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TonalitéTonalité

Tonalité localeTonalité locale

AccordAccord

Groupe de notesGroupe de notes

NoteNote � octave+hauteur+altération

� date début
� durée

� hauteur+altération (basse)

� chiffrage des notes
� date début
� durée
� fondamentale

� hauteur+altération (fondamentale)

� type (Maj,min,min7,...)
� date début
� durée

� hauteur+altération (tonique)

� mode (maj/min)
� date début
� durée

� hauteur+altération (tonique)
� mode (maj/min)

Représentation

C, D, G, Ab,...

Représentation

basse suivie du chiffrage

(+ fondamentale)

B4+D5+G5  -> B 1-3m-6m (G)

Représentation

fondamentale suivie du type

Cm7, Fdim, DMaj7,...

Représentation

tonique suivie du mode

Cmaj, Dmin, Gmin, ...

Représentation

tonique suivie du mode

Cmaj, Dmin, Gmin, ...
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1$23&' "# $ %&'()*+,- (.(+*/*+,- 01%1 23,*+4- 52)- 6* 57 6*-8)&9,&2+ ,*:,4*55* 6;4+
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1*#.*+ *,+ 4&( K59*.%3
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1 2

3 4

5



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

"#$%&'() '*#+,-./%00&..-1() 2Tech )3$ 0- 413$(  567 803) +() "#$%&'() '( /(9") )&./ $-":
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" #$%&'( '( #% )*%+,-.*/0( '( 1.2*&(*3 &# (,) 4.,,&5#( '( 6.++%7)*( #(, -*082(+6(, '(,

,.+, 6.+,)&)2%+) 2+ (9)*%&) /2,&6%#: ;% )*%+,-.*/0( '( 1.2*&(* '$2+( -.+6)&.+ 6.+)&+2( f

,$(94*&/( /%)<0/%)&82(/(+) 6.//( #% -.+6)&.+ F )(##( 82( =

F (x) =

∫

R

f(t)e−i2πxtdt

>.2* #$%44#&82(* ? 2+ ,&@+%# s *0(# '&,6*()3 (+ 6.+,&'0*%+) N 06<%+)&##.+,3 .+ 6.+,&'A*(

#% )*%+,-.*/0( '( 1.2*&(* '&,6*A)( S3 '0B+&( 4%* =

S(k) =

N−1
∑

n=0

s(n)e−i2πk
n
N , 0 ≤ k < N
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δ(x, y) 6= δ(y, x)

Lsym

L

Lsym(x, y) =
L(x, y) + L(y, x)

2
= Lsym(y, x)

Cj lj = lj(n1), ..., lj(nd)

nk d
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f

m(f) = 12 log2(f)− log2(8, 1758))

lj(n)
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({ρh| (m(fh,i)) = n} ∪ {0})



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

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

*+,-./ 0 100 20 32  4 55 3 !2 32 62 100 45

*78-./ 0 36 29 !2 36 29 100  ! 6! 36 22 45

2"3.' 2 : ;+<-./= >?78=@+A7<7@B= 8C/D+<7=B= EC./ <+ @C8+<7@B >- $C *+,-./ -@ $C D78-./

.87==C8 !D78 !D+, 9D78 9D+,  @/7@C8 5 6D78 6D+, 2D78 2D+,

0 31 6  6 92 14 100 3 55 96 29 4!

2"3.' 4 : ;+<-./= >?78=@+A7<7@B= >- FG+H.- 78@-/I+<<-J

K+ I+<-./ FGC7=7- EC./ ρ -=@ 0.97J L< >BM87@ -8=.7@- .8 I-F@-./ N 1! >7D-8=7C8= vj D-=./+8@

<?78@-8=7@B /-<+@7I- >- FG+H.- F<+==- >- 8C@-= EC./ .8 +FFC/> Cj J LF7O vj(0) /-E/B=-8@- <+

F<+==- $CO vj(1) <+ F<+==- $C#O -@FJJ

vj(i) =
∑

nk:1≤k≤d,(nkmod12)=i

l(nk) P1!Q

$?+E/R= F-@@- /-E/B=-8@+@7C8O 8C.= 8C.= E/CEC=C8= >- >BM87/ .8- >7=@+8F- -.F<7>7-88-

-8@/- >-.S +FFC/>=O +I-F >-= I+<-./= =7@.B-= >+8= <?78@-/I+<<- [0; +∞[J

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

*78TUCC8 VCC -@ L8TWXC8 K-- YVK06ZO -8 !006O E/CEC=-8@ >?.@7<7=-/ <-= @/+I+.S >-

W/.DG+8=< -@ [G-E+/> YW[23Z EC./ -=@7D-/ .8- >7=@+8F- D.=7F+<- -8@/- +FFC/>=J K+ 8C@7C8

>- =@+A7<7@B @C8+<- >- F-/@+78-= F<+==-= >- 8C@-= E+/ /+EEC/@ N .8- @C8+<7@B >C88B- E-/D-@

+78=7 >- F/B-/ >-= I+<-./= >?78=@+A7<7@B 8C/D+<7=B-=O FCDD- E/B=-8@B-= >+8= <- @+A<-+. 2J

\B+8DC78=O *78TUCC8 VCC -@ L8TWXC8 K-- D-8@7C88-8@ H.- <+ @-8=7C8 D.=7F+<- -8@/-

+FFC/>= /B=.<@- 8C8 =-.<-D-8@ >-= F<+==-= >- 8C@-=O D+7= B]+<-D-8@ >-= 78@-/I+<<-= -8@/-

8C@-= N <?78@B/7-./ D^D- >-= +FFC/>=J (78=7O 7<= .@7<7=-8@ B]+<-D-8@ >-= I+<-./= >?78=@+A7<7@B

EC./ <-= >7_B/-8@= 78@-/I+<<-=O E/B=-8@B-= >+8= <- @+A<-+. 4J

$+8= F- DC>R<-O <- >-]/B >- @-8=7C8 >?.8 +FFC/> -=@ F+<F.<B FCDD- =.7@ `

d(C) = w1

∑

s+ w2

∑

r P19Q

Ca s -=@ <?78=@+A7<7@B >-= F<+==-= >- 8C@-= FCDEC=+8@ <?+FFC/> CO r -=@ <?78=@+A7<7@B >-=

78@-/I+<<-= >- F-@ +FFC/> CO -@ w1 -@ w2 =C8@ >-= EC8>B/+@7C8= EC./ F-= >-.S @-/D-=J K-=

+.@-./= E/BF7=-8@ H.- w1 -@ w2 =C8@ +_-F@B=O N <?7DE<BD-8@+@7C8O N >-= I+<-./= H.7 /-8>-8@

BH.7I+<-8@-= <?78b.-8F- >-= >-.S c+F@-./=J K-= I+<-./= E/7=-= E+/ F-@@- >7=@+8F- >BE-8>-8@

>-= EC7>= -@ E-.I-8@ @GBC/7H.-D-8@ =?B@+<-/ >+8= <?78@-/I+<<- [0 : +∞[J



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

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

"# $%&'#%( ) *+,-#.$# '#- *+/*+0,$,- 1# 23%4(# 10-$%.2# #.$+# %22/+1- *+,-#.$,# *+,2,1#56

5#.$7 %0.-0 4(# '#(+- 8%'#(+- */(+ 4(#'4(#- #.23%9.#5#.$- 1:%22/+1- $;*#-< CMGM +#*+,-#.$#

'% $+0%1# 1# =/ >%?#(+ 1%.- '% $/.%'0$, 1# @/' >%?#(+< Cdiat 1,-0A.# (. %22/+1 2/5*/-,

1#- BC 2'%--#- 1# ./$#-< D.# 10-$%.2# #.$+# E/.1%5#.$%'#- #-$ ,A%'#5#.$ *+,-#.$,# 1%.-

2# $%&'#%(7 #$ 5#-(+# -05*'#5#.$ '% 10-$%.2# #.$+# '#- E/.1%5#.$%'#- 1#- 1#(F %22/+1-

-(+ '# 2;2'# 1#- 4(0.$#-< G. /&-#+8# 4(# $/($#- '#- 10-$%.2#- 8,+0H#.$ δ(x, x) = 07 -%(E '%

10-$%.2# 1# I/-$J+#< =# *'(-7 2#$$# 10-$%.2# *+,-#.$# 1#- 8%'#(+- 01#.$04(#- */(+ $/($#- '#-

$+%.-0$0/.- #.$+# %22/+1- 1# $+0%1#- 5%?#(+-7 #$ .:#-$ 1/.2 *%- $+J- 10-2+050.%.$# '/+-4(#

-#('- '#- %22/+1- 1# $+0%1#- -/.$ 2/.-01,+,-7 K ':0.8#+-# 1#- 10-$%.2#- 1# L%0#5#.$ #$ 1#

 !"#$%&'"()*+, 4(0 -#5&'#.$ 0.1(0+# '#- 10M,+#.2#- '#- *'(- 05*/+$%.$#- */(+ '#- $+%.-0$0/.-

*+,-#.$,#-< "#- 10-$%.2#- 1# "#+1%3' #$ 1#  !"#$%&'"()*+, 50-#- K *%+$7 '#- $/.%'0$,- .:0.$#+6

80#..#.$ *%- 1%.- '# 2%'2(' 1# 10-$%.2# #.$+# 1#(F %22/+1-< G. ./$#+% 4(# */(+ '% 10-$%.2#

1# "#+1%3'7 '# 23%.A#5#.$ 1# $/.%'0$, %(A5#.$# %($/5%$04(#5#.$ '% 8%'#(+ 5#-(+,#7 %'/+-

4(# '% 10-$%.2# 1#  !"#$%&'"()*+, ($0'0-# '# 2%+%2$J+# +#'%$0E 1# ':%22/+1 K '% $/.%'0$, %--/20,#7

2# 4(0 #F*'04(# *%+ #F#5*'# 4(# δ(CMCM→GMGM ) = 0<

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

@#'/. I<@< "## N"##OPQ7 '% *#+2#*$0/. 1# 4(%-05#.$ .:05*/+$# 4(#''# *0J2# 5(-02%'# .#

+#'J8# ./. *%- 1:(.# -,4(#.2# %+&0$+%0+# 1# ./$#-7 5%0- 1# -$+(2$(+#- $#5*/+#''#- 1%.-

'#-4(#''#- '#- ./$#- -/.$ +#A+/(*,#- #. 10M,+#.$- $;*#- 1:/&?#$-< "#- +#*+,-#.$%$0/.- 30,+%+6

2304(#- 1# ':3%+5/.0# *#+5#$$#.$ %0.-0 1# A+/(*#+ #.$+# #(F '#- /&?#$- ,',5#.$%0+#- 1#

':3%+5/.0#7 '#- ./$#-7 */(+ /&$#.0+ 1#- /&?#$- *%+#.$-7 1,+08%.$ #(F65R5#- 1:%($+# /&6

?#$-7 #$2< "% HA(+# !B 0''(-$+# (. #F#5*'# 1# +#A+/(*#5#.$ 30,+%+2304(# 1#- ./$#-7 '%0-6

-%.$ %**%+%9$+# 1:%($+#- /&?#$- -(AA,+%.$ (.# 5/1,'0-%$0/. 30,+%+2304(# 1# '% 5(-04(#<

"% *'(*%+$ 1#- +#*+,-#.$%$0/.- 30,+%+2304(#- 1# '% 5(-04(# 2/.2#+.#.$ '# +;$35# #$ '%

5,'/10# N"##OP7 "STO7 >%+TC7 @")CQ7 /( 5R5# '% -$+(2$(+# N"0.)CQ7 8/0+ HA(+# !C< U/($#6

E/0-7 4(#'4(#- %($+#- $+%8%(F7 *+,-#.$,- 1%.- 2#$$# -#2$0/.7 -# -/.$ *#.23,- -(+ 1# */--0&'#-

+#*+,-#.$%$0/.- 30,+%+2304(#- 1# ':3%+5/.0#<

 !5!" 6&*(&/+ +7% 4-+ 0%8%-+

"% E/+5%'0-%$0/. 1:(. 5/1J'# 30,+%+2304(# -# E%0$ -/(8#.$ K ':%01# 1:(. /&?#$ 5%$3,5%6

$04(# %**#', +)-)(< D. %+&+# #-$ (. #.-#5&'# 1# ./00(".7 +#'0,- #.$+# #(F *%+ 1#- +)1"(.

#$ */(8%.$ -# +#*+,-#.$#+ -/(- '% E/+5# 1:(.# 30,+%+230#< I3%4(# -/55#$ *#($ *+,-#.$#+

(. /( *'(-0#(+- 2,.7 #$ */--J1# (. (.04(# 34)(7 K ':#F2#*$0/. 1# '% )+#!'(7 4(0 .# */--J1#

*%- 1# *J+#< =%.- '# 2%- 1:(. -/55#$ -%.- H'-7 /. *%+'# 1# 5(6!,,(< "# '!*(+6 1:(. -/55#$



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

!
"
#
$
%
&
'

(
)
*
#
%
'
"

+
,
-
#
%
$
%

.
/
0
-
"
0
1
2
3
0
-
4

5
%
*
"
6
"
0
-

.
/
,
-
7
#
"

!
"
#
$
%
&
's
y
m

5
*
-
8
&
2
3
0
-
4

9
/
0
$
%
6
"
0
-
%
'
"
,

-
:
)
"

"
0
-
*
"
#

#
;
"
'

"
0
-
*
"
#

"
0
-
*
"
#

#
;
"
'

#
;
"
'

#
;
"
'

#
;
"
'

"
0
-
*
"
#

*
0
-
"
#
<
%
'
'
"

[0
:
14]

[0
:
+
∞

[
[0

:
11]

[0
:
66]

[0
:
+
∞
[

[0
:
1]

[0
:
1
4]

[0
:
+
∞

]
[0

:
6]

C
M

C
M
→

C
M

C
M

=
=
4
=

=
=

=
4
=

=
4
>
>

=
4
=

=
4
=

=

C
M

C
M
→

G
M

C
M

?
=
4
 
@

=
=

A
4
A
B

=
4
>
>

?
4
=

C
4
=
D

C

F
M

C
M
→

C
M

C
M

?
=
4
?
D

=
=

A
4
>
?

=
4
>
>

?
4
=

=
4
 
D

C

C
M

C
M
→
A
m

C
M

D
C
4
A
?

=
=

C
4
 
@

=
4
A
D

D
4
=

=
4
 
=

>

C
M

C
M
→

C
M

G
M

A
=
4
=

=
=

=
4
=

=
4
>
>

A
4
=

=
4
 
D

=

C
M

C
M
→

G
M

G
M

D
=
4
 
@

=
=

A
4
A
B

=
4
>
>

D
4
=

=
4
=

C

C
M

C
M
→

C
M

7C
M

A
=
4
A
B

C
>

=
4
B
>

=
4
>
>

C
4
=

>
4
C
@

=

C
M

C
M
→

G
M

7C
M

E
=
4
?
 

C
>

A
4
 
E

=
4
 
D

?
4
?

>
4
B
C

C

C
M

C
M
→
C
d
ia
t
C
M

C
 

=
4
E
=

C
C

E
>

 
4
=
B

C
4
=
=

C
 
4
=

 
>
4
?
C

=

2
"
3
.
'
@
F
G
"
,
1
#
"
,
$
H
"
0
8
&
%
I
0
"
6
"
0
-
,
$
H
%
8
8
/
#
$
,
"
0
J
/
0
8
-
*
/
0
$
"
,
$
*
K
;
#
"
0
-
"
,
$
*
,
-
%
0
8
"
,
6
1
,
*
8
%
'
"
,
8
/
0
,
*
$
;
#
;
"
,
4



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

2,31&$ "# $ %&'()*' +' ,'-,./)'('01 +'2 0.1'2 2/34501 /0' ,'),62'01513.0 736,5,8739/':

;'2 0.1'2 2.01 ,'-,./)6'2 '0 .<='12 >?@A@BC 9/3 2.01 '02/31' '/&D(E('2 ,'-,./)62 '0

5/1,'2 .<='12 >β, ǫ, µC: ;5 ,5830' '21 ,'),62'016' )5, *' 0F/+ G:

2,31&$ "H $ %&'()*' +' ,'),62'01513.0 736,5,8739/' +' *5 21,/81/,'@ +I5),J2 K;30LHM:

'21 /0 '013', ,'),62'01501 *' 0.(<,' +' )J,'2 2/88'223N2 9/I3* N5/1 ,'(.01', )./, )5,4'03,

O *5 ,5830': ;5  !"#"$%&'! +I/0 5,<,' '21 *' 034'5/ (5&3(5* ),62'016 )5, >5/ (.302C /0'

+' 2'2 N'/3**'2:

P/, *5 Q-/,' "#@ *'2 0.1'2 2.01 53023 *'2 N'/3**'2 +' *I5,<,':

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

P87'0R', KP87"!M ),.).2' 5/ +6</1 +/ SSJ(' 23J8*' /0' (617.+' +I505*T2' (/2385*'

8.().26' +' 1,502N.,(513.02 2/88'2234'2@ 5))'*6'2 ,6+/813.02: B'2 ,6+/813.02 432'01@ )./,

8759/' (.13N (6*.+39/' 6*6('0153,'@ O +61',(30', /0' 0.1' ),3(3134' ,'),62'01501 8' (.13N:

;'2 ,6+/813.02 2.01 2/88'2234'2@ '1 5<./1322'01 Q05*'('01 O /0' 2'/*' 0.1'@ ,'),62'01501

*5 1.039/' +' *5 1.05*316 522.836' O *5 1.05*316 +' *5 )3J8': U* '21 53023 ).223<*' +' ,'),62'0D

1', *'2 ,6+/813.02 2/88'2234'2 2./2 N.,(' 736,5,8739/'@ 3**/21,501 53023 *I5,<.,'28'08' +'2

6*5<.,513.02 8.02131/501 *5 )3J8' 61/+36': ;5 Q-/,' "" (.01,' /0 '&'()*' +' ,6+/813.0

287'0R',3'00' V *5 Q-/,' +/ 75/1 (.01,' *5 ,6+/813.0 2/, *5 ),'(3J,' )7,52' +' *5 2.051'



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

"#$% "&'(# )( *' +) ,#-'%. /0122345 ). 6' 78$%) +$ 9': ;#(.%) $() %)"%<:)(.'.&#( +) 6'

%<+$=.&#( :#$: >#%;) ?&<%'%=?&@$)5 'A)= 6): %B86): '""6&@$<): "#$% "'%A)(&% C =)..) %<+$=D

.&#(1 E'(: =)..) 78$%)5 6): (#.): %<)66): +) 6' "&B=) :#(. :$%6&8(<): )( %#$8)1 *): '$.%):

(#.): :#(. +): %<+$=.&#(: /). "'% =#(:<@$)(. +): (#.): (#( %<)66);)(. F#$<):45 &::$): +):

%B86): %):")=.&A): )(='+%<):1

G<'(;#&(:5 &6 (H)I&:.) "#$% 6H?)$%) '$=$() &;"6<;)(.'.&#( +) 6' %<+$=.&#( +H$() "&B=)

:)6#( 6H'('6J:) :=?)(K)%&)(()1 L6$:&)$%: .%'A'$I :) :#(. "#$%.'(. ")(=?<: :$% $() "#::&D

96) '$.#;'.&:'.&#( +) =)..) '('6J:) M N;#6&'% ON;#PQR5 0'::6)% O0':SSR5 0&%6&( '(+ T.8#U

O0TVSR5 ). ,'%:+)( O,'%VW5 ,'%VPR1 ,'&: +'(: .#$: 6): =':5 $() ;$6.&.$+) +) :&.$'.&#(:

:) "%#+$&:)(. #X $( =?#&I +#&. Y.%) >'&. )(.%) "6$:&)$%: %<+$=.&#(: +&U<%)(.):5 &::$): +)

"6$:&)$%: %B86): =#(=$%%)(.):1 Z6 (H)I&:.) +#(= "': +) ;'(&B%) $(&@$) +) "'%A)(&% C $() %<D

+$=.&#(5 ). +#(= C $() %)"%<:)(.'.&#( ?&<%'%=?&@$) +) 6H?'%;#(&)5 +H'"%B: 6H'('6J:) :=?)(K)D

%&)(()1

 !"! #$%&'() *%+%',-'(.) /) 0, 123(42) #&+,0)

[( 3QS25 *)%+'?6 ). \'=K)(+#U "%#"#:)(. $() '$.%) ;<.?#+) +H'('6J:) +'(: 6)$%

]?<#%&) ^<(<%'.%&=) +) 6' ,$:&@$) ]#('6) O*\SWR / !"!#$%&'! ()!*#+ *, (*"$- ./0&12

*/ 0&34-!3!"%  ((. 41 _)..) ;<.?#+) ):. :&;&6'&%) C 6H'('6J:) :=?)(K)%&)(()5 ). $.&6&:)

$() :<%&) +) %B86): "#$% %)8%#$")% +)$I (#.): :$==)::&A):5 ). 6)$% =?#&:&% $() $(&@$) (#.)

%)"%<:)(.'(.)1 _): %B86): $.&6&:)(. +): &(>#%;'.&#(: %)6'.&A): '$ .);"#5 C 6' :.%$=.$%) ).

'$I %)6'.&#(: ?'%;#(&@$): ). ;<6#+&@$): )(.%) +&U<%)(.): (#.):1 *)%+'?6 ). \'=K)(+#U

$.&6&:)(. 6) .)%;) +) `:$9#%+&('.&#(` "#$% @$'6&7)% 6' (#.) %)"%<:)(.'(. $( 8%#$") +) +)$I

(#.): =#(:<=$.&A): a =) .)%;) "#$A'(. :) %'""%#=?)% +) 6' %<+$=.&#( +<7(&) "'% N=?)(K)%1

NH&6 :H'8&. +) 6' (#.) +) 8'$=?)5 #( "'%6) +H<6'9#%'.&#( C +%#&.)5 ). A&=) A)%:' "#$% 6' (#.)

+) +%#&.)1 *' 78$%) 2 "%<:)(.) $() %)"%<:)(.'.&#( ?&<%'%=?&@$) +H<6'9#%'.&#( C +%#&.)5

#X 6' (#.) +) +%#&.) d =#(:.&.$) 6' (#.) 6' "6$: "%<"#(+<%'(.)5 ). %)"%<:)(.) d ). g '$

(&A)'$ ?&<%'%=?&@$) :$"<%&)$%1 ]#$. =#;;) +'(: 6H'('6J:) :=?)(K)%&)(()5 6): <6'9#%'.&#(:

:#(. :$==)::&A):5 ). >#%;)(. $() '%9#%):=)(=) +) .%'(:>#%;'.&#(:1 *' 78$%) 2W #U%) $()

%)"%<:)(.'.&#( +) 6H'('6J:) "'% *)%+'?6 ). \'=K)(+#U +$ +<9$. +) 6' :#('.) "#$% "&'(# )(

*' +) ,#-'%. /0122341

*' .?<#%&) 8<(<%'.%&=) +) 6' ;$:&@$) .#('6) =#;"#%.)  8%'(+): >';&66): +) %B86): M

b 6): %B86): +) %)8%#$");)(. /5#*/4&"5 $"$-+0&0 #/-!045

b 6): %B86): +) ;<.%&@$) /3!%#&1$- $"$-+0&0 #/-!045

b 6): %B86): +) %)8%#$");)(. )( '%9%) .);"#%)6 /%&3! 04$" %#!! #/-!045

b 6): %B86): +) %'66#(8);)(. /4#*-*"5$%&*"$- %#!! #/-!041

*): .%#&: "%);&B%): >';&66): =#(=)%()(. 6H'('6J:) %J.?;&@$)5 ). () ")$A)(. +#(= "':

Y.%) $.&6&:<): +&%)=.);)(. C +): 7(: ?'%;#(&@$):1 N'.#:?& ]#F#5 =#D'$.)$% +H$( .$.#%&)6 :$%



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

2,31&$ "" # $%&'()& *& +,*-./012 3.4&25&+0&22& 6*78(+93 :;.4"<=>? &/ *& +&(+,3&2/8/012

40,+8+.40@-& *& .&//& +,*-./012A B&3 21/&3 31-)0C2,&3 .1++&3(12*&2/ 8-% 21/&3 +,&))&'&2/

D1-,&3? )&3 8-/+&3 ,/82/ *&3 +,*-./0123A



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

2$34&' " # $%&'()& *& +&(+,-&./0/12. *3,)042+0/12. 5 *+21/& &./+& *&6% .2/&- g &/ d7

*30(+8- )0 9:,2+1& ;,.,+0/+1<& *& )0 =6-1>6& 92.0)&?

)&- +8@)&- ;99= AB9BCDE 0 .2. -&6)&'&./ <2.F+',

 

)31'(2--141)1/, *36/1)1-&+ )&- /+21- (+&G

'1&+- @+26(&'&./- *& +8@)&- &. H6& *36.& 0.0)I-& *& )3:0+'2.1&7 '01- 0 ,@0)&'&./ 0J+',

>6& )& >60/+18'& +&@+26(&'&./ .& (&+'&//01/ (0- *324/&.1+ 6.& :1,+0+<:1-0/12. :0+'2.1>6&

-0.- 0((2+/ *31.K2+'0/12.- &%/,+1&6+&- 5 )0 (0+/1/12. '6-1<0)& L<2''& )& *&@+, *36. 0<<2+*7

(0+ &%&'()&M? $. *306/+&- /&+'&-7 )&- +8@)&- *30.0)I-&- ;99= .& (&+'&//&./ (0- *324/&.1+

<&+/01.&- 1.K2+'0/12.- /2.0)&- *2./ &))&- 2./ 4&-21. (26+ (+2<,*&+ 06% -642+*1.0/12.-7 <&-

1.K2+'0/12.- *&H0./ 0)2+- N/+& 0..2/,&- 5 )0 '01.?

O2''& <3&-/ )& <0- (26+ )30.0)I-& -<:&.P&+1&..&7 )0 9:,2+1& ;,.,+0/+1<& *& )0 =6-1>6&

92.0)& .& (&6/ (0- N/+& K2+'&))&'&./ 1'(),'&./,& &. -61H0./ )&- -&6)- /+0H06% *& Q&+*0:)

&/ R0<P&.*2S? T306/+&- /+0H06% AB9BCD7 RU=V"E -& -2./ (&.<:,- -6+ *& (2--14)&- 1'(),G

'&./0/12.- *& <&//& /:,2+1&7 &. -6(&+(2-0./ 6. 06/+& -I-/8'& *& +8@)&- (26+ (26H21+ /+01/&+

)&- <0- *& <2.W1/- &./+& )&- +8@)&- (26H0./ -30(()1>6&+ -1'6)/0.,'&./? T0.- <&- /+0H06%7

)36/1)1-0/&6+ *21/ .,0.'21.- /26X26+- 1./&+H&.1+7 &/ 06<6.& 0.0)I-& .2. -6(&+H1-,& *36.&

(18<& *& '6-1>6& &./18+& .3&-/ &.<2+& &.H1-0@&04)&?

Q0 /:,2+1& @,.,+0/+1<& *& )0 '6-1>6& /2.0)& (+,-&./& &. 26/+& )&- 'N'& (+2(+1,/,- >6&

)30.0)I-& -<:&.P&+1&..& &. /&+'& *& (+2K2.*&6+ *30+4+& :1,+0+<:1>6& H0+104)&7 26 &. /&+'&

*& <2&%1-/&.<& *324X&/- '6-1<06%? U6+ )0 F@6+& "Y7 2. 24-&+H& .2/0''&./ >6& )& .1H&06 d

K01/ <2&%1-/&+ *&- -642+*1.0/12.- *& .2/&- 0H&< *&- .2/&- +,&))&'&./ X26,&-?

 !"!# $% &'()*% +',-./.0 (% 12345+23

$. ZV!D7 [:0+6<:0 A[:0V"E (+2(2-0 6.& +&(+,-&./0/12. /2.0)& '&//0./ &. X&6 /+21-

.1H&06% \ .2/&-7 0<<2+*-7 &/ /2.0)1/,- LH21+ F@6+& "]M? Q31*,& (+1.<1(0)& *& )0 +&(+,-&./0/12.

&-/ )0 -61H0./& \ <:0>6& .2/& X26,& &-/ -6<<&--1H&'&./ 0</1H,& (&.*0./ 6.& <26+/& *6+,&7

&/ 0</1H& (0+ (+2%1'1/, )&- 0<<2+*- 06%>6&)- &))& &-/ +&)1,&? ^.& .2/& &-/ +&)1,& 5 /26- )&-

0<<2+*- *2./ &))& <2'(2-& )0 /+10*&? T2 &-/ 01.-1 +&)1, 5 )30<<2+* *& T2 =0X&6+7 _0 =0X&6+7

Q0♭ =0X&6+7 '01- 06--1 Q0 =1.&6+7 _0 =1.&6+ &/ T2 =1.&6+? U1 *306/+&- .2/&- H1&..&./

5 N/+& X26,&- 0)2+- >636.& .2/& &-/ /26X26+- 0</1H&7 &))&- (&6H&./ +&.K2+<&+ )30</1H0/12. *&

<&+/01.- 0<<2+*- L(0+ &%&'()&7 -1 T27 =1 &/ U2) -2./ X26,- *& -2+/& >6& )&6+- *6+,&- *30</1H1/,

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



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

2,31&$ "# $ %&'()*+ ,'- .+-/'0( +1 2'34+&/56 /7 /8971 /+ (' *5&'1+ ,57- ,:'&5 +& .'

/+ ;5<'-1 =/>',-?* @.2A#BCD E0'F7+ *5GG+1 /+ (>'-9-+ /+ -8/731:5& +*1 '&&518 H (>':/+

/>7&+ (+11-+I F7: /8*:J&+ (+ &:K+'7 '7F7+( (' -8/731:5& '**53:8+ ,-+&/ ,('3+D .+* /:68-+&1*

&:K+'7L *5&1 -+,-8*+&18* +& /+**57* /+ (>'-9-+D



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

"#$%&'(&%#$) *+,&- +.*//,&0 0% 1, 2*3%4& %-$ +.*//,&0 54" -% $&,46% +% 7+4- ',&$%8%#$ */$"69:;

<% 8=8% 7&"#/"7% -.*77+"54% %#$&% +%- #"6%*4>  !!"#$% %$ &"' ()&*%; ?4& +* @A4&% BC) /D*54%

#,$% EF,#% 6%&$%: %-$ &%+"9% *4> $&,"- *//,&0- 0% $&"*0%- 8*3%4&%- EF,#% G+%4 ',#/9: %$ *4>

$&,"- *//,&0- 0% $&"*0%- 8"#%4&%- EF,#% G+%4 /+*"&: 54" +* /,#$"%##%#$; HD*54% *//,&0 %-$

%#-4"$% &%+"9 *4> $&,"- $,#*+"$9- EF,#% &,4A%: +.*//%7$*#$ /,88% I%&) IJ(8% %$ J(8% 0%A&9;

2$34&' BC K <* &%7&9-%#$*$",# $,#*+% 0% LD*&4/D* MLD*NBO) 54" %-$ 4#% -4&'*/% 0% $,&% P

+%- %>$&98"$9- 0&,"$%- %$ A*4/D%- -,#$ *"#-" &%+"9%-) /,88% +%- %>$&98"$9- D*4$%- %$ G*--%-;

<* &%7&9-%#$*$",# 0% LD*&4/D* 7&9-%#$% 0,#/ 7+4-"%4&- #"6%*4> ,&A*#"-9- -4& +* -4&'*/%

0.4# $,&%; H%$$% &%7&9-%#$*$",# #% &%7&9-%#$% 7*- 4# *&G&%) 8*"- 4# A&*7D%) /*& -" 7+4-"%4&-

#"6%*4> D"9&*&/D"54%- -,#$ 7&9-%#$-) *4/4#% &*/"#% #.%>"-$% 0*#- /%$$% &%7&9-%#$*$",#; 1%

7+4-) 4#% /%&$*"#% /,#'4-",# 0%8%4&% -4& /% 54% LD*&4/D* /,#-"0(&% /,88% 4# *//,&0 P

"+ -%8G+% %# %Q%$ 0"R/"+% 0% -*6,"& -" /%$$% 09@#"$",# &%3,"#$ #,$&% 09@#"$",# 0.4# A&,47%

0% #,$%-) ,4 7+4$S$ /%++% 0.4# *//,&0; ?%+,# +4") +* 04&9% 0.*/$"6*$",# $%#0 T -"A#"@%& 54%

+.*//,&0 7%4$ 7%&04&%& *7&(- 54% +%- #,$%- 54" +% /,87,-%#$ *"%#$ @#" 0% -,##%& E/% 54"

7,4&&*"$ 0,#/ &%3,"#0&% #,$&% 09@#"$",# 0.4# *//,&0:; U# &%6*#/D%) +%- 0*$%- 0% 09G4$ 0%-

#,$%- 7&"-%- %# /,87$% 0*#- +.*/$"6*$",# 0%- *//,&0- "#V4%#$ -4& +* #*$4&% 0% /%- 0%&#"%&-)

54" -%&*"%#$ 0,#/ 7+4- 7&,/D%- 0% #,$&% 09@#"$",# 04 A&,47% 0% #,$%- E74"-54% +%- #,$%-

0,"6%#$ -,##%& %# 8=8% $%87-) ,4 0*#- +% 8=8% $%87- 0.*/$"6*$",#) 7,4& '*"&% 7*&$"% 0.4#

8=8% *//,&0 -%+,# LD*&4/D*:; <* 8=8% *8G"A4W$9 %>"-$% 7,4& +* $,#*+"$9 P $%++% 54.%++% %-$

09/&"$%) +* &%7&9-%#$*$",# 0% LD*&4/D* -477,-% 54.4# /D*#A%8%#$ 0% $,#*+"$9 %-$ 7,--"G+%)



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

"#$%&'($) (*$+* (,- )#$(.*)&+ /&)0")&0+ ,$ "('(")1'0 .#"(.2 3. +045.0 /#$" /*6"*.0 /0 7#,8#*'

/&9$*' ,$0 )#$(.*)& 7'*$"*7(.0 : .;(*/0 /0 "0))0 '07'&+0$)()*#$2

 !"!# $% &'()*% +,-./.0+,12% (% 3,4'

<$ =>>?@ A*B# CA3D/E>?F 7'#7#+0 ,$ 4#/1.0 G*&'('"G*H,0 /0 .( 4,+*H,0 7#.I7G#$*H,0

+I45#.*H,0 ,)*.*+($) /0+ '1J.0+ /0 J'#,7040$) 'I)G4*H,0 0$)'0 $#)0+2 K0 4#/1.0 7'&+0$)0

&J(.040$) /0+ '1J.0+ 7#,' .;0+)*4()*#$ /0 )#$(.*)& J&$&'(.02 E0 %#$")*#$$040$) 0+) .0 +,*8L

($) M

N .0+ $#)0+ +#$) J'#,7&0+ +0.#$ .( G*&'('"G*0 'I)G4*H,0 7'&+0$)&0 9J,'0 OP@

N "G(H,0 $Q,/ 0+) &)*H,0)& 7(' .0+ ".(++0+ /0 $#)0+ '0$)'($) 0$ "#47#+*)*#$ /($+ .(

/0+"0$/($"0 /0 "0 $Q,/@ "#440 *..,+)'& 9J,'0 OR2 S*$+*@ ,$ $Q,/ (I($) /0,- 9.+

+0'( &)*H,0)& 7(' .;,$*#$ /0+ ".(++0+ /0 $#)0+ .(50..*+($) +0+ /0,- 9.+@

N "G(H,0 $Q,/ %(*) .;#5T0) /;,$ ".(++040$) /0 )#$(.*)&+ "($/*/()0+@ 0$ %#$")*#$ /0+

".(++0+ /0 $#)0+ .(50..*+($) "0 $Q,/@

N .0+ ".(++040$)+ /0+ )#$(.*)&+ "($/*/()0+ 7#,' "G(H,0 $Q,/ +#$) "#$+*/&'&+@ 0) ,$

(.J#'*)G40 '&",'+*% 70'40) /;&)(5.*' .0 ".(++040$) 9$(. /0+ )#$(.*)&+ "($/*/()0+@ "#'L

'0+7#$/($) : .( '("*$0 /0 .;('5'02

K#440 .( '&/,")*#$ +"G0$U0'*0$$0@ "0))0 (77'#"G0 ,)*.*+0 ,$0 4#/&.*+()*#$ G*&'('"G*H,0

/0 .;G('4#$*0 7(' ,$ ('5'0 /0 7'#%#$/0,' 8('*(5.02 K0 4#/1.0 +0 /*V&'0$"*0 $&($4#*$+ /0+

)'(8(,- 7'&"&/0440$) 7'&+0$)&+ /($+ .0 +0$+ #W "0.,*L"* 0+) %#'4(.*+& 0) *47.&40$)&2 X0+

0-7&'*0$"0+ +,' =!= 9"G*0'+ Y3X3 #$) &)& 40$&0+ 0) 4#$)'0$) H,0 .;0+)*4()*#$ /0 .( )#$(.*)&

0$ ,)*.*+($) "0 4#/1.0 0+) .&J1'040$) 7.,+ 7'&"*+0 H,0 7#,' .0+ 4&)G#/0+ *47.&40$)&0+ 7('

.0 .#J*"*0.  !"#$%& CZ[F@ 0) H,0 .( "#47.0-*)& /0 "0))0 4&)G#/0 .0,' 0+) *$%&'*0,'0 0$

'0H,&'($) ,$ )047+ /0 "(.",. 7'1+ /0 \ %#*+ 7.,+ 70)*)2

2,31&$ OP N ]*&'('"G*0 'I)G4*H,0 7#,' .0 J'#,7040$) /0 $#)0+@ /;(7'1+ CA3D/E>?F2



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

2$34&' "# $ %&'()*' +' +,-'.-/01 +' -012*/-, +32)456 *' (0+5*' 7/,424.7/89' )40)06, )24

:/;0< +32)456 =:>?+@ABCD

?24(/ *'6 (0+5*'6 7/,424.7/89'6 )4,6'1-,6< *'6 (0+5*'6 +' E.7'1F'4 '- +' @'4+27*

G !!" H 1' 601- )26 +/4'.-'('1- /()*,('1-2I*'6D @' (0+5*' +' :/;0 9-/*/6' +'6 45J*'6

+' J409)'('1- 4K-7(/89'< 89/ 2I09-/66'1- L +'6 4')4,6'1-2-/016 +/M,4'1-'6 +391' (N('

(,*0+/' 6/ *2 6/J12-94' 4K-7(/89' '6- +/M,4'1-'< )24 '&'()*'D %1 09-4'< /* 13'6- )26 )066/O

I*' +32..,+'4 +/4'.-'('1- L 91' /1P04(2-/01 -012*' +011,' 2Q'. .' (0+5*'< +216 *'89'* *2

6,89'1.' +32..04+6 '- +' -012*/-,6 *0.2*'6 132))242/66'1- )26D

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

R096 )40)06016 /./ 91 109Q'29 (0+5*' 7/,424.7/89' +' *3724(01/'D S1' +'6.4/)-/01 +'

.' (0+5*' 6'42 +32I04+ )4,6'1-,'< 2Q21- 89' .'6 )40)4/,-,6 1' 60/'1- 2I04+,'6D

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

R096 1096 )40)06016 +' 4')4,6'1-'4 *3724(01/' +391 (04.'29 +' (96/89' L *32/+' +391

24I4' 04+011, -'()04'**'('1- GQ0/4 TJ94' "UH V *304+4' +'6 1W9+6 P454'6 '6- +,-'4(/1, )24

*2 +2-' +32))24/-/01 +'6 )40)4/,-,6 -012*'6 .01.'41,'6D @' -'()6 2))242X- 2/16/ +' J29.7' L



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

.-/0#% !" # $%&%' ()*+%,-./' 0%-0-123 4-,0-12 (' 4/.5 ./6'+78 %'0%21'.9+.9 4/.5 /.:-%;

,+9/-.1 9-.+<'1 (/=2%'.9'1>

(%-/9' 17% 4*+57' ./6'+7> ?)+%&%' 0%-0-12 4-,0-%9' 4/.5 ./6'+78 (/19/.4913 4*+47. (' 4'1

./6'+7 :+/1+.9 %2:2%'.4' +78 0%-0%/2921 9-.+<'1 (24%/9'1 +7 4*+0/9%' @> $/.1/ A

# <+ 9-.+</92 B2.2%+<' (7 ,-%4'+7 (' ,71/57' '19 %'0%21'.92' 0+% <+ %+4/.' (' <)+%&%'3

# <' 1'4-.( ./6'+7 4-%%'10-.( C <+ </19' ('1 9-.+</921 <-4+<'13 4)'19;C;(/%' ('1 ,-(7<+;

9/-.13 4*+47.' ()'.9%' '<<' 29+.9 %'</2' C <+ 9-.+</92 B2.2%+<'3

# <' 9%-/1/D,' ./6'+7 4-%%'10-.( C <+ 1257'.4' ()+44-%(13 9'<<' 57)-. 0-7%%+/9 <+ 9%-76'%

17% 7.' 0+%9/9/-. (' E+FF 0+% '8',0<'> G*+47. (' 4'1 +44-%(1 0+%9/4/0' C 7.' 9-.+</92

<-4+<' '9 <7/ '19 (-.4 %'</23

# <' 57+9%/D,' ./6'+7 4-%%'10-.( C <+ 1257'.4' (' B%-70'1 (' .-9'13 57/ 4-.19/97' 7.'

%2(749/-. 6'%9/4+<' (' <+ 0-<H0*-./' (7 ,-%4'+7> I<71/'7%1 B%-70'1 (' .-9'1 0-76+.9

1-..'% 0'.(+.9 <' ,J,' +44-%(3 4*+47. ()'.9%' '78 '19 %'</2 C 7. +44-%(3

# <' ('%./'% ./6'+7 4-.9/'.9 <'1 .-9'1 (' ,71/57'> G*+47.' ()'.9%' '<<' 0+%9/4/0' C 7.

B%-70' (' .-9'13 '9 <7/ '19 (-.4 %'</2'>

?+ KB7%' LM 0%21'.9' 7. '8',0<' ()+%&%' (' <)*+%,-./' 0%-0-12> ?+ %+4/.' (' <)+%&%'

N9-.+</92 0%/.4/0+<'O .)+ 0+1 292 %'.1'/B.2'3 4+% <)'89%+/9 4*-/1/ '19 9%D1 4-7%9> ?+ 9-.+</92

0%/.4/0+<' '19 (-.4 /4/ /('.9/57' C <)7./57' 9-.+</92 <-4+<'>

P. .-9'%+ 2B+<','.9 57' <'1 .-9'1 (-/6'.9 J9%' 4-.1/(2%2'1 /.(20'.(+,,'.9 <'1 7.'1 ('1

+79%'1 N4-,,' -. <' 6-/9 '. &+1 C B+74*'O> $K. (' :+4/</9'% <+ ,/1' '. 0+B' (' <)+%&%'3 <'1

.-9'1 +H+.9 7.' ,J,' (+9' (' (2&79 '9 (' K. -.9 292 %'B%-702'1> P. 9%-76'%+ 17% <+ KB7%'

LQ 7. 1'4-.( '8',0<' ()+%&%' *+%,-./'3 -R <'1 B%-70'1 (' .-9'1 1-.9 4'99' :-/1 +..-921 C

<+ ,+./D%' ('1 +44-%(1> ?'1  ./6'+78 ()/.:-%,+9/-. 9-.+<' 1-.9 /4/ 0%21'.91>



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

2$34&' !" # $%&'()& *+,-.-& *+/,-'012& -&(-34&15,15 61 &%5-,25 '6427,)8



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

C M

C M

C M A m

E m A m C MC M G M

C 5 C 5 C 5E 7 E 7 A 5G 5

C

C

G

G

C 5

G

D

B

E

D

D

B

G

C

G

C

C

G

C

E C G#

D

B

E A

C

E

A

C

G

E

C

.-/0#% !" # $%&'()& *& +&(+,-&./0/12. *13,+&./& *45. 0+6+& *470+'2.1& 82'()&/ *45.

&%/+01/ '5-180)9



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

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

"#$% &'(%)*+#*% ,-, &.$%,)$'% &'#&',(+(% -/'/-+(',%+,0$)% 1$ 2#13.) &'#&#%(4 5#*+'/,')6

2)*+ /$7 /$+')% ')&'(%)*+/+,#*% 8,('/'-8,0$)% 1) ./ .,++('/+$')9 -)+ /':') &'(%)*+) $*)

&'#;#*1)$' <7)4 58/0$) *,=)/$ 8,('/'-8,0$) )%+ /,*%, /%%#-,( > $*) ,*;#'2/+,#* +#*/.)

