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./242&EO&M5(A2&+,42&F2&D+&'%&"2"&+% &\5(R&Ow&p&+Bp*%p+B&X:+&O5&;24%&+% &
"2"&+% &\5(R&O542L&^"�&�"&*%&-H,&84+% &�2,2&i24%&BT&-*s$&O542&"2"&F2&
/.&CR&",B%P&',&4%&0*%&42\2.&7,&-.R{&+% &"2"&+% &*B24&H<CR,&4Ox&B242L&
*<C2!'/&�"&*%& 0*&"\&+5&*B�4%&+2&*.*%&-¢#2&/,R+2&OV& D+&EO&

+º"42&+9&;23&D+&B:*2&*OR&F2&7,&O2|4&7,&8*+% &"?yS&4%&",B%P&',&+9&
_'^F2&+5&/562L&8*&!^F!/&BT&E%&\54S&-*s$/23&};24.:�+,�&D+3&H3&
"2"&G-F'2&!'©5OR&"2"K&7,&}-4;24%�&BT&D+3&H3&"2"&+% &.RX&-=/,&+2&
!'',A&\%/2&OVL!($42\2.&7,&-.R{&+2&"2"&;24.:�+,& D+E2&HE2&F2&;5&
-!CB24R&O5+,&D+E2&HE2&7,&",B%P&',&+9&`+N&0¢#2&+% &!'�e&/R»/2&*%&
.$'2&+,/%&b3&D+E2&HE2L!)$\:*,2&"2"&-4;24%&BT&D+E2&HE2�&'O&H$/R&*%&
O5& HE2& 7,& +B�5,R& +% & �AS& BT& O5& HE2L& ",B%P&',& 84& $5HS& +% & `!/&
-4?QO+2,R&F2&!;=OS4%&-4;24%&BT&"2"&D+E2h&8=OT&�B2&D+E2&;2&*+/2&OVL&
0*+% &-=/,&BT&!4�,&O5+,�&;24.:�+,&D+3&H3&"2"&+% &!$3&+5g&�B2&4Ox&
FRL&0*&`+2,&+% &"2"S&+2&"@,A2B&F2&Bd�E?&`2a&+,42�&;V*2&42\2.&7,&-.R{&
+2&\��&!'',A&\%/2&OVL&
$V__'^F2& uv& +9& *B2!a& .!$\24& +9& _'^F2& G-tE2E& up�K& 7,&
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E2;+9E& +2E2)$E& G-tE2E& �puvK& +2& !4+N/2& +% & *2F& 8¼2N4& +,/2& OVL&
-tE2E&uv&+9&!O$2&\%4%&'2$R&MN42�&4%&0123!$ES&+5&/VE2,&D+E2&!;**%&
'%&",B%P&',&+% &"!'y&D+3&b3&",=/?&-.&/2642&"23&b3&E2;+S&+% &�2,2&!*i23&
;2&*+T L&
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"2"&+,4%&+% &`!/&OB2,R&`'d!/&G-tE2E&uvK&
*<":A)&.20.$&BT&B4?nE&+% &+2E)&"2"&+,4%&+9&`'d!/&`+N&+,/%&OwL&}.b/&

-¢#%�&`+2,&*%&,X%&;24%&7,&!*e&'2/2',A&BT&,i%&;24%&+% &.2\&CR&Z\B&7,&
O½'2&4%&"2"&+,4%&+% &�2,2&`�E?�,&D\E2&7,&"@,A2B^'�"&\!��/&D+3&H3L&
",B%P&',&+% &�2,2&,X%&H3&*U*2,&BT&,O/%&b3&7,&`+d !/&BT&",B%P&',&+9&C$2g&
+% &$2CS&+% &�2,2&Z[R!(/&O54%&+% &.2\&CR&4:O&+% &D\4S&BT&B24';2!/&4%&c*%&
"2"R&.44%&+% &�2,2&`�E?�,&D\E2&!;4+% &!$3&+5g&!4'2,A&4Ox&F2h&7,&'%&4�&
+,&D\3&H3q&",B%P&',&+% &�2,2&!B1R&H?$2BR&*%&#? 623&;24%&7,&C5;4�&"24R&
7,&*?,�2&`2a&+,4%&+% &.2\&CR&0123!$ES&4%&3+&*54%&+2&.#62&.424%&7,&
8*+9&":;2&+,4%&+% &�2,2&̀ �E?�,&D\E2h&7,&"@,A2B^'�"&'%&\!��/&D+3&H3L&
",B%P&',&+% &�2,2&!i$24%&+% &.2\&7,&*?,�2&`\24&+,4%&+% &.2\&CR&;UH$&*%&
O5+,&+424&+9&W,&.m/%&b3&0123!$ES&4%&",B%P&',&+9&E5§E/2&BT&!'µ2*&
+9&3+&-;R.&+BR&!4,=/,&`+N&+9&7,&c*2&!'X2,&,i2&D+&�E2&'O&8=OT&
'2E\%&+2&\%[&\%&*+% H2L&"@,A2B^'�"&8=OT&/.&/+&;UH$&BT&CN+4%&+2&\��&
!B$2&;.&/+&3+&*<":A)&'U[&*B2a&4Ox&O5&HE2L&43&!4EB&BT&OB&O4=E2O&
7,&*s9,2&+2&8\2O,A&"2/%&OwL&O2$2UD+&+$R!*E2&+2&Z,<C&O54%&+% &.2\&
8=OS4%&"O$%&B*ROR&$5HS&+% &*B:O&+% &$5H&O54%&+9&Z[R(&"2g&7,&-"4%&"2"S&
+% & !$3&�B2&`2a&+9& Ds,&CR&8=OS4%&"!'y&Z�B2&*%&�:�&.5$2&7,&0*+% &
"@,A2B^'�"&B2,&�2$%&H3L&
$V__'^F2&uv&+9&+O24R&BT&E2;+S&+2&-!C(%+&D+E2&HE2&7,&8=OS4%&

