
HAL Id: pastel-01063869
https://pastel.hal.science/pastel-01063869

Submitted on 14 Sep 2014

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

Organized growth of semiconducting one-dimensional
nanostructures in vertical porous templates for the

fabrication of field effect transistors
Emmanuel Lefeuvre

To cite this version:
Emmanuel Lefeuvre. Organized growth of semiconducting one-dimensional nanostructures in ver-
tical porous templates for the fabrication of field effect transistors. Micro and nanotechnolo-
gies/Microelectronics. Ecole Polytechnique X, 2012. English. �NNT : �. �pastel-01063869�

https://pastel.hal.science/pastel-01063869
https://hal.archives-ouvertes.fr


 !"#$

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

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

# "/*-+*&" 01/*$%/$ .$# 2-&"!*-(30

 -!

455-%($+ 647489:4

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

)$'2(%/'$.%)$#3 $#$).+!10+1!'. %$ 4'!+%0#3 5)!)1.

+'/53#+'. -)! +,' -#6!%0#+%)$ )- 7'3( '8'0+

+!#$.%.+)!.

#'(&$%($ +$ ;<=>?=?;>? .$@-%& +$ A(!B /'5 '#" .$ C

1B+@*$ :D8114E :-  '!&$(!

:-)-F GD8HI4::D8G :-  '!&$(!

J"!"5B 2K664E 43-5*%-&$(!

EF*$!!B GK:DL 43-5*%-&$(!

M'#&$+N1'!*% MDJDMK:8 43-5*%-&$(!

2-!/ MIKE464E O*!$/&$(! .$ &FP#$





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

3"(-#)#4 4#,(+$02 "&3#)#4 +,/4&1(1*#2

,'0- 1# -"# -4'-" 

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





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

 ! "#$%&'(! &)&*( (#$( +!,!+-'!+ .!+*&+/ 0+1)'22#*3 /'+!-(!$+ /$ 456783 9$' ,:& &-;

-$!'22' /&*" "#* 2&<#+&(#'+! !* ,:&--#+/&*( "& -#*=&*-! >#$+ -!" 9$!29$!" (+#'" &**1!" !(

/!,' /! (%?"!@  ! 2! +!,!+-'! &$""' >#$+ "!" -#*"!'2" /:#+'!*(&('#* >+#A!""'#**!22!@

 ! +!,!+-'! 0'/'!+ 5+'<&(3 9$' 2! >+!,'!+ & &--!>(1 ,#* &++')1! /&*" "#* 19$'>! !*

BCCD3 &)&*( /! 2&'""!+ "& >2&-! 9$!29$!" ,#'" >2$" (&+/@ .'!* "E+ F! *:#$<2'! >&" *#(+!

+!*-#*(+! G H&* 0'!I# !* BCJC@

8!+-' &$K >!+"#**!" 9$' #*( -#*"('($1 ,#* F$+L /! (%?"! !( 9$' "! "#*( /1>2&-1!" >#$+

&""'"(!+ G 2& "#$(!*&*-!M N%'!++L .&+#*3  1+1,L 8&22!(3 O&<&% .#$P%!++#$< !( HL2)'!

O#$""!(@

 ! +!,!+-'! -%&2!$+!$"!,!*( ,#* /'+!-(!$+ /! (%?"! 8&+- 7%Q(!2!(3 >#$+ "#* !*;

-&/+!,!*(3 "!" -#*"!'2" !( "!" -#++!-('#*" &)'"1!" /&*" ,#* ,&*$"-+'(@

7#"(!2;H#+'* 7#F#-&+$ ,:& (#$F#$+" !*-#$+&I1 /&*" ,!" +!-%!+-%!"3 !( *#(&,,!*(

/&*" 2!" ,#,!*(" 2!" >2$" /'R-'2!" #S '2 !"( ',>#+(&*( /! (+#$)!+ $*! "#$+-! /! ,#(';

)&('#*@ H& -#**&'""&*-! /! 2& >%L"'9$! ,:& 1(1 /:$*! I+&*/! &'/! >#$+ -#,>+!*/+! 2!"

>%1*#,?*!" 9$! F:#<"!+)&'"3 !( "!" '/1!" /! >'"(! /! +!-%!+-%! #*( +!2&*-1 >2$" /:$*! A#'"

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

9$&*( G 2& >#$+"$'(! /! ,& -&++'?+!@

 ! +!,!+-'! .!+*/ 8&+9$&+/(3 G 9$' F:&' +!>+'" 2! T&,<!&$ !( 9$' ,:& /#**1 2& >+!;

,'?+! ',>$2"'#* >#$+ -#,,!*-!+ -!((! (%?"!@  ! "&2$! 2& I!*('22!""! !( 2& >&('!*-! /#*( '2

& A&'( >+!$)! >#$+ ,! A#+,!+3 >!*/&*( $*! >%&"! /! +1/&-('#* #S 2! (!,>" *! F#$&'( >&"

!* "& A&)!$+@  :!">?+! &)#'+ /'I*!,!*( >#$+"$')' "#* (+&)&'2 '-'@

 ! /#'" <!&$-#$> G (#$(!" 2!" >!+"#**!" 9$' ,:#*( &'/1 /! >+?" #$ /! 2#'* G A&'+!

&)&*-!+ ,!" +!-%!+-%!"3 *#(&,,!*( &$ <$+!&$ /:1($/!" &)!- U+1/1+'- U&+-'3  1+V,!

7%&+2'&-3 !( 7L+'2  &/&$/@ 41# 7&+'"(&* !( W&++L O#"! #*( (#$F#$+" 1(1 /'">#*'<2!"

!( 1(#**&,,!*( +&>'/!" >#$+ ,! "#+('+ /! "'($&('#*" 9$' ,! <2#9$&'!*( (!-%*'9$!,!*(3

F! "&2$! /#*- '-' 2!$+ !R-&-'(1 !( 2!$+ I!*('22!""!@  ! +!,!+-'! 1I&2!,!*( X+'- 5&'22&""&

!( U+1/1+'- 4'?I! >#$+ 2!$+ "$>>#+( -#*-!+*&*( 2! ,&(1+'!2 '*A#+,&('9$!@ 8!+-' G Y$;

+12'!* W#%'!+ !( 7%&*I;H!#P 4!! >#$+ 2!$+ &'/! &)!- 2! +!&-(!$+ >2&",&3 G  !&*;X+'-

.#$++1! >#$+ "#* /1)#$!,!*( 2#+" /! 2& -#*A1+!*-! Z[7\0] G 2&9$!22! F:&' >$ >&+;

('-'>!+3 !( $* ,!+-' (#$( >&+('-$2'!+ G  !&*;4$- 8&$+'-! !( ^%&*;.'*I Z! >#$+ 2! (+&)&'2

/! 9$&2'(1 9$:'2" #*( <'!* )#$2$ ,!*!+ &)!- ,#' "$+ 2:#<"!+)&('#* NX8 /! ,!" *&*#;=2"@

4! (+#'"'?,! -%&>'(+! /! -!((! (%?"! ":!* (+#$)! -#*"'/1+&<2!,!*( +!*A#+-1@  ! +!,!+-'!

1I&2!,!*( [&2!!/ 8#$F&%'/ >#$+ 2! (!,>" 9$:'2 & -#*"&-+1 G (!*(!+ /:',>+',!+ /!" 12!-;

(+#/!" "$+ ,!" 1-%&*('22#*"3 &'*"' 9$! _';Z`&*3 ,#* >&+(!*&'+! /! 5YY &$>+?" /! 9$'

F:&' (&*( &>>+'" !( /#*( 2:&+/!$+ &$ (+&)&'2 ,:& "' "#$)!*( ('+1 )!+" 2! %&$(@  ! 2! +!,!+-'!

>#$+ *#(+! -#22&<#+&('#* &$ "!'* /! a&*#8&0!3 >#$+ 2!" -#*"!'2" 9$:'2 & >$ ,! /#**!+ !(

2!" "!+)'-!" 9$:'2 ,:& +!*/$@

 ! *! >!$K >&" #,!((+! -!" /&,!" /! 2:&/,'*'"(+&('#*3 9$' #*( (&*( A&'( >#$+ ,! A&;

-'2'(!+ 2& )'! /&*" 2! 2&<#@  ! >!*"! G 4&$+!*-! 7#+<!23 9$' & F#*I21 &)!- (#$" ,!" -#*(+&("3



 !"#$%#& '($()%(* +,- # ./0/ %1,%() 2() 3122#$4() 52#&.0/ 2() 6(%-%() (00(,0)7* (%  

!#0-$( 81.(0981,&&-$.* .0:3(  +,- ;<#- 6, %0#=(0)(0 &<>%&#$%-+,(  4(,? 0(60-)()@ A( &()

0(2(03-( %0B) 3"#&(,0(,)(2($%@

A<#- #,))- (, &<133#)-1$ 4<#&&(0 (2CD%(0 4() 6(0)1$$() (?%/0-(,0() #, &#C10#%1-0( #=(3

21$ %0#=#-&* $1%#22($%  E"#&() 5E8E7  F#&#-)(#, (%  &<G$)%-%,% 4<H&(3%01$-+,( I1$9

4#2($%#&( 4<J0)#K@ > 3( %-%0( ;( 0(2(03-( 6#0%-3,&-B0(2($% L-4-(0 E"/$1% 4( E8E +,-

2<# M102/ #,? %(3"$-+,() 4( .0#=,0(* #-4/ (% 31$)(-&&/ 4#$) 3( 412#-$( %1,% #, &1$. 4(

2# %"B)(@ A( )#&,( #,))- &# .($%-&&())( (% &# 4-)61$-C-&-%/ 4( N#0%-$( !#0C1$$(&&(* +,- 2<#

M102/  &# &-%"1.0#6"-(@ L, 3O%/ 4( &<GHI* -& # /%/ 6#0%-3,&-B0(2($% #.0/#C&( 4</3"#$.(0

#=(3 P#%"#&-( G)#3 61,0 &# .0#=,0( (% A1)/ F#&121 61,0 &() 4/6O%)@ A( &() 0(2(03-(

=-=(2($%* #-$)- +,( A(#$98($/ !1,4(=K&&( (% !/40-3 Q-&&(C#))( 61,0 &(,0) M102#%-1$) ($

.0#=,0( (% ($ $(%%1K#.( 0()6(3%-=(2($%@ E1,%() 3() 4(0$-B0() 6(0)1$$() 2<1$% C(#,31,6

#660-) (% ;( &() %-($) ($ 6#0%-( 0()61$)#C&( 4, ),33B) 4( &# M#C0-3#%-1$ 4( &<(26-&(2($%

610(,? )- 4/&-3#%  0/#&-)(0@

A<($ =-($) ($R$  )#&,(0 (%  0(2(03-(0 %1,%() &() 6(0)1$$() 41$% &<-2610%#$3( 61,0

21- $<# 3())/ 4( .0#$4-0 #, 31,0) 4( 3() #$$/()@ F#02- (&&() H=.($K* +,- # 6#0%#./

21$ C,0(#, 6($4#$% 4(,? #$) (% 4(2- (% +,- 2<# #660-) 60()+,( 6&,) 4( 3"1)() ),0 &#

&#$.,( M0#$S#-)( +,( ;( &,- #- 21-92D2( #660-)@ T($* #=(3 +,- ;<#- 6#0%#./ C(#,31,6

6&,) +,( $1%0( 6#))-1$ 3122,$( 61,0 &() $#$19R&)* (% +,( ;( 0(2(03-( 61,0 #=1-0 /%/

%#$% 4( M1-) 21$ 3126&-3( &( =($40(4- )1-0 =($,@ !&/2($%* +,- $</%#-% ;#2#-)  31,0%

4<-4/() 61,0 2( &() 3"#$.(0* $1%#22($% .0:3( #,? &-($) 4( )() 31&&B.,() 4( C,0(#, '#U&

(% T#% (% #,? 212($%) 6#))/) 0,( 4, I#,C1,0. 4, E(26&(@ A( )#&,( 812#-$* 2D2( )-

;( ),-) )(30B%(2($% ;#&1,? 4( )# 2#V%0-)( 4, )&#3W&-$(* ',-&&#,2(* 21$ 4-.$( ),33())(,0

#, C#42-$%1$* (% N#0%-$* 41$% &( 2#$,)30-% )(0% %1,;1,0) 4( 214B&(@ T-($ ),0 2(03-  

!10#&-(@ L( F#&#-)(#,  T1)%1$* )1$ #2-%-/ (% $1) &1$.,() 4-)3,))-1$) )1$% 4( %0B) C1$)

)1,=($-0)@ H$R$* 2(03-  N#"(0 61,0 )# )K26#%"-( (% )1$ ",2#$-%/@ P1,) #&&1$) $1,)

0(=1-0 )1,=($%* )- ;<#- C-($ 31260-)@

A( R$-) 3() 0(2(03-(2($%) ($ 6($)#$%  2# M#2-&&( (%  2() #2-)* +,-* )- ;( $<#- 6#)

0/,))-  &() 31$=(0%-0 #,? $#$19R&)* 2<1$% %1,;1,0) ($31,0#./ 4#$) %1,% 3( +,( ;<#- M#-%@

A( 0(2(03-( R$#&(2($% 81)(9N#0-(* #,? 3O%/) 4( +,- &# =-( ()% %(&&(2($% 6&,) C(&&(@



 !"#$"#%

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

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

 !"# $% -1)$234" +!+

52#)$6(1#!$2 7

8!./!$')-9:3 ;

7 <$)$(" =2$6!1 =/(4!2- >

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

 !4 526'#/2%#&- 7'#-/#708 2-. $%'+/%+'8 %2#0&'#-9 ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! :

 !4! ;<8 2-&.#=2%#&- &) 20+1#-#+1 ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! :

 !4!4 ;<8 7&'8 )&'12%#&- 18/<2-#$1 ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! >

 !4!? *&'8 &'.8'#-9 2-. $%'+/%+'8 %2#0&'#-9 ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! !  @

 !? A8$+0%$ 2-. .#$/+$$#&- ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! !  B

 !?! ;<8 8C78'#18-%20 $8%D+7 ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! !  B

 !?!4 ;<8 *,, %81702%8 )26'#/2%#&- 7'&/8$$ ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! !  E

 !B F&-/0+$#&- ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! 4:

8!./!$')-9:3 ?@

? A/*1#)$6*9$"!#!$2 !2 <== BB

4! G-%'&.+/%#&- 2-. 6'#8) $%2%8 &) %<8 2'% ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ??

4!4 ;<8 7'#-/#708$ &) 808/%'&.87&$#%#&- ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ?H

4!? IC78'#18-%$J '8$+0%$ 2-. .#$/+$$#&- ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ?E

4!?! ;<8 8C78'#18-%20 $8%+7 ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ?E

4!?!4 ;<8 7+0$8. 808/%'&.87&$#%#&- K*ILM 72'218%8'$ $%+.( ! ! ! ! ! ! ! ?3

4!?!? N#68'2%#-9 %<8 -2-&72'%#/08$ O#%< *,, 8%/<#-9 ! ! ! ! ! ! ! ! ! ! ! BH

4!?!B P2%8' 702$12 %'82%18-% )&' 2 68%%8' Q00#-9 O#%< /2%20($%$ ! ! ! ! ! BE

4!B F&-/0+$#&- ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! HB

8!./!$')-9:3 ;>

R##



 !!!  !"#$"#%

 !"#$%&'#"(&)"*+ "*")(,-./,.-# 0-)1,2 &" 344 56

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

"#2 3(& -!4&(+!*(,/ 5$%6 (,(*+)780)87&+ 97*:); # # # # # # # # # # # # # # # # 12

"#2#$ <=();&+!+ 4&);*-+ # # # # # # # # # # # # # # # # # # # # # # # # # # # 12

"#2#2 >7*:); );&*7= ? @(A8&(0& *B );& 97*:); .,7,4&)&7+ # # # # # # # # 11

"#2#" >8!-&- 97*:); ? C*('(&- 97*:); !( .*7*8+ )&4./,)&+ # # # # # # # D2

"#" EF.&7!4&()+G 7&+8/)+ ,(- -!+08++!*( # # # # # # # # # # # # # # # # # # # # # # DH

"#"#$ I;& ;*) :!7& CJ% 7&,0)*7 # # # # # # # # # # # # # # # # # # # # # # # DH

"#"#2 @(A8&(0& *B +*4& 97*:); .,7,4&)&7+ # # # # # # # # # # # # # # # # # DK

"#"#" CLI 97*:); !( MNN # # # # # # # # # # # # # # # # # # # # # # # # # # OH

"#"#H IEP !( &+)!9,)!*( ,(- &/&0)7*( -!Q7,0)!*( ,(,/=+!+ # # # # # # # # # OK

"#"#K @5J6 4&,+87&4&()+ 5.7**B *B 0*(0&.)6 # # # # # # # # # # # # # # # # R$

"#H C*(0/8+!*( # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # RK

7&8+&)0-*92: ;<

= >*8-&/? )@ * 9)-).( (,*/A @)- 6B "*")(,-./,? 0-)1,2 6CD

H#$ @()7*-80)!*( # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # $SK

H#$#$ $% (,(*+)780)87&?T,+&- UEI+V , +),)& *B );& ,7) # # # # # # # # # # $SK

H#$#2 I;& 0*(0&.) *B );&  &7)!0,/ UEI # # # # # # # # # # # # # # # # # # # $SD

H#2 I;& .*7*8+ +),0W B,T7!0,)!*( # # # # # # # # # # # # # # # # # # # # # # # # # # $SO

H#2#$ M/,+4, .7*0&++!(9 !( 4!07*&/&0)7*(!0+ # # # # # # # # # # # # # # # # $SO

H#2#2 X&+8/)+V );& .*7& &)0;!(9 );7*89; N/ ,(- <!32 # # # # # # # # # # # $$H

H#" $% (,(*+)780)87& 97*:); !(+!-& );& .*7*8+ +),0W # # # # # # # # # # # # # # $2D

H#"#$ C,),/=+) &/&0)7*-&.*+!)!*( !( );& .*7*8+ +),0W # # # # # # # # # # # # $2D

H#"#2 CLI 97*:); # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # $"H

H#"#" <!LY 97*:); # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # $"1

H#"#H I;& &/&0)7*-& .7!()!(9 ,(- );& .,))&7(&- .*7*8+ +),0W # # # # # # # $HS

H#H C*(0/8+!*( # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # $KD

7&8+&)0-*92: 6D;

E)"/+.(&)" 65 



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

 ! "#$$%&'(')*% '$+&,)%&' -#$)&. +& +&/-)0+')/& /1 + 23 45 ,+*65%! ! ! ! ! ! !  7

 !2 89+*65%, /1 &+'#$+5 :%9+./&+5 +$$+&.%*%&' )& ;+< :/&%=>/*?@ ;?< ?+,+5')>

>/5#*&, +&- ;>< -$)%- >5+=! ;-< )55#,'$+'%, ':% 1/$*#5+ ?%5/A! ! ! ! ! ! ! !   

 !B ;+< 4&/-)0+')/& ,%'#6 1/$ 23 A+1%$,@ ;?< +&/-)0+')/& ,%'#6 1/$ ,*+55 ,+*(

65%, ; >*

2
< +&- ;>< +&/-)0+')/& ,%'#6 1/$ 23 A+1%$,@ A)': .$+6:)'% >+':/-%

;+<@ .5+,, >/)5 >//5%$ ;?<@ +&- .5+,, ,')$$%$ ;><! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! !  C

 !D ;+< E8F >$/,,(,%>')/& 6)>'#$% /1 + G44 '%*65+'% +1'%$ ':% ,%>/&- +&/-)0+(

')/& +&- ;?< >/$$%,6/&-)&. H4 +&- E4 >#$$%&'(')*% >#$I%,! ! ! ! ! ! ! ! !  J

 !K E8F >$/,,(,%>')/&, /1 G44 +&/-)0%- +' ;+< 27 L )& ,#51#$)> +>)-@ ;?< D7 L

)& /9+5)> +>)- +&- ;><  D7 L )& 6:/,6:/$)> +>)-! M:% ?/''/* 6)>'#$%, +$%

*+.&)N>+')/&, 1$/* ':% '/6 /&%, +' ':% ,+*% ,>+5%@ )& /$-%$ '/ >/*6+$%

':% ,)0% /1 ':% 6/$%,! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! !  O

 !C M:)>P&%,, /1 G44 +, + 1#&>')/& /1 ':% ,%>/&- +&/-)0+')/& ')*%! M:%

,+*65% A+, +&/-)0%- #&-%$ 27 L )& 7!B F ,#51#$)> +>)-! ! ! ! ! ! ! ! ! ! ! 27

 !Q "$/,,(,%>')/& /1 G44 '%*65+'%, +1'%$ + ,%>/&- +&/-)0+')/& /1 ;+< 2 *)&@

;?<   *)& +&- ;>< 2J *)&! M:% ':$%% ,+*65%, +$% *+.&)N%- K7 777 ')*%,@

':% )&,%' )& ;+< ), +  77@7779 *+.&)N>+')/&! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! 27

 !J R+$$)%$ 5+=%$ ':)>P&%,, ;?5+>P >)$>5%,< +&- 6/$% -)+*%'%$ ;$%- >$/,,%,< +,

+ 1#&>')/& /1 ':% )**%$,)/& ')*% )& S3GT4! 4&/-)0+')/& '//P 65+>% )&

/9+5)> +>)- +' D7 L! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! 22

 !O G44 +1'%$ ,%>/&- +&/-)0+')/& ;B *)&<@ ;+< ?%1/$% ':% 6/$% A)-%&)&. 6$/(

>%,,@ ;?< +&- ;>< +1'%$ + 27 *)& +&- B7 *)& 6/$% A)-%&)&. 6$/>%,,@ $%,6%>(

')I%5=! ;-< ), ':% >/$$%,6/&-)&. '/6(I)%A /1 ;><! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! 22

 ! 7 G/$% -)+*%'%$ +, + 1#&>')/& /1 ':% 6/$% A)-%&)&. -#$+')/&@ 1/$ ,+*65%,

+&/-)0%- )& /9+5)> +>)- ;?5+>P ,U#+$%,< +&- )& ,#51#$)> +>)- ;$%- >)$>5%,<! ! 2B

 !  8I/5#')/& /1 ':% 6/$% -)+*%'%$ +1'%$ )**%$,)/& )& 7!BF S3GT4 1/$ ;+< K

*)&@ ;?<   *)&@ ;><  J *)&@ ;-< 2B *)& B7 ,%>@ ;%< 2Q *)& B7 ,%>@ ;1< B 

*)&@ ;.< D7 *)& B7 ,%> +&- ;:< K7 *)&! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! 2K

 ! 2 E>:%*+')> -$+A)&. /1 ':% ?)(5+=%$ ,'$#>'#$% /1 ':% 6/$% A+55,! M:% )&&%$

A+55 ), /9+5+'% )/&,(>/&'+*)&+'%-@ +&- ':% /#'%$ A+55 ), 6#$%$ +5#*)&+! ! ! 2C

 ! B ;+< V;'< >#$I% ,:/A)&. ':% >#$$%&' -$/6 +' ':% %&- /1 ':% +&/-)0+')/& +&-

;?< >/$$%,6/&-)&. E8F >$/,,(,%>')/&! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! 2Q

)9



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

!"# $%&'()* +, -./ -.%//0/1/2-%+3/ 454-/6 74/3 ,+% /1/2-%+3/8+4(-(+)" 9:; <:

&)3 =: 4-&)3 ,+% '+%>()*; 2+7)-/% &)3 %/,/%/)2/ /1/2-%+3/; %/48/2-(?/15" " @A

!"! $%&'()* +, & 8714/ 74/3 ,+% 8714/3 /1/2-%+3/8+4(-(+) / 8/%(6/)-4" B<C D

B8/) <(%27(- C+-/)-(&1" " " " " " " " " " " " " " " " " " " " " " " " " " " " " @E

!"@ F&G : &681/ +, &) HF-G 27%?/ F+)15 ,+7% 8714/4 +7- +, IJJ &%/ %/8%/4/)-/3G

,%+6 & K( /1/2-%+3/8+4(-(+) / 8/%(6/)-" FLG (4 & 6&*)(M/3 ?(/' +, +)/

8714/ ,%+6 F&G; '(-. -./ 478/%(68+4/3 ?+1-&*/ 4(*)&1 F3+-/3 %/3 1()/G" " " " @N

!"O P:Q 2%+4404/2-(+)4 +, CRR -/681&-/4 &,-/% <7 /1/2-%+3/8+4(-(+) &- 0E"I

S" F&G IJ 4'//84 &)3 FLG !JJ 4'//84" " " " " " " " " " " " " " " " " " " " " " OJ

!"I F&G P:Q -+80?(/' +, 1(L/%&-/3 K( )&)+'(%/4; &,-/% -./ CRR .&4 L//) /-2./3

&'&5 '(-. 2.%+6(2 &2(3" FLG P:Q 2%+4404/2-(+) +, & CRR &,-/% & AJJJ0

4'//8 K( 3/8+4(-(+) F-./ 6&44(?/ +?/%3/8+4(-/3 K( (4 21/&%15 ?(4(L1/ +)-+

-./ -/681&-/G" " " " " " " " " " " " " " " " " " " " " " " " " " " " " " " " " " " OJ

!"A <7%%/)- L/-'//) 9: &)3 <: &4 & ,7)2-(+) +, & 4'//8()* ?+1-&*/ FTweG

&881(/3 L/-'//) 9: &)3 =:; ,+% & K( /1/2-%+3/8+4(-(+) / 8/%(6/)-" U./

4(1(2+) 47L4-%&-/ %/4(4-(?(-5 &%/ F&G ρ V J"JJI Ω"26" FLG ρ D #0#J Ω"26" " " O#

!"W P:Q 2%+4404/2-(+)4 +, CRR &,-/% K( /1/2-%+3/8+4(-(+)" U+8X # 64 8714/4;

IJJ 4'//84 &)3 !IJJ 4'//84; %/48/2-(?/15" Y+--+6X I 64; #J 64 &)3 !J

64 8714/4; %/48/2-(?/15 FIJJ 4'//84G" " " " " " " " " " " " " " " " " " " " " " O!

!"E HF-G 27%?/4 4.+'()* -./ M%4- &)3 -./ 1&4- 8714/4 +, F1/,-G I 64 8714/4 / 0

8/%(6/)- &)3 F%(*.-G #JJ 64 / 8/%(6/)-" " " " " " " " " " " " " " " " " " " " O@

!"N :Z7(?&1/)- 2.&%*/ F+L-&()/3 ()-/*%&-()* HF-G 27%?/4G &4 & ,7)2-(+) +, 8714/

37%&-(+)" " " " " " " " " " " " " " " " " " " " " " " " " " " " " " " " " " " " " " OO

!"#J P:Q 2%+4404/2-(+) +, & CRR &,-/% R7 /1/2-%+3/8+4(-(+)" [(,-5 I 64 8714/4

'/%/ &881(/3; &- 0I"I S" " " " " " " " " " " " " " " " " " " " " " " " " " " " " OO

!"## :?+17-(+) +, -./ &48/2- +, <7 K94 &,-/% CRR %/6+?&1 '(-. # Q K&B\"

P&681/4 .&?/ L//) (66/%4/3 ,+% F&G # 6(); FLG I 6() &)3 F2G !J 6()" " " OI

!"#! P:Q 8(2-7%/ +, 1(L/%&-/3 R7 8&%-(21/4 &,-/% CRR %/6+?&1 '(-. ! Q K&B\

,+% #E 6()" " " " " " " " " " " " " " " " " " " " " " " " " " " " " " " " " " " " OA

!"#@ $%&'()* +, -./ 81&46& 2.&6L/% '(-. -./ -%(+3/ 2+)M*7%&-(+)" " " " " " " " OW

!"#O <%+4404/2-(+)4 +, F&G )+)0-%/&-/3 &)3 FLG &)3 F2G '&-/% 81&46&0-%/&-/3

F,+% #I 6()G CRR &,-/% <7 /1/2-%+3/8+4(-(+)" F2G 4.+'4 & 1&%*/ ]+)/ +, #W

 6 '(-. & Z7&4( #JJ^ 8+%/ M11()*" " " " " " " " " " " " " " " " " " " " " " " OE

!"#I <%+4404/2-(+)4 +, F&G )+)0-%/&-/3 &)3 FLG &)3 F2G '&-/% 81&46&0-%/&-/3

F,+% OJ 6()G CRR &,-/% <7 /1/2-%+3/8+4(-(+)" " " " " " " " " " " " " " " " " ON

!"#A U+8 ?(/'4 +, )+)0-%/&-/3 4&681/4 &,-/% <7 /1/2-%+3/8+4(-(+) &)3 CRR

%/6+?&1 '(-. K&B\" U./ 6&*)(M2&-(+) ()2%/&4/4 ,%+6 !JJJ -+ @JJJJ 

,%+6 F&G -+ F3G" " " " " " " " " " " " " " " " " " " " " " " " " " " " " " " " " " IJ

!"#W U+8 ?(/'4 +, '&-/% 81&46&0-%/&-/3 FOJ 6()G 4&681/4 &,-/% <7 /1/2-%+3/0

8+4(-(+) &)3 CRR %/6+?&1 '(-. K&B\" U./ 6&*)(M2&-(+) ()2%/&4/4 ,%+6

!JJJ -+ @JJJJ ,%+6 F&G -+ F3G; ,+% &) /&45 2+68&%(4+) '(-. [(*7%/ !"#A" I#



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

"#$% &!'()* +!),- ./ 012 3.34(5)1()* 13* 0627 082 ,1()5 9'1-:14(5)1()* -1:9')-

1/()5 ;! )')8(5.*)9.-!(!.3# <== >1- 6))3 5):.+)* ,!(> ;1?@ !3 012 13*

082# # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # A"

"#$B 012 3.34(5)1()* 13* 062 9'1-:14(5)1()* -1:9') 1/()5 =C )')8(5.*)9.-!(!.3# AD

"#"E <!8(C5)- ./ 1 *5.9')( ./ ,1()5 .3 (>) -C5/18) ./ 012 1 9'1-:14(5)1()* <==

0FE :!32 13* 062 1 3.34(5)1()* <==# # # # # # # # # # # # # # # # # # # # # # AF

D#$ 012 =C4G! 9>1-) *!1H51:# 062 G8>):1(!8 *51,!3H ./ 1 313.,!5) H5.,!3H

!3 (>) IJG :.*)# # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # KL

D#" &>!- MHC5) !- ) (518()* /5.: NAO# 0=2 5)/)5- (. ->1*., -9C(()5!3H NB$O7 0P2

13* 0Q2 (. 95)/)5)3(!1' 3C8')1(!.3 N%BO7 NBEO 13* 0R2 (. :C'(!'1S)5461-)*

():9'1() NB"O# # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # LD

D#D G8>):1(!8 *51,!3H ./ (>) @.(4T!5) RIQ 5)18(.5 C-)* /.5 (>) $Q 313.-4

(5C8(C5) H5.,(># # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # LF

D#F GUV 85.--4-)8(!.3 ./ 1 <== ,!(> RC 81(1'S-( 915(!8')7 6)/.5) G!;T H5.,(># LK

D#A RC4G! 9>1-) *!1H51:7 /5.: N$$$O# # # # # # # # # # # # # # # # # # # # # # # # LK

D#K GUV 85.--4-)8(!.3- ./ 1 -1:9') 1/()5 1 H5.,(> 9)5/.5:)* 1( AFE

◦
R7 <fW$LA

T7 L#A :6157 @2XG!@4 W $EEX"E -88:# # # # # # # # # # # # # # # # # # # # # L%

D#L GUV (.9 +!), ./ 1 -1:9') 1/()5 1 H5.,(> 9)5/.5:)* 1( AFE

◦
R7 <fW$LA

T7 F#E :6157 012 @2XG!@4 W BAXA -88:7 062 13* 082 @2XG!@4 W BL#AX"#A -88:# L%

D#% GUV 85.--4-)8(!.3- ./ 1 -1:9') 1/()5 1 H5.,(> 9)5/.5:)* 1( AFE

◦
R7 "#A

:6157 <fW$LA T 13* @2XG!@4 W BL#AX"#A -88:# 012 (. 0*2 -.:) ) 1:9')-

./ G!;T- ,!(> (>)!5 8.55)-9.3*!3H RC 915(!8')- .3 (>)!5 (!9-7 0)2 1 >!H>)5

:1H3!M81(!.3 ./ (>) )3'15H)* ,1''- *C) (. 14G! *)9.-!(!.3# G81') 615- !3

0827 0*2 13* 0)2 15) "EE 3:# # # # # # # # # # # # # # # # # # # # # # # # # # # LB

D#B GUV 85.--4-)8(!.3 ./ 1 -1:9') 1/()5 1 $ > H5.,(> 9)5/.5:)* 1( FBE

◦
R7 "#A

:6157 <fW$LA T 13* @2XG!@4 W BL#AX"#A -88:# # # # # # # # # # # # # # # # %E

D#$E &!'()* +!),- ./ (>) -1:9') ->.,3 !3 Y!HC5) D#B 1/()5 <== ,)( )(8>!3H#

&>) >.''., -(5C8(C5) !- 8')15'S +!-!6') !3 082# G81') 615- 15) "EE 3:# # # # %$

D#$$ 012 13* 062X GUV 85.--4-)8(!.3 13* (.94+!), ./ (>) -1:9') 6)/.5) (>)

H5.,(># 082 13* 0*2X -1:) -1:9') 1/()5 1 H5.,(> !3 .9(!:!Z)* 8.3*!(!.3-

0-)) &16') D#$2 ,!(> (>) >.( ,!5) .[# G81') 615- 15) "EE 3:# # # # # # # # # %"

D#$" 012 13* 062 G!;T H5.,(> )+!*)38) !3 GUV 85.--4-)8(!.3- 13* 082 (!'()*

+!), ./ (>) G! +)5(!81' 5.*- -C99.5(!3H 14G! 85C-(# G81') 615- 15) "EE 3:# # %"

D#$D GUV 85.--4-)8(!.3 ./ 1 <== 1/()5 1 H5.,(> C3*)5 $ :615 0AFE

◦
R7 @2XG!@4

W BL#AX"#A -88:7 13* <fW$LA T# # # # # # # # # # # # # # # # # # # # # # # # %D

D#$F &.94+!),- ./ 1 <== 1/()5 1 DE :!3C() H5.,(>7 9)5/.5:)* 1( AEE

◦
R7 @2XR@4

W AEXAE -88:7 9 W AE :615 13* <fW$%E T# G.:) R;&- 95.(5C*!3H .C(

./ (>) <== 15) +!-!6') !3 (>) 6.((.:45!H>( !:1H) 0S)''., 155.,-2# # # # # # %F

D#$A R.:9151(!+) -8>):1(!8 *51,!3H ./ &UV 13* GUV 95!38!9') N$$"O# # # # # %A



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

"#$% &'( ')* &+( ,-. /!01234 56 ' 7!89 :35;) '1 <=>

◦
?# &+( @3';!): 56 &'(A

'):B4C +41;44) 1D4 1;5 E!)*C 56 1;!)CA ')* +41;44) 1D4 1;!)C ')* 1D4 ;!34

C236'04 '34 34/5314*# &0( -B40135) *!F3'01!5) /'1143) 56 1D4 ;!34 CD5;) !)

&'(# ,D4 '):B4C ')* *!C1')04C G4'C234* 15 !*4)1!6H 1D4 03HC1'BB5:3'/D!0

/B')4C '34 CD5;)# # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # IJ

"#$J K461L D!:D G':)!M0'1!5) ,-. /!01234 56 1D4 N!:234 "#$%&'( ')* 3!:D1L

05334C/5)*!): 53!4)14* -@O ;!1D 1D4 05)C13201!5) B!)4C 2C4* 15 *4143G!)4

1D4 :35;1D *!3401!5) 56 1D4 )')5;!34# # # # # # # # # # # # # # # # # # # # # # II

"#$P ,D344 ,-. /!01234C 56 7!89C ;!1D D!:DB!:D14* 1;!) 53!4)1'1!5)C# # # # # # IP

"#$I K461L ' 7!89 :35;) '1 <=>

◦
? ')* 3!:D1L 05334C/5)*!): -@O 34Q4'B!):

1D4 *!F3'01!5) /B')4C# # # # # # # # # # # # # # # # # # # # # # # # # # # # # # IP

"#R> &'( ,-. /!01234 56 ' 7!89 4 D!+!1!): ' 0'1'BHC1 /'31!0B4 '1 !1C 1!/ &*'3E

D4G!C/D434( ')* &+( STU,-. /!01234 56 ' 7!89 :35;) '1 =P>

◦
?# # # # # P>

"#R$ -B40135) *!F3'01!5) /'1143) 56 'G53/D52C 7!89C# # # # # # # # # # # # # # # P>

"#RR ,-. /!01234 56 ' 7!89 4 D!+!1!): 1;5 *!C1!)01 /'31CA ;!1D 1D4!3 05334U

C/5)*!): -@OC# # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # P$

"#R" VG53/D52C 7!8,CA 653G4* 635G 1D4 'U7! *4/5C!1!5) 5) 1D4 /534 ;'BBC

*23!): 1D4 :35;1DA ;!1D 1D4!3 05334C/5)*!): -@O !) 1D4 !)C41# # # # # # # # P$

"#R= &'( @3';!): 56 1D4 /3!)0!/B4 56 1D4 4B4013!0'B G4'C234G4)1 ')* &+( W&X(

023Q4 653 ' G4'C234G4)1 /43653G4* +46534 1D4 7!89 :35;1D ;!1D 1;5

/35+4C 05))4014* 15 1D4 15/ 56 1D4 OVVA ')* 15 1D4 7! C2+C13'14A 34C/40U

1!Q4BHA '0053*!): 15 &'(# # # # # # # # # # # # # # # # # # # # # # # # # # # # # # PR

"#R< W&X( 023Q4 56 ' 7! C2+C13'14A +51D /35+4C 05))4014* 15 !1# Y23 Z4!1DB4H

CHC14G C'123'14C 653 02334)1C C2/43!53 15 $> GV# # # # # # # # # # # # # # # P"

"#R% &'( 7-. 035CCUC401!5) ')* &+( 15/ Q!4; 56 ' OVV 14G/B'14 '6143 ' 7!89

:35;1D '1 =<>

◦
?A < G+'3 ')* ;!1D S2L7!S4 [ P>L$> C00G# &0( ')* &*(

,!B14* Q!4;C 56 1D4 C'G4 C'G/B4 '6143 OVV 34G5Q'B# &4( W&X( 023Q4 653 '

G4'C234G4)1 /43653G4* '6143 1D4 7!89 :35;1D ;!1D 1;5 /35+4C 05))4014*

15 1D4 15/ 56 1D4 OVVA ')* 1D4 7! C2+C13'14A 34C/401!Q4BH# 70'B4 +'3C !)

&'(A &0( ')* &*( '34 =>> )G# # # # # # # # # # # # # # # # # # # # # # # # # # # P=

"#RJ 7-. 15/ Q!4;C 56 ' OVV C'G/B4 '6143 ' 7!89 :35;1D &'( +46534 ')* &+(

'6143 1D4 'U7! 032C1 410D!):# # # # # # # # # # # # # # # # # # # # # # # # # # # P=

=#$ &'( OB')'3 05)M:23'1!5) ')* &+( Q431!0'B 05)M:23'1!5) 56 89U+'C4* N-,CA

'C *4C03!+4* !) \R=] ')* \R>]A 34C/401!Q4BH# # # # # # # # # # # # # # # # # # # $>%

=#R "@ *!':3'G 56 1D4 /5352C C1'0E# ,D4 $@ )')5C13201234C &B!:D1U+B24( :35;

!) 1D4 Q431!0'B /534C 1D'1 /35Q!*4 1D4 :'14 05)1'01 &VBA *'3E +B24( ')*

!)C2B'1!): B'H43C +41;44) 1D4 C52304 ')* *3'!) 4B40135*4C# # # # # # # # # # $>J

=#" 70D4G'1!0 *!':3'G 56 1D4 653G'1!5) 56 ' /B'CG' CD4'1D 0B5C4 15 1D4 4B40U

135*4C# -B40135)C '002G2B'14 !) 1D4 4B40135*4 +40'2C4 56 @? M4B* !C5B'1!5)A

')* 1D2C '113'01 /5C!1!Q4 !5)C# # # # # # # # # # # # # # # # # # # # # # # # # # $$>

=#= &'( ?B'CC!0 /'3'BB4B /B'14C TW- 34'0153 ')* &+( W?O TW- 34'0153# # # # # # # $$$



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

"#$ %&' ()*++,+-(.!*/ *0 1 %! +23+.)1.- -.(4-5 6!.4 1 788 91:-) 1+ 1 ;1+<=

0)*; >?@A# %(19- 31) !+ @BB /;# # # # # # # # # # # # # # # # # # # # # # # # # CC@

"#D %(4-;1.!( 5!1E)1; *0 .4- F*+(4 G)*(-++# H4- 3*..*; *0 .4- .)-/(4= 64!(4

(1/ 3- 1+ +;199 1+ @B /; 91)E- !/ *2) (1+-= !+ -.(4-5 64!9- .4- +!5- 6199+

1)- G)*.-(.-5 3: .4- G1++!I1.!*/ 91:-)# H4- G1++!I1.!*/ 91:-) .4!(</-++ !+

/*. .* +(19-# # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # CC?

"#J %&' ()*++,+-(.!*/+ *0 788 */ 1/ 89 91:-) 10.-) 1/ 89 -.(4!/E 6!.4 5!K-)-/.

