
HAL Id: tel-00841491
https://theses.hal.science/tel-00841491v2

Submitted on 17 Jul 2013

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.

Élaboration de nanoparticules fluorescentes à base de
BODIPY par polymérisation RAFT en miniémulsion :

synthèse, caractérisation et fonctionnalisation de surface
Chloé Grazon

To cite this version:
Chloé Grazon. Élaboration de nanoparticules fluorescentes à base de BODIPY par polymérisation
RAFT en miniémulsion : synthèse, caractérisation et fonctionnalisation de surface. Autre. École nor-
male supérieure de Cachan - ENS Cachan, 2012. Français. �NNT : 2012DENS0049�. �tel-00841491v2�

https://theses.hal.science/tel-00841491v2
https://hal.archives-ouvertes.fr


 !"# $ %&'% ()*++ !"#$ %$ %&
(&)*( %$ +,-
&+$ .&)/*+$ 0123)4$1)$ %$ 5*
!*6,-./0(1.0 ,2-#345. 6-275( !"#!$%&' ()*+  !"# !$%&'(# )& *#+,& ,&7&
($1) %$ +,-
&+$ .&)/*+$ 0123)4$1)$ %$ 5*
!*68592:(0 ; !"#"$/,.
:24:1. ; !"#"$ $% &!'("
*+
!"#"$ ,$( &*-'#./$( !"#$%"&'$( )* ("($+"%&'
-!*. /!-$%*.
*(&*. 0#".* )* 123456 +"% +$!789%'."&'$( :;<= *(8'('98-!.'$( !"#$% &' 
)*)
#+*, )#,-" &# .-"
#,-"")/, )#,-" 0&  1*.)
&=3>/0 /5?10(?0 @ #2
32( 40 ' ! 5
15A-0 %&'% 80B2(1 40 C?-D 
59,5/. 80 ;E-.8.-:
 E2F0/ ,-5G0//0?- $ H(:BI J:K$L2-/0:440 % -2,,5-10?-".A2/1:0( M0
5992(85?K ,-5G0//0?- $  !"#NOP H(:BI O5-802?K ' -2,,5-10?-O0-(280110 #32-40?K ,-5G0//0?- $ H(:BI #I O0-(2-8 MD5( ' ,-./:80(10#3-:/15,30 #32//0(:0?K ,-5G0//0?- $ H(:BI 8? L2:(0 0K29:(210?-6:440/ #42B:0- 
32-F. 80 -0
30-
30 $ #!Q" 
5$0(
28-2(1Q2
304 L.24401$Q0(2?41 92R1-0 80 
5(G.-0(
0/ $  !" #2
32( 8:-0
1-:
0S0:12-5 !2T212(: ,-5G0//0?- $  !" #2
32( 0K29:(210?-U?112 Q:0F0- 
32-F.0 80 -0
30-
30 $ #!Q" 0K29:(21-:
0M2A5-215:-0 80 N3515,3D/:V?0 01 80 N3515
3:9:0"?,-2954.
?42:-0/ 01 L2
-5954.
?42:-0/ !" #J#WJ! X #!Q" HLQ +Y*'Z'P 2B0(?0 8? N-./:80(1 [:4/5(P \]%*Y #2
32( 
080K ^E-2(
0_



  



 !"#$%"&'$( )* ("($+"%&'
-!*. /!-$%*.
*(&*. 0#".* )* 123456 +"% +$!789%'."&'$( :;<= *(8'('98-!.'$( !"#$% &' 
)*)
#+*, )#,-" &# .-"
#,-"")/, )#,-" 0&  1*.)
&

   



 !



 !""#$% &'(")*#+$%,-$..$%$. /0#1#22$

 



 !



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

'!#00#!*' %!#$ (' 0*+&,*"&#,! (! 78&"&189%#:'! !" (! 78&"&
8#.#! ;'1,*.&0<
'0*#,!% !" =*
,&>.&0<
'0*#,!% (',*$" 
!% ",&#% *$$<!% :'# 2',!$" ",?% !$,#
8#%%*$"!%@A!""! "8?%! $)*',*#" 1*% <"< 0* .B.! %*$% 0! "*0!$" (! "&'"! .&$ <:'#1! ()!$
*>(,*$"C!D% E F#00!% A0*6#!,G H*
8!0 =<*00!">H!$*'0"G  '""* H#!I!, !" J!,$*(!""! A8*,0!'K@=!,
# - 6&'% :'*",! 1&', 6&",! %&'"#!$ !" 0* ",*$%.#%%#&$ (! 6&% 
&$$*#%%*$
!%G *'%%# +#!$()'$ 1&#$" (! 6'! %
#!$"#L:'! :'! 8'.*#$@F#00!%G "' !% 0* 1,!.#?,! 1!,%&$$! :'# * C1,!%:'!D ,<'%%# - .! 2*#,! *#.!, 0* 
8#.#!&,I*$#:'!@ =!,
# 1&', "* 1*"#!$
! C%',"&'" (!6*$" .!% 10*:'!% AA= !" .!% %1!
",!%H=4D !" "* 1<(*I&I#!@  ! "! ,!.!,
#! <I*0!.!$" (! .)*6&#, *

&,(< +!*'
&'1 (! 0#+!,"<(*$% 
!% ",*6*'KG $&"*..!$" ()*6&#, (&$$< - 
!""! "8?%! '$! "&',$',! +!*'
&'1 10'%M1&09.?,!M :'! 
! :'! "' $)*',*#% 1!'">B",! 1' #.*I#$!,@ H*
8!0G .!,
# ()*6&#, *

!1"<()B",! .* (#,!
",#
! (! "8?%!G (! "! ,!$(,! (#%1&$#+0! *6!
 "!% <"'(#*$"% .*0I,< '$ *I!$(*&6!,>+&&5<G 1&', "&$ (9$*.#%.! !" 1&', "&'"! 0* ",*$%.#%%#&$ (! "&$ %*6&#, !$ 18&"&>189%#:'! N J!,$*(!""!G  '""*G .!,
# - 6&'% (! .)*6&#, 
8&#%#! #0 9 * 
#$: *$% 1&', 
! 1!"#"%"*I! (*$% 0! 
*(,! (! .!% <"'(!%@ A)!%" 6&'% :'# .)*6!O (&$$< 0! I&P" !" 0)!$6#! (! 2*#,!(! 0* ,!
8!,
8! !$ 
8#.#! !" 189%#
&>
8#.#! (!% 1&09.?,!%@  )*# <$&,.<.!$" *11,#% - 6&%
�"<% (',*$" "&'"!% 
!% *$$<!% !" 
)!%" I,R
! - 6&'% :'! S)*# 
8&#%# 
!""! "8?%!@ ! "#!$% +#!$ <6#(!..!$" - ,!.!,
#!, 0!% 1,&2!%%!',% T,<(<,#
 T*I!% !" ;<+*%"#!$ U!>
&..*$(&'K 1&', *6&#, *

!1"< ()B",! 0!% ,*11&,"!',% (! .* "8?%!G *#$%# :'! 0!% 1,&>2!%%!',% A8,#%"&18! A8*%%!$#!'K !" 3!#"*,& 4*5*"*$# ()*6&#, *%%#%"< - .* %&'"!$*$
! !$"*$" :')!K*.#$*"!',%@ =!,
# - 6&'% 1&', 6&% 
&..!$"*#,!% !" 
&,,!
"#&$% :'# .)&$" 1!,.#%()*11,&2&$(#, '$ 1!' 10'% .!% 
&$$*#%%*$
!% (*$% 
! (&.*#$! !" (! %&'0!6!, (! $&'6!00!%:'!%"#&$%@A!% ",*6*'K (! "8?%! $)*',*#!$" 1*% 1' B",! 1&%%#+0!% %*$% 0* 1,<
#!'%! *#(! (! F*V00!7!.+&'&$IG 
8!2 (! 0* F7AG W,$*'( J,&%%!*'G =#%"!, U*%!,G  !X W'(#+!,"G 1,& ()YI&,G(! 0* Z'&,!%
!$
!G (!% .#
,&%
&1!% C!$ 2*#" :')!%">
! :'! "' $! %*#% 1*% 2*#,! [DG ;"<18*$!=*#%&$$!'6!G ,<1*,*"!', (! 0* H=4 !" 7*",#
#* J!*'$#!, 1&', 0!% 
0#
8<% (! =\] ,<*0#%<%(',*$" 
#$: *$%@ =!,
# <I*0!.!$" -  *
59G $&",! I!!5 0&
*0 N ! "!$*#% <I*0!.!$" - ,!.!,
#!, 0!% +#&0&I#%"!% J#*$
* ;
0*6# !" F0*(9% =+!.+* ('UJ7W 1&', 0!', *#(! !$ <0!
",&18&,?%! !" !$ 
'0"',! 
!00'0*#,!G *#$%# :'! 1&', 0!',% 1,<>
#!'K 
&$%!#0% !$ +#&0&I#!@=!,
# - A8,#%"&18! A8*%%!$#!'KG =#$>^'# U# !" ;*+,#$* ^&
#$!G 4#
&0*% ;*$%&$ !"



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

!$#""#$ 0(%) "$!+) "(1*+(2*#+$) +$)'$
2#3) '*!+ 4!$"4!$) (%(5"6)$) 0$ 0#7!)#*% 0$ "( "!,#8+$ $2 0$ ,$)!+$) 0$ '*2$%2#$" ζ 9:$+
# ;<("$,$%2 = ,$) )2(<#(#+$)> ?("$%2#% @())$2 $2 A;0+#
 B*%%(3; '*!+ "$!+ (#0$ $%)6%2C8)$ 0$ ,*%*,8+$) D!*+$)
$%2)9 E-0 (")* "#F$ 2* 2C(%F) G(%< H# 2* C(.$ )!

$))3!""63*!%0 ( I(6 2* <$2 D!*+$)
$%2 1(
2$+#( 2C(%F) 2* ( D!*+$)
$%2 '*"6,$+ J:$+
# = K;,# $2 K*1$+2 '*!+ "$!+) '+;
#$!L 
*%)$#") $% )'$
2+*)
*'#$>  *%(2C(% $2MC(%C '*!+ "$!+ (#0$ )!+ E<*+ $% !+<$%
$> %*2(,,$%2 0!+(%2 "( ';+#*0$ 0$ +;0(
2#*% JN2 ,$+
# = O"#.#$+ '*!+ ,-(.*#+ (''+#) = ,*%2$+ !%$ 
*"*%%$> !% &$(%5H2(+F PC( %*%'(+0*%Q $2 ,-(.*#+ ,*%2+; 4!-!% C*,,$ '*!.(#2 R2+$ '"!) 1(.(+0 4!-!%$ 3$,,$9&-!%$ ,(%#8+$ <;%;+("$> S$ .*!0+(#) +$,$+
#$+ 2*!) "$) ,$,1+$) 0! TTH: '*!+ "$!+1*%%$ C!,$!+ $2 "$!+ S*#$ 0$ .#.+$> %*2(,,$%2 @(!+$%2 P4!# %$ +U"$ '+$)4!$ S(,(#) )!+ "(HVAW> +#$% 4!$ '*!+ X( S$ 2-(0,#+$ JQ> Y(+#%$ P,*% )(
 $)2 2+8) 1#$% JQ> Z%0+;$> AC+#)2#(%>V#
*"()> E)(1$""$> A;
#"$> ?(";+#$> A";,$%
$>  *C(%%$>  $(%5T#$++$> W(1#$%999 :$+
# ;<("$5,$%2 (!L ,$,1+$) 0! @AT H(%0+#%$> W+(%X*#)> B$% '*!+ "$!+ (

!$#" 
C("$!+$!L 0!+(%2
$) 
#%4 (%)9:$+
# (!L 0*
2*+(%2) 0! TTH: MC(%C> O"#.#$+> Y)$%6(> [#%< P!C \ \ J JQ> A())(%0+$P4!# (,8%$+( (!))# 0$) ,#%# Y*!#<%5(,(%% = )( )*!2$%(%
$Q>  *C(%>  *%(2C(%> Z!+;"#$>&S#116> H(%0+#%$> Z"$L#)> T(!"> H2;'C(%$> G1#%<>  #(999 :$+
# = .*!) '*!+ .*2+$ 1*%%$C!,$!+> .*) 1"(<!$)> 
*%)$#")999 T(+2(<$+ "$ 1!+$(! (.$
 .*!) 2*!) P*! '+$)4!$Q 3!2 .+(#5,$%2 2+8) (<+;(1"$ J :$+
# ;<("$,$%2 (!L 0*
2*+(%2) 0! @AT> :(+#*%> Z%2*#%$ $2 B$% 0$,-(

!$#""#+ "*+) 0$ ,$) S*!+%;$) ]TA9 &$ ,R,$> H;<*"8%$> ?#+<#%#$ $2 H2;'C(%#$ P,$+
#'*!+ "( '*!1$""$Q 4!# (.$^ $% '"!) 
*%%! "$ _.#$!L_ "(1* =  !))#$! $2 "$) 1*%%$) *0$!+)0-(
+6"(2$)> "$ '$2#2 1!+$(!> "( 3$%R2+$ 
());$ $% C#.$+999 $ %-*!1"#$ 1#$% )!+ '() ,$) 0$!L 
*""8<!$) 1"*%0) 0$  !"#$%&'($)"&'**' `  ;+;,6 a ;+;,6 J :$+
# '*!+ .*) 1"(<!$) %!""$)> "$ )*!2#$% ,!2!$" 0!+(%2 "( 2C8)$> "( +;0(
2#*%>"( )*!2$%(%
$ J B+$3> ,$+
# = .*!) 0$!L 0-R2+$ .*!) 0$!L J T(+ 
*%2+$ P*! $% +$.(%
C$ \Q ;+;,6> S-(22$%0) 2*!S*!+) 2*% ,#,$> 2! ,-() 0;X!$999:$+
# = ,$) 
*"*
) TC#"#''$> T(!"> B$+2C6> &(,#%*!> V#
* @$ +*!L> :(+2#% 5 3!2!+'('( J J J '*!+ 
$) )!'$+) ,*,$%2) '());) (.$
 .*!) +!$ T"!,$2> 2C$ '"(
$ 2* 1$ J J J :$+
#= A"(#+$> "-(!2+$ (%0*!#""$ 0$ "( 1(%0$ 0$) +$%%(#)> ,*% (,#$ 0$ 2*!S*!+)> ,R,$ "= "$ S*!+0$ ,( )*!2$%(%
$ J:$+
# (!L 
*;4!#'#8+$) 0! KAT bc '*!+ 2*!) 
$) ,*,$%2) 0$ 0;3*!"$,$%2 J:$+
# = ,$) (,#) 0! 1(+ bde $2 (!L (f"#;)> &+ @#"#> H(%0+#%$> T*'*> :(#> V#
*> MC$)*% *3 2C$ 0$(2C> H$"$
2(> B$%*#2> B()2*!> Z"$L#)> ]+;<*#+$> g"6))$>  #,,6> &!0!
C$> Y$"!P2-$) )!+ 4!$" 
*%2#%$%2 "= \Q> &+ &*!$^(% PX( $% $)2 *h 
$ 1(22"$ 0$ +!,
' .%/( 01+ \Q>



 !"!#
%!"!&'( %) !"# $%&!!& '%( )(&*+ (,- &+ &./. 012 3". )4+%+ 5%.�3& 7 8&!
% 2:;(&3&.+ , +"*# 
&*< =*&14"*5(%& ;>&)+&# >* ?&.>!&>% #"%! , $@ 78&!
% , A.%##B >4*.& 3;.%C!& :2.2!;(& 7D./.B 3&!
% , 3; 3C!& )"*! ;?"%! +"*1"*!# 2+2 (, , 3&# 
�+2#B , 3". )C!& )"*! #&#5(;:*&# .*((&# E F*.& +GC#& &. .;."H+!*
 I*"!&#
&.+# J @4&#+ *. )&* 
"33& KL M!NOP &.Q;%+B 
4&#+ )&+%+ &+ 
4&#+ *(+!; ?%#%5(& 7F 8&!
% ,  %((&#B 3". 5&;* )C!& )"*! (; ?%&L 8&!
%2:;(&3&.+ , 3; :!;.>H3C!& );+&!.&((& &+ , 3&# :!;.>#H);!&.+# 3;+&!.&(# )"*! R+!& >&#:!;.>#H);!&.+# );!Q;%+# 7 $"*! /.%!B 1& #"*G;%+& *. 5". 
"*!;:& , 3&# )&+%+# Q!C!&# =*% #".+&.
"!& +"*# )&+%+# &+ =*& >& 5%&. (".:*&# 2+*>&# ;++&.>&.+ &.
"!& 7 A("!# 5". 
"*!;:& ,?"*# 7



 



 !"#$ %$& '!()*+$&
 !"#$ %$" &'()*!&#!+," -*!.,#(+%/
#!+, 1),)(&2$ 33 .,#(+%/
#!+, '!'2!+1(&45!6/$ 7 ! "#$%&'(
$*&# +( ,%*#
*,- '- .+ /(&%-0
-#
- 1&.2
(.+*%- ! ! ! ! ! ! ! ! ! ! ! 3 ! ! 450&%,$*&# '- .(1*6%- ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! 3 ! !7 8%*#
*,- '- .+ /(&%-0
-#
- ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! 9 ! !3 :%+#'-(%0 ';*#$2%<$ -# 0,-
$%&0
&,*- '- /(&%-0
-#
- ! ! ! ! ! ! ! ! ! = ! !9 >%+#0?-%$0 ';2#-%@*- ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! A ! != 4,,.*
+$*&# B .;*1+@-%*- -# 1*.*-(C 5*&.&@*D(-0 ! ! ! ! ! ! ! ! ! ! ! ! E !7 F- GHI"8JK (# /(&%&,L&%- ';*#$2%<$ ,&(% .;*1+@-%*- '- /(&%-0
-#
- ! ! !  7 !7! MN#$L60- ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! !  7 !7!7 8%&,%*2$20 0,-
$%&0
&,*D(-0 ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! !  3 !7!3 O&'(.+$*&# '-0 ,%&,%*2$20 0,-
$%&0
&,*D(-0 ! ! ! ! ! ! ! ! ! ! ! ! !  A !7!9 8%*#
*,+(C 
L+1,0 ';+,,.*
+$*&#0 ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! !  E !3 P+#&,+%$*
(.-0 .(1*#-0
-#$-0 ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! 7Q !3! H5R-$0 #+#&12$%*D(-0 *#$%*#06D(-1-#$ .(1*#-0
-#$0 ! ! ! ! ! ! ! ! ! 7  !3!7 P+#&,+%$*
(.-0 %-#'(-0 /(&%-0
-#$-0 ,+% '&,+@- ! ! ! ! ! ! ! ! ! ! ! 7= !9 S.+5&%+$*&# '- #+#&,+%$*
(.-0 ,&.N16%-0 B +%
L*$-
$(%- 
&#$%�.2- ! ! ! ! ! ! 3= !9! 8&.N12%*0+$*&# %+'*
+.+*%- 
&#$%�.2- ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! 3= !9!7 8&.N12%*0+$*&# %+'*
+.+*%- 
&#$%�.2- ,+% $%+#0?-%$ '- 
L+U#- %2V-%W0*5.- ,+% +''*$*&#W?%+@1-#$+$*&# XY4Z>[ ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! 3\ !9!3 MN#$L60- '- .+$-C -# 1*.*-(C +D(-(C '*0,-%020 ! ! ! ! ! ! ! ! ! ! ! ! 99 !9!9 8&.N12%*0+$*&# Y4Z> -# 1*#*21(.0*&# ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! 9E != ]L&*C ';(# 0N0$61- ^*'2+.^ ,&(% #&$%- 2$('- ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! =98 9:,#5;"$ %$" ,&,+4&(#!
/2$" </+($"
$,#$" =>7! MN#$L60- '( 1&#&16%- /(&%-0
-#$ B 5+0- '- GHI"8J _ GI8O4 ! ! ! ! ! =\7!7 MN#$L60- '- #+#&,+%$*
(.-0 B 
&(%&##- 8`H ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! =a7!3 MN#$L60- '- #+#&,+%$*
(.-0 B 
&(%&##- 8`HW W844 ! ! ! ! ! ! ! ! ! ! ! ! ! A 7!3! MN#$L60- '-0 1+
%&W+@-#$0 Y4Z> 8`HW W844W>>] -# 1*.*-( L&W1&@6#- ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! A C*



 !! "#$%& '&( )#*!+,&( !"! #$%&%'($%)* +,' -(
/)0(1,*$' 2345 6780 0633 ,* -%*%9-:&'%)* ! ;< !"!" =>*$?@', +,' -(
/)0(1,*$' 2345 6780 0633120 06=X055A ,*-%&%,: ?)-)1@*, ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ;B !"!< #$%&%'($%)* +,' -(
/)0(1,*$' 2345 6780 0633120 06=X055A ,*-%*%9-:&'%)* ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ;C !"!D 7E,$ +: F8GH6I ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! BJ !< =>*$?@', +, K(/$%
:&,' L 
M:/ 6NN3 ,$ L 
):/)**, 6780 063N3 ! ! ! ! BO !D N%', (: K)%*$ ,$ )K$%-%'($%)* +P:* K/)
9+9 Q)*,0K)$Q ! ! ! ! ! ! ! ! ! ! ! ! B" !D!O 6)&>-9/%'($%)* ,* -('', +: 6= ,* K/9',*
, +, -(
/)0(1,*$ 23456780 0633055A ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! B" !D! H*R,/'%)* +, K?(', '(*' :&$/(0')*' ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! B< !D!" H*R,/'%)* +, K?(', (R,
 :&$/(0')*' ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! B; !D!< 7E,$ +, &P?,S(+9
(*, ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! BT !D!D 8K$%-%'($%)* +: K/)
9+9 Q)*,0K)$Q ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! CJ !; 6)&>-9/%'($%)* 
)*$/�&9, ,* K/)
9+9 Q)*,0K)$Q )K$%-%'9 ! ! ! ! ! ! ! ! ! ! ! C" !;!O 6/)V&@-, +,' 
)*R,/'%)*' -)&(%/,' +: '$>/@*, +9$,/-%*9,' K(/ 1/(0R%-9$/%, ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! C< !;! =>*$?@', +, W6' X:)/,'
,*$,' K(/ :*, K)&>-9/%'($%)* 2345 Q)*,0K)$Q ,* -%*%9-:&'%)* ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! C; !B A)*
&:'%)* ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! CT- .,/0,!1*1( (0&
*,/(
/0!34&( '&( 5#5/0#,*!
4%&( 67"!O A(/(
$9/%'$%Y:,' 'K,
$/)'
)K%Y:,' +: -)*)-@/, X:)/,'
,*$ FG6N3 ! ! ! ! TO"! A(/(
$9/%'$%Y:,' 'K,
$/)'
)K%Y:,' +,' W64' ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! T "!" H*X:,*
, +, &( 
)*
,*$/($%)* ,* FG6N3 ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! TD"!"!O 2,*+,-,*$ Y:(*$%Y:, +, X:)/,'
,*
,Z V/%&&(*
, ,$ +:/9, +, R%, ! ! ! TD"!"! [$:+, (KK/)\)*+%, +,' +9
&%*' +, X:)/,'
,*
, ! ! ! ! ! ! ! ! ! ! ! ! TT"!< N,':/,' +P(*%')$/)K%, +, X:)/,'
,*
, ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! OJ;"!<!O 7'$%-($%)* +,' $,-K' +, +%E:'%)* +,' W64' ,$ +,' 
?(]*,' K)&>-@/, OJC"!<! 7E,$ +, &( $,-K9/($:/, ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! OJT"!<!" 7E,$ +, &( 
)*
,*$/($%)* ,* FG6N3 ':/ &P(*%')$/)K%, +, X:)/,'
,*
,OOO"!D A)*
&:'%)* ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! OO<8 9/'!:
#*!/5 '4 
;4, <4/,&(
&5* 77=<!O N)+%^
($%)* ':/ &,' K)'%$%)*' " ,$ D +: F8GH6I ! ! ! ! ! ! ! ! ! ! ! ! ! ! OO;<!O!O =>*$?@', +,' -)*)-@/,' ,*
)-V/9' +9/%R9' +, F8GH6I ! ! ! ! ! ! OOB<!O! A(/(
$9/%'$%Y:,' 'K,
$/)'
)K%Y:,' ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! OOT<!O!" =>*$?@', +,' *(*)K(/$%
:&,' X:)/,'
,*$,' ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! O O<!O!< 6/)K/%9$9' 'K,
$/)'
)K%Y:,' +,' W64' ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! O "<!O!D A)*
&:'%)* ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! O ;<! #$%&%'($%)* +P3_(0F8GH6I ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! O B



 !"#$ %$& '!()*+$& ,))) !" #$%&'
)*&$+ %, -) .$+
*&$+ /$-0123&4)5-, ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! 6"6 !"!6 70+*894, %, +$:;,):< %23&;24 =>?@AB C .$+
*&$+4 /$-0123&4)5-,4%&D23,+*,4 ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! 6"" !"!E A3$/3&2*24 4/,
*3$4
$/&F:,4 %,4 1$+$193,4 ! ! ! ! ! ! ! ! ! ! ! ! ! ! 6"G !"!" 70+*894, %,4 +)+$/)3*&
:-,4 H:$3,4
,+*,4 ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! 6"I !"! ?2*,31&+)*&$+ %, -) 32/)3*&*&$+ %,4 1$+$193,4 =>?@AB -, -$+J%,4 
8)K+,4 /$-0193,4 ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! 6"L !"!G M)3)
*23&4*&F:,4 4/,
*3$4
$/&F:,4 %,4 NAO4 ! ! ! ! ! ! ! ! ! ! ! ! ! 6   ! M$+
-:4&$+ ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! 6 I- ./%)0
!()/2 %$ #! 
/3+/22$ 45%+/64)#$ %$& 789& :;<G!6 M$:3$++,4 C 5)4, %, APP ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! 6GQG!6!6 70+*894, %,4 1)
3$R)J,+*4 SPOT C 5)4, %, APP ! ! ! ! ! ! ! ! ! ! 6GQG!6!E U*&-&4)*&$+ %,4 1)
3$R)J,+*4 SPOT APPRTTM /$:3 -) /$-0123&4)R*&$+ ,+ 1&+&21:-4&$+ %: 4*039+, ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! 6G6G!E M$:3$++,4 C 5)4, %, APAV> ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! 6GLG!E!6 U*&-&4)*&$+ %: 1)
3$R)J,+* SPOT APAV>11RTTM %)+4 :+, /$-0R123&4)*&$+ ,+ 1&+&21:-4&$+ ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! 6GWG!" M$:3$++,4 C 5)4, %, AXPPR
!RPAV>Y ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! 6I"G!"!6 70+*894, %,4 1)
3$R)J,+*4 SPOT AXPPR
!RPAV>YRTTM ! ! ! ! ! ! 6I"G!"!E U*&-&4)*&$+ %,4 1)
3$R)J,+*4 SPOT ,+ 1&+&21:-4&$+ ! ! ! ! ! ! ! ! 6I G! S24:12 4:3 -,4 %&D23,+*,4 
$:3$++,4 80%3$/8&-,4 ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! 6ZEG!G A3$/3&2*24 %, 4:3.)
, %,4 NAO4 ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! 6Z G!G!6 7,+4&5&-&*2 ): /[ %,4 NAO4 ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! 6Z G!G!E A$*,+*&,- ζ ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! 6ZIG!G!" \;)-:)*&$+ %: +$153, %])J32J)*&$+ /)3 #VT ,* ?7^ ! ! ! ! ! ! ! ! 6ZZG!I M)3)
*23&4*&F:,4 4/,
*3$4
$/&F:,4 %,4 NAO4 C %&D23,+*,4 
$:3$++,4 C 5)4,%, AV>_ PP ,* PAV> ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! 6ZWG!I!6 7/,
*3$4
$/&, %, H:$3,4
,+
, 4*)*&$++)&3, ,* 324$-:, ,+ *,1/4 ! ! ! 6ZWG!I!E A8$*$5-)+
8&1,+* %,4 NAO4 ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! 6L6G!Z T,4*4 /32-&1&+)&3,4 %]&+
:5)*&$+ %, 
,--:-,4 ,:
)30$*,4 );,
 -,4 NAO4 C %&.R.23,+*,4 
$:3$++,4 ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! 6L G!L M$+
-:4&$+ ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! 6LI= 9/2
()/22!#)&!()/2 %$ #! &3+>!
$ %$& 789& :?@I!6 O$+
*&$++)-&4)*&$+ /)3 %, /,*&*,4 1$-2
:-,4 80%3$/8&-,4 ! ! ! ! ! ! ! ! ! ! ! 6LZI!6!6 M$+%&*&$+4 ,</23&1,+*)-,4 ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! 6LZI!6!E M)3)
*23&4)*&$+ %,4 J3,D)J,4 ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! 6LWI!6!" @+
:5)*&$+ %, 
,--:-,4 ,:
)30$*,4 );,
 %,4 NAO4 .$+
*&$++)-&42,4 ! ! 6WEI!6! M$+
-:4&$+ ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! 6W I!E O$+
*&$++)-&4)*&$+ /)3 %,4 1$-2
:-,4 4,+4&5-,4 ): /[ ! ! ! ! ! ! ! ! ! ! ! ! 6WG



 !" #$%&' (') *$+!,-') !"!# $%&'()& *+ ,&+-%(. /&* ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! #01 !"!" $%&'()& *2+3 *4%564 *& .( /78*(953& : ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ";# !"!< $%&'()& *& .( =.+8%&>
453(953& ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ";< !< @&>+%& *+ AB 
&..+.(5%& C .2(5*& *&> 3(38D>&3>&+%> C E(>& *& :FG@H &-*& =.+8%&>
453(953& ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! "#I !J =83
-5833(.5>(-583 A(% *&> 98.4
+.&> 
5E.&> &3 E58.8)5& K )%&'()& *& *4%564>*& .( E58-53& ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ""; !1 =83
-5833(.5>(-583 A(% *&> A%8-453&> ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ""J !1!# $%&'()& *2(.E+953& *& >4%+9 E8653 ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ""J !1!" $%&'()& *& .( A%8-453& (3-5DL)$ 9(%M+4& A(% +3 N+8%8A78%& ! ! ! ! ""  ! O83
.+>583 ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ""I./0
&2)!/0 3404-$&' '+ 5'-)5'
+!"') (' -'
6'-
6' 7789 :$-+!' ; 54-!*'0+$&' 7<<P!# Q&
735M+&> *& 
(%(
-4%5>(-583 ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! "<<P!#!# /4>83(3
& 9()34-5M+& 3+
.4(5%& R/@,S ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! "<<P!#!" O7%89(-8)%(A75& *2&T
.+>583 >-4%5M+& ROUVS ! ! ! ! ! ! ! ! ! ! ! ! ! "<<P!#!< F4-&%953(-583 *& .( 
836&%>583 *&> 98389W%&> ! ! ! ! ! ! ! ! ! ! ! ! "<JP!#!J VA&
-%894-%5& *& 9(>>& ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! "<PP!#!1 @5
%8(3(.X>& 4.49&3-(5%& ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! "<PP!#! G853-> *& Y+>583 ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! "<PP!#!P G8-&3-5&. BX*%8)W3& ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! "<PP!#!I @5
%8>
8A5& 4.&
-%835M+& C -%(3>95>>583 R@UQS ! ! ! ! ! ! ! ! ! ! ! "<PP!#!0 F5'+>583 *X3(95M+& *& .( .+95W%& RFFZS ! ! ! ! ! ! ! ! ! ! ! ! ! ! "<IP!#!#; F5'+>583 >-(-5M+& *& .( .+95W%& RFVZS ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! "<0P!#!## G8-&3-5&. [&-( ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! "J#P!#!#" VA&
-%8>
8A5& *2(E>8%A-583 \]D65>5E.& ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! "J#P!#!#< VA&
-%8>
8A5& *2495>>583 &- *2&T
5-(-583 *& N+8%&>
&3
& ! ! ! ! ! ! ! "J"P!#!#J =.+8%594-%5& 59A+.>5833&..& K 9&>+%& *&> *4
.53> *& N+8%&>
&3
& ! ! "J<P!#!#1 H35>8-%8A5& *& N+8%&>
&3
& ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! "J1P!" @8*&> 8A4%(-85%&> ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! "JPP!"!# /4(
-5Y> &9A.8X4> ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! "JPP!"!" VX3-7W>& 98.4
+.(5%& ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! "JIP!"!< VX3-7W>& 9(
%898.4
+.(5%& ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! " IP!"!J $%&'()&> *& 98.4
+.&> C Y83
-583 (953& >+% .&> +35-4> (
5*& (
%XD.5M+& *& .( 
8+%833& *&> 3(38A(%-5
+.&> ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! "P1P!"!1 O+.-+%& 
&..+.(5%& ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! "P1



 !"#$ %$& '!()*+$& ,-. /0"#)
!()23& &
)$3()450$& 678 !" #$%&'() *+$),%-.- (/ '%0+12)%3 415(6%-
%$) 82$(926).
1%- :+ ; 4< =.&$.%>51-.($ '(1+>%6.?2).($ @-.$0 2 ',2-% A$B%6-.($ '6(
%-- ! ! ! ! ! ! ! ! ! CDE !C 8%F G5(6%-
%$) H#IA'J >($(>%6- /(6 51)62&:6.0,) G5(6%-
%$) 9(1+>%6.
$2$(926).
1%- ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! CDK !L H.(
(>92).:1% @1)62&:6.0,) 415(6%-
%$) ;2).(>%)6.
 9M&82$(-%$-(6- ! ! ! CDN !O  006%02)%- (/ H#IA'J >($(>%6- .$ 
(6%&-,%11 9(1+>%6.
 >.
%11%- ! ! ! ! ! CDP9 :23;+*& 677H!" Q(>>5$.
2).($- (621%- ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! CDDH!C '(-)%6- ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! CDD



 !" #"$%& '&$ ()*+!"(%",-$ !"#$ %$" &'()*!&#!+,"
 !"#$%"!&
(  !
)*( !
%+,)-.( /. !
%+,!0( *( ".0+,( 12 !
)*( 34356!7$")#836
+!&$9(&0!&$:-.(; <0=>  68?6@+*%$A+B0@+,;!
%+,!C)*( D/E ?4?56!7$")#8)#$".0+%$&)0%),(; F !
)*( CB0@!
%+,)-.( 2<= !
%+,!0( *( CB0@$A+ 9$,+8$A+*( *5B0@+,G&(; HI2 9$,+CB%)#!0)$& %!*)
!,!)%( 
$&0%�,B( 9!% 0%!&#K(%0 *5!0$C(/ "%),,!&
(/L2F C$&$CG%( *B%)MB /=LD2N ./=LD2N 36*)O.$%$636"$%!6P!43!6*)!7!6!6)&*!
G&(/Q !,".C)&( *( #B%.C "$M)&1<Q 
@%$C!0$R%!9@)( *5(A
,.#)$& #0B%)-.(
χi 
$&M(%#)$& (& C$&$CG%( )
@,$%!&),( 0B0%!
@,$%$6S436"(&7$-.)&$&(1F1 
$&
(&0%!0)$& C)
(,,!)%( 
%)0)-.(Lh *)!CG0%( @+*%$*+&!C)-.( C$+(& (& )&0(&#)0B *$&&B (& LLT9!% ,5!99!%(), 1$%*$.!&Lz *)!CG0%( @+*%$*+&!C)-.( C$+(& (& )&0(&#)0B *$&&B (& LLT9!% ,5!99!%(), F!,M(%&L/U S4V6*)!7!")
+
,$WX434Y℄.&*(
6[6G&(L11  " # 6*)
+
,$@(A+,
!%"$*))C)*(L1F *)
@,$%$CB0@!&(LLT *)\.#)$& *+&!C)-.( *( ,! ,.C)G%(LL] ?4P6*)
@,$%$6X4^6*)
+!&$6S436"(&7$-.)&$&(LD2<  " 6*))#$9%$9+,B0@+,!C)&(LF 2 36*)CB0@+,!C)&$9+%)*)&(LF_ *)CB0@+,K$%C!C)*(LFQ= *)CB0@+,#.,K$A+*(L2n *(R%B *( 9$,+CB%)#!0)$& C$+(& (& &$C"%(LQT *)\.#)$& #0!0)-.( *( ,! ,.C)G%(L`/ *)M)&+,"(&7G&(<L1 S6B0@+,6P68P6*)CB0@+,!C)&$9%$9+,;
!%"$*))C)*(<2 B0@(% *( 9B0%$,(
ε 
$(a
)(&0 *5(A0)&
0)$& C$,!)%(



 !"#$ %$" &'()*!&#!+," -*!! ! " !#$%!&'()*$+, !-".!/! %!&'(0+,1$)*$+, !2.".! %!&)+3()*$+,45 673#,8
%$+)*$+,4:;< 673#,8
%$+, $83!&$3
')+)!,4= ; !#)+8>,#! 1?%+,#@$, A)# #%83+)+
, 1, !'A, 4B#8!,# -4B#8!,# =,83+)+
, +,#@' ;#)+8>,#/.C &,D)1%
)+,.,E) 
,((7(,8 )1&%#,+!,8 
)+
%#,78,8 1, () A)!$,+!, .,+#$,!!) E)
F8.EG H)()+
, &'1#3A&$(,I($A3A&$(, -.'1#3A&$(,IE$A3A&$(, G)()+
,/.2G! &'1#3D'H,+J3!#$)J3(,:" $+1$
, 1, A3('*3(%
7()#$!% 1?7+, 1$8!#$H7!$3+ 1, *)88,8 *3()$#,8:= $+>#)#37@,KLM A,#87(>)!, 1, A3!)88$7*F#'A!3A'##3(, NOPI1$*%!&'(IQI%!&'(A'##3(,
λabs (3+@7,7# 1?3+1, 1?)H83#A!$3+
λexc (3+@7,7# 1?3+1, 1?,D
$!)!$3+
λF (3+@7,7# 1?3+1, 1?%*$88$3+ 1, 673#,8
,+
,E<M; E3R,# <#$!$
)( M3(7!$3+ ;,*A,#)!7#, -!,*A%#)!7#, 
#$!$S7, $+>%#$,7#, 1,83(7H$($!%/
M# *)88, *3()$#, *3',++, ,+ +3*H#,
M#$ %& *)88, *3()$#, *3',++, ,+ +3*H#, 1%!,#*$+%, 1, *)+$0#, !&%3#$S7,
M#$ '() *)88, *3()$#, *3',++, ,+ +3*H#, 1%!,#*$+%, A)# < M
M")#$ '() *)88, *3()$#, *3',++, ,+ +3*H#, 1%!,#*$+%, A)# < M,+ 7!$($8)+! 7+, 
)($H#)!$3+ 
3+T,+!$3++,((, LM
M* *)88, *3()$#, *3',++, ,+ *)88,U ; *$
#38
3A$, %(,
!#3+$S7, V !#)+8*$88$3+UU5 *%!&)
#'()!, 1, *%!&'(,*3( W A37#
,+!)@, *3()$#,"agg +3*H#, 1?)@#%@)!$3+".M  I&'1#3D'87

$+$*$1,"UL A3('*%#$8)!$3+ 
3+!#�(% A)# (,8 +$!#3D'1,8"L +)+3A)#!$
7(,"L4 +)+3A)#!$
7(, 673#,8
,+!,"= ",7!#)( =,1L55 A3('-)
$1, )
#'($S7,/L5L 2 A3('-)
#'()!, 1, *%!&3D' A3('-3D'1, 1?%!&'(0+,//LGM !)*A3+ A&38A&)!, 8)($+L Y A3('-%!&'(0+, @('
3(/ -T3$# L 2/L Y -".!/! POZO[\I!#$3D)I[O[QI!#$1%
)+,1$)*$+,L 2 A3('-3D'1, 1?%!&'(0+,/ -T3$# L Y/



 !""" #"$%& '&$ ()*+!"(%",-$
ΦD  !"#!$!"% #! &'(%(#!)% *
%,("
ΦF  !"#!$!"% -*."%,-*! #! /*( !)
!"
!0112 &(345$6%'.
 43.%! #! $6%'43!7089 &(34$6 ,).%,("  .#,
.3., ! 
("% �36!0; &(34)%4 <"!=> -*."%*$ #(%  .&&( % #!  6.
%,?,%68g  .4(" #! @4 .%,("8h  .4(" '4# (#4".$,-*!82AB 8!?! ),C3! 2##,%,("DA .@$!"%.%,(" 9'.," B .")E! 5% .")E! % #! 
'.F"! 6?! ),C3! &. .##,%,("DE .@$!"%.%,("78' 8'(#.$,"!
ρ  !"#!$!"% #! )4"%'<)!81G  6)("."
! $.@"6%,-*! "*
36., !8H ,"#,
! #!  6E .
%,(" 58!E .
%,?! H"#!I7; )%4 <"!
σ ,"#,
! #! &(34#,)&! ),%6 #J*"! #,)% ,C*%,(" #! %.,33! #! &. %,
*3!) !" >>K$!)* 6! &. 3J.&&. !,3 1.3?! ";>; #(#6
43)*3E.%! #! )(#,*$ 5;(#,*$ >(#!
43 ;*3E.%!7;>;D02LM #(#6
43)*3E.%! #! )(#,*$D63!
% (&'( <)! )* @!3 #! &(34.
 43.$,#!5;>;D0(342
 43.$,#! L!3 M3!
% (&'( !),)7% %!$&)B %!$&6 .%* !
Tg %!$&6 .%* ! #! % ."),%,(" ?,% !*)!B2 %!$&6 .%* ! .$C,."%!
τ #* 6! #! ?,! #! /*( !)
!"
!
τD 
(")%."%! #! %!$&) #! &'(%(#!)% *
%,("
τsol %.*I #! )(3,#!
τ #* 6! #! ?,! $(4!""! #! /*( !)
!"
!BM0 % .")E! % #J63!
% (") &'(%(D,"#*,%BA2 .
,#! % ,/*( (.
6%,-*!BNA %6% .'4# (E* ."!B1; % ,$6%'43),343#,.O($6%'."!B ,) % ,)'4# (I4$6%'43.$,"($6%'."!BB9 % ,%',(
. C(".%!PN .@!"% *3% . '4# (&'(C!P; *3% .D)(")PQ *3% .?,(3!%?,)R ?,),C3!S% T &(* 
!"%.@! $.)),-*!
ζ &(%!"%,!3 O!%.



