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E!N 3✓⇧+⇥⇧#�◆⌫✓ ⌫⇥#⇤�⇧⌃✏⇥◆! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! DDF
E!? 3✓⇧+⇥⇧#�◆⌫✓ ⇥+  �✓ ✏⌅◆⌫�⇧⇥◆⌃*✓↵ ⇥✏⌫⌃⇠⇠� ⇥⇧! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! DCC
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⌫,� �◆�⇠⇥⌥�✓� ⇥�↵⌃⌥⌃ �⇠ ⌫⇥◆�✓⇧ ✓⇧! DD

���✏ ⌫⇥#⇤⇠✓#✓◆ �⇧⌅ #✓ �⇠�⇥)⌃↵✓�✏✓#⌃⌫⇥◆↵�⌫ ⇥⇧! DA� C@� EB� E>� BD� DCE

�⇥� %⌥�⇧✓�⇥+�#✓⇧⌃ ! �� C>� >>� DAC� DAE� DD?� DD@� DDF� DCA� DCB

5�⇣ ⌥⌃�◆ #�⌥◆✓ ⇥⇧✓✏⌃✏ �◆⌫✓! EB

%� ⌃◆ ✓⇧#✓↵⌃� ✓�+⇧✓&�✓◆⌫⌅! DD� DC� D?
%%⌅& ⌃◆⇤� ⇧✓+✓⇧⇧✓↵ ✏✓⌫⇥◆↵�⇥⇧↵✓⇧ ⌃◆ ✓⇧⌫✓⇤ ⇤⇥⌃◆ ! DC
%�� ⌃◆.✓⌫ ⌃⇥◆�⇠⇥⌫2✓↵ ⇥✏⌫⌃⇠⇠� ⇥⇧! �� )⌃�� NQE� ?E� ?B� @A� @D� @@Q@B� ED� EC� E>� EF� BC� BE�

>E� >B� DCA� DCEQDC>
%⇥4 ⌃◆ ✓⇧◆✓ �⇥+� �⌃◆⌥✏! D@� DCE
%⇣� ⌃#�⌥✓ ⇧✓.✓⌫ %⇠ ✓⇧! DD
%✏� ⌃◆⇤� ✏✓◆✏⌃ ⌃�⌃ ⌅ +�◆⌫ ⌃⇥◆! DFQCD� @NQ@E
%✏� ⌃◆↵�✏ ⇧⌃�⇠� ✏⌫⌃✓◆ ⌃%⌫ �◆↵ #✓↵⌃⌫�⇠! @� D@� BD

�� ⇠⇥⇥⇤ %⇠ ✓⇧! ??� ?@
�� ⇠⇥⌫�⇠ ⇥✏⌫⌃⇠⇠� ⇥⇧! DA� DD� D?

��✏#✓ �⇠�⇥)⌃↵✓�✏✓#⌃⌫⇥◆↵�⌫ ⇥⇧! DB
�46 ✏4�#�⌥◆✓ ⌃⌫  �◆◆✓⇠ .�◆⌫ ⌃⇥◆ ✏⇤⌃◆  ⇥⇧&�✓ ⇥✏⌫⌃⇠⇠� ⇥⇧! EB

⌦�� ◆✓�⇧ %✓⇠↵ ⌫⇥##�◆⌃⌫� ⌃⇥◆! D@
⌦� ◆⇥◆�⇠⌃◆✓�⇧! CD� CE� CF� NB� @B� BE� >C� DCE

⌅, ⇤��✏✓ ↵✓ ✓⌫ ⇥⇧! ??� ?@
⌅,⇣ ⇤��✏✓�↵⇥#�⌃◆ ⇧✓✏⇤⇥◆✏✓! @@� @E
⌅�� ⇤��✏✓�⇠⇥⌫2✓↵ ⇠⇥⇥⇤! �� CQ?� ??Q?E� @A� @N
⌅✏, ⇤⇥1✓⇧ ✏⇤✓⌫ ⇧�⇠ ↵✓◆✏⌃ ⌅! DB� D>
⌅✏✏ ⇤✓⇧⌃⇥↵⌃⌫ ✏ ✓�↵⌅�✏ � ✓! )⌃�� BE� BB� BF

7⌫� &��↵⇧� �⇧✓ �#⇤⇠⌃ �↵✓ #⇥↵�⇠� ⌃⇥◆! D@
7� &��✏⌃�⇠⌃◆✓�⇧! CD� CE� N@QNB� @B� BE� >B� FA� DCE
7⌅✏ &��↵⇧� �⇧✓ ⇤��✏✓�✏�⌃+ 2✓⌅⌃◆⌥! D@

⇣� ⇧�↵⌃⇥�+⇧✓&�✓◆⌫⌅! DA� C@

✏✏' ✏⌃◆⌥⇠✓ ✏⌃↵✓� �◆↵! DB
✏4� 4⇤⌃◆  ⇥⇧&�✓ ⇥✏⌫⌃⇠⇠� ⇥⇧! �� NQ@� EC� E@� EBQEF� BD� FA� FN� F>� DCA� DCE� DCB
✏44 4⇤⌃◆  ⇧�◆✏+✓⇧  ⇥⇧&�✓! E@� EB
✏3 ✏4� 4⇤⌃◆ ��⇠�✓ ✏⇤⌃◆  ⇥⇧&�✓ ⇥✏⌫⌃⇠⇠� ⇥⇧! EB

4�⇣  �◆◆✓⇠⌃◆⌥ #�⌥◆✓ ⇥⇧✓✏⌃✏ �◆⌫✓! EB
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/✏⌦1⌃⇧✓⇠✓✏✏ ✏✓◆✏⇥⇧ ◆✓ 1⇥⇧2! D@
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3⇧✓�# ⇠✓

⇢�⌃✏ ⌫��⇤ ✓⇧ ⇧✓�✓�⇠✏  �✓ #⇥ ⌃�� ⌃⇥◆ �◆↵ #�⌃◆ ⇥ .✓⌫ ⌃�✓ ⇥+  �⌃✏  �✓✏⌃✏! 0 ⌃◆⌫⇠�↵✓✏ �◆
⇥�✓⇧�⌃✓1 ⇥+  �✓ ↵✓✏⌃⌥◆ �⇤⇤⇧⇥�⌫� �◆↵ ✏�##�⇧⌃*✓✏  �✓  �✓✏⌃✏ ⇥� ⇠⌃◆✓ �◆↵  �✓ ⇥⇧⌃⌥⌃◆�⇠
⌫⇥◆ ⇧⌃ � ⌃⇥◆✏!

�⇥⇡◆�⇡◆⌥
$8$ �⇥◆↵�⌃◆↵⇥⇡ 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 &

$8& ⇣�⌥�⌃⌘⇧ 9"�⌥◆↵⇥⇡ 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 )

$8) ,�⌥↵⌧⇡ ⇥� ⌃⇡ %�� ⇤↵◆⇧ ⌃ ⇤�⌃⇢ ����⇡⌘� 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 )

$8+ 4⇧�⌥↵⌥ ⇥⌧⌃⇡↵:⌃◆↵⇥⇡ 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 .

$8. �↵⌧↵⇡⌃✓ ⌘⇥⇡◆↵�"◆↵⇥⇡⌥ 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 -

⇣����⇡⌘�⌥ 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 -
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$8$ �⇥◆↵�⌃◆↵⇥⇡

⌘� ⇥✏⌫⌃⇠⇠� ⇥⇧✏ �⇧✓ 1⌃↵✓⇠⌅ �✏✓↵ ⌃◆ �⇤⇤⇠⌃⌫� ⌃⇥◆✏ 1�✓⇧✓ ⌫⇥✏ �◆↵ �⇧✓� �⇧✓ #�.⇥⇧
⌫⇥◆✏ ⇧�⌃◆ ✏� +⇥⇧ ⌃◆✏ �◆⌫✓� ⌃◆ ↵⌃✏⇤⇥✏� ⇠✓ ✏✓◆✏⇥⇧✏ +⇥⇧  ⌃⇥#✓↵⌃⌫�⇠ �⇤⇤⇠⌃⌫� ⌃⇥◆✏ ⇥⇧1⌃⇧✓⇠✓✏✏
✏✓◆✏⇥⇧ ◆✓ 1⇥⇧2✏ <⌃◆ ✓⌥⇧� ✓↵ ⌃◆↵�⌫ ⇥⇧✏ �⇠⇥◆✓ ⇥⌫⌫�⇤⌅ ⌫⇥#⇤�⇧� ⇠✓ �⇧✓�  ⇥  �✓ ⇥◆✓ ⇥+ �◆
✓◆ ⌃⇧✓ ⌘� ⇥✏⌫⌃⇠⇠� ⇥⇧= RD� CS! 8⇥1✓�✓⇧�  �✓ ✓) ✓◆ ⇥+  �✓⌃⇧ �⇤⇤⇠⌃⌫� ⌃⇠⌃ ⌅ ⌃✏ ⌫⇥◆✏ ⇧�⌃◆✓↵
 ⌅  �✓⌃⇧ �⌃⌥� ⇤��✏✓�◆⇥⌃✏✓!

⇢�✓ ⇥⇤✓⇧� ⌃⇥◆ ⇤⇧⌃◆⌫⌃⇤⇠✓ ⇥+ ⌘� ⇥✏⌫⌃⇠⇠� ⇥⇧✏ ⇧✓⇠⌃✓✏ ⇥◆  �✓ ⌫��⇧⌥✓�↵⌃✏⌫��⇧⌥✓ ⇥+ �◆
⌘� ⌫⌃⇧⌫�⌃ ! ⇢�✓ ⌃#⇤⇠⌃⌫� ⌃⇥◆✏ ⇥+ ���⌃◆⌥ � ⇧✓✏⌃✏ ⇥⇧ ⇧✓⇠� ✓✏ #⇥✏ ⇠⌅  ⇥ ◆⇥⌃✏✓�  �✓ ◆⇥⌃✏✓
⌃◆↵�⌫✓✏ ⇤��✏✓�#⇥↵�⇠� ⌃⇥◆  �� ⇠✓�↵✏  ⇥  �✓ �⇤⇤✓�⇧�◆⌫✓ ⇥+ ✏⌃↵✓� �◆↵✏ �⇧⇥�◆↵  �✓
+�◆↵�#✓◆ �⇠ +⇧✓&�✓◆⌫⌅ <⇤��✏✓�◆⇥⌃✏✓= ⌃◆  �✓ ⇥� ⇤� ✏⇤✓⌫ ⇧�# ⇥+  �✓ ⇥✏⌫⌃⇠⇠� ⇥⇧ RNS! ��
⇥✏⌫⌃⇠⇠� ⇥⇧✏�  ⌅ ⌃ ✏ ✏⌃↵✓� ◆⇥ ⇥◆⇠⌅ ���✓ � ⇠⇥1✓⇧ ◆⇥⌃✏✓ ⌫⇥◆ ⇧⌃ � ⌃⇥◆ ⇥◆  �✓ �⌫⌫⇥�◆ ⇥+
 �✓⌃⇧ ⇧✓↵�⌫✓↵ ⇧✓✏⌃✏ ⌃�✓ ✓⇠✓#✓◆ ✏�  ⌅⇤⌃⌫�⇠⇠⌅ ⇤�⇧�✏⌃ ⌃⌫✏�  �  �✓⌅ �⇠✏⇥ ⇤⇧✓✏✓◆ ◆�⇧⇧⇥1✓⇧
✏⌃↵✓� �◆↵✏� ⇥◆  �✓ �⌫⌫⇥�◆ ⇥+  �✓⌃⇧ ⇥⇤✓⇧� ⌃⇥◆ ⇤⇧⌃◆⌫⌃⇤⇠✓  ✓⌃◆⌥  �✏✓↵ ⇥◆ � ⇧✓✏⇥◆�◆ 
#✓⌫��◆⌃✏#! 4⌃◆⌫✓  �✓⌅ ���✓ ⇠⇥1✓⇧ ⇤��✏✓�◆⇥⌃✏✓  �✓⌅  ✓◆↵  ⇥  ✓  �✓ ⌫⇥##⇥◆ �↵⇥⇤ ✓↵
 ⇥⇤⇥⇠⇥⌥⌅ ⌃◆ #⇥↵✓⇧◆  ⇧�◆✏⌫✓⌃�✓⇧✏ R?S!

⇢�✓ ⇤✓⇧+⇥⇧#�◆⌫✓ ⌥�⇤  ✓ 1✓✓◆  ⇥ �  ⇥⇤⇥⇠⇥⌥⌃✓✏  ✓⌫⇥#✓✏ ✓�✓◆ #⇥⇧✓ ⇤⇧⇥◆⇥�◆⌫✓↵
�✏  �✓ +⇧✓&�✓◆⌫⌅ ⇥+ ⇥⇤✓⇧� ⌃⇥◆ ⌃✏ ⌃◆⌫⇧✓�✏✓↵! ⇢�✓ ⇤✓⇧+⇥⇧#�◆⌫✓ ⇥+  �✓ ⌘� ⇥✏⌫⌃⇠⇠� ⇥⇧  ✓◆↵✏
 ⇥ ↵✓⌥⇧�↵✓� 1�✓⇧✓�✏  �✓ ⇥◆✓ ⇥+ �� ⇥✏⌫⌃⇠⇠� ⇥⇧✏ �⌫ ��⇠⇠⌅ ⌃#⇤⇧⇥�✓✏ <� ⇠✓�✏ 1�⌃⇠✓  �✓
+⇧✓&�✓◆⌫⌅ ⇥+ ⇥⇤✓⇧� ⌃⇥◆ ⌃✏  ✓⇠⇥1  �✓ ✏✓⇠+�⇧✓✏⇥◆� ⌃◆⌥ +⇧✓&�✓◆⌫⌅ ⇥+  �✓ ⌃◆↵�⌫ ⇥⇧= R@� ES!

4⌃◆⌫✓  �✓ 1⌃↵✓✏⇤⇧✓�↵ �✏✓ ⇥+ ⇤⇥⇧ � ⇠✓ ↵✓�⌃⌫✓✏ �◆↵ 1⌃⇧✓⇠✓✏✏ ⌫⇥##�◆⌃⌫� ⌃⇥◆✏� ��✏
⇠✓↵  ⇥ �◆ ⌃◆⌫⇧✓�✏✓ ⌃◆  �✓ ⇥⌫⌫�⇤� ⌃⇥◆ ⇥+  �✓ ✏⇤✓⌫ ⇧�#�  �✓⇧✓ ⌃✏ � ⌫⇥◆✏ �◆ ◆✓⌫✓✏✏⌃ ⌅  ⇥
�✏✓ �⌃⌥�✓⇧ ↵� � ⇧� ✓✏ �◆↵ +⇧✓&�✓◆⌫⌃✓✏� 1�⌃⌫� �◆+⇥⇧ �◆� ✓⇠⌅ ⇠⌃#⌃ ✏  �✓ �↵⇥⇤ ⌃⇥◆ ⇥+
⌘� ⇥✏⌫⌃⇠⇠� ⇥⇧✏! �✓�✓⇧ �✓⇠✓✏✏� ↵�✓  ⇥  �✓⌃⇧ #�◆⌅ �✏✓+�⇠ ⌫��⇧�⌫ ✓⇧⌃✏ ⌃⌫✏ � ⌫⇥◆ ⌃◆�⇥�✏
✓⇥⇥⇧ ��✏  ✓✓◆ ↵✓�⇥ ✓↵  ⇥  �✓ ↵✓�✓⇠⇥⇤#✓◆ ⇥+ #✓⌫��◆⌃✏#✏ ✏�⌃ � ⇠✓  ⇥ ⌃#⇤⇧⇥�✓  �✓
⇤✓⇧+⇥⇧#�◆⌫✓ ⇥+  �✓ ⌘� ⇥✏⌫⌃⇠⇠� ⇥⇧✏! ⇢�✓ ⌃#⇤⇠✓#✓◆ � ⌃⇥◆ ⇥+ +⇧✓&�✓◆⌫⌅ ✏⌅◆ �✓✏⌃*✓⇧✏
�⇠⇠⇥1✏  �✓ ✓) ✓◆✏⌃⇥◆ ⇥+  �✓⌃⇧ �⇤⇤⇠⌃⌫� ⌃⇠⌃ ⌅  ⇥ � 1⌃↵✓⇧ ⇧�◆⌥✓ ⇥+ ✏ �◆↵�⇧↵✏ <⌃◆  ✓⇧#✏ ⇥+
+⇧✓&�✓◆⌫⌅ ⇥+ ⇥⇤✓⇧� ⌃⇥◆ �◆↵ ⇤��✏✓�◆⇥⌃✏✓=!

⇢�✓ �⇤⇤⇠⌃⌫� ⌃⇠⌃ ⌅ ⇥+  �✓ ⌘� ⇥✏⌫⌃⇠⇠� ⇥⇧✏ ⌫�◆  ✓ ✓) ✓◆↵✓↵  ⌅ ⌃#⇤⇠✓#✓◆ ⌃◆⌥ � 3���
1�⌃⌫� ⌃✏ � +✓✓↵ �⌫2 ⌫⌃⇧⌫�⌃  �� �⇠⇠⇥1✏ ⇤⇧✓⌫⌃✏✓ +⇧✓&�✓◆⌫⌅ ⌥✓◆✓⇧� ⌃⇥◆ <�✏ ✏�⇥1◆ ⌃◆ �⌃⌥!
D!D<�==! 8⇥1✓�✓⇧�  �✓ ⌃#⇤⇠✓#✓◆ � ⌃⇥◆ ⇥+  �⌃✏ ✏ ⇧�⌫ �⇧✓ ⌫⇥#⇤⇧✓�✓◆↵✏ �◆ ⇥�✓⇧�✓�↵ ⌃◆
 �✓ ⌫⌃⇧⌫�⌃ �⇧✓�� �◆↵ ⇤⇥1✓⇧ ⌫⇥◆✏�#⇤ ⌃⇥◆ ⇥+  �✓  ⇧�◆✏⌫✓⌃�✓⇧ R@� BS! 0◆ �↵↵⌃ ⌃⇥◆�  ✓⌫��✏✓
⌃ ⌃✏ � +✓✓↵ �⌫2 ✏ ⇧�⌫ �⇧✓ ⌃ ⇧�⌃✏✓✏  1⇥ ⌃✏✏�✓✏ ⌫⇥◆⌫✓⇧◆⌃◆⌥  �✓ ✏⌅◆⌫�⇧⇥◆⌃*� ⌃⇥◆  ⌃#✓ �◆↵
✏ � ⌃⇠⌃ ⌅ ⌃✏✏�✓✏� 1�⌃⌫� ⇥+ ✓◆ ⇧✓&�⌃⇧✓✏ � ⌫⇥#⇤⇠✓) �◆↵ ⌫�⇧✓+�⇠ ↵✓✏⌃⌥◆!

�⇧✓&�✓◆⌫⌅ ✏⌅◆ �✓✏⌃*✓⇧✏  �✏✓↵ ⇥◆ 0◆.✓⌫ ⌃⇥◆�⇠⇥⌫2⌃◆⌥ �⇧✓ � �⌃� ⇠✓ �⇠ ✓⇧◆� ⌃�✓  ⇥ ⌃#�
⇤⇧⇥�✓  �✓ ⇤✓⇧+⇥⇧#�◆⌫✓ ⇥+  �✓ ⌘� ⇥✏⌫⌃⇠⇠� ⇥⇧ <�⌃⌥! D!D< == R>� FS! ⇢�✓ ↵⌃⇧✓⌫ ⌃◆.✓⌫ ⌃⇥◆ ⇥+ �
✏⌃⌥◆�⇠ ⌃◆ � ⌥⌃�✓◆ ◆⇥↵✓ ⇥+  �✓ ⇥✏⌫⌃⇠⇠� ⇥⇧ ⌫�◆  ✓ �✏✓↵ +⇥⇧ ✏⌅◆⌫�⇧⇥◆⌃*� ⌃⇥◆� �◆↵ � ⇤✓⇧+⇥⇧�
#�◆⌫✓ ⌫⇥#⇤�⇧� ⇠✓  ⇥  �✓ ⇥◆✓ ⇥+ � 3��� ⌫�◆  ✓ ⇥  �⌃◆✓↵� 1⌃ �⇥� ⌃ ✏ ↵⇧�1 �⌫2✏ RDAS!
⇢�✓ #�⌃◆ �↵��◆ �⌥✓ ⇥+  �⌃✏ �⇤⇤⇧⇥�⌫� ⇧✓⇠� ✓✏  �✓ +�⌫  ��  �✓✏✓ +⇧✓&�✓◆⌫⌅ ✏⌅◆ �✓✏⌃*�

&



D!C ⌘✓✏✓�⇧⌫� &�✓✏ ⌃⇥◆

;⌃< ;�<

�↵⌧"� $8$= �⇧✓&�✓◆⌫⌅ ✏⌅◆ �✓✏⌃*✓⇧✏; <�= 3��✏✓�⇠⇥⌫2✓↵ ⇠⇥⇥⇤! < = 0◆.✓⌫ ⌃⇥◆�⇠⇥⌫2⌃◆⌥!

✓⇧✏ ⌫�◆  ✓ ⌃#⇤⇠✓#✓◆ ✓↵1⌃ � ⇠✓✏✏✓⇧ ✓⇥⇥⇧ �✏  �✓⌅ ✓)✓#⇤  �✓ �✏✓ ⇥+ �↵↵⌃ ⌃⇥◆�⇠  ⇠⇥⌫2✏�
 ✓✏⌃↵✓✏  �✓ ⇥✏⌫⌃⇠⇠� ⇥⇧ ⌃ ✏✓⇠+! ⇢�⌃✏ �⇤⇤⇧⇥�⌫� �⇠✏⇥ �⇠⇠⇥1✏  ⇥ ↵⌃✏⇧✓⌥�⇧↵  �✓ �✏✏⇥⌫⌃� ✓↵
⌫⇥◆⌫✓⇧◆ 1⌃ �  �✓ �✏✓↵ ⇥+ � +✓✓↵ �⌫2 ✏ ⇧�⌫ �⇧✓I  �✓ ⇠⇥⇥⇤ ⌃◆✏ � ⌃⇠⌃ ⌅!

⇢�⌃✏ �⇤⇤⇧⇥�⌫�� �◆⇠⌃2✓ 1�� ⌃✏ ✏✓✓◆ +⇥⇧  �✓ 3��� ⇧✓&�⌃⇧✓✏ � ⇧✓+✓⇧✓◆⌫✓ ⌫�⇤� ⇠✓ ⇥+
⇥⇤✓⇧� ⌃◆⌥ ⌃◆  �✓ ✏�#✓ ⇧�◆⌥✓ ⇥+ +⇧✓&�✓◆⌫⌃✓✏ ⇥+  �✓ ⇥✏⌫⌃⇠⇠� ⇥⇧� 1�⌃⌫� ⇤⇥✏✓✏ � ⇤⇧⇥ ⇠✓#
⌃+ ⇧�↵⌃⇥�+⇧✓&�✓◆⌫⌅ ⇥⇤✓⇧� ⌃⇥◆ ⌃✏  �✓  �⇧⌥✓ ! ⇢1⇥ ⇥⇤ ⌃⇥◆✏ ⌫�◆  ✓ ↵⌃✏⌫�✏✏✓↵  ⇥  ✓ �✏✓↵
�✏ ⇧✓+✓⇧✓◆⌫✓ ⌥✓◆✓⇧� ⇥⇧� � ⌫⇧⌅✏ �⇠ �◆↵ � 4⇤⌃◆  ⇥⇧&�✓ ⇥✏⌫⌃⇠⇠� ⇥⇧ RDDQD@S! 0+ ⇥⇤✓⇧� ⌃⇥◆ ⌃◆
 �✓ 98* ⇧�◆⌥✓ ⌃✏ ⌃◆ ✓◆↵✓↵�  �✓ ⌫⇧⌅✏ �⇠ ⌃✏ ◆⇥ � �⌃� ⇠✓ ✏⇥⇠� ⌃⇥◆ ⇥◆  �✓ �⌫⌫⇥�◆ ⇥+ ⌃ ✏
⇧✓↵�⌫✓↵ +⇧✓&�✓◆⌫⌅ ⇥+ ⇥⇤✓⇧� ⌃⇥◆ <� ⌫⇥�⇤⇠✓ ��◆↵⇧✓↵ 58*=! 0◆ �↵↵⌃ ⌃⇥◆�  �✓ �✏✓ ⇥+
 �✓ ⌫⇧⌅✏ �⇠ ↵⇥✓✏ ◆⇥ ⌃#⇤�⌃⇧✏ H✓)⌃ ⌃⇠⌃ ⌅  ⇥  �✓ ✏⌅◆ �✓✏⌃*✓⇧✏� ✏⌃◆⌫✓  �✓ ⌫⇧⌅✏ �⇠ ⇤⇧⇥↵�⌫✓✏
� %)✓↵ +⇧✓&�✓◆⌫⌅! 0◆  ✓⇧#✏ ⇥+  �◆� ⌃⇠⌃ ⌅� �◆ ⌃◆.✓⌫ ⌃⇥◆�⇠⇥⌫2✓↵ ⇥✏⌫⌃⇠⇠� ⇥⇧ <0�= 1⌃ �
� ⌫⇧⌅✏ �⇠ �✏ +⇧✓&�✓◆⌫⌅ ⌥✓◆✓⇧� ⇥⇧ 1⇥�⇠↵ ◆⇥ ⇥⇥✓⇧ ⌥⇧✓� �↵��◆ �⌥✓  ⇥  �✓ 3��� ✏⌃◆⌫✓
 �✓ 3�� ⌫�◆  ✓ ⇤⇧⇥⌥⇧�##✓↵  ⇥ ⇤✓⇧+⇥⇧# +⇧✓&�✓◆⌫⌅ �⇥⇤⇤⌃◆⌥  ⌅ �↵.�✏ #✓◆ ⇥+  �✓
+⇧✓&�✓◆⌫⌅ ↵⌃�⌃↵✓⇧ ⌃◆  �✓ +✓✓↵ �⌫2 ⇠⇥⇥⇤ <✏✓✓ �⌃⌥! D!D<�==!

⇢�✓ ⇥ �✓⇧ �⇠ ✓⇧◆� ⌃�✓ ⌃✏  ⇥ �✏✓ � 4⇢�  �⌃✏ ⌃✏ � ⇧✓⇠� ⌃�✓⇠⌅ ◆✓1 ✏ ⇧�⌫ �⇧✓ �◆↵ ✏ ⌃⇠⇠
�◆↵✓⇧ ⇥◆�⌥⇥⌃◆⌥ ⇧✓✏✓�⇧⌫�! ⇢�⌃✏ ✏ ⇧�⌫ �⇧✓ ⌃✏ � ⇠✓ ⇥+ ✏�✏ �⌃◆⌃◆⌥ ⇥✏⌫⌃⇠⇠� ⌃⇥◆✏ ⌃◆  �✓ 98*
⇧�◆⌥✓ 1⌃ � ⇠�⇧⌥✓  �◆� ⌃⇠⌃ ⌅ �◆↵ ⌃ ✏ +� ⇧⌃⌫� ⌃⇥◆ ⌃✏ ⌫⇥#⇤� ⌃ ⇠✓ 1⌃ � ✏ �◆↵�⇧↵ ✏⌃⇠⌃⌫⇥◆
⇤⇧⇥⌫✓✏✏! ⇢�✓ �✏✓ ⇥+  �⌃✏ ⇧✓+✓⇧✓◆⌫✓ ✏�⇥�⇠↵ �⇠⇠⇥1  ⇥ ⌃#⇤⇠✓#✓◆ � +�⇠⇠⌅ ⌃◆ ✓⌥⇧� ✓↵
1⌃↵✓�⇧�◆⌥✓ �◆↵ �⌃⌥� ⇤✓⇧+⇥⇧#�◆⌫✓ 0� ✏�⌃ � ⇠✓ +⇥⇧ #�⇠ ⌃�✏ �◆↵�⇧↵ �⇤⇤⇠⌃⌫� ⌃⇥◆✏!

$8& ⇣�⌥�⌃⌘⇧ 9"�⌥◆↵⇥⇡

0✏ ⌃ ⇤⇥✏✏⌃ ⇠✓  ⇥ ⌃#⇤⇧⇥�✓  �✓ ⇤✓⇧+⇥⇧#�◆⌫✓ ⇥+ �54 ⌘� ⇥✏⌫⌃⇠⇠� ⇥⇧✏� � �⌃⌥� +⇧✓�
&�✓◆⌫⌅ ⇥+ ⇥⇤✓⇧� ⌃⇥◆�  ⌅ ⌃#⇤⇠✓#✓◆ ⌃◆⌥ � +⇧✓&�✓◆⌫⌅ ✏⌅◆ �✓✏⌃*✓⇧ 1⌃ �⇥� � ✏ ⇧⇥◆⌥
⇤✓◆�⇠ ⌅ ⇥◆  �✓ ⇥�✓⇧�⇠⇠ ⌫⇥✏ � �⇧✓�� ✓◆✓⇧⌥⌅ ⌫⇥◆✏�#⇤ ⌃⇥◆ �◆↵ ↵✓✏⌃⌥◆ ⌫⇥#⇤⇠✓)⌃ ⌅T

$8) ,�⌥↵⌧⇡ ⇥� ⌃⇡ %�� ⇤↵◆⇧ ⌃ ⇤�⌃⇢ ����⇡⌘�

⇢�⌃✏ 1⇥⇧2 ⇤⇧✓✏✓◆ ✏ � ✏ �↵⌅ ⇥◆  �✓ ⌃#⇤⇠✓#✓◆ � ⌃⇥◆ �◆↵ ↵✓✏⌃⌥◆ ⇥+ � 0�  �✏✓↵ ⇥◆ �
⌘� ⇥✏⌫⌃⇠⇠� ⇥⇧! ⇢�✓ ⇤��✏✓�◆⇥⌃✏✓ ⇥+ �◆ ⌃◆.✓⌫ ⌃⇥◆�⇠⇥⌫2✓↵ ⇥✏⌫⌃⇠⇠� ⇥⇧ ��✏ � ✏��⇤✓ ⌃↵✓◆ ⌃⌫�⇠
 ⇥  �✓ ⇥◆✓  �� ⌃✏ ✏✓✓◆ 1�✓◆ �✏⌃◆⌥ � 3�� ✏ ⇧�⌫ �⇧✓ <✏✓✓ �⌃⌥! D!C=� ⌃◆✏⌃↵✓  �✓ ⇠⇥⌫2⌃◆⌥

)



D! 0◆ ⇧⇥↵�⌫ ⌃⇥◆

⇧�◆⌥✓ <⌥⌃�✓✏ ⇧✓✏⇤✓⌫  ⇥  �✓ #�)⌃#�# ⇥⇥✏✓ +⇧✓&�✓◆⌫⌅ 1�✓⇧✓  �✓ ⇥✏⌫⌃⇠⇠� ⇥⇧ ⌃✏ � ⇠✓  ⇥
 ⇧�⌫2  �✓ ⇧✓+✓⇧✓◆⌫✓= ⇥+  �✓ 3���0�  �✓ ⇤��✏✓�◆⇥⌃✏✓ ⌃✏ ↵⇥#⌃◆� ✓↵  ⌅  �✓ ⇧✓+✓⇧✓◆⌫✓!
8⇥1✓�✓⇧� 1�✓⇧✓�✏  �✓ ⇠⇥⌫2⌃◆⌥ ⇧�◆⌥✓ ⇥+  �✓ 3�� ⌃ ⌃✏ ⌫⇥◆✏ ⇧�⌃◆✓↵  ⌅  �✓ ⇠⇥⇥⇤ %⇠ ✓⇧�
⌃◆  �✓ ⌫�✏✓ ⇥+  �✓ ⌃◆.✓⌫ ⌃⇥◆�⇠⇥⌫2✓↵ ⇥✏⌫⌃⇠⇠� ⇥⇧ ⌃ ⌃✏ ⌫⇥◆✏ ⇧�⌃◆✓↵  ⌅  �✓ �#⇤⇠⌃ �↵✓ ⇥+  �✓
⇧✓+✓⇧✓◆⌫✓ ✏⌃⌥◆�⇠ R@� BQF� DES!

◆✓  ⌅⇤⌃⌫�⇠ �⇤⇤⇧⇥�⌫� �✏✓↵ 1�✓◆ ⌃#⇤⇠✓#✓◆ ⌃◆⌥ �◆ 0� ⌃✏  ⇥ ↵✓✏⌃⌥◆  �✓ +⇧✓✓�
⇧�◆◆⌃◆⌥ ⇥✏⌫⌃⇠⇠� ⇥⇧ 1⌃ �  �✓ #⌃◆⌃#�# ⇤⇥1✓⇧ ⌫⇥◆✏�#⇤ ⌃⇥◆ ⇤⇥✏✏⌃ ⇠✓ RDBS! ⌧✏��⇠⇠⌅
 �✓⇧✓ ⌃✏ �  ⇧�↵✓�⇥⇥  ✓ 1✓✓◆ ⇤⇥1✓⇧ ⌫⇥◆✏�#⇤ ⌃⇥◆ �◆↵ ◆⇥⌃✏✓� 1�⌃⌫� ⌃#⇤⇠⌃✓✏  �� �
↵✓✏⌃⌥◆ ✏ ⇧� ✓⌥⌅ ⇥+ ⇧✓↵�⌫⌃◆⌥  �✓ ⇤⇥1✓⇧ ⌫⇥◆✏�#⇤ ⌃⇥◆ 1⌃⇠⇠ #⇥✏ ⇠⌃2✓⇠⌅ ⌫��✏✓  �✓ ↵✓⌥⇧��
↵� ⌃⇥◆ ⇥+  �✓ ⇤��✏✓�◆⇥⌃✏✓! "+ ✓⇧1�⇧↵✏  �✓ ◆⇥⌃✏✓ ⌃#⇤⇧⇥�✓#✓◆ ⌃✏ ⇥  �⌃◆✓↵ 1⌃ �
✏⌅◆⌫�⇧⇥◆⌃*� ⌃⇥◆  ⌅ ⌃◆.✓⌫ ⌃⇥◆! 8⇥1✓�✓⇧�  �⌃✏ ✏⇥⇧ ⇥+ �⇤⇤⇧⇥�⌫� ⌃✏ ◆⇥ ⌫⇥#⇤� ⌃ ⇠✓ 1⌃ �
 �✓ �✏✓ ⇥+  �✓ 4⇢! ◆✓ ⇥+  �✓ ↵⇧�1 �⌫2✏ ⇥+  �✓ 4⇢ ✏ ⇧�⌫ �⇧✓ ⌃✏  �✓⌃⇧ 1✓�2 ⇥� �
⇤� ✏� 1�⌃⌫� ⇠⌃#⌃  �✓ ⇠⇥⌫2⌃◆⌥ ⇧�◆⌥✓ �✓◆⌫✓  �✓ ◆⇥⌃✏✓ ⌃#⇤⇧⇥�✓#✓◆  �⇧⇥�⌥�⇥�  �✓ +�⇠⇠
✓) ✓◆ ⇥+  �✓ ⇥✏⌫⌃⇠⇠� ⇥⇧ ✏⌃↵✓ �◆↵ <�✏ ✏�⇥1◆ ⌃◆ �⌃⌥! D!C=!

0◆  �✓ ✓�✓◆ ⇥+ 1✓�2 ⌃◆.✓⌫ ⌃⇥◆�  �✓ +⇧✓&�✓◆⌫⌅  �◆↵ 1�✓⇧✓ ◆⇥⌃✏✓ ⌃✏ ⌃#⇤⇧⇥�✓↵ ⌃✏
⇧✓↵�⌫✓↵� 1�⌃⌫� #✓�◆✏ � ⌫⇥#⇤⇠✓#✓◆ �⇧⌅ ✏ ✓⇤ ✏�⇥�⇠↵  ✓ ⌫⇥◆✏⌃↵✓⇧✓↵  ⇥ ⌃#⇤⇧⇥�✓  �✓
⇧✓#�⌃◆⌃◆⌥ ⇥⇥✏✓ ✏! ⇢�✓⇧✓+⇥⇧✓� ⌃ ⌃✏ ⇧✓⌫⇥##✓◆↵✓↵ +⇥⇧  �✓ 0�  ⇥  ✓ ↵✓✏⌃⌥◆✓↵ +⇥⇠⇠⇥1⌃◆⌥
�  1⇥�✏ ✓⇤ #✓ �⇥↵⇥⇠⇥⌥⌅ ⌃◆ ⇥⇧↵✓⇧  ⇥ ⌫⇥⇧⇧✓⌫  �✓ ⇤��✏✓�◆⇥⌃✏✓ � �⇠⇠ ⇥⇥✏✓ ✏ �✏ +⇥⇠⇠⇥1⌃◆⌥
<✏✓✓ �⌃⌥! D!C=;

D! ⌧✏✓ 1✓�2 ⌃◆.✓⌫ ⌃⇥◆  ⇥ ⌫⇥⇧⇧✓⌫ ⌫⇠⇥✏✓�⌃◆ ⇤��✏✓�◆⇥⌃✏✓!

C! 6✓ ✓⇧#⌃◆✓ �◆↵ ⌃#⇤⇠✓#✓◆ ↵✓✏⌃⌥◆ ⇥⇤ ⌃#⌃*� ⌃⇥◆✏  ⇥ #⌃◆⌃#⌃*✓  �✓ ⇤��✏✓�◆⇥⌃✏✓
⇥+  �✓ ⌘� ⇥✏⌫⌃⇠⇠� ⇥⇧ �  �✓ +�⇧ �✓⇧ ⇥⇥✏✓ ✏!

�↵⌧"� $8&= 4⌃↵✓ �◆↵ ⇤��✏✓�◆⇥⌃✏✓ ⇥+  �✓ ⌃◆.✓⌫ ⌃⇥◆�⇠⇥⌫2✓↵ ⇥✏⌫⌃⇠⇠� ⇥⇧!

+



D!? ⇢�✓✏⌃✏ ⇥⇧⌥�◆⌃*� ⌃⇥◆

⇢�✓ ⇧✓⇠�)� ⌃⇥◆ ⇥✏⌫⌃⇠⇠� ⇥⇧ ⌃✏ ⌥⇥⌃◆⌥  ⇥  ✓ ⌫⇥◆✏⌃↵✓⇧✓↵ �✏  �✓  �✏✓ ⌫⌃⇧⌫�⌃ ⌃◆ �⌃✓1 ⇥+ ⌃ ✏
�⌃⌥�✓⇧  �✓⇥⇧✓ ⌃⌫�⇠ ⇤✓⇧+⇥⇧#�◆⌫✓ �◆↵ ⌃ ✏ ◆�# ✓⇧ ⇥+ ⌃◆.✓⌫ ⌃⇥◆ ⇤⇥⌃◆ ✏ RD>� DFS! ⇢�✓ �⌃⌥�✓⇧
 �✓⇥⇧✓ ⌃⌫�⇠ ⇤✓⇧+⇥⇧#�◆⌫✓ ⌃✏ ⇧✓⇠✓��◆ ⌃◆ ⇥⇧↵✓⇧  ⇥ ⇥  �⌃◆ ⌫⇥⇧⇧✓⌫ ⌃⇥◆ ⇥+  �✓ ⇤��✏✓�◆⇥⌃✏✓ � 
 �✓ ⇠⌃#⌃ ✏ ⇥+  �✓ ✏⌃↵✓ �◆↵ 1⌃ � ⌥⇥⇥↵ ⌫⇥#⇤⇧⇥#⌃✏✓  ✓ 1✓✓◆ +⇧✓&�✓◆⌫⌅ ⇥+ ⇥⇤✓⇧� ⌃⇥◆�
✓◆✓⇧⌥⌅ ⌫⇥◆✏�#⇤ ⌃⇥◆ �◆↵ ◆⇥⌃✏✓! ⇢�✓ ✓)⌃✏ ✓◆⌫✓ ⇥+ #�⇠ ⌃⇤⇠✓ ⌃◆.✓⌫ ⌃⇥◆ ⇤⇥⌃◆ ✏ �⇠⇠⇥1✏
 ⇥  ✓✏ �◆↵ ��⇠⌃↵� ✓ ↵⌃⇥✓⇧✓◆ ⌃◆.✓⌫ ⌃⇥◆ ✏⌫�✓#✓✏ 1⌃ �  �✓ ⇤�⇧⇤⇥✏✓ ⇥+ ⌃#⇤⇧⇥�⌃◆⌥  �✓
⌃#⇤�⌫ ⇥+  �✓ ⇧✓+✓⇧✓◆⌫✓ ✏⌃⌥◆�⇠ ⇥�✓⇧  �✓ ⇥✏⌫⌃⇠⇠� ⇥⇧! ⇢�✓ ↵✓✏⌃⌥◆ 1⌃⇠⇠  ✓ ��⇠⌃↵� ✓↵ +⇥⇧ �
+⇧✓&�✓◆⌫⌅ ⇥+ C!? 98*� 1�⌃⌫� ⌃✏ �◆ �⌃⌥� +⇧✓&�✓◆⌫⌅ ⌫��◆◆✓⇠ ⇥+  �✓ ⌃◆↵�✏ ⇧⌃�⇠� ✏⌫⌃✓◆ ⌃%⌫
�◆↵ #✓↵⌃⌫�⇠ <045=  �◆↵✏� 1�✓⇧✓ ⌘� ⇥✏⌫⌃⇠⇠� ⇥⇧✏ �⇧✓ ⇥+ ⌥⇧✓� ⌃◆ ✓⇧✓✏ ⇥◆  �✓ �⌫⌫⇥�◆ 
⇥+  �✓⌃⇧ ⇠⇥1 ⌫⇥✏ �◆↵ �⇧✓��  � ⌃ ✏�⇥�⇠↵ �⇠✏⇥  ✓ ↵✓#⇥◆✏ ⇧� ✓↵  �✓ ��⇠⌃↵⌃ ⌅ +⇥⇧ ⇥ �✓⇧
✏ �◆↵�⇧↵✏ +⇧✓&�✓◆⌫⌃✓✏!

◆✓ ⌃#⇤⇥⇧ �◆ ⇧✓#�⇧2 ⌫⇥◆⌫✓⇧◆✏  �✓ ↵⌃⇤⌫�⇠ ⌅ ⌃◆ ⇥  �⌃◆⌃◆⌥ ⇤⇧⇥.✓⌫ ✓&�� ⌃⇥◆✏! ⇢�✓
↵✓✏⌫⇧⌃⇤ ⌃⇥◆ ⇥+  �✓ ✏⌅◆⌫�⇧⇥◆⌃*� ⌃⇥◆ #✓⌫��◆⌃✏# ⌃✏ ⇥+ ⌫⇥#⇤⇠✓) ◆� �⇧✓� ✏⇤✓⌫⌃�⇠⇠⌅ ⌃+  �✓
⇥✏⌫⌃⇠⇠� ⇥⇧  ⇥  ✓ ✏⌅◆⌫�⇧⇥◆⌃*✓↵ ⇧✓⇠⌃✓✏ ⇥◆ ◆⇥◆�⇠⌃◆✓�⇧⌃ ⌃✓✏  ⇥ ⇥⇤✓⇧� ✓ �✏ ⌃◆  �✓ ⌫�✏✓ ⇥+
 �✓ ⌘� ⇥✏⌫⌃⇠⇠� ⇥⇧! ⇢�✓⇧✓+⇥⇧✓�  �✓ ⌃#⇤⇠✓#✓◆ � ⌃⇥◆ ✏�⇥�⇠↵  �✏✓↵ ⇥◆ ✏⌃#⇤⇠⌃%✓↵ ↵✓✏⌃⌥◆
⌥�⌃↵✓⇠⌃◆✓✏!

�⌃◆�⇠⇠⌅�  �✓ ↵✓✏⌃⌥◆ ��⇠⌃↵� ⌃⇥◆ ✏�⇥�⇠↵ ���✓ � �⌃⌥� ⇠✓�✓⇠ ⇥+ ⌃◆↵✓⇤✓◆↵✓◆⌫✓  ⇥  �✓
⌃◆ ✓⌥⇧� ⌃⇥◆ ⇥+  �✓ ⇧✓+✓⇧✓◆⌫✓! 4⇢ �⇧✓ ✏ ⌃⇠⇠ �◆↵✓⇧ ⇧✓✏✓�⇧⌫� �◆↵  �✓ +� ⇧⌃⌫� ⌃⇥◆ ⇤⇧⇥⌫✓✏✏
⌃✏ ✏ ⌃⇠⇠  ✓⌃◆⌥ ⌃#⇤⇧⇥�✓↵!

$8+ 4⇧�⌥↵⌥ ⇥⌧⌃⇡↵:⌃◆↵⇥⇡

⇢�✓  �✓✏⌃✏ ⌃✏ ⇥⇧⌥�◆⌃*✓↵ ⌃◆ B ⌫��⇤ ✓⇧✏ �✏ +⇥⇠⇠⇥1✏;

���⇤ ✓⇧ C � 7�⌫2⌥⇧⇥�◆↵ ⇥◆ �54 ⌘� ✏⌫⌃⇠⇠� ⇥⇧✏; 0◆  �⌃✏ ⌫��⇤ ✓⇧  �✓ ↵✓✏⌃⇧� ⇠✓
⌫��⇧�⌫ ✓⇧⌃✏ ⌃⌫✏ ⇥+  �✓ ⇥✏⌫⌃⇠⇠� ⇥⇧ ⌃◆ ⇥⇧↵✓⇧  ⇥ ⌫⇥⇤✓ 1⌃ �  �✓ ⇧✓&�⌃⇧✓#✓◆ ✏ ⇥+  �✓ #⇥↵✓⇧◆
⇧✓⌫✓⌃�✓⇧  ⇥⇤⇥⇠⇥⌥⌃✓✏ �⇧✓ ↵⌃✏⌫�✏✏✓↵! ⇢�✓  1⇥ ✓)⌃✏ ✓◆ #✓⌫��◆⌃✏#✏ �✏✓↵  ⇥ ⌃#⇤⇠✓#✓◆ 
✓⇠✓⌫ ⇧⌃⌫ ⇥✏⌫⌃⇠⇠� ⇥⇧✏ �⇧✓ ⌃◆ ⇧⇥↵�⌫✓↵ �✏ 1✓⇠⇠ �✏ ✏⇥#✓ ⌥✓◆✓⇧�⇠ ⌃↵✓�✏ ⇥◆  �✓  ⌅⇤⌃⌫�⇠ �⌃⌥�
+⇧✓&�✓◆⌫⌅ �54 ⌘� ⇥✏⌫⌃⇠⇠� ⇥⇧  ⇥⇤⇥⇠⇥⌥⌃✓✏! ⇢�✓⌃⇧ ⇤✓⇧+⇥⇧#�◆⌫✓ ⌃◆  ✓⇧#✏ ⇥+  �✓  ⇧�↵✓�
⇥⇥  ✓ 1✓✓◆ ✓◆✓⇧⌥⌅ ⌫⇥◆✏�#⇤ ⌃⇥◆ �◆↵ ⇤��✏✓�◆⇥⌃✏✓ ⌃✏ �⇠✏⇥ �↵↵⇧✓✏✏✓↵!

���⇤ ✓⇧ N � 0◆.✓⌫ ⌃⇥◆�⇠⇥⌫2⌃◆⌥ ⇥+ �54 ✏⌫⌃⇠⇠� ⇥⇧✏; 0◆  �⌃✏ ⌫��⇤ ✓⇧  �✓ ⇤�✓◆⇥#✓◆�
⇥+ ⌃◆.✓⌫ ⌃⇥◆�⇠⇥⌫2⌃◆⌥ ⌃✏ ↵✓✏⌫⇧⌃ ✓↵ �◆↵  �✓ ✏⌅◆⌫�⇧⇥◆⌃*� ⌃⇥◆ #⇥↵✓⇠✏ �⇧✓ ⇤⇧✓✏✓◆ ✓↵!

���⇤ ✓⇧ ? � 6✓✏⌃⌥◆ ⇥+ �◆ 0� 7�✏✓↵ ⇥◆ �◆ ⌘� ✏⌫⌃⇠⇠� ⇥⇧; 0◆  �⌃✏ ⌫��⇤ ✓⇧  �✓ ⌫��⇠�
⇠✓◆⌥✓✏ ⌃◆�⇥⇠�✓↵ ⌃◆  �✓ ⌃#⇤⇠✓#✓◆ � ⌃⇥◆ ⇥+ �◆ 0� �⇧✓ ↵⌃✏⌫�✏✏✓↵! 0 ⌫⇥◆⌫⇠�↵✓✏ ⇥◆  �✓
#⇥✏ ✏�⌃ � ⇠✓ ↵✓✏⌃⌥◆ �⇤⇤⇧⇥�⌫�  �2⌃◆⌥ ⌃◆ ⇥ �⌫⌫⇥�◆  �✓ ���⌃⇠� ⇠✓ ⇧✓+✓⇧✓◆⌫✓✏ �◆↵  �✓
⇥✏⌫⌃⇠⇠� ⇥⇧ ⌫⌃⇧⌫�⌃ !

.



D! 0◆ ⇧⇥↵�⌫ ⌃⇥◆

���⇤ ✓⇧ @ � /✓�2 0◆.✓⌫ ⌃⇥◆ ⌃◆ �◆ ⌘� ✏⌫⌃⇠⇠� ⇥⇧; 0◆  �⌃✏ ⌫��⇤ ✓⇧ � &��⇠⌃ � ⌃�✓ ✏ �↵⌅
⇥+ ✏⌅◆⌫�⇧⇥◆⌃*� ⌃⇥◆  ⌅ ⌃◆.✓⌫ ⌃⇥◆ ⌃◆ �◆ ⌘� ⇥✏⌫⌃⇠⇠� ⇥⇧ ⌃✏ ⇤⇧✓✏✓◆ ✓↵! 6✓✏⌃⌥◆ ⌥�⌃↵✓⇠⌃◆✓✏
�⇧✓ ⌫⇥◆✏⌃↵✓⇧✓↵  ⇥ #�)⌃#⌃*✓  �✓ ⌃#⇤�⌫ ⇥+  �✓ ⌃◆.✓⌫ ✓↵ ✏⌃⌥◆�⇠� �◆↵  �✓ #⌃◆⌃#�# �#�
⇤⇠⌃ �↵✓ ⇧✓&�⌃⇧✓↵ +⇥⇧ ✏⌅◆⌫�⇧⇥◆⌃*� ⌃⇥◆ ⌃✏ ↵✓ ✓⇧#⌃◆✓↵!

���⇤ ✓⇧ E � 8⌃⌥� 3✓⇧+⇥⇧#�◆⌫✓ ⌘� ✏⌫⌃⇠⇠� ⇥⇧; 0◆  �⌃✏ ⌫��⇤ ✓⇧ �#⇥↵⌃%✓↵ ⇧✓⇠�)� ⌃⇥◆
⇥✏⌫⌃⇠⇠� ⇥⇧ ⌫⌃⇧⌫�⌃ 1⌃ � �⌃⌥� �⇥5 � �⌃⌥� +⇧✓&�✓◆⌫⌅ ⌃✏ ⇤⇧✓✏✓◆ ✓↵! ⇢�✓ ⇤✓⇧+⇥⇧#✓↵#⇥↵�
⌃%⌫� ⌃⇥◆✏ �◆↵ ↵✓✏⌃⌥◆ ⌥�⌃↵✓⇠⌃◆✓✏ �⇧✓ ↵⌃✏⌫�✏✏✓↵ �◆↵ ��⇠⌃↵� ✓↵!

���⇤ ✓⇧ B � �⇥◆⌫⇠�✏⌃⇥◆✏ �◆↵ �� �⇧✓ /⇥⇧2; 0◆  �⌃✏ ⌫��⇤ ✓⇧  �✓ ⌫⇥◆⌫⇠�✏⌃⇥◆✏ �⇧✓ ⇤⇧✓�
✏✓◆ ✓↵ �✏ 1✓⇠⇠ �✏ �  ⇧⌃✓+ ↵⌃✏⌫�✏✏⌃⇥◆ ⇥+ +� �⇧✓ ⇧✓✏✓�⇧⌫� ↵⌃⇧✓⌫ ⌃⇥◆✏!!

$8. �↵⌧↵⇡⌃✓ ⌘⇥⇡◆↵�"◆↵⇥⇡⌥

⇢1⇥ ◆✓1#⇥↵⌃%✓↵ ⌘� ⇥✏⌫⌃⇠⇠� ⇥⇧ ⌫⌃⇧⌫�⌃ ✏ ⌫�⇤� ⇠✓ ⇥+ ⇥⇤✓⇧� ⌃◆⌥ � � �⌃⌥� +⇧✓&�✓◆⌫⌅
1�⌃⇠✓ ✓)�⌃ ⌃ ⌃◆⌥ ⇧✓↵�⌫✓↵ ⇤��✏✓�◆⇥⌃✏✓;

⇥ ���⇤ ✓⇧ @; " #✓ �⇥↵⇥⇠⇥⌥⌅ ⇥+ ✏⌃#�⇠� ⌃⇥◆ ⇥+ 0�P✏  ⇥ ⇧✓ ⇧⌃✓�✓  �✓ ⇠⇥⌫2⌃◆⌥ ⇧�◆⌥✓�
�◆↵  �✓ ↵✓⇤✓◆↵✓◆⌫⌅ ⇥◆  �✓ ⇧✓+✓⇧✓◆⌫✓ ⇤��✏✓�◆⇥⌃✏✓ �⇧✓ ⇤⇧✓✏✓◆ ✓↵! "◆ ✓)⇤✓⇧⌃�
#✓◆ �⇠ ✓��⇠�� ⌃⇥◆ ⇥+ ��⇧#⇥◆⌃⌫ ✏⌅◆⌫�⇧⇥◆⌃*� ⌃⇥◆ ⌃◆ ⌘� ⇥✏⌫⌃⇠⇠� ⇥⇧✏ �✏⌃◆⌥ 1✓�2
⌃◆.✓⌫ ⌃⇥◆ ⌃✏ �⇠✏⇥ ⇤⇧✓✏✓◆ ✓↵ RCAS!

⇥ ���⇤ ✓⇧ E; 0 ⌃✏ ⇤⇧✓✏✓◆ ✓↵  �✓ ✏ �↵⌅ �◆↵ ↵✓✏⌃⌥◆ ⇥+ � #⇥↵⌃%✓↵ ⇧✓⇠�)� ⌃⇥◆ ⇥✏�
⌫⌃⇠⇠� ⇥⇧  �� ��✏ ⇧✓↵�⌫✓↵ ⇤��✏✓�◆⇥⌃✏✓ � �⌃⌥�✓⇧ ⇥⇥✏✓ ✏ 1�⌃⇠✓ ⇥⇤✓⇧� ⌃◆⌥ � �⌃⌥�
+⇧✓&�✓◆⌫⌅! ⇢�✓ #⇥↵⌃%⌫� ⌃⇥◆✏ �⇠✏⇥ �⇠⇠⇥1✓↵  �✓ ⇧✓↵�⌫ ⌃⇥◆ ⇥+  �✓ ⇧✓⇠�)� ⌃⇥◆ ⇥✏⌫⌃⇠�
⇠� ⇥⇧ ⇤✓⇧+⇥⇧#�◆⌫✓ ⌥�⇤  ⇥  �✓  �✓⇥⇧✓ ⌃⌫�⇠ ⇥⇤ ⌃#�# RCD� CCS!

⇣����⇡⌘�⌥

RDS �! �⇧⇥⇠✏ �◆↵5! 4 ✓⌅�✓⇧ �⇤⌅⇧⌃ ⌥� ⌦↵⌦�� � �✏�⇣⌦�⌘⌦ ✓⌦��◆✏! U⇠�1✓⇧� DFFB <⌫⌃ ! ⇥◆
⇤⇤! C� DC� CF=!

RCS U! 0◆⌃✓1✏2⌃� �⌃� ⇤� ⇣⌫��� ⇠⇡ ⇢�⇡�⌦⌧�⇣�↵ ���↵�⇣���⇡✏�! "⇧ ✓⌫� 8⇥�✏✓� CAA>� ⌫�! @
<⌫⌃ ! ⇥◆ ⇤⇤! C� DA� D@� CF� DCE=!

RNS "! ��⇧⇠✏⇥◆� ⇤⇡��⌫✏�⇣���⇡✏ ⌃���⌦�� �✏ �✏� ⇡⌧⌫⇣��⇡✏ �⇡ ⌃�◆✏�↵� �✏⌧ !⇡��⌦ �✏ "↵⌦⇣#
� �⇣�↵ ⇤⇡��⌫✏�⇣���⇡✏! 5⌫9⇧�1�8⌃⇠⇠� DF>E <⌫⌃ ! ⇥◆ ⇤⇤! C� CA=!

R?S �! 7! ⇠⌃�✓⌃⇧�� �! ⌘! �✓⇧◆�◆↵✓✏� 0! 5! �⌃⇠�◆⇥�✏2⌅� �! �! :✓⇧�⇥✓�✓◆� �◆↵ 5! 5!
4⌃⇠��� �✏�↵���� �✏⌧ ✓⌦��◆✏ ⇡⇠ $⌫�⌧ ��⌫ ⌦ ⇧�⇣�↵↵��⇡ �! 4⇤⇧⌃◆⌥✓⇧� CAA> <⌫⌃ ! ⇥◆ ⇤⇤! C�
D@� CF� ND� NN� NE=!

-



⌘✓+✓⇧✓◆⌫✓✏

R@S 7! ⌘�*��⌃� %& ⌅�⇣ ⇡⌦↵⌦⇣� ⇡✏�⇣�� ✏✓⇧! 3⇧✓◆ ⌃⌫✓ 8�⇠⇠ �⇥##�◆⌃⌫� ⌃⇥◆✏ ⌦◆⌥⌃◆✓✓⇧⌃◆⌥
�◆↵ ⌦#✓⇧⌥⌃◆⌥ ⇢✓⌫�◆⇥⇠⇥⌥⌃✓✏! 3⇧✓◆ ⌃⌫✓ 8�⇠⇠� CADC <⌫⌃ ! ⇥◆ ⇤⇤! C� ?� DD� DC� C?� CF�
??� DCE=!

RES ⇢! 8! �✓✓� �⇥⌦ ✓⌦��◆✏ ⇡⇠ ⇤⌅⇧⌃ %�⌧�⇡ & ⌦'⌫⌦✏⇣� �✏�⌦◆ ��⌦⌧ ⇤� ⇣⌫��� ()✏⌧ ⌦⌧���⇡✏*!
��# ⇧⌃↵⌥✓ ⌧◆⌃�✓⇧✏⌃ ⌅ 3⇧✓✏✏� CAA? <⌫⌃ ! ⇥◆ ⇤⇤! C� DA� CF=!

RBS ⌘! ��◆ ↵✓ 3⇠�✏✏⌫�✓� �! 8�⌃.✏⌃◆⌥� �◆↵/! 4�◆✏✓◆��✏�↵⇡◆ ⇤� ⇣⌫�� ✓⌦��◆✏ %& �✏�↵⇡◆#
�⇡#✓�◆���↵ ⇤⇡✏⌘⌦ �⌦ �+ ⌃⌦✏�⇡ �✏⌧ �⇣�⌫��⇡ �✏�⌦ ⇠�⇣⌦�+ �⇡,#!⇡��⌦ ⇧�⇣�↵↵��⇡ �- .���
�✏⌧ ⌃�✏�⇥⌦��/⌦ �! 4⇤⇧⌃◆⌥✓⇧ ⌧4� CADN <⌫⌃ ! ⇥◆ ⇤⇤! C� ?� ??� DCE=!

R>S 7! ⌘�*��⌃� J" ✏ �↵⌅ ⇥+ ⇤��✏✓ ◆⇥⌃✏✓ ⌃◆ �54 ⇥✏⌫⌃⇠⇠� ⇥⇧✏�K �""" 0⇡⌫ ✏�↵ ⇡⇠ ⌃⇡↵�⌧#
⌃���⌦ ⇤� ⇣⌫���� �⇥⇠! ND� ◆⇥! N� ⇤⇤! NNDQN?N� DFFE <⌫⌃ ! ⇥◆ ⇤⇤! C� ?� C?� C@� NN� @D� EF�
DAC� DCE=!

RFS 4! :✓⇧#�� 8! ⌘! ⌘� ✓⌥�� �◆↵ ⇢! 8! �✓✓� J" �◆⌃%✓↵ #⇥↵✓⇠ +⇥⇧ ⌃◆.✓⌫ ⌃⇥◆�⇠⇥⌫2✓↵
+⇧✓&�✓◆⌫⌅ ↵⌃�⌃↵✓⇧✏�K �""" 0⇡⌫ ✏�↵ ⇡⇠ ⌃⇡↵�⌧#⌃���⌦ ⇤� ⇣⌫���� �⇥⇠! N>� ◆⇥! E� ⇤⇤! DAD@Q
DACB� ��◆! CAAN <⌫⌃ ! ⇥◆ ⇤⇤! C� ?� ?@� ?B� @D� @C� >N� DCE=!

RDAS ⌘! "↵⇠✓⇧� J" ✏ �↵⌅ ⇥+ ⇠⇥⌫2⌃◆⌥ ⇤�✓◆⇥#✓◆� ⌃◆ ⇥✏⌫⌃⇠⇠� ⇥⇧✏�K. ⇡⇣⌦⌦⌧�✏◆� ⇡⇠ �⇥⌦ �"""�
�⇥⇠! ED� ◆⇥! DA� ⇤⇤! DN>AQDN>@� ⌫ ! DFBN <⌫⌃ ! ⇥◆ ⇤⇤! C� ?E� ?B� ?F� DCE=!
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⇥+ ⌃◆ ✓⇧✓✏ � 1�⌃⌫�#✓�◆✏  �✓⇧✓ ⌃✏  �✓ ⇤⇧⇥ ⇠✓#⇥+ ✓)⌃✏ ⌃◆⌥ ⌃◆ ✓⇧+✓⇧⌃◆⌥ ✏⌃⌥◆�⇠✏ ↵�⇧⌃◆⌥  �✓
⇤⇧⇥⌫✓✏✏ ⇥+ ↵✓#⇥↵�⇠� ⌃⇥◆! ⇢�⌃✏ ⇤⇥✏✓✏ � ⇤⇧⇥ ⇠✓# ✏⇤✓⌫⌃�⇠⇠⌅  ⇥  �✓ ↵✓✏⌃⌥◆ ⇥+  �✓ ⇧✓⌫✓⌃�✓⇧
⇠⇥⌫�⇠ ⇥✏⌫⌃⇠⇠� ⇥⇧ <�= ✏⌃◆⌫✓ ⌃ ⌃✏ ⇧✓&�⌃⇧✓↵  ⇥ ���✓ � ◆�⇧⇧⇥1 ✏⇤✓⌫ ⇧�⇠ ⌫⇥#⇤⇥◆✓◆ ⌃◆ ⇥⇧↵✓⇧
+⇥⇧  �✓ ⇧✓⌫✓⌃�✓⇧  ⇥ ���✓ ⌥⇥⇥↵ ⌃◆ ✓⇧+✓⇧✓◆⌫✓ ⇧✓.✓⌫ ⌃⇥◆ �◆↵ ⌥⇥⇥↵ ⌫��◆◆✓⇠ ✏✓⇠✓⌫ ⌃�⌃ ⌅!

0◆  �✓ +⇥⇠⇠⇥1⌃◆⌥ ✏✓⌫ ⌃⇥◆✏ � +✓1 ⌫⇥##⇥◆⇠⌅ �✏✓↵ ⇧✓⌫✓⌃�✓⇧  ⇥⇤⇥⇠⇥⌥⌃✓✏ �⇧✓ ⇤⇧✓✏✓◆ ✓↵
�◆↵ ↵⌃✏⌫�✏✏✓↵!

$2



C!D /⌃⇧✓⇠✓✏✏ ⇧✓⌫✓⇤ ⌃⇥◆

&8$8$ 1�◆�⇥�!⇡� �⌘�↵��

⇢�✓ 8✓ ✓⇧⇥↵⌅◆✓ ⇥⇧ ⌃◆ ✓⇧#✓↵⌃� ✓�+⇧✓&�✓◆⌫⌅ <0�= ⇧✓⌫✓⌃�✓⇧ ⌃✏ ✏�⇥1◆ ⌃◆ �⌃⌥! C!D
R@S! �⇥⇧  �✓ ⇤�⇧⇤⇥✏✓ ⇥+ ↵⇥1◆�⌫⇥◆�✓⇧✏⌃⇥◆ ⌃ ⇤✓⇧+⇥⇧#✏ ✏✓�✓⇧�⇠ +⇧✓&�✓◆⌫⌅  ⇧�◆✏⇠� ⌃⇥◆✏
�◆↵ ⌫�◆ �✏✓ ⇥◆✓ ⇥⇧ #⇥⇧✓ 0� +⇧✓&�✓◆⌫⌃✓✏! ⇢�✓ ↵⇥1◆�⌫⇥◆�✓⇧✏⌃⇥◆ +⇥⇧ � ⇠⇥1 +⇧✓&�✓◆⌫⌅
�⇠⇠✓�⌃� ✓✏  �✓ ✏⇤✓⌫⌃%⌫� ⌃⇥◆✏ ⇥◆ ✏⇥#✓ ⇥+  �✓  ⇠⇥⌫2✏; ✓!⌥! ⇠⇥1�⇤�✏✏ %⇠ ✓⇧ �◆↵  �✓
�◆�⇠⇥⌥�✓� ⇥�↵⌃⌥⌃ �⇠ ⌫⇥◆�✓⇧ ✓⇧ <"6�=! ⇢⌅⇤⌃⌫�⇠⇠⌅�  �✓ ↵✓#⇥↵�⇠� ⌃⇥◆ ⌃✏ ↵⇥◆✓ ⌃◆  �✓
�◆�⇠⇥⌥ ↵⇥#�⌃◆� �⇥1✓�✓⇧� ⌃+  �✓ ⇠�✏ +⇧✓&�✓◆⌫⌅  ⇧�◆✏⇠� ⌃⇥◆ ⌃✏ ↵⇥◆✓  ⇥ � ✏�⇤⌫⌃✓◆ 
⇠⇥1 +⇧✓&�✓◆⌫⌅  �✓ ↵✓#⇥↵�⇠� ⌃⇥◆ ⇤⇧⇥⌫✓✏✏ ⌃✏ ⇤⇥✏✏⌃ ⇠✓  ⇥  ✓ ⇤✓⇧+⇥⇧#✓↵ ⌃◆  �✓ ↵⌃⌥⌃ �⇠
↵⇥#�⌃◆!

�↵⌧"� &8$= 8✓ ✓⇧⇥↵⌅◆✓ ⌘✓⌫✓⌃�✓⇧

0 ⇧✓&�⌃⇧✓✏ � +✓1 ⌫��◆◆✓⇠ ✏✓⇠✓⌫ ⌃⇥◆ %⇠ ✓⇧✏  ⇥ ↵✓�⇠ 1⌃ � �↵.�⌫✓◆ ⌫��◆◆✓⇠✏ �◆↵
⌃◆ ✓⇧+✓⇧✓◆⌫✓! ◆✓ ⇥+  �✓ #⇥✏ ⌃#⇤⇥⇧ �◆ ⌃✏  �✓ ⌃#�⌥✓ ⇧✓.✓⌫ %⇠ ✓⇧ <0⌘�=  �� ↵✓�⇠✏ 1⌃ �
 �✓ ⌃#�⌥✓ ✏⌃⌥◆�⇠! ⇢�✓ ⌃#�⌥✓ ✏⌃⌥◆�⇠ ⌃✏ � ✏⌃⌥◆�⇠  �� ⌃✏ �✏ +�⇧ �⇤�⇧ +⇧⇥# � ✏⌃⌥◆�⇠ �✏  �✓
✏⌃⌥◆�⇠ ⇥+ ⌃◆ ✓⇧✓✏ ! ⇢�✓ ✓)⌃✏ ✓◆⌫✓ ⇥+  �✓ ⌃#�⌥✓ ✏⌃⌥◆�⇠ ⇤⇥✏✓✏ � ⇤⇧⇥ ⇠✓# ✏⌃◆⌫✓ ⌃ ⌫��✏✓✏
✏⇤✓⌫ ⇧�⇠ ⇥�✓⇧⇠�⇤⇤⌃◆⌥ ⇥�✓⇧  �✓ ✏⌃⌥◆�⇠ ⇥+ ⌃◆ ✓⇧✓✏ � �✏ ✏�⇥1◆ ⌃◆ �⌃⌥! C!C! 0+ 1✓ ⌫⇥◆✏⌃↵✓⇧
#⌃)⌃◆⌥ ✓⇥✓⌫ ⇥�✓⇧  �✓ ⌃#�⌥✓ ✏⌃⌥◆�⇠;

⌘�⌅⇥�&<�= ⌅
�⌅�⇧

C
⌫⇥✏<<⇤�⌅ � ⇤�⇧=�= ⇧

�⌅�⇧

C
⌫⇥✏<<⇤�⌅ ⇧ ⇤�⇧=�= <C!D=

4⌃◆⌫✓ ⇤�⌅ ⌅ C⇤�⇧ � ⇤%&;

⌘�⌅⇥�&<�= ⌅
�⌅�⇧

C
⌫⇥✏<<⇤�⇧ � ⇤%&=�= ⇧

�⌅�⇧

C
⌫⇥✏<<N⇤�⇧ � ⇤%&=�= <C!C=

�↵⌧"� &8&= 0#�⌥✓ ⇤⇧⇥ ⇠✓# ⌃◆  �✓ �✓ ✓⇧⇥↵⌅◆✓ ⇧✓⌫✓⌃�✓⇧!

$$
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⇢�✓ ↵✓✏⌃⇧✓↵ ⌫��◆◆✓⇠ �◆↵  �✓ ⌃#�⌥✓ ���✓ � +⇧✓&�✓◆⌫⌅ ↵⌃⇥✓⇧✓◆⌫✓ ⇥+ C⇤�&�  �✓ ⌫�⇥⌃⌫✓
⇥+  �⌃✏ ⇤�& +⇧✓&�✓◆⌫⌅ ⌃✏ �✏��⇠⇠⌅ ✏� .✓⌫  ⇥ ⌥⇧✓� �◆�⇠⌅✏⌃✏ ✏⌃◆⌫✓ ⌃ 1⌃⇠⇠ ⌃#⇤⇥✏✓  �✓
⇧✓&�⌃⇧✓↵ &��⇠⌃ ⌅ +�⌫ ⇥⇧ +⇥⇧  �✓ 0⌘ �◆↵  �✓ ⌫��◆◆✓⇠ ✏✓⇠✓⌫ ⌃⇥◆ %⇠ ✓⇧! ⇢�✓⇧✓ ⌃✏ � ⌃◆�✓⇧✓◆ 
 ⇧�↵✓�⇥⇥  ✓ 1✓✓◆ ⌃#�⌥✓ ⇧✓.✓⌫ ⌃⇥◆ �◆↵ ⌫��◆◆✓⇠ ✏✓⇠✓⌫ ⌃�⌃ ⌅ �◆↵ �✏��⇠⇠⌅ � ⇠✓�✏ ⇥◆✓ ⇥+
 �✓ %⇠ ✓⇧✏#�✏  ✓ ⌃#⇤⇠✓#✓◆ ✓↵ ⇥⇥�⌫�⌃⇤  ✓⌫��✏✓ �⌃⌥��⇤✓⇧+⇥⇧#�◆⌫✓ %⇠ ✓⇧✏ �⇧✓ ↵⌃⇤⌫�⇠ 
 ⇥ ⇥  �⌃◆ ⌃◆ ⌃◆ ✓⌥⇧� ✓↵  ✓⌫�◆⇥⇠⇥⌥⌅! ⇢�⌃✏ ⌫⇥◆✏✓&�✓◆ ⇠⌅ ⌃◆⌫⇧✓�✏✓✏  �✓ ⌃#⇤⇠✓#✓◆ � ⌃⇥◆
⌫⇥✏ ⇥+  �✓ ⇧✓⌫✓⌃�✓⇧!

&8$8& 1⇥�⇥�!⇡� �⌘�↵��

⇢�✓ 8⇥#⇥↵⌅◆✓ ⇥⇧ W✓⇧⇥�0� ⇧✓⌫✓⌃�✓⇧ ⌃✏ ✏�⇥1◆ ⌃◆ �⌃⌥! C!N R@S! ⇢�⌃✏  ⌅⇤✓ ⇥+ ⇧✓⌫✓⌃�✓⇧
↵⌃⇧✓⌫ ⇠⌅  ⇧�◆✏⇠� ✓✏  �✓ ⌃◆⇤� ✏⌃⌥◆�⇠  ⇥  �✓  �✏✓ �◆↵! ⇢�⌃✏ ⇤�⇧ ⌃⌫�⇠�⇧⌃ ⌅ ⇧✓✏�⇠ ✏ ⌃◆ �
✏⌃#⇤⇠✓⇧ �⇧⌫�⌃ ✓⌫ �⇧✓ �◆↵ �⇠⇠⇥1✏  �✓ ⇤⇥✏✏⌃ ⌃⇠⌃ ⌅ ⇥+ � ⌫⇥#⇤⇠✓ ✓ ⌃◆ ✓⌥⇧� ⌃⇥◆ ✏⌃◆⌫✓ ⌃ ↵⇥✓✏
◆⇥ ⇧✓&�⌃⇧✓ ⇥⇥�⌫�⌃⇤ %⇠ ✓⇧✏!

�↵⌧"� &8)= O��↵⇧� �⇧✓ 8⇥#⇥↵⌅◆✓ ⌘✓⌫✓⌃�✓⇧

8⇥1✓�✓⇧�  ✓⌫��✏✓ ⌃ ↵⌃⇧✓⌫ ⇠⌅ ✏�⌃+ ✏  �✓ ✏⌃⌥◆�⇠ ⇥+ ⌃◆ ✓⇧✓✏  ⇥  �✏✓ �◆↵ ⌃ ��✏ ✏⇥#✓
↵⇧�1 �⌫2✏;

⇥ 0 ⌃✏ �⇥✓⌫ ✓↵  ⌅ H⌃⌫2✓⇧ ◆⇥⌃✏✓� 6� ⇥⇥✏✓ �◆↵ C✏⌧ ⇥⇧↵✓⇧ ↵⌃✏ ⇥⇧ ⌃⇥◆I

⇥ �✓�2�⌥✓⇥⌫⌫�⇧✏  ✓ 1✓✓◆ ⇠⇥⌫2✏  �� ⌫�◆ ⌫��✏✓�✏⌃⌥◆�⇠ ⇧�↵⌃� ⌃⇥◆  ⇥  �✓ �◆ ✓◆◆�
⇥⇧ � ✏✓⇠+�#⌃)⌃◆⌥I

⇥ O��↵⇧� �⇧✓ #⌃✏#� ⌫� �⇥✓⌫ ✏  �✓ ⌫⇥◆✏ ✓⇠⇠� ⌃⇥◆ ↵⌃�⌥⇧�#!

&8$8) �⇥⇤ %� �⌘�↵��

⇢�✓ �⇥1�0� ⌃✏ � #⇥↵✓⇧◆ ⇧✓⌫✓⌃�✓⇧  �� ⌫⇥# ⌃◆✓✏  �✓ �⇧⌫�⌃ ✓⌫ �⇧✓✏ ⇥+  �✓  ⌅⇤⌃⌫�⇠
�⇥#⇥↵⌅◆✓ �◆↵  �✓ �✓ ✓⇧⇥↵⌅◆✓ ⇧✓⌫✓⌃�✓⇧ RDS! 0 ⌃✏ #�⌃◆⇠⌅  �✏✓↵ ⇥◆  �✓ �✓ ✓⇧⇥↵⌅◆✓
⇧✓⌫✓⌃�✓⇧ 1�✓⇧✓  �✓ ✏⌃⌥◆�⇠ ⌃✏ ✏�⌃+ ✓↵  ⇥ � ⇠⇥1 0�! 4⌃◆⌫✓ ⌃ ↵⇥✓✏ ◆⇥ ↵⇥1◆�⌫⇥◆�✓⇧ 
 �✓ ✏⌃⌥◆�⇠ ⇥+ ⌃◆ ✓⇧✓✏  ⇥  �✏✓ �◆↵� H⌃⌫2✓⇧ ◆⇥⌃✏✓ ⌃✏ ◆⇥ ⇠⇥◆⌥✓⇧ � ⌫⇧⌃ ⌃⌫�⇠ ⌃✏✏�✓ �◆↵
 �✓ ↵⌃✏ ⇥⇧ ⌃⇥◆ ⇧✓&�⌃⇧✓#✓◆ ✏ ⌫�◆  ✓ ⇧✓⇠�)✓↵� #�2⌃◆⌥  �✓ 0◆⇤� ⇧✓+✓⇧⇧✓↵ ✏✓⌫⇥◆↵�⇥⇧↵✓⇧
⌃◆ ✓⇧⌫✓⇤ ⇤⇥⌃◆ <003C= ⇤�⇧�#✓ ✓⇧ ⇠✓✏✏ ⌫⇧⌃ ⌃⌫�⇠!

$&



C!D /⌃⇧✓⇠✓✏✏ ⇧✓⌫✓⇤ ⌃⇥◆

⇢�✓ ⇠⌃#⌃ � ⌃⇥◆ ⇥+  �⌃✏ �⇤⇤⇧⇥�⌫� ⌃✏  ��  �✓ ⌃#�⌥✓ ⇤⇧⇥ ⇠✓# ✏ ⌃⇠⇠ ⇤✓⇧✏⌃✏ ✏ ⇠⌃2✓ ⌃◆  �✓
�✓ ✓⇧⇥↵⌅◆✓ ⇧✓⌫✓⌃�✓⇧ <✏✓✓ �⌃⌥! C!C=! 4⌃◆⌫✓ +�⇠⇠ ⌃◆ ✓⌥⇧� ⌃⇥◆ ⇥+  �✓ ⇧✓⌫✓⌃�✓⇧ ⌃✏ ↵✓✏⌃⇧� ⇠✓�
 �✓ ⌃#�⌥✓ ⇤⇧⇥ ⇠✓# #�✏ ◆⇥  ✓ �↵↵⇧✓✏✏✓↵ ⇧✓✏⇥⇧ ⌃◆⌥  ⇥  �✓ �✏✓ ⇥+ ⇧✓.✓⌫ ⌃⇥◆ %⇠ ✓⇧✏!
0◆✏ ✓�↵� ⌫�◆⌫✓⇠⇠� ⌃⇥◆  ✓⌫�◆⌃&�✓✏ ⌫�◆  ✓ �✏✓↵ ⇠⌃2✓  �✓ 8�⇧ ⇠✓⌅ <✏✓✓ �⌃⌥! C!?= �◆↵  �✓
/✓��✓⇧ <✏✓✓ �⌃⌥! C!@= �⇧⌫�⌃ ✓⌫ �⇧✓✏! �✓ ✏ %⇧✏ ⌃◆ ⇧⇥↵�⌫✓  �✓ 8�⇧ ⇠✓⌅ ⌫⇥◆%⌥�⇧� ⌃⇥◆ ⇥+
 �✓ �⇥1�0� ⇧✓⌫✓⌃�✓⇧ ⌃◆ �⌃⌥! C!?;

�↵⌧"� &8+= �⇥1�0� ⇧✓⌫✓⌃�✓⇧ 1⌃ � 8�⇧ ⇠✓⌅ ⌃#�⌥✓ ⇧✓.✓⌫ ⌃⇥◆ ⌫⇥◆%⌥�⇧� ⌃⇥◆!

0+ ⇥◆✓ ⌫⇥◆✏⌃↵✓⇧✏  �✓ ⌃◆⇤�  ⇥  ✓ ⇥+  �✓ +⇥⇧#;

9<�= ⌅ %& ⌫⇥✏ <⇤%&�= ⇧ �� ⌫⇥✏ <⇤���= <C!N=

"+ ✓⇧  �✓ ⇠⇥1 ⇤�✏✏ %⇠ ✓⇧  �✓ ⌃◆�⇤��✏✓ ✏⌃⌥◆�⇠� ��<�=� �◆↵ &��↵⇧� �⇧✓ ✏⌃⌥◆�⇠� �$<�=;

��<�= ⌅
%&�⇧

C
⌫⇥✏R<⇤�⇧ � ⇤%&=�S ⇧

���⇧

C
⌫⇥✏R<⇤�� � ⇤�⇧=�S <C!?=

�$<�= ⌅
%&�⇧

C
✏⌃◆R<⇤�⇧ � ⇤%&=�S ⇧

���⇧

C
✏⌃◆R<⇤�� � ⇤�⇧=�S <C!@=

4⌃◆⌫✓ � ⇤��✏✓ ✏�⌃+ ⇥+ �FA ⌃✏ �⇤⇤⇠⌃✓↵  ⇥  �✓ ✏⌃⌥◆�⇠ ��<�=

��<�= ⌅
�&

C
⌫⇥✏<⇤�&�= � ���⇧

C
⌫⇥✏<<⇤�⇧ � ⇤��=�= <C!E=

0+ ��<�= �◆↵ �$<�=� �⇧✓ ✏�##✓↵�  �✓ ⌃#�⌥✓ ⌃✏ ✏�⇤⇤⇧✓✏✏✓↵;

��&<�= ⌅ �& ⌫⇥✏ <⇤�&�= <C!B=

⇢�✓ ✏�#✓ ⇥⇤✓⇧� ⌃⇥◆ ⌫�◆  ✓ ↵⇥◆✓ 1⌃ �  �✓ /✓��✓⇧ �⇧⌫�⌃ ✓⌫ �⇧✓ <✏✓✓ �⌃⌥! C!@=! 0 ⌃✏
✏⌃#⌃⇠�⇧  � ⌃ �✏✓✏ � ✏✓⌫⇥◆↵ #⌃)✓⇧ ✏ �⌥✓ �  �✓ +⇧✓&�✓◆⌫⌅ ⇤�&!

$)
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�↵⌧"� &8.= �⇥1�0� ⇧✓⌫✓⌃�✓⇧ 1⌃ � /✓��✓⇧ ⌃#�⌥✓ ⇧✓.✓⌫ ⌃⇥◆  ⇥⇤⇥⇠⇥⌥⌅!

0 ⌃✏ ⇤⇥✏✏⌃ ⇠✓  ⇥ �◆↵✓⇧✏ �◆↵  �� ✏�⇤⇤⇧✓✏✏⌃◆⌥  �✓ ⌃#�⌥✓  ⇧⇥�⌥� ⌃ ✏ ◆✓⌥� ⌃�✓ ⇧✓⇤⇠⌃⌫�
⌃✏↵✓⇤✓◆↵✓◆ ⇥◆�⌫⌫�⇧� ✓&��↵⇧� �⇧✓�✏⌃⌥◆�⇠✏!⇢�✓�✏⌅##✓ ⇧⌅ ⌃◆  �✓↵⇥1◆�⌫⇥◆�✓⇧ ✓↵
✏⌃⌥◆�⇠✏ ⌫�◆  ✓ ✓)⇤⇧✓✏✏✓↵ ⌃◆ ⌥�⌃◆ �◆↵⇤��✏✓ ✓⇧⇧⇥⇧✏! ⌧✏��⇠⇠⌅  �✓ ⌥�⌃◆ ✓⇧⇧⇥⇧ ⌃✏ ⌃◆ ⇧⇥↵�⌫✓↵
 ⌅  �✓ #⌃)✓⇧ ✏ �⌥✓  �� ⌫�◆ ⇤⇧✓✏✓◆ ⌫⇥◆�✓⇧✏⌃⇥◆ ⇠⇥✏✏ 1�⌃⌫� ⇧✓✏�⇠ ✏ ⌃◆ ↵⇥1◆�⌫⇥◆�✓⇧ ✓↵
✏⌃⌥◆�⇠✏ 1⌃ � �◆✓&��⇠ �#⇤⇠⌃ �↵✓✏! ◆  �✓ ⇥ �✓⇧ ��◆↵  �✓ ⇤��✏✓ H�⌫ �� ⌃⇥◆✏ �⇧✓
#�⌃◆⇠⌅ ⌫��✏✓↵  ⌅ #⌃✏#� ⌫�✓✏ ⌃◆  �✓ � ↵✓✏⌃⌥◆! ⌧✏��⇠⇠⌅  �✓⌅ �⇧✓ ⇥+  1⇥  ⌅⇤✓✏I #⌃✏�
#� ⌫�✓✏ ↵�✓  ⇥  �✓ +� ⇧⌃⌫� ⌃⇥◆ ⇤⇧⇥⌫✓✏✏ �◆↵ ⇠�⌅⇥� #⌃✏#� ⌫�✓✏  �� ⌫��✏✓✏ �◆✓�✓◆
✏⌃⌥◆�⇠ ⇤� �✏!

