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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+

<8=&*) 01%1>
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2'3*&# 2D L M%*10N%*, 1*,.%*, ). 1*#.*+ FGH>22I )* J343 F5-83
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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

;% B@2*(   4*0,(+)( 2+ ,&@+%# %2'&. +2/0*&82( (+ *(4*0,(+)%)&.+ )(/4.*(##(3 () (+
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'%+6( (+)*( #(, P '(/&O).+, '( #% @%//( 6<*./%)&82( ,2* )*.&, .6)%J(, () #(2*, -*082(+6(,

-.+'%/(+)%#(, *(,4(6)&J(,:
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∑
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δ(x, y) = i+ j + k
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x = (CM , CM ) y = (GM , GM )

y = (GM , GM ) i j

k

y x

x = (CM , CM ) y = (GM , GM )
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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

m

f

m(f) = 12 log2(f)− log2(8, 1758))

lj(n)

lj(n) = max
h∈N,i∈Cj

({ρh| (m(fh,i)) = n} ∪ {0})
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-(% 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

49%*"$5%R;'5%:$ *" #"B#%3"3@ :( -)"./< I"55" 5S;?" "35 ;:8B4"A"@ ;'# "44" 8"5 "$ >"( 4' $:5%:$
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#$%%&'()* +& ,-./0-* 1$-2* *% t + d3 &4*# d > 05 6*. 7+()*. ,28/&%. #*%()2. *% t3 $- +9&:;

:)$#<* ,-+(/;)2.$+-(/$%. -(/+/.&%( 8*. /%=$),&(/$%. 8/.:$%/>+*. .*-+*,*%( &:)?. t 8*4)$%(

8$%# @()* ,$8/72.5 A* ,@,*3 :$-) -% ,$)#*&- 89-%* 8-)2* 7%&+* d3 *( &%&+B.2 &- (*,:.

t < d3 +* #<*,/% $:(/,&+ 8&%. +* C)&:<* 8* #&%8/8&(. 1-.0-9&- (*,:. t3 #&+#-+2 &- (*,:.

t3 :*-( 8/D2)*) .*%./>+*,*%( 8- #<*,/% $:(/,&+ 1-.0-9&- (*,:. t #&+#-+2 &- (*,:. d5 E

:$.(*)/$)/3 $% 8*4)& 8$%# #<$/./) *%()* #$%.*)4*) +& .20-*%#* 89&##$)8. *.(/,2. *% 8/)*#(3 $-

#<$/./) 8* )*+&%#*) +*. #&+#-+. :$-) $>(*%/) +& .20-*%#* 89&##$)8. #$))*.:$%8&%( &- #<*,/%

$:(/,&+ :$-) +9/%(2C)&+/(2 8* +9*%)*C/.()*,*%(5

6& ,2(<$8* :)2.*%(2* #<&:/()* F .*,>+* 8$%# :$-4$/) @()* &8&:(2* &-G #$%()&/%(*. 8*

(*,:. )2*+3 ,&/. %$% .&%. 0-*+0-*. ,$8/7#&(/$%.5 H$-) .* +&%#*) 8&%. -%* (*++* &8&:(&(/$%3

/+ .*)&/( &/%./ .$-<&/(&>+* 8* 82>-(*) :&) +* #&+#-+ *% (*,:. )2*+ 8*. 4*#(*-). #<)$,&3

:-/. 89&1$-(*) -%* I -%* +*. #$,:$.&%(*. 8* +& ,2(<$8* J2%-,2)&(/$%. 8*. #&%8/8&(.3

#$%.(/(-(/$% :&)(/*++* 8- C)&:<*3 .2+*#(/$% *( &K#<&C* 8- #<*,/% $:(/,&+ &- (*,:. tL5

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

2$31&'  ! " #$% &%'&()%$*+*,-$ .%) +//-&.) 0+1 .%))1) .%) '+&-2%)3 1*,2,)() '-1& 2+ /4+$)-$

