%/1"& '()*+,') 4%" #( )+/%((+ GHI5

P22%'/+ 1'7#))&*#'% '%1-"&: # 41'-#  3 %  M $+#'$#/+'+5



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

 ! !" #$%&'$()*+, -*+ )+.),/, 0) 1,2)3-$ )+0)4,+0,+',

"#$% &'()*((# '+ ,-%)%&%+./0 *+/ 1*%(2'#+% )3% $'+/ 45/22%+&'6'4'27 &%'

-'(*42/2' )#+2%+*2' '+ 8/6%44/ 9:; -'<*/-&/ 4/ +#+ '+&',%+&%+./ &%44% #((%-=/>

.'#+'0 &#=*2/ /445*2'4'..# &' *+ +*$%-# 4'$'2/2# &' (#<<%22' ,%- 4% ,#(%: ?/

=/-'/6'4'27 &%44% )/-/22%-'(2')3% &' !@ $'(*-/.'#+' -%4/2'=% /44# (2%((# (#<<%2>

2# A )'-)/  ! "#$%& '()&*'#*& / 1*%44/ &' !@ #((%-=/.'#+' ()%42% )/(*/4$%+2%0

1*%(2# ,*B ,#-2/-% / &%44% =/4*2/.'#+' +#+ =%-'2'%-%: C%- )#+2-/(2/-% 1*%(2#

%D%22# '+&%('&%-/2#0 A )#+('<4'/6'4% %D%22*/-% +*#=/$%+2% 4% (2'$% % =/4*2/-%

' $#&%44' (* *+5'+('%$% &' =%-'E)/ +#+ ,'F (%4%.'#+/2# )/(*/4$%+2% &/445'+>

2%-# )/$,'#+%0 $/ )#$,#(2# &/ (#4% *+'27 -%4/2'=% / (#<<%22' +#+ '+)4*('

+%445'+('%$% &' (2'$/G '+ 1*%(2# $#&# ' -/<<-*,,/$%+2' &' /,,-%+&'$%+2# %

&' =/4*2/.'#+% -'(*42/+# '+&',%+&%+2': H #,,#-2*+# I#-+'-% *+/ 1*/+2'27 &'

&/2' /,,-#,-'/2/ ,%- )'/()*+ /4<#-'2$# %& /4 )#+2%$,# -%+&%-% )#$,/-/6'4%

'4 +*#=# %(,%-'$%+2# )#+ '4 ,-%)%&%+2%0 '+ 2%-$'+' &' +*$%-#('27 &%4 )/$,'#>

+%: J+ 1*%(25#22')/ 4% ,-#,#-.'#+' &%E+'2% ,-%)%&%+2%$%+2% +%4 C/-/<-/I# 9:!

,%- ' &*% <-*,,' (#+# -'$/(2% '+/42%-/2%: K%44/ 8/6%44/ 9:L (#+# -',#-2/2' '

-'(*42/2' #22%+*2' &/' )4/(('E)/2#-' )#+ 1*%(2/ +*#=/ )#+E<*-/.'#+%:

 %2#&# + %* ,+< - #+ . '( / %/ 0 /, 1/& 1*-  !"#$%

234 3#5'% M9N ;@@N ;@@N ;@@N ;@@N ;@@N ;@@N ;@@N !"#

3#5 3'(&6* 4#7&$ M@N ;@@N LLN M9N ;@@N ;@@N ;@@N MON !$#

3., LON ;@@N MPN ;@@N ;@@N ;@@N ;@@N ;@@N !$#

8*&& M9N ;@@N ;@@N ;@@N L9N ;@@N MPN ;@@N !%#

+&9*6$ +&%:#*;< L9N ;@@N ;@@N ;@@N ;@@N ;@@N ;@@N ;@@N !$#

36<<# M9N ;@@N ;@@N ;@@N ;@@N ;@@N ;@@N ;@@N !"#

4,=1 M@N ;@@N M9N ;@@N ;@@N ;@@N ;@@N ;@@N !%#

1>4 ;@@N ;@@N LLN ;@@N ;@@N ;@@N ;@@N ;@@N !"#

?@++ O9N ;@@N ;@@N ;@@N M N ;@@N ;@@N ;@@N !&#

A##<%'(5 M N ;@@N ;@@N ;@@N ;@@N ;@@N ;@@N ;@@N !"#

A655'(5 M9N ;@@N ;@@N ;@@N ;@@N ;@@N ;@@N ;@@N !"#

=6(7#B /#*&<% LON ;@@N ;@@N ;@@N ;@@N ;@@N ;@@N ;@@N !'#

 !"#$$! %&'( )$!**+,-!.+/0# -/0 +0*+#1# 2+ 3#4+,-! +02+5#02#06#( + */77#66+

86+$+..!6+ +0 98#*6! !0!$+*+ */0/ 08/3+ 4+*5#66/ !$$! :!*# 2+ !22#*64!1#06/&

; 1/2#$$+ 2+ -$!**+,-!.+/0# 2+1/*64!0/ 80! -!5!-+6< 54#2+66+3! 0/0 +0=

:#4+/4# ! 98#$$! 1!0+:#*6!6! !664!3#4*/ 3#4+,-! -/0 5/*# 2+ */77#66+ -!*8!$+>

4#7+*64!02/ 80 6!**/ 2+ #44!6! -$!**+,-!.+/0# 0/0 *85#4+/4# !$ ?@& A$+ !554/-=

-+ -B# B!00/ /C#46/ 80! 54#*6!.+/0# 1+7$+/4# */0/ *6!6+ ADE F*+! -$!**+-+ -B#

-/0 4#7/$!.+/0# DGHHIJ> HKE # + -$!**+,-!6/4+ -/1"+0!6+& D! -$!**# -B# B!

-4#!6/ 1!77+/4+ 2+L-/$6< 5#41!0# 98#$$! 2#$$# #*54#**+/0+ 0#864#> *+-84!1#0=

6# $! 5+M +15#70!6+3! 2! 80 5806/ 2+ 3+*6! *6486684!$# 5#4 $# 4!7+/0+ 2#*-4+66#

0#$ N!4!74!:/ %&%& H+ -/0*+2#4!0/ + 4+*8$6!6+ /66#086+ -/15$#**+3!1#06# 5+M

*/22+*:!-#06+ 4+*5#66/ ! 98#$$+ /66#086+ 0#$$! 54#-#2#06# #$!"/4!.+/0#&



 !"! #$%&'$%($ #$% ) ')*+,(-() .'/#/0/%()  !