�✓ �✏ ⌫⇥◆✏⌃↵✓⇧  �� � ⌥⌃�✓◆ ⇥✏⌫⌃⇠⇠� ⇥⇧ ⇤⇧⇥↵�⌫✓✏  1⇥ &��↵⇧� �⇧✓ ✏⌃⌥◆�⇠✏ 1⌃ � �
⇤��✏✓ ✓⇧⇧⇥⇧ ⌅;

��<�= ⌅ �⇧ ⌫⇥✏ <⇤�⇧�= <C!>=

�$<�= ⌅ �⇧ ✏⌃◆
�

⇤�⇧� ⇧ ⌅
⇥

<C!F=

�✓ �✏ �⇠✏⇥ ⌫⇥◆✏⌃↵✓⇧  ��  �✓ #⌃)✓⇧ ⌘� ⌃◆⇤� ✏⌃⌥◆�⇠ ⌃✏  �✓ +⇥⇠⇠⇥1⌃◆⌥;

9%&<�= ⌅ %& ⌫⇥✏<⇤%&�= ⇧ %& ✏⌃◆<⇤%&�= <C!DA=

"+ ✓⇧ ↵⇥1◆�⌫⇥◆�✓⇧✏⌃⇥◆  ⇥ 0��  �✓ ⇠⇥1 +⇧✓&�✓◆⌫⌅ ⌫⇥#⇤⇥◆✓◆ ✏ �  �✓ ⇥� ⇤� ⇥+  �✓
#⌃)✓⇧ �⇧✓;

/�<�= ⌅
�&

C
R⌫⇥✏<⇤�&�= ⇧ ✏⌃◆<⇤�&�=S <C!DD=

/$<�= ⌅
�&

C

⇤

⌫⇥✏⌅ R⌫⇥✏<⇤�&�= ⇧ ✏⌃◆<⇤�&�=S ⇧ ✏⌃◆⌅ R⌫⇥✏<⇤�&�= � ✏⌃◆<⇤�&�=S
⌅

<C!DC=

$+



C!D /⌃⇧✓⇠✓✏✏ ⇧✓⌫✓⇤ ⌃⇥◆

0◆ ✓&! C!DC ⌃ ✏ ⇤⇥✏✏⌃ ⇠✓  ⇥ ⇥ ✏✓⇧�✓  �✓ ↵✓⌥✓◆✓⇧� ⌃⇥◆ ✓⇥✓⌫ ⌫��✏✓↵  ⌅  �✓ ⇤��✏✓ ✓⇧⇧⇥⇧!
�✓✓↵ �⌫2 ⌫�◆ #⌃◆⌃#⌃*✓  �⌃✏ ⇤⇧⇥ ⇠✓#  ⌅ �↵.�✏ ⌃◆⌥  �✓ ⇤��✏✓ ↵⌃⇥✓⇧✓◆⌫✓  ✓ 1✓✓◆  �✓
 1⇥ ✏⌃⌥◆�⇠ ⇤� �✏! ⇢�⌃✏ ⌫�◆  ✓ ↵⇥◆✓� +⇥⇧ ⌃◆✏ �◆⌫✓�  ⌅ ⌫⇥�⇤⇠⌃◆⌥  1⇥ ⇥✏⌫⌃⇠⇠� ⇥⇧✏! ⇢�✓
�✏✓ ⇥+ &��↵⇧� �⇧✓ ✏⌃⌥◆�⇠✏ �⇠⇠⇥1✏  ⇥ ↵⌃✏⌫�⇧↵ ⌃#�⌥✓�⇧✓.✓⌫ ⌃⇥◆ %⇠ ✓⇧✏  �� ⌃#⇤⇠⌅ ⇠�⇧⌥✓
↵⌃✓ �⇧✓� ⇥⇧ ✓�✓◆ ✓) ✓⇧◆�⇠ ⌫⇥#⇤⇥◆✓◆ ✏  ⇥  ✓ ⌃#⇤⇠✓#✓◆ ✓↵ 1�⌃⌫� ⌃◆⌫⇧✓�✏✓✏  �✓ ⌫⇥✏ ⇥+
⌃#⇤⇠✓#✓◆ � ⌃⇥◆ ⇥+  �✓ ⇧✓⌫✓⌃�✓⇧ R?� CNS! O��↵⇧� �⇧✓ ⌫⇥�⇤⇠✓↵ ⌘� ⇥✏⌫⌃⇠⇠� ⇥⇧✏ �⇧✓ 2◆⇥1◆
 ⇥ ���✓ ⇧✓↵�⌫✓↵ &��↵⇧� �⇧✓ ✓⇧⇧⇥⇧✏ ✓�✓◆ ⌃+ #⌃✏#� ⌫�✓✏ ⇥⌫⌫�⇧ ⌃◆ +� ⇧⌃⌫� ⌃⇥◆ RC?S!

⇢�✓ 045  �◆↵✏ <✏✓✓ �⌃⌥! C!E= �⇧✓ �⇠⇠⇥⌫� ⌃⇥◆✏ ⇥+  �✓ +⇧✓&�✓◆⌫⌅ ✏⇤✓⌫ ⇧�# #⇥✏ ⇠⌅
↵✓↵⌃⌫� ✓↵  ⇥ �◆⇠⌃⌫✓◆✏✓↵ ⌘� �⇤⇤⇠⌃⌫� ⌃⇥◆✏! 0◆  �✓✏✓  �◆↵✏ #⇥↵✓⇧◆ ✏ �◆↵�⇧↵✏ ⇠⌃2✓ /⌃�
%� 7⇠�✓ ⇥⇥ � ⇥⇧ ✓�✓◆ W⌃⌥7✓✓ �⇧✓ �✏✓↵� 1�⌃⌫� #�2✓ �✏✓ ⇥+ #⇥↵�⇠� ⌃⇥◆ ✏⌫�✓#✓✏ ⇠⌃2✓
&��↵⇧� �⇧✓ �#⇤⇠⌃ �↵✓ #⇥↵�⇠� ⌃⇥◆ <O"5= ⇥⇧ &��↵⇧� �⇧✓ ⇤��✏✓�✏�⌃+ 2✓⌅⌃◆⌥ <O34U=!
⇢�✓✏✓ #⇥↵�⇠� ⌃⇥◆ ✏⌫�✓#✓✏ ⇧✓&�⌃⇧✓ ⇥✏⌫⌃⇠⇠� ⇥⇧✏ ⌫�⇤� ⇠✓ ⇥+ ⌥✓◆✓⇧� ⌃◆⌥ ⇤⇧✓⌫⌃✏✓ &��↵⇧��
 �⇧✓ ⇥� ⇤� ✏! 0◆ ⇧✓⌫✓◆ ⌅✓�⇧✏ ✏✓�✓⇧�⇠ �⇤⇤⇠⌃⌫� ⌃⇥◆✏ 1✓⇧✓ ↵✓�✓⇠⇥⇤✓↵  ⇥ ⇥⇤✓⇧� ✓ ⌃◆  �✓✏✓
 �◆↵✏ ⇠⌃2✓1⌃⇧✓⇠✓✏✏ ✏✓◆✏⇥⇧ ◆✓ 1⇥⇧2 </4�=� ◆✓�⇧ %✓⇠↵ ⌫⇥##�◆⌃⌫� ⌃⇥◆ <���=� #✓↵⌃⌫�⇠
↵⌃✏⇤⇥✏� ⇠✓ ✏✓◆✏⇥⇧✏ ⇥⇧ ✓�✓◆ ⌃◆ ✓⇧◆✓ �⇥+� �⌃◆⌥✏ <0⇥⇢= ↵✓�⌃⌫✓✏� 1�⌃⌫� �⇧✓ ⌫��⇧�⌫ ✓⇧⌃*✓↵
+⇥⇧  ✓⌃◆⌥  �✏✓↵ ⇥◆ ⇠⇥1 ⌫⇥✏ ⇧✓⌫✓⌃�✓⇧✏ RCS! ⇢�✓✏✓ �⇤⇤⇠⌃⌫� ⌃⇥◆✏ ���✓ ⇧✓⌃◆+⇥⇧⌫✓↵  �✓
⌃◆ ✓⇧✓✏ ⌃◆ ⌘� ⇥✏⌫⌃⇠⇠� ⇥⇧✏ �✏  �✓⌅ �⇧✓ ⌫�⇤� ⇠✓ ⇥+ ⇠⇥1 &��↵⇧� �⇧✓ ✓⇧⇧⇥⇧✏� 1⌃↵✓  �◆⌃◆⌥
⇧�◆⌥✓ �◆↵ ⇧✓↵�⌫✓↵ +� ⇧⌃⌫� ⌃⇥◆ ⌫⇥✏ ✏� 1�✓◆ ⌫⇥#⇤�⇧✓↵ 1⌃ � �� ⇥✏⌫⌃⇠⇠� ⇥⇧✏!

�↵⌧"� &8-= /⌃⇧✓⇠✓✏✏ ✏⌅✏ ✓#✏ �✏⌃◆⌥ 045 7�◆↵✏!

&8$8+ ⌅⇧⌃⌥� ⇡⇥↵⌥�

⇢�✓ ⇥✏⌫⌃⇠⇠� ⇥⇧ ⇥� ⇤� ⌫�◆ ✏�⇥✓⇧ +⇧⇥# ↵✓�⌃� ⌃⇥◆✏! 4⇤✓⌫⌃�⇠⇠⌅ ⌃#⇤⇥⇧ �◆ �⇧✓  �✓ ◆⇥⌃✏✓
⌃◆↵�⌫✓↵ ⇤��✏✓�↵✓�⌃� ⌃⇥◆✏ 1�⌃⌫� �⇧✓ �⌫⌫�#�⇠� ✓↵ ✏⌃◆⌫✓  �✓ ⇥✏⌫⌃⇠⇠� ⇥⇧  ⌅ ⌃ ✏✓⇠+ ↵⇥✓✏
◆⇥ ⇤⇥✏✏✓✏✏ � ⇤��✏✓ ⇧✓⌥✓◆✓⇧� ⌃⇥◆ #✓⌫��◆⌃✏# <�#⇤⇠⌃ �↵✓ ↵✓�⌃� ⌃⇥◆✏ ⌫�◆  ✓ ◆✓⌥⇠✓⌫ ✓↵
✏⌃◆⌫✓  �✓ ⇥✏⌫⌃⇠⇠� ⇥⇧ ��✏ �◆ �#⇤⇠⌃ �↵✓ ⇧✓✏ ⇥⇧⌃◆⌥ #✓⌫��◆⌃✏# RC@S=! "✏ � ⇧✓✏�⇠ �  �✓
⇥� ⇤� ⇥+  �✓ ⇥✏⌫⌃⇠⇠� ⇥⇧  ✓⌫⇥#✓✏ � ⇤��✏✓�#⇥↵�⇠� ✓↵ ✏⌃⌥◆�⇠�

⌘�⇧<�= ⌅ �⇧⇧ ⌫⇥✏
�

⇤�⇧� ⇧ ⌅<�=
⇥

<C!DN=

$.
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1�✓⇧✓�⇧ ⌃✏  �✓ �#⇤⇠⌃ �↵✓�⇤�⇧ ⌃✏  �✓ ⇥✏⌫⌃⇠⇠� ⌃⇥◆ +⇧✓&�✓◆⌫⌅ �◆↵⌅<�= ⌃✏  �✓#⇥↵�⇠� ⌃◆⌥
✏⌃⌥◆�⇠ ⇥+ ✏ ⇥⌫��✏ ⌃⌫ ◆� �⇧✓! ⇢�⌃✏ ✓⇥✓⌫ ⌫��✏✓✏  �✓ ⇤⇥1✓⇧ ⇥+  �✓ ⌫�⇧⇧⌃✓⇧  ⇥  ✓ ✏⇤⇧✓�↵
 �⇧⇥�⌥�⇥� ◆✓�⇧ ⌅ +⇧✓&�✓◆⌫⌃✓✏! ⇢�✓ #�⌃◆ ⌫⇥◆✏✓&�✓◆⌫✓ ⇥+  �⌃✏ ⌃✏  �� ⌃+  �✓ ⇥✏⌫⌃⇠⇠� ⇥⇧
��✏ ✏⌃⌥◆⌃%⌫�◆ ✏⌃↵✓� �◆↵✏ ⌃ 1⌃⇠⇠ ⇥�✓⇧⇠�⇤  �✓ ✏⌃⌥◆�⇠ ⇥+ ⌃◆ ✓⇧✓✏ 1⌃ �  �✓ ⌫⇥◆ ✓◆ +⇧⇥#
 �✓ �↵.�⌫✓◆ ⌫��◆◆✓⇠✏ <✏✓✓ �⌃⌥! C!B=!

�↵⌧"� &80= 4⇤✓⌫ ⇧�⇠ ⇥�✓⇧⇠�⇤ ↵�✓  ⇥ � ◆⇥⌃✏⌅ ⇥✏⌫⌃⇠⇠� ⇥⇧!

⇢�⌃✏ �⇠⇠⇥1✏  ⇥ ⌫⇥◆⌫⇠�↵✓  ��  �✓ ✏⌃↵✓� �◆↵✏ ⇠⌃#⌃  �✓ �⇤⇤⇠⌃⌫� ⌃⇠⌃ ⌅ ⇥+  �✓ ⇥✏⌫⌃⇠⇠� ⇥⇧!
⇢�✓⇧✓+⇥⇧✓� ⌃ ⌃✏ ⌃#⇤⇥⇧ �◆  �✓ ⌫��⇧�⌫ ✓⇧⌃*� ⌃⇥◆ �◆↵ &��◆ ⌃%⌫� ⌃⇥◆ ⇥+  �✓ ✏⌃↵✓� �◆↵✏�
1�⌃⌫� ⌫�◆  ✓ ↵⇥◆✓  ⌅ ⇧✓⇠� ⌃◆⌥  �✓⌃⇧ ⇤⇥1✓⇧  ⇥  �✓ ⇤⇥1✓⇧ ⇥+  �✓ +�◆↵�#✓◆ �⇠ <⌫⇥◆✏⌃↵�
✓⇧⌃◆⌥ �  �◆↵1⌃↵ � ⇥+ D 8*=;

�⇥⌃⇤=⇤ ⌅ DA ⇠⇥⌥
⇧

⌃<⇤�⇧ ⇧ ⌃⇤=
⌃<⇤�⇧=

⌃

<↵7⌫�8*= <C!D?=

1�✓⇧✓ ⌃⇤ ⌃✏ � +⇧✓&�✓◆⌫⌅ ⇥⇥✏✓ +⇧⇥#  �✓ +�◆↵�#✓◆ �⇠! 4⌃◆⌫✓  �✓ ◆⇥⌃✏✓ #�◆⌃+✓✏ ✏ ⌃ ✏✓⇠+
�✏ ⇤��✏✓ ↵✓�⌃� ⌃⇥◆✏ ⇥+  �✓ ⇥✏⌫⌃⇠⇠� ⇥⇧⌅ ✏⌃⌥◆�⇠�  �⌃✏ ⇤�⇧�#✓ ✓⇧ ⌃✏ ⇧✓+✓⇧⇧✓↵ �✏ ⇤��✏✓�◆⇥⌃✏✓!
0 ⌃✏ � �✓⇧⌅ ⌃#⇤⇥⇧ �◆ ⇤�⇧�#✓ ✓⇧ ⇥+ ⇥✏⌫⌃⇠⇠� ⇥⇧✏ �◆↵� ✏⌃◆⌫✓ ⌃ �⇠⇠⇥1✏ ↵✓%◆⌃◆⌥  �✓ ⇥✏⌫⌃⇠�
⇠� ⇥⇧ �⇤ ⌃ �↵✓  ⇥ ⇧✓.✓⌫ ◆✓�⇧ ⌅ ⌫��◆◆✓⇠✏� ⌃ ✏ �⌫⌫�⇧� ✓ ✓✏ ⌃#� ⌃⇥◆ ⌃✏ �⌃ �⇠! 8⇥1✓�✓⇧�  �✓
⇤⇧⇥⌫✓✏✏ ⇥+ ↵✓ ✓⇧#⌃◆⌃◆⌥  �✓ ⇧✓⇠� ⌃�✓ ✏⌃↵✓� �◆↵ ⇤⇥1✓⇧ ⇥+ � ⇤��✏✓�#⇥↵�⇠� ✓↵ ✏⌃⌥◆�⇠�
1�✓◆  �✓ #⇥↵�⇠� ⌃◆⌥ ✏⌃⌥◆�⇠ ⌃✏ ⇥+ � ✏ ⇥⌫��✏ ⌃⌫ ◆� �⇧✓� ⌃✏ ⌫⇥#⇤⇠✓) RCE� CBS! 4⇥#✓#✓ ��
⇥↵✏ ⇥+  �✓ ⌫��⇧�⌫ ✓⇧⌃*� ⌃⇥◆ ⇥+ ⇤��✏✓�◆⇥⌃✏✓ 1⌃⇠⇠  ✓  ⇧⌃✓H⌅ ⇧✓�⌃✓1✓↵ ⌃◆  �✓ +⇥⇠⇠⇥1⌃◆⌥
✏✓⌫ ⌃⇥◆✏!

$-



C!D /⌃⇧✓⇠✓✏✏ ⇧✓⌫✓⇤ ⌃⇥◆

&8$8+8⌫ ���⌥⇥⇡ �"◆✓� �⇥��✓

◆✓ ⇥+  �✓ #⇥✏ 1⌃↵✓✏⇤⇧✓�↵ #⇥↵✓⇠✏ �✏✓↵ +⇥⇧  �✓ ✓✏ ⌃#� ⌃⇥◆ ⇥+ ⇤��✏✓�◆⇥⌃✏✓ ⇥+
✓⇠✓⌫ ⇧⌃⌫�⇠ ⇥✏⌫⌃⇠⇠� ⇥⇧✏ ⌃✏  �✓ �✓✓✏⇥◆��� ⇠✓⇧ #⇥↵✓⇠ RC>S! ⇢�⌃✏ �⇠⇠⇥1✏ � ✏⌃#⇤⇠✓ ⌫��⇧�⌫ ✓⇧�
⌃*� ⌃⇥◆ ⇥+ ✏⌃◆⌥⇠✓ ✏⌃↵✓� �◆↵ <447= ⇤��✏✓ ◆⇥⌃✏✓ ✏⇤✓⌫ ⇧�⇠ ↵✓◆✏⌃ ⌅ <447 3��✏✓ �⇥⌃✏✓= ⇥+
⇧✓✏⇥◆� ⇥⇧✏! ⇢�✓ #⇥↵✓⇠ ↵⌃✏ ⌃◆⌥�⌃✏�✓✏  1⇥ ⇧✓⌥⌃⇥◆✏ <✏✓✓ �⌃⌥! C!>=;

⇥ ⇣�⌧↵⇥⇡ D
⇠ N = ⇢�✓ ⌫⇥◆ ✓◆ ⇧✓✏�⇠ ✏ +⇧⇥#  �✓ #�⇠ ⌃⇤⇠⌃⌫� ⌃⇥◆ ⇥+ H⌃⌫2✓⇧ ◆⇥⌃✏✓ ⇤⇥1✓⇧

✏⇤✓⌫ ⇧�⇠ ↵✓◆✏⌃ ⌅ <346= 1⌃ �  �✓  ⇧�◆✏+✓⇧ +�◆⌫ ⌃⇥◆ ⇥+ �◆ ⌃◆ ✓⌥⇧� ⇥⇧!

⇥ ⇣�⌧↵⇥⇡ D
⇠ C = ⇢�✓ ⌫⇥◆ ✓◆ ⇧✓✏�⇠ ✏ +⇧⇥#  �✓ #�⇠ ⌃⇤⇠⌃⌫� ⌃⇥◆ ⇥+ 1�⌃ ✓ ◆⇥⌃✏✓ 346 1⌃ �

 �✓  ⇧�◆✏+✓⇧ +�◆⌫ ⌃⇥◆ ⇥+ �◆ ⌃◆ ✓⌥⇧� ⇥⇧!

⇢�✓ D
⇠ N ⇧✓⌥⌃⇥◆ #�⌃◆ ⌫⇥◆ ⇧⌃ � ⇥⇧ ⌃✏  �✓ H⌃⌫2✓⇧ ◆⇥⌃✏✓! ⇢�⌃✏ �⇤⇤✓�⇧✏ #�⌃◆⇠⌅ ⌃◆ #✓ �⇠�

⇥)⌃↵✓�✏✓#⌃⌫⇥◆↵�⌫ ⇥⇧ <54=  ⇧�◆✏⌃✏ ⇥⇧✏ �◆↵ ⌃✏ ⌫��✏✓↵  ⌅ ⌃#⇤�⇧⌃ ⌃✓✏ ⌃◆  �✓ ⌃◆ ✓⇧+�⌫✓
↵✓%◆✓↵  ⌅  �✓ ⌥� ✓ ⇥)⌃↵✓ �◆↵  �✓ ✏⌃⇠⌃⌫⇥◆ ✏� ✏ ⇧� ✓! 0 ⌃✏ +⇥�◆↵ � ⇠⇥1 +⇧✓&�✓◆⌫⌃✓✏ �◆↵
✏⌃◆⌫✓ ⌃ ✏ ⇤⇥1✓⇧ ✏⇤✓⌫ ⇧�# ⌃✏ ⌃◆�✓⇧✏✓⇠⌅ ⇤⇧⇥⇤⇥⇧ ⌃⇥◆�⇠  ⇥  �✓ +⇧✓&�✓◆⌫⌅ ⌃ ⌃✏ ⇥+ ✓◆ ◆�#✓↵
�✏ D⌃ ⇠ ◆⇥⌃✏✓ ⇥⇧ ⇤⌃◆2 ◆⇥⌃✏✓! �⇥⇧ � ✏⌃◆⌥⇠✓  ⇧�◆✏⌃✏ ⇥⇧ ⌃ ⌃✏ �◆�⇠⌅ ⌃⌫�⇠⇠⌅ ✏ � ✓↵ �✏ +⇥⇠⇠⇥1⌃◆⌥;

⌘C
✏ ⇠
⌅

4 ⇠

⇣⇡9 ⌥ � ⇠ ⌥ ⇠
<C!D@=

1�✓⇧✓ 4 ⇠ ⌃✏ � ⇤⇧⇥⌫✓✏✏ ↵✓⇤✓◆↵✓◆ ⌫⇥◆✏ �◆ 1�⌃⌫� ⌃✏  ⌃�✏ ⌃◆↵✓⇤✓◆↵✓◆ � ⇣⇡9 ⌃✏  �✓ ⌥� ✓
⇥)⌃↵✓ ⌫�⇤�⌫⌃ �◆⌫✓ ⇤✓⇧ �⇧✓�� ⌥ ⌃✏  �✓ 1⌃↵ � ⇥+  �✓  ⇧�◆✏⌃✏ ⇥⇧� � ⌃✏  �✓ ⇠✓◆⌥ � ⇥+  �✓  ⇧�◆�
✏⌃✏ ⇥⇧ �◆↵ ⌥ ⇠ ⌃✏ 8⇥⇥⌥✓ D�+ ◆⇥⌃✏✓ ⇤�⇧�#✓ ✓⇧! 7✓⌫��✏✓ H⌃⌫2✓⇧ ◆⇥⌃✏✓ 346 ��✏ � ✏⇠⇥⇤✓ ⇥+
�DA↵7�↵✓⌫ �◆↵  �✓ ⌃◆ ✓⌥⇧� ⇥⇧ � ✏⇠⇥⇤✓ ⇥+ �CA↵7�↵✓⌫  �⌃✏ ⇧✓⌥⌃⇥◆��✏ � ✏⇠⇥⇤✓ ⇥+ �NA↵7�↵✓⌫!

�↵⌧"� &8>= �✓✓✏⇥◆��� ⇠✓⇧ ⇤��✏✓ ◆⇥⌃✏✓ #⇥↵✓⇠!

$0
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⇢�✓ D
⇠ C ⇧✓⌥⌃⇥◆ #�⌃◆ ⌫⇥◆ ⇧⌃ � ⇥⇧ ⌃✏ ⌃◆ ✓⌥⇧� ✓↵ 1�⌃ ✓ ◆⇥⌃✏✓;

�⇥⌃⇤⇤ D
⇠C
⌅ DA ⇠⇥⌥

⌥

�

�

�

�

�

�

�

�

 

�C✏
⌃ ⇠ ⌅2<⌃⇤=⌅C

⌃<⇤�⇧=

⌦

↵

↵

↵

↵

↵

↵

↵

↵

�

<↵7⌫�8*= <C!DE=

1�✓⇧✓ ⌅2<⌃⇤=⌅C ⌃✏  �✓ ⌫⇠⇥✏✓↵ ⇠⇥⇥⇤  ⇧�◆✏+✓⇧ +�◆⌫ ⌃⇥◆ ⇥+  �✓ ⇥✏⌫⌃⇠⇠� ⇥⇧ �◆↵ �C✏
⌃ ⇠ ⌃✏  �✓1�⌃ ✓

◆⇥⌃✏✓ 346 ↵✓%◆✓↵ �✏ +⇥⇠⇠⇥1⌃◆⌥;

�C✏
⌃ ⇠

⌅ ?&4�:� <C!DB=

1�✓⇧✓ & ⌃✏  �✓ ✓)⌫✓✏✏ ◆⇥⌃✏✓ ◆�# ✓⇧ <� ⇤⇥✏ ✓⇧⌃⇥⇧⌃ %  ⌃◆⌥ ⇤�⇧�#✓ ✓⇧=� 4 ⌃✏ 7⇥⇠ *#�◆◆P✏
⌫⇥◆✏ �◆ � � ⌃✏ ↵✓ � ✏⇥⇠� ✓  ✓#⇤✓⇧� �⇧✓� :� ⌃✏  �✓ ⇤�⇧�⇠⇠✓⇠ ✓&�⌃��⇠✓◆ ⌫⇥◆↵�⌫ �◆⌫✓ ⇥+
 �✓ ⇠⇥�↵! ⇢�⌃✏ ⇧✓⌥⌃⇥◆ ��✏ � ✏⇠⇥⇤✓ ⇥+ �CA ↵7�↵✓⌫ ⌃◆ �⌃✓1 ⇥+  �✓ ⌃◆ ✓⌥⇧� ⇥⇧ +⇧✓&�✓◆⌫⌅
⇧✓✏⇤⇥◆✏✓!

&8$8+8' %�⇠"✓⌥� ⌥�⇡⌥↵◆↵�↵◆! �"⇡⌘◆↵⇥⇡

⌦�✓◆  �⇥�⌥�  �✓ �✓✓✏⇥◆��� ⇠✓⇧ ⇤��✏✓ ◆⇥⌃✏✓ #⇥↵✓⇠ ⇥⇥✓⇧✏ � ✏⌃#⇤⇠✓ �◆↵ ⌃◆ �⌃ ⌃�✓
↵✓✏⌫⇧⌃⇤ ⌃⇥◆ ⇥+  �✓ ✏⌃↵✓� �◆↵✏� ⌃ ⌃✏ ◆⇥ � ✏⇥⇠� ✓ �⌫⌫�⇧� ✓ <�✓◆⌫✓  �✓ ✓)⌃✏ ✓◆⌫✓ ⇥+ �
%  ⌃◆⌥ ⇤�⇧�#✓ ✓⇧=! ⌦⇠✓⌫ ⇧⌃⌫�⇠ ⇥✏⌫⌃⇠⇠� ⇥⇧✏ �⇧✓  ⌃#✓���⇧⌃�◆ ⌫⌃⇧⌫�⌃ ✏ �✏ ⌫⇥◆✏✓&�✓◆⌫✓ ⇥+
 �✓⌃⇧ ◆� �⇧�⇠ ⇠�⇧⌥✓ ✏⌃⌥◆�⇠ ⇥⇤✓⇧� ⌃⇥◆ �◆↵  �✓⌃⇧ ⌃#⇤⇠✓#✓◆ � ⌃⇥◆ #�2⌃◆⌥ �✏✓ ⇥+ �⌫ ⌃�✓
↵✓�⌃⌫✓✏! ⇢�⌃✏ ⌃#⇤⇠⌃✓✏  �✓ ⌫⌃⇧⌫�⌃ ✏ ⇤⇧✓✏✓◆ �  ⌃#✓�↵✓⇤✓◆↵✓◆  ✓���⌃⇥⇧� 1�⌃⌫� #✓�◆✏
 �✓  ⌅⇤⌃⌫�⇠ �◆�⇠⌅✏⌃✏ #✓ �⇥↵⇥⇠⇥⌥⌃✓✏ �⇧✓ ◆⇥ ✏�⌃ � ⇠✓ <+⇥⇧ ⌃◆✏ �◆⌫✓�  �✓ �✏✓ ⇥+ ⌃◆⌫⇧✓�
#✓◆ �⇠ #⇥↵✓⇠✏=! ◆✓ ⇥+  �✓ 2◆⇥1◆ #✓ �⇥↵⇥⇠⇥⌥⌃✓✏  ⇥ ✏ �↵⌅  ⌃#✓���⇧⌃�◆ ✏⌅✏ ✓#✏ ⌃✏
 ⇥ ⌫��⇧�⌫ ✓⇧⌃*✓  �✓⌃⇧ ⌃#⇤�⇠✏✓ ⇧✓✏⇤⇥◆✏✓✏ RCFS! 0◆ RNAS � ✏⌃#�⇠� ⇥⇧ �✏✏⌃✏ ✓↵ �⇤⇤⇧⇥�⌫� ⌃✏
⇤⇧⇥⇤⇥✏✓↵  ⇥ �◆�⇠⌅*✓  �✓ ⇥✏⌫⌃⇠⇠� ⇥⇧  �✏✓↵ ⇥◆ ⌃#⇤�⇠✏✓ ⇧✓✏⇤⇥◆✏✓✏! 0◆  �⌃✏ �⇤⇤⇧⇥�⌫�  �✓
⇥✏⌫⌃⇠⇠� ⇥⇧ ⌃✏ #⇥↵✓⇠✓↵ �✏ �  ⌃#✓���⇧⌃�◆ %⇠ ✓⇧ ⇠⌃2✓  �✓ ⇥◆✓ ✏�⇥1◆ ⌃◆ �⌃⌥! C!F

�↵⌧"� &8(= ✏⌫⌃⇠⇠� ⇥⇧ ◆⇥↵✓ #⇥↵✓⇠✓↵ �✏ �  ⌃#✓���⇧⌃�◆ %⇠ ✓⇧!

⇢�✓ #✓ �⇥↵ ⌫⇥◆✏⌃✏ ✏ ⌃◆ �⌫⌫⇥�◆ ⌃◆⌥ �⇥1 #�⌫� ⇤��✏✓�✏�⌃+ � ⌅<�=� ⌃✏ ⇥ ✏✓⇧�✓↵ � 
 �✓ ⇥� ⇤� ⇥+  �✓ ⇥✏⌫⌃⇠⇠� ⇥⇧ 1�✓◆ � ⌫�⇧⇧✓◆ ⌃#⇤�⇠✏✓� �<�=� ⌃✏ ⌃◆.✓⌫ ✓↵ ⌃◆ ⇥ � ⌥⌃�✓◆
◆⇥↵✓! 7✓⌫��✏✓ ✓�✓⇧⌅ ◆⇥↵✓ ⇥◆ ⌫⌃⇧⌫�⌃ ��✏ � ⌫⇥◆◆✓⌫ ✓↵ ⌫�⇤�⌫⌃ �◆⌫✓ <✓⌃ �✓⇧ ↵�✓  ⇥ � ⇧✓�⇠
⌫�⇤�⌫⌃ ⇥⇧ ⇥⇧ � ⇤�⇧�✏⌃ ⌃⌫ ✓⇥✓⌫ =  �✓⌅ �⇧✓ � ⇠✓  ⇥ ⌫⇥◆↵⌃ ⌃⇥◆  �✓ ⇥� ⇤� ⇤��✏✓ �◆↵ +⇥⇧  �� 
⇧✓�✏⇥◆ �⇠⇠ ⇥+  �✓# #�✏  ✓ ⌫��⇧�⌫ ✓⇧⌃*✓↵! ⇢�✓ ⌃#⇤�⇠✏✓ ⇧✓✏⇤⇥◆✏✓� ⇥⌅<�⇥ �=� +⇥⇧ � ⌥⌃�✓◆

$>



C!D /⌃⇧✓⇠✓✏✏ ⇧✓⌫✓⇤ ⌃⇥◆

⌫⌃⇧⌫�⌃ ◆⇥↵✓ ⌃✏ ↵✓ ✓⇧#⌃◆✓↵ �✏ +⇥⇠⇠⇥1✏;

⇥⌅<�⇥ �= ⌅
⌥<⇤⇡�⇣�=

'��9
⌫<� � �= <C!D>=

1�✓⇧✓ '��9 ⌃✏  �✓ #�)⌃#�# ⌫��⇧⌥✓ ↵⌃✏⇤⇠�⌫✓#✓◆ �⌫⇧⇥✏✏  �✓ ✓&�⌃��⇠✓◆ ⌫�⇤�⌫⌃ ⇥⇧ ⇥◆
 �✓ ◆⇥↵✓� ⌫<�= ⌃✏  �✓ 8✓��⌃✏⌃↵✓ +�◆⌫ ⌃⇥◆ < �✓ ⌃#⇤�⇠✏✓ ⇧✓✏⇤⇥◆✏✓ ⇥+ �◆ ⌃◆ ✓⌥⇧� ⇥⇧ ⌃✏ �
✏ ✓⇤ +�◆⌫ ⌃⇥◆= �◆↵ ⌥<⇤⇡�⇣�=  �✓ ⌃◆⇤� ✏✓◆✏⌃ ⌃�⌃ ⌅ +�◆⌫ ⌃⇥◆ <04�=! ⇢�✓ 04� ⌃✏ � ⇤✓⇧⌃⇥↵⌃⌫
✏⌃⌥◆�⇠� ⇥  �⌃◆✓↵ ⇧✓✏⇥⇧ ⌃◆⌥  ⇥ 4⇤⌃⌫✓ ✏⌃#�⇠� ⌃⇥◆✏� 1�⌃⌫� ⌃✏ � +�◆⌫ ⌃⇥◆ ⇥+  �✓ ⌫⌃⇧⌫�⌃  ⌃#✓�
��⇧⌃�◆⌫✓ �◆↵ ↵✓✏⌫⇧⌃ ✓✏ �⇥1 #�⌫� ⇤��✏✓ ✏�⌃+ ⇧✓✏�⇠ ✏ ⇥◆  �✓ ⇥✏⌫⌃⇠⇠� ⇥⇧ ⇥� ⇤� +⇧⇥#
�⇤⇤⇠⌅⌃◆⌥ � �◆⌃ ⌃#⇤�⇠✏✓ ⇥◆ � ⌥⌃�✓◆ ◆⇥↵✓ � ⌃◆✏ �◆ �!

⇢�✓ ⇤��✏✓ ↵✓�⌃� ⌃⇥◆ ⌃◆↵�⌫✓↵  ⌅ � ⌥⌃�✓◆ ⌫��⇧⌥✓ ✏ ⌃#�⇠�✏ ⌃✏ ⌫�⇠⇠✓↵ ✓)⌫✓✏✏ ⇤��✏✓
�◆↵ ⌃✏ ↵✓✏⌫⇧⌃ ✓↵ �✏ +⇥⇠⇠⇥1✏;

⌅<�= ⌅
� ⇧

�⇧
⇥⌅<�⇥ �=�<�=⌧� <C!DF=

⇢�✓ ⌃◆↵�⌫✓↵ ⌫��⇧⌥✓ ��⇧⌃� ⌃⇥◆ ⌃✏;

⌃' ⌅ �<�=⌧� <C!CA=

⇢�✓ ✏�⇤✓⇧⌃#⇤⇥✏⌃ ⌃⇥◆ ⌃◆ ✓⌥⇧�⇠ 1�⌃⌫� �⌫⌫⇥�◆ ✏ +⇥⇧ �⇠⇠  �✓ ◆⇥↵✓✏ ⌫⇥◆ ⇧⌃ � ⌃⇥◆✏ +⇥⇧  �✓
⇥✏⌫⌃⇠⇠� ⇥⇧ ⇥� ⇤� ⇤��✏✓ ✏�⌃+ ⌃✏;

⌅<�= ⌅
D

'��9

� �

�⇧
⌥<⇤⇡�⇣�=�<�=⌧� <C!CD=

⇢�⌃✏ ⇤��✏✓ #�⌫⇧⇥�#⇥↵✓⇠� �#⇥◆⌥✏ ⇥ �✓⇧  �⌃◆⌥✏� ⌃✏ �✏✓+�⇠  ⇥ ↵✓ ✓⇧#⌃◆✓  �✓ ✓⇥✓⌫ ⇥+
◆⇥⌃✏✓ ⇥◆  �✓ ⇥✏⌫⌃⇠⇠� ⇥⇧ ⇤��✏✓  ⌅ �✏✏�#⌃◆⌥  �� �<�= ⌃✏ � ◆⇥⌃✏✓ ⌫�⇧⇧✓◆ ! ⇢�✓ ◆⇥⌃✏✓
⌃◆H�✓◆⌫✓ ⇥�✓⇧  �✓ ⇤��✏✓ ⌫�◆  ✓ ⌃◆ ✓⇧⇤⇧✓ ✓↵ �✏  �✓ ⇧✓✏�⇠ ⇥+ +⇥⇠↵⌃◆⌥ �✏ ✏�⇥1◆ ⌃◆ �⌃⌥!
C!DA!

�↵⌧"� &8$2= �⇥⌃✏✓ +⇥⇠↵⌃◆⌥ ↵✓✏⌫⇧⌃ ⌃◆⌥ �⇥1�⌃⌥� +⇧✓&�✓◆⌫⌅ ◆⇥⌃✏✓ ⌫⇥◆ ⇧⌃ � ✓✏  ⇥  �✓ ⇤��✏✓�✏�⌃+ 
⇥+  �✓ ⇥✏⌫⌃⇠⇠� ⇥⇧ ⇥� ⇤� !

$(
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⇢1⇥  ⌅⇤⌃⌫�⇠ 04� 1��✓+⇥⇧#✏ ↵✓✏⌫⇧⌃ ✓↵ ⌃◆ ✓&! C!CC �◆↵ C!CN �⇧✓ ✏�⇥1◆ ⌃◆ �⌃⌥! C!DD!
⇢�✓⌅ ⌥⌃�✓ ⇧✓✏⇤✓⌫  ⇥  1⇥ ⌫⇥##⇥◆⇥✏⌫⌃⇠⇠� ⇥⇧ ⇥⇤✓⇧� ⌃⇥◆#✓⌫��◆⌃✏#✏� ◆⇥◆�⇠⌃◆✓�⇧ < �✏✓↵
⇥◆ �⌅✏ ✓⇧✓✏⌃✏= �◆↵ ⇠⌃◆✓�⇧ < �✏✓↵ ⇥◆ ⇧✓✏⇥◆�◆⌫✓=  �� 1⌃⇠⇠  ✓ ↵✓✏⌫⇧⌃ ✓↵ ⌃◆ �⌃⌥�✓⇧ ↵✓ �⌃⇠
⌃◆  �✓ ◆✓) ✏✓⌫ ⌃⇥◆!

�!�<�= ⌅
⇧
�

✏⌅A

�✏ ✏⌃◆ <✏⇤⇡�⇣�= <C!CC=

��<�= ⌅ �D ✏⌃◆ <⇤⇡�⇣�= <C!CN=

�↵⌧"� &8$$= ⇢⌅⇤⌃⌫�⇠ 04� 1��✓+⇥⇧#✏!

◆⌫✓  �✓  ⇥ �⇠ ⌃◆↵�⌫✓↵ ⇤��✏✓ ↵✓�⌃� ⌃⇥◆ ⌃✏ �⌫⌫⇥�◆ ✓↵ <✏✓✓ ✓&! C!CD=  �✓ ✏⌃↵✓� �◆↵
⇤⇥1✓⇧ ⌫�◆  ✓ ✓�✏⌃⇠⌅  ⌅ ⌫�⇠⌫�⇠� ⌃◆⌥  �✓ ⇤⇥1✓⇧ ⇥+ � ⇤��✏✓�#⇥↵�⇠� ✓↵ ✏⌃⌥◆�⇠ �✏ +⇥⇠⇠⇥1✏
RNS! U◆⇥1⌃◆⌥  ��  �✓ ⇥� ⇤� ⇥+  �✓ ⇥✏⌫⌃⇠⇠� ⇥⇧ ⌃✏ ⌥⌃�✓◆  ⌅;

⌘⇡�⇣<�= ⌅ ⇡�⇣⇧ ⌫⇥✏
�

⇤⇡�⇣� ⇧ ⌅<�=
⇥

<C!C?=

⇢�� ⌫�◆  ✓ ⇧✓1⇧⌃  ✓◆ �✏ +⇥⇠⇠⇥1✏;

⌘⇡�⇣<�= ⌅ ⇡�⇣
✏

⌫⇥✏< ✏⌃◆<⇤��== ⌫⇥✏<⇤⇡�⇣�= � ✏⌃◆< ✏⌃◆<⇤��== ✏⌃◆<⇤⇡�⇣�=
⇣

<C!C@=

1�✓⇧✓  ⌃✏  �✓ #⇥↵�⇠� ⌃⇥◆ ⌃◆↵✓) < �✓ �#⇤⇠⌃ �↵✓ ⇥+ ✓&! C!CD= �◆↵ ⇤� ⌃✏ �◆ ⇥⇥✏✓ 
+⇧✓&�✓◆⌫⌅! 0 ⌫�◆  ✓ ✓)⇤�◆↵✓↵ ⌃◆ �⇥�⇧⌃✓⇧ ✏✓⇧⌃✓✏;

⌘⇡�⇣<�= ⌅ ⇡�⇣

⇧
�

�⇧
0✏< = ⌫⇥✏<⇤⇡�⇣� ⇧ ✏⇤��= <C!CE=

1�✓⇧✓  �✓ ⌫⇥✓⇤⌫⌃✓◆ ✏ 0✏< = �⇧✓ 7✓✏✏✓⇠ +�◆⌫ ⌃⇥◆✏ �◆↵ ↵✓⇤✓◆↵✓◆ ⇥+  �✓ #⇥↵�⇠� ⌃⇥◆

&2
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⌃◆↵✓)�  ! ⇢�⌃✏ ⌃✏ ✓)⇤⇧✓✏✏⌃⇥◆ ⌃✏ �◆ �◆�⇠⌅ ⌃⌫�⇠ ⇧✓⇤⇧✓✏✓◆ � ⌃⇥◆ ⇥+  �✓ ⌫�⇧⇧⌃✓⇧� 0A< =� �◆↵ ⌃ ✏
⌃◆%◆⌃ ✓ ✏⌃↵✓� �◆↵✏ � +⇧✓&�✓◆⌫⌃✓✏ ⇠⇣ ⌃ ✏ ⇠�! ⇢�✓ ⇧✓⇠� ⌃�✓ ⇤⇥1✓⇧ ⌫�◆  ✓ ⌫⇥#⇤� ✓↵ �✏
+⇥⇠⇠⇥1✏;

.⌃✓⇤ ⌅ DA ⇠⇥⌥
⇧

0✏< =
0A< =

⌃C

<C!CB=

�⌃◆�⇠⇠⌅� +⇥⇧ � ✏#�⇠⇠ #⇥↵�⇠� ⌃⇥◆ ⌃◆↵✓) < ⌥ D= ⌃ ⌫�◆  ✓ ✏�⇥1◆  ��  �✓ ⇧✓⇠� ⌃�✓
✏⌃↵✓� �◆↵ ⇤⇥1✓⇧ ⌫�◆  ✓ ✏⌃#⇤⇠⌅ ↵✓ ✓⇧#⌃◆✓↵ �✏ +⇥⇠⇠⇥1✏;

.⌃✓⇤ � DA ⇠⇥⌥
⇧

 

C

⌃C

<C!C>=

6✓✏⇤⌃ ✓  �✓ �↵↵✓↵ ⌫⇥#⇤⇠✓)⌃ ⌅  �⌃✏ #✓ �⇥↵ �⇠⇠⇥1✏ #⇥⇧✓ �⌫⌫�⇧� ✓ ✓✏ ⌃#� ⌃⇥◆✏ ⇥+
 �✓ ✏⇤✓⌫ ⇧�⇠ ↵✓◆✏⌃ ⌅ �✏1✓⇠⇠ �✏  �✓ ⇠⇥⌫� ⌃⇥◆ ⇥+  �✓ ⌫⇥⇧◆✓⇧ +⇧✓&�✓◆⌫⌃✓✏! 0 �⇠✏⇥ ⌥⌃�✓✏ ✏⇥#✓
��⇠�� ⇠✓ ⌃◆+⇥⇧#� ⌃⇥◆ ⇥◆  �✓ ⇥✏⌫⌃⇠⇠� ⇥⇧ ✏✓◆✏⌃ ⌃�⌃ ⌅  ⇥ � ⌥⌃�✓◆ ✏ ⌃#�⇠�✏� 1⌃ � ⇧✓✏⇤✓⌫  ⇥
⌃ ✏  ⌃#✓���⇧⌃�◆⌫✓ ⇤�  ✓⇧◆;

⇥ 0◆ � ⇠⌃◆✓�⇧ ⇧✓⌥⌃#✓ ⇥+ ⇥⇤✓⇧� ⌃⇥◆  �✓ ⇥✏⌫⌃⇠⇠� ⇥⇧ ⌃✏ ⇥◆⇠⌅ �⇥✓⌫ ✓↵  ⌅ ✏ ⌃#�⇠�✏ ⌫⇠⇥✏✓
 ⇥  �✓ +⇧✓&�✓◆⌫⌅ ⇥+ ⇥✏⌫⌃⇠⇠� ⌃⇥◆!

⇥ ⇢�✓ ⇠�⇧⌥✓⇧ ◆�# ✓⇧ ⇥+ ✏⇤✓⌫ ⇧�⇠ ⌫⇥#⇤⇥◆✓◆ ✏ ⇥+  �✓ 04� ⌃◆ � ◆⇥◆�⇠⌃◆✓�⇧ ⇧✓⌥⌃#✓
⇥+ ⇥⇤✓⇧� ⌃⇥◆ <✏✓✓ �⌃⌥! C!DA= #✓�◆✏  ��  �✓ ⇥✏⌫⌃⇠⇠� ⇥⇧ ⌃✏ ✏✓◆✏⌃ ⌃�✓  ⇥ ✏ ⌃#�⇠�✏
⇥⌫⌫�⇧⇧⌃◆⌥ ◆⇥ ⇥◆⇠⌅ ⌃◆  �✓ �⌃⌫⌃◆⌃ ⌅ ⇥+  �✓ ⇥✏⌫⌃⇠⇠� ⌃⇥◆ +⇧✓&�✓◆⌫⌅  � �⇠✏⇥ � ⌃ ✏
#�⇠ ⌃⇤⇠✓✏!

⇢�✓ 2◆⇥1⇠✓↵⌥✓ ⇥+  �✓ ⇧✓⇠� ⌃⇥◆  ✓ 1✓✓◆  �✓ ⇥✏⌫⌃⇠⇠� ⇥⇧  ⌃#✓ ⇤�  ✓⇧◆✏ �◆↵  �✓ ◆⇥⌃✏✓
⇤✓⇧+⇥⇧#�◆⌫✓ ⌃✏ �↵��◆ �⌥✓⇥�✏ 1�✓◆ ↵✓✏⌃⌥◆⌃◆⌥ � ⌥⌃�✓◆ ⇥✏⌫⌃⇠⇠� ⇥⇧� �◆↵ ⌃✏ ✏⇤✓⌫⌃�⇠⇠⌅
⌃#⇤⇥⇧ �◆ 1�✓◆ ↵✓✏⌃⌥◆⌃◆⌥ ⌘� ⇥✏⌫⌃⇠⇠� ⇥⇧✏ ✏⌃◆⌫✓  �✓⌅  �� ⌫�◆ ↵✓#⇥◆✏ ⇧� ✓  ⇥ �  ⌃#✓�
⇤�  ✓⇧◆✏� ⇠⌃◆✓�⇧ �◆↵ ◆⇥◆�⇠⌃◆✓�⇧! ⇢�⌃✏ ⌃◆✏⌃⌥� ⌃✏ �⇠✏⇥ ⇧✓⇠✓��◆ +⇥⇧ ✏⌅◆⌫�⇧⇥◆⌃*� ⌃⇥◆
⇤�⇧⇤⇥✏✓✏� ✏⌃◆⌫✓ ⌃ ⌥⌃�✓✏ �✏ �◆ ⌃◆↵⌃⌫� ⌃⇥◆ ⇥+  �✓ ⇧�◆⌥✓✏ ⇥+ +⇧✓&�✓◆⌫⌃✓✏ 1�✓⇧✓  �✓
⇥✏⌫⌃⇠⇠� ⇥⇧ ⌃✏ ✏✓◆✏⌃ ⌃�✓  ⇥ ⇤✓⇧ �⇧ � ⌃⇥◆✏!

&8& ���✏ ⇥⌥⌘↵✓✓⌃◆⇥⌥

⇢�✓ ✓⇠✓⌫ ⇧⌃⌫�⇠ ⇥✏⌫⌃⇠⇠� ⇥⇧✏ �✏✓↵ ⌃◆  �✓ ↵✓✏⌃⌥◆ ⇥+  ⇧�◆✏⌫✓⌃�✓⇧✏ ⌫�◆  ✓ ⇥+  1⇥  ⌅⇤✓✏�
�⌫⌫⇥⇧↵⌃◆⌥  �✓ �◆↵✓⇧⇠⌅⌃◆⌥ #✓⌫��◆⌃✏#  �� ⌃✏ �✏✓↵  ⇥ ⌥✓◆✓⇧� ✓  �✓ ⇤✓⇧⌃⇥↵⌃⌫ ✏⌃⌥◆�⇠!
⇢�✓⌅ ⌫�◆  ✓ &��✏⌃�⇠⌃◆✓�⇧ <O�= ⌃+  �✏✓↵ ⌃◆ � ⇧✓✏⇥◆�◆ #✓⌫��◆⌃✏# ⇥⇧ ◆⇥◆�⇠⌃◆✓�⇧ <��=
⌃+  �✏✓↵ ⌃◆ � �⌅✏ ✓⇧✓✏⌃✏ #✓⌫��◆⌃✏#! ⇢�✓ ⇧✓✏⇥◆�◆ #✓⌫��◆⌃✏# ⌃✏  �✏✓↵ ⌃◆  �✓ #� ��⇠
✓◆✓⇧⌥⌅  ⇧�◆✏+✓⇧  ✓ 1✓✓◆  1⇥ ⇧✓�⌫ ⌃�✓ ✓⇠✓#✓◆ ✏� �◆↵ ⌃◆↵�⌫ ⇥⇧ �◆↵ � ⌫�⇤�⌫⌃ ⇥⇧ <��
⇥✏⌫⌃⇠⇠� ⇥⇧= 1�⌃⇠✓  �✓ �⌅✏ ✓⇧✓✏⌃✏ #✓⌫��◆⌃✏# ⌃◆  �✏✓↵ ⇥◆ �◆ ⌃◆ ✓⌥⇧� ⇥⇧ �◆↵ � #✓#⇥⇧⌅
✓⇠✓#✓◆  ⇥ ⇤⇧⇥�⌃↵✓ �#⇤⇠⌃ �↵✓ ⇠⌃#⌃ � ⌃⇥◆ <⌘� ⇥✏⌫⌃⇠⇠� ⇥⇧= RNDS! 7✓+⇥⇧✓  �✓ ⌃◆ ⇧⇥↵�⌫ ⌃⇥◆

&$
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⇥+  �✓ ⌫⇥⇧⇧✓✏⇤⇥◆↵⌃◆⌥ ⌫⌃⇧⌫�⌃ ⌃#⇤⇠✓#✓◆ � ⌃⇥◆✏� ⇥+  ⇥ � #✓⌫��◆⌃✏#✏� ⌃ ⌃✏ ⌃#⇤⇥⇧ �◆ 
 ⇥ %⇧✏ ↵✓%◆✓  �✓ ⌫⇥◆⌫✓⇤ ⇥+ ⇠⌃◆✓�⇧⌃ ⌅ +⇥⇧ ⇥✏⌫⌃⇠⇠� ⇥⇧✏ �◆↵ 1�� �⇧✓  �✓ ⌃◆�⇥⇠�✓↵
⌫⇥◆✏✓&�✓◆⌫✓✏!

&8&8$ �↵⇡�⌃ ⇥⌥⌘↵✓✓⌃◆⇥⌥

⇢�✓ ⌥✓◆✓⇧�⇠ ↵✓%◆⌃ ⌃⇥◆ +⇥⇧ ⇠⌃◆✓�⇧ ✏⌅✏ ✓#✏ ↵⇥✓✏ ◆⇥ �⇤⇤⇠⌅ ↵⌃⇧✓⌫ ⇠⌅  ⇥ �◆ ⇥✏⌫⌃⇠⇠� ⇥⇧
✏⌃◆⌫✓ ⌃ ⌃✏ �◆ �� ⇥◆⇥#⇥�✏ ✏⌅✏ ✓# �◆↵ ⌃ ↵⇥✓✏ ◆⇥ ���✓ �◆⌅ ⌃◆⇤� ! 0◆ � ⌥✓◆✓⇧�⇠
⌃◆ ✓⇧⇤⇧✓ � ⌃⇥◆ �◆ ⇥✏⌫⌃⇠⇠� ⇥⇧ ⌃✏ ✏�⌃↵  ⇥  ✓ ⇠⌃◆✓�⇧ ⌃+ ⌃ ⌫�◆  ✓ ↵✓✏⌫⇧⌃ ✓↵ 1⌃ � � ✏✓⌫⇥◆↵�
⇥⇧↵✓⇧ ⇠⌃◆✓�⇧ ↵⌃⇥✓⇧✓◆ ⌃�⇠ ✓&�� ⌃⇥◆! �✓ ✏ ⌫⇥◆✏⌃↵✓⇧  �✓ +⇥⇠⇠⇥1⌃◆⌥  ⌃#✓ ↵⇥#�⌃◆ +�◆⌫ ⌃⇥◆;

⇥ <�= ⌅ ✏⌃◆
⌘

⇤⇡�⇣� ⇧ ⌦A
✓

⇥  � ⌦ A <C!CF=

⇥ <�= ⌅ ✏⌃◆
⌘

⇤⇡�⇣� ⇧ ⌦A
✓

⌫<�= <C!NA=

1�✓⇧✓ ⌫<�= ⌃✏  �✓ 8✓��⌃✏⌃↵✓ �◆⌃ ✏ ✓⇤ +�◆⌫ ⌃⇥◆! "⇤⇤⇠⌅⌃◆⌥  �✓ ⌦�⇠✓⇧ ⌃↵✓◆ ⌃ ⌅;

⇥<�= ⌅
⌦;⇤⇡�⇣�⌦;⌦ � ⌦� ;⇤⇡�⇣�⌦� ;⌦

C ;
⌫<�= <C!ND=

7⌅ ⇥⇤✓⇧� ⌃◆⌥  �✓ ��⇤⇠�⌫✓ ⇢⇧�◆✏+⇥⇧# <⌫⇥◆✏⌃↵✓⇧⌃◆⌥↵<�= ⌦ A=;

2<�= ⌅
D
C ;

◆

⌦;⌦A

� � ;⇤⇡�⇣
� ⌦� ;⌦A

� ⇧ ;⇤⇡�⇣



<C!NC=

��◆  ✓ ⇧✓1⇧⌃  ✓◆ �✏;
2<�= ⌅

� ✏⌃◆<⌦= ⇧ ⇤⇡�⇣ ⌫⇥✏<⌦=
�C ⇧ ⇤C

⇡�⇣

<C!NN=

�⇥◆✏⌃↵✓⇧⌃◆⌥  ��  �⌃✏ ��⇤⇠�⌫✓  ⇧�◆✏+⇥⇧# ⌫⇥⇧⇧✓✏⇤⇥◆↵✏  ⇥  �✓  ⇧�◆✏+✓⇧ +�◆⌫ ⌃⇥◆ ⇥+ �
%⇠ ✓⇧� ⌃ ⌃✏ ⇤⇥✏✏⌃ ⇠✓  ⇥ ⇥  �⌃◆ �◆ ✓&�⌃��⇠✓◆ ↵⌃⇥✓⇧✓◆ ⌃�⇠ ✓&�� ⌃⇥◆ 1�⇥✏✓ ⌃#⇤�⇠✏⌃�✓
⇧✓✏⇤⇥◆✏✓ ⌃✏  �✓ ⇥◆✓ ✏�⇥1◆ ⌃◆ ✓&! C!CF;

2<�= ⌅
<<�=
=<�=

<C!N?=

⌦&! C!NN ⌫�◆  ✓ ⇧✓1⇧⌃  ✓◆ �✏;

�C<<�= ⇧ ⇤C
⇡�⇣<<�= ⌅ � ✏⌃◆<⌦==<�= ⇧ ⇤⇡�⇣ ⌫⇥✏<⌦==<�= <C!N@=

7⌅ ⇥⇤✓⇧� ⌃◆⌥  �✓ ⌃◆�✓⇧✏✓ ��⇤⇠�⌫✓ ⇢⇧�◆✏+⇥⇧# ;

⌧C�

⌧�C
⇧ ⇤C

⇡�⇣�<�= ⌅ ✏⌃◆<⌦=
⌧9<�=

⌧�
⇧ ⇤⇡�⇣ ⌫⇥✏⌦9<�= <C!NE=

6✓✏⇤⌃ ✓ ◆⇥ ���⌃◆⌥ �◆ ⌃◆⇤� �◆↵ �  ⇧�◆✏+✓⇧ +�◆⌫ ⌃⇥◆� ⌃ ⌃✏ �✏✏�#✓↵  �� � ⇠⌃◆✓�⇧
⇥✏⌫⌃⇠⇠� ⇥⇧ ⌫�◆ ✓ ⌃◆ ✓⇧⇤⇧✓ ✓↵ �◆↵ ✏ �↵⌃✓↵ �✏ � ✏✓⌫⇥◆↵⇥⇧↵✓⇧ ✏⌅✏ ✓#  �� ��✏  �✓ ⌃#⇤�⇠✏✓

&&
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⇧✓✏⇤⇥◆✏✓ ✏�⇥1◆ ⌃◆ ✓&! C!CF! ⇢�✓✏✓ �✏✏�#⇤ ⌃⇥◆✏ �⇠⇠⇥1  ⇥ #⇥↵✓⇠  �✓ ⇠⌃◆✓�⇧ ⇥✏⌫⌃⇠⇠� ⇥⇧
�✏ � ✏✓⌫⇥◆↵ ⇥⇧↵✓⇧ +✓✓↵ �⌫2 1⌃ � � ⇤⇥⇠✓ ⇤�  ✓⇧◆ ⇥+ � ⇤�⌃⇧ ⇥+ ⌫⇥◆.�⌥� ✓↵ ⇤⇥⇠✓✏ ⇥�✓⇧  �✓
⌃#�⌥⌃◆�⇧⌅ �)⌃✏! ⇢�⌃✏ �⇠⇠⇥1✏  ⇥ ✏⌃#⇤⇠⌃+⌅  �✓ �◆�⇠⌅✏⌃✏ ⇥+  �✓ ⇥✏⌫⌃⇠⇠� ⇥⇧!

&8&8$8⌫ '⌃⇢⇧⌃"⌥�⇡ ⌘↵◆�↵⇥⇡

0+ �◆ ⇥✏⌫⌃⇠⇠� ⇥⇧ ⇤⇧✓✏✓◆ ✏ � ⇠⌃◆✓�⇧  ✓���⌃⇥�⇧ ⌃ ⌫�◆  ✓ #⇥↵✓⇠⇠✓↵ �✏  �✓ +✓✓↵ �⌫2
✏⌅✏ ✓# ✏�⇥1◆ ⌃◆ �⌃⌥! C!DC  �� ��✏  �✓ ✓&�⌃��⇠✓◆  ⇧�◆✏+✓⇧ +�◆⌫ ⌃⇥◆ ✏�⇥1◆ ⌃◆ ✓&! C!NB!
⇢�✓ ✏⌅✏ ✓# ⌫⇥◆✏⌃✏ ✏ ⇥+ �◆ �#⇤⇠⌃+⌅⌃◆⌥ ✓⇠✓#✓◆ � �◆↵ � +✓✓↵ �⌫2 ◆✓ 1⇥⇧2  !

�↵⌧"� &8$&= �✓✓↵ �⌫2 ✏⌅✏ ✓#!

⌘⇡< ;⇤=
⌘�< ;⇤=

⌅
�< ;⇤=

D � �< ;⇤= < ;⇤=
<C!NB=

�⇧⇥# ✓&! C!NN 1✓ 2◆⇥1  �� ⇥✏⌫⌃⇠⇠� ⌃⇥◆ ⇥⌫⌫�⇧ 1�✓◆  �✓⇧✓ ✓)⌃✏ ✏ � ⇤�⌃⇧ ⇥+ ⌫⇥#�
⇤⇠✓) ⌫⇥◆.�⌥� ✓ ⇤⇥⇠✓✏ ⇥�✓⇧  �✓ ⌃#�⌥⌃◆�⇧⌅ �)⌃✏! ⇢�✓⇧✓+⇥⇧✓�  �✓ ⌫⇥◆↵⌃ ⌃⇥◆✏  �� ✓◆✏�⇧✓
⇥✏⌫⌃⇠⇠� ⌃⇥◆ ⌫�◆  ✓ +⇥�◆↵  ⌅ �◆�⇠⌅*⌃◆⌥  �✓ ⇤⇥⇠✓✏! ⇢�� ⌫�◆  ✓ ↵⇥◆✓  ⌅ ✓&�� ⌃◆⌥  �✓
↵✓◆⇥#⌃◆� ⇥⇧ ⇥+  �✓  ⇧�◆✏+✓⇧ +�◆⌫ ⌃⇥◆  ⇥ *✓⇧⇥;

⌅�< ;⇤= < ;⇤=⌅ ⌅ D <C!N>=

⇢�⌃✏ ⇧✓✏�⇠ ⌃✏ ◆�#✓↵ 7�⇧2���✏✓◆ �#⇤⇠⌃ �↵✓ ⌫⇥◆↵⌃ ⌃⇥◆! 8⇥1✓�✓⇧� ↵✓⇤✓◆↵⌃◆⌥ ⇥◆
 �✓ ⇤��✏✓ ⌃◆ ⇧⇥↵�⌫✓↵  ⌅  �✓ +✓✓↵ �⌫2 ◆✓ 1⇥⇧2  �⌃✏ ��⇠�✓ #�⌅  ✓ ✓⌃ �✓⇧ �D ⇥⇧ D� 1�⌃⌫�
�⇠⇠⇥1✏ ↵✓⇧⌃�⌃◆⌥  �✓ 7�⇧2���✏✓◆ ⇤��✏✓ ⌫⇥◆↵⌃ ⌃⇥◆;

��< ;⇤= < ;⇤= ⌅ A ⇧ C4↵⇥ 4 � ! <0+ ⇧✓+✓⇧⇧⌃◆⌥  ⇥ ⇤⇥✏⌃ ⌃�✓ +✓✓↵ �⌫2=

��< ;⇤= < ;⇤= ⌅ ↵ ⇧ C4↵⇥ 4 � ! <0+ ⇧✓+✓⇧⇧⌃◆⌥  ⇥ ◆✓⌥� ⌃�✓ +✓✓↵ �⌫2=
<C!NF=

⇢�✓✏✓ �⇧✓  ⇥�◆↵�⇧⌅ ⌫⇥◆↵⌃ ⌃⇥◆✏ �◆↵  �✓⌅ ✏ � ✓  ��  �✓  ⇥ �⇠ ⇠⇥⇥⇤ ⇤��✏✓ ✏�⇥�⇠↵  ✓
*✓⇧⇥ �◆↵  ��  �✓ �#⇥�◆ ⇥+ ✓◆✓⇧⌥⌅ ⌃◆ ⇧⇥↵�⌫✓↵�  ⌅  �✓ �#⇤⇠⌃+⌅⌃◆⌥ ✏ �⌥✓� ✏�⇥�⇠↵  ✓
✓&��⇠  ⇥  �✓ �#⇥�◆ ⇥+ ↵⌃✏✏⌃⇤� ✓↵ ✓◆✓⇧⌥⌅�  ⌅  �✓ +✓✓↵ �⌫2 ◆✓ 1⇥⇧2! ⇢�✓ ⇠⇥✏✏ ⇥+ ✓◆✓⇧⌥⌅
⌃✏ ⇧✓⇠� ✓↵  ⇥ ⇧✓✏⌃✏ ⌃�✓ ✓⇠✓#✓◆ ✏ �◆↵  �✓ ✏ ⇥⇧✓↵ ✓◆✓⇧⌥⌅ 1⌃ �  �✓ ⇧✓�⌫ ⌃�✓ ✓⇠✓#✓◆ ✏!

&)
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&8&8$8' 7"⌃✓↵◆! �⌃⌘◆⇥

"✏ ⇤⇧✓�⌃⇥�✏⇠⌅ ↵⌃✏⌫�✏✏✓↵  �✓ ⇠⇥✏✏✓✏ #�✏  ✓ ⌫⇥#⇤✓◆✏� ✓↵ ⌃◆ ⇥⇧↵✓⇧  ⇥ ⇥  �⌃◆ ✏�✏�
 �⌃◆� ⇠✓ ⇥✏⌫⌃⇠⇠� ⌃⇥◆✏� 1�⌃⌫� ⌃#⇤⇠⌃✓✏ ✓◆✓⇧⌥⌅ ⌫⇥◆✏�#⇤ ⌃⇥◆! ⇢�⌃✏ ✏�⌥⌥✓✏ ✏  ��  �✓
✓⇤⌫⌃✓◆⌫⌅ ⇥+ ⇥✏⌫⌃⇠⇠� ⇥⇧✏ ⌫�◆  ✓  ✓◆⌫�#�⇧2✓↵ �⌫⌫⇥⇧↵⌃◆⌥  �✓ ⇠✓�✓⇠ ⇥+ ⇠⇥✏✏✓✏! ⇢⌅⇤⌃⌫�⇠⇠⌅�
 �⌃✏ ⌃✏ ↵⇥◆✓ ⇧✓✏⇥⇧ ⌃◆⌥  ⇥ � #✓ ⇧⌃⌫ ⌫�⇠⇠✓↵ &��⇠⌃ ⌅ +�⌫ ⇥⇧ 1�⌃⌫� ⌃✏ �◆ ⌃◆↵⌃⇧✓⌫ #✓�✏�⇧✓
⇥+  �✓ ⇥✏⌫⌃⇠⇠� ⇥⇧ ✓◆✓⇧⌥⌅ ↵⌃✏✏⌃⇤� ⌃⇥◆ R@� NCS! ⇢�✓ �✏✓ ⇥+  �⌃✏ ⇤�⇧�#✓ ✓⇧ �⇠⇠⇥1✏  ⇥ ��⇥⌃↵
� ⌫⇥#⇤⇠✓) �◆↵ ✓) ✓◆✏⌃�✓ ✓◆�#✓⇧� ⌃⇥◆ �◆↵ ↵✓✏⌫⇧⌃⇤ ⌃⇥◆ ⇥+ �⇠⇠  �✓ ⇥✏⌫⌃⇠⇠� ⇥⇧ ⇠⇥✏✏✓✏! 0 
⌫�◆  ✓ ✓)⇤⇧✓✏✏✓↵ �⌫⌫⇥⇧↵⌃◆⌥  �⇧✓✓ ↵⌃⇥✓⇧✓◆ ↵✓%◆⌃ ⌃⇥◆✏;

D! ⇢�✓ %⇧✏ ↵✓%◆⌃ ⌃⇥◆ ⌃✏ ⇥  �⌃◆✓↵ +⇧⇥#  �✓ ✏��⇤✓ ⇥+  �✓ ⇥✏⌫⌃⇠⇠� ⇥⇧ ✏⌃⌥◆�⇠ ✏⇤✓⌫ ⇧�⇠
⇧✓⇤⇧✓✏✓◆ � ⌃⇥◆;

$ ⌅
⇤⇡�⇣

⇢
<C!?A=

1�✓⇧✓ ⇤⇡�⇣ ⌃✏  �✓ ⇥✏⌫⌃⇠⇠� ⌃⇥◆ +⇧✓&�✓◆⌫⌅ �◆↵ ⇢ ⌃✏  �✓ �N ↵7  �◆↵1⌃↵ �! "✏  �✓
⇠⇥✏✏✓✏ ⌃◆⌫⇧✓�✏✓  �✓  �◆↵1⌃↵ � �⇠✏⇥ ⌃◆⌫⇧✓�✏✓✏ 1�⌃⌫� ⇧✓↵�⌫✓✏  �✓ &��⇠⌃ ⌅ +�⌫ ⇥⇧
<✏✓✓ �⌃⌥! C!DN=!

�↵⌧"� &8$)= O��⇠⌃ ⌅ +�⌫ ⇥⇧ �✏ ⇤��✏✓�◆⇥⌃✏✓!

C! "◆⇥ �✓⇧ ↵✓%◆⌃ ⌃⇥◆ ⌃✏  ⇥ ✓)⇤⇧✓✏✏  �✓ &��⇠⌃ ⌅ +�⌫ ⇥⇧ �✏ � ⇧� ⌃⇥  ✓ 1✓✓◆ ✏ ⇥⇧✓↵ �◆↵
↵⌃✏✏⌃⇤� ✓↵ ✓◆✓⇧⌥⌅ R>S!

$ ⌅ C
� 5�)⌃#�# ✓◆✓⇧⌥⌅ ✏ ⇥⇧✓↵ ⌃◆ � ⇤✓⇧⌃⇥↵

⌦◆✓⇧⌥⌅ ↵⌃✏✏⌃⇤� ✓↵ ⌃◆ � ⇤✓⇧⌃⇥↵
<C!?D=

&+
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N! ⇢�✓ ⇠�✏ ↵✓%◆⌃ ⌃⇥◆ ⌃✏ ⇥  �⌃◆✓↵ +⇧⇥#  �✓ ⇥✏⌫⌃⇠⇠� ⇥⇧ ⇥⇤✓◆�⇠⇥⇥⇤  ⇧�◆✏+✓⇧ +�◆⌫ ⌃⇥◆�
2< ;⇤= R>S!

$ ⌅
⇤⇡�⇣

C

�

⌧�

⌧⇤

C

⇧
⌧�

⌧⇤

C

<C!?C=

1�✓⇧✓ � ⌃✏  �✓ �#⇤⇠⌃ �↵✓ �◆↵ � ⌃✏  �✓ ⇤��✏✓ ⇥+ 2< ;⇤=! ⇢�✓ &��⇠⌃ ⌅ +�⌫ ⇥⇧ ✓◆↵✏ �⇤
✏�⌥⌥✓✏ ⌃◆⌥  �✓ ⇤⇥1✓⇧ ↵⌃✏ ⇧⌃ � ⌃⇥◆ �⇧⇥�◆↵  �✓ ⌫✓◆ ⇧�⇠ +⇧✓&�✓◆⌫⌅ �◆↵  �� ⌃✏ 1�⌅ ⌃ 
�⇠✏⇥ ⌥⌃�✓✏ �◆ ⌃◆↵⌃⌫� ⌃⇥◆ ⇥◆  �✓ ⇤��✏✓�◆⇥⌃✏✓ ⇤✓⇧+⇥⇧#�◆⌫✓! "✏  �✓ ⇠⇥✏✏✓✏ ⌃◆⌫⇧✓�✏✓✏  �✓
&��⇠⌃ ⌅ +�⌫ ⇥⇧ ⌃✏ ⇧✓↵�⌫✓↵ �◆↵  �✓ ⇤��✏✓�◆⇥⌃✏✓ ⌃◆⌫⇧✓�✏✓↵ <✏✓✓ �⌃⌥! C!DN=!

&8&8$8� �� ⇥⌥⌘↵✓✓⌃◆⇥

⇢�✓ �� ⇥✏⌫⌃⇠⇠� ⇥⇧� ✏�⇥1◆ ⌃◆ %⌥! C!D?� ⌃✏ � ⌫�✏✓ ⇥+ � ⇠⌃◆✓�⇧ ⇥✏⌫⌃⇠⇠� ⇥⇧ �◆↵ ��✏
 ✓✓◆ ✓) ✓◆✏⌃�✓⇠⌅ �✏✓↵ ⌃◆ ⌥✓◆✓⇧� ⌃◆⌥ �◆↵ ⇧✓⌫✓⌃�⌃◆⌥ ⌘� ✏⌃⌥◆�⇠✏ ↵�✓  ⇥ ⌃ ✏ ⇤��✏✓�◆⇥⌃✏✓
⇤✓⇧+⇥⇧#�◆⌫✓! 0 ⌃✏ ⌫⇥#⇤⇥✏✓↵ ⇥+ �◆ �#⇤⇠⌃+⌅⌃◆⌥ ✏ �⌥✓ �◆↵ �  �◆↵�⇤�✏✏ %⇠ ✓⇧! ⇢�✓
 �◆↵�⇤�✏✏ %⇠ ✓⇧ ⌃✏ ⌫⇥#⇤⇥✏✓↵ ⇥+ �◆ ⌃◆↵�⌫ ⇥⇧ �◆↵ � ⌫�⇤�⌫⌃ ⇥⇧  ��◆ ✓)⌫��◆⌥✓ ✓◆✓⇧⌥⌅
<⌃◆↵�⌫ ⇥⇧ ✏ ⇥⇧✓✏  �✓ ✓◆✓⇧⌥⌅ �✏ � #�⌥◆✓ ⌃⌫ %✓⇠↵ �◆↵  �✓ ⌫�⇤�⌫⌃ ⇥⇧ ✏ ⇥⇧✓✏ ✓◆✓⇧⌥⌅ �✏
�◆ ✓⇠✓⌫ ⇧⌃⌫ %✓⇠↵=! " ⇤✓⇧⌃⇥↵⌃⌫  ✓���⌃⇥⇧ ⌫�◆  ✓ �⌫�⌃✓�✓↵ 1�✓◆  �✓ �#⇥�◆ ⇥+ ✓◆✓⇧⌥⌅
 ✓⌃◆⌥ ⇤⇧⇥⌫✓✏✏✓↵ �◆↵ ✓)⌫��◆⌥✓↵ �#⇥◆⌥✏  �✓ ⇧✓�⌫ ⌃�✓ ✓⇠✓#✓◆ ✏ ⌃✏ �◆⌫��◆⌥✓↵! ⇢�⌃✏
⌃✏ ⇧✓+✓⇧⇧✓↵ �✏ ⇧✓✏⇥◆�◆ ✏ � ✓ �◆↵ ⌃✏ ⇥  �⌃◆✓↵ 1�✓◆  �✓ ⇧✓�⌫ �◆⌫✓✏ ⇥+  ⇥ � ⇧✓�⌫ ⌃�✓
✓⇠✓#✓◆ ✏ �⇧✓ ✓&��⇠ <✏✓✓ ✓&! C!?N= RNNS! ⇢�✓ ⌃#⇤⇠✓#✓◆ � ⌃⇥◆ ⌃◆ �54  ✓⌫�◆⇥⇠⇥⌥⌅ ⌃✏
✏�⇥1◆ ⌃◆ %⌥! C!D?! 0 ⌃✏ ⌫⇥#⇤⇥✏✓↵ ⇥+ �◆ �� ◆✓ 1⇥⇧2� � ⌫⇧⇥✏✏�⌫⇥�⇤⇠✓↵ ↵⌃⇥✓⇧✓◆ ⌃�⇠ ⇤�⌃⇧
�◆↵ � ⌫�⇧⇧✓◆ ✏⇥�⇧⌫✓!

�↵⌧"� &8$+= 6⌃⇥✓⇧✓◆ ⌃�⇠ �54 �� ⇥✏⌫⌃⇠⇠� ⇥⇧!

&.
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⇢�✓ ⌫⌃⇧⌫�⌃ ⌃#⇤⇠✓#✓◆ � ⌃⇥◆ ⇥+ � ⇧✓✏⇥◆�◆ #✓⌫��◆⌃✏# ⌃✏ ↵⇥◆✓ ⇧✓✏⇥⇧ ⌃◆⌥  ⇥ �⌫ ⌃�✓
↵✓�⌃⌫✓✏  �� ⇥⇧⌃⌥⌃◆� ✓✏  �✓ �⇤⇤✓�⇧�◆⌫✓ ⇥+ ��⇧#⇥◆⌃⌫✏ �  �✓ ⇥� ⇤� � ⌃◆✏ ✓�↵ ⇥+ .�✏ 
⇥◆✓ ⇤�⇧✓  ⇥◆✓! 0 ⌃✏ ⌃#⇤⇥⇧ �◆  ⇥ �◆↵✓⇧⇠⌃◆✓  ��  �✓ ⌫⇠�✏✏⌃%⌫� ⌃⇥◆ ⇥+ �◆ ⇥✏⌫⌃⇠⇠� ⇥⇧ �✏
�� ⇧✓H✓⌫ ✏  �✓  ⌅⇤✓ ⇥+ #✓⌫��◆⌃✏#  �� ⌃✏ ⌃#⇤⇠✓#✓◆ ✓↵  ⇥ �⌫�⌃✓�✓ ⇤✓⇧⌃⇥↵⌃⌫⌃ ⌅ �◆↵
⌃✏ ◆⇥  �✓ ⌫⇥◆✏✓&�✓◆⌫✓ ⇥+ ◆⇥◆⌃↵✓�⇠⌃ ⌃✓✏ ⇥+ � ⇤�⇧ ⌃⌫�⇠�⇧ ✓⇠✓#✓◆ � ⇠⌃2✓  �✓  ⇧�◆✏↵�⌫✓⇧✏!
⇢�✓ �↵↵⌃ ⌃⇥◆�⇠ ��⇧#⇥◆⌃⌫ ⌫⇥◆ ✓◆ ⌃✏ ⇥+ �✓⇧⌅ ⇠⇥1 ⇤⇥1✓⇧� 1�✓◆ ⌫⇥#⇤�⇧✓↵ 1⌃ �  �✓
+�◆↵�#✓◆ �⇠�  �✓ ⌫⌃⇧⌫�⌃ ⌃✏ ✏�⌃↵  ⇥1⇥⇧2 ⌃◆ �O�#⇥↵✓ ⇥+ ⇥⇤✓⇧� ⌃⇥◆  �  �✓ �✏✏�#⇤ ⌃⇥◆
⇥+ ⇠⌃◆✓�⇧⌃ ⌅ ⌃✏ ✏ ⌃⇠⇠ ��⇠⌃↵! ⇢�✓ ⇧✓✏⇥◆�◆ ⌫⇥◆↵⌃ ⌃⇥◆ ⌃✏ �✏ +⇥⇠⇠⇥1✏;

=� ⌅ =⇤ � C↵ ⇠⇡�⇣� ⌅
D

C↵ ⇠⇡�⇣⇤
<C!?N=

�◆↵  �✓ +⇧✓&�✓◆⌫⌅ ⇥+ ⇥✏⌫⌃⇠⇠� ⌃⇥◆ ⌃✏;

⇤⇡�⇣ ⌅
D

✏
�⇤

<C!??=

◆⌫✓  �✓ 7�⇧2���✏✓◆ ⌫⇥◆↵⌃ ⌃⇥◆✏ �⇧✓ #✓  �✓ ⇥✏⌫⌃⇠⇠� ⇥⇧ ⇤⇧⇥↵�⌫✓✏ ✏ ✓�↵⌅�✏ � ✓ ⇥✏�
⌫⌃⇠⇠� ⌃⇥◆✏ <�⌃⌥! C!D@=!

�↵⌧"� &8$.= �� ⇥✏⌫⌃⇠⇠� ⇥⇧ ⇥� ⇤� ⌃◆ ✏ ✓�↵⌅�✏ � ✓!

0◆ ⇥⇧↵✓⇧ +⇥⇧  �✓ ⇥✏⌫⌃⇠⇠� ⌃⇥◆✏  ⇥ ⇥⌫⌫�⇧ ⌃ ⌃✏ ⇧✓&�⌃⇧✓↵  ⇥ ⌫⇥#⇤✓◆✏� ✓  �✓ ⇠⇥✏✏✓✏ ✏⌃◆⌫✓
 �✓ ⌃◆↵�⌫ ⇥⇧ ��✏ � ⇤�⇧�✏⌃ ⌃⌫ ⇧✓✏⌃✏ �◆⌫✓ <1�⌃⌫� ⌃✏  ⌅⇤⌃⌫�⇠⇠⌅ �⌃⌥� ⌃◆ ⌃◆ ✓⌥⇧� ✓↵ ⇥✏⌫⌃⇠⇠� ⇥⇧✏
✏⌃◆⌫✓ ⌃◆ ✓⌥⇧� ✓↵ ⌃◆↵�⌫ ⇥⇧✏ ���✓ � ⇧✓↵�⌫✓↵ O� �⇧⇥�◆↵ DA=! ⇢�⌃✏ ⌃✏ �⌫⌫⇥#⇤⇠⌃✏�✓↵ 1⌃ �
 �✓ ⌫⇧⇥✏✏ ⌫⇥�⇤⇠✓↵ ↵⌃⇥✓⇧✓◆ ⌃�⇠ ⇤�⌃⇧  �� � ⌃+ ⌃ ⌃✏ 1⇥⇧2⌃◆⌥ ⌃◆  �✓ ⇠⌃◆✓�⇧ ⇧✓⌥⌃⇥◆� <�⌃⌥! C!DE=
⌃#⇤⇠✓#✓◆ ✏ � ◆✓⌥� ⌃�✓ ⇧✓✏⌃✏ �◆⌫✓ <�⌃⌥! C!DB= RN?QNES!

⇢�✓ ✏#�⇠⇠ ✏⌃⌥◆�⇠ ✓&�⌃��⇠✓◆ ⇥+  �✓ ⌫⇧⇥✏✏�⌫⇥�⇤⇠✓↵ ⇤�⌃⇧ ⌃✏ � ⇧✓✏⌃✏ �◆⌫✓ �✏ +⇥⇠⇠⇥1✏;

 9 ⌅
⌘9

�9
⌅ � D

◆�
<C!?@=

⇢�⌃✏ #✓�◆✏  ��  �✓ �� ⇥✏⌫⌃⇠⇠� ⇥⇧ ��✏  �✓ ✓&�⌃��⇠✓◆ �⌃⌥� #⇥↵✓⇠  �� ⌃✏ ✏�⇥1◆ ⌃◆ �⌃⌥!
C!D> �◆↵  ��  �✓ ⌃◆↵�⌫ ⇥⇧ ⇤�⇧�✏⌃ ⌃⌫ ⇠⇥✏✏✓✏ ⌫�◆  ✓ ⌫⇥#⇤✓◆✏� ✓↵  ⌅ ⌥��⇧�◆ ✓✓⌃◆⌥  �� ;

◆� � D
%�

<C!?E=

&-



C!C �54 ⇥✏⌫⌃⇠⇠� ⇥⇧✏

�↵⌧"� &8$-= ��⇧�✓✏ ⇥+  �✓  ⇧�◆✏⌃✏ ⇥⇧✏ ⇥+  �✓ ⌫⇧⇥✏✏�⌫⇥�⇤⇠✓↵ ↵⌃⇥✓⇧✓◆ ⌃�⇠ ⇤�⌃⇧!

�↵⌧"� &8$0= 4#�⇠⇠ ✏⌃⌥◆�⇠ #⇥↵✓⇠ ⇥+  �✓ ⌫⇧⇥✏✏�⌫⇥�⇤⇠✓↵ ↵⌃⇥✓⇧✓◆ ⌃�⇠ ⇤�⌃⇧!

1�✓⇧✓ %� ⌃✏  �✓ ⌃◆↵�⌫ ⇥⇧ ⇤�⇧�✏⌃ ⌃⌫ ⇠⇥✏✏✓✏!

�↵⌧"� &8$>= �� ⇥✏⌫⌃⇠⇠� ⇥⇧ �⌃⌥� ⇠✓�✓⇠ #⇥↵✓⇠!