.6%&Z\,&+2&3+&"\&`2a&D+E2L&Ds,&CR&\5&E2;+S&4%&"2"&D+E2&7,&B2,&
�2$%&H3L&.20.$&+9&+O24R&BT&3+& !^F,&.2/&EO&\%i4%&+5& !B$/R&OV& D+&
",B%P&',&+% &�2,2&-4%+&`+2,&*%&Z[R(&"24%&+% &.2\&CR&B24';2!/&+9&`'d!/&
"2"BE&OVL&.20.$&+5&*B�&+% &*2F&"m4%&*%&3+&_!�&+9&MB��&+,4%&+9&
`'d!/&\:,&O5&;23&7,&.20.$&8*%&0*+% &!$3&+2E$&+,%&D+&'O&^'EU&+9&;2YX&
+,%&!;**%&'O&^'EU&+% &"2"R&O54%&+% &.2,%&BT&;24&*+% L&
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",B%P&',&+% &$5HS&+% &-H?'%&-!'µ*4RE&OwL&B:*2&+% &+2$&+% &-=/H)/&,O%&

E2;+&+B�5,&F%&7,&0*&+2,A&"2"&BT&!H,&*+/%&F%&7,&'%&"2"&BT&!H,&CR&
H3L&O2|4&+% &E2;+9E&+2E2)$E&+9&-*s$/2&0*&.2/&+9&*2�R&OV&D+&-.&
CR&3+&7,&E2;+&+9&Z'PE+/2&OVL&'/)B24&BT&B*ROR&$5HS&+% &"2*&ER[?&
B*RO&+% &_!�&�"&BT&3+&BO2E2;+&OVq&'O&3+&!*e&E2;+&OV�&3+&c*2&;4&
!;*BT&+5g&\5(&4Ox&OV&7,&!;*4%&+CR&"2"&4Ox&D+E2L&'O&O2|4&+9&"RmR&
*%&4Ox&8/,2&",=/?&B%$+9*%\%+&+% &*B24&E2;+&�O,2L&'O&$%'R&+% &'U[&+% &
-4?*2,& [2,R@,+& 'U[& +% & �2,2& E2;+& 4Ox& .42& ",=/?& 3+& "2",!O/& 7,&
-!'42[R&;R'4&+% &*2BF)&+% &�2,2&E2;+&.42&G0«2�&��upuvh&��up��JKL&
Zz2+2@,/2&Z'PE+&OVL&",B%P&',&4%&*\V'&B24';2!/&+% &`!/&-"42& %̀B&

7,&/,*&D\i2E2&OV&",=/?&.\$%&BT&8*4%&-"4%&$5HS&*%&Zz2+2@,/2&+9&B2YH&
+9L&Ds,�&8*4%&*\V'&-42z2+2@,/2&+5&\��&D\E2&OVL&-4%+&+2,+S&+% &�2,2&
*<C2!'/&�"&*%&42\2.&7,&-.R{&+2&"2"&8�%!;/&D+E2&HE2&",=/?&EO&3+&
c*2&"2"&F2&;5&\��&"24%&+% &E5§E&F2&�ESD+&0*BT&-42z2+2@,/2&[2!B$&FRL&
8=OS4%&}",B%P&',&+% &*<B?i&~",R&ZH&Xm2g&!;*+9&Zz2&",B%P&',&4%&4Ox&
\R&FR�&Guv�uKL&0*R&`+2,&0*&43&!4EB&E?H&BT&",B%P&',&-"4R&0¢#2&+% &`!/&
Zz2+2@,/2&X2O/2&OV&GB�R&��JupJ�h&,5!BES&��u��&u�h&J&!F^*�&u��p�h&
0«2�&����&�KL&
4g&!'!>E2Y&!4+2$42&!'(B&O5&*+/2&OVL&42\2.&7,&-.R{&+% &'d/2=/&OBT&

!*i2/%&Ow&D+&",B%µ,&+% &!4\k[S&+2&*NR+&"2$4&4&+,42�&EO&B24&$%42&D+&
;5&OBT&"*=\&OV&8*%&$2H:&+,&\%42&",B%µ,&+5&QOAE5§E&O5H2�&X2O%&8*4%&
OB*%&+?#&7,&+9&B2YH&+9&O5�&!'(B&O5&*+/2&OVL&@,X�)&34�&.�3*&4%&!$i2�&
}42\2.&7,&-.R{&+9&+O24R&OBT&!'[%(/E2&Z,2>42&+9&84&!'!>ES&+% &!'�e&
*X%/&+,/R&OV�&!;4+2&EO5'2&4%&!'![�&8º$%i&4Ox&D+E2&OVL�!*&
Z,2>42&+% &!'(E&",B%µ,&+9&Zz2�&+2&"2$4&O542&X2!O3L&.20.$&

