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� �
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&�'���'	� 
���143��C 1 � 5�7�� 14E�1ML%C ��� ?AI�5�3nC L�@. B
± ��� �,�*+)�31��� ����/�Y$ &�� 1 � �*� ���=9 � &�+ ���)+��(� � %��(� :�Q B � �%��&� �� &(� �������  ,��+����5+/� �AQ � $ � �Y$ �,� 1�&� :���1��� , ,�! ?1�� 2��������&(�'�YQ � ��� È + ��S  0��������&(�'��Q � � � È +#O�B � �%��&� �� $ � �59;7��!&(�>�(�0�����u� � $ ����92& ± ��� � ����9}� ��± �,��+��� 0�/7?�* $ � �59E�(�.������:=&�+/�!+ � $ �,��+���&� ��,92&(�/B2: �9� B t ¾ o�vx~ oH~g{gle� {)����oH~��bjRoeq�o%� ¾ t�j ~g{ �@��{goeq��4r¬Æ�~A��| Æ�� � �e� � � �� M$-������� <O,������1��� ����/�Y$�&�� 1 � �5� ���,9 �,&�+@1��*&��,7,&��%�YQ0:���$ � 9E� �  �� � $	������90&���  ����&(�* =�� ?1 %=&(�*&��,� 1�90+ �

S  ���,��+	+/7?:=+���$#�/� �  <O � � �  ���Q����)+C��� � ����� 92&��� �%����&�&� �� 1��� ����/�Â$ � %L���5&(� � �*+ ��± ���=�����/&��%��+ � $'1��� ����/�Y$&�� 1 � �*� ���=92+�$�&� :���$ � 7, �� �� ² � �<�?:����/1 � � ¦ � &� �� B � �%��&� �� � � ��� �
��
�`��a�f!d��)7�`�a
N 1��� ����/�Y$ &�� 1 � �*� ���=9 ��+6&@BC�� �� � $,+>��&(��$'� &� �� �%��&(�* ,�� ?1@9 ����� � �;:=&�+>�(� �  � &(� � �� ,��&� � =&(�/7?�*&�� +��(����$#�/� �  ����� � �pQ ��± ���;�>��$'�, ,�Â¥87�� �� :+ � ��+���+31��� ����*&(�/�� ?1.& �*&� �� � 9 �� ,� �/�!&�� % � %=7���&(�/� �  � � ��� & 1���+���  87=9A:���� � $�� ��,�%+��%�=7,&���+#O ��&%$'� � $ � �,�Y$'� �'��%,����+>�� 8�/+�&�% � �>�� 8�/��&��,+ � ��7,�/� �  � � &�1���+��� 0%,� � :��%��9 � V � �>�� 8�/��&��=+ � �!7?�/� �  ,+&(���E�� M$ � ���(� �� 8� � �#ÄnjRle|}l�Æ�le|���Æ O	7,+/7,&��%�YQ :=� ��+)�)�*�� ?1�+ � $ + � 9E� &(�/:=� �)�5&(�pQP���� ?1���� � 	 &%$ � �� ��,��+C�%�,7=&�� � +
�,�/ ���+/+ &�+ &A+ � �!7?�/� �  2� � �����3%,� � :�����9 ��+�$ � 92%=7?�>�(� &� ��I�)+(&���7,&(�>�(� &(1�&��� ,+/� + � 9 ������+/��1� ,&(�>�(�¨$#�5� �>���*��& �
� ��9;:����*+ � $�������% � %=7���&(�/� �  &(�'�A������ +>�(����$#�>�(� $ � �-�'��%,� � �,7M$#�/� �  .:=&�+��(� �  ������� ���,�/ ���+/+@&� �� &2 �� �1��� ����*&(�/� �  � $ % � �>�� 8�/��&�� + � ��7?�/� �  ,+���+ 1��� ����*&(�>�(�.$ � � 9 ����� � ¯ +/%,�*�� ?1 � $ ������9 � +)�k�,� �! ��,��+C�%�,7,&��!+ ��± ���%,� � $-��+/+ � $ �)+(&���7,&(�/� �  <O,+��(����$#�/� �  <O,�'��$ � 9A:=�! ,&(�/� �  ��+@���>���*&(�>�(� 7, 8�/�%� &}$-���/�/&��! D$#�*� �>���*� �  ��+ ����&%$'���(� �

± ��� �� ��,��+C�%�,7,&���+��! & % � %=7���&(�/� �  &(�'���)+ &���7=&(�>�(� :�Q &6�=�/ ���+/+ $ 7, M$#�/� �  � ± ���u�,�/ ���+/+ $ 7, M$#�/� �  +�� � 7��<�A:�� &(:���� � � &�+/+>��+/+	����� %����/$ � �*92&� M$-� � $'&� �� ��,��+C�%�,7,&�� � � ���A�'��$ ������ 4$-� � � ����� %,� � :�����9�$ � � � �=�Y$'�� ����+�&.% � �>�� �/�!&��<+ � ��7?�/� �  � ± ���W�,�/ ���+*+�$ 7, 4$#�/� �  %���&�QC+�& +����pQ ��9 % � �/�/&� 8� � � ��� �� ����� �)+ � ��7?�/� �  ,&(�UQ%,� � $-��+/+ ��S $������:�,�/ ���+/+-$ 7, M$#�/� �  ��+  � �-%=� � %����'��Q +>���#O ����� �)+ � ��7?�/� �  ,&(�UQ ����&(�* ,�� ,1 �!� 7��%� 9 � +/� ����B��(��Q$ &��<� ��± ���À�,�/ ���+/+ $ 7= M$#�/� �  �� .1��� ����5&��;+(&(�*����+ � �����.%,� � :�����9 � � 90&��� ,+#O,+/�! M$-�*�,�°¯������� � %=� � :�����92+=�=&(+��
�,�°¯������� 8� 1 � &���+ �

± ����92&��� �1 � &�� � $?+>�(����$#�/� �  ;��+ � � �,&(+�� + � 9E� %=&(�/� � $?����� �� ��,��+C�%�,7=&���+!�*1��� ����/�Y$�92&(�>���5��&���%,� � %=&(1�&(�>�(����?� � 7?1�� � � �����3 ��#"C��1��� ����*&(�/� �  � $ % � �>�� �/��&��'+ � ��7?�/� �  ,+ � N  87,9;:���� � $ +>�(�%��$#�/� �  9 ����� � �=+ �,&@+�� :��)�� 
���)+��(� � %��(� � N 9 �  ,1 ������9 ����� m�{Ço�Æ�� ¾ jyl"��qY�#~Ç~A�$#�Ä�����q 9E��$'�,&� =��+/9 � � ¦ � ��+������ 9 � +/��$ � 929 �  ���Q 7,+>�(�
�  �� �DS  ���,�!+A9E����� � � ��&%$ � �� ��,��+C�%�,7=&��<�! �����¨$�7,�/���� 8�A% � %=7���&(�/� �  �,&�+A& +�� � � �  & � � 7������)�>� � ���)�(�%,� � % � �/�/� �  =&��'�� .+/�%?)�3� � ���,&(� �� ��,��+C�%�,7,&�� � +��=�/ ���+/+ ��± ���3� � 7������)�>� � ���)�(� ��+ +)%=7, �  M$-��$ � �=��&%$'� %=&(�'�� �����¥�7,� ���(� �	± ��� � �� , ,�! ?1 �! ��,��+C�%�,7,&��!+�&(����%=&������(�.$ � �-����%,� � �,7M$#�/� �  &� ��.����$ � 9A:'�� ,&(�/� �  �

� ��$ � 9A:=�! ,&(�/� �  0�!+�&%$'�=���)+��(� :�Q �  �� � $ ������$ � 9;:=�� =&(�/� �  � %����*&(� � �*+ ��± ������� &(���-� �!� 92&��� 01��� ����/�Y$
� %����*&(� � �*+�� |���~ o%~g{Çle� &� �� ��jyleÆUÆ�l%Åe��j O � �,�Y$ � &(���A7,+>�(� � � %,� � �,7M$-�������A �� � � ¯ +)%,�*�! ?1 ��± ����$ �  4$-��%,�/+
� $�9;7?�/&(�/� �  &� ��D$#� � +*+ � +�����&(����%,�'��+>�� �>�(� �� +>��$#�/� �  ����¦?��� � %=&(1�� � � �5�

� �
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��
�`�����`bc�a�3 �4c 1
� / 3Pa�3�f �xd ��+ ����� �*&� �� � 9 9 � �,�Y�4$�&(�/� �  � $������ +>�(����$#�>�(� �� ��,��+C�%�,7=&���+ ��± ��� 92&��! 1 � &�� � $ 9;7,�/&(�/� �  ��+ � � 92&��! �/&��� �����M�,��+����*+*� �AQ.�� .������% � %=7���&(�/� �  � N  ��#"C&�92%���� � $�&2+/�� ,1�����:=� �@9 7?�/&(�/� �  ��+-+�� � �  �� 
�,1�7?��� ��� � �

1 1 0 0 1 1  0     0    0     1  1     1    1     0    1     1     0     0    0     1

Original Chromosome Chromosome after

Ê � 1�7,��� ��� ��� N  ��#"?&�9 %���� � $	&2+/�� ,1�����:=� �@9 7?�/&(�/� �  �
\:c���1(1 ���x`�c � %L���5&(� � �*+�&(%,%,� � "C�!92&(�>� +��#"C7,&��6����%,� � �,74$#�/� �  �! :=� � � � 1%Q &� �� &(��� ����� $ � 9;:=�� =&(�/� �  

� $'����� 1��� ����/�Y$ 92&(�>���*��&��C$ � � 9�� �!� +>�(�%��$#�>�(�2�� ��,�%+��%�=7,&���+ � � %,� � �,74$-� � ¯ +)%,�5�� ?1 � 	 "C&�92%�����+ � $x$#� � +/+ � +����
� %L���5&(� � �*+ &(������+/�� ,1����3% � �� 8�#O�� ��� % � �! �#OC&� ��.7, ,� $ � �*9 $#� � +/+ � +���� � � �! ?1����-% � �� 8�k$#� � +/+ � +����-��+ &%$'�,�%�)+��(�:�Q �5&� �� � 9 ��QD$ � �9� +/�� ?1.&.+/�� ?1����;% � �� � &(� � �,�Y$ � � � +>��%=&(�5&(�>�%O + � &(%�O &� �� ����� � �� ����� :=� � +)�)�*�� ?1�+ ��S  � ��� % � �� 8��$#� � +/+ � +�����O8� �!� % � �� �/+�&(����$'� � +>�� 0&(� �*&� �� � 9 &� ��2�����-+>��1�9E�� 8�/+ � $ �����@:=� ��+)�)�*�! ?1�:���� � �)�� ����� � �!� % � �� 8�/+A&(��� �#"�$ �,&� ?1��(� &� �� $ � �59 ����� � ���  �� � $ �,�%�%�?�'�� �D± ����+>� � ��� 9 ����� � �=+:$�&� +/7�¯����$ � � 9 ������%,� � :,����92+ � $ ����+)�)� � Q��� ,1 1 �:� � +p$ ����92&(�/& � � �� M$ � 9 %,�����>�(��Q�$ � 9;:=�� ,�! ?1 �����A+p$ ����92&(�/& �

�3 =� $ � �59 $#� � +/+ � +���� � ¦%¦ � ��+ ��9 %�����9 �� �>�(� :bQ01��� ����*&(�/�! ?1 &;:'� � 90&�+)BI��¥�7,&�� �� ���� ?1���� � � �����À$'�,� � É9 � + � 9E��+�:����� ?1 92&� ,� %'7���&(�>�(�<O � � ��� ����� + &��!7�� � $ ��&%$'� :=���3:����� ?1 �����>���*92�! ��(� � � ��� + � 9E� &(�/:=� �)�*&(�UQ%,� � :=&(:=�<��� �AQ ��Ê � � ��&%$ �2:=��� � $'�����@90&�+)B � �,�Y$'�E�=&�+�� � ��O8������$ � �/����+)% �  ��,�! ?13:'� � � $'����� %=&(���� 8��$'�?� � 9 � É+ � 9E��+ ��+ + � &(%,%��(� :L��$ � ��� %,� � %=&(1�&(�/� �  .� � ����� � ¯ +)%=�*�� ?1 4 &� �� $ � �=��&%$ � 92&�+)B :=� � � �,�Y$ � �=&�+ � È ��O?�����
$ � �/����+)% �  ��,�! ?1 %'&(���� ��:'� �/+�&(��� %,� � %'&(1�&(�>�(� � � ����� � ¯ +)%,�*�� ,1.7= M$'�,&� ,1��(� � N  6�#"?&�9 %���� � $ 7, ,� $ � �*9
$#� � +/+ � +������!+@%,����+��� �>�(� �� D�,1�7,��� ��� � � �  ,� $ � �*9 $#� � +/+ � +����À$�&� 6$ � 9;:=�� ��A&��%� % � +/+/��:�����+p$'����92&(�/&�O��)+��� � $<���@92� 1��8� :L�À¥�7,� �>�M�,�!+)�*7?%,�/�%+�� � $�+p$ ����92&(�/& � $	&� �Q �%�� ?1���� �

1 1 0 0 1 1  0     0    0     1

0    0     1    0     0    1     1     1     0    0

Parents Offspring

Mask

 1     1    1     0    1     0     1     1    0     1

0    1     1     1    0     0    1     1    1      0  0     1    0     1    0     1     0     0    1     0 

Ê � 1�7?�'� ��� � � N  ��#"C&�92%���� � $	7, ,� $ � �*9 $#� � +/+ � +����
� �
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S �6��+  � �>�(�A���=&(�6�������'� &(��� &���+ � � �������6�¢Q8%���+ � $M$#� � +/+ � +�����O�+/7M$ �;&�+ ÆUÄ ���>���#jRl�ÆUÆ#leÅe�#j &� �� Æ#�A�%|����4~A� ¾

�#jRl�ÆUÆ#leÅe�#j O � �,�Â$'� &(���A � � ����+p$#�*� :��(�������'��+/�� M$-�������#Q &(���A � �@7,+>�(� �� .���=��+ ������+/��+ �
� a4fgd Z�aMc�a �¤`H3P`bc 1
± ��� 92&��� �%'&(�*&�9E���>���*+6���,&(�	&(��� &�+/+ � $���&(�>�(� � ������7,+/�� ,1@1��� ����/�Y$ &�� 1 � �*� ���=92+ &(��������+p$#�*��:L�(�A�� ��/&(:��%� ��� � �
V	&(�*&�9 ���>��� & &�9E� � ��+p$#�*��%,�/� �  
V � V � N N ±�S � & � S � 	 ± ���� 87,9;:���� � $�$ �?� � 9 � + � 9E��+3�! .������% � %=7���&(�/� �  
X � � � � � ¿ 	 � � N ± 	 ± ���� 87,9;:���� � $�$ �?� � 9 � + � 9E��+37=+>�(�.$ � ��$#� � +/+ � +���� &�+3& %����U$-�� �/&(1��

� $<������� � �/&��6 87,9;:���� � $	$'�?� � 9 � + � 9E��+-�! .������% � %=7���&(�/� �  
� � ± N ±2S � & � N ± 	 ± ����%L����$-�� �/&(1�� � $�$ �?� � 9 � + � 9 ��+-�� ������% � %'7���&(�/� �  .&(%,%��!���(� � ������;9;7?�/&(�/� �  � %����*&(� � �
& � � ² 	 & 	 � N ±2S � & � ± ����92& "C�!9;7,9  �7,9;:���� � $<1��� ����*&(�/� �  ,+ ������1��� ����/�Y$�&���1 � �*� ���,9

�)+ � ��7,�/� �  ,&(�pQ %,� � $-��+/+ � �<�%� �*7, 
± &(:���� ��� � � � &��� %'&(�*&�9E���>���*+3&(%,%������(� � � 1��� ����/�Y$�&�� 1 � �*�����,92+ �

�wa�4��;8gfgd�h¤a Z�c���� 8!` � �¨f 3�
 5]`�d�`:3¬f24�[ 8!h ��c�f 3�
 �D1
N +*+/7,92�� ,1 ���,&(� & 1��� ����*&�����+>�(� 1��� ����/�Y$ &�� 1 � �*� ���,9 � �� ?1��� ���� � �! M$)��7��,�! ?1 ����� ����%,�'��+>�� �/&(�/� �  � $������+ � ��7?�/� �  ,+ � � � %����/$ � �59��������)+ � ��7?�/� �  ,&(�UQ;%,� � $-��+/+���+���+�&(+(&��%��&(:��%�%O������ �/&�+)B � $'7,+*�� ?1�1��� ����/�Y$ &�� 1 � �5� ���,92+$ � � &� �Q 1��%+��� %,� � :,����9 :���$ � 9E��+ �  �� � $ �����>���*90�� ,�� ?1 & +/7,� �/&(:��%�W$ �?� � 9 � + � 9E� �� 4$ � �,�! ?1�O6&��=�/ ���+/+$ 7= M$#�/� �  &� �� &0+>��� � $�+/7,� �/&(:��%��%=&(�*&�9E���>���*+ � � � ��� +)%���$����4$�&��%��Q%O?������$ � �<� � � �! ?1}¥87���+)�/� �  ,+@ ��)�(� � � :��
$ �  ,+/�%�������(� :���$ � �'�������*�#"�%����*�!9E�� �/+�$�&� :���%L���*$ � �*9 �(� �

� B � � � � %,� � %L��� ��Q &(�/�*&� ,1��2�����I�,&(�/& $ � ��)+ � ��7?�/� �  ,&(�UQ ����&(�5 ,�� ?1 &� �� $ � �A�����09E��&�+/7?�'��9E�� � � $�'��+/7�� �/+ �
� B � � � � ����%=����+>�� 8�6����� %,� � :,����9 � � 92&(�p$ � ����� �� 8�>���* ,&��8����%,����+>�� 8�/&(�/� �  � $,����� 1��� ����/�Â$ &���1 � �*� ���,9
�� ,1��� �� �

� � �,&(�-�!+ �������,�/ ���+*+ $ 7= M$#�/� �  ��
� � �,&(� +(&���7���+�$�&� 2:�� 1���+��� 2$ � �������@%=&(�*&�9E���>���5+�&� ��E+(&(�*��&(:,����+	$ � �w$ �  �)� � �%���� ?1������ �)+ � ��7?�/� �  ,&(�UQ%=� � $-��+*+#O?$ � � �#"C&�9 %,���%O?% � %=7���&(�/� �  .+/�%?)�A&� ��  �7,9A:���� � $<1��� ����*&(�/� �  ,+ �
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5]`�d�`:3¬f24�[ 8!h �4cef 3�
 �D1�� �4c�� � �,8 ��fgd�h �6`9/�c¬a,8 �6`H3�����c�� 1
S  ���,��+ ������+*��+@1��� ����/�Â$A&�� 1 � �*�����,92+@&(���;7,+>�(� � � �)�*&��� &� �� ���#�= ��A ���7?�*&��  ���� ��� �/BC+ � $ �,&(%,�>��� � �5�k± �,��++/7?:=+>��$#�/� �  :,�*���#TMQ ���)+��%� � +.���(��&(�>�(� ��� �/B �� ���,��+ &(�'��& &� �� ����+p$#�5� :���+ + � 9E� ����+/7����/+ &%$'�,���)+��(� :�Q
�,�°¯������� � �)�5&��� ,�� ?1 &�� 1 � �5� ���,92+ �

� �(��&(�>�(� �!� �*B �� ���,��+ &(����&}$�&� :�� 1�� � 7?%��(� �� 8� � ���?���)�A&(%,%=� � &%$'����+���(� 	 + � ��+��! ?1 � ����1�� �/+ �� 0�?"0�(�  ���� ��� �/B�+ �KS  ���,��+0&(%=%,� � &%$'��O �����  ���7?�5&��- ���� �!� �/B &(��$'�,� �>��$#�/7,���&� ����%��&(�* ,�� ?1 %=&(�*&�9 ���>���*+-&(����%=����É ���#�= ��(� ��± ����1��� ����/�Y$�&�� 1 � �5� ���,9 ��+ 7,+��(� � � �)�*&��� .�����A1���+���  ���� �!� �*B :�QE�)+ � ��+C�� ?1A����� � ��� 1��8�/+ &� ��0:=��&�+>��+ ��S  2�����-1��� ����/�Y$3&�� 1 � �*� ���=9�O �����  ���� ��� �/B � ��� 1��8�/+&� �� :=��&�+>��+;&(���I�� 4$ � ���(� �� 8� � &�$ �?� � 9 � + � 9E� � 	 &%$ � $'�?� � 9 � + � 9E�.��+�&� �� ��,��+C�%�,7=&��69E��9;:����
� $�& % � %=7���&(�/� �  &� �� & % � %=7���&(�/� �  � $ �>�� �,&�+2+��)+����*&�� ��7, ��?�'�(�-$ �?� � 9 � + � 9E��+ � � 7?�*�! ?1 �����
�)+ � ��7,�/� �  ,&(�pQ�%=� � $-��+*+#O(����� 1��� ����/�Y$ � %����*&(� � �*+ � $'+��(����$#�/� �  <OH$#� � +*+ � +�����&� �� 9 7?�/&(�/� �  &(�'� &(%=%������(�� � ������+����! ��,��+C�%�,7,&��!+ � N $ �>���=��&%$ � 1��� ����*&(�/� �  � $ ������%=� � $-��+*+ ������$'�?� � 9 � + � 9E��+@&(����&(%=%������(� � ������  ���� �!� �*B�O8���,&(����+#O������ � ��� 1��8�/+�&� �� :=�!&�+>��+�&(���@+>����$ � � 9������=+(&���7���+ � �=�Y$'� ������$ �?� � 9 � + � 9 ��+����%=����+>�� 8� ��± �������/� � ���*&(�>� �  ����� �)�*&��� =�� ?1�%=&(�)�>���* ,+���+	������ }$ � 9 %'7?�>�(�2&� �� 7,+��(�2&�+������2�,�/ ���+/+$ 7, M$#�/� �  .$ � �@������1��� ����/�Y$�&�� 1 � �*�����,9 �
± �������=�,&(+�� :��)�� &*��&(�/1��@ �7,9;:���� � $ %=&(%����*+<%=7?:,����+����(� �  ���,��+�&(%,%=� � &%$'� �	Ê � � �#"C&�9 %,���%O � �,� �yÉ
���#Q &� �� B &� ,+ �  � �eÈe¦ � 7,+��(� 1��� ����/�Y$0&���1 � �*� ���,92+�� � �= �� &(%,%,� � %,�*��&(�>� � ��� 1��8�/+A&� �� :'��&�+>��+�$ � �&  ���� �!� �*B $ � � ����� 92�� =��92&�� &�������� %,� � :,����9 ����+p$#�*� :��(� �� � 7=9E�(�%�,&(�/� � � ���e� � � �  �/&� ,& &� ��
� &(+C��+ � ����� � 7,+>�(� &.1��� ����/�Y$0&�� 1 � �*� ���,9 � � ��� T � &(�/�� ?1 % � �� 8��$ �?� � 9 � + � 9E��+�� � �)+ � �%+��0 ���� ��� �/B� ��� 1��8�/+-$ � �3������� �3+ �  =&(� +/��1� ,&�� �,&(�/& &� �� %,� � �,7M$-�(� ����+*7�� �/+�$ � 92%L���/���/��+�� � ����� �����;:=&%$/B %=� � %�É&(1�&(�/� �  &�� 1 � �*� ���=9 ��� � �5 ,�� ?1 � �#È%È � %,����+>�� 8�/+-& � &�Q � $�7,+*�� ?1 1��� ����/�Y$A&�� 1 � �*� ���,90+ � � � ��$��%�� ����Q�)�*&��! & 9;7�� �/�%��&PQ����3$2�)�(� $ � � � &(�'�  ���� �!� �/B � � � ��� &� &(�U$'�,���>��$#�/7?��� � $ � É � � É � � $ � �*�,��+@� �!� $)�!&�+/+� � � &� �>�(�4� +C+}�)7, � &� 8�>�(�M� � $)�!&�+/+/���4$�&(�/� �  .%,� � :�����9 �± ����92&�� � �6&���+(&� �/&(1�� � $?���,��+ &(%,%,� � &%$ �;��+ ���,&(� �������>� � $�&��892�! ,��92&%� %,� � :,����9 �� � �,�Y$'�A1��*&��,���� 8�
����+U$-�� �-&���1 � �*� ���,92+ � $ �>�� �'��+/7�� �2$�&� :���&@+ � �%���(� � B � � �)+�����O � $6������ ���� ��� �/B ��+�+����pQ���&(�*1��%O?�����
$ �?� � 9 � + � 9 ��+ � �,�Y$ � �� M$ � ��� ����� � ��� 1��8�/+�&� �� :'��&�+>��+ � �%�%�8:���+����pQ � �  ?1�&� �� ������$ � 9 %=7?�/&(�/� �  ,&��
$ � +)� � �%�%� :�� +����pQ��,� 1�� ���� 	 + � ��+��! ?1- ���� �!� �/B &(�U$'�=� �>��$#�/7?����+ ��S  A���=��+6&(%=%,� � &%$'��O 1��� ����/�Y$ &�� 1 � �*� ���,90+6&(��� 7,+>�(�;� � �)+ � ��+��  � �
�  ��YQA�����- ���� ��� �/B � ��� 1��8�/+�&� �� :=��&�+>��+�O�:=7?��&���+ � �����@ ���� ��� �/B &(�U$ �,� �>��$#�/7?��� � ��� � % � � � 1%Q &�+ � �(�%� �
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V � �)�>��� � ��¦ � � ����+p$#�*� :���+�& 9E����� � � � �,�Y$'� &(%,%�������+A& 1��� ����/�Y$ &�� 1 � �*� ���=9 � � �����I�)+ � ��7?�/� �  � $ &
$�&�+U$�&�����ÉA$ � �/���(��&(�/� �  0&(�U$ �,� �>��$#�/7?���3&� �� %,� � �,7M$-��+	����+*7�� �/+�$ � 9 %=&(�*&(:,��� � � ��� �����@+/�/&� ��,&(�'� ¥�7,�Y$*BnÉ%=� � % ����&(�* ,�! ?1 9E����� � � � � Q��(� � � � � � �� :+���+)�/� 1�&(�>��+ 9 � �,� $!Q��� ,1;1��� ����/�Â$�&�� 1 � �*� ���=9 %=&(�*&�9E���>���5+@� �
�)+ � �%+��2: � ���  ���� ��� �/B � ��� 1�� �/+A&� �� �����2 ���� �!� �*B &(��$'�,� �>��$#�/7,���2$ � ������$�7?�/�'�� �� ���7,�*&��� ���� ��� �/BC+� � + � ��+��2������� � � %=� � :�����9 � A &���&(B��*��+'�, ,&� &� �� B �  ,&@+ &(� � ��� � %,����+��� �A&  ,�Y$-� � +����'+���� � &� ��
$)�!&�+/+/���4$�&(�/� �  � $6����������+>��&(�U$ � �� 0������&(�'��& � $;�)+ � ��7?�/� �  =&(�pQ ����+*� 1� � $< ���7?�*&��  ���� �!� �/B.&(�U$ �,� �>��$ É�/7,����+ �

��� 	 + � ��+C�� ?1 � ��������$ &%$#� � �*+���  ���7?�*&��C ���� ��� �/BC+ ��± �,�!+<�! M$)��7�����+ �)+ � ��+C�� ?1M����&(�5 ,�� ?1 %=&(�*&�9E���>���5+ � � ��� O
�%��&(�* ,�� ?1 �*7��%��+ ��� � � O����(� �/& + &���7���+ � ��¦ O �#È � � &� �� �� ?%=7,� $2��&(�/7?����+ � ��� � �

N ��&� ������ ����� 1��%+���+�&� �� ����#"9�(� :=��:���� � 1��*&(%,�nQ � $ 1��� ����/�Y$@&���1 � �*� ���,92+	&� ��0 ���7?�*&��C ���� �!� �/BC+ � N 1 �:� �+/7?��+��#Q.$ � � �)+ � ��+C�� ?12 ���7,�*&��  ���� ��� �/BC+ � ����� �)+ � ��7?�/� �  ,&(�UQ &�� 1 � �5� ���,92+2$�&� :L��$ � 7, �� �! � �C��� � �
� �5��+��, ,&� �O � �%�%�#Q�&� �� X �%��+/���(��+)BC� � ��¦ O �#È � � ���)+��(� � %��(������� � � 	 N ± N É ² N & & &�� 1 � �*�����,9 $ � �	�)�*&��� ,�� ,1$ �)�(�.$ � � � &(�'� &� �� ����$�7?�*���� �  ���� �!� �*B�+ ��S  ���,��+ &�� 1 � �5� ���,9�OC�� ,+)�>��&�� � $ �,&(+C�� ?1 ������1��� ����/�Y$�&���1 � �*� ���,9

�)+ � ��+��2&��%� � ����1�� �/+�&� �� :=�!&�+>��+ � $ &  ���� ��� �/B�O �  ���Q �����W$'�,&� ,1���+ � $������ � ����1�� �/+�&� �� :=�!&�+>��+ � ���(� �/&�+ �&(��� �)+ � ��+��(� ��S  � ��¦ � O �����#Q�$ � 9 %=&(��� ����� ����+/7����/+-$ � ���)�*&��� ,�� ,10 ���� ��� �/BC+�7,+/�� ,1I�,�°¯������� 8� &�� 1 � �5� ���,92+ �
± ���@$2�)�(� $ � � � &(�'�  ���� ��� �/BC+ �� 4$)��7���� ����� +)�/&� ��,&(�'��� � �  ���� ��� �/BxO8����� ¦ É � É ¦ �� M$ � �����  ���� �!� �/B &� ��2&
�,� 1�� �/&�� � � &� ,&�� � 1�7���$ �  :+����/�>���� ���� ��� �/B ��± ���� ���� ��� �/B.�)�*&��� ,�� ,1 &���1 � �*� ���,92+2$ � 92%=&(���(� &(���A������:=&%$/B%,� � %=&(1�&(�/� �  &�� 1 � �*� ���,9DO � �,� �����#Q � + ² N É &�& &�� 1 � �*� ���,9 � �eÈe¦ � &� �� ������� � � �   �� � � � 	 N ± N É ² N & &9E����� � � �@± ��������$�7?�/�'�� �- ���� ��� �/B�+-�>��+)�>�(� �� M$)��7���� & � S & 	  ���� �!� �*B &� �� &2 ���� �!� �*B $ � �@�����A+/7, ,+/% � �
�,&(�/& ��± ���#Q &(���@�)�5&��� ��(� :bQ;�����3 �� � � � 	 N ± N É ² N &�& 9E����� � �2&� �� �����@�'��$�7?�/���� 8��:=&%$/B %,� � %=&(1�&(�/� �  &�� 1 � �*� ���=9 ��S  �>���*92+ � $  ���� ��� �/B &%$#$�7,�*&%$�Q%O $ � ��$ �)�(� $ � � � &(�'�  ���� ��� �/BC+��>��+)�>�(�<O �����  �� � � � 	 N ± N É
² N &�& 9E����� � � � 7?�yÉ %����/$ � �*9E�(� ����� � �=� �����#Q � + ² N É &�&�9E����� � � $ � �-&��%� :'7?� ������� � �  ���� ��� �/B &� ��
$ � 9 %=&(���(� +����UQ � �(�<� � � ���0:'&%$/B0%=� � %=&(1�&(�/� �  �	S  �>���*92+ � $ �)�*&��! ,�� ?1;�/��9E�%O������� �� � � � 	 N ± N É ² N & &9E����� � � � 7?�yÉ %����/$ � �*9E�(� ����� � �=� �����#Q ² N É & & $ � � ����� ¦ É � É ¦ �� M$ � �����@ ���� ��� �/B :=7?� � &�+ 9 7M$ � +�� � � ������,&� �����-:=&%$*B2%,� � %'&(1�&(�/� �  &���1 � �*� ���,9 $ � � ����� �=� 1�� �/&��?� � &� ,&�� � 1�7���$ �  H+����*�>���  ���� ��� �/B �@Ê � � �)�*&��� ,�� ,1����� � S & 	 +*��9 %������'��$�7?�/���� 8�- ���� �!� �/BxO �����; �� � � � 	 N ± N É ² N &�& 9E����� � � � 7?�yÉ %����/$ � �*9E�(� ����$�7?�/�'�� �:=&%$/B;%,� � %=&(1�&(�/� �  �! A�>���*90+ � $=: � ���  ���� �!� �*B;&%$#$�7?�*&%$�Q &� �� �)�*&��� ,�! ?1@�/��9E� ��Ê � ������� +/7, =+)% � �6 ���� �!� �/BxO
� � � �)+�����O ����$�7?�*���� � :=&%$*B %=� � %=&(1�&(�/� �  � 7?�yÉ %����/$ � �*9E�(� ����� � � 	 N ± N É ² N &�& 9E����� � � �� �>���*92+ � $�)�*&��� ,�! ?1 �/��9E�%O?:=7?� �����A �� � 9E����� � ��$ � 9 %'&(���(��¥�7,� �>��$ &(+ � 7?�5&(:���Q.�� .�>���*92+ � $� ���� �!� �*B.&%$#$�7,�*&%$�Q �

N +@$�&� :��3+>�)�� $ � � 9 ����� �����>���*&(�/7?���%O8�����3 ���� �!� �*B�+��)+ � ��+��(�.:bQ 1��� ����/�Y$ &�� 1 � �*� ���=92+�&(���3���(��&(�/��+��(�YQ+/92&��%� &� �� ����� %,� � $-��+/+A�*7, ,+:¥87=� �>� � �(�%� �DÊ � � ����� � : � ��$#� �����>��$#�/� �  %,� � :,����92+A�! H+���+)�/��1�&(�>�(� �� ���,��+������+/��+�O � � � �)+�����O3�����  ���� ��� �/B�+ &(�'� +����pQF��&(�/1�� �GÊ
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¦,�



���������	��
������������
�������
���
����������

&� &(��$'�,� �>��$#�/7,��� � $ ¦ � ¦ É � É � O ��������� � �%�%��:�� ¦ � ¦  � ����+;&� �� ��¦ �%� � ��� 1��8�/+ � :=��&�+>��+ � ± �,��+�������+/��+ � �%�%��� H+���+/�/� 1�&(�>� � ������������1��� ����/�Â$0&�� 1 � �*�����,92+�$�&� :L� 7,+>�(� � � �)�*&��� &� �� ���#�= ��2+*7M$'�	��&(�/1��0 ���� �!� �*B�+ �� 
$'�,&(%,�>��� � �
&�'���')& 
���1M3 �	CA1 � 5�7�� 14E�1�LHC � ��3n5�I�3H;<. . CAE�I
² �� ����/�Y$ %,� � 1��*&�9092�� ?1-�!+6&-���(��&(�/��+��(��Q��'��$-�� �	�>��$'�= � � � 1%Q�:=&�+��(� �  ;����� 7,+>� � $ � &(� � �� ,��&� M�)+ � ��7?�/� �  �� �����@1��� ����*&(�/� �  � $<$ � 9 %=7?�>��� %,� � 1��*&�90+ �	± ��� %,� � $-��+/+ +)�/&(�/�/+ � � ���2&��*&� �� � 9 ��Q;1��� ����*&(�>�(� % � %'7���&(�/� �  
� $=%,� � 1��5&�92+ � 	 &%$'� %=� � 1��*&�9���+ �#"9��$�7?�>�(�0&� ��;���/+ ����1����)� � $'+/7M$#$-��+*+<�! ;&%$ �,���)+C�� ?1�� �/+<�/&�+)B;��+<9E��&�+/7,���(�&� �� &�+/+/� 1� ��(� &�+ � �/+ �,�/ ���+*+ � V�� � 1��*&�90+ � � ��� 1 �:� �-�,�/ ���+/+ &(���.������ +>�(����$#�>�(� $ � � 92&(�/�� ?1 � S  �����92&(�/�� ?1 %,� � $-��+/+ � ��� %=&(���� 8�/+ &(����$ � � +>�� &� �� �*&� �� � 9 ��Q0+>�(�%��$#�>�(� +/7?:�É �)���)��+ &(�'��+ � &(%,%��(� 1���+C�� ?1;� ���
$'�,�%�<�?���� � $ &  �� � % � %=7���&(�/� �  �ÀS  1��� ����5&��ÇO �� ��,�%+��%�=7,&���+ �� �����  �� � 1��� ����5&(�/� �  � �%�%� :�� �=�)�>�������,&� ��� � +>� �! ������$�7?�/�'�� ��1��� ����*&(�/� �  �u± ��� %,� � $-��+/+A�>���*92�� =&(�>��+ � ���� & + � ��7?�/� �  ��+�$ � 7, �� � �;�����2:���+)��� ��,��+C�%�,7=&���� � ��+@ � �-�!9 %,� � +�� � +���� ������$ � 7?�*+>� � $<& $2� � 1��� ����5&(�/� �  ,+ �
�a�f!d¡\�
�aMc�a�4�3P`bc�f21)3�f 4H1
± ��������&(���;&2 87=9A:���� � $ �,�°¯������� M$-��+ :���� � �)�� �����A+)�/&� ��,&(� � ² N &� �� ² V � � � O �%� O � � ¦ � �

�(� � �,�%��� �����@+)�/&� ��,&(�'� 1��� ����/�Y$-&�� 1 � �*� ���,90+<7=+>�@+)�)�*�� ,1�+	� � ����%,����+>�� 8��+ � ��7,�/� �  ,+#O������ $ � �*92+ �)+ � �%+��(�:bQ 1��� ����/�Y$ %,� � 1��5&�9292�� ?1;&(�����)���)��+ � � �)�'�)��É ��� B���+)�)�*7M$#�/7?�'��+ ��± ��� +)�/&� ��,&(�'� ² N :'� � +)�)�5�� ?1�+ 7,+>�&W�?"0�(������ ?1����.�'��%,����+>�� 8�/&(�/� �  � �=�%��� ����� ² V �)�'�)��+�$�&� �+(&(�pQ.�� ����� ?1���� � � �,�%�%�3����� ² N +37,+>��&:=�! ,&(�pQA&�� %,�,&(:������ � $ � �*9 �����@:'� ��+)�)�*�� ?1�+�O������ ² V 7,+>��+�&�� %��,&(:����/+ � $�+(&(�*� � 7,+�+/�%?)��+�&� ��}$ �  8�>�� 8�
����%��� ��=�� ?1 �  �����0%,� � :,����9 � � 92&��! ��± ����+>� �)���)��+ &(��� 92&���� 7?% � $@�� �>���5 ,&��� � ����+A&� ��	����&($ � ����+#O � �=�Y$'�	�,&(+��.:��)�� O�?�*& �  $ � � 9 & +>��� � $@%=�*��92� �/�%+��E�(����9E�� 8�/+;���=&(� &(�'� +)%���$�����$2� � �����%,� � :�����9 � � 92&��� �

����± ��� �>���59 ���#�x�#~g{Ç�Wvxjylp�Hjyo%| |W{!��� $ � 9E��+ $ � � 9 �����  � �/� �  ���,&(��$ � 92%=7?�>���2%,� � 1��*&�92+ $�&� :������%=����+>�� 8�>�(� :�Q & �)���)��É +)�)�57M$#�/7?���(� 1��� � 9E� � X � 9 %'7?�>��� %,� � 1��*&�9092�� ?1���&� ?1�7=&(1���+#O�+/7M$ � &�+
� >�� � O�$�&� :�� ����%,����+��� �>�(� :bQ $ � �*92&�� 1��5&�9292&(�*+ � �=�Y$'� &(��� �)�'�)� :=&�+>�(�<O ���87=+ � � ��+ &%$#�/7,&��%��Q���(�!&(�/��+��(��Q +)�)�*&���1�� � $ � � � &(� � � � ����%=����+>�� 8�;%,� � 1��*&�9 $ � �����,������$#����Q &�+ �)���)��+ � ± ����+>� �)�'�)��+ &(����*&� �� � 9 ��Q $ �  =+)�)�*7M$#�>�(� $ � � 9 & +>��� � $ %,�*�!92� �/��+�� $ 7, 4$#�/� �  ,+ &� �� �>���*92�! ,&���+ � +>��$#�/� �  ����¦?� �

�  %=&(1�� ¦ ���5�
��� � � ��� �����À$'�,&� ?1�� � $ ����� �'��%,����+>�� 8�/&(�/� �  $ � � 9 ² N � � ² V0$ � 9E��+ &W$'�=&� ?1����� 0����� �MQ� ,&�90�Y$�+ � $������)+ � ��7?�/� �  =&(�pQ +>��&(�U$'� %,� � $-��+/+ ��± ���A+>��&(��$'� %,� � $-��+/+-�!+@1 � +����5 ��(� :�Q ����� �� 8�>���*&%$#�/� �  � $������
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+��(����$#�/� �  9E����� � �,+�O,1��� ����/�Y$ � %����*&(� � �5+#O=�������,�/ ���+/+ $ 7, M$#�/� �  &� �� �����A%,�*��92���/��+��3$ 7, M$#�/� �  ,+ &� ���>���592�� ,&���+ ��S  1��� ����*&��ÇO�������+>�(����$#�/� �  .9E����� � �,+ 7,+>�(� �� ² V $�&� :��3����� +/&�9 � &�+ ��� � +�� �� ² N +#O:'7?�-����� 1��� ����/�Y$ � %����*&(� � �*+�&� �� ����� �,�/ ���+/+3$ 7, M$#�/� �  &(��� 7=+/7,&��%��Q��,��¯L������ 8� ��± ����+>� ��+/+/7���+ � �%�%�:��*����+p$#�5� :��(� �� 9 � ���M�����/&��<� �� .�������'��92&��� ������ � $	���,��+ +���$#�/� �  �
Z�c��4h4c�a �	1
� � �,�*+/� ����+p$#�*� :�� ����� ����%,����+��� �/&(�/� �  � $;�����6�)+ � �%+��(� %,� � 1��5&�92+ &� �� ������ %,�'��+>�� � ����� � &PQ�+ � $%,� � 1��*&�9 1��� ����*&(�/� �  �

Z�c��4h�c¬a � �]`���c�`:1P`bdL3Pa�3¬f ��d�� � 7M$'� � $;����� ² V ��� �/B � &�+ � �  �� 7=+/�� ?1 N S � V � � N S � V	É ��� B������%,����+��� �/&(�/� �  =+ � $������ %,� � 1��*&�92+ � N +/&�9 %,��� $ � 9 %=7?�>����%,� � 1��*&�9 $ � ������� &���1���:,�*&��Y$ ��¥�7,&(�/� �  � � µ� �<µ ��� $�&� .:L�3����%,����+��� �>�(� �� N S � V &�+ ����� � É �#"C%,����+/+/� �  ��	�
���������������������������� �	± ��� �)���)�����%,����+��� �/&(�/� �  ��+ +�� � �  �� u�=1�7?��� �����#ÈC�

1

x x

-

-

x

*

x *

Ê � 1�7?��� �����#È � N +/�!9 %������)���)���'��%,����+>�� 8�/&(�/� �  $ � �-&2+/&�92%���� N S � V %=� � 1��*&�9 �
± ����%,� � 1��*&�90+-&(��� $ �  ,+)�)�*7M$#�>�(� $ � � 9 ou~A�#j�|W{!��oeq�Æ#�#~ &� �� o�� ������~g{Çle� Æ��#~ � �,�Y$'� + &(�pQ &%$#$ � � �,�� ?1� � �����-%,� � :�����9 � � 92&��� ��± ���592�� ,&���+ &� �� $ 7, 4$#�/� �  ,+�&(�'�3&���+ � $�&��%���(� v�j {)|W{g~g{)Å%� Æ O?&� �� �����3�>���*92�� ,&��'+>���&� �� �����A$ 7, 4$#�/� �  +>���-&(���:$ � 9A:=�! ��(�.� � $ � �*9 & v�j {!| {g~g{!Åe��Æ#��~�� �%��� �
���b�x��~g{Çle��Æ ½ Ê 7, M$#�/� �  ,+0$ � �*9 ����� � �9� � &� �� ����� �! �>���* =&��@ � ����+ � $������ �)���)� �'��%,����+>�� 8�/&(�/� �  � $& %,� � 1��*&�9 � S  1��� ����*&�� O �������'� &(��� � �!� B��� ��,+ � $3$ 7, M$#�/� �  ,+27,+>�(� �! 1��� ����/�Y$ %=� � 1��*&�9292�! ?1 � ± ���

�,�*+)�2$)��&�+*+ ����$ ���5+ � � 1��� ����*&�� $ 7, M$#�/� �  ,+�O�+/74$'� &�+ ������$ � 7?�@&(�*� ���=9E���/�Y$ � %L���5&(�/� �  ,+ &� �� � �������-+/�/&� ��,&(�'�$ 7= M$#�/� �  ,+=����B����)�*� 1 �  � 9E���)�5�Y$�$ 7= M$#�/� �  ,+#O?&�+3+�� � �  �� ��¥�7,&(�/� �  ����� � �
� J��! ¶ µ ¶#"H¶ G ¶ +/�� ¶ $ � + ¶ �#"C% ¶ �'� � 1%$ � ����� � �
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± ��� $ 7, 4$#�/� �  G ��+�%=� � �>��$#�>�(�O�,��+C��+/� �  +/74$'� ���,&(� �=��+��<�,�� ?1.:bQ È �����/7?�5 ,+ ÈC� ± ��� +���$ �  ��¤$)�!&�+/+

$ � 9 %,�*��+���+@+)%���$����4$ $ 7, M$#�/� �  ,+ � �,�Y$'� +(&(�pQ � � ���.�����A%,� � :�����9 � � 92&��� �
� �#j�|W{!��oeqsÆ ½ ± ���*92�! ,&���+ �,&(+��2 � &(�/1�7,9 �� �/+�&� �� $ � �*9 �����E����&@+���+ � $������ %=&(�5+>� �)���)� �:± Q8%'�Y$�&��%��Q%O�>���*92�� ,&��!+@����%,�'��+>�� �3�����;�! ?%=7?�/+ � � ����� ² V %,� � 1��*&�9DO'����� $ �  ,+)�/&� 8�/+�+/7?%,%��!���(�.� � ����� ² V %,� � 1��*&�9�O

� �@�����*?)��� � É &(�/1�7=9E�� �-$ 7, 4$#�/� �  ,+ � � ��� +/�<����É ��¯L��$#�/+ �#"9��$�7?�>�(� :�Q ����� ² V %,� � 1��*&�9 � � �%� �	S  &� �Q]$�&�+��%O& �>���*92�� =&�� �����/7?�* ,+ &� &%$#�/7,&��  �7,9E���*�Â$�+(&���7�� � � ��� � 7?�=�,&@+��� ,1 � � �/&(B��;&� �� ?%=7?� �
S � ��+ ��9 % � �/�/&� 8��� �  � �>� ���,&(� �����3+��(����$#�/� �  � $ �����-$ 7, M$#�/� �  =+�&� ��0�>���*92�� ,&��!+���+�$#�5� �/�Y$�&��,� � +/7M$#$-��+*+ �

± ���0�>���592�� ,&�� +>��� &� �� ����� $ 7, M$#�/� �  +>��� +�� � 7��%� :�� +>�(����$#�>�(� + � &�+ � � +/&(�/��+)$!Q ����� ����¥87=� ����9E�� 8�/+ � $
$)� � +/7?���3&� ��2+/7��¨$����� M$�Q � � � O �#È?� � �	S  � ������� �!� �'�=+#OH��&%$ �0$ 7, M$#�/� �  �! �����@$ 7, M$#�/� �  +���� +�� � 7��%� :��@&(:����� � �=&� ������ 1��*&%$-��$ 7��%��Q�&��%�:+ &��!7���+6���<92��1�� �6����$-����+�� &�+��� ?%=7,� � $)� � +/7?�'� � O�&� ��A����� $ 7, M$#�/� �  =+6&� ��;�>���*92�! ,&���++�� � 7��%� :L�0% � � ���*$ 7�� �� � 7?1�� � � :��0&(:����2� � ����%,����+��� � & + � ��7,�/� �  � � �����0%,� � :,����9 � +/7��¨$����� M$�Q �5� N:=&�� +>�(�%��$#�/� �  6$ � 7��%� ����+/7�� �-�� �+����UQ +�� � � $ �  H+����*1��� M$-� � ���)+���  � �-:����� ,12&(:������ � �= �� & + � ��7?�/� �  &(�&��%� �

Z�c��4h4c�a � 5u`bd�`bc¬a�3�f �xd � ± ������� &(��� +��)+����*&�� � &PQ�+ � $ 1��� ����*&(�/�! ?1 %=� � 1��*&�92+;� � &(%=%L��&(� �� ������� ,� �/��&���% � %'7���&(�/� �  &� �� &($ �>��� 9;7,�/&(�/� �  <O��� M$)�!7��,�� ?1 � ��q)q����%jRl"# &� �� jRoe|�v�� ¾ Ä�oeq � ÃRoe� ¾ Ã¢Äboeq �u� �#È?� � �6S  ����� $ 7��%� 9E����� � �<O $ 7, M$#�/� �  ,+�&(��� +>�(����$#�>�(� &�+������  � ����+ � $ ����� %,� � 1��*&�9 7, 8�/�%�<&.1���+��� 6����%,��� � $ �����%,� � 1��*&�9 �)���)�;��+@����&%$'���(� �w± ���� �>���*92�! ,&���+ &(���A+��(����$#�>�(� � � $ � �59 ������%��&($	 � ����+ �@± �,�!+��� ,+/7?����+@���,&(�$ 7��<�ÇOH�� 8�/� ���(��Q :=&���&� M$-�(� �)���)��+ &(�'��$ �  ,+)�)�*7M$#�>�(� � � ���� .����� 1�� � � 9E����� � �.��+ 7,+>�(��OC � ����+ &(����+>�(�%��$#�>�(�$ � � 9 ��� ������� $ 7, M$#�/� �  ,+ � � �>���592�� ,&���+ �]S $@& �>���592�� ,&�� ��+A+>�(�%��$#�>�(�<O������0:=�*&� M$'� � � ��� ���,��+A�>���*92�� ,&�� ��+�>���*92�� ,&(�>�(� &� �� �����21��� ����*&(�/� �  %=� � $-��+*+�9 � +���+ �  � � �����0 ��#"C�� �  �É �>���*92�! ,&��	:,�*&� M$ � �� �����0�)���)� �
S  �������*&�9 %��(� �,&�� $)É &� ���É �,&���$ 9E����� � �<O8: � ��� ������$ 7��%�=&� �� 1�� � � 9E����� � �,+ &(���À$ � 9;:=�� ��(� � B &�� $ � $ �����%,� � 1��*&�92+�1��� ����*&(�>�(� $ � �*��&%$ �6����%,��� +(&���7�� &(��� $#����&(�>�(� :bQ 7,+/�� ,1 ����� 1�� � � 9E����� � � &� �� ����� � �������
�,&�� $	7,+/�� ?1 ������$ 7��%� 9E����� � � �
� f 3¬d�`91(1u\ a�1�`91
± ��� %=&(�)�>���* ,+ � ���#"C&�9 %,����+ �� � �������=����&(�5 ,�� ?1;%=&(�*&��,� 1�90+�+/7M$ �.&�+  ���7?�*&��= ���� ��� �/B�+ &(�'��$�&��%�%�(� ��~g� � ÆUÆ
�Uo�Æ�� Æ �� 1��� ����/�Y$;%,� � 1��*&�9290�� ?1 � � � O �#È?� � � N $#$ � �'�,�� ,1���Q%O=�������'�;&(��� &���+ � � ��� �,��¯L������ 8�3+����/+ � $	�,�/ ���+/+
$�&�+>��+����)�5&��� ,�� ?1 $�&�+>��+-$ � ������&(�* ,�� ,1 &� �� �>��+)��$�&�+>��+-$ � �-%L���*$ � �*90&� M$-�*�)+ &��!7,&(�/� �  �
� f 3¬d�`91(1}a�d 7 � `08!`:4�3¬f ��d
� f 3¬d�`91(1 � /�d 4�3�f �xd � Ê � �/ ���+/+���+������09E��&�+/7?�'� � $=� � � � �(�%��& %,� � 1��*&�9 �,&�+ �%��&(�* �A� � %,���(�=�Y$#�������
� 7?�)%=7?��$ � � 9 �����2�� ?%'7?���,7,�*�� ?1 +/��9 7���&(�>�(� �)+ � ��7?�/� �  � ± ��� �=�/ ���+/+ � $ &.%=� � 1��*&�9 1��� ����*&(�>�(� :�Q �����
�)+ � ��7?�/� �  ,&(�UQ %=� � $-��+*+@��+2$ � 9 %=7,�>�(� &%$#$ � �'�,�! ?12� � �������,�/ ���+/+ $ 7, M$#�/� �  ��± ���À�,�/ ���+/+ $ 7, M$#�/� �  +'� � 7��%�
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:�� ����+/� 1� ��(�.� � 1���+���1��5&����(� &� ���$ �  �/�� �7 � 7,+-$ �)�(�,:=&%$/B &(: � 7?� � � � � �(�%� & %=� � 1��*&�9 �� & % � %=7���&(�/� �  %����/$ � �592+ �  �����2�)�*&��� ,�! ?1 +>��� � N � B��2�����0%,�*�!92� �/��+���+#O �������,�/ ���+*+�$ 7= M$#�/� �  %��!&�QC+A&�+����pQ �!9 % � �/�/&� �� � ���A�! .�����*�)+ � ��7?�/� �  =&(�pQ %=� � $-��+*+@&� ���+(&(�*����+ � � ���.������%,� � :,����9 � � 92&��� =+ �
± ������� &(�'� +>�)+����*&����AQ�%���+ � $��=�/ ���+/+.$ 7, M$#�/� �  ,+�� �Ul%�4~g{)� ��l��Æ���~g�x��ÆUÆ ��Æ ~ o%� ¾ oej ¾ {)Æ#� ¾ �@~g�x� Æ�Æ &� ��

��lej |}oeqs{)Æ#� ¾ ��~g� � ÆUÆ�� � ��� �
� N ��le�4~g{!� �Ml"�bÆ���~g�x��ÆUÆ � �b�x��~g{Çle� �!+�& 92&� , ���� � $�$�&��Y$�7���&(�/�! ?1��,�/ ���+/+A�� � �,�Â$'� +/90&��%����9 %=� � +���É9 �� �/+ �� � � � � �(�%� & %,� � 1��*&�9 �,&�+ ����&(�* ��(� �����.%,� � :�����9 � � 92&��� &(��� ���(��&(�>�(� � � +/92&��%� ��9WÉ%=� � +���9E�� 8�/+��� ����� 9E��&�+/7?�'�(���,�/ ���+/+ � $������ %,� � 1��*&�9 &� �� ��&(�/1�������92%,� � +���9 �� �/+��� � � ��� �(�%�&;%,� � 1��5&�9 �=&�+��%��&(�* ��(� ����� %,� � :�����9 � � 92&��! &(��� ���(��&(�>�(� � � ��&(�/1���� ��92%,� � +���9 �� �/+ �� � �/+ 9E��&�É+*7?���(�}�=�/ ���+/+ � � 7M$ �¨$ �  8�/�� �7,� �¢Q2��+ &� ��9 % � �/�/&� 8��%=� � %����/�AQ � $ &:�,�/ ���+/+ $ 7, M$#�/� �  +/�� M$-� � ��&��%� � � +�����*�)+ � ��7?�/� �  ,&(�UQ %,� � $-��+/+@� � ��9 %,� � +���%,� � 1��*&�92+@� �>���5&(�/��+��(��Q �
� ��~ oe� ¾ oej ¾ {)Æ#� ¾ ��~g�x��ÆUÆ ��+ & �)�*&� ,+)$ � �*9E�(�u�=�/ ���+/+ $ 7, M$#�/� �  �� � �,�Y$'� �����À�=�/ ���+/+ � $<������:���+)� �� ��,��É
+C�%�,7=&��'��+ &�+*+/� 1� ��(� & +(&���7�� � $ ?)��� � ��Ê � �-& %'&(�/�/�Y$�7���&(� %,� � :�����9�O?� $ &E� � � ��� + &��!7�� � $�$ �  8�/�� �7 � 7,+
� �5& � � �,�/ ���+*+ ��+ :L���)�>���POC+/�/&� ��,&(�'�,�!+>�(���=�/ ���+/+���¥87=&���+ �����À$ �  �/�� �7 � 7,+k�=�/ ���+/+ $ � � ���=&(� %=� � :�����9 4��$ & 1�����&(�>��� +(&���7�� � $�$ �  �/�! 87 � 7=+k�,�/ ���+/+ ��+ :����)�>����O,+/�/&� ��,&(�'�,�!+>�(�]�,�/ ���+/+���¥�7,&���+ ������90& "C��9 7,9% � +/+*� :�����+ &��!7�� � $ ����� �*& � �,�/ ���+/+�92�! 87,+	����� � :=+>����+��(�0�*& � �=�/ ���+/+ ��± ��7,+#O +)�/&� ��,&(�'�W�,�/ ���+*+ �,&�+�����3&��,92�! ,��+)�)�*&(�/�%+�� $ ��&(�/7?�'�-���,&(� �����-:���+)�@�,�/ ���+/+ ��+�&�� � &�QC+ �����3+/&�9 � +(&���7�� � $ ?)��� � O�����1�&(�'������+/+
� $ � �,&(�-%,� � :�����9 �  ��;��+ �!� �*B��� ,1 �  �

� �:lej |}oeqs{)Æ#� ¾ �@~g�x� Æ�Æ ��+ & �)�*&� =+)$ � �59E�(�-�,�/ ���+/+;$ 7= M$#�/� �  � ������� �����]�,�/ ���+/+ ��+ $ � 9 %=7?�>�(� $ � � 9������+/�/&� ��,&(�'�u�,�/ ���+/+ � � �-&����/7,+)�>�(�]�,�/ ���+*+ � �#È?� � �5��± ���� � �*92&�����+��(���,�/ ���+/+=�,&�+ ���?���)�M����+/� �*&(:��%�$ �,&(�*&%$#�>���*�!+)�/�Y$�+�� �������*&� ,1�� � $��������,�/ ���+/+-��+@:L��� � �)�� ?)��� � &� �� �  �� 4 :L���)�>��� �� ��,�%+��%�=7,&���+ �� �����% � %=7���&(�/� �  �,&(+����&(�/1������=�/ ���+/+�+(&���7�� 4 &� �� �����A+/7,9 � $	������ � �592&�����+>�(�u�=�/ ���+/+�+(&���7���+@��+ �  �� �
�<`98!`94�3¬f ��d�� Ê � �/ ���+/+@+��(����$#�/� �   �����>���592�� ���+ � �,�Â$'� �)+ � ��+��(� %,� � 1��*&�9 � �%�%�':L��7,+��(�.$ � �@������1��� ����/�Y$

� %����*&(� � �*+�� � %,� � �,74$-�  �� � �! ��,��+C�%�,7,&��!+ $ � �������  ��#"���1��� ����5&(�/� �  6�,7?�*�! ?1 ����� �)+ � �!7?�/� �  ,&(�pQ %,� � $-��+/+ �
± ����� $ ����� 9 � +/��$ � 929 �  ���Q 7,+>�(� +>�(�%��$#�/� �  9E����� � �,+�&(��� v�jRl�v�lej�~g{Çle��oeqwÆ#�#q��U��~g{Çle� &� �� ~ l�bj ��oe|��#�4~
Æ#�#q��U��~g{Çle� �

S  ����� %,� � % � �*�/� �  ,&�� +>�(����$#�/� �  9E����� � � � �#È?� � &� �� ��,�%+��%�=7,&�� �! & % � %=7���&(�/� �  � �<�%� :L� +��(����$#�>�(�&%$#$ � �'�,�� ,1�� � �����-%,� � % � �/�/� �  � $ � �/+ � �  }�=�/ ���+/+�� � �����@� � �/&�� +/7,9 � $ �������=�/ ���+/+ � $ &��%�?�����-�� ��,�%+��%�=7,&���+�� ������% � %=7���&(�/� �  � V�� � 1��*&�92+ � � ��� � � � �,�/ ���+/+ +p$ � ����+ ��� 7��%� �,&@+��A&E� � � %=� � :=&(:=�%�!� �AQ � $ �,&(+C�� ?1 &� nQ1��� ����/�Y$ � %����*&(� � �*+A&(%=%������(� � � ������9 &� �� + � ��� 7��%� 9 � +)��!� B��(��Q :L�0����9 � +��(� $ � � 9 ����� % � %=7���&(�/� �  �
V�� � 1��5&�92+ � �,�Y$ � %����/$ � �*9 %=&(�/�/�Y$�7���&(�'��Q � �(�%�	�� &� �� :+���� �  ,9E�� 8� � �%�%� �=&(+��2& +����pQ �,��1�� %,� � :=&(:=�%�����AQ
� $	:L���! ?1 +>�(����$#�>�(� �
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± ����� � 7,�* ,&�9E�� 8�3+>�(�%��$#�/� �  9E����� � � � � � O �#È?� � ��+@:=&�+��(� �  �$ � 92%L���/���/� �  � �����,�� �  ���Q &0+*7?:=+>��� � $�����0% � %=7��!&(�/� �  &(1�&��� ,+)���&%$'� � ��������O	�*&(�������;���,&� ����� � � � �%� % � %'7���&(�/� �  � N  87,9;:���� � $ %,� � 1��5&�92+��+3+��(����$#�>�(� �*&� �� � 9 �YQ.&%$#$ � � �,�� ?1 � � �����A� � 7?�* =&�9E�� ��+/��?)� &� �� &0+>�(�%��$#�/��+�� $ � 9 %����/� �/� �  �/&(B���+�%,��&%$-� �

± ��� :����)�>���A�� ��,�%+��%�=7,&���+@�� ����� � � 7,�* ,&�9E�� 8��&(���2&��%� � � �(� � � �'��%���&%$-� ����� ��� �*+>�2�� ��=��+��<�,7,&���+ ��S  �����+/92&��%����+/��% � +/+/� :,���@� � 7?�* =&�9E�� �#OC� �!� �� ��=��+��<�,7,&���+�$�&� u$ � 9 %����>� ��± ��� � �� , ���� ��+ &��%� � � �(� � � ����%,� � �,7M$-�� � ���A9 7?�/&(�/� �  &� ��;�������'��+/7�� �<��+ �����/7,�* ��(��� � ����� % � %'7���&(�/� �  <O ����%���&%$��! ?1@������� � +>��� � $,������� � 7,�* ,&�9E�� 8� �
5]`�d�`:3¬f24 ����`bc¬a�3��4c 1
± ��������&(�������?���)��$ 7, ��,&�9E�� 8�/&��'1��� ����/�Y$ � %����*&(� � �*+ �� 1��� ����/�Y$ %,� � 1��*&�9292�� ,1�O8BC � �  &�+ jp�¢vxjyl ¾ ���P~g{gl%� �

�#jRl�ÆUÆ#leÅe�#j &� �� |���~ o%~g{Çle� ��S  1��� ����*&��ÇO?& %����U$-�� �/&(1�� � $6�� ��,��+C�%�,7=&���+��� &;% � %=7���&(�/� �  � �%�%���,&@+�� �  �� � �9 � ����1��� ����/�Â$ � %����*&(� � �*+@&(%,%,�����(�.� � ������9 �
�¨`���c�� 7 / 4�3¬f ��d ��+ ������:=&�+*�Y$ �� ?1��� �� � $ � &(� � �� ,��&� ������ � �pQ � �#È?� � O�&� ��;��+ ����� +/��9 %��%��+)� &�9 �  ?1-������+>�

� %L���5&(� � �*+ ��S �3�! H+ � ��+���+ �/7,+)�3+*��9 %���Q]$ � %�QC�� ?1 ����� +>�(����$#�>�(� %,� � 1��*&�9 $ � � 9 ����� $�7?�/���� 8�-1��� ����*&(�/� �  � ������  �� � 1��� ����*&(�/� �  �¤S  1��� ����*&��ÇO ����%,� � �,7M$#�/� �  &��%� � � + 1 �9� � %=� � 1��*&�92+ � � +/7,��+��%+��.�! � � �����  ��#"C�1��� ����*&(�/� �  � $6�����A% � %'7���&(�/� �  �
��/;3Pa�3¬f ��d � %����*&(�>��+ �  ���Q �  & +*�� ?1�����+>�(����$#�>�(�.%,� � 1��*&�9 &� �� �� 8�)� � �,7M$-��+  �� � 1��� ����/�Y$À$ � ������ 8� �& % � %=7��!&(�/� �  �� �����  �� � 1��� ����*&(�/� �  �6± ���09 � +)�W$ � 929 �  $ � �*9 � $-9 7?�/&(�/� �  ����9 � +���+ & �*&� �� � 9+/7?:,�)���)� � $	&2+>�(�%��$#�>�(� %,� � 1��*&�9DO?������ %=7?�/+ &0 �� � +/7?:,�)�'�)���� .������+/&�9E��%,��&%$-� ��± �,�!+w$�&� :L�M� �  ���:�Q����� �%jRl"# 9E����� � �<O ����� � �bq!q 9 ����� � � � ������� �*&�92%L�(� �,&���$ÂÉ &� ���É �,&�� $�9E����� � � � %=&(1�� ¦%¦8�5�WÊ ��1�7?��� �������� & � +�� � � +@&� ��#"?&�9 %��%� � $	9 7?�/&(�/� �  $ � �-&0+>�(����$#�>�(� %=� � 1��*&�9 �\:c���1(1 ���x`�c �/&(B���+�&���+ &� 8�/&(1�� � $��,�°¯������� �6+>�(����$#�>�(� %,� � 1��*&�90+ � � ���=�� �&@% � %=7���&(�/� �  <O &(�)�>��9 %,�/�� ?13� ��� �>��1��5&(�>�3�����37,+>��$ 7��,&(�)�)�*� :'7?�>��+�$ � � 9 ������9 ��± ����$#� � +/+ � +���� � %����*&(� � �w$ � 9;:=�� ���+������@1��� ����/�Y$-92&(�>���5��&��

� $ �����-� �!� +>�(�%��$#�>�(�0%=&(�'�� �/+ :bQ2+ � &(%=%=�� ?1A&;+/7?:,�)�'�)� � $ �  ��3%=&(���� 8� � � ���0&;+/7?:,�)���)� � $ ����� � ��������OC&� ���� �)� � �,74$��� ?1 � ���  �� � �YQA$ � �*9E�(� %,� � 1��*&�92+��� 8� � ����� % � %=7���&(�/� �  �� �����- ��#"���1��� ����*&(�/� �  � N  E�#"C&�92%����
� $�$#� � +/+ � +���� $ � �@� ��� +>�(�%��$#�>�(� %,� � 1��*&�90+@��+ %,�'��+>�� �>�(� �� u�,1�7?��� ������� � : �5�S � ��+� � �>�(�0���,&(� + � 9E�3����+>��&(�U$ �����*+ &(�/1�7��-���=&(� 9 7?�/&(�/� �  ��+�7,+>�(�%��+/+ � �=�%���@+ � 9E� � �������*+ �� ,+/��+/�����,&(�&��,� 1�� 9;7?�/&(�/� �  �*&(�>� �!� 7��%� ���(� % ����� ² V %,� � $-��+/+�$ �  :+����/1�� ���%� O � ��O �#È?� � �:± �,��+ ��+�9 � +)�*��� B��(�YQ � �:L� � � 92&��� 6����%��� ����� 8��&� �� �  ���$�&� 92&(B��0& ����$��!+/� �  &%$#$ � �'�,�� ,1 � � ����� %,� � :,����9 � � 92&��� &� �� �����
�� H+C� � �  ,9 �� � �
�a�f!d Z�aMc¬a � `:3P`bc 1
± ����92&��� .%'&(�*&�9E���>���*+3&(%,%������(� � � 1��� ����/�Y$�%,� � 1��5&�9292�� ?12&(�'�M����+p$#�*� :��(� �� .�/&(:,��� ��� � �
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Ê � 1�7?��� ������� � 	 ¯���$#� � $61��� ����/�Y$ � %����*&(� � �*+@�� 1��� ����/�Â$�%,� � 1��*&�9092�� ?1 � � & � � 7?�/&(�/� �  �! ² V@� � ��%���&%$-��+& �*&� �� � 9 +/7?:,�)�'�)� 4 � : � X � � +*+ � +���� �� ² V@� � � &(%=+@� ��� �*&� �� � 9 +/7?:,�)�'�)��+ �
�wa�4��;8gfgd�h¤a Z�c���� 8!` � �¨f 3�
 5]`�d�`:3¬f24DZ�c��4h�c¬a � �-fgd�h
N +*+/7,92�� ,1 ���,&(� & 1��� ����*&�����+��(� 1��� ����/�Y$ %,� � 1��*&�9290�� ?1 � �� ,1��� ���� � � %����/$ � �*9 ����� �)+ � ��7?�/� �  ,&(�UQ %,� � É
$-��+/+>��+ ��+ &(+(&��%��&(:,���%OC�����3�/&�+/B � $ 7,+*�� ?1�1��� ����/�Â$3%=� � 1��*&�9292�! ?1A$ � � &� nQ21��%+��� %=� � :�����9 :���$ � 9E��+ �  �� � $
�����>���*92�! ,�� ?1������ &(%,%,� � %=�*��&(�>�-+>��� � $ $ 7= M$#�/� �  ,+ &� ��2�>���*90�� ,&���+#O8&A+/7,���/&(:����2�,�/ ���+*+�$ 7, M$#�/� �  �O &� ��0&;+>���
� $ +/7=� �/&(:���� %=&(�*&�9E���>���5+ � � � ��� +)%���$����4$�&��%��Q%O ����� $ � �%� � � �� ?1¨¥�7���+)�/� �  ,+� ��)�(� � � :L�W$ �  ,+/�<�������(� :L��$ � ��������M�#"C%����*��9E�� 8�/+2$�&� :���%����/$ � �*9E�(� �

� � �,&(�-�!+ �����A+>��� � $<�>���*92�! ,&���+ 7,+>�(� �� .������%,� � 1��5&�9 �)���)��+ �
� � �,&(� BC�� �� � $-$ 7, M$#�/� �  ,+W$�&� :��.7,+>�(� � � $ � �*9 ����� $ 7, M$#�/� �  +>��� � � ����%=����+>�� 8� ����� %=� � 1��*&�9�)�'�)� �
� � �,&(�-�!+ �������,�/ ���+*+@9E��&�+/7?�'� �
� � �,&(� +(&���7���+�$�&� 2:�� 1���+��� 2$ � �������@%=&(�*&�9E���>���5+�&� ��E+(&(�*��&(:,����+	$ � �w$ �  �)� � �%���� ?1������ �)+ � ��7?�/� �  ,&(�UQ%=� � $-��+*+#O?$ � � �#"C&�9 %,���%O?% � %=7���&(�/� �  .+/�%?)�A&� ��  �7,9A:���� � $<1��� ����*&(�/� �  ,+ �
� � ���� � � �>���*92�� ,&(�>��&2�*7, ��
� B � � � � � ��B� � � �����A����+/7�� � ��+@1 �:� ���� � 7?1�� �
� � �,&(�@1��� ����/�Y$ � %����*&(� � �*+#O'&(� � �,&(� $ ����¥�7��� M$�����+#O,&(�'��1 � �� ?12� � :���&(%,%,�����(���
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V	&(�*&�9 ���>���*+ � ��+p$#�*� %=�/� �  
V � V � N N ±�S � & � S � 	 ± ���� �7,9;:���� � $6%,� � 1��*&�92+@�� .������% � %=7���&(�/� �  
	 N Sy±2S � � V X & ± ± ����%����U$-�� 8�/&(1�� � $ ��&%$'� 1��� ����*&(�/� �  6$#����&(�>�(� :�Q ����%,� � �,7M$#�/� �  
X � � � � � N ± 	 ± ����%����U$-�� 8�/&(1�� � $ ��&%$'� 1��� ����*&(�/� �  6$#����&(�>�(� :�Qu$#� � +/+ � +����
� � ± N ±2S � & � N ± 	 ± ����%����U$-�� 8�/&(1�� � $ ��&%$'� 1��� ����*&(�/� �  6$#����&(�>�(� :�Q.9;7,�/&(�/� �  
S & S�±2S N N � N � � 	 V ± B ± ����90& "C��9 7,9 ����%=���.%,� � 1��*&�92+�$�&� :����� .�������� =� �/��&�� % � %=7���&(�/� �  
� N � � 	 V ± B ± ����90& "C��9 7,9 ����%=���.%,� � 1��*&�92+�$�&� :��M�,7?�*�! ?1;�����*�)+ � ��7?�/� �  ,&(�UQ%,� � $-��+/+
� N � ² 	 & 	 � N ±2S � & � ± ����90& "C��9 7,9  �7,9;:L��� � $<1��� ����*&(�/� �  ,+@����� ² V �)+ � ��7,�/� �  ,&(�pQ%,� � $-��+/+ � �%�%�'�*7, 

± &(:,��� ��� � � � &��� %=&(�*&�9 ���>���*+-&(%,%,�����(� � � 1��� ����/�Y$�%,� � 1��*&�9290�� ?1 �

	 &%$ � � $ ������+>�2$ &%$#� � �*+:$�&� &�¯���$#�A����� �)+ � �!7?�/� �  ,&(�pQ %,� � $-��+/+#O6&� �� $ �  ,+>��¥�7��� 8����Q ������$'�=&� ?1���+ � $
�= ��,�� ,1 � ����&(�* ,�! ?1 � &�+/7M$#$-��+/+/$ 7��8+ � ��7?�/� �  ��± ��� �� 8�>���*&%$#�/� �  � $,1��� � 90�Y$�����%=����+>�� 8�/&(�/� �  &� ��A�����@�,�/ ���+/+$ 7, 4$#�/� �  I���#�' ��@�����  ,&(�/7?��� � $ �����3+>��&(��$'�.+)%=&%$-� � � 74$'�0�! �>���*&%$#�/� �  ,+ &(�'�37,+/7=&��%��Q �#"��)����9 �(��Q}$ � 9 %����#" O&� �� ����� +)%=&%$-� ��+ �#"C�)����9E�(��Q �,� 1���É �,�!9E�� ,+/� �  =&�� � ± ��� +��(����$#�/� �  9E����� � �,+.&� �� 1��� ����/�Â$ � %����*&(� � �5+� � 1���������� ���#�= ��0�����0:=&��!&� M$-�0:���� � �)�� �pz vxq°lejRo%~g{Çle� &� �� �pz�v�q°l%{!~ o%~g{Çle��� �%��� O	���,&(� ��+#O6�����#Q �����>���*90�� ��
� � � 9;74$'� ��¯ � �/� ��+ ���)+ � �>�(� � � �#"C%�� � �5�� ?1 %=&(�/�/+ � $ �����0+)%'&%$-�0���,&(� +�� � � %,� � 92�!+>�2&� ��D� � � 9;7M$ �
��¯ � �/�-1 � ��+3�� � � � �:� BC�� ?1 $ � �- �� � %'&(�/�/+ � $	������+)%=&%$-�A���,&(�-92&PQ.7�� �/��92&(�>�(��Q :���9 � ������� � &(�'�,�� ,1 �

N �!+ � + � 9E� � ��������%,�5&%$#�/�Y$�&�����+/+/7���+ &��!+ �  ��)�(� � � :�� $ �  ,+*�%�������(�<O +/74$'� &�+��*7, �É �/��9E� &� �� 9E��9 � �pQ
� +����'����&��=+ � S  +*7M$'� $�&�+���+#O6+ � 9 � ����1����)� � $ %=&(�*&��%���(�!��+/9 �� �#"9��$�7?�/� �  92� 1��8��:�� :��� ��#��$���&��ÇO +/7M$ � &�++ � 9E� % � � ���*$ 7�� %=&(�*&��%���(� �,&(�'� � &(��� � � � ���,�� ��������!92� �/&(�/� �  � $������:$ �  ��,���/� �  ,+#O=+ � 9E� $ �  8�)� � ��+ 92� 1��8�
�,&(+�� � � :��;�/&(B��� � � �!��92� �@����� 90& "C��9 7,9 +/��?)� � $�& %,� � 1��5&�9 �)���)�%O �)+��� + � 9E� $ �  8�)� � �	%=&(�*&�9E���>���5+ �
� � ��������/&��%��+ � $<�������'�(���)+ &� 8�-��+*+/7���+2$�&� :���$ � 7, �� �� � � � O �#È?� O �#È�� � �
&�'���')( �],�3H3H14E�L���BeB�,�14B�C¢E 8 ��5�?A,�L%CA5�E�; 3 � �¨5�. =w,	L%;xLHC 5�E
� �� M$-� ��&(�'��Q � �%� È +#O��)+ � ��7?�/� �  =&(�pQ¤$ � 9 %'7?�/&(�/� �  &�� 1 � �*�����,92+ �� M$)�!7��,�� ?1 1��� ����/�Y$ &�� 1 � �*�����,92+#O�1��� ����/�Y$%,� � 1��*&�9290�� ?1�O2$)��&�+/+/�Y����� +RQC+)�>��92+�O=�)+ � ��7?�/� �  ,&(�UQ %,� � 1��*&�9290�� ?1 &� ��F�)+ � ��7?�/� �  =&(�pQ +)�)�*&(�>��1�����+ �,&@+��:L�)�� +/7M$#$-��+*+)$ 7��%��Q &(%,%����%�(� � � ����� $ � �%� � � �� ?1 &(����&�+�� :'� � $ � 92%=7?�/�� ?1 � �#È?� O ��¦,� � O�$-�(�%��7���&(�0%,� � 1��*&�9WÉ
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92�� ?1 � � � � � O 1�&�9 � %���&�QC�� ?1 � �eÈ � O�� � :�É +�� � % +U$'���(�,7����� ?1 � ���#È � O� �  �É ���! ���&(�u��� �>���*�� ,1 � ¦ �%� &� �� �/��9E��É�/&(:����� ,1 � ¦HÈ � ��S  ���,��+�+/7,:=+>��$#�/� �  <O � � :,�*�%�#TMQ����)+C��� � �����@92&�� � ������+>��&(�U$ �2��+/+*7���+	�� 1��� ����/�Y$ &�� 1 � �5� ���,92+#O1��� ����/�Y$A%,� � 1��*&�9290�� ?1�O?&�+ � �(�%� &�+ � �������-&(����&�+ � $ �)+ � ��7,�/� �  ,&(�pQu$ � 9 %=7?�/&(�/� �  �
± ���-92&�� � � ����+���&(�U$'� ��+/+/7���+��� 1��� ����/�Y$-&�� 1 � �5� ���,92+ �� M$)��7���� ����� � �����/�Y$�&��'$ � 7= ��,&(�/� �  ,+ � �#È O � È O ��¦ � � O�� 8�>���*&%$#�/� �  ,+ :���� � �)�� ����%=����+>�� 8�/&(�/� �  ,+ � �#È O � È O � � � O�+��(����$#�/� �  9E��$ �,&� ,��+/90+ &� �� 1��� ����/�Y$ � %����*&(� � �*+

� �#È O � � O ��¦ � � O?&� ��u$ � 9 %��%�#" &��,&(%,�/��+���+RQC+)�>��92+ � � + � �%+�� �=� ��$�7�� � %,� � :��%��92+ �! 0����������&�� ��� �'�%� � �#È O � È O
� � O ��¦ �bO � � ¦ � �

± ��� $ � �%� � � �� ?13� � %=�Y$�+	$ �  ,+)�/���/7?�>� 92&�� � ���!+/+/7���+	�� ;1��� ����/�Y$ %,� � 1��*&�9292�� ,1?� �� :+���+)�/� 1�&(�/� �  � $'1��� ����*&���*7�����+-$ � � �����>���*90�� ,&(�/� �  � $�$#� � +/+ � +����*+����5+/7,+-9 7?�/&(�/� �  �*&(�>��+ $ � � �,��¯L������ 8�@%,� � :�����92+ � � � O �#Èe¦ O �#È ��� 4
�)+ � ��7?�/� �  � $�%,� � 1��*&�90+ � � ��� � �>���*&(�/� �  �*&(�������0���=&� �)���)� +)�)�*7M$#�/7,����+ �  ��YQ � � � O �#Èe¦ � 4 ���#�= ,� �/� �  � $9E��&� ,�� ,1�$ 7����,�/ ���+/+-$ 7, 4$#�/� �  ,+@$ � � +����UQD$ � 9 %����#" OL�MQ� ,&�90�Y$�%,� � :��%��92+ � � � O �#Èe¦ � 4 ����&����� ?1 � � ��� �� 8�)� �  ����9 � + &����! �����E�)+ � ��+��(� %,� � 1��5&�92+ � �#Èe¦ O �#È �e� 4 &�7?� � 92&(�/�Y$�&��%�YQ ���#�' ��(� $ 7, 4$#�/� �  � +/7?:=� � 7?�/�� ����= ��,�� ,1
� � � O �#Èe¦ � 4 $ � 9;:=�� ,&(�/� �  =+ � $�1��� ����/�Y$ %,� � 1��*&�9290�� ?1 � � ���  ���7?�*&��@ ���� ��� �/B�+ � �#È ��� 4 $ � 9A:=�! ,&(�/� �  ,+ � $1��� ����/�Y$ %,� � 1��*&�9092�� ?1 � � ���A+RQC9;: � �!�Y$	�*7�����+ � �#Èe¦ O �#È �%� 4 &� ��A+��(� $ÂÉ &��=&(%,�/&(�/� �  � $?%=&(�*&�9E���>���*+ � �#Èe¦ O �#È ��� �

± ���;$ � �%� � � �� ?1 � � %=�Y$�+�$ �  ,+)�/� �/7,�>� 90&�� � �À$�7?�/�'�� ����+/+/7���+ �! � ������� �)+ � ��7,�/� �  ,&(�pQ &�� 1 � �*� ���,90+�� ������É
� �����/�Y$�&���$ � 7, ��=&(�/� �  ,+ � �#È � 4 :=� � � � 1��Y$�&��<9 � ���(�%���� ?1 � ��¦ �bO � � ¦ � 4 $ � 9;:=�� =&(�/� �  ,+ � $ �)+ � ��7,�/� �  ,&(�pQ $ � 9 %=7�É�/&(�/� �  &� �� $ � 9 %=7,�/&(�/� �  ,&��	�� 8�>�(�%��� 1��� M$-� +/7M$ � &�+� ���7,�*&��6&� �� $ 7�?)?#Q +pQ�+)�>��90+ � �#È O ��¦ � � 4 �)+ � ��7?�/� �  ,&(�UQ� � : � �/�Y$�+ &� ��D�)+ � �%+ &(:��%� �,&(� � � &(�'� � � � ¦ � 4 &� �� $ � �*92&��w$'�=&(�*&%$#�>���*��+/&(�/� �  � $ ����� &(%,%,���Y$�&(�/� �  	� � 92&��� &� �� ���!92� �/+ � $ �)+ � ��7?�/� �  ,&(�UQ]$ � 9 %'7?�/&(�/� �  � �#È O ��¦ � � �
���	� 
 � �#� " ��
 �  � ������ � � � ����� ���  �� �  -���  ����!

� �� M$-�������*��&(�>� � � � È +�O,������7,+>� � $< ���7?�*&��  ���� �!� �/BC+@�� .&  �7,9A:���� � $�$ � 9 %=7?�>���=+C��+/� �  &(����&�+@�! M$)��7��,�! ?1
� : �>��$#��$)��&�+/+/�Y�4$�&(�/� �  &� ��������>��$#�/� �  �,&�+ :��)�� �� :+���+)�/� 1�&(�>�(� �� & + &(�5�����AQ � $�&(%,%����Y$�&(�/� �  � � 92&��� ,+ �
± ����+>� � � 92&��� =+2�� M$)��7���� 92�%��� �/&(�UQ &(%,%��!�Y$�&(�/� �  ,+ � �����>��$#�/� �  � �]$)��&�+/+/�Y�4$�&(�/� �  � $��/&� ?BC+#O %���&� ���+2&� ���)�*7M$*B�+ � O���7,92&� A$ &%$-� ����$ � 1� ,���/� �  <O(&(1��*�Y$�7�� �/7,�*&���%,� � �,7M$#��$)��&�+/+/����$�&(�/� �  <O �,&� �� � �5� �)�>�� �$'�=&(�*&%$#�>���	����$ � 1eÉ ,� �/� �  &� �� 9 �(�,�Y$�&����!92&(1�� &� =&���Q�+*��+ ��± ��� �AQ�%L��+ � $ �����. ���7?�*&��  ���� ��� �/BC+;7=+>�(� �! M$)��7����29 7�� �/�<��&�Q����$ �)�(�0$ � � � &(�'�0 ���� ��� �/BC+ � � �%��� OC+>�(� $ � �/1�&� ,��+*�� ?1�92&(%=+ ���%��� O:�,��1������ � �'�����  ���� ��� �/BC+ � � � O ��¦ �%� &� �� N � ± +
� � ��O � � � ��S  ���,��+ +>��$#�/� �  <O � �����)+��%� � ���=��+ ��� �/B �� �����À$�&(�>��1 � �*����+ � $ � : � ��$#�2$)��&�+*+/���4$�&(�/� �  .&� �� � : �>��$#�
�����>��$#�/� �  �
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&�')*�' � 
D/��¬1��bL��]?A; BeBeC�� ��;xL%CA5�E
± �������I�=&(+�� :L�)�� 92&� nQ �'��% � �*�/+ � $@7,+/�� ,1  ���7?�*&��� ���� ��� �/B�+;$ � � � : �>��$#�:$)��&�+*+/���4$�&(�/� �  � N ���)+C��� � � $���,��+ ��� �/B ��+�%,�'��+>�� �>�(� �� ���,�!+�+>��$#�/� �  <O�&%$#$ � �'�,�� ,1�� � �����-�AQ�%L��+ � $  ���� ��� �/BC+ �	S ����+���92% � �*�/&� ��� �  � �>����,&(�3 � �%���� 8�/���4$�&(�/� �  � � � � $�&��!��+/&(�/� �  � $ � : �>��$#�/+-�!+ � �  ��A�! �����A+RQC+)�>��92+-%,����+>�� 8�>�(� �! .���,��+@+>��$#�/� �  �
± ����$)��&�+/+*������� ��� �/B�+ �  %=�Y$#�/7,����+ ���,&(� �,&@+���:��)�� +>��1�9E�� 8�>�(� :bQ &� � �������@%=� � $-��+*+ � �-:bQ �=&� �� �
� `b`:7 � ��c �WaMc 7 �6`H3�����c�� 1 �¨f 3�
 Z�c�`���c�� 4H`91(1Pfgd�h a4d 7�� �4c � `ba�3 /�c�` ��� 3Pc�a�4�3¬f ��d
S  ����� %,���)+C� � 7,+ �!� �/B %,����+>�� 8�>�(� �������%O �����  ���� ��� �/BC+�&(���;$2�)�(� $ � � � &(�'�  ���7?�5&��6 ���� �!� �*B�+ � � ��9 7�� �/�°É��&�Q����@%����U$-��%=�)� �  ,+#OC9;7�� �/�%��&PQ����  ���7?�*&��  ���� ��� �/BC+@&� �� :=&%$/B � &(�'�.%,� � %=&(1�&(�/� �   ���� ��� �/BC+ � &� ��.+)%���$����4$��92&(1���$2��&(�/7?����+ &(���M�#"C�)�*&%$#�>�(� ���?� � 7?1�� %=����%,� � $-��+/+/�� ,12&� �� � � �@$2��&(�/7?����#"��)�*&%$#�/� �  &�+ �� ?%=7?� � � ������+>� ���� ��� �/BC+ � & � �>�����,&(� + � 9E��&(%,%,� � &%$ ����+ � � ��� ��Q8:,�5�%�2�>��$ �, ,�Y¥�7���+ &(����&���+ � �� M$)��7����(�0�� ���,��+ +>��$#�/� �  ��$���������A��+ �  �� � �-9 � ���A$ �)�(� $ � � � &(�'�  ���� �!� �*B�+3�� .������+>�A+pQ�+)�>��90+ �

��q°oeÆUÆ�{ �@��o%~g{gl%�Gl �	� oe|W| lU�%jRoe| Æ�
 ¿ ���592& � �eÈ%È � %,� � % � +>��+.&  ���7?�*&��  ���� �!� �/B :=&�+>�(� �>��$ �, ,�Y¥�7�����,&(�=�#"��)�5&%$#�/+@+/7,+)%'�Y$�� � 7,+ &(����&�+�$ �  8�/&��� ,�� ?1 92�Y$#� � $�&��Y$��Y�4$�&(�/� �  ,+ �� �,� 1�� �/&�� 92&�909 � 1��*&�92+ &� ��u$)��&�+*+/�°É
����+�������9 �� 8� � � �!� $)��&�+/+���+!����%��� ��=�� ?1 �  � ����������� �����#Q}$ �  �/&��! 0:��� ,� 1� � � 92&��!� 1� ,&� 8��$)��7,+)�>���5+ �	± ���
$-�� �)� � �<�,+;&� �� �*&��=��� � $@+/7,+/%=�Y$�� � 7,+A&(����&�+ &(��� %=� � +C�%���(� :bQ &� �#"�%����/�;�*&��,� � � � 1���+)� � N $2�)�(� $ � � � &(�'� ���� ��� �/B � ����� & +/�� ?1���� �=�%������ �!&�Q���� ��+A7=+>�(� � � $)��&�+/+/��$)Q ������+>�.&(����&�+ � ± ���0 ���� ��� �/B ��+;�)�*&��� ��(� :�Q������:=&%$/B � &(� �����/� � � %,� � %'&(1�&(�/� �  &�� 1 � �*� ���=9 � � ���.9 � 9E�� 8�/7,9 &� ��.&E�,� ����$#� + � ��7,�/� �  .9E����� � � :'&�+>�(�&�� 1 � �*� ���,9 ��± �������3&(�'� �#È � �#"��)�5&%$#�>�(� &(�'��&�+w$ �  8�/&��� ,�! ?1W� � 92&���� 1� =&� ��&� �� � � :��� ,� 1� 292�Â$#� � $�&��Â$����4$�&�É�/� �  ,+-&� �� � È &(��� 7=+>�(� $ � �-�)�*&��! ,�� ?12&� �� � � $ � � �>��+)�/�� ?1 � A � ��� �)�*&��� ,�! ?12&�� 1 � �*� ���=92+@����+*7�� �@�� &2:���+)�
$)��&�+/+/����$�&(�/� �  �*&(�>� � $<� � � � G O0� � � �)+�����O �)�5&��� ,�� ?1 :=&�+>�(� �  ����� �,� �'��$#�	+ � ��7?�/� �  9E����� � � ��+�9 7M$ � $ &�+/�>������,&� :=&%$/B � &(�'� ���/� � �	%,� � %'&(1�&(�/� �  �	± ���  ���� ��� �/BC+�7,+>� ��� � �3$2��&(�/7?����+�&�+��� ?%'7?�/+#O :=7?�<����� &�7?��� � � � � ��+ � �-9E�� 8�/� �  ��#"?&%$#����Q � �,&(� �����#Q &(��� �
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�����>��$#�>�(� �/&(�*1����/+�$�&� :�� � :,�/&��� ��(� :bQ &(%,%,��Q��! ?1 & ���?����+'� � �%� �  ��������� �>���'�(� �!92&(1�� �¤± ��� �'��+/7�� �/++�� � � ���,&(� ����� � +����5&��%�,%����/$ � �*92&� M$-� � $ �����3 ���7?�*&��, ���� ��� �/B ��� �>�����!+�9;7M$ �2:����)�>�������=&� 2���,&(� � :=�/&��� ��(�:�Q �����A+/��?)��É 92&(�p$ ���(� $ �  �)�5&�+)�yÉ : � "������>��� � � � � � O��)+��� � $	+ � 9E�;$ &��!+>�A&���&(�*9 �*&(�>��+3&(�'�;+)�/�%�<�<¥87,���>� �,� 1�� �
Ê
� �@���?�'�)���>��+)�@��92&(1���+ %,�'��+>�� �>�(���������%OC���,��+ &(%,%,� � &%$ � &%$'�=���)+���+ ������:���+)� $ &��!+>��&���&(�*9 �*&(�>��+ � $ ¦,� � G O��� ��� G Ow� ¦ ��G $ � � ����� &%$#�/7,&�� ��92&(1�� �,&(�/& 9E����� � � &� �� �%�%� G O � � � G O ��¦ ��G $ � � �����.9 � ���(�°É :=&�+>�(��)�*&��� ,�! ?1 9E����� � �<O?&(�-&E�����>��$#�/� �  �*&(�>� � $ �#È%ÈHG.�@± �����'���!+ �  ���Q �  ����/&(�/1�����$)��&�+*+ � $<�! �>������+/�@�� ������+>���92&(1���+ �
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L3���`0/�c�a�8���`:3 � �4c�� 1
� �,&(���(� � ��� 1��8�� ���7?�*&��6 ���� ��� �/BC+ &(�'�;$2�)�(� $ � � � &(�'�  ���� ��� �/BC+ �! � �,�Â$'� ����� � ��� 1��8�/+3�� ����� �,�*+)�-+����/+
� $!��&PQ����*+�&(��� &(%,%��!���(� &�+*�!�� ���&(��$ � �/���(��&(�/� �  =&������ �>���*+�&� �� �� �����E��&�+)��+>���/+ � $���&�Q����5+��� ����� � �'�,�� ,&(�UQ$ 7��<��Q�$ �  , ���$#�>�(� $ �)�(� $ � � � &(�'� $ &�+��=� �  � � È � ��S  � ������� ��� �'�,+�O'�����  ���� �!� �/B6$ �  ,+/��+)�/+ � $�� �!� %=&(�*�/+��@&$ ��&(�/7?�'�*�#"��)�*&%$#�/� �   ���� ��� �/B.$ � �%� � � �(�.:bQ & $)��&�+/+*���4$�&(�/� �  . ���� �!� �/B �@± ����$ ��&(�/7?�'�*�#"��)�*&%$#�/� �   ���� ��� �/B
$�&� $ �  ,+/��+/� � $ �  �� � �29 � ������&PQ����*+#O &� ��O��&%$'� ��&PQ�����$�&� ��,&@+�� �  �� � �29 � ���.$2��&(�/7?��� 92&(%=+ � 	 &%$ �
��&�Q���� %����/$ � �*92+�$2��&(�/7?�����#"��)�5&%$#�/� �  :�Q �>��9 %,��&(�>� � %����*&(�/� �  =+ � +���� �! ?%=7?��� � ���,&(����&�Q���� ��± ���3+/�%?)� � + � � $�����3$2��&(�/7?����92&(%'+ &(��� �����>���*90�� ��(� :�Q2����� 7, ������*+/&�9 %,���� ?1��*&(�>��$ � � �����À$ �  :+ � ��7?�/� �  � +����-������� � �� ?%=7?�&� �� 7,+/7,&��<��Q &(��� � � 92&��! ����%L�� ����� � �:± ��� $ �)�(� $ � � � &(�'�  ���� �!� �/B %����/$ � �*92+3�����}$)��&�+/+*���4$�&(�/� �  �/&�+)B:=&�+>�(� �  ����� � 7,�)%=7?�/+ $ � � 9 ������$2��&(�/7?��� �#"��)�5&%$#�/� �   ���� ��� �/B � � � ���*�����/&��%��+ � $ +��,&(�'�(� � ��� 1��8�  ���7?�*&�� ���� ��� �/BC+�$�&� :���$ � 7, �� �� � 7,9E�(�%�=&(�/�����-&�� � � � �%�e� &� �� N � X 7= ���3&�� � � ����¦ O ��� ��� �

² &������ ��� &�� � � � È � ����+p$#�5� :��0& +>��1�9 �� �/&(�/� �  $ ���)� +'�,&(���(� � ��� 1��8�; ���7,�*&��� ���� �!� �/B &(%,%,� � &%$ � $ � �&�7?� � 92&(�/�Y$*+��(�=�Y$)���M�����>��$#�/� �  � N +'�,&(���(� � ��� 1�� �@ ���� ��� �/B �� .+p$�&� , ,�� ,1 9 � ����7=+>�(������������+ &� �!92&(1���É� � É ��92&(1�� �)�*&� ,+)$ � �*92&(�/� �  � N  �� ?%=7?�6+p$-�� �� ��92&(1�� ��+<7,+>�(� &�+<�! ?%=7?� &� ��A����� �/&(�/1���� � 7?�)%=7,��$ �  ��,���� M$-���+�7,+>�(� � � $ � �59������ � 7?�)%=7,����92&(1��%O � �,�Y$'� $�&� 0:�� ����1�&(�'���(�2&�+ &À$ � �/���(��&(�/� �  2%���&� �� ��± ����$ �  H+ � ��7,�/� �  
� $@����� �! ?%=7?��+p$-�� �� ��90&(1�� � � ����� 92&�+)BC+ ���#�= ��(� :�Q 7,+���� � &(��� 7,+>�(� � � $#�'��&(�>� $2��&(�/7?��� 92&(%=+ �6± ���$ ��&(�/7?�'� 92&(%=+ &(��� +U$�&� , ��(� � � ��� & 9 � +C�� ?1 � �! �� � � ��&(�/1��P�� � 7?1�� � � $ �  �/&��� �����P�!&(�/1���+)�0�/&(�*1����
�#"�%���$#�>�(� ��± ����+>� � �� �� � � +�&(�'�-+/7?:�É �!92&(1���+����,&(�@$�&� �� ,%=7?�	� � ������$)��&�+/+/����$�&(�/� �  2 ���� �!� �/BxO � �,�Y$ � $�&� 
�����>���*92�� �� � ����������� & +/7?:�É �!92&(1���&(�@&;%'� "9�(� � ����� ����� � �� �� � � +*��?)����+ & �/&(�/1���� � � :=&%$*B81�� � 7= �� ��± ���+>���/+ � $@��92&(1���+ &(���¨$ �  ,+*�%�������(� �� ���,�!+�%=&(%���� ��± ���¨�,�*+)�;+>��� $ �  =+/��+)�/+ � $ $ � � � &(�'� � �9� B��� ,1 �� ?$ �*&(���(���92&(1���+ � $ �/&� ?BC+�&� �� �����@+>��$ �  ��}$ �  ,+*��+)�/+ � $ ��92&(1���+ � $<$�&(�*+��� &�%=&(�/BC�� ?1*� � � �	± �����'�@&(��� � ��������"�������� ?%=7?� +p$-�� ����!92&(1���+=��&%$'� � $ � �,�Y$'�u$ �  8�/&��� �  ��YQ �  ����/&� ?B.�� �����À�,�5+)� +>���#O � � &(����7,+��(�.$ � � �)�*&��! ,�� ?1&� �� � �0$ � �3�>��+)�/�! ?1 ��± ��� +>��$ �  �� +>����$ �  =+/��+)�/+ � $��%� ��	
��"���	� ��92&(1���+ � � ��� � � � $�������9 $ � �3�)�*&��! ,�� ?1&� �� � � $ � ���>��+/�/�� ?1 �u± ���}�,�5+)��+>��� � $ ��90&(1���+A&(��� �,� ����$#����Q 7,+>�(� $ � �  ���� ��� �/B �)�*&��� ,�! ?1 &� �� �>��+)�/�! ?1�O� �,�%��� + � 9E��%,�'��%,� � $-��+/+/�� ?1 &� ��.% � +)�)%,� � $-��+/+/�! ?1;&(����&(%=%������(� :���$ � ����&� ��.&($ �>���- ���� �!� �/B �)�*&��� =�� ?1 � �  �����¨�=�*+)�;+����#O����,��+;&(%,%,� � &%$ � &%$ �,���)+���+ �#È%ÈHG &%$#$�7?�5&%$�Q �� : � ��� ����� �)�*&��� =�� ?1 +>��� &� �� ����� �>��+)� +>��� �
� ���>��$#�/� �  �  �����A+>��$ �  ��P�,&(�/& +>���-��+ �=� ��$�7�� �#O � ������� �  ���Q ��� � � � G � �#È � 7?� � $ � � � &%$#$�7?�*&%$�Q �  ������)�*&��� ,�� ,10+>����&� �� � ÈHG � ��� � 7?� � $ �eÈ � $ � �3�����A�>��+)��+>����&(��� � :=�/&��� ��(� � & � �>� ���,&(�  � �3&��%� ����� �!92&(1���+�� 2�����3�>��+)� +>��� &(����7,+>�(� � B � � �)+�����O?���,��+ ��+�9 7M$ �0:����)�>��� ���,&� 0���=&(� � :,�/&��� ��(�0:bQ2&A92�! ,��9 7,9 &(+����*&(1��
$ � �/���(��&(�/� �  �� ����/1%Q 92&(�p$'���(�6��� �>����9E����� � � � ����¦ � O'���=&(� ��+�O �eÈHG &%$#$�7?�*&%$�Q � � � 7?� � $ �eÈ � �  ����� �>��+)�+>��� ��S  2���,��+ &(%,%,� � &%$'�<O?��92&(1��3%=� "0�(��+�&(�'� 7,+��(� &�+ �� ?%'7?�/+�� � �����3 ���7?�*&��  ���� ��� �/BC+#OC�*&(������� ���,&� �!92&(1��+)%���$����4$ $2��&(�/7?����+ �]± ���#Q %,����+>�� 8��& +(&(�*��&(�/� �  � $ �����0&(%,%,� � &%$'�<O � �;& 9 � �*%�� � � � 1��Y$�&���+��,&(���(� � ��� 1��8�
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 ���7?�*&��' ���� ��� �/B0&(%=%,� � &%$'��O8$ � � ����� &�7?� � 90&(�/�Y$-�/&(�*1���� ����$ � 1� =� �/� �  %,� � :�����90+ �  0����� +/&�9 ���,&(�/& � �eÈ ��� �
Z�c�� ��a ��f 8gf 3¬f21)3¬f24���`94nf21Pf ��d�� �Wa�1�`97 ��`:3 � �4c�� 1
N %,� � :=&(:=�<��� �/��+)�/�Â$ ����$���+/� �  �É :=&�+>�(�  ���7?�5&��� ���� ��� �/B � V � A &�& � ��+ & %,� � :=&(:=�<��� �/��+)�/�Â$�+ &(�5��&� � � $ �����
����$���+/� �  �É :=&�+>�(�� ���� �!� �*B � � A & & � � �#È ��� � X � 9 %=&(���(� � � ����9;7�� �/�%��&PQ���� $ �)�(��$ � � � &(�'�� ���� ��� �/B�+�O � A &�& +�,&(+�� &E�,�°¯������� 8�@&(�U$'�,���>��$#�/7?����&� �� �%��&(�* ,�� ?1 �*7��%��+ ��S  & � A & &�O �  ��A+/7?:= ���� �!+=����+/� 1� ,&(�>�(�.� � ����%,����É+>�� 8� �  �� � : � ��$#�2$)��&�+*+#O � �,�Y$ � ��+ 7,+*7,&��%��Q $�&��%���(� � �  ���ÉA$)�!&�+/+yÉ �  ���É  ���� �!� �*Bb�0%,� � %����/�AQ ��± �,��+ ��+!�=�°¯L���'�� �$ � � 9 �����6�)&��%�°ÉA$)��&�+/+RÉ �� �É �  ���É  ���� �!� �*Bb� %,� � %����/�¢Q � $������A$2�)�(� $ � � � &(� �  ���� �!� �/BC+ � �  �����B��������A$2�)�(� $ � �RÉ� &(� �  ���� ��� �/BC+ � �,�Y$ � 7=+/7,&��%��Q27=+>� �#"C&%$#� �/&(�/1���� + &���7���+ � +*7M$'� &�+ �(�»È � � ÈC� � $ � � ����� �#"�%���$#�>�(�D$)�!&�+/+>��+&� �� ÈC�»È � � ÈC��� $ � � � ��������$)��&�+/+>��+ � O � A & & +�7,+>� ����$���+/� �  :=&�+>�(�I����&(�* ,�� ,13�*7�����+ � ������� ����� �>��&%$ ����� �  ���Q�>�(�%��+ ������$ � �*����$#�/ ���+/+ � $6������$)��&�+/+*���4$�&(�/� �  $ � �=��&%$'� �)�5&��� ,�� ?1 %=&(�)�>���* � A &�+��(� �  .�������>��&%$'����� � +-�� ,$ � �RÉ92&(�/� �  <O'����� � A & & 7,+>��+3&I�,��+/�)�*� :=7?�>�(�.&� �� � � $�&�����+>�(� � ��� 1��8�37?% �,&(�/�! ?1 �*7���� �wS  &����,���/� �  <O � A &�& +7,+>� �>��Q�:,�*�%� � � $�&��%��Q 7, ,+/7?%�����+C��+>�(� &� �� 1�� � :=&��%��Q +/7?%�����+C��+>�(� ����&(�* ,�� ,1H� � S  � ������� �!� � �,+#O ���������2&(���� ��� %��,&�+���+ �� �����M����&(�* ,�! ?1 +U$'����9E���!�,7?�*�� ,1A�����M� � $�&��%��Q 7, ,+/7?%�����+C��+>�(� ����&(�* ,�! ?1;%,�,&�+>�%O0��&%$'� +/7?:= ������+	�)�*&��� ��(� �! ��,��+C�%�,7,&��<��Q3&� ��  � 9 7?�/7,&��?�! ?$ � �592&(�/� �  &%$#� � +/+�������$)�!&�+/+>��+�92&PQ;:�� 7?�/�%���!+>�(� ��S  ����� 1�� � :�É&��%��Q +/7?%�����+C��+>�(� ����&(�* =�� ?1.%��,&�+>�%O6�>��&%$'����� �� ?$ � �*92&(�/� �  ��+��� 8�)� � �,7M$-�(� � � �����! ?$ � ��$-� � �;&� 8�/�°É ������ ?$ � �U$-������ ����$��!+/� �  .: � 7, ��,&(�5����+ � :,�/&��� ��(� �! .�����M� � $�&��%��Q 7= ,+/7?%�����+C��+>�(� ����&(�* ,�! ?1 %��,&�+>� �

V�� � :=&(:=�%�!� �/��+)�/�Y$ ����$���+/� �  �É :=&�+>�(�  ���� �!� �/BC+�$ � �%� � � ����� � �*��1��� ,&��	�%����&�+ � $ � A &�& +#O<:=7?�*�,&(+�� + � 9E�&����,� �/� �  ,&���$ �,&(�*&%$#�>���*��+/�/�Y$�+ ��Ê � �*+)�#O $ � � $ &%$-�E�����>��$#�/� �  %,� � :�����92+ � ������� ����� �) �  �É $ &%$-����$)��&�+/+ � :=&%$/B�É1�� � 7, �� � $�&� .:���$ �  ,+/�%�����'�(� &�+ �����À$ � 9 %,����9E�� 8� � $6$ &%$-�À$)��&�+*+#OC�����ÀV � A &�& �����>��$#� � �-7,+>��+ �  ���Q �  ��%O�� ,+)�>��&�� � $�7,+/�� ?1 � �!� O +/7?:' ����/+@�� .����� &(�U$'�=� �>��$#�/7?��� �k± �,��+-+/7?:= ���� �'��%,����+>�� 8�@������$ &%$-�:$)�!&�+/+ � � ��$ �  ��<O&}V � A & & 7,+>��+ �����A% � +*� �/��+����)�*&��� ,�! ?1 %=&(�)�>���* ,+ � & % � +/� �/��+���%=&(�)�>���5 ��+ ���#�' ��(� &�+-&E+C� �/�/7=&�� %=&(�)�>���* � �,�Y$ �0��+ �  ���Q +��!� 1�� ���YQ;%����/�/7?�*:L�(�2$ � � 9 ����� � �*� 1��� ,&����#"9��9 %,��&(�pQ %=&(�)�>���* &� �� � $ �����-%����/�/7,�/:=&(�/� �  E�#"bÉ
$-�)�(�,+	$-���/�/&��� ���?�'��+�� � �%�A���,��+6%=&(�)�>���* � �%�%��:L�w$ �  ,+/�%�������(�;&�+	&  ���1�&(�/��+�� %=&(�)�>���* � � � &����/7,+)�<����� +/7?:= ����%=&(�*&�9E���>���5+ :�Q 7, ,+/7,%L���'+���+��(� ����&(�* ,�! ?1�O�&� �� �� 0����� 1�� � :=&��%��Q0+*7?%�����+��!+>�(�I����&(�5 ,�� ?1 %��,&�+>��� � �  ���Q 7,+>��+������92��+U$)��&�+/+/�����(� %'&(�)�>���* ,+ $ � �@������ ?$ � �U$-�(�.&� �� &� 8�/�°É �����! ?$ � ��$-�(������&(�* ,�� ,1 ��± ���� ���1�&(�/��+���%=&(�)�>���5 ,+ &(���
�  ���Q07=+>�(�0$ � �@&� 8�/�°É ������ ?$ � �U$-�(� ����&(�* ,�! ?1 � $ ������+*7?:= ���� �	± ��� ����$���+*� �  2: � 7, ��=&(�*����+�&(�'� �����>���*92�� ��(� :bQ&����?�'��+�� � �%� ��Ê �� ,&��%��Q%O�V � A &�& +�$ � �%� � � %,� � :=&(:'�%��� �/��+/�/�Y$�$ �  ,+/�)�*&��� 8�/+#O ���,&(� ��+#O������-+/7?:= ���� �,��+p$#�*�!92�� ,&� 8�$ 7= M$#�/� �  ,+ � $ &6V � A &�& &(��� ����+/� 1� ��(� � � 9 � ���(�������I� � 1eÉ ��� B��(���%� �:� � $ 7= M$#�/� �  ,+ � � ���/&��<��+ � $ � A &�& +&� ��DV � A & &3+�$�&� :���$ � 7, �� �� � �#È � O ��� �e� �
N �� 6���;&�� � � ��� ��� %,�'��+>�� � &� &�7,� � 92&(�/�Y$2$ &%$-� ����$ � 1� ,� �/� �  +RQC+)�>��9 � �,�Y$'� %����/$ � �592+M��7,92&� $ &%$-�

�����>��$#�/� �  � $ &%$-�+C+3 �  �É $ &%$-� � OL�#Q�� � � $�&��!��+/&(�/� �  &� �� $ &%$-�;����$ � 1� =� �/� �  ��± ����%,� � :=&(:'�%��� �/��+/�/�Y$�����$���+/� �  �É:=&�+>�(�  ���7?�*&��� ���� �!� �*B �!+�&(%,%����%�(� � � ��9 %�����9 �� ��&��%�	����� 9 � �=7�����+ � $ �����0+RQC+)�>��9 ��± ��� 1 � &�� � $ �����
�%�



���������	��
������������
�������
���
����������

�����>��$#�/� �  +RQ�+/�>��9 ��+�� � �= �� �����I� � $�&(�/� �  � $@&��%��$ &%$-��+A&� �� +>��1�9E�� 8�A�����2$ &%$-� ����1�� �  ,+ � � 7?�*�! ?1.�����
�����>��$#�/� �  <O=&�$ �  ������� M$-��+U$ � ���A��+ %,� � �,74$-�(�.:�Q ������ ���� �!� �/BxO'�! ��,�Y$�&(�/�� ,1;������+pQ�+)�>��9�� +�$ �  ������� M$-� �  ���,��+������>��$#�/� �  �'��+/7�� � ��S $ ������+p$ � ������+ :��(� � � & $-���*�/&��� .���?����+�� � �%�<O�������  � � : � ��$#� � $ &%$-� � ��+������>��$#�>�(� �A &�+��(� �  ������+�� ����1�� �  ,+#O	����� �#Q�� � � $�&����!+/&(�/� �   ���� �!� �*B � �%�<�	�= �� � ������� ����� �#Q���+ � $@����� $ &%$-��+ &(���&� �� �#"��)�5&%$#�@+ � 9E��7,+>��$ 7��'$ ��&(�/7,����+ �� M$)��7��,�� ?1 � �%�?��� � $ ����&��<O��=��+)�/&� M$-� :���� � �)�� ��#Q���+#O,� � % � $ ����&��.� �
�#Q���+#O &� �� :���� � �)��  �#Q�� &� ��  � +>� �w± ����$ &%$-������>��$#�/� �  &� ����#Q�� � � $�&�����+/&(�/� �  &%$#�/7,&��%��Q.:��(� �  ?1 � � �����
le�x�]�#q�o�ÆUÆ�lnm��#�U��~ ¾ �#~A�U��~g{Çle� %,� � :,����92+��� � �,�Y$ � ���������2��+ �  ��YQ �  ��}$)��&�+/+ � $ �� 8�>������+)���� �����E�����>��$#�>�(�%=�Y$#�/7?����+ ��± ����+���$ ��&(�/7,����+ � �%�%�($ � �*9 ����� �� ?%=7,� � $?������$ &%$-������$ � 1� ,���/� �  ; ���� ��� �/B�$ � ��$)��&�+/+/�Y�4$�&(�/� �  ��± ���+RQ�+/�>��9 ��+ �>��+)�>�(� �  � ��� %=7,:����Y$ � Ê 	 � 	 ± &� �� � ��N � �,&(�/&(:'&�+>��+@&� �� &� �� �É � � 7,+�� � � X � � �,&(�/&(:=&�+�� �S  .�����A$ &%$-�M�����>��$#�/� �   �#"C%L���5��9E�� 8�#O � � &� , � �/&(�>�(� �!92&(1���+@&(����7,+��(�.$ � �@�)�5&��� ,�� ?1 &� �� ¦ � � ��92&(1���+ $ � ��>��+)�/�� ?1 � A ��$ � ��� ����� �����>��$#� � �*+�&(��� &(%,%����%�(� � � ����� �! ?%=7?�@��90&(1���+#O + � 9E� %,����%,� � $-��+/+/�! ?129E����� � �,+ &(���&(%,%������(��O��� 4$)��7��,�� ,1�������+p$�&����� ,1 � $6��������92&(1���+ � � & +/��?)� � $�� ���0"������ %'� "9�(�!+ ��± ����$ &%$-��+/�%?)���!+����#�= ��(�&�+ 	����0" 	��	� %=� "0�(��+ �:± � ���(�,74$-� �����2+>��&(�U$'�=�� ?1.�/��9E�%O �����2��92&(1���+�&(��� $ 7?�/�������� � �*92&��%��Q � � �  �É +*��?)�(�:�Q & $ &%$#� � � � $:� �¡S  ���,�!+ � &�Q%O-+>��&(��$'� �*&� ?1�� &(%,%,� � "C��90&(�>�(��Q :L��$ � 9 ��+ � ��" � � %=� "0�(��+2&� �� :�� � $/B+/��?)� ��+ 	
��" 	
� O � �,�Y$ � ��+ ��¥87=��+ &��%�� � � � ����� +/�%?)� � $ $ &%$���&�� $ ��&(�/7,����+���$#� � � � N %,%���QC�� ?1 �����  ���� ��� �/B
� � � ��� :�� � $/B �� ,%=7?� � &�+�& �>��9 %���&(�>� � � + � �)��% ����� +p$�&����(� ��90&(1���+ � � ��� +���&(�U$'� +)�>��% � $ �  �� %=� "0�(�ÇO'�����$ &%$-� ����1�� �  =+�$�&� :�� �����>��$#�>�(� � N 9 �  ?1 &��%�6����� ¦ � � �>��+/� $ &%$-��+#O � � � � G � $������ ���*� � �*+ &(��� � � ���,�� D��+��%=� "0�(��+A&� �� �#È%ÈHG &(��� � � ���,�! �#È %'� "9�(�!+A�� ����� � �5� 1��� ,&��!�,� 1���É ����+ � ��7?�/� �  �!92&(1�� � ± ��� &�7?��� � �*+ &���+ �
$)��&���9E�(� ���,&(� ��� �/BC�� ?1 � � ��� ����� � � � �'��+ � ��7?�/� �  ��92&(1���+#O������ �����>��$#�/� �  +RQC+)�>��9 �  ���Q 7,+>�(� �eÈ%È 92+� � �����>��$#� �  ���$ &%$-� �  & � ��& � %=&(�U$ �#È 92&%$'�=�� �� � B � � �)+�����O �����A ���� �!� �/B������>��$#�/� �  +RQC+)�>��9 $�&� = � �
�����>��$#���)&(�/�/����$���&��C$ &%$-��+U��+/7M$ � &�+�$ &%$-��+ �  % � B�����$�&(�'�,+�&� ��E�=&� ���É �?�*& �  $ &%$-��+ ��± ���k�= ,&�������$ � 1� ,���/� �  ����+/7�� �/+ �  2&� � ������� �,&(�/&(:=&�+>� � Ê 	 � 	 ±3� +�� � � ���,&(�	������V � A &�&  ���� �!� �/B &(%,%=� � &%$'� ����+*7�� �/+	�� :����)�>�������$ � 1� ,� �/� �  ;&%$#$�7?�*&%$�Q � �%� G2� &� ���$ &�+)�>���6%,� � $-��+/+/�� ?1@+/%L�)�(�����,&� ��������)�*&��,� �/� �  =&�������$���+/� �  �:=&�+>�(�A ���7?�*&�� ���� ��� �/B � � A &�&:O ��� G &%$#$�7,�*&%$�Q � &�+ � �(�%�'&�+������39 7�� �/�%��&PQ�����%����U$-��%,�)� �   ���� ��� �/B � � � ���0&� &%$#$�7?�*&%$�Q
� $��H� � � G2� &(%=%,� � &%$'����+ ��S �;��+A � �>�(� ���,&(� �����}�= ,&���$)��&�+/+/����$�&(�/� �  � &�+A:'&�+>�(� �  �����I�#"�$-�(�%���� 8�A$ &%$-�
�����>��$#�/� �  &� �� �#Q��M� � $�&�����+*&(�/� �  <O ���=&(�@��+#O �  ���Q �eÈ%È %����*+ �  =+����,&(� � �����À$ � �/����$#���YQ �����>��$#�>�(� &�9 �  ?1 ������eÈe¦ $ &%$-��+ � ���'�07,+>�(� $ � ������� �= =&��	$)��&�+/+/����$�&(�/� �  &� �� �����0&(: � +��2%����/$ � �592&� M$-� � :,�/&��� ��(� � &�+�:'&�+>�(�
�  �  ���Q ������+>� �eÈ%È $ &%$-��+-�*&(�������@���=&� �eÈe¦ $ &%$-��+ �
� 3�
�`bc �0.�
 ��c�f27�� ��/ 8<3�f � 8!` �6`H3�� �4c�� 1
� & "C92&� ��� &�� � � �eÈ�� � ����+p$#�*� :�� & $ � 9 %'7?�/&(�/� �  ,&��  ���7?�5&�� +RQC+)�>��9 $ � � �/&(�/1����E�� ��,&� M$-��9 �� �#O �����>��$ É�/� �  � +>��1�9E�� 8�/&(�/� �  <O0����&(�* =�� ?1�&� �� ����$ � 1� ,� �/� �  ��$)��&�+/+/�Y�4$�&(�/� �  �� +C��+/� :,���%O 9 7�� �/�!+)%���$#�)�*&��C�� ?$ �*&(���(� � S � � O&� �� +RQC �������/�Y$�&(%����/�/7?�����*&��,&(� � � N � � ��92&(1����pQ � � 7����/� %����� ���� ��� �/BC+@&(���A7=+>�(� �� .���,��+ 9 7�� �/� %,��� +/�/&(1��

� È



�����n�F������
����D�������	�k
 
���!�k
 �������������������������)�=�

&(%,%,� � &%$ �<OC�� M$)��7��=�� ?13+���1�9E�� �/&(�/� �   ���� �!� �*B�+ � $ � � � : � ��$#� +>��1�9E�� 8�/&(�/� �  � O�$-�� �)�'��É +/7?�/� � 7= ��  ���� ��� �/BC+� $ � � � : �>��$#� �(�?1�� �� ��=&� M$-��9E�� 8� � O9�,��¯ 7,+���É �� ��,&� M$-�  ���� �!� �/BC+ � $ � ��$2��&(�/7?��� �#"C�)�*&%$#�/� �  � O N � ±  ���� ��� �/BC+
� $ � �+��%� � � � � �*�%�� �/&(�/� �  	����&(�* ,�! ?1 &� �� ����$ � 1� ,���/� �  � &� �� &�+/%L��$#�  ���� ��� �/BC+ � $ � � � : �>��$#������$ � 1� =� �/� �  &� ��E�)+C�%���� M$-�@&%$#$�7=9;7��!&(�/� �  �5�	± ���=+C��+/� :,��� ��90&(1���+��>��+)�>�(� �������@&(���@9 � ���(�?&�� ��$#�*&($ � � Ê � � O Ê � �bO9B � É � �%=�Y$#�/7?�'��+@$�&(%,�/7,���(� 7=+/�� ?1A& $ �  :+��� �/� �  =&�� X�X � $�&�9E���5& ��± ����+>�3�/&(�/1����/+ &(��� �����>��$#�>�(� &� �� +>��1�9E�� 8�>�(�$ � � 9 ����� :=&%$*B81�� � 7, �� 7=+/�� ?1 &�$ � 9;:=�� ,&(�/� �  � $ 9 � �/� �  &� �� $ �  8�)�*&�+)� �� ?$ � �*92&(�/� �  �}± ���2&(%,%,� � &%$'�&%$'�,�%�)+��(� � �(���@G O<�%� ���@G &� ���� ��� � G &%$#$�7,�*&%$�Q � $��= ,&�� ����$ � 1� =� �/� �  $ � � Ê � � O Ê � � &� ��PB � É � � : �>��$#�/+ �
± ��� &�7?��� � �5+ &���+ � $)��&���9E�(� ���,&(� $ � � &��%��$�&�+>��+ �! �/&(�/1����P�� ��,&� M$-��9E�� 8�#O �����>��$#�/� �  � +>��1�9 �� �/&(�/� �  �O
����&(�* ,�! ?1 &� �� ����$ � 1� =� �/� �  <O +(&���7,&(:,��� �� =+/� 1��8�/+:$�&� :�� �����*��+��(� $ � � 9 :=� � � � 1��Y$�&��!+C��+/� �  +RQC+)�>��92+ &� ���)�*&� ,+��!&(�>�(� �� 8� �  ���7?�*&�� +pQ�+)�>��9 &(�U$'�,���>��$#�/7?����+-&� ��D$ � 9 %=7?�/&(�/� �  ,&��  ���� �!� �/BC+ �
A � +p$ � ��� &�� � � �C� � %,� � % � +>� &  ���� �!� �/B :=&�+>�(� �  +)%'� B��! ?1  ���7?� �  ,+ %L���*$ � �*90�� ?1D+C��+/7=&�� � : �>��$#�

�����>��$#�/� �  � +���1�9E�� �/&(�/� �  ��± ���� ���� ��� �/B &(�U$'�=� �>��$#�/7?��� $ �  ,+/��+)�/+ � $�& $ ��&(�/7,���;92&(%�O=&2+/&����%�� M$�Q 90&(%�O=&
� � $�&(�/� �  A92&(%;&� ���&� �&(�)�>�� 8�/� �  92&(% ��± ����$ ��&(�/7,����92&(%M�� 4$ � ����+ ������1����#Q*���)+��(���! ?%=7?� ��92&(1���%=� � +C�%���(�&�+2&� O�#"C�>���* ,&��2$ �  ,+)�/&� 8�2�� ?%'7?� � � ��&(B �<�%��7,92�! ,&� M$-�2����+*7�� �/+ �� & � � � �,�5�� ?1 $ ����¥�7��� M$�Q � ��������&�+ &+)�)� �  ?1 �<�%��7,92�! ,&� M$-������+/7�� �/+��� & �=� 1�� $ ����¥�7��� M$�Q �:± ��� +/&������� 4$�Q 92&(%6�#"C�)�*&%$#�/+�����1�� �  =+ � �,�Y$'� �,��¯L���$ � � 9 ����� :=&%$*B81�� � 7= ��<O����?� � 7?1�� &:$-�� 8�)����� +/7,�/� � 7, ��0����$-��%,�/��+������(�<� � ��� �>��� � � ���eÈ � � � �! M$-�-������$ �  �)�5&�+)����)+��(�=90&�Q + &(�UQ +*� 1� ,���4$�&� 8����Q � � ���,�� &� � : � ��$#�#O9� � $�&����#"�$����/&(�/� �  0�� 2�����-+/&����%�� M$�Q 90&(%0&%$#$-�(�����*&(�>��+ �����
�����>��$#�/� �  � $	����� � � � �%� �'��1�� �  �@± ���M� � $�&(�/� �  92&(% $ � 9 %=7?�>��+ ������% � +/� �/� �  ,+ � $	������+�������1�� �  ,+-�� �������92&(1��A&� �� %,� � �,7M$-��+ �� ,$ � �*90&(�/� �  �� M$ � �,�� ?1 ������%=�*� � �*� �¢Q � $ ��&%$'� % � +/� �/� �  � � � $�&(�/� �  ��± ����&(�)�>�� 8�/� �  92&(%01��� ����*&(�>��+ &� 0&(�)�>�� 8�/� �  0$2�)�(�?:=&%$*B � � &��%�=+/&������� 8������1�� �  =+��� 2&;+>��¥87��� �/��&��=92&� , �����&� ��0+>�(����$#�/+ �����9 � +)� &%$#�/��+�� +/&��!���� �� � $�&(�/� �  :bQ & � �� , ����pÉ �/&(B���É &��%��9E��$ �,&� ,��+/9 � ��� � � �u± ���2&(%,%=� � &%$'� ��+��>��+)�>�(� �  � ��� �! ?%=7?�	��92&(1���+ ��± ���2�,�*+)���!92&(1���$ �  8�/&��� ,+����,���)� � � � � $/B�� � � �)+)� �  ���� � � : � ��$#�/+ &(1�&��� ,+)� &����(��&(�/��+��(�YQ7, ,� $ � �*9 :=&%$/B�1�� � 7, �� ��± ����+>��$ �  ���$ �  8�/&��� ,+ $ � 7?��+��(�,�Y$)�%��+ &(1�&��! ,+)�@&  �  �É 7, =� $ � �59 :=&%$*B81�� � 7= �� � :=7?� � �k$)��7?�)�>�����(� �5�	± ����+>� � : �>��$#�/+k$�&� 0:�� +/7M$#$-��+/+)$ 7��%�YQ �����>��$#�>�(� :bQ �����3&(%=%,� � &%$'� �	S � ��+� � �>�(� ���,&(� ���,��+��+ &0+/�� ,1�����$)��&�+/+ �����>��$#�/� �  %,� � :�����9 ��± ���A&�7?��� � �*+�$)��&���9 ���,&(� ���,��+-9 � ���(�6��+�$�&(%=&(:���� � $�%,� � $-��+/+/�� ?1����&�� ��92&(1���+#O?&� ��]$�&� .:��3&��,&(%=�>�(� � � & +(&(�pQ��! ?1; �7,9;:L��� � $ � : �>��$#�/+ &� ��. �  �ÉA$ �  ,+/�/&� � :=&%$*B81�� � 7= ��,+ �

N �,92&�� &� �� � 9 � �87= ��?� � � � � ����+p$#�*��:L��&  ���� �!� �/B.$ � �=�#"��)�5&%$#�/�� ?1 �����M� � $�&(�/� �  ,+ � $<% � �� 8�k$)�!7,+)�>���*+7,+/�� ,1 +>�(�%��$#�/��+�� &(�)�>�� �/� �  ��± �,��+ �!� �*B�$ �  M$-�� 8�)�*&(�>��+ �  ����� �/&�+)B � $,����&(�5 ,�� ?1 � �����������	���?���)�2$)��7=9 %=+ � $% � �� �/+<�� �& ������"������ �!92&(1���$ � �*9�&� ��¥�7,�%��&(�>���5&����)�*��&� ,1���� � �	 � � �	± �,��+ +pQ�+)�>��9 $ �  ,+/�!+)�/+ � $,&� � ��$����� 8�$ � $�7,+ � $ &(�)�>�� 8�/� �  9E��$'�=&� ,��+/9 &� ��2&�$)�!7,+)�>��� �����>��$#�/� �  +p$ ����9E� ��± ���@$ � $�7,+ � $ &(�)�>�� 8�/� �  .9E��$'�=&� ,��+/9&��%� � � +@����� +RQC+)�>��9 � � +>�(����$#� &� nQD$�� ��$�7���&(�@% � �/�/� �  � $������;��90&(1��A�� �$ �  =+)�/&� �3�/��9E� �2± �,�!+@��+ � �  ���:bQ7,+/�� ,1� � $�&��%��Q �/7, ��(� ����$-��%=�/��+������(�%�,+ � �� � �,�Y$'� ���� ���&(� ���?����+'� � �%�07= ,� �/+�$�&� .1��%+�� & � � $�&�����+>�(�0����+)% �  ,+>��� &0$2��&(�/7?��� +)%'&%$-� � O ��QC ,&�92�Y$A����$-��%,�/��+��W���(�%�=+ � � �������;����� � � $�&(�/� �  &� �� +/�%?)� � $������ �'��$-��%,�/��+��W���(�%�
� �



���������	��
������������
�������
���
����������

$�&� :���¥�7,�Y$*B9��Q +��=� $ �>�(� �� ����+)% �  ,+��2� � $ �,&� ?1��� ,1P����92&� ��=+ � O<&� �� & $ � $�7,+ � $@&(�)�>�� 8�/� �  ��± � +��(����$#������2�� 8�>������+)�/�� ?1�� � $�&(�/� �  ,+�O ����� $ � $�7,+ � $ &(�)�>�� 8�/� �  ��+*����$��%���(� :bQ �����}$ �9� �'�,�� =&(�>��+ � $ ����� � � $�&(�/� �  ,+ �
± �,��+2�!+2�� �����%��� ����� � � $�&� nQ %'&(�/�/�Y$�7���&(�}$#�5� �>���*� �  � � � 1 � : � �)� � 9WÉ 7,% � �,�Â$'�0$'� �:� +>��+ ����� :,�*� 1��8�>��+)���92&(1��-% � �� 8�#O � � � � %�É � � �  � �,�Y$'�2����%,����+>�� 8�/+ �����-����+*7�� � � $ %,�*� � � �#"�%���$#�/&(�/� �  �5��± ����$)��7=+)�>���!�����>��$#� � �
�,� ����$#�/+ ����� $ � $�7,+ � $�&(�)�>�� 8�/� �  � � $)��7,+)�>���*+0�� ����� ��90&(1�� � �  M$-� &(�)�>�� 8�/� �  �,&�+ :��)�� �,� �'��$#�>�(� � ����,&(�*� � $�&(�/� �  <O � � �!+��' ��A�/7, ��(� � � +>���)���%� �#"?&%$#����Q �  �����W$-�� 8�)��� � $ 90&�+/+ � $������W$)��7,+)�>��� ��± ����+>� � ���9E��$'�,&� =��+/92+	&(��� 7,+>�(� � � +>��¥�7��� 8�/��&��%��Q �#"��)�*&%$#������� �'�(���)+ &� 8�	$ �:� � �,�� ,&(�>��+ ��± ���=�,�!+)�/&� M$-��+<:���� � �)�� �����
� � $�&(�/� �  ,+3&(�'�W$ � 92%=7?�>�(� � � $ � �*9 & +���� � $ �=��+)�/&� M$-� 7, ,� �/+ � N +)�/&� ��=&(�'� $2�)�(� $ � � � &(�'�  ���� ��� �/B � � ���& +*�� ?1���� �,�%������ ��&�Q����@&� �� & +/�� ,1���� � 7?�)%'7?�  � ��� %,� � �,7M$-��+ �������= ,&��L����$���+/� �  ��$)��&�+/+/�Y�4$�&(�/� �  <O8���,&(� ��+#O� ����������� ���?���)�;% � �! �/+�$�&� $ � �*9 &� P��¥�7,�%��&(�>���5&�� �)�*��&� ,1���� � �� � � ��S  ����� �#"C%L���5��9E�� 8�#O'& �)�*&��� ,�� ,12+>���
$ �  ,+/��+)�/�! ?1 � $=�*&� �� � 9��)�*��&� ?1�����+ � &(%=%,� � "?��92&(�>�(�YQ � ÈHG � $ � �,�Y$ � &(���=��¥87=�%��&(�>���*&�� � � ����� ² &�7,+/+/��&�  � ��+>�&������(� &(� � 7, �����&%$ �P+����/�>�#" �!+ 1��� ����*&(�>�(� �2Ê � � ��&%$'� �)�*��&� ,1����������A$ � $�7,+ � $�&(�)�>�� �/� �  ��+3�� ,� �/�!&�����+>�(� � �
$ � +���� ����� �� �/����� ��90&(1�� %��!&� �� � � ����� & �)�*&��� ,�� ,1 +>��� � $ �  ���Q �#È%È �)�*��&� ?1�����+;�����  ���� ��� �/B � � 7?�)%'7?� �+p$ � ���2��+À$ �  ,+*��+)�>�� 8����Q 1�����&(�>���A���,&� ÈC� � $ � �*��¥87,�<��&(�>���*&��<�)�*��&� ?1��%��+ �  &� �� �����%��� ����� 8� �>��+)��+>��� �W± ���&�7?��� � �*+� ���� �������-1�&(+�� �����  �7,9;:L��� � $��)�*��&� ,1�����+3�! ����� �>��+)��+>���#O  � �3�����  ���� �!� �*B � 7?�)%=7?��+p$ � ����+ $ � � �  �É ��¥�7,�%��&(�>���*&�� �)�5��&� ?1�����+ �

� � 1����*+ ���.&�� � � � �%�%� ���)+��%� � ����� 7,+�� � $  ���7?�*&��  ���� ��� �/BC+ &�+/+ � $���&(�>�(� � � ��� ����� %,� � $-��+/+/�! ?1 � $92�%��� �/&(�UQ �,&(�/& � � �' �� &� �� �'��$ � 1� ,��+>� �/&(�/1����/+ � ± ���#QP�,�%+��%���A&�7?� � 92&(�/�Y$ � : �>��$#������$ � 1� ,���/� �  +RQ�+/�>��92+�� � � $ � 7?�6+)�/&(1���+��6+��(����$#�/� �  � $C����� +>�� ,+ � �*+ � � %,� � �,7M$-���������/&(�/1����69E��&�+*7?����9E�� 8�/+ 4 %,����%=� � $-��+*+/�� ?1 � $������
�,&(�/& &� �� � � $�&(�/�� ?1 � $������ ����1�� �  ,+ � $ �� 8�>������+)� � �����,�� �����E�,&(�/& � +>��1�9E�� 8�/&(�/� �  �54 $ ��&(�/7?�'�E�#"��)�*&%$#�/� �  &� �� +>�(����$#�/� �  $ � � 9 ����� �� 8�>������+)�/�! ?1 &� �� +>��1�9 �� �>�(� ����1�� �  ,+ 4 &� �� %,� � $-��+/+/�! ?1 � $3����� $ ��&(�/7,����+2$ � �
����$���+/� �  90&(B��� ,1 � $)�!&�+/+/���4$�&(�/� �  �5� ± ���#Q &��!+ � 9E�� �/� �  ���,&(� ����� &(����& � $ $)��&�+*+/���4$�&(�/� �  ��+ � �������9 � +)��&�7?� � 92&(�/�Y$ � : �>��$#�-����$ � 1� ,���/� �  �'�(��&(�>�(�  ���7?�*&��  ���� ��� �/B ����+>��&(�U$ � �,&�+-:��)�� 6$�&(�/�*���(� � 7?� ��± ���#Q
$ �  M$)��7���� &�+ � �(�<�@���,&(�0�)&(�/�/����$���&��3 ���7?�*&��- ���� ��� �/B�+��=&(+�� :��)�� %,� � +��� � � :L� &� �� �>���'��+)�/�� ?1 &� ��7,+>��$ 7���&�� �>���* ,&(�>� %=� � $-��+*+/�� ?1 +)�)�*&(�>��1%Q%O � � � �)+�����O	&(���0 � ��92&(1��Y$�&���+ � �!7?�/� �  ,+ � ����� 9:QC+)�/�Y$�&���&(:=�<��� �/����+���,&(� ��� �/B � � ��� � 7?� 1 �9� � �� ?1��� ��)���*�! ?1H� � � �%� O,%=&(1�� ��� � � � �

� � ��� %,����+>�� 8�/+@& +/7?�'+��#Q � $	 ���7?�*&��  ���� ��� �/B.�>��$'�, � � � 1%Q $ � �-&�7?� � 90&(�/�Y$��/&(�/1����3����$ � 1� ,� �/� �  � � � � � �
B �����)+C��� � + &�7?� � 92&(�/�Y$ �/&(�/1���� �'��$ � 1� ,� �/� �  .+RQC+)�>��92+ &� �� 1���+���+ + � 9E� � $ �=� 1������ 1��8�/+ � $6 ���7?�*&��  ���� ��� �/B�>��$'�, ,�Â¥87���+����,&(� �,&@+��-�����-% � �>�� 8�/��&��?$ � ��92&(BC�� ?1�&A+/� 1� ,����$�&� ����92%=&%$#� �  ������+��-+RQC+)�>��92+ � B ��+�$ � $�7,+ ��+
�  �����; ���7?�5&��  ���� �!� �/B �>��$'�, � � � 1%Q ���)+��(� � %'9E�� ���� ����� &(�'��&�+ � $�$ � �<����$#�/��+��W$ � 9 %=7?�/&(�/� �  �OL����&(�5 ,�� ?1&�� 1 � �*� ���,90+#O��#"C%L���*��+RQ�+/�>��92+�&� ��  ���7,� � $ � 92%=7?�>��� �,&(� � � &(�'� � B���$ �  M$)��7�����+	���,&(���)7����/��92&(�>�(��Q%O  ���7?�*&�� ���� ��� �/BO����&(�* ,�� ,1 $ � 7��<� :��.7,+>�(� $ � �2&����?����+*+/�� ?1 ����� &�7?� � 92&(�/�Y$ � : �>��$#� ����$ � 1� ,���/� �   ��)�(�,+ $ � �2&� &��,&(%,�/&(�/� �  � � �/&(�/1���� &� �� �� H+C� � �  =9E�� �D$ �,&� ?1���+#O�& +>�(����$#�/� �  � $ 1 �9� � �/&(�/1���� $2��&(�/7?����+#O�&� �� &� 

� �



�����n�F������
����D�������	�k
 
���!�k
 �������������������������)�=�

�� 8�>��1��*&(�/� �  � $ o�v�j�{Çlej { BC � � �%�(�?1�� &(: � 7?�������0�/&(�/1���� +/� 1� ,&(�/7,����+A&� �� :=&%$/B�1�� � 7, ��,+ � � �����  ���� �!� �/B&(�U$'�=� �>��$#�/7?����+ � � � � � � O?%=&(1�� ¦HÈ � �
N +/7,9290&(�pQ � $C���������(�!&(�>�(� �!� �*B � � � : � ��$#� �����>��$#�/� �  A7=+/�� ?1  ���7?�*&��� ���� ��� �/B�+6��+ +�� � �  ��� ��/&(:,��� ��� � �

�r��� SX�$5 �G�������
	�� ��������������������� �"!$#%	��
&����(')� �G���+*���	�� ,%�P�$	 -.����	��(�
`��(�PSc`��
	��a�$	"S F7�$	�;
�(�GS��������V�������4��� -.*���	�[E�
�����
	G�$� S >P?
?�M A�>EN$BED

���(��	"�$�m���������
	��.� ��*��(	�')�$�v����5 	"�$	���S4��')�$;���� FH	+��[
�PS��
-.* �$	���S4\]�(��;
*o� <=��*��0�����gS��������V������� ur�
S��(	J�����
�LK >P?
?�M A p
CED
���(��	"�$�m���������
	��.� \]�
�c�����
�LK >P?
?oN A B$C
?�D

#%	��
&3�$&��������+�0�l�+�0�sjk���(���+���
��h�ta�
�+��S `3�
�(�rS����+�P�V������� bm���c�����
�LK >P?
?oN A�>
>�?�D
���(��	"�$�m���������
	��.� �
� SX	+�P����;
�����+���
�

����	"��	"��5 �GS��(�+�P�V�+���
� \ ��^�')�$�X�����$�UK >P?
?�M A B$C�BED
�
� SX	+�P����;
�����+���
�

����*��(	�!�R �.&�	+�0S3!$6O�����+������� <=��*��0�����gS��������V������� t������"*4�(���$�UK >P?
?
@ A B�>VD
���(��	"�$�m���������
	��.� `3�
�(�rS����+�P�V������� IJ���J��� ���(���$�UK >P?
?
@ A�>�p�BED

FH	����
��;
��� S��������V������� �G* ':��SX�����$�UK >P?
?
C A BED
jk���������+���
�Y!���^.�+	"�
���+���
�X�$5 IJ�
�+* >P?
@
? A�>�p
C�D
�����
�)���
	+;����"�W5 ��	GIG�
S �$	"�
IG�([.����� �
5d�"�$	�;
���GS��(�+�P�V�+���
� IJ��;
�(	"�������
�LK >P?
?�M A�>PM
MED
IG�([.����� �
5d�"�$	�;
���J	����(�
;
� �2������� IJ�
�+* >P?
?
C A�>�p�>�D

± &(:���� ��� � � � : � ��$#� �����>��$#�/� �  :=&�+��(� �   ���7?�5&��  ���� ��� �/BC+ �

&�')*�'!( �]5�. . 1�E�LHB
± �,��+A+>��$#�/� �  +*7,9292&(�*�!+>��+ � : �>��$#�:$)��&�+/+*���4$�&(�/� �  &� �� �����>��$#�/� �  ���(��&(�>�(� ��� �/B :=&�+>�(� �   ���7,�*&��� ����yÉ
�!� �*B�+#O��� 4$)��7��,�� ,1 $ ��&(�/7,��� :=&�+>�(� &� �� %'� "9�(� :=&�+��(� &(%,%,� � &%$ ����+ � S  ����� $2��&(�/7?��� :'&�+>�(� &(%,%,� � &%$'�+)%���$����4$0$ ��&(�/7?�'��+;&(���.92&� �7,&��%��Q +>�(�%��$#�>�(� &� ��	�#"C�)�*&%$#�>�(� ������ 7,+>�(� &�+ �� ,%=7?�/+�� �  ���7?�*&��  ���� ��� �/BC+ �
± ���A90&��� &���+(&� �/&(1�� � $<���=��+@&(%,%,� � &%$'� �!+ ���,&(�@�����A ���� ��� �/B &(�U$'�,���>��$#�/7?����+ &(�������(��&(�/��+��(�YQ +/90&��%� &� �� ���� ��� �/B �)�5&��� ,�� ?1 1��� ����*&��%��Q �/&(B���+ ���(��&(�/��+��(�YQ +'� � �/���/��9 �0&� ��D� � � $ � 92%=7?�/&(�/� �  ,&��w$ � +)� �D± ���092&��� 
�,��+/&���+ &� 8�/&(1���+ �� M$)��7����@&A�/��9 ��$ �  ,+/7,90�� ?1A�� :+���+)�/� 1�&(�/� �  � $ �!9 % � �/�/&� ��$ ��&(�/7?�'��+ &� ��0& �,&� ���ÉA$#�*&($ �/�� ?1
� $�$ ��&(�/7?�'� �#"��)�5&%$#�/� �  %,� � 1��*&�92+2�'��+/7�� �/�� ,1 �� �,� 1�����Q	� � 92&��� +/%L��$��Y�4$.+RQ�+/�>��92+ ��± ��� %=� "0�(� :=&�+>�(�&(%,%,� � &%$ �<O �  ����� � �������*�,&� ��<O'&@+ � �%�,+ �����;&(: � +�� �=��+/&���+(&� �/&(1���+ :bQ �,� ����$#���YQ.7=+/�� ?10�!92&(1��;%'� "9�(�!+-&�+�� ?%=7,�/+ ��± ����92&��! .% � �>�� 8�/��&�� %=� � :�����9 � $	���,��+ &(%=%,� � &%$'� ��+ ���,&(�3������ ���� ��� �/B +/�%?)����+ 1��� ����*&��<��Q¨¥�7,� �>�:=� 1�O � �,�Â$'� 90� 1�� � ����&�� � � ���(�!&(�/��+��(��Q � �  ?1 �)�*&��� ,�! ?1 �/��9E��+ � B � � �)+����PO����,��+:$�&� :�� &�9E�(��� � �*&(�>�(� :bQ

� �



���������	��
������������
�������
���
����������

����� �! M$#����&�+/�� ,1���Q % � � ���/$ 7���$ � 92%=7?�>��� �,&(�'� � &(��� 7=+>�(� � � �,&�Q � � �� M$-�0���,��+�������+/��+A&��!92+�� � ���)+��(� � % &
� � 92&��� �� �����%��� ����� 8� &(%=%,� � &%$'��O,������%=� "0�(� :=&�+>�(� &(%,%,� � &%$ � ��+ &�� � %=�>�(� �
����� � � !#�  �� ��� ����� � �  ��,) � � ��� � ��� � �  � �  -���  ����!