 !  "#$%& '(% )*+$&5 ,$*%&'&(*(% '+& 6-$7 8%$$%**9

:-;;% -$ '%1* 2% <(&,=%& )1& 2+ =>1&%  !5 2% .,/*,-$$+,&% .% *7'% .?+//-&.) >($(&+2%@

;%$* 1*,2,)( '-1& +$$-*%& .%) ',A/%) .% ;1),B1% .('+))% 2%) )%12) *7'%) ;+C%1&)D;,$%1&)5

+<%/ 2?%;'2-, E&(B1%$* .?+//-&.) .% )%'*,A;% %* .% $%1<,A;% '+& %F%;'2%9 :%&*+,$) )*72%)5

/-;;% 2% C+GG -1 2% H21%)5 )-$* +,$), .,I/,2%;%$* .(/&,*) J 2?+,.% .%) )%12%) *&,+.%) ;+C%1&%)

%* ;,$%1&%)9

K% )7)*A;% '&()%$*( .+$) 2% /4+',*&% L %)* /-;'+*,H2% +<%/ 2?+.-'*,-$ .?1$ .,/*,-$$+,&%

.?+//-&.) (*%$.19 M-1& 2?+.+'*+*,-$ J 2+ ;1),B1% )7;H-2,B1%5 ,2 %)* $(/%))+,&% .% .(=$,& .%

$-1<%22%) &A>2%) .% &%/4%&/4% .% ;-*,E) '-1& 2%) $-1<%+1F *7'%) .?+//-&.) /-$),.(&() 0-$

*&-1<%&+ .%) %F%;'2%) .% &A>2%) %$ E-$/*,-$ .%) ;-*,E) &%/4%&/4() %$ L9N9N9N39 :-$/%&$+$*

2?+.+'*+*,-$ +1 ),>$+2 +1.,-5 ,2 %)* '+& %F%;'2% '-)),H2% .% /-$)*&1,&% 2%) <%/*%1&) ;-.A2%)
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#$ %&''())( *+( )( ,(-.(+% /012)( 1( )& .%3&1( 1( 40 5&6(+% 7.&3. &3$83 )( 8+3,&$. 9

(1, 0, 0, 0, 1, 0, 0, 1, 0, 0, 0, 0)

#$ '(+. &3$83 3/&:3$(% +$ ,(-.(+% /012)( 1( );&--0%1 1( 40 43/3$+7 -0//( 7.&$. )(

8+3,&$. 9

(1, 0, 0, 1, 0, 0, 1, 0, 0, 1, 0, 0)

<7&$/03$8= );3$.7:%&.30$ 1( -(8 $0+,(&+> .?'(8 1;&--0%18 %38*+( 1;3$.%01+3%( 1( $0/@

A%(+8(8 (%%(+%8 )0%8 1( );&$&)?8( 9 )(8 &--0%18 1( .%3&1(8 /&6(+%(8B/3$(+%(8= :7$7%&)(/($.

%($-0$.%78 ($ /+83*+( '0'= '(+,($. 8( %(.%0+,(% ($ /3$0%3.7 1&$8 )( 13-.30$$&3%( 1;&--0%18

7.($1+C D) ($ %78+).( &3$83 1( '0.($.3())(8 (%%(+%8C <0+8 '0+,0$8 $0.&//($. -0$8.&.(% -(..(

-E+.( 1( )& '%7-3830$ 1&$8 )( .&A)(&+  F= 0G 8(+)(/($. 1(+> .?'(8 1;&--0%18 H.%3&1(8= (.