 !"#$%&
"($! )*!*#+,-
 !"#$%$&'#$() *+ )')(,'-#$
"%+& /01&2 *')& %+ *(3'$)+ *+ %' 4$(%(5$+ +&# +) ,%+$) +&6&(-7  (-&8"!+%%+& &()# 9"(-+&
+)#+&: 
+& 01& ,+";+)#: +)#-+ '"#-+&: ,+-3+##-+ %+ 3'-8"'5+*+ <()+& *!$)#=-># &,=
$?8"+& 
(33+ 
+-#'$)& #@,+& *+ 
+%%"%+&: *+& 
(3,'-#$3+)#& 
+%%"6%'$-+&: %' ,-=&+)
+ *+ ,-(#=$)+&: 3+&"-+- *+& 
()*$#$()& ,A@&$
(6
A$3$8"+& #+%%+& 8"+ %+ ,B:%' #+3,=-'#"-+ (" *=#+
#+- %' ,-=&+)
+ *+ 3=#'"C7  !$)#=-># *+ 
+ #@,+ *!(4D+#&: 
(3,'-'6#$;+3+)# '"C 9"(-(,A(-+& +) &(%"#$(): +&# 8"!$%& ()# 5=)=-'%+3+)# ")+ 3+$%%+"-+ 4-$%%')
++# 8"!$%& &()# ,%"& ,A(#(&#'4%+&7 1("- 8"+ *+& 01& 9"(-+&
+)#+& /01E&2 ,"$&&+)# >#-+"#$%$&=+& +) 4$(%(5$+: $% F'"# 8"!+%%+& &($+)# %+ ,%"& $)+-#+ ,(&&$4%+ ,("- %+ 3$%$+" *!')'%@&+7 !=%'4(-'#$() *+ )')(,'-#$
"%+& 9"(-+&
+)#+& +&# ") &"D+# 
+)#-'% '"  '4(-'#($-+ *+1A(#(,A@&$8"+ +# *+ 1A(#(
A$3$+ /11GH IHJ KLMN2 *+ %!O0G P'
A')7  ' 9"(-+&
+)
+*+ 
+& (4D+#& ,+"# >#-+ ',,(-#=+ ,'- *+& 9"(-(,A(-+& (-5')$8"+& #+%& 8"+ %+ QRST1U7P+##+ F'3$%%+ *+ 9"(-(,A(-+& ,-=&+)#+ +) +V+# *+& 
'-'
#=-$&#$8"+& &,+
#-(&
(,$8"+& $)6#=-+&&')#+& 
(33+ ") 4() -+)*+3+)# 8"')#$8"+ *+ 9"(-+&
+)
+: ") F(-# 
(+W
$+)# *!+C6#$)
#$() 3(%'$-+ +# ")+ 3(*"%'-$#= *+ %!=3$&&$() *+ 9"(-+&
+)
+ -+%'#$;+3+)# '$&=+7 +& 01E& ,+";+)# >#-+ 3(*$?=+& +) &+)&+"-& ,'- %!$)#-(*"
#$() *!")+ 3(%=
"%+ &+)&$4%+X *+& ,'-'3Y#-+& ,A@&$
(6
A$3$8"+& 
(33+ %+ ,B (" %' ,-=&+)
+ *+ &+%& 3=#'%%$8"+&7 Z$)&$:*+& )')(,'-#$
"%+& /01&2 *+ ,(%@&#@-Y)+ *()# %+ 
["- +&# -+)*" 9"(-+&
+)# ,'- *(,'5+*+ QRST1U ()# =#= =#"*$=+& '" 11GH: ,"$& F()
#$())'%$&=+& +) &+)&+"-& *+ P"2+ ,'-5-+V'5+ *!")+ 3(%=
"%+ &()*+ X %' &"-F'
+ *+& (4D+#&7  +& ,-$)
$,'"C $)
();=)$+)#& *+ 
+&01E& &()# %+ -+%'-5'5+ *+& QRST1U ';+
 %+ #+3,& +# %!"#$%$&'#$() *+ #+)&$('
#$F& ,("-'&&"-+- %+"- &#'4$%$#= 
(%%(\*'%+: 
+ 8"$ %$3$#+ %+"- "#$%$&'#$() +) 3$%$+" 4$(%(5$8"+7P+& ,-(4%Y3+& ,+";+)# >#-+ =;$#=& +) %$')# %+ 9"(-(,A(-+ *+ 3')$Y-+ 
(;'%+)#+ X %'3'#-$
+ ,(%@3Y-+ +# +) -='%$&')# %' &@)#AY&+ *+ 01& '"#(6&#'4$%$&=+& &')& 'D("# *+ #+)6&$('
#$F7 S+& 3=#A(*+& *+ ,(%@3=-$&'#$()& -'*$
'%'$-+& 
()#-�%=+& #+%%+& 8"+ %' 3=#A(*+*+ #-')&F+-# *+ 
A'^)+ -=;+-&$4%+ ,'- '**$#$()6F-'53+)#'#$() /JZE_2: -='%$&=+& +) 3$%$+"C'8"+"C *$&,+-&=&: ,+-3+##+)# %' &@)#AY&+  ! " #$ *+ 01& 
["-6
("-())+ '"#(6&#'4$%$&=+&7 + *=;+%(,,+3+)# *!") #+% #@,+ *+ &@)#AY&+ +) ,-=&+)
+ *!") 3()(3Y-+ *+ QRST1U '=#= ,+-3$& *')& %+ 
'*-+ *!")+ 
(%%'4(-'#$() ';+
 %+& %'4(-'#($-+& *+ PA$3$+ *+& 1(%@3Y-+&/ P1 IHJ `aNb2 *+ 1'-$& +# *+ PA$3$+: P'#'%@&+: 1(%@3Y-+& +# 1-(
=*=& /Pc1c IHJLcaL2 *+  @()7  !$*=+ +&# *!=%'4(-+- *+& 01E& X 
("-())+ 4$(
(3,'#$4%+ +# F()
#$())'6%$&'4%+ '?) *+ ,(";($- 5-+V+- ")+ 3(%=
"%+ &()*+: +# X 
["- 
()&#$#"= *!") 9"(-(,A(-+
(,(%@3=-$&= X ") 3()(3Y-+ 
%'&&$8"+: *+ #@,+ &#@-Y)+7N



 !"#$%&'
#)%" *+"+$,-. !" #$ %&$" #'!"&( )$* $"+$,- #$ 
$//$ /01*$2 ,"$ &"/(3#,
/&3" %&%)&34(560&7,$ 8
/,01)#$. 29 6('*$"/$ )$* 4(5"#* 6(&"
&6$* #$ )5 :,3($*
$"
$ $/ 
3;65($ )$* 6(&"
&65)$* <=>*83(45"&7,$* 3, &"3(45"&7,$*9 ,/&)&*'$* 5
/,$))$;$"/ $" &;54$(&$ $/ $" %&3)34&$? @A')5%3B(5/&3" #$ <=>* 63)C;1($* $*/ 5%3(#'$ 6),* $" #'/5&)2 "3/5;;$"/ 65( ,"$ /$
0"&7,$ #$63)C;'(&*5/&3" D >E $" ;&"&';,)*&3"? @$ 
/,1)#$.  6('*$"/$ )5 ;&*$ 5, 63&"/ #A,"$*C"/01*$ 3(&4&"5)$ #$ <=>* 
F,(B
3,(3""$ #$ /5&))$ "5"3;'/(&7,$ 
3;63*'$* #$ 
05G"$*&**,$* #A,"$ 63)C;'(&*5/&3" 
3"/(�)'$? @5 ;&*$ 5, 63&"/ #A," 6(3
'#' I3"$B63/I "'
$*B*&/5"/ ," "3;%($ ('#,&/ #A'/56$* $*/ #'/5&))'$? @$* <=>* 3%/$",$* 6('*$"/$"/ ," 
F,(:,3($*
$"/ $/ ,"$ 
3,(3""$ 0C#(360&)$ */5%&)&*5/(&
$ %&3
3;65/&%)$ $/ J3"
/&3""5)&*5%)$?@$* 6(36(&'/'* *6$
/(3*
36&7,$* #$ 
$* <=>* *3"/ #'/5&))'$* #5"* )$ 
/,1)#$. 32 5&"*&7,$ )A&":,$"
$ #$ )5 
3"
$"/(5/&3" $" :,3(3603($* 5, *$&" #$* <=>* *,( 
$* 6(36(&'/'*?K$ 
056&/($ /(5&/$ '45)$;$"/ #$* /(5"*J$(/* #A'"$(4&$ $"/($ LMNO=P 63)C;'(&*'*?  !"#$ ;3#,)$( )$* 6(36(&'/'* *6$
/(3*
36&7,$* #, 
F,( #$* <=>* 8
/,1)#$. 492 #$,- "3,BQ$))$* J5;&))$* #$ ;3"3;1($* LMNO=P 3"/ '/' *C"/0'/&*'$* $/ 
363)C;'(&*'$*? @5 6($;&1($
3;6($"# #$* LMNO=P $"
3;%('* 5C5"/ ," *C*/1;$ 
3"+,4,' '/$"#, 5!" #$ #'
5)$( )$,(';&**&3" #$ :,3($*
$"
$ Q$(* )$ (3,4$ R )5 *$
3"#$ 6('*$"/$ #$* ;3"3;1($* :,3($*
$"/*S #&T'($"/$* J3"
/&3"* 63)C;'(&*5%)$* 5!" #$ Q5(&$( )$,( ('65(/&/&3" #5"* )5 
05G"$ #$
363)C;1($? N5"* )A&#'$ #$ ('5)&*$( #$* <=>* ;3#,)5%)$*2 )5 "5/,($ #$ )5 
3,(3""$ #$*<=>* 5 '45)$;$"/ '/' 
05"4'$ 8
/,1)#$. 592 /3,/ $" 
3"*$(Q5"/ )$* 6(36(&'/'* #$ %&3B
3;65/&%&)&/' $/ #$ J3"
/&3""5)&*5/&3"? U"$ 5//$"/&3" 65(/&
,)&1($ $*/ 63(/'$ 5, 
3"/(�)$#$ )5 63)C;'(&*5/&3" $/ S )A3%/$"/&3" #$ 65(/&
,)$* ;3"3#&*6$(*$* "5"3;'/(&7,$*? V"!"2)$ #$("&$( 
056&/($ 8
/,1)#$. 69 6('*$"/$ )5 J3"
/&3""5)&*5/&3" #$ )5 
3,(3""$ #$* <=>*65( #$* ;3)'
,)$* #A&"/'(W/ %&3)34&7,$ 3, 65( #$* ;3)'
,)$* *$"*&%)$* 5, 6X #5"* )$ %,/#A3%/$"&( #$* "5"3B*$"*$,(*?



 !"#$%&' ( ) *+%&,-.
%$,+ 0$01$,2&"#!$3.' !"#$%
'() *% 
% 
+,-('.% %/' *% -.0/%1'%. 2%/ 1,1"-,.'(
32%/ 234(1%/
%1'%/5 %' -23/-,.'(
32(6.%4%1' 2%/ 1,1"-,.'(
32%/ 789/: -"2;46.%/ < #,/% *% =>?@9A5 -"3. *%/ ,--2(B
,'("1/ %1 (4,C%.(%  ! " "# "3  ! " $%#5 4,(/ 0C,2%4%1' -"3. 2, .0,2(/,'("1 *% 1,1"/%1/%3./D?,1/ 31 -.%4(%. '%4-/5 (2 /%., ),(' 31 #.%) .,--%2 *3 -.(1
(-% *% 2, E3".%/
%1
%D 93(/52% =>?@9A /%., -.0/%1'0 %1 ',1' F3% E3"."-+".% -,.'(
32(6.%4%1' ,*,-'0 < 2!02,#".,'("1*% 89/ E3".%/
%1'%/D %/ 1,1"-,.'(
32%/ 234(1%/
%1'%/ -%3G%1' H'.% ".C,1(F3%/ "3 (1".C,1(F3%/ %' H'.% (1B'.(1/6F3%4%1' 234(1%/
%1'%/ "3 H'.% *"-0%/ -,. *%/ 4"20
32%/ E3".%/
%1'%/D I%/ ';-%/ *%89/ /%."1' 
"4-,.0%/5 '"3' %1 (1/(/',1' /3. 2%/ 89/ E3".%/
%1'%/ -"2;46.%/DJ1K1 /%., ,#".*0% 2!02,#".,'("1 *% 1,1"-,.'(
32%/ E3".%/
%1'%/ -"2;46.%/ -,. 2, 40B'+"*% *% -"2;40.(/,'("1 .,*(
,2,(.% 
"1'.�20% *% ';-% MNOP %1 4(2(%3Q ,F3%3Q *(/-%./0/D ! "#$%&'(
$*&# +( ,%*#
*,- '- .+ /(&%-0
-#
- 1&.2
(3.+*%- ! ! "#$%&'()%* +, -./)0&, !,#/".-'("1 *!31 -+"'"1 < 2, 2"1C3%3. *!"1*% λ %/' 
,.,
'0.(/0% -,. 2!,#/".#,1
%
A(λ)D , F3,1'('0 *% 234(6.% F3% -%3' ,#/".#%. 31% 4"20
32% %/' 
,.,
'0.(/0% -,. /"1 
"%)BK
(%1' *!%Q'(1
'("1 7"3 *!,#/".-'("1: 4"2,(.% εD I%''% C.,1*%3. %/' .%2(0% < 2!,#/".#,1
%-,. 2, 2"( *% =%%.B ,4#%.' R

A(λ) = ε(λ)lC 7SDS:"T R A(λ) ,#/".#,1
% *% 2!0
+,1'(22"1 < 2, 2"1C3%3. *!"1*% λ
ε(λ) 
"%U
(%1' *!%Q'(1
'("1 4"2,(.% < 2, 2"1C3%3. *!"1*% λ 7 D4"2−1D
4−1:
l '.,$%' "-'(F3% 7
4:
C 
"1
%1'.,'("1 %1 4"20
32% ,#/".#,1'% 74"2D −1:V( -23/(%3./ 4"20
32%/ ,#/".#,1'%/ /"1' -.0/%1'%/ %1 /"23'("15 2!,#/".#,1
% '"',2% < 31%2"1C3%3. *!"1*% *"110% /%., 0C,2% < 2, /"44% *%/ ,#/".#,1
%/ < 
%''% 2"1C3%3. *!"1*%D?,1/ 
% 4,13/
.('5 2%/ G,2%3./ *%/ 
"%U
(%1'/ *!%Q'(1
'("1 4"2,(.% /%."1' *"110%/ <2, 2"1C3%3. *!"1*% 4,Q(4,2% *!,#/".-'("1D W



 !" #$%&'()
%+'$ ,+,-+'.&/01+2)3 ! !" #$%&
%() *) +, -./$)0
)&
) ! "#$%&'
&)
& &'* #) 
!' +!%*,
#-,&% .& -! -#/,)&'
&)
& .!)' -&0#&- -12/,'',$) .& -#3/,4%& &'* +%$.#,*& +!% .&' /$-2
#-&' .!)' #) 2*!* &5
,*2 ',)6#-&*7  &' ),8&!#5 .12)&%6,&!

&'',9-&' +$#% #)& /$-2
#-& !:!)* !9'$%92 #) +;$*$) '$)* %&+%2'&)*2'  !"#$% <7< =<℄7?- &5,'*& .&#5 *:+&' .12*!*' 2-&
*%$),0#&' +$#% #)& /$-2
#-& @ -12*!* &5
,*2 A -&' 2*!*' ',)36#-&*' BSnC !:!)* #) '+,) *$*!- )#- &* -&' 2*!*' *%,+-&*' BTnC !:!)* #) '+,) *$*!- 26!- @ <7D;!0#& 2*!* +$''4.& .&' '$#'3),8&!#5 8,9%!*,$))&-' Bv = 0, 1, 2...C7 D;!0#& ),8&!# .12)&%36,& 
$%%&'+$). @ #)& 
$)E6#%!*,$) 2-&
*%$),0#&F 
1&'* @ .,%& @ #) %&/+-,''!6& +!%*,
#-,&%.&' $%9,*!-&' /$-2
#-!,%&' +!% -&' 2-&
*%$)' .& 8!-&)
& .& -! /$-2
#-&7 G)& *%!)',*,$) &)*%&.&#5 ),8&!#5 .12)&%6,& 
$%%&'+$). !# +!''!6& .1#) 2-&
*%$) .1#)& $%9,*!-& @ #)& !#*%&7H$#% -&' *%!)',*,$)' 
$%%&'+$).!)* @ .&' -$)6#&#%' .1$).& GI $# 8,',9-&F -&' $%9,*!-&'/$-2
#-!,%&' ,/+-,0#2&' '$)* -! +-#+!%* .# *&/+' .& *:+& π−π∗ $# n−π∗7 J) +!%*,
#-,&%F-! *%!)',*,$) .& +-#' 9!''& 2)&%6,&F 0#, 
$).#,* @ -! "#$%&'
&)
&F 
$%%&'+$). !# +!''!6&.1#) 2-&
*%$) .& -1$%9,*!-& /$-2
#-!,%& $

#+2& .12)&%6,& -! +-#' 2-&82& BKLC @ -1$%9,*!-&/$-2
#-!,%& 8!
!)*& .12)&%6,& -! +-#' 9!''& BMIC7

 !"#$%  ! " #$%&'%(() *$(+,$-. /) 0)''$123%4,51*6$! & +!''!6& .& -12*!* &5
,*2 S1 @ -12*!* N$).!/&)*!- S0 +&#* !8$,% -,&# .& /!),4%&%!.,!*,8& $# )$) %!.,!*,8& .!)' .&' -!+' .& *&/+' .& <O−7 @ <O−10 '7 D;!0#& +%$
&''#' .&%&*$#% @ -12*!* N$).!/&)*!- &'* !''$
,2 @ #)& 
$)'*!)*& .& 8,*&''& )$*2& kx743 
/5 (6)$3 %&/$5+%+'$ &/(+/%+73 8r9 S1 → S0 
$%%&'+$). @ -12/,'',$) .& "#$%&'3
&)
& BF C A -12)&%6,& .# +;$*$) 2/,' &'* +%$+$%*,$))&--& @ -12
!%* &)*%& -&' 2*!*' &* &'* +-#'N!,9-& 0#& 
&--& .# +;$*$) 0#, ! +&%/,' -& +!''!6& @ -12*!* &5
,*27  & '+&
*%& .& "#$%&'3
&)
& &'* .$)
 .2
!-2 8&%' -&' +-#' 6%!).&' -$)6#&#%' .1$).& 
$/+!%!*,8&/&)* !# '+&
*%&.1!9'$%+*,$)7  ! .,P2%&)
& .12)&%6,& &)*%& -& /!5,/#/ .&' .&#5 '+&
*%&' &'* !++&-2& -&.2+-!
&/&)* .& Q*$R&'7435 %&/$5+%+'$5 $'$ &/(+/%+735 8nr9 +&#8&)* S*%& .& )!*#%& ,)*%!3 $# ,)*&%/$-2
#3-!,%&'7 T$#' 
&' +;2)$/4)&' 
$)*%,9#&)* @ -! 
$)'*!)*& .& 8,*&''& )$) %!.,!*,8& BknrC7  &'*%!)',*,$)' )$) %!.,!*,8&' ,)*%!3/$-2
#-!,%&' '$)* A



 ! ! "#$%&'(
$*&# +( ,%*#
*,- '- .+ /(&%-0
-#
- 1&.2
(.+*%- 3 !" 
$%&'()*$% *%+'(%' ,ci- ./* ')+ /%' +("%)*+*$% %$% ("0*"+*&' '%+(' 0'/1 %*&'"/12%'(32+*./') 0' 454' 4/6+*76*
*+2 0' )7*%8 97(:) ";)$(7+*$% 0</% 7=$+$% ./* "7'(4*) 0' 7$(+'( 6" 4$62
/6' > 6<2+"+ S1? 6' ('+$/( "/ %*&'"/ @$%0"4'%+"6 7'/+ "&$*(6*'/ 7"( 
$%&'()*$% *%+'(%'8 A"%) 6' 
") $B 0') 2+"+) )/72(*'/() )'("*'%+ "++'*%+),Sn, vm-? 6' ('+$/( > 6<2+"+ ,S1, v0- )' @"*+ 23"6'4'%+ 7"( ('6"1"+*$% &*;("+*$%%'66'*%+("4$62
/6"*(' 4"*) 0"%) 0') +'47) '1+(54'4'%+ ("7*0') ,CD−13ECD−11 )-8 !' 
($*)'4'%+ *%+'(E)F)+:4' ,cis- ./* ')+ /%' +("%)*+*$% *)$2%'(32+*./' 0' 6<2+"+ S1&'() /% 2+"+ +(*76'+ 7"( 
$/76"3' )7*%E$(;*+' "&'
 
="%3'4'%+ 0' 4/6+*76*
*+2 0' )7*%8!') +("%)*+*$%) %$% ("0*"+*&') *%+'(4$62
/6"*(') 7'/&'%+ &'%*( '%+(' "/+(') 0' 
=$
) "/)$6&"%+? 0' +("%)@'(+) 0<2%'(3*' &'() 0<"/+(') 4$62
/6')8!' ('+$/( ("0*"+*@ > 6<2+"+ @$%0"4'%+"6 S0 0'7/*) 6<2+"+ T1 ')+ "77'62 7=$)7=$(')
'%
'8G' 7=2%$4:%' ("(' '+ %$% @"&$(*)2 > +'472("+/(' "4;*"%+' 7(2)'%+' /%' 
$%)+"%+' 0'&*+'))' ("0*"+*&' @"*;6' '+ 0') 0/(2') 0' &*' 0' 6<2+"+ '1
*+2 7$/&"%+ "66'( H/)./<> 76/)*'/()4*%/+')8I 7"(+*( 0' 6<2+"+ S1? *6 F " 0$%
 0'/1 7($
'))/) 7$))*;6') 0' ('+$/( > 6<2+"+ @$%E0"4'%+"6? "/1./'6) 6') 
$%)+"%+') 0' &*+'))' )/*&"%+') )$%+ "))$
*2') J kr '+ knr? "&'

knr = k ! " #!$%&'(
*'$"!+ + k ! " #+!%&'(
*'$"!+ ,k ! " #!$%&'(
*'$"!+ = kci + kcis-8 ! !" #$%&'()$* '+,&-.$/- (& *0(
-$2*
20,( '( 3)2$(*
(&
(4+ '(%2- '- 5*- '- /(&%-0
-#
- 
$((')7$%0 "/ +'47) 4$F'% 0' )2H$/( 0') 4$62E
/6') 0"%) 6<2+"+ '1
*+2 S18 A"%) 6" 76/7"(+ 0') 
")? 6" ('6"1"+*$% > 6<2+"+ @$%0"4'%+"6 )/*+/%' 
*%2+*./' 0' 7('4*'( $(0(' J

[A∗] = [A∗]0e
−t
τ ,C8K-$B J [A∗] 
$%
'%+("+*$% '% 4$62
/6') > 6<2+"+ '1
*+2

[A∗]0 
$%
'%+("+*$% '% 4$62
/6') > 6<2+"+ '1
*+2 > 6<*%)+"%+ *%*+*"6
τ 0/(2' 0' &*' 0' L/$(')
'%
'"&'
 J

τ =
1

kr + knr
,C8M-4- %-#'-1-#$ 6(+#$*6(- '- /(&%-0
-#
- 02N%*+ 6<'O
"
*+2 0' L/$(')
'%
' 0</%'')7:
' J

ΦF =
%$4;(' 0' 7=$+$%) 24*)%$4;(' 0' 7=$+$%) ";)$(;2) = kr

kr + knr
,C8P-Q6/) 6' ('%0'4'%+ ./"%+*./' 0</%' ')7:
' ')+ 7($
=' 0' 6</%*+2? 76/) 6<'O
"
*+2 0' L/$E(')
'%
' ')+ 3("%0'8



 !" #$%&'()
%+'$ ,+,-+'.&/01+2)34/ ,&+--/$
3  !"# 
%&'(! #! )*!+
,
-(. (%(,)! #/ '0."%&1"! #*,23% '(-%" !( #*.&-343-%" #! 5/% !3
!"
! #*/" 5/% %'0% !6 7))! '!/( 8( ! 9/,"(-:.! ', ;<℄ >
B = εΦF ?@6ABC%/ /"! ,33!&2).! #! 5/% %'0% !3 ?","%', (-
/)!3D &,
 %&%).
/)!3666BD !))! !3( ,)% 3#.:"-! 
%&&! >
B = NεΦF ?@6EB%F > N "%&2 ! #! 5/% %'0% !3 #,"3 )*%2G!( %23! H.
ε 
%!+
-!"( #*!I(-"
(-%" &%),- ! #*/" 5/% %'0% ! J λexc

ΦF  !"#!&!"( 9/,"(-9/! #! 5/% !3
!"
! #! )*%2G!(7" 
%"
!"( ,"( )!3 5/% %'0% !3 3/ /" &8&! %2G!(D ), 2 -)),"
! !" !3( ,)% 3 ,/K&!"4(.! ?3- ΦF "! 
0,"K! ',3B6 L!3 ,33!&2).!3 #! 5/% %'0% !3 3! %"( ,-"3- ')/3 ,-3.&!"(%23! H,2)!364/ 01'%'5%/,+-+%6 
%  !3'%"# ,/ "%&2 ! &%M!" #*!I
-(,(-%"3 9/! '!/( 3/2- /"!&%).
/)! ,H,"( #*8( ! #.K ,#.!6 C%/ #! )%"K3 (!&'3 #*%23! H,(-%" ?3%/3 &-
 %3
%'!D !"
/H!666BD ), '0%(%3(,2-)-(. #!3 5/% %'0% !3 !3( /" ', ,&1( ! ' -&% #-,)67"  .3/&.D )! 
0%-I #! 5/% %'0% !3 '%/ )*-&,K! -! #! 5/% !3
!"
! '% (! , H! 3 #!3&%).
/)!3 ' .3!"(,"( /"! 2%""! '0%(%3(,2-)-(. '%/ #! )%"K3 (!&'3 #*%23! H,(-%" ,-"3-9/*/"! 2%""! 2 -)),"
! ,:" #! '%/H%- )!3 %23! H! N,
-)!&!"(6 O) '!/( 8( ! -"(. !33,"( #!
%"
!"( ! )!3 5/% %'0% !3 ,/ 3!-" #*/" &8&! %2G!( ?(!) 9/! #!3 ","%', (-
/)!3 '%)M&1 !3B,:" #*!" ,/K&!"(! ), 2 -)),"
! !( ), '0%(%3(,2-)-(.6 P!3 ","%4%2G!(3 5/% !3
!"(3 3! %"(.(/#-.3 !" #.(,-) ', ), 3/-(!6 ! !" #$%&'()$*' +,-&)$./)Q" 5/% %'0% ! #,"3 3%" .(,( !I
-(. '!/( ( ,"3N. ! 3%" ."! K-! J /"! ,/( ! &%).
/)!D-"#/-3,"( /"! !I(-"
(-%" #! 3, 5/% !3
!"
!6 P! ( ,"3N! ( #*."! K-! #/ #%""!/ ?RB H! 3)*,

!'(!/ ?SB ?R !( S '!/H!"( 8( ! #!3 &%).
/)!3 -#!"(-9/!3 %/ #-T. !"(!3B '!/( ,H%- )-!/ #! N,U%"  ,#-,(-H! %/ "%"  ,#-,(-H!643 %&/$573&% (86$3&.+3 &/(+/%+7 
%  !3'%"# J )*,23% '(-%" ', /"! &%).
/)! S #*/"'0%(%" .&-3 ', /"! &%).
/)! R >
D∗ → D + hν

hν + A→ A∗ %/ hν +D → D∗P% 39/*-) M , ( ,"3N! ( #*."! K-!  ,#-,(-ND )! 3'!
( ! #! 5/% !3
!"
! #! R !3( #.N% &. 
, )*-"(!"3-(. .&-3! #-&-"/! #,"3 ), V%"! #!  !
%/H !&!"(6 P*!+
,
-(. #! ( ,"3N! ( #.'!"# #!



 ! ! "#$%&'(
$*&# +( ,%*#
*,- '- .+ /(&%-0
-#
- 1&.2
(.+*%- 3 !"#$%&'( ) *) ')
,-.')/)#$ *)0 01)
$')0 *!%/"00",# *) 2-,')0
)#
) *) 3 )$ *!(40,'1$",#*) 5 ("#0" 6-) *)  ( 
,#
)#$'($",# )# 5 )$ 3 *(#0  ) /" ")-74-0 $%+#05-%$0 '62#-%7*- #&# %+'*+$*50 1)-.)#$ 8$') *%
'"$0 1(' *)-9 $:%,'")074- $%+#05-%$ '62#-%7*- ,+% %20&#+#
- '- $8,- 9:%0$-% ;9<=>? ;<℄ )0$ -# 1',>
)00-0 #,# '(*"($"? 
,'')01,#*(#$ @ -#) "#$)'(
$",# )#$')  )0 *"1� )0 *- *,##)-' )$ *) !(

)1$)-' B  ( $'(#0"$",# "0,%#)'&%$"6-) (  ")- )#$')  )0 %$($0 ."4'($",##) 0 *- *,##)-')9
"$% )$ *)  !(

)1$)-' C !"#$% D7EF7 G( 
,#0$(#$) *) ."$)00) *) $'(#0?)'$ CkT F )0$ *,##%)1('  ( ') ($",# B
kT =

1

τD

(

R0

r

)6 CD7HF,I B kT 
,#0$(#$) *) ."$)00) *) $'(#0?)'$ C0−1F
τD *-'%) *) .") *) 2-,')0
)#
) *- *,##)-' C0F
R0 '(J,# *) KL'0$)' C#/F
r *"0$(#
) )#$') 3 )$ 5 C#/F

R0 
,'')01,#* @  ( *"0$(#
) 1,-'  (6-)  )  ) $'(#0?)'$ *!%#)'&") *- *,##)-' .)'0  !(
>
)1$)-' )$  ) ')$,-' *- *,##)-' .)'0  !%$($ ?,#*(/)#$( 1(' 2-,')0
)#
) 0,#$ %6-"1',>4(4 )07 R0 C)$ *,#
  !)M
(
"$% *) $'(#0?)'$F *%1)#* 1'"#
"1( )/)#$ *)  !,'")#$($",# )#$') )0 *"1� )0 )$ *- ')
,-.')/)#$ )#$')  )0 01)
$')0 *!%/"00",# *- *,##)-' )$ *!(40,'1$",#*)  !(

)1$)-' C !"#$% D7EF7 R0 .('") &%#%'( )/)#$ *) D @ DN #/ 0) ,#  ) 
,-1 ) *,#>#)-'O(

)1$)-'74- $%+#05-%$ '62#-%7*- '- $8,- @-A$-% ;P℄ )0$ -# 1',
)00-0 #,# '(*"($"? /)$$(#$ )#Q)- -# %
:(#&) *!% )
$',#0 )#$') -# *,##)-' @  !%$($ )9
"$% )$ -# (

)1$)-' C !"#$% D7<F7R) /%
(#"0/) "/1 "6-) 6-)  )0 /, %
- )0 0,")#$ 0-M0(//)#$ 1',
:)0 *(#0  !)01(
) 1,-'?(.,'"0)'  ) ')
,-.')/)#$ ,'4"$( ("')7 S,# )M
(
"$% )0$ *,##%) 1(' B
kT ∝

2π

h
Se

−2r
L CD7TF,I B kT 
,#0$(#$) *) ."$)00) *) $'(#0?)'$ C0−1F

h 
,#0$(#$) *) U (#
V CPWDP × DN−15 )X70F
S "#$%&'( ) *) ')
,-.')/)#$ )#$')  ) 01)
$') *!%/"00",# *) 3 )$ *!(40,'1$",#*) 5 C)XF
L 0,//) *)0 '(J,#0 *) X(# *)' Y(( 0 *) 3 )$ 5 C#/F
r *"0$(#
) )#$') 3 )$ 5 C#/F3(#0  ( 1 -1('$ *)0 
(0 ,I -# $'(#0?)'$ *!%#)'&") #,# '(*"($"? (  ")-W " )0$ *"M
" )*!)0$"/)' 0"  ) 0J0$Z/) 0-"$ -# 1',
)00-0 *) $J1) KL'0$)' ,- 3)9$)'7 [%(#/,"#0W @ $'Z0
,-'$) *"0$(#
)W  ) $'(#0?)'$ *) $J1) 3)9$)' 1'%*,/"#) Cr \ D #/F ( ,'0 6-!@ 1 -0 &'(#*)*"0$(#
) 
) 0)'( 
) -" *) $J1) KL'0$)'7



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

 !"#$%  !" # $%&'()%*+,+-.* )-/&0-1(% 23 &'.
%))3) 2% +',*)5%'+ 26(*%'7-% 2% +8&% 9:')+%'! ;!<',*)5%'+ 26(*%'7-% 23 2.**%3' %=
-+( >%') 06,

%&+%3' ? 06(+,+ 5.*2,/%*+,0 @0%) AB
C%) &0%-*%)'%&'()%*+%*+ 0%) )&-*) 2%) (0%
+'.*)D! E! $%
.3>'%/%*+ )&%
+',0 @ D %*+'% 0%) )&%
+'%) 26(/-))-.*2% A3.'%)
%*
% 23 2.**%3' @· · · D %+ 26,F).'&+-.* 2% 06,

%&+%3' @ D! G! G,) 0-/-+%) 26-*+%',
+-.*)%*+'% /./%*+) 2-&.0,-'%) @AB
C%)D 23 2.**%3' %+ 2% 06,

%&+%3' @.>,0%)D %+ 0%3' -*A3%*
% )3' 0%+',*)5%'+ 26(*%'7-%!

 !"#$%  !H # $%&'()%*+,+-.* )-/&0-1(% 23 &'.
%))3) 2% +',*)5%'+ 26(*%'7-% 2% +8&% I%=+%' @0%)AB
C%) &0%-*%) '%&'()%*+%*+ 0%) )&-*) 2%) (0%
+'.*)D!