± �,��+�+>��$#�/� �  0%,�'��+>�� �/+�&����)+C��� � � $ 7,+/�! ?1�1��� ����/�Y$@&���1 � �*� ���,92+�$ � � � : � ��$#�������>��$#�/� �  &� ��2���(�!&(�>�(�E+��!+/� �  %,� � :�����90+ �
&�' ��' � �]?A;<B�BeC � ��;xLHC 5�E;<E
	��	1M;xLH,�3n1-8 9�L%3H;��bLHC 5�E
A &��!&����A&�� � � ��� � %=����+>�� 8�A&��nQ�:,�*�<� 9 ����� � � � � � 1%Q ���=&(�A�� 8�>��1��*&(�>��+�1��� ����/�Â$2&�� 1 � �*� ���=92+�&� �� ����$��!+/� �  �)���)� ����&(�* ,�! ?1 � � �)+ � �%+��27,+>��$ 7��	+/7?:=+>���/+ � $��,��+p$#�*�!92�� ,&(� � �pQ $2��&(�/7?����+�$ � ������$ � 1� ,�!+/�� ?1�$ � 9 %��%�#"P+��!+/7,&��
$ �  M$-��%,�/+ � N 1��� ����/�Y$-&�� 1 � �*� ���,9 �!+�7,+>�(� � � +���&(�U$'�0�����-+)%=&%$-� � $ &��<�C�����@% � +/+/� :,��� +/7,:=+>���/+ � $ &M��&(�*1��@+>���
� $�$�&� ��,�<�,&(�>���=��+p$#�*��90�� ,&(�/� �  �$2��&(�/7?����+ � X &� ��,�%�,&(�>� $ ��&(�/7?�'� +/7,:=+>���/+	&(�����)+ &���7=&(�>�(� :�QA7=+/�� ?1-& ����$��!+/� �  �)���)� �%��&(�* ,�� ?1 &�� 1 � �*� ���,9 � X ¦?� � � � � %=� � �=7M$-� & �)���)�%O�:=&�+>�(� �  �����01���+��� $2��&(�/7?����+ 7,+/�� ,1 & �!��92� �>�(�&�9 � 7, 8� � $ �)�*&��� ,�� ,1 �=&(�/& ��± ���@&(%,%,� � &%$'�0�!+��>��+)�>�(� �  0� ��� �,��¯L������ 8����92&(1����,&(�/&(:=&�+>��+#O �  ��-�� :+ � ��+C�� ?1+/&(�>�(�%��� �>���!92&(1���+ � N N & � � N ± � &� ��.����� � �������3�� H+ � �%+��� ,1 $ &%$���&�� ��90&(1���+ � Ê 	 � 	 ±3�5�M± ��������+*7�� �/+ +�� � ����,&(�A&.1��� ����/�Y$ � �*&(%,%���� � � ��� X ¦?� � �'��+/7�� �>�(� �� & +/��1� ,���4$�&� 8�*����$#����&�+>�0�! : � ��� $)��&�+*+/���4$�&(�/� �  ���*� � �&� ��.�� ¨$ � +/�@&�+ 9 ��&�+/7?���(� :bQ2������ 87=9A:���� � $ $2��&(�/7?����+ 7,+>�(�u$ � 9 %=&(�'�(� � � ��� X ¦?� � �  $ 7��%�=$ ��&(�/7,����+>��� �

 &� ?1 &� ��6B �  ,&(+(&(� � �C��� � %=����+>�� 8��&� &(%=%,� � &%$'� � � ����� 9 7�� �/��ÉA$#�*� �>���*��& � %,�/��90��+/&(�/� �  %,� � :��%��9 � $$ ��&(�/7?�'��+*7?:=+>��� +>�(����$#�/� �  .7,+*�� ?1;& 1��� ����/�Â$ &���1 � �*� ���,9 �	± ���#Q�$ � 9 %=&(��� �����À$)��&�+/+*���4$�&(�/� �  %����/$ � �592&� M$-�
� $'7,+/�! ?13 ���7,�*&��8 ���� ��� �/B�+ � � ���;&�+/7,:=+>���<$ ��&(�/7?�'��+<+��(����$#�>�(� :�QA����� 1��� ����/�Y$ &�� 1 � �*� ���=9�&(1�&��! ,+)�	&  ���7?�*&�� ���� ��� �/B�7,+/�! ?1 ������$ 7��%��+���� � $C$ ��&(�/7,����+ ��± ��������&�� �!� � �%� �,&(�/&�+����/+ � :,�/&��! ��(��$ � � 9 ������92&%$'�=�� �� ����&(�5 ,�� ?1
�,&(�/& ����% � +/� � � �pQ2&(� ����� �3 =��+����*+/� �¢Q � $ X &��!� $ � �5 ,��&�&(� S ��+��! �� � ��� ��� � ������7,+>�(� $ � � ����� �#"C%L���5��9E�� 8� ��Ê � ���������92&(1���+>��1�9E�� 8�/&(�/� �  P�#"�%����*��9 �� � �C�#È %=&(�)�>���* =+ � ������7=+>�(� &�+ �������)�*&��� =�� ?1 +>��� &� �� �C�#È%È $ � � ������>��+)�-+>��� ��± ���� ���� ��� �/B � � ���.������$ 7��<�'$2��&(�/7?����+����-&%$'�,�%�)+��(� � ÈC� � G &%$#$�7,�*&%$�Q � �,�%�%�3������ ���� ��� �/B � � �������� +/7?:=+>��� � $@$2��&(�/7?����+ +>�(����$#�>�(� :bQ ����� 1��� ����/�Y$.&�� 1 � �5� ���,9 � :,�/&��� ��(� � �(��¦:G &%$#$�7?�*&%$�Q �  �����.�>��+)�+>��� � � ��+*7�� �/+ �  � ������� � ��������%=&(�)�>���* ����$ � 1� =� �/� �  �,&(�/& +/&�9 %,����+-1�&@+��0&.+/��92�<��&(�-�)���� ��<O ���,&(����+#O �����%L���*$ � �*90&� M$-� � � ��� �����;+/7,:=+>��� � $	$2��&(�/7?����+ +>�(����$#�>�(� :�Q.�����;1��� ����/�Y$A&���1 � �*� ���,9 � &�+ +���� 1��8����Q.+/7?%����*� � �� � ���=&(� � � ��� &��%� �����.&(�)�)�*� :=7,�>� $2��&(�/7?����+ � ± �=��+A�� ��,�Y$�&(�>�(� ���,&(� 1��� ����/�Y$ &�� 1 � �*� ���,90+:$ � 7��<� � ¯����2&� &(%,%,� � &%$ � � � + � ��+C�� ?1A�����3$2��&(�/7?����+/7?:'+>��� +>�(�%��$#�/� �  0%=� � :�����9 �� 0�� ��,7M$#�/��+�� �%��&(�* ,�� ?1 � $  ���7?�*&��' ���� ��� �/B%=&(�)�>���* �$)�!&�+/+/�������5+ �	± ���M�����/&��%�!+ � $	�!92&(1���+ � �����A � �@1��%+��� �� .���,��+ %'&(%L��� �
B37=&� ?1 &� �� N ��7 � � � � %,� � % � +>� &	��Q8:=�*�%� +RQC+)�>��9 :=&�+>�(� �  & 1��� ����/�Â$ &���1 � �*� ���,9 � � ��� & B � %�É

���(�%�  ���7?�*&��< ���� �!� �/B �:± ��� +RQ�+/�>��9 $�&� ����$ � 1� ,��+>� %=&(�)�>���5 ,+�$ � �59E�(� :�Q ����� �)�*&� ,+)$ � �*92&(�/� �  $�&�7=+>�(�
� ¦



�����%���2� ���������-�����M�k
��#��� � � �!�k
 �������������������������(���

:�Q � � �/&(�/� �  <O�+p$�&����� ,1�O � � �)�*&� ,+���&(�/� �  <O6+/�! ?1���Q � �;�� $ � 9;:=�� =&(�/� �  ��± ���09 ����� � � ����+)�/+ �  & % � �YQ81 � É ,&�� &(%,%=� � "?��92&(�/� �  .�>��$ �, ,�Y¥�7�� � �=�Y$'� �#"C�)�*&%$#�/+3&(%=%,� � %,�*�!&(�>� $2��&(�/7?���*+���$#� � �5+ � $	+)%���$������(���,�!9E�� ,+/� �  =+
$'�,&(�5&%$#�>���*��+/�� ,1 &21��%+��� +��,&(%�� �k± ����+>�A$ ��&(�/7?�'��+3&(��� 7,+>�(� &�+ �� ?%'7?� � � &2 ���� ��� �/B�$)��&�+/+*������� $ � � +��=&(%L�����$ � 1� ,� �/� �  � � :�� ��$#�3����$ � 1� ,� �/� �  ��+-$ � �*9 7���&(�>�(� &�+�92&(�p$'�=�� ?1 & 1�� � :=&��<9 � ���(� 1��5&(%�� � � ��� &� �� ?%=7,�+p$-�� ��31��*&(%��2�'��%,����+>�� 8�/�� ?1*��� ������� &�+/�! ?1���� � : �>��$#� � � +>�)+����*&�� � +����'��&(%,%'�� ?1 � : �>��$#�/+ � N 92&(�)�*� "  ��)�(�=+�� �:�� ���#�' ��(� $ � �2$ � 9;:=�� ,�� ,1A������+)�/&(�>� � $ ��&%$'�  ���7,� �  �! ����� � � B � %M���(�%�  ���7?�*&�� 9 � ���(� �	± ����92&(�)�*� "��+�$ �  ,+*�%�������(�2&�+�1��� ���+ � $ �����@1��� ����/�Y$@&���1 � �*� ���,9 ��± ���3 ���7?�*&��? � ����+��'��%,����+>�� 8�������@% � +/+*� :���� 92&(�p$ ����+:���� � �)�� �����01�� � :=&���&� �� +p$-�� ��01��5&(%��,+�&� �� �����I���� ,B &(1���+�:���� � �)�� �����0 ���7?�5&��� � ����+�$ � 9 %,�5��+>� �����
$ �  ,+)�)�*&��! �/+ � 	 "�%����*��9 �� �/+ �  ����$ � 1� ,��+/�! ?1 �,&�929E���5+#O � ���� 4$'����+3&� �� +>�)+����5&�� � ������� � �:� �!+-&�+@������� ���
$)��&�+/+ %,� � :,����92+�+'� � � ���,&(� ���,��+���Q8:,�5�%�09E����� � � ��+ :L���)�>��� ���,&� ����� B � %M���(�%� &(%,%,� � &%$ � �  ���Q � ��O ��� � � �
± ��� &�7?��� � �5+ &���+ � $)��&���9 ���,&(�2+/�! M$-�.1��� ����/�Y$.&�� 1 � �*� ���=92+ ��9 %�� � Q ����� %,� � :=&(:=�%���!+)�/�Y$ �)�*&� ,+*� �/� �  �*7�����*&(������� ���,&� ����� �����>���*90�� ,��+)�/�Â$ ����+p$-�� 8� �*7����%O8�����#Q¨$�&� .&@+ � �%� & � � $�&�� 92�! ,��9 7,9�O &� �� &(����+/7?%����*� � ��� �&2 �7,9A:���� � $	�)�*&��,���/� �  ,&�� � %,�/��90��+/&(�/� �  �>��$'�= ,�Y¥�7���+ �
&�' ��'!& 
D/���1 �bL�� 1MLe1��bL%CA5�E
± ������� ��+ �  ���Q�& +/92&��%�8 87,9;:���� � $,�'��% � �*�/+ � $=7=+/�� ?1@1��� ����/�Y$ &���1 � �*� ���,92+6$ � �6����� � � � �%� � : �>��$#� �����>��$#�/� �  %,� � :��%��9 � $)��&�+/+/����$�&(�/� �  &� �� � � $�&����!+/&(�/� �  �5�	± ����+���&(����%,����+��� �>�(� �! .���,��+@+/7,:=+>��$#�/� �  �� � ���/+#O�V 7, M$'� &� �� � �� ,1 � � � � � ����+p$#�*� :�� & �>��$'�, =�Y¥87�� � $�7,+/�� ,1 1��� ����/�Y$ &�� 1 � �*� ���,90+2$ � � � : �>��$#�
� � $�&�����+/&(�/� �  �� &]$ � 9 %��%�#" +p$-�� �� ��± �����)�*&��� =�� ?10+>����$ �  ,+/�!+)�/+ � $�& ��&(:��(�%���(� +���� � $��!92&(1���+ � �,�Y$'� �,&�+:��)�� %,���)+C� � 7,+'��Q +>��1�9 �� �>�(� +/7M$ � ���,&(� �  ���Q &0+/�� ?1���� � :�� ��$#� � $	�! �>������+/�-��+�$ �  8�/&��� ��(� �� ��&%$'� � $��������92&(1���+ �@Ê 7?�/�������59 � ���%O?����� � : �>��$#�@�� ��������92&(1��*�,&�+ & +/�/&� ��,&(�'�.+/��?)�%O?% � +/���/� �  &� �� � �*���� 8�/&(�/� �  4 �������92&(1�� �,��9E�� ,+*� �  ,+ $ � � &��%� �����;��90&(1���+-&(��� �%���� 8�/�Y$�&�� �� �����A�)�*&��! ,�� ?1 %��=&�+>� �kS  ���,��+ %��=&�+>�%O'& +/��9 %��%�
� � : �>��$#�@9E��&� M� ��92&(1�����+ 1��� ����*&(�>�(�<O � ������� ��&%$'� %=� "9�(�=����%,����+>�� 8�/+ ������&(+����*&(1��A%=� "0�(��+(&���7�� � $ &��%� ������)�*&��� ,�! ?1 ��90&(1���+3$ � �����,&(� � : �>��$#��&(�����,&(� %=� "0�(�6% � +*� �/� �  ��S  ����� �>��+)��%��,&�+>�%O  � $ �  ,+)�)�*&��! �/+ �  ������� ?%=7,�;��92&(1���+ &(�'�.90&���� 4 �� ,+)�>��&��<O�& +/7,:�É ��92&(1��.��+ �#"��)�5&%$#�>�(� $ � � 9 �����.�>��+)� ��92&(1�� &� �� %,� � �>��$#�>�(�� � ����� ��92&(1�� �=��9E�� ,+/� �  ,+37=+>�(� $ � �*��&%$ � � : �>��$#� � $ �� �>���'��+)�M�,7?�*�! ?10����� �)�5&��� ,�� ?1 %��,&�+�� � N  ��92&(1��
�,��+)�/&� 4$-�A��+2$ � 9 %=7,�>�(� :���� � �)�� �����; � �*92&����!+>�(�.+/7?:�É ��90&(1��*�#"��)�*&%$#�>�(� $ � � 9 �������>��+/�3��92&(1��;&� �� �����
����&(�* ��(� � : � ��$#� 9E��&� �!92&(1�� �w± ����+/7?:�É �!92&(1�� � � ���.�����A+/92&��%�%��+)� �,��+)�/&� 4$-��$ � � 9 &2%=&(�*�/�Y$�7���&(� � : �>��$#�9E��&� ��+ �/&(B��� � � :��;����� :���+)��+/7?:MÉ ��92&(1�� $ � �À$)��&�+*+/���4$�&(�/� �  �ÀS  ���,��+ &(%,%,� � &%$'�<O ����� $ �9� �'�,�� =&(�>��+ � $7?%,%���� ����$ ��&� ��I� � � ��� �5� 1�� �@$ � �* ����*+ � $ % � +/+*� :���� � : �>��$#��% � +/� �/� �  ,+�&(��� �� 4$ � ���(� �� 8� � ������$ �?� � 9 � + � 9E��+
� +)�)�*�� ,1�+ � � $	������1��� ����/�Y$�&���1 � �*� ���,9 &� �� �����M�,��+)�/&� 4$-��9E��&�+/7?���;��+ 7,+>�(� &�+-�����À�,�/ ���+/+@$ 7, 4$#�/� �  �	± ���&(%,%,� � &%$ � ��+ �>��+)�>�(� �  &u$#� � � � ��92&(1�� &� �� ����� � : � ��$#�#O6& +/%L��$��Y�4$�$ &%$-�%O � &�+À$ � �/����$#����Q �����>��$#�>�(� :bQ������1��� ����/�Â$�&�� 1 � �*� ���=9 ��± ���#Q %,����+>�� 8�>�(� ����������/&��%��+ � $	���,��+ ��� �/B.�� � � � È � �

�%�



���������	��
������������
�������
���
����������
²
� 7������592&�+@&� �� N ��&(�/+/��+ � � � � %,����+>�� 8�-& 9E����� � � � $	7,+/�� ,1 1��� ����/�Y$�&�� 1 � �*�����,92+ $ � ���= ���É �/7, =�� ?1 �����$ ��&(�/7?�'� +)%=&%$-� $ � �2&6B � 7?1�� �)�5&� ,+)$ � �*9 � � ��� � N ��Q8:,�5�%� +RQ�+/�>��9 ��+W$ �  ��,1�7?���(��O�:bQD��9;:L�(���,�� ?1 �����

B � 7?1�� �)�*&� =+)$ � �59 9 � �,7���� �� 8� � ����� 1��� ����/�Y$ &�� 1 � �*� ���,9DO � �,�Y$ � +*��9;7�� �/&� �� � 7,+��YQ %����/$ � �*92+0$ ��&(�/7,���+)%=&%$-�}�= ���É �/7, ,�� ?1 &� �� $����U$�7���&(��+��=&(%L�E�����>��$#�/� �  �}S  ���,��+�&(%,%=� � &%$'�<O6�����0��90&(1���+�&(���2%,�'��%,� � $-��+/+>�(�:L��$ � ���@�����#Q2&(���-&(%,%��!���(� � � ����� �nQ�:,�*�<� +RQ�+/�>��9 &� ��0$ ��&(�/7?�'��+ &(��� �#"��)�*&%$#�>�(� $ � �������3����%,����+��� �/&(�/� �  �� ����� $ �?� � 9 � + � 9E��+ � 	 &%$ � 1��� �� $ � �/����+)% �  ��,+-� � & 7, =�Y¥87���$ ��&(�/7,��� % � �! �-&� �� $ �?� � 9 � + � 9E��+�&(��� ����%�É����+>�� 8�>�(� &�+ :=� � +/�)�*�� ?1�+ �	± ��� �)+(&���7,&(�/� �  � $6& $'�,� � 9 � + � 9E� � �=�/ ���+/+ $ 7= M$#�/� �  � ��+�:'&�+>�(� �  &:$�� ��$�7���&(�B � 7?1�� �)�*&� ,+)$ � �*9 +(&(�*��&(�/� �  � �C� �e� �¨± ���2+RQC+)�>��9 � &�+��>��+)�>�(� � � ��� +RQC 8�������/�Y$ � &� &(�*�/���4$���&��%�YQP�?�*& �  ��92&(1��:$ �  8�/&��� ,�! ?12$ � 7?�3+/90&��%� &� �� � �!� :=� 1 � +����'��&(%=%L�(�6$�� �U$�7��!&(� �,��+)BC+ � &� �� ����&��°É ��� �'�%� � 7= ������ � &(�>���:=7?:,:��%��É ��92&(1�� � � ��� & �,� 1�� ����1����)� � $< � ��+>� � ��92&(1����pQ ��± ��� ��Q�:,�*�%�01��� ����/�Y$�&�� 1 � �*� ���=9�� B � 7,1�� �)�5&� ,+yÉ$ � �*9 9E����� � �.%,� � �,7M$-�(� +����pQ &%$#$�7?�*&(�>� �����>��$#�/� �  ����+*7�� �/+ � �,�%�%�3�����:$ �  H+��� 8�/� �  ,&��;B � 7?1�� �)�5&� ,+)$ � �*99E����� � � � � ��� $ &��%���(� � B � � �)+�����O ������1��� ����/�Y$�&���1 � �*� ���,9 +pQ�+)�>��9 � &�+ +����pQ +�� � � �
&�' ��')( 
�L���1M3�� CABeCA5�E ;<E 	 �¬.>; I�1 �¨3H5 ��14BeBeCAE�I ��3n5�/@?A14. B
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�������%O �����  ���� �!� �/B &(�U$ �,� �>��$#�/7?�'��+2&(��� +����pQO��&(�/1�� � S �2��+ +)�/�%�<� 7= M$)����&(� � ����������� 1��� ����/�Y$ &�� 1 � �5� ���,92+
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� %L���5&(� � �*+ &� �� & � � 1��Â$2$ 7, M$#�/� �  &(���.7,+>�(� &�+ ����� $ 7, M$#�/� �  +>��� � ± ���¨�,�/ ���+/+ $ 7, M$#�/� �  ��+;:=&�+>�(� �  ����� $)��&�+/+/����$�&(�/� �  �'��+/7�� � ��± ��� &(%,%,� � &%$ � �!+3�>��+/�>�(� �  � � N �*9:QP&�¿ 	 � � ± ���/�5&��� A � &(�'� ��90&(1����pQ%O� �������E+��(�,�Â$)����+�+/7M$ � &�+��/&� ,B�+; ��)�(� � � :�� �����>��$#�>�(� ��$)�!&�+/+/�����(� � � ���� $)��&�+/+*� $)QC�� ?1 $2��&(�/7?��� +���$#� � �*+�O�����21��� ����/�Y$2%,� � 1��*&�9290�� ?1 9E����� � � ��+�$ � 7, �� � �P� 7?�)%����/$ � �59 : � ��� &  ���7?�*&��� ���� ��� �/B $)��&�+/+/��������&� ��&.:=�� ,&(�pQ �)���)�}$)��&�+/+/�Y����� �  �����2+/&�9E� �=&(�/&�O %,� � �,7M$��� ,1 � � � �����5&(�>��+ � $�$ &���+>� % � +/���/��+���+ $ � �������2+*&�9E�
�����>��$#�/� �  �*&(�>��+ ��± ���;:���+)� 1��� ����*&(�>�(� %=� � 1��*&�9 ��+�&���+ � $ � 7= �� � � ����¥�7,� �'�����+/+�$ � 9 %=7,�/&(�/� �  &(���*7, �É�/��9E�����,&� &0 ���7?�*&��  ���� �!� �*B�O &� �� &%$'�,�%�)+���+-:����)�>���@%����/$ � �*92&� M$-� �
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�
� ?�& � �#È�� � � �! $ �,&(%,�>��� � � � 7,+>��+�&�� �/7?�/���%���3� ��� &�� B � +�����&�:'� �/92&(%E��&� ��,+U$�&(%L� ��± �,�!+ :=���/92&(% ��+	� �:L�À$)��&�+*+/�����(� ��� �������@&�+@&E�����)�>����� N ��O=&E�����)�>���¨� S ��O � �- ������������ � $6������9 ��± �����/7?�*�����*�,&�+@&%$#$-��+/+-� � �����
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DE������� FG� �6��HI>��6��  @? + 1 1 1 1 1 1 1 1

+X+-:0�%�W19F�� � �,6 :"89��� % �!� % ��� % '�� # .��E)/7!� % ) 7 �8. ���?+8)2)kb@�.dM��`./(`�' #D% �"���#�T' # ,<'�� % 79.��E) 7()=' #(3 % �"� :<+8)='!�W+-,(,(.��T+����1F
=< � % 0��8.=AI+-. ���(' % ��� % 79.�� � E"!.�?> 	?> E 4UA �/,U� % ' % '�� # )DC ��E6F �

� � �
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+X+-:4���E) 19F�� 	I+ # �c19F��#1:�"�E) �N.2']:U� % �"�`+����/.2+ 3 �5�"� % ��� % '�� # ,U�/. 7 �8.59B+ # �#�n� 7 % �"� % 0�� ���?+8)=))�E)n\(��^�� + # �
�gd=	
	��D' #B% �"�]���/.��f�<'�m���7!� % .�� % ' # +b,<'�� % 79.��E)EF � ��95,<+-.���� 0c' % � % �"�4,B�/. 7 �8.*9S+ # �#�j� 7 % �"�j�E+8)��`+ # � �#�T' #
,<'�� % 79.��E)�� % �"�E))�K.��E)/70� % )>+-.��l�<'?)=+-,(,U�T' #G% ' #93 F:+��"� :B�E) % �!� % ��� % '�� # .2+ % � 7 �8. ���?+8)2)[\(��^���0�+8) ! 	6F3' � �
0c' % �B+��#�8.=.��E)[,U� # �(' #93 7 +��?)��H+��?+-.*9 .L+ % ��� 7 �  �E�'$� F�W��� # + % +K�!� % ��� % '�� # .2+ % �D� 7 E.���l� % �"� 7 +��?)��H+��?+-.*9
.2+ % �Y0@+8)D) % '%�%� ��7(' % �g�(' 3 �  +-:U��7 % �� .����� � F � �%� % �!� �8:"89��� % )T� 7 ���*+8)=)�� d 	�	��^0Z�/.�� �#�8.=.���� % ���:�"� % ��� % ���
 �"� % ��� % '�� # .2+ % ���#��7!� �K.��E+���� ������� � 0c' % �Z+ 7 +��*))��+��?+-.*9 .L+ % � � 7 ��� ���.1 � F

>G�&�	#=E� ��	#�&��3����� ���3� ���&��������������
 "! ����	#�%$��&�')(�*)+ ')����H

<�������&�	#(0= >J����  @? + 8�;32 93A 70932 4�8 7:4K2 ,0, 7�132 C:8 4�7�2 4�, 4�,�2#A68 5K8�2 C�; 50;32 5:C ;0932#A�;
D)���#��� FJ������HI>J����  @? + ,�C04�9 ,�804�C ,�7�90C ,�40,�9 AB9�C�5 A�C:80, A64�7�C A0AB4�A A�10904

<�������&�	#(0= >J����  @? + ;�5�2 8�C ;0132 50; ,�7�2 109 ,KA02 8�5 A68K2 ;�9 A�;32 1�5 C32 8�1 532 ;04 1
D)���#��� FJ������HI>J����  @? + 904�732#A C:8�;�2 1 70C0,�2 7 4�;�532 C 5K,�732#A ;08�;32 9 ABC:8K2 1 704�2 , 1

+X+-:4���f19F�� 	 �56 :*8)��� % �"� % ��� % '�� # .��E)*7!� % ) 7 �8. ���?+8)=)f\(��^���' #e% �!�`.�� % ' # + ,<'!� % 79.��E)A7<)=' #93Z% �"� :<+8)='!�S+-,">
,(.��T+����1F =< � % 0Z�8.=A +-. ���(' % ��� % 79.�� � ��E��?>@1.> E 4UA �/,U� % ' % '�� # )DC ���OF �

>G�&�	#=E� �
	#�&�������� ���3� ���&��������������
 "! ����	��%$��&�'�(�*E+ H 	#�&��(

<��&������	�(�= >J����  @? + AB1�1 901�2 1�1 C�132 101 8�132 1�1 701�2 101 4�132 101 5:1�2 101 ;�132 101 ,�1�2 1�1 A�132 101 1
DE������� FG� �6��HI>��6��  @? + AB1�AB1�5 90C01�1 90;�;:, C070C�1 8�5�5:1 8KAB9�7 70;�109 4�;:,08 5:90C�1 ;07�9�5 1

+X+-:4���n19F��#1 �
6 :*8)��� % �"� % ��� % '%� # .��E)*7!� % ) 7 �8.����?+8)2)��gd=	
	�� ' #e% �"�B.�� % ' # +Z,<'�� % 79.��E)�7()=' #(3Z% �"�S:<+8)2'��B+-,">
,(.��T+����1F =< � % 0Z�8.=A +-. ���(' % ��� % 79.�� � ��E��?>@1.> E 4UA �/,U� % ' % '�� # )DC ���OF �

+Q� 3 '����H+ # ' #G% 7(' % '����o�O'��/0 � % �"� �NM % � # �"��� A 6 � ��79.����E)  ))��� % '%� # �6F��-F 	]� # ,<+ 3 � � 	 � 7 �8.����?+8)2)D	��������;/
' #`% �"�j�E+8)��S,<'�� % 7(.��E)�� ���*+8)=)j\*^��$_ `�/(`D' #B% �"� �#�T' # ,<'�� % 79.��E)�+ # � ���?+8)=)��E)D\*��^�� + # ��� d 	�	��D' #S% �"�4.�� % ' # +
,<'�� % 79.��E)H+-.��D,(.��E)�� #J% ���I' # X 3 79.��219F3'  + � �  : � �  � � + # �  � � .��E)=,B��� % '%�������8F
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ROC curve for "class2" in the easy pictures
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ROC curve for "head020" in the coin pictures
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ROC curve for "haem" in the retina pictures
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ROC curve for "micro" in the retina pictures

 � �  � �

� ' 3 79.�� 19F3' ��� ��9Y� % �6,<'��/+��>.��E)/7!� % )  �NM % � # �"��� A 6 � ��79.����E) � 7 �8.i�8:*8)��� % �"� % ��� % '�� # ' # % �"� % �(.����
�(+ % +-:<+8))�E)37()=' #93Y% �"�b:<+8)='��D+-,(,<.��T+����1F

� �#1



����� ����� � ��
�� �������

�lI ����� S HMS
G�� � R(S O��eN S

� ) �/+ # :U� ))��� # 7 .���9 % �!�[�"� % ��� % '%� # .��E)/7!� % )-�8: % +8' # ��� �!�/.���� ' % 0@+8)5+��]0�+��O)Y,U�T)=)=']:4��� % �c�"� % ��� % +��%�
�8:*8)��� % )k� 7 ' #G% �/.��E) % ' #5% �"���E+8))�B+ # � % �"� �#�T' # ,<'�� % 79.��E)/F +D�('?)_.����!��� % ) % �"� 7 +�� % % �<+ % % �"���8:*8)��� % )@' #5% �"�% 0Z�n�(+ % +-:<+8))�E)�+-.��;)='�9B,0�����8.@.�� 3 7!�?+-.�+ # � % �"�4:<+��=A 3 .���7 # �K'?) 7 # ' 7 �8.*9 �8.�.����*+ % '��������27 # ' 7 �8.*9 F�	 �('%���
�"� % ��� % ' #93 % �"�5�E+8))� ,<'�� % 79.��E)g� # ��� .��E)*7!� % ��� ' # + 7 �/0 7 +��*))�Z+��?+-.*9B)��Z�"� % ��� % ' #93 �8:"89��� % )`' # % �"���#�T' #
,<'�� % 79.��E)�.��E)/70� % ���e' # + .����?+ % '��������c�(' 3 �"�/. 7 +��?))�S+��?+-.59 .2+ % �8F5+��('*)�'?)�9B+8' # ���Q:U���/+�7()�� % �"�f�!� % ��� % '�� #
,(.��8:0�%��9B) ' #K% �"���#�T' # ,<'�� % 79.��E) +-.��A9Y�8.�� �<'�m���7!� %@% �(+ # ' #K% �"�2�E+8))�K,<'�� % 7(.��E)/F
� 7"� % � % �"�[�('�m���70� % �7� 7 % �"�[�"� % ��� % '�� # ,(.��8:0�%��9B)�� % �!�`.��E)*7!� % ) 7 �8. % �!�`.�� % ' # +Z,<'�� % 7(.��E)b+-.�� # � %3 � �*�1F � �8. ���?+8)=) �gd 	�	��.� 0D�(' ���S+��%�k�8:*89��� % )Y0Z�/.����#�8.=.���� % ��� �"� % ��� % ���&��+i���/.�� �<' 3 � # 7,9>:U�/.K� 7H7 +��?))�

+��?+-.*9B)S0��/.��Q,(.��*�,7 �#��� F�+��('*)B'?)29B+8' # ��� :B���/+�7<))� % �"�E))�i�8:*8)��� % )`+-.��&'].=.�� 3 70�?+-.S+ # � �#��9B,0���NM + # �% �"�^:<+��=A 3 .���7 # � '?)T�(' 3 �0��� ����7 %[% �/.����1F � �8. ���?+8)=)K\(��^��g� ' % 0�+8) # � % ,U�T)=)2']:0��� % �l�"� % ��� % +��%�Q�8:*8)��� % )]� 7
' #G% �/.��E) %  % �"�Y:U�E) % �!� % ��� % '�� # .2+ % �Y0@+8) ! 	6F3' � � � F-+��('*)C'?) 9B+8' # ��� �,7"� % � % �"�^)2'�
��-�-+-.2'?+ # �#� � 7 % �"�E))�
�8:*8)��� % )  7 .���9 �� � % �����������`,<'VM*���?) � F

����� �������! "�#�$��%'&

(!)�*+)-, .0/!1$2143658792;:=<>5:=3?<

+��('?) +-,<,(.��T+����i�(+8) % �"� 7 �$�%��� 0c' #93 ���(+-.2+�� % �/.2'?) % '��/) �
@ +D�"�Y.2+E0 '!9B+ 3 �5,<'VM*���,�(+ % +Z+-.��27())����+8)b' # ,=7 % ) % � # ��7(.2+�� # � % 0Z�8.=AO)�� + # � +�� �#�8.��(' #93 �%�Q' % '?);+
�!��9B+8' # ' # �!�/,B� # �"� #J% +-,(,(.��T+����1F

@ < � % 0Z�8.=A % .2+8' # ' #93 7())�E) % �"�Z:<+��2AG0�+-.�� �/.2.��8.5,(.��8,<+ 3 + % '%� # +�� 3 �8.2' % �=9 � # % �"����7 % ��7 % )Y� 7 % �"�
�8:"89��� % )c.2+ % �"�/. % �(+ # % �"� � #G% '].���'�9B+ 3 �E)EF

@ +D�"� # � % 0Z�8.=A^0��E' 3 � % ) +-.��H' # ' % '?+��?'*))��� % �b)/9S+��%�6.2+ # �"��9 �-+���7"�E)W+ %W% �"� :U� 3 ' #(# ' #93 � 7 % �"� # � % 0��8.=A% .L+8' # ' #93 F
@ +D�"� % .L+8' # ��� # � % 0Z�8.=AO) +-.���+-,(,0�?'����^+8)_+ % ��95,0�?+ % ���J' # +�9Y�?�6' #(3 0c' # �"� 0 7 +8)��('�� # �.�?���/. % �"� �?+-. 3 �
,P'�� % 79.��E) ' #K% �!�K�"� % ��� % '�� #Q% �E) % ))� %H% �
�"� % ��� %  ��� �/+ % �b+ # � ���?+8)=)=' 7 � � % �!� �8:*8)��� % )�� 7 ' #G% �/.��E) % F

@ +D�"�/.��K+-.�� 9;70� % '],0���
�8:*8)��� % ���?+8)=))�E)g� 7 ' #J% �/.��E) % ' # % �"� �?+-. 3 �K,<'�� % 7(.��E)^.2+ % �"�/. % �(+ # + # �;ACB�^�	�b
���/.L)/7()ED �8D9F��GAHB�^�	�b �"� % ��� % '�� # ,<.��8:0����9ZF

@ +X.2+��(' % '�� # +�� )[,U���/'�X � 7 �E+ % 79.�� �NM % .2+�� % '�� # '?)H+����T' �"���1F
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V #>% �"�@:<+8)='���+-,(,(.��T+����&�-0�� 7())���>+ % �(.����Z�*+����/. 7 ����� 7 �8.=0�+-.�� # ��79.2+�� # � % 0Z�8.=A % .2+8' # ���b:(� % �"�@:<+��=A60@+-.��
�/.=.��8.D,(.��8,P+ 3 + % '�� # +�� 3 �8.2' % �,9ZF-+D�"�B'�9B+ 3 �Y,<'VM*��� �f+��!7"�E)D+-.��n�('].���� % ��� 7()����&+8)b' # ,=7 % ) % � % �"� # ��79.2+��# � % 0Z�8.=A F hD� 0������/.�� '!9B+ 3 �E)-�<+����`)=,<+ % '?+�� ) % .*7 � % 79.��E)b+ # � �?' # �E+-.2'?)=' #93 + # D�� D '�9B+ 3 �B,P'VM(���*)�' #G% �Q+
����� % �8.j� 7 ' # ,'7 % ) 9B' 3 � % �"�E) % .��?�K'!95,U�8. % + #J% ' # 7 �8.59B+ % '�� # ' #K% �"�b'!9B+ 3 �8F
+��"�/.��
�(+����`:B��� # + # 7=9b:U�/.2� 7 �('?) ��7<)=)='�� # )T� # % �('?)D'?)=)*7"�B' # % �"�f�*' % �/.2+ % 79.��8F � ��9Y�B.��E)��E+-. ���"�/.L)

+-. 3 7"� % �<+ % 7 �8. 3 � # �/.2+����8:*89��� %�� % +-. 3 � % .����#� 3T# ' % '�� # ,<.��8:0����9B)�� ' # ,=7 % �*' # �E+-.2'?)2+ % '�� # '?) # � % + :<' 3 ,(.��8:0����9
+ # �B+ 7 7!�%�����#� #<# ��� % ��� # � % 0��8.2A �/+ # ) % '%�%�*���E+-. # �8:*89��� % ,<+-. % )  '�9S+ 3 �D��� �/+�� 7 �E+ % 7(.��E) � :(� % �!� :<+��=A60@+-.��
�/.=.��8.W,(.��8,P+ 3 + % '�� # ���E+-. # ' #93 +�� 3 �8.L' % �,9�7()=' #(3 + # � # > �*' # �E+-. % .2+ # ) 7 �/. 7 7 # � % '�� #  �?']A�� + # � # > �?' # �E+-.QX4� % �/. �
	 ��'*� ��E�'�
 F� A � 3 �/.L) 	 ��E�E�
O) % + % �E) % �(+ % +c0��E' 3 � % ��� �?' # �E+-. �#��9>:<' # + % '�� # � 7 ' # ,'7 % ) �/+ # :U�W,<+8)2))��� % �9.���7 3 �
+ # � # > �*' # �E+-.2' % � % �.9Y�*�"��� +�� % '%� # )C+ # � % �"�E))�>A6' # �() � 7 # � % 0��8.2A6)��/+ # :U�A7<))��� 7 �8.jX # �(' #93 .�� 3 '%� # )�� 7
' #J% �/.��E) % �4�NM % .2+�� % ' #(3 7 �E+ % 79.��E)�� ))������� % ' #(3 7 �E+ % 79.��E)�� + # � �8:"89��� % ���?+8)=)='%X �/+ % '�� #  ,P+ 3 � � ��E 	 � FThD� 0������/.��% �('?)@9B' 3 � %H# � % :U� % �"�b:B�E) % % ����� # ' �87"� 7 �8.c+ 3 '���� # �('�m���70� % ,<.��8:0����9ZF
+ 0Z� 3 � # �/.2+��H+-,(,<.��T+����"�E)f�(+���� :U��� # .��/,U�8. % ��� 7 �8. 7 79. % �"�/.5'�95,<.�� ����9Y� #G% � 7 % �"� �?' # �E+-.L'?)=+ % '�� # F

+��"�2X(.2) % '?) % ���#� # ) % .2+8' #Z% �"� # � % 0Z�8.=A % .2+8' # ' #93 +�� 3 �8.2' % �,9 % �S.����!��� %c% �!��'�9B+ 3 �b)[,P+ % '?+�� �#�8.=.����*+ % '�� # F
� # �NM9+�95,0�%� '?) % �"�Z0Z�E' 3 � % )/9Y�(� % �(' #93 9n� % �"�(� 	 ' ��
@��0j�"�/.�� +e)/9n� � % �(' #93 �8,B�/.L+ % '�� # '?)5+��!�!��� % �% �"�Y�"��� % +.79,&�(+ % ' #93 .*7!���Y' #I% �"�Y:<+��=Ai�/.=.��8.D,(.��8,P+ 3 + % '�� # +�� 3 �8.2' % �,9 % �Z+��(+-, %;% � % �"�5'�9S+ 3 �Y)=,<+ % '?+��
) % .*7 � % 79.��8F,+D�"�C))���#� # �`'?) % � �#� # ) % .2+8' #S% �"� # � % 0Z�8.=AB' # ,=7 % + # � % �!�C' #G% �/. # +��P+-. ���(' % ��� % 79.�� % �>+��!�9.��E)=)% �"�T�*' # �E+-.2'?)2+ % '�� # '?)=)*7"�8F � �(+-.����`0��E' 3 � %�# ��79.2+�� # � % 0Z�8.=AO) 	 � ��E*�(1 ��
 + # �`+-. % '%X �/'?+�� �#� # ���$��7 % '%� # # ��79.2+��# � % 0Z�8.=AO) 	 � � ��
d+-.�� �NM9+�95,0���E)D� 7 % �('?)cA6' # �1F���� % � +-,(,<.��T+����"�E);' # ���$����� �#� # ) % .2+8' # ' #93 0Z�E' 3 � % )��4�E' % �"�/.
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)��87<+-.����Z.����#�/, % '%��� X!���%�  + # D�� DS)/7(:<'�9B+ 3 � � 7 �8. % �"��)=+�9n� 7 �E+ % 7(.��8F
+ � +��0�9.��E)=) % �('?)]�?' # �E+-.2'?)=+ % '�� # '?)=)/7!��� 0Z�gX(.2) % 7())��� % �"�Y:<+��2AG0�+-.��7�/.=.��8.4,<.��8,<+ 3 + % '�� # +�� 3 �8.L' % �,9
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ROC curve for "class2" in the easy pictures
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ROC curve for "haem" in the retina pictures
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 �SG B � B �]�UR @ � B Z"�HRJarGYMe� @gB EHI @ �X�nGJI �	IK�NEPR�OFE B�B �UR @ G c
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GJE B If� @ �	� B �]�`�FGDL��HRm�HC9���XM B �Q� B �XM B If� @ I @kB �]��Me�SI @ OFIKM B �]Rd�XG c @ �]�pZ��XI \ � Bs\ RJ���]OFGmC[� B Z��U� @oB �]�_I @ O
� B
@ �`�Q�XG �=����� ���  �����jI @�B �]�	I @ O
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B �]�4��� B O
� B'@ �`�]�XGmEPRJ�4EH�KG��TOQRd�XG�� @gB �X� c @ �]�pZ"�XI \ � B �	E B RdIKMe�XG � E �b~ ��C��b~ � M7�'E @ � � ���"GJ�]� Z @ I @��Q\ �QRJ�XG
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Hidden Nodes(3)

Output Nodes (5)

Input Nodes 

Weight Group (c)

Weight Group (b)

Weight Group (a)

Weight Group (d)

(24    24 = 576 )
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� I \ �]Rd� � c �/GJ�]� ZmG B �]�qZ��XI \ � B G_L�RJ���$E B RbEHI @ �X� �15(�?>6�?> � @ � B Z��HRJa Zm�QIKMb� �FEHG�Cz�U� @ G��QMUMe�XGdG�L��F�K� �
�QG��X� I @qB �]��Me�SI @ OlIKM B �]RJ�XG c @ �Q� @ � B Z"�HRJaqZmI B � B �]�XGJ�4Z��XI \ � B GmZ"EHG B RdEHI @ �X�qZmI B � B �]�4RdE @ �Q���<Z��XI \ � B
I @ I B INEH�KIKGJE B If� @ �	� B �]�`� c � EPR B � E �VGJ�]� ZmG B �Q�sZ"�XI \ � B G�L�RJ��� B �]�sI @ O
� BV@ �`�]�XG B � B �]� � RbG B �QIN�Q�]� @	@ �r�]�H~
OFEPR B ��C?�xL Rd��� I @ O
� B G B ��G��XMe� @ � �FIK�Q�]� @/@ �r�]�	E @ � OFEPR B � M7�AL�RJ��� B �Q�jI @ O
� B G B � B �]� B �QIfRb�/�QIK�Q�]� @
@ �r�]� c @ �]�xZ��XI \ � B G'EPRJ�pGJ�]� Z @ I @ EI��� � ���	GJ� �QEPRJ� B �nL�EHMUIN�KI B E B � � IKG��QEH�KIKGJE B IK� @hc � I \ �QRJ� � c � � ���VGJ�]� ZmG
B �]�AZ��XI \ � B G'L�RJ��� B �]�p�QIK�Q�Q� @ �KE � �UR B � B �]� �Q� �A��� B O
� B � @ I B G"E @ � B �]�ACFIKEHGJ�XGV�HL B �]�XG��A��� B O
� B'@ �r�]�XG c
@ �]� �Q� �xRJ� ZmG"I @�B �QIKG �	E B RdI/)z~`I @ Cz� B�B ��� B � B �HOq�HRd�Q�URX~`Me�HRdRJ�XG�Oz� @ � B � B �]�AMU�KEHGJGJ�XG ) % %�������'3 + %3"D> �����'3
) % %���'����3�+ %3"D>��'���AE @ � � +$) %(# c @ �Q�mL����]R"Me�S� ��� @ GU~`I @ �f�UL B�B �nRdI \ � B �HRd�]�UR ~`Me�HRJRd�XG�Oz� @ � B �_Z"�XI \ � B G"L�RJ���
B �]� � RdG B �QIN�Q�]� @�@ �`�Q� � EHGJGJ�`MUIKE B �X� ZmI B �oZ��XI \ � B �	E B RdI ) � E ���b~ B �]�TG��XMe� @ �/�QIK�Q�]� @�@ �r�]� � EHGJG��rMUIKE B �X�
ZmI B ��Z"�XI \ � B �	E B RbI/)���C����sE @ � B �]� B �QIKRd�o�FIK�Q�]� @�@ �r�]� � EHGdG��`MUINE B �X�/ZmI B �oZ��XI \ � B �	E B RbI/) � M7��� B � B �]�
�Q� �4��� B O � BD@ �r�]�XG � MU�KEHGJGJ�XG �'E @ � B �Q�pCFIKEHG��XG%�HL B �]� �F� �4��� B O
� BD@ �`�]�XG c
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weights from Hidden (x) to Output (y)
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tail020

head020

tail005

head005
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� I \ �]RJ�� c � +��/�XI \ � B G�I @ E B RdEHI @ �X� @ � B Z"�HRJa�L��HRj�HC9���XM B �]� B �XM B IK� @ I @�B �Q�kMe�SI @ OlIKM B �]RJ�XGnCFEHGJ�X� � @
RdE @ �]����I @ I B IKEH�[Z"�XI \ � B G c

7�@ G�Oz�XM B If� @ �HL B �]� � RdG B Me�S� �
� @ �HL �Q\ �]RJ��� c � � ���'Rd� � �XEH�KG B �QE B Z��XI \ � B �jE B RdI/) � E �%�QEHGmE	Oz�SGJI B I � �
I @ �
�Q� @ Me�T� @ ) % %�������qE @ � E � �UR � G B RJ� @]\ Oz�SGJI B I � �jI @ �
�Q� @ Me�n� @ +�� %06 Q,Q � c @ �]��GJE �T� �	E B RbI/) �QEHG4E
@ � \ E B I � �_�*0[�XM B � @kB �]��� B �]�URAMU�KEHGJGJ�XG c 7 @ G�Oz�XM B If� @ �HL B �]�_G��XMe� @ ��Me�S� ��� @ RJ� � �XEH�KGsZ��XI \ � B �	E B RdI/) ��C��
�QEHGpE Oz�SGJI B I � �_�*0[�XM B � @�B �Q� � Me� @WB Me�SI @ G � MU�KEHGdG��XG�) % %��������E @ ��+ %3"D>������7�AE @ ��E @ � \ E B I � �T�*0z�XM B � @
B �]� M?Q Me� @WB Me�SI @ G � MU�KEHGJG��XG ) % %���'���TE @ �+ %3"D>��'��� � c4� �NG���I B �QEHGxE � �UR � G B RJ� @]\ Oz�SGJI B I � �_I @ �
�Q� @ Me�4� @
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E @ � B �]� M?Q Me� @WB Me�SI @ G"C
� B �	I \ � B'@ � B OQRJ�HOz�URd� � �QIKG B I @Q\ �QIKGJ� B �Q� �nMe� @WB Me�SI @ G'L�RJ��� B �]�pCFEHMda \ Rd��� @ � c
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�]� B �XM B I @]\ G��	EH�K�z�HC9���XM B GmI @ �NEPR \ �4OFIKM B �QRJ�XG c

� �HRxOQRJ�XG�� @WB E B If� @ Me� @g� � @ IK� @ Me�H~�� @ �f�XGJG'� B �]�URdZmIKG���GJO[�XMUI � �X�h~QE	ClIKEHGDI @iB �Q� @ � B Z��HRJa ING B RJ�XE B �X��EHG
� �QG B E @ � B �]�URmZ"�XI \ � B I @qB �QING%Md�QEPO B �UR c
��
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 � O�� � � ����# �  � � # �

� \ � @ �	I @�B �]� ��0%�> + % � ��� � � EH� \ �HRdI B ����Me�HRJRJ�XGJO[� @ �QG B � EqGJI @]\ �f�_Z��XI \ � B I @�B �]� @ � B Z"�HRJa�E @ ��IKGAE
Me���TOz�SGJI B ��G B R �QM B �]RJ�,+
� @ �Q�URJ�pEPRJ� B �]RJ�U��R��Q�f�ACFI B GX~rMUEH�N�f�X� 4 ��.�4 M E @ � 40� c
� @ �Q�URJ�pEPRJ� B Z"�j�F�SE B I @]\ Oz�SI @WB%� EH� �Q�XG%MUEH�K�f�X� � # 6-+=�[�4E @ � ��# 6-+�� M`c
��I B � B �QIKG \ � @ ��G B R��FM B �]RJ�H~ B �Q� @ ����Cz�UR4�HL'R��Q�f�nCFI B G4I @ �XEHMd� Md�QRJ���T�SG����T�H~ Zm�FIKMd�/Me�HRJRd�XG�Oz� @ �QG

B �kEiGJI @]\ �K� @ � B Z��HRdal~ ZmIK�K� Cz� B �QRJ�U� B I �T�XG4EHG��	E @W� EHG B �]� @ ����Cz�URA�HL"Z��XI \ � B G4I @�B �]� @ � B Z"�HRJa c07�@
EH�Q�QI B If� @ ~ B �]� @ ����Cz�URY�HL B �]�m�Q�SE B I @]\ Oz�SI @WB�� EH� �]�XG�Zm�QINMd�nRJ�UOQRd�XG�� @gBVB �]� *%�> + %UG"EHGJG��rMUIKE B �X�jZmI B �n�XEHMd�
Md�]RJ���	�SG����T��IKG B ZmIKMe�4EHG �	E @W� EHG B �Q� @ �
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@ � B Z"�HRJa �QEHG4� Q,Q Z��XI \ � B GU~ B �]� @iB �]�URd�4ZmIK�K�[Cz�	� Q,Q	\ � @ �XGmZm�FIKMd�iMe� @WB EHI @ � Q,Q ��� Q,Q �H� �DR��Q�f�pCFI B G%E @ �
M?Q,Q ��� Q,Q � M �p�Q�SE B I @]\ Oz�SI @WB G � EH� �]�XG c�� EHMb�}Md�QRJ���T�SG����T��I @�B �QIKGpMUEHG��j�FEHG � Q,Q R��F�f��ClI B G c07 @ � B �Q�UR
Z��HRd�FGU~ B �]���f� @Q\HB �i�HL|EjMd�]RJ���	�SG����T��IKG � Q,Qrc

km� B � B �QE B|B �]�"Z��XI \ � B G �HL B �]� @ � B Z"�HRJa�EPRd� @ � B EmOlEPR B �HL B �Q��Md�QRJ���T�SG����T�H~HZs�]�SG�� \ � @ �XG|RJ�UOQRJ�XG�� @WB
E �T� B �]�r� �HL�Mb�QE @]\ I @]\jB �]�4Z"�XI \ � B Gs�HL B �]� @ � B Z"�HRJa I @ G����	�4Z"E � � G��U��Z��XI \ � B �]Oh�QE B I @]\ R��Q�f�4I @qB �]�
@ �*) B G��QCFG��XM B If� @ � c @ �Q� @ � B Z��HRda IKG @ � B �]� �F@ �X��I @�B �]� \ � @ � B IKMAEH� \ �HRbI B ���<I @ E @g� Z"E � � B �]� @ � B Z"�HRJa
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@ �]��4|��.�4 M E @ � 4�� � EH� �]�XG G�Oz�XMUIfL � E �Q�!�]RdIKG B INMkR��F�f� B �(EPOQOF� �(B � ��#76 +�� M`c�� #76-+=�[��ZmIK�K� B �]� @ Cz�
�T�r�QI � �X� C � � # 6-+=� M ~'E @ � B �QIKGnZmIN�K��I @�B �]R @ Cz� EPOQOF�KIf�X� B � B �]�iZ"�XI \ � B EHGJG��rMUIKE B �X��ZmI B � B �]� \ � @ � c
@ �]�xI @gB �URdOQRJ� B E B If� @ �HL B �]�sR��Q�f�DClI B GVE @ � B �]� �T�XMd�FE @ IKG�� �HL �]Oh�QE B I @]\ Z"�XI \ � B G'IKGYOQRd�XG�� @gB �X� I @ �Q\ �]RJ�
� c � c � �HR��*)]E �TOF�f�	IKL 4|��.�4 M E @ ��4��iEPRd�jEH�K�%� B �]� @ ��#76 +�� M IKG4�]���QCF�f�X�h~ B �]� @ �UZ � EH� �]�T�HL ��#76 +�� M IKG
B �]� @ EH�Q�]�X� B � � # 6-+=�[�pE @ � B �]� @ �UZ�Z"�XI \ � B ING"MUEH�NM��Q�KE B �X� C � EH�Q�QI @Q\�B �]� @ �UZ � EH� �]�x�HL � # 6-+=�[� B � B �]�
�HRdI \ I @ EH�zZ��XI \ � BUc

Cz� \ I @
IfL )z�pl � B �]� @
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	�M �

� @ �QIfL
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Z"�XI \ � B +4l>Z��XI \ � B � �]�X� B E]� �
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� I \ �]RJ��� c �&+ �/�XI \ � B �]Oh�QE B I @]\ �T�XMd�FE @ IKG���I @qB �]� \ � @ � B IKM�EH� \ �HRdI B ��� c
@ �Q�AMb�QE @]\ I @Q\ �T�XMd�QE @ IKG���EH�K�K� ZmG'L��HRmEnZ"�XI \ � BmB �	Cz�AMb�QE @]\ �X�kC � E ��#76 +��[� � EH� �]�AZm�QIKMb�iI @qB �]R @

IKG �T�r�QI � �X��C ��B �]� ��#76 +�� M_� EH� �Q� c @ �]�xRdE B �p�HL Mb�QE @]\ �p�HL B �Q�xZ"�XI \ � B E @ � ��#76 +��[� � B �]� � \ RdEH�QIf� @WB � �"IKG
Md�QE @Q\ �XEPCF�f�4���]� B � B �]� ��#76 +�� M�� EH� �]� c @ �QIKG"IKG �QG��X� B �TOQRJ� � IK�]�xEn�]�!�]RdIKG B IKM ��G��XMe� @ �q�HRd�]�UR � Md�FE @]\ I @]\
�T�XMd�FE @ IKG�� B � B �]�4Z"�XI \ � B �T�`�FI � MUE B If� @ R��Q�K� c
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� I \ �]RJ� � c �(GJ�Q� ZmG B �]� @ � B Z��HRda�EPRdMb�QI B �XM B �]Rd� ����� �?>6�?>����iL��HR B �]�/�]� B �XM B If� @ OFRJ�HCF�f�!�	GqI @�B �]���XEHG �
OFIKM B �]Rd�XGsZsI B ��GJE �TOF�f�nMd�QRJ���T�SG����T�XG�E @ � \ � @ �XGAL��HRpZ��XI \ � B Md�QE @Q\ �XG c 7�@�B �QIKG �Q\ �]Rd�H~ B �]�URJ�TEPRJ� B Z"�
Md�]Rd���T�SG����T�XGYMe�HRdRJ�XG�Oz� @ �QI @Q\mB � B Z"�p� � �S� � �X� @ � B Z"�HRJa`G c @ �]�'Z��XI \ � B G�EPRJ�%�KEPCz�X�K�f�X�_EHG'^�'3�^A� 3 ����� c|� G
�T� @WB If� @ �X�_�XEPRd�KIf�UR ~ B �]� @ � B Z��HRJa_EPRdMd�FI B �XM B �]RJ�'E @ � B �]�'EHM B �QEH�`Z��XI \ � B G EPRJ� @ � B � @ Me�`�]�X�nI @�B �]� \ � @ � B IKM
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...  ...

w1
w2 w3 ... ...

... ...

Input Nodes
(14x14=196)

Hidden Nodes
(3)

Output Nodes
   (4)

x1  x2  x3  delta1 delta2x1  x2  x3  delta1 delta2 x1  x2  x3  delta1 delta2

Network1

Genes

Weights

1    1    0      0.13    0.02 1    1     1     0.35    0.05

1   0     0    -0.25   0.060   0     1     0.42   - 0.12     0    1    0      0.27   -0.10

1    0    1     -0.48   0.21

Network2

...  

...  

...  

... 

... 

... 

...w1  w2 w600...  