⇢�✓ ⌫⇥◆↵⌃ ⌃⇥◆ ✏ � ✓↵ ⌃◆ ✓&! C!?@ ⌃✏ � ⌫⇥◆↵⌃ ⌃⇥◆ ⇥+ ✓&�⌃⇠⌃ ⇧⌃�# <⇥  �⌃◆✓↵ ⌃◆  �✓
✏ � ⌃⇥◆�⇧⌅ ⇧✓⌥⌃#✓= 1�⌃⌫� 1⌃⇠⇠ ◆⇥  ✓ ⇥  �⌃◆✓↵ �◆⇠✓✏✏  �✓ ⌫⌃⇧⌫�⌃ ⌃✏ #�↵✓ �◆✏ � ⇠✓
↵�⇧⌃◆⌥ ✏ �⇧ ��⇤ <✏✓✓ �⌃⌥! C!DF=! ⇢�⌃✏ ⌃✏ ↵⇥◆✓ ⌃◆ ⇥⇧↵✓⇧  ⇥ ✓◆✏�⇧✓  �✓ ⌫⌃⇧⌫�⌃ �◆ �⇠�◆⌫✓
�◆↵ ⌃✏ ⌥��⇧�◆ ✓✓↵ ⌃+;

◆� �
D

%�
<C!?B=

&0



C! 7�⌫2⌥⇧⇥�◆↵ ⇥◆ �54 ⌘� ✏⌫⌃⇠⇠� ⇥⇧✏

7⌅ ⌥��⇧�◆ ✓✓⌃◆⌥  �⌃✏ ⌫⇥◆↵⌃ ⌃⇥◆�  �✓ ⌥✓◆✓⇧� ✓↵ ◆⇥⌃✏✓� 1⌃ �⌃◆  �✓ ⌫⌃⇧⌫�⌃ �  ✓⌫⇥#✓✏
✓◆⇥�⌥�  ⇥ �◆ �⇠�◆⌫✓ ⌃ �◆↵ ⌥⌃�✓ ⌃◆⌃ ⌃�⇠⌃*� ⌃⇥◆  ⇥ ⇥✏⌫⌃⇠⇠� ⌃⇥◆✏ <✏✓✓ �⌃⌥! C!DF=! 4⌃◆⌫✓
 �✓ ⌫⌃⇧⌫�⌃ ��✏ ⇠⇥✏✏✓✏�  �✓ ⇤⇥⇠✓✏ 1⌃⇠⇠ #⇥�✓  ⇥1�⇧↵✏  �✓ ⌃#�⌥⌃◆�⇧⌅ �)⌃✏ < �⌃✏ ✏ � ✓#✓◆ 
 �⇧⌥✓ ✏ � ✏⌃#⇤⇠⌃✏ ⌃⌫ ✓)⇤⇠�◆� ⌃⇥◆ ⇥+  �✓ ⌃#⇤⇠⌃✓↵ ↵⌅◆�#⌃⌫✏ ✏⌃◆⌫✓  �✓ ◆⇥ ⌃⇥◆ ⇥+ ⇤⇥⇠✓✏
↵⇥✓✏ ◆⇥ #�2✓✏ ✏✓◆✏✓ ↵�⇧⌃◆⌥  �✓  ⇧�◆✏⌃✓◆ ✏ � ✓=! ◆⌫✓  �✓ ⇠⇥✏✏✓✏ �⇧✓ ⌫⇥#⇤✓◆✏� ✓↵
<✏✓✓ ✓&! C!?E=�  �✓ �#⇤⇠⌃ �↵✓ 1⌃⇠⇠ ⌫✓�✏✓  �✓ ✓)⇤⇥◆✓◆ ⌃�⇠ ⌥⇧⇥1 � �◆↵ 1⌃⇠⇠ ✏ � ⌃⇠⌃*✓!

�↵⌧"� &8$(= �� ⇥✏⌫⌃⇠⇠� ⇥⇧ ↵�⇧⌃◆⌥ ✏ �⇧ ��⇤!

7✓⌫��✏✓  �✓ ⌫⌃⇧⌫�⌃ ⇤✓⇧+⇥⇧#�◆⌫✓ ⌫⇥⇧⇧✓⇠� ✓✏ 1⌃ �  �✓ ⇠⇥✏✏✓✏� 1�⌃⌫� �⇧✓  ⌅⇤⌃⌫�⇠⇠⌅
✏#�⇠⇠�  �⌃✏ ⇥✏⌫⌃⇠⇠� ⇥⇧ ⌃✏ ⌫�⇤� ⇠✓ ⇥+ ⇠⇥1 ⇤��✏✓�◆⇥⌃✏✓! ⇢�✓ ⇤✓⇧+⇥⇧#�◆⌫✓ ⇥+  �✓ ⇥✏⌫⌃⇠⇠� ⇥⇧
⌫�◆  ✓ ⇤� ⌃◆ ⇤✓⇧✏⇤✓⌫ ⌃�✓  ⌅ #✓�◆✏ ⇥+ � �⇥5! ⇢�✓ ⇤✓⇧+⇥⇧#�◆⌫✓ ⇤�⇧�#✓ ✓⇧✏ ⌃◆⌫⇠�↵✓↵
⌃◆  �✓  ⌅⇤⌃⌫�⇠ �⇥5 �✏✓↵  ⇥  ✓◆⌫�#�⇧2 ⇥✏⌫⌃⇠⇠� ⇥⇧✏ �⇧✓ ◆⇥⌃✏✓� ⇤⇥1✓⇧� �◆↵ ⇥✏⌫⌃⇠⇠� ⌃⇥◆
+⇧✓&�✓◆⌫⌅;

�⇥5 ⌅ �<⌃⇤= ⇧ DA ⇠⇥⌥
⇧

⌫

.

DA�N

⇠ ⌫

⌃⇤

⇤⇡�⇣

⇠C⌃

<C!?>=

1�✓⇧✓ ⇤⇡�⇣ ⌃✏  �✓ +�◆↵�#✓◆ �⇠ +⇧✓&�✓◆⌫⌅� ⌃⇤ ⌃✏ � +⇧✓&�✓◆⌫⌅ ⇥⇥✏✓ +⇧⇥# ⇤⇡�⇣� �<⌃⇤= ⌃✏
 �✓ ⇤��✏✓�◆⇥⌃✏✓ #✓�✏�⇧✓↵ � ⇤⇡�⇣ ⇧ ⌃⇤ �◆↵ . ⌃✏  �✓ ⇤⇥1✓⇧ ⌫⇥◆✏�#⇤ ⌃⇥◆! ⇢�✓  ⌅⇤⌃⌫�⇠
⇤✓⇧+⇥⇧#�◆⌫✓ ⇥+ �� ⇥✏⌫⌃⇠⇠� ⇥⇧✏ ⌫�◆  ✓ ✏✓✓◆ ⌃◆ ⇢� ! C!D RNBS!

4⌃�✓� &8$= 4 � ✓�⇥+� �✓ �⇧ �� ⇥✏⌫⌃⇠⇠� ⇥⇧✏ ⇤✓⇧+⇥⇧#�◆⌫✓!

⌘✓+! ⇢✓⌫�! X✓�⇧ ⇠⇡�⇣ .✓⇤ 3� �⇥5
<◆#= <98*= <#/= <↵7⌫�8*= <↵7⌫�8*=

RN>S E@ CAAB D!E D!N �DDDYA!D58* �D>F
RNFS D>A DFFF D!> C �DDCYD58* �D>N
R?AS DNA CAD? C!? D!F �DNN!EY@58* �DFA
R?DS C@A CAAN ?!>> CC �D>E!BYD58* �D>@
R?CS DNA CADA @!D ?!D �DCE!DYD58* �DF?
R?NS D>A CAAE @!N CA!B �DN?!?YD58* �DFE

&>



C!C �54 ⇥✏⌫⌃⇠⇠� ⇥⇧✏

&8&8& ⌦⇥⇡ ✓↵⇡�⌃ ⇥⌥⌘↵✓✓⌃◆⇥⌥

�⇥◆�⇠⌃◆✓�⇧ ⇥✏⌫⌃⇠⇠� ⇥⇧✏ �⇧✓ � ⌫⇠�✏✏ ⇥+ ⌫⌃⇧⌫�⌃ ✏  �� �⇧✓ � ⇠✓  ⇥ ⇤⇧⇥↵�⌫✓ � ⇤✓⇧⌃⇥↵⌃⌫
✏⌃⌥◆�⇠ 1⌃ �⇥� ���⌃◆⌥ � ⇧✓✏⇥◆�◆ #✓⌫��◆⌃✏# <�✓◆⌫✓ ⌃◆↵�⌫ ⇥⇧⇠✓✏✏ ⌫⌃⇧⌫�⌃ ✏=! ⇢�✓⌅
�⇧✓ �#⇤⇠⌃ �↵✓ ✏ � ⌃⇠⌃*✓↵  ⌅ #✓�◆✏ ⇥+ �⌅✏ ✓⇧✓✏⌃✏� 1�⌃⌫� ⌃✏ ⌃#⇤⇠✓#✓◆ ✓↵  ⌅ � ��
✓⇠✓#✓◆ ! ⇢�✓✏✓ ⇥✏⌫⌃⇠⇠� ⇥⇧✏ �⇧✓ ↵✓%◆✓↵  ⌅ ◆⇥◆�⇠⌃◆✓�⇧ ↵⌃⇥✓⇧✓◆ ⌃�⇠ ✓&�� ⌃⇥◆✏� �◆⇠⌃2✓  �✓
⇥◆✓ ✏�⇥1◆ ⌃◆ ✓&! C!NE� 1�⌃⌫� #✓�◆✏  �✓✏✓ ⇥✏⌫⌃⇠⇠� ⇥⇧✏ �⇧✓  ⌅⇤⌃⌫�⇠⇠⌅ ◆⇥◆�⇠⌃◆✓�⇧⌃*� ⇠✓
<1�⌃⌫�#✓�◆✏  �✓ 7�⇧2���✏✓◆ ⌫⇧⌃ ✓⇧⌃⇥◆ ⌃✏ ◆⇥ �⇤⇤⇠⌃⌫� ⇠✓= �◆↵ ⇤⇧✓✏✓◆ � ⇧⌃⌫� ��⇧#⇥◆⌃⌫
⌫⇥◆ ✓◆ RNDS! ⇢�✓ �⌃⌥��⇠✓�✓⇠ ⇧✓⇤⇧✓✏✓◆ � ⌃⇥◆ ⇥+ � �� ⇥✏⌫⌃⇠⇠� ⇥⇧ ⌃✏ ✏�⇥1◆ ⌃◆ �⌃⌥! C!CA!

�↵⌧"� &8&2= 8⌃⌥��⇠✓�✓⇠ #⇥↵✓⇠ ⇥+ � ◆⇥◆�⇠⌃◆✓�⇧ ⇥✏⌫⌃⇠⇠� ⇥⇧!

⇢�✓ ⇥✏⌫⌃⇠⇠� ⇥⇧ ⌃✏ ⌫⇥#⇤⇥✏✓↵ ⇥+ � ⌃◆ ✓⌥⇧� ⇥⇧ <�◆ ⌘� ⌃#⇤✓↵�◆⌫✓=� � 4⌫�#⌃  � ⇧⌃⌥⌥✓⇧
<� ⌫⇥#⇤�⇧� ⇥⇧ 1⌃ � �⌅✏ ✓⇧✓✏⌃✏ 1�⌃⌫� ⇠⌃#⌃ ✏  �✓ �#⇤⇠⌃ �↵✓= �◆↵ �◆ ⌃◆�✓⇧ ✓⇧! ⇢�✓ ◆⇥◆�
⇠⌃◆✓�⇧ ✓⇠✓#✓◆ �◆↵  �✓◆✓⌥� ⌃�✓ +✓✓↵ �⌫2⌥��⇧�◆ ✓✓✏  ��  �✓ ⌫�⇧⇧✓◆  �� ⌥⇥✓✏ ⌃◆ ⇥  �✓
⌃◆ ✓⌥⇧� ⇥⇧� �⇡�⇣� �⇠ ✓⇧◆� ✓✏ ⇤⇥⇠�⇧⌃ ⌅ ⇤✓⇧⌃⇥↵⌃⌫�⇠⇠⌅� 1�⌃⌫� �⇠⇠⇥1✏  ⇥ ✏�✏ �⌃◆ ⇥✏⌫⌃⇠⇠� ⌃⇥◆✏
R@S! ⇢⌅⇤⌃⌫�⇠⇠⌅� ⌃ ⇤⇧⇥↵�⌫✓✏ � ◆⇥◆�✏⌃◆�✏⇥⌃↵�⇠ ⇤✓⇧⌃⇥↵⌃⌫ ⇥� ⇤� ⇠⌃2✓ � ✏&��⇧✓�1��✓� �
 ⇧�⇤✓*⇥⌃↵�⇠�1��✓ ⇥⇧ ✓�✓◆ �  ⇧⌃�◆⌥�⇠�⇧�1��✓ R?� ??S! 8⇥1✓�✓⇧� ⌃◆ ⌫✓⇧ �⌃◆ ⇤�⇧ ⌃⌫�⇠�⇧
⌫⇥◆↵⌃ ⌃⇥◆✏ ⌃ ⌫�◆ ⇥⇤✓⇧� ✓ ⌫⇠⇥✏✓  ⇥ � ⇠⌃◆✓�⇧  ✓���⌃⇥⇧ 1�✓◆  �✓ �#⇤⇠⌃ �↵✓ ⌃✏ ✏⇥+ �⇠⌃#⌃ ✓↵
⌃◆✏ ✓�↵ ⇥+ ��⇧↵�⇠⌃#⌃ ✓↵� 1�⌃⌫� ⇧✓✏�⇠ ✏ ⌃◆ �◆ ⇥� ⇤� ⇧⇥�⌥�⇠⌅ ⇧✓✏✓# ⇠⌃◆⌥ � ✏⌃◆✓�1��✓!
⌘� ⇥✏⌫⌃⇠⇠� ⇥⇧✏ ⌫�◆  ✓ +�⇠⇠⌅ ⌃◆ ✓⌥⇧� ✓↵ <1�⌃⌫� ⌃✏ ↵⌃⇤⌫�⇠ 1⌃ � �� ⇥✏⌫⌃⇠⇠� ⇥⇧✏ ⇥◆  �✓
�⌫⌫⇥�◆ ⇥+  �✓ ⇠⇥1O ⇥+ ⌃◆ ✓⌥⇧� ✓↵ ⌃◆↵�⌫ ⇥⇧✏=� ���✓ ⇠⇥1�⌫⇥✏ � % ⌃◆ ⇥ � ✏#�⇠⇠ +⇥⇥ ⇤⇧⌃◆ 
�⇧✓� <⌫⇥#⇤�⇧� ⇠✓  ⇥  �� ⇥+ � ✏⌃◆⌥⇠✓ ⌃◆ ✓⌥⇧� ✓↵ ⌃◆↵�⌫ ⇥⇧=� ���✓ � 1⌃↵✓  �◆⌃◆⌥ ⇧�◆⌥✓
< ⌅ ⌫��◆⌥⌃◆⌥  �✓ ⌃◆ ✓⌥⇧� ⇥⇧  ⌃#✓ ⌫⇥◆✏ �◆ =� �◆↵ �⇧✓ � ⇠✓  ⇥ ⇤⇧⇥�⌃↵✓ &��↵⇧� �⇧✓ <0�O=
✏⌃⌥◆�⇠✏1⌃ � ⇠⇥1&��↵⇧� �⇧✓ ✓⇧⇧⇥⇧ RD� C� ?QES! 0◆  �✓ +⇥⇠⇠⇥1⌃◆⌥ ✏✓⌫ ⌃⇥◆✏ � +✓1  ⇥⇤⇥⇠⇥⌥⌃✓✏
⇥+ ⌘� ⇥✏⌫⌃⇠⇠� ⇥⇧✏ 1⌃⇠⇠  ✓ ⇧✓�⌃✏✓↵!

&8&8&8⌫ ⇣↵⇡⌧ ⇥⌥⌘↵✓✓⌃◆⇥

" ⇧⌃◆⌥ ⇥✏⌫⌃⇠⇠� ⇥⇧ ⌃✏ �◆ ⌘� ⇥✏⌫⌃⇠⇠� ⇥⇧  �� ⌫⇥◆✏⌃✏ ✏ ⌃◆ � ✏✓⇧⌃✓✏ ⇥+ ⌃◆�✓⇧ ✓⇧✏ ⌃◆ �
+✓✓↵ �⌫2 ⇠⇥⇥⇤ �✏ ✏�⇥1◆ ⌃◆ �⌃⌥! C!CD RD>� ?@� ?ES! 0 ✏�⇥�⇠↵ ✓)⌃✏ �◆ ⇥↵↵ ◆�# ✓⇧
⇥+ ⌃◆�✓⇧ ✓⇧✏  ⇥ ✓◆✏�⇧✓  ��  �✓ ⇠⇥⇥⇤ ⇤��✏✓ ⌃✏ �D>A⇣ ⌃◆ ⇥⇧↵✓⇧  ⇥ ⌥��⇧�◆ ✓✓ ⇤⇥⇠�⇧⌃ ⌅
�⇠ ✓⇧◆� ⌃⇥◆ <�⇠ �⇥�⌥�  �✓⇧✓ �⇧✓ ⌃#⇤⇠✓#✓◆ � ⌃⇥◆✏ 1�✓⇧✓ �◆ ✓�✓◆ ◆�# ✓⇧ ⇥+ ⌃◆�✓⇧ ✓⇧✏
⌫�◆  ✓ �✏✓↵ R?BS=!

&(



C! 7�⌫2⌥⇧⇥�◆↵ ⇥◆ �54 ⌘� ✏⌫⌃⇠⇠� ⇥⇧✏

�↵⌧"� &8&$= ⌘⌃◆⌥ ⇥✏⌫⌃⇠⇠� ⇥⇧!

⌦�⌫� ⌃◆�✓⇧ ✓⇧ ⌫�◆  ✓ #⇥↵✓⇠✓↵ �✏ � ⌥�⌃◆ ✏ �⌥✓� �◆ ⌃◆ ✓⌥⇧� ⇥⇧ �◆↵ � ⇠⌃#⌃ ✓⇧ �✏
✏�⇥1◆ ⌃◆ �⌃⌥! C!CC! ⇢�✓ �54 ⌃#⇤⇠✓#✓◆ � ⌃⇥◆ ⌃✏ ✏�⇥1◆ ⌃◆ �⌃⌥! C!CN� 1�✓⇧✓ ✓�⌫�
⌃◆�✓⇧ ✓⇧ ⌃✏ ⌃#⇤⇠✓#✓◆ 1⌃ � � 354��54 ⇤�⌃⇧ 1⌃ � � ⇤�⇧�✏⌃ ⌃⌫ ⇥� ⇤� ⌫�⇤�⌫⌃ �◆⌫✓!
⌦�⌫� ⌫�⇤�⌫⌃ �◆⌫✓ ⌃✏ ⌫��⇧⌥✓↵�↵⌃✏⌫��⇧⌥✓↵ 1⌃ � � ⌫�⇧⇧✓◆ ↵✓⇤✓◆↵✓◆ ⇥◆  �✓ ⇧✓✏⌃✏ �◆⌫✓
⇥+  �✓  ⇧�◆✏⌃✏ ⇥⇧✏� ⇥◆⌫✓ ⇥◆✓ ⇥+  �✓  ⇧�◆✏⌃✏ ⇥⇧✏ ⇥◆  �✓ ⌃◆�✓⇧ ✓⇧ ✏ ⇥⇤✏ ⌫⇥◆↵�⌫ ⌃⇥◆  �✓
⌫�⇤�⌫⌃ �◆⌫✓ ⌃✏ ✓⌃ �✓⇧ ⌫��⇧⌥✓↵  ⇥  �✓ ✏�⇤⇤⇠⌅ ⇧�⌃⇠ �⇥⇠ �⌥✓ ⇥⇧ ⌫⇥#⇤⇠✓ ✓⇠⌅ ↵⌃✏⌫��⇧⌥✓↵  ⇥
 �✓ ⇧✓+✓⇧✓◆⌫✓ ◆⇥↵✓ �⇥⇠ �⌥✓! ⇢�✓ ⇥� ⇤�  �✓◆ ⌫⇥◆✏⌃✏ ✏ ⇥+ � ✏&��⇧✓ 1��✓ �⇤⇤✓⇧ ⇠⌃#⌃ ✓↵
 ⇥  �✓ ✏�⇤⇤⇠⌅ ⇧�⌃⇠ �⇥⇠ �⌥✓� �✏ ✏�⇥1◆ ⌃◆ �⌃⌥! C!C?!

�↵⌧"� &8&&= N�✏ �⌥✓ ⇧⌃◆⌥ ⇥✏⌫⌃⇠⇠� ⇥⇧ �⌃⌥��⇠✓�✓⇠ #⇥↵✓⇠!

�↵⌧"� &8&)= ��✏ �⌥✓ �54 ⇧⌃◆⌥ ⇥✏⌫⌃⇠⇠� ⇥⇧!

�↵⌧"� &8&+= �54 ⇧⌃◆⌥ ⇥✏⌫⌃⇠⇠� ⇥⇧ ⇥� ⇤� !

)2



C!C �54 ⇥✏⌫⌃⇠⇠� ⇥⇧✏

⇢�⌃✏ #✓�◆✏  ��  �✓ +⇧✓&�✓◆⌫⌅ ⇥+ ⇥✏⌫⌃⇠⇠� ⌃⇥◆ ⌃✏  ⇥ � ↵✓⇤✓◆↵✓◆ ⇥◆  �✓ ⌫��⇧⌥✓�↵⌃✏�
⌫��⇧⌥✓  ⌃#✓ ⇥+  �✓ ⌃◆�✓⇧ ✓⇧ ⇥� ⇤� ⌫�⇤�⌫⌃ ⇥⇧ <↵✓ ✓⇧#⌃◆✓↵  ⌅  �✓ ✏⌃*✓ ⇥+  �✓  ⇧�◆✏⌃✏ ⇥⇧✏=
�◆↵  �✓ ◆�# ✓⇧ ⇥+ ⌃◆�✓⇧ ✓⇧✏;

⇠⇡�⇣ ⌅
D

✏C�⌧
<C!?F=

1�✓⇧✓ ✏ ⌃✏  �✓ ◆�# ✓⇧ ⇥+ ⌃◆�✓⇧ ✓⇧✏ ⌃◆  �✓ ⇠⇥⇥⇤ �◆↵ �⌧ ⌃✏  �✓  ⌃#✓ ↵✓⇠�⌅ ⇥+ ✓�⌫� ⌃◆�✓⇧ ✓⇧!
0+  �✓  ⇧�◆✏⌃✏ ⇥⇧✏ �⇧✓ #�↵✓ ✏#�⇠⇠  �⌃✏ ⇥✏⌫⌃⇠⇠� ⇥⇧ ⌃✏ ⌫�⇤� ⇠✓ ⇥+ �⌫�⌃✓�⌃◆⌥ �⌃⌥� +⇧✓&�✓◆⌫⌅
1⌃ � ⇧✓↵�⌫✓↵ ✓◆✓⇧⌥⌅ ⌫⇥◆✏�#⇤ ⌃⇥◆! ⇢⌅⇤⌃⌫�⇠⇠⌅  �⌃✏ ⇥✏⌫⌃⇠⇠� ⇥⇧ ⌃✏  �✓ ⇥◆✓ �#⇥◆⌥✏  �✓
⌫⇥##⇥◆ ⌘�  ⇥⇤⇥⇠⇥⌥⌃✓✏ 1⌃ � �⌃⌥�✓⇧ ⇤⇧�⌫ ⌃⌫�⇠ ⇤✓⇧+⇥⇧#�◆⌫✓ R?>� ?FS!

&8&8&8' ⇣�✓⌃#⌃◆↵⇥⇡ ⇥⌥⌘↵✓✓⌃◆⇥

" ⌫⇥◆�✓◆ ⌃⇥◆�⇠ ⇧✓⇠�)� ⌃⇥◆ ⇥✏⌫⌃⇠⇠� ⇥⇧ �✏✓✏  1⇥ ⌫⇧⇥✏✏�⌫⇥�⇤⇠✓↵ ⌃◆�✓⇧ ✓⇧✏ 1⌃ � ⇧✓�
✏⌃✏ ⌃�✓ ⇠⇥�↵✏�  1⇥ ⌫�⇧⇧✓◆ ✏⇥�⇧⌫✓✏� �◆↵ � ⌫�⇤�⌫⌃ ⇥⇧ �✏ ✏�⇥1◆ ⌃◆ �⌃⌥! C!C@ R?S! ⇢�✓
1⇥⇧2⌃◆⌥ ⇤⇧⌃◆⌫⌃⇤⇠✓ ⇥+  �✓ ⇥✏⌫⌃⇠⇠� ⇥⇧ ⌃✏ ✏�⇥1◆ ⌃◆ �⌃⌥! C!CE=! "✏ ⌫�⇧⇧✓◆ ⌃✏ ⌃◆ ✓⌥⇧� ✓↵�  �✓
�⇥⇠ �⌥✓ �⌫⇧⇥✏✏  �✓ ⌫�⇤�⌫⌃ ⇥⇧ ⇤⇡�⇣ ⇧⌃✏✓✏! /�✓◆  �✓ �⇥⇠ �⌥✓ ⇧✓�⌫�✓✏  �✓ ⇠� ⌫�  �⇧✓✏�⇥⇠↵�
 �✓ ⌫⇧⇥✏✏�⌫⇥�⇤⇠✓↵ ⌃◆�✓⇧ ✓⇧✏ ⇠� ⌫� ↵�✓  ⇥ ⇤⇥✏⌃ ⌃�✓ +✓✓↵ �⌫2!

"+ ✓⇧ ⇠� ⌫�⌃◆⌥�  �✓ ⌫�⇤�⌫⌃ ⇥⇧ 1⌃⇠⇠ ✏ �⇧  ⇥ ↵⌃✏⌫��⇧⌥✓� 1�⌃⌫� ✓�✓◆ ��⇠⇠⌅ ⌫��✏✓✏  �✓
⇧✓�✓⇧✏⌃⇥◆ ⇥+  �✓ ⇠� ⌫� ✏ � ✓ < �✓ 4⌫�#⌃  � ⇧⌃⌥⌥✓⇧ ✏�⇥1◆ ⌃◆ �⌃⌥! C!CA=! ⇢�✓ ⇧✓✏�⇠ ⌃✏ �
⇧✓⇤✓ ⌃ ⌃�✓ ⌫��⇧⌥✓�↵⌃✏⌫��⇧⌥✓ ⇥+  �✓ ⌫�⇤�⌫⌃ ⇥⇧!

�↵⌧"� &8&.= �54 ⌘✓⇠�)� ⌃⇥◆ ⇥✏⌫⌃⇠⇠� ⇥⇧ �⌃⌥� +⇧✓&�✓◆⌫⌅ ⌃#⇤⇠✓#✓◆ � ⌃⇥◆!

0+  �✓ ⇠� ⌫� ⌃✏ ↵✓✏⌃⌥◆✓↵ 1⌃ � ✏#�⇠⇠  ⇧�◆✏⌃✏ ⇥⇧✏ <⌅D �◆↵ ⌅C=� �◆↵  ⌅ ⌫⇥◆✏✓&�✓◆⌫✓
✏#�⇠⇠ ⇥� ⇤� ⇠⇥�↵ ⇤�⇧�✏⌃ ⌃⌫ ⌫�⇤�⌫⌃ �◆⌫✓✏�  �✓ ⇥✏⌫⌃⇠⇠� ⇥⇧ ⇥⇤✓⇧� ✓✏ ⌃◆ ⇧✓⇠�)� ⌃⇥◆ #⇥↵✓!
⇢�⌃✏ #✓�◆✏  �✓ ⇥� ⇤� ⌃✏ � ✏&��⇧✓�1��✓ �◆↵  �✓ �⇥⇠ �⌥✓ 1��✓+⇥⇧# �⌫⇧⇥✏✏  �✓ ⌫�⇤�⌫�
⌃ ⇥⇧ ��✏ �  ⇧⌃�◆⌥�⇠�⇧ ⌫⇥◆%⌥�⇧� ⌃⇥◆ �✏ ✏�⇥1◆ ⌃◆ �⌃⌥! C!CB!

)$



C! 7�⌫2⌥⇧⇥�◆↵ ⇥◆ �54 ⌘� ✏⌫⌃⇠⇠� ⇥⇧✏

�↵⌧"� &8&-= �54 ⌘✓⇠�)� ⌃⇥◆ ⇥✏⌫⌃⇠⇠� ⇥⇧ ⇥⇤✓⇧� ⌃⇥◆!

�↵⌧"� &8&0= ⌘✓⇠�)� ⌃⇥◆ ⇥✏⌫⌃⇠⇠� ⇥⇧ 1��✓+⇥⇧#✏ �◆↵✓⇧ ⇧✓⇠�)� ⌃⇥◆  ✓���⌃⇥⇧!

4⌃◆⌫✓  �✓ 4⌫�#⌃  � ⇧⌃⌥⌥✓⇧� ⇥⇤✓⇧� ⌃◆⌥ �✏ � ��⇧↵�⇠⌃#⌃ ✓⇧ ↵⇥✓✏ ◆⇥ �⇠⇠⇥1 ⇠⌃◆✓�⇧⌃*� ⌃⇥◆
⇥+  �✓ ⌫⌃⇧⌫�⌃ �  �✓ �◆�⇠⌅✏⌃✏ �✏��⇠⇠⌅ ⇧✓⇠⌃✓✏ ⇥◆ � %⇧✏ ⇥⇧↵✓⇧ �⇤⇤⇧⇥)⌃#� ⌃⇥◆  ⌅ ✏ �↵⌅⌃◆⌥
 �✓ ⌃◆ ✓⌥⇧� ⌃⇥◆  ⌃#✓ R??S! 0 ⌃✏ �✏✏�#✓↵  �✓ +⇧✓&�✓◆⌫⌅ ⇥+ ⇥⇤✓⇧� ⌃⇥◆ ⌫�◆  ✓1✓⇠⇠ ↵✓%◆✓↵
 ⌅ ↵✓ ✓⇧#⌃◆⌃◆⌥  �✓ �#⇥�◆ ⇥+ ⌫��⇧⌥✓  �� ⌃✏ �⌫⌫�#�⇠� ✓↵ ⌃◆  �✓ ⌫�⇤�⌫⌃ ⇥⇧ ↵�⇧⌃◆⌥ ��⇠+
 �✓ ⇤✓⇧⌃⇥↵ ⇥+ ⇥✏⌫⌃⇠⇠� ⌃⇥◆;

' ⌅ ⇤⇡�⇣⇡�⇣ <C!@A=

0 ⌃✏ �✏✏�#✓↵  ��  �✓ �⇥⇠ �⌥✓ ↵⇧⇥⇤ �⌫⇧⇥✏✏  �✓  ⇧�◆✏⌃✏ ⇥⇧✏ �⇧✓ ◆✓⌥⇠⌃⌥⌃ ⇠✓ �◆↵  �� 
 �✓ ⌫�⇤�⌫⌃ ⇥⇧ ⌫��⇧⌥✓✏  ✓ 1✓✓◆ �C%� �◆↵ C%�! U◆⇥1⌃◆⌥  ��  �✓ ✏ ⇥⇧✓↵ ⌫��⇧⌥✓ ⌃✏ �
+�◆⌫ ⌃⇥◆ ⇥+  �✓ ⌫�⇧⇧✓◆ �

� �C

�D

�⌧� ⌅ ?⇤⇡�⇣%�� <C!@D=

�◆↵  �� �C � �D ⌅
�⇡�⇣

C !

)&



C!C �54 ⇥✏⌫⌃⇠⇠� ⇥⇧✏

D
C

� �⇡�⇣

A
⌧� ⌅ ?⇤⇡�⇣%� <C!@C=

⇢�✓ +⇧✓&�✓◆⌫⌅ ⇥+ ⇥✏⌫⌃⇠⇠� ⌃⇥◆ ⌃✏ +⇥�◆↵  ⇥  ✓ �⇤⇤⇧⇥)⌃#� ✓⇠⌅ ✓&��⇠  ⇥;

⇠⇡�⇣ �
D

>⇤⇡�⇣%�
<C!@N=

⇢�⌃✏ �⇤⇤⇧⇥)⌃#� ⌃⇥◆  ✓◆↵✏  ⇥ +�⌃⇠ �✏  �✓ +⇧✓&�✓◆⌫⌅ ⇥+ ⇥⇤✓⇧� ⌃⇥◆ ⌃✏ ⌃◆⌫⇧✓�✏✓↵! 0◆
 �� ✏⌫✓◆�⇧⌃⇥  �✓ 4⌫�#⌃  � ⇧⌃⌥⌥✓⇧ ✏ ⇥⇤✏ ⇥⇤✓⇧� ⌃◆⌥ �✏ � ��⇧↵�⇠⌃#⌃ ✓⇧ �◆↵  �✓ ⇥✏⌫⌃⇠⇠� ⇥⇧
◆⇥ ⇠⇥◆⌥✓⇧ 1⇥⇧2✏ ⌃◆ ⇧✓⇠�)� ⌃⇥◆ #⇥↵✓! ⇢�⌃✏ #✓�◆✏  �✓ �⇥⇠ �⌥✓ �⌫⇧⇥✏✏  �✓ ⌫�⇤�⌫⌃ ⇥⇧
⌃✏ ◆⇥ �  ⇧⌃�◆⌥�⇠�⇧ 1��✓ �◆↵ ✓&! C!@N ↵⇥✓✏ ◆⇥ ✓✏ ⌃#� ✓ �⌫⌫�⇧� ✓⇠⌅  �✓ +⇧✓&�✓◆⌫⌅ ⇥+
⇥✏⌫⌃⇠⇠� ⌃⇥◆!

⇢�✓⇥⇧✓ ⌃⌫�⇠ �◆�⇠⌅✏⌃✏ ⇥+  �⌃✏ ⇥✏⌫⌃⇠⇠� ⇥⇧ ✏�⌥⌥✓✏  ��  �⌃✏ ⇥✏⌫⌃⇠⇠� ⇥⇧ ✏�⇥�⇠↵  ✓  �✓ ⇥◆✓
1⌃ � �⌃⌥�✓⇧ �⌫�⌃✓�� ⇠✓ ⇤✓⇧+⇥⇧#�◆⌫✓ �⇥1✓�✓⇧� ⇤⇧�⌫ ⌃⌫�⇠ ⌃#⇤⇠✓#✓◆ � ⌃⇥◆✏ ⌃◆↵⌃⌫� ✓
⇥ �✓⇧1⌃✏✓ ✏⌃◆⌫✓  �✓⌅ �⇧✓ �⇠1�⌅✏ 1⇥⇧✏✓  ��◆  �✓ ⇥◆✓ ⇥+ ⇧⌃◆⌥ ⇥✏⌫⌃⇠⇠� ⇥⇧� ✏⇤✓⌫⌃�⇠⇠⌅ �✏  �✓
+⇧✓&�✓◆⌫⌅ ⇥+ ⇥⇤✓⇧� ⌃⇥◆ ⌃✏ ⌃◆⌫⇧✓�✏✓↵ �✏ ↵✓#⇥◆✏ ⇧� ✓↵ ⌃◆ ⇢� ! C!C R>� D>� DFS!

4⌃�✓� &8&= 4 � ✓�⇥+� �✓ �⇧ ⌘� ⇥✏⌫⌃⇠⇠� ⇥⇧✏ ⇤✓⇧+⇥⇧#�◆⌫✓

⌘✓+! ⇢⌅⇤✓ ⇢✓⌫�! X✓�⇧ ⇠⇡�⇣ .✓⇤ 3� �⇥5
<◆#= <58*= <#/= <↵7⌫�8*= <↵7⌫�8*=

RDFS ⌘✓⇠�)! E@ CAA> DC A!AF �DAFYA!D58* �DEC
R@AS ⌘✓⇠�)! DNA CADD CD? D �DNC!EYDA58* �D@F!D
RD>S ⌘⌃◆⌥ CAA CAA@ CNC D!@ �DD>!@YD58* �DE?
R@DS ⌘⌃◆⌥! E@ CADN E?@ DA �DDDYD58* �D@B
R?FS ⌘⌃◆⌥! EAA DFFF FAA NA �DDBYA!E58* �DEE
R?>S ⌘⌃◆⌥ D>A CAA? FDN D>!F@ �DDE!@YA!E58* �DEB
R>S ⌘✓⇠�)! @AA DFFE FCA DA �DACYD58* �D@D!N
R@CS ⌘⌃◆⌥! D>A CADD D>AA DN �DACYD58* �D@E
R@NS ⌘✓⇠�)! N@A CAAB C?AA ?> �DA@YD58* �D@@
R@?S ⌘⌃◆⌥ DNA CAAF C@AA C!>E �F@!?YD58* �D@F
R@@S ⌘⌃◆⌥ D>A CAAN N@CA DE!C �DAE!?Y?58* �D@N

&8&8&8� 4⇤⇥ ↵⇡◆�⌧⌃◆⇥ ⇥⌥⌘↵✓✓⌃◆⇥

⇢�✓  1⇥�⌃◆ ✓⌥⇧� ⇥⇧ ⇥✏⌫⌃⇠⇠� ⇥⇧� ✏�⇥1◆ ⌃◆�⌃⌥! C!C> ⌃✏ �◆⇥ �✓⇧  ⌅⇤✓⇥+⌘�⇥✏⌫⌃⇠⇠� ⇥⇧!
0 ⌃✏ ⌫��⇧�⌫ ✓⇧⌃*✓↵�  ⌅ ���⌃◆⌥ ⌃◆�✓⇧✓◆ &��↵⇧� �⇧✓ ⇥� ⇤� ✏ ⇥  �⌃◆✓↵  ⌅ ⌫⇧⇥✏✏�⌫⇥�⇤⇠⌃◆⌥
 1⇥ ⌃↵✓◆ ⌃⌫�⇠ ✏ �⌥✓✏ R?S!

))



C! 7�⌫2⌥⇧⇥�◆↵ ⇥◆ �54 ⌘� ✏⌫⌃⇠⇠� ⇥⇧✏

�↵⌧"� &8&>= �54  1⇥�⌃◆ ✓⌥⇧� ⇥⇧ ⇥✏⌫⌃⇠⇠� ⇥⇧ �⌃⌥� +⇧✓&�✓◆⌫⌅ ⌃#⇤⇠✓#✓◆ � ⌃⇥◆!

⇢�✓ #�⌃◆ ⇤�⇧ ⌃⌫�⇠�⇧⌃ ⌅ ⇥+  �⌃✏ ⇥✏⌫⌃⇠⇠� ⇥⇧ ⌃✏  �� ↵✓✏⇤⌃ ✓ ���⌃◆⌥  �✓ ✏�#✓  ⇠⇥⌫2✏ �✏
 �✓ ⇧✓⇠�)� ⌃⇥◆ ⇥✏⌫⌃⇠⇠� ⇥⇧  �✓⌅ �⇧✓ ◆⇥ ⌫⇥◆◆✓⌫ ✓↵  �✓ ✏�#✓1�⌅! ⇢�✓ ✏ � ⌃⇠⌃*� ⌃⇥◆#✓⌫��
�◆⌃✏# �◆↵  �✓ ⌃◆ ✓⌥⇧� ⇥⇧ �⇧✓ ◆⇥ ✏ �⌫2✓↵ <✏✓✓ �⌃⌥! C!CF= �◆↵ ✏⇥ ⌃ ⌃✏ ⇧✓&�⌃⇧✓↵ �◆⇥ �✓⇧
✏ �⌥✓  ⇥ +⇥⇧# � ⇠⇥⇥⇤ < �✓ ⌫⌃⇧⌫�⌃ 1⌃⇠⇠ ◆⇥ ⇥✏⌫⌃⇠⇠� ✓ 1⌃ � ⇥◆⇠⌅ ⇥◆✓ ✏ �⌥✓=! ⇢�✓ ⌫⇥�⇤⇠⌃◆⌥
⌃✏ ⌫⇧⇥✏✏�⌫⇥�⇤⇠✓↵  ⇥ ⇤⇧⇥�⌃↵✓ &��↵⇧� �⇧✓ ⇥� ⇤� ✏! 4⌃◆⌫✓ ⌃◆↵⌃�⌃↵��⇠ ⌫�⇧⇧✓◆ ✏⇥�⇧⌫✓✏
✓)⌃✏ ⌃ ⌃✏ ⇤⇥✏✏⌃ ⇠✓  ⇥ ⌃◆↵✓⇤✓◆↵✓◆ ⇠⌅ ⌫��◆⌥✓  �✓ ⇥� ⇤� �#⇤⇠⌃ �↵✓ �◆↵  �✓ ⇥⇤✓⇧� ⌃◆⌥
+⇧✓&�✓◆⌫⌅! ⇢�✓ ⌫⇥◆✏✓&�✓◆⌫✓  �⇥�⌥�� ⌃✏ � ⇤✓◆�⇠ ⌅ ⇥◆  �✓ ✓◆✓⇧⌥⌅ ⌫⇥◆✏�#⇤ ⌃⇥◆!

�↵⌧"� &8&(= ⇢1⇥�⌃◆ ✓⌥⇧� ⇥⇧  ⇠⇥⌫2✏ ↵✓✏⌫⇧⌃⇤ ⌃⇥◆!

)+
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◆✓ ⇥ �✓⇧ ⌫⇥◆✏✓&�✓◆⌫✓ ⇥+  �⌃✏ ⌫⇥◆%⌥�⇧� ⌃⇥◆ ⌃✏  �� � ↵�✓  ⇥  �✓ ⌃◆⌫⇧✓�✏✓ ⇥+  �✓
◆�# ✓⇧ ⇥+  ⇧�◆✏⌃✏ ⇥⇧✏ ⌫⇥◆◆✓⌫ ✓↵  ⇥  �✓ ⇥� ⇤� ◆⇥↵✓✏�  �✓ ⇠✓�✓⇠ ⇥+ ⇤�⇧�✏⌃ ⌃⌫ ⌫�⇤�⌫⌃�
 �◆⌫✓✏ ⌃✏ ⌃◆⌫⇧✓�✏✓↵! ⇢�⌃✏ ⇠✓�↵✏  ⇥  �✓ ✏�#✓ ✏⌫✓◆�⇧⌃⇥ �✏  �✓ ⇥◆✓ �+⇥⇧✓#✓◆ ⌃⇥◆✓↵ 1�✓◆
 �✓ ⇧✓⇠�)� ⌃⇥◆ ⇥✏⌫⌃⇠⇠� ⇥⇧ ⌥⇥✓✏ ⌃◆ ⇥ �⌃⌥� +⇧✓&�✓◆⌫⌅ ⇥+ ⇥⇤✓⇧� ⌃⇥◆I  �✓ 4⌫�#⌃  � ⇧⌃⌥⌥✓⇧
⌃✏ ◆⇥ ⇠⇥◆⌥✓⇧ � ��⇧↵�⇠⌃#⌃ ✓⇧ <↵�✓  ⇥  �✓ ⌃◆⌫⇧✓�✏✓↵ ⇥� ⇤� ⌫�⇤�⌫⌃ �◆⌫✓✏  �⌃✏ #⇥↵✓ ⇥+
⇥⇤✓⇧� ⌃⇥◆ ⌃✏ ⇧✓�⌫�✓↵ � � #�⌫� ⇠⇥1✓⇧ +⇧✓&�✓◆⌫⌅ ⇥◆  �✓  1⇥�⌃◆ ✓⌥⇧� ⇥⇧=!

0+  �✓ 4⌫�#⌃  � ⇧⌃⌥⌥✓⇧ ⇥⇤✓⇧� ✓✏ �✏ � ��⇧↵�⇠⌃#⌃ ✓⇧  �✓ ⇥✏⌫⌃⇠⇠� ⇥⇧ ⇥� ⇤� ⌃✏ ⇧⇥�⌥�⇠⌅
� ✏&��⇧✓ 1��✓ 1�⌃⌫� ⌃✏  ⇧�◆✏⇠� ✓↵ ⌃◆ ⇥ � ⇧⌃⌫� ✏⇤✓⌫ ⇧�⇠ ⌫⇥◆ ✓◆ <✏✓✓ �⌃⌥! C!NA=! 0+  �✓
4⌫�#⌃  � ⇧⌃⌥⌥✓⇧ ⇥⇤✓⇧� ✓✏ �✏ � ✏⇥+ �⇠⌃#⌃ ✓⇧  �✓ ⇥� ⇤� ⌃✏ ⇧⇥�⌥�⇠⌅ � ✏⌃◆✓�1��✓ �◆↵ ⌃ ✏
⇥� ⇤� ✏⇤✓⌫ ⇧�# ⌫⇥◆ ✓◆ ��✏ +✓1✓⇧ ⌫⇥#⇤⇥◆✓◆ ✏ <✏✓✓ �⌃⌥! C!ND=! 0◆  �⌃✏ ✏⌫✓◆�⇧⌃⇥  �✓
⇥✏⌫⌃⇠⇠� ⇥⇧ ⌃✏ ✏�⌃↵  ⇥  ✓ ⇥⇤✓⇧� ⌃◆⌥ ⌃◆ O� ⇧✓⌥⌃#✓ R@ES!

�↵⌧"� &8)2= 4⇤✓⌫ ⇧�⇠ ⌫⇥◆ ✓◆ 1�✓◆ ✏⌫�#⌃  � ⇧⌃⌥⌥✓⇧ ⌃✏ � ��⇧↵�⇠⌃#⌃ ✓⇧!

�↵⌧"� &8)$= 4⇤✓⌫ ⇧�⇠ ⌫⇥◆ ✓◆ 1�✓◆ ✏⌫�#⌃  � ⇧⌃⌥⌥✓⇧ ⌃✏ � ✏⇥+ �⇠⌃#⌃ ✓⇧!

).
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⇢�✓ O� �✏✏�#⇤ ⌃⇥◆ ⌃#⇤⇠⌃✓✏  ��  �✓ ⇥✏⌫⌃⇠⇠� ⇥⇧ ⌫�◆  ✓ #⇥↵✓⇠✓↵ �◆↵ ✏ �↵⌃✓↵ �✏⌃◆⌥
 �✓ ✏�#✓#✓ �⇥↵⇥⇠⇥⌥⌅�✏ ⌃+ ⌃ 1�✏ � ⇠⌃◆✓�⇧ ⇥✏⌫⌃⇠⇠� ⇥⇧! ⇢�⌃✏#✓�◆✏  �� ⌃ ⌫�◆ ✓#⇥↵✓⇠✓↵
�✏ � ⇠⌃◆✓�⇧ +✓✓↵ �⌫2 ✏⌅✏ ✓# �◆↵  ��  �✓ 7�⇧2���✏✓◆ ⌫⇧⌃ ✓⇧⌃⇥◆ ⌫�◆  ✓ �⇤⇤⇠⌃✓↵! ⇢�✓
✓&�⌃��⇠✓◆ ⇠⌃◆✓�⇧ #⇥↵✓⇠ ⌃✏ ✏�⇥1◆ ⌃◆ �⌃⌥! C!NC R?S!

�↵⌧"� &8)&= ⇢1⇥�⌃◆ ✓⌥⇧� ⇥⇧ ⇥✏⌫⌃⇠⇠� ⇥⇧ 1⇥⇧2⌃◆⌥ ⌃◆ O� #⇥↵✓ ⇥+ ⇥⇤✓⇧� ⌃⇥◆!

⇢�✓ ⇠⇥⇥⇤ ⌥�⌃◆ ⇥+  �✓ ⇥✏⌫⌃⇠⇠� ⇥⇧ ⌃✏;

⇡

⇡

⇡2< ;⇤=
⇡

⇡

⇡ ⌅
◆��

<⇤⇡�⇣⇤�=C
<C!@?=

⇢�✓ ⇥⇤✓⇧� ⌃◆⌥ +⇧✓&�✓◆⌫⌅ ⌫�◆  ✓ ⇥  �⌃◆✓↵  ⌅ ✓&�� ⌃◆⌥  �✓ ⇠⇥⇥⇤ ⌥�⌃◆  ⇥ D;

⇤⇡�⇣ ⌅
◆��

⇤�
<C!@@=

⇢�✓ ⇥⇤✓⇧� ⌃⇥◆ ⌃◆ O� #⇥↵✓ ✏�⌥⌥✓✏ ✏  ��  �✓  ⇧�◆✏⌃✏ ⇥⇧✏ �⇧✓ �⇠1�⌅✏ ⌫⇥◆↵�⌫ ⌃◆⌥
�◆↵ ◆✓�✓⇧ ✏1⌃ ⌫� ⇥⇥ 1�⌃⌫� #✓�◆✏  �� ⌃+  �✓ ⇥✏⌫⌃⇠⇠� ⇥⇧ #⇥�✓✏  ⇥1�⇧↵✏  �⌃✏ #⇥↵✓ ⇥+
⇥⇤✓⇧� ⌃⇥◆ � ⇤✓◆�⇠ ⌅ ⇥�✓⇧  �✓ ✓◆✓⇧⌥⌅ ⌫⇥◆✏�#⇤ ⌃⇥◆ ⌃✏  ⇥  ✓ ✓)⇤✓⌫ ✓↵!

&8) ,↵⌥⌘"⌥⌥↵⇥⇡

0◆  �⌃✏ ⌫��⇤ ✓⇧  �✓ ⇧✓⇠✓��◆⌫✓ ⇥+  �✓ ⌘� ⇥✏⌫⌃⇠⇠� ⇥⇧✏ ⌃◆ #⇥↵✓⇧◆ ⌫⇥##�◆⌃⌫� ⌃⇥◆
✏ �◆↵�⇧↵✏ 1�✏ ↵✓ �⌃⇠✓↵! 8⇥1✓�✓⇧� ⌃ 1�✏ �◆↵✓⇧⇠⌃◆✓↵  ��  �✓⌅ ⇤⇧✓✏✓◆ � #�.⇥⇧ H�1
1�⌃⌫� ⌃✏  �✓⌃⇧ ⇤��✏✓�◆⇥⌃✏✓ ⇤✓⇧+⇥⇧#�◆⌫✓ 1�⌃⌫� ⌃✏ ⇤⇥⇥⇧ ⇥◆  �✓ �⌫⌫⇥�◆ ⇥+  �✓ ⇤⇧✓✏✓◆⌫✓
⇥+  �✓ ⇧✓✏⌃✏ ⇥⇧! ⌦�✓◆ � +�⇧ �✓⇧ ⇥⇥✏✓ ✏�  �✓ ↵⌃⇥✓⇧✓◆⌫✓ ⌃◆ ⇤��✏✓�◆⇥⌃✏✓ ⇤✓⇧+⇥⇧#�◆⌫✓  ⇥
 �✓ �� ⇥✏⌫⌃⇠⇠� ⇥⇧✏ ⌃✏ ⇥+  �✓ ⇥⇧↵✓⇧ ⇥+ �CA��NA ↵7⌫ �✏ ✏�⇥1◆ ⌃◆ �⌃⌥! C!NN!

)-
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�↵⌧"� &8))= �54 ⇥✏⌫⌃⇠⇠� ⇥⇧✏ �⇥5 ⌫⇥#⇤�⇧⌃✏⇥◆!

7✓⌫��✏✓  �✓ ⌘� ⇥✏⌫⌃⇠⇠� ⇥⇧✏ �⇧✓ ⌫�⇤� ⇠✓ ⇥+ 1⇥⇧2⌃◆⌥ ⌃◆  1⇥ #⇥↵✓✏� �� �◆↵ O�
R@ES �◆↵  �✓⌃⇧ ⇤✓⇧+⇥⇧#�◆⌫✓ ↵⌃⇥✓⇧✏ +⇧⇥# ⇥◆✓ #⇥↵✓  ⇥  �✓ ⇥ �✓⇧ < �✓  ⇧�↵✓�⇥⇥✏ 1⌃⇠⇠
 ✓ ↵⌃✏⌫�✏✏✓↵ 1⌃ � �⌃⌥�✓⇧ ↵✓ �⌃⇠  �⇧⇥�⌥�⇥�  �⌃✏  �✓✏⌃✏= ⌃ ⌃✏ ◆⇥ �◆ ✓�✏⌅  �✏2  �✏2  ⇥
#⌃◆⌃#⌃*✓  �✓ ⇤��✏✓�◆⇥⌃✏✓ 1�⌃⇠✓ ⌥��⇧�◆ ✓✓⌃◆⌥ ⇠⇥1 ⇤⇥1✓⇧ ⌫⇥◆✏�#⇤ ⌃⇥◆� ✏⇤✓⌫⌃�⇠⇠⌅ �✏
 �✓ +⇧✓&�✓◆⌫⌅ ⇥+ ⇥⇤✓⇧� ⌃⇥◆ ⌃◆⌫⇧✓�✏✓✏ �✏ ✏�⇥1◆ ⌃◆ �⌃⌥! C!NN! "�� ✓���⌃⇥⇧ ⌥��⇧�◆ ✓✓✏
⇠⇥1 ⇤⇥1✓⇧ ⌫⇥◆✏�#⇤ ⌃⇥◆ < ⇧�◆✏⌃✏ ⇥⇧✏ �⇧✓ ⇥◆⇠⌅ �⌫ ⌃�✓ ↵�⇧⌃◆⌥ � ✏�⇥⇧  ⌃#✓ +⇧�#✓=  � 
�⌃⌥�✓⇧ ⇤��✏✓�◆⇥⌃✏✓ <#⇥⇧✓ ◆⇥⌃✏✓ ⌃✏ +⇥⇠↵✓↵  �⌫2 �✏ ✏�⇥1◆ ⌃◆ �⌃⌥! C!DA=! ⇢�✓ ⇥ �✓⇧ 1�⌅
�⇧⇥�◆↵ ⇥⌫⌫�⇧✏ ⌃◆ � O�  ✓���⌃⇥⇧!

⇢�⌃✏ #✓�◆✏  �� � ⌫⇥#⇤⇧⇥#⌃✏✓ ⌃✏ ✓)⇤✓⌫ ✓↵  ⇥  ✓ +⇥�◆↵  ⌅ ⌥��⇧�◆ ✓✓⌃◆⌥  ��  �✓
⇥✏⌫⌃⇠⇠� ⇥⇧ ⇥⇤✓⇧� ✓✏ ⌃◆ � ⇧✓⌥⌃#✓  ✓ 1✓✓◆  �✓ �� �◆↵  �✓ O�#⇥↵✓✏ ⇥+ ⇥⇤✓⇧� ⌃⇥◆✏! ⇢�⌃✏
�⇥1✓�✓⇧� ��✏  1⇥ ⇤⇧⇥ ⇠✓#✏;

D! 6✓✏⌃⌥◆ ✓&�� ⌃⇥◆✏ �⇧✓ �✓⇧⌅ ↵⌃⇤⌫�⇠  ⇥ ⇥  �⌃◆!

C! ◆  �✓ �⌫⌫⇥�◆ ⇥+ ⇤�⇧�✏⌃ ⌃⌫✏� �✏  �✓ +⇧✓&�✓◆⌫⌅ ⇥+ ⇥⇤✓⇧� ⌃⇥◆ ⌃✏ ⌃◆⌫⇧✓�✏✓↵  �✓
⇥✏⌫⌃⇠⇠� ⇥⇧ 1⌃⇠⇠ ⌃◆✓�⌃ � ⇠⌅ #⇥�✓  ⇥1�⇧↵✏  �✓ O� #⇥↵✓!

7✓⌫��✏✓  �✓ ⌘� ⇥✏⌫⌃⇠⇠� ⇥⇧✏ ���✓ �✏✓+�⇠ ⇤⇧⇥⇤✓⇧ ⌃✓✏ ⌃ ⌃✏  �✓◆ ⇧✓⇠✓��◆  ⇥ ✏ �↵⌅ �⇥1
 �✓ ⇤��✏✓�◆⇥⌃✏✓ ⌫�◆  ✓ ⌫⇥⇧⇧✓⌫ ✓↵ � �⌃⌥� +⇧✓&�✓◆⌫⌅ ⇥+ ⇥⇤✓⇧� ⌃⇥◆ 1⌃ � #⌃◆⇥⇧ ⌃#⇤�⌫ 
⇥◆  �✓ ⇤⇥1✓⇧ ⌫⇥◆✏�#⇤ ⌃⇥◆!

)0
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⇣����⇡⌘�⌥
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↵✓+⌅⌃◆⌥  �✏2  ⇥ ↵✓✏⌃⌥◆ � 3��� ✏⇤✓⌫⌃�⇠⇠⌅  �✓ �� ✏⌃◆⌫✓ ⌃ ⌃#⇤⇠⌃✓✏ � ◆�# ✓⇧ ⇥+  ⇧�↵✓�⇥⇥✏!
7✓⌫��✏✓ ✏⇥#✓ ⌫⇥##�◆⌃⌫� ⌃⇥◆ ✏ �◆↵�⇧↵✏ ⇥⇤✓⇧� ✓ ⌃◆  �✓ 98* ⇧�◆⌥✓ �◆↵  �✓ ⌫⇧⌅✏ �⇠✏
 �� �⇧✓ �✏✓↵ �✏ ⇧✓+✓⇧✓◆⌫✓✏ ⇥◆⇠⌅ ⌥⇥ �✏ �⌃⌥� �✏ � +✓1 58* ⌃ ⌃✏ ⇥+ ✓◆ ⇧✓&�⌃⇧✓↵  ⇥ �✏✓
� ↵⌃⌥⌃ �⇠ +⇧✓&�✓◆⌫⌅ ↵⌃�⌃↵✓⇧ ✏⇥  ��  �✓ 36 ⌫⇥#⇤�⇧✓✏ +⇧✓&�✓◆⌫⌃✓✏ ⇥+  �✓ ✏�#✓ ⇥⇧↵✓⇧!
⇢�⌃✏  ⇠⇥⌫2 �⇠✏⇥ �⇠⇠⇥1✏  �✓ 3��  ⇥ �⇥⇤ �#⇥◆⌥✏ � 1⌃↵✓ ⇧�◆⌥✓ +⇧✓&�✓◆⌫⌃✓✏! 6✓✏⇤⌃ ✓  �✓

++



N!C 0◆.✓⌫ ⌃⇥◆�⇠⇥⌫2⌃◆⌥ ⇤�✓◆⇥#✓◆�

⌫⇥#⇤⇠✓)⌃ ⌅ ⌃◆  �✓ ↵✓✏⌃⌥◆ �◆↵  �✓ ⇥�✓⇧�✓�↵ ⌃◆  ⇥ � ⌫⇥✏ �◆↵ ⇤⇥1✓⇧�  �✓ �✏✓ ⇥+ 3��✏
⌃#⇤�⇧ ✏ H✓)⌃ ⌃⇠⌃ ⌅  ⇥ � ⌥⌃�✓◆  ⇧�◆✏⌫✓⌃�✓⇧�  �⇧◆⌃◆⌥ ⌃ ⌫�⇤� ⇠✓ ⇥+ ⌫⇥#⇤⇠⌅⌃◆⌥  ⇥ ✏✓�✓⇧�⇠
✏ �◆↵�⇧↵✏!

�✓�✓⇧ �✓⇠✓✏✏  �✓⇧✓ ⌃✏ �⇠✏⇥ � 2◆⇥1◆#✓⌫��◆⌃✏#  �� ⌫�◆  ✓ �✏✓↵  ⇥ ✓⌃ �✓⇧ ✓◆��◆⌫✓
 �✓ 3��  ⌅ ⇧✓↵�⌫⌃◆⌥ ⌃ ✏ ⇤⇥1✓⇧ ⇤✓◆�⇠ ⌅ < ⌅ #✓�◆✏ ⇥+ ⇠⇥1 ⇤⇥1✓⇧ +⇧✓&�✓◆⌫⌅ ↵⌃�⌃↵✓⇧✏
RFS= ⇥⇧  ⇥ ⌃#⇤⇠✓#✓◆ � ⌫⇥#⇤✓ ⌃ ⌃�✓ +⇧✓&�✓◆⌫⌅ ✏⌅◆ �✓✏⌃*✓⇧! ⇢�✓ ✓)⇤⇠⇥⌃ � ⌃⇥◆ ⇥+  �✓
⌃◆.✓⌫ ⌃⇥◆�⇠⇥⌫2⌃◆⌥⇤�✓◆⇥#✓◆���✏  ✓✓◆ 2◆⇥1◆  ⇥ �⇠⇠⇥1  �✓ ⌃#⇤⇠✓#✓◆ � ⌃⇥◆ ⇥+ ✏⌃#⇤⇠✓⇧
+⇧✓&�✓◆⌫⌅ ✏⌅◆ �✓✏⌃*✓⇧✏ 1⌃ � ⌫⇥#⇤�⇧� ⇠✓ ⇤✓⇧+⇥⇧#�◆⌫✓  ⇥  �✓ ⇥◆✓ ⇥+ � 3���  � 1⌃ �
⇧✓↵�⌫✓↵ �⇧✓� �◆↵ ⇤⇥1✓⇧ ⌫⇥◆✏�#⇤ ⌃⇥◆ R@B� @>S! ⇢�⌃✏ ⇤�✓◆⇥#✓◆�  �⇧◆✏ ⇤⇥✏✏⌃ ⇠✓  �✓
�✏✓ ⇥+  �✓ :� ⌃◆ ✓⇧◆�⇠ ✏ ⇧�⌫ �⇧✓✏  ⇥ #⌃#⌃⌫  �✓ ⇥⇤✓⇧� ⌃⇥◆✏ ⇥+  �✓ 36 �◆↵  �✓ �� ✏✓✓◆
⇥◆  �✓ 3�� �◆↵ ⇥  �⌃◆ � +⇧✓&�✓◆⌫⌅ ✏⌅◆ �✓✏⌃*✓⇧ 1⌃ �  �✓ ✏⌃#⇤⇠✓ ↵⌃⇧✓⌫ ⌃◆.✓⌫ ⌃◆⌥ ⇥+ �
⇧✓+✓⇧✓◆⌫✓ ✏⌃⌥◆�⇠ ⌃◆ ⇥  �✓ :�� �✏ ✏�⇥1◆ ⌃◆ �⌃⌥! N!C

�↵⌧"� )8&= 6⌃⇧✓⌫ ⌃◆.✓⌫ ⌃⇥◆ ⇥+ ⇧✓+✓⇧✓◆⌫✓ ✏⌃⌥◆�⇠ ⌃◆ ⇥  �✓ ⇥✏⌫⌃⇠⇠� ⇥⇧!

)8& %⇡*�⌘◆↵⇥⇡ ✓⇥⌘⇢↵⇡⌧ ⇠⇧�⇡⇥��⇡⌃

⌦⇠✓⌫ ⇧⌃⌫�⇠ ⇥✏⌫⌃⇠⇠� ⇥⇧✏ �⇧✓ ✏✓◆✏⌃ ⌃�✓  ⇥ ⌫��⇧⌥✓ ��⇧⌃� ⌃⇥◆✏! 0+ � ⌥⌃�✓◆ ✏ ⌃#�⇠�✏ ⌃✏
� ⇠✓  ⇥ ⌫⇥◆↵⌃ ⌃⇥◆  �✓ ⇥✏⌫⌃⇠⇠� ⇥⇧ ⌃◆ ✓⇧◆�⇠ ⌫��⇧⌥✓�↵⌃✏⌫��⇧⌥✓ ⇥⇤✓⇧� ⌃⇥◆✏ ⌃ ⌫�◆ �⇥✓⌫  �✓
⇥✏⌫⌃⇠⇠� ⇥⇧ ⇥� ⇤� ⇤��✏✓� �✏ ✏�⇥1◆ ⌃◆ �⌃⌥! N!N!

�↵⌧"� )8)= 3��✏✓�✏�⌃+ ⇥◆  �✓ ⇥✏⌫⌃⇠⇠� ⇥⇧ ⇥� ⇤� ↵�✓  ⇥ � ⌫��⇧⌥✓ ��⇧⌃� ⌃⇥◆ � ⌃◆✏ �◆ �!

◆✓  ⌅⇤✓⇥+⇤✓⇧ �⇧ � ⌃⇥◆  �� ⌃✏ 2◆⇥1◆  ⇥ ⌫⇥◆↵⌃ ⌃⇥◆  �✓⇥✏⌫⌃⇠⇠� ⇥⇧ ⇧✓✏⇤⇥◆✏✓ ⌃✏ ◆⇥⌃✏✓�
1�⌃⌫� ⌃◆↵�⌫✓✏ ✏ ⇥⌫��✏ ⌃⌫ ⇤��✏✓�✏�⌃+ ✏ �◆↵  ⌅ ⌫⇥◆✏✓&�✓◆⌫✓ ⇤��✏✓�#⇥↵�⇠� ⌃⇥◆ ⇥+  �✓

+.



N! 0◆.✓⌫ ⌃⇥◆�⇠⇥⌫2⌃◆⌥ ⇥+ �54 ✏⌫⌃⇠⇠� ⇥⇧✏

⇥� ⇤� ✏⌃⌥◆�⇠ <�✓◆⌫✓ ⇤��✏✓�◆⇥⌃✏✓=! 8⇥1✓�✓⇧� ◆⇥ �⇠⇠ ✏ ⌃#�⇠�✏ ���✓ � ◆✓⌥� ⌃�✓ ⌃#⇤�⌫ !
0◆ +�⌫  �⌃✏ ⇤�⇧ ⌃⌫�⇠�⇧⌃ ⌅ ⇥+  �✓ ⇥✏⌫⌃⇠⇠� ⇥⇧✏ ⌃✏ ⇥+ ✓◆ ✓)⇤⇠⇥⇧✓↵� +⇥⇧ ⌃◆✏ �◆⌫✓�  ⇥ �⌫�⌃✓�✓
⌫⇠⇥⌫2�↵✓✏2✓1 ⌃◆ ⇧⌃◆⌥ ⇥✏⌫⌃⇠⇠� ⇥⇧✏  ⌅ ⌃◆↵�⌫⌃◆⌥ � ✏�⇥⇧ ↵�⇧� ⌃⇥◆ ⌫��⇧⌥✓ ��⇧⌃� ⌃⇥◆ R@FS!
��⇧ �✓⇧#⇥⇧✓� ⌃+  �✓ ⌃◆↵�⌫✓↵ ✏ ⌃#�⇠�✏ ⌃✏ ⇥+ ⇤✓⇧⌃⇥↵⌃⌫ ◆� �⇧✓ ⌃ ⌫�◆ �⇥✓⌫  �✓ ⇥✏⌫⌃⇠⇠� ⇥⇧
 ⌃#✓���⇧⌃�◆⌫✓ �◆↵�◆↵✓⇧ ⌫✓⇧ �⌃◆ ⌫⇥◆↵⌃ ⌃⇥◆✏ ⇥+#�⌥◆⌃ �↵✓ �◆↵ +⇧✓&�✓◆⌫⌅� ⌃ ⌫�◆  ⇧⌃⌥⌥✓⇧
� +⇧✓&�✓◆⌫⌅ ✏�⌃+ ⇥+  �✓ ⇥✏⌫⌃⇠⇠� ⇥⇧  ⌃#✓ ⇧✓✏⇤⇥◆✏✓ ✓◆+⇥⇧⌫⌃◆⌥ ✏⌅◆⌫�⇧⇥◆⌃*� ⌃⇥◆ �✏ ✏�⇥1◆
⌃◆ �⌃⌥! N!? RDA� @B� EAS!

�↵⌧"� )8+= 4⌅◆⌫�⇧⇥◆⌃*� ⌃⇥◆ ⇥+  �✓ ⇥✏⌫⌃⇠⇠� ⇥⇧ �✏⌃◆⌥ � ⇤✓⇧⌃⇥↵⌃⌫ ✏ ⌃#�⇠�✏!

0◆  �✓ ✏⌫✓◆�⇧⌃⇥ 1�✓⇧✓ ✏⌅◆⌫�⇧⇥◆⌃*� ⌃⇥◆ ⌃✏ ⇥  �⌃◆✓↵�  �✓ ⇥✏⌫⌃⇠⇠� ⇥⇧ ⌃✏  �✓◆ ⇧✓+✓⇧⇧✓↵
�✏ �◆ 0��  �✓⇧✓ 1⌃⇠⇠  ✓ � ⌫⇥⇧⇧✓⇠� ⌃⇥◆  ✓ 1✓✓◆  �✓ ⇤��✏✓�◆⇥⌃✏✓ ⇥+  �✓ ⇧✓+✓⇧✓◆⌫✓ ✏⌃⌥◆�⇠
�◆↵  �✓ ⇥◆✓ ⇥+  �✓ ✏⌅◆⌫�⇧⇥◆⌃*✓↵ ⇥✏⌫⌃⇠⇠� ⇥⇧ ✏⌃#⌃⇠�⇧  ⇥ 1�� ⌃✏ ✏✓✓◆ ⌃◆ � 3�� ✏ ⇧�⌫ �⇧✓
RDA� EDS! 0+  �✓ ⇧✓+✓⇧✓◆⌫✓ ✏⌃⌥◆�⇠ ��✏  ✓  ✓⇧ +⇧✓&�✓◆⌫⌅ ✏ � ⌃⇠⌃ ⌅  ��◆  �✓ +⇧✓✓�⇧�◆◆⌃◆⌥
⇥✏⌫⌃⇠⇠� ⇥⇧�  �✓ ⌃◆.✓⌫ ⌃⇥◆�⇠⇥⌫2✓↵ ⇥✏⌫⌃⇠⇠� ⇥⇧ 1⌃⇠⇠ ✏�⇥1  ✓  ✓⇧ ⇤��✏✓�◆⇥⌃✏✓ ⇤✓⇧+⇥⇧#�◆⌫✓
 ��◆ ⌃◆  �✓ � ✏✓◆⌫✓ ⇥+ ⇤✓⇧ �⇧ � ⌃⇥◆!

⌦�✓◆  �⇥�⌥�  �⌃✏ #✓⌫��◆⌃✏# ��✏  ✓✓◆ �✏✓↵  ⇥ �⌫�⌃✓�✓ +⇧✓&�✓◆⌫⌅ ↵⌃�⌃✏⌃⇥◆� ⌫⇠⇥⌫2�
↵✓✏2✓1⇥⇧ ✓�✓◆ &��↵⇧� �⇧✓ ⌥✓◆✓⇧� ⌃⇥◆ RECS ⌃ ⌃✏ ⌃◆ +⇧✓&�✓◆⌫⌅ ✏⌅◆ �✓✏⌃✏  �� ⌃✏ +⇥�◆↵ ⌃ ✏
�⌃⌥�✓✏ ⇤⇥ ✓◆ ⌃�⇠! ⇢�✓ ⌃◆.✓⌫ ⌃⇥◆�⇠⇥⌫2⌃◆⌥⇤�✓◆⇥#✓◆���✏  ✓✓◆ ✓)⇤⇠⇥⌃ ✓↵  ⇥ �⌫⌫⇥#⇤⇠⌃✏�
�⌃⌥� ⇤✓⇧+⇥⇧#�◆⌫✓� �⌃⌥� +⇧✓&�✓◆⌫⌅� ⇠⇥1�⌫⇥✏ �◆↵ ⇠⇥1�⇤⇥1✓⇧ +⇧✓&�✓◆⌫⌅ ✏⌅◆ �✓✏⌃*✓⇧✏
�◆↵ �⇧✓ ⇧✓⌥�⇧↵✓↵ �✏ �◆ �⇠ ✓⇧◆� ⌃�✓  ⇥  �✓ �✏✓ ⇥+ 3��✏ <✏⌃◆⌫✓ 0�✏ �⇧✓ ⌃◆ +�⌫ .�✏ 
⇥✏⌫⌃⇠⇠� ⇥⇧✏�  �✓⌅ ⌃#⇤⇠⌅ ⇠✓✏✏ ⇤⇥1✓⇧ �◆↵ �⇧✓�  ��◆ � 3��=! 8⇥1✓�✓⇧� 0�✏ �⇧✓ ◆⇥ �
1⌃↵✓✏⇤⇧✓�↵ ⇥⇤ ⌃⇥◆  ✓⌫��✏✓  �✓ ✓) ✓◆ ⇥+  �✓⌃⇧ �⇤⇤⇠⌃⌫� ⌃⇠⌃ ⌅ �◆↵ ⇤✓⇧+⇥⇧#�◆⌫✓ ⌃✏ ✏ ⌃⇠⇠
⇠⌃#⌃ ✓↵  ⌅  �✓⌃⇧ ⌃◆�✓⇧✓◆ ◆�⇧⇧⇥1 ⇠⇥⌫2⌃◆⌥�⇧�◆⌥✓ <#�)⌃#�# ⇥⇥✏✓ +⇧✓&�✓◆⌫⌅  �� ⌫�◆
✏ ⌃⇠⇠  ⇧⌃⌥⌥✓⇧ ✏⌅◆⌫�⇧⇥◆⌃*� ⌃⇥◆=!

+-



N!N 4⌅◆⌫�⇧⇥◆⌃*� ⌃⇥◆ #⇥↵✓⇠✏

)8) ✏!⇡⌘⇧⇥⇡↵:⌃◆↵⇥⇡ �⇥��✓⌥

◆✓  ⌅⇤⌃⌫�⇠ ⌃#⇤⇠✓#✓◆ � ⌃⇥◆� ↵�✓  ⇥ ⌃ ✏ ✏⌃#⇤⇠⌃⌫⌃ ⌅� ⇥+ �◆ 0� ⌃✏ ✏�⇥1◆ ⌃◆ �⌃⌥!
N!@ 1�✓⇧✓  �✓ ⇧✓+✓⇧✓◆⌫✓ ✏⌃⌥◆�⇠ ⌃✏ ⌃◆.✓⌫ ✓↵ �✏ � ⌫�⇧⇧✓◆  ✓ 1✓✓◆  ⇥ �  ⇧�◆⌫�✓✏ ⇥+ �
↵⌃⇥✓⇧✓◆ ⌃�⇠ �� ⇥✏⌫⌃⇠⇠� ⇥⇧ RF� ENS! 8⇥1✓�✓⇧� ↵✓✏⇤⌃ ✓ ���⌃◆⌥ � +�⌃⇧⇠⌅ ✏ ⇧�⌃⌥� +⇥⇧1�⇧↵
⌃#⇤⇠✓#✓◆ � ⌃⇥◆�  �✓ 0� #⇥↵✓⇠⌃◆⌥ �◆↵ �◆�⇠⌅✏⌃✏ ⌃✏ ◆⇥ ✏⌃#⇤⇠✓ ✏⌃◆⌫✓  �✓ ✏⌅◆⌫�⇧⇥◆⌃*��
 ⌃⇥◆ ⇤⇧⇥⌫✓✏✏ ⌃✏ �⌃⌥�⇠⌅ ◆⇥◆�⇠⌃◆✓�⇧! ⇢�✓⇧✓ �⇧✓  1⇥ �⇤⇤⇧⇥�⌫�✓✏  ⇥ ✏ �↵⌅  �✓ ⌫⌃⇧⌫�⌃ I �
+⇧✓&�✓◆⌫⌅  �✏✓↵ �◆�⇠⌅✏⌃✏ �◆↵ � ⇤��✏✓  �✏✓↵ �◆�⇠⌅✏⌃✏! 7⇥ � 1⌃⇠⇠  ✓  ⇧⌃✓H⌅ ↵⌃✏⌫�✏✏✓↵!

�↵⌧"� )8.= 0◆.✓⌫ ⌃⇥◆�⇠⇥⌫2✓↵ �� ⇥✏⌫⌃⇠⇠� ⇥⇧ RF� ENS!

)8)8$ ��9"�⇡⌘! �⇥�⌃↵⇡ �⇥��✓⌥

4⇥#✓ ⌃◆+⇥⇧#� ⌃⇥◆ ⇥◆  �✓ ✏⌅◆⌫�⇧⇥◆⌃*� ⌃⇥◆ ⇤�✓◆⇥#✓◆� ⌫�◆  ✓ ✓) ⇧�⌫ ✓↵  ⌅
�◆�⇠⌅*⌃◆⌥  �✓ ✏⌅◆⌫�⇧⇥◆⌃*✓↵ ⇥✏⌫⌃⇠⇠� ⇥⇧ ⇥◆⌫✓ ⌃◆ ✏ ✓�↵⌅�✏ � ✓ <✏✓✓ ✓&! N!D=! 7⌅ ↵⇥⌃◆⌥
 �� ⌃ ⌃✏ ⇤⇥✏✏⌃ ⇠✓  ⇥ ⌫⇥◆✏ ⇧�⌫ � +⇧✓&�✓◆⌫⌅ #⇥↵✓⇠ ⇥+  �✓ ✏⌅◆⌫�⇧⇥◆⌃*� ⌃⇥◆ #✓⌫��◆⌃✏#
�◆↵ ↵✓⇧⌃�✓ ✏⌃#⇤⇠✓ ⇧✓⇠� ⌃⇥◆✏  ✓ 1✓✓◆ ✏⌃⌥◆⌃%⌫�◆ ⇤�⇧�#✓ ✓⇧✏ ⇠⌃2✓ ⇥⇥✏✓ +⇧✓&�✓◆⌫⌅ �◆↵
⌃◆.✓⌫ ⌃⇥◆ ⇠✓�✓⇠!

)8)8$8⌫ ⌫�✓�?⌥ �⇥��✓

�✓ ✏ �✏ ⌫⇥◆✏⌃↵✓⇧  �✓ ✏⌃#⇤⇠⌃%✓↵ #⇥↵✓⇠ +⇥⇧  �✓ ✏⌅◆⌫�⇧⇥◆⌃*✓↵ �� ⇥✏⌫⌃⇠⇠� ⇥⇧ ✏�⇥1◆
⌃◆ �⌃⌥! N!E RDAS! 0 ⌃✏ ⌫⇥#⇤⇥✏✓↵ ⇥+ � ◆⇥◆⇠⌃◆✓�⇧ ⌥�⌃◆  ⇠⇥⌫2 �◆↵ � ⇠⌃◆✓�⇧ %⇠ ✓⇧  �� 
✏�⇤⇤⇧✓✏✏✓✏ +⇧✓&�✓◆⌫⌃✓✏ +�⇧ +⇧⇥#  �✓ +⇧✓&�✓◆⌫⌅ ⇥+ ⇥✏⌫⌃⇠⇠� ⌃⇥◆!

+0



N! 0◆.✓⌫ ⌃⇥◆�⇠⇥⌫2⌃◆⌥ ⇥+ �54 ✏⌫⌃⇠⇠� ⇥⇧✏

�↵⌧"� )8-= 0◆.✓⌫ ⌃⇥◆�⇠⇥⌫2✓↵ �� ⇥✏⌫⌃⇠⇠� ⇥⇧ �⌃⌥��⇠✓�✓⇠ #⇥↵✓⇠!

⇢�✓ #⇥↵✓⇠ ✏ � ✓✏  ��  �✓ ⌫�⇧⇧✓◆ H⇥1⌃◆⌥  �⇧⇥�⌥�  �✓  �◆2� �⇡�⇣� ⌃✏ � ◆⇥◆�⇠⌃◆✓�⇧
+�◆⌫ ⌃⇥◆ ⇥+  �✓ ⌃◆.✓⌫ ✓↵ ⌫�⇧⇧✓◆ � ��✏;� <✏✓✓ ◆⇥◆�⇠⌃◆✓�⇧  ⇠⇥⌫2 ⌃◆ �⌃⌥! N!E=! 0 ⌃✏ ↵⌃⇤⌫�⇠  ⇥
↵✓✏⌫⇧⌃ ✓  �✓ ◆⇥◆�⇠⌃◆✓�⇧⌃ ⌃✓✏ �◆↵  �✓  �◆2 ⌫�⇧⇧✓◆ #�⌥◆⌃ �↵✓ �⌫⇧⇥✏✏  ⌃#✓ �⇥1✓�✓⇧� ⌃ ⌃✏
✏ ⌃⇠⇠ ⇤⇥✏✏⌃ ⇠✓  ⇥ �⌫�⌃✓�✓ ✏⇥#✓ ⌃◆✏⌃⌥� ⇥◆  �✓ ⇤⇧⇥⌫✓✏✏ ⇥+ ✏⌅◆⌫�⇧⇥◆⌃*� ⌃⇥◆  ⌅ ⌫⇥◆✏⌃↵✓⇧⌃◆⌥
 �✓ +⇥⇠⇠⇥1⌃◆⌥;

⇥ "✏ �+⇥⇧✓#✓◆ ⌃⇥◆✓↵  �✓ �✏✏�#⇤ ⌃⇥◆ ⇥+ ⇠⌃◆✓�⇧⌃ ⌅ ⌃✏ ��⇠⌃↵ +⇥⇧  �✓ �� ⇥✏⌫⌃⇠⇠� ⇥⇧!
⇢�⌃✏ #✓�◆✏  �� ⌃✏ ⇤⇥✏✏⌃ ⇠✓  ⇥ ◆✓⌥⇠✓⌫  �✓ ��⇧#⇥◆⌃⌫ ⌫⇥◆ ✓◆  �� ⌃✏ ⌥✓◆✓⇧� ✓↵  ⌅
 �✓ ◆⇥◆�⇠⌃◆✓�⇧  ⇠⇥⌫2 �◆↵ �◆�⇠⌅*✓ ⇥◆⇠⌅1�� ⇥⌫⌫�⇧✏ �  �✓ +⇧✓&�✓◆⌫⌅ ⇥+ ⇥✏⌫⌃⇠⇠� ⌃⇥◆
⇤A!

⇥ 3��✏⇥⇧✏ ⌫�◆ �✏✓↵  ⇥ �◆↵✓⇧✏ �◆↵  �✓ ✏⌅◆⌫�⇧⇥◆⌃*� ⌃⇥◆ ⇤⇧⇥⌫✓✏✏ ✏⌃◆⌫✓  �✓⌅ ✏⌃#⇤⇠⌃+⌅
 �✓ ⌫��⇧�⌫ ✓⇧⌃*� ⌃⇥◆ ⇥+  �✓ ✏⌃⌥◆�⇠  �� ⇧✓✏�⇠ ✏ +⇧⇥#  �✓ ✏�# ⇥+  1⇥ ⇥ �✓⇧ ✏⌃⌥◆�⇠✏
1⌃ � ↵⌃⇥✓⇧✓◆ �#⇤⇠⌃ �↵✓✏� +⇧✓&�✓◆⌫⌃✓✏ �◆↵ ⇤��✏✓✏ 1�⌃⌫� ⌃✏ �✓⇧⌅ ↵⌃⇤⌫�⇠  ⇥
�⌫⌫⇥#⇤⇠⌃✏� �✏⌃◆⌥ �◆�⇠⌅ ⌃⌫�⇠ #✓ �⇥↵✏!

⇢�✓ ⇤⇧⇥⌫✓✏✏ ⇥+ ✏⌅◆⌫�⇧⇥◆⌃*� ⌃⇥◆ ⌫�◆  ✓ ⌃⇠⇠�✏ ⇧� ✓↵ �◆↵ �◆�⇠⌅*✓↵ �✏ ✏�⇥1◆ ⌃◆ �⌃⌥!
N!B!

�↵⌧"� )80= 6✓⇤⌃⌫ ⌃⇥◆ ⇥+  �✓ ⌫�⇧⇧✓◆ ✏ ✓�⇥⇠� ⌃⇥◆ �◆ ⌃⇠ ✏⌅◆⌫�⇧⇥◆⌃*� ⌃⇥◆!

1�✓⇧✓ ��✏; ⌃✏  �✓ ⌃◆✏ �◆ �◆✓⇥�✏ �#⇤⇠⌃ �↵✓ ⇥+  �✓ ⌃◆.✓⌫ ⌃⇥◆ ⌫�⇧⇧✓◆ � �⇡�⇣ ⌃✏  �✓ ⌃◆✏ �◆�
 �◆✓⇥�✏ �#⇤⇠⌃ �↵✓ ⇥+  �✓ ⌫�⇧⇧✓◆ ⌥⇥⌃◆⌥  �⇧⇥�⌥�  �✓  �◆2 �◆↵ �A ⌃✏  �✓ ⌃◆⌃ ⌃�⇠ ��⇠�✓ +⇥⇧
 �� ⌫�⇧⇧✓◆ <⌃◆  �✓ � ✏✓◆⌫✓ ⇥+ ⌃◆.✓⌫ ⌃⇥◆=!

