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« La théorie, c'est quand on sait tout et que rien ne fonctionne. La pratique, c'est quand tout fonctionne et que 

personne ne sait pourquoi. Ici, nous avons réuni théorie et pratique : rien ne fonctionne... et personne ne sait 

pourquoi ! » 

 

Albert Einstein!
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(2%0!.%!'%36+!6(&!6(.)%&!<!BK#!I!;)@-!<!^B!3)*/'%+!F2)%)..)++%3%*'!,%!'86%!WWW!%*!'/&4/1)+%!P(=.%(/!CJ?!!

D9%++()!!UCB5
[
FµJ!(!+/=)'!/*!2)%)..)++%3%*'!%*!+(/'+!,%!61'%*')%.!(2%0!,%/@!$]!+'&)66)*7K!F2)%)..)++%3%*'!

C!%*!1&(*7%K!P(=.%(/!CJ!(2%0!/*%!6-&)1,%!,%!^B!3)*/'%+!F-4/)2(.%*'!<!.9%++()!!UCB5
#
FµJ!J?!!

D(! c)7/&%! ^B! 6&-+%*'%! .(! 01/.13-'&)%! ,/! +8+'Z3%! 6%*,(*'! /*! +(/'! ,%! 61'%*')%.?! D%! +8+'Z3%! 3%'!

%*2)&1*!CB! +%01*,%+!61/&! +%! +'(=).)+%&! (6&Z+! .%! +(/'?! $9%+'! <!6(&')&! ,%! 0%! &-+/.'('! 4/%!*1/+! (21*+!,-0),-!,%!

&-(.)+%&!.9%++()!!UCiC5
[
FµJ!,1*'!.(!6-&)1,%!%+'!,%!C!3)*/'%!F2)%)..)++%3%*'!W!%*!&1+%K!P(=.%(/!CJ?!

!

!"#$%&':;?'S1$%K&'.&'b'B2?'/&,-2'31%2'.$'-+22+#&'.&';T('O';T_'Jc*A5?'

!

D%+! &-+/.'('+!-.%0'&105)3)4/%+!61/&! .9%++()+!!UCB5
[
FµJ! ! %'!!UCiC5

[
FµJ!4/)! +)3/.%*'!,%+!2)%)..)++%3%*'+!

&(6),%+! %*! +(/'+! ,%! 61'%*')%.+! (2%0! &%+6%0')2%3%*'K! /*%! 6-&)1,%! ,%! ^B!3)*/'%+! %'! C!3)*/'%K! &-2Z.%*'! /*%!



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

)

!

! CCl!

(/73%*'(')1*!*1*!*-7.)7%(=.%!,/!,)(3Z'&%!318%*!,%+!E'!%'!,1*0!/*%!,)3)*/')1*!,%! .oU$_RL!F)J!D9()&%!,%!$]M

+'&)66)*7!F3(&4/%/&!C^J!%'!,%!pmET!F3(&4/%/&!CdJ!,)3)*/%*'!&%+6%0')2%3%*'!,%!CB!%'!dKO!a!Fc)7/&%!["JK!F))J!.%!

61'%*')%.!,%!6)0!,%!$]!+'&)66)*7!F3(&4/%/&!CO!%'!c)7/&%![lJ!+%!,-0(.%!2%&+!.%+!61'%*')%.+!*-7(');+!,9%*2)&1*!CB!

3I! (/! 01/&+! ,/! 2)%)..)++%3%*'K! F)))J! .%! 6)0! ,%! &-,/0')1*! ,%+! 1@8,%+! ,%! E'! F3(&4/%/&! C"J! +%! ,-0(.%! 2%&+! .%+!

61'%*')%.+!61+)');+!,9%*2)&1*![B!3I?!U*;)*!.9-21./')1*!,/!01/&(*'!,%!,1/=.%!01/05%!F3(&4/%/&![BJ!31*'&%!4/%!

.%+! ;1*0')1*+! ,%! +/&;(0%! ,/! 0(&=1*%! 1*'! 05(*7-%+! F2(&)(')1*! ,%! BKB^! %'! BKBO! 3RJ?! $%0)! %+'! .%! +)7*%! ,9/*%!

(/73%*'(')1*! 7.1=(.%! ,%! .(! '()..%! ,%+! *(*16(&')0/.%+! ,%! 6.(')*%! %'! ,9/*%! ;1*0')1**(.)+(')1*! ,/! 0(&=1*%! F4/)!

6%/'!+)7*%&!+(!01&&1+)1*J?!

!

D95)+'17&(33%!,%!.9%++()!UCB5
#
FµJ!!Fc)7/&%!^CM,JK!&-2Z.%!4/%!.(!'()..%!318%**%!,%+!6(&')0/.%+!(/73%*'%!

,%! ^B!a?! D91=+%&2(')1*! ,-'()..-%! ,%! 05(4/%! ;(3)..%! ,%! 6(&')0/.%+!31*'&%! 4/%! .%+! &1*,%+! *%! 7&1++)++%*'! 6(+K!

'(*,)+! 4/%! .%+! 12(.%+! %'! .%+! (77.13-&('+! 6&%**%*'! 05(0/*%!%*2)&1*![B!a!%*! '()..%?! D%! ;()'!3(&4/(*'! %+'! /*%!

(/73%*'(')1*!)361&'(*'%!,%!.(!6&161&')1*!,%!6(&')0/.%+!12(.%+!1/!(77.13-&-%+K!&%+6%0')2%3%*'!,%!#B!a!%'!,%!

CCB!aJ?!T(*+!.%!3X3%!'%36+!/*%!=()++%!,%!^B!a!,/!*13=&%!,%!6(&')0/.%+!%+'!1=+%&2-%?!T%!6./+!.(!01&&1+)1*!,/!

0(&=1*%!%+'!0.()&%3%*'!1=+%&2-%!+/&!.%!7&()*!,%!0(&=1*%!%*0%&0.-!Fc)7/&%!^CM(!%'!0J!0%!4/)!%@6.)4/%!4/%!.(!6%&'%!

,%!+/&;(0%!6(&!(77.13-&(')1*!%+'!)361&'(*'%?!!

!

!"#$%&':(?'A"2/1#%+,,&'.&'-+%/"<$3&'.&'3D&22+"'5(;=
_
Eµ F'45S(;'5Q;5'+B&<'$>'B"&"33"22&,&>/'-%1<=&'.&'3D&22+"'

5N\=
_
E! F',+"2'&>'2D+CC%+><="22+>/'.$'-+%+,M/%&'/&,-2'-+220'O';T_'J?'f$#,&>/+/"1>'.&'3+'/+"33&'.&'3j&>2&,K3&'

.&2'C+,"33&2'.&'-+%/"<$3&2?'

!



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

)

!

! CC"!

D95)+'17&(33%!,%!6(&')0/.%!,%!.9%++()!UCB5
[
FµJ!!Fc)7/&%!^[M,JK!6&-+%*'%!/*!&-+/.'('!7.1=(.!+)3).()&%!61/&!

0%!4/)!%+'!,%!.9(/73%*'(')1*!,%!.(!'()..%!318%**%!Fi[O!aJ!%'!,%!.(!;1&3%!,%!.95)+'17&(33%?!D(!6&161&')1*!,%!

05(4/%! ;(3)..%! ,%! 6(&')0/.%+! %+'! -4/)2(.%*'%?! _%/.%! /*%! (/73%*'(')1*! 6./+! )361&'(*'%! ,/! *13=&%!

,9(77.13-&('+!%+'!1=+%&2-%! Fi[[B!aJ?!m*%!=()++%! )361&'(*'%!,/!*13=&%!,%!6(&')0/.%+!%+'!-7(.%3%*'!3)+!%*!

-2),%*0%!+/&!.(!Fc)7/&%!^[M(!%'!0JK!(2%0!/*!,-'(05%3%*'!0.()&%3%*'!&%6-&-!6(&!,%+!;.Z05%+K!0%!4/)!01&&%+61*,!

(/@!1=+%&2(')1*+!,%!V(8&51;%&!+%#',--?!g["h?!

!
!

!"#$%&':@?'S3"<=02'&/'="2/1#%+,,&2'.&'/+"33&'.&2'-+%/"<$3&2'.&'-3+/">&'+B+>/'E+F'&/'EKFT'&/'+-%M2'E<F'&/'E.F'3D&22+"'

5(;
@
E!F'45S(;'5Q;5'+B&<'$>'B"&"33"22&,&>/'-%1<=&'.&'3D&22+"'5(;

_
E!F'',+"2'2+>2'3+'<+%+</0%"2+/"1>'-+%'S8'

2/%"--">#'&>'<1$%2'.j&22+"?'f$#,&>/+/"1>'.&'3+'/+"33&'.&'3j&>2&,K3&'.&2'C+,"33&2'.&'-+%/"<$3&2?'

!

U*;)*K!61/&!.9%++()!UCiC5
[
FµJ!Fc)7/&%!^^JK!.%+!&-+/.'('+!1='%*/+!%*!WDPUV!(6&Z+!/*!6&%3)%&!2)%)..)++%3%*'!

Fc)7/&%!^^M0!%'!,J!1*'!6%&3)+!,%!&%'&1/2%&!CBB!a!,%+!Y1*%+!1=+%&2-%+K!&-+/.'('!(''&)=/-!(/!'%36+!'&Z+!01/&'!FC5J!

6(++-!,(*+! .(! 0%../.%!-.%0'&105)3)4/%?! D%! 051)@! (!-'-! ;()'!,%! &-(.)+%&!/*!,%/@)Z3%!2)%)..)++%3%*'! Fc)7/&%!^^M%!

%'!;J! (6&Z+! 1=+%&2(')1*?!R6&Z+! 05(0/*!,%+! 2)%)..)++%3%*'+! ).! 8! (! 0.()&%3%*'!/*%! (/73%*'(')1*!,%! .(! '()..%! ,%+!

*(*16(&')0/.%+!,%!E'!318%**%!F3(&4/%/&!GJK!,%![B!%'!G^!aK!&%+6%0')2%3%*'!(6&Z+!.%+!'&()'%3%*'+!C!%'![!Fc)7/&%!

^^!,!%'!;J?!$%.(!&-+/.'%!6&)*0)6(.%3%*'!,%!.o(/73%*'(')1*!,%!.(!6&161&')1*!,%!6(&')0/.%+!12(.%+!F3(&4/%/&!dJ!%'!

(77.13-&-%+!F3(&4/%/&!lJK!,%!&%+6%0')2%3%*'![G!%'!C"B!a!(6&Z+!.%!6&%3)%&!'&()'%3%*'K!%'!^[!!%'!OBB!a!(6&Z+!.%!

,%/@)Z3%! '&()'%3%*'?! D%! *13=&%! ,%! 6(&')0/.%+! F3(&4/%/&! "J! ,)3)*/%! ,%! ["! a! %'! ^O! aK! %*! &()+1*! ,%!

,-'(05%3%*'! F01&&1+)1*! ,/! 0(&=1*%J! %'! ,%! .(! 01(.%+0%*0%! ,%! *(*16(&')0/.%+! ,%! 6.(')*%?! x.1=(.%3%*'K!

.o5)+'17&(33%!F3(&4/%/&!#J!,%2)%*'!6.('!%'!61++Z,%!/*%!4/%/%!2%&+!.%+!6./+!7&(*,+!,)(3Z'&%+!,%+!6(&')0/.%+?!

Do1=+%&2(')1*!,o/*!7&()*!,%!0(&=1*%!F3(&4/%/&!CBJ!31*'&%!/*%!,)3)*/')1*!,%![B!a!%*!F,J!%'!GB!a!%*!F%J!,%!+(!



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

)

!

! CC#!

'()..%?!U*;)*K!0%&'()*%+!6(&')0/.%+!,%!6.(')*%!+1*'!,-'%0'-%+!+/&!.(!3%3=&(*%!,%!0(&=1*%!,%!.(!7&)..%!PUV!(6&Z+!

2)%)..)++%3%*'!F3(&4/%/&!CCJ!0%!4/)!)../+'&%!.(!01&&1+)1*!,%!E'!%*!E'
|i
!6/)+!.%!&%,-6`'!,%!E'

|i
!%*!E'!+/&!,9(/'&%+!

Y1*%+!F8!0136&)+!.(!3%3=&(*%!0(&=1*%!,%!.(!7&)..%!PUVJ?!D(!01&&1+)1*!,/!0(&=1*%!%+'!1=+%&2-%!*%''%3%*'!+/&!

.(!c)7/&%!^^!%*!0136(&(*'!.%!&%0'(*7.%!%*'&%!F(JK!F0J!%'!F%J?!$%+!&-+/.'('+!1*'!-'-!6/=.)-+!%'!6&-+%*'-+!(/![[B'5!

U$_!V%%')*7K!S1+'1*K!m_R?!

!

!

!"#$%&'::?'8K2&%B+/"1>2'+$',"<%12<1-&'.&2',L,&2'#%+">2'45S(;'5Q;5''+B+>/'E+'&/'KF'&/'+-%M2'$>'E<'&/'.F'-$"2'

.&$]'E&'&/'CF'B"&"33"22&,&>/2'&>'03&</%1<=","&'.&'('=T'\'-+3"&%2'O';T_'J'&/'@'S8'2/%"--">#'E.0K$/'&/'C">F?'

!

T(*+!.%+!%++()+!!UG"5
#
F!JK!!UCB5

#
FµJK!!UCB5

[
FµJ!%'!.9%++()!!UCiC5

[
FµJ!.(!6&-+%*0%!,%!*(*16(&')0/.%+!,%!E'!

+/&!.(!3%3=&(*%!,%!0(&=1*%!,%!.(!7&)..%!,%!PUV!+1*'!,%+!6&%/2%+!,%!.(!,)++1./')1*!A!&%,-61+)')1*!,/!6.(')*%K!,%!

'86%! 3('/&(')1*! ,9]+'}(.,! ^T?! $%6%*,(*'K! .%! 05(*7%3%*'! ,%! ,)(3Z'&%! ,%+! 6(&')0/.%+! &1*,%+! %+'! 3)*)3%!

%@0./(*'! /*! 3t&)++%3%*'! ,o]+'}(.,! 3(:%/&?! D%! 3-0(*)+3%! ,%! ,)++1./')1*! A! &%,-61+)')1*! 6(&! 3t&)++%3%*'!

,o]+'}(.,!%+'!-7(.%3%*'!3)+!%*! :%/! .1&+!,/!2)%)..)++%3%*'!,(*+! .%+!6).%+!EUVc$!g^CK!^[hK!3()+!,(*+!0%!0(+K! .(!



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

)

!

! C[B!

01&&1+)1*! ,%! 0(&=1*%! (! -7(.%3%*'! -'-! 0.()&%3%*'! 3)+%! %*! -2),%*0%?! D(! ;1&'%! =()++%! ,%! .(! 6&161&')1*! ,%!

6(&')0/.%+! ,%! E'! )+1.-%+! F3(&4/%/&! OJ! (/! ,-'&)3%*'! ,%+! 12(.%+! A! (77.13-&('+! F3(&4/%/&! d! %'! lJK! .(! ;1&'%!

(/73%*'(')1*!,/!,)(3Z'&%!318%*!,%+!6(&')0/.%+! 12(.%+! A! (77.13-&('+! F3(&4/%/&! [! %'! ^J! ()*+)! 4/%! .(! ;1&3%!

7.1=(.%!,%!.o5)+'17&(33%!F3(&4/%/&!#J!%+'!(/++)!0136(')=.%!,(*+!/*%!0%&'()*%!3%+/&%!(2%0!/*%!01&&1+)1*!*1*!

*-7.)7%(=.%!,/!0(&=1*%?!e('/&%..%3%*'K! .(!,)3)*/')1*!,%! .(! '()..%!318%**%!,%+!7&()*+!,%!0(&=1*%! F3(&4/%/&!

CBJ!3).)'%!-7(.%3%*'!%*!;(2%/&!,o/*!'%.!+0-*(&)1?!$133%!).!(!-'-!,-31*'&-!4/%!.%!'(/@!,%!01&&1+)1*!,/!0(&=1*%!

'%*,!<!(/73%*'%&!(2%0!.%!05(&7%3%*'!%*!E'!gCGK!^^hK!).!*9%+'!6(+!(=%&&(*'!,%!6&%*,&%!0%!3-0(*)+3%!%*!0136'%!

,(*+! *1'&%! 0(+! FOB! a! %*! 3(++%! ,%! E'A$J?! T(*+! .%! 0(+! 6&-+%*'K! .(! 0136(&()+1*! ,%+! .)3)'%+! +/6-&)%/&%+! ,%!

61'%*')%.!FBK#!I!*$?!zpUJ!(2%0!.%+!&-+/.'('+!,%!z1%*!%'!(.?!g^^h!61/&!.(!01&&1+)1*!,%!0(&=1*%!*/K!+1/.)7*%!.%!&`.%!

*-;(+'%! ,%+! *(*16(&')0/.%+! ,%! 6.(')*%! ,(*+! .(! 2)'%++%! ,%! 01&&1+)1*! ,/! 0(&=1*%?! $%6%*,(*'! .(! ,)3)*/')1*!

*-7.)7%(=.%!,/!01/&(*'!,%!,1/=.%!01/05%!F3(&4/%/&!C#J!%@0./'!'1/'%!01&&1+)1*!3(++)2%!,/!0(&=1*%?!U..%!6%/'!

%*! &%2(*05%! +9%@6.)4/%&! 6(&! .9%@)+'%*0%! ,%! ,%/@! %;;%'+! (*'(71*)+'%+?! D(! 01&&1+)1*! ,/! 0(&=1*%! +9)*)')%! 6(&! .(!

;1&3(')1*! ,%! 7&1/6%3%*'+! 1@87-*-+! <! +(! +/&;(0%! F0%! 4/)! (/73%*'%! .%! 01/&(*'! ,%! ,1/=.%! 01/05%K! <! +/&;(0%!

