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*+2(+!#!&#!%6#&1#H/X(!8%&!?\/*+!*%X2/H+;!

!!!
<__!

[81#28+!J#7*2+,!-@#*M%3#*/H#&!k(8/70%(7#P/&/*);! =fZ!

[7*%P#(!J?70%8%7,!-R&:1(#7!/($&1%(H/#7!8%&!2#H/+(#&/73+!H2A*/H+!%(!%&!
#(#251/73+!%0/7*%3+&X:/H+!8%!C%)%2#P%(8;!

!!!
=II!

Q/H%(*%!J&#2#3+(*%,!-O+2!51?!%&!8/7%c+!/(*%&/:%(*%!(+!01%8%!H+(7*/*1/2!
1(#!*%+2A#!H/%(*A$/H#;!

!!!
=I_!

>+7?!Y1/7!C#&:1%2#,!-T+&/73+!7%34(*/H+!)!&%)%7!H+(7*/*1*/6#7;! =<N!

W/H+&t!L#]!)!L/17%00%!Y+!U/H+,!-J&/(/H#&!#(8![\0%2/3%(*#&!O2#H*/H%!/(!
O7)HM+&+:),!G/(87!+$!k($%2%(H%7;!

!!!
===!

@#2A#!>+7?!L#2HA#![(H/(#7,!-K/(:1&#2/73+!H#17#&;! ==_!

V(:%&!L#2HA#!"+82A:1%B!)!C2#(H/7H+!J#&6+!L#2BX(,!-J+:(/H/X(!
%\*%(8/8#!)!%31&#H/X(;!

!!!
=S=!

G#2/3!LM%2#P!@#2*A(!)!J#23%(!K4(HM%B!D6HM#2+6,!-k($+23#H/X(!#!H#3P/+!
8%!(#8#u!v[7!0+7/P&%!8%*%H*#2!+P]%*+7!H14(*/H+7!7/(!3%8/#2!/(*%2#HH/X(n;!

!!!
=S_!

"#$#%&!L+(B4&%B!8%&!K+&#2,!-J+(*%30+2#2)!@%HM#(/7*/H!OM/&+7+0M)!#(8!
[H+&+:/H#&!@%HM#(/737,!9M%!J#7%!+$!k(*%270%H/$/H![\0&+/*#*/6%!J+30%*/*/+(;!

!!!
=ZZ!

R(#!'%&?(!L+(B4&%B!O?2%B,!-Y#!O#2#8+]#!8%!&#!k(81HH/X(!8%!L++83#(!
8%78%!%&!C1(8%2%(*/73+;!

!!!
=Zb!

W#&&/%&)!T%2(4(8%B!J+2(%]+,!-[&!0#(2%&#H/+(/73+!2+2*/#(+!%(!&#!/(*%02%*#H/X(!
8%!&+7!+P]%*+7!H/%(*A$/H+7,!1(#!0%270%H*/6#!0#2#!&#!81#&/8#8!+(8#i0#2*AH1&#;!

!!!
=^Z!
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R(8+(/!kP#22#!)!>+(!Y#22#c#:#,!-vU%!8X(8%!6/%(%(!&#7!0+P&#H/+(%7n!
@+8%&+7j!2%02%7%(*#H/X(!)!0+&A*/H#!%(![H+&+:A#!8%!O+P&#H/+(%7a;!

!!!
=NI!

@#2A#!>/3?(%Bi'1%8+,!-Q#&/8%B!/(*%2(#!)!%\*%2(#!%(!&#!024H*/H#!8%!&#!
[H+(+3A#;![\0%2/3%(*#&;!

!!!
=NZ!

J#2&+7!@a!@#82/8!J#7#8+,!-"%#&/73+!%7*21H*12#&!)!H#2:#!+(*+&X:/H#!8%!
&#7!3#*%34*/H#7;!

!!!
=bI!

@#**%+!@+2:#(*/,!-k8%(*/*)j!k(8/7H%2(/P/&/*)!#(8!W#*12#&/7%8!
@%*#0M)7/H7;!

!!!
=bN!

R8#3!D;'2/%(,!-T+E!2%#&/7*!/7!K*21H*12#&!"%#&/73n;! =_=!

U#(/%&!o1%7#8#,!-9/%30+j!$A7/H#!)!&/P2%!#&P%82A+;! =__!

k64(!"%8+(8+!D2*#,!-[&!0#0%&!8%!&#7!H+3P/(#H/+(%7!H+(H%0*1#&%7!%(!
&+7!8/7%c+7!%\0%2/3%(*#&%7;!

!!!
SfZ!

R(82?7!"/6#81&&#,!-Y#!02%81HH/X(!*%X2/H#j!1(#!024H*/H#!8%81H*/6#!8%!
8%7H1P2/3/%(*+!H/%(*A$/H+;!

!!!
Sf_!

J2/7*/#(!K#P+2/8+j!@#**%+!@+77/+!)!R&6#2+!@+2%(+,!-[&!H+(H%0*+!8%!
$1(H/X(!P/+&X:/H#!8%78%!1(!%($+51%!+2:#(/B#H/+(#&;!

!!!
SIZ!

C%2(#(8#!K#3#(/%:+,!-s#M#2!)!C%)%2#P%(8,!8+7!(+H/+(%7!8%!
q%51/6#&%(H/#!+P7%26#H/+(#&r;!

!!!
S<I!

kc#F/!K#(!O%82+,!-J+33+(!J#17%7j!@%#712%3%(*!U%0%(8%(H%!#(8!
W+iJ+(70/2#H),!D(*+&+:/H#&!k30&/H#*/+(7;!

!!!
S<N!

C2#(H/7H+!K#12A,!-U#*+7!)![\0&/H#H/X(a!U+7!%7*2#*%:/#7!
H+30&%3%(*#2/#7!0#2#!#P+28#2!%&!02+P&%3#!8%!U1M%3a;!

!!!
S==!

"+7#!K/%22#,!-vO1%8%!+*+2:#27%!7*#*17!*%X2/H+!#!1(#!0%270%H*/6#!8%!
&A3/*%n!J/%(H/#7!7+H/#&%7!)!H2A*/H#!0+7H+&+(/#&a;!

!!!
S=_!

R84(!K17,!-RH*/+(i"%#H*/+(,!@#**%2iL%+3%*2)!/(*%2#H*/+(!/(!L";! SSZ!

DP81&/#!9+22%7!L+(B4&%B,!-JX3+!8%$%(8%2!%&!2%#&/73+!%(!%H+(+3A#;! SS_!

U/(:3#2!6#(![HF,!-92#(7&#*/+(!$#/&12%7j!*21*Mi6#&1%!7*#*17!:#07!#(8!
3%*M+8+&+:/H#&!/(H+33%(712#P/&/*);!

!!!
SZZ!

s%(#/8#!w#(%7,!-[0/7*%3+&+:A#7!7+H/#&%7!#(#&A*/H#7!%(!%&!3#2H+!8%!&#!
(1%6#!$/&+7+$A#!8%!&#!H/%(H/#;!

!!!
S^I!

T%(2/F!s/(F%2(#:%&,!-9/3%j!H&+HF7!#(8!H#17#&/*)!x!+2!H+1&8!*M%!71(!
2%#&&)!$#/&!*+!2/7%!#:#/(!*+3+22+En;!

!!!
S^N!

!

0&%%$1"'G2'H$89:;$5'#&'>5'%$&"%$5'

@)2/#3!L#2HA#!"+82A:1%B,!-Y#!51A3/H#!+2:4(/H#!%(!&#!/(7*/*1H/+(#&/B#H/X(!
8%!&#!H/%(H/#a!.(!H#7+!%]%30&#2,!>17*17!6+(!Y/%P/:;!

!!!
SN=!

QAH*+2!LX3%B!O/(,!-U%!R2/7*X*%&%7!#!>+M(!'%&&a![&!8/$AH/&!%(*/%22+!8%!
H/%2*+7!0+7*1&#8+7!$1(8#3%(*#&%7!8%!&#!$A7/H#a;!

!!!
SN_!
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y7H#2!L+(B4&%B!L/&3#7,!-Y#!M/7*+2/#!8%!&#7!H/%(H/#7!)!&#!M/0X*%7/7!
*#&#7+:24$/H#;!

!!!
Sb=!

U+&+2%7!@#2*A(!@+21(+!)!'%#*2/B!O/HM%&!O?2%B,!-[&%H*2/$/H#(8+!&#7!
*2+0#7,!2%02%7%(*#(8+!&#!(%12+7/7!812#(*%!&#!O2/3%2#!L1%22#!@1(8/#&;!

!!!
Sb_!

J#2&+7!D2*/B!8%!Y#(84B12/,!-[/(7*%/(!6%2717![/(7*%/(a!T#H/#!1(#!2%H+(7*21HH/X(!
8%!71!H#24H*%2!)!%7*/&+!/(*%&%H*1#&a!dR!*2#6?7!8%!W%$$%!)!DM#(/#(e!

!!!
S_Z!

@#2A#!8%!O#B!R3?2/:+,!-O+/(H#2?!6%2717![/(7*%/(,!L%+3%*2A#!)!
%\0%2/%(H/#;!

!!!
ZfI!

!

0&%%$1"'/2'($&"%$56'9&%":>:4?5'<'8:%$&#5#'

k:(#H/+!R)%7*#24(,!-Y#!H/%(H/#!8%!&#!7+7*%(/P/&/8#8!H+3+!0#2#8/:3#!
0+7*iF1M(/#(+,!%&%3%(*+7!M%12A7*/H+7j!%0/7*?3/H+7!)!#\/+&X:/H+7;!

!!!
Zf_!

[12A8/H%!J#P#c%7!)!@#2/7+&!K#&#(+6#,!-U%!&+!#(#&X:/H+!#!&+!8/:/*#&,!
02+P&%3#7j!2%*+7!)!0+7/P/&/8#8%7!8%&!H#3P/+!8%!0#2#8/:3#;!

!!!
ZIZ!

JM2/7*+0M%2![6#(7,!-9M%![6/8%(H%i'#7%8!912(!/(!T%#&*MH#2%,!&%)+
,'-'n;!

!!!
Z<I!

>#/3%!C/7M%2,!-[6#&1#H/X(!7+H/#&!)!0+&A*/H#!8%!&#!*?H(/H#;! Z<N!

@#2A#!>+7?!@/2#(8#,!-9%2#0/#!H%&1&#2!)!3%8/H/(#!2%:%(%2#*/6#j!+!:1A#!
#H*1#&/B#8#!8%!HX3+!7%2!3#82%;!

!!!
Z=I!

k(3#H1&#8#!O%28+3+,!-@+8%&+7!8%!0#2*/H/0#H/X(!%(!H/%(H/#!)!
*%H(+&+:A#;!

!!!
Z=Z!

[1&#&/#!O?2%B!K%8%c+,!-'+8/%7!/(!9/3%,!7+3%!2%$&%H*/+(7!$2+3!#!:%(8%2!
0%270%H*/6%;!

!!!
ZSI!

R&/H/#!"+82A:1%B!K%2X(,!-"%H%0H/X(!0`P&/H#!8%&!H+(+H/3/%(*+!
(%12+H/%(*A$/H+!v"#B+(%7!0#2#!%&!%(*17/#73+n;!

!!!
ZSN!

J2/7*/#(!K#P+2/8+,!-W+23#&/8#8!P/+&X:/H#j!7#&18!)!H#0#H/8#8!
#8#0*#*/6#;!

!!!
ZZ=!

@#2A#!>+7?!9#H+2+(*%,!-O+7/P&%7!7+&1H/+(%7!#!&+7!7%7:+7!8%&!51%M#H%2!
H/%(*A$/H+a!Y#!02+01%7*#!8%!U+((#!T#2#E#);!

!!!
ZZ_!

@#2*A(!9+P+7+!)!C2#(H/7H+!L1B34(,!-J/%(H/#!)!*%H(+&+:A#,!
0#2*/H/0#H/X(!%!/(H&17/X(!8%!&#7!0%27+(#7!H+(!8/7H#0#H/8#8a;!

!!!
Z^Z!

J#2&+7!Q#&*1/&&%,!-[&!7/7*%3#!H#*%:+2/#&!P/+7$?2/H+!)!%&!02+P&%3#!
%H+&X:/H+;!

!!!
ZNI!

@/:1%&!w#2B#,!-J+(7*21HH/X(!)!H+(H%0*1#&/B#H/X(!8%&!#B#2;! ZN^!

!

!
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0-*I)0-.'

0$DE:8$:'J.;4BD&"95%$1"K'

>%7`7!R&H+&%#!'#(%:#7,!-k(*%2*%\*1#&/8#8!)!#2:13%(*#H/X(!d6/71#&e;! ZbN!

>+7?!C2#(H/7H+!V&6#2%B!V&6#2%B,!-Y#!/302%H/7/X(!8%!&#7!2%:&#7!
#02+\/3#8#7!)!&#!/(H%2*/813P2%!#2:13%(*#*/6#;!

!!!
Z_=!

Y/&/#(!'%23%]+!Y151%,!-R!02#:3#*/H!&/(:1/7*/H!2%H+(7*21H*/+(!+$!
9+1&3/(;7!3+8%&!+$!#2:13%(*;!

!!!
Z__!

[81#28+!8%!'17*+7!L1#8#c+!)!"+P%2*+!C%&*2%2+!D2%]#,!-Y#!3%*4$+2#!
0+&?3/H#!8%!&#!#2:13%(*#H/X(,!&#!H+(H%0H/X(!(%12+&X:/H#;!

!!!
^fI!

'%:+c#!J#22#7H#&,!-"#B+(#3/%(*+!3#*%34*/H+!)!#2:13%(*#H/X(!%(!
3#*%34*/H#7;!

!!!
^fZ!

J2/7*/(#!J+22%8+2,!->17*/$/H#H/X(!/(*%2(#!)!%\*%2(#!8%!&#7!(+23#7!8%!
#HH/X(,!#H*+7!8%!M#P&#!)!#2:13%(*#H/X(!%(!&#!8%&/P%2#H/X(!0`P&/H#;!

!!!
^II!

>#6/%2!8%!U+(#*+!"+82A:1%B,!-JA2H1&+7!)!2%:2%7+7,!v6/H/+7!8%!&#!
#2:13%(*#H/X(n;!

!!!
^IN!

C%2(#(8+!@/:12#,!-K+P2%!%&!H+(H%0*+!8%!$#&#H/#;! ^I_!

@/:1%&!@+2/!k:+#,!-R2:13%(*#H/X(!%!/(H%2*/813P2%;! ^<=!

R(#!k7#P%&!D&/6%2+7!K#(*#H21B,!-"%*X2/H#!)!(+23#*/6/8#8a!Y+!%\*%2(+!)!
&+!/(*%2(+!#&!#2:13%(*+;!

!!!
^<N!

O#1&#!D&3+7!LX3%B,!-Y#!%$/H#H/#!#2:13%(*#*/6#!8%!&#!2%6%27/X(!8%!
0#2%3/#7,!%&!H#7+!8%!&+7!qE%&&%2/73+7r;!

!!!
^<_!

>+7?!@/:1%&!K#:h/&&+!C%2(4(8%BiQ%:#,!-[(*M)3%3%7!$2+3!#(!
/($+23#*/+(#&!7*#(H%,!$2+3!M/88%(!02%3/7%7!*+!M/88%(!#:%(8#7;!

!!!
^=Z!

Y1/7!Q%:#!"%cX(,!-W+*#7!7+P2%!&#!H+(7*21HH/X(!8%!&#!/8%#!8%!$#&#H/#;! ^=_!

!

*&85';&#:"#5'J-DE:;95"%$5'#&'>:8'%:"%&E9:8K'

R(*+(/+!U/?:1%B!Y1H%(#,!-J+(H%0*+7!%(!#(/3#&%7;! ^SZ!

@#2A#!>+7?!C240+&&/!K#(B,!-J+(H%0*+7!8%!7%:1(8+!+28%(;! ^ZI!

O#7H1#&!Ca!@#2*A(%BiC2%/2%,!-Y+7!H+(H%0*+7!H+3+!%&%3%(*+7!8%!&#7!
H2%%(H/#7;!

!!!
^ZN!

!

!

!

!

!
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*&85';&#:"#5'J($&"%$5'<'A;5"LB$8D:F'>5'%$&"%$5'&8E5M:>5'#&'E:84B&;;5K'

R(*+(/+!J#(#&%7!K%22#(+,!-[&!JKkJ!)!&#!(1%6#!?&/*%!H/%(*A$/H#!8%!
0+7:1%22#;!

!!!
^^Z!

R30#2+!LX3%B!"+82A:1%B,!-J/%(H/#!)!$2#(51/73+,!*2%7!02+)%H*+7!8%!
H/%(H/#;!

!!!
^NI!

k(3#H1&#8#!O%28+3+!"%)%7,!-J/%(H/#!)!0+&A*/H#,!8%!&#!>R[!#&!JKkJ;! ^NN!

@#2:#2/*#!K#(*#(#!8%!&#!J21B,!-Y#!2%*X2/H#!H/%(*A$/H#!8%&!2?:/3%(,!%&!
H+(H%0*+!8%!1(/8#8;!

!!!
^b=!

DP81&/#!9+22%7!L+(B4&%B,!-Y#!H/%(H/#!%H+(X3/H#!%(!&#!0+7:1%22#;! ^b_!

!

0$DE:8$:'JA:;D58'#&'E;:#B%%$1"'#&>'%:":%$D$&"9:K! ^_=!

0$DE:8$:'JI;:N>&D8'$"'@5<&8$5"'I7$>:8:E7<':='0%$&"%&K! ^_N!

0$DE:8$:'J*:#&>:8'%:4"$9$O:8'#&'9&;%&;5'4&"&;5%$1"'<'8B'$DE5%9:'
&"'>5'=$>:8:=?5'#&'>5'%$&"%$5K!

!!!
NfI!

*&85';&#:"#5'JG5;P$"'<'&>'&O:>B%$:"$8D:K! NfZ!

*&85';&#:"#5'JH:D&"5C&'5'Q5O$&;'#&'3:;&"R:K! Nf_!

!
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!
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!

!

!

!

!

!
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!

!

!

!

!

!

!
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!"##$%&'('

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

!



!



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

!

!"#"$%&'$($)*+&
"#$%&'($)*)!+&!,*-.#/$*!
'*0*&-12&#&3)456%1&(!

!

3"4&50+66,7"#

74!86&!$+&#)$0$/*!*!6#*!9:86$#*!+&!;6'$#<!3!-*!+$0&'&#/$*!+&!)4+*(!-*(!+&9:(!&():!
/4#()$)6$+4! =4'! &-! /4#>6#)4! +&! (6(! &()*+4(?! &-! /4#>6#)4! +&! (6(! (@924-4(! 3! -*(!
06#/$4#&(!86&!+&)&'9$#*#!(6(!4=&'*/$4#&(!*!=*')$'!+&-!&()*+4!&#!86&!(&!&#/6&#)'*!3!
&-! (@924-4! 86&! &(/6+'$A*1! B#! &()&! )'*2*>4! ='4/6'*'&94(! C*/&'! $''&-&%*#)&(! -*!
#*)6'*-&D*!+&!(6(!+$%&'(4(!&()*+4(!3!&-!#E9&'4!3!/*'*/)&'@()$/*(!+&!(6(!(@924-4(!&#!
&-! ($<6$&#)&! (&#)$+4F! ($#! $9=4')*'! +&! 86G! 9:86$#*! +&! ;6'$#<! (&! )'*)&! =4+&94(!
+&0$#$'!4)'*!&86$%*-&#)&!/63*(!/49=6)*/$4#&(!&():#!+&)&'9$#*+*(!=4'!

*H! &-!#E9&'4!+&!(6(!+$0&'&#)&(!&()*+4(!3!-*!$+&#)$0$/*/$I#!+&!-4(!&()*+4(!
0$#*-&(J!3!

,-! -*(!06#/$4#&(!86&!&(=&/$0$/*#!(6(!4=&'*/$4#&(1&

K*2&94(!86&!=*'*!86&!6#*!9:86$#*!+&!;6'$#<!6#$%&'(*-!=6&+*!'&*-$D*'!&-!/I9=6)4!
86&!/4''&(=4#+&!*!4)'*!9:86$#*!+&!;6'$#<!L&--*!9$(9*!$#/-6$+*H!&()*!9:86$#*!C*!
+&! ='4=4'/$4#:'(&-&! /494! $#=6)! +&2$+*9&#)&! /4+$0$/*+*! &#! )G'9$#4(! +&! -*!
($924-4<@*! 86&! 2*'*>*! -*! ='$9&'*! 9:86$#*1! M'&(&#)*'&94(! 6#*! &(=&/$&! +&!
9:86$#*(! 86&! (I-4! 4=&'*#! /4#! -4(! (@924-4(! NOP! 3! NQP?! *+&9:(! +&-! L=(&6+4HR
(@924-4!NSP!=*'*!&-!2-*#/41!74(!(!&()*+4(!='4=$4(!+&!/*+*!6#*!+&!&--*(!(4#!-4(!(!
='$9&'4(! #E9&'4(! #*)6'*-&(! TO?! U?111?! .RO?! .?! .VO?111?! (/01& (W1! B-! &()*+4! $#$/$*-! &(!
($&9='&! &-! NOP1! 7*(!9:86$#*(! +&! &()*! &(=&/$&! &()*':#! &#! /4#+$/$4#&(! +&! 86&! (6!
/4#+6/)*! (&*! ($96-*+*! =4'! -*! 9:86$#*! 6#$%&'(*-! +&! ;6'$#<! ='&(&#)*+*! =4'!
X4=)/'40)R"--9*#1! Y! /494! G()*! (I-4! *+9$)&! NOP?! NQP! 3! NSP?! #&/&($)*94(! 86&!
)*92$G#!(6(!+$%&'(4(!(@924-4(!(&*#!+&!*-<6#*!9*#&'*!--&%*+4(!*!G()4(!E-)$94(1!

Z0'&/&94(! 6#! ='4/&+$9$&#)4! 86&?! =*'*! /6*-86$&'! 9:86$#*?! *''4>*':! /494!
'&(6-)*+4!6#*!9:86$#*!$+I#&*!=*'*!(&'!$#=6)!+&!-*!9:86$#*!+&!X4=)/'40)R"--9*#1!
B(!+&/$'F!

2"3"&4("&5674.("&3$&849.(:&;&$<.=*$&4("&5674.("&3$&849.(:&;>&$74.?"%$(*$&*"%&

74$&

0-! =4&$=*"3+&.(.@."%&$=&A0BC&)&

D-! %+=&=E5,+%+=&74$&4*.%.F"&=+(&A0B1&AGB&)&$%&H=$43+=E5,+%+&A'BI&

!
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850,9,6%6,7"#0.#/:(;5'5/#<#6%0."%/#0.#/:(;5'5/#

[494!-4(!+$()$#)4(!(@924-4(!+&! -*!9:86$#*!+*+*!;!(&':#!+$()$#)4(!+&!NOP?!NQP!3!
NSP!L&!$#/-6(4!-4(!(6=&'&#!&#!#E9&'4H?!#&/&($)*94(!6#*!06#/$I#!+&!)'*+6//$I#!8!
)*-!86&& &

*H! ($!σ!&(!6#!(@924-4!+&!;!&#)4#/&(!σ8!&(!(6!)'*+6//$I#!&#!;>!L+4#+&!
σ8!&(!6#*!/*+&#*!(&!(@924-4(!NOP!4!NQPHJ!

2H! ($! θ! &(! 6#*! /*+&#*! $#=6)! +&!;! 3! θ\! &(! -*! /4''&(=4#+$&#)&! /*+&#*!
46)=6)!+&!;!3! ($!θ8! &(! -*! )'*+6//$I#!+&!θ! 3!Γ! &(! -*! /4''&(=4#+$&#)&!
/*+&#*!46)=6)!+&!;>!&#)4#/&(!Γ &(!θ\81!!

B()4!&(?!

θ | Μ θ\!($!θ8!| Μ> θ\8&L+4#+&!N| Μ!N($<#$0$/*!N+&)&'9$#*!&#!;!6#!46)=6)PH 

L]$/C4! $#04'9*-9&#)&?! ($! &-! $#=6)! θ +&)&'9$#*! &#!Μ  6#! 46)=6)! θ\! &#)4#/&(! -*!
)'*+6//$I#!θ8!+&!*86&-!$#=6)!+&)&'9$#*!&#!;>!6#!46)=6) θ\8&86&!&(!-*!)'*+6//$I#!+&!
*86&-!='$9&'!46)=6)J!3!%$/&%&'(*1H!

K$!Σ!&(!&-!/4#>6#)4!+&!(@924-4(!+&!;&-*!06#/$I#!+&!)'*+6//$I#!8!'&(=4#+&!*!)'&(!
/*(4(F!K$!Σ!/4#)$&#&!6#!(4-4!(@924-4?!(&!C*/&!/4''&(=4#+&'!NQP!L*-)&'#*)$%*9&#)&?!
NOPH! /4#!&-!E#$/4! (@924-4J! ($! /4#)$&#&!+4(! (@924-4(! (&!C*/&!/4''&(=4#+&'! NQP!3!
NOP! L*-)&'#*)$%*9&#)&! NOP! 3! NQPH! /4#! &-! ='$9&'! 3! &-! (&<6#+4! (@924-4!
'&(=&/)$%*9&#)&1!!

M&'4! ($! Σ = {σ0, σ1,...,σ#, Β}! L=*'*! (! ^! OH! &#)4#/&(! C*2'&94(! +&! '&/6''$'! *!
/*+&#*(! +&! (@924-4(! +&!;>! +&! 6#4(! 3! /&'4(! 86&?! =4'! /4#%&#$&#/$*! 4=&'*)$%*?!
)&#+':#!)4+*(!6#*!9$(9*!-4#<$)6+!F1&+4#+&!&#!/4#/'&)4!

!-4<U!L(VOH?!($!_#)L-4<U!L(VOHH!`!-4<U!L(VOH!

D!`!

!_#)!L-4<U!L(VOHH!V!O?!&#!/*(4!/4#)'*'$4?!

[*+*! 6#*! +&! &()*(! /*+&#*(! (&':! -*! #4)*/$I#! 2$#*'$*! +&! 6#4! +&! -4(! U
D
! ='$9&'4(!

#E9&'4(!#*)6'*-&(1!

K&*! a$b
D
! -*! /*+&#*! +&! F& &-&9&#)4(! &#! #4)*/$I#! 2$#*'$*! +&-! #E9&'4! .1! c6&()'*!

06#/$I#!+&!)'*+6//$I#!8!&(!)*-!86&!

(σ0)Τ  = aQbD!

(σ1)Τ  = aObD 
(σ2)Τ  = aUbD 
. 
.! 3?!&#!<&#&'*-?!

(σ$)Τ  = a$bD!

(9$&#)'*(!86&!)'$%$*-9&#)&!LSH8!`!SSS111!F!%&/&(H!
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]$/C4! %6-<*'9&#)&?! &(! (60$/$&#)&! *($<#*'! *! NSP! 6#*! /*+&#*! +&! F& =E5,+%+=& ASB?!
4'+&#*'! &-! '&()4! +&! (@924-4(! 3! *($<#*'! *! /*+*!6#4! +&! &--4(! (6! #E9&'4! +&! 4'+&#!
9&#4(!O!&#!2$#*'$4!/4#!F&=E5,+%+=I&

=,/.>5#0.#'%#./4&%4.2,%#%#0./%&&5''%&#

7*!9:86$#*!;>!*!+&0$#$'!4=&'*!&#!/*+*!94%$9$&#)4!)&#$&#+4!&#!/4#($+&'*/$I#!#4!
6#*!/*+&#*!+&!F!(@924-4(?!($#4!6#4!(4-4!+&!&--4(F!6#!NOP?!4!6#!NQP!L4!6#!NSPH1!B-!
='4=I($)4!86&!#4(!+&2&94(!=-*#)&*'!&(!86&!;>!*/)E&!+&!)*-!94+4!86&!

OdH!($!(&!-&!40'&/&!6#!$#=6)!86&!#4!&(!)'*+6//$I#!+&!6#!$#=6)!+&!;!&#)4#/&(!;>!
(&!+&)$&#&!($#!*-/*#D*'!6#!&()*+4!0$#*-J!

UdH!&#!&-!/*(4!+&!86&!-4!(&*?!-*!/49=6)*/$I#!86&!;>!'&*-$/&!&#!/*+*!2-486&!+&!F!
(@924-4(!+G!/494!'&(6-)*+4!-*!)'*+6//$I#!+&-!/I9=6)4!4=&'*+4!=4'!;!(42'&!&-!
(@924-4!/63*!/4+$0$/*/$I#!&(!+$/C4!2-486&J!

edH!86&!&-!/I9=6)4!0$#*-!+&!;>&=*'*!+$/C4!$#=6)!(&*!-*!)'*+6//$I#!+&-!46)=6)!+&&
;!=*'*!&-!$#=6)!+&!86&!&(!/4+$0$/*/$I#J!3!

fdH!86&!;>&(&!+&)&#<*!&#!6#!&()*+4!0$#*-!(I-4!($!;!)*92$G#!-4!C*/&!=*'*!&-!$#=6)!
+&!86&!(&!=*')&1!

74(! 42>&)$%4(! *! *-/*#D*'! /4#!;>! (4#F! -&/)6'*! &! $+&#)$0$/*/$I#! +&-! 2-486&! +&! F!
(@924-4(! )'*+6//$I#! +&-! (@924-4! &(/6+'$A*+4! =4'!;?! &(/'$)6'*! +&-! 2-486&! +&! D!
(@924-4(!)'*+6//$I#!+&-!(@924-4!86&!$9='$9$'@*!;?!+&(=-*D*9$&#)4!*!$D86$&'+*!4!
+&'&/C*!+&!F!/*($--*(!3!*-/*#D*'!&-!&()*+4!86&!(&!/4''&(=4#+&!/4#!&-!&()*+4!*!86&!
96)*'@*!;I!

B()4(!42>&)$%4(!+&)&'9$#*':#!-*(!06#/$4#&(!=*'*!;>!*!=*')$'!+&!-*(!06#/$4#&(!+&!
;1!")$-$D*'&94(!-4(!&()*+4(!/494!*-9*/G#!+&!+*)4(1!

?/4%05/#0.#@A#

g+&9:(!+&!)4+4(!-4(!&()*+4(!+&!;!#&/&($)*'&94(!=*'*!;>!6#!#E9&'4!/4#($+&'*2-&!
+&! #6&%4(! &()*+4(! +&! -&/)6'*! 3! +&! &(/'$)6'*?! 86&! C*2'&94(! +&! +&0$#$'!
/6$+*+4(*9&#)&1!

K$?!=4'!&>&9=-4?!NOQOP!&(!-*!)'*+6//$I#!+&!6#!(@924-4!+&!;!3 NηP!6#!&()*+4!+&!
G()*?!=4+&94(!/4#)*'!&#!;>!/4#!&()&!&()*+4!3!/4#!-4(!&()*+4(!η1,  η10,... /4#!&-!0$#!
+&!/4#)'4-*'!/6:-!&(!&-!0'*<9&#)4!+&!+$/C*!)'*+6//$I#!86&!C*!($+4!-&@+4!*!=*')$'!+&-!

&()*+4!η. [4#!&-!&()*+4!η1Q!(&!/4#)'4-*!-*!($)6*/$I#!+&!86&?!=*')$&#+4!+&-!&()*+4!η?!
-*! /*2&D*! -&/)4'*! C*! +&)&/)*+4! ='$9&'4! 6#! NOP! 3! *! /4#)$#6*/$I#! 6#! NQP1! Lc4!
#&/&($)*'&94(!6#!&()*+4!#6&%4!=*'*!'&/4'+*'!&-!E-)$94!&-&9&#)4!+&!-*!/*+&#*1H!!

]&! 04'9*! ($9$-*'! ='4/&+&'&94(! &#! -*! $9='&($I#1! _+&#)$0$/*+4! &-! (@924-4! *!
$9='$9$'!&#!;&='4/&+&'&94(!&#!;>!*! $9='$9$'! -*! )'*+6//$I#!+&!G()&1!M'$9&'4!&-!

(@924-4!86&!&#!&(&!949&#)4!&(/6+'$A* Μ>?!86&!=*(*':!*!6#!&()*+4!Lηδ)01
]
!&#!&-!

86&! &-! (6=&'@#+$/&! L]! 4! _H! '&/4'+*':! &-! 94%$9$&#)4! *! $D86$&'+*! 4! +&'&/C*! 86&!

25



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

+&2&'@*!C*/&'!;1![494!(62@#+$/&!&-!'&()4!+&!-*!/*+&#*!86&!86&+*!=4'!$9='$9$'!&#!
4'+&#!$#%&'(4!L&-!='$9&'!&-&9&#)4!+&!-*!+&'&/C*!#4!(&!$#/4'=4'*!/494!&-&9&#)4!*!

'&/4'+*'?!=6&(!(&!$9='$9$':!&#!&(&!94%$9$&#)4H1![4#!NηP!'&/4'+*94(!&-!&()*+4!*!
86&! +&2&94(! %4-%&'! /6*#+4! (&! $9='$9*! -*! /*+&#*! )'*(! =*(*'! =4'! -4(! &()*+4(!

Lηδ)01
]
!3!Lηδ)0

]
?!&#!&-!&>&9=-41!

g(@?!

! Lηδ)01
]!

86$&'&! +&/$'! 86&! '&()*! =4'! $9='$9$'! -*! /*+&#*! NQOP! 3! +&(=6G(! ='4+6/$'! 6#!
+&(=-*D*9$&#)4!+&!F&/*($--*(!*!-*!+&'&/C*!=*'*!&(/6+'$A*'!-*!/4''&(=4#+$&#)&!/&-+*1!
Lh&/4'+&94(!86&!NDP!06&!+&0$#$+4!*-!/49$&#D41H!

g(@?! =6&(?! &#!;>! +&2&'&94(! /4#)*'! /4#! )4+4(! -4(! &()*+4(!η +&!;1! M*'*! /*+*!
&()*+4!η 6#!/4#>6#)4!+&!&()*+4(!η0, η1,  η00  η01  =*'*!/*+*!6#*!+&!-*(!/492$#*/$4#&(!
86&!(&!=6&+&#!42)&#&'!/4#!&-&9&#)4(!+&!TQ?!OW!)49*+4(!+&!.!&#&.&/4#!'&=&)$/$I#!=*'*!
Qi$iD?! /492$#*/$4#&(!86&!=*(*#!*! (&'! (62@#+$/&!&#!+$/C*(!&j='&($4#&(1!M*'*!/*+*!

&()*+4!η 6#!/4#>6#)4!+&!&()*+4(!ηΒ, ηSS, ηSSSk!/634(!(62@#+$/&(!/4#)$&#&#!C*()*!DR
O!4/6''&#/$*(!+&!NSP1!LB()4(!&()*+4(!(&!6)$-$D*':#!&#!-*!-&/)6'*1H!g+&9:(!=*'*!/*+*!

&()*+4! η +&!;! +$(=4#+'&94(! +&! 6#! /4#>6#)4! +&! &()*+4(! Lηδ)0
]
?! Lηδ)1

]
?! Lηδ)00

]
?!

Lηδ)01
]
?!Lηδ)10

]
?!Lηδ)11

]
!=*'*!/*+*!6#*!+&!-*(!/492$#*/$4#&(!86&!(&!=6&+&#!42)&#&'!

/4#!&-&9&#)4(!+&!TQ?!OW!)49*+4(!+&!.!&#&.&/4#!'&=&)$/$I#!=*'*!Qi$iD?!/492$#*/$4#&(!
86&! =*(*#! *! (&'! (62@#+$/&! &#! +$/C*(! &j='&($4#&(1! B-! (6=&'@#+$/&! '&/6&'+*! &-!
94%$9$&#)4! *! -*! +&'&/C*1! Z)'4! /4#>6#)4! (&9&>*#)&! =&'4! /4#! (6=&'@#+$/&! N_P1! "#!

/4#>6#)4! +&! DRO! &()*+4(! Lηδ)Β
]
?! Lηδ)SS

]
?! /4#! C*()*! DRO! 4/6''&#/$*(! +&! NSP! /494!

(62@#+$/&! 3! 6#! /4#>6#)4! ($9$-*'! +&! /4#>6#)4(?! =&'4! /4#! (6=&'@#+$/&! N_P1! LB()4(!
&()*+4(!(&'%$':#!=*'*!&-!='4/&(4!+&!$9='&($I#1H!

"#*! %&D! &()*2-&/$+4! &-! *-0*2&)4! +&!;>! *(@! /494! &-! /4#>6#)4! +&! (6(! &()*+4(!
&()*2-&/&'&94(!&-!/4#>6#)4!+&!(6(!06#/$4#&(1!K$!

! γ(η?σ) = (η\?σ\?!9H!&(!6#*!06#/$I#!+&!;1&+4#+&!9!&(!_!4!]?!

#&/&($)*'&94(!&#!;>&6#!=*86&)&!+&!06#/$4#&(!86&!--&%&#!*!/*24!-*!4=&'*/$I#!86&!
=4+'@*94(!+&0$#$'!+&!-*!($<6$&#)&!9*#&'*!

! γ(η?!iα0α1α0DRO>) = (η\? iα\0α\1α\0DRO>, 9), 

+4#+&!   iα0α1α0DRO> &(!-*!)'*+6//$I#!+&!σ!3! iα\0α\1α\0DRO>  &(!-*!)'*+6//$I#!+& σ\1!
K&!&()*2-&/&#!+&!-*!($<6$&#)&!9*#&'*1!

=.4.&(,"%6,7"#0.#'%/#9+"6,5"./#0.#@A!

K&*!γ(η,σ) = (ε, σ\?!9H!L+4#+&!9!&(!_!4!]H!6#*!06#/$I#!+&!l1!Y!(&*!α0 α1 ...αD−1 -*!
)'*+6//$I#!+&!σ !3!α0\ α1\...αD−1\! -*! )'*+6//$I#!+&!σ\1!g!#6&()'*! 06#/$I#!+&!;! -&!
/4''&(=4#+&!&#!;\!&-!($<6$&#)&!/4#>6#)4!+&!06#/$4#&(F!

LOH! γ(η,α0) = (ηα0, Β, ]). 
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LUH! γ(ηα0α1...α>, α>VOH!`! Lηα0α1...α>VOH?!S?!]H?!=*'*! >iDRO?!=*'*! )4+4!&()*+4!η /4#!
(62@#+$/&! 04'9*+4! =4'! -4(! >! ='$9&'4(! &-&9&#)4(! α0 α1 ...α>! +&! -*!
)'*+6//$I#!+&!-4(!(@924-4(!+&!;1!

LeH! γ(ηα0α1...αDRU, αDROH!`!L!Lηδ)9α\0... α\DRU?!α\DRO?!_H?!+4#+&!9!&(!N_P!4!N]P?!(&<E#!
-*!06#/$I#!+*+*!$#$/$*-9&#)&1!

L[4#! &()*(! 06#/$4#&(! (&! C*! $+&#)$0$/*+4! -*! )'*+6//$I#! +&-! (@924-4! 86&!
&(/6+'$A*'@*!;1&3!(&!$9='$9&!&-!E-)$94!+&!(6(!(@924-4(1![4#!N9P!(&!'&/6&'+*!
&-!94%$9$&#)4!86&!+&2&':!C*/&'(&!/6*+4!(&!)&'9$#&!-*!$9='&($I#1H!

LfH! γ(Lηδ)9α\0... α\>?!SH! `! LLηδ)9α\0... α\>RO?!α\>?! _H! L+4#+&!9! &(! N_P! 4! N]PH?! =*'*!

)4+4!&()*+4!η /4#!(6=&'@#+$/&!9!3!(62@#+$/&!04'9*+4!=4'!-4(!>!='$9&'4(!
&-&9&#)4(!α\0 α\1 ...α\>!+&!-*!)'*+6//$I#!+&!-4(!(@924-4(!+&!;1!

LmH! γ(Lηδ)9α\0?!SH!`!Lη, α\0, 9H?!+4#+&!9!&(!N_P!4!N]P1!

L[4#/-6$+*! -*! $9='&($I#! (&! %6&-%&! *-! &()*+4! 4'$<$#*-! η! 3! (&! ='4+6/&! &-!
94%$9$&#)4!N9P!86&!/4''&(=4#+*1H!

LnH! M*'*!)4+4!$?!)*-!86&!Oi$iDRO?!-*(!06#/$4#&(!

γ(η9$?!QH!`!Lη
9
$RO?!Q?!9H!

γ(η9$?!OH!`!Lη
9
$RO?!O?!9H!

γ(η9$?!SH!`!Lη
9
$RO?!S?!9H1!

LoH!g(@!/494!)*92$G#!!

γ(η9$?!QH!`!Lη?!Q?!9H!

γ(η9$?!OH!`!Lη?!O?!9H!

γ(η9$?!SH!`!Lη?!S?!9H1!

B#!&()*!-$()*!+&!06#/$4#&(!=6&+&!&-$9$#*'(&!-*(!'&+6#+*#/$*(1!!

B()*! 9:86$#*! ;>& #4! &():! &#! /4#+$/$4#&(! +&! (&'! )'*)*+*! =4'! -*! 9:86$#*!
"#$%&'(*-! +&! ;6'$#<! ='&(&#)*+*! =4'! X4=/'40)R"--9*#1! 7*! /49=-&>$+*+! +&! -4(!
N#492'&(P!+&!(6(!&()*+4(!(I-4!'&(=4#+&!*-!/4#)'4-!+&-!+$(&A4!+&!-*!)'*#(04'9*/$I#!
+&!-*!9:86$#*!+*+*1!!

M&'4!($!4'+&#*94(!+$/C4(!&()*+4(!/4#!-*!E#$/*!/4#+$/$I#!+&!86&!&-!='$9&'4!C*!
+&!(&'!&-!&()*+4!$#$/$*-!=4+&94(!$+&#)$0$/*'!-4(!&()*+4(!/4#!(6!#E9&'4!+&!4'+&#!&#!
#4)*/$I#!94#*'$*1!B()*!#4)*/$I#!=*(*':!*!(&'!(6!#6&%4!#492'&F!O?!OO?!OOOk!&)/1!
K$! &#! -*(! 06#/$4#&(! *#)&'$4'&(! $#)'4+6/$94(! &()4(! #492'&(! &#! (6()$)6/$I#! +&! -*(!
/49=-$/*+*(! +&#49$#*/$4#&(! 40'&/$+*(! -*! 9:86$#*! +&! ;6'$#<! '&(6-)*#)&! &():! &#!
/4#+$/$4#&(! +&! (&'! 40&')*+*! /494! $#=6)! *! -*! 9:86$#*! 6#$%&'(*-! +&! X4=/'40)R
"--9*#1!

!

27



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

B%#0./6&,$6,7"#0.#@A#65(5#,"$+4#$%&%#'%#()*+,"%#+",-.&/%'#0.#1+&,"2#

M*'*!86&!-*!9:86$#*!6#$%&'(*-!=6&+*!'&*-$D*'!&-!/I9=6)4!86&!C*'@*!-*!9:86$#*!;&

*#)&! 6#! +&)&'9$#*+4! $#=6)! θ *86&--*! 9:86$#*! +&2&! '&/$2$'! /494! $#=6)! -*!
N*+&/6*+*P! +&(/'$=/$I#! +&! -*! (&<6#+*! 9:86$#*! L&#! -4(! )G'9$#4(! 86&! C&94(!
='&(&#)*+4!*#)&'$4'9&#)&F!;>H!*(@!/494!-*!)'*+6//$I#!+&-!$#=6)!(42'&!&-!86&!*/)E*!

;. 

B#! -*!%&'($I#!86&!(&!40'&/&!&#!X4=/'40)R"--9*#! -*!9:86$#*!6#$%&'(*-! )'*2*>*!
/4#!6#*!/$#)*!+$%$+$+*!&#!+4(!=$()*(1![4#!&--4! '&(6-)*!86&!+$/C*!9:86$#*! )'*2*>*!
/4#! (@924-4(! /49=-&>4(?! /4#()$)6$+4(! =4'! 6#! (@924-4! +&! -*! =$()*! (6=&'$4'! 3! (6!
/4''&(=4#+$&#)&! =*'&>*! +&! -*! =$()*! $#0&'$4'1! B()*! /$'/6#()*#/$*! /*'&/&! +&!
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(1/%*61*4$.#$(9!#&&)(!4.!&#).'(&!*!#.4$.#!.=!6.7$-*6!-.#(&L1&#-&!45*4!$(A!$#!(.9&!

(&#(&A!>&*I&'!45*#!(4*#)*')!#.4$.#(!.=!-.#(&L1&#-&2!H14!45$(!1)"23)**!*66.>(!45&!

(1/%*61*4$.#$(4!45&.'<!4.!*--.99.)*4&!5$75&'K.')&'!%*71&#&((!$#!*!>*<!45*4!$4!$(!

#.4! *%*$6*/6&! 4.! .45&'! 45&.'$&(! .=! %*71&#&((! 8(1-5! *(A! =.'! &B*9,6&A! $4(!

,*'*-.9,6&4&!-.1#4&',*'4A!*0+)(4"$0".5%35*-:2!

3%#4*#5(&*67"'*4+)8*%#(*'+"&4+$%&'*9.*&$*+#*5")(%&'+

M.(4!45&.'$&(!.=!%*71&#&((!4*I&!45&!#.4$.#!.=!#%(6)($53)&,"*)!*(!*!-&#4'*6!.#&!$#!

45&!&B,6*#*4$.#!.=!45&!,5&#.9&#.#!.=!%*71&#&((2!J4!$(A!45&'&=.'&A!#*41'*6!=.'!45&(&!

45&.'$&(! 4.! -.#($)&'! *! #.4$.#! .=!6)7535.)3)**! 8'&,'&(&#4&)! *(! NOP:! *66.>$#7! 1(! 4.!

4*6I! */.14! /.')&'6$#&! -*(&(2! Q&%&'*6! .=! 45&(&! ,'.,.(*6(! (5*'&! 45&! -.99.#!

='*9&>.'I! .=! ,.(($/6&K>.'6)(! (&9*#4$-(2! ?*-5! 45&.'<! )$==&'(! .#! 45&! $#=.'9*6!

'&*)$#7! .=! 45&! (&9*#4$-(! *#)A! -.#(&L1&#46<A! .#! 45&! $#=.'9*6! '&*)$#7! .=! O2! R.'!

&B*9,6&A! &,$(4&9$-$(9! '&*)(! ,.(($/6&! >.'6)(! *(! *! ,*'4$-16*'! (.'4! .=! )+5*.)-5,&

+%**5#5$5.5)*! *#)! O! &B,'&((&(! *! ,*'4$-16*'! =.'9! .=! 23%1"#5$5.8! 845&! #.4$.#! .=!

/.')&'6$#&K#&((! &B,'&((&(!*! =.'9!.=!1#I#.>*/$6$4<:2! J#! 41'#A! &*-5! '&*)$#7!.=! 45&!

(&9*#4$-(!9.4$%*4&(!*!,*'4$-16*'!'&*)$#7!.=!4'145A!*#)!($#-&!6.7$-*6!-.#(&L1&#-&!$(!

*! 9*44&'! .=! #&-&((*'<! ,'&(&'%*4$.#! .=! 4'145A! *! ,*'4$-16*'! #.4$.#! .=! 6.7$-*6!

-.#(&L1&#-&2!R.'!&B*9,6&A!=.'!-.#4&B41*6$(9A!45*4!*!(&#4&#-&!$(!4'1&!9&*#(!45*4!$4!

$(!4'1&!$#!*!,*'4$-16*'!-.#4&B4@!45$(!9.4$%*4&(!45&!'&*)$#7!.=!6.7$-*6!-.#(&L1&#-&!*(!

,'&(&'%*4$.#! .=! 4'145! *4! &*-5! -.#4&B4! 845$(! $(! 6.-*6! %*6$)$4<A! N!6P! /&6.>:2!

Q1,&'%*61*4$.#$(9! $(! 1(1*66<! *((.-$*4&)! 4.! *! (4'.#7&'! #.4$.#! .=! -.#(&L1&#-&!

I#.>#!*(!76./*6!%*6$)$4<!8N!7P!/&6.>:2!Q1/%*61*4$.#$(9!$(!-.99$44&)!4.!*!#.4$.#!

.=!-.#(&L1&#-&!)$==&'&#4!4.!&$45&'!6.-*6!.'!76./*6!%*6$)$4<!8N!(P!/&6.>:2!
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!"#$%&'%#()(%*&

:*;(&()(%&+<+8S.-*6!-.#(&L1&#-&:!T!(&#4&#-&!φ!$(!*!6.-*6!-.#(&L1&#-&!.=!*!(&4!

.=!(&#4&#-&(!!A!>'$44&#!!!!6!φA!U1(4!$#!-*(&!=.'!&%&'<!$#4&','&4*4$.#!*#)!>.'6)!1!
$#!45&!$#4&','&4*4$.#V!$=!&%&'<!9&9/&'!.=!!!$(!4'1&!*4!1!45&#!φ!$(!4'1&!*4!12!
:*;(&()(%&+=+8W6./*6!-.#(&L1&#-&:!T!(&#4&#-&!φ!$(!*!76./*6!-.#(&L1&#-&!.=!*!

(&4!.=!(&#4&#-&(!!A!>'$44&#!!!!7!φA!U1(4!$#!-*(&!=.'!&%&'<!$#4&','&4*4$.#V!$=!&%&'<!
9&9/&'!.=!!!$(!4'1&!*4!&%&'<!>.'6)!45&#!φ!$(!4'1&!*4!&%&'<!>.'6)2!
:*;(&()(%&+>+ 8Q1/%*61*4$.#$(4! -.#(&L1&#-&:!T!(&#4&#-&!φ! $(! *! (1/%*61*4$.#$(4!

-.#(&L1&#-&! .=! *! (&4! .=! (&#4&#-&(! !A! >'$44&#! !! !(! φA! U1(4! $#! -*(&! =.'! &%&'<!
$#4&','&4*4$.#V! $=! &%&'<!9&9/&'! .=!!! $(! 4'1&! *4! (.9&!>.'6)! 45&#!φ! $(! 4'1&! *4!
(.9&!>.'6)2!

?(-8*#6%#4*#+1"-.*&*''+"&4+$%&'*9.*&$*+#*5")(%&'+

J#!5&'!EFFX!,*,&'!O&6$*!W'*==!R*'*!,'&(&#4(!*#!*'719&#4!*7*$#(4! 4'145K%*61&!7*,!

45&.'$&(!-.#-&'#$#7!5$75&'K.')&'!%*71&#&((2!T!45&.'<!.=!%*71&#&((!(5.16)!&B,6*$#!

*4!6&*(4!>5<!45&'&!(&&9(!4.!/&!#.!(5*',!4'*#($4$.#(!$#!(.'$4&(!(&'$&(2!R.'!&B*9,6&A!

$#!*!(.'$4&(!(&'$&(!=.'!45&!,'&)$-*4&!N4*66PA!45&'&!(&&9(!4.!/&!#.!(5*',!4'*#($4$.#!='.9!

45&!9&9/&'(! .=! 45&! (&'$&(! 45*4! *'&! 4*66! 4.! 45.(&! 45*4! *'&! #.4! 4*662!T--.')$#7! 4.! *!

4'145K%*61&!7*,!45&.'<!45$(!=*-4! $(!&B,6*$#&)!/<!45&!&B$(4&#-&!.=!4'145K%*61&!7*,(V!

45&'&!(&&9(!4.!/&!#.!(5*',!4'*#($4$.#!='.9!45&!9&9/&'(!.=!45&!(&'$&(!45*4!*'&!4'16<!

4*66! 4.!45.(&! 45*4!*'&! 4'16<!#.4!4*66! 845*4! $(A! 7"$*)$8! 4*66:A!/&-*1(&!45&'&! $(!*4! 6&*(4!*!

9&9/&'!$#!/&4>&&#!(1-5!45*4!$4!$(!#&$45&'!4'16<!4*66!#.'!4'16<!#.4!4*66!845*4!$(A!#&$45&'!

4'16<!4*66!#.'!=*6(&6<!4*66:2!;51(A!>5*4!&B,6*$#(!45&!*/(&#-&!.=!(5*',!4'*#($4$.#(!$#!

45&!(&'$&(!$(!45&!4'145!.=!45&!=.66.>$#7!,'$#-$,6&!8>5&'&!NOP!$(!45&!./U&-4K6*#71*7&!

&B,'&(($.#!.=!45&!4'145K7*,!45&.'<P(!4'145!,'&)$-*4&:V!

8W3!=.'!N4*66P:!O4*6689:"YOY4*6689::!!
8>5&'&!9:!$(!45&!(1--&((.'!.=!9:!

Z#&! .=! 45&! 4.175! ,'./6&9(! .=! %*71&#&((! $(! 45*4! 45&! (&&9$#7! */(&#-&! .=! (5*',!

4'*#($4$.#(!$#!45&!(&'$&(!).&(!#.4!(4.,!5&'&2!;5&'&!(&&9(!4.!/&!#.!(5*',!4'*#($4$.#!

&$45&'!/&4>&&#!45&!4'16<!4*66P(!*#)!45&!#.#!4'16<!4*66P(A!#.'!/&4>&&#!45&!4'16<!4'16<!

4*66P(!*#)! 45&!#.#! 4'16<! 4'16<! 4*66P(!&4-2! J#!.')&'! 4.! 4'&*4!1#'&(4'$-4&)!5$75&'K.')&'!

%*71&#&((!*4!6&*(4!*(!*!6.7$-*6!,.(($/$6$4<A!45&!4'145K7*,!45&.'$(4!(5.16)!/&!*/6&!4.!

&#).'(&!45&!&#)6&((!5$&'*'-5<!.=!/"+&+(53,5+$)*!.=!45$(!=.'9V!

8W3!=.'!NO
#
4*66P:!OO

#
4*6689:"YOYO#4*6689::!

;5&! 9.(4! >&66! I#.>#! 4'145K%*61&! 7*,! 45&.'<! $(! (1,&'%*61*4$.#$(9! >5$-5! $(!

(1,,.(&)! 4.! /&! -.99$44&)! 4.! 76./*6! %*6$)$4<! /14! R*'*! 8EFFX:! (5.>(! 45*4! 7*,K

,'$#-$,6&(!*'&!76./*66<!$#-.#($(4&#4!=.'!=$#$4&!(.'$4&(!(&'$&(2!!

R*'*P(! ./U&-4$.#! $(! $#4&#)&)! *7*$#(4! (1,&'%*61*4$.#$(9A! /14! 45&! *'719&#4!

*==&-4(! 45&! .45&'! #%(6)($53)& #"*)6! 45&.'$&(! *(! >&662! ;5&! '&*(.#! $(! 45*4! 7*,K

,'$#-$,6&(!'&,'&(&#4!$#!*#!*/(4'*-4!=.'9!45&!7&#&'*6!(4'*4&7<!.=!45$(!(.'4!.=!45&.'$&(!

$#!.')&'!4.!&B,6*$#!45&!(&&9$#7!*/(&#-&!.=!(5*',!4'*#($4$.#(!$#!(.'$4&(!(&'$&(2!R.'!

&B*9,6&A!=.'!45&!&,$(4&9$-$(4!45&'&!(&&9(!4.!/&!#.!(5*',!4'*#($4$.#!='.9!45&!4*66!4.!
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!"(",%3*5*.)3.&;"/0)3)**<&=&!%*5.54)&=(/0-)3.&

45&!#.#K4*66!9&9/&'(!$#!45&!(&'$&(!/&-*1(&!45&!,$)"($8!4*66!9&9/&'(!*#)!45&!,$)"($8!

#.4!4*66!*'&!(&,*'*4&)!/<!9&9/&'(!45*4!*'&!#.4!,$)"($8!4*66!*#)!#.4!,$)"($8!#.4!4*662!

J#!*!($9$6*'!>*<A!45&'&!(&&9(!4.!/&!#.!(5*',!4'*#($4$.#!='.9!45&!,$)"($8!4*66!4.!45&!

#.4!,$)"($8!4*66!/&-*1(&!45&'&!*'&!9&9/&'(!$#!45&!(&'$&(!45*4!*'&!#.4!,$)"($8!,$)"($8!

4*66! *#)! #.4! ,$)"($8! #.4! ,$)"($8! 4*66222! ;5*4! $(A! 7*,K,'$#-$,6&(! *'&! -.9,&66$#7! =.'!

&*-5!/.')&'6$#&K/*(&)!45&.'<A!'&*)$#7!NOP!$#!&*-5!45&.'<P(!,'&=&''&)!>*<2!

J#! 45&! -*(&! .=! 45&.'$&(! -.99$44&)! 4.! 6.-*6! %*6$)$4<A! >&! 9$754! =$#)! 9.)&6(!

(5.>$#7!45&!6.-*6!-.#($(4&#-<!.=!7*,K,'$#-$,6&(2!H14!>&!9$754!=$#)!>*<(!4.!*)*,4!

45&!*'719&#4!=.'!45&!6.-*6!#.4$.#!.=!-.#(&L1&#-&2!

:*;(&()(%&+@+8T/(.614&!)&=$#$4&#&((:!T!(&#4&#-&!φ!$(!*/(.614&6<!)&=$#$4&!*4!*!

>.'6)!1!U1(4!$#!-*(&![O
3
φ!\!3!$#!ω]!5.6)(!*4!12!

;5&!$)&*!$(!45*4!φ!$(!*/(.614&6<!)&=$#$4&!*4!1!U1(4!$#!-*(&!φ!4*I&(!%*61&!^!*4!>A!*#)!

(.!).&(!OφA!*#)!OOφ!&4-2!M*I$#7!1(&!.=!45$(!#.4$.#!.=!*/(.614&!)&=$#$4&#&((A!45&!

=.66.>$#7!-.##&-4$.#!/&4>&&#!76./*6!*#)!6.-*6!%*6$)$4<!5.6)(V!

A5"(2+<!J=!!!!7!φ!45&#![O
3#!\!#!$#!!A!3!$#!ω]!!6!φ!

;5*4!$(A!φ!$(!*!76./*6!-.#(&L1&#-&!.=!!!U1(4!$#!-*(&!φ!$(!*!6.-*6!-.#(&L1&#-&!.=!45&!
"#*%$0.)&6)7535.5>".5%3!.=!45&!&6&9&#4(!$#!!2!;5&!-.##&-4$.#!(5.>(!45*4A!*645.175!
.#&!-*#!&#).'(&!7*,K,'$#-$,6&(!7$%&#!6.-*6!%*6$)$4<A!.#&!-*##.4!&#).'(&!45*4!45&(&!

*'&! "#*%$0.)$8& 6)7535.)2! C.>! /*)! $(! 45$(! 6*(4! '&(164_! Q1'&6<A! $4! $(! #.4! *(! /*)! *(!

6*-I$#7!&%&#! 45&!,.(($/$6$4<!.=! *--&,4$#7!7*,!,'$#-$,6&(!,6*$#6<! 8*(! $4! 5*,,&#(! $#!

45&!-*(&!.=!76./*6!%*6$)$4<:2!H14! $4!(&&9(! 4.!9&!45*4! 45&!'&(164! $(!/*)!&#.1752!T(!

,.$#4&)!.14!/&=.'&A!7*,!,'$#-$,6&(!)&(-'$/&!*! 45&.'<P(!(.614$.#! 4.! 45&!L1&(4$.#!.=!

45&! (&&9$#7! */(&#-&! .=! (5*',! 4'*#($4$.#(! $#! (.'$4&(! (&'$&(! 8'&*)$#7! NOP! $#! 45&!

,'&=&''&)! >*<! .=! 45&! 45&.'<:2! J=! .#&! -*##.4! &#).'(&! 45*4! 45&(&! ,'$#-$,6&(! *'&!

*/(.614&6<! )&=$#$4&A! 45&#! .#&! (&&9(! 4.! /&! -.99$44&)! 4.! 45&! $)&*! 45*4! 45&! 45&.'<!

$4(&6=! $(!#.4!*/(.614&6<!)&=$#$4&! 8'&*)$#7! NOP! $#! 45&!,*'4$-16*'!>*<!.=! 45&! 45&.'<:2!

R.'!&B*9,6&A!=.'!45&!&,$(4&9$-$(4A!$4!>.16)#P4!/&!*/(.614&6<!I#.>*/6&!>5&45&'!45&!

45&.'<! $(! '$754! 8*#)! 45&! 45&.'<! 7.$#7! >'.#7! (5.16)! /&! *6>*<(! *#! &,$(4&9$-!

,.(($/$6$4<:2!R.'!45&!-.#4&B41*6$(4!'&*)$#7A!9.'&!)'*9*4$-*66<!J!45$#IA!45&'&!91(4!/&!

-.#4&B4(!>5&'&!(.9&!7*,K,'$#-$,6&(!*'&! =*6(&A!*#)! 451(A! 45&'&!*'&!-.#4&B4(!>5&'&!

45&!45&.'<!$4(&6=!7.&(!>'.#72!

T4! 45$(! ,.$#4A! 45&!>&*I#&((! .=! (1/%*61*4$.#$(4P(! 6.7$-! 41'#(! .14! 4.! /&! *! 7'&*4!

*)%*#4*7&2!D6*$9!^!#.!6.#7&'!>.'I(!>5&#!>&!(1/(4$414&!N!6P!=.'!N!(P2!R1'45&'9.'&A!