 ! ! "#$%&'(
$*&# +( ,%*#
*,- '- .+ /(&%-0
-#
- 1&.2
(.+*%- 3 ! !" #$$%&
()&*+ , %-&.(/01&0 0+ .&%&023 4&*%*/&5206 ! "#$%&'
&)
& &'* #)& *&
+),-#& ',./0&1 %!/,2& &* /&# 
$3*&#'&1 
$./!%!*,4&.&)*5 2&' .6*+$2&' 27,.!8&%,& *&00&' -#& 0&' %!9$)' : $# 07,.!8&%,& /!% %6'$)!)
& .!8)6;*,-#&< =& /0#'1 &00& /&%.&* #)& >$))& %6'$0#*,$) '/!*,!0& &* *&./$%&00& ?@℄< B&0! &) C!,*2$)
 #)& *&
+),-#& 2& 
+$,D /$#% 07,.!8&%,& &) .,0,&#D >,$0$8,-#&' 0$%'-#& 0&' 0$)8#&#%'27$)2& 27&D
,*!*,$) &* 276.,'',$) 2& "#$%&'
&)
& 2&' "#$%$/+$%&' '$)* >,&) !2!/*6&' 507!//0,
!*,$) 26',%6& E !"#$% F<GH ?I1 J℄ KL λexc M NO $# PQ K )$) !2!/*6&' 
!% 0&' 0$)8#&#%' 27$)2& 2& *%!4!,0 /&#4&)* 
%6&% #)&)2$..!8&.&)* 2&' *,''#'< =& /0#'1 0! /0#/!%* 2&' .$06
#0&' 27$%,8,)& >,$0$8,-#&E!
,2&' !.,)6'1 /%$*6,)&'<<<H !>'$%>&)* C$%*&.&)* 2!)' 07NO<L λexc $# λFM R@S;@SS ). K )$) !2!/*6&' 
!% 07!#*$"#$%&'
&)
& 2&' '*%#
*#%&' >,$0$;8,-#&' &'* 0! /0#' ,./$%*!)*& 2!)' 
&**& C&)T*%& ?U℄<L λexc $# λFM @SS;I@S ). K !2!/*6&' /$#% 07,.!8&%,& 2& '#%C!
& $#  ! " #$% .!,' /!'/$#% 0&  ! " "% 
!% 0! /6)6*%!*,$) 2&' %!9$)' 0#.,)&#D &'* 0,.,*6& 5 
!#'& 2&' C$%*'
$&V
,&)*' 27!>'$%/*,$) 2&' /%,)
,/!#D 
$)'*,*#!)*' 2# '!)8 &* 2& 0! 2,W#',$) 2& 0!0#.,X%& /!% 0&' /&*,*' $%8!),'.&'<L λexc $# λFM I@S;YSS ). K C&)T*%& 2& *%!4!,0 0! /0#' !2!/*6& /$#% 07,.!8&%,&  ! " "%
!% 0&' %!9$)' 0#.,)&#D '$)* /&# 2,W#'6' &* /6)X*%&)* >,&)<

 !"#$%  !" # $%&'
)&*+, -.&/+)*
+)%* -& 0.&123 -& 0.456%70%8)*& 9:8; &+ -& 0.%/<456%70%8)*&9:8= ; >?℄!  !"#"$% &'(
 *(+,"$$"-. /(*0"$ 12 3-4&5&$6" (! 
-##27 8(9 :!+&!(;"($ <-+ =#0-+($
(.!>+-4( ?($";. ". @(/"
&# ?"&;.-$!"
 A,&;".;7 B6(,"
&# C('"(9$7 DDE7 FGFEHFGIE7 FEDE2 ?+-"!$/J&0!(0+ FEDE K,(+"
&. B6(,"
&# :-
"(!52 ! "#$%&!'( )'#&#*+#&!, #"- .#"
 0-0 ,1"-+0-2,0, *#'& &0*#".&! 3 
!, %!,#2", 456 78677℄ : !"#$!% &'&;< =!, *>', 
#'&?"-, *#'& >@2$?A!&2!  ! " #$% ,#"- >!,  !"#$%&'() !- >!,*+" ()
-&'()< B!, $#>0
'>!, ?**?&-2!""!"- -#'-!, .!'( 3 >? C?$2>>!, .!, (?"-+D"!, 47E℄<F>>!, *&0,!"-!"- .!, %&2>>?"
!, 2"-0&!,,?"-!, !- ,#"- ,#>'%>!, .?", >@!?' $?2, >? $#.'>?G-2#" .! >!'&, >#"A'!'&, .@#".! .@0$2,,2#" .! )'#&!,
!"
! ?'G.!>3 .! H88 "$ !,- .2I
2>!<B!, $#>0
'>!, ,#"- 0A?>!$!"- ,#>J?-#
+&#$!, !- >!'& )'#&!,
!"
! !,- .0*!".?"-! .' *K<



 !  " #$%&'()
%+'$ ,+,-+'.&/01+2)3 !" #$%#$&'('" #!)*!+( ,($! )+ -*-+(-.! #%)$ /0'/-1%$-(&%+ 2! "!+"!)$" 2! #3 4-&" )+&+
%+*'+&!+( "& !//!" 2%&*!+( ,($! )(&/&"'!" 
%44! "%+2!" 2! $'6'$!+
!78!" 
4/$+$35 "%+( 2!" 9)%$%#:%$!" -##-$(!+-+( ; /- 6-4&//! 2!" #%/<4'(:&+!" =>?℄78!" #/)" 
%)$-+(!" "%+( /!" ($&4'(:&+! A <?B !( #!+(-4'(:&+! A <CB 
<-+&+!"7 8!"  <?-1"%$1-+( !( '4!((-+( 2-+" /! *&"&1/! "%+( #/)" )(&/&"'!" #%)$ /0&4-.!$&!  ! " #$%7 8!"  <C-<-+( 2!" /%+.)!)$" 20%+2! 20-1"%$#(&%+ !( 20'4&""&%+ 2-+" /! $%).! #$%
:! &+6$-D$%).!"%+( #/)" -2-#('!" #%)$ /0&4-.!$&!  ! " "%7  !" 4%/'
)/!"E 1&!+ F)0-<-+( 2!" 
%!G
&!+("20!H(&+
(&%+ 4%/-&$! ($I" '/!*'" Aε > 105J−1.
4−1BE %+( 2!" $!+2!4!+(" F)-+(&F)!" /&4&('"AΦF ≈ 0, 3B7 8!" /%+.)!)$" 20%+2! 20'4&""&%+ 2! 9)%$!"
!+
! #!)*!+( ,($! 4%2)/'!" !+
:-+.!-+( /!" .$%)#!4!+(" -)(%)$ 2!" )+&('" -$%4-(&F)!" =>K℄78!" 678#9: "%+( 2!" 4%/'
)/!" #$'"!+(-+( )+! 1%++! 1$&//-+
! A !"#$!% &'&B !(2!" /%+.)!)$" 20%+2! 20'4&""&%+ 2! 9)%$!"
!+
! 4%2)/-1/!" 2! CLM ; NCM +47  !((! 6-4&//!2! 4%/'
)/!" "!$- -1%$2'! #/)" !+ 2'(-&/ 2-+" /- #-$(&! >7L7O+P+E 1&!+ 20-)($!" 4%/'
)/!" 
%44! 2!" 2'$&*'" 2!" "F)-$-&+!" %) 2!" #%$#:<$&+!"%+( '.-/!4!+( '(' 2'*!/%##'!" #%)$ /0&4-.!$&! =>CE >QE >N℄780&+
%+*'+&!+( 2!" "%+2!" 4%/'
)/-&$!" #%)$ /0&4-.!$&! !+ 4&/&!)H 1&%/%.&F)!" !"( /!)$6-&1/! "%/)1&/&(' 2-+" /0!-) -&+"& F)! /!)$ '*!+()!//! -2"%$#(&%+ +%+ "#'
&PF)! %) -.$'.-D(&%+7 R! #/)"E 
!" 4%/'
)/!"E +%+ #$%('.'!" 2! /!)$ !+*&$%++!4!+(E %+( (!+2-+
! ; #:%D(%1/-+
:&$ -""!S 6-
&/!4!+(7 TP+ 2! 
%+(%)$+!$ 
!" /&4&(-(&%+"E 2&*!$"!" %#(&%+" %+( '('!+*&"-.'!" A !"#$!% &'&B U /0!+
-#")/-(&%+ 2! 9)%$%#:%$!" 2-+" 2!" 4-($&
!" %$.-+&F)!"A#%/<4I$!B %) &+%$.-+&F)!" A"&/&
!B %) /- "<+(:I"! 2! +-+%%1V!(" &+($&+"IF)!4!+( 9)%$!"D
!+(" AF)-+()4 2%(" D WR"E +-+%2&-4-+("777B7 8!" #$!4&!$" %+( /0-*-+(-.! 2! 
%+
!+($!$!( #$%('.!$ /!" 9)%$%#:%$!" 2-+" )+! 4-($&
! $&.&2!7 X/" "%+( 6-
&/!4!+( 6%+
(&%++-/&"-1/!"!( #!) (%H&F)!" 4-&" /!)$ .$-+2! (-&//! #!)( ,($! )+ &+
%+*'+&!+( A>M Y R Y >MM +4B7 8!"WR" "%+( 2!" +-+%#-$(&
)/!" ($I" 1$&//-+(!" A !"#$!% &'&B !( 2! #!(&(! (-&//! AC Y R Y >M+4BE /-$.!4!+( )(&/&"'!" !+ &4-.!$&! =LN℄7  !#!+2-+(E /- +-()$! 2! /!)$ 
Z)$ A 2E [!777B#$'"!+(! )+! 
!$(-&+! (%H&
&('7 O+P+E /!" +-+%2&-4-+(" "%+( -)""& 1$&//-+(" A !"#$!% &'&BF)! /!" WR" !( %+( /0-*-+(-.! 20,($! 1!-)
%)# 4%&+" (%H&F)!" 4-&" %+( '.-/!4!+( )+! #/)".$-+2! (-&//! ALM Y R Y CM +4B7 \%)(!" 
!" +-+%#-$(&
)/!" "!$%+( -1%$2'!" #/)" !+ 2'(-&/2-+" /- "!
(&%+ >7?7]+ -)($! (<#! 20%1V!( 9)%$!"
!+( 6-&( /0%1V!( 2! +%41$!)"!" $!
:!$
:!" U &/ "0-.&( 2! /-^$!!+ _/)%$!"
!+( `$%(!&+ A^_`BE )+! #$%('&+! '4!((-+( 2-+" /! *!$(E !( 2! "!" 2'$&*'"#%)*-+( '4!(($! V)"F)! 2-+" /! $%).! =LaE L?E LbE ?M℄7  !" #$%('&+!"E #-$6-&(!4!+( 1&%D
%4#-(&1/!"E "%+( -""!S 1$&//-+(!" A !"#$!% &'&B !( 2! $!/-(&*!4!+( #!(&(! (-&//! A? Y RY C +4B7  !#!+2-+(E &/ #!)( ,($! 2&G
&/! 2! ($-*-&//!$ -*!
 2! (!/" %1V!("E !+ #-$(&
)/&!$/%$"F)0&/ "0-.&( 2! /!" 6%+
(&%++-/&"!$ %) 2! /!" 
-$-
('$&"!$7



 ! ! "#$%&'(
$*&# +( ,%*#
*,- '- .+ /(&%-0
-#
- 1&.2
(.+*%-   
 !"#$!% &'&  !"#$%&%'(") *+( (")*+( '),&')(-./+#+), 0/"&+(
+),+( /,'2'(3+( 
2%(('./+#+),$"/& 24'#%5+&'+  ! " "# "/  ! " $%#6

7"))3+( '((/+( *+ 8 9:7;<= >?@℄B CD"*%#')+ >?EB ?F℄B G2/"&+(
3')+ >HE℄B !I%)')+( >H?B HH℄BJG< >HK℄B L7 >HM℄B )%)"*'%#%), >HNB HO℄6



 !  " #$%&'()
%+'$ ,+,-+'.&/01+2)3 !" #$ %&'()*+ ,- .,/0/12/0$ 345-67086 1/,0 945:;<=$05$ 3$ .,/0$>
$-
$ ! "#"$%&'()*)$"$+)*,$-,#",$%&,.,$ $&/%,
1/!# 23(4 
)55(/65!/7 ,22!36 89:;<=>?89*)/:;<=**)5!7@!/?A !47 (/ '()*)2@)*! 2)446%,/7 %! 7*14 +)//!4 2*)2*&6764 2@)$7)2@B4&C(!4 D-E℄G  , 47*(
7(*! %( /)B,( 65&44&H !47 %)//6! 4(* 3,  !"#$% EGIG J33! !47
)/47&7(6! %! %!(K (/&764 2B**)3!4 
)523!K6!4 L (/ M*)(2! %&'()*)+)*,/! 8N G  !4 89$:;<= 4)/7 %!4 5)36
(3!4 M3)+,3!5!/7 /!(7*!4 5,&4 2)446%,/7 (/! 47*(
7(*! .O&7!**&)/&C(!%,/4 3,C(!33! 3, 
@,*M! 2)4&7&P! M6/6*,3!5!/7 2)*76! 2,* (/ %!4 ,7)5!4 %Q,.)7! 2!(7 R7*!%63)
,3&46! 4(* 3! 4B4715! πG  ! M*)(2!5!/7 8N S)(! 3! *�3! %! 2)/7 3&,/7 !/7*! 3!4 (/&7642B**)3!4 !7 
)/H1*! 4, *&M&%&76 L 3, 5)36
(3!G ;3 /! 2*!/% 2,4 2,*7 L 3, %63)
,3&4,7&)/ %!463!
7*)/4 π !/7*! 3!4 (/&764 ,*)5,7&C(!4G
N

B
N

F F

8

2

5

6

71

3

4

méso

β

α !"#$%  !" # $%&'
%'&) )% *'+,&-%.%/-*0 -1
/)22)0 )% %&/3/.2)0 4' *-5.' 6789:;! !"! #$%&'()* , 2*!5&1*! 4B/7@14! !47 *,22)*76! !/ EUVW 2,* X*!&+4 !7 Y*!(.!* D-Z℄ 2,* 
)/%!/4,7&)/%! %!(K Z#I$%&567@B32B**)3!4 4(* 3Q,/@B%*&%! ,
67&C(!# 2(&4 
)523!K,7&)/ 2,* 3! 8N!G:!2(&4# 3, 4B/7@14! %!4 89:;<= , 676 ,563&)*6! !7 &3 !47 2)44&+3! %! 4B/7@67&4!* %!45)36
(3!4 4B567*&C(!4 )( /)/G :!(K M*,/%!4 P)&!4 %! 4B/7@14! 4)/7 !523)B6!4# 3Q(/! L2,*7&* %Q,3%6@B%!4# 3Q,(7*! L 2,*7&* %! 
@3)*(*!4 )( %Q,/@B%*&%!4 %Q,
&%! D--℄G :,/4 3!4%!(K 
,4 &3 4Q,M&7 %! 2*)
6%64 ?)/!$2)7? !/ 7*)&4 )( C(,7*! 67,2!4 4(

!44&P!4G45%1'(3 
-/66+2)3 7 0/&%+& (8/-(519(36 , 4B/7@14! %! 89:;<= L 2,*7&* %Q,3%6@B%!4 >&
()*% EGEA 
)/47&7(! 3, P)&! 3, 23(4*62,/%(! %,/4 3, 3&776*,7(*!G
NH

2

R3

R2

R1

+

O

HR4

TFA, cat.

DCM NH

R3

R2

R1

HN

R4 R3

R2

R1

ox.

DCM NH

R3

R2

R1

N

R4 R3

R2

R1

1. DIPEA

2. BF3.Et2O N

R3

R2

R1

N

R4 R3

R2

R1

B
F F&
()*%  ! # $5*%<=0) 4) 6789:; > ?.&%/& 4@.24,<54)0!



 !"! #$ %&'()*+ ,- .,/0/12/0$ 345-67086 1/,0 945:;<$05$ 3$ .,/0$=
$-
$  ? !"# $"% &'%()*'% +,!&%- .! 
0"1%"#!,)0" 2#$3#,),$,)0" +.%
,'0&4).% !'0(!,)5$%6 %" ()7.)%$ !
)1)8+ &!' .9!
)1% ,'):$0'0!
+,)5$% 2;<=6 1%# 1%$> &?''0.%# #$' .9!.1+4?1% (*"% @ .!A0'(!,)0" 1% .9)",%'(+1)!)'% )#0.!3.% 1)&?''0(+,4!"%B C%.$)7
) %#, !.0'# 0>?1+ 1!"# $"% #%7
0"1% +,!&% &!' .! D-E71)
4.0'07F-G71)
?!"07H-I73%"J05$)"0"% 2  K6 %,L0$ .! ,+,'!
4.0'07H-I73%"J05$)"0"% 2
4.0'!").%6 &0$' 10""%' .% 1)&?''0(+,4*"%B M"8"- .%# 1%$> 1%'")*'%#+,!&%# 
0"#)#,%", @ 1+&'0,0"%' .9$" 1%# 1%$> &?''0.%# &!' $"% 3!#% 2,')+,4?.!()"% 7M, N70$ &.$# 
0(($"+(%",  ! 71))#0&'0&?.+,4?.!()"% 7 OPM=6 &$)# !$##),�, @ 
0(&.%>%' .%#1%$> $"),+# !'0(!,)5$%# &!' 1% .9+,4+'!,% 1% ,'):$0'$'% 1% 30'% 2R< −SM,!6 &0$' 10""%'.% RS OPTB@762/3$ =$
/-3;50$ A 1;0650 3$ 3705B7= 34;
53$= 
;0C/DE95F,$=C%,,% U0)% 1% #?",4*#% 2 
"#$% HBD6- (0)"# '+&!"1$% 5$% .! &'+
+1%",%- &'+#%",% .9)"7
0"U+")%", 19$,).)#%' 1%# 
4.0'$'%# 19!
)1% 0$ 1%# !"4?1')1%# 19!
)1%- 
0(&0#+# &%$ #,!3.%#B % &.$#- .9%(&.0) 1% 
%# 1+')U+# !
)1%# )",%'1), .! &'+#%"
% 1% V'0$&%(%",# "$
.+0&4).%# #$'.% &?''0.%B N+!"(0)"#- %..% ! .9!U!",!V% 1% "% &!# "+
%##),%' .9+,!&% 190>?1!,)0" %, !)"#) 1%1)()"$%' .%# ')#5$%# 1% 1+V'!1!,)0" 2&')"
)&!.%(%", %" &0#),)0" (+#06 1$# @ 
%,,% +,!&%B
NH

2

R3

R2

R1

+

O

XR4
DCM NH

R3

R2

R1

N

R4 R3

R2

R1

1. DIPEA

2. BF3.Et2O N

R3

R2

R1

N

R4 R3

R2

R1

B
F F

X : Cl ou

O

O R5 
"#$%  !" # $%&'()*+ ,+ -./012 3 456'76 ,85&(%,67,+* 9: ,+ 
(<96:6+* ,85
7,+!W% 1)&?''0(+,4*"% %#, )
) 1)'%
,%(%", 03,%"$ &!' .! 
0"1%"#!,)0" 1%# 1%$> &?''0.%##$' .% 1+')U+ 19!
)1% 
!'30>?.)5$%- #$)U)% 19$"% '+0'V!")#!,)0" 1%# #?#,*(%# +.%
,'0")5$%#
πB W%# 1%$> 1%'")*'%# +,!&%# #0", )1%",)5$%# @ 
%..%# 1% .! (+,401% &'+
+1%",%B !"!" #$%&$'()(* *&+
)$%*
%&'-.+*W9)",+'X, 
'0)##!", &0',+ @ .! A!()..% 1%# RS OPT %#, &')"
)&!.%(%", 1Y @ #%# &'0&')+7,+# &40,0&4?#)5$%# '%(!'5$!3.%#- @ #!U0)' &')"
)&!.%(%", 1% 30"# '%"1%(%",# 5$!",)5$%#1% :$0'%#
%"
% %, $"% 30""% &40,0#,!3).),+B W% 1+&!',%(%", 1% 
4)()% &4?#)5$% 1% .9$")7U%'#),+ 1$ P!?# R!#5$% 1% R).3!0 %, .9O"#,),$, 1%# Z
)%"
%# P0.?(*'%# %, ;%
4"0.0V)%#2CBZBOBCB6 1% [!1')1 0", .!'V%(%", +,$1)+ 1%# 
0(&0#+# RS OPT 
0((%'
)!$>- ,%. 5$%.% P[FG\ 2&'()*% HBG6 ]H^- EH℄B C% RS OPT !&&!',)%", @ .! A!()..% 1%# `'?&,07RS OPT
!' ). %#, 
0"#,),$+ 1% 1%$> #0$# $"),+# `'?&,0&?''0.% 2D-I71)(+,4?.7E7+,4?.7H" 7&?''0.%6BGC=/0165/- $6 7:5==5/- 3$ .,/0$=
$-
$W% #&%
,'% 19!3#0'&,)0" 1$ 
0(&0#+ P[FG\ 2&'()*% HB\6 %#, 
0(&0#+ 1% 1%$> 3!"1%#BW! &')"
)&!.%- !$,0$' 1% FDa "(- 
0''%#&0"1 @ .! ,'!"#),)0" S0 → S1B M..% &'+#%",% $"



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

B
N

F F

PM567 !"#$%  !" # $%&'
%'&) *' +,-./0 
122)&
345 /67"8!
!"#
$"%& '(")&$%
&$!% *!+,$-" '" ./ × 013 23*!+−13
*−1 ',%4 +" &!+56%" 70.℄3 2" *!*"%&'" &-,%4$&$!% 9!5- +, &-,%4$&$!% S0 → S1 "4& !-$"%&: 4"+!% +(,)" C2−C6 ; !"#$% 03<=3 >!5-
"&&" ?,%'"@ 5% :9,5+"*"%& A$?-,&$!%%"+ ':
,+: '5 *,)$*5* '("%A$-!% 0011 
*−1 A"-4+"4 9+54 B!-&"4 :%"-C$"4 "4& !?4"-A:3 D"+5$E
$ "4& ,&&-$?5: ,5) A$?-,&$!%4 DEF G!-4 '5 9+,%'"4 %!H,5) ,-!*,&$I5"4 
!%4&$&5,%& +" 
J5- KLMN>O3 2, 4"
!%'" ?,%'"@ '($%&"%4$&: 9+54B,$?+"@ 
"%&-:" A"-4 PQ1 %* 
!--"49!%' R +, &-,%4$&$!% S0 → S23 2" *!*"%& '" &-,%4$&$!%'" 
"&&" ?,%'" "4& I5,%& R +5$ 9"-9"%'$
5+,$-" R 
"+5$ '" +, S0 → S1 7PS℄3

 !"#$%  !8 # $9)
%&): *' +,-./0 /67"8 );&)<3:%&=: *4;: 5) %15'>;) ? @ABC DE/67"8℄ ≈  A−66G! $9)
%&): *H4I:1&9%31; D G )% *H=23::31; *) J'1&):
);
) D K λexc L MN7 ;2 )% · · · K λexc L O8A;2G! .;:)&% K *=
53; *) J'1&):
);
) Dλexc L MN7 ;2P λemF L 7MA ;2G D GP 4Q':%)2);% *' *=
53;)% &=:3*': D G!2" 49"
&-" '(:*$44$!% '" T5!-"4
"%
" ; !"#$% 03Q= "4& I5,4$*"%& +" 4H*:&-$I5" '549"
&-" '(,?4!-9&$!% ,A"
 5% ':9+,
"*"%& '" U&!V"4 '("%A$-!% <11 
*−13 D"4 -:45+&,&445CC6-"%& I5" +" KLMN>O 9-:4"%&" 4"%4$?+"*"%& +, *W*" C:!*:&-$" R +(:&,& B!%',*"%&,+;S0= "& R +(:&,& ")
$&: ;S1=3 2" *W*" 49"
&-" '(:*$44$!% '" T5!-"4
"%
" "4& "%-"C$4&-: 4$+, *!+:
5+" "4& ")
$&:" ',%4 +, ?,%'" S0 → S2@ 
!%X-*,%& I5" +(:*$44$!% '" T5!-"4
"%
""4& '5" R +, -"+,),&$!% S1 → S03 2" -"%'"*"%& I5,%&$I5" '" T5!-"4
"%
" '5 >Y</Q ',%4+" &!+56%" "4& '" 1@ZS@ 
" I5$ "4& 
+,44$I5" 9!5- +"4 KLMN>O ;C:%:-,+"*"%&@ 1@< [ ΦF [1@ZZ=3\%X%@ +" ':
+$% '" T5!-"4
"%
" '5 
!*9!4: >Y</Q ; !"#$% 03Q@ $%4"-&= "% 4!+5&$!%



 !"! #$ %&'()*+ ,- .,/0/12/0$ 345-67086 1/,0 945:;<$05$ 3$ .,/0$=
$-
$  ? !"# $#%! &'"(#)  &% "*! +,*
#.,* /,*,!0 ,*!*#.!11! 2)
%,.((&*#!3 ("44)%&*# "*! %!1&0&5#.,* S1 → S0 (".6&*# "*! 
.*)#.7"! 2!  %!/.!% ,%2%!8 9& 2"%)! 2! 6.! 2! :",%!(
!*
!#%,"6)! !(# 2! ;3<= *( 2&*( 1! #,1">*!3 
! 7". !(# 
1&((.7"!  ,"% 1! ?@ABCD !* (,1"#.,*E4)*)%&1!/!*# ; F τ F G *(H8 9!( 
,*(#&*#!( 2! 6.#!((!( %&2.&#.6!( EkrH !# *,* %&2.&#.6!(EknrH (,*# %!( !
#.6!/!*# 2! I3J × IK8 (−1 !# 2! I3I × IK7 (−18@/9A;6/
20/:5=:$9!( ?@ABCD (,*# 2!( /,1)
"1!( 2,*# 1!(  %, %.)#)( ( !
#%,(
, .7"!( (,*# #%>( +&.5L1!/!*# 2) !*2&*#!( 2! 1M!*6.%,**!/!*#3 
,*#%&.%!/!*# &"0 %N,2&/.*!( ," :",%!(
).*!( &% !0!/ 1!8 A&*( 1!  !"#$!% &'( (,*#  %)(!*#)!( 1!(  %, %.)#)( ( !
#%,(
, .7"!( 2"?@ABCD CO;GJ 2&*( 2.P)%!*#( (,16&*#(8 !"#$!% &'(  !"#$"%&'&( $)#'#$)*(%+,-( ., !/012 .34( .%5&"-4'( (#6734'( 8 9:;< =>?℄AQ,16&*# λabs λemF ε ΦF τ*/ */ IK3O−18
/−1 *(
R
1,N!0&*! ;=S ;SJ TS K3JK ;3GK#,1">*! ;=S∗ ;<I∗ UG K3T<∗ ;3<=∗&
)#,*! ;IG ;S= UK K3U; ;3T=/)#N&*,1 ;IG ;S= JT K3TI G3IK
∗ 736-,"( B-(,"&-( 3, !!C/A9!( /&0./& 2M&L(,% #.,* !# 2M)/.((.,* 2! :",%!(
!*
! 6&%.!*# 2! 7"!17"!( *&*,/>#%!((!"1!/!*# !*  &((&*# 2" /)#N&*,1 &" 
R
1,N!0&*!8 V* 2)
&1&4! NR (,
N%,/! 2!( L&*2!(2M&L(,% #.,* !# 2M)/.((.,* 2! :",%!(
!*
! !(# 4)*)%&1!/!*# ,L(!%6) 2&*( 1!( (,16&*#( ,1&.%!(8 W 1M.*6!%(!3 "* 2)
&1&4! L&#N,
N%,/! !(# ,L(!%6) 2&*( 1!( (,16&*#( & ,1&.%!(8X! (,16&#,
N%,/.(/! *)4&#.+ !(# 
,"%&//!*# ,L(!%6)  ,"% 1!( ?@ABCD YS;℄8X!##! +&.L1! (!*(.L.1.#) 2! 1& :",%!(
!*
! 2" ?@ABCD [ (,* !*6.%,**!/!*# !* +&.# "*L,* 
&*2.2&#  ,"% 1M)1&L,%&#.,* 2! (,*2!( :",%!(
!*#!(  ,"% 1! /&%7"&4! L.,1,4.7"! ," ,"% 1!"% .*
,% ,%&#.,* 2&*( 2!( /&#%.
!(  ,1R/>%!(8)2/6/=6;B595679!( ?@ABCD (,*# 2!( /,1)
"1!( )4&1!/!*# 
,**"!(  ,"% 1!"% L,**!  N,#,(#&L.1.#)
,/ &%&#.6!/!*# [ 2M&"#%!( :",%, N,%!( #!1( 7"! 
!"0 2! 1& +&/.11! 2!( :",%!(
).*!( YSG℄89& /&'!"%!  &%#.! 2!(  N,#,2)4%&2&#.,*( 2" ?@ABCD !(# &##%.L")! [ 1M,0R2&#.,* 2":",%, N,%!  &% 1M,0R4>*! (.*4"1!# \ 1! ?@ABCD !0
.#) #%&*(+>%! (,* )*!%4.! [ 1M,0R4>*!#%. 1!#3 
! 2!%*.!% 2!6!*&*# &1,%( ,0R4>*! (.*4"1!#3 +,%/! #%>( ,0R2&*#!8 A!( !0 )%.!*
!( !*/.1.!"0 (&#"%)( !* &],#! ,*#  " /,*#%!% "*! *!##! &/)1.,%&#.,* 2! 1& (#&L.1.#) 2" ?@ABCD37"! 
! (,.# !* (,1"#.,* ," !* /&#%.
!  ,1R/>%! ECOO^H YSJ℄8 9! %�1! 2! 1M,0R4>*! &  &%



 !  " #$%&'()
%+'$ ,+,-+'.&/01+2)3 !""#$%& '(' 
*+,%-' . % /#& '($/#& /$ .0*(*1" +
0!-#+( /# 234567 /!&.#%&'& / +& /#&- (%!
#& .*"8-9%#& #+ .%'&#+
# /:!+0!1!(#$%& /# ":'( ( (%!."#( /$ 234567; <+# +#((# -'"!*% (!*+ /# " .0*(*&( 1!"!(' /$ 234567 #&( *1&#%='#> "# 234567 +# .*$= +(  "*%&."$& (% +&?'%#% &*+ '+#%@!# A ":*B8@9+# .*$% "# ? !%# . &&#% / +& $+ '( ( &!+@$"#( CDE℄;G+,+> !"  '(' *1&#%=' A ."$&!#$%& %#.%!&#& $+#  -'"!*% (!*+ /# " &( 1!"!(' /#& 234567"*%&H$# 
#$BI
! &*+( !+
*%.*%'& *$ 
*.*"8-'%!&'& A /#& - (%!
#& .*"8-9%#> 
*-. %'  $
 & /#& J$*%*.0*%#& #+ &*"$(!*+; K .0*(*&( 1!"!(' #&( /: $( +( ."$& - %H$'# "*%&H$# "#J$*%*.0*%# #&( "!' /# - +!9%# 
*= "#+(# A " - (%!
# .*"8-9%# ."$(�( H$# &!-."#-#+(/!&.#%&' / +& 
#""#I
! CDM> NO℄; P#" #&(  ((%!1$'  $ ? !( H$# "# "!#+ 
*= "#+( %#"! +( "#234567 A " - (%!
# .*"8-9%# .#%-#(  $ J$*%*.0*%# / +& &*+ '( ( #B
!(' /# /!&&!.#%":'+#%@!# +*+ % /! (!=# A (% =#%& " 
0 Q+# .*"8-9%#> ."$(�( H$: $ 234567 "$!I-R-#; !"!# $%&'()*+%, &-. /0%/0+1*1. ./-
*0%.
%/+3'-.#$4)3$
3 (35 .&')0363$%5 3$ 0'5+%+'$ 675'K: S*$( /# @%*$.#-#+(&  %*- (!H$#& *$  "!.0 (!H$#& #+ .*&!(!*+ -'&* /$ 234567+: . & /# @% +/#& 
*+&'H$#+
#& &$% " .*&!(!*+ /#& - B!- /: 1&*%.(!*+ #( /:'-!&&!*+ /#J$*%#&
#+
# /$ 234567; P#( #T#( #&( .%!+
!. "#-#+( /U  $ ? !( H$# ": +@"# ?*%-' #+(%#"# @%*$.#-#+( /# " .*&!(!*+ -'&* #( "# +*8 $ 234567 #&( 1# $
*$. ."$& ?#%-' VWOIEOX.*$% $+ .0'+8"#Y H$# 
#"$! &$% "#&  $(%#& .*&!(!*+&; K#& @%*$.#-#+(& !+(%*/$!(&  $%*+(/*+
 $+# *%!#+( (!*+ %#&(%#!+(# #( " 
*+S$@ !&*+ -'&*-9%#  =#
 "# +*8 $ 234567 &#% .%#&H$# !-.*&&!1"#;Z! " &$1&(!($(!*+ #+ .*&!(!*+ -'&* +:#+(% Q+# . & /# 
0 +@#-#+( /#& '( (& '+#%@'(!H$#&/$ 234567> #""# .#$( ?*%(#-#+(  T#
(#% " 
*+&( +(# /# =!(#&&# +*+ % /! (!=#; G+ #T#(>" .%'&#+
# /:$+ @%*$.#-#+( .0'+8"# .%'&#+( +( $+# %*( (!*+ .#$ 
*+(% !+(# #+(% Q+# $+#.#%(# /# %#+/#-#+( H$ +(!H$# /# J$*%#&
#+
# #( $+# /!-!+$(!*+ /# " /$%'# /# =!# /#J$*%#&
#+
# . % /!&&!. (!*+ /:'+#%@!# +*+ % /! (!=#; [*"(#+ #( 
*""; *+( -*+(%' H$# " %#&(!($(!*+ /#& .%*
#&&$& % /! (!?& '( !( .*&&!1"# \ "# .%*
'/' #+=!& @' 
*+&!&(# A #-.R
0#%" "!1%# %*( (!*+ /$ .0'+8"# #+ "# &$1&(!($ +( . % /#& @%*$.#-#+(& -'(08"#& V !"#$% ];EYCDN℄; 4#& #B.'%!#+
#&  $ 66Z^ *+( -*+(%' H$# "# -R-# #T#( #&( *1&#%=' #+ ." _ +( /#&-'(08"#& #+ .*&!(!*+& ] #( W /#& .8%%*"#&; K#& -#!""#$%#& .%*.%!'('& &.#
(%*&
*.!H$#& &*+(*1(#+$#& "*%&H$# (*$(#& "#& .*&!(!*+&  $ =*!&!+ @# /# " -'&* &*+( #+
*-1%'#&;<+ 234567 .%'&#+( +( $+ .0'+8"# #+ .*&!(!*+ -'&* A %*( (!*+ "!1%# .#$( %#(%*$=#%/#& .%*.%!'('& /# J$*%#&
#+
# !+('%#&& +(#& "*%&H$:!" #&( !+(%*/$!( / +& $+ &*"= +( =!&H$#$B*$ / +& $+# - (%!
# .*"8-9%#> ":#+=!%*++#-#+( #-.R
0 +( (*$( -*$=#-#+( /$ 
8
"#  %*I- (!H$# CN]℄; K &$1&(!($(!*+ #+ -'( *$ #+ . % /$ .0'+8"# !+(%*/$!( #+ .*&!(!*+ -'&* /$234567 +:  "*%& ."$& /:!+J$#+
# &$% "#& .%*.%!'('& &.#
(%*&
*.!H$#& /$ 234567 CDM℄ \#+ (% = !"" +(  =#
 /#& 234567 .*&&'/ +( $+ @%*$.#-#+(  %*- (!H$# %' 
(!? (#" H$:$+.0'+*" !" #&(  "*%& .*&&!1"# /:#+=!& @#% ":!+(%*/$
(!*+ ? 
!"# /# @%*$.#-#+(& ?*+
(!*++#"&(#"& H$# /#& ?*+
(!*+& =!+8"!H$#& & +& .*$%  $( +(  T#
(#% "#& .%*.%!'('& &.#
(%*&
*.!H$#&



 !"! #$ %&'()*+ ,- .,/0/12/0$ 345-67086 1/,0 945:;<$05$ 3$ .,/0$=
$-
$  ?
N

B
N

F F

BDPY-Ph

N
B

N

F F

N
B

N

F F

N
B

N

F F

BDPY-MésityleBDPY-o-tolyleBDPY-t-buPh
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( *( +,(%
-./0(.(%1 *' 234%5+( (% 2-6717-% .46- 6'0 +(6 20-2074146 62(
810-6
-279'(6 *' :;<$=> ?@*@214 *( ABC℄E! ! "#$%&'(@60;67<5$= 1/,0 37
;9$0 947:5==5/- 3$ .,/0$=
$-
$ 3$= %&'()* A$0= 9$ 0/,<$)*++, -.*/!- 01-
- ,++,345 67 0,!4 841, 634-1,99:34  ;-7:<*1,1  ,9 9*3 ,9 =!*1,9>
,34,9 -+,44:34 .,19 7, 1*!?,5 01*
@, 63A1:>1*!?,( B 
,9 C395  6D-1,34,9 941:4-?6,9 *34 -4- -.,7*00-,9 9!1 7, "#$%&' E !"#$% F(GH IJK℄ MN ,O4,396*3  ! 9P94Q+, πN 16?6 6C
:46*3  , 7: 941!
4!1,N 1,+07:
,+,34  ! 
:1<*3, ,3 0*9646*3+-9*  ! "#$%&' 0:1 !3 :R*4, ESR:>"#$%&'HT;,O4,396*3  ! 9P94Q+, 
*3U!?!- π ,94 0163
60:7,+,34 1-:769-, 0:1 9!<9464!46*3 ,30*9646*39 V ,4 W  ! 0P11*7,( $,9 9!<9464!46*39 ,3 0*9646*39 F ,4 X :!1:6,34 7,9 +8+,9
*39-/!,3
,9 9!1 7,9 01*016-4-9 90,
41*9
*06/!,9 +:69 9*34 07!9  6Y
67,9 Z 1-:769,1 ,31:69*3  ,9 
*3 646*39  , 9P34@Q9,  ,9 0P11*7,9($:39 7, 
:9  ! 
*+0*9- ; IJV℄5 7;639,146*3  ;!3 ?1*!0,+,34 :1*+:46/!, 0,!4 841,1-:769-, 0:1 !3, 9P34@Q9,  ! 0P11*7, 
*11,90*3 :34  !" !3, 1-:
46*3  , [1*C+*. IJJ℄(S! &&\]5  6D-1,349 9!<9464!:349 :1*+:46/!,9 *34 :6396 -4- 6341* !649 9!1 7, "#$%&'5+* !7:34 7;-+6996*3  , =!*1,9
,3
,  , ^_F Z ^K^ 3+ IJW℄(`3, ,O4,396*3  , 
*3U!?:69*3 0,!4 -?:7,+,34 841, :00*14-, 0:1 7: 01-9,3
,  , ?1*!>0,+,349 94P1P7,9 *! :7
P3,9( T,9 "#$%&' B ,4 
 0,!.,34 :6396 841, *<4,3!9 0:1 !3,0*94>A*3
46*33:769:46*3  !" !3 
*!07:?, 
:4:7P9- :! 0:77: 6!+ E4P0, a,
b5 \*3*?:9@61:HIJ^5 JX℄( T, 
*+0*9- 
 0,!4 -?:7,+,34 841, *<4,3! 0:1 9!<9464!46*3 3!
7-*0@67, :1*+:46/!, ,9 01*4*39 ,3 0*9646*39 V ,4 W  ,9 0P11*7,9 IJc℄ ,4 0:1 
*3 ,39:46*3  , 4P0, d3*,.,3:>?,7 IJG℄( ),44,  ,136Q1, :001*
@, : -4-  -.,7*00-, :! &&\] 9!1  ,9 "#$%&' :P:34 !3?1*!0,+,34 0,34:=!*1*<,3RQ3, ,3 0*9646*3 +-9* ,4 !3, 9-16,  , "#$%&'5 -+,44:34  ,^K_ Z XJ_ 3+ 9,7*3 7: 3:4!1,  , 7;:1*+:46/!, 6341* !645 : -4- 9P34@-469-, IW_5 WF℄(T, 
*+0*9- 3 ,94 1,3 ! -+6996A .,19 7, 1*!?, 0:1 16?6 6C
:46*3  ! 76,3 "#$%&'>9!<9464!:34 IWK℄( &:1 
,44, 07:3-:164-5 7: 
*3U!?:69*3 ,341, 7, 
e!1 "#$%&' ,4 7,9 :1*+:>46/!,9 ,94 A:.*169-,( T: 9P34@Q9,  ! 
*+0*9- 3 ,94 1-:769-, 0:1 !3, 1-:
46*3  , [1*C+*. ! 0P11*7,  ,  -0:14( T, 
*+0*9- $ ,94 7!6 :!996 1,3 ! 16?6 , ,3 
1-:34  ,9 76,39 ,341,



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

N
B

N

F F

     a                                  b                                          c
Solvant            MeOH                          MeOH                                 MeCN
λabs / nm         547                              605                                      628
λemF /nm         582                              622                                      642
ΦF                   0,21                            1,00                                     0,84

   dichlorométhane        méthanol                             acétonitrile
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Rigidification Aza-BODIPY
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     d                                 e                                         f
Solvant           CHCl3                          MeCN                                EtOH
λabs / nm        634                              597                                    647
λemF /nm        647                              606                                    669
ΦF                 0,38                             0,91                                   0,34

    chloroforme                acétonitrile                         éthanol

Extension du système π
et rigidification

O(CH2)10COOC2H5
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:5%c563 = *À R 16'&;,6 5D6 4>#-&+&61; -12 3;5
12 4>5
&41 5
;F-&$%1 13 41 2,-'5632(



 !"! #$%&' $()*+,$-*&' " .#+
*$0+1&2,' 3456 78479:x0co044y;066<
O

O

O

O7

HOOC
x            y

O
HO

z
S S

S

C11H23

 !" #$
&'($)!*+" ,-./ 01-023x(co(--y4 '*+ 5+5 "6*+75+8"5" "98:$*+ ;! #<#! =&'+'(
';! )5*5&$; >9! ;!" #$
&'($)!*+" ,-./ 023( (0--?  @$)!*+ ,-./ #';5
9;$8&! //A-=> 1B 5>98:?C BCD ##';C EFG #)4C ;@$
8H! $
&6;8>9! 1ICG 5>98:?C BJ ##';C IKJ #)4C ;@$
&6;$+!H! 023 1ICG 5>98:?C BJ ##';C EGEJ #)4 !+ ;! LM. 1D 5>98:?C E ##';C KNK #)4 "'*+ H8""'9"H$*" N # H! H8'O$*! P +!#=5&$+9&! $#Q8$*+!? 2*"98+!C B # H@9*! "';9+8'* H@-A0- PJCJN M H$*" ;! H8'O$*! !"+ $R'9+5 $9 #5;$*)! &5$
+8'**!;?  @!*"!#Q;! !"+ H5)$S5 P ;@$&)'*=!*H$*+ DJ #8* H$*" 9* Q$8* H! );$
!C =98" =;$
5 H$*" 9* Q$8* H@798;! +7!&#'"+$+5 PIGTA? -=&U" K7 !*:8&'*C ;$ &5$
+8'* !"+ "+'==5! P ;@$8H! H@9*! +&!#=! H$*" ;@!$9 P JTA? !" 
'*:!&"8'*" H!" #'*'#U&!" "'*+ H5+!&#8*5!" =$& ,MV 1W H$*" ;! ALA; ?  ! 
'='(;6#U&! !"+ !*"98+! =9&8X5 =$& H!9O =&5
8=8+$+8'*" H$*" ;! n(=!*+$*! &!Y&'8H8 H$*" 9* Q$8*!$9Z);$
! =98" "5
75 "'9" :8H! !* 
7$9[$*+ P GJTA !*:8&'* !+ "'9" $)8+$+8'*? 2* :$&8$*+ ;!"&$=='&+" !*+&! $
8H! $
&6;8>9!C $
&6;$+! H! 023 !+ $)!*+ ,-./C 8; !"+ ='""8Q;! H@'Q+!*8&=$& ;! #<#! =&'+'
';! H!" 7'#'=';6#U&!" H! =';61$
8H! $
&6;8>9!4C '9 H! =';61$
&6;$+!H! 0234C '9 H!" 
'=';6#U&!" P &$=='&+" :$&8$Q;!" !* #'*'#U&!"?#+
*$0+1&2,' 3456 79:450 07447−190b07?y066<
S

S

S
C12H25H3CO

O
O

O

HO

x45 y

 !" #$
&'($)!*+" ,-./ 023( (0--(b(0\ '*+ 5+5 "6*+75+8"5" "98:$*+ ;! #<#! =&'(+'
';! )5*5&$; >9! ;!9&" =&5
9&"!9&" 023( (0--?  ! #$
&'($)!*+ ,-./ 023( (0--1JCBDG ##';C EED #)4C ;! "+6&U*! 1BJJ 5>98:?C BDCG ##';C BEJJ #)4C ;! LM. 1KJ 5>98:?CKCI ##';C BNI #)4 "'*+ H8""'9" H$*" D # H! H8'O$*!? 098"C B # H@9*! "';9+8'* H@-A0-H$*" ;! H8'O$*! P JCJKI M !"+ $R'9+5?  @!*"!#Q;! !"+ H5)$S5 P ;@$&)'* =!*H$*+ DJ #8*H$*" 9* Q$8* H! );$
!C =98" =;$
5 H$*" 9* Q$8* H@798;! +7!&#'"+$+5 P FJTA? -=&U" D7C ;$&5$
+8'* !"+ "+'==5! P ;@$8H! H@9*! +&!#=! H$*" ;@!$9 );$
5!?  $ 
'*:!&"8'* H9 #'*'#U&!!"+ H5+!&#8*5! =$& ,MV 1W H$*" ;! ALA; '9 =$& )&$:8#5+&8!?  ! 
'=';6#U&! !"+ !*"98+!"5
75 "'9" &$#=! P :8H! !* 
7$9[$*+ P GJTA !*:8&'* $X* H@5;8#8*!& ;!" +&$
!" H! "+6&U*!!+ H! "';:$*+"? 2* :$&8$*+ ;! &$=='&+ !*+&! "+6&U*! !+ #$
&'($)!*+ ,-./C 8; !"+ ='""8Q;!