8)LM92 )1.!*+# N)*; >?JA# # # # # # # # # # # # # # # # # # # # # # # # # # # # # CC$

"#O 89 P391(< +Q21)-+R 1/5 788 P)-5 .)!1/E9-+R .4!(</-++ 1+ 1 02/(.!*/ *0

-.(4!/E 52)1.!*/# # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # CCD

"#S %&' ()*++,+-(.!*/+ *0 788 10.-) P1R D ;!/= P3R CB ;!/= P(R C? ;!/ 1/5

P5R C$ ;!/ TM7 -.(4!/E *0 .4- 89 91:-)# # # # # # # # # # # # # # # # # # # # # CCD

"#CB %&' ()*++,+-(.!*/ *0 1 788 .-;G91.- 10.-) 1 "U?B -.(4!/E# V4!.- 1))*6+

!/5!(1.- .4- G91(-+ 64-)- 89 41+ 3--/ -.(4-5= (*))-+G*/5!/E .* G91(-+

64-)- 31))!-) 91:-) 41+ 3--/ )-;*I-5# H4- !/+-. !+ 1 ;1E/!W(1.!*/ *0 .4-

(-/.)19 G1). *0 .4- G!(.2)-# # # # # # # # # # # # # # # # # # # # # # # # # # # # CCJ

"#CC P1R H4!/ 788 P≈ O$ /; .4!(<R */ 1/ 89 91:-) 3-0*)- .4- 89 -.(4!/E 1/5 P3R

G*)*2+ 89 91:-) 10.-) 1 @ ;!/ -.(4!/E# H4- 788 41+ 5!+1GG-1)-5= 9-1I!/E

.4- G*)*2+ 89 P≈ CJB /; .4!(<R 2/G)*.-(.-5# # # # # # # # # # # # # # # # # CCO

"#C@ %&' ()*++,+-(.!*/+ *0 1 +.1(< 10.-) 1/ %!X2 -.(4!/E# X/9: 1 0-6 G*)-+ E*

.4)*2E4 .4- %!X2 91:-) -/.!)-9:# N)*; >?JA# # # # # # # # # # # # # # # # # # # CCS

"#C? %&' ()*++,+-(.!*/+ *0 $BB /;,.4!(< %!X2 91:-) 6!.4 1 788 ;1+< P1R 3-0*)-

.4- %!X2 -.(4!/E= P3R 1/5 P(R 10.-) .4- ?B + %!X2 -.(4!/E# H4- 64!.- 1))*6+

!/ P1R !/5!(1.- +*;- G91(-+ 6!.4 )-;1!/!/E 31))!-) 91:-)= 1/5 .4- 64!.-

5*..-5 9!/- !/ P(R ;1)<+ .4- 89Y%!X2 !/.-)01(-# # # # # # # # # # # # # # # # # C@B

"#C" %&' ()*++,+-(.!*/+ *0 $BB /;,.4!(< %!X2 91:-) -.(4-5 .4)*2E4 1 788 ;1+<

0*) P1R C ;!/= P3R @ ;!/ 1/5 P(R ? ;!/# # # # # # # # # # # # # # # # # # # # # C@B

"#C$ %!X2 G*)- 4-!E4. P391(< +Q21)-+R 1/5 788 .4!(</-++ P)-5 .)!1/E9-+R 1+ 1

02/(.!*/ *0 -.(4!/E 52)1.!*/# # # # # # # # # # # # # # # # # # # # # # # # # # # C@C

"#CD %&' .*G,I!-6 *0 .4- +2)01(- *0 1 %!X2 91:-) 10.-) 1 ? ;!/ -.(4!/E .4)*2E4

1 788 ;1+< 1/5 !.+ +23+-Q2-/. )-;*I19# P1R !+ ;1E/!W-5 @B BBB .!;-+

1/5 P3R !+ ;1E/!W-5 SB BBB .!;-+# # # # # # # # # # # # # # # # # # # # # # # C@@

"#CJ %&' ()*++,+-(.!*/+ *0 1/ %!X2 91:-) P1R 3-0*)- 1/5 P3R= P(R 10.-) 1/ ZT&

-.(4!/E# P3RL O ;!/ 1/5 P(RL CD ;!/ -.(4!/E 6!.4 MN4LM4N8LX2 [ "$LC$LCB

+((;# # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # C@@

"#CO %&' ()*++,+-(.!*/ *0 1/ %!X2 91:-) 2/5-) 1 788 10.-) 1/ O,;!/ %!X2

-.(4!/E 6!.4 MN4L%N6LX2 [ "$L$LCB +((;# # # # # # # # # # # # # # # # # # # C@?

"#CS %&' ()*++,+-(.!*/+ *0 1/ %!X2 10.-) 1 +4*). 31))!-) 91:-) -.(4!/E G-)0*);-5

3: TM7 ZT&= 0*99*6-5 3: 1 +!;G9- %!X2 ZT&# # # # # # # # # # # # # # # # # # C@?

"#@B %&' ()*++,+-(.!*/+ *0 1 +.1(< 10.-) 1 ? ;!/2.-+ 89 TM7 -.(4!/E# H4- 64!.-

1))*6+ 1/5 (!)(9- +4*6 +*;- *0 .4- ;1/: 9!..9- 4*9-+ !/ .4- %!X2 91:-)# # # C@$



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

#$%& '() *+, -./00102-3!/4 /5 ( 6/./70 03(-8 (532. 392 % :!4 *!;2 23-9!4< (4=

'>) 0(:2 0(:6?2 (0 (532. @AA (4= A? =!00/?73!/4 '0/:2 A? 6(.30 .2:(!4

/4 392 *!;2 07.5(-2)$ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ &%B

#$%% *+, -./00102-3!/40 /5 ( 03(-8 (532. '() % :!4C '>) D :!4 (4= '-) # :!4

*!;2 23-9!4<$ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ &%E

#$%D *+, -./00102-3!/4 /5 ( 03(-8 .2(?!F2= /4 ( % !4-920 G(52.$ @AAC A? (4=

*!;2 ?(H2.0 (.2 &EIC &JI (4= &II 4:139!-8C .2062-3!"2?H$ $ $ $ $ $ $ $ $ $ $ &%K

#$%# *+, -./00102-3!/40 /5 ( 6/./70 03(-8 (532. L! 2?2-3./=26/0!3!/4 74=2. /61

3!:!F2= -/4=!3!/40$ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ &%J

#$%B M??703.(3!/4 /5 392 !:6/.3(4-2 /5 392 0!?"2. 6(032 -/43(-3 =7.!4< 392 2?2-1

3./=26/0!3!/4$ ;4 392 ?253C ( 6./62. -/43(-3 ?2(=0 3/ ( =26/0!3!/4 (3 392

>/33/: /5 392 6/.20 '39/7<9 "2.H ?!:!32= 92.2)C G92.2(0 ( -/43(-3 /4 392

2=<20 '/4 392 .!<93) .2=7-20 -(3!/40 !4 392 A? 6/.20$ $ $ $ $ $ $ $ $ $ $ $ $ &%N

#$%E *+, -./00102-3!/40 /5 ( 6/./70 03(-8 (532. A7 2?2-3./=26/0!3!/4 74=2.

/63!:!F2= -/4=!3!/40 /5 -9(632. %$ '() &III 0G2260C '>) BI 0G2260 (4= '-)

%I 0G2260$ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ &DI

#$%K '() *+, -./00102-3!/4 (4= '>) 3/6 "!2G /5 ( 6/./70 03(-8 (532. A7 2?2-1

3./=26/0!3!/4 74=2. /63!:!F2= -/4=!3!/40 /5 -9(632. %$ A7 !0 6./62.?H

=26/0!32=C G!39 4/ =26/0!3!/4 /4 392 07.5(-2 /5 392 0(:6?2$ $ $ $ $ $ $ $ $ $ &DI

#$%J '() *+, -./00102-3!/4 (4= '>) 3/6 "!2G /5 ( 6/./70 03(-8 (532. O7 2?2-1

3./=26/0!3!/4P &III 0G2260 /5 B :0C (3 1J$B Q$ R92 G9!32 (../G0 !4 '()

!4=!-(320 392 52G O7 6(.3!-?20 "!0!>?2 (3 392 >/33/: /5 392 6/.20$ $ $ $ $ $ &D&

#$%N @(.3!(? M'3) -7."20 5./: ( 3H6!-(? A7 2?2-3./=26/0!3!/4 /4 '.2= -7."2) &1

&I Ω$-: 07>03.(32 G!39 392 >(-8 *!;2C '>?72 -7."2) &1&I Ω$-: 07>03.(32

G!39/73 392 >(-8 *!;2 (4= '<.224 -7."2) S I$IIB Ω$-: 07>03.(32 G!39/73

392 >(-8 *!;2$ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ &D%

#$DI *+, -./00102-3!/40 /5 ( 6/./70 03(-8 (532. ( 3H6!-(? A7 2?2-3./=26/0!3!/4

'BI 0G2260 (3 1B$BQ) /4 ( '() &1&I Ω$-: 07>03.(32 G!39 392 >(-8 *!;2C '>)

&1&I Ω$-: 07>03.(32 G!39/73 392 >(-8 *!;2 (4= '-) S I$IIB Ω$-: 07>03.(32

G!39/73 392 >(-8 *!;2$ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ &D%

#$D& T/7. M'3) -7."2 2 3.(-30C 5./: A7 2?2-3./=26/0!3!/4 (3 1D$B QC 1%$B QC 1&$B

Q (4= 1I$B Q$ BI 0G2260 9("2 >224 (66?!2= !4 2(-9 -(02$ O/..206/4=!4<

*+, 6!-37.20 (.2 "!0!>?2 74=2. 2(-9 M'3) -7."2$ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ &DD

#$D% O./00102-3!/4 /5 ( 0(:6?2 (532. ( L! 2?2-3./=26/0!3!/4 '1&$B QC &II 0G2260)

/4 ?/G .20!03!"!3H 07>03.(32$ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ &D#

#$DD '() *+, 6!-37.20 /5 ( 6/./70 03(-8 (532. ( &B1:!4732 OLR <./G39 62.1

5/.:2= !4 392 -/4=!3!/40 =20-.!>2= !4 R(>?2 #$#$ '>) *(:2 0(:6?2 (0 !4

'() >73 G!39/73 -(3(?H03 6(.3!-?2P 4/ OLR !0 "!0!>?2 (532. 392 <./G39$ $ $ $ &DB

#$D# *+, 3/6 "!2G0 '3/6) (4= -./00102-3!/40 '>/33/:) /. 6/./70 03(-80 (532. (

'() DUDIC '>) %U%I (4= '-) &UII OLR <./G39$ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ &DE

#$DB *+, 6!-37.20 09/G!4< 6./3.7=!4< OLR0 (532. OLR <./G390$ '() (4= '>)

9("2 >224 3(824 (532. 392 DUDI <./G39C (4= '-) (532. 392 %U%I <./G39$ $ $ $ &DE



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

"#$% &'( )*+,-./0 12 ,3/ )1.1-0 0,4+5 42,/. 4 &*67 8.19,3 4, ":;

◦
< 21.

&*=4>=2 ? @4A B>CBD @EA F;>F;;D @+A FB>GB 4HI @IA J;>F;; 0++K# L3/ E1,,1K

)*+,-./0 *H @4A 4HI @+A +1../0)1HI ,1 ./2/./H+/ 04K)M/0 @N- H4H1O)4.,*+M/0

1H &* 0-E0,.4,/A # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # F$G

"#$: &'( )*+,-./0 12 ,3/ )1.1-0 0,4+5 42,/. 4 &*67 8.19,3 4, "B;

◦
< 21.

&*=4>=2 ? J;>F;; 0++K# # # # # # # # # # # # # # # # # # # # # # # # # # # # # F$C

"#$G &'( )*+,-./0 12 ,3/ )1.1-0 0,4+5 42,/. 4 &*67 8.19,3 4, B;;

◦
< 21.

&*=4>=2 ? F;>F;; 0++K# # # # # # # # # # # # # # # # # # # # # # # # # # # # # F$C

"#$C &'( +.100O0/+,*1H0 12 4 )1.1-0 0,4+5 42,/. ,3/ /M/+,.1I/ ).*H,*H8 4, @4A FJ

P 4HI @EA FG P# # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # F"F

"#"; &'( +.100O0/+,*1H0 12 4 )1.1-0 0,4+5 42,/. ,3/ /M/+,.1I/ ).*H,*H8 1H 3/4,/I

0-E0,.4,/0# &K4MM )4.,*+M/0 4./ !*0*EM/ *H0*I/ ,3/ )1./0# # # # # # # # # # # # F"J

"#"F &'( )*+,-./0 12 ,3/ 1O.*H8 4./4 @*H0*I/ 4HI E/Q1HIA 42,/. ,3/ 4H1I*R4,*1H

0,/) 4HI ,3/ NM ST'# # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # F"$

"#"J ' )/.*K/H,4M 0/,-) 21. 0/M/+,*!/ 4H1I*R4,*1HD 40 -0/I *H U$CV# # # # # # # # # F""

"#"$ WM1E4M ).1+/00 12 ,3/ M1+4M*R/I 21.K4,*1H 12 ,3/ )1.1-0 0,4+5 -0*H8 )31O

,1./0*0, 40 4 K405# L3*+5H/00/0 4./ H1, ,1 0+4M/# # # # # # # # # # # # # # # # F"B

"#"" &1K/ / 4K)M/0 12 )4,,/.H0 9/ I/0*8H/I 21. ,3/ &*X2 K405 /,+3*H8# @4A

Y/0*8H 012,94./ !*/90 4HI @EA 1),*+4M K*+.10+1)/ )*+,-./0 12 ,3/ 4M*8HK/H,

+.100/0 42,/. ,3/ ./0*0, I/!/M1)K/H,# &+4M/ E4.0 *H @4A 4./ J;; HK# # # # # # F"%

"#"B &'( ,1)O!*/90 12 @4A 4 ZNN 42,/. 4 1H/O0,/) 4H1I*R4,*1H @+.100O0/+,*1H

*H ,3/ *H0/,AD @EA 4 ZNN 42,/. 4 1H/O0,/) 4H1I*R4,*1H 4HI 4 COK*H )1./

9*I/H*H8 @+A ,3/ NM 0-.24+/ 21.K/.MQ +1!/./I 9*,3 )31,1./0*0,# # # # # # # # F"%

"#"% @4A <.100O0/+,*1H 4HI @EA ,1)O!*/9 12 ,3/ ,.4H0*,*1H R1H/ E/,9//H ,3/ ZNN

4HI ,3/ ).1,/+,/I NM# @+A (48H*[+4,*1H0 12 0)/+*[+ )4.,0 12 ,3/ ,.4H0*,*1H

R1H/# # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # F":

"#": \*.0, 4H1I*R4,*1H @\NA 4HI 0/+1HI 4H1I*R4,*1H @&NA T@,A +-.!/0 +1../O

0)1HI*H8 ,1 ,3/ ZNN 21.K4,*1H 9*,3 )31,1./0*0, 40 4 E4..*/. @,3/ 931M/

&N M40,/I 4E1-, G K*HA# # # # # # # # # # # # # # # # # # # # # # # # # # # # # F"G

"#"G &'( ,1) !*/90 12 4 04K)M/ 42,/. 4 ,91O0,/) 4H1I*R4,*1H 12 @4A ,3/ 0-.24+/

-HI/. ,3/ ./0*0, 4HI @EA *H ,3/ -H).1,/+,/I )4,,/.H0# # # # # # # # # # # # # F"G

"#"C @4A \N 4HI &N T@,A +-.!/0 +1../0)1HI*H8 ,1 ,3/ ZNN 21.K4,*1H 9*,3 )31O

,1./0*0, 40 4 E4..*/.D 9*,3 4 031.,/. &N# @EA NM 0-.24+/ 42,/. ,91O0,/) 4HO

1I*R4,*1H 4HI ./0*0, ./K1!4M# # # # # # # # # # # # # # # # # # # # # # # # # # # F"C

"#B; &'( +.100O0/+,*1H0 12 4 ZNN *H ,3/ ,.4H0*,*1H 4./4 42,/. 4 ,91O0,/) 4HO

1I*R4,*1H# @4A *0 *H ,3/ -H).1,/+,/I 4./4 4HI @EAD @+AD 4HI @IA +1../0)1HI

,1 934, 1H/ +4H 0// 40 9/ 3/4I 21. ,3/ ).1,/+,/I 4./4# 61,/ ,34, ,3*.I

)*+,-./ *0 K48H*[/I 21. ,3/ 045/ 12 !*0*E*M*,Q 4HI ,34, ,3/ 0+4M/ *0 ,3/./21./

I*]/./H,# # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # F"C

"#BF ZNN 21.K/I -HI/. ,3/ ./0*0,D ,34, 340 E//H I/)10*,/I E/,9//H ,3/ [.0, 4HI

,3/ 0/+1HI 4H1I*R4,*1H ,1 4!1*I ZNN ./K1!4M# L3/ ZNN0 4./ !/.Q ,3*HD

/0)/+*4MMQ *H @EAD 93/./ 1H/ +4H 0// *, 21MM19 ,3/ +-.!/ 12 ,3/ -HI/.MQ*H8

NM M4Q/.# # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # FB;



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

#$%& '"()*+ *,() -(,."/-0",( 1203 456!+ 4,66+78,(."() 0, 09+ :;; <,6=-0",(

>"09 89,0,6+7"70 -7 - ?-66"+6$ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ @%@

#$%A 'BC 46,77D7+40",(7 0-E+( -0 ."F+6+(0 8*-4+7 ,< - 7-=8*+ -<0+6 - ,(+D70+8

-(,."/-0",( -(. - G ="( ;* +049"()$ 2-3H 2?3 -(. 243 79,> 7,=+ *-6)+

09"4E(+77 ."78-6"0"+7 "( 09+ :;; -(. 09+ ;* *-I+6$ $ $ $ $ $ $ $ $ $ $ $ $ $ $ @%@

#$%# J*,?-* 86,4+77 ,< 09+ *,4-*"/+. <,6=-0",( ,< 09+ 8,6,57 70-4E 57"() '"K2

-7 - =-7E$ L9"4E(+77+7 -6+ (,0 0, 74-*+$ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ @%A

#$%% 'BC 8"4056+7 ,< 7,=+ 8-00+6(7 6+-*"/+. "( - '"K2 *-I+6$ L9+ '"K2 +049"()

6+4"8+ "7 09+ M670 ,(+ "( L-?*+ #$NH -(. 7"="*-6 6+75*07 9-!+ ?++( ,?0-"(+.

>"09 09+ 7+4,(. -(. 09"6. 6+4"8+7$ O-.*I .+M(+. +049"()7 -6+ 8-60"45*-6*I

!"7"?*+ "( 243H "( 09+ 4,6(+67 ,< 09+ 46,77+7$ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ @%#

#$%G 'BC 8"4056+7 ,< 7,=+ 8-00+6(7 6+-*"/+. "( - '"K2 *-I+6H +049+. >"09 09+

<,5609 6+4"8+ ,< L-?*+ #$N$ 243 -(. 2.3 79,> 09+ +.)+ ,< 09+ '"K2 =-7E "(

46,77D7+40",( -(. 0,8 !"+>H 6+78+40"!+*I$ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ @%%

#$%N 2-3 P"670 -(. 7+4,(. -(,."/-0",( 1203 456!+7 ,< - 7-=8*+ -(,."/+. 096,5)9

- %QQD(= 09"4E '"K2 =-7E$ 2?3 'BC 0,8 !"+> ,< 09+ -7D<,6=+. :;; -<0+6

09+ ';$ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ @%G

#$%R 'BC 46,77D7+40",(7 ,< - :;; 6+-*"/+. 096,5)9 - %QQD(= 09"4E '"K2 =-7ES

2-3 "( 09+ ="..*+ ,< - 8-00+6(H 2?3 -(. 243 (+-6 09+ ?,5(.-6I >"09 09+

'"K2 =-7E$ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ @%G

#$%T 'BC 46,77D7+40",(7 ,< - 70-4E -<0+6 2-3 09+ 0>,D70+8 -(,."/-0",( -(. 09+

;* +049"()H 2?3 09+ '"K2 +049"()$ 2-3 -(. 2?3 -6+ "( 09+ ="..*+ ,< - 8-00+6(

-(. 243 79,>7 09+ ?,5(.-6I >"09 09+ '"K2 =-7E -<0+6 ;* -(. '"K2 +049"()7$

L9+ >9"0+ -66,> 8,"(07 ,50 09+ !+6I *-70 !"7"?*+ 8,6+7$ $ $ $ $ $ $ $ $ $ $ $ @%G



 !"# $% &'()*"

 ! "#$$%&' (%)*+ ,- (.+ %/,012%(1,/ %/0 +(3.1/4 3,/01(1,/5! ! ! ! ! ! ! ! ! ! 67

6! "(%/0%&0 &+0#3(1,/ 8,(+/(1%* %&+ 419+/ :1(. &+58+3( (, (.+ ";<! ! ! ! ! ! ! =>

=! ?8(1$12+0 4&,:(. 3,/01(1,/5 -,& "1@A 4&,:(. 1/ BCC 1/ ,#& ;ADEFG

&+%3(,&! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! 7H

I! ?8(1$12+0 3,/01(1,/5 -,& C* +(3.1/4 (.&,#4. % BCC $%5J 1/ ,#& KEB &+%3(,&!  L

I!6 ?8(1$12+0 3,/01(1,/5 -,& "1?2 +(3.1/4 (.&,#4. % BCC $%5J 1/ ,#& KEB

&+%3(,&! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! !   M

I!= "#$$%&' (%)*+ ,- (.+ "1?2 +(3.1/45 8+&-,&$+0 1/ % 51$8*+ NK< &+%3(,&! !  6I

I!I EFG 4&,:(. 3,/01(1,/5 -,& E@O 4&,:(. 1/ (.+ 8,&,#5 5(%3J 1/ ,#& ;AD

EFG &+%3(,&! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! !  =L

I!L "#$$%&' (%)*+ ,- (.+ "1@A 4&,:(.5 3%&&1+0 ,/ 1/ (.+ 8,&,#5 5(%3J! ! ! !  =>

I!P "#$$%&' (%)*+ ,- (.+ 8&1/(1/4 3,/01(1,/5 :+ #5+0 (, &+%*12+ +*+3(&,0+5 ,/

% 8,&,#5 5(%3J! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! !  IH

I!> "#$$%&' (%)*+ ,- (.+ -,#& &+318+5 :+ (&1+0 (, &+%*12+ ,8+/1/45 1/ (.+ "1?2

$%5J! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! !  L=

I!7 E,$8%&%(19+ (%)*+ ,- (.+ (:, $+(.,05 :+ (&1+0 (, &+%*12+ *,3%*12+0 8,&,#5

5(%3J! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! !  L>

Q911





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

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

/0 /&*.12' 0,2-1'&32

/45" /&%(,2%2.1 '6 421 ,!57#32!"2%#-&.3*-1&'

/89 / ':&. 8 .&1*:2

/;< /)2%#- , ; (&' <2(&+#1#&.

0=> 0,2-1'&. =2 % >#1)&?' ()6

0/@ 0,2-1'&. /6-,&1'&. @2+&. .-2

0<A 0,2-1'&. <#B' -1#&. A 112'.

C$ C#'+1 $.&3#D 1#&.

C09 C#2,3 0B2-1 9' .+#+1&'

E$$ E 12 $,, $'&*.3

F$ F '3 $.&3#D 1#&.

FGH/;<I F&1 G#'2 H/)2%#- , ; (&' <2(&+#1#&.I

J/A J.3*-1#K2,6 /&*(,23 A, +% 

J95 J.3#*%!9#. 57#32

>"; >#.2 ' "L22( ;&,1 ?2

4$ 4#,3 $.&3#D 1#&.

4=0 4&,2-*, ' =2 % 0(#1 76

4G89 4*,1#!G ,, 8 .&1*:2

89 8 .&1*:2

8G 8 .&L#'2

5/A 5(2. /#'-*#1 A&12.1# ,

A$$ A&'&*+ $.&3#- $,*%#. 

A0/;< A, +% !0.) .-23 /)2%#- , ; (&' <2(&+#1#&.

A0< A*,+23 0,2-1'&32(&+#1#&.

@0 @2M2'2.-2 0,2-1'&32

@J0 @2 -1#K2 J&. 01-)#.?

"$ "2-&.3 $.&3#D 1#&.

"04 "- ..#.? 0,2-1'&. 4#-'&+-&(2

"F0 "1 .3 '3 F63'&?2. 0,2-1'&32

"#8G "#,#-&. 8 .&L#'2

"G89 "#.?,2 G ,, 8 .&1*:2

904 9' .+%#++#&. 0,2-1'&. 4#-'&+-&(2

;"" ; (&'!"&,#3!"&,#3

;>" ; (&'!>#N*#3!"&,#3

G0 G&'O#.? 0,2-1'&32

7#7





 !"#$%&'"($!

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

 !

#$"%/(0 +"1 %&$ *,))!2!3!%0 %, ,2)$(4$5 -+2(!#+%$5 +"1

6,(7 6!%& ,28$#%) )9+33$( %&+" + -$6 &/"1($1) ,- "+",9$%$()5 9+"0 )#!$"%!)%) &+4$

2/)%3$1 +2,/% /"1$()%+"1!": "+",;,28$#%)5 $)*$#!+330 %&$!( 2$&+4!,/( +"1 %&$!( "/9$(,/)

*(,*$(%!$)< =) %&$ ,2)$(4+%!," %$#&"!>/$) 6$($ :$%%!": !9*(,4$15 + 3,% ,- "$6 !"%$($)%!":

*(,*$(%!$) &+4$ 2$$" ($4$+3$1 +9,": %&$ -($)&30;1!)#,4$($1 "+",*+(%!#3$) /"%!3 %,1+0<

?"$ ,- %&$ 9,)% $923$9+%!# ,"$) #,"#$(") %&$ -+9,/) 1!)#,4$(0 ,- %&$ #+(2," "+",%/2$)

!" @AA@5 6&!#& $3$#%(!#+35 9$#&+"!#+3 ,( ,*%!#+3 *(,*$(%!$) :,$) -+( 2$0,"1 +"0 9+%$(!+3

7",6" ), -+(<  ,9$ ,%&$( )%/1!$) )&,6$1 -,( $B+9*3$ %&+% )*$#!'# "+",*+(%!#3$) #,/31

&+4$ &/:$ 2$"$'%) !" 9$1!#!"$ C!9*(,4$1 1(/: 1$3!4$(0 +##/(+#05 9$1!#+3 !9+:!":< < < D5

&$+3%& C+"%!9!#(,2!+3 "+",;)!34$(D5 $"4!(,"9$"% C6+%$( '3%(+%!,"D5 $"$(:0 C&!:&$( E!;!,"

2+%%$(!$) 1$")!%0 )%,(+:$5 ),3+( #$33)< < < D5 $3$#%(,"!#) C#,9*,"$"%) )!F$ 1$#($+)$5 3,6$(

*,6$( #,")/9*%!,"D5 9$#&+"!#) C)%(,":$( 9+%$(!+3)5 2$%%$( $3+)%!#!%0< < < D +"1 !" 9+"0

,%&$( 1,9+!")<

G&$ 6!1$ 4+(!$%0 ,- %&$ 1!H$($"% "+",*+(%!#3$) #+" 2$ )/28$#% %, + #3+))!'#+%!,"5

2+)$1 ," %&$!( 9,(*&,3,:!#+3 +**$+(+"#$< I$ '"1 "+",6!($)5 "+",%/2$)5 "+",(!22,")5

"+",)&$$%)5 "+",)*&$($)< < < G&$ "+",6!($) +"1 %&$ "+",%/2$) #+" 2$ 9$(:$1 /"1$( %&$

+**$33+%!," J,"$ 1!9$")!,"+3 "+",)%(/#%/($)J5 ,( @K "+",)%(/#%/($)< G&$0 +($ #+33$1

%&!) 6+0 -(,9 %&$!( &!:& +)*$#% (+%!,5 %&$!( 1!+9$%$( 4+(0!": 2$%6$$" @ "9 %, + -$6

%$") ,- "95 +"1 %&$!( 3$":%& /* %, &/"1($1 9!#(,")<  , -+(5 @K "+",)%(/#%/($) &+4$

2$$" )%/1!$1 20 + 3,% + ($)$+(#& %$+9) !" %&$ 6,(315 -,( %&$!( *,%$"%!+3 +"1 *(,9!)!":

+**3!#+%!,")5 ",%+230 !" $3$#%(,"!#)< L"1$$15 !% &+) 2$$" )&,6" %&+% %&$0 #,/31 2$ /)$1

+) 2+)!# 2/!31!": 23,#7) !" "+",)#+3$ $3$#%(,"!# 1$4!#$)5 )/#& +) %(+")!)%,()5 )$"),()5

*&,%,1$%$#%,()5 ),3+( #$33)5 '$31 $9!%%$()< < < 5 6&!#& #+" +4,!1 %&$ /)$ ,- #,)%30 *+%%$("!":

%$#&"!>/$)< G, 9+7$ :,,1 /)$ ,- %&$ 2,%%,9;/* -,(9+%!," ,- %&$)$ )%(/#%/($) +33,6) %&$

-+2(!#+%!," ,- ($+10;%,;/)$ "+",9$%(!# $3$9$"%)5 6&,)$ :$,9$%(!#+3 -$+%/($) +"1 *&0)!#+3

*(,*$(%!$) #+" 2$ +18/)%$15 +"1 %&$!( !9*3$9$"%+%!," !" $3$#%(,"!# 1$4!#$) 9+1$ $+)!$(<

K$)*!%$ %&$)$ *(,9!)!": 9+(#&$)5 +" $))$"%!+3 *(,23$9 ($9+!") %, 2$ )%/1!$1< ?"$

#+"",% &+"13$ "+",*+(%!#3$) +) $+)!30 +) %6$$F$() 9,4$ + :(+!" ,- )+"15 ), + #&+33$":!":

%+)7 #,")!)%) !" 2$!": +23$ %, #,"%(,3 %&$ 3,#+%!," +"1 %&$ ,(!$"%+%!," ,- %&$ @K "+",);

%(/#%/($)5 6&,)$ !"%$(+#%!,") 6!%& 9+%%$( +($ >/!%$ 1!H$($"% #,9*+($1 %, 6&+% &+**$")

!" %&$ 9+#(,)#,*!# 6,(31< MB*$")!4$ +"1 %!9$;#,")/9!": 9$+") 3!7$ $;2$+9 3!%&,:(+*&0

&+4$ 2$$" /)$1 %, 1$'"$ *($#!)$ )*,%) %, :(,6 "+",6!($)5 ,( $4$" %, $%#& "+",6!($) -(,9

+ 2/37 9+%$(!+35 2/% %&!) !) )/!%+23$ -,( 1$9,")%(+%,() ,"305 +"1 *(,2+230 ",% -,( 9+);

@



  !"#$%&'" $!

!"#$ "%&$'()&"*% %*( +*,,$+&"#$ *(')%"-)&"*%. /$,01*(')%"-$2 &$34,)&$! 5!$$ "%&(* *0 678 0*(

$9)34,$!: )($ 4(*3"!"%' +)%2"2)&$! &* 4(*#"2$ &;$ )2#)%&)'$! ($<="($2 0*( +*%&(*,,$2 7>

%)%*!&(=+&=($ '(*?&;. @% 4)(&"+=,)( A*(*=! B%*2"+ B,=3"%) 5ABB: &$34,)&$!C ?;"+;

')&;$( $)!D )%2 +;$)4 0)E("+)&"*%C '$*3$&(D F$9"E","&D )%2 ?;"+; +)% 4(*#"2$ +*,,$+1

&"#$ +*%&(*, *0 &;$ %)%*!&(=+&=($!. B ABB &$34,)&$ +*%!"!&! "% ) %)%*4*(*=! !&(=+&=($C

?;*!$ #$(&"+), )%2 4)(),,$, 4*($! +)% E$ )(()%'$2 "% ) ;$9)'*%), 4)&&$(%C #$(D +,*!$ &*

) ;*%$D+*3E !&(=+&=($. @&! 0)E("+)&"*%C 3)2$ ED )%*2"+ *9"2)&"*% *0 ),=3"%"=3C "! !"31

4,$C +;$)4C )%2 ,$)2! &* ) 4$("*2"+ ;*,,*? 0*(3)&"*% )E,$ &* '="2$ &;$ '(*?&; *0 #$(&"+),

%)%*!&(=+&=($!C ?;"+; )($ +*%G%$2 "%!"2$ &;$ 4*($!. H;$ %)%*!&(=+&=($! &;=! )2*4& &;$

4*($ 2")3$&$( )%2 &;$ !4)+"%' +*(($!4*%2"%' &* &;$ "%&$(14*($ 2"!&)%+$C ?;"+; )($ E*&;

4)()3$&$(! $)!",D &=%)E,$ 2=("%' &;$ ABB 0)E("+)&"*%. H;"! 4*?$(0=, &**, ),!* 3)I$!

+*,,$+&"#$ +*%&)+& $)!"$(. J*&$ &;)& &;$ =!$ *0 ABB &$34,)&$! "! "% )++*(2)%+$ ?"&;

)% "%&$'()&"*% "% &;$ $,$+&(*%"+ 2$#"+$ 0)E("+)&"*% "%2=!&(DC !"%+$ B, "! ) ($),,D +*33*%

3)&$("), "% &;"! !$+&*(.

H;)&K! &;$ ?)D 3)%D ($!$)(+;$(! 0*+=!$2 *% '(*?"%' %)%*&=E$! 5JH!: )%2L*( %)%*?"($!

5JM!: "%!"2$ ABB &$34,)&$!C ,$)2"%' &;$ 4)&; &*?)(2! =,&()1;"'; 2$%!"&D "%&$'()&"*%

*0 "%2"#"2=), %)%*!&(=+&=($! 4$( +3. H;$!$ !&=2"$! ),,*?$2 E*&; 3$&),,"+ )%2 !$3"1

+*%2=+&"%' 3)&$("),! '(*?&; ,"I$ /"C N$C OC N)JC @%/EC O=C J"C B=C H$ )%2 3)%D *&;$(!.

@& ;)! ),!* E$$% ($4*(&$2 &;)& )! ?$,, )! &;$ +*34*!"&"*%C &;$ 3*(4;*,*'"+), )!4$+& *0

&;$ 7> %)%*!&(=+&=($! +*=,2 E$ 3*2"G$2. J)%*&=E$! *( %)%*?"($! +)% E$ !D%&;$!"-$2C

"% ) !"%',$ !&$3 *( ?"&; ) E()%+;$2 !&(=+&=($ &;)%I! &* )% )44(*4(")&$ 2$!"'% *0 &;$ &$31

4,)&$C ?;"+; "! "%&$($!&"%' 0*( "%&$(+*%%$+&"*% )44,"+)&"*%! 6 8. B% )44,"+)&"*% 2"($+&,D

($,)&$2 &* &;$ 4*(*=! &$34,)&$1)!!"!&$2 %)%*!&(=+&=($ '(*?&; ;)! E$$% ($4*(&$2 "%  PP7C

?;$% #$(&"+),,D1),"'%$2 )%2 4)&&$(%$2 +)(E*% %)%*&=E$! 5OJH!: ;)#$ E$$% =!$2 )! G$,2

$3"&&$(! 6Q8C 6R8. H;$ !)3$ D$)(C OJH1E)!$2 %)%*&()%!"!&*(! ;)#$ E$$% 0)E("+)&$2 =!"%'

) ABB &$34,)&$ &* '(*? )%2 +*%&)+& 4(*4$(,D $)+; $%2 *0 &;$ OJH! 6S8C ?;"+; ,$2 &*

) 4*&$%&"), 2$%!"&D *0 2.1011 4$( +3

2
. O*3E"%"%' &;$ !$%!"%' 4(*4$(&"$! *0 OJH! )%2

&;$ ;"'; *(2$( *0 &;$ #$(&"+), 4*($! "% ABBC )%*&;$( ($!$)(+; &$)3 2$#$,*4$2 ) !"34,$

4(*+$!! &* 0)E("+)&$ 4)(),,$, !$%!"%' +;)%%$,!C ($!4*%!"#$ &* JT3 )%2 JU2 6V8. B%*&;$(

"%&$($!&"%' G$,2 &* "%#$!&"')&$ "! &;$ 3)'%$&"+ 4(*4$(&"$! *0 7> %)%*!&(=+&=($!. H;$ ,)&&$(

)($ "%2$$2 ) 4(*3"!"%' +)%2"2)&$ 0*( ;"'; 2$%!"&D 3)'%$&"+ 2)&) !&*()'$ 2$#"+$!C )%2 &;"!

"! ?;D !&=2"$! "%#*,#"%' +,)!!"+), 3)'%$&"+ 3)&$("),! ,"I$ W$C J" *( O* )($ +)(("$2 *=&C

=!"%' $,$+&(*2$4*!"&"*% 3$&;*2! &* '(*? 3$&),,"+ %)%*?"($! "% ABB &$34,)&$! 6X8C 6Y8C 6Z8.

ABB &$34,)&$! ;)#$ &;$($0*($ ;='$ 4*&$%&"),"&"$! "% &;$ %)%*3)&$("),! 0)E("+)&"*% &$+;1

%"<=$!C )%2 )44$)( ,"I$ ) &**, &;)& +)%%*& E$ "'%*($2 0*( *(')%"-"%' 7> %)%*!&(=+&=($!C

"% 4($4)()&"*% 0*( ;"'; 2$%!"&D $,$+&(*%"+ 2$#"+$ "%&$'()&"*%.

W*,,*?"%' &;$ $9)34,$! +"&$2 )E*#$C ?$ "%#$!&"')&$2 &;$ OJH )%2 &;$ !","+*% JM

5/"JM: '(*?&;! "%!"2$ #$(&"+), ABB &$34,)&$!C $9+$4& ?$ I$4& "% 3"%2 ) 4)(&"+=,)( '*),[

&* ($),"-$ ) #$(&"+), OJHL/"JM1E)!$2 W"$,2 \]$+& H()%!"!&*( 5W\H:.

/*3$ #$(D "%&$($!&"%' ($!=,&! ;)#$ ),($)2D E$$% 4=E,"!;$2 )%2 E("%' ) 4(**0 *0 +*%1

+$4& )E*=& &;$ =!$ *0 7> %)%*!&(=+&=($! "% W\H!. H;$ 3*!& ($4($!$%&$2 !&(=+&=($! )($

2$G%"&$,D /"JM!C &;)& ;)#$ E$$% !=++$!!0=,,D =!$2 &* 0)E("+)&$ &()%!"!&*(!. B! )% $31

E,$3)&"+ $9)34,$C ^"$E$(K! '(*=4 =!$2 ,)!$( )E,)&"*% 5!$$ +;)4&$( Q: &* !D%&;$!"-$ ;"';



 !"#$%&'" $!  

!"#$%&' (%)*+ #,- ./,&#.&0- &102 3' 0430#2 $%&1/56#71' &/ 2#80 9#6%/"+ 0$0.&6/,%.

-09%.0+:;<=> :;;=? ? ? @)A43#+0- BCA+ 1#90 #$+/ 300, 607/6&0- 3"& 60+0#6.106+ ./20 "7

#5#%,+& &10 %,#3%$%&' &/ 706D/62 # +0$0.&0- 56/E&1 /D +02%./,-".&%,5 @)A+? F,0 .#,

,0906&10$0++ .%&0 0++0,&%#$ #6&%.$0+ $%80 :;G= #,- :; =?

H ./22/, 2#I/6 -6#E3#.8 /D &10+0 -09%.0 D#36%.#&%/, 76/.0++0+ %+ &1#& &10' 2/+&$'

./,+%+& %, %,47$#,0 -09%.0+> &1#& 0%&106 60!"%60 # 7#%,D"$ +&07 /D &6#,+D06 #,-J/6 #$%5,20,&

:;K=> %27$'%,5 6#,-/2 ./,,0.&%/,+ E%&1 76047#&&06,0- 0$0.&6/-0+> /6 %27/+0 #, 0$0.&6/-0

-07/+%&%/, #../6-%,5 &/ #, #,#6.1%. 7$#.020,& /D &10 ,#,/+&6".&"60+ :;L=> E1%.1 %+ ",#.4

.07&#3$0 D/6 2/60 ./27$0M %,&056#&0- .%6."%&+? N/60/906> 090, &1/"51 $%&1/56#71' 2#'

30 #9/%-0- &1#,8+ &/ &10 3/&&/24"7 +',&10+%+> %& %+ +&%$$ "+0- &/ ./,&#.& &10 )*+ O0430#2

$%&1/56#71'P> #,- &10 $/.#&%/, /D &10 -09%.0+ %+ 7//6$' ./,&6/$$0-?

H$$ &10+0 -09%.0+ #$+/ +"Q06 D6/2 # ,/,4%-0#$ 5#&0 ./"7$%,5 O-"0 &/ &10%6 7/+%&%/,

605#6-%,5 &10 3/&&/2 /6 &10 &/7 5#&0P? A/ 76/9%-0 # 30&&06 5#&0 ./"7$%,5> +/20 %,,/9#4

&%90 ./,R5"6#&%/,+ 1#90 300, 76/7/+0-> $%80 2"$&%7$045#&0 BCA+ :;S=> +"66/",-%,5 5#&0+

:;T=? ? ? U0+%-0+> +/20 /D &102 1#90 &10 #-9#,&#50 &/ %,&056#&0 2/60 -09%.0+ &1#,8+ &/ &10

906&%.#$ ./,R5"6#&%/, :;V=? A10 #.1%09020,& &1#& 60+023$0+ &10 2/+& &/ /"6 5/#$ 1#+

300, -0+.6%30- %, :;W=> E1060 (%)*+ #60 56/E, 906&%.#$$' #,- #60 +"66/",-0- 3' # 5#&0>

3"& &1060 %+ +&%$$ # 1%51 -070,-0,.0 /, &10 +%X0 -%+706+%/, /D &10 .#&#$'+& -6/7$0&+> E1%.1

$0#-+ &/ # 3#-$'4./,&6/$$0- (%)* -%#20&06?