� I \ �]RJ� � c � + � E �	OF�f� \ � @ �XG	E @ �(Md�]RJ���	�SG����T�XG	EHGJGJ�`MUIKE B �X�(ZmI B ��E @ � B Z��HRda L��HR B �]� GdI �TOF�f� �HC9���XM B
�]� B �XM B If� @ OFRJ�HCF�f�!� I @qB �Q�4�XEHG � OFIKM B �]Rd�AI @qB �]� \ � @ � B IKM�EH� \ �HRdI B ��� c

OQRJ�rMe�XGJGU~zZ��nG��]OFO[�SGJ� B �]�_�HRdI \ I @ EH� � EH� �]�XGx�HLD^�nE @ � ^A�	EPRJ� Qrc ��� E @ �i> Qrc � �jCz�UL��HRJ� B �]�"�	�XMd�QE @ ING��
�HL �QOz�FE B I @]\ Z��XI \ � B GmING%EPOQOF�KIf�X� c

� �HR � %�+ ^ �3# ! P~ B �]� B �]Rd�U�pR��Q�f�ACFI B G%E @ � B �]� B Z"� � # 6-+��WGDI @qB �]� \ � @ �4L��HR�!_�4EPRJ�,+ 4|� l:�P~ 4 M l:�P~
4�� l Q ~ ��# 6-+��l�6l Q�� � ��E @ � � # 6-+�� M l Q�� Q M`co� MUMe�HRd�QI @Q\kB � B �Q�jZ"�XI \ � B Md�FE @]\ I @]\ �	�XMd�QE @ ING��i~ B �]�
� EH� �Q�p�HL B �Q� ��#76 +�� M GJ�]���F�K�qCz�4�QEH� � �X� E @ � B �]� @ �UZ � EH� �]���HL � # 6-+�� M Cz�XMe���T�XG Q�� Q M / M l Q�� Q � c @ �]� @
B �QIKG � EH� �]�4IKG%EH�F�]�X� B � � # 6-+=�[�4E @ � B �]� @ �UZ � EH� �]�p�HL � # 6-+=�[�pCz�XMe���T�XG Q�� � � � Q�� Q �[l Q�� � � c @ �Q� @ �UZ
� EH� �Q���HL !���IKGmEHMUMe�HRb�QI @]\ � � �]Oh�QE B �X� B � Q�� ��� � Q�� � �"l Q�� ��� c � I �	IK�KEPRd� � ~rGdI @ Me� 4|� l 4 M l 4�� l ��I @
B �]� \ � @ �'�HL�! M ~gEPL B �UR B �]�'Z��XI \ � B Mb�QE @]\ I @]\ �T�XMb�QE @ IKG��>ING�EPOQOF�KIf�X� ~ B �]� @ �UZ � EH� �]�XG|L��HR ��#76 +�� M ~ ��#76-+=�[�
E @ � B �]�"EHM B �FEH�rZ��XI \ � B L �HR ! M EPRJ�,+ ��#76-+=� M l � # 6-+=� M � M l Q�� Q � � M l Q�� � Q ~ � # 6-+=�[�Yl � # 6-+��l� � ��#76 +�� M l
Q�� � � � Q�� � Q l Q�� � �	E @ �=! M l ! M � � # 6-+=�[�Yl ��; Q�� � � � � Q�� � � l; Q�� Q � c

� �HR � %�+ ^ �3# !'� I @��Q\ �]RJ� � c �]~YL �HR !_�P~VGJI @ Me�14 � l Q ~�EPL B �UR B �]� Z��XI \ � B �]Oh�QE B I @Q\ �T�XMd�QE @ IKG��$IKG
EPOQOF�KIf�X� ~���#76 +��[�sE @ � ��#76 +�� M EPRJ� � @ Mb�QE @]\ �X��E @ � B �Q� @ �UZ � EH� �]�D�HL�!��sCz�XMe���T�XG !��Yl�!�� � ��#76 +��[�Yl
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Q�� ��� � Q�� � M l Q�� 5(� c � �HR ! M ~ GJI @ Me� 4 �?l���.�4 M l 4��Kl Q ~ B �]� @ �UZ � EH� �]�XG4�HL � # 6-+=� M ~ ��#76 +��[�	E @ �
B �]�jEHM B �QEH�VZ��XI \ � B ! M Cz�XMe���T� � # 6-+�� M l ��#76-+=� M / M l Q�� Q � / M l Q�� Q �`~ ��#76-+=�[�?l ��# 6-+��l� � � # 6-+=� M l
��; Q��NM � � � Q�� Q �Il; Q��NM,M E @ � ! M l ! M � ��#76 +��[�Yl ��; Q�� � � � � ��; Q��NM,M �al; Q�� 5`� c
��
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@ �]� �QBJ@ �XGJG��HL�E Md�]Rd���T�SG����T�/IKGj�HC B EHI @ �X�=C � RJ�XEH�KIKGJI @]\ E @ � B Z"�HRJa L�RJ��� B �]��Z��XI \ � B GqE @ � *%*> + %

� EH� �]�XGm� @ Me�`�]�X�oI @ B �Q��Md�QRJ���T�SG����T�H~zOFEHGdGJI @]\ EH�N��MUEHG��XGAI @iB �Q�_MU�KEHGdGJI � MUE B If� @kB RdEHI @ I @]\ �QE B E B �]RJ��� \ �
B �QIKG @ � B Z"�HRJaiE @ � MUEH�KM��Q�NE B I @]\nB �]� �T�XE @ GJ� �FEPRJ�X�i�URJRJ�HR ���X� �QE B IK� @ M`c � M ~lOlE \ �>�r�7� c
��
 ��
�� O�� �������  � � � # !	� � # �

@ �]�AMe�����T� @ � � �QG��X��CFIKEHG��X��RJ���Q�K� B�B �xZs�]�U�X� �	�XMd�QE @ ING�� � GJ�XM B If� @ M`c � c �P~QOFE \ ���15 ��IKG �QG��X� L �HR'OFEPRd� @gB
G��X�f�XM B If� @ c

@ �Q�'MeRd�SGJG�� � �UR"�HOz�URdE B �HRVIKG ClEHG��X�T� @ OFEPRbE �T� B �URdIKG��X� � @ IfL��HR��:MeRJ�SGJG�� � �URA� G��XM B If� @ M`c � c �P~ �F\ �]RJ� M`c �`~
OFE \ � ��� � c � RJ�SGJG�� � �URVIKGYEPOQOl�KIf�X��� @ � �_B � B �]� # �&>.% ClI B G �HL B �Q�mMd�]Rd���T�SG����T�H~ @ � BYB �]� � # 6-+=� � c 7 L B �Q�URJ�mIKG
E @ �*)rMb�QE @]\ �A�HL�E @W� �HL B �]�xR��Q�f�DClI B G��
�]RdI @]\ MeRd�SGJG�� � �UR ~ B �]��� # 6-+=�[�AE @ � ��# 6-+�� M�� EH� �]�XG"EPRJ�s�*)]Md�FE @]\ �X�
Cz� B Z"�U� @iB �]�xOFEPRJ� @WB Mb�]RJ���T�SGJ���T�XG c � I \ �]Rd� � c �nGJ�Q� ZmG'E @ �*)rE �	OF�f�x�HL B �]�pMeRJ�SGJGJ� � �URD�HOz�URdE B �HR%I @ B �]�
\ � @ � B IKM�EH� \ �HRdI B ��� c

x1    x2    x3   delta1  delta2 x1    x2    x3   delta1  delta2

1

1

0 0

1 0.12 0 0

1 0

0 -0.04

0.32-0.08

1

OffspringParents

1

0.32-0.08

0.12 -0.04

� I \ �]RJ� � c �&+ � RJ�SGJG�� � �URsI @qB �]� ��� ��+,#�% "�� EH� \ �HRdI B ��� c
@ �Q� �"� B E B If� @ �HOz�URdE B �HRTIKG�ClEHG��X�}� @ B �]�qG B E @ �FEPRd� GdI @]\ �f��CFI B �"� B E B If� @ � G��XM B If� @ M`c � c �P~ �Q\ �]RJ�

M`c �`~lOlE \ � ��� � c 
 � B E B If� @ IKGsEH�KG��jEPOFOF�KIf�X�q� @ � ��B � B �]�4R��Q�K�pCFI B G%�HL B �]��Mb�]RJ���T�SGJ���T�H~ @ � BDB �]�  %*> + %UG c
7 L E @g� CFI B � @ E \ � @ �pIKG �"� B E B �X�h~ B �]� ��#76 +��[�xE @ � � # 6-+�� M�� EH� �]�XG"L �HR B �QE B'\ � @ �AZmIN�K�QCz�mRd�UOF�KEHMe�X� ZmI B �
RdE @ �]���j� �4\ � @ �URdE B �X� � EH� �]�XG c � I \ �]RJ� � c �pGJ�]� ZmG�E @ �*)rE �	OF�f�'�HL B �]� �"� B E B If� @ �HOz�URdE B �HR�I @_B �]� \ � @ � B IKM
EH� \ �HRdI B �
� c
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x1    x2    x3   delta1  delta2 x1    x2    x3   delta1  delta2

1 1 0.12 0 00 -0.04 1

Original chromosome

0.16-0.21

Chromosome after

� I \ �]RJ� � c �&+ 
 � B E B If� @ I @qB �]� ��� � +,# %3"���EH� \ �HRbI B ��� c
��
 ��
�� ��� �  # � � ��� �
� � � ��� ��� � ��� # �JO ��� �&# ! � � �/�5;
� # � ��� �
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�QEH�
@ � B Z"�HRJa I @	B �]�xOz�HO
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 ~AE @ � B �]���*)`Oz�URdI �T� @gB IKG

���15



�����������	���,� �"���������P����� � 
 �$�P��� � � ��
 ����������
 ���I����������� � � ����� ��������
 ���
����������� � ��� �J� � 
����#�!�$��!�����!�$����
��
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Q e�_ `�3hd Q#S5S `�3 _ Q/S�S
e e�Q `�3 ] Q#S5S `�3 ] Q/S�S
b b�S g�3f` Q#S5S g�3 ^ Q/S�S
^ b�Q g�3hd Q#S5S g�3 _ Q/S�S
` e�e g�3�Q Q#S5S g�3 e Q/S�S
g e�` dc3�Q Q#S5S d�3 e Q/S�S
d Q#] `�3fe Q#S5S `�3 e Q/S�S
_ b5e `�3 g Q#S5S `�3fd Q/S�S
] e�g ^�3 ] Q#S5S `�3 S Q/S�S
Q#S ei^ `�3hd Q#S5S `�3 _ Q/S�S
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Q/e e�b ^�3 _ Q#S5S `�3 S Q/S�S
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EGFIHNJML EOFDHNJML EGF HNJML EOFIHKJML EGFIHNJML
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B	C2DFE2GIHKJ�LNMOHQP@RSJ@TVU6HQM=GWCOHXMOHKGIHQRSGWTZY\[]JWHQP@^2_VGWP�Y\[]GWCOH`GWCOJWHKH4M2DFGWDFUaDbPIHQP�DbR@CaTVHKcbHQM]Ued=GWCOH`UaDbP@TZR`DFE2E2J@Y\DbR@C
TZ[=fXC2TgR@ChGWCOH`[OHKGif�YbJWjkP�f�HKJWH�GIJ@DbTZ[2HQM=Y\[lGWCOH�RK^OGIY\^OGWP�UedhGWCOH�UaDbRWjef	DFJ@MlHKJWJWYbJ�EaJWYbEaDFm\DFGWTVY\[;Db_ZmbYbJ@TVGWC2npo
q [rR/C2DFE2GIHKJtseuvTVGAf�DbPwPWC2YxfX[yGWC2DFG4GWCOHlMOHKGIHQRSGWTVY\[rE6HKJWz{YbJ@n;Db[2RSHhRSY\^2_ZMyU6HNTZn;E2JWYxcbHQMyUed|Db[yHS}eGIHQ[aPWTVY\[
Ybz�GWCOH;f�YbJWj�~yDFE2Ea_ZdeTZ[2m�D|mbHQ[OHKGWTZR�Db_VmbYbJ@TVGWC2n�UaDbPIHQM�JWHK��[OHQnlHQ[�G�E2JWYkRSHQPWP�GIY�GWCOH;HQ[�GWTVJWH]Tgn;DFmbHQPKo q [
GWC2TZP`R/C2DFE2GIHKJQuaf�HtTg[�cbHQPIGWTZm\DFGIHtDlz�^OJWGWCOHKJ�HS}kGIHQ[2PWTVY\[�Ybz�GWCOHQPWHtnlHKGWCOYkM2PKo���HhRSY\[2PWTZMOHKJ�GWC2HwJWHKEa_ZDbRSHQnlHQ[�G
Ybz	GWCOH][OHQ^OJ/Db_�[OHKG�f�YbJWjkP�fXTZGWC�E2JWYbmbJ@Dbn]PwGWC2DFG�fXTg_Z_>U�H]HKcbY\_VcbHQM�^2P@TZ[Om�mbHQ[OHKGWTZR]E2JWYbmbJ@Dbn;n]TZ[OmOo;�4PtTZ[
GWCOH|J@HK�a[OHQnlHQ[�G�PIGIHKEMOHQPWRSJ/TVU6HQM�TZ[�GWCOH�E2JWHKckTVY\^2P;R/C2DFE2GIHKJ�GWCOH|�aGW[OHQPWP;fATZ_Z_	U6H�UaDbPIHQM)Y\[�M2HKGIHQRSGWTVY\[
E6HKJWz�YbJ/n;Db[2RSHwY\[pGWCOHwHQ[�GWTVJWHtGIJ@DbTZ[2TZ[2mhTZn]DFmbHQPKo���HtRKDb_Z_vGWC2TZP�nlHKGWCOYkM�GWCOHN�e�S���Q�����`���I�W�\���F = =�{����¡@�£¢K�@¤
�/�\���I�Q�\�K¥�o
¦�§�¨8§i¨ ©pª¬«abª�®¯«O°²±v³w´\µ�«�¶r·�·¸\±v¹8º�µ
» TVm\^OJWH�¼�oZ½�PWC2YxfXP�Db[�Y¾cbHKJWceTZHKf%YbzwGWCOH�mbHQ[OHKGWTZR�E2JWYbmbJ@Dbn]n;TZ[Om�UaDbPWHQM)DFE2EaJWY\DbR@C8o¿�4P�TZ[�GWCOH�UaDbPWTZR
DFE2E2JWY\DbR/C8u�GWC2TZPNDFE2E2JWY\DbR/C$Db_ZPIY�CaDbPNDy_VHQDFJ@[2Tg[OmpE2JWYkRSHQPWPhDb[2MÀD�GIHQPIGWTZ[2m|E2JWYkRSHQM2^OJ@Hbo q [ÀGWCOH�_ZHQDFJ@[2TZ[Om
E2JWYkRSHQPWPAGWCOHtHKcbY\_VcbHQMyE2J@YbmbJ@Dbn;P4DFJWHNDFE2E�_ZTVHQM8uaTg[�D�n;YxckTZ[Om;fXTg[2MOYxfÁz{DbP@C2TVY\[8u2GIY�GWCOHNHQ[�GWTVJ@HNTZn;DFmbHQP4TZ[
GWCOHlMOHKGIHQRSGWTVY\[rGIJ@DbTg[2TZ[Om�PIHKG-GIY�_ZYeRKDFGIH=GWCOH=YbUkÂIHQRSGWP-Ybz�TZ[�GIHKJWHQPIGKo�ÃXC2TZPXTgPAcbHKJ@d|PWTZn;Tg_ZDFJXGIY�GWCOHl[OHKGif�YbJWj
PIf�HKHKEaTZ[OmlE2J@YeRSHQM2^2JWHwTZ[�GWCOHwUaDbPWTgR4DFEaE2JWY\DbR@C�fXCOHKJWHwGWCOH�[2HQ^OJ@Db_8[OHKGif�YbJWjkP`f�HKJWH�DFE2E�_ZTVHQM�GIY;GWCOHwHQ[�GWTVJWH
TZn;DFmbHQP�TZ[ÄGWCOH|MOHKGIHQRSGWTVY\[�GIHQPIG]PIHKGKo�Ã`CaTZPl_VHQDFJ@[2Tg[Om�EaJWYeRSHQP@P;TZPlDb_ZPIYÅP@TZn;TZ_ZDFJhGIYÅGWCOH�[2HKG�f�YbJWj$JWHK�a[OHSÆ
nlHQ[�GNE2J@YeRSHQM2^2JWH;Ued�GWCOH]mbHQ[OHKGWTgR]Db_VmbYbJ@TZGWC2nÇHS}ORSHKE2GNGWC2DFGNmbHQ[2HKJ@Db_�RSY\n;Ea^OGIHKJhE2JWYbmbJ@Dbn;PhDFJWH�HKcbY\_VcbHQM
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J@DFGWCOHKJ�GWC2Db[�[OHQ^OJ/Db_�[OHKGif�YbJ@jePKo�Ã`COHXU6HQPIG�HKcbY\_VcbHQMpEaJWYbmbJ@Dbn;P	DFJWHwDFE2Ea_gTVHQM;GIY=GWCOH4HQ[�GWTZJWHwTZn;DFmbHQP	TZ[�GWCOH
MOHKGIHQRSGWTVY\[�GIHQPWGXPIHKG`GIY�nlHQDbPW^OJWHwYbUOÂ�HQRSGXM2HKGIHQRSGWTVY\[�E6HKJWz{YbJ@n;Db[2RSHbo

Entire Images 
(Detection Test Set)

(Detection Training Set)
Entire Images 

Generated  Programs

Genetic  Programming  Process

Detection  Results

Object Detection

» TZm\^OJWH�¼�oZ½05��4[�YxcbHKJWckTVHKf Ybz�GWCOHlmbHQ[OHKGWTgRlE2JWYbmbJ@Dbn]n;TZ[Om�UaDbPIHQMÅDFEaE2JWY\DbR@CÅz�YbJtnh^2_VGWTZEa_VHNRK_gDbPWPwYbUkÂIHQRSG
MOHKGIHQRSGWTVY\[8o
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q [hjbHKHKEaTZ[2mAfXTZGWCtGWCOH	mbY\Db_eYbz�M2Y\n;DbTZ[hTZ[2MOHKE6HQ[2MOHQ[�GvYbUkÂIHQRSG�MOHKGIHQRSGWTVY\[8u�D4[e^2nNU6HKJ�Ybzk���@?e�BACAZ�BDF�3AFE�¤��F ;�F���
����¤��i�O�K��¤��S���HGQ�W�\�JIe�W� ¢ u�YbJ����K?��BA�¢ �¯�b����¢ ��� �S¢wDFJWH]^2PWHQMÅDbP�GIHKJ@n]TZ[2Db_ZP-Db[2MÅD|PIHKG�Ybz4¢ �¯�F��¤\�F�I¤Å�F� �{�{¥� ]�Q�����
�/�O�S�I�b�¯�F�/¢pDFJWHy^aPIHQM�DbP�z�^2[2RSGWTVY\[2PQoÃXCOH|mbHQ[OHKGWTgR|E2J@YbmbJ@Dbn;n;TZ[2mÅHKcbY\_Z^OGWTVY\[aDFJWd�E2JWYkRSHQPWP�TZP;HS}kE6HQRSGIHQM
GIY�Db^OGIY\n;DFGWTgRKDb_Z_Vd�PIHQ_VHQRSG�ÂI^aPIG`GWCOY\PIHNJWHQ_VHKcFDb[�GAGIY�D�PIE6HQRKTV�aRwMOY\n;DbTg[8o�ÃXCOH�YxcbHKJ/Db_Z_¬mbY\Db_�Ybz GWCOHtmbHQ[2HKGWTZR
E2JWYbmbJ@Dbn;n]TZ[Om`UaDbPWHQMNDFE2EaJWY\DbR@C=TZP¬GIY4MOHKGIHKJ/n;TZ[OH�fXCOHKGWCOHKJ�E2JWYbmbJ@Dbn;P�HKcbY\_VcbHQM=UedwmbHQ[OHKGWTZR�E2JWYbmbJ@Dbn]n;TZ[Om
RKDb[pMOYNDhmbYeYeM�HQ[OY\^Om\C�ÂIYbU�Ybz�MOHKGIHQRSGWTZ[Om=GWCOH4YbUkÂIHQRSGWP	Ybz¬TZ[�GIHKJWHQPIG	TZ[]GWC2HAGWCOJ@HKH4M2DFGWDFU�DbPIHQP�^2PIHQM�TZ[�GWC2TZP
GWCOHQPWTZP�L�R/C2DFE2GIHKJ�MON/o�PeE6HQRKTV�aRKDb_g_Vdlf�HNDFJWHtTZ[�GIHKJWHQPIGIHQM�Tg[Q5

R �C2DFG`EaTV}eHQ_�UaDbPIHQMvuaMOY\n;DbTZ[pTg[2MOHKE6HQ[2MOHQ[�G�Tgn;DFmbH�z{HQDFGW^OJWHQP�f�Y\^2_ZMpn;DFjbHh^2PIHKz�^2_�GIHKJ@n;TZ[aDb_ZPKo
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R �COHKGWCOHKJ�GWC2H4z{Y\^OJ�PIGWDb[2MaDFJ@M�DFJ@TVGWC2nlHKGWTgRXYbE6HKJ@DFGIYbJ@P L��������
	��� N�fXTg_Z_2U6H-PW^��]RKTVHQ[�G	z�YbJ	GWCOH-z�^2[2R Æ
GWTZY\[�PIHKGKo

R�� Yxf GWCOH`�aGW[OHQPWP�z�^2[2RSGWTZY\[;RKDb[;U6HXRSY\[2PWGIJ@^2RSGIHQM�m\TVcbHQ[;GWC2DFG�GWCOHKJWHXDFJ@HAPIHKcbHKJ@Db_�RK_ZDbPWPWHQP�Ybz8TZ[�GIHKJWHQPIGKo
R�� YxfÁGWCOHwE6HKJWz{YbJ@n;Db[2RSHwfXTg_Z_�c£DFJWd�fXTVGWCpTg[2RSJWHQDbPWTZ[2m=MaT��]RK^2_VGid]Ybz TZn;DFmbHtM2HKGIHQRSGWTVY\[�E2J@YbUa_VHQn;PKo
R �COHKGWCOHKJNGWCOH;E6HKJWz{YbJ@n;Db[2RSHlfATZ_Z_>U6H;U6HKGIGIHKJtGWC2Db[�GWC2H;UaDbPWTZR]DFE2E2JWY\DbR/CÅY\[ÅGWC2H]PWDbnlH]M2HKGIHQRSGWTVY\[
EaJWYbUa_VHQn;PQo

¦�§�¨8§�� �>´b��¸ºe´����«À±v³�´bµ¸« 8�µ�¹6·�´b«2
q [�GWCOHAJWHQn;DbTZ[2M2HKJ¸Ybz8GWC2TZP�R@C2DFEaGIHKJQukf�HAfXTZ_Z_2M2HQPWRSJ@TVU6H�GWCOH4M2T��6HKJWHQ[�G�RSY\nlE6Y\[OHQ[�GWP¸Ybz8GWC2TgP¸DFE2E2J@Y\DbR@C8ukGWCOH
jbHKd]TZPWP@^OHQP�JWHQ_ZDFGWTg[OmwGIYtGWCOHAGIHKJ@n;TZ[aDb_2PIHKGKu�GWC2HXz�^2[2RSGWTVY\[;PWHKG�Db[2M]GWCOH`�2GW[OHQP@P�z�^2[2RSGWTVY\[8o �Az�GIHKJ�m\TVceTg[Om�GWCOH
EaDFJ@DbnlHKGIHKJ/P�^aPIHQM]TZ[;GWC2TZP¸DFEaE2JWY\DbR@Cvu�f�HAEaJWHQPIHQ[�G�Db[2M�Db[2Db_VdkPIHXGWCOHAHS}eE6HKJ@TgnlHQ[�GWDb_2JWHQPW^2_VGWP�Db[2M]RSY\n;EaDFJWH
GWCOHQn fATVGWC�GWCOHwUaDbPWTgRwDFE2E2JWY\DbR/C8o¸Ã`C2TgP�R@C2DFE2GIHKJAHQ[2M2P	fXTZGWCpD;PW^2n;n]DFJWd�Db[2M|D;M2TZPWRK^aPWPWTVY\[8o

+-,�� ����1�� 36?@<! �587#"A5%$'&(& ?@1�"*) 9+$',N3-�¸9*3�7/.10�23��<>3546� 3-��<>38?W741
�APhTZ[�GWC2H�[OHQ^OJ/Db_�[OHKG�f�YbJWj�PWf�HKHKEaTg[Om�E2JWYkRSHQM2^OJ@Hbu¬GWCOH�E2JWYbmbJ@Dbn;PN^2PIH]D�P87e^2DFJWH�Tg[OEa^OG-�2HQ_ZMÅfXC2TZR/C�TZP
_ZDFJWmbHhHQ[OY\^Om\C�GIY�RSY\[�GWDbTZ[yHQDbR@CrYbz�YbUOÂ�HQRSGWP-Ybz�TZ[�GIHKJWHQPIG-Db[2MyDFJWH=DFE2Ea_ZTVHQMvuaTZ[|n;YxckTZ[Om]fATZ[2MOY¾f z�DbPWC2TVY\[8u
YxcbHKJyGWCOH�_ZDFJ@mbH�EaTZRSGW^OJWHQP|TZ[GWCOHÅMOHKGIHQRSGWTVY\[ GIJ@DbTZ[2Tg[Om�PIHKG�GIY�_VYkRKDFGIHÅGWCOH�YbUkÂ�HQRSGWP|YbzhTg[�GIHKJWHQPWGKo Ã`COH
GIHKJ@n;TZ[aDb_ZP�DFJ@H-RSY\n;Ea^OGIHQM�z�J@Y\n GWC2H4P87e^2DFJWH-TZ[OE�^OG¸�2HQ_gM�Db[2M�z{YbJ@n GWCOHwTZ[OEa^OGWP¸Ybz¬GWCOH4E2JWYbmbJ/Dbn;P	M2^OJ@TZ[2m
GWCOHhHKcbY\_Z^OGWTVY\[2DFJ@dpE2JWYkRSHQPWPKoXÃ`C2HtY\^OGIEa^2GXYbz�Db[�HKcbY\_VcbHQMrE2JWYbmbJ@Dbn TZPAD:92Y\DFGWTg[Om]E6Y\TZ[�G`cFDb_Z^OHbu�fXC2TZR/C|TZP
^2PIHQMpz{YbJ`YbUkÂIHQRSGXRK_ZDbP@PWTV�aRKDFGWTVY\[|M2^OJ@TZ[2mNGWCOH�PWf�HKHKEaTg[OmlE2JWYkRSHQM2^OJWHbo

Ã`C2H;92Y¾f&MaTZDFmbJ@Dbn%E2JWHQPIHQ[�GIHQMrTZ[|�am\^OJWH=¼�oFS�PWC2YxfXP4GWCOH=_VHQDFJ@[2Tg[Om;E2JWYkRSHQM2^OJ@HtYbz�mbHQ[OHKGWTgRNEaJWYbmbJ@Dbn=Æ
n;TZ[Om�DbM2DFEaGIHQM�GIY�nh^2_VGWTVEa_ZH�RK_ZDbP@P=YbUkÂ�HQRSG�MOHKGIHQRSGWTVY\[8o=<�HKz{YbJWH�GWCOH�_VHQDFJ/[2TZ[OmrE2JWYkRSHQPWPlPIGWDFJ@GWPKu�D�PIHKJ@TVHQP
Ybz`E2JWHSÆ�M2HK�a[OHQM�Tg[OEa^OGwEaDFJ/DbnlHKGIHKJ@PKu�GWCOH�HQ[�GWTVJWH�Tgn;DFmbHQP=TZ[ÅGWCOH�MOHKGIHQRSGWTVY\[ÄGIJ@DbTZ[aTZ[Om|PIHKGKu�Db[aM�GWCOH�E2JWHSÆ
MOHKGIHKJ@n;Tg[OHQM;GIHKJ@n]TZ[2Db_2PIHKG	Db[2M]z{^2[aRSGWTVY\[;PIHKG	DFJWHA_ZY\DbMOHQM8o��	G�GWC2HXU6HKm\TZ[2[2Tg[Om-Ybz8GWCOHA_VHQDFJ/[2TZ[OmwE2J@YeRSHQPWPQu�D
[�^antU6HKJ`Ybz�TZ[2MaTVceTgM2^2Db_2EaJWYbmbJ@Dbn;P`Tg[�GWCOH�E6YbEa^2_ZDFGWTZY\[pDFJWH�J@Db[2M2Y\n;_Vd�RSJ@HQDFGIHQM|DbRKRSYbJ@M2Tg[Om;GIY;GWCOHtGIHKJ@n;T Æ
[2Db_ZPKu�z{^a[2RSGWTVY\[2P`Db[aM�GWCOHNE2JWYbmbJ@Dbn%n;D£}kTgnN^2n%MOHKE2GWC8o?>�DbR@C�Ybz�GWCOH�E2JWYbmbJ/Dbn;PATgP�GWCOHQ[yDFE2Ea_ZTVHQM�GIY�GWCOH
PIf�HKHKEaTZ[Om�E2JWYkRSHQM2^OJWH�GIY�_VYkRKDFGIHNGWCOHNYbUkÂIHQRSGWPAYbz�Tg[�GIHKJWHQPWGKo`Ã`COH�HKcbY\_VcbHQMyE2J@YbmbJ@Dbn;P4DFJWHtGWCOHQ[�HKcFDb_Z^2DFGIHQM
U�d|GWCOHt�2GW[2HQPWPXz�^2[2RSGWTZY\[8o q z�GWCOHtU6HQPIGAYbz�GWCOHtEaJWYbmbJ@Dbn;PAJWHQDbR@C2HQP-GWCOHtGIHKJ@n]TZ[2DFGWTVY\[yRSJ@TVGIHKJ@TZY\[8uaGWCOHQ[�GWCOH
E2JWYbmbJ@Dbn]PNDFJWH�PWDxcbHQMÄDb[aM�GWCOH�_VHQDFJ@[2Tg[Om�E2JWYkRSHQPWPNTZP�GIHKJ@n]TZ[2DFGIHQM8oA@-GWCOHKJWfXTZPWHbu�GWCOH�HKcbY\_Z^OGWTVY\[aDFJWd�E2JWYFÆ
RSHQPWPlfXTg_Z_�RSY\[�GWTZ[�^2H�UedÀDFEaEa_VdkTZ[Om�GWCOH�mbHQ[OHKGWTgR�YbE6HKJ@DFGIYbJ/P=YbzAPIHQ_VHQRSGWTZY\[8u�JWHKE2JWYkM2^2RSGWTZY\[8u�RSJWY\PWPIY¾cbHKJ]Db[2M
nN^2GWDFGWTVY\[�GIYpE2JWYkM2^2RSHl[OHKf EaJWYbmbJ@Dbn;PwTZ[yGWCOHlE6YbEa^a_ZDFGWTVY\[�z�YbJwGWCOH;[2HS}eGwmbHQ[OHKJ/DFGWTVY\[8o q [rmbHQ[OHKJ/Db_ uvGWCOH
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U�HQPWG�E2JWYbmbJ@Dbn TZ[�GWCOHwE6YbEa^a_ZDFGWTVY\[�fXTZ_Z_�RSY\[�GWTZ[�^2H4U6HQRSY\n;Tg[Om=�2GIGIHKJ`GWCOJWY\^2m\C�GWCOHwHKcbY\_Z^OGWTVY\[aDFJWd�_VHQDFJ/[2TZ[Om
E2JWYkRSHQPWPKo

Next  gengeration

Selection

Perform
Repro-

duction

Selection Selection

Mutation Crossover
Perform Perform

New  population

No

Initialise  Population

Evaluate Each Program

Reach  Stop  Criteria?

STOP

Yes

Branch II

Get  DR and FAR

Compute  Fitness

Match  Objects

Find Object Centres

Sweep Training Images 
with  Programs

Save  Best  Program

Read  Input  parameters

Load Entire Images in Detection Training Set 
and the Locations of Desired Objects

Load   Terminal  Set

Load   Function  Set

START

Branch I
Branch III

» TZm\^OJWHN¼�oFS 5��¬HQDFJ@[2TZ[Om=E2J@YeRSHQM2^2JWH-Ybz�mbHQ[OHKGWTgRwE2JWYbmbJ@Dbn]n;TZ[OmlDbM2DFE2GIHQM�GIY]nN^a_VGWTVEa_VH-RK_ZDbPWP	YbUOÂ�HQRSGXM2HKGIHQR Æ
GWTVY\[8o

» YbJ�E2JWHQPWHQ[�GWDFGWTVY\[hRSY\[�cbHQ[2TVHQ[2RSHbubf�H�PWHKEaDFJ@DFGIH�GWC2TZP>DFE2E2JWY\DbR/CNTZ[�GIY4GWCOJWHKH�n]DbTZ[�U2J/Db[2R@COHQPv~��`�I�F���K¥�� E
�`�I�F���K¥����vDb[2M��X���b���S¥������/u¾DbP>PWCOYxfA[�TZ[w�2m\^2JWH�¼�oFSeo�Ã`COH��aJ@PIGvU2J/Db[2R@C�_ZY\DbM2P¬DAPIHKG¬Ybz2TZ[2Ea^OG6EaDFJ@DbnlHKGIHKJ/PKu
GWCOHNGIHKJ/n;TZ[2Db_�PIHKGKu6z{^2[aRSGWTVY\[�PWHKG4Db[2M�GWCOHhHQ[�GWTZJWHNGIJ/DbTZ[2TZ[Om�TZn;DFmbHQPAz�YbJ-GWCOHhHKcbY\_Z^OGWTVY\[aDFJWdpE2JWYkRSHQPWPKo4Ã`COH
GIHKJ@n;TZ[2Db_>PIHKGwDb[2M�GWCOH=z{^a[2RSGWTVY\[yPIHKGwDFJWHNEaJWHSÆ�MOHKGIHKJ@n;Tg[OHQM8o-Ã`COH=PIHQRSY\[2MyU2J@Db[2R/CrTZPXGWC2HhDbRSGW^2Db_ mbHQ[2HKGWTZR
E2JWYbmbJ@Dbn;n]TZ[OmlE2JWYkRSHQPWPKuafXC2TZR/Cpf�DbPAMOHQPWRSJ@TZU�HQMpTg[�PIHQRSGWTVY\[ Seo LOoFS�L{EaDFmbHNL SON/o��X�I�F���K¥	�����	MOHQPWRSJ/TVU6HQP	GWCOH
jbHKd;PIGIHKEaP¸Tg[lGWCOHAM2HKcbHQ_VYbEanlHQ[�G�Ybz8GWCOH`�aGW[OHQPWP�z�^2[2RSGWTZY\[=z�YbJ�nN^2_ZGWTVEa_VH�RK_ZDbPWP¸YbUkÂIHQRSG�MOHKGIHQRSGWTVY\[�E2JWYbU�_VHQn;PKo
�`�I�F���K¥
�>Db[2M��X�I�F���K¥�������c£DFJWdhfXTVGWClMaT���HKJ@HQ[�G�GWDbPIjkPKu�fXC2TZ_VH�X���b���S¥
���>TgP JWHQ_ZDFGWTVcbHQ_VdhGWDbPIjlTZ[2M2HKE�HQ[aMOHQ[�G
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Db[2M�RKDb[�U6HARSY\[2PIGIJ/^2RSGIHQM�z�J@Y\n GWC2HAHS}OTZPIGWTZ[2mtmbHQ[OHKGWTZR4E2J@YbmbJ@Dbn;n;TZ[2mtGIYeY\_ZPKo q [�GWCaTZP�DFEaE2JWY\DbR@Cvuef�Hw^2PIHQM
GWCOH�mbHQ[OHKGWTgRwE2JWYbmbJ@Dbn]n;TZ[OmlPWCOHQ_g_6f`J@TVGIGIHQ[�Ued�� TZ_gPIY\[�� S����	�¯o

Ã`C2H]z{Y\_Z_VYxfATZ[OmpGWDbPIjkP=DFJWH�[2HQRSHQPWPWDFJWdÅz{YbJ=^2PWTZ[Om|mbHQ[OHKGWTZR�E2JWYbmbJ@Dbn;n]TZ[Om�z{YbJlnN^2_ZGWTVEa_VH;RK_ZDbP@PtYbUkÂIHQRSG
MOHKGIHQRSGWTVY\[|E2JWYbUa_VHQn]P35
½Fo�
4HKGIHKJ@n]TZ[OHwGWCOH�GIHKJ/n;TZ[2Db_8PIHKG�
Seo�
4HKGIHKJ@n]TZ[OHwGWCOH�z�^2[2RSGWTZY\[pPIHKG�
Meo�
4HKGIHKJ@n]TZ[OHwGWCOHtn;HKGWCOYeM�Ybz>nlHQDbP@^OJ@TZ[Om=�2GW[2HQPWP�
LOo�
4HKGIHKJ@n]TZ[OHwGWCOHtTg[OEa^OG�EaDFJ@DbnlHKGIHKJ/PXDb[2MpGWC2HwGIHKJ@n;TZ[2DFGWTZY\[pRSJ@TVGIHKJ@TVY\[vo

+-,�� ������� ��5 &Ç?/1�$����;� 3

O

E1

E2

F2

F1

G1 G2 H2 H1

A1 B1

C1D1

A2 B2

C2D2

   
A1-E1-O-G1-A1, E1-B1-H1-O-E1,
G1-O-F1-D1-G1, O-H1-C1-F1-O

A1-B1-C1-D1-A1, A2-B2-C2-D2-A2,
Squares:

Suppose:  A1-B1 = A1-D1  =  n, then:

n/
2

n/
2

n 
 

n/2 n/2
n

   User Defined (Default: n/2)

A2-B2 = G2-H2 = A2-D2 = E2-F2:

G1-O = O-H1 = n/2

E1-O = O-F1 = n/2

A1-G1 = G1-D1  =  n/2
A1-E1 =  E1-B1  =  n/2

G1-H1, E1-F1, G2-H2, E2-F2

Rows and Columns:

Sizes of the Squares and lines:

» TVm\^OJWHt¼�oFM 5�ÃXCOHwTZ[OEa^OG��2HQ_ZM�Db[2M�GWCOH�Tgn;DFmbH-JWHKm\TVY\[2P�Db[2Mp_gTZ[OHQP�z�YbJ�z{HQDFGW^OJWH�PWHQ_VHQRSGWTVY\[pTZ[�RSY\[2PIGIJ/^2RSGWTZ[Om
GIHKJ@n;TZ[aDb_ZPKo

» YbJ-YbUkÂIHQRSGwMOHKGIHQRSGWTVY\[yE2JWYbU�_VHQn;PKu�GIHKJ@n;TZ[2Db_gPXRSYbJWJWHQPWE�Y\[aM|GIY�TZn;DFmbHhz�HQDFGW^2JWHQPKo-Ã¬Y�Ea^OJ@P@^OH�GWCOHhmbY\Db_
Ybz�MOY\n;DbTZ[�TZ[2MOHKE6HQ[2MOHQ[�G=YbUkÂIHQRSG�MOHKGIHQRSGWTVY\[vu�f�Hy^2PIH�Gif�HQ[�G�d�mbHQ[2HKJ@Db_ u	EaT }kHQ_`_VHKcbHQ_���z�HQDFGW^OJ@HQP�� L{EaTV}eHQ_
PIGWDFGWTZPIGWTgRKP N J@DFGWC2HKJ�GWC2Db[�MOY\n;DbTZ[�PIE6HQRKTV�aR	z{HQDFGW^OJWHQPKo�ÃXCOHQPIH`z{HQDFGW^OJWHQP�DFJWHXYbUaGWDbTZ[OHQM;z{JWY\n GWCOHATZ[2Ea^OG �2HQ_ZM
DbPlPWCOY¾fX[$TZ[��am\^OJWH�¼�oFMeo�Ã`COH�nlHKGWCOYkM�Ybz4MOHKGIHKJ@n;Tg[2TZ[Om�GWC2H�P@T��KH�YbzAGWCOH�P87�^aDFJWH�Tg[OEa^OGN�2HQ_ZMÄRKDb[ÀU6H
z�Y\^a[2MrTZ[rPIHQRSGWTVY\[rLOoFMeoFS L{EaDFmbH��£L N/o q [y�2m\^OJWH]¼�oFM-L�_VHKz{G N/uvGWCOH=mbJWHKdy�a_Z_VHQMyRKTVJ@RK_ZHhMOHQ[2YbGIHQP�Db[rYbUkÂIHQRSGwYbz
TZ[�GIHKJWHQPIGKu8GWCOHlP87e^2DFJWH=�N½ Æ <-½ Æ B-½ Æ 
=½ Æ��h½]J@HKE2JWHQPIHQ[�GWP4GWCOHlP87�^aDFJWHhTg[OEa^OG`�aHQ_ZM8owÃ`COHhYbGWCOHKJ-�2cbHlP87e^2DFJWHQP
JWHKE2JWHQPWHQ[�G4_VYeRKDb_¬JWHKm\TVY\[2PXz�J@Y\n fXCaTZR@Cpz{HQDFGW^OJWHQPAfXTZ_g_6U�HNRSY\nlEa^OGIHQM8o`ÃXCOH�z{Y\^OJARSHQ[�GIJ@Db_>_ZTZ[OHQP�L{J@YxfXP4Db[2M
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RSY\_Z^2n;[2P N4DFJWH;Db_ZPIY|^aPIHQMrz�YbJND�PWTZn;Tg_ZDFJ-Ea^OJWE6Y\PIHbolÃ`COHQPWH;PWT }yP 7�^2DFJ@HQP�Db[2M�z{Y\^OJ�_ZTZ[2HQPwDb[2M�GWCOHQTVJ�P@T��KHQP
DFJWHlE2JWHQPIHQ[�GIHQM�TZ[y�2m\^OJ@H;¼�oFM-L{J/TVm\C�G N/o=Ã`COHlnlHQDb[�Db[aM�PIGWDb[2M2DFJ@M�M2HKceTZDFGWTZY\[�Ybz�GWCOH=EaT }kHQ_ZP-RSY\nlE2J/TZPWTZ[Om
HQDbR@CyYbz�GWCOHQPIHNJWHKm\TVY\[2P4DFJWHN^aPIHQM|DbPAG�f�Y�PWHKEaDFJ@DFGIHhz�HQDFGW^OJ@HQPKo`Ã`COHKJWHNDFJWHhs]JWHKm\TVY\[2PXm\TVckTZ[Om�½�S]z�HQDFGW^OJ@HQPKu
��� �¯� ����� o¸�A_gPIYNf�Hw^2PIH4EaT }kHQ_ZP¸Db_ZY\[OmNGWC2H-n]DbTZ[�D£}kHQP L{z{Y\^OJ�_ZTZ[OHQP N�YbzvGWCOH-TZ[OEa^2G¸�2HQ_ZMvu�m\TVckTZ[OmNz�HQDFGW^OJ@HQP
����� �¯� ���
	 o�ÃXCOHQPIH�S��=z�HQDFGW^OJ@HQP�DFJWHwPWCOYxfA[�Tg[�GWDFU�_VHw¼�oZ½Fo	B�Y\nlEaDFJWHQM�fXTZGWC�M2Y\n;DbTZ[�PIE6HQRKTV�aRXz�HQDFGW^OJ@HQPKu
GWCOHQPIH�nlHQDb[pDb[2M�PIGWDb[aM2DFJ@M�MOHKckTZDFGWTVY\[�z�HQDFGW^2JWHQP�MOYl[OYbG�[OHKHQM�GWCOHwC2Db[2MOÆ�RSJ@DFz�GWTg[OmNYbz�z�HQDFGW^2JWH-HS}eGIJ@DbRSGWTZY\[
E2JWYbmbJ@Dbn;P �aGWCOHKd�PIGWTg_Z_8U6HQ_VY\[OmlGIY�GWCOHtEaTV}eHQ_v_ZHKcbHQ_¬Db[2M|JWHKE2JWHQPIHQ[�GXGWC2HN_VHQDbPIG4PIGIHKE�Dxf�Dxd|z{JWY\n E�^OJWHwEaT }kHQ_
UaDbPIHQMpYbUkÂIHQRSGAM2HKGIHQRSGWTVY\[8o

» HQDFGW^OJWHQP �`HKm\TVY\[2PXDb[2M��X}eHQPXYbz>TZ[�GIHKJWHQPIG
nlHQDb[ PIGWDb[2M2DFJ/M�MOHKckTZDFGWTVY\[
» ½ » S UaTVm;P87e^2DFJWH��h½ Æ <-½ Æ B-½ Æ 
=½ Æ��N½
» M » L PWn;Db_Z_8RSHQ[�GIJ@Db_¬P 7�^2DFJ@H���S¾Æ <4S¾Æ B4S¾Æ 
�S¾Æ���S
» � » s ^OE2E6HKJ�_VHKz�GAP87�^aDFJWH��N½ Æ >A½ Æ @AÆ�=½ Æ��h½
» ¼ »�� ^OE2E6HKJ	J@TVm\C�G`P87�^aDFJWH;>X½ Æ <-½ Æ � ½ Æ @AÆ >X½
» � » ½� _VYxf�HKJA_VHKz{G`P87e^2DFJWH��=½ Æ @4Æ » ½ Æ 
=½ Æ�=½
» ½b½ » ½�S _VYxf�HKJXJ@TZm\C�G`P87e^2DFJWH @4Æ � ½ Æ B-½ Æ » ½ Æ @
» ½�M » ½SL RSHQ[�GIJ@Db_¬JWYxf Ybz>GWC2HwUaTVm;P87e^2DFJWH��=½ Æ � ½
» ½ � » ½Qs RSHQ[�GIJ@Db_�RSY\_Z^2n;[�Ybz GWCOHwU�TVm;P87e^2DFJWH >X½ Æ » ½
» ½x¼ » ½ � RSHQ[�GIJ@Db_¬JWYxf Ybz>GWC2H�PWn;Db_Z_8P87e^2DFJWH�� S¾Æ � S
» ½ � » S�� RSHQ[�GIJ@Db_�RSY\_Z^2n;[�Ybz GWCOH�P@n;Db_Z_8P87e^2DFJWH > S¾Æ » S

Ã>DFUa_VHN¼�oZ½05¸Ã`f�HQ[�G�d�MOY\n]DbTZ[pTZ[2MOHKE6HQ[2M2HQ[�GKueEaT }kHQ_8_VHKcbHQ_8z{HQDFGW^OJWHQPXUaDbPIHQMpY\[�Tgn;DFmbH�EaT }kHQ_6TZ[�GIHQ[2PWTVGWTVHQPQo
q [�DbMaM2TVGWTVY\[rGIYpGWCOHQPWHlz�HQDFGW^OJ@HQPwf�H�C2DQcbH]D�GIHKJ/n;TZ[2Db_>fXC2TgR@CrmbHQ[OHKJ@DFGIHQPND�J@Db[2MOY\n [e^2nNU6HKJ�TZ[yGWCOH

J@Db[OmbH�� �kuFS � � �¯o	Ã`C2TZP�RSYbJ@JWHQPIE6Y\[2M2P	GIY;GWC2H�[�^2nNU6HKJ`Ybz>mbJWHKdp_VHKcbHQ_ZP`TZ[�GWC2H�TZn;DFmbHQPKo
Ã`COHQPIHtz�HQDFGW^OJ@HQP`C2DQcbHNGWCOHwz{Y\_Z_VYxfATZ[OmlR@C2DFJ/DbRSGIHKJ@TZPIGWTZRKP�5
R Ã`C2HKdÀDFJWH�PIdkn;nlHKGIJ/TZRKDb_	Db[2M�RSY\[�GWDbTg[�PIY\nlH�TZ[2z�YbJ@n]DFGWTVY\[ÄYbzAYbUkÂIHQRSG;GIJ@Db[aPW_ZDFGWTVY\[$Db[2M$JWYbGWDFGWTZY\[
TZ[�cFDFJ@TZDb[2RSHbo

R �¬YeRKDb_�JWHKm\TVY\[Nz�HQDFGW^2JWHQP DFJWH�Tg[2RK_Z^2MOHQMvovÃ`C2TZP�DbPWPWTZPIGWP�GWCOH��a[2M2Tg[Om�Ybz2YbUkÂIHQRSG�RSHQ[�GIJWHQP TZ[tGWCOH	PIf�HKHKE�TZ[Om
E2J@YeRSHQM2^2JWH�~=TVz6GWCOHAHKcbY\_VcbHQM�E2JWYbmbJ@Dbn TZP¸RSY\[aPWTZMOHKJWHQM�DbP�DNnlYxckTZ[OmtfXTZ[2MOY¾f�GIHQnlE�_ZDFGIHbu�GWC2HAn;DFGWR/C
U6HKG�f�HKHQ[rGWCOHhGIHQnlEa_ZDFGIHlDb[2MyGWCOHlPW^2UOÆ�TZn;DFmbHNz�YbJ@n]TZ[Om�GWCOHhTg[OEa^OGA�2HQ_ZM�fXTZ_Z_¬U�HNU6HKGIGIHKJwfXCOHQ[�GWCOH
nlY¾ceTg[OmlGIHQnlEa_ZDFGIHNTZP�RK_VY\PIH�GIY]GWCOH�RSHQ[�GIJ@HtYbz Db[�YbUkÂIHQRSGKo

½x¼Fs
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R ÃXCOHKdpDFJWHNmbHQ[2HKJ@Db_ u�M2Y\n;DbTZ[|Tg[2MOHKE6HQ[2MOHQ[�G`Db[2M�HQDbPWdpGIY�HS}kGIJ@DbRSGKoAÃXCOHQPIHtz{HQDFGW^OJWHQPAU6HQ_VY\[Om;GIY�GWCOH
E�T }eHQ_�_VHKcbHQ_�Db[2MNRKDb[tU6H�E�DFJWGvYbz2DXM2Y\n;DbTZ[tTg[2MOHKE6HQ[2MOHQ[�G6E2JWHSÆ¯HS}OTZPIGWTZ[Om�z{HQDFGW^OJWH�_ZTVU2J/DFJWdAYbzkGIHKJ@n]TZ[2Db_ZP
z{JWY\n�fXCaTZR@CÄGWCOH�mbHQ[OHKGWTZR�EaJWYbmbJ@Dbn;n;Tg[Om�HKcbY\_g^OGWTVY\[2DFJWdÀE2JWYkRSHQPWPlTZPhHS}kE�HQRSGIHQM�GIYÅDb^OGIY\n;DFGWTZRKDb_Z_Zd
_ZHQDFJ@[lDb[2M;PIHQ_ZHQRSG�Y\[2_VdNGWCOY\PIH`JWHQ_ZHKc£Db[�G�GIYtDwEaDFJ@GWTZRK^2_ZDFJ�MOY\n]DbTZ[8o Ã`C2TZP TZP 7e^2TVGIH`M2T���HKJWHQ[�G�z{JWY\n GWCOH
GIJ/DbM2TVGWTVY\[2Db_ TZn]DFmbH;E2JWYkRSHQPWPWTZ[2m�Db[2M�RSY\nlEa^OGIHKJ�ckTZPWTZY\[yDFEaE2JWY\DbR@C2HQP�fXCOHKJ@HhGWC2H]PIE6HQRKTV�aRhz{HQDFGW^OJWHQP
z{YbJXDlE�DFJWGWTZRK^2_ZDFJ�MOY\n]DbTZ[�DFJWHwYbz{GIHQ[|[OHKHQM2HQM8o