 !" !# $%&'() *+,-&(.)/'%0) !"#$%&'( )*( +% ,-,% )("$"
"+%  %/ 
")"+0,1(%/ 2 #+"
 )"//3 *&$  '43(%&$%/ $*'++%/  %#+"
 50 (")5"#%6 !"#$%&'()*'!+ ,+ $'"',- .%*%&!/0+,1#+*.0(, ,+ $'+'%$-"('!+ 2,( +)+!3)&*'
-",( 5 
6-& (*#&0+, 7 (#+*.0(, ,+-+, %*)3, ! "#
%&'#(!)* +,-. /01' '/,,'b'/2 34 56789:; <;<=> ""&?; 4@> "(A !* ?BC!D#E5'
#)! 3FG "#HH! I H*J%K)!A H&)* E8HH&7H E#)H 7)! H&?7*8&) EB,LMN 3<;F 56789:; <;<4@ ""&?;=;= "(A E#)H ?! H*J%K)! 34O< 56789:; P;@ ""&?; PP> "(A: Q)! R&8H ?! "5?#)(! C&"&(K)!; @" EB7)! H&?7*8&) S#H867! E! H&7E! T <;4 "U H&)* #V&7*5H:  # E8HW!%H8&) !H* #?&%H W?#
5!E#)H 7) S#8) E! (?#
! !* #(8*5! T ?B#8E! EB7)! W&8)*! T 7?*%#H&)H 3M#)E!?8)!?!
*%&)8
H;2&)&W?7H XY==<<A %5(?5! H7% 4@< Z W!)E#)* 4< "8): 0)[); ?# "8)85"7?H8&) !H* W?#
5!E#)H 7) S#8) E! (?#
! !* E5(#\5! W!)E#)* @< "8) T ?B#8E! EB7) ]7D EB#%(&) W78H R!%"5!C!%"5*867!"!)* T ?B#8E! EB7) H!W*7" !* W?#
5! E#)H 7) S#8) EBC78?! T ^<_̀ : Y!H W%5?K9!'"!)* %5(7?8!%H W!79!)* a*%! %5#?8H5H T ?B#8E! EB7)! H!%8)(7! !* ?!H 
&)9!%H8&)H E7 H*J%K)! !*E7 M1YL/b H&)* %!HW!
*89!"!)* E5*!%"8)5!H W#% (%#98"5*%8! 3567#*8&) >:4A !* W#% `02T ?B#8E! EB7)! E5*!
*8&) Qc'98H: 3567#*8&) >:=A:1#+*.0(, ,+ $'+'%$-"('!+ 2,( +)+!3)&*'
-",( 5 
6-& (*#&0+, ,* 89:; < 73&!
%2% =!+,>3!*=? 2,-@ %*)3,( )A,
 '+A,&('!+ 2, 3.)(, ! "#
%&'#(!)* +,-. T S#H! E! /01'b'/,,10 34 56789:; P;<× 4<−2 ""&?; 4=F "(A !H*E8HH&7H E#)H 7) "5?#)(! E! H*J%K)! 34F> 56789:; O;@ ""&?; OF< "(A; EB,LMN 3<;@ 56789:;=;= "(; 4;@ × 4<−2 ""&?A !* E! MY/U, 3@;= 56789:; <;4@ ""&?; Fd "(A E#)H 7) S#??&)E! F " R!%"5 W#% 7) H!W*7":  # H&?7*8&) !H* W?#
5! E#)H 7) S#8) E! (?#
! !* E5(#\5!W!)E#)* @< "8) T ?B#8E! EB7) ]7D EB#%(&); W78H ?! S#??&) !H* W?#
5 E#)H 7) S#8) EBC78?!*C!%"&H*#*5 T ^<_̀ :  # %5#
*8&) !H* #%%a*5! >< "8) W?7H *#%E W#% 7)! *%!"W! !* F " EB7)!H&?7*8&) E! H&7E! T <;4 "U 34=;F 56789:A R%#e
C!"!)* W%5W#%5! H&)* #V&7*5H:  # H&?7*8&)!H* #?&%H W?#
5! E#)H 7) S#8) E! (?#
! !* #(8*5! T ?B#8E! EB7)! H&)E! T 7?*%#H&)H 3M#)E!?8)!?!
*%&)8
; 2&)&W?7H XY==<<A %5(?5! H7% 4@< Z W!)E#)* 4< "8): 0)[); ?# "8)85"7?H8&)!H* W?#
5! E#)H 7) S#8) E! (?#
! !* E5(#\5! W!)E#)* @< "8) T ?B#8E! EB7) ]7D EB#%(&) W78HR!%"5! C!%"5*867!"!)* T ?B#8E! EB7) H!W*7" !* %!W?#
5! E#)H 7) S#8) EBC78?! T ^<_̀ #[)E! %5#"&%
!% ?# W&?J"5%8H#*8&): Y!H W%5?K9!"!)* %5(7?8!%H W!79!)* a*%! %5#?8H5H T ?B#8E!EB7)! H!%8)(7! !* ?!H 
&)9!%H8&)H E7 H*J%K)! !* E7 M1YL/b W!79!)* a*%! %!HW!
*89!"!)*E5*!%"8)5!H W#% (%#98"5*%8! 3567#*8&) >:4A !* W#% `02 T ?B#8E! EB7)! E5*!
*8&) Qc'98H:3567#*8&) >:=A:!"#$%&'" f ?! *!"WH *0 !H* W%8H 
&""! 5*#)* ?! *!"WH #9#)* ?B#V&7* EB!#7 S#H867!3*!"WH 8)8*8#? #9#)* ?# "8)85"7?H8&)A:(") #*#") +%,-,
,/") 0" )12-34)" 0" 2$2,+$%-5
'/") "2 #5256#'/)5,2 ,2- 6-6 "#+/,16)+,'% /") )12-34)") )$2) 789:;< ,' = 05>6%"2-)  /,
) 310%,+35/") ,' 310%,+3, ") ?;@A@B



 !"! #$%&' $()*+,$-*&' " . !!"#  $" %&'co'""(() !"!# $%&'()&* +& ,-./
1.&* 2 3-4
56-4 (,64& *1% .&* 1465/* (
6+&(
%7.681& +& .( 
-1%-44& +&* 4(4-9(%56
1.&* !" #$#%&$'()
+,!" -'+(!" $&'." "/#(0."! "%#( 1),+2!" 1$#" ,3!$+ 4 +#! 
%#
!#('$()%#13!#5)'%# 67 8(/&)9+!:!#( ;<= : 1! #$#%&$'()
+,!" 1$#" >: 13!$+?@  ! #%:-'! (%($,13+#)(2" $
)1! $
'/,)9+! &'2"!#(!" 4 ,$ "+'A$
! 1!" #$#%&$'()
+,!" !"( &')" 
%::! 2($#(6 29+)5@ B# &$'$,,.,!< ") ,3$:)#! +(),)"2! !"( +# "%,)1!< 
!,,!C
) !"( 1)""%+(! 1$#" ,32(0$#%,8;<= 29+)5@ $:)#! 1$#" ;<= : 132(0$#%,?@  3$:)#! 1)""%+(! 1$#" ,32(0$#%, !"( $D%+(2! 4,$ "%,+()%# 1! #$#%&$'()
+,!" 8") ,3$:)#! !"( +# ,)9+)1!< 
%::! ,32(0$#%,$:)#!< 
!,,!C
) !"($D%+(2! 1)'!
(!:!#(? !( ,! :2,$#E! &,$
2 4 >FG@ B#5)'%# 6; :)#@ &,+" ($'1< +#! "%,+()%#13BHG 8> 29+)5@ 1$#" 6: ? !"( $D%+(2! $+ :2,$#E!@  $ '2$
()%# !"( &%+'"+)5)! &!#1$#(+#! #+)( 4 >FG !( ,! :2,$#E! &+')I2 &$' 1)$,/"! "+' &%'!" 6JC6> KH$ 8L&!
('$MN%'?@  3!$++(),)"2! &%+' ,!" 1)$,/"!" !"( 1! 9+$,)(2 +,('$ &+'!@H$#" ,! 
$" 1! E'!O$E! 1! &'%(2)#!"< 
!,,!"C
) "%#( $D%+(2!" $&'." ,3BHG !( ,$ "+"&!#")%#&+')I2! "+' :!:-'$#!" 1! 1)$,/"! P;; KH$ 8L&!
('$MN%'?@ !"!: ;1.51%& 
&..1.(6%& $ 
+,(+'! 1!" 
!,,+,!" 
$#
2'!+"!" Q! $ $ 2(2 A$)(! $+ ,$-%'$(%)'! 1! -)%,%E)! !( &0$'C:$
%,%E)! $&&,)9+2! 1! ,3BRL G$
0$# 8 SNT UVW X66P? $5!
 ,3$)1! 1! V:! Y,$1/"V-!:-$@ !" 
!,,+,!" $102'!#(!" Q! $ "%#( 
+,()52!" 1$#" 1+ :),)!+ 1! 
+,(+'! HVBV 8Y)-
%?
%:&,2:!#(2 $5!
 6;7 1! "2'+: 1! 5!$+ AZ($, 812
%:&,2:!#(2 4 =[FG &!#1$#( P; :)#C NTT  $-%'$(%)'!"?< 6 7 13$#()-)%()9+!" 8&2#)
),,)#! =; UM: ML('!&(%:/
)#! =; µEM:,C Y)-
%? !( 6 7 1!  CY,+($:)#! 8Y)-
%?@ !" 
!,,+,!" "%#( :$)#(!#+!" 4 P\FG "%+" $(:%"&0.'! 
%#(!#$#( 6;;7 130+:)1)(2< =71! G] @  ! :),)!+ 1! 
+,(+'! !"( 
0$#E2 1!+^ A%)" &$' "!:$)#!< $&'." 1)""%
)$()%# 1+ ($&)"
!,,+,$)'! $5!
 +# :2,$#E! ('/&")#!MBH_T 8Y)-
%?@/0+12'& (+* 3-
*$'
$(-& %& 56$*&'
&0
& !" 
!,,+,!" "%#( 
+,()52!" "+' 1!" &,$9+!" >X &+)(" 8 $̀,
%#< L a ;<\= 
:2< b a 6<>: ?@ B#5)'%# J;;; 
!,,+,!" "%#( 12&%"2!" &$' &+)("@ b)#E(C9+$('! 0!+'! &,+" ($'1< ,!"
!,,+,!" "%#( ')#
2!" +#! A%)" &$' 1+ NSL 6 ×@ N+)" 6 : 13+#! "%,+()%# 1! RN" 8J;; 4X µEM: ? 1$#" ,! NSL 6 × !"( $D%+(2@  !" 
!,,+,!" "%#( )#
+-2!" &!#1$#( P; :)#+(!" 4P\FG "%+" $(:%"&0.'! "$(+'2! !# 0+:)1)(2 !( 4 = 7 1! G] @  !" 
!,,+,!" "%#( $,%'" ')#
2!"&$' ;<= : 1! NSL 6 × !( &,$
2!" 1$#" 6 : 1! NSL 6 ×@ T&'." -$,$/$E! 1! 9+!,9+!"
%#
!#('$()%#"< ), "3$5.'! 9+! ,$ 
%#
!#('$()%# !# RN "̀ ,$ &,+" $1$&(2! !"( 1! [\ µEM: @



 !" !# $%&'() *+,-&(.)/'%0) !" 
!$$%$!" &'
%()!" "*'+ *("!,-)!" "*%" %' .&
,*"
*/! &'-!,") 0&1*' 2
$&/"! 32455567 )8%&/) 9:%' *(;!
+&< $*'=%! 9&"+>'
! ?@A B?C,*.!6@,!! A'D'&+E6?*,,!
+!9F G H$>' @$%*,2 IJ B2K+,>6 *'= I*,1&'= J&"+>'
!F B=,*""&""!.!'+ L × 45 B*(;!
+&<F × MNO B$!'+&$$!FN*%-!,+%,! '%.),&8%! L 5NPON 9&"+>'
! 9! +,>->&$ L QN46RNS ..FT  !" )
C>'+&$$*'" "*'+ !K
&+)"U $:>&9! 9:%' $>"!, >,=*' BA*'  >"!, 3!
C'*$*=EN VH3A WGN λexc X PQQ '.N 5N54Y IZµ.2FTJ!%K D$+,!" 9&
C,*[8%!" "*'+ %+&$&")"T  ! /,!.&!, !"+ %' .&,*&, 9&
C,*[8%! !' !K
&+>+&*'B\JPSS 6 @A3? J&
C,*&
 @&$+!,N (>'9! 9! ,)]!K&*' L PY56PS5 '. B^ SQ_FN (>'9! />"">'+! LO5Q6RYO '. N 3C*,$>("FT  ! "!
*'9 D$+,! 9&
C,*[8%! !"+ /$>
) !' ).&""&*' B *'=H>"" `$>""@&$+!,N D$+,! />""! C>%+ L O4a '.FT *,"8%! 9!" 0H@" /,)"!'+!'+ 9!%K ]%*,*/C*,!" 
*..! $! bJH\W !+ $> @WN 9&c),!'+"D$+,!" !' ).&""&*' /!%-!'+ d+,! %+&$&")" L @W BOMY '.N b>'9H>"" b,&=C+ &'! @@5M6OMYZ45G!.,*
1F *% bJH\W BOPa '.N b,&=C+ &'!r @$%*,!"
!'
! @&$+!," @@5M6OPaZ4464O G!.6,*
1FT e OMY '.N $!" )
C>'+&$$*'" "*'+ *("!,-)" 9%,>'+ P5 U O5 " !+ U OPa '.N 9%,>'+ P UO "T > 9)+!
+&*' !"+ ,)>$&")! U $:>&9! 9:%'! 
>.),> ??J ?**$G0WH fg4 \*'*
C,*.!B+>&$$! 9!" /&K!$" L RNPO µ. × RNPO µ.N <,)8%!'
! L 45 \fhFT



 !"#!$%&'()!* !℄ #$  !"#$%%  !"#
%"&' ("%!'#)
#*
# + ,'-*
-."#) &*/ 0.."-
&1-!*)$ &'()*+,-.% /00/$ /℄ 1$ 2$ &%!'"!(')*% 3 4(56678* 59 :)8;6 <6)= '> ?@5:5
@);'6:8*% B8= )=':'5> CDEFG- H)
5;;)>+=7:'5>6 /00IJ K% ,%'# &*/ 0.."-#/ 23#4-)1'5% L5($ MN% ?$ /NBOPIQ% /00M$ B℄ R$ +,%'-#%% 3 !0th 1?')86 S);58'7( T)
:<8)$ R87>69)8 ;)
@7>'6;6 59 )()
:85>'
 )U
':7:'5> K% 6-)7
%))-!*) !8 13# (&'&/&5 9!
-#15% L5($ /M% ?$ MO!M% !NQN$ P℄ V$ T$ .#/-#%% 3 G :@)58* 59 6)>6':'W)= (<;'>)6
)>
) '> 65('=6 K% :!%'*&" !8 23#4-
&" ,35)-
)%L5($ /!% ?$ XBIOXQ0% !NQB$ Q℄ H$ H$ 0"1!23% 1$ 4$ .#43' ): 1$ Y$ 5!*#2% 3 G=L7>
)6 '> Z?:'
7( D;7['>[ 59 #'5;)='
7( S)+='77 K% 0**&") !8 13# ;#< =!'> 0
&/#45 !8 9
-#*
#)% L5($ X/0% ?$ /PXO/M!% !NNM$ I℄ H$ 6#7''"#8#%% 3 G 
()78)8 L'6'5> 958 -* ?-?! ';7['>[ K% ;&1%'# @-!1#
3*!"!A5% L5($ !N% ?$ B!IOB!M%/00!$ M℄ .$ 93:!*!';7% S$ <=!>!% H$ 0"13%8% F$ T$ ?;3*)# ): \$ @%!23% 3 ])^ 1:87:)[')6 958 _(<5+8)6
)>: F85`) V)6'[> '> S)='
7( V'7[>56:'
 D;7['>[ K% 23#4-
&" B#?-#<)% L5($ !!0% ?$ /I/0O/IP0%/0!0$ X℄ S$A327
7% 3 -)(( 7>= :'66<) 7<:5a<58)6
)>
) 8)6)78
@ 7>= ='7[>56:'
 7??('
7:'5>6 K% @-!1#
3*!"!A50**%&" B#?-#<% L5($ !!% ?$ //MO/QI% /00Q$ N℄ b$ Z$ C'
3:#83% Z$ D$'72% 1$ E74 ): H$ S$ F-%32=72% 3 ]DH =*)6 958 `'5';7['>[ 7??('
7:'5>6 K%2%''#*1 C.-*-!* -* 23#4-
&" @-!"!A5% L5($ !P% ?$ IPOM0% /0!0$ !0℄ Y$ @4#G!>!% G$ A!-'$7% \$ H!)!4$%!% V$ ?7--#%73 ): Y$ F$G$)7% 3 #8'[@:% -5(58+R<>7`()_(<58)6
)>: V*)6 '> :@) ,'6c]DH H)['5> d 26:7`('6@;)>: 59 ])^ eR7'(58+S7=)e S<(:'
5(58 _(<585+?@58)6 #76)= 5> #585>='?*885;):@)>) K% 23#4-)1'5 7 0 D%'!.#&* :!%'*&"% L5($ !Q% ?$ !0NIO!!0I%/00N$ !!℄ 1$ E$3% 2$ I;!2=% \$ F$% R$ ?;#2= ): -$ F;7% 3 G 8)L')^ 59 ]DH =*)6 '> 
7>
)8 :78[):'>[ 7>=';7['>[ K% @-!4&1#'-&")% L5($ B/% ?$ M!/MOM!BX% /0!!$ !/℄ f$ ?;#2% R$ J%!8;!2% _$ 6!2=% b$ 1$ 974 ): b$ K332% 3 _(<58)6
)>: -@);56)>6586 #76)= 5>1?'858'>[+Z?)>'>[ 59 f7>:@)>)6 7>= H)(7:)= V)8'L7:'L)6 K% 23#4-
&" B#?-#<)% L5($ !!/% ?$ !N!0O!NQI% /0!/$ !B℄ G$ A7';%!% H$ Y$ &#;#%!% F$ Y$ &#;#%!% #$ Y$ A7';%! ): 4$ #$ &#;#%!% 3 -*7>'>)6 =<8'>[:@) !NN06 d G H)L')^ K% 23#4-
&" B#?-#<)% L5($ !00% ?$ !NMBO/0!/% /000$ !P℄ \$ .$ E72% H$6#7''"#8#% ): -$ .$ L$2=% 3 ]5L)( >)78+'>9878)= 
*7>'>) a<585
@85;)6 d 1*>:@)6'6%?85?)8:')6% 7>= `'5
5>g<[7:'5> K% @-!
!*E%A&1# 23#4-)1'5% L5($ !B% ?$ I0QOI!0% /00/$ !Q℄ Y$ @4#G!>!% V$ ?7--#%73 ): Y$ F$G$)7% 3 &7:)8+65(<`() ]DH _(<58)6
)>: F85`)6 #76)= 5>1h<787'>) 7>= R@)'8 G??('
7:'5> 958 F85:)'> T7`)('>[ K% 0*&"51-
&" 9
-#*
#)% L5($ /P% ?$ /!BO/!M%/00X$ !I℄ T$ K$!2% &$ E72% \$ K!2= ): .$ ?;#2% 3 G E>'h<) -(766 59 ])78+D>9878)= _<>
:'5>7( _(<58)6
)>:V*)6 ^':@ -78`5U*('
+G
'=+S5=<(7:)= _(<58)6
)>
) Z]cZ__ 1^':
@'>[ d H7:'5>7( V)6'[>% 1*>+:@)6'6% Z?:'
7( F85?)8:')6% R@)58):'
7( -7(
<(7:'5>6% 7>= G??('
7:'5>6 958 _(<58)6
)>
) D;7['>[ '>T'L'>[ G>';7(6 K% :!%'*&" !8 13# 04#'-
&* 23#4-
&" 9!
-#15% L5($ !BP% ?$ !/00O!/!!% /0!/$ !M℄ \$+1$ M7#% Y$ K!4!=$
;7% S$ L3=!23;% .$ @23% S$ F$G$)7% 1$ A3%7% 1$ F!7-3% G$ <'$)! ):.$ +$%$-!% 3 R8'?(* ]+-5>9<6)= .)U7?@*8'>6 d ])78+D>9878)= T<;'>)6
)>: V*)6 ^':@ 7 R8'7>[<(781@7?) K% 0*A#<&*/1# 23#4-# F*1#'*&1-!*&" D/-1-!*% L5($ PX% ?$ QPNIOQPNN% /00N$ !X℄ _$ T$ 0%:#"3!% R$ T$ 0%:#"3!% D$ T$ 0%:#"3!% D$ 5!%
7!NA3%#23% G$ ?3'-#"!% H$ F!'-%#): _$ 04!-N5$#%%7% 3 F@5:5?@*6'
7( 7>= (76'>[ ?85?)8:')6 59 ?*885;):@)>) QIM =*) '> ('h<'=65(<:'5> d 2>L'85>;)>: )i)
:6 K% 23#4-
&" ,35)-
)% L5($ /BI% ?$ BB!OBP!% !NNX$ !N℄ H$ _$ 9$:72 ): G$ ]$ +"#-
;#%% 3 _(<58)6
)>
) h<7>:<; *')(=6 59 65;) 8@5=7;'>) =*)6 K% :!%'*&"!8 G%4-*#)
#*
#% L5($ /M% ?$ PQQOPI/% !NX/$ /0℄ S$ S$ A!%-72 ): T$ E728O(7'-% 3 R@) ?. =)?)>=)>
) 59 a<58)6
)'> a<58)6
)>
) K% :!%'*&" !8G%4-*#)
#*
#% L5($ !0% ?$ BX!OBN0% !NMQ$ /!℄ S$ ?33P#%% G$ C:2#%% S$ &%7=='% S$ &$%%3>'% ]$ 5!%82#%% H$ D7
;!%8'32 ): H$ 6#'-%3 -*B# ! d D;?85L'>[ :@) F)8958;7>
) 59 -*7>'>) V*)6 K% :!%'*&" !8 ("%!'#)
#*
#% L5($ !P% ?$ !PQO!Q0% /00P$  !!



 !" #$%&$'()*+,$- !!℄ #$ %$ !"!#$%&& '$ ($ '&()*& )$ #$ !"!#$%&& *$ +$ +,-.) ,- ($ )$/%001(,&& . */0121, 3/,405,4216 7,06,1-8 9 ):4;<213<
/0121, 8:

212>23/4 ,8-,78 ?&  !"
"$%&'()* +,*-!.)/0& @<4$ A& B$ CDEFCCC& CGGH$ !H℄ I$ *$ 23%(,&& J$ ($ 2*,.(4%
3 ,- #$ K$ 6).,(& . ( 6:23, -< 
L<<8216 M:<7,8
,1- B7<-,218 ?&1()&/* 2*),"3.& @<4$ !& B$ GDEFGDG& !DDE$ !A℄ N$7,)
389,(0,&& O$9&%41::,& )$;%<%:.,&,8=%&.
1*& #$>.*)
3?, ,- P$>%((& . Q:01-:>3<-8 @,78:8 <76012
 3/,8 08 M:<7,8
,1- 405,48 ?& 1()&/* 2*),"3.& @<4$ E& B$ RSHFRRE& !DDT$ !E℄ *$U*$ @!& V$UK$ +,,& W$ ;3,(& P$U)$ +.#& V$UK$ /!& J$UW$ +.(& J$UW$ /,.& J$UV$ 6)%1& V$U*$;3%(0 ,- X$ @%((& . *L070
-,72Y0-2<1 013 0BB42
0-2<1 <; 82164, M:<7,8
,1- 101<320><138 08
,44:407 52<>07Z,78 ?& 4/"
**3!$'. "5 ),* 1()!"$(6 7
(3*-0 "5 8
!*$
*.& @<4$ CDA& B$ R!RFRH!& !DDR$ !S℄ )$U+$ A!& O$UX$ B%(0& V$U*$ ;3%(0& W$UO$ ;3,( ,- K$U*$ A!& . %726L- [4:<7,8
,1- I01<320U><138 9 I< JL<-<54,0
L216 013 '<\ */-<-<]2
2-/ ?& 9"&/$(6 "5 ),* 7-*/!
($ +,*-!
(6 8"
!*)0&@<4$ C!R& B$ CRSDAFCRSDE& !DDE$ !R℄ J$ C&%D3,<)?.E& O$ 2,(% ,- ^$ 9%1& . _,8261216 O:4-2;:1
-2<104 Q:01-:> _<-8 ;<7 %2<2>06216&_,-,
-2<1& 013 _7:6 _,42@,7/ ?& +,*-!
(6 8"
!*)0 :*;!*<.& @<4$ A!& B$ AH!SFAHEA& !DCD$ !T℄ [$ `$ F&,($,&0%)* ,- W$ `$ %((& . *L,>2
04 013 BL/82
04 B7<B,7-2,8 <; 0,a:<721 013 -L, 67,,1M:<7,8
,1- B7<-,21 28<40-,3 ;7<> (,a:<7,0 ;<78Z04,0 ?&  !"
,*-!.)/0& @<4$ CR& B$ HAATFHAEH& CGRT$ !G℄ #$ V$ >,-#%(& O$ _$ @1)4&.(? ,- +$ C3%(0& . `,1,-2
044/ b1
<3054, [4:<7,8
,1- %2<8,18<78;<7 P70
Z216 )26104216 _/10>2
8 21 '2@216 *,448 ?& +,*-!
(6 :*;!*<.& @<4$ CCC& B$ HSCAFHSSS& !DCC$ HD℄ O$ 6%(*%#%& K$ J$ G!(0 ,- `$ A,::,(& . c>06216 c1-70
,44:407 BV 21 '2@, *,448 \2-L 0`,1,-2
044/Ub1
<3,3 #,3 [4:<7,8
,1- J7<-,21 ),18<7 ?& 9"&/$(6 "5 ),* 7-*/!
($ +,*-!
(6 8"
!*)0&@<4$ CCH& B$ CDDHAFCDDHR& !DCC$ HC℄ [$ '$ H&4,:1%& +$ I%J,:1)& d$  %&*K(,D& P$ H&4,:1% ,- c$ '$ H&4,:1%& . )-7:
-:704& BL<-<UBL/82
04 013 408216 B7<B,7-2,8 <; B/77<>,-L,1, 3/,8 ?& =$)*/$()!"$(6 :*;!*<. !$ 4,0.!
(6 +,*-!.)/0&@<4$ !A& B$ HHGFHRA& !DDE$ H!℄ ($ 6&,.4) ,- [$UV$ B&,!D,&& . _2M:<75<7/4UW<>B4,], @<1 _2U :13 P72B/77/4>,-L,1,1 ?& 9&.)&.>!*?!'. 7$$(6*$ 3*/ +,*-!*& @<4$ RCT& B$ !DTF!!H& CGST$ HH℄ ($ +1!$,* ,- W$ I!&0,))& . %e_cJK _/,8 013 PL,27 _,72@0-2@,8 9 )/1-L,8,8 013 )B,
-7<8
<B2
J7<B,7-2,8 ?& +,*-!
(6 :*;!*<.& @<4$ CDR& B$ ATGCFAGH!& !DDR$ HA℄ V$ '$ B,,& *$ B.&#%.,&& '$ V$ A!& J$ 63%#E1(0?.*& X$ +$ A1!(04:11$& O$ b$ ;%:$,&&'$ 7%#1)& %$ *$ >1::& _$ [$ I1
.%(& X$ #$ 2
3,.$*& #$ #$ I.&0,& +$ )$ +.($),E ,- _$ G1:8*,(& . )-7:
-:704 
<1-7<4 <; -L, BL<-<3/10>2
8 <; 5<7<1U32B/7721 
<>B4,],8 ?& 9"&/$(6 "5 4,0.!
(6+,*-!.)/0  & @<4$ CDG& B$ !DAHHF!DAAH& !DDE$ HE℄ X$ L.(& d$ +,,(& P$ 713%($& X$ M,3%,(& J$ M,$,
?,&& O$ d$ 3,7 H!-,&%,&& W$ 714,E()&'$ d$ ,,&<,:*& _$ I,:"1((,& %$ d$ H<,&4,?,& +$ I$ ;:.NN1&$& W$M&.,),(& W$ I.((,#%() ,-I$ I1,()& . )/1-L,828& )B,
-7<8
<B/& *7/8-04 )-7:
-:7,& b4,
-7<
L,>28-7/& 013 Q:01-:> *L,>2
04013 O<4,
:407 _/10>2
8 *04
:40-2<18 <; 0 HU(12421< _2M:<7<5<7<1 _2B/77<>,-L,1, _/, ?& @,*9"&/$(6 "5 4,0.!
(6 +,*-!.)/0 7& @<4$ CCH& B$ AHGFAAR& !DDT$ HS℄ %$ G.(?,:$,E& ($ 2
3#.** ,- `$ =!(0& . *<>B070-2@, BL<-<8-05242-/ 8-:32,8 <; %e_cJK 013M:<7,8
,21 3/,8 5/ :8216 M:<7,8
,1
, 
<77,40-2<1 8B,
-7<8
<B/ ?& +,*-4,0.+,*-& @<4$ G& B$ !DCGF!D!R& !DDT$ HR℄ O$ _$ 7%3(& P$ ($ B.(0& ($ ($ 91&#%( ,- c$ G%#4:,**& . JL<-<8-05242-/ ,1L01
,>,1- <;J/77<>,-L,1, ESR 013 J,7/4,1, e7016, 21 <]/6,1U;7,, 42a:23 013 8<423 3/, 408,78 ?& 7AA6!*3 BA)!
.&@<4$ HS& B$ ETS!FETRC& CGGR$ HT℄ O$ H3#%$& P$ ($ B.(0& _$UW$ B1& %$ V$ ;3% ,- +$ +,,& . JL<-<8-05242-/ <; 408,78 508,3 <1B/77<>,-L,1, ESR 21 42a:23 013 8<423U8-0-, L<8- >,320 ?& BA)!
. +"--&$!
()!"$.& @<4$ !DH& B$ H!RFHHA& !DD!$ HG℄ ($ *$ c$ 9%&
.%8 1&,(1& [$ ($U`$ +O ;%#P1& #$ )08-7,& +$ %$ J$  O +.&%)& [$ '<B,Y (75,4<0,- c$ '$ H&4,:1%& . TUJL,1/4U):58-2-:-,3 _2B/77<>,-L,1, %[ *<>B4,],8 08 V26L4/ bf
2,1- 013JL<-<8-054, '08,7 _/,8 ?& @,* 9"&/$(6 "5 4,0.!
(6 +,*-!.)/0 7& @<4$ CDT& B$ HHCE F HH!H& !DDA$ AD℄ [$ H#%*89!,&&.& O$ +.&%)& O$ '$ ;%&&%)
1)1 ,- #$ 2%)*&,& . O,-L0
7/40-,U-,-L,7,3 (104<68<; -L, '08,7 _/, JOESR 9 )/1-L,828& *<B<4/>,72Y0-2<1 \2-L O,-L/4 O,-L0
7/40-, 013 JL<-<8-052U42-/ <; -L, *<B<4/>,78 ?& 4,")"
,*-!.)/0 ($3 4,")"?!"6"'0& @<4$ RR& B$ ERRFETA& !DDH$ AC℄ O$ W$B!.#1<%& `$A%3.10:!& +$ ($ +,<.** ,- W$ 2!3:.(0& . O<4,
:407 #<-<7 O,08:7,8 d28
<82-/<; '2@, *,448 @20 [4:<7,8
,1
, '2;,-2>, c>06216 ?& 9"&/$(6 "5 ),* 7-*/!
($ +,*-!
(6 8"
!*)0&@<4$ CHD& B$ SSR!FSSRH& !DDT$ A!℄ ($ %$ M,)
%:D1& V$U+$ Q!& g$ 23,( ,- W$ 7!&%
?& . #,3hI,07U21;707,3 %<7<1U_2B/77<>,-L,1,_/,8 08 )-7<164/ b>2--216 [4:<7<BL<7,8 ?& 7$$(6. "5 ),* 1*< C"/D 7
(3*-0 "5 8
!*$
*.& @<4$ CCHD&B$ CSAFCRC& !DDT$ AH℄ W$ A%#%$%& P$ 61E1*%& W$ 6%?%?!&%& O$ R)3.#%&! ,- P$ 2!0%-%&%& . J7,B070-2<1 <; %eU_cJK B7<5,8 ;<7 >:4-2
<4<7 M:<7,8
,1
, 2>06216 8-:32,8 <; >,>5701, 3/10>2
8 ?& 1*< 9"&/$(6 "5+,*-!.)/0& @<4$ !E& B$ SSRFSSG& !DDC$ AA℄ %$ ($ 6&1N.#1<& 73;($
*. !$ E*)*/"
06!
 
,*-!.)/0 F 4/*A(/()!"$ "5 A0//"6*. 5/"- G*)"H!-*. ($37
*)06*$*.& @<4$ EC$ (
03,>2
8 J7,88& CGGD$



 !"#!$%&'()!* +,- !"℄ $% &%  
"#$%&' (% )% '()$*+' *% &% ,-().(' (% +% /)(&01.' ,% )% 2345+3-+' -% 64+-$3)'.% 78+443&9:3*+14&' /% /% ;1' 0% +% 7$."+43-+ 12 3% 0% <)(=$#(-' 4 0 -151678 9:52;12<
926721>: ?@6 2;1 A1B<>5 @? (1C 3DA+E& F8G@6@H;@61B 37B1I @5 E:66@81B C<2; E@8:
@5I15B1I06@J72<
 75I *12788@
151 9GKB2<2G152B L'  !"#$%&'( ) * +,'-."/0 1-,'0/2' M@8% NO' H% PQRSTPQOP'UQNN% !R℄ /% :("+*%' V% V% >$*' (% 2(3*0 12 V% ,3"+3*' 4 E7887I<GJW
7278:X1I 
@GH8<5> 617
2<@5B ?@62;1 ?G5
2<@578<X72<@5 @? 3DA+E& I:1B C<2; YG@61B
15
1 BH755<5> 2;1 M<B<K81 BH1
26GJ L' +,'-."/01-,'0/2 -3 4'5/0$
  !"#$%&'(' UQQR% !O℄ *% E%  "+*%1)+' )% E% ?+.1@(-0.5$' 0% D% A3)+0(-' D% A% B+
".(-0.5' &% *% /()(*$.12 &% E% B(-&1*' 4 αWE@8:J12;<51W9GKB2<2G21I 3@6@5 A<H:66@J12;151B T 3DA+E&W37B1I (+.Z:75<51W[<\1 A:1B L' +,'-."/0 1-,'0/2 -3 4'5/0$
  !"#$%&'(' M@8% UQNU' H% N]U"TN]P!' UQNU% !]℄ )% C33*' *% )% I16 D1E3)+3)' (% 2(3*0 12 V% ,3"+3*' 4 )<
76<@GB (G
81@H;<8<
 9GKB2<2G2<@5@? αW^:I6@>15 @? 3DA+E& 75I +2B $_215B<@5 2@ A<61
2 $2;15:872<@5 L' 4'5/0$
 7"&&"'%' M@8% NP'H% N!OQTN!OP' UQNN% !S℄ `% ,(0&' 9% D&$4F+* 12 $% a% D..+5+' 4 A<B2:6:8WK@67I<7X7<5I7
151B b ?7
<81 B:52;1B<B @? 5@M185176 +. 1J<22<5> YG@6@H;@61B L' 8"&'/!"9'-0' M@8% RU' H% ]!]!T]!]]' UQQR% "Q℄ D% A+4+*F+1' :(0&!;%"% "& <&,9"% 9" %(%&;#"% #,2&$
!'-#-.!-'$=,"% > ?/%" 9" @-9$.(  ©% /;cB1I@
2@672' $(9 Z7
;75' UQNN% "N℄ D% A+4+*F+1' Z% ,1#+09;3)%30' .% 73+443&9:3*+14& 12 -% 64+-$3)' 4 .72<@578 I1B<>5 @?M<B<K81 75I (+. I<B2:6:8W3DA+E& I:1B ?6@J 7 5@M18 YG@6<5721I H872?@6J L' 4'5/0$
 /09 @$-#-2")
,2/'  !"#$%&'(' M@8% ]' UQNQ% "U℄ d% 6"3*' 0% 21)F"+)&' 0% ,3)3
0.3$9B(-+
0 12 ,% 21)F300' 4 !'!WA<YG@6@W!WK@67WP7'!7WI<7X7WBW<5I7
151 e3DA+E&f A:1B *@I<g1I ?@6 $_215I1I Z@5hG>72<@5 75I .1B26<
21I 3@5I .@272<@5B L'8!" 1-,'0/2 -3 4'5/0$
  !"#$%&'(' M@8% R"' H% USQQTUSQR' UQQQ% "P℄ *% G+%+' 9% H&(' ^% I*(' /% 71)+0"$#+' (% J*(' /% I)+*( 12 &% I)+*(' 4 9:52;1B<B 75I@H2<
78 H6@H162<1B @? 7 51C 
87BB @? H:66@J12;151B 3F2 
@JH81_1B ?GB1I C<2; 6<><I K<
:
8@ 6<5>B75I K15X@ I16<M72<M1B L' 8"&'/!"9'-0 7"&&"'%' M@8% !U' H% RONNTRONP' UQQN% "!℄ V% [% '"+( 12 $% *% 6+))3$)+' 4 Z@5?@6J72<@5788: 61B26<
21I 7X7WK@I<H: b 0 ;<>;8: YG@61B
152'B27K81' 5176W<5?6761IW7KB@6K<5> I:1 L' *05"A/09&"  !"#$")B0&"'0/&$-0/2 +9$&$-0' M@8% !!' H% NROOTNROS' UQQ"% ""℄ d% B$44()+*' [% D443*' d% F% A+44+F"3)' V% *% A+44+F"3) 12 A% F% JK "3+' 4 9:52;1B<B@? 3F! 
;18721B @? 2126776:87X7I<H:66@J12;151B 75I 1M<I15
1 ?@6 2;1<6 H;@2@I:57J<
 2;167H1G2<
K1;7M<@G6 L'  !"#$
/2  -##,0$
/&$-0%' UQQU% "R℄ *% 23*0&3+%' -% ^% 73"4 12 .% V% 2(543' 4 !'!iWA<YG@6@W!WK@67WP7'!7WI<7X7WBW<5I7
151B e3DWA+E&Bf 7B 
@JH@5152B @? 5@M18 8<>;2 7
2<M1 J7216<78B L' 8"&'/!"9'-0' M@8% RO' H% P"OPTPRQN' UQNN% "O℄ 3% Z% /(L3)3' 0% *% A% /3443 12 9% <"+51#+*+-+*' 4 3DA+E&W37B1I A@5@6W0

1H2@6 πWZ@5hG>721I 08216572<5> Z@H@8:J16B L' C/
'-#-2"
,2"%' M@8% !!' H% !OROT!OOR' UQNN% "]℄ Z% <"$-$3)F3' 0% C(1%3& 12 ,% 21)F300' 4 36<88<752 3DA+E&WF8G@6151 Z@H@8:J16B C<2; A<BWH16B1I 0KB@6H2<@5 75I $J<BB<@5 *7_<J7 L' C/
'-#-2"
,2"%' M@8% !!' H% !QNUT!QN"' UQNN% "S℄ *% '"1' [% M$+*F' *% d% ?1+*' j% F% C$1' Z% 3%J15+*F' ^% &% '"3*F' j% A% ?$*' `% Z% '1(' ^% 3%C$1 12 &% [% C$' 4 $k
<152 /G5<5> (@58<5176 DH2<
78 E6@H162<1B b 9:52;1B<B 75I Z;767
216<X72<@5 @?7 916<1B @? (@M18 E@8:e76:815112;:5:8151fB Z@WZ@527<5<5> 3DA+E& L' 1-,'0/2 -3 D-2(#"' :
$"0
"D/'& * E D-2(#"'  !"#$%&'(' M@8% !R' H% O!QNTO!NQ' UQQ]% RQ℄ )% .% ,(*1)1' 9% '"1' 9% A)33* 12 ^% C$1' 4 (176W<5?6761I 1J<BB<M1 3DA+E& H@8:J16<
 75I
@H@8:J16<
 I:1B L' D-2(#"'' M@8% "N' H% "P"ST"PR]' UQNQ% RN℄ 0% 3% N3L(#*5+0"
"$$' *% 2)O)$*F' d% D")3*0 12 0% d% 2+)%' 4 9:52;1B<B' E;@2@H;:B<
78'$81
26@
;1J<
78' 75I $81
26@>1516721I Z;1J<8GJ<51B
15
1 92GI<1B% *G82<H81 91lG152<78 $81
26@5/675B?16B <5 3DA+E& *@5@J16B' A<J16B' /6<J16B' 75I E@8:J16 L' 1-,'0/2 -3 &!" *#"'$
/0  !")#$
/2 :-
$"&(' M@8% NPP' H% ]RPPT]R!"' UQNN% RU℄ 0% 6(0&34+' +% A+)
$+97()3*(' *% /$*&+%(9 $3))+' F% D#+&9A13))$' .%  +0&)3' *% C$)+0'F% [% D)@34(+' d% 3% /)$3&( 12 +% [% D)@34(+' 4 (1C 0578@>G1B @? 2;1 3DA+E& A:1 E*"SO bE;@2@H;:B<
78 75I [7B<5> E6@H162<1B <5 [<lG<I 9@8G2<@5B 75I <5 9@8<I E@8:J16<
 *726<
1B L' 1-,'0/2-3 D!(%$
/2  !"#$%&'( *' M@8% NNP' H% ]NN]T]NU!' UQQS% RP℄ d% 9% C33' (% &% B+*F' &% ,% B$#' 0%  +#+*&+' 9% ^% P3*F' ^% ,% B$#' *% ;3*%)344' d% ^%/+). 12 &% /% 6"+*F' 4 9:52;1B<B @? 7 3DA+E& [<K676: 75I +2B 0HH8<
72<@5 2@ 2;1 A1M18@HJ152 @?[<M1 Z188 -8G
7>@5 +J7><5> E6@K1 L' 1-,'0/2 -3 &!" *#"'$
/0  !"#$
/2 :-
$"&(' M@8% NPN' H% NQQOOTNQQ]U' UQQS% R!℄ A% 7+).0' .% 2$&&#+* 12 .% /+F+*(' 4 aB1 @? 3@I<H:W87K181I BH;<5>@8<H<I 75I 
;@81B216@87578@>B 2@ 1_7J<51 J1JK6751 J<
6@I@J7<5B <5 
188B L' F$%&-
!"#$%&'( /09  "22 @$-2-5(' M@8% NPQ'H% ]NST]PU' UQQ]% R"℄ *% [% 73&Q.3)' 4 9GKB2<2G1I !'!WI<YG@6@W!WK@67WP7' !7WI<7X7WBW<5I7
151 
@JH@G5IB ?@6 ]W
@8@6A(0 B1lG15
<5> L' G4HIJJKHJLLMNI' UQQP% RR℄ Z% (% 2+.$ 12 $% a% D..+5+' 4 3@67I<7X7<5I7
151W7HH15I1I 
78<_ !℄76151 b F8G@61B
15
1 B15B<5>@? H^ 5176 51G2678<2: L' 1-,'0/2 -3 4'5/0$
  !"#$%&'(' M@8% RR' H% N"NUTN"NP' UQQN%