,-2%.166-%!,%!0(&=1*%!01*+'(*'%J?!e-(*31)*+K!+)!01&&1+)1*!3(:%/&%!,/!0(&=1*%!).!8!(K!.(!+/&;(0%!,-2%.166-%!

2(!,)3)*/%&K!01*,/)+(*'!!"#(!"+!<!.(!,)3)*/')1*!,/!01/&(*'!,%!,1/=.%!01/05%?!

U*;)*K!0133%!.91*'!31*'&-!.%+!%@6-&)%*0%+!,%!,-7&(,(')1*!,/!0(&=1*%!+1/+!.%!;()+0%(/!,9-.%0'&1*+!,/!

PUV! Fc)7/&%! CCJK! .(! 01&&1+)1*! ,/! 0(&=1*%! 6%&3%'! -7(.%3%*'! .(! 3)7&(')1*! A! (77.13-&(')1*! ,/! 6.(')*%?! $%!

+0-*(&)1!%+'!&%6&-+%*'-!6(&!.(!;1&'%!,)3)*/')1*!,/!*13=&%!7.1=(.!,%!*(*16(&')0/.%+!,%!E'K!%'!01&&1=1&-!6(&!.(!

.-7Z&%!,)3)*/')1*!,%!.(!+/&;(0%!,%!E'!,)+61*)=.%!<!.(!&-(0')1*!F3(&4/%/&+!C^!%'!CdJK!.%!61'%*')%.!,%!6)0!,%!$]!F!M

CC!3I!3(&4/%/&!COJ!%'! .9(/73%*'(')1*!,/!61'%*')%.! 01*+-4/%*'%!,/!6)0!,%! &-,/0')1*!,%! .o1@8,%! F3(&4/%/&!

C"JK!%'!%*;)*!.(!,)3)*/')1*!,/!01/&(*'!,%!,1/=.%!01/05%?!P1/+!0%+!3(&4/%/&+!+1*'!;)*(.%3%*'!0136(')=.%+!(2%0!

.o(77.13-&(')1*! ,%! E'! )+1.-+! ,(*+! ,%! 6./+! 7&(*,%+! +'&/0'/&%+! F6(&')0/.%+! 12(.%+! A! (77.13-&-%+JK! 0%''%!

(77.13-&(')1*!-'(*'!6&1=(=.%3%*'!,/%!<!.(!01&&1+)1*!,/!0(&=1*%?!

!

$%+!&-+/.'('+!31*'&%*'!4/%K!4/%.!4/%!+1)'!.%!'%36+!6(++-!<!BK#!IK!.(!,-7&(,(')1*!%+'!)361&'(*'%!<!

6(&')&!,/!313%*'!1w!.%!2)%)..)++%3%*'!)361+%!,%+!+(/'+!,%!61'%*')%.+!(2%0!,%+!2(.%/&+!=(++%+!F)0)!BKC!IK!'()!

05(6)'&%!GJ?!

C# I1-58--1+2!

T(*+!.(!c)7/&%!["K!.9%++()!!UG"5
#
F!J!,-0&)'!/*%!01/&=%!61++-,(*'!/*%!(+836'1'%!51&)Y1*'(.%!%*!;1*0')1*!

,/!'%36+!F31*'&(*'!4/%!.(!2)'%++%!,%!,-7&(,(')1*!,)3)*/%!(2%0!.%!'%36+J!01*'&()&%3%*'!<!.9%++()!U$]
#
F!J!F2%&'J!

%'! <! .9%++()! UCB5
#
! F!J! F'/&4/1)+%J!4/)!,-0&)2%*'!,%+!,&1)'%+! F2)'%++%!,%!,-7&(,(')1*! 01*+'(*'%J?! D9%++()! UCB5

#
F!JK!

&%6&1,/)'! .%! 2)%)..)++%3%*'! ,%! .9%++()! !UG"5
#
F!J! %*! &-,/)+(*'! .(! ,/&-%! 6(++-%! <! BK#! I!L! .(! ,-7&(,(')1*!

-.%0'&105)3)4/%!%+'!61/&'(*'!-4/)2(.%*'%?!

D(! c)7/&%!^G!6&-+%*'%! .%+! 01/&=%+!,%!6%&'%!,%! +/&;(0%! (0')2%! '&(0-%+!%*! ;1*0')1*!,/!*13=&%!,%!$]!

+'&)66)*7!Fc)7/&%!^GMRJ!%'!,%!+(/'+!+/=)+!Fc)7/&%!^GMSJ!%'!*1*!%*!;1*0')1*!,/!'%36+?!D(!6%&'%!,%!+/&;(0%!(0')2%!

,-0&)'!0.()&%3%*'!,%+!,&1)'%+!%*!;1*0')1*!,/!*13=&%!,%!$]!+'&)66)*7!&-(.)+-+!61/&!05(0/*%!,%!0%+!%@6-&)%*0%+?!

_/&! 0%''%! ;)7/&%! .9%++()!{UG"5
[
F!J! 4/)! +/=)'! +%/.%3%*'! ,%/@! $]! +'&)66)*7! +%! &%'&1/2%! (/! *)2%(/! ,%+! %++()+!



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

)

!

! C[C!

!UG"5
#
F!J!%'!!UCB5

#
F!J!.1&+!,%!.%/&!,%/@)Z3%!$]!+'&)66)*7!Fc)7/&%!^GMR!%*2)&1*!Oa!,%!6%&'%J?!D9%++()!U$]

#
F!J!4/)!

%+'! &-(.)+-! (/! 61'%*')%.! ,%! BKC! I! &%+'%! =)%*! %*! ,%++1/+! ,%+! (/'&%+! %++()+! (2%0! /*%! 6%*'%! 6./+! ;()=.%K! 0%! 4/)!
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@N+O$&'/12&32"&4'5$/=%"&$%)''
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)13-/!0&,,&6&0,!)/C6.,-+82&!Kc+A2-&!Zb)M<!!
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*3,&0,+&1@! 30! 0&! 6&/2-&! 0+! '32-)0,! ?)-)5+82&@! 0+! '32-)0,! 5&! %O#! K#%$) -) TTM! 6)[&2-<! i32-! &! m! W@$! N@! 1&/!

A-32*&6&0,/!%OH@)5/!/2-!1&!*1),+0&!*&27&0,!Q,-&!3HC5./!KI!1>+0/,)-!5&!'&!82+!)57+&0,!)2!'32-/!5>20!%O!/,-+**+0A!

*./)'()*+,-&!#M<!P2!%O#!&/,!)13-/!5.,&',)41&!&0!PDSa@!'&,,&!*-352',+30!)2A6&0,)0,!5>)43-5!-)*+5&6&0,!KW@$!N!l!
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'32-)0,!5&!%O#! )2A6&0,&!63+0/! -)*+5&6&0,@!*-34)41&6&0,!*)-'&!82&! 1&!*1),+0&! /&!'327-&!*-3A-&//+7&6&0,!

5>3HC5&/! KOV)5/@! O)5/M! +//2/! 5&! 1>)',+7),+30! 5&! 1>&)2! Kc+A2-&! TM! &,! 82&! 1)! -.)',+30! ?)-)5+82&! &/,! 1+6+,.&! *)-! 1)!
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530'!*-34)41&!82&! 1&/!A-32*&6&0,/!3HCA.0./! 1&/!*12/! +0/,)41&/!52!')-430&!?)73-+/&0,! 1)! ?3-6),+30!5&!%O#!I!

4)/! *3,&0,+&1@! &,! 82&! 5&/! A-32*&6&0,/! *12/! /,)41&/! /&! ?3-6&0,! I! ()2,! *3,&0,+&1@! &0! 20! 6.')0+/6&! 5&!

9!*)//+7),+30!;! -&1),+7&! 52! ')-430&<! %&,,&! *)//+7),+30! *)-! 5&/! A-32*&6&0,/! 3HCA.0./! /,)41&/! 52! ')-430&!

&H*1+82&-)+,!1)!A-)05&!5+//C6.,-+&!52!/+A0)1!#%$!e!TT!!"/!&!82)05!1&!4)1)C)A&!5&!*3,&0,+&1!&/,!+07&-/.!Kc+A2-&!Zb
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*3,&0,+&1!&0,-&!W@_!&,!W@F!N!Kc+A2-&!_b)Mj!K++M!1>)1,&-0)0'&!5&!/)2,/!5&!*3,&0,+&1!&0,-&!W@"!&,!W@$!N!Kc+A2-&!_b4Mj!!&,!
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/,)41&<!O0!0&!5.,&',&!*12/!5&!?3-6),+30!5&!%O#!Kc+A2-&!_b)M<!

i32-!1&!')/!K++M@!)2'20&!'3--3/+30!5&!')-430&!0>&/,!34/&-7.&@!1&!/+A0)1!#%$!e!TT!&/,!*1),!Kc+A2-&!_b4M<!%&!

-./21,),! &/,! 03-6)1! /&130! 03/! (C*3,(:/&/! *-.'.5&0,&/! *2+/82&! 032/! )730/! 630,-.! 82&! 1)! '),)1C/&! 5&! 1)!

'3--3/+30!52!')-430&!*)-! 1&!*1),+0&!0>)57+&0,!82>I!20!*3,&0,+&1! /2*.-+&2-!I!W@$!N<!%&! -./21,),! />)''3-5&!)7&'!
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!
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*@T0,'796T(97':'5$%'$3'=@N+32"4413'BCD(7'CE7C'0+35'W>FXL'('H)''

=&!')/!K+++M!630,-&!.A)1&6&0,!5&/!,-)0/+,3+-&/!5&!?3-6),+30!5&!%O#!13-/!5&/!5&2H!*-&6+&-/!/)2,/!I!"!N<!

%366&!*32-! 1&!')/! K+M@! '&1)!*&2,!/&!'36*-&05-&!*)-! 1>&H+/,&0'&!52!9!*-.,-)+,&6&0,!;! +0+,+)1!I!W@"!N!&0!5.42,!

5>&H*.-+&0'&!82+!'3052+,!I! 1)!-.52',+30!,3,)1&!52!*1),+0&!K&,!52!')-430&M<!=)!*-&6+:-&!/.82&0'&!5&!W@_!I!"!N!

'3052+,!530'!I!1)!?3-6),+30!,-)0/+,3+-&!5&!%O#@!'366&!5)0/!1&!')/!K+M<!=&!?)+,!82&!1)!5&2H+:6&!/.82&0'&!5&!W@_!

I! "! N! '3052+/&! )2//+! I! 1)! ?3-6),+30! 63+0/! 6)-82.&! 5&! %O#! *&2,! />&H*1+82&-! *)-! 1&! ?)+,! 82&! '&-,)+0/!

A-32*&6&0,/!3HCA.0./!52!')-430&!?3-6./!I!"!N!K&0!?+0!52!*-&6+&-!/)2,!I!'&,,&!7)1&2-!5&!*3,&0,+&1M!*&27&0,!

Q,-&!-.52+,/!I!W@_!N!K'366&!1&!*1),+0&@!5&!?)k30!+0'36*1:,&!*-34)41&6&0,M<!D0!'&!/&0/@!1&!5&2H+:6&!/)2,!5&!W@_!

I!"!N!*&2,! I!0327&)2! '3052+-&!I! 1)! ?3-6),+30!5&!%O#! '366&! 13-/!52!*-&6+&-<! D0! -&7)0'(&@! )*-:/! '&/!5&2H!
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W@_!N!j!1&/!*)-,+'21&/!/2-!1)!6&64-)0&!')-430&!*32--)+&0,!)13-/!-./21,&-!5>20!6.')0+/6&!5&!-&5.*`,!5&!i,
xr
!&0!

i,<!P)0/!1&!')/!*-./&0,@!/2-!1)!52-.&!K"X!(M@!032/!0&!*32730/!&H'12-&!82>&11&!)57+&00&!I!20!-C,(6&!1&0,!K6)+/!

030!021M<!!

P)0/!1&!')/!5&!1>&//)+!!DW@"bW@FK!M!1&!5+)6:,-&!63C&0!)2A6&0,&!5&!XWu!)2!*-3?+,!5&/!*)-,+'21&/!37)1&/!

Kc+A2-&! "TM@! '&! 82+! &/,! -&*-./&0,),+?! 5>20! -)**-3'(&6&0,! 5&/! *)-,+'21&/! *)-! 6+A-),+30! &,! )AA136.-),+30!

K'()*+,-&!"!fLL<t<"<4M<!%&*&05)0,@! 1&/!6&/2-&/!&0!PDSa!630,-&0,!82>I! '&!*3,&0,+&1@! 1)! '3--3/+30!52! ')-430&!

'366&0'&!I!Q,-&! +6*3-,)0,&<!G+0/+! 1&!6.')0+/6&!5&!6+A-),+30d)AA136.-),+30!&/,!'&-,)+0&6&0,!*+13,.!*)-! 1)!

'3--3/+30!52!')-430&<!

P)0/!1&!')/!5&!1>&//)+!!DW@"b"@TK!M!1&/!*)-,+'21&/!-305&/!5+/*)-)+//&0,!*-&/82&!,3,)1&6&0,!)2!*-3?+,!5&/!

)AA136.-),/@!,)05+/!82&!1)!,)+11&!5&!'&/!5&-0+&-/!)2A6&0,&!?3-,&6&0,!Kc+A2-&!"TM<!%&'+!&H*1+82&!1>)2A6&0,),+30!

,-:/! +6*3-,)0,&! 52! 5+)6:,-&! 63C&0! 5&/! 0)03*)-,+'21&/! 5)0/! '&,! &//)+! Kr#WW! uM<! P)0/! '&! 5&-0+&-! ')/@! 1)!

'3--3/+30!52!')-430&!&/,! 1&!*(.036:0&!6)[&2-!82+!)57+&0,@!'&!82+!)!.,.!7)1+5.!*)-! 1&/!&H*.-+&0'&/!PDSa<!=)!

/,-2',2-&! 52! ')-430&! &,! 1)! 63-*(313A+&! 5&/! 0)03*)-,+'21&/! 5&! *1),+0&! &/,! .82+7)1&0,&! I! '&11&! 34/&-7.&! )2!

'()*+,-&!Z!fL<G@!13-/!5&!5&/,-2',+30!+6*3-,)0,&!52!')-430&!/32/!1&!?)+/'&)2!5>.1&',-30<!P)0/!'&!')/!032/!)730/!

'1)+-&6&0,!72!82&!'>&/,! 1)!5+6+02,+30!52!A-)+0!5&!')-430&!82+!)! +052+,! 1&! -)**-3'(&6&0,!&,!20&!'3)1&/'&0'&!

5&/!0)03*)-,+'21&/!K1&!?)+/'&)2!-.52',&2-!5>.1&',-30/!+052+/)0,!1)!'3)1&/'&0'&!5&/!)AA136.-),/M<!
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K# W5/1('&.5/&!

=&/! -./21,),/! 5&! PDSa@! 5&! 6+'-3/'3*+&! &,! 5>.1&',-3'(+6+&! 630,-&0,! 20&! +0?12&0'&! 6)[&2-&! 52!

*3,&0,+&1!+6*3/.!/2-!1)!5.A-)5),+30!52!'),)1C/&2-@!6)+/!)2//+!82&!1&/!6.')0+/6&/!0&!/30,!*)/!1&/!6Q6&/!*32-!

,32/! 1&/! *3,&0,+&1/<! D0! 5&//32/! 5&! W@$! N! 1)! '3--3/+30! 52! ')-430&! &,! 52! *1),+0&! /30,! 0.A1+A&)41&/! &,! 1&/!

6.')0+/6&/! 5&! 6+A-),+30d'3)1&/'&0'&! &,! 5&! 6),2-),+30! 5>O/,s)15! /30,! *-.536+0)0,/<! D0,-&! W@$! &,! "! N! 1)!

'3--3/+30! 52! ')-430&! '366&0'&! &,! )! *-34)41&6&0,! 20! -`1&! /2-! 1)! 5.A-)5),+30@! '&! 82+! '3052+,! I! 5&! 1)!

6+A-),+30d'3)1&/'&0'&!5&/!*)-,+'21&/!32!5&!1)!6),2-),+30!5>O/,s)15@!)2!63+0/!*32-!1&/!*3,&0,+&1/!l!W@F!N<!=)!

'3--3/+30!52!')-430&!&/,!4+&0!&0,&052!?)73-+/.&!I!*3,&0,+&1!.1&7.!&,!5&7+&0,!-.5(+4+,3+-&!)2!5&//2/!5&!"!N!\#Z]!

\$]!&,!&/,!5.*&05)0,&!5&!1>)2A6&0,),+30!52!*3,&0,+&1!\#W]!Kc+A2-&!"!&,!c+A2-&!ZM<!L1!)!5&!*12/!.,.!630,-.!82&!1)!

'3--3/+30! &/,! )2A6&0,.&! /+! I! 20! *3,&0,+&1! .1&7.! /30,! )//3'+./! 5&/! /)2,/! *.-+35+82&/! I! 20! *3,&0,+&1!

/2??+/)66&0,!4)/!Kc+A2-&!"M!'&!82+!&/,!'30?+-6.!*)-!1)!1+,,.-),2-&!\X@!#T]<!

]# C%9.502!02&!&*')&!02!45)2/).2(!

=&! 7+&+11+//&6&0,! 5&! -.?.-&0'&! &/,! 5.?+0+! *)-! 1)! *.-+35&! @! 82+! /&! '36*3/&! 5>20! ,&6*/! )2! *3,&0,+&1!

+0?.-+&2-! K(+0?M! &,! 20! ,&6*/! )2! *3,&0,+&1! /2*.-+&2-! K(/2*M@! )2H! 43-0&/! /2*.-+&2-&/! K&/2*M! &,! +0?.-+&2-&/! K&+0?M! 5&!