"# $%&'($'()# $'**' %++#,%(% $#**# -.%/(/+%# $'* ./,,'00/ (/( .'+12#

$3(43' %(53%2' 02/&&/ .3% 2%.3*0#0%6 &2/1#1%*+'(0' # 7#3.# $'**# ('00# $'-(%8

)%/(' $'***' '.&2'..%/(% 9% :/0/,2#++% .'*')%/(#0% 2#;,32#(/ .0#0% '+/)%/(#*%

# +#27#0# %(0'(.%0< '.&2'..%=#> ' %* (3+'2/ %(,'(0' $% =#2%#1%*% # $%.&/.%)%/('

&'2 +/$'**#2' %* &2/1*'+#?

@# 3( &3(0/ $% =%.0# +'0/$/*/,%7/6 %  !"#$!%&' ./(/ .0#0% '.02#00% $#

3( :/2+#0/ :/0/ .0#($#2$6 *%+%0#($/ *#2,#+'(0' *' %(7/(,23'()' %($%=%$3#*%

('% 7/(0/2(% $'* =/*0/? A( =%20B $'* 2%.7/(02/ '+&%2%7/6 .% C $'7%./ $% (/(

7/(.%$'2#2' *# 2%&'0%)%/(' $'% ./,,'00% 2#;,32#0% 7/+' 3( #.&'00/ $% 2%*'=#()#

0#*' $# ,%3.0%-7#2' +/$%-7D' ./.0#()%#*% ('**# 7/+&/.%)%/(' $'* 7#+&%/(' '

('**# =#*30#)%/(' 7/+&*'..%=# $'% 2%.3*0#0% /00'(30%?

 !" #$%&'$%($ )$% * '*+,-(.(* /'0)010%(*

E(# 7*#..%-7#)%/(' +/*0/ .%+%*' #=='(30# 02#+%0' FGH C .0#0# 'I'003#0#

$#,*% .0'..% 72'#0/2% $'**# 7/**')%/(' $% .'43'()'6 7/+' 2%&/20#0/ ('* 7#&%0/*/

&2'7'$'(0' %( J#1'**# K?!? A* 2%7/(/.7%+'(0/ $'**' '+/)%/(% $% "37'L () ! *

9KMNM> C #=='(30/ 30%*%))#($/ $3' 0%&% $% 02#.:/2+#)%/(% $'%  !"#$!%&'6 % 43#*%

./(/ .0#0% #$#00#0% # 3( 7*#..%-7#0/2' FGH #$$'.02#0/ # %$'(0%-7#2' *' .%(,/*'

OE? F377'..%=#+'(0'6 30%*%))#($/ 3(/ .7D'+# $% 7/(='2.%/(' %( '+/)%/(% &'2

7/+1%(#)%/(% $% OE6 C .0#0# 7/.023%0# *# +#02%7' $% 7/(:3.%/(' -(#*' &'2 *'

'+/)%/(%? A 2%.3*0#0% /00'(30% ./(/ .0#0% 7/+&*'..%=#+'(0' +%,*%/2% 2%.&'00/

#**/ .03$%/ $'* KMNM6 .%# 30%*%))#($/ *# .0'..# +'0/$/*/,%# FGH 7D' %+&2/(8

0#($/ ./*3)%/(% $%I'2'(0%6 2#,%/( &'2 73% .% 2%0%'(' 7D' &'2 3(P#(#*%.% +%2#0#

#* 2%7/(/.7%+'(0/ $%2'00/ $'**' '+/)%/(%6 .%# &%B /&&/203(/ *#=/2#2' 7/( ,*%

.023+'(0% &2/&/.0% %( 43'.0/ '*#1/2#0/? Q/(:2/(0#($/ *P#003#*' 7*#..%-7#0/2'

FGH 7/( 43'**/ 2'#*%))#0/ $#* ,23&&/ $'**# +!%"(,-( .(  /" 0"-1(%'-)26 *'

=#2%#)%/(% &'27'(03#*% /00'(30' &'2 7%#.73(# '+/)%/(' ./(/R

 S'2 *# %!33-!6 TKUV $% &2'7%.%/(' 2%.&'00/ #**/ .03$%/ /2%,%(#2%/

 S'2 %* #-'4%(55/6 T ? V

 S'2 %* #-',6')/6 8WV

 S'2 *# 4!6%!6 TNN?XV

 S'2 *# 7( -8-)96 MV6 $#* +/+'(0/ 7D' %( '(02#+1% ,*% .03$% .% C 2#,,%3(0/

%* NMMV $% 7/22'00' 7*#..%-7#)%/(%

 S'2 *# )%-')(55!6 TNU?WV

 S'2 *# '/%4%('!6 8KK?XV 6



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

"#$%&'()#$*+ ,$ "%-.%+/#"'$)+ 0+"1.'((%2+ *% 0%/0# %.  34 # 0,% 2# #--%,$)#

,$# 0#1#0%)5 *% /%0+$+(0%"'$)+ *'. 673 1'/ .' '(1/'((%+$% $',)/'8 9#. "+:

"'$)+ 0;'4 '(0.,*'$*+ .<#.='/+ (%$-+.+4 ),))% -.% #.)/% #11/+00% ;#$$+ +))'$,)+

1'/0'$),#.% 1%> '.'2#)'4 % 1/+-/'((% /%(1'))+ #. (%()'"# *% ?+;$  ! "#$ (+$+

1%,))+()+ ('$(%=%.%8

@' *%A'/'$B' (+()#$B%#.% /%(1'))+ #-.% (),*% 1/'0'*'$)% /%-,#/*#$+ -.% '.':

"'$)% *% 0,% 0% (% C ('/2%)% 1'/ (2%.,11#/' .<#$#.%(%4 +22'/+ .' =#(% *# 0,% ;#

#2,)+ %$%B%+ .# 0.#((%D0#B%+$'E % #"%&'"()* *'. 2%(+8 F 1,$)% *% /%&'/%"'$)+ 0;'

(+$+ ()#)% '()/#))% (+$+ .# &+/"# 1%> ('"1.%0' 1'/ (%$)')%BB#/' .' ('"=%#$B' *%

,$ 2+.)+ ,"#$+4 (+$+ ,$%2'/(#.% ' /%$)/#00%#=%.% %$ G,#.,$G,' &+)+ 0+$ (+-:

-'))+ %$ 1/%"+ 1%#$+ &/+$)#.'H 1+((+$+ '(('/' )/#00%#)% #,)+"#)%0#"'$)' *#

,$ 0+"1,)'/ + "#$,#."'$)' *# ,$ '(1'/)+8 ?+$&/+$)#$*+ % /%(,.)#)% 0+$ .'

IJK #11.%0#)' #% *#)% *'. ?LM4 (% '2%$0' 0+"'4 1'/ %. /%0+$+(0%"'$)+ *'..'