 !" #$%&$'()*+,$- !"℄ $%  !"#!$& '% %&'& (%  !(!"&
& '% $% )%  *"++"!,-, *+ (%  *,'(& , -.)/012-34*567589:7387; )*8<=3+<=*4 34 >;?98*4
*A+ B6 089C*4 D&  !" #$%&'() $* +&,('-
 /!"0-12&3& =9;% "E&B% FGHIJFGH"& IEEH% !K℄ (%  *,'(& L% .,,' *+ '%/,$!,'& , >;?98*4
*A+ <A5<
3+984 C34*5 9A -.)/01 D& /!"0-
() 4$
-"235"6-"71& =9;% FG& B% GGMEJGG"I& IEGI% !N℄ O% )% 0*''," *+ O% P% 1
$2&3& , Q*R?;3+*5 B98+3;4 9S *A+87 <A+9 +T* 
*;; D& 8(2%&"& =9;% FII&B% M"JFF& IEEM% "E℄ '% 4!#',"& (% U% 5!""*6 *+ U% $% Q% 7!&',(& , /A =<+89 ?B+3V* 9S B9;74+78*A* W<
894BT*8*4 X*Y*
+ 9S B38+<
;* 4<Z*& 
*;; ;<A* 3A5 
*;; 5*A4<+7 D& #$%&'() $* /$'2&$))"9 5")"(1"& =9;% "G& B% MNJHG&IEEG% "G℄ L%8!&9:'3," *+ [% .!'3;,(<,"& , /A+*83
+<9A 9S (3A9B38+<
;*4 \<+T ]*;;4 D& :-$0(
&$0$)"
%)"1&=9;% GE& B% IM"NJIFEE& IEEN% "I℄ O% $% 8*+$&2&& U% ]% 7#'<," *+ ^% ]% 8#""!=& , P9AR2
<8
?;3+<AR 3A5 +38R*+24B*
<_
 A3A9B382+<
;*4 X `T*987 +9 B83
+<
* D& ;!(&0(
$)$,-
() 5"6-"71& =9;% HM& B% IKMJMGK& IEEG% "M℄ L% 0% >*"
$&9&'& , 09;7W*8<
 W<
*;;*4 <A 5<3RA94+<
 <W3R<AR D& /$))$-91 ('9 4%&*(
"1 : < :-$-'=2"&*(
"1& =9;% G!& B% MEHJMGN& GNNN% "F℄ ^% 6% .,,& 6% -% .,, *+ ^% )% ?'3"!3,& , -;995 
9WB3+<C<;<+7 9S B9;7*+T7;*A* 9:<5* 4?8S3
*4 D&;&$,&"11 -' ;$)30"& 4
-"'
"& =9;% IE& B% GEFMJGE"N& GNNH% "H℄ )% a% @6,'( *+ (% U% A,BB!(& , .B49A<Z3+<9A& C<95<4+8<C?+<9A& 3A5 BT38W3
9V<A*+<
4 9S B9;7W*8<
A3A9B38+<
;*4 D& >'2"&'(2-$'() #$%&'() $* ;!(&0(
"%2-
1& =9;% ME"& B% NMJGEI& IEE!% "!℄ O% /% C,*'& ^% 6% .,,& ^% )% ?'3"!3, *+ 0% b% )% D,'',(& , 089+*<A2O?8S3
* /A+*83
+<9A4 <A +T*08*4*A
* 9S 09;7*+T7;*A* .:<5* D& #$%&'() $* /$))$-9 ('9 >'2"&*(
" 4
-"'
"& =9;% GFI& B% GFNJGHK&GNNG% ""℄ >% 6% 8,'+& b% 6% $% E'+F,"( *+ ^% 5,&G,'& , 09;7*+T7;*A* R;7
9;2R83S+*5 B9;74+78*A* B38+<
;*4 D&#$%&'() $* :-$0"9-
() ?(2"&-()1 5"1"(&
! ;(&2 @& =9;% "EU& B% FNJHK& IEEF% "K℄ 0% H,"2,<<, *+ P% 8,!+$,"& , /A+*83
+<9A4 9S BT94BT9;<B<52 3A5 B9;7c*+T7;*A* R;7
9;d2W95<_*54?8S3
*4 \<+T C<9;9R<
3; 474+*W4 X 8*;3+<9A +9 BT74<
92
T*W<
3; B89B*8+<*4 3A5 W*
T3A<4W4 D& /$))$-91('9 4%&*(
"1 :=:-$-'2"&*(
"1& =9;% IK& B% GHMJGNK& IEEM% "N℄ O% ^% 1*;&!& L% A",2'!<$ *+ a% '% 8,""&99& , 09;7c*+T7;*A* 9:<5*d b83S+*5 +9 O<;<
9A O?8S3
*4 Xb83S+<AR )*A4<+7 3A5 089+*<A U5498B+<9A D& ?(
&$0$)"
%)"1& =9;% MG& B% HEHNJHE"E& GNNK% KE℄ L% 0% >*"
$&9&'& , $?;+<S?A
+<9A3; A3A9
388<*84 D& @96('
"9 A&%, A")-6"&3 5"6-"71& =9;% HK&B% GHMIJGHHH& IEE!% KG℄ 1%2[% D*'+ *+ >% $% I&''&J& , O+83+*R<*4 <A C<9W<W*+<
 4?8S3
* *AR<A**8<AR 9S A3A9B38+<
;*4 S98C<9W*5<
3; 3BB;<
3+<9A4 D& 8('$1
()"& =9;% F& B% M!EJM!K& IEGI% KI℄ ]%  *=,"& e% 7#!'+& $% Q% I$&<<!J,"& L%  #92#( *+ `% 0% /!-&(& , UA 9=*8=<*\ 9S B89+*<A2B9;7W*8 B38+<
;*4 D& 4$*2 ?(22"&& =9;% "& B% GHNNJG!GF& IEGE% KM℄ Q%2$% K*'+& e%2-% 4$!'+& f% 0$,' *+ '% >!'& , UB+3W*82U44*WC;*5 (3A9W3+*8<3;4 S98 -<924*A4<AR 3A5 -<9W*5<
3; UBB;<
3+<9A4 D& 40())& =9;% "& B% IFIKJIFM!& IEGG% KF℄ Q% 8!<(#'* *+ [% L($&$!"!& , /A+*R83+*5 S?A
+<9A3; A3A9
9;;9<54 
9=*8*5 \<+T 38+<_
<3; 
*;; W*W2C83A*4 S98 C<9W*5<
3; 3BB;<
3+<9A4 D& 8('$  $9(3& =9;% !& B% !GJ"F& IEGG% KH℄ (% P% M*(& *+ ]% U% 8&"J&'& , (3A94+8?
+?8*4 <A -<95<3RA94+<
4 D& /!"0-
() 5"6-"71& =9;% GEH&B% GHF"JGH!I& IEEH% K!℄ U% .*#&,& , $?;+<W953;<+7 /W3R<AR 089C*4 X )*4<RA 3A5 ]T3;;*AR*4 D& /!"0-
() 5"6-"71& =9;% GGE&B% MGF!JMGNH& IEGE% K"℄ `% 1% @$#9
$!'(J==& /% M*=& [%2`% N*'+& 6% a% A#3!-!" *+ 0% (% A"!(!3& , 6<RT28*49;?+<9A;<RT+ W<
894
9B7 ?4<AR ;?W<A*4
*A+ A3A9B38+<
;*4 D&B-)"3 >'2"&9-1
-C)-'(&3 5"6-"71 < 8('$0"9-
-'"('9 8('$D-$2"
!'$)$,3& =9;% I& B% G!IJG"H& IEGE% KK℄ 6%K**& $% O%7#$& ^% 6%M=#& )%2a% .,,& /%2]% 1#'& [%0$*&& [%K&2 *+ /% ]%K6*'& , (3A9B89C*4S98 C<9W*5<
3; <W3R<AR <A ;<=<AR 474+*W4 D& 8('$  $9(3& =9;% !& B% IEFJIIE& IEGG% KN℄ )% .&((,& L% I&9J,'(& ]% N*#& [%  #(
$ *+ ^% A&,$9,"& , O*;*
+<=* 3̀8R*+<AR 9S >;?98*4
*A+(3A9B38+<
;*4 +9 089+*<A4 /A4<5* P<=* ]*;;4 D& @',"7('92" /!"0-" >'2"&'(2-$'() E9-2-$'& =9;% HE&B% NMHIJNMHH& IEGG% NE℄ L% 1*J*9*-! *+ $% EBB9,& , O7A+T*+<
 B3+T\374 +9 W3V* A3A9B38+<
;*4 g?98*4
*A+ D& 8('$1
()"&=9;% M& B% GNH"JGN!I& IEGG% NG℄ e% 8&
$!9,<& >% >% A&'!#3& P% U%  ,'<*9&9!& ^% $% >(!=& O% /**(,& ^% ^% .&& b% 1#'3!",(!'&U% $% I#& O% O% D!2F$&" *+ O% I,&((& , h?3A+?W )9+4 S98 P<=* ]*;;4& -' 6-6$ /W3R<AR& 3A5)<3RA94+<
4 D& 4
-"'
"& =9;% ME"& B% HMKJHFF& IEEH% NI℄ '% '% N# *+ e% A,'+& , >98W3+<9A 9S 6<RT2h?3;<+7 ]5O 3A5 .+T*8 //2L/ O*W<
9A5?
+98 (32A9
874+3;4 <A (9A
9985<A3+<AR O9;=*A+4 X ?̀A3C;* Q*3
+<=<+7 9S $9A9W*84 D& @',"7('92" /!"0-">'2"&'(2-$'() E9-2-$'& =9;% FG& B% IM!KJIM"G& IEEI% NM℄ [% ^% O*"3,99& a% $%  *!<2!' *+ b% ]% .&(,'(J=& , U O3S*8& a34<*8& >34+*8 O7A+T*4<4 S98 ]5O*h?3A+?W )9+ (3A9
874+3;4 D& #$%&'() $* /!"0-
() E9%
(2-$'& =9;% KI& B% G!N"& IEEH% NF℄ 0% M,&((& $% A"*<&P", *+ P% .&& , ]98*iOT*;; O*W<
9A5?
+98 (3A9
874+3;4 D& 40())& =9;% H& B% GHFJG!K& IEEN%



 !"#!$%&'()!* +,- !"℄ $%  !"#$%& '% &$'($() () $% *(+$%,%$,& * +,-./0123/)4355(0 6357)78,9: 3; <=,
?1@=(5520@(A20@ './3
479).59 B&  !"#$%& !' ()* +,*#-
%$ /)*,-
%& 0!
-*(1& C35% DEF& 8% !"EG!"!& FHDH% !I℄ J% *(+-./& $%  !"#$%& $% *(+$%,%$,& K% *-%./ () 2%  .-/0-1/0.& * L M(49.),5( @)4.)(-7 ;34NO./)O: P3) +,-./0 KQ
=./-( B&  !"#$%& !' ()* +,*#-
%$ /)*,-
%& 0!
-*(1& C35% DF!& 8% RSFGRSE&FHHT% !T℄ J% 2"!34& K% &$$/& J% 56.3& 6% U% 7.#& J% 8!34& 6%  (#9!3$: () V% W% ;!%!0& * 6357:(4123.)(0 './38.4),
5(9 X L Y/,C(49.5 <335 ;34 $,35.Z(55,/- KQ8(4,:(/)9 B& 0,%&&& FHDD% !S℄ $% *(+$%,%$,& 6% <0-(%.=$/& P% W% >-%%./& M% >-.%$!()& L% [% ?%.9!3#-( () L% &.+
"!+$%&* \/ M,C3 \:.-,/- 3; NO./)O: P3)9 K/
.89O5.)(0 ,/ 6=398=35,8,0 ],
(55(9 B& 0
-*$
*& C35% F!S&8% DT"!GDTIF& FHHF% !!℄ V% V% 8(& K% A"!34& W% 2% B!#03$%& W% 2"!34& L% ]% 5#C<-6!#.& 2% ]% <!:$/& W% D-"3/&U% *%$E$0 () M% +% A-#9.3& * J34:,/- $,3
3:8.),Z5( ./0 '3/.--4(-.)(0 './3
479).59 ,/ V.)(4Y9,/- L:8=,8=,5,
 6357:(49 B&  !"#$%& !' ()* +,*#-
%$ /)*,-
%& 0!
-*(1& C35% DF!& 8% FSTDGFST!&FHHT% DHH℄ W% >.
-#!/& P% ?%!6+.##!& ^% A!%.-3& <% ;-3/& \%  !0/.6-9.
& K% &!%'($,& $% +% *%-(C6!4($,& _% 53=%.$()& $% *(+$%,%$, () 6% A-(9%$(%& * NO./)O: 03)153.0(0 6K`75.)(08357a.5?75 
7./3.
475.)(b /./38.4),
5(9 ;34 -$ 2-(#! ./0 -$ 2-2! ,:.-,/- B& 0!'( 3%((*#& C35% T&8% IDSTGID!E& FHDD% DHD℄ \% 8.#=.E& K% *$3.E& $%  
A!(4"!3& @% J% A%(.
0/"!30& W% J% A!##!3 () J% ]% F!:6-&* [70438=,5,
 20@(1c/@ 234(1@=(55 NO./)O: P3)9 d,)= U(.
),C( JO/
),3/.5 `43O89 3/ <=(,4@O4;.
( B& 4%$5,"-#& C35% FI& 8% DD"HEGDD"DD& FHDH% DHF℄ 6% *!/& V% 2"-34 () W% A#!9$%.$& * 238357:(4 /./398=(4( (/
.89O5.)(0 20@ eO./)O: 03)984(8.4(0 Z7 ULJ< 
38357:(4,f.),3/ X 97/)=(9,9& 
=.4.
)(4,f.),3/ ./0 :(
=./,9: 3; ;34:.),3/ B&/!&&!-6 7 8!&1,*# 0
-*$
*& C35% FS!& 8% D"D!GD"EE& FHDD% DHE℄ g% A"$3& U% G"!0!% () 6% <% <3$$& * \:8.4),/- './38.4),
5( JO/
),3/ d,)= @,f(123/)4355(0L:8=,8=,5,
 6357:(49 B&  !"#$%& !' ()* +,*#-
%$ /)*,-
%& 0!
-*(1& C35% DEH& 8% ETRRGETR"& FHHS% DHR℄ 6% W% F-,"& 2% ?-:$%& L% $% &-1$ () <% 6% *!9./& * ULJ< 6357:(4,f.),3/ ./0 <=,35 2=(:,9)47 XL 23:85(:(/).47 6.,4,/- ;34 \:85(:(/),/- ]30(4/ ].
43:35(
O5.4 P(9,-/ B& 3%
#!,!&*
"&%#9%:-6 /!,,"$-
%(-!$;& C35% EF& 8% DDFEGDDRE& FHDD% DH"℄ c% ;-H-9.
& V% &.(& M% 6% A"!("!3& W% &$$& 2% I-34& L% $% 7%$:,!0& '% J3/.3& P% `%>-
$%!& P% B(0(6(%!& U% _% D!.3 () ]% `% ?!1$3=.& * L './38.4),
5( @,f( @(4,(9 ;34 \/ M,C3J5O34(9
(/
( \:.-,/- B& +$5*<%$6(* /)*,-* =$(*#$%(-!$%& >6-(-!$& C35% R!& 8% SIR!GSI"F& FHDH% DHI℄ h% 7!-& +% 8!34& W% L% ;$,%-/& J% J%  !%/"!##& W% V% <.6-3/ () @% >.$& * \/ C,C3 :35(
O5.4./0 
(55O5.4 ,:.-,/- d,)= eO./)O: 03)9 B& /"##*$( ?:-$-!$ -$ @-!(*
)$!&!51& C35% DI& 8% IEGTF&FHH"% DHT℄ ]% ?%(
"$E& ]% -%-33$& 6% 7.3& @%I$.// () L% 6% 5#.9./!,-/& * @(:,
3/0O
)34 './3
479).59.9 J5O34(9
(/) $,353-,
.5 +.Z(59 B& 0
-*$
*& C35% FSD& 8% FHDEGFHDI& D!!S% DHS℄ V% 2% V% A"!3 () @% >.$& * NO./)O: P3) $,3
3/iO-.)(9 ;34 Y5)4.9(/9,),C( '3/,93)38,
 P()(
1),3/ B& 0
-*$
*& C35% FSD& 8% FHDIGFHDS& D!!S% DH!℄ L% ]% *$%K(/& V% 2% V% A"!3 () @% '% ?"!,.!& * 643Z,/- )=( 27)3)3Q,
,)7 3; @(:,
3/0O
)34NO./)O: P3)9 B& A%$! 4*((*#;& C35% R& 8% DDGDS& FHHE% DDH℄ @% <!3,%! () L%  !#"-,%!& * J5O34(9
(/) /./38.4),
5( 843Z(9 ;34 ,:.-,/- 3; 
./
(4 B& B-&*1=$(*#6-;
-:&-$%#1 9*2-*<; C A%$!,*6-
-$* %$6 A%$!D-!(*
)$!&!51& C35% E& 8% "HDG"DH& FHDD% DDD℄ ]% W%  (%
.! () 2% L% >!(6!33& @-!'"$
(-!$%&-E%(-!$ !' F&"!#*;
*$( A%$!:%#(-
&*;% V,5(71M2[M(45.- `:Z[ ./0 23% _`.L& FHHT% DDF℄ @%1<% 8!34& h% I!34& [% I!34& J% &(& 6% `% &(-& +% A!-& ]% W%  $E.!3.& W%1[% &.(& g% &.(&]% A"$3& g% L(!34 () g%16% <(3& * 2.4Z3/ P3)9 .9 '3/)3Q,
 ./0 [,-=16(4;34:./
( J5O34(9
(/
(\:.-,/- L-(/)9 B& G)*  !"#$%& !' 8)1;-
%& /)*,-;(#1 /& C35% DDE& 8% DSDDHGDSDDR& FHH!% DDE℄ @%1<% 8!34& +% A!-& 6% `% &(-& J% &(& h% I!34& [% I!34& ]% W%  $E.!3.& g% &.(& `% M.() g%16% <(3& * 2.4Z3/ P3)9 ;34 ^8),
.5 \:.-,/- ,/ M,C3 B&  !"#$%& !' ()* +,*#-
%$ /)*,-
%&0!
-*(1& C35% DED& 8% DDEHSGDDEH!& FHH!% DDR℄ g%16% <(3& $% 2"-(& g% &.3& V% I!34& _% L% @% B$%3!3=-& 6% ;!,"!0& ]% W%  $E.!3.& $% L%L!%%(KK& h%I!34& [%I!34& 6% `% &(-& [% 8!34& ]% K% N-/$& $% A"$3& +% ]% O$
! () @%1g%P.$& * NO./)O:1@,f(0 2.4Z3/ P3)9 ;34 $4,-=) ./0 23534;O5 6=3)35O:,/(9
(/
( B&  !"#$%& !' ()*+,*#-
%$ /)*,-
%& 0!
-*(1& C35% DFS& 8% TT"IGTT"T& FHHI% DD"℄ +% I!34 () g% &.& * 23/)4355(0 @7/)=(9,9 ./0 +O:,/(9
(/
( 3; +./)=./,0( P38(0 '.gJ './31
479).59 B& /)*,-;(#1 !' 3%(*#-%&;& C35% D!& 8% TFTGTER& FHHT% DDI℄ `% 8.& g% ;$34 () c% 7!-& * @)43/- U(01K:,)),/- /(.41\/;4.4(01)31M,9,Z5( Y8
3/C(49,3/ J5O34(91
(/) './38.4),
5(9 B& /)*,-;(#1 !' 3%(*#-%&;& C35% FE& 8% FTF!GFTER& FHDD% DDT℄ U% L% D!#.# () g% 2"!34& * $,3
3:8.),Z,5,)7 3; 9,5,
. 
3.)(0 '.gJ O8
3/C(49,3/ jO34(9
(/)/./3
479).59 B& @-!,%(*#-%&;& C35% F!& 8% RDFFGRDFS& FHHS% DDS℄ P% _% A"!,,$%Q$$& L% W% F(K!."!" () g% 2"!34& * Y8
3/C(49,3/ jO34(9
(/
( ,:.-,/- 3; 
(559./0 9:.55 ./,:.59 O9,/- 5./)=./,0( 038(0 /./3
479).59 B& @-!,%(*#-%&;& C35% F!& 8% !ETG!RE& FHHS%



 ! "#$%#&'()*+#, !!"℄ $%  !"#$#%& '% &'()*%& $% (% &'(+,& )% -./*')#$%& *% +% 0.'(& ,% 12"2,/32 -. /% *%4*#+5.266/& 0 1-2-34
 $-.678 79 '3-:;342< $=>.49=2
.472;> ?>=73-@
-2. A;27:;3.4
>-@ B@42<?>;@6 A;27'3-
4:4.;.472 C&  !"#$
&! '($
)*+$#, -#)&.*#,/& D7>% !"& :% E!FGEHI& HJJ"% !HJ℄ K% 7)**/ -. *% ?% 8/(9/(& 0 KL2.6-@4@ 79 M4
37 ;28 2;27@.3=
.=3-@ 42 M4
37N=484
 @L@.-M@ C&01&2*
#, 3+
*&)4 5&"*&6/& D7>% O"& :% !!FOG!HJH& HJ!J% !H!℄ K% :/9;2*%/9& P% <)%)"/& K% =)#6$'(& Q% &/(2%& >/?/@*/& +% A9.'!'& :/$)'*/ -. 4)(9#&0 ?>=73-@
-2
- >49-.4M- 4M;<42< M4
37@
7:L 973 42 @4.= 7R@-3D;.472 79 .6- 2;27
3L@.;>>4S;.472 793=R3-2- 42 ; M4
37N=484
 @-.T=: C& 01&2*
#, 714/*
/ 8&))&./& D7>% UUV& :% H!HGH!V& HJJE% !HH℄ W%  9).'& W% 1#B',)6) -. +% 7)9#.)*)& 0 X;@-3 ?;R34
;.472 ;28 K:-
.37@
7:L 79 Y3<;24
 A;T27:;3.4
>-@ C&  

+($)/ +9 01&2*
#, 5&/&#.
1& D7>% U!& :% !E"JG!E"F& HJJF% !HO℄ Z% 4)%*)& /% 7/%'@'/*& [% 4')*+ -. *% C)!)%)('& 0 K+1T;
.4D- M7>-
=>;3 2;27378@ \4.6 42.-3TM-84;.- :67.7
637M4
 :37:-3.4-@ 
7M:;3-8 .7 @7>=.472 ;28 R=>] @7>48 @.;.-@ C& 01&2*
#, 0+22(:$*
#)*+$/& D7>% UV& :% VOFIGVOFE& HJ!J% !HU℄ Q% 72(('/*& A% 1)(D& (% =2%D#(BE ;;/*%& $% =)
') -. Z% G")(/D& 0 )72^2-8 2=
>-;.472;28 <37\.6 79 73<;24
 2;27
3L@.;>@ 42 @7>T<-> M;.34
-@ C& ;+(.$#, +9 -#)&.*#,/ 01&2*/).4& D7>% !V&:% !UJ!G!UJ"& HJJV% !HI℄ Z% G")(/D& K% 7)H'62@& Z% &#'#& )% 0.)'$$2#% -. '% X% =)$+/
!& 0 )72.37>>-8 A;27
3L@T.;>>4S;.472 79 Y3<;24
 $7>-
=>-@ 42 K7>T1-> 1>;@@-@ C&  !"#$
&! -#)&.*#,/& D7>% !J& :% !IUJG!IUO&!""F% !HV℄ _% -2!2*2& Z% C)B)' -. _% 0.#32& 0 A;27:;3.4
>-@ D4; +T;<<3-<;.472 79 ;M:64:64>4
 `Yab'_8L-@ C& <&).#1&!.+$ 8&))&./& D7>% I!& :% OUI!GOUIU& HJ!J% !HE℄ +% C)!)('9.'& +% 7)9#.)*) -. *% 1)9)!'& 3*$=,& +.=#$*
 $#$+>#.)*
,&/% K:342<-3& HJJO% !HF℄ _% >'2)& W%TW% I#& Q% &J(2% -. /% 4)(9# ? .@/(,)#)/ $+$ >(A,*@/? 773-? BC3 0#
1#$% !H"℄ ?% 12#9)& K% 7)(+)$& )% &)**2@2& Z%  9%2$?2& Z% =2('?)
'2& a% >)%)K'/
& /% +% 7/(!&?%  *?/$$'& K% L#/K/$& 1% >/B()6/& +%T[% &)$$) -. K% M*2$& 0 ?=2
.472;>4S-8 <7>8 2;27:;3T.4
>-@ c ; 8-.;4>-8 *$ "*"+ M=>.4M78;> M4
37@
7:4
 R3;42 84@.34R=.472 @.=8L C& C#$+/
#,&& D7>% H&:% HFHVGHFOU& HJ!J% !OJ℄ Z%T+% >#& (% X% 1)$)")9 -. ?% 1
.N%.& 0 $;<2-.4
 A;27:;3.4
>-@ c KL2.6-@4@& '37.-
.472& ?=2
T.472;>4S;.472& ;28 Z::>4
;.472 C&  $=&6#$!)& 01&2*& D$)&.$#)*+$#, B!*)*+$& D7>% UV& :% !HHHG!HUU&HJJE% !O!℄ a% ?% 72,)(2 -. Q% $% O2%/$$2& 0 A;27 $--.@ `47>7<L c K.3=
.=3- ;28 ?=2
.472 ;. .6- A;27T:;3.4
>- b2.-39;
- C& 8#$=2(*.& D7>% HE& :% !JOEVG!JOFI& HJ!!% !OH℄ *% 1%C/2. -. (% W%M)(B& 0 K=39;
- M784^
;.472 79 M;<2-.4
 2;27:;3.4
>-@ 973 @.-M 
->> >;R->42< C&3+9) -#))&.& D7>% F& :% HJIEGHJV"& HJ!H% !OO℄ Z% P*%/(& ,%Q*)9'+$2& $% 1
)+/(B& K% P9/(/*& /% $%L2??6)(& $% =2#@/% -. $%7)!)$/&0 $;<2-.4
 3-@72;2
- ;28 N=73-@
-2
- 4M;<42< 79 87d73=R4
42T>7;8-8 2;27:;3.4
>-@ =@42< ; 27D->*$ "*"+ M78-> C& C#$+2&!*
*$& E C#$+)&
1$+,+=4? F*+,+=4 #$! -&!*
*$&& D7>% V& :% E"EGFJE& HJ!J% !OU℄ Z% C)B)'& /% <29.''& W% R%9#!)& *% M2!)+2 -. _% 0.#32& 0 `Yab'_T`;@-8 )6;42 W3;2@T9-3 Z<-2. c /-D-3@4R>L W6-3M7@\4.
6;R>- X=M42-@
-2. 17>8 A;27:;3.4
>- K.;R4>4S-8 RL `Yab'_TW-3M42;.-8 ,;.-3TK7>=R>- '7>LM-3 C& 8#$=2(*.& D7>% HV& :% !IVUUG!IVU"%& HJ!J% !OI℄ ,% 1%S"/*& Z% T'(! -. (% =2.(& 0 )72.37>>-8 <37\.6 79 M72784@:-3@- @4>4
; @:6-3-@ 42 .6- M4
372@4S- 3;2<- C& ;+(.$#, +9 0+,,+*! #$! D$)&.9#
& 3
*&$
&& D7>% HV& :% VHGV"& !"VF% !OV℄ *% R99/2E 9)*/ -. ?% [%  **')B)+)& 0 137\.6 *42-.4
@ 79 A;27@4S- K4>4
; 42 ; A724724
 ,;.-3T42TY4> $4
37-M=>@472 c Z /-D-3@- $4
->>;3 '@-=87:6;@- /-;
.472 $78-> C& ;+(.$#, +9 0+,,+*! #$!D$)&.9#
& 3
*&$
&& D7>% H!F& :% VFGEV& !"""% !OE℄ K% ,% =)/& ,% -)( -. [%Tb% L2(B& 0 ?>=73-@
-2. 8L-T87:-8 @4>4
; 2;27:;3.4
>-@ c 2-\ .77>@ 973R47;::>4
;.472@ C& 01&2*
#, 0+22($*
#)*+$/& HJ!H% !OF℄ Z% Q% =$))+/*/( -. Z% I*'3& 0 KL2.6-@4@ ;28 
6;3;
.-34S;.472 79 
7>>748;> 84@:-3@472@ 79 N=73-@T
-2.& M72784@:-3@- @4>4
; @:6-3-@ C& 8#$=2(*.& D7>% F& :% H"H!GH"O!& !""H% !O"℄ K%=2()

.'& a%&/(2@/9/& /% 8#*'9& $%72(%)$%'& X%4*2+'& (% O)6;)DD2 -. A% U)

./*2('&0 X=M42-@
-2. K4>4
; A;27:;3.4
>-@ c (d.-2842< .6- ?372.4-3@ 79 `34<6.2-@@ C&  $=&6#$!)& 01&2*&D$)&.$#)*+$#, B!*)*+$& D7>% IJ& :% UJIVGUJVV& HJ!!% !UJ℄ (%T`% 0.2& a% Y% I2$!2@ -. b% 12!2$2@& 0 B>.3;R34<6. ?>=73-@
-2. K4>4
; $-@7:737=@ K4>4
;A;27:;3.4
>-@ c )72.37> 79 ';3.4
>- K4S- ;28 aL- X7;842< C&  !"#$
&! '($
)*+$#, -#)&.*#,/& D7>% H!&:% O!H"GO!OI& HJ!!% !U!℄ $% >)$& X% >/@,& *% K%M'6& 1% K%L/& e%Q)(B& _% +%7'(& K% 4)!)%
.' -. '% A% 4*)9)+& 0 K4>4
;A;27R=RR>-@ )72.;4242< ;2 Y3<;24
 aL- 42 ; $=>.4>;L-3-8 Y3<;24
fb273<;24
 +-.-37@.3=
.=3- \4.6(26;2
-8 X=M42-@
-2
- C& 01&2*/).4 +9 -#)&.*#,/& D7>% !H& :% HVOHGHVO"& HJJJ% !UH℄ /% M#6)*& b% O2,& W% _% R.#$
.)(9!,,& X% A% &29K)6'& Z% )% =2(2'#& (% [% =/*B/,& *% $%-*)6;29
.& Z% 7)'%*) -. '% A% 4*)9)+& 0 )7D;>-2.>L aL-TX42]-8& K=39;
-T)72.37>>-8& ;28`47
72g=<;.-8 Y3<;24
;>>L $784^-8 K4>4
; A;27:;3.4
>-@ ;@ W;3<-.-8 '37R-@ 973 Y:.4
;> bM;<42< C& 03 C#$+& D7>% H& :% UU"GUIV& HJJF% !UO℄ a% >'#& /% )%L#H?2*+ -. ,% >'(& 0 '67@:673-@
-2. A;27@
;>- )773842;.472 '7>LM-3@ ;@ )72.3;@.Z<-2.@ 973 Y:.4
;> bM;<42< C&  $=&6#$!)& 01&2*& D$)&.$#)*+$#, B!*)*+$& D7>% IJ& :% OV"VGOEJJ&HJ!!%



 !"#!$%&'()!* +,- !""℄ $%  !"##"#$%&'#()*"+& '% ,-#"+%.!/(" () *% +% 01+%&'#+2*& , -(
(/) 01231(44 2/ 5676
8928)6/3 2: ;8/2<81)6
7(4 8/= -(78)(= ;8/2>8)(16874 ?&  !"#$
&! '#(&)*#+,& @27% AA& <% !!BAC!!DE&AF!F% !"E℄ G% H% 0""& I% -% 3'"& '% 9% ,'#4& G% 5$*6& J% 5% 7'* () '% G% .!*6& , $ 5(7(
)6@( K7L21262M/2<N21( O84(= 2/ OPIQ0HM:L/
)62/876R(= +83/()6
 5676
8 ;8/2<81)6
7(4 S -(>2@87 2: 0T2+ :12>GL>8/ O722= ?&  $-&.#$!(& /0&1*& 2$(&)$#(*3$#+ 4!*(*3$& @27% "B& <% !AUDC!A"U& AFFD% !"V℄ W% 8$!//1*"'!& $% 5
:!;+& $% 0'<#"/('%="#*'*>"+& $% &$#$& 5% ?@#/("*& 5% A#!<< ()X% &$:#& , P/ )N( I(463/ 2: K7L21(4
(/) -8)62>()16
 ;8/24(/4214 ?& /0&1*,()5 6  47)38&#$937)$#+& @27% !V& <% !FADFC!FADD& AF!F% !"Y℄ G% 5$*& X% ?'*6 () '% G% .!*6& , $ )N6/M78Z(1 
N12>8)2318<NZ <78)( <1(<81(= :12> OPIQ0HMT84(= 1(
(<)21 6>>2T676R(= 56P /8/2<81)6
7(4 84 8 <21)8T7( 
N(>24(/421 :21 0T2+ ?&  $#+5,(&@27% !UY& <% !VUC!VD& AF!A% !"B℄ 9% '% 7'B4"# () [% *% C$$;"D& , WN( 92/@(13(/
( 2: 5Z/)N()6
 P138/6
 8/= 027Z>(1 9N(>64M)16(4 ?& :
*&$
&& @27% UFD& <% !AFFC!AFE& AFFE% !"D℄ [%7$& J% 01& 9%C$*6 () 0% 01& , $><N6<N676
 <27Z>(16
 <81)6
7(4 \6)N 
21(M4N(77 /8/24)1L
)L1(4 S(>L7462/MT84(= 4Z/)N(4(4 8/= <2)(/)687 8<<76
8)62/4 ?& /3++3*! ;3+51&) :
*&$
&& @27% ABB& <% !EFUC!EAU& AF!F% !EF℄ P% '% E'D#"& ;% E:'6*"!F () 5% 3166/& , 5)6>L7L4 1(4<2/46@( 
21(M4N(77 /8/2<81)6
7(4 S 4Z/)N(4648/= 8<<76
8)62/4 2: <27Z>(1 T84(= 8]L(2L4 4Z4)(>4 ?& :3<( '#((&)& @27% Y& <% AA!!CAAU"& AF!!% !E!℄ 5% =#"1*& K% E'G"#";& -% H1"//";& '% 3'#I"#' () -% 8"/
:"*'!F& , G63N7Z K7L21(4
(/) *6]L6=M91Z4)8776/( I(/=16>(14 O84(= 2/ O212/=6<Z112>()N(/( IZ(4 ?& /0&1*,()5 3< '#(&)*#+,& @27% A!&<% UDEFCUDED& AFFD% !EA℄ *% J;I"#('++1& O% 5($#(1& *% &'#
:"((1 () K% 3";(#'G& , I(76@(1Z 8/= 5LT
(77L781 W813()6/32: I(/=16>(1MO84(= K7L21(4
(/) <G 5(/4214 6/ *6@6/3 9(774 ?& 937)$#+ 3< (0&  1&)*
#$ /0&1*
#+:3
*&(5& @27% !UA& <% !B!EBC!B!VY& AF!F% !EU℄ 9% 01 () 5% 01!& , 027Z>(16
 844(>T76(4 8/= /8/2<81)6
7(4 \6)N 4)6>L76M1(4<2/46@( ^L21(4
(/
((>64462/ 
N818
)(164)6
4 ?& /0&1*
#+ /3117$*
#(*3$,& @27% "B& <% UAVACUAYB& AF!A% !E"℄ '% 7! () 5% 01!& , -(4<2/46@( 027Z>(14 :21 I()(
)62/ 8/= 5(/46/3 $<<76
8)62/4 S 9L11(/) 5)8)L48/= KL)L1( I(@(72<>(/)4 ?& '#
)313+&
7+&,& @27% "U& <% BU!ECBUUF& AF!F% !EE℄ +% K;/'I':D () [% *% C$$;"D& , 5)18)(36(4 )2\81= \(77M=(_/(= <27Z>(1 /8/2<81)6
7(4 6/4<61(=TZ /8)L1( S 9N(>64)1Z @(14L4 @(148)676)Z ?& 937)$#+ 3< ;3+51&) :
*&$
& ;#)(  = ;3+51&) /0&1*,()5&@27% EF& <% !BVDC!BBF& AF!A% !EV℄ $% +% LD/(@G () [% *% C$$;"D& , WN( Q><21)8/
( 2: 9N(>64)1Z 6/ 91(8)6/3 J(77MI(_/(= ;8/2M4
2<6
 `>T(==(= WN(18<(L)6
4 S I(@6
(4 98<8T7( 2: )N( IL87 KL/
)62/4 2: Q>836/3 8/= WN(18<Z ?& 

37$(, 3< /0&1*
#+ >&,&#)
0& @27% ""& <% DVDCDYB& AF!!% !EY℄ I% E#"/<D& 5% H!I"#& $% A!#/:'($M& [% 0'*>N"/("# () $%M+% ,$<'& , $ 4)1863N):21\81=4Z/)N(464 2: ^L21(4
(/) 8/= )(><(18)L1(M1(4<2/46@( /8/23(74 ?& 937)$#+ 3< ;3+51&) :
*&$
& ;#)( = ;3+51&) /0&1*,()5& @27% EF& <% !F"UC!F"B& AF!A% !EB℄ G% 5!*& $% +% 5
:'#NN%,$!;/"*& G%  ! () [% J;G>';& , 5Z/)N(464 8/= 9N818
)(16R8)62/ 2:-8)62>()16
& <G 5(/46/3 ;8/2<81)6
7(4 \6)N 92@87(/)7Z $))8
N(= K7L21(4
(/) IZ(4 ?& /0&1*,()53< '#(&)*#+,& @27% !B& <% UUB! C UUB"& AFFV% !ED℄ -% a% 3"*O'G1*/"*& G% 5!*& '% -% 7"*#14/"*& ;% +% E:#1/("*/"*& [% J;G>'; () W% *% J*%>#"/"*& , `@87L8)6/3 ;8/2<81)6
7( 5(/421 I(463/ :21 Q/)18
(77L781 <G +(84L1(>(/)4 ?&  /: ?#$3&@27% E& <% EBV"CEBYU& AF!!% !VF℄ 9%MH% E:"* () 9%MW% E:"*& , $ 0;Q0$+MT84(= ^L21(4
(/) /8/2)N(1>2>()(1 \6)N 18)62>()16
1(8=2L) ?& /0&1*
#+ /3117$*
#(*3$,& @27% "Y& <% DD"CDDV& AF!!% !V!℄ X% H"*4;& W% &'D# () Q% ?;1G'*(& , 5L381M-(4<2/46@( K7L21(4
(/) ;8/24<N(1(4 ?& '#
)313+&6
7+#) @*3,
*&$
&& @27% B& <% !"VC!EA& AFFB% !VA℄ I% C'*6& -% &1D'G$($& H% 5:1#'1/:1 () W% 71#'1& , OPIQ0HM92/bL38)(= WN(1>21(4<2/46@(92<27Z>(1 84 8 K7L21(4
(/) WN(1>2>()(1 O84(= 2/ 027Z>(1 +6
12@64
246)Z ?& A#$-17*)& @27% AE&<% !U!YVC!U!BA& AFFD% !VU℄ [% H:$!& H% C'*6& c% 7!'*6& [% 0!ID%,:";</& O% I% 5!G"# () '%  '$& , WL/8T7(& d7)18M4(/46)6@( <GM-(4<2/46@( ;8/2<81)6
7(4 W813()6/3 5<(
6_
 `/=2
Z)6
 P138/(77(4 6/ *6@6/3 9(774 ?& $-&.#$!(& /0&1*& 2$(&)$#(*3$#+ 4!*(*3$& @27% EF& <% !CY& AF!!% !V"℄ '% P1*& G% 7!& H% C! () 5% 01!& , WN(1>2M 8/= 763N)M1(3L78)(= ^L21(4
(/
( 1(42/8/
( (/(13Z)18/4:(1 <12
(44(4 \6)N6/ =L877Z 1(4<2/46@( >6
123(74 ?& ;3+51&) /0&1*,()5& @27% A& <% UVUCUY!&AF!!% !VE℄ I% C'*6& W% 01!& '% P1* () 5% 01!& , 5)6>L76M-(4<2/46@( K7L21(4
(/) 027Ze;M642<12<Z78
1Z78>6=(f+6
123(74 *8T(7(= \6)N 0N(/Z7T212/6
 $
6= +26()6(4 84 +L7)6:L/
)62/87 -8)62>()16
 012T(4 :21X7L
24( 8/= W(><(18)L1(4 ?& '#
)313+&
7+&,& AF!!% !VV℄ '% 7!& c% H:'*6& I% C'*6& c% 7!& W% 01!& X% H:'*6 () 5% 01!& , d7)184(/46)6@( 18)62>()16
^L21(4
(/) <G 8/= )(><(18)L1( <12T(4 
2/4)1L
)(= :12> =Z(M78T(7(= )N(1>21(4<2/46@( =2LT7( NZM=12<N676
 T72
g 
2<27Z>(14 ?& 937)$#+ 3< '#(&)*#+, /0&1*,()5& @27% A!& <% !DFUFC!DFUB& AF!!% !VY℄ '% E:"*& K% H"*6& 5% h% C!& '% i% H:'$& i% +% E:"* () h% A$*6& , -(@(146T7( ^L21(4
(/
(>2=L78)62/ )N12L3N (/(13Z )18/4:(1 \6)N $O9 )16T72
g 
2<27Z>(1 >6
(77(4 84 4
8j27=4 ?& /0&1*
#+/3117$*
#(*3$,& <% EEBFCEEBA& AFFB%



