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:	��*;~!#%'	��*+#AB"�%'N$	7!�&," �>ehk1��A >)# e�$ l >ZO �*� Q ��	7%'%'	��:4;5=<(>@?BA CEDZ�*	�+�!����_+�	�NQ�
;*&,N$���*+�&(" �*+S"�A/3*/�	��*;_��	��'����6(��N$���`!F> ?BA C &,+���	�6,6(��;M	V!#%'	��*+#AB"�%'N �4"F���_��&(���`!H	7!-�4"7G
"�%';*&I�*	7!#�LeHGJILKFlX/����*&I�'�_AY"�%H!����)9:0�%'9b" +��1"�Ax�4"3;*&,���L��	��M
b�R!#%���	7!#��;�	�+H	���&,�F!#������% >
cd�f	U9*%�"���%���+'+�& ± �M!#%'	��*+�N$&I+�+�&(" �
+'�'����NQ��/s!����M;*���4".;���%L&,�*&,!�&,	�6,6(�~+#��!�+C!����_%'���4" �3G
+#!#%'0:�4!�&(" � ± ���4!#"�%NM4 !#"mD���%�">	��*;�0�9\;*	7!#��+M&(!�+��4" NQ9�" �����`!�+�	����4"�%X;*&,���<!#"v!����
�4"3;���;mNQ��+�+�	7��� > � AB!#��%Q%����4��& ± &,���n!��*� ± 	�6,0��8eh	79*9*%'"�q�&,N$	7!#�M"�%Q�4q3	��4!XlV"�AR+#" NQ�
�4".���Z��&(���F!�+�/*!����5;*���4".;���%a��	��T"�
*!�	�&,�n	L%����4" �*+#!#%'0:�4!#��;n&,N$	7��� M3O5�7QPSRre M4Vl�T

cd�T	�����NV
���;*;���;��H	 ± ��6(��!R+��'����N$��AY"�%�9*%�"���%���+�+'& ± ��!#%'	��*+'N$&,+�+�&," �=eB� > � > /bk1��Ah+ >
#v��|%$ 	��*; #v�6��$ lX/H	~!#%����T+#!#%'0:�4!�0�%���/^��	�6I6(��;m	8+#9:	7!�&,	�6�"�%'&(���F!�	7!�&(" �m!#%����oepi �)O lV&,�
k1��A >�#v��Q%$ /*�:	7!�0�%'	�6,6(�M;���w:����+H!��*�5+#9:	7!�&,	�6�%'��6,	7!�&(" �*+��:&(9_" �n!������*&(��%X	7%'�'�*&I��	�6�9F�.%'	[G
N$&,; > zW&(� 0*%�� =?>@= &,6,6,0:+#!#%'	7!#��+���"r� 	��ni �)O &,+H;���w:����;�&,��	L9.�.%'	�N$&,;��4" �*+#!#%X0*�4!#��;
��&(!���%'����0�%'+�& ± �)AB" 0�%#GJ+�0*
*
:	��*;�+#9:6I&(!#!�&,��� > �s	��X�n��"3;��)"�AK!��*��!#%������4"�%�%���+�9b" �:;*+H!#"
	�9�&�q.��6p/`	��*;Z&,!�+s;*&(%'���4!s;���+��4���*;:	��`!�+)eB"7{�+�9*%'&,���Fl@�4"�%�%���+#9�" �*;Q!#"V!�����9�&�q.��6I+@"�A\!����
+�	�NQ�_+#9:	7!�&,	�6@"�%X&(���`!�	7!�&," �o&,�=!����_���4q.!5w:����%56(� ± ��6s"�A^!��*�$9F�.%'	�N$&I; >ZO %'	��*+#AB"�%'N
�4".���Z��&(���F!�+V" ± ��%$	��mi �)O �4"�%'%���+#9�" �*;
!#"=	U9:	7%�!�&,��0*6I	7%56("3��	�6^+#9�	7!�&,	�6s%'��� &(" �o"�A
!����1"�%X&(� &,�*	�63&,N$	7����/.	��*;Q!��.0*+�/F��	��'�Mi �)O &,+@	�+�+�".��&,	7!#��;Z��&(!��Q" �*�1+#9:	7!�&,	�6�%'��� &(" �\/
	�+�&I6,6,0*+#!#%X	7!#��;M&I��zP&,� >U=?>@=?>

O �*�f��NV
���;*;���; �4"3;*&,�*�u&,+~;*&,+#!�&I�*�4!�& ± �oAB%�" N �4" � ± ���F!�&(" �*	�6Q�4"3;*&,�*�u&,� !����
+#���*+��o!��*	7!=	��`�ti �)O &,+n�4"3;���; 
:&(!dGp9:6,	��*�
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RATIONALITY IN PROGRESSIVE TRANSMISSION 3

	79*9*%'"�q�&,N$	7!�&(" �uEF0*	��F!�&(D�	7!�&(" � e � 9:9b���:;*&�q � l >�� & ± ���u	�� &,�*&(!�&I	�6H!���%���+���" 6I;�� ?
��&(!�� G*5 � /W!����M+�0*���4��+�+'& ± �_	79*9:%�"�q�&,N$	7!�&(" �f�4" �*+�&,+�!�+�"�A1	��o&,!#��%'	7!�&(" �f" ± ��%L!J��"
+���	��*+�/���	�6,6(��; !��*�o+#"�%�!�&,�*�>9:	�+�+U	��*; !����f%���w:����NQ���F!T9:	�+'+ > O ���8
:&(!n+�!#%���	�N
"�AH!����_+�"�%�!�&,����9:	�+'+�/����	�}? /P&I+���������%'	7!#��;m0*+�&I����!����_+#��!dGp9�	7%�!�&(!�&(" �*&I���T	79*9*%�" 	��X�
ehk1��A > #v��Q%$ lX/?!#"�6("3��	7!#�Q!����Q+�&(� �*&,w:��	��`!a��	 ± ��6(��!5�4".���Z��&(���F!�+)��&(!��~%���+#9����4!R!#"�!����
!���%���+'��" 6,; > O ���n
:&,!Z+#!#%���	�N "�A�!����~%���w:�*��NQ���`!_9:	�+�+�/a��	�6,6(��;
��� �}?�� R /1%���+'0*6(!�+AB%�" N !�����%���w:����NQ���F!C"�Aa	�6,6^!������4"F���_��&(���`!�+L"�A�!����ni �)O !��*	7!Q�*	 ± �T��"�!L
������
E.0*	��`!�&,D���;=!#"�D���%�"T+#"�Ah	7% > � AY!#��%V	_%'��w:����NQ���F!)9:	�+�+�/x	������ !��*%���+���" 6,;=N$	r�U
��
�4" NQ9:0*!#��;M	�+
�n?c5�� ? PSR�� Q eB��&(!�� G�� = lX/��a����%��QGW&I+^!��*�R&(!#��%X	7!�&(" ���F0*NV
���% >WO ���
	�6(��"�%'&,!��*N N$	r�$
��a&(!#��%X	7!#��;Z
.�Z	79*9:6,�.&,�*��+�0*���4��+�+�& ± �a+#"�%�!�&I���V	��*;_%���w:�*��NQ���`!^
:&(!
+#!#%���	�NZ+�/���� �}? 	��*;���� �}?�� R >)O ���C%���+�0*6(!�"�AS!����L�4".;*&I���Z"�AS!��*�V9:	7%'!�&,��0*6,	7%�i �)O
&,+�	n�4" NQ9:6(��!#��6(�=��NV
���;*;���;=
:&(!�+�!#%���	�N 	�+5� & ± ���

.�8	T�F0:N5
���%�"�A-+#"�%�!�&,�*�n	��*;
%���w:�*��NQ���`!-
�&(!1+#!#%���	�N$+���� R ��� ������� ����� >O �:&,+sw:%'+#!H�'�*	79*!#��%1	�;:;�%���+�+#��+�!����)9*%'"�
:6(��N]"�AWi �)O +#��6(���4!�&," ��&,�Z!��*�)�4" �F!#�4q3!
"�A���N5
���;*;���;=&,NZ	7���$�4".;*&I���_AB"�%�9*%�"���%'��+�+�& ± �L!#%'	��*+'N$&,+�+�&," � > c !R�4q3!#���*;*+�!����Q+#��!
9:	7%�!�&,!�&(" �*&,���=&,�v�*&,��%'	7%'�'�:&,��	�6�!#%�����+Uepi3gsc �RO lV&,�vk���A > #v��Q�$ !#"
�4" �*+�&,;���%Q!��*�T"�%#G
;���%'&I���Z"�A^!����Q!#%�����+�/?+�0:�'�=!��*	7!�	7!�� ± ��%��U!�&,NQ�Q&,�*+#!�	��:�4��/�&,!)	�6,��	r�.+��X��"F" +���+�!����
!#%�����!��*	7!�9*%�" ± &,;���+�!�����NZ	[q3&,NC0*N �4q39����4!#��;T&,�*�4%���	�+���&,��0�!�&,6,&(! �$9���%1�4".;:&,���L
:&(! >
O ���R	79*9*%�" 	��X��&,+s��6(" +���6(�Q%���6,	7!#��;M!#"C%'	7!#�4GJ�4" �*+#!#%'	�&I����;M��	 ± ��6(��!dGp
:	�+#��;���NV
���;*;���;
&,N$	7���Q�4"3;*&,����/?+'&,�*�4�Q&(!)&,+�&,�F!#���*;���;~!#"T+���"|� !��*	7!�	��=��N5
���;*;*��;~�4"3;���%���	��8
��
"�9*!�&,NZ&(D���;M
F�MNQ��	��*+�"�AK	L%'	7!�&," �*	�6�+#!#%'	7!#�����MAY"�%-%'	7!#���4" �F!#%�" 6\
.�Z"�%�� 	��:&(D�&,���C!����
9*%�"���%'��+�+�& ± �~!#%'	��*+�NZ&,+�+�&(" �>��&(!��u�4q.9����4!#��;�&,�*�4%���	�+��U&,� 0�!�&,6,&,!J�m9���%M�4"3;*&,���f
:&(! >
�8��;�����"�!#��+�0*�X���4".;*&I���V+#!#%X	7!#�����M	�+�%'	7!�&(" �:	�6:��NV
���;*;���;_��	 ± ��6(��!1&,N$	7�����4"3;*&,���
ehk �s�uc ) l >

�
	 ± ��6(��!V!#%X	��*+#AB"�%'N ��	79*!�0�%'��+56("3��	�6S�'�:	7%'	��4!#��%'&,+#!�&I��+5&,�=
�"�!��
+#9�	��4�Z	��*;8AB%��4G
E.0����*�4�T;�" N$	�&I�*+ > �a��9����*;:&,���$" �n!����V&,NZ	7���C�4" �F!#���`!)	��*;U!����59�	7%�!�&,��0*6,	7%�!#%'0*�3G
��	7!�&(" �~!�&,NQ��/�+#" NQ�V!#%�����+)�*	 ± �Q�*&,� ����%a�4"3;*&,���Z9*%'&("�%'&,!J��!��*	��U"�!�����%'+R&,�n!#��%XN$+�"�A
�4q39b���4!#��;n&,�*�4%���	�+#��&,��0�!�&I6,&(!J�Q9���%-�4"3;*&,���C
:&(! >SO �*��%���AY"�%'��/3&,!HNZ	��M
b�R��"�%�!��`�a�*&,6(�
!#"Q�4q39:6("�%��R!�����"�%';���%X&,���C"�Ax!����)!#%�����+ >^O ���)%���+�0*6,!�	��`!H�4".;:&,���L
:&(!H+#!#%���	�N���	���
��
!#%'0*�:��	7!#��;8	7!5	��`�~9�" &,�F!R	��*;8+�!�&,6,6PN$	�&,�F!�	�&,�8	��="�9*!�&,N$	�6W0�!�&I6,&(!J�FGp9���%#GJ�4"3;*&,���7Gp
:&,!
9���%�AB"�%'N$	��*�4�5	7!a� ± ��%���!#%'0*�:��	7!�&(" �T9�" &,�F! > � A@�4" 0�%X+#��/:!����V�����T&,+�+�0*��!������n&,+�!����
�4" NQ9:	7%X&,+#" �T"�As!#%�����+)&,�T!#��%'NZ+�"�AS&,NZ	7���CE.0*	�6,&(! ��&,NQ9*%�" ± ��NQ���F!a9���%�
�&(! >�� !�&,6,&(! �
Ah0*�*�4!�&(" �*+-	7%'�5	�;*;�%���+'+#��;�&,�ni.��� > =?>ve�>

O �*�@" ± ��%'	�6,6 "�
32d���4!�& ± �s"�A3;�� ± ��6("�9:&,�*�1	H%'	7!�&(" �*	�6 	79:9*%�" 	��'��!#"��'��"." +�&,�*�1	�NQ" ���
i �)O + �u9*%���+����`!#��;_&,�$!����RAB"�%'N "�A?	C+#��%'&,��+s"�A?	[q�&(" N$+H	�+^AY" 6,6,"r��+ ��;�"F��+^��"�!�9:0�%#G
9�"�%�!S!#"L;���+��4%'&,
b��!������H	��3+H&,�$���:&,�'�$&I�*;*& ± &,;*0*	�6I+P	��4!�0:	�6,6(�Q;�"5
����*	 ± �R&I�ZN$	7�3&,���
�'�*" &,�4��+�	�NQ" ���Ui �)O +RAY"�%5!�����&(%)9*%�"���%���+'+�& ± �Q!#%'	��*+'N$&,+�+�&," � > � !5	��F�U!#%'0:�*��	7!�&(" �
!�&,NQ��/\	M9*%'&,"�%'&(!�&(D�	7!�&(" �~+#�3+#!#��N +���" 0*6I;U�X��"F" +��Q��&(!���" 0�!R	��`�U" 0�!�+�&,;*�V�3��"r�a6(��;����
	�NQ" ���R	�6(!#��%'�*	7!�& ± �Hi �)O +��:M�� L! #"%$'&�$)(*$+�
,.-/$+0+-+�21/ N�3�,.$+��M54�-+3�67�5-8459 N#":$+0;�2-+3<$+=
��M> ?-9M!�@�A��, NTMB �(DC O ���-	[q3&(" NZ+S	7%��-9*%�"�9�" +#��;Q+'&,NQ9:6(�5!#"�9*%���+��4%'&,
b�H�4" �*+#!#%X	�&,�`!�+S!��*	7!
+#����N !#"Z0*+1&,N$9b��%X	7!�& ± �)!#"Z	����3��"r�a6(��;����V&I��!�����&,N$	7����!#%X	��*+�N$&,+'+�&(" �M9*%�"�
:6,��N >