$*,0$) ?

@ -8/0$) %#22)+ 1) -)+ /':')9 > .A)7-)&+,#* 1)% ;)$,..)%9 &'(%)*+) /$ 2#,*% $* <.%4 B,*%,9

$* /--#'19 &/' )7)2&.)9 *) &)$+ &/% )7,%+)' %/*% /12)++') /$ 2#,*% $* C'#$&) 1)

*#+)%9 .$, 2D2) -#2&#%( 1A/$ 2#,*% $*) *#+)9

@ -8/0$) <.% 1A$* %#22)+ 1) *,=)/$ 8,('/'-8,0$) n /12)+ $* #$ &.$%,)$'% <.% 1) *,=)/$

8,('/'-8,0$) n+ 14 B,*%,9 $*) +#*/.,+( .#-/.)9 &/' )7)2&.)9 *) &)$+ &/% /=#,' 1) <.%

1,')-+ (+/*+ $* C'#$&)% 1) *#+)%9 #$ $*) *#+)4 E* <.% 1A$*) +#*/.,+( .#-/.) /&&/'+,)*+

1#*- /$ *,=)/$ 8,('/'-8,0$) /--#'14

E*) /$+') &'#&',(+( 1) -)++) /':') '(%,1) 1/*% .) ;/,+ 0$A,. )%+ &#%%,:.) 1) .$, /%%#-,)'

$* /':') ')./+,;9 #F .A,*;#'2/+,#* *A)%+ &.$% &#'+() &/' .)% %)$.% %#22)+% 1) .A/':')9 2/,%

(C/.)2)*+ &/' .)% /'D+)% ').,/*+ .)% %#22)+%4 B,*%,9 %$' $* +). /':') ')./+,;9 #* &#$''/,+

')&'(%)*+)' ./ 1/+) 1) 1(:$+9 ./ 1$'() )+ .) +G&) 1A$* /--#'1 &/' $* %#22)+9 2/,% %/ ;#*6

1/2)*+/.) %)'/,+ ')&'(%)*+() &/' $* 1)C'( %$' .A/'D+) ').,/*+ -)+ /--#'1 > ./ +#*/.,+( .#-/.)

/%%#-,()4

HA/':') ')./+,; /%%#-,( > $* /':') 1A8/'2#*,) )%+ ,*=/',/*+ &/' +'/*%&#%,+,#*4 E*) +'/*%&#6

%,+,#* -#*%,%+) > -#*%,1(')' $* )7+'/,+ 1A$*) &,3-) 2$%,-/.) )+ > .$, /&&.,0$)' $*) +'/*%6

;#'2/+,#* +)..) 0$) .)% 8/$+)$'% hi 1)% *#+)% 1) ./ &,3-) %#*+ +'/*%;#'2()% )* 8/$+)$'%

hj +)..)% 0$) .A,*+)'=/..) (hi, hj) )%+ -#*%+/*+4 H)% /$+')% &/'/23+')% 1)% *#+)% *) %#*+ &/%

2#1,<(%4

H) -8/&,+') ! &'(%)*+) .A/&&#'+ 1) -) *#$=)/$ 2#13.) 1) .A8/'2#*,) 1/*% .) 1#2/,*)

1) .A)%+,2/+,#* 1) ./ %,2,./',+( 2$%,-/.)4



 !"#$%&' (

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

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

-)#*)"&*%# 6 $%# "/*%# -% 50#)30%. $%# 2+/0(%# -% "/*%#. $%# !&&/+-#. $%# */"!$)*,# $/&!$% %* $%#

*/"!$)*,#7 8/0# (+,#%"*/"# )&) -)9,+%"*%# 5,*'/-%# -:!"!$;#% -% &%# )"4/+5!*)/"# */"!$%# 6

&%+*!)"%# -% &%# 5,*'/-%# 0*)$)#%"* -%# (+/(+),*,# 50#)&!$%#. -:!0*+%# -%# &/"#)-,+!*)/"#

#*!*)#*)30%# /0 -%# !((+/&'%# 5%**!"* %" <%0 0"% +%&'%+&'% -% 5/*)4#7 =/0+ &'!30% )"4/+>

5!*)/". 0"% -)#*)"&*)/" #%+! 4!)*% %"*+% $%# 5,*'/-%# -:!"!$;#% -%(0)# 0"% +%(+,#%"*!*)/"

#;5?/$)30% -% $! 50#)30%. %* $%# 5,*'/-%# -:!"!$;#% -%(0)# $% #)2"!$ !0-)/7 @" ($0# -%

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

?0*)/"# (/0+ $:!"!$;#% -%# !&&/+-# %* -%# */"!$)*,# -%(0)# 0"% +%(+,#%"*!*)/" #;5?/$)30%

-% $! 50#)30%7

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

A%# "/*%# -% 50#)30% &/"#*)*0%"* 0" ")1%!0 -% $:'!+5/")% *+B# ?+0)*, 6 */0*%# $%# "/*%#

</0,%# ":!((!+*)%""%"* (!# C $:'!+5/")%. %* &%+*!)"%# (%01%"* !)"#) &/"#*)*0%+ -%# /+"%>

5%"*#7 D"% %#*)5!*)/" -%# !&&/+-# %* -%# */"!$)*,# (%0* !)"#) E*+% 5%",% #!"# (/0+ !0*!"*

",&%##)*%+ -:%#*)5!*)/" -%# "/*%# -% 50#)30%7

 !"!" #$%&'() *)+,-( ,$) .)+./()$0%0-1$ ('231&-4,)

 !"# $! 50#)30% /&&)-%"*!$%. 0"% +%(+,#%"*!*)/" #;5?/$)30% (+/(/#% 2,",+!$%5%"* 0"

&/-!2% -%# "/*%# &/5(/#!"* $! ()B&% -% 50#)30%7 F0:)$ #:!2)##% -:0"% (!+*)*)/" 50#)&!$%.

/0 -:0" G&')%+ HI I J(+,#%"*, %" K7K7LM. $%# "/*%# -% 50#)30% (%01%"* !)"#) E*+% $0%#. %*

"% ",&%##)*%"* (!# -:%#*)5!*)/"7  !"# $% &!# -%# G&')%+# HI I. )$ %#* (/##)?$% -:0*)$)#%+ -%#

?)?$)/*'B30%# )"4/+5!*)30%#. &/55% $! ?)?$)/*'B30%  !"!#$%

 

. 30) (%+5%**%"* -:!&&,-%+ C

 ! "#$%&'#()* + ),-./*$$* 01% 23301%4-/56#7*!0/**($.!&/83%9(3:/**;<"4=/56#7*3&).4/*)*-$*$3#>?@3 !A4

BCDC=<C3%&/1$3$'.491#)30E3E#.#F)*3

NO



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

"# "$%&' ('% )*)+','+&% -./.0 '& (1+2 ('% +1&'% 314)'% 5146 27#84' 5$%&'9

:146 #+#";%'6 "'% <6145'% (' +1&'%0 $" '%& +)2'%%#$6' (' 6)16<#+$%'6 "'% )*)+','+&%

,4%$2#4= (' "# 6'56)%'+&#&$1+ %;,>1"$84'0 5146 514*1$6 6'56)%'+&'6 "# 5$?2' (' ,4%$84'

%14% "# @16,' (A4+' %)84'+2' (' <6145'% (' +1&'%9 B# 56',$?6' &C27' 21+%$%&' #$+%$ D

()&'6,$+'6 "'% 5#6#,?&6'%  !"#  #  $%&" '&  &'$# ('% <6145'% (' +1&'%9 B# &6#+%@16,#&$1+

71,16;&7,$84' E()F+$' (#+% "' 27#5$&6' G '& $""4%&6)' %46 "# F<46' HI 5'4& '+ 'J'& ,1($F'6

"# (46)' ('% +1&'%0 '+ &6#+%@16,#+& 5#6 '=',5"' 4+' +1$6' '+ ('4= 26127'% "$)'% #55#6&'+#+&

D ('4= <6145'% (' +1&'% ($J)6'+&%9 ." '%& $,516&#+& (' %14"$<+'6 84' &14& 27#+<','+& (#+%

"A7#6,1+$' (1++' "$'4 D 4+ 27#+<','+& (4 <6145' (' +1&'% K 4+ <6145' (' +1&'% 5'4& #$+%$

()>4&'6 D 4+' (#&' 1L #424+' +1&' +' ()>4&' E*1$6 F<46' MGI9

3$45&' MG N O=',5"' (' &6#+%@16,#&$1+ 71,16;&7,$84' E'=&6#$& 16$<$+#" '+ 7#4&0 &6#+%P

@16,#&$1+ '+ >#%I9 Q+ 1>%'6*' 84' "' &61$%$?,' &',5% (' "# ,'%46' 2166'%51+( D 4+ <6145'

(' +1&'% #"16% 84A#424+' +1&' +' ()>4&' D 2'&&' (#&'9

B# %'21+(' &C27' %' %$&4' (#+% "# &6#+%@16,#&$1+ ('% +1&'% '+ 2"#%%'% (' +1&'%0 2A'%&P

DP($6' '+ "# 6)(42&$1+ ('% +1&'% 56)%'+&'% %46 5"4%$'46% 12&#*'%9 :146 2'"#0 "'% +1&'% %1+&

(A#>16( 16<#+$%)'% (4 <6#*' *'6% "A#$<40 #56?% 841$ '""'% %1+& 5#621464'% 4+' D 4+'9 :146

27#84' +1&' 6'+21+&6)'0 ('4= 2#% %1+& D ($%&$+<4'6 K

N #424+' #4&6' +1&' (' "# ,R,' 2"#%%' +A# '+216' )&) 6'+21+&6)'0 #484'" 2#% %# 2"#%%'

'%& #314&)' #4= 2"#%%'% (4 <6145' (' +1&'%0

N #4 ,1$+% 4+' #4&6' +1&' (' "# ,R,' 2"#%%' # ()3D )&) 6'+21+&6)'0 '& "# +1&' '%&

$<+16)'9

O+F+0 "# ('6+$?6' &C27' %' %$&4' (#+% "A'%&$,#&$1+ (' "# @1+(#,'+&#"'9 S14% 56151%1+%

(' 21+%$()6'6 5146 2'"# "# ,$+$,$%#&$1+ (' "A',5$"','+& (' &$'62'% +)2'%%#$6' 5146 6'+21+P

&6'6 &14&'% "'% 2"#%%'% (' +1&'% (4 <6145' (' +1&'%9 S14% #*1+% #$+%$ 271$%$ (' 21+%$()6'6

&14&'% "'% 2"#%%'% (' +1&'% (4 <6145' (' +1&'% 21,,' 2#+($(#&'% #4 6T"' (' @1+(#,'+P

&#"'9 S14% 21+%&64$%1+% 5146 27#24+' (A'+&6' '""'% "'% ',5$"','+&% (' &$'62'% +)2'%%#$6'%

5146 6'+21+&6'6 &14&'% "'% #4&6'% 2"#%%'% (' +1&'% (4 <6145' (' +1&'% 21+%$()6)9 Q+ ()F+$&

'+%4$&' "# 7#4&'46 (' "A',5$"','+& 21,,' "' +1,>6' (' 2"#%%'% (' +1&'% *$%$&)'%9 B# 2#+P

($(#&' 514*#+& 56)%'+&'6 "A',5$"','+& (' 7#4&'46 ,$+$,4, '%& #"16% 271$%$' 21,,' "#

@1+(#,'+&#"'9 Q+ +1&'6# 84' 2'% ',5$"','+&% (' &$'62'% %1+& 21+%&$&4)% (A4+' #"&'6+#+2'

(' &$'62'% ,#3'46'% EM (',$P&1+%I '& (' &$'62'% ,$+'46'% EU (',$P&1+%I K $" @#4& '+ 'J'& 4+'

&$'62' ,#3'46' '& 4+' &$'62' ,$+'46' E(#+% 4+ 16(6' 84'"21+84'I 5146 @16,'6 4+' 84$+&'



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

"# $%&'()*+,- %) .'+,' /*01*'2 ,% $3/4.5%2 ,02 4% 5%254% $%, 60'+)%, /*02 .))%'+$2% )*0)%,

4%, 54.,,%, $% +*)%,7

89.4:*2');&% ,0'1.+) /23,%+)% 4. 2%5;%25;% $% <*+$.&%+).4% /.2&' 4%, 54.,,%, $90+

:2*0/% $% +*)%, =

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

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

$+%#0%3/,451#,+6 ,57 6

$,&$ 8"% $!"$%* -%* &!$%* (" )#!" % (% &!$%* &.!&$  ,* 9$9 1+*+$9%*

*+ $+%#0%3/,4

1+*+$%# -, &!$% *+$"9% "&% $+%#0% /,4%"#% 1%#* -.,+)"

*+&!&

1+*+$%# -, &!$% *+$"9% "&% $+%#0% /+&%"#% 1%#* -.,+)"

$+%#0%3/,45&!& $+%#0%3/,46 ,5,:;6

2+& $,&$ 8"%

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

$+%#0%3/,452,"'6 ?576

$,&$ 8"% $!"$%* -%* &!$%* (% (" )#!" % (% &!$%* &.!&$  ,* 9$9 1+*+$9%*

*+ $+%#0%3/,4

1+*+$%# -, &!$% *+$"9% "&% $+%#0% /,4%"#% 1%#* -.,+)"

*+&!&

1+*+$%# -, &!$% *+$"9% "&% $+%#0% /+&%"#% 1%#* -.,+)"

$+%#0%3/,45&!& $+%#0%3/,46 ?5?:;6

2+& $,&$ 8"%

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

&!$%# ><'=5/+&<,@?= -, >,"$%"# (% -.%/ +-%/%&$ 0!##%* !&(,&$ , '

2+&  !"#

#%$!"#&%# -, &!$% ' /,'+/+*,&$ A><B= C B ,  ,#$+%&$ ," )#!" % (% &!$%*D

>*+,'$32*+, 0+ %?%&/4% ,'&/4%@ .1%5 4% :2*0/% $% +*)%, ,0'1.+) = "A*@ B.@ 8.- $0 :2.1%

1%2, 49.':07 A.+, 5%) %?%&/4%@ A* %,) $*+5 4. C.,,%@ %) B. 4. <*+$.&%+).4%7 8%, $'D32%+),

%&/'4%&%+), $% )'%25%, $*++%+) ,055%,,'1%&%+) =

E A* F' G*4 G' H3 B. 8. = ;.0)%02 $% 49%&/'4%&%+) $% )'%25%, = #@

E B. 8. A* = ;.0)%02 $% 49%&/'4%&%+) $% )'%25%, = I@

E 8. A* F' G*4 G' H3 B. = ;.0)%02 $% 49%&/'4%&%+) $% )'%25%, = #7

J 49.'$% $% 4. &'+'&',.)'*+ $% 49%&/'4%&%+) $% )'%25%,@ *+ )2*01% C'%+ 60% B. %,) 4. <*+$.(

&%+).4%7

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

A%/0', 4% ,':+.4 .0$'*@ '4 %,) +35%,,.'2% $% 2%5*02'2 K $%, &3);*$%, $%  !"#$%!&' &(#@ 60'

/2*/*,%+) 0+% %,)'&.)'*+ $%, +*)%, L*03%, $.+, 4. /'M5% .+.4N,3% .0 O4 $0 )%&/,7 >%))%

)P5;% $% )2.+,52'/)'*+ %,) 5*&/4%?%7 Q44% $3C0)% /.2 0+% $%,52'/)'*+ <2360%+)'%44% $0 ,':+.4



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

"#$%&"' ()*+,-# %) ($../*# 0 $-) )(#&1,#&/- %)( 2,$#)$*( .*"()-#)( %,-( 34)5#*,&# ,-,36("7

8/$( .*"()-#/-( %,-( $- .*)1&)* #)1.( 3)( 1"#2/%)( %) #*,-(9*&.#&/- 1/-/.2/-&:$) ;/<

$-) ()$3) -/#) )(# =/$") 0 $- &-(#,-# %/--">' ,+,-# %) -/$( .)-92)* %,-( $- ()9/-% #)1.(

($* 3)( 1"#2/%)( %) #*,-(9*&.#&/- ./36.2/-&:$)' /< .3$(&)$*( -/#)( .)$+)-# ?#*) =/$")( )-

1?1) #)1.(7

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

@)( .*)1&A*)( 1"#2/%)( %) #*,-(9*&.#&/- 1/-/.2/-&:$) %,#)-# %) 3, B- %)( ,--")(

CD ! E8/3 F' GHI

+
FJK' )# +&()-# 0 %"#)9#)* 3)( 2,$#)$*( .)*L$)( %,-( 34)5#*,&# ,-,36("7 I)(

1"#2/%)(' *).*&()( .,* %)( #*,+,$5 .3$( *"9)-#( EMNH!!' NH!!K' $#&3&()-# )- .,*#&9$3&)*

34,$#/O9/**"3,#&/- %$ (&P-,3 "#$%&"7 @, Q/-9#&/- %R,$#/O9/**"3,#&/- A %$ (&P-,3 -$1"*&:$)

x ($../(" 9)-#*" )- !' )# ($* $- &-#)*+,33) %) #)1.( 9/**)(./-%,-# 0 N "92,-#&33/-( )(#

%"B-&) .,* S

A(i) =

N−i
∑

k=0

xkxk+i

/< N *).*"()-#) 3, #,&33) %) 3, Q)-?#*) ($* 3,:$)33) 9)##) ,$#/O9/**"3,#&/- )(# 9,39$3")7 T-

*)92)*92,-# 3) 1,5&1$1 ($* i %) 9)##) ,$#/O9/**"3,#&/- ;)- )593$,-# i = 0>' /- #*/$+) $-)

+,3)$* imax' .)*1)##,-# %) #*/$+)* 3, Q*":$)-9) 9/**)(./-%,-# 0 9) 1,5&1$1 )# %/-9 %)

%/--)* 3, Q*":$)-9) f )(#&1") )- Q/-9#&/- %) 3, Q*":$)-9) %4"92,-#&33/--,P) fech %$ (&P-,3 S

f = fech/imax

I)( 1"#2/%)( %) #*,-(9*&.#&/- .)$+)-# .*"()-#)* .3$(&)$*( 3&1&#)( S 3) 9/-Q$(&/- )-#*) f

)# 2f /$ 0.5f ' 3, Q,&U3) */U$(#)(() ,$ U*$&#' )# ($*#/$#' 34,U()-9) %) .*&() )- 9/1.#) %) 3,

./36.2/-&)' 94)(#O0O%&*) %$ Q,&# :$) .3$(&)$*( -/#)( .)$+)-# ?#*) =/$")( )- 1?1) #)1.(7

 !"!#!# $%&'()%*+,*-' +-34+/-'*012

@)( 1"#2/%)( %) #*,-(9*&.#&/- ./36.2/-&:$) .*/./()-# $-) )(#&1,#&/- %)( %&V"*)-#)(

2,$#)$*( .)*L$)( (&1$3#,-"1)-# ($* $-) ."*&/%) %) #)1.( %/--")7 W- %&(#&-P$) %,-( 3,

3&##"*,#$*) %)$5 #6.)( %4)(#&1,#&/- %) 2,$#)$*( S 3)( )(#&1,#&/-( &#"*,#&+)( )# 3)( )(#&1,O

#&/-( =/&-#)( ;%"#,&33")( 9&O%)((/$(>7 @, #*,-(9*&.#&/- ./36.2/-&:$) *).*"()-#) $- %/1,&-)

%) *)92)*92) 0 .,*# )-#&A*)' %/-# 34"#)-%$) %".,(() 3) 9,%*) %)( #*,+,$5 .*"()-#"( %,-( 9)

1,-$(9*&#7 X/$* %) .3$( ,1.3)( &-Q/*1,#&/-( )# $-) .*"()-#,#&/- .3$( %"#,&33") %)( 1"#2O

/%)( %) #*,-(9*&.#&/- ./36.2/-&:$)' /- ./$**, -/#,11)-# () *"Q"*)* 0 34/$+*,P) %) Y3,.$*&

)# Z,+6 EYZ! K7

5(,*.&,*-'( *,6%&,*72(

I)( 1"#2/%)( *)./()-# ($* $-) )(#&1,#&/- ($99)((&+) %)( %&V"*)-#)( 2,$#)$*(7 I2,:$)

2,$#)$* )(# %,-( $- .*)1&)* #)1.( %"#)9#") )# ,=/$#") 0 3, 3&(#) %)( 2,$#)$*( )(#&1")(7



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

"#$% &$ %'()$* +',-%. /0 '%+ $1('%%#/2' *' %&--2/,'2 0'% 3214&'$('% ()22'%-)$*#$+'% 53)$6

*#,'$+#0' '+ 7#2,)$/4&'%8 *& %/9$#0 2'%+#$+ : #$#0;%'2< ='% *'&> 1+#-'% %)$+ : 21-1+'2

+#$+ 4&?&$ (2/+@2' *?#22A+ $?'%+ -#% #++'/$+ 5(),,' 0' $),B2' *' 7#&+'&2% : *1+'(+'2. -#2

'>',-0'8<

C#2,/ ('% ,1+7)*'%. )$ +2)&D' 0'% +2#D#&> *' E#2F#0#/$'$ '+ G)0)$'$ HEGIIJ. *' K2+/L6

M'2'$9&'2 HKM=4GNOPJ '+ E0#-&2/ HE0#OQ. E0#ORJ< S00'% */T@2'$+ *#$% 0# ,#$/@2' *?'%+/,'2

&$' $)+' : -#2+/2 *& %/9$#0 #$#0;%1. 0' (2/+@2' *?#22A+ (7)/%/ '+ %&2+)&+ 0?'%+/,#+/)$ *'% ()$6

+2/B&+/)$% 3214&'$+/'00'% *?&$' 7#&+'&2 *1+'(+1'. -)&2 -)&D)/2 %)&%+2#/2' 0'% 3214&'$('%

()22'%-)$*#$+'% #& %/9$#0 2'%+#$+ : #$#0;%'2< =' *'2$/'2 -)/$+ ()$%+/+&' 0?'$F'& ,#F'&2 *'%

,1+7)*'% *?'%+/,#+/)$ /+12#+/D'< S$ UOO!. E0#-&2/ -2)-)%' &$' ,1+7)*' 2'-)%#$+ %&2 0#

$)+/)$ *?'$D'0)--' %-'(+2#0' *' 0# 7#&+'&2 *1+'(+1'. /00&%+21' %&2 0# V9&2' WQ< X'% -/(% *'

0# ()&2B' '$ +2#/+ 1-#/% ()22'%-)$*'$+ #&> 3214&'$('% 7#2,)$/4&'% *?&$' 7#&+'&2 D'$#$+

*?A+2' *1+'(+1'. #0)2% 4&' 0'% -/(% '$ +2#/+ V$ 2'-21%'$+'$+ 0'% 3214&'$('% *& %/9$#0 2'%+#$+

: #$#0;%'2< E0#-&2/ 2',#24&' 4&?/0 '%+ -)%%/B0' *' 2'0/'2 0'% -/(% '$ +2#/+ 1-#/% -#2 &$'

'$D'0)--' 5'$ +2#/+ V$8 9#2*#$+ &$ -2)V0 ()$%+#$+. 4&'0% 4&' %)/+ 0'% 7#&+'&2% '+ 0'% /$6

%+2&,'$+% ()$%/*121%< ='++' '$D'0)--' %-'(+2#0' -'2,'+ #/$%/ *?'%+/,'2 0'% 3214&'$('% :

%)&%+2#/2' #& %/9$#0 ()$%/*121 0)2%4&?&$' 7#&+'&2 D/'$+ *?A+2' *1+'(+1'< X'% -/(% '$ +2#/+ V$

%/+&1% #&6*'%%&% *' ('++' '$D'0)--' %-'(+2#0' ()22'%-)$*'$+ #/$%/ #&> 3214&'$('% 4&/ %'2)$+

()$%'2D1% #-2@% %)&%+2#(+/)$. '+ 4&/ -'2,'++2)$+ *' *1+'(+'2 &$' #&+2' 7#&+'&2< ='++'

,1+7)*'. B#-+/%1'  !"#$%&'  ())$*+"  3#/+ 21312'$(' *'-&/% 0)2% *#$% (' *),#/$' HE0#O!J<

Y1#$,)/$%. '$ -0&% *' 0# */Z(&0+1 *?1+#B0/2 &$ (2/+@2' *?#22A+. ('++' ,1+7)*'. (),,' +)&+'%

0'% ,1+7)*'% /+12#+/D'%. &+/0/%' &$' #--2)>/,#+/)$ *' 0?#,-0/+&*' *'% 7#2,)$/4&'% ()22'6

%-)$*#$+ #&> 7#&+'&2% *1+'(+1'%. (' 4&/ 2'-21%'$+' *)$( &$' %)&2(' -)+'$+/'00' *?'22'&2<

./(*)& WQ [ \00&%+2#+/)$ *&  !"#$%&'  ())$*+"  . *?#-2@% HE0#O!J< X?'$D'0)--' '%+ '$ +2#/+

V$. '+ 2'0/' 0'% -/(% *' 3214&'$('% 5'$ +2#/+ 1-#/%8 ()22'%-)$*#$+ : &$' 7#&+'&2 D'$#$+ *?A+2'

*1+'(+1'< X'% -/(% *' +2#/+ V$ %/+&1% #&6*'%%&% *' ('++' '$D'0)--' %'2)$+ ()$%'2D1% #-2@%

%)&%+2#(+/)$ *'% 3214&'$('% ()22'%-)$*#$+ #& +2#/+ 1-#/%<



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

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

"#$ %&'()*#$ *+#$',%-',). /),.'# $# 01)0)$#.' *+#$',%#1 $,%23'-.&%#.' 3+#.$#%43# *#$

.)'#$ /)2&#$ *21-.' 3+#5'1-,' 6).$,*&1&7 "# 01,.6,0# #$' ,6, *+2',3,$#1 *#$ 83'1#$ #. 0#,9.#

0)21 $2001,%#1 3#$ 0,6$ $0#6'1-25 6)11#$0).*-.' -25 :1&;2#.6#$ (-1%).,;2#$ *#$ (-2'#21$

#$',%&#$ <'1-,' &0-,$ $21 3- 8921# =>?7 @. 61,'A1# &.#19&',;2# <6)%%# 3+&.#19,# $0#6'1-3#? #$'

#.$2,'# 6-3623&B #' *),' -''#,.*1# 2. %,.,%2% 3)1$;2# 3#$ :1&;2#.6#$ 6(),$,#$ $).' 6)11#6'#$B

#' ;2# 6#33#$C6, 6)11#$0).*#.' *).6 4,#. -25 (-2'#21$ 01&$#.'#$ *-.$ 3+#5'1-,' -.-3D$&7 E#3

#$' 3# 01,.6,0# *#$ %&'()*#$ 01)0)$&#$ 0-1 E)3).#. FEGHHI #' *# J(#K#,9.& F*JLH>I -2

*&42' *#$ -..&#$ !HHH7

J#$ %&'()*#$ 1&$)3K#.' 3# 01)43A%# *# 3- $)2$'1-6',). -001)5,%-',K# *#$ 6).'1,42',).$ *#$

(-2'#21$ $266#$$,K#%#.' -.-3D$&#$B 1#.6).'1& *-.$ 3#$ %&'()*#$ *+#$',%-',).$ ,'&1-',K#$7

J#0#.*-.'B 3#$ #$',%-',).$ /),.'#$ ,%0)$#.' *# 85#1 2. *#91& *# 0)3D0().,# %-5,%-3

<.)%41# *# .)'#$ /)2&#$ #. %M%# '#%0$?B #' .# $).' #N6-6#$ ;2# 0)21 3#$ 0)3D0().,#$

1#$'1#,.'#$B 01&$#.'-.' 2. :-,43# .)%41# *# (-2'#21$ /)2&#$ $,%23'-.&%#.' <! )2 >?7

O2# 6# $),' -K#6 *#$ %&'()*#$ ,'&1-',K#$ )2 /),.'#$B 3- '1-.$61,0',). 0)3D0().,;2# .#

0#2' M'1# 1&-3,$&# $-.$ 2.# 6#1'-,.# 0-1' *+#11#21B #' 3#21$ 0#1:)1%-.6#$ *&0#.*#.' :)1'#C

%#.' *2 .)%41# *#$ $)216#$ %2$,6-3#$ #' *# 3- .-'21# *2 ',%41# $200)$&$ FPQLHRI7

 !" #$$%&'(

J#''# $#6',). 01&$#.'# *#$ %&'()*#$ *+#$',%-',). *+-66)1*$B ;2, 6).$','2#.' 2.# &3&C

%#.' 6#.'1-3 *# 3- *#$61,0',). *# 3+(-1%).,# 0-1 3- 6)%%2.-2'& STU  !"#$ %&'()*+#(&

,-+.#-/*07 "- $&;2#.6# *+-66)1*$ *+2. %)16#-2 :)21.,' #. #V#' 2.# 1#01&$#.'-',). 0-1',C

623,A1#%#.' ,.'&1#$$-.'#B .)'-%%#.' 0)21 3#$ $'D3#$ /-WW #' 0)07 "+-.-3D$# *# 3+(-1%).,#

*+2. %)16#-2 *# %2$,;2# 0-1 $- $&;2#.6# *+-66)1*$ 6).$','2# &9-3#%#.' 2.# 01)43&%-C

',;2# *# 032$ #. 032$ ,%0)1'-.'# 0)21 3#$ '(&)1,6,#.$ *# 3- %2$,;2# FLXYZZI7 Q-.$ 2.

01#%,#1 '#%0$B .)2$ .)2$ 0#.6().$ $21 3+-.-3D$# *#02,$ 2.# 1#01&$#.'-',). $D%4)3,;2# *#

3- %2$,;2#B #. 01&$#.'-.' *#$ %&'()*#$ #5,$'-.'#$ -K-.' *# 01)0)$#1 6#1'-,.#$ -%&3,)1-C

',).$7 [)2$ &'2*,).$ #.$2,'# 3+-.-3D$# *#$ -66)1*$ *#02,$ 3# $,9.-3 -2*,)7

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

[)2$ .)2$ 1#$'1#,9.).$ *-.$ 6#''# $#6',). -25 %&'()*#$ *+-.-3D$# *#$ -66)1*$ *#02,$

2.# 1#01&$#.'-',). $D%4)3,;2# *# 3- %2$,;2#7 \01A$ -K),1 01&$#.'& 3#$ %&'()*#$ *# 3-

3,''&1-'21#B .)2$ 01)0)$).$ 2.# %&'()*# *,1#6'# *# 1#6)..-,$$-.6# *+-66)1*$B 1#0)$-.' $21

2.# 6)%0-1-,$). *# 01)83$ *# .)'#$ -K#6 *#$ 01)83$ *+-66)1*$7 [)2$ 01&$#.').$ #.$2,'#

*#$ -%&3,)1-',).$ 021 6#''# %&'()*#B #. '#.-.' 6)%0'# *#$ 01)01,&'&$ *# 3+(-1%).,# *# 3-

%2$,;2#7



 !"! #$$%&'(  !

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

"#$%&'' ()*(*+& &, -../ 0"#$./1 2,& 3456*7& 78&+593#59*, 78#::*)7+ 259'9+#,5 ('2+

7& ;< )=>'&+? @# (9=:& 7& 32+9A2& &+5 78#B*)7 )&()4+&,54& +*2+ '# C*)3& 782,& +4A2&,:& 7&

D&)59:#'954+ E !"#$%&'(FG ()*:6& 7& ,*5)& 74H,959*, 7&+ >)*2(&+ 7& ,*5&+? @&+ )=>'&+ D9+&,5

&,+295& I 745&)39,&) A2&''&+ D&)59:#'954+ +*,5 7&+ #::*)7+G &5 A2&''&+ #25)&+ +*,5 7&+ *),&J

3&,5+? K,& 7& :&+ )=>'&+ 9,79A2& (#) &$&3('& A282,& D&)59:#'954 :*3(*+4& 782,& 2,9A2&

,*5& :*,+5952& 2, *),&3&,5 72 7&),9&) #::*)7 )&,:*,5)4 EL&3(&)'&M #N)3&)# ('2+ 5#)7 A2&

:& :6*9$ &+5 79+:25#B'& 0L&3..#1F? @# ('2(#)5 7&+ )=>'&+ )&(*+&,5 +2) '&+ ,*59*,+ 7& :*,+*J

,#,:& &5 79++*,#,:&G &5 7&D9&,,&,5 79N:9'&3&,5 #(('9:#B'&+ '*)+A2& :&+ 7&),9=)&+ 4D*'2&,5

#2 H' 7&+ +5M'&+ 32+9:#2$? O9,+9G 2,& :*,+*,#,:& &, 32+9A2& :'#++9A2& (&25 P5)& 79Q4)&3J

3&,5 74H,9& A282,& :*,+*,#,:& &, R#SS?

L&3(&)'&MG &, -... 0L&3..#1G ()*(*+& 2,& 3456*7& )&(*+#,5 4>#'&3&,5 +2) 7&+ )=>'&+G

3#9+ 9,+(9)4&+ :&55& C*9+ 7& '# 564*)9& >4,4)#5)9:& 7& '# 32+9A2& 5*,#'& 7& @&)7#6' &5 T#:UJ

&,7*Q 0@TV;1? W&55& 3456*7& )4#'9+& 5*25 78#B*)7 2,& #,#'M+& 7& '# 345)9A2& )M5639A2&

7& '# (9=:& 452794&G &, 79+59,>2#,5 '&+ 5&3(+ C*)5+ 7&+ 5&3(+ C#9B'&+? K,& 7&+ )=>'&+ (&)J

3&55#,5 :&55& #,#'M+& :*,+9+5& (#) &$&3('& I ()9D9'4>9&) '# :)4#59*, 7& 5&3(+ C*)5+ #2$

7#5&+ 7& 74B25 7&+ ,*5&+ 7& 72)4&+ 93(*)5#,5&+? K,& C*9+ '8#,#'M+& 7& '# 345)9A2& )4#'J

9+4&G '# 3456*7& 74H,95 2,& +&>3&,5#59*, 7& '# (9=:& 452794&G :6#:2, 7& :&+ +&>3&,5+

C#9+#,5 &,+295& '8*BR&5 782,& &+593#59*, 78#::*)7? X*2) 74H,9) '# +&>3&,5#59*,G '&+ )=>'&+

()*(*+4&+ (#) L&3(&)'&M ()9D9'4>9&,5 (#) &$&3('& '# :)4#59*, 782, ,*2D&#2 +&>3&,5 +2)

2, 5&3(+ C*)5? Y,H,G '8&+593#59*, 78#::*)7 +2) 2, +&>3&,5 7*,,4 # '9&2G &5 ()*(*+& (*2)

'# C*,7#3&,5#'& 7& '8#::*)7 &+5934? @&+ )=>'&+ (&)3&55#,5 :&55& &+593#59*, ()9D9'4>9&,5 (#)

&$&3('& 2,& ()*$93954 +2) '& :M:'& 7&+ A29,5&+ &,5)& C*,7#3&,5#'&+ +2::&++9D&+? L&3(&)J

'&M ()*(*+& 2,& 4D#'2#59*, 7& :&55& 3456*7& +2) ('2+9&2)+ (9=:&+ :'#++9A2&+? Z' R2>& '&+

)4+2'5#5+ [)#9+*,,#B'&+[ &5 3&5 &, 4D97&,:& A2&'A2&+ (*9,5+ 74C#9''#,5+ 7& :&55& 3456*7&G

&, +8#((2M#,5 ,*5#33&,5 +2) '8#,#'M+& 7& '# \#D*55& 7& '# +295& C)#,]#9+& ,234)* ; 7&

T?^? _#:6 ` +&'*, '29G :&55& 3456*7& ,897&,59H& (#+ :*))&:5&3&,5 :&)5#9,&+ ,*5&+ *),&3&,J

5#'&+G '&2) :*,C4)#,5 #9,+9 2, )a'& 5*,#' &5 ()*D*A2#,5 :&)5#9,&+ &))&2)+ '*)+ 7& '8#(('9:#59*,

7&+ )=>'&+?

X'2+ )4:&33&,5G X#)7* 0X_</1 ()*(*+& 2, #25)& #'>*)9563&G )&(*+#,5 '29 +2) '# 74H,9J

59*, 7& +&>3&,5+ 32+9:#2$G &5 +2) '& :#':2' 7& +:*)&+ (*2) :6#:2,& 7&+ 5)9#7&+ 3#R&2)&+ &5

39,&2)&+ +2) :6#:2, 7& :&+ +&>3&,5+? _9&, A2& '&+ 5&)3&+ %)""*'&#$)+ *2 ,")-'( .! +)#!( ,&

+*,5 R#3#9+ &3('*M4+G 2,& (#)59& 7& '# 3456*7& ()*(*+4& (#) X#)7* &+5 7*,: 79)&:5&3&,5

9,+(9)4& 7& '8#'>*)9563& b^G A2& '8*, 74:)9)# +&:59*, c?!?-G &5 A29 :*3(#)& 2, ()*H' 7& ,*5&+

I 7&+ ()*H'+ 7& )4C4)&,:&? @&+ ()*H'+ 7& ,*5&+ +*,5 4>#'&3&,5 259'9+4+ 7#,+ '&+ 5)#D#2$ 7&

d6*7&+ 0d@"<e1 &5 7#,+ :&2$ 7& X#9&3&,5 0XY_<;1G A29 259'9+&,5 7&+ 3*7='&+ +5#59+59A2&+

E'&+ 3*7='&+ +5#59+59A2&+ C*)3#,5 '# 3#R*)954 7&+ 5)#D#2$ &$9+5#,5+ &, &+593#59*, 78#::*)7+

7&(29+ '& +9>,#' #279*G 9'+ +&)*,5 74:)95+ &, +&:59*, c?/?/F?



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

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

"#$ %&$'()&$ '*+,-.$ .(&$/+$ %$0+ 1+&$ %&-%-2*$3 $# 0+(4(25#+ 45 .$2/&(%+(-# .$ 46,5&7

'-#($ -8$&+$ %5& 4$2 %&-942 .$ #-+$2: ;$++$ '*+,-.$ .(&$/+$ /-'%&$#. +&-(2 *+5%$2 <

=>?  ! "#$%#&'!'()& *# +! ,(-.# !&!+/"0#1 @-02 /,-(2(22-#2 .65.-%+$& .5#2 /$++$ '*+,-.$

0#$ 2$A'$#+5+(-# 0#(B-&'$ $+ .$ &*2-40+(-# /5&5/+*&(2+(C0$ .$ 45 .0&*$ .60# 5//-&. DEFGHIJ:

F5 '$20&$ $2+ /,-(2($ /-''$ 0#(+* .$ 2$A'$#+5+(-#:

=K?  ! .)&"'('2'()& *2 ,3)4+ *# &)'#": F$2 %&-942 .$ #-+$2 2-#+ .$2 L$/+$0&2 .$ .('$#2(-#

>K3 '$20&5#+ 46(#M0$#/$ .$2 >K /4522$2 .$ #-+$2 N-0*$2 .5#2 4$ 2$A'$#+ *+0.(*: ;$ %&-94 $2+

/-#2+&0(+ $# 2-''5#+ 4$2 .0&*$2 .$2 #-+$2 .0 2$A'$#+ 2$4-# 4$0&2 /4522$23 $+ $# 2-''5#+

4$0&2 .0&*$23 $O%&('*$2 $# B-#/+(-# .60#$ 0#(+* .$ +$'%2: P( #-02 /-#2(.*&-#2 0# 2$A'$#+

.5#2 4$C0$4 +&-(2 #-+$2 2-#+ %&*2$#+$2 < 0# Q- =R45#/,$?3 0# P-4 =#-(&$? $+ 0# P( =/&-/,$?3

$+ C0$ #-02 /,-(2(22-#2 /-''$ 0#(+* .$ +$'%2 *4*'$#+5(&$ 45 /&-/,$3 4$ %&-94 .$ #-+$2

/-#2+&0(+ 20& /$ 2$A'$#+ 2$&5 <

p = (4, 0, 0, 0, 0, 0, 0, 2, 0, 0, 0, 1)

S# +&-0L$&5 0#$ (4402+&5+(-# .$ /-#2+&0/+(-# .60# %&-94 .$ #-+$2 20& 45 9A0&$ !!:

=T?  5#"'(%!'()& *# +5!..)3*: @-02 /,-(2(22-#2 .$ /-#2(.*&$& K! 5//-&.2 =>K .$ +U%$

'5N$0& $+ >K .$ +U%$ '(#$0&?3 $+ .$ /-#2+&0(&$ %-0& /,5C0$ 5//-&. .$2 %&-942 $# +&(5.$:

;$2 %&-942 2-#+ /-'%-2*2 .$ 45 B-#.5'$#+54$ .$ 465//-&.3 5(#2( C0$ .$2 #-+$2 V 45 +($&/$

='5N$0&$ -0 '(#$0&$ 2$4-# 4$ '-.$? $+ V 45 C0(#+$ =L-(& 9A0&$ !W?: F$ %&-94 .$ #-+$2 .0

2$A'$#+ $2+ $#20(+$ /-'%5&* 50O %&-942 .65//-&.2: ;$2 %&-942 2-#+ /-'%5&5R4$2 V .$2 %&-942

.$ #-+$23 $+ 2-#+ /-#2+&0(+2 V 465(.$ .$ /-#2(.*&5+(-#2 '02(/54$2: S# /-'%5&$ 4$ %&-94 .$

#-+$2 -R+$#0 20& 0# 2$A'$#+ 50O %&-942 .65//-&.2 $# /54/045#+ 0#$ L54$0& .$ /-&&*45+(-#

$#+&$ 4$2 K! 5//-&.2 .$ +&(5.$2 $+ 4$ 2$A'$#+ *+0.(*: F65//-&. .-#+ 4$ %&-94 %&*2$#+$ 45 %402

B-&+$ L54$0& .$ /-&&*45+(-# /-#2+(+0$ 465//-&. $2+('* 20& 4$ 2$A'$#+ /-#2(.*&*: Q5#2 45 20(+$3

4$ /54/04 .$ /-&&*45+(-# $2+ &*54(2* $# $8$/+05#+ 0# %&-.0(+ 2/545(&$ $#+&$ 4$2 .$0O %&-942

/-'%5&*2:

;$++$ '*+,-.$ .(&$/+$ $2+ %5& 45 20(+$ #-''*$ 67: X44$ $2+ *L540*$ $+ /-'%5&*$ V 0#$

50+&$ '*+,-.$ .5#2 45 2$/+(-# 20(L5#+$:

 !"!#!/ $%&'()* 0&+1+234& 1*2 5,(06*2 )* 4(&*2 .  "#

Q5#2 45 '*+,-.$ .(&$/+$ .*/&(+$ %&*/*.$''$#+3 4$ %&-94 .$ /,5C0$ 2$A'$#+ $2+ /-#7

2+&0(+ V %5&+(& .$2 #-+$2 %&*2$#+$2 .5#2 4$ 2$A'$#+3 25#2 B5(&$ .$ .(2+(#/+(-# C05#+ V 4$0&2

('%-&+5#/$2 &$2%$/+(L$2 .5#2 46,5&'-#($: Q60# %-(#+ .$ L0$ '02(/543 (4 2$'R4$ %-0&+5#+



c (i) i

c (i) c (i) = c (i)n(i)f(i) n(i)

i f(i) = 2 i

f(i) = 1



c (i) i c (i)

i

4

4 × 3 × 2 = 24

1







 !"! #$$%&'(  !