+>



N!N 4⌅◆⌫�⇧⇥◆⌃*� ⌃⇥◆ #⇥↵✓⇠✏

⇢�✓ ⇥✏⌫⌃⇠⇠� ⇥⇧ ⇥◆⌫✓ �◆↵✓⇧ ⌃◆.✓⌫ ⌃⇥◆ ✏�⇥✓⇧✏ � ⇤��✏✓ ✏�⌃+ ✏⌃◆⌫✓  �✓ ⌫�⇧⇧✓◆ H⇥1⌃◆⌥
 �⇧⇥�⌥�  �✓  �◆2 ⌫��◆⌥✓↵ <1�⌃⌫� #✓�◆✏  �✓ ⇧✓✏⇥◆�◆ ⌫⇥◆↵⌃ ⌃⇥◆� � *✓⇧⇥ ⇤��✏✓ ✏�⌃+ �
◆⇥ ⇠⇥◆⌥✓⇧ ⇥⌫⌫�⇧✏ �  �✓ +⇧✓✓�⇧�◆◆⌃◆⌥ +⇧✓&�✓◆⌫⌅=! ⇢�✓ ⇥✏⌫⌃⇠⇠� ⇥⇧ 1⌃⇠⇠ ⌫⇥#⇤✓◆✏� ✓  �✓
⌃◆↵�⌫✓↵ ⇤��✏✓ ✏�⌃+  ⌅ ✏�⌃+ ⌃◆⌥  �✓ ⇥✏⌫⌃⇠⇠� ⌃⇥◆ +⇧✓&�✓◆⌫⌅ <⌫�✓⌫2  �✓  ⇧�◆✏⌃✓◆ ✏ � ✓
⌃◆ �⌃⌥! N!B=! �⇧⇥#  �✓ +⇧✓✓�⇧�◆◆⌃◆⌥ +⇧✓&�✓◆⌫⌅� ⇤A�  �✓ ⇥✏⌫⌃⇠⇠� ⇥⇧ 1⌃⇠⇠ ⌫⇥◆�✓⇧⌥✓  ⇥ �
◆✓1 +⇧✓&�✓◆⌫⌅ 1�✓⇧✓  �✓ ⇤��✏✓�✏�⌃+ ⌃✏ ✏�⇤⇤⇧✓✏✏✓↵ <⌫�✓⌫2  �✓ ✏ ✓�↵⌅�✏ � ✓ ⌃◆ �⌃⌥!
N!B=! ⇢�✓ +⇧✓&�✓◆⌫⌅  ⇧�◆✏⇠� ⌃⇥◆ ⇥⌫⌫�⇧✏ �◆ ⌃⇠  �✓ ⇧✓✏⇥◆�◆ +⇧✓&�✓◆⌫⌅ ⌫⇥⌃◆⌫⌃↵✓✏ 1⌃ �
 �✓ +⇧✓&�✓◆⌫⌅ ⇥+  �✓ ⌃◆.✓⌫ ✓↵ ✏⌃⌥◆�⇠� ⇤⇡�⇣ ⌅ ⇤�✏;!

/⌃ �  �⌃✏ ⌃◆ #⌃◆↵ ⌃ ⌃✏ ⇤⇥✏✏⌃ ⇠✓  ⇥ ↵✓⇧⌃�✓  �✓ +⇥⇠⇠⇥1⌃◆⌥ ⇤��✏✓ ��⇧⌃� ⌃⇥◆ RDAS;

⌧⌅<�=
⌧�

⌅ ⌃⇤ � ⇤A

C$

��✏;

�A
✏⌃◆

�

⌅A

⇥

<N!C=

1�✓⇧✓ ⌅A ⌃✏  �✓ ⌃◆⌃ ⌃�⇠ ⇤��✏✓�↵⌃⇥✓⇧✓◆⌫✓ �◆↵ $ ⌃✏  �✓ &��⇠⌃ ⌅ +�⌫ ⇥⇧ +⇥⇧ � ⇧✓✏⇥◆�◆ 
◆✓ 1⇥⇧2! /�✓◆ ⌃◆ ✏ ✓�↵⌅ ✏ � ✓ ⇤⇡�⇣ ⌅ ⇤�✏; �◆↵;

⌧⌅<�=
⌧�

⌅ A <N!N=

�⇥⇧ �◆ ⇥⇧ �⇥⌥⇥◆�⇠ ⇧✓⇠� ⌃⇥◆ <⌅A ⌅ FA⇣=  ✓ 1✓✓◆  �✓ ⇥✏⌫⌃⇠⇠� ⇥⇧ �◆↵  �✓ ⌃◆.✓⌫ ✓↵ ⌫�⇧�
⇧✓◆ <1�✓⇧✓ ✏⌅◆⌫�⇧⇥◆⌃*� ⌃⇥◆ ↵⇥✓✏ ◆⇥ ⇥⌫⌫�⇧=�  �✓ ⇧✓⇠� ⌃⇥◆ ⌃◆ ✓&! N!C ⌫�◆  ✓ ✏⌃#⇤⇠⌃%✓↵
 ⇥ ↵✓ ✓⇧#⌃◆✓  �✓ ⇠⇥⌫2⌃◆⌥ ⇧�◆⌥✓;

⇤� ⌅
⇤A

C$

��✏;

�A
<N!?=

4⇥#✓ ⇧✓#�⇧2✏ +⇥⇠⇠⇥1;

⇥ 0◆+⇥⇧#� ⌃⇥◆ ⇥+  �✓ ⇠⇥⌫2⌃◆⌥ ⇧�◆⌥✓ ⌃✏ ⇥  �⌃◆✓↵ ✓�✓◆  �⇥�⌥�  �✓ ✓�⇥⇠� ⌃⇥◆ ⇥+  �✓
⌫�⇧⇧✓◆ �⇡�⇣ �#⇤⇠⌃ �↵✓ �⌫⇧⇥✏✏  ⌃#✓ ⌃✏ ◆⇥ 2◆⇥1◆!

⇥ ⇢�⌃✏ �⇤⇤⇧⇥)⌃#� ⌃⇥◆ ⌃✏ ⇥◆⇠⌅ ��⇠⌃↵ +⇥⇧ 1✓�2 ⌃◆.✓⌫ ⌃⇥◆� 1�✓⇧✓ �⇡�⇣ ⌘ ��✏;!

⇥ ⇢�✓ #⇥↵✓⇠ �✏✏�#✓✏ ✏⌃◆�✏⇥⌃↵�⇠ ✏⌅◆⌫�⇧⇥◆⌃*� ⌃⇥◆ ✏⌃⌥◆�⇠!

⇥ ⇢�✓ ⇠⇥⌫2⌃◆⌥ ⇧�◆⌥✓ ⌃◆⌫⇧✓�✏✓✏ 1⌃ �  �✓ ⇤⇥1✓⇧ ⇥+  �✓ ⌃◆.✓⌫ ✓↵ ✏⌃⌥◆�⇠!

⇥ ⇢�✓ ⌃◆.✓⌫ ⌃⇥◆ ⇠✓�✓⇠ �� ⇥#� ⌃⌫�⇠⇠⌅ ✏✓ ✏  �✓#�)⌃#�# +⇧✓&�✓◆⌫⌅  ��  �✓ ✏⌅◆⌫�⇧⇥�
◆⌃*� ⌃⇥◆ ✏⌃⌥◆�⇠ #⌃⌥� ⇤⇧✓✏✓◆ !

⇥ ⇢�✓ &��⇠⌃ ⌅ +�⌫ ⇥⇧ ⇥+  �✓ ⇥✏⌫⌃⇠⇠� ⇥⇧ ⌫�◆  ✓ �↵.�✏ ✓↵ ⌃◆ ⇥⇧↵✓⇧  ⇥ ✏�⇧⇤�✏✏ �◆⌅
⇠⌃#⌃ � ⌃⇥◆✏ ⇥◆  �✓ �#⇤⇠⌃ �↵✓ �◆↵ +⇧✓&�✓◆⌫⌅  �◆� ⌃⇠⌃ ⌅ ⇥+  �✓ ⌃◆.✓⌫ ✓↵ ✏⌃⌥◆�⇠
⌥✓◆✓⇧� ⇥⇧ �✏ ✏�⇥1◆ ⌃◆ �⌃⌥! N!>!

+(
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�↵⌧"� )8>= O��⇠⌃ ⌅ +�⌫ ⇥⇧ �✏ ⇠⇥⌫2⌃◆⌥�⇧�◆⌥✓!

7⌅  �✓ ✓◆↵ ⇥+  �✓ ✏⌅◆⌫�⇧⇥◆⌃*� ⌃⇥◆ ⇤⇧⇥⌫✓✏✏�  �✓ ⌃◆.✓⌫ ✓↵ �◆↵  �✓ ⇥✏⌫⌃⇠⇠� ⇥⇧ ✏⌃⌥◆�⇠✏
✏�⇥1  �✓ ✏�#✓ +⇧✓&�✓◆⌫⌅ <1⌃ � � ⇧✓✏⌃↵��⇠ ⇤��✏✓ ↵⌃⇥✓⇧✓◆⌫✓ ✏⌃#⌃⇠�⇧  ⇥ 1�� ⌃✏ +⇥�◆↵
⌃◆  �✓ 3��=! ⇢�⌃✏ #✓�◆✏  ��  �✓ ✏⇤✓⌫ ⇧�# ⇥+  �✓ 0� 1⌃⇠⇠ ���✓ � ⌫⇥⇧⇧✓⇠� ⌃⇥◆ 1⌃ �
 �✓ ⇥◆✓ ⇥+  �✓ ⌃◆.✓⌫ ✓↵ ✏⌃⌥◆�⇠! U◆⇥1⌃◆⌥ �⇠✏⇥  ��  �✓ ⇠⇥⌫2⌃◆⌥ ⇧�◆⌥✓ ✓✏ � ⇠⌃✏�✓✏  �✓
#�)⌃#�# +⇧✓&�✓◆⌫⌅ 1�✓⇧✓� +⇥⇧ � ⌥⌃�✓◆#�⌥◆⌃ �↵✓�  �✓ ⌃◆.✓⌫ ✓↵ ✏⌃⌥◆�⇠ ⌃✏ ✏ ⌃⇠⇠ ⌫�⇤� ⇠✓
⇥+ ⌫⇥◆↵⌃ ⌃⇥◆⌃◆⌥  �✓ ⇤��✏✓ ⇥+  �✓ ⇥✏⌫⌃⇠⇠� ⇥⇧� � +✓1 ⌫⇥◆✏⌃↵✓⇧� ⌃⇥◆✏ �⇧✓ ⇤⇥✏✏⌃ ⇠✓ ⇧✓⌥�⇧↵⌃◆⌥
 �✓ ⇤��✏✓�◆⇥⌃✏✓ ⇥+  �✓ 0� <✏✓✓ �⌃⌥! N!F=!

�↵⌧"� )8(= 3��✏✓�◆⇥⌃✏✓ ⌃#⇤⇧⇥�✓#✓◆ 1⌃ �⌃◆  �✓ ⇠⇥⌫2⌃◆⌥�⇧�◆⌥✓!
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N!N 4⌅◆⌫�⇧⇥◆⌃*� ⌃⇥◆ #⇥↵✓⇠✏

0 ⌃✏1⌃ �⌃◆  �✓ ⇠⇥⌫2⌃◆⌥�⇧�◆⌥✓  �✓⇥✏⌫⌃⇠⇠� ⇥⇧  ⇧�⌫2✏  �✓⇤��✏✓⇥+  �✓ ⇧✓+✓⇧✓◆⌫✓! /⌃ �⌃◆
 �⌃✏ ⇧�◆⌥✓  �✓ 0� �⌫ ✏ �✏ ⇠⇥1�⇤�✏✏ %⇠ ✓⇧  ⇥  �✓ ⇤��✏✓�◆⇥⌃✏✓ ⇥+  �✓ ✏⌅◆⌫�⇧⇥◆⌃*� ⌃⇥◆
✏⌃⌥◆�⇠ �✏ ⇧✓⇤⇧✓✏✓◆ ✓↵ ⌃◆ ✓&! N!@ R>� FS!

���✏⇣<⌃⇤= ⌅ � ⇠  ⌦⌦<⌃⇤=
⌃⇤C

⌃⇤C ⇧ ⇤C
�

⇧ ��✏;<⌃⇤=
⌃⇤�

C

⌃⇤C ⇧ ⇤C
�

<N!@=

7⌅ ⇥ ✏✓⇧�⌃◆⌥ ✓&! N!@ ⌃ ⌃✏ ⇤⇥✏✏⌃ ⇠✓  ⇥ ⌫⇥◆⌫⇠�↵✓  �� ⌃ ⌃✏ ↵✓✏⌃⇧� ⇠✓  ⇥ ���✓  �✓
⇠⇥⌫2⌃◆⌥ ⇧�◆⌥✓ ⌃◆⌫⇧✓�✏✓↵ �✏ #�⌫� �✏ ⇤⇥✏✏⌃ ⇠✓  ⇥ �⇠✏⇥ ⌃#⇤⇧⇥�✓  �✓ ⇤��✏✓�◆⇥⌃✏✓ �  �✓
+�⇧ �✓✏ ⇥⇥✏✓ ✏!

⇢�✓ "↵⇠✓⇧P✏ #⇥↵✓⇠ ⌃✏  �✏✓↵ ⇥◆  �✓ ⇥ ✏✓⇧�� ⌃⇥◆ ⇥+  �✓ ✏⌅◆⌫�⇧⇥◆⌃*✓↵ ⇥✏⌫⌃⇠⇠� ⇥⇧
�◆↵ ⌃ ⇥⇥✓⇧✏ �◆ ⌃◆ �⌃ ⌃�✓ �◆↵ ✏⌃#⇤⇠⌃%✓↵ ↵✓✏⌫⇧⌃⇤ ⌃⇥◆ ⇥+  �✓ ✏⌅◆⌫�⇧⇥◆⌃*� ⌃⇥◆ ⇤⇧⇥⌫✓✏✏!
8⇥1✓�✓⇧� ✏⌃◆⌫✓ ⌃ ⌃✏ � +⇧✓&�✓◆⌫⌅ #⇥↵✓⇠ ⌃ ↵⇥✓✏ ◆⇥ ↵⌃✏⌫⇠⇥✏✓✏ �◆⌅ ⌃◆+⇥⇧#� ⌃⇥◆ ⇥◆
 ⇧�◆✏⌃✓◆ ⇧✓⌥⌃#✓ �◆↵  �✓ ✏✓  ⇠⌃◆⌥  ⌃#✓� 1�⌃⌫�  ⌅ ⌫⇥◆✏✓&�✓◆⌫✓ #✓�◆✏ ⌃ ↵⇥✓✏ ◆⇥ 
�⇠⇠⇥1 ✓) ⇧�⌫ ⌃⇥◆ ⇥+ ⌃◆+⇥⇧#� ⌃⇥◆ ⇧✓⌥�⇧↵⌃◆⌥ +⇥⇧ ⌃◆✏ �◆⌫✓  �✓ ⇠⇥⌫2⌃◆⌥  ⌃#✓ <1�⌃⌫� ⌫�◆  ✓
⇥+ ⌃◆ ✓⇧✓✏  ⇥ �◆�⇠⌅*✓ ⌃+ +⇧✓&�✓◆⌫⌅ �⇥⇤⌃◆⌥ ⌃✏ ⌃◆ ✓◆↵✓↵=! 7✓✏⌃↵✓✏  �� �  �⌃✏ #⇥↵✓⇠ ⇥◆⇠⌅
✏�⌃ ✏ ⇧✓✏⇥◆� ⇥⇧✏ �◆↵ ⌃✏ ◆⇥ ↵⌃⇧✓⌫ ⇠⌅ �⇤⇤⇠⌃⌫� ⇠✓  ⇥ ⇥ �✓⇧ ⇥✏⌫⌃⇠⇠� ⇥⇧✏ ⇠⌃2✓  �✓ ⇥◆✓✏  �✏✓↵
⇥◆ �⌅✏ ✓⇧✓✏⌃✏! ⇢�✓ ⌥✓◆✓⇧�⇠⌃*� ⌃⇥◆ ⇥+  �⌃✏ #⇥↵✓⇠  ⌅⇤⌃⌫�⇠⇠⌅ ⌫⇥#✓✏ 1⌃ � �◆ ⇥�✓⇧�✓�↵ ⌃◆
 �✓ ⌫⇥#⇤⇠✓)⌃ ⌅ 1⌃ � � ⇤✓◆�⇠ ⌅ ⇥◆  �✓ ↵✓✏⌃⌥◆ ⇤⇧⇥⌫✓✏✏ RE?S!

)8)8$8' �↵✓✓�?⌥ �⇥��✓

⇢�✓⇧✓ ⌃✏ � ��⇧⌃� ⌃⇥◆ ⇥+  �✓ "↵⇠✓⇧P✏ #⇥↵✓⇠  �� ⌃✏  �✓  �✏✓ +⇥⇧ #⇥↵✓⇠⌃◆⌥ ✏⌅◆⌫�⇧⇥�
◆⌃*� ⌃⇥◆ 1⌃ � ↵⌃⇥✓⇧✓◆ +⇧✓&�✓◆⌫⌅ ⇧� ⌃⇥✏ R@>S! ⇢�✓ ⌥✓◆✓⇧�⇠⌃*✓↵ 5⌃⇠⇠✓⇧ #⇥↵✓⇠ ⌃✏ ✏�⇥1◆
⌃◆ �⌃⌥! N!DA RF� E@� EES!

�↵⌧"� )8$2= 5⌃⇠⇠✓⇧ ⌃◆.✓⌫ ⌃⇥◆ #⇥↵✓⇠!

⇢�✓ +�◆⌫ ⌃⇥◆✏ ⇠ <⌘⇡�⇣= �◆↵ ◆<⌘�✏;= �⇧✓  1⇥ #✓#⇥⇧⌅⇠✓✏✏ ◆⇥◆⇠⌃◆✓�⇧ +�◆⌫ ⌃⇥◆✏  �� ⌫�◆
 ✓ ⇧✓⇤⇧✓✏✓◆ ✓↵ �✏ +⇥⇠⇠⇥1✏;

◆<⌘�✏;= ⌅
⇧
�

✏⌅A

◆✏⇧⌘�✏;
✏ <N!E=

⇠ <⌘⇡�⇣= ⌅
⇧
�

�⌅A

⇠�⇧⌘⇡�⇣
� <N!B=

.$



N! 0◆.✓⌫ ⌃⇥◆�⇠⇥⌫2⌃◆⌥ ⇥+ �54 ✏⌫⌃⇠⇠� ⇥⇧✏

⇢�⌃✏ #⇥↵✓⇠ ✏ � ✓✏  ��  �✓ ⌫�⇧⇧✓◆ +✓✓↵⌃◆⌥  �✓  �◆2 ⌃✏  �✓ ⇧✓✏�⇠ ⇥+ � #⌃)⌃◆⌥
⇥⇤✓⇧� ⌃⇥◆! ⇢�✓⇧✓+⇥⇧✓� ⌃+ �◆⌅ ⇥+  �✓ ⇧✓✏�⇠ ⌃◆⌥ ⇤⇧⇥↵�⌫ ✏ +⇧⇥#  �✓ #⌃)⌃◆⌥ ⇥⇤✓⇧� ⌃⇥◆� ◆⇧ ⇠

✏�⇥1◆ ⌃◆ ✓&! N!>� +�⇠⇠ 1⌃ �⌃◆  �✓ %⇠ ✓⇧ ⇤�✏✏⌃◆⌥  �◆↵�  �✓ ✏⌅◆⌫�⇧⇥◆⌃*� ⌃⇥◆ ⌃✏  ⇧⌃⌥⌥✓⇧✓↵
RDB� @B� EBS!

◆<⌘�✏;=⇧ ⇠ <⌘⇡�⇣= ⌅
⇧
�

✏⌅A

:✏⇧ ✏⌃◆<✏⇤�✏;�=⇧
⇧
�

�⌅A

&�⇧ ✏⌃◆<�⇤⇡�⇣�= <N!>=

⇢�⌃✏ #⇥↵✓⇠ ⇤⇧✓↵⌃⌫ ✏  �✓ ✓)⌃✏ ✓◆⌫✓ ⇥+  �⇧✓✓ ↵⌃⇥✓⇧✓◆ ⇤⇥✏✏⌃ ⌃⇠⌃ ⌃✓✏ +⇥⇧ ✏⌅◆⌫�⇧⇥◆⌃*��
 ⌃⇥◆ �⌫⌫⇥⇧↵⌃◆⌥  �✓ ⇧� ⌃⇥ ⇥+ +⇧✓&�✓◆⌫⌃✓✏;

⇥ ��◆↵�#✓◆ �⇠ ✏⌅◆⌫�⇧⇥◆⌃*� ⌃⇥◆; ⇤�✏; ⌅ ⇤⇡�⇣

⇥ 4� ���⇧#⇥◆⌃⌫ ✏⌅◆⌫�⇧⇥◆⌃*� ⌃⇥◆; ✏⇤�✏; ⌅ ⇤⇡�⇣

⇥ 4�⇤✓⇧���⇧#⇥◆⌃⌫ ✏⌅◆⌫�⇧⇥◆⌃*� ⌃⇥◆; ⇤�✏; ⌅ �⇤⇡�⇣

4⌅◆⌫�⇧⇥◆⌃*� ⌃⇥◆ ⇥⌫⌫�⇧✏ 1�✓◆  �✓ +⇧✓✓�⇧�◆◆⌃◆⌥ ⇥✏⌫⌃⇠⇠� ⇥⇧ +⇧✓&�✓◆⌫⌅ ⇤A �◆↵  �✓
+⇧✓&�✓◆⌫⌅ ⇥+ ⌃◆.✓⌫ ✓↵ ✏⌃⌥◆�⇠ ⇤�✏; �⇧✓ ✏�⌫�  �� �⇤A � ✏⇤�✏;! " ✏⌅◆⌫�⇧⇥◆⌃*� ⌃⇥◆ ⇥+
⇥⇧↵✓⇧ ◆;#  �2✓✏ ⇤⇠�⌫✓ ⌃+  �✓ +⇧✓&�✓◆⌫⌅ ⇥+  �✓ ⇥✏⌫⌃⇠⇠� ⇥⇧ ✏�⌃+ ✏ �◆ ⌃⇠ ⌃ ⇧✓�⌫�✓✏ R@BS;

⇤⇡�⇣ ⌅
✏

�
⇤�✏; <N!F=

8�⇧#⇥◆⌃⌫ ✏⌅◆⌫�⇧⇥◆⌃*� ⌃⇥◆ ⌃✏  �✓  �✏✓ +⇥⇧  �✓ ⌃#⇤⇠✓#✓◆ � ⌃⇥◆ ⇥+ +⇧✓&�✓◆⌫⌅ ↵⌃�
�⌃↵✓⇧✏ ⇠⌃2✓  �✓ ⇥◆✓ ✏�⇥1◆ ⌃◆ �⌃⌥! N!DD RF� E>S!

�↵⌧"� )8$$= 0◆.✓⌫ ⌃⇥◆�⇠⇥⌫2✓↵ ↵⌃�⌃↵✓⇧!

.&



N!N 4⌅◆⌫�⇧⇥◆⌃*� ⌃⇥◆ #⇥↵✓⇠✏

⇢�✓ �#⇤⇠⌃ �↵✓ ⇥+  �✓ ⌃◆.✓⌫ ✓↵ ⌫�⇧⇧✓◆ ⌃✏ ↵✓ ✓⇧#⌃◆✓↵  ⌅  �✓ #⌃)✓⇧ ⌫⇥◆�✓⇧✏⌃⇥◆ ⌥�⌃◆
REN� EFS;

⇤� ⌅
⇤A

C$
⇧
?
↵
⇧
��✏;

�A
<N!DA=

)8)8& ⌅⇧⌃⌥� �⇥�⌃↵⇡ �⇥��✓⌥

"✏ �◆ �⇠ ✓⇧◆� ⌃�✓  ⇥  �✓ +⇧✓&�✓◆⌫⌅ #⇥↵✓⇠  �✓⇧✓ ⌃✏  �✓ ⇤⇥✏✏⌃ ⌃⇠⌃ ⌅  ⇥ ✓)⇤⇠⇥⌃  �✓
⌫⇥#⇤� � ⌃⇥◆�⇠  ⇥⇥⇠✏ � ��◆↵  ⇥ ⇤⇧⇥↵�⌫✓ �⌃⌥��⇠✓�✓⇠ ⇤��✏✓ #�⌫⇧⇥�#⇥↵✓⇠✏ ⇥+  �✓ ⇥✏⌫⌃⇠�
⇠� ⇥⇧! ⇢�✓ ⇤��✏✓ #�⌫⇧⇥ #⇥↵✓⇠✏ ���✓  ✓✓◆ ⇥+ ⌥⇧✓� � ⌃⇠⌃ ⌅ +⇥⇧ ⌃◆✏ �◆⌫✓ ⌃◆  �✓ ↵✓✏⌃⌥◆
⇥+ 3��✏  ⌅ ✏⌃#⇤⇠⌃+⌅⌃◆⌥  �✓ �◆�⇠⌅✏⌃✏ �◆↵ ✏⌃#�⇠� ⌃⇥◆ ✏ �⌥✓✏ <⌃ �⇠⇠⇥1✏  ⇥ +⇥⌫�✏ ⌃◆ ⇥
✏⌅✏ ✓#�⇠✓�✓⇠ ⌫��⇠⇠✓◆⌥✓✏ ⇠⌃2✓ ⇠⇥⇥⇤ ✏ � ⌃⇠⌃ ⌅=! 3��✏✓�#⇥↵✓⇠⌃◆⌥ �⇠⇠⇥1✏  ⇥ ⌫��⇧�⌫ ✓⇧⌃*✓
 �✓ 1�⌅  �✓ ⇥✏⌫⌃⇠⇠� ⇥⇧ ⇤⇧⇥⌫✓✏✏ ⌫✓⇧ �⌃◆ ✏ ⌃#�⇠�✏ ⌃◆ ⇥ � ⇤��✏✓�✏�⌃+ 1�⌃⇠✓ #�2⌃◆⌥  ⇧�◆✏�
⇤�⇧✓◆ �◆⌅ ⌃◆�⇥⇠�✓↵ ◆⇥◆�⇠⌃◆✓�⇧⌃ ⌃✓✏ �◆↵  ⌃#✓�↵✓⇤✓◆↵✓◆⌫⌃✓✏ <�⇠⇠⇥1⌃◆⌥  �✓ ⇥✏⌫⌃⇠⇠� ⇥⇧
 ⇥  ✓ ✏⌃#⇤⇠⌅ ↵✓✏⌫⇧⌃ ✓↵� +⇥⇧ ⌃◆✏ �◆⌫✓� ⌃◆ :✓⇧⌃⇠⇥⌥=! 7✓⌫��✏✓  �✓ �✏✓↵ #✓ �⇥↵⇥⇠⇥⌥⌃✓✏ �⇧✓
✏⌃#�⇠� ⌃⇥◆��✏✏⌃✏ ✓↵  �✓⌅ ⇥⇥✓⇧ �⌃⌥�✓⇧ �⌫⌫�⇧�⌫⌅ �◆↵ ⌫�◆  ✓ �⇤⇤⇠⌃✓↵  ⇥ �◆⌅ ⌫⇥# ⌃◆��
 ⌃⇥◆✏ ⇥+  ⇥⇤⇥⇠⇥⌥⌅�⌃◆.✓⌫ ⌃⇥◆  ⌅⇤✓! 0◆  �✓ +⇥⇠⇠⇥1⌃◆⌥ ✏✓⌫ ⌃⇥◆✏ � ⌫⇥�⇤⇠✓ ⇥+ #✓ �⇥↵✏ 1⌃⇠⇠
 ✓ ↵⌃✏⌫�✏✏✓↵!

)8)8&8⌫ 4⇧� %✏� �⌃⌥�� �⇥��✓

◆✓ ⇤⇥✏✏⌃ ⌃⇠⌃ ⌅  ⇥  �✓ ✏ �↵⌅  �✓ ⌃◆↵�⌫✓↵ ⇤��✏✓�✏�⌃+ ✏ ⇥◆  �✓ ⇥✏⌫⌃⇠⇠� ⇥⇧ ↵�⇧⌃◆⌥
 �✓ ✏⌅◆⌫�⇧⇥◆⌃*� ⌃⇥◆ ⇤⇧⇥⌫✓✏✏ ⌃✏  ⇥ �✏✓ �◆ 04�� �✏✓↵ �⇤⇤⇧⇥�⌫� <✏✓✓ ✏✓⌫ ⌃⇥◆ C!D!?!7
⌃◆ ���⇤ ✓⇧ C=! 8⇥1✓�✓⇧�  �⌃✏ #✓ �⇥↵ ⌃✏ ◆⇥ ↵⌃⇧✓⌫ ⇠⌅ �⇤⇤⇠⌃⌫� ⇠✓  ✓⌫��✏✓  �✓ 04� ⌃✏
⌫⇥#⇤� ✓↵  �✏✓↵ ⇥◆  �✓ ⇥✏⌫⌃⇠⇠� ⇥⇧ ⇧✓✏⇤⇥◆✏✓ �+ ✓⇧  �✓ ✏✓  ⇠⌃◆⌥  ⌃#✓ ��✏ ⇤�✏✏✓↵ �◆↵ ⌃ 
1⌃⇠⇠ ◆✓�✓⇧ ⇤⇧✓✏✓◆ � +⇧✓&�✓◆⌫⌅ ↵⌃⇥✓⇧✓◆ +⇧⇥#  �✓ ⇥◆✓ ⇥+  �✓ �◆⇤✓⇧ �⇧ ✓↵ ⇥✏⌫⌃⇠⇠� ⇥⇧
<⌃◆ ⇥ �✓⇧ 1⇥⇧↵✏ ⌅<�= ↵⇥✓✏ ◆⇥ ��⇧⌃� ✓ ⇠⌃◆✓�⇧⇠⌅ 1⌃ �  ⌃#✓ �◆↵ ✏⇥ ⌃ ⌫�◆◆⇥ ↵✓✏⌫⇧⌃ ✓
+⇧✓&�✓◆⌫⌅ ✏�⌃+ ✏=! 0◆ RBAS � #✓ �⇥↵⇥⇠⇥⌥⌅ ⌃✏ ⇤⇧⇥⇤⇥✏✓↵  ��  �⇧◆✏ ⇤⇥✏✏⌃ ⇠✓  ⇥ �✏✓  �✓
⌫⇥◆⌫✓⇤ ⇥+  �✓ 04� ⌃◆ ⇥⇧↵✓⇧  ⇥ ⌫�⇤ �⇧✓  �✓ ✏⌅◆⌫�⇧⇥◆⌃*� ⌃⇥◆ ⇤�✓◆⇥#✓◆⇥◆  �� ⇧✓✏�⇠ ✏
+⇧⇥# ⌃◆.✓⌫ ⌃⇥◆! ⇢�⌃✏ ⌃✏ ↵⇥◆✓  ⌅ ↵⌃✏⌫⇧✓ ⌃*� ⌃⇥◆ ⇥+  �✓ ⌃◆.✓⌫ ⌃⇥◆ ✏⌃⌥◆�⇠ �⇤⇤⇧⇥)⌃#� ⌃◆⌥
⌃ �✏ ✏✓&�✓◆⌫✓ ⇥+ ⇤�⇠✏✓✏ �◆↵ ⌫⇥◆✏✓&�✓◆ ⌫⇥#⇤� � ⌃⇥◆ ⇥+  �✓ ✏�⇤✓⇧⇤⇥✏⌃ ⌃⇥◆ ⇥+  �✓
⇧✓✏⇤⇥◆✏✓✏  ⇥ ✓�⌫� ⇤�⇠✏✓ �✏ ↵✓⇤⌃⌫ ✓↵ ⌃◆ �⌃⌥! N!DC!

"◆ 04� +�◆⌫ ⌃⇥◆ ⌃✏ ⌫⇥#⇤� ✓↵ +⇥⇧ ✓�⌫� ⌃#⇤�⇠✏✓ �◆↵ ��✏ � ↵✓⇤✓◆↵✓◆⌫⌅ ⇥◆  �✓
⇧✓✏⇤⇥◆✏✓  ⇥  �✓ ⇤⇧✓�⌃⇥�✏ ⌃#⇤�⇠✏✓! ⇢�✓  ⇥ �⇠ �⌫⌫�#�⇠� ✓↵ ⇤��✏✓�✏�⌃+ ⌫�◆  �✓◆  ✓
↵✓ ✓⇧#⌃◆✓↵ �✏ +⇥⇠⇠⇥1⌃◆⌥;

⌅<�= ⌅
� �

�⇧
⌥<� ⇧ ⌅<�==�<�=⌧� <N!DD=

1�✓⇧✓

.)



N! 0◆.✓⌫ ⌃⇥◆�⇠⇥⌫2⌃◆⌥ ⇥+ �54 ✏⌫⌃⇠⇠� ⇥⇧✏

��✏;<�= ⌅ � ⌫⇥✏
�

⇤�✏;� ⇧ �
⇥

<N!DC=

7⌅ �✏⌃◆⌥  �⌃✏ �⇤⇤⇧⇥�⌫�  �✓ ⇤��✏✓ ↵✓�⌃� ⌃⇥◆ ⇥+  �✓ ⇥✏⌫⌃⇠⇠� ⇥⇧� ⌅<�=� 1⌃⇠⇠ ◆⇥1 ��⇧⌃� ✓
1⌃ �  ⌃#✓ <⌅<�= ✓ �= �◆↵  ⌅ ⌫⇥◆✏✓&�✓◆⌫✓ ↵✓✏⌫⇧⌃ ✓ +⇧✓&�✓◆⌫⌅ ✏�⌃+ ✏ ⇥◆  �✓ ⇥✏⌫⌃⇠⇠� ⇥⇧
⇥� ⇤� !

�↵⌧"� )8$&= ⇢⌃#✓�✏�⌃+ ⌃◆⌥ ⇥+  �✓ 04�!

⌘✓#✓# ✓⇧⌃◆⌥ ✓&! N!F ⌃ ⌃✏ ⇤⇥✏✏⌃ ⇠✓  ⇥ ⌫⇥◆⌫⇠�↵✓ ⇥◆  �✓ ⇤��✏✓ ✏�⌃+  �� ⌫⇥⇧⇧✓✏⇤⇥◆↵✏
 ⇥ � ✏⌅◆⌫�⇧⇥◆⌃*� ⌃⇥◆ ⇥+ ⇥⇧↵✓⇧ D;# R@B� BAS;

⌅<�= �
⇤�✏; � �⇤⇡�⇣

�⇤⇡�⇣
� <N!DN=

7⌅ ⇧✓⇤⇠�⌫⌃◆⌥ N!DC ⌃◆ N!DD �◆↵ ✓&�� ⌃◆⌥  ⇥ N!DN ⌃ ⌃✏ ⇤⇥✏✏⌃ ⇠✓  ⇥ ↵✓%◆✓  �✓ D;#
✏⌅◆⌫�⇧⇥◆⌃*� ⌃⇥◆ ⇧✓⌥⌃⇥◆;

���

C
⇥

⇡

⇡

⇡

⇡

⇡

⇤�✏; � �⇤⇡�⇣

�⇤⇡�⇣

⇡

⇡

⇡

⇡

⇡

<N!D?=

1�✓⇧✓ �� ⌃✏  �✓ #�⌥◆⌃ �↵✓ ⇥+  �✓ ◆ � �⇥�⇧⌃✓⇧ ⌫⇥#⇤⇥◆✓◆ ⇥+ 04�!

⇢�✓ 04�� �✏✓↵ ⇤��✏✓#�⌫⇧⇥�#⇥↵✓⇠ �⇠⇠⇥1✏  ⇥ ⇤⇧✓↵⌃⌫  �✓ ⇧✓✏�⇠ ⌃◆⌥ ⇤��✏✓�✏�⌃+ +⇧⇥#
 �✓ ⌃◆.✓⌫ ⌃⇥◆ ⇥+ 1✓�2 �◆↵ ✏�⇥⇧ �↵�⇧� ⌃⇥◆ ⌃#⇤�⇠✏✓✏! 0 ��⇥⌃↵✏ ⌫⇥#⇤⇠✓) #� �✓#� ⌃⌫�⇠
�◆�⇠⌅✏⌃✏  ⌅ ��◆↵⌃◆⌥  �✓ ⌫⇥#⇤⇠✓)⌃ ⌅  ⇥ ⌫⇥#⇤� � ⌃⇥◆�⇠  ⇥⇥⇠✏! ⇢�⌃✏ ⌃✏ ↵⇥◆✓ ⇧✓✏⇥⇧ ⌃◆⌥  ⇥
✏⇤⌃⌫✓  ⇥⇥⇠✏ �◆↵ ◆�#✓⇧⌃⌫�⇠ #✓ �⇥↵✏ 1�⌃⌫� #✓�◆✏  �⌃✏ #✓ �⇥↵ �⇠⇠⇥1✏  ⇥ �⌫&�⌃⇧✓  �✓
⌃◆.✓⌫ ⌃⇥◆�⇠⇥⌫2⌃◆⌥ ⇧✓⌥⌃⇥◆ ⇧✓⌥�⇧↵⇠✓✏✏  �✓ ⇥✏⌫⌃⇠⇠� ⇥⇧  ⇥⇤⇥⇠⇥⌥⌅! 8⇥1✓�✓⇧� ✓�✓◆  �⇥�⌥�
 �⌃✏ #✓ �⇥↵ ��✏ � ⌥✓◆✓⇧�⇠ �⇤⇤⇠⌃⌫� ⌃⇥◆�  �✓ 04� ⌃✏ ↵✓✏⌃⌥◆�✏⇤✓⌫⌃%⌫ �◆↵  ⌃�✏ ↵✓⇤✓◆↵✓◆ 
1�⌃⌫� #✓�◆✏ ⌃ ⌃✏ ◆⇥ ✏�⌃ � ⇠✓  ⇥  ✓ �⇤⇤⇠⌃✓↵ ⇥◆ ⇥✏⌫⌃⇠⇠� ⇥⇧✏  �� ⌫��◆⌥✓  �✓⌃⇧  ⌃#✓�
⇤�  ✓⇧◆ �⌫⇧⇥✏✏  �✓⌃⇧  �◆⌃◆⌥ ⇧�◆⌥✓� ⇠⌃2✓ ⌃ ⇥+ ✓◆ ��⇤⇤✓◆✏ 1⌃ � ⌘� ⇥✏⌫⌃⇠⇠� ⇥⇧✏ <�✏  �✓

.+



N!N 4⌅◆⌫�⇧⇥◆⌃*� ⌃⇥◆ #⇥↵✓⇠✏

+⇧✓&�✓◆⌫⌅ ⌃✏ ⌃◆⌫⇧✓�✏✓↵  �✓⌃⇧ ⇥� ⇤�  ✓◆↵✏  ⇥ ⌥⇥ +⇧⇥# �  ⇧�⇤✓*⇥⌃↵�⇠�1��✓  ⇥ � ✏⌃◆✓�
1��✓=!

)8)8&8' 4⇧� ⇠⇧⌃⌥� ◆⌃⇡⌥�� �⇥��✓

�⇥⇠⇠⇥1⌃◆⌥ �⇠✏⇥ � ✏⌃#�⇠� ⌃⇥◆��✏✏⌃✏ ✓↵ �⇤⇤⇧⇥�⌫� ⌃✏  �✓ ⇤��✏✓� ⇧�◆✏+✓⇧ #⇥↵✓⇠
1�✓⇧✓ ⌃ ✏ ⇤�⇧�#✓ ✓⇧✏ �⇧✓ ✓) ⇧�⌫ ✓↵ ⇧✓✏⇥⇧ ⌃◆⌥  ⇥  ⇧�◆✏⌃✓◆ ✏⌃#�⇠� ⌃⇥◆✏ RBDS! ⇢�⌃✏ �⇤�
⇤⇧⇥�⌫� �⇠⇠⇥1✏  ⇥ �⌫&�⌃⇧✓ ⌃◆+⇥⇧#� ⌃⇥◆ ⇧✓⌥�⇧↵⌃◆⌥  �✓ ⇥✏⌫⌃⇠⇠� ⇥⇧  ⌃#✓ ⇧✓✏⇤⇥◆✏✓ ✏�⌫� �✏
⇠⇥⌫2  ⌃#✓� ⇠⇥⌫2⌃◆⌥ ⇧�◆⌥✓ ⇥⇧  ⇧�⌫2⌃◆⌥  �◆↵1⌃↵ �!

⇢�✓ ⇤⇧⇥⌫✓✏✏ ✏ �⇧ ✏  ⌅ ↵✓%◆⌃◆⌥ � ⇤��✏✓�↵⇥#�⌃◆ ⇧✓✏⇤⇥◆✏✓ <36⌘=� .<⌅=� +⇥⇧  �✓
⇥✏⌫⌃⇠⇠� ⇥⇧  �� ⌃✏ +�◆⌫ ⌃⇥◆ ⇥+  �✓ ⇧✓⇠� ⌃�✓ ⇤��✏✓ ↵⌃⇥✓⇧✓◆⌫✓  ✓ 1✓✓◆  �✓ +⇧✓✓�⇧�◆◆⌃◆⌥
⇥✏⌫⌃⇠⇠� ⌃⇥◆ �◆↵  �✓ ⇧✓+✓⇧✓◆⌫✓ ✏⌃⌥◆�⇠! ⇢�✓ ⇤��✏✓ ↵⌃⇥✓⇧✓◆⌫✓ ⌃✏ ↵✓%◆✓↵ �✏ +⇥⇠⇠⇥1⌃◆⌥;

⌅<�= ⌅ ��✏;<�= � �⇡�⇣<�= <N!D@=

⇢�✓ 36⌘ +�◆⌫ ⌃⇥◆ ⌃✏ ✓) ⇧�⌫ ✓↵ +⇧⇥# � ✏✓ ⇥+  ⇧�◆✏⌃✓◆ �◆�⇠⌅✏⌃✏�  ⌅ ⇥ ✏✓⇧�⌃◆⌥  �✓
⇥  �⌃◆✓↵ ⇤��✏✓�✏�⌃+ ⇥◆  �✓ 0� ⇥� ⇤� �✏ ⇧✓✏�⇠ +⇧⇥#  �✓ ⌃◆.✓⌫ ⌃⇥◆ ⇥+ � ✏⌃◆⌥⇠✓ ⇤✓⇧⌃⇥↵
⇥+  �✓ ⇧✓+✓⇧✓◆⌫✓ ✏⌃⌥◆�⇠ � ↵⌃⇥✓⇧✓◆ ⌃◆⌃ ⌃�⇠ ⇤��✏✓�↵⌃⇥✓⇧✓◆⌫✓✏ <✏✓✓ �⌃⌥! N!DN=! ⇢�⌃✏
⇤⇧⇥⌫✓↵�⇧✓ ⌃✏ ✏⌃#⌃⇠�⇧  ⇥  �✓ 04� ⌃◆  �✓ ✏✓◆✏✓  �� ⌃✏ ↵✓⇤✓◆↵✓◆ ⇥◆  �✓ ⌃◆.✓⌫ ⌃⇥◆ ✏⌃⌥◆�⇠�
 �✓ ↵✓✏⌃⌥◆ ⇥+  �✓ ⇥✏⌫⌃⇠⇠� ⇥⇧ �◆↵  �✓  ⌃�✏ ⌫⇥◆↵⌃ ⌃⇥◆✏ <⌃+  �✓ ⌃◆.✓⌫ ⌃⇥◆ ✏⌃⌥◆�⇠ ⌫��◆⌥✓✏  �✓
36⌘ +�◆⌫ ⌃⇥◆ #�✏  ✓ ⇧✓↵⇥◆✓=!

�↵⌧"� )8$)= 36⌘ +�◆⌫ ⌃⇥◆ ⌫��⇧�⌫ ✓⇧⌃*� ⌃⇥◆!

◆⌫✓  �✓ 36⌘ ⌃✏ ↵✓ ✓⇧#⌃◆✓↵ �  ✓���⌃⇥⇧�⇠ #⇥↵✓⇠ ⌫�◆  ✓ ⇥  �⌃◆✓↵� 1�⌃⌫� ⌃✏ ⌫⇥◆�
✏ ⇧�⌫ ✓↵ ⇥◆ ↵⌃✏⌫⇧✓ ✓ ✓�✓◆ ✏  �� �⌫⌫⇥�◆ +⇥⇧ ⌃◆.✓⌫ ⌃⇥◆✏ ⇥+ ⇥◆✓ ⇤✓⇧⌃⇥↵ ⇥+  �✓ ⌃◆.✓⌫ ⌃⇥◆
✏⌃⌥◆�⇠ �✏ ✏�⇥1◆ ⌃◆ �⌃⌥! N!D?! 0 ⌃✏ �⇠✏⇥ �✏✏�#✓↵  �� �◆↵✓⇧  �✓ � ✏✓◆⌫✓ ⇥+ ⌃◆.✓⌫ ⌃⇥◆  �✓
⇥✏⌫⌃⇠⇠� ⇥⇧ ⇤��✏✓ ⇧✓✏�#✓✏  �✓ +⇧✓✓�⇧�◆◆⌃◆⌥ ✏⌫✓◆�⇧⌃⇥ �✓◆⌫✓  �✓ ⌃◆⌫⇠�✏⌃⇥◆ ⇥+  �✓ ⇤��✏✓
 ✓⇧# C↵!⌃⇤

⇤⇡�⇣
!

..



N! 0◆.✓⌫ ⌃⇥◆�⇠⇥⌫2⌃◆⌥ ⇥+ �54 ✏⌫⌃⇠⇠� ⇥⇧✏

�↵⌧"� )8$+= �⇥◆�⇠⌃◆✓�⇧  ✓���⌃⇥⇧�⇠ #⇥↵✓⇠ ⇥+  �✓ 0�!

⇢�✓ ⇥� ⇤� ⇤��✏✓�✏�⌃+ ⌃✏ ⌥⌃�✓◆  ⌅;

�4⇧D ⌅ �4 ⇧ .<⌅4= ⇧
C↵!⌃⇤

⇤⇡�⇣
<N!DE=

1�✓⇧✓ ! ⌃✏  �✓ ◆�# ✓⇧ ⇥+ ⌫⌅⌫⇠✓✏ �◆↵ ⌃⇤ ⌃✏  �✓ +⇧✓&�✓◆⌫⌅ ⇥⇥✏✓ !
◆⌫✓  �✓ 0� ⌃✏ ⇠⇥⌫2✓↵ ⌃ ⌃✏ ⇤⇥✏✏⌃ ⇠✓  ⇥ ↵✓%◆✓ � 4 ✓�↵⌅�4 � ✓ 3��✏✓ 4�⌃+  �� 

⌫⇥#⇤✓◆✏� ✓✏  �✓ ⇤��✏✓ ↵⌃⇥✓⇧✓◆⌫✓  ✓ 1✓✓◆  �✓ ⇥✏⌫⌃⇠⇠� ⌃⇥◆ �◆↵  �✓ ⌃◆.✓⌫ ✓↵ ✏⌃⌥◆�⇠ �✏
+⇥⇠⇠⇥1✏;

.<⌅��= ⌅ �C↵!⌃⇤

⇤⇡�⇣
<N!DB=

4⌃◆⌫✓  �✓ 0� ⌫�◆ ⇥◆⇠⌅  ⇧�⌫2 � ✏⌅◆⌫�⇧⇥◆⌃*� ⌃⇥◆ ✏⌃⌥◆�⇠  �� ⇤⇧⇥↵�⌫✓✏ � ⇤��✏✓ ✏�⌃+ 
⇠�⇧⌥✓ ✓◆⇥�⌥�  ⇥ ⌫⇥#⇤✓◆✏� ✓  �✓ ↵⌃⇥✓⇧✓◆⌫✓ ⌃◆  �✓⌃⇧ +⇧✓&�✓◆⌫⌃✓✏�  �✓ ⇠⇥⌫2⌃◆⌥�⇧�◆⌥✓ ⌫�◆
 ✓ ✓)⇤⇧✓✏✏✓↵ �✏ +⇥⇠⇠⇥1✏;

⌃⇤ ⌅
.��9 � .��✏

C↵!
<N!D>=

⇢�⌃✏ �⇤⇤⇧⇥�⌫�� �◆⇠⌃2✓  �✓ 04�� �✏✓↵ ⇥◆✓� �⇠⇠⇥1✏  ⇥ ⇤⇧✓↵⌃⌫  �✓  ✓���⌃⇥⇧ ⇥+ 0�
�◆↵✓⇧ �◆⌅  ⌅⇤✓ ⇥+ ⌃◆.✓⌫ ⌃⇥◆ ✏⌫�✓#✓! 8⇥1✓�✓⇧� ✏⌃◆⌫✓ ⌃ ⌃✏ ⇥  �⌃◆✓↵ ⇧✓⇠⌅⌃◆⌥ ⌃◆  ⇧�◆✏⌃✓◆ 
✏⌃#�⇠� ⌃⇥◆✏ ⌃ ⌃✏  ⌃#✓�⌫⇥◆✏�#⌃◆⌥ �◆↵ ⌃ ⌃✏ #⇥✏ ⇠⌃2✓⇠⌅  ⇥ ⌥✓ 1⇥⇧✏✓ 1⌃ �  �✓ ⌃◆⌫⇧✓�✏✓
⇥+  �✓ ⇥✏⌫⌃⇠⇠� ⇥⇧  ⇥⇤⇥⇠⇥⌥⌅ ⌫⇥#⇤⇠✓)⌃ ⌅! 0 ⌃✏ �⇠✏⇥ ✓)⇤✓⌫ ✓↵  �✓ �⌫⌫�⇧�⌫⌅  ⇥  ✓ �⌃⌥�⇠⌅
↵✓⇤✓◆↵✓◆ ⇥◆  �✓ ◆�# ✓⇧ ⇥+ ⇤✓⇧+⇥⇧#✓↵ ⇥ ✏✓⇧�� ⌃⇥◆✏ ⌃◆ ⇥⇧↵✓⇧  ⇥ ⌫��⇧�⌫ ✓⇧⌃*✓  �✓
36⌘ +�◆⌫ ⌃⇥◆!

)8+ ,↵⌥⌘"⌥⌥↵⇥⇡

"⇠ �⇥�⌥�  �✓ ⌃#⇤⇠✓#✓◆ � ⌃⇥◆ ⇥+ �◆ 0� ⌃✏ ⇤⇥✏✏⌃ ⇠✓ 1⌃ � ⇧✓↵�⌫✓↵ ⌫⌃⇧⌫�⌃ ⌫⇥#⇤⇠✓)�
⌃ ⌅�  �✓ ⇤�✓◆⇥#✓◆⇥◆ ⇥+ ✏⌅◆⌫�⇧⇥◆⌃*� ⌃⇥◆ ⌃✏ �⌃⌥�⇠⌅ ◆⇥◆�⇠⌃◆✓�⇧ �◆↵  ⌃#✓�↵✓⇤✓◆↵✓◆ �
 ��✏ +�⇧ +⇧⇥#  ✓⌃◆⌥ ✏⌃#⇤⇠⌅ #⇥↵✓⇠✓↵! ⇢�✓⇧✓ ��✏  ✓✓◆ � +✓1 �  ✓#⇤ ✏  ⇥ ↵✓�✓⇠⇥⇤
⌫⇥#⇤⇧✓�✓◆✏⌃�✓ �◆↵ ⌃◆ �⌃ ⌃�✓ #⇥↵✓⇠✏ ⌫�⇤� ⇠✓ ⇥+ ⇥⇥✓⇧⌃◆⌥ �  ✓  ✓⇧ �◆↵✓⇧✏ �◆↵⌃◆⌥ ⇥+
 �✓ ⇤�✓◆⇥#✓◆⇥◆� �⇠⇠⇥1⌃◆⌥  ⇥ ✓)⇤⇠�⌃◆� &��◆ ⌃+⌅ �◆↵ ⇤⇧✓↵⌃⌫  �✓ ⇤✓⇧+⇥⇧#�◆⌫✓ 1⌃ �

.-



⌘✓+✓⇧✓◆⌫✓✏

✏⌃⌥◆⌃%⌫�◆ �⌫⌫�⇧�⌫⌅ �◆↵ ⇠✓�✓⇠ ⇥+ �⇤⇤⇠⌃⌫� ⌃⇠⌃ ⌅ <⌫⇥◆✏⌃↵✓⇧⌃◆⌥ ✏✓�✓⇧�⇠ ⇠✓�✓⇠✏ ⇥+ ⌃◆.✓⌫ ⌃⇥◆�
⇥⇥✏✓ +⇧✓&�✓◆⌫⌅� ��⇧#⇥◆⌃⌫ ✏⌅◆⌫�⇧⇥◆⌃*� ⌃⇥◆� ✓ ⌫=!

0 #�✏  ✓  �2✓◆ ⌃◆ ⇥ �⌫⌫⇥�◆  �� 1�� ⌃✏ ↵✓✏⌃⇧� ⇠✓ ⌃✏  ��  �✓ #⇥↵✓⇠⌃◆⌥ �◆↵
�◆�⇠⌅✏⌃✏ ⇥+  �✓ 0�  ⇥  ✓ ↵⇥◆✓ 1⌃ � ⇧✓�✏⇥◆� ⇠✓ ⌫⇥#⇤⇧⇥#⌃✏✓  ✓ 1✓✓◆ �⌫⌫�⇧�⌫⌅ �◆↵
 �✓ ⌫⇥#⇤⇠✓)⌃ ⌅ �◆↵ ���⌃◆⌥ ⌃◆ #⌃◆↵  ��  �✓ ⌫�✏✓ ✏ �↵⌅ ⌃✏ �◆ ⌘� ⇥✏⌫⌃⇠⇠� ⇥⇧!

⇢�2⌃◆⌥  �� ⌃◆ ⇥ �⌫⌫⇥�◆ � ⇠✓ ✏ %⇧✏ ⇥ ✏✓⇧�✓  �✓ ⇤⇥✏✏⌃ ⇠✓ #⇥↵✓⇠⌃◆⌥ ⇥⇤ ⌃⇥◆✏;

⇥ �⇧✓&�✓◆⌫⌅ 5⇥↵✓⇠⌃◆⌥;

@ 4⌃#⇤⇠✓!
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0◆  �⌃✏ ⌫��⇤ ✓⇧  �✓ ⌫��⇠⇠✓◆⌥✓✏ ⌃◆�⇥⇠�✓↵ ⌃◆  �✓ ⌃#⇤⇠✓#✓◆ � ⌃⇥◆ ⇥+ �◆ 0� �⇧✓ ↵⌃✏⌫�✏✏✓↵!
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✏ ⌃#�⇠�✏! ⇢��✏�  1⇥ ⇤⇥⌃◆ ✏ �⇧✓ ⌃#⇤⇥⇧ �◆  ⇥ ↵⌃✏⌫�✏✏ 1�✓◆ ⇤⇠�◆◆⌃◆⌥  �✓ ↵✓✏⌃⌥◆ ⇥+  �✓
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⇥ /�� 2⌃◆↵ ⇥+ ⇧✓+✓⇧✓◆⌫✓✏ �⇧✓ ���⌃⇠� ⇠✓T

⇥ 8⇥1 ⌫�◆  �✓ ⌃#⇤�⌫ ⇥+  �✓ ⇧✓+✓⇧✓◆⌫✓ ✏⌃⌥◆�⇠  ✓ ⌃#⇤⇧⇥�✓↵T
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⇧✓✏⇥◆�◆ +⇧✓&�✓◆⌫⌅  �� ⌃✏ ⌥��⇧�◆ ✓✓↵  ⌅  �✓ ⇠⇥1 ↵✓⇤✓◆↵✓◆⌫✓ ⇥+  �✓ ⌫⇧⌅✏ �⇠ ✓⇠�✏ ⌃⌫
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�↵⌧"� +8)= �⇧⌅✏ �⇠ ✓⇠✓⌫ ⇧⌃⌫�⇠ #⇥↵✓⇠!
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⇢�⌃✏ �⇠⇠⇥1✏  ⇥ ⌃↵✓◆ ⌃+⌅ ⌃◆  �✓ ⌫⇧⌅✏ �⇠  1⇥ ⇧✓✏⇥◆�◆ +⇧✓&�✓◆⌫⌃✓✏ <1�✓⇧✓ ⇧✓�⌫ �◆⌫✓✏
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1�✓⇧✓ ⇤� ⌃✏  �✓ ✏✓⇧⌃✓✏ ⇧✓✏⇥◆�◆ +⇧✓&�✓◆⌫⌅ ⇥⇧ +�◆↵�#✓◆ �⇠ +⇧✓&�✓◆⌫⌅ �◆↵ ⇤� ⌃✏  �✓
⇤�⇧�⇠⇠✓⇠ ⇧✓✏⇥◆�◆ +⇧✓&�✓◆⌫⌅! ⇢�✓ ⌫⇧⌅✏ �⇠ ⌃✏ � ⌫⇥# ⌃◆� ⌃⇥◆ ⇥+ � ✏✓⇧⌃✓✏ �◆↵ ⇤�⇧�⇠⇠✓⇠
⇧✓✏⇥◆�◆⌫✓ ⌫⌃⇧⌫�⌃ �  � ↵✓⇤✓◆↵⌃◆⌥ ⇥◆  �✓ ⌫⌃⇧⌫�⌃ 1�✓⇧✓ ⌃✏ ⌥⇥⌃◆⌥  ⇥  ✓ �✏✓↵� ⌃ ⌫�◆
�⇠✏⇥ 1⇥⇧2 �✏ ✓⌃ �✓⇧ �◆ ⌃◆↵�⌫ ⇥⇧ ⇥⇧ � ⌫�⇤�⌫⌃ ⇥⇧� �✏ ✏�⇥1◆ ⌃◆ �⌃⌥! ?!?! ⇢�⌃✏ #✓�◆✏
 ��  ⌅ �↵↵⌃◆⌥ ⇠⇥�↵ ⌫�⇤�⌫⌃ �◆⌫✓✏  �✓ +⇧✓&�✓◆⌫⌅ ⇥+ ⇥✏⌫⌃⇠⇠� ⌃⇥◆ ⌫�◆  ✓ ✏⇠⌃⌥� ⇠⌅ �↵.�✏ ✓↵
<⇧✓+✓⇧⇧⌃◆⌥  ⇥  �✓ ⇧�◆⌥✓ ⇥+ ⇥⇤✓⇧� ⌃⇥◆ ✏�⇥1◆ ⌃◆ �⌃⌥! ?!?=!
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�↵⌧"� +8+= �⇧⌅✏ �⇠ ⇧✓�⌫ �◆⌫✓✏!

⇢�✓#�⌃◆ �↵��◆ �⌥✓⇥+  �✓ ⌫⇧⌅✏ �⇠✏ ⌃✏  ��  �✓⌃⇧ +�◆↵�#✓◆ �⇠ +⇧✓&�✓◆⌫⌅ ⌃ ⌃✏ ↵✓%◆✓↵
 ⌅  �✓ ⌫� �◆↵ ⌃ ↵⇥✓✏ ◆⇥ ⌫��◆⌥✓ #�⌫� 1⌃ �  ✓#⇤✓⇧� �⇧✓! 0◆ +�⌫ ⌫⇧⌅✏ �⇠✏ �⇧✓ ✏�⇥1◆
 ⇥ ���✓ O +�⌫ ⇥⇧✏ ⇧�◆⌥⌃◆⌥ +⇧⇥# DAAAA  ⇥ DAAAAA <⌃◆  �✓ 58* ⇧�◆⌥✓= #�⌫� �⌃⌥�✓⇧  �� 
 �✓  ⌅⇤⌃⌫�⇠ ��⇠�✓ +⇥⇧ �◆ ⌃◆ ✓⌥⇧� ✓↵ ⌃◆↵�⌫ ⇥⇧ 1�⌃⌫� ⌃✏ ⇧⇥�⌥�⇠⌅ �⇧⇥�◆↵ DA <⌃◆  �✓ 98*
⇧�◆⌥✓=!

⇢�✓ ⌫⇧⌅✏ �⇠  ⌅ ⌃ ✏✓⇠+ ↵⇥✓✏ ◆⇥ ⇥✏⌫⌃⇠⇠� ✓ �◆⇠✓✏✏ ⌃✏ ⇤⇠�⌫✓↵ ⌃◆  �✓ +✓✓↵ �⌫2 ⇤� � ⇥+ �
�#⇤⇠⌃%✓⇧ �✏ ✏✓✓◆ +⇥⇧  �✓ ��⇧#⇥◆⌃⌫ ⇥✏⌫⌃⇠⇠� ⇥⇧✏ <✏✓✓ �⌃⌥! C!DC= RDNS! ⇢�✓ ⌫⇧⌅✏ �⇠ ⇥✏⌫⌃⇠⇠� ⇥⇧
⇥⇧ ⇤⌃✓*⇥✓⇠✓⌫ ⇧⌃⌫ ⇧✓✏⇥◆� ⇥⇧ ⌃✏ ✏�⇥1◆ ⌃◆ �⌃⌥! ?!@! ⇢�⌃✏ ⇥✏⌫⌃⇠⇠� ⇥⇧ ⌃✏ ⌫�⇤� ⇠✓ ⇥+ ✓)�⌃ ⌃ 
�✓⇧⌅ ⇠⇥1 ⇤��✏✓ ◆⇥⌃✏✓ �◆↵ ✏ � ⇠✓ +⇧✓&�✓◆⌫⌅!

�↵⌧"� +8.= �⇧⌅✏ �⇠ ⇥✏⌫⌃⇠⇠� ⇥⇧!

7✓⌫��✏✓  �✓ +�◆↵�#✓◆ �⇠ +⇧✓&�✓◆⌫⌅ ⌃✏ ↵✓%◆✓↵  ⌅  �✓ ⌫� ⌃ #✓�◆✏  ��  �✓ #�)⌃�
#�#⇥  �⌃◆� ⇠✓ +⇧✓&�✓◆⌫⌅ ⌃✏ ⌫⇥◆✏ ⇧�⌃◆✓↵  ⌅  �✓ +� ⇧⌃⌫� ⌃⇥◆ ⇤⇧⇥⌫✓✏✏ <�⌃⌥� +⇧✓&�✓◆⌫⌃✓✏
⇧✓&�⌃⇧✓ ✏#�⇠⇠ �◆↵  �⌃◆ ⌫⇧⌅✏ �⇠✏=! ⇢�✓ ⇤⇧�⌫ ⌃⌫�⇠ #�)⌃#�# +�◆↵�#✓◆ �⇠ +⇧✓&�✓◆⌫⌅ ⌃✏
✏�⇥1◆  ⇥  ✓ �⇧⇥�◆↵ NA 58* RB?� B@S!

⇢�✓⇧✓ �⇧✓ 1�⌅✏  ⇥ �⌫�⌃✓�✓ � �⌃⌥�✓⇧ +⇧✓&�✓◆⌫⌅ ⇥+ ⇥⇤✓⇧� ⌃⇥◆! ⇢�✓ ⌫� �◆↵ ✏��⇤✓

-+



?!D ⌘✓+✓⇧✓◆⌫✓ ✏⌃⌥◆�⇠ ⌥✓◆✓⇧� ⌃⇥◆

⇥+  �✓ ⌫⇧⌅✏ �⇠ ◆⇥ ⇥◆⇠⌅ ↵✓%◆✓✏  �✓ +�◆↵�#✓◆ �⇠  � ⌃ �⇠✏⇥ ↵✓ ✓⇧#⌃◆✓✏ ⌃+  �✓ ⌫⇧⌅✏ �⇠✏
�⌃ ⇧� ✓ � #⇥⇧✓  ��◆ ⇥◆✓ +⇧✓&�✓◆⌫⌅� 1�⌃⌫� �⇧✓ ⌫�⇠⇠✓↵ ⇥�✓⇧ ⇥◆✓✏ �◆↵ �⇤⇤✓�⇧ � ⇥↵↵
#�⇠ ⌃⇤⇠✓✏ ⇥+  �✓ +�◆↵�#✓◆ �⇠ +⇧✓&�✓◆⌫⌅!  �✓⇧ ⇥⇤ ⌃⇥◆ ⌃✏  ⇥ ⌥✓◆✓⇧� ✓ ��⇧#⇥◆⌃⌫✏ ⇥+  �✓
+�◆↵�#✓◆ �⇠ +⇧✓&�✓◆⌫⌅� 1�⌃⌫� ⌃✏ �⌫�⌃✓�✓↵  ⌅ ⇤⇧⇥↵�⌫⌃◆⌥ ⌫⇧⌅✏ �⇠✏ 1⌃ � ◆⇥◆ �◆⌃+⇥⇧#
 �⌃⌫2◆✓✏✏! 7⇥ � ⇥⇤ ⌃⇥◆✏� �⇥1✓�✓⇧� ⌃#⇤⇠⌅ �↵↵⌃ ⌃⇥◆�⇠ �� ⌫⌃⇧⌫�⌃ ✏ +⇥⇧ ✏✓⇠✓⌫ ⌃�⌃ ⌅ �◆↵ �⇧✓
✏ ⌃⇠⇠ ⇠⌃#⌃ ✓↵  ⇥ � +✓1 ��◆↵⇧✓↵ ⇥+ 58*� 1�⌃⌫� ⌃✏ ✏ ⌃⇠⇠ +�⇧ +⇧⇥#  �⌃✏ 1⇥⇧2 ↵✓✏⌃⇧� ⇠✓ 98*
⇧�◆⌥✓!

◆✓⇥ �✓⇧ ⇤⇧�⌫ ⌃⌫�⇠ ⇠⌃#⌃ � ⌃⇥◆1�✓◆�✏⌃◆⌥  �⌃✏  ⌅⇤✓ ⇥+ ⇧✓+✓⇧✓◆⌫✓ ⌃✏  �✓ ⌃#⇤⇥✏✏⌃ ⌃⇠⌃ ⌅
⇥+ ✏⌃⌥◆⌃%⌫�◆ ⇠⌅ �↵.�✏ ⇥+  �✓ +⇧✓&�✓◆⌫⌅ ⇥+ ⇥⇤✓⇧� ⌃⇥◆! ⇢�✓ ⇧�◆⌥✓ ⇥+ ⇥⇤✓⇧� ⌃⇥◆ ✏�⇥1◆
⌃◆ �⌃⌥! ?!? ⌃✏  ⌅⇤⌃⌫�⇠⇠⌅ ⇥+ � +✓158* �◆↵  �✓ �⌃⌥�✓⇧ +⇧✓&�✓◆⌫⌃✓✏ �⇧✓ �⇠1�⌅✏ #�⇠ ⌃⇤⇠✓✏
⇥+  �✓ +�◆↵�#✓◆ �⇠!

+8$8& ✏⇠↵⇡ ◆⌃⇡⌥�� ◆⇥9"� ⇡⌃⇡⇥ ⇥⌥⌘↵✓✓⌃◆⇥

⇢�✓ 4⇢ ⌃✏ �  �◆� ⇠✓ ◆�◆⇥�✏⌫�⇠✓ #⌃⌫⇧⇥1��✓ ⌃◆ ✓⌥⇧� ✓↵ ⌫�⇧⇧✓◆ �⌫⇥◆ ⇧⇥⇠⇠✓↵ ⇥✏⌫⌃⇠�
⇠� ⇥⇧ 1�⌃⌫� ⇥⇥✓⇧✏ ✓) ⇧✓#✓⇠⌅ 1⌃↵✓  �◆� ⌃⇠⌃ ⌅! ⇢�✓ ⇤⇧⌃◆⌫⌃⇤⇠✓ ⇥+ ⇥⇤✓⇧� ⌃⇥◆ ⇥+  �✓ 4⇢
⌫⇥◆✏⌃✏ ✏ ⇥◆  �✓  ⇧�◆✏+✓⇧ ⇥+ �◆⌥�⇠�⇧#⇥#✓◆ �#  ⇥  �✓#�⌥◆✓ ⌃*� ⌃⇥◆ ⇥+ �  �⌃◆#�⌥◆✓ ⌃⌫
⇠�⌅✓⇧ RBE� BBS! ⇢�✓ 4⇢ ⇥⇤✓⇧� ⌃⇥◆ ⌃✏  �✏✓↵ ⇥◆  1⇥ ✏⇤⌃◆ ⇧⇥◆⌃⌫ ✓⇥✓⌫ ✏; 4⇤⌃◆  ⇧�◆✏+✓⇧
 ⇥⇧&�✓ <4⇢⇢= �◆↵ #�⌥◆✓ ⇥⇧✓✏⌃✏ �◆⌫✓! ⇢�✓ 4⇢⇢ ✓⇥✓⌫ ⌥��⇧�◆ ✓✓✏ � #�⌥◆✓ ⌃⌫ ⌫⇥#⇤✓◆�
✏� ⌃⇥◆ #✓⌫��◆⌃✏# �◆↵  �✓ #�⌥◆✓ ⇥⇧✓✏⌃✏ �◆⌫✓ ⌥��⇧�◆ ✓✓✏ �◆ �⌅✏ ✓⇧✓✏⌃✏ #✓⌫��◆⌃✏#
⇥◆  �✓ 4⇢ ✏ ⇧�⌫ �⇧✓!

+8$8&8⌫ ✏⇠↵⇡ ◆⌃⇡⌥�� ◆⇥9"�

0◆ � #�⌥◆✓ ⌃⌫ #�⇠ ⌃⇠�⌅✓⇧ ↵✓�⌃⌫✓�  �✓ �◆⌥�⇠�⇧ #⇥#✓◆ �# <�⇠✏⇥ 2◆⇥1◆ �✏ ✏⇤⌃◆=
⌫�◆  ✓  ⇧�◆✏+✓⇧⇧✓↵  ⌅ ✓⇠✓⌫ ⇧⇥◆✏ +⇧⇥# ⇥◆✓ #�⌥◆✓ ⌃⌫ ⇠�⌅✓⇧  ⇥ �◆⇥ �✓⇧� 1�⌃⌫� ✓)✓⇧ ✏
�  ⇥⇧&�✓ ⇥◆  �✓ ⇠⇥⌫�⇠ #�⌥◆✓ ⌃*� ⌃⇥◆! ⇢�✓ 4⇢⇢ ✓⇥✓⌫ ⌫⇥◆✏⌃✏ ✏ ⌃◆ ⌥��⇧�◆ ✓✓⌃◆⌥  �✓
⇤⇧✓⌫✓✏✏⌃⇥◆ ⇥+ #�⌥◆✓ ⌃*� ⌃⇥◆ < ⇥⇧&�✓  ⇧�◆✏+✓⇧= ⇥+ � ◆�◆⇥�✏⌫�⇠✓↵ #�⌥◆✓ ⌃⌫ ⇠�⌅✓⇧  ⌅
�✏⌃◆⌥ � ✏⇤⌃◆�⇤⇥⇠�⇧⌃*✓↵ ⌫�⇧⇧✓◆ ! "  ⌅⇤⌃⌫�⇠ #�⇠ ⌃⇠�⌅✓⇧ ✏ ⇧�⌫ �⇧✓ ⇥+ 4⇢ ⌃✏ ✏�⇥1◆ ⌃◆ �⌃⌥!
?!E RD?S

⇢�✓ ✏ ⇧�⌫ �⇧✓ ⌃✏ ⌫⇥#⇤⇥✏✓↵ ⇥+  1⇥ #�⌥◆✓ ⌃⌫ ⇠�⌅✓⇧✏ ✏✓⇤�⇧� ✓↵  ⌅ �  �⌃◆ ◆⇥◆�
#�⌥◆✓ ⌃⌫  �⇧⇧⌃✓⇧ ⌫�⇠⇠✓↵ ✏⇤�⌫✓⇧! ⇢�✓  ⇥  ⇥# ⇠�⌅✓⇧ ⌃✏  �✓ ⇥◆✓ 1⌃ � � %)✓↵ #�⌥◆✓�
 ⌃*� ⌃⇥◆� ⌅�� ⌃✏ ◆�#✓↵ ⇤⇥⇠�⇧⌃*✓↵ ⇠�⌅✓⇧ �◆↵  �✓ ⇧✓#�⌃◆⌃◆⌥ #�⌥◆✓ ⌃⌫ ⇠�⌅✓⇧ 1�⇥✏✓
#�⌥◆✓ ⌃*� ⌃⇥◆ ⌃✏ +⇧✓✓  ⇥ ⇧⇥ � ✓� ⌅⇠  ⌦⌦� ⌃✏ ◆�#✓↵ �✏  �✓ +⇧✓✓ ⇠�⌅✓⇧!

⇢�✓ 4⇢⇢ ✓⇥✓⌫ ⌃✏  ⇧⌃⌥⌥✓⇧✓↵  ⌅ ⌃◆.✓⌫ ⌃◆⌥ � �◆⇤⇥⇠�⇧⌃*✓↵ ⌫�⇧⇧✓◆ ⇥◆  �✓ ✏ ⇧�⌫ �⇧✓!
" ✏⇤⌃◆�⇤⇥⇠�⇧⌃*✓↵ ⌫�⇧⇧✓◆ ⌃✏ ⌥✓◆✓⇧� ✓↵ ⇥◆ ⇤⇥⇠�⇧⌃*✓↵ ⇠�⌅✓⇧ �◆↵  �✓ ✓⇠✓⌫ ⇧⇥◆ ✏⇤⌃◆ ⌃✏
 ⇧�◆✏+✓⇧✓↵  ⇥  �✓ +⇧✓✓ ⇠�⌅✓⇧ 1�⌃⌫� ⌫��✏✓✏ �  ⇥⇧&�✓ ⇥◆  �✓ ⇠⇥⌫�⇠ #�⌥◆✓ ⌃*� ⌃⇥◆! ⇢�✓
✓)✓⇧ ✓↵  ⇥⇧&�✓ 1⌃⇠⇠ ⌫⇥#⇤✓◆✏� ✓ +⇥⇧  �✓ #�⌥◆✓ ⌃*� ⌃⇥◆ ↵�#⇤⌃◆⌥ ⌃◆  �✓ ✏⇤�⌫✓⇧!

-.



?! 6✓✏⌃⌥◆ ⇥+ �◆ 0� 7�✏✓↵ ⇥◆ �◆ ⌘� ✏⌫⌃⇠⇠� ⇥⇧

�↵⌧"� +8-= ⇢⌅⇤⌃⌫�⇠ 4⇢ ✏ ⇧�⌫ �⇧✓!

⇢�✓ ⌫⇥#⇤✓◆✏� ⌃⇥◆ ⇥+  �✓ #�⌥◆✓ ⌃*� ⌃⇥◆ ↵�#⇤⌃◆⌥� �⇥1✓�✓⇧� ⌃✏ ◆⇥ ✓◆⇥�⌥�  ⇥
✏�✏ �⌃◆ ⇥✏⌫⌃⇠⇠� ⌃⇥◆✏ RBE� BBS! 0◆ ⇥⇧↵✓⇧ +⇥⇧ ⇥✏⌫⌃⇠⇠� ⌃⇥◆✏  ⇥ ⇥⌫⌫�⇧  �✓ ⇧⇥ � ⌃⇥◆ ⇥+  �✓
#�⌥◆✓ ⌃*� ⌃⇥◆ ⇥◆  �✓ +⇧✓✓ ⇠�⌅✓⇧ #�✏ ⇤✓⇧⌃⇥↵⌃⌫�⇠⇠⌅ �⇠ ✓⇧◆� ✓ ⇥⇧⌃✓◆ � ⌃⇥◆! ⇢�⌃✏ ⌫�◆  ✓
⌥��⇧�◆ ✓✓↵  ⌅  �✓ #�⌥◆✓ ⇥⇧✓✏⌃✏ �◆⌫✓ ✓⇥✓⌫ RD@S!

+8$8&8' �⌃⌧⇡�◆⇥�⌥↵⌥◆⌃⇡⌘�

⇢�⌃✏ ✓⇥✓⌫ ⇧✓+✓⇧✏  ⇥  �✓ ⇥ ✏✓⇧�✓↵ ⇧✓✏⌃✏ �◆⌫✓ ⇥+  �✓ ◆⇥◆�#�⌥◆✓ ⌃⌫ ⇠�⌅✓⇧ �⌫⌫⇥⇧↵⌃◆⌥
 �✓ ⇧✓⇠� ⌃�✓ ⇥⇧⌃✓◆ � ⌃⇥◆ ⇥+  �✓ #�⌥◆✓ ⌃*� ⌃⇥◆ ⇥+  �✓ #�⌥◆✓ ⌃⌫ ⇠�⌅✓⇧✏! ⇢1⇥ ✏ � ✓✏ ⌫�◆
 ✓ ⇥ ✏✓⇧�✓↵� � ⇤�⇧�⇠⇠✓⇠ �◆↵ �◆ �◆ ⌃�⇤�⇧�⇠⇠✓⇠ �✏ ↵✓⇤⌃⌫ ✓↵ ⌃◆ �⌃⌥! ?!B!

;⌃< ;�<

�↵⌧"� +80= 5�⌥◆✓ ⇥⇧✓✏⌃✏ �◆⌫✓ ✓⇥✓⌫ ; <�= 3�⇧�⇠⇠✓⇠ ✏ � ✓! < = "◆ ⌃�⇤�⇧�⇠⇠✓⇠ ✏ � ✓!

--



?!D ⌘✓+✓⇧✓◆⌫✓ ✏⌃⌥◆�⇠ ⌥✓◆✓⇧� ⌃⇥◆

/�✓◆ ⌃◆ ⇤�⇧�⇠⇠✓⇠ ✏ � ✓  �✓#�⌥◆✓ ⌃⌫ ⇠�⌅✓⇧✏ �⇧✓ �⇠⌃⌥◆✓↵ �◆↵  �✓#�⌥◆✓ ⌃⌫ ⇤⇧✓⌫✓✏✏⌃⇥◆
⌃✏ ↵⇥◆✓ 1⌃ � ⇠⇥1 ✓⇥⇥⇧ ! /�✓◆ ⌃◆ �◆ ⌃�⇤�⇧�⇠⇠✓⇠ ✏ � ✓ ✓⇠✓⌫ ⇧⇥◆ ⇧✓H✓⌫ ⌃⇥◆ ⇥⌫⌫�⇧✏ ↵�⇧⌃◆⌥
 �✓ #�⌥◆✓ ⌃*� ⌃⇥◆ ⇤⇧✓⌫✓✏✏⌃⇥◆� 1�⌃⌫� ⌃✏  ⇧�◆✏⇠� ✓↵ ⌃◆ ⇥ � ⇠�⇧⌥✓ ⇧✓✏⌃✏ �◆⌫✓ ✏ � ✓ RD@S!
◆⇠⌅  ⌅ ⌫⇥# ⌃◆� ⌃⇥◆ ⇥+  �✓ 4⇢⇢ �◆↵  �✓ #�⌥◆✓ ⇥⇧✓✏⌃✏ �◆⌫✓ ✓⇥✓⌫ ✏ ⇥✏⌫⌃⇠⇠� ⌃⇥◆✏ ⇥◆
4⇢ ⌫�◆  ✓ ✏�✏ �⌃◆✓↵!

⇢�✓✏✓ ✏ ⇧�⌫ �⇧✓✏ �⇧✓ 2◆⇥1◆  ⇥  ✓ ⌫�⇤� ⇠✓ ⇥+ ✏�✏ �⌃◆⌃◆⌥ ⇥✏⌫⌃⇠⇠� ⌃⇥◆✏ ⌃◆  �✓ 98*
⇧�◆⌥✓ �◆↵ ⌫�◆  ✓  �◆◆✓↵  ⌅ ✓⌃ �✓⇧ � ⌫�⇧⇧✓◆ ⇥⇧ � #�⌥◆✓ ⌃⌫ %✓⇠↵! ⇢�✓ +�⌫  �� �✓⌅
���✓ �⇠✏⇥ �⌃⌥�  �◆� ⌃⇠⌃ ⌅ <↵✓⇤✓◆↵✓◆ ⇥◆  �✓ ��⇧⌃� ⌃⇥◆ ⇥+  �✓ #�⌥◆✓ ⇥⇧✓✏⌃✏ �◆⌫✓=� ⇠⇥1
⌫⇥✏ � ✏#�⇠⇠ +⇥⇥ ⇤⇧⌃◆ <✏#�⇠⇠✓⇧  ��◆ DAA ��= �◆↵ ⌫⇥#⇤� ⌃ ⌃⇠⌃ ⌅ 1⌃ � �54  ✓⌫�◆⇥⇠�
⇥⌥⌅ #�2✓✏  �⌃✏ ✏ ⇧�⌫ �⇧✓ �◆ ⌃◆ ✓⇧✓✏ ⌃◆⌥ ⌫�◆↵⌃↵� ✓  ⇥  ✓ �✏✓↵ �✏ � ⇧�↵⌃⇥�+⇧✓&�✓◆⌫⌅
⇥✏⌫⌃⇠⇠� ⇥⇧!

+8$8&8� 4!⇠�⌥ ⇥� ✏4�

4⇢ �⇧✓ ⌫⇠�✏✏⌃%✓↵ �⌫⌫⇥⇧↵⌃◆⌥ ⌃ ✏ #�⌥◆✓ ⇥⇧✓✏⌃✏ �◆⌫✓  �� ⌫�◆ ✓⌃ �✓⇧  ✓ �  �◆◆✓⇠⌃◆⌥
#�⌥◆✓ ⇥⇧✓✏⌃✏ �◆⌫✓ <⇢5⌘= 1�✓⇧✓  �✓  �✓  �⇧⇧⌃✓⇧ ⇠�⌅✓⇧ ⌃✏ �  �⌃◆ ⌃◆✏�⇠� ⇥⇧ <�✓◆⌫✓  �✓
 �◆◆✓⇠⌃◆⌥=� ⇥⇧ � ⌥⌃�◆ #�⌥◆✓ ⇥⇧✓✏⌃✏ �◆⌫✓ <95⌘=1�✓⇧✓  �✓  �⇧⇧⌃✓⇧ ⌃✏ �#✓ �⇠⇠⌃⌫ ✏⇤�⌫✓⇧!
"◆ 4⇢ 1⌃ � ⇢5⌘ ⌃✏ ◆�#✓↵ � #�⌥◆✓ ⌃⌫  �◆◆✓⇠ .�◆⌫ ⌃⇥◆ ✏⇤⌃◆  ⇥⇧&�✓ ⇥✏⌫⌃⇠⇠� ⇥⇧ <5⇢�
4⇢= �◆↵ �◆ 4⇢ 1⌃ � 95⌘ ⌃✏ ◆�#✓↵ � 4⇤⌃◆ ��⇠�✓ ✏⇤⌃◆  ⇥⇧&�✓ ⇥✏⌫⌃⇠⇠� ⇥⇧ <4: 4⇢=!
7⇥ � �⇧✓ ⌫�⇤� ⇠✓ ⇥+ �⌃⌥� +⇧✓&�✓◆⌫⌅ ⇥+ ⇥⇤✓⇧� ⌃⇥◆ ⌃◆  �✓ 98* ⇧�◆⌥✓ �◆⇠⌃2✓ ⌫⇧⌅✏ �⇠✏
1⌃ � �  �◆� ⌃⇠⌃ ⌅ ⇧�◆⌥✓ ⇥�✓⇧ NA [ 1�⌃⌫� ⌃✏ �⌃⌥�✓⇧  ��◆  ⌅⇤⌃⌫�⇠ �� ⇥✏⌫⌃⇠⇠� ⇥⇧✏ 1�⌃⌫�
✏�⇥1  �◆� ⌃⇠⌃ ⌅ ⌃◆  �✓ ⇧�◆⌥✓ ⇥+ ⇤DA [! 8⇥1✓�✓⇧�  �⌃✏  ✓⌫�◆⇥⇠⇥⌥⌅ ⌃ ✏ ✏ ⌃⇠⇠ ⇥◆ ⌃ ✏ ✓�⇧⇠⌅
✏ �⌥✓✏ ⇥+ ↵✓�✓⇠⇥⇤#✓◆ �◆↵ ✏�⇥1 � +✓1 ⇠⌃#⌃ � ⌃⇥◆✏;

⇥ ⇢�✓ #�)⌃#�# ⇥� ⇤� ⇤⇥1✓⇧ ⌃✏  ✓⇠⇥1 �?A ↵7# �◆↵  ⌅⇤⌃⌫�⇠ �#⇤⇠⌃ �↵✓✏ �⇧✓
⌫⇥#⇤�⇧� ⇠✓  ⇥ �54 ◆⇥⌃✏✓ ⇧#✏ ⇠✓�✓⇠� ⇥+  �✓ ⇥⇧↵✓⇧ ⇥+ ✏⌃

✏
2/I

⇥ ⇢�✓⌅ ✏�⇥✓⇧ +⇧⇥# ✏⇤✓⌫ ⇧�⇠ ⌃#⇤�⇧⌃ ⌃✓✏ ⌃◆  ✓⇧#✏ ⇥+ +⇧✓&�✓◆⌫⌅ H�⌫ �� ⌃⇥◆✏I

⇥ 3⇥⇥⇧ �◆⌃+⇥⇧#⌃ ⌅ �◆↵ ⇠⇥1 ⌅⌃✓⇠↵I

⇢⌅⇤⌃⌫�⇠⇠⌅� 5⇢� 4⇢ ⇥⇥✓⇧ ⇠�⇧⌥✓⇧ ⇥� ⇤� ⇤⇥1✓⇧ �◆↵  �✓ 4: 4⇢ ⇥⇥✓⇧ �⌃⌥�✓⇧ +⇧✓�
&�✓◆⌫⌅ ⇥+ ⇥⇤✓⇧� ⌃⇥◆ �◆↵  ✓  ✓⇧ ✏⇤✓⌫ ⇧�⇠ ⇤�⇧⌃ ⌅  � ⇠⇥1✓⇧ ⇥� ⇤� ⇤⇥1✓⇧ RD?� B>� BFS!
5⇢� 4⇢ �⇧✓ ⌫�⇤� ⇠✓ ⇥+ ✏�⇤⇤⇠⌅⌃◆⌥ �◆ ⇥� ⇤� ⇤⇥1✓⇧  ✓ 1✓✓◆ �EA ↵7# �◆↵ �?A ↵7#
⇥◆  �✓ �⌫⌫⇥�◆ ⇥+ ⌃ ✏ ⇠�⇧⌥✓⇧ #�⌥◆✓ ⇥⇧✓✏⌃✏ �◆⌫✓ R>AS! 8⇥1✓�✓⇧�  �✓⌅ ⇤⇧✓✏✓◆ +⇧✓&�✓◆⌫⌅
H�⌫ �� ⌃⇥◆✏ 1⌃ �⌃◆ ⌫⇠⇥✏✓⇧ ⇥⇥✏✓ ✏ <✏ DA 58*= ⇥+  �✓ ⇥✏⌫⌃⇠⇠� ⌃⇥◆ +⇧✓&�✓◆⌫⌅ �✓◆⌫✓  �✓⌅
✏�⇥1 O +�⌫ ⇥⇧✏ ⇥◆  �✓ ⇥⇧↵✓⇧ ⇥+ DAA! 7⌅ ⌃ ✏ ✏⌃↵✓  �✓ 4: 4⇢ ⇤⇧⇥↵�⌫✓ �◆ ⇥� ⇤� ✏⌃⌥◆�⇠
1⌃ � ✏⌃⌥◆⌃%⌫�◆ ⇠⌅ ⇠✓✏✏ ⇤⇥1✓⇧� �⇧⇥�◆↵ �BA ↵7#� ⇥◆  �✓ �⌫⌫⇥�◆ ⇥+ � ✏#�⇠⇠✓⇧ #�⌥◆✓�
 ⇥⇧✓✏⌃✏ �◆⌫✓  �  �✓⌅ �⇧✓ ⌫�⇤� ⇠✓ ⇥+ ✓)�⌃ ⌃  ✓  ✓⇧ +⇧✓&�✓◆⌫⌅ ✏ � ⌃⇠⌃ ⌅ ⇧✓�⌫�⌃◆⌥ �⌃⌥�✓⇧
O ��⇠�✓✏ < �✓⇥⇧✓ ⌃⌫�⇠⇠⌅ �⇤  ⇥ D>AAA=!