O �:&,+V�X�*	79*!#��%$;���N$" �*+#!#%'	7!#��+L!��*	7!Q�a&(!��f+�� ± ��%'	�6H9:6,	�0*+'&(
:6(�Z	�+'+�0*NQ9*!�&," �*+����
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N$	r�_%���+�!#%'&,�4!-!�����AB"�%'N�"�AP!�����0�!�&,6I&(!J�$Ah0*�*�4!�&," ��AY"�%-"�%';*��%'&,���L9*%���AB��%����*�4��+�&,�M9*%�"7G
��%���+�+'& ± �U!#%X	��*+�N$&,+'+�&(" � > �8�8�4" �*��6I0*;��n!��:	7! ��-+6 N�3<$), � -�M>$+=*, 38$�M �@6��A�?�@�2-9M��@( � �, N#6%�/6�$+( , "�NTM N � " �.9#� ,
$)09N#3@�@�2-9M ,.- 3�� ��� ��&(!���%���+�9b���4!-!#" � � 	�N5
�6(��+��Q" �=i �)O G
;���9����*;����F!-EF0:	�6,&(!J�M"�AP���*�4".;:&,����/�& " � = N�-D, "�N#3@��4�$+0 -+3%,.$�� ��M�� � L  �" 3��A���;� >

���
	 �
����01-����������F!$#���'�� #������������ -c#�01'2! �.%('"!#�����
�8�^;*��+��4%'&(
��S	��F�)+'&(!�0*	7!�&(" ��&I�����*&,�X���'�*" &,�4��+K	7%'�S!#"�
��sN$	�;*��/[	7!K!#%'0*�*��	7!�&(" ��!�&,NQ�
$ /3	�N$" ���Q	 ± 	�&,6,	7
:6(��i �)O +sAB"�%H!�����&(%H!#%'	��*+�NZ&,+�+�&(" �Z
F�_+�0*���4��+�+�& ± �4GJ	79*9*%�"rq3&,NZ	7!�&(" �
E.0*	��`!�&,D�	7!�&(" �
&,�~!#��%'N$+�"�A�	�;�����&I+�&(" �~9*%�"�
:6,��N ����" +#�Q+#!#%'0:�4!�0�%��Q&,+�;���!#��%'NZ&,����;

.�_!���%'����
:	�+�&,�)��6,��NQ���`!�+ �

=?> � +���!
<&%Q?hIWG�' 3�DV"�AS	 ± 	�&,6,	7
�6(�Ci �)O +�/:" ���V"�A@���*&,�X�T&,+�!#"_
��5+#��6,���4!#��;nAB"�%
!#%X	��*+�N$&,+'+�&(" �R"�A�	-�F0*NV
���%\"�A3
:&(!\+#!#%���	�N$+��-e(%Q?hI $ l 5 ����C ����C@� R ����� ����C���)	7!�!#%'0*�*��	7!�&(" �T!�&,NQ� $ �

Q�> z*"�%V��	��X�mi ��O % ? /K	n+#��! <�*"+ A ? �-,.'0/�DM;���+��4%'&(
�&,���M!����$��%'	r�`GJ6(� ± ��6^"3����0�%#G%'���*�4��+H&,�Z!��*�)+�9:	7!�&,	�6�%���� &(" �_!��*	7!-&,+s%'���4" �*+#!#%'0*�4!#��;�0:+�&,����!��*�R
�&(!^+#!#%'��	�N$+
�1e(%j?}I $ lM��	��*;*&,;:	7!#��+�!#">
��8!#%'	��*+�NZ&(!#!#��; 	7!T!�&,NQ� $ /�&,� 	�;*;*&,!�&(" � !#">
:&(!
+�!#%���	�N$+a!#%'	��*+�N$&,!#!#��;\/*
���AY"�%'��!�����!�&,N$� $ /�AY"�%.%Q? ��������%��1*2+ A ? ;�����"�!#��+a!����
0:�*�4��%�!�	�&,�v� ± ���F!M9:&�q3��643 �a&(!��*&,�v	f+#9:	7!�&,	�6-%'��� &(" � 	�+�+�".��&,	7!#��;u��&(!��5%j? /
!�	7�3&,���Z��%'	��FGJ6(� ± ��6 ± 	�6,0��6, �

f�> ) "�%�%���+#9�" �*;*&I���5!#"$��	��X�n+#��!,<�*"+ A ? �-,7'
/�D /*	Q+���!1"�AP�4" �:+#��EF0*���*�4��+2<(>8+ A ? �-,9'
/�D�!��*	7!S&,�:;*0*�4��+W!����-!#%'	��:+�N$&,+�+'&(" �C"�A�	��.0*NV
���%@"�A�
:&,!S+#!#%���	�N$+ �1e(%j?hI $ l 5
����C ����C@� R ����� ����C���)QAY"�%�!�����9:	7%�!�&I��0*6,	7%ai �)O %Q? >

O �*��&,;���	$&,+-	�+�AY" 6I6("r��+ > i30�9*9�" +#�)���5�'�*"F" +#�Qi �)O %Q?WAY"�%�!#%'	��*+�N$&I+�+�&(" ��"�A@	
�.0*N5
���%)"�A^&,!�+)
:&(!�+#!#%���	�N$+*��� C ��� C@� R ����� ��� C���) /?	7!�!#%'0*�*��	7!�&," �=!�&,NQ� $ �x!������
" ���8+#��! <�*"+ A ? �-,:';/�D8".����0*%'+�	��*;�6(��	�;*+�!#"m!����8�4"�%�%���+#9�" �*;:&,���f�4" �:+#��EF0*���*�4�
+#��!
<(><+ A ? �-,�'=/�D >HO �F0*+�/*!����V�X��" &,�4�V"�AW	>%Q?@!��*	7!a&,+1%���EF0:&(%���;T	7!R	��`��!#%'0:�*��	7!�&(" �
!�&,NQ� $ 9:%�".;:0*�4��+K	��L" 0*!��4" NQ�5eB!����-�4"�%�%���+#9�" �*;:&,���a+���!P"�A���%'	��FGJ6(� ± ��6�"3����0�%�%'���*�4��+Xl!��*	7!H&,+S
�����" �*;Z" 0�%H�4" �`!#%�" 6�	��*;_&,�*;*0:�4��+s	�9�	7%�!�&,��0*6,	7%�+#��!s"�A?�4" �:+#��EF0*���*�4��+�eh& > � > /
9���%'�4��& ± ��; ± &,+�0*	�6�w:;*��6,&(!J�f"�Aa;����4"3;���;v" 0*!��4" NQ�|l >>O �������F!�&(%���!#%'	��*+'N$&,+�+�&," �f"�A
	�6,6�
:&,!�9�6,	�����+-AB"�%1��	��'�=i �)O &,� ± " 6 ± ��+a+#��EF0*���`!�&,	�6\�4" �:+�&,;���%'	7!�&," �*+�/�
:0�!H!��*&I+-N$	��
��+�+#���F!�&,	�6,6,�Z%���;*0:�4��!#"Z%���9���	7!#��;T	��*	�6,�.+#��+1
:	�+#��;�" ��!��*�5	7
�" ± �V+�!#%'0*�4!�0�%�� >