$4!9$754!/&!,'.%&)! 45*4! 45&!*/(.614&!)&=$#$4$`*4$.#!.=!7*,K,'$#-$,6&(! $(! -.#($(4&#4!

=.'! =$#$4&! (.'$4&(! (&'$&(! 7$%&#! (1/%*61*4$.#$(4! 6.7$-2!T--.')$#7! 4.! (1/%*61*4$.#$(4!

-.#(&L1&#-&A! 45*4! *! (&4!.=! (&#4&#-&(! $(! (*4$(=$*/6&!9&*#(! 45*4! 45&'&! $(! *! (4'1-41'&!

(1-5!45*4!&*-5!(&#4&#-&!$(!4'1&!$#!*4!6&*(4!.#&!>.'6)!$#!45&!(4'1-41'&@!D6*$9!^!(5.>(!

45*4!45&!*/(.614&!)&=$#$4$`*4$.#!.=!7*,!,'$#-$,6&(!-*##.4!/&!4'1&!*4!45&!(*9&!>.'6)!

1A!/14! 45&!*/(.614&!)&=$#$4$`*4$.#!.=!&*-5!7*,!,'$#-$,6&!9$754!/&!4'1&!*4!)$==&'&#4!

8*#)!#.#!-.##&-4&):!>.'6)(!$#!*!($#76&!$#4&','&4*4$.#2!

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

A%&$5.'(%&!

;5&!-*,*/$6$4<!.=!&#).'($#7!45&!*/(.614&!)&=$#$4$`*4$.#!.=!7*,K,'$#-$,6&(!6..I(!6$I&!

*#! *,,&*6$#7! =&*41'&! =.'! *#<! /.')&'6$#&K/*(&)! 45&.'<! .=! %*71&#&((@! /14! 45$(!

-*,*/$6$4<! $(! '&(4'$-4&)! 4.! 45&.'$&(!-.99$44&)! 4.!*!>&*I!&#.175!#.4$.#!.=! 6.7$-*6!

-.#(&L1&#-&2! J=! %*71&#&((! $(! 4.! /&! &B,6*$#&)! $#! 4&'9(! .=! /.')&'6$#&! -*(&(A! 45&!

=.'&7.$#7! '&(164(! -.#(4$414&! *! 7..)! *'719&#4! $#! =*%.1'! .=! 45&! (1/%*61*4$.#$(4!

45&.'<! .=! %*71&#&((2! Q.9&! ,5$6.(.,5&'(! >$66! (4$66! =$#)! 45&! -.99$49&#4! 4.!

,*'-.#($(4&#-<!*(!(.9&45$#7!5*')!4.!(>*66.>!*#)!>$66!,'./*/6<!-.#($)&'!45*4!45&!

'&(164! (,&*I(! *7*$#(4! 45&! >5.6&! /.')&'6$#&K/*(&)! *,,'.*-5! 4.! %*71&#&((2! ;5&(&!

,5$6.(.,5&'(! 45$#I! 45*4A! *(! a$66$*9(.#! (*<(A! N)$*6&45&$(9! $(! *! =*4&! >.'(&! 45*#!

)&*45P! 8EFFbA! ,! XGc:2! ;.! 45&(&! J! =$#)! *,,'.,'$*4&! 3'$&(4P(! .>#! '&(,.#(&! 4.!

a$66$*9(.#V!NJ!5*%&#P4!)$&)!<&4A!(.!JP9!#.4!$#!*!,.($4$.#!4.!U1)7&P!83'$&(4A!EFFc:2!

B*;*#*&$*'+

H&*66A! d2! D2! 8&)2:! 8EFFX:A! ?5"(*& "36& @)"+*<& A)1& B**"8*& %3& !"("6%9A! ZB=.')A!

ZB=.')!"#$%&'($4<!3'&((2!

R*'*A!O2!W2!8EFFX:2!NW*,!,'$#-$,6&(A!,&#19/'*6!-.#(&L1&#-&!*#)!$#=$#$4&6<!5$75&'K

.')&'!%*71&#&((PA! $#!H&*66A! d2!D2! 8&)2:! 8EFFX:2!Z'$7$#*66<!,1/6$(5&)!1#)&'! 45&!

#*9&!NO&6$*!W'*==P2!

R$#&A!e2!8^fcg:A!Nh*71&#&((A!4'145!*#)!6.7$-PA!C83.D)*)!XFA!,,2!EbgKXFF2!

C<)&A!O2! 8^ffc:A! NR'.9! 5&*,(! *#)! 7*,(! 4.! 5&*,(! .=! 7614(PA!E536! ^Fb8iEi:A! ,,2!

bi^KbbF2!

C<)&A! O2! *#)! D.6<%*#A! M2! 8EFFG:A! N3*'*-.#($(4&#4! %*71&#&((V! a5<! #.4_PA!

=0*.("$"*5"3&F%0(3"$&%7&?%/5,!bA!,,2!^FcK^E^2!

e&&=&A!j2!8EFFF:A!GD)%(5)*&%7&;"/0)3)**A!D*9/'$)7&A!D*9/'$)7&!"#$%&'($4<!3'&((2!

3'$&(4A! W2! 8EFFc:A! Nj&%$&>! .=! T/(.614&! W&#&'*6$4<PA!A%.()& H"-)& !D5$%*%+D5,"$&

I)45)1*A!k544,Vll#),'2#)2&)18'&%$&>2-=9_$)m^^^iin2!

j*<.A! T2! *#)!"`L1$*#.A! W2! 8&)(2:! 8EFFb:A!=#*%$0.)& J)3)("$5.8A! ZB=.')A! ZB=.')!

"#$%&'($4<!3'&((2!

h*'`$A!T2!8EFFc:A!NQ1,&'%*61*4$.#$(9!*#)!$4(!6.7$-PA!E536A!^^b8ibX:A!,,2!bXXKbcb2!

a$66$*9(.#A!;2!8^ffi:A!;"/0)3)**A!S.#).#A!j.146&)7&2!

o! 8EFFb:A! NT/(.614&! $)&#4$4<! *#)! */(.614&! 7&#&'*6$4<PA! $#! j*<.! *#)! "`L1$*#.!

8&)(2:!8EFFb:2!
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-%)./(0&(!1!#&234/5&./(0&(!

!

0(1+2#$%%&'()

6*! $423'7*#5$*!)&! ,*!*8)/55$9#!-*!($)3! '&53#35$)*!23'! $#%&(7$:*)3'&(! ,;)&'&(!&#!

)$%&'(3(! 5*423(! )&,! 53#35$4$&#730! <343! (&! (&=*,*! &#! >,$(&)*! ?@AABCD! 2*'*! E0!

F$#7$GG*!?69:$5*!H!I2$(7&43,3:;*CD!,*!*8)/55$9#!&(!&,!2'38,&4*!J/#)*4&#7*,!)&!,*!

&2$(7&43,3:;*! 53#7&423'K#&*L! (&! 7'*7*!)&!/#*! J3'4*!)&! '*M3#*4$&#73!N/&!-*!)&!

%&'$J$5*'!,3(!'&N/$($73(!3!7&($(!($:/$&#7&(!?F$#7$GG*D!OPPQCR!$#J&'&#5$*,D!)&!*5/&')3!

53#! ,*! 5/*,! ,*! *8)/55$9#! &(D! 3! J3'4*! 2*'7&! )&D! /#! 2'35&(3! )&! $#J&'&#5$*(L! @C! )&!

38S&7$%3R! (&! -*! ,3:'*'! ,*! :&#&'*5$9#! )&! -$297&($(D! )&! /#! ,*)3D! HD! )&! 37'3D! ,*!

(&,&55$9#!)&!,*!4&S3'!)&!&,,*(!2*'*!(/!23(7&'$3'!*#K,$($(L!TC!)&!5342'&#($9#R!&#!,*!

$#%&(7$:*5$9#! 5$&#7;J$5*! ,*! *8)/55$9#! 5342'&#)&! 73)*(! ,*(! 32&'*5$3#&(! 23'! ,*(!

5/*,&(! (&! &,*83'*#! ,*(! 7&3';*(! 5$&#7;J$5*(L! UC! )&! */73#34;*D! N/&! *83:*! 23'! ,*!

&(2&5$J$5$)*)! )&! ,*! *8)/55$9#R! V(7*! &(! /#*! J3'4*! )&! $#J&'&#5$*! )$(7$#7*! )&D! &!

$''&)/57$8,&!*D! ,*!)&)/55$9#!*(;!5343!*!,*!$#)/55$9#0!W3'!37'*!2*'7&D!2*'*!F&'8&'7!

+$43#! ?W($53,3:;*! <3:#$7$%*CD! &,! 2'35&(3! '&7'3)/57$%3! ?37'3! 7V'4$#3! 2*'*! ,*!

*8)/55$9#C! &(! &,! 7&4*! 5&#7'*,! )&! ,*! 7&3';*! )&! '&(3,/5$9#! )&! 2'38,&4*(! &#! ,*(!

<$&#5$*(! <3:#$7$%*(0! W*/,! X-*:*')! ?<$&#5$*(! )&! ,*! <342/7*5$9#C! 53#($)&'*! N/&!

)$%&'(3(! 7$23(! )&! *8)/55$9#! S/&:*#! /#! 2*2&,! J/#)*4&#7*,! 5343! &(7'*7&:$*(!

-&/';(7$5*(!&#!&,!2'3:'*4*!YWD!&,!5/*,D!)$5-3!&(N/&4K7$5*4&#7&D!&(!/#!($(7&4*!4/H!

Z7$,! &#! '&2'&(&#7*5$3#&(! H! ($4/,*5$3#&(! 5342/7*5$3#*,&(! )&! )&(5/8'$4$&#73!

5$&#7;J$530!!

[':*#$M*43(! &,! 7'*8*S3! 2'&(&#7*#)3! &#! &,! 2'9\$43! *2*'7*)3! /#! '&(/4&#! )&!

5943!(&!*83')*'! ,*! 7&4K7$5*!)&! ,*!*8)/55$9#!)&()&!/#!2/#73!)&!%$(7*! ,9:$530!6&!

($:/&!/#!*2*'7*)3!&#!&,!N/&!#3(!'&J&'$43(!*,!43)&,3!5,K($53!789!)&!'&%$($9#!)&!
5'&&#5$*(! H! (/(! 32&'*5$3#&(! &2$(7V4$5*(D! ,*! J3'4/,*5$9#! )&! ,*(! 4$(4*(! 5343!

32&'*5$3#&(! )&! 5*'K57&'! *8)/57$%3D! 2*'*! $#7'3)/5$'! (/5$#7*4&#7&! &,! ($(7&4*!

*\$34K7$53!8K($53!:';<0!W3'!Z,7$43!(&!2'&(&#7*#!/#*(!38(&'%*5$3#&(!J$#*,&(!H!/#*!
,$(7*!8K($5*!)&!'&J&'&#5$*(!8$8,$3:'KJ$5*(0!!

3.1$#&2)4'5&%2)#,)4/)/"#$%%&'()

]&()&!/#!2/#73!)&!%$(7*!,9:$53D!53#($)&'*#)3!N/&!/#*!7&3';*!=!&(!/#!53#S/#73!)&!
(&#7&#5$*(! )&! /#! ,&#:/*S&! )*)3D! &,! &(2&5;J$53! )&! ,*! 7&3';*D! H! /#*! 38(&'%*5$9#! 3!

5'&&#5$*! &\2'&(*)*! 5343! /#*! (&#7&#5$*! >! )&! 7*,! ,&#:/*S&D! 7'*(! &,! 2'35&(3!
$#J&'&#5$*,! $#-&'&#7&! *! ,*! *8)/55$9#D! (&! -*,,*! /#*! #/&%*! (&#7&#5$*! 7! 5343!
&\2,$5*5$9#D!)&!4*#&'*!N/&!>D!&,!1?42"#"#@6*D%(&'K!/#*!53#(&5/&#5$*!)&!=!H!)&!7D!
N/&!53#S/#7*4&#7&!53#(7$7/H&#!&,!1?42"#"#$D! &#!&,! ($(7&4*! ,9:$53!?)&)/57$%3C!)&!
N/&!(&!7'*7&0!>(;!2/&(D!5*8&!2'&(&#7*'!,*!*8)/55$9#!53#!&(73(!7'&(!&,&4&#73(!&#!&,!
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($:/$&#7&!&(N/&4*!:&#&'*,R!)*)3!/#!2'38,&4*!*8)/57$%3!?=D!>CD!7%&(!/#*!(3,/5$9#!
($!(&!%&'$J$5*!N/&!!

=A%7%$42,$5*#!>L!&(!)&5$'D!=A%7%^__!> !

I#!)&J$#$7$%*D!(&!-*#!)&!7&#&'!&#!5/&#7*!,3(!($:/$&#7&(!&,&4&#73(R!!

O0! I,! $#J&'&#5$*,D! )&7&'4$#*#7&! )&! ,*! '&,*5$9#! N/&! (&! &(7*8,&5&! &#7'&!

1?42"#"#@6*!?&,!-&5-3!(3'2'&#)&#7&!>C!H!1?42"#"#$!?,*!7&3';*!=!S/#73!53#!
,*!(3,/5$9#!-*,,*)*!7C0!I(7*!'&,*5$9#!23)';*!(&'!,*!)&!53#(&5/&#5$*!,9:$5*!
5,K($5*D!5343!,*!$#)$5*)*!&#!&,!&(N/&4*D!3!/#*!$#J&'&#5$*!&(7*);(7$5*!3!/#*!

'&,*5$9#!)&!53#(&5/&#5$*!#3!5,K($5*0!]*)*!,*!$423'7*#5$*!-$(79'$5*!)&!,3(!

43)&,3(! )&)/57$%3(! )&! &\2,$5*5$9#D! #3! #3(! 35/2*43(! )&! J3'4*(! )&!

$#J&'&#5$*!&(7*);(7$5*!H!2'&(7*43(!,*!4*H3'!*7&#5$9#!*!,*(!$#J&'&#5$*(!N/&!

-*#!($)3!38S&73!)&!&(7/)$3!)&!,*!,9:$5*!5,K($5*!H!,*(!N/&!-*#!53#(7$7/$)3!&,!

38S&73!)&!,*(!,9:$5*(!#3!5,K($5*(0!

@0! 63(! @1)5#"@5+1$! *8)/57$%3(0! >! 2/&)&! (&'! /#! J&#94&#3! #3%&)3(3D!
$#&(2&'*)3!&#!5$&'73!(&#7$)3D!3!8$&#!(&!7'*7*!)&!/#*!*#34*,;*D!/#!J&#94&#3!

N/&! &#7'*! &#! 53#J,$573! 53#! ,*! 7&3';*! 7'*(J3#)3! =0! I#! 5*)*! /#*! )&! &(7*(!
($7/*5$3#&(!(&!2,*#7&*#!32&'*5$3#&(!&2$(7V4$5*(!)$(7$#7*(!H!'&,&%*#7&(!2*'*!

*#*,$M*'!($(7&4*(!)&!5'&&#5$*(0!!

T0! 6*(!(3,/5$3#&(0!I#!&,!&(N/&4*!5$7*)3D!2*'*!&,!2'38,&4*! ?=A%>C!7! &(!/#*!
(3,/5$9#0! `3! 38(7*#7&D! 7*48$V#! &(! 23($8,&! 53#($)&'*'! 2'38,&4*(!

*8)/57$%3(!)&()&!37'3!2/#73!)&!%$(7*D!)&!4*#&'*!N/&!)*)3!N/&!=!^_1_!>!H!=!
^_1_!a>D!(&!7'*7&!)&!387&#&'!/#*!#/&%*!,9:$5*!?/#!53#S/#73!)&!#/&%*(!'&:,*(!
)&!$#J&'&#5$*D!23'!&S&42,3C!^__b!7*,!N/&!^__!⊆!^__bD!)&!4*#&'*!N/&!J$#*,4&#7&!

=% ^__b!>0!I#!*48*(! ,;#&*(!(3#!)&!*2,$5*5$9#!,*(! 7*8,*(!(&4K#7$5*(D!5343D!
23'!&S&42,3D!,*(!&(7*8,&5$)*(!&#!c$77$#:!H!d&#)&,(3-#!?OPPQC!

>-3'*!8$&#D! *!2*'7$'!)&! ,*! 7&3';*!=D! #3!)&8&43(!3,%$)*'!N/&!&,!-&5-3!>! 7$&#&!/#!
5*'K57&'!e(3'2'&#)&#7&fD! (&! 7'*7*!)&!/#*!&\2&'$&#5$*!#3%&)3(*!3!8$&#!(&!2'&(&#7*!

5343!53#7'*'$*!*!,*(!&\2&57*7$%*(0!I#!53#5'&73D!(&!2'&(&#7*#!)3(!23($8$,$)*)&(R!

•! >! &(! /#*! #5&1@"@% "B@6,)(&"D! =! ^_1_! >! H! =! ^_1_! a>R! #$! &,! -&5-3! #$! (/!
#&:*5$9#!7$&#&#!'&,*5$9#!)&)/57$%*!53#!,*!7&3';*!

•! >!&(!/#*!"#5*"2C"%"B@6,)(&"D!&(!)&5$'D!)&!=! ^_1_!>!2&'3!=! ^__!a>L!&#!&(7&!
5*(3!,*!#&:*5$9#!)&,!-&5-3!&(!)&)/5$8,&!)&()&!)&!,*!7&3';*!

6,-&.&'()#,)%+,,(%&/.)

I#! '&%$($9#! )&! 5'&&#5$*(! 789! &(! &,! 43)&,3! 5,K($53D! 5/H*(! 32&'*5$3#&(!
&2$(7V4$5*(D!*!(*8&'D!1?4"#$(D#D!,5#)+",,(D#!H!+1&($(D#D!2/&)&#!(&'!&\2,$5*)*(!&#!
7V'4$#3(! *8)/57$%3(0!I#!53#5'&73D! ,*(!32&'*5$3#&(! &2$(7V4$5*(!N/&! $#)/5&#! 5*)*!

/#3!)&!,3(!)&73#*)3'&(!*8)/57$%3(!(3#!,3(!($:/$&#7&(!

O0! E?4"#$(D#%"B@6,)(&"0!>! &(!/#*!#3%&)*)!*8)/57$%*D!=! ^_1_!>! H!=! ^_1_!a>L!
&#73#5&(!(&!5*,5/,*!7!H!,*!7&3';*!(&!&\2*#)&R!!

? D C ? CD!53#!,3!N/&! ? D CE?47B = > ># = 7 > E?47B = >= + ∈ %
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@0! F1&($(D#% "B@6,)(&"0! ]*)*! /#*! *#34*,;*! *8)/57$%*D! &,! 2'35&(3! &(! &,!
($:/$&#7&R!(&!387$&#&!=b!g!=!h!iGODjDG#kD!/#*!)&! ,*(!23($8,&(! J3'4*(!)&!
,5#)+",,(D#D!)&!7*,!4*#&'*!N/&!=H!^_1_!a>D!&#73#5&(!-*,,*'!7!7*,!N/&!=HA7!^_
1_!>0!!

W3'!,3!N/&!'&(2&57*!*,!43)&,3!789D!,*!32&'*5$9#!)&!&\2*#($9#!N/&!&#!&,!4$(43!(&!
53#($)&'*! &(! &N/$%*,&#7&! *! ,*! $#)$5*)*! )&! &\2*#($9#! *8)/57$%*0! I#! &J&573D! 2*'*!

5/*,N/$&'!8*(&!)&!53#35$4$&#73(!?N/&!&#!&,!4*'53!789!%$&#&!*!(&'!/#*!7&3';*!=D!
5&''*)*!8*S3!32&'*5$9#!)&!53#(&5/&#5$*CD!2*'*!5/*,N/$&'!(&#7&#5$*!GD!!

E?4?=A%GC!g!>#?=IGC0!

]*)*!,*!7&3';*!8*(&!=D!(&!5342'/&8*!N/&!E?47B?=A%>C!g!>#?=I7CD!&(!)&5$'D!2/&(73!
N/&!E?47B?=A%>C!g!>#?=I7C!H!E?4?=A%7C!g!>#?=I7CD!E?47B?=A%>C!g!E?4?=A%7C0!
I#! ,*! 53#7'*55$9#! &,! 2'38,&4*! &(! 4K(! 5342,&S3D! 5343! (/5&)&! 53#! ,*! '&%$($9#D!

53#($)&'*#)3!N/&!&#!V(7*!$#7&'%$&#&#!7*#73!&\2*#($9#!5343!,*!2'32$*!53#7'*55$9#0!!

+$!(&!734*!&,!($(7&4*!)&!*\$34*(!2*'*!5'&&#5$*(!:';<D!$#7&:'*)3!23'!,3(!N/&!(&!
$#)$5*#! 4K(! *8*S3D! (&! 2'&(&#7*#! $#7&'&(*#7&(! 5/&(7$3#&(! *,! &(7/)$*'! '&%$($9#! )&!

5'&&#5$*(! H! ($(7&4*(! 4/,7$_*:&#7&0! dK(! &#! 53#5'&73D! (&! 53#J'3#7*'K#! ,*(!

32&'*5$3#&(! &2$(7V4$5*(! )&()&! /#! 2/#73! )&! %$(7*! *8)/57$%3D! 53#($)&'*#)3! &,!

($(7&4*!:';<D!&,!5/*,!(&!)&J$#&!*!2*'7$'!)&!/#!,&#:/*S&!2'323($5$3#*,!N/&!53#7$&#&!
/#! 32&'*)3'! )&! 5'&&#5$*! eGf! ?&#! (/! 5*(3! *,7&'#*7$%*4&#7&D! /#! 32&'*)3'! )&!
53#35$4$&#73!e:fD!*/#N/&!*N/;!(9,3!53#($)&'*43(!&,!*#7&'$3'C!H!/#!)&7&'4$#*)3!
53#S/#73!)&!*:&#7&(!i"D!BDjkL!,*!(&4K#7$5*!&(!,*!)&!7$23!G'$2G&*#3!H!(&!53#($)&'*#!
'&,*5$3#&(!)&!*55&($8$,$)*)!2*'*!5*)*!*:&#7&0!+/(!?&(N/&4*(!)&C!*\$34*(!(3#!,3(!

($:/$&#7&(R!!

O0! X3)*(! ,*(! 7*/73,3:;*(! &\2'&(*8,&(! &#! &,! 53''&(23#)$&#7&! ,&#:/*S&!

2'323($5$3#*,!

@0! G"%J7→>K%→%JG"7→G">CL!)$(7'$8/5$9#!)&!G"!'&(2&573!)&!,*!$42,$5*5$9#!

T0! ¬%G"7!⊥L!5'&&#5$*(!53#($(7&#7&(!

U0! G"7→%G"G"7L!$#7'3(2&55$9#!23($7$%*!

l0! ¬%G"7→%G"¬%G"7L!$#7'3(2&55$9#!#&:*7$%*!

LM! 6*!'&:,*!)&!95@6$%45#1#$%

m0! 6*!'&:,*!)&!#&5&($7*5$9#!)&!5'&&#5$*(R!)&!7!(&!$#J$&'&%G"70!

<*8&! /#*! 2'32/&(7*! )&! &\7&#($9#! 4&)$*#7&! *8)/55$9#! )&! 7&3';*(! 43)*,&(! )&!

5'&&#5$*(0! >! &(7&! '&(2&573D! 2*'*! /#! 53#S/#73! )&! J9'4/,*(! 43)*,&(! )&! 5'&&#5$*(!

53#7*43(!53#!)3(!4*#&'*(!)&!7'*7*'!7*,!53#S/#730!+&*D!23'!&S&42,3D!&,!53#S/#73!=!g!
iG"?7→>CkD!($!53#($)&'*43(!&,!5$&''&!)&)/57$%3!)&!=D!>#J=KD!-*5$&#)3!/(3!)&!,*(!
'&:,*(!)&!:';<D!V(7&!53#7$&#&!,*(!J9'4/,*(!
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? ? CC ? ? CCD

? C ? CD
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"

G G 7 >

7 G 7 > > G 7 >

7 > G 7 >

7 > G 7 >

→

¬ ∧ → ∨ ∧ →

→ ∧ →

¬ ∨ ∧ →

!

I#!'&*,$)*)!&,!53#S/#73!iG"?7→>Ck!'&2'&(&#7*!/#*!5'&&#5$*!)&,!*:&#7&!"%H!($! 7*,!
*:&#7&!5'&&!N/&!7→>D!7*48$V#!5'&&!N/&!G"?7→>C"!H!*(;!(/5&($%*4&#7&0!<3#!&(7*!
$#7&'2'&7*5$9#!(&!2&'4$7&!7*#73!,*!&\2*#($9#!5343!,*!'&%$($9#!*8)/57$%*(0!+&*!/#*!

7&3';*!=!g!iG"?7→>CkD!7*,!N/&!(&!2'3)/5&!G">!5343!#3%&)*)!*8)/57$%*D!&#73#5&(!
23'! )&J$#$5$9#! 7&#&43(! N/&!=% ^_1_% G">! H!=! ^_1_%¬% G">0!"#*! &\2*#($9#! )&!=! N/&!
2&'4$7*!,*!&\2,$5*5$9#!?)&)/55$9#C!)&!G">!#3!&(!4K(!N/&!,*!&\2*#($9#!)&!,*!7&3';*!
53#%G"7L!)*)3!N/&!,*!7&3';*!&(!&,!53#S/#73!)&!,*(!J9'4/,*(!5'&;)*(D!&,,3!7*48$V#!(&!
*2,$5*!*!J9'4/,*(!($#!32&'*)3'&(!43)*,&(R!($!7∈=D!*/#N/&!(&!7'*7&!)&!/#*!J9'4/,*!
)&!&(7*!5,*(&D!G"7∈=0!!

[7'*! J3'4*! ,*! 5,*/(/'*! )&)/57$%*! )&! /#*! 7*,! 7&3';*! =D! N/&! 53#7$&#&! (9,3!
J9'4/,*(!5'&;)*(!H!#3!53#7$&#&D!23'!7*#73D!,*(!J9'4/,*(!#3!5'&;)*(D!(&!2,*#7&*!)&!,*!

($:/$&#7&!4*#&'*0!+&*!>!/#*!J9'4/,*!#3!5'&;)*D!&(!)&5$'D!>∉=L!&#!7*,!5*(3D!5343!&,!
*:&#7&!"%#3!5'&&!>D!,*!7&3';*!=%)&8&!53#7&#&'¬%G">D!)&!,3!N/&!(&!($:/&!N/&!7*48$V#!
53#7$&#&!G"¬G">D!H!*(;!(/5&($%*4&#7&0!I#!&,,3!53#($(7&!,*!2'32/&(7*!)&!+&:&'8&':!
?OPPPC!2*'*!'&,*5$3#*'!e'&%$($9#!789f!53#!,9:$5*(!)$#K4$5*(!&2$(7V4$5*(0!I#!&(7*!
2&'(2&57$%*!,*!&\2*#($9#!*8)/57$%*!&(!$423($8,&D!(9,3!5*8&!,*!'&%$($9#!*8)/57$%*D!

)*)3!N/&!/#!5'&5$4$&#73!)&!7&3';*(!N/&!(3#!)&)/57$%*4&#7&!5&''*)*(!&(!$423($8,&0!

>(;D! 23'! &S&42,3D! 2*'*! *=*)$'!G">% *! /#*! 7&3';*! 5343! ,*! $#)$5*)*! N/&! 53#7&#:*!
G"?7→>CD! &! $#5,/$'! 73)*(! ,*(! $:#3'*#5$*(D! 2'$4&'3! 7$&#&! N/&! )&(5*'7*'! ¬% G"7D!
&#73#5&(! &(! #&5&(*'$*! /#*! 53#7'*55$9#! 2'&%$*! *! ,*! &\2*#($9#! )&(&*)*! 53#! G"70!
W'38,&4*(!($4$,*'&(!(&!7'*7*#!&#!%*#!]$74*'(5-!&7!*,!?@AAlC0!

"#!)&(*''3,,3!$#7&'&(*#7&!(&';*!2&'4$7$'!32&'*)3'&(!)$#K4$53(!J3'4*,$M*#)3!&,!
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//&9*'! 1*')&!&#1,#7&(!#,!%0&/%*(!*!7*(*I!,!EF$!%*(!*! /*!7*3&1&'?*!&#1,#7&(! 1';&-&!

1*A*7,I! '&(.&71$%*-&#1&6! J#! &(1,(! 7*(,(D! 70*#),! 1&#&-,(! .,7*! $#3,'-*7$:#!

7,#1&=10*/! .0&)&! (&'! )$3?7$/! )$(1$#90$'! /,! @0&! &(! 0#! 7,#(&B,! )&! 0#*! ,')&#! ,! 0#*!

.&1$7$:#6!J(1&!&(!&/!-,1$%,!.,'!&/!@0&D!7,#!7$&'1*!3'&70&#7$*!N*7&-,(!&=./?7$1,!&/!

*71,!)&!N*A/*!&#!&(1,(!7*(,(d!

F$!%*(!*!(*/$'!&#1,#7&(!$*("0'#1*6'(87*!//&%&(!.*'*90*(6!

F$!%*(!*!//&9*'!1*')&!&#1,#7&(!$*('+-*#'(87*!#,!%0&/%*(!*!7*(*6!

F$!%*(!*!/*!7*3&1&'?*!&#1,#7&(!$*(3%-'(87*!-&!1'*$9*(!1*A*7,6!

8*! $)&#1$3$7*7$:#! )&! 7*)&#*(! )&! 1&=1,! &#! 0#! .*(*B&! /$#9>?(1$7,! &(! 0#! .',A/&-*!

'&/*1$%*-&#1&! ($-./&! )&()&! &/! .0#1,! )&! %$(1*! 7,-.01*7$,#*/! )*),(! /,(! *710*/&(!

*%*#7&(!)&!/,(!/&#90*B&(!)&!.',9'*-*7$:#6!8*!)&1&77$:#!)&!/*(!&=.'&($,#&(!7/*%&!

(&R*/*)*(! &#! &(1&! *.*'1*),! .0&)&! //&%*'(&! *! 7*A,! ($#! &=7&($%*! 7,-./$7*7$:#6! J/!

.',A/&-*!&(!@0&!#,!($&-.'&!&=.'&(*-,(! /,!-$(-,!7,#!/*(!-$(-*(!.*/*A'*(D!.,'!

&(1&! -,1$%,! 0#! )$77$,#*'$,! &/&71':#$7,! )&! ($#:#$-,(! 7,-,! &/! .'&(&#1*),! &#!

^&'#;#)&4!8*#4*!KVWWVL!.0&)&!(&'!)&!9'*#!*P0)*!&#!&(1*!,7*($:#6!+,#!&/!0(,!)&!1*/!

)$77$,#*'$,! (&! .0&)&#! -0/1$./$7*'! /*(! &=.'&($,#&(! 7/*%&! 1&#$&#),! &#! 70&#1*! &/!

9'*),!)&!($#,#$-$*!7,#!'&(.&71,!*!/*!.*/*A'*!7/*%&!&(1;#)*'6!

6"(,+-./&(5-*70"(

J#! &(1&! *.*'1*),D! (&! *#*/$4*';#! /,(! )$(1$#1,(! 0(,(! )&! 7,#)$7$,#*/&(! .',.0&(1,(!

*#1&'$,'-&#1&!.*'*!N*7&'!0#*!&(1$-*7$:#!)&!/*!1,/&'*#7$*!*!/,(!7*-A$,(!)&!1$&-.,!

%&'A*/!&#!&/!*#1&7&)&#1&!P!&/!7,#(&70&#1&6!8*!N$.:1&($(!$#$7$*/!&(!@0&D!.*'*!*/90#,(!

0(,(D!#,!(,#!.,($A/&(!1,)*(!/*(!7,-A$#*7$,#&(!)&!1$&-.,(!%&'A*/&(!&#!*#1&7&)&#1&!

P!7,#(&70&#1&6!

C'&%$*-&#1&D!0#*!'&9/*!@0&!,.&'*!)&!0#*!-*#&'*!9&#&'*/!&#!/,(!7,#)$7$,#*/&(!

&(!*@0&//*!@0&!$#)$7*!@0&!#,!&(!0(0*/!01$/$4*'!1$&-.,(!3010',(!&#!&/!*#1&7&)&#1&!)&!

0#!7,#)$7$,#*/!($#,!.&'?3'*($(!%&'A*/&(!)&!3010',D!K)&7$-,(!EF$!%*(!*!(*/$'!&#1,#7&(!

)&A&'?*(! //&%*'! .*'*90*(I! P! #,! EF$! (*/)';(! &#1,#7&(! )&A&(! //&%*'! .*'*90*(IL6!e,!

)&A&! 7,#30#)$'(&! &/! 0(,! )&! /*! .*'1?70/*! E($I! 7,-,! 7,#)$7$,#*/! P! &/! 0(,! )&! /*!

.*'1?70/*!E($I!7,-,!7,#B0#7$:#!$#1&'',9*1$%*!,!)0A$1*1$%*!@0&!$#1',)07&!,'*7$,#&(!

(0(1*#1$%*(! ,! $#1&'',9*1$%*(! $#)$'&71*(! 7,-,! &#! E($! %&#)';D! #,! &(1;! 7/*',I! ,! E#,!

&(1;! 7/*',! ($! %&#)';I! K.*'*! 0#*! *7/*'*7$:#! (,A'&! &(1*! 70&(1$:#! %O*#(&! Q&*/!

G7*)&-$*!J(.*R,/*!Kg[jbD!..6!\VWY\VVL!P!k:-&4!f,''&9,!Kg[[jD!..6!bVVYbVjL6!

8*(!'&9/*(!@0&!(&!.0&)&#!&=1'*&'!)&!&(1,(!gV!0(,(!)&!7,#)$7$,#*/&(!.,)'?*#!(&'!

/*(!($90$&#1&(d!

•! 8,(! 0(,(! 7,#! &/! *)%&'A$,! E#&7&(*'$*-&#1&ID! /*(! $#(1*#7$*(! )&! '&9/*(!

9&#&'*/&(! P! /,(! 0(,(! .*'*! &#3*1$4*'! (0&/&#! .'&7$(*'! )&! 7,$#7$)&#7$*! )&!

1$&-.,!%&'A*/!&#1'&!&/!*#1&7&)&#1&!P!&/!7,#(&70&#1&6!
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95&7#'1(0+%$*+%'1(0'237$"0%'#"5*1(3"+"(5'1(0'#-%0%'#"5*1(

•! 8,(!7,#(&B,(D!:')&#&(!,!.&1$7$,#&(!(0&/&#!*)-$1$'!70*/@0$&'!1$&-.,!&#!&/!

*#1&7&)&#1&! P! <#$7*-&#1&! .'&(&#1&! )&! $-.&'*1$%,! ,! (0AB0#1$%,! &#! &/!

7,#(&70&#1&6!

•! 8*(!.'&)$77$,#&(D!/*(!*-&#*4*(!P!/*(!.',-&(*(!#,!(0&/&#!*)-$1$'!1$&-.,(!

.*(*),(!&#!&/!7,#(&70&#1&6!

•! 8*(! /&P&(! (0&/&#! &=.'&(*'(&! 7,#! 1$&-.,(! &#! &/! *#1&7&)&#1&! -&#,'&(! ,!

$90*/&(!*!/,(!)&/!7,#(&70&#1&6!!

•! C*'*!/,(!0(,(!7,#!&/!*)%&'A$,!E.',A*A/&-&#1&ID!/*(!7,#B&10'*(D!70*#),!/,(!

01$/$4*-,(! .*'*! $',#$4*'! ,! 70*#),! ,3'&7&-,(! KA$(70$1L! #,! 1&#&-,(!

'&(1'$77$,#&(!7,#!'&(.&71,!*!/,(!1$&-.,(!%&'A*/&(!&-./&*),(6!

8&%)"$'+&%-'(

G!.*'1&!)&! /*!-&'*! $)&#1$3$7*7$:#!)&!.*'1?70/*(!7,-,!E($ID!E&#1,#7&(ID!E70*#),ID!

&176! .*'&7&! @0&! &=$(1&#! */90#,(! 7'$1&'$,(! @0&! .&'-$1&#! ,A1&#&'!-;(! $#3,'-*7$:#!

(,A'&!/,(!0(,(!@0&!N*7&-,(!)&!/,(!7,#)$7$,#*/&(6!"#,!)&!&//,(D!&(!/*!/,7*/$4*7$:#!

)&!)&1&'-$#*)*(!&=.'&($,#&(!7/*%&!7,-,!E#&7&(*'$*-&#1&ID!E.',A*A/&-&#1&ID!E1&!

*7,#(&B,!@0&ID!&176!)&#1',!)&/!&#0#7$*),6!J(1&!7'$1&'$,!#,!($&-.'&!&(!&3&71$%,!P*!

@0&!#,!($&-.'&!N*7&-,(!&=./?7$1,!&/!0(,!)&/!7,#)$7$,#*/!@0&!&(1*-,(!01$/$4*#),6!

F$#!&-A*'9,D!(0!*01,-*1$4*7$:#!#,!1$&#&!0#*!&=7&($%*!7,-./&B$)*)6!

"#! 7'$1&'$,! 7,-./&-&#1*'$,! @0&! .0&)&! (&'! )&! 01$/$)*)! &#! 7*(,! )&! 3*//,! )&/!

7'$1&'$,! )&! /*(! &=.'&($,#&(! 7/*%&! .,)'?*! (&'! *1&#)&'! *! /,(! 1$&-.,(! %&'A*/&(! )&!

*#1&7&)&#1&! P! 7,#(&70&#1&D! P*! @0&! #,! (,#! %;/$)*(! 1,)*(! /*(! 7,-A$#*7$,#&(! &#!

1,),(! /,(! 0(,(6! `')&#*#),! /,(! &B&-./,(! )&!-&#,'! *! -*P,'! 9'*),! )&! 1,/&'*#7$*!

.,)'?*-,(!'&(0-$'!&/!.'&(&#1&!&(10)$,!7,#!&/!($90$&#1&!70*)',d!

!%,-)( 8&%'-)( %-)( *-#( -%9( )&%'-:( 0.-( /*&.( /*-1( "-;( /*&7( 8&%:( +*&( &9*-(

CGF! CGF! g! g! g! W! W! W! W! g! g! g! g! g!

CGF! CQJF! W! W! W! g! g! g! g! g! g! g! g! g!

CGF! ^"f! W! W! W! W! g! g! g! g! g! g! g! g!

CQJF! CGF! W! W! W! W! W! W! W! W! g! g! g! g!

CQJF! CQJF! g! g! g! g! g! g! g! g! g! g! g! g!

CQJF! ^"f! W! W! W! W! g! g! g! g! g! g! g! g!

^"f! CGF! W! W! W! W! W! W! W! W! g! g! g! g!

^"f! CQJF! W! W! W! g! g! g! g! W! g! g! g! g!

^"f! ^"f! g! g! g! W! g! g! g! g! g! g! g! g!

F$! 7,-.01*7$,#*/-&#1&! (,-,(! 7*.*7&(! )&! )&1&71*'! &/! 1$&-.,! %&'A*/! )&/!

*#1&7&)&#1&! P! &/! 7,#(&70&#1&! )&! 0#! 7,#)$7$,#*/D! &/! 70*)',! *#1&'$,'! .0&)&D! .*'*!

*/90#*(!7,-A$#*7$,#&(D!*P0)*'!*!)&1&71*'!&/!1$.,!)&!0(,!@0&!&(1*-,(!N*7$&#),!)&!

O(1&!70*#),!#,!(&!01$/$4*#!&=.'&($,#&(!@0&!N*9*#!&=./?7$1,!)$7N,!0(,6!

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

<-9-*-%)+0'(7+7"+&#*=9+)0'(

G0(1$#D! l6!86! Kg[\XLD! S_3(!*#)!+*#(TD!=+'0**-%#&1('<( $>*(?+%$%1>(90"-*2@!ZVD!..6!

gW[YgbV6!

^&'#;#)&4!8*#4*D!F6!KVWWVLD!S"#*!7,#1'$A07$:#!*/!.',7&(*-$&#1,!*01,-;1$7,!)&!/*!

($#,#$-$*! 01$/$4*#),! C',/,9TD! A*B%1$"( -*( 5"( !'0%*-"-( C13":'5"( 3"+"( *5(

=+'0*1"2%*#$'(-*5(/*#&7"6*(D"$7+"5(E!C=/DFD!VaD!..6!gW[YggW6(

k:-&4!f,''&9,D!86! Kg[[jLD!G+"2,$%0"(-%-,0$%0"(-*5( *13":'5D!2*)'$)D!J)$7$,#&(!

F26!

Q&*/! G7*)&-$*! J(.*R,/*! Kg[jbLD!C14'.'( -*( 7#"( #7*B"( &+"2,$%0"( -*( 5"( 5*#&7"(

*13":'5"D!2*)'$)D!J(.*(*Y+*/.&6!
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!"#$%&'#(%)*%+$,#(-(./0"1'(23+45"1'(

!

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

&3*'4$*50&67*8,,9&(!

!

6+%#%7$'1"/7($%/+"1'(

:&$5#$;<! &#! (0! ,5'*! !$."./1(& #-)#2& /(1-)($#2! 7*! 8*5=*! (&>*/*),! /*(! ($-$/$10)&(!

&?$(1&#1&(! &#1'&! /*! /@3$4*! -,)*/! */A1$4*! 7! /*! )&@#1$4*! )B#),(&! 40&#1*! )&! /*!

.,($5$/$)*)!)&!*./$4*'!1,)*(!/*(!1A4#$4*(!)&!4B/40/,!)&!/*!.'$-&'*!*!/*!(&30#)*9!C,!

,5(1*#1&<! /&7&#),! (0! ,5'*! 7! (0! ./*#1&*-$&#1,! (&! )&(405'&! D0&! &/! .',7&41,! )&!

:&$5#$;! &(! -048,! -B(! *0)*;! 7! 3&#$*/! .0&(! /,! D0&! (&! &#40&#1'*! E,'-0/*),!

&?.'&(*-&#1&!&#!(0!,5'*!&(!/*!5F(D0&)*!)&!/*!E,'-0/*4$@#!)&!0#*!%&')*)&'*!1&,'=*!

G0'=)$4*!4,#!0#*!&(1'0410'*!.&'E&41*-&#1&!4/*'*!7!)&E$#$)*!4,#!/*!'$30',($)*)!D0&!

.',.,'4$,#*!/*!/@3$4*9!

H$! (&! *#*/$;*! 40*/D0$&'! 40&'.,! /&3*/! 7! (&! '&E/&?$,#*! (,5'&! (0(! 4,#1&#$),(! (&!

.0&)&!,5(&'%*'!D0&!0#*!3'*#!.*'1&!)&!/*(!#,'-*(!G0'=)$4*(!(&!&#40&#1'*#!E,'-*)*(!

.,'!'&3/*(9!I&',!&(1*(!'&3/*(!#,!4,#1$&#&#!&#!-,),!*/30#,!.'&)$4*),(!)&@#1$4,(!&#!

&/! (&#1$),! )&! 3.)"#1#0%4& 3)%5#6#0%<! &149! ($#,! D0&! (&! /*(! .0&)&! 4,#($)&'*'! 4,-,!

%&')*)&'*(!'&3/*(!)&!.',)044$@#9!

J&!&(1&!-,),<!($!0#!(0G&1,!(*1$(E*4&!)$48,!4,#G0#1,!)&!'&3/*(!&/!,')&#*-$&#1,!

G0'=)$4,!/&!*($3#*!0#!)&'&48,!(05G&1$%,<!/,!-,)$E$4*<!/,!&?1$#30&<!1'*#(-$1&<!&1499!

I&',! *#1&(! )&! (&30$'! *)&/*#1&! &(! .'&4$(,! E$G*'! &/! 4,#4&.1,! )&! ).7$(& 0.&

3)%0-**#8/9! H&! &#1$&#)&! .,'! '&3/*! )&! .',)044$@#! 0#! &#0#4$*),! D0&! 1$&#&! /*!

&(1'0410'*K!

HL!M*#1&4&)&#1&N!OCPQC+OH!M4,#(&40&#1&N!

O/! /03*'! )&/! M*#1&4&)&#1&N! %$&#&! ,40.*),! .,'! 40*/D0$&'! 8&48,! ,! 4$'40#(1*#4$*!

-$&#1'*(!D0&!&/! /03*'!)&/!M4,#(&40&#1&N!%$&#&!,40.*),!.,'! 40*/D0$&'! *44$@#9!H$!

5$&#!/*!&(1'0410'*!&(!-07!($-$/*'!*!/*!)&!0#!4,#)$4$,#*/!#,!1$&#&!&#!-,),!*/30#,!

(0!#*10'*/&;*9!

O(! &%$)&#1&! D0&<! .,'! &/! .'$#4$.$,! )&! 4,-.,($4$,#*/$)*)<! /,(! &/&-&#1,(! D0&!

.0&)&#!,40.*'!&/! /03*'!)&/!M*#1&4&)&#1&N!,!)&/!M4,#(&40&#1&N!.0&(! //&3*'!*! (&'!

&?1'*,')$#*'$*-&#1&!4,-./&G,(9!!

:*! $)&*!)&! '&3/*(!)&!.',)044$@#!(&!&#40&#1'*!)$'&41*-&#1&!%$#40/*)*!4,#! /,(!

)&#,-$#*),(!($(1&-*(!&?.&'1,(!5*(*),(!&#!'&3/*(!/,(!40*/&(!&#4*)&#*#!4,#G0#1,(!

)&! '&3/*(! )&! .',)044$@#! '&*/$;*#),! $#E&'&#4$*(9! +0*/D0$&'*! )&! &(1,(! ($(1&-*(!

&?.&'1,(! (&! &#40&#1'*#! E,'-*),(! .,'! ),(! 4,-.,#&#1&(! 5B($4,(K! RS! &/! -,1,'! )&!

'&3/*(!7!TS!/*!5*(&!)&!4,#,4$-$&#1,9!

O/! )&#,-$#*),! "%1%)& 0.& ).7$(2! (&! .0&)&! 4,#($)&'*'! 4,-,! /*! *./$4*4$@#!

$#E,'-B1$4*! 407*! E0#4$@#! 4,#($(1&! &#! &?./,'*'!7! *./$4*'! &/! 4,#G0#1,!)&! '&3/*(!)&!

.',)044$@#! *! 4*)*! 4*(,! 4,#4'&1,! &%*/0*#),! 4*)*! 0#*! )&! &//*(9! :,! $-.,'1*#1&! *!
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!"#$#%&'()*+(&,-./0+(&

'&(*/1*'!&(!D0&!&/!-,1,'!)&!'&3/*(!,!)&!$#E&'&#4$*!&(!4,-./&1*-&#1&!$#)&.&#)$&#1&!

)&/! 4,#G0#1,! )&! '&3/*(! )&! .',)044$@#! /,! 40*/! ),1*! */! ($(1&-*! )&! 0#*! 3'*#!

E/&?$5$/$)*)!)*),!D0&!.0&)&!&%*/0*'!0#!4,#G0#1,!-07!3'*#)&!)&!'&3/*(!&#!E0#4$@#!

)&/!B'&*!&(.&4=E$4*!D0&!(&!)&(&&9!

O/! )&#,-$#*),! 6(2.& 0.& *%/%*#"#./1%! (&! .0&)&! )&E$#$'! 4,-,! &/! 4,#G0#1,! )&!

'&3/*(!)&!.',)044$@#!'&/*4$,#*)*(!&#1'&!(=!'&/*1$%*(!*!0#!B'&*!)&!4,#,4$-$&#1,9!:*(!

'&3/*(! )&! .',)044$@#! (0-$#$(1'*#! *)&-B(! /*! E0#)*-&#1*4$@#! )&! 4*)*! .*(,!

)&)041$%,!.,'!/,!D0&!3*'*#1$;*#!/*!4,''&44$@#!)&/!'*;,#*-$&#1,9!

U,/%$&#),!)&!#0&%,!*/!B-5$1,! G0'=)$4,<!&#!&(1*!.'$-&'*! E*(&!)&!)&(*'',//,!)&!

0#*!1&,'=*!G0'=)$4*!&(1'$41*!(&!1'*1*'=*!)&!-,(1'*'!&/!8&48,!)&!D0&!0#*!3'*#!.*'1&!)&/!

,')&#*-$&#1,! G0'=)$4,! (&! &#40&#1'*! E,'-*),! .,'! #,'-*(! (0(4&.1$5/&(! )&! (&'!

1'*#(E,'-*)*(! &#! '&3/*(! )&! .',)044$@#! /,! 40*/! $-./$4*! $#-&)$*1*-&#1&! /*!

.,($5$/$)*)!)&!(&'!-*#&G*)*(!.,'!0#!($(1&-*!&?.&'1,!7<!.,'!&#)&<!&%*/0*),!.,'!0#!

4,-.01*),'9!

"#!4/*',!&G&-./,!)&!&(1&!1$.,!)&!#,'-*(!(&!.0&)&!&#4,#1'*'!&#!&/!*'19!RVW!)&/!

%$3&#1&!+@)$3,!I&#*/!&#!(0!'&)*44$@#!)&!RXYRZZ[<!)&!TV!)&!#,%$&-5'&!D0&!)$4&K!

O/!D0&!-*1*'&!*!,1',!(&'B!4*(1$3*),<!4,-,!'&,!)&!8,-$4$)$,<!4,#!/*!.&#*!)&!

.'$($@#!)&!)$&;!*!D0$#4&!*>,(9!

O(1&!.'&4&.1,!.&#*/!&(!EB4$/-&#1&!1'*#(E,'-*5/&!&#!0#*!'&3/*!)&!.',)044$@#!407*!

E,'-*!(&'=*K!

HL!0#*!.&'(,#*!-*1*!*!,1'*!.&'(,#*!!

OCPQC+OH!(&'B!4*(1$3*),!4,#!/*!.&#*!)&!.'$($@#!)&!)$&;!*!D0$#4&!*>,(9!

J*),! .'&4$(*-&#1&! /*! ($-$/$10)! E,'-*/! 4,#! /*(! &?.'&($,#&(! 4,#)$4$,#*/&(<! &(1*!

'&3/*!(&!.0&)&!*!(0!%&;!1'*#(E,'-*'!&#!0#*!E@'-0/*!5$&#!E,'-*)*!.',.$*!)&!:@3$4*!

)&!I'$-&'!Q')&#!\:IQS!/,!D0&!.&'-$1&!*./$4*'!1,)*(!/*(!8&''*-$&#1*(!.',.$*(!)&!/*!

:@3$4*!-*1&-B1$4*9!J&!&(1&!-,),!(&!.0&)&!4,-.',5*'!D0&<!&#!0#*!.'$-&'*!E*(&<!

3'*#)&(!;,#*(!)&/!,')&#*-$&#1,!G0'=)$4,!(,#!(0(4&.1$5/&(!)&!(&'!1'*#(E,'-*)*(!&#!

4,#G0#1,(! )&! '&3/*(! )&! .',)044$@#! D0&! 0#! F#$4,! -,1,'! )&! $#E&'&#4$*! .,)'=*!

-*#&G*'!*01,-B1$4*-&#1&9!

8*."1'1"/7(*+91$"1'(

]*(1*! &(1&! -,-&#1,! (&! 8*#! .'&(&#1*),! /*(! 4*'*41&'=(1$4*(! D0&! )&E$#&#! *! 0#!

)&#,-$#*),! ($(1&-*! &?.&'1,9!^%*#;*#),! &#! &/! ./*#1&*-$&#1,! .',.0&(1,! (&! 1'*1*!

*8,'*! )&! -,(1'*'! /*! .,($5/&! *./$4*4$@#! 4,#4'&1*! *! */3F#! *(.&41,! &(.&4=E$4,! )&/!

)&'&48,_!.*'*!&//,!(&!8*!&/&3$),!&/!1&-*!)&!/*!#*4$,#*/$)*)9!!

P&#$&#),! &#! 40&#1*! D0&! &/! .,($1$%$(-,! G0'=)$4,! &(! /*! 5*(&! E$/,(@E$4*! (,5'*! /*!

D0&!(&!(0(1&#1*!#0&(1',!($(1&-*!G0'=)$4,<! /*!E0#)*-&#1*4$@#!)&!40*/D0$&'!)&'&48,!

(05G&1$%,! '&-$1$'B! *! /*(! E0&#1&(! G0'=)$4*(! D0&! /,! '&30/&#9! I,'! &(1&! -,1$%,<! /*(!

E0&#1&(!D0&!,')&#*#!1,),!/,!'&/*1$%,!*!/*!#*4$,#*/$)*)<!&?.0&(1*(!(&3F#!/*!.$'B-$)&!

#,'-*1$%*<!(,#!/*(!($30$&#1&(K!R`S!+,#(1$104$@#!&(.*>,/*<!*'1(9!RR!7!RaZ<!T`S!+@)$3,!

4$%$/!&#!(0!:$5',!I'$-&',<!P=10/,!I'$-&',<!*'1(9!Rb!7!((<!V`S!:&7!)&!W!)&!G0#$,!)&!

RZ[b!'&30/*),'*!)&/!c&3$(1',!+$%$/<!a`S!J&4'&1,!)&!Ra!)&!#,%$&-5'&!)&!RZ[W!.,'!&/!
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9#21."(2&.:3.)1%2&;&$87#*(&<-)+0#*(&

D0&!(&!*.'0&5*!&/!c&3/*-&#1,!)&!/*!:&7!)&/!c&3$(1',!+$%$/<!7![`S!L#(1'044$,#&(!)&!

/*!J$'&44$@#!d&#&'*/!)&!/,(!c&3$(1',(!7!C,1*'$*),
R
9!!

O#!.'$#4$.$,<!4,#!&(1&!4,#G0#1,!)&!#,'-*(!(&!&#40&#1'*!)&/$-$1*),!0#!%&')*)&',!

4,#G0#1,!&/!40*/!&(!(0(4&.1$5/&!)&!(&'!*#*/$;*),!4,#!)$(1$#1*(!8&''*-$&#1*(!/@3$4*(!*!

E$#!)&!4,-.',5*'!(0!4,8&'&#4$*! $#1&'#*<!*#*/$;*'! /,(!&/&-&#1,(!D0&! /,(!4,-.,#&#<!

/*(!'&/*4$,#&(!D0&!&?$(1&#!&#1'&!&//,(<!&149!
T
9!

H$! &#! /*(! 4$&#4$*(! &?.&'$-&#1*/&(! &/! .',5/&-*! )&! /*! E0#)*-&#1*4$@#! )&! /*!

%&')*)! )&! /*(! .',.,($4$,#&(! 3&#&'*/&(! D0&! 4,#E,'-*#! 40*/D0$&'! 4$&#4$*! )&! &(1&!

1$.,!($30&!($&#),!0#,!)&! /,(!.',5/&-*(!4&#1'*/&(!)&! /*! E$/,(,E=*!)&! /*!4$&#4$*<!&#!

0#*!4$&#4$*!G0'=)$4*!/*!40&(1$@#!)&!/*!E0#)*-&#1*4$@#!(&!'&(0&/%&!.,'!'&-$($@#!*!/*!

#,'-*! /&3*/-&#1&! *.',5*5*! 7! .',-0/3*)*_! )$48,! &#! ,1'*(! .*/*5'*(<! *! 1'*%A(! )&/!

4,#G0#1,!#,'-*1$%,!7*!-&#4$,#*),!*#1&'$,'-&#1&9!

O/! *'1=40/,! 4,#4'&1,! )&! /*! #,'-*! .',.,'4$,#*'B! /*! G0(1$E$4*4$@#! )&! /*!

-,)$E$4*4$@#! )&! 40*/D0$&'! )&'&48,! (05G&1$%,! )&!-*#&'*! *#B/,3*! *! 0#*! '&3/*! )&!

40*/D0$&'! 4B/40/,! D0&! G0(1$E$4*! &/! .*(,! )&! 0#*! )&)044$@#! *! ,1',! 3*'*#1$;*#),! /*!

1'*#(-$($@#!)&!/*!%&')*)9!

O(1*! $)&*! (&! .0&)&! *8,'*! 3&#&'*/$;*'9! J&! &(1&! -,),<! 40*/D0$&'! B-5$1,! )&! /*!

%$)*! '&30/*)*! .,'! &/! )&'&48,! 7! )&#1',! )&! 0#! &(1'$41,! .,($1$%$(-,! G0'=)$4,<! /*!

*)D0$($4$@#<!4,#(&'%*4$@#<!1'*#(-$($@#!,!&?1$#4$@#!)&!40*/D0$&'!)&'&48,!(05G&1$%,!

&#4,#1'*'B#!(0!E0#)*-&#1*4$@#!&#!0#!4,#G0#1,!e!)&!#,'-*(!-048*(!)&!/*(!40*/&(!

(&!.0&)&#!'&&(4'$5$'!&#!E,'-*!)&!'&3/*(!)&!.',)044$@#!4,-,!*8,'*!(&!%&'B9!

^#*/$;*#),! /*(! #,'-*(! )&! &(1*! -*1&'$*! &#! &/! +@)$3,! +$%$/<! &#! (0! '&)*44$@#!

)*)*!.,'!/*!:&7!RWYRZZX!)&!Rb!)$4$&-5'&!\fQO!RWYRTYRZZXS<!/*!*)D0$($4$@#!)&!/*!

#*4$,#*/$)*)! &(.*>,/*! .0&)&! ,51&#&'(&! .,'! 40*1',! %=*(K! RgS9h! .,'! ,'$3&#! \*'19! Rb!

++S<! .,'! ,.4$@#! \*'19! TX! ++S<! .,'! 4*'1*! )&! #*10'*/&;*! \*'19! TR9R! ++S! 7! .,'!

'&($)&#4$*!\*'1(9!TR9T<!TT!7!TV!++S9!

O#! 4*)*! 0#*! )&! /*(! %=*(! *#1&'$,'&(! .*'*! *44&)&'! *! /*! #*4$,#*/$)*)! (&! %*!

&#0-&'*#),!1,)*!0#*!4*(0=(1$4*!7!'&D0$($1,(!D0&!)&5&!40-./$'!*D0&//*!.&'(,#*!*!/*!

D0&!(&!/&!.0&)*!*1'$50$'!/*!#*4$,#*/$)*)!&(.*>,/*9!i,4*/$;*#),!#0&(1',!&G&-./,!&#!

0#*!)&!&(1*(!40*1',!.,($5$/$)*)&(<!(&!.0&)&#!&(10)$*'<!.,'!-&)$,!)&!0#!*#B/$($(!)&!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
R!]*7!D0&!(&>*/*'!D0&!&#!&(1&!.0#1,! (&!8*! '&4,3$),! /*!#,'-*1$%*!3&#&'*/! ($!5$&#!&?$(1&#!,1'*(!

1*-5$A#! *./$4*5/&(! &#!-*1&'$*! )&! #*4$,#*/$)*)! D0&! *E&41*#! *! (0! '&30/*4$@#! 4,-,! (,#! &/!c&*/!

J&4'&1,!a[VYTXXa<!)&!RW!)&!-*';,<!(,5'&!4,#4&($@#!)&!/*!#*4$,#*/$)*)!&(.*>,/*!*!/*(!%=41$-*(!

)&!/,(!*1&#1*),(!1&'','$(1*(!)&/!RR!)&!-*';,!)&!TXXa!\f9Q9O9!TThXVhXaS!7!/*!:&7![TYTXXb<!)&!Tj!

)&! )$4$&-5'&! \f9Q9O9! TbhRThXbS! 4,#,4$)*! 4,-,! =.;& 0.& $(& "."%)#(& 5#218)#*(9! O#! &(1*(! ),(!

#,'-*(!1*-5$A#!(&!'&4,3&#!*(.&41,(!D0&!*E&41*#!*!/*!,51&#4$@#!)&!/*!#*4$,#*/$)*)!&(.*>,/*!&#!

%*'$,(!(0.0&(1,(9!
T! ^D0=! (&! &(1B! '&*/$;*#),! &(1*! .'&(&#1*4$@#! *! /,(! E$#&(! )&(&*),(! D0&! &(! &/! -,(1'*'! 4@-,! 0#!

($(1&-*!#,'-*1$%,!(&!.0&)&!1'*#(E,'-*'!&#!0#!($(1&-*!)&!'&3/*(!)&!.',)044$@#9!J&()&!0#!.0#1,!

)&! %$(1*! /@3$4,<! &/! 1&-*! )&! /*! #*4$,#*/$)*)! (&'=*! 0#*! 4/*(&! D0&! $#4,'.,'*'=*! )&#1',! )&! (0(!

&/&-&#1,(!#,!(@/,!/*!#,'-*1$%*!D0&!*E&41*(&!*!/*(!.&'(,#*(!E=($4*(!($#,!1*-5$A#!*!/*(!G0'=)$4*(!7<!

3&#&'*/$;*#),!*/!-B?$-,<!*!40*/D0$&'!&#1&!(0(4&.1$5/&!)&!(&'!*./$4*),!&/!.'&)$4*),!/(*#%/($#0(0!

4,-,!.,)'=*#!(&'!*&',#*%&(<!50D0&(<!&#1$)*)&(!(0.'*#*4$,#*/&(!1*#1,!)&!)&'&48,!.'$%*),!4,-,!

.F5/$4,<!&#1$)*)&(!($#!E,'-*!G0'=)$4*<!&149!
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!"#$#%&'()*+(&,-./0+(&

4*(,(<! /*! *)D0$($4$@#!.,'!,'$3&#!7! /*(!)$(1$#1*(! 4$'40#(1*#4$*(!D0&!4,#)04&#!*! (0!