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

0#"!% 2,3$% .4 0-% *#$#&/ 53& 6!%%7 8,9: .4 0-% ;(< 2,"%) 6()#4,!&#(

=8 >?@A> >B@BB CD@CC >B@EF

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

 !"#$"% I#&: J),<+ I#&: J),<+ I#&: J),<+ 0-% ;%(")%$

0#"!% 0-% K()) K#$- L,3 K%!% 2%!% 6,'4,!"(M)< H3'M 6(&N" ;3< =% O,P%

=8 CC@QA  &"&) CD &''

=GH ! "!* C>@CF  !"% >C@FR

 !"#$"% ;(!M(!( 0-% ;%(")%$ 0-% ;%(")%$ 0-% ;%(")%$

0#"!% ON #/)% H,#! =(/#9() =<$"%!< 0,3! 6,'% 0,/%"-%! 0#9:%" 0, *#+%

=8 >E >?@F? CQ@?F  *"!(

=GH &'' >?@F?  &"#$ >Q@RE

=S"-,+% =,<%&&% 7,&+S!S% 7(! "#"!% =,<%&&% 7,&+S!S% 7(! '%$3!%

=8 >A@D? >D@EC

=GH  $"'$  $"))

)*+,- "# $ %&'()*+*' ,- ./&01'123 ,-' 4&*52,-' ,6-'*14+*123 ,6+002/,' 78 -* 79: ;-3

< ,6+002/,' 02//-0*' -'*14&'=>

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

:2(' +?23' '&)-0*1233& "@ 42/0-+(A .2. ;?21/ +33-A- B>">"=C -* +332*& 4+3(-))-D

4-3* )-' E051-/' 7F8F 02//-'.23,+3* G )6+1,- ,6+002/,' 4+H-(/' -* 413-(/'> I-' 42/0-+(A

./&'-3*-3* *2(' (3 05+3J-4-3* ,6+002/, ;+( .)('= .+/ 4-'(/-> I5+K(- 4-'(/- ,- 05+K(-

42/0-+( ,233- +13'1 )1-( G (3- &?+)(+*123 ,-' +002/,' -'*14&'C .2(/ (3 *2*+) ,- ""!L

4-'(/-' '(/ )+ M+'- ,- ,233&-'>

N2(/ 05+K(- 4-'(/-C 32(' 024.+/23' )6+002/, +332*& +?-0 )6+002/, -'*14&C -* 0- .2(/

05+0(3- ,-' 4&*52,-'> O1 )6+002/, +332*& -'* 1,-3*1K(- G )6+002/, -'*14& ;4P4- Q23,+4-3D

*+)- -* 4P4- 42,-=C )- '02/- '(/ )+ 4-'(/- -'* ,- "> O1323C )- '02/- ,- )+ 4-'(/- -'* #>

R- '02/- ,- 05+K(- 42/0-+( -'* -3'(1*- 2M*-3( -3 ,1?1'+3* )- 324M/- ,- 4-'(/-' ,233+3*

)1-( G (3- -'*14+*123 02//-0*- .+/ )- 324M/- *2*+) ,- 4-'(/-' ,( 42/0-+(> :2(' ./2.2'23'

&J+)-4-3* ,-' '02/-' 42S-3' '(/ )+ M+'- ,- ,233&-'C -3 ./20&,+3* '21* +( 0+)0() ,- )+

42S-33- ,-' '02/-' .2(/ 05+K(- 42/0-+( ;42S-33- .23,&/&- .+/ *1*/-=C '21* -3 .23,&/+3*

)- '02/- ,- 05+K(- 42/0-+( .+/ '23 324M/- ,- 4-'(/-' ;42S-33- .23,&/&- .+/ 4-'(/-=>

1232421 5'"/,(!("

T3 */2(?-/+ )-' /&'()*+*' ,- )6-'*14+*123 ,-' +002/,' ,+3' )- *+M)-+( "#> T3 /-4+/K(-

K(- )+ 4&*52,-  !" +4&)12/- '1J31E0+*1?-4-3* )-' /&'()*+*'C -3 /&+)1'+3* (3- 5+(''- ,6+(

4213' L< ,-' /&'()*+*'C K(- 0- '21* -3 023'1,&/+3* )+ 42S-33- .+/ 42/0-+( 2( .+/ +002/,>

R-' /&'()*+*' ,- )+ 4&*52,-  # /&+)1'+3* ,&HG (3- '02/- &)-?& ;.)(' ,- !#<=C 1) -'* G 32*-/



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

"#$#% &'()* +,-.% /. 01 (22()(3* ',++. 4+2,)*(%*5 6% %,*.)( &7(8.+.%* "#.9 :#) #%.

+4%,)4*& /. +,)'.(#;9 8( +&*<,/.  !" .:* +,4%: 2)&'4:. "#. 8( +&*<,/.  # =',++.

2,#) $%&'( )*+  , -./, ,# 0123,( 0. 415,>9 8( /4?&).%'. %$.;'&/(%* *,#*.@,4: A(+(4: B1>5

C% ).D(%'<.9 :#) 8.: *4*).: ,E 8( +&*<,/.  !" .:* 28#: 2)&'4:. "#. 8( +&*<,/.  #9 8.:

)&:#8*(*: :,%* (+&84,)&: /. +(%4F). 28#: :47%4G'(*4D. H IJ901 /$(+&84,)(*4,% :#) $.67.8(9

%:;+ "*6:9 .* 2).:"#. B!1 2,#) #.23 <7 0=, )%+9 2() .;.+28.5

K8 .:* 2,::4L8. /$(D(%'.) #%. .;284'(*4,% "#(%* M 8( 2,::4L8. 4%*),/#'*4,% /$.)).#): /.

8( +&*<,/.  !"9 .% :$(22#-(%* :#) 8. @(4* "#. 8( /4?&).%'. 2)4%'42(8. .%*). 8.: /.#;

+&*<,/.: )&:4/. /(%: 8( :#22).::4,% /.: %,*.: (22()*.%(%* M 8( +N+. '8(::.9 .* (# @(4*

"#$#% 2,4/: 28#: 4+2,)*(%* .:* ',%@&)& M 8( @,%/(+.%*(8. /(%: '<("#. 7),#2. /. %,*.:5

O,%:4/&),%: 8. :.7+.%* ',%:*4*#& /.: %,*.: :#4D(%*.: =/# 7)(D. D.): 8$(47#> H

=P, Q4 R,8 P, P, P, P, P,>

S.: /.#; +&*<,/.: .:*4+.%* ',)).'*.+.%* 8$('',)/ /. P, Q(A.#)9 '() 8. 7),#2. /. %,*.:

(::,'4& .:* =P, Q4 R,8>9 (D.' #%. L(::. /. /, .* #%. @,%/(+.%*(8. /. /,5 C% ).D(%'<.9

:4 8$,% (A,#*. #% 4%:*)#+.%* A,#(%* :4+28.+.%* #% S(9 (8,): 8. 7),#2. /. %,*.: /.D4.%*

=P, Q4 R,8 S(> .* 8( @,%/(+.%*(8. /.D4.%* S(5 S( +&*<,/.  !" 4%/4"#. (8,): #% ('',)/

/. S( +4%.#)9 *(%/4: "#. 8( +&*<,/.  # ',%*4%#. /$.:*4+.) #% ('',)/ /. P, Q(A.#)

='() 8( :.#8. %,*. S( %. 2)&:.%*. 2(: /. 7)(%/. 4%T#.%'. :#) 8( )&2()*4*4,% :*(*4:*4"#. /.:

%,*.: /. 8$('',)/9 &*(%* /,%%& "#. 8.: %,+L).#; , %. :,%* 2(: ).7),#2&: .% #%. #%4"#.

'8(::. /. %,*.:>5 S,):"#. 8$('',)/ ',)).'* .:* P, Q(A.#)9 48 2.#* (4%:4 :. ).*),#D.) .:*4+&

.% S( +4%.#) 2() 8$(+&84,)(*4,% 2),2,:&. /(%: 8( +&*<,/.  !"5 K8 :.)(4* /,%' 2,::4L8.

/$.%D4:(7.) #%. @#*#). (+&84,)(*4,% /. '.**. +&*<,/.9 .% *.:*(%* 2() .;.+28. 8( ',))&8(*4,%

(D.' P, Q(A.#) :4 #% ('',)/ /. S( +4%.#) .:* /&*.'*&5 R4 8( ',))&8(*4,% (D.' P, Q(A.#)

.:* ).8(*4D.+.%* 2),'<. /. (D.' S( +4%.#)9 ,% 2,#))(4* (8,): ).',#)4) M #% (#*). *-2.

/$4%@,)+(*4,%9 ',++. 8( ',%:4/&)(*4,% /. 8( *,%(84*& .:*4+&.9 2,#) '<,4:4) .%*). '.: /.#;

('',)/:5

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

S( 2)4:. .% ',+2*. /.: 7),#2.: /. %,*.:9 .* /. 8$4%@,)+(*4,% *,%(8. (4%:4 (22,)*&.9 :.+U

L8. N*). L&%&G"#. M 8$.:*4+(*4,% /.: ('',)/:5 O.**. ',%:*(*(*4,% ',%:*4*#. #% 2).+4.) 2(:

D.): 8$<-2,*<F:. "#. /.: 4%@,)+(*4,%: *,%(8.: /. 28#: <(#* %4D.(# "#. 8.: %,*.: /. +#:4"#.

2),2,:.%* #%. /.:')42*4,% /. 8$<()+,%4. +,4%: L)#4*&.9 .* 2.)+.**.%* #%. .:*4+(*4,% 28#:

2)&'4:. /.: (#*).: 4%@,)+(*4,%: *,%(8.:5 V,#: 2),2,:,%: /(%: 8( :#4*. /$(#*).: .;2&)4.%'.:

+.**(%* .% (D(%* '.**. <-2,*<F:.5



 !"! #$$%&'(  !

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

"#$%& '()& *+$, -++-$./& &)$ 01,&+23-+2(' .1-44($.& .,#)2& )', $,#$/&,'+-+2(' &536(07

28), ., 0- 3)&28),9 '()& '()& #,'4:('& 242 &)$ 0,& 3/+:(.,& .1,&+23-+2(' .1-44($.& .,#)2&

0, &2;'-0 -).2(< =(33, '()& 01->('& >) #$/4/.,33,'+9 4,& 3/+:(.,& &('+ &2;'2?4-+2>,3,'+

.2@/$,'+,&9 4-$ 20 &,360, .2A420, .1)+202&,$ )', /+-#, ., +$-'&4$2#+2(' #(05#:('28), .,& ,'7

$,;2&+$,3,'+& /+).2/&9 ,' $-2&(' .,& ,$$,)$& 2'.)2+,& #-$ 0,& 3/+:(.,& ., +$-'&4$2#+2('<

B,& 3/+:(.,& .1,&+23-+2(' .1-44($.& .,#)2& 0, &2;'-0 -).2( )+202&,'+ -2'&2 0- .,&4$2#+2(' .,

01:-$3('2, -##($+/, #-$ 0,& >,4+,)$& 4:$(3-9 8), '()& ->('& #$/&,'+/& ,' C<C<C<

D-$32 4,& 3/+:(.,&9 +$(2& ;$-'.,& 4-+/;($2,& #,)>,'+ *+$, .2&+2';)/,& .-'& 0- 02++/$-7

+)$, E

F 0,& 3/+:(.,& )+202&-'+ )', $,4:,$4:, ,+ )', $,4(''-2&&-'4, ., 3(.%0,& .1-44($.&9

F 0,& 3/+:(.,& G('./,& &)$ )' -##$,'+2&&-;, &+-+2&+28),9 ,3#0(5-'+ 0, #0)& &()>,'+ )'

3(.%0, ., H-$I(> 4-4:/9

F 0,& 3/+:(.,& :56$2.,&9 (J 0- +:/($2, 3)&24-0, ,&+ )+202&/, 4(33, 4(3#0/3,'+ K 01-#7

#$(4:, &+-+2&+28),<

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

L()& ->('& >) #$/4/.,33,'+ 8), 4,$+-2',& 3/+:(.,& .1,&+23-+2(' .1-44($.& .,#)2&

)', $,#$/&,'+-+2(' &536(028), ., 0- 3)&28), )+202&,'+ )', 4(3#-$-2&(' ,'+$, 0,& #$(?0& .,

'(+,& (6&,$>/& ,+ .,& #$(?0& .1-44($.&< M, 0- 3*3, 3-'2%$,9 0,& 3/+:(.,& ., $,4:,$4:,

., 3(.%0,& .1-44($.& 4(3#-$,'+ 0,& >,4+,)$& 4:$(3- ->,4 .,& >,4+,)$& 4-$-4+/$2&+28),& .,&

-44($.& $,4:,$4:/&9 -##,0/& >,4+,)$& 3(.%0,& .1-44($.&< B, >,4+,)$ 3(.%0, 0, #0)& N#$(4:,N

.) 4:$(3- /+).2/ .('', -0($& 01-44($. ,&+23/ &)$ 0- #/$2(., ., +,3#& 4('&2./$/,<

O)P2&:23-9 ,' !QQQ RO)PQQS9 G)+ 0, #$,32,$ K #$(#(&,$ )', +,00, 3/+:(.,9 ,' )+202&-'+ .,&

>,4+,)$ 3(.%0,& 62'-2$,& T4(3#(&/& )'28),3,'+ ., ! ,+ ., UV9 ,+ ,' .2&+2';)-'+ C +5#,&

.1-44($.& .2@/$,'+&< B,& >,4+,)$& 4:$(3-& )+202&/& &('+ ., .23,'&2(' !C< B1,A4-42+/ .,

4,++, 3/+:(., &1->%$, &-+2&G-2&-'+, ,' ,&+23-'+ .,& -44($.& P()/& .,#)2& )' &5'+:/+2&,)$

HWMW9 ->,4 )', #$/42&2(' &)#/$2,)$, K QUX .1-44($.& 4($$,4+,3,'+ ,&+23/&< L/-'3(2'&9

/>-0)/, &)$ ., 0- 3)&28), $/,00, T,' (##(&2+2(' K 0- 3)&28), ;/'/$/, #-$ )' &5'+:/+2&,)$

HWMWV9 0- 3/+:(., 4(33,+ ., '(36$,)&,& ,$$,)$&<

=,& ,$$,)$& &('+ .),& -) #$(60%3, .1-44($.-;,9 8)2 4('&+2+), )', 4('+$-2'+, 23#($+-'+,

.-'& 0, +$-2+,3,'+ .) &2;'-0 RYZUQS E &)$ )' ,'$,;2&+$,3,'+ $/,09 0- G$/8),'4, ., $/G/$,'4,

.) B- #,)+ ', #-& *+$, ,[-4+,3,'+ /;-0, K \\U]^< H,2'-$. H_00,$ - -2'&2 4(33)'28)/ K 0-

4(33)'-)+/

 

0, G-2+ 8), 4,$+-2'& ,'$,;2&+$,3,'+& .,& `,-+0,& #$/&,'+-2,'+ )', G$/8),'4,

., $/G/$,'4, .2@/$,'+, ., \\U]^< =,& .2@/$,'4,& .1-44($.-;, &('+ -##,0/,& ./>2-+2('&9 ,+

&('+ 3,&)$/,& ,' .,327+('&< Z' +$()>,$- 0- $/#-$+2+2(' ., 4,& ./>2-+2('& &)$ 0, +-60,-) !!<

 ! "#$ %$ %#&'( )( )#*+&#,- ./012314 5+&#63#78%#&'(&!#76$5!97



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

 !"#$%#&' ()' *)+#,%&'-. /0/ /012 /033 /02/ /045

6&+78) *) +&89)$:; 55 3/ 2< 5 1

3"4,' "" # $%&'()'*+, -. /0(11*2-(3. ,42 /., .+2.3',)2.5.+), -., 6.()/.,7 -0(829, :.'+(2-

:;//.2<

=+ !>>?7 @(2). .) A(+-/.2 B@A>?C 82*8*,.+) 4+. 5%)D*-. ,'5'/('2. E 1.//. -. F4G',D'5(7

5(', 1*+,'-92.+) H4()2. )I8., -0(11*2-, (4 /'.4 -. -.4J K5(G.42,7 5'+.42,7 -'5'+4%, .) (43L

5.+)%,M .) '+)932.+) 4+ (/3*2')D5. 8*42 3%2.2 /., 82*N/95., -0(11*2-(3. E /0('-. -. &.1).42,

1D2*5( -. -'5.+,'*+ OP< QD(H4. 1/(,,. -. +*)., 1*22.,8*+- ('+,' E O 1*58*,(+)., -'RL

R%2.+)., K(4 /'.4 -04+. 1*58*,(+). &.1)*2'.//. 8(2 1/(,,. -. +*)., 8*42 /., &.1).42, 1D2*5(

-. -'5.+,'*+ "!M< =+ *N,.2&(+) /., 5(J'5( /*1(4J -. )*4, /., &.1).42, 1D2*5( -. /( 8'91.

%)4-'%.7 '/, -%).25'+.+) *S ,. ,')4.+) /., R2*+)'92., .+)2. 1/(,,., -. +*)., -(+, /., &.1).42,

1D2*5( -. -'5.+,'*+ OP7 .) /., )2(+,R*25.+) .+,4'). .+ &.1).42, -. -'5.+,'*+ "!<

T.. BT..>PC7 .+ !>>P7 82*8*,. 4+. 5%)D*-. /%392.5.+) -'U%2.+). -(+, /. 1(/14/ -.,

&.1).42, 1D2*5(< V/ 1*+,'-92. ('+,' +*+ 8/4, -'2.1).5.+) /. 2%,4/)() -. /( )2(+,R*25%.

-. F*42'.27 5(', /. 82*-4') D(25*+'H4. ,8.1)2(/ K !"#$%&' ("$)*'+ ,-.'+"*#M7 1*55.

82*8*,% 8(2 A1D*/., BA1DPWC< $.4J )I8., -0(11*2-, -'U%2.+), K5(G.42 .) 5'+.42M ,*+) 1*+L

,'-%2%,< X*42 1D(H4. )2(5. -. ,'3+(/7 /( 5(J'5',()'*+ -. /( 1*22%/()'*+ (&.1 -., 5*-9/.,

-0(11*2-, N'+('2., -*++. /0(11*2- .,)'5%<

=+ !>>Y7 Z4-2. BZ[F>YC 82*8*,. 4+. %)4-. ,42 /0'+\4.+1. -., -'U%2.+), 82*]/, -.

2%R%2.+1. 8*42 /( 2.1*++(',,(+1. -0(11*2-, -.84', /. ,'3+(/ (4-'*< V/ 2.5(2H4. %3(/.5.+)

H4. /., 5%)D*-., -%12')., 1'L-.,,4, 4)'/',.+) )*4)., 4+ /',,(3. -. /( ,%H4.+1. -0(11*2-, .,L

)'5%.7 1*22'3.(+) 8(2 .J.58/. 4+. ,*4,L,%H4.+1. -0(11*2-, -. /( R*25. !!!/!!! .+ ,%H4.+1.

!!!!!!!< V/ 82*8*,. -0.U.1)4.2 1. /',,(3. +*+ 8(, ,42 /( ,%H4.+1. -0(11*2-, .,)'5%.,7 5(',

,42 /. 1D2*5(32(55.7 .+ 2%(/',(+) 4+. 5%-'(+. 8*42 1D(H4. 1*58*,(+). -., &.1).42,

1D2*5(< V/ 5.) ('+,' .+ %&'-.+1. /0(88*2) -4 ]/)2. 5%-'(+ ,42 /. )2(').5.+) -4 1D2*5(L

32(55.<

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

T., 5%)D*-., 4)'/',(+) 4+. (882*1D. ,)()',)'H4. 1*+,)')4.+) 4+. 32(+-. 8(2) -., )2(&(4J

.J',)(+), -(+, /. -*5('+. -. /( 2.1*++(',,(+1. -0(11*2-, -.84', /. ,'3+(/ (4-'*< =//., *+)

/( 8/48(2) -4 ).58, 2.1*42, E 4+ 5*-9/. -. :(2^*& 1(1D% K*4 @::M B_(NY>C7 '//4,)2%

]342. `W< A' 4+. ,%H4.+1. -0(11*2-, .,) 1*+,'-%2%. 1*55. 4+. 1D(a+. -. :(2^*&7 /( 82*NL

(N'/')% -0*11422.+1. -. /0(11*2- A 8*42 4+. )2(5. i -%8.+- 4+'H4.5.+) -. /0(11*2- .,)'5%

,42 /( )2(5. 82%1%-.+).7 .) .,) -*+1 .J82'5%. ,*4, /( R*25. P (Ai|Ai−1)< Q., 5*-9/., *+)



 !"! #$$%&'(  !

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

()$%#.6&6%7 8"$% 2' ("% )9 25)$ (:'&(:' + '%-#,'& .'% "(()&.% .' -&#".'%/ '- )9 ;< "(()&.%

%)$- .)$( ()$%#.6&6%/ 2'% ,"-&#('% .' -&"$%#-#)$% )$- *$' -"#22' ;<=;</ '- %)$- -'22'% >*'

P (Ai|Ai−1) = Mj,k/ )9 j '%- 25#$.#(' ()&&'%1)$."$- + 25"(()&. Ai/ '- k 25#$.#(' ()&&'%1)$?

."$- + Ai−17 8"$% *$ @AA/ 2'% 6-"-% $' %)$- 1"% .#&'(-','$- "(('%%#32'%/ '- .)#B'$- C-&'

.6(&#-% + 25"#.' .5)3%'&B"-#)$%/ >*# %)$- &6"2#%6'% %*& (:">*' -&",' '$ ("2(*2"$- *$ B'(-'*&

(:&),"7 D$ B'(-'*& (:&)," X '%- ,).62#%6 (),,' 6-"$- *$' B"&#"32' "26"-)#&' .61'$."$-

*$#>*','$- .' 256-"- E'- .)$( .' 25"(()&. AF %*& 2" -&",' ()$%#.6&6'/ '- ('/ %*#B"$- 2"

.#%-&#3*-#)$ P (Xi|Ai)7

G" ,).62#%"-#)$ %'2)$ *$ @AA #,12#>*' "#$%# H

I *$' .'%(&#1-#)$ .' 25"(()&. Ai + '%-#,'& %*& *$' -&",' i '$ J)$(-#)$ .* B'(-'*&

(:&)," Xi/ ,).62#%6 1"& P (Xi|Ai)/

I *$' .'%(&#1-#)$ .' 2" 1&)3"3#2#-6 .5)((*&&'$(' .' Ai 6-"$- .)$$6 25"(()&. '%-#,6 %*&

2" -&",' 1&6(6.'$-'/ ,).62#%6' 1"& P (Ai|Ai−1)7

G" %6>*'$(' .5"(()&.% a∗1:N '%-#,6' '$-&' 2'% -&",'% K '- N '%- 4$"2','$- '=1&#,6' + 1"&-#&

.* (:&),"L&",,' x1:N (),,' H

a∗1:N = argmax
a1:N

P (a1:N |x1:N )

)*+,&- <M I N22*%-&"-#)$ .5*$ A).O2' .' A"&P)B Q"(:6 E@AAF7 G'% 6-"-% ERF %)$- 2'%

"(()&.% + '%-#,'&/ '- %)$- .6(&#-% + 25"#.' .5)3%'&B"-#)$% ESF H 2'% B'(-'*&% (:&),"7

Q'% ,6-:).'% $6('%%#-'$- 2" 12*1"&- .* -',1% *$' 1:"%' .5"11&'$-#%%"L' 1)*& -#&'&

*$ ,'#22'*& 1"&-# .' 25"11&)(:' %-"-#%-#>*'7 TB"$- .' 1)*B)#& '%-#,'& 2" %6>*'$(' .5"(?

()&.% .5*$ ,)&('"* #$()$$*/ *$ '$-&"U$','$- .* ,).O2' .)#- "#$%# C-&' ,'$6 %*& *$' 3"%'

.5"11&'$-#%%"L'7 D$ ('&-"#$ $),3&' .' ,)&('"*= .)#B'$- .)$( C-&' "$$)-6%/ "1&O% >*)# 2"

1:"%' .5"11&'$-#%%"L' 1'&,'- .' .64$#& 2'% 1&)3"3#2#-6% .' -&"$%#-#)$% '$-&' "(()&.%/ '- 2'%

1&)3"3#2#-6% .5)((*&&'$('% .'% "(()&.% '$ J)$(-#)$ .'% 1&)42% .'% B'(-'*&% (:&),"7

G' 1&',#'& ,).O2' .' (' -01' "112#>*6 + 2" &'()$$"#%%"$(' .5"(()&.% J*- 1&)1)%6 1"&

V:': '- R22#% '$ ;WW! XVRW!Y7 8"$% (' ,).O2'/ *$' 1:"%' .5"11&'$-#%%"L' *-#2#%"$- '%16&"$('?

,"=#,#%"-#)$ X8GZ  Y '%- -)*- .5"3)&. *-#2#%6'/ 1)*& .64$#& 2" ,)0'$$' '- 2" B"&#"$(' .'%



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

"#$%#&'( )*+,-#( +./$$*'+(0 1 2/'%3' +.#4'#53(%'#)#4%( /&+3* /44*%6(7 8#%%# 29/(# +./2:

2'#4%3((/5# 2#')#% 65/-#)#4% +# +6;43' -/ )/%'3$# +# %'/4(3%3*4 #4%'# /$$*'+(7 <./-5*:

'3%9)# +# =3%#'>3 ?=3%@ A #(% #4(&3%# &%3-3(6 2*&' *>%#43' -/ (6B&#4$# +./$$*'+( 1 2/'%3' +&

$9'*)/5'/))#7 <#( /&%#&'( )*4%'#4% B&# -./+/2%/%3*4 +#( CDD /& +*)/34# +# -/ '#:

$*44/3((/4$# +./$$*'+( #(% 2*((3>-#7 E-( /F')#4% $#2#4+/4% B&# -*'(B&.&4 #4'#53(%'#)#4%

)&(3$/- 34$*44& #(% $*4(3+6'60 -/ 2'6$3(3*4 +# -/ )6%9*+# 4.#(% 2/( (/%3(G/3(/4%#7

<#( %'/"/&H +# IJJ4K4#4 #% L-/2&'3 ?ILMNA '#2'#44#4% &4 2'34$32# (3)3-/3'#0 )/3(

&%3-3(#4% &4 2'*;- +./$$*'+ 5'/"# O$*''#(2*4+/4% /&H G'6B&#4$#( #% /&H 4*%#( 5'/"#(P $*):

>346 1 &4 2'*;- +./$$*'+ /35& O2*&' -#( G'6B&#4$#(0 #% +*4$ -#( 4*%#( /35&Q(P7 8#( +#&H

2'*;-( (*4% &%3-3(6( 2*&' %#4%#' +# +3(%345&#' -/ G*4+/)#4%/-# +#( /$$*'+(0 #4 &%3-3(/4% -#

2'*;- 5'/"#0 +& %J2# +# -./$$*'+ O+*446 2/' -/ %3#'$# #% -/ B&34%#0 2/' #H#)2-#P0 #4 &%3-:

3(/4% -# 2'*;- /35&7 </ (62/'/%3*4 #4%'# -#( '#53(%'#( 5'/"# #% /35& (# (3%&# 1 #4"3'*4 R!MCS

#% $*''#(2*4+ 1 -/ 4*%# +# I6 1 -/ %'*3(3,)# *$%/"#7 T#&-( +#&H %J2#( +./$$*'+( (*4% 3$3

(&22*'%6( O)/U#&' #% )34#&'P0 #% -# )*+,-# +# D/'V*" $/$96 2'6(#4%6 $*)2*'%# +*4$ W!

6%/%( O$*''#(2*4+/4%( /&H W! /$$*'+( )/U#&'( #% )34#&'( +3X6'#4%(P7 </ )6%9*+# /%%#34%

&4# 2'6$3(3*4 (/%3(G/3(/4%# O2-&( +#  MY +./$$*'+( $*''#$%#)#4% #(%3)6(P0 #% $*))#% &4#

)/U*'3%6 +.#''#&'( +# )*+# O&4 Z* D/U#&' #(% #(%3)6 1 -/ 2-/$# +.&4 Z* )34#&'P0 #% +#

+*)34/4%# O&4 Z* D/U#&' #(% #(%3)6 1 -/ 2-/$# +.&4 [/ D/U#&'P7

\4 WMM]0 #̂--#' #% /-7 ?^\_M]A #% I##+ #% /-7 ?I`T

+
M]A 2'*2*(#4% +#( /)6-3*'/%3*4(

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

+#( )343)/ +.#''#&'( +# $-/((3;$/%3*4 *& +/4( -./22'*$9# +#( )/$934#( 1 "#$%#&'( +# (&2:

2*'% O !""#$% &'(%#$ )*(+,-'.  &) P7

\4 2-&( +#( 2/'/),%'#( (%/%3(%3B&#(0 $#'%/34( $9#'$9#&'( *4% $9#'$96 1 34$*'2*'#' +#(

34G*')/%3*4( )&(3$/-#( +/4( $#( )*+,-#( (%/%3(%3B&#(0 />*&%3((/4% /34(3 1 +#( )*+,-#( 9J:

>'3+#(7 <.34%6'a% +.&4# %#--# 2'3(# #4 $*)2%# '6(3+# +/4( -# G/3% B&# -#( 34G*')/%3*4( )&(3$/-#(

4# +62#4+#4% 2/( +# >/(#( +# +*446#( +.#4%'/b4#)#4%(0 $*4%'/3'#)#4% /&H 34G*')/%3*4(

(%/%3(%3B&#(7

 !"!"!# $%&'()* +,*-./,0 1 2345-&)*

<#( )*+,-#( 9J>'3+#(0 *c &4# 34G*')/%3*4 )&(3$/-# #(% /22*'%6# #4 2-&( +& )*+,-#

(%/%3(%3B&#0 '#2'6(#4%#4% &4# 2/'% 3)2*'%/4%# +#( %'/"/&H '6$#4%( #4 '#$*44/3((/4$# +./$:

$*'+( +#2&3( -# (354/- /&+3*7 \4 WMMd0 e#--* #% f3$V#4( ?efMdA 2'*2*(#4% /34(3 &4# )6%9*+#

%',( (3)3-/3'# 1 $#--# +# T9#9 #% \--3( ?T\MgA0 )/3( 34$*'2*'#4% +/4( -/ )/%'3$# +# %'/4(3%3*4

+# -#&' )*+,-# &4# 2'6:$*44/3((/4$# )&(3$/-# h $#'%/34#( %'/4(3%3*4( #4%'# /$$*'+( (*4%

2-&( 2'*>/>-#( B&# +./&%'#(0 (#-*4 -/ %96*'3# +# -/ )&(3B&#7 E-( 2'*2*(#4% /34(3 +# +*44#'

&4# 2-&( 5'/4+# 2'*>/>3-3%6 +# %'/4(3%3*4 +6$'*3((/4%# #4%'# +#&H /$$*'+( #4 G*4$%3*4 +# -/

+3(%/4$# #4%'# -#&'( G*4+/)#4%/-#( +/4( -# $J$-# +#( B&34%#(7



 !"! #$$%&'(  !

"# $%%&' ()*)+,*,-.,/ 01 (00102/ 3((%&4 *2,*,/0#1 -# 5,+6.0' 1,-7,-2/ 8,#+9 /-2 -#

:;;' -1<.</)#1 +0/ <#8,25)1<,#/ 20.)1<=0/ > .) *-./)1<,# *,-2 )?#02 .@0/1<5)1<,# +@)AB

A,2+/C D0-2 /E/1650 91)F.<1 )<#/< -#0 20A,##)<//)#A0 +@)AA,2+/ G5)70-2/ 01 5<#0-2/H /-2

+0/ +-290/ +0 I 105*/ ,- I +05<B105*/C J./ 5,#120#1 )<#/< K-0 .) *2</0 0# A,5*10 +0/

+05<B105*/ .0-2 *02501 +@)-L50#102 .) *29A</<,# +0 .0-2 /E/1650' 0# +,##)#1 +0 50<..0-2/

29/-.1)1/ /-2 .0/ 5,2A0)-M ,N .0/ AO)#L050#1/ +@)AA,2+/ #@,#1 *)/ .<0- /-2 .0/ 105*/C

D) 5P50 )##90' D00 01 Q.)#0E 3DQ% ' DQ%&4 *2,*,/0#1 -# )-120 5,+6.0' -1<.</)#1

1,-7,-2/ -# :;;' 01 <#A,2*,2)#1 +0/ <#8,25)1<,#/ 20.)1<=0/ > .) 1,#).<19 L9#92).0 +0 .)

5-/<K-0C $R :;; /,#1 0# 29).<19 -1<.</9/' AO)A-# )//,A<9 > -#0 +0/ $R 1,#).<19/ L9#92).0/

*,//<F.0/C S AO)K-0 8,</' TU 91)1/' A,220/*,#+)#1 )-M I$ )AA,2+/ 5)70-2/' 5<#0-2/' 01 +<5<#B

-90/ /,#1 A,#/<+9290/C V0110 591O,+0 *2,*,/0 )<#/< -#0 0/1<5)1<,# +0 .) /9K-0#A0 +@)AA,2+/

01 .) 1,#).<19 L9#92).0 +0 .@0M12)<1 )#).E/9C

(.-/ 29A0550#1' ;)-AO 3;WI%4 -1<.</0 -# 5,+6.0 F)E9/<0# +E#)5<K-0 A,5F<#)#1 +0-M

1E*0/ +0 =0A10-2/ AO2,5) GL2)=0 01 )<L-H' -#0 0/1<5)1<,# +0 *-./)1<,# 01 +0 1,#).<19C

;)-AO *2,*,/0 9L).050#1 +@<#A,2*,202 .) /12-A1-20 5-/<A).0 +)#/ .0 12)<1050#1 +- AO2,B

5)L2)550 3;XW%Y4C J. 8)<1 .@OE*,1O6/0 K-0 .0/ /9K-0#A0/ +@)AA,2+/ /,#1 <#AO)#L9/ *,-2

-# 5P50 5,1<8 5-/<A). 29*919 GA,-*.01 ,- 2082)<#HC J. *2,*,/0 +,#A +0 5,E0##02 .0/ *)21<0/

A,220/*,#+)#1 > +0/ /0A1<,#/ 5-/<A).0/ 29*9190/C S<#/<' /< -# A,-*.01 0/1 29*919 12,</ 8,</' .0

*205<02 =0A10-2 AO2,5) +0 A0/ 12,</ A,-*.01/ /02)' )*26/ 12)#/8,25)1<,#' <+0#1<K-0 01 9L). >

.) 5,E0##0 +0/ 12,</ =0A10-2/ AO2,5) A,550#Z)#1 .0/ 12,</ A,-*.01/ )=)#1 12)#/8,25)1<,#C

J. 5,#120 )<#/< K-0 A021)<#0/ 0220-2/ *0-=0#1 P120 A,22<L90/' A)2 +-0/ > +0/ *O9#,56#0/

K-< #0 /0 29*610#1 *)/ +@-#0 <#/1)#A0 +@-# A,-*.01 ,- +@-# 2082)<# > -#0 )-120 G#,10/ +0

*)//)L0 ,- *)2,.0/ +<[920#10/' *)2 0M05*.0HC

D) 5P50 )##90' ()-\0./ 3(;I%4' *2,*,/0 9L).050#1 -# 5,+6.0 *2,F)F<.</10 -1<.</)#1

-#0 <#8,25)1<,# 5-/<A).0 ] .) +</1)#A0 +0 D02+)O.C V0110 +</1)#A0 0/1 )+)*190 *,-2 K-)#B

1<^02 .0/ *2,F)F<.<19/ +0 12)#/<1<,#/ 0#120 +0-M )AA,2+/' +0 5)#<620 > 2012,-=02 .) /9K-0#A0

+@)AA,2+/ 5)M<5</)#1 .) *2,F)F<.<19 +@,AA-220#A0 )//,A<90C ()-\0./ #,10 K-0 .@<#19L2)1<,#

+0 A0110 <#8,25)1<,# 5-/<A).0' +)#/ .0 /E/1650 *2,*,/9' #0 A,#+-<1 *)/ > -#0 )59.<,2)1<,#

126/ <5*,21)#10 G)=0A -# L)<# 0# *29A</<,# <#892<0-2 > $_HC Q0.,# .-<' A0110 <#8,25)1<,# A,2B

2,F,20 .0 8)<1 K-@-#0 591O,+0 <L#,2)#1 1,-10 A,#/<+92)1<,# 5-/<A).0 *0-1 /0 29=9.02 *.-/

*028,25)#10 K-0 +0/ 591O,+0/ -1<.</)#1 -#0 10..0 <#8,25)1<,#C



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

"#$ #%&'$(($ )*+,%-$ .%&/ (0$1+2)3+2%# -$1 344%/-1 -$.&21 ($ 125#3( 3&-2% 1$/3 ./%.%1*$

-3#1 ($ 4,3.2+/$ 67 8$++$ )*+,%-$ .$/)$+ &#$ $1+2)3+2%# 12)&(+3#*$ -$1 344%/-1 $+ -$1

+%#3(2+*1 (%43($19 $+ 4%).%/+$ &#$ .,31$ -$ /$4,$/4,$ -$ )%-:($1 -0344%/-19 &#$ )$1&/$ -$

-21+3#4$ )&1243($ $+ (3 /$4,$/4,$ -0&# 4,$)2# %.+2)3( .3/)2 -2;*/$#+1 *+3+1 .%112<($19 (3

.(3=3#+ 32#12 -3#1 (3 +/%212:)$ 43+*5%/2$ -$ )*+,%-$1 -*4/2+$1 42>-$11&17

 !" #$%&'()*+

8$++$ 1$4+2%# ./*1$#+$ ($1 )*+,%-$1 $?21+3#+$1 .%&/ (0$1+2)3+2%# -$ +%#3(2+*7 @$ #%&>

'$(($1 )*+,%-$19 4%#1+2+&3#+ -$1 4%#+/2<&+2%#19 1$/%#+ *53($)$#+ ./%.%1*$1 .%&/ (0$1+2)3>

+2%# -$ +%#3(2+* -$.&21 &#$ /$./*1$#+3+2%# 1A)<%(2B&$ -$ (3 )&12B&$7 C3/)2 4$1 4%#+/2>

<&+2%#19 #%&1 ./%.%1$/%#1 &#$ )*+,%-$ -0$1+2)3+2%# -$ +%#3(2+* $# &+2(213#+ -$1 2#D%/)3>

+2%#1 211&$1 -$1 1*B&$#4$1 -0344%/-17 8$42 #%&1 .$/)$++/3 -$ '*/2E$/ 12 (0,A.%+,:1$ *)21$

./*4*-$))$#+9 $# )$++3#+ $# *'2-$#4$ &#$ 3)*(2%/3+2%# -$ (0$1+2)3+2%# -$1 344%/-1 $#

&+2(213#+ ($1 ./%./2*+*1 -$1 5/%&.$1 -$ #%+$19 1$ +/%&'$ *53($)$#+ '*/2E*$ .%&/ (0$1+2)3+2%#

-$ +%#3(2+*7

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

@$&? -$1 ./$)2:/$1 )*+,%-$1 -$ /$4%##32113#4$ -$ +%#3(2+* D&/$#+ ./%.%1*$1 .3/ F%#5&$+>

G2552#1 $+ H+$$-)3# $# IJ I KFGH IL9 $+ G%(+M)3# $# IJ  KG%(  L7 F03(5%/2+,)$ -$

F%#5&$+>G2552#1 $+ H+$$-)3# /$.%1$ 1&/ &#$ *(2)2#3+2%# ./%5/$112'$ -$1 +%#3(2+*1 43#-2>

-3+$19 $# %<1$/'3#+ 12 ($1 #%+$1 -$ (0$?+/32+ *+&-2* 3..3/+2$##$#+ 3&? 53))$1 -$1 +%#3(2+*1

4%#12-*/*$17 H2 +%&+$1 ($1 +%#3(2+*1 43#-2-3+$1 1%#+ *(2)2#*$19 %& B&$ (03#3(A1$ 1034,:'$ 3'$4

.(&12$&/1 43#-2-3+$1 /$1+3#+$19 (3 )*+,%-$ %<1$/'$ (3 ./$)2:/$ #%+$ -$ (0$?+/32+9 $+ -*4(3/$

B&02( 10352+ -$ (3 +%#2B&$ -$ (3 .2:4$ -$ )&12B&$9 -*E#2113#+ 32#12 (3 +%#3(2+*7 8$++$ )*+,>

%-$ #$ 103..(2B&$ B&03&? )*(%-2$19 $+ 1%&;/$ -0&# 2#4%#'*#2$#+ )3N$&/ O &#$ 1$&($ #%+$

*+/3#5:/$ P (3 53))$ 311%42*$ P (3 +%#3(2+* -& )%/4$3& *(2)2#$ 4$++$ +%#3(2+* -$1 +%#3(2+*1

43#-2-3+$17 F3 )*+,%-$ -$ G%(+M)3# &+2(21$ $(($ 3&112 &#$ 1*/2$ -$ /:5($19 )321 3..(2B&*$1

4$++$ D%21 3&? /$(3+2%#1 $#+/$ +%#2B&$1 $+ +2$/4$19 +%#2B&$1 $+ B&2#+$19 $+ +/23-$1 ./*1$#+$1

-3#1 ($ )%/4$3&7 8$++$ )*+,%-$ 4%#12-:/$ 1$&($)$#+ ($ -*<&+ $+ (3 E# -$1 $?+/32+1 3#3(A1*17

8%))$ 1%&(25#* $#1&2+$ .3/ Q$).$/($A KQ$)JJ<L9 4$++$ /$1+/24+2%# $1+ ./%<(*)3+2B&$9 #%>

+3))$#+ -3#1 ($ 431 %R ($1 )*(%-2$1 1%#+ (%#5&$19 $+ %R (3 +%#3(2+* #0$1+ .31 #*4$1132/$)$#+

3S/)*$ 3& -*<&+ $+ P (3 E# -$1 $?+/32+1 4%#12-*/*17

T# IJJU V/&),3#1( KV/&JUL9 P (3 1&2+$ -$1 $?.*/2$#4$1 .1A4,%34%&1+2B&$1 KVVWXL9

./%.%1$ &# 3&+/$ 3(5%/2+,)$9 2#1.2/* -$1 )*+,%-$1 -$ F%#5&$+>G2552#1 $+ G%(+M)3#9 $+

&+2(21$ ./%E(1 -$ #%+$1 Y./*1$#+*1 1$4+2%# X7X7I7XZ9 $+ ./%E(1 -$ +%#3(2+* Y./*1$#+*1 1$4+2%#

[7I7XZ7 8$+ 3(5%/2+,)$9 +/:1 .%.&(32/$9 $1+ 1%&'$#+ -*125#* 1%&1 ($ #%) -03(5%/2+,)$ VH7



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

!"# $%&' (#' )*%+(' ,# -%".(&-/ %0-#"1'2 (3.(4%*&-56# (#' 7%6).*# 1" 8 1" .1 )*%+(

,# (. )&97# /-1,&/#: ;%66# &( #<&'-# => )*%+(' 6.?#1*' #- .1-."- ,# )*%+(' 6&"#1*'2 >@

7%**/(.-&%"' '%"- 7.(71(/#' )%1* #'-&6#* (# ,#4*/ ,# *#''#60(."7# #"-*# 7#' )*%+(': A(1' (#

)*%+( ,# "%-#' #'- '&6&(.&*# 8 1" )*%+( ,# -%".(&-/2 )(1' (. 7%**/(.-&%" #"-*# 7#' ,#1< )*%+('

#'- /(#B/#: C( '1D- .(%*' ,# 7%"'&,/*#* (# )*%+( ,# -%".(&-/ %E*."- (. )(1' 4*.",# 7%**/(.-&%"

.B#7 (# )*%+( ,# "%-#' )%1* )%1B%&* #'-&6#* '. -%".(&-/: F# 7.(71( ,# 7%**/(.-&%" )*%)%'/

).* G*165."'( HG*1IJK #'- (# '1&B."- L

C(n, r) =

11
∑

i=0
(n(i)− n̄)(r(i)− r̄)

√

11
∑

i=0
(n(i)− n̄)2(r(i)− r̄)2

.B#7 n (# )*%+( ,# "%-#'2 r (# )*%+( ,# -%".(&-/2 n(i) (. &M96# 7%6)%'."-# ,1 )*%+( ,#

"%-#'2 r(i) (. &M96# 7%6)%'."-# ,1 )*%+( ,# -%".(&-/2 #- n̄ #- r̄ (#' 6%N#""#' *#')#7-&B#' ,#'

,#1< )*%+(':

F3.(4%*&-56# GO2 /B.(1/# ).* G*165."'( '1* @P )&97#' ,# 61'&Q1# 7(.''&Q1#2 #'-&6# 7%*M

*#7-#6#"- (. -%".(&-/ ,."' @@ 7.'2 '%&- 1"# )*/7&'&%" '1)/*&#1*# 8 IJR:

S#6)#*(#N HS#6II0K '1449*# ).* (. '1&-# 1"# 6%,&+7.-&%" ,1 7.(71( ,# 7%**/(.-&%"2 #"

.,%)-."- 1" '&6)(# )*%,1&- '7.(.&*# L

C(n, r) =

11
∑

i=0

n(i)r(i)

S#6)#*(#N )*%)%'# /4.(#6#"- 1"# 6%,&+7.-&%" ,#' )*%+(' ,# -%".(&-/ 1-&(&'/' )%1* (.