!*i2/R&OV&D+&4V!/+/2&7,&ZX,A&*U.U>R&",B%µ,&+9&B2YHT&BO�'":A)&Ow�&",=/?&
0*+2&EO&/2�"E)&4Ox&OV&D+&Z,2>42&+% &*U.U>&BT&8*+9&B2YHT&BO�'":A)&4Ox&OwL&
42\2.&7,&-.R{&+5&0*!$3&4Ox&B2,&�2$2&HE2&�ESD+&8=OS4%& D+*R&+5&
\?́ i&"bUX2E2&F2&E2&'%&=E2E":A)&_'O2,&+,4%&BT&-*s$&,O%&F%h&8=OT&0*!$3&
B2,&�2$2&HE2& �ESD+& !B$2"'2$%& /<.:&BT&Z,2>42&+% & !'(E&",B%µ,&;5&
X2O/2&F2&'%&8*%&":,2&+,4%&BT&-*s$&,O%&F%L&0*R&`+2,&*%�&ER[?&+2&+F4&D+&
OBT&}Z�B2�&/F2&}*�2g�&BT&",B%µ,&+9&Z,2>42&+,4R&X2!O3&GE:O�2&��J�K&
+2&-F)&OV&D+&Z;&CR&$5H&8*+9&Z,2>42&+,4%&+% &!'(E&8*+% &!4\k[S&+2&
"2$4&+,TL&
",B%µ,&+9&"!'y/2&+9&B2YH&OV&D+&'O&.?,2g&+,4%&'2$S&+5&\��&\%L&B:*2&

4%�&42\2.&7,&-.R{&+9&Bd�E?&+2&^"�R+,A&\%/%&b3&+O2�&`C2'R&,R!/&*%�&
84+5& 0*!$3& \!��/& D+E2& HE2& �ESD+& ",B%µ,& +5& -"4R& "!'y/2& +5&
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`\j[)/&+,42&F2L&3+&"!'y&",B%µ,&"2"BE&_'O2,&+5&*O4&4Ox&+,&*+/2&
OVL&!'[%(/E2�&'O&-"4%&"!'y&^F24&/F2&-"4R&8"!^F!/&+5&}~",R�&G0*&
+2,A& -"!'yK&ZH& �2,2& \:!(/& 4Ox& O54%& \%& *+/2& F2L& ;.& ",B%µ,& +9&
"!'y/2&-"B2!4/&O5/R&OV�&/.&8*+2&"!'y&̂ 'C2'&\5(R&+5&\��&\%4%&+% &�2,2&
`!/DrE2&\%/2&OVL&;5&",B%µ,&+5&+% '$& %̀BR&7,&\E2$?&OR&\%i/%&Ow&8=OT&0*&
.2/&+5&*B�42&X2!O3&D+&*d!�&+% &*'¾�&[2*+&+2&3+&\:*,2&"O$:&CR&OV&p&
3+&c*2&"O$:&;5&8*+9&"!'y/2&+5&-4\%i2&+,4%&+% &`$5C4&BT&"64%&'2$S&
+5&CE&*%&+U "+U "2&\%L&"�$?*&4%&+O2&}0*!$E%&",B%µ,&+9&+d "2&7,&+62g&+5&
\%iq�&G,5!BES&uu�JJh&KJVKL&4&+% '$&",B%µ,&C$2&OVh&',4&8*+9&"!'y/2&
+9&B2YH&OV&D+&'O&+�5,&CR&O5L&
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O54%&+% &!$3&.?$2E2L&8*4%&8=OT&3+&!4'2*&^F24&.424%&+9&Zz2&\R�&7,&Ds,&
8=OT&"!'y&O54%&+% &!$3&�E2&+,42&OV�&EO&!*i24%&+% &!$3&$V__'^F2&BT&"23&
;24%&'2$%&!4\k[&D\3L&}"!'y&;2!/�&O54%&+% &!$3&8=OT&${&*%&[?e&D+3&H3&
$5H&O542&F2�&;5&-[?e/2&*%&[?e&D+3&H3&OS�&;5&!4E!B/&Z,2>42&+,/%&
OS�&;5&",B%µ,&+5&.!$\24&Xm2/%&OS�&7,&;5&*CR&+% &*2F& %̀B&+2&_'O2,&
+,/%&OSL&
04&Z'PE+/2�&+5&3+&-U!/B&_2"+&!4\k[&BT&*U!�a&D+E2&;2&*+/2&

OV�&",B%µ,&+9&"!'y&;2!/&O54%&+% &!$3&0123$&+5&",B%µ,&+2&Zz2+2,R&
O542&F2L&$V__'^F2&u��I�&0*&/°E&+5&^"�&+,&\%/2&OV�&}0*!$E%&/?B&B%,R&
*.&!'!>ES&7,&*.&!4EBS&+5&B24/%&b3&!4,=/,&"2$4&+,5h&Bw&EO5'2&{U�&
G\%!i3& u����& �KL&Zz2+2@,/2& +9& -!4'2E)/2& +2& EO& +F4& 8*& .2/& +5&
\5O,2/2&OV&;5&",B%µ,&4%&0123$&*%&/.&+OR&FR&;.&8*4%&*')`FB&84+% &
*2F&'2X2&.2U>R&FR�&}0*!$E%&-.&ED\&/?B&!4fE&B%,R&B245H%�&7,&B%,R&'2X2&
+2&"2$4&+,5H%�&/5&*.&$5HS&BT&*%&/?B&OR&B%,2&!4;&>4&�O,5H%&���&7,&/?B&
B%,R&\d!�&BT&E2;+S&+2&,2¿E&7,&"!'y&;2!/&�O,5H%�&G!4H)B4&u����&�KL&
0*&!'(E&BT�&;V*%&D+&-=E&!'(ES&BT�&Z;&",B%µ,&+% &$5HS&p&Z!�B+&

0123$�&+$R!*E2&+5&p&'OR&+,42&OV&;5&/.&",B%µ,&+% &$5HS&+5&+,42&F2L&
OBT&CR&",B%µ,&+2&Zz2+2,R&O542&OVL&ER[?&4%&+O2�&};5&B?�&*%�&¥O%&`C?q�&O%&
`C?q¦&+O/2&OV�&84&BT&*%&O,&3+&^'H)&+% &,2¿E&BT&`'%[&4&+,%H2�&",=/?&'OR&;5&
B%,%&^'HÀE&!"/2&+9&0¢#2&",&X$/2&OV�&GB�R&��JuKL&
$V__'^F2&-42z2+2@,/2&+% &\5&8\2O,A&\;)&+,4%&+% &�2,2�&Zz2+2@,/2&