-0



?! 6✓✏⌃⌥◆ ⇥+ �◆ 0� 7�✏✓↵ ⇥◆ �◆ ⌘� ✏⌫⌃⇠⇠� ⇥⇧

"✏✏�#⌃◆⌥  ��  �✓ ↵⇧�1 �⌫2✏ 1⌃⇠⇠  ✓ #⌃ ⌃⌥� ✓↵ ⌃◆  �✓ ◆✓�⇧ +� �⇧✓�  �✓ �✏✓ ⇥+  �⌃✏
 ✓⌫�◆⇥⇠⇥⌥⌅  ⇥ ⌃#⇤⇠✓#✓◆  �✓ 0� ✏�⇥�⇠↵ ⌥⇧�◆ 2✓⌅ �↵��◆ �⌥✓✏! �⌃⇧✏ �  ✓⌫��✏✓ ⌃ ✏
⌫⇥#⇤� ⌃ ⇠✓ 1⌃ � �54 ⇤⇧⇥⌫✓✏✏ ⌃ ⌫�◆  ✓ ⌃◆ ✓⌥⇧� ✓↵ �◆↵  �✓ ⇠⇥✏✏✓✏ +⇧⇥#  �✓ 3�7 ⇥⇧
⇤�⌫2�⌥⌃◆⌥ ⌫�◆  ✓ ��⇥⌃↵✓↵! 4✓⌫⇥◆↵�  ✓⌫��✏✓ ⌃ ⌃✏ ⌫�⇧⇧✓◆  ⌃�✏✓↵ � ⌫⇥##⇥◆  ⌃�✏⌃◆⌥
✏ ⇧�⌫ �⇧✓ ⌫�◆  ✓ �✏✓↵ +⇥⇧  ⇥ � ⇥✏⌫⌃⇠⇠� ⇥⇧✏� 1�⌃⌫� �⇠⇠⇥1✏  ⇥ ⇧✓↵�⌫✓  �✓ ⇥�✓⇧�⇠⇠ +⇥⇥ ⇤⇧⌃◆ 
�◆↵ ⇤⇥1✓⇧ ⌫⇥◆✏�#⇤ ⌃⇥◆ ⇥+  �✓ 0�! �⌃◆�⇠⇠⌅�  ✓⌫��✏✓ ⌃ ��✏ �⌃⌥� +⇧✓&�✓◆⌫⌅ �◆↵ �⌃⌥�
 �◆� ⌃⇠⌃ ⌅� ⌃ ⌫�◆  ✓ �✏✓↵  ⇥ �⌫�⌃✓�✓ � ⌫�✓�⇤ #�⇠ ⌃� �◆↵� #�⇠ ⌃�✏ �◆↵�⇧↵ ⇧✓⌫✓⌃�✓⇧!

+8$8) ,↵⌥⌘"⌥⌥↵⇥⇡

0◆ ⇢� ! ?!D � ⌫⇥#⇤�⇧⌃✏⇥◆ ⌃✏ ✏�⇥1◆  ✓ 1✓✓◆  �✓  1⇥ ⇤⇥✏✏⌃ ⌃⇠⌃ ⌃✓✏ +⇥⇧  �✓ ✏⌃⌥◆�⇠
⌥✓◆✓⇧� ⌃⇥◆!

4⌃�✓� +8$= ⌘✓+✓⇧✓◆⌫✓✏ ⌫⇥#⇤�⇧⌃✏⇥◆!

0◆ ✓⌥⇧� ⇠✓ ⌘✓+✓⇧✓◆⌫✓✏ "↵��◆ �⌥✓✏ 6⌃✏�↵��◆ �⌥✓✏

�⇧⌅✏ �⇠ ✏⌫⌃⇠⇠� ⇥⇧
5� �⇧✓ ⇢✓⌫�◆⇥⇠⇥⌥⌅ �⇥1 �⇧✓&�✓◆⌫⌅ <58*=
�⇥1 �⇥✏ �⇥1 ⇢�◆� ⌃⇠⌃ ⌅
8⌃⌥� O <58* ⌘�◆⌥✓= �⇥ ⌫⇥#⇤� ⌃ ⇠✓1⌃ ��54

4⇤⌃◆ ⇢⇥⇧&�✓ ✏⌫⌃⇠⇠� ⇥⇧

�⇥1 "⇧✓� �⇥1 X⌃✓⇠↵
8⌃⌥� O <98* ⇧�◆⌥✓= �⇧✓&�✓◆⌫⌅ H�⌫ �� ⌃⇥◆✏
8⌃⌥� �⇧✓&�✓◆⌫⌅ <98*=
8⌃⌥� ⇢�◆� ⌃⇠⌃ ⌅
�⇥#⇤� ⌃ ⇠✓ 1⌃ � �54

7⌅ ⇥ ✏✓⇧�� ⌃⇥◆ ⇥+ ⇢� ! ?!D ⌃ ⌃✏ ⇤⇥✏✏⌃ ⇠✓  ⇥ ↵⌃✏#⌃✏✏  �✓ �✏✓ ⇥+  �✓ ⌫⇧⌅✏ �⇠ ⇥✏⌫⌃⇠⇠� ⇥⇧
�⇠⇥◆✓  ⌅ ⌃ ✏ +⇧✓&�✓◆⌫⌅ ⇥+ ⇥⇤✓⇧� ⌃⇥◆ ✏⌃◆⌫✓  �✓  �⇧⌥✓ ⌃✏  �✓ 98* ⇧�◆⌥✓! "◆⇥ �✓⇧
⌃#⇤⇥⇧ �◆ �✏⇤✓⌫ ⇧✓⇠� ✓✏  ⇥ ⌃ ✏ ⇠⌃#⌃ ✓↵  �◆� ⌃⇠⌃ ⌅ 1�⌃⌫� ⌃✏ ✓�✓◆ ✏#�⇠⇠✓⇧  ��◆  ⌅⇤⌃⌫�⇠
⇧�◆⌥✓✏ ⇥+ �� ⇥✏⌫⌃⇠⇠� ⇥⇧✏! �⌃◆�⇠⇠⌅� ⇥◆⇠⌅  �✓ 4⇢ ⌃✏ ⌫⇥#⇤� ⌃ ⇠✓ 1⌃ � ✏ �◆↵�⇧↵ �54�
1�⌃⌫� 1⌃⇠⇠ �⇠⇠⇥1 � +�⇠⇠⌅ ⌃◆ ✓⌥⇧� ✓↵ 0�!

6✓✏⇤⌃ ✓ ⌃ ✏ ↵⇧�1 �⌫2✏  �✓ 4⇢ ⌃✏ ⇧✓⌥�⇧↵✓↵ �✏  �✓  ✓✏ ✏⇥⇠� ⌃⇥◆ +⇥⇧  �✓ ⌃#⇤⇠✓#✓◆�
 � ⌃⇥◆ ⇥+  �✓ 0�! ⇢�✓ ⇧✓✏�⇠ ⌃◆⌥ �⌅ ⇧⌃↵ ⇥✏⌫⌃⇠⇠� ⇥⇧ ⌃✏ ✓)⇤✓⌫ ✓↵  ⇥ ✏�⇥1 � 1⌃↵✓ ⇧�◆⌥✓
 �◆� ⌃⇠⌃ ⌅ ⌃◆  �✓ 98* ⇧�◆⌥✓1⌃ � � ⇤��✏✓�◆⇥⌃✏✓ ⇤✓⇧+⇥⇧#�◆⌫✓ ✏⇥#✓1�✓⇧✓  ✓ 1✓✓◆  �✓
⇥◆✓ ⇥+ �◆ �� ⇥✏⌫⌃⇠⇠� ⇥⇧ �◆↵  �� ⇥+ � ⌫⇧⌅✏ �⇠ ⇥✏⌫⌃⇠⇠� ⇥⇧!

->



?!C 0#⇤⇧⇥�⌃◆⌥  �✓ ⌃#⇤�⌫ ⇥+  �✓ ⇧✓+✓⇧✓◆⌫✓ ✏⌃⌥◆�⇠

+8& %�⇠⇥�↵⇡⌧ ◆⇧� ↵�⇠⌃⌘◆ ⇥� ◆⇧� ����⇡⌘� ⌥↵⌧⇡⌃✓

"↵#⌃  ⌃◆⌥  ��  �✓ 0� ⌃✏ ⌥⇥⌃◆⌥  ⇥  ✓ ⌃#⇤⇠✓#✓◆ ✓↵ �✏⌃◆⌥ �◆ 4⇢� 1�⌃⌫� �✏
⇤⇧✓�⌃⇥�✏⇠⌅ ⇧✓+✓⇧⇧✓↵ ⇤⇧⇥↵�⌫✓✏ � �✓⇧⌅ 1✓�2 ⇥� ⇤� �  1⇥  �⌃◆⌥✏ #�✏  ✓  �2✓◆ ⌃◆ ⇥
�⌫⌫⇥�◆ I %⇧✏  �✓ +⇧✓&�✓◆⌫⌅ #⇥↵✓⇠ ⌫�◆  ✓ �✏✓↵  ⇥ ✏�⇤⇤⇥⇧  �✓ �◆�⇠⌅✏✓✏ ⇥+  �✓ 0�
�◆↵ ✏✓⌫⇥◆↵� ⌃ ⌃✏ ⇤⇥✏✏⌃ ⇠✓  ��  �✓ ⇧✓+✓⇧✓◆⌫✓ ✏⌃⌥◆�⇠ ⇠✓�✓⇠ ⌃✏ ◆⇥ ✓◆⇥�⌥�  ⇥ ⌥��⇧�◆ ✓✓
⇤��✏✓�◆⇥⌃✏✓ ⌃#⇤⇧⇥�✓#✓◆  �⇧⇥�⌥�⇥�  �✓ ⇥✏⌫⌃⇠⇠� ⇥⇧ ✏⌃↵✓ �◆↵! ⇢�✓⇧✓+⇥⇧✓� ⌃ 1⇥�⇠↵
 ✓ �↵��◆ �⌥✓⇥�✏  ⇥ ✏ �↵⌅ �⇥1 ✏�⇥�⇠↵ ⌃  ✓ ⇤⇥✏✏⌃ ⇠✓  ⇥ #�⌥◆⌃+⌅  �✓ ⌃#⇤�⌫ ⇥+  �✓
✏⌃⌥◆�⇠ 1⌃ �⇥� �✏⌃◆⌥ �◆⌅ ⌃◆ ✓⇧+�⌫✓  ⇠⇥⌫2 ⇠⌃2✓ � 1⌃↵✓ �◆↵ �#⇤⇠⌃%✓⇧!

/�✓◆ ↵⌃✏⌫�✏✏⌃◆⌥  �✓ ⌃#⇤�⌫ ⇥+  �✓ ✏⌅◆⌫�⇧⇥◆⌃*� ⌃⇥◆ ✏⌃⌥◆�⇠  1⇥ �✏⇤✓⌫ ✏ �⇧✓ ⌫⇧⌃ ⌃⌫�⇠;

⇥ 8⇥1 1⌃↵✓ �⇧✓  �✓ ⇥✏⌫⌃⇠⇠� ⇥⇧ ✏⇤✓⌫ ⇧�⇠ ⌫⇥#⇤⇥◆✓◆ ✏ <✏✓✓ 2< ;⇤= ⌃◆ �⌃⌥! N!DA �◆↵
�⌃⌥! N!E=T

⇥ /�� ⌃✏  �✓ ⌃◆.✓⌫ ⌃⇥◆ ✏ ⇧✓◆⌥ � <⇧✓⇠� ⌃⇥◆  ✓ 1✓✓◆  �✓ ⇥✏⌫⌃⇠⇠� ⇥⇧ ⌫�⇧⇧✓◆ �◆↵  �✓
⌃◆.✓⌫ ✓↵ ⌫�⇧⇧✓◆ � ✏✓✓ �⌃⌥! N!?=T

7⌅ ⇠⇥⇥2⌃◆⌥ � ✓&! C!?A �◆↵ �⌃⌥! C!DN ⌃ ✏ ⇤⇥✏✏⌃ ⇠✓  ⇥ ⌃◆+✓⇧  �✓ ⇧✓⇠� ⌃⇥◆  ✓ 1✓✓◆
&��⇠⌃ ⌅ +�⌫ ⇥⇧ �◆↵  �◆↵1⌃↵ �� �◆↵ ✓�✓◆  ⇥�⌥�  �✓⇧✓ �⇧✓  ✓⌫�◆⌃&�✓✏  �� ⌫�◆  ✓ �✏✓↵
 ⇥ ✓) ✓◆↵  �✓ ⇠⇥⌫2⌃◆⌥ ⇧�◆⌥✓ 1�✓◆ �✏⌃◆⌥ �� ⇥✏⌫⌃⇠⇠� ⇥⇧✏ <⇠⌃2✓ ↵⌃⇧✓⌫ ⌃◆.✓⌫ ⌃⇥◆ �✏ ✏✓✓◆ ⌃◆
R>DQ>NS=  �✓⌅ �⇧✓ ✏ ⌃⇠⇠ ⇧✓↵�⌫✓↵ ⇥◆  �✓ �⌫⌫⇥�◆ ⇥+  �✓ ◆�⇧⇧⇥1 ✏⇤✓⌫ ⇧�⇠ ⌫⇥#⇤⇥◆✓◆  �� 
⌃✏ ⌥✓◆✓⇧� ✓↵  ⌅  �✓ ⇥✏⌫⌃⇠⇠� ⇥⇧!

7⌅ ⌃ ✏ ✏⌃↵✓ ⌘� ⇥✏⌫⌃⇠⇠� ⇥⇧✏ ⇤⇧✓✏✓◆ �  �✓⇥⇧✓ ⌃⌫�⇠ #�)⌃#�# &��⇠⌃ ⌅ +�⌫ ⇥⇧ ⇥+ ⇥◆✓ R>S!
⇢�⌃✏ ⌃✏ 1�✓⇧✓  �✓ ⌘� ⇥✏⌫⌃⇠⇠� ⇥⇧✏  �2✓ ✏⇥#✓ �↵��◆ �⌥✓ ⇥�✓⇧ �� ⇥✏⌫⌃⇠⇠� ⇥⇧  ✓⌫��✏✓  �✓⌅
���✓ ✏⇤✓⌫ ⇧�⇠ ⌫⇥#⇤⇥◆✓◆ ✏1⌃ � ⇠�⇧⌥✓⇧  �◆↵1⌃↵ �1�✓◆ ⌫⇥#⇤�⇧✓↵1⌃ � ��⇥✏⌫⌃⇠⇠� ⇥⇧✏
 �✓⌅ �⇧✓ ⌫�⇤� ⇠✓ ⇥+  ✓⌃◆⌥ ✏⌅◆⌫�⇧⇥◆⌃*✓↵1⌃ � ✏#�⇠⇠✓⇧ �#⇤⇠⌃ �↵✓✏ � +�⇧ �✓⇧ ⇥⇥✏✓ ✏ <✏✓✓
�⌃⌥! ?!>=!

�↵⌧"� +8>= 7�◆↵1⌃↵ � ↵⌃⇥✓⇧✓◆⌫✓✏  ✓ 1✓✓◆ �� �◆↵ ⌘� ✏⌫⌃⇠⇠� ⇥⇧✏!

-(



?! 6✓✏⌃⌥◆ ⇥+ �◆ 0� 7�✏✓↵ ⇥◆ �◆ ⌘� ✏⌫⌃⇠⇠� ⇥⇧

◆✓ ⇥ �✓⇧ �✏⇤✓⌫ ⇥+  �✓✏✓ ⇥✏⌫⌃⇠⇠� ⇥⇧✏  �� ⌃✏ ⇧✓⇠✓��◆ +⇥⇧  �✓ #�)⌃#⌃*� ⌃⇥◆ ⇥+  �✓
⌃#⇤�⌫ ⇥+  �✓ ⇧✓+✓⇧✓◆⌫✓ ✏⌃⌥◆�⇠ ⇧✓⇠� ✓✏  ⇥  �✓ +�⌫  �� � �✏ ◆⇥◆�⇠⌃◆✓�⇧ ⇥✏⌫⌃⇠⇠� ⇥⇧✏�  �✓⌅
⌫�◆ ✏�⇥1 � ⇧⌃⌫� ✏⇤✓⌫ ⇧�⇠ ⌫⇥◆ ✓◆ � �✏ ↵✓⇤⌃⌫ ✓↵ ⌃◆ �⌃⌥! C!NA! /✓ 2◆⇥1�  ⌅ ⇠⇥⇥2⌃◆⌥ � 
�⌃⌥! C!DA�  �� � ◆⇥◆�⇠⌃◆✓�⇧ ⇥✏⌫⌃⇠⇠� ⇥⇧ ⌃✏ ✏✓◆✏⌃ ⌃�✓  ⇥ ✏ ⌃#�⇠�✏ ⇥⌫⌫�⇧⇧⌃◆⌥ ⌃◆  �✓ �⌃⌫⌃◆⌃ ⌅
⇥+ #�⇠ ⌃⇤⇠✓✏ ⇥+ ⌃ ✏ ⇥✏⌫⌃⇠⇠� ⌃⇥◆ +⇧✓&�✓◆⌫⌅ �◆↵ +⇧⇥#  �✓ ⇥ ✏✓⇧�� ⌃⇥◆ ⇥+  �✓ #⇥↵✓⇠ ⌃◆ �⌃⌥!
N!DA 1✓ 2◆⇥1  �� � ⌃+ �◆⌅ ⌃◆ ✓⇧�#⇥↵�⇠� ⌃⇥◆ ⇤⇧⇥↵�⌫ �  �� ⇧✓✏�⇠ ✏ +⇧⇥# ⌃◆.✓⌫ ⌃⇥◆� ⌃✏ ◆⇥ 
%⇠ ✓⇧✓↵ ⇥�  ⌅  �✓ ⇥✏⌫⌃⇠⇠� ⇥⇧ ✏⌅◆⌫�⇧⇥◆⌃*� ⌃⇥◆ ⌃✏  ⇧⌃⌥⌥✓⇧✓↵!

⇢�⌃✏ #✓�◆✏  ��  �✓ ✏⌅◆⌫�⇧⇥◆⌃*� ⌃⇥◆  ⇥ � ⌥⌃�✓◆ ⇧✓+✓⇧✓◆⌫✓ ✏⌃⌥◆�⇠ 1⌃⇠⇠ ⇥⌫⌫�⇧ �✏ ⇠⇥◆⌥
�✏  �✓ ⇧✓+✓⇧✓◆⌫✓ ✏⌃⌥◆�⇠ ⌃✏ ⌃◆.✓⌫ ✓↵ � �◆⌅ ⇥+  �✓#�⇠ ⌃⇤⇠✓✏ ⇥+  �✓ +⇧✓✓�⇧�◆◆⌃◆⌥ +⇧✓&�✓◆⌫⌅�
✏⇥  �� ⌃ ⇤⇧⇥↵�⌫✓✏ �◆ ⌃◆ ✓⇧�#⇥↵�⇠� ⌃⇥◆ ⇤⇧⇥↵�⌫ � ⇠⇥1 +⇧✓&�✓◆⌫⌃✓✏ <⇧✓#✓# ✓⇧  �� 
 �✓ ⌘� ⇥✏⌫⌃⇠⇠� ⇥⇧ ��✏ � ⇠⇥1�⇤�✏✏ ⇧✓✏⇤⇥◆✏✓� ⌃↵✓�⇠⇠⌅ �◆ ⌃◆ ✓⌥⇧� ⇥⇧=� �✏ ↵✓⇤⌃⌫ ✓↵ ⌃◆ �⌃⌥!
?!F!

�↵⌧"� +8(= 3⇥✏✏⌃ ⇠✓ ⌃◆.✓⌫ ⌃⇥◆ +⇧✓&�✓◆⌫⌃✓✏ +⇥⇧  �✓ ⌘� ⇥✏⌫⌃⇠⇠� ⇥⇧!

⇢�✓ ✓)⌃✏ ✓◆⌫✓ ⇥+  �⌃✏ ⇠�⇧⌥✓ ◆�# ✓⇧ ⇥+ ✏⇤✓⌫ ⇧�⇠ ⌫⇥#⇤⇥◆✓◆ ✏  ✓⌫⇥#✓✏ �◆ �↵��◆ �⌥✓
 ✓⌫��✏✓ ⌃+ ��⇧#⇥◆⌃⌫ ⌃◆.✓⌫ ⌃⇥◆ ⌃✏ ↵⇥◆✓ �✏⌃◆⌥  �✓ �⌃⌥� ⇥⇧↵✓⇧ ��⇧#⇥◆⌃⌫✏� ⌃ ⌃✏ ⇤⇥✏✏⌃ ⇠✓
 ⇥ �⌫�⌃✓�✓ �⌃⌥�✓⇧ ⌃◆.✓⌫ ⌃⇥◆ ✏ ⇧✓◆⌥ �✏ +⇥⇧  �✓ ✏�#✓ ⇠✓�✓⇠ ⇥+ ⌃◆.✓⌫ ⌃⇥◆! "✏  �✓ ⇥⇧↵✓⇧
⌃◆⌫⇧✓�✏✓✏�  ✓  ✓⇧ ⇧� ⌃⇥ ⌫�◆  ✓ ⇥  �⌃◆✓↵� �✏ ✏�⇥1◆ ⌃◆ ✓&! ?!?!
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⇡
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?!N 6✓✏⌃⌥◆ #✓ �⇥↵⇥⇠⇥⌥⌅ +⇥⇧  �✓ 0�

+8) ,�⌥↵⌧⇡ ��◆⇧⇥�⇥✓⇥⌧! �⇥ ◆⇧� %��

⇢�✓ ↵✓✏⌃⇧� ⇠✓  �⇧⌥✓ ✏⇤✓⌫⌃%⌫� ⌃⇥◆✏ +⇥⇧  �✓ ⇤⇧⇥ ⇥ ⌅⇤✓�  �2⌃◆⌥ ⌃◆ ⇥ �⌫⌫⇥�◆ � ⌫⇥◆�
✏✓⇧�� ⌃�✓ ✓✏ ⌃#� ⌃⇥◆ ⇥+  �✓ #�)⌃#�# ⇥� ⇤� ⇤⇥1✓⇧ ⇥+  �✓ 4⇢ �⇧✓ ✏�##�⇧⌃*✓↵ �✏
+⇥⇠⇠⇥1✏;

⇥ 0�O ⇥� ⇤� ✏ <⌃#�⌥✓ ⌫�◆⌫✓⇠⇠� ⌃⇥◆=

⇥ �⇧✓&�✓◆⌫⌅ ⇥+ ⇥⇤✓⇧� ⌃⇥◆; C!? 98* <045  �◆↵✏=

⇥ �⇥⌫2⌃◆⌥ ⌘�◆⌥✓;  D 58* <+⇥⇧ �◆ ⌃◆.✓⌫ ⌃⇥◆ ⇤⇥1✓⇧  ✓⇠⇥1 �?A ↵7#=

⇥ 3��✏✓�◆⇥⌃✏✓; ✏ �DAA ↵7⌫�8*YD 58* < ⌅⇤⌃⌫�⇠ ⇤��✏✓�◆⇥⌃✏✓ ⇥+ �◆ ⌘� ⇥✏⌫⌃⇠⇠� ⇥⇧ � 
 �✓ 98* ⇧�◆⌥✓=

⇢�✓ ↵✓✏⌃⌥◆ ⌫��⇠⇠✓◆⌥✓✏ �⇧⌃✏✓ +⇧⇥#  �✓ ◆✓⌫✓✏✏⌃ ⌅ ⇥+ ⌃#⇤⇧⇥�⌃◆⌥  �✓ ⌃#⇤�⌫ ⇥+  �✓
⇧✓+✓⇧✓◆⌫✓ 1⌃ �⇥� �✏⌃◆⌥ � 1⌃↵✓ �◆↵ �#⇤⇠⌃%✓⇧ �◆↵  �✓ ⇤✓⇧+⇥⇧#�◆⌫✓ ⇥+  �✓ �54
⇥✏⌫⌃⇠⇠� ⇥⇧ � �⌃⌥� +⇧✓&�✓◆⌫⌅ ⇥+ ⇥⇤✓⇧� ⌃⇥◆;

⇥ 6✓ ✓⇧#⌃◆✓ #⇥✏ ✏�⌃ � ⇠✓ ⌃◆.✓⌫ ⌃⇥◆ ⇤⇥⌃◆ !

⇥ �⌃◆↵ ⇥⇤ ⌃#�⇠ ⇤⇥⌃◆  ✓ 1✓✓◆  �✓ ⌃◆.✓⌫ ⌃⇥◆ ✏ ⇧✓◆⌥ � �◆↵ ⌃◆.✓⌫ ⌃⇥◆ +⇧✓&�✓◆⌫⌅!

⇥ 6✓✏⌃⌥◆  �✓ ⌘� ⇥✏⌫⌃⇠⇠� ⇥⇧ � �⌃⌥� +⇧✓&�✓◆⌫⌅ ⇥+ ⇥⇤✓⇧� ⌃⇥◆ 1⌃ � ⌥⇥⇥↵  �⇠�◆⌫✓
 ✓ 1✓✓◆ ⇤��✏✓�◆⇥⌃✏✓ �◆↵ ⇤⇥1✓⇧ ⌫⇥◆✏�#⇤ ⌃⇥◆!

⇥   �⌃◆ ↵✓✏⌃⌥◆ ⌥�⌃↵✓⇠⌃◆✓✏!

"⇠ �⇥�⌥� ✏⇥#✓ ↵✓✏⌃⌥◆ ⇤⇧�⌫ ⌃⌫✓✏ ⌫�◆ ⌃#⇤⇧⇥�✓  �✓ ⌃#⇤�⌫ ⇥+  �✓ ⇧✓+✓⇧✓◆⌫✓ ✏⌃⌥◆�⇠
 �✓⇧✓ ⌃✏ ✏⇥ #�⌫�  �� ⌫�◆  ✓ ↵⇥◆✓! ⇢�✓ ⇠⇥⌫2⌃◆⌥ ⇧�◆⌥✓ 1⌃⇠⇠ ��⇧↵⇠⌅ ⌫⇥�✓⇧  �✓ +�⇠⇠ ✓) ✓◆ 
⇥+  �✓ ⇥✏⌫⌃⇠⇠� ⇥⇧ ✏⌃↵✓ �◆↵✏ ↵�✓  ⇥  �✓ �✓⇧⌅1✓�2 ⇧✓+✓⇧✓◆⌫✓ <⇧✓#✓# ✓⇧ ✓&! N!? �◆↵ N!@=!
/�⌃⌫� #✓�◆✏ �  1⇥ ✏ ✓⇤ ↵✓✏⌃⌥◆ #✓ �⇥↵⇥⇠⇥⌥⌅ ✏�⇥�⇠↵  ✓ ✓#⇤⇠⇥⌅✓↵  ⇥ ⌥��⇧�◆ ✓✓  �� 
 �✓ ⇤��✏✓�◆⇥⌃✏✓ ⌃✏ ⌃#⇤⇧⇥�✓↵ � �⇠⇠ ⇥⇥✏✓ ✏;

⇥ ✏◆�⇠ $  ⌅⌦ ⌘⇥�⌘◆↵⇥⇡ ⌃◆ ◆⇧� ⌘✓⇥⌥� ⇥�⌥�◆⌥ "⌥↵⇡⌧ ↵⇡*�⌘◆↵⇥⇡ ✓⇥⌘⇢↵⇡⌧= 4 �↵⌅
��⇧#⇥◆⌃⌫ ✏⌅◆⌫�⇧⇥◆⌃*� ⌃⇥◆ �◆↵ ⌃◆.✓⌫ ⌃⇥◆ ⇤⇥⌃◆ ✏! 6⌃✏⌫�✏✏ ⇥◆  �✓ +✓�✏⌃ ⌃⇠⌃ ⌅ ⇥+
�✏⌃◆⌥ �◆ 4⇢ �✏ ✏⌃⌥◆�⇠ ⇧✓+✓⇧✓◆⌫✓ ⌥⌃�✓◆ ⌃ ✏ ⇠⇥1 ⇥� ⇤� ⇤⇥1✓⇧! 0↵✓◆ ⌃+⌅ ⇥⇤ ⌃#�⇠
⌃◆.✓⌫ ⌃⇥◆ ✏⌃⌥◆�⇠ ⇠✓�✓⇠ �◆↵ +⇧✓&�✓◆⌫⌅  �� �⇠⇠⇥1  ⇥ ⌫⇥⇧⇧✓⌫  �✓ ⌫⇠⇥✏✓�⌃◆ ⇤��✏✓�
◆⇥⌃✏✓� 1�⌃⌫� ⌃✏ ↵⇥#⌃◆� ✓↵  ⌅ H⌃⌫2✓⇧ ◆⇥⌃✏✓ <✏✓✓ �⌃⌥! C!>=!

⇥ ✏◆�⇠ &  ⌅⌦ ⌘⇥�⌘◆↵⇥⇡ ⌃◆ �"◆⇧� ⇥�⌥�◆⌥ ⇤↵◆⇧ ��⌥↵⌧⇡ ⇥⇠◆↵�↵:⌃◆↵⇥⇡= 4 �↵⌅  �✓
⌘� ⇥✏⌫⌃⇠⇠� ⇥⇧ �◆↵ ⌃↵✓◆ ⌃+⌅ ↵✓✏⌃⌥◆ ⇥⇧⌃✓◆ � ⌃⇥◆✏  ⇥ ⌃#⇤⇧⇥�✓  �✓ ⇤✓⇧+⇥⇧#�◆⌫✓ � 
�⌃⌥� +⇧✓&�✓◆⌫⌅! ⌘✓↵�⌫✓  �✓ 1�⌃ ✓ ◆⇥⌃✏✓ ⌃#⇤�⌫  ⇥ ⌃#⇤⇧⇥�✓  �✓ ⇤��✏✓�◆⇥⌃✏✓ � 
 �✓ +�⇧ �✓⇧ ⇥⇥✏✓ ✏!

0$



?! 6✓✏⌃⌥◆ ⇥+ �◆ 0� 7�✏✓↵ ⇥◆ �◆ ⌘� ✏⌫⌃⇠⇠� ⇥⇧

⇢�2⌃◆⌥ ⌃◆ ⇥ �⌫⌫⇥�◆  �✓ ⌫��⇠⇠✓◆⌥✓✏ �◆↵ ↵✓✏⌃⌥◆ #✓ �⇥↵⇥⇠⇥⌥⌅ ⌃ ✏ ⌃#⇤⇥⇧ �◆  ⇥ ⌃↵✓◆ ⌃+⌅
1�⌃⌫�  ⇥⇤⇥⇠⇥⌥⌅ ⇥+ ⌘� ⇥✏⌫⌃⇠⇠� ⇥⇧ ✏�⇥�⇠↵  ✓ �✏✓↵ �✏  �✏✓ ⌫⌃⇧⌫�⌃ ! "#⇥◆⌥✏  �✓  ⇥⇤⇥⇠⇥�
⌥⌃✓✏ ⇥+ ⌘� ⇥✏⌫⌃⇠⇠� ⇥⇧✏�  �✓ ⇧⌃◆⌥ ⇥✏⌫⌃⇠⇠� ⇥⇧ ⌃✏  �✓ ⇥◆✓  ⌅⇤⌃⌫�⇠⇠⌅ ✏� .✓⌫ ⇥+ ⌥⇧✓� ✓⇧ ⌃◆ ✓⇧✓✏ !
⇢�⌃✏ ⌫⇥#✓✏ �✏ � ⌫⇥◆✏✓&�✓◆⌫✓ ⇥+  �✓⌃⇧ ✏⌃#⇤⇠✓⇧ ⌃#⇤⇠✓#✓◆ � ⌃⇥◆� ✏⌃#⇤⇠✓⇧ �◆�⇠⌅✏⌃✏ �◆↵
�⌃⌥�✓⇧ ⇤⇧�⌫ ⌃⌫�⇠ ⇤✓⇧+⇥⇧#�◆⌫✓ 1�✓◆ ⌫⇥#⇤�⇧⌃◆⌥ 1⌃ �  �✓ ⇧✓#�⌃◆⌃◆⌥! 8⇥1✓�✓⇧� +⇥⇧  �✓
⇤�⇧⇤⇥✏✓ ⇥+ ⌃#⇤⇠✓#✓◆ ⌃◆⌥ �◆ ⌘� ⇥✏⌫⌃⇠⇠� ⇥⇧  �✏✓↵ 0��  �✓ ⇧✓⇠�)� ⌃⇥◆ ⇥✏⌫⌃⇠⇠� ⇥⇧ ⌫�◆  ✓
✏�⇥1◆  ⇥  ✓ � #⇥⇧✓ �⌃� ⇠✓ ⇥⇤ ⌃⇥◆;

⇥ /⌃↵✓⇧ ⌫�⇥⌃⌫✓ +⇥⇧ ⌃◆.✓⌫ ⌃⇥◆✏ ⇤⇥⌃◆ ✏! ⇢�⌃✏ ⇥✏⌫⌃⇠⇠� ⇥⇧ ��✏ ⌃◆.✓⌫ ⌃⇥◆ ⇤⇥⌃◆ ✏ 1⌃ �
↵⌃✏ ⌃◆⌫ ⌫��⇧�⌫ ✓⇧⌃✏ ⌃⌫✏� 1�⌃⌫� �⇠⇠⇥1✏ ↵⌃⇥✓⇧✓◆ ⌃◆.✓⌫ ⌃⇥◆ ✏⌫�✓#✓✏ <✓!⌥! ◆⇥↵✓✏
1⌃ � ⇥◆⇠⌅ ✓�✓◆ ⇥⇧↵✓⇧ ✏⇤✓⌫ ⇧�⇠ ⌫⇥#⇤⇥◆✓◆ ✏=  �� #�⌅  ✓ �↵��◆ �⌥✓⇥�✏!

⇥ ⇢�✓ ⌫⇥⇧⇧✓⌫ ⌃⇥◆ ⇥+  �✓ ⇤��✏✓�◆⇥⌃✏✓ �  �✓ +�⇧ �✓✏ ⇥⇥✏✓ ✏ ✏�⇥�⇠↵ ◆⇥  ✓ �⌫⌫⇥#�
⇤⇠⌃✏�✓↵ �  �✓ ✓)⇤✓◆✏✓ ⇥+ ⇥ �✓⇧ ⌃#⇤⇥⇧ �◆ ⇤�⇧�#✓ ✓⇧✏ ⇠⌃2✓ ✓◆✓⇧⌥⌅ ⌫⇥◆✏�#⇤ ⌃⇥◆
⇥⇧ +⇧✓&�✓◆⌫⌅! ⇢�⌃✏ ⇥✏⌫⌃⇠⇠� ⇥⇧ ��✏�  �✓⇥⇧✓ ⌃⌫�⇠⇠⌅�  �✓  ✓  ✓⇧ ⇤✓⇧+⇥⇧#�◆⌫✓ �#⇥◆⌥✏ 
 �✓ ⌘� ⇥✏⌫⌃⇠⇠� ⇥⇧✏� 1�⌃⌫� ✏�⇥�⇠↵ �✓⇠⇤  ⇥ #⌃ ⌃⌥� ✓  �✓  ⇧�↵✓�⇥⇥✏ RD>� DFS!

⇣����⇡⌘�⌥

R>S 7! ⌘�*��⌃� J" ✏ �↵⌅ ⇥+ ⇤��✏✓ ◆⇥⌃✏✓ ⌃◆ �54 ⇥✏⌫⌃⇠⇠� ⇥⇧✏�K �""" 0⇡⌫ ✏�↵ ⇡⇠ ⌃⇡↵�⌧#
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#�◆⌫✓ ⇥+  �✓ 0� +⇥⇧ ↵⌃⇥✓⇧✓◆ ⌃◆.✓⌫ ⌃⇥◆ ✏⌫�✓#✓✏� ⇥↵↵ �◆↵ ✓�✓◆� �◆↵↵⌃⇥✓⇧✓◆ ⌃◆.✓⌫ ⌃⇥◆
⇥⇧↵✓⇧✏� 1�⌃⇠✓ ⌫⇥◆✏⌃↵✓⇧⌃◆⌥ ✓&��⇠ ⌃◆.✓⌫ ⌃⇥◆ ✏ ⇧✓◆⌥ �✏! ⇢�✓ %⇧✏ ✏ ✓⇤  ⇥ �⌫�⌃✓�✓  �� ⌃✏  ⇥
↵✓✏⌃⌥◆ � ⇧✓⇠�)� ⌃⇥◆ ⇥✏⌫⌃⇠⇠� ⇥⇧ ✏�⌃ � ⇠✓  ⇥ ��⇠⌃↵� ✓ ��⇧#⇥◆⌃⌫ ✏⌅◆⌫�⇧⇥◆⌃*� ⌃⇥◆ <✏�⇥1◆
⌃◆ �⌃⌥! @!D=� #✓�◆⌃◆⌥  �� ⌃ ��✏  ⇥ ⇥⇤✓⇧� ✓ ⌃◆ � �� ⇧✓⌥⌃#✓! 0◆ ⇥⇧↵✓⇧  ⇥ ⌥��⇧�◆ ✓✓  �✓
��  ✓���⌃⇥⇧  �✓ ⌫⌃⇧⌫�⌃ ⌃✏ ↵✓✏⌃⌥◆✓↵  ⇥ ⇥⇤✓⇧� ✓ �  �✓ ⇠⇥1✓⇧ ✓◆↵ ⇥+  �✓ 98* ⇧�◆⌥✓�
⇥✏⌫⌃⇠⇠� ⌃◆⌥ � +⇧✓&�✓◆⌫⌅ ⇥+ D 98* <↵�✓  ⇥ ⇤�⇧�✏⌃ ⌃⌫ ✓⇥✓⌫ ✏  �✓ ⇥✏⌫⌃⇠⇠� ⇥⇧  ✓◆↵✏  ⇥ #⇥�✓
 ⇥1�⇧↵✏ � ✏⌃◆�✏⇥⌃↵�⇠ ⇥⇤✓⇧� ⌃⇥◆ 1⌃ �  �✓ +⇧✓&�✓◆⌫⌅ ⌃◆⌫⇧✓�✏✓=! "+ ✓⇧1�⇧↵✏ �⇠⇠  �✓ ⌫�⇧�
⇧✓◆ ⌫⇥#⇤⇥◆✓◆ ✏ #�⌥◆⌃ �↵✓ �⇤  ⇥  �✓ @�⇥ ⇥⇧↵✓⇧ ��⇧#⇥◆⌃⌫ �⇧✓ ↵✓ ✓⇧#⌃◆✓↵! ⇢�⌃✏ ⌃✏
↵⇥◆✓ �✏⌃◆⌥ 344 �◆�⇠⌅✏⌃✏ �◆↵ ⌫⇥◆%⇧#✓↵ �✏⌃◆⌥ �  ⇧�◆✏⌃✓◆ �◆�⇠⌅✏⌃✏ <�◆↵ ⇤✓⇧+⇥⇧#⌃◆⌥ �
⌫⇥�✓⇧✓◆ ↵+  ⇥ ��⇥⌃↵ ✏⇤✓⌫ ⇧�⇠ ⇠✓�2�⌥✓=! ◆⌫✓  �✓#�⌥◆⌃ �↵✓✏ �⇧✓ 2◆⇥1◆ ⌃ ⌃✏ ⇤⇥✏✏⌃ ⇠✓
 ⇥ ↵✓ ✓⇧#⌃◆✓ 1�� �⇧✓  �✓ ⌃◆.✓⌫ ⌃⇥◆ ✏⌃⌥◆�⇠ #�⌥◆⌃ �↵✓✏  �� ✏�⇥�⇠↵  ✓ �✏✓↵!
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⇢⇥ �✏✏✓✏✏  �✓ ⇠⇥⌫2⌃◆⌥ ⇧�◆⌥✓�  �✓ +⇧✓&�✓◆⌫⌅ ⇥+  �✓ ✏⌅◆⌫�⇧⇥◆⌃*� ⌃⇥◆ ✏⌃⌥◆�⇠ ⌃✏ ⌃◆�
⌫⇧✓�✏✓↵�◆ ⌃⇠  �✓ ⇥✏⌫⌃⇠⇠� ⇥⇧ ⌃✏ ◆⇥ ⇠⇥◆⌥✓⇧ � ⇠✓  ⇥  ⇧�⌫2  �✓ ⇧✓+✓⇧✓◆⌫✓ ⇤��✏✓! ⇢1⇥#✓ �⇥↵✏
�⇧✓ �✏✓↵� ⇥◆✓  �✏✓↵ ⇥◆ � 344 �◆�⇠⌅✏⌃✏ �◆↵ ⇥◆✓  �✏✓↵ ⇥◆ � ⇢⇧�◆✏⌃✓◆ �◆�⇠⌅✏⌃✏!

.8$8$8⌫ ⌅✏✏ ��◆⇧⇥�

0+ ⇥◆✓ ⇥ ✏✓⇧�✓ �⌃⌥! ?!F� ⌃ ⌃✏ ⇤⇥✏✏⌃ ⇠✓  ⇥ ⌫⇥◆⌫⇠�↵✓  �� ⌃◆  �✓ ✓�✓◆ ⇥+ � ⇠�⇧⌥✓ ↵⌃+�
+✓⇧✓◆⌫✓  ✓ 1✓✓◆  �✓ +⇧✓✓�⇧�◆◆⌃◆⌥ +⇧✓&�✓◆⌫⌅ ⇥+  �✓ ⇥✏⌫⌃⇠⇠� ⇥⇧ �◆↵  �✓ ⇧✓+✓⇧✓◆⌫✓ ✏⌃⌥◆�⇠
+⇧✓&�✓◆⌫⌅  �✓ ⌃◆ ✓⇧�#⇥↵�⇠� ⌃⇥◆ ⇤⇧⇥↵�⌫ ✏1⌃⇠⇠ ◆⇥  ⇧⌃⌥⌥✓⇧ �◆⌅ +⇧✓&�✓◆⌫⌅ ✏�⌃+ ⌃◆⌥! ⇢�⌃✏
#✓�◆✏  ��  �✓ ⇥✏⌫⌃⇠⇠� ⇥⇧ 1⌃⇠⇠ ◆⇥ ✏⌅◆⌫�⇧⇥◆⌃*✓ �◆↵  �✓ ⇥� ⇤� ⇥+  �✓ ⇥✏⌫⌃⇠⇠� ⇥⇧ 1⌃⇠⇠
 ✓⌫⇥#✓ �#⇤⇠⌃ �↵✓ #⇥↵�⇠� ✓↵ �✏ ✏�⇥1◆ ⌃◆ �⌃⌥! @!C!
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�↵⌧"� .8&= � ⇤� ⇥+  �✓ ⇥✏⌫⌃⇠⇠� ⇥⇧ �◆↵✓⇧ ⌃◆.✓⌫ ⌃⇥◆; <�= 4�⌫⌫✓✏✏+�⇠ ✏⌅◆⌫�⇧⇥◆⌃*� ⌃⇥◆! < = ��⌃⇠✓↵
✏⌅◆⌫�⇧⇥◆⌃*� ⌃⇥◆!

⇢�✓⇧✓+⇥⇧✓� � 344 �◆�⇠⌅✏⌃✏� ⌃◆  �✓⇥⇧⌅� ⌫�◆  ✓ �✏✓↵  ⇥ ↵✓ ✓⇧#⌃◆✓  �✓ ⇠⇥⌫2⌃◆⌥ ⇧�◆⌥✓!
4⌃◆⌫✓  �⌃✏ ✏⌃#�⇠� ⌃⇥◆ ↵✓ ✓⇧#⌃◆✓✏  �✓ ⌫⌃⇧⌫�⌃ ⇤✓⇧⌃⇥↵⌃⌫ ⇥⇤✓⇧� ⌃◆⌥ ⇤⇥⌃◆ ⌃ 1⌃⇠⇠ ⇥◆⇠⌅
⌫⇥◆�✓⇧⌥✓ ⌃+  �✓ ⌫⌃⇧⌫�⌃ ⇥⇤✓⇧� ⌃⇥◆ ⌃✏ ↵⇧⌃�✓◆  ⌅ ⇥◆✓  ✓� +⇧✓&�✓◆⌫⌅ <�⌃⌥! @!C<�==� 1�⌃⌫�
#✓�◆✏  �✓ ⌫⇥◆�✓⇧⌥✓◆⌫✓ ⇥+  �✓ 344 ⌃✏ ⌃◆↵⌃⌫� ⌃�✓ ⇥+ ✏⌅◆⌫�⇧⇥◆⌃*� ⌃⇥◆! ⇢⇥ ↵✓ ✓⇧#⌃◆✓
 �✓ ⇠⇥⌫2⌃◆⌥ ⇧�◆⌥✓ ⌃ ⌃✏ .�✏ ⇧✓&�⌃⇧✓↵  ⇥ ⇧�◆ � 344 1⌃ � � ✏1✓✓⇤ �◆↵ %◆↵  �✓ ⇥⇥✏✓ 
+⇧✓&�✓◆⌫⌅ 1�✓⇧✓  �✓ 344 ◆⇥ ⇠⇥◆⌥✓⇧ �⌫�⌃✓�✓✏ ⌫⇥◆�✓⇧⌥✓◆⌫✓!

⇢�✓  ✓� +⇧✓&�✓◆⌫⌅ ✏�⇥�⇠↵  ✓  �✓ ✓)⇤✓⌫ ✓↵ ✏⌅◆⌫�⇧⇥◆⌃*� ⌃⇥◆ +⇧✓&�✓◆⌫⌅ �◆↵ ⌃◆ ⇥⇧�
↵✓⇧ +⇥⇧  �✓ ✏⌃#�⇠� ⌃⇥◆  ⇥ ⌫⇥◆�✓⇧⌥✓ ⌃ #�✏  ✓ ⌥��⇧�◆ ✓✓↵  ��  �✓ ⌫⌃⇧⌫�⌃ ��✏ �⌫�⌃✓�✓↵
✏ ✓�↵⌅�✏ � ✓ �+ ✓⇧ ⌃◆.✓⌫ ⌃⇥◆� ⇤�⇧�#✓ ✓⇧����3 <✏ � ⌃⇠⌃*� ⌃⇥◆  ⌃#✓= ✏�⇥�⇠↵ ✓#�⌫� ⇠�⇧⌥✓⇧
 ��  �✓ ⇤✓⇧⌃⇥↵ ⇥+ ⇥✏⌫⌃⇠⇠� ⌃⇥◆!
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⇢�2⌃◆⌥ ⌃◆ ⇥ �⌫⌫⇥�◆  �✓ �#⇤⇠⌃ �↵✓✏ ⇥+  �✓ ⇥✏⌫⌃⇠⇠� ⇥⇧ ��⇧#⇥◆⌃⌫✏ ✏�⇥1◆ ⌃◆ ⇢� !
@!D�  �✓ ⌃◆.✓⌫ ✓↵ ✏⌃⌥◆�⇠ #�⌥◆⌃ �↵✓✏ �⇧✓ ↵✓ ✓⇧#⌃◆✓↵ ⌫⇥◆✏⌃↵✓⇧⌃◆⌥ ⌃◆.✓⌫ ⌃⇥◆ ✏ ⇧✓◆⌥ �✏
⇧�◆⌥⌃◆⌥ +⇧⇥# A!AAD  ⇥ A!AD!

4⌃�✓� .8$= �⇧✓✓�⇧�◆◆⌃◆⌥ ⇥✏⌫⌃⇠⇠� ⇥⇧ ↵⌃⇥✓⇧✓◆ ⌃�⇠ ⌫�⇧⇧✓◆ ⌫⇥#⇤⇥◆✓◆ ✏ �#⇤⇠⌃ �↵✓✏!

�⇥�⇠⇥⇡�⇡◆ ⌫�⇠✓↵◆"�� ;�⌫<
��◆↵�#✓◆ �⇠ ?!>B
C✏⌧ ⇥⇧↵✓⇧ ��⇧#⇥◆⌃⌫ A!ACC>
N ⌧ ⇥⇧↵✓⇧ ��⇧#⇥◆⌃⌫ D!N
?�⇥ ⇥⇧↵✓⇧ ��⇧#⇥◆⌃⌫ A!AD@C
@�⇥ ⇥⇧↵✓⇧ ��⇧#⇥◆⌃⌫ A!E>F

◆⌫✓  �✓ ⌃◆.✓⌫ ⌃⇥◆ #�⌥◆⌃ �↵✓✏ �⇧✓ ↵✓ ✓⇧#⌃◆✓↵  �✓ ⌫⌃⇧⌫�⌃ ⌃✏ ✏⌃#�⇠� ✓↵  ⇥ ��⇠⌃↵� ✓
��⇧#⇥◆⌃⌫ ⌃◆.✓⌫ ⌃⇥◆ �⇤  ⇥ @�⇥ ⇥⇧↵✓⇧ ⌃◆.✓⌫ ⌃⇥◆ <⇥◆⇠⌅ ⇥↵↵ ⇥⇧↵✓⇧ ⌃◆.✓⌫ ⌃⇥◆ ⌃✏  ✓✏ ✓↵ �  �⌃✏
⇤⇥⌃◆ =! ⇢�✓ ⌫⌃⇧⌫�⌃ ⌃✏ ✏⌃#�⇠� ✓↵ 1⌃ � ⇤⇧⇥⌥⇧✓✏✏⌃�✓⇠⌅ ��⇧⌃� ⌃⇥◆✏ ⇥+  �✓ +⇧✓&�✓◆⌫⌅ ⇥+  �✓
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⇥+  �✓ ⇥✏⌫⌃⇠⇠� ⇥⇧ ⇥� ⇤� �#⇤⇠⌃ �↵✓✏ ⌃↵✓◆ ⌃+⌅⌃◆⌥ � 1�� ⇤⇥⌃◆ ⌫⇥◆�✓⇧⌥✓◆⌫✓✏ �⇧✓ ◆⇥
⇠⇥◆⌥✓⇧ �⌫�⌃✓�✓↵! ⇢�✓ ⇥  �⌃◆✓↵ ⇠⇥⌫2⌃◆⌥ ⇧�◆⌥✓✏ �⇧✓ ✏�⇥1◆ ⌃◆ ⇢� ! @!C!

4⌃�✓� .8&=   �⌃◆✓↵ ⇠⇥⌫2⌃◆⌥ ⇧�◆⌥✓✏ +⇧⇥#  �✓ 344 �◆�⇠⌅✏⌃✏!

⇢ �⇥⌘⇢↵⇡⌧ ⇣⌃⇡⌧� ;�1:<
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A!AD N? F ◆!�
A!AAB@ C? B ◆!�
A!AA@ D? @ C
A!AAC@ E N C
A!AAD ◆!� C ◆!�

⇢�✓ ⇤⇧⇥ ⇠✓# 1⌃ �  �⌃✏ �⇤⇤⇧⇥�⌫� ⌃✏  �� � �✏  �✓ ⇠⇥⌫2⌃◆⌥ ⇧�◆⌥✓✏  ✓⌫⇥#✓ ◆�⇧⇧⇥1 ⌃ ⌃✏
◆✓�⇧⇠⌅ ⌃#⇤⇥✏✏⌃ ⇠✓  ⇥ ↵⌃✏ ⌃◆⌥�⌃✏�  �✓ ✏�⌫⌫✓✏✏+�⇠ +⇧⇥#  �✓ +�⌃⇠✓↵ ⌫⇥◆�✓⇧⌥✓◆⌫✓✏! 0◆ �⌃⌥!
@!N ⌃ ⌃✏ ↵✓⇤⌃⌫ ✓↵ �◆ ✓)�#⇤⇠✓ 1�✓⇧✓ ⌃ ⌃✏ ⇤⇥✏✏⌃ ⇠✓  ⇥ �⌃✏��⇠⇠⌅ ↵✓ ✓⇧#⌃◆✓  �✓ ⇠⇥⌫2⌃◆⌥
⇧�◆⌥✓ �◆↵ ⌃◆ �⌃⌥! @!? ⌃✏ ✏�⇥1◆ ⇥◆✓ ✓)�#⇤⇠✓ 1�✓⇧✓ ⌃ ⌃✏ ↵⌃⇤⌫�⇠  ⇥ ⌃↵✓◆ ⌃+⌅  �✓ ⇠⇥⌫2⌃◆⌥
⇧�◆⌥✓ 1⌃ � ⌫⇥◆%↵✓◆⌫✓!
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 �✓ +⇧✓&�✓◆⌫⌅ ✓⇧⇧⇥⇧  ✓ 1✓✓◆  �✓ ⇥✏⌫⌃⇠⇠� ⇥⇧ ⇥� ⇤� �◆↵  �✓ ⇧✓+✓⇧✓◆⌫✓! ⇢�✓ ✏⌃#�⇠� ⌃⇥◆
✏ ⇧�⌫ �⇧✓ ⌃✏ ↵✓⇤⌃⌫ ✓↵ ⌃◆ �⌃⌥! @!@!
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@! /✓�2 0◆.✓⌫ ⌃⇥◆ ⌃◆ �◆ ⌘� ✏⌫⌃⇠⇠� ⇥⇧

�↵⌧"� .8.= 7⇠⇥⌫2✏ ⇧✓&�⌃⇧✓↵ +⇥⇧  �✓ ↵✓ ✓⇧#⌃◆� ⌃⇥◆ ⇥+  �✓ ⇠⇥⌫2⌃◆⌥ ⇧�◆⌥✓ �✏⌃◆⌥ �  ⇧�◆✏⌃✓◆ 
�◆�⇠⌅✏⌃✏!

⇢�✓ ◆✓⌫✓✏✏⌃ ⌅ +⇥⇧ � ⇠⇥◆⌥  ⇧�◆✏⌃✓◆ <⌃◆  �✓ �� ⇧�◆⌥✓= ⌃✏  ⇥ ✓◆✏�⇧✓  ��  �✓ ⇥✏⌫⌃⇠⇠� ⇥⇧
��✏  ⌃#✓  ⇥  ⇧�⌫2 ✓�✓⇧⌅ +⇧✓&�✓◆⌫⌅ ⌫��◆⌥✓! ⇢�✓ +⇧✓&�✓◆⌫⌅ ✏1✓✓⇤✓⇧ �◆↵  �✓ +⇧✓&�✓◆⌫⌅
↵✓ ✓⌫ ⇥⇧ �⇧✓ ⌃#⇤⇠✓#✓◆ ✓↵ ⌃◆ :✓⇧⌃⇠⇥⌥�" <✏✓✓  �✓ ⌫⇥↵✓ ⌃◆ "⇤⇤✓◆↵⌃) "=! ⇢�✓ +⇧✓&�✓◆⌫⌅
✏1✓✓⇤✓⇧ ⌃#⇤⇠✓#✓◆ ✏  �✓ +�◆⌫ ⌃⇥◆ ��✏<�C= �✏ ✏�⇥1◆ ⌃◆ �⌃⌥! @!E!

�↵⌧"� .8-= ⌘✓+✓⇧✓◆⌫✓ ✏⌃⌥◆�⇠ +⇧✓&�✓◆⌫⌅ ✏1✓✓⇤!

⇢�✓ +⇧✓&�✓◆⌫⌅ ✓⇧⇧⇥⇧ +⇥⇧ � +�◆↵�#✓◆ �⇠ ✏⌅◆⌫�⇧⇥◆⌃*� ⌃⇥◆ ⌃✏ ✏�⇥1◆ ⌃◆ �⌃⌥! @!B! ⇢�✓
+⇧✓&�✓◆⌫⌅ ✓⇧⇧⇥⇧ +⇥⇧ � @ �⇥ ⇥⇧↵✓⇧ ✏⌅◆⌫�⇧⇥◆⌃*� ⌃⇥◆ ⌃✏ ✏�⇥1◆ ⌃◆ �⌃⌥! @!>! ⇢�✓ ⇥  �⌃◆✓↵
⇠⇥⌫2⌃◆⌥ ⇧�◆⌥✓✏ �⇧✓ ✏�⇥1◆ ⌃◆ ⇢� ! @!N! 0◆ �⌃⌥! @!F ⌃✏ ✏�⇥1◆  �✓ ⇠⇥⌫2⌃◆⌥ ⇧�◆⌥✓✏ �✏
+�◆⌫ ⌃⇥◆ ⇥+  �✓ ⌃◆.✓⌫ ⌃⇥◆ ✏ ⇧✓◆⌥ �! 0◆ ⇥⇧↵✓⇧  ⇥  ✓  ✓⇧ �⌃✏��⇠⌃*✓ ⌃+  �✓ �✏✓ ⇥+ ��⇧#⇥◆⌃⌫
✏⌅◆⌫�⇧⇥◆⌃*� ⌃⇥◆ ��✏ ⌥�⌃◆✏ ⌃◆  ✓⇧#✏ ⇥+ ⇠⇥⌫2⌃◆⌥ ⇧�◆⌥✓�  �✓ ⇥  �⌃◆✓↵ ⇠⇥⌫2⌃◆⌥ ⇧�◆⌥✓✏ �⇧✓
⇧✓+✓⇧✓◆⌫✓↵  ⇥  �✓ ⇥◆✓ ⇥  �⌃◆✓↵ 1�✓◆ �✏⌃◆⌥ ⌃◆.✓⌫ ⌃⇥◆ �  �✓ +�◆↵�#✓◆ �⇠! ⇢�✓ ⇧✓⇠� ⌃�✓
⇧�◆⌥✓✏ �⇧✓ ✏�⇥1◆ ⌃◆ �⌃⌥! @!DA!
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@!D :�⇠⌃↵� ⌃⇥◆ ⇥+  �✓  �✓⇥⇧✓ ⌃⌫�⇠ �✏✏�#⇤ ⌃⇥◆✏

;⌃< ;�<

�↵⌧"� .80=   �⌃◆✓↵ +⇧✓&�✓◆⌫⌅ ✓⇧⇧⇥⇧ +⇥⇧ �◆ ⌃◆.✓⌫ ⌃⇥◆ �  �✓ +�◆↵�#✓◆ �⇠; <�= 2 ⌅ A!AA@! < =
6✓ �⌃⇠ ⇥+  �✓ +⇧✓&�✓◆⌫⌅ ✓⇧⇧⇥⇧!

;⌃< ;�<

�↵⌧"� .8>=   �⌃◆✓↵ +⇧✓&�✓◆⌫⌅ ✓⇧⇧⇥⇧ +⇥⇧ @ �⇥ ⇥⇧↵✓⇧ ⌃◆.✓⌫ ⌃⇥◆; <�= 2 ⌅ A!AD! < = 2⌅A!AAD!

4⌃�✓� .8)=   �⌃◆✓↵ ⇠⇥⌫2⌃◆⌥ ⇧�◆⌥✓✏ +⇧⇥#  �✓  ⇧�◆✏⌃✓◆ �◆�⇠⌅✏⌃✏ ⌫⇥◆✏⌃↵✓⇧⌃◆⌥ ⇥↵↵ ⇥⇧↵✓⇧ ⌃◆.✓⌫�
 ⌃⇥◆!

⇢ �⇥⌘⇢↵⇡⌧ ⇣⌃⇡⌧� ;�1:<
D�� N ⌧ @�⇥

A!AD NB DA @
A!AAB@ CE > @
A!AA@ D> @ N
A!AAC@ DA N C
A!AAD @ C D

 ✏✓⇧�⌃◆⌥ �⌃⌥! @!> ⌃✏ ⇤⇥✏✏⌃ ⇠✓  ⇥ ⇥ ✏✓⇧�✓  ��  �✓ #�)⌃#�# +⇧✓&�✓◆⌫⌅ 1�✓⇧✓
✏⌅◆⌫�⇧⇥◆⌃*� ⌃⇥◆ ⌃✏ ✏ ⌃⇠⇠ ↵⌃✏ ⌃◆⌥�⌃✏�� ⇠✓ ↵✓✏⇤⌃ ✓  ✓⌃◆⌥ ✏#�⇠⇠! 0 ⌃✏ �⇠✏⇥ ⇥ ✏✓⇧�� ⇠✓ +⇧⇥#
⇢� ! @!N  ��  �✓ ⇧✓✏�⇠ ✏ �⇧✓ ✏⌃#⌃⇠�⇧  ⇥  �✓ ⇥◆✓✏ ✏�⇥1◆ ⌃◆ ⇢� ! @!C!
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@! /✓�2 0◆.✓⌫ ⌃⇥◆ ⌃◆ �◆ ⌘� ✏⌫⌃⇠⇠� ⇥⇧

�↵⌧"� .8(= �⇥⌫2⌃◆⌥ ⇧�◆⌥✓✏ +⇥⇧ ↵⌃⇥✓⇧✓◆ ⌃◆.✓⌫ ⌃⇥◆ ✏⌫�✓#✓✏!

�↵⌧"� .8$2= ⌘✓⇠� ⌃�✓ ⇠⇥⌫2⌃◆⌥ ⇧�◆⌥✓✏!

⇢�✓ ⇥ ✏✓⇧�� ⌃⇥◆ ⇥+ �⌃⌥✏! @!F �◆↵ @!DA �⇠⇠⇥1✏ � ⌫⇥�⇤⇠✓ ⇥+ ⌫⇥◆✏⌃↵✓⇧� ⌃⇥◆✏;

⇥ ⇢�✓ ⇠⇥⌫2⌃◆⌥ ⇧�◆⌥✓ ✏✓✓#✏  ⇥ ��⇧⌅ ]�⇠#⇥✏ ] ⇠⌃◆✓�⇧⇠⌅ 1⌃ �  �✓ ⌃◆.✓⌫ ⌃⇥◆ ✏ ⇧✓◆⌥ �
↵✓✏⇤⌃ ✓  �✓ +�⌫  ��  �✓ ⇥✏⌫⌃⇠⇠� ⇥⇧ ⌃✏ ⌃◆ �� #⇥↵✓ ⇥+ ⇥⇤✓⇧� ⌃⇥◆!

⇥ ⇢�✓ ⇠⇥⌫2⌃◆⌥ ⇧�◆⌥✓✏ ⇥  �⌃◆✓↵ +⇧⇥# �✏⌃◆⌥ ��⇧#⇥◆⌃⌫ ⌃◆.✓⌫ ⌃⇥◆ +⇥⇧ ✏⌃#⌃⇠�⇧ ⌃◆.✓⌫ ⌃⇥◆
⇧� ⌃⇥✏ �⇧✓ ⇧⇥�⌥�⇠⌅ ⇧✓↵�⌫✓↵  ⌅ � +�⌫ ⇥⇧ ⇥+ D

✏ <✏✓✓ �⌃⌥! @!DA= ✏�⌥⌥✓✏ ⌃◆⌥  ��  �✓ �✏✓
⇥+ ⌃◆.✓⌫ ⌃⇥◆ �  �✓ +�◆↵�#✓◆ �⇠ +⇧✓&�✓◆⌫⌅ ⌃✏ ⇤⇧✓+✓⇧� ⇠✓! 8⇥1✓�✓⇧�  �✓✏✓ ⇧✓✏�⇠ ✏
�⇠✏⇥ ✏�⌥⌥✓✏  ��  �✓ �✏✓ ⇥+ ��⇧#⇥◆⌃⌫ ✏⌅◆⌫�⇧⇥◆⌃*� ⌃⇥◆ ⌫�◆  ✓  ✓◆✓%⌫⌃�⇠ ⌃+  �✓
⇧✓+✓⇧✓◆⌫✓ ✏�⇥1✏ +⇧✓&�✓◆⌫⌅ ↵⇧⌃+ ! ⇢�✓ ⌃◆↵�⌫✓↵ ✏�⌃+ ✏ ↵�✓  ⇥  �⌃✏ +⇧✓&�✓◆⌫⌅ ↵⇧⌃+ 
✏�⇥�⇠↵  ✓ #⌃ ⌃⌥� ✓↵  ⌅ � +�⌫ ⇥⇧ ◆ ⌃+ �⌃⌥�✓⇧ ⇥⇧↵✓⇧ ��⇧#⇥◆⌃⌫ ✏⌅◆⌫�⇧⇥◆⌃*� ⌃⇥◆ ⌃✏
�✏✓↵!
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@!D :�⇠⌃↵� ⌃⇥◆ ⇥+  �✓  �✓⇥⇧✓ ⌃⌫�⇠ �✏✏�#⇤ ⌃⇥◆✏

⇢�✓ ◆✓) ✏ ✓⇤ ⌃✏  ⇥  ✓✏ ��⇧#⇥◆⌃⌫ ✏⌅◆⌫�⇧⇥◆⌃*� ⌃⇥◆ ⇥+ ✓�✓◆ ⇥⇧↵✓⇧! ⇢�✓ ✓)⌃✏ ✓◆⌫✓ ⇥+
 �✓✏✓ ⌫⇥#⇤⇥◆✓◆ ✏ ⌃#⇤⇠⌅  ��  �✓ ⇥✏⌫⌃⇠⇠� ⌃⇥◆ ✏⌃⌥◆�⇠ ⌃✏ �✏⌅##✓ ⇧⌃⌫ �⇧⇥�◆↵ ��⇠+ ⇤✓⇧⌃⇥↵
�◆↵  ⌅⇤⌃⌫�⇠⇠⌅  �✓⌅ �⇤⇤✓�⇧ ↵�✓  1⇥ ⇧✓�✏⇥◆✏; �⌃⇧⌫�⌃ #⌃✏#� ⌫�✓✏ <↵�✓  ⇥ ⇤⇧⇥⌫✓✏✏ ⇥⇧
⇠�⌅⇥� = �◆↵ ��⇧#⇥◆⌃⌫ ↵⌃✏ ⇥⇧ ⌃⇥◆ ↵�✓  �✓ �✏✓ ⇥+  ⇧�◆✏⌃✏ ⇥⇧✏ RF� >?S! 7✓⌫��✏✓ �  �⌃✏
⇠✓�✓⇠ ⇥+ ↵✓✏⌃⌥◆ #⌃✏#� ⌫�✓✏ �⇧✓ ◆⇥ ⇤⇥✏✏⌃ ⇠✓�  �✓ ✓�✓◆ ⇥⇧↵✓⇧ ⌫⇥#⇤⇥◆✓◆ ✏ �⇧✓ ✏⇥⇠✓⇠⌅
↵�✓  ⇥ ��⇧#⇥◆⌃⌫ ↵⌃✏ ⇥⇧ ⌃⇥◆! �⇥⇧#�⇠⇠⌅�  �⌃✏  ⌅⇤✓ ⇥+ ⌃◆.✓⌫ ⌃⇥◆ ⌃✏ ↵⇥◆✓ � ⌫⌃⇧⌫�⌃ ◆⇥↵✓✏
1�✓⇧✓  �✓ ↵⌃⇥✓⇧✓◆ ⌃�⇠ ⌫�⇧⇧✓◆ ✏ �⇧✓ ✏�##✓↵  �⌫2  ⇥⌥✓ �✓⇧� �⇥1✓�✓⇧� ⌃◆  �⌃✏ ⌫�✏✓�  �✓
⇥◆⇠⌅  1⇥ ◆⇥↵✓✏ ���⌃⇠� ⇠✓ �⇧✓  ⇥ � ⇧✓+✓⇧✓◆⌫✓ ◆⇥↵✓✏� 1�⌃⌫� #✓�◆✏  �✓ �⇥⇠ �⌥✓✏ �⇧✓ ◆⇥ 
�⇠⇠⇥1✓↵  ⇥ ⌫��◆⌥✓! ◆✓ 1�⌅  ⇥ ⇥�✓⇧⌫⇥#✓  �⌃✏ ⌃✏  ⇥ ✏⌃#�⇠ �◆✓⇥�✏⇠⌅ ⌃◆.✓⌫  �✓ ✏�#✓
⌫�⇧⇧✓◆ ⇥◆  ⇥ �  ⇧�◆⌫�✓✏ ⇥+  �✓ ⌫⌃⇧⌫�⌃ !

⇢�✓ ⇥  �⌃◆✓↵ ⇠⇥⌫2⌃◆⌥ ⇧�◆⌥✓✏ �⇧✓ ✏�⇥1◆ ⌃◆ ⇢� ! @!? �◆↵  �✓ ⇠⇥⌫2⌃◆⌥ ⇧�◆⌥✓✏ �✏
⌃◆.✓⌫ ⌃⇥◆ ✏ ⇧✓◆⌥ � �⇧✓ ✏�⇥1◆ ⌃◆ �⌃⌥! @!DD! �⌃◆�⇠⇠⌅ ⌃◆ ⇢� ! @!@  �✓ ⇧✓&�⌃⇧✓↵ ⌃◆.✓⌫ ⌃⇥◆
�#⇤⇠⌃ �↵✓✏ +⇥⇧ � DA 58* ⇠⇥⌫2⌃◆⌥ ⇧�◆⌥✓ ⇥+ �⇠⇠  �✓ ⌃◆.✓⌫ ⌃⇥◆ ✏⌫�✓#✓✏ ⌃✏ ✏�##�⇧⌃*✓↵!

4⌃�✓� .8+=   �⌃◆✓↵ ⇠⇥⌫2⌃◆⌥ ⇧�◆⌥✓✏ +⇧⇥#  �✓  ⇧�◆✏⌃✓◆ �◆�⇠⌅✏⌃✏ ⌫⇥◆✏⌃↵✓⇧⌃◆⌥ ✓�✓◆ ⇥⇧↵✓⇧ ⌃◆.✓⌫�
 ⌃⇥◆!

⇢ �⇥⌘⇢↵⇡⌧ ⇣⌃⇡⌧� ;�1:<
C�� ?�⇥

DAA CC DE
B@ D> DC
@A D? F
C@ F E
DA E ?

�↵⌧"� .8$$= �⇥⌫2⌃◆⌥ ⇧�◆⌥✓ �✏ ⌃◆.✓⌫ ⌃⇥◆ ✏ ⇧✓◆⌥ � +⇥⇧ ✓�✓◆ ⇥⇧↵✓⇧ ⌃◆.✓⌫ ⌃⇥◆!
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@! /✓�2 0◆.✓⌫ ⌃⇥◆ ⌃◆ �◆ ⌘� ✏⌫⌃⇠⇠� ⇥⇧

⇢�⇧⇥�⌥�  �✓ ⇥ ✏✓⇧�� ⌃⇥◆ ⇥+  �✓ ⇧✓✏�⇠ ✏ ⌃◆ ⇢� ! @!? �◆↵ �⌃⌥! @!DD �⇠⇠⇥1✏ � ⌫⇥�⇤⇠✓
⇥+ ⇧✓#�⇧2✏;

⇥ ⇢�✓ ⇧✓⇠� ⌃⇥◆  ✓ 1✓✓◆ ⇠⇥⌫2⌃◆⌥ ⇧�◆⌥✓ �◆↵ ⌃◆.✓⌫ ⌃⇥◆ ✏ ⇧✓◆⌥ � ⇧✓#�⌃◆✏ +�⌃⇧⇠⌅ ⇠⌃◆✓�⇧!

⇥ 8⌃⌥�✓⇧ ⌃◆.✓⌫ ⌃⇥◆ ✏ ⇧✓◆⌥ �✏ �⇧✓ ◆✓✓↵✓↵  ⇥ ⇥  �⌃◆ ✏�⇤⌫⌃✓◆ ⇠⌅ ⇠�⇧⌥✓ ⇠⇥⌫2⌃◆⌥ ⇧�◆⌥✓✏!

4⌃�✓� .8.= ⌘✓&�⌃⇧✓↵ ⌃◆.✓⌫ ⌃⇥◆ ✏ ⇧✓◆⌥ � +⇥⇧ � ⇠⇥⌫2⌃◆⌥ ⇧�◆⌥✓ ⇥+ DA 58*!

��◆↵�#✓◆ �⇠ C✏⌧ ⇥⇧↵✓⇧ N ⌧ ⇥⇧↵✓⇧ ?�⇥ ⇥⇧↵✓⇧ @�⇥ ⇥⇧↵✓⇧
��✏; <�"= DC @BC DN BEC DN

7⌅ ⇥ ✏✓⇧�⌃◆⌥  �✓ ⇧✓✏�⇠ ✏ ⌃◆ ⇢� ! @!@ � +✓1 ⌫⇥◆✏⌃↵✓⇧� ⌃⇥◆✏ ⌫�◆  ✓ ↵⇥◆✓;

⇥ �⇥⇧ �◆ ⇥↵↵ ⇥⇧↵✓⇧ ⌃◆.✓⌫ ⌃⇥◆ ✏⌫�✓#✓  �✓ ✏�#✓ ⌃◆.✓⌫ ⌃⇥◆ �#⇤⇠⌃ �↵✓ ⇤⇧⇥↵�⌫✓✏  �✓
✏�#✓ ⇠⇥⌫2⌃◆⌥ ⇧�◆⌥✓ ↵✓✏⇤⌃ ✓  �✓ ⇥⇧↵✓⇧ ⇥+  �✓ ⇥↵↵ ��⇧#⇥◆⌃⌫! ⌦�✓◆  �⇥�⌥�  �✓
⌃◆.✓⌫ ⌃⇥◆ ⇧✓⇠� ⌃⇥◆ ⌃✏ ⌃◆⌫⇧✓�✏✓↵�  �✓ ⇠⇥⌫2⌃◆⌥ ⇧�◆⌥✓ ⌃✏ ✏⌫�⇠✓↵ ↵⇥1◆  ⇥  �✓ ��⇧#⇥◆⌃⌫
⇥⇧↵✓⇧! ⇢�⌃✏ ⌃#⇤⇠⌃✓✏  �� +⇥⇧  �✓ ✏�#✓ ⌃◆.✓⌫ ⌃⇥◆ ⇠✓�✓⇠  ⇥ ⇥  �⌃◆ � ⌥⌃�✓◆ ⇠⇥⌫2⌃◆⌥
⇧�◆⌥✓ ⇣⇤  �✓ ⌃◆.✓⌫ ✓↵ ✏⌃⌥◆�⇠ #�✏  ✓ ⌃◆.✓⌫ ✓↵ � +⇧✓&�✓◆⌫⌅ N⇣⇤ +⇥⇧ �  �⌃⇧↵ ⇥⇧↵✓⇧
⌃◆.✓⌫ ⌃⇥◆ �◆↵ � � @⇣⇤ +⇥⇧ � %+ � ⇥⇧↵✓⇧ ⌃◆.✓⌫ ⌃⇥◆!

⇥ ⇢�✓ #✓⌫��◆⌃✏#  ✓�⌃◆↵  �✓ ⇥⇧⌃⌥⌃◆ ⇥+  �✓ ✓�✓◆ ⇥⇧↵✓⇧ ⌫⇥#⇤⇥◆✓◆ ✏ ⌃ ⌃✏ ◆⇥  �✓
✏�#✓ �✏  �✓ ⇥◆✓  �� ⌥⌃�✓✏ ⇧⌃✏✓  ⇥  �✓ ⇥↵↵ ⇥⇧↵✓⇧ ⌫⇥#⇤⇥◆✓◆ ✏� �✓◆⌫✓  �✓ ⇤⇧✓�⌃�
⇥�✏⇠⌅ ⌫⇥◆✏⌃↵✓⇧� ⌃⇥◆ ⌫�◆ ◆⇥  ✓ ✓) ✓◆↵✓↵!

⇥ ⇢�✓ ✓�✓◆ ⇥⇧↵✓⇧ ⌫⇥#⇤⇥◆✓◆ ✏ �⇧✓ �✓⇧⌅ ✏#�⇠⇠ 1�✓◆ ⌫⇥#⇤�⇧✓↵ 1⌃ �  �✓ ⇧✓#�⌃◆⌃◆⌥
<⇢� ! @!D=� 1�⌃⌫� #✓�◆✏  ��  ⇥ ⇥  �⌃◆ ⌫⇥#⇤�⇧� ⇠✓ ⇠⇥⌫2⌃◆⌥ ⇧�◆⌥✓✏  ⇥  �✓ ⌫�✏✓✏
⇥+ ⇥↵↵ ⇥⇧↵✓⇧ ⌃◆.✓⌫ ⌃⇥◆ ⌥⇧✓� ✓⇧ ⌃◆.✓⌫ ⌃⇥◆ ⌫�⇧⇧✓◆ ✏ #�✏  ✓ �✏✓↵!

⌘✓✏�⇠ ✏ ⌃◆↵⌃⌫� ✓  ��  �✓ ⌘� ⇥✏⌫⌃⇠⇠� ⇥⇧ ⌃✏ ⌃◆ +�⌫ ⌫�⇤� ⇠✓ ⇥+  ✓⌃◆⌥ ✏⌅◆⌫�⇧⇥◆⌃*✓↵
�✏⌃◆⌥ �✓⇧⌅ 1✓�2 ✏⌃⌥◆�⇠✏  ⌅ �✏⌃◆⌥ ��⇧#⇥◆⌃⌫ ✏⌅◆⌫�⇧⇥◆⌃*� ⌃⇥◆! 8⇥1✓�✓⇧� ⌃◆ ⇥⇧↵✓⇧  ⇥
+�⇠⇠⌅ ⌫⇥�✓⇧  �✓ ⇥✏⌫⌃⇠⇠� ⇥⇧ ✏⌃↵✓ �◆↵✏  �✓ �#⇤⇠⌃ �↵✓ ⇥+ ⌃◆.✓⌫ ⌃⇥◆ ��✏  ⇥  ✓ ⌃◆⌫⇧✓�✏✓↵!
⇢�⌃✏ #✓�◆✏  �� ⌃+  �✓ ⌫⇥◆⌫✓⇧◆ ⌃✏  ⇥ #�)⌃#⌃*✓  �✓ ⇠⇥⌫2⌃◆⌥ ⇧�◆⌥✓ 1⌃ �  �✓ ⇠✓�✏ ⇤⇥✏�
✏⌃ ⇠✓ ⌃◆.✓⌫ ⌃⇥◆ ⇠✓�✓⇠  �✓⇧✓ ⌃✏ ◆⇥ �↵��◆ �⌥✓ ⌃◆ �✏⌃◆⌥ �⌃⌥�✓⇧ ⇥⇧↵✓⇧ ��⇧#⇥◆⌃⌫ ⌃◆.✓⌫ ⌃⇥◆!
8⇥1✓�✓⇧�  �✓ ⇧✓✏�⇠ ✏ �⇠✏⇥ ✏�⌥⌥✓✏  ��  �✓ �✏✓ ⇥+ ��⇧#⇥◆⌃⌫ ✏⌅◆⌫�⇧⇥◆⌃*� ⌃⇥◆ ⌫�◆  ✓
�✏✓↵  ⇥ #⌃ ⌃⌥� ✓ ✓�✓◆ ��⇠ +⇧✓&�✓◆⌫⌅ ↵⇧⌃+ ⇥◆  �✓ ⇧✓+✓⇧✓◆⌫✓!

>+



@!D :�⇠⌃↵� ⌃⇥◆ ⇥+  �✓  �✓⇥⇧✓ ⌃⌫�⇠ �✏✏�#⇤ ⌃⇥◆✏

.8$8& %�⇠⌃⌘◆ ⇥� ◆⇧� ����⇡⌘� ⇠⇧⌃⌥� ⇡⇥↵⌥�

⇢�✓ ⇠⌃ ✓⇧� �⇧✓ ✏�⌥⌥✓✏ ✏  ��  �✓ ⇤��✏✓�◆⇥⌃✏✓ ⇥+  �✓ ✏⌅◆⌫�⇧⇥◆⌃*✓↵ ⇥✏⌫⌃⇠⇠� ⇥⇧� 1⌃ �⌃◆
 �✓ ⇠⇥⌫2⌃◆⌥�⇧�◆⌥✓� ⌃✏ ↵⇥#⌃◆� ✓↵  ⌅  �✓ ⇧✓+✓⇧✓◆⌫✓ ⇤��✏✓�◆⇥⌃✏✓ <�⌃⌥! N!F=! ⇢⇥ ��⇠⌃↵� ✓
 �⌃✏ �✏✏�#⇤ ⌃⇥◆ � ⇧✓+✓⇧✓◆⌫✓ ✏⌃⌥◆�⇠ 1⌃ � ◆⇥⌃✏✓ 1�✏ ⌃#⇤⇠✓#✓◆ ✓↵ ⌃◆ :✓⇧⌃⇠⇥⌥�" <"⇤�
⇤✓◆↵⌃)"=! ⇢�✓ ✏ �⇧ ⌃◆⌥◆⇥⌃✏✓ ⇠✓�✓⇠✏1⌃⇠⇠  ✓ ⌫⇥#⇤�⇧� ⇠✓  ⇥  �✓ ◆⇥⌃✏✓ ⇥+  �✓ +⇧✓✓�⇧�◆◆⌃◆⌥
⇥✏⌫⌃⇠⇠� ⇥⇧! ⇢�⌃✏ ⌫⇥⇧⇧✓✏⇤⇥◆↵✏  ⇥ 1⇥⇧✏ ⌫�✏✓ ✏⌫✓◆�⇧⌃⇥ 1�✓⇧✓  �✓ ⇧✓+✓⇧✓◆⌫✓ ✏⌃⌥◆�⇠ ⌃✏ �✏
⇤⇥⇥⇧ �✏  �✓ ⇥✏⌫⌃⇠⇠� ⇥⇧  ⇥  ✓ ✏⌅◆⌫�⇧⇥◆⌃*✓↵! ⇢�⌃✏ ⌃✏ �✏✓+�⇠  ⇥ �⇠✏⇥ �◆↵✓⇧✏ �◆↵ �⇥1  �⌃✏
�⇤⇤⇧⇥�⌫�  ⇥ �  ⌅⇤⌃⌫�⇠  1⇥�⇥✏⌫⌃⇠⇠� ⇥⇧ ⌫⇥�⇤⇠⌃◆⌥!