'"+B%+$%4 .# 0.#((%D0#B%+$' *%/'))# *'% 1,$)% &#00%#.% #==%# ,$# /'(# (,1'/%+/'

%$ )'/"%$% 1/'2%(%2%4 /%(1'))+ #..# 0.#((%D0#B%+$' %$)'/"'*%# *'..' NO8

O$ ('0+$*+ '.'"'$)+ *% *%()%$B%+$' /%-,#/*# .# )%1+.+-%# *% (),*%+ *'..'

/'.#B%+$' &/# 1,$)% '* '(1/'((%+$' &#00%#.'8 O$ /'G,%(%)+ '(('$B%#.' 1'/ ,$#

=,+$# /%,(0%)# *'..<#$#.%(% C .<,)%.%BB+ *% '(1/'((%+$% *'D$%)' %$)'-/#."'$)' '

#11#/)'$'$)% # ,$# *'..' ('))' 0#)'-+/%' *% =#(' *% 0,% (% C 1#/.#)+ $'. ?#1%)+.+

P8 9# ,$ 1,$)+ *% 2%()# ()#)%()%0+ C 1+((%=%.' '()'$*'/' .' 0.#((%4 1'/*'$*+

1'/Q %. (,11+/)+ =%=.%+-/#D0+ /'.#B%+$#)+ #..<,$%2'/(#.%)5 *'..' '"+B%+$% 1/%:

"#/%' RS/%*.,$*  ! "#$4 P67TU8 O$ 2%# 1%> 0+"1.'((# /%-,#/*# .+ (),*%+ *%

%$)'$(%)5 =#((' R.%2'..% N ' VU4 ,)%.' 1'/ %$*#-%$% ' (%),#B%+$% *+2' .<'2%*'$B#

*'..<'"+B%+$' $+$ C 0+(W &+/)' ' $+$ 1,Q '(('/' %$*%2%*,#)# &#0%."'$)' #))/#:

2'/(+ .' $#),/#.% 0#1#0%)5 *'..<+00;%+ ,"#$+4 + .+ (),*%+ *% 0+"=%$#B%+$% *%

'"+B%+$% 1/%"#/%'4 "+.)+ #)),#.' ' #11/'BB#)+ %$ #"=%)+ 1/+&'((%+$#.' ' %$:

2'()%-#)%2+E %$ '$)/#"=% % 0#(% C (1'((+ $'0'((#/%+ /%0+//'/' #. /%0+$+(0%"'$)+

%$)'/"'*%+ *'..' NO #))%2#)' ' (,00'((%2#"'$)' X%$)'/1/')#/'Y % /%(,.)#)% %$

)'/"%$% *% 0+"1+/)#"'$)+ '"+B%+$#.'4 ),))#2%# .# 0#1#0%)5 *'% 0.#((%D0#)+/%

*% #(('-$#/' ,$# 1/+=#=%.%)5 *% #11#/)'$'$B# # 0%#(0,$# 0.#((' $+$ '(0.,*'

(2%.,11% %$ G,'()+ ('$(+8 @<,(+ *% 1/+0'*,/' ()#)%()%0;' #2#$B#)' ' *%2'/(%D0#:

)'4 ;# 1'/"'((+ .# 0+()%),B%+$' *% 0.#((%D0#)+/% #* #.)+ )#((+ *% /%0+$+(0%"'$)+

' #. 0+$)'"1+ 2'/(#)%.% $'. -'()%/' .# *%"'$(%+$#.%)5 ' .# $#),/# (1#B%#.' *'.

1/+=.'"#8



 !"#$%&% '

() !""*%++#% ,!-./#!)%0 1233

"*%,!,#&#/$#+#

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

 !"#$% &'()$%*% +"#&,)-" *% #-)*!((% " *.)/(*"/"0$'1)%0" +) !0 '((,%&&)%

0!%-% (", *' &*'##)2&'1)%0" +"**" "#(,"##)%0) 3'&&)'*)4 5* /"$%+% #$'$)#$)&% +)

,)3",)/"0$% #%0% ) 6788 (,"#"0$'$) 0"* 9'()$%*% :; ,)-)#)$'$) (",< )0 %$$)&'

='>"#)'0'4 ?0' &','$$",)#$)&' 3%0+'/"0$'*" +"**' 0!%-' 3%,/!*'1)%0" @ *'

&,"'1)%0" +) !0 /%+"**% (,%='=)*)#$)&% &%/(*"$%; )0 &!) ) (,%=*"/) +) $,'$$'7

=)*)$A '##%&)'$) '**' 3!01)%0" +) -",%#)/)B*)'01' -"0B%0% #!(",'$) '$$,'-",#%

#)/!*'1)%0) C%0$" 9',*% #!**" +)#$,)=!1)%0) &%0+)1)%0'$" +"**" -',)'=)*)4

D' (,)/' (',$" +"* &'()$%*% @ +"+)&'$' '**' +)#&!##)%0" " '**.)/(*"/"0$'7

1)%0" +"* 0!%-% /%+"**%4 E',$"0+% +' !0' &%0-",#)%0" +"**.!#!'*" '*B%,)$/%

+") 6788 )0 !0' #$,!$$!,' (,%='=)*)#$)&' ) &!) "*"/"0$) B%+%0% +"**'  !" !#$%

&' (# )*!+",; #) )**!#$,' !0.)/(*"/"0$'1)%0" $,'/)$" )*!+", -.*#/ )"/&$

-*!0"; )0 #"B!)$% C9C9 F#) -"+' '+ "#"/()% G%=",$ " 9'#"**'; HIJIK; &L"

3%,0)#&" !0' #$)/' ' (%#$",)%,) +") (','/"$,) +"* /%+"**% " (",/"$$" +) "37

3"$$!'," *.'0'*)#) +"**" "/%1)%0) ,'((,"#"0$'$" 0"* 96MN !0' -%*$' &'*&%*'$'

*' #$)/' ='>"#)'0' +"**' (,%='=)*)$A ' (%#$",)%,) (", &)'#&!0' 0!%-' %##",-'7

1)%0"; #) "O"$$!' *' &*'##)2&'1)%0" #!**.)0#)"/" +) +'$) " #) &'*&%*' )* $'##% +)

,)&%0%#&)/"0$% %$$"0!$%4

8"**' #"&%0+' (',$" #) 'O,%0$' )* (,%=*"/' +"**' #"*"1)%0" +"**" -',)'=)*)

(", )* /%+"**% (,%='=)*)#$)&%; )/(*"/"0$'0+% !0 /"$%+% C9C9 &L" -'*!$'

)* &%0$,)=!$% +) &)'#&!0' -',)'=)*" $,'/)$" !0' (,%&"+!,' 1&$ 2#1$ #)/)*" '

P!"**' !$)*)11'$' 0"**' ,"B,"##)%0" *)0"',"4 50 P!"#$% &'#% *' #&"*$' +) )0&*!+","