A10 E/68 E0 760+0,& 1060%, &#80+ 7#6&%."$#6 .#60 %, -0+.6%3%,5 1/E &/ ./23%,0 &10

#-9#,&#50+ /D ;Y ,#,/+&6".&"60+ #,- &1/+0 /D ZHH? *0 76/7/+0 # ./,R5"6#&%/, &1#&

,/ $/,506 60!"%60+ 10#9' #,- ./+&$' 20#,+ &/ #.1%090 3/&1 7$#.020,& ./,&6/$ #,- +%X0

./,&6/$? [,-00-> &10 "+0 /D # ZHH &027$#&0 &/ 5"%-0 &10 ,#,/+&6".&"60 56/E&1 0,+"60+

# 906' ,#66/E -%#20&06 -%+&6%3"&%/,> # 706D0.& #$%5,20,& #,- # 906' 5//- +7#&%#$ +760#-

/D &10 )*+? N/60/906> +%,.0 &10%6 7/+%&%/, %+ 5%90, 3' &10 &027$#&0 -"6%,5 &10 56/E&1>

,/ +"3+0!"0,& +&07 /D -%+706+%/,> -6/74.#+&%,5 /6 +76#'%,5 %+ 60!"%60-? U#+%,5 /, &10

+0$D4#66#,5020,& /D &10 ZHH> # D"$$'4+"66/",-%,5 5#&0 1#+ 300, 0&.10-> &1"+ 76/9%-%,5

# !"#+%4%-0#$ ./"7$%,5 E%&1 &10 ,#,/+&6".&"60+? A10 7/E06 /D &1%+ ./,R5"6#&%/, %+ &1#&

&10 ,#,/+&6".&"60+ -%60.&$' 56/E /, #, 0$0.&6/-0> #,- #60 %220-%#&0$' /65#,%X0- &1#,8+

&/ &10 &027$#&0? A10 906&%.#$$'47#.80- ./,R5"6#&%/, .#, $0#- &/ 1%51 -0,+%&%0+> "7 &/

;<

11
-09%.0+ 706 .2

3
> #,- &10 ./,R,020,& /D &10 56/E%,5 +&6".&"60+ #$$/E+ # 2/-"$#&0-

-/7%,5 76/R$0 #$/,5 &10 #M%+> E1%.1 .#, D/62 74, I",.&%/,+ %, # +%,5$0 )*?

U#+%.#$$'> &10 /"&$%,0 /D &1%+ E/68 ./660+7/,-+ &/ &10 2#%, +&07+ /D &10 &/&#$ 76/.0++

&/ 60#.1 &1%+ 5/#$\ &1060D/60 E0 .1/+0 &/ 0M7$#%, /"6 +&"-%0+ #3/"& ZHH &027$#&0+ %,

&10 R6+& .1#7&06? A10%6 D/62#&%/, 76/.0++ #,- &10 0M706%20,&#$ 20&1/-+ E0 "+0- E%$$ 30

-0&#%$0-> #+ E0$$ #+ 1/E &/ ."+&/2%X0 &10%6 50/20&6'? A10 +0./,- .1#7&06 E%$$ -0+.6%30 &10

0$0.&6/-07/+%&%/, 76/.0++> &1#& E0 "+0- &/ -07/+%& 20&#$$%. 7#6&%.$0+ #& &10 3/&&/2 /D &10

7/60+ /D &10 ZHH &027$#&0+? [D> #+ 20,&%/,0- #3/90> 7/++%3$0 #77$%.#&%/,+ .#, 30 D/",-

%, &10 2#5,0&%. -#&# +&/6#50 R0$-> E0 706D/620- &1%+ +&"-' E%&1 # 9%0E &/ "+%,5 20&#$$%.

,#,/7#6&%.$0+ #+ .#&#$'+&+ D/6 @)A #,- (%)* 56/E&1? *0 &1060D/60 %,90+&%5#&0- )%>

@"> #,- H" 0$0.&6/-07/+%&%/,? [, &10 &1%6- .1#7&06 E0 E%$$ &#$8 #3/"& ;Y ,#,/+&6".&"60

56/E&1> E0 E%$$ %,&6/-".0 /"6 0M706%20,&#$ @]Y +0&4"7> #,- +1/E /"6 60+"$&+ #3/"& &10

70."$%#6 .#+0 /D 56/E&1 %,+%-0 ZHH &027$#&0+? B/6 # 30&&06 ",-06+&#,-%,5> # &10/60&%.#$



  !"#$%&'" $!

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

#0(2$"- /%++ 1"(+ /%$0 $0" #&'#"2$ &6 2&-&*! !$(#73 8'1""15 $& -"(+%9" ( :"-$%#(+ 4;<5 (

'"/ !$-*#$*-" 0(! )""' %=(.%'"1 ('1 2($"'$"1 ( 6"/ ,"(-! )"6&-" $0%! /&-75 %' &-1"- $&

-"#"%:" $0" '('&!$-*#$*-"! ('1 2+(, $0" -&+" &6 "+"#$-&1"! (++ %' $0" !(=" $%="3 > ?-!$

2(-$ %! 1"1%#($"1 $& $0" 6()-%#($%&' 2-%'#%2+" &6 $0" 2&-&*! !$(#75 $0($ -"+%"! &' $0" *!" &6

( @>> $"=2+($" (! ( 0(-1 =(!7 6&- "$#0%'. :"-$%#(+ 2&-"! %'!%1" $/& *'1"-+,%'. +(,"-!3

<0"' ( !"#&'1 2(-$ 1"$(%+! &*- -"!*+$! ()&*$ .-&/$0 %'!%1" $0" 2&-&*! !$(#75 +(!$ )-%#7 %'

$0" :"-$%#(+ 4;< 6()-%#($%&' 2-&#"!!3 A%$0 ( :%"/ $& 2"-6&-=%'. "+"#$-%#(+ ="(!*-"="'$!

&' $0"!" !(=2+"!5 ( !%=2+" +%$0&.-(20,B)(!"1 ="$0&1 0(! (+!& )""' 1":"+&2"1 $& '(--&/

$0" !*-6(#" /0"-" $0" 2&-&*! !$(#7 %! 6()-%#($"15 ('1 $0*! #-"($" !&=" #+"(' >+ #&'$(#$!3

> ?'(+ 2(-$ !*=! *2 $0" #0(2$"-!5 ('1 )-%'.! !&=" 2"-!2"#$%:"! $& $0%! /&-73



 !"#!$%&'()*

 !" #$ %&'()*+,-./01 %$ %&'()*+,-./01 2$ 34561 3$ 27'89,1 576 :$ ;0<5=>1 ?@578A0<,B 576

7578B'<=C'=<,B D5E<0C5'087 =B07F ',-.45', -,'986BG 5 B',. D8<A5<6 '8 <,54 6,H0C,B C8-E07*

07F ,4,C'<8C9,-0C54 BI7'9,B0B A0'9 40'98F<5.90C ',C970J=,B1K  !"#$%& !' (%)*#+%&, -.+*$.*/

(%)*#+%&, +$ 0&*.)#!$+.,1 H84$ LM1 ..$ LNOPLQN1 R57$ LMMO$

 L" S$ %,7F1 T$ U571 V$ W9581 X$ Y9,71 Z$ [57F1 R$ :0=1 \$ V=1 %$ ]87F1 V$ W9=1 [$ R=7F1

[$ [57F1 W$ Y9=1 %$ [,1 #$ ]5<1 ^$ 35_'501 576 ;$ 2_5I571 ?2 F,7,<54 BI7'9,'0C 5..<85C9

'8 07',<C877,C',6 @578A0<,`@578'=E, 576 @578'=E,`@578A0<,`@578'=E, 9,',<8_=7C'087B

A0'9 E<57C9,6 '8.848FI1K 1$2*3%$4)* 56*7+* 8$)*#$%)+!$%& 04+)+!$1 H84$ Na1 ..$ b!ccPb!bM1

#,.'$ LMMO$

 d" #$*U$ R,87F1 U$*[$ UA57F1 ]$*U$ :,,1 576 [$ R,87F1 ?+,-.45',*E5B,6 C5<E87 7578'=E,B

576 '9,0< 5..40C5'087 '8 5 ),46 ,-0'',<1K 199&+*4 :6;,+., <*))*#,1 H84$ ba1 78$ !N1 .$ LMQL1

LMM!$

 N" #$*U$ R,87F 576 ]$*U$ :,,1 ?T5E<0C5'087 8D '9, 540F7,6 576 .5'',<7,6 C5<E87 7578'=E, ),46

,-0'',<B =B07F '9, 57860C 54=-07=- 8>06, 7578*',-.45', 87 5 B0 A5D,<1K -;$)6*)+. (*)%&,1

H84$ !dO1 ..$ daQPdOM1 #,.'$ LMMd$

 Q" e$ X$ Y9801 R$ f$ Y9=1 ]$ #$ R,87F1 g$ R$ X5,1 R$*e$ :,,1 R$*R$ ]0-1 576 R$*h$ :,,1

?f4'<590F9*6,7B0'I 7578'<57B0B'8<B EI =B07F B,4,C'0H,4I F<8A7 H,<'0C54 C5<E87 7578'=E,B1K

199&+*4 :6;,+., <*))*#,1 H84$ bO1 ..$ dcOcPdcOa1 @8H$ LMM!$

 c" U$ [$ R=7F1 #$ %$ R=7F1 R$ ]0-1 576 R$ #$ #=91 ?Y9,-0C54 B,7B8<B D8< B,7B07F F5B 56B8<E,6 87

'9, 077,< B=<D5C, 8D C5<E87 7578'=E, C9577,4B1K 199&+*4 :6;,+., <*))*#,1 H84$ OM1 ..$ !Qd!!NP

!Qd!!NPd1 2.<$ LMMb$

 b" 2$ R$ [071 R$ :01 e$ R0571 2$ R$ X,77,''1 576 R$ %$ V=1 ?T5E<0C5'087 8D 90F94I 8<6,<,6 -,'5440C

7578A0<, 5<<5IB EI ,4,C'<86,.8B0'0871K 199&+*4 :6;,+., <*))*#,1 H84$ bO1 ..$ !MdOP!MN!1 2=F$

LMM!$

 a" U$ W,7F1 %$ W9,7F1 ^$ #i8-Bi01 Z$ #,44-I,<1 [$ :0=1 :$ %,7871 576 #$ X576I8.569I5I1

?%5F7,'0C .<8.,<'0,B 8D B,4D*5BB,-E4,6 C8 7578A0<,B 8D H5<I07F 4,7F'9 576 605-,',<1K =%>+4

-*&&7;*# :"?&+.%)+!$,1 %5I LMMM$

 O" \$ V=1 S$ %,7F1 V$ e=1 \$ e,01 %$ ]87F1 V$ W9=1 576 W$ Y9=1 ?2 F,7,<0C 5..<85C9 '8

6,B0<,6 -,'5440C 7578A0<,B 07B06, 75'0H, .8<8=B 54=-075 ',-.45', H05 <,68> <,5C'0871K 56*7@

(%)*#@1 H84$ L!1 78$ !L1 ..$ LdObPLNML1 LMMO$

 !M" [$ Y=0 576 Y$ %$ :0,E,<1 ?T=7C'08754 7578BC54, ,4,C'<870C 6,H0C,B 5BB,-E4,6 =B07F B040C87

7578A0<, E=04607F E48CiB1K -.+*$.*1 H84$ LO!1 ..$ aQ!PaQd1 T,E$ LMM!$

 !!" [$ U=57F1 ?:8F0C F5',B 576 C8-.='5'087 D<8- 5BB,-E4,6 7578A0<, E=04607F E48CiB1K -.+*$.*1

H84$ LON1 ..$ !d!dP!d!b1 @8H$ LMM!$

 



  !"#$%&'" $!

 !"# $% &% '()*+ ,% -% .% /01*234010)+ ()5 6% 708801+ 9-::;<=0;>01(=410 =1()*?*=:1 @(*05 :)

( *?)AB0 2(1@:) )():=4@0+C  !"#$%+ D:B% EFE+ >>% GFHI"+ .(J !FFK%

 !E# -% .(1=0B+ '% $23;?5=+ L% -% $30(+ '% L01=0B+ ()5 M% ,D:41?*+ 9$?)AB0< ()5 ;4B=?<N(BB 2(1@:)

)():=4@0 O0B5<0P02= =1()*?*=:1*+C &''()%* +,-.)/. 0%""%$.+ D:B% QE+ >>% "GGQH"GGF+ R2=% !FFK%

 !G# S% L4()A+ 97?102=05 (**0;@BJ :T :)0<5?;0)*?:)(B )():*=142=410* ?)=: T4)2=?:)(B )0=N:18*+C

1/)%2/%+ D:B% "F!+ >>% UEVHUEE+ &()% "VV!%

 !I# W% W3:)A+ 7% X()A+ S% 64?+ .% X% Y:281(=3+ ()5 6% .% Z?0@01+ 9[():N?10 21:**@(1 (11(J*

(* (5510** 502:501* T:1 ?)=0A1(=05 )():*J*=0;*+C 1/)%2/%+ D:B% EV"+ >>% !EQQH!EQF+ [:D%

"VVE%

 !U# &%<'% M(18 ()5 &%<M% 6:B?)A0+ 9.4B=?>B0<A(=0 $R\ .R$]^'*_ 50D?20 50*?A) A4?50B?)0*+C

3(%/"$42 5%6)/%.7 8333 9$!2.!/")42. 42+ D:B% GF+ ):% !"+ >>% """"H"""F+ "VV"%

 !Q# L% '% [A+ &% L()+ '% S(;(5(+ M% [A4J0)+ S% M% 630)+ ()5 .% .0JJ(>>()+ 9$?)AB0 21J*=(B

)():N?10 D01=?2(B *411:4)5<A(=0 O0B5<0P02= =1()*?*=:1+C  !24 0%"":+ D:B% G+ ):% Q+ >>% !"GQH

!"I"+ "VVG%

 !K# &% `:B5@01A01+ ,% \% L:23@(4;+ -% ]()+ ()5 M% S()A+ 9$?B?2:) D01=?2(BBJ ?)=0A1(=05 )():N?10

O0B5 0P02= =1()*?*=:1*+C  !24 0%"":+ D:B% U+ >>% FQEHFQQ+ R2=% "VVU%

 !F# /% $23;?5=+ L% -?0B+ $% $0)a+ $% b(1A+ X% -?0**+ ()5 c% `d*0B0+ 9-0(B?a(=?:) :T ( *?B?2:)

)():N?10 D01=?2(B *411:4)5<A(=0 O0B5<0P02= =1()*?*=:1+C 1;!((+ D:B% "+ ):% !+ >% KIHKK+ "VVU%



 !"#$%& '

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

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

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

 -5/%!%5/ #2%$"'%#! .", 6++! 7+--18!#7! 3#) ,+9+)"- $+*"$+, !#7: 3#)",/5*. ", ,%!*+

'.+ 6+;%!!%!; #3 '.+ <<

 !

*+!'5)0: '.+ ()#'+*'%9+ (#7+) #3 "-5/%!%5/ #2%$+ 5(#! #61

=+*', /"$+ #3 "-5/%!%5/ ";"%!,' *#))#,%#! .", 6++! $+/#!,')"'+$4  !#$%&"'%#! %, "-,#

+>*%+!' '# *#-#)%&+ "-5/%!%5/: 7.%*. .", /"$+ '.%, '+*.!%?5+ 7%$+-0 5,+$ %! %!$5,')0

3#) $+*"$+, !#74 @#)+ )+*+!'-0: %4+ 3)#/ '.+ AB,: "!#$%* "-5/%!%5/ #2%$+ ")#5,+$ !+7

%!'+)+,' 7%'. '.+ +/+);+!*+ #3 +-+*')#! /%*)#,*#(0: 7.%*. -+$ '# '.+ ,'5$0 #3 '.+ "-5/%!"

(#)+, 3#)/"'%#!4  -#' #3 ")'%*-+, ."9+ 6++! (56-%,.+$ ,%!*+ '.+!: 3)#/ 3#)/"'%#! '.+1

#)0 '# ()"*'%*"- 3"6)%*"'%#!4 C.+ D),' /#$+- $+,*)%6%!; '.+ (#)+ ,')5*'5)+: %!')#$5*%!;

'.+ *#!*+(' #3 .+2";#! *+--,: .", 6++! 6)#5;.' 60 E+--+) +' "-4 %! FGAH IFJ4 C.+! )+1

,+")*. '+"/, -%8+ C.#/(,#!: K##$ +' "-4 ILJ:IHJ 6)#5;.' ()+*%,+ +2(-"!"'%#!, "6#5' '.+

*.+/%*"- /+*."!%,/, %!9#-9+$ %! '.+ (#)+ 3#)/"'%#! ()#*+,,: +,(+*%"--0 "6#5' %#!%* +21

*."!;+, "' '.+ "-5/%!"M"-5/%!%5/ "!$ '.+ "-5/%!"M+-+*')#-0'+ %!'+)3"*+,4 C)+/+!$#5,

5!$+),'"!$%!;, #3 '.+ $%N+)+!' ,')5*'5)+, #6'"%!"6-+ $+(+!$%!; #! 9#-'";+,: +-+*')#-0'+,:

'+/(+)"'5)+ +'*4 ."9+ '.5, 6++! $#!+ 6+'7++! FGOB "!$ '.+ GB,4  6)+"81'.)#5;. %!

#)$+)%!; "-5/%!" (#)+, .", 6++! /"$+ %! FGGA 60 @",5$" "!$ P585$": 7.# /"!";+$ '#

3"6)%*"'+ /#!#1$#/"%! (#)#5, "-5/%!" ")+", #9+) -");+ ,5)3"*+, IQJ4 P%),' 5,%!; " R'7#1

,'+( )+(-%*"'%#!R: "!$ '.+! 5,%!; " !"!#1%/()%!' '+*.!%?5+ IAJ: (#)#5, "-5/%!" '+/(-"'+,

+2.%6%'%!; .%;. ",(+*' )"'%# 7%'. 6#'. "$=5,'"6-+ $%"/+'+), "!$ !"))#7 $%"/+'+) $%,')%1

65'%#! 7+)+ +",0 '# )+"-%&+4 S'.+) /+'"-, -%8+ C% ITJ: K IOJ: C" IUJ: V) IGJ4 4 4 ."9+ "-,#

6++! #2%$%&+$ '# 3#)/ (#)#5, ,')5*'5)+,: !+9+)'.+-+,, !#!+ #3 '.+/ .", -+$ '# ", /"!0

,'5$%+, ", W#)#5,  !#$%*  -5/%!" XW  Y4 Z#7+9+): "-'.#5;. "$9"!*+, %! '.+ D+-$ #3

!"!#1#)$+)%!; ."9+ -+"(+$ 3#)7")$ $5)%!; '.+,+ $+*"$+,: '.+ 5,+ #3 W  %, !#7"$"0,

,'%-- )+,')%*'+$ '# )+,+")*. -"6,: 7.+)+ !5/+)#5, (#'+!'%"- "((-%*"'%#!, ")+ ,'%-- 6+%!; $+1

9+-#(+$4 C.+ ;#"- #3 '.+ 3#--#7%!; %, '# +2(-"%! '.+ 3#)/"'%#! '.+#)0 #3 " W  '+/(-"'+:

"!$ '.+! '# 5,+ %' '# *"))0 #5' "!$ 5!$+),'"!$ #5) %!9+,'%;"'%#! "6#5' %'4 K+ +,(+*%"--0

'##8 (")'%*5-") *")+ '# 3"6)%*"'+ #)$+)+$ '+/(-"'+, 7%'. 9")%#5, (#)+ $%"/+'+),: .+%;.':

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

O



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

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

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

!"#$%&%' $" #&$(%&) &)(*+#+(* ",+-&$+"#. /0+10 +2 -(3 $" $03 4%323#13 "5 ",'63# +#

$03 &$*"2403%3. $03 &#"-+7&$+"# +2 &# 3)31$%"103*+1&) 4%"1322. &#- $03%35"%3 +#8")832 &#

3)31$%+1 93)- $0&$ +#:(3#132 $03 %3&1$+"# & )"$; <#-33-. /+$0"($ &#' 3)31$%+1 93)-. $03 $0+#

&)(*+#+(* ",+-3 =&)(*+#&> )&'3% $0&$ 5"%*2 &11"%-+#6 $"?

@A)

 !"

+ BC

# $"

−−→ DA)

#

C

% !"

2$"42 $03 %3&1$+"# &2 2""# &2 $03 &)(*+#& +2 $0+1E 3#"(60 =& 53/ #&#"*3$3%2> $" 4%383#$

",'63# "5 $03 &$*"2403%3 $" %3&1$ /+$0 &)(*+#+(*; <# $03 3)31$%"103*+2$%' 1&23. $03

3)31$%+1 93)- 03)42 +"#2 $" 1%"22 $03 ",+-3 F&%%+3%. &))"/+#6 $03 %3&1$+"# $" 6" 5(%$03% &#-

$03%35"%3 $" %3&)+73 $0+1E3% &)(*+#& )&'3%2. &2 )"#6 &2 $03 3)31$%+1 93)- +2 0+60 3#"(60

1"*4&%3- $" $03 F&%%+3% $0+1E#322; G0+2 4%"1322 0&2 F33# (23- 5"% &632 $" %3&)+73 4%"H

$31$+83 9)*2 "# *3$&)2 =32431+&))' &)(*+#+(*> &6&+#2$ 1"%%"2+"#; I%"* & 4%&1$+1&) 4"+#$

"5 8+3/. $03 &)(*+#+(* $" ",+-+73 +2 23$ &2 $03 &#"-3. &#- & 1"(#$3% 3)31$%"-3 =$'4+1&))'

*&-3 "5 6%&40+$3. 4)&$+#(* "% 6")- 2" +$ -"32#J$ %3&1$ +# $03 3)31$%")'$3> &2 $03 1&$0"-3;

K"$0 &%3 -+443- +# $03 3)31$%")'$3. (2(&))' *&-3 "5 &1+- =2()5(%+1. ",&)+1. 40"240"%+1; ; ; >

-+)($3- +# L< /&$3%; G03 ",+-&$+"# "5 A) +2 &2 5"))"/2?

A)

 !"

−−→ A)

%& + B 3

'

G0+2 %3&1$+"# $&E32 4)&13 &$ $03 *3$&)M",+-3 +#$3%5&13 &#- +2 %324"#2+F)3 "5 $03 &)(*+#&

5"%*&$+"#; <#-33-. 4&%$ "5 $03 A)

%&

+"#2 2(44)+3- F' $0+2 %3&1$+"# 1%"2232 $03 ",+-3

F&%%+3% $0&#E2 $" $03 3)31$%+1 93)-. &#- $03# -+22")83 +# $03 3)31$%")'$3. F($ $03 "$03%

4&%$ /+)) %3&1$ /+$0 ",'63#H1"#$&+#+#6 +"#2 =C

#(

&#- CN

(

> &#- /+)) 5"%* &)(*+#&; G03

"%+6+# "5 $0323 ",'63#H1"#$&+#+#6 +"#2 +2 2$+)) -+21(223-. &$ )3&2$ $03+% 4%"4"%$+"#. 5"% $03'

1"()- 1"*3 5%"* &$ )3&2$ $/" -+2$+#1$ %3&1$+"#2?

N

#

C −−→ N

& +CN

'

&#-

N

#

C −−→ DN

& +C

#'

OPQR

<# F"$0 1&232 $03 &#+"#2 /"()- *&+#)' 1"*3 5%"* /&$3% -+22"1+&$+"# &$ $03 3)31$%")'$3M",+-3

+#$3%5&13; G03 &#"-+7&$+"# 4%"1322 1&# F3 /%+$$3# &2 5"))"/2?

DA)

 !"

+ BN

#

C

 )"

−−→ A)

#

C

% !"

+ BN

# $"

OPPR

$0"(60 $0+2 3S(&$+"# +2 & 2+*4)+93- 8+3/ "5 /0&$ %3&))' 0&443#2 -(%+#6 $03 /0")3 4%"1322;

<5 $03 3)31$%")'$3 (23- +# $0+2 %3&1$+"# +2 #3($%&) "% F&2+1 =+;3 4N T U OPQR. OPPR>. $03

&)(*+#& )&'3% +2 1&))3- F&%%+3%H$'43 &)(*+#&. /0+10 +2 & 1)&22+1&) $0+# )&'3% =(4 $" 2383%&)

*+1%"#2> "# $03 #"#H",+-+73- &)(*+#+(*; C# $03 1"#$%&%'. +5 &# &1+-+1 2")($+"# =$'4+1&))'

2()5(%+1. ",&)+1 "% 40"240"%+1 &1+-> +2 (23- &2 &# 3)31$%")'$3. $03 &2H5"%*3- &)(*+#& +2

&)2" 4&%$+&))' -+22")83-. -(3 $" & 4%"$"#H&22+2$3- *310&#+2* OPDR; V#-3% 83%' 2431+91

1"#-+$+"#2. $0+2 1&# )3&- $" $03 5"%*&$+"# "5 4"%"(2H$'43 &)(*+#&? $0+2 +2 $03 "FW31$ "5

$03 #3,$ 4&%&6%&40;



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

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

!" #$%& &'(#%)" *' )"+, -)(.& )" /+.0%"%.0 /")1%2/#%)" 3'4-)40'1 %"&%1' /" /(%1%( '+'(5

#4)+,#'6 7& 0'"#%)"'1 8'-)4'9 *' /##'"1 #*) '+'(#4%( :'+15/&&%&#'1 4'/(#%)"&;

 #$' /+.0%"/ -)40/#%)" <&'' /8)='> /# #$' 0'#/+?)@%1' %"#'4-/('9

 #$' /+.0%"/ 1%&&)+.#%)" /# #$' '+'(#4)+,#'?)@%1' %"#'4-/('; /+.0%"/ %& 1%&&)+='1 8,

#$' /(%1%( '+'(#4)+,#'9 /&&%&#'1 8, #$' '+'(#4%( :'+1 #$/# '@#4/(#& 7+

 !

%)"& -4)0

#$' /+.0%"/9 *$%($ &.33+%'& )@,A'"5()"#/%"%"A /"%)"& )" #)3 )- #$' )#$'4 &).4('

0'"#%)"'1 /8)='6

B- ().4&' %- )"' )- #$' #*) 4'/(#%)"& /8)=' 34'=/%+&9 #$' 3)4' -)40/#%)" (/"")# #/C'

3+/('6 !" )"' (/&' *' *).+1 $/=' #$' -)40/#%)" )- 8/44%'45#,3' /+.0%"/9 *$%($ $/&

/+4'/1, 8''" 1'/+# *%#$9 /"1 %" #$' )#$'4 (/&' ") /+.0%"/ *).+1 8' -)40'1 /# /++9 #$.&

A%=%"A */, #) / 3.4' /+.0%"%.0 &.4-/('6 D$' 3)4).& /+.0%"/ (/" )"+, -)40 %- #$'&' #*)

4'/(#%)"& 8/+/"('6 E)#$ 4'/(#%)"& /4' '+'(#4%( :'+15'"$/"('19 /"1 #$'4'-)4' #$' =)+#/A'

/33+%'1 1.4%"A #$' /")1%2/#%)" 34)('&& *%++ 3+/, / (4.(%/+ 4)+' %" #$%& 'F.%+%84%.06

E'-)4' 1'&(4%8%"A #$' 0'($/"%&0& )((.44%"A 1.4%"A #$' -)40/#%)" )- /")1%( /+.0%"/9

/ -'* *)41& $/=' #) 8' #)+1 /8).# #$' 0'($/"%(/+ &#4'&& +%"C'1 #) #$' )@%1/#%)" )- /"

/+.0%"%.0 +/,'46 G&./++,9 #$' %"&'4#%)" )- /#)0&9 %03.4%#%'& )4 1)3/"#& %" / 0/#'4%/+

+'/1& #) / =)+.0' '@3/"&%)" )- #$' +/##'46 !" #$' (/&' )- /+.0%"%.09 #$' %"&'4#%)" )-

)@,A'" /#)0& %& A'"'4/++, -)++)*'1 8, / =)+.0' '@3/"&%)" )- / -/(#)4 8'#*''" H /"1 I9

1'3'"1%"A )" #$' ()"1%#%)"& JHKL6 D$%& =)+.0' '@3/"&%)" 4'&.+#& %" / 0'($/"%(/+ &#4'&&

%"&%1' #$' /+.0%"/9 *$%($ %& 8'+%'='1 #) 8' #$' (/.&' )- #$' %44'A.+/4%#%'& )" #$' &.4-/(' )-

#$' )@%1'6 D$.&9 '='" /-#'4 / 8/44%'45#,3' )@%1/#%)"9 1.' #) &#4'&& 4'+/@/#%)" %" /+.0%"/9

#$' &.4-/(' 4'='/+& / 4).A$"'&&6

D) ."1'4&#/"1 8'##'4 *$/# $/33'"& 1.4%"A #$' 3)4' -)40/#%)" 34)('&&9 )"' $/& #)

1'()03)&' #$' 0'($/"%&06 !# %& /+&) ='4, $'+3-.+ #) -)++)* #$' '=)+.#%)" )- #$' (.44'"#

/& /")1%2/#%)" A)'& /+)"A <&'' M%A.4' H6H>6

7# #$' ='4, 8'A%""%"A9 / N/# /+.0%"%.0 +/,'4 1'3)&%#'1 )" / &.8&#4/#' %& %00'4&'1

%" /" /(%1%( '+'(#4)+,#'6 O/#%='+, / #$%" <I5K "0> )@%1' +/,'4 %& /+4'/1, 34'&'"#6 B"(' /

=)+#/A' %& /33+%'1 8'#*''" #$%& &/03+' /"1 #$' (/#$)1'9 #$' /")1%2/#%)" )- /+.0%"%.0

%00'1%/#'+, 8'A%"&9 8)#$ /# #$' 0'#/+?)@%1' /"1 /# #$' )@%1'?'+'(#4)+,#' %"#'4-/('& JHIL6

D$%& %& 1.' #) #$' '+'(#4%( :'+19 *$%($ /(('+'4/#'& #$' )@%1/#%=' &3'(%'& <B

"#

/"1 BP

#

>

#$4).A$ #$' 8/44%'4 +/,'49 /"1 7+

 !

%)"& #$/# /4' '@#4/(#'1 -4)0 #$' 8/44%'4 )@%1'6 D$'

)@%1' +/,'4 #$.& A'#& #$%(C'49 *$%($ 4'&.+#& %" / 14/0/#%( (.44'"# 1'(4'/&' <&#/A' ! %" M%A5

.4' H6H>6 7& *' $/=' &''" /8)='9 #$' /+.0%"%.0 )@%1' -)40/#%)" %& /+*/,& /(()03/"%'1

8, / =)+.0' '@3/"&%)"9 *$%($ %"=)+='& / +)# )- &#4'&& /"1 %44'A.+/4%#%'& %" #$' 0/#'4%/+6

D$%& 4'&.+#& %" #$' (4'/#%)" )- / 4).A$"'&& /# #$' )@%1'?'+'(#4)+,#' %"#'4-/('9 F.%#' 8%AA'4

#$/" #$' 4).A$"'&& )- #$' %"%#%/+ /+.0%"%.0 +/,'4 /"1 &.Q(%'"# #) 4'='/+ 1%R'4'"('& )-

/+.0%"/ #$%(C"'&&6 7& / 4'&.+#9 #$' 4'&%&#/"(' )- #$' /+.0%"/ %& ")# $)0)A'"').& /",5

0)4'9 /"1 #$' :'+1 +%"'& *%++ "/#.4/++, 3)%"# /# #$' #$%""'4 /4'/&9 *$'4' %)"& '@($/"A'&

*%++ #$'4'-)4' 8' '/&%'46 !" #$'&' 3+/('&9 #$' $%A$ '+'(#4%( :'+1 <≈ HS

7
T6(0

#$

JHUL> *'/C5

'"& 7+5B 8)"1& /"1 '@#4/(#& 7+

 !

%)"& -4)0 /+.0%"/ 0)4' '/&%+, #$/" %" #$%(C )@%1'



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

 !"#$% &'&( )#$$%*+,+!-% +$.*/!%*+ 0#$!*" .* .*10!2.+!1* 13 . 45 67 /.-87%'

"#$"%& '()*( +$",% -. " /"%-$# ,)%%.+0-).1 ./ "+02)1"3 4(0% )1,)5),0"+ 6"-(% ')++ /.#2

7 89& '()*( ')++ 2":$ -($ *0##$1- )1*#$"%$ ;%-"<$ === )1 >)<0#$  3 ?& "/-$# ("5)1< #$"*($,

" 2)1)202 ;%-"<$ ==? *.##$%6.1,)1< -. -($ 2"@)202 -()*:1$%% ./ -($ .@),$ +"A$#3 4($%$

6"-(% "11.01*$ -($ 6+"*$% ./ -($ /0-0#$ 6.#$%& -("- ')++ <#.' ,0#)1< -($ %-$",AB%-"-$

;%-"<$ =C?& '($1 -($ $D0)+)E#)02 E$-'$$1 -($ ,)%%.+0-).1 ./ "+02)1" "1, )-% /.#2"-).1 )%

#$"*($,3 F.-$ -("- -($ -()1 .@),$ "#$"% "#$ -($ .1+A 6+"*$% '($#$ E.-( "+02)1" ,)%%.+0B

-).1 "1, /.#2"-).1 E"+"1*$& '()*( +$",% -. -($ ,)<<)1< ./ 6.#$% -(#.0<( -($ %"26+$3 4($

*.$@)%-$1*$ ./ -($%$ -'. 6($1.2$1" *"1 E$ ,$*.26.%$, "% /.++.'%G -($ H$+,B$1("1*$,

,)%%.+0-).1 ./ "+02)1" 2":$% -($ "1.,)I"-).1 *0##$1- E$*.2$ ()<( $1.0<( -. *#$"-$ "

1$' .@),$ +"A$#3 J)--+$ EA +)--+$& -($ -()*:$1)1< ./ -($ .@),$ %+.'% ,.'1 -($ ).1 -#"1%/$#&

'()*( "++.'% -($ "+02)1" ,)%%.+0-).1 -. E$*.2$ -($ 6#$,.2)1"1- #$"*-).1 "<")13 K% +.1<

"% -($ *.1,)-).1% "#$ 2")1-")1$,& -()% *A*+$ ')++ *.1-)10$ 01-)+ -($ "+02)1)02 +"A$# )%

*.26+$-$+A *.1%02$,3 L/ *.0#%$& )- )% 6.%%)E+$ -. %-.6 -($ 6#.*$%% )1 .#,$# -. :$$6 "1

"+02)1)02 +"A$# 01,$#1$"-( -($ 6.#.0% "+02)1"& '(.%$ ($)<(- ,$6$1,% .1 -($ "1.,)I"B

-).1 ,0#"-).13 L1 %-"<$ =C& .1$ *"1 1.-)*$ -("- -($ *0##$1- %+)<(-+A ,$*#$"%$%3 4($

"1.,)I"-).1 *0##$1- E$)1< 2")1+A #$+"-$, -. ).1)* 2.5$2$1- -(#.0<( -($ E"##)$# .@),$

7 89& ,)M0%).1 +)2)-% )1 -()% "#$" "#$ #$N$*-$, .1 -($ *0##$1- $5.+0-).1 ,0#)1< -($ %-$",A

%-"-$3 O$6$1,)1< .1 -($ *"%$%& -($ %-$",AB%-"-$ *0##$1- *"1 E$ 2.#$ .# +$%% *.1%-"1-&

"1, *"1 $5$1 %+)<(-+A )1*#$"%$3

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

>.# 2"1A "66+)*"-).1%& .-($# 6.#.0% -$26+"-$% -("1 6.#.0% "+02)1" $@)%- "1, "#$ *.2B

2$#*)"++A "5")+"E+$& %0*( "% 6.+A2$#BE"%$, 6.#.0% -$26+"-$% ;0%0"++A /"E#)*"-$, EA -($



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

!"#$%&'!$(') *"+$',,-. /',0)', !('0" +120+3, #)2#4!#5', !(#! #"' '#,' +6 3,'7 $+4,!#4$87

#4) "'90#1090!87 :' 4'2'"!('9',, *3! !(' ';*(#,0, +4 !(' $+;*9'!' $3,!+;0<') 6#1"0$#!0+4

=!(0$%4',,7 *+"' )0#;'!'". . . - +6 +3" ;';1"#4',7 :(0$( 0, 4+! *+,,019' :0!( $+;;'"$0#9

*"+)3$!,. >+"'+2'"7 !(' 9+:'" !(0$%4',, +6 !(',' *+"+3, ;';1"#4', #"' 3,3#998 9#"5'"

!(#4 !(' !(0$%4',, :' :099 #$!3#998 3,' 04 !(0, :+"%7 :(0$( ;#%' !(' ?@@ # $#4)0)#!' +6

$(+0$'.

A4 !(' 6+99+:0457 :' :099 ,'' (+: :' $#4 *9#8 :0!( !(' )0B'"'4! 'C*'"0;'4! *#"#;'!'",

!+ 6#1"0$#!' ?@@ !';*9#!', :0!( # ,*'$0D$ )',054. A4)'')7 !(' 5'+;'!"0$#9 6'#!3"', +6 !('

*+"', :099 1' (05(98 #B'$!') 18 *#"#;'!'", ,3$( #, !';*'"#!3"'7 2+9!#5'7 $+4$'4!"#!0+4

#4) !8*' +6 '9'$!"+98!'7 #4) '2'4 !(' ,!0""045 +6 !(' '9'$!"+98!' )3"045 !(' *"+$',,. E('

;#04 6'#!3"', !(#! )',$"01' # ?@@ !';*9#!' #"' !(' )0#;'!'" +6 !(' *+"',7 !('0" ('05(!7

!(' 04!'"*+"' )0,!#4$'7 !(' !(0$%4',, +6 !(' 1#""0'" 9#8'"7 13! #9,+ !(' +")'"045 +6 !('

*+"',.

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

F4$' !(' 5"+:!( (#, ,!#"!')7 !(' *+"', #**'#" !+ 5"+: *'"*'4)0$39#" !+ !(' ,3"6#$'

=:' :099 3,' !(' 5'4'"#9 !'"; G2'"!0$#9G 04 !(' 6+99+:045-7 !(+35( 4+!(045 $+39) (#2'

9') !+ 1'90'2' !('8 :+39) 5"+: !(0, :#8 #! !(' 1'5044045 +6 !(' #4+)0<#!0+4. A4)'')7

!(' 040!0#9 5"+:!( )0"'$!0+4 +6 !(' *+"', ;#0498 )'*'4), +4 !(' 9+$#9 +"0'4!#!0+4 +6 !('

+C0)'H'9'$!"+98!' 04!'"6#$'7 04)3$') 18 !(' ;'$(#40$#9 ,!"',, 04,0)' !(' #93;04# 9#8'" =,''

#1+2'-. E+ 'C*9#04 !(' 2'"!0$#9 #4) 'I30)0,!#4! #""#45';'4! +6 !(' *+"',7 0! 0, ,355',!')

!(#! !(' "'*39,02' 6+"$', 'C0,!045 1'!:''4 4'05(+3"045 *+"',7 $#3,') 18 ;'$(#40$#9 ,!"',,7

#**98 3406+";98 04 *+"' 1+!!+;7 $"'#!045 #4 0,+!"+*0$ 9#!'"#9 ,!"',, !(#! ,*"'#), *+"',

(+;+5'4'+3,98. E(3, !(' #93;04# :#99, #"' *3,(') 3*:#"),7 ,04$' !(' 2'"!0$#9 )0"'$!0+4

0, !(' +498 :#8 6+" !(' ;#!'"0#9 !+ 'C*#4) J KL. A! $#4 $9'#"98 1' ,''4 +4 # $"+,,&,'$!0+4

+6 # ?@@ !(#! !(' *+"' +"0'4!#!0+4 0, 040!0#998 "#4)+; #4) !(#! !('8 ,'96&#""#45' #, !('8

*'4'!"#!' !(' ,#;*9'. M+" '4'"58 ;040;0<#!0+4 "'#,+4,7 # ('C#5+4#9 ,!"3$!3"' 6+";,

+4 :'99&#""#45') ,#;*9',7 :(0$( $#4 1' 6+34) 04 ;#48 +$$#,0+4, 04 !(' 4#!3"'7 90%' 04

(+4'8$+;1,7 ('C#5+4#9 1#,#9!0$ $+93;4,7 )"0') $9#8. . . =,'' M053"'  .N-.

 !"#$% &'() *+,-./%0 12 3,4#$,/ 5%+,"13,/ ,$$,3"%-%34 !3 6,7 513%891-:; 6:7 :,0,/4!9 91/#-30

,3< 697 <$!%< 9/,8' 6<7 !//#04$,4%0 45% 21$-#/, :%/1='

O+:'2'"7 !(' $+4)0!0+4, !+ +1!#04 :'99&+")'"')7 ('C#5+4#998&*#$%') *+"', $#44+! 1'



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

"#$%&#"#%'( )*+,-./ 0%-',)* -& "'/ 1 23 .+&%)-4 &*"& &*- 5+#+,%&( +6 " *-7"8+."''(95"):-4

,&#;)&;#-< 4-=.-4 ",

P =
2π
√
3
×

(

r

dint

)2

>?*-#- r %, &*- 5+#- #"4%;, ".4 dint &*- %.&-#5+#- 4%,&".)-< ,-- @%8;#-  /!>4AA< "'?"(, &":-,

B"';-, "#+;.4 C/ %. &*- )",- +6 " ?-''94-=.-4 ,-'69+#4-#-4 5+#+;, "';D%."/ E+..-)&%.8

&*- "55'%-4 5+&-.&%"' U &+ &*- 5+#+,%&( &*".:, &+ dint = kU F

U =

√

2π
√
3P

r

k

&*-( ,*+?-4 &*"& 6+# " 8%B-. 5+#- 4%"D-&-# ".4 #-,5-)&%.8 ?*"& &*-( )"''-4 &*-  C G

5+#+,%&( #;'-< " ;.%H;-< %4-"' B"';- +6 I )". $- )"');'"&-4 ".4 ,*+;'4 $- "55'%-4 &+ 8-& "

5-#6-)& *-7"8+."''(95"):-4 ,&#;)&;#- %. &*- ,;%&"$'- ")%4 -'-)&#+'(&-/ J*-( "',+ D-",;#-4

&*- -75".,%+. B+';D- >8%B-. $( ξ = VAlox

VAl
< ?%&* 1 < ξ < 2A< ".4 $#+;8*& +;& &*#-- )",-,/

K6 ξ ≈ 1.2< " 8++4 +#4-#%.8 %, 5+,,%$'-< $;& %6 ξ < 1.2< &*-. &*- 5+#- "##"( #-D"%.,

4%,+#4-#-4 ".4 %6 1.3 < ξ < 2 &*- *%8*-# ξ &*- ,D"''-# &*- ,%L- +6 +#4-#-4 4+D"%.,/ J*-

-'-)&#+'(&- *", &+ $- )"#-6;''( )*+,-.< ", ?-'' ", %&, )+.)-.&#"&%+. ,%.)- &*- '+?-# &*- 5M

>4%#-)&'( #-'"&-4 &+ &*- )+.)-.&#"&%+.A< &*- -",%-# &*- =-'49-.*".)-4 4%,,+';&%+./ J*;,< ".