,51&#4$@#9!

O/!*'19!Rb!++<!&#!(0!'&)*44$@#!)*)*!.,'!/*!:&7!RWYRZZX!)&!Rb!)$4$&-5'&!'&30/*!

/*!*)D0$($4$@#!)&! /*!#*4$,#*/$)*)!.,'!,'$3&#_!*8,'*!%*-,(!*! $#1&#1*'! 1'*#(E,'-*'!

&(1&!1&?1,!/&3*/!&#!(0!&D0$%*/&#1&!)&!#,'-*(!)&!.',)044$@#9!

O/!*'19!Rb!R9*S!D0&!)$4&K!9%/&.23(>%$.2&0.&%)#7./?&(@&=%2&/(*#0%2&0.&3(0).&%&

"(0).&.23(>%$.2!.,)'=*!'&(4'$5$'(&!)&!/*!($30$&#1&!-*#&'*K!

!

!

!

I&',! &(1*! '&3/*! )&! .',)044$@#! 1*-5$A#! (&! .,)'=*! '&(4'$5$'! &#! /&#30*G&! /@3$4,!

E,'-*/!)&/!($30$&#1&!-,),K!

( )[ ]!O?!2?I?!!!C?!?! →∨∧∀ !

($&#),K!!?!k!0#!&#1&!40*/D0$&'*!

! ! Ck!.',.$&)*)!)&!8*5&'!#*4$),!

! ! I!k!.',.$&)*)!)&!1&#&'!.*)'&!&(.*>,/!

! ! 2!k!.',.$&)*)!)&!1&#&'!-*)'&!&(.*>,/*!

! ! O!k!.',.$&)*)!)&!1&#&'!/*!#*4$,#*/$)*)!&(.*>,/*!

L#)0)*5/&-&#1&<! )&()&! &/! .0#1,! )&! %$(1*! /@3$4,<! *D0&/! &#1&! D0&! (*1$(E*3*! )$48*!

&?.'&($@#!*)D0$'$'B! /*!#*4$,#*/$)*)!&(.*>,/*!5*(*),!&#!/,!)$(.0&(1,!&#!&/!*'19!Rb!

R9*S9!

+,#1$#0*#),! 4,#! /,! '&4,3$),! &#! &(1&! *'1=40/,! Rb! (&! *#*/$;*#! /,(! 4*(,(! )&!

*)D0$($4$@#!)&!#*4$,#*/$)*)!&#!%$'10)!)&/!#-2&2%$#<!&(!)&4$'<!.,'!&/!8&48,!)&!8*5&'!

#*4$),!&#!1&''$1,'$,!&(.*>,/9!

O/!*'19!Rb!-&#4$,#*),!4,#1$#F*!)$4$&#),K!

AB&9%/&.23(>%$.2&0.&%)#7./?&

(@&&

6@&=%2&/(*#0%2&./&!23(>(&0.&3(0).2&.:1)(/<.)%2&2#4&($&"./%24&-/%&

0.& .$$%24& 5-6#.)(& /(*#0%& 1("6#C/& ./& !23(>(B& 9.& .:*.31D(/& $%2&

5#<%2& 0.& E-/*#%/()#%& 0#3$%"F1#*%& %& *%/2-$()& (*).0#1(0%& ./&

!23(>(B&

:,!)$(.0&(1,!&#!/*!/&1'*!*#1&'$,'!(&!1'*#(E,'-*'=*!&#!0#*!'&3/*!)&!.',)044$@#!4,#!/*!

E,'-*!($30$&#1&
V
K!

!

!

!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
V!H&!&?4/07&!&#!&(1&!4*(,!/*!&?4&.4$@#!.'&%$(1*!&#!&(1*!/&1'*!4,#!/*!E$#*/$)*)!)&!($-./$E$4*'!.0&(!

(0!$#4/0($@#!#,!(0.,#&!#$#30#*!)$E$40/1*)!1&@'$4*9!

!:!#*4$),!l!.*)'&!Q!-*)'&!(,#!&(.*>,/&(!!

;<=><?;! #*4$,#*/!&(.*>,/

!:!#*4$),!&#!O(.*>*!l!.*)'&!#,!&(.*>,/!#*4$),!&#!O(.*>*!!

!!!!!!!Q!-*)'&!#,!&(.*>,/*!#*4$)*!&#!O(.*>*!

;<=><?;!!#*4$,#*/!&(.*>,/!
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J&/! -$(-,! -,),! D0&! &/! 4*(,! *#1&'$,'<! &(1*! #,'-*! 1$&#&! (0! &D0$%*/&#4$*! &#!

/&#30*G&!)&!/*!:@3$4*!)&!.'$-&'!,')&#!)&/!-,),!($30$&#1&K!

[ ] [ ]( )[ ]O?!!!C;!!O;C7!O7!!!C?!!!?7; →∧¬∨∧¬∧∀ !

($&#),K!!?!k!0#!&#1&!40*/D0$&'*!(,/$4$1*#1&!)&!/*!#*4$,#*/$)*)!

! ! 7!k!0#!&#1&!D0&!1$&#&!/*!.',.$&)*)!)&!(&'!.*)'&!)&!?!

! ! ;!k!0#!&#1&!D0&!1$&#&!/*!.',.$&)*)!)&!(&'!-*)'&!)&!?!

! ! Ck!.',.$&)*)!)&!8*5&'!#*4$),!&#!O(.*>*!

! ! O!k!.',.$&)*)!)&!1&#&'!/*!#*4$,#*/$)*)!&(.*>,/*!

+,#!1,),!/,!&?.0&(1,!(&!4,#($)&'*!D0&!(&!8*!-,(1'*),!/*!.,($5$/$)*)!)&!'&&(4'$5$'!

3'*#)&(! B'&*(! )&! 0#! ,')&#*-$&#1,! G0'=)$4,! &#! '&3/*(! )&! .',)044$@#! /*(! 40*/&(!

1*-5$A#!(&!.0&)&#!1'*#(E,'-*'!&#!&?.'&($,#&(!5$&#!E,'-*)*(!)&!:@3$4*!)&!I'$-&'!

Q')&#9!J&!&(1&!-,),<!1,)*(!/*(!8&''*-$&#1*(!.',.$*(!)&!/*!/@3$4*!-*1&-B1$4*!(,#!

.&'E&41*-&#1&! *./$4*5/&(! */! /&#30*G&! #,'-*1$%,! ($#! #&4&($)*)! )&! *40)$'! *! ,1'*(!

/@3$4*(9!O#! &(1&! &G&-./,! (&!-0&(1'*! 4@-,! /,(! .'&)$4*),(!3)%5#6#0%! 7!3.)"#1#0%!

.',.$,(!)&!/@3$4*(!)&@#1$4*(!(,#!(0.&'E/0,(9!

"#!.'$-&'!.*(,!.0&(!&#!/*!&/*5,'*4$@#!)&!0#*!1&,'=*!G0'=)$4*!'$30',(*!7!&?*41*!

.*(*'=*! .0&(!.,'! /*! $)&#1$E$4*4$@#!)&! )$48*(! B'&*(!)&/! ,')&#*-$&#1,! /&3*/! D0&! (&!

4,-.,#&#! F#$4*-&#1&! .,'! #,'-*(! 1'*#(E,'-*5/&(! &#! '&3/*(! )&! .',)044$@#9! O/!

&G&-./,!&?.0&(1,!(,5'&!/*!#*4$,#*/$)*)!&(!.&'E&41*-&#1&!*./$4*5/&!*!,1'*(!-*1&'$*(!

1*/&(!4,-,!%&4$#)*)!4$%$/<!&G&404$@#!)&!(&#1&#4$*(!.&#*/&(<!&149!

@%A%+%71"'#(B"B.",0+9A"1'#(

d,#;B/&;!I,%&)*!&1!*/9!\TXXZS<!G80#7%&G#H#$<!2*)'$)<!+,/&?<!Rbg!&)$4$@#9!

J0'm$#<!n9!\RZZaS<!!:3.)1&9;21."2?&I.2#7/&(/0&I.H.$%3"./1<!C&o!l,'m<!2*?o&//!

2*4-$//*#9!

:&$5#$;<! d9! \RjjZS<! 93.*#"#/(& J-)#2<! J*'-(1*)1<! I'&0(($48&#! ^m*)&-$&<! Q11,!

c&$48/!U&'/*3<!RWVX9!

C$/((,#<!C9!n9!\TXXXS<!K/1.$#7./*#(&()1#E#*#($?&-/(&/-.H(&2+/1.2#2<!2*)'$)<!24d'*oh

]$//!L#1&'*-&'$4*#*!)&!O(.*>*!H9^9!
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!"#$%&'()*+"$#$'#$,#-#.&/#$'+0*)#$.1$'&%$.&%$%&2-1%$

!

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

!

)*! +,-./01! 2-34*4/5/.6*! 7,! 5*! 2*-*738*! 7,! 53.! 73.! .34-,.! 9*! ./73! ,:6,1.*;,16,!
7/.<=6/7*>!?*-/3.!*=63-,.!*@/-;*1!9*4,-!7*73!=1*!.35=</01!25*=./45,>!A/1!,;4*-B3C!
,1!DEEF!G*H;317!A;=55H*1!25*16,0!=1*!+,-./01!2=-*;,16,!50B/<*!7,!5*!2*-*738*!
I=1*! J=,! 13! 6/,1,! J=,! +,-! <31!2-34*4/5/7*7,.K>!L*.6*! ,5!;3;,163C! ,.6*! +*-/*16,!
50B/<*!.053!9*!-,</4/73!=1*!2-32=,.6*!7,!.35=</01!7,4/7*!*!M*;,.!N9*.,!IOPPOK>!Q5!
348,6/+3!7,!,.6,!6-*4*83!,.R!

IDK!.,S*5*-!23-!J=T!5*!2-32=,.6*!7,!N9*.,!-,.=56*!/1.*6/.@*<63-/*>!

IOK!2-3231,-!=1*!.35=</01!*56,-1*6/+*!J=,!-,.=56*!;U.!25*=./45,!H!./;25,!7,!
*<=,-73!<31!53.!<-/6,-/3.!7,!.35=</01!<3;V1;,16,!*<,26*73.>!

3'#"41#5*1"4&$.1'$,-&2'15#$

A,!6/,1,1!73.!.34-,.! /17/.6/1B=/45,.!,:6,-1*;,16,>!%13!7,!53.!.34-,.!<316/,1,!,5!
7345,!7,!7/1,-3!J=,!,5!36-3C!2,-3!13!.,!.*4,!<=U5>!A,!6,!2,-;/6,!,5,B/-!=13!7,!,553.!
H!J=,7*-6,!<31!,5!;3163!J=,!<316,1B*>!Q:/.6,!5*!32</01!7,!<*;4/*-!,5!.34-,!*16,.!
7,! *4-/-53>! A/! .,! 2-,6,17,! 346,1,-! ,5! ;U:/;3! ;3163! 23./45,C! W,.! <31+,1/,16,!
<*;4/*-!7,!.34-,X!

)*! +,-./01! 13$2-34*4/5/.6*! 7,! 5*! 2*-*738*! .=-B,! 7,5! 9,<93! 7,! J=,! .,! 2=,7,1!
2-34*-C!;,7/*16,! *-B=;,163.! 2=-*;,16,! 50B/<3.C! 5*.! ./B=/,16,.! 73.! <31<5=./31,.!
<316-*7/<63-/*.!I/K!H!I0KR!!

I/K!A/!B*1*.C!,5!;3163!J=,!B*1*-U.!,.!;*H3-!J=,!,5!;3163!J=,!2,-7,-U.!./!
2/,-7,.>!!

I0K!A/!B*1*.C!,5!;3163!J=,!B*1*-U.!)%',.!;*H3-!J=,!,5!;3163!J=,!2,-7,-U.!
./!2/,-7,.>!Q5!;3163!*!B*1*-!3!2,-7,-!,.!,5!;/.;3>!

'!<316/1=*</01!.,!2-,.,16*1!5*.!2-=,4*.!7,!I/K!H!I0K!7*7*.!23-!A;=55H*1R!

Y-=,4*!7,!I/K>!

IDK! A,*! )! ,5! 1V;,-3! 7,! 705*-,.! ,1! ,5! .34-,! J=,! ,.6U.! .3.6,1/,173!
*93-*>!!

Q1631<,.!

IOK!,5!36-3!.34-,!6/,1,!3!O)!3!)ZO!705*-,.>!!

Q1631<,.!

IFK!./!B*1*.!,1!,5!/16,-<*;4/3C!B*1*-U.!)!705*-,.C!!

2,-3!

I[K!./!2/,-7,.!,1!,5!/16,-<*;4/3C!2,-7,-U.!)ZO!705*-,.>!!

Y=,.63!J=,!
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!"#$%&'1(&)*)+(,'-&$.,'

)!,.!;*H3-!J=,!)ZOC!!

,1631<,.!

I/K!,5!;3163!J=,!B*1*-U.C!./!B*1*.!\!,5!<=*5!,.!)!\!,.!;*H3-!J=,!,5!
;3163!J=,!2,-7,-U.C!./!2/,-7,.!\!,5!<=*5!,.!)ZO>!

Y-=,4*!7,!I0K>!

A,*!+'5*!7/@,-,1</*!,16-,!53.!;3163.!7,!53.!73.!.34-,.C!,.!7,</-C!.,*!+!,5!
;,13-!7,!53.!73.!;3163.>!A/!B*1*.!,1!,5!/16,-<*;4/3C!B*1*-U.!+!705*-,.C!
H!./!2/,-7,.!,1!,5!/16,-<*;4/3C!2,-7,-U.!+!705*-,.>!]!*.^!53.!;3163.!.31!

53.!;/.;3.!7,.2=T.!7,!6373>!!A;=55H*1C!DEEFC!22>D_E$DEOK>!

'93-*! 4/,1C! =1! *-B=;,163! 23-! -,7=<</01! *5! *4.=-73! 2*-*! -,<9*`*-! 5*!
<31<5=./01!I/K!7,!J=,!B*13!2*3!7,!53!J=,!2/,-73!,1!,5!/16,-<*;4/3C!,.!J=,!
./! *.^! @=,-*C! ,1631<,.! *25/<*173! ,5! ;/.;3! -*`31*;/,163! *5! 36-3! .34-,C! .,!
<31<5=H,!J=,!6*;4/T1!;,!<31+/,1,!<*;4/*-53>!'.^!J=,!*<,26*-!4/5! 55,+*!*!
<31<5=/-! J=,! <31+/,1,! <*;4/*-! ,5! .34-,! ,5,B/73! H! *5! ;/.;3! 6/,;23! 13!
<31+/,1,!<*;4/*-53>!a,!;373!J=,!9*H!*5BV1!2*.3!,--01,3!,1!5*!2-=,4*!7,!
I/K>!!

6&'()*+"$.1$78#%1$

'5!9*<,-!,:25^</6*!5*!<31<5=./01!I/KC!T.6*!*@/-;*!J=,R!

Q:/.6,1!6!H!7'6*5,.!J=,R!

NDR!./!B*1*.C!B*1*.!b:>!

NOR!./!2/,-7,.C!2/,-7,.!bH>!

NFR!:cH>!

)3.!*16,<,7,16,.!7,!/D!H!/O!13!2=,7,1!.,-!*;43.!+,-7*7,-3.C!*.^!J=,!*5!;,13.!=13!
,.!<316-*-/3!*!53.!9,<93.>!Y=,.63!J=,!13!.*4,;3.!<=U5!,.C!*;43.!<317/</31*5,.!9*1!
7,!.,-!<31./7,-*73.!<316-*@U<6/<3.>!

Y3-! <31./B=/,16,C! ./! ,1! +,`! 7,! 9*45*-! ,1! B,1,-*5! 7,! 5*.! <*16/7*7,.! 6C! 7C!
-,2-,.,16*;3.! <31! )! ,5! ;3163! -,*5! J=,! 9*H! ,1! ,5! .34-,! ,5,B/73C! ,1631<,.! 5*!
<31<5=./01! I/K! ,:2-,.*7*! ,1! 6T-;/13.! 7,! 53.! <317/</31*5,.! <316-*@U<6/<3.!
<3--,.2317/,16,.!,J=/+*5,!*!I8KR!!

8DR!Q5!;=173!23./45,!;U.!<,-<*13!,1!,5!<=*5!B*1*.!,1!,5! /16,-<*;4/3!,.!
=1!;=173!7317,!B*1*.!b)!

8OR!Q5!;=173!23./45,!;U.!<,-<*13!,1!,5!<=*5!2/,-7,.!,1!,5!/16,-<*;4/3!,.!
=1!;=173!,1!7317,!2/,-7,.!b)ZOC!H!

8FR!)'c!)ZO>!

N3;3!)!,.!=1!1V;,-3!23./6/+3C!I8FK!,.!<5*-*;,16,!+,-7*7,-3>!'.^!J=,!,5!2-345,;*!
,.6-/4*!,1!53.!,1=1</*73.!I8DK!H!I8OK>!A=231B*;3.!J=,!,5!.34-,!,5,B/73!<316/,1,!,5!
;3163!;U:/;3C!,1631<,.!I8OK!,.!+,-7*7,-3!23-J=,!,5!;=173!23./45,!;U.!<,-<*13!
7317,!2/,-73! ,.! ,5! *<6=*5! H! ,1! T5! 2/,-73!)ZO>! Y,-3! <3;3!)! ,.! ,5!;3163!;U:/;3!
WJ=T!+*53-!7,!+,-7*7!6,17-U!I8DKX!)3!2-/;,-3!J=,!9*H!J=,!7,6,-;/1*-!,.!<=U5!,.!,5!
;=173!;U.!<,-<*13!7317,!B*13>!A,BV1!N9*.,C!,.,!;=173!,.!9D>!
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9DR!,5!;=173!,1!7317,!.,!,5/B/0!,5!36-3!.34-,>!

9OR!,5!;=173!7317,!.,!<353<0!,1!53.!.34-,.!53.!;3163.!)!H!O)!,1!+,`!
7,!)!H!)ZO>!

Y,-3! I8DK! 3><%! ,.! +,-7*7,-3! ./! ,5! ;=173! ;U.! <,-<*13! 7317,! B*13! ,.!9O>! Y3-!
<31./B=/,16,C! I8DK! ,.! @*5.3>!'1U53B*;,16,C! ./! ,5! .34-,!,5,B/73!<316/,1,!,5!;3163!
;^1/;3C! ,1631<,.! I8DK! .,-U! +,-7*7,-3C! 2,-3! I8OK! .,-U! @*5.3>! '93-*! 4/,1C! ,1! 5*!
2-=,4*! 7,! I/K! .,! /1@/,-,! 5*! +,-7*7! 7,' ;2B%3' I8DK! H! I8OK! *! 2*-6/-! 7,! 5*! 2-,;/.*!
+,-7*7,-*!IOKR!d'5!<*;4/*-!,5!.34-,!B*1*-U.!b)!3!2,-7,-U.!b)ZO>e!Y3-!53!6*163C!,5!
2*.3!@*5*`!,1!5*!2-=,4*!7,!I/K!,.6-/4*!,1!/1@,-/-! 5*!+,-7*7!+(' <%3'+%3!,1=1</*73.!
<316-*@U<6/<3.!I8DK!H!I8OK!*!2*-6/-!7,!5*!+,-7*7!7,!5*!2-,;/.*!IOK>!

9*:*)('4#.1%$)&"$'#$,-&,(1%4#$.1$78#%1$

'J=^! .,! *-B=;,16*-U! J=,! 5*! 2-32=,.6*! 7,! N9*.,! 7,.<*1.*! .34-,! 73.! 6,./.!
<=,.6/31*45,.R!

CDR!)3.!73.!<317/</31*5,.!/1+35=<-*73.!.31!<316-*@U<6/<3.>!

COR!Q1!<*7*!./6=*</01!-,5,+*16,!=13!7,!53.!73.!<317/</31*5,.!,.!@*5.3>!!

/%)$&;'CDR!%1!2-345,;*! <31! ,5! *-B=;,163! 7,!N9*.,! *! @*+3-! 7,!CD! ,.! J=,! .,!
2=,7,!<31<5=/-!8=.63!53!<316-*-/3!=.*173!=1!-*`31*;/,163!*1U53B3R!dY=,.63!J=,!,1!
,5! /16,-<*;4/3!9*!7,!.=<,7,-!J=,!B*1,.!3!2/,-7*.C!,1631<,.!*5!;,13.!=13!7,! 53.!
73.!*16,<,7,16,.!9*!7,!,.6*-!7,!*<=,-73!<31!53.!9,<93.>!Y3-!53!6*163C!,.!@*5.3!J=,!
*;43.!<317/</31*5,.!.,*1!<316-*@U<6/<3.e>!

/%)$&;'CER!Q5!2-345,;*!;U.!.,-/3!,1!5*!2-32=,.6*!7,!N9*.,!,.!J=,!55,+*!*!36-*!
2*-*738*>!A/!.,!*<,26*!,5!*-B=;,163!7,!N9*.,!7,!J=,!I/K!,.!@*5.*!23-J=,!/1<5=H,!*5!
;,13.! =1! <317/</31*5! @*5.3C! ,1631<,.! 5*! 1,B*</01! 7,! I/K! 6*;4/T1! ,.! @*5.*>! )*!
-*`01! ,.! J=,C! ./! 53.! <317/</31*5,.! I8DK! H! I8OK! .31! /1<3;2*6/45,.C! ,1631<,.! I/K!

6*;4/T1!.,-^*!@*5.*!./!,1!/F!.,!.=.6/6=H,!f6F7G!23-!f7'≥'6GC!2,-3!<31!,.6*!.=.6/6=</01!
.,!346/,1,! 5*!1,B*</01!7,!I/KR!d,5!;3163!J=,!B*1*-U.C!./!B*1*.!(3'2()%&'%' .A=;<!
J=,!,5!;3163!J=,!2,-7,-U.!./!2/,-7,.e>!

Y3-!<31./B=/,16,C!5*!2-32=,.6*!7,!N9*.,!<317=<,!*!5*!<31<5=./01!7,!J=,!6*163!
I/K!<3;3!.=!1,B*</01!.31!@*5.*.!3C!,J=/+*5,16,;,16,C!J=,!*;4*.!.31!+,-7*7,-*.!
23-! .,-! @*5.*.! .=.! -,.2,<6/+*.! 1,B*</31,.>! Q1! 2*-6/<=5*-C! 5*.! <317/</31,.! J=,!
-,.=56*1!,1!+,-/@/<*-!=1!<317/</31*5!H!@*5./@/<*-!,5!36-3!,1!5*!2-=,4*!7,!I/K!6/,1,1!,5!
;/.;3!,@,<63!,1! 53.!73.!<317/</31*5,.!7,! 5*!2-=,4*!7,! I0K>

D
!Y=,.63!J=,! 53.!73.!

<317/</31*5,.!,1! I0K! 6/,1,1!,5!;/.;3!*16,<,7,16,!J=,!,1! I/KC!4*.6*!;3.6-*-!J=,!
.=.! <31.,<=,16,.! .31! ,J=/+*5,16,.>! Y,-3! ,.3! ,.! <5*-3! 23-J=,! dg*1*.! ,5! ;3163!
*<6=*5e!,.!,J=/+*5,16,!*!dg*1*.!5*!7/@,-,1</*!,16-,!53.!73.!;3163.e!H!dY/,-7,.!5*!
;/6*7! 7,5! ;3163! *<6=*5e! ,.! ,J=/+*5,16,! *! dY/,-7,.! 5*! 7/@,-,1</*! ,16-,! 53.! 73.!
;3163.e>!'.^!J=,! ./! ,5! *-B=;,163!7,!N9*.,!,.!<3--,<63! 6*;4/T1! .,!9*<,! @*5.*! 5*!
<31<5=./01!I0K>!

""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""
D! a,! 9,<93C! 5*! ./;,6-^*! 7,! 5*.! @3-;=5*</31,.! ,16-,! I/K! H! I0K! 9*! 55,+*73! *! '54,-.! IOPPhK! *!
<31<5=/-!J=,!5*!2*-*738*!,.!/--,.35=45,>!
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3-&,(1%4#$#'41-"#4*;#$.1$%&'()*+"$

Q.,1</*5;,16,C! 5*! 2-,.,16,! 2-32=,.6*! <31./.6,! ,1! ;3.6-*-C! ;,7/*16,! =1! ,:*;,1!
-/B=-3.3! 7,! 5*! 2-=,4*! 7,! I/KC! J=,! 5*! @*5*</*! /1+35=<-*7*! ,.! =1*! @*5*</*! 7,!
*;4/Bi,7*7C! ,1! 2*-6/<=5*-C! =1*! @*5*</*! 7,! ,J=/+3<*</01>! A,! ;=,.6-*! J=,! 5*!
<31<5=./01!I/K!.053!.,!*5<*1`*!=.*173!,5!;/.;3!6T-;/13!<31!73.!.,16/73.!7/.6/163.!
,1! ,5! -*`31*;/,163>! A/! ,5! 6T-;/13! ,J=^+3<3! .,! =6/5/`*! <31./.6,16,;,16,! ,1! ,5!
*-B=;,163C!5*!<31<5=./01!I/K!13!.,!./B=,!7,!5*.!2-,;/.*.>!

)3!J=,!;3.6-*-T!*!<316/1=*</01!,.!J=,C!,1!5*!2-=,4*!7*7*C!.,!=6/5/`*!=1!;/.;3!
6T-;/13!<31!73.!.,16/73.!7/.6/163.>!Q5!6T-;/13!,J=^+3<3!,.!8=.63!5*!+*-/*45,!)>!Q1!
=1*!2*-6,!7,!5*!2-=,4*!7,!I/K!.,!=.*!2*-*!-,2-,.,16*-!,5!;3163!;^1/;3C!;/,16-*.!
J=,!,1!36-*!-,2-,.,16*!,5!;3163!;U:/;3>!!

A*4,;3.!J=,!!

IjK!./!B*1*.!,1!,5!/16,-<*;4/3C!,1631<,.!,5!.34-,!J=,!,.6U.!.3.6,1/,173!*93-*!
<316/,1,!,5!;3163!;^1/;3!I7,!36-*!@3-;*!13!237-^*.!B*1*-!*5!<*;4/*-K>!!

'93-*!4/,1C!7,!IDK!H!IjK!.,!./B=,!J=,R!!

A/!B*1*.!,1!,5!/16,-<*;4/3C!)!,.!,5!1V;,-3!7,!705*-,.!,1!,5!.34-,!J=,!,.6U.!
.3.6,1/,173!*93-*!H!,5!.34-,!J=,!.3.6/,1,.!*93-*!<316/,1,!,5!;3163!;^1/;3>!!

Y3-!53!6*163C!,1!IFK!)!-,2-,.,16*!,5!;3163!;^1/;3>!'1U53B*;,16,C!!

IjjK! ./! 2/,-7,.! ,1! ,5! /16,-<*;4/3C! ,1631<,.! ,5! .34-,! J=,! ,.6U.! .3.6,1/,173!
*93-*!<316/,1,!,5!;3163!;U:/;3>!

Y3-!53!6*163C!23-!IDK!H!IjjKC!5*!+*-/*45,!)!,1!I[K!-,2-,.,16*!,5!;3163!;U:/;3>!

Y3-!53!6*163C!5*!+*-/*45,!)!.,!=.*!,J=^+3<*;,16,!,1!5*!2-=,4*!7,!I/K>!

Y*-*!<31@/-;*-!J=,!.,!6-*6*!,@,<6/+*;,16,!7,!=1*!<=,.6/01!7,!=.3!,J=^+3<3!7,!
=1!6T-;/13!136*-,;3.!<0;3!=1!=.3!=1/@3-;,!7,!5*!+*-/*45,!)!,+/6*!,5!2-345,;*>!A/!
-,2-,.,16,;3.! 53.! ;3163.! ,1! ,5! .34-,! *<6=*5! H! ,1! ,5! 36-3! .34-,! <31! 6C! 7!
-,.2,<6/+*;,16,!,1!,5!2*-!3-7,1*73!I6H!7KC!,1631<,.!,1!5*!2-=,4*!7,!I/K!.,!=.*1!73.!
./;435/`*</31,.R! I)C! O)K! H! I)C!)ZOK>! A/1! ,;4*-B3C! <0;3! .,! 2=,7,!34.,-+*-! ,1! 5*!
./B=/,16,!6*45*C!,1!<*7*!./;435/`*</01!,5!;3163!B*1*73!,.!/B=*5!*5!;3163!2,-7/73>!

!

I.$=;#.>)! 9%)$%'()'(<'3%B&(';#$=;<! 9%)$%'()'(<'%$&%'3%B&(!

g*1*.! )! O)!

(3163!B*1*73!,1!,5!/16,-<*;4/3! )! !

IG*`31*;/,163!*!2*-6/-!7,5!36-3!.34-,KR! !

Y/,-7,.! O)! )!

(3163!B*1*73!,1!,5!/16,-<*;4/3! )! !

! ! !

! ! !
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I.$=;#.>)! 9%)$%'()'(<'3%B&(';#$=;<! 9%)$%'()'(<'%$&%'3%B&(!

Y/,-7,.! )! )JE!

(3163!2,-7/73!,1!,5!/16,-<*;4/3! )JE! !

IG*`31*;/,163!*!2*-6/-!7,5!36-3!.34-,KR! !

g*1*.! )JE! )!

(3163!B*1*73!,1!,5!/16,-<*;4/3! )JE! !

k4.T-+,.,!J=,!./!5*!+*-/*45,!)!.,!=.*!<31./.6,16,;,16,C!5*.!2-,;/.*.!13!*23H*1!5*!
<31<5=./01!I/KC!./13!5*!I0KC!H*!J=,!,1!<*7*!<*.3!,5!;3163!*!B*1*-!3!2,-7,-!,.!,5!
;/.;3>!

'93-*! 4/,1C! .,! 237-^*! 348,6*-! *! @*+3-! 7,! N9*.,! J=,! ./! .,! =.*! 5*! ;/.;*!
./;435/`*</01! <39,-,16,;,16,! ,1! 6373! ,5! *-B=;,163! *5! ;,13.! =1! <317/</31*5!
-,.=56*! @*5.3>! Y3-! ,8,;253C! .=231B*;3.! J=,! =.*;3.! I)C! O)K>! Q1! ,.,! <*.3C! 5*!
2-,;/.*! IDK! 7,! 5*! 2-=,4*! 7,! I/K! ,.! +,-7*7,-*! H! ,5! <317/</31*5! IFK! 6*;4/T1>!
Q1631<,.!./!2/,-7,.C!,.!23-J=,!,5,B/.6,!,5!.34-,!<31!O)!H!2/,-7,.!)K!Y,-3!,1631<,.!
,5!<317/</31*5!I[K!,.!@*5.3!23-J=,!*@/-;*!J=,R!!

A/!2/,-7,.!,1!,5!/16,-<*;4/3C!2,-7,-U.!)ZO>!

A/1! ,;4*-B3C! ./! *<,26*;3.! ,.6*! 348,</01C! 6*;4/T1! 6,17-^*;3.! J=,! *<,26*-! J=,C!
<316-*-/3!*!5*!<31<5=./01!2-,+/*C! 5*!2-,;/.*!IDK!,.!@*5.*C!H*!J=,!./! 6,1B3!,5!.34-,!
<31! O)C! ,1631<,.! )! 13! -,2-,.,16*! H*! ,5! ;3163! *<6=*5C! ./13! 5*! ;/6*7! 7,5! ;3163!
*<6=*5>!'7,;U.C!5*!2-,;/.*!IOK!6*;4/T1!-,.=56*!@*5.*!23-J=,!*5!6,1,-!=1!.34-,!<31!
O)C! 13! ,.! </,-63! J=,! ,5! 36-3! .34-,! 6,1B*! O)! 3! )ZO>! Q.63! .,-^*! =1! 2-345,;*! 2*-*!
N9*.,! 23-J=,! .=! 2-32=,.6*! -,J=/,-,! 5*! +,-7*7! 7,! 5*! 2-,;/.*! IOK>! A/1! ,;4*-B3C!
<3;3! .,! ;=,.6-*! ,1! 5*! 2-=,4*! 7,! I0KC! =1! =.3! <31./.6,16,! 7,! 53.! 6T-;/13.! 13!
/;25/<*! 5*! @*5.,7*7! 7,! *5B=13! 7,! 53.! 73.! <317/</31*5,.C! *.^! J=,! 9*H! 36-*! -*`01!
/17,2,17/,16,!2*-*!-,<9*`*-!,.6*!23./45,!348,</01>!

Q1! -,.=;,1C! 5*! 2*-*738*! 50B/<*! 7,! 53.! 73.! .34-,.! .=-B,! 23-! 6,1,-! 73.!
*-B=;,163.! *2*-,16,;,16,! .05/73.! *! @*+3-! 7,! <31<5=./31,.! /1<3;2*6/45,.>! )*!
2-32=,.6*! 7,! .35=</01! 7,! N9*.,C! ,16-,! 36-*.! 7/@/<=56*7,.C! /1+*5/7*! *;43.!
*-B=;,163.!H!9*<,!@*5.*.!5*.!73.!<31<5=./31,.!I/K!H!I0KC!53!<=*5!55,+*!*!=1*!1=,+*!
2*-*738*>! )*! 2-,.,16,! 2-32=,.6*! 9*! .,S*5*73! J=,! .053! 5*! 2-=,4*! 7,! I/K! ,.! @*5*`!
23-J=,! /1<=--,! ,1! =1*! @*5*</*! 7,! ,J=/+3<*</01>! A/! ,5! 6T-;/13! ,J=/+3<3! .,! =.*!
<31./.6,16,;,16,!5*!<31<5=./01!J=,!.,!./B=,!<31<=,-7*!<31!5*!<31<5=./01!I0K>!a,!
,.6*!@3-;*C!5*!/1<3;2*6/4/5/7*7!7,.*2*-,<,!H!5*!2*-*738*!.,!7/.=,5+,>!

<1:1-1")*#%$2*2'*&0-=:*)#%$

'54,-.C!N>! IOPPhKC! fl-H/1B! 63! -,.35+,! 69,! 6m3! ,1+,532,! 2-345,;nC!I7)$L(3(! D[hC!
22>!_E$DPE>!

N9*.,C!M>! IOPPOKC!fl9,!131$2-34*4/5/.6/<!6m3!,1+,532,!2*-*73:nC!M);<73.3!oOC!22>!
Dhp$DoP>!
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N5*-qC!(>!IOPPOKC!N;&;+%6(3'O&%2'M'$%'PC!)317-,.!H!&=,+*!]3-qC!G3=65,7B,>!

r*6`C!s>!H!k5/1C!a>!IOPPpKC!f'!l*5,!3@!lm3!Q1+,532,.nC!9.)+!DDoC!22>!EPF$EOo>!

A;=55H*1C!G>!IDEEFKC!I;$;)H'/;)$%&';)+'Q)O.).$7R';)+'%$L(&'2.)+'B%AA<.)A'?=,,<(3C!
k:@3-7C!k:@3-7!%1/+,-./6H!Y-,..>!

74



!"#$"%&'"%#"("#)*($+"#$,'%-,.$#"%/*-%*'012&*%
3"4*5$"'1%/*%#1'1#$6$*')1%#167'%
!

!"#$%&'()%(*%&+,#(-(.,/&0"12#,/&
"#$%&'($)*)!+*,$-#*.!/012#-3*!)&!456$,-!

3*7'8063,,9:$$3*(:0#*3:36!

!

;#! &(1*! ,-30#$,*,$2#! ,-3<*'*3-(! 1'&(! =-'3*.$>*,$-#&(! )&! .*! #-,$2#! )&!
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.3#(&.0&#.$*!)&!0#!.3#@0#73!)&!&,,*(!>0&!73-*-3(!.3-3!L$6:7&($(W!&(73!&(=!($!73)*!

$#7&'6'&7*.$:#! &#! ,*! >0&! ,*(! L$6:7&($(! (&*#! %&')*)&'*(! ,*! .3#.,0($:#! 7*-A$R#1!H*!

'*J:#! &(! >0&! &#! 6'$#.$6$3! (&'C*! #&.&(*'$3! .3-6'3A*',3! &#! 73)*! $#7&'6'&7*.$:#=!

-3)&,3!*!-3)&,31!B3'!43'70#*!L*5!37'3!-3)3!)&!)&7&'-$#*'!($!&(!0#*!4:'-0,*!&(!

.3#(&.0&#.$*! )&! 37'*(! >0&! #3! &(! ,*! -&'*! %&'$4$.*.$:#! )$'&.7*! )&! (0(!

&(6&.$4$.*.$3#&(!(&-8#7$.*(D!(&!7'*7*!)&!$#4&'$'!3!)&)0.$'!,*!4:'-0,*!&#!0#!-3)-.)(%

404.-2,/(! 07$,$J*#)3! ,*(! L$6:7&($(W! &(73! &(=! )&! &(7*A,&.&'! 0#*! .*)&#*! )&!

'*J3#*-$&#73! &#7'&! 6'&-$(*(! 5! .3#.,0($:#1! K&! L&.L3=! &(7*! 43'-*! )&! )&4$#$'! &,!

.3#.&673!)&!.3#(&.0&#.$*!&(! $#.,0(3!-8(!*)&.0*)*!*! ,*!#3.$:#! $#70$7$%*=!5*!>0&!
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&>0$%3.*'#3(W!#3!#3(!.3#)0.$'8!)&!L$6:7&($(!%&')*)&'*(!*!.3#.,0($3#&(!4*,(*(D!(&'8!
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;&#&'*,=!,3!>0&!)&#3-$#*-3(!0#!-3)-.)(%-(76)02(8%!
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#:1!!

[1! =5"-.+360$*&$-)$,'.&>)$*&$+"(,-&%.*$*&$1&02309$H*!)&-3(7'*.$:#!>0&!L$J3!
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6*'*!37'*(!,:;$.*(1!OP08,!&(!,*!'&,*.$:#!&#7'&!&(*!)&-3(7'*.$:#!5!,*(!6'0&A*(!)&!
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,E)!>&-*E(&!*..!.*'2&!-*'+$#*.!*R$/3(!Q#/F#!>7!)6/(&!)$3&(!O$#*--&(($>.&!*#+!
B*6./D(!-*'+$#*.(P!?*$.&+!)/!(&)).&!A=;!($#-&!)6&7!F&'&!*..!-/#($()&#)!F$)6!: ;= ;!
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Relaciones de equivalencia: de máquinas de Turing
a funciones parciales computables

José Pedro Úbeda Rives

Universitat de València
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1. Introducción

De las posibles realizaciones del modelo computacional “máquinas de Turing”,
Turing (1936) describe una caracterizada por tener una cinta infinita en ambas
direcciones dividida en celdas, cada una de las cuales contiene un śımbolo de
un vocabulario A = {a0, a1, ..., an}, donde n > 0 y a0 es el śımbolo blanco.
Además, tiene una cabeza lectora/escritora o máquina que puede estar en uno
de los estados del conjunto Q = {q0, ..., qm}, donde q0 es el estado inicial. La
cabeza puede moverse una celda a la derecha (D), una celda a la izquierda (I) o
permanecer quieta (P ). Las acciones o transiciones que puede realizar la máquina
se especifican por medio de un conjunto de instrucciones cada una de las cuales
se describe por un qúıntuplo de la forma

〈qi, aj , qk, ar, m〉 ,

donde qi, qk ∈ Q, aj , ar ∈ A y m ∈ {D, I, P}. Dicho qúıntuplo indica que, si la
máquina está en el estado qi leyendo el śımbolo aj , sustituye aj por el śımbolo ar,
hace el movimiento indicado por m y pasa al estado qk. El conjunto de qúıntuplos
de una máquina ha de cumplir la condición de consistencia: no hay dos qúıntuplos
distintos con las dos primeras componentes iguales.

Cada máquina es una descripción formal de un algoritmo y puede identificarse
con su conjunto consistente y finito de qúıntuplos. El tipo de algoritmo que
describe depende de especificaciones sobre los inputs y outputs. Aśı el algoritmo
puede computar funciones parciales de n argumentos (n > 0) o listar con o sin
repetición el grafo de la función parcial que computan o el conjunto de inputs
para los que la máquina se para o el conjunto de outputs que genera, etc.

Aunque sólo se consideren máquinas cuyos śımbolos están incluidos en un vo-
cabulario finito fijo A, hay tantas máquinas como conjuntos. Si además el conjun-
to de estados de cualquier máquina es un subconjunto de Q = {q0, q1, . . . , qn, . . .},
entonces sólo hay ℵ0 máquinas. Puede demostrarse que estas son suficientes para
describir cualquier algoritmo computado por una máquina.

Cuando las máquinas sobre un alfabeto A se codifican para ser datos de una
máquina universal U para un tipo de algoritmo se convierten en programas, que
denominaremos programas de Turing, que sirven junto con U para describir un
algoritmo. Estos programas pueden enumerarse algoritmı́camente:

P0, P1, . . . , Pn, . . .
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dando lugar, para cada m ∈ N a una enumeración de todas las funciones parciales
recursivas de m argumentos (si m = 1 no se usa el supeŕındice):

ϕm
0 ,ϕm

1 , . . . ,ϕm
n , . . . ;

a una enumeración de los conjuntos de inputs para los que se paran las máquinas:

W0, W1, . . . ,Wn, . . . ;

a una enumeración de los conjuntos de outputs que generan las máquinas:

I0, I1, . . . , In, . . . ;

y, para cada máquina universal U para listar, a las enumeraciones de listas con o
sin repetición de grafos, de inputs y de outputs siguientes:

Urg
0 ,Urg

1 , . . . ,Urg
n , . . . ; Ug

0 ,Ug
1 , . . . ,Ug

n, . . . ;

Uri
0 ,Uri

1 , . . . ,Uri
n , . . . ; U i

0,U
i
1, . . . ,U

i
n, . . . ;

Uro
0 ,Uro

1 , . . . ,Uro
n , . . . ; Uo

0 ,Uo
1 , . . . ,Uo

n, . . . .

Los tipos de algoritmos descritos por los programas de Turing dan lugar a
relaciones de equivalencia entre programas. Sean Pa y Pb dos programas, entonces
podemos definir las siguientes relaciones de equivalencia:

Pa ≡ϕ Pb ⇔ ϕa ≃ ϕb,

Pa ≡W Pb ⇔Wa = Wb,

Pa ≡I Pb ⇔ Ia = Ib,

Pa ≡Uβ Pb ⇔ Uβ
a = Uβ

b ,

donde β ∈ {rg, g, ri, i, ro, o}. Las relaciones de equivalencia entre programas, da-
da una enumeración de programas, pueden identificarse con relaciones de equiv-
alencia entre sus ı́ndices, de forma que

a ≡ b ⇔ Pa ≡ Pb.

Bajo este supuesto se habla de relaciones de equivalencia entre programas que
son recursivas, recursivamente enumerables, etc.

En esta comunicación se analizan nueve clases de relaciones de equivalencia
entre programas: Rϕ, RW , RI , RUrg , RUg , RUri , RUi , RUro y RUo . Cada clase
Rα, donde α ∈ {ϕ, W, I,Urg,Ug,Uri,U i,Uro,Uo}, consta de las relaciones de
equivalencia ≡ tales que, para cualesquiera dos programas Pa y Pb, se cumple

Pa ≡ Pb → Pa ≡α Pb.

José Pedro Úbeda Rives
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2. Máquinas universales para listar

Utilizando la tesis de Church vamos a describir por medio de un programa
seis series de máquinas de Turing que aplicadas a un programa de Turing Px

producen una lista. Cada una de las seis series consta de infinitas máquinas de
Turing para listar, una para cada función recursiva f . Para cada función recursiva
f la primera y segunda serie producen, respectivamente, las máquinas fU

rg y fU
g

que listan, con o sin repetición, el grafo de la función ϕx computada por Px, la
tercera y cuarta producen, respectivamente, las máquinas fU

ri y fU
i que listan

el dominio de ϕx y la quinta y sexta producen las máquinas fU
ro y fU

o que
listan el rango de ϕx.

Para describir el programa usaremos la función

P t
x(s) =

{

ϕx(s), si ϕx(s) ↓ en t o menos pasos;
↑, en otro caso;

que es parcial recursiva y por la Tesis de Church-Turing hay una máquina U que
aplicada a un programa de Turing P , un número t y una palabra s ∈ A∗, imita
t pasos de la computación de la máquina con programa P aplicada al input s.
Usaremos también la notación C⌢B para denotar la lista obtenida al concatenar
la lista C y la B en ese orden. La lista con componentes a, b, c, . . . la denotamos
por [a, b, c, . . .] y la lista vaćıa por []. La máquina descrita por el programa no
se para nunca y va dando como outputs los distintos elementos de la lista. Cada
máquina tiene realmente tres inputs: el primero es la función recursiva f o un
ı́ndice suyo (este input no aparece expĺıcito en el programa y se supone que se
tiene un subprograma que la calcula), el segundo es el ı́ndice x del programa de
Turing Px y el tercero es un número perteneciente a {0, 1, 2, 3, 4, 5} que indica si
los elementos listados pertenezcan al grafo (el número 0 y 1), al dominio (el 2 y
3) o al rango (el 4 y 5) de la función ϕx.

PROGRAMA

principal

input x% La función ϕx de la que se quiere una lista
input m % 0 para fU

rg, 1 ⇒f Ug, 2 ⇒f Uri, 3 ⇒f U i, 4 ⇒f Uro y 5 ⇒f Uo.
lista = ∅
pasos = 0% ı́ndice para contar los pasos en la computación
entrada = 0% ı́ndice para los inputs de ϕx

while true do

pasos = pasos + 1 + f(entrada)
j = 0
while j ≤ entrada do

if P pasos
x (j) ↓ then

z = P pasos
x (j)

hace(m, lista, z, j) % subprograma
j = j + 1

endwhile

entrada = entrada + 1

Relaciones de equivalencia
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endwhile

hace(m, lista, z, j) % SUBPROGRAMA
if m = 0 or m = 1 then% Listar grafo(ϕx)

if m = 0 or 〈j, z〉 /∈ lista then

lista = lista⌢[〈j, z〉]
output 〈j, z〉

if m = 2 or m = 3 then% Listar Wx

if m = 2 or j /∈ lista then

lista = lista⌢[j]
output j

if m = 4 or m = 5 then% Listar Ix

if m = 4 or z /∈ lista then

lista = lista⌢[z]
output z

3. Propiedades de las clases Rα

La relación de identidad entre programas pertenece a cada clase Rα y deter-
mina ℵ0 clases de equivalencia unitarias. Además, cada relación ≡α determina
ℵ0 clases de equivalencia cada una de las cuales consta de ℵ0 programas. A partir
de estos dos hechos se demuestra que cada clase Rα consta de 2ℵ0 relaciones.

Las relaciones de inclusión entre dichas clases pueden resumirse en el siguiente
diagrama, donde la flecha es la inclusión propia y U es fU para una función recur-
siva dada. Si f y g son dos funciones recursivas distintas no pueden establecerse
en general relaciones de inclusión entre R

fU
β y R

gU
β .

RUri
�� RUi

�� RW

RUrg

  ���������
��

!! 
  

  
  

  
RUg

  !!!!!!!!!
��

!!"
""

""
""

""
Rϕ

""########

##$
$$

$$
$$

$

RUro �� RUo �� RI

Para establecer la inclusión propia entre Rϕ y RW , entre RUrg y RUri y entre
RUg y RUi es suficiente considerar que si ϕ es parcial recursiva, la función

χ(x) =

{

ϕ(x) + 1, si ϕ(x) ↓;
↑, en otro caso

es tal que Dom(ϕ) = Dom(χ), pero no se tiene ϕ ≃ χ, excepto si ϕ = ∅, la
función no definida en ningún sitio. Para la inclusión propia entre Rϕ y RI ,
entre RUrg y RUro y entre RUg y RUo es suficiente considerar la función ψ tal
que ψ(0) ↑ y

ψ(x′) =

{

ϕ(x), si ϕ(x) ↓;
↑, en otro caso

ya que Rg(ϕ) = Rg(ψ) y no se tiene ϕ ≃ ψ, excepto si ϕ = ∅.
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Cada clase Rα es un ret́ıculo con respecto a las operaciones ∧ y ∨ tales que,
para todo r, s ∈ Rα, r ∧ s = r ∩ s y r ∨ s es la menor relación de equivalencia t
tal que r ⊆ t y s ⊆ t. Esto se sigue al estar cerradas las Rα con respecto a ∧ y ∨.
Además, cada Rα tiene la identidad = que es recursiva como elemento mı́nimo
y ≡α que no es recursivamente enumerable como elemento máximo.

Las relaciones de equivalencia recursivas no forman un ret́ıculo (véase el
Apéndice A), pero las relaciones de equivalencia recursivamente enumerables si
forman un ret́ıculo, ya que, si s y t son relaciones de equivalencia recursivamente
enumerables, entonces también son recursivamente enumerables s∨t y s∧t (véase
el Apéndice B). De esto se sigue que hay un subret́ıculo Rre ⊂ RUrg que cons-
ta de relaciones de equivalencia recursivamente enumerables. Este ret́ıculo posee
como elemento mı́nimo la igualdad, pero no tiene elemento máximo.

Si se define un algoritmo como una clase de equivalencia, como proponen
Yanofsky (2006), Shore en Buss (2001) y Moschovakis (2001), ¿a cuál de las 2ℵ0

relaciones de equivalencia hemos de referirnos? Por supuesto si se desea que la
igualdad entre algoritmos sea decidible, dicha relación debe ser recursiva, pero
existen ℵ0 relaciones de equivalencia recursivas. Si lo único que se desea es poder
listar todos los programas que describen el mismo argumento, dicha relación tiene
que ser recursivamente enumerable, pero existen ℵ0 relaciones de equivalencia
recursivamente enumerables.1

A. Las relaciones de equivalencia recursivas no

forman un ret́ıculo

Sea 〈a, b〉 una función de parificación biyectiva de N × N → N y π1 y π2 sus
funciones inversas tales que

n = 〈π1(n), π2(n)〉 .

Supongamos dada una codificación de las configuraciones para máquinas de Tur-
ing y de sucesiones de configuraciones tal que, si t es la codificación de la sucesión
de configuraciones c(t) de la forma

u1qi1v1, u2qi2v2, · · · , usqis
vs,

entonces es recursiva la función

f(e, t) =

{

1, si Pe puede recorrer la sucesión c(t) de configuraciones
0, en otro caso

Sea ≡c la relación de equivalencia tal que, para todo n, m ∈ N, n ≡c m si y
sólo si n = m o cumple las siguientes condiciones

1. π1(n) = π1(m),

2. f(π1(n), π2(n)) = f(π1(m), π2(m)) = 1 y

1Blass, Dershowitz y Gurevich (2008) defienden que es imposible definir algoritmo por medio
de relaciones de equivalencia.
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3. la primera configuración de π2(n) es inicial e igual a la primera de π2(m),
que también es inicial.

es decir, 〈e, t〉 es equivalente a 〈d, s〉 si son iguales o e = d y t y s son codigos de
las sucesiones t′ y s′ de configuraciones de e tal que t′ es una subsucesión inicial
de s′ o s′ es una subsucesión inicial de t′. La relación ≡c es recursiva. Igualmente
lo es la siguiente relación de equivalencia ≡f tal que, para todo n, m ∈ N,

n ≡f m

si y sólo si n = m o π1(n) = π1(m), f(π1(n), π2(n)) = f((π1(m), π2(m)) = 1
y la última configuración de π2(n) y la última de π2(m) son finales; es decir,
〈e, t〉 ≡f 〈d, s〉 si y sólo si o 〈e, t〉 = 〈d, s〉 o t y s son sucesiones de configuraciones
para la máquina e cuyo último término es una configuración final.

Es fácil demostrar que si (≡f ∨ ≡c) es recursiva, entonces el problema de la
parada es resoluble. Supongamos que (≡f ∨ ≡c) es recursiva. Entonces Pe(e) ↓
si y sólo si

〈e, t〉 (≡f ∨ ≡c) 〈e, s〉

donde t es la configuración inicial para el input e y s es una configuración final
para e.

B. Relaciones de equivalencia recursivamente enu-

merables

Sea f una función recursiva tal que f(i) = j es el ı́ndice de una relación de
equivalencia S recursivamente enumerable, es decir,

xSy si y sólo si 〈x, y〉 ∈ Wj .

Vamos a mostrar que
∨

i∈N
Wf(i) es recursivamente enumerable. Para ello pre-

sentamos un programa en pseudocódigo, que por la Tesis de Church nos dará el
resultado buscado. Por supuesto si no tenemos una enumeración o una función f
recursiva como la supuesta arriba, no podemos establecer para un conjunto C que
no es recursivamente enumerable que

∨

i∈C
Wi sea una relación de equivalencia

recursivamente enumerable.
En el programa usamos para las listas las funciones cabeza, cuerpo, ⌢, ultimo

(el último elemento de la lista) y /∈ (no ocurre en la lista).

PROGRAMA

input x, y % Contestará si si x
(
∨

i∈N
Rf(i)

)

y, no parará en otro caso
if x = y then

output si

end

seguir = true

pasos = 0
entrada = 0

José Pedro Úbeda Rives
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lista numeros = ∅
lista pares = ∅
tiras = ∅
while seguir do

pasos = pasos + 1
j = 0% Índice para los argumentos
while j ≤ entrada do

k = 0% Índice para las relaciones
while k ≤ entrada do

if P pasos

f(k) (j) ↓ and j /∈ lista numeros then

lista numeros = lista numeros⌢[j]
if π1(j) #= π2(j) then

lista pares = lista pares⌢[[π1(j), π2(j)]]
tiras1 = tiras
tiras = tiras⌢[[π1(j), π2(j)], [π2(j), π1(j)]]
while tira1 #= ∅ do

t = cabeza(tira1)
tira1 = cuerpo(tira1)
if cabeza(t) = π2(j) and π1(j) /∈ t then

tira1 = tira⌢[[π1(j)]
⌢t]

ifπ1(j) = x and ultimo(t) = y then

output si

end

if cabeza(t) = π1(j) and π2(j) /∈ t then

tira1 = tira⌢[[π2(j)]
⌢t]

ifπ2(j) = x and ultimo(t) = y then

output si

end

if ultimo(t) = π2(j) and π1(j) /∈ t then

tira1 = tira⌢[t⌢[π1(j)]]
ifcabeza(t) = x and π1(j) = y then

output si

end

if ultimo(t) = π1(j) and π2(j) /∈ t then

tira1 = tira⌢[t⌢[π2(j)]]
ifcabeza(t) = x and π2(j) = y then

output si

end

endwhile

k = k + 1
endwhile

j = j + 1
endwhile

entrada = entrada + 1
endwhile

Relaciones de equivalencia
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(%*4&%(#H#-#()(*',H&%*%-*8#'8,*8)&4,*(%*(#'4%&"#8#%"2,*W
1
5*/")*"/%$)*D/"4#I"*(%*

4&%(#H#-#()(*⊕5*--)8)()*'/*3#/*!.+4.B.'*$5*H)')()*',H&%*-)*%$#(%"4#)*4,8H#")()0*
7)()'5*',H&%*%-*8#'8,*8)&4,*(%*(#'4%&"#8#%"2,5*/C!4,"*5%!%-%8%"2,'*D,4)-%'*E*/D!
4,"* EF! %-%8%"2,'* D,4)-%'5* -)* "/%$)* %$#(%"4#)* J/%* )6,E)* )*A* %'* -)* '/8)* (%* -)*

%$#(%"4#)* (%* 2,()'* -)'* #"2%&'%44#,"%'* %"2&%* -,'* 4,"K/"2,'*5%! E*EF* J/%* (%"* 4,8,*

&%'/-2)(,*A@*Z'3S*

]/C!⊕!/D^*=`A*T*Σ)#∩aK*T*4/>*=Z#A*b*/W*=a#A!

L-*6&,H-%8)*(%*%'2%*%'J/%8)*%'*J/%*6/%(%*)2&#H/#&*/")*8)')*(%*%$#(%"4#)*",*"/-)*

)-* 4,"K/"2,* $)43,5* -,* J/%* 4,"2&)(#4%* -)'* &%<-)'* (%* H)'%* 6)&)* -)'* D/"4#,"%'* (%*

4&%(#H#-#()(c*-)*8)')*/=∅A*)',4#)()*)-*4,"K/"2,*$)43,*&%D-%K)*%-*4,"D-#42,*%"2&%*-)'*
(,'* D/%"2%'* (%* %$#(%"4#)0* d)&)* &%',-$%&* %'2%* 6&,H-%8)* %'* "%4%')&#,* (%'4)&2)&* -,'*

6&,(/42,'*/C=Z#A*0*/D=aKA!2)-%'*J/%*Z#*∩*aK*T*∅5*&%(#'2&#H/E%"(,!/=∅A*T*e!%"2&%*

-,'*&%'2)"2%'*6&,(/42,'*/C=Z#A*0*/D=aKA!(%-*8)&4,*(%*(#'4%&"#8#%"2,*2)-%'*J/%*Z#*∩*

aK*≠*∅c* %'2,* %'5* 4)()* /",* (%* -,'* ,2&,'* $)-,&%'F8)')* %'* (#$#(#(,* 6,&* C! G! H! =(%*
8)"%&)*%J/#$)-%"2%S*8/-2#6-#4)(,*6,&*=>*f*eA*

F>
A5*'#%"(,**

e*T*Σ)#∩aK*T*φ/>*=Z#A*b*/W*=a#A*g*;*

G)-%'* '/H4,"K/"2,'* J/%()"* )'3* '.+/*$%I*,.30* 1)* &%<-)* (%* 4,8H#")4#I"* (%*

7%86'2%&*(%$#%"%*4,"*-)*",&8)-#P)4#I"S*

/>*=5%Ab/W*=EFA*

]/C*⊕*/D^*=`A*T*ΣZ#∩aKT`**
>*2*e*

L-*D)42,&*(%*",&8)-#P)4#I"5*6,&*/")*6)&2%5*6&,(/4%*4,"$%&<%"4#)*C)4#)*-)*,6#"#I"*

(,8#")"2%c*E*6,&*,2&)*6)&2%*2#%"%*%-*%D%42,*(%*#<",&)&*4,86-%2)8%"2%*%-*4,"D-#42,5*

)2&#H/E%"(,* 4/)-J/#%&* 8)')* (%* %$#(%"4#)* %"* 4,"D-#42,* )-* 4,"K/"2,* "/-,0* M)(%C*

=>?NOA5*%"*'/*&%'%9)*(%-*-#H&,*D/"()8%"2)-*(%*BC)D%&*=>?@:A5*)(/4%*/"*%K%86-,*%"*

%-* J/%* -)* &%<-)* (%* 4,8H#")4#I"* (%* 7%86'2%&* 6&,(/4%* &%'/-2)(,'* 4,"'#(%&)(,'*

/'/)-8%"2%*#"')2#'D)42,&#,'*,*4,"2&)F#"2/#2#$,'0*h/4C,'*)/2,&%'*C)"*/2#-#P)(,*%'2%*

%K%86-,5*H#%"*6)&)*4&#2#4)&*-)*2%,&3)*(%*7%86'2%&FBC)D%&*%"*'/*4,"K/"2,5*H#%"*6)&)*

6&,6,"%&*&%<-)'*(%*4,8H#")4#I"*J/%*%$#2%"*%'2,'*&%'/-2)(,'*4,"2&)F#"2/#2#$,'0*

*
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J.,)$.3!8.+/*$)3!>*+*!$*!2./0%'*2%9'!,)!2+))'2%*3!)'!2.'8$%24.!