 !" #$%&$'()*+,$- !"#℄ %&  !"#' (& $"#% )* +& &'' , -./0*12
*4./ .5 6/)178 91:/05)1 +80*);0 <4*=4/ >:/.04?)@ A.B8;)1C4
)BB)0 :/@ *=)41 (B2.1)0
)/
) C.@2B:*4./ A1.D)1*4)0 E'  !"#$!%& !"#' F.B& !!' D& !GH" I !GJH'KG!G& !"L℄ M& ()*)' N& +),'-.' M& /-)0"' O& +'-.,1
!)' P& (.34'1*.' P& 5.-.0.' C& 5)-.1*. )*M& /!"' , P47=Q-./*1:0* (B2.1)0
)/
) R;:74/7 .5 92;.10 R/ S4F. T04/7 >:/.D:1*4
B)0 .5 N;D=4QD=4B4
 U120=QV4W) -.D.B8;)10 A1.@2
)@ X8 YZCA E' '()"*+(,-"  !"#." /(-"0(+-.1(+2 3,.-.1('F.B& [G' D& "["\I"[\G' KG!!& !\G℄ P& 6'' (& 7'' ]& (")' ^& $!1'' O& 8).#' _& 8).#' Y& P& 91!#41# )* `& Y& (":0-',' , N 0)Q14)0 .5 D.B8 >QaKQ=8@1.b8D1.D8Bc;)*=:
18B:;4@)℄ 
.D.B8;)10 <4*= :/*=1:
)/)Q@)14F)@ d2.1.D=.1)00=.<4/7 :771)7:*4./Q4/@2
)@ );4004./ D1.D)1*4)0 5.1 X4.4;:74/7 E' 4150(+2 16 $12%#"0 7
."(
" $+0-' 9 $12%#"0  !"#.&-0%' F.B& [G' D& #LGI#LL' KG!K& !\!℄ -& ;)::.<"-' `& +& ;-)"0:' N& M& =:>"4' C& &)-3! )* (& ?.@1-' , U4./:/.D1.X)0 *. +*2@8A:1*4
B)Q-)BB R/*)1:
*4./0 E' 4150(+2 16 :+(1&
."(
" +(, :+(1-"
!(121)%' F.B& L' D& HKHLIHKJ['KGGL& !\K℄ Y& A"':' >& 84.B)4' P& 5)::.)-".'' V& 7.#
">' +& ('-.' C& A"
!"-' %& C)
1:.4' %&QV&  1::)* 6& ;.33.:' , >):1 4/51:1)@ B:X)B4/7 .5 AVeN 5.1 .( ;.;1 4;:74/7 .5 /:/.D:1*4
B)0 E' $12%#"0 !"#.&-0%' F.B& H' D& "LJI\GK' KG!K& !\H℄ R& D):0)E' +& =,B"::)EE"-)' 6& F"#)E' U& (
 .'%!.#' %& (&  .::.# )* (& C& A.>,1' , +2D1:Q;.B)
2B:1 +*1:*)74)0 9. -./0*12
* U4.
.;D:*4XB) :/@ A=.*.0<4*
=:XB) (B2.1)0
)/* N00);XB4)0 E'4150(+2 16 -!" '#"0.
+(  !"#.
+2 71
."-%' F.B& !HH' D& #\!I#\L' KG!!& !\J℄ %& +& ?'1' C& +& G:HI.44"- )* %& _& J.#0"-!1<<' , C4
1.);2B04./ D.B8;)14?:*4./ .5 0*81)/) E'4150(+2 16 $12%#"0 7
."(
" $+0- ' 9 $12%#"0  !"#.&-0%' F.B& K\' D& "L!I\!G' !L#L& !\[℄ (& ?1'.#KL' 9& 7
!'43"-' 6& I::.-0' Y& (L.::"3HA"#.':3 )* -& 6.-B"#3' , (B2.1)0
)/
)]2)/
=4/7 2D./ U4/@4/7 .5 -.DD)1 R./0 4/ `8)Q`.D)@ :/@ V47:/@Q-:DD)@ A.B8;)1 >:/.D:1*4
B)0 fN +4;DB) _:8 *. A1.X) *=) `8) N

)004X4B4*8 4/ >:/.Q+4?)@ 9);DB:*)0 E' ',;+(
", <5(
-.1(+2=+-"0.+2&' F.B& !\' D& K\J"IK\["' KGG\& !\"℄ 6& I::.-0 )* -& 6.-B"#3' , -.1)Q0=)BB *8D) @2:BB8 d2.1)0
)/* D.B8;)1 /:/.D:1*4
B)0 5.1 1:*4.;)Q*14
 DPQ0)/04/7 E' 4150(+2 16 $12%#"0 7
."(
" $+0- ' 9 $12%#"0  !"#.&-0%' F.B& J"' D& "KG"I"K!H'KGG#& !\\℄ M& /'.0.!)' M& 7@.-%1'0' 6& I::.-0 )* -& 6.-B"#3' , (Y69Q;)@4:*)@ DPQ1)0D./04F) @2:Bd2.1)0
)/* /:/.D:1*4
B)0 D1)D:1)@ F4: 
B4
W 
=);40*18 E' :+(1&
+2"' F.B& J' D& \K\I\HK' KG!K& !\#℄ Y& (L.::"3HA"#.':3' Y& M.#4'' +& I,)%1#)H?"-@)"- )* -& 6.-B"#3' , C)*:BQ
=)B:*4/7 /:/.QD:1*4
B)0 :0 0)B)
*4F) d2.1)0
)/* 0)/0.1 5.1 -22+ E'  !"#.
+2  1##5(.
+-.1(&' F.B& KG' D& KHJJIKHJ['KGGJ& !\L℄ Y& (L.::"3HA"#.':3' N& 5"-.':3' %&Q%& J.
!1#' Y& U& M.#4'' +& I,)%1#)H?"-@)"- )*-& 6.-B"#3' , (B2.1)0
)/* /:/.D:1*4
B)0 :0 0)B)
*4F) -2aRRc 0)/0.10 E' $!1-1
!"#.
+2 +(, $!1>-1?.121).
+2 7
."(
"&' F.B& [' D& HGGIH!G' KGG"& !#G℄ N& U& F"4
.:E1' P& %& N'' g& V& N'"' M& 51<<,.##' g& 7!"#' C& e& &"::"-' ^& g& D1')* M& A'-.
*' , A=)/:/*=1)/)Q520)@ X.1./Q@4D811.;)*=)/)0 :0 X147=* B./7Q<:F)B)/7*= d2.1.QD=.1)0 E' @0)+(.
 A"--"0&' F.B& !G' D& ![#!I![#J' KGG#& !#!℄ 9& O"!#*"' -& &P-3!' M& 51<<,.##' C& 5P@#"-' T& M.##" )* T& A"4
!H?"#%"-' , 6/
:DQ02B:*4./ .5 P8@1.D=.X4
 `8)0 4/ A.B80*81)/) C4
1.Q :/@ >:/.D:1*4
B)0 F4: +<)BB4/7 A1.
)@21)0 E'4150(+2 16 <2510"&
"(
"' F.B& K!' D& LH\ILJJ' KG!!& !#K℄ N& (1#%'EE)' C& ;-)%1:)' -& 6.-B"#3' Y& 8'@)#1 )* (& (")#.-0)' , V.<QA.<)1QA=.*./ TDQ-./F)104./ 4/ `2:BQ`8)QV.:@)@ A.B8;)1 >:/.D:1*4
B)0 E' ',;+(
", <5(
-.1(+2 =+-"0.+2&' F.B& KK'D& !HLI!JH' KG!K& !#H℄ %& C.BB' 9& O"!#*"' V& ;)4
!"-' -& &Q-3!' C& &133.R.' `& C& +.34
!)#4*)' (& I:K"4'T& A"4
!H?"#%"- )* C& 7
!S<"-:)#%' , 9:17)*)@ V2;4/)0
)/* >):1QR/51:1)@ A.B8;)1Q>:/.D1.X)0 5.1 R/ S4F. R;:74/7 .5 92;.1 P8D.b4: E' '(+2%-.
+2  !"#.&-0%' F.B& #H' D& LGHLILGJ"'KG!!& !#J℄ ^& M.#' %& 9'' O& $!.# )* `& &'' , A1)D:1:*4./ :/@ (B2.1)0
)/
) -=:1:
*)140*4
0 .5 N;4@.Q(2/
*4./:B4?)@ `2:BQ(B2.1)0
)/* C4
1.0D=)1)0 <4*= -.1)h+=)BB +*12
*21) E' =+
01#12"
52+0  !">#.&-0% +(, $!%&.
&' F.B& K!!' D& KHJ\IKH[[' KG!G& !#[℄ S& 51:E.B<":' N& ('4>.#1K>
!' M& 6.#0<"43"-' C& Y& 61-"#E )* S& (.):.#0"-' , A1)D:Q1:*4./ .5 (B2.1)0
)/* -:1X.b8B :/@ N;4/. (2/
*4./:B4?)@ A.B80*81)/) A:1*4
B)0 X8 C4/4);2B04./A.B8;)14?:*4./ :0 C:1W)10 5.1 -)BB0 E' =+
01#12"
52+0  !"#.&-0% +(, $!%&.
&' F.B& KG"' D& KJJGIKJJL' KGG[& !#"℄ %& F.'4"#0' N& ('4>.#1K>
!' C& F.44' A& &.:3!"-' P& 7
!-"E"#,")"-' M& 6.#0<"43"- )*S& (.):.#0"-' , TD*:W) C)
=:/40; .5 ZDD.04*)B8 -=:17)@ (B2.1)0
)/* >:/.D:1*4
B)0 4/ P)V:-)BB0 E' =+
01#12"
52+0 B.1&
."(
"' F.B& #' D& !!H[I!!JH' KGG#& !#\℄ P& ;'-'*.R.' C& ()4'' M& I#01 )* P& +.R.%'
!)' , V47=*Q-./*1.BB)@ Z/QZi +<4*
= .5 :(B2.1)0
)/* >:/.D:1*4
B) E' =+
01#12"
52+0 C+D.,  1##5(.
+-.1(&' F.B& KL' D& [J\I[[!' KGG#& !##℄ P& ?.1' O& $!.1' +& ;'' U& 6) )* C& 6)' , A1)D:1:*4./ .5 : /.F)B D.B8;)14
 d2.1)0
)/* /:/.D:1Q*4
B) E'  1221., E $12%#"0 7
."(
"' F.B& K#G' D& "[HI""G' KGGK&



 !"#!$%&'()!* +,- !"#℄ %&  !"!#' (&$!%!&!'(' )&)!(*! *+ ,&)#+,&-' - ./012*3
*5+ 61/78*2 692+:
/*3 ;5
12<129+:5=672*5* >*2:?9+:?*3 @'  !"#$%& !' (!&)*+# ,
.+$
+ (%#/ 0 1 (!&)*+# 23+*.4/#)' ?1/& AB' <& !ACDE!ACF' GDD"& !#D℄ H& I& ./(&' 6& J& 0/!&1' K& L& 2,' K& .& 3#' )& M&  !- *+ 6& N& 2#' - .9O2:
9+:15 1P Q1?*/61/78*2 Q951<92+:
/*RS93*T ./012*3
*5
* U*31595
* V5*2=7 %2953P*2 J73+*83 95T +W*:2 %059O/*./012*3
*5
* 621<*2+:*3 @'  !"#$%& !' 5%
#!*!&+
"&%# ,
.+$
+ (%#/ 0 1 ("#+ %$6 077&.+6 23+*.48/#)' ?1/& A"' <& G!#EGGB' GD!!& !#!℄ ,& 4&*- *+ )& 5!6!1,
/#' - ):=WR<*2P12895
* X012*3
*5+ <92+:
/*3 <2*<92*T ?:9 8:5:*80/3:15<1/78*2:Y9+:15 @'  !"#$%& !' 2!&&!.6 %$6 9$/+#'%
+ ,
.+$
+' ?1/& G"F' <& B!#EBGB' GDDF& !#G℄ I& 8!9"!' (&  !:#-;' >& Z& <;#"!&&::-&' %& %& =,' U& )>!99(%?@(&!,9% *+ >& .& ABC/(!'- Q*[ Z5RS*9T Q*92R;5P292*T ./0121<W12*3 95T ./012*3
*5+ J*5312 \153+20
+3 @' :#;%$.
 <+//+#4'?1/& !!' <& ]B]"E]BA!' GDD#& !#]℄ %& %& =,' :7/.*.4%/.!$ 6+4 7#!7#.=/=4 =*.44.>+4 6" ?:@9(A +$ 73%4+ 
!$6+$4=+ 7%# *!6"&%/.!$6+ &% $%/"#+ 6+4 4"B4/./"%$/4& %W^3* T1
+129+' VQJ \9
W95' GD!!& !#A℄ )& C,&' ,& 49"*!9 *+ %& _& 4&*;(:(&' - V`<95T:5= +W* T7598:
 8*9302*8*5+ 295=* P12 <1/7R8*2:
 5951<92+:
/* <) 3*53123 @' 23+*.
%& 2!**"$.
%/.!$4' ?1/& AC' <& FGB"EFGCD' GD!!& !#F℄ >& %& )
D,!*(' I& V& 8,99(& *+ %& (& C6!1(;' - \15a0=9+*T 61/78*2RS93*T \W*8:
9/ J*5R3123 @' 23+*.
%& C+>.+D4' ?1/& !DD' <& GF]CEGFCA' GDDD& !#B℄ .& E!F9(' - IT?95
*3 :5 +W* J75+W*3:3 1P Z2=951O1295* 61/78*23 P12 Z<+:
9/' V/*
+215:
' 95TJ*53127 I<</:
9+:153 @' 23+*.
%& C+>.+D4' ?1/& !!D' <& ]#"FEADGG' GD!D& !#C℄ L& E,&1' U& H& G#
F(H *+ J&RH& 8!;F' - V5
9<30/9+:5= _:=W+RV8:++:5= 61/78*23 :5 S/1
b \1<1R/78*2 (:
*//*3 @' <%$;*".#' ?1/& GB' <& CFADECFA]' GD!D& !#"℄ L& E#&' .& 2(' (& 0(#19(;' \& $, *+ >& %& ./#,' - Q*92R;5P292*T ./012*3
*5+ >7*R>1<*T J*8:R
15T0
+:5= 61/78*2 >1+3 @' 02, E%$!' ?1/& F' <& !AB"E!ACF' GD!!& !##℄ ,&RL& 8, *+ S& 3#,' - ./012*3
*5+ \15a0=9+*T 61/7*/*
+21/7+*3 P12 S:1:89=:5= @' 06>%$
+6 F"$
8/.!$%& 5%/+#.%&4' ?1/& G!' <& ]AD"E]AG]' GD!!& GDD℄ (& \& I!#(;' H& G,'(; *+ J& )(
F#&1' - ./012*3
*5+ \15a0=9+*T 61/78*2 Q951<92+:
/*3 O761/78*2:Y9+:15 :5 (:5:*80/3:15 @'  !"#$%& !' /3+ 0*+#.
%$ 23+*.
%& ,!
.+/)' ?1/& !]!' <& !AGBCE!AGC]' GDD#& GD!℄ \& $,' J& H& G!&:(&' c& G-,' H& 2,' (& 0(#19(;' L& E#&' >& U& I,;&/!"' H& >& )
J(#99'H& (& A9:-& *+ >& %& ./#,' - >*3:=5 1P ):=W/7 V8:33:?* 61/78*2 >1+ S:1
15a0=9+*3 P12 ;5 d:?1%0812 %92=*+:5= @' 0$;+D%$6/+ 23+*.+ 9$/+#$%/.!$%& G6./.!$' ?1/& FD' <& ]A]DE]A]A' GD!!& GDG℄ _& 89!K#(*' Q& L,/("' I& T*3 @#(,M *+ d& 8;>!%' - .9+* 1P <1/78*2:
 5951
922:*23 P12 129/ T20=T*/:?*27 @' 2"##+$/ :7.$.!$ .$ 2!&&!.6 %$6 9$/+#'%
+ ,
.+$
+' ?1/& !B' <& GG"EG]C' GD!!& GD]℄ I& 6& U& E-/&:%-&' N& ,& C,
/' J& _& J1 *+ .& .!;,:-' - \W9//*5=*3 P9
:5= 
1//1:T9/ T*/:?*27373+*83 e .218 375+W*3:3 +1 +W* 
/:5:
 @' 2"##+$/ :7.$.!$ .$ 2!&&!.6 %$6 9$/+#'%
+ ,
.+$
+' ?1/& !B'<& !C!E!"!' GD!!& GDA℄ (& C+6!;
' - f_:?:5=f 61/78*23 @' E%/"#+' ?1/& !C"' <& !!B"E!!B#' !#FB& GDF℄ >& N;(:+%!' >& )!;*!;( *+ ,& )!%HO!:+(6:F#' - f_:?:5=f 29T:
9/ <1/78*2:Y9+:15& !& 6133:O:R/:+:*3 95T /:8:+9+:153 @' 5%
#!*!&+
"&+4' ?1/& GC' <& B]"EBAA' !##A& GDB℄ %& A%:, *+ (& 2-:/#*!' - Vg
:*5+ 375+W*3:3 1P +[1 12 80/+: 
18<15*5+ O/1
b 
1<1/78*23 +W210=W/:?:5= 29T:
9/ <1/78*2:Y9+:15 [:+W <1/78*2:
 <W1+1:5:P*2+*23 @' (!&)*+# ?"&&+/.$' ?1/& C' <& !#CEGD]'!#"G& GDC℄ ,& )!%HO!:+(6:F# *+ ,& L!P#:' ,/%/.4/.
%&H I#%6.+$/H ?&!
JH %$6 I#%'/ 2!7!&)*+#4 B) 2!$/#!&8&+6K<.>.$; C%6.
%& (!&)*+#.L%/.!$4' ?1/& !F#& J<2:5=*2 S*2/:5 h )*:T*/O*2=' GDDG& GD"℄ \& H& G!6F(;' I& M& I-:"!& *+ V& G!;%/' - Q*[ 61/78*2 J75+W*3:3 O7 Q:+21`:T* (*T:9+*T_:?:5= U9T:
9/ 61/78*2:Y9+:153 @' 23+*.
%& C+>.+D4' ?1/& !D!' <& ]BB!E]B""' GDD!& GD#℄ ,& )!%HO!:+(6:F# *+ H& Q#!' - I+18 %2953P*2 U9T:
9/ 61/78*2:Y9+:15 @' 23+*.
%& C+>.+D4'?1/& !D!' <& G#G!EG##D' GDD!& G!D℄ M& I& I;!,&(
F(; *+ ,& )!%HO!:+(6:F#' - \15+21//*Th/:?:5= 29T:
9/ <1/78*2:Y9+:15 e .*9+02*3'T*?*/1<8*5+3' 95T <*23<*
+:?*3 @' (#!;#+44 .$ (!&)*+# ,
.+$
+' ?1/& ]G' <& #]E!AB' GDDC& G!!℄ ,&)!%HO!:+(6:F#' - I+18 %2953P*2 U9T:
9/ 61/78*2:Y9+:15 iI%U6j e \022*5+ J+9+03 95T .0+02*6*23<*
+:?*3 @' 5%
#!*!&+
"&+4' GD!G& G!G℄ H& ./#(R!;#' L& ,& ./-&1' .& S;
-9(' H& 5;:%#&!' H& E(RR(;H' %& 6& %& 3(' U& %& I& )!H!?*,&&(' N& .& )(#O:' \& _& )-!*' N& )-!*' V& @#++!;*- *+ J& )&  /!&1' - _:?:5= .2**RU9T:
9/61/78*2:Y9+:15 O7 U*?*23:O/* ITT:+:15R.29=8*5+9+:15 \W9:5 %2953P*2 e %W* UI.% 621
*33 @' 5%8
#!*!&+
"&+4' ?1/& ]!' <& FFF#EFFBG' !##"& G!]℄ k& )!&:R(9*' \& 8#(%:
/' U& G--1(&'--"' \& U& I(
(; *+ k& J& C
/,'(;%' - \/:
b9O/*:5:+:9+123' 81518*23 95T <1/78*23 :5 
15+21//*T 29T:
9/ <1/78*2:Y9+:153 R 9 <213<*
+:?* 
18O:59+:15:5 <1/78*2 3
:*5
* @' (!&)*+# 23+*.4/#)' ?1/& !' <& !FBDE!F#"' GD!D& G!A℄ J& 8(;;#(; *+ 6&  !F-9K,
F*((' - (9
2181/*
0/92 T*3:=5 ?:9 2*?*23:O/* 9TT:+:15RP29=8*5+9+:15
W9:5 +2953P*2 iUI.%jhK95+W9+*3 i(I>;Kj <1/78*2:Y9+:15 @'  !"#$%& !' (!&)*+# ,
.+$
+ (%#/0 1 (!&)*+# 23+*.4/#)' ?1/& A]' <& F]ACEF]#]' GDDF&



 !" #$%&$'()*+,$- !"#℄ %& '&  !"#$( )& *& )& %&( +& '"()( ,& *+,,(-)" -. /& 0& .!(#$( 1 2 345- 6-578.9:- ;4<.- .4=:4
? @4A4:BC-57 8DE F.G-5 *4:BC-57 4H @4CA:-I 25
G9.-
.<5- JB K9L9DM ;8E9
8: *4:BC-59N8.94D O)G- ;2P) *54
-77 Q(  !
#$%$&'
(&')( L4:& R!( A& !ST"U!STV( "WWW& !"X℄ @& /(-#&-01"2"33+4( 3& /56(
4( =&  !(-3&58( 3& K&  ""9&( 3& :-(
!&( )& ;545)((2& <"9"( =& 135=>&-=(#( 2& =& %"2&( Y& =& '
%&(-?( +& '"()( 3& Y& '"#9&+-"( ;& Z&@(#)&-A"#( 3& *& ."#$& -. *& B(#(( 1 3-
G8D97C 8DE ?9D-.9
7 4H E9.G94J-DN48.-[C-E98.-E;2P) A4:BC-59N8.94D& \& )G- 
<55-D. 79.<8.94D Q( *$(#+!& $, -$&.%'# /
0'+
' -!#1 2 3 -$&.%'#45'%0)1#.( L4:& VV( A& #]SWU#]R"( !SSX& !"T℄ Z& Y& 1&))+&( +& '"()( ,& *+,,(-)" -. /& 0& .!(#$( 1 ;2P) 2M-D. Z-79MD 8DE /BD.G-797 Q( !
#$%$&'
(&')( !S"!& !"]℄ 2& ;(C+&- -. 3&[)&  !(--&?-&( 1 ,IA-59C-D.8: ;-^<95-C-D.7 H45 8D ,_
9-D. @4D.54: 4H P5--[;8E9
8: *4:BC-59N8.94D7 L98 .G- ;-L-579J:- 2EE9.94D[P58MC-D.8.94D @G89D )58D7H-5 `;2P)a *54[
-77 Q(  !
#$%$&'
(&!# 6!708 4$%%(+0
!10$+)( L4:& !T( A& X#RUXW!( !SSX& !"W℄ /& /"+AAD( /.+159)' 8' 
$7$&.%9#') : ;&$
) !%750750&') 7!# <$0' 62=> '+ ?%(&)0$+ !@('()' '1!))'%;&!A' )0%(&1!+? & )Gb7- E4
.458.( cD9L-579.d *9-55- -. 3859- @<59-( !S"S& !!S℄ Y&  !+&E(-+( ;& )& 2& '(?()5##&( @& K& '"()( +& '"()( ,& *+,,(-)"( 2& F"A9=( -. /& 0&.!(#$( 1 )G94
85J4DB:.G94 @4CA4<DE7 `/@`ea/[;a 9D P5-- ;8E9
8: *4:BC-59N8.94D f9.G ;-L-5[79J:- 2EE9.94D[P58MC-D.8.94D @G89D )58D7H-5 `;2P) *4:BC-59N8.94Da& ,g-
. 4H .G- 2
.9L8.9DM+54<A e Q(  !
#$%$&'
(&')( L4:& RX( A& !!TRU!!]R( !SSR& !!"℄ ;& )& 2& '(?()5##&( ,& *+,,(-)"( Y&  !+&E(-+( Y& 1-A9+#(( +& '"()( 2& F"A9=( -. /& 0&.!(#$( 1 K9L9DM *4:BC-57 JB .G- c7- 4H )59.G94
85J4D8.-7 87 ;-L-579J:- 2EE9.94D[P58MC-D.8.94D@G89D )58D7H-5 `;2P)a 2M-D.7 O 2=2 )59J:4
? @4A4:BC-57 JB ;8E9
8: *4:BC-59N8.94D 9D )f4/.-A7 Q(  !
#$%$&'
(&')( L4:& RR( A& !VRU!V#( !SSS& !!!℄ %& '&  !"#$( Y& 1-A9+#(( )& *& )& %&( +& '"()( 2& F"A9=(( ,& *+,,(-)" -. /& 0& .!(#$(1 )G94
85J4DB:.G94 @4CA4<DE7  /@`*Ga/[;℄ 9D P5-- ;8E9
8: *4:BC-59N8.94D f9.G ;-L-579J:-2EE9.94D[P58MC-D.8.94D @G89D )58D7H-5 `;2P) *4:BC-59N8.94Da& ;4:- 4H .G- P5--[;8E9
8: K-8[L9DM +54<A `;a Q(  !
#$%$&'
(&')( L4:& RX( A& !!#XU!!T!( !SSR& !!R℄ ,& *+,,(-)"( Y&  !+&E(-+( =& %& '&  !"#$( P& G-
"3&( Y& 1-A9+#(( Y& H&EE&-?( )& *& )& %&(;& )& 2& '(?()5##&( +& P& '&+IA( @& K& '"()( +& '"() -. /& 0& .!(#$( 1 )89:45-E A4:BC-57JB H5-- 58E9
8: A54
-77-7 Q(  !
#$%$&'
(&!# /.%7$)0!( L4:& "VR( A& !W"URST( "WWW& !!V℄ 2&<-&$"-? -. 3& 0& @9&#,&3( 1 @4CA:-I A4:BC-5 85
G9.-
.<5-7 L98 ;2P) A4:BC-59N8.94D O P54CH<DE8C-D.8: A54
-77 .4 -I.-DE9DM .G- 7
4A- <79DM 
:9
? 
G-C97.5B 8DE D8.<5-h7 J<9:E9DM J:4
?7 Q(-#$A#')) 0+ -$&.%'# /
0'+
'( L4:& RT( A& R]U"S#( !S"!& !!#℄ P& @9"EE&36(
!( K& .+6+3&99+( Y& *+&$&- -. =&  !(-3&58( 1 /<5H8
.8D.[P5--( @4D.54::-EiK9L9DM;8E9
8: ,C<:794D *4:BC-59N8.94D 9D =8.
G @4DE9.94D7 c79DM 8 K4f 34:85 3877( /<5H8
-[2
.9L-;-L-579J:- 2EE9.94D[P58MC-D.8.94D @G89D[)58D7H-5 `;2P)a 2M-D. Q(  !
#$%$&'
(&')( L4:& V"(A& T]#SUT]#X( !SS]& !!X℄ ;& )& 2& '(?()5##&( ,& *+,,(-)"( Y&  !+&E(-+( %& '&  !"#$( +& '"() -. /& 0& .!(#$(1 K9L9DM ;8E9
8: *4:BC-59N8.94D f9.G ;-L-579J:- 2EE9.94D[P58MC-D.8.94D @G89D )58D7H-5 `;2P)*4:BC-59N8.94Da c79DM Z9.G94
85J8C8.-7 87 @G89D )58D7H-5 2M-D.7 Q(  !
#$%$&'
(&')( L4:& R!(A& XWTTUXW]S( "WWW& !!T℄ 2& J($(+( '& 1"4()"( Y& '+?(4& -. %&  !5I"( 1 09MG:B K<C9D-7
-D. j8D4A85.9
:-7 O /-:H[277-CJ:B 4H k-::[Z-lD-E =:4
? @4A4:BC-57 JB π − π /.8
?-E =FZ\*% ZB-7 87 FD:B 8 Z59L9DMP45
- Q(  !
#$%$&'
(&')( L4:& V!( A& #VVXU#V#!( !SSW& !!]℄ =& %+( Z& '(I"#+A( *& %+5 -. 3& 2& K+##+4( 1 /BD.G-797 8DE 
G858
.-59N8.94D 4H 8 D8AG.G8:9C9E-[EB- -DE[:8J-:-E 
4A4:BC-5 JB 5-L-579J:- 8EE9.94D[H58MC-D.8.94D 
G89D .58D7H-5 `;2P)a A4:BC-59[N8.94D Q( 4!+!80!+ *$(#+!& $, 45'%0)1#.( L4:& ]W( A& R"TUR!#( !S""& !!W℄ @& %+( %& L!(#$( Y& M5( Y&  !&#$ -. /& %+5( 1 ;-L-579J:- )G5--[/.8.- /f9.
G9DM 4H 3<:.9
4:45P:<45-7
-D
- ,C97794D JB 3<:.9A:- /.9C<:9 34E<:8.-E P;,) *54
-77-7 f9.G9D )G-5C45-7A4D79L-*4:BC-59
 39
-::-7 Q( 2+A'B!+81' 45'%0' C+1'#+!10$+!& D8010$+( L4:& VW( A& #"!SU#"!V( !S"S& !RS℄ +& @5#( j& /& %&&( k& K& J&5=(##( Y& j& ;-&A4"A( Y& Y& @!+&!( ;& =& :"-A!"2 -. '& K&K""3&?( 1 2 H<DE8C-D.8: 9DL-7.9M8.94D 4H 
5477[:9D?9DM -_
9-D
9-7 f9.G9D E97
5-.- D8D47.5<
.<5-7(<79DM .G- 
5477[:9D?-5 87 8 5-A45.9DM C4:-
<:- Q( /$,1  !11'#( L4:& #( A& RV!!URV!W( !SSW& !R"℄ +& @5#( 3& %& /&-&,+#( Y& ;(#( 0& %&&( Y& '(( '& L!(#$( '& K& K""3&? -. /& N
!+3&E5(1 =59MG. m<45-7
-D. D8D4A85.9
:-7 H45 E-L-:4A9DM A4.-D.98: 4A.9
8: 9C8M9DM 
4D.587. 8M-D.7 Q( E!F+$)
!&'( L4:& !( A& #V]U##]( !S"S& !R!℄ +& @5#( 0&  5+( K& %& %+#( j& /& %&&( @& O(#$( k& K& J&5=(##( Y& j& ;-&A4"A( Y& Y& @!+&!(;& =& :"-A!"2 -. '& K&K""3&?( 1 3<:.9
4CA85.C-D. *4:BC-5 j8D47.5<
.<5-7 f9.G ;8.94C-.59
Z<8:[,C97794D A0[/-D79.9L9.B Q( *$(#+!& $, 15' 2%'#0
!+ 45'%0
!& /$
0'1.( L4:& "RR( A& ]#RVU]#VR(!S""& !RR℄ j& /& %&&( +& @5#( K& %& %+#( k& K& J&5=(##( Y& j& ;-&A4"A( 2& 1(-2(( Y& Y& @!+&!( ;& =&:"-A!"2 -. '& K& K""3&?( 1 )<D8J:- E<8:[-C9..9DM 7G-::[
5477:9D?-E D8D4[4Jn-
.7 87 79DM:-[
4CA4D-D. 58.94C-.59
 A0[7-D79DM C8.-598:7 Q( *$(#+!& $,  !1'#0!&) 45'%0)1#.( L4:& !"( A& "V"WRU"V!S!( !S""&



 !"#!$%&'()!* +,- !"#℄ %&  !"#$' (& )& %"#$' *& (&&"#$' +& ,& -& '"()*+ ./ %& 0&&**),(' 1 23/4564
 89.::;
<588:46=.>=6.>.:;:4=. 6365?3</4
:.8 @5< 94A9:B .C
4.6/ A.6. 36> 5:4A56D
:.5/4>. /<368@.
/456 5@ E3EE3:436
.::8 F'  !"#$%&'!$()' G5:& "H' ?& IJKLIMM' !HHI& !"N℄ %&  !"#$' (& %"#$' *& &"#$' *& -.' +&;,& -& '"()*+ ./ %& 0& &**),(' 1 ,/<D
/D<.;3
/4G4/B <.:3;/456894?8 5@ 
3/4564
 89.::;
<588:46=.> =6.>.:;:4=. 6365?3</4
:.8 O ,9.:: 
5E?584/456 36> /<368@.
/456.C
4.6
BP
B/5/5Q4
4/B F'  !"#$%&'!$()' G5:& "R' ?& RKHNLRKR"' !HRH& !"J℄ +&;2& /"#.,) ./ 2& 0.
!*2' *&) ($%&+ ),-%./%!01&) 2 3($4"'$%!"-5 6'"6'!/%/)5 $66!
$%!"-)& S.
 ./T5
 P 03G5484.<' !HHJ& !"M℄ -& U& VW>4/.D<X 3"# 4,+5' 8.&#!)%', $-9 :&
.-"(";, "< 3#1()!"- ="(,#&'!)$%!"-& !HHN& !"K℄ )& '+*#
' U& -.' +& -6' U& -& &.##.5' Y& 0& 7"6) ./ +&;2& 8+"
.,2' 1 ):D5<.8
.6/ ?5:BE.<?3</4
:.8 ZB .ED:8456 36> E464.ED:8456 ?5:BE.<4[3/456 F' >"1'-$( "< ="(,#&' ?
!&-
& =$'% @ A="(,#&' 8.&#!)%',' G5:& #R' ?& MJJLMMK' !HH"& !"I℄ \& S& 9!*.' U& ,& :);<"==,+' ]& T& >6?*) ./ +& ^& 3"#?,+!*@@' 1 _5:BE.<4[3/456 5@ 8/B<.6.E464.ED:84568 F' >"1'-$( "< ="(,#&' ?
!&-
& A ="(,#&' 8.&#!)%', 39!%!"-' G5:& !"' ?& !IM"L!IKM'RIKN& !#H℄ %& -"#?@,=2,+' 1 _5:B<.3
/4568 46 U464.ED:84568 F' B$
'"#"(&
1($' C$6!9 8"##1-!
$%!"-)'G5:& !!' ?& KIJ L I"J' !HHR& !#R℄ )& +& >
!*+5' \& -6*' ^& >A6)?,+=' +& _& B6==6A' -& C622D ./ %& %*#2,#*2' B!-!&#1()!"-="(,#&'!D$%!"-& ,?<46A.< Y.<:46 P (.4>.:Z.<A' !HHN& !#!℄ +& <),AE#' -& `& 9!"?F.
5' +& 4,' U& 4,==' %& 4*+.,' a& b& G*#,=' _& 7+"2*
!HI)' c& J,.;=,)' c& J.2"' b& J*"?' ,& 0,#
K,5 ./ a& )& S& >2,L2*' 1 T.d64/4568 5@ /.<E8 <.:3/46A /5 /9.8/<D
/D<. 36> ?<5
.8846A 5@ 85:8' A.:8' 6./e5<=8' 36> 465<A364
;5<A364
 9BZ<4> E3/.<43:8 Vcf_-2a.
5EE.6>3/4568 !HHMX F' =1'& $-9 @66(!&9 8.&#!)%',' G5:& MI' ?& RKHRLRK!I' !HHM& !#"℄ %& -"#?@,=2,+' g& C,
!2!*)?' )& '."+5= ./ U& <#2*#.,22.' 1 )5<ED:3/456 36> 8/3Z4:4/BE.
93648E8 5@ ?5:BE.<4[3Z:. E464.ED:84568 F' B$
'"#"(&
1(&)' G5:& "!' ?& N!!!LN!!K' RIII& !##℄ %& -"#?@,=2,+' g& C,
!2!*)?' )& '."+5= ./ U& <#2*#.,22.' 1 U464.ED:8456 ?5:BE.<4[3/456e4/9 
3/4564
 36> 6564564
 8D<@3
/36/8 O - G.<B .C
4.6/ D8. 5@ 8D<@3
/36/8 @5< 9./.<5?938. ?5:BE.;<4[3/456 F' B$
'"#"(&
1(&)' G5:& "!' ?& !JMIL!JK"' RIII& !#N℄ 2& ,& 9!,+# ./ S& +& 9!,#' 1 ]h.
/ 5@ i8/e3:> <4?.646A 56 8/B<.6. E464.ED:8456 8/3Z4:4[.>ZB <.3
/4G. 
58D<@3
/36/8 F' 8"(("!9) $-9 ?1'<$
&) @ A =.,)!
"
.&#!
$( $-9 3-;!-&&'!-; @)6&
%)'G5:& R"K' ?& JNLM#' RIIK& !#J℄ -& (& /,A*#? ./ -& ,& -.#?#,+' 1 ]8/4E3/456 5@ 46/.<@3
43:;/.68456 Z./e..6 5<A364
 :4jD4>8 36>e3/.< F' 3-E!'"-#&-%$( ?
!&-
& $-9 :&
.-"(";,' G5:& !M' ?& !"RKL!""R' RII"& !#M℄ +& 0& B,.A,+=' -& (& _& >5,))"#? ./ )& +& >
!*+5' 1 U565E.< ><5?:./ 8/3Z4:4/B 46 .ED:8456;?5:BE.<4[.> :3/.Q.8 F' ="(,#&' C&$
%!"- 3-;!-&&'!-;' G5:& "' ?& !"NL!JH' RIIN& !#K℄ +& B,.A,+= ./ )& +& >
!*+5' 1 a5ZD8/ 6D
:.3/456 46 ?5:BE.<;8/3Z4:4[.> E464.ED:8456 ?5:BE.<4[3;/456 F' >"1'-$( "< @66(!&9 ="(,#&' ?
!&-
&' G5:& NI' ?& RK""LRK#R' RIIJ& !#I℄ _& +& C)(2!,' Y& a& J*++.=*#' %& -& J"2!"6,+' ]& T& >6?*) ./ U& ,& :);<"==,+' 1 _5:BE.<4;[3/456 5@ E464.ED:84568 
56/34646A ?<.>4885:G.> ?5:B8/B<.6. 36> D846A 9.Q3>.
36. 38 
58/3Z4:4[.< F'*$-;#1!'' G5:& RJ' ?& KIKLIH#' !HHH& !NH℄ 2& U& J.)),+' ]& T& >6?*)' 2& -& >.),M. ./ U& ,& :);<"==,+' 1 _5:BE.<4[3/456 5@ U464.ED:84568_<.?3<.> @<5E _5:B8/B<.6. 46 ,/B<.6. ,5:D/4568& R& Y.6
9E3<=8 36> 04E4/8 F' B$
'"#"(&
1(&)'G5:& !K' ?& !MN#L!MJ#' RIIN& !NR℄ +& -& <)?6#
.#' +& %*+
"?" ./ +& U& <=6"' 1 U464.ED:8456 _5:BE.<4[3/456 f846A i4:;,5:DZ:.c64/43/5<8 F' B$
'"#"(&
1(&)' G5:& !M' ?& !!NJL!!JR' RII#& !N!℄ -& J6=("#*H(
!' a& B*==A"#.2!' 2& '*#2=
! ./ %& -"#?@,=2,+' 1 ]h.
/ 5@ 9B><5?94:4