c !-&,+-��6(��	7%-!��*	7!H!#"$�'�*"F" +#��	L9�	7%�!�&,��0*6,	7%1i �)O %Q?K&I+H!#"C"�9:!-AY"�%-!�����0*�:�4��%�!�	�&,�
+��4���*	7%X&("�6,	7
���6,6(��;)
.�)!����S9:	�&,%x+#��! <Fe?*"+ A ? I"><+ A ? l �-,7'@/�D > � 
 ± &(" 0*+'6(��/r!����s9b��%X�4��9*!�&(" �"�AS!����Q+#!�	7!#�L"�As0:�*�4��%�!�	�&,�F!J�U%���+�0*6(!�&I���$AB%�" N !����C�X��" &,�4�L"�As	��F�n9:	7%'!�&,��0*6,	7%�i �)O
AB"�%KAh0�%�!�����%K!#%'	��*+�NZ&,+�+�&(" �5&,+ ± ��%'��NV0*�X�L;���9����*;����F!?" �C!����^&,�*AY"�%'NZ	7!�&(" �5��0�%'%����`!�6,�
!#%'	��*+'N$&(!#!#��; > z*0�%�!�����%Q&,�*AY"�%'NZ	7!�&(" �

���&,���n!#%'	��*+�N$&,!#!#��;f�a&,6,6S�X�*	�������!����M��%'	��FG
6(� ± ��63"3����0�%�%����:�4��+W!��*	7!W%���+�0*6(!PAB%�" Nt+#��6(���4!�&,���)!#%'	��:+�N$&,+�+'&(" �A%Q? >PO �F0*+�/�!����-	7
b" ± �%���9*%'��+#���`!�	7!�&," �~��	79:!�0�%���+R!����V+�!#%'0*�4!�0�%��C"�As	M;�����&,+�&," �T9*%�"�
�6(��N 	�+R9���%'�4��& ± ��;~	7!
	Q9:	7%'!�&,��0*6,	7%H!#%'0*�:��	7!�&(" ��!�&,NQ� >
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cd�
	�;*;*&,!�&(" �~!#"T%���9*%���+����`!�&,�*��!����$+#!#%'0*�4!�0*%��Q"�A^!��*�Z+#��6(���4!�&(" �
"�A�	��fi �)O 	7!
!#%'0*�:��	7!�&(" �~!�&,NQ� $ 	�+�	�;�����&,+�&," �n9*%'"�
:6(��N 0*+�&,���_!����L!���%����L��6(��NQ���F!�+�;*&,+'��0*+�+#��;
	7
�" ± ��/b�^�VNV0*+�!�	�6,+#"$%'��9*%���+#���F!1!����C&,;���	L"�A@9*%���AB��%����*�4�V	�+�	79*9:6I&(��;�!#"Z!����V�4" NLG
9:	7%'&I+#" �v"�A�	�6,6H"�A�!����T9�	�&(%'+L"�A�	 ± 	�&,6,	7
:6,�~i �)O + > �8�U+��:	�6,6H!�����%���AB"�%��n������; !#"
�4" �*+�&I;���%�	_AB" 0�%�!��=
�	�+�&,�V��6(��NQ���F!�&,�n!��*�_i �)O +#��6(���4!�&(" �=9*%'"�
:6(��N�/����*&I�'�=&,+R%��4G
AB"�%'NV0:6,	7!#��;T&,��!#��%'NZ+-"�AP	Z;�����&,+�&(" ��9:%�"�
:6(��N � O �*��%���6,	7!�&(" ����/��a�*&,�'���4q39*%���+'+#��+
!����$9:%���AY��%'���*�4��+�
���!J�������
9:	�&,%'+)"�A�	 ± 	�&I6,	7
:6(�_i ��O +�	7!5	�9:	7%'!�&,��0*6,	7%�!#%'0:�*��	7!�&(" �
!�&,NQ��/W+#"T!��:	7!A%Q?�� %FC_+�&(� �:&(w*��+)!��*	7!1%j?1&I+���"�!�9*%'��AY��%�%'��;\/K	7!V!����Z!#%'0:�*��	7!�&(" �
!�&,NQ��/�!#">%FC�AY"�%�AB0�%'!�����%-!#%'	��*+�NZ&,+�+�&(" ��"�AW	$�.0*NV
b��%-"�AP
:&(!1+�!#%���	�N$+ >

�8����"|��� & ± ��	VAB"�%'N$	�6�;���w��*&(!�&(" �Z"�Ax!����)+#��6(���4!�&(" ��"�AK	��ni �)O AY"�%H!#%'	��*+'N$&,+dG
+�&(" ��	7!a	Q!#%'0*�*��	7!�&," ��!�&,NQ��	�+a	Q;�����&,+�&(" ��9:%�"�
:6(��N �
� 
�� ��8:��8������3-�� ��?
	�� �+

��

����8���� 1 � 1 ��

� 8���8�����
�2�������
�� -�� "�N 1 N  � ��� -�M
� 3<- 9#= N#6 -84���� � �@N�= N? , �2-9M $),�, "�N , 3 L
MB ?$), �2-9M , � 6 N $ �A� 1 N�� M�N 1�9�(�4�-9L 3 N#= N#6 NTM , �
<�� I��$I�� I��2D � & "�N#3HN�!
" �$#%� �A�/, "�N �@N ,
-<47$+0 $)�A=�$ 9#= N&�'� � �)(
" �A�$#*� � � , "�N  �=�$ �?��-845$9M!( � - �?���29�= N��+N�, -84 �D38$+( � = N�09N�= -; ? @L 3�3 N@M> N#�  ?-+3�3HN�� � -9M>1+��M��,.- , "�N%, 3<$9M ��6�� �@�@�2-9M 4�-+37$ � $+3#, �2 @L = $)3+�'� � (
" � �A�$#,��� ��, "�N  = $ �@� -84 $9M ( �@N , -<4 � - �@�@�.9#= N  ?-9M �+N.-+L3N@M> N#� " � N�38 N#� 09N?1�0;�A� L!$+=/� �1�N#= � , (0# $ �?��-  ��2$), N 1 &�� , " $ �)3<$+( � = N#0�N#= -  ? +L 3@3HNTM> N��@N�,�9�( 6 N $9M ��-84�, "�N��@N �= N  ;, � -�M -847$9M*�'� � (
" � 0.#1� � � $ � 3 N24@N�3 N@M> N -+3<1 N#3 9 N�, &)N NTM2��� � ��,.$�� �:M �
, "�N�4�-+3@6 -84 $�9#��M>$+3�(