*3,&0,+&1!K'()*+,-&!"!f!L<%M<!=)!*.-+35&!5&/!/)2,/!5&!*3,&0,+&1!)!20&!+0?12&0'&!6)[&2-&!5)0/!1)!5.A-)5),+30!52!

'),)1C/&2-<!D0!&??&,!5)0/!20!1)*/!5&!,&6*/!,3,)1!5&!7+&+11+//&6&0,!5300.@!1&!0364-&!5&!/)2,/!5&!*3,&0,+&1/!*&2,!

7)-+&-!5&!6)0+:-&!/+A0+?+'),+7&!&0!?30',+30!5&!1)!*.-+35&<!

6# +FF2)!0'!)2B4&!4*&&%!^!;<6!>!2)!;<=!>!

=)! c+A2-&! "X@! *-./&0,&! ,-3+/! &H*.-+&0'&/! 5&! PDSa! 530,! 1&! 42,! &/,! 5&!630,-&-! 1>+0?12&0'&! 52! ,&6*/!

*)//.!I!W@F!N! K*)-! /)2,M@!)7&'!5&/! /)2,/!5&!*3,&0,+&1!&0,-&!W@"!&,!W@F!N!5&!*.-+35&/!5+??.-&0,&/<! =)!*-&6+:-&!

'32-4&! Kc+A2-&! "X! y)M! *-./&0,&! "W! .,)*&/! 5&! "! /&'305&/! K*.-+35&! 5&! #! /M<! %&*&05)0,! *32-! '()82&! /.-+&@! 1&!

/*&',-36:,-&!5&!6)//&!0&!5300&!&0!)**)-&0'&!82&!1)!-.*30/&!A134)1&!'366&!/>+1!/>)A+//)+,!5>20!/&21!/)2,!5&!

"W! /<! %&! -./21,),! *&2,! '&-,&/! />&H*1+82&-! *)-! 20! ,&6*/! 5&! -.*30/&! ,-3*! 130A! 52! PDSa<! n.)063+0/@! 032/!

*&0/30/! 82&! 1)! -)+/30! *-+0'+*)1&! 5&! '&,,&! 5.'-3+//)0'&!6303,30&! 52! /+A0)1!#%$! e! TT! 5.'321&! *12,`,! 5&! 1)!

'+0.,+82&! 1&0,&! 5&! -.52',+30! 5&/! 3HC5&/! 5&! *1),+0&<! G! *)-,+-! 52! *-&6+&-! /)2,! I! W@F! N@! 1&! *1),+0&! /&! '327-&!

A-)52&11&6&0,!5&!i,OVdi,O!/)0/!82&! 1&/!/)2,/!5&!"!/&'305&!I!W@"!N!0&!*&-6&,,&!5&! 1&/! -.52+-&<!G2! ?+0)1@! 1)!

/2-?)'&!5&!*1),+0&!3HC5.!0&!*&2,!*12/!)//+/,&-!1)!'3--3/+30!52!')-430&!&0!%O#@ &,!1&!/+A0)1 #%$!e!TT!!/>&/,36*&<!

=)!5&2H+:6&!'32-4&!Kc+A2-&!"X!y4M!'3--&/*305!I!5&/!*)1+&-/!5&!"W!/&'305&/<!D11&!630,-&!20!*+'!63+0/!.1&7.!

82&!'&12+!52!')/!K)M!13-/82&!1&!*3,&0,+&1!&/,!I!W@F!N<!a2-!1)!5&-0+:-&!'32-4&!Kc+A2-&!"X!y'M!)7&'!5&/!/)2,/!5&!X!

6+0!K*.-+35&!5&!"W!6+02,&/M@!1&!/+A0)1!5&!#d$!e!TT!*-./&0,&!20!/)2,!+6*3-,)0,!13-/!52!*)//)A&!I!W@F!N!'366&!

1&!630,-&!1&!B336!5&!1)!'32-4&!Kc+A2-&!"X!y5M<!%&/!,-3+/!&H*.-+&0'&/!30,!.,.!-.)1+/.&/!5)0/!1>3-5-&!*-./&0,.!/2-!

1&!6Q6&!.'()0,+1130<!D0,-&!'()82&!&H*.-+&0'&@!1&!'),)1C/&2-!&/,!6)+0,&02!82&182&/!/&'305&/!I!W@"!N@!/)2?!*32-!

1)!*-&6+:-&!K*.-+35&!5&!#!/M!)7)0,!1)82&11&!1&!*3,&0,+&1!&/,!6)+0,&02!*12/+&2-/!6+02,&/!I!W@"!N<!

=&!-./21,),!5&!1)!/&'305&!&H*.-+&0'&!K/)2,/!5&!"W!/M!0&!'3--&/*305!*)/!)2H!),,&0,&/<!D0!&??&,!1&/!,-3+/!

&H*.-+&0'&/!/30,!-.)1+/.&/!5)0/!1&/!6Q6&/!'305+,+30/<!=&/!-.*30/&/!52!/+A0)1!PDSa!*32-!1&/!&H*.-+&0'&/!)7&'!

5&/!*.-+35&/!5&!"!/&'305&!&,!X!6+02,&/!/30,!+6*3-,)0,&/!&,!1>)+-&!5&/!*+'/!13-/!52!*)//)A&!I!W@F!N!5&!1>&//)+!I!
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"W! /! 5&7-)+,! Q,-&! /+,2.&! &0,-&! '&11&! 5&/! &//)+/! "! /! &,! X!6+0<! =)! -.*30/&! 5&!#d$! e! TT! *32-! 1)! *.-+35&! 5&! "W!

/&'305&/!&/,!*)-,+'21+:-&6&0,!?)+41&@!)13-/!82&!1o&H*.-+&0'&!/&!/+,2&!&0,-&!1&/!&H*.-+&0'&/!"!/!&,!X!6+0!&0!,&-6&!

5&!52-.&!6)+/!)2//+!)2!'32-/!52!,&6*/<!O-!'&11&/!'+!*-./&0,&0,!,32,&/!5&2H!5&/!/+A0&/!+6*3-,)0,/!5&!'3--3/+30!

52! ')-430&<! L1! &/,!*3//+41&!82&! 1&! ')-430&! /&!*)//+7&!)2! '32-/!52! ,&6*/!&,!82&! 1&/! A-32*&6&0,/!5&! /2-?)'&!

5&7+&00&0,!&0!'30/.82&0'&!5&!*12/!&0!*12/!5+??+'+1&/!I!3HC5&-<!

%&!'36*3-,&6&0,! +05+82&-)+,!82&!1&!?)',&2-! 1&!*12/! +6*3-,)0,!0>&/,!*)/! 1&!,&6*/!*)//.!I!W@F!N!K'&!I!

823+! 032/! 032/! ),,&05+30/M!6)+/! 1&! ,&6*/! *)//.! I! W@"! N! '366&! 1&! 03,&0,! z)/25)!'() *+,,<! \#X@! #_]<! D0! &??&,!

"W!/&'305&/! /2??+/&0,! *32-! &0-&A+/,-&-! 20! /+A0)1! ?3-,!6)+/! 1)! 5+??.-&0'&! 03,)41&! 5&/! ,-3+/! &H*.-+&0'&/! &/,! 1&!

'305+,+300&6&0,!)7)0,! 1)!*-&6+:-&!.,)*&!5&!W@F!N<!=)!*-&6+:-&!.,)*&!5&!"!/! Kc+A2-&!"X!y)M!/&!*-352+,!)*-:/!

20&!130A2&!*.-+35&!I!W@"!N@!')-! +1!&/,! 1&!*-&6+&-!5&!1)!/.-+&!'366&!&H*1+82.!*12/!()2,<!=)!*-&6+:-&!.,)*&!5&!

"W!/!Kc+A2-&!"X!y4M!)--+7&!)2!432,!5&!"W!/!I!W@"!N![2/,&!)*-:/!1)!5&-0+:-&!.,)*&!5&!"!/!&,!1)!*-&6+:-&!.,)*&!5&!

X!6+02,&/!I!W@F!N!Kc+A2-&!"X!y'M!)--+7&!)*-:/!X!6+02,&/!I!W@"!N<!!

!

!

!"#$%&'(E)'H&5$%&5'GCHF'0$'5"#3+4'.IJ'K'LL'/1$%'0"<<=%&32&5'/=%"10&59'B9''0&'5+$25'79(T79[':'/1$%'B'K'('5'*+,9'

B'K'(7'5'*;,'&2'B'K'E'."3$2&5'*@'&2'0,)'C@N+32"4413'BCD(7'CE7C'0+35'W>FXL'('H)'

!

P&/!&//)+/!*12/!*-.'+/!30,!.,.!6&0./!)?+0!5&!6+&2H!-&05-&!'36*,&!5&!'&!*(.036:0&<!i32-!'&!?)+-&@!1&!

,&6*/!*)//.!I!'()82&!*3,&0,+&1!7)-+&!5&!"!/!I!ZWW!/!*32-!W@"!N!Kc+A2-&!"_b4M!&,!5&!"/!I!_W!/!*32-!W@F!N!Kc+A2-&!

"_b)M<!=&/!7)1&2-/!5>)+-&!5&!*+'!6&/2-.&/!/30,!63C&00.&/!/2-!"W!*+'/!/)0/!'36*,&-! 1&!*-&6+&-!82+!&/,! ?)2//.!
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*)-!1&!,&6*/!5&!/,)4+1+/),+30!I!W@"!N!*-.'.5&0,!1>&//)+<!=&/!'32-4&/!/30,!&0-&A+/,-.&/!/2-!1&!6Q6&!.'()0,+1130!

5)0/!1>3-5-&!*-./&0,.!5)0/!1)!c+A2-&!"_!5&!A)2'(&!I!5-3+,&<!D0!7+31&,!&/,!-&*-./&0,.!1>&//)+!"#W!/!I!W@"!N!/2+7+!

5>20!/)2,!5&!_W!/!I!W@F!N!82+!&/,!-&*-352+,!)2!5.42,!Kc+A2-&!"_b)M!&,!I!1)!?+0!Kc+A2-&!"_b4M!5&!1>&H*.-+&0'&<!i32-!

'&,!&//)+@!032/!,-32730/!I!1)!*-&6+:-&!6&/2-&!20&!)+-&!5&!X@_!&,!)*-:/!1>&0/&641&!5&/!&//)+/!20&!)+-&!5&!T@E<!

%&,,&!4)+//&!5&!"#!u!5&!1)!7)1&2-!5&!1>)+-&!52!*+'!#%$!e!TT!&/,!'36*),+41&!)7&'!1&/!5+B)+0&/!5&!/)2,/!5&!*3,&0,+&1!

/24+/!*)-!1>.'()0,+1130!'&!82+!)!'&-,)+0&6&0,!-.52+,!1)!/2-?)'&!5&/!A-)+0/!5&!')-430&!&0,-&!1&/!5&2H!6&/2-&/<!

!

!"#$%&'(6)'H1A&33&'0&'4V+"%&'0&5'/"@5'5$%'(7'5+$25'0$'5"#3+4'0&'GCHF'/1$%'.IJ'K'LL'1;5&%U='/1$%'0"<<=%&32&5'

U+4&$%5'0&'25$/'*+,'&2'2"3<'*;,'=@N+32"4413'BCD(7'CE7C'0+35'W>FXL'('H)''

=&!A-)*(&!5&!1)!c+A2-&!"$@!82+!-./26&!1&/!-./21,),/!5&!1)!c+A2-&!"_!/2-!20!/&21!A-)*(&!*&-6&,!5&!73+-!

82&!1&!,&6*/!*)//.!I!'()82&!*3,&0,+&1!)!20&!+6*3-,)0'&!')*+,)1&<!!

!

!"#$%&'(\)'H1A&33&'0&'4V+"%&'0&5'/"@5'5$%'(7'5+$25'0$'5"#3+4'0&'GCHF'/1$%'.IJ'K'LL'1;5&%U='/1$%'0"<<=%&32&5'

U+4&$%5'0&'2"3<'&2'25$/)'C@N+32"4413'BCD(7'CE7C'0+35'W>FXL'('H)'

=)!15'9D2!D(2'2!'3--&/*305!I!1>+0?12&0'&!52!,&6*/!*)//.!I!W@F!N!*32-!(+0?!e!"#W!/!I!W@"!N@!82+!&/,!20!

*3,&0,+&1!-.52',&2-!*32-!1&!*1),+0&<!D11&!630,-&!82>+1!?)2,!20!'&-,)+0!,&6*/!*32-!3HC5&-!1&!')-430&<!D0!5&//32/!

5&!"W!/!I!W@F!N!30!0&!6&/2-&!82>20&!*)-,+&!52!*+'@!1)!82)0,+,.!5&!%O#!5.,&',.&!&/,!,-:/!?)+41&<!G2!5&//2/!5&!"W!/!

30!),,&+0,!20!*)1+&-!630,-)0,!82&! 1>3HC5),+30!&/,! +0+,+)1&6&0,! -)*+5&!6)+/! ,-)0/+,3+-&@!5&! 1>3-5-&!5&!"W! /<!%&!

-./21,),!&/,!'30?+-6.!*)-!1)!-.*30/&!&0!'32-)0,!34/&-7.&!I!'()82&!*)1+&-!I!W@F!N!82+!,&05!7&-/!W!)2!432,!5&!"W!/!

'366&!1&!630,-&!1)!c+A2-&!"E<!!
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!"#$%&'(a)'D1$%;&'0&'Y'U5)'2&./5'41%5'0$'/+55+#&'0&'79('8'79[':'U5)'-WC)'

=)!15'9D2!95'@2<! '3--&/*305!I! 1>+0?12&0'&!52!,&6*/!*)//.!I!W@"!N!*32-!(/2*!e!_W!/!I!W@F!N! K*3,&0,+&1!

3HC5)0,!*32-!1&!*1),+0&!&,!1&!')-430&!5&!1>.'()0,+1130M<!D11&!630,-&!82&!1&!,&6*/!5&!-.52',+30!)!20!&??&,!6)[&2-!

/2-! 1)! '3--3/+30<! D0,-&! "! /! &,! "W! /! I! W@"! N! 1)! '3--3/+30! 52! ')-430&! &/,! ?)+41&@! '&! 82+! 630,-&! 82&! 1&! ,&6*/!

0.'&//)+-&!I! 1)! -.52',+30!52!i,d%!&/,!/2*.-+&2-!I!"W!/<!i)-!'30,-&!)2!5&//2/!5&!"W!/! 1)!'3--3/+30!52!')-430&!

)2A6&0,&!-.A21+:-&6&0,!/)0/!*-./&0,&-!5&!1+6+,&![2/82>I!ZWW!/&'305&/<!!

%&1)!'30?+-6&!82>+1!?)2,!52!,&6*/!)2!/C/,:6&!*32-!/&!-.52+-&!I!W@"!N!j!1)!1+6+,&!+0?.-+&2-&!/&641&!Q,-&!

5&!1>3-5-&!5&!"W!/&'305&/<!S)+/!*12/!'&!,&6*/!I!4)/!*3,&0,+&1!/&-)!)1130A.@!*12/!1&!'),)1C/&2-!)2-)!1&!,&6*/!5&!

/&!-.52+-&!K530'!5&!/&!5.b*)//+7&-M!&,!)+0/+!+1!*32--)!3HC5&-!1&!')-430&!I!&/2*!e!W@F!N<!a+!1&!,&6*/!&/,!5&!*12/!5&!

"W! /&'305&/! I! &/2*! 1)! 82)/+! ,3,)1+,.! 52! ')-430&! 3HC5)41&! /&-)! 3HC5.<! =&! 0364-&! 5&! /)2,/! )2-)! )2//+! 20&!

+6*3-,)0'&!*-+63-5+)1&!13-/!5>20!7+&+11+//&6&0,@!')-! 1)!'3--3/+30!)**)-)+,!/2-!1&!/)2,!5&!*3,&0,+&1!'-3+//)0,@! 1&!

,&6*/!*)//.!I!'()82&!*)1+&-!5.,&-6+0&-)!1&!,)2H!5&!7+&+11+//&6&0,<!p0!7+&+11+//&6&0,!5&!"#!(@!W@"!N!K_W!/M!d!W@F!N!

K_W!/M!/&-)!63+0/!)A-&//+?!82&!W@"!N!K""W!/M!d!W@F!N!K"W!/M@!')-!1&!,&6*/!*)//.!I!W@"!N!&/,!*12/!5.,&-6+0)0,!82&!

'&12+!*)//.!I!W@F!N<!!

=&!-`1&!6)[&2-!52!,&6*/!*)//.!I!(+0?!e!W@"!N!*&2,!/>&H*1+82&-!*)-!1&!')-)',:-&!-.52',&2-!5&!'&!*3,&0,+&1!

*32-!1&!*1),+0&!&,!1&!')-430&<!i12/!1&!,&6*/!*)//.!I!'&!*3,&0,+&1!&/,!130A@!*12/!1)!-.A.0.-),+30!5&!1)!/2-?)'&!5&!

*1),+0&! &/,! ?)73-+/.&<! D0! 32,-&@! I! W@"! N! 1&/! A-32*&6&0,/! *)//+7)0,/! 52! ')-430&! *&27&0,! )2//+! /&! -.52+-&!

K5.*)//+7),+30@! *(.036:0&! 1&0,M<! G+0/+! 1>3HC5),+30!52! ')-430&! I! W@F!N! &/,! '),)1C/.&!*)-! 1)! *-363,+30!5>20&!

0327&11&!/2-?)'&!5&!*1),+0&!02<!i12/! 1&!*1),+0&!&/,!02!K030!3HC5.M@!*12/! 1)!'3--3/+30!52!')-430&!&/,!.1&7.&!&,!