$0$@.%3&1(8I 7.&3($. -0$8317%78 (. 0G $0+8 &,0$8 -0$8.&.7 +$( A&388( 1( )& '%7-3830$ 1+

8?8.2/( )0%8 1( );(8.3/&.30$ 1+ .?'(8 1(8 &--0%18C J;(>.($830$ 1+ 13-.30$$&3%( 1;&--0%18

'%38 ($ -0/'.( 8(/A)( 10$- -0$8.3.+(% +$( .K-E( 17)3-&.(C

D) (8. -('($1&$. '0883A)( 1( -0$8317%(% ')+83(+%8 8.%&.7:3(8 '0+% 3$.7:%(% 1( $0+,(&+>

&--0%18 8&$8 %38*+(% 1;&L(-.(% )& '%7-3830$ 1+ 8?8.2/(C M&%/3 -(8 8.%&.7:3(8= 0$ 138.3$:+(%& 9

N );&10'.30$ 1;+$( '0$17%&.30$ '0+% )(8 &--0%18 *+3 &''&%&388($. ')+8 %&%(/($. H)(

.?'( 1;&--0%1  !" # $% '&% (>(/')(IC #$ '(+. &3$83 3/&:3$(% *+( -(8 &--0%18 &+%0$.

/03$8 1( -E&$-( 1;O.%( 87)(-.30$$78 -0//( -&$131&.8= (. &10'.(% +$( %2:)( *+3 1(,%&

O.%( 8&.38P&3.( '0+% *+;3)8 803($. 7$+/7%78C M&% (>(/')(= 1('+38 )( 83:$&) &+130= )&

,&)(+% 1( -0%%7)&.30$ ($.%( )( ,(-.(+% -E%0/& (. )(8 ,(-.(+%8 /012)(8 1;&--0%1 1(,%&

O.%( 8+'7%3(+%( Q +$ 8(+3)C R( 8(+3) '0+%%&3. O.%( S>7 8()0$ 1(8 %2:)(8 /+83-&)(8= 0+

A3($ '&% &''%($.388&:(C

N +$( '%7@-0$$&388&$-( 1+ 8.?)( 9 8()0$ )( 8.?)( /+83-&)= )( 13-.30$$&3%( 1;&--0%18 7.($1+

'0+%%& O.%( %(8.%(3$. &+> .?'(8 1;&--0%18 &?&$. )& ')+8 :%&$1( '%0A&A3)3.7 1;&''&%3@

.30$ 1&$8 )( 8.?)( -0+%&$.C T3$83= )(8 &--0%18 1( 8('.32/( 0$. +$( P0%.( .($1&$-( Q

&''&%&U.%( 1&$8 )( 8.?)( A)+(8 H,03% S:+%( VWI .&$138 *+( )(8 &--0%18 1( $(+,32/( 0+

1( .%(3X32/( 0$. ')+.Y. .($1&$-( Q &''&%&U.%( 1&$8 1(8 8.?)(8 ')+8 83$:+)3(%8= -0//(

)( A(@A0' H,03% S:+%( V IC

J;&10'.30$ 1;+$ 13-.30$$&3%( 1;&--0%18 7.($1+ 103. 10$- 8( P&3%( '%0:%(883,(/($.= &S$

1( -0/'%($1%( (. 1( %(8.%(3$1%( )(8 (%%(+%8 ($:($1%7(8 '&% -(8 -0$8317%&.30$8C R('($1&$.=

)(8 '(%8'(-.3,(8 /+83-&)(8 80$. (>.%O/(/($. 3/'0%.&$.(8 (. 3$.7%(88&$.(8= (. 3) 8(%& A3($.Y.