+-,�� �������l:l1=<>36?@7A1 �;� 3
��H�^2PIH4GWCOH4z{^2[aRSGWTVY\[�PWHKG35 »��	� �������
	����
�fAC2TZR@C�JWHKE2J@HQPIHQ[�GWP�z{Y\^OJ�DFJ@TVGWC2n;HKGWTZR`YbE6HKJ@DFGWTVY\[aP�GWCaDFG�z{YbJ@n
GWCOHwPIHQRSY\[2M�YbJ@MOHKJ�[OYkMOHQP�L�T o Hbo�ShDFJWm\^2nlHQ[�GWP N/o¸ÃXCOH �hueÆWuODb[2M�wYbE�HKJ/DFGIYbJ@P	C2DQcbHwGWCOHQTZJ�^2P@^2Db_�n;HQDb[2TZ[Om\P
fXC2TZ_ZH��wJ@HKE2JWHQPIHQ[�GWP ��E2JWYbGIHQRSGIHQM �=M2TVckTZPWTZY\[lfXC2TZR/C]TZP�GWCOH-^2PW^2Db_�M2TVckTZPWTVY\[=YbE6HKJ@DFGIYbJ	HS}ORSHKE2G	GWC2DFG	DNM2TZceTZM2H
U�d �KHKJ@YÀm\TVcbHQP�DÅJ@HQPW^2_VGlYbz �KHKJWYOo¿ÃXCOHQPIH|z�^2[2RSGWTZY\[2P;DFJWHyPIGWDb[2M2DFJ@M)DFJ@TVGWC2n;HKGWTZRpz�^2[2RSGWTVY\[2P;fXC2TZR/C�DFJWH
RSY\[2PWTZPWGIHQ[�G`fATVGWC�GWCOH�mbY\Db_¬Ybz>MOHKcbHQ_ZYbEanlHQ[�G`Ybz�MOY\n;DbTZ[pTZ[aMOHKE6HQ[2MOHQ[�G�DFE2EaJWY\DbR@COHQPQo

��mbHQ[2HKJ@DFGIHQMpE2JWYbmbJ/Dbn(RSY\[aPWTZPIGWTZ[2mtYbz¬GWC2H4z{Y\^OJ�z{^a[2RSGWTVY\[2P�Db[2M�D=[�^2nNU6HKJ�Ybz�GIHKJ@n;TZ[aDb_ZP�TgP�PWC2YxfX[�TZ[
�2m\^OJWHN¼�o LOo�Ã`C2TZP	EaJWYbmbJ@Dbn E6HKJWz{YbJ@nlHQM�EaDFJ@GWTZRK^2_ZDFJ@_Zd;f�HQ_g_6z�YbJ`GWC2HtRSY\TZ[pEaTgRSGW^OJWHQPKo

������������������������� ���"!$#%�'&(#)���������������*�	�,+-�$��!.�'/�01#*#%���2��#	��� �$�3/
�$��!$#*#2#)�����,+4�5�6�,+4�7+4�,+-�98.�$�2�*#:���*#%�$�;0<#)�,+-�98 �$�;=<#2#	���.�9&�����>1#2#
�����������.�$�;=6�,+4���.���*�����3/(#%�'/�01#2#?�,+4���6���.�'/@��!9&BAC=2�9&(#?���.�2� ���*�*#2#
���	��D2DBAE02>2/-�$�;=1#*#2#)�������2�	�7+-���"!.�'/*0<#2#*#2#2#@�,+4�����7+4���������9� �'&(#)�,+
�2DF�2�1#*#	�����������.���.�"!'&BAC=2�2&<#	�7+-���;� �$�;0<#2#��$�;>1#*#����;/<#)�������.����=6�,+
���G�$�;= �$�3/<#:�'/*0<#2#)�7+4���.���"!.���;/<#	�������.�����$�3/<#%�$�;=<#2#2#*#2#

» TVm\^OJWHN¼�o LC5�� mbHQ[2HKJ@DFGIHQM�E2J@YbmbJ@Dbn z{YbJ`GWCOH�RSY\TZ[|MOHKGIHQRSGWTVY\[�EaJWYbUa_VHQn

+-,IH �������Å?�381��KJ$JL�l:l1=<>38?W7A1
�APAE2JWHQPWHQ[�GIHQMyTZ[ �X�I�F���S¥ �����/ua�2m\^2JWHh¼�oFS L{EaDFmbH�½x¼¾L N/u6GWCOHN�2GW[OHQPWPAYbz�D]E2J@YbmbJ@Dbn TZ[�GWCOHtE6YbEa^2_gDFGWTVY\[�TZP
RKDb_ZRK^2_ZDFGIHQM�U�d�^2PWTZ[2mhTVGWP�M2HKGIHQRSGWTVY\[�J@DFGIH�Db[aM�z{Db_ZPWH�Db_ZDFJ@n�J@DFGIH�Y\[�GWC2HwHQ[�GWTVJ@H�TZn;DFmbHQP`TZ[�GWCOH�M2HKGIHQRSGWTVY\[
GIJ@DbTZ[2Tg[OmlPIHKGKo

½x¼b¼
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¦�§�� §�¨ ©����¾«�ºe´ 8 ;�¹<=0=F®��	ºk¹�´b®�±	� ��´b\¹�´b«�
�
Ã`COH4Y\^OGIEa^OG�Ybz¬Db[�d;E2JWYbmbJ@Dbn�TZP�D�92Y\DFGWTZ[OmhE6Y\TZ[�G�[e^2ntU6HKJ�fXC2TZR/C]nh^2PIG	TZ[2M2TgRKDFGIHAfXCaTZR@C]Ybz¬GWCOH4YbUkÂIHQRSGWP
Ybz�TZ[�GIHKJ@HQPIGATZPARK^OJWJWHQ[�GW_Vd�TZ[|TZGWPXTZ[OE�^OG	�2HQ_ZM8o�Ã`C2TgP`TZP`DbR/C2TVHKcbHQMyU�d�GWCOH����I�W�b�I�F  ��A �£¢/¢/� ���@�\�����F�À ;�/��u6DbP
PWCOYxfA[yTg[��am\^OJWH;¼�o �]fACOHKJWH� (TgPXGWCOHl[e^2nNU�HKJ4Ybz¸YbUOÂ�HQRSG�RK_ZDbP@PIHQP4Ybz�TZ[�GIHKJWHQPIGKu������W����IO�>TgPAGWC2HhY\^2GIEa^OG
c£Db_Z^2HwYbz>GWC2HwHKcbY\_VcbHQM�E2J@YbmbJ@Dbn Db[2M�� TZP`D;RSY\[2PWGWDb[�GXM2HK�a[OHQM�Ued�GWC2H�^2PIHKJQo

U6HKm\TZ[
TVz�L���� ������	� � L�Æ"! u � N N�GWCOHQ[
GWCOHwYbUkÂIHQRSGATZP�RK_ZDbP@PWTV�2HQMpDbPN¡@�\�$#K�b�I�0Ik��¤

HQ_ZPIH�TZz L���� ���%�&�	� � � �kuaÃ�N N
GWCOHwYbUkÂIHQRSGATZP�RK_ZDbP@PWTV�2HQMpDbPt��A �F¢@¢ �

oVoVo`oVoVo`oVoVoXoVoVo
HQ_ZPIH�TZz L���� ���%�&�	� � �KL�T Æ@½ N('�ÃwuaT)'�Ã�N N
GWCOHwYbUkÂIHQRSGATZP�RK_ZDbP@PWTV�2HQMpDbPt��A �F¢@¢t�

oVoVo`oVoVo`oVoVoXoVoVo
HQ_ZPIH�TZz L���� ���%�&�	� � �KL�n=Æ@½ N('�Ãwu-�*! N N
GWCOHwYbUkÂIHQRSGATZP�RK_ZDbP@PWTV�2HQMpDbPt��A �F¢@¢t�

HQ[2M2TZz
HQ[2M +,+,+,+,+,+,+,+,+,+,+,+,+,+,+,+,++,+,+,+,+,+,+,+,+,+,+,+,+,+,+,+,++,+,+,+,+,+,+,+,+,+,+,+,+,+,+,+,++,+,+,+,+,+,+,+,+,+,+,+,+,+,+,+,++,+,+,+,+,+,+,+,+,+,+,+,+,+,+,+,++,+,+,+,+,+,+,+,+,+,+,+,+,+,+,+,++,+,+,+,+,+,+,+,+,+,+,+,+,+,+,+,++,+,+,+,+,+,+,+,+,+,+,+,+,+,+,+,++,+,+,+,+,+,+,+,+,+,+,+,+,+,+,+,++,+,+,+,+,+,+,+,+,+,+,+,+,+,+,+,+

-,-,-,-,-,-,-,-,-,-,-,-,-,-,-,-,--,-,-,-,-,-,-,-,-,-,-,-,-,-,-,-,--,-,-,-,-,-,-,-,-,-,-,-,-,-,-,-,--,-,-,-,-,-,-,-,-,-,-,-,-,-,-,-,--,-,-,-,-,-,-,-,-,-,-,-,-,-,-,-,--,-,-,-,-,-,-,-,-,-,-,-,-,-,-,-,--,-,-,-,-,-,-,-,-,-,-,-,-,-,-,-,--,-,-,-,-,-,-,-,-,-,-,-,-,-,-,-,--,-,-,-,-,-,-,-,-,-,-,-,-,-,-,-,--,-,-,-,-,-,-,-,-,-,-,-,-,-,-,-,-.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,..,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,..,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,..,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,..,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,..,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,..,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,..,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,..,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,..,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.

/,/,/,/,/,/,/,/,/,/,/,/,/,/,/,/,//,/,/,/,/,/,/,/,/,/,/,/,/,/,/,/,//,/,/,/,/,/,/,/,/,/,/,/,/,/,/,/,//,/,/,/,/,/,/,/,/,/,/,/,/,/,/,/,//,/,/,/,/,/,/,/,/,/,/,/,/,/,/,/,//,/,/,/,/,/,/,/,/,/,/,/,/,/,/,/,//,/,/,/,/,/,/,/,/,/,/,/,/,/,/,/,//,/,/,/,/,/,/,/,/,/,/,/,/,/,/,/,//,/,/,/,/,/,/,/,/,/,/,/,/,/,/,/,//,/,/,/,/,/,/,/,/,/,/,/,/,/,/,/,/
0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0

1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1
2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2
2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2
2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2
2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2
2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2
2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2

3,3,3,3,3,3,3,3,3,3,3,3,3,3,3,3,3
3,3,3,3,3,3,3,3,3,3,3,3,3,3,3,3,3
3,3,3,3,3,3,3,3,3,3,3,3,3,3,3,3,3
3,3,3,3,3,3,3,3,3,3,3,3,3,3,3,3,3
3,3,3,3,3,3,3,3,3,3,3,3,3,3,3,3,3
3,3,3,3,3,3,3,3,3,3,3,3,3,3,3,3,3
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i*T
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... ...

ProgOut

Background

Class  1

Class  i

Class  n

... ...

...  ...

(m-1)*T

L�D N L{U<N

» TVm\^2JWHN¼�o � 554�DFE2EaTZ[OmlYbz>E2JWYbmbJ/Dbn Y\^OGIEa^OG�GIY�Db[�YbUkÂIHQRSGXRK_ZDbPWP@TV�aRKDFGWTVY\[8o

¦�§�� §76 6w®¯´7�¸« =0=�6 �5�¸ºe´\®¯±	�
Ã`COHw�2GW[OHQP@P�Ybz>D;E2JWYbmbJ@Dbn TgP�YbU2GWDbTZ[OHQM|DbP�z�Y\_g_VYxfXP�5
½FoA�AE2Ea_Vd�GWCOH]EaJWYbmbJ@DbnÇDbPhD|n;YxckTZ[OmÅ�	'`� L98)TgPwGWCOH�P@T��KH;Ybz�GWCOH]Tg[OEa^OGw�2HQ_gM NAfXTZ[2M2Yxf GIHQnlE�_ZDFGIH
GIY�HQDbR@C�Ybz¸GWCOH=HQ[�GWTVJWHlTZn;DFmbHQPtTZ[|GWC2H;MOHKGIHQRSGWTVY\[�GIJ@DbTg[2TZ[Om�PIHKG�Db[2MyYbU2GWDbTZ[rGWCOH=Y\^OGIE�^OG-c£Db_Z^2HNYbz
GWCOHwEaJWYbmbJ@Dbn DFGXHQDbR@C�E�Y\P@PWTVUa_VH4EaT }kHQ_6E6Y\PWTVGWTVY\[vo �¬DFU6HQ_8HQDbR@C�EaT }kHQ_6E6Y\PWTVGWTVY\[�fATVGWC�GWCOH;: MOHKGIHQRSGIHQM%<
YbUkÂIHQRSG�DbRKRSYbJ/M2TZ[OmNGIYtGWCOHAYbUkÂ�HQRSG	RK_ZDbPWP@TV�aRKDFGWTVY\[;PWGIJ@DFGIHKmbd]MOHQPWRSJ/TVU6HQM;TZ[l�2m\^2JWH4¼�o �eo�B	Db_g_OGWC2TZP�M2DFGWD
PIGIJ/^2RSGW^OJWH�DrMOHKGIHQRSGWTVY\[�n;DFE¬o�Ã`C2TZPhPIGIHKE�TZP=PWTgn;TZ_ZDFJNGIY�GWCOHp[OHKG�f�YbJWj$PIf�HKHKE�TZ[OmyE2JWYkRSHQM2^OJWHbo��
MOHKGIHQRSGWTZY\[�n;DFE�TZPAP@TZn;TZ_ZDFJAGIYpDb[rYbUkÂ�HQRSGwPIf�HKHKEaTZ[2m�n;DFE�MOHQP@RSJ@TVU6HQM|TZ[rPIHQRSGWTZY\[�LOo seoZ½�L{EaDFmbH � � N/u

½x¼ �
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HS}ORSHKE2G GWC2DFG Db[hYbUkÂ�HQRSG�TZ[ND-MOHKGIHQRSGWTVY\[=n;DFElTZP>DbPWPIYkRKTZDFGIHQMhfXTVGWChD#92Y\DFGWTg[OmAE6Y\TZ[�G¬EaJWYbmbJ@DbnÁY\^OGIEa^OG
cFDFJWdkTZ[Om=fXTVGWC�GWC2H��2GW[OHQPWP`c£Db_Z^2HwJ@DFGWCOHKJ`GWC2Db[|D;[OHQ^OJ@Db_8DbRSGWTZc£DFGWTVY\[�c£Db_Z^2HwfXTVGWC2TZ[-L � �Q½ N/o

Seo » TZ[aMNGWC2H`RSHQ[�GIJWHQP¸Ybz>��¡��K�@�Q�{¢A� GX���a���K�I�S¢ � �F�,A��Fo�Ã`COH	YbUkÂIHQRSGWP�TZ[l[OY\[kÆ�Tg[�GIHKJWHQPWGWTZ[OmwRK_ZDbPWPIHQP�Tg[2RK_Z^2M2Tg[Om
GWC2HwUaDbRWjembJWY\^2[2MaP`DFJWHtTVm\[2YbJWHQM8o�Ã`C2TgP�TZP�MOY\[OH�DbPXz�Y\_Z_ZYxfXP35

R PORKDb[�GWCOHwMOHKGIHQRSGWTVY\[pn;DFEpz{YbJ`Db[�YbUkÂIHQRSG�Ybz�TZ[�GIHKJWHQPIGKo��COHQ[�Y\[OHwTZP�z{Y\^2[2M�n;DFJWj�GWC2TZP�E6Y\TZ[�G
DbPAGWCOHhRSHQ[�GIJWHNYbz�GWCOHtYbUOÂ�HQRSG-Db[2M|RSY\[�GWTZ[e^OHtGWC2HtPWRKDb[,8 �0SlEaT }kHQ_ZP`_gDFGIHKJ4TZ[�U�YbGWC�COYbJ@T��KY\[�GWDb_
Db[aMpcbHKJWGWTZRKDb_vMaTVJWHQRSGWTVY\[2PQo

Meo 4�DFGWR@C�GWCOHQPIH�MOHKGIHQRSGIHQMpYbUOÂ�HQRSGWP�fATVGWC]GWC2H4jk[OY¾fX[p_VYkRKDFGWTVY\[2P�Ybz¬HQDbR/C�Ybz¬GWC2H-M2HQPWTVJWHQM�GIJ@^OH-YbUkÂIHQRSGWP
Db[aM�GWCOHQTVJtRK_gDbPWPIHQPKo��(n]DFGWR@C�TgP�RSY\[2PWTZM2HKJWHQM�GIY�YkRKRK^OJNTZz�GWCOH�MOHKGIHQRSGIHQM�YbUOÂ�HQRSGtTgPwfXTVGWC2Tg[yÃ @ �8Æ
>��X���-B?>�EaT }kHQ_ZP�Ybz>TVGWP	jk[OY¾fX[�GIJ@^OHw_VYkRKDFGWTVY\[8o � HKJWHbu2Ã @ � >��A���wB >�TZP�DlRSY\[2PWGWDb[�G�EaDFJ/DbnlHKGIHKJ
M2HK�a[OHQM�Ued�GWCOHN^2PIHKJQo

LOo4B�Db_ZRK^2_ZDFGIH�GWCOH�MOHKGIHQRSGWTZY\[ÀJ/DFGIH
	
� Db[2MÀGWCOH]z�Db_ZPIH�Db_ZDFJ@nÇJ@DFGIH
���� Ybz`GWCOH]HKcbY\_ZcbHQMÀEaJWYbmbJ@Dbn
DbRKRSYbJ/M2TZ[OmlGIY;H�7e^2DFGWTVY\[�SeoFM�L{EaDFmbH]½QsON`Db[2M�Seo � L{E�DFmbH�½QsON/o

�eo4B	Y\nlEa^OGIHwGWCOHw�aGW[OHQPWP�Ybz GWCOHwE2J@YbmbJ@Dbn DbPXP@COYxfX[|TZ[�H�7�^aDFGWTVY\[�¼�oZ½Fo
�����"8������ L��������	
��N �  '����� ��� ':L�½'��	
��N L¯¼�oZ½ N

fACOHKJWH|��Db[2M < DFJWH�RSY\[2PWGWDb[�GWP�fXC2TZR/C�JWH 9aHQRSG;GWCOH|J@HQ_ZDFGWTVcbH|TZn;E�YbJ@GWDb[2RSH�Ybz-z{Db_gPIH|Db_ZDFJ@n�J@DFGIH
cbHKJ/PW^2PtM2HKGIHQRSGWTVY\[�J/DFGIHbo q GhTZPt[2YbGIHQM�GWC2DFGNGWC2TZPt�2GW[OHQPWPtz{^2[aRSGWTVY\[ÅTZPNPW_ZTVm\C�GW_VdrM2T��6HKJWHQ[�Gtz�JWY\n GWCOH
Y\[2HNz{YbJ-GWCOH=JWHK�a[OHQnlHQ[�G4mbHQ[OHKGWTZR=Db_VmbYbJ@TVGWCan L{EaDFmbHp½ � �ON/o q G4f�DbPwMOHKGIHKJ/n;TZ[OHQMyDbRKRSYbJ@M2TZ[2m�GIY�GWCOH
HQn;EaTVJ@TZRKDb_�PIHQDFJ@R/CpM2^OJ@TZ[2m�HS}eE6HKJ@TgnlHQ[�GWPQo�Ã`COHXHKcbY\_g^OGWTVY\[2DFJWd�E2JWYkRSHQPWP	RSY\[�cbHKJ@mbHQP�z{DbPWGIHKJ`^2PWTZ[OmNGWC2TZP
�aGW[OHQPWP�z�^2[2RSGWTVY\[�GWCaDb[�^2PWTZ[2mhH�7e^2DFGWTVY\[�seoZ½wz�YbJXGWCOH�JWHK�a[2HQnlHQ[�G�mbHQ[2HKGWTZR�Db_VmbYbJ@TZGWC2n L{EaDFmbH]½ � �ON/o

�TVGWCrGWC2TZPwM2HQPWTVm\[8uvTVG�TgPwRK_VHQDFJ�GWC2DFGwGWCOH;P@n;Db_Z_VHKJwGWCOHl�aGW[OHQPWPKuvGWC2HlU�HKGIGIHKJtGWCOHlE6HKJWz�YbJ/n;Db[2RSHbo! �HKJWY
�2GW[OHQPWP�TZP�GWCOHATgMOHQDb_�RKDbPWHbuefAC2TZR@C�RSYbJWJWHQPIE6Y\[2MaP�GIYhGWCOH4P@TVGW^2DFGWTVY\[�TZ[;fXCaTZR@C�Db_Z_aYbz8GWC2HAYbUkÂIHQRSGWP�Ybz¬TZ[�GIHKJWHQPIG
TZ[pHQDbR/C|RK_ZDbPWPXDFJWHtRSYbJWJWHQRSGW_Zd�z{Y\^2[2M�Ued�GWCOH�HKcbY\_VcbHQM|E2JWYbmbJ@Dbn fATVGWCOY\^OG�Db[�d�z�Db_ZPIH�Db_gDFJ@n;PKo

+-,#" $ $`?@1  $�5%$'& � 3 ��5 J1$`1=9 � �¸5 &Ç?@1�$�38?W741&% 5v?I3-��5v?@7A1
¦�§(' §i¨ ) ¹6® �+*=¹��¹-, «O´b«2 =
Ã`COHlcFDb_Z^OHQP-z{YbJwGWCOHlcFDFJ@TVY\^2P-PIdkPIGIHQn EaDFJ/DbnlHKGIHKJ@P�^2PWHQM�TZ[yGWCOHlHS}eE6HKJ@TgnlHQ[�GWPwDFJ@H;PWCOYxfA[�TZ[yGWDFUa_VH]¼�oFSeo
. @ .0/ ����Ã q @1� P q  >ÅTZP�GWCOHA[e^2nNU�HKJ�Ybz8TZ[aM2TVckTZM2^2Db_ZP>TZ[=GWCOHAE6YbEa^2_ZDFGWTVY\[vu > � q Ã q P 4 . B2�4Ã�m\TVcbHQP�GWCOH
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. DFJ@DbnlHKGIHKJ@P >¸DbPWd . TZRSGW^OJWHQP B�Y\TZ[ . TZRSGW^OJWHQP �`HKGWTg[2D . TZRSGW^2JWHQP
. @ .0/ ����Ã q @1� P q  > ½� � ��� � ��� �

>�� q Ã q P 4 . B �AÃ ½� � ½ � S �
B �'@ P,P �X��Ã'> s � � ¼¾L � ¼0M �
4 / Ã>��Ã q @ � �X��Ã'> S � � S � � S � �
B �'@ P,P B � ���wB > Ã'>�� 4 ½ � � ½ � � ½ � �
B �'@ P,P B � ���wB > » / �wB � � � � � � � � �

q � q Ã q � � 4|��� 
 > . Ã � � � �

4|��� 
 > . Ã � � ½�S S��
4|��� � >0� >��X��Ã q @1��P ½� � S�� � S ���
Ã ½� � ½� � ½� �
� ��� ��� ���

< ½� � � ½� � � M�� � �
Ã @ � >��X���wB >#L{EaT }kHQ_ZP N S S S
q � . / Ã »�q >�� 
 P q  > ½SL%'X½SL S£L%'�S£L ½Qs '`½Qs

Ã>DFUa_VHN¼�oFS 5 . DFJ@DbnlHKGIHKJ@P4^2PIHQM�z{YbJ � . GIJ@DbTZ[2Tg[OmNz{YbJXGWC2HwGWCOJWHKHtM2DFGWDFU�DbPIHQPKo
E�HKJ/RSHQ[�GWDFmbH;Ybz�GWCOH=U6HQPIGwTZ[2M2TVckTZM2^aDb_ZP�TZ[yGWCOHlRK^OJWJWHQ[�G-E6YbEa^2_ZDFGWTVY\[�GWC2DFG�DFJWHlRSYbEaTZHQM�^2[2R@CaDb[OmbHQMrGIY�GWCOH
[OHS}eG�mbHQ[2HKJ@DFGWTVY\[8u�B �'@ P P �A��Ã'>�TZP�GWCOHwE6HKJ@RSHQ[�GWDFmbH�Ybz�Tg[2M2TVckTZM2^2Db_gP�TZ[�GWCOH�[OHS}kG	mbHQ[OHKJ@DFGWTVY\[pGWCaDFG`DFJWH
GIY|U6H;E2JWYkM2^2RSHQMÅU�d�RSJWY\PWPWYxcbHKJQu 4 / Ã>��Ã q @1� �A��Ã'>ÁTgP�GWCOH;E6HKJ@RSHQ[�GWDFmbH�Ybz	Tg[2M2TVckTZM2^2Db_gPATZ[ÅGWCOH][OHS}kG
mbHQ[OHKJ@DFGWTVY\[�GWCaDFG=DFJ@HpGIYyU6H�E2JWYkM2^2RSHQMÀUedÀnh^OGWDFGWTVY\[ L{GWCe^2P+>�� q Ã q P 4 . B2�AÃ � B �'@ P P �X��Ã#>��
4 / Ã���Ã q @1� �X��Ã'> � ½� � � N/u�B �?@�P,P B � ���-B?> Ã#>�� 4�TZPXGWC2HhEaJWYbUaDFUaTZ_gTVG�d�GWC2DFGwTZ[�D�RSJ@Y\PWPIYxcbHKJ
YbE�HKJ/DFGWTVY\[ Gif�YGIHKJ@n]TZ[2Db_ZP|fXTZ_Z_wU6HÄPIf�DFEaE�HQMvuhB �'@ P,P B � ���wB > » / �wB TZP|GWC2HÀE2J@YbUaDFUaTZ_ZTZG�d GWC2DFG
TZ[�D�RSJWY\PWPIY¾cbHKJlYbE�HKJ/DFGWTVY\[ÅJ@Db[aMOY\nÇPW^2U2GIJWHKHQPNfXTZ_Z_ U6H�PWf�DFE2E6HQM%L{GWCe^2PlB �'@ P,P B � ���wB > Ã'>�� 4 �
B �'@ P,P B � ���wB > » / �wB � ½� � � N/u q � q Ã q � � 4|��� 
 > . Ã � TgP GWCOH`n;D£}OTZnN^an M2HKE2GWC=Ybz�GWC2H�J@Db[kÆ
MOY\n;_Vd;mbHQ[2HKJ@DFGIHQMpE2JWYbmbJ/Dbn;P�TZ[�GWCOHwTZ[2TVGWTgDb_aE6YbEa^2_gDFGWTVY\[8u 4���� 
 > . Ã � TZP�GWCOHwn;D£}OTZnh^2n�MOHKE2GWC�E6HKJIÆ
n;TVGIGIHQM�z{YbJ`E2J@YbmbJ@Dbn;P`J@HQPW^2_VGWTZ[2mhz{JWY\n RSJ@Y\PWPIYxcbHKJwDb[2M|nN^OGWDFGWTZY\[�YbE6HKJ@DFGWTVY\[2PQu�4|��� � >0� >��X��Ã q @1��P
m\TVcbHQP	GWCOHwPIGIYbE2EaTg[OmhRSY\[aM2TVGWTVY\[8ukÃwuO�Nu < Db[2M�Ã @ � >��A���wB >�DFJWHwDbP�MOHK�a[2HQM�TZ[�GWCOH-E2J@HKceTVY\^aP�PIHQRSGWTZY\[8u
q � . / Ã »�q >�� 
 P q  >�TgP	GWCOHtPWT��KHwYbz GWCOH�Tg[OEa^OG	�2HQ_ZMvo

» YbJ�M2HKGIHQRSGWTZ[OmtRKTVJ/RK_VHQP�Db[2M;P87e^2DFJWHQP�Tg[=GWCOH�HQDbPId=EaTZRSGW^OJ@HQPKubf�HAPIHKG`½� ��E2J@YbmbJ@Dbn;P�TZ[hGWCOHXE�YbE�^2_ZDFGWTVY\[8u
½� � YbzXGWCOH�E2J@YbmbJ@Dbn;P L{GWCOHp[�^antU6HKJlTZP � 	�	 ' � 	���� � 	 N;DFJWHp^2PIHQMÄz�YbJ=JWHKEaJWYeMa^2RSGWTVY\[ L{HQ_ZTVGWTZPWn N/u¸s � �
YbztGWCOH�TZ[2MaTVceTgM2^2Db_ZP L{GWCOH�[e^2nNU�HKJ�TZP � 	�	 '��
	 ��� �
	 Npz�YbJpRSJWY\P@PIYxcbHKJQuwDb[2M S � � L � 	�	 ' � 	 ��� � 	 N�z{YbJ
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nN^2GWDFGWTVY\[8o @4z�GWC2H;E2JWYbmbJ@Dbn]Pwz�YbJhRSJWY\PWPIY¾cbHKJQu�½ � � L � 	 ' � 	 ��� � 	 NtDFJ@H]^2PIHQM�GIY�PIf�DFEÀGIHKJ@n;TZ[aDb_ZPwDb[2M
� � � L �
	 ' � 	 ��� 	 	 N4GIY�PIf�DFErPW^OUaGIJWHKHQPKoXÃ`C2HtE2JWYbmbJ/Dbn;PXDFJWHhJ@Db[2M2Y\n;_VdpTZ[2TVGWTgDb_ZTZPIHQM�fXTVGWC�D�n]D£}kTZnh^2n
MOHKE2GWC Ybz �ÀDFG�GWCOHrU�HKm\Tg[2[2TZ[Om�YbztGWCOH�HKcbY\_g^OGWTVY\[2DFJWd�E2JWYkRSHQPWP�Db[2M�GWC2HrM2HKE2GWC)RKDb[ U6HrTZ[2RSJWHQDbPIHQM)GIY
� M2^OJ/TZ[Om|GWC2HpE2JWYkRSHQPWPKo$��H|Db_ZPIYÅ^aPIHÅ½� �ku ���kuw½� � �ÅDb[aM�LÅDbPlGWCOH�RSY\[2PWGWDb[�G;E�DFJ@DbnlHKGIHKJ@P�Ãwu��tu <
Db[2M�Ã @�� >��A���wB >Xu�fXC2TZR/C�DFJWH|^2PIHQM$z{YbJ;GWCOH|E2JWYbmbJ@Dbn�RK_gDbPWPWTV�aRKDFGWTZY\[�Db[2M�GWCOH|RKDb_gRK^2_ZDFGWTVY\[$Ybz-GWCOH
�2GW[OHQPWPNz�^2[2RSGWTVY\[ÅMa^OJ@TZ[OmpGWC2H]HKcbY\_Z^OGWTZY\[2DFJWdrE2JWYkRSHQPWPKo�Ã`C2H]n;D£}OTZnN^an�mbHQ[OHKJ@DFGWTZY\[�E6HKJ@n;TZGIGIHQM�z�YbJhGWCOH
HKcbY\_Z^OGWTVY\[aDFJWd]E2J@YeRSHQPWP	TZP4½� �=z{YbJ�GWCaTZP�M2HKGIHQRSGWTVY\[�E2JWYbUa_ZHQnpo�Ã`COH-PWT��KH4Ybz¬GWCOH-TZ[OEa^2G¸�2HQ_ZM�TZP�GWCOHwPWDbnlHwDbP
GWCOH�UaDbP@TZRwDFE2E2JWY\DbR/C8u2GWC2DFGATZPKu8½SL%'`½SLOo
¦�§(' § 6 �4«2 , ® ��¹�´\®¯±	�*8��®¯´F«a�®¯¹
q [�GWC2TZP;DFEaE2JWY\DbR@Cvu�GWCOH�_VHQDFJ/[2TZ[OmÅDb[2M�HKcbY\_Z^OGWTVY\[2DFJ@dÄEaJWYeRSHQP@P;fXTZ_g_	U�H|GIHKJ@n;TZ[2DFGIHQM�fXCOHQ[�Y\[2H|YbzwGWCOH
z�Y\_g_VYxfXTg[OmlRSY\[2M2TVGWTVY\[aP�TZP`nlHKG35

R ÃXCOHlMOHKGIHQRSGWTVY\[rE2JWYbU�_VHQn�C2DbP-U6HKHQ[�PIY\_VcbHQM8u8GWC2DFG�TgPKu8Db_Z_>YbUkÂ�HQRSGWPtTZ[yHQDbR@C�RK_gDbPWP-Ybz�TZ[�GIHKJWHQPIG�CaDQcbH
U6HKHQ[;RSYbJ@JWHQRSGW_VdlMOHKGIHQRSGIHQM�fXTVGWC;[OYtz{Db_ZPWH`Db_ZDFJ@n;PKo q [lGWC2TZP¸RKDbPIHbu�GWC2H`�2GW[OHQPWP�Ybz�GWC2H`U6HQPIG�TZ[2M2TZceTZMa^2Db_
EaJWYbmbJ@Dbn U6HQRSY\nlHQP��KHKJWYOo

R ÃXCOH�[�^antU6HKJ�Ybz>mbHQ[OHKJ@DFGWTVY\[2PXJWHQDbR@C2HQP`GWCOH�EaJWHSÆ�MOHK�a[OHQMp[e^2nNU6HKJQu�4|��� � >0� >��X��Ã q @1��P�o

+-,I+ �5�KJ6: ��3�J
Ã`C2TZP	PIHQRSGWTZY\[�E2JWHQPIHQ[�GWP	GWCOH-JWHQPW^2_ZGWP¸Ybz>DlPIHKJ@TVHQP�Ybz¬GWC2H4HS}kE6HKJ@TZnlHQ[�GWP�Y\[�GWCOH-GWCOJWHKHwM2DFGWDFUaDbPWHQP`MOHQPWRSJ@TZU�HQM
TZ[�R/C2DFE2GIHKJ Meo)Ã`COHpJWHQPW^a_VGWPlDFJWH|RSY\nlE�DFJWHQM�fXTZGWC$GWCOY\PIH�YbU2GWDbTg[OHQM�^2PWTZ[2myGWC2H�UaDbPWTZRp[2HQ^OJ@Db_�[OHKGif�YbJWj
DFE2E2JWY\DbR/C�z{YbJ`YbUkÂIHQRSGAMOHKGIHQRSGWTZY\[ L�R@C2DFEaGIHKJAL N/o

q G`TZP`TZn;E�YbJ@GWDb[�G	GIY][OYbGIHtGWC2DFG35
R ÃXCOH-JWHQPW^2_VGWP�E2J@HQPIHQ[�GIHQM|COHKJWH-f�HKJ@HwYbU2GWDbTZ[OHQM�Ued�DFE2E�_VdeTg[OmNGWC2H4U6HQPIG�mbHQ[2HKJ@DFGIHQMpE2JWYbmbJ/Dbn;P	GIY;GWCOH
HQ[�GWTVJWH�Tgn;DFmbHQPXTZ[�GWC2H�MOHKGIHQRSGWTVY\[�GIHQPWGXPIHKG�

R �AYpYbUkÂIHQRSG�RK_ZDbPWPWTZ�aRKDFGWTVY\[rJWHQPW^a_VGWP-DFJWHlE2JWHQPIHQ[�GIHQMÅCOHKJ@HbuvPWTZ[2RSH=GWCOHlmbHQ[OHKGWTgR=E2JWYbmbJ@Dbn;n]TZ[Om�HKcbY\_Z^kÆ
GWTZY\[2DFJWdÄE2JWYkRSHQPWP;f	DbP]DFE2E�_ZTVHQM�M2TVJ@HQRSGW_VdÀGIYÀGWCOH�HQ[�GWTVJWH|Tgn;DFmbHQP]TZ[�GWCOH|MOHKGIHQRSGWTVY\[)GIJ@DbTZ[aTZ[Om�PIHKGKu
J/DFGWCOHKJ`GWC2Db[�RK^2GIY\^OGWP�

R ÃXCOH¸RSY\[2PIGWDb[�G>EaDFJ@DbnlHKGIHKJ�� L{�2m\^2JWH�¼�o �eubEaDFmbH4½x¼ � NvTZPQu£TZ[tDXPIHQ[2PWHbu¾H�7e^2TVcFDb_VHQ[�GvGIYAGWC2H�GWCOJWHQPWC2Y\_ZM�TZ[
GWC2H�U�DbPWTZR	DFE2E2JWY\DbR/C�L{�2m\^OJ@H�LOo � u�EaDFmbHt½b½� N Tg[NGWCaDFG�GWCOH`MOHKGIHQRSGWTVY\[lE6HKJWz{YbJ@n;Db[aRSH	RKDb[=U6H�R@CaDb[OmbHQM
Ued|R/C2Db[Om\TZ[Om�� DFG-GWCOH=GIHQPIG�PIGWDFmbHbo � Y¾f�HKcbHKJQu¬GWCOH=EaDFJ@DbnlHKGIHKJ � C2DbP-GIY�U6HNEaJWHSÆ�MOHK�a[OHQMyTZ[yGWCOH
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GIJ@DbTg[2TZ[Om|PWGWDFmbH�Db[2MÄGWCOH�mbHQ[OHKGWTZR�E2JWYkRSHQPWPhfXTZ_Z_¸PIHQDFJ@R@C$z{YbJlGWCOH�U6HQPIGNEaJWYbmbJ@Dbn z�YbJlDyEaDFJWGWTgRK^2_ZDFJ
MOHKGIHQRSGWTZY\[$E2JWYbUa_VHQn�oyÃ`Ce^2PhY\[OH�mbHQ[OHKJ@DFGIHQM$EaJWYbmbJ@Dbn�RSYbJWJWHQPIE6Y\[2MaPNY\[2H�cFDb_Z^OH�Ybz �to q GlTZPh[OYbG
E6Y\PWPWTZUa_VH�GIY�PIHKG�MaT���HKJ@HQ[�G-cFDb_Z^OHQP4z�YbJ � Ma^OJ@TZ[Om�GWCOH=GIHQPIG�PIGWDFmbHbol�4RKRSYbJ@M2TZ[Om\_Zdbu8f�H=Y\[2_Vd�E2JWHQPIHQ[�G
GWCOH�JWHQPW^2_ZGWPtDbR@CaTVHKcbHQMÄU�dÅGWC2H]U6HQPIGtEaJWYbmbJ@Dbn;PNz�YbJhHQDbR@C$Ybz�GWC2H�GWCOJ@HKH�MOHKGIHQRSGWTZY\[ÀEaJWYbUa_VHQn;PtDb[2M
RSY\nlE�DFJWHAGWC2HQn fATVGWC]GWC2H4U6HQPIG�JWHQPW^2_ZGWP�DbR/C2TVHKcbHQM�Ued]GWCOH4UaDbPWTZRADFE2E2JWY\DbR/C�z�YbJ	GWCOH-PWDbnlH-E2J@YbUa_VHQnpo

R >�DbR@C�YbzkU6HQPIG8mbHQ[OHKJ/DFGIHQMtE2J@YbmbJ@Dbn;PvTZ[l½�XJ@^2[2P6f	DbP¬DFEaEa_ZTVHQM4GIYXGWC2H�HQ[�GWTVJ@H¸TZn;DFmbHQP�TZ[-GWCOH¸MOHKGIHQRSGWTZY\[
GIHQPIG>PIHKG>YbzOGWCOH¸HQDbPIdNDb[2M�GWCOH�RSY\TZ[NEaTZRSGW^OJWHQPQo >¸DbR/CNYbzOGWC2H¸�2cbH�U�HQPWG¬mbHQ[OHKJ@DFGIHQMhE2J@YbmbJ@Dbn;P¬Tg[ ��J/^2[2P
f	DbP�DFE2Ea_ZTZHQM]GIYlGWCOHwHQ[�GWTVJWH-GIHQPIG`Tgn;DFmbHQP	Ybz�GWC2H4J@HKGWTZ[2DhEaTZRSGW^OJ@HQP�Ma^OH-GIYlGWCOHwC2TVm\C�RSY\nlEa^OGWDFGWTZY\[2Db_
RSY\PIGKo�Ã`COH�DQcbHKJ/DFmbHQP4DFJ@H�E2JWHQPIHQ[�GIHQM�TZ[�GWCaTZP�PIHQRSGWTVY\[8o

¦�§�¦�§�¨ �=¹Q= � *�®iºe´���\« =
Ã�DFUa_ZHp¼�oFMyPWCOY¾fXP=DrRSY\nlEaDFJ@TZPWY\[�YbzAGWCOH�U6HQPIGhJWHQPW^a_VGWPtU6HKGif�HKHQ[$GWCOH�G�f�YÅnlHKGWCOYkM2PKo » YbJ;RK_ZDbP@P���A �F¢@¢ �
� ¡BAV�\� #;�Q���I�3AZ� ¢��ADb[2M�RK_ZDbPWPw��A �£¢/¢ � � �\�I� �]�K�{����AV�S¢��4U�YbGWC�nlHKGWC2YeM2P	DbR/C2TVHKcbHQMpD�½� � � MOHKGIHQRSGWTVY\[�J/DFGIHwfXTVGWC
[OYrz{Db_ZPWH�Db_gDFJ@n;PKo » YbJ]RK_ZDbPWP��3AV�£¢@¢ � � �b�W� �r¢���I2�F�I�S¢���GWCOHpmbHQ[OHKGWTZR�E2J@YbmbJ@Dbn;n;TZ[2m�UaDbPWHQM�nlHKGWCOYkM�Db_ZPIY
DbR@C2TVHKcbHQM ½� � � MOHKGIHQRSGWTVY\[$J@DFGIH�fXTVGWC � � z�Db_ZPIH�Db_ZDFJ@n;PKo � Yxf�HKcbHKJ]GWCOH�UaDbP@TZR]DFE2EaJWY\DbR@C�C2DbM$Dyz�Db_ZPIH
Db_ZDFJ@n J@DFGIH�Ybz �k½FoFS � DFG�DÄMOHKGIHQRSGWTVY\[ J@DFGIHyYbz;½� � � o ÃXCOH|DQcbHKJ/DFmbH�GIJ@DbTZ[2TZ[2mÅGWTZnlH�YbzwGWCOH�mbHQ[2HKGWTZR
E2JWYbmbJ@Dbn;n]TZ[OmlnlHKGWCOYkMpf	DbPX_VHQPWP`GWC2Db[pG�f�Y]n;Tg[�^OGIHQPQo

>�DbPId . TZRSGW^OJWHQP @-UkÂ�HQRSGAB�_ZDbPWPIHQP
B	_gDbPWPQ½ B�_ZDbPWP S B	_ZDbPWP M

<�HQPIG 
4HKGIHQRSGWTVY\[ �ADFGIH L � N ½� � ½� � ½� �
» Db_gPIHt�4_ZDFJ@n Ã`COH <	DbPWTZRt�XE2EaJWY\DbR@C � �k½FoFS �

�XDFGIH L � N �4HQ[OHKGWTZRwEaJWYbmbJ@Dbn;n;Tg[Om � � �

Ã�DFUa_ZH�¼�oFM 5 B�Y\n;EaDFJ@TZPIY\[-YbzkGWCOH¸YbUkÂ�HQRSG>MOHKGIHQRSGWTVY\[tJWHQPW^2_VGWPvz�YbJvGWC2H�HQDbPIdwEaTZRSGW^2JWHQP35 �4HQ[OHKGWTZR¸E2JWYbmbJ@Dbn]n;TZ[Om
UaDbPIHQM=DFE2E2JWY\DbR/ChcbHKJ@PW^2P�GWCOH�UaDbPWTZR�[OHQ^OJ@Db_�[OHKG�f�YbJWjhDFE2E2JWY\DbR/C8o�L q [OEa^2G¬�2HQ_ZMhPWT��KH � ½SL%'`½SL � �XHKE�HKGWTZGWTVY\[2P
� ½�ko N

¦�§�¦�§76 8�±�® � *�®�ºe´��¸\« =
>�}kE�HKJ/TZnlHQ[�GWPwfXTVGWCÀRSY\TZ[ÅEaTgRSGW^OJWHQP�m\DxcbHpPWTZn;TZ_gDFJwJWHQPW^2_VGWP�GIY�GWCOH�HQDbPId�EaTZRSGW^2JWHQPKopÃ`COHQPIH�DFJWH�P@COYxfX[ÀTZ[
GWDFUa_VH	¼�o LOo 
4HKGIHQRSGWTZ[Om4GWCOH�COHQDbM2P>Db[2M�GWDbTZ_gPvYbz �`RSHQ[�GWP�L�RK_ZDbPWP¸¥k�W�\¤ 	�	 	 E �¯�F�7A 	�	 	 N>DFE2E6HQDFJ@PvGIYAU�H¸JWHQ_ZDFGWTVcbHQ_Vd
PIGIJ@DbTVm\C�Gtz{YbJWf	DFJ@M8o�Ã`COH;UaDbP@TZRl[OHQ^OJ@Db_¸[OHKG�f�YbJWj�DFE2EaJWY\DbR@CÀC2DbM�DÀ½� � � MOHKGIHQRSGWTZY\[�J@DFGIH�fXTVGWCOY\^2G�Db[�d
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z{Db_gPIHwDb_ZDFJ@n;PKo 
4HKGIHQRSGWTZ[2m;COHQDbM2P�Db[2M�GWDbTZ_ZP�Ybz	S��=RSHQ[�G`RSY\TZ[aP L�RK_ZDbPWP4¥k�@�\¤ 	 �
	 E��¯�F� A 	��
	 N�TgP�n;YbJWHwM2T��]RK^2_ZG
Db[2M;GWC2H`UaDbPWTZRX[OHQ^OJ@Db_O[OHKGif�YbJ@j;DFE2E2JWY\DbR/C]JWHQP@^2_VGIHQM;TZ[ln]Db[�d=z�Db_ZPIHXDb_ZDFJ/n;PKo�Ã`COH�mbHQ[OHKGWTgR`E2JWYbmbJ/Dbn;n;TZ[Om
UaDbPIHQM�nlHKGWC2YeM�m\DQcbH;GWC2H=TgMOHQDb_¬J@HQPW^2_VGWPKu�GWC2DFGwTZPKu8Db_Z_�GWCOH=YbUkÂIHQRSGWP-Ybz¸TZ[�GIHKJWHQPIG-f�HKJWHlRSYbJWJWHQRSGW_VdyMOHKGIHQRSGIHQM
fXTVGWCOY\^2G]Db[�d�z�Db_ZPIHyDb_ZDFJ@n;P]z�YbJ�Db_Z_`GWC2H|z{Y\^OJ]YbUkÂIHQRSG�RK_ZDbPWPIHQPKo � Yxf�HKcbHKJQuAGWCOH|mbHQ[OHKGWTgR�E2JWYbmbJ/Dbn;n;TZ[Om
nlHKGWCOYkM�GIYeYbj�DÅ_VY\[Om�GWTgnlH�z{YbJ]GIJ@DbTZ[aTZ[OmOo�Ã`C2H�DQcbHKJ@DFmbHrGIJ@DbTZ[aTZ[OmrGWTZnlH�f	DbP S � COY\^OJ@P;Y\[�Db[�HQTVm\C�G
E2JWYkRSHQPWPIYbJ / �kÃ �X�XÆ(P . � ��B	LOo

B	Y\TZ[ . TZRSGW^2JWHQP @4UkÂIHQRSGAB	_ZDbPWPIHQP
COHQDbM � ��� GWDbTZ_ � ��� C2HQDbM �OS�� GWDbTZ_ �OS��

<�HQPIG 
AHKGIHQRSGWTZY\[ �ADFGIH L � N ½� � ½� � ½� � ½� �
» Db_ZPWHt�A_gDFJ@n ÃXCOH-UaDbPWTZRwDFE2EaJWY\DbR@C � � ½ � S M\¼�o �
�ADFGIH L � N �-HQ[OHKGWTZRwE2J@YbmbJ@Dbn;n;TZ[2m � � � �

Ã�DFU�_VH	¼�o LC5�B�Y\nlEaDFJ@TgPIY\[wYbzOGWCOH�YbUOÂ�HQRSG MOHKGIHQRSGWTVY\[NJWHQPW^2_ZGWP8z�YbJ�GWCOH�RSY\Tg[�EaTZRSGW^2JWHQP35 �4HQ[OHKGWTgR�E2JWYbmbJ/Dbn;n;TZ[Om
UaDbPIHQM=DFE2E2J@Y\DbR@ChcbHKJ@PW^2P>GWCOH�UaDbPWTgR¸[OHQ^OJ/Db_�[OHKGif�YbJWjhDFE2E2JWY\DbR/C8o1L q [2Ea^OGv�2HQ_gMNPWT �KH � S£L%'�S£L � �XHKE6HKGWTVGWTVY\[2P
� ½�ko N

¦�§�¦�§�� �r«O´\® ��¹ *�®�ºe´���\« =
Ã`COHNJWHQPW^2_VGWPXz�YbJ4GWCOHhJWHKGWTZ[2D]EaTZRSGW^OJ@HQPXDFJWH=PW^2n;n]DFJ@TZPIHQM�Tg[�GWDFUa_VHl¼�o �eowB	Y\nlEaDFJWHQM|fXTVGWC�GWC2HNJWHQP@^2_VGWP`z{YbJ
GWCOHXEaJWHKceTZY\^2P�TZn;DFmbH4M2DFGWDFUaDbPIHQPQueGWC2HQPIHXJWHQP@^2_VGWP�DFJWH4[OYbG�P@DFGWTZPIz�DbRSGIYbJWdbo � Yxf�HKcbHKJQukGWCOHXz�Db_ZPIHXDb_gDFJ@n J@DFGIH-TZP
mbJWHQDFGW_Vd�TZn;E2JWYxcbHQM�Y¾cbHKJAGWC2H�UaDbPWTZRw[2HQ^OJ@Db_8[OHKGif�YbJWj�n;HKGWCOYeMvo¸Ã`COHwGIJ@DbTg[2TZ[Om=GWTZnlHwf	DbP#7e^2TVGIH�_ZY\[Om;COHKJWH
L�½b½��C2Y\^OJ@P	Y\[�Db[pHQTZm\C�G`EaJWYeRSHQP@PIYbJ / �eÃ �X�XÆ(P . � �`B�L N/o