% "#&*!+"," !0' -',)'=)*" '--)"0" #!**' ='#" +"**" (,%='=)*)$A ' (%#$",)%,) +)

/%+"**) &L" )0&*!+%0% "+ "#&*!+%0% &)'#&!0' -',)'=)*" '+ %B0) ('##% +"**.'*B%7

QR



   !"#$%&% '( )* !""+%,,#% -!./0#!*%1 2344 "+%-!-#&#0$#,#

!"#$%& '( #()*")+( ,#-#",#")+( -../")-#( ,%*% ,#-#( "$./($(*#-#( "* /"*01-00"%

 ( "/ !(/-#"2% )%3")( 4 !".%!#-#% "* 5..(*3")(&

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

 !"!# $%& '()*+,%( -),.&.+/+*0+1& 2(+ 3455

'- .!%)(31!- )/-,,")- 3(" 6788 .(!$(##( 3" !(-/"99-!( 1*- )/-,,":)-9"%*(

,($./")( ( )%* )%,#" )%$.1#-9"%*-/" .!%.%!9"%*-/" -//- #-0/"- 3(//;"*,"($( 3"

3-#" "* (,-$(& <".!(*3(*3% /- =%!$1/-9"%*( 3" >-,-!-#+? @ABBACD E1(,#- #()7

*")- !")+"(3( 1*")-$(*#( "/ )-/)%/% 3(//- $-#!")( 3(//( 3",#-*9( ( 3" )/-,,":)-!(

/( *1%2( %,,(!2-9"%*" #!-$"#( 1* 2%#% 3" $-00"%!-*9- ,1//( )/-,," 3(" k .1*#"

."F 2")"*"D $- *%* )%,#"#1",)( 1*- $%3(//-9"%*( ,#-#",#")- "* #(!$"*" .!%.!"&

'- 3"G)%/#H 3" ,#!1##1!-!( " 6788 "* =%!$- .!%I-I"/",#")- 4 (,,(*9"-/$(*7

#( 3%21#- -//- $-*)-*9- 3" 1*- !(/-9"%*( ,"$$(#!")- #!- %,,(!2-9"%*" )%*,(7

)1#"2(D %22(!% 3" )%**(,,"%*( #!- " .!"$" n (/($(*#" ( /;n+ 17(,"$% (/($(*#%

"*,(!"#%& J1(,#- -,,%)"-9"%*( #!- /( %,,(!2-9"%*" !-..!(,(*#- 1* !(E1","#% =%*7

3-$(*#-/( .(! /;(,",#(*9- 3" 1*- 3",#!"I19"%*( 3" .!%I-I"/"#H )%*0"1*#- .(!

"/ *1%2% )-$."%*( 3" 3"$(*,"%*( n + 1& K* -/#!( .-!%/(D E1-/1*E1( "*,"(7

$( )%$./(#% 3" 3",#!"I19"%*" )%*3"9"%*-#( I-,-#- ,1/ )/-,,")% ,",#($- 6788

L-,"$$(#!")%M *%* 4 )%$.-#"I"/( )%* 1*- 3",#!"I19"%*( )%*0"1*#-&

N*- ,%/19"%*( .(! %##(*(!( 1*- "*#(!.!(#-9"%*( .!%I-I"/",#")- 3" E1(,#%

$(#%3%D 4 $%3":)-!( /- ,#!1##1!- %!"0"*-!"- 3(" 6788 !(*3(*3% ,"$$(#!")-

/- !(/-9"%*( =!- .1*#" L2")"*"M& O,($./":)-*3%D ,( xi -..-!#"(*( -//;"*,"($( 3("

k 2-/%!" ."F .!%,,"$" - xj ( /- !(/-9"%*( "*2(!,- *%* ," 2(!":)- @%22(!% xj *%*

-..-!#"(*( -//;"*,"($( 3(" .1*#" ."F .!%,,"$" - xiCD "/ .1*#% xj 2"(*( -00"1*#%

101-/$(*#( -//;"*,"($( 3(" 672")"*" 3" xi& ';"*,"($( 3" .1*#" 2")"*" %##(*1#%

4 )+"-$-#% !"##$%&'($) *+,$-&$!% ,$'./01& !"!%$# @P-!"* ( <%I(!#D QRRSD

T-."#%/% UC& T%$( "//1,#!-#% *(//- V"01!- W&AD "/ .1*#% )(*#!-/( +- X 2")"*"

."F .!%,,"$" #-/" )+( *(,,1*% 3" E1(,#" /% )%*#(*0- - ,1- 2%/#- *(//;"*,"($(

3(" .!%.!" X .1*#" ."F .!%,,"$"& 8(//- *1%2- 2(!,"%*( - !(/-9"%*( ,"$$(#!")-D

"/ .1*#% )(*#!-/( 2"(*( "*2()( - ,1- 2%/#- "*)/1,% *(//;"*,"($( 3(" 2")"*" ."F

.!%,,"$" 3(" X .1*#"&

N*- 2%/#- -00"%!*-#- E1(,#- 3(:*"9"%*( 3" L2")"*%MD ," 3(*%#- )%* i ∼k j
/;-..-!#(*(*9- 3" i -//;"*,"($( 3(" k 2")"*" ."F .!%,,"$" 3" j ( /- )%*,(01(*#(

!(/-9"%*( "*2(!,-& 5 E1(,#% .1*#% 4 .%,,"I"/( .!%.%!!( 1*- 3",#!"I19"%*( 3"

.!%I-I"/"#H )%*3"9"%*-#- )%$./(#-D )%$( -22"(*( *(/ 2'00! !-#34',. @," 2(3-

-3 (,($."% <%I(!# ( T-,(//-D QRARD T-."#%/% SCD .(! !(0%/-!( /;-..-!#(*(*9-

3(//( %,,(!2-9"%*" -//( )/-,,"&



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

"#$%&' ()*+ ,'--&./.01'2#30. 4.5 -&36.//3 4# /#77.1&#22'2#30.8 9301. :'&#0

. ,3;.&1 <=>>!?) @.5 &#A%'4&3 #0 '513 ' /#0#/1&'8 %0 6'7-#30. 4# /1#7' . %0

-%013 6.01&'5. x1B #0 '513 ' 4./1&'8 #5 -%013 x1 . # /%3# C D#6#0# -#E -&3//#7#8

x28 x3 . x4B #0 ;'//3 ' /#0#/1&'8 %03 4.# C -%01# <x2? 630 # &#/-.11#D# C D#6#0# -#E

-&3//#7#B #0 ;'//3 ' 4./1&'8 5' &.5'2#30. /#77.1&#6' #065%4. x1 0.55F#0/#.7.