"4"5&-4 B+'&"8- #".8- *", $--. 4-&-#D%.-4 6+# ,-B-#"' ")%4 -'-)&#+'(&-, 1 N3< 1 O3< ,;)* ",

,;'6;#%) ")%4< +7"'%) ")%4< ".4 5*+,5*+#%) ")%4< ?*%)* "#- &*- D+,& )+DD+. +.-,/ J*-,-

#-,;'&, "#- B"'%4 6+# &*- &(5- +6 ".+4%L"&%+. )"''-4 PD%'4 ".+4%L"&%+.P >QRA< %. ?*%)*

);##-.& 4-.,%&( %, ,-'4+D *%8*-# &*".  C DR/)D

−2
/ M+?-B-#< .-? ,-'69+#4-#%.8 #-8%D-,

*"B- $--. 4%,)+B-#-4 ".4 "''+?-4 &+ -7&-.4 &*- #".8-, &*"& 5#+B%4- ?-''9+#4-#-4 5+#-,/

S",%)"''(< &*-,- #-8%D-, ;,- *%8*-# );##-.& 4-.,%&%-, &*". 6+# D%'4 ".+4%L"&%+. >T CC

DR/)D

−2
A ".4 )+##-,5+.4 &+ &*- *"#4 ".+4%L"&%+. >MRA 5#+)-,, 1 U3/ V%:- 6+# QR<

&*- %.&-#5+#- 4%,&".)- ".4 &*- 5+#- 4%"D-&-# "#- '%.-"#'( 5#+5+#&%+."' &+ &*- ".+4%L"&%+.

B+'&"8-< $;& &*-( 6+;.4 " 5+#+,%&( &*#-- &%D-, '+?-# >N/N GA &*". 6+# QR/ J*- "4B".&"8-

+6 ;,%.8 MR %, " ,*+#&-# 6"$#%)"&%+. &%D-< ,%.)- &*- 5+#- 8#+?&* #"&- %, *%8*'( %.)#-",-4

)+D5"#-4 &+ QR/ M+?-B-#< &*- *%8* );##-.& 4-.,%&( )". 4"D"8- &*- ,"D5'- $( )";,%.8

" $;#.%.8 +6 &*- "';D%." ='D< ?*%)* #-H;%#-, ". "55#+5#%"&- )++'%.8 ,(,&-D/ W",*% -& "'/

1!C3 "',+ 4-B-'+5-4 ?*"& &*-( )"''-4 &*- P"))-'-#"&-4 D%'4 ".+4%L"&%+.P< ?*%)* 5#+B%4-,

" *%8*-# 8#+?&* #"&- &*". QR< ?%&* ,%D%'"# r ".4 dint/

X6 )+;#,- &-D5-#"&;#- %.Y;-.)-, &*- +#4-#%.8 +6 &*- 5+#-, ".4 &*- 8#+?&* #"&- +6 &*-

"';D%." 1! 3F &*- '+?-# &*- &-D5-#"&;#-< &*- '+?-# &*- 8#+?&* #"&-/ R 4%Z-#-.& #".8-

+6 &-D5-#"&;#- 8%B%.8 &*- $-,& +#4-#%.8 -7%,&, 6+# -")* &(5- +6 -'-)&#+'(&-/ @+# -7"D5'-<

&*- ".+4%L"&%+. %. 5*+,5*+#%) ")%4 %, ;,;"''( 5-#6+#D-4 "& C9!

◦
E< %. +#4-# &+ 5#-B-.& &*-

,"D5'- 6#+D $;#.%.8 $-)";,- +6 &++ *%8* B+'&"8- >;,;"''( "#+;.4  U[ \A/

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

K& %, ?-''9:.+?. 6+# 4-)"4-, &*"& &*- 5+#- 4%"D-&-# d = 2r ".4 &*- %.&-#5+#- 4%,&".)-

dint "#- 4%#-)&'( #-'"&-4 &+ &*- "55'%-4 B+'&"8- U ", 6+''+?,F d = k1.U < dint = k2.U < ?*-#-

0.4 < k1 < 0.9 .D/\

−1
".4 k2 ≈ !/[9!/O .D/\

−1
< %6 &*- -'-)&#+'(&- %, ;,-4 %. '%.- ?%&* &*-



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

"#$%&' ($)*+,& -%&& ./&(0$1% .+/+,/+.#2 3456 3 !57 8#&%& (+)1&% +/& +../$90:+*0(& %0'"&

*#&; "+' (+/; <0*# *&:.&/+*1/& +'= &)&"*/$);*& "$'"&'*/+*0$'7 >' 0'"/&+%0', *&:.&/+*1/&

)&+=% *$ +' 0'"/&+%0', .$/& =0+:&*&/ -0* 0% *;.0"+)); (+/0&= ?&*<&&' @ +'= !@

◦
A26 <#&/&+%

*#& 0'*&/.$/& =0%*+'"& 0% '$* +B&"*&=7 >' 0'"/&+%0', &)&"*/$);*& "$'"&'*/+*0$' +)%$ )&+=%

*$ + )+/,&/ .$/& =0+:&*&/6 ?1* %)0,#*); =&"/&+%&% *#& 0'*&/.$/& =0%*+'"&7 A#$$%0', *#&

+../$./0+*& &)&"*/$);*& -%&& +?$(&26 $'& "+' *#1% C+?/0"+*& <&))D$/=&/&= E>> *&:.)+*&%

<0*# + ,0(&' 0'*&/.$/& =0%*+'"& +'= .$/& =0+:&*&/6 +=+.*0', *#& +'$=0F+*0$' ($)*+,&7 G$/

&9+:.)& H#+', &* +)7 ,$* %$:& .$/&%  I ': 0' =0+:&*&/ 1%0',  J K 0'  @ <*L %1)C1/0"

+"0= 34456 M'$ +'= N+%1O$ $?*+0'&= %$:& .$/&% !P ': 0' =0+:&*&/ <0*# P@ K 0' @7! N

$9+)0" +"0= 34!56 <#0)& N+/*0' &* +)7 C+?/0"+*&= )+/,& .$/&% -1. *$ P@@ ': 0' =0+:&*&/2

<0*#  IQ K 0'  <*L .#$%.#$/0" +"0= 34P57 R0*# *#& +0: $C /&=1"0', +% :1"# +% .$%%0?)&

*#& '+'$D=&(0"&% *#+* "$1)= ./$(0=& *#& 1%& $C E>>6 $'& "+' #$.& C$/ + %*/1"*1/& <0*#

1)*/+D*#0' .$/&%7 S&;$'= *#& ")+%%0"+) &)&"*/$);*&% :&'*0$'&= +?$(&6 +' $.*0:0F&= :09 $C

%&(&/+) +"0=% "+' +))$< *#& 1%& $C (&/; )$< ($)*+,&%6 <#0"# "$1)= )&+= *$ (&/; %:+)) .$/&%

-+ C&< '+'$:&*&/%27 T'=&&=6 <& #+(& %&&' *#+* *#& .$/& =0+:&*&/ 0% =0/&"*); )0'O&= *$

*#& +..)0&= ($)*+,&6 ?1* '$* +'; &)&"*/$);*& 0% +../$./0+*& C$/ +'; ($)*+,&7 S; "$:?0'0',

%*/$', +"0=% :09 -U2VM46 UA)2 +'= )$< ($)*+,&6 N+/W1+/=* 34Q5 :+'+,&= *$ X'= +'

&W10)0?/01: ?&*<&&' +)1:0'+ =0%%$)1*0$' +'= C$/:+*0$' 0' *#&%& "$'=0*0$'%6 +'= /&+)0F&=

E>> *&:.)+*&% <0*# .$/& =0+:&*&/ +% %:+)) +% P ':7

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

R#&'  Y '+'$%*/1"*1/&% <0*# + %.&"0+) =&%0,' +/& /&W10/&=6 +' 0'*&/&%*0', +'$=0F+*0$'

*&"#'0W1& ./$(0=&% .$/&% <0*# + :$=1)+*&= =0+:&*&/6 <#0"# "+' )&+= *$ '+'$<0/&% <0*#

+ (+/;0', =0+:&*&/ 0C + %1?%&W1&'* ,/$<*# 0% .&/C$/:&=7 8#0% *&"#'0W1& %0:.); "$'%0%*%

0' "#+',0', *#& +..)0&= ($)*+,& <#0)& *#& +'$=0F+*0$' 0% .&/C$/:&=6 <#0"# <0)) "#+',&

*#& .$/& =0+:&*&/7 8#0% "#+',& #+% *$ ?& "+//0&= $1* "+/&C1));6 %0'"& *#& &W10)0?/01:

?&*<&&' *#& C$/:+*0$' +'= *#& =0%%$)1*0$' $C +)1:0'+ #+% *$ ?& ./&%&/(&=7 V1)O+ &* +)7

1%&= + Z.1)%& +'$=0F+*0$'Z 34[56 <#0"# "$'%0%*% 0' +..);0', + %#$/* Z#0,#Z ($)*+,& -!Q K2

.1)%& *$ "/&+*& #+/= +'$=0F+*0$' "$'=0*0$'% ?&*<&&' )$',&/ *0:&% +* + )$<&/ ($)*+,& -4Q

K26 <#0"# "$//&%.$'=% *$ :0)= +'$=0F+*0$' "$'=0*0$'%7 A$:.+/+?)& /&%1)*% <&/& ,0(&'

0' 34\56 <#&/& U> +'= N> ./$"&%%&% #+(& ?&&' +)*&/'+*&=7 S$=&.1=0 &* +)7 ./$.$%&

*<$ :&*#$=% *$ :$=1)+*& *#& =0+:&*&/ $C *#& .$/&% 34J57 > "#+',& 0' "1//&'* =&'%0*; +*

+ "$'%*+'* ($)*+,& "+' +)%$ :$=0C; *#& .$/& =0+:&*&/6 ?1* *#&; +)%$ 1%& + %0:.)& .$/&

<0=&'0', ./$"&%% ?&*<&&' *<$ +'$=0F+*0$' %*&.% 0' $/=&/ *$ ,&* + )+;&/ <0*# )+/,& .$/&%

+?$(& + )+;&/ <0*# '+//$< .$/&%7 8#&%& :&*#$=% "+' ?& 1%&C1) C$/ (+/0$1% +..)0"+*0$'%6

%1"# +% :+,'&*0%: $C '+'$%*/1"*1/&% 34I5 $/ *$ %*1=; 0' <#+* &9*&'* *#& &)&"*/0"+) +'=

$.*0"+) ./$.&/*0&% $C =0+:&*&/D:$=1)+*&= "+' =0B&/ C/$: %*/+0,#* '+'$<0/&%7

T' *#& %+:& (&0' $C "$'*/$))0', *#& %#+.& $C *#& .$/&% *$ ,/$< '+'$%*/1"*1/&% <0*#

%.&"0+) C&+*1/&%6 $'& "+' /&+)0F& ?/+'"#&= .$/&%6 C/$: Z]D^1'"*0$'%Z *$ "$:.)&*& */&&D)0O&

.$/$1% +)1:0'+7 8#& "$//&%.$'=0', '+'$%*/1"*1/&% ,/$<' 0'%0=& +/& &9.&"*&= *$ &9#0?0*

'$(&) ./$.&/*0&%6 +'= "$1)= ?& 1%&= +% ?10)=0', ?)$"O% +% ?+%0" "$''&"*$/% 0' '+'$&)&"D

*/$'0" =&(0"&%7 ]D^1'"*0$'% #+(& ?&&' /&+)0F&= ?; +?/1.*); 0'"/&+%0', *#& +'$=0F+*0$'

($)*+,&6 )&+=0', *$ + *$.D)+;&/ <0*# (&/*0"+) .$/&% *#+* %.)0*6 C$/:0', *<$ *#0''&/ .$/&%



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

"# $# %#&'()$*'( +,-./ 01 $ 23))34"#56 7$(83# #$#39%8'1 +, .6 :'9$))"7 #$#34"('1 3( ';'#

<'9'(3=%#79"3#1 8'94''# >?1 $#& >@1 <$;' 8''# 1*#9<'1"A'& +,B./ C3(' 73:D)'E 19(%7F

9%('16 #$:')* 9(''F)"G' D3('16 <$;' 8''# 2$8("7$9'& "# 1';'($) 4$*1/ H<'#5 '9 $)/ %1'& $#

'ED3#'#9"$) &'7('$1' 9'7<#"I%'6 4<'(' 9<' #3#F19'$&*F19$9' $#3&"A$9"3# <$1 9<' 'J'79 32

1D)"99"#5 9<' D3('1 ($#&3:)* +,,.6 4<'('$1 1*::'9("7$)6 9"'('& 19(%79%(' <$1 8''# ('$)"A'&

8* $ :%)9"D)' 19'D $#3&"A$9"3#6 4<'(' 839< ;3)9$5' $#& ')'79(3)*9' 4'(' 7<$#5'& +,!./

C3(' $#$(7<"76 &";"&'& D3('1 <$;' 8''# 389$"#'& 8* %1"#5 0) 1%819($9'1 4"9< 1D'7"$) 5'F

3:'9("7 2'$9%('1 +,K./ >$#3D3('1 4'(' 23%#& 93 :'(5' $#& 93 5'9 7%(;'& 3# 13:' 1D'7"L7

$('$1 32 9<' 1$:D)'6 8'7$%1' 32 9<' #3#F<3:35'#'3%1 19('11 $#& ')'79("7 L')& $)3#5 9<'

$)%:"#$/

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

@<' <'"5<9 M3( 9<"7G#'11N 32 9<' D3(3%1 19(%79%(' 7$# 8' ;'(* '$1")* 9%#'& 1"#7' "9 3#)*

&'D'#&1 3# 9<' &%($9"3# 32 9<' $#3&"A$9"3# M23( 5";'# 73#&"9"3#1N/ >';'(9<')'11 9<'

23(:$9"3# ($9'6 4<"7< )"#G1 9<' $#3&"A$9"3# &%($9"3# 93 9<' <'"5<9 32 9<' O006 &'D'#&1

3# #%:'(3%1 D$($:'9'(1 1%7< $1 9<' 9':D'($9%(' M"#7('$1'1 4"9< @N6 9<' ')'79(3)*9' $#&

"91 73#7'#9($9"3# M"#7('$1'1 4"9< HN6 9<' $DD)"'& ;3)9$5' M"#7('$1'1 4"9< PN6 $#& 4<$9

"1 7$))'& 9<' &"DD"#5 9":' M4<31' "#Q%'#7' %D3# 9<' 23(:$9"3# ($9' &'D'#&1 3# 9<'

9':D'($9%(' 32 9<' ')'79(3)*9'N "# +BK./ R3:' ('1'$(7< 9'$:1 2$8("7$9'& O00 9':D)$9'1

4"9< ;'(* <"5< $1D'79 ($9"31 MS K--N6 4"9< $ 9<"7G#'11 32 1';'($) 9'#1 32 :"7(3#1 +B-.6 +,T.6

$#3&"A"#5 9<'"( 1$:D)'1 23( 1';'($) <3%(1/ U3( 'E$:D)'6 V'' '9 $)/ 389$"#'& 4'))F3(&'('&

D3('1  -- #: "# &"$:'9'(6 4"9< $ <'"5<9 32   -  : $29'( $ 943F<3%( $#3&"A$9"3# + W.

M#39' 9<$9 "# 9<"1 'E$:D)' $ (')$9";')* 1<3(9 $#3&"A$9"3# 4$1 '#3%5< 8'7$%1' 9<'* %1'

9<' <$(& $#3&"A$9"3# D(37'11N/

X# 9<' #'E9 1'79"3#6 4' 4")) &'9$") 9<' 'ED'(":'#9$) 1'9F%D 9<$9 4' %1'& 93 2$8("7$9'

3%( 34# O00 9':D)$9'16 $#& 3%( "#;'19"5$9"3#1 $83%9 9<' &"J'('#9 D$($:'9'(1 32 9<'

$#3&"A$9"3# D(37'11/ @<' 2$8("7$9"3# $#& 3D9":"A$9"3# 32 1%7< 9':D)$9'1 <$;' $)('$&*

8''# D$(9"$))* 19%&"'& 8* 3%( 9'$:6 9<"1 <$1 9<'('23(' 93 8' %#&'(1933& $1 $ 73#9"#%$9"3#

32 9<' D(35('11 $773:D)"1<'& 8'23('/

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

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

0)) 9<' 'ED'(":'#91 <$;' 8''# ('$)"A'& %1"#5 1")"73# 4$2'(1 MR" 4$2'(1N $1 1%DD3(91/ R3:'

9'$:1 %1' <"5<FD%("9* $)%:"#"%: 1<''91 93 19%&* D3(3%1 $)%:"#$ 23(:$9"3# + K.6 8%9

"# 3%( 7$1' $#& 4"9< $ ;"'4 93 2$8("7$9"#5 ')'79(3#"7 &';"7'16 R" 4$2'(1 $(' D'(2'79)*

$DD(3D("$9'/ @43 &"J'('#9 1$:D)' <3)&'(1 <$;' 8''# &'1"5#'&6 &'D'#&"#5 3# 9<' 1"A'

32 9<' 1$:D)' 93 $#3&"A'6 9<$9 "1 $# '#9"(' BY 4$2'( 3( $  E 7:

2
1$:D)'/ @<' :$"#

7<$))'#5' <$1 8''# 93 73#9$79 ')'79("7$))* 9<' 1$:D)' 3# 9<' 8$7G 1"&'6 4<")' "::'(1'&

"#1"&' 9<' ')'79(3)*9'/

@<' 1'9F%D &'&"7$9'& 93 BY 4$2'(1 "1 73:D31'& 32 $ 5)$11 ')'79(3)*9' 73#9$"#'( MZ$Z "#

U"5%('  /,M$NN6 4"9< $ 4"&' 7"(7%)$( $D'(9%(' 3# 9<' 83993:/ [#7' 9<' 1$:D)' "1 :3%#9'&



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

"# #$%&' (' )(*+,-  ./0"12 3$- 4%'3"('-, (# 5+3 %' 3$- #"657- #% 3$"32 %'4- 877-92 3$-

-7-43,%7:3- 4%;-,# (3. <$- 7-"="*-# ",- 5,-;-'3-9 3$"'=# 3% "' %>,('* 0?@? (' )(*+,-  ./0"11

&$(4$ (# 3$- #(A- %B 3$- "5-,3+,- 0≈   46

2
1 "'9 " 5,-##+,- "557(-9 %' 3$- -7-43,%7:3-

4%'3"('-, @: B%+, #4,-&# 0?4? (' )(*+,-  ./0"11 "'9 3&% #3--7 57"3-# 0?9? (' )(*+,-  ./0"11.

C('4- 3$-#- 57"3-# ",- 4%'9+43(;-2 3$- @%33%6 %'- (# +#-9 "# " @"4= 4%'3"43 3% 3$- #"657-

B%, 3$- "'%9(A"3(%'.

D' 4"#- %B #6"77-, #"657- 0 E 46

2
12 3$- %3$-, #"657- $%79-, $"# 3% @- +#-9. F-,-

3$- -'3(,- #-3>+5 (# (66-,#-9 ('#(9- 3$- -7-43,%7:3-2 #% " <-G%'>@"#-9 6"3-,("7 $"# @--'

4$%#-' 3% B"@,(4"3- -;-,: 5(-4- (' 4%'3"43 &(3$ (32 #('4- (3 4%'3"('# "4(9. )(,#32 3$-

#"657- (# 6%+'3-9 %' " 4%55-, #+55%,3 &(3$ #(7;-, 5"#3- 0?"? (' )(*+,-  ./0@11. <$(#

4%55-, #+55%,3 (# 5,-##-9 ('#(9- 3$- <-G%' $%79-, 0?@? (' )(*+,-  ./0@11 "*"('#3 " 7(337-

%>,('* 3$"'=# 3% " #3--7 #4,-& 0?4? (' )(*+,-  ./0@112 "'9 3$-' 7%4=-9 ('#(9- 3$- $%79-,

&(3$ " <-G%' 57"3- "'9 3$,-- <-G%' #4,-&#. <$+#2 %'4- (' 3$- -7-43,%7:3-2 -;-,:3$('*

(# ('#+7"3-9 ('#(9- 3$- #"657- $%79-, -E4-53 " #6"77 #+,B"4- %B 3$- #"657- %B "@%+3 H.IJ

46

2
0#-- 3$- 7(337- $%7- (' ?@? (' )(*+,-  ./0@112 &$(4$ (# 4%;-,-9 @: 3$- -7-43,%7:3- ('#(9-

" @-"=-,. <$- -7-43,(4"7 4%'3"43 (# -'#+,-9 @: " #3--7 ,%9 0?9? (' )(*+,-  ./0@11 3$"3

4%'3"43# 3$- 4%55-, 57"3- 3$,%+*$ 3$- #"657- $%79-,.

<$- 8'"7 "##-6@7:2 (' 3$- 4"#- %B IK &"B-,#2 (# #$%&' (' )(*+,-  ./041. <$- "##-6@7:

B%,  46

2
#"657-# (# ;-,: #(6(7",2 "'9 9%-#'?3 '--9 3% @- 9-#4,(@-9 (' 9-3"(7. L'4- 3$-

#"657- (# (66-,#-9 (' 3$- -7-43,%7:3-2 (' @%3$ 4"#-# " *,"5$(3- 4%+'3-,>-7-43,%9- 0?"?

(' )(*+,-  ./0411 (# +#-9 "# " 4"3$%9- 3% 5-,B%,6 3$- "'%9(A"3(%'2 3$- "'%9- @-('* 3$-

#"657- (3#-7B. M *7"## #3(,,-, 0?4? (' )(*+,-  ./0411 (# "7#% +#-9 (' @%3$ 4"#-# 3% 5,-;-'3

7%4"7 $-"3('* (' 3$- -7-43,%7:3-2 "'9 -'#+,- (3# $%6%*-'-(3:.

<$- "'%9(A"3(%'# &-,- 5-,B%,6-9 (' 3$- 5%3-'3(%#3"3(4 6%9-2 3$"'=# 3% " #3"@(7(A-9

5%&-, #+557:2 "'9 3$- 4+,,-'3 &"# 6-"#+,-9 3$"'=# 3% " N-3,(E 6+73(6-3-,2 4%''-43-9

3% " 4%65+3-, 3$,%+*$ (3# OC I/I %+35+3 (' %,9-, 3% ;(#+"7(A- 3$- 4+,,-'3>3(6- 4+,;-2

*-'-,"3-9 @: " $%6->6"9- P"@;(-& 5,%*,"6. M# (3 $"# "7,-"9: @--' 6-'3(%'-9 "@%;-2

(3 (# +#+"77: +#-B+7 3% 5-,B%,6 3$- "'%9(A"3(%' "3 7%& 3-65-,"3+,- 3% *-3 " @-33-, 5%,-

%,9-,('*. D' 3$"3 5+,5%#- " #5-4("7 *7"## 4%(7 0?@? (' )(*+,-  ./0411 &"# B"@,(4"3-9 3% 4%%7

9%&' 3$- -7-43,%7:3- (' 3$- IK 3:5- #-3>+52 "'9 " 9%+@7->&"77-9 4%'3"('-, &"# +#-9 3%

,-4-(;- 3$- -7-43,%7:3- @-"=-, B%, 3$-  46

2
#"657- #-3>+5. Q%3$ 9-;(4-# &-,- 4%''-43-9

(' #-,("7 3% " 3$-,6%,-*+7"3%, +#('* #(7(4%'- %(7 "# " 3$-,6%G+(92 &$(4$ "77%&# 3% 4",,:

%+3 "'%9(A"3(%'# "3 3-65-,"3+,-# "# 7%& "#  

◦
R.



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

 !"  #"  $"

 !"#$% &'() *+, -./0!1+2!/. 3%2#4 5/$ 67 8+5%$39 *:, +./0!1+2!/. 3%2#4 5/$ 3;+<< 3+;4<%3 *& =;

2
,

+.0 *=, +./0!1+2!/. 3%2#4 5/$ 67 8+5%$39 8!2> "$+4>!2% =+2>/0% *+,9 "<+33 =/!< =//<%$

*:,9 +.0 "<+33 32!$$%$ *=,'

 !"!# $%& '(( )&*+,-)& .-/012-)134 +032&55

"#$ %&''&()*+ ,$-'. ()/# /#$ %-01)2-/)&* -*, /#$ 2&*/1&' &% 344 5'6. ()/# ,$.)1$, %$-7

/81$.9 :$ ()'' /-'; -0&8/ /#$ /(&7./$< -*&,)=-/)&* <1&2$.. 2&*,)/)&*.> /#$ +1&(/# 1-/$

&% /#$ <&1$.> (#)2# ). *$2$..-1? /& 2&*/1&' /#$ 344 /#)2;*$..> /#$* ($ ()'' .$$ #&( ($

2-* &@$12&6$ /#$ /#$ <1&0'$6. 1$'-/$, /& /#$ 0-11)$1 '-?$1> -*, 5*-''? /#$ 6$/#&, ($

#-@$ 8.$, /& %-01)2-/$ /#1&8+#7#&'$ 344 5'6. &* /#$ A) .80./1-/$.9

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

4'' /#$ -*&,)=-/)&* ./$<. #-@$ 0$$* 2-11)$, &8/ /#$ .-6$ (-?9 B)1./ &% -'' -* 4' '-?$1 ).

,$<&.)/$, 0? $@-<&1-/)&* &* CD E FFG A) (-%$1.> )* -* $70$-6 $@-<&1-/&19 "#$ A) (-%$1.

-1$ 0$%&1$#-*, .&*)2-/$, .822$..)@$'? )* -2$/&*$ -*, <1&<-*&'> /#$* 1)*.$, )* HI (-/$1

-*, ,1)$, 8*,$1 J2> )* &1,$1 /& 6-;$ /#$ )*/$1%-2$ 0$/($$* 4' -*, A) -. 2'$-* -*, -.

K-/ -. <&..)0'$9 I*,$$,> - *&* K-/ )*/$1%-2$ (&8', '$-, /& - *&*7#&6&+$*$&8. 4' '-?$1>

(#)2# /#$* (&8', +)@$ -* -'86)*- <&1&8. '-?$1 ()/# - *&* #&6&+$*$&8. /#)2;*$..9 I*

.&6$ 2-.$.> )* &1,$1 /& +$/ - <$1%$2/'?72'$-*$, .81%-2$> -* LM47');$ /1$-/6$*/ ). $@$*

<$1%&16$,> $.<$2)-''? (#$* ($ <'-* /& 2-11? &8/ /#$ $*/)1$ <1&2$.. 8*/)' -* $'$2/1&*)2

,$@)2$9 H$<$*,)*+ &* /#$ ,$.)1$, #$)+#/ &% /#$ %8/81$ -'86)*-> - 6&1$ &1 '$.. /#)2; '-?$1

). ,$<&.)/$,9 "#$ <1$..81$ )*.),$ /#$ $@-<&1-/)&* 2#-60$1 ). ,$21$-.$, ,&(* /& - %$(

 F

−7
"&11> -*, /#$ 2811$*/ <-..)*+ /#1&8+# /#$ 2182)0'$ ). -1&8*, F9NF 4> (#)2# ,$<&.)/.

4' ()/# - 1-/$ &% ≈ 0.5 *69.

−1
9 J&/$ /#-/ .82# - '&( <1$..81$ -*, - #)+#'?7<81$ 4' /-1+$/

-1$ $..$*/)-'> .)*2$ - '&( <81)/? &% /#$ ,$<&.)/$, 4' (&8', '$-, /& - @$1? 0-, %&16-/)&*

&% <&1&8. -'86)*-9 4. -* )''8./1-/)&*> ($ 2&8',*O/ 6-*-+$ /& %-01)2-/$ - <1&<$1 344

%1&6 - /-1+$/ 2&*/-)*)*+ -. ')//'$ -. F9N P &% )*2&1<&1-/$, 2&<<$1 E/#). 2&6<&.)/)&* 6-?

0$ 8.$%8' %&1 &/#$1 -<<')2-/)&*.G9 :$ .8++$./ /#-/ /#$ %$( M8 -/&6. <1$@$*/ /#$ 4' %1&6

0$)*+ &Q),)=$, <1&<$1'? 0? 6&,)%?)*+ /#$ $Q2#-*+$ $@$*/. /#-/ &2281 )* <81$ 4'9

I* 6&./ 2-.$. /#$ /(&7./$< 6$/#&, E.$$  9 > <9RGG #-. 0$$* <$1%&16$, )* &1,$1 /& +$/



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

" #$$% $&%'&()# $) *+' *$, $- *+' .//0 1"2(3"445 (* 3$)2(2*2 () ")$%(6()# " 2"3&(73("4 /4

4"5'& 87&2* 2*',9: &';$<()# (*: ")% *+') ")$%(6()# *+' &';"()()# /4 "#"() 82'3$)% 2*',90

=)%''%: >' &'"4(6'% *+"* *+' ,$&'2 >'&' &"*+'& 2*&"(#+* ")% >'44 $&%'&'% "2 2$$) "2 *+'

7&2* ")$%(6"*($): ?@* *+"* *+' *$, $- *+' .// >"2 ()'<(*"?45 %(2$&%'&'%: ?'3"@2' $- *+'

,&'4(;()"&5 ,'&($% >+') *+' ,$&'2 #'* $&#")(6'% "* *+' ?'#())()# $- *+' ")$%(6"*($)

,&$3'22 82'' ?'4$>90 A+') *+' &'2* $- *+' ;';?&")' (2 2*&"(#+*'&: >+(3+ 3$&&'2,$)%2 *$

*+' 2*'"%5 2*"*': >+') ,$&'2 #&$> ,"&"44'4 *$>"&%2 *+' ?$**$; $- *+' 2";,4'0 B$& *+(2

&'"2$) >' ,'&-$&;'% " 7&2* ")$%(6"*($): >+(3+ 4'% *$ " *';,$&"&5 ,$&$@2 ;';?&")':

>+(3+ +"2 *+' 'C'3* *$ 3&'"*' 2$;' $&%'&'%: 23"44$,'% ,$&' ,&()*2 $) *+' 2@&-"3' $- *+'

@)%'&45()# /4 4"5'&0 D+') *+(2 *';,$&"&5 ;';?&")' (2 3+';(3"445 &';$<'% 8>' @2'%

" *5,(3"4 ;(E*@&' $- F0G H I&J3 ")% F0K H L3.J4 -$& MF ;() "* KF

◦
I9: *+' /4 4"5'&

2@&-"3' (2 N,&'O,"**'&)'%N: *+"* (2 *$ 2"5 *+"* *+' ()%(<(%@"4 ,"*+2 ;')*($)'% ()  0G0G

>(44 ,&'-'&')*("445 -$&; () *+'2' $&%'&'% )")$O,&()*2: >+(3+ >(44 4'"% *$ *+' -$&;"*($)

$- >'44O$&%'&'% <'&*(3"4 ,$&'2 "2 2$$) "2 *+' 2'3$)% ")$%(6"*($) ?'#()20 A+' ,$&'2 "&'

*+'&'-$&' 3$;,4'*'45 2*&"(#+* "44 "4$)# *+' ;';?&")' 8B(#@&'  0M8"99: >+(3+ (2 $- +(#+

()*'&'2* -$& -@&*+'& %&5 '*3+()# 82'' 3+",*'& M90 P',')%()# $) *+' ,$&' %(";'*'& &'Q@(&'%

8 0G0R9: >' ",,4('% '(*+'& GF S () " F0R H L2TJ4 2$4@*($): $& MF S () " F0R H $E"4(3 "3(%

2$4@*($): >+(3+ "&' *+' 3$;;$) ")$%(6"*($) 3$)%(*($)20 D' 2'4%$; @2'% +(#+'& <$4*"#'2:

2()3' 3@&&')* ()2*"?(4(*5 ")% $<'&+'"*()# ,&$?4';2 '"2(45 *"U' ,4"3' () *+(2 3"2'0 1'2(%'2

$@& #$"4 (2 )$* *$ -"?&(3"*' 4"&#' ,$&'20 =) B(#@&'  0M8"9: *+' ,$&' %(";'*'& (2 ?'*>'') GV

")% MF ); ")% *+' ()*'&,$&' %(2*")3' 8*$, <('> )$* 2+$>) +'&'9 "?$@*  FG );: >+(3+

3$&&'2,$)%2 *$ U1 W F0!O 0F );0S

−1
")% U2 ≈ G0XX );0S

−1
: >+(3+ (2 #$$% "33$&%")3'

>(*+ *+' U1 ")% U2 <"4@'2 #(<') () ,0 0G0R0

B$& *+' 2"U' $- &',&$%@3(?(4(*5: *+'2' *>$ 2*',2 +"<' *$ ?' ,'&-$&;'% *+' 2";' >"5

-&$; $)' 2";,4' *$ ")$*+'&: '2,'3("445 3$)3'&)()# *+' *(;' *+' 2";,4' (2 (;;'&2'% ()2(%'

*+' '4'3*&$45*' ?'-$&' *+' ")$%(6"*($)0 H"&Q@"&%* 2+$>'% *+"* *+(2 N%(,,()# *(;'N (2 "

3&@3("4 ,"&";'*'& &'#"&%()# *+' #&$>*+ &"*' YGXZ: *+(2 (2 >+5 " 3$)2*")* *(;' 8?'*>'')

 X ")% GF ;(): 3$&&'2,$)%()# *$ *+' *(;' )''%'% -$& *+' *';,'&"*@&' *$ %'3&'"2' "#"()

"-*'& *+' (;;'&2($) $- *+' 2";,4'9 >"2 &'2,'3*'% ?'*>'') *+' (;;'&2($) $- *+' 2";,4'

")% (*2 ")$%(6"*($)0 A+' *>$O2*', ;'*+$% (2 2(;,4': 3+'", ")% *+'&'-$&' >(%'45 @2'%

?5 &'2'"&3+ *'";2 >+$ >$&U $) .//[ )'<'&*+'4'22 ") "4*'&)"*(<' ;'*+$%: 3"44'% *+'

;$4%()# ,&$3'22: 3") "42$ ,&$<(%' +(#+45O$&%'&'% ,$&$@2 *';,4"*'20 1"2(3"445 (* 3$)2(2*2

() 3&'"*()# *+' 2";' U()% $- ,&()*2 "2 *+' $)'2 3&'"*'% ?5 *+' 7&2* ")$%(6"*($): ?@*

@2()# " 2$4(% ;$4% >+$2' 3$)<'E ,&()*2 "&' ,&'22'% "#"()2* *+' /4 2";,4' YXZ0 A+') *+'

")$%(6"*($) (2 ,'&-$&;'% 34"22(3"445 -&$; *+' ,"**'&)'% 2";,4'0

B(#@&'  0M8?9 2+$>2 *+' ?'#())()# $- *+' =8*9 3@&<'2 $- *+' 7&2* ")$%(6"*($) 8B/9 ")%

*+' 2'3$)% ")$%(6"*($) 8T/9: &'2,'3*(<'450 A>$ ;"() %(C'&')3'2 ?'*>'') *+' *>$ 3@&<'2

3") ?' )$*(3'%0 B(&2*: *+' ;()(;@; 3@&&')* 82*"#' == () B(#@&'  0 9 (2 "4>"52 &'"3+'%

2$$)'& -$& *+' T/ *+") -$& *+' B/0 T'3$)%45: *+(2 ;()(;@; (2 ;"&U'%45 +(#+'& *+") *+'

B/ $)': "2 >'44 "2 *+' 2*'"%5 2*"*' 3@&&')*0 A+' 7&2* %(C'&')3' 3") ?' 'E,4"()'% ?5 *+'

)")$O,&()*2 ;"%' %@&()# *+' B/: >+(3+ ;"U' *+' ()%(<(%@"4 -$&;"*($) 82''  0G0G: ,0\9

Q@(*' '"2('&0 A+' ()(*("*($) $- *+' ,$&' #&$>*+ (2 *+'&'-$&' ?&$@#+* -$&>"&%: 2()3' *+'

,$&'2 "&' "4;$2* N&'"%5 *$ #&$>N0 =- *+' T/ 3@&<' (2 @2@"445 "?$<' *+' B/ $)': *+(2 (2 %@'



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

 !"

 ! " #$ #% $  $! $" &$ &% 

 

'

# 

#'

$ 

$'

& 

 !"

 #"

 
!
"
#

$
%

$%&' ()*

 #"

 !"#$% &'() *+, -./ 0$12232%04!15 6!04#$% 17 + 899 4%:6;+4% +74%$ 4<% 2%015= +51=!>+4!15 +5=

*?, 01$$%2615=!5"  9 +5= -9 0#$$%5434!:% 0#$@%2'

"# $%&'"('&) %*&+#,+- .+ /*,"(#,*0 (, +*'"(#,  -1-12 & )#" #3 .)

3+
(#,+ &%* *4"%&'"*0 3%#/

5#"6 .) &,0 .)273 &,0 0(++#)8*0 (,+(0* "6* *)*'"%#)9"*- :3 "6* +&/* *)*'"%#)9"* (+ "6*,

;+*0 "# $*%3#%/ "6* <.2 ("+ '6*/('&) '#/$#+("(#, (+ 0(=*%*," '#/$&%*0 "# "6* #,* ;+*0

3#% "6* >.- <(,'* "6* ';%%*," /*&+;%*0 (+ /#+")9 (#,('2 .)

3+
(#,+ 3%#/ >. '#,"%(5;"* "#

(,'%*&+* "6* ';%%*," 0;%(,? "6* <.-

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

.+ &)%*&09 *4$)&(,*0 (, $- 12 "6* 6(?6*% "6* &,#0(@&"(#, 8#)"&?*2 "6* A(0*% "6* $#%*+-

.+ &, ());+"%&"(#, A* $*%3#%/*0 "6%** &,#0(@&"(#,+ &" 0(=*%*," 8#)"&?*+2 (-*- &" 1B C2 DB

C &,0  DB C2 %*+$*'"(8*)9- 73 '#;%+* "6* *)*'"%#)9"* 6&+ 5**, &0E;+"*0 (, *&'6 '&+* (,

#%0*% "# ?*" & ?##0 $#%* #%0*%(,?2 &+ /*,"(#,*0 (, $- 1- F* '6#+* +;)3;%(' &'(02 #4&)('

&'(02 &,0 $6#+$6#%(' &'(02 %*+$*'"(8*)92 *&'6 A("6 & B-G H '#,'*,"%&"(#,- I6* %*+;)"+ &%*

8(+(5)* (, >(?;%*  -J-



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

 !"#$% &'() *+, -$.//0/%-1!.2/ .3 455 62.7!8%7 61 96: ;< = !2 /#>3#$!- 6-!7? 9@: A< = !2 .B6>!-

6-!7 627 9-: &A< = !2 CD./CD.$!- 6-!7' ED% @.11.F C!-1#$%/ 6$% F6"2!G-61!.2/ 3$.F

1D% 1.C .2%/ 61 1D% /6F% /-6>%? !2 .$7%$ 1. -.FC6$% 1D% /!8% .3 1D% C.$%/'

"#$ %&'$ ()*+$,$' -*')$. /$,0$$1 ≈  23 4 1+ 5&' ,#$ *1&()6*,)&1 *, 72 89 :% ,&

*;+&., 722 1+ 5&' ,#$ *1&()6*,)&1 *,  <2 8= >1$ ?*1 1&,)?$ ,#*, ,#$ *1&()6*,)&1 (:'*,)&1

()@$'$( /$,0$$1 $*?# &5 ,#$ %)?,:'$. .#&01 #$'$ A'$.%$?,)-$;B  2 +)19 C2 +)1 *1(  # 4D

/:, ,#*, ,#). &1;B )+%*?,. ,#$ %&'$ #$)E#, *1( 1&, ,#$ %&'$ ()*+$,$' *, *;;= F1 )1,$'$.,)1E

,#)1E ,& 1&,)?$ *. 0$;; ). ,#$ )1?'$*.)1E ,#)?G1$.. &5 ,#$ %&'$ 0*;;. 0),# ,#$ )1?'$*.)1E

-&;,*E$= "#). ). *;; ,#$ +&'$ -).)/;$ )1 ,#$ /&,,&+ %)?,:'$.9 0#$'$ ,#$ .?*;$ #*(1H, /$$1

*(I:.,$( ,& J, ,#$ %*E$K ,#$ %&'$. 5&'+$( *,  <2 8 *'$ *+*6)1E;B ;*'E$' ,#*1 ,#&.$

5&'+$( *, 72 8=

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

L$%$1()1E &1 ,#$ .:/.$M:$1, $N%$')+$1,. &1$ 0*1,. ,& %$'5&'+9 ), ). ?*%),*; ,& ?&1,'&;

,#$ #$)E#, &5 ,#$ -$',)?*; %&'$. &5 ,#$ OFF ,$+%;*,$= P5 ;&1E 1*1&.,':?,:'$ E'&0,# ).

'$M:)'$(9 &5 ?&:'.$ * ,#)?G OFF 0);; /$ 5*/')?*,$( ,& '$?$)-$ ,#$ 0#&;$ ;$1E,# )1 ,#$ %&'$.9

*1( ,& G$$% 1*1&.,':?,:'$. 5'&+ %'&,':()1E &:, &5 ,#$ +$+/'*1$= >1 ,#$ ?&1,'*'B9 ),

0&:;( /$ * 0*.,$ &5 ,)+$ ,& 5*/')?*,$ * ,&& ,#)?G +$+/'*1$ )5 .+*;; .,':?,:'$. &' $-$1

%*',)?;$. *'$ ($%&.),$(= Q:',#$'+&'$9 * ,&& ,#)?G +$+/'*1$ ?*1 ;$*( ,& * /*( %&'$

J;;)1E9 *1( +*G$ * %*,,$'1 ,'*1.5$' +&'$ ()R?:;, SCTU= P, ). ,#$'$5&'$ &5 #)E# )1,$'$.,

,& ?*;)/'*,$ ,#$ E'&0,# '*,$ &5 OFF9 *1( ,#). 5&' $-$'B *1&()6*,)&1 ?&1(),)&1.= F. *

/*.)? $N*+%;$9 0$ ?*'')$( &:, * .+*;; .$')$ &5 $N%$')+$1,. ,& .#&0 )1 0#*, $N,$1, ,#$

,#)?G1$.. &5 * OFF ?*1 -*'B= V$ *1&()6$( F; ;*B$'. )1 ,0& .,$%. *, 72 8 )1 2=C W .:;5:')?