+9&-!4'2E)/2&\%i4%&BT&"2�+S&+9&*O2E/2&+,/R&OVL&OB&04&8\2O,AS&*%&*Ri&
*+/%&Ow&D+&",B%µ,&+9&B2YH&OV&D+&OB&8*+% &Zz2+2,R&OSL&
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-42z2+2@,/2&+2&3+&8\2O,A&$V__'^F2&J��uvpJI&BT&!B$/2&OVL&3+&

!B1R&"?�(&7,&0123$R&¨R&+2&"?y&}EO5'2&+% &42B&+9&!4=\2&+,&+% &[2"&\%4%&
$H2L�&8*%&B:*2&+% &*2B4%&$2E2&HE2�&7,&",B%µ,&4%&B:*2&*%&+O2& D+&'O&
0123$&+9&}*2,R&B��$R�&�2,2&"�F,'2O&D+E2&;23L&EO&MN42&\;)& D+3&
;24%&E5§E&BO�'":A)&�ES&FR�&
`FB�&0**%&`HN&bZ&D+&0123!$ES&+5&+V *%&z2/&bZ&D+&-42z2+2@,ES&

+% &*2F&�E2&+,42&F2L&+?#&"2"S&+2&\��&/5&"O$%&*%&z2/&F2�&",=/?&`�E�/´�&
",B%µ,&4%&"O$%&EO&^"�&4Ox&D+E2&F2&D+&8*+% &*2F&�E2&D+E2&;242&OV&;5&
8*+% &42B&+9&!4=\2&+,%�&X�FR&Zz2&+2&8º$UM4&+,%�&}/:&-"4%&",B%µ,&+2&
42B&_F)&4&$%42h& �ESD+&;5&EO5'2&+2&42B&_F)&$%& 'O&8*+5& !4\¾(&4&
�O,23H2�& G!4H)B4&Jv��KL&",B%µ,&4%&+O2&F2& D+&'O&!4EBS&+2&8º$UM4&
+,4%&'2$%&c*%&D+*R&_!�&+5&!.42&\��&"23&;24%&4Ox&\%H2L&-CR&/+&_'^F2&
BT&0*&`�&+2&+5g&8�,&4Ox&F2�&0*&!$3&!;4&0123!$ES&4%&8*&_!�&+5&
!4=\2&+,/%&*?42&F2&8=OS4%&8*%&8*&*BE&/+&+% &!$3&}O'2$2/�&BT&,i2&;.&
/+&B:*2&EO5'2&*%&"/2&4&+,&$%&D+&g[!4=\2&+,4%&'2$%&+5&�E2&\��&\%42&OVL&
",B%µ,&+2&-"4%&$5HS&+5&`�E?�,&F2& D+&g[!4=\2&+,4%&'2$%&+5&"F,2'&
+,+% &B2,&�2$2&;23&G\%iT&!H4/R&u��IJpI�KL&
0*+% &-!/@,��&EO&8\2O,A&0123!$ES&+% &!$3&\5&*�E&!X!y/&+,/2&

F2L&GuK&",B%µ,&+9&0¢#2&FR&D+&8*+9&Zz2�&+2&"2$4&O5L&'O&-"4%&$5HS&
+% &̀ !/&+d "2$?�&̀ %BR&7,&\E2$?&F2h&",=/?&ED\&'%&8±��/2&*!O/&8*+9&Zz2�&
+2&8º$UM4&+,/%�&/5&'O&8=OT&\��&\%&*+/2&F2&7,&\%/2&CR&F2L&',4&'O&c*2&
+,4%&+% &!$3&.2tE&F2�&�ESD+&'O&"!'y&",B%µ,&OVL&0*&_!�&4%&-!/@,�&
`B2A&`\24&D+E2&D+&;5&8*+% &`!/&8±��&OSH%�&",B%µ,&84+% &`!/&+�5,&7,&
"$N2&$%4%&'2$2&.4%H2�&;V*%&D+&'O&84+% &̀ !/&-4?+U "2&*%&C,2&,O/2&OV&;5&-"4%&
Z"&+5&8*%&*Bj")/&+,/%&OwL&GJK&;5&CR&",B%µ,&+9&'2X2&+% &->R4&$5HS&+% &
*2F& ,O/2& F2& 8*%& '2X2& +9& _'^F2& +2& "2$4& +,42& F2�& +% '$&ZU![+&
0123$R&G${&+% &�2,2K&O54%&+% &42/%&+5g&0**%&.X&4Ox&*+/2&F2L&!;*&B4?nE&
+5&"F,2'& D+E2&HE2�&�ESD+&8*+2& !"/2& !B1R&F2&8*4%&*5X2&O5H2& D+�&
}�ESD+&Bw&":A)/´&0123$R&4Ox&{Y�&0*!$3&B?�%&",B%µ,&+9&_'^F2&+2&"2$4&
+,4%&*%&#: N&OVL&0*&!$3&Bw&0123$&+% &",B%µ,&+% &.2,%&BT&;5&X2O%&+O2&*+/2&
{YL�&'O&H$/&F2q&B:*2&+% &`�&+% &8�,&BT&",B%µ,&4%&!'[%(/E2&+O2&D+&X2O%&
}\%[R�&O5&E2& }",\%[R�& g[!4=\2&+% & !$3&\54S&OR&+5&Bd�E?p\��& D\E2&;23&
GJ��u�KL&Ds,&8*4%&ZH%&_!�H/&X5N&"bYX24%&7,&O�E2&*%&*U.U!>/&!4EBS&
+% &*U.U>&BT&+O2&}/?<O2,2&!4EB&3+&OR&O5�&;V*2&\%[R&+% &!$E%&'V*2&OR&",\%[R&
+% &!$E%&CR&O5h&Bw&/?<O2,2&",B%µ,&EO5'2&{U�&GJ��JJKL&'%&HV,p0123$R�&;5&
0123!$ES&+% &*2F&,O4%&+2&X?42'&+,/%�&8=OT&CR&84&OR&!4EBS&+% &-=/H)/&



!)"