'-.&!,-:/!-)*+5&6&0,!5&/!%OH!030!*)//+7)0,!82+!*&27&0,!5+??2/&-!/2-!1&!*1),+0&!&,!5300&-!%O#<!S)+/!I!W@F!N!1&!

*1),+0&!/&!-&'327-&!5>3HC5&/!&,!/&!*)//+7&!K*(.036:0&!-)*+5&M<!L1!0&!'),)1C/&!*12/!1)!'3--3/+30!52!')-430&!20&!

?3+/!-&'327&-,!\#$]@!'&!82+!)57+&05-)+,!)2!432,!5>&07+-30!"W!/!I!W@F!N!Kc+A2-&!"X!&,!c+A2-&!"_M<!

E# +FF2)!02!(*!4%9.502!02&!&*')&!&'9!(2&!05//%2&!%(21)9518.B.G'2&!

=&/! &H*.-+&0'&/! 5&/! ,)41&)2H! /2+7)0,/! 5300&0,! 1>.7312,+30! 5&/! 6)-82&2-/! 5>.1&',-3'(+6+&! *32-! 1&/!

7+&+11+//&6&0,/!&0!*3,&0,+&1!-&0'30,-./!5)0/!1)!1+,,.-),2-&!82&!/30,!1&/!'-.0&)2H!KR)41&)2!TM!&,!1&/!%N!KR)41&)2!

XM<!i32-!'&/!5&2H!7+&+11+//&6&0,/!5&!"X!(!5&/!*.-+35&/!'(3+/+&/!)-4+,-)+-&6&0,!5&!#@!#W@!TW!&,!"#W!/&'305&/!30,!

.,.! +6*3/.&/! *32-! 34/&-7&-! 1>&??&,! 5&! 1)! *.-+35&! 5&/! /)2,/<! P)0/! '&/! &H*.-+&0'&/@! /&21/! 1&/! -./21,),/! &0!

.1&',-3'(+6+&!30,!.,.!)0)1C/./<!

!

!
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)

!

! "XW!

B+;4&+$'L)'C2$0&'0&'4+'U+%"+2"13'0&'4+'/=%"10&'/1$%'U"&"44"55&.&32'&3'@%=3&+$R'79(T79[':'5$%'BCD(7'CE7C'0+35'

W>FXL'('H)'

H*9G'2'9&! !+E&I! J! !+E;&I! J! !+K;&I! J! !+6E;&I! J!

C%9.502!B! >'5! >7'5! L7'5! (>7'5!

>.2.((.&&2B2/)! T\"! T\"! T\"! T\"!

6KL+WX?!Y!WZ!!I1B
E
J! bZ#!u! bZ#!u! b#E@#!u! b#_@X!u!

67LF59B2!WZ! /C6.,-+82&! !/C6.,-+82&! !/C6.,-+82&! /C6.,-+82&!!

6:L+4.1!WZ!I>J! bW@W##!! bW@"#_! bW@W"#! bW@W"T!

6RL+WX?!Y!U[CM!I1B
E
J! rW@W#E! rW@WX"! rW@W#_! rW@W#X!

6SLF59B2!U[CM! r?)'&,,.! r?)'&,,.! r?)'&,,.! r?)'&,,.!

6=L+4.1!53P02&!I>J! bW@WX! bW@WT! bW@#X! bW@W#!

<!

B+;4&+$'E)'C2$0&'0&'4+'U+%"+2"13'0&'4+'/=%"10&'/1$%'U"&"44"55&.&32'&3'D:'&32%&'79('&2'79[':'5$%'BCD(7'CE7C'

0+35'W>FXL'('H)'

H*9G'2'9&! !+E&I! J! !+E;&I! J! !+K;XI! J! !+6E;&I! J!

C%9.502!B! >'5! >7'5! L7'F! (>7'5!

>.2.((.&&2B2/)! T\""! T\""! T\""! T\""!

6KL+WX?!Y!WZ!!I1B
E
J! b"$!u! b#Z!u! b#W!u! b"$@X!u!

67LF59B2!WZ! /C6.,-+82&!! G/C6.,-+82&!! /C6.,-+82&!! /C6.,-+82&!!

6:L+4.1!WZ!I>J! bW@W"Z!! bW@""Z! bW@WWE! bW@W""!

6RL+WX?!Y!U[CM!I1B
E
J! W@W"F! W@WXT! rW@WZZ! rW@W"_!

6SLF59B2!U[CM! r?)'&,,.! r?)'&,,.! r?)'&,,.! r?)'&,,.!

6=L+4.1!53P02&!I>J! W! bW@WT! bW@Z_! bW@W_!

!

! =&/!-./21,),/!5&!*&-,&!5>D%aG!/30,!-./26./!5)0/!1)!c+A2-&!"Fb)!82+!*-./&0,&!*32-'&0,)A&!5&!*&-,&/!5&!

1oD%aG! 6&/2-.&! *)-! %O! /,-+**+0A! &0! ?30',+30! 5&! 1)! *.-+35&! 5&! 1>&//)+@! @! &0! /&'305&/<! D0! ,-+)0A1&! /30,!

-&*-./&0,./!1&/!*&-,&/!*32-!1&/!7+&+11+//&6&0,/!&0!%N!&,!&0!')--.!1&/!*&-,&/!*32-!1&/!7+&+11+//&6&0,/!&0!'-.0&)2H<!

L1!)**)-)g,!82&!1&/!*&-,&/!/30,!,32[32-/!/2*.-+&2-&/!5&!"W!u!*32-!1&/!&//)+/!&0!'-.0&)2H!*)-!-)**3-,!)2H!&//)+/!

&0! %N<! S+,/2/(+6)! '() *+,,<! ,-327&0,! 5&/! -./21,),/! +07&-/&/! 5)0/! \E]<! %&*&05)0,@! 1&/! 43-0&/! 2,+1+/.&/! /30,!

1)-A&6&0,!5.')1.&/!7&-/!1&/!()2,/!*3,&0,+&1/!*)-!-)**3-,!I!03/!&H*.-+&0'&/!+1/!30,!'(3+/+!5&/!7)1&2-/!5&)&+0?!e!W@X!

N!&,!&/2*! 7)-+)0,!5&!"@X!I!#@T!N<!P&!*12/! 1&2-/!'32-4&/!/&!'-3+/&0,!)2!*3+0,! 1&!*12/!4)/! K&/2*!e!"@X!N!c+A2-&!#WM!

*327)0,!1)+//&-!+6)A+0&-!82&!1&/!-./21,),/!/30,!+07&-/./!I!*3,&0,+&1!+0?.-+&2-@!I!1>+0/,)-!5&!03/!34/&-7),+30/<!!



!"#$%&'()*+),--(&).(/)$#'#01&'(/).()2%(%33%//(0(4&)

)

!

! "X"!

!

!"#$%&'([)'Z&%2&'0&'4bCDFM'/1$%'4&5'U"&"44"55&.&325'&3'@%=3&+$'&2'&3'D:'/+%'%+//1%2'8'4+'/=%"10&'*+,'&2'+$'

31.;%&'0&'5+$25'*;,)'CR/=%"&3@&'0&'(E'N'5$%'BCD(7'CE7C'0+35'W>FXL'('H)'

!

!"#$%&'>7)'B+$R'0&'@1351..+2"13'0&'Z2'&3'<13@2"13'0&'C5$/''+U&@'C"3<'K'79E':'U5)'-WC'8'L7`D'0+35'('H'W>FXL'

/1$%'$3'U"&"44"55&.&32'2A/&'Y'*@%=3&+$R,'8'E7'Wg'h@+%%=5T'&2'$3'U"&"44"55&.&32'2A/&'YY'*D:,'8'(77':'5
T(
'*>EhE7'Wg,'

h2%"+3#4&5T'iaj)'

!

P&!*12/@!1&/!*&-,&/!/30,!6)H+6)1&/!*32-!20!*)1+&-!5&!#W!/!*32-!1&/!%N@!&,!*32-!5&/!*)1+&-/!5&!#!I!#W!/!

*32-!1&/!7+&+11+//&6&0,/!&0!'-.0&)2H<!

P)0/!'&,,&!/.-+&! KR)41&)2!T!&,!R)41&)2!XM@! 1)!*&-,&!5>D%aG!*&2,!Q,-&!-&*-./&0,.&!/3+,!&0!?30',+30!52!

0364-&!5&! /)2,/! /3+,! 5&! 1&2-! *.-+35&<! =&! R)41&)2!_! ! *-./&0,&! 1&/! .82+7)1&0'&/! &0,-&! 1)! *.-+35&! +6*3/.&@! 1&!

0364-&!5&!/)2,/!&0A&05-.@!&,!1)!7+,&//&!5&!4)1)C)A&!.82+7)1&0,&!*32-!1&/!&//)+/!&0!'C'1)A&/))

B+;4&+$'6)'CO$"U+4&3@&5'&32%&'/=%"10&9'31.;%&'0&'5+$25'&2'U"2&55&'0&';+4+A+#&'/1$%'0&5'&55+"5'0&'(E'N)'

C55+"' B&./5' Z=%"10&' _1.;%&'0&'5+$25' :"2&55&'0&';+4+A+#&'

!+6E;&I! J' 9<)A) 938)") ;<8) 9B!6N!/b")

!+K;XI! J' 9<)A) ;8)") 9B<8) ;8)6N!/b")

!+E;&I! J' 9<)A) 38)") 3C88) =8)6N!/b")

!+E&I! J' 9<)A) 3)") 3C)888) =88)6N!/b")

!



!"#$%&'()*+),--(&).(/)$#'#01&'(/).()2%(%33%//(0(4&)

)

!

! "X#!

a2+,&!)2!R)41&)2!_4)1)!c+A2-&!"Fb4!*-./&0,&!1&/!6Q6&/!-./21,),/!82&!1)!c+A2-&!"Fb)!KD%aG!')1'21.&!*)-!

%O! /,-+**+0AM! 6)+/! -)**3-,./! )2! 0364-&! 5&! /)2,/! /24+/! *)-! 1>.'()0,+1130<! %&,,&! -&*-./&0,),+30! *&-6&,! 5&!

'36*)-&-!03/!5300.&/!)7&'!'&11&/!5&!1)!1+,,.-),2-&!A.0.-)1&6&0,!&H*-+6.&/!&0!?30',+30!52!0364-&!5&!/)2,/<!

=>&??&,!52!0364-&!5&!/)2,/!&/,!'1)+-&6&0,!7+/+41&!Kc+A2-&!"Fb4M!&,!&0!*)-,+'21+&-!13-/82&!1&!0364-&/!5&!/)2,/!&/,!

?)+41&/<!%&!-./21,),!'30?+-6&!1)!1+,,.-),2-&!\#E@!#F]<!

! i32-!1&/!7+&+11+//&6&0,/!&0!'-.0&)2H@!)2!5&1I!5&!82&182&/!6+11+&-/!5&!/)2,/@!+1!0>C!)!*12/!5>&??&,!6)[&2-!

5&! 1>)2A6&0,),+30! 52! 0364-&! 5&! /)2,/<! %&'+! '30?+-6&! 1&/! -./21,),/! 34,&02/! 5)0/! 1)! c+A2-&! "$! 52! L<t<"<! 82+!

630,-&0,!82&!82)05!1&!,&6*/!*)//.!I!'()82&!*3,&0,+&1!&/,!,-3*!?)+41&@!20!.,),!5>3HC5),+30!/,)41&!&0!/2-?)'&!52!

i,d%!&/,!),,&+0,!K1&!*1),+0&!0>)!*)/! 1&!,&6*/!5&!/&!-.52+-&@!&,!)+0/+!0>)!*)/! 1)!*3//+4+1+,.!5>3HC5&-! 1&!')-430&!I!

()2,!*3,&0,+&1M<!!

D0!%N!1>&??&,!&/,!*12/!6)-82.!&,!20!,-3*!A-)05!0364-&!5&!/)2,/!0>)2A6&0,&!*)/!1&!7+&+11+//&6&0,!6)+/!

1>),,.02&<!L1!?)2,!03,&-!82>20&!*.-+35&!5&!#!/!&/,!.82+7)1&0,&!I!#$!WWW!/)2,/!&,!I!20&!7+,&//&!5&!4)1)C)A&!5&!EWW!

6N!/
b"
!KR)41&)2!_M@!1)-A&6&0,!/2*.-+&2-&!)2H!7)1&2-/!2,+1+/.&/!()4+,2&11&6&0,!5)0/!1)!1+,,.-),2-&<!n32/!*&0/30/!!

82&!'&,,&!7+,&//&!&/,!,-3*!-)*+5&!*32-!*&-6&,,-&!)2!/C/,:6&!5>3/'+11&-!&0,-&!20!.,),!-.52+,!&,!20!.,),!3HC5.@!20!

.,),!6.,)/,)41&!&/,!),,&+0,!-)*+5&6&0,!&,!/&!6)+0,+&0,!52-)0,!,32,&! 1)!52-.&!52!,-)+,&6&0,<!%&'+!7)!,32[32-/!

5)0/!1&!/&0/!5>20!6.')0+/6&!1&0,!*32-!1)!-.52',+30!52!*1),+0&!6)+/!/2-,32,!5)0/!1&!/&0/!5>20!-`1&!6)[&2-!5&!

'&,,&!-.52',+30!5)0/!1&!*-3'&//2/!5&!7+&+11+//&6&0,!*)-!3HC5),+30!52!')-430&<!

O# !W5/1('&.5/&!

P)0/! 1&!')/!5&!7+&+11+//&6&0,!&0!/)2,/!&0!*3,&0,+&1@! 1&/!*)-)6:,-&/!82+!30,!20&!?3-,&! +0?12&0'&!/2-! 1)!

5.A-)5),+30!5&/!i,d%!/30,!5>20&!*)-,!1&!,&6*/!*)//.!)2!*3,&0,+&1!1&!*12/!4)/!&,!5>)2,-&!*)-,!1&!0364-&!5&!/)2,/!

+6*3/./<!=&!*3,&0,+&1!1&!*12/!4)/!&/,!1+.!I!1)!-.)',+30!5&!-.52',+30!5&/!3HC5&/!82+!&/,!1&0,&<!=&!0364-&!5&!/)2,/!

I!*3,&0,+&1!.1&7.!7)!+052+-&!1)!5.A-)5),+30!82+!/&-)!5>)2,)0,!*12/!+6*3-,)0,&!82&!1&!,&6*/!*)//.!I!20!*3,&0,+&1!

-.52',&2-!/&-)!130A<!=&!,-)0/+,3+-&!5>3HC5),+30!52!')-430&!&0!%O#!I!()2,!*3,&0,+&1!0>&H':5&!*)/!"W!/!KI!W@F!NM@!

,&6*/! )2! 432,! 5282&1! 1&/! 3HC5&/! 5&! *1),+0&! *)//+7&0,! 1)! /2-?)'&! &,! +0(+4&0,! 1)! '),)1C/&! 5&! 1)! '3--3/+30! 52!

')-430&<!!

W# M'9%2!0'!N.2.((.&&2B2/)!

P)0/!1&!*)-)A-)*(&!*-.'.5&0,@!032/!)730/!.,25+.!1>&??&,!5&!1)!*.-+35&!5&/!/)2,/!K32!0364-&!5&!/)2,/M!

/2-!20&!52-.&!5&!7+&+11+//&6&0,!5&!"X!(&2-&/<!P)0/!'&!*)-)A-)*(&@!032/!)1130/!.,25+&-! 1>&??&,!5&! 1)!52-.&!52!

7+&+11+//&6&0,! 5)0/! 1&! ')/! 5&! /)2,/! 5&! *3,&0,+&1! 5&! _W! /&'305&/! 32! 5&! %N! .82+7)1&0,&/<! G! *-&6+:-&! 72&@! +1!

)**)-)g,!82&!*12/!1&!'),)1C/&2-!/24+,!20!7+&+11+//&6&0,!130A@!*12/!+1!&/,!5.A-)5.<!%&*&05)0,!*32-!7.-+?+&-!1&!4+&0!

?305.! 5&! '&,,&! (C*3,(:/&! &,! '(3+/+-! 1&/! ,&6*/! 5&! 7+&+11+//&6&0,! 1&/! *12/! *&-,+0&0,/@! 032/! )730/! -.)1+/.! 20&!

.,25&!/2-!5&/!,&6*/!5&!7+&+11+//&6&0,!5&!"W@!"X@!#T!&,!TE!(&2-&/!*32-!5&/!7+&+11+//&6&0,!&0!'-.0&)2!&,!&0!%N<!

=)!c+A2-&!#"!&0!,-+)0A1&/@!*-./&0,&! 1&/! -./21,),/!5&/!7+&+11+//&6&0,/!&0!%N<!=)!c+A2-&!##!&0!')--./!*-./&0,&! 1&!

7+&+11+//&6&0,!&0! '-.0&)2H<! =)!*&-,&!&0!u!5&! 1>D%aG!&/,! -&*-./&0,.&!&0! /+A0&!*1&+0!&,! 1&!5.')1)A&!&0!6N!52!

*3,&0,+&1! 5&! *+'! 5&! %O! /,-+**+0A! &0! /+A0&! 7+5&@! &0! ?30',+30! 5&! 1)! 52-.&! 5&! 1>&//)+! &0! (&2-&/<! %()82&! *3+0,!
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!

! "XZ!

*-37+&0,! 5>20! .'()0,+1130! 5+??.-&0,! )?+0! 5&! 5.'32*1&-! 1&/! -./21,),/! 5&! 1>&??&,! 5&! 1)! ')-)',.-+/),+30! *)-! %O!

/,-+**+0A!'366&!032/!1>)730/!72!)2!'()*+,-&!Z!fLL<%<!

!

!"#$%&'>()'Z&%2&'&3'k'0&'CDFM'*2%"+3#4&'/4&"3,'&2'0$'/12&32"&4'0$'/"@'0&'DX'52%"//"3#'*2%"+3#4&'U"0&,'/1$%'4&5'

U"&"44"55&.&325'&3'D:'5$%'BCD(7'CE7C'0+35'W>FXL'('H))'

!