3HN#=�$), �2-9M 9 N�, &)N N@M*�'� � �*�:M3� C

����4 �
����01-��65 01'"��� �i'�% �67 '�01)Q0o!68 �i'�% � ��'4� !.�����97 01'�%&�4�
0o!F-u'2!���0(�e#���!.-
:

O ���@"�9���%'	7!�&," �*	�6 ��"�!�&(" �5"�A39*%���AB��%����*�4�S
���!J�������Ci �)O +�/|AY"�%'NZ	�6,&(D���;�
.�)!����S
:&,�:	7%��
%���6,	7!�&," �;��/\9*%�" ± &,;*��+�	�EF0*	�6I&(!�	7!�& ± �L
:	�+�&,+RAB"�%��4" NQ9:	7%'&I���ni �)O + > � �.0*NV
���%R"�A
�4" ����%����:�4�R	[q�&(" N$+�	7%��R9*%�"�9�" +#��;$!��:	7!^9*%'" ± &,;���	CN$&,�*&IN$	�6*+#��!^"�A?%'0*6(��+s!#"V���:+�0�%��
!��*	7!�EF0*	�6I&(!�	7!�& ± ���4" NQ9�	7%'&,+#" �*+S
:	�+#��;$" �%�>��	��*��"�!��*	 ± �)&,�F!�0*&(!�& ± ��6,�V0*�*;*��+�&(%'	7
:6,�
&,NQ9�6,&,��	7!�&(" �*+ >

O �*�Vw*%X+#!�9�" +#!�0*6I	7!#�C+#!�	7!#��+)!��*�C��+'+#���*�4�C"�As���*	7!)&,+a%���E.0*&(%���;nAY"�%�	��~"�%';���%'6,�
	��*;M+#�3+#!#��N$	7!�&,�R	79*9*%�" 	��X�Z!#"Q�4" NQ9�	7%'&,���5	�N$" ���Qi �)O + �-eh	`l^&(A\	�6,6:�4" �*+���EF0����:�4��+
����%��H��EF0*& ± 	�6(���F!�/7!�����%��H��" 0*6,;C��"�!K
��H	);�����&,+�&(" �V9*%�"�
�6(��N ��	��*;�eB
blx&(A�!����-+#�3+#!#��N
	�+#9:&,%���+�!#"LNZ	7����	V%X	7!�&(" �*	�6b�'��" &,�4��
���! �^������	�6(!#��%X�*	7!�& ± �5i �)O +�/F!�������&(!-NC0*+#!H	7!
6(��	�+#!�
b�)��&I6,6,&,���V!#"$�4q39*%���+�+-9:%���AY��%'���*�4��+1
���!J�������n;:&�{b��%'���`!�i �)O + >
< � �@��;���1 ��
1�3-��

" �$#�=7-), $+= = , "�N� ?-�M �@N�-@L NTM> N��/��M>� $+3HN N.-@L � 0 $+= NTM>,?(
$9M>1



6 CHAPTER 1

" �A�$# � " N , 38$9M!�@6�� �@�@�2-9M ��( �#, N#6 � � $ 9#= N ,.-  @-+6 � $+3HN $9M ( � $+� 3 -<4 - � , �2-9M �  ?-9M � N#3 M!��M�� , "�N �@N�= N? , �2-9M -847$9M*�'� � $),
, 3 L�M> @$), �2-9M , �A6 N $ C
O �*�a+#���4" �*;M	[q�&(" N]&I+s&,�F!#���*;���;Z!#"C&,N$9b" +��1%'0*6(��+S"�Ax�4" ����%����*�4�R" �_9*%���AB��%����*�4�

"�%';���%X&,��� +L!��*	7!$�a&,6,6^�4q3��6,0:;���!����T9�" +�+�&,
:&,6,&(! �="�AR! �^"f!J�.9���+Q"�AR&I�*�4" �*+�&,+�!#���*��&(��+ �
zW&(%'+#!�/�!����L+#�3+#!#��N 9*%���AB��%'+R" ���$i �)O " ± ��%5	���"�!��*��%)&I;����`!�&I��	�6Wi ��O ��+#���4" �:;\/\!����
+#�3+#!#��N�&,+H��&I6,6,&,���5!#"$+�03{���%�!��*���4��%�!�	�&,��6(" +�+�"�AW+#" NQ��!��*&I���L"�A ± 	�6,0���/3���*&,�X���*	79�G
9����*+-&(A %j? � %�C7/ %FC � % � /:	��:;
% � � %Q? >
< � �@��;���1 ��
1�3-��

" �$# %Q? � %Q? ( $9M>1
" �A�$#��A4 % ? � % C $9M>1 % C �5% � � , "�N@M % ? � % � C
O �*�^
:&I�*	7%��)%���6,	7!�&(" �>�mN$	��V	�6,+#"R9*%�" ± &,;��H	REF0*	�6I&(!�	7!�& ± ��
:	�+�&,+KAY"�%W�4" NQ9:	7%X&,����/


.�_�4q3!#���*+�&(" �?/3�4" �:+#��EF0*���*�4��+�	��*;���%X	��FGJ6(� ± ��6\"3����0�%�%����*�4��� ± ���F!�+ > � �*;�!��*��!��*&(%';
	[q�&(" N�+��*	�6I6����*+�0�%��)!����V�4" �*+�&,+#!#���:�4�_"�AW	��`���3&,�*;M"�AW9*%���AB��%����*�4��+5eB� > � > /�
���!J�������
�4" �*+#��E.0����*�4��+�"�%1��%'	r�`GJ6(� ± ��6K"3����0�%�%����*�4��� ± ���F!�+Xl >
< � �@��;���1 ��
1�3-��

" �$#�� 3 N24@N�3 N@M> N#� 9 N�, &)N NTM 0;�A� L!$+=
� 1 N#= � , (�-84 1 N  @- 1 N 1 -�L ,. @-+6 N�� " �2C N C �  ?-9M!�@N �-+L NTM> N�� # �?":-9L =�1 M>-D,�9 N*$
	 N? , N?1 9#(�, "�N', 3<$9M ��6%�A�?��� -�M�-84 4 L 3#, "�N#3 ��M 4#-)3@6�$ �, �2-9M/(
" �A�$#��A4�$.�)3<$+( � = N�09N#= -; ? @L 3�3 N@M> N��+N�,c<�*"+ A ? �-,9'
/�D%� � 6�-+3HN = ����N�= (7,.-/3HN#=�$), N ,.-�9 N�, �, N�3�1 N  @- 1 N 1�-9L ,. @-+6 N���, ":$9M $9M>-), " N#3 �)3<$+( � = N�09N#= -  @ @L 3�3 N@M> N��@N ,F<�*"+ A C �-,�'
/�D , "�N@M , "�N��@N�= N? , �2-9M -84�, "�N �'� � , ":$D, � 3<- 19L! N#� , "�N54#-+3�6 N#3%�@N , �A� � 3HN �4+N#3�3HN 1 ,.- , ":$), � 3<- 19L! ���M�� , "�N7= $D,2, N#3)(