0◆ ⇥⇧↵✓⇧  ⇥ ⌥✓◆✓⇧� ✓ ⌫⇥#⇤�⇧� ⇠✓ ◆⇥⌃✏✓ ⌃ ⌃✏ ◆✓⌫✓✏✏�⇧⌅  ⇥ %⇧✏ ⌃↵✓◆ ⌃+⌅  �✓ ⌫⇥⇧◆✓⇧ +⇧✓�
&�✓◆⌫⌃✓✏ �◆↵ ◆⇥⌃✏✓ ⇧✓⌥⌃⇥◆✏ ⇥+  �✓ ⇤��✏✓�◆⇥⌃✏✓ ✏⇤✓⌫ ⇧�# ⇥+  �✓ +⇧✓✓�⇧�◆◆⌃◆⌥ ⇥✏⌫⌃⇠⇠� ⇥⇧
<�⌃⌥! C!>=! ⇢�⇥✏✓ �⇧✓ ↵✓⇤⌃⌫ ✓↵ ⌃◆ �⌃⌥! @!DC!

;⌃< ;�<

�↵⌧"� .8$&= �⇧✓✓�⇧�◆◆⌃◆⌥ ⇥✏⌫⌃⇠⇠� ⇥⇧ ⇤��✏✓�◆⇥⌃✏✓; <�= �⇥⇧◆✓⇧ +⇧✓&�✓◆⌫⌅ ⇥+  �✓ ⇤��✏✓�◆⇥⌃✏✓!
< = �⇠⌃⌫2✓⇧ �◆↵ 1�⌃ ✓ ◆⇥⌃✏✓ ⇧✓⌥⌃⇥◆✏!

"+ ✓⇧1�⇧↵✏ ⌃✏ ◆✓⌫✓✏✏�⇧⌅  ⇥ ↵✓ ✓⇧#⌃◆✓  �✓ ⌫⇥⇧⇧✓✏⇤⇥◆↵⌃◆⌥ .⌃  ✓⇧ R>@� >ES;

⌘C⇠ ⌅ C⇧DA
� ⇠
DA ⌅ C⇧⌃ ⇠ C⇧DA

.!⌃ ⇠
DA <@!C=

⌘C, � C⇧DA
�,
DA <@!N=

1�✓⇧✓ �⇠ �◆↵ �, �⇧✓  �✓ �⇧✓�✏ ⇥+  �✓ ⇧✓⌥⌃⇥◆✏ ✏�⇥1◆ ⌃◆ �⌃⌥! @!DC< =! ⇢�✓ ✓)⇤⇧✓✏✏⌃⇥◆✏
⌫�◆  ✓ ✏⌃#⇤⇠⌃%✓↵  ⇥;

⌘C⇠ ⌅ C⇧⌃ ⇠ C⇠ ⇧DA
.! ⇠
DA <@!?=

⌘C, ⌅ C⇧⌃ ⇠ C,⇧DA
.!,
DA <@!@=

>.



@! /✓�2 0◆.✓⌫ ⌃⇥◆ ⌃◆ �◆ ⌘� ✏⌫⌃⇠⇠� ⇥⇧

1�✓⇧✓⌃ ⇠ ⇠ ⌃+  �✓ +⇧✓&�✓◆⌫⌅ ⇥⇥✏✓ 1�✓⇧✓ H⌃⌫2✓⇧ ◆⇥⌃✏✓ ✏ �⇧ ✏ �◆↵ .!⇠ ⌃✏  �✓ ⇤��✏✓�◆⇥⌃✏✓
�  �� ⇥⇥✏✓ ! ⌃ ⇠, ⌃+  �✓ +⇧✓&�✓◆⌫⌅ ⇥⇥✏✓ 1�✓⇧✓  �✓ ⌃◆ ✓⌥⇧� ✓↵ 1�⌃ ✓ ◆⇥⌃✏✓ ✏ �⇧ ✏ �◆↵
.!, ⌃✏  �✓ ⇤��✏✓�◆⇥⌃✏✓ �  �� ⇥⇥✏✓ < �✓ ⌫⇥⇧◆✓⇧ +⇧✓&�✓◆⌫⌅ ✏�⇥1◆ ⌃◆ �⌃⌥! @!DC<�==!

�⌃◆�⇠⇠⌅�  �✓ ⌫�⇠⌫�⇠� ✓↵ .⌃  ✓⇧ ⌃✏ �↵↵✓↵  ⇥  �✓ ⇧✓+✓⇧✓◆⌫✓ ✏⌃⌥◆�⇠ �✏ +⇥⇠⇠⇥1✏ <✏✓✓ "⇤�
⇤✓◆↵⌃) "=;

⇠�✏; ⌅ ⇠A ⇧ ⇠ ↵�⇣4⌦ <⌘C⇠ = ⇧ ,⇥��⌦<⌘C,= <@!E=

1�✓⇧✓ ⇠A ⌃✏  �✓ ◆⇥#⌃◆�⇠ +⇧✓&�✓◆⌫⌅� ⇠ ↵�⇣4⌦ <⌘C
⇠
= ⌃✏ � H⌃⌫2✓⇧ ◆⇥⌃✏✓ ⌫⇥◆ ⇧⌃ � ⌃⇥◆ ⇥+ ⇤⇥1✓⇧

⌘C
⇠
�◆↵ ,⇥��⌦<⌘C,= ⌃✏ � 1�⌃ ✓ ◆⇥⌃✏✓ ⌫⇥◆ ⇧⌃ � ⌃⇥◆ ⇥+ ⇤⇥1✓⇧ ⌘C,! ⇢�✓ ⇤��✏✓�◆⇥⌃✏✓ ⇥+  �✓

0� ⌃✏  �✓◆ ✏⌃#�⇠� ✓↵� �✏⌃◆⌥ � 3�04⌦ �◆�⇠⌅✏⌃✏� +⇥⇧ � D�� �◆↵ C✏⌧ ⇥⇧↵✓⇧ ⌃◆.✓⌫ ⌃⇥◆
⌫⇥◆✏⌃↵✓⇧⌃◆⌥  �✓ ⇤⇧✓�⌃⇥�✏⇠⌅ ↵✓ ✓⇧#⌃◆✓↵ �#⇤⇠⌃ �↵✓✏ ✏�⇥1◆ ⌃◆ ⇢� ! @!@! ⇢�✓ ⇥  �⌃◆✓↵
⇧✓✏�⇠ ✏ �⇧✓ ✏�⇥1◆ ⌃◆ �⌃⌥✏! @!DN �◆↵ @!D?!

;⌃< ;�<

�↵⌧"� .8$)= 0� ⇤��✏✓�◆⇥⌃✏✓ +⇥⇧ ⌃◆.✓⌫ ⌃⇥◆ �  �✓ +�◆↵�#✓◆ �⇠ +⇧✓&�✓◆⌫⌅; <�= ⌘✓+✓⇧✓◆⌫✓ 1⌃ �
 ⌅⇤⌃⌫�⇠ ⌘� ⇤��✏✓�◆⇥⌃✏✓! < = ⌘✓+✓⇧✓◆⌫✓ 1⌃ �  ⌅⇤⌃⌫�⇠ �� ⇤��✏✓�◆⇥⌃✏✓!

⇢�✓ ⇥  �⌃◆✓↵ ⇧✓✏�⇠ ✏ �⇠⇠⇥1  ⇥ ↵⇧�1 ✏⇥#✓ ⌫⇥◆⌫⇠�✏⌃⇥◆✏;

⇥ ⇢�✓ ⇤��✏✓�◆⇥⌃✏✓ ⇥+  �✓ ⌃◆.✓⌫ ⌃⇥◆�⇠⇥⌫2✓↵ ⇥✏⌫⌃⇠⇠� ⇥⇧ ⌃✏ ↵⇥#⌃◆� ✓↵  ⌅  �✓ ⇧✓+✓⇧✓◆⌫✓�
 � � ⌃ ��✏ � ⌫⇥◆ ⇧⌃ � ⌃⇥◆ +⇧⇥#  �✓ ⇤��✏✓�◆⇥⌃✏✓ ⇥+  �✓ +⇧✓✓�⇧�◆◆⌃◆⌥ ⇥✏⌫⌃⇠⇠� ⇥⇧ � 
 �✓ ⇠⌃#⌃ ✏ ⇥+  �✓ ✏⌃↵✓ �◆↵!

⇥ �⇥⇧  �✓ ✏�#✓ ⇠⇥⌫2⌃◆⌥ ⇧�◆⌥✓  �✓ ⇥  �⌃◆✓↵ ⇧✓✏�⇠ ✏ �⇧✓ ✏⌃#⌃⇠�⇧!

⇢�✓✏✓ ⇧✓✏�⇠ ✏ ✏�⇤⇤⇥⇧  �� � ⌥⇧�◆ ✓↵  �✓ �#⇤⇠⌃ �↵✓�  �� ⌥��⇧�◆ ✓✓✏ � ⇠⇥⌫2⌃◆⌥ ⇧�◆⌥✓
⌫⇥#⇤�⇧� ⇠✓  ⇥  �✓ ✓) ✓◆✏⌃⇥◆ ⇥+  �✓ ⇥✏⌫⌃⇠⇠� ⇥⇧ ✏⌃↵✓ �◆↵  �✓⇧✓ ⌃✏ ◆⇥ ↵⌃⇥✓⇧✓◆⌫✓✏  ✓ 1✓✓◆
 �✓ ⌃◆.✓⌫ ⌃⇥◆ ✏⌫�✓#✓✏!

>-



@!C 6✓✏⌃⌥◆ ⇥+ � ⌫⌃⇧⌫�⌃ ⇤⇧⇥ ⇥ ⌅⇤✓

;⌃< ;�<

�↵⌧"� .8$+= 0� ⇤��✏✓�◆⇥⌃✏✓ +⇥⇧ ⌃◆.✓⌫ ⌃⇥◆ �  �✓ ✏✓⌫⇥◆↵ ⇥⇧↵✓⇧ ��⇧#⇥◆⌃⌫; <�= ⌘✓+✓⇧✓◆⌫✓ 1⌃ �
 ⌅⇤⌃⌫�⇠ ⌘� ⇤��✏✓�◆⇥⌃✏✓! < = ⌘✓+✓⇧✓◆⌫✓ 1⌃ �  ⌅⇤⌃⌫�⇠ �� ⇤��✏✓�◆⇥⌃✏✓!

.8& ,�⌥↵⌧⇡ ⇥� ⌃ ⌘↵⌘"↵◆ ⇠⇥◆⇥◆!⇠�

⇢�✓ ◆✓) ✏ ✓⇤ ⌃✏  ⇥ ⇤✓⇧+⇥⇧# � ⌫⌃⇧⌫�⌃ ⇤⇧⇥ ⇥ ⌅⇤✓ ⌃◆ ⇥⇧↵✓⇧  ⇥ ⇥  �⌃◆ ✏⇥#✓ �↵↵⌃ ⌃⇥◆�⇠
⌃◆✏⌃⌥� � ◆�#✓⇠⌅;

⇥ "✏✏✓✏✏#✓◆ ⇥+  �✓ ⇤⇥✏✏⌃ ⇠✓ ⌃◆.✓⌫ ⌃⇥◆ ⇤⇥⌃◆ ✏ ⇥+  �✓ ⇥✏⌫⌃⇠⇠� ⇥⇧!

⇥ 0#⇤⇠✓#✓◆ � ⌃⇥◆ ⇥+ �◆ ⌃◆.✓⌫ ⌃⇥◆ ⌃◆ ✓⇧+�⌫✓!

⇥  ✏✓⇧�� ⌃⇥◆ ⇥+  �✓ ⇠⌃◆✓�⇧⌃ ⌅ ⇥+  �✓ ⇤��✏✓�◆⇥⌃✏✓ ⇧✓↵�⌫ ⌃⇥◆ 1⌃ �  �✓ �#⇤⇠⌃ �↵✓ ⇥+
 �✓ ⌃◆.✓⌫ ✓↵ ✏⌃⌥◆�⇠!

⇥ 6✓ ✓⇧#⌃◆� ⌃⇥◆ ⇥+  �✓ #⌃◆⌃#�# ⇠✓�✓⇠ ⇥+ ⌃◆.✓⌫ ⌃⇥◆  �� ⌥��⇧�◆ ✓✓✏ ✏⌅◆⌫�⇧⇥◆⌃*��
 ⌃⇥◆!

�⇥⇧  �⌃✏ ✏ ✓⇤ �  1⇥�⌃◆ ✓⌥⇧� ⇥⇧ ⇥✏⌫⌃⇠⇠� ⇥⇧ ⌃✏ ⌫�⇥✏✓◆ ✏⌃◆⌫✓;

⇥ ⇢�⌃✏ ⇥✏⌫⌃⇠⇠� ⇥⇧ ��✏ ⌫⇥#⇤�⇧� ⇠✓ ✏ ⇧�⌫ �⇧✓  ⇥  �✓ ⇧✓⇠�)� ⌃⇥◆ ⇥✏⌫⌃⇠⇠� ⇥⇧! ⇢�✓ ⇥ ✏✓⇧�
�� ⌃⇥◆✏ �◆↵ ⌫⇥◆⌫⇠�✏⌃⇥◆✏ ⌫�◆  ✓ ✓) ⇧�⇤⇥⇠� ✓↵!

⇥ 0 ⌫�◆ ⇥⇤✓⇧� ✓ ⌃◆ O� #⇥↵✓ � �⌃⌥� +⇧✓&�✓◆⌫⌅� 1�⌃⌫� #✓�◆✏ ⌃ ��✏ +✓1 ✏⇤✓⌫ ⇧�⇠
⌫⇥#⇤⇥◆✓◆ ✏! "  �⌃✏ ⇤⇥⌃◆  �⌃✏ ⌃✏ ⌃◆ ✓◆↵✓↵  ⇥ #⌃◆⌃#⌃*✓ �◆↵✓✏⌃⇧✓↵ #⇥↵�⇠� ⌃⇥◆
✓⇥✓⌫ ✏  �� ⌫⇥�⇠↵ �⌃◆↵✓⇧ ⇥�⇧ ⇥ ✏✓⇧�� ⌃⇥◆✏ ⌃◆ � ✏⌫✓◆�⇧⌃⇥ 1�✓⇧✓ ⇥�⇧  ✓✏ ✏✓ �⇤
↵⇥✓✏ ◆⇥ �⇠⇠⇥1 ⇤✓⇧+✓⌫ ⇠⌅ ✏�⌃✓⇠↵⌃◆⌥ ⇥+  �✓  ✓✏ ⌫⌃⇧⌫�⌃ !

⇥ 0 ��✏ ⌃◆�✓⇧✓◆ &��↵⇧� �⇧✓ ⇥� ⇤� ✏� ✏⇥ ⌃◆⌫⇧✓�✏✓↵ ⌫⌃⇧⌫�⌃ ⌫⇥#⇤⇠✓)⌃ ⌅ ⌃✏ ◆⇥ ⇧✓�
&�⌃⇧✓↵  ⇥ ⇥  �⌃◆ &��↵⇧� �⇧✓ ✏⌃⌥◆�⇠✏!

⇥ 0 ��✏ �◆⇥ �✓⇧ ↵✓⌥⇧✓✓ ⇥+ +⇧✓✓↵⇥# ✏⌃◆⌫✓  �✓ �#⇤⇠⌃ �↵✓ ⇥+ ⇥✏⌫⌃⇠⇠� ⌃⇥◆ ⌫�◆  ✓  �◆✓↵!

>0



@! /✓�2 0◆.✓⌫ ⌃⇥◆ ⌃◆ �◆ ⌘� ✏⌫⌃⇠⇠� ⇥⇧

⇥ 0 ⌃✏ ⌃◆�✓⇧✓◆ ⇠⌅ 1⌃↵✓ �◆↵ ⌃◆  �✓ 98*� 1�⌃⌫� �⇠⇠⇥1✏ ��⇠⌃↵� ⌃⇥◆ +⇥⇧ � 1⌃↵✓ ⇧�◆⌥✓
⇥+ +⇧✓&�✓◆⌫⌃✓✏!

4⌃◆⌫✓  �✓ ⌫⌃⇧⌫�⌃ ✏�⇥1✏ � &��✏⌃�⇠⌃◆✓�⇧  ✓���⌃⇥⇧�  �✓ ✏⇤✓⌫ ⇧�⇠ ⌫⇥◆ ✓◆ ⌃✏ #⇥✏ ⇠⌅
⌫⇥#⇤⇥✏✓↵ ⇥+ � ⌫⇥#⇤⇥◆✓◆ �  �✓ +⇧✓&�✓◆⌫⌅ ⇥+ ⇥✏⌫⌃⇠⇠� ⌃⇥◆ �◆↵ �◆⇥ �✓⇧ ⇥◆✓ �  1⌃⌫✓ ⌃ ✏
+⇧✓&�✓◆⌫⌅! ⇢�⌃✏ #✓�◆✏  ��  �✓⇧✓ �⇧✓ ⇥◆⇠⌅  1⇥ ⇥⇤ ⌃⇥◆✏  ⇥ ⇤✓⇧+⇥⇧# ✏⌅◆⌫�⇧⇥◆⌃*� ⌃⇥◆�
1�⌃⌫� 1⌃⇠⇠  ✓ ↵✓ �⌃⇠✓↵  ✓⇠⇥1!

.8&8$ A�⌃✓"⌃◆↵⇥⇡ ⇥� ◆⇧� ↵⇡*�⌘◆↵⇥⇡ ⇠⇥↵⇡◆⌥

�⇥⇧  �✓ ✓��⇠�� ⌃⇥◆ ⇥+  �✓ ⌃◆.✓⌫ ⌃⇥◆ ⇤⇥⌃◆ ✏ ⌃ 1⌃⇠⇠  ✓ ⌫⇥◆✏⌃↵✓⇧✓↵ � ✏⌃#⇤⇠✓� ⇠⇥1⇤⇥1✓⇧�
⇠⇥1 �⇧✓� �◆↵ 1⌃↵✓ �◆↵ ⌃◆.✓⌫ ⌃⇥◆  ⇠⇥⌫2  ⇥ ��⇥⌃↵ � ⇤✓◆�⇠ ⌅ ⇥�✓⇧  �✓ ⌫⌃⇧⌫�⌃ �⇥5!

.8&8$8⌫ ��� ⇥�� ↵⇡*�⌘◆↵⇥⇡

⇢�✓ �⌃⌥! @!D@ ✏�⇥1✏ � 1✓⇠⇠�2◆⇥1◆ ✏ ⇧�⌫ �⇧✓ �✏✓↵  ⇥ ✏⌅◆⌫�⇧⇥◆⌃*✓ ⇥✏⌫⌃⇠⇠� ⇥⇧✏
 ⌅ ⌃◆.✓⌫ ⌃⇥◆ ⇠⇥⌫2⌃◆⌥! 4⌃◆⌫✓  �✓  1⇥�⌃◆ ✓⌥⇧� ⇥⇧ ✏⌅✏ ✓# ��✏ � ↵⌃⇥✓⇧✓◆ ⌃�⇠ ⇥� ⇤� � ⌃ 
⌃✏ �↵�⌃✏� ⇠✓  ��  �✓ ⌃◆.✓⌫ ✓↵ ✏⌃⌥◆�⇠ ✏�⇥�⇠↵ �⇠✏⇥  ✓ ↵⌃⇥✓⇧✓◆ ⌃�⇠! ⇢�⌃✏ ⌃✏ ↵⇥◆✓  ⌅
�✏⌃◆⌥ � ↵⌃⇥✓⇧✓◆ ⌃�⇠ ⇤�⌃⇧ �✏  �✓ ⌃◆.✓⌫ ⌃⇥◆  ⇠⇥⌫2! ⇢⇥ ✓◆✏�⇧✓ �◆ ✓&��⇠ ⇥⇤✓⇧� ⌃⇥◆ ⇤⇥⌃◆ 
��⇧⌃� ⌃⇥◆ ⌃◆  ⇥ � ✏ �⌥✓✏ ⌃ ⌃✏ �↵��◆ �⌥✓⇥�✏  ⇥ ⇤⇠�⌫✓ � ↵⌃⇥✓⇧✓◆ ⌃�⇠ ⇤�⌃⇧ � ✓�⌫� ✏ �⌥✓
< �✓ ✏⌅◆⌫�⇧⇥◆⌃*� ⌃⇥◆ ✏⌃⌥◆�⇠� �⇥1✓�✓⇧� ↵⇥✓✏ ◆⇥ ���✓  ⇥  ✓ +✓↵ ⇥◆  ⇥ �=! ⇢�✓ ⌃◆.✓⌫ ⌃⇥◆
 ⇠⇥⌫2 ⌃✏  �✓ ↵⌃⇥✓⇧✓◆ ⌃�⇠ ⇤�⌃⇧ ⌅� ↵⇧⌃�✓◆  ⌅ ⌘��✏⇣! ⇢�✓ ⌃◆.✓⌫ ⌃⇥◆ ⇤⇥⌃◆ ✏ �⇧✓  �✓  1⇥
⌃◆ ✓⌥⇧� ⇥⇧ ⇥✏⌫⌃⇠⇠� ⇥⇧ ⇥� ⇤� ✏!

�↵⌧"� .8$.= ↵↵ ⇥⇧↵✓⇧ ⌃◆.✓⌫ ⌃⇥◆ ⇥◆ ⇥◆✓ ✏ �⌥✓ ⇥+  �✓  1⇥�⌃◆ ✓⌥⇧� ⇥⇧!

"+ ✓⇧ ✏⌃#�⇠� ⌃⇥◆✏�  1⇥ ⌃✏✏�✓✏ �⇧✓ ↵✓ ✓⌫ ✓↵;

⇥ �⌃⇧✏ �  �⌃✏ �⇤⇤⇧⇥�⌫� ⇧✓↵�⌫✓✏  �✓  �◆⌃◆⌥ ⇧�◆⌥✓� ↵�✓  ⇥ ⇤�⇧�✏⌃ ⌃⌫ ⌫�⇤�⌫⌃ �◆⌫✓✏ < �✓
⌃◆.✓⌫ ⌃⇥◆ ⇤⇥⌃◆ ✏ �⇧✓ ✏✓◆✏⌃ ⌃�✓ ◆⇥↵✓✏� ✏⌃◆⌫✓ �✓⇧✓ �⇧✓  �✓ ↵⇥#⌃◆�◆ ⌫�⇤�⌫⌃ �◆⌫✓✏=!

>>



@!C 6✓✏⌃⌥◆ ⇥+ � ⌫⌃⇧⌫�⌃ ⇤⇧⇥ ⇥ ⌅⇤✓

⇥ ⇢�✓ ✏✓⌫⇥◆↵ ⌃✏✏�✓ ⌃✏  ��  �✓ ⇥� ⇤� ⇥+  �✓ ⇥✏⌫⌃⇠⇠� ⇥⇧ ��✏ #�⌫� �⌃⌥�✓⇧ �#⇤⇠⌃�
 �↵✓  ��◆  �✓ ⌃◆.✓⌫ ✓↵ ✏⌃⌥◆�⇠! ⇢�✓ ⇧✓✏�⇠ ⌃✏ �◆ �#⇤⇠⌃ �↵✓ #⇥↵�⇠� ⌃⇥◆ ⇥+  �✓
✏⌅◆⌫�⇧⇥◆⌃*⌃◆⌥ ⌫�⇧⇧✓◆ < �✓ ↵⌃⇥✓⇧✓◆ ⌃�⇠ ⇤�⌃⇧ 1⌃⇠⇠ ◆⇥ ⇥⇤✓⇧� ✓ �✏ � ⌥�⌃◆  ⇠⇥⌫2=� �✏
✏✓✓◆� +⇥⇧ ⌃◆✏ �◆⌫✓� ⌃◆ � ✏⌃◆⌥⇠✓  �⇠�◆⌫✓↵ #⌃)✓⇧ < �✓ ⇧✓✏�⇠ ⌃◆⌥ ✏⇤�⇧⌃⇥�✏  ⇥◆✓✏ �⇧✓
◆⇥ %⇠ ✓⇧✓↵� ↵�✓  ⇥  �✓ ⇠�⇧⌥✓ ✏⇤✓⌫ ⇧�⇠ ⌫⇥#⇤⇥◆✓◆ =! ⇢�✓ ⇥✏⌫⌃⇠⇠� ⇥⇧ 1⌃⇠⇠ �⇥✓⌫  �✓
 ✓���⌃⇥⇧ ⇥+  �✓ ⌃◆.✓⌫ ⌃⇥◆  ⇠⇥⌫2� �◆↵� ⌃◆✏ ✓�↵ ⇥+  �✓ ↵✓✏⌃⇧✓↵ ✏⌃⌥◆�⇠�  �✓ ⇥✏⌫⌃⇠⇠� ⇥⇧
1⌃⇠⇠  ✓ +✓↵1⌃ � �◆ �#⇤⇠⌃ �↵✓#⇥↵�⇠� ✓↵ ⌫�⇧⇧✓◆ ✏⌃⌥◆�⇠ < �⌃✏ ⌫⇥�⇠↵  ✓ ✏⇥⇠�✓↵  ⌅
�✏⌃◆⌥ ✏✓⇤�⇧� ✓  ⌃�✏⌃◆⌥ �◆↵ ↵✓⌫⇥�⇤⇠⌃◆⌥ ⌫�⇤�⌫⌃ ⇥⇧✏ ⌃◆  �✓ ⌃◆.✓⌫ ⌃⇥◆  ⇠⇥⌫2� 1�⌃⌫�
⌃✏ ◆⇥ �⌫⌫✓⇤ � ⇠✓ ↵�✓  ⇥  �✓ ✓) ⇧� ⌫⇥#⇤⇠✓)⌃ ⌅ �◆↵ �⇧✓� ⌃◆⌫⇧✓�✏✓=!

3⇧✓�⌃⇥�✏ ✏⌃#�⇠� ⌃⇥◆✏ ↵✓#⇥◆✏ ⇧� ✓↵  ��  ⇥ �⌫�⌃✓�✓  �✓ ⇠�⇧⌥✓✏ ⇠⇥⌫2⌃◆⌥ ⇧�◆⌥✓�
1⇥�⇠↵  ✓  ⇥ ⇤✓⇧+⇥⇧# ⌃◆.✓⌫ ⌃⇥◆ �  �✓ +�◆↵�#✓◆ �⇠ +⇧✓&�✓◆⌫⌅! 8⇥1✓�✓⇧� �◆⌅ ⇥↵↵
⇥⇧↵✓⇧ ✏⌅◆⌫�⇧⇥◆⌃*� ⌃⇥◆ ⌃✏ ⌫⇥#⇤⇧⇥#⌃✏✓↵ ⇥◆  �✓ �⌫⌫⇥�◆ ⇥+  �✓✏✓ �✏⇤✓⌫ ✏� 1�⌃⌫� #✓�◆✏
�◆ �⇠ ✓⇧◆� ⌃�✓ #�✏  ✓ ⌫⇥◆✏⌃↵✓⇧✓↵!

.8&8$8' A��⇡ ⇥�� ↵⇡*�⌘◆↵⇥⇡

0 ⌃✏ ⌫⇠✓�⇧  ��  �✓ ⌃◆.✓⌫ ⌃⇥◆ ⌃◆ ✓⇧+�⌫✓ ⇤⇠�⌅✏ �◆ ⌃#⇤⇥⇧ �◆ ⇧⇥⇠✓� �◆↵  �✓ #� ��⇠
⌃◆H�✓◆⌫✓  ✓ 1✓✓◆  �✓ ⇥✏⌫⌃⇠⇠� ⇥⇧ �◆↵ ⌃◆.✓⌫ ⌃⇥◆  ⇠⇥⌫2 ✏�⇥�⇠↵  ✓ #⌃◆⌃#�#! ⇢�✓⇧✓+⇥⇧✓�
�◆⇥ �✓⇧ �⇤⇤⇧⇥�⌫�1�✏ ⌫⇥◆✏⌃↵✓⇧✓↵�  �✓ �✏✓ ⇥+  �✓ ⌫⇥##⇥◆ ✏⇥�⇧⌫✓ ⇥+  �✓ ⌫⇧⇥✏✏�⌫⇥�⇤⇠✓↵
↵⌃⇥✓⇧✓◆ ⌃�⇠ ⇤�⌃⇧ ⇥+  �✓ ⇥✏⌫⌃⇠⇠� ⇥⇧ <✏✓✓ �⌃⌥! @!DE=!

�↵⌧"� .8$-= 4✓⌫⇥◆↵ ⇥⇧↵✓⇧ ��⇧#⇥◆⌃⌫ ⌃◆.✓⌫ ⌃⇥◆!

>(



@! /✓�2 0◆.✓⌫ ⌃⇥◆ ⌃◆ �◆ ⌘� ✏⌫⌃⇠⇠� ⇥⇧

"  �⌃✏ ◆⇥↵✓  �✓ �⇥⇠ �⌥✓ ��⇧⌃� ⌃⇥◆✏ �⇧✓ ✏#�⇠⇠� ✏⇥ #⇥↵�⇠� ⌃⇥◆ ✓⇥✓⌫ ✏ �⇧✓ 1✓�2! 0◆
�↵↵⌃ ⌃⇥◆�  �✓ ⇤�⇧�✏⌃ ⌃⌫✏ ���✓ ⇠⇥1 ⌃#⇤�⌫ � ✏⌃◆⌫✓  �⌃✏ ⌃✏ ◆⇥ � ⌫⇧⌃ ⌃⌫�⇠ ◆⇥↵✓! "⇠✏⇥�  �✓
⇥⇤✓⇧� ⌃⇥◆ ⇤⇥⌃◆ ⌃✏ �◆⌫��◆⌥✓↵ ⌃+  �✓  ⇥ �⇠ ⌫�⇧⇧✓◆  �� H⇥1✏  �⇧⇥�⌥�  ��  ⇧�◆⌫� ⇧✓�
#�⌃◆✏ ⌫⇥◆✏ �◆ <�3���⇧��⌦⌘⌦↵ ✏�⇥�⇠↵  ✓ ✓&��⇠  ⇥  �✓ ⌫�⇧⇧✓◆ �3��� ⇥+  �✓ ⇥⇧⌃⌥⌃◆�⇠ ⇥✏⌫⌃⇠⇠� ⇥⇧=!
�⌃◆�⇠⇠⌅�  �⌃✏ ⌃✏  �✓ ⌫⇥##⇥◆ ✏⇥�⇧⌫✓ ⇥+ � ↵⌃⇥✓⇧✓◆ ⌃�⇠ ⇤�⌃⇧� �◆↵ ⌃ ✏ �⇥⇠ �⌥✓ 1⌃⇠⇠� ⌃↵✓�⇠⇠⌅�
���✓ ⇥◆⇠⌅ ✓�✓◆ ⇥⇧↵✓⇧ ��⇧#⇥◆⌃⌫✏! 7✓⌫��✏✓  �✓ ⇥✏⌫⌃⇠⇠� ⇥⇧ ⇥⇤✓⇧� ✓✏ ⌃◆ O� #⇥↵✓ ⌃ ⌃✏
✓)⇤✓⌫ ✓↵  ⇥ ���✓ ⇥◆⇠⌅ ⇥◆✓ 1✓�2 ✏✓⌫⇥◆↵ ⇥⇧↵✓⇧ ��⇧#⇥◆⌃⌫! 0◆ �⌃✓1 ⇥+  �✓ ⇠⌃#⌃ � ⌃⇥◆ ⇥+
 �✓ ⌃◆.✓⌫ ⌃⇥◆ ⌃◆ ✓⇧+�⌫✓ ⌃#⇤⇠✓#✓◆ � ⌃⇥◆ � ✏✓⌫⇥◆↵ ⇥⇧↵✓⇧ ��⇧#⇥◆⌃⌫ ✏⌅◆⌫�⇧⇥◆⌃*� ⌃⇥◆ ⌃✏
 �✓ ⇥◆⇠⌅ ⇤⇥✏✏⌃ ⇠✓ �⇤⇤⇧⇥�⌫�!

0 1�✏ ⇤⇧✓�⌃⇥�✏⇠⌅ ↵✓#⇥◆✏ ⇧� ✓↵  �� ✓�✓◆  �⇥�⌥� ✏#�⇠⇠✓⇧ �#⇤⇠⌃ �↵✓✏ �⇧✓ � ⇠✓
 ⇥ ✏⌅◆⌫�⇧⇥◆⌃*✓  �✓ ⇥✏⌫⌃⇠⇠� ⇥⇧  �✓ ◆✓⌫✓✏✏⌃ ⌅ ⇥+ � ⇠�⇧⌥✓ ⇠⇥⌫2⌃◆⌥ ⇧�◆⌥✓ ⌃#⇤⇠⌃✓✏ � �⌃⌥�
⌃◆.✓⌫ ⌃⇥◆ ⇠✓�✓⇠� #�⌫� �⌃⌥�✓⇧  ��◆  �✓ ⇧✓&�⌃⇧✓↵ +⇥⇧ �◆ ⇥↵↵ ⇥⇧↵✓⇧ ✏⌅◆⌫�⇧⇥◆⌃*� ⌃⇥◆!
8⇥1✓�✓⇧� ⇥◆✓ �↵��◆ �⌥✓ ⇥+  �⌃✏ �⇤⇤⇧⇥�⌫� ⇧✓⇠� ✓✏  ⇥  �✓ ◆✓⌫✓✏✏⌃ ⌅ ⇥+ �✏⌃◆⌥ ⇥◆⇠⌅
⇥◆✓ ↵⌃⇥✓⇧✓◆ ⌃�⇠ ⇤�⌃⇧� �◆⇠⌃2✓  �✓ ⌃◆.✓⌫ ⌃⇥◆ �  �✓ +�◆↵�#✓◆ �⇠  �� ✏�⇥�⇠↵ �✏✓  1⇥
↵⌃⇥✓⇧✓◆ ⌃�⇠ ⇤�⌃⇧✏  ⇥ ⇤⇧⇥⇤✓⇧⇠⌅  �⇠�◆⌫✓  �✓ ⇠⇥�↵✏ ⇥+ ✓�⌫� ✏ �⌥✓! ⇢�⌃✏ #✓�◆✏  ��  �✓
✏✓⌫⇥◆↵ ⇥⇧↵✓⇧ ⌃◆.✓⌫ ⌃⇥◆ ⌃✏ ◆⇥ ⇥◆⇠⌅  ✓◆✓%⌫⌃�⇠ ⌃◆  ✓⇧#✏ ⇥+ �⇧✓� �◆↵ ✓◆✓⇧⌥⌅ ⌫⇥◆✏�#⇤ ⌃⇥◆
 � ⌃ ⌃✏ �⇠✏⇥ ⇠✓✏✏ ⇤⇧⇥◆✓  ⇥ &��↵⇧� �⇧✓ ✓⇧⇧⇥⇧✏ ↵�✓  ⇥ #⌃✏#� ⌫�!

.8&8$8� ,↵⌥⌘"⌥⌥↵⇥⇡

0◆ ⇢� ! @!E � ⌫⇥#⇤�⇧⌃✏⇥◆ ⌃✏ ✏�⇥1◆  ✓ 1✓✓◆  �✓  1⇥ ⌃◆.✓⌫ ⌃⇥◆ ✏⌫�✓#✓✏!

4⌃�✓� .8-= �⇥#⇤�⇧⌃✏⇥◆  ✓ 1✓✓◆ ✓�✓◆ �◆↵ ⇥↵↵ ⇥⇧↵✓⇧ ⌃◆.✓⌫ ⌃⇥◆!

0◆.✓⌫ ⌃⇥◆ 4⌫�✓#✓ "↵��◆ �⌥✓✏ 6⌃✏�↵��◆ �⌥✓✏

↵↵ ⇥⇧↵✓⇧ ⌃◆.✓⌫ ⌃⇥◆

��⇧⌥✓⇧ ⇠⇥⌫2⌃◆⌥ ⇧�◆⌥✓ 8⌃⌥�✓⇧ ✓◆✓⇧⌥⌅ ⌫⇥◆✏�#⇤�
 ⌃⇥◆
��⇧⌥✓⇧ �⇧✓�
0◆.✓⌫ ⌃⇥◆ ⌃◆ ✓⇧+�⌫✓ �✏ �
#⌃)✓⇧

⌦�✓◆ ⇥⇧↵✓⇧ ⌃◆.✓⌫ ⌃⇥◆

�⇥1✓⇧ ✓◆✓⇧⌥⌅ ⌫⇥◆✏�#⇤ ⌃⇥◆ ��⇧⇧⇥1✓⇧ ⇠⇥⌫2⌃◆⌥ ⇧�◆⌥✓
�⇥1✓⇧ �⇧✓�
0#⇤⇧⇥�✓✏ &��↵⇧� �⇧✓ �⌫⌫��
⇧�⌫⌅

"✏✏�#⌃◆⌥  ��  �✓ ◆�⇧⇧⇥1✓⇧ ⇠⇥⌫2⌃◆⌥ ⇧�◆⌥✓ ⇥+  �✓ ✓�✓◆ ⇥⇧↵✓⇧ ⌃◆.✓⌫ ⌃⇥◆ ⌫�◆  ✓
⌃#⇤⇧⇥�✓↵  ⌅ ⌃◆⌫⇧✓�✏⌃◆⌥  �✓ ⌥�⌃◆ ⇥+  �✓ ⌃◆.✓⌫ ⌃⇥◆  ⇠⇥⌫2� ⌫�⇥⇥✏⌃◆⌥  ⇥ ⇤⇧⇥⌫✓✓↵ 1⌃ � �
✏✓⌫⇥◆↵ ⇥⇧↵✓⇧ ��⇧#⇥◆⌃⌫ ⌃◆.✓⌫ ⌃⇥◆ ⌃✏ �↵��◆ �⌥✓⇥�✏ ⌃◆ �⌃✓1 ⇥+ ⌃ ✏ ⇧✓&�⌃⇧✓#✓◆ ✏ ⇥+ �⇧✓�
�◆↵ ✓◆✓⇧⌥⌅ ⌫⇥◆✏�#⇤ ⌃⇥◆!

7✓✏⌃↵✓✏�  �✓ �✏✓ ⇥+ � +⇧✓&�✓◆⌫⌅ ⇥+ ⌃◆.✓⌫ ⌃⇥◆ �⌃⌥�✓⇧  ��◆  �✓ +⇧✓✓�⇧�◆◆⌃◆⌥ +⇧✓&�✓◆⌫⌅
⇥+  �✓ ⇥✏⌫⌃⇠⇠� ⇥⇧ ✏�⇥�⇠↵ �✓⇠⇤  ⇥ #⌃ ⌃⌥� ✓ �◆⌅ ✓�✓◆ ��⇠ ⌃#⇤�⌫ ⇥+ +⇧✓&�✓◆⌫⌅ ↵⇧⌃+ ⇥+  �✓
4⇢ ✏ ⇧�⌫ �⇧✓!

(2



@!C 6✓✏⌃⌥◆ ⇥+ � ⌫⌃⇧⌫�⌃ ⇤⇧⇥ ⇥ ⌅⇤✓

.8&8& ,�⌥↵⌧⇡ ⌧"↵��✓↵⇡�⌥

4⌃◆⌫✓  �✓ ⌃◆.✓⌫ ✓↵ ✏⌃⌥◆�⇠ ��✏ ⇠⇥1 ⇤⇥1✓⇧ �◆↵ � ✏�⇤⌫⌃✓◆ ⇠⌅ ⇠�⇧⌥✓ ⇠⇥⌫2⌃◆⌥ ⇧�◆⌥✓
⌃✏ ⌃◆ ✓◆↵✓↵�  �✓ #�⌃◆ ⌥⇥�⇠ ⌃✏  ⇥ #�)⌃#⌃*✓  �✓ ��✏;

�⇡�⇣
⇧� ⌃⇥! "⇠⇠  �✓ ✓⇠✓#✓◆ ✏ ⇥+  �✓

⌫⌃⇧⌫�⌃ ⇥ �✓⇧  ��◆  �⇥✏✓ ⌃◆  �✓ ⌃◆.✓⌫ ⌃⇥◆  ⇠⇥⌫2� 1�✓◆ ��⇧⌃✓↵� �⇥✓⌫ ✏⌃#�⇠ �◆✓⇥�✏⇠⌅ �◆↵
✏⌃#⌃⇠�⇧⇠⌅ ��✏; �◆↵ �⇡�⇣� #�⌃◆ �⌃◆⌃◆⌥  �✓ ⇧� ⌃⇥ �◆⌫��◆⌥✓↵ <↵�✓  ⇥  �✓ �⌃⌥�  �◆↵1⌃↵ �
 ⇥ � ✏⌃⌥◆�⇠✏ �⇧✓ ✏⌃#⌃⇠�⇧⇠⌅ �⇥✓⌫ ✓↵=! ⇢�⌃✏ #✓�◆✏  ��  �✓ ⌃◆.✓⌫ ✓↵ ⌫�⇧⇧✓◆ ⌫�◆  ✓
⌃◆⌫⇧✓�✏✓↵ ⌃◆  1⇥ 1�⌅✏;

D! ⇢�✓ /�� ⇧� ⌃⇥ ⇥+  �✓  ⇧�◆✏⌃✏ ⇥⇧✏ ⇥+  �✓ ⌃◆.✓⌫ ⌃⇥◆ ↵⌃⇥✓⇧✓◆ ⌃�⇠ ⇤�⌃⇧ ✏�⇥�⇠↵  ✓ �✏
�⌃⌥� �✏ ⇤⇥✏✏⌃ ⇠✓� 1�⌃⇠✓ ⌥��⇧�◆ ✓✓⌃◆⌥ ⇤⇧⇥⇤✓⇧  ⌃�✏⌃◆⌥ ⇥+ �⇠⇠  �✓  ⇧�◆✏⌃✏ ⇥⇧✏ ⌃◆  �✓
⌫⌃⇧⌫�⌃ !

C! 7⌅ ✓# ✓↵↵⌃◆⌥  �✓ ⌃◆.✓⌫ ⌃⇥◆  ⇠⇥⌫2 ⌃◆ ⇥  �✓ ⇥✏⌫⌃⇠⇠� ⇥⇧ �◆↵ �✏⌃◆⌥ .�✏ ⇥◆✓ ⌫�⇧⇧✓◆ 
✏⇥�⇧⌫✓  ⇥ ⇤⇧⇥↵�⌫✓ �3��� ⇧ ��⌦⌘⌦↵!

�↵⌧"� .8$0= 0◆.✓⌫ ⌃⇥◆  ⇠⇥⌫2 �✏✓↵ ⌃◆  �✓  ✓✏ ⌫⌃⇧⌫�⌃ !

⇢�✓ ⇤⇧⇥⇤⇥✏✓↵ ⌫⌃⇧⌫�⌃ ⌃✏ ✏�⇥1◆ ⌃◆ �⌃⌥! @!DB! ⇢�✓  ⌃�✏⌃◆⌥ �⇥⇠ �⌥✓ ⇥+  �✓ ⌃◆.✓⌫ ⌃⇥◆
 ⇠⇥⌫2 ⌃✏ ⌥✓◆✓⇧� ✓↵ ⌃◆ ✓⇧◆�⇠⇠⌅ �✏⌃◆⌥  ⇧�◆✏⌃✏ ⇥⇧✏ ⌃◆ ↵⌃⇥↵✓ ⌫⇥◆%⌥�⇧� ⌃⇥◆! "↵↵⌃ ⌃⇥◆�⇠⇠⌅�
 1⇥ ↵✓⌫⇥�⇤⇠⌃◆⌥ ⌫�⇤�⌫⌃ ⇥⇧✏ ✓◆✏�⇧✓ ⌃◆↵✓⇤✓◆↵✓◆  ⌃�✏  ✓ 1✓✓◆  �✓ ⌃◆.✓⌫ ⌃⇥◆  ⇠⇥⌫2 �◆↵
 �✓ ✏⌅◆⌫�⇧⇥◆⌃*⌃◆⌥ ✏⌃⌥◆�⇠ ✏⇥�⇧⌫✓!

⇢�✓ ↵✓✏⌃⌥◆ ⇤⇧⇥⌫✓↵�⇧✓ ⌃✏ �⌃#✓↵  ⇥ ⇥  �⌃◆ �⇧✓� �◆↵ ⇤⇥1✓⇧ ⇧✓↵�⌫ ⌃⇥◆! ⇢�✓ %◆�⇠
⌫⌃⇧⌫�⌃ ⌃✏ ✏�⇥1◆ ⌃◆ �⌃⌥! @!D>! 0◆  �✓ ↵✓✏⌃⌥◆ 1✓ ���✓ ⌫⇥◆✏⌃↵✓⇧✓↵  �✓ +⇥⇠⇠⇥1⌃◆⌥
⌫⇥◆✏ ⇧�⌃◆ ✏;

⇥ ⇢�✓ ↵⌅◆�#⌃⌫ ⇧✓⌥⌃#✓ ✏�⇥�⇠↵  ✓ ⌫�⇧✓+�⇠⇠⌅ �◆�⇠⌅*✓↵ <1⌃ � �  ⇧�◆✏⌃✓◆ �◆�⇠⌅✏⌃✏=
⌃◆ ⇥⇧↵✓⇧  ⇥ ✓✏ ⌃#� ✓  �✓ �⇥⇠ �⌥✓ ⇧�◆⌥✓ �  �✓ ↵⌃⇥✓⇧✓◆ ◆⇥↵✓✏� �◆↵ ✓◆✏�⇧✓ ⌫⇥⇧⇧✓⌫ 
 ⌃�✏⌃◆⌥  �⇧⇥�⌥�⇥�  �✓ 1�⇥⇠✓ +⇧✓&�✓◆⌫⌅  �◆↵!

⇥ ⇢⇧�◆✏⌃✏ ⇥⇧✏ ✏�⇥�⇠↵ ���✓ � ⇠✓�✏ B@  ⇥ DAA #: ⇥+ ✓⌃�� ⌅ :⌃ � ��  ⇥  ✓ ⌃◆
#⇥↵✓⇧� ✓ ⌃◆�✓⇧✏⌃⇥◆!

($



@! /✓�2 0◆.✓⌫ ⌃⇥◆ ⌃◆ �◆ ⌘� ✏⌫⌃⇠⇠� ⇥⇧

⇥ %���⌦⌘⌦↵ < �✓ #�)⌃#�# �⇥⇠ �⌥✓ ✏1⌃◆⌥ �  �✓ ⇥� ⇤� ◆⇥↵✓✏= ✏�⇥�⇠↵ ◆⇥ ✓)⌫✓✓↵
C✓⌃�� ⇥+  ⇧�◆✏⌃✏ ⇥⇧✏ ⌅↵ �◆↵ ⌅⇠ � ⌃◆ ⇥⇧↵✓⇧  ⇥ ⌥��⇧�◆ ✓✓  ��  �✓⌅ �⇧✓ ⌃◆  �✓ ⇠⌃◆✓�⇧
⇧✓⌥⌃⇥◆ ⇥+  �✓ ↵⌃⇥✓⇧✓◆ ⌃�⇠ ⇤�⌃⇧  ⇧�◆✏+✓⇧ ⌫��⇧�⌫ ✓⇧⌃✏ ⌃⌫ <✏✓✓ �⌃⌥! C!DE=!

⇥ " ⇠⇥⌫2⌃◆⌥ ⇧�◆⌥✓ ⇥+ DA 58* ✏�⇥�⇠↵  ✓ �⌫�⌃✓�✓↵ �⌫⇧⇥✏✏  �✓ 1⌃↵✓✏ ⇤⇥✏✏⌃ ⇠✓ +⇧✓�
&�✓◆⌫⌅ ⇧�◆⌥✓� 1⌃ �  �✓ ⇠⇥1✓⇧ ⇤⇥✏✏⌃ ⇠✓ ⇤⇥1✓⇧!

�↵⌧"� .8$>= �⌃◆�⇠ ⇥✏⌫⌃⇠⇠� ⇥⇧ ⌫⌃⇧⌫�⌃ < �✓ ✏⌅◆⌫�⇧⇥◆⌃*� ⌃⇥◆ ⌫⌃⇧⌫�⌃ ⌃✏ �⌃⌥�⇠⌃⌥� ✓↵=!

⇢�✓ ↵✓✏⌃⌥◆ #✓ �⇥↵⇥⇠⇥⌥⌅ ⌃✏ �✏ +⇥⇠⇠⇥1✏;

D! �⌃⇧✏ �  �✓  1⇥�⌃◆ ✓⌥⇧� ⇥⇧ ⇥✏⌫⌃⇠⇠� ⇥⇧ ⌃✏ ↵✓✏⌃⌥◆✓↵� 1⌃ �⇥�  �✓ ⌃◆.✓⌫ ⌃⇥◆  ⇠⇥⌫2� �◆↵
⌃ ✏�⇥�⇠↵ �⌫�⌃✓�✓  �✓ 1⌃↵✓✏ ⇤⇥✏✏⌃ ⇠✓  �◆⌃◆⌥ ⇧�◆⌥✓! ⇢⇥ ⇧✓↵�⌫✓  �✓ ⇤�⇧�✏⌃ ⌃⌫✏
�◆↵ #�)⌃#⌃*✓  �✓  �◆⌃◆⌥ ⇧�◆⌥✓�  �✓  ⇧�◆✏⌃✏ ⇥⇧✏ ↵⌃#✓◆✏⌃⇥◆✏ �⇧✓ ⌃◆⌃ ⌃�⇠⇠⌅ #�↵✓
✏#�⇠⇠ ⌃◆  �✓ ↵⌃⇥✓⇧✓◆ ⌃�⇠ ⇤�⌃⇧✏ < ⇥ � ⌅↵ �◆↵ ⌅⇠ =! "+ ✓⇧1�⇧↵✏  �✓⌅ #�⌅ ���✓  ⇥
 ✓ ⌃◆⌫⇧✓�✏✓↵  ⇥ ⇥  �⌃◆ � ✏�⌃ � ⇠✓  ⌃�✏⌃◆⌥!

C! ⇢�✓ ⌃◆.✓⌫ ⌃⇥◆  ⇠⇥⌫2 ⌃✏ �↵↵✓↵� 1⌃ � #�)⌃#�# 1⌃↵ �  ⇧�◆✏⌃✏ ⇥⇧✏ <1✓⇧✓  �✓ #�)⌃�
#�# ✏⌃*✓ ⌫⇥◆✏⌃↵✓⇧✓↵ ⌃✏  �✓  ✓⌫�◆⇥⇠⇥⌥⌅ ⇠⌃#⌃ +⇥⇧ � ✏⌃◆⌥⇠✓ ⌘�  ⇧�◆✏⌃✏ ⇥⇧ 1�⌃⌫� ⌃✏
DD@!C ��=  ⇥ #�)⌃#⌃*✓  �✓  ⇧�◆✏⌫⇥◆↵�⌫ �◆⌫✓!

N! ⇢�✓ ��⇠�✓✏ ⇥+  ⇥ � ��⌦⌘⌦↵ �◆↵ %� �⇧✓ �↵.�✏ ✓↵  ⇥ ✓◆✏�⇧✓ ⇤⇧⇥⇤✓⇧  ⌃�✏⌃◆⌥!

?! �⌃◆�⇠⇠⌅�  �✓ ⌃◆.✓⌫ ✓↵ ✏⌃⌥◆�⇠ ⌃✏ �⇤⇤⇠⌃✓↵� ✏ �⇧ ⌃◆⌥ � �@A ↵7#� �◆↵  �✓ ⇧✓&�⌃⇧✓↵
�⇥⇠ �⌥✓ +⇥⇧ � DA 58* ⇠⇥⌫2⌃◆⌥ ⇧�◆⌥✓ ⌃✏ ↵✓ ✓⇧#⌃◆✓↵!

⇢�✓ ⌫⌃⇧⌫�⌃ ⌃✏ ↵✓✏⌃⌥◆✓↵ +⇥⇧  �✓ DNA ◆# �54  ✓⌫�◆⇥⇠⇥⌥⌅ 1⌃ � � ✏�⇤⇤⇠⌅ �⇥⇠ �⌥✓
⇥+ D!C :! ⇢�✓ ↵⌃#✓◆✏⌃⇥◆✏ +⇥⇧  �✓ 2✓⌅  ⇧�◆✏⌃✏ ⇥⇧✏ �⇧✓ ⌥⌃�✓◆ ⌃◆ ⇢� ⇠✓ @!B!

(&



@!C 6✓✏⌃⌥◆ ⇥+ � ⌫⌃⇧⌫�⌃ ⇤⇧⇥ ⇥ ⌅⇤✓

4⌃�✓� .80= ⇢⇧�◆✏⌃✏ ⇥⇧ ↵⌃#✓◆✏⌃⇥◆✏!

3�⇧�#✓ ✓⇧ ⌅↵ ⌅� ⌅�

/ <��= DC!E CB!>E DD@!C
� <✓�= DEA C>A DEA

.8&8) ✏↵�"✓⌃◆↵⇥⇡ ⌃⇡� ��⌃⌥"���⇡◆⌥

4⌫�✓#� ⌃⌫ ✏⌃#�⇠� ⌃⇥◆✏ �⇧✓ ↵⇥◆✓ �✏⌃◆⌥ ⇥� ⇤� ↵✓⌫⇥�⇤⇠⌃◆⌥ ⌫�⇤�⌫⌃ ⇥⇧✏�  ⇥◆↵ 1⌃⇧✓
#⇥↵✓⇠✏� �◆↵ �✏✏�#⌃◆⌥ �◆ ⌃↵✓�⇠ ✏⌅◆⌫�⇧⇥◆⌃*� ⌃⇥◆ ✏⌃⌥◆�⇠ ✏⇥�⇧⌫✓! ⇢⇥ ✏��✓ �⇧✓� ⌃◆  �✓
⇠�⌅⇥� � #�⇠ ⌃⇤⇠✓ ⇥� ⇤� ⌫�⇧⇧✓◆ #⌃⇧⇧⇥⇧ ⌃✏ �✏✓↵! "↵↵⌃ ⌃⇥◆�⇠⇠⌅� ⌦46 ⇤⇧⇥ ✓⌫ ⌃⇥◆ ↵⌃⇥↵✓✏
�⇧✓ �↵↵✓↵� �◆↵ �◆ ✓#⇤ ⌅ ✏⇤�⌫✓ ⌃✏ ⇧✓✏✓⇧�✓↵ <�⇧⇥�◆↵ DAA ��=� �  �✓ +�⇧ ⇠✓+ �  ⇥ �⇠⇠⇥1
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 �✓✏✓ ✏⌫�✓#✓  �✓ ⌥�⌃◆  ⇠⇥⌫2 ⇥+  �✓ ⌃◆.✓⌫ ⌃⇥◆ ⌃◆ ✓⇧+�⌫✓ ��↵  ⇥  ✓ ↵✓✏⌃⌥◆✓↵ 1⌃ � �⌃⌥�✓⇧
⌥�⌃◆!

"◆ ✓)⇤✓⇧⌃#✓◆ �⇠ ��⇠⌃↵� ⌃⇥◆ ⇥+ ⌃◆.✓⌫ ⌃⇥◆�⇠⇥⌫2⌃◆⌥ ⌃◆ �  1⇥�⌃◆ ✓⌥⇧� ⇥⇧ �54 ⌘�
⇥✏⌫⌃⇠⇠� ⇥⇧ �✏⌃◆⌥ ⇧✓+✓⇧✓◆⌫✓ ✏⌃⌥◆�⇠ �  1⌃⌫✓  �✓ +⇧✓&�✓◆⌫⌅ ⇥+ ⇥✏⌫⌃⇠⇠� ⌃⇥◆ 1�✏ ⇤✓⇧+⇥⇧#✓↵!
⇢�✓ ⇥  �⌃◆✓↵ ⇧✓✏�⇠ ✏ ↵✓#⇥◆✏ ⇧� ✓  ��  �✓ +⇥⇠⇠⇥1✓↵ �⇤⇤⇧⇥�⌫� �⇠⇠⇥1✓↵  �✓ ⌫⇥⇧⇧✓⌫ ⌃⇥◆
⇥+  �✓ ⇤��✏✓�◆⇥⌃✏✓ 1⌃ � � ⇧✓+✓⇧✓◆⌫✓ ⇤⇥1✓⇧ �✏ ⇠⌃  ⇠✓ �✏ �@A ↵7# �◆↵ +⇥⇧ � 1⌃↵✓ ⇧�◆⌥✓ ⇥+
+⇧✓&�✓◆⌫⌃✓✏� ✏�⌥⌥✓✏ ⌃◆⌥  ��  �⌃✏ �⇤⇤⇧⇥�⌫� ✏�⇥�⇠↵ �⇠⇠⇥1  ⇥ ✓) ✓◆↵  �✓ �⇤⇤⇠⌃⌫� ⌃⇠⌃ ⌅
⇥+  �✓ ⌘� ⇥✏⌫⌃⇠⇠� ⇥⇧ +⇥⇧ #�⇠ ⌃⇤⇠✓ ⌫⇥##�◆⌃⌫� ⌃⇥◆ ✏ �◆↵�⇧↵✏!
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�↵⌧"� .8&-= 3��✏✓��⇥⌃✏✓ 0#⇤⇧⇥�✓#✓◆ +⇥⇧ � �⇧✓&�✓◆⌫⌅ ⇥+ EAA 58*!

�↵⌧"� .8&0= 3��✏✓��⇥⌃✏✓ 0#⇤⇧⇥�✓#✓◆ +⇥⇧ � �⇧✓&�✓◆⌫⌅ ⇥+ N 98*!

0 ⌃✏ ◆⇥ ⌫⇧⌃ ⌃⌫�⇠  ��  �✓ ⇤⇥1✓⇧ ⇥+  �✓ ⌃◆.✓⌫ ⌃⇥◆ ✏⌃⌥◆�⇠ ⌥��⇧�◆ ✓✓✏  �✓ DA58* ⇥⇥✏✓ !
0◆ +�⌫  �✓ ⇤⇥1✓⇧ ⇥+  �✓ ⌃◆.✓⌫ ⌃⇥◆ ✏⌃⌥◆�⇠ ✏�⇥�⇠↵  ✓ ✏�⇤⌫⌃✓◆  ⇥ ⌫⇥�✓⇧  �✓ ◆⇥⌃✏✓ �⇤  ⇥
 �✓ H⌃⌫2✓⇧ ⌫⇥⇧◆✓⇧ +⇧✓&�✓◆⌫⌅ <✏✓✓ �⌃⌥! C!>=� 1�⌃⌫� ⌃✏ ⇠⇥⌫� ✓↵ ✏⇥#✓1�✓⇧✓ �⇧⇥�◆↵ C◆N
58* �✏ ✏�⌥⌥✓✏ ✓↵  ⌅ �⌃⌥✏! @!CN �◆↵ @!C?! ⇢�✓ ⇧✓�✏⇥◆ 1�⌅  �✓ ⌫⇥⇧◆✓⇧ ⌃✏ +⇥�◆↵ � 
✏�⌫� �⌃⌥� +⇧✓&�✓◆⌫⌅ ⌃✏ #⇥✏ ⇠⌅ ⇧✓⇠� ✓↵  ⇥ �✏⌅##✓ ⇧⌃✓✏ ⌃◆  �✓ ⌫⌃⇧⌫�⌃ � 1�⌃⌫� ⌫��✏✓✏  �✓
H⌃⌫2✓⇧ ◆⇥⌃✏✓ +⇧⇥#  �✓ ⌫�⇧⇧✓◆ ✏⇥�⇧⌫✓✏  ⇥ ⌫⇥◆ ⇧⌃ � ✓  ⇥  �✓ ⌫⇠⇥✏✓�⌃◆ ⇤��✏✓�◆⇥⌃✏✓ <+⇥⇧
⌃◆✏ �◆⌫✓  �✓ ⇧✓✏⌃✏ �◆⌫✓✏ ���✓ �⌃⌥�  ⇥⇠✓⇧�◆⌫✓✏� ⇥+ ✓◆ �⇧⇥�◆↵ ⌃DA[=!

⇢�✓ ⇧✓#�⌃◆⌃◆⌥ ⇥⇥✏✓ ✏� 1�⇥✏✓ ↵⇥#⌃◆�◆ ◆⇥⌃✏✓ ✏⇥�⇧⌫✓ ⌃✏ 1�⌃ ✓ ◆⇥⌃✏✓� ⌫�◆  ✓ ⌃#�
⇤⇧⇥�✓↵1⌃ � ⇤�⇧ ⌃⌫�⇠�⇧ ↵✓✏⌃⌥◆ ⇥⇧⌃✓◆ � ⌃⇥◆✏! ⇢�⌃✏#✓�◆✏  ��  �✓ ⇧✓✏�⇠ ✏ �⇧✓ ⇤⇧⇥#⌃✏⌃◆⌥
�◆↵ ✏�⇤⇤⇥⇧  �✓ +✓�✏⌃ ⌃⇠⌃ ⌅ ⇥+ �✏⌃◆⌥ �◆ 4⇢ �✏ ✏⌃⌥◆�⇠ ⇧✓+✓⇧✓◆⌫✓! 8⇥1✓�✓⇧�  �✓ ⌃#�
⇤⇠✓#✓◆ � ⌃⇥◆ ⇥+  �✓ 4⇢ ⌃ ⌃✏ ◆⇥ ⇤⇥✏✏⌃ ⇠✓ �  �✓ #⇥#✓◆ �  �✓ ⇥� ⇤� ⇤⇥1✓⇧ ⇥+  �✓
✏ ⇧�⌫ �⇧✓ ��✏  ✓✓◆ �⇠⇧✓�↵⌅ ⌃#⇤⇧⇥�✓↵  �  �✓ +⇧✓&�✓◆⌫⌅ ↵⇧⌃+ ✏ ✏ ⌃⇠⇠ ⇥⌫⌫�⇧!
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3⇧✓�# ⇠✓

0◆  �⌃✏ ⌫��⇤ ✓⇧ � #⇥↵⌃%✓↵ ⇧✓⇠�)� ⌃⇥◆ ⇥✏⌫⌃⇠⇠� ⇥⇧ ⌫⌃⇧⌫�⌃ 1⌃ � �⌃⌥� �⇥5 � �⌃⌥� +⇧✓&�✓◆⌫⌅
⌃✏ ⇤⇧✓✏✓◆ ✓↵! ⇢�✓ ⇤✓⇧+⇥⇧#✓↵ #⇥↵⌃%⌫� ⌃⇥◆✏ �◆↵ ↵✓✏⌃⌥◆ ⌥�⌃↵✓⇠⌃◆✓✏ �⇧✓ ↵⌃✏⌫�✏✏✓↵ �◆↵
��⇠⌃↵� ✓↵!

�⇥⇡◆�⇡◆⌥
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⇢�✓ ⇤��✏✓�◆⇥⌃✏✓ ⌃#⇤⇧⇥�✓#✓◆ ⇥+  �✓ ⇧✓⇠�)� ⌃⇥◆ ⇥✏⌫⌃⇠⇠� ⇥⇧ �✏⌃◆⌥ ⌃◆.✓⌫ ⌃⇥◆ ⌃✏ ⌫⇥◆�
✏ ⇧�⌃◆✓↵  ⌅  �✓ ⇠✓�✓⇠ ⇥+ ⌃◆.✓⌫ ⌃⇥◆� 1�⌃⌫�#✓�◆✏  �✓ ⇤��✏✓�◆⇥⌃✏✓ ⇤✓⇧+⇥⇧#�◆⌫✓ � +�⇧ �✓⇧
⇥⇥✏✓ ✏ #�✏  ✓ ⌫⇥⇧⇧✓⌫ ✓↵ 1⌃ � ↵✓✏⌃⌥◆ ⇥⇤ ⌃⇥◆✏! 8⇥1✓�✓⇧�  �⌃✏ #�✏ ◆⇥  ✓ ⇥  �⌃◆✓↵
�  �✓ ✓)⇤✓◆✏✓ ⇥+ �◆ ⌃◆⌫⇧✓�✏✓ ⌃◆  �✓ ✓◆✓⇧⌥⌅ ⌫⇥◆✏�#⇤ ⌃⇥◆! ⇢�✓⇧✓+⇥⇧✓� ✏⇥#✓ �⇥5#�✏ 
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 ⌅ ✏⇤✓✓↵⌃◆⌥ �⇤  �✓ ⇠� ⌫�  ⇧�◆✏⌃ ⌃⇥◆✏ 1�⌃⌫� �⇧✓ �⌫⌫✓⇠✓⇧� ✓↵  ⌅ ✓⌃ �✓⇧ ⌃◆⌫⇧✓�✏⌃◆⌥  �✓
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⇥� ⇤� ✏� 1�⌃⌫� �⇧✓ ↵⇥#⌃◆� ✓↵  ⌅  �✓ ⇤�⇧�✏⌃ ⌃⌫✏ ⇥+  �✓ ⇠� ⌫�  ⇧�◆✏⌃✏ ⇥⇧✏! ⇢�✓ %⇧✏ 
�⇤⇤⇧⇥�⌫� ⌃◆⌫⇧✓�✏✓✏  �✓ ⇤⇥1✓⇧ ⌫⇥◆✏�#⇤ ⌃⇥◆I  �✓ ✏✓⌫⇥◆↵ ⌃#⇤⇠⌃✓✏ �✏⌃◆⌥ ✏#�⇠⇠✓⇧  ⇧�◆�
✏⌃✏ ⇥⇧✏� 1�⌃⌫� ⌃◆⌫⇧✓�✏✓✏  �✓ #⌃✏#� ⌫�✓✏! "◆⇥ �✓⇧ 1�⌅  ⇥ ⌃#⇤⇧⇥�✓  �✓ ✏⇤✓✓↵ ⌃✏  ⇥
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⌫⇧✓�✏✓✏I  �✓ ⌫⌃⇧⌫�⌃  ✓⌫⇥#✓✏ #⇥⇧✓ ✏✓◆✏⌃ ⌃�✓  ⇥  �✓ ◆⇥◆�⇠⌃◆✓�⇧ ⇤�⇧�✏⌃ ⌃⌫ ⌫�⇤�⌫⌃ �◆⌫✓✏ � 
 �✓ ◆⇥↵✓✏ 1⌃ � �⇥⇠ �⌥✓✏ �✏�⇥�� 1�⌃⌫� ⌫�◆ ⇧✓✏�⇠ ⌃◆ �⌃⌥�✓⇧ ⇤✓⇧+⇥⇧#�◆⌫✓ ��⇧⌃� ⌃⇠⌃ ⌅! ⇢�✓
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⇧✓⇤⇥⇧ ✓↵ ✏ � ✓�⇥+� �✓��⇧ ⇧✓⇠�)� ⌃⇥◆ ⇥✏⌫⌃⇠⇠� ⇥⇧✏ ���✓ �⇥5 � ⇥�✓ �DEC ↵7⌫�8* �◆↵  �✓
↵⌃⇥✓⇧✓◆⌫✓ +⇧⇥#  �✓  �✓⇥⇧✓ ⌃⌫�⇠ #⌃◆⌃#�# �✏��⇠⇠⌅ ⌃◆⌫⇧✓�✏✓✏ 1⌃ �  �✓ +⇧✓&�✓◆⌫⌅ ⇥+
⇥⇤✓⇧� ⌃⇥◆ R>� DFS� 7✓⌫��✏✓  �✓⇧✓ �⇧✓ ↵⌃⇥✓⇧✓◆  ⇧�↵✓�⇥⇥✏ +⇥⇧ ↵⌃⇥✓⇧✓◆ ⇠� ⌫� ⇧✓✏⇤⇥◆✏✓✏�
⌥⇥⇥↵ ◆⇥⌃✏✓ �◆↵ ✓◆✓⇧⌥⌅ ⇤✓⇧+⇥⇧#�◆⌫✓✏ �⇧✓ ↵⌃⇤⌫�⇠  ⇥  ✓ ✏⌃#�⇠ �◆✓⇥�✏⇠⌅ ⇥  �⌃◆✓↵ � 
�⌃⌥� +⇧✓&�✓◆⌫⌃✓✏!

-8$ 4⇧� ⌘⇥⇡��⇡◆↵⇥⇡⌃✓ �✓⌃#⌃◆↵⇥⇡ ⇥⌥⌘↵✓✓⌃◆⇥ ⇥⇠�⌃◆↵⇥⇡

0◆ �⌃⌥! E!D ⌃✏ ✏�⇥1◆  �✓ ⌫⇠�✏✏⌃⌫�⇠ ⌫⌃⇧⌫�⌃ ⇥+  �✓ ⇧✓⇠�)� ⌃⇥◆ ⇥✏⌫⌃⇠⇠� ⇥⇧! /�✓◆ ⌅C

⌃✏ ⇥⇥�  �✓ ⌫�⇧⇧✓◆ ⇥+  �✓  1⇥ ✏⇥�⇧⌫✓✏ ⌥⇥✓✏  �⇧⇥�⌥� ⌅D� 1�⌃⌫� ⌃✏ ⇥◆ 1⌃ � � ⌫⇥◆✏ �◆ 
��⇠�✓ ⇥+ ⌘:⌃DI ✏⌃◆⌫✓ ⌘⇡�⇣C ⌅ ✓✓� ⌘�✏�D ⌃✏ ⌫⇥◆✏ �◆ ! ⇤⇡�⇣ ⌃✏ ⌫��⇧⌥✓↵� ⌘�✏� ⌃◆⌫⇧✓�✏✓✏� �◆↵
⌘�✏�C ⌅ ⌘�✏�D � ⌘�✏� ↵✓⌫⇧✓�✏✓✏ �◆ ⌃⇠ ⌘:⌃C ⇧✓�⌫�✓✏  �✓ ⌫⇥◆↵�⌫ ⌃⇥◆  �⇧✓✏�⇥⇠↵ �◆↵ ⌅C ⌃✏
 �⇧◆✓↵ ⇥◆;  �✓ ⇠� ⌫� ⇧✓�✓⇧✏✓✏ ⌃ ✏ ✏ � ✓ �◆↵ ⌘⇡�⇣D ⌅ ✓✓! ⇤⇡�⇣ ↵⌃✏⌫��⇧⌥✓✏ �◆ ⌃⇠ ⌅D

⇧✓�⌫�✓✏  �✓ ⌫⇥◆↵�⌫ ⌃⇥◆  �⇧✓✏�⇥⇠↵ �◆↵  �✓ ⇠� ⌫� ⌫��◆⌥✓✏ ✏ � ✓! ⇢�✓ ◆⇥↵✓ �⇥⇠ �⌥✓✏ �⇧✓
✏�⇥1◆ ⌃◆ �⌃⌥! E!C �◆↵  �✓ ↵⌃⇥✓⇧✓◆ ⌃�⇠ �⇥⇠ �⌥✓✏� ⌘⇡�⇣ �◆↵ ⌘�✏�� �⇧✓ ✏�⇥1◆ ⌃◆ �⌃⌥! E!N!

$2&



E!D ⇢�✓ ⌫⇥◆�✓◆ ⌃⇥◆�⇠ ⇧✓⇠�)� ⌃⇥◆ ⇥✏⌫⌃⇠⇠� ⇥⇧ ⇥⇤✓⇧� ⌃⇥◆

�↵⌧"� -8$= �54 ⌘✓⇠�)� ⌃⇥◆ ⇥✏⌫⌃⇠⇠� ⇥⇧ ⌫⌃⇧⌫�⌃  ⇠⇥⌫2✏!

�↵⌧"� -8&= ⌘✓⇠�)� ⌃⇥◆ ⇥✏⌫⌃⇠⇠� ⇥⇧ ◆⇥↵✓ �⇥⇠ �⌥✓✏!

6�✓  ⇥  �✓ ⌫�⇧⇧✓◆ ✏⇥�⇧⌫✓✏�  �✓ ⌫��⇧⌥✓�↵⌃✏⌫��⇧⌥✓ ⇥+ ⇤⇡�⇣  �2✓✏ ⇤⇠�⌫✓ � � ⌫⇥◆✏ �◆ 
⇧� ✓!

⌃ ⌅
D

⇤⇡�⇣

⌧$

⌧�
⌅

�

⇤⇡�⇣
<E!C=

⇢�✓ �⇥⇠ �⌥✓ �⌫⇧⇥✏✏  �✓ ⌫�⇤�⌫⌃ ⇥⇧ ⌫�◆  ✓ ↵✓ ✓⇧#⌃◆✓↵  ⌅ ↵⇥⌃◆⌥  �✓ �⇥�⇧⌃✓⇧ ✓)⇤�◆✏⌃⇥◆
⇥+  �✓  ⇧⌃�◆⌥�⇠�⇧ 1��✓+⇥⇧# ✏�⇥1◆ ⌃◆ �⌃⌥! E!N R>>S;

⌘�✏�<�= ⌅
�

⇤⇡�⇣

>
↵C

⇧⇧
�

�⇧

✏⌃◆ <<C✏ � D=⇤⇡�⇣�=
<C✏ � D=C

⇥ <E!N=

1�✓⇧✓ ⇤⇡�⇣ ⌃✏  �✓ ⇥✏⌫⌃⇠⇠� ⇥⇧ +⇧✓&�✓◆⌫⌅! ⇢�✓ �⇥⇠ �⌥✓ �⌫⇧⇥✏✏  �✓ ⌫�⇤�⌫⌃ ⇥⇧ ��✏  �✓ +⇥⇠�
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E! 8⌃⌥� 3✓⇧+⇥⇧#�◆⌫✓ ⌘� ✏⌫⌃⇠⇠� ⇥⇧

�↵⌧"� -8)= ⌘✓⇠�)� ⌃⇥◆ ⇥✏⌫⌃⇠⇠� ⇥⇧ ↵⌃⇥✓⇧✓◆ ⌃�⇠ �⇥⇠ �⌥✓✏!

⇠⇥1⌃◆⌥ ↵✓✏⌫⇧⌃⇤ ⌃⇥◆ ⌃◆  �✓ +⇧✓&�✓◆⌫⌅ ↵⇥#�⌃◆ R>>S�

�✏�<⇤= ⌅ �⇧ ⌅2<⇤=⌅  >
↵C

⇧⇧
�

�⇧

✏⌃◆<✏↵
C =

✏C ◆ <⇤ � ✏⇤⇡�⇣= <E!?=

1�✓⇧✓ 2<⇤= ⌃✏  �✓ ⌃◆ ✓⌥⇧� ⇥⇧  ⇧�◆✏+✓⇧ +�◆⌫ ⌃⇥◆! ⇢�⌃✏ ⌫⇥⇧⇧✓✏⇤⇥◆↵✏  ⇥ � ✏�⇤✓⇧⇤⇥✏⌃ ⌃⇥◆
⇥+ �◆ ⌃◆%◆⌃ ✓ ◆�# ✓⇧ ⇥+ ✏⇤✓⌫ ⇧�⇠ ⌫⇥#⇤⇥◆✓◆ ✏ ⌫✓◆ ✓⇧✓↵ � #�⇠ ⌃⇤⇠✓✏ ⇥+  �✓ ✏1⌃ ⌫�⌃◆⌥
+⇧✓&�✓◆⌫⌅! ⇢�✓  ⇧⌃�◆⌥�⇠�⇧ 1��✓+⇥⇧# ⌃◆ �⌃⌥! E!N ⌃✏ ⇥◆⇠⌅ ⇥  �⌃◆✓↵ 1�✓◆  �✓ ⇧✓⌥✓◆✓⇧��
 ⌃⇥◆  ⌃#✓ ⌃✏ #�⌫� ⇠⇥1✓⇧  ��◆  �✓ ⇧✓⇠�)� ⌃⇥◆  ⌃#✓! "✏  �✓ ⇧✓⌥✓◆✓⇧� ⌃⇥◆  ⌃#✓ ⌃◆⌫⇧✓�✏✓✏�
 �✓ �⇥⇠ �⌥✓ �⌫⇧⇥✏✏  �✓ ⌫�⇤�⌫⌃ ⇥⇧  ✓◆↵✏  ⇥  ✓⌫⇥#✓ &��✏⌃�✏⌃◆�✏⇥⌃↵�⇠ �◆↵  �✓ ✏⇤✓⌫ ⇧�#
⇥+  �✓ ⌫�⇤�⌫⌃ ⇥⇧ �⇥⇠ �⌥✓ 1⌃⇠⇠ ���✓ +✓1✓⇧ ⌫⇥#⇤⇥◆✓◆ ✏!

⇢�✓ ↵✓✏⌫⇧⌃⇤ ⌃⇥◆ ⇥+  �✓ ⌫�⇤�⌫⌃ ⇥⇧ �⇥⇠ �⌥✓ ⌃✏ ◆⇥ ⌫⇥#⇤⇠✓ ✓↵ ⌃+ ◆⇥⌃✏✓ ⌃✏ ◆⇥ �⌫⌫⇥�◆ ✓↵
+⇥⇧! �⇥⌃✏✓ �⇥✓⌫ ✏  �✓ ⌫�⇤�⌫⌃ ⇥⇧ ⌃◆⌃ ⌃�⇠ ⌫��⇧⌥✓ 1�⌃⌫� ⌫��✏✓✏  �✓ �⇥⇠ �⌥✓ �⌫⇧⇥✏✏  �✓
⌫�⇤�⌫⌃ ⇥⇧  ⇥  ✓⌫⇥#✓ ⇤��✏✓�#⇥↵�⇠� ✓↵� 1�⌃⌫� #✓�◆✏  ��  �✓ ⇤✓⇧⌃⇥↵ ⇥+ ⇥✏⌫⌃⇠⇠� ⌃⇥◆
1⌃⇠⇠ ��⇧⌅ �⇧⇥�◆↵ ⌃ ✏ ◆⇥#⌃◆�⇠ ��⇠�✓! 0+ ◆⇥⌃✏✓ ⌃✏ ⇤⇧✓✏✓◆ �  �✓ ✏⇤✓⌫ ⇧�⇠ ⇧✓⇤⇧✓✏✓◆ � ⌃⇥◆
⇥+  �✓ �⇥⇠ �⌥✓ �⌫⇧⇥✏✏  �✓ ⌫�⇤�⌫⌃ ⇥⇧ 1⌃⇠⇠ ✏�⇥1 ⇧✓⇤⇠⌃⌫�✏ ⇥+  �� ◆⇥⌃✏✓ ✏⇤✓⌫ ⇧�⇠ ↵✓◆✏⌃ ⌅
⌫✓◆ ✓⇧✓↵ � #�⇠ ⌃⇤⇠✓✏ ⇥+  �✓ ✏1⌃ ⌫�⌃◆⌥ +⇧✓&�✓◆⌫⌅ �✏ ↵✓#⇥◆✏ ⇧� ✓↵ ⌃◆ ✓&! E!@ �◆↵
↵✓⇤⌃⌫ ✓↵ ⌃◆ �⌃⌥! E!?! ⇢�⌃✏ ⇤⇧⇥⌫✓✏✏ 1�✏ +�⇧ �✓⇧ ↵✓ �⌃⇠✓↵ ⌃◆ 4✓⌫ ⌃⇥◆ C!D!?!7!
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E!D ⇢�✓ ⌫⇥◆�✓◆ ⌃⇥◆�⇠ ⇧✓⇠�)� ⌃⇥◆ ⇥✏⌫⌃⇠⇠� ⇥⇧ ⇥⇤✓⇧� ⌃⇥◆

�✏�<⇤= ⌅ <<� ⇧ �✏=⇧ ⌅2<⇤=⌅=  >
↵C

⇧⇧
�

�⇧

✏⌃◆<✏↵
C =

✏C ◆ <⇤ � ✏⇤⇡�⇣=

⌅ ⇧ ⇧ ⇧ ⇧
>
F↵C �⇧ ⌅2<⇤ ⇧ N⇤⇡�⇣=⌅ ⇧

>
F↵C �✏⇧ ⌅2<⇤ ⇧ N⇤⇡�⇣=⌅

⇧
>
↵C �⇧ ⌅2<⇤ ⇧ ⇤⇡�⇣=⌅ ⇧

>
↵C �✏⇧ ⌅2<⇤ ⇧ ⇤⇡�⇣=⌅

⇧
>
↵C �⇧ ⌅2<⇤ � ⇤⇡�⇣=⌅ ⇧

>
↵C �✏⇧ ⌅2<⇤ � ⇤⇡�⇣=⌅

⇧
>
F↵C �⇧ ⌅2<⇤ � N⇤⇡�⇣=⌅ ⇧

>
F↵C �✏⇧ ⌅2<⇤ � N⇤⇡�⇣=⌅

⇧ ⇧ ⇧ ⇧

<E!@=

�↵⌧"� -8+= 4⌃↵✓ �◆↵✏ ↵�✓  ⇥ ◆⇥⌃✏✓ RNAS!

"✏ ◆⇥⌃✏✓ ⇠⌃#⌃ ✏  �✓ �⇤⇤⇠⌃⌫� ⌃⇠⌃ ⌅ ⇥+  �✓ ⇥✏⌫⌃⇠⇠� ⇥⇧� ⌃ ⌃✏ ⌃#⇤⇥⇧ �◆  ⇥ �◆↵✓⇧✏ �◆↵
 �✓ +�⌫ ⇥⇧✏  �� �⇥✓⌫ �◆↵ ⇠⌃#⌃  �✓ ⇤��✏✓�◆⇥⌃✏✓ ⇤✓⇧+⇥⇧#�◆⌫✓ �◆↵  ⇧⌅  ⇥ #⌃ ⌃⌥� ✓  �✓⌃⇧
⌃#⇤�⌫ !