4.# D#6#0# -#E -&3//#7# 4# x2)



 !  !"#$%&% '( )* !""+%,,#% -!./0#!*%1 2344 "+%-!-#&#0$#,#

"#$%%&'#$ ('& &))*$++,$ -$.,/%,+$ /,0,-1 &- 0$#1--$ 0(-%,'$0,&-1 -$.,2

/%,+$ #13',%$ '1- 4&*&.*&5$ 676789 /, )(: #13',*1 ('& )*$;&;,-,%< )1* $.',

$//1*=&>,$'1 yi '1--& 5$*0&

P(Yi = Cj| −i,!, β, k) =

exp

(

β
∑

l∼kj

ICj
(yl)
/

Nk

)

G
∑

g=1

exp

(

β
∑

l∼kj

ICg
(yl)
/

Nk

)

?@7AB

#$=1 Nk *&))*1/1'%& -& #,01'/,$'1 #1, k =,+,', ),C )*$//,0, +$'/,#1*&%,9

β > 09 y
−i = (y1, . . . , yi−1, yi+1, . . . , yn) 1 ICj

(yl) ,'#,+& -D&))&*%1'1'>& #1-2

-D$//1*=&>,$'1 yl &--& +-&//1 Cj9 +E1 #,)1'#1 #&--& #,/%&'>& 1(+-,#1& &--D,'%1*'$

#1--1 +$=&*,&%1 X = {x1, . . . , xn}7
" #,F1*1'>& #1- 0$#1--$ -$.,/%,+$ %*&#,>,$'&-19 G(1/%D(-%,0$ H )&*&012

%*,>>&%$ #& (β, k) 1# H #13',%$ /$-$ #&--1 /(1 #,/%*,;(>,$', +$'#,>,$'&%19 +E1

=1'.$'$ (%,-,>>&%1 &'+E1 )1* -& )*1=,/,$'1 #1--& +-&//1 #, ('& '($=& $//1*=&2

>,$'1 yn+19 ('& =$-%& '$%$ ,- *1-&%,=$ =1%%$*1 #, +$=&*,&%1 xn+17 I- )&*&01%*$

β /1*=1 )1* 0,/(*&*1 ,- .*&#$ #, ,'J(1'>& #1--& +-&//1 ),C *&))*1/1'%&%& '1,

=,+,',9 #&- 0$01'%$ +E1 β = 0 +$**,/)$'#1 & ('& #,/%*,;(>,$'1 (',5$*01 )1*

%(%%1 -1 +-&//,9 01'%*1 β = +∞ ,'#(+1 +$' )*$;&;,-,%< 0&//,0& &--& +-&//1

)*1=&-1'%17

K13'1'#$ -& G(1/%,$'1 #& (' )('%$ #, =,/%& ;&L1/,&'$9 #&%& ('& #,/%*,2

;(>,$'1 & )*,$*, π(β, k) #, /())$*%$ [0, βmax] × {1, . . . , K}9 -& #,/%*,;(>,$'1

0&*.,'&-1 #, yn + 1 *,/(-%&

P(Yn+1 = Cj|"n+1, ,!) =

K
∑

k=1

∫ βmax

0

P(Yn+1 = Cj|"n+1, ,!, β, k)π (β, k| ,!) dβ, ?@78B

#$=1 π (β, k| ,!) H -& #,/%*,;(>,$'1 & )$/%1*,$*, #&%$ -D,'/,101 ( ,!)7 M(12

/%& /$-(>,$'1 5$*0&-1 E& )1*: ,- .*$//$ )*$;-10& #1- +&-+$-$ #1--& 5('>,$'1 #,

=1*$/,0,.-,&'>& f (y|x, β, k)N ,'5&%%,9 #&- 0$01'%$ +E1 -& +$/%&'%1 #, '$*0&-,>2

>&>,$'1 H #,)1'#1'%1 #& β 1 k9 '$' )$//,1#1 ('& 5$*0& 1/)-,+,%& #,*1%%&01'%1

+&-+$-&;,-17

O$01 &))*$//,0&>,$'1 /, (%,-,>>& -& )/1(#$2=1*$/,0,.-,&'>&



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

f̂ ( |!, β, k) =
G
∏

g=1

∏

yi=Cg

P(yi = Cg| −i,!, β, k),
"#$%&

'()*+,+ -+. /)(-(,,( -0..0 /)(1+12.2,3 4(5-262(5+,0 -2 42+7485+ (770)9+62(50

-2 +//+),050)0 +..+ 78+ 90)+ 4.+770$ :0..+ "#$%& ; /)0705,0 85+ +//)(772*+<

62(50= -+. *(*05,( 4>0 .?25,0@)+62(50 -2 f̂ ( |", β, k) 5(5 9+.0 A 0 .+ 4(7,+5,0

-2 5()*+.266+62(50 5(5 ; 4(5(7428,+$ B2 /8C (992+)0 +. /)(1.0*+ 8,2.266+5-(

85 +.@()2,*( DEDE= 4>0 '()52740 85+ 7,2*+ -0..+ -27,)21862(50 + /(7,0)2()2

π̂ (β, k| ,!) ∝ f̂ ( |", β, k) π (β, k) 0 .+ /708-(<-27,)21862(50 /0) .0 /)09272(52

P̂(yn+1 = Cj|"n+1, ,!) =

K
∑

k=1

∫ βmax

0

P(yn+1 = Cj|"n+1, ,!, β, k)π̂ (β, k| ,!) dβ. "#$#&

 !"!" #$%% &'()*+*,-.$/0.(-12. 304+,')

F. 4+.4(.( 07/.242,( -0..+ "#$#& ; -2G42.*05,0 ,)+,,+12.0 0- ; )24>207,+ 85+

+//)(772*+62(50 DEDE= 1+7+,+ 78 85+ 4+,05+ -2 D+)H(9

(

(β(1), k(k),
)

, . . . ,
(

β(M), k(M))
)

= 4(5 -27,)21862(50 7,+62(5+)2+ π̂ (β, k|y, x)= -+ 482 72*8.+)0 85

0.09+,( 58*0)( -2 9(.,0$

F5 85 /)2*( *(*05,(= /(,)0110 70*1)+)0 25,82,29( 8,2.266+)0 85( 74>0*+

-2  !""# #$%&'!()$ :(5 -27/(505-( /0)C -0..0 -27,)21862(52 4(5-262(5+,0

-2 β 0 k= ; )+@2(509(.0 /)(/())0 85 +.@()2,*( *+,-.&.'!#/0$#,!()# "72 90-+

+- 070*/2( I(10), 0 E+70..+= JKAK= E+/2,(.(  &$ L?+@@2()5+*05,( -2 β 0

k +992050 8,2.266+5-( -27,)21862(52 /)(/(7,+ 4(5 /+770@@2+,+ 4+78+.0$ M+.