,O42&F2&!;4+% &-=/H)/&0123$R&,O/%&F%L&
0*&"@,¢#%\&*%&3+&B:ºE'24&![�2&QOA&+9&;2&*+/R&OV�&OBT&EO5'2&+2&

42B&_F)&BT&+\2!"&4Ox&$%42&X2!O3L&'/)B24&*BE&BT&g[!4=\2&+9�&",B%µ,&
+% &42B&+5&_F)&BT�&O$+% &BT�&7,&!4,F)+&,R!/&*%&$%4%&p&EO2Y&/+&D+&-"[�\&
+O4%&BT&8*+2&`E5H&+,4%&+9&.2m&*R&Z&Hg&OVL&+\2!X/&OR&+5g&X$!Xy&E2&
NR'R&+2E)rB&c*2&O5& !;*BT&",B%µ,&+2&42B&_F)&$%/%& b3&4&*?42&;23L&
'2^/'&BT�&.b/&OR&\?$)C&OV&D+&.2O,&*B2;&BT&!4+$T&7,&$5HS&+5&["F&$%/%&
4&*?4T�&7,&",B%µ,&+% &42B&+2&\?�"E5H&4&+,&,O%&OSL&OB&_'^F2&+% &->R4&
/5&4Ox&Ow�&",=/?&3+B2y&*�%&",B%µ,&+% &42B&+2&\?�"E5H&+,42&-CR&CR&
"2"&OVL&0*&"2"&+% &!$3&-.&Bd�E?p\��&/5&4Ox&OVh&",=/?&OB&0*&.2/&+% &!$3&
!4!f/&,O&*+/%&Ow&D+&",B%µ,�&;5&*2,%&;H/&+2&BO24&=E2ER&OV�&'O&0*&.2/&
+2&tE24&+,/2&OV&7,&;5&0*&`+2,&8*+% &42B&+2&\?�"E5H&+,/%&Ow&84&",&
=E2E&$23H2L&
0*+% &-!/@,�&OBT&EO&CR&*Ri42&X2!O3�&;V*%&D+&0123!$ES&4%&*Ri2�&

",B%µ,&+9&0¢#2&OV&D+&B4?nE&8*+% &Zz2+2,R&,OT�&7,&;.&c*2&4Ox&O5/2&
/.&'O&8=OT&\!��/&+,/2&OVL&$5H&",B%µ,&+% &\E2$?&O54%&",&.b/&-!>+&
!4C),&O5&*+/%&OwL&'%&*5X&*+/%&Ow&D+�&}Bw&"2"&+5&;24/2&{Y�&",=/?&",B%µ,&
0/42&+d "2$?&OV& D+&-42z2+2,R&O54%&+% & !$3&'O&B?�%&+CR&\��&4Ox&\%H2L�&
$V__'^F2&J�&+% &-42B&g[!4=\+&*%&OB&.%O/,&ÁUH&*%&*Ri&*+/%&OwL&",B%µ,&
"2"&+% &!$3&\��&\%&*+/2&OV�&7,&\%/2&OVL&EO&*5X&+,&D+&",B%µ,&D+*R&+5&
\5(R&�O,24%&*%&+Ox&-!>+&\E2$?&OV�&OBT&;24/%p.:�/%&b3&"2"&BT&4Ox&.4%&
,O42&X2!O3L&

&3*C*B*E.)*+%,-!.$%/04%%
$V__'^F2&BT&-42z2+2@,/2&+2&3+&-=E&8\2O,A&-tE2E&uv&BT&!B$/2&

OVL&-tE2E&�&7,&�&E2;+9E&*B")A&+9&+O24R&./2/%&OwL&Ds,&-tE2E&uv&BT�&
E2;+S&+% &-!C(%+&+% &"f2/�&;5&D+E2&HE2&`FB&Z!>+2@,+&E2;+9E&+2E)&
\;)&OV�&'O&-42z2+2@,/2&OVL&OB&uv�u�&J&BT&"m/%&Ow&D+�&

*!%7"."!%@+%5!,i%7"&)%1"`7%)B %.4%O<jU%7B%5O7"%5O7"%AHO."7%
G$/"L%@+%]7&'%R0%k+,L%@+%]C&'%AHO%l"$)+%]C%mO+,%R0%)4%G3C)[%
RS"%/14Q"%7B%71W%.,%X,%/14Q"%)B %Cn&<K%5oOf*% -)/"8%*!%/14Q"%)B %
Cn&<K%CB%R0%G7)$,%@+%]7%.47U%)4%kZ&%)+%-./"L%@+%QB%/14Q"%)B %
C"&7B%&+%0(8%

84&\54S&E2;+S&4%&�E2&H$/&D+E2&F2�&̀ !/&̀ 2/´&7,&*UtE2�&!B$2"'2$%&
/<.:&+% &-=\,�&>:"&+9&'%\R&",&>:"&+5&;$2E2&;242&F2L&>:"&+9&'%\R&+% &!$3&
}ZH�&+5&!B$2"'2$%&/<.:&+% &.2O,&O5B.!$&+9&'%\R&",&-!',$&;$/R&bg&



!*"