5E565E.< 36> 8D<@3
/36/ /B?. 56 /9. 
5::54>3: 8/3Z4:4/B 36> 84[. >48/<4ZD/456 5@ 
3<Z5QB:; 36>3E465;@D6
/4563:4[.> ?5:B8/B<.6. ?3</4
:.8 ?<.?3<.> ZB E464.ED:8456 ?5:BE.<4[3/456 F' *$-;#1!''G5:& !"' ?& N"JMLN"MJ' !HHM& !N"℄ b& a& C"+?"N,,' 2& 3"#
",(K,,),' +& 2& 4"),(' -& \& -. ./ U& -& &.##.5' 1 ,B6/9.848'
93<3
/.<4[3/456' 36> .6.<AB /<368@.< 8/D>4.8 5@ >B.;:3Z.:.> ?5:BVZD/B: E./93
<B:3/.X :3/.Q ?3</4
:.8?<.?3<.> ZB E464.ED:8456 ?5:BE.<4[3/456 F' ="(,#&'' G5:& #K' ?& NK"ILNK#I' !HHM& !N#℄ a& >"6,+' -& '6+=!"2*H' ,& C")6=
!,H ./ %& -"#?@,=2,+' 1 i6.;_5/ _<5>D
/456 5@ ):D5;<.8
.6/ ,D<@3
.;03Z.:.> _5:BE.<4
 g365?3</4
:.8 G43 U464.ED:8456 _5:BE.<4[3/456 e4/9 Y5>4?B,D<@E.<8 F' B$
'"#"(&
1(&)' G5:& #N' ?& "MKML"MIJ' !HR!& !NN℄ U& 4"#' ]& -,, ./ ]& 7.A' 1 _<.?3<3/456 36> 5?/4
3: ?<5?.</4.8 5@ ?5:B8/B<.6. 6365
3?8D:.8
56/34646A ?95/5
9<5E5?95<.8 F' F6%!
$( B$%&'!$()' G5:& !R' ?& NMILNK"' !HH!& !NJ℄ +& 9!,#' )&  ,#$' ,& &6' +& >6 ./ *& '*#$' 1 _95/5<.G.<84Z:. ):D5<.8
.6/ U5>D:3/456 5@ g365;?3</4
:.8 G43 i6.;,/.? U464.ED:8456 _5:BE.<4[3/456 F' ?#$((' G5:& N' ?& IMHLIMK' !HHI& !NM℄ +& 9!,#' _&  !"#$' b& %"#$' 2& &,#$' +& 46' _& O.' k& O6 ./ k& -.' 1 i6.;?5/ 8B6/9.848 5@3E?94?94:4
 <.G.<84Z:. ?95/58e4/
93Z:. lD5<.8
.6/ 6365?3</4
:.8 36> /9.4< lD5<.8
.6
. E5>D:3/456?<5?.</4.8 F' ="(,#&' 8.&#!)%',' G5:& "' ?& JKNLJI"' !HR!& !NK℄ +& Y& J
-,"+( ./ Y& 7)6AL,+A"#' 1 a-)S E.>43/.> ?5:BE.<483/456 46 9./.<5A.6.5D8 E.>43 F'?"<% B$%%&'' G5:& !' ?& #NLN"' !HHJ&



 !! "#$%#&'()*+#, !"#℄ %&  !""!#$%&'' (& ()*)+) )* +& ,-%./' , -./*0.11)234565/7 8925
91 ;.1<=)05>9*5./ 5/ ?5@AB)0@)2 C<@*)=@ D'  !"#$ %"&$' 6.1& EFG' B& HIJIKHI#J' !FFG& !LF℄ M& N& 0!!' N& +& 0!!' C& O& 1234' %& M& 0!! )* C& 52/!' , C</*P)@5@ .Q 
90R.S<15
 9
52 QT/
A*5./915>)2 /9/.B90*5
1)@ R< 0)6)0@5R1) 9225*5./AQ097=)/*9*5./ 
P95/ *09/@Q)0 U8VWXY =5/5)=T1@5./B.1<=)05>9*5./ .Q @*<0)/) D' '()*#"+' 6.1& JL' B& HLLEKHLLG' !FF"& !LE℄ C& Z& 6#!7
/""' +& N& 9)$$)#'' O& :3;;)#'/ )* 8& [& <3$.!#"' , 8VWX 5/ O=T1@5./ ;.A1<=)05>9*5./ \ ZP9* +9])@ 5* ?5^)0)/* _ D' ,-./+0)102 3(-+20) (4  !"#1./+*' 6.1& ""' B& JE"KJ!J'!FF!& !L!℄ (& Z& 0%/' N& =7)>)$)7 )* W& N& 1
2/#-' , XP).0)*5
91 9@B)
*@ .Q B90*5
1) @`)115/7 5/ 1565/7 Q0))0925
91 =5/5)=T1@5./ B.1<=)05>9*5./ D' 50
+(#()"
-)".' 6.1& HJ' B& ""FEK""FI' !FFE& !LH℄ +& ;& =/&*!' N& %& ?
0!)#@' N& N& A/7$// )* 8& ?& 1)&'!#7/&' , 8VWX B.1<=)05@9*5./ 5/`9*)0AR.0/) .079/5
 25@B)0@5./@ D' 50
+(#()"
-)0+ 7*#8(.10' 6.1& E#H' B& !G#KHFJ' !FFH& !LJ℄ N& 0/37!)%' a& B/!##' N& +& 1%)%' N& %& C*#);' +& W& 0$)%#/ )* -& 0)')>3!#!' , C</*P)@5@9/2 
P909
*)05>9*5./ .Q B.1<U9
0<15
 9
52Y B0.2T
)2 R< 8VWX B.1<=)05>9*5./& VBB15
9*5./ 9@ 9 6)0<)b
5)/* 25@B)0@9/* .Q -9-c ' ]9.15/' 9/2 X5c! D' 50
+(#()"
-)".' 6.1& HL' B& HFLLKHFII' !FFH& !L"℄ -& N& D!#*%7/&' 8& N& E%*2!7' ?& F*%@!&' %& X& X& 62)4' 8& [& <3$.!#"' V& d& 1!#!$37'-& M& 1%
2 )* %& C& E)+-!""' , VR e/5*5. O=T1@5./ ;.1<=)05>9*5./ R< 8VWXA-./*0.11)2 C)1QAV@@)=R1< D' 50
+(#()"
-)".' 6.1& HG' B& !E#EK!!FJ' !FF"& !LL℄ [& C& V&9%""G )* +&?/#.3'!$$3' , +5/5)=T1@5./ 4565/7 W0)) 8925
91 ;.1<=)05>9*5./ R< 8VWX D'50
+(#()"
-)".' 6.1& HJ' B& "GG"K"G#L' !FFE& !LI℄ V& ?& 6!-$)- )* V& 9%""G' , d5/)*5
 =.2)1 .Q 0)6)0@5R1) 9225*5./ Q097=)/*9*5./ 
P95/ *09/@Q)0B.1<=)05>9*5./ .Q @*<0)/) 5/ @))2)2 )=T1@5./ D' 3(-+20) (4 '()*#"+ 7
1"2
" '0+/ , 9 '()*#"+ !"#1./+*' 6.1& JJ' B& LEEJKLEH"' !FFL& !LG℄ N& N& A/7$//' ?& ?& H!"I://7' +& ;& =/&*! )* 8& ?& 1)&'!#7/&' , -./*0.11)2 W0)) 8925
91;.1<=)05>9*5./ 5/ Z9*)0A%.0/) ?5@B)0@5./ f@5/7 8)6)0@5R1) V225*5./AW097=)/*9*5./ -P95/ X09/@AQ)0 D' 50
+(#()"
-)".' 6.1& H"' B& JG#JKJ#F!' !FF!& !L#℄ +& 0)&7)$/"' X& ;& B)>37 )* N& ;& V& E!%"7' , 8VWX =5/5)=T1@5./ B.1<=)05>9*5./ \ e/gT)/
).Q *P) @*0T
*T0) .Q *P) 8VWX 97)/* D' 50
+(#()"
-)".' 6.1& H"' B& I"G!KI"#E' !FF!& !IF℄ V& +& 2.@ 1)&"/7' X& 4& 9#37' -& <#)3$$)"' W& BJK*/7"/ )* +& 0)&7)$/"' , f@) .Q 9;.1<U)*P<1)/) .S52)Y +9
0.8VWX V7)/* 9@ %.*P 9 C*9R515>)0 9/2 9 -./*0.1 V7)/* 5/ C*<0)/);.1<=)05>9*5./ 5/ VhT).T@ ?5@B)0@)2 C<@*)= D' 50
+(#()"
-)".' 6.1& J!' B& #JLK#"L' !FF#& !IE℄ X& 9/%#73!#' e& 52)'%
' N& :3!*!#' W& BJK*/7"/' +& 0)&7)$/" )* %& 52)#$!%L' , -./*0.1A1)2 0925
91 B.1<=)05>9*5./ .Q @*<0)/) 5/ =5/5)=T1@5./ =)259*)2 R< ;OcAR9@)2 *05*P5.
90R./9*)=9
0.=.1)
T190 8VWX 97)/*@ D' '()*#"+  !"#1./+*' 6.1& !' B& H""KHL!' !FEE& !I!℄ N& :3!*!#' W& 1"/MM!$.)
2' -& 9%3' ?& K$)34/' -& N!#/4! )* %& 52)#$!%L' , V=BP5BP515
;.1<U)*P<1)/) .S52)Y +9
0.=.1)
T190 8VWX V7)/* 9@ 9 C*9R515>)0 9/2 -./*0.1 V7)/* 5/ 9R e/5*5.%9*
P O=T1@5./ ;.1<=)05>9*5./ D' 50
+(#()"
-)".' 6.1& JE' B& JFL" JFLG' !FFG& !IH℄ %& X& X& 62)4' ?& F*%@!&' -& N& D!#*%7/&' %& C& E)+-!""' V& d& 1!#!$37 )* -& M& 1%
2', +5/5)=T1@5./ ;.1<=)05>9*5./ C*9R515>)2 R< V=BP5B9*P5
 +9
0. 8VWX V7)/*@ D'50
+(#()"
-)".'6.1& HL' B& G#FIKG#F#' !FFH& !IJ℄ ?& O& <)&!>)' O& 1O#/&*' M& 2) 9#%@&' [& [& H)##' -& M& 1%
2 )* %& C& E)+-!""' , ;90A*5
1) W.0=9*5./ 5/ 9R e/5*5. 8VWX +)259*)2 O=T1@5./ ;.1<=)05>9*5./ C<@*)=@ D' 50
+(#()"
-)".'6.1& JF' B& LEGEKLEG#' !FFI& !I"℄ %& X& X& 62)4' M&  /&')&/7' -& M& 1%
2' [& [& H)## )* %& C& E)+-!""' , +5/5)=T1@5./;.1<=)05>9*5./ `5*P V00)@*)2 c@*`912 85B)/5/7 C*9R515>)2 R< V=BP5BP515
 8VWX -.B.1<=)0@ D'50
+(#()"
-)".' 6.1& JH' B& I#"FKI#"I' !FEF& !IL℄ (& 0%/' i& H)&*' %&A[& 03 )* C&  2%' , X.`902 Z)11A-./*0.11)2 9R e/5*5. 8VWX O=T1@5./ ;.1<A=)05>9*5./ .Q C*<0)/) +)259*)2 R< !AUUU?.2)
<1@T1Q9/<1Y
90R./.*P5.<1Y@T1Q9/<1YB0.B9/.5
 V
52 D'50
+(#()"
-)".' 6.1& JJ' B& !!EK!!#' !FEE& !II℄ W& 0%' (& 0%/ )* %& 03' , V W9
51) 8.T*) *. C</*P)@5>) M57P1< f/5Q.0= a9/.
9B@T1)@ \ f@) .QV=BP5BP515
 ;.1<U9
0<15
 9
52YARAB.1<@*<0)/) 8VWX V7)/*@ *. e/*)0Q9
5911< -./j/) +5/5)=T1@5./;.1<=)05>9*5./ D' 50
+(#()"
-)0+ %081:  (##-21
0/1(2.' 6.1& !G' B& GLGKGIJ' !FFI& !IG℄ X& ,2)#)' X& 1)"/' a& 12343;%' [& 6#!7
2!#' M& 1
2+3&'' c& H!3.!#*' d& ?)#"!& )*M& <#!34' ,
+*)1
 ,
1: 02: ;"+1&0/1&".& Z51)<Ak-M k)0197 [=RM l -.& d[9V' !FFF& !I#℄ V& C& ?3
2)!$7 )* c& ?/#!$/7' , ;.1<)1)
*0.1<*) V2@.0B*5./ R< d9.15/5*) D' <2:-./+10) = >2?1@2""+12?  !"#1./+*' 6.1& JI' B& EGFEKEGF#' E#""& !GF℄ -& 9%#*%3P#!' C& 6)7
%)$' -& 9%3' N&A;& A)3#/&' %& 52)#$!%L' d& V& B)>37' d& ?)"@Q)7I;!+7-3 )* e& 9G"#!43!%L' , %1.
] -.B.1<=)0@ .Q ;.1<U@*<0)/)Y 9/2 ;.1<U9
0<15
 9
52Y .Q k905.T@+.190 +9@@)@' X.B.1.75)@' 9/2 -.=B.@5*5./@ ;0)B90)2 659 -./*0.11)234565/7 8925
91 ;.1<=)05>9A*5./& VBB15
9*5./ 9@ C*9R515>)0@ 5/ O=T1@5./ ;.1<=)05>9*5./ D' 50
+(#()"
-)".' 6.1& HJ' B& JJH#KJJ"F' !FFE& !GE℄ N& N3' 4& N3)' 4& R)& )* ;& 8& 9)&*)$' , Ob
5)/* C</*P)@5@ .Q ;.1<U9
0<15
 9
52Y 5/ VhT).T@C.1T*5./ 659 9 8VWX ;0.
)@@ D' 3(-+20) (4 50
+(#()"
-)0+ 7
1"2
"A '0+/ ,' 6.1& JI' B& JJ"KJ"E'!FEF&



 !"#!$%&'()!* +,- !"!℄ $%  !"#"$& '% %&'"$(!)'"$& (% *+!& )% ,'-.."/01
3 *+ ,% 431$/"+5& - ./012
+24+5)0**(64+0677*89:;<;4= >28;
27 ?@/7A;64 B(6CD67E@*0;F2+;64 61 45,/+E7 G
0E72+* 248 H*+IE7 H*+I25
0E72+* <;2 >G)J KA;4= G@DI;DI;7;
 L67EB*+IE7*4* 6M;8*C5,2A*8 J0;+I;6
20N642+* (I2;4 J024A1*0G=*4+A O& !PPQ% !"R℄ S% 4316+
& H% 71)&1/-'& )% 89:#-&'- *+ ,% 431$/"+5& - >G)J L67E@*0;F2+;64 61 H*+I2
0E7;
G
;8 ;4 T2+*0 O&  !
#$%$&'
(&')& <67% UV& D% W!UWXW!UY& !PW!% !"U℄ G% H% ;1'3+$& ,% 8$"&
3"$& G% ,% ,
$1)'-) *+ $% </!"$& - L67E@*0;
 *@/7A;Z*0A N2A*8 640*<*0A;N7* 160@2+;64 61 IE806DI6N;
 /4;+A O& *!+(#'& <67% RQ!& D% R[YXRYP& WQQ"% !"V℄ .% *-!&&=& $%  !"#"$& \% *"/1/& G% 8!>4!

-& L% *"1+)!"$& H%5]% 7! *+ ,% 431$/"+5& - G@5DI;DI;7;
 N76
^ 
6D67E@*0 42465ZN*0A <;2 >G)J5@*8;2+*8 D67E@*0;F2+;64 ;4 2_/*6/A 8;AD*0A*8AEA+*@ O& ,-'%.
!& ,$%%(/.
!+.$/)& <67% U[& D% WQVPXWQV!& !PWP% !"[℄ `% ?31)#& .% *-!&&=& T% ?31)#& L% *"1+)!"$& )% 89:#-&'-& $%  !"#"$ *+ ,% 431$/"+5&- T*775a*Z4*8 G@DI;DI;7;
 ,76
^ (6D67E@*0A 248 b24656Nc*
+A )60@*8 ;4 .;+/ <;2 >G)J5H*8;2+*8 G_/*6/A ?@/7A;64 L67E@*0;F2+;64 O&  !
#$%$&'
(&')& <67% UU& D% UWUQXUWV"& !PWW% !"Y℄ `% @+- *+ H% *1//1+..& - .D2+;27 a;@*4A;64A 61 (6776;827 L67E*7*
+067E+* ,0/AI*A GA a*+*0@;4*8NE aE42@;
 :;=I+ .
2++*0;4= O& 0!/1%(.#& <67% W[& D% "YWQX"Y![& !PPP% !""℄ .% *-!&&"& $%  !"#"$& '% A"B0-+-)#& L% *"1+)!"$ *+ ,% 431$/"+5 !"Q℄ (%@$1C-)& $% !"#"$& >%;=1//"'> ")1+/'& '%4/1D!"$ *+ ,%431$/"+5& - d4*5L6+ .E4+I*A;A61 L*=E72+*8 )7/60*A
*4+ b246D20+;
7*A NE >G)J H;4;*@/7A;64 L67E@*0;F2+;64 KA;4= 2 LI2A*S4<*0A;64 L06
*AA O&  !
#$%$&'
(&!# 2!3.4 ,$%%(/.
!+.$/)& <67% R!& D% [QQXYPV& !PWW% !QP℄ H% E/D1$"C& G% 4-&'"/1& S% @1$
F1>;-$")-& )% :B1'>@+"$$!& H% 7!$1&& >% ,1&'$"& )% :%:$0"/-1& $% ,% A$!"'- *+ S% :% :$0"/-1& - LI6+6DIEA;
27 248 72A*0 *@;AA;64 A+/8;*A 61 "5D67EDI*4E7*4*5A/NA+;+/+*8 ,daSLe 8E*A ;4 7;_/;8 A67/+;64 248 ;4 A67;8 D67E@*0;
 @2+0;
*A O& 5-$6+$
-'%.
!& 7 5-$+$8.$&$1.
!& 9
.'/
')& <67% Y& D% "P!X"WR& !PP"% !QW℄ H% b% *"$0"$1)>,1)'-&& ?% b% *-6+)-D *+ ,% G1/"+$& - H2+I*@2+;
27 1/4
+;64A 160 +I* 24257EA;A 61 7/@;4*A
*4
* 8*
2EA f;+I /48*07E;4= 8;A+0;N/+;64A W% \6I702/A
I 8*
2E 1/4
+;64 BA+0*+
I*8*MD64*4+;27C O& ,-'%.
!& 5-:).
)& <67% RWV& D% WYWXW"!& !PPV% !Q!℄ H% b% *"$0"$1)>,1)'-& *+ ,% G1/"+$& - :/@;4*A
*4
* a*
2EA f;+I K48*07E;4= a;A+0;N/+;64A61 >2+* (64A+24+A g '*4*027 L06D*0+;*A 248 2427EA;A f;+I @2+I*@2+;
27 1/4
+;64A O& ;$(#/!& $<0(%./')
'/
'& <67% W![& D% ![RX!Y!& !PPY% !QR℄ >% <-3/$1+&
3& - JI*60;* 8*A *7*^+0;A
I*4 >h
^A+248*A ;4 8*0 :*;84*0 )72A
I* O& =//!&'/ 4'#5-:).> (/4 ,-'%.' ?5$11'/4$#@A& <67% QW& D% WYQX!WR& W"VU% !QU℄ H% *"$0"$1)>,1)'-&& ?% b% *-6+)-D *+ ,% G1/"+$& - ];A+60E 61 +I* \6I702/A
I BA+0*+
I*8*MD64*4+;27C 1/4
+;64 g L;64**0;4= f60^ ;4 7/@;4*A
*4
* O& =//!&'/ 4'# 5-:).>& <67% WY& D% U[PXU[W&!PP"% !QV℄ G% :% H-)#& $% H% I1$$!& *+ a% ,% ;1$&31//& - H*2A/0*@*4+A 61 *4*0=E 8;AD*0A;64 2+ 7;_/;8A67;8 ;4+*012
*A 5 i/60*A
*4
* _/*4
I;4= 61 DE0*4* N6/48 +6 1/@*8 A;7;
2 O& ,!/!4.!/ ;$(#/!& $<5-:).
)& <67% ["& D% WP!YXWPRU& WQQP% !Q[℄ % A"J
1)& - )7/60*A
*4
* 7;1*+;@* 8;A+0;N/+;64A g GDD7;
2+;64A +6 I;=I 248 76f <;A
6A;+E @*8;2 ;4D67E@*0 N7*4857;^* D20+;
7*A O& B(#$3'!/ 5$&:%'# ;$(#/!&& <67% R!& D% WWYXW!U& WQQ[% !QY℄ $% 7""& $% 7""& H% 7""& \% $% ,% 7"" *+ a% .% <-& - .
244;4= 
6416
27 i/60*A
*4
* @;
06A
6DE 61A;4=7* abG5?+,0 
6@D7*M*A 8;AD*0A*8 ;4 D67E@*0 O& ,-'%.
!& 5-:).
) 0'++'#)& <67% RQU& D% UQXVR&!PPU% !Q"℄ >% ;"'!D!"$& S% 7"$1K& $%5L% 7"."D$"& H%  -K>:+0"$#"$& b% ?1)!"$>,CK6/-(&J! *+ ,% G1>/"+$& - (I202
+*0;F2+;64 61 27/@;42 A/012
*A NE i/60*A
*4
* AD*
+06A
6DE L20+ !% LI6+6DIEA;
A61 2 N6/48 DE0*4* 8*0;<2+;<* 2A 2 D06N* 61 +I* AD2+;27 8;A+0;N/+;64 61 0*2
+;<* IE806ME7 =06/DA O&5-:).
!& ,-'%.)+#: ,-'%.
!& 5-:).
)& <67% V& D% YV"XY[[& !PPR% !QQ℄ b% L"/-$C10!3!& L% L$-!B-(!
C& $% (% I1/"K& '% >% *1$61M""& ,% 7!& ?% *-D"$-& )% (%$% H% <24 G"##"/ *+ H% G% H!))!J& - a*+*0@;42+;64 61 +I* )j0A+*0 a;A+24
* ;4 L67E@*0 );7@A NE)7/60*A
*4
* a*
2E 160 a6460 aE*A f;+I 2 b64*MD64*4+;27 a*
2E L06Z7* O& C-' ;$(#/!& $< 5-:).
!&,-'%.)+#: D& <67% WWR& D% !![!X!!Y!& !PPQ% RPP℄ \% N1J1&3!B1& $% 8+31B"/ *+ H% G% H!))!J& - LI6+6DIEA;
27 D06
*AA*A 64 2 72+*M A/012
* g*7*
+064;
 *4*0=E +024A1*0 106@ 0I682@;4* 8E*A +6 @272
I;+* =0**4 O& C-' ;$(#/!& $< 5-:).
!&,-'%.)+#:& <67% QY& D% WPYP!XWPYPY& WQQR% RPW℄ ,% G1/"+$&  $&'
(&!# 0(%./')
'/
' 93'
+#$)
$3:E  '+-$4) !/4 =33&.
!+.$/)E 5!#+ F& 
I2D% )7/650*A
*4+ L06N*A 160 ?<27/2+;64 61 :6
27 LIEA;
27 248 .+0/
+/027 L202@*+*0A% $6I4 T;7*E k .64A&WQQR% RP!℄ $% *$1)6$+O& ?% ]% PBB"$#+'& ?% G% @$+/J"& G% :0" *+ a% >% */-
3& 5$&:%'# G!/48$$>%$6I4 T;7*E *+ .64A& S4
 g b*f5e60^& WQQQ% RPR℄ $% l% .% L"$)1)6-& G% b% 8* 41&'$- 41$/-&& ]% a% Q-3)& \% a% N1'1&&1& $% G% ;1$
 *+b% :J!$1& - .+248208 >*1*0*4
* a2+2 160 +I* l;A
6A;+E 61 J67/*4* O& ;$(#/!& $< 5-:).
!& !/4,-'%.
!& 2'<'#'/
' H!+!& <67% RV& D% WX"& !PP[% RPU℄ $% ;
I;I-$!)1J1& H%;1$+'1& .% P'- *+ H%R1B1B-'-& - :6
27 H6+;64 61 d7;=65 248 L67EA+E0*4*(I2;4 ?48 .+/8;*8 NE +I* )7/60*A
*4
* a*D6720;F2+;64 H*+I68 O& !
#$%$&'
(&')& <67% R!& D% WWRUXWWRQ& WQQQ%



 !" #$%&$'()*+,$- !"#℄ %&  !"#$!"
&' (& '()*!+,!#' %& -./0 )* +& 1.22#!"#' , -./01*02)3) 403567
1 73 47/9*) 1.:/9*7.3 ; 5 <92*=)2 73>)1*7?5*7.3 @0 )/)
*2.3 1A73 2)1.353
)& %.6A5271.3 B7*= .*=)2 *)
=37C9)1 D' !
#$%$&'
(&')' >./& EF' A& EEEGHEEI#' EGJE& !"K℄ L& 3&(24' M& 5#2' M& 6"(.' N& 7)' M& '") )* O& 8"(2' , P9/Q0 F:*27*0/A=)30/)*=030/ 19@1*7:*9*)4 @.25475R57345
)3) ; A92) 2)4 )67117.3' 2)/5*7>)/0 /52?) S*.Q)1 1=7<* 534 73=7@7*7.3 .< 1)/<:C9)3
=73? D' *+'%,
!& *$%%(-,
!.,$-)' A& FTTTHFTTG' I""J& !"T℄ U& ')' V& 5(24' +& 9("' W& '"' M& :#24' O& 6"(.' N& '(" )* W& ;&#2' , X9373? *=) S./74:S*5*)+9673)1
)3
) .< PYLZ-M L)27>5*7>)1 B7*= P9/Q0 [20/17/0/ N2.9A1 ; S03*=)171 534 SA)
*2.1
.A7
-2.A)2*7)1 D' *+'%,).#/ 0 1 2(#$3'!- 4$(#-!&' E"&E""I\
=)6&I"EI""EKG& !"J℄ M& <)=.,(' ]& >#&(!(' ^&  )2(="?"' _& @="&(!( )* _& 1(,A)"' , S*25*)?0 <.2 *=) 73
2)5173?*=) 1./74:1*5*) `9.2)1
)3
) 73*)317*0 .< A022.6)*=)3):P( 
.6A/)a)1 D' 5'.#!+'6#$- 7'..'#)' >./& #E'A& KEG#HKEGJ' I"E"& !"G℄ b& 3"#AA#0' N& >0!"
& )* [& B(!!"C(2' , X=) 
=)671*20 .< P.47A0 ; [ 3)B c/ L.254. <.2`9.2)1
)3
) *../1 D' 8'9 4$(#-!& $: *+'%,).#/' >./& !E' A& FGKH#"E' I""T& !E"℄ X& DE$#C"!' S& F,"04(2' Z& <),)?' +& X& 7"0$"!"C' [& G)0#?' _& H(I"2$"! )* c& d& F?J?(I(' , S./74:S*5*) c67117>) PYLZ-M L0)1 B7*= P9/Q0 S9@1*7*9)3*1 [1 SA5
)21 D' ;#<!-,
 7'..'#)'>./& EE' A& IE"#HIE"T' I""G& !EE℄ [& H)!4&(!,' U& <"C' _& P& 5#0
&' +& U& G&.!#A#2' ]& K#"=#2A*"#A' ^& H)!4#AA' (& H#!4JA,!LC )* +& P&:[& M.&(2AA.2' , !'#:L7520/:F'F:47`9.2.:F:@.25:!5'F5:475R5:1:7345
)3) ePYLZ-MfL0)1 ; S03*=)171' SA)
*2.1
.A7
' c/)
*2.
=)67
5/' 534 S*29
*925/ -2.A)2*7)1 D' 5+' 4$(#-!& $: ;#0<!-,
 *+'%,).#/' >./& KF' A& TJE!HTJEG' EGGG& !EI℄ [& P& 3(",A#N' b& 1O(00#,JK#2()0,' c& M& ;
&C"$,' [& Z& 1"?&(0#N(' S& H($!O' %& :)C(A'[& _& P(A"0Q,A.N' g& h& 3.!"2( )* b& P& R(2A)' , S03*=)171 .< I:6)17*0/:!:6)*=0/A022./) >75*=) X2.i6.> 2)5
*7.3 <.2 5 3)B PYLZ-M B7*= =734)2)4 73*)235/ 2.*5*7.3 D' 5'.#!+'6#$-' >./& KE'A& IKJ!HIKJJ' I""#& !E!℄ S& H($!O' h& 1.22"#!' b& 1O(00#,JK#2()0,' %& :)C(AJP#!$#A' c& M& ;
&C"$,' [& Z& 1"J?&(0#N(' N& '()!#2,' N& '#N"' [& S=(2#E' P& [& G!.T"C.N )* b& P& R(2A)' , (/9.2)1
)3
) .<6./)
9/52 67
2.: 534 353.
201*5/1 A2)A52)4 B7*= P.47A0 4)27>5*7>)1 D' 4$(#-!& $: =+$.$
+'%,).#/!-6 =+$.$>,$&$</ 1 ? *+'%,).#/' >./& EJ!' A& I!JHIFK' I""K& !EF℄ X& X& P)' S& H($!O' %& :)C(AJP#!$#A' ]&:]& P(
&.2' %& M)0"#2' -& F)$#=#!,' c& M& ;#2.J,!)A.N(' c& M& ;
&C"$,' P& [& G!.T"C.N' b& P& R(2A)' N& U0(N"#! )* b& 1O(00#,JK#2()0,', g)B U734)2)4 PYLZ-M L)27>5*7>)1 ; S./9*7.3 534 [6.2A=.91 S*5*) (/9.2)1
)3
) -2.A)2*7)1 D'5+' 4$(#-!& $: =+/),
!& *+'%,).#/ *' >./& EE!' A& EEJFFHEEJ##' I""G& !E#℄ c& M& ;
&C"$,' P& [& G!.T"C.N' [& Z& 1"?&(0#N(' g& h& 3.!"2(' g& Z& R!.,E)?' ^& P& R#,!)JA&#2?.' Z& [& >A&(?.N' _& M& :N.!?.' b& 1O(00#,JK#2()0,' N& U0(N"#!' X&:X& P)' U& X& X&G!(2 )* b& R(2A)' , S03*=)171 534 YA*7
5/ -2.A)2*7)1 .< I:eP)3R. @℄*=7.A=)3):!:0/fA022./)1 5345 g)B PYLZ-M (/9.2.A=.2) ePYLZ-M ; F'F:L7`9.2.:F:@.25:!5'F5:475R5:1:7345
)3)f D' *+'%,).#/0 1 2(#$3'!- 4$(#-!&' >./& E#' A& #JI!H#J!"' I""G& !EK℄ b& 1#(00#,JK#2()0,' N& U0(N"#!' %& :)C(AJP#!$#A' S& H($!#' c& ;&C"$,' [& 1"?&(0#N('%& '(!*#2,' b& R(2A)' -& F)$#=#!, )* P& G!.T"C.N' , g.>)/ PYLZ-M A2)A525*7.31 <2.6 1*)27:
5//0 =734)2)4 A022./)1& S03*=)171 534 A=.*.A=017
5/ @)=5>7.2 73 1./9*7.3' A./01*02)3) 353.A52*7
/)1'534 1./74 A=51) D' @()),!- 4$(#-!& $: A'-'#!& *+'%,).#/' >./& TJ' A& IIFTHII#K' I""J& !ET℄ ]& H"4.,' _& H!"(' S& X& U(0$V#00' (& U(E()W' [& U..*#!' P&U&(!0#)W' N& U..?#' P&  ",EJ*(,!"
?' L&  .)!2"#!' ]& 'IA?(V(' _& -),0#I' (& ;,.TT#0=(
& )* -& 5."A#0' , +%SX ;5 A.B)2<9/ *../ *. 
.3*2./ 
.6A/)a5*7.3 @)*B))3 5 475/Q.a035A=*=5/)3):<93
*7.35/71)4 A./0eg:71.A2.A0/5
20/5674)f 534 %P-VXFj 73 B5*)2 D' *+'%,
!& *$%%(-,
!.,$-)' I""G& !EJ℄ ]& 3&)' L& 3&.)' O& 3&) )* N& U&#2' , b)>)217@/) 5447*7.3:<25?6)3*5*7.3 
=573 *2531<)2 A./0:6)27R5*7.3 .< ?/0
740/ 6)*=5
20/5*) B7*= I:
053.A2.A:I:0/ E:47*=7.35A=*=5/5*) 51 5 
=573:*2531<)25?)3* D' 4$(#-!& $: =$&/%'# B
,'-
' =!#. 1 ? =$&/%'# *+'%,).#/' >./& FI' A& I##JHI#K#' I""F& !EG℄ ]& 1)!,(4&' L& Y&  !"C(22AA.2 )* L& (& DQ;&#(' , [R74) %.3k9?5*5@/) 534 AU b)1A.317>)g)52:Z3<252)4 (/9.2)1
)3* Z65?73? -2.@)1 D' ;#<!-,
 7'..'#)' >./& EE' A& #!JKH#!JG' I""G& !I"℄ _& L& P& :#A("' P& S& b& K#$$I' b& F!A&($I )* _& U& 9#.!4#' , %.A./06)27R5*7.3 .<I:
52@.a0A=)30/ 5
20/5*) B7*= 1*02)3) 534 g:>730/:I:A022./74.3) ; b)5
*7>7*0 25*7.1' 6./)
9/52B)7?=*1 534 E!% g_b 1A)
*25 D' =$&/%'#' >./& IT' A& GKHE""' EGJK& !IE℄ N& K.2
)

"' L& :#"' (& 9")2,"2"' N& U&","' L& -"A,!"' +&  (2,#,,"' h& R(A
&#,,( )* [& U.
J
&"' , _)1.:19@1*7*9)4 A.2A=02731 D' C;DEFFGDFHIIJF' I""F& !II℄ (& b& 1(I. )* (& _& '#V"A' , %.A./06)27R5*7.3& Z& [ P5171 <.2 %.6A5273? *=) P)=5>7.2 .<_.3.6)21 73 %.A./06)27R5*7.3 l X=) %.A./06)27R5*7.3 .< S*02)3) 534 _)*=0/ _)*=5
20/5*) D'4$(#-!& $: .+' 1%'#,
!- *+'%,
!& B$
,'./' >./& KK' A& E#GFHEK"E' EGFF& !I!℄ _&  "2#C(2 )* S& L& K.AA' , +73)52 6)*=.4 <.2 4)*)267373? 6.3.6)2 2)5
*7>7*0 25*7.1 73 
.A.:/06)27R5*7.3 D' 4$(#-!& $: =$&/%'# B
,'-
'' >./& #' A& I#GHIKI' EG#"& !IF℄ X& <#0#2 )* (& GX$LA' , [35/0171 .< *=) +73)52 _)*=.41 <.2 L)*)267373? %.A./06)27R5*7.3 b)5
:*7>7*0 b5*7.1& Z& [ g)B Z6A2.>)4 +73)52 N25A=7
 _)*=.4 D' 4$(#-!& $:  !
#$%$&'
(&!# B
,'-
' ?=!#. 1 0 *+'%,).#/' >./& G' A& EHIT' EGT#&



 !"#!$%&'()!* +,- !"#℄ %& '&  !"( %& #"$%!&$!'( %& )& (!)*% *+ '& ,& +,-%( - ,*.*/0+1234 5*+672 899.:*2 +7 +6*8/8.;4:4 7< 6:=60
7/?*@4:7/ 
797.;5*@:A8+:7/ 28+8 B(  !"#$%& !' (!&)*+# ,
.+$
+ / (!&)*+# 0+11+#234.1.!$( ?7.& CD( 9& #C!E#CF( CGHF& !"F℄ I& .!!
01( - J /7?*. 5*+672 7< 2*+*@5:/8+:7/ 7< @*8
+:?:+; @8+:74 :/ K:/8@; 8/2 +*@/8@; 
797.;05*@:A8+:7/4 B( 5.+ 6%7#!*!&+7"&%#+ 89+*.+( ?7.& CFC( 9& CFCECH"( CGH"& !"H℄ L& 2!$3( M& 4*"( N& 45 *+ %& 67*( - JK O/:+:7 N8+
6 P5Q.4:7/ RJST '7.;5*@:A8+:7/ 7< %+;@*/*U*2:8+*2 K; '7.;V8
@;.:
 8
:20K04+;@*/*W T@:+6:7
8@K7/8+* B( 6%
#!*!&+
"&+2( ?7.& D"( 9& FDCD EFD"C( "XXG& !"Y℄ N& 4-11!%8 *+ U& 9!%5
( - Z:+@7[:2*0U*2:8+*2 %;/+6*4:4 7< '7.;V97.;V*+6;.*/* =.;
7.W 8
@;.8+*WV''P\JW ]75K0):^* _75797.;5*@4 8/2 N.7
^ ]797.;5*@4 B( 6%
#!*!&+
"&+2( ?7.& DC( 9& HYHXEHYYX( "XXY& !"G℄ U& 9-%&"3:*( J& 4!1
7-;10,( ,& <0%!=!$5! *+ ]& 25-:!$8( - Z*` a8+*@ %7.QK.* J=*/+4<7@ R*?*@4:K.* J22:+:7/0S@8=5*/+8+:7/ ]68:/ T@8/4<*@ '7.;5*@:A8+:7/ 8/2 T6*:@ J99.:
8+:7/ :/JbQ*7Q4 %7.Q+:7/4 B( 6%
#!*!&+
"&+2( ?7.& !Y( 9& !FXCE!FCD( "XX#& !!X℄ O& >7!8*
( a& c& 67!$3( c&  5-3-%( U& 4!$1!:"&( S& ?@A3"1&" *+ N& >7!%:-*B( - J596:096:.:
 N.7
^ ]797.;5*@4 <@75 8 d:@*
+ 8/2 e/*097+ RJST %;/+6*4:4 :/ a8+*@ B( 6%
#!*!&+
"&%#:%;.4 8!**"$.
%1.!$2( ?7.& !"( 9& C"HXEC"HF( "XCC& !!C℄ a& 67!$3( S& ?@A3"1&"( e& C",%"$( c&  5-3-% *+ N& >7!%:-*B( - e/*0'7+ %;/+6*4:4 7<'7.;V5*+68
@;.:
 8
:20
7097.;V*+6;.*/* 7[:2*W 5*+6;. *+6*@ 5*+68
@;.8+*W0K097.;4+;@*/* J596:096:.:
 N.7
^ ]797.;5*@4 8/2 T6*:@ %*.<0J44*5K.:*4 :/ a8+*@ ?:8 RJST0U*2:8+*2 R82:
8. P5Q.4:7/'7.;5*@:A8+:7/& J ,:/*+:
 %+Q2; B( 6%
#!*!&+
"&+2( ?7.& DD( 9& H#YDEH#G!( "XCC& !!"℄ a& 67!$3( S& ?@A3"1&"( e& C",%"$( c&  5-3-% *+ N& >7!%:-*B( - T7`8@2 8 N*++*@ f/2*@40+8/2:/= 7< +6* '8@85*+*@4 +68+ )*82 +7 +6* S7@58+:7/ 7< Z7/496*@:
8. '7.;4+;@*/* '8@+:
.*4 ?:8RJST0U*2:8+*2 e/*0'7+ JbQ*7Q4 P5Q.4:7/ '7.;5*@:A8+:7/ B( 6%
#!*!&+
"&+2( ?7.& D#( 9& DXH#EDXYD( "XC"& !!!℄ P& (7"*1!0"*$( c&0S& D"7, *+ R& .E%�'-( - %*.<08447
:8+:7/ 7< 27QK.*06;2@796:.:
 