="&'*"#$%"&',"&/./%/&2+&',+)+'%+'-"*./0+-/10'#$'-)$$0-/+&':$7/#$0-/+<'

7%"2&,*(%-*%'J/%8)*6,'#H#-#'2)*=7/H,#'*E*d&)(%5*>?NN5*>??W5*W;;;A*-)*#"D,&8)4#I"*

,H2%"#()*(%*-)*D/%"2%*=%R6%&2,A*%*$#%"%*&%6&%'%"2)()*6,&*-)*D/"4#I"*(%*(#'2&#H/4#I"*

(%* 6,'#H#-#()(*π! =)"Q-,<)* )* -)* D/"4#I"* (%*8)')*/* %"* -)* 2%,&3)* (%* -)* %$#(%"4#)A*
',H&%*/"*/"#$%&',*(%*4,",4#8#%"2,*!*%"*%-*#"2%&$)-,*];5>^*

π*S*!**→*];5>^*

7,"(%** *π=/A*%'*#"2%&6&%2)()*4,8,*%-*<&)(,*(%*6,'#H#-#()(*(%*J/%*#!'%)*$%&()(%&)0*
B%*(#4%*J/%*π*%'2Q*'.+/*$%I*,*5*'#*%R#'2%*/"*$)-,&*#!∈*!*2)-*J/%*π*=#A*T*>0*π=/A*T*;*
'#<"#D#4)*J/%*#*%'*#86,'#H-%c*π=/A*T*>*'#<"#D#4)*J/%*#*%'*4,86-%2)8%"2%*')2#'D%4C)*
=6,'#H-%Ac*π=/A*g*π=/iA*'#<"#D#4)*J/%*#*%'*6&%D%&#()*)*=%'*8Q'*6-)/'#H-%*J/%A*#K0*

d,&* )")-,<3)* 4,"* -)* 8%(#()* (%* 6&,H)H#-#()(* d* (%* -,'* 2,(,'* 6&,H)H#-#'2)'5*

#"2&,(/4%* M)(%C* =>?@NA* %"* -,'* 2,(,'* 6,'#H#-#'2)'* /")* 8%(#()* (%* 6,'#H#-#()(*Π5*
4,8,*/")*)6-#4)4#I"*(%*-,'*'/H4,"K/"2,'*Z*(%*!*%"*%-*#"2%&$)-,*];5>^*

Π*S*W
!*
*→*];5>^*

1)*8%(#()*(%*6,'#H#-#()(*(%*-,'*'/H4,"K/"2,'*Z%!∈*!*$#%"%*#"(/4#()*=(%2%&8#")()*

/"3$,4)8%"2%A*8%(#)"2%* /")* D/"4#I"* (%* (#'2&#H/4#I"* (%* 6,'#H#-#()(*π* J/%*$#%"%*
()()*6,&*-)*DI&8/-)S*

Π=ZA*T(%D*8)RUπ*=/A*[*/!∈*ZY!*

j*2)-*J/%S*

>0*Π*=∅A*T*;*

W0*;*≤!Π*=ZA*≤*>**∀Z*∈*!*

k0*B#*Z*⊆*a*→*Π*=ZA*≤!Π!=aA*∀Z5*a*∈*!**

L"* %-* 8)&4,* (%* -)* 2%,&3)* (%* -)* 6,'#H#-#()(* C)"* '#(,* 6&,6/%'2)'* $)&#)'* &%<-)'* (%*

4,8H#")4#I"*(%*%$#(%"4#)*J/%*2,8)"*%"*4/%"2)*(%*8)"%&)*%R6-34#2)*-)*#"D,&8)4#I"*

4,"2%R2/)-* ',H&%* -)'* D/%"2%'S* '/*<&)(,*(%* D#)H#-#()(*E*%-*<&)(,*(%*4,"D-#42,*%"2&%*

%--)'0*

V)E* HQ'#4)8%"2%* (,'* 8,(,'* %R2&%8,'* (%* 4,8H#")4#I"* '#8\2&#4,'S* %-* 8,(,*

2.'F#'4%?.5* 4/)"(,* 2,()'* -)'* D/%"2%'* 4,"4/%&()"* E* ',"* #</)-8%"2%* D#)H-%'c* E* %-*

8,(,*,%3L#'4%?.5*4/)"(,*-)'*D/%"2%'*",*4,"4/%&()"*E*'%*')H%*4,"*'%</&#()(*J/%**$!

/)'.3!#'**%'*D#)H-%5*6%&,*",*'%*')H%*4/Q-0**

B%)*π%!-)*(#'2&#H/4#I"*(%*6,'#H#-#()(*6&,6,&4#,")()*6,&*-)*D/%"2%*%!=%!T*>5*X5*"Ac*
2%"%8,'5*%"2,"4%'S*

l%<-)*4,"K/"2#$)S*π*∩*=/A**T*Ι
'

% >=

π%=/A************************∀/*∈*!*

l%<-)*(#'E/"2#$)S*π*∪*=/A*T*Υ
'

% >=

π%=/A***********************∀/*∈*!*

L"*(,"(%*∩*E*∪*',"*(,'*,6%&)4#,"%'*(%*];5>^*×*];5>^*',H&%*];5>^*J/%*4/86-%"*-)*

&%-)4#I"*(%*(/)-#()(S*)*∪*H*T*>F=>F)A*∩*=>FHA*=%R6&%'#I"*(%*-)'*-%E%'*(%*7%*h,&<)"A0*
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"#$%&'!()$*+,)!-./0+*1*!

d,'#H-%'* ,6%&)4#,"%'* (%* %'2%* 2#6,5* J/%* /2#-#P)"* -,'* 8,(%-,'* 6,'#H#-#'2)'5* ',"* -)'*

--)8)()'*",&8)'*E*4,",&8)'*2&#)"</-)&%'*=2F",&8)'*E*2F4,",&8)'A0*V)E*/")*)86-#)*

$)&#%()(*(%* #"'2)"4#)'*(%* 2F",&8)'*E* 2F4,",&8)'0*!")*(%*%--)'*%'* -)*6&,6/%'2)*6,&*

M)(%C*%"*%-*Q8H#2,*(%*-)*2%,&3)*(%*-,*(#D/',*=6)&)*-)*2F",&8)*G*E*-)*2F4,",&8)*BAS*

G=R*5*EA*T*8#"*=R*5*EAc*E*B=R*5*EA*T*8)R*=R*5*EA0*

L"*-)*4,8H#")4#I"*(%*#"D,&8)4#,"%'5*%-*8,(,*8Q'*/2#-#P)(,*%'*%-*4,"K/"2#$,c*

%"* \-* -)* ,6%&)4#I"*/%'* 4,&&%'6,"(%* )* /")* 4,"'#(%&)4#I"* 6/&)8%"2%* -I<#4)* (%-*

6&,4%',*(%*4,8H#")4#I"0*1)*D/%"2%*J/%*)'#<")*%-*/)'.+*<&)(,*(%*6,'#H#-#()(*)*/"*

$)-,&* ()(,* %'* 4,"'#(%&)()* 4,8,* $*!/)F.+! #"D,&8)()* &%'6%42,* (%* %'%* $)-,&0*`,"*

/%'5*4/)"(,*2,()'*-)'*D/%"2%'*%'2Q"*%"*4,86-%2,*)4/%&(,5*",*C)E*%D%42,*&%D/%&P,0*

L"* %-*8,(,*4,"K/"2#$,5* %-* &%'/-2)(,*6/%(%*",*J/%()&*",&8)-#P)(,5* #0* %05* 4)H%* -)*

6,'#H#-#()(*(%*J/%*!∃*/5*π*∩* =/A*T*>5* -,*J/%*%R6&%')*J/%*C)E*4,"D-#42,*%"2&%* -)'*
D/%"2%'0* 7%* )J/3* 4)H%* #"D%&#&* J/%* %-* 8,(,* 4,"K/"2#$,* 2#%"%* '%"2#(,* '#* 2,()'* -)'*

D/%"2%'*π%!2#%"%"*/"*',-)6)8#%"2,*'#<"#D#4)2#$,5*#0*%05*∃/5*∀#5*π#*T*>5*-,*J/%*%R6&%')*
J/%* C)E* )-* 8%",'* /"* $)-,&* #* J/%* 2,()'* -)'* D/%"2%'* 4,"'#(%&)"* 4,86-%2)8%"2%*

6,'#H-%0*d%&,*'#*∀/5!π*∩*=/A*%'*'%"'#H-%8%"2%*#"D%&#,&*)*>5*%"2,"4%'*J/%()*6)2%"2%*
/"* )-2,* <&)(,* (%* 4,"D-#42,5* E* 6,&* %--,* 6/%(%* &%'/-2)&*8Q'* )(%4/)(,* %-*8,(,* (%*

4,8H#")4#I"*(#'E/"2#$,0*

m#")-8%"2%5*%"*4)',*(%*4,"D-#42,*6)&4#)-5*6/%(%*&%'/-2)&*)(%4/)(,*",&8)-#P)&*-)*

&%<-)*4,"K/"2#$)*4,"*$#'2)'*)*4/86-#&*%-*&%J/#'#2,*8)R/∈!*π=/A*T*>5*,H2%"#%"(,*)'3*
/")*"/%$)*&%<-)*(%*4,8H#")4#I"5*(%"2&,*(%-*8,(%-,*6,'#H#-#'2)5*)"Q-,<)*)*-)*&%<-)*

(%*7%86'2%&5*(%"2&,*(%-*8,(%-,*(%*-)*2%,&3)*(%*-)*%$#(%"4#)S*

!!π*∩=#A*
π*=#A*T**************************∀#*∈*M!

(*=π>=!πWA!

L"*(,"(%*(=πC5*πDA*%'*-)*)86-#2/(*(%*-)*#"2%&'%44#I"*(%*πC*E*πD5*--)8)()*3"(#4%*(%*
4,"'#'2%"4#)5* %'* /")* 8%(#()* (%* ',-)6)8#%"2,* %"2&%* (,'* (#'2&#H/4#,"%'* (%*

6,'#H#-#()(5*(%D#"#()*6,&**

(=πC5*πDA*T*B/60/∈!*8#"UπC*=/A5*πD*=/AY*T*B/60*π∩*

>* f* (=π>=! πDA* &%6&%'%"2)5* 6,&* 2)"2,5* -)* 8%(#()* <-,H)-* (%* 4,"D-#42,* %"2&%* -)'*
(#'2&#H/4#,"%'*(%*6,'#H#-#()(*πC*E*πD0*1)*",&8)-#P)4#I"*H,&&)*%-*4,"D-#42,*%"2&%*-)'*
D/%"2%'5* 6/(#%"(,* <%"%&)&* 6&,H-%8)'* %"* )J/%--,'* 4)','* %"* J/%* C)E*8/E* )86-#,*

4,"D-#42,0* B#* '%* J/#%&%* '%</#&* 2%"#%"(,* %"* 4/%"2)* %-* 4,"D-#42,* 6)&4#)-* %"2&%* -)'*

D/%"2%'* '%* 6/%(%* H/'4)&* /")* DI&8/-)* 6)&)* (%'4,"2)&* (%-* &%'/-2)(,* %-* 6%',*

4,&&%'6,"(#%"2%*)*-)*D)-2)*(%*",&8)-#P)4#I"0*!")*DI&8/-)*6,'#H-%*=J/%*4,&&%'6,"(%*

)*/")*#"2%&6&%2)4#I"*(%*-,'*<&)(,'*(%*6,'#H#-#()(*,&(%")(,'A*%'*-)*'#</#%"2%S*

∀/*∈*!*

( ) ( ) ( ){ }
( ) ( ){ }

( )

( )%
&

'
(
)

*
−=−= W>

W>

W>
W> 5>5

5

58#"
8)R5>58)Ri ππ

ππ

ππ
ππππ ,

,

##
,## *
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J.,)$.3!8.+/*$)3!>*+*!$*!2./0%'*2%9'!,)!2+))'2%*3!)'!2.'8$%24.!

L-*8,(%-,*6,'#H#-#'2)*6&,6,&4#,")*2)8H#\"*/")*&%<-)*(%*4,8H#")4#I"*J/%*2,8)*%"*

4/%"2)* (%* 8)"%&)* %R6-34#2)* %-* 4,",4#8#%"2,* (#'6,"#H-%* )4%&4)* (%-* $)-,&* (%* -,'*

4,%D#4#%"2%'* (%* D#)H#-#()(* (%* -)'* D/%"2%'0* Z* %'2%* &%'6%42,* '%* 6&%'%"2)"* $)&#)'*

6,'#H#-#()(%'*=7/H,#'*E*d&)(%5*>??WA0*!")*(%*%--)'*4,"'#'2%*%"*#"4-/#&*-)*D#)H#-#()(*

(%*4)()*D/%"2%**'4)3*(%*-)*4,8H#")4#I"5*6)&)*4,86%"')&*'/*(#D%&%"2%*D#)H#-#()(*E*

C)4%&-)'* )'3* 2,2)-8%"2%* =)-* 8%",'* #</)-8%"2%A* D#)H-%'* )"2%'* (%* -)* 4,8H#")4#I"0*

Z'35*'#*'%*4,",4%*%-*<&)(,*(%*4%&2%P)*l*(%*J/%*/")*D/%"2%*%*%'*D#)H-%5*%"2,"4%'*4)H%*

)6-#4)&* -)* '#</#%"2%* &%<-)*(%*)K/'2%*J/%*4)8H#)* -)*(#'2&#H/4#I"*(%*6,'#H#-#()(*π#* 5*

6&,6,&4#,")()*6,&*-)*D/%"2%*%5*%"*πn#S*

πN#*T*8)R*=π%5*>*f*l#A*

L"*(,"(%*l#*%'*%-*<&)(,*(%*4%&2%P)*(%*J/%*-)*D/%"2%*%*%'*D#)H-%0*B#*l#*T*>*=%'2,*%'5*-)*

D/%"2%* %* %'* 4,86-%2)8%"2%* D#)H-%A5* %"2,"4%'*πN#* T!π%0*`/)"(,*l#* T* ;* =%'2,* %'5* -)*
D/%"2%*%*",*%'*")()*D#)H-%A5*%"2,"4%'*πN#*T!>5*-,*J/%*'#<"#D#4)*#<",&)"4#)*2,2)-0*1)'*
D/%"2%'5*/")*$%P*&%)K/'2)()'*(%*)4/%&(,*4,"*'/'*"#$%-%'*(%*D#)H#-#()(5*',"*2,8)()'*

4,8,* )H',-/2)8%"2%* D#)H-%'* E* ',"* 4,8H#")()'* 8%(#)"2%* -)* &%<-)* 4,"K/"2#$)0* L-*

#"4,"$%"#%"2%* (%* %'2)* &%<-)* %'* J/%* 4/)"(,* l#* T* ;5* %"2,"4%'* %-* ',6,&2%* (%* -)*

(#'2&#H/4#I"*&%)K/'2)()*(%$#%"%*%-*/"#$%&',*%"2%&,0*

>"0-%4&/"0$&'

`/)"(,* '%* 6&%'%"2)* %$#(%"4#)* 4,"D-#42#$)5* -)* &%<-)* (%* 7%86'2%&* 6)&)* -)*

4,8H#")4#I"* (%* 4&%%"4#)'* <%"%&)* &%'/-2)(,'* J/%* ",* &%D-%K)"* )(%4/)()8%"2%* -)*

)42/)-*(#'2&#H/4#I"*(%*4&%%"4#)'0*1)*2%,&3)*(%*-)*6,'#H#-#()(*6%&8#2%*8,(%-)&*$)&#)'*

&%<-)'*)-2%&")2#$)'*J/%*2,8)"*%"*4/%"2)*%-*2#6,*(%*4,"D-#42,*%"2&%*-)'*4&%%"4#)'*=,*

D/%"2%'*(%*%$#(%"4#)A*E*-)*8%*0%$%,*,*(%*-)'*8#'8)'0**

8$($)$0-/+&'./.%/"9)?(/-+&'

7%86'2%&5* Z0* =>?:@A5* o!66%&* )"(* -,p%&* 6&,H)H#-#2#%'* #"(/4%(* HE* )* 8/-2#$)-/%(*

8)66#"<n5*5''*$3!.8!J*4O)/*4%2*$!P4*4%34%23*kN5*660*kWqFkk?0*

7/H,#'5* 70* E* d&)(%5* V0* =>?NNA5* ol%6&%'%"2)2#,"* )"(* 4,8H#")2#,"* ,D* /"4%&2)#"2E*

p#2C*H%-#%D*D/"42#,"'*)"(*6,''#H#-#2E*8%)'/&%'n5*A./>#4*4%.'*$!Q'4)$$%B)'2)*O5*

660*WOOFW:O0*

r* =>??WA5* o`,8H#")2#,"* ,D* D/PPE* #"D,&8)2#,"* #"* 2C%* D&)8%p,&s* ,D* 6,''#H#-#2E*

2C%,&En5* %"* ZH#(#5* h0* E* t,"PQ-%P5* l0* =%('0A5*R*4*! <#3%.'! %'! S.0.4%23! *',!

J*2O%')!Q'4)$$%B)'2)5*a,'2,"5*Z4)(%8#4*d&%''5*660*ON>Fq;q0**

r* =W;;;A5* od,''#H#-#2E* 2C%,&E* #"* #"D,&8)2#,"* D/'#,"n5*T+.2)),%'B3! .8! 4O)! UO%+,!

Q'4)+'*4%.'*$!A.'8)+)'2)!.'!Q'8.+/*4%.'!<#3%.'5*d)&#'5*>FW5*660*:F>?0*

BC)D%&5*t0*=>?@:A5*5!J*4O)/*4%2*$!UO).+L!.8!V?%,)'2)5!d&#"4%2,"5*u0*v05*d&#"4%2,"*

!"#$%&'#2E*d&%''0*

M)(%C5*10*Z0*=>?@NA5*om/PPE*'%2'*)'*)*H)'#'*D,&*)*2C%,&E*,D*6,''#H#-#2En5*<#IIL!P)43!

*',!PL34)/3*>5*660*kFWN0*

r* =>?NNA5* ol%$#%p* ,D* h)2C%8)2#4)-* GC%,&E* ,D* L$#(%"4%5* HE* t0* BC)D%&n5* 5Q!

J*B*I%')*q5*660*N>FNk0*
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!"##$%&'('

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

+3#&2+1%$%-()!

!



!



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

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

%2/,.)3/451.6/)78916!

!

:.! )-! 3+(+,/77;! /--<6+0! .5/.! )(.+(.)1(/7).;! )-! +=5)>).+0?! /.! 7+/-.?! >;! 6)(0! /(0!

7/(3</3+8! @5)-! 97/)6! )-! 1A.+(! A1771B+0! >;! /(1.5+,! 1(+C! .5+! )(.+(.)1(/7).;! 1A!

7/(3</3+! )-! 0+,)*+0! A,16! .5+! )(.+(.)1(/7).;! 1A!6)(08!@5+! /)6!1A! .5)-! D/D+,! )-! .1!

-51B! .5/.! .5+! /,3<6+(.-! <(0+,D)(()(3! .5)-! /--<6D.)1(! 01! (1.!B).5-./(0! 9/,+A<7!

+=/6)(/.)1(?! /(0! 5+(9+! .5/.! .5+! .5+-)-! 1A! E+,)*+0! :(.+(.)1(/7).;! FE:G! -51<70! >+!

/>/(01(+0C!

./01!@5+!)(.+(.)1(/7).;!1A!7/(3</3+!0+,)*+-!A,16!.5+!)(.+(.)1(/7).;!1A!6)(08!

E:!5/-!>++(!,/,+7;!/,3<+0!A1,!/-!/!3+(+,/7!D,)(9)D7+8!:A!B+!7112!/.!.5+!7).+,/.<,+?!B+!

-++! .5/.! .5+! 0)-9<--)1(! )-! (1.! 9/-5+0! 1<.! )(! .+,6-! 1A! )(.+(.)1(/7).;! ><.! ,/.5+,! )(!

.+,6-!1A!6+/()(38!H1B!9/(!/!.5+1,;!/>1<.!6+/()(3!0+.+,6)(+!B5+.5+,!E:!)-!.,<+I!!

@5+,+!/,+!.B1!,+7+*/(.!D1)(.-!.1!>+!6/0+!5+,+8!J),-.?!).!)6D1,./(.!.1!(1.)9+!.5/.!

)(! .5)-!0+>/.+! .1! -/;! .5/.! 7/(3</3+!+=5)>).-! )(.+(.)1(/7).;! /61<(.-! .1! -/;)(3! .5/.!

7/(3</3+!5/-!6+/()(38!:(!.5+!D,+-+(.!0)-9<--)1(!B+!/,+!)(.+,+-.+0!)(!.5+!A/9.!.5/.!

7)(3<)-.)9! +=D,+--)1(-! +--+(.)/77;! ,+A+,! .1! 1.5+,! .5)(3-?! .5+;! /,+!"/.0'% -16+.5)(3!

/(0!.5)-!)-!K<-.!.1!B1(0+,!/>1<.!.5+!A/9.!.5/.!7/(3</3+!5/-!6+/()(38!!

%+91(07;?! ).! 5/-! .,/0).)1(/77;! >++(! 5+70! .5/.!6+/()(3!5/-! .1! /-D+9.-C! -D+/2+,!

/(0!7)(3<)-.)9!6+/()(38!%D+/2+,!6+/()(3!)-!B5/.!-D+/2+,-!)(.+(0!.1!+=D,+--!>;!/!

-)3(?!B5/.!/!-D+/2+,!12",3%>;!).8!#(!.5+!1.5+,!5/(0?!7)(3<)-.)9!6+/()(3!)-!B5/.!.5+!

-)3(! ).-+7A!6+/(-8!L1B?! .5+! 0+>/.+! 1(!E:! )-! 91)(+0! )(! .5+! A1771B)(3! .+,6-C! )A! /!

.5+1,;!)-!/>7+!.1!0+,)*+!7)(3<)-.)9!6+/()(3!A,16!-D+/2+,!6+/()(3?!.5+(!E:!B1<70!

>+! *)(0)9/.+08! @5/.! )-?! )A! .5+! /! .5+1,;! 9/(! ,+0<9+! .5+! A/9.! .5/.! 7/(3</3+! 5/-!

6+/()(3! .1! .5+! A/9.! .5/.!D+1D7+!<-</77;! )(.+(0! .1!+=D,+--!9+,./)(! .5)(3-!>;!<-)(3!

-)3(-?!.5+(!.5+!)(.+(.)1(/7).;!1A!7/(3</3+!B1<70!>+!0+,)*+0!A,16!.5+!)(.+(.)1(/7).;!

1A!6)(08!@5)-!)-!.5+!.5+-)-!B+!/,+!31)(3!.1!/(/7;M+!)(!61,+!0+./)78!!

@5+! 61-.! )(A7<+(.)/7! *)+B! )6D7;)(3! E:! 5/-! >++(! .5+! $,)9+/(! .5+1,;! 1(!

6+/()(38!N991,0)(3!.1!/!*)+B!>/-+0!1(!$,)9+!FOPQR?!OPST?!OPSPGC!

.21(

F$OG!N!342"52#!%!6+/(-!.5/.!U!>;!/!-)3(!V!)A!%!)(.+(0-!.1!D,10<9+!/!>+7)+A!

.5/.!U!)(!/(!/00,+--++!>;!6+/(-!1A!.5+!,+913().)1(!1A!.5+!/3+(.W-!)(.+(.)1(8!

F$XG!N!+(,)0(3'($%3(),!V!6+/(-!.5/.!U!FV!91(*+(.)1(/77;!6+/(-!UG!)A!6/(;!

6+6>+,-!1A!.5+!3,1<D!6+/(!U!>;!<..+,)(3!V!

:A! .5)-! B+,+! .,<+?! .5+! 6+/()(3! 1A! 7)(3<)-.)9! +=D,+--)1(-! B1<70! 0+,)*+! A,16! .5+!

D/,.)9<7/,! )(.+(.)1(-! .5/.! -D+/2+,-!5/*+!>;!<-)(3! .5+6!F/!*+,-)1(!1A!E:G8!#(! .5)-!

*)+B!1(!6+/()(3?!<(0+,-./(0)(3!/!7)(3<)-.)9!+=D,+--)1(!B1<70!>+!K<-.!.1!,+913()M+!
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.5+!-D+/2+,W-!)(.+(.)1(-!B5)7+!<-)(3!.5)-!-)3(8!@5)-!)-!B5/.!:!/6!31)(3!.1!9/77!.5+!

.5+-)-!1A!%+6/(.)9!Y+0<9.)1(!F%YG8!

:! .5)(2! .5/.! (1.! 1(7;! .5)-!$,)9+/(!*)+B! F$G!1(! 7/(3</3+! )6D7)+-!E:?! ><.! /7-1!

.5/.!E:!)6D7)+-?!/.!7+/-.?!%Y8!@5+!/,3<6+(.!)-!.5+!A1771B)(3C!+*+,;1(+!/99+D.-!.5/.!

A1,!9166<()9/.)1(!.1!>+!D1--)>7+?!.5+!/00,+--++!6<-.!<(0+,-./(0!.5+!6+/()(3!1A!

.5+!7)(3<)-.)9!+=D,+--)1(!FZOG8!L1B?!-<DD1-+!.5/.!E:!)-!.,<+!/(0!7)(3<)-.)9!6+/()(3!

9/(! >+! ,+0<9+0! .1! -D+/2+,! 6+/()(3! FZXG8! :.! )-! /7-1! /! -5/,+0! /--<6D.)1(! .5/.!

-D+/2+,!6+/()(3!)-!B5/.!-D+/2+,-!)(.+(0!.1!+=D,+--!>;!/!-)3(!FZ[G8!@5+,+A1,+?!>;!

ZO?!ZX!/(0!Z[!).!A1771B-!.5/.!A1,!9166<()9/.)1(!.1!>+!D1--)>7+?!.5+!/00,+--++!6<-.!

916+! .1! 2(1B! B5)95! /,+! .5+! -D+/2+,W-! )(.+(.)1(-8! \1(-+]<+(.7;?! )A! E:! )-! .,<+!

<(0+,-./(0)(3!7/(3</3+!)-!K<-.!<(0+,-./(0)(3!.5+!-D+/2+,W-!)(.+(.)1(-?!.5/.!)-?!%Y8!

@5)-!)-!)6D1,./(.?!>+9/<-+!)A!B+!/,+!/>7+!.1!-51B!.5/.!$!/(0!%Y!/,+!A/7-+?!.5+(!E:!

9/(!>+!,+/-1(/>7+!,+K+9.+08
O
!!

@5)-! )-! .5+! -./.+! 1A! D7/;8!NA.+,! -./.)(3! .5+! ,+0<9.)*+! /DD,1/95?! :! /6!31)(3! .1!

91(-)0+,!-+*+,/7!0)AA)9<7.)+-!B).5!.5)-!/991<(.!.5/.!0),+9.7;!91(9+,(!1<,!.1D)98!!

J),-.!1A!/77?!.5+,+!)-!%+/,7+W-!FOPSQG!A/61<-!1>K+9.)1(?!B5)95!61-.!D+1D7+!-.)77!

/99+D.!/-!0+A)().)*+?!><.!B5)95!:!.5)(2!).!)-!(1.!/!D,1>7+6!A1,!$8
X
!H+!-<33+-.-!.5+!

9/-+!1A!/(!N6+,)9/(!-170)+,!B51!3+.-!71-.!)(!:./7;!0<,)(3!^1,70!^/,!::8!^5+(!5+!

><6D-! )(.1! .B1! :./7)/(! -170)+,-?! 5+! B/(.-! .5+6! .1! >+7)+*+! .5/.! 5+! )-! /! $+,6/(!

1AA)9+,?!><.!.5+!1(7;!B1,0-!5+!,+6+6>+,-!A,16!$+,6/(!/,+!_`+((-.!0<!0/-!"/(0!

B1! 0)+! a).,1(+(! >7b5+(IW! FE1! ;1<! 2(1B! .5+! 91<(.,;! B5+,+! .5+! 7+61(! .,++-!

>7116IG8!@5+! :./7)/(! -170)+,-! 01!(1.! 2(1B! /(;.5)(3! />1<.!$+,6/(! /(0! 916+! .1!

>+7)+*+!.5/.!5+!)-!/!$+,6/(!1AA)9+,8!N-!%+/,7+!D1)(.-!1<.?!.5)-!)-!/!-+,)1<-!D,1>7+6!

A1,!.5+!$,)9+/(!.5+1,;!/-!).!B/-!+=D1-+0!)(!_U+/()(3W!FOPQRG?!>+9/<-+!.5+!/991<(.!

0+*+71D+0! )(! .5)-! D/D+,! D,+0)9.+0! .5/.! .5+! 7)(3<)-.)9%6+/()(3! 1A! .5+! N6+,)9/(!

-170)+,W-!<..+,/(9+!FB5/.!(3%3"(-G!B1<70!5/*+!>++(!_:!/6!/!$+,6/(!-170)+,W?!B5/.!

-++6-! >7/./(.7;! B,1(38! H1B+*+,?! /991,0)(3! .1! $X?! 7)(3<)-.)9! 6+/()(3! 0+,)*+-!

A,16!B5/.!D+1D7+!030"++6!6+/(!>;!).?!F$,)9+!FOPSTGG!-1!%+/,7+W-!1>K+9.)1(!01+-!(1.!

B1,2! )(! 1<,! A1,6<7/.)1(! 1A! $8! $! 01+-! (1.! D,+0)9.! .5/.! .5+! N6+,)9/(! -170)+,W-!

<..+,/(9+!6+/(-! _:! /6!/!$+,6/(! -170)+,W?!>+9/<-+! .5/.! .5+,+! )-!1(7;!1(+!9/-+! )(!

B5)95!-16+1(+!6+/(-!.5/.!>;!.5)-!<..+,/(9+8!!

H1B+*+,?!:!01!.5)(2!.5/.!.5+,+!/,+!/.!7+/-.!.B1!-1<(0!/,3<6+(.-!/3/)(-.!$!.5/.!

-.,1(37;! -<33+-.! .5/.! ).! 9/((1.! >+! ,)35.8! J),-.! 1A! /77?! .5)-! /991<(.! )-! <(/>7+! .1!

-/.)-A/9.1,)7;! /991<(.! A1,! 7).+,/7!6+/()(38!\1(-)0+,! .5+!97/--)9/7! -+(.+(9+! _\1<70!

;1<!D/--!6+!.5+!-/7.W8!N761-.!+*+,;1(+!<-+-!.5)-!-+(.+(9+!)(.+(0)(3!).!>+!/!,+]<+-.!

F-16+.5)(3!7)2+C!4"33%12%'72%3"+'G!-1?!/991,0)(3!.1!$X?!).-!6+/()(3!)-!4"33%12%'72%

3"+'8!H1B+*+,?!B+!/7-1!B/(.!.1!-/;!.5/.!).!7).+,/77;!6+/(-!-16+.5)(3!7)2+!_N,+!;1<!

/>7+!.1!D/--!6+!.5+!-/7.W8!H1B!9/(!.5+!$!/991<(.!A1,!7).+,/7!6+/()(3I!L1.)9+!.5/.!

.5)-! )-! /! 916D+77)(3! 1>K+9.)1(?! A1,! )A! 7)(3<)-.)9! 6+/()(3! 0+,)*+-! A,16! -D+/2+,!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
O!J,16!.5+!A/9.!.5/.!$!)6D7)+-!E:!/(0!$!)-!A/7-+!B+!9/(!(1.!0),+9.7;!91(97<0+!.5/.!E:!)-!A/7-+?!><.!

)A!B+!/00!.5+!D,+6)-+!.5/.!$!/-!>++(!.5+!.,/0).)1(/7!*)+B!<(0+,D)(()(3!E:?!.5+!/,3<6+(.!7+(0-!

-<DD1,.!.1!.5+!,+K+9.)1(!1A!E:8!!
X!:.!6<-.!>+!-/)0!.5/.!$!(++0!(1.!91,,+-D1(0!+=/9.7;!B).5!.5+!*)+B!1A!$,)9+!FOPQRG!F.51<35!:!01!

.5)(2!.5)-!)-!.5+!.5+1,;!,+-<7.)(3!A,16!$,)9+!FOPQR?!OPST?!OPSPGG8!!!
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6+/()(3?! .5+(! .5+! 6+/()(3! 1A! +*+,;! -+(.+(9+! 6<-.! >+! >/-+0! 1(! -16+1(+W-!

)(.+(.)1(-8!:A?!)(!-16+!9/-+-?!7).+,/7!6+/()(3!)-!/!2)(0!1A!6+/()(3!.5/.!(1>10;!+*+,!

)(.+(0-!.1!+=D,+--?!B5+,+!01+-!7).+,/7!6+/()(3!916+!A,16I!!

:.!6<-.!>+!-/)0!.5/.!$,)9+!A1,+-/B!.5)-!1>K+9.)1(!/(0!,+D7)+0!.5/.!)(!-16+!9/-+-!

B+!2(1B!.5+!6+/()(3!1A!/!-+(.+(9+!)A!B+!2(1B!.5+!D,19+0<,+!.5/.!8.0+-!;)+70!/!

6+/()(3!)A!-16+1(+!)(.+(0+0!.1!<-+!).8!H1B+*+,?!.5)-!)-!K<-.!.1!3)*+!<D!E:?!>+9/<-+!

/.! 7+/-.! )(! 9+,./)(! 9),9<6-./(9+-! .5+,+! )-! 7)(3<)-.)9! 6+/()(3! B).51<.! -D+/2+,!

6+/()(3?!/(0!B+!-.)77!7/92!/!3110!+=D7/(/.)1(!A1,!.5+-+!9/-+-8!J<,.5+,61,+?!B5/.!

D,+*+(.-!<-! A,16!3+(+,/7)M)(3! .5)-!/991<(.!/(0!+=D7/)()(3!"++% 7)(3<)-.)9!6+/()(3!

B).51<.!,+7;)(3!1(!/9.</7!-D+/2+,W-!)(.+(.)1(-I!!

%+91(07;?!.5+,+!)-!-16+!+6D),)9/7!+*)0+(9+!.5/.!,<(-!/3/)(-.!%Y!F.5+!.5+-)-!.5/.!

<(0+,-./(0)(3!/!7)(3<)-.)9!+=D,+--)1(!)-!K<-.!,+913()M)(3!.5+!-D+/2+,W-!)(.+(.)1(-G?!

B5)95!)-!/!.5+-)-!0),+9.7;!)6D7)+0!>;!$!/(0!E:8!\1(-)0+,!B5/.!D-;951713)-.-!9/77!/!

_.5+1,;!1A!6)(0W?! .5/.! )-?! .5+!9/D/9).;! .1!/..,)><.+!6+(./7! -./.+-! .1!1(+-+7A!/(0! .1!

1.5+,-!/(0!.1!)(.+,D,+.!1.5+,-!>+5/*)1,W-! )(! .+,6-!1A!6+(./7!-./.+-!Fc/,1(d\15+(?!

FOPPQGG8!%16+!+=D+,)6+(.-!-.,1(37;!-<33+-.!.5/.!/<.)-.)9!95)70,+(!F/(0!-16+!0+/A!

95)70,+(!/-!B+77G!7/92!/!.5+1,;!1A!6)(08!@5+;!(+*+,!<(0+,-./(0!B5/.!).!)-!A1,!1.5+,!

D+1D7+! .1! 5/*+! 9+,./)(! >+7)+A-?! )(.+(.)1(-! /(0! 0+-),+-! /(0! 9/((1.! +=D7/)(! 1.5+,W-!

>+5/*)1,-! )(! .5+-+! .+,6-8! Fc/,1(d\15+(! FOPPQG?! $/,A)+70! 2'% "+9! FXeeOGG! L1B?!

91(-)0+,! %Y8! :A! <(0+,-./(0)(3! 7/(3</3+! )-! K<-.! ,+913()M)(3! .5+! -D+/2+,W-!

)(.+(.)1(-?! D+1D7+! 7/92)(3! /! .5+1,;! 1A! 6)(0! B1<70! (+*+,! 6/-.+,! /! 7/(3</3+8!

H1B+*+,?!.5+!A/9.!)-!.5/.!/<.)-.)9!95)70,+(!9/(!<..+,!/(0!<(0+,-./(0!-+(.+(9+-!/(0!

+(3/3+!)(!/!(1,6/7!91(*+,-/.)1(8!N,3</>7;?! .5+;!5/*+!D,1>7+6-!B).5!D,/36/.)9-!

F6+./D51,-?! ),1(;?f! G?! ><.! -.)77! .5+;! 5/*+! >/-)9! 7)(3<)-.)9! 916D+.+(9+8! :(0++0?!

+*+(! (1(d/<.)-.)9! 95)70,+(! 6/-.+,! /! 7/(3</3+! 71(3! >+A1,+! .5+;! /..,)><.+!

D,1D1-).)1(/7!/..).<0+-!.1!1.5+,-?!-1!.5/.!,+913()M)(3!1.5+,-W!)(.+(.)1(-!9/((1.!>+!/!

,+]<),+6+(.!A1,!7+/,()(3!/!7/(3</3+!F$/,A)+70!2'%"+9!XeeOG8!\1(-+]<+(.7;?!$!6/2+-!

.5+!B,1(3!D,+0)9.)1(8!

J1,6!.5+-+!/,3<6+(.-!:!91(97<0+!.5/.!$!9/((1.!>+!.5+!,)35.!/991<(.!/>1<.!.5+!

1,)3)(!1A! 7)(3<)-.)9!6+/()(38!@5+! ,+6/)(0+,!1A! .5)-!D/D+,! )-!0+*1.+0! .1!1<.7)(+!/!

A,/6+B1,2!B5)95!9/(!+=D7/)(!.5+!A/9.!.5/.!7/(3</3+!5/-!6+/()(3!B).51<.!,+7;)(3!

1(!-D+/2+,!6+/()(38!!

L1.)9+! .5/.! .5+! D,1K+9.! 1A! +=D7/)()(3!51B!6+/()(3! /,)-+-! )(! 7/(3</3+! )(! .5)-!

B/;!0+D+(0-!1(!/!61,+!3+(+,/7!D,1K+9.!1A!(/.<,/7)M)(3!)(.+(.)1(/7).;8!@5+!)0+/!)-!

.5/.! 7/(3</3+! 9/(! /9]<),+! ).-! 95/,/9.+,)-.)9!"/.0',233!B).51<.!0+,)*)(3! ).! A,16! /!

61,+!>/-)9!)(.+(.)1(/7).;8!!

@1!-++!B5+,+!.5+!D,1>7+6!7)+-?!B+!(++0!.1!7112!>/92!/.!$8!$O!01+-!(1.!91(9+,(!

<-g! B+! 9/(! /99+D.! .5/.! ).! 91,,+9.7;! 0+A)(+-! B5/.! ).! )-! A1,! -16+1(+! .1! 6+/(!

-16+.5)(3!>;!/!-)3(8!^+!/,+!)(.+,+-.+0!)(!$X?!.5+!97/)6!.5/.!7)(3<)-.)9!6+/()(3!)-!

0+.+,6)(+0!>;!-D+/2+,!6+/()(38!:(!1.5+,!B1,0-?!B+!B/(.!.1!<(0+,-./(0!B5/.!).!)-!

A1,! 7/(3</3+! .1! $.,:2,'(.,"++6! 6+/(! -16+.5)(38! ^+! /77! /3,++! .5/.! 7/(3</3+! )-!

91(*+(.)1(/78!@5+!D,1>7+6!B).5!$!6/;!.5+(!7)+!)(!/!B,1(3!<(0+,-./(0)(3!1A!B5;!

91(*+(.)1(-! /,+! /(0! B5/.! ).! 6+/(-! A1,! 7/(3</3+! .1! >+! 91(*+(.)1(/78! %1?! .1!
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<(0+,-./(0!51B!6+/()(3!9/(!/,)-+?!B+!(++0!A),-.!.1!<(0+,-./(0!B5/.!/,+!B+!-/;)(3!

B5+(!B+!97/)6!.5/.!7/(3</3+!)-!91(*+(.)1(/78!

U)77)2/(!FOPTh?!XeeQG!D<.-!A1,B/,0!/(!/991<(.!1(!91(*+(.)1(-!>/-+0!1(!"+B)-!

FOPSPG! .5/.! .,)+-! .1!0+*+71D!.5)-! )0+/8!N991,0)(3! .1!U)77)2/(?! A1,!/!91(*+(.)1(!.1!

/,)-+!1(7;!.B1!91(0).)1(-!(++0!.1!>+!A<7A)77+0C!A),-.?!).!5/-!.1!>+!/!#24#.-0$'(.,!1A!

-16+! D/-.! D/..+,(8! N! ,+D,10<9.)1(! )-! ,1<357;! 0+A)(+0! /-! A1771B-C! =! )-! /!

,+D,10<9.)1(!1A!;!)A!/(0!1(7;!)A!=!)-!/!91D;!1!-16+!/-D+9.-!1A!;!-<95!.5/.?!5/0!;!

>++(!0)AA+,+(.?!=!B1<70!5/*+!>++(!0)AA+,+(.!/991,0)(37;8!%+91(07;?!.5+!D/..+,(!1A!

/9.)1(!.5/.!91(-.).<.+-!/!91(*+(.)1(!6<-.!>+!"#/('#"#6?!.5/.!)-?!).!01+-!(1.!5/*+!.1!

>+! 91D)+0! >+9/<-+! ).! )-! .5+! >+-.! -17<.)1(! .1! /! D,1>7+6?! ><.! K<-.! >+9/<-+! 1A! .5+!

B+)35.! 1A! .5+! D,+9+0+(.-8! @1! )77<-.,/.+! .5)-! )0+/?! 91(-)0+,! .5+! 91(*+(.)1(! 1A!

0,)(2)(3!3,++(!>++,!1(!%.8!Z/.,)92W-!0/;8!E,)(2)(3!3,++(!>++,!)-!/!D/..+,(!1A!/9.)1(!

.5/.!3+.-!,+D,10<9+0!K<-.!>+9/<-+!1.5+,!D+1D7+!<-+!.1!0,)(2!3,++(!>++,g!)A!.5+;!5/0!

0,<(2!,+0!B)(+?!D+1D7+!B1<70!/9.!/991,0)(37;8!!

@5)-! >/-)9! /991<(.! -.)77! (++0-! .1! >+! 916D7+6+(.+0! .1! +=D7/)(! .5+!

91(*+(.)1(/7).;! 1A! 7/(3</3+8! N991,0)(3! .1! U)77)2/(?
[
! -16+! 91(*+(.)1(-! 5/*+! /!

A<,.5+,! )6D1,./(.! A+/.<,+C! .5+;! 5+7D! .1! /95)+*+! /! 91661(! 31/7! .5/.! >1.5!

D/,.)9)D/(.-! 5/*+8! \1(-)0+,! -5/2)(3! 5/(0-g! B5+(! .B1! D+,-1(-! 6++.?! >1.5! /,+!

)(.+,+-.+0!)(!)(.,10<9)(3!.5+6-+7*+-g!.5+,+!/,+!6/(;!B/;-!.1!01!).?!F3)*)(3!/!5<3?!

,<>>)(3!(1-+-?fGg!B5/.!)-!)6D1,./(.!)-!(1.!B5)95!/9.)1(!.5+;!9511-+?!><.!.5/.!>1.5!

D/,.)9)D/(.-! 9511-+! .5+! -/6+! 1(+8! %5/2)(3! 5/(0-! )-! /! ,+D,10<9+0! /(0! /,>).,/,;!

D/..+,(!1A!/9.)1(!.5/.!2++D-!>+)(3!91D)+0!>+9/<-+!).!/95)+*+-!/!91661(!31/78!!

"/(3</3+!5/-! /77! .5+-+! A+/.<,+-8!")(3<)-.)9! +=D,+--)1(-! /,+!D/..+,(-!1A! /9.)1(!

.5/.!3+.!,+D,10<9+0!FB+!91D;!.5+!B1,0-!/(0!-16+!-.,<9.<,+-G?!/,+!/,>).,/,;!F.5+,+!

/,+! .51<-/(0-!1A! 7/(3</3+-G!/(0!/,+! .5+,+!>+9/<-+! .5+;!9/,,;!1<.! .5+!A<(9.)1(!1A!

9166<()9/.)1(8! :(! D/,.)9<7/,?! .5+! 91661(! 31/7! .5/.! 7/(3</3+! /95)+*+-! )-! .5+!

D,10<9.)1(!1A!.,<+!-+(.+(9+-!/(0!.,<+!>+7)+A-8!@5+!5;D1.5+-)-!5+,+!)-!.5+!A1771B)(3C!

)A! -D+/2+,-!-.1DD+0!<..+,)(3! .,<+!-+(.+(9+-!/(0!D,10<9)(3! .,<+!>+7)+A-!/00,+--++-!

B1<70! -.1D! 7)-.+()(3g! )A?! 1(! .5+! 1.5+,! 5/(0?! D+1D7+! -.1DD+0!>+7)+*)(3! <..+,/(9+-?!

-D+/2+,-! B1<70! -.1D! ./72)(38! :(! >1.5! 9/-+-! 7/(3</3+! B1<70! 0)+! 1<.! FU)77)2/(?!

XeeQG8!!

L1B?!51B!9/(!.5)-!/991<(.!5+7D!.1!+=D7/)(!7)(3<)-.)9!6+/()(3I!@5+!)0+/!)-!.5/.!

7/(3</3+!)-!/!91(*+(.)1(?! )8!+8!/(!/,>).,/,;!D/..+,(!1A!/9.)1(!.5/.!3+.-! ,+D,10<9+0!

>+9/<-+!).!/95)+*+-!9166<()9/.)1(8!L1B?!.5+!6+/()(3!1A!/!7)(3<)-.)9!+=D,+--)1(!)-!

B5/.+*+,! .5+,+! )-! )(! .5+!B1,70! .5/.! +=D7/)(-!B5;! .5)-! D/,.)9<7/,! +=D,+--)1(! 3+.-!

,+D,10<9+08! @/2+! .5+! 9/-+! 1A! _B/.+,Wg! _B/.+,W!6+/(-!B/.+,! >+9/<-+! .5)-! )-!B5/.!

+=D7/)(-! B5;! .5+! B1,0! _B/.+,W! 2++D-! >+)(3! ,+D,10<9+0! )(! 1<,! 7/(3</3+-8! #A!

91<,-+?!0+*+71D)(3!.5)-!)0+/!7)+-!A/,!>+;1(0!.5+!-91D+!1A!.5)-!+--/;?!><.!:!51D+!.5+!

>/-)9! )0+/! )-! 97+/,C! B+! (++0! /(! +=.+,(/7)-.! /991<(.! 1A! 51B! 7/(3</3+! /9]<),+-!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
[!@5)-!)0+/!)-!/7-1!>/-+0!1(!"+B)W-!/991<(.?!><.!B).5!/(!)6D1,./(.!0)AA+,+(9+8!"+B)-!.51<35.!.5/.!

/77!91(*+(.)1(-!6<-.!A<7A)77!.5)-!91(0).)1(?!><.!U)77)2/(!9,).)9)M+-!F91,,+9.7;?!)(!6;!1D)()1(G!.5/.!

-16+! 91(*+(.)1(-! 01! (1.! /95)+*+! /(;! 31/78! \1(-)0+,! B5+.5+,! .5+,+! )-! /! 91661(! 31/7! )(!

0+91,/.)(3!.5+!51<-+!/.!\5,)-.6/-?!1,!-612)(3!/!9)3/,!B5+(!/!(+B!95)70!)-!>1,(8!!
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&)"(,3'%.#()(,"+%(,'2,'(.,"+('6%

6+/()(3! /(0?! )(! 6;! 1D)()1(?! .5+! U)77)2/()/(! /991<(.! 1(! 91(*+(.)1(-! )-! /!

D,16)-)(3!B/;!.1!01!).8!!

#*+,/77?!6;!D/D+,! 7+(0-! -<DD1,.! .1! .5+! ,+K+9.)1(!1A!E:?! A),-.7;! >;!D1)(.)(3! /.!

.5+),!D,1>7+6-!/(0!-+91(07;!>;!/01D.)(3!/!.5+1,;!1A!91(*+(.)1(-!/71(3!.5+!7)(+-!1A!

U)77)2/(?!B5)95! 91(-.).<.+-! /(! /7.+,(/.)*+! /991<(.! 1A! .5+! 1,)3)(! 1A!6+/()(3! .5/.!

)6D7)+-!.5+!A/7-).;!1A!E:8!!

3,4,*,%5,&(

c/,1(d\15+(?!%8!FOPPQG?!!(,-/+(,-,233?!\/6>,)03+?!UN?!U:@!Z,+--8!

$/,A)+70?! i8?! \8! Z+.+,-1(! /(0! @8! Z+,,;?! FXeeOG?! _%19)/7! 913().)1(?! 7/(3</3+!

/9]<)-).)1(!/(0! .5+!0+*+71D6+(.!1A! .5+! .5+1,;!1A!6)(0W?!!(,-%",-%;",)0")2!

OS8Q?!DD8!hPhdQhO8!

$,)9+?!Z8!FOPQRG?!_U+/()(3W?!<72%=7(+.3.47($"+%>2:(28?!SS?!DD8![RRdTT8!

j!FOPSTG?!_'..+,+,W-!U+/()(3?!%+(.+(9+!U+/()(3?!/(0!^1,0dU+/()(3?W!?.0,-"'(.,3%

.@%;",)0")2?!h?!DD8!XXQdhX8!

j!FOPSPG?!_'..+,+,W-!U+/()(3!/(0!:(.+(.)1(-?W!<72%=7(+.3.47($"+%>2:(28!ST?!DD8!

OhRdRR8!

"+B)-?!E8!FOPSPG?!A.,:2,'(.,8!\/6>,)03+?!UNC!H/,*/,0!'()*+,-).;!Z,+--8!

U)77)2/(?! Y8! FOPThG?! ;",)0")2B% <7.0)7'% ",-% C'72#% D(.+.)($"+% A"'2).#(23B!

\/6>,)03+?!UN?!U:@!Z,+--8!

U)77)2/(?!Y8!FXeeQG?!;",)0")2E%&%D(.+.)($"+%!.-2+8!#=A1,0?!\7/,+(01(!Z,+--8!

%+/,7+?!i8!FOPSQG8!_^5/.!)-!/(!%D++95!N9.IW!=7(+.3.476%(,%&12#($"?!DD8!XXOdX[P8!

j!FOPT[G?!F,'2,'(.,"+('6?!\/6>,)03+?!\/6>,)03+!'()*+,-).;!Z,+--8!
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!"#$%&'()%(*+'&,*(-$%*(#-.%/0()$,'-,-1%$"(%

#0$'-'*2%'3%4)25"'6'12
∗

%
!

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

(*'*4*4*3*56/*$372./!

!

7-$8'&05$,'-%

89&!:,3)$;3&!<&*3$=*>$3$)4!)9&($(!?:<8@!?A,)#*/B!CDEF@!9*(!>&&#!)*G&#!).!H*''*#)!

)9&!*,).#./4!.I!9$69J3&%&3!(2$&#2&(!(,29!*(!;(429.3.647!K.0.'!?CDFL@!*'6,&0!)9*)!

($#2&! ;'.;&')$&(! $#! 9$69&'J3&%&3! (2$&#2&(! *'&! /,3)$;34! '&*3$=*>3&! $#! ;'.;&')$&(! $#!

3.H&'J3&%&3! (2$&#2&(B! 6&#&'*3$=*)$.#(! $#! 9$69&'J3&%&3! (2$&#2&(! 9*%&! #.! ;94($2*3!

2.,#)&';*')(B!*#0!)9&'&I.'&!9$69&'J3&%&3!(2$&#2&(!*'&!*,).#./.,(7!

M&'&! N!H$33! 0&I&#0! *#! *'6,/&#)! *6*$#()! )9&! *,).#./4! 2.#23,($.#! )9*)! 0'*H(!

$#).! O,&()$.#! )9&! $0&*! )9*)! ;(429.3.6$2*3! 6&#&'*3$=*)$.#(! *'&! *3$&#! ).! 0&)*$3(! .I!

&/>.0$/&#)7! "#0&'! )9&! &/>.0$&0! 2.6#$)$.#! I'*/&H.'GB! 2.6#$)$.#! 0&;&#0(! .#!

>.04! *#0! &#%$'.#/&#)7! N! H$33! *'6,&! I.'! .#&! $#)&';'&)*)$.#! .I! )9$(! 0&;&#0&#24!

*22.'0$#6!).!H9$29!*!;(429.3.6$2*3!0&(2'$;)$.#!.I!*#!.'6*#$(/P(!/$#0!2*##.)!>&!

/*0&!$#!)9&!*33&6&034!*,).#./.,(!H*4!)9*)!;(429.3.64!$(!(,;;.(&0!).!;'.%$0&7!!

9*+'&,(&%5'1-,$,'-%

!+-.+.%/0%+12/341+-5%

Q/>.0$&0!2.6#$)$.#!$(!*!>'.*0!'&(&*'29!;'.6'*/!0&%&3.;&0!$#!0$II&'&#)!I$&30(!H$)9!

*!2.//.#!&/;9*($(!*6*$#()!)'*0$)$.#*3!2.6#$)$%&!(2$&#2&!?+#0&'(.#B!RSSTU!V*3%.!

*#0!W./$3*B!RSSX@7!89$(!)'&#0!;3*2&(!*!#&H!&/;9*($(!.#!)9&!*2)$%&!'.3&!>.04!*#0!

&#%$'.#/&#)!;3*47!K.'!.,'!;,';.(&(B!H&!H$33!'&I&'!).!&/>.0$&0!2.6#$)$.#!?QV@!*(!

23*$/$#6!)9*)!?$@!2.6#$)$.#!0&;&#0(!.#!)9&!>.04B!*#0!)9*)!?$$@!2.6#$)$.#!0&;&#0(!.#!

)9&!&#%$'.#/&#)7!K.'!)9&!(*G&!.I!($/;3$2$)4B!N!H$33!I.2,(!.#!?$@7!!

Y&!2*#!$0&#)$I4!)H.!/*$#!;.(($>3&!2.#)'$>,)$.#(!I'./!>.04!).!2.6#$)$.#7!K$'()B!

*! 6"7."'% .5/#$! 23*$/(! )9*)! ?(./&@! >.0$34! ;'.2&((&(! 2*#! 2*,(&! ?(./&@! 2.6#$)$%&!

;'.2&((&(! ?Z&&!+$=*H*B! RSSF@7! Z&2.#0B! *! 3+*+-3+-6$% .5/#$! ;'.;.(&(! *! ()'.#6&'!

2.#)'$>,)$.#!.I!>.0$34!&%&#)(! $#!2.6#$)$%&!;'.2&((&(! ).!>&!2*(9&0!.,)! $#! )&'/(!.I!

0&;&#0&#24! '&3*)$.#(! ?Z&&! [.\B! RSSL@7! 89$(! 0&;&#0&#24! 2.#)'$>,)$.#! 2*#! >&!

,#0&'()..0! $#! )H.! 0$II&'&#)! H*4(B! 0&;&#0$#6! .#! H9&)9&'! H&! I.2,(! ,;.#!

41*'+1+-5"54/-! .'! 6/1*75"54/-7!Y9*)! N! 3*>&3! )9&! 41*'+1+-5"54/-"'% .5/#$! 23*$/(!

)9*)!.'6*#$(/!/&&)!)9&!*#4-64*'+%/0%5/5"'%+12/341+-5%?A8Q@7!+!(4()&/!/&&)(!A8Q!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
∗

!A'&;*'*)$.#!.I! )9$(!H.'G!H*(!/*0&!0,'$#6!/4!?0&3$69)I,3@! '&(&*'29!()*4!*)! )9&!"#$%&'($)4!.I!

1'$)$(9!V.3,/>$*B!(,;;.')&0!>4!*!]*!V*$^*!Z29.3*'(9$;7!N!H.,30!3$G&!).!)9*#G!A*2.!V*3%.!I.'!9$(!

%*3,*>3&B!&#2.,'*6$#6!*#0!I,#!2.//&#)(7!
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!"#"$%&$"'"%()*+,%

.#34! $I! (./&! 2.6#$)$%&! ;'.2&((&(! 0&;&#0! ;*')34! .#! (;&2$I$2! >.0$34! 0&)*$3(! .I!

$/;3&/&#)*)$.#! .I! )9&! (4()&/7!Y9*)! 2*#! >&! 2*33&0! )9&! 6/1*75"54/-"'% #/'+% .5/#$!

;'.;.(&(! )9*)! )9&! >.04! ;3*4(! *! 2./;,)*)$.#*3! '.3&! $#! 2.6#$)$.#B! *3)9.,69! $)(!

?;94($2*3@!0&)*$3(! *'&!#.)! $/;.')*#)7!14!6/1*75"54/-"'% #/'+!H&! '&I&'! ).! *! '.3&! *(!

0&(2'$>&0!*)!_*%$0!:*''P(!#+*#+.+-5"54/-"'%"-3%"'8/#4591%'+:+'!?:*''B!CDXR@7!

<&(&*'29!.#!QV!/*4!)&33!*6*$#()!)9&!*,).#./4!.I!;(429.3.64!$#!)9&!I.33.H$#6!

H*4`!

?C@!NI!QV!$(!2.''&2)B!2.6#$)$.#!0&;&#0(!,;.#!>.04!*#0!&#%$'.#/&#)!!

?R@!NI!2.6#$)$.#!0&;&#0(!,;.#!>.04!*#0!&#%$'.#/&#)B!;(429.3.64!$(!#.)!

*,).#./.,(!

?T@!QV!$(!2.''&2)!

?L@!V.6#$)$.#!0&;&#0(!,;.#!>.04!*#0!&#%$'.#/&#)!

89&'&I.'&B!

?a@!A(429.3.64!$(!#.)!*,).#./.,(!!

;/#*9/'/846"'%6/1*75"54/-%

<&(&*'29! $#!QV! $33,()'*)&(! 9.H! )9&!>.04! 2*#! (9*;&! )9&!/$#0!.I! *! (4()&/! $#! )9&!

()'.#6! (&#(&! )9*)! $(! .,'! 2.#2&'#! 9&'&
C
7! 8.! &^&/;3$I4! )9&! $0&*! .I! &/>.0$/&#)! N!

;'&(&#)!*!'.>.)!?A*,3B!RSSL@B!)9*)!$#!(;$)&!.I!>&$#6!2.#)'.33&0!>4!)H.!;&'2&;)'.#(B!

,#*>3&!).!2./;,)&!3$#&*'34!$#(&;*'*>3&!I,#2)$.#(!*(!&^23,($%&Jb<!?cb<@B!6&)(!).!

&^9$>$)! (./&! I.'/! .I! cb<J2.#()'*$#&0! >&9*%$.'7! +#0! )9$(! $(! 2.,')&(4! .I! $)(!

/.';9.3.64
R
7!!

89&! $#;,)(! 2./$#6! $#).! )9&! )H.! ;&'2&;)'.#(! *'&! +! *#0! 17! b#&! #&)H.'G!

2./;,)&(!b<!*#0! $(! 2.##&2)&0! ).! *!/.).'!:CB! )9&!.)9&'! 2./;,)&(!+[_!*#0! $(!

2.##&2)&0! ).! *! /.).'! :R7! :C! ),'#(! *! ($#63&! H9&&3! 2*,($#6! I.'H*'0! /.)$.#B!

H9&'&*(!:R!(&'%&(!).!3$I)!)9&!H9&&3!.II!)9&!6'.,#07!89&!$#)&'&()$#6!2*(&!$(!H9&#!+!

*#0!1!*'&!>.)9!*2)$%&7!89&!b<!#&)H.'G!/*G&(!:C!).!/.%&!>,)!)9&!+[_!#&)H.'G!

3$I)(! )9&! H9&&3! I'./! )9&! 6'.,#0B! (.! )9&! '.>.)! '&/*$#(! ()*)$.#*'4! ?K$67! C@7!

Z,//*'$=$#6!)9&!>&9*%$.'!.I!)9&!'.>.)!$#!*!)*>3&B!H&!0$(2.%&'!)9*)!$)!3..G(!3$G&!)9&!

)',)9!)*>3&!.I!)9&!cb<!I,#2)$.#!?K$67!R@7!!

Y&!2*#! (*4! )9*)!A*,3P(! '.>.)! $(!*! 2*(&!.I! )9&!3+*+-3+-6$% .5/#$7!89&! (;&2$I$2!

(&#(&!.I!)9$(!0&;&#0&#24!H$33!>&!2.#($0&'&0!$#!)9&!I.33.H$#6!(&2)$.#(
T
7!

:;'%)$'8,()%

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
C! Z&&! Z;$%&4! +5% "'7! RSSLU! 1*33*'0! +5% "'<! CDDFU![.\B! RSSLU! bP<&6*#!d![.\B! RSSCU! ]*G.II!d!

e.9#(.#B!CDDDU!M,'3&4B!CDDX!
R!8.!>&!*!3$#&*'34!(&;*'*>3&!.'!$#(&;*'*>3&!I,#2)$.#!'&I&'(!).!)9&!;.(($>$3$)4!.I!0'*H$#6!*!3$#&B!$#!

*!(;*)$*3! '&;'&(&#)*)$.#!.I! )9*)! I,#2)$.#B!H9$29!0$%$0&(! )9&! '&;'&(&#)*)$.#*3!(;*2&!*22.'0$#6! ).!

)9&!;94($2*3!($/$3*'$)4!.I!)9&!$#;,)!;*))&'#(7!!!
T!Z./&.#&!/$69)!2./;3*$#)!*>.,)! )9&!($/;3$2$)4!.I!.,'!&^*/;3&7!A*,3P(! '.>.)! $(! '&3&%*#)!9&'&!

>&2*,(&!$)!(.3%&(!*!I,#2)$.#!)9*)!'&O,$'&(!*!3&%&3!.I!;'.2&(($#6!)9*)!*>()'*2)!*H*4!I'./!;94($2*3!

($/$3*'$)$&(! */.#6! $#;,)(7!+#0! )9$(! 3&%&3!.I!*>()'*2)$.#! $(!H9*)!*33.H(!,(! ).! )*3G!.I! (&/*#)$2(!

*#0!2.6#$)$.#!H9&#!9,/*#!;&'I.'/!)9&(&!G$#0(!.I!*>$3$)$&(7!
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=9"5%3/+.%+12/341+-5%1+"->%

?@5+-3+3%A7-654/-"'4.1%:.<%B/3$C3+5+#14-4.1%

Q^)&#0&0! I,#2)$.#*3$(/! ?V3*'GB! RSSEB! RSSF@! $(! *#! &^)&#($.#! .I! ?23*(($2*3@!

I,#2)$.#*3$(/! H9&'&! /&#)*3! ()*)&(! *'&! I,#2)$.#*3! ()*)&(! ?K.0.'B! CDFaU! A,)#*/!

CDFa@7!89&!$/;.')*#)!2'$)&'$.#!I.'!/&#)*3!(*/&#&((!$(!#.)!;94($2*3J(*/&#&((B!>,)!

I,#2)$.#*3J(*/&#&((7!1.04J0&)&'/$#$(/B!9.H&%&'B!23*$/(!)9*)!0&)*$3(!.I!)9&!>.04!