*?)(9 0),# ()@$'$1, .$?&1( *1&()6*,)&1 (:'*,)&1.= F. 0$ ?&:;( $N%$?,9 ,#$ ;&1E$' ,#$

*1&()6*,)&1 ,#$ ,#)?G$' ,#$ OFF ;*B$' A)=$ ,#$ #)E#$., ,#$ %&'$.D9 *. .#&01 /B ,#$ E'*%#

)1 Q)E:'$  =X= "#). ;$( ,& OFF  42 1+ ,&  =7  + )1 ,#)?G1$.. 5&' 7 +)1 *1( 7Y +)1

*1&()6*,)&19 '$.%$?,)-$;B= >1$ ?*1 1&,)?$ ,#$ ,0& ()@$'$1, .;&%$. &5 ,#$ J,,)1E ;)1$*'



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

"#$%&'( ")$$&'*)+,-+. /) .$)0/1 $2/&' )3 ≈ 4!5 +676-+

−1
2+,  8 +676-+

−1
7 9& ,-,+:/

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

/1& -+"$&2'-+. *)$& ,&*/1( 01-"1 62?&' /1& -)+ /$2+'*)$/ 12$,&$ 2' /1& *)$&' >&")6&

1-.1&$7 @1$&& "$)''A'&"/-)+' 2$& *$&'&+/&, 2' 2+ -<<#'/$2/-)+ -+ B-.#$& 47C7 D#"1 2 '/#,E

-' -6*)$/2+/ /) "2<->$2/& /1& FGG .$)0/1 $2/&( '-+"& /1& 62H)$-/E )3 /1& '#>'&I#&+/

&;*&$-6&+/' 0-<< >& "2$$-&, )#/ #+,&$ /1&'& ")+,-/-)+'7

 ! " "! # #! $ 

 

#  

%  

&  

'  

"   

"#  

"%  

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

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

-.%/*0 1231

-.%/*045627

 !"#$% &'() *+!,-.%// 01 233 4/ 4 1#.,5!0. 01 5+% /%,0.6 4.06!745!0. 5!8%' *+% /489:% ;4/

4.06!7%6 #.6%$ <= > !. ='? @ /#:1#$!, 4,!6'

 !"  #"  $"

 !"#$% &'() *$+,,-,%./!+0 +1 233 /%4567/%, 71/%$ 7 ,%.+08 70+8!97/!+0 +1 :7; < 4!0= :>; && 4!0

708 :.; <? 4!0' @A% /A$%% ,7456%, 7$% 47"0!B%8 CD DDD /!4%,= /A% !0,%/ !0 :7; !, 7

&DD=DDDE 47"0!B.7/!+0'

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

*! 8& $) $&&9 6*-#: )0# ;88< =! -! +!> )0# )?!3+)#% $*!-'5$)'!* $%%#$:+ "!:# (!"%&#4



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

"#$% &" '(()'* '&%+( ,-"# ./'" $%0 '(+-%0 $%-0&1$"&-% 02/$"&-% #$3( "- ,( +$4&,/$"(05

6%0((0* "#( ./'" $%-0&1$"&-% 0("(/)&%(' #-7 )2+# 84 7&44 /()$&% $9"(/ "#( "():-/$/;

<88 /()-3$4 =!5>5 ?* 7#&+# 7&44 &):$+" "#( "#&+@%('' -9 "#( /()$&%&%A 84 2%0(/ "#(

.%$4 <88* $9"(/ "#( '(+-%0 $%-0&1$"&-%5 B-/ (C$):4(* &9 %- 84 &' %((0(0 2%0(/ "#( .%$4

<88* -%( '#-240 @%-7 (C$+"4; #-7 )2+# 84 &' %((0(0 "- 4($0 "- "#( +-//(+" "#&+@%(''

-9 :-/-2' $42)&%$* "$@&%A "#( 3-42)( (C:$%'&-% &%"- $++-2%" =!5 5 ?5 D#(/(9-/( -%(

'#-240 ,(9-/(#$%0 $%"&+&:$"( #-7 )2+# %-%E-C&0&1(0 84 7&44 ,( $3$&4$,4( $9"(/ "#( ./'"

$%-0&1$"&-%5

8" "#( (%0 -9 "#( '(+-%0 $%-0&1$"&-%* &9 84 &' %-" +-):4("(4; +-%'2)(0* "#(% "#(

-C&0( 4$;(/ 7#&+# &-%' 2'(0 "- "/$3(4 "#/-2A# 02/&%A "#( $%-0&1$"&-% &' '"&44 3&'&,4( =B&A2/(

!5F=$??5 D#&' -C&0( 4$;(/ &' +-))-%4; +$44(0 "#( ,$//&(/ 4$;(/5 6" +-240 ,( 2'(924 &9 $%

(G(+"&3( &%'24$"-/ ,("7((% "#( &%"(/&-/ -9 "#( :-/(' $%0 "#( '2,'"/$"( &' %((0(0* ,2" &"'

:/('(%+( &' %-" 0('&/(0 &9 -%( 7$%"' "- 2'( "#( <88 $' $% ("+#&%A )$'@ -/ &9 $% (4(+"/&+$4

+-%"$+" &' %((0(0 ,("7((% %$%-E-,H(+"' A/-7% &%'&0( "#( :-/(' $%0 "#( 2%0(/4;&%A 4$;(/5

D#( %(C" :$/$A/$:# 0($4' 7&"# 0&G(/(%" )("#-0' "- A(" /&0 -9 "#&' ,$//&(/ 4$;(/5

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

D#( ,$+@ $++('' "- "#( %$%-'"/2+"2/(' A/-7% &%'&0( <88 "():4$"(' &' #&%0(/(0 ,; "#(

,$//&(/ 4$;(/* "#(/(9-/( $ "#/-2A#E#-4( '"/2+"2/( &' /(I2&/(0 9-/ $ 4-" $ $::4&+$"&-%'5 J(3E

(/$4 "(+#%&I2(' #$3( ,((% 0(3(4-:(0* 4&@( &-% )&44&%A K>LM* :4$')$ ("+#&%A K>NM* $%0 7("

("+#&%A KOM5 D#( 4$""(/ #$' ,((% 7&0(4; 2'(0* &%+420(0 &% -2/ '"20&('* $%0 +-%'&'"' &%

2'&%A $% $+&0&+ '-42"&-% =";:&+$44; :#-':#-/&+ $+&0? "- +#()&+$44; ("+# "#( -C&0( ,$//&(/

4$;(/ $" "#( ,-""-) -9 "#( :-/('5 D#&' )("#-0 &' 3(/; '&):4(* ,2" #$' '-)( 0/$7,$+@'

/(4$"(0 "- &"' &'-"/-:;5 6%0((0* 7#(% "#( '$):4( &' &))(/'(0* "#( ,$//&(/ 4$;(/ &' ("+#(0

,; "#( P3<Q4* ,2" "#( :-/( 7$44' $' 7(44* "#(; $/( "#(/(9-/( :/-A/(''&3(4; "#&%%(05 P$%

(" $45 KFRM /(:-/"(0 "#$" "#-2A# :-/( 7$44' $%0 ,$//&(/ 4$;(/ $/( ,-"# ,$'&+$44; )$0( -9

$42)&%$* "#(&/ +-):-'&"&-% )&A#" '4&A#"4; +#$%A(* '&%+( ,$//&(/ 4$;(/ '((' )$%; 0$)$A&%A

(3(%"' 02/&%A "#( $%-0&1$"&-%* 4&@( $"-)' &%+-/:-/$"&-%'* 0&''-43&%A* &-%' "/$3(44&%A5 5 5 *

7#&+# 7($@(%' &"' '"/2+"2/( $%0 4($0' "- $ 4('' 0(%'( )$"(/&$45 D#(/(9-/( "#(&/ 0(%'&";

$%0 /($+"&3&"; "-7$/0' :#-':#-/&+ $+&0 )&A#" ,( 0&G(/(%"* $%0 "#( ("+#&%A /$"( -9 :-/(

7$44' '#-240 ,( 4-7(/ "#$% "#( -%( -9 "#( ,$//&(/ 4$;(/5 8 '&):4( '"20; -9 "#( ,$//&(/

4$;(/ "#&+@%('' -9 $ '$):4( &))(/'(0 &% :#-':#-/&+ $+&0 9-/ 0&G(/(%" "&)(' $44-7' "-

0("(/)&%( "#( ("+#&%A /$"( -9 "#( ,$//&(/ 4$;(/5 B-/ "#&' '"20; 7( $%-0&1(0 $ '$):4( 9-/

> )&% =9-/ "#( '(+-%0 $%-0&1$"&-%? &% R5> S -C$4&+ $+&0 $" FR T $%0 O

◦
U* 7#&+# A$3( $

 OR %) "#&+@ <88 7&"# :-/('  R %) &% 0&$)("(/5 D#( ,$//&(/ #$' $% $3(/$A( "#&+@%(''

-9 VR %) ,(9-/( $%; ("+#&%A5 W( &))(/'(0 "#&' <88 &% $ R5> S P3<Q4 '-42"&-% $" >R

◦
U

9-/ '(3(/$4 02/$"&-%'* $%0 /(:-/"(0 "#( ,$//&(/ 4$;(/ "#&+@%(''* )($'2/(0 -% "#( JXS

:&+"2/('* $' $ 92%+"&-% -9 "#( &))(/'&-% "&)( -% B&A2/( !5L5 J-)( JXS )&+/-A/$:#' $/(

$4'- 3&'&,4( &% B&A2/( !5N5



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

 ! " "! # #! $ $! % %! ! !!

 

!

" 

"!

# 

#!

$ 

$!

% 

%!

! 

!!

& 

&!

' 

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

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

(#.$%/.#,0

 

# 

% 

& 

( 

"  

12"$%3#!.$($"

1
2
"
$
%
3
#
!
/
$
(
$
"
%
.
,
/
0

 !"#$% &'() *+$$!%$ ,+-%$ ./!012%33 45,+01 0!$0,%36 +27 89$% 7!+:%.%$ 4$%7 0$933%36 +3 + ;#20.!92

9; ./% !::%$3!92 .!:% !2 <3=>4' ?297!@+.!92 .991 8,+0% !2 9A+,!0 +0!7 +. BC D'

 !"  #"

 $"  %"

 !"#$% &'E) =?? +;.%$ 3%0927 +297!@+.!92 4F :!26G 4+6 5%;9$% ./% 89$% H!7%2!2" 8$90%33G 456

+27 406 +;.%$ + IC :!2 +27 FC :!2 89$% H!7%2!2" 8$90%33G $%38%0.!J%,-' 476 !3 ./%

09$$%38927!2" .98KJ!%H 9; 406'



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

"#$% &'( )'%* $+,-.%*/ 0-$($ +-$ 123.141 5$ 6$(&'(1$7 52/ !8 1.%9: 2 +-.% ;2((.$(

)2<$( 02;'4+ =8 %19 ./ /+.)) 6($/$%+> ?-$ 6(';)$1 ./ +-2+ $#$% .& +-$ ;2((.$( )2<$( ./

/4@,.$%+)< +-.%%$7: +-$ 6'($ 52))/ -2#$ ;$,'1$ #$(< +-.% 0/$$ A.*4($ =>==0,99: 2%7

+-$($&'($ +-$ 6'($ 7.21$+$( -2/ .%,($2/$7 0/$$ A.*4($ =>B9> C4,- 2 )'%* $+,-.%* ,2((.$/

+-$ (./D +' -.*-)< 5$2D$% +-$ 6'('4/ /+(4,+4($: '( $#$% +' 7$/+('< .+> E$#$(+-$)$//: +-$

+'6F#.$5 6($/$%+$7 .% =>==079 /-'5/ +-2+ +-$ 6'($/ -2#$ %'+ 1$(*$7 <$+: 2%7 +-2+ +-$

6'('4/ /+(4,+4($ ./ /+.)) 4/2;)$ .% +-2+ $3+($1$ ,2/$> A'( +-./ ($2/'%: .+ ./ 2)/' .16'(+2%+

+' D%'5 +-$ $#')4+.'% '& +-$ 6'($ 7.21$+$( 2/ 2 &4%,+.'% '& +-$ .11$(/.'% +.1$>

 ! " "! # #! $ $! % %! ! !!

!

" 

"!

# 

#!

$ 

$!

% 

%!

! 

!!

& 

&!

' 

'!

( 

(!

) 

)!

 !"#$%&%'()*

 !"#$%&%+(,'

%-."/01$/%0.%"2-!03%-30/

%-."/01$/%0.% 4!54603%-30/

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

708$%980.:

 !"#$%&%+(;)

 !"#$% &'&() *+$% ,!-.%/%$ -0 - 1#23/!+2 +1 /4% 5+$% 6!,%2!2" ,#$-/!+27 1+$ 0-.58%0 -2+,!9%, !2

+:-8!3 -3!, ;<8-3= 0>#-$%0? -2, !2 0#81#$!3 -3!, ;$%, 3!$38%0?'

G$ +-$($&'($ /+47.$7 1'($ 7$$6)< +-$ 6'($ 52))/ $+,-.%*: ;< .11$(/.%* /'1$ /216)$/

.% +-$ /21$ H3IJ4 /')4+.'% &'( 7.K$($%+ 74(2+.'%/> ?-./ '6$(2+.'% ,2% ;$ 4/$7 +' 27L4/+

+-$ 6'($ 7.21$+$( +' 2 7$/.($7 #2)4$: 2%7 ./ +-$($&'($ '&+$% ,2))$7 M6'($ 5.7$%.%*M>

G$ ,2% /$$ '% ;'+- ,4(#$/ .% A.*4($ =>=8: ,'(($/6'%7.%* +' /216)$/ 2%'7.N$7 .% '32).,

2,.7 2%7 .% /4)&4(., 2,.7: ($/6$,+.#$)<: +-2+ +-$ 6'($ 7.21$+$( .%,($2/$/ ).%$2()< 5.+-

+-$ 74(2+.'% '& .11$(/.'%: 2+ )$2/+ 2+ +-$ ;$*.%%.%* '& +-$ $+,-.%*> G$ -2#$ &'4%7

,'162(2;)$ $+,-.%* (2+$/ &'( ;'+- D.%7/ '& /216)$/O +-$ 6'($ 52))/ 5$($ &'4%7 +' ;$ $+,-$7

2+ ≈ 1.80 %1>1.%

−1
&'( +-$ /216)$ 2%'7.N$7 .% '32)., 2,.7: 2%7 2+ ≈ 1.74 %1>1.%

−1
&'(

+-$ /216)$ 2%'7.N$7 .% /4)&4(., 2,.7> ?-$ ,4(#$ '& +-$ /216)$ 2%'7.N$7 .% '32)., 2,.7

/-'5/ +-2+ +-$ $+,-.%* (2+$ 12(D$7)< 7$,($2/$/ 2&+$( !8 1.%4+$/ '& $+,-.%*: 7'5% +'

≈ 0.42 %1P1.% &'( )'%*$( $+,-.%*/> Q%/+$27 '& ,'%+.%4.%* 5.+- +-$ /21$ $+,-.%* (2+$

4%+.) +-$ ,'16)$+$ 7.//')4+.'% '& +-$ IRR: .+ /$$1/ ).D$ +-$ 6'($ 52))/ ;$,'1$ -2(7$(

+' $+,- 2/ +-$< *$+ +-.%%$(: 7$)2<.%* +-$.( ,'16)$+$ 7.//')4+.'%> Q%7$$7: 2,,'(7.%* +'

+-$ 2#$(2*$ .%+$(6'($ 7./+2%,$ $/+.12+$7 +' ST %1: +-$ 123.141 6'($ 7.21$+$( 0.>$



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

"#$$%&'#()*(+ ,# - ,.%#$%,*"-/ '#$% 0-// ,.*"1(%&& #2 3 (45 &.#6/) 7% $%-".%) -2,%$ - !8

4*( %,".*(+ 97: %;,$-'#/-,*(+ ,.% <$&, '-$, #2 ,.% "6$=%5> -() :%, 0% &,*// "-( &%% '#$%

0-//& -2,%$ - ?3 4*( %,".*(+ 9,.#6+. 6/,$-@,.*(5A B.*& '.%(#4%(#( .-& -/$%-): 7%%(

$%'#$,%) -() "-( 7% %;'/-*(%) 7: ,.% %;*&,%("% #2 ,0# $%+*#(& #2 - )*C%$%(, &,$6",6$% *(

,.% '#$% 0-//&A D()%%)> -& (#,*"%) 7: B.#4'&#( -() E##) F!8G> ,.% )*C%$%("% *( 4#7*/*,:

#2 ,.% #;-/-,% *#(& 9H2I
2−
4 5 -() ,.% #;:+%( *#(& *( -/64*(- /%-)& ,# ,.% *((%$ 0-// 7%*(+

4#$% "#(,-4*(-,%) 7: #;-/-,% *#(& ,.-( ,.% #6,%$ 0-//> ,.6& "$%-,*(+ )*C%$%(, )%(&*,*%&

*( ,.% '#$% 0-//& 9J*+6$% 8A8 5A B.*& $%&6/,& *( ,.% *((%$ /-:%$ 7%*(+ 4#$% %-&*/: %,".%)

,.-( ,.% #6,%$ /-:%$> 0.*". *& "#4'#&%) #2 (#(@"#(,-4*(-,%) -/64*(- 9-/4#&, '6$%5>

-() ,.6& ,# - =-$*-,*#( #2 ,.% %,".*(+ $-,%> #""6$$*(+ 0.%( ,.% *((%$ /-:%$ *& "#4'/%,%/:

$%4#=%) 9&%% -/&# F!3G5A K#0%=%$> ,.*& .-& (#, 7%%( #7&%$=%) 2#$ LMM </4& 2-7$*"-,%) *(

&6/26$*" -"*)> '$#7-7/: )6% ,# ,.% =%$: ,.*( '#$% 0-//& *( 0.*". ,.% ,0# /-:%$& 4%(,*#(%)

*( J*+6$% 8A8 4-: (#, 7% &# )*&,*(",A



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

 !"  #"

 $"  %"

 &"  '"

 ("  )"

 !"#$% &'&&( )*+,#-!+. +/ -0% 1+$% 2!34%-%$ 3/-%$ !44%$5!+. !. 6'78 93:;4 /+$ <3= > 4!.? <@=

&& 4!.? <A= &B 4!.? <2= C7 4!. 76 5%A? <%= CD 4!. 76 5%A? </= 7& 4!.? <"= E6 4!. 76

5%A 3.2 <0= >6 4!.'



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

 !"#$% &'&() *+,%-./!+ 0$.1!2" 34 /,% 5!67.8%$ 9/$#+/#$% 34 /,% :3$% 1.779' ;,% !22%$ 1.77 !9

3<.7./% !3296+32/.-!2./%0= .20 /,% 3#/%$ 1.77 !9 :#$%$ .7#-!2.'

"#$ %&'$ ()*$+)+, )- . /.-01 -)2%3$ 2$0#&* 0& *$4'$.-$ 0#$ 0#)45+$-- &/ 0#$ 6.'')$'

3.7$'1 680 )- +&0 .%%'&%').0$ )/ &+$ *&$-+90 (.+0 0#$ 0$2%3.0$ %&'$- 0& ,$0 ()*$': ;+&0#$'

(.7 0& $04# 0#)- 6.'')$' 3.7$' (&83* 6$ 0& 8-$ . '$.40)<$ %3.-2.1 (#)4# 4.+ %'&<)*$ . #),#

$04#)+, .+)-&0'&%7 0#.+5- 0& 0#$ 6&26.'*)+, $=$40: >$<$'0#$3$-- .382)+. )- 5+&(+ 0&

6$ &+$ 0#$ #.'*$-0 2.0$').3 0& $04#1 .+* . 0#)45+$-- .- 3&( .- -$<$'.3 0$+- &/ +.+&2$0$'-

(&83* 0.5$ -$<$'.3 2)+80$- 0& $04#1 (#)4# (&83* *.2.,$ 0#$ -.2%3$ 2&'$ 0#.+ )0 (&83*

$04# 0#$ 6.'')$': "#$'$/&'$ . 4&26)+.0)&+ &/ 0#&-$ 0(& 2$0#&*- 4&83* 6$ 8-$/83 )/ .

-8?4)$+037 0#)+ 6.'')$' 3.7$' (&83* '$2.)+1 .+* )/ 0#$ %&'$ (.33- .'$ .3'$.*7 0&& 0#)+ 0&

4&+0)+8$ 0#$ %&'$ ()*$+)+,: ; -#&'01 #),#37 .+)-&0'&%)4 $04#)+, (&83* 0#$+ 6$ $+&8,#

0& $04# 0#$ 0#)+ 6.'')$' 3.7$' ()0#&80 6&26.'*)+, 0#$ '$-0 &/ 0#$ -.2%3$ 0&& 284#: "#)-

2$0#&* ()33 6$ *)-48--$* )+ 4#.%0$' @A #&($<$'1 0#$ %&'$ ()*$+)+, %'&4$-- -0)33 3.45-

#&2&,$+$)071 -)+4$ 0#$ 0#)45+$-- &/ 0#$ 6.'')$' 3.7$' 4.+ -3),#037 <.'7 /'&2 &+$ %&'$ 0&

.+&0#$':

; 43.--)$'1 $.-)$' 2$0#&* 0& 0#)+ *&(+ 0#$ 6.'')$' 3.7$' 4&+-)-0- )+ %'&,'$--)<$37

*$4'$.-$ 0#$ .+&*)B.0)&+ <&30.,$ .0 0#$ $+* &/ 0#$ .+&*)B.0)&+: C+*$$*1 .- ($33 .- /&'

0#$ %&'$ *).2$0$'1 0#$ 6.'')$' 3.7$' 0#)45+$-- dbl #.%%$+- 0& *$%$+* &+ 0#$ .+&*)B.0)&+

<&30.,$ U D dbl = k.U 1 (#$'$ k )- . 4&+-0.+0 *$%$+*)+, &+ 0#$ .+&*)B.0)&+ 4&+*)0)&+-:

E.4# 0)2$ . +$( <&30.,$ )- .%%3)$*1 . +$( $F8)3)6')82 6$0($$+ .382)+. *)--&380)&+

.+* /&'2.0)&+ -$3/G.*H8-0-1 3$.*)+, 0& . 6'.+4#$* -0'8408'$ ./0$' -$<$'.3 *$4'$.-$ -0$%-

IJJK: L.-$* &+ 0#)- 2$0#&*1 . %'$4)-$ 4&+0'&3 #.- 6$$+ *$<$3&%$* 67 M.'F8.'*0 $0 .3:1

4&+-)-0)+, )+ . 4&+0)+8&8- $N%&+$+0).3 <&30.,$ *$4'$.-$1 .+* 3$.*)+, 0& . -3),#037G6'.+4#$*

-0'8408'$1 ()0# $?4)$+037 0#)++$* 6.'')$' 3.7$' .0 0#$ 6&00&2 &/ 0#$ %&'$- I@ K: ; -)2%3$

-86-$F8$+0 %&'$ ()*$+)+, 4.+ 0#$+ 6$ 8-$* 0& 4&2%3$0$37 '$2&<$ 0#$ '$2.)+)+, 6.'')$'

3.7$':

O&' 0#$ -)2%3)4)07 0#.0 )0 %'&<)*$-1 0#$ ($0 $04#)+, &/ 0#$ 6.'')$' 3.7$' #.- 6$$+ 4#&-$+

/&' 0#$ /&33&()+,1 .+* $-%$4).337 /&' 0#$ -08*7 &/ 0#$ ;3 $04#)+, *)-48--$* )+ 4#.%0$' @:

P&($<$'1 . 3.-0 2$0#&* )- *$-4')6$* )+ 0#$ +$N0 %.'.,'.%#1 .+* $N%3.)+- #&( 0& /.6')4.0$

<$'0)4.3 %&'$- &+ Q) ()0#&80 6.'')$' 3.7$':



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

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

"#$% %& '( )* %$$+$+ ,$%$-.# .#$ /''0 &%$ 1-% 2$34&35 ).* 1&52($.$ -%&+)6-.)&%0

7#)1# ($-+* .& - ,-33)$3843$$ /'' *.-%+)%9 &% - :) *;,*.3-.$< =#$ -+>-%.-9$ )* .#-.

&%$ %& (&%9$3 #-* .& 3$5&>$ .#$ -(;5)%- ,-33)$3 (-?$3 -%+ .#-. .#$ ,-1@ -11$** .& .#$

%-%&*.3;1.;3$* )%*)+$ .#$ 2&3$* )* .#$3$4&3$ 5-+$ $-*)$3< =#$ 23&1$** )* -* 4&((&7*A 7#$%

.#$ '( (-?$3 )* 1&52($.$(? &B)+)6$+0 .#$ 3$5-)%)%9 ,-33)$3 (-?$3 )* +)**&(>$+ 7).# .#$

#$(2 &4 .#$ $($1.3)1 C$(+ )% .#$ *-5$ 7-? -* +;3)%9 .#$ 3$*. &4 .#$ -%&+)6-.)&%0 ;%.)(

). 1&52($.$(? +)*-22$-3* -%+ ($->$* .#3&;9#8#&($ 2&3$*< D%$ 1-% $-*)(? 1&%.3&( .#)*

1&52($.$ -%&+)6-.)&% ,? 5-*.$3)%9 .#$ 1;33$%.8.)5$ 1;3>$ E*$$ F)9;3$ G<GHE-II<

 !  "  #  $  %   %!  %"  

 

&

% 

%&

! 

!&

' 

 
!
"
"
#
$
%
&
'
(
)
*

 !"#$%&'

 !"  #"

 !"#$% &'&() *+, -*., /#$0% 1234!5" .2% /#$$%5. 6$37 +. .2% %56 38 .2% +536!9+.!35 +56 *:,

/3$$%17356!5" ;<= /$311>1%/.!35'

'. .#$ $%+ &4 .#$ *.$-+?8*.-.$0 -% -,3;2. +$13$-*$ &11;3* -. .#$ >$3? 5&5$%. 7#$%

.#$ (-*. 2-3. &4 '( )* 1&%*;5$+0 .#-. )* 7#$% .#$ ,&..&5 &4 .#$ ,-33)$3 (-?$3 3$-1#$*

.#$ :) *;34-1$< F3&5 .#)* 5&5$%. &%0 *)%1$ .#$3$ )* %& '( ($4. &% .#$ *-52($0 .#$

1;33$%. 1-% &%(? 2-** .#3&;9# *)()1&%0 7#)1# )* 5&3$ 3$*)*.)>$0 #$%1$ .#$ 1;33$%. +$13$-*$<

J&7$>$30 .#)* +$13$-*$ )* %&. )%*.-%.-%$&;*0 -%+ 1-% *&5$.)5$* .-@$ *$>$3-( .$%* &4

*$1&%+* ,$4&3$ ). *.-,)()6$*< =#)* )* .& ,$ 1&33$(-.$+ .& .#$ )%#&5&9$%$).? &4 .#$ (-?$3

.#)1@%$**A -(( .#$ 2&3$* +&%K. 3$-1# .#$ '(L:) )%.$34-1$ -. .#$ *-5$ .)5$0 .#$3$4&3$ .#$ '(

+)*-22$-3-%1$ )* 3-.#$3 23&93$**)>$0 -%+ .#$ )%13$-*$ &4 .#$ 3$*)*.-%1$ .&&< M$-%7#)($0

&%(? .#$ C$(+8$%#-%1$+ +)**&(;.)&% &4 -(;5)%- &11;3*0 ($-+)%9 .& )55$+)-.$ &B)+-.)&%

&4 .#$ ;%+$3(?)%9 5-.$3)-(0 .#-. )* *)()1&%0 -* *&&% -* .#$ ,-33)$3 (-?$3 )* $.1#$+ -7-?<

"$ 7)(( *$$ (-.$3 E1#-2.$3 HI .#-. )4 .#$ ;%+$3(-?$3 )* #-3+(? &3 %&%8&B)+-,($0 ()@$ 9&(+0

.#$ 1;33$%. +3-5-.)1-((? )%13$-*$* -4.$3 .#$ *.$-+? *.-.$0 4&3 .#$ *-5$ 3$-*&%*< N% 1-*$

&4 /'' 3$-()6$+ &% :)0 &%$ 5;*. ,$ 1-3$4;( %&. .& 13$-.$ -%&.#$3 ,-33)$3 &B)+$0 %-5$(?

*)()1&% &B)+$0 -4.$3 .#$ 1;33$%. +$13$-*$< =#$ -%&+)6-.)&% #-* .& ,$ *.&22$+ -. - 23$1)*$

5&5$%.0 .#-. )* $B-1.(? -4.$3 .#$ ,-33)$3 (-?$3 3$5&>-( -%+ ,$4&3$ .#$ *)()1&% &B)+-.)&%<

=#)* )* - ,). .3)1@?0 -%+ ). #-* ,$$% *#&7% O PQ .#-. *.&22)%9 .#$ -%&+)6-.)&% -* *&&%



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

"# $%& '())&*$ )&"'%&# " '&)$"+* ,&)'&*$"-& ./ $%& #$&"01 #$"$& '())&*$ 2≈ 34 56 7"#

&*.(-% $. -&$ .,&* ,.)&#8 9%+# :";(& %"# $. <& '";+<)"$&0 /.) &:&)1 '.*0+$+.*= "*0 +#

:+#+<;& .* $%& '())&*$>$+?& '():&= 7%&* $%& 0&')&"#& <&'.?&# #;.7&) 2/).? @344 # +*

A+-()& @8@32"668 B/ .*& 7"+$# " ;.*-&) $+?&= $%& (*0&);"1&) ?"1 7&;; <& .C+0+D&0 "*0 +/

$%& "*.0+D"$+.* +# #$.,,&0 &");+&)= #.?& ,.)&# ?(#$ )&?"+* ';.#&8 B* $%& &C"?,;& $%"$

/.;;.7#= 7& #$.,,&0 $%& "*.0+D"$+.* 7%&* B E F4 5 Bp= 7%&)& Bp +# $%& '())&*$ "$ $%&

,;"$&"( ./ $%& B2$6 '():&8 B$ ",,&")# +* A+-()& @8@32<6 $%"$ $%& ?"+* ,")$ ./ $%& ,.)&# ")&

.,&*&0= <($ " /&7 ,.)&# 27%+$& ")).7#6 #$+;; &C%+<+$ " #?";; <"))+&) ;"1&)= 7%+'% )&:&";

$%& +*%.?.-&*&+$1 ./ $%& $%+'G*&## ./ $%& <"))+&) ;"1&) 0()+*- $%& "*.0+D"$+.*8

9"<;& @8@ #(?# (, $%& 0+H&)&*$ "*.0+D"$+.* "*0 &$'%+*- '.*0+$+.*# 7& ,&)/.)?&0 +*

$%+# '%",$&)8

I;&'$).;1$& J(;/()+' "'+0 KC";+' "'+0 L%.#,%.)+' "'+0

M.;$"-& 2M6  4 F4 @F4

L.)& 0+"?&$&) 2*?6 N8 >@F8!  !>F4 @ 4>@! 

O).7$% )"$& 2*?8?+*

−1
6  N>@4F ≈ P4>PP 33>P4

 !"#$ %&%' ()**!+, -!"#$ ./ -0$ !1.234!-3.1 !12 $-50316 5.123-3.17&

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

9%& ,)+*'+,;&# "*0 $%& ?.$+:"$+.*# ./ $%& )&";+D"$+.* ./ " L.).(# Q*.0+' Q;(?+*" 2LQQ6

;"1&) %":& <&&* ,)&#&*$&0= 7+$% #.?& 0&$"+;# '.*'&)*+*- $%& '%&?+#$)1 "*0 $%& ,%1#+'#

.''())+*- 0()+*- +$# /.)?"$+.*8 R"#+*- .* $%& #$"$& ./ $%& ")$ "*0 .* .() .7* +*:&#$+>

-"$+.*#= 7& &C,;"+*&0 %.7 $. ,;"1 .* $%& 0+H&)&*$ &C,&)+?&*$ '.*0+$+.*# $. '(#$.?+D&

$%& /&"$()&# ./ $%& LQQ8 S& &#,&'+";;1 /.'(# .* %.7 $. -&$ ;")-& "))"1# ./ 7&;;>.)0&)&0

:&)$+'"; ,.)&#8 9%& +*T(&*'& ./ $%& ",,;+&0 :.;$"-&= $%& '.?,.#+$+.* ./ $%& &;&'$).;1$&=

$%& 0()"$+.* ./ $%& "*.0+D"$+.*= $%& $&?,&)"$()&= "*0 .$%&) ,")"?&$&)# %"# <&&* 0+#>

'(##&08 9%& +*$&)&#$ ./ ,&)/.)?+*- $%& "*.0+D"$+.* ./ ";(?+*+(? +* $7. #$&,# %"# <&&*

#%.7* "*0 $%& ,).<;&? ./ $%& ";(?+*" <"))+&) ;"1&) %"# <&&* 0&";$ 7+$%= 7%+;& -+:+*-

#&:&)"; 7"1# $. )&?.:& +$8 L")$+'(;");1= 7& /.'(#&0 .* $%& /"<)+'"$+.* ./ $%).(-%>%.;&

,.)&# #$"*0+*- .* #+;+'.* #(<#$)"$&= 7%+'% /"<)+'"$+.* )&U(+)&# " '";+<)"$+.* $. ,)&:&*$

$%& .C+0"$+.* ./ $%& #(<#$)"$&8

9%&#& )&#(;$# '.*#$+$($& "* +?,.)$"*$ <"#+# /.) /()$%&) +*:&#$+-"$+.*#= ;+G& $%& -(+0&0

-).7$% ./ *"*.#$)('$()&# +*#+0& :&)$+'"; ,.)&#8 A.) $%+# ,(),.#&= #&:&)"; #$(0+&# %":&

<&&* '"))+&0 .($ /).? $%& )&#(;$# ./ $%+# '%",$&)8 K*& +# $%& (#& ./ " LQQ $&?,;"$& "#

" %")0 ?"#G $. )&";+D& "*+#.$).,+' &$'%+*-# "*0 7+;; <& ,)&#&*$&0 ;"$&) .*8 9%& .$%&)

.*& +# $%& 0&,.#+$+.* ./ ?&$";;+' '"$";1#$# "$ $%& <.$$.? ./ $%& ,.)&# ./ " LQQ $&?,;"$&=

7%+'% +?,;+&# $%& /"<)+'"$+.* ./ :&)$+'"; ,.)&# .* " #+;+'.* #(<#$)"$&= ";)&"01 #&&* +* $%+#

'%",$&)8 9%+# +# $%& $.,+' ./ $%& #&'.*0 '%",$&)8 9%& -&.?&$)+'"; /&"$()&# ./ $%& LQQ

<&+*- 0+)&'$;1 ;+*G&0 $. $%& #%",& "*0 $%& 0&*#+$1 ./ $%& ;"$$&)= $%&+) '.*$).; +# $%&)&/.)&

./ %+-% +*$&)&#$8



 !"#!$%&'()*

 !" #$ %&''&() *$ +$ ,-./&() 0.1 2$ 3$ 4567.85.) 9+/(-:/-(0' ;&0/-(&8 5; 5<71& :50/7.=8 5.

0'->7.->)?  !"#$%& !' ()* +&*,-#!,)*./,%& 0!,/*-1) @5'$ !AA) .5$ B) CC$ D!!ED!B) !BFG$

 H" I$ J$ KL+-''7@0. 0.1 M$ N$ O551) 9PQ& >5(CQ5'5=R 0.1 >&:Q0.78> 5; ;5(>0/75. 5; C5(5-8

0.517: S'>8 5. 0'->7.7->)? 2#!,**3/$45 !' -)* 6!1%& 0!,/*-1 !' 7!$3!$8 98 :%-)*.%-/,%&

%$3 2)15/,%& 0,/*$,*5) @5'$ G!T) CC$ F!!EFDG) I-'R !BTA$

 G" U$ V-) M$ PQ5>C85.) M$ O551) 0.1 W$ W&/Q-.&) 9X.75. 7.:5(C5(0/75. 0.1 >7=(0/75. 1-(7.=

60((7&( S'> ;5(>0/75. 5. 0'->7.7->)? ;!##!5/!$ 0,/*$,*) @5'$ HT) .5$ !) CC$ YGE!AH) !BYT$

 D" ,$ *08-10 0.1 %$ #-Z-10) 9K(1&(&1 >&/0' .0.5Q5'& 0((0R8 >01& 6R 0 /[5\8/&C (&C'7:0/75.

5; Q5.&R:5>6 8/(-:/-(&8 5; 0.517: 0'->7.0)? 0,/*$,*) @5'$ H]Y) CC$ !D]]E!D]Y) I-.& !BBF$

 F" ,$ *08-10) ,$ U0>010) *$ +0/5Q) ,$ X85Q) *$ ^0Z05) 0.1 P$ P0>0>-(0) 9,7=Q'R 5(\

1&(&1 .0.5:Q0..&'\0((0R 0(:Q7/&:/-(& 7. 0.517: 0'->7.0)? 9<<&/*3 2)15/,5 7*--*#5) @5'$ T!)

CC$ HTTAEHTTH) ^5@$ !BBT$

 ]" 2$ M5.=) N$ X$ M(7>&8) K$ %$ _0(=Q&8&) O$ ,-) 4$ +$ +7.=Q) `$ NQ&.) 0.1 a$ N$ 27:Z&R)

9P7/0.7-> 5<71& .0.5/-6& 0((0R8 C(&C0(&1 6R 0.517: 5<710/75.)?  !"#$%& !' :%-*#/%&5 6*=

5*%#,)) @5'$ !]) .5$ !H) CC$ GGG!EGGGD) HAA!$

 T" ^$ *-ZQ&(b&&) *$ J0-'58&) K$ %$ _0(=Q&8&) M$ %$ *5() 0.1 N$ X$ M(7>&8) 9#06(7:0/75.

5; .0.5C5(5-8 /-.=8/&. 5<71& 6R =0'@0.58/0/7: 0.517c0/75.)?  !"#$%& !' .%-*#/%&5 #*5*%#,))

@5'$ !Y) .5$ !A) CC$ HHB]EHHBB) HAAG$

 Y" d$ +7&6&() W$ %0..0.) 0.1 J$ +:Q>-Z7) 9+&';\088&>6'&1 C5(5-8 /0./0'-> 5<71& C(&C0(&1 7.

,H+KDe,# &'&:/(5'R/&8)? +&*,-#!,)*./,%& %$3 0!&/3=0-%-* 7*--*#5) @5'$ Y) .5$ G) C$ I!A) HAAF$

 B" ,$ P8-:Q7R0) I$ *0:0Z) d$ +7&6&() 0.1 J$ +:Q>-Z7) 9+&';K(=0.7c&1 ,7=QX8C&:/40/75

.0.5C5(5-8 c7(:5.7-> 5<71&8 C(&C0(&1 6R &'&:/(5:Q&>7:0' 0.517c0/75.)? 0.%&&) @5'$ !)

CC$ THHETHF) I-'R HAAF$

 !A" `$ +- 0.1 O$ `Q5-) 9#5(>0/75. >&:Q0.78> 5; C5(5-8 0.517: 0'->7.7-> 0.1 /7/0.7->

5<71&8)? 93>%$,*3 :%-*#/%&5) @5'$ HA) CC$ G]]GEG]]T) K:/$ HAAY$

 !!" #$ 37) 3$ `Q0.=) 0.1 4$ *$ *&/c=&() 9K. /Q& =(5[/Q 5; Q7=Q'R 5(1&(&1 C5(&8 7. 0.517c&1

0'->7.-> 5<71&)? ;)*.8 :%-*#8) @5'$ !A) .5$ B) CC$ HDTAEHDYA) !BBY$

 !H" _$ J$ J0(ZQ-/7Z 0.1 _$ d$ +Q&(8Q-'8ZR) 9PQ&5(&/7:0' >51&''7.= 5; C5(5-8 5<71& =(5[/Q 5.

0'->7.7->)?  !"#$%& !' 2)15/,5 ?@ 9<<&/*3 2)15/,5) @5'$ HF) CC$ !HFYE!H]G) X-=$ !BBH$

 !G" X$ J$ 37) #$ *-''&() X$ W7(.&() %$ ^7&'8:Q) 0.1 f$ M58&'&) 9,&<0=5.0' C5(& 0((0R8 [7/Q 0

FAEDHA .> 7./&(C5(& 178/0.:& ;5(>&1 6R 8&';\5(=0.7c0/75. 7. 0.517: 0'->7.0)?  !"#$%& !'

9<<&/*3 2)15/,5) @5'$ YD) .5$ !!) C$ ]AHG) !BBY$

 !