*(*05,( 4>0 β ∈ [0, βmax]= 72 /8C )24())0)0 + 85+ ,)+7'()*+62(50 .(@27,24+

-0. /+)+*0,)( θ= 25 482 β= 2590),05-( .+ )0.+62(50= +778*0 85+ 7,)8,,8)+ -0.

,2/(

β(t) = βmax exp
(

θ(t)
)

/

(

exp
(

θ(t)
)

+ 1
)

, "#$N&

72*8.+5-( 2 9+.()2 -2 θ 4(5 /+770@@2+,+ 4+78+.0 -+ 1

(

θ(t), τ 2
)

= 7056+ )07,)2<

62(52 +. 78//(),($ O0) .?+@@2()5+*05,( -2 k= 72 /8C 8,2.266+)0 85+ /)(/(7,+

852'()*0 78 r 924252 -2 k(t)
= (990)( 78 85( 7/+62(

{

k(t) − r, . . . , k(t) + r
}

∩
{1, . . . , K}$ L+ -27,)21862(50 -0..0 /)(/(7,0 /0) k ; P825-2 Qr (k, ·) 4(5 '85<

62(50 -2 /)(1+12.2,3 qr
(

k, k
′
)

4>0 -2/05-0 -+. /+)+*0,)( -2 74+.+ r$ F. 4())2<

7/(5-05,0 +.@()2,*( DEDE )278.,+5,0 /0) 7,2*+)0 2 /+)+*0,)2 -0. *(-0..(

Q:: ; /)0705,+,( 25 R2@8)+ #$JS



xn+1

1

M

M
∑

i=1

P̂

(

yn+1 = l|xn+1, y, x, (β
(i), k(i))

)

,

M

yn+1 l

βmax

K
τ r
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"τ = 0.5# r = 2$# %&&'(% )*+' ,-' +.*+/%(0)1% *&'22' 34 )*22% 50 *,,'))*60%4'

*5'/3*)%7 8%1' 502)(09360%4' * :(0%(0 4%4 04;%(1*)0&* :'( β ' k < 2)*)* 2,'+)*

34* 340;%(1' 5'=40)* 23+ +%(% 5%1040%7 >+ 431'(% 50 2013+*60%40 ,*+,%+*)' <

2)*)% =22*)% * ?@@@# 0+ &*+%(' 1*2201% 50 β ' K (02:'))0&*1'4)' * !? '  @A

:'( 0+ :(01% :3B '22'(' 2,'+)% 34 &*+%(' :%20)0&% * :0*,'(' 23C,0'4)'1'4)'

/(*45' *C4,-< 0+ 23::%()% 5'0 β &'4/* '2:+%(*)% 2'46* +010)*60%40 23:'(0%(0#

1'4)(' 0+ 2',%45% &0'4' =22*)% 04 ;3460%4' 5'++* 431'(%20)D 5'+ ,*1:0%4'7

E* 2013+*60%4' -* :(%5%))% 34* 2)01* 5'++' 1'50' * :%2)'(0%(0 :'( 0 :*F

(*1')(0 5'+ 1%5'++% :*(0 * (β̂, k̂) = (6.5, 3) > /(*=,0 4'++* G0/3(* H7I ' H7H

:('2'4)*4% +' 502)(09360%40 * :%2)'(0%(0 1*(/04*+0 :'( β ' k7 > &*+%(0 50 β :('F

2'4)*4% 34* 502)(09360%4' +0'&'1'4)' *2011')(0,* +34/% 0+ 5%1040% (0, βmax)
1'4)(' 0+ :*(*1')(% k %2,0++* J3*20 '22'460*+1'4)' 23 &*+%(0 :0,,%+0# :(0&0+'F

/0*45% +* 2,'+)* 50 34 2%))%0420'1' (05%))% 50 :34)0 &0,0407 KL'))3*45% +*

:('&020%4' 5'++' ,+*220 23++% 2)'22% ,*1:0%4' 3)0+066*)% :'( +' *4*+020 5'+ 8*:0F

)%+% I# 20 < %))'43)% 34 '((%(' 50 ,+*220=,*60%4' :'( +' 43%&' %22'(&*60%40 :*(0

*+  M# ,%4 *+)0 )*220 50 (0,%4%2,01'4)% :'( )3))' +' '1%60%40# *5 '2,+320%4'

5'++.'2:('220%4' 4'3)(* ,-' (023+)* ,+*220=,*)* '((%4'*1'4)' 4'+ NNM 5'0 ,*207

E.')0,-'))* 5'++' ,+*220 < 2)*)* *22'/4*)* 2'+'60%4*45% :'( %/40 %22'(&*60%4'

+* 1%5*+0)D 5'++* &*(0*90+' (02:%2)* Y ,%4 :(%9*90+0)D * :%2)'(0%(0 :0O '+'&*)*7

>4 P*9'++* H7! &0'4' :('2'4)*)* +* 1*)(0,' 50 ,%4;320%4' :'( 0+ ,*1:0%4' 50

:34)0 ;*,,0*+07

 !" #$% &'$ ()* +!, -,. /,0 /"1

 !"   ! @7@ @7@ @7H @7@ @7@ @7@ !7Q

#$% I7R "##!# @7@ @7@ @7@ @7@ @7@ @7@

&'$ H7@ @7@ "##!# @7@ @7@ @7@ @7@ @7@

()* H7 @7@ @7@ $$!% @7@ @7@ @7@ @7S

+!, N7N @7@ @7@ @7@ "##!# @7@ @7@ @7@

-,. N7@ @7@ @7@ @7@ @7@ "##!# @7@ @7@

/,0 I7I @7@ @7@ @7@ @7@ @7@ "##!# @7@

/"1 N7N @7@ @7@ @7@ @7 @7@ @7@ $ !%

P*9'++* H7!A 8+*220=*60%4' ,%4 TFUU :(%9*90+02)0,%7 V*)(0,' 50 ,%4;320%4'

:'( 0+ (0,%4%2,01'4)% 5'++' Q '1%60%40 ,%4205'(*)'7 E' (0/-' ,%((02:%45%4%

*0 &*+%(0 :('5'))0# +' ,%+%44' *0 &*+%(0 %22'(&*)07 W'( %/40 '1%60%4'# < 2)*)*

'&05'460*)* +* ,+*220=,*60%4' ,%4 :'(,'4)3*+' 1*//0%('7 E' ')0,-'))' (*::('F

2'4)*4%A U'3 X U'3)(*+'# Y4/ X Z*990*# 8%4 X [02('66%# [02 X [02/32)%#

G'* X W*3(*# \*: X G'+0,0)D# ]*5 X P(02)'66*# ]3( X ]%(:('2*7
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"#$%&' ()*+ ,-.%-/0' 1# 2333 4#5%6'0#7/# 87/ #6 9:;; <-=&7>76#4:?'4=#/$4)