7%6).*.&'%" .B#7 (# )*%+( ,# "%-#' ,# (. )&97# /-1,&/#: ;#' 6%,&+7.-&%"' %"- /-/ )*/'#"-/'

,."' (# 75.)&-*# )*/7/,#"-2 ,."' (. '#7-&%" T:=:>: U# -#((#' 6%,&+7.-&%"' )#*6#--#"-2 '1*

1"# /-1,# ,3#<-*.&-' ,# (. '1&-# )%1* B&%(%"7#((# "

 

T ,# V:O: W.752 ,# ,&6&"1#* ).* ,#1<

(#' #**#1*' 7%66&'#' ).* (3.(4%*&-56# GO HS#6II.K:

X" >JJ 2 Y.,'#" #- Z&,6#* HYZJ K .,%)-#"- 1"# .))*%75# Q1#(Q1# )#1 ,&E/*#"-#: X"

1-&(&'."- (#' %0'#*B.-&%"' ,# F& #- [1*%" HF[J\K2 &(' -&#""#"- 7%6)-# ,# (3%*,*# ,3.)).*&-&%"

,#' "%-#'2 #" )(1' ,# (#1*' $*/Q1#"7#': U#1< ,&'-*&01-&%"' ,# "%-#' &,#"-&Q1#' )#1B#"- #"

#E#- .77#)-#* ,#1< '/Q1#"7#' ,# "%-#' ,&E/*#"-#'2 Q1& )#1B#"- ,%"7 )%-#"-&#((#6#"- &",1&*#

,#1< -%".(&-/' ,&E/*#"-#': F. +41*# @I &((1'-*# (3&"]1#"7# ,# (3%*,*# ,3.)).*&-&%" ,#' "%-#':

O1* (3#<-*.&- ,# (. $141# ,# W.752 (#' F. '%"- 8 7%"-*# -#6)'2 .(%*' Q1# (. ,#'7#"-# O%(M .̂M

Y&M_/ '# '&-1# '1* (#' -#6)'2 .77#"-1# (# _/ +".( #- .D*6# (. -%".(&-/ ,# _/ 6&"#1*: `

(3&"B#*'#2 (3#<-*.&- )*%)%'/ #" ,#''%1' )*/'#"-# (#' ,&E/*#"-' F. '1* (#' -#6)' $%*-' a)*#6&#*'

#- Q1.-*&96#' -#6)'b2 #- -#*6&"# '1* 1" #"75.c"#6#"- F.MY&MF.2 .D*6."- 1"# *#(.-&%" ,#

,%6&"."-# #- ,# -%"&Q1# )%1* (# Y& #- (# F.2 .D*6."- .&"'& 1"# -%".(&-/ ,# F. 6&"#1*:



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

3$45&' "# $ %& '()* +,)-. )& ./*-(0* .& 12 30&.)- 4./*-(0* 5. 6( 72689-. :),). 5. ;<=<

>(7'?< %& 9(@A &B)@ C-BCB@B&@ )& ./*-(0* 7B3CB@2 5.@ 3D3.@ &B*.@A (E.7 6.@ 3D3.@ 5)-2.@A

3(0@ 5(&@ )& B-5-. 50F2-.&*< G. 5.-&0.- @.396. C6)*H* D*-. .& I( 30&.)-<

=)0*. J 5. *.66.@ 7B&@052-(*0B&@A K(5@.& .* L053.- B&* (5BC*2 )&. -.C-2@.&*(*0B&

3(*-070.66.A CB)- 52&B39-.- &B& C6)@ 6.@ &B*.@A 3(0@ 6.@ 0&*.-E(66.@ .&*-. 6.@ &B*.@< G'(7)&

5.@ MN/MNOM"" 0&*.-E(66.@ CB@@096.@ @. EB0* 5B&7 (**-09).- )&. C-B9(9060*2 5P(CC(-0*0B&A

-.C-2@.&*2. 5(&@ )&. 3(*-07. MN/MN 4&B332.  !"#$%&' ($)*'#A EB0- +,)-. QR?< GB33. CB)-

6.@ C-B+6@ 5. S-)3'(&@6 .* T.3C.-6.UA 6( 3(*-07. 5P0&*.-E(66.@ 5P)&. C087. 5. 3)@0V). .@*

7B3C(-2. ()/ 3(*-07.@ 5. *B&(60*2A .* )& 7(67)6 5. 7B--26(*0B& .@* 3.&2 CB)- .@*03.- 6(

*B&(60*2 W

Cinterval(ref, piece) =

12
∑

i=1

12
∑

j=1

Mref [i, j]Mpiece[i, j]

BX Cinterval .@* 6( 7B--26(*0B& .&*-. 6.@ 5.)/ C-B+6@ 5P0&*.-E(66.@A Mpiece 6. C-B+6 5P0&*.-E(66.@

5. 6( C087. .* Mref 6. C-B+6 5. *B&(60*2A 7.@ 5.)/ C-B+6@ 2*(&* 3(*-070.6@<

first note

s
e
c
o
n
d
 n

o
te

 

 
C D E F G A B

C

D

E

F

G

A

B

first note

s
e
c
o
n
d
 n

o
te

C D Eb F G Bb

C

D

Eb

F

G

Bb

3$45&' QR $ I.@ C-B+6@ 5P0&*.-E(66.@ 5. K(5@.& 43(Y.)- J ,()7'.A 30&.)- J 5-B0*.?A

7B&@*-)0*@ J C(-*0- 5.@ 7'B-(6@ 5. ;<=< >(7' 47B33)&07(*0B& C.-@B&&.66.?<

K(5@.& C-BCB@. )&. 2E(6)(*0B& 5. 7.@ 32*'B5.@ 5P(&(6U@. 5. *B&(60*2< ZB)- 7. :(0-.A )&.

9(@. 5. 5B&&2.@A -.,-B)C(&* C6)@0.)-@ 3B-7.()/ 5B&* 6( *B&(60*2 .@* (&&B*2.A .@* 7B&@*0*)2.<

I.@ 32*'B5.@ 2E(6)2.@ @B&* .&@)0*. (CC60V)2.@ @)- 6P0&*2,-(60*2 5.@ 3B-7.()/ 5. 6( 9(@. 5.

5B&&2.@A .* 6. @7B-. 5P)&. 32*'B5. .@* B9*.&) C(- 6( :B-3)6. W

=7B-. =
[B39-. 5. 3B-7.()/ 5B&* 6( *B&(60*2 .@* 7B--.7*.3.&* .@*032.

[B39-. 5. 3B-7.()/ 5. 6( 9(@. 5. 5B&&2.@



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

"#$ %&'()'*+,-$ .# /#**# 0%*1,.# 0'*2+/+#((# $# $,-* '&%2%#$ *,)* 3 4'+* /,05'2'6(#$

')7 %&'()'*+,-$ .#$ 0%*1,.#$ )*+(+$'-* (8'(9,2+*10# :; 0,.+<% 5'2 =#05#2(#>? ;)2 (' 6'$#

.# .,--%#$ )*+(+$%# 5'2 @'.$#- AB=CDEF (#$ .#)7 0%*1,.#$ ,6*+#--#-* .#$ $/,2#$ '&,+$+G

-'-* (#$  HI? B- 2#&'-/1#F #((#$ .,--#-* /#2*'+-$ 2%$)(*'*$ .+J%2#-*$ $)2 /#2*'+-#$ 5+K/#$

.# 0)$+L)# M(' 0%*1,.# 0'*2+/+#((# 5#)* %/1,)#2 (3 ,N (' 0%*1,.# &#/*,2+#((# .,--# (#

6,- 2%$)(*'*F #* &+/# &#2$'O? @'.$#- ' '+-$+ /,-$*'*% L)# .'-$ 52#$L)# PHI .#$ /'$F ')

0,+-$ )-# .#$ .#)7 0%*1,.#$ .,--# (# 6,- 2%$)(*'*? Q)+$L)# (#$ +-4,20'*+,-$ +$$)#$ .#$

/#$ .#)7 '-'(>$#$ $#06(#-* R*2# .+J%2#-*#$F +( $#06(# S).+/+#)7 .# *#-*#2 .# (#$ /,06+-#2

5,)2 '0%(+,2#2 (#$ 2%$)(*'*$?

 !"!#!# $%& '(&)*+(& '(,',-*.*,% /01)23*,(1.*,% ',4( 3&- )2.5,/&- /01%136-&

/& .,%13*.2

B- 5'2*'-* .#$ ,6$#2&'*+,-$ 52%/%.#-*#$F -,)$ 52,5,$,-$ )-# -,)&#((# 0%*1,.# .8%G

&'()'*+,- .# (' *,-'(+*% ATTUCPE? V#**# 0%*1,.# #$* 4,-.%# $)2 (' /,06+-'+$,- .#$ 52,<($

&#/*,2+#($ #* .#$ 52,<($ 0'*2+/+#($? W( ' '+-$+ %*% /1,+$+ .# $,00#2 (#$ /,22%('*+,-$ #-*2# (#$

52,<($ M.# -,*#$ #* .8+-*#2&'((#$O .# (' 5+K/# .# 0)$+L)# #* (#$ 52,<($ M.# -,*#$ #* .8+-*#2G

&'((#$O .# *,-'(+*%? V#$ /,22%('*+,-$ ,-* %*% -,20'(+$%#$F '<- L)# /1'L)# 0%*1,.# '+* (#

0R0# '55,2* #- +-4,20'*+,- X

C = Cpitch + Cinterval

,N C #$* (' /,22%('*+,- <-'(#F Cpitch (' /,22%('*+,- #-*2# (#$ 52,<($ .# -,*#$ #* Cinterval ('

/,22%('*+,- #-*2# (#$ 52,<($ .8+-*#2&'((#$

71-&- /& /,%%2&-

Y#)7 6'$#$ .# .,--%#$ ,-* %*% )*+(+$%#$ 5,)2 %&'()#2 (' -,)&#((# 0%*1,.# 52,5,$%#?

"' 52#0+K2# #$* (' 6'$# .8#-*2'Z-#0#-* .) @WTB[ M !"#$ %&'()*+,#(& -.,)#./+0 1/+0!+2

,#(& .3$4+&5.O L)+ #$* )- #-$#06(# .# /,-/,)2$ '--)#($F .,-* (8,6S#/*+4 #$* .# /,05'2#2

.+J%2#-*#$ 0%*1,.#$ 52,5,$%#$ 5'2 (' /,00)-')*% $/+#-*+<L)# 5,)2 (8#7*2'/*+,- .# .,-G

-%#$ 0)$+/'(#$ .+&#2$#$ AY,\CPF YB]^_CE? Q,)2 (8%&'()'*+,- .# (' *,-'(+*% #- 5'2*+/)(+#2F

(# @WTB[ '&'+* 52,5,$% )-# 6'$# .8#-*2'Z-#0#-*F /,-*#-'-* _CC #7*2'+*$ .# 0)$+L)# /('$G

$+L)#F *+2%$ .# V('$$+/'( @)$+/ `2/1+&#$

 

F #* .,-* (#$ *,-'(+*%$ $,-* /,--)#$ M&,+2 '--#7#

`?a?_O? "' $#/,-.# 6'$# .# .,--%#$ #$* )- 2#92,)5#0#-* .# /1'-$,-$ *2'.+*+,--#((#$ <-G

('-.'+$#$ AB=CDEF L)+ /,-*+#-* 5()$ .# PCCC 0%(,.+#$ *2'.+*+,--#((#$ *2'-$/2+*#$ 5'2 (' $,/+%*%

(+**%2'+2# <-('-.'+$# M;:;O? =,)$ (#$ </1+#2$ .# /#**# 6'$# .# .,--%#$ ,-* %*% '--,*%$F .#

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



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

"#$$# %&'"# ()# $#)'% "&*+$,"-% %&*" -.+$#/#*" 0&**)#% 12&,' +**#3# 456567

8)%,0+$#/#*" 9+'$+*": $#% ;#)3 <+%#% ;# ;&**-#% %&*" '#$+",2#/#*" ;,=-'#*"#%: 9),%()>,$

*# %>+.," 9+% ;# /)%,()# 0$+%%,()#: /+,% ;# /)%,()# "'+;,",&**#$$# 9&)' $#% 0?+*%&*% @*A

$+*;+,%#%5 B# 9$)%: 0#% ;#'*,C'#% -"+*" #30$)%,2#/#*" 0&/9&%-#% ;# /-$&;,#%: #$$#% %&*"

/&*&9?&*,()#% +$&'% ()# $#% #3"'+,"% 0$+%%,()#% ;# $+ <+%# ;>#*"'+D*#/#*" ;) 8EFGH %&*"

9&$I9?&*,()#%5

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

J# 9'&"&0&$# ;>-2+$)+",&* #%" $# %),2+*"5 K&)' 0?+()# <+%# ;# ;&**-#%: 0?+()# /&'0#+)

#%" +*+$I%- %#$&* L

M $+ /-"?&;# ;#% 9'&@$% ;# *&"#% 0$+%%,()# #* )",$,%+*" $#% 9'&@$% ;# "&*+$,"- ;# N#/A

9#'$#I:

M $+ /-"?&;# ;#% ,*"#'2+$$#% 9'&9&%-# 9+' 8+;%#*

 

:

M $+ 0&/<,*+,%&* ;#% ;#)3 /-"?&;#% ()# *&)% 9'&9&%&*%5

K&)' 0?+0)* ;#% /&'0#+)3 #" 9&)' 0?+0)*# ;#% /-"?&;#%: )* %0&'# #%" +""',<)- L

M $+ "&*+$,"- #%",/-# #%" #3+0"#/#*" $+ "&*+$,"- ;# $+ 2-',"- "#''+,*5 B+*% 0# 0+%: $+

"&*+$,"- #%" ;-0$+'-#  !""# $#: #" %# 2&," +""',<)#' )* %0&'# ;# O 9&)' $# 0+$0)$ ;)

%0&'# 8EFGH:

M $+ "&*+$,"- #%",/-# #%" 2&,%,*# ;# $+ 2-',"- "#''+,* 19+' #3#/9$#: &* ;-"#0"# B& 8+P#)'

+$&'% ()# $+ 2-',"- "#''+,* %",9)$# Q+ 8+P#)'75 B+*% 0# 0+%: $+ "&*+$,"- #%" ;-0$+'-#

%!&'&(# #" %# 2&," +""',<)#' )* %0&'# ;# !5R 9&)' $# 0+$0)$ ;) %0&'# 8EFGH:

M $+ "&*+$,"- #%",/-# ;# $+ 2-',"- "#''+,* 19+' #3#/9$#: &* ;-"#0"# B& 8+P#)' +$&'% ()#

$+ 2-',"- "#''+,* %",9)$# J+ /,*#)'75 B+*% 0# 0+%: $+ "&*+$,"- #%" ;-0$+'-# "#)*$&%# #"

%# 2&," +""',<)#' )* %0&'# ;# !5S 9&)' $# 0+$0)$ ;) %0&'# 8EFGH:

M %,*&*: $+ "&*+$,"- #%" ;-0$+'-# *+$"#: #" %# 2&," +""',<)#' )* %0&'# ;# ! 9&)' $# 0+$0)$

;) %0&'# 8EFGH5

J#% %0&'#% /#*",&**-% %&*" 0#)3 9'&9&%-% 9+' $# 8EFGH 9&)' $>-2+$)+",&* ;# $+ "&*+$,"-5

/)0,%#+#0

T* "'&)2#'+ ;+*% $# "+<$#+) O6 $#% '-%)$"+"% 0&*0#'*+*" $>-2+$)+",&* ;# $+ /-"?&;# ;#%

9'&@$% ;# *&"#% 0$+%%,()#: $+ /-"?&;# #* ,*"#'2+$$#% 9'-%#*"-# 9+' 8+;%#* #" $+ 0&/<,*+,%&*

()# *&)% 9'&9&%&*%5 J#% "'&,% /-"?&;#% &*" -"- -2+$)-#% %)' $#% ;#)3 <+%#% ;# ;&**-#%

9'-%#*"-#% 9'-0-;#//#*"5

T* *&"# ()# $+ /-"?&;# 9'&9&%-# 1,-."&/#7 9#'/#" )*# +/-$,&'+",&* ;#% '-%)$"+"%:

#* +)./#*"+*" $# %0&'# 8EFGH ;+*% $#% ;#)3 <+%#% ;# ;&**-#% 1<+%# ;>#*"'+D*#/#*" ;)

 ! "#$% &'"#"% ( )'*')+,') -#)'" ./0%'" 1#$) %/ +#**$",+/&,#" 0'% 1)#23% '" ,"&')4/33'% /11),% %$)

3'% +5#)/3% 0' 6/+57 %/"% 3'%8$'3% 39:4/3$/&,#" 0' +'&&' *:&5#0' "9/$)/,& 1/% :&: 1#%%,;3'



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

"#$%&'( )* +&,-./$# 011(213 45&1( "6708

5&11(5$( 1(.-$/9 :&/3/, -2$1(3

;; " <=>? !?>= !=>@ A>A  A> 

6,$(1:-..(3 "  B>C ?>C !!>< !>! @A>C

DEF1/'( "  !"# ?>C !C>< $"$ %$" 

;; GG =!>A =>A !<>H H>H  !>?

6,$(1:-..(3 GG =C>? =>A !H>< H>A  C>B

DEF1/'( GG &'"& ?>= !H>= !"%  '"$

#&,'- !C I ;1#5/3/&, '( .J(3$/K-$/&, '( $&,-./$# 3(.&, .- K#$%&'( #$2'/#(> L(3 1#32.$-$3

M1#3(,$#3 3&,$ (, M&215(,$-N( '2 ,&KF1( '( O5%/(13 '( .- F-3( '( '&,,#(3 5&,5(1,#(P M&21

.- K#$%&'( 5&,5(1,#(>   '#3/N,( .- K#$%&'( '(3 M1&O.3 '( ,&$(3 5.-33/Q2(P -:(5 .(3 M1&O.3

'( $&,-./$# '( +(KM(1.(EP !"#$%&'(($) '#3/N,( .- K#$%&'( 2$/./3-,$ .(3 /,$(1:-..(3 M1#3(,$#(

M-1 "-'3(,P ($ *+,%-.$ '#3/N,( ,&$1( M1&M&3/$/&, '( 5&KF/,-/3&, '(3 '(2R K#$%&'(3> /

'#3/N,( .- F-3( 'J(,$1-S,(K(,$ '2 "6708P -.&13 Q2( 00 '#3/N,( .- F-3( '( '&,,#(3 '(3

5%-,3&,3 $1-'/$/&,,(..(3 O,.-,'-/3(3>

"6708 ($ 5%-,3&,3 $1-'/$/&,,(..(3 O,.-,'-/3(3T> 4/ 321 .- F-3( 'J(,$1-S,(K(,$ '2 "6708

U5&,3$/$2#( 'J2,( 5(,$-/,( '( K&15(-2R 2,/Q2(K(,$TP .- K#$%&'( M1&M&3#( - M(1K/3 '(

'#$(5$(1 .( KVK( ,&KF1( '( $&,-./$#3 5&11(5$(3 Q2( .- K#$%&'( '(3 /,$(1:-..(3P 321 .- F-3(

'(3 5%-,3&,3 O,.-,'-/3(3P (..( - M(1K/3 '( 5-.52.(1 .- $&,-./$# /,'/Q2#( M&21 C<? K&15(-2R

'( M.23 Q2( .- K#$%&'( K-$1/5/(..( ($ B=? K&15(-2R '( M.23 Q2( .- K#$%&'( '(3 M1&O.3

'( ,&$(3 5.-33/Q2(> W, 1(K-1Q2( (, &2$1( Q2( .J-K#./&1-$/&, '2 35&1( "6708 '#5&2.(

K-X&1/$-/1(K(,$ '( .- '/K/,2$/&, '2 ,&KF1( 'J(11(213 .&/,$-/,(3 5&KK/3(3 U5J(3$YZY'/1( .(3

(11(213 ,J#$-,$ ,/ '( $EM( $&, 1(.-$/9P ,/ '( $EM( $&, :&/3/,T> L(3 $&,-./$#3 (3$/K#(3 M-1 .-

K#$%&'( M1&M&3#( M(2:(,$ '&,5 9-/1( .J&FX($ 'J2,( 5&11(5$/&,>

()**+,-.)/0 1+ 23 45-6)1+ 678*.1+

*J-M1[3 .(3 &F3(1:-$/&,3 M1#5#'(,$(3P 2,( 5&11(5$/&, '( .- K#$%&'( %EF1/'( (3$ (,:/3Y

-N(-F.( (, $1-,39&1K-,$ 5(1$-/,(3 (11(213 '( $&,3 :&/3/,3 &2 1(.-$/93 (, $&,-./$# 5&11(5$(>

\,( M1(K/[1( /'#( (3$ '( K($$1( -2 M&/,$ 2,( K#$%&'( M(1K($$-,$ '( '#$(1K/,(1 3/

.( K&15(-2 #$2'/# (3$ K-X(21 &2 K/,(21 U($ -/,3/P M&2:&/1 '#5/'(1 (,$1( '(2R $&,-./$#3

1(.-$/:(3P Q2/ &,$ M-1 '#O,/$/&, '(2R K&'(3 &MM&3#3T> ]&23 -:&,3 '&,5 5&,3$12/$ '(2R

M1&O.3 3M#5/OQ2(3 Z .- 1#3&.2$/&, '( 5( M1&F.[K( U:&/1 ON21( H!T>

L( 5-.52. '( 5&11#.-$/&, (,$1( .( M1&O. '( .- M/[5( ($ 5(3 M1&O.3 3M#5/OQ2(3 U-'-M$#3 Z .-

$&,-./$# 1(.-$/:( '( .- $&,-./$# M1&M&3#(T M(2$ M(1K($$1( '( 5&11/N(1 .- $&,-./$# M1&M&3#(>

^/,3/P 3/ .- K#$%&'( M1#5#'(,$( M1&M&3( 2,( $&,-./$# '( *& "-X(21P K-/3 Q2( .- 5&11#.-$/&,

(,$1( .( M1&O. '( .- M/[5( ($ .( M1&O. 3M#5/OQ2( '( L- K/,(21 (3$ 32M#1/(21( Z .- 5&11#.-$/&,



♭



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

"# $%&'()' *+' ,- .$(('./0$# - 1+ '#.$(' -23,0$('( ,'& (3&+,/-/&4 #$/-22'#/ &+( ,- %-&'

56'#/(-7#'2'#/ 89:;<= >'(/-0#'& '(('+(& $#/ 5$#. 1+ ?/(' .$((0@3'&=

 !"#$%&'!"

A$+& -)$#& 2$#/(3 *+6+#' 23/B$5' 56'&/02-/0$# 5' /$#-,0/3 +/0,0&-#/ 5'& 1($C,& )'.D

/$(0',& '/ 2-/(0.0',& 1'+/ %3#3C.0'( 5' ,- .$21,32'#/-(0/3 5'& 0#E$(2-/0$#& -11$(/3'& 1-(

.'& 5'+F /G1'& 5' 1($C,&= >' (3&+,/-/ - E-0/ ,6$%H'/ 56+#' 1+%,0.-/0$# I::JK L=

A3-#2$0#&4 1$+( .'//' 23/B$5' .$22' 1$+( ,'& -+/('& 23/B$5'& 56'&/02-/0$# 5' /$#-,D

0/3 'F0&/-#/'4 ,60#E$(2-/0$# 2+&0.-,' 1(0&' '# .$21/' 1($)0'#/ 0#)-(0-%,'2'#/ 5'& #$/'& 5'

2+&0*+'4 *+0 .$#&/0/+'#/ +# #0)'-+ 5' 5'&.(01/0$# %(+0/3 5' ,6B-(2$#0' M /$+/'& ,'& #$/'& #'

1-(/0.01'#/ '# 'N'/ 1-& O ,6B-(2$#0'4 '/ 1'+)'#/ .$#&/0/+'( 5'& $(#'2'#/&= 9, &'(-0/ 5$#.

0#/3('&&-#/ 563/+50'( ,- 1(0&' '# .$21/' 56+#' 0#E$(2-/0$# /$#-,' 2$0#& %(+0/3' *+' ,'&

#$/'& 1$+( ,6'&/02-/0$# 5' /$#-,0/3=

()*)+), -.'$'&/.'!" 01& /##!20& 3!%2 $4/"/$5&1 01 .!"/$'.6

A$+& 1($1$&$#& 5-#& .'//' &'./0$# 56+/0,0&'( ,60#E$(2-/0$# -11$(/3' 1-( ,- &3*+'#.'

56-..$(5& 56+# 2$(.'-+ 5' 2+&0*+' 1$+( ,6-#-,G&' 5' &- /$#-,0/3= A$+& .$#&053($#& 5'&

2$(.'-+F 5$#/ ,- &+0/' 56-..$(5& '&/ .$##+' '/ *+0 .$#&/0/+' ,6'#/(3' 2+&0.-,' 1$+( ,6'&D

/02-/0$# 5' ,- /$#-,0/3 5+ 2$(.'-+ 3/+503= A$+& 1($1$&$#& -0#&0 +#' #$+)',,' 23/B$5'

+/0,0&-#/ +#' .$21-(-0&$# '#/(' +# 1($C, 5' #$/'& '/ 5'& 1($C,& 5' /$#-,0/3= P'& 1($C,& 5'

#$/'& #' &$#/ '# (')-#.B' 1,+& .$#&/(+0/& O 1-(/0( 5'& #$/'&4 2-0& O 1-(/0( 5' ,- &3*+'#.'

56-..$(5& M 1$+( .B-*+' -..$(54 ,- /(0-5' 5' #$/'& .$(('&1$#5-#/' '&/ @3#3(3' '/ -H$+/3'

-+ 1($C, 5' #$/'& Q,- E$#5-2'#/-,' &' )$G-#/ -//(0%+'( +# 1$05& 5'+F E$0& 1,+& 021$(/-#/

*+' ,- /0'(.' '/ ,- *+0#/'R= P6-,@$(0/B2' &+0)-#/ 53.(0/ ,- .$#&/(+./0$# 5+ 1($C, 5' #$/'& O

1-(/0( 5' ,- &3*+'#.' 56-..$(5& M

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

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

0&!&'&' $&% !)"&% . 1+&,. *) %23 " &'/&1.2 &" 4, !"&1.2

#5),"&' /&% 6 !)"&% #, (')* $ +& ")!#$ "&

* ! (),' "),"

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

$# /)''&$#" )! #7&/ $& (')* $ +& ")!#$ "&

P' .-,.+, 5+ 2-F02+2 5' .$((3,-/0$# '&/ '#&+0/' 05'#/0*+' O ,6-,@$(0/B2' ST4 '# +/0,D

0&-#/ ,' 1($5+0/ &.-,-0(' '/ ,'& 1($C,& 5' /$#-,0/3& 1($1$&3& 1-( U'21'(,'G Q)$0( C@+(' VWR=

78193$1

>$#&053($#& ,'& 1('20X('& 2'&+('& 5'  !""#$ %!&' 5' Y020 J'#5(0F Q)$0( C@+(' ZVR= 9, '&/

1$&&0%,' 5' .$#&/(+0(' +# 1($C, 5' #$/'& 5' .'/ 'F/(-0/ &',$# ,- 23/B$5' .,-&&0*+' IS(+[KL4

1$+( ,'*+', .B-*+' #$/' -+(- +#' .$#/(0%+/0$# 1($1$(/0$##',,' O &- 5+(3'=





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

"# $%&'$()% *'$ %+%&*,% ()% ,% -. /% 01.2 31#45$%$ )#% *,)/ 6$'#7% .&*1$2'#3% '0%3 ,%

*$18, .//) 7% ,' &52917% *$1*1/5%: 21)2 31&&% ,% ;1, %2 ,% ;.: (). /1#2 ,%/ ')2$%/ #12%/ 7% ,'

2$.'7% 31$$%/*1#7'#2 < -. &.#%)$ =>&.#?@ A% *$18, .//) 7% ,' &52917% 7%/ *$18,/ 7% #12%/

3,'//.()% &'$()% &1.#/ 3%22% 7.B5$%#3% %#2$% ,%/ #12%/ 7% ,' 2$.'7% %2 ,%/ ')2$%/ #12%/: %2

'**'$'C2 71#3 31&&% *,)/ D$).25: #12'&&%#2 %# $'./1# 7) *1.7/ .&*1$2'#2 31#45$5 ') A':

(). /% $%2$1)0% ()'/.&%#2 ')//. .&*1$2'#2 ()% ,% ;1, %2 D.%# *,)/ ()% ,% ;.@ "# *%)2 '.#/.

'01.$ ,E.#2).2.1#: %# 1D/%$0'#2 3%/ 7%)+ *$18,/: ()% ,' 21#',.25 31$$%32% /%$' *,)/ 4'3.,%&%#2

%/2.&5% %# )2.,./'#2 ,% *$18, .//) 7% ,' &52917% *$1*1/5%@ F1)/ #1)/ *$1*1/1#/ 71#3 7%

3',3),%$ ,%/ GH 31$$5,'2.1#/ '0%3 ,%/ *$18,/ 7% 21#',.25/ *1)$ 3%/ 7%)+ *$18,/: '8# 7% 05$.8%$

3%22% 9I*129J/%@

A' 86)$% !H $%*$5/%#2% ,% $5/),2'2 7%/ 31$$5,'2.1#/ %#2$% ,%/ 7%)+ *$18,/ 7% #12%/ 7.4K

45$%#2/ =(). 1#2 525 #1$&',./5/? %2 ,%/ GH *$18,/ 7% 21#',.25 7% L%&*%$,%I@

"# $%&'$()% ()% ,% *$18, 7% #12%/ .//) 7% ,' &52917% *$1*1/5% *$5/%#2% )#% 31$$5,'2.1#

&'+.&',% '0%3 ,% *$18, 7% 21#',.25 7% -. &.#%)$: (). %/2 ,' 21#',.25 31$$%32% 7% ,E%+2$'.2

&)/.3',@ ># $%0'#39%: ,% *$18, 3,'//.()% &'+.&./% ,' 31$$5,'2.1# *1)$ ,' 21#',.25 7% ;1,

-'M%)$ =(). %/2 ,% 21# $%,'2.4 7% -. &.#%)$?@ "# $%&'$()% 56',%&%#2 ()% N1 -'M%)$

*$5/%#2% )#% 31$$5,'2.1# /)*5$.%)$% < -. &.#%)$: %2 71#3 ()% ,' 21#',.25 31$$%32% #% /%

$%2$1)0% ()E%# 2$1./.J&% *1/.2.1# %# )2.,./'#2 ,% *$18, 3,'//.()%@ N'#/ 3%2 %+%&*,%: ,' *$./%

%# 31&*2% 7%/ '331$7/ *1)$ 31#/2$).$% ,% *$18, 7% 21#',.25 7E)# &1$3%') /%&D,% 71#3 '01.$

*1)$ %B%2 7% 8,2$%$ ,% D$).2 9'$&1#.()% 3')/5 *'$ ,' *$./% %# 31&*2% 7% 39'3)#% 7%/ #12%/

7% ,' *.J3% 52)7.5%@

O% /.&*,% %+%&*,%: *%$&%2 7E'01.$ )# *$%&.%$ '*%$P) 7) 41#32.1##%&%#2 7% ,' &52917%

*$1*1/5%: '.#/. ()% 7% /1# %Q3'3.25 /)**1/5%@ N'#/ ,' /%32.1# /).0'#2%: )#% 50',)'2.1# 7%

3%22% &52917% %/2 *$5/%#25%: '.#/. ()% /' 31&*'$'./1# '0%3 ,' &52917% 7%/ *$18,/ 7% #12%/

3,'//.()%@

 !"#$"%&'(

R8# 7E%/2.&%$ )#% 21#',.25 6$S3% < 7%/ /5()%#3%/ 7E'331$7/: ., %/2 #53%//'.$% 7% 7./*1/%$

7E'##12'2.1#/ 7%/ '331$7/ /)$ )# #1&D$% /)Q/'&&%#2 .&*1$2'#2 7% &1$3%')+ 7% &)/.()%@

F1)/ '01#/ %) $%31)$/: 31&&% %# H@G@T: ')+ 2$'#/3$.*2.1#/ 7%/ /5()%#3%/ 7E'331$7/ 7%/

U%'2,%/ *'$ O9$./21*9%$ V'$2%@ F5'#&1.#/: 3% 7%$#.%$ #E' *'/ *) 41)$#.$ 7E'##12'2.1#/

/)$ ,' 21#',.25 7% 39'3)# 7%/ &1$3%')+@ F1)/ '01#/ 71#3 %) $%31)$/ ')+ 2$'0')+ 7ER,,'#

W1,,'3X

 

@ O% 7%$#.%$ ' $5',./5 )#% 52)7% 7% ,' /2$)32)$% 7%/ &1$3%')+ 7%/  !"#$!%: %#

&%#2.1##'#2 %# *'$2.3),.%$ *1)$ 39'3)# ,' 21#',.25@

 !  !!"#$$%%%&'(()&*+,&-.$/012+-31(4")1$5676869:9$6;<$4%"=4." 4>)!&1 !?.





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

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

"#$ %&'(#)*+ $,-#(./&00,$ 1&*' -2,3)-*)./&0 $&0. 4&0( -#$ %&'(#)*+ 4#$ 5#).-#$ 4&0. 6

7 0&*$ 4/$1&$/&0$ 4# -) .')0$('/1./&0 )((&'4 1)' )((&'4 1)' 89'/$.&19#' :)'.#;

7 0&*$ 4/$1&$/&0$ 42*0# .&0)-/., $)./$<)/$)0.# 1)' =--)0 >&--)(? @4)0$ $#$ 0&.#$; =--)0

>&--)(? (/.# 0&.)%%#0. 4#$ %&'(#)*+ 4&0. -) .&0)-/., )11)')A. (&%%# )%B/C*D;

(&%%# 1)' #+#%1-#  !"#$%&'; &E 4#*+ .&0)-/.,$ 4/F,'#0.#$ $&0. %#0./&00,#$G;

7 0&*$ 4/$1&$/&0$ 42*0# '#1',$#0.)./&0 $H%B&-/I*# @J(9/#' KLMLGN

=/0$/;  O %&'(#)*+ &0. J0)-#%#0. ,., '#.#0*$ 1&*' -2,3)-*)./&0 @3&/' )00#+# =NPNQGN

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

>&*' (9)I*# ./.'# 4# -) B)$# 4# 4&00,#$; 4#*+ .&0)-/.,$ $&0. ()-(*-,#$ 6

7 -) 1'#%/R'#; $#-&0 -) %,.9&4# 42)0)-H$# 1'&1&$,# 6 1&*' (9)I*# )((&'4 4# -) 3,'/.,

.#'')/0; &0 C,0R'# -) .'/)4# (&''#$1&04)0.# I*# -2&0 )S&*.# )* 1'&J- 4# 0&.#$; -#I*#-

#$. #0$*/.# (&%1)', )*+ PT 1'&J-$ 4# .&0)-/.,N "# 1'&J- 4# .&0)-/., 4&00)0. -) 1-*$

C')04# (&'',-)./&0 )3#( -# 1'&J- 4# 0&.#$ 4&00# -) .&0)-/., #$./%,#;

7 -) $#(&04#; $#-&0 -) %,.9&4# 42)0)-H$# (-)$$/I*# 6 &0 1'&(R4# 4# -) %U%# %)0/R'#;

%)/$ -# 1'&J- 4# 0&.#$ 02#$. 1)$ (&0$.'*/. V 1)'./' 4#$ 0&.#$ /$$*#$ 4# -) .'/)4# 4#$

)((&'4$; %)/$ V 1)'./' 4# .&*.#$ -#$ 0&.#$ 4# -) 1/R(# 4# %*$/I*#N

W0 (&%1)'# #0$*/.# -#$ 4#*+ .&0)-/.,$ #$./%,#$ $#-&0 (#$ 4#*+ %,.9&4#$ V -) 3,'/.,

.#'')/0 %#0./&00,# 1)' =--)0 >&--)(?; #0 4/$./0C*)0. 4/F,'#0.$ ()$ (&''#$1&04)0. V -2)..'/X

B*./&0 4#$ 4/F,'#0.$ $(&'#$ KLYZ[ @3&/' $#(./&0 TNQN\N\GN

1'"/,*!*"

W0 .'&*3#') -#$ ',$*-.).$ 4# -2,3)-*)./&0 4#$ )((&'4$ 4)0$ -# .)B-#)* \TN "#$ $(&'#$

1',$#0.,$ $&0. #0 1&*'(#0.)C# 4* 0&%B'# .&.)- 4# %&'(#)*+ @ OGN W0 .'&*3#') #0 1)'./(X

*-/#' -# $(&'# KLYZ[; I*/ 1'#04 #0 (&%1.# -#$ .H1#$ 42#''#*'$ '#0(&0.',$N

K,.9&4# ]&0)-/., (&''#(.# Z''#*'$ ^(&'# KLYZ[

'#-)./< 3&/$/0 1)')--R-# )*.'#

>> 0&.#$ OONP \N\O \PN!_ \N\O \ NO !QNPO

>> )((&'4$ 22345 ` \\NOP ` 56372 8932:

#&,'- \T 7 Y,$*-.).$ 4# -2)0)-H$# 4#$ .&0)-/.,$N (( )*#+, 4,$/C0# -) %,.9&4# (-)$$/I*#; #0

'#%1-/$$)0. -# 1'&J- 4* %&'(#)* )3#( -#$ 0&.#$; )-&'$ I*# (( &--*"%, 4,$/C0# -) %,.9&4#

1'&1&$,# @1&*' -)I*#--# -# 1'&J- #$. (&0$.'*/. V 1)'./' 4#$ )((&'4$GN



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

!" #$%&'() *+'*',$) *)+#)% -.) "#$/0'+"%0'. () */-, () 123 4'.4)+.".% /" ($%)4%0'.

() %'."/0%$, 4'++)4%),5 6)%%) "#$/0'+"%0'. ,7"44'#*"8.) (7-.) 9'+%) (0#0.-%0'. (- .'#:+)

(7)++)-+, .) +$,-/%".% *", () %'., ;'0,0., '- () %'., +)/"%09, <(0#0.-%0'. () */-, ()  3 *'-+

.'%+) #$%&'()=> ?-0 0#*/0?-) ?-) *+@, () A23 (), %'."/0%$, ($%)4%$), ,'.% ,'0% 4'++)4%),>

,'0% ;'0,0.), () /" %'."/0%$ 4'++)4%)> 4) ?-0 '-;+) (), *)+,*)4%0;), ?-".% B /" 4'++)4%0'. ()

4), )++)-+,5 C.D.> /) ,4'+) EFGCH> ?-0 #),-+) /7)I4"40%$ 8/':"/)> ),% "#$/0'+$ () */-, ()

12 *'0.%,5

 !"#$%&'!"

J'-, ";'., $%-(0$ /" *+0,) ). 4'#*%) (7-.) 0.9'+#"%0'. %'."/) #'0., :+-0%$) ?-) /),

.'%), () #-,0?-)> 040 /" ,$?-).4) (7"44'+(,> *'-+ /7),%0#"%0'. () %'."/0%$5 K.) %)//) 4'.L

,0($+"%0'. *)+#)% -.) "#$/0'+"%0'. () /" *+$40,0'. (), %'."/0%$, ),%0#$),5

M"., /" #$%&'() *+$,).%$)> /), "44'+(, $%"0).% .$".#'0., 0,,-, (7"..'%"%0'.,5 F/ +),%) ('.4

B ($%)+#0.)+ ,0 -.) %)//) "#$/0'+"%0'. *)-% %'-N'-+, O%+) "%%)0.%) ). -%0/0,".% (), ,$?-).4),

(7"44'+(, ),%0#$),> )% .'. "..'%$),5 6)%%) ?-),%0'. ,)+" ":'+($) ("., /) 4&"*0%+) ,-0;".%5

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

P*+@, ";'0+ ;- /), #$%&'(), (7),%0#"%0'. () %'."/0%$ ()*-0, -.) +)*+$,).%"%0'. ,Q#L

:'/0?-) () /" #-,0?-)> .'-, $%-(0'., ("., 4)%%) ,)4%0'. /), #$%&'(), 4'.,0($+".% /) ,08."/

"-(0' 4'##) ).%+$) #-,04"/)5 6), #$%&'(), ,) (0;0,).%> ("., /" /0%%$+"%-+)> ). ()-R 8+".(),

4"%$8'+0), S

T /), #$%&'(), -%0/0,".% -.) "("*%"%0'. () /7"/8'+0%&#) UV <;- ). ,)4%0'. W5X51=>

T /), #$%&'(), -%0/0,".% -.) "**+'4&) -%0/0,".% (), #'(@/), ,%"%0,%0?-),> 4'##) /),

YEE <*+$,).%$, ). W5Z5Z5Z=5

()*)+), -./01/1'!"& .2 $3/$4!5'1672 89

K.) (), *+)#0@+), "("*%"%0'., () /7"/8'+0%&#) UV "- ,08."/ "-(0' 9-% #).$) ). Z22W

*"+ ['#)\ )% Y)++)+" ][Y2W^> ?-0 4'#*"+).% /7"("*%"%0'. (0+)4%) () 4)%%) #$%&'() ).

-%0/0,".% (), ;)4%)-+, 4&+'#" Y_6_ <;'0+ ,)4%0'. Z5Z5Z51= #'Q)..$, ,-+ /), %+"#), 4'.,%0L

%-".% -.) *0@4) () #-,0?-)5 6) ;)4%)-+ #'Q). N'-) ).,-0%) /) +`/) (- *+'D/ () .'%), (".,

/7"/8'+0%&#) UV> )% ),% ('.4 4'#*"+$ B (), *+'D/, () %'."/0%$ <0().%0?-), B /" #$%&'()

*+'*',$) ). 1AA2 *"+ U+-#&".,/=5 !" #O#) "..$)> _"-a, *+'*',) ]_"-2W^ -.) "**+'4&)

%+@, ,0#0/"0+)> ). -%0/0,".% 4)%%) 9'0, -.) *'.($+"%0'. (), ;)4%)-+, 4&+'#"> )% ). .) ,$/)4L

%0'..".% ?-) 4)+%"0.), *"+%0), () /7)R%+"0% <%Q*0?-)#).% /) ($:-% )% /" D.= *'-+ 4'.,%+-0+)

,'. ;)4%)-+ 4&+'#" #'Q).> ";".% () /) 4'#*"+)+ "-R *+'D/, () %'."/0%$,5



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

"# $%%&' ()*+,-+ .()*%&/ 0,10123 4356 *7891432 2+*+-:+,32 ; -<:-=1,+89*3 >?' -<5#3 58+-@

+2:#8 432 *14A-32 203B8,:56 38 -<:58,3 432 C3B835,2 B9,1*:D E15, B9:B5#3 43 B32 *7891432'

432 0,1F-2 43 81#:-+872 21#8 B,772 ; 0:,8+, 4<3#,3=+28,3*3#82 43 0+:#1 :##1872' 38 B1*0:,72

:56 0,1F-2 43 81#:-+872 43 >,5*9:#2- .>> $/ 38 43 G3*03,-3H .G3*!!:/D I3883 78543 *1#@

8,3 #18:**3#8 J53 -32 0,1F-2 43 81#:-+872 0,101272 0:, G3*03,-3H 23*K-3#8 0-52 3LB:B32

4:#2 -3 B:4,3 43 -<:-=1,+89*3 >?D "# $%%M' ()*+,-+ 0,10123 5#3 :*7-+1,:8+1# 0122+K-3 43

-<:-=1,+89*3 >? 3# 58+-+2:#8 5# B9,1*: *1H3#' ; -: *:#+A,3 43 .NO%P/' *:+2 B1#28,5+8

B3883 Q1+2 3# B1#2+47,:#8 432 =,15032 43 C3B835,2 B9,1*: 43 8:+--3 C:,+:K-3' 3# B93,B9:#8 ;

*:6+*+23, -: B1,,7-:8+1# :C3B -32 0,1F-2 43 81#:-+872 .()*%M/D

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

E:,*+ -32 *7891432 4<328+*:8+1# 43 81#:-+87 4305+2 -3 2+=#:- :54+1 58+-+2:#8 5#3 :0@

0,1B93 28:8+28+J53' 1# B+83,: -: *789143 0,101273 0:, E3383,2 3# $%%M .E33%M/' J5+ B1#@

28,5+8 0:, :00,3#8+22:=3 4356 0,1F-2 43 81#:-+872 3# 8,:#2Q1,*:#8 8152 -32 C3B835,2 B9,1*:

:##1872 43 -: K:23 4<:00,3#8+22:=3 3# 432 0,1F-2 43 R1 S:T35, 38 R1 *+#35, U0:, ,18:8+1#

4<+#4+B3 C3B81,+3-VD W: *789143 B1#28,5+8 3#25+83' 815T15,2 0:, ,18:8+1# 4<+#4+B3' $P OSS

B1,,3201#4:#8 :56 $P 81#:-+872 4+X7,3#832D E15, B9:J53 *1,B3:5 43 *52+J53 7854+7' -:

81#:-+87 328+*73 B1,,3201#4 :5 *:6+*5* 43 0,1K:K+-+87 43 -: 27J53#B3 43 C3B835,2 B9,1*:

23-1# -32 $P OSSD

Y#3 B1*0:,:+21# 3#8,3 -<3LB:B+87 432 0,1F-2 :00,+2 38 B3--3 432 0,1F-2 43 G3*03,-3H 328 3#@

25+83 0,723#873' B1**3 B3-: :C:+8 787 -3 B:2 4:#2 .NO%P/D W32 B1#B-52+1#2 21#8 +43#8+J532 Z

-32 0,1F-2 43 G3*03,-3H 41##3#8 43 *3+--35,2 ,725-8:82 J53 -32 0,1F-2 :00,+2 28:8+28+J53@

*3#8' 2:#2 :5B5#3 B1##:+22:#B3 *52+B:-3 0,778:K-+3D

E:,*+ B32 *7891432 28:8+28+J532' 1# 8,15C3 7=:-3*3#8 432 8,:C:56 23 03,*388:#8 4<+43#@

8+F3, 432 *145-:8+1#2' 38 4<328+*3, 432 81#:-+872 -1B:-32 4305+2 -3 2+=#:- :54+1D O:,83 .O?N%M/

38 I9:+.I[%\/ 1#8 :+#2+ 0,10127 432 *7891432 ,3012:#8 25, -<7-:K1,:8+1# 43 OSS' 38 +#@

87=,:#8 -: 0,1K:K+-+87 015, B9:J53 78:8 4<]8,3 5# 01+#8 43 *145-:8+1# 3#8,3 4356 81#:-+872

-1B:-32D "# $%%\' ()*+,-+ .()*%\/ 0,10123 5# *14A-3 58+-+2:#8 5#3 *:8,+B3 43 Q:B81,+2:8+1#

#1#@#7=:8+C3 015, -: 23=*3#8:8+1# 432 81#:-+872 -1B:-32D R32 =,15032 43 C3B835,2 B9,1*:

21#8 41#B 25BB322+C3*3#8 B1#2+47,72 B1**3 78:#8 B:#4+4:82 ; -: B1#28+858+1# 4<5# 23=*3#8

*52+B:- 2:#2 *145-:8+1#D W: 8:+--3 43 B32 =,15032 43 C3B835,2 B9,1*: 328 F673 3*0+,+J53@

*3#8D

Y#3 #15C3--3 *789143 4<328+*:8+1# 432 81#:-+872 -1B:-32 328 0,101273 4:#2 -3 B9:0+8,3

25+C:#8D



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



 !"#$%&' (

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

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

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

#( 3!%&'"4*'#% 4(# 3.!)# ,0!33%#(&'))!5# (-"#))'&!(& ,# 5%!(,#) 64!(&'&-) ,# ,/((-#) #&

,/(& *0#7"!"'&- ,-3#(, ,#) )&8*#) +4)'"!41 4&'*')-) 3/4% *0!33%#(&'))!5#2 (/4) )/4.!'&/()

3%/3/)#% 4(# (/49#**# +-&./,# ,0#)&'+!&'/( ,0!""/%,) #& ,# &/(!*'&-): ;/4) !9/() +/(<

&%- 3%-"-,#++#(& 640'* #1')&!'& 4(# '(&#%!"&'/( #(&%# *#) ,'=-%#(&#) '(>/%+!&'/() &/(!*#) ?