-8$8$ �⌃◆⌘⇧ ⇥⇠�⌃◆↵⇥⇡

"✏ ⇤⇧✓�⌃⇥�✏⇠⌅ ✓)⇤⇠�⌃◆✓↵�  �✓ ⌫⌃⇧⌫�⌃ 1��✓+⇥⇧#✏ �⇧✓ ↵✓⇤✓◆↵✓◆ ⇥◆  �✓ ⇧� ⌃⇥  ✓�
 1✓✓◆  �✓ ⇧✓⌥✓◆✓⇧� ⌃⇥◆ �◆↵  �✓ ⇧✓⇠�)� ⌃⇥◆  ⌃#✓✏! 0+  �✓ ⇥✏⌫⌃⇠⇠� ⇥⇧ ⇥� ⇤� ◆⇥↵✓✏ ���✓
⇧✓↵�⌫✓↵ ⇤�⇧�✏⌃ ⌃⌫✏ �◆↵  �✓⌃⇧ ⌫��⇧⌥✓  ⌃#✓ ⌃✏ #�⌫� ⇠⇥1✓⇧  ��◆  �✓ ⇧✓⇠�)� ⌃⇥◆  ⌃#✓�  �✓
⇥✏⌫⌃⇠⇠� ⇥⇧ ⌃✏ ✏�⌃↵  ⇥ ⇥⇤✓⇧� ✓ ⌃◆ ⇧✓⇠�)� ⌃⇥◆ #⇥↵✓� �◆↵  �✓ ⇥� ⇤� ⌃✏ �⇤⇤⇧⇥)⌃#� ✓⇠⌅ �
✏&��⇧✓ 1��✓! 0+  �✓ ⌫��⇧⌥✓  ⌃#✓ ��✏ � #�⌥◆⌃ �↵✓ ✏⌃#⌃⇠�⇧  ⇥  �✓ ⇧✓⇠�)� ⌃⇥◆  ⌃#✓�  �✓
⇥✏⌫⌃⇠⇠� ⇥⇧ ⇥⇤✓⇧� ✓✏ ⌃◆ � &��✏⌃�✏⌃◆�✏⇥⌃↵�⇠ #⇥↵✓� �◆↵  �✓ ⇥� ⇤� ⌃✏ ⇧⇥�⌥�⇠⌅ ✏⌃◆�✏⇥⌃↵�⇠
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R@ES!
⇢�✓ ⌃◆⌫⇧✓�✏✓ ⇥+  �✓ ⇧✓⌥✓◆✓⇧� ⌃⇥◆  ⌃#✓ ⌃#⇤⇠⌃✓✏  �� ⌫�⇧⇧✓◆ ⌃✏ ✏⌃#�⇠ �◆✓⇥�✏⇠⌅ ↵⇧�1◆

�  ⇥ �  ⇧�◆⌫�✓✏ +⇥⇧ ⇠⇥◆⌥✓⇧  ⌃#✓! ⇢�⌃✏ #✓�◆✏  �� � +⇥⇧  �✓ ✏�#✓ ⇤⇥1✓⇧ ⌫⇥◆✏�#⇤ ⌃⇥◆
 �✓ ⇠⇥◆⌥✓⇧ ⇧✓⌥✓◆✓⇧� ⌃⇥◆  ⌃#✓ 1⌃⇠⇠ ⌃#⇤⇠⌅ � ✏⇠⇥1✓⇧ ✏1⌃ ⌫�⌃◆⌥�  ��✏ � ⇧✓↵�⌫ ⌃⇥◆ ⇥◆
 �✓ ⇥✏⌫⌃⇠⇠� ⌃⇥◆ +⇧✓&�✓◆⌫⌅! 8⇥1✓�✓⇧� �✏ ✏ �↵⌃✓↵ ⌃◆ RNAS� �✏  �✓ ⇧✓⌥✓◆✓⇧� ⌃⇥◆  ⌃#✓ ⌃✏
⌃◆⌫⇧✓�✏✓↵ �◆↵  �✓ ⇥✏⌫⌃⇠⇠� ⇥⇧ �⇤⇤⇧⇥�⌫�✓✏ � &��✏⌃�✏⌃◆�✏⇥⌃↵�⇠  ✓���⌃⇥⇧�  �✓ ⇤��✏✓�◆⇥⌃✏✓
⇤✓⇧+⇥⇧#�◆⌫✓ ⌃✏ ⌃#⇤⇧⇥�✓↵! ⇢�⌃✏ �⇠⇠⇥1✏  ⇥ ⌫⇥◆⌫⇠�↵✓ ⇥◆  �✓ ⇥✏⌫⌃⇠⇠� ⇥⇧ ⇤✓⇧+⇥⇧#�◆⌫✓� +⇥⇧
� %)✓↵ ⇤⇥1✓⇧ ⌫⇥◆✏�#⇤ ⌃⇥◆� 1⌃ �  �✓ ⇠✓�✓⇠ ⇥+ ⇥� ⇤� ⇤�⇧�✏⌃ ⌃⌫✏ <✏✓✓ �⌃⌥! E!@=;

⇥ �⇥1 ⇤�� ; ⇢�✓ ⌫⌃⇧⌫�⌃ ⇥⇤✓⇧� ✓✏ ⌃◆ ⇧✓⇠�)� ⌃⇥◆ #⇥↵✓! 8⌃⌥�✓⇧ +⇧✓&�✓◆⌫⌅ ⌫�◆  ✓
⇥  �⌃◆✓↵!

⇥ 8⌃⌥�⇤�� ; ⇢�✓ ⌫⌃⇧⌫�⌃ ⇥⇤✓⇧� ✓✏ ⌃◆ &��✏⌃�✏⌃◆�✏⇥⌃↵�⇠#⇥↵✓ < �✓ ◆�# ✓⇧ ⇥+ ✏⇤✓⌫ ⇧�⇠
⌫⇥#⇤⇥◆✓◆ ✏ ⌃✏ ⇧✓↵�⌫✓↵� ✏⌃◆⌫✓  �✓ �⇥⇠ �⌥✓ �⌫⇧⇥✏✏  �✓ ⌫�⇤�⌫⌃ ⇥⇧ ⌃✏ ◆⇥ ⇠⇥◆⌥✓⇧ �
 ⇧⌃�◆⌥�⇠�⇧ 1��✓=! ⇢�✓ +⇧✓&�✓◆⌫⌅ ⌃✏ ⇧✓↵�⌫✓↵  �  �✓ ⇤��✏✓�◆⇥⌃✏✓ ⇤✓⇧+⇥⇧#�◆⌫✓
⌃✏ ⌃#⇤⇧⇥�✓↵!

�↵⌧"� -8.= 4⇤✓⌫ ⇧�⇠ ⇧✓⇤⇧✓✏✓◆ � ⌃⇥◆ ⇥+  �✓ ⌫�⇤�⌫⌃ ⇥⇧ �⇥⇠ �⌥✓ ��⇧⌃� ⌃⇥◆ 1⌃ �  �✓ ⌃◆⌫⇧✓�✏✓ ⇥+  �✓
⇥� ⇤� ⇤�⇧�✏⌃ ⌃⌫✏!

0◆ ⇥⇧↵✓⇧  ⇥ ⇥  �⌃◆ � �⌃⌥�✓⇧ �⇥5 � ⌥⇥⇥↵ ⌫⇥#⇤⇧⇥#⌃✏✓  ✓ 1✓✓◆ ⇤⇥1✓⇧ �◆↵ ◆⇥⌃✏✓ ⌃✏
⇧✓&�⌃⇧✓↵�  ��✏�  �✓  ⇥⇠✓⇧� ⇠✓ ⇠✓�✓⇠ ⇥+ ⇥� ⇤� ⇤�⇧�✏⌃ ⌃⌫✏ ⌃✏  �✓ ⇥◆✓  �� ⌥��⇧�◆ ✓✓✏  �� 
 �✓ ⌫⌃⇧⌫�⌃ ⇥⇤✓⇧� ✓✏ ✏⇥#✓1�✓⇧✓  ✓ 1✓✓◆  �✓  1⇥#⇥↵✓✏! /⌃ �  �✓ +⇧✓&�✓◆⌫⌅ ⌃◆⌫⇧✓�✏✓
 �✓ ⌃#⇤�⌫ ⇥+  �✓ ⇤�⇧�✏⌃ ⌃⌫✏  ✓⌫⇥#✓✏ #⇥⇧✓ ⌃#⇤⇥⇧ �◆ < �✓ #⌃◆⌃#�# ⇧✓⌥✓◆✓⇧� ⌃⇥◆
 ⌃#✓� 1�⌃⌫� ⌃✏ ⇠⌃#⌃ ✓↵  ⌅  �✓  ✓⌫�◆⇥⇠⇥⌥⌅�  ✓⌫⇥#✓✏ ⌫⇥#⇤�⇧� ⇠✓  ⇥  �✓ ⇧✓⇠�)� ⌃⇥◆  ⌃#✓=�
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E!D ⇢�✓ ⌫⇥◆�✓◆ ⌃⇥◆�⇠ ⇧✓⇠�)� ⌃⇥◆ ⇥✏⌫⌃⇠⇠� ⇥⇧ ⇥⇤✓⇧� ⌃⇥◆

⌃✏  �✓◆ ◆✓⌫✓✏✏�⇧⌅  ⇥ ⇤⇧✓�✓◆  �✓ &��✏⌃�✏⌃◆�✏⇥⌃↵�⇠ ⇥⇤✓⇧� ⌃⇥◆  � 1⌃ �⇥� ���⌃◆⌥  �✓
⇥✏⌫⌃⇠⇠� ⇥⇧ ⇥⇤✓⇧� ⌃◆⌥ ⌃◆  �✓ ⇧✓⇠�)� ⌃⇥◆ #⇥↵✓! 8⇥1✓�✓⇧� 1�✓◆  �✓ ⇥⇤✓⇧� ⌃⇥◆ ⇧✓⌥⌃#✓
⇠�⌅✏  ✓ 1✓✓◆ ⇧✓⇠�)� ⌃⇥◆ �◆↵ &��✏⌃�✏⌃◆�✏⇥⌃↵�⇠� ⌃  ✓⌫⇥#✓✏ ��⇧↵✓⇧  ⇥ #⇥↵✓⇠  �✓ ⌫⌃⇧⌫�⌃ 
 ✓���⌃⇥⇧ �◆↵ � ⌥⇥⇥↵ ⌫⇥#⇤⇧⇥#⌃✏✓  ✓ 1✓✓◆ ⇤⇥1✓⇧ �◆↵ ◆⇥⌃✏✓ ⇤✓⇧+⇥⇧#�◆⌫✓ #�⌅  ✓
↵⌃⇤⌫�⇠  ⇥ �⌫�⌃✓�✓! ⇢�⌃✏ ⌫⇥◆⌫⇠�✏⌃⇥◆ ⌃✏ ✏�⇤⇤⇥⇧ ✓↵  ⌅  �✓ ↵⌃⇥✓⇧✓◆⌫✓✏ +⇥�◆↵ ⌃◆  �✓
⇠⌃ ✓⇧� �⇧✓ +⇥⇧  �✓ ⇤✓⇧+⇥⇧#�◆⌫✓ ⇥+  �✓ ⌫⇠�✏✏⌃⌫�⇠ ⌃#⇤⇠✓#✓◆ � ⌃⇥◆ ⇥+  �✓ ⇥✏⌫⌃⇠⇠� ⇥⇧ <�⌃⌥!
C!C@= +⇥⇧ ↵⌃⇥✓⇧✓◆ +⇧✓&�✓◆⌫⌃✓✏ ⇥+ ⇥⇤✓⇧� ⌃⇥◆ RDF� @A� @NS!

⇢�✓#�)⌃#�#⇥  �⌃◆� ⇠✓ �⇥5⌃✏ +�⇧ +⇧⇥# �✓  �✓⇥⇧✓ ⌃⌫�⇠ ⇥⇤ ⌃#�#⇥+�DEF⇧D↵7⌫�8*�
⌥⌃�✓◆ ⌃◆ <E!D=� 1�⌃⌫� �✏✏�#✓✏ � ◆⇥⌃✏✓⇠✓✏✏ ⇠� ⌫� RD>� >BS! ⇢�✓ ◆⇥⌃✏✓ ⌃◆ ⇧⇥↵�⌫✓↵  ⌅  �✓
⇠� ⌫� ⌃✏ ◆⇥ ◆✓⌥⇠⌃⌥⌃ ⇠✓ �◆↵ ⌃◆⌫⇧✓�✏✓✏ 1⌃ �  �✓ ✏1⌃ ⌫�⌃◆⌥ +⇧✓&�✓◆⌫⌅! ⇢��✏�  �✓ ⌥�⇤
 ✓ 1✓✓◆ ⇤⇧�⌫ ⌃⌫�⇠ �◆↵  �✓⇥⇧✓ ⌃⌫�⇠ ⇥⇤ ⌃#�# ⇤✓⇧+⇥⇧#�◆⌫✓ ⌃✏ #⇥✏ ⇠⌃2✓⇠⌅  ⇥ ⌃◆⌫⇧✓�✏✓
1�✓◆ ⌃◆⌫⇧✓�✏⌃◆⌥  �✓ +⇧✓&�✓◆⌫⌅ ⇥+ ⇥⇤✓⇧� ⌃⇥◆!

0 ⌃✏ ⌃◆�✓⇧✓◆  ⇥  �✓ ⇥⇤✓⇧� ⌃⇥◆ ⇥+  �⌃✏ ⌫⌃⇧⌫�⌃  ��  �✓  ⇧�◆✏⌃✏ ⇥⇧✏ ���✓ ⇤✓⇧⌃⇥↵⌃⌫
 ⌃#✓���⇧⌅⌃◆⌥  ⌃�✏ ⌫⇥◆↵⌃ ⌃⇥◆✏! 7✓⌫��✏✓  �✓ ⇠� ⌫�  ⇧�◆✏⌃✏ ⇥⇧✏ ⌫⌅⌫⇠✓  ✓ 1✓✓◆ ⌫� �⇥⇥ �◆↵
✏ ⇧⇥◆⌥ ⌃◆�✓⇧✏⌃⇥◆  �✓⌃⇧ ◆⇥⌃✏✓ ⌫⇥◆ ⇧⌃ � ⌃⇥◆ 1⌃⇠⇠  ✓  ⌃#✓�↵✓⇤✓◆↵✓◆ <✏✓✓ �⌃⌥! E!E= 1�⌃⌫�
⌃✏ � ⌫⇥◆✏✓&�✓◆⌫✓ ⇥+  �✓ ⌫⌅⌫⇠⇥✏ � ⌃⇥◆�⇧⌃ ⌅ ⇥+  �✓ ⇤⇧⇥⌫✓✏✏ RNA� >FS! ⇢�✓ ◆⇥⌃✏✓ ⌃◆.✓⌫ ✓↵  ⌅
 �✓ ⇠� ⌫� ⇥◆  �✓ ◆⇥↵✓✏ ⇥+ ⌃◆ ✓⇧✓✏ ��✏ ⇤✓⇧⌃⇥↵⌃⌫�⇠⇠⌅ ��⇧⌅⌃◆⌥ ✏ � ⌃✏ ⌃⌫�⇠ ⇤⇧⇥⇤✓⇧ ⌃✓✏� 1�⌃⌫�
#✓�◆✏  �� ⌃ ✏ ⇧✓✏⇤✓⌫ ⌃�✓ 346 #�⌥◆⌃ �↵✓ 1⌃⇠⇠  ✓ ↵✓⇤✓◆↵✓◆ ⇥◆  �✓ ⌫⌃⇧⌫�⌃ �⌅✏ ✓⇧✓✏⌃✏
⇤�  ✓⇧◆ �◆↵  ⌃�✏ ⌫⇥◆↵⌃ ⌃⇥◆✏!

�↵⌧"� -8-= �⇥⌃✏✓ ⌫⇥◆ ⇧⌃ � ⌃⇥◆ ⇥+ �  ⇧�◆✏⌃✏ ⇥⇧ 1⌃ � � ⌫⌅⌫⇠⌃◆⌥  ⌃�✏ ⇤⇥⌃◆ !

⇢�✓ ⌫⌅⌫⇠⇥✏ � ⌃⇥◆�⇧⌅ ⇤⇧⇥⌫✓✏✏ ⌫�◆  ✓ #⇥↵✓⇠✓↵ �✏  �✓ #⇥↵�⇠� ✓↵ ⇥� ⇤� ⇥+ � ✏ ��
 ⌃⇥◆�⇧⌅ ◆⇥⌃✏✓ ✏⇥�⇧⌫✓ <◆⇥⌃✏✓ ✏⇥�⇧⌫✓ 1�⇥✏✓ ✏ � ⌃✏ ⌃⌫�⇠ ⇤⇧⇥⇤✓⇧ ⌃✓✏ �⇧✓  ⌃#✓�⌃◆��⇧⌃�◆ = �✏
+⇥⇠⇠⇥1✏ R>FS;

�✏<�= ⌅ �✏A<�=⇧�<⇤A�= <E!E=

1�✓⇧✓ �✏<�= ⌃✏ � ⌫⌅⌫⇠⇥�✏ � ⌃⇥◆�⇧⌅ ◆⇥⌃✏✓ ⌫�⇧⇧✓◆ � �✏A<�= ⌃✏ � ✏ � ⌃⇥◆�⇧⌅ ◆⇥⌃✏✓ ⌫�⇧⇧✓◆ �
�<⇤A�= ⌃✏  �✓ ◆⇥⌃✏✓ #⇥↵�⇠� ⌃◆⌥ ✏⌃⌥◆�⇠ 1�⌃⌫� ↵✓✏⌫⇧⌃ ✓✏  �✓ �⌫ ⌃�⌃ ⌅ ⇥+  �✓ ◆⇥⌃✏✓ ✏⇥�⇧⌫✓
<✏✓✓ �⌃⌥! E!E= �◆↵ ⇤A ⌃✏  �✓ #⇥↵�⇠� ⌃⇥◆ +⇧✓&�✓◆⌫⌅! ⇢�✓ 346 ⇥+  �✓ ⌫⌅⌫⇠⇥✏ � ⌃⇥◆�⇧⌅
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E! 8⌃⌥� 3✓⇧+⇥⇧#�◆⌫✓ ⌘� ✏⌫⌃⇠⇠� ⇥⇧

◆⇥⌃✏✓ ⌫�◆  ✓ ⇥  �⌃◆✓↵ �✏ +⇥⇠⇠⇥1✏ R>>� >FS;

⌃✏<⇤= ⌅
�

⌅⌃✏A<⇤=  ⌅<⇤=⌅C <E!B=

�↵⌧"� -80= �⇧✓&�✓◆⌫⌅ ⌃◆ ✓⇧⇤⇧✓ � ⌃⇥◆ ⇥+ � ⌫⌅⌫⇠⇥✏ � ⌃⇥◆�⇧⌅ ⇤⇧⇥⌫✓✏✏ R>FS!

7✓⌫��✏✓  �✓ #⇥↵�⇠� ⌃⇥◆ ⇤⇧⇥⌫✓✏✏ ⌫⇥⇧⇧✓✏⇤⇥◆↵✏  ⇥ � ⌫⇥◆�⇥⇠� ⌃⇥◆ ⌃◆  �✓ +⇧✓&�✓◆⌫⌅
↵⇥#�⌃◆�  �✓ ⇧✓✏�⇠ ⌃◆⌥ 346 ⇥+  �✓ ⌫⌅⌫⇠⇥✏ � ⌃⇥◆�⇧⌅ ◆⇥⌃✏✓ ⌃✏ ⇥  �⌃◆✓↵  ⌅ �↵↵⌃◆⌥ �⇠⇠  �✓
⌫⇥◆ ⇧⌃ � ⌃⇥◆✏ ⇥+  �✓ ⌥✓◆✓⇧� ✓↵ ✏�⌃+ ✓↵ ⇧✓⇤⇠⌃⌫�✏ ⇥+  �✓ ✏ � ⌃⇥◆�⇧⌅ ◆⇥⌃✏✓ ✏⇤✓⌫ ⇧�# �✏
✏�⇥1◆ ⌃◆ �⌃⌥! E!B! 8⇥1✓�✓⇧� 1⌃ �  �✓ ◆✓⌫✓✏✏⌃ ⌅ ⇥+ #⇥�⌃◆⌥  ⇥ �⌃⌥�✓⇧ +⇧✓&�✓◆⌫⌃✓✏  �✓
⇧✓⌥✓◆✓⇧� ⌃⇥◆  ⌃#✓ #�✏  ✓ ⇧✓↵�⌫✓↵! ⇢�⌃✏ #✓�◆✏  �✓ ⇠� ⌫� ⇥◆� ⌃#✓ ⌃✏ ⇧✓↵�⌫✓↵  ⇥ �
�✓⇧⌅ ✏#�⇠⇠ ⇤✓⇧⌫✓◆ �⌥✓ ⇥+  �✓ ⇥✏⌫⌃⇠⇠� ⌃⇥◆ ⇤✓⇧⌃⇥↵ �◆↵ ⌅< ;,= 1⌃⇠⇠  ✓ ↵✓%◆✓↵ 1⌃ � #�⌫�
#⇥⇧✓ +⇧✓&�✓◆⌫⌅ ⌫⇥#⇤⇥◆✓◆ ✏! ⇢�✓ ⌫⇥◆✏✓&�✓◆⌫✓ ⌃✏ �◆ ⌃◆⌫⇧✓�✏✓ ⇥+  �✓ ◆⇥⌃✏✓ ⌃◆ ⇧⇥↵�⌫✓↵
 ⌅  �✓ ⇠� ⌫� ⌃◆  �✓ ⌫⌃⇧⌫�⌃ !

⇢�✓ +�⌫  ��  ⇥ ⇥  �⌃◆ �⌃⌥�✓⇧ +⇧✓&�✓◆⌫⌃✓✏  �✓ ⇠� ⌫� ⌃✏ ⇧✓&�⌃⇧✓↵  ⇥ ���✓ �⌃⌥� ⇧✓�
⌥✓◆✓⇧� ⌃⇥◆ ⌥�⌃◆� ◆✓⌫✓✏✏�⇧⌃⇠⌅ ⌃#⇤⇠⌃✓✏ � �⌃⌥�✓⇧ ◆⇥⌃✏✓ ⌥✓◆✓⇧� ⌃⇥◆ ⇥+  �✓ ⇠� ⌫� 1⌃ �  �✓
+⇧✓&�✓◆⌫⌅ ⌃◆⌫⇧✓�✏✓ 1�⌃⌫� ⌥⌃�✓✏  �✓ ⌃◆↵⌃⌫� ⌃⇥◆  ��  �✓ ⇠� ⌫� ◆⇥⌃✏✓ ⌃✏ ◆⇥ ◆✓⌥⇠✓⌫ � ⇠✓
�◆↵ ✏�⌥⌥✓✏ ✏  ��  �✓ ↵⌃⇥✓⇧✓◆⌫✓  ✓ 1✓✓◆ ⇤⇧�⌫ ⌃⌫�⇠ �◆↵  �✓  �✓⇥⇧✓ ⌃⌫�⇠ ⇥⇤ ⌃#�# ⇤✓⇧�
+⇥⇧#�◆⌫✓ ⇥+  �✓ ⇧✓⇠�)� ⌃⇥◆ ⇥✏⌫⌃⇠⇠� ⇥⇧ ⌃✏ #⇥✏ ⇠⌃2✓⇠⌅  ⇥ ⌃◆⌫⇧✓�✏✓ 1⌃ �  �✓ +⇧✓&�✓◆⌫⌅ ⇥+
⇥⇤✓⇧� ⌃⇥◆!

0◆  �✓ ◆✓) ✏✓⌫ ⌃⇥◆ � �⌃⌥��⇤✓⇧+⇥⇧#�◆⌫✓ ⇥✏⌫⌃⇠⇠� ⇥⇧  ⇥⇤⇥⇠⇥⌥⌅  �� ⇥⇤✓⇧� ✓✏ � �⌃⌥�
+⇧✓&�✓◆⌫⌃✓✏ ⌃✏ ↵⌃✏⌫⇠⇥✏✓↵! ⇢�✓ ⌫⇥⇧⇧✓✏⇤⇥◆↵✓◆ ↵✓✏⌃⌥◆ H⇥1  �2✓✏ ⌃◆ ⇥ �⌫⌫⇥�◆  �✓
⌃◆✓�⌃ � ⇠✓ ⌃#⇤�⌫ ⇥+ ⇤�⇧�✏⌃ ⌃⌫✏ �◆↵ ⌫⇥#⇤✓◆✏� ✓✏  �✓⌃⇧ ✓⇥✓⌫ ! "⇠✏⇥� ↵✓✏⌃⌥◆ ⌥�⌃↵✓⇠⌃◆✓✏
�⇧✓ ⇥⇥✓⇧✓↵  ⇥ �⌫�⌃✓�✓ � ⇧✓⇠�)� ⌃⇥◆ ⇥✏⌫⌃⇠⇠� ⇥⇧ 1⌃ � ⇧✓⌥✓◆✓⇧� ⌃⇥◆ �◆↵ ⇧✓⇠�)� ⌃⇥◆  ⌃#✓✏
✏�⌃ � ⇠✓ +⇥⇧ 98*�⇧�◆⌥✓ ⇥⇤✓⇧� ⌃⇥◆� ✓◆� ⇠⌃◆⌥ � ⌥⇥⇥↵ ⌫⇥#⇤⇧⇥#⌃✏✓ �#⇥◆⌥ ⇥⇤✓⇧� ⌃◆⌥
+⇧✓&�✓◆⌫⌅� ⇤⇥1✓⇧ ⌫⇥◆✏�#⇤ ⌃⇥◆� �◆↵ ⇤��✏✓�◆⇥⌃✏✓! ⇢�✓ �⇤⇤⇧⇥�⌫� ⌃✏ ��⇠⌃↵� ✓↵ 1⌃ �
#✓�✏�⇧✓#✓◆ ✏!
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E!C 0#⇤⇧⇥�✓↵ &��↵⇧� �⇧✓ ⇧✓⇠�)� ⌃⇥◆ ⇥✏⌫⌃⇠⇠� ⇥⇧

�↵⌧"� -8>= ⌘✓⇠�)� ⌃⇥◆ ⇥✏⌫⌃⇠⇠� ⇥⇧ 1⌃ � � ✏⌃◆⌥⇠✓ ⌫�⇧⇧✓◆ ✏⇥�⇧⌫✓ R@AS!

-8& %�⇠⇥��� 9"⌃�⌃◆"� �✓⌃#⌃◆↵⇥⇡ ⇥⌥⌘↵✓✓⌃◆⇥

-8&8$ ⌅⇥⇠⇥⌥�� ⌘↵⌘"↵◆

⇢⇥ ✏��✓ ⇤⇥1✓⇧�  �✓ ◆✓1  ⇥⇤⇥⇠⇥⌥⌅ ⌃✏ ↵✓⇧⌃�✓↵ +⇧⇥# � ��⇧⌃� ⌃⇥◆ ⇥+  �✓ ⌫⇠�✏✏⌃⌫�⇠ ⌃#�
⇤⇠✓#✓◆ � ⌃⇥◆ ✏�⇥1◆ ⌃◆ �⌃⌥! E!>� 1�⌃⌫� �✏✓✏ ⇥◆⇠⌅ ⇥◆✓ ⌫�⇧⇧✓◆ ✏⇥�⇧⌫✓ �◆↵ � ↵⌃⇥✓⇧✓◆ ⌃�⇠
⇤�⌃⇧  �� ✏ ✓✓⇧✏  �✓ ⌫�⇧⇧✓◆  ⇥  �✓ �⇤⇤⇧⇥⇤⇧⌃� ✓  ⇧�◆⌫�! ⇢�⌃✏ ⌫⌃⇧⌫�⌃ � ⌃+ ⇤⇧⇥⇤✓⇧⇠⌅ ↵✓�
✏⌃⌥◆✓↵� ✓◆✏�⇧✓✏ ⇥◆⇠⌅ ⇥◆✓ ⌫⇥◆↵�⌫ ⌃◆⌥  ⇧�◆⌫� � �  ⌃#✓� 1�⌃⌫� �⇠⇠⇥1✏ � #�)⌃#�#
⇧✓↵�⌫ ⌃⇥◆ ⇥+  �✓ ⇤⇥1✓⇧ ⌫⇥◆✏�#⇤ ⌃⇥◆  ⇥ � ��⇠+ <⌫⇥◆✏⌃↵✓⇧⌃◆⌥ ⌃↵✓�⇠ ⌫�⇧⇧✓◆ ✏ ✓✓⇧⌃◆⌥=�
1�✓◆ ⌫⇥#⇤�⇧⌃◆⌥ 1⌃ �  �✓ ⌫⇠�✏✏⌃⌫�⇠ ⌫⌃⇧⌫�⌃ ! ⇢�✓ ⇤⇧⇥⇤✓⇧ ✏1⌃ ⌫�⌃◆⌥ ⇥+  �✓ ↵⌃⇥✓⇧✓◆ ⌃�⇠
⇤�⌃⇧ ⌃✏ ↵⌃⇤⌫�⇠  ⇥ ⇥  �⌃◆ +⇥⇧  1⇥ ⇧✓�✏⇥◆✏;  �✓ ◆⇥◆�⇠⌃◆✓�⇧ ⇤�⇧�✏⌃ ⌃⌫ ⌫�⇤�⌫⌃ �◆⌫✓✏ ⌫⇥◆�
◆✓⌫ ✓↵  ⇥  �✓ ⇥� ⇤� ◆⇥↵✓✏ �◆↵  �✓ ✏ �⌫2✓↵  ⇧�◆✏⌃✏ ⇥⇧✏! ⇢�✓ ⌃◆⌫⇧✓�✏✓↵ ◆�# ✓⇧ ⇥+
✏ �⌫2✓↵  ⇧�◆✏⌃✏ ⇥⇧✏ ⇠✓�↵✏  ⇥ � �⌃⌥�✓⇧ ⇥◆�⇧✓✏⌃✏ �◆⌫✓ +⇧⇥#  �✓ ⇥� ⇤� ◆⇥↵✓✏  ⇥ ⌥⇧⇥�◆↵�
⌃◆⌫⇧✓�✏⌃◆⌥  �✓  ⌃#✓ ⇧✓&�⌃⇧✓↵ +⇥⇧  �✓ ⇥� ⇤� ◆⇥↵✓✏  ⇥  ✓ ↵⌃✏⌫��⇧⌥✓↵! 4⌃◆⌫✓  �✓  ⇥ �⇠
⇥� ⇤� ⌫�⇤�⌫⌃ �◆⌫✓ ⌃✏ �⇠✏⇥ ⌃◆⌫⇧✓�✏✓↵�  �✓ ⇠� ⌫� ✏⇤✓✓↵ ⌃✏ ⌥⇧✓� ⇠⌅ �⇥✓⌫ ✓↵  ⌅  �⌃✏ ⌫⌃⇧⌫�⌃ 
⌫⇥◆%⌥�⇧� ⌃⇥◆! ⇢�✓ ◆�# ✓⇧ ⇥+ ✏ �⌫2✓↵  ⇧�◆✏⌃✏ ⇥⇧✏ �⇠✏⇥ ⇧✓↵�⌫✓✏  �✓ ⇥� ⇤� ✏1⌃◆⌥ �✏
⌃ ⇧✓↵�⌫✓✏ �⇥⇠ �⌥✓ �✓�↵⇧⇥⇥# +⇥⇧ ⇤⇧⇥⇤✓⇧  ⌃�✏⌃◆⌥! �⇥⇧  �⌃✏ ⇧✓�✏⇥◆�  �⌃✏ ��⇧⌃� ⌃⇥◆ ⇥+
 �✓ ⌫⇠�✏✏⌃⌫�⇠ ⌫⌃⇧⌫�⌃ ⇥⇤✓⇧� ✓✏ � � �⌃⌥� +⇧✓&�✓◆⌫⌅ ⇥+ ⇥⇤✓⇧� ⌃⇥◆ ⌃◆  �✓ &��✏⌃�✏⌃◆�✏⇥⌃↵�⇠
#⇥↵✓ 1⌃ � ⇧✓↵�⌫✓↵ ⇥� ⇤� ✏⌃⌥◆�⇠ ⇧�◆⌥✓� ⇤⇧✓�✓◆ ⌃◆⌥ ⇤⇧⇥⇤✓⇧ ✏1⌃ ⌫�⌃◆⌥ ⇥+  �✓ ↵⌃⇥✓⇧�
✓◆ ⌃�⇠ ⇤�⌃⇧ <⇥◆⇠⌅ ⇥◆✓  ⇧�◆⌫� ⌫⇥◆↵�⌫ ⌃◆⌥ � � ⌥⌃�✓◆  ⌃#✓=!
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E! 8⌃⌥� 3✓⇧+⇥⇧#�◆⌫✓ ⌘� ✏⌫⌃⇠⇠� ⇥⇧

�↵⌧"� -8(= 3⇧⇥⇤⇥✏✓↵ &��↵⇧� �⇧✓ ⇧✓⇠�)� ⌃⇥◆ ⇥✏⌫⌃⇠⇠� ⇥⇧!

⇢⇥ ⌫⇥⇤✓ 1⌃ �  �✓ ↵✓⌥⇧�↵� ⌃⇥◆ ⇥+  �✓ ✏1⌃ ⌫�⌃◆⌥ �◆↵ ⌃◆⌫⇧✓�✏✓ ⇥+  �✓ ⇥⇤✓⇧� ⌃◆⌥
+⇧✓&�✓◆⌫⌅ � +✓1 #⇥↵⌃%⌫� ⌃⇥◆✏ 1✓⇧✓ ⇤✓⇧+⇥⇧#✓↵  ⇥  �✓ ⌫⌃⇧⌫�⌃ ✏�⇥1◆ ⌃◆ �⌃⌥! E!>! ⇢�✓
0�O ⌃#⇤⇠✓#✓◆ � ⌃⇥◆ ⇥+  �✓ ⇤⇧⇥⇤⇥✏✓↵ ⌘� ⇧✓⇠�)� ⌃⇥◆ ⇥✏⌫⌃⇠⇠� ⇥⇧ ⌃✏ ✏�⇥1◆ ⌃◆ �⌃⌥! E!F;

⇥ ⇢�✓ ⇧✓✏⌃✏ ⇥⇧✏ �⇧✓ ⇧✓⇤⇠�⌫✓↵  ⌅ �⌫ ⌃�✓ ⇠⇥�↵✏ < ⇧�◆✏⌃✏ ⇥⇧✏ ⌅⇣⇥�=� ⇤⇧⇥�⌃↵⌃◆⌥ �⌃⌥�✓⇧
⇥� ⇤� ⌃#⇤✓↵�◆⌫✓ +⇥⇧  �✓ ✏�#✓ �⇥⇠ �⌥✓ ↵⇧⇥⇤� 1�⌃⌫�#✓�◆✏  �� � �⌃⌥�✓⇧ ⇥� ⇤� 
�#⇤⇠⌃ �↵✓ ⌫�◆  ✓ ⇥  �⌃◆✓↵ 1⌃ �⇥� � ✏ ⇧⇥◆⌥ ⇤✓◆�⇠ ⌅ ⇥◆  �✓ �⇥⇠ �⌥✓ �✓�↵⇧⇥⇥#!
⌦�✓◆ ⌃+  �✓ ⌥✓◆✓⇧� ✓↵ ◆⇥⌃✏✓ ⌃✏ ⇧⇥�⌥�⇠⌅  �✓ ✏�#✓ <⌫⇥◆✏⌃↵✓⇧⌃◆⌥  �� ◆�⇥��⇡� � D

% =�
 �⌃✏ #⇥↵⌃%⌫� ⌃⇥◆ �⇠⇠⇥1✏ �◆ ⌃#⇤⇧⇥�✓#✓◆ ⇥+  �✓ ⇥� ⇤� �⇥⇠ �⌥✓ ⇧�◆⌥✓ �◆↵ ⇥+
 �✓ ✏1⌃ ⌫�⌃◆⌥ ✏⇤✓✓↵!

⇥ ⇢⇥ +�⇧ �✓⇧ �✓⇠⇤  �✓ ⇥✏⌫⌃⇠⇠� ⇥⇧  ⇥ ⇥⇤✓⇧� ✓ ⌫⇠⇥✏✓⇧  ⇥  �✓ ⇧✓⇠�)� ⌃⇥◆ #⇥↵✓� +⇥�⇧ ⇤�⇠⇠�
�⇤  ⇧�◆✏⌃✏ ⇥⇧✏ < ⇧�◆✏⌃✏ ⇥⇧✏ ⌅↵⇥�= �⇧✓ �↵↵✓↵  ⇥ ⇥  �⌃◆ ✏��⇧⇤✓⇧  ⇧�◆✏⌃ ⌃⇥◆✏ 1�✓◆
 �✓ ⇥� ⇤� ◆⇥↵✓✏ �⇧✓  ✓⌃◆⌥ ⌫��⇧⌥✓↵!

⇥ �⌃◆�⇠⇠⌅�  ⇥ +�⇧ �✓⇧ �✓⇠⇤  �✓ #�)⌃#⌃*� ⌃⇥◆ ⇥+  �✓ ⇥� ⇤� ✏1⌃◆⌥  �✓ ⌫⌃⇧⌫�⌃ ⌫�⇧⇧✓◆ 
⌃✏ ⌃#⇤⇥✏✓↵  ⌅ �  �⌃⇠  ⇧�◆✏⌃✏ ⇥⇧ ⇥⇤✓⇧� ⌃◆⌥ �✏ �  �◆� ⇠✓ ⇧✓✏⌃✏ ⇥⇧ ⌃◆✏ ✓�↵ ⇥+ � ⌫�⇧⇧✓◆ 
✏⇥�⇧⌫✓� �✏⌃◆⌥ ⇠✓✏✏ �⇥⇠ �⌥✓ �✓�↵⇧⇥⇥#!

-8&8& ,�⌥↵⌧⇡ ⌧"↵��✓↵⇡�⌥

⇢�✓ ↵✓✏⌃⌥◆ ⌥�⌃↵✓⇠⌃◆✓✏ ⌃◆  �⌃✏ ✏✓⌫ ⌃⇥◆ �⇧✓ �⌃#✓↵ � �◆ ⇥✏⌫⌃⇠⇠� ⇥⇧ 1⌃ � � �⌃⌥� +⇧✓�
&�✓◆⌫⌅ ⇥+ ⇥⇤✓⇧� ⌃⇥◆ �◆↵ � ✏� ⌃✏+�⌫ ⇥⇧⌅ ⌫⇥#⇤⇧⇥#⌃✏✓  ✓ 1✓✓◆ ⇤��✏✓ ◆⇥⌃✏✓ �◆↵ ⇤⇥1✓⇧
⌫⇥◆✏�#⇤ ⌃⇥◆! "✏ ⇤⇧✓�⌃⇥�✏⇠⌅ ⇧✓+✓⇧⇧✓↵ ⌃ ✏�⇥�⇠↵  ✓ ⌥��⇧�◆ ✓✓ � ⌥⇥⇥↵ ⇤��✏✓�◆⇥⌃✏✓
⇤✓⇧+⇥⇧#�◆⌫✓ �  �✓ +�⇧ �✓✏ ⇥⇥✏✓ ✏�  �⌃✏ #✓�◆✏  �✓ ↵✓✏⌃⌥◆ ⌥�⌃↵✓⇠⌃◆✓✏ ✏�⇥�⇠↵ �⌃#
 ⇥  �✓ ⇧✓↵�⌫ ⌃⇥◆ ⇥+  �✓ 1�⌃ ✓ ◆⇥⌃✏✓ ⌫⇥◆ ⇧⌃ � ⌃⇥◆  ⇥  �✓ ⇤��✏✓�◆⇥⌃✏✓� 1�⌃⌫� ⌃✏  �✓
⇤⇧✓↵⇥#⌃◆�◆ ◆⇥⌃✏✓ � �⌃⌥� ⇥⇥✏✓ ✏ <�⌃⌥! C!>=!
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E!C 0#⇤⇧⇥�✓↵ &��↵⇧� �⇧✓ ⇧✓⇠�)� ⌃⇥◆ ⇥✏⌫⌃⇠⇠� ⇥⇧

" ⌥⇥⇥↵ ⌫⇥#⇤⇧⇥#⌃✏✓  ✓ 1✓✓◆ ⇤��✏✓�◆⇥⌃✏✓ �◆↵ ⇤⇥1✓⇧ ⌃✏ ✓)⇤✓⌫ ✓↵  ⌅ ✏⇤✓✓↵⌃◆⌥ �⇤
 �✓ ⇠� ⌫� �◆↵  ⌅ ⌃◆⌫⇧✓�✏⌃◆⌥  �✓  ⌃#✓ ⇧✓&�⌃⇧✓↵  ⇥ ⌫��⇧⌥✓�↵⌃✏⌫��⇧⌥✓  �✓ ⌃◆ ✓⌥⇧� ⇥⇧ ⌫��
⇤�⌫⌃ ⇥⇧! 6�✓  ⇥  �✓ ⇠�⇧⌥✓ ✏⌃⌥◆�⇠  ✓���⌃⇥⇧� #⇥✏ ⇥+  �✓  ⇧�◆✏⌃✏ ⇥⇧✏ ⌫⌅⌫⇠✓  ✓ 1✓✓◆ ⌫� �⇥⇥
�◆↵ ✏ ⇧⇥◆⌥ ⌃◆�✓⇧✏⌃⇥◆� ⇤⇧✓�✓◆ ⌃◆⌥  �✓ �✏✓ ⇥+ ✏#�⇠⇠�✏⌃⌥◆�⇠ #⇥↵✓⇠✏! ⇢��✏�  �✓ +⇥⇠⇠⇥1⌃◆⌥
⇤⇧�⌫ ⌃⌫�⇠ ↵✓✏⌃⌥◆ ⌫⇥◆✏⌃↵✓⇧� ⌃⇥◆✏ �⇧✓  �✏✓↵ ⇥◆  �✓ ⇤✓⇧⌃⇥↵⌃⌫ ✏ ✓�↵⌅�✏ � ✓ ⇧✓⌥⌃#✓!

⇥ 0◆ ✓⌥⇧� ⇥⇧ ��⇤�⌫⌃ ⇥⇧✏ ⇤⇡�⇣D⇥C; ⇢�✓✏✓ ⌫�⇤�⌫⌃ �◆⌫✓✏ ✏�⇥�⇠↵  ✓ ↵⇥#⌃◆�◆ �  ⇥ #⌃◆⌃�
#⌃*✓  �✓ ⌃#⇤�⌫ ⇥+  �✓ ◆⇥◆�⇠⌃◆✓�⇧ ⇤�⇧�✏⌃ ⌃⌫✏ �◆↵  ⇥ #⌃ ⌃⌥� ✓ ⇤✓⇧+⇥⇧#�◆⌫✓ ��⇧⌃�
� ⌃⇠⌃ ⌅! ⇢⇥ ✓◆✏�⇧✓  ��  �✓ ⇥✏⌫⌃⇠⇠� ⇥⇧ ⇥⇤✓⇧� ✓✏ ⌫⇠⇥✏✓⇧  ⇥ ⇧✓⇠�)� ⌃⇥◆ #⇥↵✓�  �✓✏✓
⌫�⇤�⌫⌃ �◆⌫✓✏ ✏�⇥�⇠↵  ✓ �⌃⌥�✓⇧  ��◆  �✓ ⇠� ⌫� ⇥� ⇤� ✓&�⌃��⇠✓◆ ⌫�⇤�⌫⌃ �◆⌫✓!

⇥ 3�⇠⇠��⇤  ⇧�◆✏⌃✏ ⇥⇧✏ <⌅↵⇥�=; ⇢�✓ ⇤�⇠⇠��⇤  ⇧�◆✏⌃✏ ⇥⇧✏ ⌃#⇤⇧⇥�✓  �✓ ✏1⌃ ⌫�⌃◆⌥ ✏⇤✓✓↵
 ⌅ ⇠⇥1✓⇧⌃◆⌥  �✓ ⇧✓✏⌃✏ �◆⌫✓ 1�✓◆  �✓ ⇥� ⇤� ◆⇥↵✓✏ �⇧✓  ✓⌃◆⌥ ⌫��⇧⌥✓↵! ⇢⇥ ��⇥⌃↵
�✏⌃◆⌥ �◆ �↵↵⌃ ⌃⇥◆�⇠ ✏ ⇧�⌫ �⇧✓  ⇥ ⌥✓◆✓⇧� ✓  �✓⌃⇧ ⌫⇥◆ ⇧⇥⇠ ✏⌃⌥◆�⇠�  �✓✏✓  ⇧�◆✏⌃✏ ⇥⇧✏
�⇧✓ ⌫⇥◆◆✓⌫ ✓↵  ⇥ ���⌃⇠� ⇠✓ ◆⇥↵✓✏ ⌃◆  �✓ ⌫⌃⇧⌫�⌃ � ◆�#✓⇠⌅  �✓ ⌫�⇤�⌫⌃ ⇥⇧  ✓⇧#⌃◆�⇠✏!
⇢�✓ ⌫⇥◆◆✓⌫ ⌃⇥◆✏  ⇥  �✓ ⌫�⇤�⌫⌃ ⇥⇧  ✓⇧#⌃◆�⇠✏ �⇧✓ ⌫⇧⇥✏✏✓↵  ⇥ ✏⌅◆⌫�⇧⇥◆⌃*✓ 1⌃ �  �✓
⇥� ⇤� ◆⇥↵✓✏ ⌫��⇧⌥⌃◆⌥ ⇤��✏✓✏! ⇢�✓✏✓  ⇧�◆✏⌃✏ ⇥⇧✏ ✏�⇥�⇠↵  ✓ ✏#�⇠⇠  ⇥ ⇧✓↵�⌫✓
 �✓⌃⇧ ⌫⇥◆ ⇧⌃ � ⌃⇥◆  ⇥  �✓ ⇥� ⇤� ◆⇥↵✓✏ ⇤�⇧�✏⌃ ⌃⌫ ⌫�⇤�⌫⌃ �◆⌫✓✏!

⇥ �� ⌫� <⌅⇣⇥� �◆↵ ⌅�=; ⇢�✓ ✏⌃*⌃◆⌥ ⇥+  �✓ 354  ⇧�◆✏⌃✏ ⇥⇧✏ ✏�⇥�⇠↵  �2✓ ⌃◆ ⇥ �⌫�
⌫⇥�◆  �✓⌃⇧ ⇧✓↵�⌫✓↵ #⇥ ⌃⇠⌃ ⌅! "⇠✏⇥� / �◆↵ � ✏�⇥�⇠↵  ✓ ⌃◆⌫⇧✓�✏✓↵  ⇥ ⌃#⇤⇧⇥�✓
⇧✓⌥✓◆✓⇧� ⌃⇥◆ ⌥�⌃◆ RFAS �◆↵ #� ⌫�⌃◆⌥� �✏ ⌫⌃⇧⌫�⌃ �◆ �⇠�◆⌫✓ ⌫⇥◆�✓⇧ ✏  �✓ ◆⇥⌃✏✓
+⇧⇥#  �⌃⇠  ⇧�◆✏⌃✏ ⇥⇧✏  ⇥ ⇤��✏✓�◆⇥⌃✏✓! 0◆ �↵↵⌃ ⌃⇥◆�  �✓ 354  ⇧�◆✏⌃✏ ⇥⇧✏ ⇤⇧⇥�⌃↵✓
�⌫ ⌃�✓ ⌫⇥�⇤⇠⌃◆⌥ ⇠✓�↵⌃◆⌥  ⇥ �◆ ⌃#⇤⇧⇥�✓↵ +⇧✓&�✓◆⌫⌅ ✏ � ⌃⇠⌃ ⌅ 1⌃ �⇥� ⇧✓↵�⌫ ⌃⇥◆
⇥+  �✓ ↵⌅◆�#⌃⌫ ⇧�◆⌥✓ ⇥+  �✓ ⇥✏⌫⌃⇠⇠� ⇥⇧ RFDS!

⇥ ��⇧⇧✓◆ ✏ ✓✓⇧⌃◆⌥ ↵⌃⇥✓⇧✓◆ ⌃�⇠ ⇤�⌃⇧ <⌅�,⇥�=; ⇢�✓ ↵⌃⇥✓⇧✓◆ ⌃�⇠ ⇤�⌃⇧ ✏�⇥�⇠↵  ✓ � ⇠✓  ⇥
✏1⌃ ⌫� ⌫⇥#⇤⇠✓ ✓⇠⌅  ⇥ ✓◆✏�⇧✓  ��  �✓⇧✓ ⌃✏ ⇥◆⇠⌅ ⇥◆✓ ⌫⇥◆↵�⌫ ⌃◆⌥  ⇧�◆⌫� ↵�⇧⌃◆⌥
 �✓ ⌫�⇤�⌫⌃ ⇥⇧ ⌫��⇧⌥✓ <✏✓✓ �⌃⌥! E!DA=! " +�⇠⇠⌅ ✏1⌃ ⌫�⌃◆⌥ ⇤�⌃⇧ ⌫�◆  ✓ ⇥  �⌃◆✓↵  ⌅
✓◆✏�⇧⌃◆⌥  ��  �✓ �#⇤⇠⌃ �↵✓ ⇥+ ⌘⇡�⇣ ⌃✏ �⌃⌥�✓⇧  ��◆

✏
C
⌘

:⌃⇥�, � �⇥�,
✓

<E!>=

1�✓⇧✓ ⌘⇡�⇣ ⌃✏  �✓ ↵⌃⇥✓⇧✓◆ ⌃�⇠ ⇥� ⇤� ⇥+  �✓ ⇥✏⌫⌃⇠⇠� ⇥⇧� :⌃⇥�, ⌃✏  �✓ ⌥� ✓�✏⇥�⇧⌫✓
�⇥⇠ �⌥✓ �◆↵ �⇥�, ⌃✏  �✓  �⇧✓✏�⇥⇠↵ �⇥⇠ �⌥✓ ⇥+  �✓  ⇧�◆✏⌃✏ ⇥⇧✏ ⇥+  �✓ ↵⌃⇥✓⇧✓◆ ⌃�⇠
⇤�⌃⇧!

$$$



E! 8⌃⌥� 3✓⇧+⇥⇧#�◆⌫✓ ⌘� ✏⌫⌃⇠⇠� ⇥⇧

�↵⌧"� -8$2= 6⌃⇥✓⇧✓◆ ⌃�⇠ ⇤�⌃⇧  ⇧�◆✏⌃✏ ⇥⇧✏ ⌫�⇧⇧✓◆ ��⇧⌃� ⌃⇥◆ 1⌃ �  �✓ ↵⌃⇥✓⇧✓◆ ⌃�⇠ ⌥� ✓ �⇥⇠ �⌥✓!

4⌃◆⌫✓ ◆⇥ ⌫�⇧⇧✓◆ ✏⇥�⇧⌫✓✏ �⇧✓ �✏✓↵�  �✓ ⌫��⇧⌥✓�↵⌃✏⌫��⇧⌥✓ ⇥+  �✓ ⌃◆ ✓⌥⇧� ⇥⇧ ⌫��
⇤�⌫⌃ ⇥⇧ ⌃✏ ↵⇥◆✓ � � ⇧� ✓  �� ⌃✏ ↵✓⇤✓◆↵✓◆ ⇥◆  �✓ ⇥◆�⇧✓✏⌃✏ �◆⌫✓✏ ⇥+  ⇥ �  �✓
↵⌃⇥✓⇧✓◆ ⌃�⇠ ⇤�⌃⇧ �◆  �✓  �⌃⇠  ⇧�◆✏⌃✏ ⇥⇧✏! 0◆ ⇥⇧↵✓⇧  ⇥ ⌃#⇤⇧⇥�✓  �✓ ⇤��✏✓�◆⇥⌃✏✓ ⌃ 
⌃✏  �✓◆ ↵✓✏⌃⇧� ⇠✓  ⇥ ���✓ � ⇠⇥◆⌥✓⇧ ⌫��⇧⌥✓�↵⌃✏⌫��⇧⌥✓  ⌃#✓� 1�⌃⌫� ⌫�◆  ✓ ↵⇥◆✓  ⌅
⌥��⇧�◆ ✓✓⌃◆⌥  ��  �✓ ↵⌃⇥✓⇧✓◆ ⌃�⇠ ⇤�⌃⇧  ⇧�◆✏⌃✏ ⇥⇧✏ ���✓ �⌃⌥� ⇥◆�⇧✓✏⌃✏ �◆⌫✓! ⇢�⌃✏
⌃✏ �⌫�⌃✓�✓↵  ⌅ #⌃◆⌃#⌃*⌃◆⌥  �✓ ⌥

� ⇧� ⌃⇥!

⇥ ⇢�⌃⇠  ⇧�◆✏⌃✏ ⇥⇧✏ <⌅�⇥�=; ⇢⇥ ⌃◆⌫⇧✓�✏✓  �✓ ⇥� ⇤� ✏1⌃◆⌥�  �✓  �⌃⇠  ⇧�◆✏⌃✏ ⇥⇧✏ ✏�⇥�⇠↵
 ✓  ⌃�✏✓↵ �✏  �◆� ⇠✓ ⇧✓✏⌃✏ ⇥⇧✏ ⌃◆✏ ✓�↵ ⇥+ ✏� �⇧� ✓↵  ⇧�◆✏⌃✏ ⇥⇧✏! ⇢�✓ ⇥⇤✓⇧� ⌃◆⌥
+⇧✓&�✓◆⌫⌅ ⌫�◆  �✓◆  ✓ ⌫⇥◆ ⇧⇥⇠⇠✓↵  ⌅ ��⇧⌅⌃◆⌥  �✓  �⌃⇠  ⇧�◆✏⌃✏ ⇥⇧✏ ⌥� ✓ �⇥⇠ �⌥✓!
⇢⇥ ✓◆✏�⇧✓ ⇤⇧⇥⇤✓⇧ ⇥⇤✓⇧� ⌃⇥◆ ⇥+  �✓✏✓  ⇧�◆✏⌃✏ ⇥⇧✏ � ⇤�⌃⇧ ⇥+ %⇠ ✓⇧⌃◆⌥ ⌫�⇤�⌫⌃ ⇥⇧✏� ⇤D

�◆↵ ⇤C <✏✓✓ �⌃⌥! E!DD= �⇧✓ �↵↵✓↵  ⇥ ✏ � ⌃⇠⌃*✓  �✓ ↵⇧�⌃◆ �⇥⇠ �⌥✓� ⇠✓��⌃◆⌥  �✓  �⌃⇠
 ⇧�◆✏⌃✏ ⇥⇧✏ ⇥⇤✓⇧� ⌃◆⌥ ⌃◆ ↵✓✓⇤  ⇧⌃⇥↵✓! ⇢�✓✏✓ ⌫�⇤�⌫⌃ ⇥⇧✏ �⇠✏⇥ �⇠⇠✓�⌃� ✓  �✓ ⌃#⇤�⌫ 
⇥+  �✓  �⌃⇠  ⇧�◆✏⌃✏ ⇥⇧✏ ⇥◆  �✓ ⇤��✏✓�◆⇥⌃✏✓ ⌃◆ ⇤⇧✓✏✓◆⌫✓ ⇥+ ⌫⌃⇧⌫�⌃ #⌃✏#� ⌫�!

⇢�✓ ⇤⇧⇥⇤⇥✏✓↵  �◆⌃◆⌥ �⇤⇤⇧⇥�⌫� ��✏  �✓ ↵⇧�1 �⌫2 ⇥+ ⇧✓↵�⌫⌃◆⌥  �✓ ⇠⌃◆✓�⇧  �◆⌃◆⌥
⇧�◆⌥✓ 1�✓◆ ⌫⇥#⇤�⇧✓↵  ⇥  �✓ ⌫�⇧⇧✓◆ ✏⇥�⇧⌫✓✏� �✏✓↵ �⇤⇤⇧⇥�⌫�! ⇢�⌃✏ ⌃✏ ◆⇥ �◆
⌃✏✏�✓ +⇥⇧  �⌃✏ ↵✓✏⌃⌥◆ ✏⌃◆⌫✓  �✓ #�⌃◆  �⇧⌥✓ ⌃✏  ⇥ ⌫⇥#⇤✓◆✏� ✓ +⇥⇧  �✓ ⇤✓⇧+⇥⇧#�◆⌫✓
↵✓⌥⇧�↵� ⌃⇥◆ 1⌃ �  �✓ ⌃◆⌫⇧✓�✏✓ ⇥+  �✓ ⇥✏⌫⌃⇠⇠� ⌃⇥◆ +⇧✓&�✓◆⌫⌅ <�⇥1✓�✓⇧�  �✓ ⇧�◆⌥✓
⌫�◆  ✓ ✓) ✓◆↵✓↵  ⌅ ✓#⇤⇠⇥⌅⌃◆⌥ +✓✓↵ �⌫2 RFCS=!

⇥ :⇥⇠ �⌥✓ ⇧✓+✓⇧✓◆⌫✓ <⌅@=; ⇢⇥ ⇤⇧⇥⇤✓⇧⇠⌅  ⌃�✏  �✓  �⌃⇠  ⇧�◆✏⌃✏ ⇥⇧✏� � �⇥⇠ �⌥✓ ⇧✓+✓⇧✓◆⌫✓
⌃✏ ⇧✓&�⌃⇧✓↵� 1�⌃⌫� ⌃✏ ⌥✓◆✓⇧� ✓↵ ⇥◆�⌫�⌃⇤ �✏⌃◆⌥ � ↵⌃⇥↵✓�⌫⇥◆◆✓⌫ ✓↵  ⇧�◆✏⌃✏ ⇥⇧! 0 
⌃✏ ⌃#⇤⇥⇧ �◆  ⇥ ✓◆✏�⇧✓  ��  �✓  �⌃⇠  ⇧�◆✏⌃✏ ⇥⇧✏ ⇥⇤✓⇧� ✓ ⌃◆ ✏ ⇧⇥◆⌥ ⌃◆�✓⇧✏⌃⇥◆�  ⇥
⌃#⇤⇧⇥�✓  �✓ ⇠� ⌫� ✏⇤✓✓↵! ⇢⇥ ⇧✓↵�⌫✓  �✓ ⌫⇥◆ ⇧⌃ � ⌃⇥◆ ⇥+  �✓ ⇧✓+✓⇧✓◆⌫✓  ⇧�◆⌫�  ⇥
 �✓ ⇤⇥1✓⇧ ⌫⇥◆✏�#⇤ ⌃⇥◆� ⌅@ #�✏  ✓ ↵⌃#✓◆✏⌃⇥◆✓↵ 1⌃ � � ✏#�⇠⇠ /�� ⇧� ⌃⇥!

$$&



E!C 0#⇤⇧⇥�✓↵ &��↵⇧� �⇧✓ ⇧✓⇠�)� ⌃⇥◆ ⇥✏⌫⌃⇠⇠� ⇥⇧

�↵⌧"� -8$$= ⇢�⌃⇠  ⇧�◆✏⌃✏ ⇥⇧ %⇠ ✓⇧⌃◆⌥ ⌫�⇤�⌫⌃ ⇥⇧!

-8&8) ✏↵�"✓⌃◆↵⇥⇡

⌧⇠ ⌃#� ✓⇠⌅  �⌃✏ ⇥✏⌫⌃⇠⇠� ⇥⇧1⌃⇠⇠  ✓ ✏� .✓⌫  ⇥ ⌃◆.✓⌫ ⌃⇥◆ ⌃◆ ⇥⇧↵✓⇧  ⇥ ��⇠⌃↵� ✓  �✓ ⌫⇥◆⌫✓⇤ 
⇥+ � �⌅ ⇧⌃↵ ⇥✏⌫⌃⇠⇠� ⇥⇧! ⇢�⌃✏ #✓�◆✏  ��  �⌃✏ ⌫⌃⇧⌫�⌃ ✏�⇥�⇠↵  ✓ ↵✓✏⌃⌥◆✓↵ ⌃◆ ⇥⇧↵✓⇧  ⇥
⇤✓⇧+⇥⇧# ⌫⇥◆✏⌃✏ ✓◆ ⇠⌅ ⇥�✓⇧ � ✏�⇤⌫⌃✓◆ ⇠⌅ ⇠�⇧⌥✓  �◆◆⌃◆⌥ ⇧�◆⌥✓ <1⌃↵✓ ✓◆⇥�⌥�  ⇥ ⌫⇥⇤✓
1⌃ �  �✓ +⇧✓&�✓◆⌫⌅ ✏�⌃+ ⌃◆↵�⌫✓↵  ⌅  �✓ ✏⌅◆⌫�⇧⇥◆⌃*� ⌃⇥◆ ✏⌃⌥◆�⇠=!

⇢�✓ �✏✓ ⇥+ ⇠⌃◆✓�⇧ #⇥↵✓⇠✏  ⇥ ↵✓✏⌫⇧⌃ ✓  �✓ ⇥✏⌫⌃⇠⇠� ⇥⇧ ↵⌅◆�#⌃⌫✏ ⌃✏ ⇤⇥✏✏⌃ ⇠✓ ⇥◆⇠⌅ ⌃+  �✓
⇥✏⌫⌃⇠⇠� ⇥⇧ ✏�⇥1✏ � &��✏⌃�✏⌃◆�✏⇥⌃↵�⇠  ✓���⌃⇥⇧ RFNS! 4⌃◆⌫✓  �✓ ⇤⇧⇥⇤⇥✏✓↵ ⌫⌃⇧⌫�⌃ ⌃✏  ⌃#✓�
��⇧⌃�◆ �◆↵ �✓⇧⌅ ◆⇥◆�⇠⌃◆✓�⇧� ⌃ 1�✏ ✓#⇤⇠⇥⌅✓↵ � ��⇧⌃� ⌃⇥◆��1�⇧✓ 4⇤⌃⌫✓�✏⌃#�⇠� ⌃⇥◆�⌃◆�
��⇠⇥⇥⇤ �◆�⇠⇥⌥ ⇥⇤ ⌃#⌃*� ⌃⇥◆ #✓ �⇥↵⇥⇠⇥⌥⌅� ↵⌃⇧✓⌫ ✓↵  ⌅  �✓ ↵✓✏⌃⌥◆ ⌥�⌃↵✓⇠⌃◆✓✏ ⌥⌃�✓◆ ⌃◆
4✓⌫ ⌃⇥◆ 00! ⇢�✓ ⌫⌃⇧⌫�⌃ 1�✏ ↵⌃#✓◆✏⌃⇥◆✓↵ +⇥⇧ �◆ ⇥⇤✓⇧� ⌃◆⌥ +⇧✓&�✓◆⌫⌅ ⇥+ C!? 98*� 1�⌃⇠✓
#⌃◆⌃#⌃*⌃◆⌥  �✓ ⇤✓⇧+⇥⇧#�◆⌫✓ ��⇧⌃� ⌃⇠⌃ ⌅ ↵�✓  ⇥ #⌃✏#� ⌫�✓✏ �◆↵ 3:⇢ ��⇧⌃� ⌃⇥◆✏! ⇢�✓
⇥⇤ ⌃#⌃*� ⌃⇥◆ +⇧�#✓1⇥⇧2 ✓#⇤⇠⇥⌅✓↵ ⌃◆  �⌃✏ 1⇥⇧2 �✏✓✏ � 2✓⇧◆✓⇠  �✏✓↵ ⇥◆  �✓ �49"�
00 RF?S #�⇠ ⌃�⇥ .✓⌫ ⌃�✓ ⌥✓◆✓ ⌃⌫ �⇠⌥⇥⇧⌃ �# <9"=! 9"✏ �⇧✓ � ⌫⇠�✏✏ ⇥+ �⇠⌥⇥⇧⌃ �#✏  �✏✓↵
⇥◆  �✓ ⇤⇧⌃◆⌫⌃⇤⇠✓✏ ⇥+ ⇤⇥⇤�⇠� ⌃⇥◆ ↵⌅◆�#⌃⌫✏� �◆↵ �⇠⇠⇥1  �✓ �✏✓ ⇥+  ⇠�⌫2� ⇥) #⇥↵✓⇠✏
<◆⇥ ⌥⇧�↵⌃✓◆ ✏ ◆✓⌫✓✏✏�⇧⌅= ⌃◆  �✓ ✓��⇠�� ⌃⇥◆ +�◆⌫ ⌃⇥◆! ⇢�⌃✏ ⌫�✏ ⇥# ⌃#⇤⇠✓#✓◆ � ⌃⇥◆
⌃✏  �✏✓↵ ⇥◆ RF@S! " ⇤⇥⇠⌅◆⇥#⌃�⇠ #� � ⌃⇥◆ ⇥⇤✓⇧� ⇥⇧ 1⌃ � ✓�⌅CA �◆↵ � ⇤⇧⇥ � ⌃⇠⌃ ⌅
⇥+ ⌫�⇧⇥#⇥✏⇥#✓ #� � ⌃⇥◆ ⇥+ @[ 1�✏ ✓#⇤⇠⇥⌅✓↵� �◆↵ � ✏⌃#�⇠� ✓↵  ⌃◆�⇧⌅ ⌫⇧⇥✏✏⇥�✓⇧
⇥⇤✓⇧� ⇥⇧ 1⌃ � ✓⇣⌅CA RF?S!

⇢�✓ ⇥⇤ ⌃#⌃*� ⌃⇥◆ ⇤⇧⇥⌫✓✏✏ ⌃✏ +�⌃⇧⇠⌅ ✏ ⇧�⌃⌥� +⇥⇧1�⇧↵; � 3⌅ �⇥◆ ✏⌫⇧⌃⇤ ⌃✏ �✏✓↵  ⇥
⌫��◆⌥✓ ⇤�⇧�#✓ ✓⇧✏ </P✏ �◆↵ �P✏ ⇥+  ⇧�◆✏⌃✏ ⇥⇧✏� ⌫�⇤�⌫⌃ �◆⌫✓ ��⇠�✓✏� ✓ ⌫= ⌃◆ � ◆✓ ⇠⌃✏ � ⇧�◆
4⇤✓⌫ ⇧✓ �◆↵ ✏��✓  �✓ ⇧✓✏�⇠ ✏ ⇥  �⌃◆✓↵ ⌃◆ �  ✓) %⇠✓! ◆⌫✓ �⌥⌃�✓◆◆�# ✓⇧⇥+ ✏⌃#�⇠� ⌃⇥◆✏
1�✏ ↵⇥◆✓�  �✓ ⌥✓◆✓ ⌃⌫ �⇠⌥⇥⇧⌃ �# ↵✓⌫⌃↵✓✏ 1�⌃⌫� ⌫⌃⇧⌫�⌃ ⇤�⇧�#✓ ✓⇧✏ �⇧✓  ⇥  ✓  ✓✏ ✓↵
◆✓) �  �✏✓↵ ⇥◆  �✓ ⌫⇥✏ +�◆⌫ ⌃⇥◆ <�⇥5� ⌃◆  �⌃✏ ⌫�✏✓= �◆↵ � ◆✓1 ✏✓ ⇥+ ✏⌃#�⇠� ⌃⇥◆✏
�⇧✓ ⇧�◆! 7✓⌫��✏✓ 344 �◆↵ 3�04⌦ ✏⌃#�⇠� ⌃⇥◆✏ 1✓⇧✓ �✏✓↵�  �✓ ⇥⇤ ⌃#⌃*� ⌃⇥◆ ⇤⇧⇥⌫✓✏✏
⌫⇥◆�✓⇧⌥✓✏ ⌃◆ � ⇧✓⇠� ⌃�✓⇠⌅ ✏�⇥⇧  ⌃#✓�  ⌅⇤⌃⌫�⇠⇠⌅ � +✓1 �⇥�⇧✏! 8⇥1✓�✓⇧�  ⇥ ⌥��⇧�◆ ✓✓
 �� #⇥✏ ⇥+  �✓ ↵✓✏⌃⌥◆ ✏⇤�⌫✓ ⌃✏ ✓)⇤⇠⇥⇧✓↵ �◆↵ ◆⇥  ✓  ✓⇧ ✏⇥⇠� ⌃⇥◆ ⌃✏ ⇥�✓⇧⇠⇥⇥2✓↵�  �✓
�⇠⌥⇥⇧⌃ �# ⌃✏ ⇠✓+  ⇥ ⇧�◆ +⇥⇧ #⇥⇧✓  ��◆ ⇥◆✓ ↵�⌅!

$$)



E! 8⌃⌥� 3✓⇧+⇥⇧#�◆⌫✓ ⌘� ✏⌫⌃⇠⇠� ⇥⇧

⇢⇥ ⇤⇧✓�✓◆ ⇠⇥⌫�⇠ #⌃◆⌃#� 1�✓⇧✓  �✓⇧✓ ⌃✏ �⌃⌥� ✏✓◆✏⌃ ⌃�⌃ ⌅ ⇥+  �✓ ⇤✓⇧+⇥⇧#�◆⌫✓  ⇥  �✓
⌫⌃⇧⌫�⌃ ⇤�⇧�#✓ ✓⇧✏�  �✓ ⇥⇤ ⌃#⌃*� ⌃⇥◆ ✏ ⇧� ✓⌥⌅ ⌫⇥◆✏⌃✏ ✓↵ ⇥+  �✓ +⇥⇠⇠⇥1⌃◆⌥ ✏ ✓⇤✏ < �✓
⇥ .✓⌫ ⌃�✓ ⌃✏  ⇥ �⌫�⌃✓�✓ � �⌃⌥� �⇥5 �◆↵ ⌥⇥⇥↵ ⌃##�◆⌃ ⌅ �⌥�⌃◆✏ ⇤⇧⇥⌫✓✏✏ ��⇧⌃� ⌃⇥◆✏=;

D! ⇢�✓ ✏⇥+ 1�⇧✓ ⌥✓◆✓⇧� ✓✏ � ✏✓ ⇥+ ⌃◆⌃ ⌃�⇠ ⇤�⇧�#✓ ✓⇧✏!

C! ⌧✏⌃◆⌥  �✓✏✓ ⇤�⇧�#✓ ✓⇧✏  �✓ ⌫⌃⇧⌫�⌃ ⌃✏ ✏⌃#�⇠� ✓↵  �⇧✓✓  ⌃#✓✏ 1⌃ � � ��⇧⌃� ⌃⇥◆ ⇥◆
 �✓ ��⌫✏⌦ ⌫�⇧⇧✓◆ ⇥+ ⌃DAA�"!

N! ⇢�✓◆  �✓ ✏⇥+ 1�⇧✓ ⌫�⇠⌫�⇠� ✓✏  �✓ +⇥⇠⇠⇥1⌃◆⌥ ⌫⇥✏ +�◆⌫ ⌃⇥◆!

⌘ ⌅
�⇥5✏ ↵

�⇥5��⌥
<E!F=

1�✓⇧✓ �⇥5✏ ↵ ⌃✏  �✓ ✏ �◆↵�⇧↵ ↵✓�⌃� ⌃⇥◆ ⇥+  �✓ �⇥5 �◆↵ �⇥5��⌥ ⌃✏ ⌃ ✏ ��✓⇧�⌥✓
��⇠�✓ <⌫⇥◆⌫✓⇧◆⌃◆⌥  �✓ ⇧✓✏�⇠ ✏ �✏⌃◆⌥  �✓  �⇧✓✓ ↵⌃⇥✓⇧✓◆ ⌫�⇧⇧✓◆ ��⇠�✓✏=!

?! ⇢�✓ ⇤⇧⇥⌫✓✏✏ ⌃✏ ⇧✓⇤✓� ✓↵ 1�⌃⇠✓  �✓ ✏⇥+ 1�⇧✓  ⇧⌃✓✏  ⇥ ✏⌃#�⇠ �◆✓⇥�✏⇠⌅ #�)⌃#⌃*✓
�⇥5 �◆↵ #⌃◆⌃#⌃*✓ ⌘!

⇢�✓ ⌫⌃⇧⌫�⌃ ⌃✏ ⌃#⇤⇠✓#✓◆ ✓↵ ⌃◆ � A!DN �# �54  ✓⌫�◆⇥⇠⇥⌥⌅ 1⌃ � D!C : ✏�⇤⇤⇠⌅
�⇥⇠ �⌥✓! ⌘� #⇥↵✓⇠✏ �⇧✓ ⌫⇥◆✏⌃↵✓⇧✓↵ +⇥⇧  �✓  ⇧�◆✏⌃✏ ⇥⇧✏� �◆↵ ⌃↵✓�⇠ #⇥↵✓⇠✏ �⇧✓ �✏✓↵
+⇥⇧  �✓ ⌫�⇤�⌫⌃ ⇥⇧✏! ⇢�✓  ✓✏ ⌫⌃⇧⌫�⌃ 1�✏ ✏⌃#�⇠� ✓↵ 1⌃ � ��↵✓◆⌫✓ 4⇤✓⌫ ⇧✓⌘� �◆↵
7405N�N #⇥↵✓⇠✏! ⇢�✓  ⇧�◆✏⌃✏ ⇥⇧✏ ↵⌃#✓◆✏⌃⇥◆✏ ⇥  �⌃◆✓↵ �⇧✓ ✏�⇥1◆ ⌃◆ ⇢� ⇠✓ E!D �◆↵
 �✓ ⇤✓⇧+⇥⇧#�◆⌫✓ ⇧✓✏�⇠ ✏ �⇧✓ ✏�⇥1◆ ⌃◆ �⌃⌥! E!DC!

4⌃�✓� -8$= �⌃⇧⌫�⌃ ⇤�⇧�#✓ ✓⇧✏!

�⇥#⇤⇥◆✓◆ ⇢⌅⇤✓ ��◆⌫ ⌃⇥◆ ⌥
<�#=

�
<◆#=

�⌃◆⌥✓⇧✏ �⇥##✓◆ ✏

⌅↵⇥� 354 3�⇠⇠�⌧⇤ D!E NEA ? 4#�⇠⇠ ✏1⌃ ⌫�✓✏
⌅⇣⇥� 354

�� ⌫�
@!A> D@A D?

"✏⇤✓⌫ ⌘� ⌃⇥; ?!>
⌅� �54 A!FC DCA DN
⌅�,⇥� �54 41⌃ ⌫�⌃◆⌥ 6⌃⇥✓⇧✓◆ ⌃�⇠ 3�⌃⇧ D!? NEA @ 4⇠⇥1  ⇧�◆✏⌃✏ ⇥⇧✏
⌅�⇥� �54 ⇢�◆� ⇠✓ ⌘✓✏⌃✏ ⇥⇧ E!EN DFA DA ��⇧⌥✓ �⇧✓�
⌅@ �54 :⇥⇠ �⌥✓ ⌘✓+✓⇧✓◆⌫✓ D!DE NCA ? Z
⇤⇡�⇣⇥� 0↵✓�⇠ ��⇤�⌫⌃ ⇥⇧ 0◆ ✓⌥⇧� ⇥⇧ Z Z Z ?C@ +�
⇤� 0↵✓�⇠ ��⇤�⌫⌃ ⇥⇧ ⇢�⌃⇠ ⇢⇧�◆✏⌃✏ ⇥⇧ 6✓⌫⇥�⇤⇠⌃◆⌥ Z Z Z @ ⇤�

0◆ ⇢� ⇠✓ E!D� ⌃ ⌃✏ ⇤⇥✏✏⌃ ⇠✓  ⇥ ⇥ ✏✓⇧�✓  �✓ ⌫⇥◆✏⌃↵✓⇧� ⇠✓ ✏⌃*✓ ⇥+ ✏⇥#✓ ⇥+  �✓  ⇧�◆�
✏⌃✏ ⇥⇧✏� 1�⌃⌫� ⌃✏ .�✏ ⌃%� ⇠✓  ⌅  �✓ ↵✓✏⌃⌥◆ ⇤⇧⇥⌫✓✏✏  �� �⌃#✓↵ �  �✓ #⌃◆⌃#⌃*� ⌃⇥◆ ⇥+
 �✓ ⇤✓⇧+⇥⇧#�◆⌫✓ ��⇧⌃� ⌃⇠⌃ ⌅! 7⌅ ⇠⇥⇥2⌃◆⌥ � �⌃⌥! E!DC� 1✓ ⌫�◆ ✏✓✓  ��  �✓ ⌫⌃⇧⌫�⌃ ��✏
⇠�⇧⌥✓ ⇥� ⇤� ✏1⌃◆⌥ �◆↵  ��  �✓ ↵⌃⇥✓⇧✓◆ ⌃�⇠ ⇤�⌃⇧ ⌃✏ ⇤⇧⇥⇤✓⇧⇠⌅ ✏1⌃ ⌫�✓↵ < �✓  �⇧✓✏�⇥⇠↵
�⇥⇠ �⌥✓ +⇥⇧  �⌃✏  ✓⌫�◆⇥⇠⇥⌥⌅ ⌃✏ �⇧⇥�◆↵ NAA #:=� �✏ ⌃◆ ✓◆↵✓↵! �⌃⌥! E!DC �⇠✏⇥ ✏�⇥1✏ �
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E!C 0#⇤⇧⇥�✓↵ &��↵⇧� �⇧✓ ⇧✓⇠�)� ⌃⇥◆ ⇥✏⌫⌃⇠⇠� ⇥⇧

�↵⌧"� -8$&= 4⌃#�⇠� ✓↵ ⇤✓⇧+⇥⇧#�◆⌫✓ ⇥+  �✓ ⇤⇧⇥⇤⇥✏✓↵ ⇥✏⌫⌃⇠⇠� ⇥⇧!

⌫⇥◆✏⌃✏ ✓◆ ⇠⌅ �⌃⌥� �⇥5  �⇧⇥�⌥�⇥�  �✓ +⇧✓&�✓◆⌫⌅ ⇧�◆⌥✓!

-8&8+ ��⌃⌥"���⇡◆⌥

3⇧⌃⇥⇧ +� ⇧⌃⌫� ⌃⇥◆� ✏⇥�⇧⌫✓�+⇥⇠⇠⇥1✓⇧  �⇥✓⇧✏ �⇧✓ �↵↵✓↵ �  �✓ ⇥� ⇤� �◆↵ #✓ �⇠�
⌃◆✏�⇠� ⇥⇧�#✓ �⇠ <5⌃5= ⌫�⇤�⌫⌃ ⇥⇧✏ �⇧✓ �✏✓↵  ⇥ ⌃#⇤⇠✓#✓◆ ⇤⇥✏⌫! ⇢⇥ ⇧✓↵�⌫✓  �✓ ✏�⇤⇤⇠⌅
◆⇥⌃✏✓�  �✓ ⇠�⌅⇥� ⌃◆⌫⇠�↵✓✏ ✏✓�✓⇧�⇠ 54⌫�⇤ ↵✓⌫⇥�⇤⇠⌃◆⌥ ⌫�⇤�⌫⌃ ⇥⇧✏! 4⌃◆⌫✓  �✓ ⌫⌃⇧⌫�⌃ 
�⇧✓� ⌃✏ ⇤�↵ ⇠⌃#⌃ ✓↵�  �⌃✏ ↵⇥✓✏ ◆⇥ ⌃◆H�✓◆⌫✓  �✓ ⇥�✓⇧�⇠⇠ �⇧✓�! 7✓⌫��✏✓ �◆⌅ �✏⌅##✓ ⇧⌃✓✏
⌃◆ ⌫⌃⇧⌫�⌃ 1⌃⇠⇠ ↵✓⌥⇧�↵✓  �✓ ⇤��✏✓�◆⇥⌃✏✓ �◆↵ ⌃◆⌫⇧✓�✏✓  �✓ &��↵⇧� �⇧✓ ✓⇧⇧⇥⇧�  �✓ ⇠�⌅⇥� 
⇥+  �✓ ⇥✏⌫⌃⇠⇠� ⇥⇧ ✏�⇥�⇠↵  ✓ #�↵✓ �✏ ✏⌅##✓ ⇧⌃⌫�⇠ �✏ ⇤⇥✏✏⌃ ⇠✓! ⇢�⌃✏ ⇥+ ⌫⇥�⇧✏✓ 1⌃⇠⇠
⇠⌃#⌃  �✓ ⌃#⇤�⌫ ⇥+  �✓ ⌃◆.✓⌫ ⌃⇥◆ ✏⌃⌥◆�⇠ 1�✓◆ �✏⌃◆⌥ � ✏✓⌫⇥◆↵ ⇥⇧↵✓⇧ ⌃◆.✓⌫ ⌃⇥◆  ⇥ +�⇧ �✓⇧
⌫⇥⇧⇧✓⌫  �✓ ⇤��✏✓�◆⇥⌃✏✓ �✏ ↵⇥◆✓ ⌃◆  �✓ ⇤⇧✓�⌃⇥�✏ ⇤⇧⇥ ⇥ ⌅⇤✓! 8⇥1✓�✓⇧�  �⌃✏ ⌃✏ ◆⇥ �
⇤⇧⇥ ⇠✓#  ✓⌫��✏✓ ↵�✓  ⇥ ↵⌃✏ ⇥⇧ ⌃⇥◆ �◆↵  �✓ ↵⌃⇤⌫�⇠ ⌅ ⇥+ �⌫�⌃✓�⌃◆⌥ ⇤✓⇧+✓⌫ ✏⌅##✓ ⇧⌅
✓�✓◆ ⇥⇧↵✓⇧ ��⇧#⇥◆⌃⌫✏ 1⌃⇠⇠ �⇠1�⌅✏  ✓ ⇤⇧✓✏✓◆  � ✓�✓◆ ⌃+  �⇥✏✓ ⌫⇥#⇤⇥◆✓◆ ✏ ���✓
✏#�⇠⇠ �#⇤⇠⌃ �↵✓  �✓⌃⇧ ⌃#⇤�⌫ ⌫�◆  ✓ ⌫⇥⇧⇧✓⌫ ✓↵ ⌃◆⌫⇧✓�✏⌃◆⌥  �✓ ⌥�⌃◆ ⇥+  �✓ ⌃◆.✓⌫ ⌃⇥◆
⌃◆ ✓⇧+�⌫✓! ⇢�✓ ⇤⇧⇥ ⇥ ⌅⇤✓ ⇥✏⌫⌃⇠⇠� ⇥⇧� ✏�⇥1◆ ⌃◆ �⌃⌥✏! E!DN<�= <⇠�⌅⇥� = �◆↵ E!DN< = <↵⌃✓
⇤�⇥ ⇥=� ��✏ � ⌫⇥⇧✓ �⇧✓� ⇥+ CB>⇧F � DBD⇧F �#C <?EB � NFB �#C� ⌃◆⌫⇠�↵⌃◆⌥  �✓ ⇤�↵✏=!

$$.
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;⌃< ;�<

�↵⌧"� -8$)= �⌃⇧⌫�⌃ ⇤⇧⇥ ⇥ ⌅⇤⌃◆⌥; <�= �⌃⇧⌫�⌃ ⇠�⌅⇥� ! < = 6⌃✓ ⇤�⇥ ⇥!

⇢�✓ &��↵⇧� �⇧✓ ✓⇧⇧⇥⇧ ↵�✓  ⇥ ⇤⇧⇥⌫✓✏✏ ��⇧⌃� ⌃⇥◆✏ �◆↵#⌃✏#� ⌫�✓✏ <@AA5⇥◆ ✓ ��⇧⇠⇥
⇧�◆✏= ⌃✏ ✏�⇥1◆ ⌃◆ �⌃⌥! E!D?� 1�✓⇧✓ ⌃ ⌃✏ ⇤⇥✏✏⌃ ⇠✓  ⇥ ⇥ ✏✓⇧�✓  ��  �✓ ⌫⌃⇧⌫�⌃ ⌃✏ +�⌃⇧⇠⌅
⇧⇥ �✏ 1⌃ � ⇧✓✏⇤✓⌫  ⇥ ⇤⇧⇥⌫✓✏✏ ��⇧⌃� ⌃⇥◆✏ �◆↵#⌃✏#� ⌫�✓✏� ✏�⇥1⌃◆⌥ &��↵⇧� �⇧✓ ✓⇧⇧⇥⇧✏
 ✓⇠⇥1 D_! 0 ⌃✏ ⌃#⇤⇥⇧ �◆  ⇥ ◆⇥ ✓  ��  �✓#✓�◆ ��⇠�✓ ⇥+  �✓ &��↵⇧� �⇧✓ ✓⇧⇧⇥⇧ ⌃✏ A!?EN _�
1�⌃⌫� #✓�◆✏  �✓⇧✓ ⌃✏ � ↵✓ ✓⇧#⌃◆⌃✏ ⌃⌫ ✓⇧⇧⇥⇧! ⇢�⌃✏ ⌃✏  �✓ ⇥� ⌫⇥#✓  ⇧�◆✏⌃✏ ⇥⇧ ↵⌃✏ ⇥⇧ ⌃⇥◆
�◆↵ �◆ �⇠�◆⌫✓↵ ⇤�⇧�✏⌃ ⌃⌫✏ ⌃◆  �✓  1⇥ ⇥✏⌫⌃⇠⇠� ⇥⇧ ✏ ⇧�⌫ �⇧✓✏ �✏✓↵ ⌃◆  �✓ &��↵⇧� �⇧✓
⇥✏⌫⌃⇠⇠� ⇥⇧! 3✓⇧+✓⌫ #� ⌫�⌃◆⌥ ⌃✏ ↵⌃⇤⌫�⇠ ↵�✓  ⇥  �✓ ⌫⇧⇥✏✏�⌫⇥◆◆✓⌫ ⌃⇥◆✏�  �� ⌃#⇤⇠⌅ ✏⇥#✓
�✏⌅##✓ ⇧⌅ ↵�✓  ⇥ ⌫⇧⇥✏✏✓↵ 1⌃⇧✓✏ < �⌃✏ ⌃#⇤⇠⌃✓✏ �⇥1✓�✓⇧�  �✓ ⇤⇧✓✏✓◆⌫✓ ⇥+ ✓�✓◆ ⇥⇧↵✓⇧
⌫⇥#⇤⇥◆✓◆ ✏  �� �⇧✓ �✏✓+�⇠  ⇥ ✏⌅◆⌫�⇧⇥◆⌃*✓  �✓ ⇥✏⌫⌃⇠⇠� ⇥⇧=!

�↵⌧"� -8$+= O��↵⇧� �⇧✓ ✓⇧⇧⇥⇧ �⌃✏ ⇥⌥⇧�# <#✓�◆ ��⇠�✓ ⌅ A!?EN_=!