 !  ! "!#$%&'()

 !"# $% &% '()*+(,-.)/()(0 1% 2/3.4+(4,567+(8.40 9% :% ;3(8*<,=+8><80 =% $?.3@<80 '% :% AB<CD,

4<80 (8@ =% 9(CD.4E)+8+0 FG.*B(8+*(3 +84E(7+3+EH (8@ D<). /.8.)(E+<8 +8 (8<@+* (36C+8(0I

 !"#$$%&'() "* +,$ -"./0 1"#&$+. 23 4/+,$5/+&#/06  ,.)&#/0 /'% 7'(&'$$!&'( 1#&$'#$ 0

J<3% "KL0 DD% LM"NOLMNP0 Q6/% LRRK%

 !N# '% S% $63?( (8@ T% &% $E.D8+<U4?+0 F$E)6*E6)(3 V.(E6).4 <V 4.3V,<)/(8+>.@ 8(8<D<). ())(H4

V<)C.@ 7H (8<@+>(E+<8 <V (36C+86C +8 <W(3+* (*+@ (E ).3(E+J.3H B+/B E.CD.)(E6).40I 70$#8

+!"#,&5&#/ 2#+/0 J<3% N"0 DD% MKPMOMKX!0 G(H LRRX%

 !K# Y% &.44.84?H0 Z% G[33.)0 (8@ \% ']4.3.0 F$.3V,<)/(8+>.@ V<)C(E+<8 <V B.W(/<8(3 D<). ())(H4

+8 (8<@+* (36C+8(0I 2990&$%  ,.)&#) :$++$!)0 J<3% ^L0 DD% !!^MO!!^N0 G()% !XXP%

 !^# _% `+.34*B0 &% 9B<+0 _% $*BU+)80 5% ;% T.B)4D<B80 (8@ \% ']4.3.0 F$.3V,<)@.)+8/ )./+C.4 <V

D<)<64 (36C+8(a EB. !R D<)<4+EH )63.0I ;/'" :$++<0 J<3% L0 8<% ^0 DD% K^^OKPR0 LRRL%

 !P# $% Y8<0 G% $(+E<0 G% 24B+/6)<0 (8@ b% Q4<B0 F9<8E)<33+8/ V(*E<) <V 4.3V,<)@.)+8/ <V (8<@+*

D<)<64 (36C+8(0I =">!'/0 "* ?,$ 70$#+!"#,$5&#/0 1"#&$+.0 J<3% !N!0 8<% P0 DD% ;"^MO;"^P0

LRR"%

 !X# T% 1..0 5% &+0 \% ']4.3.0 (8@ _% `+.34*B0 FZ(4E V(7)+*(E+<8 <V 3<8/,)(8/. <)@.).@ D<)<64

(36C+8( C.C7)(8.4 7H B()@ (8<@+>(E+<80I ;/+>!$ 4/+$!&/0)0 J<3% N0 DD% ^"!O^"^0 Q6/% LRRK%

 LR# G% Q% _(4B+0 Q% 5(C(>(8+0 G% 5(<6c0 (8@ Q% _()+C>(@.B0 F$.3V,<)@.)+8/ <V (8<@+*

8(8<D<)<64 (36C+8( V(7)+*(E.@ 7H (**.3.)(E.@ C+3@ (8<@+>(E+<8 C.EB<@0I ?,&' 1"0&% @&05)0

J<3% N!P0 DD% K^K^OK^^L0 $.DE% LR!R%

 L!# G% Q% _(4B+ (8@ Q% 5(C(>(8+0 FAB. .d.*E <V E.CD.)(E6). (8@ *<8*.8E)(E+<8 <8 EB. 4.3V,

<)/(8+>.@ D<). V<)C(E+<8 +8 (8<@+* (36C+8(0I =">!'/0 "*  ,.)&#) A3 2990&$%  ,.)&#)0 J<3% MP0

DD% LMXKOLMXX0 &63H LRRN%

 LL# Z% eB(8/0 f% 1+60 9% =(80 (8@ &% eB60 F`(8<,D<)<64 (8<@+* (36C+8+6C <W+@. C.C7)(8.4

U+EB KO!X 8C D<). @+(C.E.)4 V<)C.@ 7H ( 3<U,D<E.8E+(3 (8<@+>+8/ D)<*.440I ;/'"+$#,'"0"(.0

J<3% !P0 D% M"NMRL0 Q6/% LRR^%

 LM# $% Y8< (8@ `% G(46?<0 F:J(36(E+<8 <V D<). @+(C.E.) <V (8<@+* D<)<64 c3C4 V<)C.@ <8

(36C+86C0I 1>!*/#$ /'% B"/+&'() ?$#,'"0"(.0 J<3% !KXO!^R0 DD% !MXO!"L0 &68. LRRM%

 L"# &% G()Eg80 9% -% G(8>(8<0 (8@ G% G()Eg8,'<8>h3.>0 F28,@.DEB 4E6@H <V 4.3V,<)@.).@ D<)<64

(36C+8( +8 EB. !"RO"RR 8C D<). @+(C.E.) )(8/.0I 4&#!"9"!">) /'% 4$)"9"!">) 4/+$!&/0)0

J<3% !N!0 DD% M!!OM!K0 G()% LR!L%

 LN# ;% G()i6()@E0 FY)/(8+4(E+<8 8(8<C.E)+i6. @. *<CD<4(8E j8(8<E67.4 @. *()7<8.k

6E+3+4(8E @.4 C.C7)(8.4 J.)E+*(3.4 @l(36C+8. (8<@+i6. D<).64.%I BEEDammE.3%()*B+J.4,

<6J.)E.4%V)m+8@.W%DBDnB(34+@oDp?D.DiRREK<iVND784"Ep"PpMqJ+.UrEB+4r@<*oD(4E.3,

RRRRNP^^qJ.)4+<8o!0 S.*% LRRX%

 LK# '% S% $63?(0 Q% ;)>s>?(0 (8@ 1% 1+60 FZ(7)+*(E+<8 <V @+(C.E.),C<@63(E.@ (8@ 63E)(EB+8

D<)<64 8(8<U+).4 +8 (8<@+* (36C+86C <W+@. E.CD3(E.40I 70$#+!"#,&5&#/ 2#+/0 J<3% NK0

DD% "X^LO"X^X0 G(H LR!!%

 L^# T% 1..0 _% $*BU+)80 G% $E.+8B()E0 :% =+DD.30 5% $*B<3>0 (8@ \% 't <6C3#t4.3.0 F$E)6*E6)(3

.8/+8..)+8/ <V 8(8<D<)<64 (8<@+* (36C+8+6C <W+@. 7H D634. (8<@+>(E+<8 <V (36C+8+6C0I

;/+>!$ ;/'"+$#,'"0"(.0 J<3% M0 DD% LM"OLMX0 G()% LRRP%



 ! "!#$%&'()  !

 !"# $% &% '()*+,)-. /% '012304. 04) $% 560304-7. 890:6-10;-(4 (< 2-=2>? (6)*6*) 1?>-4)6-10>

404(+(6*@ A-;2 3(),>0;*) )-03*;*6 ,@-4= 04()-1 0>,3-40.B -4  !"" #$%&'$(%)*$(+ ,*$-&'.

&$/& *$ 0($*1/)&$/&2 3&/4$*+*56 ($7 8*/)&%(+ #9:+)/(%)*$1 ;0838#< . ++% CDE. FGGG. /*1%

!HCC%

 !I# J% 5-;K@12*>. L% '0123044. $% M06;*4@. L% M% M(4;*6(NM(6*4(. L% J-3>-4=. O% M*-*6.

L% G@16-=. J% P-*>@12. 04) /% O(6>-;K. 8M0=4*;-1 6*Q*6@0> (< 1?>-4)6-10> 4-17*> 404(A-6*@ A-;2

3(),>0;*) )-03*;*6@.B =*>'$(+ *- ?::+)&7 @461)/1. Q(>% CHI. ++% HRRIHSDHRRIHSDT. 9*:%

!HCC%

 RH# U%N'% J(4=. 8$?4;2*@-@ (< ?NV,41;-(4 106:(4 404(;,:*@ A-;2-4 +(6(,@ 04()-1 0>,3-4,3 (W-)*

;*3+>0;*.B 8*+)7 8%(%& ,*99>$)/(%)*$1. Q(>% CRR. ++% X!SDX!I. 9*:% !HHX%

 RC# L% U-. &% 50+0)(+(,>(@. 04) L% Y,. 8P04(*>*1;6(4-1@Z O6(A-4= ?NV,41;-(4 106:(4 404N

(;,:*@.B 0(%>'&. Q(>% EH!. ++% !XRD!XE. P(Q% CIII%

 R!# O% M*4=. 9% [04. Y% \20(. '% &2*4. /% ]04=. L% U-,. ^% Y,. M% J(4=. Y% \2,. ]% L,4=.

]% ]04=. \% &2,. M% ]*. $% J06. _% 0̀V;0-. 04) 5% aV0?04. 8a =*4*60> @?4;2*;-1 0++6(012

;( -4;*61(44*1;*) P04(A-6*bP04(;,:* 04) P04(;,:*bP04(A-6*bP04(;,:* 2*;*6(V,41;-(4@

A-;2 :60412*) ;(+(>(=?.B ?$5&A($7%& ,4&9)& #$%&'$(%)*$(+ B7)%)*$. Q(>% E". ++% SCTTDSCSH.

$*+;% !HHI%

 RR# c% &2*4=. M% $;*-4206;. d% Oe@*>*. 04) _% '% c*26@+(24. 8f6**N>-7* 0>,3-40 404(+(6*@

=*4*60;*) -4 0 4(4N@;*0)?N@;0;* 04()-K0;-(4.B =C D(%&'C ,4&9C. Q(>% CS. 4(% RR. ++% REIRD

REIX. !HHS%

 RE# a% ]% ]% [(. [% O0(. ]% &% U03. 04) F% _()6g=,*K. 8&(4;6(>>*) <0:6-10;-(4 (< 3,>;-N

;-*6*) ;26** )-3*4@-(40> 404(@;6,1;,6*@ -4 +(6(,@ 0>,3-40.B ?7E($/&7 F>$/%)*$(+ D(%&')(+1.

Q(>% C". ++% !HXSD!HTR. L,>? !HH"%

 RX# _% \07*6-. &% c0;;@. [% c04=. 04) 5% J(2>-. 8$?4;2*@-@ 04) 120601;*6-K0;-(4 (< 4(4>-4*06

404(+(6*@ -4 0>,3-40 h>3@.B ,4&9C D(%&'C. Q(>% CI. 4(% ". ++% CIXEDCITR. !HHS%

 RT# [% a@(2. J% P-@2-(. M% P070(. f% f0303,60. 04) [% M0@,)0. 8&(4)-;-(4@ <(6 <0:6-10;-(4 (<

-)*0>>? (6)*6*) 04()-1 +(6(,@ 0>,3-40 ,@-4= +6*;*W;,6*) 0>.B =*>'$(+ *- 34& B+&/%'*/4&9)/(+

8*/)&%6. Q(>% CE". 4(% E. ++% 'CX!D'CXT. !HHC%

 RS# '% ]04. [% f% M% 5203. ]% M0. ]% \2,04=. 04) 5% M% $066(. 890:6-10;-(4 (< -4 @-;,

,>;60;2-4 04()-1 0>,3-4,3 (W-)* >0?*6@ <(6 404(@;6,1;,6-4= (4 @->-1(4 @,:@;60;*.B ?::+)&7

@461)/1 G&%%&'1. Q(>% IC. ++% HXRCCSDHXRCCSDR. a,=% !HHS%

 R"# f% Y,. O% \04=06-. 04) _% M% M*;K=*6. 85*6-()-1 2(>*@ A-;2 CH 43 )-03*;*6 +6(),1*) :?

=60K-4= 06i 3->>-4= (< ;2* :066-*6 >0?*6 -4 2*W0=(40>>? (6)*6*) 404(+(6(,@ 0>,3-40.B 0($*

G&%%C. Q(>% !. 4(% C. ++% RSDEC. !HHC%

 RI# L% U-04=. [% &2-7. a% ]-4. 04) L% Y,. 8fA(N)-3*4@-(40> >0;*60> @,+*6>0;;-1*@ (< 404(@N

;6,1;,6*@Z P(4>-;2(=60+2-1 <(630;-(4 :? 04()-1 3*3:604* ;*3+>0;*.B =*>'$(+ *- ?::+)&7

@461)/1. Q(>% IC. ++% !XEED!XET. 9*:% !HH!%

 EH# &% ]% [04. O% a% c->>-4=. \% Y-0(. 04) [% [% c04=. 8&(4;6(> (< ;2* 04()-1 0>,3-4,3

(W-)* :066-*6 >0?*6 (+*4-4= +6(1*@@ :? A*; 12*3-10> *;12-4=.B G($59>)'. Q(>% !R. 4(% R.

++% CXTEDCXT". !HHT%

 EC# O% G% f2(3+@(4 04) O% &% c((). 85(6(,@ 04()-1 h>3 <(630;-(4 (4 0>,3-4-,3.B 2 @>H+)14&7

*$+)$&I "J D('/4 "JK"L M 7*)I"!C"!NKO J! N!(!. Q(>% !IH. ++% !RHD!R!. M06% CI"C%



 !  ! "!#$%&'()

 !"# $% &'()*'(+,- .% /*+0- &% 123,4'5- 1% 642- 7% 8% 8029:- &% 64;,0<0,- 6% =% 62>2?'(*-

$% =% @A5- '9+ B% C(AD',- EB09FA,G ?29,(2< 2H 0<0?,(2+0I2FA,0+ 9A 9'92I'(,A?<0FJ9'923A(0F

A9FA+0 I2(2*F '92+A? '<*5A9' ,05I<',0F DG '9 0KI2909,A'< '92+AL',A29 M2<,':0 +0?(0'F0-N

 !"#$%&'"#(#)*- M2<% OP- I% !QRSQT- U?,% "QQV%



 !"#$%& '

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

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

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

+(&/#"' 4('%00"$ $%'%08#' "* '!( 3/''/4 /1 9:: '(4&0%'(# 7#"*. '!"# '($!*";7(< *(=' #'(&

'/2%)+# '!( 1%3)"$%'"/* /1 *%*/#')7$'7)(>3%#(+ ?(0+ (,($' ')%*#"#'/)5  !( "+(%0 )(#70'

2/70+ 3( '/ .(' % 9:: 2"'! &/)(# !/4/.(*(/7#08 ?00(+< '!%' "# 2"'! */ (4&'8 &/)( %*+

*/ 3". $%'%08#' #"@( +"#&()#"/*5 A7)'!()4/)(< '!(#( $%'%08#' *%*/&%)'"$0(# 2/70+ 3( %#

#4%00 %# &/##"30(< "* /)+() '/ (*#7)( % ;7"$B %*+ (C$"(*' .)/2'! D#(( $!%&'() EF5

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

 !( $/*')/0 /1 '!( 1%3)"$%'"/* /1 9:: '(4&0%'(# 2"'! +(#")(+ .(/4(')8 "# % ?)#' (##(*'"%0

#'(& /* '!( &%'! /1 /)+()(+< $0/#(08>&%$B(+ GH *%*/#')7$'7)(# #8*'!(#"#5 I/)( .(*()>

%008< '(4&0%'(>3%#(+ *%*/#')7$'7)(# #8*'!(#"# !%-( 3((* 2"+(08 #'7+"(+ 1/) '!( '2/ &%#'

+($%+(#< %*+ -%)"/7# #8*'!(#"# 4('!/+# !%-( 3((* +(-(0/&(+ 2"'! '!( %"4 /1 7#"*. '!(#(

*%*/#')7$'7)(# "* *%*/+(-"$(#5 J( $%* +"#$()* '!( (0($')/+(&/#"'"/* %*+ '!( (0($')/0(##

4('!/+5  !( 0%''() .%'!()# #(-()%0 +",()(*' '($!*";7(#< #7$! %# (*1/)$(+ "*?0')%'"/* /1

*%*/&%)'"$0(# KGL< !".!>&)(##7)( 0";7"+ /) .%# "*M($'"/* KNL< KEL< #&/*'%*(/7# )(+7$'"/* /1

+"##/0-(+ #%0'# KOL< &/)( 2%00# 17*$'"/*%0"@%'"/* KPL< KQL< KRL< $!(4"$%0 &/084()"@%'"/* KSL<

#/0>.(0 +(&/#"'"/* KTL /) $!(4"$%0 -%&/) +(&/#"'"/* KGUL5 :00 '!(#( '($!*";7(# %)( 2(00

)(-"(2(+ 38 V70'((* %*+ I%)'"* KGGL5 6* 4/#' /1 '!(#( $%#(# '!( .)/2'! #'%)'# 1)/4 '!(

&/)( 2%00#< %*+ ./(# "*2%)+08< 2!"$! 0(%+ '/ *%*/'7370(# 1/)4%'"/* 1/) #!/)' .)/2'!#<

%*+ '/ *%*/?3()# 1/) 0/*.() .)/2'!#5

W*/2* 1/) 4/)( '!%* '2/ $(*'7)"(#< '!( (0($')/+(&/#"'"/* &)/$(## 2%# ?)#'08 7#(+ 1/)

(0($')/&0%'"*.< '!%' "# '!( $/%'"*. /1 % $/*+7$'"-( 4%'()"%0 2"'! 4('%0< 1)/4 % #/07'"/*

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

!%# 3((* 2"+(08 %&&0"(+ 4/)( )($(*'08 '/ +(&/#"' -%)"/7# 4('%0# "*#"+( &/)/7# #')7$'7)(#<

'!7# 0(%+"*. '/ 4('%00"$ *%*/2")( %))%8# '!%' %)( /1 !".! "*'()(#' 1/) -%)"/7# %&&0"$%'"/*#

D(#&($"%008 "* 4%.*('"$ +%'% #'/)%.( +(-"$(# KGNL< KGEL< KGOLF< '/ '!( +(&/#"' /1 $%'%08'"$

&%)'"$0(# 1/) #73#(;7(*' XJ /) X /).%*"@(+ .)/2'! KGPL< KGQL KGRL< KGSL< 37' %0#/ '/ 4/)(

#&($"?$ %&&0"$%'"/*# D(5.5 )(%+/7' 4($!%*"#4# KGTLF5 :4/*. '!( +",()(*' 4('!/+# 7#(+

EE



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

"# $%$&"'#($)#*+" ,-"$' +.*+($ )#'#/* "$,)%-"$*0 '$*$-'&1 "$-,* /*$ $+"1$' 230 43 #'

)/%*$( $%$&"'#($)#*+"+#.5

23 $%$&"'#($)#*+"+#. -%%#6* 7##( &#."'#% #8$' &'9*"-%%+.+"9 :;<=0 :;>=0 -* 6$%% -* 7##(

&#."'#% #8$' "1$ &#,)#*+"+#. -%#.7 "1$ ?@ :;;=0 :>!=0 A/" */B$'* C'#, -. +.1#,#7$.$#/*

)#'$ D%%+.7 A$&-/*$ #C )#**+A%$ E/&"/-"+#.* +. "1$ -%/,+.- A-''+$' %-9$' "1+&F.$** :; =0

%$-(+.7 "# - (+B$'$." '$*+*"-.&$ +. $-&1 )#'$5 G#6$8$'0 #.$ &-. &+'&/,8$." "1+* )'#A%$,

$+"1$' A9 /*+.7 &#,,$'&+-% "1'#/71H1#%$ )#%9,$'+& )#'#/* ,$,A'-.$* :;<=0 :;!=0 #' A9

'$,#8+.7 "1$ A-''+$' %-9$' #C "1$ I44 ,$,A'-.$0 A/" A#"1 #)"+#.* +.8#%8$* -. -((+"+#.-%

,$"-% ($)#*+"+#. J*)/""$'+.7 #' $8-)#'-"+#.K *"$) "# D.-%%9 )$'C#', "1$ $%$&"'#($)#*+"+#.5

L$*+($*0 +. "1$ &-*$ #C I440 - "'-.*C$' #C "1$ -%/,+.- ,$,A'-.$ H61+&1 "1$'$C#'$ 1-*

"# A$ '$%-"+8$%9 "1+&FH +* '$M/+'$( :;N=0 61+&1 +* &#,)%$O -.( .#" ($*+'-A%$ C#' 1+71 *&-%$

C-A'+&-"+#.5

43 $%$&"'#($)#*+"+#. 1-* "1$ -(8-."-7$ "# 7$" '+( 6+"1 "1$ )'#A%$, &'$-"$( A9 "1$

-%/,+.- A-''+$' %-9$'0 "1-" -&"* -* "1$ (+$%$&"'+& #C - &-)-&+"#'5 3-A#.+ 6-* "1$ D'*" #.$

"# ($8$%#) "1+* ,$"1#( "# D%% .-.#)#'$* :;P=5 2/'+.7 "1$ &-"1#(+& 1-%CH&9&%$* J.$7-"+8$

8#%"-7$K0 ,$"-% +#.* -'$ '$(/&$( -" "1$ A#""#, #C "1$ )#'$*0 -.( "1$ '$&"+C9+.7 A$1-8+#/'

#C "1$ -%/,+.- JQ8-%8$ ,$"-% #O+($QK )'$8$."* "1$ '$#O+(-"+#. (/'+.7 "1$ -.#(+& 1-%CH

&9&%$* :;R=5 S#'$#8$'0 "1$*$ -.#(+& 1-%CH&9&%$* -%%#6 "1$ &-)-&+"#' "# (+*&1-'7$0 -.( "1/*

"1$ $%$&"'#%9"$ "# F$$) - ,$"-% +#. &#.&$."'-"+#. 1+71 $.#/71 "# F$$) #. )'#8+(+.7 "1$

&-"1#($ C#' '$(/&"+#.5 T1$*$ -(8-."-7$* &-. 7+8$ - 7##( )#'$ D%%+.70 61+&1 +* ,#'$

(+U&/%" "# 7$" /.($' 23 &#.(+"+#.* :;V=0 :;W=0 : <=5 G#6$8$'0 "1+* "$&1.+M/$ */B$'* C'#,

- A-( &#."'#% #8$' "1$ *"'/&"/'$ #C "1$ ($)#*+"$( ,-"$'+-% : >=0

4&&#'(+.7 "# ?+$%*&1 $" -%50 )/%*$( $%$&"'#($)#*+"+#. JIX2K &-. -%*# )'#8+($ - 7##(

-.( 1#,#7$.$#/* )#'$ D%%+.7 :; =5 Y.*"$-( #C 43 ($)#*+"+#.0 "1$9 /*$( - *1#'" &#.H

*"-." &/''$." &-"1#(+& )/%*$ "# '$(/&$ "1$ ,$"-%%+& +#.*0 +,,$(+-"$%9 C#%%#6$( A9 -. $8$.

*1#'"$' -.#(+& )/%*$ +. #'($' "# (+*&1-'7$ "1$ &-)-&+"#' JA-''+$' %-9$'K5 T1$9 -%*# -(($(

- Q($%-9 "+,$Q0 M/+"$ %#.7$'0 *# -* "1$ $%$&"'#%9"$ '$&#8$'* +"* &#.&$."'-"+#. 1#,#7$.$H

+"9 .$-' "1$ $%$&"'#%9"$Z($)#*+"$( ,$"-% +."$'C-&$5 T1+* ,$"1#( 1-* A$$. */&&$**C/%%9

C#%%#6$( A9 ,-.9 7'#/)* $8$' *+.&$ : ;=0 :  =0 : !=5

4%% ,$"1#(* "-F$. "#7$"1$'0 - 8$'9 6+($ 8-'+$"9 #C ,$"-%* 1-* A$$. */&&$**C/%%9 ($H

)#*+"$( -" "1$ A#""#, #C 8$'"+&-% )#'$*5 [$"\* ,$."+#. 7#%( :N=0 : N=0 :;N=0 &#))$' : P=0

: R=0 :;>=0 .+&F$% : V=0 :; =0 :;V=0 : W=0 &#A-%" :!<=0 : V=0 : ;=0 :!>=0 +'#. :;R=0 A/" -%*# *+%H

8$' :!;=0 '/"1$.+/, :;!=0 )-%%-(+/, :  =0 :!=5 5 5 X8$. *$,+&#.(/&"+.7 ,-"$'+-%* 1-8$ A$$.

($)#*+"$(] 3(^ :! =0 3(^$ -.( 3(T$ :!!=0 L+2T$3 :!N=0 3/^ :!P=5 3-# -.( [+/ 7'#/)$( "#H

7$"1$' "1$*$ '$*/%"* +. "1$+' '$8+$6 :!R=0 ,$."+#.+.7 -%*# &#.(/&"+8$ )#%9,$'* -.( #O+($*

($)#*+"+#.0 #C - %$**$' +."$'$*" C#' #/' 6#'F5

Y. #/' &-*$0 "1$ $%$&"'#($)#*+"+#. 1-* A$$. /*$( -* - &#.8$.+$." ,$-. "# ($)#*+" &-"H

-%9"+& )-'"+&%$* -" "1$ A#""#, #C "1$ )#'$*0 6+"1 - 8+$6 "# 7'#6+.7 .-.#*"'/&"/'$* +.*+($

"1$ I445 T# $,)1-*+_$ "1$ 8$'*-"+%+"9 #C "1$ I44 -* - "$,)%-"$0 *$8$'-% F+.(* #C ,$"-%%+&

&-"-%9*"* 1-8$ A$$. */&&$**C/%%9 ($)#*+"$( +. "1+* 6-90 %$-(+.7 "# *+%+&#. .-.#6+'$* -* 6$%%

-* &-'A#. .-.#"/A$* &#.D.$( 7'#6"15



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

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

"#$%&#''() #* +'+&,-./+0.$%,%.* %$ #'1#($ 2#$+/ .* ,3+ $#4+ $+,5607 81. +'+&,-./+$ #-+

-+96%-+/) ,3+ $#40'+ ,. 2+ &.#,+/ 2+%*: &3.$+* #$ ,3+ &#,3./+) 13+-+ ,3+ -+/6&,%.* .;

&#,%.*$ 1%'' ,#<+ 0'#&+7 83+ &#,%.*$ &#* 2+ $600'%+/ %* ,1. /%=+-+*, 1#($> +%,3+- ,3+

#*./+ %$ 4#/+ .; ,3+ $.'%/ ;.-4 .; ,3+ 4#,+-%#' .*+ 1#*, ,. /+0.$%, .* ,3+ &#,3./+) .-

,3+ &#,%.*$ #-+ #'-+#/( /%$$.'?+/ %* # &.*/6&,%?+ +'+&,-.'(,+7 @* ,3+ A-$, &#$+ ,3+ #*./+ %$

,3+-+;.-+ .B%/%C+/ ,. /%$$.'?+ 4+,#''%& &#,%.*$ %*$%/+ ,3+ +'+&,-.'(,+) %* ,3+ .,3+- &#$+ ,3+

&#,%.*$ 6$6#''( &.4+ ;-.4 ,3+ /%$$.'6,%.* .; $#',$) #*/ ,3+ #*./+ %$ # *+6,-#' +'+&,-./+

D0'#,%*64) :-#03%,+7 7 7 E ,3#, /.+$*F, -+#&, 1%,3 ,3+ +'+&,-.'(,+7 ".,3 +'+&,-./+$ #-+

/%00+/ %*$%/+ ,3+ +'+&,-.'(,+) #*/ &.**+&,+/ ,. # 0.1+- $600'(7 G3+* #* #00-.0-%#,+

?.',#:+ %$ #00'%+/ 2+,1++* ,3+ ,1. +'+&,-./+$) 4+,#''%& %.*$ $6--.6*/%*: ,3+ &#,3./+ #-+

-+/6&+/ .*,. ,3+ $6-;#&+ .; ,3+ &#,3./+ 1%,3 ,3+ ;.''.1%*: -+#&,%.*> H

z+
(aq) I C+

−
JK H(s))

&-+#,%*: # ,3%* /+0.$%, .; ,3+ +'+4+*, H .* %,7 83+ '.*:+- ,3+ 0-.&+$$) ,3+ ,3%&<+- ,3+

/+0.$%,+/ '#(+-L ,3%$ 0-.&+$$ %$ &.44.*'( &#''+/ M+'+&,-.0'#,%*:M #*/ %$ 1%/+'( 6$+/ %* ,3+

%*/6$,-(7 83+ +'+&,-%& A+'/ 3+'0$ ,3+ &#,%.*$ ,. -+#&3 ,3+ $6-;#&+ .; ,3+ &#,3./+ #*/ ,.

+*$6-+ # $6N&%+*, &#,%.*%& &.*&+*,-#,%.* #-.6*/ ,3+ $#40'+ D&#,3./+E ;.- ,3+ -+#&,%.* ,.

:. .*7 O., #*( #00'%+/ 0.,+*,%#' &#* '+#/ ,3+ -+/6&,%.* -+#&,%.*7 @*/++/) 2.,3 .B%/#,%.*

.; ,3+ 4+,#' #*/ -+/6&,%.* .; ,3+ &#,%.*$ .&&6-) #*/ ,3+ #00'%+/ ?.',#:+ /+,+-4%*+$

13%&3 .*+ 0-+?#%'$7 83+( #&,6#''( +B#&,'( &.40+*$#,+ ;.- # 0#-,%&6'#- 0.,+*,%#') &#''+/

,3+ O+-*$, 0.,+*,%#') /+A*+/ #$

ENernst =
RT

zF
ln

(

aM !

aM

)

13+-+

5 P %$ ,3+ 6*%?+-$#' :#$ &.*$,#*,)

5 8 %$ ,3+ #2$.'6,+ ,+40+-#,6-+)

5 C %$ ,3+ *642+- .; +'+&,-.*$ %*?.'?+/ %* ,3+ -+#&,%.*)

5 Q %$ ,3+ Q#-#/#( &.*$,#*,)

5 aM !

#*/ aM #-+ ,3+ &3+4%&#' #&,%?%,%+$ .; ,3+ &#,%.* #*/ ,3+ *.*5.B%/%C+/ 4+,#')

-+$0+&,%?+'(7

836$) ,. +*$6-+ # /+0.$%,%.*) ,3+ #00'%+/ 0.,+*,%#' 3#$ ,. 2+ $60+-%.- ,. ,3+ O+-*$,

0.,+*,%#'7 G+ ,#'< #2.6, #* .?+-0.,+*,%#'7 @* .-/+- ,. -+#'%C+ # 0-.0+- +'+&,-./+0.5

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

4+*,%.*+/ #2.?+) *#4+'( #* #*./+ #*/ # &#,3./+) #*/ #* #//%,%.*#' +'+&,-./+) &#''+/

,3+ -+;+-+*&+ +'+&,-./+ DPRE7 @* ,3+ ;.''.1%*: 1+ 1%'' ,#'< #2.6, 1.-<%*: +'+&,-./+ DGRE

;.- ,3+ &#,3./+) #*/ &.6*,+- +'+&,-./+ DSRE ;.- ,3+ #*./+7 83+ -+;+-+*&+ +'+&,-./+ #&,$

#$ #* +'+&,-.&3+4%&#' 3#';5&+'' %,$+';) $%*&+ %, &.*,#%*$ 2.,3 .B%/#*, #*/ -+/6&,#*, .; #

-+/.B &.60'+7 @,$ -.'+ %$ ,. 0-.?%/+ # 1+''5<*.1* #*/ &.*$,#*, 0.,+*,%#') ;-.4 13%&3 ,3+

1.-<%*: +'+&,-./+ 0.,+*,%#' 1%'' 2+ 2#$+/7 @*/++/) ,3+ 0.,+*,%#' .; ,3+ &.6*,+- +'+&,-./+

%$ &.*$,#*,'( #/T6$,%*: ,. 2#'#*&+ ,3+ +B&+$$ .- ,3+ '#&< .; &3#-:+ %*/6&+/ 2( ,3+ 1.-<%*:

+'+&,-./+) #*/ ,3+-+;.-+ &#**., 2+ 6$+/ #$ # -+;+-+*&+7 83+ -+;+-+*&+ +'+&,-./+ %$ #2'+ ,.

4+#$6-+ ,3+ 0.,+*,%#' .; ,3+ 1.-<%*: +'+&,-./+) 26, #'$. ,. &.*,-.' #*/ #/T6$, %,7 "+$%/+$)



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

 !"#$% &'() *$+,!-" ./ 01% 01$%%2%3%40$.5% 6760%8 #6%5 /.$ %3%40$.5%9.6!0!.-' :;< =; +-5 >;

60+-5 /.$ ,.$?!-"< 4.#-0%$ +-5 $%/%$%-4% %3%40$.5%< $%69%40!@%37'

"#$%$ &$'%()$&$*"% +,*-" .*"$)/$)$ 0."# "#$ 12,3'2 4),5$%%6 %.*5$ "#$ )$/$)$*5$ $2$5"),+$

+,$%*-" 4'%% '*7 5())$*"8 9* "#$ 5,*")')76 "#$ 5,(*"$) $2$5"),+$ 4'%%$% '22 "#$ 5())$*"6

'*+ "#(% 4),:.+$% $2$5"),*% ", "#$ 5.)5(." /,) "#$ )$+(5".,* '" "#$ 0,);.*1 $2$5"),+$8

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

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

<,) "#$ )$'%,*% 3),(1#" (4 .* "#$ 4)$:.,(% 4')'1)'4#6 0$ (%$+ ' "#)$$=$2$5"),+$ %7%"$&

.* ,)+$) ", 5,*"),2 $>5.$*"27 "#$ +$4,%.".,* ,/ *'*,4')".52$% '" "#$ 3,"",& ,/ "#$ ?@@

A<.1()$ B8CD8 E,*")')7 ", "#$ '*,+.F'".,* 5'%$6 #$)$ "#$ %'&42$ 42'7% "#$ ),2$ ,/ "#$

5'"#,+$6 0#$)$ )$+(5".,* "';$% 42'5$8 G" .% 5'22$+ "#$ 0,);.*1 $2$5"),+$ .* "#.% 4')".5(2')

%$"=(4 '*+ .% &,(*"$+ ,* "#$ %'&$ %'&42$ #,2+$) '% /,) "#$ '*,+.F'".,* %"$48 H#$ '*,+$6

,) 5,(*"$) $2$5"),+$6 .% "#$ %'&$ 1)'4#."$ $2$5"),+$ '% "#$ ,*$ (%$+ .* "#$ '*,+.F'".,*

%$"=(4 A-'- .* <.1()$ C8 A5DD '*+ "#$ )$/$)$*5$ $2$5"),+$ .% '* @1I@1E2 $2$5"),+$6 0#,%$

4,"$*".'2 .% J8BC K 5,&4')$+ ", "#$ %"'*+')+ #7+),1$* $2$5"),+$ ALMND8 E,*")')7 ",

52'%%.5'2 $2$5"),42'".*1 %$"=(4%6 "#$ '*,+$ +,$%*-" *$$+ ", 3$ "#$ %'&$ &'"$).'2 '% "#$

&'"$).'2 ", 3$ +$4,%."$+6 %.*5$ "#$ +$%.)$+ 5'".,*% #':$ '2)$'+7 3$$* .*%$)"$+ +().*1 "#$

&';.*1 ,/ "#$ $2$5"),27"$8 H#.% %$"=(4 0'% %(442.$+ 37 ' 4,"$*".,%"'" /),&  !"#$"%!&6

5,*"),22$+ :.' "#$ %,/"0')$ NE=O'3 /),& "#$ %'&$ 5,&4'*76 0#.5# '22,0% ", +$%.1* $'%.27

'*7 0':$ ", 3$ '442.$+ ,* "#$ 0,);.*1 $2$5"),+$8 H#(% 0$ #':$ 3$$* '32$ ", "$%" %$:$)'2

+$4,%.".,* &,+$% &$*".,*$+ .* "#$ .*"),+(5".,* ,/ "#.% 5#'4"$)8 H#$ 4,"$*".,%"'".5 &,+$

A.8$8 "#$ &$'%()$&$*" ,/ 5())$*" '% ' /(*5".,* ,/ ' +$%.)$+ :,2"'1$D .% &,)$ )$2$:'*"

"#'* "#$ 1'2:'*,%"'".5 &,+$6 %.*5$ "#$ /,)&$) '22,0% ", '4427 "#$ ,:$)4,"$*".'2 "#'"

5'* 2$'+ "#$ +.P(%.,*=2.&."$+ 5())$*"6 0#.5# .% $'%7 ", 5,*"),28 9* "#$ 5,*")')76 "#$

1'2:'*,%"'".5 &,+$ 0.22 .&4,%$ ' 5())$*" "#'"6 ./ #.1#$) "#'* "#$ +.P(%.,*=2.&."$+ 5())$*"6

0.22 *," *$5$%%').27 %(4427 "#$ ,:$)4,"$*".'2 *$$+$+ /,) "#$ )$+(5".,* ,/ "#$ %4$5.$%8 @%

' )$/$)$*5$ %")(5"()$ /,) %"(+7.*1 "#$ $2$5"),+$4,%.".,* 4),5$%% .*%.+$ ?@@6 0$ (%$+

"#$ %'&$ 4),5$%% /,) /'3).5'".*1 "#$ ?@@ "$&42'"$% '% +$%5).3$+ .* 5#'4"$) C8 Q,%"



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

"#$%& $'% (&")*+($*"& '(, -%%& .%/#"/0%) 1"0.2%$%234 $'($ *, 5&$*2 $'% 62 2(3%/ *, $"$(223

1"&,50%) (&) $/(&,#"/0%) *&$" ."/"5, (250*&(4 *& "/)%/ $" #/%% "5/,%27%, #/"0 $'%

./"-2%0 1(5,%) -3 $'% -(//*%/ 2(3%/8 6, $'% %2%1$/"23$%, -%'(7% )*9%/%&$23 )%.%&)*&:

"& $'%*/ 1"0.",*$*"&4 ,%7%/(2 ,.%1*%, '(7% -%%& ,$5)*%)4 &(0%23 1"..%/ ;<5=4 &*1>%2 ;?*=

(&) :"2) ;65=8 @'*, '(, (2," -%%& )"&% A*$' $'% 7*%A $" -%*&: (-2% $" :/"A )*9%/%&$

&(&",$/51$5/%, *& $'% B664 ,*&1% $'% 2($$%/ 1(&&"$ :/"A A*$' (&3 1($(23,$ ;,%% 1'(.$%/

 =8

 !"! #$% &'()%* %(%+,-.*%&.)/,/.0 12345 &6-67%,%-) ),'*8

C& "/)%/ $" :/"A D*?E,4 ,%7%/(2 1($(23,$, (/% (7(*2(-2%8 60"&: $'%04 <5 (&) 65 (..%(/

$" -% ./"0*,*&: 1(&)*)($%, ,*&1% $'%3 1($(23,% D*?E :/"A$' ;,%% 1'(.$%/  =4 -5$ (2,"

-%1(5,% $'%*/ )%.",*$*"& *&,*)% B66 *, ( A*)%23 ,./%() ./"1%,, ;F8G=8 6, #"/ <?@ :/"A$'4

?* A(, 1'",%& $" 1($(23,% $'%*/ :/"A$'4 (&) $'% A"/> (1'*%7%) -3 "5/ $%(0 (-"5$ ?*

%2%1$/")%.",*$*"& HIJK A(, 1'",%& (, ( -(,*, $" ,$5)3 <5 (&) 65 )%.",*$*"&8

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

@'% %2%1$/"23$% 5,%) #"/ $'% <5 %2%1$/")%.",*$*"& A(, 0()% #/"0 ,"2*) <5DL44MN2L

)*,,"27%) *& )%*"&*,%) A($%/8 FMO :8P

−1
(/% &%1%,,(/3 $" :%$ ( <5

2+
1"&1%&$/($*"& "#

G 0"28P

−1
;G Q=8 @'% .N "# $'% ,"25$*"& A(, ,%$ $" 2"A 7(25%, ;≈  8I= -3 ())*&: MO

:8P

−1
"# -"/*1 (1*) ;N3RL3= *& $'% ,"25$*"&4 *& "/)%/ $" %&,5/% ( :"") 1"&)51$*7*$3 "#

$'% %2%1$/"23$%8

?* %2%1$/"23$% '(, -%%& ./%.(/%) #/"0 ( 12(,,*1(2 /%1*.% 1(22%) SE($$, -($'S4 1"&$(*&T

*&: ?*DL44UN2L ; OO :8P

−1
=4 ?*<224UN2L ;MO :8P

−1
= (&) N3RL3 ;MO :8P

−1
= )*,,"27%)

*& )%*"&*+%) A($%/8 @'% (,T./%.(/%) ,"25$*"& '(, ( ?*

2+
1"&1%&$/($*"& "# G8 M 0"28P

−1
8

6, #"/ $'% ,"25$*"& 5,%) #"/ 65 %2%1$/")%.",*$*"&4 A% )*,,"27%) O8V :8P

−1
"# N65<244 N2L

(&)  O :8P

−1
"# N3RL3 *& )%*"&*+%) A($%/8 N65<24 )*,,"1*($%, *&$" N

+
(&) 65<2

−

4 4

A'*1' *, $'% "W*)(&$ "# $'% /%)"W 1"5.2% 65<2

−

4 X658 @'% 1"&1%&$/($*"& "# 65<2

−

4 *"&,

*& $'% ,"25$*"& *, $'%/%#"/% ≈ F8 U8GO

−3
0"28P

−1
8

C& $'% #"22"A*&: $(-2% (/% :($'%/%) $'% $'/%% 0%$(2, $'($ A% 1'",% $" ,$5)34 A*$' $'%*/

1"//%,."&)*&: /%)"W 1"5.2%,4 /%)"W ./"1%,,%,4 (&) ,$(&)(/) ."$%&$*(2,8

Q%$(2 Y%)"W 1"5.2% D$(&)(/) /%)51$*"& ."$%&$*(2 ;Z

◦
= Y%(1$*"&

<5 <5

2+
X<5 [ O8 I <5

2+
[ F%

−
\] <5

?* ?*

2+
X?* T O8FM ?*

2+
[ F%

−
\] ?*

65 65<2

−

4 X65 [ G8O 65<2

−

4 [  %

−
\] 65 [ I <2

−

 !"#$ %&'( )*!+,!-, -$,./*01+ 21*$+*0!# !-$ 304$+ 50*6 -$72$/* *1 *6$ )89&

0/" -**!+". (+1,-!