0.!/*))&'!?Z9*;$'.!RSSLB!RSSE@7!

89&! >.04J0&)&'/$#$()!H.,30! (*4! )9*)! )9&! '.>.)!/&&)(! A8Q7!+22.'0$#6! ).! )9&!

I,#2)$.#*3$()B! 9.H&%&'B! )9&! /.';9.3.64! .I! A*,3P(! '.>.)! ;3*4(! *! ;*')$2,3*'!

2./;,)*)$.#*3! '.3&B! $)(! (;&2$I$2! ;94($2*3! 0&)*$3(! >&$#6! ,#$/;.')*#)7! 89&! (*/&!

2./;,)*)$.#*3!'.3&!2*#!>&!;3*4&0!>4!(&%&'*3!0$II&'&#)!&3&/&#)(7!]&)P(!2.#($0&'!)9&!

()*#0*'0! ?0$(&/>.0$&0@! 2./;,)*)$.#! .I! cb<7! K,#2)$.#(! b<! *#0! +[_! 2*#! >&!

2./;,)&0! H$)9! )H.! $#;,)! ,#$)(! *#0! .#&! .,);,)! ,#$)! ?K$67! T! *#0! L@7! V./;,)$#6!

cb<! '&O,$'&(! *#.)9&'! ?9$00&#@! ,#$)! ?K$67! a@7! 89$(! 9$00&#! ,#$)! >&2./&(! *2)$%&!
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/,(! *(.&41,(! /,404$,#*'$,(>! ($#! -&)$*4$;#! )&! /,(! *(.&41,(! $/,404$,#*'$,(>!

4,-,!40*#),!)$Q,! Lkg,! 1&!)&(.$&'1&(lR!4*0(*#),!:0&!*/Q0$&#! (&!)&(.$&'1&!

C4*0(*! 6,#91$4*D>! ,! //*-,! /*! *1&#4$;#! )&! */Q0$&#! .,':0&! .',#0#4$,! (0!

#,-3'&!C4*0(*!'91$4*D7!JD!X6&41,(!.',)04$),(!.,'!-&)$*4$;#!)&!/*!$/,404$;#!
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*!*)%&'1$'>!.&'(0*)$'!,!)$(0*)$'!4,#!'&(.&41,!*!*'Qm$'>!,3&)&4&'!4,#!'&(.&41,!

*!,')&#*'>!,! '&(.,#)&'!4,#!'&(.&41,!*!.'&Q0#1*'7!X(1,(!&6&41,(!(,#!/,(!:0&!

A0(1$#!1&#@*!&#!40&#1*!*/!(&^*/*'!&/!1&'4&'!(&#1$),!&#!&/!:0&!/*(!$/,404$,#&(!
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M*3/*'!5%.30/.!&(!*410*'>!<!:0&!/*!*44$;#!:0&!1@.$4*-&#1&!'&*/$G*-,(!*/!M*3/*'!&(!

4,-./&E*>!&(1*#),!&(1'0410'*)*!&#!%*'$,(!*41,(!<!(03_*41,(!&#1'&/*G*),(7!
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!
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(.D4"F.'0A(!&(>L!<5#(>$>8$)5!45'!)$&X!4*'&(!)&!&6&;&#>5(!G5;C'&WC8''5!&#!65(!U8&,!
&#!(8!;*I5'M*!F#8&%&H,!&6!G5;C'&!#5!4&9*!*6!C8''5:!J&!*<8&')5!48&(!<5#!#8&(>'*!
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1%<719 "99R%%

"#$%!#&!'%7LK;<7K9M %N>0A?% %LK;<7K9M %SA"DA09!

)5#)&,! &(>*! %&X,!60JK! ($;C56$X*! &6! <5#@8#>5! )&! C8''5(! U8&! 4&'>&#&<&#! *! *69?#!
G5;C'&!I!60J2%&(!&6!<5#@8#>5!)&!G5;C'&(!)&6!;5)&65!U8&!>$&#&#!C8''5:%%

V6!&#8#<$*)5!78W9%'&(86>*!(&'!$#>8$>$%*;&#>&!%&')*)&'5!&#!&6!;$(;5!;5)&65!&#!
&6!U8&!789%&'*!$#>8$>$%*;&#>&!3*6(5:!J&!#8&%5,!#8&(>'*!$#>&'4'&>*<$D#!)*!<8&#>*!)&!
&(>*!)$3&'&#<$*!I!<5#($98&!)*'!&6!%*65'!)&!%&')*)!*)&<8*)5!*!78W9A!G*I!8#*!?#$<*!
(.D4"F.U0%5)*(5<$*)*!*6!*#>&<&)&#>&!)&6!<5#)$<$5#*6!78W9:!V6!9'*35!)&!&(>*!(.D4"F.U0%
<5#(>*!)&!)$&<$#8&%&!4*'&(!)&!&6&;&#>5(!C8''5WG5;C'&!&#!65(!U8&,!&#!(8!;*I5'M*!
F)$&XH,!&6!C8''5!&(!4&9*)5!45'!&6!G5;C'&:!V6!&#8#<$*)5!G*C'L!)&!(&'!48&(!%&')*)&'5!
)&!*<8&')5!<5#!#8&(>'*!$#>&'4'&>*<$D#:!

!
V(>5(!(5#,!48&(,!)5(!)&!65(!*(4&<>5(!45($>$%5(!U8&!4'&(&#>*!#8&(>'*!4'548&(>*:!=*!
<8&(>$D#! U8&! (&! 46*#>&*! *! <5#>$#8*<$D#! &(! 6*! ($98$&#>&A! _N<*(5! #5! (&'M*! 45($C6&!
'&35';86*'!&(>*! $)&*!($#!#&<&($)*)!)&!*<8)$'!*!8#!<5#<&4>5!)&!(.D4"F.U0%<5;5!&6!
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7X9%78W9!"#$%#&'OFJ5#c&IFBHb IF\*#FIHbde#FI,BHHH,!F IFF\*#FIHbde#FI,BHH !
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a8&!48&)&! 6&&'(&A! f6*!;*I5'!4*'>&!)&! 65(!C8''5(!U8&!4&'>&#&<&#!*!*69?#!G5;C'&,!
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<$&'>*! 3*<$6$)*)! U8&! ($! 8#! &#8#<$*)5! 789! O5! 78W9T! &(! %&')*)&'5! (&9?#! 6*!
$#>&'4'&>*<$D#! 7X9! &#! 8#!;5)&65,! >*;C$Z#! 65! (&'L! )&! *<8&')5! <5#! 6*! #8&(>'*:! V6!
'&<M4'5<5,!($#!&;C*'95,!#5!&(!<$&'>5:!h&L;5(65:!1845#9*;5(!U8&,!45'!&@&;465,!789!
38&'*!4'53&'$)5!&#!8#!#8&%5!;5)&65!F\gH!(5;&>$)5!*!6*(!($98$&#>&(!<5#)$<$5#&(A!!

W! J5(!G5;C'&(!45(&&#!C8''5(:!

W! "#5!)&!65(!G5;C'&(!45(&&!)5(!C8''5(!)&!&#>'&!65(!U8&!4&9*!>*#!(D65!*!8#5:!

W! V6! G5;C'&! U8&! '&(>*! &(! >*;C$Z#! 4'54$&>*'$5! )&6! ?#$<5! C8''5! *6! U8&! #5!
4&9*C*!&6!*#>&'$5':!i6!(M!U8&!6&!4&9*:![5!45(&&!;L(!C8''5(:!

j5;5!5<8''M*!<5#!*#>&'$5'$)*),!#8&(>'*!4'548&(>*!<5#($98&!4'545'<$5#*'!&6!%*65'!
)&! %&')*)! $#>8$>$%5! F%&')*)&'5H! *6! &#8#<$*)5! 789! <8*#)5! &(>&! &(! 4'53&'$)5! &#! &6!
;5)&65! F\gH:! V(>5! (&! )&C&! *! U8&,! )*)5! &6! ;5)&65! F\gH,! #5! G*I! ;L(! U8&! 8#*!
(.D4"F.U0! 45($C6&! 5) *(5<$*)*! *6! *#>&<&)&#>&! )&! 789! F%&'! 9'L3$<5,! *! <5#>$#8*<$D#H:!
08&(>5!U8&!>5)5(!65(!G5;C'&(!FBH!)&6!9'*35!4&9*#!*!(8(!'&(4&<>$%5(!C8''5(!F5FBHH,!&6!
&#8#<$*)5!&(!%&')*)&'5:!!
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!

!

!

!

!

!

!

!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
^!1&98$;5(!6*!#5>*<$D#!)&!OY*'e$(&!I!j554&'!F^kl^HTA!

!(#$%) 7% Y% K%I%!"07K9% Z% 2% 7%['0@A2729% Z%N>07K;29% 9% \% 9% 7% Y% K%I% 2% 7%['0@A2729% Z%N>07K;29 %

SA"D7K;29%9%\%9,!(&9?#!6*!<8*6!

#(#$%%7%Y%K%I%37K9%\%9%7%Y%K%I%S7K9%\%9#!m!>'8&!(($!#Y%K%I%S7K9%\#% %#(#$%%7YK%I%37K9\9#,!)5#)&!
#(#$%%7YK%I%37K9\9#%Q%Y%]%I%$%]% %Y%K%I%37K9%\%$M$Y%K%I%37K9%\%^%]%$\%%

206



V'=C#A(;%C4##'(%2%(.D4"F.'0A(%

!
05'! &6! <5#>'*'$5,! &6! ;$(;5! &#8#<$*)5! 789! 4'53&'$)5! &#! &6! ;$(;5! ;5)&65! F\gH!
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*GM! U8&! #5! (&*! &6! <*(5! U8&! 6*! ;*I5'! 4*'>&! )&! 65(! G5;C'&(! 4&98&#! *! >5)5(! (8(!
C8''5(! I,! <5;5! <5#(&<8&#<$*,! U8&! >*;45<5! 789! (&*! %&')*)&'5!)&! *<8&')5! <5#! 6*!
$#>&'4'&>*<$D#!7X9:!

0*'&<$&'*! 48&(! U8&! 6*! $#>&'4'&>*<$D#! U8&! G&;5(! )*)5! *6! <5#)$<$5#*6! (&!
<5;45'>*'*!;&@5'!U8&!7X9:!0&'5!_I!($!;5)$3$<L'*;5(!&#!*695!7X9!)*#)5!689*'!*!6*!
($98$&#>&!#8&%*!$#>&'4'&>*<$D#!7XW9!)&6!<5#)$<$5#*6`!!

7XW9789! "#$%#&'! OF\*#FBHb IFJ5#c&IFIHbde#FB,IHHH,!
F IFJ5#c&IFIHbde#FB,IHbY&*>FB,IHHHT!

V(>5!&(A!f6*!;*I5'!4*'>&!)&!65(!G5;C'&(!U8&!45(&&#!8#!C8''5,!4&9*#!*!*698#5!)&!
&665(:g!

7XW978W9! "#$%#&'! OFJ5#c&IFBHb IF\*#FIHbde#FI,BHHH,!
F IF\*#FIHbde#FI,BHbY&*>FI,BHHHT!

a8&!48&)&! 6&&'(&A! f6*!;*I5'!4*'>&!)&! 65(!C8''5(!U8&!4&'>&#&<&#!*!*69?#!G5;C'&,!
(5#!9564&*)5(!45'!*698#5(!)&!(8(!)8&E5(:g!

V#!&(>&!<*(5,!7XW9,!&(!$#<68(5!;L(!(&#<$665!)&!65!U8&!65!38&!<5#!7X9%&#<5#>'*'!8#!
<5#>'*W&@&;465:! j5#($)&'&;5(,! 45'! &@&;465,! &6! ;5)&65! F\ggH! )&(<'$>5! )&! 6*!
($98$&#>&!35';*A!

W! J5(!G5;C'&(!45(&&#!C8''5(:!

W! j*)*!8#5!)&!65(!G5;C'&(!45(&&!>'&(!C8''5(!)$3&'&#>&(:!

W! N;C5(!4&9*#!>*#!(D65!*!8#5!)&!(8(!C8''5(:!

J&! #8&%5,! <5;5! 5<8''M*! &#! 65(! <*(5(! 4'&<&)&#>&(,! #8&(>'*! $#>&'4'&>*<$D#! )&6!
<5#)$<$5#*6! 4'545'<$5#*! &6! %*65'! )&! %&')*)! $#>8$>$%5! F3*6(5H! )&6! &#8#<$*)5! 789%
<8*#)5!&(>&!&(!4'53&'$)5!&#!&6!;5)&65!F\ggHA!
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!
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9564&*#!*!*698#5!)&!(8(!C8''5(!F)&!G&<G5,!*!8#5!(D65H:![8&(>'*!4'548&(>*!4*'&<&!
<5#(56$)*'(&!*(M!<5;5!6*!;L(!*)&<8*)*!*!6*!$#>8$<$D#:!

7&5&%&0/,.')$,$4,"8%95,/.')
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_.0J4.(D.F(%"0?%XB.-'(',B2!S,!44:!^okWQ^k:!

P$#9,! n:! j:! FQRRSH,! fN#*4G5'*g,! /D"0<'#?% `0F.F-',A?."% '<% XB.-'(',B2,! pG>>4A--!
46*>5:(>*#35'):&)8-&#>'$&(-*#*4G5'*q!FQr-^^-QRRsH:!

1*#)8,!+:!F^kktH,!fd#!>G&!>G&5'I!53!*#*4G5'*A!JI#*;$<!0'&)$<*>&!=59$<!%(:!+*;&W
2G&5'&>$<*6!1&;*#>$<(g,!_.0J4.(D.F(%"0?%XB.-'(',B2%QR,!44:^StWtS:!

h*#!V$@<c,! n:!*#)!P*;4,!/:! F^kktH,! fK&4'&(&#>$#9!J$(<58'(&! $#!j5#>&B>g,! $#!%*#!
Y&#>G&;,!n:!*#)!>&'!\&86&#,!N:!F&)(:H,!V"0?C''@%'<%_'J.F%"0?%_"0J4"JA,!2G&!
\.2!0'&((,!j*;C'$)9&,!\*((*<G8(&>>(,!44:!^tkWQrl:!
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?0&!(&!)&(&*!'&(*/1*'!*?0>9!&
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1*'*!1.)&'!)$:&'&#7$*'!&2!03#).!'&*2!)&2!03#).!)&!:$77$?#5!82!1'&)$7*).!1.'!(E!(.2.=!

7.0.!3#!$7.#.!@3&!&(=!7.0.!3#!($-#.!)&!73*2$)*)!B!1.,&#7$*2$)*)=!#.!13&)&!'&*2$A*'!

&(*!:3#7$?#!$#)$7*).'*!C*7$*!&2!03#).!&4$(,&#,&K!7.0.!*:$'0*!;&$'7&!a&2!03#).!'&*2!

#.!13&)&!)$(,$#-3$'(&!)&2!03#).!)&!:$77$?#!1.'!#$#-3#*!)&(7'$17$?#b!P/;!S5__cJ5!`.(!

E#)$7&(!(.#!2.(!&#7*'-*).(!)&!)$'$-$'!2*!*,&#7$?#!C*7$*!2.!@3&!C*B=!B!1.'!&22.=!,*#,.!2.(!

#.0<'&(! 1'.1$.(=! 7.0.! 2.(! 1'.#.0<'&(! 1&'(.#*2&(! .! )&0.(,'*,$%.(=! 2.(! ,.#.(=! 2*(!

0$'*)*(!.!2.(!-&(,.(!&0$,$).(!1.'!&2!C*<2*#,&!7*3(*#!@3&!&2!.B&#,&!1'&(,&!*,&#7$?#!*!

*@3&22.!@3&!&2!C*<2*#,&! 2&! $#)$7*=!B!1*'*!;&$'7&! ,.).(!&22.(!(.#!aE#)$7&(!)&2!03#).!

'&*2b!P/;!S5__cJ5!;&'.!$#723(.!&2!03#).!)&!:$77$?#!)&!2*!2$,&'*,3'*!B!2*!1.&(E*!13&)&!

(&'! 7.#($)&'*).! '&*2=! &#! ,*#,.! @3&! 7.0.! 7'&*7$?#! .! $0*-$#*7$?#! )&! *2-3$&#! &(! 3#!

C&7C.!'&*2=!@3&!3#*!%&A!:$>*).!#.!13&)&!(&'!7*0<$*).!P/;!X5^X^J5!

;&$'7&!&412$7*!7?0.!2.(!E#)$7&(!@3&!(.#!#.0<'&(!1'.1$.(!*7*<*#!,'*#(:.'0F#).(&!

&#! (E0<.2.(5! 822.! ,$&#&! 23-*'! *! ,'*%9(! )&! 3#! 1'.7&(.! &#! &2! @3&=! 1'$0&'*0&#,&=! &2!

#.0<'&!1'.1$.!&(!3#!E#)$7&!-&#3$#.!C*(,*!7.#%&',$'(&=!*!,'*%9(!)&!3(.(!(37&($%.(=!&#!

3#!$7.#.!)&2!E#)$7&=!B!:$#*20&#,&!&#!(E0<.2.=!@3&!&(!$#,&'1'&,*).!7.0.!3#!$7.#.!)&2!

E#)$7&!)&2!.<>&,.!'&:&'$).!1.'!&2!#.0<'&5!8#!&(,&!*#F2$($(!)&!2.(!#.0<'&(!1'.1$.(=!@3&!

:3#7$.#*#!&#!(3!7*2$)*)!)&!$7.#.(!7.0.!3#*!7.1$*!.!'&1'.)377$?#!)&2!#.0<'&!1'.1$.!

@3&!&#!(3!.'$-&#!:3&!E#)$7&=!B!*(E!C*(,*!@3&!2*!7.(,30<'&!B!&2!CF<$,.!2.!,'*#(:.'0*#!&#!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
^! a"#! ($-#.!.! '&1'&(&#,*0&#!&(!3#!1'$0&'.!@3&! &(,F! &#!3#*! '&2*7$?#! ,'$F)$7*!-&#3$#*! ,*2! 7.#!3#!

(&-3#).=!22*0*).!(3!.<>&,.=!@3&!&(!7*1*A!)&!)&,&'0$#*'!3#!,&'7&'.=!22*0*).!(3!$#,&1'&,*#,&=!1*'*!@3&!

*(30*! 4'# 5)+5'# .64'2)3-# 7.)89)2'! 7.#! (3! .<>&,.! @3&! *@3&22*! &#! 2*! @3&! (&! &#73&#,'*! 92! 0$(0.!

'&(1&7,.!)&2!0$(0.!.<>&,.5!`*!'&2*7$?#!,'$F)$7*!&(!:6-;)-'=!&(!)&7$'=!(3(!,'&(!0$&0<'.(!&(,F#!2$-*).(!

1.'!&22*!)&!0*#&'*!,*2!@3&!#.!7.#($(,&!&#!#$#-O#!7.012&>.!)&!'&2*7$.#&(!)$F)$7*(5b!P/;!S5ScVJ!
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03:)2'<#1.':587)2'#/#1.':5'7)+5,#

(E0<.2.(=! !;&$'7&!*#,$7$1*! 2*! $)&*!)&!d'$1e&!)&! 2*!7*)&#*!)&!7.03#$7*7$?#!1*'*! 2*!

)&,&'0$#*7$?#!)&2!'&:&'&#,&!P/:'5!f5!Q$21$#&#!^WWXI!Sg_GSgcJ5!

0'#'+6.2)3-#

8#! &2! *#F2$($(! 1&$'7&*#.! )&! 2*! *(&'7$?## (&! .<(&'%*! 7.#! 72*'$)*)! (3! )$0&#($?#!

1'*-0F,$7*=! *2! &#,&#)&'2*! 7.0.! 3#*! *77$?#! &4,&'#*! @3&! $#%.237'*! *! ).(!

1'.,*-.#$(,*(=! &2! C*<2*#,&! B! &2! .B&#,&=! 7.#! '&(1&7,.! *! 3#*! 1'.1.($7$?#! @3&! &2!

C*<2*#,&!7'&&!%&')*)&'*!B!@3&!,$&#&!7.0.!.<>&,$%.!@3&!&2!.B&#,&!7'&*!&(*!0$(0*!

1'.1.($7$?#5!;*'*!&22.=!&2!C*<2*#,&!,.0*!(.<'&!(E!2*!'&(1.#(*<$2$)*)!)&!2*!%&')*)!)&!

2*!1'.1.($7$?#5!D(E!13&(=!3#!*7,.!)&!*(&'7$?#!(31.#&!@3&=!3#*!%&A!:.'032*)*!3#*!

1'.1.($7$?#=!3#*!1&'(.#*!'&*2$A*!3#!*7,.!@3&!2&!22&%*!*!(3>&,*'(&!*!2.(!7*(,$-.(!)&!2*!

2&B!(.7$*2!.!2*!2&B!0.'*2=!&#!&2!7*(.!)&!@3&!2*!1'.1.($7$?#!#.!(&*!%&')*)&'*5!

N.(!*(1&7,.(! '&2&%*#,&(! &#!&2! &#!&2! *#F2$($(!)&!;&$'7&!)&2! *7,.!)&! 2*! *(&'7$?#!

(.#I!*J!`*!#E,$)*!)$(,$#7$?#!&#,'&!&2!*7,.!)&!2*!*(&'7$?#!B!&2!*7,.!)&!*1'&C&#)&'!&2!

($-#$:$7*).! )&! 3#*! 1'.1.($7$?#5! <J! `*! &(,'&7C*! %$#732*7$?#! &4$(,&#,&! &#,'&! 2*!

*(&'7$?#!B!&2!>3$7$.5!8(,*!%$#732*7$?#!13&)&!'&(30$'(&!*(EI!&2!>3$7$.!&(!1*'*!;&$'7&!

3#!,$1.!)&!*(&'7$?#!@3&!3#.!(&!C*7&!*!(E!0$(0.=!0$&#,'*(!@3&!2*!*(&'7$?#!&(!&2!*7,.!

)&!*(&%&'*'!3#*!1'.1.($7$?#=!*(30$&#).!3#*!'&(1.#(*<$2$)*)!:.'0*2!7.#!'&(1&7,.!*!

(3!%&')*)=!7.#!2*!1'&,&#($?#!)&!@3&!*:&7,&!*!.,'.(5!

[,'.!*(1&7,.!03B!$01.',*#,&!)&!2*!*(&'7$?#!&(!2.!@3&!C.B!&#!)E*!22*0*'E*0.(=!

($-3$&#).! *!D3(,$#=! (3! *(1&7,.! $2.737$.#*'$.=! '&2*7$.#*).! 7.#! 2*(! 7.#(&73&#7$*(!

13#$<2&(! @3&! (&! (&-3$'E*#! &#! &2! 7*(.! )&! @3&! 2*! 1'.1.($7$?#! *(&%&'*)*! #.! :3&'*!

%&')*)&'*=! 7.#(&73&#7$*(! *(30$)*(! 1.'! &2! C*<2*#,&! @3&! C*7&! 2*! *(&'7$?#! 7.#!

'&(1&7,.! *2! .B&#,&5! D! )$:&'&#7$*! )&! 2.(! &:&7,.(! 1&'2.73,$%.(! )&2! >3$7$.=! 2*(!

7.#(&73&#7$*(! )&! 2*! *(&'7$?#! (.#! =,.5'46+# ,# 2,-*6-2),-'46+! PD3(,$#=! STTVI! cVG

g^J=!2.!@3&!($-#$:$7*!@3&!:.'0*#!1*',&!)&!2*!:3&'A*!$2.737$.#*'$*!)&!2*!*(&'7$?#5!D2!

,&#&'!3#!7*'F7,&'!:.'0*2!.!7.#%&#7$.#*2!&(,*(!7.#(&73&#7$*(!(.#!&@3$%*2&#,&(!*!2*(!

@3&! (&! )&'$%*'E*#! )&! 3#! 7.#,'*,.! C&7C.! *#,&! #.,*'$.=! B! 1.'! &22.! #.! (&! 13&)&#!

&#,&#)&'! 7.0.!0&'.(! $#7.#%&#$&#,&(! )&! ,$1.! 1'F7,$7.! 1*'*! &2! C*<2*#,&! 7.0.! &#!

(37&)&! 7.#! &2! >3$7$.5! 8#! &2! *7,.! )&! 2*! *(&'7$?#! &2! 7*'F7,&'! 7.01'.0$(.'$.! (&'E*!

037C.! 0F(! *73(*).! @3&! &#! &2! >3$7$.=! >3(,*0&#,&! 1.'! &(&! &:&7,.! :.'0*25! 8#! 2*!

*(&'7$?#!&2!C*<2*#,&!*(30&!3#!7.01'.0$(.!B!3#*!'&(1.#(*<$2$)*)!C*7$*!2*!%&')*)!

)&! 2.! *(&%&'*).! &#! 3#!-'*).! ,*#! :.'0*2! @3&! (3! $#73012$0$&#,.! 22&%*! 7.#($-.! &2!

&:&7,.!7.#%&#7$.#*2!h1'&%$(,.!B!'&-32*).h!)&!3#!7*(,$-.!@3&!&2!C*<2*#,&!7.#.7&!)&!

*#,&0*#.!B!*7&1,*5!8(,&! ,$1.!)&!($,3*7$?#!&(! 2*!1'.1$*!)&!3#!*7,.!)&(*:.',3#*).=!

@3&! $#73''$'E*! &#! &2! ,$1.! )&! $#:.',3#$.=! @3&! D3(,$#! )&#.0$#?! a*<3(.(b! PD3(,$#=!

STTVI! UTJ! B! @3&! &(! 7*'*7,&'E(,$7.! )&! 2.(! *7,.(! $#($#7&'.(=! B*! @3&=! 7.0.! *:$'0*!

D3(,$#=! a2*! 1*2*<'*! &01&i*)*! #.(! .<2$-*b! PD3(,$#! STTVI! XXJ=! B! 2*! *(&'7$?#!

7.01'.0&,&! *! @3$&#! 2*! '&*2$A*! *! 7'&&'! .! &(,*'! 7.#%&#7$).! )&! 2*! %&')*)! )&! 2*!

1'.1.($7$?#5!!

>4#?;)2),#

8#! &2! ?;)2),! ;&$'7&! )$(,$#-3&=! 1.'! 3#! 2*).=! &2! *(1&7,.! 2?-$7.=! 7&#,'*).! &#! 2*!

1'.1.($7$?#=!@3&!&(!2*!0*,&'$*!(.<'&!2*!@3&!(&!&>&'7&!&2!>3$7$.!B!@3&!&(!3#!,$1.!)&!

($-#.=!73B*!#*,3'*2&A*!)&<&!)&(7$:'*'!&2!2?-$7.K!B=!1.'!.,'.=!&2!*(1&7,.!1($7.2?-$7.=!
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!"#$%&'#()*'+#!,-.,/#

'&2*,$%.! *! 2*! #*,3'*2&A*! )&2! *7,.! )&! >3A-*'=! B! )&2! @3&! &2! 2?-$7.! #.! )&<&'E*!

1'&.731*'(&5!;*'*!*72*'*'!2*!)$:&'&#7$*!&#,'&!&(&!'*(-.!,E1$7*0&#,&!2?-$7.!)&2!>3$7$.!

B! &2! '*(-.! 1($7.2?-$7.! )&! *7&1,*'! 2*! 1'.1.($7$?#! ;&$'7&! $#7.'1.'*! *2! *#F2$($(! )&2!

>3$7$.!3#*!#3&%*!#.7$?#=! 2*!)&!%*2.'*7$?#!j'++6-7k5!82! >3$7$.!&(=!13&(=!3#!*7,.!)&!

%*2.'*7$?#=! )&! *7&1,*7$?#! )&! 3#*! 1'.1.($7$?#! .! 3#*! 7'&&#7$*=! @3&! 13&)&! (&'! )&!

7*'F7,&'! (3<>&,$%.! .! )&! 7*'F7,&'! 1O<2$7.=! $)&#,$:$7F#).(&! &(,&! O2,$0.! 7.#! 2*!

*(&'7$?#5!N&!&(,*!:.'0*=!&2!>3$7$.!1*(*!*!(&'!)&:$#$).!7.0.!2*!*(&'7$?#!1'$%*)*!)&!

3#*!1'.1.($7$?#=!a2*!*(&'7$?#!*!3#.!0$(0.b!P/;!X5SWJ=!.!)$7C.!)&!.,'.!0.).=!3#!

*7,.! $#,&'#.!%*2.'*,$%.! 7.#! '&(1&7,.! *!3#*!1'.1.($7$?#5!+&'E*! *2-.! *(E! 7.0.!3#*!

*(&'7$?#!)&:&7,$%*=!1.'@3&!2*!*(&'7$?#!7.0.!*7,.!&4,&'#.!'&@3$&'&!)&!3#!C*<2*#,&!B!

3#!.B&#,&=!0$&#,'*(!@3&!&#!&2!>3$7$.!&2!C*<2*#,&!B!&2!.B&#,&!7.$#7$)&#!&#!2*!0$(0*!

1&'(.#*=!)&(,*7F#).(&!)&!&(,&!0.).!2*!)$0&#($?#!1($7.2?-$7*!)&2!>3$7$.!:'&#,&!*!2*!

)$0&#($?#!(.7$*2!B!1O<2$7*!)&!2*!*(&'7$?#5!

!&(5$+64/$"4()*&#+&-$/-&(56(3&/(&%-$-756/(%0#4$-$8&/(

`*!2.66-2)'!&(!2*!*7,$,3)!7.-#$,$%*!&#!2*!@3&!)&!0*#&'*!0F(!#.,.'$*!(&!1.#&#!)&!

'&2$&%&! 2.(! *(1&7,.(! 1'*-0*,$(,*(! @3&! 7*'*7,&'$A*#! &2! 1&#(*0$&#,.! )&! ;&$'7&=!

*3#@3&!&#!&2!*#F2$($(!)&!2*!*(&'7$?#!B!&2!>3$7$.!&2!&2&0&#,.!1'*-0*,$(,*!)&2!'&7C*A.!

*2! )3*2$(0.! C&7C.M%*2.'! B*! &(,*<*! 1'&(&#,&=! *2! $#7.'1.'*'! &(,*(! *7,$,3)&(!

%*2.'*7$.#&(=!7.01'.0$(.(!B!'&(1.#(*<$2$)*)&(!C*7$*!3#*!1'.1.($7$?#5!

8#!2.(!1'$0&'.(!&(7'$,.(!)&!;&$'7&=!4'#2.66-2)'!*1*'&7&!7*'*7,&'$A*)*!)&!0.).!

($0$2*'! *2! >3$7$.=! &#! &2! (&#,$).! )&! (&'! 3#*! 7.#&4$?#! )&! $)&*(5! N&! &(,*! :.'0*! (&!

%$(230<'*!3#*!&(,'&7C*!'&2*7$?#!&#,'&!2*!7'&&#7$*!B!&2!>3$7$.5!+$#!&0<*'-.=!*!1&(*'!

)&!&(,*!7.$#7$)&#7$*!$#$7$*2=! 2*!7'&&#7$*!,$&#&!3#*!1'.B&77$?#!@3&!%*!0F(!*22F!)&2!

>3$7$.I!2*!7'&&#7$*!&(!3#*!7.#&4$?#!@'A)7;'4!)&!$)&*(=!0$&#,'*(!@3&!&2!>3$7$.=!&#!2.(!

1'$0&'.(! &(7'$,.(! 1&$'7&*#.(=! &(! 0&'*0&#,&! 3#*! *(.7$*7$?#! )&! $)&*(5! RF(!

$01.',*#,&!*O#=! 2*!7'&&#7$*!&(,F!)$'$-$)*!*! 2*!*77$?#!B!1'.B&7,*)*!1.'! 2.! ,*#,.!*2!

:3,3'.=!2.!73*2!(&'F!(3!'*(-.!)$(,$#,$%.!B!)&:$#$,.'$.=!B!@3&!;&$'7&!)&(*''.22*!&#!&2!

7.#,&4,.!)&!(3!).7,'$#*!)&!2*!)3)*G7'&&#7$*=!1'.1$.!)&!(3!1'*-0*,$(0.5!!

;&$'7&!$#)$7*!,'&(!1'.1$&)*)&(!)&!2*!7'&&#7$*I!1'$0&'.=!&(!*2-.!)&!2.!@3&!(.0.(!

7.#(7$&#,&(K! (&-3#).=! 7*20*! 2*! $''$,*7$?#! )&! 2*! )3)*K! B! ,&'7&'.=! $012$7*! &2!

&(,*<2&7$0$&#,.! )&! 3#! CF<$,.! &#! #3&(,'*! #*,3'*2&A*=! &(! )&7$'=! )&! 3#*! '&-2*! )&!

*77$?#K!&(,*!O2,$0*!1'.1$&)*)!&(!1*'*!;&$'7&!2*!&(&#7$*!)&!2*!7'&&#7$*5!/.0.!'&-2*!

)&!*77$?#!.!!CF<$,.!2*!7'&&#7$*!1.(&&!3#!7*'F7,&'!)&!-&#&'*2$)*)!B!1'.B&77$?#!C*7$*!

&2!:3,3'.=!7.#(,$,3B&#).=!&#,.#7&(=!3#!72*'.!&>&012.!)&!,&'7&'$)*)5!!

8#!7.#(.#*#7$*!7.#!2*!7'&7$&#,&!$01.',*#7$*!@3&!*)@3$&'&!&#!(3!1'*-0*,$7$(0.!

2*! -&#&'*2$)*)! B! (3! :.'032*7$?#! *! ,'*%9(! )&! 7.#)$7$.#*2&(! 7.#,'*:F7,$7.(=! 2.(!

al.32)G<&(b=!;&$'7&!1'&(&#,*!#3&%.(!0*,$7&(!&#!(3!7.#($)&'*7$?#!)&!2*!7'&&#7$*I!2*!

7'&&#7$*!&(!7'&&#7$*!&#!3#*!1'.1.($7$?#!)&!2*!@3&!(&!&(,F!(*,$(:&7C.!B!@3&!,$&#&!2*!

:.'0*!)&!3#!CF<$,.!.!2&B!-&#&'*2=!@3&!#.!(?2.!&(!*7,$%*!&#!'&2*7$?#!*!3#*!7.#)37,*!

1'&(&#,&!.!:3,3'*=!($#.!@3&!&(!*7,$%*!,*0<$9#!7.#!'&(1&7,.!*!3#*!7.#)37,*!1&#(*)*!

.! $0*-$#*)*=! *2! 7.#($)&'*'! 7$'73#(,*#7$*(! 1.($<2&(! &#! 2*(! @3&! 2*! 7'&&#7$*! )*'E*!

:.'0*!*!3#*!*77$?#=!B!@3&=!($!(&!1'.)3>&(&=!)&,&'0$#*'E*!&:&7,$%*0&#,&!3#*!*77$?#!

7.#7'&,*5!
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03:)2'<#1.':587)2'#/#1.':5'7)+5,#

>6?6*64%$&/(@$@3$0#*,?$%&/!

D3(,$#=! m5! `5! PSTTVJ=!B,5,#@'26.# 2,+'+# 2,-#1'4'A.'+5! \'5!n5!f5!/*''$?! B!85!D5!

f*<.(($=!o*'7&2.#*=!;*$)?(5!

o2*#7.! +*2-3&$'.=! D5! PSTTVJ=! C'4'A.'+# '4# *)6-7,D# >-+'/,# +,A.6# 4'# =;6.E'#

)4,2;2),-'.)'=!R*)'$)=!\'.,,*5!

Q$21$#&#=! f5! P^WWXJ=! p;&$'7&! .#! `*#-3*-&! *#)! '&:&'&#7&q=! C6).26# '-9#

B,-7651,.'./#F@,;:@7=!d5!`*$#&!d&,#&'!P&)5J=!]&l!H.'e=!Y.')C*0!"#$%&'($,B!

;'&((5!

;&$'7&=! /5! +5! P^W_^G^WXgJ=! B,4462769# C'16.+! P/;J=! /*0<'$)-&! PR*((5J=! Q*'%*')!

"#$%&'($,B!;'&((5!

\3A&,=! n5! PSTTUJ=! pf&(1.#($<2&! :.'! \'3,Cr! ;&$'7&! .#! m3)-0&#,! *#)! D((&',$.#q=!

;*012.#*=!n'31.!)&!8(,3)$.(!;&$'7&*#.(5!
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!"#$%&'$()&#*)+,-.+/$,#)#/+()+$/,+%"#0)#",1#)1(%0,1#

0)#'+/-,#2#"%1#)-,$/,+)1#
!

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

+23&'-/4',3$/5,*04&((

!

3+(&,04$$/5+#

6$&#(&! &#! 2*! 72-$0*! %&8! 9,&! :*! &;<&'$0&#-*)/! ,#*! &0/=$.#4! >/#! 3*(-*#-&!
<'/3*3$2$)*)?!<&#(*'@!&#!,#!)&-&'0$#*)/!&(=&#*'$/?!&#!,#!)&-&'0$#*)/!(,=&(/!9,&!
(&*! &2! =*,(*#-&! A! <'/-*B/#$(-*! )&! &(*! &0/=$.#4! C/'0*20&#-&?! :*3'@! ,#! /3D&-/!
$#%/2,='*)/!&#!)$=:*!&0/=$.#?!9,&!9,&)*'@!*(/=$*)/!*!2*!0$(0*?!&#!E,#=$.#!)&!2*!
$#-&#($)*)!=/#!2*!9,&!(&!:*A*!&;<&'$0&#-*)/4!F*(!&0/=$/#&(!9,&!(&!#/(!<*(*'@#!
</'!2*!=*3&8*!(/#!)&()&!2*!%&'BG&#8*!:*(-*!2*!*2&B'H*?!)&()&!&2!0$&)/!:*(-*!2*!$'*?!
<*(*#)/!</'!2*!&#%$)$*?!2/(!=&2/(!/!2*!<$&)*)4!

I(-/(! &(=&#*'$/(! (/#! 2/(! <*'*)$B0@-$=/(! )&2! &(-,)$/! )&! 2*(! &0/=$/#&(4! J/#!
=*(/(! &#! 2/(! 9,&! 2*(! &0/=$/#&(! (&! &;<&'$0&#-*#! $#-&#(*0&#-&?! )/#)&! 9,&)*#!
=2*'*(! #,&(-'*(! '&(<,&(-*(! =/'</'*2&(?! #,&(-'/(! <&#(*0$&#-/(?! ,#! &#-/'#/!
&(<&=HE$=/!A!,#!/3D&-/!/!,#!=/#D,#-/!)&!/3D&-/(!9,&!(/#!2/(!=2*'/(!<'/-*B/#$(-*(!)&!
&(*!&0/=$.#4!F*!,-$2$8*=$.#!)&!&(-/(!=*(/(!=/0/!<*'*)$B0@-$=/(!#/(!%$&#&#!)*)/(!
</'!)$%&'(/(!0/-$%/(?!&#!<'$0&'!2,B*'?!</'9,&!2*!=/#=&<=$.#!#/!*=*)K0$=*!)&!2*(!
%$%&#=$*(!&0/=$/#*2&(!(&!&#0*'=*!<'&=$(*0&#-&!&#!&(=&#*'$/(!)&!B'*#!$#-&#($)*)!
&0/=$/#*2L! &#! (&B,#)/! 2,B*'?! </'9,&! 2*(! )$(=,($/#&(! &#! M$2/(/EH*! )&! 2*(!
I0/=$/#&(!(&!:*#!=&#-'*)/!&#!=,@2!)&!&(/(!&2&0&#-/(!&(!0@(!<'&</#)&'*#-&!&#!2/(!
<'/=&(*(!&0/=$/#*2&(4!6/'!&(-/(!0/-$%/(?!-*#-/!&#!2/(!&;<&'$0&#-/(!'&*2$8*)/(!&#!
=$&#=$*(!=/B#$-$%*(!=/0/!2/(!&D&0<2/(!*!2/(!9,&!:*=&#!*2,($.#!2/(!E$2.(/E/(!-$&#&#!
&(-*(!=*'*=-&'H(-$=*(4!

I#! 0,=:/(! =*(/(?! </'! &D&0<2/?! (&! )$(=,-&! 2*! #*-,'*2&8*! )&2! /3D&-/! 9,&! #/(!
<'/%/=*! 2*! &0/=$.#4! J&! )$(=,-&! ($! ($0<2&0&#-&! &(! 2*! =*,(*! )&! 2*! &0/=$.#?! ($! &(!
=/#(-$-,-$%/! )&! 2*! 0$(0*?! ($! &(! ,#! /3D&-/! 0*-&'$*2?! /! ($! </)&0/(! :*32*'! )&! 2*(!
E*#-*(H*(!A!!'&=,&')/(!=/0/!/3D&-/(!<'/<$*0&#-&!&0/=$/#*2&(4!>/#!&(-&!<'/<.($-/?!
2/(!&(=&#*'$/(!&0<2&*)/(!(/#!$#-&#(/(?!<*'*!0/(-'*'!2/(!*'B,0&#-/(!)&!,#*!<*'-&!A!
)&!/-'*!=/#!0@(!$#-&#($)*)4!

J$#! &03*'B/?! -*03$K#! (&! :*! *'B,0&#-*)/! 9,&! 2*! #*-,'*2&8*! )&! 2/(! &(-*)/(!
&0/=$/#*2&(! &(! ,#*! <*'-&! E,#)*0&#-*2! )&! #,&(-'*! =/#(=$&#=$*! NO*0*($/! PQRRRS!
<4<4!TUL!V*-=2$EE&!P&#!<'&#(*SW4!I#-'&!&(-*(!)/(!<&'(<&=-$%*(!*#-*B.#$=*(?!(&!*3'&!2*!
</($3$2$)*)!)&!!*#*2$8*'!&2!%&')*)&'/!*2=*#=&!)&!2*(!&0/=$/#&(!&#!'&2*=$.#!*2!'&(-/!
)&!<'/=&(/(!0&#-*2&(4!J$! 2*(! &0/=$/#&(!#/! '&(</#)&#!($0<2&0&#-&!*! ($-,*=$/#&(!
)&!*2&'-*!A!&(-@#!$#%/2,='*)*(!&#!B'*#!<*'-&!)&!2*(!*=-$%$)*)&(!9,&!22&%*0/(!*!=*3/!
=/-$)$*#*0&#-&?!9,&)*!</'!)&(=,3'$'!=,@2!&(!&2!%&')*)&'/!*2=*#=&!)&!2*(!0$(0*(4!
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I2!)&3*-&!E$2/(.E$=/!(&!=&#-'*!&#!&(-&!*(<&=-/!&#!2*(!'&2*=$/#&(!&#-'&!&0/=$/#&(!
&!$#-&#=$/#*2$)*)4!O&()&!2*!<&'(<&=-$%*!)&!2/(!&(=&#*'$/(!=&#-'*)/(!&#!($-,*=$/#&(!
)&!*2&'-*!A!&0/=$/#&(!$#-&#(*(?!2*(!'&2*=$/#&(!$#-&#=$/#*2&(!9,&)*#!&(-*32&=$)*(!&#!
-/)/(! 2/(! =*(/(?! $#)&<&#)$&#-&0&#-&!)&2! )$E&'&#-&! -$</!)&! $#-&#=$/#*2$)*)!9,&! (&!
$#-&'<'&-&?! &#! E,#=$.#! -*03$K#! )&2! -$</! )&! -&/'H*! )&! 2*! &0/=$.#! (&! (,(='$3*4! F*!
0*A/'H*!)&!2/(!&(=&#*'$/(!)&(='$-/(!&#!&(-/(!=*(/(!(&!)&(='$3&#!)&!:&=:/!</'!,#*!
'&2*=$.#!$#-&#=$/#*2!9,&!&(!&0/=$/#*24!6/'!&D&0<2/?!&#!&2!=*(/!)&2!0$&)/?!9,&!&(!
,#/!)&!2/(!&D&0<2/(!0@(!,-$2$8*)/(?!2*(!'&2*=$/#&(!$#-&#=$/#*2&(!(&!)&(='$3&#!&#-'&!
&2!(,D&-/!)&2!0$&)/!A!&2!/3D&-/!=*,(*#-&!)&2!0$(0/4!O&2!0$(0/!0/)/!/=,''&!=/#!2*!
<&#*?! 2*! *2&B'H*?! &2! '&(&#-$0$&#-/?! &-=4! O&()&! ,#*! <&'(<&=-$%*! 9,&! (/(-$&#&! 9,&!
=$&'-/! -$</! )&! <'/=&(*0$&#-/! &0/=$/#*2! &(-@! ($&0<'&! $#%/2,='*)/! &#! #,&(-'/(!
<'/=&(/(! 0&#-*2&(! )&! =*'@=-&'! <&'(/#*2?! 2*! <&'(<&=-$%*! &(! 2*! =/#-'*'$*?! -/)*!
$#-&#=$/#*2$)*)! &(! &#! <*'-&! &0/=$/#*24! I(-&! 72-$0/! -$</! )&! *'B,0&#-*=$.#! (&!
(/(-$&#&!)&()&!)$E&'&#-&(!</($=$/#&(!A!</'!0,A!)$%&'(*(!'*8/#&(?!<&'/!</'!)*'!,#!
&D&0<2/! )&! =*'@=-&'! B&#&'*2?! 2/! 9,&! (&! )&E$&#)&! &(! 9,&! #/! &;$(-&! ,#*! '&2*=$.#!
#&,-'*! =/#! &2! 0,#)/?! ($#/! 9,&! &(-@! 0&)$*)*! &#! -/)/(! 2/(! =*(/(! </'! *(<&=-/(!
&0/=$/#*2&(4!I(-*!</($=$.#!&(!)$EH=$2!)&!(/(-&#&'!)&()&!<&'(<&=-$%*(!=/B#$-$%$(-*(!
)&!2*!&0/=$.#?!<&'/!&(!=/:&'&#-&!=/#!2*!$)&*!)&!9,&!2*!<&'=&<=$.#!)&2!0,#)/!#/!
$#%/2,='*! (.2/! ,#! *==&(/! *2! =/#/=$0$&#-/! )&2! 0,#)/! EH($=/! ($#/! -*03$K#! *! ,#!
0,#)/!=*'B*)/!)&!%*2/'&(4!

I(-*(! )/(! <&'(<&=-$%*(! *#-*B.#$=*(! )&! 2*(! '&2*=$/#&(! &#-'&! $#-&#=$/#*2$)*)! A!
&0/=$.#?! (&! (/(-$&#&#! -*03$K#! (/3'&! 2*! 3*(&! )&! 2*! $#(&<*'*3$2$)*)! )&! 2*(!
&0/=$/#&(!)&!2*!$#-&#=$/#*2$)*)4!1$!<'/<,&(-*!&(!2*!)&!'/0<&'!)$=:*!'&2*=$.#!<*'*!
/E'&=&'!,#!#,&%/!0*'=/!)&!&(-,)$/!)&! 2*(!&0/=$/#&(!9,&!#/!&(-K!)&-&'0$#*)/!#$!
</'!&(=&#*'$/(!&;=&<=$/#*2&(!&#!#,&(-'*!%$)*!=/-$)$*#*?!#$!</'! 2*!)$EH=$2!*(,#=$.#!
)&!9,&!2*(!&0/=$/#&(!&(-@#!$#%/2,='*)*(!&#!-/)/(!A!=*)*!,#/!)&!#,&(-'/(!<'/=&(/(!
0&#-*2&(4!

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

C/!<'&-&#)/?!($#!&03*'B/?!)$(=,-$'! 2*(!*0<2$*(!%&#-*D*(!9,&!/E'&=&!&2!&(-,)$/!)&!
&0/=$/#&(!9,&!&(-@#!&#0*'=*)*(!&#!,#!)&-&'0$#*)/!=/#-&;-/!&#!&2!9,&!</)&0/(!
)&-&'0$#*'!0@(!E@=$20&#-&!2*(!=*,(*(!A!2*(!=/#(&=,&#=$*(!)&!2*(!0$(0*(?!*(H!=/0/!
*!9,K!%*#!)$'$B$)*(?!(,!E,#=$.#!&#!&(&!=/#-&;-/?!&-=4!J$#/!0@(!3$&#!2/!9,&!(/(-&#B/!
&(!9,&!)$=:*(!*<'/;$0*=$/#&(!)&D*#!)&!2*)/!<'/=&(/(!&0/=$/#*2&(!#/!&#0*'=*)/(!
&#!&<$(/)$/(!#$!&#!($-,*=$/#&(!)&-&'0$#*)*(?!9,&!:*#!$#=2,(/!=/#-'$3,$)/!*!)$(=,-$'!
(,!<'/<$*!=*'*=-&'$8*=$.#!=/0/!,#*!=2*(&!#*-,'*2!NX'$EE$-:(!PQRRYS?!<4<4!QYTW!

"#*! (/2,=$.#!</($32&! &(! 2*!)&! =/#($)&'*'! 2/(! &(-*)/(! )&! @#$0/! =/0/!,#! -$</!
&(<&=$*2! )&! &0/=$/#&(! =,A*! E,#=$.#! &(! 2*! )&!0/),2*'! <'/=&(/(! &0/=$/#*2&(! )&!
#*-,'*2&8*!&<$(.)$=*! N6'$#8!PZUU[S?!<4<4!Q\Z]Q\\W4!I2!<'/32&0*!9,&!<'&(&#-*!&(-*!
*2-&'#*-$%*! &(! 9,&! 0*#-$&#&! 2*! $)&*! )&! 9,&! 2*(! &0/=$/#&(! -$&#&#! ,#! =*'@=-&'!
&<$(.)$=/! 9,&! 2*(! )$(-$#B,&! )&! 2/(! &(-*)/(! )&! @#$0/4! I(-&! =*'@=-&'! &<$(.)$=/! (&!
-'*),=&!&#!)/(!='$-&'$/(^!2*!0*A/'!),'*=$.#!A!2*!)$(-$#-*!#*-,'*2&8*!)&!2*(!=*,(*(!A!
2*(!=/#(&=,&#=$*(!)&!2/(!&(-*)/(!)&!@#$0/4!I(-/(!)/(!='$-&'$/(?!D,#-/!*2!#&=&(*'$/!
=*'@=-&'!$#-&#=$/#*2!)&!2*(!&0/=$/#&(?!(/#!2/(!:*#!($)/!<2*#-&*)/(!<'$#=$<*20&#-&!
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&#! 2*! )$(-$#=$.#! &#-'&! &(-*)/(! )&! @#$0/! A! &0/=$/#&(! N_&&)$&?! `&''A! *#)! F*#&?!
PZUUaS!<4<4!\[Y!b!\Y\W4!

I2!<'$0&'!='$-&'$/!:*=&! '&E&'&#=$*!*!9,&! 2*(!=*,(*(!A! 2*(!=/#(&=,&#=$*(!)&! 2*(!
&0/=$/#&(! (/#! )$'&=-*(! &! $#0&)$*-*(4! J$#! &03*'B/! &(-&! :&=:/! #/! &(! -*#! =2*'/?!
</'9,&! *2B,$&#! <,&)&! (&#-$'(&!0,A! -'$(-&! ),'*#-&!0,=:/! -$&0</! )&(<,K(! )&! 9,&!
:*A*!(,=&)$)/!*2B/!&#!(,!%$)*4!F*!=*,(*!&(!$#0&)$*-*!<&'/!2*(!=/#(&=,&#=$*(!#/!2/!
(/#4!6/'!/-'/!2*)/?!2*(!=/#(&=,&#=$*(!<,&)&#!(&'!)&2!0$(0/!0/)/!$#0&)$*-/!&#!,#!
&(-*)/!)&!@#$0/?!</'!&D&0<2/?!</)&0/(!&#!,#!&(-*)/!)&!@#$0/!!)&!&#E*)/!A!9,&!
&(-/!-&#B*!=/#(&=,&#=$*(!)$'&=-*(!&!$#0&)$*-*(?!=/0/!&(!&2!:&=:/!)&!&#E*)*'!*!(,!
%&8!*!2/(!9,&!&(-@#!*!(,!*2'&)&)/'4!

I2!='$-&'$/!)&!2*(!=*,(*(!A!=/#(&=,&#=$*(!-$&#&!'&*20&#-&!(,!'*8.#!)&!(&'!&#!&2!
)&!2*!),'*=$.#!9,&!#/!&(!0&#/(!<'/32&0@-$=/4!6,&)&!:*3&'!&0/=$/#&(!9,&!-&#B*#!
0*A/'! ),'*=$.#! 9,&! ,#! &(-*)/! )&! @#$0/4! C/! &#=,&#-'/! '*8.#! *2B,#*! <*'*! 9,&!
#,&(-'/!&(-*)/!)&!@#$0/!),'&!(.2/!)&()&!9,&!#/(!)&(<&'-*0/(!:*(-*!9,&!-/0*0/(!
&2!<'$0&'!(/'3/!)&!=*EK?!0$&#-'*(!9,&!2*(!&0/=$/#&(!<,&)&#!),'*'!0,=:/!-$&0</?!
=/0/!&(!&2!=*(/!)&2!*0/'?!9,&!($&0<'&!(&!:*!)&E&#)$)/!=/0/!,#*!&0/=$.#!A!#/!
=/0/!,#!&(-*)/!)&!@#$0/4!!

I2!=*'@=-&'!&<$(.)$=/!)&!2*(!&0/=$/#&(!&(!</'!2/!-*#-/!)$(=,-$32&?!A!-*03$K#!2/!
&(! &(-*32&=&'! ,#*! )$E&'&#=$*! &#-'&! &(-*)/(! )&! @#$0/! A! &0/=$/#&(! 3*(*)/! &#! &2!
0$(0/4! I(! &2! =*'@=-&'! $#-&#=$/#*2! )&! -/)*! &0/=$.#! &2! ='$-&'$/! 0@(! =/#-,#)&#-&!
(/3'&! &2! 9,&! 3*(*'! &(*! )$(-$#=$.#?! A! (/3'&! &2! 9,&! D,(-$E$=*'! *! (,! %&8! ,#*!
*<'/;$0*=$.#! *2! &(-,)$/! )&! 2*(! &0/=$/#&(! =/#(-$-,$)*! (/3'&! (,! =/#-&#$)/!
$#-&#=$/#*24!I2! =*'@=-&'! &<$(.)$=/!)&! 2/(!=*(/(! (/3'&!&2!9,&!#/(!3*(*0/(!<*'*!&2!
&(-,)$/!)&!2*(!&0/=$/#&(!%$&#&!)*)/!#/!</'!&2!#&=&(*'$/!=*'@=-&'!&<$(.)$=/!)&!2*(!
&0/=$/#&(!&#!(H!0$(0*(?!($#/!0@(!3$&#!=/0/!=/#(&=,&#=$*!)&!9,&!-/)*!&0/=$.#!
&(! $#-&#=$/#*2?! A! 9,&! '&(,2-*! 0@(! (&#=$22/! =*<-,'*'! )$=:*! $#-&#=$/#*2$)*)! &#! &2!
*#@2$($(!)&!($-,*=$/#&(!A!&<$(/)$/(!&0/=$/#*2&(!&(<&=HE$=/(4!

6%#/+()+$/,+%"/0%0#0)#"%1#)-,$/,+)1#

F/(!&(-*)/(!)&!@#$0/!%$&#&#!)&-&'0$#*)/(!0@(!3$&#!</'!*(<&=-/(!E&#/0K#$=/(?!&(!
)&=$'?! (&! )&E$#&#! 0@(! 3$&#! &#! %$'-,)! )&! 2/! 9,&! (&#-$0/(! A! #/! &#! %$'-,)! )&! 2*!
'&2*=$.#!$#-&#=$/#*2!9,&!B,*')*0/(!=/#!,#!)&-&'0$#*)/!*(<&=-/!)&2!0,#)/!=/0/?!
</'!&D&0<2/?!=,*#)/!#/(!(&#-$0/(!$''$-*)/(!*2B,#*!0*c*#*4!6/'!&2!=/#-'*'$/?!&#!&2!
=*(/!)&2! *0/'!/!)&2! /)$/?! 2/!9,&!:*=&!)&! K(-&!,#*! &0/=$.#! &(!9,&! &(-@!)$'$B$)/!
:*=$*!*2B,$&#!/!*2B/?!A!(,!=*'@=-&'! E&#/0K#$=/!&(-@!*(/=$*)/!=/#(-$-,-$%*0&#-&!*!
(,! =/#-&#$)/! $#-&#=$/#*2?! &#! &(-&! =*(/?! &2! /3D&-/! )&! (,! *0/'! /! )&! (,! /)$/4! I(-*!
</($=$.#!:*!($)/!)&E&#)$)*!&;<2H=$-*0&#-&!</'!%*'$/(!*,-/'&(^!

Q4! V/#*2)!O&!J/,(*!:*!)&E&#)$)/!9,&!2*(!&0/=$/#&(!)&3&#!(&'!&;<2$=*)*(!*!
-'*%K(! )&! 0&=*#$(0/(! 9,&! $#=2,A*#! *==$/#&(! $#-&#=$/#*2&(?! </'9,&! (,!
E,#=$.#!!&(!2*!)&!0/-$%*'!2*!*==$.#!:,0*#*4!+2!:*3&'!/3D&-/(!9,&!E/'0*#!
<*'-&!)&!2*(!&0/=$/#&(?!K(-*(!<,&)&#!)&E$#$'(&!&#!%$'-,)!)&!(,!=/#-&#$)/!
$#-&#=$/#*2!NO&!J/,(*!PQR\YSW4!!

Z4! X/2)$&! )&E$&#)&! 9,&! 2*(! &0/=$/#&(! (/#! -*03$K#! $#-&#=$/#*2&(^! d2/(!
<&#(*0$&#-/(! A! 2/(! (&#-$0$&#-/(! $#%/2,='*)/(! &#! 2*(! &0/=$/#&(! -$&#&#!
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,#*!6+%$//+83( 90/+0(,#! /3D&-/e4! NX/2)$&! PZUUUS?! <4<! QRW!F*(! &0/=$/#&(!
(/#!-$3&+4+$3&'-(90/+0(/'-0-:(I#!&(-&!=*(/?!&2!=/#-&#$)/!$#-&#=$/#*2!)&!2*(!
&0/=$/#&(!%$&#&!)*)/!</'!(,!=*'@=-&'!E&#/0K#$=/4!!

T4! X,#-:&'!:*!)&E&#)$)/!9,&!2*!)$(-$#=$.#!2%$;$030(&#-'&!E,&'8*!A!=/#-&#$)/!
#/! &(! '&(<&-*)*! &#! &2! =*(/! )&! 2*(! &0/=$/#&(4! f(-*(! #/! (&'@#! =/0/! 2*(!
*=-$-,)&(! <'/</($=$/#*2&(! </'9,&! 2*! E,&'8*! #/! &(! $#)&<&#)$&#-&! )&2!
=/#-&#$)/4!I#!2*(!*=-$-,)&(!<'/</($=$/#*2&(!</)&0/(!)$(-$#B,$'!&#-'&!9,K!
)&=$0/(!A!=.0/!2/!)&=$0/(4!F*!)$E&'&#=$*!=/#!&2!=/#-&#$)/!&0/=$/#*2!&(!
9,&!2*!*=-$-,)!&(-@!$#=2,$)*!#&=&(*'$*0&#-&!&#!2/!9,&!(&!&(-@!'&<'&(&#-*#)/!
&0/=$/#*20&#-&4! I(! 0@(?! =,*29,$&'! &;<'&($.#! =/#! =/#-&#$)/! &0/=$/#*2!
#/!&(!)$(-$#B,$32&!)&!&;<'&(*'!#,&(-'/(!(&#-$0$&#-/(?!#,&(-'*!*=-$-,)!:*=$*!
*2B/4! I(! )&=$'?! 9,&! =,*29,$&'! -$</! )&! =/#-&#$)/! &0/=$/#*2! -$&#&! ,#*!
*=-$-,)!A!,#!(&#-$0$&#-/!*(/=$*)/!*!K2!NX,#-&'!PZUU[S?!<4<4![T]aaW4!

`/)/(! &(-/(! *'B,0&#-/(! <'/%$&#&#! )&! $#-&'<'&-*=$/#&(! 0,A! )$E&'&#-&(! )&! 2*!
#*-,'*2&8*!)&!2*(!&0/=$/#&(4!J$#!&03*'B/?!#/!(/(-$&#&#!#&=&(*'$*0&#-&!,#!0/)&2/!
&<$(.)$=/! )&! =/'-*! ),'*=$.#! )&! 2*(! &0/=$/#&(4! F/! 9,&! (H! (&! $#E$&'&! )&! (,(!
*'B,0&#-/(!&(!9,&!2/(!&(-*)/(!)&!@#$0/!(/#!)$E&'&#-&(!*!2*(!&0/=$/#&(4!J$!</'!2*(!
'*8/#&(!9,&!:&0/(!*'B,0&#-*)/!&#!2*!*#-&'$/'!(&==$.#?!0*#-&#&0/(!9,&!'&*2$8*'!
,#*!)$(-$#=$.#!<'/E,#)*!&#-'&!*03/(!E&#.0&#/(!&(!</=/!<2*,($32&?!)&3&0/(!22&B*'!
*!2*(!($B,$&#-&(!=/#=2,($/#&(^!

Q]! F*(!&0/=$/#&(!&#!-*#-/!9,&!&(-*)/(!)&!@#$0/!<,&)&#!=*'&=&'!)&!/3D&-/(!
$#-&#=$/#*2&(?! A! </(&&'! &;=2,($%*0&#-&! *(<&=-/(! E&#/0K#$=/(?! 9,&! #/!
0/-$%&#!=/#),=-*!*2B,#*4!
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!