!"#$%&'>>)'Z&%2&'&3'k'0&'CDFM'*@+%%='/4&"3,'&2'0$'/12&32"&4'0$'/"@'0&'DX'52%"//"3#'*@+%%='U"0&,'/1$%'4&5'

U"&"44"55&.&325'&3'@%=3&+$R'5$%'BCD(7'CE7C'0+35'W>FXL'('H))'

P)0/!1&/!5&2H!')/!1>)2A6&0,),+30!5&!1)!5.A-)5),+30!&0!?30',+30!5&!1)!52-.&!5&!7+&+11+//&6&0,!&/,!4+&0!

34/&-7.&<!p0!5.,)+1!)**)-)g,!'&*&05)0,!j! 1)!7+,&//&!5&!7+&+11+//&6&0,! K*&-,&/!5>D%aG!&,!5.')1)A&!5&!D*+'M!0>&/,!

*)/!'30/,)0,&!)2!'32-/!52!,&6*/<!=&/!*&-,&/!5&!*&-?3-6)0'&/!/30,!*12/!-)*+5&/!)2!5.42,!*2+/!/&!-.52+/&0,!*)-!

1)! /2+,&! *32-! ),,&+05-&! 20&! )//C6*,3,&! (3-+B30,)1&<! %&! -./21,),/! /30,! /&641)41&/! I! '&2H! 34/&-7./! 5)0/! 1)!

1+,,.-),2-&! \ZWbZ#]!j!*)-!&H&6*1&!S3-&!'()*+,,/! \ZZ]!30,!630,-.!&0! L=RDS!20&!4)+//&!52! ,)2H!5&!'3--3/+30!&0!

?30',+30!52! ,&6*/! 13-/!5>20! ,&/,! I!"@X!N!*&05)0,!"XWW!6+02,&/!&0!*+1&<! i&-&BbG130/3!'() *+,,<! \#E]!34/&-7&0,!
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82&!1&!R)0)h)<!!

G+0/+! 1&!'),)1C/&2-!Db,&h!ZW!u!&/,!63+0/!-./+/,)0,!I!'&!,C*&!5&!,&/,/!82&! 1&!RD%"W!DXWD<!%&1)!/&641&!

7&0+-!&0!*-&6+&-!1+&2!5&!1)!-./+/,)0'&!I!1)!'3--3/+30!52!')-430&<!=&!?)4-+')0,!R)0)h)!&6*13+&!20!')-430&!*12/!

-./+/,)0,!82&!1)!/3'+.,.!Db,&h@!'366&!032/!1>)730/!*-./&0,.!)2!*)-)A-)*(&!*-.'.5&0,<!%366&!032/!1>)730/!72!

)2!'()*+,-&!"! KfLL<t<"<)M@! 1&/!0)03*)-,+'21&/!5&!i,!/30,!)??&',.&/!*)-! 1)!'3--3/+30!52!')-430&@!'&!82+!6)A0+?+&!

1>+6*3-,)0'&!5>20!/2**3-,!')-430&!-./+/,)0,<!G+0/+!1&/!*)-,+'21&/!)2-30,!*12/!?)'+1&6&0,!,&05)0'&!I!/&!5.,)'(&-!

32!I!432A&-!52!/2**3-,!Db,&h!82&!52!/2**3-,!R)0)h)<!!

P>)2,-&!*)-,@! 1)!/2-?)'&!/*.'+?+82&![32&!20!-`1&! +6*3-,)0,<!=&!'),)1C/&2-!Db,&h!*3//:5&!5&/!*)-,+'21&/!

5&! *1),+0&! *12/! )AA136.-.&/! I! 1>3-+A+0&! 82&! 1&! '),)1C/&2-! R)0)h)<! D0! &??&,! 1&/! '32-4&/! 5&! %O! /,-+**+0A!

*&-6&,,&0,! 5>34/&-7&-! 82&! 1&! '),)1C/&2-! Db,&h! *3//:5&! 20! *-.b*+'! /2-! 1&! *+'! 5&! 5./3-*,+30! 52! %O@! 82+! &/,!

')-)',.-+/,+82&!5>)AA136.-),/!5&!0)03*)-,+'21&/!5&!,)+11&/!/2*.-+&2-&/!I!Z!06<!%&'+!&/,!I!-&1+&-!)2H!34/&-7),+30/!

RDS! 52! '()*+,-&! #! LbG! 5)0/! 1&/82&11&/! 1&! '),)1C/&2-! Db,&h! &/,! *12/! )AA136.-.! 82&! 1&! '),)1C/&2-! R)0)h)! I!

'()-A&6&0,!.82+7)1&0,<! L1!&H+/,&!)2//+!20! 1+&0!)7&'! 1)!/2-?)'&!tDR!5&/!')-430&/!5&!'()82&!'),)1C/&2-<!%&11&!'+!

&/,!5>&07+-30!5&!#XW!6
#
!A

b"
!*32-!20!')-430&!Db,&h@!,)05+/!82&!R)0)h)!2,+1+/&!20!')-430&!5&!*12/!A-)05&!/2-?)'&!

/*.'+?+82&@!*-3'(&!5&!EWW!6
#
!A

b"
!*32-!'&!'),)1C/&2-!K(+A(!/2-?)'&!)-&)!')-430M<!i)-!'30/.82&0,@!I!'()-A&6&0,!

.82+7)1&0,@!1&/!*)-,+'21&/!52!Db,&h!/&-30,!*12/!*-3'(&/!1&/!20&/!5&/!)2,-&/<!%&'+!-&7+&0,!I!?)+-&!20&!'36*)-)+/30!

&0!?30',+30!52!'()-A&6&0,!5&!*1),+0&!/2-!1&!')-430&!82+!5300&!5&/!-./21,),/!/+6+1)+-&/!\T"]<!i12/!1&/!*)-,+'21&/!

/30,!*-3'(&/@!*12/!1>)AA136.-),+30!/&-)!?)73-+/.&<!
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O# W5/1('&.5/&!

=&!/2+7+!5&!1)!'3--3/+30!52!')-430&!/2-!,-3+/!.'()0,+1130/!'366&-'+)2H!30,!*&-6+/!5&!630,-&-!82&! (2!

1*)*(P&2'9! V*/*_*! %)*.)! (2! 4('&! 9%&.&)*/)! *)-! -)**3-,! I! 5&/! '),)1C/&2-/! }3(0/30! S),,(&C! 32! Db,&h! I!

'()-A&6&0,/!.82+7)1&0,<!=&/!*-3*-+.,./!5&!1)!/2-?)'&!52!/2**3-,!')-430.!\TW]!30,!20&!+6*3-,)0'&!*-+63-5+)1&!

*32-!1)!-./+/,)0'&!)2H!7+&+11+//&6&0,/!52!'),)1C/&2-/<!

+# "/F('2/12!0'!@*`!02!D'((*@2!

P&2H!A)B!5&!4211)A&!5&!1)!/312,+30!30,!.,.!'(3+/+/!J!1>)-A30!&0!A)B!0&2,-&!&,!1>3HCA:0&!&0!A)B!3HC5)0,<!

=>)-A30! )! .,.! '(3+/+! '366&! -.?.-&0'&! *32-! '&/! &//)+/! '366&! '&1)! &/,! *-./&0,.! &0! +0,-352',+30<! =>3HCA:0&!

'3--&/*305!)2!A)B!5&!1)!'),(35&!&0!iDSc%@!1>.1&',-35&!82+!&/,!1&!/+:A&!5&/!5.A-)5),+30/!1&/!*12/!+6*3-,)0,&/<!

%&!*)-)A-)*(&!5.'-+,!1&/!5+??.-&0'&/!34/&-7.&/!*32-!1&/!&H*.-+&0'&/!&0,-&!'&/!5&2H!A)B<!

6# +FF2)!0'!@*`!&'9!(2&!N.2.((.&&2B2/)&!!

=&/! 5300.&/! 52! R)41&)2! $! KfL<P<#<M! &,! 5&! 1)! c+A2-&! #_! *&-6&,,&0,! 5>34/&-7&-! 1>+0?12&0'&! 52! A)B! 5&!

4211)A&!*32-!1&!'),)1C/&2-!5&!-.?.-&0'&!R)0)h)!DXWD@!)+0/+!82&!*32-!1&!'),)1C/&2-!Db,&h!&0!A2+/&!5&!7.-+?+'),+30<!

=&/!-./21,),/!5&!1)!6+'-3/'3*+&!/30,!5.,)+11./!5)0/!1&/!c+A2-&!#$!&,!c+A2-&!#E<!!

n32/! 34/&-730/! ,32,! 5>)43-5! 82&! 1&! ')-430&! &/,! 63+0/! 3HC5.! /32/! ),63/*(:-&! )-A30! 82&! /32/!

),63/*(:-&!3HCA:0&!KR)41&)2!$M<!=&!6)-82&2-!#W@!*-./&0,)0,! 1)!7)-+),+30!5&! 1)!7)1&2-!5&!'32-)0,!5&!53241&!

'32'(&@!630,-&!82&! 1)!5+6+02,+30!&/,!5)0/! 1&/!5&2H!')/!/2*.-+&2-&!/32/!3HCA:0&!82&!/32/!)-A30<!|2)0,!)2H!

0)03*)-,+'21&/!5&!i,@!20!1.A&-!/(+?,!52!*+'!5&!-.52',+30!5&/!3HC5&/!&/,!34/&-7.@!*12/!+6*3-,)0,!/32/!3HCA:0&!

82&!/32/!)-A30<!=)!*&-,&!5&!/2-?)'&!)',+7&!34/&-7.&!5)0/!1)!c+A2-&!#_!630,-&!82&!*32-!1&/!5&2H!'),)1C/&2-/@!1)!

*&-,&!5>D%aG!&/,!,32[32-/!*12/!?)+41&!/32/!)-A30!82&!/32/!3HCA:0&<!=)!6Q6&!,&05)0'&!&/,!03,.&!*32-!1)!*&-,&!

5>D%aG!*)-!%O!/,-+**+0A!&,!1>VpiP!*32-!1&!'),)1C/&2-!Db,&h<!=)!*&-,&!5&!5>D%aG!5&!VpiP!&/,!5&!ZW!u!/32/!)-A30!&,!

*-&/82&!$W!u!/32/!3HCA:0&@!&,!#E!u!6&/2-./!*)-!%O!/,-+**+0A!/32/!)-A30!'30,-&!XZ!u!/32/!3HCA:0&<!D0?+0!1&!

/(+?,!*3/+,+?!52!*+'!5>.1&',-3b3HC5),+30!52!%O!&/,!*12/!+6*3-,)0,!/32/!),63/*(:-&!)-A30!82&!/32/!),63/*(:-&!

3HCA:0&<!%&,,&!,&05)0'&@!82+!/>&H*1+82&-)+,!*)-!20&!)2A6&0,),+30!63C&00&!5&! 1)!,)+11&!*12/! +6*3-,)0,&!/32/!

)-A30!0&!7)!*)/!5)0/! 1&!/&0/!5&/!)2,-&/!6)-82&2-/!82+! +05+82&0,!20&!)2A6&0,),+30!&0!,)+11&!*12/! ?3-,&!/32/!

3HCA:0&<!

=)!c+A2-&!#$!*-./&0,&!1&/!(+/,3A-)66&/!&,!20&!+6)A&!RDS!-&*-./&0,),+?/!5&/!&//)+/!!DRXW
G-!
!&,!!DRXW

O#
<!

=>(+/,3A-)66&!5&!1>&//)+!!DRXW
O#!
Kc+A2-&!#$b'M@!4+&0!82&!5&!?3-6&!+5&0,+82&!I!1>(+/,3A-)66&!5&!1>&//)+!!DRXW

G-!

Kc+A2-&! #$b)M@! *-./&0,&! 5&/! 7)1&2-/! 5.')1.&/! 5&! "W! I! #W! u! 7&-/! 1&/! *)-,+'21&/! 5&! 5+)6:,-&/! /2*.-+&2-/<! =&/!

*-3*3-,+30/!5&!'()82&!?)6+11&!/30,!A134)1&6&0,!+5&0,+82&/<!=&/!+6)A&/!RDS!Kc+A2-&!#$!4!&,!5M!*&-6&,,&0,!5&!

/&! -&05-&! '36*,&! 5&! '&,,&! 63-*(313A+&! .82+7)1&0,&@! *2+/82&! -+&0! 5&! /*.'+?+82&! 5+??.-&0'+&! 1&/! '1+'(./! I!

*-&6+:-&!72&!K/)0/!20&!6&/2-&!5&/!5+)6:,-&/M<!

!
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!"#$%&'>\)'W"521#%+..&'&3'2+"44&'0&'/+%2"@$4&5'/1$%'4&5'0"<<=%&325'&55+"5'0&'La'N'&2'['DX'52%"//"3#'^'&32%&'4&'

BCD(7'CE7C'51$5'+%#13'! '&2'51$5'1RA#c3&! )''

'

!"#$%&'>a)'W"521#%+..&'&3'2+"44&'0&'/+%2"@$4&5'/1$%'4&5'0"<<=%&325'&55+"5'0&'La'N'&2'['DX'52%"//"3#'^'&32%&'4&'CT

2&l'?7'k'51$5'+%#13'! '&2'51$5'1RA#c3&! )'

=)!c+A2-&!#E!*-./&0,&!)2//+! 1&/!(+/,3A-)66&/!&,! +6)A&/!RDS!-&*-./&0,),+?/!5&/!&//)+/!-.)1+/./!/2-! 1&!

'),)1C/&2-!Db,&h!J!!D&ZW
G-!
Kc+A2-&!#E!)!&,!4M!&,!!D&ZW

O#!
Kc+A2-&!#E!'!&,!5M<!=&!-./21,),!&/,!.82+7)1&0,!I!'&12+!34/&-7.!
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/2-!1&!'),)1C/&2-!R)0)h)!)7&'!5&/!*-3*3-,+30/!5&!'()82&!?)6+11&!K6)-82&2-/!X!I!$@!R)41&)2!$M!82+!.7312&0,!*&2<!

=&!5+)6:,-&!63C&0!K6)-82&2-!TM!)2A6&0,&!0&,,&6&0,!*12/!/32/!3HCA:0&!82&!/32/!)-A30!Kc+A2-&!#E!4!!"/!P@!

X@$!!"/!_@_!06M<!

i32-!)11&-!*12/!13+0!5)0/!1)!'36*)-)+/30!&0,-&!1&/!A)B!5&!4211)A&@!032/!)730/!-.)1+/.!20!7+&+11+//&6&0,!

&0!*3,&0,+3/,),+82&!*&05)0,!TE(!I!W@F!N!!"/)UVD!/2-!RD%"W!DXWD<!=)!5+??.-&0'&!)7&'!1&/!&//)+/!*-.'.5&0,/!&/,!

1>)4/&0'&!5&! ')-)',.-+/),+30/!*)-!%O! /,-+**+0A!&0! '32-/!5>&//)+<! =&! R)41&)2!E@! *-./&0,&! 1>+0?12&0'&!52!A)B!5&!

4211)A&!13-/!5&!'&/!7+&+11+//&6&0,/<!=&/!-./21,),/!5&!1)!6+'-3/'3*+&!/30,!*-./&0,./!5)0/!1)!c+A2-&!#F<!

=&/!&//)+/!-.)1+/./!/)0/!%O!/,-+**+0A@!TE!(!&0!*3,&0,+3/,),+82&!K&//)+/!,DRXW
G-
!&,!,DRXW

O#
M!'3052+/&0,!I!

20&!*&-,&!5&!/2-?)'&!*32-!1>piP!5&!1>(C5-3A:0&!5&!F!u!/32/!)-A30!&,!*-&/82&!"E!u!/32/!3HCA:0&@!&,!T!u!)7&'!

1&! *+'! 5&! %O! /32/! )-A30! '30,-&! *12/! 5&! $! u! /32/! 3HCA:0&! KR)41&)2! EM<! =)! ,&05)0'&! 5&/! 6)-82&2-/!

.1&',-3'(+6+82&/!630,-&!530'!20&!1.A:-&!)2A6&0,),+30!&0!,)+11&!5&/!0)03*)-,+'21&/!5&!*1),+0&<!O-!5)0/!1&!')/!

5&!'&/!&//)+/@!1&/!-./21,),/!5&!1)!6+'-3/'3*+&!/30,!,-3*!*-3'(&/!*32-!&0!5.52+-&!20&!,&05)0'&!0&,,&<!|2&!'&!/3+,!

1)! '36*)-)+/30! 5&/! 5+??.-&0,/! 5+)6:,-&/! K6)-82&2-/! "! I! T@! R)41&)2! EM! 32! 1)! *-3*3-,+30! 5&! '()82&! ?)6+11&!

K6)-82&2-/!"!I!T@!R)41&)2!E!&,!c+A2-&!#F!)!&,!'M!&,!1&/!+6)A&/!RDS!Kc+A2-&!#F!4!&,!5M@!'&2H!'+!/&!/+,2&0,!5)0/!1)!

4)--&!5>&--&2-<!L1!0&!/&641&!*)/!C!)73+-!20&!5+??.-&0'&!6)-82.&!)2!0+7&)2!5&!1)!6+'-3/'3*+&!/2-!1&/!'),)1C/&2-/!

&0,-&! 3HCA:0&! &,! )-A30! 5)0/! 1&! ')/! 5>20! 7+&+11+//&6&0,! '30/,)0,! 5&! TE! (&2-&/<! %&'+! *32--)+,! Q,-&! 1&! -./21,),!