^*:5/% F8F ,'"A, ( )/(A*&: "# ( ,*&:2% ,A%%. $'($ *, (..2*%) ( 1%/$(*& &50-%/ "# $*0%,

)5/*&: (& %2%1$/")%.",*$*"& %W.%/*0%&$8 C$ 1"&,*,$, *& ( ,'"/$ ;( #%A 0*22*,%1"&),= &%:T

($*7% 7"2$(:%4 (..2*%) -%$A%%& $'% EZ (&) $'% YZ4 *00%)*($%23 #"22"A%) -3 ( 2"&:%/



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

"#$%&' ()&*+ &,+#- ./ )*0 1+ +2# &"#- 3%$34%+ "&+#-+%15 (67809 :2# 678 %* +2# "&+#-+%15

+21+ #;%*+* -1+4$155< =#+>##- +2# ?@ 1-' +2# A@ >%+2&4+ 1""5<%-B 1-< "&+#-+%15 %- +2#

3#55C 1-' +24* 3&$$#*"&-'* +& +2# DE#$&D >%+2 $#*"#3+ +& +2# 32#)%315 "&+#-+%15* #;%*+%-B

%- +2# #5#3+$&5<+#9 F- &+2#$ >&$'*C +2# 678 %* +2# "&+#-+%15 1""5%#' 1+ +2# ?@ ,&$ >2%32

-& 34$$#-+ "1**#* %- +2$&4B2 +2# 7@9

 !"#$% &'&( )$*+!," -. * /#01% #1%2 .-$ /#01%2 %0%34$-2%/-1!4!-, %5/%$!6%,41' 789 : 7/%,

8!$3#!4 9-4%,4!*0'

G&$ *&)# $#1*&-*C +2# )1;%)4) 34$$#-+ )1< *5%B2+5< 321-B# '4$%-B +2# #5#3+$&'#H

"&*%+%&- "$&3#**C &$ =#+>##- &-# #;"#$%)#-+ +& 1-&+2#$9 F+ %* +2#$#,&$# )&$# $#5#I1-+

+& 3&)"1$# +2# #J#3+%I# B5&=15 321$B# %-I&5I#' %- +2# $#'&; $#13+%&-C %9# +2# $#'43+%I#

321$B# 1-' +2# &;%'1+%I# 321$B#9 :2#*# I154#* 1$# '%$#3+5< B%I#- =< +2# *&,+>1$# +21+

'$%I#* +2# #5#3+$&'#"&*%+%&-C *%)"5< 4*%-B +2%* $#51+%&-K

Q =

∫ tf

ti

I(t) dt

G%B4$# L9 (10 *2&>* 1 )1B-%M#' "1$+ &, 1 +<"%315 F(+0 34$I#C &=+1%-#' ,$&) 1 N% #5#3H

+$&'#"&*%+%&- #;"#$%)#-+9 ?# -&+%3# +21+ +2# 34$$#-+ "1**%-B =#+>##- +2# ?@ 1-' +2#

7@ =#21I#* 5%O# %- 1 31"13%+&$ +21+ 321$B#* 1-' '%*321$B#* 15+#$-1+%I#5<9 G%B4$# L9 (=0

*2&>* =&+2 +2# 1""5%#' I&5+1B# 1-' +2# 34$$#-+ $#*"&-*# ,&$ &-# "1$+%3451$ "45*#9 P$1"2H

%3155< ># #*+%)1+# +2%* 31"13%+&$ 1* =#%-B 321$B#' &$ '%*321$B#' ≈ Q )* 1,+#$ +2# 1""5%#'

"&+#-+%15 321-B#9



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

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

)$#

)*$

)*#

)+$

)+#

)($

)(#

) $

) #

)$

#

$

 #

 
!
"
#

$
%

 !"#$%&'

 !"

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

* (

*&

*$

*"

*)

(

)

"

 !"#$

 %"#$

#&'( ")$

 

!
"

#
$
%
&

*#(

*"(

*+(

*)(

* (

(

 (

'
#
$
(
)
&

 #"

 !"#$% &'() *+, -.+/01% 23 +4 5*6, 7#$8% *2419 32#$ 0#1:%: 2#6 23 ;<< +$% $%0$%:%46%=, 3$2/ + >!

%1%76$2=%02:!6!24 %.0%$!/%46' *?, !: + /+"4!@%= 8!%A 23 24% 0#1:% 3$2/ *+,B A!6C 6C%

:#0%$!/02:%= 8216+"% :!"4+1 *=26%= $%= 1!4%,'

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

"#$ %&''&()*+ ,-./0 #1, 2$$* 31/$ &*'0 ()-# 4. 1*/ 5) /$6&,)-)&*7 -#$ 8. /$6&,)-)&*

2$)*+ 6$9%&93$/ '1-$9 &* /.9)*+ -#$ -#$,),: 8 '&- &% 61913$-$9, #1;$ 2$$* ;19)$/ -&

.*/$9,-1*/ (#)<# &*$, &% -#$3 <&.'/ '$1/ -& 1 69&6$9 /$6&,)-)&* &% 4. 1- -#$ 2&--&3 &%

-#$ 6&9$,:

=)9,- &% 1''7 -#$ )*>.$*<$ &% -#$ *.32$9 &% ,($$6, ), ;$90 )*-.)-);$ -& .*/$9,-1*/: 8

,($$6 #1, -& 2$ .*/$9,-&&/ 1, $?6'1)*$/ )* =)+.9$ @:@7 -#1- ), -#$ ;&'-1+$ 6.',$ %&''&($/

20 -#$ 9$,-)*+ -)3$: A% <&.9,$ -#$ 3&9$ ,($$6, 166')$/ -#$ 3&9$ 31-$9)1' ), /$6&,)-$/:

B$9$ ($ C.,- +);$ 1* $?136'$ -& )''.,-91-$ -#$ /)D$9$*<$ 2$-($$* 1 E88 1%-$9 FG ,($$6,

1*/ 1 E88 1%-$9 @GG ,($$6, &% 6.',$/ $'$<-9&/$6&,)-)&* &% 4.: 8, <1* 2$ ,$$* &* =)+.9$

@:H7 4. 619-)<'$, 19$ 3.<# '&*+$9 1%-$9 @GG ,($$6,7 /.$ -& -#$ #)+#$9 *.32$9 &% <1-#&/)<

6.',$,7 -#1- '$1/, -& 1 #)+#$9 -&-1' <#19+$ 9$/.<$/ 1- -#$ 2&--&3 &% -#$ 6&9$,: "#$

,&%-(19$ 1.-&31-)<1''0 +);$, -#$ ;1'.$ &% -#), <#19+$ 1- -#$ $*/ &% -#$ /$6&,)-)&*I -#$

FGJ,($$6 /$6&,)-)&* <&99$,6&*/, -& 1 HK:L 34 <#19+$7 1*/ -#$ @GGJ,($$6 /$6&,)-)&* -&

1 MLK 34 <#19+$: N$ *&-)<$ -#$ $O.);1'$*<$ 2$-($$* -#$ *.32$9 &% ,($$6, 1*/ -#$

<1-#&/)< <#19+$ P$?<#1*+$/ <#19+$ /.9)*+ -#$ <1-#&/)< 6.',$,Q7 ,)*<$ %&.9 -)3$, 1, 31*0

,($$6, '$1/, -& 1669&?)31-$'0 1 %&.9 -)3$, 2)++$9 <#19+$: "#), '&*+ /$6&,)-)&* <1* 2$

.,$%.' %&9 %129)<1-)*+ '&*+ 3$-1'')< *1*&()9$,7 1, )''.,-91-$/ )* =)+.9$ @:FP1Q7 (#$9$ 1

'19+$ 13&.*- &% 5) *1*&()9$, ), ;),)2'$7 ')2$91-$/ %9&3 -#$)9 E88 -$36'1-$ 1%-$9 1  GGGJ

,($$6 /$6&,)-)&*: "#$ <&99$,6&*/)*+ <1-#&/)< <#19+$ (1, M:HR 47 1*/ -#$ 31?)3.3

'$*+-# #1, 2$$* $;1'.1-$/ -& ≈ KFG *37 )*,)/$ 1 E88 !FG *3 -#)<S: T.- 1 -&& '&*+

69&<$,, <1* '$1/ -& 1* &;$9J/$6&,)-)&*: U*/$$/7 (#$* 1 5) *1*&()9$ 9$1<#$, -#$ -&6 &%

-#$ -$36'1-$7 -#$ /$6&,)-)&* ), *&- <&*V*$/ )* -#$ 6&9$ 1*03&9$: "#$9$%&9$7 1, -#), S)*/

&% +9&(-# ), $'$<-9&J<#$3)<1'7 -#$ /$6&,)-)&* &<<.9, (#$9$ -#$ 9$,),-);)-0 ), -#$ '&($,-7 ):$

&* 1'' -#$ ,.9%1<$ &% -#$ 69&-9./)*+ *1*&()9$,7 (#)<# '$1/, -& -#$ %&931-)&* &% 1 3$-1'')<



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

"#$%& '(%& )*% +'&',- )%.+"#)%/ #- 0"",-)&#)%1 02 304,&% 56789:6 ;*0- +0<),&% <'&&%-+'21-

)' # =!!!>-?%%+ @0 %"%<)&'1%+'-0)0'2/ ?0)* # <#)*'10< <*#&4% 'A 56B= C6

 !"#$% &'() *+, -$.//0/%-1!.2/ .3 455 1%67891%/ 931%$ :# %8%-1$.;%7./!1!.2 91 0<'= >' ?9@ =A

/B%%7/ 92; ?C@ &AA /B%%7/'

 !"  #"

 !"#$% &'=) ?9@ *+, 1.70D!%B .3 8!C%$91%; E! 292.B!$%/F 931%$ 1G% 455 G9/ C%%2 %1-G%; 9B9H

B!1G -G$.6!- 9-!;' ?C@ *+, -$.//0/%-1!.2 .3 9 455 931%$ 9 IAAA0/B%%7 E! ;%7./!1!.2

?1G% 69//!D% .D%$;%7./!1%; E! !/ -8%9$8H D!/!C8% .21. 1G% 1%67891%@'

D- #"&%#1$ .%2)0'2%1 02 +6B7/ )*% ('")#4% #++"0%1 9%)?%%2 )*% ?'&E024 %"%<)&'1% #21

)*% &%A%&%2<% %"%<)&'1% *#- )' 9% <#&%A,""$ <*'-%2 02 -,<* # ?#$ )*#) 0) 0- *04* %2',4* #A)%&

)*% (#&0',- ('")#4% 1&'+- <#,-%1 9$ # 9#&&0%& "#$%&/ 9$ )*% &%-0-)#2<% 'A )*% %"%<)&'"$)%/

9$ )*% %"%<)&'1% 0)-%"A/ 9,) #"-' 9$ )*% F0 -,9-)&#)%6 ;' 1%)%&.02% ?*0<* ('")#4% )'

,-% A'& # 40(%2 -%)>,+ 806% # 40(%2 GDD/ '2 # 40(%2 -,9-)&#)%/ 10++%1 02-01% # 40(%2

%"%<)&'"$)%:/ '2% <#2 +%&A'&. # ('")#.+%&'.%)&$ %H+%&0.%2)/ ?*0<* <'2-0-)- 02 .%#-,&024

)*% <,&&%2) &%-+'2-% 9%)?%%2 )*% IJ #21 )*% CJ ?*%2 -,9.0))%1 )' # -?%%+024 ('")#4%

8#++"0%1 9%)?%%2 )*% IJ #21 )*% KJ:6 LA )*% #++"0%1 ('")#4% 0- )'' "'? )' '(%&<'.%

)*% ?*'"% -%&0#" &%-0-)#2<% 1%)#0"%1 #9'(%/ # (%&$ "'? <,&&%2) +#--%- 9%<#,-% )*% M2#"

('")#4% #(#0"#9"% )' &%1,<% )*% <#)0'2- 0- 2') *04* %2',4*6 I*%2 )*% ('")#4% &%#<*%- )*%



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

 !"  #  $  %  & "

 ''

 '"

 %'

 %"

 ('

 ("

 &'

 &"

 !'

 !"

 '

"

 
!
"
#

$
%

 !"#$%&

 !"

 !"  # "

 "$""%

 "$""&

 "$""!

"$"""

 
!
"
#

$
%

 

!"

#$%&

 #"

 !"#$% &'() *#$$%+, -%,.%%+ /0 1+2 *0 13 1 4#+5,!6+ 64 1 3.%%7!+" 869,1"% :;we !""#$%&

'%()%%* +, !*& -,. /01 ! 2$ %#%3(10&%"04$($0* %5"%1$6%*(7 89% 4$#$30* 4:'4(1!(%

1%4$4($;$(< !1% =! ρ > ?7??@ Ω7367 =' ρ A BCB? Ω7367

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

(&1 %," ,'0,"# %," ! )%(0" %," ,'0,"# %," -*##"&%2 3. (& '))*.%#(%' &+ 4" *."1 %," 5'&"(#

64""$ 7 )%(0" 85679 %  )  : ;<=5(/ '&  #1"# % 1"%"#>'&" %," ! )%(0" %,#"., )1 :# >

4,'-, %," -*##"&% .%(#%. % '&-#"(."2 ?& ( %@$'-() $ # *. %">$)(%" (& 1'A"1 '& .*):*#'-

(-'1+ 4" 1"$ .'%"1 B' 4'%, ( ! )%(0" 1"-#"(.'&0 :# > C 7 % =DC 7 4'%, ( #(%" 4,'-,

,(. /""& ."% % DCC >7E.2 F," - ##".$ &1'&0 ?879 -*#!" '. !'.'/)" '& G'0*#" H2I8(9+ (&1

%," %,#"., )1 ! )%(0" ,(. %,*. /""& ".%'>(%"1 % =D2J 7 '& %,'. .$"-'K- - &K0*#(%' &2

L 4"!"#+ ( %  ,'0, ! )%(0" - *)1 $# ! M" ,@1# 0"& "! )*%' & '& %," ")"-%# )@%"+ 4,'-,

- *)1 '&,'/'% %," ")"-%# 1"$ .'%' & NHOP2 Q" & %'-"1 . >" '&.%(/')'%'". :# > ≈ =I2C 7+

(&1 (& (/#*$% -*##"&% '&-#"(."  --*##"1 :# > =J 7+ 4'%, *% /"'&0 (/)" % "R$)('& '%2 Q"

%,"#": #" $"#: #>"1 %," .(>" 567 "R$"#'>"&%+ /*% .% $$'&0 %," .4""$'&0 /": #" %,"."

'&.%(/')'%'".+ '2" :# > C 7 % =I 72 L 4"!"# 4" 1'1&S% 1"%"-% (&@ 1'T"#"&-" '& %"#>.  :

K))'&0+ / %, U33 "R,'/'%'&0 ( ,'0,  !"#K))'&0  : B' 4'%, ( %,'-M B' )(@"#  & %," % $  :

%," .*#:(-"  : %," U332 B %" %,(% %," #".'.%'!'%@  : %," .')'- & .*/.%#(%" *."1 '& %,'.

"R$"#'>"&% 4(. !"#@ ) 4V ρ W C2CCX Ω2->2 ?& %," -(."  : ( ,'0,"# #".'.%'!'%@ 8ρ Y D=DC

Ω2->9+ %,"  &)@ -*##"&% 4" 4"#" (/)" % 1"%"-% '& %," N=DC 7 Z C 7P #(&0" 4(. '& %,"  #1"#

 : ( &3 8G'0*#" H2I8/99+ ")"-%# 1"$ .'%' & 4(. %,"#": #" '>$ ..'/)" '& %,'. - &1'%' &2

Q" (). .%*1'"1 %," '&[*"&-"  : %," -(%, 1'- $*)." 1*#(%' &+ '2" %," %'>" 1*#'&0 4,'-,

%," -(%' &. -(& /" #"1*-"12 G # %,"." "R$"#'>"&%.+ B' 4(. -, ."& (. %," >"%() % 1"$ .'%

(% %," / %% >  : %," $ #".2 F," 1*#(%' &  : %," -(%, 1'- $(#%  : %," $*)." 4(. !(#'"1 :# >

D >. % HC >.+ (&1 %," #".%'&0 %'>" 4(. M"$% - &.%(&% '& "!"#@ -(." 8\C >.92 3. -(& /"

.""&  & %," % $ )":% $'-%*#"  : G'0*#" H2]+  &" >'))'."- &1 4(. & % .*^-'"&% % 1"$ .'% (&@

$(#%'-)" '&.'1" %," $ #".2 ?% '. > .% $# /(/)@ 1*" % ( %  ., #% % %() #"1*-%' & %'>" 8XCC

R D >. Y XCC >.  : (-%'!" $*)."9+ (. $# !"1 /@ G'0*#" H2] 8% $=#'0,%9+ 4,'-, ., 4. %,"



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

"#$% &'' #()%* !+,, -.%/$0110"%2-.3 451"%"6 7. )80" "#$41% )8% )-)#1 *%352)0-. )0$% 0"

+ )0$%" 1-.9%* :!+,, $0110"%2-.3";< #.3 -.% 2#. =.#11> "%% "-$% 4#*)021%" #) )8% ?-))-$

-( )8% 4-*%"6 @-* + $" 451"%"< -.% 2#. "%% "-$% "$#11 4#*)021%" #) )8% ?-))-$ -( )8%

4-*%" :54 )- A!, .$;< ?5) # 1#*9% .5$?%* -( 4-*%" #*% ")011 %$4)>6 B-5?10.9 )8% 2#)8-302

)0$% 1%3 )- 1#*9%* C0 4#*)021%" :54 )- DD, .$;< ?5) #1"- )- # 1#*9% "0E% 30"4%*"0-.6 7) 0"

"544-"%3 )8#) # 1-.9%* 2#)8-302 )0$% 2#. #11-F -)8%* .521%#)0-. "0)%" )- #44%#*< F801%

G-13%*G 4#*)021%" H%%4 -. 9*-F0.9< )85" 1%#30.9 )- # F03% "0E% 30"4%*"0-.6 I% 4%*(-*$%3

)8% "#$% %J4%*0$%.) F0)8 # 1-.9%* 2#)8-302 )0$% :!, $";< ?5) "5*4*0"0.91> F% 2-513.K)

=.3 # ?09 0.2*%#"% -( )8% 4#*)021% "0E%6 L8% )#11%* 4#*)021%" F%*% %M%. )8% "#$% "0E% #" (-*

A, $" 451"%"< %J2%4) )8%*% F%*% $-*% 1-.9 4#*)021%"< #.3 1%"" "$#11 -.%"6

 !"#$% &'() *+, -$.//0/%-1!.2/ .3 455 631%$ 7! %8%-1$.9%:./!1!.2' ;.:) < =/ :#8/%/> ?@@ /A%%:/

629 &?@@ /A%%:/> $%/:%-1!B%8C' D.11.=) ? =/> <@ =/ 629 &@ =/ :#8/%/> $%/:%-1!B%8C

E?@@ /A%%:/F'

L80" $#> ?% 5.3%*")--3 2-."03%*0.9 )8% .-)0-. -( )8% )-)#1 *%3520.9 )0$%6 7( F% 8#M%

# 1--H -. )8% 7:); 25*M% -( )8% %J4%*0$%.) 4%*(-*$%3 F0)8 + $" 451"%"< F% 2#. "%% )8#)

)8% $#J0$5$ 25**%.) 0" #1$-") 2-.")#.) (*-$ )8% =*") 451"% )- )8% 1#") -.% :#*-5.3 / ,

$'< "%% @095*% !6N;6 L8% "#$% ")#)%$%.) 2#. ?% $#3% (-* )8% A, $" 451"%"< ?5) F%

.-)02% )8#) (-* A,, $" 451"%"< )8% $#J0$5$ 25**%.) "09.0=2#.)1> 3%2*%#"%" (*-$ /DO $'

0. )8% M%*> =*") 451"%< 3-F. )- /A!6+ $' 0. )8% 1#") 451"%6 L8% *%352)0-. "%%$" )8%*%(-*%

)- ?% 1%"" %P20%.) (-* 1-.9%* 2#)8-302 451"%"< *%9#*31%"" -( )8% .5$?%* -( 451"%"6



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

 !"  !# #$!" #$!#

%& 

%#&

%# 

%'&

%' 

%"&

%" 

%(&

%( 

%&

 

&

( 

 !  !& (! (!& )' )# )&

%# 

%'&

%' 

%"&

%" 

%(&

%( 

%&

 

&

( 

 
!
"
#

$
%

 !"#$%&'  !"#$%&'

 !"#$% &'() *+,- .#$/%0 0123!4" ,1% 5$0, 647 ,1% 860, 9#80%0 2: +8%:,- ; <0 9#80%0 %=9%$!<%4, 647

+$!"1,- >?? <0 %=9%$!<%4,'

"#$% $% &'()*+,- ./ 0#, 1233 '(,4+$55$%,&'(- 675%,% ,86,*$+,(0 +,(0$'(,- ,9*5$,*:

;#$&# %#';% 9 +98$+7+ &7**,(0 95+'%0 &'(%09(0 <≈ 4 3 +=> -,%6$0, 0#, #$?# (7+.,* '@

675%,% .,&97%, 0#, &'**,%6'(-$(? 0'095 0$+, $% 5'; <1233 8 A +% B 1233 +%>C D,E,*0#,5,%%:

9&&'*-$(? 0' 0#$% 0#,'*/: ;, %#'75- #9E, '.%,*E,- 9 -,&*,9%$(? +98$+7+ &7**,(0 @*'+

9 &,*09$( 0$+, $( 0#, 13 +% ,86,*$+,(0: @'* ,89+65,C F70 $0 ;9% .9*,5/ 0#, &9%,C =(

9%%7+60$'( &9( ., 0#90 9 0'' 5'(? 675%, 5,9-% 0' 9 @9%0,* -,&*,9%, '@ 0#, +98$+7+ &7**,(0

.,&97%, 0#, *,%0$(? 0$+, $% ('0 5'(? ,('7?# 0' -$%&#9*?, 0#, &969&$0/ +,(0$'(,- $( 6C!GC

H(-,,-: $( 0#, A33 +% 675%,% ,86,*$+,(0: 0#, +98$+7+ &7**,(0 %09*0% 0' -,&*,9%, 9% %''(

9% 0#, %,&'(- 675%,: ;#$&# $% &'(0*9-$&0'*/ ;$0# 0#, &'(%09(0 +98$+7+ &7**,(0 '.%,*E,-

$( 0#, 2 +% 675%,% ,86,*$+,(0C "#, %9+, ,86,*$+,(0 #9% .,,( -'(, ;$0# !33 +% *,%0$(?

0$+, .,0;,,( ,9&# 675%,: 5,9-$(? 0' 0#, ,89&0 %9+, *,%750 9% ;$0# I3 +% *,%0$(? 0$+,C

J7*0#,* $(E,%0$?90$'(% 9*, 0#,*,@'*, *,K7$*,- 0' 7(-,*%09(- 0#, 6#,('+,('( 0#90 +9L,%

0#, *,-7&$(? &7**,(0 -,&*,9%, @'* 5'(? 675%, -7*90$'(: @'* ,89+65, %07-/$(? 0#, 675%,

0$+, M *,%0$(? 0$+, *90$': '* $(%,*0$(? 9( 9('-$& 675%, .,0;,,( 0#, &90#'-$& 675%, 9(-

0#, *,%0$(? 0$+,C N';,E,* 0#90 +9/ .,: $0 $% +'*, *,5$9.5, 0' 7%, %#'*0 675%, 0$+,%: 5$L, 2

'* A3 +% $@ '(, ;9(0% 0' @'*,%,, 0#, ,E'570$'( '@ 0#, *,-7&$(? &7**,(0C =% 9 &'+65,+,(0

;, 65'00,- 0#, ,K7$E95,(0 &#9*?, '.09$(,- @*'+ 0#, H<0> &7*E, @'* 0#, -$O,*,(0 675%, 0$+,%

+,(0$'(,- 9.'E, <J$?7*, 1CI>C H0 %#';% 0#90 0#, *,590$'( .,0;,,( 0#, &#9*?, 9(- 0#,

-7*90$'( '@ 0#, &90#'-$& 675%, $% ('0 5$(,9*: 0#7% &'()*+$(? 0#90 $0P% ?,00$(? #9*-,* 0'

*,-7&, &90$'(% $@ E'509?, 675%,% 9*, 0'' 5'(?C



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

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

 

!  

"  

#  

$  

%  

&  

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

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

 !"#$% &'() *+#!,-.%/0 12-$"% 3450-!/%6 !/0%"$-0!/" 7308 1#$,%98 -9 - :#/10!4/ 4: ;#.9% 6#$-0!4/'

!"#$%%&' () *+,#- ./$. ./) 0$1"0,0 2,33)#. 43)$2/)- -,3"#5 ./) 6+%.$5) 7,%8)89 ($8

$%($&8 2+073"8)- :).())# ;<= $#- ; > 0?' (/"2/ "8 2+#8"8.)#. ("./ ./) 6$%,) 73)-"2.)-

:& ./) @AB )17)3"0)#. *+3 $ ;=C= B 7+.)#."$% 4!"5,3) <CD4$99C E+.) ./$. )6)# *+3 ./) F>>

08 7,%8) )17)3"0)#.' ./) 6)3& G38. 7,%8)8 ()3) $%8+ $3+,#- ;H= 0?C E+ 87)2"$% 8.,-&

/$8 :))# -+#) $:+,. ?, )%)2.3+-)7+8"."+#' :,. $# "%%,8.3$."+# "8 8/+(# "# !"5,3) <CF>'

(/"2/ /$8 :))# 3)$%"I)- ,#-)3 ./) 8$0) 2+#-"."+#8 $8 *+3 +7."0"I)- E" -)7+8"."+#' ./$.

"8 ;=C= B' = 08 7,%8)8' )12)7. +#%& => 8())78 ()3) $77%")-C J) #+.) ./) 8$0) 73+:%)0 +*

"#/+0+5)#)".& "# 8"I)' $#- $ G%%"#5 $ :". %)88 ./$# => KC L# 8,00$3&' ./) *$2. ./$. 8)6)3$%

0).$%8 /$6) :))# 8,22)88*,%%& -)7+8".)- +7)#8 ./) ($& .+($3-8 ./) 53+(./ +* 8)6)3$% M"#-8

+* #$#+8.3,2.,3)8' $#- 2$# 73+6"-) -"N)3)#. +7."+#8 *+3 ./) 8$0) #$#+8.3,2.,3)C

 !"#$% &'<=) >*? 1$499@9%10!4/ 4: - ABB -:0%$ B# %.%10$46%;49!0!4/'  !:0C D E9 ;#.9%9 F%$%

-;;.!%6G -0 @D'D H'

O/) 23+88;8)2."+#8 +* G%%)- P?? $3) $ *$8. $#- 2+#6)#")#. ($& .+ 5). $ 5%+:$% "-)$ +*

./) G%%"#5 )Q2")#2&' :,. ". "8 0+3) 3)%)6$#. .+ 2+07$3) .+7 6")(8 +* 8$07%)8 (/"2/ P??

.)07%$.)8 /$6) :))# 3)0+6)- *3+0C J"./ ./"8 7+"#. +* 6")(' ./) /)"5/. +* ./) 7$3."2%)8

$3) #+ %+#5)3 2+07$3$:%)' :,. ./) )8."0$."+# +* ./)"3 -"8.3":,."+# +6)3 ./) 8$07%) $#-

./) -)#8".& "8 *$3 :)..)3C O/) #)1. 8)2."+# -)$%8 ("./ ./) ($& () +:8)36)- ./) -)#8".& +*

2$.$%&8. #$#+7$3."2%)8 *3+0 ./) .+7C



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

 !"!" #$%&'()$*+ ),& *(*-.(')$/0&1 2$), 344 &)/,$*+

"#$ %&& '() *$ +$,-.$/ 0) 1$.$+(2 3(415 (23(41 610)7 3$8 $8'#0)7 0) -+/$+ 8- 7$8 ()

01-8+-90' +$('80-): "#$ 1-2680-) ,(/$ -; '#+-,0' 8+0-<0/$ ()/ 9#-19#-+0' ('0/ =>+?3 @

A3%?4B 61$/ *$83$$) 8#$ C+18 ()/ 8#$ 1$'-)/ ()-/0D(80-) =9:EFB 01 -;8$) 61$/ ;-+ 8#01

96+9-1$5 *68 A3%?4 (2-)$ -+ G(?A 01 (21- 61$/: A-3$.$+5 8#$1$ 1-2680-)1 ,(4 #(.$ (

*(/ 0,9('8 -) 8#$ )()-9(+80'2$1 -)'$ 8#$ %&& 01 '-,92$8$24 $8'#$/: H$ #(.$ )-80'$/

8#(8 $.$) ;-+ 2-)7 $8'#0)7 80,$1 0) >+?3IA3%?4 1-2680-)5 0:$ 9+-2-)7$/ ;(+ (;8$+ 8#$ %&&

/011-2680-)5 8#$ &6 9(+80'2$1 2--J$/ 0)8('85 308# )- $.0/$)'$ -; ( '#$,0'(2 (88('J5 *68

8#(8 >6 ()/ G0 1$$, (K$'8$/ *4 16'# () $8'#0)7: H$ (116,$ 8#(8 8#$ 9+$1$)'$ -; 8#$ 0-)

>+?

−

3 5 3#0'# 01 J)-3 8- *$ ( 9-3$+;62 -<0/()85 '() *$ +$19-)10*2$ -; 8#$ /$7+(/(80-) -;

8#$ >6 ()/ G0 9(+80'2$15 ()/ 8#$+$;-+$ 8- /011-2.$ 8#$ GH1 0)10/$ 8#$ 1-2680-) 0; 8#$4 (+$

$<9-1$/ ;-+ ( 2-)7 80,$ 0) 8#$ $8'#0)7 1-2680-): H$ 8#$+$;-+$ 8+0$/ G(?A (1 () $8'#()85

3#0'# 01 ('86(224 '-,,-)24 61$/ ;-+ 8#01 96+9-1$ LMFN5 LOPN5 LOEN: & E Q G(?A 1-2680-)

3(1 ;-6)/ 8- $R'0$)824 $8'# %&& 308# () $8'#0)7 +(8$ S608$ #07#$+ 8#() 8#$ >+?3IA3%?4

1-2680-)5 3#0'# 01 *$)$C'0(2 ;-+ 8#$ ,$8(220' 9(+80'2$1 0) 8#$ 9-+$1: A-3$.$+5 8#$ $8'#0)7

80,$ #(1 8- *$ '-)8+-22$/5 10)'$ ( '#$,0'(2 +$('80-) (21- -''6+1 *$83$$) 8#$ 9(+80'2$1

()/ G(?A: &) 022618+(80-) 01 70.$) 308# >6 )()-30+$1 0) T076+$ O:EE: H$ 1$$ 8#(8 8#$

%&& 01 '-,92$8$24 +$,-.$/ (;8$+ () $8'#0)7 (1 1#-+8 (1 E ,0)68$ =T076+$ O:EE=(BB5 *68

8#(8 ( 2-)7$+ $8'#0)7 2$(/1 8- 8#$ /$7+(/(80-) -; 8#$ GH15 8#(8 8#$) ;-+, 902$1 -; 1,(22

9(+80'2$1 =T076+$ O:EE='BB: U8 01 1699-1$/ 8#(8 8#$ +$('80-) 8(J0)7 92('$ 01V

>6

2+ + O?A

− −−→ >6=?AB2

 !"  #"  $"

 !"#$% &'(() *+,-#.!,/ ,0 .1% 234%5. ,0 6# 783 20.%$ 9:: $%;,+2- <!.1 ( = 72>?' @2;4-%3

12+% A%%/ !;;%$3%B 0,$ C2D ( ;!/E CAD F ;!/ 2/B C5D &G ;!/'

U)8$+$180)7245 8#$ &6 9(+80'2$1 #(.$)W8 *$$) 16*X$'8$/ 8- ()4 /(,(7$5 (1 022618+(8$/ 0)

T076+$ O:EO5 3#$+$ ( 1(,92$ 3#0'# #(1 *$$) 0,,$+1$/ 0)8- ( O Q G(?A 1-2680-) ;-+ EY

,0) 01 1#-3): H$ 1$$ 8#(8 8#$ &6 9(+80'2$1 (+$ 18022 0)8('85 1,--8# ()/ 18+(07#85 8#()J1

8- 8#$ )-*2$ )(86+$ -; 7-2/:



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

 !"#$% &'(&) *+, -!./#$% 01 2!3%$4/%5 6# -4$/!.2%7 41/%$ 866 $%90:42 ;!/< & , =4>? 10$ (@

9!A'

 !"!# $%&'( )*%+,% &('%&,'-& ./( % 0'&&'( 1**2-3 42&5 6%&%*7+&+

"# $%&'(%$ $%)$ ) *)+ ,#$$-.( &/ $%# #0#1$2&03$# -. 4&5# 6&2#4 &/ $%# 788 1&'0+ *#

$%# 1)'4# &/ $%# -.%&5&(#.#&'4 900-.( &*4#2:#+ -. 4&5# 4)560#; <%# 2#)4&. ,%3 4&5#

6&2#4 ,&'0+ *# 0#44 )+)5).$ $& 2#1#-:# $%# 0-='-+ $%). &$%#24 -4 .&$ 2#)003 '.+#24$&&+>

*'$ ) (0&*)0 $2#)$5#.$ %)4 *##. 60)..#+ ).3,)3 -. &2+#2 $& -562&:# $%# %3+2&6%-0-1-$3

&/ $%# ,)004 &/ $%# 6&2#4; ?#:#2)0 ,)34 %):# *##. -.:#4$-()$#+ -. $%# 0-$#2)$'2# -. $%)$

6'26&4#> 0-@# AB #C6&4'2# D EF> DGHF> DGIF> %3+2&6%-0-1 5&0#1'0#4 (2)/$-.( DGJF> 60)45)

$2#)$5#.$4 DGKF> DG F> DGGF; ; ; ?&5# 6'*0-1)$-&.4 %):# 4%&,. $%)$ $%# %3+2&6%-0-1-$3 &/

.'5#2&'4 +-L#2#.$ 4'2/)1#4 1&'0+ *# -.12#)4#+> *3 #C6&4-.( $%#5 $& ) ,)$#2 60)45) /&2 )

/#, 5-.'$#4 DGKF; 811&2+-.( $& $%# 0)$$#2 )2$-10#> $%# ,)$#2 1&.$)1$ ).(0#4 %):# .&$-1#)*03

+#12#)4#+ )/$#2 $%-4 $2#)$5#.$> 0#)+-.( $& ) *#$$#2 )22).(#5#.$ &/ 6&034$32#.# *#)+4 &.

$%#4# 4'2/)1#4; <%# )'$%&24 '4#+ M&'2-#2 $2).4/#2 -./2)2#+ NM<OPQ 46#1$2&41&63 $& 4%&,

$%)$ $%-4 *#$$#2 %3+2&6%-0-1-$3 ,)4 +'# $& $%# %-(% .'5*#2 &/ %3+2&C30 (2&'64 &. $%#

4'2/)1#> 62&+'1#+ ,-$% $%# ,)$#2 60)45) $2#)$5#.$; "# $%#2#/&2# )$$#56$#+ $& #C6&4#

&'2 4)560#4 $& 4'1% ) 60)45)> %&6-.( $%# 12#)$-&. &/ %3+2&C30 (2&'64 &. $%# 6&2# ,)004

$%)$ 1&'0+ -562&:# $%# ,#$$-.( &/ $%# #0#1$2&03$# +'2-.( $%# #0#1$2&+#6&4-$-&. 62&1#44;

"# $%'4 #C6#1$ $& (#$ ) 5&2# %&5&(#.#&'4 900-.( &/ $%# 6&2#4 ,-$% $%# 1)$)034$4;

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

<& +& 4&> ,# '4#+ ) 60)45) 1%)5*#2> '4')003 +#+-1)$#+ $& (2)6%#.# &2 RS< (2&,$%>

,-$% ) $2-&+# 1&.9('2)$-&.; <%# 60)45) -4 (#.#2)$#+ *#$,##. $,& #0#1$2&+#4 N$%# ).&+#

).+ $%# (2-+ &. M-('2# J;IKQ $%)$ )00&, $& 12#)$# ) %-(% +#.4-$3 60)45)> ,%&4# 46#1-#4

1). $%#. *# #C$2)1$#+ $&,)2+4 $%# 4)560# 5&'.$#+ &.$& ) $%-2+ #0#1$2&+#> .#()$-:#03

1%)2(#+> 1)00#+ $%# 1)$%&+# &. M-('2# J;IK; <%-4 1&.9('2)$-&. %)4 $%# )+:).$)(# $&

(#.#2)$# $%# (0&, +-41%)2(# ).+ $& 12#)$# $%# 60)45) 4#6)2)$#03> ,%-1% ):&-+4 '.4$)*0#

6%#.&5#.) $& &11'2 &. $%# 4)560#> *'$ )04& $& 1&.$2&0 62#1-4#03 $%# T&, ).+ $%# #.#2(3

&/ $%# )1$-:# 46#1-#4 &. $%# 4)560#> *3 *-)4-.( -$ ,-$% ). -.+#6#.+#.$ :&0$)(#; "#

62&1##+#+ )4 /&00&,4U $%# 788 4)560# ,)4 5&'.$#+ +-2#1$03 &. $%# 1)$%&+# ,-$% $%#



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

"#$% &' ()& *#+,-.* +&/01 ,2/ $&*3#/ .20./# ("# %$,0-, *",-4#+5 6,(#+ 7,%&8+ 9:; 0**-<

),0 .2=#*(#/ 7., ("# >,0 .2$#( 82(.$ ("# %+#008+# +#,*"#0 :5? -4,+ .2 ("# *",-4#+5 @( (".0

-&-#2(1 ("# %$,0-, ),0 >#2#+,(#/ 4A ,%%$A.2> , /.0*",+># &' !;; B 4#()##2 ("# ,2&/#

,2/ ("# >+./1 +#-,.2.2> ("# *,("&/# 82%$8>>#/5 C8*" , ".>" 7&$(,># ),0 2#*#00,+A (&

.>2.(# ("# %$,0-,1 48( ("# 7&$(,># ),0 D8.*3$A /#*+#,0#/ /&)2 (& ?;; B1 .2 &+/#+ (& $.-.(

0%,+3$#0 ,2/ E,0"#0 #7#2(05 F"# >#2#+,(.&2 &' ("# %$,0-, ,$),A0 $#,/0 (& , %+#008+#

.2*+#,0#1 ,2/ ("# 7&$(,># ),0 ,/=80(#/ (& 0(,4.$.G# .( ,( H5; -4,+5 I2*# ("# %$,0-, .0

0(,4$# 92& 0%,+3$# &+ %+#008+# 7,+.,(.&2<1 ("# *,("&/# .0 %$8>>#/ .2 &+/#+ (& #J(+,*( ,

/&)20(+#,- %$,0-, (&),+/0 ("# 0,-%$#1 ,2/ ("# /.K80.&2 *8++#2(1 (",( .0 ("# *8++#2(

*+#,(#/ 4A ("# #J(+,*(#/ 0%#*.#01 .0 0#( ,0 , 7,+.,4$# %,+,-#(#+ )"&0# .2E8#2*# &2 ("#

0,-%$# ),0 0(8/.#/1 ,0 )#$$ ,0 ("# #J%&08+# (.-#5

 !"#$% &'()* +$,-!." /0 12% 34,56, 72,68%$ -!12 12% 1$!/9% 7/.:"#$,1!/.'

 !"#$%"

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

F"# 0,-%$#0 80#/ (& #J%$&+# ("# .2E8#2*# &' ),(#+ %$,0-, &2 ("# L$$.2> &' *,(,$A0(

)#+# M@@ (#-%$,(#0 ).(" &%#2 %&+#01 ',4+.*,(#/ ,0 /#0*+.4#/ .2 :5N5H5 O( .0 *,%.(,$ (&

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

/&#02P( .2(#+'#+# ).(" ("# %&(#2(.,$ .2E8#2*# &' ("# %$,0-, (+#,(-#2(5 @0 , L+0( ,((#-%(1

)# %#+'&+-#/ , :? -.2 ),(#+ %$,0-, #J%&08+# (& , %,+( &' , :5H  -Q(".*3 M@@ (#-%$,(#5

@ *&%%#+ #$#*(+&/#%&0.(.&2 ),0 %#+'&+-#/ 08**#00.7#$A &2 ("# 2&2Q(+#,(#/ %,+( ,2/ &2

("# (+#,(#/ %,+( &' (".0 0,-%$#1 ).(" ?; %8$0#0 &' ? -0 ,( QR5? B5 S,*" %8$0# ),0 0#%,Q

+,(#/ 4A , T; -0 +#0(.2> (.-#5 UA &40#+7.2> ("# *+&00Q0#*(.&20 &' ("#0# 0,-%$#0 ).(" ("#

CSV1 )# /.0*&7#+#/ .2 ("# (+#,(#/ 0,-%$# 0&-# $,+># G&2#0 90#7#+,$ -.*+&20 .2 $#2>("<

).(" , ".>" /#20.(A &' W8 %,+(.*$#0 ,( ("# 4&((&- &' ("# %&+#0 (",( )# *&8$/2P( L2/ .2



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

"#$ %&%'"($)"$* +),-.$/ 0+ +#&1% &2 3456($ 7/8 9 "#$+$ :&%$+ $;#4<4" .&%5$( -)("4=.$+9

)%* 5)"#$( ,&($ %$45#<&6(4%5 -)("4=.$+ "#)% 4% "#$ %&%'"($)"$* +),-.$/ >&,$ -)("4=.$+

($)=# ,&($ "#)% ?@@ %, 4% .$%5"#9 )%* ) A..$*'-&($ )($) =&6.* $B$% +-($)* &B$( 8C  ,

D3456($ 7/8 D=EE9 1#4=# =&6.*%F" <$ 2&6%* )" ).. 4% "#$ %&%'"($)"$* +),-.$/ G#$ -.)+,)

"($)",$%" +$$,+ "#$($2&($ "& 4,-)=" "#$ $.$="(&*$-&+4"4&% -(&=$++9 .$)*4%5 "& 5($)"$(

A..$* :&%$+9 )%* "& ")..$( -)("4=.$+/ H&1$B$(9 "#&65# "#$ A..4%5 +$$,+ $)+4$(9 4" )--$)(+

I64"$ 4%#&,&5$%$&6+ )%* +"4.. ($B$).+ #45# *4+-)(4"4$+9 4% "$(,+ &2 -)("4=.$+ #$45#" )%* &2

*$%+4"J &B$( "#$ +),-.$/

 !"  #"

 $"

 !"#$% &'()* +$,--.-%/0!,1- ,2 345 1,1.0$%40%6 416 375 416 3/5 840%$ 9:4-;4.0$%40%6 32,$ (< ;!15

=>> 420%$ +# %:%/0$,6%9,-!0!,1' 3/5 -?,8- 4 :4$"% @,1% ,2 (A  ; 8!0? 4 B#4-! (CCD

9,$% E::!1"'

K% &(*$( "& *$"$=" ) -&"$%"4). 4%L6$%=$ &2 "#$ $;-&+6($ "4,$9 ) +4,4.)( $;-$(4,$%" #)+

<$$% =)((4$* &6" 14"# ) "&"). $;-&+6($ "4,$ &2  @ ,4%9 &% ) +),-.$ -($-)($* 4% "#$ +),$

=&%*4"4&%+/ M&($ -6.+$+ D8@@E #)B$ <$$% )--.4$* 4% &(*$( "& *$-&+4" ,&($ N69 $+-$=4)..J

4% "#$ %&%'"($)"$* +),-.$ 1#$($ "#$ .)=O &2 -)("4=.$+ 1)+ -(&<.$,)"4= "& =&%=.6*$ A(,.J

)<&6" "#$ 4%L6$%=$ &2 "#$ -.)+,)/ G#$ +#)-$ &2 "#$ -6.+$ DC ,+ 2&..&1$* <J ) P@ ,+

($+"4%5 "4,$E )%* "#$ B&.")5$ D'!/C QE 1$($ O$-" "#$ +),$ )+ <$2&($/ H$($ )5)4% ) =.$)(

4%=($)+$ &2 "#$ %6,<$( &2 -&($+ A..$* 14"# N6 4+ %&"$* 2&( "#$ "($)"$* +),-.$9 )+ 1$.. )+



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

" #$%%$& '$()'% '*+*)$,$(%- ./()0&$ 123452 6'$ 70 8"&%(9:$; *<%$, ":+*;% &$"9' %'$ %*8

*< %'$ +$+#&",$ ./()0&$ 1234.955= >'(9' (; ,*% %'$ 9";$ (, %'$ ,*,?%&$"%$@ ;"+8:$2 A%

'"; #$$, ,*%(9$@ %'"% :"&)$ B*,$; >(%' ,$()'#*0&(,) C::$@ 8*&$; >$&$ +*&$ <&$D0$,% %'",

*, %'$ ;"+8:$ $E8*;$@ %* %'$ >"%$& 8:";+" <*& 34 +(,= >'(9' +"- (,@(9"%$ " )&$"%$&

(+8"9% *< %'$ 8:";+" <*& " :*,)$& $E8*;0&$2

 !"  #"

 $"

 !"#$% &'()* +$,--.-%/0!,1- ,2 345 1,1.0$%40%6 416 375 416 3/5 840%$ 9:4-;4.0$%40%6 32,$ <= ;!15

>?? 420%$ +# %:%/0$,6%9,-!0!,1'

F$ 0;$@ " G"HI ;*:0%(*, %* 9'$+(9"::- $%9' %'$ JKK +$+#&",$; *< %'$ :"%%$& ;"+?