$7-(88&3%( 1( -0$8317%(% 1;&+.%(8 &--0%18 *+( )(8 83/')(8 .%3&1(8 /&6(+%(8 (. /3$(+%(8 '0+%

7.($1%( )( -E&/' 1;&'')3-&.30$ 1( -(8 %(-E(%-E(8C

R(8 *+(8.30$8 80$. &-.+())(/($. &+ -($.%( 1( );&..($.30$ 1(8 -E(%-E(+%8 1+ 10/&3$( 5DZC
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2$31&' " # $% &'()*+( ,& -* .)+--& ,/*001),2 ,&  !"#$% &' ()'"*"+3 ,& 4+556 7+--&28+&3

*88*)(&%*%( *9 2(6-& :&;:18<

2$31&' "= # $%& )&8)>2&%(*(+1% ,&2 *001),2 ?*9 ,&2292 ,&2 8*)1-&2@ 9(+-+2>2 819) -* 0A*%21%

($, ($-".. &* /0',3 ,& B<B< C+%.3 *88*)(&%*%( *9 2(6-& :-9&2<

D/*001), 8*22> &% =E E

 

&%()& -&2 8*)(+0+8*%(2 F -* (G0A&  )1"0 2$0-1 3*%"4+%"0' ,9

HIJKL 8)>2&%(2 F -* 01%M>)&%0& INHIJ3 F $()&0A(3 8)1812& *+%2+ ,/*,18(&) 9% ,+0(+1%;

%*+)& ,/*001),2 >(&%,93 &( ,& 8)1.)&22+O&P&%( *:*%,1%%&) -* )&2()+0(+1% *9' 2&9-2 *001),2

,& ()+*,&2 P*Q&9)&2RP+%&9)&2< D&2 2+.%*(*+)&2 ,& 0&( *001), 1%( *00&8(> ,/+%2(*9)&) 8)1;

.)&22+O&P&%( 9%& >O*-9*(+1% (&%*%( 01P8(& ,/9% ,+0(+1%%*+)& ,/*001),2 >(&%,9 819) -*

(G0A&  )1"0 2$0-1 3*%"4+%"0' ,9 HIJKL<

 !"!# $%&'()*&+,% -./ +%0,)1*&+,%/ -. /&)23&2).

S&)(*+%2 *001),2 )>8>(>2 *9 019)2 ,& ,+T>)&%(2 0198-&(23 8*) &'&P8-&3 8&9O&%( 8)>2&%;

(&) ,&2 ,&20)+8(&9)2 ,+T>)&%(2 ?,92 F 9%& ,+T>)&%0& ,& -+.%& P>-1,+U9& *9 0A*%( &%()& 0&2

0198-&(23 8*) &'&P8-&@< S&2 ,&20)+8(+1%2 ,+T>)&%(&23 ,*%2 -&2 O&0(&9)2 0A)1P*3 8&9O&%(

01%,9+)& F 9%& &2(+P*(+1% 01))&0(& 819) 9% ,&2 0198-&(23 P*+2 &))1%>& 819) 9% *9()&< D/+%;

(>.)*(+1% ,&2 +%M1)P*(+1%2 ,& 2()90(9)& 819))* +,&%(+V&) -&2 8*)(+&2 )>8>(>&23 &( 8&)P&(()&

,& 01))+.&) -/*001), &))1%> &% 01%2+,>)*%( U9/+- &2( 9%& )>8>(+(+1% ,& -/*001), 01))&0(&P&%(

&2(+P><

S1PP& -/1%( 29..>)> -&2 ()*O*9' ,& H*90A WHX4EYZ3 -* 8)+2& &% 01P8(& ,&2 +%M1)P*(+1%2

,& 2()90(9)& 8&)P&( 9%& *P>-+1)*(+1% ,& -* 8)>0+2+1% ,& -/&2(+P*(+1% ,&2 *001),2< H*90A

9(+-+2& *+%2+ 9%& ,>(&0(+1% ,& 2()90(9)&3 &( 8)1812& ,& P16&%%&) &%()& &--&2 -&2 8*)(+&2 ,& 0&

0A)1P*.)*PP& 01))&281%,*%( *9' ,+T>)&%(&2 +%2(*%0&2 ,/9% P[P& P1(+M )>8>(> ?0198-&(

19 )&M)*+%3 8*) &'&P8-&@<
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 !"! #$%&'$()*+$&  !"