@#4=&#A%0#7/- 5'&$#/'6- ' >74=-&#7&# 5'&$#/'6- 1# β)



k



 !  !"#$%&% '( )* !""+%,,#% -!./0#!*%1 2344 "+%-!-#&#0$#,#

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

"# $%&'()*(' *+)'&&),* -'%%./#/%)0) 1 %/ 0'%'2)*#' -'%%' 3*45*#'#&) 5)6 ()7

%',/#&) #'% ,'&&*(' X 3*0&)&$)&* -/%%' 89: 3**(-)#/&' -) 5$#&); 0$%%/ +/0' -'%

%*(* 3*#&()+$&* /%%/ 3%/00)<3/2)*#'= >*4+)#/#-* 3()&'() -) 5/(0)4*#)/ ?%.'7

%)4)#/2)*#' -') 5('-)&&*() 0$5'(@$) ()-$3' ) &'45) -) 3/%3*%*A '- 'B3)'#2/

?$# #$4'(* '33'00),* -) ,/()/+)%) 5$C ('#-'(' 4'#* ',)-'#&) %' -)D'('#2' &(/

%' 3%/00)A; 1 -'0)-'(/+)%' *&&'#'(' $# 0*&&*)#0)'4' -) ,/()/+)%) ()%',/#&) 3E'

5'(4'&&/#* -) 'D'&&$/(' )% ()3*#*03)4'#&* -'%%' '4*2)*#) 3*# $# 4/(F)#' -)

'((*(' %)4)&/&*=

G# H$'0&.*&&)3/ %/ 3*55)/ -) 5/(/4'&() (β, k); -) 3$) 0) ,$*%' *&&'#'(' $#/

0&)4/ -'%%/ -)0&()+$2)*#' / 5*0&'()*(); ,)'#' 3*#-)2)*#/&/ / $#.$%&'()*(' 3%/00'

-) ,/()/+)%) )#-)3/&()3) γj ∈ {0, 1} 3*# (1 ≤ j ≤ p) 3E' -'&'(4)#/ H$/%) 3*47

5*#'#&) -) x 0*#* /&&),' #'% 4*-'%%*= I) )#-$3' H$)#-) %./%F*()&4* J>J> /

'0'F$)(' 0)4$%/2)*#) 0$ 0*&&*4*-'%%) -) -)4'#0)*#' )#K'()*(' / p; ()5(*-$3'#-*
0&($&&$(' -) 0'%'2)*#' F'(/(3E)3/ /#/%*FE' / H$'%%' -') 4*-'%%) -) ('F('00)*#'=

L. '05%*(/2)*#' -) &$&&' %' 2p − 1 3*4+)#/2)*#) -) 0*&&*4*-'%%) #*# 1

$#/ 0&(/-/ 5'(3*(()+)%'; -) 3*#0'F$'#2/ 1 #'3'00/()* ()3*(('(' / $# 4'&*7

-* 3*45$&/2)*#/%4'#&' 5)6 'B3)'#&'= "#/ 0*%$2)*#' 1 $&)%)22/(' $# /57

5(*33)* J>J> -) &)5*  !"! #$%&! '()* ?M*+'(& ' >/0'%%/; NOO!; >/5)&*%*

88A; -*,' ) 5/(/4'&() (β, k) ,/()/#* 3*#-)2)*#/&/4'#&' / γ; 4'#&(' %.)#0)'4'

γ = (γ1, . . . , γp) /FF)*(#/ $#/ 3*45*#'#&' /%%/ ,*%&/ 3*#-)2)*#/#-*0) / (β, k)
' /) -/&) *00'(,/&)=

 !"!# $%&'()*+' ,-,- ./( %0 1/%/2)'3/ 4/%%/ 50()06)%)

L./%F*()&4* 1 3*0&)&$)&* -/ $#/ 5()4/ 5/(&' 0)4)%' /% 4'&*-* )%%$0&(/&*

#'% P/(/F(/K* !=N=N; -/% 4*4'#&* 3E' $#/ ,*%&/ F'#'(/&) ) 5/(/4'&() )#)2)/%)

-'% 4*-'%%*; %/ 3*0&($2)*#' -'%%/ 3/&'#/ -) J/(Q*, 5'( %/ 3*55)/ (β, k) /,7

,)'#' 4$*,'#-*0) -) )&'(/2)*#' )# )&'(/2)*#' 0'3*#-* %/ 3%/00)3/ 5(*3'-$(/ -)

/FF)*(#/4'#&* -'% JR= P'( *F#) 3*#<F$(/2)*#' (β(t), k(t)) ; 0) F'#'(/ %/ 0&)4/

J*#&' >/(%* -) γ
(t)
j 5'( j = 1, . . . , p; &(/4)&' %/ -)0&()+$2)*#' / 5*0&'()*()

π
(

γj| ,!, γ
(t)
−j, β

(t), k(t)
)

. ?!= A

L/ -)B3*%&S 4/FF)*(' ()F$/(-/ )% 3/%3*%* -'%%/ ?!= A= "#/ 5*00)+)%)&S; )05)(/#7

-*0) /%%./55(*33)* -) T'%%/5*(&/0 !+ ,&- ?NOONA; 1 3/%3*%/(' %/ 5(*+/+)%)&S -)

3/4+)/4'#&* -) 0&/&* 5'( 3)/03$#/ ,/()/+)%' )#-)3/&()3'; / 5/(&)(' -/

π
(

γj = γt−1
j | ,!, γ

(t)
−j, β

(t), k(t)
)

, ?!=UA



γj

γj f̂
(

| , βt, kt, γ
(t)
−j, γ

(t−1)
j

)

[0, 1]
γj

j
t−1 (β(t), k(t), γ

(t)
j )

α



(β, k, γ)

γj
βmax τ r K

β, k, γ



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

!"# $%&'$()& '%*(+&,%-)". / '0&0- 1")"#&0- () 2&+-#" 3&++& 3%'0#%4(,%-)"

& 5-'0"#%-#% 3% β, k, γ6 7)&+%,,&)3- +" 8#"9(")," 3"++" 2&#%" $-*4%)&,%-)%

3"% γj. / '0&0- -00")(0& ()& $-):1(#&,%-)" $;" -00%")" ()& 8#"9("),& 5%<

&+0& #%'5"00- & 0(00" +" &+0#". 5&#% $%#$& &+  = 3"+ 0-0&+"6 >+ $-##%'5-)3")0"