*! )-64#("# ,0!""/%,)2 3!% #1#+3*#2 '(@4#("# >/%&#+#(& *! &/(!*'&- -&!A*'#: B'()'2 #)&'+#%

"/(C/'(&#+#(& "#) ,#41 '(>/%+!&'/() 3%-)#(&# (/( )#4*#+#(& 4( )#() +4)'"!*2 +!') /49%#

*0.83/&.D)# ,04( A-(-E"# +4&4#* 3/4% *0#)&'+!&'/( ,0!""/%,) #& ,# &/(!*'&-):

F# ".!3'&%# 3%-)#(&# !'()' 4(# (/49#**# +-&./,# 3/4% *0#)&'+!&'/( "/(C/'(&# ,#) !""/%,) #&

,#) &/(!*'&-) */"!*#): F#&&# +-&./,# 3#4& G&%# !33*'64-# ,#34') 4(# %#3%-)#(&!&'/( )8+A/*<

'64# ,# *! +4)'64# /4 ,#34') *# )'5(!* !4,'/: H( !3#%I4 5-(-%!* ,# *! +-&./,# #)& 3%-)#(&-

)#"&'/( J:K2 !9!(& 64# *#) )3-"'E"'&-) ,# *0!33*'"!&'/( ,# "#&&# +-&./,# $ 4(# %#3%-)#(&!<

&'/( )8+A/*'64# #& !4 )'5(!* !4,'/ (# )/'#(& ,-9#*/33-#) )#"&'/() J:L #& J:M: N( &%/49#%!

-5!*#+#(& ,!() "#) ,#41 )#"&'/() 4(# -9!*4!&'/( ,# "#&&# +-&./,#:

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

B9!(& ,# 3!))#% $ *! ,#)"%'3&'/( "/+3*D&# ,# *! +-&./,# 3%/3/)-# ,#34') ,#41 &83#)

,0#(&%-#) ,')&'("&) O%#3%-)#(&!&'/( )8+A/*'64# #& )'5(!* !4,'/P2 (/4) 3%/3/)/() *# 3%'("'3#

5-(-%!* ,# "#&&# +-&./,#2 #& ,-"%'9/() ,!() "#&&# )#"&'/( *#) 3%/"#))4) ,0#)&'+!&'/( "/+<

+4() $ *! +4)'64# )8+A/*'64# #& !4 )'5(!* !4,'/: Q0#(&%-# +4)'"!*# #)& &/4& ,0!A/%,

)#5+#(&-#2 34') 3/4% ".!64# )#5+#(&2 ,#) "!(,',!&) !""/%,) #& &/(!*'&-) )/(& -(4+-%-)2

#& %!))#+A*-) #( "/43*#  !""#$%& '#(!)*'+,: H( 5%!3.# !"8"*'64# #)& #()4'&# "%--2 #( %#*'!(&

".!64# "/43*# !))/"'- $ 4( )#5+#(& ,# *0#(&%-# $ &/4) *#) "/43*#) ,4 )#5+#(& )4'9!(&:

RK



 !  !"#$%&' () *+%$,"%$-. /-.0-$.%' 12$.3-&,"%$-.+ %-."4'+

"#$%&' $() $*+,* -.(/0 ',1 2.+30(0 2$( &+' 3*,1$+)' /&,*)$4' ',1*/$+1 &+' /',&(' '+1('

3'&5 ).&24',6 7+ 2(.)',,&, 3' 2(.8($//$1*.+ 39+$/*%&' 2'(/'1 '+,&*1' 3' 301'(/*+'(

4' )#'/*+ .21*/$4 3$+, )' 8($2#'6 :$ ,0%&'+)' 3;$)).(3, '1 3' 1.+$4*10, 4.)$4', <+$4'/'+1

',1*/0' 2$( 4' ,9,1=/' ).((',2.+3 > 4$ ,0%&'+)' 3', ).&24',  !""#$%& '#(!)*'+, 4' 4.+8 3&

)#'/*+ /*+*/$46

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

:' 2('/*'( 2.*+1 3' 4;$+$49,' 3& /.()'$& ).+,*,1' '+ &+' ,'8/'+1$1*.+ 3' 4;'+1(0' /&,*?

)$4' @A.*( <8&(' BBCD )#$)&+ 3', ,'8/'+1 $9$+1 A.)$1*.+ <+$4' > E1(' 01*%&'10 2$( &+ $)).(3

'1 &+' 1.+$4*106 "' 2(.)',,&, 3' ,'8/'+1$1*.+ 3*F=(' 4.(,%&;*4 ,;$8*1 3' /&,*%&' ,9/G.4?

*%&' .& 3' ,*8+$4 $&3*.6 H'2&*, &+' ('2(0,'+1$1*.+ ,9/G.4*%&'D &+ $48.(*1#/' ',1 2(.2.,0

2.&( 4$ )(0$1*.+ 3', ,'8/'+1,D 2'(/'11$+1 $*+,* 3' ($,,'/G4'( )'(1$*+', +.1', I.&0', 3$+,

&+ /E/' ,'8/'+1D .& $& ).+1($*(' 3' 4', ,02$('( 3$+, 3', ,'8/'+1, 3*F0('+1,6 H'2&*, 4'

,*8+$4 $&3*.D 3' /E/' %&' 3$+, 4$ 1.1$4*10 3', /01#.3', 3;$+$49,' '5*,1$+1',D 4;'+1(0' ',1

30).&20' '+ 1($/',6 ".//' +.&, 4' A'((.+, 24&, 4.*+ @,')1*.+ B6JCD 24&,*'&(, (0,.4&1*.+,

3*F0('+1',D ).((',2.+3$+1 > 3*F0('+1, 1$*44', 3' 1($/',D 2.&((.+1 E1(' ).+,*30(0',6

"'11' ,'8/'+1$1*.+ 3' 4;'+1(0' /&,*)$4' ,'(1 '+,&*1' 3' ,&22.(1 > 4;0+&/0($1*.+ 3', )$+3*?

3$1,D 2&*,%&' )#$%&' ,'8/'+1 3.++' 4*'& > &+' ,04')1*.+ 3' )$+3*3$1, $)).(3, '1 1.+$4*10,6

K44' ,'(1 08$4'/'+1 3;&+*10 3' 1'/2, 2.&( 4$ ,0%&'+)' 3;$)).(3, '1 3' 1.+$4*10, 4.)$4',

<+$4'/'+1 80+0(0' 2$( 4' ,9,1=/'6

5$67&' BB L H0).&2$8' 3' 4;'+1(0' /&,*)$4' @,9/G.4*%&' .& $&3*.C '+ ,'8/'+1, '1

0+&/0($1*.+ 3' ).&24', )$+3*3$1,6



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

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

" #$%&'% () *$ +),-).&$&'/. () *0).&%1) -2+'3$*)4 ('51%).&+ $33/%(+ )& &/.$*'&1+ #/6

&).&')*+ +/.& +1*)3&'/..1+ #$%-' 2. ('3&'/..$'%) (0$33/%(+ )& () &/.$*'&1+ +2##/%&1+ #$% *)

+7+&8-)9 :) #%/3)++2+ (01.2-1%$&'/. 3/.+'+&) ; 3</'+'%4 #$%-' *)+ $33/%(+ )& *)+ &/.$*'&1+

3/.&).2+ ($.+ *) ('3&'/..$'%)4 3)%&$'.+ $33/%(+ )& 3)%&$'.)+ &/.$*'&1+ #/++'=*)+4 >2' 3/.6

+&'&2).& ()+ 3$.('($&+9 ?$% $33/%(+ 3$.('($&+4 /. (1+',.) $'.+' *)+ $33/%(+ +2+3)#&'=*)+

(0@&%) $++/3'1+ $2 +),-).& 1&2('19 :) =2& () 3)&&) #<$+) (01.2-1%$&'/. )+& $'.+' () .) #*2+

3/.+'(1%)% &/2+ *)+ $33/%(+ #/++'=*)+ '++2+ (2 ('3&'/..$'%)4 -$'+ () +) *'-'&)% ; >2)*>2)+

$33/%(+ #*$2+'=*)+ $2 A2 (2 +),-).& $.$*7+19 B. (1+',.) () -@-) #$% &/.$*'&1 3$.('($&)

2.) &/.$*'&1 #*$2+'=*) $2 A2 (2 +),-).& 1&2('19 B. +/2<$'&) $'.+' 1.2-1%)% *0$33/%( )&

*$ &/.$*'&1 3/%%)3&)+ C&)**)+ >20'*+ +)%$').& $../&1+ #$% 2. -2+'3').D #$%-' *)+ $33/%(+ )&

&/.$*'&1+ 3$.('($&+4 #/2% >2)4 */%+ () *$ +1*)3&'/. (2 3<)-'. /#&'-$*4 3)& $33/%( )& 3)&&)

&/.$*'&1 +/').& 3</'+'+9

:$ -$.'8%) $A)3 *$>2)**) ./2+ ./2+ #%/#/+/.+ () -).)% 3)&&) 1.2-1%$&'/. ('58%) +',.'6

E3$&'A)-).& ).&%) *0$.$*7+) ()#2'+ *$ -2+'>2) +7-=/*'>2) )& ()#2'+ *) +',.$* $2('/9 F1$.6

-/'.+4 3)&&) #<$+) (01.2-1%$&'/. 3/.+)%A) 3)%&$'.)+ #%/#%'1&1+ 3/--2.)+4 >2) 3) +/'& */%+

() *0$.$*7+) ()#2'+ *02.) /2 *0$2&%) () 3)+ ()2G %)#%1+).&$&'/.+ H

I &/2+ *)+ $33/%(+ )& &/.$*'&1+ 3/.&).2+ ($.+ *) ('3&'/..$'%) (0$33/%(+ )& () &/.$*'&1+

+2##/%&1+ +/.& +233)++'A)-).& 3/.+'(1%1+4

I *)+ $33/%(+ )& &/.$*'&1+ +1*)3&'/..1)+ #$% *01.2-1%$&'/. +/.& &/2+ 3/.+)%A1+ #/2% *$

3%1$&'/. (2 ,%$#<) CA/'% +)3&'/. J9K9!D4 )& *)+ $2&%)+ +/.& (1E.'&'A)-).& 13$%&1+4

I *)+ n $33/%(+ )& m &/.$*'&1+ +1*)3&'/..1+ #$% *01.2-1%$&'/. +/.& ).+2'&) 3/-='.1+ ).

c = n×m 3/2#*)+4 3<$>2) 3/2#*) 1&$.& () *$ L/%-)  !""#$%& '#(!)*'+,9

:$ E,2%) JM '**2+&%) *) #%/3)++2+ (01.2-1%$&'/. ()+ $33/%(+ )& ()+ &/.$*'&1+ ()#2'+ 2.

+),-).& (/..1 () *0).&%1) -2+'3$*)9 N$.+ *$ +2'&) () 3) 3<$#'&%)4 ./2+ L)%/.+ %1L1%).3) $2G

3/2#*)+  !""#$%& '#(!)*'+, >2' +/.& 1.2-1%1+ +/2+ *) ./- () 3/2#*)+ 3$.('($&+9

 !"!0 1)(*+,-% .2&% 3)*45/ ./ 6-&47/8 6*%.,.*+8

O.) L/'+ *)+ 3/2#*)+ 3$.('($&+ 1.2-1%1+ #/2% 3<$>2) +),-).& () *$ #'83) $.$*7+1)4 2.

,%$#<) $373*'>2) )+& 3%114 ). %)*'$.& ()2G ; ()2G &/2+ *)+ 3/2#*)+ 3$.('($&+ (02. +),-).&

$A)3 &/2+ *)+ 3/2#*)+ 3$.('($&+ (2 +),-).& +2'A$.& CA/'% E,2%) JPD9 :0'(1) )+& ).+2'&) ()

&%/2A)% 2. 3<)-'. ($.+ 3) ,%$#<)4 3/.(2'+$.& ; *$ -)'**)2%) +1>2).3) () 3/2#*)+ 3$.('($&+

#/2% *$ #'83) 1&2('1)9 Q* )G'+&) 2.) -2*&'&2() () -$.'8%)+ () 3/.+'(1%)% >202. 3<)-'. ($.+

2. &)* ,%$#<) )+& -)'**)2% >202. $2&%)4 3/--) '* +)%$ )G#/+1 ($.+ *$ +)3&'/. J9K9R9

O.) ('+&$.3) -2+'3$*) )+& 2&'*'+1) #/2% #)%-)&&%) () #/.(1%)% *$ &%$.+'&'/. ).&%) ()2G

3/2#*)+ 3$.('($&+9 ?*2+')2%+ ('+&$.3)+ -2+'3$*)+4 #%1+).&1)+ ). +)3&'/. !9K9! /.& $'.+' 1&1



 !  !"#$%&' () *+%$,"%$-. /-.0-$.%' 12$.3-&,"%$-.+ %-."4'+

5$67&' "# $ %&&'()*+),-. /0( 1-'2&0( 1+./,/+)( 2-'* &0( /,34*0.)( (0560.)( /0 &+ 2,710

+.+&8(409 :. .-6;*0 <+*,+;&0 /0 1-'2&0( 1+./,/+)( 20') =)*0 -;(0*<4 ('* &0( /,34*0.)( (05>

60.)( /0 &+ 2,7109

4)'/,40( 2-'* 10))0 2-./4*+),-. 6'(,1+&09 ?&'( &+ /,()+.10 0.)*0 /0'@ 1-'2&0( 1+./,/+)(

c1 = (a1, t1) 0) c2 = (a2, t2)A 0) 6-,.( ,& 0() 2*-;+;&0 /B-;(0*<0* &B+11-*/ a1 /+.( &+ )-.+&,)4

t1 (',<, /0 &B+11-*/ a2 /+.( &+ )-.+&,)4 t29 C,.(,A 2&'( &+ <+&0'*A -' &0 1-D)A 2-*)4 2+* '. +*1

*0&,+.) c1 E c2 0() 4&0<4A 2&'( ,& 0() 6'(,1+&060.) ,62*-;+;&0 /B+<-,* &+ ('110((,-. /B+11-*/(

0) /0 )-.+&,)4( &-1+&0( 1-**0(2-./+.) E &+ )*+.(,),-. 0.)*0 c1 0) c29

F-'( &0( +*1( /' 5*+2G0 (-.) +,.(, 2-./4*4( 2+* '. 1-D) 6'(,1+& 0.)*0 &0( /,34*0.)(

1-'2&0( 1+./,/+)(9

5$67&' "H $ %&&'()*+),-. /' 5*+2G0 +181&,I'0 /0 1-'2&0( 1+./,/+)(9



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

.%*/$) !" # $%&'()& *& +,&'-. /(0-'1) *1.2 )& 341(,& *& +/5()&2 +1.*-*1026 7& +,&'-.

*/..& )1 2895&.+& :.1)& *;1++/4*2 &0 *& 0/.1)-082 )/+1)&26

 !"!# $%&'()*+, -. (/'0*, +1)*02&

<.& =/-2 )& 341(,& *& +/5()&2 +1.*-*102 801>)-? 5. (4/+&2252 */-0 (&4'&004& *& 28)&+@

0-/..&4 )& +,&'-. /(0-'1) *1.2 +& 341(,& AB/-4 :354& !"C 6

7&00& 0D+,& &20 482/)5& (14 (4/341''10-/. *E.1'-95& FG&)!HI6 J/54 +,195& +1.*-*10?

5. 5.-95& 14+ &20 +,/-2- (14'- )&2 14+2 -.+-*&.06 7&0 14+ /(0-'-2& )& +,&'-. K5295;L +&

+1.*-*106 <.& *8:.-0-/. *5 +,&'-. /(0-'1) */-0 -+- M04& +,/-2-&6 N/52 951)-:/.2 *& +,&'-.

/(0-'1) )& +,&'-. '-.-'1)? +;&20@L@*-4& +&)5- */.0 )1 2/''& *&2 +/O02 *&2 14+2 )& +/.20-05@

1.0 &20 '-.-'1)&6

P& (4/>)Q'& 1(()-958 15 341(,& &.0-&4 2& 48*5-0 */.+ L )1 4&+,&4+,& *5 '-.-'5' *& R

∑

16i≤n

δ(ci, ci+1)

/S n &20 )& ./'>4& *& 2&3'&.02 *& );&.048& '52-+1)&? &0 ci &0 ci+1 *82-3.&.0 *&5% +/5()&2

+1.*-*102 1((140&.1.0 L *&5% 2&3'&.02 +/.28+50-=2? &0 */.+ 4&)-82 (14 5. 14+ (/.*848 (14

)1 *-201.+& δ(ci, ci+1)6

P;14+ -.+-*&.0 +,/-2- (14 )1 (4/341''10-/. *E.1'-95& &20 1-.2- +&)5- 95- '-.-'-2&

)1 2/''& *&2 +/O02 *& 041.2-0-/. )& )/.3 *5 +,&'-. '&.1.0 L +,195& +/5()& +1.*-*10?

+/''& -))52048 254 )1 :354& ! A+C6 T) &%-20& 5. +,&'-. (/54 +,195& +/5()& +1.*-*10 *5

*&4.-&4 2&3'&.0 *& )1 (-Q+& 805*-8&6 J14'- +&2 +,&'-.2? )& +,&'-. :.1)&'&.0 4&0/54.8 &20

)& +,&'-. */.0 )1 2/''& *&2 +/O02 (/54 )&2 14+2 (14+/5452 &20 '-.-'1)&6

P& (4/+&2252 &.0-&4 (&4'&001.0 )1 28)&+0-/. *5 +,&'-. /(0-'1) &20 -))52048 254 )1 :3@

54& ! 6



 !  !"#$%&' () *+%$,"%$-. /-.0-$.%' 12$.3-&,"%$-.+ %-."4'+

Fn+1FnFn-1

Cn-1,1 Cn+1,1

Cn,1

Cn-1,2

Cn-1,2

Cn+1,2

Cn+1,3

Cn,1

Cn,2

"#$

Fn+1FnFn-1

Cn-1,1 Cn+1,1

Cn,1

Cn-1,2

Cn-1,2

Cn+1,2

Cn+1,3

Cn,1

Cn,2

"%$

Fn+1FnFn-1

Cn-1,1 Cn+1,1

Cn,1

Cn-1,2

Cn-1,2

Cn+1,2

Cn+1,3

Cn,1

Cn,2

"&$

Fn+1FnFn-1

Cn-1,1 Cn+1,1

Cn,1

Cn-1,2

Cn-1,2

Cn+1,2

Cn+1,3

Cn,1

Cn,2

"'$

5$67&' ( ) "#$ *+,-./#012+ '3 &#+'1'#04 5#/-2+16,34 Ci,j 72,/ '34 438-3+04 &2+4.9

&,01:4 Fi; 2/'2++.4 03-72/3<<3-3+0 '3 8#,&53 = '/2103> Ci,j /37/.43+03 <3 j?-3 &#+'1'#0

5#/-2+16,3 72,/ <3 438-3+0 Fi> @3 03-74 #77#/#A0 '3 8#,&53 = '/2103> "%$ B/.#012+ '34

#/&4 72,/ :2/-3/ ,+ 8/#753 #&C&<16,3> D+ #/& /3<13 &5#&,+ '34 &#+'1'#04 'E,+ 438-3+0

'2++. = &5#&,+ '34 &#+'1'#04 ', 438-3+0 4,1F#+0> "&$ @# 7/28/#--#012+ 'C+#-16,3 &2+9

41403 = &52141/ ,+ ,+16,3 &53-1+ -3+#+0 = &5#6,3 &#+'1'#0 'E,+ 438-3+0 '2++. "1&1; <3

438-3+0 n$> "'$ G.<3&012+ ', &53-1+ 2701-#<> @34 4.6,3+&34 'E#&&2/'4 30 02+#<10.4 3401-.34

42+0 #1+41 &2+4010,.34 7#/ <# 4.6,3+&3 '34 &#+'1'#04 <3 <2+8 ', &53-1+ 2701-#<>



 !"! #$$%&'()&*+ ,-$.&/ .+- 0-$01/-+)()&*+ /234*%&5.- ,- %( 3./&5.-  !

 !" #$$%&'()&*+ ,-$.&/ .+- 0-$01/-+)()&*+ /234*%&5.- ,- %(

3./&5.-

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

0- %).+/#* &'(.(,)*+) ,-*% 0) .-% #6 01)*+'() 2$%/.-0) -*-07%() )%+ %#$% 8#'2) %729#0:

/5$) ;&-' )<)2&0)= %#$% 0- 8#'2) ,1$* >.3/)' ?@A@BC D- %)42)*+-+/#* ,) 01)*+'()= 0)% 'E:

40)% ,1(*$2('-+/#*% )+ 0)% ,/F(')*+)% ,/%+-*.)% 2$%/.-0)% $+/0/%-90)% %#*+ -/*%/ )<&0/./+()%

./:-&'E%C G*) (H-0$-+/#* ,) 0- 2(+3#,) I +'-H)'% %)% ,/F(')*+% &-'-2E+')% %)'- )*%$/+)

&'#&#%()C

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

"#$% &'#&#%#*% ,) 2)*)' 0- %)42)*+-+/#* ,) 0- &/E.) ,) 2$%/5$) -*-07%() )* 0- ,(:

.#$&-*+ )* 4'#$&)% ,) *#+)% ;,(>*/% )* JCKCJBC D- L$%+/>.-+/#* &'/*./&-0) )%+ 0- %$/H-*+) M

$* *#$H)0 -..#', *) &)$+ .#22)*.)' 5$) 0#'%5$) M

N $*) *#$H)00) .0-%%) ,) *#+) )%+ L#$()=

N $*) .0-%%) ,) *#+) .)%%) ,1O+') L#$()C

@0 %)290) ,#*. O+') '-/%#**-90) ,) %) ,#**)' 0- &#%%/9/0/+( ,) &#$H#/' .3-*4)' ,1-..#', ;)+

,) +#*-0/+( 0#.-0)B ,E% 5$1$*) *#$H)00) .0-%%) ,) *#+) -&&-'-P+= #$ 5$1$*) .0-%%) ,) *#+)

*1)%+ &0$% L#$()C Q3-5$) 4'#$&) ,) *#+)% H- -/*%/ ,#**)' 0/)$ I $*) (*$2('-+/#* ,1-..#',%

.-*,/,-+% )+ ,) +#*-0/+(% .-*,/,-+)%C

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

R$1/0 %1-4/%%) ,)% -..#',% #$ +#*-0/+(% 0#.-0)%= $*) -&&'#.3) 8#*,() %$' ,)% 'E40)% ; !"#

$%&#'B )%+ $+/0/%() &#$' ,(+)'2/*)' 5$)0% .-*,/,-+% %#*+ I .#*%/,(')' &#$' $* 4'#$&) ,)

*#+)% ,#**(C

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

D- 2(+3#,) &'#&#%() &#$' ,(+)'2/*)' %/ $*) +#*-0/+( )%+ .-*,/,-+) &#$' $* 4'#$&) ,)

*#+)% .#*%/,('( )%+ 0- %$/H-*+)C S#/+ $*) +#*-0/+( t )+ %- 4-22) -%%#./() g= )+ $* 4'#$&) ,)

*#+)% gn = (n1, ..., np)= -H). 1 ≤ p ≤ 12C T* ,(.0-') t .-*,/,-+) &#$' gn %/ )+ %)$0)2)*+

%/= .3-.$*) ,)% .0-%%)% ,) *#+) ni= 1 ≤ i ≤ p= -&&-'+/)*+ I gC T* .#*%/,(')'- 0- 4-22)

2(0#,/5$) &#$' 0)% +#*-0/+(% 2/*)$')%C

U/*%/= %/ 0) 4'#$&) ,) *#+)% )%+ ;A#=?/B= 0)% +#*-0/+(% .-*,/,-+)% (*$2('()% %)'#*+ A#

?-L)$'= V- ?-L)$'= S#0 ?-L)$'= D- 2/*)$'= W( 2/*)$' )+ ?/ 2/*)$'= .-' A# )+ ?/ -&&-':

+/)**)*+ +#$% 0)% ,)$< -$< %/< 4-22)% .#'')%&#*,-*+ I .)% %/< +#*-0/+(%C



 !  !"#$%&' () *+%$,"%$-. /-.0-$.%' 12$.3-&,"%$-.+ %-."4'+

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

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

$, ),-)*43) &) %513)- -$+6.,()- 7$+ &+-(+,1$),( 03$-+)$%- (80)- &9.//#%&-: ;<.7$) %513)

)-( .+,-+ .--#/+' = 3. %)/#,,.+--.,/) &9$, (80) 0.%(+/$3+)% &9.//#%&2 )( 6+-) = &'()%*+,)%

-+ $, .//#%& &) /) (80) )-( +&),(+>.43) &.,- 3) 1%#$0) &) ,#()- '($&+': ?+ $, .//#%& )-(

'3+1+43) -)3#, $,) %513)2 +3 )-( ',$*'%' )( &)6+),( &#,/ /.,&+&.( 0#$% /) 1%#$0) &) ,#()-:

@, ,#() 7$) 39.%/<+()/($%) &) %513)- 0%#0#-') )-( #$6)%()2 &.,- 3) -),- #A )33) 3.+--) 03./) =

3. %)/#,,.+--.,/) &9.$(%)- (80)- &9.//#%&-2 0#$% 0)$ 7$) 39#, &'>,+--) 3)- %513)- .--#/+')-:

B$/$, /#,C+( ),(%) 3)- %513)- ,9)-( = ),6+-.1)%2 0$+-7$) $, .//#%& 7$+ )-( '3+1+43) -)3#, $,)

%513) -)%. 4+), ',$*'%'2 *D*) -9+3 ,9)-( 0.- '3+1+43) -)3#, $,) .$(%): E#$- 0%'-),(#,- /+F

.0%5- 3)- %513)- 7$) ,#$- 0%#0#-#,-2 ), G#,/(+#, &)- (80)- &9.//#%&- 7$9)33)- %)/#,,.+--),(:

H)$% +,('1%.(+#, 0%#1%)--+6) &.,- 3) -8-(5*) G)%. ),-$+() 39#4I)( &9$,) '6.3$.(+#,:

J (%+.&)- *.I)$%)-K*+,)$%)- L $, .//#%& &) /) (80) )-( /.,&+&.( -+ /<.7$) ,#() &$

1%#$0) &) ,#()- .00.%(+),( = 3. (%+.&) /#,-+&'%'): ".% )M)*03)2 3) 1%#$0) &) ,#()-

N&#2*+O .//)0() &)$M .//#%&- /.,&+&.(- L H. *+,)$% )( P# Q.I)$%:

J .//#%&- &) R5*) N*.I)$%-K*+,)$%-O L $, .//#%& &) /) (80) )-( /.,&+&.( -+ /<.7$) ,#()

&$ 1%#$0) &) ,#()- .00.%(+),( = 39.//#%& )( -+ 3. G#,&.*),(.3) )( 3. R5*) &) 39.//#%&

-#,( 0%'-),()- &.,- 3) 1%#$0) &) ,#()-: ;)(() &)%,+5%) %513) 0)%*)( &9'6+()% &9.6#+%

39.//#%& &) P# Q.I)$%

7
/.,&+&.( 0#$% 3)- 1%#$0)- &) ,#()- ()3- 7$) NQ+2?#32?+O2 #$

N?#32?+O 7$+ +,&+7$),( 03$(S( &)- .//#%&- &) Q+ *+,)$%2 #$ ?#3 Q.I)$%:

J .//#%&- &)  5*) N*.I)$%-K*+,)$%-O L $, .//#%& &) /) (80) )-( /.,&+&.( -+ /<.7$)

,#() &$ 1%#$0) &) ,#()- .00.%(+),( = 39.//#%& )( -+ 3. G#,&.*),(.3)2 3. 7$+,() )( 3.

 5*) &) 39.//#%& -#,( 0%'-),()- &.,- 3) 1%#$0) &) ,#()-:

J .//#%&- &) TT5*) N*.I)$%-K*+,)$%-O L $, .//#%& &) /) (80) )-( /.,&+&.( -+ /<.7$)

,#() &$ 1%#$0) &) ,#()- .00.%(+),( = 39.//#%& )( -+ 3. G#,&.*),(.3)2 3. 7$+,() )( 3.

TT5*) &) 39.//#%& -#,( 0%'-),()- &.,- 3) 1%#$0) &) ,#()-:

J &9.$(%)- (80)- &9.//#%&- 0)$6),( D(%) %)/<)%/<'-2 /#**) 3) (80)  !"#$%: "#$% 7$) &)

()3- (80)- -#+),( %)/#,,$-2 (#$()- 3)- ,#()- /#*0#-.,( 39.//#%& &#+6),( D(%) 0%'-),()-

&.,- 3) 1%#$0) &) ,#()- N0.% )M)*03)2 $, .//#%& &) (80)  !"#$% )-( %)/#,,$2 )(

&)6+),( ),-$+() /.,&+&.(2 -+ 3. G#,&.*),(.3)2 3. (+)%/) *+,)$%)2 3. 7$+,() &+*+,$') )(

3. -)0(+5*) *+,)$%) -#,( &.,- 3) 1%#$0) &) ,#()- '($&+'O:

@, ,#()%. 7$) 3)- (80)- &9.//#%&- 0%'-),('- &.,- 3. 3+-() &) %513)- /+F&)--$- ,) -#,(

$(+3+-'- 7$9= &)- >,- &) %)/#,,.+--.,/) &) *#(+G- L +3 )-( .+,-+ 0#--+43) &) %)/#,,.U(%)2 1%V/)

= /)- %513)-2 $, .//#%& &) P# Q.I)$%

9
2 *.+- &) ,9',$*'%)% 7$9$, .//#%& ), (%+.&) &) P#

Q.I)$%2 -+ 39#, -#$<.+() 7$) 3. *'(<#&) ,) 0%#&$+-) 7$9$,) -'7$),/) &9.//#%&- ), (%+.&)

N*.I)$%K*+,)$%O2 /) 7$+ -)%. 3) /.- &.,- 3)- '6.3$.(+#,- 0%'-),(')- 0.% 3. -$+()2 -.$G *),F

(+#, /#,(%.+%):



 !"! #$$%&'()&*+ ,-$.&/ .+- 0-$01/-+)()&*+ /234*%&5.- ,- %( 3./&5.-   

!"#$%&' ()' %&*+)' ,) %)(-)%(-) ,) ./$) ,"#((0%,1 2+ )'. $0''23+) ,) %)4(04.%)% 54 *%05$) ,)

40.)' $05% +)65)+ #5(54) .04#+2.7 ).805 #5(54 #((0%, 4")'. 74597%#3+): !#4' () (#'1 405'

$%0$0'04' +) ;04(.2044)9)4. '52<#4. =

> '2 #5(54 #((0%, 4")'. 74597%7 $05% +) n?2&9) *%05$) ,) 40.)' ,) +# $2&()1 +)' (#4,2,#.'

-#%904265)' 74597%7' '04. +)' #((0%,' (#4,2,#.' ,5 (n − 1)?2&9) *%05$) ,) 40.)'1

(093247' #<)( +)' .04#+2.7' 74597%7)' $05% +) n?2&9) *%05$) ,) 40.)' ,) +# $2&()1

()(2 $05% $)%9)..%) 54 $0''23+) (-#4*)9)4. ,) .04#+2.7:

> '2 #5(54 #((0%, ). #5(54) .04#+2.7 4) '04. 74597%7' $05% +) n?2&9) *%05$) ,) 40.)'

,) +# $2&()1 +)' (#4,2,#.' -#%904265)' 74597%7' $05% () *%05$) ,) 40.)' '04. +)'

(#4,2,#.' ,5 (n− 1)?2&9) *%05$) ,) 40.)' ,) +# $2&():

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

!2@7%)4.)' 7<#+5#.204' ,5 '/'.&9) #$$+2657 A +# 95'265) '/930+265) '04. $%7')4.7)'

,#4' ()..) ')(.204: B52<#4. +)' 7<#+5#.204'1 ,2@7%)4.)' 3#')' ,) ,0447)' 04. 7.7 5.2+2'7)'1

#24'2 65) ,2@7%)4.' $%0.0(0+)' ,"7<#+5#.2041 652 '04. $%7')4.7' (2?#$%&': C7#49024'1 2+ (04?

<2)4. ,) '05+2*4)% 65"#5(54) 7<#+5#.204 4"# 7.7 $0''23+) $05% +")'.29#.204 ,) +# .04#+2.7

+0(#+)1 ()(2 )4 %#2'04 ,5 9#465) ,"54) 3#') ,) ,0447)' (04'765)4.) ). #440.7) ')+04 ()..)

24;0%9#.204 .04#+): D)' 7<#+5#.204' ,5 '/'.&9) $05% 54) %)$%7')4.#.204 '/930+265) ,) +#

95'265) (04()%4)4. ,04( +")'.29#.204 ,)' #((0%,':

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

E099) 405' +"#<04' <5 $%7(7,)99)4.1 ,2@7%)4.)' ,2'.#4()' 95'2(#+)'1 $%7')4.7)' )4

F:G:F1 $)5<)4. H.%) #,0$.7)' $05% $04,7%)% (-#65) #%( ,5 *%#$-) ,) (05$+)' (#4,2,#.'1

). #24'2 24I5)4()% +# '7+)(.204 ,) +# 9)2++)5%) '765)4() ,) (05$+)' (#4,2,#.' $05% +# $2&()

7.5,27): !"54) ,2'.#4() 95'2(#+) A 54) #5.%)1 +) (-)924 0$.29#+ ,#4' +) *%#$-) $)5. #24'2

H.%) ,2@7%)4.1 )4*)4,%#4. 54) '765)4() ,"#((0%,' ). ,) .04#+2.7' +0(#+)' )'.297) ,2@7%)4.):

C05' 405' $%0$0'04' ,"7<#+5)% +")J(#(2.7 ,) (-#(54) ,)' ,2'.#4()' 95'2(#+)' $%7')4.7)'

)4 F:G:F: K05% ()+#1 405' (04'2,7%04' '5(()''2<)9)4. +)' ,2'.#4()' 95'2(#+)' $%7(7,)99)4.

)L$0'7)' (099) $04,7%#.204 ,)' #%(' ,5 *%#$-) ,) (#4,2,#.':

0)', 1, 12**3,'

MN 90%()#5L ,"#((09$#*4)9)4.1 *747%7' $#% +) +0*2(2)+ O#4,?P4?Q?O0L

 

). #5 ;0%9#.

RP!P '04. 5.2+2'7' $05% ()..) 7<#+5#.204 S<02% Q:G:FT: D) 4093%) %)'.%)24. ,) 90%()#5L

'")L$+265) $#% +) ;#2. 65) 405' (-)%(-04' A )4(05%#*)% +)' ,2@7%)4()' $0.)4.2)++)' 24,52.)'

$#% +)' ,2@7%)4.)' ,2'.#4()' 95'2(#+)' 7.5,27)': C05' '7+)(.204404' ,04( ,)' $2&()' $05%

+)'65)++)' +) 4093%) 90/)4 ,) (05$+)' (#4,2,#.' $#% *%05$) ,) 40.)' 7.#2. 29$0%.#4.1 ,)

 !  !!"#$$%%%&"'()*+,&,-($".-/),!*0122& !(



 !!  !"#$%&' () *+%$,"%$-. /-.0-$.%' 12$.3-&,"%$-.+ %-."4'+

"#$%&'( ) *'+(' ,$ "#-%"," .( .%/('0%1+ .#$0 2( 3'#45( .( *#$.%.#16 47,' #%$0% ($3($.'('

,$( 1'&0 3'#$.( 8,#$1%1+ .( *5("%$0 .%9+'($10 (1 .7$* ($*7,'#3(' .%9+'($1(0 0+8,($*(0

.:#**7'.0 ($ ;7$*1%7$ .(0 .%9+'($1(0 .%01#$*(0 ",0%*#2(0 +1,.%+(0<

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

=:+/#2,#1%7$ .(0 (01%"#1%7$0 .:#**7'.0 0( ;#%1 ($ ,1%2%0#$1 2(  !"# >?@?6 8,% (01 2:,$%1+

.( 1("40 ., ;7'"#1 >?@?< A7,' *5#8,(  !"# >?@?6 2:#**7'. 4'7470+ 4#' 2( 0B01&"( (01

*7"4#'+ #/(* 2:#**7'. %00, .(0 #$$71#1%7$0 ., 273%*%(2 C#$. ?$ D C7-< E( 4'7*(00,0 (01

'+4+1+ 47,' *5#8,( "7'*(#, .( 2# F#0( .( .7$$+(06 (1 47,' *5#8,( .%01#$*( ",0%*#2(

+1,.%+(< G'7%0 1B4(0 .( 0*7'(0 .%9+'($1 07$1 .%01%$3,+0 H

I ,$ 0*7'( .( $%&'()*& (+* H 47,' *5#8,(  !"# >?@?6 *( 0*7'( /#,1  0% 2:#**7'. (01%"+

4700&.( 2# "J"( ;7$.#"($1#2( 8,( 2:#**7'. #$$71+6 (1 ! .#$0 2(0 #,1'(0 *#06

I ,$ 0*7'( .( $%&'()*& (+* * )%'* H 47,' *5#8,(  !"# >?@?6 *( 0*7'( /#,1  0% 2:#**7'.

(01%"+ 4700&.( 2# "J"( ;7$.#"($1#2( (1 2( "J"( "7.( 8,( 2:#**7'. #$$71+6 (1 ! .#$0

2(0 #,1'(0 *#06

I ,$ 0*7'( .( $%&'()*& (+*, )%'* *  -.* H 47,' *5#8,(  !"# >?@?6 *( 0*7'( /#,1  0%

2:#**7'. (01%"+ 4700&.( 2# "J"( ;7$.#"($1#2(6 2( "J"( "7.( (1 2( "J"( 1B4( 8,(

2:#**7'. #$$71+6 (1 ! .#$0 2(0 #,1'(0 *#0< A7,' 2( *#2*,2 .( *( 0*7'(6 0(,20 .(,- 1B4(0

.%9+'($10 07$1 *7$0%.+'+0 H 2( 1B4(  /!('* K;7$.#"($1#2(6 1%('*( (1 8,%$1(L6 (1 2( 1B4(

&%&0 /!('* K#**7'.0 .( M&"(6 .( N&"(6 <<<L<

/$0&+,*,0

=( 1#F2(#,  O 4'+0($1( 2(0 0*7'(0 .(0 .%9+'($1(0 .%01#$*(0 ",0%*#2(0 %$1+3'+(0 .#$0 2(

0B01&"( 4'7470+< E(0 '+0,21#10 7$1 +3#2("($1 ;#%1 2:7FP(1 .:,$( +1,.( .( 0%"%2#'%1+6 ($ ,1%2Q

%0#$1 2# "+157.( 01#1%01%8,( .( G,R(BQS'#"(' K123 )4+ !0"%).(/!5%&L6 *7""( 4'7470+

4#' 2( >?TUV

 

0,' 2(0 0*7'(0 "7'*(#, 4#' "7'*(#,6 #W$ .( *7$01#1(' 0% 2(0 .%01#$*(0

+1,.%+(0 .7$$($1 .(0 '+0,21#10 0%3$%W*#1%/("($1 .%9+'($10 2(0 ,$0 .(0 #,1'(0<

X$( '(4'+0($1#1%7$ 3'#45%8,( .( *(0 0%"%2#'%1+0 (01 4'+0($1+( 0,' 2# W3,'( Y!6 (1 2(0 '+0,2Q

1#10 ., 1(01 .( .%9+'($*( 0%3$%W*#1%/( (01 4'+0($1+ 0,' 2( 1#F2(#,  Y<

X$( 4'("%&'( #$#2B0( .(0 0*7'(0 .(0 .%9+'($1(0 .%01#$*(0 ",0%*#2(0 $7,0 4('"(1 .(

*7$01#1(' 8,( 2(0 .%01#$*(0 .( =('.#52 K#0B"+1'%8,( (1 0B"+1'%8,(L 0( '+/&2($1 J1'( 2(0 42,0

4(';7'"#$1(0 47,' 2( 0B01&"( 4'7470+6 0,%/%(0 .( 2# .%01#$*( .( A#%("($1< Z+#$"7%$06

27'08,( 2:+/#2,#1%7$ 47'1( $7$ 42,0 0(,2("($1 0,' 2# ;7$.#"($1#2( (1 2( "7.(6 "#%0 +3#2(Q

"($1 0,' 2( 1B4( .(0 #**7'.0 (01%"+06 *(0 .%01#$*(0 $( 07$1 42,0 2(0 42,0 4(';7'"#$1(0<

[ 2:%$/('0(6 2(0 .%01#$*(0 .:U01'#.# (1 .( *7$1($, .:%$1('/#22(6 #44#'1($#$1 17,1(0 .(,-

 !  !!"#$$%%%&'()*+,*-&.-/$'*-01$2334$*5601&" "$789:;2334<=90)(>!)



 !"! #$$%&'()&*+ ,-$.&/ .+- 0-$01/-+)()&*+ /234*%&5.- ,- %( 3./&5.-  ! 

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

'#%(+),-( '#%( .(/*(

0(1%&2* 345!6  !"#$  $"%!

7-81&*( 34594 :659; :<566

=.)1&%& $&"$! ;:533 :65!:

>#$)($/ %?8$)(1@&**( ; 59 ;:5<< :9539

A&8('($) 3:53; :<594 :35;

>#.)B1( 3 3453C ;953

0(1%&2*symtrique 345!:  !"#$  $"%!