�XHKGWTZ[2D . TZRSGW^OJWHQP @4UkÂIHQRSGAB	_ZDbPWPIHQP
C2DFHQn n;TgRSJWY

<�HQPIG 
4HKGIHQRSGWTVY\[ �XDFGIH L � N ¼0Meo �k½ ½� �
» Db_ZPIHt�4_ZDFJ@n Ã`COHwUaDbP@TZRwDFE2E2JWY\DbR/C S � � � ½�O½�FL
�XDFGIH L � N �4HQ[OHKGWTgRwE2JWYbmbJ@Dbn]n;TZ[Om ½�M �\¼ � � �

Ã�DFU�_VHN¼�o � 5�B�Y\nlE�DFJ@TZPIY\[�Ybz¬GWC2HwYbUkÂ�HQRSG`M2HKGIHQRSGWTVY\[�JWHQP@^2_VGWP�z�YbJ�GWC2HwJWHKGWTZ[2DhEaTZRSGW^2JWHQP35��4HQ[OHKGWTZR-EaJWYbmbJ@Dbn=Æ
n;TZ[Om�UaDbPIHQM�DFEaE2JWY\DbR@C)cbHKJ@PW^aP;GWCOH�UaDbPWTZRp[OHQ^2J@Db_X[OHKGif�YbJ@j�DFE2E2JWY\DbR/C8o L q [OE�^OG;�2HQ_ZM�PWT��KH � ½Qs '`½Qs �
�`HKE6HKGWTVGWTVY\[aP � �eo N

½ � M
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Ã`COHwJWHQP@^2_VGWP	YxcbHKJ4GWCOHwGWCOJ@HKH�M2DFGWDFUaDbPIHQPAPWCOYxf PWTZn;Tg_ZDFJ�E�DFGIGIHKJ@[2P35�GWC2HwmbHQ[OHKGWTZRwE2J@YbmbJ@Dbn;n;TZ[2mhU�DbPIHQM
nlHKGWCOYkMÅRKDb[ÅU6Hl^2PIHQM�z{YbJ�GWCOH;nh^2_VGWTZEa_VH=RK_ZDbPWPwYbUkÂIHQRSGtMOHKGIHQRSGWTZY\[ÅE2JWYbU�_VHQn;PwDb[2M�Db_Vf	DQdkP�m\DxcbH�Dp_ZYxf�HKJ
z{Db_ZPWH�Db_ZDFJ@n J@DFGIHtz�YbJ`GWC2HtPWDbnlHtM2HKGIHQRSGWTVY\[�J@DFGIHbo

Ã`COHtRSY\n;EaDFJ@TZPIY\[|f�HhC2DQcbH=PWCOY¾fX[|Tg[pGWDFUa_VHQP-¼�oFMeuv¼�o L�Db[2My¼�o ��TZP`[2YbGXHQ[�GWTVJWHQ_Vd�z�DbTVJAPWTg[2RSHwGWCOHtU�DbPWTZR
DFE2E2JWY\DbR/Ch^aPIHQM�EaTV}eHQ_�c£Db_Z^2HQP�M2TZJWHQRSGW_Vd-fXC2TZ_ZH�GWCOH�mbHQ[2HKGWTZR¸EaJWYbmbJ@Dbn;n;Tg[OmXDFE2E2J@Y\DbR@Ch^2PIHQMNEaT }kHQ_\PIGWDFGWTZPIGWTgRKPKo
��HNDbM2MOJ@HQPWP	GWC2TZP`TgPWPW^OH-z�^OJWGWCOHKJ`TZ[pPWHQRSGWTVY\[�¼�o � oFMeu�EaDFmbH]½ ���ko

+-,�� �N:+&(&($�5�� $`1=9 4(?�J�<�: J$J6?W7A1
¦�§�� §�¨ ¶ �¸¹<; � =£®>=�±v³ �r« = ��; ´O=�±	� �r«O´\® �¸¹ *�®iºe´ �¸\« =
Ã`COH;mbHQ[OHKGWTgR;E2JWYbmbJ/Dbn;n;TZ[OmpU�DbPIHQM�DFE2EaJWY\DbR@CÄDbR@C2TZHKcbHQM�GWCOH�TZMOHQDb_�J@HQPW^2_VGWPwY\[�GWCOH]HQDbPWd�EaTZRSGW^OJWHQPtDb[2M
GWCOHlRSY\TZ[yEaTZRSGW^OJWHQPQu�Ua^2GAJWHQP@^2_VGIHQMyTZ[�PWY\nlH=z{Db_ZPWHhDb_ZDFJ/n;PXY\[rGWC2HNJWHKGWTg[2D]E�TZRSGW^OJWHQPKu�EaDFJWGWTgRK^2_ZDFJ@_Vd�z{YbJ-GWCOH
MOHKGIHQRSGWTVY\[�Ybz YbUkÂIHQRSGWPXTg[pRK_ZDbPWP-¥e���S  TZ[�fXCaTZR@CpGWC2Hwz{Db_ZPWH�Db_ZDFJ@n J@DFGIHtf�DbPXcbHKJWdpC2TVm\C8o

��H-z�Y\^2[aM]GWCOJ@HKH4n;DbTg[;JWHQDbPIY\[aP�fAC�d;GWC2HXJWHQPW^a_VGWP¸Y\[�GWCOH4JWHKGWTZ[aD�EaTZRSGW^2JWHQP¸DFJWHw[OYbG	DbP�mbY�YkM�DbP�GWC2Y\PIH
Y\[�GWCOH�HQDbPId�Db[2M�GWCOHyRSY\TZ[�EaTgRSGW^OJWHQPKo » TZJ@PIGW_Vdbu�TZ[�GWC2H�HQDbPId�Db[2M�RSY\Tg[�EaTZRSGW^2JWHQPlGWCOH�UaDbRWjembJWY\^2[2M)TZP
JWHQ_ZDFGWTVcbHQ_Vd�^a[2TVz{YbJ@npu2fXC2HKJWHQDbPATg[�GWCOHhJWHKGWTZ[2D]EaTZRSGW^OJ@HQPXTVG4TZPXC2TZm\C2_Vd�RK_Z^OGIGIHKJWHQM8o�PeHQRSY\[2M2_Zdbu�TZ[�GWCOHtJ@HKGWTZ[2D
EaTZRSGW^OJWHQPQuaGWCOHKJWHhDFJWHtY\[a_Vd�G�f�Y�RK_ZDbP@PIHQPXYbz�Tg[�GIHKJWHQPWGKu�GWC2DFG4TZPKu�RK_ZDbPWP� =� �K�I� L�n;TZRSJWYFÆ�Db[OHQ^2J@TZPWn;P N	Db[2M|RK_gDbPWP
¥e���S  L�CaDFHQnlYbJWJ@C2DFmbHQP N/u�Ua^OG>GWCOHKJWH`DFJ@H`Db_ZPIYwPIHKcbHKJ@Db_OYbGWC2HKJ�RK_ZDbPWPIHQP�P@^2R@ClDbP cbHQTZ[aP�Db[2M=YbGWCOHKJ�Db[2DFGIY\n;TgRKDb_
z�HQDFGW^OJ@HQPKo¸Ã`Ce^2P	GWCOHwYbUkÂIHQRSGWP`Ybz [OY\[kÆ�Tg[�GIHKJWHQPWG`DFJWHtRK_ZDbPWP@TV�2HQM�DbP�GWCOHwUaDbR@j�mbJ@Y\^2[2M8o q G`DFE2E6HQDFJ@P	GWC2DFGXGWC2TZP
n;DFjbHQP4GWCOH�UaDbR@j�mbJWY\^a[2M�GIYeY�RSY\n;Ea_VHS}pGIY]U6HtRSY\[2P@TZMOHKJWHQM�DbP4D]P@TZ[Om\_VH�RK_ZDbP@PKo�ÃXC2TVJ@M2_ZdbukTg[�GWCOH�HQDbPWd�Db[2M
RSY\TZ[�EaTZRSGW^2JWHQP-Db_Z_ Ybz�GWC2HlYbUkÂ�HQRSGWPNTZ[rD�RK_ZDbPWPwCaDQcbH]PWTgn;TZ_ZDFJ-PWT��KHQPwfACOHKJWHQDbPwGWCOH;P@T��KHQP-Ybz�GWC2HlYbUkÂ�HQRSGWPNTZ[
HQDbR@CrRK_ZDbPWPATZ[pGWCOHNJWHKGWTZ[2DlE�TZRSGW^OJWHQP`DFJ@H 7e^2TVGIHtM2T���HKJWHQ[�GKo	Ã`COHtPWT �KHQP`Ybz�RK_ZDbPWPt =���Q���NcFDFJWd�z�JWY\n M;'�M;GIY
��'��tEaT }kHQ_ZP�Db[2M�GWCOH-PWT��KHQP�Ybz�RK_ZDbP@PX¥k���S  c£DFJ@d;z�J@Y\n ¼�'�¼�GIYp½SL '|½SL=EaTV}eHQ_ZPQo ÃXC�^2P�GWCOH-PWT��KHQP�Ybz�RK_gDbPWP
 h� �K�I��DFJWH�JWHQ_ZDFGWTVcbHQ_ZdÅPWTZn;TZ_gDFJQuvUa^OGNGWC2TZPNTZPN[2YbGNGWCOH�RKDbPIH�z�YbJ=RK_ZDbPWP]¥e���K =oyÃ`CaTZPtn;TZm\C�GNU�H�GWCOH�n;DbTZ[
JWHQDbPIY\[�GWC2DFG�GWCOHAJ@HQPW^2_VGWP¸z�YbJ	MOHKGIHQRSGWTZ[Om=RK_ZDbPWP4 =� �K�I�ADFJ@H4nh^2R@C�U6HKGIGIHKJ�GWC2Db[�GWCOY\PIH4z�YbJ	RK_ZDbPWPX¥e���K ho�Ã`COH
JWHQPW^2_VGWPADb_ZPIY�PW^OmbmbHQPIG4GWC2DFGXGWC2HNRK^OJWJ@HQ[�G4PIHKGXYbz�z�^2[2RSGWTZY\[2P`Db[2M|GIHKJ@n;TZ[2Db_gPXRKDb[2[OYbGAU6HtPW^2RKRSHQPWPWz{^2_g_Vd�^aPIHQM
z�YbJ	MOHKGIHQRSGWTZ[OmNYbUkÂIHQRSGWP�TZ[]GWCOHAP@DbnlHARK_ZDbP@P�fXTVGWC�Dt_ZDFJ@mbHXcFDFJ@TZDFGWTVY\[;Tg[]PWT��KHbo q [;YbGWCOHKJ�f�YbJ@M2PKu�GWC2TZP�mbHQ[2HKGWTZR
E2JWYbmbJ@Dbn;n]TZ[Om�UaDbPIHQM�DFE2E2JWY\DbR/C�RKDb[)U�H�P@^2RKRSHQPWPIz�^2_Z_VdÄ^2PIHQM�z{YbJ;GIJ@Db[aPW_ZDFGWTVY\[�Db[aM�JWYbGWDFGWTVY\[)TZ[�cFDFJ@TZDb[�G
MOHKGIHQRSGWTVY\[�EaJWYbUa_VHQn;PQueU�^OG`[OYbG`PWT��KHNTZ[�cFDFJ@TZDb[�G	E2JWYbUa_ZHQn;PKo
¦�§�� §76 ¶ �¸¹<; � =£®>=�±v³�´\µ¸« �hª¬±);¯ª¬«�� *]�±%
v\¹ , =

Ã`C2TZP�PW^2UaPIHQRSGWTVY\[�m\TVcbHQPADb[�Db[2Db_VdkPWTZP	Ybz GWCOHwU6HQPIG�mbHQ[2HKJ@DFGIHQM|EaJWYbmbJ@Dbn;P�z{YbJ`GWCOHwGWC2JWHKHtM2DFGWDFUaDbPWHQPKo
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» TVm\^OJWH�¼�o s�P@COYxfXP=z{Y\^OJ;PWDbn;Ea_VH�mbY�YkM�HKcbY\_VcbHQM�E2JWYbmbJ@Dbn]P=z�YbJ]M2HKGIHQRSGWTZ[Om�GWCOH�PWTgnlEa_VH�YbUkÂIHQRSGWP;TZ[$GWCOH
HQDbPIdpEaTZRSGW^2JWHQPKo	�A_Z_vYbz>GWC2HQPIHtE2J@YbmbJ@Dbn;PXDbR/C2TVHKcbHQM�GWCOHNTgMOHQDb_8JWHQPW^a_VGWP35¸Db_Z_¬GWCOHtRKTVJ/RK_VHQPXDb[2M|P87�^aDFJWHQP`f�HKJWH
RSYbJWJWHQRSGW_VdpMOHKGIHQRSGIHQM�fXTVGWCp[2Ylz{Db_ZPWH�Db_ZDFJ@n;PKo

���������������������,+ �7+-�9D ���"!$#%�$�3&<#?�,+-�9�.�$��!$#*#�����81#)�7+4�,+4�,+4�7+-�9= �$�;01#
�$�;=1#%�$�;�<#%���;><#2#	�����,+4���.�9&��'&(#%����!1#	��� �2D �'&<#*#2#	�����,+4���.�2D �'&(#)�������
�9&.�2�1#)�������2���$�3&(#2#2#?���������$�;8 �2�1#)�����9&����;&<#2#*#2#

������������>6�������.�2D ���;&<#)�,+-�2D �'&(#2#2#)�7+4�,+-�*!.���;�<#)���������,+-����>6���.�9&
�$�;>1#*#)�������.�9= ���"!$#)�������;0 �$�;8<#2#2#?�,+-�2!F�$�;�1#*#2#*#

���������,+4���������2! �����'&������$�;> �2D1#2#*#	��� �$�;>��$�;01#*#%�9=<#)�����������./2/�= AE01�;D
�$�3/<#%�2=1#)�����������6�7+-�'&��9><#%�'/(#)�,+-�9D �9/<#*#)�,+-�9D �9/<#*#2#2#?������� �7+-���;>
�2D1#)���6�����'&������$�;> �$�*#2#%�2=1#*#	�������.�$�;>6�������;> �2D1#*#�����>1#2#*#

�7+������,+4���.���;� �2=1#)�7+-���3&��*!$#*#)���������$�;86�����,+-����D �'&(#)��������> ����01#2#*#
�$�2�*#*#)�����286�,+-�98.�*!$#2#*#

» TZm\^OJWHN¼�o s 5�PODbnlEa_VH-mbHQ[OHKJ@DFGIHQM|E2JWYbmbJ@Dbn]P�z�YbJAPWTZnlEa_ZH4YbUOÂ�HQRSGXM2HKGIHQRSGWTVY\[|TZ[�GWC2HwHQDbPId�EaTZRSGW^OJWHQPQo

Ã`C2H`z�J@H�7�^OHQ[aRSdhYbz8GIHKJ/n;TZ[2Db_ZP�^2PIHQM�TZ[lGWCOHAz�Y\^OJ�PWDbnlEa_ZH`mbHQ[OHKJ@DFGIHQM�E2JWYbmbJ/Dbn;P¸z{YbJ¸GWC2HAHQDbPIdlE�TZRSGW^OJWHQP
TZP�PWCOYxfA[�Tg[]GWDFUa_ZH-¼�o seo q [�GWCOHA�aJ@PIG¸HKcbY\_ZcbHQM�E2JWYbmbJ@Dbnpu » �Nf�DbP	^2PIHQM�sNGWTZnlHQPKuez Meuez seukz ½SL=Db[2M�z�½ ��f�HKJWH
^2PIHQM M;GWTgnlHQPKu�z ½ �]f�DbP-^2PWHQM|GifXTZRSHbu�z ¼�u6z�½�ku�z�½b½Fu6z ½Qseu�z�½x¼]Db[aM�z�½ � f�HKJWH=^2PIHQM|Y\[2RSHNY\[a_VdpfXC2TZ_ZH�YbGWCOHKJ
z�HQDFGW^2JWHQPKu8z�½Fu�z Seu6z�LOu6z � u6z �eu6z�½�Seu8z ½�M�Db[2MyzJS��ku6f�HKJWHl[OYbG-^2PIHQMyDFG-Db_g_ o q [|GWC2H=PWHQRSY\[2MyE2JWYbmbJ@Dbnpu�z Meu�z{LOu
z �eu>z�½Qs�Db[2M�z�½ � DFE2E6HQDFJWHQM�G�f�Y|YbJhnlYbJWH;GWTZn;HQP�Db[2M�z¯¼�u�z�½�ku>z ½SLOu>z ½ �|Db[2M�z�½ �pf�HKJWH]^2PWHQM�Y\[2RSH]Y\[a_Vd
Ua^OGAYbGWCOHKJ-z�HQDFGW^OJ@HQPAf�HKJWHh[OYbG4^aPIHQM8oXÃ`C2HtGWC2TVJ/M|Db[2M|GWCOHNz{Y\^OJWGWC�mbHQ[OHKJ@DFGIHQMyE2J@YbmbJ@Dbn;PAm\DQcbH;D]P@TZn;TZ_ZDFJ
EaDFGIGIHKJ@[|GIY]GWCOHw�2J/PIG`Db[2MpGWCOHNPIHQRSY\[2M�EaJWYbmbJ@Dbn;P35¸GWCOHwG�f�HQ[�Gid�z{HQDFGW^OJWHQP`E�_ZDQd�M2T��6HKJWHQ[�G�JWY\_VHQP`Db[2M|PIY\nlH
z�HQDFGW^2JWHQP4f�HKJWH=^2PIHQM�fXC2Tg_VHwYbGWCOHKJw[OYbGKo � Yxf�HKcbHKJQu¬Db_g_vGWCOHQPIHhE2JWYbmbJ/Dbn;PXJ@HQPW^2_VGIHQM�TZ[|GWC2HtU6HQPIGAM2HKGIHQRSGWTVY\[
E6HKJWz�YbJ/n;Db[2RSHboXÃ`CaTZP`PW^OmbmbHQPWGWPAGWCaDFGAGWCOHKJ@HNTZP4PIY\nlHNJWHQM2^2[2MaDb[2RSdpTZ[�GWCOHNG�f�HQ[�Gid|z{HQDFGW^OJWHQP-Db[2M|GWCOHNz{Y\^OJ
PIGWDb[2M2DFJ/M�DFJ@TVGWC2n;HKGWTZR-YbE6HKJ@DFGIYbJ@P`DFJWHNPW^��]RKTVHQ[�G�z{YbJXMOHKGIHQRSGWTZ[Om�PWTZnlEa_ZHAYbUkÂIHQRSGWPXTg[�GWCOH�HQDbPId�EaTZRSGW^2JWHQPKo
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Ã�DFUa_ZHy¼�o s 5 » JWH�7e^OHQ[2RSd�Ybz-GIHKJ@n;Tg[2Db_ZP;^2PWHQM�TZ[�GWC2H|z{Y\^OJ�PWDbn;Ea_VHpmbHQ[OHKJ@DFGIHQM E2J@YbmbJ@Dbn;P;z{YbJ]GWC2H|HQDbPId
EaTZRSGW^OJWHQPQo
* � 	,+ �
	�� � � �  �

q [hDbM2M2TVGWTZY\[tGIY4GWCOH�E2JWYbmbJ@Dbn&PWCOY¾fX[hTZ[t�am\^OJWH	¼�o L L{EaDFmbHw½x¼b¼ N/u\f�H	E2JWHQPIHQ[�G Db[OYbGWCOHKJ mbHQ[OHKJ@DFGIHQM=E2J@YbmbJ@Dbn
TZ[��2m\^OJWHN¼�o ¼�u�fXC2TZR/C�E6HKJWz�YbJ/nlHQM�E6HKJWz�HQRSGW_Zd]z{YbJXMOHKGIHQRSGWTZ[Om]JWHKm\^2_ZDFJ`YbUOÂ�HQRSGWPATZ[�GWCOHtRSY\TZ[�EaTZRSGW^OJWHQPQo

�������6�����������������,+ ����0����;/<#%�98<#%�'/(#)�����,+-�$�3/��������6�,+-�$�;0 ���;/<#��281#
>*= AE/2&1��#2#	�����'/��������6�����7+-���3/��$�3/(#	��� ����= �'/(#2#��$�*#)��� >*= AE/2&1�@��� ����8
�9&<#*#2#2#*#2#	���������7+-���2�	������� �98 �$�;�<#	���6������������= �'/<#)�����,+-�$�3/����;/<#
�$�2��#2#)�,+-�$�3&�������������� ���;&<#%�9><#2#*#2#2# ���;&<#%�9><#2#)�������;= �9/<#*#	��� �����������
�286��� ����D ���;&<#2#:���*#)��� >2=BAI/2&<�?�����$�;8 �9&<#2#)�����,+-�$�;0 ���;/<#%�281#2#*#

» TVm\^OJWHN¼�o ¼ 5��ÁPWDbn;Ea_VHwmbHQ[OHKJ@DFGIHQM|E2JWYbmbJ@Dbn z�YbJ`J@HKm\^2_ZDFJ`YbUkÂIHQRSGXMOHKGIHQRSGWTZY\[|TZ[�GWCOHNRSY\TZ[pEaTZRSGW^2JWHQPKo

B�Y\nlEaDFJ@HQMÀfATVGWCÅGWCOY\PWH�z{YbJ=GWCOH�HQDbPWdÅEaTZRSGW^OJ@HQPKu GWCOHQPIH�E2JWYbmbJ@Dbn;P=DFJWH�nlYbJWH�RSY\nlEa_ZHS}�u�fXCaTZR@CÀRKDb[
U�H�TZ[�GIHKJWE2JWHKGIHQMÀDbPNGWC2H�MOHKGIHQRSGWTVY\[ÄE2J@YbUa_VHQn;P�Tg[ÅGWCOH�RSY\TZ[�E�TZRSGW^OJWHQPNDFJWH�nlYbJ@H�M2T���RK^2_VGwGWC2Db[ÀGWCOY\PIH�TZ[
GWCOH=HQDbPId|EaTgRSGW^OJWHQPKo-�Xm\DbTg[8u8M2T��6HKJWHQ[�G4GIHKJ@n;Tg[2Db_ZPAm\DQcbH;M2T��6HKJWHQ[�GAH
�6HQRSGWP�TZ[�GWCOHQPIH=E2J@YbmbJ@Dbn;PKo �XDb[aMOY\n
[�^2nNU6HKJ@P	f�HKJWHtDb_ZPIY;^aPIHQM�TZ[�GWCOHQPWH�mbHQ[OHKJ@DFGIHQM|E2JWYbmbJ@Dbn;PQo
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@-[OHyYbztGWCOHy�2cbHrmbHQ[OHKJ@DFGIHQMEaJWYbmbJ@Dbn;P�Ued�GWCOHyHKcbY\_Z^OGWTVY\[2DFJ@d�E2JWYkRSHQPWP�z�YbJpMOHKGIHQRSGWTg[Om$cbHKJWd�RSY\nlEa_ZHS}
YbUkÂIHQRSGWPATZ[�GWC2HwJWHKGWTZ[2D=EaTgRSGW^OJWHQP�TZP�EaJWHQPIHQ[�GIHQM�TZ[��2m\^OJ@HN¼�o � o

�7+��7+4���������9�6��� �7+4�����,+-�9/������7+��2�6���.�$�	��������0 ���;&<#2#*#	���6�������;>
�$�;=1#)��������8.>2= AC09&<�;>1#*#2#*#?���	��= AC02=282/ ���.�28 ���"!$#2#*#	���6���.���;86�7+4�������.���2�
�����7+4�����������3&��$�;><#)���.!90BAI&�>$�2� ���;�<#2#	�����,+-�$�;D6��� ���.&*= AC�2D*>9/ �$�;�1#
�$�;D1#*#)�����28 �9�1#*#2#)�����,+-�9D �$�*#%�$�*#2#*#	�,+ �����,+4���������������G�$�;>6�����������
�$��!.�9�<#)���.�2�F�$�*#*#%>28BAE=20*D2=<#2#	�7+-���;0 �$�3/(#2#��9/<#%�98<#)�������.���;�?�"! AC=9&1��D1#
�281#2#%�$�;><#)���������$�;D �$�*#)�,+4���.�9� �$�3/<#%�281#*#2#2#?���.����� �9><#2#2#)���������������
���.�$�;06�7+-�98 �9�<#2#%�$�;D1#:���;0<#%����>1#	�����7+4�������.�����'/(#)���.�$�;= �9><#2#%�9&<#)�,+
�7+��9/*0 �$�;�1#:���;0<#2#*#2#2#?�,+4���������,+4���G�$�2�	�����,+-���"!.�9D<#)�������;&����������,+
�9/	�"! AE&2/2&<�*#@�,+4�,+ �����,+-����>6�����7+-�'/�����D1#%�$�3&<#*#�����#)�������.�$�2���$�;D1#?���
�2=F�9&<#*#2#	�������.����>6�,+-�9/.�$�;D<#2#	�����9> ���;/<#*#2#2#:���;=<#2#*#2#��$�2�*#%�$�;�<#	�,+4���
�$� ���.�9D �2>1#2#%�9&<#*#	�������������9= �9/*01#%�$�;><#��'/�01#2#*#2#	�7+4�,+4�7+��7+-�'/��$�;D1#
�9/<#)���6�7+-�2!������7+-�'/��$�;D1#%�$�3&(#2#	�7+��$�;> �$�3/<#*#2#	�7+-���"!.�'/<#*#2#	�����������
������������8 �9D1#%�9/<#%�2=1#	�������.�9> �$�;=1#%�$�;><#2#	�������.���;& �20BA7�;0�!9�<#	�,+4�7+-���
�����������;/������������������$�3/�����D1#)�������3&��9&<#*#%���;=<#�����>1#*#)�����9= �9&<#*#2#
�2>1#2#*#2#)�7+4�����,+-�$�;06�����,+-�'/ �$�;D1#:���3&(#2#%�$�;>1#?�,+4�,+ �7+4�,+-�'/��9/<#)�������
���.�$�;>6���.�����'/(#2#%�$�;D1#?�������6�������3& 8*� A��;�1#?�,+-�2!	�"! AE&2/2&<�*#*#:�'&(#2#*#%�2!$#
�����������;/����;D<#	��� �$�	���������$�;0 �$�*#%�2!1#2#*#2#2#*#

» TVm\^OJWHÅ¼�o � 5Ä�ÇPWDbnlEa_VHymbHQ[OHKJ@DFGIHQMEaJWYbmbJ@Dbn*z�YbJ�cbHKJWd M2T��]RK^a_VG]MOHKGIHQRSGWTVY\[EaJWYbUa_VHQn;P�TZ[)GWCOHyJWHKGWTZ[2D
EaTZRSGW^OJ@HQP

�4PXRKDb[�U6HtPIHKHQ[�z{JWY\n �2m\^OJWHh¼�o � u�GWC2TZP`E2JWYbmbJ@Dbn%TZPXnh^2R@C�nlYbJWHhRSY\nlEa_VHS}�TZ[pU6YbGWC|GWCOHN_VHQ[2mbGWC�Db[2M
GWCOHN[e^2nNU6HKJ`Ybz�TZn;DFmbHNz�HQDFGW^OJ@HQPXGWC2Db[|GWCOY\PIHNmbHQ[OHKJ@DFGIHQMyz�YbJAGWCOHtHQDbPWdpEaTZRSGW^OJWHQPXDb[2M�GWCOHhRSY\TZ[�E�TZRSGW^OJWHQPKo
�AP M2TgPWRK^2PWPIHQMtHQDFJ@_ZTVHKJxu£GWCaTZP¬EaJWYbmbJ@Dbn JWHQPW^2_ZGIHQMtTZ[hDXU6HKGIGIHKJ E6HKJWz{YbJ@n;Db[2RSH�GWC2Db[NGWCOH�[OHQ^OJ@Db_�[OHKG�f�YbJWjkPKu\Ua^OG
PIGWTZ_Z_�m\DQcbHAD 7e^2TVGIH	C2TVm\Ch[e^2ntU6HKJ>Ybzaz�Db_ZPIH	Db_ZDFJ@n;PQo>Ã`CaTZP�TgP�M2^2H�n;DbTg[2_VdwGIY-GWCOH�M2T��]RK^a_VG�dwYbz�GWCOH�M2HKGIHQRSGWTVY\[
E2JWYbUa_ZHQn¿TZ[-GWCOH�J@HKGWTZ[2D�EaTgRSGW^OJWHQP8EaDFJ@GWTZRK^2_ZDFJ@_Zd`GWCOH¸PWT �KH�c£DFJ/TZDFGWTVY\[�Db[2M�GWCOH¸C2TVm\Ca_VdARK_Z^2GIGIHKJWHQM�UaDbR@j�mbJ@Y\^2[2M8o
�A_g_�GWCOH S��|z{HQDFGW^OJWHQPhDb[2M � J/Db[2MOY\n 9aY\DFGWTZ[Om|E6Y\TZ[�Gt[e^2nNU�HKJ/P�f�HKJWH�^aPIHQM�TZ[�GWC2TZPtE2JWYbmbJ@Dbnpu Ua^2GtGWCOH
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z�JWH�7e^OHQ[2RKTZHQP	Ybz¬GWCOHQPIHwGIHKJ/n;TZ[2Db_ZP�YkRKRK^OJWJ@Tg[OmhTg[�GWC2HwE2JWYbmbJ@Dbn�f�HKJWH 7e^2TVGIH-M2T��6HKJWHQ[�GKo�ÃXC2TZP	PW^OmbmbHQPIGWP`GWC2DFG
GWCOH1S��Az{HQDFGW^OJWHQP n;TZm\C�G [OYbG U6H�PW^���RKTVHQ[�G>z{YbJ P@^2R@C=M2T���RK^2_VG¬MOHKGIHQRSGWTZY\[=E2JWYbUa_VHQn]PKu£Db[aMhMaT���HKJ@HQ[�G�z�HQDFGW^OJ@HQP
C2DQcbHhM2T��6HKJWHQ[�G�H
�6HQRSGWPXTg[pGWCOHwHKcbY\_VcbHQM|E2JWYbmbJ@Dbn;PQo
������ � � �

Ã�DFUa_ZHA¼�o ¼-PW^2n;n]DFJ@TZPIHQP>GWCOH`J@HQ_ZDFGWTVY\[2PWCaTVENU6HKGif�HKHQ[]GWCOH�½�ku�½��Db[aM �-mbHQ[OHKJ@DFGIHQM]E2JWYbmbJ@Dbn;P z{YbJ�GWCOH�HQDbPWdbu
GWCOHlRSY\TZ[rDb[2MyGWCOHNJ@HKGWTZ[2D�EaTZRSGW^OJWHQP-Db[2M�GWCOH S���z�HQDFGW^2JWHQPKo » YbJwHS}ODbnlEa_ZHbu�z�½hf�DbP-^2PWHQMyTg[|GWCOJ@HKHhYbz¸GIHQ[
mbHQ[OHKJ@DFGIHQM�E2JWYbmbJ@Dbn;P�z�YbJ�GWCOH�HQDbPIdlEaTZRSGW^2JWHQPKu\PWT }=Ybz6GWCOH`GIHQ[lmbHQ[2HKJ@DFGIHQM]EaJWYbmbJ@Dbn;P�z{YbJ¸GWC2HXRSY\TZ[lEaTgRSGW^OJWHQP
Db[2M�Db_Z_6GWCOHt�2cbH�mbHQ[OHKJ@DFGIHQM|E2JWYbmbJ@Dbn]P`TZ[�GWCOH�J@HKGWTZ[2DhEaTZRSGW^OJ@HQPKo
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Ã>DFUa_VHN¼�o ¼ 5�PO^2n;n;DFJWd]Ybz>GWC2H�z�J@H�7�^OHQ[aRSd]Ybz GIHKJ@n;TZ[aDb_ZP�^2PIHQMpTZ[�GWC2H�mbHQ[OHKJ@DFGIHQM|E2JWYbmbJ@Dbn;PQo

½ � �



����� � +	$�� ����
�� ��� 2*2 � +'��$�+,+ �3���

q [;mbHQ[OHKJ/Db_ u�GWC2HAE2J@YbmbJ@Dbn;P�mbHQ[OHKJ@DFGIHQM�U�dlGWC2HXHKcbY\_Z^OGWTZY\[2DFJWdlE2JWYkRSHQPWP�z�YbJ�GWCOHAGWCOJWHKH-MOHKGIHQRSGWTVY\[�E2JWYbUOÆ
_VHQn;P`DFJ@HtM2T��]RK^a_VG�GIY�TZ[�GIHKJ@E2JWHKGKo � Yxf�HKcbHKJQu�GWC2HKd�DFJ@H�PWTZn;TZ_gDFJ	Tg[�GWCOH�z{Y\_Z_VYxfATZ[Om=E6Y\TZ[�GWP�5

R ÃXCOHNGif�HQ[�G�drz{HQDFGW^OJWHQPwC2DxcbH;M2T��6HKJWHQ[�G4TZ[ 9a^OHQ[2RSHQP4TZ[rD�mbHQ[OHKJ@DFGIHQM�E2J@YbmbJ@Dbnpo�� z{HQDFGW^OJWH;CaDbP4MaTVzgÆ
z{HKJWHQ[�GXTZ[�9�^OHQ[2RSHQP	TZ[pM2T��6HKJWHQ[�G�mbHQ[OHKJ@DFGIHQM�E2JWYbmbJ@Dbn]PKo

R ÃXCOH-mbHQ[OHKGWTZRwE2J@YbmbJ@Dbn;n;TZ[2mNHKcbY\_Z^2GWTVY\[2DFJWd�E2JWYkRSHQPWP�RKDb[�Db^OGIY\n]DFGWTZRKDb_Z_Vd�PIHQ_VHQRSG`GWC2Hwz�HQDFGW^OJ@HQP�L{GIHKJIÆ
n]TZ[2Db_ZP N�GWC2DFGXDFJ@H�JWHQ_VHKcFDb[�GXGIY]DlEaDFJWGWTgRK^2_ZDFJ�MOY\n;DbTZ[vo

R ÃXCOH�Gif�HQ[�G�dz{HQDFGW^OJWHQP�Db[aM)z{Y\^OJpz�^2[2RSGWTVY\[aP�DFJWHÅP@^��]RKTVHQ[�G�z{YbJ�MOHKGIHQRSGWTZ[2m�PWTZnlEa_ZH|YbUkÂIHQRSGWPpDb[2M
J@HKm\^2_ZDFJ�YbUkÂIHQRSGWP`DFm\DbTZ[2PWG`D=JWHQ_ZDFGWTVcbHQ_Vd�^2[2TVz{YbJ@n UaDbRWjembJWY\^2[aMpTZ[�GWCOHwHQDbPId�Db[2M�GWCOH�RSY\TZ[�E�TZRSGW^OJWHQPKu
U�^OG>n]TVm\C�G [OYbG U6H�HQ[2Y\^Om\C=z�YbJ�M2HKGIHQRSGWTZ[OmwRSY\nlEa_VHS}6u\TVJWJ@HKm\^2_ZDFJ>YbUkÂ�HQRSGWP�DFm\DbTg[2PIG�D-C2TVm\C2_Vd�RK_g^OGIGIHKJWHQM
U�DbRWjembJWY\^2[2M�Tg[�GWCOH�JWHKGWTZ[aDNE�TZRSGW^OJWHQPKo
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» TVm\^OJWHy¼�o � 5�Ã`C2H|TZ[OEa^2Gh�aHQ_ZM�Db[2M�GWCOH�TZn]DFmbH�U6Y\^2[2M2DFJ@TZHQP=z�YbJ�z�HQDFGW^OJ@H|HS}kGIJ@DbRSGWTVY\[ TZ[�RSY\[2PIGIJ/^2RSGWTZ[Om
GIHKJ@n;TZ[aDb_ZPKo

��HNHS}eE6HKJ@TZn;HQ[�GIHQMpfATVGWC�Db[�Db_VGIHKJ/[2DFGWTVcbHNPWHKG`Ybz�GIHKJ@n;TZ[aDb_ZP	UaDbPIHQM|Y\[�D]RKTVJ/RK^2_ZDFJ`PIHKGAYbz>z{HQDFGW^OJWHQPQu�DbP
PWCOY¾fX[|TZ[��am\^OJWHh¼�o �eo	Ã`COHwz{HQDFGW^OJWHQPAf�HKJ@HtRSY\nlEa^OGIHQM|UaDbPIHQMpY\[�D;PIHKJ@TZHQP`Ybz�RSY\[2RSHQ[�GIJ@TZR�RKTVJ/RK_VHQP`RSHQ[�GIJWHQM
TZ[�GWCOH�TZ[OEa^OG-�2HQ_gM8o]Ã`C2TgPwGIHKJ@n;TZ[aDb_�PIHKGtz{YeRK^aPIHQM�Y\[ÅU6Y\^2[aM2DFJ@TVHQP4J@DFGWCOHKJNGWC2Db[ÅJ@HKm\TVY\[2PKo�Ã`COH;[e^2ntU6HKJ
Ybz�z�HQDFGW^2JWHQPNTg[ÅGWC2TZPtRKDbPIH�M2HKE�HQ[aM2PwY\[ÅGWC2H�PWT��KH�Ybz�GWCOH]TZ[2Ea^OGw�2HQ_ZMvo » YbJlTZ[aPIGWDb[2RSHbu TVz	GWCOH�TZ[2Ea^OG-�2HQ_ZM
TZP;½ � '`½ ��EaT }kHQ_ZPKuvGWC2HQ[�GWCOH][e^2nNU�HKJwYbz�RSHQ[�GIJ@Db_¸RKTZJ@RK_VHQP-fXTZ_g_�U6H�½ ���0S;�Á½ � ½�:L{GWC2H]RSHQ[�GIJ/Db_�EaT }kHQ_�TZP

½ � �



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

RSY\[2PWTZMOHKJ@HQMÄDbPlD�RKTZJ@RK_VH�fXTVGWC$D �KHKJWY�J@DbM2TZ^aP N ��DbRKRSYbJ@MaTZ[Om\_Vdbu�GWC2HKJWHpf�Y\^a_ZM�U6H S��rz{HQDFGW^OJWHQPKoÄÃ`COH�m\DFE
U�HKGif�HKHQ[|GWCOH�J@DbMaTZT�Ybz>Gif�Y�[OHQTVm\C�U�Y\^2J@TZ[Om=RKTVJ@RK_VHQPXTZP	Y\[OH�EaTV}eHQ_ o

�APXfXTVGWCpGWC2HtP87e^2DFJWH�z{HQDFGW^OJWHhPIHKGKuaGWC2TgP�GIHKJ@n;TZ[aDb_8PIHKGXm\TVcbHQPATZMOHQDb_8J@HQPW^2_VGWP�z{YbJXGWC2H�HQDbPIdpEaTZRSGW^2JWHQPKo q [
GWCOHlRSY\TZ[rDb[2MyJWHKGWTZ[2D�EaTZRSGW^2JWHQPKu6COYxf�HKcbHKJQuvGWCOH=JWHQP@^2_VGWPAUaDbPIHQMrY\[yGWC2TZP4GIHKJ@n;Tg[2Db_�PWHKG-DFJ@H=P@_ZTVm\C�GW_Vdpf�YbJ/PIH
GWC2Db[]GWC2Y\PIHAYbUaGWDbTZ[OHQM�fXTVGWC;GWC2H4P87e^2DFJWHAz�HQDFGW^2JWH4PWHKGKo�Ã`C2TZP�PW^OmbmbHQPIGWP�GWC2DFG�GWCOH-_VYeRKDb_aJWHKm\TVY\[�z�HQDFGW^2JWHQP	DFJWH
U�HKGIGIHKJAz�YbJXGWCOHQPIHtMOHKGIHQRSGWTZY\[�E2JWYbU�_VHQn;P�GWC2Db[pGWCOHQPWH�U6Y\^2[2M2DFJWd�z�HQDFGW^2JWHQPKo
� ���  � 	 �  + � ��� 	 �	� � + 
 � �  � + � � 	 �  � � + � � 	 � + �  �

��H�Db_ZPIY|HS}eE6HKJ@TZn;HQ[�GIHQM�fATVGWCÅD|MaT���HKJ@HQ[�Gwz�^2[2RSGWTVY\[�PIHKGKo���H�C�deE6YbGWCOHQPWTZPWHQM�GWC2DFGtRSY\[�cbHKJWmbHQ[2RSHpn;TVm\C�G
U�H 7e^2TZR@jbHKJ]TVz`GWCOHpz�^2[2RSGWTZY\[ÀcFDb_Z^OHQP=f�HKJWH�RK_VY\PWHpGIYÅGWCOH�J@Db[OmbH L�Æ@½FuZ½ N/o���H�^2PIHQM�¤\��¡S¢ Et¢ ���ÀDb[2M � ?S��u
L�DFUaPIY\_Z^OGIH4cFDb_Z^OHbuOPWTZ[OH4Db[2M�HS}eE6Y\[OHQ[�G�GIY=UaDbPWH � N�Tg[�DbM2MaTVGWTVY\[;GIY=GWCOH4z{Y\^OJ�DFJ@TVGWC2nlHKGWTgR`YbE6HKJ@DFGIYbJ@P�L�� E�� E
� Db[2M�� N/o�Ã`COH=MOHKGIHQRSGWTVY\[yJWHQPW^a_VGWPADFJ@H=P@TZn;TZ_ZDFJAGIY�GWCOY\PIH=UaDbPIHQMyY\[yGWCOHhz{^2[aRSGWTVY\[�PWHKG4Ybz¸Y\[2_Vd�GWCOHhz{Y\^OJ
DFJ@TVGWC2nlHKGWTgRwYbE6HKJ@DFGIYbJ@PKo4B	Y\[�cbHKJWmbHQ[aRSHhf	DbP4PW_ZTVm\C�GW_Vd�z{DbPIGIHKJ4z{YbJAGIJ@DbTg[2TZ[OmlGWCOHhRSY\TZ[yDb[2M�JWHKGWTg[2D;EaTgRSGW^OJWHQPKu
Ua^OG�PW_ZTVm\C�GW_Vd;PW_ZYxf�HKJ`z�YbJ�GWC2H4HQDbPWd�EaTgRSGW^OJWHQPKo�Ã`C2TgP�PW^2mbmbHQPIGWP�GWC2DFGt¤\��¡ ¢ E¸¢/�{�;Db[2MÅ� ? ��n;DQd�U6H4^2PWHKz{^2_�z{YbJ
nlYbJWHtM2T �]RK^2_VG�E2JWYbUa_ZHQn;PKuOCOYxf�HKcbHKJ-RSY\[2PWTZMOHKJ/DFUa_Vd]nlYbJ@H�HS}eE6HKJ@TgnlHQ[�GWDFGWTZY\[pTZP�JWH�7e^2TVJWHQMvo
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��H	Db_gPIY4Tg[�cbHQPIGWTZm\DFGIHQM=GWC2TZP>DFE2E2JWY\DbR/CNfATVGWC ��EaTV}eHQ_ZP �XDbP GIHKJ@n;Tg[2Db_ZPKo¬Ã�YwMOHQRSJWHQDbPIH�GWCOH�RSY\nlEa^2GWDFGWTVY\[NRSY\PWGKu
f�HlRSY\[2PWTgMOHKJWHQMyD � ' � P87�^aDFJWHhDbP-D�PWTZ[Om\_ZH ��EaT }kHQ_ �ko q [yGWC2TgP`f	DQdbuvGWCOHKJ@HhDFJWH=L � L�� '�� N/u�½SLbL-L � � ' ��� N/u
Db[2M�s£L L � ' � N=GIHKJ/n;TZ[2Db_ZPQu¸fXC2TgR@C�RSYbJWJ@HQPIE6Y\[2M$GIY�GWCOH�PWT��KHQP;Ybz-GWCOH�TZ[OEa^OGh�2HQ_ZMaPlYbz ��� ' ��� u ��� ' ��� u
Db[2M � � ' � �£u>z�YbJwGWCOH]HQDbPIdbu¬GWCOH;RSY\Tg[8u¬Db[2M�GWC2HlJWHKGWTZ[2D�EaTgRSGW^OJWHQP4JWHQPIE6HQRSGWTVcbHQ_Vdbo » YbJtGWCOHlHQDbPIdrEaTgRSGW^OJWHQPKu
GWCOHt_VHQDFJ@[aTZ[Om=GIY�Ybj�DFU6Y\^OGA¼	��COY\^OJ@P`Y\[�Db[ � EaJWYeRSHQP@PIYbJ / �eÃ �X�XÆ(P . � �`B�L�n;DbR@C2Tg[OH�GIY;JWHQDbR/C|E6HKJWz{HQRSG
MOHKGIHQRSGWTVY\[yE6HKJWz�YbJ/n;Db[2RSHtDb[2Mr¼ � mbHQ[2HKJ@DFGWTVY\[2PAf�HKJ@HN[OHKHQMOHQMvo`Ã`COHtE6YbEa^a_ZDFGWTVY\[pPWT��KHh^2PIHQM|f�DbP ��� �ku�GWCOH
n;D£}kTgnN^2n%MOHKE2GWC�Ybz�GWCOHtEaJWYbmbJ@Dbn%f�DbP�M��ku6GWCOHNn;D£}OTZnh^2n Tg[2TVGWTZDb_vM2HKE2GWC�½�ku6GWCOHhn;D£}kTgnN^2n%[�^antU6HKJ
Ybz¬mbHQ[OHKJ@DFGWTZY\[2P-½� �ko » YbJ�GWCOH-RSY\TZ[�EaTZRSGW^OJ@HQP�Db[2M�GWCOH4JWHKGWTZ[aDtEaTgRSGW^OJWHQPKu�GWCOHwPWTVGW^2DFGWTVY\[�f	DbP�f�YbJ@PIHbo�PkTZ[2RSH
Dl_ZDFJWmbH�[e^2ntU6HKJ	Ybz¬GIHKJ/n;TZ[2Db_ZP�f�HKJWH�^2PIHQMvueGWC2H�n;D£}kTgnN^2n�MOHKEaGWC�Ybz�GWCOH-E2J@YbmbJ@Dbn�GIJWHKHQP�f	DbP`TZ[2RSJ@HQDbPIHQM
GIY ����z{YbJ�GWCOHARSY\TZ[;EaTgRSGW^OJWHQP�Db[2M�s��wz�YbJ�GWCOH`JWHKGWTg[2D-EaTZRSGW^OJ@HQPKo>ÃXCOH`E6YbEa^2_ZDFGWTZY\[hP@T��KH`z{YbJ¸U6YbGWC;M2DFGWDFUaDbPWHQP
^2PIHQMyf�DbP]½� � ��fXTVGWCrD�n;D£}kTgnN^2n�[e^2nNU�HKJ4Ybz¸mbHQ[2HKJ@DFGWTVY\[2P-Ybz4½� �kohÃ`C2HNHKcbY\_Z^2GWTVY\[2DFJWd�E2JWYkRSHQPWP4GIY�Ybj
GWCOJWHKH�f�HKHKjeP]GIY�RSY\nlEa_ZHKGIH ���ÅmbHQ[OHKJ/DFGWTVY\[2Plz{YbJ]GWCOH�RSY\Tg[�EaTZRSGW^OJ@HQP;Db[2M�z{Y\^OJlf�HKHKjeP�GIY�RSY\nlEa_ZHKGIH ���

mbHQ[OHKJ@DFGWTVY\[2Ptz�YbJtGWCOHlJWHKGWTZ[2D�E�TZRSGW^OJWHQPKo;ÃXCOHlU6HQPIGwMOHKGIHQRSGWTVY\[ÅJ@HQPW^2_VGWP-f�HKJWH���� � z{Db_ZPWH;Db_ZDFJ@n J@DFGIH�DFGtD
½� � � MOHKGIHQRSGWTVY\[yJ@DFGIHhz�YbJ4GWCOH=RSY\TZ[|E�TZRSGW^OJWHQPKu�Db[2MyDFU�Y\^2G � ��� � z�Db_ZPIHNDb_gDFJ@n J/DFGIHhDFG-D�M2HKGIHQRSGWTVY\[yJ@DFGIH
Ybz	½� � � z�YbJAn;TZRSJWY;Db[OHQ^2J@TZPWn;P�Tg[�GWCOHwJWHKGWTZ[2D=E�TZRSGW^OJWHQPKo

Ã`COHQPIHtJWHQPW^2_VGWP�Tg[2M2TZRKDFGIH-GWC2DFGX^aPWTZ[Om=EaT }kHQ_8PIGWDFGWTZPWGWTZRKP`TZP	U6HKGIGIHKJXGWCaDb[�^2PWTZ[2mhE�T }eHQ_gP�MaTVJWHQRSGW_Vdbo�Ã`CaTZP�TZ[
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GW^OJ@[yPW^OmbmbHQPIGWP4GWC2DFG4TVGAn]TVm\C�GAU6HN[OHQRSHQPWP@DFJWdpGIY�Tg[�cbHQPIGWTZm\DFGIHhfACOHKGWCOHKJXGWC2Hh[OHQ^2J@Db_v[OHKGif�YbJWj|JWHQPW^2_VGWPXfXTZ_Z_
U6H�TZnlE2JWY¾cbHQMpUed�EaTV}eHQ_8PIGWDFGWTgPIGWTZRKP`TZ[�GWC2H�z{^2GW^OJWHbo��
¦�§�� §�� �A® ,® ´b¹�´\®¯±	��=

Ã`COHwmbHQ[OHKGWTgRwE2JWYbmbJ@Dbn]n;TZ[OmlUaDbPWHQM�DFE2E2JWY\DbR/C�C2DbP�GWC2H�z�Y\_g_VYxfXTg[Oml_ZTZn;TVGWDFGWTZY\[2P35
R ÃXCOHNGIJ/DbTZ[2TZ[Om�GWTZnlHQP-z{YbJ-GWCOH;RSY\TZ[yE2JWYbUa_ZHQn%Db[2MrGWC2HhJ@HKGWTZ[2D�E2JWYbUa_VHQn DFJWH 7e^2TVGIH=_VY\[OmOo PkY\nlH=Ybz
GWC2HwJ@^2[2P	GIYeYbjp_VY\[OmbHKJ`GWC2Db[�L � COY\^OJ@P`Y\[�D � E2JWYkRSHQPWPIYbJ / �kÃ �A�`Æ(P . � �`B�LOo