'-00-*-3"++- %)$+(3" ?@ $--#3%)&0" 1"-*"0#%$;". 3% $(% ? &'$%''" " A -#3%)&0"6

B& #&55#"'")0&,%-)" 8&$$%&+" 3"++" $--#3%)&0" '"+",%-)&0" / 5#"'")0&0& )"++&

C%1(#& D6 6

C%1(#& D6 E F&55#"'")0&,%-)" '( "'5#"''%-)" )"(0#& 3"++" $--#3%)&0" 8&$$%&+%

&00%2&0" )"++& $-):1(#&,%-)" '"+",%-)&0&6 >+ 5&++%)- 5%")- %3")0%:$& +" $--#3%G

)&0" 2"#0%$&+%. *")0#" %+ 0#%&)1-+- 9("++" -#%,,-)0&+%6 H% )-0% $;" '-)- &00%2"

")0#&*4" +" $--#3%)&0" 3"% 5()0% &1+% "'0#"*% 3"++& 4-$$&. &''-$%&0% &+ *('$-+-

,%1-*&0%$- *&11%-#"6

I)& 2&+(0&,%-)" 3"++J%*5-#0&),& *&#1%)&+" 3% $%&'$()& 2&#%&4%+" '% 5(K

-00")"#" $&+$-+&)3- +& *"3%& 5"# $%&'$()& 2&#%&4%+" γj. $;" $-##%'5-)3" &++&

8#&,%-)" $-) $(% +& 2&#%&4%+" 2%")" %)$+('& )"% '-00-*-3"++%. #%'5"00- &+ )(*"#-



 !  !"#$%&% '( )* !""+%,,#% -!./0#!*%1 2344 "+%-!-#&#0$#,#

"#"$%& '( )(*+%$,(#-(. /' &)0%+)(#-& '&%%$ 0##1'(-$"$ Y232 "+""& %& $%"1& 0#-

"$))# '( (-0%+)(#-& )+3&1(#1& $%%4!56 $33$1"&-7#-# $%%$ 0#-87+1$,(#-& 31&9

0&'&-"& 0#- :1&;+&-,$ 3(< $%"$. =( )&7+("# -&%%$ >$?&%%$ @.A B(&-& 1(3#1"$"#

%4&%&-0# 0#*3%&"# 3&1 :1$,(#-( '( (-0%+)(#-& )+3&1(#1( $ 0.60.

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

C D.E$-'*$1FGG HH. G6

A D. E$-'*$1FG! H!. G6

I D. E$-'*$1FG5 H56

@ D. E$-'*$1FAA !J.G6

G D. E$-'*$1F@H !G.G6

J D. E$-'*$1FJ! !@.G6

 D. E$-'*$1FGC !C. G6

! D. E$-'*$1FAI !5. G6

H D. E$-'*$1FIJ  H.AG6

H K. E$-'*$1F@H  H.AG6

CC D. E$-'*$1FG@  5.G6

CA D. E$-'*$1FA@  56

CI D. E$-'*$1F@G JH. G6

C@ D. E$-'*$1FJJ JI.AG6

CG D. E$-'*$1FJ J5. G6

>$?&%%$ @.AL M*3#1"$-,$ *$17(-$%& '&%%& B$1($?(%( 3&1 (% *#'&%%# ?$N&)($-#. M%

"$))# '( (-0%+)(#-& O )"$"# 0$%0#%$"# &%(*(-$-'# %& C5 )(*+%$,(#-( 3&1 %$ :$)&

'( $-"+ #+.

E& (-'(0$,(#-( )+%%& B$1($?(%( :#1-("& '$% *#'&%%# ?$N&)($-# 0#(-0('#-# 0#-

;+&%%& '&( *#'&%%( E/PPQ2 E=/2 $))(.#+/ & :#1&)"& 0$)+$%(. R&1 +%"&1(#1(

0#-)('&1$,(#-( $ 1(7+$1'# & %$ 31&)&-"$,(#-& '&( 1()+%"$"( 0#*3%&))(B(2 $%%$

%+0& '&7%( )"+'( 31&0&'&-"(2 )( :$00($ 1(:&1(*&-"# $% 0$3("#%# 0#-0%+)(B#.



 !"#$%&% '

 %()&*+#%(#

 !" #$%&%''(

 ! "#$%&' $()*'+)&' %'!' %&)&, -+$%$!&)&, .'(&$-(,/, )--+'//, -$+ ,( +,/'0

!'%/,.$!&' 1$(($ $%-+$%%,'!, 2)//,)(, /'!&$!#&$ !$((3 !"#$%#% &'($)*+$+%#

,+"+-#" .&*/04 1, -+'-+,$&5 1$(() &+1$#23# 4#55'$ 6$37#1-3"8 6789: 1,

;,&&%*#+<=>  ( 1)&)*)%$ 7?@ )%%'/,) )1 '<!, ,..)<,!$ ($ /''+1,!)&$ <$'0

.$&+,/=$ (x, y) !'+.)(,AA)&$ +$()&,B$ ) CD -#!&, 2)//,)(, 65+$%9+1:-:4 $%&+)&&,

&+).,&$ #! )(<'+,&.' 1, /'.-#&$+ B,%,'! /=,).)&' ;<"37# ;==#+1+$<# 4'%#5>

 ! )<<,#!&)4 %$<#$!1' () .$&+,/) EF7G4 B$!<'!' ,!1,/)&$ !$( 1)&)*)%$ ($

#!,&5 13)A,'!$ 6F9: )&&,B)&$ $ () +$()&,B) $.'A,'!$ #!,B$+%)($ +)--+$%$!&)&)4

()11'B$ %,) #!,B'/).$!&$ 1$H!,&)> I)//'<(,$!1' , 5+$%9+1:- 1$, 2'&'<+)..,

) /#, J %&)&) )%%'/,)&) #!3$.'A,'!$ )1 )(&) ,!&$!%,&5 $%-+$%%,B)4 %, J '&&$!#&'

#! /).-,'!$ 1, KDDK -'%$ -$+ $L$&&#)+$ ,( +,/'!'%/,.$!&' 1$(($ $.'A,'!,4 &+)0

.,&$ (3)--(,/)A,'!$ 1, &$/!,/=$ %&)&,%&,/=$ -$+ () /()%%,H/)A,'!$ ,! -+$%$!A) 1,

B)+,)*,($ +,%-'%&) /)&$<'+,)($> ;$+ +$)(,AA)+$ "#$%&' %&#1,'4 %'!' %&)&$ #&,(,A0

A)&$ ,..)<,!, +)M<#+)!&, $%-+$%%,'!, !$#&+$ ' #!) 1$(($ N $.'A,'!, #!,B$+%)(,

,1$!&,H/)&$ 1) OP.)!4 'BB$+' +)**,)4 1,%-+$AA'4 1,%<#%&'4 -)#+)4 2$(,/,&54 &+,0

%&$AA) $ %'+-+$%)4 /$+/)!1' 1, ,1$!&,H/)+$ () /()%%$ $.'A,'!)($ ,! 2#!A,'!$
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