8:$;= (, *&@$& %* &$L$": ":: %'$ 70 8"&%(9:$; @$8*;(%$@ *, %'$ M( ;0#;%&"%$2 6'$ 9*&&$?

;8*,@(,) %*8 L($>; >(%' @(N$&$,% ;9":$; "&$ L(;(#:$ (, /()0&$ 123O ",@ /()0&$ 123P2 6'(;

9*+8"&(;*, "::*>; %* ,*%(9$ " 9:$"& '()'$& @$,;(%- *< 70 ,",*8"&%(9:$; *, %'$ ;"+8:$ %'"%

'"; #$$, %&$"%$@ >(%' %'$ >"%$& 8:";+"= >'(9' (; "%%&(#0%$@ %* " #$%%$& '-@&*8'(:(9(%- *<

%'$ 8*&$ >"::;2

A, *&@$& %* L":(@"%$ %'(; ";;0+8%(*, (, " )$,$&": >"-= >$ >",%$@ %* &$":(B$ ;(+(:"&

$E8$&(+$,%; >(%' *%'$& +"%$&(":;2 F$ >",%$@ %* Q,*> >'$%'$& G( *& K0 $:$9%&*@$8*;(%(*,

9*0:@ #$ ":;* "N$9%$@ #- " 8&$:(+(,"&- 8:";+" %&$"%+$,% *< %'$ JKK '*;%2

F$ '"L$ ;$$, $"&:($& %'"% G( >"; )$,$&"::- $";($& %* @$8*;(% %'", 70 *& K0 (, *0&

+$+#&",$; ",@ ":&$"@- ;'*>; '()' @$,;(%- *< 8*&$ C::(,)2 6'$ @$,;(%- *< G( 8"&%(9:$;



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

 !"  #"

 $"  %"

 !"#$% &'()* +,- .!%/0 ,1 2,234$%54%6 057-8%0 514%$ 9# %8%:4$,6%-,0!4!,2 526 ;<< $%7,.58 /!4=

>5?@' +=% 75"2!A:54!,2 !2:$%50%0 1$,7 &BBBC 4, DBBBBC 1$,7 E5F 4, E6F'

"#$ %&'$ ()% *+,*-%*. %) /* 0'-& 10,2)3*. #(. "* 3*214*. %&#% () ()%1-*#/5* .16*2*(-*

"#$ 31$1/5* /*%"**( # %), 31*" 789 ,1-%'2* ): # ,5#$0#;%2*#%*. $#0,5* "1%& %&* <==

2*0)3*. #(. ): # ()(;%2*#%*. )(*> ?*3*2%&*5*$$@ $)0* %15%*. 31*"$ 2*3*#5*. #( 1(%*2*$%1(A

10,2)3*0*(% 1( %*20$ ): &*1A&% &)0)A*(*1%B> C( %&1$ *+,*210*(% "* '$*. %&* ),%101D*.

,#2#0*%*2$ ): ?1 *5*-%2).*,)$1%1)( .*$-21/*. 1( E>F>E@ "1%&  !! ,'5$*$ ):  0$ #% ; > G>

C( %&* -#$* ): # ()(;%2*#%*. $#0,5*@ # 5)% ): ?1 ,#2%1-5*$ #2* 31$1/5* )( %&* <==;2*0)3*.

$#0,5*@ /'% %&*12 $1D* .16*2 $51A&%5B@ $)0* ): %&*0 5))H1(A 51H* $0#55 /#55$ #(. )%&*2 51H*

$0#55 "12*$ I$** J1A'2* E>KLI#MM> N( %&* -)(%2#2B@ 1: %&* <== 1$ *+,)$*. %) # O! 01(

"#%*2 ,5#$0# /*:)2* %&* ?1 *5*-%2).*,)$1%1)(@ %&* $1D* ): %&* ?1 ,#2%1-5*$ 1$ .2#0#%1-#55B

1(-2*#$*. I:)2 # $#0* 3)5%#A* #(. ('0/*2 ): ,'5$*$M ', %) E!! (0 1( 5*(A%&@ /'% )3*2#55

%&*12 $1D* 1$ P'1%* 5*$$ .1$,*2$*. I$** J1A'2* E>KLI/M #(. E>KLI-MM> Q&*2*:)2*@ 1( %&* -#$*

): ?1@ () *6*-% -)'5. /* $&)"( 1( %*20$ ): .*($1%B 10,2)3*0*(%@ /'% %&* "#%*2 ,5#$0#

%2*#%0*(% $**0$ %) &#3* #( *6*-% ',)( %&* *5*-%2).*,)$1%1)( ,2)-*$$ $1(-* 1% 1(R'*(-*$

# 5)% %&* $1D* #(. %&* $1D* .1$%21/'%1)( ): %&* .*,)$1%*. ,#2%1-5*$>

=$ :)2 =' .*,)$1%1)(@ $'2,21$1(A 2*$'5%$ &#3* /**( :)'(.> C(.**.@ "1%&)'% /*1(A #/5*

%) *+,5#1( "&B@ "* :)'(. %&#% %&* ,)2* 4551(A "#$ ")2$* #:%*2 %&* ,5#$0# %2*#%0*(% %&#(

1( ()(;%2*#%*. <==$ IJ1A'2* E>KSM>



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

 !"  #"

 $"  %"

 !"#$% &'()* +,- .!%/0 ,1 /23%$ -4205263$%23%7 89: 5!;< 025-4%0 213%$ =# %4%>3$,7%-,0!3!,; 2;7

?@@ $%5,.24 /!3A B2CD' +A% 52";!E>23!,; !;>$%20%0 1$,5 &:::F 3, G::::F 1$,5

82< 3, 87<H 1,$ 2; %20I >,5-2$!0,; /!3A  !"#$% &'(J'



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

 !"  #"

 $"

 !"#$% &'()* +!,-%. /!%01 23 456 7278-$%5-%. 57. 496: 4;6 05-%$ <,51=58-$%5-%. 15=<,%1 53-%$ >!

%,%;-$2.%<21!-!27' ?@@ A51 9%%7 $%=2/%. 0!-A >5BC !7 456 57. 4;6'



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

 !"

 #"

 !"#$% &'()* +,- ./.01$%,1%2 ,.2 +3- 45,67,01$%,1%2 6,745% ,81%$ 9# %5%:1$/2%4/6!1!/.'

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

"# $%&'% ($ )*++$%( (,' -))*.+(/$# (,-( (,' 011 2'3$.') .$%' ,4&%$+,/5/3 (,-#6)

($ (,' 728 +5-).-9 - 2-)/3 )(*&4 -2$*( 3$#(-3( -#:5') ,-) 2''# 3-%%/'& $*(; <,$%(54

-=('% (,' +5-).- (%'-(.'#( >/;' #$ .$%' (,-# $#' &-4? (,-( 5-)('& @A ./#9 (,' 3$#(-3(

-#:5' 2'(B''# (,' 011 )*%=-3' -#& - &%$+5'( $= B-('% ,-) 2''# .'-)*%'& -#& 3$.+-%'&

($ - &%$+5'( &'+$)/('& $# - #$#C(%'-('& 011; "( (*%#'& $*( (,-( (,' &%$+5'( )+%'-& .*3,

.$%' $# (,' (%'-('& 011 )*%=-3'9 'D,/2/(/#: - 3$#(-3( -#:5' -) 5$B -) -2$*( EA

◦
>F/:*%'

E;EA>-??9 B,/5' (,' )-.' &%$+5'( /) %'+'55'& =%$. (,' #$#C(%'-('& 0119 B,/3, ,-) - ,4C

&%$+,$2/3 )*%=-3' >3$#(-3( -#:5' -2$*( GGA

◦
9 )'' F/:*%' E;EA>2??; H,' )-.' 'D+'%/.'#(

,-) 2''# +'%=$%.'& $# .-#4 )-.+5') (,-( ,-& 2''# (%'-('& 5$#: 2'=$%' (,' -#:5' .'-C

)*%'.'#( >)'I'%-5 B''6)?9 -#& #$ &/J'%'#3' ,-) 2''# #$(/3'& B/(, - #$#C(%'-('& )-.+5';

155 (,' &%$+5'() 'D,/2/('& - ,/:, 3$#(-3( -#:5' >-2$*( GGA

◦
?9 -) /= #$ (%'-(.'#( ,-) 2''#

&$#' $# (,' )-.+5');

H,')' %')*5() ),$B (,-( (,' +5-).- &$') .$&/=4 (,' ,4&%$+,/5/3/(4 +%$+'%(/') $= (,'

0119 -#& (,-( 5/K*/& )$5*(/$# /) .$%' 5/6'54 ($ +'#'(%-(' /#)/&' (,' +$%') -=('% - B-('%

+5-).- (%'-(.'#(; 7$B'I'%9 (,' 'J'3( +%$I/&'& 24 (,' +5-).- (%'-(.'#( ,-) - 5/./('&

5/=' )+-#9 (,-( 3$*5& 2' ')(/.-('& 24 &$/#: )$.' )4)('.-(/3 .'-)*%'.'#() -=('% (,'

+5-).- 'D+$)*%'; H,' 'J'3( 5-)() -( 5'-)( )'I'%-5 ,$*%) *+ ($ $#' &-49 )/#3' (,' 'D+$)*%'

$= (,' )-.+5' ),$B# /# F/:*%' E;EA>-? ,-) 2''# &$#' (,' &-4 2'=$%' (,' 3$#(-3( -#:5'

.'-)*%'.'#(;



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

 !"#$% &'&() *!+,#$%- ./ 0 1$.23%, ./ 40,%$ .5 ,6% -#$/0+% ./ 708 0 230-90:,$%0,%1 *;; 7<( 9!58

051 7=8 0 5.5:,$%0,%1 *;;'

"#$#%&''( )*#&+,$-. /0# ,1#& 23 /%#&/,$- /0# 455 /#6*'&/# 7,/0 & 7&/#% *'&)6& '22+)

*%26,),$-. 89/ 729'1 1#)#%:# /2 8# ,$:#)/,-&/#1 62%# /02%29-0'( ),$;# $2 )/%2$- -#$#%&'

/%#$1 0&) 8##$ 1%&7$. 1#)*,/# /0# ,$/#%#)/,$- %#)9'/) *%#)#$/#1 0#%#< =$1##1. )26# #:,>

1#$;# 23 /0# ,$?9#$;# 23 /0# *'&)6& 2$ /0# *2%# @'',$- 7,/0 ;&/&'()/ *&%/,;'#) 0&:# 8##$

0,-0',-0/#1. 89/ )26# *%28'#6) )9;0 &) '&;+ 23 %#*%219;,8,',/( &$1 &**&%#$/'( ;2$/%&1,;>

/2%( %#)9'/) A59 1#*2),/,2$B )/,'' %#6&,$< C#:#%/0#'#)) /0,) 6#/021 ;29'1 1#@$,/#'( 8#

&$ ,$/#%#)/,$- &$1 #'#-&$/ 6#/021 /2 ,6*%2:# /0# 0262-#$#,/( 23 /0# ;&/&'()/ *&%/,;'#).

8( 621,3(,$- /0# 0(1%2*0,',;,/( 23 /0# 455<

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

D0,) ;0&*/#% )96) 9* )#:#%&' 6#/021) %#*2%/#1 ,$ /0# ',/#%&/9%# /2 1#*2),/ $&$2*&%/,;'#)

,$),1# *2%29) /#6*'&/#)< E$# 23 /0#6. /0# *9')#1 #'#;/%21#*2),/,2$. 0&) 8##$ )/91,#1

0#%#< F# :&%,#1 /0# 6&,$ *&%&6#/#%) 23 /0# *9')#) A'#$-/0. $968#%. 6&-$,/91#< < < B &$1

)/91,#1 /0#,% ,$?9#$;# 2$ /0# &)*#;/ 23 /0# #'#;/%21#*2),/#1 *&%/,;'#) &$1 /0# @'',$- #3>

@;,#$;(< F# 6&1# /0,) )/91( 9),$- G9. C, &$1 59 )2'9/,2$). &$1 #&;0 6#/&' 0&) 8##$

)9;;#))39''( 1#*2),/#1 &/ /0# 82//26 23 /0# *2%#) 23 & 455 /#6*'&/#< F# 6&$&-#1 /2

;2$/%2' /0#,% ),H# 8( &1I9)/,$- /0# &**',#1 :2'/&-#. /0# *9')# 19%&/,2$. &) 7#'' &) /0# $96>

8#% 23 *9')#) 23 & 1#*2),/,2$ *%2;#))< E*/,6,H#1 ;2$1,/,2$) 32% #&;0 6#/&' 0&:# 8##$ )#/.

70,;0 ,) *%26,),$- %#-&%1,$- & )98)#J9#$/ -%27/0 23 $&$2)/%9;/9%#) ,$),1# 455. ),$;#

82/0 K,CF A3%26 G9 2% 59B &$1 GCD A3%26 C,B -%27/0) &%# /09) *2/#$/,&''( 3#&),8'#

3%26 /0#)# 6#/&')< D0# ;2$1,/,2$) /0&/ '#1 /2 /0# 8#)/ %#)9'/) ,$ /#%6) 23 ;2$/%2' &$1 02>

62-#$#,/( 23 6#/&' ;&/&'()/ 1#*2),/,2$ 7,'' 8# 9)#1 &) & 8&),) /2 -%27 LM $&$2)/%9;/9%#)

,$ 455 &$1 62%# ;26*'#N *2%29) )/%9;/9%#)<

C#:#%/0#'#)). #:#$ ,3 *2%# @'',$- #O;,#$;( 0&) 8##$ ;2$),1#%&8'( ,6*%2:#1. 29% ,$:#)>

/,-&/,2$) 1,1$P/ &''27 /2 %#&;0 &$ ,1#&' LQQ % @'',$-. #N;#*/ 7,/0 C,< D0# 1#:#'2*6#$/ 23

&$ 2%,-,$&' 6#/021. 8&)#1 2$ & *'&)6& /%#&/6#$/ 23 /0# 455 /#6*'&/#. 0&) 8##$ )/&%/#1

&$1 %#:#&'#1 *%26,),$- %#)9'/) ;2$;#%$,$- /0# *2%# @'',$- &$1 )029'1 8# ,$:#)/,-&/#1



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

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

,&$ #$-')%- ".%/01$2 3#"! 4&/5%$# 6 /12 4&/5%$# 7 5/8$ %&$ 9/* %"9/#2- / 4/50%/)

5/#% "3 %&0- %&$-0-: %&$ 4"1;1$2 (#"9%& "3 "1$<20!$1-0"1/) 1/1"-%#'4%'#$-= 9&04& 90)) .$

%&$ -'.>$4% "3 %&$ 1$?% 4&/5%$#+





 !"#!$%&'()*

 !" #$ %$ &'()*+(),)- &$ .$ /0'+12- .$ .$ 345+662- .$ 7$ &'()+859- #$ :)9+69- ;$ 3$ <)=59- )9>

<$ ?$ @)A14+(55- BC19*01446> D), *1 A06A)06 E')+5F!G 9)91+*0'H*'06+ D5*8 H1IA46J H86I5H)4

H1IA1+5*519 59 A101'+ )91>5H )4'I59)-K  !"#$%&'  (##)*$%&+$(*,- 214$ LM- 91$ N- A$ OPQR-

OS!!$

 O" T$ T8)9U- :$ V$ V59U- )9> #$ ?$ G06++648)'+- BW5+I'*8 E')9*'IFD506 )00),+ X)Y05H)*6> Y,

) 2)H''I I64*59U )9> A06++'06 59Z6H*519 A01H6++-K -().*&' (/ 0&+".$&', 1","&.%!- 214$ !P-

91$ SM- AA$ !ML[\!MLN- !QQN$

 P" @$ %$ W$ C146I)9- #$ .$ #1005+- /$ %$ ?A)4>59U- )9> :$ G$ ]14I6+- B/86 X10I)*519 1X >5I69F

+519)44, 10>606> +545H19 9)91D506+ D5*859 I6+1A101'+ +545H)-K -2 3#2  !"#2 4(%2- 214$ !OP-

91$ !- AA$ !NM\!NN- OSSS$

 L" ^$ _'- `$ #69U- _$ a'- ^$ a65- #$ <19U- _$ T8'- )9> T$ C8'- B. U69605H )AA01)H8 *1

>6+506> I6*)445H 9)91D506+ 59+5>6 9)*526 A101'+ )4'I59) *6IA4)*6 25) 06>1J 06)H*519-K  !"#2

0&+".2- 214$ O!- 91$ !O- AA$ OPQM\OLSO- OSSQ$

 [" 7$ ;$ #6919 )9> C$ %$ #)0*59- Bb)Y05H)*519 )9> 62)4')*519 1X 9)91646H*01>6 69+6IY46+-K

3*&'2  !"#2- 214$ RM- 91$ !P- AA$ !QOS\!QON- !QQ[$

 R" #$ G6 &61- b$ C$ ;60650)- &$ #$ #106**1- ;$ ?H1A6H6- ?$ ;145==5- )9> ;$ cU1- B/1D)0>+

) Y6**60 '9>60+*)9>59U 1X U14> 646H*0146++ >6A1+5*519 59 *0)H(F6*H86> *6IA4)*6+-K  !"#2

0&+".2- 214$ !Q- 91$ OL- AA$ [Q[[\[QRL- OSSM$

 M" C$ I$ V)9U- ]$ +$ ?86'- )9> <$ Z$ C8)1- B/6IA4)*6> +,9*86+5+ )9> +*0'H*'0)4 +*'>, 1X >69+64,

A)H(6> I6*)4 9)91+*0'H*'06+ 59 #C#L! )9> #C#LN-K 356&*%"5 7)*%+$(*&' 0&+".$&',-

214$ !O- AA$ !LP\!LN- b6Y$ OSSO$

 N" %$ 7$ ;)0*8)+)0)*8,- <$ &$ @$ ;8)95- )9> C$ %$ #)0*59- B/6IA4)*6 +,9*86+5+ 1X U0)A85*5H

9)91*'Y'46+d-K 356&*%"5 0&+".$&',- 214$ M- AA$ NQR\NQM- @12$ !QQ[$

 Q" W$ W$ &)(+8I5- ;$ <$ G1081'*- )9> C$ %$ #)0*59- B?14`64 *6IA4)*6 +,9*86+5+ 1X +6I5H19F

>'H*10 9)91+*0'H*'06+-K  !"#2 0&+".2- 214$ Q- 91$ P- AA$ N[M\NRO- !QQM$

 !S" /$ <,1*)95- &$FX$ /+)5- )9> .$ /1I5*)- B;06A)0)*519 1X '4*0)e96 H)0Y19 *'Y6+ 59 9)91H8)9964+

1X )9 )91>5H )4'I59'I 1J5>6 e4I-K  !"#2 0&+".2- 214$ N- 91$ N- AA$ O!SQ\O!!P- !QQR$

 !!" :$ C$ ]'4*669 )9> C$ %$ #)0*59- B. U6960)4 *6IA4)*6FY)+6> I6*81> X10 *86 A06A)0)*519

1X9)91I)*605)4+-K -().*&' (/ 0&+".$&',  !"#$,+.8- 214$ M- AA$ !SM[\!SNM- :)9$ !QQM$

 !O" ?$ V$ C81'- #$ ?$ a65- ;$ %$ <0)'++- )9> ;$ W$ b5+H860- B?59U46 >1I)59 I)U96*5H A544)0

)00), 1X P[ 9I >5)I6*60 )9> R[ UY5*+f59O >69+5*, X10 '4*0)85U8 >69+5*, E')9*'I I)U96*5H

+*10)U6-K -().*&' (/ 399'$"5 :!8,$%,- 214$ MR- AA$ RRMP \RRM[- @12$ !QQL$

 !



 !  ! "!#$%&'()

 !"# $% &'()*+', -% -+''(./0&1*2(., (.3 4%05% 6.2+'7+8, 9-:*.03+:+.3+.8 :+;8*+' +<+=8 *. >/?>1

71;8*;(@+' .(./A*'+2,B  !"#$%& !' ())&*+, -./0*10, )/;% CD, ./% !E, :% !E>FE!, GEEF%

 !H# I% 3+ J+.8+. 3+ K/'.+, $% 5*'(1L, (.3 -% J*=M/88+, 9I(N'*=(8*/. (.3 :M@2*=(; :'/:+'0

8*+2 /O 5N?>1 71;8*;(@+'+3 21:+'=/.31=8*.P .(./A*'+2,B ())&*+, -./0*10 2+33+#0, )/;% QR,

::% !FGF!ES!FGF!ES", 6:'% GEEF%

 !F# T%0T% $+A (.3 4% J% U+3A*.P, 9&'/A8M =M('(=8+'*28*=2 /O 2*;*=/. .(./A*'+2 2@.8M+2*V+3 N@

)(:/'0;*W1*302/;*3 P'/A8M *. .(./:/'/12 (;17*.( 8+7:;(8+2,B  !"#$%& !' 4#/03%& 5#!63.,

)/;% GFH, ::% !HSGG, 41.+ GEE"%

 !R# X% @% YM(.P, $% 3% YM(.P, &% A% J+.P, &% M% $*, Z% @% 4*.5M*;;*::, (.3 I% 5M*;;*::, 9-@.8M+2*2

/O /'3+'+3 2*.P;+ ='@28(; 2*;*=/. .(./A*'+ (''(@2,B (,7%$1+, 8%3+#*%&0, )/;% !", ::% !G"QS

!GH!, 61P% GEE!%

 !D# 4% $*, >% 5(:(3/:/1;/2, 4% J% X1, (.3 J% J/2[/)*82, 9K*PM;@0/'3+'+3 =('N/. .(./81N+

(''(@2 O/' +;+=8'/.*=2 (::;*=(8*/.2,B ())&*+, -./0*10 2+33+#0, )/;% DF, ::% "RDS"RC, 41;@ !CCC%

 !Q# \% K(2M*2M*., ]% \/./, (.3 4% \(7([*, 9&1*3+ P'/A8M /O =('N/. .(./81N+ (''(@2 12*.P

(./3*= :/'/12 (;17*.( A*8M .* =(8(;@28,B  %)%$+0+  !"#$%& !' ())&*+, -./0*10, )/;% HF,

::% """S""D, GEER%

 !C# -% U% Z*=+A('.+'05+.(, 9-1N7*='/7+8+' 7+8(;;*= N('=/3+2,B 91*+$1+, )/;% GCH, ::% !"DS!H!,

^=8% GEE!%

 GE# J% _% \% J/;('+2, `% a12=M7(.., b% b/N'+), U% Z+17(.., U% -=M/;V, c% d% -=M1=M+'8, (.3

4% +̀88+', 9-*.P;+>'@28(;;*.+ =/::+' .(./A*'+2 :'/31=+3 N@ +;+=8'/=M+7*=(; 3+:/2*8*/. *.

:/;@7+'*= */. 8'(=[ 7+7N'(.+2,B (,7%$1+, 8%3+#*%&0, )/;% !", ::% RGSRF, 4(.% GEE!%

 G!# \% &(/, &% J+.P, 4% YM(.P, ]% e(.P, >% $*(.P, 4% I(., (.3 $% YM(.P, 9\+7:;(8+ 2@.8M+2*2

/O 2*.P;+0='@28(; =1 .(./A*'+ (''(@2 N@ +;+=8'/3+:/2*8*/.,B ())&*+, -./0*10 (: 8%3+#*%&0

91*+$1+ ; -#!1+00*$<, )/;% D", ./% G, ::% GF!SGFH, GEE!%

 GG# 4%0&% e(.P, J%0$% \*(., \% _% J(;;/1[, (.3 J% K% e% >M(., 9J*='/28'1=81'+ (.3 *.8+'0

3*<12*/. /O 8+7:;(8+02@.8M+2*V+3 61?-.?61 f1.=8*/. .(./A*'+2,B =%$! 2+33>, )/;% H, ./% D,

::% !"!"S!"!Q, GEEH%

 G"# T% Z*+;2=M, I% Jg;;+', 6% 5% $*, (.3 d% &h2+;+, 9d.*O/'7 .*=[+; 3+:/2*8*/. *.8/ /'3+'+3

(;17*.( :/'+2 N@ :1;2+3 +;+=8'/3+:/2*8*/.,B (,7%$1+, 8%3+#*%&0, )/;% !G, ::% FQGSFQR, 6:'%

GEEE%

 GH# J% \*(., 4% e(.P, 4% T1'8V, \% _% J(;;/1[, (.3 J% K% e% >M(., 9_;+=8'/=M+7*=(; P'/A8M

/O 2*.P;+ ='@28(; 7+8(; .(./A*'+2 )*( ( 8A/ 3*7+.2*/.(; .1=;+(8*/. (.3 P'/A8M 7+=M(.*27,B

=%$! 2+33>, )/;% ", ./% D, ::% C!CSCG", GEE"%

 GF# X% ]% YM(.P, $% b% YM(.P, ]% $+*, $% X% YM(/, (.3 ]% i% J(/, 9I(N'*=(8*/. (.3 =M('(=0

8+'*V(8*/. /O M*PM;@ /'3+'+3 (1 .(./A*'+ (''(@2,B  !"#$%& !' 8%3+#*%&0 4.+?*03#/, )/;% !!,

::% !D"GS!D"H, 4(.% GEE!%

 GR# `% >(N/.*, !C"R%

 GD# b% 6;J(A;(A*, Z% >//7N2, (.3 J% J/2[/)*82, 9J(P.+8*= :'/:+'8*+2 /O O+ 3+:/2*8+3 *.8/

(./3*= (;17*.17 /L*3+ :/'+2 (2 ( O1.=8*/. /O :('8*=;+ 2*V+,B  !"#$%& !' ())&*+, -./0*10,

)/;% DE, ::% HHG!SHHGF, ^=8% !CC!%

 GQ# 6% 4% ]*., 4% $*, e% 4*(., 6% 4% a+..+88, (.3 4% J% X1, 9I(N'*=(8*/. /O M*PM;@ /'3+'+3 7+8(;;*=

.(./A*'+ (''(@2 N@ +;+=8'/3+:/2*8*/.,B ())&*+, -./0*10 2+33+#0, )/;% DC, ::% !E"CS!EH!, 61P%

GEE!%



 ! "!#$%&'()  !

 !"# $% &% $'()'*+ ,% -% .% ./012134+ .% 5% 601789+ 17: 5% &% ;1<'0+ =./(84>013 *?78@'*4*

AB CADD'0 717AE40'* /*47> 1C '('C80A:'DA*484A7 478A DA0A/* 1(/3474/3 AF4:' 8'3D(18'*+G

 !"#$%& !' (%)*#+%&, -.*/+,)#0+ )A(% HI+ DD% JKLMNJKOJ+ 5/(? !KKI%

 JK# &% 51>3471*+ &% 51>3474'7'+ 17: P% .18/(4A74*+ =Q74BA0348? AB 1C >0AE8@ AB CADD'0

717AE40'* E48@47 8@' DA0A/* 1(/3471 8'3D(18' B0A3 1C4:4C R/STTU */(D@18' *A(/84A7*+G !KKJ%

 JH# V% 5% $'0'47 17: 5% &% ;1<'0+ =PW'C8 AB 1C '('C80A:'DA*484A7 CA7:484A7* A7 8@' >0AE8@ AB

@4>@ 1*D'C8 0184A CADD'0 717AE40'* 47 DA0A/* 1(/347/3 AF4:' 8'3D(18'*+G  1 2.0,1 -.*/1

3+ )A(% HK"+ 7A% JL+ DD% HLJL!NHLJOM+ !KKM%

 J!# $% X% Y2(10+ 6% X1013>/0/+ .% .4*01+ 17: 5% R% Z1RA3<'+ =X/(*': '('C80A:'DA*484A7 478A

&&[ 8'3D(18'* BA0 R\] >0AE8@ AB C10<A7 717A8/<' 1001?*+G 4%$!)*5.$!&!60+ )A(% HI+

DD% H!IMNH!LH+ &/>% !KKM%

 JJ# 6% 643+ .% 643+ 17: Y% .% R@A+ =X/(*': '('C80A:'DA*484A7 AB D1((1:4/3 717AE40' 1001?*

/*47> &&[ 8'3D(18'+G (%)*#+%&, -.*/+,)#0 %$7 2.0,+5,+ )A(% "I+ DD% !LON!O!+ &D0% !KKI%

 J^# _% ;/17>+ Z% Z4+ _% Z/A+ _% ,@/+ 17: $% Z4+ =[04'78184A7`CA780A((': *?78@'*4* 17: B'00A31>`

7'84*3 AB *47>(' C0?*81((47' CA 717AE40' 1001?*+G  !"#$%& !' 2.0,+5%& -.*/+,)#0 -+ )A(% HH!+

DD% H^IONH^L!+ !KKO%

 JM# .% a4089 17: R% b% .10847+ =-'3D(18'c1<04C18': >A(: 717AE40'* 17: 717A8/<'*+G 879%$5*7

(%)*#+%&,+ )A(% HM+ DD% ^MMN^MO+ .10% !KKJ%

 JI# b% T7>/1781+ Y% X41991+ 17: R% Y/7*'04+ =T7d/'7C' AB 8@' '('C804C1( D1013'8'0* A7 8@' B1<04C1`

84A7 AB CADD'0 717AE40'* 478A 17A:4C 1(/3471 8'3D(18'*+G 8::&+*7 ;"#'%5* ;5+*$5*+ )A(% !MM+

DD% OOHINOO!J+ &/>% !KK"%

 JL# Y% Y@47>/<101+ [% [247A+ e% Y1?131+ ;% Y121/'+ 17: -% -121@1>4+ =-EA`:43'7*4A71(

717AE40' 1001? BA03184A7 A7 *4 */<*8018' /*47> *'(B`A0>1749': 717A@A('* AB 17A:4C1((? AF4`

:49': 1(/347/3+G ;!&+7<;)%)* =&*5)#!$+5,+ )A(% ^J+ DD% HH^JNHH^I+ 5/7' H"""%

 JO# ;% ,'7>+ .% ,@'7>+ b% Y2A3*24+ ]% Y'((3?'0+ e% Z4/+ Z% .'7A7+ 17: Y% f17:?AD1:@?1?+

=.1>7'84C D0AD'084'* AB *'(B`1**'3<(': CA 717AE40'* AB )10?47> ('7>8@ 17: :413'8'0+G >%9+7

;*&&/0*# 2"?&+5%)+!$,+ .1? !KKK%

 J"# f% .10g/10:8+ Z% P/:'+ .% $AE8@13+ $% R@A+ ;% 5% 5'A7>+ .% R@h8'('8+ R% Y% RAiAC10/+

f% Y% 643+ 17: ]% X04<18+ =]'7*48? CA780A( AB '('C80A:'DA*48': 74 717AD1084C('*j717AE40'*

47*4:' DA0A/* 17A:4C 1(/3471 8'3D(18'* <? 17 'FDA7'7841( 17A:49184A7 )A(81>' :'C0'1*'+G

4%$!)*5.$!&!60+ )A(% H"+ D% ^KMIKL+ [C8% !KKO%

 ^K# .% Y/7+ $% ,17>104+ .% Y@13*/99A@1+ 17: b% .% .'89>'0+ =P('C80A:'DA*484A7 AB @4>@(?

/74BA03 31>7'84C 717AD1084C(' 1001?* 47 A0:'0': 1(/348'+G 8::&+*7 2.0,+5, @*))*#,+ )A(% LO+

DD% !"I^N!"II+ .1? !KKH%

 ^H# $% 5% Y804i2'0*+ 5% ;% 5% ]1(:'0AD+ .% &% &% f0A'2*8''>+ ;% 5% .% YE1>8'7+ 17: a% 5% .%

:' 5A7>'+ =Y80/C8/0' 17: 31>7'849184A7 AB 1001?* AB '('C80A:'DA*48': CA E40'* 47 17A:4C

1(/3471+G  !"#$%& !' 8::&+*7 2.0,+5,+ )A(% OI+ DD% MH^HNMH^M+ VA)% H"""%

 ^!# $% Y1/'0+ $% f0'@3+ Y% YC@7'4:'0+ 6% V4'(*C@+ b% f% a'@0*DA@7+ 5% R@A4+ ;% ;AB3'4*8'0+

17: Q% $k*'('+ =;4>@(? A0:'0': 3A7AC0?*81((47' *4()'0 717AE40' 1001?*+G  !"#$%& !' 8::&+*7

2.0,+5,+ )A(% "H+ DD% J!^JNJ!^L+ .10% !KK!%

 ^J# Y% .A7:1(+ &% ]@10+ 17: Y% b1?+ =[D84C1( D0AD'084'* AB R:Y 717AE40'* D0'D10': <? :C

'('C80AC@'34C1( :'DA*484A7 47 DA0A/* 1(/3471 8'3D(18'+G (%)*#+%&, ;5+*$5* +$ ;*/+5!$7"5)!#

2#!5*,,+$6+ )A(% HK+ DD% HOMNH"J+ &/>% !KKL%



 !  ! "!#$%&'()

 !!" #$ %$ &'()*+ ,$ %$ -(..)/0+ %$ 12'3(.+ 4$ #$ 52)'6.+ 7$ #$ 8.93')0+ 2*: 7$ ,$ 42.;)*+

<='(/;.6/>(3)/2' ?2@.)/2;)6* 6? /2:3)93 />2'/6A(*):( 3)/.6:)6:( 2..2BC+D  !"#$ %&'"($+

E6'$ F+ *6$ G+ HH$ IJKLIJ!+ MIIN$

 !F" 4$ 5$ 52*:(.+ ,$ O.6*C0B+ P$ 52*:C+ 2*: Q$ 4$ 5;2/B+ <5;.9/;9.( 6? @)C39;> ;(''9.):(

*2*6R).( 2..2BC ?2@.)/2;(: @B ('(/;.6:(H6C);)6* )*;6 H6.69C 2*6:)/ 2'93)*2 ;(3H'2;(C+D

 !"#$ %&'"($+ E6'$ MF+ *6$ M+ HH$ NNFLNNI+ KJJK$

 !S" &$ T$ 5)*A>+ Q$ Q$ 42.;)*(UV46.2'(C+ &$ W$ 86U>)'6E+ 2*: 4$ XU02*+ <Q C)3H'( R2B 6? CB*V

;>(C)U)*A C)*A'(V/.BC;2'')*( C(3)/6*:9/;)*A /6HH(. C9'Y:( *2*6.6:C @B 9C)*A 9';.2C6*)/2;)6*

:9.)*A ;(3H'2;(V2CC)C;(: ('(/;.6:(H6C);)6*+D  !"#$ %&'"($+ E6'$ MI+ *6$ MJ+ HH$ K!!SLK!F!+

KJJG$

 !G" O$ 726 2*: %$ Z)9+ <P(3H'2;(V@2C(: CB*;>(C)C 6? *2*6.6:+ *2*6R).(+ 2*: *2*6;9@( 2..2BC+D

)*+&,-". /,  0110/* &,* 2,'"(3&-" 4-/",-"+ E6'$ MNS+ HH$ !FLS!+ #2*$ KJJ[$

 ![" 8$ 42.\92.:;+ <X.A2*)C2;)6* *2*63(;.)\9( :( /63H6C2*; ]*2*6;9@(C :( /2.@6*(^

9;)')C2*; :(C 3(3@.2*(C E(.;)/2'(C :_2'93)*( 2*6:)\9( H6.(9C($D >;;H`aa;('$2./>)E(CV

69E(.;(C$?.a)*:(b$H>Hc>2'C):dHe0H(H\JJ;S6\?FH@*C!;e![eNfE)(Rg;>)Cg:6/dH2C;('V

JJJJF[GGfE(.C)6*dM+ %(/$ KJJI$

 !I" 4$ P20(9/>)+ h$ X*6U20)+ h$ 42;C939.2+ -$ i/>):2+ 2*: P$ &9e)+ <1>6;6)*:9/(: >BV

:.6H>)')/);B 6? P)XK ;>)* Y'3 36:)Y(: @B 2. )6* @(23 )..2:)2;)6*+D 56-1"&( 2,.'(6#",'.

&,* %"'!0*. /, 7!8./-. 9"."&(-! 4"-'/0, :; :"&# 2,'"(&-'/0,. </'! %&'"(/&1. &,* )'0#. +

E6'$ KJS+ HH$ KFILKSN+ 42B KJJN$

 FJ" 4$ WBC;.j3 2*: 1$ #k.E)*(*+ <46:)Y/2;)6* 6? H6'BC9'?6*( 9';.2Y';.2;)6* 3(3@.2*(C R);>

iT )..2:)2;)6* 2*: >B:.6H>)')/);B )*/.(2C)*A 2A(*;C+D =06(,&1 03 %"#>(&," 4-/",-"+ E6'$ SJ+

*6$ KLN+ HH$ KGFLKIS+ MI[G$

 FM" -$Vh$ 7>69+ =$V&$ Z((+ #$Vl$ h69+ 2*: 5$V5$ h9+ <1>6;6V)*:9/(: >B:.6H>)')/);B 6? P)XKbWb

;>)* Y'3C 6* 1=P H'2;(C+D ?!/, 401/* @/1#.+ E6'$ FMS+ HH$ M[ILMIK+ %(/$ KJJG$

 FK" m$ Z)9+ 8$V&$ n>9+ 2*: h$Vh$ o9+ <p3H.6E)*A ;>( >B:.6H>)')/);B 6? H6'B]E)*B'):(*( q96.):(^

H6.69C 3(3@.2*(C @B ('(/;.6* @(23 )*);)2;(: C9.?2/( A.2?;)*A 6? QQa555 @)*2.B 36*63(.C+D

)AA1/"* 46(3&-" 4-/",-"+ E6'$ KFN+ HH$ KJISLKMJM+ %(/$ KJJS$

 FN" h$ #6*AV8)*+ &$ W23V-66*+ 2*: Z$ -B9*Vh6*A+ <i*)E(.C2' C9.?2/( >B:.6H>)')/);B 6@;2)*(:

@B 9C)*A '6RV;(3H(.2;9.( H'2C32 -gKX A2C ?6. *2*6CH>(.( ');>6A.2H>B+D =06(,&1 03 '!"

B0("&, 7!8./-&1 40-/"'8+ E6'$ F[+ H$ M+ #2*$ KJMM$

 F!" &$ W$ 12*:)B2.2e 2*: T$ 5('E2.2e2*+ <W6*V;>(.32' H'2C32 ;.(2;3(*; ?6. >B:.6H>)')/);B

)3H.6E(3(*; 6? A.(B /6;;6* ?2@.)/C+D =06(,&1 03 %&'"(/&1. 7(0-"../,C ?"-!,010C8+ E6'$ MII+

HH$ MNJLMNI+ QH.$ KJJ[$

 FF" #$ Z2)+ 8$ 59*:(.'2*:+ #$ o9(+ 5$ h2*+ l$ n>26+ 4$ m6'02.:+ 8$ %$ 4)/>2('+ 2*: h$ l2*A+

<5;9:B 6* >B:.6H>)')/);B 6? H6'B3(. C9.?2/(C )3H.6E(: @B H'2C32 ;.(2;3(*;+D )AA1/"* 46(D

3&-" 4-/",-"+ E6'$ KFK+ HH$ NNGFLNNGI+ 42.$ KJJS$