#$%& '($'$&$)& *+%,-.-&/( .+-)0$(12,-$) &,(%3,%(/../ 4-&&%/ */ 56789  :; /, 2''.-<%=/ 2%

3>($12?(211/ */ (=&$.%,-$) @!A 1&B */ .2 12)-C(/ &%-D2),/ E &- ./& i D/3,/%(& 3>($12

Cxi &$), (='=,-,-$)& ./& %)& */& 2%,(/&; /, (/'(=&/),/), '2( 3$)&=<%/), ./ 1F1/ 233$(*; -.&

*$-D/), '2(,2?/( ./& 1F1/& 32)*-*2,& 233$(*&G H- %) 233$(* A /&, 32)*-*2, '$%( %) */&

D/3,/%(& 3>($12 Cxi; -. /&, 2-)&- =)%1=(= '$%( ,$%& ./& D/3,/%(& 3>($12 CxiG I) ,($%D/(2

%)/ -..%&,(2,-$) */ 3/,,/ '($3=*%(/ J?%(/ @AG

,*-.%$ @A K LM/1'./ *+%,-.-&2,-$) */& (='=,-,-$)& /),(/ D/3,/%(& 3>($12 '$%( ./ &N&,C1/

*+/&,-12,-$) *+233$(*&G O/& ,($-& D/3,/%(& 3>($12 (='=,=& PM ; PMQ /, PMA '/%D/), '2(,2?/(

./& 1F1/ 32)*-*2,& 233$(*&; '%-&<%+-.& &$), 3/)&=& (/'(=&/),/( ./ 1F1/ 233$(*G

R. /&, =?2./1/), '$&&-S./ *+2''.-<%/( 3/,,/ 1-&/ /) 3$11%) */& 32)*-*2,& /) 3$)&-*=(2),

./& D/3,/%(& 3>($12 -&&%& */ *-T=(/),/& ,2-../& */ ,(21/&G I) '($'$&/ 2-)&- %)/ /M'=(-/)3/

'/(1/,,2), *+=D2.%/( .+2''$(, */ '.%&-/%(& 3$)J?%(2,-$)& E

K  ! "# E ,$%& ./& 32)*-*2,&; <%/../ <%/ &$-, ./%( $(-?-)/; &$), 1-& /) 3$11%) 43$11/

-..%&,(= J?%(/ @AB;

K $!%& ' E ,$%& ./& 32)*-*2,& -&&%& */& ,(21/& */  U" 1& &$), 1-& /) 3$11%);

K #!()' E ,$%& ./& 32)*-*2,& -&&%& */& ,(21/& */ @!A 1& &$), 1-& /) 3$11%);

K *+$,',!( E ,$%& ./& 32)*-*2,& -&&%& */& ,(21/& */  U" 1& &$), 1-& /) 3$11%) &/%./V

1/), &- .+=)%1=(2,-$) $',-1%1 &2)& '(-&/ /) 3$1',/ */& (='=,-,-$)& 2 /)?/)*(= '.%&

*+%) 233$(* 32)*-*2,G
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#$%&'()*+&$ ,*'-.*-'/00/ ,)$, )1/.

2&$34-')*+&$ &5*+(-( *&*)0 .&-'*, 0&$4, 67.+,+&$

8&*/$*+/0 7$-(7'7 9:; <=>  !"! ?">@ ?A>B ? >C

DE 6F)..&'6, .)$6+6)*, 6+G7'/$*,  >@" B>A@ B>@ B>A@  >!C

8'7.+,+&$ 6- ,H,*I(/ 9:; <A>C "?>A "=>= "=>@ !#" 