,iR&;2&,OR&}ZH�&*%&OR&!$E2&;242&F2&Gu��uJKL"+&42\2.&7,&-.R{&4%&0*&
Zz2&+2&8º$UM4&D+E2&7,&}~",R&ZH�&+5&-j")/&D+E2�&'O&}ZH&!;*+9&
Zz2&EO5'2&4%&4Ox&\R&FRL�&\:*,%&[�\S&BT�&'%&",B%µ,&�2,2&!4>2)@,/&'%\R&+% &
-!/@,�&D+*R&-=E&^F24&*%&;$/%&b3&+53$%&!B$2"'2$%&/<.:&+% &CR/,&$%&
Z3L"!&"@,A2B^'|"�&",B%µ,&4%&^'H)&*%&ZH&C%;+,&8=OT&C^B&+,&D\E2L&'%&
-42z2+2,R&b3L&0*&.2,&EO5'2&4%&0123!$ES&+5&8=OT&"F,2'&+,4%&+5&4Ox&
+O2L&8*4%&^'EU&OR&8=OT&B2,&�2$2q&
84+9&Bd�E?&+% &.2\&B:*2&4%&!'[%(&!4\k[&D\3L&B:*2&+% &+O4%&+2&/2�"E)&F2&

D+&\54S&-42z2+2@,ES&+5&0*!$3&B2,&�2$2&HE2&�ESD+&8=OS4%&",B%µ,&+5&
Z\,&4Ox&D\E2&F2�&7,&8*+% &*2F&}"!'y�&O54%&+2&_'O2,&4Ox&D+E2&F2&
Guv�IKL&84+9&\%O&+5&!.42&D+*R&*U^+2,&+% &}#2'4R&+% &.2O,�&\²42E2&;242&
F2�&*UC'/´&0*!$3&!;**%&D+&84+% &"2"&+% &+2,A&#2'4R&\:!(/&4&O5&;23&
Guv���&�KL&O2|4&7,&8*+% &"@,'2,&;4�&.?,2g&+,4%&'2$%&Bd/+&;4S&+% &!$3&
[5+&CR&4Ox&B42&*+/%&F%h&8=OT&!B$2"'2$%&/<.:&+% &*BR"&O54%&+5&CR&4Ox&
#5642&F2h&-=EF2&'%&CR&B2,%&;2/%&G\%iT&uv���&�KL&",B%µ,&4%&E2;+S&+% &!$3�&
uv��puu&BT�&3+&4E2&!4EB&D\E2�&E2;+S&+5&!B$2"'2$%&/<.:&BT&*%'+2g&+% &
!$3&Z4%&*%&"O$%&+5g&CR&\2iB>?&"R3&b3&4Ox&O542&F2L&8=OT&}"!'y&7,&
-"!'y& BT�& 7,& [?e&7,& -[?e& BT& -=/,& +,�& *+4%& 7,& 0123!$ES& +5&
",B%µ,&+9&!4EB&!*i24%&E5§E&O542&F2L&0*&̂ F24&",&0*&!4EB&+% &D\3&;24%&
+% &+2,A&-4%+S&4%&EO&B242&OV&D+&42\2.&7,&-.R{&+2&3+&"2"&4[%&+9&!^F!/&
BT&"!'yp^F24&BT&`'%[&+,42&F2L&c*2&\5.2,2&+CR&4&O5�&",B%µ,&4%&EO&
!4EB&D\E2L&
",B%µ,&4%&42\2.&7,&-.R{&+% &`!/&8Q&`!/DrE2&\R�&7,&-"4%&$5HS&

+5&3+&BO�'":A)&"2�&!*i24%&+% &!$3&0*&MN42&+5&-"4R&"!'y&"?^/+&BT&\;)&
+,'2E2& p&-F2)/�&8*+9&"!'y/2&+9&B2YH&FR& D+&'O&-"4%&$5HS&+9&+6R&
Zz2+2@,/2&�2,2&Z\,&"23L&.X4%&+% &!$3&$5H&-4!Cz&O54%&+2&.O242&4Ox&
.42&*+/%&F%L&'%&C$RpC2U!/&;24/%&F%&D+&",B%µ,&4%&&D+*&`+2,&+9&ZH&+9&
B2YH&+9&FRL&
",=/?&-"4%&_'O2,&+% &!$3&'%&-=E&.O24%&.42&*+/%&F%L&;V*%&D+�&'%&!4Â&

BT&*%&+5g&CR&/+) &+2&`E5H&+,&*+/%&F%�&

u�& }B?¡E&.2/&EO&OV&D+&>:"&;$2g&;24R&FRh&OB4%&'OR&D+E2L&8*%&;$24%&
+% &!$3&OBT&ZH&+O2Y&*%&!B$R�&EO&BO�'":A)&4Ox&$H2L�&

J�& }OB&;24/%&F%&D+&OBT&ZH&+O2Y&*%&$24R&OV�&",=/?&c*2&+,42&.b/&
"@,¯B&+2&+2E)&F2L&OB4%&-"4%&!$3&ZH&-!>+&*?!'>2;4+&¨5/&
*%&$%&$RL&-'PE&OR�&",B%µ,&+5&OB2,%&�2,2&-!>+&*?!'>2;4+&7,&
`C2'R&B2H)&+5&-"424%&+9&`[U*2&+,4R&X2!O3L�&

I�& }OB&;24/%&F%&D+&",B%µ,&�E2&X2O/2&OV&p&",=/?&OB&EO&CR&;24/%&Ow&



#+"