" � �A�$#��A4 %Q?7�A� � 3 N24@N�3@3HN 1 ,.-@%�C,L�M>1 N�3 , " N -  @ @L 3@3HNTMB N -84 N#09N@M ,�*+� , "�N@M� ?-+6 �
� $+3@�A�#-�M -<4 - � , � -9M!� % ? $9M>1=% C " & " �  �" $+3HN � 1 N@M , �2 ?$+= ��M � 3HN 4+N#3HNTM> N � 4 $1)� 	 N�3 N@M , N#0�NTM , -  @ @L 3?� # 1 N � NTMB1 � N@M , �A3HN#= ( -9M  ?-�M �@�21 N#3<$), �2-9M -84 & ":$D,
":$ � �
� NTM � � 4 * -  ? +L 3?��C

gP" +#!�0*6I	7!#��+ =?>@= !#" =?>Rf !������U9*%�" ± &,;��C	_NZ&,�*&,N$	�6x+#��!)"�AS%'0*6(��+�!#"_���:+�0�%��V!��*	7!
E.0*	�6,&(!�	7!�& ± �_�4" NQ9:	7%'&,+�" �*+�
:	�+#��;
" �
!����$9:%���AY��%'���*�4�,� ��	��:��"�!V�*	 ± �_&,�F!�0*&(!�& ± ��6(�0*�*;*��+�&(%'	7
:6,�1&,NQ9:6,&I��	7!�&(" �*+ > $H0�!^����	�6,+#"L������;M!#"Q&,�`!#%'".;*0:�4�a+#" NQ�)AB"�%'N "�AxE.0*	��3G
!�&(w:��	7!�&," �v
F�v+#��!#!�&I���o0�9>	
+�!�	��*;*	7%';>0:�*&(!L"�A�NQ��	�+�0�%���N$���`!$!��:	7!Z���*	7
:6,��+Q!����
!#%'	��*+'N$&,+�+�&," �$+#�3+#!#��N !#"L	�+�+�&,� �Z	C�F0*N$��%'&,��	�6 ± 	�6,0��a!#"C	��F�Q� & ± ����i �)O &I�$!����R+#�4G
6(���4!�&(" �$9*%�"�
:6(��N > cd�$+���"�%'!�/ 9*%�����&,+'&(" �L!���%�" 0�� �ZEF0*	��F!�&(w:��	7!�&," �$&,+S	��X�*&(� ± ��;$
.�Q&,�3G
!#%�"3;*0*��&,�*��+#" NQ��AY"�%XN "�A*�.0*NQ��%X&,��	�6F+�!�	��*;*	7%';C&,�F!#"�!����H+#�3+#!#��Nt	�6(%���	�;�����E.0*&(9*9���;
��&(!��f	U�4" �*��%����`!QE.0*	�6,&(!�	7!�& ± �Z"�%';���%X&,���T%���6I	7!�&(" � ehgP" +#!�0:6,	7!#��+ =?>@= !��*%�" 0�� � =?>Rf l >
�8�^+'�*	�6,67%���� 	7%';5&(!x	�+?��+'+#���`!�&I	�6�!#"�
��S	7
:6(�@!#"a	�+#9:&(%��@!#"a+#" NQ�S�3&,�*;)"�A�E.0*	��`!�&,!�	7!�& ± �9*%�����&I+�&(" �=&,�~!����$�4" �F!#�4q.!V"�A��4" NQ9�	7%'&,���ni �)O + > c !�&,+)!�����%���AB"�%��$�����4��+'+�	7%��~!��*	7!
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���)�:	 ± ��	 ± 	�&,6,	7
�6(�a+#" N$�RAB"�%'N "�AK+�!�	��*;*	7%';�i �)O + >WO �*&,+���"�!�&(" �_"�AKE.0*	��`!�&,D�	7!�&(" �
&,+H� & ± ���n
F��NQ��	��*+1"�AP! �^"M	�;*;*&(!�&," �*	�6�	[q3&(" NZ+5ehgP" +#!�0*6,	7!#��+ =?>ve 	��*; =?>Ru l >
< � �@��;���1 ��
 �3-�� � M , "�N�, 3<$9M ��6�� �@�@�2-9M ��( �#, N#6&� , "�N#3HN N � �A��, �/��-+6 N
4#-)3@6 -84 ��,.$9M �1D$+3<1 �'� � �)� & " �2 #" &�� =A= � =�$+( $ 38-+= N $9M>$)= --� -9L:� ,.- , "�N���,.$�M>1D$+3<1,L�M!� , � -84�6 N $ �� L 3HN#6 NTM>,.C
< � �@��;���1 ��
�� -���� "�N �#,.$9M>1D$+3<1 4�$+6��A= ( -<4 �'� � � � 3<-+0;�21 N���$  @-9M , ��M3L!-9L:� �# @$+= N
$ � $+�:M!��,
& " �2 #" $9M!(  ?-9M �+N.-+L3N@M> N�-+3 N#0�NTM ,
 ?$9M 9 N � 3 N? ��A�@N�= (  ?-+6 � $)3 N?1DCja�4q.!�/�	n9�	�&(%V"�ARgS%�"�9�" +�&,!�&(" �*+ =?>@= eh	`lQ	��*; =?>@= eB
blV+#��% ± ��!#"8;���!#��%'N$&,�*�M��"|�
�.0*NQ��%'&,��	�6�N$��	�+�0�%���+T��	�� 
��
	�+�+�&(� ����; !#">!J��" "�AC!����
��6(��N$���`!�+n"�AV!����mi �)O
+#��6(���4!�&," �V9:%�"�
:6(��N &,�V!����^AB"�%'N "�A*9*%'"�
:	7
:&,6,&,!�&(��+\AB"�%P��%X	��FGJ6(� ± ��63".����0*%�%����*�4�H� ± ���F!�+	��*;T0*!�&,6,&(!�&(��+�AB"�%��4" �*+#��E.0����*�4��+ >
< 2%� 
 ����8:��8���� �3-���� M!(�, 38$�M �@6��A�?�@�2-9M���( �#, N#6 , " $),
$+� � � 3 N#� ,.- $�M>$+= (���N%, "�N �'� �
�@N�= N? , �2-9M � 3<- 9#= N#6�<�� I�� I�� I��*D $D,'$�M!( , 3 L�M> ?$), �2-9M
, � 6 N $ ��M $D ? @-+381 $9M> N &�� , "
�5-+��, L = $D, N��	�DC
� , " 3<-9L �+"��DC
� �?":-�L:=�1 09N�3@� 4�( , ":$),
" $0#�
 N �)3HN N���-84�9 N#= � N24%$ 9?-9L , �)3<$+( � = N#0�N#= -  ? +L:3�3HNTM> N��+N�, �,<�*"+ A ? �-, ' /�D $+3HN�3HN � �3HN��+NTM , N?1 �:M , "�N 4�-+3�6 -849� M!� , N � 38- 9 $ 9��A= � , ( 1+�A��, 3��.9TL , � -�M �

<��Pe?*"+ A ?�� �-e(% ? I $ l#l �-, '@/�D I
& " N#3HN �-e(%Q?}I $ l95 ����C ����C@� R ����� ����C���) �A� , "�N  ?$9MB1+� 1 $), N 9�� ,���, 3HN $)6 ,.-
9 N , 3<$9M ��6�� ,2, N?1 $), , � 6 N $ 4�-+3 %Q? ��$9M>1 &�� , "��Pe?*"+ A ?�� �-e(%Q?}I $ l#l 1 NTM>-D, �:M��
, " N � 38- 9?$ 9#� = � , ( -84#�)3<$+( � = N#0�N#= , ��M , "�N/� � $), �2$+= 3HN?�)�2-9M $ �?��-  ��2$), N?1 &�� , "3�'� �
%Q?�$9M>1 & " �2 #" &�$+� 3HN  @-9M �#, 3 L! , N?1�L ���:M � �-e(%Q?hI $ l ��M�$D1 1+� , �2-9M ,.- , "�N 9#� ,
�#, 3 N?$+6%�%, 3<$9M ��6%� ,2, N 1 9 N 4�-+3HN�, � 6 N $ (

" 9 #�=IL 6 N#3��  @$+= 0+$+= L3N#��$),2,.$  #"�N?1 ,.- , " N� ?-�M �@N�-@L NTM> N��O<(>8+ A ? �-,�' /�D/4#-+3HN��+N N@M � 4
$ � $)3�, �2 @L =�$+3��'� � %Q?/� ��,.$��RNTM $+3HN 3 N � 3 N#�@N@M , N 1���M�, "�N 4#-)3@6 -84 $.L , � = � , (
4 L�M> , �2-9M>C

� 3<- -84�C
eh	`l�gs%�"�9�" +�&(!�&(" � =?>@= eh	`lM+#!�	7!#��+�!��:	7!�/�!#"v	 ± " &,; �4��%'!�	�&,� AY"�%'NZ+_"�A5
b���:	 ± &("�%'	�6&I�*�4" �*+�&,+�!#���*�4�T�������=	M!#%'	��*+'N$&,+�+�&," �U+#�3+#!#��N��X��"F" +���+�/x	7!�	��F�U!#%'0:�*��	7!�&(" �

!�&INQ��/�	�NQ" ����	 ± 	�&,6,	7
:6,�Hi �)O +?AB"�%K!#%'	��:+�N$&,+�+'&(" �\/r!��*�^��%'	r�`GJ6,� ± ��63".����0�%'%����*�4�+���!�++�&?��=<�*"+ A ? �-,#' /�DZ+'��" 0*6,;~
��L%���9*%���+#���F!#��;8
.�n9*%'"�
:	7
:&,6,&,!J�n;*&I+#!#%'&(
:0�G
!�&," �*+��.?�� <��Pe?*"+ A ?�� �-e(%Q?}I $ l#l �-, '
/�D > c ��+�0:�'�T	QAB%'	�NQ����"�%��b/*!����5	��4!�&," �*+
	 ± 	�&I6,	7
:6(��!#")!�����+��.+#!#��Nt	7%��H!���� ± 	7%'&(" 0*+K9*%�"�
:	7
�&,6,&(! �);:&,+#!#%'&(
�0�!�&(" �*+�� ? " ± ��%
�&?d/:!��*�V6,	7!#!#��%)�4" �*+#!�&(!�0*!�&,���Q!����V��%'	��FGJ6(� ± ��6P".����0*%�%����*�4�C+#��!a�4"�%�%'��+#9�" �*;*&,���
!#")��	��X�Zi �)O +#��6(���4!�&(" � > � �*;C!��*&,+K%���+�0*6(!P;*&(%����4!�6,�)�4" N$��+WAY%�" Ntgs%�"�9�" +�&(!�&(" �
Q�>@=�= &,�Lk1��A > #C=a�9$ / ���*&I�'�C��+#!�	7
:6,&I+�����+PAY"�%XN$	�6,6(��!��:	7!S�4" ����%����F!�/FE.0*	��`!�&,!�	7!�& ± �N$��	�+�0�%���+�"�AK0:�*�4��%�!�	�&,�F!J�Z	7
�" 0�!�� ± ���F!�+1NV0:+#!^!�	7����!��*�RAB"�%'N]"�Ax9*%'"�
:	7
:&,6,&(G
!�&,��+ �1eh&YlS�4" �*��%����`!�/*E.0*	��F!�&(!�	7!�& ± �);�����%�����+�"�A?
���6,&(��A\�*	 ± �)!����R+�!#%'0*�4!�0�%��a"�Ax	
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w��*&(!#��6(�M	�;*;*&(!�& ± ��9:%�"�
:	7
:&,6I&(!J�ZN$��	�+�0�%�� �:N$"�%���" ± ��%�/@eh&,&Yl�+'&(� �*&(w:��	��F!H� ± ���`!�+�/& > � > /S� ± ���`!�+$���*&,�X�f	7%���9*%X	��4!�&,��	�6,6(�
9�" +�+'&(
:6(�$
�0�!C�*"�!C�4��%�!�	�&I�\/s+���" 0:6,;o
��
	�+'+�&(� ����;�9:%�"�
:	7
:&,6I&(!J� ± 	�6,0���+-&I��!�����"�9����T&,�F!#��% ± 	�6Se � I = l >