2"30' @< J 8&*/$*+/0 7$-(7'7K $&(E'/ 6F)..&'6, .)$6+6)*, 6+,*+$.*, 7$-(7'7, /* 5'7.+,+&$

6- ,H,*I(/ 5&-' 0/, .&$34-')*+&$, */$)$* .&(5*/ 6/, '757*+*+&$, 6/, 1/.*/-', .L'&()>

M$ *'&-1/') 0/, '7,-0*)*, 6/ 0F/,*+()*+&$ 6/, )..&'6, ,-' 0) E),/ N/)*0/, 6)$, 0/ *)E0/)-

@<> M$ 5'7,/$*/ 74)0/(/$* ,-' ./ (O(/ *)E0/)- 0/, ,.&'/, '/0)*+%, P 0) .&$34-')*+&$ &5*+Q

()0/ &E*/$-/ /$ A>@>@>B> M$ &E,/'1/ R-/ 0) .&$34-')*+&$  ! "# 5'7,/$*/ 0/ (/+00/-' 5&*/$Q

*+/0 7$-(7'7K /$ '/,*)$* +$%7'+/-' P @ .)$6+6)*, (&H/$, 6+G7'/$*, 5)' *')(/ 7*-6+7/> 2/

5&*/$*+/0 /,* (/+00/-' R-F)1/. @ .)$6+6)*, +,,-, 6F-$/ (O(/ *')(/ 91&+' *)E0/)- B@;K .&$Q

3'()$* 0F)55&'* 6F+$%&'()*+&$, 5/'*+$/$*/, /$ .&$,+67')$* 0/, '757*+*+&$, /$*'/ 0/, 1/.*/-',

.L'&()> M$ $&*/ 74)0/(/$* R-/ 0F)S&-* ,H,*7()*+R-/ 6/, .)$6+6)*, '757*7,K R-F+0 ,F)4+,,/

6/, .)$6+6)*, +,,-, 6/, *')(/, 6/  ?A (, &- 6/ <!@ (,K /$4/$6'/ -$ *'&5 4')$6 $&(E'/

(&H/$ 6/ .)$6+6)*,K /* $/ 5/'(/* 5), )- ,H,*I(/ 6F)(70+&'/' ,) 5'7.+,+&$> T$ '/1)$.L/K

0&',R-/ 0F)S&-* 6/, .)$6+6)*, '757*7, /,* .&$6+*+&$$/0K /* $/ .&$./'$/ R-/ 0/, *')(/, 5&-'