D+&'O& %̀BR&7,&\E2$?&OVq&!4fE&OR�&'O&0*&.2/&+5&$%+,&+�5,&4Ox&
OV&D+&OB&!.$+?$&'V*2&OR&+,T&;V*2&'O&+O/2&OVh&7,&ED\&'O&c*2&
X2O/2&CR&OV�&/5&CR&8*+% &�2,2&!4>2)@,/&ZH&*%&!C�&ZH&Xm23&
;24%&+9&3+&#5NR&*R&H$/R&+% &!$3&'O&D+*R&+5&\��&4Ox&\%H2q�&

'%&X2O%&;5&CR&.O24%& .42/%�& ",B%µ,&8=OT& ^'R+2,&4Ox&+,/2L&8=OS4%&
-42z2+2@,/2&+9&FR�&7,&8*&-42z2+2@,/2&+2&\��&F2&'O&CE24+&Bd�E?&
;5& ^'EU& ",B%µ,& 4%& `\24& +9L& 0*& -'*,& ",& EO5'2& 4%& -"4%& Z"& +5&
Zz2+2@,/2&+9&Z[2&,i4%&7,&B2YH&+,4%&'2$2�&7,&-42z2+2@,ES&+2&42[&
+,4%&'2$2&",B%µ,&`HN&D+E2L&
0*&+O24R&+2&"@,![�&C2H&$V__'^F2&uv&+9&-U!/B&"2YX&ZE/S&BT&

!B$/2&OVL&B:*2&+5&z2/&bZ&D+&"2".!$&+% &.+,%&+5&E2;+S&�2,2&"!'yp^F24&
BT& i2E2& 4Ox& HE2& F2�& 0*!$3& 8*4%& r5!>/& O5+,& .X%& b3& \54S& "?yS�&
3$RZ�2,&7,&g/2B2,&+5�&"2".!$&*%&*U.U!>/&_'^F2&+9&B2YH&Guv�u�p
u�h&\%iT&��J��&J�K&+5&":,2&4&+,4%&+% &!$3&�2UN2L""&O2|4&4%&B:*2&�2,2&$H23&
H3&\5(&+% &!$3&EO&`�E?�,&D\E2�&}\%i�&Z;&OR&8=OS4%&-"4%&"2".!$&7,&
O5B.!$&+5&EO5'2&+% &*2B4%&Xm2E2h&Ds,&B?�&",&c*R&!'"!�E2Y&Z&"6R&Owq&
0*!$E%&ED\&Bw&Z;&"2".!$&+2&B2U*&i2/2&/5&�E2&EO&.2/&EO5'2&+% &*<B?i&
C$R&O5/R��&Guv�u�KL&O2|4&EO&+O/2&`/R/&O5/2&OV&D+&8*&D\4&+% &-4?C'S&
p&-42z2+2@,/2&+% &+2,A&8*+% &\5&;%�% &"?yS&+9&Bd�E?&p&+% &"f2/�&8*%&*U\%O&F2&
D+&"2".!$&+% &E2;+9E&C2H&+5&i242&8!X/&O5/2L&*UC'/´&'O&EO&+O&,O2&
F2�&}Z;&B%,%&"?yS&BT&*%&\5&4%&"2".!$&7,&O5B.!$&Xm2gh&",=/?&'%&^'EU&.!$&
.4&H3�&-"4%&"2"&+% &!$3&",B%µ,&�2,2&C^B&+,&D\3&H3L&84+% &"2"&4%&B?�%&
c*2&`C2!'/&D+E2&OV&D+&B?�%&$H/2&OV&D+&Bw&"2".!$&+5&i24%&+% &!$3&-E5§E&
{YL&B?�%&EO&!'µ2*&4Ox&F2&D+&",B%µ,&B%,%&�2,2&c*2&+,4%&+5&^'R+2,&E5§E&
"23H2L�&O2|4&+2&-!C`2E&X2O%&;5&CR&,O2&O5�&B:*2&4%&8*+% &�2,2&"2".!$&
+5&4Ox&i23&;24%&+5&^'R+2,&+,&!$E2L&
0*&"@,![�&BT&"2E2&;24%&'2$2&C$2&*B2X2,&EO&OV&D+&",B%µ,&-"4R&

`�E%+& -42z2+2@,/2& +5& Bd�E?& \��& +% & E5§E& 4Ox& *B�2/2& OVL& -'PE& OR&
",B%µ,&4%&42\2.&7,&-.R{&+% &!'(E&=E2E&D+E2h&B:*2&4%&4&i2g&bg&.!$&+% &
!'(E&3$RZ�2,&7,&g/2B2,&+2&=E2E&D+E2L&",B%µ,&+% &=E2E&7,&B4?nE&
+% &=E2E&BT&-=/,&OVL&B4?nE&H$/R&+,&*+/%&Ow�&",=/?&",B%µ,&*\2&*OR&O5/2&
OVq&
ED\&EO&^'R+2,&!$E2&;23&D+&0*&-'*,&",&B:*2&4%&",B%µ,&+2&*OR&

`!/!4!>�'&D+E2&F2�&/5&CR&04&\54S&-42z2+2@,/2�&BT&�E2&-=/,&F2�&
8�,&EO&OV&D+�&"O$R&MN42&BT&42\2.&7,&-.R{&4%&8±��/2":')+&"2"&D+E2&
F2L&EO&;24/%&b3&CR&D+&",B%µ,&84&*%&�E2&X2O/2&OV�&8=OS4%&;24.:�+,&
-42z2+2@,/2&+9L&\:*,R&W,�&O2|4&4%�&E2&/5&>B)",2EA/2&G�ESD+&8*4%&



#!"