5>20&!5+//312,+30!*2+/!-&5.*3/+,+30!13')1+/.&@!,-:/!5+??+'+1&!I!34/&-7&-!)7&'!5&/!6.,(35&/!I!?)+41&!A-)05+//&6&0,!

/)0/!L=RDS<!! !
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B+;4&+$'a)'CU14$2"13'0&5'.+%O$&$%5'/1$%'4&5'&55+"5'%=+4"5=5'51$5'+%#13'H)&2'1RA#c3&'H)/1$%'4&'@+2+4A5&$%'

BCD(7'CE7C'8'/12&32"&4'@1352+32'/&30+32'LaN)'

H*9G'2'9&! q+V7;
?9
I!J! q+V7;

ZE
I!J!

>.2.((.&&2B2/)! T\>"! T\>"!

A*`! ?9@5/! Z3P@a/2!

6LM!$5/02&!I/BJ! Z@"!KrW@#M! #@E!KbW@"M!

ELM!5N*(2&!I/BJ! T@#!KrW@"M! T@#!KrW@"M!

OLM!*@@(5!I/BJ! _@$!KrW@FM! _@"!KrW@ZM!

KLMB5P!4*9)!I/BJ! T@W!KrW@XM! T@W!KrW@XM!

7LQ!95/02&! _X@#!Kb"W@EM! _#@_!Kb"Z@TM!

:LQ!5N*(2&! #T@$!KrX@$M! #Z@_!KrT@_M!

RLQ!*@@(5! "W@"!KrX@"M! "Z@E!KrE@EM!

=LF59B2!U.&)5! b?)'&,,.!! !b?)'&,,.!

6KL+WX?!Y!WZ!!I1B
E
J! bT! b$@Z!

67LF59B2!WZ! !a(+?,!r! a(+?,!r!!

6:L+4.1!WZ!I>J! rW@WZT! rW@WZZ!

6RL+WX?!Y!U[CM!I1B
E
J! bE@$! b"$@X!

6SLF59B2!U[CM! b?)'&,,.!! !b?)'&,,.!

6=L+4.1!53P02&!I>J! bW@WWT! bW@WWX!

E;LM5'D(2!15'182!IB?J! W! W@WZ!

!

p0&! *&-,&! /2*.-+&2-&! 5&! /2-?)'&! )',+7&! *32-! 1>3HCA:0&! *)-! -)**3-,! I! 1>)-A30! &/,! 34/&-7.&! 5)0/! 1&/!

&H&6*1&/! *-./&0,./! *-.'.5&66&0,! K!DRXW
G-

, !DRXW
O#
@!!D&ZW

G-
@!!D&ZW

O#
@!,DRXW

G-
! &,!,DRXW

O#
M@! 5+??.-&0'&! 82+! &/,!

,32[32-/! *12/!6)-82.&! 82)05! 1&/! 7)1&2-/! /30,! ')1'21.&/! *)-! 1>piP! 5&! 1>(C5-3A:0&! K&0!63C&00&! rFT!uM! 82&!

82)05!1&/!7)1&2-/!/30,!')1'21.&/!)7&'!1)!/2-?)'&!52!*+'!5&!%O!K&0!63C&00&!rX$!uM<!%&!-./21,),!7)!5)0/!1&!/&0/!

5&! *)-,+'21&/! 5&! ,)+11&/! /2*.-+&2-&/! I! ZbX! 06! \T#bTT]! 6)+/! )2//+! 5>20! &??&,! '),)1C,+82&! 5&! 1>3HCA:0&! /2-! 1)!

'3--3/+30!52!')-430&<!

=&! /(+?,! 0.A),+?! 52! *3,&0,+&1! 5&! *+'! 5&! %Ob/,-+**+0A! &,! *3/+,+?! 52! *3,&0,+&1! 5&! *+'! 5&! -.52',+30! 5&/!

3HC5&/!7)!)2//+!5)0/!1&!/&0/!5>20!)''-3+//&6&0,!5&!1)!,)+11&!63C&00&!5&/!0)03*)-,+'21&/!5&!i,<!=)!c+A2-&!#_!82+!

-./26&! 1&/!-./21,),/!5&/!&//)+/!!DRXW
G-

, !DRXW
O#
@!!D&ZW

G-
!&,!!D&ZW

O#
!630,-&! 1)!,&05)0'&!34,&02&!&0!/&! ?305)0,!

/2-!1>)+-&!)',+7&!6&/2-.&!*)-!%Ob/,-+**+0A@!1)!*&-,&!5>D%aG!&/,!/2*.-+&2-&!/32/!3HCA:0&<!L1!)!.,.!630,-.!*)-!%)+!

&,!'311<!\Z_]!82&!1&!,-)+,&6&0,!52!')-430&!/2**3-,!*)-!5&!1>3HCA:0&!)2A6&0,&!1>.,),!5>3HC5),+30!5&!1)!/2-?)'&!

52! ')-430&! N21')0! &0! '-.)0,! *12/! 5&! A-32*&6&0,! ')-430C1&/! &,! ')-43HC1&/<! =)! *-&6+:-&! .,)*&! 5&! '&!

*(.036:0&!/&-)+,!1)!?3-6),+30!5&!-)5+')2H!(C5-3*&-35C5&/!*)-!1)!-.)',+30!&0,-&!1>3HCA:0&!&,!1&/!OV!)5/3-4./!

/2-!1&!*1),+0&!!D8<LN!T!&,!!!D8<LN!X!'+!5&//32/!J!
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i,bOV)5/!r!O#!"!i,bO)5/!r!VOO•!D8<LN!T!

VOO•!r!VOO•!"#VO•!r!O#!!D8<LN!X
!

=&/! &/*:'&/! VOO•! &,! VO•! )5/3-4.&/! /2-! 1&! i,! *&27&0,! &05366)A&-! 1&! ')-430&@! &0! ?)73-+/)0,! 1)!

A.0.-),+30! 5&! ?30',+300)1+,./! 3HCA.0.&/! I! /)! /2-?)'&@! ?)'+1+,)0,! )+0/+! /30! 3HC5),+30! '(+6+82&! &,!

.1&',-3'(+6+82&!&0!%O!&,!%O#<!%&,,&!'3--3/+30!/&641&!Q,-&!'30?+-6.&!*)-!1&/!(+/,3A-)66&/!&,!1&/!+6)A&/!RDS!

5&!'&/!&//)+/<!a+-36)!'()*+,,<!\TX]!30,!,-327.!82&!1>3HCA:0&!)??&',&!1)!5.A-)5),+30!)2!5&1I!5&!W@E!N!*)-!-)**3-,!I!

5&!1>)B3,&@!&0!)''3-5!)7&'!'&!/'.0)-+3<!

!

!"#$%&'>[)'W"521#%+..&'&3'2+"44&'0&'/+%2"@$4&5'/1$%'4&5'0"<<=%&325'&55+"5'0&'La'N'&2'>'DX'52%"//"3#'^'&32%&'4&'

BCD(7'CE7C'51$5'+%#13'! '&2'51$5'1RA#c3&! )'

E# H2&'92&!M+HX!2/!49%&2/12!0b*9@5/!2)!53P@a/2!

! =)!c+A2-&!ZW!-./26&!5&/!&//)+/!-.)1+/./!&0!PDSa!5)0/!5&/!'305+,+30/!/+6+1)+-&/!I! 1)!c+A2-&!#T!/2-!20!

'),)1C/&2-!RD%"W!DXWD!/32/!)-A30!&,!/32/!3HCA:0&<!i32-! 1&/!5&2H!*-&6+:-&/!&H*.-+&0'&/!032/!-&,+&05-30/! 1)!

7)1&2-!5&!1)!63C&00&!/2-!"W!/)2,/!5&!*3,&0,+&1<!i32-!1&!,-3+/+:6&!Kc+A2-&!Z"M!032/!A)-530/!1&!6)H+626!),,&+0,!

*)-!1&!/+A0)1!#%$)e!TT!*32-!1&!/)2,!I!"@T!N<!%&/!5&2H!&//)+/!30,!.,.!-.)1+/./!I!1)!/2+,&!/2-!1&!6Q6&!.'()0,+1130<!

=&/!-./21,),/!730,!5)0/! 1&!6Q6&!/&0/!82&!'&2H!*-./&0,./!)2!*)-)A-)*(&!*-.'.5&0,@!)7&'!20!5.A)A&6&0,!5&!

%O#!&0,-&!"@X!&,!X!?3+/!/2*.-+&2-!/32/!3HCA:0&<!!
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!

! "_T!

!

!"#$%&'?7)'G=#+#&.&32'0&'DX>'*0$'5"#3+4'.IJ'KLL,'/1$%'?'U"&"44"55&.&325'5$%'4&'@+2+4A5&$%'BCD(7'CE7C9'51$5'

+%#13'&2'1RA#c3&)'f4&$'n'.1A&33&'/1$%'0&5'5+$25'79(T79[':'^'%1$#&'n'.1A&33&'/1$%'0&5'5+$25'0&'79(T(9L':'&2'

U&%2'n'.+R".$.'/1$%'$3&'.132=&'&3'@%=3&+$R'0&'79('8'(9L':)'

=)! c+A2-&! Z"! *-./&0,&! 1>.7312,+30! 5&! 1>+0,&0/+,.! 52! /+A0)1! 5&! PDSa!#%$!e! TT! *32-! 20&! -)6*&! &0!

'-.0&)2H!&0,-&!W@"!&,!W@#!I!"@T!N!82+!'30?+-6&!20&!?3+/!5&!*12/! 1>34/&-7),+30!?)+,&!)2!�L<G<"<!n32/!34/&-730/!

4+&0! 1&/! 5+??.-&0,/! -.A+6&/! 5&! '3--3/+30! &0! ?30',+30! 52! *3,&0,+&1<! =>)+-&! 5&/! *+'/! I! '()82&! *3,&0,+&1! &/,@! I!

'()82&!*3,&0,+&1@!/2*.-+&2-&!/32/!3HCA:0&!82&!/32/!)-A30!Kc+A2-&!Z"M<!

!

!

!"#$%&'?()'M"%&'0&5'/"@5'0$'5"#3+4'.IJ'K'LL'8'@N+O$&'/12&32"&4'41%5'0&'4+'%+./&'0&'/12&32"&4'/1$%'4&5'&55+"5'

51$5'1RA#c3&'&2'+%#13'5$%'$3'@+2+4A5&$%'Z2ID'BCD(7'CE7C)'

O# W5/1('&.5/!

=3-/! 5&! 1>.,25&! /2-! 1)! 5.A-)5),+30!5&/! '),)1C/&2-/! *)-! 5&/! 'C'1&/! 5&!*3,&0,+&1/! &0! .1&',-31C,&! )'+5&@!

(b53P@a/2!&2BD(2!495N5G'29!'/2!429)2!4('&!.B459)*/)2!02!&'9F*12!*1).N2!G'2!(b*9@5/<!%&'+!/>&H*1+82&!*)-! 1)!

*12/! ?3-,&! -.)',+7+,.!5&/! +0,&-6.5+)+-&/! ?3-6./!*)-! 1)! -.52',+30!5&! 1>3HCA:0&@!03,)66&0,! 1&/!*&-3HC5&/@!82+!

)',+7&0,!1)!'3--3/+30!52!')-430&!\T_]<!=&!6+1+&2!/&-)@!5&!6)0+:-&!A.0.-)1&@!+0,-+0/:82&6&0,!*12/!3HC5)0,!/32/!

3HCA:0&!82&!/32/!)-A30<!!

!

! !
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!

! "_X!

""# W5/1('&.5/!

=>2,+1+/),+30! 5&!6.,(35&/! '32*1.&/!6+'-3/'3*+&d.1&',-3'(+6+&dPDSa! )! *&-6+/! 1>.,25&!5&/! 5+??.-&0,/!

6.')0+/6&/! 5&! 5.A-)5),+30! 5&/! '),)1C/&2-/! i,d%! &0! 032/! ?3')1+/)0,! /2-! 1>&??&,! 5&! 5+??.-&0,/! *)-)6:,-&/! 5&!

7+&+11+//&6&0,<!G2H!'32-/!5&!'&/!,-)7)2H!032/!)730/!)**1+82.!5+??.-&0,/!,C*&/!5&!7+&+11+//&6&0,!K-./26./!5)0/!1&!

,)41&)2!5&!1>)00&H&!TM!-)**&1./!5)0/!1)!c+A2-&!Z#!K*./!'()*+,-&!#M@!1>&0/&641&!5&/!-./21,),/!.,)0,!-./26./!5)0/!

1&!R)41&)2!F!J!!

b%-.0&)2H!&0,-&!5&2H!*3,&0,+&1/!I!5+??.-&0,&/!*.-+35&/!Kc+A2-&!Z#bLM!2,+1+/.!'366&!7+&+11+//&6&0,!5&!-.?.-&0'&!

*32-!1&/!43-0&/!W@"bW@F!N!)7&'!20&!*.-+35&!5&!_W!/<!

b%N!K5&0,/!5&!/'+&M!&0,-&!5&2H!*3,&0,+&1/!I!5+??.-&0,&/!*.-+35&/!Kc+A2-&!Z#bLLM!,&1!82>2,+1+/.!'32-)66&0,!5)0/!1)!

1+,,.-),2-&<!

bi3,&0,+&1!'30/,)0,!'32*.!*)-!5&/!%O!/,-+**+0A!Kc+A2-&!Z#bLLL!&,!NM!*32-!1&/!*-&6+&-/!&//)+/!-.)1+/./!)2!'32-/!5&!

'&/!,-)7)2H<!

bF!%O!/,-+**+0A!/2''&//+?/!Kc+A2-&!Z#bLNM!*32-!7.-+?+&-!1>&??&,!5&!1)!6&/2-&!/2-!1&!'),)1C/&2-<)

bi3,&0,+&1!'30/,)0,!Kc+A2-&!Z#bNLM!-&*-352+/)0,!5&/!'305+,+30/!/,),+300)+-&/<!

)

!"#$%&'?>)'Z%1<"45'0&'U"&"44"55&.&32'$2"4"5=5'+$'@1$%5'0&'@&5'2%+U+$R)'

n32/!)730/!*2! 73+-! )2! '32-/!5&/! '()*+,-&/! Z! &,! T!82&! '&/! 7+&+11+//&6&0,/!0&!5300)+&0,!*)/! 1+&2! )2H!

6Q6&/! '()0A&6&0,/! 5&/! *)-)6:,-&/d6)-82&2-/<! %&1)! 7)! 5)0/! 1&! /&0/! 5&!6.')0+/6&/! 5+??.-&0,/! 82)0,! I! 1)!

5.A-)5),+30! 5&/! '),)1C/&2-/! i,d%<! n32/! )730/! *-./&0,.! )2H! '()*+,-&/! "! &,! #! 82),-&! 6.')0+/6&/! 5+/,+0',/!

+0/*+-./! 5&! 1)! 1+,,.-),2-&<!n32/! )730/! *-3*3/.! 1&/! (+/,3A-)66&/! 635:1&/! 5&! '&/! 6.')0+/6&/@! )7&'! 03,-&!

6.,(35&!5&!'36*,)A&!5&/!*)-,+'21&/@!5)0/!1&!')/!3^!'()82&!6.')0+/6&!/&-)+,!*-.*305.-)0,<!U)**&130/!1>&??&,!

5&/!6.')0+/6&/<!

=&! -./21,),! 5&! 1)! '3--3/+30! 52! ')-430&! &/,! 20! &??305-&6&0,! 5&! 1)! /,-2',2-&! 5&/! A-)+0/! 5&! ')-430&!

*-37382)0,!20&!'3)1&/'&0'&!32!20!5.,)'(&6&0,!5&/!0)03*)-,+'21&/!5&!*1),+0&!Kc+A2-&!ZZ!GM<!%&'+!/&!73+,!,-:/!

4+&0! /2-! 1&/! 6)-82&2-/! 5&! 1>.1&',-3'(+6+&! ,&1/! 82&! 1)! *&-,&! 5>D%aG@! 1&! /(+?,! 52! *+'! 5&! %O! /,-+**+0A@! 32!
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1>)**)-+,+30!5>20!*+'!5>)AA136.-),/!I!4)/!*3,&0,+&1@!6)+/!/2-,32,!/2-!1&/!6)-82&2-/!5&!1)!6+'-3/'3*+&!)7&'!1&/!

,)+11&/!&,!*-3*3-,+30/!5&/!5+??.-&0,&/!?)6+11&/!K6)-82&2-!"!I!$M<!

=&! 6.')0+/6&! 5&! 6+A-),+30! '3)1&/'&0'&! &/,! 52! )2! 6327&6&0,! 5&! '&/! *)-,+'21&/! /2-! 1&! /2**3-,!

')-430.!j! +1! 7)! /&! ')-)',.-+/&-! 5)0/! 03,-&! ')/! *)-! 20&! )2A6&0,),+30! 52! 5+)6:,-&! 5+',.&! *)-! 20&! ?3-,&!

*-3*3-,+30!5&!*)-,+'21&/!37)1&/!Kc+A2-&!ZZ!tM<!G!()2,!*3,&0,+&1@!'&!6.')0+/6&!&/,!5+??+'+1&6&0,!5+/'&-0)41&!5&!

1>)AA136.-),+30!52!*1),+0&!')2/.&!*)-!1)!'3--3/+30!52!')-430&@!*(.036:0&!82+!&/,!)13-/!*-.*305.-)0,<!!

=&!6.')0+/6&!5&!6),2-),+30!5>O/,s)15!Kc+A2-&!ZZ!%M!)57+&0,!82)05!1&/!*&,+,&/!*)-,+'21&/!/&!5+//317&0,!

13')1&6&0,!)2!*-3?+,!5&/!A-)05&/!\T$]<!G!1>.,),!+0+,+)1@!20!'),)1C/&2-!*-./&0,&!5&/!*)-,+'21&/!&0,-&!"!&,!_!06!&0!