!

!

!

!

!

!

!

!!

$#)&#2$>#! 2.#)&#$0.!3!! M3-0+#%+)%;#"<-%(+%(+#+2="%"%'<./'+#("%="6$"%)"%)/<O!

! 2.#)&#$0.!4! M3-0+#%+)%;#"<-%="6$"%+6+%)/>"#O!

0*).(!<'.<$.2&<)$%.(! M3-0'3'+1$-%(+)%;#"<-%(+%'<./'+#("%"%(+#+2="O!

S+! 2.#)&#$0.!3! M3-0+#%+)%;#"<-%(+%(+#+2="%"%'<./'+#("%="6$"%)"%)/<O!
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7&*2.2[&C!`@5!MFVWXOC!D+16+%"1(%E-1$+1$C!r?;.'0C!`3*'&#0.#!7'&((5!

u!MYZZXOC!Q+2)$.#J!+s*'&#&((C!rs#&'(@$<C!*#0!v#.s3&0D&RC!&#!f.&((3&'!=!S$3*#!

M&0(5O!MYZZXO5!

f.&((3&'C!k5!=!]5!S$3*#!M&0(5O!MYZZXOC!F>+129%"1(%D+)@GFH"#+1+66C!r?;.'0C!r?;.'0!

"#$%&'$()=!7'&((5!

N&*'3&C!k5!MFVWXOC!I1$+1$'-1")'$9C!`*/9'$0D&C!`*/9'$0D&!"#$%&'($)=!7'&((5!
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!"#$%&'()*+&'(,&-&(.-+/&01$&")2&-3("4'(&-#$5+%14'(

+'06,1)04'(
!

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

%$/*#,%*34$/,(506-5&(!

!

7%1-4*$00)8%(

7#! /*! *#1$89&)*)! 6/:($6*! &/! )&;*1&! '&*/$(-,<&(6&.1$6$(-,! =,! &(6&.1$6$(-,<
),8-*1$(-,>!&(!0#*!60&(1$?#!)&!8'*),@!/,(!*'80-&#1,(!&(6A.1$6,(!%*#!)$'$8$),(!*!
.',;*'!B0&!&/!&'','!&(!1*#!,!-:(!.',;*;/&!B0&!&/!*6$&'1,!=)&!)?#)&!(&!(&80$'C*!B0&!
#0&(1'*(!.'&1&#($,#&(!)&!6,#,6$-$&#1,!#,!(,#!/&8C1$-*(>D!E!.*'*!&//,!&/!&(6A.1$6,!
'&60''&! *! /,(!-$(-,(! 1$.,(! )&! &%$)&#6$*(! E! 6'&&#6$*(! F0(1$4$6*)*(! B0&! &/! '&*/$(1*!
01$/$G*5!H&!*IC!/,(!)$&G!J-,),(K!)&!L&M1,!7-.C'$6,D!&#!/,(!B0&!)&!6*)*!*'80-&#1,!
(&!6,#6/0E&!0#*!-*E,'!.',;*;$/$)*)!)&!&'','!*!.*'1$'!)&!/*!.'&(&#6$*!)&!*/8N#!1$.,!
&(.&6C4$6,!)&!6,#1'*)$66$?#!&#1'&!&%$)&#6$*(5!7#!/*!-,)&'#$)*)!&/!)&;*1&!'&*/$(-,<
&(6&.1$6$(-,!&(!0#!60&(1$?#!)&!1,),<#*)*@!/,(!*'80-&#1,(!&(6A.1$6,(!%*#!)$'$8$),(!
*!.',;*'!B0&!&(!.,($;/&!=/?8$6*-&#1&!.,($;/&>!&/!&'','D!E!.*'*!&//,!&/!&(6A.1$6,!#,!
.0&)&!01$/$G*'!6'&&#6$*(!B0&!(&!F0(1$4$6*#!&#!;*(&!*/!-$(-,!1$.,!)&!&%$)&#6$*(!B0&!
&/!'&*/$(1*!01$/$G*5!7(1,!&#!0#!(&#1$),!6,#6&)&!0#*!%&#1*F*!*/!&(6A.1$6,!=B0&!I*!)&!
.',;*'!0#!&#0#6$*),!-:(!)A;$/>D!.&',!&#!,1',!(&#1$),!(0.,#&!0#*!)&(%&#1*F*!=/,(!
'&60'(,(! *'80-&#1*/&(! (&! %&#! (&'$*-&#1&! '&(1'$#8$),(>5! O! /*! /*'8*D! /*(! '&8/*(! )&!
F0&8,!)&!/*!-,)&'#$)*)!I*#!)&8&#&'*),!&/!)&;*1&!I*(1*!6,#%&'1$'/,!&#!0#*!(0&'1&!
)&! )$:/,8,! )&! (,'),(@! &/! '&*/$(1*! '&60(*#),! /*(! &%$)&#6$*(! )&/! &(6A.1$6,! .,'!
&(.0'$*(! ,! *01,<6,#1'*)$61,'$*(D! &/! &(6A.1$6,! )&#0#6$*#),! B0&! /*(! F0(1$4$6*6$,#&(!
.*'*! /*! 6'&&#6$*! B0&! .'&(&#1*! &/! '&*/$(1*! (,#! 6,-.*1$;/&(! 6,#! &/! &'','5!H&! *IC! /*!
*61$10)! .'&%*/&#1&! &#! /*! 6,#1&-.,'*#&$)*)! '&(.&61,! */! )&;*1&! &(6&.1$6$(-,<
'&*/$(-,@!A(1&!&(!0#!)&;*1&!*;(0'),D!0#!.(&0),<.',;/&-*!6'&*),!.,'!/,(!4$/?(,4,(!
.',4&($,#*/&(! E! 1,1*/-&#1&! )&(6,#&61*),! 6,#! .'&,60.*6$,#&(! &.$(1&-,/?8$6*(!
'&*/&(! )&/! 6$&#1C4$6,! ,! )&/! I,-;'&! )&! /*! 6*//&! =&/! P$118&#(1&$#! )&! JL,;'&! /*!
+&'1&G*K!&(!0#!&F&-./,!.*'*)$8-:1$6,!)&!&(1*!*61$10)>5!

7#!&(1&!1'*;*F,!.'&1&#)&-,(!'&*%$%*'!&/!)&;*1&!&(6&.1$6$(-,<'&*/$(-,D!)&()&!/*!
6,#%$66$?#!)&!B0&D!($!(&!&#6*'*!)&()&!0#!-*'6,!-:(!.'?M$-,!=*0#B0&!#,!$)A#1$6,>!
*/! )&! /*! *#1$89&)*)! 6/:($6*D! (&! .0&)&! '&60.&'*'! &/! 6,#1*61,! 6,#! $#1&'&(&(! E!
.',;/&-*(!'&*/&(5!Q*'*!&//,D!#,(!*.,E*'&-,(!&#!6$&'1*(!6,#($)&'*6$,#&(!B0&!I*6&!
R&,'8&! 75!2,,'&! &#! STUS! &#! 1,'#,! *! /,(! *'80-&#1,(! &(6A.1$6,(! B0&! .'&1&#)&#!
.',;*'! /*! .,($;$/$)*)! )&/! &'','D! ($! ;$&#! /*(! 6,#(&60&#6$*(! B0&! &M1'*&'&-,(! )&! (0!
*#:/$($(! (&':#! -0E! )$(1$#1*(! =2,,'&! .'&(&#1*! (0! *#:/$($(! 6,-,! 0#! 6,#1'*<
*'80-&#1,D!#,(,1',(!/,!1,-*'&-,(!6,-,!0#*!'&%$($?#!)&/!*'80-&#1,!&(6A.1$6,>5!

!

!
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9"(&-#$5+%14(+'06,1)04(54*&"(*+(:44-+(

7/!*'80-&#1,!&(6A.1$6,!B0&!2,,'&!)$(601&!&(!&/!($80$&#1&@!

9"(&-#$5+%14(+'06,1)04(54*&"(;4(&-#$5+%14(*+(<&-%+&*+'=(

=Q5S5>! L&*#! 60*/&(! (&*#! -$(! &%$)&#6$*(! .*'*! 6'&&'! .D! &(*(! &%$)&#6$*(! (,#!
6,-.*1$;/&(!6,#!#,!.5!

=Q5V5>!L$!-$(!&%$)&#6$*(!.*'*!6'&&'!.!(,#!6,-.*1$;/&(!6,#!#,!.D!&#1,#6&(!#,!(A!
B0&!.5!

Q,'!/,!1*#1,D!=.5W5>!X,!(A!B0&!.5!

Y*! &M.'&($?#! J-$(! &%$)&#6$*(! (,#! 6,-.*1$;/&(! 6,#! #,! .K! .0&)&! .*'*4'*(&*'(&!
6,-,@! J&(! .,($;/&! B0&! (&! )&#! /*(! &%$)&#6$*(! )&! B0&! )$(.,#8,! .*'*! F0(1$4$6*'!-$!
6'&&#6$*! )&! B0&! .! E! B0&! /*! .',.,($6$?#! (&*! 4*/(*K5! O(CD! &/! *'80-&#1,!-,)*/! (&!
.0&)&!.*'*4'*(&*'!6,-,@!

=Q5S5>!L&*#!60*/&(!(&*#!-$(!&%$)&#6$*(!.*'*!6'&&'!.D!&(!.,($;/&!B0&!(&!)&#!&(*(!
&%$)&#6$*(!E!.!(&*!4*/(,5!

=Q5V>! L$! &(! .,($;/&! B0&!-$(! &%$)&#6$*(! .*'*! 6'&&'! .! (&*#! %&')*)&'*(! E! .! (&*!
4*/(,D!&#1,#6&(!#,!(A!B0&!.5!

Q,'!/,!1*#1,D!=Q5W>!X,!(A!B0&!.5!

7/!6,#1'*<*'80-&#1,!)&!2,,'&!6,#($(1&!&#!*60(*'!*/!&(6A.1$6,!)&!&(1*'!6,-&1$&#),!
0#*! 4*/*6$*! )&! &B0$%,6$)*)D! *.',%&6I:#),(&! )&! /*! *-;$89&)*)! )&! /*(! #,6$,#&(!
-,)*/&(! -*#&F*)*(! .,'! &/! &(6A.1$6,5! 7#! '&*/$)*)D! &(1*'C*-,(! *#1&! 0#*! 1'$./&!
*-;$89&)*)!&#!/*!4,'-*!)&!&#1&#)&'!/*!&M.'&($?#!J&(!.,($;/&K@!

=S>!<$#!(&#(0!)$%$(,Z$#!(&#(0!6,-.,($1,!=,!)&!'&Z)&!)$61,>@!

Q,($;/&=Q!E![7>!

=Q,($;/&!Q>!E![7!

O./$6*)*! */! 6*(,! &.$(1A-$6,D! ($&#),! \! 0#*! F0(1$4$6*6$?#! .*'*! 6'&&'! B0&! .D! &/!
&(6A.1$6,!0(*'C*! &#! /*!.'&-$(*!+S!J&(!.,($;/&K! 6,-,! J\!E! &(!.,($;/&!B0&!#,!.KD!
-$&#1'*(!B0&!&#!/*!.'&-$(*!+V!&#1&#)&'C*!J&(!.,($;/&K!6,-,!J&(!.,($;/&!\!E!#,!.!*!
/*! %&GK5! ]*6&'! &(1*! )$(1$#6$?#! &(! $-.,'1*#1&D! E*! B0&D! .,'! .,#&'! 0#! &F&-./,D!
.,)&-,(!6,#6&)&'!*/!&(6A.1$6,!B0&!0#*!.',.,($6$?#!.!B0&!%&'(*!(,;'&!&/!-0#),!
&M1&'#,! &(! 6,#1$#8&#1&! E! .,'! /,! 1*#1,! .,)'C*! I*;&'! ($),! 4*/(*D! .&',! *0#! #,! /&!
I*;'&-,(!6,#6&)$),!B0&!&(!.,($;/&!*/!-$(-,!1$&-.,!B0&!/*!.',.,($6$?#!(&*!(*;$)*!
E!B0&!.!(&*!4*/(*5!

=V>!<.*'*!1,),(!*!/*!%&GZ.*'*!6*)*!0#,@!

Q*'*!1,),!&!=!Q,($;/&![&>!

Q,($;/&!=.*'*!1,),!&!=[&>!

7#!&/!6*(,!B0&!#,(!,60.*D!($&#),!\SD!\V^\#!-$(!F0(1$4$6*6$,#&(!.*'*!6'&&'!B0&!.D!
&#! /*! .'&-$(*! QS! &/! &(6A.1$6,! &(1*'C*! 0(*#),! J&(! .,($;/&K! &#! &/! (&#1$),! )&! J&(!
.,($;/&D! .*'*! 6*)*! 0#*! )&! /*(! F0(1$4$6*6$,#&(! \D! B0&! \! (&*! %&')*)&',! E! .! 4*/(,! */!
-$(-,!1$&-.,KD!E!&#!/*!.'&-$(*!QVD!6,-,!J&(!.,($;/&!B0&!/*!6,#F0#6$?#!)&!1,)*(!
/*(!&%$)&#6$*(!\!(&*!%&')*)&'*!*/!-$(-,!1$&-.,!B0&!.!&(!4*/(,K5!"#*!%&G!)&1&61*)*!
&(1*! *-;$89&)*)!.$&')&!;*(1*#1&!)&! (0! 40&'G*!&/! '&60'(,! *! &'','&(!)&!.&'6&.6$?#!
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,)./*"-'$0%"-'1"&"'2&%3"45/")$6"&7')+-'"&./8%*5+-'%-4915$4+-'

.*(*),(! =&(.&F$(-,(D! (0&_,(D! &4&61,(!?.1$6,(D! &16555>! B0&! I*6&! &/! &(6A.1$6,D! (,;'&!
1,),! 60*#),! /*(! .',.,($6$,#&(! .'&(0#1*-&#1&! (*;$)*(! (,#D! 6,-,! /*(! B0&! &/$8&!
2,,'&! =J1&#8,! 0#*!-*#,KD! J&M$(1&! 0#!-0#),! &M1&'#,K>D! *.,E*)*(! .,'! 0#*! 8'*#!
6*#1$)*)!)&!&%$)&#6$*(!'&6,8$)*(!*!/,!/*'8,!)&!0#!&M1&#(,!.&'$,),!)&!1$&-.,!6,-,!
/,! &(! /*! .',.$*! %$)*5! Q0&(! ($! ;$&#! &(! .,($;/&! $-*8$#*'! .*'*! 6*)*! 0#*! )&! /*(!
.&'6&.6$,#&(! B0&! ($'%&#! )&! &%$)&#6$*(! B0&! .,)'C*! 1'*1*'(&! )&! 0#! &'','D! &(! -:(!
)$4C6$/!$)&*'!6?-,!.,)'C*#!I*;&'/,!($),!1,)*(!&//*(5!

=W>!<.,($;/&!#*10'*/-&#1&!=,!#*10'*/-&#1&!.',;*;/&>Z/?8$6*-&#1&@!

7(1*!&(D!*!-$! F0$6$,D! /*!)$(1$#6$?#!-:(!40#)*-&#1*/5!`(1*!&(! /*!B0&!I*E!&#1'&!0#*!
#,6$?#! )&! .,($;$/$)*)! *;(,/01*D! ,! J.,($;$/$)*)! /?8$6*KD! E! ,1'*(! #,6$,#&(! )&!
.,($;$/$)*)! *! /*(! B0&! )&! -,-&#1,! $)&#1$4$6*'A! 6,-,! 0#*! (,/*D! E! )&#,-$#*'A!
J.,($;$/$)*)!#*10'*/K! ,! J.,($;$/$)*)! 4C($6*K5!Y/&%*#),! /*! )$(1$#6$?#! */! *'80-&#1,!
)&! +*'#&*)&(D! '&(0/1*':! B0&! .,)&-,(! 6,#6&)&'! 1'*#B0$/*-&#1&! */! &(6A.1$6,! /*!
.'&-$(*! +S! ($! .,'! .,($;/&! &#1&#)&-,(! J/?8$6*-&#1&! .,($;/&KD! ($#! B0&! &//,! #,(!
I*8*! )&()&6$'#,(! )&! #0&(1'*(! .'&1&#($,#&(! )&! 6,#,6$-$&#1,5! 7#! &4&61,D! &(!
/?8$6*-&#1&! .,($;/&! B0&! E,! I*E*! (&80$),! 1*/&(! E! 1*/&(! '&8/*(! &.$(1A-$6*(D! I*E*!
,;1&#$),!1*/&(!E! 1*/&(!&%$)&#6$*(!.*'*!6'&&'!.D!E!($#!&-;*'8,!.!(&*!4*/(,5!7(1,!&(!
*/8,! B0&! &/! .',.$,! 2,,'&! 6,#6&)&! */! &(6A.1$6,D! 6,-,! I&-,(! )$6I,D! .&',! &(1&!
I&6I,!.,)'C*!#,!(&'!(04$6$&#1&!.*'*!.,#&'!&#!60&(1$?#!#0&(1'*(!'&8/*(!&.$(1A-$6*(5!
7#!&4&61,D!.*'*!2,,'&!E!-06I*!,1'*!8&#1&!=E,!&#1'&!&//,(>!/*!60&(1$?#!#,!&(!($!&(!
.,($;/&! "8#)0&5+%1+! &/!&'','5!7/!&'','!&(! ($&-.'&! /?8$6*-&#1&!.,($;/&D!E*!B0&! /,!
N#$6,!B0&!&(!/?8$6*-&#1&!$-.,($;/&!(,#!6,(*(!6,-,!J.!E!#,!.K!,!J.!E!B!$-./$6*!#,!
.K5!Q,'!&//,D!)&6$'!B0&!&(!/?8$6*-&#1&!.,($;/&!&/!&'','!&(!1*#!1'$%$*/!6,-,!)&6$'!B0&!
J.! E! #,! .K! &(! $-.,($;/&D! ,! B0&! J.! ,! #,! .K! &(! #&6&(*'$,D! E! 6,-./&1*-&#1&!
$''&/&%*#1&!60*#),!)$(601$-,(!0#!.',;/&-*!&.$(1&-,/?8$6,! =6,-,!&(! $''&/&%*#1&D!
.,'!&F&-./,D!*4$'-*'!B0&!&(!/?8$6*-&#1&!.,($;/&!B0&!0#!-?%$/!(0.&'&!/*!%&/,6$)*)!
)&! /*! /0G! 60*#),! )$(601$-,(! .',;/&-*(! )&! 4C($6*>5! Y,! B0&! I*E! B0&! )$'$-$'D! /*!
60&(1$?#! $-.,'1*#1&! &#! &.$(1&-,/,8C*D! &(! ($! #0&(1'*(! -*#&'*(! )&! '&/*6$,#*'#,(!
6*0(*/! E! .&'6&.1$%*-&#1&! 6,#! #0&(1',! &#1,'#,! F0#1,! 6,#! /*(!-*#&'*(! &#! B0&! /*(!
6,(*(!,60''&#!&#!#0&(1',!&#1,'#,!=/*(!/&E&(!4C($6*(>!E!/*(!-*#&'*(!&#!B0&!)$(60''&#!
#0&(1',(!.',.$,(!.',6&(,(!-&#1*/&(! *;'&#!,!#,!0#! :-;$1,!)&!.,($;$/$)*)&(! &#! &/!
B0&!(&*#!60*/&(!(&*#!-$(!'&8/*(!&.$(1A-$6*(D!-$(!)*1,(!(&#(,'$*/&(!E!-$!4,'-*!)&!
.',6&(*'/,(!I*E!($&-.'&!0#*!($10*6$?#!&#!B0&!(&!)*!&/!&'','!=&#!B0&!.!&(!4*/(,>5!Q,'!
(0.0&(1,D! &/! &(6A.1$6,! .0&)&! #,! 6,-.*'1$'! &(1&! .0#1,! )&! %$(1*D! E! 6,#! A/! ,1',(!
4$/?(,4,(D!.&',!&#1,#6&(!)&;&':!)*'#,(!'*G,#&(!*)$6$,#*/&(!B0&!#,(!.&'(0*)*#!.*'*!
*;*#),#*'!#0&(1',!.0#1,!)&!%$(1*!E!*),.1*'!&/!(0E,5!

a&%$(&-,(!&/!*'80-&#1,!)&!+*'#&*)&(!*!/*!/0G!)&!/*(!*-;$89&)*)&(!)&1&61*)*(5!
7#! /*(! %&'($,#&(! -:(! .0&'$/&(D! &/! &(6A.1$6,! &(1*'C*! 6,-&1$&#),! 0#*! 4*/*6$*! )&!
&B0$%,6$)*)D!0(*#),!J.,($;/&K!&#!(&#1$),(!)$(1$#1,(@!

7#! .'&-$(*! .S@! 6,-,! J&(! .*'*! 6*)*! 0#*! .,($;/&! /?8$6*-&#1&! $#! (&#(0!
)$%$(,K5!

7#! .'&-$(*! .V@! 6,-,! J&(! .*'*! 1,),(! #*10'*/-&#1&! .,($;/&! $#! (&#(0!
6,-.,($1,K5!
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7#!%&'($,#&(!-:(!(,4$(1$6*)*(!/*!*-;$89&)*)!(?/,!*4&61*'C*!*!0#*!,!),(!)&!/*(!1'&(!
)$6,1,-C*(!(&_*/*)*(5!7#!6*)*!6*(,D!&/!&'','!)&/!&(6A.1$6,!(&'C*!&/!-$(-,@!4*//*!&#!
.',;*'! /*! .'&-$(*! .S! /&EA#),/*! (&8N#! /*! -$(-*! #,6$?#! )&! .,($;$/$)*)! B0&!
'&B0&'$-,(!&#!/*!/&610'*!)&!/*!.'&-$(*!V5!

9"(,&1-8%(&-#$5+%1&"(54*&"(+'06,1)04(

7(1,!&#!/,!B0&!'&(.&61*!*/!*'80-&#1,!-,)*/!)&!2,,'&!=B0&!E,!I&!'&6,#(1'0$),!-:(!
,! -&#,(! /$;'&-&#1&! *! .*'1$'! )&! -$! .',.$*! &MA8&($(! )&! /,(! 1&M1,(! )&! 2,,'&>D!
&#1&#)$),!6,-,!0#!6,#1'*<*'80-&#1,!)&/! '&*/$(1*!%&'(0(!&/!*'80-&#1,!-,)*/!)&/!
&(6A.1$6,5!7#!/,!B0&!($80&!$#1&#1,!'&<&/*;,'*'!&/!*'80-&#1,!.*'*!.,)&'!*./$6*'/,!*!
($10*6$,#&(!'&*/&(!&#!/*(!B0&!*/80$&#!1$&#&!0#*!)0)*!'*G,#*;/&!(,;'&!(0(!.'&(0#1,(!
6,#,6$-$&#1,(5! OI,'*! ;$&#D! .*'*! I*6&'! &/! &(B0&-*! *'80-&#1*/! &4&61$%,! &#! 1*/&(!
6,#1&M1,(!)&;&-,(!),1*'/&!)&!-*E,'!4/&M$;$/$)*)5!b*!I&-,(!%$(1,!B0&!6,-;$#*#),!
/,(!-$&-;',(!)&! /*(!)$6,1,-C*(! *(,6$*)*(! *! /*(! 1'&(! *-;$89&)*)&(!)&! /*!.*/*;'*!
J.,($;/&K! ,;1&#C*-,(! %&'($,#&(! )$4&'&#1&(! )&/! *'80-&#1,5! O_*)$&#),! #0&%,(!
-$&-;',(!*!&(*(!*-;$89&)*)&(!,;1&#)'&-,(!0#*!4/&M$;$/$)*)!1,)*%C*!-*E,'5!Q*'*!
&-.&G*'D! $#1',)06$&#),! #0&%,(! 1$.,(! )&! .,($;$/$)*)! *)&-:(! )&! /*! .,($;$/$)*)!
J4C($6*K! E! /*! .,($;$/$)*)! J/?8$6*K! B0&! (&*#! '&/&%*#1&(! &#! */80#,(! 6,#1&M1,(5!
Q,)&-,(! ,! #,! $#1',)06$'! 6,#($)&'*6$?#&(! 4$($,/?8$6*(D! I$(1?'$6*(D! 1&6#,/?8$6*(D!
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7-#2'-#0*7$>#!(&!%/&,%*!7-:6,&:&#0*'$&)*)!-!'&&#(*:.,*B&!85*0-/'!CDDEF!G$7H,&(!

IJKJ;4!L$#!&:.*'<-F!&(0*!6-($.,&!7-:6,&:&#0*'$&)*)!#-!($<#$2$7*!A/&!0-)-!0$6-!)&!

'*M>#!&(09!*!,*!6*'!)&,!'&(0-!8($:&0'?*;4!NO($7*:&#0&F!7*.'?*!*2$':*'!A/&!,*(!'*M-#&(!

&6$(0&:-,><$7*(!&#!,*!&=6&'$:&#0*7$>#!7$&#0?2$7*!#-!(&!6/&)&#!&,$:$#*'!',"'%.,"/'4!

5-! $#0&'&(*#0&! :O(! .$&#! (&'?*! 6'-7/'*'! *'0$7/,*'! *)&7/*)*:&#0&! &,! B/&<-! )&! ,*(!

'*M-#&(! 8&6$(0&:-,><$7*(! -! (-7$*,&(;! 8N'*#)-:! IJJP;! &#! &,! A/&! (&! Q$7$&'*#!

&=6,?7$0-(!,-(!6'-7&(-(!'&*,&(!)&!,*!*70$%$)*)!&=6&'$:&#0*,4!L&'?*!7/&(0$>#!)&!Q*7&'!

&=6,?7$0-(! ,-(! 6'-7&(-(! A/&! G$7H,&(! &0$A/&0*! )&! R)-':$)-(S! -! A/&! (&! Q*#!

*/0-:*0$M*)-!Q*(0*!Q*7&'(&! 0'*#(6*'&#0&(F! $#%$($.,&(4!T'*0-!)&!:-(0'*'! &(0-! &#!&,!

7*(-!)&,!0/,12*3#%4*2%$*"'/($,%),2#/4!

!"#$%&'!

5*! 2$,-(-2?*! )&! ,*! 7$&#7$*! 3! )&! ,*! 0&7#-,-<?*! $#0&'&(*)*! &#! ,*! &=6&'$:&#0*7$>#!

7$&#0?2$7*!#-!6*'0&!*.$&'0*:&#0&!)&!#$#<@#!&#2-A/&!*7&60*)-!)&!,*!'*7$-#*,$)*)4!G-!

-.(0*#0&F! *!:&#/)-! (&! )*! 6-'! (/6/&(0-! A/&! &,! )$(7/'(-! 2$,-(>2$7-! A/&! '&7/''&! *!

'*M-#&(! (&! (-(0$&#&! (-.'&! ,*! ,><$7*F! ,*! :&0-)-,-<?*! -! *,</#*! &(0'*0&<$*!

&6$(0&:-,><$7*!0'*)$7$-#*,4!U&'-!&(0-!#-!0$&#&!6-'!A/9!(&'!*(?4!5*(!'*M-#&(!6/&)&#!

(&'! )&! ?#)-,&! )$%&'(*! &#! &,! )&(*''-,,-! 3! *%*#7&! )&! ,*! 7$&#7$*F! 0*,! 3! 7-:-! ,*(!

7-#7&67$-#&(!)&!,*!/#.(,$#1(2(4#4!)&!T-/,:$#!8CDDI;!3!)&,!/#5,$#3(*$',%0/6.'(.,!

)&!V-%*7!8CDDC;F!&#0'&!-0'*(F!!:*#0$&#&#4!

5-(!0'*.*B-(!)&!W,,*#!X'*#H,$#!8IJJDF!CDDC;!3!)&!T'&%-'!U$#7Q!8IJKE;!(-#!*A/?!

&B&:6,-! )&! )-(! 2-':*(! -6/&(0*(! )&! &#0&#)&'! &,! /(-! )&! ,*(! '*M-#&(! &#! ,*! 7$&#7$*!

&=6&'$:&#0*,4! X'*#H,$#! )&2$&#)&! ,*! %*,$)&M! )&! ,*(! &(0'*0&<$*(! &6$(0&:-,><$7*(! 3!

U$#7Q! ,*! #$&<*! 7-#! &,! -.B&0$%-! )&! (/(0$0/$',*! '*)$7*,:&#0&! 6-'! &,! Y'*M-#*:$&#0-Z!

(-7$-,><$7-4! 5-! A/&! 6*'*! /#-! (-#! '*M-#&(F! 6*'*! &,! -0'-! (-#! ($#'*M-#&(4!

[$&'0*:&#0&F! *:.*(! *6-'0*7$-#&(! Q*#! ($)-! $#0&'&(*#0&(! 6*'*! ,*! 2$,-(-2?*! )&! ,*!

&=6&'$:&#0*7$>#!7$&#0?2$7*F!6&'-!#$!(-#!(/2$7$&#0&(!#$!(&!*B/(0*#!7-:6,&0*:&#0&!*!

,*!6'O70$7*!7$&#0?2$7*! '&*,4!5*!7-#7&67$>#!)&!4#/%7%0*4(/% /#5,$*)F! $#(&'0*)*!&#! ,*!

0*'&*!)&!Q*7&'!&=6,?7$0-!&,!)$(7/'(-!6'O70$7-\$#2&'&#7$*,F!&(!/#*!2-':*!7-#%&#$&#0&!

)&! 7-:6'&#)&'!:O(! *)&7/*)*:&#0&! ,*! &=6&'$:&#0*7$>#! 7$&#0?2$7*! 3! &,! 6*6&,!A/&!

9(0*!)&(&:6&]*!&#!,*!&,&77$>#!)&!0&-'?*(4!^$!6/#0-!)&!6*'0$)*!&(!&,!($</$&#0&_!
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!"#$%&#"'()'#%&*$+,*'-*#!

8$;! `.(&'%-! /#! 7*(-! )&! ,*! 6'O70$7*! 7$&#0?2$7*! '&*,! 6-'A/&! ,-(! &#2-A/&(!

#-':*0$%$(0*(!#-!(*0$(2*7&#!6-'! ,-!<&#&'*,!&,!/*8"()(',%4*% /*#2(5#1(2(4#4! 8G$7H,&(!

IJKJ_!aIb(;F!3!

8$$;! ['$0$7-! ,*! %$($>#! *)*$.(#2()'#! )&! ,*(! 6'-6/&(0*(! )&! U$#7Q! 3! )&! X'*#H,$#4!

W:.*(!7-,*6(*#!&,!)&.*0&!*7&'7*!)&! ,*!&=6&'$:&#0*7$>#F!7-:-!($!&,! '&(/,0*)-!)&!

9(0*!2/&'*!*,<-!$#:>%$,!3!/#$)$'&77$-#*,!/#*!%&M!*7&60*)-!&#!,*(!2*(&(!$#$7$*,&(!)&!

,*!$#%&(0$<*7$>#4!G-!&(!*(?4!5*!$#%&(0$<*7$>#!&=6&'$:&#0*,!6&')/'*!3!(&!&=0$&#)&!*!

,-!,*'<-!)&!/#!6'-7&(-!)&!7-#(0'/77$>#!3!'&7-#(0'/77$>#!7-#(0*#0&!&#!&,!A/&!7*.&!

0-)*!/#*!%*'$&)*)!)&! '&7/'(-(!7-<#$0$%-(!3!#-!7-<#$0$%-(!6*'*! B/(0$2$7*',-(F! (&*#!

&6$(09:$7-(!-!(&*#!(-7$*,&(4!

6$%+,$-&,'."'(

U*'0&!X'*#H,$#!)&!/#*!$)&*!&#!,*!A/&!Q*!$#($(0$)-!)&()&!Q*7&!)-(!)97*)*(_!,*!7$&#7$*!

&(! /#*! &:6'&(*! '*M-#*.,&! A/&! (&! .*(*! &#! 6'/&.*(! &:6?'$7*(! &=6&'$:&#0*,&(!

8&%$)&#7$*(;F! &#! ,*! 7'?0$7*!3! &#! ,*!)$(7/($>#! '*7$-#*,4!U'-6-#&!/#*! &6$(0&:-,-<?*!

)&,! &=6&'$:&#0-! 7-#($(0&#0&! &#! /#! 7-#B/#0-! )&! &(0'*0&<$*(! A/&! (/:$#$(0'*#!

./**$.(#%/#5,$#12*!&#!,-(!'&(/,0*)-(4!

5-(!&,&:&#0-(!:O(!)&(0*7*.,&(!A/&!(/!6'-6$*!&(0'*0&<$*!&6$(0&:-,><$7*!6'-7/'*!

(*0$(2*7&'! (-#! 9(0-(! 8X'*#H,$#! CDDC_! a\Ec! IJJD_! IDP((;_! 8I;! ,-(! 7Q&A/&-(! 3! ,*!

7*,$.'*7$>#c! 8C;! ,*! '&6'-)/77$>#! )&! *'0&2*70-(F! 8a;! ,*! &,$:$#*7$>#! )&! 2/&#0&(!

6,*/($.,&(! )&! &''-'F! 8P;! &,! /(-! )&! ,-(! '&(/,0*)-(! 6*'*! *'</:&#0*'! *! 2*%-'! )&! (/!

6'-6$*!%*,$)&MF!8E;!&,!/(-!)&!0&-'?*(!)&!,-(!2&#>:&#-(!A/&!&(09#!.$&#!7-''-.-'*)*(!

$#)&6&#)$&#0&:&#0&F! 8d;! &,! /(-! )&! /#! *6*'*0-! .*(*)-! &#! /#*! 0&-'?*! .$&#!

7-''-.-'*)*F! 3! 8b;! &,! /(-! )&! *'</:&#0-(! &(0*)?(0$7-(4! e,! -.B&0$%-! )&! &(0*(!

&(0'*0&<$*(! &(! <&#&'*'! 7'&&#7$*(! '*M-#*.,&(! &#! ,*! %*,$)&M! )&! /#! '&(/,0*)-!

&=6&'$:&#0*,4! NO($7*:&#0&F! 6&':$0&#! )$(0$#</$'! &#0'&! /#*! -.(&'%*7$>#! %O,$)*! 8-!

:&)$7$>#!%O,$)*;!3!/#!*'0&2*70-!8A/&!&,!*6*'*0-!&=6&'$:&#0*,!6/&)*!Q*7&'!(/'<$';4!

U$#7QF![-,,$#(!3!U$7H&'$#<F!&#0'&!-0'-(F!Q*#!)*)-!,/<*'!*!-.B&7$-#&(!*,!&#2-A/&!

)&! A/&! ,-(! '&(/,0*)-(! &=6&'$:&#0*,&(! (&! *7&60*#! (-.'&! ,*! .*(&! )&! *'</:&#0-(!

&6$(0&:-,><$7-(4!^*7V&#M$&!8IJKJ_!PIC;!,-!'&:*'7*_!,-(!(-7$>,-<-(!)&!,*!7$&#7$*!

Q*#!:-(0'*)-!A/&!#$#<@#!&=6&'$:&#0-!6/&)&!6-'!(?!:$(:-!.,$4".(/%#!,*!(-,/7$>#!

*! /#*! 7-#0'-%&'($*! -! )*'! '*M>#! *! ,*! *7&60*7$>#!)&! /#!Q&7Q-! 7-#7'&0-4![/*,A/$&'!

7'?0$7-! 7-#%&#7$)-! 6-)'?*! &#7-#0'*'! /#*! '*M>#! 6*'*! -6-#&'(&! *! /#! (/6/&(0-!

'&(/,0*)-4!

L&<@#!X'*#H,$#F!^*7V&#M$&!&(0O!-'$<$#*#)-!)/)*(!*7&'7*!)&!,*!%*,$)&M!)&!,-(!

&=6&'$:&#0-(! *! ,*! Q-'*! )&! 7-#0'*(0*'! 0&-'?*(! -! Q$6>0&($(4! U$#7Q! ,-! &=6/(-!

7,*'*:&#0&! &#! (/! 6'-6/&(0*! )&! /#*! (-7$-,-<?*! )&,! &=6&'$:&#0-4
I
! U$#7Q! 8IJKE_!

IbE(;!*6,$7*!(/!$#0&'6'&0*7$>#!(-7$-,-<$(0*!*,!7*(-!)&!,*!7-#0'*(0*7$>#!)&!,*!0&-'?*!

*(0'-2?($7*! #/7,&*'! 6-'! :&)$-! )&! ,-(! &=6&'$:&#0-(! )&! )&0&77$>#! )&! #&/0'$#-(!

(-,*'&(4!f#0&'6'&0*!)&!/#*!:*#&'*!($#</,*'! ,-(!'&(/,0*)-(!)&!g*%$(!3!N*Q7*,,! 8[24!

g*%$(!h!N*Q7*,,!IJKC;4!g&(0*7*'9!,*(!($</$&#0&(!)-(!#-0*(!)&!(/!$#0&'6'&0*7$>#_!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
I!W/#A/&! &=0&#($.,&! *! 0-)*! ,><$7*! 6'&0&#)$)*! )&! ,*! $#%&(0$<*7$>#! 7$&#0?2$7*F! (/! 7'?0$7*! &#! &(0&!

*'0?7/,-!&(0O!)$'$<$)*!&#!6*'0$7/,*'!*,!2*,(*7$-#$(:-!)&!U-66&'4!
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9#5,$*)%7%.,$'/,:*/)(#)%*$%2#%*-0*/(3*$'#.(;$%.(*$'<=(.#%

5*(% 4()./*0#$.(#)_! '&(6&70-! )&! ,-(! '&(/,0*)-(! )&! g*%$(F! U$#7Q! 8IJKb_! Ibb;!

*6/#0*! *! ,*! &=$(0&#7$*! )&! 4().,/4#$.(#)! &#0'&! 9(0-(! 3! ,-(! )&! -0'-(!

&=6&'$:&#0*)-'&(F! )&.$)*(!*#0&! 0-)-! *! ,*! 2*,0*!)&! '&6,$7*7$-#&(!)&,! &=6&'$:&#0-4!

U*'&7&!A/&!,-(!&,&:&#0-(!&7-#>:$7-(!8(-7$*,&(;!(&!$:6/($&'-#4!

>$:#2(4*5% *0()'*3,2;+(.#! 3! :#2(4*5% ),.(#2! &#! ,*! 0-:*! )&! )&7$($-#&(_! (&<@#!

U$#7QF!N*Q7*,,!#-!7-:6*'0?*!&,!7'$0&'$-!)&!g*%$(!i(&<@#!&,!7/*,!,*(!-.(&'%*7$-#&(!

'&2/0*.*#!,*!0&-'?*j4!N*Q7*,,!#-!&(0*.*!7-#%&#7$)-!)&!A/&!Q/.$&'*!7-#0'*)$77$>#!

&#0'&!,*!0&-'?*!3!&,!&=6&'$:&#0-!3!7-#0$#/>!&=6&'$:&#0*)-!7-#!&,!2$#!)&!(*0$(2*7&'F!

(&<@#! U$#7QF! 6'$-'$)*)&(! #-! &6$(09:$7*(! 86'&(0$<$-F! *6-3-(! $#(0$0/7$-#*,&(F! &074;4!

U-'! 7-#($</$&#0&F! ,*(! 6'/&.*(! &:6?'$7*(! 6*'&7?*#! #-! 7-#0*'! 7-#! &,! *6-3-!

&6$(0&:-,><$7-!(/2$7$&#0&!*!,*!Q-'*!)&!)&7$)$'!($!0-:*',*(!&#!7-#($)&'*7$>#!-!#-4!

7889:(&/(1,$;/&2"(<&/(%&=+,.%$('$/",(

?#% ."*)'(;$_! ,*! Q$6>0&($(! .O($7*! .*'*B*)*! 6-'! ,-(! *(0'-2?($7-(! Q*(0*! IJdP! &'*! ,*!

($</$&#0&_%

8k;!P6!#!
P
k&!l!C!&

l
!l!Cν&!

[/*0'-!#@7,&-(!)&!Q$)'><&#-F!,-(!6'-0-#&(!86;F!(&!0'*#(2-':*#!&#!&,!$#0&'$-'!(-,*'!

&#!#@7,&-(!)&!Q&,$-!8
P
k&;F!&#!)-(!6-($0'-#&(!8&

l
;!3!&#!)-(!#&/0'$#-(!8ν&;4!L&<@#!&,!

:-)&,-! &(0O#)*'! )&! ,*! 2?($7*! )&! 6*'0?7/,*(F! ,-(! #&/0'$#-(! i(&*#! &,&70'>#$7-(! 8ν&;F!

:/>#$7-(! 8νµ;! -! 0*/>#$7-(! 8ντ;j! 0$&#&#! 7*'<*! &,970'$7*! #/,*F! *6&#*(! $#0&'*70@*#!

7-#!,*!:*0&'$*!3F!*#0&!0-)-F!#-!6-(&&#!:*(*4!

[-#!&,!2$#!)&!7-#0'*(0*'!kF!&#!IJdP!m*3:-#)!g*%$(!3!n-Q#!N*Q7*,,!)$(&]*'-#!

/#!&=6&'$:&#0-!)&!R<&#&'*7$>#!)&!&#&'<?*!#/7,&*'!&#!,*(!&(0'&,,*(S!8N*Q7*,,!IJdP_!

aDD;4! e#! (/! %&'0$&#0&! 0&>'$7*F! N*Q7*,,! '&*,$M>! ,-(! 7O,7/,-(! )&! ,*! 7*#0$)*)! )&!

#&/0'$#-(! )&! &#&'<?*(! )$2&'&#0&(! 6'-)/7$)-(! 6-'! &,! (-,! (&<@#! /#! :-)&,-!

7-:6/0*7$-#*,! )&0*,,*)-! )&,! (-,4! [-#! &,! :$(:-! :-)&,-! 7*,7/,>! *! (/! %&M! ,*!

7*#0$)*)! )&! O0-:-(! )&! *'<>#! '*)$-*70$%-! 8
ab
W';! A/&! ,-(! #&/0'$#-(! (-,*'&(!

6'-)/7$'?*#! &#! &,! &=6&'$:&#0-! A/&! g*%$(! ,,&%*'?*! *! 7*.-! &#! /#! 0*#A/&! )&!

6&'7,-'-&0$,&#-!8[C[,P;!8g*%$(!IJdP_!aDa;4!

g*%$(!-.0/%-!(/(!6'$:&'-(!'&(/,0*)-(!&#!IJdK!3!&#!&,,-(!(&!)&0&70*!@#$7*:&#0&!

Ioa!)&!,*!7*#0$)*)!)&!O0-:-(!)&!*'<>#!'*)$-*70$%-!6'&)$7Q-(4!5*!)$(7-')*#7$*!&#0'&!

,*! 6'&)$77$>#! 3! &,! '&(/,0*)-! )&! ,*!:&)$7$>#! &'*! &%$)&#0&F! 6&'-! ,-(! 7$&#0?2$7-(! #-!

7-#($)&'*'-#!&,!*.*#)-#-!)&!k!#$!)&!,*!0&-'?*!*(0'-2?($7*!#/7,&*'4!W,!7-#0'*'$-F!3!

7-#!&,!-.B&0$%-!)&!7-#0$#/*'!$#)*<*#)-!&#!&,!0&:*F!,*!7-:/#$)*)!7$&#0?2$7*!.*/0$M>!

&,!7*(-!7-:-!*2%0/,12*3#%4*2%$*"'/($,%),2#/4!

?#% :#2(4*5% ),.(#2% *$% 2#% ',3#% 4*% 4*.()(,$*)_! U$#7Q! 6,*(:*! /#*! $#0&'6'&0*7$>#!

@#$7*:&#0&!(-7$-,><$7*!8IJKE_!Ibb((;!)&!,*!,*.-'!)&!N*Q7*,,!7-#!&,!2$#!)&!6-#&'!&#!

)/)*!,*!%*,$)&M!)&!,-(!7'$0&'$-(!,><$7-(!6-66&'$*#-(!&#!&,!7*(-!)&!,*!7-#0'*(0*7$>#!

)&! ,*! 0&-'?*! *(0'-2?($7*4! 5-(! )*0-(! A/&! /0$,$M*! *! 2*%-'! )&! (/! $#0&'6'&0*7$>#! (&!

'&2$&'&#!7*($!&=7,/($%*:&#0&!*! ,-(!)*0-(!)&!&#0'*)*! $#$7$*,&(!A/&!N*Q7*,,!:*#&B>!

7-#0$#/*:&#0&! 7-#! &,! 2$#! )&! *)&7/*'! ,-(! '&(/,0*)-(! 0&>'$7-(! *(0'-2?($7-(! *! ,-(!

&=6&'$:&#0*,&(4!m&7-#-7&!A/&!N*Q7*,,! (&! &(2-'M>!&#!Q*7&'! 7*)*!%&M!:O(! 2$#-!&,!

&=6&'$:&#0-F! 6&'-! &#2*0$M*! A/&! #$#</#*! )&! (/(!:&B-'*(! $#0&#0>! '&%$(*'! ,*! 0&-'?*!
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!"#$%&#"'()'#%&*$+,*'-*#!

.O($7*F! ($#-! 0*#! (-,-! ,-(!6*'O:&0'-(!)&!&#0'*)*!#&7&(*'$-(!6*'*! &,! 7O,7/,-!)&! ,-(!

*B/(0&(4!

@2% A"*+,% 4*% 2#)% /#5,$*)% 3*4(#$'*% *-02(.('#.(;$_! &#! /#*! )&! (/(! 2-':*(F! *,!

:&#-(F! 7-#($(0$'?*! &#! Q*7&'! &=6,?7$0-(! 6'-7&)$:$&#0-(! %*'$-(! A/&! *! :&#/)-! (&!

Q*7&#! $#%$($.,&(! -! 0'*#(6*'&#0&(! &#! ,-(! 6'-7&(-(! )&! )&(*''-,,-! 3! '&7-#(0'/77$>#!

&=6&'$:&#0*,4! 5-(! 6'-7&)$:$&#0-(! (&! 6/&)&#! 7*0*,-<*'! &#! %$'0/)! )&! ,-(! )$%&'(-(!

&=6&'$:&#0-(! '&*,$M*)-(F! 3! &#! 0-)-(! &,,-(! &(! $#)$(6&#(*.,&! ,*! 6/&(0*! *! 6/#0-! )&!

:&7*#$(:-(!0*,&(!7-:-!,-(!*B/(0&(!)&!:&)$7$-#&(!3!,-(!&=O:&#&(!7-#0$#/*)-(!)&!

7O,7/,-(!3!:-)&,-(!0&>'$7-(4!

e#! &,! 7*(-! )&,! #&/0'$#-! (-,*'F! ,-(! <'/6-(! )&! &=6&'$:&#0-(! '&*,$M*)-(! (-#! ,-(!

($</$&#0&(_!&,!&=6&'$:&#0-!V*:$-H*#)&!8IJKJ;!8)&0&70-'!)&!*</*!6/'*!&#!%&M!)&!/#!

)&0&70-'! )&! 7,-'-F! 7-:-! ,-!&'*! &,! -'$<$#*,;F! ,-(! &=6&'$:&#0-(!pW55eq!3!LWpe!

8IJJD(;! 8%*'$-(! )&0&70-'&(! )&! <*,$-;F! &,! &=6&'$:&#0-! L/6&'\V*:$-H*#)&! 8IJJD(;!

8:&)$7$-#&(!:O(!6'&7$(*(!)&!#&/0'$#-(!)&! *,0*(! &#&'<?*(;! 3! ,-(! &=6&'$:&#0-(!)&,!

L/)./'3!L-,*'!G&/0'$#-!`.(&'%*0-'3!8LG`;!8CDDI;!86'$:&'-(!'&(/,0*)-(!(-.'&!&,!

#&/0'$#-!(-,*'!-.0&#$)-(!7-#!/#!)&0&70-'!)&!IDDD!0-#&,*)*(!)&!*</*!6&(*)*!8gC`;;4!
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&#)$)$&(!$#!+;'!8&()!(9$&#)$,$9!)5&+'$&(!$(!#+)!.!(;,,$9$&#)!9+#0$)$+#!)+!9+#%$#9&!A.66C!

)5&! (9$&#)$()(! )5.)! )5&(&! &#)$)$&(! &N$()<! O.00*! .'3;&(! )5.)J! .)! )5&! &#0! +,! )5&!

#$#&)&&#)5! 9&#);'*J! )5&'&! E.(! .! 0$(9'&7.#9*! 8&)E&&#! (9$&#)$,$9! 7'.9)$9&! .#0!

?;$#&M(! &7$()&>+6+3$9.6! %$&E! .'+;#0! .)+>$9! )5&+'*! A?;$#&! BPSTC<! G5$(! )5&+'*!

E.(!&#0+E&0!E$)5!.66!)5&!,$%&!?;$#&.#!)5&+'&)$9.6!8&#&,$)(!A($>76$9$)*J!,.>$6$.'$)*!

+,! 7'$#9$76&J! (9+7&J! ,&9;#0$)*J! &>7$'$9.6! 9+#,$'>.)$+#C! 8;)! )5&! (9$&#)$()(J! L.(! .!

E5+6&MJ!0$0!#+)!.99&7)!)5&!.)+>$9!)5&+'*!.(!)';&<!G5$(!(5+E(!)5.)!U(9$&#)$()(!0+!#+)J!

$#! 7'.9)$9&J! %$&E! )5&! +%&'.66! &>7$'$9.6! (;99&((! +,! .! )5&+'*! .(! 9+#,$'>$#3! .66! $)(!

7.')(V! AO.00*! BPPQJ! 7<! BWHCX! (9$&#)$,$9! 5*7+)5&(&(! .'&! ).F&#! .(! ;(&,;6! ,$9)$+#(!

;#)$6!,;')5&'!.#0!>+'&!9+#96;($%&!)&()(!E&'&!9.''$&0!+#<!!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

∗
!Y&(&.'95!(;77+')&0!8*!Z2GJ!3'.#)!#[!\ZY]^-4_^WS`WQ^HTT`<!
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2/0&1"'3-./0*,&1'

O.00*M(! (&9+#0! +8R&9)$+#! $(! .! >&'&! &N)&#($+#! +,! )5&! ,$'()! +8R&9)$+#! )+! )5&!

>.)5&>.)$9.6! 0+>.$#a! $,! )5&! +#)+6+3$9.6! 9+>>$)>&#)! )+! (+>&! (9$&#)$,$9! &#)$)$&(!

A7+($)&0!$#!+;'!8&()!(9$&#)$,$9!)5&+'$&(C!$(!0$(7;).86&J!)5&!+#)+6+3$9.6!9+>>$)>&#)!

)+! (+>&! >.)5&>.)$9.6! &#)$)$&(! A7+($)&0! $#! +;'! 8&()! (9$&#)$,$9! )5&+'$&(C! $(! .6(+!

0$(7;).86&<!

-.(&0! +#! .#! .#.6*($(! +,! (9$&#)$,$9! )5&+'$&(! (5&! 9+#96;0&(! )5.)! )5&! .66&3&0!

9+#)$#;$)*! +,! 75*($9.6! (7.9&@)$>&! $(! .#! +7&#! I;&()$+#! .#0! )5.)! E&! 5.%&! #+!

,1",)4/1)$-,5,*6!'&.(+#(!)+!9+>>$)!)+!)5&!>.)5&>.)$9.6!6.'3&!,$#$)&!A$'7&%*,&%,J!E&!

5.%&!#+! '&.(+#(! )+! 9+>>$)! )+! )5&!>.)5&>.)$9.6! $#,$#$)*CJ! ($#9&!+;'!8&()! )5&+'$&(!

(.*!)5.)!)5&!#;>8&'(!+,!7.')$96&(!+,!)5&!"#$%&'(&!$(!,$#$)&<!

?%/)'%.*#7*!"--1<.*70>%(#'7,.*

8/456'*&'7,%)*'&-./0*,&1'

Z$'()6*J! )5&'&! .'&! .6)&'#.)$%&! 5$()+'$&(! .8+;)! .)+>$9! )5&+'*J! $#! 7.')$9;6.'J! .8+;)!

F$#&)$9! )5&+'*J! ;#0&'!E5$95!O.00*M(! 5$()+'*! $(! (;8(;>&0J!E5$95! .'&! 9+#($()&#)!

E$)5! ?;$#&M(! &7$()&>+6+3*<! \&9+#06*J! #&E! %&'($+#(! +,! )5&! $#0$(7&#(.8$6$)*!

.'3;>&#)J!)5.)!&>&'3&!,'+>!.!(6$35)!95.#3&!+,!+#&!+,!)5&!,$%&!8&#&,$)(!b&>7$'$9.6!

9+#,$'>.)$+#bJ!.99+>>+0.)&!O.00*M(!+8R&9)$+#<!!

=99+'0$#3! )+!\)&75&#!-';(5!ABPS`!.#0!BPQWCJ!F$#&)$9! )5&+'*!E.(!&>7$'$9.66*!

A.#0! >&).75*($9.66*C! 9+#,$'>&0! 8&,+'&! 4&''$#M(! &N7&'$>&#)(J! .#0! .66! 0$(8&6$&,!

.8+;)!)5&!)';)5!+,!F$#&)$9!)5&+'*!.>+#3!(9$&#)$()(!E.(!$0&+6+3$9.66*!'++)&0<!G5+(&!

(9$&#)$()(!9.#!8&!(&&#!6$F&!)5&!.#)$@'&.6$()(!75$6+(+75&'(!+,!#+E.0.*(!A+'!,'+>!)5&!

7.()C! )5.)! 0&#*! )5&! &N$()&#9&! +,! ;#+8(&'%.86&! &#)$)$&(! 8*! 75$6+(+75$9.6! +'!

$0&+6+3$9.6! '&.(+#(<! /#! +)5&'! E+'0(J! ,$'()! 75$6+(+75*! E.(! 7'.9)$(&0! 8*! (+>&!

(9$&#)$()(! ,'+>! )5&! 6.)&! #$#&)&&#)5! 9&#);'*<! ]+E&%&'J! .6>+()! .66! F$#0(! +,!

#.);'.6$(>! '&7;0$.)&! ,$'()! 75$6+(+75*<! -&$#3! .! #.);'.6$()! $(! #+)! R;()! 6++F$#3! .)!

(9$&#)$,$9! 7'.9)$9&! .#0! 0&(9'$8$#3! $)<! /#($0&! +,! #.);'.6$(>! )5&'&! $(! '++>! ,+'!

7'&(9'$7)$+#J! .0%$9&! .#0! '&9+>>&#0.)$+#<! D%&'.66J! E&! (5+;60! #+)! ,+9;(! +#! )5&!

(9$&#)$()(M! +7$#$+#(J! 8;)! .#.6*(&! 0$'&9)6*! )5&! (9$&#)$,$9! )5&+'$&(! .#0! &N7&'$>&#)(<!

c.);'.6$()(! (5+;60! ).F&! )5.)! )*7&! +,! (9$&#)$()(M! +7$#$+#(! .3.$#()! )5&! &N$()&#9&! +,!

.)+>(! .#0! )5&! )';)5! +,! F$#&)$9! )5&+'*! A8&,+'&! .#0! .,)&'! 4&''$#M(! &N7&'$>&#)(C! .(!

7(*95+6+3$9.66*!'&6&%.#)!8;)!(9$&#)$,$9.66*!$#9+#(&I;&#)$.6<!4'$>.'$6*J!)5&!.#.6*($(!

.#0!95.#3&!+,!$0&+6+3$9.6!(9$&#)$()(M!+7$#$+#(!$#!)$>&!$(!.!>.))&'!,+'!)5&!(+9$+6+3*!

+,!(9$&#9&!.#0!#+)!.!>.))&'!,+'!75$6+(+75*<!

=99+'0$#3! )+! =6.#! 25.6>&'(! AHTTPCJ! 8&,+'&! 4&''$#M(! &N7&'$>&#)(J! F$#&)$9!

)5&+'*!5.0!(+>&!'&9.69$)'.#)!&>7$'$9.6!7'+86&>(!.#0!.)+>(!9+;60!8&!8'.9F&)&0!+,,!

,'+>!F$#&)$9!)5&+'*J!E$)5+;)!6+((!+,!&>7$'$9.6!9+#)&#)<!=,)&'!4&''$#M(!&N7&'$>&#)(J!

(+>&! &>7$'$9.6! 7'+86&>(! E&'&! (+6%&0! .#0! )5&'&! $(! .#! &>7$'$9.6! 9+#)&#)! )5.)!

$>76$&0! )5&!&N$()&#9&!+,!.)+>(<!\+!.99+'0$#3! )+!25.6>&'M(!%$&EJ!8&,+'&!4&''$#M(!

&N7&'$>&#)(J! F$#&)$9! )5&+'*!E.(!#+)! &#0+E&0!E$)5! )5&! ,$%&!8&#&,$)(<!G5&!F$#&)$9!

)5&+'*!E.(!#+)!&#0+E&0!ABC!E$)5! )5&!9+#,$'>.)$+#.6!8&#&,$)! A+)5&'!)5&+'$&(J!(;95!
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9$*:/;$*,0$5'<1",)4/1)$-,5,*6'

.(J! )5&'>+0*#.>$9(J! .'&! 8&))&'! )5&+'$&(! )5.#! F$#&)$9! )5&+'*C! .#0! AHC! E$)5! )5&!

($>76$9$)*!8&#&,$)!A$,!)E+!)5&+'$&(!5.%&!)5&!(.>&!&>7$'$9.6!9+#)&#)J!)5&#J!.99+'0$#3!

)+!)5&!,$%&!8&#&,$)(J!E&!>;()!95++(&!)5&!($>76&()!)5&+'*J!$#!7.')$9;6.'J!)5&!+#&!E$)5!

6&((!+#)+6+3*C<!

O.00*M(! 5$()+'$9.6! .#.6*($(! $(! (;8(;>&0! ;#0&'! )5&! 5$()+'$&(! +,! -';(5! .#0!

25.6>&'(<!\5&!.9F#+E6&03&(! )5.)J!.'+;#0!BPTTJ!)5&'&!E&'&!(9$&#)$()(! )5.)!0&#$&0!

)5&!&N$()&#9&!+,!.)+>(!8.(&0!+#!$0&+6+3$9.6!9+#($0&'.)$+#(!A-';(5CJ!8;)!)5&'&!E&'&!

.6(+! (9$&#)$()(! )5.)! 0&#$&0! )5&! &N$()&#9&! +,! .)+>(! 8.(&0! +#! '&.(+#.86&! (9$&#)$,$9!

9+#($0&'.)$+#(!A25.6>&'(C<!G5.)!$(J!)5&!(&)!+,!(9$&#)$()(!)5.)!0&#$&0!)5&!&N$()&#9&!+,!

.)+>(!E&'&!+,!)E+!(+')(X!>+)$%.)&0!8*!$0&+6+3$9.6!'&.(+#(!A-';(5C!.#0!>+)$%.)&0!

8*! (9$&#)$,$9! '&.(+#(! A25.6>&'(C<!c+EJ!E&!.'&! ,.9&0!E$)5!.! (+')!+,! .'3;>&#)!8*!

9.(&(<!/,!-';(5M(!.99+;#)!,+'! )5&!0&#*$#3!+,!.)+>(!$(!9+''&9)J! )5&#!F$#&)$9!)5&+'*!

>;()!5.%&!8&&#!9+#($0&'&0!.! )';&! )5&+'*!.'+;#0!BPTTJ!($#9&! )5&! )';)5!%.6;&!+,!.!

)5&+'*! $(! #+)! 3$%&#! 8*! ,$'()! 75$6+(+75*M(! %$&E(<! /,! 25.6>&'(M! .99+;#)! ,+'! )5&!

0&#*$#3!+,!.)+>(!$(!9+''&9)J!)5&#!F$#&)$9!)5&+'*!E.(!,.6(&!A.#0!#+)!&#0+E&0!E$)5!

)5&! ,$%&! 8&#&,$)(C! .'+;#0! BPTTJ! 8&9.;(&! )5&'&! E&'&! 8&))&'! )5&+'$&(! )5.#! F$#&)$9!

)5&+'*!E$)5! )5&! .)+>(M! .((;>7)$+#<! /#! 8+)5! 9.(&(J! ?;$#&M(! &7$()&>+6+3*! .3'&&(!

E$)5! )5&!().)&!+,!F$#&)$9! )5&+'*!.'+;#0!BPTT<!G5;(J!O.00*M(!9+#96;($+#(!.3.$#()!

?;$#&M(!&7$()&>+6+3*!0+!#+)!(&&>!)+!,+66+E!,'+>!5&'!5$()+'$9.6!.#.6*($(<!!

c+E!)5&!(&9+#0!7+$#)!+,!)5&!'&76*<!O.00*M(!,$'()!+8R&9)$+#!$(!#+)!.#!+8R&9)$+#!

)+!9+#,$'>.)$+#.6!5+6$(>!+'!)+!?;$#&M(!9'$)&'$+#!+,!+#)+6+3$9.6!9+>>$)>&#)J!8;)!.#!

+8R&9)$+#! )+!E5.)! 9+;#)(! ,+'! )5&! (9$&#)$,$9! %.6;&! +,! .! (9$&#)$,$9! )5&+'*J! ($#9&! )5&!

0+9)'$#&!+,! 9+#,$'>.)$+#.6!5+6$(>!.#0! )5&! 9'$)&'$+#! ,+'!+#)+6+3$9.6! 9+>>$)>&#)(!