0/,R-/00/, 0F)55'&.L/ (-0*+Q'7,&0-*+&$, 5'&5&,/ 50-, 6F-$ .)$6+6)*K &$ $&*/ -$/ )(70+&')Q

*+&$K (O(/ (&6/,*/K 6/, '7,-0*)*,> 2/.+ 5/-* ,F/U50+R-/' 5)' 0/ %)+* R-/ 0&',R-/ 0F)55'&.L/

(-0*+Q'7,&0-*+&$, 5'&5&,/ 50-,+/-', .)$6+6)*,K 0) *')(/ 7*-6+7/ 5'7,/$*/ -$ ./'*)+$ VW&-VK

/* E7$73.+/ 6/ 0F)55&'* 6F+$%&'()*+&$ /U*7'+/-'/K .&((/ 0/, .)$6+6)*, +,,-, 6/, '757*+*+&$,>

X) 34-'/ <! 5'7,/$*/ 0) 6+G7'/$./ 6/, ,.&'/, 6/ 0F/,*+()*+&$ 6F)..&'6, &E*/$-, /$*'/ 0/,

.&$34-')*+&$, !$ %&'& (")( ( *'+ '*, /* -.+%(%!) ,-' .L).-$ 6/, (&'./)-U 6/ 0) E),/ 6/

6&$$7/,> M$ $&*/ R-/ ,+ 0) 6+G7'/$./ (&H/$$/ .&$,*)*7/ ,-' 0/ *)E0/)- @< /,* %)+E0/K ./'*)+$,

(&'./)-U E7$73.+/$* 4')$6/(/$* 6/ 0F)55&'* 6/ 0F+$%&'()*+&$ ,*'-.*-'/00/ Y " (&'./)-U

1&+/$* (O(/ 0/-' ,.&'/ )-4(/$*/' 6/ 50-, 6/ A:> X/ (&'./)- /")("( 0% 1 .&$$)Z* (O(/

-$/ )-4(/$*)*+&$ ,-57'+/-'/ P  C: 9  >?:;>

2/, '7,-0*)*, (&$*'/$* R-F-$/ 5'+,/ /$ .&(5*/ 6/ 0) ,*'-.*-'/ (-,+.)0/K P *')1/', 0/,

'757*+*+&$, /$*'/ 1/.*/-', .L'&()K ,/(E0/ O*'/ 5'&(/**/-,/ R-)$* P 0F/[.).+*7 6/ 0F/,*+()Q

*+&$ 6F)..&'6, 5&-' 0/ ,H,*I(/ 5'&5&,7>

 !"!# $%&'&()%&*+ ,- .-/.*01-2-+%( (033-((&4( ,- 5-3%-0.( 36.*2)

X) *L7&'+/ 47$7')*'+./ 6/ 0) (-,+R-/ *&$)0/ \X]?A^ &- 6/ 0F)$)0H,/ ,.L/$_/'+/$$/ \`.L@A^K

*&-*/, 6/-U 5'7,/$*7/, ,/.*+&$ @>BK ,/ 5'&5&,/$* 6/ '/4'&-5/' 6/, $&*/, ,-../,,+1/, /$ *.2

-'+ %!)( 9&- .#"3!*" %!)(;K )1)$* 6/ '/4'&-5/' ./, '76-.*+&$, /$*'/ /00/,> #0 /,* 5&,,+E0/ 6/

'/4'&-5/' -$/ '76-.*+&$ )1/. -$/ $&*/ )6S)./$*/K '7,-0*)$* /$ -$/ $&-1/00/ '76-.*+&$> #0 /,*
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,*-.%$ "! # $%&'()*+) )*,() -). .+/(). 0) -1).,%23,%/* 013++/(0. /4,)*5. )*,() -). +/*6758

(3,%/*  !"#$%$ &'(& &")%*"%)+ ), ,-*#&# ( .5( +93+5* 0). 2/(+)35: 0) -3 43.) 0) 0/**').;

</..%4-) 01%237%*)( ()7(/5<)( +)(,3%*. =)+,)5(. +9(/23 +/*.'+5,%>. 03*. -) +9(/237(322)

)*,() )5:? 36* 01/4,)*%( 0). /4@),. A5) -1/* </5((3%, A53-%6)( 0) $-"'.*/) $'&? ), A5%

</5((3%)*, B,() ()7(/5<'. C 0). =)+,)5(. +9(/23 D/5 C 0135,(). 2',38+9(/23.E 30@3+)*,.;

F* <(/</.) 3%*.% 5*) ):<'(%)*+) .%2<-)? +/*.%.,3*, C ()7(/5<)( +)(,3%*. =)+,)5(. +9(/23

+/*.'+5,%>. .)-/* 5* +(%,G() 0) .%2%-3(%,'; H). 2',38+9(/23. 3%*.% >/(2'. /*, </5( =3-)5(

-3 2/I)**) 0). +/2</.3*,). ().<)+,%=). 0) =)+,)5(. +9(/23 -). +/*.,%,53*,; F* -34)--%.)

)*.5%,) -). 2',38+9(/23. <3( 5* 3++/(0 D<3( 23:%252 0) +/(('-3,%/* 3=)+ 0). =)+,)5(.

2/0G-) 013++/(0.E; J*) >/%. +)(,3%*. 3++/(0. 0'6*%.? %- .)(3 </..%4-) 0) (3,,3+9)( 0135,().

=)+,)5(. +9(/23 30@3+)*,.? .)-/* 5* 35,() +(%,G();
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