A8)D2EF$)(1@&* 3<54< ;353 :C59

>,D*( %(. G/8$)(. ;956: : 59: :35C9

6(4%-  < H IJ./*)&). %( *?(.)8'&)8#$ %?&DD#1%. .(*#$ *& %8.)&$D( '/.8D&*( /)8*8.J( D#''(

D&*D/* %( D#K) %&$. *( .,.)B'( -1#-#.J5

&/L 6 '#8$. M#$$(. %8.)&$D(. -#/1 *& N#$%&'($)&*( .(/*( () *& N#$%&'($)&*( D#'M8$J( &/

'#%(O .( '#$)1($) D())( N#8. *(. -*/. -(1N#1'&$)(. *#1.G/( *( ),-( %?&DD#1% (.) D#$.8%J1J

%&$. *?J@&*/&)8#$5 F* (.) JP&*('($) 8$)J1(..&$) %( $#)(1 G/( *& %8.)&$D( 8../( %/ D,D*( %(.

G/8$)(. N&8) )#/Q#/1. -&1)8( %(. D8$G '(8**(/1. %8.)&$D(.O G/(* G/( .#8) *( .D#1( D#$.8%J1JO

($ .( 28..&$) 'R'( &/ .(D#$% 1&$P ./1 *?J@&*/&)8#$ D#'M8$&$) N#$%&'($)&*(O '#%( () ),-(5

78 *?#$ D2(1D2( '&8$)($&$) S &$&*,.(1 *(. 1(..('M*&$D(. ($)1( D(. %8.)&$D(. '/.8D&*(.O

8* &--&1&T) /$ D(1)&8$ $#'M1( %( .8'8*8)/%(.5 U/ %(*S %( *& 1(..('M*&$D( V)1B. -1J@8.8M*(W

($)1( *(. %(/L %8.)&$D(. %( 0(1%&2* V.,'J)18G/( () &.,'J)18G/(WO D(. %(/L %8.)&$D(. .(

D#'-#1)($) %( *& 'R'( '&$8B1( G/( *& %8.)&$D( ($ .-81&*( %( >2(XO () JP&*('($)O 'R'( .8

%( '&$8B1( '#8$. J@8%($)(O G/( *& %8.)&$D( %( A&8('($)5 >())( 8'-1(..8#$ (.) D#$Y1'J( -&1

*?J)/%( %( .8'8*&18)JO G/8 '() ($ &@&$) *( N&8) G/( D(. C %8.)&$D(. .('M*($) &--&1)($81 S /$

'R'( P1#/-(5 0& %8.)&$D( %( D#$)($/ %?8$)(1@&**(O -&1 %JY$8)8#$ -1#D2( %( D(**( %?=.)1&%&

D&1 N#$%J( ./1 %(. D#$.8%J1&)8#$. D#''/$(. ./1 *(. 8$)(1@&**(.O */8 .('M*( JP&*('($) .)&)8.E

)8G/('($) *8J(5

Z *& */'8B1( %( D(. &$&*,.(.O 8* $#/. &--&1&T) G/( *?&%#-)8#$ %( *& %8.)&$D( %( 0(1%&2*

D#$.)8)/( *( '(8**(/1 D2#8L -#/1 $#)1( .,.)B'(O D&1 ($ -*/. %?R)1( *& .(/*( %8.)&$D( '/.8D&*(

D#$NJ1&$) /$( 8$[/($D( S *& )#$&*8)J *#D&*(O (**( -(1'() %?#M)($81 *(. '(8**(/1. 1J./*)&).

-#/1 *?(.)8'&)8#$ %( N#$%&'($)&*( () %( '#%(O G/8 D#$.)8)/( *?#MQ(D)8N -18$D8-&*O ($ )(1'(

%?J@&*/&)8#$O %(. )1&@&/L -1J.($)J. 8D85



 !"  !"#$%&' () *+%$,"%$-. /-.0-$.%' 12$.3-&,"%$-.+ %-."4'+

5$67&' #! $ %&'()*'(+, -. &()(/*0('1 -.& -(&'*,2.& )3&(2*/.& &./+, /. 0*,4 )+5., 6.,

*7&2(&&.89 2+)). :0+:+&1 :*0 /. ;<=%>?

 !"#$ %&'"$ ()*"$ +,*$ -.'!/$ 01)*$  $)2/$ -$3+,*$ 0245!

 !"#.65 7 7 8 7 7 8 7 7 7

%&'".5! 7 8 7 7 8 7 7 8

()*".#. 7 7 8 8 8 8 7

01,*!,9 +,*!":$ 7 7 8 7 8 7

-.'!/!,* 7 8 8 7 7

01)*;"! 7 8 8 8

 !"#.65sym 7 7 7

-'*463+,*!":.5 7 8

0245! 7

8"94'  # $ @.&' -. -(A10.,2. &'*'(&'(B3. &(4,(C2*'(D. -.& -(&'*,2.& )3&(2*/.&?



 !"! #$$%&'()&*+ ,-$.&/ .+- 0-$01/-+)()&*+ /234*%&5.- ,- %( 3./&5.-  !"

6&7.0- # $ %&'()*' +,'&-'./01. +' 234*' +,5.6(527-01. 876/7.- 6.' '22'62 +7./ *,'/-09

(7-01. +,78812+/: ;' 8<'(0. 1)-0(7* =60 8122'/)1.+ *' (0'6& 76& 7..1-7-01./ '/- 70./0

1>-'.6 '. '&8*67.- *7 2'8<'28<' +' -?)' +,78812+ +'  "3(':

 !"!#!" $%&'(&)*+, -. '/0,(102&)*+, -.3 4&,-*-&)3

@162 5A7*6'2 *,0.B6'.8' +'/ 234*'/ +,5.6(527-01. +'/ 78812+/ '- +'/ -1.7*0-5/ 87.+0+7-'/C

.16/ .16/ )21)1/1./ +' -'/-'2 /688'//0A'('.- *,'D8780-5 +6 /?/-3(' )21)1/5C '. 5-'.+7.-

)2142'//0A'('.- *,7))*087-01. +'/ 234*'/: ;,7E16- )2142'//0F +'/ 234*'/ )'2('--27 '. 'G'-

H 6. .1(>2' +' )*6/ '. )*6/ 0()12-7.- +,78812+/ +,I-2' 5.6(525/ )162 6. 4216)' +'

.1-'/ +1..5C (70/ 6.' >7*7.8' +10- I-2' -216A5'C 872 *,5.6(527-01. '&8'//0A' +,78812+/

1887/01..' +'/ '22'62/ J 5.6(52'2 6. .1(>2' 0()12-7.- +,78812+ 764('.-' '. 'G'- *7

)21>7>0*0-5 +' 81./'2A'2 *' (I(' 78812+ 5.6(525 H -27A'2/ 6. 8<7.4'('.- +,78812+C 8' =60

0.80-' *' /?/-3(' H 81.-0.6'2 H 8<10/02 8'- 78812+ +7./ *' 8<'(0. 1)-0(7*C 81((' 0**6/-25

/62 *7 K462' # : L. 81()21(0/ +10- 70./0 I-2' +5K.0 '. 5-'.+7.- *' .1(>2' +' 234*'/

)'2('--7.- *,5.6(527-01. +,78812+/ 87.+0+7-/ F1.+5' /62 *'/ 2'8<'28<'/ +' (1-0F/: @162

+5K.02 8' 81()21(0/C .16/ )25/'.-1./ *,'&)520'.8' /60A7.-':

5&3. -. -+,,0.3

 MN (128'76& +,7881()74.'('.-C 45.525/ )72 *' *14080'* O7.+9P.9Q9O1& 76 F12(7-

RPSP /1.- 6-0*0/5/ )162 8'--' 5A7*67-01.C '- /1.- 2'4216)5/ '. M /-?*'/ (6/0876& +0/-0.8-/

TA102 7..'&' Q: :UV:



 !"  !"#$%&' () *+%$,"%$-. /-.0-$.%' 12$.3-&,"%$-.+ %-."4'+

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

#$%&'()'*+,- ./ ($/0*+1'*+,- .$'22,3.0 0/ 4'+* 1,32/')5 6'3 1,32/')57 /*  !"# 89:9

6'3  !"# 89:9 ; ,- 2,16'3/7 6,)3 2<'=)/  !"# 89:97 (' 4,-.'1/-*'(/ ./ ($'22,3. 63,6,0%

6'3 (/ 0>0*?1/ '&/2 (' 4,-.'1/-*'(/ ./ ($'22,3. +00) ./0 '--,*'*+,-0 .) (,@+2+/( A'-. 9- B

A,5C D/ 63,2/00)0 /0* 3%6%*% 6,)3 2<'=)/  !"# .$)- 1,32/') .,--%7 6,)3 ,E*/-+3 (/ 02,3/

./ (' 1%*<,./ %&'()%/ 0)3 2/ 1,32/')C F- .+0*+-@)/ /-0)+*/ ./)5 1'-+?3/0 ./ 2)1)(/3 (/0

3%0)(*'*0 ./0 .+G%3/-*0 1,32/')5 ') 0/+- ./ (' E'0/ ./ .,--%/0

H )-/ 1,>/--/ 6'3  !"# I8CJCK =)+ 6,-.?3/ 2<'=)/ 1,32/') 6'3 0,- -,1E3/ ./  !"#0C

#/0 1,32/')5 6()0 (,-@0 ,-* '+-0+ 6()0 ./ 6,+.0 =)/ (/0 1,32/')5 2,)3*0C

H )-/ 1,>/--/ 6'3 1,32/') I8C8K7 =)+ 2,-4?3/ (/ 1L1/ 6,+.0 M 2<'=)/ 1,32/')C

D/0 ./)5 *>6/0 ./ 02,3/ 0,-* 2'(2)(%0 0)3 2<'=)/ 0*>(/ 1)0+2'(7 /* 2/ 6,)3 2<'=)/

2,-N@)3'*+,- ./ 3?@(/0 +-*3,.)+*/ .'-0 (/ 0>0*?1/C O,+2+ (/0 2,-N@)3'*+,- %&'()%/0 I,- 0/

3'66,3*/3' M (' ./023+6*+,- ./ 2/0 3?@(/0 0/2*+,- PCQCQCQK ;

H 3P ; 0/)(/ (' 3?@(/ ./ 3/2</32</ ./0 *>6/0 .$'22,3.0 /- *3+'./0 /0* +-*%@3%/7

H 3R ; ,- 'S,)*/ M (' 2,-N@)3'*+,- 63%2%./-*/ (' 3?@(/ ./ 3/2</32</ ./0 *>6/0 .$'22,3.0

./ R?1/7

H 3T ; ,- 'S,)*/ M (' 2,-N@)3'*+,- 63%2%./-*/ (' 3?@(/ ./ 3/2</32</ ./0 *>6/0 .$'22,3.0

./ T?1/7

H 3  ; ,- 'S,)*/ M (' 2,-N@)3'*+,- 63%2%./-*/ (' 3?@(/ ./ 3/2</32</ ./0 *>6/0 .$'22,3.0

./   ?1/7

H 3 U ; ,- 'S,)*/ M (' 2,-N@)3'*+,- 63%2%./-*/ (' 3?@(/ ./ 3/2</32</ ./0 *>6/0 .$'22,3.0

./  U?1/C

/$0&+,*,0

F- *3,)&/3' (/0 3%0)(*'*0 *'E(/')  RC #$/V2'2+*% 1'5+1'(/ .) 0>0*?1/ 0/1E(/ L*3/

'**/+-*/ 6,)3 (' 2,-N@)3'*+,- 3  C F- -,*/3' =)/ (/ 6'00'@/ ./ (' 2,-N@)3'*+,- 3P M (' 2,-W

N@)3'*+,- 3R 63%0/-*/ )-/ '1%(+,3'*+,- +16,3*'-*/ ./ ($/V2'2+*% @%-%3'(/ ./ ($/0*+1'*+,-C

#/0 0*>(/0 S'XX /* ('*+-07 0/1E(/-* 63,N*/3 (/ 6()0 ./ 2/**/ '1%(+,3'*+,- I(/0 02,3/0 ./ 2/0

./)5 0*>(/0 0,-* ')@1/-*%0 3/06/2*+&/1/-* ./  YZ /*  TZKC D/(' 0$/56(+=)/ 63+-2+6'(/1/-*

6'3 (' 63%0/-2/ +16,3*'-*/ .$'22,3.0 ./ R?1/ .'-0 2/0 ./)5 0*>(/0 1)0+2')57 '(,30 =)/ ('

3/2,--'+00'-2/ ./ *>6/ .$'22,3.0 ./ R?1/ 2,-0*+*)/ (' .+G%3/-2/ /-*3/ (/0 2,-N@)3'*+,-0

3P /* 3RC

#' 63+0/ /- 2,16*/ ./ 3?@(/0 ./ 3/2</32</ ./0 *>6/0 .$'22,3.0 ./ T?1/ I2,-N@)3'*+,- 3TK

0/1E(/ )-+=)/1/-* 63,N*'E(/ M 2/0 ./)5 1L1/0 0*>(/07 (/)30 02,3/0 ')@1/-*'-* /-2,3/

./ "ZC #' 2,-N@)3'*+,- 3  7 -/ 63,6,0/7 /((/7 =)$)-/ 4'+E(/ '1%(+,3'*+,- ./ ($/V2'2+*%

@%-%3'(/C



 !"! #$$%&'()&*+ ,-$.&/ .+- 0-$01/-+)()&*+ /234*%&5.- ,- %( 3./&5.-  !"

#" #$ #% #  # &

'()( '('( '()( '('( '()( '('( '()( '('( '()( '('(

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

3*+44-567 $ ($ $2(0 1/(" 1/(!  $"%  &"! 1/(1 1/(& 1"(! 1"(/

898 $%($ $/(2 1/( 1"(2 1$(2 1/(1  $"!  $"' 1"(0 10(!

:+;; "&(0 "2(0 /%(! /1(2 $2(% $2(! $("#  !"#  !"#   "$

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

 !"#$ .! / 0&12345'(64 78493(3:'; 74< 7:=;245'4< 3&5>612(':&5< 74 2?6)4< @&12 )84<':A(B

':&5 74< C&57(A45'()4< 74< (33&27<" D( A4:))4124 3&5>612(':&5 4<' )( 3&5>612(':&5 2.."

E5>5F )( 3&5>612(':&5 2.* G&:' 154 3H1'4 5&'(I)4 74 )( @2;3:<:&5 6;5;2()4F 45 @(2':3B

1):42 @&12 )4< <'J)4< K(LL 4' )(':5 M(G43 74< 3H1'4< 24<@43':G4< 74 NO 4' ,OP" Q54 4R@):B

3(':&5 @&<<:I)4 @41' S'24 (@@&2';4 @(2 15 <:A@)4 4R4A@)4" T&5<:7;2&5< )4 62&1@4 74 5&'4<

MD(FU&FV:FW&)P" 0&12 )( 3&5>612(':&5 2..F <41) )8(33&27 74 D( V:5412 4<' ;51A;2;" V(:<

@&12 )( 3&5>612(':&5 2.*F )8(33&27 74 U& V(K .* M<(5< !?A4F #?A4 &1 ..?A4P 4<' ;6()4A45'

;51A;2;" D4< 422412< 7;3&1)(5' 74 34' 4R4A@)4 <:A@)4 @41G45' 45<1:'4 S'24 :))1<'2;4< @(2

)( >6124  ." 0&12 34''4 2(:<&5F )( 3&5>612(':&5 3&5<42G;4 @(2 )( <1:'4 4<' )( 3&5>612(':&5

2.."

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

D4 @2&62(AA4  !"#$%&  '$#( )*&"+,!-F @2&@&<; @(2 %4A@42)4J 4' W)4('&2 X%WY <4 @2&B

@&<4 784<':A42 )( C&57(A45'()4 74< (33&27< 78154 @:?34 74 A1<:Z14 (1 C&2A(' V[U[" T4

@2&62(AA4 :A@);A45'4 )( A;'H&74 @2&@&<;4 @(2 %4A@42)4J @&12 )84<':A(':&5 74 )( C&57(B

A45'()4 74< (33&27<F 7;32:'4 @2;3;74AA45'" Q54 @24A:?24 @H(<4 784<':A(':&5 74 A;'2:Z14

2J'HA:Z14 4<' (:5<: A45;4F (G43 Z14 3H(Z14 <46A45' A1<:3() 54 <&:' 7;>5: 4' (55&'; @(2

154 C&57(A45'() 45 1':):<(5' 15 45<4AI)4 74 2?6)4< 7;2:G;4< 74< '2(G(1R 74 D427(H)" %4AB

@42)4J ( 4<':A; )( @2;3:<:&5 74 34 @2&62(AA4 <12 )4< +, C1614< 4R'2(:'4< 71 ."&/#!- 0#!*

1!%23-3 @(2 \"W" ](3H" D8493(3:'; (55&53;4 74 )84<':A(':&5 74< C&57(A45'()4< <12 34''4

I(<4 74 7&55;4< 4<' 74 ,*"!O X%4A##(Y"

01:<Z14  !"#$%& 54 C&125:' Z14 )( C&57(A45'()4 74< (33&27< 4<':A;<F 5&1< 54 3&AB

@(2&5< 7(5< 15 @24A:42 '4A@< Z14 )84<':A(':&5 74< C&57(A45'()4< 71 <J<'?A4 @2&@&<;

(G43 )84<':A(':&5 74< C&57(A45'()4< @2&@&<;4 @(2  !"#$%&F <4)&5 )4 @2&'&3&)4 78;G()1(B

':&5 7;32:' 45 N"-"*"-" U(5< 15 <43&57 '4A@<F 5&1< @2;<45'&5< 154 ;G()1(':&5 71 <J<'?A4





 !"! #$$%&'()&*+ ,-$.&/ .+- 0-$01/-+)()&*+ /234*%&5.- ,- %( 3./&5.-  !"

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

./0/ ././

12&34 56/5 55/7

812%%39:) 5;/< 5=/<

*,* 55/5  !"#

>2?? "@/= "6/!

0,&21 5</@ 5=/=

6(4%-  7 A BC21:2&3,4 D) 1E)%&3(2&3,4 D)% F,4D2()4&21)% )& D)% (,D)% D)% 288,+D%/

G)% +-%:1&2&% *):C)4& -H21)()4& F23+) 1E,I>)& DE:4) -&:D) %&2&3%&39:)/ J2 KH:+) 6<

*+-%)4&) 12 +-*2+&3&3,4 D)% (,+8)2:L %)1,4 1) %8,+) D) 1E)%&3(2&3,4 DE288,+D% *,:+ 1)% D):L

%$%&'()% 8,(*2+-%/ M4 2I%83%%) %) &+,:C)4& 1)% D3N-+)4&% 34&)+C211)% D) %8,+)O )& )4 ,+P

D,44-) %) &+,:C) 1) 4,(I+) D) (,+8)2:L D,4& 1)% %8,+)% %) %3&:)4& D24% 8)% 34&)+C211)%/

Q4 ,I%)+C) 9:) 1)% D):L *+,K1%O I3)4 9:) *+-%)4&24& 8)+&234)% %3(313&:D)%O %,4& 1,34 DER&+)

3D)4&39:)%/ J) %8,+) 1) *1:% I2% )%& 234%3 D) ; /7S *,:+  !"#$%&O 21,+% 9:E31 )%& D) =6/@S

*,:+ 1) %$%&'() *+,*,%-/ J) %8,+) 1) *1:% -1)C- )%& D)  !!S *,:+ 1)% D):L %$%&'()%O (23%

*,:+ D)% (,+8)2:L D3N-+)4&%/ #:+ 1)%  ;5 (,+8)2:LO 1) %$%&'() *+,*,%- )4 2421$%)  !<

2C)8 :4) )T8283&- %:*-+3):+) ,: -H21) U 5!SO 21,+% 9:)  !"#$%& 4E)4 *+-%)4&) 9:) 7</ V1:%

+)(2+9:2I1)O 1)% &+,3% (,+8)2:L *+-%)4&24& 12 *1:% H+24D) D3N-+)48) D) %8,+) )4&+) 1)% D):L

%$%&'()% %,4& &,:% &+,3% (3):L 2421$%-% *2+ 1) %$%&'() *+,*,%- W '()#" *+, X7!S 8,4&+)

@ /<SYO ' -&$.! /0 1+2!, X56/;S 8,4&+) ;</ SY )& -3! 42.!).&#2!) X7@/@S 8,4&+) ; /<SY/

Q4 4,&)+2 9:) 8)% &+,3% (,+8)2:L 2**2+&3)44)4& U &+,3% %&$1)% (:%382:L D3N-+)4&%/ !"#$%&

*+-%)4&) D) %,4 8,&- -H21)()4& 8)+&234)% D3N-+)48)% D) *+-83%3,4 )4 %2 F2C):+O 4,&2(()4&

%:+ '"+2! -+5!.3!) X5;/<S 8,4&+) 6=/"SY )& '()#" 63+7!)$ X7@/=S 8,4&+) "@/6SY/

Z) &)11)% %&2&3%&39:)% (,4&+)4& 9:) (R() %3 1)% D):L (-&[,D)% ,I&3)44)4& D)% %8,+)% 8,(*2P

+2I1)%O )11)% %)(I1)4& :&313%)+ D3N-+)4&% &$*)% DE34F,+(2&3,4% (:%3821)%/ JE:&313%2&3,4 DE:4)

2421$%) D) 12 (-&+39:) )& 12 H)%&3,4 D)% 4,&)% D) *2%%2H)% )& ,+4)()4&%O 9:3 8,4%&3&:)4& 1)%

D3N-+)48)% (2>):+)% )4&+) 8)% D):L %$%&'()%O *):& )L*139:)+ :4) &)11) D3N-+)48)/

J) &2I1)2:  7 *+-%)4&) 1)% +-%:1&2&% D) 1E-C21:2&3,4 D: %$%&'() %:+ 12 F,4D2()4&21) )& 1)

(,D) D)% 288,+D% )%&3(-%/ #:+ 1)% %&$1)% (+(8 "&.#2 )& 9"&$$#:;!O 1)% +-%:1&2&% %,4& 1-H'+)()4&

()311):+% 9:) 1)% +-%:1&2&% D)  !"#$%& %3(*1)()4& -C21:- %:+ 12 F,4D2()4&21)/ J) +-%:1&2&

H1,I21 8218:1- 2C)8 :4) (,$)44) %:+ 1)% (,+8)2:L )%& -H21)()4& 1-H'+)()4& ()311):+ 9:)

8) (R() +-%:1&2& *,:+  !"#$%& %3(*1)()4& -C21:- %:+ 12 F,4D2()4&21)/ Q4 *):& 234%3

2T+()+ 9:) 1) %$%&'() *+,*,%- %) (,4&+) 2:%%3 *+-83% 9:)  !"#$%&O (23% )4 *+,*,%24& )4

*1:% D) 12 F,4D2()4&21)O 1) (,D) D)% 288,+D% )%&3(-%/



 !"  !"#$%&' () *+%$,"%$-. /-.0-$.%' 12$.3-&,"%$-.+ %-."4'+

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

#$ %&%'()$ *+$%',)-',./ *+-00.1*% *$23,% 3/$ 1$214%$/'-',./ %&)5.6,73$ 73$ /.3% 21.8

2.%./% 214%$/'$ 3/$ 2140,%,./ 0.)2-1-56$ 9 0$66$ *$ 6+4'-' *$ 6+-1': $' 21.2.%$ /./ %$36$)$/'

6- ;./*-)$/'-6$: )-,% -<.3'$ 6+,/;.1)-',./ $%%$/',$66$ %31 6$ ).*$ *$% -00.1*% $%',)4%: -,/%,

73+3/$ $%',)-',./ *$% './-6,'4% 6.0-6$%=

>$% 14%36'-'% %./' 21.)$''$31%: /.'-))$/' *-/% 6- 2$1%2$0',?$ *+4'$/*1$ 6$% -00.1*% %328

2.1'4% 2-1 0$ %&%'()$: $' *+3',6,%$1: 0.))$  !"#$%&: *$% 1(@6$% *+-/-6&%$ *$ /.'$% *$

2-%%-@$% $' *+.1/$)$/'%= #+$%',)-',./ *$% './-6,'4% 6.0-6$% *$?1- 4@-6$)$/' ;-,1$ 6+.5<$'

*+3/$ 4?-63-',./: )-,% 3/$ 5-%$ *$ *.//4$% 0.)2.1'-/' 0$% ,/;.1)-',./% *$?1- A'1$ 0./8

%','34$: 0-1 -303/$ /+$B,%'$ 2.31 6+C$31$ 9 /.'1$ 0.//-,%%-/0$=

#- 21.2.%,',./ *+3/ %&%'()$ *+$%',)-',./ %,)36'-/4$ *+-00.1*% $' *$ './-6,'4% 6.0-6$%

*$23,% 3/$ 1$214%$/'-',./ %&)5.6,73$ *$ 6- )3%,73$ - ;-,' 6+.5<$' *+3/$ 2356,0-',./ $/

0./;41$/0$ ,/'$1/-',./-6$ DEEFG!HI: '.3' 0.))$ 6+4'3*$ *$% *,J41$/'$% *,%'-/0$% )3%,0-6$%

-3 %$,/ *$ 0$ %&%'()$ DEEFK> !I=

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

L21(% -?.,1 4'3*,4 6+-226,0-',./ 9 6- )3%,73$ %&)5.6,73$: /.3% 214%$/'./% *-/% 0$''$

%$0',./ 6+-226,0-',./ *$ /.'1$ )4'C.*$ *-/% 6$ 0-% .M 6+$/'14$ )3%,0-6$ -/-6&%4$ $%' 3/ %,@/-6

-3*,.= L21(% -?.,1 *401,' 6$ 0C.,B 2.31 6$ 0-6036 *$% ?$0'$31% 0C1.)-: /.3% 4'3*,$1./%

6+,/N3$/0$ *$% *,J41$/'% 2-1-)('1$% *3 %&%'()$ O'-,66$ *$ 6- ;$/A'1$ *+-/-6&%$: P6'1-@$:

.1,@,/$ $' /.)51$ *$% 0-/*,*-'%Q= R/$ 4?-63-',./ *$ 6- )4'C.*$ $' 6- 0.)2-1-,%./ -?$0 3/$

)4'C.*$ *$ 6+4'-' *$ 6+-1' %$1- 4@-6$)$/' 21.2.%4$: -?-/' 73$ /.3% /$ )$'',./% $/ 4?,*$/0$

6+,/N3$/0$ 54/4P73$ *$ 6+$%',)-',./ %,)36'-/4$ *$% -00.1*% $' *$% './-6,'4% 6.0-6$%=

 !,!- $.(')( /0 10'20)3* '43%5.

#$% '()($ O'&*%+,#- (#.-/ )"&$$ (*+0"!$Q *4%,@/$/' 3/ '&2$ *$ ?$0'$31% 0C1.)-

21.2.%4 $/ S!!T 2-1 UV)$W DUX)!TI: $' -*.2'4 2-1 6- %3,'$ /.'-))$/' 2.31 6- 1$0C$10C$

*$ 1$21,%$% DGUFG!"I= #$% '()($ %./' ,/%2,14% *$% ()($ O(#.-/ )"&$$ (*+0"!$Q 21.2.%4%

$/  HHH 2-1 Y3<,%C,)- DY3<HHI: $' 0./',$//$/' 3/$ 21,%$ $/ 0.)2'$ *$% C-1)./,73$% *$%

;1473$/0$% *4'$0'4$% *-/% 6$ %,@/-6 -/-6&%4 O?.,1 P@31$ TZQ= #$ 21.0$%%3% *+.5'$/',./ *+3/

0C1.)-@1-))$ *$ '()($ $%' ,663%'14 P@31$ T[= \.3% 3',6,%$1./% *-/% 6- %3,'$ 3/$ ,)2648

)$/'-',./ *$% '()($ 14-6,%4$ 2-1 /.% %.,/%=



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

1&0.2- #$ % &'()*+,-.'( )/0 1+*23/(4/0 5,+6'(.23/0 7'3+ 8/ 4,8438 )/0  !"!#9

):,7+;0 <=>6!#?@

1&0.2- #A % &+'4/0030 ):'B-/(-.'( ):3( 45+'6,C+,66/ )/  !"!#9 ):,7+;0 <D=ED!F?@



  !  !"#$%&' () *+%$,"%$-. /-.0-$.%' 12$.3-&,"%$-.+ %-."4'+

5$67&' "# $ %&&'()*+),-. /0 &1+22*-340 5'&),6*7(-&'),-.( 8 2-'* &0 5950 ,.()+.) t0 (:5;-&,(7

2+* &0 (0<50.) =0*),3+& 0. 2-,.),&&7(> 2&'(,0'*( )+,&&0( /0 )*+50( 20'=0.) 9)*0 '),&,(70(>

/7?.,((+.) +,.(, 2&'(,0'*( *7(-&'),-. /,@7*0.)0(A

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

B+.( 30 (:()C50> &0( +33-*/( 0) &0( )-.+&,)7( (-.) 7.'57*7( /0 &+ 5950 5+.,C*0A D.0

3-**7&+),-. 0() 3+&3'&70> (-'( E-*50 /1'. 2*-/',) (3+&+,*0> 0.)*0 '. =03)0'* 34*-5+ 0) /0(

=03)0'*( 5-/C&0(> *02*7(0.)+.) (0&-. &0( 3+( /0( 2*-?&( /1+33-*/( -' /0 )-.+&,)7( F=-,* (036

),-. #AGAHAHIA J17.'57*+),-. /0( 3+./,/+)(> K'0 30 (-,) 2-'* &0( +33-*/( -' 2-'* &0( )-.+&,)7(

&-3+&0(> (0 E+,) 0.(',)0 0. 34-,(,((+.) 30'L +:+.) -;)0.' &0( (3-*0( /0 3-**7&+),-. &0( 2&'( ,56

2-*)+.)( +=03 &0( =03)0'*( 34*-5+A B+.( &1+22*-340 5'&),6*7(-&'),-.( 2*7(0.)70 0. #AGAHA >

,& 0() 2-((,;&0 /0 3-.(,/7*0* /,@7*0.)0( )*+50( 30.)*70( +' 5950 ,.()+.) 2-'* 3-5;,.0* &0(

+33-*/( &0( 2&'( E-*)050.) 3-**7&7( ('* &0( /,@7*0.)( =03)0'*( 34*-5+ 3-**0(2-./+.)A M0(

/,@7*0.)( +33-*/( 3+./,/+)( 20'=0.) 9)*0 2-*)0'*( /1,.E-*5+),-.( /,@7*0.)0(> 30 K', 2-'**+

2*-?)0* +' (:()C50A N&'(,0'*( 3-.?<'*+),-.(> '),&,(+.) '. .-5;*0 /,@7*0.)( /0 3+./,/+)(>

0) '.0 -*,<,.0 /,@7*0.)0 /0( =03)0'*( 34*-5+ 3-.(,/7*7( (-.) /73*,)0( 0) 7=+&'70( /+.( &+

(03),-. #AGAGAHA

 !"!#!$ %&'(&)*+ ',*-./ &( /00*-',& .)1(23*4+-1)(2-5+

M-.)*+,*050.) +'L )*+=+'L 0L,()+.)( /+.( 30 /-5+,.0> K', .1'),&,(0.) K'1'.0 )+,&&0

'.,K'0 /0 E0.9)*0 /1+.+&:(0 2-'* &10(),5+),-. /0( +33-*/(> .-'( 2*-2-(-.( ,3, '.0 +22*-340

3-5;,.+.) 2&'(,0'*( *7(-&'),-.(> 0) '),&,(+.) /-.3 2&'(,0'*( 34*-5+<*+550( /,@7*0.)( F0)

/-.3 2&'(,0'*( )+,&&0( /0 )*+50( /,@7*0.)0(I 2-'* &0 5950 (,<.+& +'/,- F=-,* ?<'*0 "#IA J1,.6

)7*9) 2*,.3,2+& /1'.0 )0&&0 +22*-340 *7(,/0 /+.( &0 E+,) K'0 /,@7*0.)0( *7(-&'),-.( 20'=0.)

+22-*)0* /0( ,.E-*5+),-.( /,@7*0.)0( 0) 3-52&750.)+,*0(A J0( =03)0'*( 34*-5+ 3+&3'&7( ('*

/0( )*+50( 2&'( &-.<'0( 2-'**-.) +,.(, 9)*0 2&'( '),&0( K'+./ O &10(),5+),-. /0 )-.+&,)7>

+&-*( K'0 /0( )*+50( 2&'( 3-'*)0( (0*-.) 2&'( '),&0( 2-'* 20*30=-,* /,@7*0.)0( =+*,+),-.(

)-.+&0( (0&-.> 2+* 0L052&0> &0 )052- /0 &+ 2,C30 /0 5'(,K'0 +.+&:(70A



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

 !"!#!# $%&'%()* +,-./%* -01&&,)-* %' -% ',21/3'4*

!"#$%& '& (%)*)+, -./012 3&&042 567089 ":( ';<= +(>?>@; '&@ *&A(&+%@ #"'B?&@ 'C)AD

A"%'@ &: (%>)'&@2 )E: '& ';(&%#>:&% ?) F%"$)$>?>(; '& ?&+%@ "AA+%%&:A&@ F"+% +: AG%"#)

'"::;H I: '>#&:@>":  J2 A&@ *&A(&+%@ #"'B?&@ 'C)AA"%'@ F&+*&:( K(%& ';E:>@ '& ?) #):>B%&

@+>*):(& L

M%>)'& N)<&+%& = (1, 0, 0, 0, 1, 0, 0, 1, 0, 0, 0, 0)

M%>)'& #>:&+%& = (1, 0, 0, 1, 0, 0, 0, 1, 0, 0, 0, 0)

3&@  J *&A(&+%@ #"'B?&@ 'C)AA"%'@ #)<&+%@ F&+*&:( K(%& "$(&:+@ = F)%(>% '+ #"'B?& #)D

<&+% F)% %"()(>": 'C>:'>A&H 3) #K#& #;(G"'& F&%#&( 'C"$(&:>% ?&@  J *&A(&+%@ #"'B?&@

'C)AA"%'@ #>:&+%@ = F)%(>% '+ #"'B?& #>:&+%H

O"+% ?&@ (":)?>(;@ ?"A)?&@2 ?&@ *&A(&+%@ #"'B?&@ +(>?>@;@ @":( ?&@ F%"E?@ '& (":)?>(;@ F%"D

F"@;@ F)% M&#F&%?&P -M&#88)9 L

M":)?>(; N)<&+%& = (5, 2, 3.5, 2, 4.5, 4, 2, 4.5, 2, 3.5, 1.5, 4)

M":)?>(; #>:&+%& = (5, 2, 3.5, 4.5, 2, 4, 2, 4.5, 3.5, 2, 1.5, 4)

Q&@ *&A(&+%@ #"'B?&@ @":( '& '>#&:@>":  J2 &( @":( '":A )')F(;@ = +:& A"#F)%)>@": )*&A

'&@ *&A(&+%@ AG%"#) '& '>#&:@>":  JH /> ?&@ *&A(&+%@ AG%"#) @":( '& '>#&:@>": R42 ": @&

F%"F"@& '& (%):@S"%#&% ?&@ *&A(&+%@ #"'B?&@ A>D'&@@+@ &: '>#&:@>": R42 &: A":A)(;:):( ?&@

(%>F?&(@ (0.75×ci, ci, 0.85×ci) "T ci &@( +:& A"#F"@):(& '+ *&A(&+% #"'B?& &: '>#&:@>":  JH

Q& (%>F?&( ) ;(; A":@(>(+; &#F>%>U+&#&:( @+% ?) $)@& '& '"::;& '&@ V&)(?&@H 3) '>@@P#;(%>&

"$@&%*;& F&+( K(%& &,F?>U+;& F)% ?) (&:'):A& F?+@ S"%( )+ @"+@D)AA"%')W& X?) S%;U+&:A& '&

%;S;%&:A& &@( ?;WB%&#&:( &: '&@@"+@ '& YY0 .Z F"+% ?& 3) & ?) (%">@>B#& "A()*&[ U+C)+

@+%D)AA"%')W&H

\):@ ?& A)@ "T ?C": A":@>'B%& '&@ *&A(&+%@ '& '>#&:@>": R42 (%">@ *&A(&+%@ #"'B?&@ '>SD

S;%&:(@ = +:& %"()(>": 'C>:'>A& F%B@ %&F%;@&:(&:( +: #K#& )AA"%'H O)%#> A&@ (%">@ *&A(&+%@2

@&+? A&?+> '"::):( ?) F?+@ S"%(& A"%%;?)(>": )*&A ?& *&A(&+% AG%"#) ;(+'>; &@( A":@&%*; F"+%

;()$?>% ?& A?)@@&#&:( '&@ )AA"%'@ &( (":)?>(;@ ?"A)?&@ A":@>';%;@ &: *+& '& ?C;:+#;%)(>": '&@

A):'>')(@H

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

51*% -% -,224%*

M"+@ ?&@ %;@+?()(@ F%;@&:(;@ '):@ A&((& @&A(>": F%"*>&::&:( 'C+:& ;*)?+)(>": '& F%;A>D

@>": '&@ )AA"%'@ &( '&@ (":)?>(;@ ?"A)?&@ #&:;& @+% ?C>:(;W%)?& '&@ &:%&W>@(%&#&:(@ @(+'>"

'&@ V&)(?&@2 '":( ?) ?>@(& A"#F?B(& &@( F%"F"@;& )::&,& ]HR2 &( '":( ?) (%):@A%>F(>": '&@

@;U+&:A&@ 'C)AA"%'@ &( '& (":)?>(;@ &@( F%"F"@;& F)% ?&  !"#$! %&$ '()(#*+ ,-.(/ 0 1',2

'& ?C+:>*&%@>(; ?":'":>&::& '+ 3-!!" ,*$4 &( '>@F":>$?& @+% ?& @>(& 5556(.&78&"(/.6"!#H



  !  !"#$%&' () *+%$,"%$-. /-.0-$.%' 12$.3-&,"%$-.+ %-."4'+

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

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

'+%*$#- 4*5#.+#- #' 4%)#.+#-6 7# &8(%9 -,*22.%# )('*44#)' -.+ /* :+0;.#)&# $,*22*+%'%()

$# &#- *&&(+$- $*)- /* 4.-%;.# (&&%$#)'*/#< #' $*)- /* 4.-%;.# 2(2 #) 2*+'%&./%#+ = -#/()

.)# +0&#)'# 0'.$# >?@A  B< /#- *&&(+$- $# '+%*$#- +#2+0-#)'#)' CD E $#- *&&(+$- .'%/%-0-

2(.+ *))('#+ .)# F*-# $# $())0#- $# 2/.- $,.) 4%//%#+ $# '%'+#- %--.- $#- 'G'#- $# 1#)'#- *.9

H'*'-IJ)%- $#2.%- 2/.- $# KL *)- M#' +#N+(.2*)' *%)-% 2/.-%#.+- -'O/#-P6 Q% () /#.+ *5(.'#

/#- *&&(+$- $# -#2'%R4#< &#- *&&(+$- +#2+0-#)'#)' 2/.- $# SK E $#- *&&(+$- .'%/%-0- 2(.+

/#- '+*)-&+%2'%()-6 "#- *&&(+$- $# -#2'%R4# -()' 2+(&8#- $#- *&&(+$- $# '+%*$#- &*+ '+(%-

$#- ;.*'+# )('#- ;.% /#- &(42(-#)' &()-'%'.#)' .)# '+%*$#6 T /* /.4%R+# $# &#- &8%U+#-< %/

#-' *%)-% 2(--%F/# $,*1*)&#+ ;.# /#- *&&(+$- $# '+%*$#- +#2+0-#)'#)' .) 4(O#) #V&*&# $#

+#2+0-#)'#+ /* 4.-%;.# 2(2./*%+#6

"#- *&&(+$- 4#)'%())0- $*)- /#- '+*)-&+%2'%()- $#- '%'+#- $# /* F*-# $())0#- -()' %--.-

$,.) $%&'%())*%+# 0'#)$. >WQLKB< ;.% $02*--# /#- -#./- *&&(+$- $# '+%*$#- 4*5#.+#-X4%)#.+#-6

"#- *))('*'%()- ()' $()& 0'0 *$*2'0#- Y /,01*/.*'%() $# '+%*$#- = -% .) *&&(+$ 2+0-#)'# .)#

'%#+&# 4*5#.+# M+#-2#&'%1#4#)' 4%)#.+#P< %/ #-' &()-%$0+0 &(44# 0'*)' .)# '+%*$# 4*5#.+#

M+#-2#&'%1#4#)' 4%)#.+#P6 Q,%/ )# 2+0-#)'# 2*- $# '%#+&#< -#./# /* :()$*4#)'*/# $# /,*&&(+$

#-' 01*/.0#6 "#- -%/#)&#- ()' 0'0 %N)(+0-6 ",*&&(+$ #-'%40 #-' &()-%$0+0 &(44# &(++#&' -,%/

2+0-#)'# /* 4G4# :()$*4#)'*/# #' /# 4G4# 4($# ;.# /,*&&(+$ 4#)'%())0# $*)- /* 10+%'0

'#++*%)6

",01*/.*'%() $#- *&&(+$- #-' +0*/%-0# '(.'#- /#-  SK 4- M-(%' '(.- /#- S Z! 0&8*)'%/I

/()-< 2(.+ .) -%N)*/ 0&8*)'%//())0 Y 33 LLW[P6 ",*&&(+$ #-'%40 Y &8*;.# $*'# $,01*/.*'%()

#-' &(42*+0 Y /* 10+%'0 '#++*%) 4#)'%())0# $*)- /#- *))('*'%()-< 2(.+ /* 4G4# $*'#6 "#

-&(+# \)*/ 2(.+ &8*;.# 4(+&#*. #-' /# +*22(+' #)'+# /# )(4F+# $# $*'#- $,01*/.*'%() 2(.+

/#-;.#//#- /,*&&(+$ #-'%40 #-' &(++#&' #' /# )(4F+# $# $*'#- $,01*/.*'%() '('*/#-6 "* 2+(&0I

$.+# $,01*/.*'%() 2(.+ /#- '()*/%'0- #-' %$#)'%;.# Y &#//# $#- *&&(+$-6 "# -&(+# -.+ /* F*-#

$# $())0#- #)'%R+# #-' /* 4(O#))# $. -&(+# $# '(.- /#- 4(+&#*.96

]) 2/.- $# /,01*/.*'%() $# /* 2+0&%-%() $#- -0;.#)&#- $,*&&(+$- #' $# '()*/%'0- #-'%40#-

2*+ /# -O-'R4#< )(.- 2+(2(-()- 0N*/#4#)' .)# 4#-.+# $# /,#V&*&%'0 $# /,0).40+*'%() $#-

&*)$%$*'-< &,#-'IYI$%+# $#- 8O2('8R-#- $,*&&(+$- #' $# '()*/%'0- 2(.+ &8*;.# '+*4#< #)

%)'+($.%-*)' /#  !"#$"%#& '$()'*'< ;.% &(++#-2()$ *. +*22(+' $#- '+*4#- 2(.+ /#-;.#//#-

/,*&&(+$ &(++#&' #-' 2+0-#)' $*)- /#- &*)$%$*'- 0).40+0- -.+ /# )(4F+# $# '+*4#- '('*/#-6

7# 2('#)'%#/ 0).40+0 &(++#-2()$ *. 4*9%4.4 $# 2#+:(+4*)&# $. -O-'R4#< 2.%-;.# &#

$#+)%#+ )# 2#.' 2*- &8(%-%+ /# &*)$%$*' &(++#&' -,%/ ),#-' 2*- 0).40+06



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

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

23'*4+314

"# $%&'(&% )*$&+, ('$-%,)#, ./ +)0+/0 .&* 1&+,&/%* +2%-') &*, 0) %-3/*,&**& 4 05)+6

+-%.)7&8 9# &:&,; *( 0) <%=>/&#+& *,)#.)%. ./ ?) &*, .& @@ABC D4 0) ,%-(*(E'& -+,)1&F; (0

&*, #=)#'-(#* $-**(30& .& %&#+-#,%&% .&* &#%&7(*,%&'&#,* $-/% 0&*>/&0* +&,,& <%=>/&#+& .&

%=<=%&#+& $%=*&#,& /#& 1)0&/% .(:=%&#,&; &, 'G'& .)#* +&%,)(#* +)*; /#& 1)0&/% >/( .(:E%&

)/ +-/%* ./ ,&'$* .)#* /# 'G'& '-%+&)/8 H&%,)(#* ,%)1)/I JBKAL; MNAOP $%-$-*&#,

05).-$,(-# .& 1&+,&/%* +2%-') .& .('&#*(-# !Q )/ 0(&/ .&  R; .& ')#(E%& 4 $-/1-(% $%&#.%&

&# +-'$,& 0) .=1(),(-# $%-1->/=& $)% 05)++-%.)7& #-# *,)#.)%. .& +&%,)(#* &#%&7(*,%&'&#,*8