.'&! $#0&7&#0&#)!+,! )5&! &7$()&>$9! ().#0.'0(! )5.)! (9$&#)$,$9! )5&+'$&(!>;()! +8&*<! /#!

7.')$9;6.'J!.'3;$#3!)5.)!.)+>$9!)5&+'*!E.(!&#0+E&0!E$)5!?;$#&M(!,$%&! )5&+'&)$9.6!

8&#&,$)(! .#0! )5.)! .)+>$9! )5&+'*!E.(! #+)! .99&7)&0! .(! )';&! 8*! (9$&#)$()(J! 0+&(! #+)!

$>76*! )5.)! &$)5&'! 9+#,$'>.)$+#.6! 5+6$(>! +'! ?;$#&M(! 9'$)&'$+#! +,! +#)+6+3$9.6!

9+>>$)>&#)! .'&! $#9+''&9)<! G5;(J! .! '&(9;&! +,! )5&! )5&($(! )5.)! >.)5&>.)$9(! .'&!

$#0$(7&#(.86&! )+! #.);'.6! (9$&#9&! $(! .95$&%&0! 8*! R;()! 95.#3$#3! ?;$#&M(! ,$%&!

)5&+'&)$9.6! 8&#&,$)(<! /#! )5$(! 9.(&J! .! '&,$#&>&#)! +,! +#&! +,! )5&! ,$%&! 8&#&,$)(! b!

&>7$'$9.6!9+#,$'>.)$+#!b!E$66!8&!&#+;35<!]&'&!$(!.#!&N.>76&!+,!)5.)!'&,$#&>&#)a!!

='3;>&#)!?@4!AO$60C!

AB?@4>$60C! \9$&#)$,$9!&#)$)$&(!.'&! $#0$(7&#(.86&! )+!(9$&#)$,$9! )5&+'$&(!

)5.)! .'&! #+)! +;'! 9;''&#)! 8&()! (9$&#)$,$9! )5&+'$&(! .#0! .'&!

E.$)$#3!,+'!8&))&'!9+#,$'>.)$+#.6!)&()(<!!

AH?@4>$60C! D;'! (9$&#)$,$9! )5&+'$&(J! E5$95! .'&! E.$)$#3! ,+'! 8&))&'!

9+#,$'>.)$+#.6!)&()(J!.'&!&>7$'$9.66*!)&()&0!.(!.!E5+6&<!!

AK?@4>$60C! d&! (5+;60! 8&! >+0&'.)&6*! 9+>>$))&0! )+! .66! .#0! +#6*!

)5+(&!&#)$)$&(!)5.)!.'&!$#0$(7&#(.86&!)+!(9$&#)$,$9!)5&+'$&(J!

E5$95!.'&!E.$)$#3!,+'!8&))&'!9+#,$'>.)$+#.6!)&()(<!G5.)!$(J!

E&!(5+;60!8&!>+0&'.)&6*!9+>>$))&0!)+!)5+(&!&#)$)$&(!)5.)!
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!"#$%"&'($)*%&'

.'&!I;.#)$,$&0!$#!(9$&#)$,$9!)5&+'$&(J!E5$95!.'&!E.$)$#3!,+'!

8&))&'!9+#,$'>.)$+#.6!)&()(<!!

A∴C! d&!(5+;60!8&!>+0&'.)&6*!9+>>$))&0!)+!(9$&#)$,$9!&#)$)$&(!

)5.)! .'&! #+)! +;'! 9;''&#)! 8&()! (9$&#)$,$9! )5&+'$&(! .#0! .'&!

E.$)$#3!,+'!8&))&'!9+#,$'>.)$+#.6!)&()(<!!

8/456'*&')/0&1"'&-./0*,&1'

O*! '&76*! $(! )+! .0%.#9&! 9+;#)&'@&N.>76&(! )+! )5&! 96.$>! )5.)! E&! 0+! #+)! 5.%&!

$#0$(7&#(.8$6$)*! '&.(+#(! )+! 9+>>$)! )+! )5&! >.)5&>.)$9.6! $#,$#$)*! +'! )+! )5&!

>.)5&>.)$9.6!9+#)$#;;><!

2;''&#)6*J!)5&!"#$%&'(&!$(!$#!.!().)&!+,!&N7.#($+#<!!/#!6$35)!+,!)5&!$#0&)&'>$#.)&!

%.6;&(! +,! )5&! ];886&! 7.'.>&)&'! .#0! +,! )5&! )+).6! &#&'3*! 0&#($)*! A+,! )5&! .9);.6!

"#$%&'(&C! )5'&&! 9+(>+6+3$9.6! 5*7+)5&(&(! +,! &%+6;)$+#! .'&! 7+(($86&<! ! G5&! ,$'()!

5*7+)5&($(! (.*(! )5.)! )5&'&!E$66!8&!.! L8$3!9';#95M! A)5&!"#$%&'(&!E$66! 9+66.7(&Ca! $#!

)5$(! (9&#.'$+J! (7.9&! .#0! )$>&! .'&! ,$#$)&<! G5&! (&9+#0! 5*7+)5&($(! (.*(! )5.)! )5&!

"#$%&'(&!E$66!&N7.#0!$#!.#!.(*>7)+)$9!E.*!A$<&<!)5&!&N7.#($+#!+,!)5&!"#$%&'(&!E$66!

#&%&'!&N9&&0!.!3$%&#!6$>$)Ca!$#!)5$(!(9&#.'$+J!(7.9&!$(!,$#$)&!-#*!)$>&!$(!$#,$#$)&<!G5&!

)5$'0! 5*7+)5&($(! 96.$>(! )5.)! )5&! "#$%&'(&! E$66! &N7.#0! ,+'&%&'! A)5&! "#$%&'(&! $(!

+7&#Ca! $#! )5$(! 9.(&J! (7.9&! .#0! )$>&! .'&! $#,$#$)&<! O.00*! 9+#($0&'(! )5&! )5$'0!

5*7+)5&($(! A)5&! >+()! 7'+8.86&! 5*7+)5&($(C! .(! .#! +7&#! 5*7+)5&($(! .#0J! (+J!

.99+'0$#3!)+!5&'J!)5&'&!.'&!#+!$#0$(7&#(.8$6$)*!'&.(+#(!)+!9+>>$)!+;'(&6%&(!)+!)5&!

>.)5&>.)$9.6!$#,$#$)*!AO.00*!HTTQJ!7<!KH`C<!]+E&%&'J!.99+'0$#3!)+!)5&!().#0.'0!

9+(>+6+3$9.6!>+0&6J! ,+'! *! e! T! )5&'&! $(! .! ($#3;6.'$)*X! )5&! +'$3$#! +,! )5&!"#$%&'(&!

A$#96;0$#3!)5&!8&3$##$#3!+,!(7.9&@)$>&C!$(!.!($#3;6.'!().)&!95.'.9)&'$(&0!8*!$#,$#$)&!

%.6;&(! +,! 0&#($)*J! )&>7&'.);'&! .#0! 9;'%.);'&! A+,! (7.9&@)$>&C<! G5;(J! E&! 5.%&!

$#0$(7&#(.8$6$)*! '&.(+#(! )+! 9+>>$)! )+! )5&!>.)5&>.)$9.6! $#,$#$)*J! ($#9&! )5$(! $(! .#!

&#)$)*!$#0$(7&#(.86&!$#!)5&!().#0.'0!9+(>+6+3$9.6!>+0&6!+,!)5&!"#$%&'(&!,+'!*!e!T<!

G5&! 0+;8)(! &>&'3&0! 8*!O.00*J! .8+;)! )5&! 9+#)$#;$)*! +,! 75*($9.6! (7.9&@)$>&J!

.'&! '++)&0! .)! >$9'+@6&%&6! E5&'&! I;.#);>! 75*($9(! $(! )5&! 8&()! )5&+'*! ,+'! )5&!

&N76.#.)$+#!+,! )5&!75&#+>&#.<!]+E&%&'J! )5&!75*($9.6!(7.9&@)$>&!$(!#+)!.((;>&0!

.(!0$(9'&)&!,+'!(9$&#)$,$9!)5&+'$&(!+,!I;.#);>!>&95.#$9(<!Z+'!&N.>76&J!)5&!().#0.'0!

I;.#);>! )5&+'*! 0+&(! #+)! $>76*! )5.)! )5&'&! $(! .! 0$(9'&)&! #.);'&! +,! (7.9&J! )$>&! +'!

&#&'3*<! G5&! 0$(9'&)&! #;>8&'(! A&#&'3*J! .#3;6.'! >+>&#);>J! &)9<C! +8).$#&0! $#!

I;.#);>!>&95.#$9(!9.>&!,'+>!)5&!9+>7.9)#&((!+,!)5&!(7.9&!E5&'&!)5&!.#.6*($(!$(!

9.''$&0!+;)<!Z+'!&N.>76&J!$#!.!#+#@9+>7.9)!(7.9&!)5&!(+6;)$+#(!+,!∇
Hφ!e!b!=φ!A)5&!

)*7$9.6!,+'>!+,!)5&!&I;.)$+#!+,!.!5.'>+#$9!(*()&>C!.'&!;#'&()'$9)&0!&$3&#%.6;&(!,+'!

=<! O+'&+%&'J! )5&! 7+(($86&! '&(;6)(! +,! +;'! >&.(;'&>&#)(! A)5&! &$3&#%.6;&(C! .'&!

'&7'&(&#)&0!8*!'&.6!#;>8&'(<!d5*!0+&(!)5$(!5.77&#f!

G5&!>.)5&>.)$9.6!()';9);'&!+,!]$68&')!(7.9&!$(!+#&!+,!7.'.0$3>(!,+'!I;.#);>!
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>+*+.+%,)&'(8)8")/#.?*),&'(

G,>,-)6,$/B!"8!OPQZYSB!HJ$!)%%,94%!)%!)!-,)2&.%&(!&$%,-4-,%)%&#$!#'!,C4,-&,$(,IB!,$!

L$&19"2G(L&#9/'&19"2(M(N09$'#9<90(O$#P/,B!0)96-&/?,B!0)96-&/?,!*$&+,-.&%>!

"-,..B!PQYP8!

i! OPQa\SB! HEC42&()(&1$B! -,/<((&1$! >! ,94&-&.9#IB! ,$! 6;29#$"( ,$( 1&( 09$'09&B!

q)-(,2#$)B!")&/1.B!PQYQ8!

i! OPQadSB! Hg,)2&.9! )$/! &$.%-<9,$%)2&.9A! (#99,$%.! #$! %=,! 2#?&(! #'! ')(%<)2!

.<44#-%IB! ,$! L$&19"2G( L&#9/'&19"2( M( N09$'#9<90( O$#P/,B! 0)96-&/?,B!

0)96-&/?,!*$&+,-.&%>!"-,..B!PQYP8!

i!OPQaZSB!Hg,42>!%#!(-&%&(&.9.IB!,$!0#=,$B!g8!]8!>!r)-%#'.j>B!L8!O,/.8SB(S/"#/'(

N#5,9$"(9'(#P$(TP91/"/+P>(/<(N09$'0$B!`,s!t#-jB!u<9)$&%&,.!"-,..B!PQaZ8!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
PR!h#=$!"-,.%#$!)(2)-)!!9<>!6&,$!,.%).!/&.%&$(&#$,.8!0#$!-,.4,(%#!)2!42<-)2&.9#!%,1-&(#B!)'&-9)!

;<,A! HNG,>,-)6,$/T! .,! #4<.#! (#$.%)$%,9,$%,! )! 2)! ,C&?,$(&)! ,94&-&.%)!9:.! ')9&2&)-! /,! )(,4%)-!

.12#! 2).! %,#-5).!(,-()$)9,$%,!(#$,(%)/).!(#$! 2)!,C4,-&,$(&)I! NG,>,-)6,$/!OPQQRSB!48!RZT8!E.%,!

4<$%#! /,! +&.%)! ,.%)-5)! 2&?)/#! )! <$! 9#$&.9#! %,1-&(#8! J=#-)B! (#$! -,.4,(%#! )2! 42<-)2&.9#!

9,%#/#21?&(#B! "-,.%#$! .#.%&,$,! ;<,A! HE2! (#-)U1$! /,2! ().#! /,!-.&#&,/( 0/'#.&( $1(2*#/,/! ,.! 2)!

)'&-9)(&1$! /,! ;<,! ,2! 9#$&.9#! 9,%#/#21?&(#! ,.! ')2.#A! G,>,-)6,$/! .,! =)! (#$+,-%&/#! ,$! <$!

42<-)2&.%)!9,%#/#21?&(#I!N"-,.%#$!OPQQRSB!48!PRbT8!
PY!H@#!;<,!.#.%,$?#!,.!;<,B!/)/#.!<$)!-,?2)!#!<$!(-&%,-&#B!.&,94-,!,.!4#.&62,!&9)?&$)-!<$!().#!

;<,!2).!(#$%-)+,$?)8!E.%#!,.!<$)!k(#$K,%<-)!)</)UlB!9<>!;<,-&/)!4#-!2#.!4#44,-&)$#.8!t#!K)9:.!

=,!&$%,$%)/#!,$2/"#.&.1&B!4,-#!.5!=,!%-)%)/#!/,!=)(,-2)!+1&5"9%1$!)/<(&,$/#!().#.!,$!2#.!;<,!.,!

+&#2)$!2).!-,?2).!>!2#.!(-&%,-&#.!/,!-)(&#$)2&/)/I!NG,>,-)6,$/!OPQRYSB!48!\Z\T8!
PQ! E2! 9&.9#! ")<2! G,>,-)6,$/! -,(#$#(,! ;<,! .<! '&2#.#'5)! ,.! <$)! (#$.,(<,$(&)! #6+&)! /,2!

-)(&#$)2&.9#!(-5%&(#!,$!,2!.&?<&,$%,!4).)K,A!H-/,/(:&1$!,.!<$)!(#$.,(<,$(&)!4-:(%&()!#6+&)!/,!<$!

.&09/'&19"2/( 0.;#90/! (#9#! F.%,B! )2! ;<,!"#44,-! .#25)! &$%-#/<(&-! /&(&,$/#!;<,! )<$;<,! F2! ,-)! <$!

4-#',.#-!/,2!9F%#/#!(&,$%5'&(#B!$#!4#/5)!)(%<)-!/,!)(<,-/#!(#$!,.#B!>)!;<,!'/($@9"#$($1(2*#/,/(

09$'#;<90/I!NG,>,-)6,$/!OPQZYSB!48!\PT8!
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A185'&"(9'<15$'09&"(,$1(.&09/'&19"2/(0.;#90/($'($1(&'&.B59"2/($+9"#$2/17890/(,$(C$>$.&%$',(

i!OPQRZSB!-.&#&,/(0/'#.&($1(2*#/,/B!L)/-&/B!X,($#.B!\bbb8!

i!OPQRYSB!6&(09$'09&($'(5'&("/09$,&,(19%.$B!LFC&(#B!]&?2#!vvMB!PQQY8!

@)j)%#.B! M8B! OPQRYSB!6&(2$#/,/1/8;&(,$( 1/"( +./8.&2&"(,$( 9':$"#98&097'B!L)/-&/B!

J2&)$U)B!PQYQ8!

@)j)%#.B!M8!)$/!G,>,-)6,$/B!"8!OPQQQSB!C/.(&',(A8&9'"#(O$#P/,B!0=&()?#B!0=&()?#!

*$&+,-.&%>!"-,..8!

"#44,-B!m8!OPQcdSB!6&(17890&(,$(1&(9':$"#98&097'(09$'#;<90&B!L)/-&/B!X,($#.B!PQQQ8!

i!OPQZYSB!H@#.!(#9&,$U#.!/,2!-)(&#$)2&.9#IB!,$!L&22,-B!V8!O,/8S!T/++$.U($"0.9#/"(

"$1$0#/"B!LFC&(#B!G0EB!\bba8!

i!OPQabSB!HE2!/,.)--#22#!/,2!(#$#(&9&,$%#!(&,$%5'&(#IB!,$!L&22,-B!V8!O,/8S!T/++$.U(

$"0.9#/"("$1$0#/"B!LFC&(#B!G0EB!\bba8!

i!OPQacSB!)/'=$0#5.$"(&',(L$<5#&#9/'"B!@#$/#$B!g#<%2,/?,8!

i!OPQQdSB!!1(29#/(,$1(2&.0/(0/2V'B!q)-(,2#$)B!")&/1.B!\bbZ8!

"-,.%#$B! h8! OPQQRSB! C$>$.&%$',U( TP91/"/+P>G( N09$'0$( &',( N/09$#>B! 0)96-&/?,B!

"#2&%>!"-,..8!

X=,#(=)-&.! X8! >! ".&9#4<#2#.! L8! OPQYRSB! Hr=,-,! ](&,$(,! =).! ?#$,! r-#$?IB!

4&#5.$B!+#28!c\QB!$#8!aPdbB!448!ZQZwZQY8!
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!"#$%&'$()$*+,(-"$+./()+0(./($."$1&(*($2".,/+/&+#$

&.3$/("#43$2+(./45+23$
!

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

,$/&#)&01-*'*23#)&45%0&(!

!

6#(7($#(2".,/#&22+8.$*()$3#0&9(./"$*()$*+,(-"$+./()+0(./($

6'&(&#)*!+3(!%&/)3'&(7!#&8*)$%3!9!:3($)$%30!

;*<!=&8*)$%3>! /3#?$'2*!&-! +$(&@3! $#)&-$8&#)&! /5*#)3!+&(*5)3'$A*! -*! )&3'B*!

&%3-5/$3#$()*0!

;C<!63($)$%3>!*!:*')$'!+&!-*!*:*'&#)&!$#)&#/$3#*-$+*+!&#!&-!&#(*2C-*D&!+&!5#!

($()&2*!C$E)$/37!:5&+&!$#?&'$'(&!F5&!?5&!$#)&-$8&#)&2&#)&!+$(&@*+30!

G-!%&/)3'!#&8*)$%3!;*<!*+3-&/&!+&!+3(!$#/3#($()&#/$*(0!

HI! J*-*/$*!%-%'.$/0"&0+>!+&!-*(!/*'&#/$*(!+&-!&%3-5/$3#$(23!#3!#&/&(*'$*2&#)&!

(&!($85&!F5&!&-!+$(&@3!2&D3'&!(5!?5#+*2&#)3!&:$()&23-E8$/30!K*A3#*#+3!:3'!*#*-38B*7!

%*-+'B*!+&/$'!F5&!&-!8&3/&#)'$(23!2&D3'*!(5!?5#+*2&#)3!&:$()&23-E8$/3!/323!)&3'B*!

*()'3?B($/*!:3'F5&!&-!L&-$3/&#)'$(23!#3!:&'2$)&!&M:-$/*'!-*!2*)&'$*!3(/5'*0!

NI! J*-(3! +$-&2*>! &#)'&! )&3'B*! &%3-5/$3#$()*! &! $#?&'&#/$*! +&-! +$(&@37! /323!

&M:-$/*/$3#&(!O#$/*(!9!&M/-59&#)&(!(3C'&!&-!3'$8&#!9! )'*#(?3'2*/$E#!+&!-*!%$+*!9!

-*(! &(:&/$&(7! :5&(! &M$()&#! *-)&'#*)$%*(7! /323! -*! )&3'B*! )'*#(?3'2$()*! +&! P*2*'/Q!

(3C'&! -*! L&'&#/$*! +&! -3(! /*'*/)&'&(! *+F5$'$+3(! 9! 3)'*(0! =$! *F5R--*(! (3#! -*(! +3(!

O#$/*(!&M:-$/*/$3#&(7!#$!)*2:3/3!(3#!*-)&'#*)$%*2&#)&!&M/-59&#)&(7!/323!:5&+*#!

(&'-3!5#!&#5#/$*+3!1!9!(5!#&8*/$E#0!

K&(5-)*#+3!:*)&#)&!F5&!&-!%&/)3'!#&8*)$%3!;*<7!*-!*'852&#)*'!(E-3!*!:*')$'!+&!-3(!

+&?&/)3(! +&! -*! )&3'B*! &%3-5/$3#$()*7! :3'! (B! 2$(23! #3! *:3')*! ?5#+*2&#)3!

&:$()&23-E8$/3!*-85#3!*!?*%3'!+&-!+$(&@3!$#)&-$8&#)&7!/&#)'*'&23(!#5&()'3!*#S-$($(!

&#!&-!%&/)3'!:3($)$%3!;C<0!T&(/*#(*!&#!+3(!$+&*(7!--*2*+*(!/32:-&D$+*+!&(:&/B?$/*!

9! /32:-&D$+*+! $''&+5/$C-&0! U32&)&'&23(! -*! :'$2&'*! *! *#S-$($(! -E8$/37! :*'*!

/32:'3C*'!(5!/32:*)$C$-$+*+!/3#!&-!2R)3+3!L$:3)R)$/3V+&+5/)$%37!9!-*!(&85#+*!*!

*#S-$($(!&2:B'$/37!:*'*!%&'$?$/*'!($!&M$()&#!&?&/)$%*2&#)&!&()'5/)5'*(!5!3'8*#$(23(!

$''&+5/$C-&2&#)&!/32:-&D3(!&#!-*!#*)5'*-&A*0!

:"91)(;+*3*$(,1(245+23$

U&8O#!W$--$*2!T&2C(Q$7!L*9!/32:-&D$+*+!&(:&/B?$/*!&#!)3+3!(5/&(37!+3)*+3!+&!5#!

:*)'E#!'&/3#3/$C-&7!/3#!:'3C*C$-$+*+!+&!3/5''&#/$*!&(:3#)S#&*!$#?&'$3'!*!HX
HYX
!Z1G!

[!:!\!HX
HYX
]7!C*D3!/593!52C'*-!:5&+&!*(52$'(&!F5&!#3!?5&!:'3+5/$+3!:3'!*A*'!#$!

/*5(*! #*)5'*-7! ($#3! +$(&@*+3! 3! :'3+5/$+3! :3'! /*5(*-$+*+! $#)&-$8&#)&! ;T&2C(Q$7!

H^^^>!:0!_`!9!((0<0!
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!"#$%&$'()*+*,-%&$'

U5! /32:-&2&#)3! )&E'$/3! &(! &-! --*2*+3! ?$-)'3! &M:-$/*)$%37! (&8O#! &-! /5*-7! 5#!

(5/&(3!(E-3!:5&+&!3/5''$'!:3'!)'&(!)$:3(!+&!/*5(*(>!

HI! =&/&($+*+! [!:'3C*C$-$+*+!*-)*!3!'&85-*'$+*+!

NI! aA*'! ! [!:'3C*C$-$+*+!$#)&'2&+$*!

bI! T$(&@3! ! [!:!\!HX
HYX!

U$!:5&+&#!+&(/*')*'(&!-*(!+3(!:'$2&'*(7!+&C&!*+2$)$'(&!-*!/*5(*-$+*+!:3'!+$(&@30!

2345'678$#"-%$.9'*)':")&+-'$;1)"#*&"<-'

HI! 6'&(/$#+&!+&-!2R)3+3!/$&#)B?$/30!=3!:'3/&+&!*!5#*!:'5&C*!:3'!/*(3(!/32:-&)*!

+&!-*(!L$:E)&($(!*-)&'#*)$%*(!:3($C-&(7!(32&)$R#+3-*(!)3+*(!*!$+R#)$/3!*#S-$($(0!

a'852&#)*!/3#)'*!+3(!+&!-*(!L$:E)&($(!+&?$#$+*(!97!)'*(!+&(/*')*'-*(7!/3#/-59&!

*/&:)*#+3!-*!)&'/&'*!($#!(32&)&'-*!*-!2$(23!*#S-$($(0!G()*23(!*#)&!5#!2R)3+3!

:'3C*)3'$3!+&!+&(/*')&!:3'!/*(3(7!:&'3!*:-$/*+3!+&!23+3!$#/32:-&)30!

NI! U&-&//$E#! $#/32:-&)*! +&! L$:E)&($(0! a:-$/*+3! *! #$%&-! 2$/'3C$3-E8$/3! :*'*!

+&(/*')*'!-*!#&/&($+*+
H
!c&#!)&3'B*!&%3-5/$3#$()*!'&:'&(&#)*+*!:3'!-*!(&-&//$E#!

#*)5'*-c7! 32$)&! 5#*! L$:E)&($(! /'5/$*->! -*! :3($C-&! /32C$#*/$E#! &#)'&!

*-)&'#*)$%*(0!65&(!-*!/32C$#*/$E#!+&!*A*'!;%*'$*C$-$+*+<!9!#&/&($+*+!;(&-&//$E#!

#*)5'*-<7! (B! 8&#&'*! $#?3'2*/$E#! 8&#R)$/*! #5&%*7! *-! */)$%*'(&! 5#*! 25)*/$E#!

8&#R)$/*! ;*A*'H<! F5&! 3?'&/&! 5#*! %&#)*D*! *+*:)*)$%*! &#! 5#! &#)3'#3! /*2C$*#)&!

;*A*'N<7!9!-5&83!-3(!$#+$%$+53(!C&#&?$/$*+3(!9!(5!+&(/&#+&#/$*!(3#!?*%3'&/$+3(!

:3'!(&-&//$E#!#*)5'*-!;#&/&($+*+<0!

2325'678$#"-%$.9'*')*'#-,1)$8"=*='$.1$#>:"#*'

bI! d*5)3-38B*! ($#! %*-3'! $#?3'2*)$%3! '&*-! (3C'&! -3(! ?&#E2&#3(! #*)5'*-&(0! =3!

3/5''&!$;'%*&0+*7!($#3!,-+$'=$:"%"&"-e!#3!*:*'&/&!&#!-*!#*)5'*-&A*7!($#3!F5&!&(!

5#! :3()5-*+3! $#)'3+5/$+3! ($#! +&23()'*/$E#! *-85#*! :3'! -*! +&?$#$/$E#!

+&2C(Q$*#*0!63'!&--37!&-!%*-3'!%&'$)*)$%3!+&!-3(!&#5#/$*+3(!/3#()'5$+3(!(3C'&!

/32:-&D$+*+! &(:&/B?$/*! &(! #5-3! &#! /5*#)3! *! $#?3'2*/$E#! &2:B'$/*! *:3')*+*!

*/&'/*!+&-!25#+3!#*)5'*-0!

_I! U5C($+$*'$&+*+0! 6*'*! C-3F5&*'! -*! /*5(*-$+*+! &%3-5/$3#$()*7! C*(*+*! &#! -*!

/32C$#*/$E#! +&! 25)*/$E#! *-&*)3'$*! 9! (&-&//$E#! #*)5'*-! *#)&(! +&(/'$)*7! &-!

/3#/&:)3! +&! /32:-&D$+*+! &(:&/B?$/*! )&'2$#*! '&2$)$&#+3! *-! +&! /32:-&D$+*+!

$''&+5/$C-&7!9!:3'!)*#)3!(5!?5&'A*!*'852&#)*)$%*!&(!(5C($+$*'$*!+&!R()&0!!

K&(5-)*#+3!:*)&#)&! -*! $#/3#($()&#/$*!+&!-*!/32:-&D$+*+!&(:&/B?$/*7!&-!?5#+*2&#)3!

&:$()&23-E8$/3!+&-!+$(&@3!$#)&-$8&#)&!/323!)&3'B*!/$&#)B?$/*!&#!f$3-38B*!+&:&#+&!

&M/-5($%*2&#)&!+&!-*!/32:-&D$+*+!$''&+5/$C-&0!

:"91)(;+*3*$+##(*&2+<)($

G()*!$+&*!&(!5#!/3#)'*V/3#/&:)3!+&+5/$+3!:3'!g$/L*&-!f&L&!*!:*')$'!+&-!($85$&#)&!

:S''*?37!h?"'10="$+*'=$,-.&+*+.$'/0$'@*'$;".&"=-'0%'A+B*%-'#-,1)$8-'/0$'%-'10=-'

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
H!6*'*!T&2C(Q$7!-3(!3'8*#$(23(!(3#!/32:-&D*2&#)&!&(:&/B?$/3(!&#!&-!S2C$)3!2$/'3C$3-E8$/37!&(!

+&/$'7! &()S#! /*5(*+3(! :3'! +$(&@3! $#)&-$8&#)&!cO#$/*! *-)&'#*)$%*! /*:*A! +&! 8&#&'*'! $#?3'2*/$E#!

8&#R)$/*!#5&%*c!9!#3!:3'!*A*'!3!#&/&($+*+0!
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C-+'/0D'$)'=".$E-'"%&$)"B$%&$'%-'10$=$'#-%.&"&0"+'0%*'&$-+>*'#"$%&>:"#*'

@*7$+'."=-':-+,*=-'1-+'%0,$+-.*.'F' )"B$+*.',-=":"#*#"-%$.'.0#$."<*.G',"'&$-+>*'

:+*#*.*+>*'1-+'#-,1)$&-i7!&(/'$)3!:3'!1L*'-&(!T*'j$#!&#!H)'-+"B$%'=$')*.'$.1$#"$.!

;T*'j$#7!H^`Xe!/*:B)5-3!k,7!lT$?$/5-)*+&(!+&!-*!)&3'B*m<0!f&L&!*?$'2*!*-5+$&#+3!*!

+$/L*!/$)*>!!

h"#! ($()&2*! F5&! /52:-&! &-! /'$)&'$3! +&! T*'j$#! &(! *F5R-! F5&! &ML$C*! 5#*!

/32:-&D$+*+! $''&+5/$C-&0! 63'! /32:-&D$+*+! $''&+5/$C-&! &#)$&#+3! 5#! ($()&2*!

($2:-&! /32:5&()3! +&! %*'$*(! :*')&(! F5&! $#)&'*/)O*#! /3#)'$C59&#+3! *! 5#*!

?5#/$E#!CS($/*7!9!+3#+&!-*!(5:'&($E#!+&!/5*-F5$&'*!+&!&()*(!:*')&(!L*/&!F5&!&-!

($()&2*!/&(&!+&!?5#/$3#*'!/3#!&?$/*/$*i!;f&L&!NXXXe!lgSF5$#*(!23-&/5-*'&(>!

*:393!&M:&'$2&#)*-!:*'*!-*!$#?&'&#/$*!+&-!+$(&@3m<0!

6'3:3#&! +&(:5R(! )'&(! (5:5&()3(! +&! /32:-&D$+*+! $''&+5/$C-&! &#! -*! #*)5'*-&A*>!

?-*8&-3!C*/)&'$*#37!/*(/*+*!/3*85-*+3'*!(*#85B#&*!9!($()&2*!$#25#$)*'$30!T*+*!(5!

&()'5/)5'*! )*#! /32:-&D*! 9! (5(! &-&2&#)3(! $#)&8'*#)&(! )*#! ?5#/$3#*-2&#)&!

$#(5()$)5$C-&(7! *?$'2*! F5&! &()3(! ($()&2*(! #3! :5+$&'3#! ?3'2*'(&! :3'! -&%&(!

23+$?$/*/$3#&(! (5/&($%*(7! /323! :'&+$/&! -*! )&3'B*! &%3-5/$3#$()*7! 9! :3'! )*#)3!

/*'&/&#!+&!:'&/&+&#)&!&%3-5)$%3!9!?5&'3#!/'&*+3(!*C'5:)*2&#)&0!

G#! /3#(&/5&#/$*7! -*! /3#?$'2*/$E#! 3! '&?5)*/$E#! +&! -*! $#?&'&#/$*! +&-! +$(&@3!

:5&+&! /32:'3C*'(&! %&'$?$/*#+3! ($! -3(! &-&2&#)3(! +&! &(*! :'&(5#)*! /32:-&D$+*+!

$''&+5/$C-&! (3#! 3! #3! (5()$)5$C-&(! ($#! 5#! /3-*:(3! 8-3C*-! +&! -*! ?5#/$3#*-$+*+! +&-!

($()&2*! /32:-&D37! 9! :3'! &--37! ($! :5+$&'3#! 3! #3! ?3'2*'(&! 8'*+5*-2&#)&! :3'!

*/525-*/$E#!+&!-$8&'*(!9!(5/&($%*(!23+$?$/*/$3#&(0!d3+3!-3!/5*-7!(&!/3#/'&)*!&#!-*!

&M$()&#/$*!3!$#&M$()&#/$*!&#!-*!#*)5'*-&A*!+&!:'&/&+&#)&(!&%3-5)$%3(!+&!-3(!($()&2*(!

:'3:5&()3(!:3'!f&L&!/323!&D&2:-3(!+&!/32:-&D$+*+!$''&+5/$C-&0!

6&'3!*#)&(!+&!%&'$?$/*'!-*!&M$()&#/$*!+&!E'8*#3(!3!&()'5/)5'*(!$''&+5/$C-&2&#)&!
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I)(+,*)(B!H0&03+6)!-!n0+*(!*(!S[g\B!4(!=);".C).)@9)#$%).,!=0(0=)&0!=010!IHn<!
X!M0+!8*10+!2*$1),)&0!*+,#!3)=*(=)#!&*!#+0=)#$!#!U08$!3#!,*$1)(0307?#!6#(,)#(#!2#$#!10+,$#$!&*!

;0$1#!1A+! 7$#&4#3! *3! 2#+0! &*! 3#! =0(=*2=)@(! $*#3)+,#! )(7*(4#! F10&*30! J903#+! &*! 9)33#$LG! #! 3#!

=0(=*2=)@(!)(+,$41*(,#3)+,#<!
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=0(+*74)&0!1*E0$#$!3#!*;)=)*(=)#!&*!,#3!10&0!D4*!30+!;?+)=0+!*N2*$)1*(,#3*+!Zcd)#,B!

e8),*B!5),=8*33B!M#)$>B!e*)8+B!e*)(;4$,*$!-!f*)3)(7*$!FS[[[G^!8#(!+)&0!=#2#=*+!&*!

&*,*=,#$! 3#! 2$*+*(=)#! &*! 4(! 09E*,0! ;?+)=0! +)(! )(,*$#==)0(#$! =0(! W3! F*(! *3! +*(,)&0!

=3A+)=0B!*+!&*=)$B!+)(!#9+0$=)@(!()!&)+2*$+)@(!&*!3#!2#$,?=43#!&*!2$4*9#!20$!2#$,*!&*3!

09E*,0!09+*$%#&0GB!=0(!4(!()%*3!&*!=*$,*>#!#+)(,@,)=#1*(,*!=*$=#(0!#3!Sllq<!

'(#!&*! 3#+!2$*&)==)0(*+! ,*@$)=#+!1A+!+0$2$*(&*(,*+!D4*!8#!+)&0!09,*()&#!=0(!

*+,*! ,)20! &*!10(,#E*+! *N2*$)1*(,#3*+! *+! 3#! 20+)9)3)&#&! &*! *N,$#*$B!1*&)#(,*! 4(#!

2#$,?=43#!&*!2$4*9#! F4(! ;0,@(!#&*=4#&#1*(,*!203#$)>#&0G! )(;0$1#=)@(!#=*$=#!&*3!

*+,#&0! +42*$20+)=)@(! *(! *3! D4*! +*! *(=4*(,$#! 4(! A,010! +)(! &*+,$4)$! 0! #3,*$#$! *3!

*+,#&0! +42*$24*+,0! &*3! A,010! ZHr,,)(7B! P**B! R=81),,B! n41-#(,+*%B! 508$)(7! -!

5*-+,$*!FXlllGa!f804B!s<B!f804B!f<e<B!t40!-!j*3&1#(!FXllSG^B!*+!&*=)$B!D4*!*+!

20+)93*!=0(0=*$!*3!*+,#&0!)(,*$(0!&*3!A,010!+)(!8#=*$!=03#2+#$!3#!+42*$20+)=)@(!#!

4(0! &*! +4+! #4,0%*=,0$*+<! I+! 1A+B! ,#120=0! +*! %*$?#! #;*=,#&0! *3! *(,$*3#>#1)*(,0!

F).,".=<)%).,G! &*! &)=80! A,010! =0(! 0,$0+! A,010+<! I(! $*+41*(B! +*! *N,$#*!

)(;0$1#=)@(!1#(,*()*(&0!3#!=08*$*(=)#!&*3!A,010<!/0(%)*(*!&*+=$)9)$!9$*%*1*(,*!

*3! 10(,#E*! *N2*$)1*(,#3! &*! ZHr,,)(7B! P**B! R=81),,B! n41-#(,+*%B! 508$)(7! -!

5*-+,$*!FXlllG^!=0(!*3!;)(!&*!D4*!*3!3*=,0$!+*!8#7#!4(#!)&*#!&*!*(!D4W!=0(+)+,*!*+,#!

#2$0N)1#=)@(! J(0! )(,$4+)%#L! #! 30+! 09E*,0+! =4A(,)=0+<! I(! #$#+! #! (0! =0123)=#$!

*N=*+)%#1*(,*!3#!*N23)=#=)@(B!+4+,),4)$*10+!*3!$)70$!&*3!,$#,#1)*(,0!1#,*1A,)=0!&*!

30+!#4,0$*+!20$!4(!3*(74#E*!=0(=*2,4#3<!

!
!

u*(*10+!4(!A,010!D4*! +*!*(=4*(,$#! )()=)#31*(,*!*(!4(#! +42*$20+)=)@(!=4A(,)=#!

&*! 30+!&0+!*+,#&0+!1*,#K*+,#93*+! v1wx!-! v1yx!F%*$!j)74$#!SGB!*+!&*=)$V! v2,7%7x!z!

S.6X! Fv1yx! y! v1wxG<! I(! *3! =#+0! &*! #9+0$9*$! 4(! ;0,@(B! *3! A,010! 2#+#$?#! #3! ()%*3!
*N=),#&0! v*xB! 2#$#! 20+,*$)0$1*(,*! &*=#*$! #3! ()%*3! ;4(&#1*(,#3! v7x! 1*&)#(,*! 3#!

*1)+)@(!*+20(,A(*#!&*!4(!(4*%0!;0,@(<!

351



!"#$%&'()#"*&+"#,-.&/&0"#%).&12.3()4&563("#76!

!

/030=#10+! *3! A,010! &*(,$0! &*! 4(! &)+20+),)%0! &*3! ,)20! ij5! F%*$! j)74$#! XG! -!

3#(>#10+!8#=)#!*3!&)+20+),)%0!4(!;0,@(!D4*!+*!*(=4*(,$#!*(!4(#!+42*$20+)=)@(!&*!

*+,#&0+!&*!203#$)>#=)@(!=)$=43#$!&*N,$@7)$#!7y!-!203#$)>#=)@(!=)$=43#$! 3*%@7)$#!7wB!
*+! &*=)$

g
V! vD7,:.x!z!S.6X! Fv7yx!y! v!7wxG<!P0+! *+,#&0+!&*!203#$)>#=)@(!7y! -!7w! &*3!

;0,@(! )(&4=*(! 3#+! ,$#(+)=)0(*+!#,@1)=#+! v1yx"v*x!-! v1wx"v*xB! $*+2*=,)%#1*(,*B!
#3!)(,*$#==)0(#$!=0(!*3!A,010<!

I(! *3! =#+0! &*! D4*! (0! 849)*$#! ()(7C(! A,010B! +*! 2$0&4=)$?#! 4(#! )(,*$;*$*(=)#!

*(,$*! 30+! &0+! =#1)(0+! &*3! &)+20+),)%0! &*! 3#! j)74$#! XB! -B! 20$! =0(+)74)*(,*B! *3!

&*,*=,0$!YS!)(&)=#$?#!3#!2$*+*(=)#!&*3!;0,@(!=0(!2$09#9)3)&#&!S<!I+,0!)123)=#!D4*B!

+)!&*,*=,#10+!3#!2$*+*(=)#!&*3!;0,@(!*(!*3!&*,*=,0$!YXB!*(,0(=*+!,*(*10+!3#!=*$,*>#!

&*!D4*!8#-!4(!A,010!D4*!09+,$4-*!*3!=#1)(0!)(;*$)0$<!

P3*%#(&0!#!=#90!4(#!1*&)=)@(!#&*=4#&#!&*!3#!203#$)>#=)@(!3)(*#3!+*7C(!*3!*E*!@!

*(!*3!&*,*=,0$!YXB!*+!20+)93*!&*10+,$#$!D4*!09,*(*10+!4(#!2$09#9)3)&#&!S.So!&*!

&*,*=,#$!*3!;0,@(!*(!YX!8#9)*(&0!&)=80!;0,@(!$*=0$$)&0!*3!=#1)(0!+42*$)0$<!H4*+,0!

D4*!*(!YX!*+,#10+!1)&)*(&0! 3#!203#$)>#=)@(! 3)(*#3!&*3!;0,@(!+*7C(!*3!*E*!@B!*+,0!

+)7();)=#! D4*B! *(! *3! =#+0! &*! +*$! &*,*=,#&0B! *3! ;0,@(! +*! *(=4*(,$#! *(! 4(#!

+42*$20+)=)@(!&*!30+!*+,#&0+!7y!-!7w<!T!24*+,0!D4*!*3!;0,@(!8#!$*=0$$)&0!*3!=#1)(0!
+42*$)0$B!*3!*+,#&0!&*!+42*$20+)=)@(!&*3!A,010!(0!8#!+)&0!#;*=,#&0<!!

I(!$*+41*(B!307$#10+!&*,*=,#$!-!2$*+*$%#$!3#!+42*$20+)=)@(!&*3!A,010!20$D4*!

=#&#!=0120(*(,*!&*!203#$)>#=)@(!=)$=43#$!F#!+#9*$B!7y!-!7wG!&*3!;0,@(!33*%#!#!=#90!
4(!ij5!#4,@(010!=0(!*3!=0$$*+20(&)*(,*!*+,#&0!1*,#K*+,#93*!&*3!A,010<!I+!&*=)$B!

7y!&*,*=,#!*3!*+,#&0!1*,#K*+,#93*!v1yx!+)(!D4*!+*!2$0&4>=#!3#!,$#(+)=)@(!v1yx"v*xB!
*B!)(&*2*(&)*(,*1*(,*B!7w!&*,*=,#!*3!*+,#&0!1*,#K*+,#93*!v1wx!+)(!D4*!+*!2$0&4>=#!
3#! ,$#(+)=)@(! v1wx"v*x<! u$#+! 33*%#$+*! #! =#90! #190+! 2$0=*+0+! ij5B! 3#+!
203#$)>#=)0(*+!=)$=43#$*+!+*!=019)(#(!2#$#!;0$1#$!4(#!203#$)>#=)@(!3)(*#3B!D4*!*+!

3#!D4*!YX!&*,*=,#! =0(!2$09#9)3)&#&!S.So<!'(!#$,?=430!20+,*$)0$! Zf804B!s<B!f804B!

f<e<B! t40! -! j*3&1#(! FXllSG^! &*10+,$@! D4*B! 8#=)*(&0! 4+0! &*3! *;*=,0! f*(@(!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
g!I(!3#!2$A=,)=#!*+,0!+*!8#=*!3#(>#(&0!4(!;0,@(!&*!203#$)>#=)@(!3)(*#3B!&)7#10+!+*7C(!*3!*E*!@<!P#!

203#$)>#=)@(! 3)(*#3! &*3! ;0,@(! +*! 24*&*! &*+=0120(*$! 1#,*1A,)=#1*(,*! *(! ,W$1)(0! &*! +4+!

203#$)>#=)0(*+!=)$=43#$*+!F&*N,$@7)$#!-!3*%@7)$#G<!
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=4A(,)=0B! *+! 20+)93*! &*,*=,#$! -! 2$*+*$%#$! 3#! +42*$20+)=)@(! &*3! A,010! =0(! 4(#!

2$09#9)3)&#&!#$9),$#$)#1*(,*!=*$=#(#!#!S<!

I+,#!(4*%#!20+)9)3)&#&!&*!1*&)=)@(!(0!)(,$4+)%#B!D4*!0;$*=*(!30+!*N2*$)1*(,0+!

ij5B!(0+!093)7#!#!$*%)+#$! 3#+!#;)$1#=)0(*+!0$,0&0N#+!D4*B!&*;*(&)&#+!&*+&*!8#=*!

=#+)!4(!+)730!-!*(!&);*$*(,*+!;0$1#+!*2)+,*103@7)=#+B!#;)$1#(!D4*!3#!=0(+,#(,*!&*!

H3#(=6! 8#=*! )120+)93*! 3#! 09E*,)%)&#&! %)(=43#&#! #! 3#! (0=)@(! &*! $*#3)&#&! ;?+)=#!

)(&*2*(&)*(,*! &*! 3#! 09+*$%#=)@(<! Y*+&*! *3! 24(,0! &*! %)+,#! ;)30+@;)=0B! (4*+,$0!

09E*,)%0!(0!*+!$*+4=),#$!#37C(!,)20!&*!$*#3)+10!F)(7*(40B!&*!,*0$?#+B!&*!*(,)&#&*+B!

*,=<GB! +)(0! #&*=4#$! *3! 20+)=)0(#1)*(,0! *2)+,*103@7)=0! &*3! 14(&0! =)*(,?;)=0! -!

;)30+@;)=0! #! 30+! (4*%0+! $*+43,#&0+! *N2*$)1*(,#3*+<! Q;)$1#! "#=6)(7! Z"#=6)(7!!

FS[[oG^! D4*! J*3! $*#3)+10! *+! #+4(,0! &*! )(,*$%*()$! *(! *3! 14(&0B! 1A+! D4*! &*!

$*2$*+*(,#$30!*(!2#3#9$#+!-!2*(+#1)*(,0LB!24*+!J3#!$*#3)&#&!,)*(*!D4*!%*$!1A+!=0(!

30! D4*! 8#=*10+! *(! *3! 14(&0B! D4*! =0(! 30! D4*! 2*(+#10+! #=*$=#! &*! W3L<! R)! 20$!

J09+*$%#$L! *(,*(&*10+! J09,*(*$! )(;0$1#=)@(! +09$*! 2$02)*&#&*+! ;?+)=#+LB! 30+!

*N2*$)1*(,0+! &*(01)(#&0+! ?.,)#"3,$7.AB#))& +)">8#)%).,>! 8#(! 24*+,0! &*!

1#();)*+,0! D4*! *3! =0(=*2,0! #=,4#3! &*! J$*#3)&#&L! (0! &*+=#$,#! $0,4(&#1*(,*! 3#!

20+)9)3)&#&!&*! 09,*(*$! )(;0$1#=)@(!&*! =)*$,#+! 2$02)*&#&*+! +)(! #3,*$#$3#+B! *+,0! *+V!

D4)>A+!20&*10+!7*>)#6"#&>$.&$.,)#6).$#<!

I+!20$!*330!(*=*+#$)0B!*(!3#!3?(*#!&*3!*+;4*$>0!&*!#374(0+!;?+)=0+!-!;)3@+0;0+!&*!

3#! ;?+)=#! Zh#)&1#(! FXllga! Xll]Ga!/$#1*$! FXlloGa!Q(7*30! FXll[G^B! #=01*,*$! 4(#!

$*)(,*$2$*,#=)@(! &*! 30+! ;*(@1*(0+! =4A(,)=0+! &*+&*! 4(#! 2*$+2*=,)%#! ;)30+@;)=#!

$*(0%#&#! D4*! ,01*! *(! =4*(,#! 3#+! +4,)3*>#+! &*! 30+! &*+=49$)1)*(,0+! $*#3)>#&0+! *(!

;*=8#+! $*=)*(,*+B! ,$#>#(&0! 4(#! (4*%#! 3?(*#! &*! &*1#$=#=)@(! *(,$*! *3! 09E*,0!

1)=$0+=@2)=0!09+*$%#&0!-!*3!09+*$%#&0$!1*+0+=@2)=0!D4*!*(!10&0!#374(0!24*&*!

+*$!*3!,$#&)=)0(#31*(,*!&*;*(&)&0B!#!+#9*$B!*3!)(,*$=#19)0!&*!4(!=4#(,0!&*!#==)@(!%!
1*&)#&0!20$!4(#!2#$,?=43#!&*!2$4*9#<!!

:.#.%."()'2+,),4)$;%8#)('2+

Q(7*30B!n<!5<!FXll[GB!J{(!,8*!)(,*$2$*,#,)%*!*++*(=*!0;!,8*!,*$1!|)(,*$#=,)0(K;$**!

1*#+4$*1*(,}V!u8*!$03*!0;!*(,#(73*1*(,LB!B78.;",$7.>&7D&F(/>$3>!g[!FXGB!22<!

Sl[wSS[<!

/$#1*$B! k<t<! FXlloGB! JQ! u$#(+#=,)0(#3! Q(#3-+)+! 0;! i(,*$#=,)0(Kj$**!

5*#+4$*1*(,+LB!B78.;",$7.>&7D&F(/>$3>&G),,)#>!S[!FSGB!22<!ogKpg<!

Y)=6*B! n<! "<! FS[]SGB! Ji(,*$#=,)0(K;$**! D4#(,41! 1*#+4$*1*(,+! w#! 2#$#&0NLB!

H%)#$3".&I78#."<&7D&F(/>$3>!m[B!22<![X\K[gl<!

I3),>4$B! Q<! -! h#)&1#(B! P<! FS[[gGB! J~4#(,41! 5*=8#()=#3! i(,*$#=,)0(Kj$**!

5*#+4$*1*(,+LB!B78.;",$7.>&7D&F(/>$3>!Xg!FpGB!22<![]pK[[p<!

I2+,*)(B! H<! FS[[\GB! Ju8*! n*#3),-! H$093*1! )(! ~4#(,41! 5*=8#()=+LB! H%)#$3".&

I78#."<&7D&F(/>$3>!Sg!FgGB!22<!SXpKSgo<!

"#=6)(7B! i<! FS[[oGB! J)9#)>).,"#& )& $.,)#6).$#B! 5WN)=0B! H#)&@+K'MQ5B! F*&)=)@(!

0$)7)(#3!S[]gG<!

"*)+*(9*$7B!e<!FS[\]GB!F(/>$3>&".;&F($<7>79(/K&M4*%#!T0$6B!"#$2*$<!
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cd)#,B! H<B!e*)(;4$,*$B! "<B! "*$>07B! u<B! f*)3)(7*$B! Q<! -! c#+*%)=8B!5<! Q<! FS[[\GB!

Ji(,*$#=,)0(Kj$**!5*#+4$*1*(,LB!F(/>$3"<& J)6$)L& G),,)#>! pm! FXmGB! 22<! mpogK

mpoo<!

cd)#,B!H<t<B!e8),*B!Q<t<B!5),=8*33B!k<!n<B!M#)$>B!{<B!e*)8+B!t<B!e*)(;4$,*$B!"<!-!

f*)3)(7*$B!Q<! FS[[[GB! J")78KI;;)=)*(=-!~4#(,41! i(,*$$07#,)0(!5*#+4$*1*(,+!

%)#!,8*!~4#(,41!f*(0!I;;*=,LB!F(/>$3"<&J)6$)L&G),,)#>!]g!FXgGB!mpX\KmpX]<!

5)+$#B!U<!-!R4&#$+8#(B!I<!/<!t<!FS[ppGB!Ju8*!f*(0�+!2#$#&0N!)(!D4#(,41!,8*0$-LB!

I78#."<&7D&+",()%",$3"<&F(/>$3>!S]!FmGB!22<!p\oKpog<!

5),=8)+0(B!t<!-! k0>+#B!n<! FXllSGB! J/04(,*$;#=,4#3! =0124,#,)0(LB!F#73));$.=>&7D&

M()&J7/"<&173$),/&7D&G7.;7.&H!m\pB!22<!SSp\KSS[g<!

H*($0+*B!n<!FS[[mGB!1(";7L>&7D&,()&%$.;B!{N;0$&B!{N;0$&!'()%*$+),-!H$*++B!2<!Xml<!

Hr,,)(7B! R<B! P**B!I<! R<B! R=81),,B!e<B!n41-#(,+*%B! i<B!508$)(7B!U<! -!5*-+,$*B! H<!

FXlllGB! J~4#(,41! =08*$*(=*! #(&! )(,*$#=,)0(K;$**! 1*#+4$*1*(,+LB! F(/>$3"<&

J)6$)L&H!oX!FlolSlSG<!

n*(()(7*$B!5<!FS[\gGB!Jf41!e*33*(Kc0$24+6*3KY4#3)+14+JB!NO&F(/>O!SgoB!2<!X\S<!

�! FS[olGB! J5*++4(7*(! 08(*! R,0*$4(7! &*+!5*+09E*6,+LB!NO&F(/>O! S\]B! 22<! mSpK

mXl<!

h#)&1#(B! P<! FXllgGB! Ju8*! 5*#()(7! 0;! ,8*! i(,*$#=,)0(Kj$**! 5*#+4$*1*(,+LB!

B78.;",$7.>&7D&F(/>$3>!gg!FgGB!22<!m[SK\Sl<!

�! FXll]GB! JQ$*! i(,*$#=,)0(K;$**! 5*#+4$*1*(,+! i(,*$#=,)0(! j$**bLB! "#P$6Q& R8".,A

9(STTTUTVV6WB!�8,,2V..#$N)%<0$7.HR�=#=8*.D4#(,K28.2&;.lllo.lllolpp%S<2&;x<!

f804B! s<B! f804B! f<e<B! t40B! t</<! -! j*3&1#(B! 5<! k<! FXllSGB! J")78K*;;)=)*(=-!

(0(&)+,0$,)0(! D4#(,41! )(,*$$07#,)0(! 0;! #,01+! )(! D4#(,41! +42*$20+),)0(+LB!

F(/>$3"<&J)6$)L&H!om!FlXlSlSG<!
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!"#$%&'"()(*+&%,-)#./$.,+'-.0"/"'-*+)#1+

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

%5'0".$)$.6%+,"&'%$.$."#
∗

+

!

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

4*5*&367/#8*3&8)92*0:,(6,*;6&(!

!

7#$("18,$."#+

<#! -=&! 2/,'(&! /5! -=&! 3*(-! ->/! )&2*)&(! -=&'&! =*(! ;&&#! *! #/-$2&*;3&! $#2'&*(&! $#! -=&!

:=$3/(/:=$2*3!3$-&'*-,'&!*;/,-!0&2=*#$(0(6!?=&!:'$0*'@!A/*3!/5!-=&!(/B2*33&)!C#&>!

0&2=*#$(-$2!:=$3/(/:=@D! EFG$::&'!@!H$33(-&$#!IJJKL! $(! -/! (=&)!#&>! 3$A=-!/#! (/0&!

E23*(($2*3L! :'/;3&0(! $#! -=&! :=$3/(/:=@! /5! (2$&#2&! M(,2=! *(! -=&! &N:3*#*-$/#O!

:'&)$2-$/#O! *#)! ,#$5$2*-$/#! /5! (2$&#-$5$2! 5*2-(M! $#! -&'0(! /5! -=&! (&*'2=O! )$(2/%&'@O!

0/)&33$#A! *#)! -&(-$#A! /5! 0&2=*#$(0(6! P=$3&! *33! -=/(&! (-,)$&(! &0:=*($8&! -=&!

'&3&%*#2&! /5!0&2=*#$(0(! -/! (&%&'*3! (2$&#-$5$2! :'*2-$2&(O! *(! >&33! *(! -=&! $#-&'&(-! /5!
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4&#,-&#,/:8$6*(!)&!/*(!6$&#6$*(!1&:'$6*(5!!

A(1&!*>*#),#,!#,!$-.$)$:!&-.&',!G0&!&#!/,(!*I,(!,6;&#1*!)&/!($8/,!.*(*),!(&!

.',)0D&(&!0#*!'&#,%*6$:#!)&/!$#1&'?(!.,'!/*!*>)066$:#!B&$'6&*#*C!<!/*!60&(1$:#!)&!

/*!&=$(1&#6$*!)&!0#*!/:8$6*!)&/!)&(60>'$-$&#1,!*1'*D,!/*!*1&#6$:#!)&!6$&#1E4$6,(C!($!

>$&#!&#!),-$#$,(!6,-,!/*!$#1&/$8&#6$*!*'1$4$6$*/C!/*!*)G0$($6$:#!)&!6,#,6$-$&#1,C!/*!

.',8'*-*6$:#!/:8$6*!<!-*1&'$*(!*4$#&(5!B,'!,1'*!.*'1&C!)&()&!/*!$)&#1$4$6*6$:#!.,'!

K*'-*#!)&!/*!*>)066$:#!6,#!/*!$#4&'&#6$*!*!/*!-&D,'!&=./$6*6$:#C!/*!*>)066$:#!;*!

($),!6,#($)&'*)*!1*->$?#!6,-,!0#*!.*'1&!40#)*-&#1*/!)&/!*'80-&#1,!*!4*%,'!)&/!

'&*/$(-,!6$&#1E4$6,5!

L0>'*<,! /*! $-.,'1*#6$*! )&! /*! *>)066$:#! B&$'6&*#*! .*'*! &/! 6,#1&=1,! )&!

)&(60>'$-$&#1,!&#!/*!-&1,),/,8E*!)&!/*(!6$&#6$*(!,>(&'%*6$,#*/&(!)&!/*!#*10'*/&H*5!

B&',! )$(6'&.,! )&! B&$'6&! '&(.&61,! )&! G0&! /*! *>)066$:#! (&*! /*! M#$6*! 4,'-*! )&!

'*H,#*-$&#1,! .,'! -&)$,! )&! /*! 60*/! $)&*(! #0&%*(! *66&)&#! *! /*! 6$&#6$*5! N! &#!

.*'1$60/*'! '&6;*H,! (0! $)&*! )&! G0&! /*! )&)066$:#! #,! .0&)&! .',)06$'! #0#6*! $)&*(!

#0&%*(5! O#1&(! */! 6,#1'*'$,C! *(&%&',! G0&! &/! '*H,#*-$&#1,! )&)061$%,! .0&)&! (&'!

*./$6*),!*/!6,#1&=1,!)&!)&(60>'$-$&#1,!&#!/*!-&1,),/,8E*!)&!/*(!6$&#6$*(!1&:'$6*(C!

6,-,!/*!4E($6*!-*1&-J1$6*5!7&!;&6;,C!B&1&'!2&)*P*'C!.'&-$,!Q,>&/!)&!2&)$6$#*!

&#! RSTSC! '&6,#,6$:! &#! (0! 6,#1'$>06$:#! */! %,/0-&#! )&! L6;$/..! )&)$6*),! *! U*'/!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
∗! V'0.,! )&! W#%&(1$8*6$:#! +,-./01&#(&! )&! X$/,(,4E*! )&/! F&#80*D&C! )&! /*! Q*10'*/&H*! <! )&! /*!

+$&#6$*C!Y&45SZ[R\]@T[Z5!
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B,..&'C! G0&! /*! '&#0#6$*! *! &=./$6*'! 6:-,! (&! ,'$8$#*#! /*(! ;$.:1&($(! 6,#(1$10E*! 0#!

($8#,!)&!/*!)&>$/$)*)!)&/!)&)061$%$(-,!;$.,1?1$6,5!O(EC!)&#,-$#,!.$/#,00)1"!*!/*!

4,'-*! )&! '*H,#*-$&#1,! 6,#($(1&#1&! &#! /*! $-./&-&#1*6$:#! )&/! '*H,#*-$&#1,!

)&)061$%,!*/!6,#1&=1,!)&!)&(60>'$-$&#1,!6$&#1E4$6,5!A/!,>D&1$%,!)&!-$!6,#1'$>06$:#!

.'&6$(*-&#1&!&(!-,(1'*'!&/!.*.&/!G0&!/*!.'&)066$:#!D0&8*!.*'*!/*!6'&*1$%$)*)!&#!/*(!

6$&#6$*(!4E($6*(5!

O4$'-,! G0&! /*!.$/#,00)1"! &(! /*! 4,'-*! )&! '*H,#*-$&#1,! G0&C! .*'1$&#),! )&! /*!

1,1*/$)*)! )&/! *6&'%,! 1&:'$6,! )$(.,#$>/&C! .&'-$1&! )&)06$'! '&(0/1*),(! #0&%,(C!

(0.0&(1,! G0&! /*! 6,->$#*6$:#! <! &/! -*#&D,! -*1&-J1$6,(! )&! /,(! '&(0/1*),(!

.'&%$*-&#1&!*6&.1*),(!)&!)$4&'&#1&(!)$(6$./$#*(!)&!/*!4E($6*!1&:'$6*C!1,-*),(!6,-,!

.'&-$(*(!)&/!'*H,#*-$&#1,C!(&*#!6,-.*1$>/&(!6,#!&/!*#J/$($(!)$-&#($,#*/5!+,-,!/*!

.'&)066$:#!&(!0#*!$-./&-&#1*6$:#!)&/!'*H,#*-$&#1,!)&)061$%,!&#!&/!6,#1&=1,!)&!

)&(60>'$-$&#1,C!),<! (*1$(4*66$:#!*! /*!G0&D*!)&!2&)*P*'! (,>'&! /*! ^)&>$/$)*)_!)&/!

)&)061$%$(-,!;$.,1?1$6,5!!

B,'! ,1'*! .*'1&C! 6,#1'*'$*-&#1&! *! $#)066$:#! <! *>)066$:#C! G0&! (,#! $#4&'&#6$*(!

*-./$*1$%*(C! /*! .'&)066$:#! 6,#(1$10<&! 0#*! $#4&'&#6$*! *#1$6$.*1$%*! G0&! *)&/*#1*! ,!

*%*#H*! $)&*(! *M#! #,! )$(.,#$>/&(C! G0&! ;*>'J#! )&! 6,#1'*(1*'(&! &-.E'$6*-&#1&5! F*!