82)0,+,.! /+A0+?+'),+7&<! L1! /&641&! 530'! 82&! 1&/! '),)1C/&2-/! '366&-'+)2H! )',2&1/! /3+&0,! *-.5+/*3/./! I! /24+-! '&!

,C*&!5&!7+&+11+//&6&0,/<!=&!6.')0+/6&!5&!6),2-),+30!5>O/,s)15!&/,!'3002!*32-!0&!*)/!Q,-&!*-.536+0)0,!)7)0,!

W@$X!N!\TE]!)+0/+!82>)2!5&//2/!5&!"@#!N!KI!')2/&!5&/!3HC5&/!*-./&0,/!I!1)!/2-?)'&!52!*1),+0&!\Z@!$@!TF@!XW]M!13-/!5&!

'C'1&/!&0!*3,&0,+&1<!

=)! 5+//312,+30! 52! *1),+0&! &,! /)! *-.'+*+,),+30! 5)0/! 1)! 6&64-)0&! Kc+A2-&! ZZ! PM! &/,! 20! *(.036:0&!

-&6)-82.!5)0/!*12/+&2-/!*241+'),+30/!\"$@!X"bXZ]<!%&!6.')0+/6&!)57+&0,!&0!'305+,+30/!5&!'C'1)A&!&0,-&!W@_!&,!

"! N! &0! *+1&!\#X@! #_@! XT]@! 1)! -.52',+30! 5&! i,
#r
! &0! i,! .,)0,! ),,-+42.&! I! 1)! *-./&0'&! 5>20! ?12H! 5&! V#! 7&0)0,! 5&!

1>)035&! \#X@! XX]<! P)0/! 1&! ')/! 5&/! &H*.-+&0'&/! -.)1+/.&/! *32-! '&/! ,-)7)2H@! 032/! )730/! ,-)7)+11.! &0! 6+1+&2!

.1&',-31C,&! 1+82+5&!j!*)-! '30/.82&0,! 1)!5+//312,+30!52!*1),+0&@! /+! &11&!)! 1+&2@!0&!*&2,!5300&-!20&!*-.'+*+,),+30!

5)0/! 1)!6&64-)0&<!P)0/! 1&/! &//)+/! L=RDS@!032/! )730/! '&*&05)0,!6+/! &0! .7+5&0'&!82&! 1&! *1),+0&!*327)+,! /&!

-&5.*3/&-!/2-!1)!6&64-)0&!')-430&!5&!1)!A-+11&!5&!6+'-3/'3*+&!

!

!"#$%&'??)'-=5$.='0&'4V&<<&2'0&5'.=@+3"5.&5'0&'0=#%+0+2"13'5$%'4+'.1%/N141#"&'0&5'3+31/+%2"@$4&5'Z2ID'

0+35'4&5'ZCH!D)'*M,'@1%%15"13'0$'5$//1%2'@+%;13=9'*f,'H"#%+2"13'&2'@1+4&5@&3@&'0&5'/+%2"@$4&59'*D,'

Ho%"55&.&32'0VX52p+40'1$'0"5514$2"13'0$'/4+2"3&'0&5'/&2"2&5'/+%2"@$4&5'&2'%&0=/15"2"13'5$%'4&5'/4$5'#%+30&59'

&2''*G,'G"5514$2"13'0$'/4+2"3&'&2'/%=@"/"2+2"13'0+35'4+'.&.;%+3&'/+%'4&'<4$R'0VNA0%1#c3&'U&3+32'0&'4V+310&)'

!
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t+&0!82&! '&/!6.')0+/6&/! /3+&0,! /327&0,!5.'-+,/! 5&!6)0+:-&/!5+/,+0',&/!5)0/! 1)! 1+,,.-),2-&@! +1! &/,! &0!

-.)1+,.! 5+??+'+1&! 5&! 1&/! 5.'3--.1&-! &0! '305+,+30/! &H*.-+6&0,)1&/! -.&11&/@! '366&! 1&!630,-&0,! *)-! &H&6*1&! 1&/!

,-)7)2H! 5&! �2+16+03,! '() *+,,/) \X#@! X_]! 5)0/! 1&/82&1/@! '3--3/+30! 52! ')-430&@! 6),2-),+30! 5>O/,s)15! &,!

5+//312,+30d-&5.*3/+,+30!52!*1),+0&!5)0/!1)!6&64-)0&!/30,!'1)+-&6&0,!+5&0,+?+./<!

P)0/!1&!')5-&!5&!03/!&H*.-+&0'&/@!032/!)730/!.,25+.!1&/!&??&,/!5&!5+??.-&0,/!*)-)6:,-&/<!!

a2-! 1&! '),)1C/&2-! R)0)h)@! 032/! )730/! *2! ')-)',.-+/&-! 1>&??&,! 52! *3,&0,+&1! 5&! 7+&+11+//&6&0,! 5)0/!

5+??.-&0,&/! '305+,+30/<! =>+6*3-,)0'&! 6)[&2-&! 5&! 1)! '3--3/+30! 52! ')-430&! 5)0/! 1)! 5.A-)5),+30! 5&/!

0)03*)-,+'21&/! 5&! *1),+0&! )! .,.! '30?+-6.&@! &,! 032/! )730/!6+/! &0! .7+5&0'&! 82&! 5&/! A-32*&6&0,/! 3HCA.0./!

/,)41&/! *&27&0,! &H+/,&-! /2-! 1&! ')-430&! I! 20! '&-,)+0! *3,&0,+&1! Kc+A2-&! ZM<! =)! '3--3/+30! 52! ')-430&! *&2!

+6*3-,)0,&! &0! 5&//32/! 5&! "! N@! 5&7+&0,! *-.*305.-)0,&! /2-! 1&/! )2,-&/!6.')0+/6&/! )2! 5&1I<! =)! '36*)-)+/30!

&0,-&! 5+??.-&0,/! '),)1C/&2-/! )! 630,-.! 82&! 1&! '),)1C/&2-! R)0)h)! &/,! 1&! *12/! -./+/,)0,! I! 1)! 5.A-)5),+30! &,! &0!

*)-,+'21+&-!I!1)!'3--3/+30!52!')-430&!/2**3-,<!

P)0/!1&!')/!5&!/)2,/!5&!*3,&0,+&1/@!032/!)730/!7.-+?+.!1>&??&,!5&!1)!?-.82&0'&!5&/!/)2,/!&,!52!,&6*/!5&!

7+&+11+//&6&0,<! =>)2A6&0,),+30! 5&! 1)! ?-.82&0'&! &/,! 1+6+,.&! *)-! 20! 6)H+626! 5&! 5.A-)5),+30! ')2/.! *)-! 1&/!

7+,&//&/!5>3HC5),+30d-.52',+30!5&/!3HC5&/!5&!*1),+0&!I!1)!/2-?)'&!52!'),)1C/&2-!K)2H!,&6*/!'32-,/M<!P>)2,-&!*)-,!

1)!5.A-)5),+30!0>&/,!*)/!*-3*3-,+300&11&!)2!,&6*/!5&!7+&+11+//&6&0,!K)2H!,&6*/!130A/M@!I!')2/&!5&!'()0A&6&0,/!

5&!/,-2',2-&!5)0/!1&/!6),.-+)2H<!

D0?+0!032/!)730/!*2!34/&-7&-!1>&??&,!52!A)B!5&!4211)A&!K)-A30!32!3HCA:0&M<!=>3HCA:0&!&/,!/&0/+41&6&0,!

*12/!)A-&//+?!82&!1>)-A30@!03,)66&0,!52!*3+0,!5&!72&!5&!1)!'3--3/+30!52!')-430&<!!

=)! 5+/'2//+30! )! *&-6+/! 5&! 630,-&-! 82&! '&-,)+0/! 7+&+11+//&6&0,/! 5300)+&0,! 1+&2! I! 20! 6.')0+/6&!

*)-,+'21+&-<! L1! &/,! '&*&05)0,!5+??+'+1&!5&! /.*)-&-! &,!82)0,+?+&-! 1&/! '30,-+42,+30/!5&! '()82&!6.')0+/6&!5)0/! 1)!

*12*)-,! 5&/! ')/@! '366&! *)-! &H&6*1&! 03,-&! &//)+! 5&! -.?.-&0'&! 5&! /)2,/! W@"bW@F! N@! 82+! *-./&0,&! 5&/!

')-)',.-+/,+82&/!*327)0,!1&!'1)//&-!I!1)!?3+/!5)0/!1)!'3--3/+30!52!')-430&@!1)!6+A-),+30d'3)1&/'&0'&!&,!20&!?)+41&!

*-3*3-,+30!5&!5.,)'(&6&0,!&,!5&!6),2-),+30!5>O/,s)15<!=&!*(.036:0&!5&!-&'-+/,)11+/),+30!5)0/!1)!6&64-)0&!

0>)! *2! Q,-&! 34/&-7.! ')-! 1&/! '305+,+30/! &H*.-+6&0,)1&/! -&82+/&/! 0&! /30,! *)/! '36*),+41&/! )7&'! 1&! 6+1+&2!

.1&',-3'(+6+82&!635:1&!2,+1+/.@!6)+/!-+&0!0&!*&-6&,!5>)??+-6&-!82>20!,&1!'C'1)A&!&0!iDSc%!0&!'3052+-)+,!*)/!I!

'&!*(.036:0&<!!

P>20&!6)0+:-&!*12/!A.0.-)1&@!,32/!1&/!6.')0+/6&/!/30,!1+./@!&,!&H+/,&0,!5)0/!5&/!*-3*3-,+30/!7)-+)41&/!

5)0/! 1&/! A)66&/! 5>2,+1+/),+30! 5&! '),(35&/! 5&! iDSc%<! %366&! 032/! )730/! *2! 1&! 73+-@! +1! )**)-)g,! 5+??+'+1&! 5&!

5.'3--.1&-!5&!6)0+:-&!/+6*1&!'()'20!5>&0,-&!&2H!'30,-)+-&6&0,!I!'&!82&!1&!POD!*&2,!)0030'&-!)2[32-5>(2+@!&0!

+05+82)0,!'1)+-&6&0,!5&/!*-3,3'31&/!)5)*,./!I!1>.,25&!5>20!*(.036:0&!&0!*)-,+'21+&-!)2!5.,-+6&0,!5&/!)2,-&/<!
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6# P(,*'24()*+,!-./!9%*44./!
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! "#$!

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

!"#$%&'()*!

!

%&'(! )*! +*(! ,'-.-/01! /2*! 2&/.*33*! +*33/3*! 4*'5*,,-2,! )*! 6-7'*! )*! 3893*+,'&+:757*! *2! 72,*'6-+*!;-67&2<!

-.*+!)*(!4-'-5=,'*(!+&2,'>39(!-!9,9!)9.*3&449*?!@*,,*!+*33/3*!*2+&'*!A!389,-,!)*!4'&,&,B4*!-!9,9!93-C&'9*!*2!

+&33-C&'-,7&2!-.*+! 3*!%DEFG%-C&'-,&7'*! D2,*'6-+*(!*,!EB(,=5*(!F3*+,'&+:757H/*(1!I27.*'(7,9!J?!*,!K?!@/'7*?!F33*!

+&2(7(,*!A!5*,,'*!*2! 72,*'6-+*!/2*!IKF@!LI3,'-!K7+'&!F3*+,'&)*!A!@-.7,9M!-.*+!/2*!5*5C'-2*!;-67&2<!4&/'!

9,/)7*'!3*(!4-'-5=,'*(!+729,7H/*(!)*!5-27='*!672*!*,!(*!'-44'&+:*'!)8/2*!72,*'6-+*!(&37)*!'*2+&2,'9*!*2!473*?!

!

!"% #$%&'()*)+,(-.'-/01/)$*-2+3$,-4/'3)$,.'-5-6*7+)%- 89:%

!!"% #$%&'()*)+,(-.'-/*-6'//;/'-&<3='- 89>%
!"% #$%&'()*)+*,-./01*2%'( 345%
6"% 7.89':$/$*,:(&'(+/(;'++%+'(9<;1'(&8='+,008'( 34>%

!!!"% #$'?+'$&-$%&;/)*)&-'@A%$+?'()*;@- 89B%

6,(3/;&+,(&-')-#'$&A'3)+7'&- 8C8%

D+E/+,F$*A=+'- 8CG%
!

! !
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! "#N!

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

!"#$%&'()*&+,$-*%&+.-/0/*'1)%,/'/2+#&/3#%/$'/*'&'*%,&)4'%)+5/.-/('%,&)'#6/2#$1,&#$-5%47/8$$-/2+449.-/.-/

!"#$%&'()*+*!,*-&.),&/.)0'&).*)%*1232,4)&,).*)5*62/2,4)3&)#2.&)&!)7'+%&)"')/&.)-%*!3&.)+2,&..&.)3&)$*/*8*-&)&,)

6'9H/*2+*!)8-+H/7(7,7&2!H/8*33*!4*'5*,?!O-2(!3*!+-)'*!)*!+*,,*!9,/)*1! 73! 6-/,!2&,*'!H/8*33*!4*'5*,!389,/)*!)*(!

+-,-3B(*/'!(&/(!6&'5*!)*!4&/)'*!L*2!&44&(7,7&2!A!38*2+'*1!+?A?)?!*2!-C(*2+*!)*!;-67&2<M!4/7(H/8*33*!4*'5*,!)*!!

(*! 4-((*'! )*! 37-2,! &/! )8-)P/.-2,(! +&2)/+,*/'(?! @*,,*! +-'-+,9'7(,7H/*! 4*'5*,! 3-! +-'-+,9'7(-,7&2! )*! %8-+,7.7,9!

72,'72(=H/*! )*(!5-,9'7-/0?! F33*! 4*'5*,! 4-'! -733*/'(! 3-! +-'-+,9'7(-,7&2! )8/2*! ,'=(! 6-7C3*! H/-2,7,9! )*!5-,7='*?!

F2672! 3*(! 6-7C3*(! +&/'-2,(! 57(! *2! P*/! '*2)*2,! 4&((7C3*(! 3*(! 9,/)*(! )*! 5-,9'7-/0! *2! 38-C(*2+*! )893*+,'&3B,*!

37H/7)*1! L5737*/! '9(7(,76M1! ,&/,! *2! +&2(*'.-2,! /2! +&2,'>3*! '-7(&22-C3*! )*! 38-44&',! )*! 5-,7='*! 4-'! )766/(7&2!

(4:9'7H/*1! +*!H/7!28*(,! 9.7)*55*2,!4-(!4&((7C3*! -.*+! 3*(! ,*+:27H/*(!)*! +-'-+,9'7(-,7&2!5-+'&(+&47H/*(! QRS?!

T&/(! +*(!-.-2,-U*(!4*'5*,,'-7*2,! ,:9&'7H/*5*2,!)*! '9-37(*'!)*(!9,/)*(! +729,7H/*(!4&/((9*(!*,!)*!4'&4&(*'!

)*(! 47(,*(! (/'! 3*(! 59+-27(5*(! )*! .7*7337((*5*2,! )*(! 5-,9'7-/0! 9,/)79(?! %8IKF@! '9.=3*! ,&/,! (&2! 4&,*2,7*3!

3&'(H/8*33*!*(,!379*!A!/2*!+*33/3*!(=+:*!)9,-7339*!+7!)*((&/(!LVDDM?!%-!,*+:27H/*!IKF@!-!9,9!/,737(9*!-.*+!(/++=(!

4&/'!9,/)7*'! 3*(!5-,9'7-/0!)*!C-,,*'7*(!+&55*! 3*(!:B)'/'*(!59,-337H/*(! Q"1!$S1! 3*(!&0B)*(!)*!C7(5/,:! QNS1! 3-!

4&3B!-27372*!QW1!XS1!3*(!&0B)*(!)89,-72!QYS1!3*(!&0B)*(!)*!Z-2-)7/5!Q[S1!*,!3*(!4:&(4:-,*(!)*!6*'!Q\S!]!5-7(!-/((7!

3*(!5-,9'7-/0!)*!JFK^@!QR#S?!!

%8IKF@!+&2(7(,*!*2!/2*!57+'&!93*+,'&)*!)*!43-,72*1!)*!+-'C&2*!&/!)8&'!LW#!µ5!)*!)7-5=,'*M!6&2)/*!

)-2(!/2!,/C*!)*!4B'*0!LX!55!)*!)7-5=,'*M!QR#S?!I2*!4*,7,*!+-.7,9!+B372)'7H/*!L$W!µ5!)*!)7-5=,'*!*,!$#!µ5!)*!

4'&6&2)*/'M!*(,!+'*/(9*!A!3-!(/'6-+*!)/!673!)*!43-,72*!4-'!-C'-(7&2!%_EF`!L^7U/'*!RM!QRRS?!%-!+-.7,9!-!/2!.&3/5*!

)*! R1X?R#
G[!
+5

$
?! @*,,*! +-.7,9! .-! a,'*! '*5437*! )/!5-,9'7-/! 9,/)79! L7+7! /2! +-,-3B(*/'! T-2-b-! TF@R#! FW#FM1! H/7!

)*.'-!a,'*!)*!U'-2/3&59,'7*!3-!43/(!6-7C3*!4&((7C3*?!!

!

!"#$%&'()'*+,-+.%"&'/01'&.'"-2#&'/31'4&'52'627".+'48$9&':;<='482>%?@'A(BC)'

!



!""#$#%&'%()*#+,--#.#"/%012"#%3#++2+#%4536#%789:'%

%

!

! "#W!

""# $%&'()*+*,-)!.(!/+!6(//8/(!'93:(!

O-2(! 3*! +-)'*! )*! 389,/)*! )*(! +-,-3B(*/'(1! /2*! +*33/3*! )7,*! (=+:*! -! 9,9! )9.*3&449*! 4&/'! 9,/)7*'! 3*(!