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

$-/% .&/I $)%)'=,%(*),(-#* .(:=%&#,&*; p1 &, p2; #-/* #-/* $%-$-*-#* .5=1)0/&% 0& $-,&#,(&0

=#/'=%= .5/# +2%-')7%)''&; .& ,)(00& .& <&#G,%& T@! '* D)1&+ /# %&+-/1%&'&#, .& TLUF

$-/% 0&* )++-%.*; &, .& ,)(00& .& <&#G,%&  A *&+ $-/% 0&* ,-#)0(,=* 0-+)0&*8 V-/% p12 +-''&

$-/% p36; 0&* +)#.(.),* ,-#)0(,=* 0-+)0&* =#/'=%=* $-/% +2)>/& ,%)'& *-#, 0&* ! ,-#)0(,=*

0&* $0/* <-%,&'&#, +-%%=0=&* )1&+ 0& 1&+,&/% +2%-') .& 0) ,-#)0(,= 0-+)0&8 ?) *&/0& .(:=%&#+&

&#,%& p12 &, p36 &*, .-#+ 0) .('&#*(-# .&* 1&+,&/%* +2%-') +)0+/0= S 0&* 1&+,&/%* +2%-')

*-#, .& .('&#*(-#*  R $-/% p12; &, .& .('&#*(-# !Q $-/% p368

W-/* +-#*(.=%-#* */++&**(1&'&#, +-''& )++-%.* +)#.(.),* 0& $%&'(&% Da1F; 0&* .&/I $%&6

'(&%* Da1 + a2F; 0&* ,%-(* $%&'(&%* Da1 + a2 + a3F &, 0&* >/),%& $%&'(&%* )++-%.* Da1 +

a2 + a3 + a4F *&0-# 0& +0)**&'&#, (#./(, $)% 0) +-%%=0),(-# )1&+ 0&* 1&+,&/%* '-.E0&* .5)+6

+-%.* +2-(*(*; $-/% 0&* +-#X7/%),(-#* p12 &, p36; &, -3*&%1-#* 0& $-,&#,(&0 =#/'=%= .&*

+-#X7/%),(-#* )(#*( &#7&#.%=&*8 ?&* %=*/0,),* *-#, $%=*&#,=* ,)30&)/ RA8

p12 p36

a1 R@8R  5!"

a1 + a2 !@8O 6#! 

a1 + a2 + a3 @R8Y 65!7

a1 + a2 + a3 + a4 @Y8Q 58!9

1(2%- RA Z V-,&#,(&0 =#/'=%= &# <-#+,(-# ./ #-'3%& .& +)#.(.),* )++-%.* =#/'=%=*; $-/%

.&/I .('&#*(-#* .& 1&+,&/%* +2%-') .(:=%&#,&*8

[# %&')%>/& >/& p36 *& '-#,%& #&,,&'&#, '&(00&/% >/& p12 &# ,&%'& .& $-,&#,(&0

=#/'=%=8 ?& $%&'(&% +)#.(.), Da1F =#/'=%= &*, )(#*( +-%%&+, $0/* .& .&/I <-(* $0/* *-/1&#,

&# /,(0(*)#, .&* 1&+,&/%* +2%-') .& .('&#*(-# !Q >/5)1&+ .&* 1&+,&/%* +2%-') .& .('&#*(-#

 R DLO8!U +-#,%& R@8RUF8



  !  !"#$%&' () *+%$,"%$-. /-.0-$.%' 12$.3-&,"%$-.+ %-."4'+

"#$%&' ()*+ #%,-.)'/ )- $%#01*&-,2%# p36 -3'$ *# +'*) $-#424-, 5a16 '+, 7'2))'*&' 4' (&8+

4'  9: ;*' p1 -3'$ ;*-,&' $-#424-,+ 5a1 + a2 + a3 + a46/ ,%*<%*&+ '# ,'&7' 4' (%,'#,2')

=#*7=&= 5>?@A: (%*& )- $%7.2#-2+%# a1 ', p36/ $%#,&' !B@C: (%*& a1 + a2 + a3 + a4 -3'$

p126@

D* 3* 4' $'+ &=+*),-,+/ )' $E%2F 4'+ 3'$,'*&+ $E&%7- 4' ,-2))' AC +'7.)' 4%#$ +G27(%+'&/

', (%*& )- +*2,'/ )'+ 3'$,'*&+ $E&%7- +'&%#, ,%*<%*&+ $-)$*)=+ '# 427'#+2%# AC@

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

H- ,-2))' 4' ,&-7'+ (&=$=4'77'#, $E%2+2' 5I!A 7+6 $%&&'+(%#4 J *#' ,-2))' ,&8+ K&=;*'7L

7'#, *,2)2+=' 4-#+ )'+ 7=,E%4'+ 4' &'$%##-2++-#$'+ 4G-$$%&4+ MNOP  / QR9>/ ST9>/ HT9?/

H''9C/ UV9?W@ X%*+ #%*+ (&%(%+%#+ #=-#7%2#+ 4' ,'+,'& 4G-*,&'+ ,-2))'+ 4' K'#Y,&'+ (%*&

'+,27'&/ ,%*<%*&+ J )G-24' 4* (%,'#,2') =#*7=&=/ )G2#Z*'#$' 4' )- ,-2))' 4'+ K'#Y,&'+@

V' 7Y7' ;*' (&=$=4'77'#,/ #%*+ ()-[%#+ +*$$'++23'7'#, $%77' -$$%&4+ $-#424-,+ )'

(&'72'& 5a16/ )'+ 4'*F (&'72'&+ 5a1 + a26/ )'+ ,&%2+ (&'72'&+ 5a1 + a2 + a36 ', )'+ ;*-,&'

(&'72'&+ -$$%&4+ 5a1 + a2 + a3 + a46 +')%# )' $)-++'7'#, 2#4*2, (-& )- $%&&=)-,2%# -3'$ )'+

3'$,'*&+ 7%48)'+ 4G-$$%&4+ $E%2+2+/ ', $' (%*& )'+ 42\=&'#,'+ ,-2))'+ 4' ,&-7' =,*42='+@ H'+

&=+*),-,+ +%#, (&=+'#,=+ +*& )' ,-.)'-* ] @

-̂2))' 4'+ ,&-7'+ 5'# 7+6  ?> AI I!A  !?C

a1 !C@ > @A *+,- >!@A

a1 + a2 >C@ C9@C ./,* CC@>

a1 + a2 + a3 C>@ I9@C .+,0 IA@!

a1 + a2 + a3 + a4 CI@B I>@! +1,2 II@]

5"64' ] _ R%,'#,2') =#*7=&= '# K%#$,2%# 4* #%7.&' 4' $-#424-,+ -$$%&4+ =#*7=&=+/ (%*&

42\=&'#,'+ ,-2))'+ 4' ,&-7'+ 42\=&'#,'+@

`) -((-&-a, $)-2&'7'#, ;*' )'+ ,&-7'+ 4' ,-2))' I!A 7+ +G-38&'#, ()*+ 2#,=&'++-#,'+/ )'

(%,'#,2') =#*7=&= =,-#, ()*+ 27(%&,-#, (%*& $E-$*#' 4'+ $%#01*&-,2%#+ 42\=&'#,'+ 4'

$-#424-,+ =#*7=&=+@ V-#+ )- +*2,'/ )- ,-2))' 4'+ ,&-7'+ *,2)2+=' +'&- -2#+2 0F=' J I!A 7+/

+-*K 7'#,2%# $%#,&-2&'@

3"#'(!4$

H'+ ,&-3-*F 7'#=+ -3'$ H-*&'#, N*4&' MbbSN 9/ NOP  W %#, 72+ '# -3-#, )'+ '\',+

.=#=0;*'+ 4* 0),&-1'/ ', '# (-&,2$*)2'& 4* 0),&-1' 7=42-# +*& )' $-)$*) 4'+ 3'$,'*&+ $E&%7- c

*# 0),&' 7=42-# -12++-#, +*& *#' (=&2%4' 4' ;*');*'+ +'$%#4'+ ('&7', 4' &=4*2&' )G2#Z*'#$'



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

"#$ %&'()#*+#$ ,-&-$./#$0 1# /2,# "# 34/&-5# #$/ +6)&-77#*/ -"6,/' "-*$ 4- 4.//'&-/)&#

89:;<= 9>:;?= 9: ;= @@;<A0 >6)$ *6)$ ,&6,6$6*$ "# /#$/#& 4B.*C)#*+# "# +# 34/&-5#

$)& 4# +-4+)4 "#$ D#+/#)&$ +E&67-= #* &'-4.$-*/ )* 34/&# 7'".-* $)& +E-()# +67,6$-*/#

"#$ D#+/#)&$ +E&67-= #* +6*$."'&-*/ 4#$ D#+/#)&$ +E&67- ,&'+'"#*/$ #/ $).D-*/$ "-*$ 4#

+E&67-5&-77#0 F# 34/&-5# )/.4.$' #$/ "B6&"&# <= +# ().= -D#+ 4- /-.44# "# /&-7# ,&'+'"#77#*/

-"6,/'#= +6&&#$,6*" G !0? $#+6*"#$0 F# /-H4#-) II ,&'$#*/# 4B.*C)#*+# ") 34/&# 7'".-* $)&

4# ,6/#*/.#4 '*)7'&'0

34/&-5# $-*$ 7'".-* J6&"&# <K

a1 !<0L  !"#

a1 + a2 M 0! $%"&

a1 + a2 + a3 M<0N !'"'

a1 + a2 + a3 + a4 <I0? !!"%

1(2%- II O @6/#*/.#4 '*)7'&' #* %6*+/.6* ") *67H&# "# +-*"."-/$ -++6&"$ '*)7'&'$= -D#+

#/ $-*$ 34/&# 7'".-*0

1#$ &'$)4/-/$ 76*/&#*/ )*# -)57#*/-/.6* ") ,6/#*/.#4 '*)7'&' ,6)& /6)/#$ 4#$ +6*35P

)&-/.6*$ "# +-*"."-/$0 Q* *6/#&- #* ,-&/.+)4.#& )*# E-)$$# "# ,4)$ "#  ;R $)& 4# 7#.44#)&

+-*"."-/ Ja1K0 1#//# -)57#*/-/.6* #$/ "# ,4)$ $),'&.#)&# G NR= ()#44# ()# $6./ 4- +6*35)P

&-/.6* "# +-*"."-/$ +6*$."'&'#0

:# 7S7# ()# ,6)& 4- ".7#*$.6* "#$ D#+/#)&$ +E&67- #/ ,6)& 4- /-.44# "# /&-7# -"6,/'#$=

.4 -,,-&-T/ +4-.& ()# 4# 34/&-5# "6./ S/&# )/.4.$' "-*$ 4# +-4+)4 "#$ D#+/#)&$ +E&67- #* D)# "#

4B#$/.7-/.6* "#$ -++6&"$0 :-*$ 4- $)./#= /6)$ 4#$ D#+/#)&$ +E&67- %#&6*/ -.*$. 4B6HU#/ "B)*

34/&-5# 7'".-*0

'"("(") *+,-./ /0 +.1213/ 4/5 673414705

V,&W$ -D6.& ,&'$#*/' 4B.*C)#*+# "#$ ".X'&#*/$ ,-&-7W/&#$ $)& 4# +-4+)4 "# D#+/#)&$

+E&67- = #/ ,&6,6$' )*# 6,/.7.$-/.6* ") ,6/#*/.#4 '*)7'&'= *6)$ -446*$ '/)".#& 4B#Y+-+./'

") $2$/W7# #* %6*+/.6* ") *67H&# #/ "# 4B6&.5.*# "#$ +-*"."-/$ -++6&"$0 F# /-H4#-) IL

,&'$#*/# 4- ,&'+.$.6* ") $2$/W7# #* %6*+/.6* ") *67H&# "B-++6&"$ +-*"."-/$ .*$'&'$ "-*$

4# $2$/W7# ,6)& +E-()# /&-7#0

F- ,&#7.W&# &#7-&()#= /&.D.-4#= #$/ ()# 4# $+6&# ") $2$/W7#= ,-& "'3*./.6*= '5-4 -)

,6/#*/.#4 '*)7'&' 46&$()B)* )*.()# +-*"."-/ -++6&" #$/ '*)7'&'0 Z*# $#+6*"# &#7-&()#=

'5-4#7#*/ -//#*")#= #$/ ()# 4# ,6/#*/.#4 '*)7'&' -)57#*/# -) %)& #/ G 7#$)&# ()# 4#$ +-*P

"."-/$ $6*/ -U6)/'$ G 4B'*)7'&-/.6*0 9-.$ 4B-)57#*/-/.6* "# +# ,6/#*/.#4 '*)7'&' $# %-./

-) ,&.[ "# 4B-++&6.$$#7#*/ ") *67H&# "# +-*"."-/$0 F- ".Y+)4/' -)57#*/# "6*+ '5-4#7#*/

,6)& +E6.$.& 4# +-*"."-/ +6&&#+/ "-*$ 4B'*)7'&-/.6*0



  !  !"#$%&' () *+%$,"%$-. /-.0-$.%' 12$.3-&,"%$-.+ %-."4'+

"#$%&$'%( )&*+),) -).*%&/% 012//#,0- %-$'+)%

a1 !345 !345

a1 + a2 674  !"!

a1 + a2 + a3 3848 !549

a1 + a2 + a3 + a4 3347 8749

5"64' :9 ; <#$%&$'%( )&*+),) %$ ",)/'-'#& 0* -=-$>+%? %& @#&/$'#& 0* &#+A,% 0% /2&0'02$-

2//#,0- )&*+),)-4

B2&- (% $2A(%2* :9? #& #A-%,C% 2'&-' .*% -' (% "2--2D% 0%  E : /2&0'02$- @2'$ 2*D+%&$%,

(% -/#,% 0* -=-$>+%? (%- "2--2D%- -*//%--'@- 0% : E 9 /2&0'02$-? "*'- 0% 9 E 5 /2&0'02$-?

(% @#&$ /F*$%,4 G%$$% /F*$% -1%H"('.*% %& #A-%,C2&$ (2 &2$*,% 0% /%- 2//#,0- /2&0'02$-4

I% /(2--%+%&$ 0%- 2//#,0- -%(#& (2 /#,,)(2$'#& 0% (%*,- C%/$%*,- +#0>(%- 2C%/ (% C%/$%*,

/F,#+2 $%&0 %& %J%$ E ,2--%+A(%,? E (1'&$),'%*, 0% /% /(2--%+%&$? 0%- 2//#,0- 0#&$ (%-

C%/$%*,- +#0>(%- -#&$ ",#/F%- (%- *&- 0%- 2*$,%-4 K'&-'? 0%- 2//#,0- "2,$2D%2&$ (2 +L+%

@#&02+%&$2(% M/#++% B# N2O%*, %$ B# +'&%*,P? #* "(*-'%*,- &#$%- %& /#++*& M/#++%

B# N2O%*, %$ N' +'&%*,P -%,#&$? "2, 0)Q&'$'#&? "%* 0'-/,'+'&)- (%- *&- "2, ,2""#,$ 2*H

2*$,%- "2, (% /2(/*( 0% (2 /#,,)(2$'#&? %$ -% ,%$,#*C%,#&$ ",#/F%- 02&- (% /(2--%+%&$ 0%- /2&R

0'02$- "#$%&$'%(-4 S& 2 2'&-' #A-%,C) .*%? 02&- 3TU 0%- $,2+%- 0% (2 A2-% 0% 0#&&)%-? (%-

0%*H ",%+'%,- 2//#,0- 0* /(2--%+%&$ #&$ *&% 0'-$2&/% '&@),'%*,% #* )D2(% E  02&- (% /=/(%

0%- .*'&$%-4 G% /=/(% 0%- .*'&$%- )$2&$ *& )()+%&$ ",)"#&0),2&$ 0* /2(/*( 0% (2 0'-$2&/%

+*-'/2(% %&$,% /2&0'02$- M0'-$2&/% 0% I%,02F( *$'('-)% 02&- &#$,% -=-$>+%P? /%$$% ",#H'+'$)

%&$,% (%- 2//#,0- /2&0'02$- 01*&% +L+% $,2+% C2 $%&0,% E /,)%, *&% @2'A(% 0'-$'&/$'#& %&$,%

%*H? ",#"'/% E %&D%&0,%, 0%- %,,%*,- 02&- (% /2(/*( 0* /F%+'& #"$'+2(4

V( -%+A(% 0#&/ .*% (1)&*+),2$'#& 012//#,0- /2&0'02$- ",#C%&2&$ 01*&% *&'.*% '&@#,+2R

$'#& +*-'/2(% ME -2C#', (2 /#,,)(2$'#& 2C%/ *& C%/$%*, /F,#+2 0#&&)P &% "%,+%$$% "2- 01)R

$%&0,% %W/2/%+%&$ (% "#$%&$'%( )&*+),) %& 2*D+%&$2&$ (% &#+A,% 0% /2&0'02$- )&*+),)-4

G1%-$ "#*, /%$$% ,2'-#& .*1*&% 2"",#/F% +*($'R,)-#(*$'#&-? ",)-%&$)% %& -%/$'#& 8494:4 %-$

"2, (2 -*'$% %H"),'+%&$)%4

<#*, /% @2',%? 0%*H /#&QD*,2$'#&-? A2"$'-)%-  !"#$%&'( %$ )%!"#$%&'(? -#&$ )$*0')%- X

; /#&QD*,2$'#& A'R/F,#+2 X (12//#,0 (% "(*- @#,$%+%&$ /#,,)() 2C%/ (% C%/$%*, /F,#+2

0% (2 $,2+% 0% (#&D*%*, 659 +- %-$ )&*+),)4 Y&% 2*$,% $,2+%? 0% (#&D*%*,  38 +-

%$ /%&$,)% -*, /%((% 0% 659 +- %-$ *$'('-)% "#*, D)&),%, *& 2*$,% C%/$%*, /F,#+24

I12//#,0 (% "(*- @#,$%+%&$ /#,,)() 2C%/ /% 0%*H'>+% C%/$%*, /F,#+2 %-$ )&*+),) M-1'(

%-$ 0'J),%&$ 0* ",%+'%, 2//#,0 0)OE )&*+),)P4

; /#&QD*,2$'#& $,'R/F,#+2 X (12//#,0 (% "(*- @#,$%+%&$ /#,,)() 2C%/ (% C%/$%*, /F,#+2

0% (2 $,2+% 0% (#&D*%*, 659 +- %-$ )&*+),)4 B%*H 2*$,%- $,2+%-? 0% (#&D*%*, 79 +-?



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

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

2#*3$*+34 5$'05(5 678 !9:!  !"#

;< =>)..#(=? .)$=+=)*? =+@5(3$*?  :AB  :B9

2(5.+?+#$ =' ?C?*D03 678 !A:E  $" 

1(2%- AF G 2#*3$*+34 5$'05(5H $#0<(3 =>)..#(=? .)$=+=)*? =+?*+$.*? 5$'05(5?H 3* I(5.+?+#$

=' ?C?*D03 I#'( 43? .#$%&'()*+#$? <+-./(#0) 3* *(+-./(#0):

.#$?5.'*+J3? 3* .3$*(53? ?'( 4) *()03 =3 !FB 0? ?#$* '*+4+?53? I#'( &5$5(3( =3'K )'*(3?

J3.*3'(? ./(#0): L3? =3'K )..#(=? 43? I4'? M#(*303$* .#((545? )J3. .3? =3'K+D03 3*

*(#+?+D03 J3.*3'(? ./(#0) ?#$* 5$'05(5? 6?>+4? ?#$* =+@5(3$*? =' I(30+3( )..#(= =5NO

5$'05(58:

P34#$ 43? *()03?H 4) .#$%&'()*+#$ <+-./(#0) 5$'0D(3  #' A )..#(=? =+@5(3$*?H 3* 4)

.#$%&'()*+#$ *(+-./(#0) 3$*(3  3* B )..#(=? =+@5(3$*?: L3 <'* 3?* =>)II'C3( 43 ./#+K =>'$

)..#(= =)$? 43 .)? #Q =+@5(3$*? J3.*3'(? ./(#0) )??#.+5? O '$3 0R03 *()03 =3 !FB 0?

I(5?3$*3$* '$3 .#((54)*+#$ 0)K+0)43 )J3. 4'+H 3* =3 =#$$3( I4'?+3'(? .)$=+=)*? =+@5(3$*?

)' ?C?*D03 4#(?S'3 43? +$M#(0)*+#$? )II#(*53? I)( .3? J3.*3'(? ./(#0) ?#$* =+@5(3$*3?:

"3? =3'K .#$%&'()*+#$? 0#$*(3$* '$3 03+443'(3 I(5.+?+#$ S'3 43? .#$%&'()*+#$? $>'*+4-

+?)$* S'>'$ '$+S'3 ./(#0)&()003: L3 $#0<(3 =3 .)$=+=)*? 3?* I4'? 5&)4303$* M)+<43H =)$?

43? =3'K .)?H S'3 I#'( 4) .#$%&'()*+#$ '*+4+?)$* 43? A 03+443'(? .)$=+=)*? )J3. '$ ./(#0)-

&()003 '$+S'3 6(3?I3.*+J303$*  HAB 3*  HB9 .#$*(3 A8: L) .#$%&'()*+#$ *(+-./(#0) 3?* I4'?

I3(M#(0)$*3H S'3 .3 ?#+* I#'( 43 I#*3$*+34 5$'05(5 S'3 I#'( 4) I(5.+?+#$ =' ?C?*D03H 3*

?3() )=#I*53 I)( 4) ?'+*3:

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

L>5$'05()*+#$ =3? *#$)4+*5? 4#.)43? .)$=+=)*3? '*+4+?3 =3? J3.*3'(? ./(#0) .)4.'45? ?'(

=3? *()03? =>3$J+(#$  T ?3.#$=3?: L3? *(#+? *#$)4+*5? =#$* 43? J3.*3'(? 0#=D43? =3 *#$)4+*5

?#$* 43? I4'? M#(*303$* .#((545? )J3. '$ J3.*3'( ./(#0) =#$$5 ?#$* 5$'05(53? I#'( 4)

*()03 .#((3?I#$=)$*3: ;#'? $#'? I(#I#?#$? =3 0#=+%3( .3**3 )II(#./3H I#'( C +$.#(I#(3(

'$3 .#$?+=5()*+#$ 0'4*+-(5?#4'*+#$?: 1(#+? .#$%&'()*+#$? ?#$* )+$?+ 3KI5(+03$*53? U

G c10−20 U =3'K .)$=+=)*? *#$)4+*5 ?#$* 5$'05(5? 6I)( 0)K+0'0 =3 .#((54)*+#$8 O I)(*+(

=>'$ J3.*3'( ./(#0) .)4.'45 ?'( '$3 *()03 =3  T ?3.#$=3? 3* =3'K )'*(3? 6I#*3$*+3443-

03$* =+@5(3$*?8 O I)(*+( =>'$ J3.*3'( ./(#0) .)4.'45 ?'( '$3 *()03 =3 AT ?3.#$=3?H

G c10−25 U =3'K .)$=+=)*? *#$)4+*5 ?#$* 5$'05(5? 6I)( 0)K+0'0 =3 .#((54)*+#$8 O I)(*+(

=>'$ J3.*3'( ./(#0) .)4.'45 ?'( '$3 *()03 =3  T ?3.#$=3? 3* =3'K )'*(3? 6I#*3$*+3443-

03$* =+@5(3$*?8 O I)(*+( =>'$ J3.*3'( ./(#0) .)4.'45 ?'( '$3 *()03 =3 AV ?3.#$=3?H

G c10−30 U =3'K .)$=+=)*? *#$)4+*5 ?#$* 5$'05(5? 6I)( 0)K+0'0 =3 .#((54)*+#$8 O I)(*+(



  !  !"#$%&' () *+%$,"%$-. /-.0-$.%' 12$.3-&,"%$-.+ %-."4'+

"#$% &'()'$* (+*,-. (./($/0 1$* $%' )*.-' "'  2 1'(,%"'1 ') "'$3 .$)*'1 45,)'%)6'//'7

-'%) "680*'%)19 : 5.*)6* "#$% &'()'$* (+*,-. (./($/0 1$* $%' )*.-' "' ;2 1'(,%"'1<

='1 *01$/).)1 1,%) 5*01'%)01 ).>/'.$ ?@< A% "0).6//' /'1 ),%./6)01 /,(./'1 (,**'()'-'%)

'1)6-0'1 5.* /' 1B1)C-'D ') ,% 5*0(61' /. %.)$*' "' /#'**'$* 5,$* /'1 ),%./6)01 6%(,**'()'1D

'% /'1 105.*.%) '% )*,61 (.)0E,*6'1 F ),%./6)01 *'/.)6&'1 4'3'-5/' F G,/ H.I'$* '1) '1)6-0 :

/. 5/.(' "' H6 -6%'$*9D ),%./6)01 &,616%'1 4'3'-5/' F J. H.I'$* '1) '1)6-0 : /. 5/.(' "'

K, H.I'$*9D ') /'1 .$)*'1 (.1 "#'**'$*1 4/,*1L$' /. ),%./6)0 '1)6-0' %#'1) 5.1 /. ),%./6)0

(,**'()'D %6 /. ),%./6)0 *'/.)6&'D %6 $%' "' 1'1 ),%./6)01 &,616%'19<

M,%./6)01 '1)6-0'1 N,**'()'1 O'/.)6&'1 P,616%'1 Q$)*'1

G.%1 -$/)67*01,/$)6,%1 4R9 S<T ?<U  V<T  V<;

c10−20 4R9  !"# ?<U  S<T $ "%

c10−25 4R9 S;<S ?<U  S<?  V<;

c10−30 4R9 S;< ?<U  S<;  V<V

5"64' ?@ W Q%./B1' "' /#'**'$* 1$* /#'1)6-.)6,% "' ),%./6)01 /,(./'1<

A% 1#.5'*X,6) 6(6 L$' /#.55,*) "' /#.55*,(+' -$/)67*01,/$)6,%1D ),$) '% 0).%) 6%)0*'11.%)

') Y,$*%611.%) $%' .-0/6,*.)6,% "'1 *01$/).)1D %#'1) 5.1 .$116 >0%0ZL$' L$' 5,$* /'1 .((,*"1<

N'(6 5'$) 1#'35/6L$'* 5.* /' %,->*' *'/.)6&'-'%) *'1)*'6%) "' (+.%E'-'%)1 "' ),%./6)0 4'%

-,B'%%'D -,6%1 "' ? 5.* -,*('.$9 ".%1 /. >.1' "' ",%%0'1 0)$"60'< [0.%-,6%1D 6/ (,%&6'%)

"' %,)'* L$' /#.55*,(+' -$/)67*01,/$)6,%1D ') '% 5.*)6($/6'* /. (,%ZE$*.)6,% c10−20 5'*-')

%,% 1'$/'-'%) "#.$E-'%)'* /. 5*0(616,% "' /#'1)6-.)6,% 1$* /' 1(,*' "'1 ),%./6)0 (,**'()'1D

-.61 0E./'-'%) "' -6%6-61'* /. 5*,5,*)6,% "#'**'$*1 /,6%).6%'1D (#'1)7:7"6*' "'1 '**'$*1

5,$* /'1L$'//'1 /. ),%./6)0 '1)6-0' %#'1) %6 (,**'()'D %6 *'/.)6&'D %6 &,616%'<

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

=. "'*%6C*' 0).5' "' /#'1)6-.)6,% "' /. 10L$'%(' "#.((,*"1 '1) $% /611.E'D L$6 1#,5C*'

$%' Y,61 L$' /. -'6//'$*' 10L$'%(' "' (.%"6".)1 0%$-0*01 ".%1 /' E*.5+' . 0)0 (+,616'

5.* 5*,E*.--.)6,% "B%.-6L$'< G$* ('))' 10L$'%(' "' (.%"6".)1D ('*).6%'1 '**'$*1 5'$&'%)

1$>161)'* 5,$* "'1 *.61,%1 -$16(./'1< Q6%16D $%' %,)' "' 5.11.E' I,$0' /,*1 $% 1,/, 6%1)*$7

-'%)./D ,$ 1$* $%' /6E%' -0/,"6L$' (+.%)0'D 5'$) ,((.16,%%'* $% >*$6) +.*-,%6L$' 1$* $%'

)*.-' "' 16E%./ 61,/0'D L$6 5'$) 5*,&,L$'* $% (+.%E'-'%) "#.((,*" /,(./< G$* /. 10L$'%('

"#.((,*"1 Z%./'D /'1 -,)6Y1 "' /. Y,*-' AABAA 1,%) *'-5/.(01 5.* AAAAA< \% .55/67

L$.%) $% )'/ )*.6)'-'%)D /. 5*0(616,% "$ 1B1)C-' .))'6%) V@R "#'](.(6)0 5,$* /#'1)6-.)6,%

"'1 .((,*"1 1$* /. >.1' "' ",%%0'1 (,%16"0*0'<



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

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

./)0 123  !"# 4056

789$:,( ;<&;&9# 123 445!  $"%

1(2%- 0= > ?&,;+<+@9&* (*$<( -+ ,#$%&'( ;<&;&9#( ($ -+ ,#$%&'( .)/05 A(9 9B&<(9

+CB%#9 9&*$ D*( ,&8(**( '( -+ ;<#B@9@&* ;+< ,&<B(+D 9D< -+ E+9( '( '&**#(95

$"&"&"$ '()*+,+-.(/ 0 1/2 )345(62 62 7834+4 62 78+,4 *(1, 72. +99(,6."

F&D9 B&,;+<&*9 *&$<( 989$:,( G D*( '(9 ,(@--(D<(9 ,#$%&'(9 'H(9$@,+$@&* 'H+BB&<'9

+8+*$ B&*B&D<D +D "IJKL 0MM!N #O+-D#( 9D< -+ ,P,( E+9( '( '&**#(9 ($ +O(B -( ,P,(

;<&$&B&-( 'H#O+-D+$@&*5 I- 9H+Q@$ '( -+ ,#$%&'( ./)0N ;<&;&9#( ;+< .D'<(N /<(*@(< ($

)#O&$$( RD@ 9H(9$ B-+99#( ;<(,@:<( +D "IJKL 0MM! ;&D< -+ $SB%(  !"#$ %&$'" ()*)+*#$, -

'$$*N ($ '(DT@:,( ;&D< -+ $SB%(  !"#$ %&$'" ()*)+*#$, - '$$* .," /$")5 .* $<&DO(<+ -(9

<#9D-$+$9 '( B($$( B&,;+<+@9&* '+*9 -( $+E-(+D 0=5 U&D< -H(9$@,+$@&* '( V&*'+,(*$+-( 9(D-(N

./)0 ;<#9(*$( D*( ;<#B@9@&* ;-D9 %+D$( 'H(*O@<&*  2 RD( -+ ,#$%&'( ;<&;&9#( 14WN!2

B&,;+<# G 44N!235 U&D< -H(9$@,+$@&* '( V&*'+,(*$+-( ($ '( ,&'(N -( 989$:,( ;<&;&9# 9(

,&*$<( ;-D9 (CB+B( RD( -+ ,#$%&'( ./)0N ($ B( '( ;<:9 '( 62 14XNM2 B&,;+<# G 40N6235

?($$( B&,;+<+@9&* ;<&DO( RD( -( 989$:,( ;<&;&9# &Y<( D*( ;<#B@9@&* 'H(9$@,+$@&* 'H+BB&<'9

B&,;+<+E-(N ($ ,P,( 9D;#<@(D<( G -HD*( '(9 ,(@--(D<9 ,#$%&'(9 ;<&;&9#(9 +D "IJKL 0MM!

;&D< -H(9$@,+$@&* 'H+BB&<'9 '(;D@9 -( 9@Q*+- +D'@&5 A+ ,#$%&'( ;<&;&9#( B&,E@*( '&*B D*(

(9$@,+$@&* 'H+BB&<' $<:9 @*$#<(99+*$(N ($ &Y<( 9@,D-$+*#,(*$ D*( (9$@,+$@&* '(9 $&*+-@$#9

-&B+-(95

$"&"&": '()*+,+-.(/ 0 1/2 )345(62 6-,2942 *(1, 72. 4(/+7-43. 7(9+72.

AH(9$@,+$@&* '( $&*+-@$#9 -&B+-(9 (9$ ,(*#( 9D< -+ ,P,( E+9( '( '&**#(9N ($ +O(B -(

,P,( ;<&$&B&-( 'H#O+-D+$@&*5 F&D9 B&,;+<&*9 B($$( V&@9 -H(9$@,+$@&* '( *&$<( 989$:,( G

-H(9$@,+$@&* 'HD*( ,#$%&'( '@<(B$(N RD@ D$@-@9( -(9 ,P,(9 ;+<+,:$<(9 RD( -+ ,#$%&'( ;<&Z

;&9#( 1$+@--( '( $<+,( '(  M 9(B ($ ,P,(9 O(B$(D<9 ,&':-(9 '( $&*+-@$#35 U&D< B($$( ,#$%&'(

'@<(B$(N 9(D-( -+ $&*+-@$# -+ ;-D9 V&<$(,(*$ B&<<#-#( 9D< D*( $<+,( '&**#( (9$ B&*9@'#<#(N

($ '&**( '@<(B$(,(*$ -+ $&*+-@$# (9$@,#( 9D< B($$( $<+,(5 A(9 <#9D-$+$9N ;<#9(*$#9 '+*9 -(

$+E-(+D 04N '#$+@--(*$ -+ <(-+$@&* (*$<( -+ $&*+-@$# (9$@,#( ($ -+ $&*+-@$# '( -+ O#<@$# $(<<+@*5

A( 989$:,( ;<&;&9# ;<#9(*$( D*( ;<#B@9@&* 9D;#<@(D<( G -+ ,#$%&'( '@<(B$(N (* (9$@,+*$

D* ;-D9 Q<+*' ;&D<B(*$+Q( '( $&*+-@$#9 B&<<(B$(9 1=6N!2 B&,;+<# G X4N=235 [( ;-D9N -(

*&,E<( 'H(<<(D<9 'D(9 G -H(9$@,+$@&* 'HD*( $&*+-@$# \-&@*$+@*(\ 1*&* B&<<(B$(N *&* <(-+$@O(

($ *&* O&@9@*(3 (9$ ;-D9 V+@E-( +O(B -( 989$:,( ;<&;&9# RDH+O(B -+ ,#$%&'( '@<(B$( 1 =NW2

B&,;+<# G 0 N!235



 !"  !"#$%&' () *+%$,"%$-. /-.0-$.%' 12$.3-&,"%$-.+ %-."4'+

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

67,)8-+ 9/$9$,* :;<  !"# !=>  ?=@ $ "%

A*)B$C+ C(/+0)+ :;< DE=?  =?  F=> ! =>

5"64' !E G H+ ,7,)8-+ 9/$9$,* 9/*,+%)+ 5%+ 9/*0(,($% ,59*/(+5/+ I '& -*)B$C+ C(/+0)+

+% )+/-+, C+ )$%&'()*, 0$//+0)+, C*)+0)*+,= H+ %$-J/+ CK+//+5/, L'$(%)&(%+,L :&5)/+,< +,)

*M&'+-+%) 9'5, N&(J'+ &2+0 '+ ,7,)8-+ 9/$9$,*=

.&%C(C&), 400$/C #$%&'()* 400$/C +) #$%&'()*

4 • • # 4 #

67,)8-+ 9/$9$,* :;< EO= • • DE=F &'"(  !"#

5"64' !F G P/*0(,($% C5 ,7,)8-+ +% 0$%,(C*/&%) ,+5'+-+%) '+, &00$/C,Q ,+5'+-+%) '+,

)$%&'()*,Q $5 '+, C+5R ,(-5')&%*-+%) 0$--+ 0&%C(C&),= H+ ,7,)8-+ 9/*,+%)+ C+ -+(''+5/,

/*,5')&), '$/,S5+ '+, &00$/C, +) '+, )$%&'()*, ,$%) +,)(-*, ,(-5')&%*-+%)=

'"!"!"& )*+,-*.- /- 01-23456347* 245,036*8-

T$5, 9/*,+%)$%, (0( 5%+ *2&'5&)($% C+, J*%*U0+, C+ 'K+,)(-&)($% ,(-5')&%*+ CK&00$/C, +)

C+ )$%&'()*,= .+, J*%*U0+, ,$%) -+,5/*, +% %K+,)(-&%) ,500+,,(2+-+%) S5+ '+, &00$/C,Q 95(,

S5+ '+, )$%&'()*,Q +) +%U% '+, C+5R ,(-5')&%*-+%)= P$5/ 0+'&Q %$5, &2$%, 0$%,)/5() C+5R

,7,)8-+, S5&,( (C+%)(S5+, &5 ,7,)8-+ $9)(-&' 9/*,+%)* 9/*0*C+--+%)Q -&(, 9/*,+%)&%)

C&%, 5% 0&, ,+5'+-+%) '+, &00$/C, 0$--+ 0&%C(C&),Q +) C&%, 'K&5)/+ ,+5'+-+%) '+, )$%&'()*,=

H& C(,)&%0+ 5)('(,*+ 9$5/ 0&'05'+/ '& C(,)&%0+ +%)/+ 0&%C(C&), +,) '& C(,)&%0+ (,,5+ C5 070'+

C+, S5(%)+,= H+, /*,5')&), ,$%) 9/*,+%)*, C&%, '+ )&J'+&5 !F=

V% %$)+ S5+ 'K+,)(-&)($% ,(-5')&%*+ 9/$U)+ I '& 9/*0(,($% C+, &00$/C, 0$--+ I 0+''+

C+, )$%&'()*,= 6&%, 0+))+ +,)(-&)($% ,(-5')&%*+Q '& 9/*0(,($% C+, &00$/C, 0B5)+ +% +W+) C+

9/8, C+ !; :EDQ" 0$-9&/* I EOQ < +) 'K+,)(-&)($% C+ )$%&'()* C+ 9'5, C+ ?; :?OQ> 0$-9&/*

I DEQF<=

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

HK&C&9)&)($% C5 ,7,)8-+ 9/$9$,* &5 ,(M%&' &5C($ 9/*,+%)+ 5%+ 9/*0(,($% ,59*/(+5/+ I

5%+ C+, -*)B$C+, C+ 'K*)&) C+ 'K&/) '+, 9'5, 9+/N$/-&%)+, 9$5/ 'K+,)(-&)($% C+, &00$/C,Q +)

5%+ 9/*0(,($% ,59*/(+5/+ I 5%+ -*)B$C+ CK+,)(-&)($% C(/+0)+ 9$5/ '+, )$%&'()*, '$0&'+,=

T$5, &2$%, -$%)/* 'K(%X5+%0+ C+, C(W*/+%), 9&/&-8)/+, C5 ,7,)8-+Q C5 0&'05' C+, 2+0)+5/,

0B/$-& I 'K$/(M(%+ C+, 0&%C(C&),Q +% -+))&%) %$)&--+%) +% *2(C+%0+ '+, &99$/), CK5%+ &9Y

9/$0B+ -5')(Y/*,$'5)($%,Q +) '+ J*%*U0+ /*0(9/$S5+ C+ 'K+,)(-&)($% ,(-5')&%*+ C+, &00$/C,

+) C+, )$%&'()*, '$0&'+,=



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

"#$ %&$'()&$ *$&+(,# -$ .$//$ '0/1,-$ -2$+/('3/(,# .,#4,(#/$ -23..,&-+ $/ -$ /,#356

(/0+ -$%7(+ 5$ +(8#35 37-(, 3 93(/ 52,:4$/ -27#$ +,7'(++(,# 37 ;<=>? !@@A %,7& 53 /B.1$

 !"#$ %&$'" ()*)+*#$,C D3 '0/1,-$ +,7'(+$ 3 /$&'(#0 /&,(+()'$ $# %&0.(+(,# %,7& 53 -06

/$./(,# -$ 9,#-3'$#/35$ $/ .(#E7()'$ %,7& 53 -0/$./(,# -$ 9,#-3'$#/35$ $/ ',-$ F+7&

17(/ %3&/(.(%3#/+GC H$//$ '0/1,-$ 3 0835$'$#/ 93(/ 52,:4$/ -$ %7:5(.3/(,#+ $# .,#90&$#.$+

(#/$&#3/(,#35$+ $/ #3/(,#35$+ I==JK @L =,. @MC

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

N,7+ 3*,#+ %&0+$#/0 -3#+ .$ .13%(/&$ 7#$ #,7*$55$ '0/1,-$ -2$+/('3/(,# -23..,&-+ $/

-$ /,#35(/0+ 5,.35$+C H$//$ '0/1,-$L 3%%5(E70$ O 53 '7+(E7$ +P':,5(E7$L +$ ',#/&$ %57+

%&0.(+$ E7$ 5$ 5,8(.($5 -).#/01 %,7& 52$+/('3/(,# -23..,&-+C Q%%5(E70$ 37 +(8#35 37-(,L $55$

+$ ',#/&$ %57+ %&0.(+$ E727#$ -$+ '0/1,-$+ -$ 520/3/ -$ 523&/ 5$+ %57+ %$&9,&'3#/$+ %,7&

52$+/('3/(,# -23..,&-+L /,7/ $# $+/('3#/ 5$+ /,#35(/0+ 5,.35$+C

<5 +$':5$ '3(#/$#3#/ (#/0&$++3#/ -$ #,7+ %$#.1$& +7& 5$+ %,++(:5$+ 3%%5(.3/(,#+ -$ 52$+/('36

/(,# -$+ (#9,&'3/(,#+ /,#35$+L $/ $# %3&/(.75($& +7& 520/7-$ -$ +('(53&(/0 '7+(.35$ E7( +$&3

3:,&-0$ -3#+ 5$ %&,.13(# .13%(/&$C



 !!  !"#$%&' () *+%$,"%$-. /-.0-$.%' 12$.3-&,"%$-.+ %-."4'+



 !"#$%&' (

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

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

/!+'* 3 -$ (!"#!("#! /! 4.("!$,1 %$( *&4&-$(&') /$+* ,+! 5$*! /! /.++)!*6 7! "$* /! 89,(!

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

4.("!$,1 /! -$ 5$*! /! /.++)!*6  #$;,! ".4%$($&*.+ !+'(! "!''! (!;,<'! r !' ,+ 4.("!$,

mi /.++! -&!, $, "$-",- /=,+ *".(! /! *&4&-$(&')6 >-,* "! *".(! !*' )-!0)? %-,* -!* 4.("!$,1

r !' mi *.+' !*'&4)* ".44! *&4&-$&(!*6 @.,* -!* 4.("!$,1 mi *.+' !+*,&'! "-$**)* *!-.+

-!,(* *".(!* /! *&4&-$(&') (!*%!"'&A*6 B(C"! : "! %(."!**,*? &- !*' %.**&5-! /=,'&-&*!( /!* (!2

;,<'!* %$( A(!/.++!4!+'? .D -$ (!;,<'! !*' "#$+'.++)! %$( -=,'&-&*$'!,(? /! "()!( /!* -&*'!*

/! 4.("!$,1 #.4.9E+!* !+ (!9(.,%$+' -!* '&'(!* %()*!+'$+' ,+! A.('! *&4&-$(&') !+'(! !,1?

., !+".(! /! "#!("#!( : /)".,0(&( /! +.,0!$,1 4.("!$,1 : %$('&( /=,+ '&'(! A.,(+& %$(

-=,'&-&*$'!,(6

F.,* "#!("#.+* /$+* "! "#$%&'(! : ,'&-&*!( -!* *);,!+"!* /=$"".(/* %.,( !*'&4!( ,+!

*&4&-$(&') #$(4.+&;,! !+'(! /!,1 4.("!$,16  .44! -! 4.+'(! -$ 89,(! GG? -$ ".4%$($&*.+

/!* *);,!+"!* /=$"".(/* &+'!(0&!+' $%(E* -! %(."!**,* /=!*'&4$'&.+ /!* $"".(/*6 F.,* +.,*

%(.%.*.+* /.+" /$+* ,+ %(!4&!( '!4%* /=)',/&!( -$ *&4&-$(&') !+'(! *);,!+"!* /=$"".(/*

$++.')!*? $0$+' /=&+')9(!( -! %(."!**,* /=!*'&4$'&.+ /!* $"".(/* /$+* -$ (!"#!("#! /! *&4&2

-$(&') #$(4.+&;,!6 F.,* 0!((.+* $&+*& /$+* -$ *!"'&.+ G6H ".44!+' /)8+&( ,+! 4!*,(! /!