eB
blMgs%�"�9�" +�&(!�&(" � =?>@= eB
blS	�+'+#��%�!�+�!��*	7!s"�9:!�&(" �*+s&I�$!�����i �)O +#��6,���4!�&(" �_��	��:��"�!^
��
"�%X;���%���;
�a&(!���" 0�!5	U+#9�����&(w:��	7!�&(" �
"�A10�!�&,6,&(!�&,��+$eh�F0*N$��%'&,��	�6 ± 	�6,0���+Xl)AY"�%C!����
�4" �:+#��EF0*���*�4��+ > � +�+�0*NZ&,���V	L;���w��*&(!�&(" �Z"�AK0�!�&,6I&(!J�Q!��*	7!H" �*6,�$&,� ± " 6 ± ��+-�4" NLG
9�	7%'&,+#" �v	�NQ" �*�o�4" �*+#��E.0����*�4��+_	��*;v"�9*!�&(" �:+Q�4" �*+#!#%'0*�4!#��; ��&(!��v+#!�	��:;*	7%';
� ± ���F!�+�/^�^����" 0*6,;f�4q.9����4!L!�����0�!�&,6,&,!J�="�Aa	=�4" �*+#��E.0����*�4��!#"=
��M0:�*&,E.0���6(�
;*��w:����;Q	��*;C!#"�%���NZ	�&,�L0*�*�'�:	�������;Q	�+S�����>&,�*AY"�%'NZ	7!�&(" �L&,+P"�
*!�	�&,����;\/F+�&,�*�4�
!��*�s9*%���AB��%����*�4�s9:	7!#!#��%'�*+P	�NQ" ���R�4" �*+#��E.0����*�4��+P&,+x0*�:	[{b���4!#��;V
F��	�;*;:&(!�&(" �*	�6
&I��AY"�%XN$	7!�&(" � >5O �*&,+)&,+)&,�*;�����;~!����Q��	�+#��/P	�+�gS%'"�9b" +'&(!�&(" � Q�>RQ+= &,�=k1��A > #C=a�9$
��+�!�	7
:6,&,+��*��+1!����L;�����&,+�&," �T9*%�"�
�6(��N$+-AB"�%a�a�*&,�'�n�4q.!#%'��NQ�Q�4" �*+#��E.0����*�4��+)	7%��
	�+'+�0*NQ��;u!#"f�4q�&,+#! > c � " 0�%M9*%�"�
:6(��N &(!_&I+Z	7!#!#%'	��4!�& ± �8!#"m�*	 ± �=	 ± 	�&I6,	7
:6(�!��*�59�" +�+�&(
�&,6,&(! ��/FAB"�%a�4" �*�4��9:!�0*	�6x	��*;UN$	7!�����N$	7!�&I��	�6x�4" � ± ���*&(���*�4��/b"�A@;���	�6�G&I���U�a&(!��o+#��!�+L"�Aa�4" �*+#��E.0����*�4��+Q��"�!C9�" +�+#��+�+�&I���n�4q3!#%���NQ����6(��NQ���F!�+ > $H0�!
gs%�"�9�" +�&(!�&(" � Q�>RQ�f &I�Mk���A ><#C=a��$ 	�6I+#"Q�4q.!#���:;*+-gS%�"�9�" +�&,!�&(" � Q�>RQ+= &,��k1��A ><#C=a�9$
!#"v	fNQ"�%��~��������%'	�6)+�&(!�0*	7!�&," � &,� ���*&,�X�>�4q3!#%���NQ�8�4" �*+#��E.0����*�4��+�	7%��=��"�!
	�+'+�0*NQ��;�!#"Z�4q3&,+�! >

O �.0*+�/�&,��!��*��AY" 6,6,"r��&,�*�C+#���4!�&," ���^���4" N$9:6(��!#��!�����+#9�����&(w���	7!�&(" ��"�Ax!��*&I+-;�����&�G
+�&(" �V9*%�"�
�6(��N 
.��&,�*;*0:��&,���-!�����9*%���AB��%����*�4�^"�%';���%'&,�*�1!���%�" 0�� �V!����H&,�F!#%�".;:0*�4!�&(" ��"�A
	R9:	7%�!�&,��0:6,	7%KAB"�%'N "�A�0*!�&,6,&(! ��AB0*�:�4!�&(" ���Pe � lX/ ���:&,�'�C;���+��4%'&,
b��+K!����-�.0*NQ��%'&,��	�6 ± 	�6,0��
�Pe
�.?}I�*"+ A ? lX/`�a����%��H!����1+#��!@"�A��4" �*+#��E.0����*�4��+ ���4" �*+�&I+#!�+W"�Ab	�6I639:	�&(%'+-e
�.?hI�*2+ A ? lK%���9�G
%���+#���F!�&,���Q!��*�5�4" �[2�0*�*�4!�&(" �*+H"�AP9*%�"�
�	7
:&,6,&(! �Z;*&,+�!#%'&(
:0�!�&," �*+^	��:;�	��4!�0*	�6?��%'	r�`GJ6,� ± ��6"3����0�%�%����*�4��+ >

����� � %(' 8*%&� ����0?7 � #&%&��!���� 0(����01'2!�+ #�0 �H0B# : � +�!F-c#�01'2!��
O �*&I+�+#���4!�&(" �U9*%���+����`!�+a!����C
:	�+�&,��	[q�&(" N$	7!�&I�V�X�*	7%'	��4!#��%'&(D�	7!�&," �="�AS	_0�!�&I6,&(!J��Ah0*�*�}G
!�&(" � >
O ���_"�
�2d���4!�& ± �T&I+5! �^"�AB" 6,; �Mw*%'+#!�6,��/@!#"=�X�*	7%'	��4!#��%'&,D���!�����0�!�&,6,&(! �8AB0:�*�4!�&(" �
��&(!��U	ZN$&I�*&,N$	�6?�.0*NV
���%�"�A@9*%�"�9���%�!�&,��+-���*&,�X�n	7%��L�*	7!�0�%X	�6x	��*;U!��F0:+a;���+'&(%'	7
:6(� �
	��*;~+#���4" �*;*6,��/b!#"�;���!#��%XN$&,���V!����VAB"�%'N "�As	�6,6P0�!�&,6I&(!J��Ah0*�*�4!�&(" �*+R+�	7!�&,+�AY�3&,���$!��*��+#�
9*%�"�9���%�!�&,��+H!��*	7!1���5�*	 ± �V+#!�	7!#��;T!#"_
b��;���+'&(%'	7
:6(�)AB"�%19*%�"���%'��+�+�& ± ��!#%'	��:+�N$&,+�+'&(" � >

O �*�^AB" 6,6("|��&,���R9�" +#!�0*6,	7!#�H+#!�	7!#��+@!����-	�+�+'0*NQ9*!�&(" �V!��*	7!@!����-+#!�	7!�&I+#!�&,��	�63�'�*	7%X	��}G
!#��%'&(D�	7!�&," �="�As!����Q;����4"3;���;~" 0�!#9:0�!��4"�%�%'��+#9�" �*;*&,���_!#"�&,��AB"�%'N$	7!�&(" �~!#%'	��*+'N$&(!#!#��;
AB"�%#%Q?P0�9�!#"Q!��:&,+H!�&,NQ��&,+-&I�*;���9����*;����F!^"�AP!������X�*	7%'	��4!#��%'&(D�	7!�&," �T"�AP!�����;����4"3;���;
" 0�!#9:0*!1�4"�%�%���+#9�" �*;*&I���V!#"_	���"�!�����%)i �)O % C >
< � �@��;���1 ��
 � -���� N , %Q? $�M>1 %�C 9 N7$9M!( � $)�A3 -84 �'� � ��C � 3HN 4+N#3HNTM> N���4#-)3*1�N  ?-;1 N 1
-9L ,. ?-)6 N#� $), , 3 L�M> ?$D, � -9M , � 6 N $ ��M!0 -)= 0 �:M�� , "�N , &�- �'� � � % ? $9M>1:% C 1 N � NTMB1-9M!= ( -�M , "�N � 3<- 9?$ 9#� = � , ( 1+� �#, 3@�.9TL , �2-9M � , ":$D,  �":$+3<$D , N�3@����N 3HN  @-9M �#, 3 L! , �2-9M ��L ���:M �
, "�N ��M 4�-+3�6�$D, � -9M�, 38$9M!�@6�� ,2, N?1�4�-+3A%Q?�$9M>1 %�C � 3 N#� � N? , � 09N#= ( � L � ,.-�, " � � , � 6 N $ �
$9M>1�MB-),
-�M�, " N#� 3
	#-)�:M , � 3<- 9 $ 9#� = � , ( 1+� �#, 3@�.9TL , �2-9M>C