5-,9'7-/0!)*!5-27='*!4&/((9*!)-2(!/2!5737*/!43/(!4'&+:*!)*!+*3/7!)8/2*!473*?!%*!,*'5*!+*33/3*!(=+:*!*(,!/,737(9!

*2!&44&(7,7&2!A!+*3/7!)*!+*33/3*!93*+,'&+:757H/*!*2!93*+,'&3B,*!37H/7)*!H/7!4*'5*,!389,/)*!*2!5737*/!-H/*/0!)*(!

5a5*(!5-,9'7-/0!)*!+&/+:*!-+,7.*?!_72(7!389,/)*!)*(!4:92&5=2*(!)*!)766/(7&2!(/4*'67+7*33*!(/'!3*!43-,72*!4*/,G

a,'*!9,/)79*!*2!72,*'6-+*!-.*+!3*!;-67&2<?!F33*!(872(47'*!)*(!,'-.-/0!)*!I5*)-!!"#$%&&'#()*+'#

;# 4*8.(!<,</,-=%+>:,?8(!

%-!+*33/3*!(=+:*!*(,!+&54&(9*!)8/2!5&2,-U*!+3-((7H/*!A!$!93*+,'&)*(1!)&2,! 3893*+,'&)*!)*!,'-.-73!*(,!

/2*!I3,'-!K7+'&!F3*+,'&)*!A!@-.7,9!4'9(*2,9*!+7!)*((/(?!%8IKF@!/,737(9*!*2!72,*'6-+*!-.*+!3-!5*5C'-2*!;-67&2<!

4*'5*,! )*! '9-37(*'! )*(! ,*(,(! )-2(! /2! 5737*/! (*+! 43/(! '*4'9(*2,-,76! )8/2! 5737*/! 473*! H/*! 3*(! +*33/3*(!

93*+,'&+:757H/*(! +3-((7H/*(! *2! C-72?! @*,,*! +*33/3*! -! 4&/'! C/,! )*!5*,,'*! *2! 9.7)*2+*! 38*66*,! )*! 3893*+,'&3B,*!

37H/7)*!(/'!3*(!4'&4'79,9(!93*+,'&+:757H/*(!)/!+-,-3B(*/'!L72,*'6-+*!J,c@c;-67&2<!(7573-7'*!/2!5737*/!473*M?!!

@8*(,!389H/74*!)*!@:-!!"#$%&&'!H/7!-!57(!-/!4&72,!*2!4'*57*'!/2*!+*33/3*!93*+,'&+:757H/*!)-2(!3-H/*33*!

38IKF@!4*/,!a,'*!/,737(9*!*2!72,*'6-+*!-.*+!/2*!5*5C'-2*!;-67&2<1!(-2(!93*+,'&3B,*!37H/7)*!^7U/'*!"!QR$GRWS!"#$"

!"#$ %&'"&$ ()""&*+!$ ,!$ -%.%-#/.&"!.$ +0&1(%-#$ ,!$ +%$ ,&223"&)'$ "3(!.2&-&!++!$ ,!"$ !"(4-!"$ 5$ +%$ "3.2%-!$ ,3$1%#/.&%3$

'*5437((-2,!3-!+-.7,9!(/'!3*(!4'&+*((/(!B!-).*2-2,!4/7(H/*!3-!4&/)'*!28*(,!27!-/!+&2,-+,!)893*+,'&3B,*!37H/7)*1!27!

379*!4-'!/2!+&2)/+,*/'!7&27H/*?!

!

!"#$%&'D)'=&55$5&'$."5"@+&'>2%'E"$'&.'6,55)'A(FG'(HC''27&6'$9&'"9.&%I26&':;<='J'+5&6.%,5K.&'@,5"4&'/L2I",9M1)'

I2*! IKF@! '*5437*! )*! J,c@! *(,! U&/.*'29*! 4'*(H/*! *0+3/(7.*5*2,! 4-'! 38-)(&'4,7&2! c! )9(&'4,7&2!

)8:B)'&U=2*! (/'! 43-,72*?! D3! -! 9,9! 5&2,'9! H/*! 3*(! 4'&,&2(! 4*/.*2,! )766/(*'! (/4*'67+7*33*5*2,! )*4/7(! 3-! 6-+*!

*0,*'2*!)*!3-!+-.7,9!L*2!+&2,-+,!-.*+!3*!;-67&2<M!P/(H/8-/0!(7,*(!J,!4'9(*2,(!-/!6&2)!)*!3-!+-.7,9?!%89,/)*!)*(!

4'&4'79,9(!)*!)766/(7&2! (/4*'67+7*33*!)*!d!*,!e! (/'!@1!J,c@! QRWS!*,!J,C3-+b! QR$S!*,! QRN1!RXS!*2!5737*/!93*+,'&3B,*!

37H/7)*! Ld"EeNM! &/! 4&3B5='*! L;-67&2<M! 5&2,'*! H/*! 3*(! (/'6-+*(! )/! @! *,! )/! J,c@! (&2,! 7263/*2+9*(! 4-'!

38*2.7'&22*5*2,!93*+,'&3B,7H/*?!@&2,'-7'*5*2,!-/!+-'C&2*!(*/31!3*!J,c@!-!4*'5*,!38-)(&'4,7&2c)9(&'4,7&2!*,!3-!
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! "#X!

)766/(7&2!(/4*'67+7*33*!)*!38:B)'&U=2*!*2!5737*/!;-67&2<?!!"#$%&#'"()#*#+,('-"-#$%"#',%'#."#/'0!#1-23"('#)4(3#.4#

!"#$%&' !()%*$+,-' .' /0"12(*3%$()' 4' 1&2(*3%$()' 10561*(78)-9' $)1&3-)1"::-)%' 1-' /"' ;,")%$%&' -)' !()%"!%' "#-!'

3893*+,'&3B,*?!F2!'*.-2+:*!3-!+&2)/+,7&2!4-'!3*(!*(4=+*(!&0BU929*(!)*!(/'6-+*!28*(,!4&((7C3*!H/*!!"#$%#!&'!()*(#

!"#$%&'(')*()+,,-)"..'&*(%/0123(!'(4+-(#'4+-'#*(1')(!0!5"6')(%+(+&(."-&*-'&(7#%5%&62(8(9"+*(7%*'&*-'5:!

%*(! ,'-.-/0! )*! +*,,*! 9H/74*! (/'! 38IKF@! &2,! )&2+! 4*'57(! )*! 5*,,'*! *2! 9.7)*2+*! 38754&',-2+*! )*(!

4:92&5=2*(! )*! )766/(7&2! (/4*'67+7*33*! )*!" #!$%&#!" '(!)*+,#!" -" #." /" !0*" (#!" ,1#&.*)&'.'12!#0*!" (#" $31#" 4"

+&5C/(,7C3*?!@*! ,'-.-73! 28-/'-7,! 4-(!9,9! '9-37(-C3*!*2!93*+,'&)*! +3-((7H/*!29+*((7,-2,!/2! 37-2,1! +*!H/7!5&2,'*!

3872,9'a,!)*!+*,,*!93*+,'&)*!+&/439*!A!3-!+*33/3*!(=+:*!QRYS?!

@# $%&'()*+*,-)!.(!/+!3(//8/(!'93:(!.&7(/->>&(!

%-! +*33/3*! /,737(9*! )-2(! +*(! ,'-.-/0! -! 9,9! '9-37(9*! -.*+! 38-7)*! )*! Z72+*2,! Z7.7*'! )/! %DEF! A! J-'7(?! I2!

4'*57*'! 4'&,&,B4*! *2! T963&2<! -! 9,9! '9-37(9! 4&/'! .9'767*'! 3-! 6-7(-C737,9! )/! (B(,=5*?! J-'! 3-! (/7,*! /2*! (*+&2)*!

+*33/3*!-!9,9!'9-37(9*!,*2-2,!+&54,*!)*(!4'*57*'(!'*,&/'(!)8*049'7*2+*!L^7U/'*!$M?!%*!5-,9'7-/!/,737(9!*(,!3*!f*3G

^!+:&7(7,!4&/'!(-!C&22*!'9(7(,-2+*!-/!5737*/!-+7)*!/,737(9!*,!)*(!+-'-+,9'7(,7H/*(!4*'5*,,-2,!/2*!4'&4'*,9!)/!

5737*/!(/667(-2,*?!%-!+*33/3*!*(,!*2!)*/0!4-',7*(!'*379*(!4-'!/2!P&72,!*2!Z7,,&2<!+&55*!3*!5&2,'*!3-!^7U/'*!$?!

!

!"#$%&'F)'N$&'&9'6,$>&'4&'52'6&55$5&'@?6O&)'

!
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! "#Y!

!

!"#$%&'P)'Q%,"@'+5&6.%,4&@'4$'-,9.2#&'4&'52'6&55$5&'@?6O&)'

%*(!$!93*+,'&)*(!(&2,!/2*!+&2,'*!93*+,'&)*!+&2(,7,/9*!)8/2*!6*/733*!)*!+-'C&2*!*,!)8/2*!+&22*07&2!*2!

43-,72*1!)8/2*!'969'*2+*!`dF1!*,!)8/2*!93*+,'&)*!)*!,'-.-73!IKF@!L^7U/'*!NM?!%-!+&2,'*!93*+,'&)*!*,!3-!'969'*2+*!

(&2,!(7,/9*(!(/'!3-!4-',7*!:-/,*!)*!3-!+*33/3*!-.*+!3*(!*2,'9*(!*,!(&',7*(!)*!U-g1!,-2)7(!H/*!3893*+,'&)*!)*!,'-.-731!

(94-'9*!4-'!3*!;-67&2<1!(*!,'&/.*!)-2(!3-!4-',7*!C-((*!H/7!*(,!-375*2,9*!*2!U-g!9U-3*5*2,!L^7U/'*!$M?!%&'(!)/!

5&2,-U*!)*!3-!+*33/3*!(=+:*1!38*049'75*2,-,*/'!-((*5C3*'-!3*!C-(!)*!3-!+*33/3*1!3*!;-67&2<1!3-!+&2,'*!93*+,'&)*1!

3*!P&72,!Z7,,&2<!)8/2*!4-',1!*,!3-!4-',7*!:-/,*1!38-5*29*!)*!+&/'-2,!)*!3-!@F!)8-/,'*!4-',!L^7U/'*!WG-M?!%*(!$!.7(!

(*'&2,!(*''9*(!(-2(!6&'+*'!4&/'!5-72,*27'!3*(!"!4-',7*(!-((*5C39*(?!E/'!3-!4-',7*!:-/,*1!"!93-(,7H/*(!4*'5*,,*2,!

)*!5-72,*27'! 3-! @F! +&2,'*! 3*! ;-67&2<! L^7U/'*! WGCM! *,! 3893*+,'&)*! )*! '969'*2+*! -72(7! H/*! 3*(! -5*29*(! )*! U-g!

4*/.*2,! a,'*! 5&2,9*(! L^7U/'*! WGCM?! O-2(! 3-! 4-',7*! C-((*1! 38IKF@! 4'*2)'-! 43-+*! -/! +*2,'*! L^7U/'*! WG+M1!

5-72,*2/*!*33*!-/((7!4-(!)*(!93-(,7H/*(?!

!

!"#$%&'H)'/21'0@@&-R52#&'4&@'D'>2%."&@'4&'52'6&55$5&'@?6O&G'/R1'>2%."&'O2$.&'-,9.+&G'/61'>2%."&'R2@@&'-,9.+&)'

_4'=(! /2! C/33-U*! )8-'U&2! )*! H/*3H/*(!572/,*(1! 3*(! 93*+,'&)*(! (&2,! C'-2+:9*(! -/! 4&,*2,7&(,-,! 4&/'!

.9'767*'! 3*(! +&2,-+,(! *2,'*! 3*(! 93*+,'&)*(! L^7U/'*! XG-M?! %-! +*33/3*! 289,-2,! 4-(! ,&,-3*5*2,! 9,-2+:*1! 73! -! 9,9!

29+*((-7'*!)*!3-!5-72,*27'!)-2(!/2!+'7(,-337(&7'!9,-2+:*!L^7U/'*!Y!*,!^7U/'*!XGCM!(&/(!-,5&(4:='*!_'U&2!-672!)*!

+&2,'>3*'!3*(!U-g!L9.7,*'!38*2,'9*!)8-7'!*,!)*(!6/7,*(!)*!@eM?!
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! "#[!

!

!"#$%&'S)'/21'Q&@.'4&'52'6&55$5&'-,9.+&G'/R1'-,9.2#&'429@'5&'6%"@.255"@,"%)'

!

!"#$%&'T)'U6O+-2'4$'-,9.2#&'4&'52'6&55$5&'@?6O&'429@'$9'6%"@.255"@,"%)'

! %*(!U-g!(&2,!:/57)7679(!*2!4-((-2,!4-'!/2!C/33*/'!*2!-5&2,!)/!+'7(,-337(&7'?!%-!5&7,79!)/!)9C7,!)*(!U-g!

*(,!)*(,729*!-/!+'7(,-337(&7'1!*,!/2*!-/,'*!A! 3-!+*33/3*?! %*(! 673(!93*+,'7H/*(!)/!4&,*2,7&(,-,!*,! 3*(! ,/B-/0!)*!U-g!

*2,'*2,!4-'!/2*!&/.*',/'*!4-'!3*!:-/,?!%89,-2+:97,9!*(,!-((/'9*!4-'!)*(!'&)*,(!)*!T963&2<!*,!)*!3-!U'-7((*!A!.7)*!

4&/'!3*!+'7(,-337(&7'?!

,!-./01!#2# 345".6$758"5# 91# $/8:".&&8:%8/# 64!:"# 01!# ;./"8!&&!<# !"# ;./# $%6:501!6"<# &.# ;&1:# =/.69!# .""!6"8%6# :!/.#

;%/"5!#&%/:#9!#&41"8&8:."8%6#9!#=.>#9.6=!/!1?#@!6#;./"8$1&8!/#;%1/#&!:#AB#:"/8;;86=C'##
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! "#\!

"""# $%(A,(%'!%&'8/*+*'!(B>&%,A()*+8B!

%-! +*33/3*! *(,! -/P&/')8:/7! A! 389,-,! )*! 4'&,&,B4*?! O*! 2&5C'*/0! &C(,-+3*(! ,*+:27H/*(! (&2,! .*2/(!

4*',/'C*'!(&2!)9.*3&44*5*2,!)&2,!3-!67-C737,9!*,!389,-2+:97,9?!@*4*2)-2,!H/*3H/*(!,*(,(!&2,!9,9!5*29(?!;&/(!

-.&2(!4/!+&54-'*'!3*(!+&/'C*(!&C,*2/*(!*2!93*+,'&+:757*!+3-((7H/*!-.*+!3-!+*33/3*!(=+:*?!
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Ce travail de thèse s’inscrit dans le cadre de la durabilité des PEMFC et 

s’intéresse plus particulièrement à la dégradation des électrocatalyseurs 

de type Pt/C qui sont utilisés dans leurs électrodes. L’objectif visé était la 

détermination des mécanismes responsables de leur dégradation, par 

combinaison d’expériences d’électrochimie en cellule à trois électrodes, de 

microscopie électronique en transmission et à balayage, et de 

spectrométrie de masse (DEMS). Dans un premier temps nous avons mis 

en évidence que les méthodes de caractérisation employées peuvent 

influencer les dégradations observées. Ainsi, la morphologie des 

nanocatalyseurs Pt/C peut être altérée par l’observation MET elle même, 

comme d’ailleurs par la séquence de mesures par CO-stripping. 

Forts de ces conclusions, nous avons ensuite appliqué des séquences 

bien choisies de vieillissement à des électrocatalyseurs modèles de type 

Pt/C. L’étude des paramètres de vieillissement souligne le grand effet de la 

polarisation appliquée : les sauts de potentiel et une valeur élevée de la 

borne supérieur de potentiel (>1 V) favorisent la corrosion du catalyseur. 

L’atmosphère de mesure (Ar ou O2) et la nature du substrat carbone des 

nanoparticules de platine ont aussi une influence sur les dégradations 

observées, mais celles-ci sont moindre que pour la polarisation. Ces 

résultats ont finalement été rationalisés en termes de relation « type de 

vieillissement imposé vs. mécanismes de dégradation », l’étude montrant 

finalement qu’il est difficile de découpler en pratique la corrosion du 

carbone de l’altération des nanoparticules de platine. 

 

Catalyseurs, Pt/C, microscopie électronique, électrochimie, DEMS, 

nanoparticules, pile à combustible PEM. 

 

 

PEMFC electrocatalyst aging mechanisms 

 

This thesis is about the durability of PEMFC and particularly focuses on 

the degradation of Pt/C electrocatalysts that are used in their electrodes. 

The objective was to determine the mechanisms responsible for their 

degradation, by combining experiments in three-electrode electrochemical 

cell with transmission and scanning electron microscopy, and in situ mass 

spectrometry (DEMS). Initially we have shown that the characterization 

methods used can influence the degradation observed; the Pt/C 

morphology may be altered by the TEM observations and the sequences of 

CO-stripping measurements. 

With these conclusions, we applied well-chosen sequences of aging to 

models Pt/C electrocatalysts. The study of the aging parameters 

emphasizes the large effect of the applied potential: The potential jumps 

and a high value of upper potential (> 1 V) promote the corrosion of the 

electrocatalyst. The atmosphere of measurement (Ar or O2) and the nature 

of the carbon substrate also have an influence on the observed damages, 

but they are less than for the polarization. These results were finally 

rationalized in terms of relationship "type of imposed aging vs. degradation 

mechanisms", the study finally showing that it is difficult to decouple into 

practice the corrosion of the carbon substrate from that of the platinum 

nanoparticles. 

 

Catalysts, Pt/C, electron microscopy, electrochemistry, DEMS, 

nanoparticles, PEM fuel cell. 