*&4&-$(&') !+'(! *);,!+"!* /=$"".(/*? $0$+' /! %()*!+'!( !+ *!"'&.+ G6I -=)',/! /! *&4&-$(&')

#$(4.+&;,! ,'&-&*$+' -!* *);,!+"!* /=$"".(/* !*'&4)!* %$( -! *J*'E4! %()*!+') "#$%&'(! K6

F.,* '!(4&+!(.+* !+ 4.+'($+' -=$%%.(' /, 4./E-! !+ $(5(! /! -=#$(4.+&! %()*!+') $,

"#$%&'(! L6 7$ %(&*! !+ ".4%'! /=,+ '!- 4./E-! %!(4!' !+ !M!' ,+! $4)-&.($'&.+ /$+*

-=!*'&4$'&.+ /! *&4&-$(&')? ;,& *=$0E(! %-,* %!(A.(4$+'! *,( ;,!-;,!* "$* /! %-$9&$'? ".44!

+.,* -! 4.+'(!(.+* !+ *!"'&.+ G6L6

HIL



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

4$53&' ## $ %&&'()*+),-. /0 &1'),&,(+),-. /0( (23'0.40( /1+44-*/( 5-'* &+ *0460*460 /0

(,7,&+*,)2 /+.( '.0 8+(0 /0 /-..20(9

 !" #$%$&'($)* +,)(+ -*./+,0+- 12'003(1-

:0))0 (04),-. 5*-5-(0 '.0 2)'/0 /0 &+ 4-75+*+,(-. /0 (23'0.40( /1+44-*/(9 ;. 5*+),3'0<

40( /0*.,=*0( (-.) ('55-(20( 4-..'0(< 0. '),&,(+.) &0( +..-)+),-.( /0( (23'0.40( /1+44-*/(

/+.( &0( 7-*40+'> 4-.(,/2*2(9 ?10(),7+),-. /0 40( (23'0.40( /1+44-*/( .10() /-.4 5+( +8-*@

/20 5-'* &1,.()+.) AB-,* CD'*0 ##E9

F, &0 .-78*0 /0 72)6-/0( 5*-5-(20( /+.( &+ &,))2*+)'*0 5-'* &10(),7+),-. /1+44-*/( 0()

,75-*)+.)< -. /2.-78*0 0. *0B+.460 )*=( 50' /0 )*+B+'> /+.( &12)'/0 /0 (,7,&+*,)2 0.@

)*0 (23'0.40( /1+44-*/(9 G .-)*0 4-..+,((+.40< (0'&( &0( )*+B+'> /0 H0 I++( JHIKLMNO

(1,.(4*,B0.) /+.( &+ 4-75+*+,(-. 0.)*0 /0'> (23'0.40( (P78-&,3'0( /1+44-*/(9 ?+ 72)6@

-/0 5*-5-(20 5+* H0 I++(< .-7720  !"#$ %&'() *'+, -&.'#"(+ !" #$%#%!" &" $"#$'!"()"$

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

"()$" 1"! +44%$&! ci &2/(" !'./"(4" &2+44%$& c ") 12+44%$& 4%$$"!#%(&+() +/ #$"0-"$ &"*$'

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

&"/8 !'./"(4"! &2+44%$&! c ") d ") 4,"$4," "(!/-)" 7 0-(-0-!"$ 1+ &-9'$"(4" &2+-$" !"1%(

/( &'4+1+*" ,%$-:%()+16 ;( )$%/<"$+ =*/$" >? /(" -11/!)$+)-%( &" 4"))" 0'),%&"6



 !"! #$%$&'($)* +,)(+ -*./+,0+- 12'003(1-  !"

4$5/(+ #$ % &''()*+,*-./ 01 ', 23*4.01  !"#$ %&'() *'+, -&.'#"(+5 06,7+8) 9:;<=>?@A B1)

,-+1) C.++1)7./0,/* ,(D 01(D )3E(1/C1) 06,CC.+0) )./* )(71+7.)31)5 1* ', 23*4.01 C41+C41

'1 2-/-2(2 01 0-F3+1/C1 06,-+1A

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

G.(+ 7+3*1/0+1 H (/1 21)(+1 01 )-2-',+-*3 2()-C,'15 /.() 01I./) 7+.7.)1+ (/1 23*4J

.01 01 C.27,+,-)./ 7+1/,/* 1/ C.27*1 C1+*,-/1) I,+-,*-./) 1/*+1 '1) )3E(1/C1) 06,CC.+0)

C.27,+31)A :,/) '61D127'1 )(-I,/*5 '1) 01(D )3E(1/C1) 06,CC.+0) ) 1* )!5 *.(*1) 01(D *K7J

-E(1) 0( L1/+1 M'(1)5 7+3)1/*1/* C1+*,-/1) I,+-,*-./) N-/)1+*-./ 01 '6,CC.+0 01 O$ .( 01 P$5

.( M-1/ )(M)*-*(*-./ 06(/ ,CC.+0 0-2-/(3 7,+ (/ ,CC.+0 01 )17*-821 7,+ 1D127'1Q *.(*

1/ 0121(+,/* *+8) 7+.C41) 4,+2./-E(121/* 7,+',/*A P1) 01(D 7+.L+1))-./) 7+3)1/*1/* 1/

1F1* *.(*1) 01(D '6,R+2,*-./ 0( 7+12-1+ 01L+3 '.+) 01 ', 7+12-8+1 21)(+15 (/ 7,)),L1 0(

7+12-1+ ,( E(,*+-821 01L+3 H ', C-/E(-821 21)(+1 1* '1 C-/E(-821 01L+3 H ', /1(I-821

21)(+1A

 !"

#$%& ' ' ' ( #$%& ' ' ' ( #$%& ' ' ' ( #$%& ' ' '

)$%& ' ' ' ( )$%& ' ' ' ( #$%& ' ' ' ( #$%& ' ' '

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

 +"

#$%& ' #, ' ( )$%& ' ), ' ( #$%& ' ' ' ( #, ' ' '

)$%& ' ' ' ( )-./ ' ' ' ( #$%& ' ' ' ( #, ' ' '

*, ' ' ' ( ), ' ' ' ( #, ' ' ' ( *, ' ' '

G.(+ 7+1/0+1 1/ C.27*1 01 *1''1) I,+-,*-./)5 /.() C./)-03+./) 01) 23*4.01) -))(1) 01

'6,'L.+-*42-E(1 0( *1D*15 1* 1/ 7,+*-C('-1+ '1) ,'L.+-*421) 06,'-L/121/* '.C,'5 E(- S(+1/* (*-'J

-)3) H 01) T/) 01 C.27,+,-)./ 23'.0-E(1 9UVW>5 ;XY>$@5 01 I1C*1(+) C4+.2, 9VO;V>?@5



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

#$ %&'(#)#*$ '+',$%- ,./0 +#- 1.),'0'2-.*- +3'11.0+- 45#(6789 :*$0# '/$0#- ',,0.1;#-<

(' )%$;.+# ,0.,.-%# ,'0 =)2$; #$ >'$#0)'* 4=>? 8 1.*-2-$# @ +%$#1$#0 +#- -2)2('02$%-

(.1'(#- #*$0# +#/A -%B/#*1#-9 C#$$# )%$;.+# (.1'(2-# #$ #A$0'2$ +#- 1./,(#- +# 0%&2.*- -2)D

2('20#- +'*- (#- -%B/#*1#- @ 1.),'0#09 E./- *./- ,0.,.-.*- +3'+',$#0 1#$$# )%$;.+# ,./0

(' 1.),'0'2-.* +# -%B/#*1#- +3'11.0+-9

F./0 1'(1/(#0 /* -1.0# +# -2)2('02$% #*$0# +#/A -%B/#*1#- u #$ v< .* $0'*-G.0)# u #*

v @ (3'2+# +3.,%0'$2.*- %(%)#*$'20#-< 1;'1/*# +3#((# %$'*$ '--.12%# @ /* -1.0# +# -2)2('02$%

%(%)#*$'20# 4E>7689 H3.0+0# +'*- (#B/#( 2*$#0I2#**#*$ 1#- .,%0'$2.*- *3' ,'- +32*J/#*1#9

H# -1.0# +# -2)2('02$% $.$'( #-$ (' -.))# +#- -1.0#- 2*+/2$- ,'0 (#- .,%0'$2.*- %(%)#*$'20#-9

K* +2-$2*&/# $0.2- .,%0'$2.*- %(%)#*$'20#- L (' -/M-$2$/$2.*< (' -/,,0#--2.* #$ (32*-#0$2.*9

H# -1.0# '--.12% @ (32*-#0$2.* +3/* '11.0+ #-$ 1.*-$'*$9 F./0 '--/0#0 (' -N)%$02# #*$0#

(' $0'*-G.0)'$2.* +# aba #* aa #$ (' $0'*-G.0)'$2.* +# aa #* aba ,'0 #A#),(#< (# -1.0#

+32*-#0$2.* #-$ %&'( '/ -1.0# +# -/,,0#--2.* +3/* '11.0+9 O12< (#- -1.0#- +32*-#0$2.* #$ +#

-/M-$2$/$2.* -.*$ %&'/A @ −19 E./- *./- ,0.,.-.*- +3#A')2*#0 ,(/-2#/0- ,0.,.-2$2.*- ,./0

+%P*20 (# -1.0# s(a1, a2) '--.12% @ (' -/M-$2$/$2.* +3/* '11.0+ a1 @ /* '/$0# '11.0+ a2 L

Q /* -1.0# M2*'20# L

s(a1, a2) = 2 -2 a1 #$ a2 ,0%-#*$#*$ (' )R)# G.*+')#*$'(#

s(a1, a2) = −2 -2*.*<

Q /* -1.0# $#*'*$ 1.),$# +# (' +2-$'*1# df #*$0# (#- G.*+')#*$'(#- +# a1 #$ a2 -/0 (#

1N1(# +#- B/2*$#- L

s(a1, a2) = 2 -2 df = 0

s(a1, a2) = −2 -2 df ≥ 4

=2*.*< s(a1, a2) ,0#*+ +#- I'(#/0- +%10.2--'*$#- #*$0# 2 #$ −2 -/2I'*$ df S-2 df = 1<

s(a1, a2) = 1< -2 df = 2< s(a1, a2) = 0< #$1T<

Q /* -1.0# +2$ +# U1.*-.*'*1#U< $#*'*$ 1.),$# +# (' +2-$'*1# #*$0# (#- G.*+')#*$'(#-

+# a1 #$ a2< ,0.,.-% ,'0 V'**' #$ '(9 4VWX678 #$ 0#,0%-#*$% $'M(#'/ !Y<

Q /* -1.0# 2*I#0-#)#*$ ,0.,.0$2.**#( @ (' +2-$'*1# +# H#0+';( 4H#06 8< ,0%-#*$%# #* Z9 9Z9

:* ,(/- +#- 1.*-2+%0'$2.*- -/0 (' G.*+')#*$'(# +#- '11.0+- a1 #$ a2< *./- *./- ,0.D

,.-.*- %&'(#)#*$ +# $#*20 1.),$# +#- ).+#- +#- '11.0+- 1.*-2+%0%-9 [2*-2< -2 (# ).+# #-$

,02- #* 1.),$#< (# -1.0# +# -/M-$2$/$2.* -#0' '/&)#*$% +# 69\ -2 a1 #$ a2 .*$ (# )R)# ).+#

S,'0 #A#),(#< )']#/0T9 [ (32*I#0-#< 2( -#0' +2)2*/% +# 69\ -2 a1 #$ a2 *3.*$ ,'- (# )R)# ).+#9

 !"!# $%&'()%*+,+-.* /%) )(01%*2%) /3,22.'/)

F./0 '--/0#0 /*# 1#0$'2*# 0.M/-$#--# +# (' )%$;.+# +# 1.),'0'2-.* #*$0# -%B/#*1#-

+3'11.0+-< 1#((#D12 -# +.2$ +3R$0# 2*I'02'*$# ,'0 $0'*-,.-2$2.* 4^2$6!8 S(' $0'*-,.-2$2.* #-$

+%P*2# #* -#1$2.* Z9Z9!T9 _# 1# G'2$< (' ,0.&0#--2.* +3'11.0+- _. `']#/0< W' `']#/0< =.(



 !"! #$%$&'($)* +,)(+ -*./+,0+- 12'003(1-  !"

#$%&'()**& &$%'& +,$-).&$%)*&/ 0&$ -&.12%,$/3 45,'& -& /67/%1%6%1,$ )//,518

9 +2.850

 −2.850

! −2.475

: −0.825

; −0.825

< −0.000

= −1.800

4'5&+ !> ? 45,'& -& /67/%1%6%1,$ &$%'& -&6@ )55,'-/ a1 &% a2 &$ +,$5%1,$ -& *A1$%&'()**&

&$%'& *&6'/ +,$-).&$%)*&/B -A)C'D/ EFGH9"IJ

K)L&6' &$ M, K)L&6' -,1% N%'& 5,$/1-8'8& 5,..& /1.1*)1'& O 4,* K)L&6'B M, K)L&6'B H8

K)L&6' &$ 4,* K)L&6'J

#* &/% )1$/1 C,//17*& -A6%1*1/&' O 6$& /8P6&$5& -A)55,'-/ '&C'8/&$%8& -& .)$1D'& '&*)%1(&B

,Q 5R)P6& )55,'- &/% '&C'8/&$%8 C)' ')CC,'% O *A)55,'- C'858-&$% 0&$ -8$,.7')$%B C)'

&@&.C*&B *& $,.7'& -& -&.12%,$/ /8C)')$% *) +,$-).&$%)*& -& *A)55,'- 5,6')$% )(&5 *)

+,$-).&$%)*& -& *A)55,'- C'858-&$%3J S&%%& .8%R,-& -& '&C'8/&$%)%1,$ ) $8)$.,1$/ 8%8

.&/6'8& 5,..& .,1$/ C'851/& C,6' -&/ )*T,'1%R.&/ -A)*1T$&.&$% *,5)* EFGH9"IJ U$ &V&%B

/1 5R)P6& )55,'- &/% '&C'8/&$%8 '&*)%1(&.&$% O *A)55,'- C'858-&$%B *) .,-1W5)%1,$ -A6$

)55,'- &$%')1$& *) .,-1W5)%1,$ -& *A)55,'-/ /61()$%B C8$)*1/)$% )1$/1 *) ',76/%&//& -& *)

5,.C)')1/,$ &$%'& /8P6&$5&/ -A)55,'-/J

X$& )6%'& .)$1D'& -& -8W$1' 6$& /8P6&$5& -A)55,'-/ 1$()'1)$%& C)' %')$/C,/1%1,$ &/% -&

5,$/1-8'&' *&/ -&T'8/ -&/ )55,'-/ C)' ')CC,'% O *) %,$)*1%8 T8$8')*&J Y,6' 5& +)1'&B C*6/1&6'/

'&C'8/&$%)%1,$/ -&/ )55,'-/ '&*)%1(&/ O *) %,$)*1%8 T8$8')*& C&6(&$% N%'& &$(1/)T8&/J S&/

-1V8'&$%&/ '&C'8/&$%)%1,$/ /,$% $,..8&/ &% -85'1%&/ 512-&//,6/ Z

? '&C'8/&$%)%1,$ '&*)%1(&  !"#$%&'( Z 5R)P6& )55,'- &/% '&C'8/&$%8 C)' *& $,.7'& -&

-&.1 %,$/ /8C)')$% /) +,$-).&$%)*& -& *) %,$1P6& -& *) %,$)*1%8 T8$8')*&B

? '&C'8/&$%)%1,$ '&*)%1(& )*)+!$,-#'%!( Z 5R)P6& )55,'- &/% '&C'8/&$%8 C)' *) -1/%)$5&

/6' *& 5[5*& -&/ P61$%&/ &$%'& /) +,$-).&$%)*& &% *) %,$1P6& -& *) %,$)*1%8 T8$8')*&B

? '&C'8/&$%)%1,$ '&*)%1(& ./0 Z 5R)P6& )55,'- &/% '&C'8/&$%8 C)' /) -1/%)$5& -& \&'-)R*

)6 C'&.1&' -&T'8 -& *) %,$)*1%8 T8$8')*&B

? '&C'8/&$%)%1,$ '&*)%1(& ./0$(*" Z 1-&.B .)1/ &$ 5,$/1-8')$% 6$& -1/%)$5& -& \&'-)R*

/[.8%'1P6&J

#* &/% 8T)*&.&$% C,//17*& -& 5,$/&'(&' 6$& '&C'8/&$%)%1,$ )7/,*6& -&/ )55,'-/B .)1/ -&

C'&$-'& &$ 5,.C%& *) %')$/C,21$()'1)$5& &$ C',58-)$% O 6$& )-)C%)%1,$ -)$/ *& 5)*56* -&

*A)*1T$&.&$% *,5)* E]GF#9"I C,6' 5,$/1-8'&' -& .6*%1C*&/ %')$/C,/1%1,$/J \& C'1$51C& &/% -&

%')$/+,'.&' 6$& -&/ /8P6&$5&/ -A)55,'-/ -)$/ *&/  ! %,$)*1%8/ -1V8'&$%&/B &% -& 5,$/1-8'&'



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

#$ %&$'()*(+%+*' ,+'+,+($'% #-( (*,,-( .-( /*0%( )*1& #$ %&$'(2*&,-& -' #3$1%&- (451-'/-

.3$//*&.(6 7$'( #$ (1+%-8 '*1( /*'(+.4&*'( $+'(+ .-19 &-)&4(-'%$%+*'( $:(*#1-( ;

< &-)&4(-'%$%+*' $:(*#1-  !"#$%& ; /=$51- $//*&. -(% &-)&4(-'%4 .- ,$'+>&- $:(*#1-8 -%

#3$#+?'-,-'% #*/$# /*'(+.4&-&$ #-( %&$'()*(+%+*'( ,1#%+)#-(8

< &-)&4(-'%$%+*' $:(*#1- #&#' !"#$%& ; /=$51- $//*&. -(% &-)&4(-'%4 .- ,$'+>&- $:(*#1-8

-% #3$#+?'-,-'% #*/$# '- /*'(+.4&-&$ )$( #-( %&$'()*(+%+*'( ,1#%+)#-(6

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

@-%%- (-/%+*' )&*)*(- 1'- 4A$#1$%+*' .1 /$#/1# .- (+,+#$&+%48 -' 2*'/%+*' .-( .+B4&-'%(

)$&$,>%&-( C&-)&4(-'%$%+*' .-( $//*&.(8 (/*&- .- (1:(%+%1%+*'D .- #$ ,4%=*.- .- /*,)$&$E

+(*' -'%&- (451-'/-( .3$//*&.(6 F'- /*,)$&$+(*' $A-/ #$ ,4%=*.- )&*)*(4- )$& 7- G$$(

-(% )&*)*(4-6 @-%%- .-&'+>&- '31%+#+(- )$( .3$#+?'-,-'% #*/$#6

F'- .-( '*%+*'( /-'%&$#-( .$'( #34A$#1$%+*' .- #$ &-/=-&/=- .- (+,+#$&+%4 ,1(+/$#- -(% #$

'*%+*' .- ()!$*&#6 @*'(+.4&*'( H %+%&- .3-9-,)#- #-( %&*+( ,*&/-$19 )&4(-'%4( %$:#-$1 IJ6

K+%&- L&%+(%- L#:1, L''4-

+,)--$ .*/) 0))# +%*!* M+&A$'$ M-A-&,+'.  NN 

+,)--$ .*/) 0))# +%*!* M+&A$'$ O&*, %=- P1..Q R$'S( *2 %=- T+(=S$=  NNU

+,)--$ .*/) 0))# +%*!* K*&+ L,*( @&1/+2Q  NN!

4"50' IJ < K&*+( A-&(+*'( .+B4&-'%-( .31' ,V,- %+%&-6

@-( %&*+( ,*&/-$19 /*'(%+%1-'% %&*+( A-&(+*'( .+B4&-'%-( .31' ,V,- %+%&-6 W- )&-,+-&

-(% 1'- A-&(+*' -'&-?+(%&4- -' (%1.+*8 #- (-/*'.8 1'- A-&(+*' .1 ,V,- $&%+(%- CM+&A$'$D

,$+( -'&-?+(%&4- #*&( .31' /*'/-&%8 -% #- %&*+(+>,- -(% 1'- !)%!*$)8 /3-(%EHE.+&- 1'- A-&(+*'

)&*)*(4- )$& 1' $&%+(%- .+B4&-'% .- #3$&%+(%- *&+?+'$#6 W$ '*%+*' .- &-)&+(- (-&$ .4%$+##4-

-' (-/%+*' U6!6!6 @-( %&*+( ,*&/-$19 2*&,-'% 1'- ,V,- 1-"$$)8 /$& +#( /*'(%+%1-'% %&*+(

A-&(+*'( .+B4&-'%-( .31' ,V,- %+%&-6

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

M*1( /*'(+.4&*'( .-19 :$(-( .- .*''4-(8 /*'%-'$'% %*1%-( .-19 .-( ,*&/-$19 .-

,1(+51- $1 2*&,$% (Q,:*#+51- CPX7XD ?4'4&4( )$& #- #*?+/+-# 2"#3 4# 5 2&6 CA*+& $'E

'-9- L6 6!D6 Y*1& /-( .-19 :$(-( .- .*''4-(8 #-( $''*%$%+*'( .-( (451-'/-( .3$//*&.( -%

.- #$ %*'$#+%4 ?4'4&$#- (*'% )&*)*(4-( )$& #- #*?+/+-#6

W$ )&-,+>&- :$(- .- .*''4-(8 $))-#4- 7"888 -(% +.-'%+51- H /-##- 1%+#+(4- )*1& #-( -9)4&+E

-'/-( .$'( #-( %&$A$19 .- 7- G$$( -' !JJ" Z7G[TJ"\6 ]##- -(% /*,)*(4- .- 388 ^/=+-&(8

&-)&4(-'%$'% 242 %+%&-( .- _$`` .+B4&-'%( .*'% 85 -9+(%-'% (*1( $1 ,*+'( .-19 A-&(+*'(



 !"! #$%$&'($)* +,)(+ -*./+,0+- 12'003(1-  !"

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

#$%&'()$ *$+(,'-./ 0.712 0.756 0.793

#$%&'()$ 012%$,34(.'$/ 0.722 0.766 0.796

#$%&'()$ 567 0.512 0.552 0.558

#$%&'()$ 567,/1+ 0.531 0.578 0.650

89/-%4$ :-.,5;&./<- 0.615 0.660 0.707

89/-%4$ 5;&./<- 34563 34556 3457.

4'5&+ = > ?@2&2('A B$/ B(CA;$.'$/ ;$<;A/$.'&'(-./ B$/ /AD4$.2$/ BE&22-;B/ <-4; %$ 2&%24%

B$ /(+(%&;('A /4; %& 9&/$  !""F

B(CA;$.'$/ $' $.G$.B;&.' <%4/($4;/ /AD4$.2$/ BE&22-;B/ <-'$.'($%%$+$.' B(CA;$.'$/ <-4; %$

+H+$ '(';$F 6&;+( %$/ B(CA;$.2$/ $.';$ B$4I /AD4$.2$/ BE&22-;B/ B(CA;$.'$/ B4 +H+$ '(';$J

-. 2('$;& $.';$ &4';$/ %& ';&./<-/('(-.J %& B(CA;$.2$ B$ /';42'4;$ K.-+9;$ B$ 2-4<%$'/LJ

%E-+(//(-. BE&22-;B/J %E$.;(2M(//$+$.' B$ 2$;'&(./ &22-;B/ K2-++$ 4. &22-;B B$ /$<'(N+$

$.;(2M( $. &22-;B B$ .$4)(N+$L $' %$/ B(CA;$.2$/ B$ B4;A$/F

O& /$2-.B$ 9&/$ B$ B-..A$/J &<<$%A$ #$%J $/' 2-+<-/A$ B$ 578 P2M($;/J B-.' 275 2%&//$/

B$ '(';$/ &<<&;'$.&.' Q B(CA;$.'/ /'1%$/ K<-<J R-%SJ T&UUJ %&'(.J $'2FLF

84+494. 2#*'*:*;! /<$,(;-(')*&

5-4/ %$/ +-;2$&4I (//4/ B$/ B(CA;$.'$/ 2%&//$/ B$ %& 9&/$  !"" /-.' 4. Q 4. 2-./(BA;A/

2-++$ ;$D4H'$J $' <-4; 2M&D4$ ;$D4H'$J %$/ &4';$/ P2M($;/ B$ %& 9&/$ B$ B-..A$/ /-.' 2%&//A/

/$%-. %$4; /2-;$ B$ /(+(%&;('AF 5;-(/ B$/2;(<'$4;/ $.';$ V $'  /-.' 2&%24%A/J 2-++$ <;-<-/A

B&./ W*XYZV[\ ]

> %$ <;$+($; .()$&4 +-1$. ] %$ .-+9;$ B$ )$;/(-./ B(CA;$.'$/ B$ %& ;$D4H'$ B&./ %$/

+$(%%$4;/ (C − 1) P2M($;/ B4 2%&//$+$.'J B()(/A <&; (C − 1)J -^ C $/' %$ .-+9;$ B$

)$;/(-./ B(CA;$.'$/ B$ %& ;$D4H'$J

> %$ /$2-.B .()$&4 +-1$. ] %$ .-+9;$ B$ )$;/(-./ B(CA;$.'$/ B$ %& ;$D4H'$ B&./ %$/

+$(%%$4;/ (2C − 1) P2M($;/ B4 2%&//$+$.'J B()(/A <&; (C − 1)J

> %$ '-<  V ] %$ .-+9;$ B$ )$;/(-./ B(CA;$.'$/ B$ %& ;$D4H'$ B&./ %$/ 10 P2M($;/ B4

2%&//$+$.'J B()(/A <&; %$ +&I(+4+ $.';$  V $' (C − 1)F

6-4; 4.$ ;$D4H'$ &<<&;'$.&.' Q 4.$ 2%&//$ B-..A$J -. &''$.B D4$ %$/ &4';$/ +-;2$&4I

B$ %& 2%&//$ &;;()$.' $. 'H'$ B4 2%&//$+$.'F 8(./(J <%4/ 2$/ ';-(/ B$/2;(<'$4;/ <;$..$.' B$/

)&%$4;/ A%$)A$/J <%4/ %& ;$2M$;2M$ B$ /(+(%&;('A $/' 2-./(BA;A$ 2-++$ $@2&2$F



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

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

$+,-%&+.)*)/0. 1+& &%2'+.3+& 14*330-1&

#$ %&'($&) ! *+,-$.%$ ($- -/0+$- 1$- 123,+$.%$- +$*+,-$.%&%20.- *0--2'($- *0)+ ($-

-,4)$./$- 15&//0+1-6 7. +$8&+4)$ 4)$ ($- +$*+,-$.%&%20.- +$(&%29$- 1$- &//0+1- -$ 80.:

%+$.% 8$2(($)+$- 4)$ (& +$*+,-$.%&%20. &'-0()$ -&.- *+2-$ $. /08*%$ 1$- %+&.-*0-2%20.- 1&.-

(& 8,%;01$ 15&(2<.$8$.% =0.712 0) 0.722 *0)+ ($ *+$82$+ .29$&) /0.%+$ 0.615>6 ?,&.802.-@

(& *+2-$ $. /08*%$ 1$- %+&.-*0-2%20.- &8,(20+$ 1$ 8&.2A+$ -2<.2B/&%29$ (& +$*+,-$.%&%20.

&'-0()$ =0.840>6 C$ -/0+$ $-% -)*,+2$)+ D %0)- ($- -/0+$- 1$- +$*+,-$.%&%20.- +$(&%29$-6 C$/2

*$)% E%+$ $F*(24), *&+ /$+%&2.$- $++$)+- 15&..0%&%20.- 1$ %0.&(2%,@ 4)2 -0.% %0)G0)+- *()-

1,(2/&%$- D 1,%$+82.$+@ $% 10./ D &..0%$+ 4)$ ($- &//0+1-@ -)+%0)% *0)+ ). -%H($ /088$

($ G&II6 #& *+,-$./$ 1$ 801)(&%20.-@ .0. 8$.%20..,$- *&+ (5&..0%&%20. 1$ (& -$)($ %0.&(:

2%, <,.,+&($@ *$)% ,<&($8$.% $F*(24)$+ /$ +,-)(%&%6 C$/2 .0)- /0.1)2% D &10*%$+@ *0)+ (&

-)2%$@ (& +$*+,-$.%&%20. &'-0()$ &9$/ *+2-$ $. /08*%$ 1$- %+&.-*0-2%20.- 1&.- (& 8,%;01$

15&(2<.$8$.% (0/&(6

7. .0%$+& ,<&($8$.% ($- 8&)9&2- -/0+$- 0'%$.)- &9$/ (& 12-%&./$ 1$ #$+1&;(@ 4)2 -5,%&2%

*0)+%&.% 80.%+,$ (& *()- $J/&/$ 1&.- ($ -H-%A8$ 15$-%28&%20. 15&//0+1- $% 1$ %0.&(2%,-

(0/&($- *+,-$.%, /;&*2%+$ K =902+ -$/%20. K6L6!>6 7. *$)% &2.-2 &9&./$+ 4)$ /$%%$ 12-%&./$

$-% %0)% D M&2% &1&*%,$ D (5$-%28&%20. 1$- 2.M0+8&%20.- %0.&($-@ 8&2- *&- &) /&(/)( 1$ ($)+-

-282(&+2%,-6

530-+ 1+ &'6&)/)')/0.

#$ %&'($&) !L *+,-$.%$ ($- +,-)(%&%- 1$- 123,+$.%- -/0+$- 1$ -)'-%2%)%20. *+,-$.%,-

$. N6 6 67. .0%$ %0)% 15&'0+1 4)$@ *0)+ ($- -/0+$- 1$ -)'-%2%)%20. '2.&2+$-@ (& 8,%;01$

15&(2<.$8$.% (0/&( -$ 80.%+$ *()- *$+M0+8&.%$ 4)$ (& 8,%;01$ 1,/+2%$ $. OPQRS"TU V 0.84

/0.%+$ 0.74 *0)+ ($ *+$82$+ .29$&)6 7. +$8&+4)$ $.-)2%$ 4)$@ /088$ *0)+ ($- +,-)(%&%-

*+,/,1$.%-@ (& 12-%&./$ 1$ #$+1&;( -$ 80.%+$ (& 802.- 2.%,+$--&.%$ $. %$+8$ 1$ +$/;$+/;$ 1$

-282(&+2%,6 #$- 123,+$./$- $.%+$ ($- &)%+$- -/0+$- 1$ -)'-%2%)%20. -0.% *$) -2<.2B/&%2M-6 #&

8$2(($)+$ 1,B.2%20. *0)+ /$ -/0+$ -$8'($ E%+$ 2--)$ 1$ (& /0.-0.&./$ *+0*0-,$ 1&.- OQWX"YU

$% +$*+,-$.%,$ 1&.- ($ %&'($&) LZ6 7. .0%$+& $.B. 4)$ (& *+2-$ $. /08*%$ 1) 801$ 1$-

&//0+1- *$+8$% ).$ %+A- 801$-%$ &8,(20+&%20. 1$- +,-)(%&%-6

$%&'()*)& &'- (* 6*&+ 1+ 10..%+&  !"

7. %+0)9$+& 1&.- ($ %&'($&) !! ($- +,-)(%&%- -)+ (& '&-$ 1$ 10..,$-  !" &9$/ ).$

+$*+,-$.%&%20. 1$- &//0+1- &'-0()$ &9$/ *+2-$ $. /08*%$ 1$- %+&.-*0-2%20.- 1&.- (& +$/;$+/;$

15&(2<.$8$.% (0/&( $% ). -/0+$ 1$ -)'-%2%)%20. )%2(2-&.% (& /0.-0.&./$ =1,B.2$ %&'($&) LZ>

$% ($ 801$6 C$- +,-)(%&%- -0.% -&%2-M&2-&.%- =0.685 *0)+ ($ *+$82$+ .29$&)>@ 8E8$ -52(- -$



 !"! #$%$&'($)* +,)(+ -*./+,0+- 12'003(1-  ! 

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

"#$%#&' 0.840 0.884 0.892

()*+' ,-#$.'/ 0.851 0.888 0.897

0'&1%2+ 0.272 0.462 0.524

(3$/3$%$*' 0.870 0.894 34536

(3$/3$%$*' '. 431' 34789 0.894 34536

4'5&+ !5 6 78*%*#.9 1'/ 1#:9&'$./ /*3&'/ 1' /-;/.#.-.#3$ <3-& +' *%+*-+ 1' /#=#+%&#.9 /-&

+% ;%/'  !"">

 '& $#?'%- 5$1 $#?'%-

43)'$$' 0.685 0.732

4'5&+ !! 6 @9/-+.%./ 1- *%+*-+ 1' /#=#+%&#.9 /-& +% ;%/' #$%>

&9?A+'$. #$B9&#'-&/ C *'-D #//-/ 1' +% ;%/'  !""> ('/ 1#:9&'$*'/ /' E-/.#F'$. <%& +G%;/'$*' 1'

?'&/#3$/ &#H3-&'-/'='$. #1'$.#,-'/ 1%$/ +% ;%/' #$%I *3$.&%#&'='$. C +% ;%/'  !""> J3-&

159 =3&*'%-D K/-& 275LI +'/ %-.&'/ ?'&/#3$/ 1- .#.&' 1' +% &',-M.' 3**-<'$. +'/ <&'=#A&'/

<+%*'/ 1- *+%//'='$. 1' /#=#+%&#.9>

:4,4946 ;"+!<'&*"+

0% *3=<%&%#/3$ %?'* +% =9.231' <&9/'$.9' <%& N' O%%/ PNOQRSTU =3$.&' ,-' +G%+#H$'V

='$. +3*%+ /' &9?A+' '8*%*' +3&/,-' +G3$ *2'&*2' C '/.#='& +% /#=#+%&#.9 '$.&' /9,-'$*'/ 1G%*V

*3&1/I '$ <&9/'$.%$. -$' &3;-/.'//' %-D ?%&#%.#3$/ 1G%**3&1/ '. '$ /' =3$.&%$. %#$/# *%<%;+'

1G'/.#='& *3==' /#=#+%#&'/ 1'-D /9,-'$*'/ 1G%**3&1/ <&9/'$.%$. *'&.%#$'/ 1#:9&'$*'/ K#$V

/'&.#3$/ 1G%**3&1I .&%$/<3/#.#3$/I '$&#*2#//'='$./L> 0G%13<.#3$ 1G-$' &'<&9/'$.%.#3$ %;/3+-'

1'/ %**3&1/ %?'* -$' <&#/' '$ *3=<.' 1'/ .&%$/<3/#.#3$/ 1%$/ +% =9.231' 1G%+#H$'='$. +3*%+

<'&='. '$ 3-.&' 1G3;.'$#& 1' ='#++'-&'/ <'&B3&=%$*'/ ,-G%?'* -$' &'<&9/'$.%.#3$ &'+%.#?'

1'/ %**3&1/ C +% .3$%+#.9 H9$9&%+' 1- =3&*'%-> (' &9/-+.%. <'-. $3.%=='$. /G'D<+#,-'& <%&

+G3**-&&'$*' 1' =31-+%.#3$/I ,-# $G3$. <%/ 9.9 %$$3.9'/I 3- <+-/ H9$9&%+'='$. 1G'&&'-&/

1%$/ +'/ .3$%+#.9/ %$$3.9'/> 7$F$I #+ %<<%&%#. ,-' 1' /#=<+'/ /*3&'/ 1' /-;/.#.-.#3$ 13$V

$'$. 9H%+'='$. 1' ;3$/ &9/-+.%./> ('+% .'$1 '$*3&' C <&3-?'& ,-' *'..' '8*%*#.9 '/. 1-'

%- <&#$*#<' H9$9&%+ 1' +% &'*2'&*2' 1G%+#H$'='$. +3*%+I '. $3$ <%/ C +G%8$%H' <%&.#*-+#'&

1'/ /*3&'/ 1' /-;/.#.-.#3$>

0'/ .&%?%-D <&9/'$.9/ 1%$/ *'..' /'*.#3$ 3$. B%#. +G3;E'. 1' <-;+#*%.#3$ '$ *3$B9&'$*'

#$.'&$%.#3$%+' PO@@SW%U>



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

 !" #$%$&'($)* +'(%,-$./0 1 2'()$( 30 4*./0-504 36'55,(3 047

)$%*04

#$% &'() *%) +,-,./0-%) -%*,0(&) 1 *, 2'.+,-,()'$ 3% )456%$2%) 37,22'-3) 348$() 9,*(:$%;

.%$0 *'2,*< )2'-% 3% )(.(*,-(04 3%) '+4-,0('$) 4*4.%$0,(-%)=< (* %)0 )'6>,(0,?*% 3% @4-(8%- )(

*, -%2>%-2>% 3% )(.(*,-(04 +%60 60(*()%- 3%) )456%$2%) 37,22'-3) %)0(.4%)< %0 $'$ +*6) ,$;

$'04) +,- 3%) 60(*(),0%6-) 9@'(- 8:6-% AA=B C7'?D%20(& +-($2(+,* 3% *, -%2>%-2>% +,- )(.(*,-(04

%)0 %$ %E%0 3% +'6@'(- F0-% ,++*(2,?*% 1 0'60% ?,)% 3% 3'$$4%) .6)(2,*%< ),$) $42%))(04

37,$$'0,0('$) +-4,*,?*%)B G* +,-,(0 3'$2 ($04-%)),$0 3% @4-(8%- )( *, .%)6-% 3% )(.(*,-(04

-%)0% %H2,2% %$ ($04:-,$0 *%) %--%6-) 4@%$06%**%) %$:%$3-4%) +,- *7%)0(.,0('$ 3%) ,22'-3)B

I($)(< *% )J)0/.% +-4)%$04 2>,+(0-% K )%-, (2( 60(*()4 +'6- %)0(.%- *%) ,22'-3) 3%) .'-2%,6L<

,@,$0 3% +-'243%- 1 *, 2'.+,-,()'$ 3% 2%) )456%$2%) 37,22'-3)B

 !"!# $%&%'()%*+ ,()&-.%/01 21 &03%/01 34&5-'%/01

M'6) 2'$)(34-'$) 6$% ?,)% 3% 3'$$4%) 3% 1000 82>(%-) NGOG 2'**%204) )6- G$0%-$%0< %0

3'$0 *, 56,*(04 , 404 @4-(84% +,- $') )'($)B P,-.( 2%) 1000 82>(%-)< 850 -%+-4)%$0%$0 3%)

0(0-%) 6$(56%)< %0 150 -%+-4)%$0%$0 3(E4-%$0%) @%-)('$) 3% 43 0(0-%) 3()0($20)< &'-.,$0 ,($)(

43 2*,))%) 3% 0(0-%) 9,@%2 6$% .'J%$$% 3% !<QR @%-)('$) 3(E4-%$0%) +,- 2*,))%=B S'..% $'6)

*7,@'$) .%$0('$$4 +-4243%..%$0< *%) @%-)('$) 376$% .F.% 2*,))% +%6@%$0 )% 3()0($:6%- 3%

3(E4-%$0%) .,$(/-%) T ,--,$:%.%$0) 3(E4-%$0)< -%+-()%)< )0J*%) .6)(2,6L 3(E4-%$0)< %02B G*

%)0 1 $'0%- 56% 3,$) 6$% .F.% 2*,))%< 3%6L @%-)('$) )'$0 $42%)),(-%.%$0 3()0($20%)B C%

+-'0'2'*% 374@,*6,0('$ %)0 (3%$0(56% 1 2%*6( +-4)%$04 3,$) *, )%20('$ AB B C, )%6*% 3(E4-%$2%

+-'@(%$0 3'$2 36 &,(0 56% *%) )456%$2%) 37,22'-3) 60(*()4%) +'6- *, 2'.+,-,()'$ $% +-'@(%$;

$%$0 +*6) 37,$$'0,0('$)< .,() )'$0 %)0(.4%) :-U2% ,6 )J)0/.% +-4)%$04 %$ )%20('$ KB" 9@'(-

8:6-% AA=B

C% 0,?*%,6 !Q 340,(**% *%) -4)6*0,0) 3% *, -%2>%-2>% 3% )(.(*,-(04< %$ 2'$)(34-,$0 )622%);

)(@%.%$0 *%) 150 -%56F0%) 2'--%)+'$3,$0 ,6L 3(E4-%$0%) @%-)('$) 3%) Q! 2*,))%) 3% 0(0-%)B C%

+-%.(%- $(@%,6 %)0 3% 0.68 %0 ($3(56% 3'$2 6$% +-42()('$ ($04-%)),$0% T +'6- 19 2*,))%) 3%

0(0-%)< 0'60%) *%) ,60-%) @%-)('$) 3% *, -%56F0% ,--(@%$0 ,6L +-%.(/-%) +*,2%)< %0 2%*, 56%**%

56% )'(0 *, -%56F0%B P*6) 376$ 0(%-) 951 )6- 150= 3%) -%56F0%) 3'$$%$0 *%) ,60-%) @%-)('$) 36

.F.% 0(0-% %$ 0F0% 3% 2*,))%.%$0B P*6) 3% VKW 9116 )6- 150= 3%) -%56F0%) @'(%$0 ,6 .'($)

6$% 3%) ,60-%) @%-)('$) 36 .F.% 0(0-% ,--(@%- %$ 0F0%B

X$ $'0% 4:,*%.%$0 56% *%) %--%6-) +-'@(%$$%$0 3% 3(E4-%$2%) .6)(2,*%) $'0,?*%) %$0-% *%)

.'-2%,6L 376$% .F.% 2*,))%B M'6) ,@'$) +,- %L%.+*%< %0 1 0(0-% 3% 0%)0< 2'$)(34-4 3%6L

@%-)('$) 3(E4-%$0%) 3%  !"# $#  !%# 3% S'*3+*,J< %0 6$% @%-)('$ 3% &' & ()*$% +$, 3% Y'%

Z,0-(,$(B S%) 3%6L .'-2%,6L +-4)%$0%$0 6$% -%))%.?*,$2% .6)(2,*% 56( , -42%..%$0 &,(0

34?,0 3,$) *% .(*(%6 +'+[-'2\< Z,0-(,$( %$:,:%,$0 .F.% 6$ -%2'6-) %$ D6)0(2% +'6- +*,:(,0



 !"! #$%$&'($)* +'(%,-$./0 1 2'()$( 30 4*./0-504 36'55,(3 04)$%*04  !!

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

0.68 0.73 0.75 0.78

7'8&0 !/ 0 123(45'53 "$ (5%4%3'$5 4" 363578" *9"35%8'5%:$ *9';;:#*3<

=;" #";:(#3 "35 '(>:(#*9?(% ;4:3@ 4"3 *"(A B'#5%"3 '6'$5 5#:(&2 ($ '##'$C"8"$5D< E" 363578"

B"#8"5 *" 8"55#" "$ 2&%*"$;" ($" F:#5" #"33"8G4'$;" "$5#" 4"3 *"(A &"#3%:$3 *%H2#"$5"3 *"

 !"# $#  !%#@ 8'%3 $9"35%8" B'3 *" 3%8%4'#%52 B'#5%;(4%7#" "$5#" ;"3 *"(A &"#3%:$3 "5 &' &

()*$% +$,< I";% "35 "AB4%;'G4" B'# 4' ;:8B4"A%52 *"3 *%H2#"$;"3 "$5#" ;"3 *"(A 8:#;"'(A

=*%H2#"$5"3 35#(;5(#"3@ *%H2#"$53 ;:(B4"53@ "5;D<

,$ ;:$35'5" J(" 49%$52C#'5%:$ *( 363578" *9"35%8'5%:$ *9';;:#*3 "5 *" 5:$'4%523 B#23"$52

"$ K<) B#23"#&" 4' B#2;%3%:$ *" 49"35%8'5%:$ *" 3%8%4'#%52 ?'#8:$%J(" 3(# *"3 32J("$;"3

'$$:52"3@ "$ B#23"$5'$5 ($" "L;';%52 ;:8B'#'G4" 3(# 4"  "# $%&"'( "5 4" )$* $%&"'(< I"3

#23(45'53 :$5 F'%5 49:G>"5 *9($" B(G4%;'5%:$ "$ ;:$F2#"$;" %$5"#$'5%:$'4" MN11.OGP<

 !"!" #$%$&'($)* +'(%,-$./0 10 2$3-'/4 2,-,(02 %/2$5'/4

Q$ *"3 B#:G478"3 ;"$5#'(A *" 4925(*" *" 3%8%4'#%52 ?'#8:$%J(" *" 8(3%J(" '(*%: "35
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