0 ⌃✏ �⇠✏⇥ ◆⇥ ✓1⇥⇧ �⌅  ��  �✓ ⇧⇥� ⌃◆⌥ ⇤�⇧�✏⌃ ⌃⌫✏ ⌃◆ ⇧⇥↵�⌫✓↵ 1�⌃⇠✓ ⇠�⌅⌃◆⌥ ⇥�  �✓
⇥✏⌫⌃⇠⇠� ⇥⇧ ⇠✓↵  ⇥ � ✏⇠⌃⌥� ⇧✓↵�⌫ ⌃⇥◆ ⌃◆  �✓ +⇧✓&�✓◆⌫⌅ ⇥+ ⇥⇤✓⇧� ⌃⇥◆! ⇢�✓ ⌫⌃⇧⌫�⌃ 1�✏
⇧✓�↵.�✏ ✓↵  ⇥ C!? 98*  ⌅ ✏⌃#⇤⇠⌅  1✓�2⌃◆⌥  �✓ ⌃◆ ✓⌥⇧� ⇥⇧ ⌫�⇤�⌫⌃ �◆⌫✓!
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E!C 0#⇤⇧⇥�✓↵ &��↵⇧� �⇧✓ ⇧✓⇠�)� ⌃⇥◆ ⇥✏⌫⌃⇠⇠� ⇥⇧

�↵⌧"� -8$.= ⇢✓✏ 3�7!

◆⌫✓ +� ⇧⌃⌫� ✓↵  �✓  ✓✏ ⌫⌃⇧⌫�⌃ ⌃✏ ↵⌃⇧✓⌫ ⇠⌅ 1⌃⇧✓� ⇥◆↵✓↵  ⇥ � 3�7 �✏ ✏�⇥1◆ ⌃◆ �⌃⌥!
E!D@ < �✓ ⇤� �✏ +⇧⇥#  �✓ ⌫�⌃⇤ ⇥� ⇤� ✏  ⇥  �✓ 45"  ✓⇧#⌃◆�⇠✏ �⇧✓ ⌫�⇧✓+�⇠⇠⌅ ↵✓✏⌃⌥◆✓↵  ⇥
✓◆✏�⇧✓ @A⌦ ⌃#⇤✓↵�◆⌫✓ #� ⌫�⌃◆⌥=! ⇢⇥ #⌃◆⌃#⌃*✓  �✓ ✏�⇤⇤⇠⌅ ◆⇥⌃✏✓�  �  ✓⇧⌃✓✏ �⇧✓ �✏✓↵
 ⇥ ⇤⇥1✓⇧  �✓ 3�7! ⇢⇥ ✏✓⇤�⇧� ✓  �✓  �⇥✓⇧ ⌫�⇧⇧✓◆ �◆↵ #✓�✏�⇧✓ ⇥◆⇠⌅  �✓ ⇥✏⌫⌃⇠⇠� ⇥⇧
⇤⇥1✓⇧ ⌫⇥◆✏�#⇤ ⌃⇥◆� ✏✓⇤�⇧� ✓ �⇥⇠ �⌥✓ ⇧✓⌥�⇠� ⇥⇧✏ �⇧✓ �✏✓↵ +⇥⇧  �✓  �⇥✓⇧ �◆↵  �✓
⇥✏⌫⌃⇠⇠� ⇥⇧! ⇢�✓ ⌫�⇧⇧✓◆ ✏⇥�⇧⌫✓✏  ⇥  ⌃�✏  �✓ ⇥✏⌫⌃⇠⇠� ⇥⇧ �◆↵  �✓  �⇥✓⇧ �⇧✓ �↵.�✏ ✓↵  ⌅
⇤⇥ ✓◆ ⌃⇥#✓ ✓⇧✏ ⇥◆  �✓  ✓✏ 3�7!

�↵⌧"� -8$-= 5✓�✏�⇧✓#✓◆ ✏✓ �⇤!

⇢�✓ #✓�✏�⇧✓#✓◆ ✏✓ �⇤ +⇥⇧  �✓ &��↵⇧� �⇧✓ ✓⇧⇧⇥⇧ ⌃✏ ✏�⇥1◆ ⌃◆ �⌃⌥! E!DE! ⇢1⇥
⇥� ⇤� ✏ ⇥+  �✓ ⇥✏⌫⌃⇠⇠� ⇥⇧ �⇧✓ ⌫⇥◆◆✓⌫ ✓↵  ⇥  �✓ ⇥✏⌫⌃⇠⇠⇥✏⌫⇥⇤✓ @A�⌦ ⌃◆⇤� ✏I ⇥◆✓ ⌃✏ �✏✓↵
�✏  ⇧⌃⌥⌥✓⇧ �◆↵  �✓ ⇥ �✓⇧ ⌃✏ ⌫⇥◆◆✓⌫ ✓↵  ⇥ � @A�⌦ ⇠⇥�↵�  ⇥ ✓◆✏�⇧✓  �⇠�◆⌫✓↵ ⇠⇥�↵✏! ⇢⇥
#✓�✏�⇧✓  �✓ +⇧✓&�✓◆⌫⌅ �◆↵  �✓ ⇤��✏✓�◆⇥⌃✏✓� � ✏⇤✓⌫ ⇧�⇠ �◆�⇠⌅*✓⇧ ⌃✏ �✏✓↵ <⇥◆✓ ⇥� ⇤� 
⌃✏ ⌫⇥◆◆✓⌫ ✓↵  ⇥  �✓ ✏⇤✓⌫ ⇧�⇠ �◆�⇠⌅*✓⇧ �◆↵  �✓ ⇧✓#�⌃◆⌃◆⌥  �⇧✓✓  ⇥ @A�⌦ ⇠⇥�↵✏=! ⇢�⇧✓✓
✏�#⇤⇠✓✏ ⇥+  �✓ ⇤⇧⇥ ⇥ ⌅⇤✓ 1✓⇧✓  ✓✏ ✓↵� �◆↵ � ✏�##�⇧⌅ ⇥+  �✓ #✓�✏�⇧✓#✓◆ ⇧✓✏�⇠ ✏
�◆↵ ⇤⇥✏ �⇠�⌅⇥� ✏⌃#�⇠� ⌃⇥◆✏ ⌃✏ ⌥⌃�✓◆ ⌃◆ ⇢� ⇠✓ E!C! 0◆ �⌃⌥✏! E!D> �◆↵ E!DF� ⇧✓✏⇤✓⌫ ⌃�✓⇠⌅�
 �✓ ✏⇤✓⌫ ⇧�# �◆↵ ⇤��✏✓�◆⇥⌃✏✓ ⇥+ ✏�#⇤⇠✓ ^D ⌃✏ ✏�⇥1◆! " ⌫⇥#⇤�⇧⌃✏⇥◆ ⇥+  �✓ ⇤⇧⇥⇤⇥✏✓↵
⌫⌃⇧⌫�⌃ 1⌃ � ⇥ �✓⇧ ✏ � ✓�⇥+� �✓��⇧ ⇥✏⌫⌃⇠⇠� ⇥⇧✏ ⌃✏ ⌥⌃�✓◆ ⌃◆ ⇢� ⇠✓ E!N!
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E! 8⌃⌥� 3✓⇧+⇥⇧#�◆⌫✓ ⌘� ✏⌫⌃⇠⇠� ⇥⇧

4⌃�✓� -8&= 3⇥✏ �⇠�⌅⇥� ✏⌃#�⇠� ⌃⇥◆ �✏ #✓�✏�⇧✓#✓◆ ⇧✓✏�⇠ ✏!

6✓✏⌫⇧⌃⇤ ⌃⇥◆
⇠⇥✏⌫ .6� 3� �⇥5

<58*= <#/= <↵7⌫�8*= <↵7⌫�8*=
D58* DA58* D58* DA58*

3⇥✏ ���⌅⇥� 4⌃#! C!? >!E? �DAC �DCE!E �DEA!C �DE?!>
4�#⇤⇠✓ ^D 5✓�✏! C!NFE F!CC@ �F?!@ �DC?!C �D@C!@ �DEC!D
4�#⇤⇠✓ ^C 5✓�✏! C!?A@ F!A@ �F@!N �DCN!B �D@N!? �DED!B
4�#⇤⇠✓ ^N 5✓�✏! C!NF> F!N �F?!B �DC? �D@C!E �DED!F

�↵⌧"� -8$0= � ⇤� ✏⌃⌥◆�⇠ ↵⌃✏⇤⇠�⌅✓↵ ⇥◆  �✓ ⇥✏⌫⌃⇠⇠⇥✏⌫⇥⇤✓!

�↵⌧"� -8$>= 4⇤✓⌫ ⇧�# ⇥+  ✓✏ ⌫⌃⇧⌫�⌃ ✏�#⇤⇠✓ D!

$$>



E!C 0#⇤⇧⇥�✓↵ &��↵⇧� �⇧✓ ⇧✓⇠�)� ⌃⇥◆ ⇥✏⌫⌃⇠⇠� ⇥⇧

�↵⌧"� -8$(= 3��✏✓�◆⇥⌃✏✓ ⇥+  ✓✏ ⌫⌃⇧⌫�⌃ ✏�#⇤⇠✓ D!

4⌃�✓� -8)= 3✓⇧+⇥⇧#�◆⌫✓ ⌫⇥#⇤�⇧⌃✏⇥◆!

⌘✓+! ⇢⌅⇤✓ ⇢✓⌫�! X✓�⇧ ⇠⇡�⇣ .✓⇤ 3� �⇥5
<◆#= <58*= <#/= <↵7⌫�8*= <↵7⌫�8*=

RDFS ⌘✓⇠�)! E@ CAA> DC A!AF �DAFYA!D58* �DEC
R@AS ⌘✓⇠�)! DNA CADD CD? D �DNC!EYDA58* �D@F!D
R@DS ⌘⌃◆⌥! E@ CADN E?@ DA �DDDYD58* �D@B
R?>S ⌘⌃◆⌥ D>A CAA? FDN D>!F@ �DDE!@YA!E58* �DEB
R@NS ⌘✓⇠�)! N@A CAAB C?AA ?> �DA@YD58* �D@@
R@?S ⌘⌃◆⌥ DNA CAAF C@AA C!>E �F@!?YD58* �D@F
RFES ⌘⌃◆⌥! FA CADC C@AAA C@B �FEYD58* �DEA

4⇧↵⌥ /⇥⇢ ⇣�✓⌃# $)2 &2$- &+2. (82.  $&)8->B$2�1:  $-$80

�⌃⌥! E!DB ✏�⇥1✏  ��  �✓ ⌫⌃⇧⌫�⌃ ⇥⇤✓⇧� ✓✏ ⌃◆ � ⇧✓⌥⌃#✓  ✓ 1✓✓◆  �✓ ⇧✓⇠�)� ⌃⇥◆
�◆↵ &��✏⌃�✏⌃◆�✏⇥⌃↵�⇠� 1�⌃⌫� ⌃✏ ✓)⇤✓⌫ ✓↵ ⌃◆ �⌃✓1 ⇥+  �✓ ↵✓✏⌃⌥◆ ⌥�⌃↵✓⇠⌃◆✓✏! 0 ⌃✏ �⇠✏⇥
⇤⇥✏✏⌃ ⇠✓  ⇥ ⇥ ✏✓⇧�✓ +⇧⇥# �⌃⌥! E!DF � ⇠⇥1 ⇤��✏✓�◆⇥⌃✏✓ �  �✓ +�⇧ �✓✏ ⇥⇥✏✓ ✏ 1�⌃⇠✓
#�⌃◆ �⌃◆⌃◆⌥ � ⌥⇥⇥↵ �⇥5� 1�⌃⌫� ⌃✏ ⇥◆✓ ⇥+  �✓ ⇥ .✓⌫ ⌃�✓✏! 0◆ +�⌫  �✓ ✓)⇤✓⇧⌃#✓◆ �⇠
⇧✓✏�⇠ ✏ ⌥⌃�✓◆ ⌃◆ ⇢� ⇠✓ E!C� ✏�⇥1  ��  �✓ ⇤⇧⇥⇤⇥✏✓↵ &��↵⇧� �⇧✓ ⇥✏⌫⌃⇠⇠� ⇥⇧� ⇥⇤✓⇧� ⌃◆⌥
� C!? 98*� �⌫�⌃✓�✓✏ � �⇥5 ⇥+ �DEC ↵7⌫⌃8* 1�⌃⌫� ⌃✏  �✓  ✓✏ ��⇠�✓� ⇧✓⇤⇥⇧ ✓↵ ✏⇥ +�⇧�
+⇥⇧ � ⇧✓⇠�)� ⌃⇥◆ ⇥✏⌫⌃⇠⇠� ⇥⇧ ⇥⇤✓⇧� ⌃◆⌥ ⌃◆  �✓ 98* ⇧�◆⌥✓ �◆↵ ⌃ ⌃✏ ⌫⇥#⇤�⇧� ⇠✓  ⇥  �� ⇥+
✏ � ✓�⇥+� �✓��⇧ ⇧⌃◆⌥ ⇥✏⌫⌃⇠⇠� ⇥⇧✏� �✏ ✏�⇥1◆ ⌃◆ ⇢� ⇠✓ E!N!

$$(



E! 8⌃⌥� 3✓⇧+⇥⇧#�◆⌫✓ ⌘� ✏⌫⌃⇠⇠� ⇥⇧

-8) ,↵⌥⌘"⌥⌥↵⇥⇡ ⌃⇡� �"◆"� ⇤⇥⇢ �↵�⌘◆↵⇥⇡⌥

⇢�✓ ⇤⇧⇥⇤⇥✏✓↵#⇥↵⌃%⌫� ⌃⇥◆✏ �◆↵ ↵✓✏⌃⌥◆ ⌥�⌃↵✓⇠⌃◆✓✏ �⇧✓ �⌃#✓↵  ⇥ ⇧✓↵�⌫✓  �✓ ⌃#⇤�⌫ 
⇥+  �✓ 1�⌃ ✓ ◆⇥⌃✏✓ �⇠⇠⇥1⌃◆⌥  ⇥ ⌃#⇤⇧⇥�✓  �✓ ⇤��✏✓�◆⇥⌃✏✓ �  �✓ ⇠⌃#⌃ ✏ ⇥+  �✓ ⇥✏⌫⌃⇠⇠� ⇥⇧
✏⌃↵✓ �◆↵✏! ⇢�⌃✏ ⌃✏ �⌫�⌃✓�✓↵ � �⌃⌥� +⇧✓&�✓◆⌫⌅ ⇥⇤✓⇧� ⌃⇥◆ 1⌃ �⇥� �  ⌃⌥ ⇤✓◆�⇠ ⌅ ⇥�✓⇧
 �✓ ✓◆✓⇧⌥⌅ ⌫⇥◆✏�#⇤ ⌃⇥◆ 1�⌃⌫� �⇠⇠⇥1✓↵  ⇥ ⇥  �⌃◆ � ⌥⇥⇥↵ �⇥5!

0#⇤⇠✓#✓◆ � ⌃⇥◆ ⇥+ �◆ 0� �✏⌃◆⌥  �⌃✏ ⇥✏⌫⌃⇠⇠� ⇥⇧ �✏ �  �✏✓ ⌫⌃⇧⌫�⌃  �⇧◆✏ ⇤⇥✏✏⌃ ⇠✓  ⇥
�⌫⌫✓✏✏  �✓ ⇤✓⇧+⇥⇧#�◆⌫✓ ⇥+  �✓  ✓✏ ⌘� ⇥✏⌫⌃⇠⇠� ⇥⇧✏ ⇧✓⇤⇥⇧ ✓↵ ✏⇥ +�⇧� 1�⌃⌫� �⇧✓  �✓ ⇧⌃◆⌥
⇥✏⌫⌃⇠⇠� ⇥⇧✏�  � 1⌃ �  �✓ �↵��◆ �⌥✓ ⇥+  ✓⌃◆⌥ ⇤⇥✏✏⌃ ⇠✓  ⇥ �⌫�⌃✓�✓ ✓�✓◆ ⇥⇧↵✓⇧ ��⇧#⇥◆⌃⌫
✏⌅◆⌫�⇧⇥◆⌃*� ⌃⇥◆ 1�⌃⌫� ⌃✏ ◆⇥ ⇤⇥✏✏⌃ ⇠✓  ⇥ ↵⇥ ⇥◆  �✓ ⇧⌃◆⌥ ⇥✏⌫⌃⇠⇠� ⇥⇧� � ⇠✓�✏ 1⌃ �  �✓
 ⌅⇤⌃⌫�⇠ ↵✓⇠�⌅ ⌫✓⇠⇠✏ RFB� F>S!

" ⇤⇧⇥ ⇥ ⌅⇤✓ 1⌃ � �◆ ⌃◆ ✓⌥⇧� ✓↵ 4⇢ ⌃✏ ◆⇥ ⇤⇥✏✏⌃ ⇠✓ �  �✓ #⇥#✓◆ � �⇥1✓�✓⇧�  ⇥
���✓ �◆ ⌃↵✓� ⇥+  �✓ ✓)⇤✓⌫ � ⇠✓ ⇤✓⇧+⇥⇧#�◆⌫✓ ⇥+ �◆ �⌅ ⇧⌃↵ ⇥✏⌫⌃⇠⇠� ⇥⇧  �✓ ⌃#⇤⇧⇥�✓↵
⌘� ⇥✏⌫⌃⇠⇠� ⇥⇧ 1�✏ ✏⌃#�⇠� ✓↵ �◆↵✓⇧ ⌃◆.✓⌫ ⌃⇥◆! "◆ ⌃◆.✓⌫ ⌃⇥◆ ⌃◆ ✓⇧+�⌫✓ ⌃✏ �↵↵✓↵ �◆↵
✏✓⌫⇥◆↵ ⇥⇧↵✓⇧ ��⇧#⇥◆⌃⌫ ✏⌅◆⌫�⇧⇥◆⌃*� ⌃⇥◆ 1�✏ ⇤✓⇧+⇥⇧#✓↵! 8⇥1✓�✓⇧�  ✓⌫��✏✓  �✓⇧✓ ⌃✏
◆⇥ ✓◆⇥�⌥� �⇥⇠ �⌥✓ �✓�↵⇧⇥⇥# +⇥⇧  �✓ ⌃#⇤⇠✓#✓◆ � ⌃⇥◆ ⇥+ � �54 ↵⌃⇥✓⇧✓◆ ⌃�⇠ ⇤�⌃⇧�
 �✓ ⌃◆.✓⌫ ⌃⇥◆ ⌃◆ ✓⇧+�⌫✓ ⌃✏ ✏⇠⌃⌥� ⇠⌅ #⇥↵⌃%✓↵ �◆↵  �✓ ↵⌃⇥✓⇧✓◆ ⌃�⇠ ⇤�⌃⇧ ⌃✏ ⌃#⇤⇠✓#✓◆ ✓↵
1⌃ � 354  ⇧�◆✏⌃✏ ⇥⇧✏ ⌃◆✏ ✓�↵� �✏ ✏�⇥1◆ ⌃◆ �⌃⌥! E!CA!

�↵⌧"� -8&2= 0#⇤⇧⇥�✓↵ ⇧✓⇠�)� ⌃⇥◆ ⇥✏⌫⌃⇠⇠� ⇥⇧ 1⌃ � ⌃◆.✓⌫ ⌃⇥◆ ⌃◆ ✓⇧+�⌫✓!

$&2



E!N 6⌃✏⌫�✏✏⌃⇥◆ �◆↵ +� �⇧✓ 1⇥⇧2 ↵⌃⇧✓⌫ ⌃⇥◆✏

⇢�✓ ↵✓✏⌃⌥◆ ⌫⇥◆✏⌃↵✓⇧� ⌃⇥◆✏ �⇧✓  �✓ +⇥⇠⇠⇥1⌃◆⌥;

⇥ ⇢�✓ ✏ � ⌃⌫ ⌫⇥◆✏�#⇤ ⌃⇥◆ #�✏  ✓ #⌃◆⌃#⌃*✓↵! ⇢�✓ ⇧✓+✓⇧✓◆⌫✓  ⇧�◆⌫�✓✏ ⌅ ⌦ ⇠ ⇥� #�✏ 
 ✓ #�↵✓ ✏#�⇠⇠ �◆↵  �✓ ⌫�⇧⇧✓◆ #⌃⇧⇧⇥⇧ #�✏  ✓ ↵✓✏⌃⌥◆✓↵ �✏⌃◆⌥ � D;# ⇧� ⌃⇥!

⇥ ⇢�✓ ⌫�⇧⇧✓◆ +⇧⇥#  �✓ ⌃◆.✓⌫ ⌃⇥◆  ⇠⇥⌫2 1⌃⇠⇠ ⌫��◆⌥✓  �✓ +⇧✓✓�⇧�◆◆⌃◆⌥ +⇧✓&�✓◆⌫⌅ ⇥+
 �✓ ⇥✏⌫⌃⇠⇠� ⇥⇧�  �⌃✏ ✏�⇥�⇠↵  ✓ ⌫⇥#⇤✓◆✏� ✓↵  ⌅ �↵.�✏ ⌃◆⌥ ⇤⇡�⇣!

⇥ ⇢�✓ ⌫�⇧⇧✓◆ +⇧⇥#  �✓ ⌃◆.✓⌫ ⌃⇥◆  ⇠⇥⌫2 #�✏ ◆⇥ ↵✓⌥⇧�↵✓ ✏✓�✓⇧✓⇠⌅  �✓ ⌫⌃⇧⌫�⌃ �⇥5!

⇥ ⇢�✓ ↵⌃⇥✓⇧✓◆ ⌃�⇠ ⇤�⌃⇧  ⇧�◆✏⌃✏ ⇥⇧✏ ✏�⇥�⇠↵ ���✓ � �⌃⌥� ⌥
� ⇧� ⌃⇥  ⇥ #�)⌃#⌃*✓  �✓

⌫�⇧⇧✓◆ ⌥�⌃◆!

⇥ ⇢�✓  �⌃⇠  ⇧�◆✏⌃✏ ⇥⇧✏ ↵⇧�⌃◆ ���✓ � �⇥⇠ �⌥✓ ✏1⌃◆⌥ ⇥+ ⇠✓✏✏  ��◆ NA #:1�⌃⌫� #✓�◆✏
 �✓ ⌃◆.✓⌫ ⌃⇥◆  ⇠⇥⌫2 ⌫�◆  ✓ ↵✓✏⌃⌥◆✓↵  �✏✓↵ ⇥◆ � 6� ✏⌃#�⇠� ⌃⇥◆!

�⇥⇧ ✏⌃#⇤⇠⌃%⌫� ⌃⇥◆ ⇥+  �✓ ↵✓✏⌃⌥◆ �◆↵ ✏⌃#�⇠� ⌃⇥◆  �✏2✏  �⌃✏ ✏ ✓⇤ ⌃✏ ⇤✓⇧+⇥⇧#✓↵ �✏⌃◆⌥
 �✓ ✏⌃#⇤⇠⌃%✓↵ ⇥✏⌫⌃⇠⇠� ⇥⇧ ✏⌫�✓#� ⌃⌫ 1�⇥✏✓ ⇤✓⇧+⇥⇧#�◆⌫✓ ⌃✏ ↵✓ �⌃⇠✓↵ ⌃◆ �⌃⌥! E!DC �◆↵
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⇤✓⇧+⇥⇧#�◆⌫✓ 1⌃✏✓�  � � ✏✓⌫⇥◆↵ ⇥⇧↵✓⇧ ⌃◆.✓⌫ ⌃⇥◆ 1�✏ �✏✓↵ ⌃◆✏ ✓�↵  ⇥ ��⇥⌃↵ �◆↵✓�
✏⌃⇧✓↵ #⇥↵�⇠� ⌃⇥◆ ✓⇥✓⌫ ✏ ⇥�✓⇧  �✓ ⌃◆.✓⌫ ⌃⇥◆ ⌃◆ ✓⇧+�⌫✓! ⇢⇥ ⌫⇥#⇤✓◆✏� ✓ +⇥⇧  �✓ 1✓�2✓⇧
⌃#⇤�⌫ ⇥+  �⌃✏ ⌃◆.✓⌫ ⌃⇥◆ ✏⌫�✓#✓  �✓ ⌥�⌃◆  ⇠⇥⌫2 ⇥+  �✓ ⌃◆.✓⌫ ⌃⇥◆ ⌃◆ ✓⇧+�⌫✓ ��↵  ⇥  ✓
↵✓✏⌃⌥◆✓↵ 1⌃ � �⌃⌥�✓⇧ ⌥�⌃◆! ⇢�✓ ⇥  �⌃◆✓↵ #✓�✏�⇧✓#✓◆ ⇧✓✏�⇠ ✏ ↵✓#⇥◆✏ ⇧� ✓↵  �� 
 �⌃✏ �⇤⇤⇧⇥�⌫� �⇠⇠⇥1✓↵  �✓ ⌫⇥⇧⇧✓⌫ ⌃⇥◆ ⇥+  �✓ ⇤��✏✓�◆⇥⌃✏✓ 1⌃ � � ⇧✓+✓⇧✓◆⌫✓ ⇤⇥1✓⇧ ⇥+
�@A ↵7#! ⇢�✓ ⇥ ✏✓⇧�� ⌃⇥◆ ⇥+  �✓ H⌃⌫2✓⇧ ⌫⇥⇧◆✓⇧ +⇧✓&�✓◆⌫⌅ �⇧⇥�◆↵ C�N 58* 1�✏ �⇠✏⇥ �
⌥⇥⇥↵ ⌃◆↵⌃⌫� ⇥⇧� ✏�⌥⌥✓✏ ⌃◆⌥  ��  �✓ �#⇤⇠⌃ �↵✓ ✏⇤✓⌫⌃%⌫� ⌃⇥◆ +⇥⇧  �✓ ⇧✓+✓⇧✓◆⌫✓ ⌫⇥�⇠↵  ✓
⇧✓⇠�)✓↵� ✏�⇤⇤⇥⇧ ⌃◆⌥  �✓ +✓�✏⌃ ⌃⇠⌃ ⌅ ⇥+ �✏⌃◆⌥ �◆ 4⇢ �✏ ✏⌃⌥◆�⇠ ⇧✓+✓⇧✓◆⌫✓! 7✓⌫��✏✓  �✓
⇧✓✏�⇠ ✏1✓⇧✓ �⇠✏⇥ ��⇠⌃↵� ✓↵ +⇥⇧ �1⌃↵✓ ⇧�◆⌥✓ ⇥+ +⇧✓&�✓◆⌫⌃✓✏  �✓ ⇤⇥✏✏⌃ ⌃⇠⌃ ⌅ ⇥+ �⌫�⌃✓�⌃◆⌥
� 1⌃↵✓�⇧�◆⌥✓ 0� ⌃✏ �⇠✏⇥ ⌫⇥◆✏⌃↵✓⇧✓↵ ��⇠⌃↵!

0◆ ⌫��⇤ ✓⇧ E � #⇥↵⌃%✓↵ ⇧✓⇠�)� ⌃⇥◆ ⇥✏⌫⌃⇠⇠� ⇥⇧ 1�✏ ⇤⇧✓✏✓◆ ✓↵ �◆↵ ��⇠⌃↵� ✓↵ ✓)⇤✓⇧⌃�
#✓◆ �⇠⇠⌅! ⇢�✓ ⇤⇧⇥⇤⇥✏✓↵ #⇥↵⌃%⌫� ⌃⇥◆✏ �◆↵ ↵✓✏⌃⌥◆ ⌥�⌃↵✓⇠⌃◆✓✏ 1✓⇧✓ �⌃#✓↵  ⇥ ⇧✓↵�⌫✓
1�⌃ ✓ ◆⇥⌃✏✓ ⌫⇥◆ ⇧⌃ � ⌃⇥◆� �⇠⇠⇥1⌃◆⌥  ⇥ ⌃#⇤⇧⇥�✓  �✓ ⇤��✏✓�◆⇥⌃✏✓ �  �✓ +�⇧ �✓⇧ ⇥⇥✏✓ ✏!
⇢�✓ ⇤⇧⇥⇤⇥✏✓↵ ⇥✏⌫⌃⇠⇠� ⇥⇧ �✏✓✏ � #⇥↵⌃%✓↵ ⇠� ⌫�  ⇥ ⌃#⇤⇧⇥�✓  �✓ ✏1⌃ ⌫�⌃◆⌥ ✏⇤✓✓↵ 1⌃ ��
⇥� ⌃◆⌫⇧✓�✏⌃◆⌥  �✓ ⇤⇥1✓⇧ ⌫⇥◆✏�#⇤ ⌃⇥◆! 5⇥⇧✓⇥�✓⇧�  �✓ ◆✓1  ⇥⇤⇥⇠⇥⌥⌅ ��⇥⌃↵✏ ✏ � ⌃⌫
⌫�⇧⇧✓◆ ✏⇥�⇧⌫✓✏� #�)⌃#⌃*✓✏  �✓ �⇥⇠ �⌥✓ ✏1⌃◆⌥ �◆↵ ��✏ �◆ �⌫ ⌃�✓ ⌫⇥�⇤⇠⌃◆⌥ ✏ ⇧�⌫ �⇧✓
1⌃ �⇥� ✏ � ⌃⌫ ⇤⇥1✓⇧ ⌫⇥◆✏�#⇤ ⌃⇥◆  �� ⇧✓↵�⌫✓✏  �✓ ⌫⌃⇧⌫�⌃ ⇤��✏✓�◆⇥⌃✏✓! ⇢�✓ ⇤⇧⇥�
⇤⇥✏✓↵ #⇥↵⌃%⌫� ⌃⇥◆✏� ⌃#⇤⇧⇥�✓↵  �✓ ✏1⌃ ⌫�⌃◆⌥� �◆↵  �✓ ↵✓✏⌃⌥◆ ⌥�⌃↵✓⇠⌃◆✓✏� ⇥⇧⌃✓◆ ✓↵  ⇥
✓◆✏�⇧✓ � ✏� ⌃✏+�⌫ ⇥⇧⌅ ⌫⇥#⇤⇧⇥#⌃✏✓  ✓ 1✓✓◆ ◆⇥⌃✏✓ �◆↵ ⇤⇥1✓⇧ ⌫⇥◆✏�#⇤ ⌃⇥◆� �⇠⇠⇥1✓↵
 �✓ ⇥✏⌫⌃⇠⇠� ⇥⇧  ⇥ �⌫�⌃✓�✓ � �⌃⌥� �⇥5 � �⌃⌥� +⇧✓&�✓◆⌫⌅! ⌦)⇤✓⇧⌃#✓◆ �⇠ ⇧✓✏�⇠ ✏ ✏�⇥1✓↵
 ��  �✓ ⇥✏⌫⌃⇠⇠� ⇥⇧ ⌃✏ ⌫�⇤� ⇠✓ ⇥+ ✓)�⌃ ⌃ ⌃◆⌥ � ⇤��✏✓�◆⇥⌃✏✓ ⇥+ �DC? ↵7⌫�8* � � DA 58*
⇥⇥✏✓ � 1�⌃⇠✓ �⌫�⌃✓�⌃◆⌥ � ⌫⇠⇥✏✓⇧� ⇥�⇥⇤ ⌃#�⇠ �⇥5 ⇥+ �DEC ↵7⌫�8* RD>� DFS! 0◆ ✓�✓⇧⌅ ✏ �⌥✓
⇥+  �⌃✏1⇥⇧2  �✓⇧✓1�✏ �◆ �  ✓#⇤  ⇥ ��⇠⌃↵� ✓  �✓ ⇧✓✏�⇠ ✏1⌃ � �⌃⌥� ⇠✓�✓⇠ ⌃◆↵✓⇤✓◆↵✓◆⌫✓
 ⇥  �✓ ⌃◆ ✓⌥⇧� ⌃⇥◆ ⇥+  �✓ ⇧✓+✓⇧✓◆⌫✓! ⌦�✓◆  �⇥�⌥� ⌃ 1�✏ ◆⇥ ⇤⇥✏✏⌃ ⇠✓  ⇥ ��⇠⌃↵� ✓ � %◆�⇠
↵✓#⇥◆✏ ⇧� ⇥⇧ 1⌃ � �◆ ⌃◆ ✓⌥⇧� ✓↵ 4⇢� ✏⌃#�⇠� ⌃⇥◆✏ ↵✓#⇥◆✏ ⇧� ✓↵  �� ⌃+  �✓ ⇧✓+✓⇧✓◆⌫✓
⇤��✏✓�◆⇥⌃✏✓ ⌃✏ ⌫⇥#⇤�⇧� ⇠✓  ⇥  �✓  ⌅⇤⌃⌫�⇠ ��⇠�✓✏ +⇥⇧ �◆ �� ⇥✏⌫⌃⇠⇠� ⇥⇧�  �✓ ⇤✓⇧+⇥⇧#�◆⌫✓
⇥+  �✓ ⌘� ⇥✏⌫⌃⇠⇠� ⇥⇧ ⌃✏ ⌃#⇤⇧⇥�✓↵ ⇧✓↵�⌫⌃◆⌥  �✓ ⇤✓⇧+⇥⇧#�◆⌫✓ ⌥�⇤  ✓ 1✓✓◆  ⇥⇤⇥⇠⇥⌥⌃✓✏
 ⇥ DA ↵7! ⇢�⌃✏ ⌃✏ � ⇧✓✏�⇠  �� ⌃✏ #✓⇧✓⇠⌅ ✏�⌥⌥✓✏ ⌃�✓� ✏⌃◆⌫✓  �✓  �✓⇥⇧✓ ⌃⌫�⇠ ⇤✓⇧+⇥⇧#�◆⌫✓
⇥+  �✓ 4⇢ ✏ ⇧�⌫ �⇧✓✏ ⌃✏  ✓⌅⇥◆↵  �✓ ⇥◆✓ ⇥+ �� ⇥✏⌫⌃⇠⇠� ⇥⇧✏!

0◆  �⌃✏  �✓✏⌃✏ ⌃ 1�✏ ↵✓#⇥◆✏ ⇧� ✓↵  �✓ +✓�✏⌃ ⌃⇠⌃ ⌅ ⇥+ ⌃#⇤⇠✓#✓◆ � ⌃⇥◆ ⇥+ � +�⇠⇠⌅
⌃◆ ✓⌥⇧� ✓↵ 0�  �� ✏�⇥�⇠↵ �⇠⇠⇥1  ⇥ ⇧✓↵�⌫✓  �✓ ⇤✓⇧+⇥⇧#�◆⌫✓ ⌥�⇤ ⇥+  �✓ ⌘� ⇥✏⌫⌃⇠⇠� ⇥⇧
 ⇥  �✓ �� ⇥✏⌫⌃⇠⇠� ⇥⇧! ⌦�✓◆  �⇥�⌥�  �✓ ⇤⇧⇥⌫✓✏✏ ⇥+ ✏⌅◆⌫�⇧⇥◆⌃*� ⌃⇥◆�  �✓ ⇥⇤✓⇧� ⌃⇥◆ ⇥+  �✓
⌘� ⇥✏⌫⌃⇠⇠� ⇥⇧ �◆↵  �✓ #✓⌫��◆⌃✏# ⇥+ ◆⇥⌃✏✓� ⇥�⇤��✏✓ ⌥✓◆✓⇧� ⌃⇥◆ �⇧✓ �◆↵⇥�  ✓↵⇠⌅ ⇥+
⌫⇥#⇤⇠✓) ↵✓✏⌫⇧⌃⇤ ⌃⇥◆� ⌅✓  �✓ &��⇠⌃ � ⌃�✓ �◆↵ ⌫⇥#⇤⇧✓�✓◆✏⌃�✓ �⇤⇤⇧⇥�⌫�  �� 1�✏ ✏✓✓◆
 �⇧⇥�⌥�⇥�  �⌃✏  �✓✏⌃✏ ✏ ⌃⇠⇠ �⇠⇠⇥1✓↵  ⇥ �⌫�⌃✓�✓ ⌃◆ ✓⇧✓✏ ⌃◆⌥ ⇧✓✏�⇠ ✏ ✓�✓◆  �⇥�⌥� ⇤⇧⇥.✓⌫ 
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B! �⇥◆⌫⇠�✏⌃⇥◆✏ �◆↵ �� �⇧✓ /⇥⇧2

✓&�� ⌃⇥◆✏ 1✓⇧✓ ◆⇥ �⌫⌫✓✏✏⌃ ⇠✓!

08& �"◆"� ⇤⇥⇢

⇥ �� ⇧⌃⌫� ✓ � ⇤⇧⇥ ⇥ ⌅⇤✓ ⇥+  �✓ ⌃#⇤⇧⇥�✓↵ ⌘� ⇥✏⌫⌃⇠⇠� ⇥⇧ 1⌃ �  �✓ ⌃◆.✓⌫ ⌃⇥◆ ⌃◆ ✓⇧+�⌫✓
�◆↵ ��⇠⌃↵� ✓ ⌃ 1⌃ � �◆ ✓) ✓⇧◆�⇠ ⇧✓+✓⇧✓◆⌫✓ ✏⌃#⌃⇠�⇧  ⇥ 1�� 1�✏ ↵⇥◆✓ 1⌃ �  �✓
 1⇥�⌃◆ ✓⌥⇧� ⇥⇧!

⇥ ⇢✓✏  �✓ ⇤⇧⇥ ⇥ ⌅⇤✓✏ 1⌃ � � ◆�◆⇥�⇥✏⌫⌃⇠⇠� ⇥⇧ �✏ ⇧✓+✓⇧✓◆⌫✓! 3⇧⌃⇥⇧  ⇥  �✓ ↵✓⇠⌃�✓⇧⌅
⇥+  �⌃✏  �✓✏⌃✏ � ⇤⇧✓⇠⌃#⌃◆�⇧⌅  ✓✏ ⇥+ �◆ ⌃◆ ✓⇧⌫⇥◆◆✓⌫ ⌃⇥◆ ⇥+  �✓  1⇥�⌃◆ ✓⌥⇧� ⇥⇧
⇥✏⌫⌃⇠⇠� ⇥⇧ 1⌃ � � ✏⇤⌃◆� ⇥⇧&�✓ ◆�◆⇥�⇥✏⌫⌃⇠⇠� ⇥⇧ 1�✏ ⇤✓⇧+⇥⇧#✓↵ <✏✓✓ �⌃⌥! B!D=!
8⇥1✓�✓⇧�  �✓ ⇤✓⇧+⇥⇧#�◆⌫✓ ⇥+  �✓ ◆�◆⇥�⇥✏⌫⌃⇠⇠� ⇥⇧ ⌃✏ ✏ ⌃⇠⇠  ✓⌃◆⌥ ⌃#⇤⇧⇥�✓↵ �◆↵ � 
 �✓ #⇥#✓◆ ⌃ ✏ ◆⇥ � �⌃� ⇠✓ ⇥⇤ ⌃⇥◆!

�↵⌧"� 08$= �54 ⇥✏⌫⌃⇠⇠� ⇥⇧ ⌫⇥◆◆✓⌫ ✓↵  ⇥  �✓ ◆�◆⇥�⇥✏⌫⌃⇠⇠� ⇥⇧!

0 ⌃✏ ✓)⇤✓⌫ ✓↵  �� ⌃◆ � ◆✓�⇧ +� �⇧✓  �✓ +� ⇧⌃⌫� ⌃⇥◆ ⇤⇧⇥⌫✓✏✏ ⇥+  �✓ ◆�◆⇥�⇥✏⌫⌃⇠⇠� ⇥⇧
1⌃⇠⇠  ✓  �◆✓↵ �⇠⇠⇥1⌃◆⌥  ⇥ ��⇠⌃↵� ✓  �✓ ⌫⇥◆⌫✓⇤ ⇥+ �◆ �⌅ ⇧⌃↵ ⇥✏⌫⌃⇠⇠� ⇥⇧  ⌅ ⌃#�
⇤⇠�◆ ⌃◆⌥  �✓ ◆�◆⇥�⇥✏⌫⌃⇠⇠� ⇥⇧ ↵⌃⇧✓⌫ ⇠⌅ ⇥◆�⌫�⌃⇤!

⇥ 0#⇤⇠✓#✓◆ � ⇤⇧⇥⌥⇧�##� ⇠✓ ⌫�⇤�⌫⌃ ⇥⇧�⇧✓✏⌃✏ ⇥⇧ �⇧⇧�⌅  ⇥ ✓) ✓◆↵  �✓  �◆⌃◆⌥ ⇧�◆⌥✓
⇥+  �✓ ⌃#⇤⇧⇥�✓↵ ⌘� ⇥✏⌫⌃⇠⇠� ⇥⇧! 6✓✏⌃⌥◆ ⇥+ � ⌫⇥##⇥◆  ⌃�✏⌃◆⌥ ✏ ⇧�⌫ �⇧✓ +⇥⇧  ⇥ �
⇥✏⌫⌃⇠⇠� ⇥⇧✏  ⇥ ��⇠⌃↵� ✓ � ⇤⇧⇥ ⇥ ⌅⇤✓ ⇥+ � 1⌃↵✓  �◆⌃◆⌥ ⇧�◆⌥✓ 0�!

$&>



'↵�✓↵⇥⌧⌃⇠⇧!

RDS �! �⇧⇥⇠✏ �◆↵5! 4 ✓⌅�✓⇧ �⇤⌅⇧⌃ ⌥� ⌦↵⌦�� � �✏�⇣⌦�⌘⌦ ✓⌦��◆✏! U⇠�1✓⇧� DFFB <⌫⌃ ! ⇥◆
⇤⇤! C� DC� CF=!

RCS U! 0◆⌃✓1✏2⌃� �⌃� ⇤� ⇣⌫��� ⇠⇡ ⇢�⇡�⌦⌧�⇣�↵ ���↵�⇣���⇡✏�! "⇧ ✓⌫� 8⇥�✏✓� CAA>� ⌫�! @
<⌫⌃ ! ⇥◆ ⇤⇤! C� DA� D@� CF� DCE=!

RNS "! ��⇧⇠✏⇥◆� ⇤⇡��⌫✏�⇣���⇡✏ ⌃���⌦�� �✏ �✏� ⇡⌧⌫⇣��⇡✏ �⇡ ⌃�◆✏�↵� �✏⌧ !⇡��⌦ �✏ "↵⌦⇣#
� �⇣�↵ ⇤⇡��⌫✏�⇣���⇡✏! 5⌫9⇧�1�8⌃⇠⇠� DF>E <⌫⌃ ! ⇥◆ ⇤⇤! C� CA=!

R?S �! 7! ⇠⌃�✓⌃⇧�� �! ⌘! �✓⇧◆�◆↵✓✏� 0! 5! �⌃⇠�◆⇥�✏2⌅� �! �! :✓⇧�⇥✓�✓◆� �◆↵ 5! 5!
4⌃⇠��� �✏�↵���� �✏⌧ ✓⌦��◆✏ ⇡⇠ $⌫�⌧ ��⌫ ⌦ ⇧�⇣�↵↵��⇡ �! 4⇤⇧⌃◆⌥✓⇧� CAA> <⌫⌃ ! ⇥◆ ⇤⇤! C�
D@� CF� ND� NN� NE=!

R@S 7! ⌘�*��⌃� %& ⌅�⇣ ⇡⌦↵⌦⇣� ⇡✏�⇣�� ✏✓⇧! 3⇧✓◆ ⌃⌫✓ 8�⇠⇠ �⇥##�◆⌃⌫� ⌃⇥◆✏ ⌦◆⌥⌃◆✓✓⇧⌃◆⌥
�◆↵ ⌦#✓⇧⌥⌃◆⌥ ⇢✓⌫�◆⇥⇠⇥⌥⌃✓✏! 3⇧✓◆ ⌃⌫✓ 8�⇠⇠� CADC <⌫⌃ ! ⇥◆ ⇤⇤! C� ?� DD� DC� C?� CF�
??� DCE=!

RES ⇢! 8! �✓✓� �⇥⌦ ✓⌦��◆✏ ⇡⇠ ⇤⌅⇧⌃ %�⌧�⇡ & ⌦'⌫⌦✏⇣� �✏�⌦◆ ��⌦⌧ ⇤� ⇣⌫��� ()✏⌧ ⌦⌧���⇡✏*!
��# ⇧⌃↵⌥✓ ⌧◆⌃�✓⇧✏⌃ ⌅ 3⇧✓✏✏� CAA? <⌫⌃ ! ⇥◆ ⇤⇤! C� DA� CF=!

RBS ⌘! ��◆ ↵✓ 3⇠�✏✏⌫�✓� �! 8�⌃.✏⌃◆⌥� �◆↵/! 4�◆✏✓◆��✏�↵⇡◆ ⇤� ⇣⌫�� ✓⌦��◆✏ %& �✏�↵⇡◆#
�⇡#✓�◆���↵ ⇤⇡✏⌘⌦ �⌦ �+ ⌃⌦✏�⇡ �✏⌧ �⇣�⌫��⇡ �✏�⌦ ⇠�⇣⌦�+ �⇡,#!⇡��⌦ ⇧�⇣�↵↵��⇡ �- .���
�✏⌧ ⌃�✏�⇥⌦��/⌦ �! 4⇤⇧⌃◆⌥✓⇧ ⌧4� CADN <⌫⌃ ! ⇥◆ ⇤⇤! C� ?� ??� DCE=!

R>S 7! ⌘�*��⌃� J" ✏ �↵⌅ ⇥+ ⇤��✏✓ ◆⇥⌃✏✓ ⌃◆ �54 ⇥✏⌫⌃⇠⇠� ⇥⇧✏�K �""" 0⇡⌫ ✏�↵ ⇡⇠ ⌃⇡↵�⌧#
⌃���⌦ ⇤� ⇣⌫���� �⇥⇠! ND� ◆⇥! N� ⇤⇤! NNDQN?N� DFFE <⌫⌃ ! ⇥◆ ⇤⇤! C� ?� C?� C@� NN� @D� EF�
DAC� DCE=!

RFS 4! :✓⇧#�� 8! ⌘! ⌘� ✓⌥�� �◆↵ ⇢! 8! �✓✓� J" �◆⌃%✓↵ #⇥↵✓⇠ +⇥⇧ ⌃◆.✓⌫ ⌃⇥◆�⇠⇥⌫2✓↵
+⇧✓&�✓◆⌫⌅ ↵⌃�⌃↵✓⇧✏�K �""" 0⇡⌫ ✏�↵ ⇡⇠ ⌃⇡↵�⌧#⌃���⌦ ⇤� ⇣⌫���� �⇥⇠! N>� ◆⇥! E� ⇤⇤! DAD@Q
DACB� ��◆! CAAN <⌫⌃ ! ⇥◆ ⇤⇤! C� ?� ?@� ?B� @D� @C� >N� DCE=!

RDAS ⌘! "↵⇠✓⇧� J" ✏ �↵⌅ ⇥+ ⇠⇥⌫2⌃◆⌥ ⇤�✓◆⇥#✓◆� ⌃◆ ⇥✏⌫⌃⇠⇠� ⇥⇧✏�K. ⇡⇣⌦⌦⌧�✏◆� ⇡⇠ �⇥⌦ �"""�
�⇥⇠! ED� ◆⇥! DA� ⇤⇤! DN>AQDN>@� ⌫ ! DFBN <⌫⌃ ! ⇥◆ ⇤⇤! C� ?E� ?B� ?F� DCE=!

RDDS :! 7⇥  ⇥#� �✏� ⇡⌧⌫⇣��⇡✏ �⇡ $⌫� �/ ⇤ ����↵ 1✏�� ✓⌦��◆✏� ✏✓⇧! ⌦⇠✓⌫ ⇧⌃⌫�⇠��⇥#⇤� ✓⇧
4⌫⌃✓◆⌫✓ �◆↵ ⌦◆⌥⌃◆✓✓⇧⌃◆⌥ 4✓⇧⌃✓✏! :�◆ �⇥✏ ⇧�◆↵ ⌘✓⌃◆�⇥⇠↵� DF>C <⌫⌃ ! ⇥◆ ⇤⇤! N� EC�
DCE=!

RDCS 7! 3�⇧*✓◆ �◆↵ "! 7�⇠⇠� ⇥� ✓⌦��◆✏ ⇡⇠ ⇣ ����↵ �✏⌧ ⇡�⇥⌦ ⇥� �⇡✏�⇣ ⇡�⇣�↵↵��⇡ �� ✏✓⇧!
"/⌃⇠✓⌅�0◆ ✓⇧✏⌫⌃✓◆⌫✓ ⇤� ⇠⌃⌫� ⌃⇥◆! /⌃⇠✓⌅� DF>N <⌫⌃ ! ⇥◆ ⇤⇤! N� EC� DCE=!

RDNS J�⇧⌅✏ �⇠ ⇥✏⌫⌃⇠⇠� ⇥⇧✏�K ⌃◆ ⌥�↵⌦� "✏⇣�⇣↵⇡�⌦⌧�� ⇡⇠ "↵⌦⇣� �⇣�↵ �✏⌧ "↵⌦⇣� ⇡✏�⇣� "✏◆�✏⌦⌦ #
�✏◆! �⇥�◆ /⌃⇠✓⌅ V 4⇥◆✏� 0◆⌫!� CAAD <⌫⌃ ! ⇥◆ ⇤⇤! N� E?� DCE=!

$&(
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RD?S 3!:⌃⇠⇠�⇧↵�⌧! ⌦ ✓⇠✏�6!8⇥�✏✏�#✓↵↵⌃◆✓� �! U� ⌃◆✓�6!5��⇧⌃� 7!6✓⇠�✓ � 3! :⌃◆⌫✓◆ �
5! �! �⌅⇧⌃⇠⇠✓� 7! :⌃�⇠�� �! 3! 5⌃⌫�✓⇠� �! 3⇧⇥��✓✓� �◆↵ �! 7�↵✓ ✏� J" ⌥�* ✏⇤⌃◆ ⇧⇥◆⌃⌫�
 �✏✓↵ ⇧+ ⇥✏⌫⌃⇠⇠� ⇥⇧�K �""" 0⇡⌫ ✏�↵ ⇡⇠ ⌃⇡↵�⌧#⌃���⌦ ⇤� ⇣⌫���� �⇥⇠! ?@� ◆⇥! D� ⇤⇤! CD?Q
CCN� ��◆! CADA <⌫⌃ ! ⇥◆ ⇤⇤! N� E@� EB� DCE=!

RD@S U! 6! 4�  ⇠✓⇧� 2�✏⌧3⇡⇡4 ⇡⇠ !�✏⇡�⇥���⇣�! �⌘� 3⇧✓✏✏� CADA <⌫⌃ ! ⇥◆ ⇤⇤! N� EE� EB�
DCE=!

RDES ⌘! 7✓✏ � .⇥��⌦ �⇡⇣4⌦⌧ �⇡⇡�� 5�⌦ ✓⌦��◆✏- ⌃��⌫↵���⇡✏- �✏⌧ ���↵�⇣���⇡✏�! 5⌫9⇧�1�8⌃⇠⇠
⌦↵�⌫� ⌃⇥◆� CAAB <⌫⌃ ! ⇥◆ ⇤⇤! ?� ??� DCE=!

RDBS �! 3⇠✓✏✏�✏� "! ⇢✏⌃ ⇥�⇧�✏� �◆↵ 9! U�⇠⌃��✏� J3��✏✓ ◆⇥⌃✏✓ ⌫��⇧�⌫ ✓⇧⌃*� ⌃⇥◆ ⇥+ ✏� �
��⇧#⇥◆⌃⌫ ⌃◆.✓⌫ ⌃⇥◆ ⇠⇥⌫2✓↵ ⇥✏⌫⌃⇠⇠� ⇥⇧✏�K �✏�⌦ ✏���⇡✏�↵ 0⇡⌫ ✏�↵ ⇡⇠ ⇤� ⇣⌫�� �⇥⌦⇡ � �✏⌧
���↵�⇣���⇡✏�� �⇥⇠! NF� ◆⇥! B� ⇤⇤! BFDQ>AA� CADD <⌫⌃ ! ⇥◆ ⇤⇤! ?� @C=!

RD>S ⌘! ���⌃↵� ⇢! �✓✓� �◆↵ ⌘! 6�  ⇥◆� J5⌃◆⌃#�# �⌫�⌃✓�� ⇠✓ ⇤��✏✓ ◆⇥⌃✏✓ ⇥+ ⌘�
⇥✏⌫⌃⇠⇠� ⇥⇧✏�K �""" 0⇡⌫ ✏�↵ ⇡⇠ ⌃⇡↵�⌧#⌃���⌦ ⇤� ⇣⌫���� �⇥⇠! ?A� ◆⇥! N� ⇤⇤! ENAQENB� CAA@
<⌫⌃ ! ⇥◆ ⇤⇤! @� CF� NN� BC� DAC� DAB� DCB=!

RDFS 3! 9✓⇧�✓↵ ✏� ⌦! :�◆ ⇢�⌃.⇠� ⌦! U⇠�#⇤✓⇧⌃◆2� 9! /⌃✓◆2� �◆↵ 7! ��� �� J" FA �/
DC 58* ⌘✓⇠�)� ⌃⇥◆ ✏⌫⌃⇠⇠� ⇥⇧ 1⌃ � � �DEC ↵7 �⇥5�K ⌃◆ �✏�⌦ ✏���⇡✏�↵ ⌃⇡↵�⌧#⌃���⌦
⇤� ⇣⌫��� ⇤⇡✏⇠⌦ ⌦✏⇣⌦ (�⌃⌃⇤⇤*� CAA>� ⇤⇤! N?>QED> <⌫⌃ ! ⇥◆ ⇤⇤! @� NN� BC� DAC� DAB� DDF�
DCB=!

RCAS ⌦! ⇧ ⌃⌥�✓⌃⇧�� �! 7! ⇠⌃�✓⌃⇧�� �! ⌘! �✓⇧◆�◆↵✓✏� �◆↵ 5! 5! 4⌃⇠��� J⌦)⇤✓⇧⌃#✓◆ �⇠
✓��⇠�� ⌃⇥◆ ⇥+ 1⌃↵✓ ⇧�◆⌥✓ ⌃◆.✓⌫ ⌃⇥◆ ⇠⇥⌫2⌃◆⌥ ⌃◆ � �54 ⌘� ⇥✏⌫⌃⇠⇠� ⇥⇧�K ⌃◆ )678
�""" �✏�⌦ ✏���⇡✏�↵ ⌃���⇡��⌫� ⇡✏ ⇤� ⇣⌫��� �✏⌧ ⌃���⌦�� (�⌃⇤�⌃*� ��◆! CAD?� ⇤⇤! EF>Q
BAD <⌫⌃ ! ⇥◆ ⇤! E=!

RCDS ⌦! ⇧ ⌃⌥�✓⌃⇧�� ⇢! ⌘� �✏2✓� �! 7! ⇠⌃�✓⌃⇧�� �! �✓⇧◆�◆↵✓✏� �◆↵ 5! 4⌃⇠��� JO��↵⇧��
 �⇧✓ ⇧✓⇠�)� ⌃⇥◆ ⇥✏⌫⌃⇠⇠� ⇥⇧ 1⌃ � �⇥5 ⇥+ �DE@ ↵7⌫�8*�K ⌃◆ )678 �""" �✏�⌦ ✏���⇡✏�↵
⌃���⇡��⌫� ⇡✏ ⇤� ⇣⌫��� �✏⌧ ⌃���⌦�� (�⌃⇤�⌃*� ��◆! CAD?� ⇤⇤! DNBCQDNB@ <⌫⌃ ! ⇥◆
⇤! E=!

RCCS ⌦! ⇧ ⌃⌥�✓⌃⇧�� ⇢! ⌘� �✏2✓� �! 7! ⇠⌃�✓⌃⇧�� �! �✓⇧◆�◆↵✓✏� �◆↵ 5! 5! 4⌃⇠��� J" C!?
98* �⌃⌥��⇤✓⇧+⇥⇧#�◆⌫✓ �54 ↵⌃⇥✓⇧✓◆ ⌃�⇠ &��↵⇧� �⇧✓ ⇧✓⇠�)� ⌃⇥◆ ⇥✏⌫⌃⇠⇠� ⇥⇧�K
�✏�↵⇡◆ �✏�⌦◆ ��⌦⌧ ⇤� ⇣⌫��� �✏⌧ ⌃�◆✏�↵ . ⇡⇣⌦���✏◆� �⇥⇠! FA� ◆⇥! D� ⇤⇤! DADQDDD� CADB
<⌫⌃ ! ⇥◆ ⇤! E=!

RCNS � �✏�⇣⌦�⌘⌦ � ⇣⇥��⌦⇣�⌫ ⌦ ⌃⌦↵⌦⇣��⇡✏ > %⌦⌘�⌦,- ⌃���⌦#⇧⇠#�⇥⌦#� � ⌃⌫ ⌘⌦� �✏⌧ ⇤��⌦
⌃�⌫⌧�! 6⇥⇧↵⇧✓⌫� ; 4⇤⇧⌃◆⌥✓⇧ �✓ �✓⇧⇠�◆↵✏� CAAB� ⇤⇤! FQ?A <⌫⌃ ! ⇥◆ ⇤! D@=!

RC?S �! �✓⇧◆�◆↵✓✏� 5! U⇥�1✓◆�⇥�✓◆� �! ��◆ ↵✓◆ 7⇥✏� �! ⇠⌃�✓⌃⇧�� �◆↵ �! :✓⇧�⇥✓�✓◆�
J⇢�✓ ✓⇥✓⌫ ⇥+ #⌃✏#� ⌫�✓✏ �◆↵ ↵✓⇠�⌅ ⇥◆  �✓ &��↵⇧� �⇧✓ ✓⇧⇧⇥⇧ ⇥+ � ⌫⇧⇥✏✏�⌫⇥�⇤⇠✓↵
⇧✓⇠�)� ⌃⇥◆ ⇥✏⌫⌃⇠⇠� ⇥⇧�K ⇤� ⇣⌫��� �✏⌧ ⌃���⌦�� � %⌦◆⌫↵� .��⌦ �- �""" � �✏��⇣��⇡✏�
⇡✏� �⇥⇠! @?� ◆⇥! DC� ⇤⇤! C@FCQC@F>� 6✓⌫! CAAB <⌫⌃ ! ⇥◆ ⇤! D@=!

RC@S ⇢! 8! �✓✓ �◆↵ "! 8�.⌃#⌃⇧⌃� J✏⌫⌃⇠⇠� ⇥⇧ ⇤��✏✓ ◆⇥⌃✏✓; �  � ⇥⇧⌃�⇠�K �""" 0⇡⌫ ✏�↵ ⇡⇠
⌃⇡↵�⌧#⌃���⌦ ⇤� ⇣⌫���� �⇥⇠! N@� ◆⇥! N� ⇤⇤! NCEQNNE� 5�⇧! CAAA <⌫⌃ ! ⇥◆ ⇤! D@=!

RCES �! " ⇧�#✏⇥◆� J7�◆↵1⌃↵ � �◆↵ ✏⇤✓⌫ ⇧� ⇥+ ⇤��✏✓��◆↵�+⇧✓&�✓◆⌫⌅�#⇥↵�⇠� ✓↵
1��✓✏�K �""" � �✏��⇣��⇡✏� ⇡✏ ⇤⇡��⌫✏�⇣���⇡✏� ⌃���⌦��� �⇥⇠! DD� ◆⇥! ?� ⇤⇤! ?ABQ
?D?� 6✓⌫! DFEN <⌫⌃ ! ⇥◆ ⇤! DE=!

$)2
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RCBS U! "⇠◆�..�⇧ �◆↵ 0! U�⇠✓ � J3��✏✓ #⇥↵�⇠� ⌃⇥◆  ⌅ � ⌥��✏✏⌃�◆ ⇧�◆↵⇥# ⇤⇧⇥⌫✓✏✏� �✓
⇤⇥1✓⇧ ✏⇤✓⌫ ⇧�⇠ ↵✓◆✏⌃ ⌅�K �""" �✏�⌦ ✏���⇡✏�↵ ⇤⇡✏⇠⌦ ⌦✏⇣⌦ ⇡✏ ⌅�⇣ ⇡,�⌘⌦�- ⇤⇡��⌫✏�#
⇣���⇡✏�- �✏�⌦✏✏�� �✏⌧ "↵⌦⇣� ⇡✏�⇣� ⌃���⌦�� (⇤⇧⌅⇤�⌃*� ⇤⇤! DQ@� �⇥�! CADD <⌫⌃ ! ⇥◆
⇤! DE=!

RC>S 6! �✓✓✏⇥◆� J" ✏⌃#⇤⇠✓ #⇥↵✓⇠ ⇥+ +✓✓↵ �⌫2 ⇥✏⌫⌃⇠⇠� ⇥⇧ ◆⇥⌃✏✓ ✏⇤✓⌫ ⇧�#�K ⌃◆ . ⇡⇣⌦⌦⌧#
�✏◆� ⇡⇠ �⇥⌦ �"""� �⇥⇠! @?� �✓ ! DFEE� ⇤⇤! NCFQNNA <⌫⌃ ! ⇥◆ ⇤! DB=!

RCFS ⇢! U�⌃⇠� �� ⌃���↵�✏◆ ⌅⇡⌧⌦↵� ⇠⇡ ��✏⌦� ���⌦#⌘� ��✏� &�↵�⌦ �� ✏✓⇧! ⇢✓⌫�◆⌃⌫�⇠ ⇧✓⇤⇥⇧ ;
⌘✓✏✓�⇧⌫� �� ⇥⇧� ⇥⇧⌅ ⇥+ ⌦⇠✓⌫ ⇧⇥◆⌃⌫✏! 50⇢� DF@F <⌫⌃ ! ⇥◆ ⇤! D>=!

RNAS "!8�.⌃#⌃⇧⌃ �◆↵⇢! �✓✓� J"⌥✓◆✓⇧�⇠  �✓⇥⇧⌅⇥+ ⇤��✏✓◆⇥⌃✏✓ ⌃◆ ✓⇠✓⌫ ⇧⌃⌫�⇠ ⇥✏⌫⌃⇠⇠� ⇥⇧✏�K
�""" 0⇡⌫ ✏�↵ ⇡⇠ ⌃⇡↵�⌧#⌃���⌦ ⇤� ⇣⌫���� �⇥⇠! NN� ◆⇥! C� ⇤⇤! DBFQDF?� �✓ ! DFF> <⌫⌃ ! ⇥◆
⇤⇤! D>� DA@QDAB=!

RNDS :! 6✓ 4#✓↵ � 9! 9⌃✓⇠✓◆� �◆↵ /! 6✓��✓◆✓� �⌦��⌦ ��⌫ ⌦# �✏⌧ ⌃⌫��↵� ⇡↵��◆⌦#
�✏⌧⌦�⌦✏⌧⌦✏� ���⌦ %⌦⇠⌦ ⌦✏⇣⌦� ⇠⇡ ⌥� ⌦↵⌦�� ⌃⌦✏�⇡ !⌦�,⇡ 4�� ✏✓⇧! "◆�⇠⇥⌥ �⌃⇧⌫�⌃ ✏
�◆↵ 4⌃⌥◆�⇠ 3⇧⇥⌫✓✏✏⌃◆⌥! 4⇤⇧⌃◆⌥✓⇧ 0◆ ✓⇧◆� ⌃⇥◆�⇠ 3� ⇠⌃✏�⌃◆⌥� CAD? <⌫⌃ ! ⇥◆ ⇤⇤! CD�
CF=!

RNCS ⇢! �⌃⇧�� J/�� ⌃◆  �✓ /⇥⇧⇠↵ 0✏ OT RR6⌃✏ ⌃◆⌥�⌃✏�✓↵ 5⌃⌫⇧⇥1��✓ �✓⌫ �⇧✓�K �"""
⌅�⇣ ⇡,�⌘⌦ ⌅�◆�/�✏⌦� �⇥⇠! DB� ◆⇥! E� ⇤⇤! ?CQ?F� ��◆! CADE <⌫⌃ ! ⇥◆ ⇤! C?=!

RNNS �! ⌘�✓⇠ �◆↵ "! " ⌃↵⌃� J3�⌅✏⌃⌫�⇠ ⇤⇧⇥⌫✓✏✏✓✏ ⇥+ ⇤��✏✓ ◆⇥⌃✏✓ ⌃◆ ↵⌃⇥✓⇧✓◆ ⌃�⇠ ��
⇥✏⌫⌃⇠⇠� ⇥⇧✏�K ⌃◆ ⇤⌫��⇡� �✏�⌦◆ ��⌦⌧ ⇤� ⇣⌫��� ⇤⇡✏⇠⌦ ⌦✏⇣⌦- )666? ⇤�⇤⇤? . ⇡⇣⌦⌦⌧�✏◆� ⇡⇠
�⇥⌦ �""" )666� CAAA� ⇤⇤! @EFQ@BC <⌫⌃ ! ⇥◆ ⇤! C@=!

RN?S 7! ⌘�*��⌃� J⇢�✓ �⇧⇥✏✏��⇥�⇤⇠✓↵ 3�⌃⇧ � 3�⇧ 0 R" �⌃⇧⌫�⌃ +⇥⇧ "⇠⇠ 4✓�✏⇥◆✏S�K �"""
⌃⇡↵�⌧#⌃���⌦ ⇤� ⇣⌫��� ⌅�◆�/�✏⌦� �⇥⇠! E� ◆⇥! N� ⇤⇤! BQDA� 4�##✓⇧ CAD? <⌫⌃ ! ⇥◆ ⇤! CE=!

RN@S ZZ� J⇢�✓ �⇧⇥✏✏��⇥�⇤⇠✓↵ 3�⌃⇧ � 3�⇧ 00 R" �⌃⇧⌫�⌃ +⇥⇧ "⇠⇠ 4✓�✏⇥◆✏S�K �"""
⌃⇡↵�⌧#⌃���⌦ ⇤� ⇣⌫��� ⌅�◆�/�✏⌦� �⇥⇠! E� ◆⇥! ?� ⇤⇤! FQDC� ��⇠⇠ CAD? <⌫⌃ ! ⇥◆ ⇤! CE=!

RNES ZZ� J⇢�✓ �⇧⇥✏✏��⇥�⇤⇠✓↵ 3�⌃⇧ � 3�⇧ 000 R" �⌃⇧⌫�⌃ +⇥⇧ "⇠⇠ 4✓�✏⇥◆✏S�K �"""
⌃⇡↵�⌧#⌃���⌦ ⇤� ⇣⌫��� ⌅�◆�/�✏⌦� �⇥⇠! B� ◆⇥! D� ⇤⇤! DAQDN� 1⌃◆ ✓⇧ CAD@ <⌫⌃ ! ⇥◆ ⇤! CE=!

RNBS 5!5⇥⌥����✓#⌃ �◆↵"!"  �⇧�◆� J3✓⇧+⇥⇧#�◆⌫✓⌘✓�⌃✓1⇥+8⌃⌥��O��⇠⌃ ⌅���⌫ ⇥⇧�
�⇥1��⇥⌃✏✓� �◆↵ /⌃↵✓ �◆↵ ⌘�↵⌃⇥��⇧✓&�✓◆⌫⌅ ���:� +⇥⇧ /⌃⇧✓⇠✓✏✏ �⇥##�◆⌃�
⌫� ⌃⇥◆ R"⇤⇤⇠⌃⌫� ⌃⇥◆ �⇥ ✓✏S�K ⌅�⇣ ⇡,�⌘⌦ ⌅�◆�/�✏⌦- �"""� �⇥⇠! DC� ◆⇥! ?� ⇤⇤! DNAQ
D?E� ��◆! CADD <⌫⌃ ! ⇥◆ ⇤! C>=!

RN>S 8! U⌃#� /! U⌃#� 4! ⌘⌅�� 4! U�◆⌥� 7! 8! 3�⇧2� �◆↵ 7! U⌃#� J" �⇥1 3��✏✓ �⇥⌃✏✓
�� :� ⌃◆ E@ ◆# �54 3⇧⇥⌫✓✏✏ ⌧✏⌃◆⌥ ⌘✓⌫ �◆⌥�⇠�⇧ 41⌃ ⌫�⌃◆⌥ ⇢✓⌫�◆⌃&�✓�K
�""" ⌅�⇣ ⇡,�⌘⌦ �✏⌧ ⌥� ⌦↵⌦�� ⇤⇡��⇡✏⌦✏�� �⌦��⌦ �� �⇥⇠! DB� ◆⇥! >� ⇤⇤! EDAQEDC�
"�⌥! CAAB <⌫⌃ ! ⇥◆ ⇤! C>=!

RNFS "! 8�.⌃#⌃⇧⌃ �◆↵ ⇢! 8! �✓✓� J6✓✏⌃⌥◆ ⌃✏✏�✓✏ ⌃◆ �54 ↵⌃⇥✓⇧✓◆ ⌃�⇠ �� ⇥✏⌫⌃⇠⇠� ⇥⇧✏�K
�""" 0⇡⌫ ✏�↵ ⇡⇠ ⌃⇡↵�⌧#⌃���⌦ ⇤� ⇣⌫���� �⇥⇠! N?� ◆⇥! @� ⇤⇤! BDBQBC?� 5�⌅ DFFF <⌫⌃ ! ⇥◆
⇤! C>=!

R?AS "! 7⌃✏⇤⇥� �! O�✓◆↵✓⇧�� ⌘! 5�↵✓⌃⇧�� �! 3! ⇠⌃�✓⌃⇧�� �◆↵ �! 7! ⇠⌃�✓⌃⇧�� J" ⇠⇥1
⇤⇥1✓⇧ &��↵⇧� �⇧✓ ⌫⇠�✏✏ 6 �� ⇥✏⌫⌃⇠⇠� ⇥⇧ 1⌃ � A!?: ✏�⇤⇤⇠⌅�K ⌃◆ )678 . ⇡⇣⌦⌦⌧�✏◆�
⇡⇠ �⇥⌦ )7�� �✏�⌦ ✏���⇡✏�↵ ⇤⇡✏⇠⌦ ⌦✏⇣⌦ ⌅�9⌦⌧ ✓⌦��◆✏ ⇡⇠ �✏�⌦◆ ��⌦⌧ ⇤� ⇣⌫��� �✏⌧ ⌃���⌦��
(⌅�=✓"⌃*� ��◆! CAD?� ⇤⇤! DCDQDCE <⌫⌃ ! ⇥◆ ⇤! C>=!

$)$
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R?DS 4! �! �! 9⌃✓⇧2⌃◆2� 4! �✓��◆ ⌃◆⇥� ⌘! �! �⇧⌅✓� �! 4�#⇥⇧⌃� �◆↵ :! 7⇥⌫⌫�**⌃� J" ⇠⇥1�
⇤��✏✓�◆⇥⌃✏✓ @ 98* �54 &��↵⇧� �⇧✓ :� �✏⌃◆⌥ ✏�⇤✓⇧��⇧#⇥◆⌃⌫ ⌫⇥�⇤⇠⌃◆⌥�K
�""" 0⇡⌫ ✏�↵ ⇡⇠ ⌃⇡↵�⌧#⌃���⌦ ⇤� ⇣⌫���� �⇥⇠! N>� ◆⇥! B� ⇤⇤! DD?>QDD@?� ��⇠! CAAN <⌫⌃ ! ⇥◆
⇤! C>=!

R?CS 9! �⌃ �◆↵⌦!"+✏��⇧⌃� J"�⇥1�3��✏✓��⇥⌃✏✓5�⇠ ⌃�3��✏✓✏⌫⌃⇠⇠� ⇥⇧ 7�✏✓↵⇥◆�✓+ �
8�◆↵✓↵ ���⌘⌃◆⌥�K �""" 0⇡⌫ ✏�↵ ⇡⇠ ⌃⇡↵�⌧#⌃���⌦ ⇤� ⇣⌫���� �⇥⇠! ?@� ◆⇥! F� ⇤⇤! D>CCQ
D>NN� 4✓⇤! CADA <⌫⌃ ! ⇥◆ ⇤! C>=!

R?NS �!�/!X�⇥ �◆↵"!�!/⌃⇠✏⇥◆� J"⇤��✏✓�◆⇥⌃✏✓ ⇧✓↵�⌫ ⌃⇥◆  ✓⌫�◆⌃&�✓ +⇥⇧ &��↵⇧� �⇧✓
���:�1⌃ � ⇤��✏✓� ⇥��#⇤⇠⌃ �↵✓ ◆⇥⌃✏✓ ⌫⇥◆�✓⇧✏⌃⇥◆�K ⌃◆ )665 �""" �✏�⌦ ✏���⇡✏�↵
⌃⇡↵�⌧ ⌃���⌦ ⇤� ⇣⌫��� ⇤⇡✏⇠⌦ ⌦✏⇣⌦ # ✓�◆⌦�� ⇡⇠ �⌦⇣⇥✏�⇣�↵ .��⌦ �� �✓ ! CAAE� ⇤⇤! BADQBDA
<⌫⌃ ! ⇥◆ ⇤! C>=!

R??S �! :✓⇧�⇥✓�✓◆� "! ��◆ 4 ��✓⇧✓◆� �! /✓✏ ⇧�� �◆↵ "! ��◆ ⌘⇥✓⇧#�◆↵� �⇡,#!⇡��⌦
⇧�⇣�↵↵��⇡ �! 4⇤⇧⌃◆⌥✓⇧ ⌧4� DFFE <⌫⌃ ! ⇥◆ ⇤⇤! CF� NC=!

R?@S "! 8�.⌃#⌃⇧⌃� 4! �⌃#⇥ ⌅⇧�2⌃✏� �◆↵ ⇢! 8! �✓✓� J�⌃  ✓⇧ �◆↵ ⇤��✏✓ ◆⇥⌃✏✓ ⌃◆ ⇧⌃◆⌥
⇥✏⌫⌃⇠⇠� ⇥⇧✏�K �""" 0⇡⌫ ✏�↵ ⇡⇠ ⌃⇡↵�⌧#⌃���⌦ ⇤� ⇣⌫���� �⇥⇠! N?� ◆⇥! E� ⇤⇤! BFAQ>A?� ��◆!
DFFF <⌫⌃ ! ⇥◆ ⇤! CF=!

R?ES �! "! 5⌫�✓⌃⇠⇠� J�⌃  ✓⇧ ⌃◆ ⇧⌃◆⌥ ⇥✏⌫⌃⇠⇠� ⇥⇧✏�K �""" 0⇡⌫ ✏�↵ ⇡⇠ ⌃⇡↵�⌧#⌃���⌦ ⇤� ⇣⌫���� �⇥⇠!
NC� ◆⇥! E� ⇤⇤! >BAQ>BF� ��◆! DFFB <⌫⌃ ! ⇥◆ ⇤! CF=!

R?BS 3! �! 3✓⇧✓⌃⇧�� �! 7! ⇠⌃�✓⌃⇧�� �◆↵ �! �✓⇧◆�◆↵✓✏� J�⇥◆�⇠⌃◆✓�⇧ #⇥↵✓⇠ +⇥⇧ #�⇠ ⌃⇤⇠✓
⇤��✏✓ ⇧⌃◆⌥ ⇥✏⌫⌃⇠⇠� ⇥⇧✏�K ⌃◆ )675 7)�⇥ ⇤⇡✏⇠⌦ ⌦✏⇣⌦ ⇡✏ .⇥?✓? %⌦�⌦� ⇣⇥ �✏ ⌅�⇣ ⇡⌦↵⌦⇣#
� ⇡✏�⇣� �✏⌧ "↵⌦⇣� ⇡✏�⇣� (.%�⌅"*� ��◆! CADE� ⇤⇤! DQ? <⌫⌃ ! ⇥◆ ⇤! CF=!

R?>S 6! 7�↵⌃⇠⇠⇥ �◆↵ 4! U⌃�✓⌃� J" ⇠⇥1 ⇤��✏✓ ◆⇥⌃✏✓ C!A : FAA 58* �54 �⇥⇠ �⌥✓
⌫⇥◆ ⇧⇥⇠⇠✓↵ ⇧⌃◆⌥ ⇥✏⌫⌃⇠⇠� ⇥⇧�K ⌃◆ . ⇡⇣⌦⌦⌧�✏◆� ⇡⇠ �⇥⌦ �""" ⌃���⇡��⌫� ⇡✏ ⇤� ⇣⌫��� �✏⌧
⌃���⌦��� �⇥⇠! ?� CAA?� <⌫⌃ ! ⇥◆ ⇤⇤! ND� NN� DDF=!

R?FS �!�8! 3�⇧2 �◆↵ 7! U⌃#� J" ⇠⇥1�◆⇥⌃✏✓� FAA 58* :� ⌃◆ A!E �# �54�K �"""
0? ⌃⇡↵�⌧#⌃���⌦ ⇤� ⇣⌫���� �⇥⇠! N?� ◆⇥! @� ⇤⇤! @>EQ@FD� 5�⌅ DFFF <⌫⌃ ! ⇥◆ ⇤⇤! ND� NN=!

R@AS �! ��✏�⇠✓⌃⇧⇥� 8! �⇥⇤✓✏� �! ⇠⌃�✓⌃⇧�� �! �✓⇧◆�◆↵✓✏� �◆↵ 5! 4⌃⇠��� J" D #/ ⇠⇥1
⇤��✏✓�◆⇥⌃✏✓ ⇧✓⇠�)� ⌃⇥◆ ⇥✏⌫⌃⇠⇠� ⇥⇧�K ⌃◆ �""" �✏�⌦ ✏���⇡✏�↵ ⌃���⇡��⌫� ⇡✏ ⇤� ⇣⌫���
�✏⌧ ⌃���⌦�� (�⌃⇤�⌃*� CADD� ⇤⇤! DDNNQDDNE <⌫⌃ ! ⇥◆ ⇤⇤! NN� DAB� DAF� DDF=!

R@DS �!�5! U⌃#� 4! U⌃#� 0!�X! �✓✓� 4!�U! 8�◆� �◆↵ 4!�9! �✓✓� J" ⇠⇥1�◆⇥⌃✏✓ +⇥�⇧�✏ �⌥✓
�⇥⇠ �⌥✓�⌫⇥◆ ⇧⇥⇠⇠✓↵ ⇧⌃◆⌥ ⇥✏⌫⌃⇠⇠� ⇥⇧ ⌃◆ ↵✓✓⇤�✏� #⌃⌫⇧⇥#✓ ✓⇧ ⌫#⇥✏  ✓⌫�◆⇥⇠⇥⌥⌅�K
�""" � �✏�? ⇤� ⇣⌫��� �✏⌧ ⌃���? ��- "9�? ⇢ �⌦⇠�� �⇥⇠! EA� ◆⇥! C� ⇤⇤! BDQB@� �✓ ! CADN
<⌫⌃ ! ⇥◆ ⇤⇤! NN� DDF=!

R@CS W!�W! ��✓◆ �◆↵ ⇢!��! �✓✓� J⇢�✓ ↵✓✏⌃⌥◆ �◆↵ �◆�⇠⌅✏⌃✏ ⇥+ ↵��⇠�↵✓⇠�⌅�⇤� � ⇧⌃◆⌥
⇥✏⌫⌃⇠⇠� ⇥⇧✏�K �""" � �✏�? ⇤� ⇣⌫��� �✏⌧ ⌃���? � %⌦◆? .��⌦ �� �⇥⇠! @>� ◆⇥! N� ⇤⇤! ?BAQ
?B>� 5�⇧! CADD <⌫⌃ ! ⇥◆ ⇤! NN=!

R@NS �! ⇠⌃�✓⌃⇧�� �! �✓⇧◆�◆↵✓✏� 5! 4⌃⇠��� 0! �⌃⇠�◆⇥�✏2⌅� �◆↵ �! �! 5! :✓⇧�⇥✓�✓◆� "9#
�⌦ ��⌦✏��↵ "⌘�↵⌫���⇡✏ ⇡⇠ .⇥��⌦#!⇡��⌦ �✏⌧ $⌫�⌧ ��⌫ ⌦ "  ⇡ �✏ � ⇤⌅⇧⌃ )?8 :2/
%⌦↵�9���⇡✏ ⇧�⇣�↵↵��⇡ � CAAB <⌫⌃ ! ⇥◆ ⇤⇤! NN� DAB� DDF=!

$)&
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R@?S 4! /! 3�⇧2 �◆↵ ⌦! 4�◆⌫�✓*�4⌃◆✓◆⌫⌃⇥� J⌘� ✏⌫⌃⇠⇠� ⇥⇧ 7�✏✓↵ ⇥◆ � 3�✏✏⌃�✓ ⌘�
7�◆↵⇤�✏✏ �⌃⇠ ✓⇧�K �""" 0? ⌃⇡↵�⌧#⌃���⌦ ⇤� ⇣⌫���� �⇥⇠! ??� ◆⇥! DD� ⇤⇤! NAFCQNDAD� CAAF
<⌫⌃ ! ⇥◆ ⇤⇤! NN� DDF=!

R@@S 5! 9⇧⇥*⌃◆⌥� 7! 3�⌃⇠⇠⌃⇤� �◆↵5! 7✓⇧⇧⇥ �� J�54 ⇧⌃◆⌥ ⇥✏⌫⌃⇠⇠� ⇥⇧ 1⌃ � &��↵⇧� �⇧✓
⇥� ⇤� ✏ �◆↵ DAA 58*  ⇥ N!@ 98*  �◆⌃◆⌥ ⇧�◆⌥✓�K ⌃◆ . ⇡⇣? "⌫ ⇡�⌦�✏ ⌃⇡↵�⌧#⌃���⌦
⇤� ⇣⌫��� ⇤⇡✏⇠⌦ ⌦✏⇣⌦� CAAN� ⇤⇤! EBFQE>C <⌫⌃ ! ⇥◆ ⇤! NN=!

R@ES "! 7�⇥◆⇥#⇥ �◆↵ "! �⇥ 4⌫�⌃��⇥� J"◆�⇠⌅✏⌃✏ ⇥+ ✓#⌃  ✓⇧ <✏⇥�⇧⌫✓=�⌫⇥�⇤⇠✓↵ #�⇠ ⌃�
�⌃ ⇧� ⇥⇧✏�K �""" � �✏��⇣��⇡✏� ⇡✏ ⇤� ⇣⌫��� �✏⌧ ⌃���⌦�� � %⌦◆⌫↵� .��⌦ �� �⇥⇠! @N�
◆⇥! E� ⇤⇤! DDFNQDCAC� ��◆! CAAE <⌫⌃ ! ⇥◆ ⇤⇤! N@� NB� DAE� DCE=!

R@BS "! 3⌃2⇥�✏2⌅� 5! ⌘⇥✏✓◆ ⇠�#� �◆↵ �! U�⇧ �✏� ⌃�✏⇣⇥ ⇡✏�/���⇡✏ � 1✏�⌘⌦ ��↵ ⇤⇡✏#
⇣⌦�� �✏ !⇡✏↵�✏⌦� ⌃⇣�⌦✏⇣⌦�� ✏✓⇧! ��# ⇧⌃↵⌥✓ �⇥◆⇠⌃◆✓�⇧ 4⌫⌃✓◆⌫✓ 4✓⇧⌃✓✏! ��# ⇧⌃↵⌥✓
⌧◆⌃�✓⇧✏⌃ ⌅ 3⇧✓✏✏� CAAN <⌫⌃ ! ⇥◆ ⇤⇤! ?@� ?E� @C� @?=!

R@>S :! 5�◆�✏✏✓1⌃ ✏⌫�� & ⌦'⌫⌦✏⇣� ⌃�✏�⇥⌦��/⌦ � �⇥⌦⇡ � �✏⌧ ✓⌦��◆✏- @ ⌧ "⌧? �✓1 X⇥⇧2�
�X� ⌧4"; �⇥�◆ /⌃⇠✓⌅ V 4⇥◆✏� 0◆⌫!� DF>B <⌫⌃ ! ⇥◆ ⇤⇤! ?@� @D=!

R@FS 5! 8⇥✏✏�⌃◆ �◆↵ "! �! ��⇧�✏⇥◆✓� J�54✏⌫⌃⇠⇠� ⇥⇧✏ +⇥⇧ �⇠⇥⌫2 6⌃✏ ⇧⌃ � ⌃⇥◆ �◆↵
0◆.✓⌫ ⌃⇥◆��⇥⌫2✓↵ 6✓✏2✓1�K �""" 0⇡⌫ ✏�↵ ⇡⇠ ⌃⇡↵�⌧#⌃���⌦ ⇤� ⇣⌫���� �⇥⇠! ??� ◆⇥! >�
⇤⇤! CDN>QCD@N� "�⌥! CAAF <⌫⌃ ! ⇥◆ ⇤⇤! ?E� BE=!

REAS U! U�⇧⇥2�1�� J0◆.✓⌫ ⌃⇥◆ ⇠⇥⌫2⌃◆⌥ ⇥+ #⌃⌫⇧⇥1��✓ ✏⇥⇠⌃↵�✏ � ✓ ⇥✏⌫⌃⇠⇠� ⇥⇧✏�K . ⇡⇣⌦⌦⌧#
�✏◆� ⇡⇠ �⇥⌦ �"""� �⇥⇠! ED� ◆⇥! DA� ⇤⇤! DN>EQD?DA� ⌫ ! DFBN <⌫⌃ ! ⇥◆ ⇤! ?E=!
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