)$4&'&#6$*! 40#)*-&#1*/! &#1'&! *->*(! 4,'-*(! )&! $#4&'&#6$*! '&($)&! &#! G0&! /,(!

'&(0/1*),(!.'&)06$),(!#,!.',6&)&#C!#$!%$&#&#!(08&'$),(C!.,'! /,(!)*1,(!&-.E'$6,(5!

O#1&(! */! 6,#1'*'$,! .',%$&#&#! )&)061$%*-&#1&! )&/! *6&'%,! 1&:'$6,! )$(.,#$>/&5! F*!

.'&)066$:#!.',6&)&!.0&(!*!.*'1$'!)&!'&(0/1*),(!.'&%$*-&#1&!*6&.1*),(C!&(,!(EC!#,!

#&6&(*'$*-&#1&! 6,-,! %&')*)&',(C! )&/! 6$1*),! *6&'%,! 1&:'$6,C! .,(10/*),(!

-&1,),/:8$6*-&#1&!6,-,!.'&-$(*(!)&/!.',6&)$-$&#1,!$#4&'&#6$*/5!

A#!)&4$#$1$%*C!(,(1&#8,!G0&!/*!.'&)066$:#!&(! /*!4,'-*!6,-,!-06;*(!;$.:1&($(!

4J61$6*(C!/&<&(!<!-,)&/,(!1&:'$6,(C!(,#!*#1$6$.*),(!&#!4E($6*5!2$/#,0)$!0#!-,)&/,!

1&:'$6,C! 0#*! ;$.:1&($(! 4J61$6*C! ,! $#6/0(,! 0#*! /&<! 1&:'$6*C! (0.,#&! 8&#&'*'!

-*1&-J1$6*-&#1&! 0#*! &60*6$:#! ,! 0#*! (&'$&! )&! &60*6$,#&(! '&/*6$,#*)*(! &#1'&! (EC!

60<*(!6,#(&60&#6$*(!)&>&#!.,)&'!*D0(1*'(&!>$&#!6,#!/*(!,>(&'%*6$,#&(5!!

O>)066$:#! <! .'&)066$:#! (&! 6,-./&-&#1*#! -010*-&#1&C! .0&(! -$&#1'*(! /*!

.'$-&'*!&(!/*!.'J61$6*!)&!)&(60>'$-$&#1,!.',.$*!)&!/*(!6$&#6$*(!,>(&'%*6$,#*/&(!)&!

/*! #*10'*/&H*C! /*! .'&)066$:#! 6,#(1$10<&! 0#*! &(1'*1&8$*! )&! )&(60>'$-$&#1,!

*-./$*-&#1&! 0(*)*! &#! /*(! 6$&#6$*(! 1&:'$6*(! )&! /*! #*10'*/&H*5! 7&! 4,'-*! G0&! &(!

.&'4&61*-&#1&!/&8E1$-,!.,(10/*'!0#*!3/&)&'#/'045.-/5/"3+$)/#+#!&#1'&!*>)066$:#!<!

.'&)066$:#C!&#1'&!$#4&'&#6$*(!*-./$*1$%*(!<!*#1$6$.*1$%*(5!

8.0,0#*3&*(.+"0#"*.(*"#-.9#2:+3-3#*,.&+45,*3!

O4$'-,! &#! .'$-&'! /08*'! /*! )&>$/$)*)! )&! /*! $)&*! )&! /*! &=$(1&#6$*! )&! ,"! -?1,),!

6$&#1E4$6,C!(,>'&!1,),!($!&(1*!$)&*!%*!*(,6$*)*!*!0#!6/3)07)&54'#/-'5%34#48'B0&(!?(1&!

•! 6,#)&#*! *! /*(! 6$&#6$*(! ;0-*#*(! <! (,6$*/&(! *! *($-$/*'! /,(!-?1,),(! )&! /*!

4E($6*C!

•! >$&#!)&6/*'*!6,-,!#,!6$&#1E4$6*(!)&1&'-$#*)*(!.'J61$6*(!6,-,!/*!>$,/,8E*!

&%,/06$,#$(1*!)*'P$#$*#*C!<!.,'! &=1&#($:#!*! /*(!6$&#6$*(!,>(&'%*6$,#*/&(!

)&!/*!Q*10'*/&H*5!
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9+'.'&)066$:#!1&:'$6*C',"+'.$:03)0+'#/#,03)*+'#/'#/&0,;$)5)/"34'0)/"3<6)04'

O)&-J(C! &/! 4&1$6;$(-,!)&/!-?1,),! (&! 6,-.',-&1&! 6,#!0#!)&(60$),C! $#6/0(,!0#*!

6,#)&#*C!)&/!6,#1&=1,!)&!)&(60>'$-$&#1,!6$&#1E4$6,C! /,!G0&!6,#(1$10<&!0#,!)&! /,(!

-*<,'&(!&'','&(!)&!/,(!4$/:(,4,(!)&!/*!6$&#6$*!)&!/*!(&80#)*!-$1*)!)&/!($8/,!995!!

2$!(&80#)*!1&($(!6,#($(1&!&#!G0&!&/!6,#1&=1,!)&!)&(60>'$-$&#1,!#,!(:/,!$#6/0<&!

*!/*!$#)066$:#C!&#1&#)$)*!6,-,!$#4&'&#6$*!6,#(&'%*),'*!)&!/*!%&')*)!<!*-./$*),'*!

)&/! 6,#1&#$),5! W#6/0<&! 1*->$?#! *! /*! *>)066$:#5! L$#! ,/%$)*'! ,1'*(! 4,'-*(! )&!

6'&*1$%$)*)!6,-,!/*!(&'&#)$.$*!,!/*!*#*/,8E*C!G0&!(,#!.'J61$6*(!;&0'E(1$6*(!4?'1$/&(!

G0&!&#6*0H*#!/*!6'&*1$%$)*)!&#!6$&#6$*5!!

2$! 1&'6&'*! 1&($(! &(!G0&!;*<! *)&-J(!,1'*! 4,'-*!)&/!+$&' )"*/")/"#)! &#! 6$&#6$*C!

G0&! )&#,-$#,! .$/#,00)1"C! *-./$*-&#1&! &=1&#)$)*! &#! /*! -&1,),/,8E*! )&! /*(!

6$&#6$*(!4E($6*(C!*0#G0&!/,(!4$/:(,4,(!)&!/*!6$&#6$*!#,!(&!;*<*#!.&'6*1*),!)&!&//,`!

a! F*! .$/#,00)1"! #,! &(! ($#,! /*! $-./&-&#1*6$:#! )&/! '*H,#*-$&#1,!
)&)061$%,! &#! &/! 6,#1&=1,! )&! )&(60>'$-$&#1,! 6$&#1E4$6,C!-J(! *//J! )&! (0!

0(,!&#!&/!6,#1&=1,!)&!D0(1$4$6*6$:#!,!&#!&/!)&!&=./$6*6$:#!1&:'$6*5!!

2$!60*'1*! 1&($(!&(! /*!)&! /*!045.-/5/"3+$)/#+#'/"3$/'+;#,00)1"'='.$/#,00)1"5!A#!

&4&61,C!

a! 6,-,!/*!*>)066$:#!(&!*./$6*!*-./$*-&#1&!&#!/*(!6$&#6$*(!,>(&'%*6$,#&(!
)&!/*!#*10'*/&H*`!8&,4E($6*C!.*/&,#1,/,8E*C!&16C!

a! -$&#1'*(! G0&! /*! .'&)066$:#! (&! *./$6*! &#! /*(! 6$&#6$*(! 1&:'$6*(! )&! /*!
#*10'*/&H*`!4E($6*!-*1&-J1$6*C!

a! '&(0/1*! G0&! *->*(! (&! 6,-./&-&#1*#! -010*-&#1&C! 60>'$&#),!
*-./$*-&#1&!&/!&(.&61',!)&!.'J61$6*(!)&!)&(60>'$-$&#1,!&#! /*(!6$&#6$*(!

)&!/*!#*10'*/&H*5!

a! X$#*/-&#1&C!<! &#!.*'1$60/*'! &#!6$&#6$*(! 4E($6*(C! *>)066$:#!<!.'&)066$:#!
(,#!*->*(!.'J61$6*(!6,-0#&(!)&!)&(60>'$-$&#1,5!

!"#!"#$%&&'()#.&#.9#*3&+.;+3#-.#-.0*%1(,2,.&+3#-.#*,.&*,"0#&"+%("9.0#+.7(,*"0!

O!4$#!)&!-,(1'*'! /*!.'&(&#6$*!)&! /*!.'&)066$:#!&#!/,(!.',6&(,(!)&!6'&*1$%$)*)!&#!

6$&#6$*(! 1&:'$6*(!)&! /*!#*10'*/&H*C!%,<!*!.',6&)&'!*! (0!.'&(&#1*6$:#!&#! /,(!.*(,(!

($80$&#1&(`!

<=! A#!*'*(!)&!/*!*'80-&#1*6$:#!.*'1,!)&!/*!$)&*!)&!B&$'6&!b+BC!c5R]cd!)&!G0&!

/*!$#)066$:#!6,-.*'1&!6,#!/*!)&)066$:#!&/!G0&!e#0#6*!.0&)&!)*'!,'$8&#!*!

0#*!$)&*5!f*-.,6,!/,!;*6&!/*!)&)066$:#g5!

>=! 7$(6'&.,!)&!/*!$)&*!B&$'6&*#*!)&!G0&!ef,)*(!/*(!$)&*(!)&!/*!6$&#6$*!//&8*#!

*!&//*!.,'!O>)066$:#5g!b+BC!c5R]cd!

?=! 2$!,>D&1$%,!&(!'&(.,#)&'!*!/*!.'&80#1*`!h2,/#/'&/$',&+#4'/-'$+>4"+5)/"34'

#/#,03)*4' /"' /-' 04"3/?34' #/' #/&0,;$)5)/"34' 0)/"3<6)04i!2$! '&(.0&(1*! &(!

($-./&-&#1&`!LE5!

@=! A(1*! '&(.0&(1*! (0.&'*! /*! .'&(0#1*! ^)&>$/$)*)_! )&/! -?1,),! ;$.,1?1$6,@

)&)061$%,!*!/*!G0&!*.0#1*!B&1&'!2&)*P*'!bRS\]C!.5!jkSd`!ef;&!P&*l#&((!
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,4!1;&!;<.,1;&1$6@)&)061$%&!(<(1&-m/$&(!$#!$1(!)$(6/*$-$#8!*#<!.,P&'!1,!

&=./*$#!;,P!;<.,1;&(&(!6,-&!$#1,!>&$#85g!

A=! L,(1&#8,! G0&! &#! -&1,),/,8E*! )&! /*! 4E($6*! 1&:'$6*! .,)&-,(! &=1&#)&'! &/!

'*H,#*-$&#1,!)&)061$%,!*/!6,#1&=1,!)&!)&(60>'$-$&#1,C!-J(!*//J!)&!(0!0(,!

,')$#*'$,! 6,-,! )&)061$%$(-,! *=$,-J1$6,C! ,! 6,-,! ;&''*-$&#1*! )&!

6,-.',>*6$:#! )&! ;$.:1&($(! &#! &/! 6,#1&=1,! )&! D0(1$4$6*6$:#C! ,! &#! &/!

6,#1&=1,!)&!&=./$6*6$:#5!

B=! F*! 4E($6*! 1&:'$6*! (&! ($'%&! )&! /*(! -*1&-J1$6*(! 6,-,! ;&''*-$&#1*!

40#)*-&#1*/5! A/! 4E($6,! 1&:'$6,! .0&)&! *./$6*'! *! ./*6&'! &/! .'$#6$.$,!

/&$>#$H$*#,! )&! &,&3)3,0)1"' &+-*+' */$)3+3/C! ),#)&! /*! (*/%*80*')*! )&! /*!

%&')*)C! ,!-&D,'! )$6;,C! /*! /&8$1$-$)*)! )&! /*(! (0(1$106$,#&(! '&*/$H*)*(C! /*!

8*'*#1$H*! &/! *#J/$($(! )$-&#($,#*/5! A//,! /&! .&'-$1&! */! 4E($6,! -*#&D*'! /*(!

4:'-0/*(! <! (E->,/,(! )&! -*8#$10)&(! *! (0! *#1,D,C! <! 6,#! 0#*! M#$6*!

6,#)$6$:#`! *//E! ),#)&! /,(! '&(0/1*),(! )&! (0! D0&8,! -*1&-J1$6,! (,#!

(0(6&.1$>/&(! )&! 6,#1'*(1*6$:#! &-.E'$6*C! /*! Q*10'*/&H*! 1$&#&! &/! %&'&)$61,!

4$#*/!(,>'&!/*!,3)-)#+#!,!&/!)"3/$%&!)&/!D0&8,5!

C=# 2$! 1&($(! &(! G0&! &#1,#6&(! '&(0/1*! '&6,#,6$>/&! 0#*! #0&%*! 4,'-*! )&!

'*H,#*-$&#1,! G0&! )&#,-$#,' .$/#,00)1"' 3/1$)0+! ,! ($-./&-&#1&!

.$/#,00)1"5!

@"' /A/5.-4' &/"0)--4' #/' .$/#,00)1"`! /*! )&! /*! #*10'*/&H*! ,#)0/*1,'$,@

6,'.0(60/*'!)&!/,(!4,1,#&(5!F*!,>10%,!A$#(1&$#!045;)"+"#4'#4&'$/&,-3+#4&'

#/' #4&' 3/4$<+&' #)&3)"3+&C! /*! '&/*1$%$)*)! &(.&6$*/! <! /*! 4E($6*! 60J#1$6*! )&!

B/*#6lC!

*! (*>&'`!BC0.! 6,#! B = 7ν C! )&! ),#)&! '&(0/1*! .7 n=λ C! :! λn7. = C!

G0&!(,#!/*(!4:'-0/*(!G0&!-*#$4$&(1*#!&/!6*'J61&'!)0*/!)&!/*!'*)$*6$:#5!

o1',(!&D&-./,(!$/0(1'*1$%,(!)&!.'&)066$:#!1&:'$6*!/,(!-0&(1',!&#!Y$%*)0//*!

bj[[kC!j[[S+'<!j[[S;d5!

D=! F*!.$/#,00)1"!&(!.0&(!0#*!4,'-*!)&!'*H,#*-$&#1,!G0&!.*'1&!)&!'&(0/1*),(!

.'&%$*-&#1&!*6&.1*),(!)&/!*6&'%,!1&:'$6,C!.,(10/*),(!5/34#4-1D)0+5/"3/!

6,-,! .'&-$(*(! )&/! .',6&)$-$&#1,! $#4&'&#6$*/5! A(1*(! .'&-$(*(! .0&)&#!

.',6&)&'!)&!)$4&'&#1&(!1&,'E*(5!N!60*/G0$&'!.',)061,!*6&.1*),!.0&)&!(&'%$'!

)&! .'&-$(*5!A#! &/! >$&#! &#1&#)$),!G0&!+0/.3+#4! #,! $-./$6*!+0/.3+#4' /"'

0,+"34'*/$#+#/$48!

E=! A(1,! &%,6*! /*! #,6$:#!)&!-?1,),!;$.,1?1$6,@)&)061$%,5!F*!.$/#,00)1"! &(!

&4&61$%*-&#1&! 0#*! $-./&-&#1*6$:#! )&/! '*H,#*-$&#1,! )&)061$%,5! L0!

&(.&6$4$6$)*)! '&($)&!&#!G0&!&=1$&#)&!&/!-?1,),!)&)061$%,!*/!6,#1&=1,!)&!

.',)066$:#!)&!;$.:1&($(!b6,#1&=1,!)&!)&(60>'$-$&#1,d5!

<F=!Y&(&'%,! .0&(! &/! 1?'-$#,! .$/#,00)1"! .*'*! /*! 4,'-*! )&! '*H,#*-$&#1,!

)&)061$%,! &#! &/! 6,#1&=1,! )&! )&(60>'$-$&#1,C! G0&! 6,#($(1&! &#! '&60''$'! *!

'&(0/1*),(!*6&.1*),(C!.&'1$#&#1&(!*/!6*(,C!)&/!6,#D0#1,!)&!/*!4E($6*C!*!4$#!)&!

*#1$6$.*'!'&(0/1*),(!#0&%,(!.,'!6,->$#*6$:#!<!-*#$.0/*6$:#!-*1&-J1$6*!

)&!*G0?//,(!)&!4,'-*!6,-.*1$>/&!6,#!&/!*#J/$($(!)$-&#($,#*/5!
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9+'.'&)066$:#!1&:'$6*C',"+'.$:03)0+'#/#,03)*+'#/'#/&0,;$)5)/"34'0)/"3<6)04'

8.0,0#G.&.("9.0#"*.(*"#-.#9"0#(.9"*,3&.0#.&+(.#"1-%**,7&#H#'(.-%**,7&*

R5! F*! .$/#,00)1"! &(! 0#*! 4,'-*! )&! '*H,#*-$&#1,! G0&! .*'1&! )&! '&(0/1*),(!

.'&%$*-&#1&! *6&.1*),(C! ($! >$&#! #,! *(0-$),(! #&6&(*'$*-&#1&! 6,-,!

%&')*)&',(C!.,(10/*),(!5/34#4-1D)0+5/"3/!6,-,!.'&-$(*(!)&!.,(1&'$,'&(!

$#4&'&#6$*(! 6$&#1E4$6*(5! A(1*(! .'&-$(*(! .0&)&#! .',6&)&'! )&! )$4&'&#1&(!

1&,'E*(5!

j5! A/! '*H,#*-$&#1,! .'&)061$%,! )$4$&'&! )&/! '*H,#*-$&#1,! +5.-)+3)*4C!
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#,! >,'-*! .*'1&! )&/! ),-$#$,! )&! /*!=&/*1$%$)*)4! A*B*'! ($#! )0)*! *.,R*';*! 1*-N$I#!

&(1*!1&($(!-*1$<*)*4!!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! !!!!
"
!X! R! Xo! (,#! &4,4! ($!!! R!!o! (,#! $)I#1$8*(Q! ),#)&!!! 8,#1$&#&! (:/,! /,(! 1&,'&-*(! )&! X! M0&! (,#!
8,#1'*(1*N/&(! -&)$*#1&! /*! ,N(&'%*8$:#! )$'&81*[! X! R! Xo! (,#! &4,4! ($! /*! &%$)&#8$*! .*'*! 0#*! &(!

&%$)&#8$*!.*'*!/*!,1'*4!cq&'!r/R-,0'!CDEFSHQ!.4nFed!
#
!2$8B*&/! r*')#&'! )&>$#&! )&! &(1*! -*#&'*! /*! L&M0$%*/&#8$*! &-.;'$8*O! .*'*! &%$1*'! &/! 1I'-$#,!

L,N(&'%*N/&OQ! M0&! '&(0/1*! (0-*-&#1&! .',N/&-a1$8,! &#! &/! 8*(,! )&! /*!-&8a#$8*! 80a#1$8*4! UM0;!

B*'&-,(!0(,!)&!(0!)&>$#$8$:#!8,#!0#!,NW&1$%,!)$(1$#1,4!
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E%A%#'>'!">"#%5"$&!

!

A(B($(*/0".%)0)50-C$8B0/".%

3&R&'*N&#)Q! Y4! s4! CDEFTHQ! tA*B*'! ,#! @$#(1&$#oQ! IA"' J#*-*.A' K,C#$%/' 0,#' -A"'

LA*/,.,6A>',0'(3*"$3"!nPQ!..4!nP`nj4!!

r*')#&'Q! 24! CDEFeHQ! tXB&! "#$#1&//$6$N$/$1R! ,>! tlN(&'%*1$,#*/! @M0$%*/&#8&ooQ!

L#,3""&*$+.',0'-A"'J*"$$*%/'M""-*$+',0'-A"'LA*/,.,6A>',0'(3*"$3"'N..,3*%-*,$!

DEFeQ!..4!DST`De4!

r/R-,0'Q! +4! CDEFSHQ! tXB&,'&1$8*/! =&*/$(-! *#)! XB&,'&1$8*/! @M0$%*/&#8&oQ!

L#,3""&*$+.',0'-A"'J*"$$*%/'M""-*$+',0'-A"'LA*/,.,6A>',0'(3*"$3"'N..,3*%-*,$!

DEFSQ!..4!nFP`jj4!

2$//&'Q! U4! g4! CDEFTHQ! tl#! 9,'&#1o<! 2&1B,),/,6RoQ! IA"' J#*-*.A' K,C#$%/' 0,#' -A"'

LA*/,.,6A>',0'(3*"$3"!nPQ!..4!nE`TP4!

58B*>>#&'Q! s4! 34! CDEFTHQ! t@$#(1&$#! %&'(0(! 9,'&#1<\! =&(&*'8B! Y',6'*-&(! *#)! 1B&!

9,6$8!,>!+,-.*'*1$%&!@%*/0*1$,#oQ!IA"'J#*-*.A'K,C#$%/' 0,#' -A"'LA*/,.,6A>',0'

(3*"$3"!nPQ!..4!TP`Fj4!

A*B*'Q! @4! CDEFG*HQ! tpBR! K$)! @$#(1&$#o(! Y',6'*--&! 50.&'(&)&! 9,'&#1<o(_! CgHoQ!

IA"'J#*-*.A'K,C#$%/'0,#'-A"'LA*/,.,6A>',0'(3*"$3"!nTQ!..4!EP`DnG4!!

u! CDEFGNHQ! tpBR! K$)! @$#(1&$#o(! Y',6'*--&! 50.&'(&)&! 9,'&#1<o(_! CggHoQ! IA"'

J#*-*.A'K,C#$%/'0,#'-A"'LA*/,.,6A>',0'(3*"$3"!nTQ!..4!nnG`en4!

u!CDEFFHQ!t2*8BQ!@$#(1&$#Q!*#)!1B&!=$(&!,>!2,)&'#!58$&#8&oQ!IA"'J#*-*.A'K,C#$%/'

0,#'-A"'LA*/,.,6A>',0'(3*"$3"!GjQ!..4!DEP`nDG4!

u!CDEFjHQ! t@$#(1&$#o(!K&N1! 1,!9,'&#1<\!U!=&./R! 1,!3&R&'*N&#)!*#)!2$//&'oQ!IA"'

J#*-*.A'K,C#$%/'0,#'-A"'LA*/,.,6A>',0'(3*"$3"!nEQ!..4!TE`eS4!

u! CDEjGHQ!O*$.-"*$P.' ="<,/C-*,$Q' N' .-C&>' *$' A"C#*.-*3.Q! 9*! 5*//&Q! g//$#,$(Q! l.&#!

+,0'14!
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!"##"$%&'()*)+%#*')(,*#*$-%.*/*$.*$&*%'$.%

$"0&"$)/1,'&23%"$-"4"51&'4%1#/41&'-1"$)
∗
%

!

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

1324)567*8(9-2734+3:;!

!

6$-,".(&-1"$%

<=!12!2=1--!4)!(67)!>:72=1()!?,7=,78!+(00()!+4:27!7@6-4)4=1()2!487!4668(6814=7!=(!

4++(:)=! .(8! /#A! +(887-4=1()23! B,7! 87+71C7*! C17?! =4;72! 1=! =,4=! =,12! ;1)*! (.!

7@6-4)4=1()!12! =(!D7!8:-7*!(:=3!BE61+4--E&!2:+,!48F:07)=2!=4;7!+(00()!+4:272!42!

,1**7)! C4814D-72! ()=(! ?,1+,! 27C784-! +()2=841)=2! 4)*! 872=81+=1()2! 487! 27=3!

"()2=841)=2! ()! =,7! +(00()!+4:272! 487! 1)=7)*7*! =(! 87.-7+=! 2=4)*48*! 87>:18707)=2!

=E61+4-! (.! 4)E! 6,E21+4-! 2E2=70&! 1)+-:*1)F! =706(84-! (8*78! (.! +4:24-! 87-4=1()2! (8!

-(+4-1=E! +()21*784=1()23! G2! 4! 872:-=&! 2(07! C7821()! (.! =,7! H7--! 1)7>:4-1=172! 12!

*781C7*3!B,7!2=87)F=,!(.! =,7!48F:07)=! 87-172!()! =,7!6-4:21D1-1=E!(.! =,7!+()*1=1()2!

106(27*!()!=,7!+(00()!+4:2723!

I)7! 2:+,!+()*1=1()! 12! =,7! 2(5+4--7*! J)(5+()26184+EK! +()*1=1()3! <=! 87.-7+=2! =,7!

87>:18707)=! =,4=! =,7! 6(2=:-4=7*! +(00()! +4:272! D7! 1)*767)*7)=! (.! =,7!

0742:8707)=!27==1)F23!G!C1(-4=1()!(.!2:+,!1)*767)*7)+7!12!:2:4--E!=4;7)!=(!7)=41-!

+78=41)! 2=84)F7! +()26184=(814-! D7,4C1(:8&! :)-722! D4+;?48*2! 1)! =107! +4:24=1()! 12!

D8(:F,=! 1)=(! =,7! 61+=:873! B,12! 1)=78687=4=1()! 6872:66(272! =,4=! =,7! 7C7)=2!

+(88726()*1)F!=(!=,7!+(00()!+4:272!=4;7!6-4+7!681(8!=(!0742:8707)=3!

B,12!2=4)*48*!874*1)F!(.!C1(-4=1()2!(.!J)(5+()26184+EK5-1;7!+()*1=1()2!04E!D7!

+,4--7)F7*! 1.! +(00()! +4:272! 487! 6(2=:-4=7*! =(! =4;7! 6-4+7! :6()&! (8! 81F,=! 4.=78&!

0742:8707)=!(6784=1()2!L%4)!#7*8(&!.(8=,+(01)FM3! !N1(-4=1()!(.!J)(5+()26184+EK!

)77*! )(=! D7! 4! +()27>:7)+7! (.! 4! ?(8-*! +()26184+E! 1)! =,12! +427&! )(8! =(! +4:272!

(6784=1)F!D4+;?48*2! 1)! =1073!B(!=,7!+()=848E&! 1=! O:2=!8726()*2!=(! =,7!.4+=! =,4=! =,7!

6(2=:-4=7*!+(00()!+4:272!487!.*#/0,*.*(1&+*2*(+*(13&

B,7! (DO7+=! (.! =,12! 64678! 12! =(! 68(C1*7! 4)! 4++(:)=! (.! =,7! 106-1+4=1()2! (.! =,7!

C1(-4=1()! (.! J)(5+()26184+EK! +()*1=1()2! 4)*! 7C4-:4=7! =,7! 6(221D-7! ()=(-(F1+4-!

+()27>:7)+723!

!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
∗!A72748+,!2:66(8=7*!DE!=,7!H42>:7!A7F1()4-!P(C78)07)=!#(2=*(+=(84-!Q7--(?2,16!#8(F84007!

L#8(F8404!*7!#78.7++1()4017)=(!*7!R(+=(872!7)!7-!/@=84)O78(!*7-!R7648=407)=(!*7!/*:+4+1S)&!

T)1C7821*4*72! 7! <)C72=1F4+1S)&! P(D178)(! N42+(M! 4)*! =,7! %64)12,! U1)12=8E! (.! %+17)+7! 4)*!

<))(C4=1()! L872748+,! 68(O7+=! QQ<VWWX5WYZ[X5"W[5W\M3! <! 40! F84=7.:-! =(! U4:81+1(! %:]87^! .(8!

:27.:-!+(007)=23!
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!"#$%&'#(&)*+,-!

7%$"$08'&-",19':4*%!"##"$%!'()*%;".*4%<",%=>?%!",,*4'-1"$)%

<)! 4! 687C1(:2! 64678! L%4)! #7*8(&! .(8=,+(01)FM! <! 2:FF72=7*! 4! 6(221D-7! +(00()!

+4:27! 0(*7-! .(8! /#A! +(887-4=1()23! B,7! 0(*7-! D:1-*2! ()! =,7! 1)=:1=1()! =,4=!

A71+,7)D4+,14)! +(00()! +4:272! 6-4E! .:)*407)=4--E! 4)! 7@6-4)4=(8E! 8(-7! 4)*!

1)+-:*7! 7@6-1+1=! 1).(804=1()! 4D(:=! =,7! 0742:8707)=2! 678.(807*3! <)! 648=1+:-48&!

0742:8707)=! (6784=1()2! 487! +4:24--E! 87-7C4)=! =(! =,7! 6(2=:-4=7*! +(00()! +4:2723!

Q:8=,780(87&!+(00()!+4:272!1)!=,7!0(*7-!487!)(=!C17?7*!42!4%++*(&5#,%#67*/!42!

2:+,!21)+7!=,7E!487!)(=!4107*!4=!+(06-7=1)F!=,7!.(804-120!(.!>:4)=:0!07+,4)1+2!

1)!4)E!?4E3!GF41)&!=,718!8(-7!12!.:)*407)=4--E!4)!7@6-4)4=(8E!()73!

B,7!7@6-1+1=!.*#/0,*.*(1&+*2*(+*(8*!(.!=,7!+(00()!+4:272!12!=,7!;7E!.74=:87!

(.! =,7!0(*7-!4)*! 12! O:2=1.17*!DE! =,7! .4+=! =,4=! =,7!6(2=:-4=7*!+(00()!+4:272! =4;7!

6-4+7! 81F,=! 4.=78! 0742:8707)=! (6784=1()2! 487! 678.(807*3! B,12! F1C72! 8127! =(! 4!

C1(-4=1()!(.!=,7!J)(5+()26184+EK!+()*1=1()&!1373!

( ) ( ) ( )

( ) ( ) ( )#6

%99

#6

%99

#6

%9%

#6

%9%

:2;2:;2

:2<2:<2

≠∧

≠∧

!

?,1+,!1)!=:8)!12!8726()21D-7!.(8!=,7!C1(-4=1()!(.!J.4+=(81^4D1-1=EK3!B,4=!12!

( ) ( ) ( )3#6

%99

6

9

#6

%9%

#

%

#6

%99%

6

9

#

% :;=;2:<=<2:;<=;<2 ∧∧≠∧∧∧ !

<)! =,7! 4D(C7! 7@687221()2! 2:D51)*1+72! %&4)*! 9! 1)*1+4=7! =,7! *187+=1()2! 4-()F!?,1+,!

0742:8707)=! *7C1+72! +4)! D7! 27=3! %:67851)*1+72! #! 4)*! 6! 1)*1+4=7! =,7! 6(221D-7!

(:=+(072! (.! 4)! /#A! 7@678107)=! 1)! 74+,! *187+=1()! (.! 0742:8707)=3!

B,:2
#

%< 8768727)=2! =,7! 7C7)=! =,4=! =,7! (:=+(07! (.! 4! 261)!0742:8707)=! 1)! =,7! -7.=!

?1)F!(.! =,7!7@678107)=! =4;72! =,7!C4-:7!#! L?,787!#!_!`! .(8! 261)5:6!(8!#!_!8! .(8!
261)5*(?)M3! %101-48-E! .(8 369; ! <)! 4! 2101-48! 04))78& <%! 8768727)=2! =,7! 7C7)=! =,4=!

0742:8707)=! 1)! =,7! -7.=! ?1)F! ,42! D77)! 678.(807*! 4-()F! *187+=1()! %3&

Q1)4--E >: #6

%9 8768727)=2!=,7!6(2=:-4=7*!+(00()!+4:27&!?,1+,!1)+-:*72!=,7!-4D7-2!(.!

=,7!+(88726()*1)F!0742:8707)=!(6784=1()2!4)*!872:-=1)F!(:=+(0723!

N1(-4=1()!(.!J.4+=(81^4D1-1=EK! 1)! =,7!0(*7-! 12! =,787.(87!*:7!267+1.1+4--E! =(! =,7!

C1(-4=1()!(.!=,7!106-1+1=!422:06=1()!=,4=!+(00()!+4:272!)77*!=(!=4;7!6-4+7!681(8!

=(! 0742:8707)=! (6784=1()23! B,12! 12! 1)*77*! 4! +8:+14-! 422:06=1()&! ?,1+,! 12! 4-2(!

D7,1)*! =,7! :2:4-! +-4102! 87F48*1)F! .877! ?1--3! <)! 648=1+:-48&! =,7! +-410! =,4=! J)(5

+()26184+EK5=E67!+()*1=1()2!F:484)=77!.877!?1--!L(.!=,7!7@678107)=78M!04;72!27)27!

()-E!1.!=,7!=,12!422:06=1()!12!1)!6-4+73!a(?7C78&!=,12!422:06=1()!27702!:-=104=7-E!

:)?4884)=7*!b1=!01F,=!D7!+,4--7)F7*&!.(8!1)2=4)+7&!DE!-((;1)F!4=!/#A!+(887-4=1()2!

.8(0! 4! 6:87-E! 6,7)(07)(-(F1+4-! 678267+=1C7! L+.3! %4)! #7*8(&! .(8=,+(01)FM3!

A7O7+=1)F! 1=! 4--(?2! :2! =(! 04;7! 27)27! (.!.*#/0,*.*(1& +*2*(+*(8*! L(.! +(00()!

+4:272M!?1=,(:=!46674-1)F!=(!D4+;?48*2!1)!=107!+4:24=1()3!

B,7! C1(-4=1()! (.! J)(5+()26184+EK! 1)! =,7! 0(*7-! ,42! *1C7827! +()27>:7)+72&!

7267+14--E!42!87F48*2!=,7!()=(-(FE!(.!=,7!7C7)=!2=8:+=:873!

428



:-..-(&8#0/*/>&.*#/0,*.*(1&+*2*(+*(8*&#(+&(-?8-(/2%,#8@&

@$-"4"51&'4%6#/41&'-1"$)%6A%7%$"$0B"&'4%=C*$-)%@$-"4"52%

G! .182=! 6(221D-7! 1)=78687=4=1()! (.! =,7! 0(*7-! ?(:-*! =4;7! =,7! 6(2=:-4=7*! +(00()!

+4:272!42!)()5-(+4-127*!7C7)=2&!26874*1)F!(:=!1)!4!264+7!4)*!=107!87F1()3!B,12!1)!

=:8)!4--(?2!.(8!4--!+4:24-!1)=784+=1()2!1)!=,7!/#A!27=5:6!=(!D7!-(+4-3!

B,7! +4:24-! 68(+722! 4=!?(8;!04E! D7! D8(;7)! 1)! =?(! 2=7623! <)! 4! .182=! 2=4F7! =,7!

+(00()!+4:27!12!277)!42!4)!7..7+=!(.!=,7!0742:8707)=!(6784=1()2!()!D(=,!?1)F2&!

1373!<%!4)*!;9!4)*!=,7!7C7)=!9!422(+14=7*!=(!=,7!261)!21)F-7=!2=4=7!555?,1+,!04E!4-2(!
1)+-:*7! 2(07! (=,78! +4:24--E! 87-7C4)=! .4+=(823! /4+,! (.! =,727! (6784=72! L+4:24--EM!

7-8#77@! D:=! =,718! +()O:)+=1()! ,42! 42! 4! 872:-=! =,7! )()5-(+4-127*! +(00()!

+4:27 >: #6

%9 ?,1+,! 26874*2! (C78! 264+75=1073! <)! 4! 27+()*! 2=76! =,7! )()5-(+4-127*!

+(00()! +4:27! 4+=2! 4F41)! 7-8#77@& =(! 68(*:+7! =,7! +(88726()*1)F! (:=+(07! 7C7)=23!

B,7!872:-=1)F!+4:24-!2=8:+=:87!12!8768727)=7*!1)!=,7!264+75=107!*14F840!1)!Q1F:87![3!!

$(=7! =,4=! 1=! 12! =,7!+()O:)+=1()!(.!6-14!0742:8707)=!(6784=1()2!?,1+,!87C74-2!

=,7! )()5-(+4-! +,484+=78! (.! =,7! +(00()! +4:27! 7C7)=3! Q(8! 1=! 12! =,7! +()O:)+=1()!(.!

6-14!=,70!=,4=!487!+4:24--E!87-7C4)=!.(8!=,7!+(00()!+4:273!B,12!04E!4-2(!2:FF72=!

4!,(-12=1+!1)=78687=4=1()!(.!=,7!6(2=:-4=7*!+(00()!+4:273!

!

815(,*% D3! %64+75=107! *14F840!(.! =,7!0(*7-! :)*78! =,7! C17?! =,4=!

+(00()! +4:272! 487! )()5-(+4-127*! 7C7)=2! 4+=1)F! -(+4--E! =(! +4:27!

=,7! +(88726()*1)F! /#A! (:=+(0723! L"4:24-! 1).-:7)+72! 487!

8768727)=2!DE!2(-1*!-1)72M3!

B,7! +(00()! +4:272! *(! )(=! )7+722481-E! 26874*! (:=! =(! +(C78!?,(-7! 2-1+72! (.! =,7!

(:=+(07c2!D4+;?48*!-1F,=!+()72!L8768727)=7*!?1=,!*(==7*!-1)72!1)!=,7!*14F840M3!<.!

2:+,! ?787! =,7! +427&! =,7E! ?(:-*! +*1*,.%(%/1%8#77@! +4:27! =,7! +(88726()*1)F!

(:=+(0723!H:=! =,12!+(:-*!872:-=! 1)!4!+().-1+=!?1=,!a:074)!2:678C7)17)+73
[
!Q(8! 1=!

?(:-*! 7)=41-! =,4=! =,7! C78E! 2407! +4:24-! .4+=(82! ?(:-*! D7! 8726()21D-7! .(8! #77&

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
[!<!(?7!=,12!(D278C4=1()!=(!U4:81+1(!%:]87^3!
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!"#$%&'#(&)*+,-!

+(00()! +4:272 ( )\V&[&A9%>BC>A6#>: #6

%9 − ! 6(2=:-4=7*! .(8! =,7! *1C7827!

+(887-4=1()2! 1)! =,7! 7@678107)=3! H:=! 21)+7! +(00()! +4:272! 1)! =,7! 0(*7-! 487!

422:07*!=(!D7!*1..787)=!=(!74+,!(=,78&!2:678C7)17)+7!12!C1(-4=7*3
V
!

<)!(8*78!=(!4C(1*!2:+,!*1..1+:-=172&!4)*!:)-722!?7!487!6876487*!=(!87O7+=!a:074)!

2:678C7)17)+7!4-=(F7=,78&!?7!)77*!=(!4--(?!.(8!=,7!+(00()!+4:272!=(!(6784=7!1)!4!

F7):1)7-E! 1)*7=7801)12=1+! 04))783! d7! 04E! .(8! 1)2=4)+7! ?4)=! =(! 87>:187!9! =(!
1)+(86(84=7! *1..787)=! +4:24-! .4+=(82! LD721*72! =,(27! *187+=-E! 422(+14=7*! =(! =,7! 261)!

21)F-7=!2=4=7M!.(8!74+,!(.!=,7!(D=41)1)F!+(00()!+4:2723!!!

I)! =,7! (=,78! ,4)*&! =,727! )()5-(+4-127*! +(00()! +4:27! 7C7)=2! 487! .:--E!

+(064=1D-7! ?1=,! 87-4=1C1=E3! B,718! 2=8:+=:87! 87270D-72! =(! =,4=! (.! B7--78e2! D0#(1#&!

1)=8(*:+7*! 1)! 87-4=1()! =(! =,7! )(=1()! (.! .:)*407)=4-! 648=1+-7! 1)! >:4)=:0! .17-*!

=,7(8E3
\
!B,12! 12!)(=! =(! 24E&!(.! +(:827&! =,4=!(:8!+(00()!+4:272!487! L(8! 8768727)=M!

.:)*407)=4-! 648=1+-72&! 1373! 7@+1=4=1()! 2=4=72! (.! >:4)=:0! .17-*23! <=! 27702! 0(87!

4668(6814=7!=(!24E!=,4=!=,7!+(00()!+4:27!7C7)=2!J1),781=K!=,7!=E61+4-!68(678=172!(.!

B7--78c2! D0#(1#&b7-7+=8()2&! 6,(=()2! 4)*! =,7! -1;7b! =,4=! 487! 1)C(-C7*! 1)! /#A!

7@678107)=23!!

B,7E!?1--!1),781=&!.(8!1)2=4)+7&!=,7!68(D-702!87-4=7*!=(!1)*12=1)F:12,4D1-1=E!=,4=!

D0#(1#!2:..78&!687+127-E!*:7!=(!=,718!264+75=107!)()5-(+4-1^4D1-1=E3!d7!04E!?4)=!=(!

+-410&! =,(:F,&! =,4=! =,12! 12! )(=! 42! 68(D-704=1+! 1)! (:8! +4273! Q(8&! 4.=78! 4--&! (:8!

+(00()! +4:27! 7C7)=2! 487! 7C7)=! =E672! 4)*! =,:2! -4+;! 4-874*E! (.! 264+75=107!

-(+4-1^4D1-1=E3!/C7)=!=E672!2770!=(!4C(1*!=,787.(87!=,7!*1..1+:-=172!(.!D0#(1#&1)!=,12!

27)273!a(?7C78&!1=!12!)(=!-722!=8:7!=,4=!=,7!+4:24-!87-4=1()2!=,4=!?7!4==81D:=7!=(!7C7)=!

=E672!487!D427*!()!=,7!648=1+:-48!+4:24-!87-4=1()2!40()F!=,7!=(;7)!7C7)=2!=,4=!04E!

D7!=4;7)!=(!+()2=1=:=7!=,703!B,:2&!=,7!68(D-70!(.!1)*12=1)F:12,4D1-1=E!2=4)*23!

G!6(221D-7!2(-:=1()!=(!=,12!12!=(!+-410!=,4=!=,7!1*7)=1.1+4=1()!(.!D0#(1#!*(72!)(=!

)7+722481-E!87>:187!=,4=!267+1.1+!264+75=107!-(+4=1()2!487!68(C1*7*3!E0#(1#&04E!D7!

1)*1C1*:4--E! 1*7)=1.17*! .(8! 1)2=4)+7! DE! =,718! +4:24-! -(+4=1()&! 1373! =,8(:F,! =,718!

+4:24-!642=!4)*!.:=:873
Z
!B,12!27702!+78=41)-E!7C7)!D7==78!.(8!(:8!6:86(272!21)+7!1=!

F1C72! 2:66(8=! =(! =,7! 1*74! =,4=! =107! 681(81=E! (.! +(00()! +4:272! ?1=,! 87267+=! =(!

0742:8707)=!(6784=1()2!12!)(=!4!.:--E!?4884)=7*!422:06=1()3!!!!

@$-"4"51&'4%6#/41&'-1"$)%66A%E"$0B"&'4%!'()'4%6$<4(*$&*%

<)!4!27+()*!4-=78)4=1C7!1)=78687=4=1()!(.!=,7!0(*7-!?7!04E!?4)=!=(!87=41)!=,7!0(87!

?1*726874*!C17?!(.!7C7)=2!42!?7--!-(+4-127*!264=1(5=706(84-!7)=1=1723
f!
HE!+()=842=&!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
V!B,7!422:06=1()!=,4=!=,7!+(00()!+4:272!487!*1..787)=!=(!74+,!(=,78!12!)77*7*!1)!(8*78!=(!4C(1*!

*1..1+:-=172!87-4=7*!=(!2(5+4--7*!8-..-(5+(00()!+4:272&!?,(27!7@12=7)+7!+4))(=!D7!F:484)=77*!

1)!4--!+42723!%77!L%4)!#7*8(&!.(8=,+(01)FM!.(8!*7=41-23!

\!".3! LB7--78&! [ggfM3!N78E! 8(:F,-E&!D0#(1#!04E!D7!*7.1)7*! 42! =,7!(++:887)+72!(.!?7--! *7.1)7*!

7@+1=4=1()!2=4=72!(.!=,7!>:4)=:0!.17-*3!

Z!B,12!1*74!(.!+4:24-!1*7)=1.1+4=1()!F(72!D4+;!(81F1)4--E!=(!R4C1*2()c2!J+4:24-!1*7)=1=EK!+81=781()!

(.!7C7)=23!<=!12!LH48=7-2&![gggM!,(?7C78!?,(!466-172!1=!=(!=,7!)(=1()!(.!D0#(1#3!

f!GF41)&!,787!<!=4;7!1=!=,4=!=E67!7C7)=2!487!O:2=!+(--7+=1()2!(.!=(;7)23!
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:-..-(&8#0/*/>&.*#/0,*.*(1&+*2*(+*(8*&#(+&(-?8-(/2%,#8@&

=,7!+4:24-!87-4=1()2!D7=?77)!2:+,!-(+4-127*!7C7)=2!)77*!=(!D7!)()5-(+4-!1)!(8*78!=(!

.1=! =,7! 0(*7-c2! 2=8:+=:873! <)! 648=1+:-48&! ?7! 2770! =(! D7! D(:)*! =(! 7@6-41)! (:8!

6(2=:-4=7*! +(00()! +4:272! 42! L264+75=107! -(+4-127*M! 7C7)=2! ?,1+,&! ()!

0742:8707)=&! 487! +464D-7! (.! 7@,1D1=1)F! *12=4)=! +4:24-! 6(?782! =(! 68(*:+7! =,7!

+(88726()*1)F!(:=+(0723!U(87(C78&!=,7!+(00()!+4:27!7C7)=2!=,7027-C72!2770!=(!

48127! 42!?7--! 42! 7..7+=2! (.!(=,78!)()5-(+4-! 1).-:7)+723! <)!648=1+:-48&!0742:8707)=!

(6784=1()2 %< 4)* 9; L()7!(.!=,70!4=!-742=M!)77*!=(!(6784=7!)()5-(+4--E!.(8!=,70!=(!

D7! +4:24--E! 87-7C4)=! =(! =,7! +(00()! +4:27&! 42! =,7! 0(*7-! 87>:18723! B,12! 12!

8768727)=7*!1)!=,7!*14F840!(.!Q1F:87!V3!!

!

815(,*%F3!B,7!+(00()!+4:272!487!264+75=107!-(+4-127*!7C7)=2!?,1+,!4+=!)()5-(+4--E!=(!

+4:27! =,7! +(88726()*1)F! /#A! (:=+(0723! L"4:24-! 1).-:7)+72! 487! 8768727)=7*! DE! 2(-1*!

-1)72M3!

T)-1;7! 1)! =,7! 687C1(:2! +427&! =,7! 264+75=107! -(+4=1()! (.! =,7! +(00()! +4:272!

F:484)=772!)(?!=,718!*12=1)F:12,4D1-1=E3!B,7!041)!68(D-70!?7!487!=(!.4+7!?1=,!=,12!

J)()5-(+4-! +4:24-! 6(?782K! 1)=78687=4=1()! 12! =,4=! =,7E! 2770! =(! (6784=7! =,8(:F,!

2:678-:01)4-!1).-:7)+72&!?,1+,!04E!D7!1)!+().-1+=!?1=,!87-4=1C1=E!=,7(8E3!B,7!;7E!

122:7!12!?,7=,78!=,7!2(51)=78687=7*!0(*7-c2!+4:24-!2=8:+=:87!?(:-*!4--(?&!)(=!()-E!

.(8!2:678-:01)4-!JD487K! 1).-:7)+72&!D:=!4-2(!.(8!2:678-:01)4-!21F)4--1)F3!Q(8! 1=! 12!

=,7!6(221D1-1=E! (.! 2:678-:01)4-! 21F)4--1)F! =,4=! 12! 874--E! 1)! +().-1+=!?1=,! 87-4=1C1=E!

=,7(8E3!!

B,787!487!4=!-742=!=?(!6(221D-7!0(C72!1)!(8*78!=(!4C(1*!2:+,!*1..1+:-=1723!I)!=,7!

()7!,4)*!?7!04E!)(=7!=,4=!=,7!)(=1()!(.!21F)4--1)F!04E!D7!27)21=1C7!=(!=,7!+()+76=!

(.!+4:24=1()!?7!487!7)*(821)F3!B,7!)(=1()!(.!21F)4--1)F!12!:2:4--E!=4;7)!=(!1)C(-C7!
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!"#$%&'#(&)*+,-!

=84)2.78! (.! 2(07! 6,E21+4-! >:4)=1=E! L7)78FE&! 04==78&! 7=+3M3! H:=! 1.! =,12! 12! 2(&!

+(:)=78.4+=:4-!+4:24=1()&!.(8!1)2=4)+7&!?(:-*!)(=!2770!=(!1)C(-C7!21F)4--1)F!7C7)!

1)! =,7! +427! (.! 2:678-:01)4-! +4:24-! 1).-:7)+723!G-=78)4=1C7-E&! 7C7)! 1.! =,7! 0(*7-!

4--(?2! .(8! 2:678-:01)4-! 21F)4--1)F&! =,7! 7@12=7)+7! (.! 7)=1=172! 2:+,! 42! 1#84@-(/!

8?,1+,!68(64F4=7!2:678-:01)4--E8!,42!)(=!D77)!706181+4--E!87.:=7*!=(!*4=7&!)(8!1=!
27702!=(!D7!1)!+-748!+().-1+=!?1=,!267+14-!87-4=1C1=E3

Y
!!

<)!2:0&!-(+4-127*!+(00()!+4:27!7C7)=2!?1=,!)()5-(+4-!+4:24-!6(?782!68(C1*7!

42!?7--!4!+()+76=:4--E!C14D-7!1)=78687=4=1()!(.!=,7!+4:24-!2=8:+=:87!1)!=,7!0(*7-3!

Q1)4--E! <! 2,4--!6(1)=!(:=! =,4=! 1=! 12!)(=!0E! 1)=7)=1()! =(!7)*(827!4)E!(.! =,7! =?(!

1)=78687=4=1()2!(.! =,7!0(*7-! 4=! =,12!6(1)=3!G!*7=41-7*!*12+:221()!(.! =,7! 87267+=1C7!

0781=2!(.!D(=,!1)=78687=4=1()2!0:2=!4?41=!.:8=,78!?(8;3!

?*<*,*$&*)%

H48=7-2&!G3!L[gggM&!hIDO7+=2!(8!/C7)=2ij!B(?48*2!4)*!I)=(-(FE!.(8!k:4)=:0!Q17-*!

B,7(8Ec&! )4%7-/-24@& -F& '8%*(8*&! YY&! %:66-707)=3! ),-8**+%(G/& -F& 14*& HIIJ&

K%*((%#7& L**1%(G/& -F& 14*& )4%7-/-24@& -F& '8%*(8*& M//-8%#1%-(! L#48=! <j!

"()=81D:=7*!#46782M&!%[lW5XZ3!!

/1)2=71)&! G3&! #(*(-2;E&! H3! 4)*! A(27)&! $3! L[g\fM&! h"4)! k:4)=:05U7+,4)1+4-!

R72+816=1()! (.! #,E21+4-! A74-1=E! H7! "()21*787*! "(06-7=7ic!)4@/%8#7& ;*5%*N!

Zl&!663!lll5XW3!

U4:*-1)&! B3! L[ggZM&! E0#(10.& O-(?<-8#7%1@& #(+& ;*7#1%5%1@&! I@.(8*&! H-4+;?7--!

#:D-12,1)F&!V)*!7*1=1()&!VWWV3!!

#81+7&! a3! L[ggYM&! P%.*Q/& M,,-N& #(+& M,84%.*+*/Q& )-%(1>! $7?! m(8;&! I@.(8*!

T)1C7821=E!#87223!

%4)! #7*8(&! <3! L.(8=,+(01)FM&! hU742:8707)=! R767)*7)+7! 12! )(=! "()26184+Ej! G!

"(00()!"4:27!U(*7-!.(8!/#A!"(887-4=1()2c&!%:D01==7*!=(!'10+%*/&%(&R%/1-,@&

#(+& )4%7-/-24@& -F& L-+*,(& )4@/%8/>! 4C41-4D-7! 4=! n,==6joo48@1C3(8Fo4D2oWgWf3!

\Xfgp3!

%^4DS&! '3! /3! LVWWWM&! hI)! 4)! G==706=! =(! A72(-C7! =,7! /#A5H7--! #484*(@! C14!

A71+,7)D4+,14)! "()+76=! (.! "(00()! "4:27c&! !(1*,(#1%-(#7& S-0,(#7& -F&

P4*-,*1%8#7&)4@/%8/!\g&!663!g[[qVY3!!

B7--78&! #3! L[ggfM&! M(& !(1*,2,*1#1%5*& !(1,-+081%-(& 1-& E0#(10.& T%*7+& P4*-,@3!

#81)+7=()&!#81)+7=()!T)1C7821=E!#87223!!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
Y!LU4:*-1)&![ggZ&!",3!\M!68(C1*72!4!)1+7!4++(:)=!(.!2:+,!C17?23!
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!"#$%&'&()*+,-"-,./0&!$%&1%#2"#13,"%&

-$4*+141/#"2,"%&*"2"&"5$26"2&1+&*2$5+14"&61&

!7814
∗

!
!

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

0'*#/$(/123*4'$54%2&(!

!

90!3&!(4&-&!&#)&#+&'!61'!6'17-&8*!+&!94:&8!&-!;4&!4#*!:$6<)&($(!=!64&+&!($&86'&!

(&'! +&>&#+$+*! *#)&! 17(&'%*/$1#&(! ;4&! %*?*#! &#! (4! /1#)'*@! &#! -*!8&+$+*! &#! ;4&!

'&&86-*/&81(!-1(!(464&()1(!*4A$-$*'&(!B!61'!4#*!*-)&'#*)$%*!BC!/1#%&#$&#)&2!

D-! 6'17-&8*! +&!94:&8! /1#+4/&! *! 4#! *'E48&#)1! +&! $#>'*+&)&'8$#*/$<#2! F1(!

*'E48&#)1(! +&! $#>'*+&)&'8$#*/$<#! )$&#&#! /181! /1#/-4($<#! ;4&@! +*+*! 4#*! )&1'G*!

(17'&! $#17(&'%*7-&(! +&! -*! ;4&! (&! +&+4/&#! -1(! :&/:1(! 17(&'%*7-&(@! ($&86'&! :*?!

1)'*(!)&1'G*(!$#/186*)$7-&(!+&!-*(!;4&!(&!+&+4/&#!-1(!8$(81(!:&/:1(2!F*!6'&E4#)*!

;4&!6-*#)&*!&-!'&)1!+&! -*! $#>'*+&)&'8$#*/$<#!&(H!IJ&#&81(!/1#1/$8$&#)1!)&<'$/1K!

L!($!&(!*(G!IM<81!-1!17)&#&81(K!

N&/1'+&81(! ;4&! -*! 6'$8&'*! /1#+$/$<#! 6*'*! /1#>$'8*'! +&+4/)$%*8&#)&! 4#*!

:$6<)&($(!=!&(@!&#!)O'8$#1(!-<E$/1!P!>1'8*-&(@!;4&!+&!-*!%&'+*+!+&!-*!:$6<)&($(!=!?!

-1(!(464&()1(!*4A$-$*'&(!B!QR4#)1(!?!#1!61'!(&6*'*+1S!(&!+&+4/&#!-*(!17(&'%*/$1#&(!

D2!D#!)O'8$#1(!6'17*7$-G()$/1(!6QDT=UBSVW2!

X&'1! -1! :*7$)4*-! &(! ;4&! -*(! 17(&'%*/$1#&(! )*87$O#! (&*#! +&+4/$7-&(! +&! 1)'*(!

:$6<)&($(! -<E$/*8&#)&! $#/186*)$7-&(! /1#! =2! L! &#)1#/&(@! #1! 61+&81(! +&/$'! ;4&!

:&81(!/1#>$'8*+1!4#*!:$6<)&($(!=2!X1'!)*#)1@!:*?!;4&!6'161#&'!*-E4#*!/1#+$/$<#!

8Y(2!

91(!*-)&'#*)$%*(!(1#H!!

QWZS!&A$E$'!;4&!=!&A6-$;4&!D!!

Q[ZS!&A$E$'!;4&!-*(!*-)&'#*)$%*(!*!=!(&*#!+&(/*')*7-&(2!!

D()&!)'*7*R1!6'&)&#+&!/186*'*'!*87*(!*-)&'#*)$%*(!>$RY#+1(&!&#!/<81!*71'+*!/*+*!

4#*!&-!6'17-&8*!+&!94:&82!D#!'&6'&(&#)*/$<#!+&!-*!&()'*)&E$*!+&!-*!&A6-$/*/$<#!Q-*!

WZS@!(&!4(*!4#!*')G/4-1!+&!\&7&'!]\&7&'!Q[^^_S`!;4$&#!+&>$&#+&!-*!$#>&'&#/$*!+&!-*!

8&R1'! &A6-$/*/$<#2! D-! '&6'&(&#)*#)&! &-&E$+1! 6*'*! -*! &()'*)&E$*! Q[ZS! &(! &-!

&A6&'$8&#)*-$(81!+&!92!a*?1!?!(4!&()*+G()$/*!+&-!&''1'!]a*?1!QW__bS!?!Q[^^bS`2!

:0!\&7&'! &A61#&! ]\&7&'! Q[^^_S@! (&/2! c`! /181! /*(1! +&! &()4+$1! -*! $#%&()$E*/$<#!

(17'&! -*! '&6-$/*/$<#! +&-! B9d2! B+&8Y(! +&! -*! /1#1/$+*! :$6<)&($(! +&! \*)(1#! ?!

M'$/e@!+&#18$#*+*!&#!(4!O61/*!:$6<)&($(!(&8$/1#(&'%*+1'*@!(&!6'164($&'1#!1)'*(!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
∗

!F*!&-*71'*/$<#!+&!&()&!)'*7*R1!:*!/1#)*+1!/1#!-*!*?4+*!+&-!a$#$()&'$1!+&!M$&#/$*!&!f##1%*/$<#2!

M<+$E1!+&-!6'1?&/)1H!00f[^^gP^WWb_T0f3h2!
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!"#$%&'%()*#+",)

:$6<)&($(2!3&!/1#($+&'<!;4&!4#!&A6&'$8&#)1!--&%*+1!*!/*71!61'!a&(&-(1#!?!3)*:-!

/1#>$'8*7*! -*! :$6<)&($(! (&8$/1#(&'%*+1'*2! 3$#! &87*'E1@! 4#*! +&! -*(! :$6<)&($(!

*-)&'#*)$%*(@!-*!+&#18$#*+*!:$6<)&($(!/1#(&'%*+1'*@!)*87$O#!&'*!/186*)$7-&!/1#!&-!

&A6&'$8&#)1!+&!a&(&-(1#!?!3)*:-2!

N&/1'+&81(! ;4&! */)4*-8&#)&! (&! (*7&! ;4&! -*! '&6-$/*/$<#! +&-! B9d! /18$&#i*!

/1#!(4!*6&')4'*! -1#E$)4+$#*-!?!;4&! -4&E1!(&!>1'8*#!#4&%*(!/*+&#*(!+&!B9d!61'!

*+$/$<#! +&! 81-O/4-*(! &#! /*+*! 4#*! +&! -*(! 8$)*+&(! -1#E$)4+$#*-&(2! F*! :$6<)&($(!

/1#(&'%*+1'*!&A6-$/*7*!-*!>1'8*/$<#!+&!-*(!#4&%*(!81-O/4-*(!61'!8&'*!/16$*!+&!-*!

/*+&#*!/186-&)*!($#!#$#E4#*!+$%$($<#!6'&%$*!+&!-*!/*+&#*2!!

D-!&A6&'$8&#)1!+&!a&(&-(1#!?!3)*:-!6*')G*!+&!4#*!617-*/$<#!+&!-.)/(0&!&#! -*!

;4&! (&! :*7G*! (4()$)4$+1! &-! #$)'<E&#1! #&/&(*'$1! 6*'*! -*! (G#)&($(! +&-! 9dB! 61'! 4#!

$(<)161!8Y(!6&(*+12!F4&E1!(&! )'*(-*+*7*!-*!617-*/$<#!*!4#!8&+$1!/1#!&-! $(<)161!

#1'8*-!8Y(!-$E&'1!?!(&!-*!+&R*7*!'&6'1+4/$'(&2!3&!)18*7*!4#*!84&()'*!*-!6'$#/$6$1@!

?!-4&E1!84&()'*(!(4/&($%*(!*!$#)&'%*-1(!'&E4-*'&(!+&!-*!'&6'1+4//$<#!+&!-*!7*/)&'$*2!

D#)1#/&(!(&!(18&)G*#!-*(!84&()'*(!*!4#!6'1/&(1!+&!/&#)'$>4E*/$<#!&#!4#*!(1-4/$<#!

*+&/4*+*! ;4&! ($)4*7*! &-! 9dB! +&! -*! -.) /(0&! *! 4#! #$%&-! +&! 6'1>4#+$+*+! +&! -*!

(1-4/$<#!(&Ej#!(4!+&#($+*+2!

F1! ;4&! (&! 17(&'%*7*! &(! ;4&! )'*(! 4#*! E&#&'*/$<#! *6*'&/G*! 4#*! 7*#+*! +&!

+&#($+*+! $#)&'8&+$*2! J'*(! 1)'*! E&#&'*/$<#@! -*! 7*#+*! $#)&'8&+$*! &()*7*! )1+*%G*!

6'&(&#)&! 6&'1! :*7G*! *6*'&/$+1! 4#*! #4&%*! 7*#+*! /1''&(61#+$&#)&! *-!B9d! -$E&'12!

"#*! $#)&'6'&)*/$<#!17%$*!+&!&()&!6*)'<#!&'*!;4&! -*!7*#+*!+&!+&#($+*+! $#)&'8&+$*!
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