797.;5*@47< 8
@;.:
 8
:2 8/2 97.;V*+6;.*/* 7[:2*W 58
@757/75*@ B( (!&)*+#( ?7.& D#( 9& Y!X!EY!CX( "XXD& !!D℄ %& \& G!$3( L& S& G*( )& 2!$3( M& S& H*( c& L& 67-$3( c& T& I*( R& U& I& J"%$ *+ %& g& d&>7-$3( - _;2@7=*/0N7/2:/=0d@:?*/ ]759.*[8+:7/ 7< '7.;4+;@*/*0K.7
^097.;V*+6;.*/* 7[:2*W U:0
*..*4 `:+6 '7.;V8
@;.:
 8
:2W B( 6%
#!*!&+
"&+2( ?7.& D!( 9& !XCYE!X"F( "XCX& !!#℄ %& P& ?*$$( J& C%5$8:-,( %& %& ?!K51( U& ]& ?!K5-1 *+ )& +::*'( - '7.;4+;@*/*0'7.; VP+6;.*/*\.;
7.W V'%0'P\"XXXW '8@+:
.*4 84 U72*. %;4+*54 <7@ %:+* %9*
:h
 d@Q= d*.:?*@;& "& T6* Pi*
+ 7<'P\ %Q@<8
* d*/4:+; 7/ +6* .$ <.1#! ]*.. O/+*@8
+:7/ 8/2 .$ <.=! N:72:4+@:KQ+:7/ B( (9%#*%
+"1.
%&:+2+%#
9( ?7.& CC( 9& CXCFECX""( CGGD& !!F℄ R& D%-L( U& 4M
0( '& N*-::-
( U& 9!%
7!$8( P& ?-::!
7-%5-( %& J!%$51
7( T& C:*$0*+ R& _& 9M::-%( - j%+*8.+6j 
7@7/80
7@* /8/798@+:
.*4 4Q@<8
* 572:h*2 K; 97.;*+6;.*/* =.;
7.V'P\W k :/lQ*/
*4 7< +6* 
7@7/8 V'P\ 
68:/ .*/=+6 8/2 4Q@<8
* 2*/4:+;W 8/2 7< +6* 
7@* 
75974:+:7/7/ 968=7
;+:
 Q9+8^* 8/2 9.8458 9@7+*:/ 8247@9+:7/ B( 8!&&!.42 %$4 ,"#'%
+2 > / >.!.$1+#'%
+2(?7.& CY( 9& !XCE!C!( "XXX& !!H℄ a& N5$( T&  "7!$8( a& ?-7!-$( c& Z& >:5LL"%8( ,& ?%5-1-$( d& C-:O"$$-( N& I& AK-%=-0-(U& I& 2*@ A*;-%!-% *+ Z& C"-$1( - N7@7/ d:9;@@75*+6*/* J/8.7=4 `:+6 '6*/;.( %+;@;.( 8/2P+6;/;.96*/;. %QK4+:+Q*/+4 k %;/+6*4:4( '67+796;4:
4( P.*
+@7
6*5:4+@;( 8/2 mQ8/+Q50]6*5:
8.]8.
Q.8+:7/4 B( ?9+  !"#$%& !' (9)2.
%& 89+*.21#) @( ?7.& CCC( 9& Y#YYEY#GH( "XXH& !!Y℄ \& P5K-1( ]& D5!$1!$&-( R& C"L5$3-%( \&  !LL,( J& d& D*-%Q"( N& (!*LL'!$$( '& C!&!&(\& ."$*1!*10!1 *+ Z& d& 9
>:-$!37!$( - S8
:.* <Q/
+:7/8.:A8+:7/ 7< 8 <Q..; lQ7@*4
*/+ 9*@lQ70@796*/;. NedO'M k 967+74+8K.* +6:7. 8/2 85:/* 
7/nQ=8+*4 B( 89+*.
%& 8!**"$.
%1.!$2( ?7.& DH(9& CXD"#ECXD"H( "XCC& !!G℄ N& '& 25&&'-%17!*1( c& c& <05=5
05( c& N& 9
4!LL-%&,( M&0g& 67!$3 *+ %& <;!$( - %9*
+@8.'@79*@+:*4 7< %:/=.* NedO'M d;*4 :/ '7.;4+;@*/* U:
@7496*@*4 8/2 :/ %7.Q+:7/4 B(  !"#$%& !'A&"!#+2
+$
+( ?7.& CC( 9& CCGEC"Y( "XXC& !DX℄ c& I& <&!%"1( R& a& 2%537& *+ d& U& <;5$3:-( - P/68/
*5*/+ K; B 06;2@7[;4Q.<74Q

:/:5:2*7< `8+*@047.QK.* 
8@K72::5:2*05*2:8+*2 
7Q9.:/= @*8
+:7/4 B( @$%&)1.
%& >.!
9+*.21#)( ?7.& C#F(9& ""XE"""( CGYF& !DC℄ d& <-73!: *+ O& ,& P5O!,( - J U*+672 <7@ +6* _:=6 Po
:*/
; 7< a8+*@0%7.QK.* ]8@K72::5:2*0U*2:8+*2 J5:28+:7/ B( @$%&)1.
%& >.!
9+*.21#)( ?7.& "CY( 9& YHEGC( CGGD& !D"℄ _&J*!$3( T& (";!:-;105( P& P&  -'1-$( R&D-%&Q'!$$ *+ ,& )&2"":-,( - _;2@7=*.0]78+*2\.844; Z8/7496*@*4 k J Z7?*. U*+672 <7@ +6* %;/+6*4:4 7< %6*.. ]@7440):/^*2 ,/*2*.4 B(  !"#$%&!' 19+ @*+#.
%$ 89+*.
%& ,!
.+1)( ?7.& CCG( 9& CCF#!ECCF#G( CGGH& !D!℄ '& A00!7!&( a&9-0=""$1"$3:!%)( %&(5!&0!'O"%$;"$3 *+ I& '& J"K-$( - %Q@<8
*0\@8<+*2'7.;V8
@;.:
 8
:2W N@Q46*4 84 8 '@*
Q@47@ )8;*@ <7@ N:74*/4:/= J99.:
8+:7/4 k Pi*
+ 7< \@8<+ d*/4:+;8/2 %`*..8K:.:+; 7/ +6* d*+*
+:7/ Po
:*/
; B( 0%$C*".#( ?7.& "Y( 9& #!X"E#!CC( "XC"& !DD℄ S& J& H"=5-1-$ *+ %& 95
75-:1-$( - U*+672 <7@ =@8<+:/= 97.;V8
@;.:
 8
:2W 7/+7 /;.7/ F(F Q4:/=85:/* */2 =@7Q94 7/ /;.7/ 4Q@<8
* B(  !"#$%& !' (!&)*+# ,
.+$
+ (%#1 @ / (!&)*+# 89+*.21#)(?7.& DX( 9& HCGEH"Y( "XX"&



 ! "#$%#&'()*+#, !"#℄ %&  !"#$%' &'($#
'*+,(' -'##"./$+&0 () *& +& &''1' , -./.0 )(1) 2.0 3()(
)5.6 .2 20(( )(07568/8756. 90.:;1 56 1./53<;=81( 1>6)=(151 .2 ;(;)53(1 ?'  !"#$%&
"# (&)
*+,&-%.$' @./& !"' ;& #A#B#AC'DAEF& !"G℄ H& I& 2"0$' /0/ 1"!23))4 )5 /*+,&-%.$ "!2 6*$-&
-& -I- *0(11JK8>/.0 863 L086
51' MFFC& !"E℄ N& O& ,!'' P& N& 34#
5$**' N& Q&  !%!.0"1!% () R& 6!*78!#9$:#1"' , O>6)=(151 .2 2:6
)5.68/S0.7.)=>7./ S/:( 3>(1 2.0 1:028
( 8))8
=7(6) ). .;)5
8/ TS(01 ?' 7$+- "!2 6&8,+!%-' @./& DG';& MEB!"' DAAD& !"C℄ P& N& 34#
5$**' N& O& ,!'' N& Q& !%!.0"1!% () R&6!*78!#9$:#1"' , +635
8).0 
=808
)(051)5
1.2 S0.7.)=>7./ S/:( 3(05@8)5@(1 ?' 9"#"!%"' @./& !C' ;& !!#B!!C' DAAD& !"A℄ Q& R& ;"./5' U& 3!(' V& -& -5!#"14**!. () V& W& ;!<%$' , H:8/ O./@8).
=0.7517 .2 X(:)08/I(3 ?' 6*)%)
*+,&-%.$ "!2 6*)%)3&)#)8$' @./& GC' ;& !MB!C' DAAC& !#F℄ Q& R& ;"./5' U& 3!( () V& W& ;!<%$' , O):35(1 .6 )=( I835./>)5
8//> *0.3:
(3 K08615(6)1 .2X(:)08/ I(3 Y K05;/() 863 I(3:
(3 I835
8/1 ?' 6*)%)
*+,&-%.$ "!2 6*)%)3&)#)8$' @./& ED' ;& ""B#M'MFFF& !#D℄ H& I& O& =$714>!%" () O& O&?!%!7!.!.' , -.@8/(6) 7.35T
8)5.6 .2 7:/)5Z8//(3 
80S.6 686.):S(1Z5)= 6(:)08/ 0(3 2.0 )=( 28S05
8)5.6 .2 86 87;(0.7()05
 =>30.9(6 ;(0.[53( 1(61.0 ?' :"!)%+
*!)#)8$'@./& DC' ;& DM##FD' MFFE& !#M℄ H& I& O& =$714>!%" () O& O& ?!%!7!.!.' , V 6.@(/ 686.S5.
.7;.15)( S81(3 9/:
.1( S5.1(61.0:1569 6(:)08/ 0(3 2:6
)5.68/5\(3 
80S.6 686.):S(1 ?' (&)-+!-).- "!2 (&)+#+
%.)!&
-' @./& M!' ;& D"F"BD"DD' MFFC& !#!℄ O& @'"#(!:#1"' , K=( O;(
)0.;=.).7()05
 H()(07568)5.6 .2 +.65\8)5.6 -.61)86)1 .2 N815
 H>(1 ?';)<.!"# )5 %*+  ,+.&
"! /*+,&
"# =)
&+%$' @./& E#' ;& #MFDB#MF!' DA#!& !#"℄ ]& A4!.' ^& 2". () _& B$./' , V 08)5.68/ 8;;0.8
= ). ):6569 )=( ;R8 @8/:(1 .2 0=.38756(1 2.0/5@569 
(// `:.0(1
(6
( 5789569 ?' >.8"!&
 "!2 (&),)#+
<#". /*+,&-%.$' @./& A' ;& DEM!BDEMG' MFDD& !##℄ -& @4' ^&<P& C5!./' a& C$./' ]& 64' O&<L& D4$' b& E!' () K& A!>!*'' , X(Z `:.0(1
(6)1(61.0 2.0 86)57.6> 863 )08615)5.6 7()8/ 
8)5.61 S81(3 .6 0=.38756( 8753(<807 =.7.)05.[8
8</5[ !℄80(6( ?' ;)<.!"# )5 ?!
#<-&)! 6*+!),+!" "!2 @"
.)
$
#&
 /*+,&-%.$' @./& GG' ;& DM#BD!D'MFDF& !#G℄ _& ;5"%!"#5"' I& 6"7!>'*'' a& C5!./ () K& F"%!"' , I=.38756(<N81(3 L/:.0(1
(6) K=(07.<7()(0 %[=5S5)569 O(/(
)5@( %75115.6 %6=86
(7(6) 8) 8 O;(
5T
 K(7;(08):0( I869( ?' >.8"!&
A+%%+.-' @./& A' ;& !AMDB!AM"' MFFE& !#E℄ I& ;8GH!
1' P& ?7/%$. () Q&  4H"#*!' , VS1.0;)5.6 863 `:.0(1
(6
( ;0.;(0)5(1 .2 `:.0(1
(56 ?'=B+
%.)
*&,&
"  
%" 6".%  C @)#+
<#". "!2 (&),)#+
<#". =B+
%.)-
)B$' @./& #D' ;& ]EB]MD' DAA#& !#C℄ O& F'%."/' -& -"#14<' V& I%!J$' P& @'*#
5!0('' K& 2"$H$%*' c& P& 6'5% () K& F$".9$', N5.
.7;8)5S/( `:.0(1
(6) 686.;80)5
/(1 2.0 ;U<1(61.0569 ?' =)5% @"%%+.' @./& "' ;& DDGABDDEM'MFFC& !#A℄ I& W& -$.8!>".#$.' U& ;4.' P& I& F$.%"1#$.' X& Q& &5%"#*$.#$.' R& K(>0!( () K& ]& K.L0%$#$.' , %@8/:8)569 X86.;80)5
/( O(61.0 H(1596 2.0 +6)08
(//:/80 ;U Q(81:0(7(6)1 ?'  /= :"!)'@./& #' ;& #CG"B#CE!' MFDD& !GF℄ P& &5$.' *& C5!./' c& B!./' -& @$./' P& F4' *& A"' a& A4 () a& 2"' , d6(<;.) 1>6)=(151 .287;=5;=5/5
 0(@(015S/( ;=.).1Z5)
=8S/( `:.0(1
(6) 686.;80)5
/(1 863 )=(50 `:.0(1
(6
( 7.3:/8)5.6;0.;(0)5(1 ?' 6)#$,+. /*+,&-%.$' @./& !' ;& GC#BGA!' MFDM& !GD℄ -& 64.15'(>' H& I& 3!%1".#'. () H& I& @!(*' , +6)087./(
:/80 `:.0(1
(6
( 1(/2<e:(6
=569 .2`:.0(1
(568756( ?' ;)<.!"# )5 %*+  ,+.&
"! /*+,&
"# =)
&+%$' @./& DDM' ;& MGFCBMGDM' DAAF& !GM℄ f& ,$"H$*!.9' H& F!('9!.' Q& -%4>$. () %& M'.!*5' , L/.Z ->).7()0> .2 U%R MA!K -(//1+6)(08
)569 Z5)= *./>(/(
)0./>)( Q:/)5/8>(0 -8;1:/(1 -.6)856569 L/:.0(1
(56<]8S(/(3 *./>g8
0>/5
8
53h 81 8 ;U O(61.0 ?' (&),"
.),)#+
<#+-' @./& C' ;& DAMEBDA!!' MFFE& !G!℄ -&MN84/.!*' H&F!('9!. () c& N& ;415'%41'O' , H(T6(3 *5
.9087 H.1( +6
/:15.6 863 I(/(81(.2 Q8
0.7./(
:/(1 :1569 *./>(/(
)0./>)( Q5
0.
8;1:/(1 ?' @"
.),)#+
<#". 0"B&2 /),,<!&
"%&)!-'@./& MG' ;& AGDBAGE' MFF#& !G"℄ O& ^& F'./ () ^& U& ='' , V `:.0(1
(6
( 0(1.686
( (6(09> )08612(0 ;0.S( 2.0 1(61569 ;U 568e:(.:1 1./:)5.6 ?' 6)#$,+.' @./& "A' ;& "DCFB"DCE' MFFC& !G#℄ P& I$%(!
5' N& 3'5.' ^&  !%(' Q& ;
5$"0$($%' Q& P%!7' U& -"#
5'J' U& ;
5:!H () +&  ("L>!.*' , */8680 .;)5
8/ 1(61.01 Y V )../ 2.0 1
0((6569 (6\>7( 8
)5@5)> 56 =59= 3(615)> 
(// 8008>1 ?'=+!-).- "!2  
%<"%).- ( C /*+,&
"#' @./& DD"' ;& AC"BAA"' MFFG& !GG℄ c& M$(!"**%$' c& =4#*%"HQLF$%.R.0$9' I& P& Q& ?'(*$ () P& P& ]& Q& &'%.$("##$.' , V756(<I(8
)5@( *%c>/8)(3 X86.;80)5
/(1 2.0 *.)(6)58/ N5.
.6i:98)5.6 ?' @"
.),)#+
<#". 0"B&2 /),,<D!&
"%&)!-' @./& !M' ;& DABM"' MFDD& !GE℄ Q& &!%O$((' +& H& ,'HH () *& ^& ;>!((' , K=( 56`:(6
( .2 /8S(//569 7(
=865171 .6 )=( `:.0(1<
(6
( S(=8@5.:0 .2 ;./>7(01 S(80569 `:.0(1
(56 /8S(/1 ?' 6)#$,+.' @./& !A' ;& !A!B!AC' DAAC& !GC℄ P& I& I%"JJ"*5#' , V0( 
86
(0<
(//1 8
535
 j ?' (.&%&-* ;)<.!"# )5 /"!
+.' @./& G"' ;& "M#B"ME' DAAD& !GA℄ c& S("!' , N5.)56>/8)5.6 0(89(6)1 2.0 )=( 1):3> .2 
(// 1:028
( ;0.)(561 ?' 6.)%+),&
-' @./& C' ;& "FDMB"FM"' MFFC&



 !"#!$%&'()!* +,- !"#℄ %& '&  !"#$
& () %& *&  $'('+ , -./0/1 2/10/13 45 %60/47687(0 2/4)/1 9(:/.6)/.(; <+  !"#$%& !'()!&!*)
%& ,-./)01#2+ .47& =>!+ ?& =@#A=@B+ @CDD& !"@℄ E& F& )!'+ '& *! () G& H& +''+ , IJK4: (1./:41K(1)L/10J
(0 7/3610L(N?:(;;/13 1614
6::/(: ;O;L)(K <+ 34 56678699:575 ;9+ =##B& !"=℄ P& ,-!".'/+ Q& 0'$((+ -& 012'/+ -& 3454$(+ 9&  "467!#8+ H& ,!"!916+ R& ,-!68':16 ()I& +$.!
-'+ , 2/4)/1O76)(0 S0H(TU1H( 1614
:O;)67; 54: ;?(
/V
 WJ4:(;
(1) 768(7/13 <+  !"#$%& !'<%1.#)%&0 ,-./)01#2+ .47& @X+ ?& =>!DA=>X=+ =##X& !"!℄ E&LU& 34 () Y& ;18!&!+ , Q:(?6:6)/41 610 
Z6:6
)(:/[6)/41 45 8/4)/1O76)(0 610 (1[OK(L/KK48/7/[(0 Z()(:48/5J1
)/4167 76)(N ?6:)/
7(; 6; 16148/4 0(./
(; <+  !"#$%& !' =!&2/.# 4
).$
.=%#1 ; > =!&2/.# ,-./)01#2+ .47& X!+ ?& B>=AB"X+ =##B& !"X℄ Y& -&  !4/-$'" () F&L-& ;#1&+ , Q(?)/0(T?:4)(/1L?47OK(: 
41\J36)(; ] ;O1)Z()/
 ;):6)(3/(; 6100(;/31 
41
(?); <+ ,-./)
%& ,!//"$)
%1)!$0+ ?& =BC@A=>@@+ =##D& !"B℄ Y& Y& )"!8<1"8+ , %6?/0 610 ;(1;/)/.( K()Z40 54: ^J61)/)6)/41 45 K/
:43:6K ^J61)/)/(; 45 ?:4)(/1J)/7/[/13 ?:/1
/?7( 45 ?:4)(/1L0O( 8/10/13 <+ ;$%&21)
%& ()!
-./)01#2+ .47& "=+ ?& =XDA=BX+ @C">& !">℄ Y& ,-'6!#+ S& )14"($'"+ E&  4$##!6'4<+ Y& =!.'"6!+ Q& ,14."'4" () _& *$
1#!(+ , R/:;)?(?)/0(T?:4)(/1 QG`O76)/41 a/)Z 5J1
)/4167 ?47OK(:; 0(;/31(0 8O 1/):4N/0(LK(0/6)(0 ?47OK(:/[6L)/41 <+ =!&2/.# ,-./)01#2+ .47& =+ ?& @B=!A@B!#+ =#@@& !""℄ R& +'
1##'9+ b& =!1+ `& >!6/1.!6$+ c& 34"&$6+ H& +!4/"4 () 9& Y& ?!88#'/16+ , - 1(a6??:46
Z )4 8/4
41\J36)(; 54: ?:4)(/1; 610 ?(?)/0(; de?(3O76)/41ef J)/7/;/13 7/./13 :60/
67 ?47OK(L:/;6)/41 <+ ,-./)
%& ,!//"$)
%1)!$0+ ?& =#=>A=#="+ =##X& !"D℄ b& ,14."'4"+ 2& ,-!"#'4@+ g&  4'""'/ () H& >!26'/+ , 9/:(
) HO1)Z(;/; 45 S41):477(0Q47Od;)O:(1(L
4L6
:O7/
 6
/0f; 45 h6:/4J; S4K?4;/)/41; 8O P/):4N/0(LY(0/6)(0 %6104K S4?47OLK(:/[6)/41 <+ <%
#!/!&.
"&%# ,-./)01#2 %$? =-20)
0+ .47& =#X+ ?& =#BBA=#>!+ =##!& !"C℄ %& %& )$"2' @!?%A B%0.# C2.0+ @CD"& !D#℄ 9& R& A!/16+ , %(
4KK(10(0 K()Z40; 54: WJ4:(;
(1
( 0(
6O 6167O;/; <+ ="#. %$? ;DD&).? ,-.E/)01#2+ .47& D+ ?& @>!@A@>XD+ @CC#& !D@℄ H& 9& B1$((16+ F.
-.#
-.0 0"# &% D#!G%G)&)1H ?.0 I"*./.$10 .$ /%1)J#. 
#)/)$.&&. .1 .$ /%1)J#.
)K)&.& 26
Z(7/(:+ Q6:/;+ @D!"& !D=℄ '& +'.'6C'"2+ , - Y()Z40 54: )Z( H47J)/41 45 S(:)6/1 P41Lb/1(6: Q:487(K; /1 b(6;) H^J6:(; <+L"%#1.#&2 !' ;DD&).? <%1-./%1)
0+ .47& =+ ?& @>XA@>D+ @CXX& !D!℄ 9& *&>!"D4!"8/+ , -1 6734:/)ZK 54: 7(6;)L;^J6:(; (;)/K6)/41 45 1417/1(6: ?6:6K()(:; <+  !"#$%&!' 1-. 4!
).12 '!# M$?"01#)%& %$? ;DD&).? <%1-./%1)
0+ .47& @@+ ?& X!@AXX@+ @C>!& !DX℄ S& 34E!(FG'"8'(+ R& >$1E!68"'+ G& +H5$
$'"+ g&  !#!62!4+ I&LI& G4+ `& ,#!.$'"+%& >H!##'/F0'6!4#/ () Q& I48'C'"/+ , 2g9cQELI():6[/1( YJ7)/
Z:4K4?Z4:/
 9(:/.6)/.(; <+N"#!D.%$  !"#$%& !' O#*%$)
 ,-./)01#2+ .47& @!+ ?& =B=BA=B!B+ =#@#& !DB℄ 9& ;$&4
-$+ H& J!&!24
-$ () E& K(-$$+ , -1 -7)(:16)/.( Y()Z40 54: )Z( H(7(
)/.( 2:4K/16)/4145 -7iO78(1[(1(; j;/13 P62:g TP6FHg %(63(1) <+ P-.  !"#$%& !' O#*%$)
 ,-./)01#2+ .47& >!+?& >#=!A>#=>+ @CCD& !D>℄ H& L!62+ k& +$+ H& M46+ k& L!6 () U& E& L!62+ , P(6:Lc15:6:(0 G7(
):4
Z:4K/
 610 G7(
):47JLK/1(;
(1) Q47OK(:; S41)6/1/13 Q(1061) %J)Z(1/JK S4K?7(N `:4J?; <+ <%
#!/!&.
"&.0+ .47& !C+?& "B#=A"B#"+ =##>& !D"℄ _& I& +!$+ 9& N$##! () %& J-'!+ , RJ1
)/4167 Q47OK(:; 5:4K P4.(7 S6:84NO7LI(:K/16)(0 I:/)Z/4L
6:8416)(; 6; F/3Z7O Gl
/(1) %-RI -3(1); <+ <%
#!/!&.
"&.0+ .47& !B+ ?& >"BXA>"B>+ =##=& !DD℄ H& F& =-!62+ E& '& ,-162+ %& I& -& >!9!8466'+ `& >1!8 () G& 0$::!"81+ , - 14.(7 ;O1L)Z(;/; 45 5J1
)/4167 0/)Z/4(;)(:;+ 0/)Z/4
6:86K6)(;+ N61)Z6)(; 610 ):/)Z/4
6:8416)(; <+ P.1#%-.?#!$B.11.#0+ .47& X#+ ?& =X!BA=X!D+ @CCC& !DC℄ `&)14-!8$"+ P& +'2"!68+ 2&O4$
#'/FJ$"' () H& U& P!"8+ , - 1(a ?:6
)/
67 ;O1)Z(;/; 45 )(:)/6:OHL67iO7 0/)Z/4
6:8416)(; 610 :(76)(0 0(:/.6)/.(; <+ P.1#%-.?#!$ B.11.#0+ .47& X#+ ?& =""A=D#+ @CCC& !C#℄ k& M4+ -& G& JE$/-+ H& G& ;$"&#!68 () S& b& >
,1"E$
&+ , -^J(4J; %-RI HO1)Z(;/; 45 ?FL%(;?41;/.( I:/874
i S4?47OK(: KQGgLQ-QY-LQ9Q-GY- 610 R4:K6)/41 45 HZ(77 S:4;;Lb/1i(0Y/
(77(; <+ <%
#!/!&.
"&.0+ .47& X@+ ?& DX=CADX!B+ =##D&



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



 !!"#"  $ %&'()
+,)-!. .
)"!,)/0&". !" #$%&'() *+$),%-.- (/ '%0+12)%3 415(6%-
%$) 82$(&926).
1%- :+ ; 4< =.$.%>51-.($ '(1+>%6.?2).($@-.$0 2 ',2-% A$B%6-.($ '6(
%-- !
#$%$&'
(&!# )!*+, -$%%(.+
!/+$.0 12334 514 677892: ! "#$%&'( )! *+,-,#( *! ./$00,12*,'$301( "!  0$4+,#( 5!  6$#0,37;<0/#!
/ = !"#$%&'()*(# !+, -)'$#&
#+" 
'$#%&/#(( +!+'0!$"1
(#& 23456 !$# &7+"/#&1%8#, 1+ ! 91+1#9)(&1'+ $#:#$&1*(# !,,1"1'+%;$!<9#+"!"1'+ "$!+&;#$ 2=>3?6 0'(79#$18!"1'+!+, !$# &/'@+ "' $#&0'+, "' 0AB ?/# 0!$"1
(#& !$# '*"!1+#, ;$'9 ! /7,$'0/1(1
 5CD%b%5>> 9!
$'9'(#
)(!$ =>3? !<#+" @/1
/ 1& *('
E%#F"#+,#, @1"/ &"7$#+# !+, -)'$#&
#+"GDHI5J 9'+'9#$B > 91+1#9)(&1'+ 1& "/#+ ;'$9#, @1"/ "/# $#&1,)!( /7,$'0/'*1
 9'+'%9#$&B >;"#$ 
'90(#"1'+ '; "/# 0'(79#$18!"1'+K 345 '; ≈ LM +9 1+ ,1!9#"#$ !$# '*"!1+#,B?/# -)'$#&
#+
# '; "/# GDHI5J ,7# 1+ "/# 0!$"1
(#& 1& ;')+, "' $#9!1+ 2MBN O)!+")971#(,6B ?/# 0!$"1
(#& 
!+ *# 0$#
101"!"#, 1+ !
1,1
 0A !+, $#,1&0#$&#, )0'+ !,,1"1'+ ';*!&# @1"/')" ('&& '; "/#1$ 1+"#<$1"7 '$ +'"1
#!*(# $#!$$!+<#9#+"B

NPQ



 !" #$%&'
)*'+,- -
'.,*'/0$.- !" #$% &'()$*
$,- ./01234(,(4$)* 5() '6-)789):;<-&'()$*
$,- =(6>4$):
 ,7,(=7)-:
6$*12.3'-*45 +6 7)*.4')&-8 -$%3'**.9 ! "#$%&'( )! *+,-,#( *! ./$00,12*,'$301( 4!  5$#0,36( "!  0$7+,#:%-*4)
* ;  !"# $!%&' ()*+,- .&#/%01/%&2 3π45 6"$
1/!$0'/8&. 9: ./;&#&$1 <!':=&4#/809'& >#!"<2? 21:#&$& 3@5? <A&$:' 0
#:'01& 3,AB5? &1A:' =&1A0
#:'01& 3C1DB5? &1A:'0
#:'01& 3C1B5 A0%& 9&&$ 2:$1A&2/8&.? 0$. 1A&/# E"!#&2
&$
& <#!<&#1/&2 F&#& 21"./&. /$2!'"1/!$G B'' E"!#!<A!#&2 F&#& 2"

&226"'': 
!<!':=&#/8&. 01 HGI =!'J F/1A 21:#&$& /$ 0
!$1#!''&. F0: %/0 0 6!#=&#': &2109'/2A&. !$&4<!1 KB L =/$/&="'2/!$ <!':=&#/801/!$ <#!4
&22 '&0./$> 1! E"!#&2
&$1 $0$!<0#1/
'&2 3M#08!$ ,1 $0! D0
#!=!'G K0</. N!=="$G HOPP?QH? IRR4SOT5G LA& ./21#/9"1/!$ !6 1A& E"!#&2
&$1 =!$!=&#2 0'!$> 1A& <!':=&# 90
U9!$&F02 =!$/1!#&. 9: U/$&1/
 21"./&2 !6 1A& 
!<!':=&#/801/!$ #&0
1/!$G  '"!#&2
&$1 2101/!$0#:0$. 1/=&4#&2!'%&. 2<&
1#!2
!<: F&#& 1A&$ <&#6!#=&. !$ 9!1A 1A& =!$!=&#2 0$. 1A& $04$!<0#1/
'&2 3V,25 0$. 1A& !92&#%&. ./;&#&$
&2 0#& ./2
"22&. /$ %/&F !6 1A& ./21#/9"1/!$!6 1A& E"!#&2
&$1 =!$!=&#2 /$ 1A& <!':=&# 
A0/$G W/1A 1F! !6 1A& $!%&' E"!#&2
&$1 =!4$!=&#2 3π@ 0$. π,AB5? 1A& 9#/>A1$&22 !6 1A& V,2 
!"'. 9& 2/>$/X
0$1': /=<#!%&. 9: 060
1!# H 
!=<0#&. 1! <0#1/
'&2 
!=<#/2/$> 1A& !1A&# ()*+,- =!$!=&#2G LA&2& <0#1/
'&2F&#& HOO 1! HOOO 1/=&2 9#/>A1&# 1A0$ "2"0' Y"0$1"= .!12 0$. ZO 1! QOO 1/=&2 9#/>A1&#1A0$ =!21 !6 1A& E"!#&2
&$1 <!':=&#/
 $0$!<0#1/
'&2 #&<!#1&. /$ 1A& '/1&#01"#&G



 !"! #$%
%'()*$+,- .,*/)0+/$12* 3,4%/-5
-6* 7)*$%'-*/$
 (809)6%5-65%/5:;< !" #$%
%'()*$+,- .,*/)0+/$12* 3,4%/-5
-6* 7)*$%'-0*/$
 (809)6%5-65%/5='),,> 54+'$**-? ! "#$%&'( )!*+! ,-./01#2( )! 3/141#( "! 50160$( 3! 7$'8-( 9!  :$#;1-<( 3! 5=$;;12*31'$-;2( "!  ;$>/1# +5*/)
* @  !"# $%&'()"&$'
 +,($"-
"!& ./ !%!(-"!-($ '- .$"-"!&"01 2& '- 3%-"0 (!,4&$%3$'56& !%!(.%$&'
4"- 
(!&%'!'!5 % 7892:; '! &6" 
($" %!0 % 5$%<&"0=+,($"-
"'! 0>"(! &6" -6"441 ?6" !%!(.%$&'
4"- 
(!&%'! % @"$> 4%$5" !,)3"$ (< 3(&6 +,($"-
"!& )('"&'"-1?6"'$ -."
&$(-
(.'
 
6%$%
&"$'-&'
- %$" -&,0'"0 %!0 &6" ./ 
%! 3" )"%-,$"0 3"&#""!A1A %!0 B1A @"$> %

,$%&"4> &6%!C- &( % 4%$5" @%$'%&'(! (< &6" $%&'( (< &6" +,($"-
"!
"'!&"!-'&'"- (< &6" -"!-($ %!0 &6" $"<"$"!
" 0>"1 ?6"-" DE: %$" F!%44> -,

"--<,44> ,-"0 &(')%5" ./ '! /"G% 
"44-1



 !" #$%&'
)*'+,- -
'.,*'/0$.- !"  ##$%#&'%( )* +,-./01)2)1%$( 32 
)$%5(6%77 8)5791%$3
 13
%77%(12. 3+$4,)& +5 #26-'
)& 72.8'-*46 79 *+ %. -$%8'**.: ! "#$%&'( )! *+,-,#( .!  /$#0,12( "!  0$3+,#( *! 45$00,67*,'$106



 !!"#" $ % &'!()*+ !" #$%%&'(
*+($', $-*./, !"#$%"&'$( )& 
"%"
&+%',"&'$( -) ("($."%&'
/!), 0/$%),
)(&), )& 1$(
&'$(2("!',"#!), 2 3$!45+%',"&'$( ."% 6$') %"-'
"!"'%) 
$(&%�!+) )( 5'('+5/!,'$( !"#$%&' ()*+"(&' (&' ,!-./0#&' 1 2,34 56778 9:";&"<&8 =#:$
&?@ !" A!"#$%& ,3BCD(=8 '&E+&/;#& 56778 FGH:H'8 =#:$
&?  !"# $% &' (%"&&%)!% 
+((),-"
'."+- +!'&%/ !"#$%&' ():"+!/$& 5676 (" I#!"E& =#:$J:H' (& ,G!+!EG.'HK"& &+ (& ,G!+!
GH/H&1I=,5,48 L:
G:$8 =#:$
&? !0 1$,+/-,8()2.$& ,4(&9),', $1 3):4!"&)- ;!/$%),
)(& <"($."%&'
!), #4 =>;? 5'2(')5/!,'$( 3$!45)%'@"&'$( /,'(: " 39",) A(6)%,'$( 3%$
),,B C4(&9),',D .$,&21/(
&'$(("!'@"&'$( "(- 5$-'E
"&'$( $1 &9) 0/$%),
)(& 
$%),!-./&# H$ MH'E&#'&( 9&(H:8 :N#H- 56758 B.!$8 =#:$
&?8()2.$& ,4(&9),', $1 3):4!"&)- ;!/$%),
)(& <"($."%&'
!), #4 =>;? 5'(')25/!,'$( 3$!45)%'@"&'$( /,'(: " 39",) A(6)%,'$( 3%$
),,=#!$+H&#' H$ ,!-./&# O
H&$
&8 /:H 56778 B.!$8 =#:$
&?C4(&9F,) G$()2.$&G -) ("($."%&'
/!), $%:"('H/), 0/$%),
)(&, "/&$2,&"#'!',+),)& #'$
$5."&'#!), I 1$(
&'$(("!',"&'$( )( 
".&)/%, .$/% !J'5":)%')55 !" 
!--!K"& (& -)D=OP9 '"# -&' $:$!+&
G$!-!<H&' &+ -&"#' :EE-H
:+H!$' ;H!/%(H
:-&'856778 D=OP98 QH--&A"HR8 =#:$
&?

5SS



 !! "# $%&'()*



 !"



 !"#$! !" #$%&%'( )! 
! +%,'"
$-# .$/"!,#!,# 0% "1,#23"! .%$ ',! .401+/$-"%#-4, 5678 !, +-9,-/+'0"-4, )! ,%,4.%$#-
'0!" :'4$!"
!,#!" ;<=7"> .401+3$!" ? 
@'$ ABCD=E 
4.401+/$-"/ %'"#1$3,! !# ? 
4'$4,,! 21)$4.2-0! F-4
4+.%#-F0! !# G4,
#-4,,%0-"%F0! ? F%"! )! .401;4(1)! )H/#21903,!> !# )! .401;%
-)! %
$10-I'!>J  !" .$4.$-/#/" )! :'4$!"
!,
! )! 
!" <=7" 4,# /#/ /#')-/!" .%$".!
#$4"
4.-! )! :'4$!"
!,
! "#%#-4,,%-$! !# $/"40'! !, #!+."J H/0%F4$%#-4, )! 0% "1,#23"! )! 
! #1.! )! <=7"K !# 0% +-"! %' .4-,# )H', .$4
/)/ L4,!9.4#L"4,# .$/"!,#/" )%," ', .$!+-!$ #!+."J M,"'-#!K 0!" .$4.$-/#/" ".!
#$4"
4.-I'!" )! 
!" <=7" "4,#/#')-/!"K ,4#%++!,# 0H-,:'!,
! )! 0% 
4,
!,#$%#-4, !, +4,4+3$!" )! ABCD=E %' 
@'$ )!"<=7" .4'&%,# +!,!$ ? 0% G4$+%#-4, )H%N$/N%#" .!' 4' .%" :'4$!"
!,#"J !" .$4.$-/#/" ".!
#$4"
4.-I'!" ;04,N'!'$ )H4,)! )H/+-""-4, )! :'4$!"
!,
! !# $!,)!+!,#I'%,#-I'!> )' 
@'$ )!" <=7" 4,# /#/ +4)'0/!"J O!0% !"# $!,)' .4""-F0! !, $/%0-"%,# 0% "1,#23"!)! +4,4+3$!" )! ABCD=E .4$#%,# )!" N$4'.!+!,#" %$4+%#-I'!" !,
4+F$/"K 4' .$/"!,#%,#)-P/$!,#!" G4,
#-4," .401+/$-"%F0!"J % 
4'$4,,! 21)$4.2-0! )!" <=7" % /N%0!+!,# /#/ +4)-Q/! %Q, )H4F#!,-$ )-P/$!,#!" $/.%$#-9#-4," )!" ',-#/" %
-)! %
$10-I'! !# 4(1)! )H/#2103,! )%," 0!" 
2%R,!" )! 
4.401+3$!" !, "'$G%
!JO!" ,4'&!00!" <=7" "4,# /N%0!+!,# "1,#2/#-"/!" .%$ ', .$4
/)/ L4,!9.4#LJM,Q,K )!" +40/
'0!" ? G4,
#-4," %+-,! ;:'4$4.24$!"K .$4#/-,!"> 4,# /#/ -,#$4)'-#!" )%," 0%
4'$4,,! 21)$4.2-0! )! 
!" )-&!$"!" <=7" .%$ ',! 
2-+-! )! 
4'.0%N! .!.#-)-I'! "'$ 0!" G4,
#-4,"%
-)!" 
%$F4(10-I'!"J C!" ,%,49"!,"!'$" )! .S $%#-4+/#$-I'!" 4,# %-,"- .' T#$! /0%F4$/"J !"#$
&'# ( )*+,-./ 0!1
"2!113&2#3"2!1 45 #6703
5/ 131!837"2
6&5/ 89/ 8!&:;3
2453
7:&2<65= ;->>=/ 8!&:;'"?:&@15 A&:
!&= ;-BC=/ 8!&:D'72#3"2!1 51 D212'D6&#2!1/ 8!$&:D'72#3"2!1 7342
3&3275 
!1"7�&'5/ 8!&:;!F:45 4G'"?:&@15= ;-B*=/ 8!&:#":7@15 ;-H=/I>JK/ #51#567/ #85
"7!#
!825 45 L6!75#
51
5 #"3"2!113275 5" 7'#!&65 51 "5D8#M%&"'()
'82-" =2C U4$V .$!"!,#" #2! "1,#2!"-" 4G :'4$!"
!,# ,%,4.%$#-
0!" ;7<=>  !" % 5678 +-,-!9+'0"-4, .401+!$-"%#-4, %,) #2! %,%01"-" 4G #2!-$ :'4$!"
!,
! .$4.!$#-!"J 82! 
4$! 4G #2! 7<="-" % 
4.401+!$ 4G "#1$!,! %,) % ABCD=E +4,4+!$K %,) #2! "2!00K U2-
2 -" F-4
4+.%#-F0! %,)G',
#-4,,%0-"%F0!K -" +%)! 4G .401;!#210!,! 4(1)!> %,) .401;%
$10-
 %
-)>J7-$"# 4G %00K #2! "1,#2!"-"H 4.#-+-"%#-4, 4G #24"! 7<=" -" .$!"!,#!)K %,) #4 #2! )!&!04.+!,#4G % 4,!9.4# .$4
!""J 82!,K #2! :'4$!"
!,
! .$4.!$#-!" 4G #24"! 7<=" %$! "#')-!)K !".!
-%001 #2!-+.%
# 4G #2! ABCD=E +4,4+!$ 
4,
!,#$%#-4, 4, #2! G4$+%#-4, 4G ,4, 4$ U!%V01 :'4$!"
!,#%NN$!N%#!"JD, 4$)!$ #4 
2%,N! #2! 7<=H" ".!
#$4"
4.-
" .$4.!$#-!" ;:'4$!"
!,# I'%,#'+ 1-!0) %,) !+-"9"-4, U%&!0!,N#2>K ,4&!0 :'4$!"
!,# ABCD=E +4,4+!$" 2%&! F!!, "1,#2!"-W!)J 824"! +4,4+!$".$!"!,#" !-#2!$ "4+! F'0V1 %$4+%#-
" "'F"#-#'%,#"K !-#2!$ &%$-%F0! .401+!$-"%F0! G',
#-4,"J82! 7<=XH" 21)$4.2-0-
 "2!00 2%" %0"4 F!!, +4)-Q!) #4 N!# )-P!$!,# )-"#$-F'#-4," 4G #2!%
$10-
 %
-) %,) !#210!,! 4(1)! ',-#" -, #2! .401+!$ 
2%-," 4G #2! 7<="H "'$G%
!J 824"! ,!U7<=" %$! %0"4 "1,#2!"-W!)  !" % 4,!9.4# .$4
!""J6# 0%"#K +40!
'0!" F!%$-,N %, %+-,! G',
#-4, ;:'4$!"
!,# )1!"K .$4#!-,"> 2%&! F!!, N$%G#!)4,#4 #2! )-P!$!,#" 7<="H "2!00  !" % .!.#-) 
4'.0-,N $!%
#-4, 4, #2! 
%$F4(10-
 %
-) G',
#-4,"J6" "'
2K "4+! .S $%#-4+!#$-
 ,%,49"!,"4$" 2%&! F!!, )!&!04..!)JN5:O!74# ( )*+,-./ 4:13D2
 314 #"3"2
 L6!75#
51
5 #85
"7!#
!8:/ D2125D6&$#2!1 8!&:D572#3"2!1/ 131!837"2
&5/ 89/ 8!&:;3
7:&2
 3
24= ;->>=/ 8!&:;5"?:&515 A&:$
!&= ;-BC=/ 8!&:;5"?:&515 !F:45= ;-B*=/ 8!&:#":7515 ;-H=/ 7342
3& 
!1"7!&&54 8!&:$D572#3"2!1/ I>JK/ #51#!7/ #6703
5 D!42P
3"2!1M