*5X2& D+&'O&-E5§E& OVK& E2&-4!Cz/2&+% & +2,A& G�ESD+&'O& ",%[24&7,&
[5D+/&F2K&_'^F2&+% & !4\k[S&+2&":A)/´&"2$4&4Ox& D+E2L&;5&;24.:�+,&
8*+% &-42z2+2,R&O5/%&Ow�&",B%µ,&84+% &`!/&+�5,&7,&-!/&r?e&O5/2&OVh&
",=/?&'O&84+% &`!/&\E2$?&,O/2&OV&;5&\?.)$/2&E2&-4;24%&BT&+? #&"$&+% &!$3&
8*+% &�2,2&\R&Hg&*CR&Zz2�&+2&"2$4&+,4%&*%&X:+&;2/%&OwL&

L)M?*3%?N%#>0O%BP%&3*C*B*E.)*%%
OBT&04&8\2O,AS&*%�&/F2&EO5'2&+% &*CR&-tE2\%[S&3'U&!4EBS&+% &"2$4&

+% & !'(E&*+2,2�B+&Zz2�&*%& �E2& ![�2&$%4R&X2!O3�&OBT& ",B%µ,&+2&
Zz2+2,R&O542&*Ri42&O5H2q&
>2jB)+&O542&-¢#2&OV�&",=/?&>2jB)+&O542&0*&.2/&+2&!4!f/&O542&4Ox&

OV&D+&8e2,&"23YH%&7,&.X23&CR&;23YH%L&B*RO&OR&8e2,&7,&.X23&;24%&+2&
,X!E/2&OV�&84+% &!$3&;5&8*+% &Zz2+2,R&Ow&G0«2�&����&�Kq&
.!$\24&+CR&CR&Zz2+2@,/2&+2&^F24&4Ox&$%&"23Y&OwL&"?,24%&!4EB&BT&

[B:3$&C!'nE��2&4%&3+&!*e2=/&`!/"2D\/&D+E2&;5&Z;&CR&*�E&OV�&

c&H($%7B%)1"L%T/"%/14Q"%14&!G$/U%@+%&B$!G$/U%CB%]*7"%>Cp%14*"%
12L%G3*7"%-)%5O7,%!"*%)B %&"7B%3"7B%CB%>Cp%14*"%12q%C<7%&"77"%*4%!G$%
9r"7B%CBL%@+%)"7%$0"7"%&BrU%)[%9!s%CB%]t&%12%uv%c&H($%vwxyyz8%

",B%µ,&+9&Z,2>42&+,42&BO�'":A)&OV�&",=/?&Zz2+2@,/2&+% &!.42&Z,2>42&
+2&+5g&B:ºE&4Ox&OVL&
Z;&-4%+&$5H&",B%µ,&+% &-42z2+2,R&,O/%&OwL&+? #&B*ROR&.44%&+% &!'(E&

8*+9&Zz2&+2&"2$4&+,4%&*%&0U4+2,&+,&\%/%&OwL&8e2,&"24%&+% &!$3&�E2&+,42&
X2!O3�&0*+% & !'(E&'%&+O&*+/%&Ow�& }B*RO&+5&-"42&_!�H/&8e2,+/2)&
QOA&+9!;3�&p&;5&.20.$&+CR&4Ox&+O/R&OVL&B?¡E/´&'%&![�2&\%/%&Ow&D+&$5H&
+% '$&!'µ2*&�2,2&OR&8e2,&`2a&+,/%&OwL&.20.$&!*i2/R&OV& D+&i53&b3&
$5HS&+5&ER[?&B*RO&BT&!'µ2*&$242&OV&GE:O�2&��J�K�&-"4%&"2"S&*%&"f2/2"&
+,T&G %̀@,/S&u��IvK�&̀ C?&BT&-"4%&!'µ2*&+2&-UHR+2,&+,T&G,5!BES&uv���&uvK�&
7,&`2a&bg&"2"S&+9&�B2&+% &+2,A&B*RO&BT&."!/^B2&$T& G %̀@,/S&J�I�h&
uv���h&JJ�u�KL&;5&CR&.X42&X2O/2&OV&8*%&",B%µ,&+9&Zz2�&+2&"2$4&
+,42&O5H2L&c*R&Zz2+2@,/2&+2&!'+º"&�E2&OV�&;.&`C?&$�N&+,&Z3H2�&
/5&};5&",B%µ,&+5&4Ox&"OX24/%�&7,&OB2,%&`C?&ER[?&+% &*?*B2X2,&+5&4Ox&
B24/%&84*%&"$N2&$%H2�&GJ&!F^*�&u���&�KL&̀ C?&+% &$�N4%&",&42[&O54%&*%&.X4%&
+% &!$3&$5HS&+5&*?*B2X2,&",&!'µ2*&+,42&-!4'2E)&OVq&
+? #&Z,2>42&*%&*<.!=>/&",B%µ,&+% &!4\k[S&+2&"2$4&+,4%&*%&04+2,&

+,/%&OwL&",B%µ,&X2O/2&OV&D+&8*+% &$5H&8*+9&Z,2>42&}*�2g�&*%&CR&+,T&
7,&}Z�B2�&*%&CR&+,T& GE:O�2&��J�KL&Z,2>42&+% & !'(E&OB&*�E&+5&+V *%&



##"

;24T�& ",B%µ,& +2& }'X4& *�E& OV�& GE:O�2& u��u�KL& ED\& OBT& ",B%µ,& +9&
Z,2>42&*�E&*!O/&+,4R&O5/R&/5&;V*2&.20.$&!*i2/R&OV&'V*%&OR&+,4R&
O5HRL&
-=E&.2/S&*!O/�&4E2&!4EB&!*i2/2&OV&D+&`FB&[/2�\R&BT&+$R!*E2&

+9&Z,2>42&BT&*UHR/&+Ã"%$2&p&!.42&D+*R&'2 pEUyS&+9&*UH!/&+% &F2L&̀ 2,U!C+&
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