R ÃXCOH�nlHKGWCOYkM�TZP;[2YbG;EaDFJWGWTZRK^a_ZDFJ@_VdÅH
�6HQRSGWTVcbHrTZ[�MOHKGIHQRSGWTZ[2mÅYbUkÂIHQRSGWP]fXTZGWC�M2T��6HKJWHQ[�G�PWT��KHQPlfXCaTZR@C
DFJ@H�TZ[�GWC2H�PWDbnlH�RK_ZDbPWPKu>z{YbJNHS}ODbnlEa_VH]GWCOH�C2DFHQn;YbJWJ@C2DFmbHQPhTZ[ÅGWC2H]JWHKGWTZ[aDpEaTZRSGW^OJ@HQPKo�ÃXC2TZP�n;TZm\C�G
U6H�J@HQ_ZDFGIHQM GIYÄTZ[aPW^��]RKTVHQ[�G;TZn;DFmbHyz{HQDFGW^OJWHQP�U�HQTg[Om�^2PIHQMvo 4�YbJ@H�z{HQDFGW^OJWHQP�fXC2TZR/C�RSY\[�GWDbTZ[PWT��KH
Tg[�cFDFJ@TZDb[�G�TZ[Oz{YbJ@n;DFGWTVY\[p[OHKHQM�GIY;U6H�TZ[�cbHQPWGWTVm\DFGIHQM8o

R ÃXCOH�RK_ZDbPWPWTZ�aRKDFGWTVY\[pPIGIJ@DFGIHKmbdpHQn;Ea_VYxdbHQM|TZ[�GWCOH�mbHQ[OHKJ/DFGIHQM�E2JWYbmbJ/Dbn;P`TZP`[2YbG�HQDbPId�GIY]MOHKGIHKJ@n;Tg[OHbo
R PkY\nlH=HS}eE6HKJ@TZn;HQ[�GWDFGWTVY\[rTZP4JWH�7e^2TVJ@HQM|GIYp�a[aM�mbYeYkMrc£Db_Z^2HQPAYbz�GWCOH=c£DFJ/TVY\^2P4EaDFJ@DbnlHKGIHKJ/Pwz�YbJwHQDbR/C
MaT���HKJ@HQ[�G�E2J@YbUa_VHQnpo

R ��GWCOJWHQPWC2Y\_ZMNÃ L{�am\^OJWH`¼�o �ON>f�DbP�^aPIHQMhGIYwm\TVcbH	�O}eHQM=PWT �KH�J/Db[OmbHQP z�YbJ�M2HKGIHKJ@n;TZ[2Tg[OmXGWCOH�RK_ZDbP@P YbzaGWCOH
YbUOÂ�HQRSG`z{JWY\n GWC2HwY\^OGIEa^OG�Ybz GWCOH�EaJWYbmbJ@Dbnpo q GXTZP�[OYbGARK_VHQDFJXCOY¾f �ÁPWCOY\^a_ZM�E2JWYbE6HKJ@_Vd]U�H�R/COY\PIHQ[8o

¦�§�� §9� � � , , ¹67�
Ã`COH�mbY\Db_AYbz-GWC2TZP;R/C2DFE2GIHKJ�f�DbP�GIYÅHS}kGIHQ[2M�GWC2H�UaDbPWTZRpDFEaE2JWY\DbR@C)GIY�D�mbHQ[OHKGWTZRpE2J@YbmbJ@Dbn;n;TZ[2m�UaDbPIHQM
DFE2E2JWY\DbR/C�z{YbJ�M2HKGIHQRSGWTZ[Om�PWn;Db_g_XYbUkÂIHQRSGWPpYbzhnN^2_ZGWTVEa_VHyRK_ZDbPWPIHQP�TZ[_ZDFJWmbHrEaTgRSGW^OJWHQP�Db[2M GIY�TZ[�cbHQPIGWTVm\DFGIH
GWCOH�TZnlE2JWY¾cbHQnlHQ[�GWPhTg[ÀMOHKGIHQRSGWTZY\[ÀE6HKJWz{YbJ@n;Db[aRSH]Ybz`GWCOH�nlHKGWCOYkMÄYxcbHKJlGWCOH�UaDbPWTgR]DFE2E2J@Y\DbR@C$MOHQPWRSJ@TZU�HQM
TZ[ÅR/C2DFE2GIHKJhLOo q [�GWCOH�UaDbPWTZR]DFE2E2JWY\DbR/C8u�GWC2H][OHQ^OJ@Db_¸[OHKG�f�YbJWjkPtf�HKJWH]GIJ/DbTZ[OHQM�UedrGWCOH]UaDbR@j�f	DFJ@M�HKJWJWYbJ
E2JWYbEaDFm\DFGWTZY\[�Db_VmbYbJ@TVGWC2n Y\[�RK^OGIY\^2GWP�TZ[�GWCOHlRK_ZDbPWPWTV��RKDFGWTVY\[rM2DFGWDpPIHKGwRSY\[2PIGIJ@^aRSGIHQM�z�J@Y\n%GWC2H=M2HKGIHQRSGWTVY\[
GIJ@DbTZ[2Tg[Om�PIHKGKu�Db[2M�GIHQPWGIHQM$Y\[ÀGWC2H�HQ[�GWTVJWH�TZn;DFmbHQP=TZ[ÀGWCOH�MOHKGIHQRSGWTVY\[$GIHQPIGlPIHKGKo q [ÀGWC2TZPhDFE2E2JWY\DbR/C8u�GWCOH
E2JWYbmbJ@Dbn]P�f�HKJ@H�M2TVJWHQRSGW_Vd]GIJ@DbTZ[OHQM�Ued]GWCOHwmbHQ[2HKGWTZR-E2JWYbmbJ@Dbn]n;TZ[Om=E2JWYkRSHQPWP	Y\[�GWCOHwHQ[�GWTVJWH�Tgn;DFmbHQP�TZ[�GWCOH
MOHKGIHQRSGWTVY\[rGIJ@DbTg[2TZ[Om]PWHKG4Db[2M�GWCOH=_VYkRKDFGWTVY\[2PAYbz�GWCOHhje[OY¾fX[yYbUkÂIHQRSGWPAYbz�TZ[�GIHKJ@HQPIG4Tg[�HQDbR@C�RK_gDbPWPKo-Ã�f�HQ[�G�d
MOY\n;DbTZ[�TZ[2MOHKE6HQ[2MOHQ[�GKu¸E�T }eHQ_X_VHKcbHQ_XTZn]DFmbH�z�HQDFGW^2JWHQP]f�HKJWH|PWHQ_VHQRSGIHQM�GIYÀz�YbJ/n�DÅmbHQ[OHKJ/Db_ u	E2JWHSÆ¯HS}OTZPIGWTZ[Om
z�HQDFGW^2JWHt_ZTVUaJ@DFJWdlGIY;U6H-GWCOHwGIHKJ@n;Tg[2Db_8PIHKGKo¸Ã`C2H4z{Y\^OJXPWGWDb[2M2DFJ@MpDFJ@TZGWC2nlHKGWTZR4YbE6HKJ@DFGIYbJ@P�f�HKJWH�^2PWHQMpDbP`GWCOH
z{^a[2RSGWTVY\[$PIHKGKo�� E2JWYbmbJ@Dbn�RK_ZDbPWP@TV�aRKDFGWTVY\[$n;DFE$f	DbPlMOHKcbHQ_VYbE6HQMÄz�YbJ;RK_ZDbP@PWTVz{deTZ[2m�GWCOHpMOHKGIHQRSGIHQM�YbUkÂIHQRSG
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TZ[ HQDbR@CEaT }kHQ_AE�Y\P@TVGWTVY\[)U�d)GWCOH�HKcbY\_ZcbHQM�E2JWYbmbJ@Dbn�o Ã`COHy�2GW[OHQPWP�z�^2[2RSGWTVY\[)f�DbP�U�DbPIHQMY\[DÄ_gTZ[OHQDFJ
RSY\ntUaTg[2DFGWTVY\[hYbzaGWCOH	MOHKGIHQRSGWTVY\[=J/DFGIH	Db[aMNz�Db_ZPIH	Db_ZDFJ@n J@DFGIH	Ybz�GWCOH	HKcbY\_VcbHQM=E2JWYbmbJ@Dbn�o>�Az�GIHKJ�GWC2H�_VHQDFJ/[2TZ[Om
E2JWYkRSHQPWP-f�DbP��a[2TZPWC2HQM8u�GWC2HlU�HQPWG-Tg[2M2TVckTZM2^2Db_6YbUaGWDbTZ[OHQMrf	DbP�M2TVJWHQRSGW_Zd|DFE2Ea_ZTZHQM|GIYpGWCOHlHQ[�GWTVJWHlTZn]DFmbHQP�TZ[
GWCOHtMOHKGIHQRSGWTVY\[|GIHQPIGAPWHKGKo q [�Db_Z_vRKDbPIHQPXY\[�GWCOHtHQDbPIdpDb[2M�nlHQM2Tg^2n M2T��]RK^a_VG�d�MOHKGIHQRSGWTVY\[�EaJWYbUa_VHQn;P�Tg[�GWCOH
HQDbPId;Db[2M;GWC2HXRSY\TZ[;E�TZRSGW^OJWHQP�GWC2H`mbHQ[OHKGWTZRXE2JWYbmbJ@Dbn;n]TZ[OmwUaDbPIHQM�DFE2E2JWY\DbR/C;E2J@YeM2^aRSHQM;TZMOHQDb_OJ@HQPW^2_VGWPKu�GWC2DFG
TZPKukDb_Z_2GWCOHAYbUkÂIHQRSGWP�Ybz�TZ[�GIHKJ@HQPIG�TZ[]HKcbHKJWd]RK_ZDbP@P�f�HKJWH4RSYbJWJWHQRSGW_Vd]M2HKGIHQRSGIHQM�fXTVGWCOY\^OG�Db[�d;z�Db_ZPIH4Db_ZDFJ@n;PQo » YbJ
 h� �K�I�-Db[2M|¥e���K ÁMOHKGIHQRSGWTVY\[�TZ[]GWCOH4cbHKJWd]M2T���RK^2_VG�JWHKGWTZ[aD�EaTZRSGW^2JWHQPKu�GWC2HAmbHQ[OHKGWTgRXE2J@YbmbJ@Dbn;n;TZ[2mtnlHKGWCOYkM
JWHQPW^2_VGIHQM�Tg[Änh^2R/C$U�HKGIGIHKJ]E�HKJ@z�YbJ@n]Db[2RSH�GWC2Db[$GWCOHpUaDbPWTgR�[2HQ^OJ@Db_	[OHKG�f�YbJWj$DFE2E2JWY\DbR/C8o�Ã`COHQPIH�JWHQP@^2_VGWP
PW^OmbmbHQPIG�GWC2DFG¸GWC2HXmbHQ[OHKGWTZRAE2JWYbmbJ/Dbn;n;TZ[OmtUaDbPIHQM]DFEaE2JWY\DbR@C�fXTVGWC]EaT }kHQ_2PIGWDFGWTZPWGWTZRKP�TgP�ckTZDFUa_VH`DbP	DtM2Y\n;DbTZ[
TZ[2MOHKE6HQ[2MOHQ[�GKuO_VHQDFJ@[2Tg[Om*�£DbM2DFE2GWTVcbHwDFE2EaJWY\DbR@C|z�YbJXnh^2_VGWTZEa_VH-RK_ZDbPWP�YbUkÂIHQRSGAM2HKGIHQRSGWTVY\[pE2JWYbU�_VHQn;PKo
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q [)GWC2TZP�R@C2DFEaGIHKJQu`f�H|�2J@PWG�PW^2n]n;DFJ@TZPIHpGWC2H|YbUkÂIHQRSG�M2HKGIHQRSGWTVY\[ JWHQPW^2_VGWP�DbR@C2TZHKcbHQM ^aPWTZ[Om�GWCOHrnlHKGWCOYkM2P
MOHQPWRSJ@TZU�HQMpTg[pGWC2TZP�GWC2HQPWTZPKo���HhGWCOHQ[pHS}ODbn;TZ[2H�GWCOHtC�d�E6YbGWCOHQPWHQPXDb[2MpEaJWHQPIHQ[�G`GWCOHtRSY\[2RK_g^2PWTVY\[2PQo » TZ[2Db_Z_Vdbu
PIY\nlH�J@HQ_ZDFGIHQM�z�^OGW^OJWH-f�YbJWj�TZP`PW^OmbmbHQPWGIHQM8o

�w,/. �N:+& & $�5���7��r3 ��� 46� 3 ��<>36?@7A1 �5�KJ6: ��3�J
q [|GWC2TZP�GWC2HQPWTZPKu�PWT }�YbUkÂ�HQRSG4MOHKGIHQRSGWTVY\[ynlHKGWCOYkM2P`f�HKJWHhTZ[�GIJ@YeM2^aRSHQM�Db[2M�MOHQP@RSJ@TVU6HQM8o�ÃXCOHKdpDFJWHtGWCOHtUaDbPWTZR
DFE2E2JWY\DbR/C L � � � ���I�F�{� N/u�GWCOH]RSHQ[�GIJ@Db_�f�HQTVm\C�GNTg[2TVGWTZDb_ZTgPWDFGWTVY\[rnlHKGWCOYkM8u>GWCOH������ ���I�F�{�ynlHKGWC2YeM8u>GWCOH � � �
�����b��� ������� �I��������n;HKGWCOYeMvueGWC2H ����� ���I�F�{� �������i�W�����6�	nlHKGWCOYkM�Db[2M�GWCOH-mbHQ[OHKGWTZR4E2JWYbmbJ@Dbn]n;TZ[OmNUaDbPIHQM
nlHKGWCOYkM8o�Ã`COH-U6HQPIG�MOHKGIHQRSGWTVY\[�JWHQPW^2_VGWPQu�GWC2DFG`TgPKukGWCOHwU6HQPIG�MOHKGIHQRSGWTVY\[pJ@DFGIH�Db[aM�GWC2H�RSYbJWJWHQPIE6Y\[2M2Tg[Omtz�Db_ZPIH
Db_ZDFJ@n J/DFGIHbu2z�YbJ�GWC2HwHQDbPIdbu2GWCOH�RSY\TZ[pDb[aMpGWCOHwJWHKGWTZ[aDNE�TZRSGW^OJWHQP	DbR@CaTVHKcbHQM�Ued�GWC2H-P@T }�MOHKGIHQRSGWTZY\[|nlHKGWCOYkM2P
DFJWHtPW^an;n;DFJ@TZPWHQMpTZ[�GWC2TZP�PIHQRSGWTZY\[8o
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Ã�DFU�_VH � oZ½hRSY\nlEaDFJWHQPAGWCOHNU�HQPWGXJWHQPW^a_VGWP`DbR@CaTVHKcbHQMyU�dpGWCOHhPWT }�MOHKGIHQRSGWTVY\[ynlHKGWCOYkM2PXz�YbJ4GWCOHtGWC2JWHKHtYbUkÂIHQRSG
RK_ZDbPWPIHQPNYbz�TZ[�GIHKJWHQPIGtTZ[ÅGWCOH;HQDbPIdrEaTZRSGW^2JWHQP35���A �£¢/¢ � L{Ua_ZDbR@j�RKTVJ@RK_VHQP N/u	�3AV�£¢@¢ � L{mbJ@HKdÅP87�^aDFJWHQP N-Db[2M �3AV�£¢@¢ �
L{fXC2TVGIH�RKTZJ@RK_VHQP N/o
�4P;PWCOY¾fX[�TZ[�GWDFUa_VH � oZ½Fu`Db_Z_�GWC2H�PWT }�MOHKGIHQRSGWTVY\[�n;HKGWCOYeMaP;MOHQPWRSJ@TZU�HQM�Tg[$GWC2TZPlGWCOHQP@TZP;PW^2RKRSHQP@PIz{^a_Z_Vd

MOHKGIHQRSGIHQM�Db_Z_�GWCOHhYbUkÂ�HQRSGWP4Ybz�GWC2HNGWCOJ@HKHhRK_ZDbP@PIHQP L�MOHKGIHQRSGWTVY\[yJ@DFGIH � ½� � � N/o » YbJ�MOHKGIHQRSGWTZ[Om��3AV�£¢@¢ � u8GWCOH
��� �����I�F����nlHKGWCOYkM�J@HQPW^2_VGIHQMyTZ[ � � � z{Db_gPIHhDb_gDFJ@n J@DFGIH;DFGwD�M2HKGIHQRSGWTVY\[rJ@DFGIHlYbzA½� � � u8fXC2TZ_VHhDb_Z_>YbGWCOHKJ
nlHKGWCOYkM2P�M2TZM�[OYbG	E2J@YeM2^aRSH4Db[�d�z�Db_ZPIHwDb_ZDFJ/n;PKo 
4HKGIHQRSGWTZ[Om���A �£¢/¢ � TZP	PWTZn;TZ_gDFJ�5>n;Y\PIG	Ybz�GWCOHwPWTV}�nlHKGWCOYkM2P
m\DQcbHtTgMOHQDb_aJ@HQPW^2_VGWP�fXC2TZ_ZH`GWCOH#��� �����I�F���;n;HKGWCOYeM�Db[2M�GWCOH$��� �����I�F��� ����� � �I�������	n;HKGWCOYeM�_VHQM�GIY S\¼0M �
Db[2M ½SLbL � z�Db_ZPIH|Db_gDFJ@n�J@DFGIHQP�DFG�D�MOHKGIHQRSGWTVY\[)J@DFGIH|Ybz;½� � � o � Yxf�HKcbHKJQuXTZG]TZP]RK_ZHQDFJ]GWC2DFG�GWCOH������

½ � M



���������	��
 � ���1��� ��&�$	+ ������+

./���&0 13�54�	������� � ���>�64�	 7+�5�����,�6�

7+���(�&��= 7+�5�����)B 7+�5������?

���������6�>	�� �9	&�64�	�� !(� : �
	��	�
	�� =6I�I =6I�I =�I(I

������� �(�,�54�� $�$��!(�(4���� 1��J	&)�#��� � I G�= � B I

7+!������&$ !(��L ����' 7+��� 	&���L�� ��� '��(	�� ��� 	������ �5�&�#	&��!�� I D(@ � D I

�������&��� �5�#�� �����C	����� � E(I E(?�G B(H#?

: �
	�� ��	�� �����C	����� � �������J���� ��� I @(@�? =�D(D

� 1��C	����� � ������� �������� I I I

� �����9	���4 1/&!('�)�#�<�<� ��' I I I

Ã�DFUa_ZH � oZ½05=B�Y\n;EaDFJ@TZPIY\[rYbz	GWCOH]U�HQPWGtMOHKGIHQRSGWTVY\[�JWHQPW^2_VGWPwDbR/C2TVHKcbHQMÄ^2PWTZ[2m�GWC2H]PWT }�MOHKGIHQRSGWTVY\[ÀnlHKGWCOYkM2P
z�YbJ`GWC2H�HQDbPId�EaTZRSGW^OJ@HQPKo

�����F�{� �������i�W���¸���hnlHKGWCOYkMÀTgPtPW^OE6HKJ@TZYbJ�GIY�GWC2H ����� ���I�F�{�rn;HKGWCOYeMvo 
AHKGIHQRSGWTg[Om��3AV�£¢@¢ � TZPtD|JWHQ_ZDFGWTVcbHQ_Vd
M2T��]RK^2_ZG�E2JWYbUa_ZHQnpo @-[2_VdrGWCOH�mbHQ[OHKGWTZR�E2JWYbmbJ@Dbn]n;TZ[Om�U�DbPIHQMÀn;HKGWCOYeMÄDb[2MÀGWCOH	� � � ���I�F�{� ����� � �W�������
nlHKGWCOYkM¿DbR@C2TZHKcbHQM TZMOHQDb_-E6HKJWz{YbJ@n;Db[aRSHÅDb[2M�YbGWCOHKJ|n;HKGWCOYeMaPpE2JWYkM2^2RSHQM�M2T���HKJWHQ[�G�[e^2ntU6HKJ@P�Ybz=z�Db_ZPIH
Db_ZDFJ@n;PKo�Ã`C2H ��� �����I�F����nlHKGWCOYkM�J@HQPW^2_VGIHQM�Tg[�D]_ZDFJ@mbHN[e^2ntU6HKJ`Ybz z�Db_ZPIHtDb_gDFJ@n;PKo�Ã`COHtz{Db_ZPWHtDb_ZDFJ@n J@DFGIH
f�DbP � M � � o�ÃXCOH�nlHKGWCOYkMpfXTVGWC�GWC2Ht[OHKG�f�YbJWj�JWHK�a[2HQnlHQ[�G �����������F�{� �������i�W���¸����f	DbP`U6HKGIGIHKJQuaGWCOH�z�Db_ZPIH
Db_ZDFJ@n J@DFGIHlf	DbPNsbs M � o]Ã`COH=UaDbPWTgRhDFEaE2JWY\DbR@C�JWHQPW^2_ZGIHQM�TZ[rD �k½FoFS � z�Db_ZPIH;Db_ZDFJ/n�J@DFGIH]DFGtDpMOHKGIHQRSGWTZY\[
J@DFGIH|Ybzl½� � � u�fXCaTZ_VH�GWCOH�RSHQ[�GIJWHQM�f�HQTVm\C�G�Tg[2TVGWTZDb_ZTgPWDFGWTVY\[ÄTZnlE2JWY¾cbHQM�GWCOH�MOHKGIHQRSGWTVY\[�E6HKJWz{YbJ@n;Db[aRSH�U�d
MOHQRSJWHQDbPWTZ[2mÅGWCOH�z�Db_ZPIH|Db_gDFJ@n J@DFGIH�GIY�L�seo L � o » YbJ�Db_Z_�GWCOH|GWCOJWHKH|RK_ZDbP@PIHQP]TZ[�GWCOH�HQDbPId�EaTgRSGW^OJWHQPKu�GWCOH
� � � ���I�F�{� �������i�W�����6�=nlHKGWCOYkM$Db[2MÄGWCOH�mbHQ[OHKGWTZR�E2JWYbmbJ/Dbn;n;TZ[Om�UaDbPIHQM$nlHKGWCOYkM$Db_Vf	DQdkP;_VHQMÀGIYÅTZMOHQDb_
E�HKJ@z�YbJ@n]Db[2RSHbuOGWC2DFGXTZPQu2Db_Z_6GWCOH�YbUkÂIHQRSGWP`Ybz TZ[�GIHKJWHQPIG`f�HKJWHtRSYbJ@JWHQRSGW_Vd�MOHKGIHQRSGIHQM|fATVGWCp[OYlz�Db_ZPIH�Db_ZDFJ@n]PKo
*�� 	,+ �
	�� � � �  �

Ã�DFUa_ZH � oFS�PWCOY¾fXP-D�RSY\nlE�DFJ@TZPIY\[�Ybz�GWCOHhJWHQPW^2_ZGWP`z{YbJAGWCOH=RSY\TZ[yEaTZRSGW^2JWHQPKoXÃ`C2HtU6HQPIG-MOHKGIHQRSGWTVY\[yJ@DFGIH=Db[2M
GWCOHlRSYbJWJWHQPIE6Y\[2M2Tg[Om;z�Db_ZPIHNDb_gDFJ@n J@DFGIH=z�YbJ-GWCOHhz�Y\^2JAYbUkÂIHQRSGwRK_ZDbPWPIHQP-Ybz�TZ[�GIHKJ@HQPIGKu6GWC2DFGwTZPKu6RK_ZDbPWPN¥k�W��¤ 	�	 	
L�COHQDbM�PWTZMOHhYbz ��RSHQ[�G�RSY\TZ[2P N/uvRK_gDbPWPl�¯�F� A 	�	 	�L{GWDbTZ_ PWTZM2HNYbz ��RSHQ[�G�RSY\TZ[2P N/uvRK_ZDbPWPh¥k�@�\¤ 	 �
	 L�COHQDbM�PWTgMOHtYbz
S��;RSHQ[�G4RSY\TZ[2P N�Db[aM�RK_ZDbPWP��¯�b�7A 	 �
	 L{GWDbTZ_vPWTgMOHwYbz�S��]RSHQ[�G4RSY\TZ[2P N�DFJWHtE2JWHQPIHQ[�GIHQM�TZ[�GWC2TgP	GWDFUa_VHbo

�AP�PWCOY¾fX[lTZ[=GWDFUa_VH � oFSeu�MOHKGIHQRSGWTZ[2mtCOHQDbM2P�Db[aMlGWDbTZ_ZP Ybz �wRSHQ[�G¸RSY\TZ[2P�f�DbP¸JWHQ_ZDFGWTVcbHQ_VdNHQDbPIdbo�Ã`COH�U�DbPWTZR
DFE2E2JWY\DbR/C�L � � �������b��� N/ueRSHQ[�GIJ@HQM;f�HQTVm\C�G�Tg[2TVGWTZDb_ZTgPWDFGWTVY\[hnlHKGWCOYkM8ubGWCOH � � �����I�F��� ����� � �I��������nlHKGWCOYkMlDb[2M
GWCOH�mbHQ[2HKGWTZR�E2JWYbmbJ@Dbn;n]TZ[Om|U�DbPIHQMÀn;HKGWCOYeMÄDb_Vf	DQdkP=JWHQPW^2_ZGIHQMÀTZ[ÀTZMOHQDb_�JWHQPW^2_ZGWPtfXC2HKJWH�Db_Z_�GWCOH�YbUkÂIHQRSGWP
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Ã�DFU�_VH � oFS 5=B	Y\nlEaDFJ@TZPWY\[�Ybz	GWCOH;U6HQPIG�MOHKGIHQRSGWTVY\[�JWHQPW^2_ZGWP�DbR@C2TZHKcbHQM�^2PWTg[Om�GWCOH]PWT }�MOHKGIHQRSGWTVY\[ÄnlHKGWCOYkM2P
z�YbJAGWCOH�RSY\TZ[pE�TZRSGW^OJWHQPKo

YbzXTZ[�GIHKJWHQPIGhf�HKJ@H�RSYbJ@JWHQRSGW_Vd�MOHKGIHQRSGIHQM$fATVGWC�[OYyz�Db_ZPIH�Db_gDFJ@n;PKo » YbJlMOHKGIHQRSGWTZ[Om�RK_ZDbP@P;¥k�@�\¤ 	�	 	pYbUkÂIHQRSGWPKu
GWCOH �����������F�{��nlHKGWCOYkMÅE2J@YeM2^aRSHQM M �\¼ � z{Db_ZPWH�Db_ZDFJ@nÇJ@DFGIH]fAC2TZ_VHlGWCOH���� �����I�F��� ����� � �I�������NnlHKGWCOYkM
JWHQPW^2_ZGIHQM�Tg[�D=U6HKGIGIHKJ�E6HKJWz{YbJ@n;Db[2RSHbukGWC2DFG�TZPQu6½�S � � z{Db_ZPWH-Db_gDFJ@n(J@DFGIHbo » YbJXRK_gDbPWPw�¯�F� A 	�	 	FuaGWCOH#����� ���I�F�{�
nlHKGWCOYkM�_VHQMyGIYpD�½ � � z{Db_ZPWH=Db_gDFJ@n J@DFGIHlDFGwGWCOHlMOHKGIHQRSGWTVY\[rJ@DFGIHlYbz4½� � � uvfXC2Tg_VHtGWCOH ����� ���I�F�{� �������
�I�������XDbR@C2TZHKcbHQM�GWCOHtTgMOHQDb_6JWHQPW^2_ZGWPKo


4HKGIHQRSGWTZ[OmlCOHQDbMaP�Db[aM]GWDbTZ_gP�Ybz�S��hRSHQ[�GWP	f	DbP�n;YbJWH4MaT��]RK^2_VGKo � Yxf�HKcbHKJQu2GWCOH4JWHQPW^2_ZGWP�PWC2Yxf�DNP@TZn;TZ_ZDFJ
EaDFGIGIHKJ@[|GIY;GWCOY\PIH�z{YbJXCOHQDbMaP`Db[2MpGWDbTZ_gP	Ybz �;RSHQ[�GWP35

R ÃXCOHpUaDbPWTZR�DFE2EaJWY\DbR@C8u�RSY\^2_gM�PW^2RKRSHQPWPIz�^2_Z_ZdÀMOHKGIHQRSG;GWC2HQPIH�JWHKm\^2_gDFJ;YbUkÂIHQRSGWP]DFm\DbTZ[2PWG]DrJWHQ_ZDFGWTVcbHQ_Zd
^a[2TVz{YbJ@n(UaDbRWjembJWY\^2[2MvuOUa^OG`TVG�E2J@YeM2^aRSHQMpDl[�^2nNU6HKJ�Ybz z{Db_ZPWH�Db_ZDFJ@n;P�z{YbJw¥k�@�\¤ 	 � 	 Db[aMÅ�¯�F� A 	 � 	 o

R ÃXCOH�RSHQ[�GIJWHQM=f�HQTVm\C�G�TZ[2TVGWTZDb_gTZPWDFGWTVY\[wEaJWYeMa^2RSHQMND-_VY¾f�HKJ�z�Db_ZPIH�Db_ZDFJ/nÁJ/DFGIH�GWC2Db[hGWCOH	UaDbPWTZR	DFE2E2J@Y\DbR@C
z{YbJXDb_Z_8RK_gDbPWPIHQPXTg[�GWC2TZP�M2DFGWDFUaDbPWHbo

R ÃXCOH ����� ���I�F�{�hnlHKGWC2YeM]JWHQPW^2_VGIHQM�TZ[;nlYbJ@HXz�Db_ZPIHADb_gDFJ@n;P�z{YbJ�Db[�d;RK_ZDbPWP�TZ[lGWCaTZP¸M2DFGWDFU�DbPIHXGWC2Db[�GWCOH
U�DbPWTZRwDFE2E2J@Y\DbR@C8o

R ÃXCOHNmbHQ[2HKGWTZR=Db_VmbYbJ@TVGWC2n z{YbJw[OHKG�f�YbJWj|J@HK�a[OHQnlHQ[�GKu ��� � �W�������Ku8Db_Vf�DxdePtTZnlE2JWY¾cbHQM|GWC2H=M2HKGIHQRSGWTVY\[
E6HKJWz{YbJ@n;Db[aRSH�DbR/C2TVHKcbHQM=UedtGWCOH ��� �����I�F���NnlHKGWCOYkMNYbJ GWCOH	UaDbP@TZR�DFEaE2JWY\DbR@C=z{YbJ�Db_Z_�GWCOH	z�Y\^2J RK_gDbPWPIHQP
Tg[�GWC2TZP�M2DFGWDFUaDbPWHbo
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R Ã`C2HpmbHQ[OHKGWTZRpE2J@YbmbJ@Dbn;n;TZ[2myU�DbPIHQM�DFE2E2J@Y\DbR@C�Db[aM�GWCOH � � �����I�F��� ����� � �I�������;nlHKGWCOYkM�Db_Vf	DQdkP
JWHQP@^2_VGIHQMtTg[NTZM2HQDb_�MOHKGIHQRSGWTZY\[=E�HKJ@z�YbJ@n]Db[2RSH¸z{YbJ�Db_Z_�GWC2H�YbUkÂIHQRSG�RK_ZDbPWPIHQP>YbzaTg[�GIHKJWHQPWG Tg[�GWC2TZP>M2DFGWDFUaDbPWHbo
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Ã�DFUa_ZH � oFM�RSY\nlEaDFJWHQP�GWCOH�U6HQPIG�JWHQPW^2_VGWP�z{YbJ�MOHKGIHQRSGWTZ[2m�cbHKJWd�TVJWJWHKm\^2_gDFJQuXRSY\nlEa_ZHS} YbUkÂIHQRSGWP�DFm\DbTZ[aPIG�D
C2TVm\C2_Vd�RK_Z^OGIGIHKJ@HQM�UaDbR@j�mbJWY\^a[2M|TZ[�GWCOHtJWHKGWTg[2D=EaTZRSGW^OJ@HQPKo q [�GWCaTZP`M2DFGWDFUaDbPWHbu�GWCOHKJ@HNDFJWH�Y\[a_Vd�G�f�Y�RK_ZDbP@PIHQP
YbzATZ[�GIHKJWHQPIG35� h� �K�I� L�n;TgRSJWYyDb[2HQ^OJ@TZPWn]P NwDb[2M)¥e���S  L�C2DFHQnlYbJWJ/C2DFmbHQP N ��COYxf�HKcbHKJ;GWCOHKJ@H�DFJ@H�Db_gPIYyPWY\nlH
YbGWCOHKJARK_ZDbP@PIHQP�Ybz�[OY\[kÆ�TZ[�GIHKJWHQPIG`P@^2R@C�DbP�DF�K���O¢	Db[2MpYbGWCOHKJXHKdbHNDb[2DFGIY\nNdbo
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Ã�DFUa_ZH � oFM 5ÄB�Y\n;EaDFJ@TZPIY\[�YbzwGWCOH|U6HQPIG�YbUkÂIHQRSG�MOHKGIHQRSGWTZY\[)J@HQPW^2_VGWP�DbR@C2TVHKcbHQM^2P@TZ[OmÅGWCOHrPWT }�MOHKGIHQRSGWTZY\[
nlHKGWCOYkM2P�z{YbJ`GWCOH�JWHKGWTg[2D=EaTZRSGW^OJ@HQPKo1L 
 ��5 
4HKGIHQRSGWTVY\[ �XDFGIHbo » � � 5 » Db_ZPIHt�4_ZDFJ@n �ADFGIH N

» YbJtMOHKGIHQRSGWTg[Om�RK_ZDbPWP= =� �K�I�=YbUkÂIHQRSGWPKuvHKcbHQ[ÅTVz�nlY\PIGwYbz¸GWC2H;PWT }�nlHKGWC2YeM2P-PW^aRKRSHQPWPIz�^2_Z_Vd�MOHKGIHQRSGIHQMÀDb_Z_
GWCOH�YbUkÂIHQRSGWP�Ybz TZ[�GIHKJ@HQPIG L{GWCOH ����� ���I�F�{��nlHKGWC2YeMpTZPXDb[pHS}kRSHKEaGWTVY\[8uOfXC2TgR@C�Y\[2_Vd�MOHKGIHQRSGIHQM ��� � Ybz�GWC2HQPIH
YbUkÂ�HQRSGWP N/u2GWCOHKd�Db_gPIYlJWHQPW^2_ZGIHQM�Tg[�D=_ZDFJ@mbH-[e^2nNU6HKJ�Ybz>z�Db_ZPIHwDb_ZDFJ@n;PQo ÃXCOH-UaDbPWTZR-DFE2E2J@Y\DbR@C8uOz{YbJ�HS}kDbn;Ea_VHbu
E2JWYkM2^2RSHQMy½� �NGWTgnlHQP�n;YbJWHAz�Db_ZPIH-Db_ZDFJ@n]P¸GWC2Db[�GWCOH-MOHQPWTZJWHQM;YbUkÂIHQRSGWP�TZ[�GWCOH-M2DFGWDFUaDbPIH L{z�Db_ZPIHADb_gDFJ@n(J@DFGIH
f�DbPh½�O½�FL � N4DFGAD�MOHKGIHQRSGWTVY\[yJ@DFGIHNYbz`½� � � oXÃ`COHNmbHQ[OHKGWTZRtE2JWYbmbJ@Dbn;n]TZ[Om;UaDbPWHQM|DFE2E2J@Y\DbR@CyTZnlE2JWY¾cbHQM
GWCOH�E6HKJWz�YbJ/n;Db[2RSH	U�d�½x¼AGWTZnlHQP�DbP�GWC2H�z�Db_ZPIH�Db_ZDFJ/n&J@DFGIH�f�DbP¸MOHQRSJWHQDbPIHQMlGIY � � � � DFG�GWCOH�PWDbnlH`MOHKGIHQRSGWTZY\[
J@DFGIHbo


4HKGIHQRSGWTZ[Om=RK_ZDbPWP�¥k���S ¿YbUOÂ�HQRSGWP�f�DbP¸HKcbHQ[�n;YbJWHXM2T���RK^2_VGKubfXCOHKJ@H`[OY\[OH`Ybz6GWCOH4PWT }lnlHKGWCOYkM2P�PW^2RKRSHQP@P�Æ
z{^2_g_VdtMOHKGIHQRSGIHQM�Db_Z_kGWCOH`YbUOÂ�HQRSGWP¸Ybz�GWC2TgP�RK_ZDbPWPKo Ã`COH�U6HQPIG�M2HKGIHQRSGWTVY\[;J@DFGIHATZP � Seo sk½ � uefXC2TZR/C=f�DbP�DbR@C2TZHKcbHQM
U�drGWCOH;Gif�YyEaC2DbPWH;nlHKGWCOYkM2PwfXTVGWCÅGWCOH;JWHK�a[2HQnlHQ[�GtmbHQ[OHKGWTZR]Db_ZmbYbJ@TVGWC2npo��APNDb[2Db_VdkPIHQM�HQDFJ@_ZTZHKJQu¬GWC2TgP�TZP
M2^OHAn]DbTZ[2_VdhGIYNGWC2H4_ZDFJ@mbHXcFDFJ@TZDFGWTVY\[�TZ[lGWCOH-PWT��KHAYbz8GWCOH4YbUkÂ�HQRSGWP	TZ[]GWC2TZP�RK_ZDbPWP�L�PIHQRSGWTVY\[�¼�o � oZ½FuOEaDFmbH=½ � L N/o

½ �bs



� ��� � �����!�	&�$	+ �3�4��+

Ã`C2HQPIHwJWHQPW^2_ZGWP�Db_ZPIY;PWCOY¾f¿GWC2DFG35
R ÃXCOH�UaDbPWTZR�DFE2E2J@Y\DbR@C�E2J@YeM2^aRSHQMÄD�_ZDFJWmbHp[�^antU6HKJlYbz4z{Db_ZPWH�E6Y\PWTZGWTVcbHQP=z�YbJlGWC2HQPIH|RK_ZDbPWPWHQPKu¸fXCaTZR@C
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RK_Z^2PWTVY\[aPKo

Ã`COHA�2cbHAC�d�E6YbGWCOHQPWHQP�DbM2M2JWHQPWPIHQM�TZ[]R/C2DFE2GIHKJw½Xf�HKJWHAHS}kDbn;Tg[OHQM]TZ[]GWCOH-RSY\^OJ@PIHAYbz8GWCOHATZ[�cbHQPIGWTVm\DFGWTZY\[Q5

½Fo����/�k�b�{¥k�S¢/��¢ ����� �F��{¥k�y¡W�£¢ ���;���K?��3AA¡W�£¢Q�W¤����BIk�I�0A����K���¸�b�)#��/�\�����Q���S¥¡/�|�/��� A �¯�W¤Ä�¯�� !I A ��� � AV�
��A �£¢/¢N��¡��Q�W�x��¤��K���W�x�����b�]������¡3AV�K h¢	�
» YbJ GWCOH�GWCOJWHKH	M2DFGWDFUaDbPIHQP MOHQP@RSJ@TVU6HQM�TZ[tGWC2TZPvGWC2HQPWTZPKuFGWCOH�UaDbPWTZR�DFE2E2JWY\DbR/CNf	DbP>PW^2RKRSHQPWPIz�^2_Z_Zd-DFEaEa_ZTVHQM
GIY�GWCOH;HQDbPId�Db[aM�GWCOH�RSY\Tg[�M2DFGWDFUaDbPWHQPtUa^2Gt[OYbGtz{YbJtGWC2H]JWHKGWTZ[aDpEaTZRSGW^OJ@HQPKo�Ã`C2H;UaDbPWTZR]DFE2E2JWY\DbR/C
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RK^2GIY\^OGWPXUed�GWCOHhRSYbJWJWHQPIE6Y\[2MaTZ[Om;GIJ@DbTg[2TZ[Om;Db_VmbYbJ/TVGWC2n%fXTVGWCOY\^OGXGWCOHtJWHK��[OHQnlHQ[�GKoAÃ`COH � � �������F�{� �
����� �I�������=nlHKGWC2YeM�DbR/C2TVHKcbHQM�U6HKGIGIHKJ]M2HKGIHQRSGWTVY\[�JWHQPW^a_VGWP=GWC2Db[$GWCOH � � �����I�F���ÀnlHKGWCOYkM�Db[2M$GWCOH
�����������F�{� �������i�W���¸���`n;HKGWCOYeM�E6HKJWz{YbJ@nlHQM�U6HKGIGIHKJAGWC2Db[pGWCOH ����� ���I�F�{��nlHKGWC2YeM8o

�eo ���/�k�b�{¥k�S¢/��¢ 	 � � �F�Å���S�6�K��� �-���I�W�\���F = =�{���À¡/�]�/��� A �¯�W¤r�¯�| !I A ��� � AZ���3AV�£¢@¢]��¡��K�@�Q�A¤��K���W�x�����b���b��¤
�����Q¤ IO� �r�F� �� A���I�0DF�K ]�S�a�=� G|¤��Q���W�Q��� �F���O�S� GK�F�/ ;�F���/���0Db�S�p�{¥k�r¡W�F¢/� �y� �\���I�Q�\�S¥�F�)�{¥k��¢K�F ]�
¤��K���W�x�����b�]������¡3AV�K h¢	�
ÃXCOHAmbHQ[2HKGWTZR-E2JWYbmbJ@Dbn]n;TZ[OmhEaDFJ@DbM2TZm\n(CaDbP	U�HKHQ[pP@^2RKRSHQPWPIz�^2_Z_Vd;DFEaEa_ZTVHQM�GIY;nN^a_VGWTVEa_VH4RK_ZDbPWP	YbUkÂIHQRSG
M2HKGIHQRSGWTVY\[�E2JWYbU�_VHQn;PhDb[2M�DymbHQ[OHKGWTZR�E2JWYbmbJ/Dbn;n;TZ[OmyUaDbPIHQM�DFEaE2JWY\DbR@C�CaDbP=U�HKHQ[�M2HKcbHQ_VYbE6HQMÀz{YbJ
GWCaTZP	Ea^OJWE6Y\PIHbo
@w[�Db_Z_\MOHKGIHQRSGWTZY\[�E2JWYbU�_VHQn;P8MOHQPWRSJ/TVU6HQMwTZ[wGWC2TZP6GWC2HQPWTZPKu£GWCOH�mbHQ[OHKGWTgR�E2JWYbmbJ@Dbn]n;TZ[Om�UaDbPWHQMtDFE2E2J@Y\DbR@C
n]DFJWjbHQM2_VdÄTZnlE2JWY¾cbHQM�GWCOH|M2HKGIHQRSGWTVY\[�E6HKJWz{YbJ@n;Db[2RSH�Y¾cbHKJ�GWCOHpU�DbPWTZRp[OHQ^OJ/Db_�[OHKG�f�YbJWj�DFE2E2JWY\DbR/C8o
ÃXC2TZP�DFE2EaJWY\DbR@C�_VHQM]GIYhTZM2HQDb_2E6HKJWz{YbJ@n;Db[2RSHAz�YbJ	Db_Z_aM2HKGIHQRSGWTVY\[�E2JWYbUa_VHQn]P�TZ[;GWC2HXHQDbPId]Db[aM]GWCOH4RSY\TZ[
E�TZRSGW^OJWHQPKo q [�EaDFJWGWTZRK^a_ZDFJQukTVG	mbJWHQDFGW_Vd�TZnlE2JWY¾cbHQM�GWCOHwE6HKJWz{YbJ@n;Db[2RSH4z�YbJXGWCOHwMOHKGIHQRSGWTVY\[pE2J@YbUa_VHQn;P	TZ[

½ � �
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GWCOHwJ@HKGWTZ[2D=EaTZRSGW^2JWHQPKo
@-[2H�YbzwGWCOH|n;D¾ÂIYbJ�M2T��6HKJWHQ[2RSHQP;U6HKGif�HKHQ[ GWCOH�mbHQ[2HKGWTZR|EaJWYbmbJ@Dbn;n;Tg[OmÅnlHKGWCOYkM�Db[2M)Db_Z_X[2HQ^OJ@Db_
[OHKGif�YbJ@jwUaDbPIHQMtM2HKGIHQRSGWTVY\[=nlHKGWCOYkM2P¬MOHQP@RSJ@TVU6HQMwTZ[�GWCaTZP8GWCOHQPWTgP¬TZP¬GWC2DFG¬GWCOHQPWH�[OHQ^OJ/Db_\[OHKG�f�YbJWj�U�DbPIHQM
nlHKGWC2YeM2P�^aPIHQMlJ@Dxf�EaT }kHQ_OM2DFGWD�DbP�TZ[OEa^2GWPKubfXC2TZ_ZH�GWC2H�mbHQ[OHKGWTZR`EaJWYbmbJ@Dbn;n;Tg[Om-UaDbPIHQM;nlHKGWC2YeM;^aPIHQM
S��hEaT }kHQ_�PIGWDFGWTZPIGWTZRKPQuOGWC2DFG�TZPKuCS��lMOY\n;DbTZ[�TZ[2M2HKE�HQ[aMOHQ[�GKu�EaT }kHQ_�_ZHKcbHQ_�z{HQDFGW^OJWHQP�DbP�Tg[OEa^OGWPKo Ã`COH-z�DbRSG
GWC2DFG�mbHQ[OHKGWTZRXE2JWYbmbJ@Dbn;n]TZ[Om�UaDbPWHQM]nlHKGWCOYkM]DbR/C2TVHKcbHQM�GWCOH`U6HQPIG�JWHQPW^2_ZGWP�n;TVm\C�G¸U6H`JWHQ_gDFGIHQM;GIYhGWC2TZP
M2T���HKJWHQ[aRSHbo q G�TZP¸[OHQRSHQPWPWDFJWdlGIYhTZ[�cbHQPIGWTVm\DFGIHXfACOHKGWCOHKJ¸U6HKGIGIHKJ�E�HKJ@z�YbJ@n]Db[2RSHXRKDb[;U6HXDbR/C2TVHKcbHQM�TVz�GWCOH
S��lE�T }eHQ_8PWGWDFGWTZPIGWTZRKPADFJWHtDFE2Ea_gTVHQM�GIY]GWCOHQPIHN[OHQ^OJ@Db_8[OHKGif�YbJ@jpUaDbPIHQM�nlHKGWC2YeM2PQo���HNPW^2mbmbHQPIGXGWC2TgP�DbP
D=z�^OGW^OJWHwJ@HQPIHQDFJ@R@C�M2TVJWHQRSGWTZY\[8o

�A_ZGWCOY\^Om\C�GWCOHKd|DFJWH=[OYbGXEaJ@TZn;DFJ@Tg_Vd]JWHQ_gDFGIHQM�GIY�GWCOH=C�deE6YbGWCOHQPIHQPKu�GWCOHNz�Y\_Z_ZYxfXTZ[2m;YbUaPIHKJWcFDFGWTVY\[2P4C2DxcbH
U�HKHQ[|Db_ZPIYlJWHQPW^a_VGIHQM�z�J@Y\n GWC2TZP�GWC2HQPWTZPKo
½Fo-B�Y\n;EaDFJWHQM�fXTVGWCpDb_Z_�YbGWCOHKJAMOHKGIHQRSGWTVY\[�nlHKGWC2YeM2P�M2HQPWRSJ@TVU6HQM�TZ[�GWC2TZP	GWCOHQPWTgPKukGWCOH-mbHQ[OHKGWTZRwE2J@YbmbJ@Dbn=Æ
n;Tg[OmXUaDbPWHQMlDFE2E2JWY\DbR/ClDbR@C2TVHKcbHQM;GWCOH	U�HQPWG>J@HQPW^2_VGWP�z�YbJ�Db_g_�GWC2H�GIJ/Db[2PW_ZDFGWTVY\[=Db[2MhJWYbGWDFGWTZY\[lTZ[�cFDFJ@TZDb[�G
YbUkÂIHQRSGwMOHKGIHQRSGWTVY\[rE2J@YbUa_VHQn;PKo » YbJNDb_Z_¬GWC2HhYbUOÂ�HQRSG�MOHKGIHQRSGWTZY\[rE2JWYbUa_VHQn]PAMOHQP@RSJ@TVU6HQM�Tg[|GWC2TgPXGWCOHQP@TZP
HS}ORSHKE2Gpz{YbJ�RK_ZDbPWPr¥e���S  L�TZ[fXC2TgR@C GWCOH�YbUkÂIHQRSGWP�C2DxcbH�D$UaTVm$cFDFJ@TZDFGWTVY\[TZ[�PWT �KH N/uAGWCOH�mbHQ[2HKGWTZR
E2J@YbmbJ@Dbn;n;TZ[2mlUaDbPIHQMyDFE2E2JWY\DbR/C|f	DbPXGWC2HtU6HQPIGKuaz{Y\_Z_VY¾f�HQM|U�d � � � ���I�F�{� ����� � �W�������ADb[2M�RSHQ[�GIJ@HQM
f�HQTVm\C�GNTZ[2TZGWTZDb_ZTZPWDFGWTZY\[8u¬Db[2MÀGWCOHQ[ÀGWCOH������������F�{� �������i�W���¸���Su�GWCOH�UaDbPWTZR�nlHKGWCOYkMÀDb[aM�GWCOH���� �
���I�F�{��nlHKGWCOYkM8o

SeoAÃ`C2H�MOHKGIHQRSGWTVY\[=nlHKGWC2YeM � � �������F�{� �������i�W���¸���>DbR@C2TZHKcbHQM=GWCOH�TgMOHQDb_�J@HQPW^2_VGWP¬z�YbJ�MOHKGIHQRSGWTZ[2mAGWCOH�HQDbPId
Db[2M]RSY\TZ[;EaTgRSGW^OJWHQPKu\GWCaDFG�TZPKu�GWC2TZP�nlHKGWC2YeM�PW^2RKRSHQPWPIz�^2_Z_ZdNMOHKGIHQRSGIHQM�Db_Z_OGWC2H`YbUkÂIHQRSGWP¸YbzvTZ[�GIHKJWHQPIG¸fXTVGWC
[OY|z{Db_ZPWH�Db_ZDFJ@n]P�Y\[ÄDb_Z_�GWCOH�MOHKGIHQRSGWTVY\[ÄE2JWYbU�_VHQn;P�TZ[�GWCOH]HQDbPWdÅDb[2M�GWC2H�RSY\TZ[�EaTZRSGW^OJWHQPQo q GhDb_ZPIY
JWHQP@^2_VGIHQM|Tg[�U6HKGIGIHKJ4M2HKGIHQRSGWTVY\[yE�HKJ@z�YbJ@n]Db[2RSHtY\[�GWCOH=M2T��]RK^2_ZG`MOHKGIHQRSGWTVY\[yE2JWYbUa_ZHQn;PXTZ[|GWCOHtJ@HKGWTZ[2D
EaTgRSGW^OJWHQP�GWC2Db[�Db_Z_8n;HKGWCOYeMaP	YbGWCOHKJ`GWC2Db[pGWC2HwmbHQ[OHKGWTZRwE2J@YbmbJ@Dbn;n;TZ[2mhU�DbPIHQMpDFE2E2JWY\DbR/C8uaTZ[aRK_Z^2M2TZ[2m
GWCOH�UaDbPWTZR�DFE2E2JWY\DbR/C8u�RSHQ[�GIJWHQMÄf�HQTVm\C�G=TZ[2TVGWTZDb_gTZPWDFGWTVY\[�nlHKGWC2YeM8u GWCOH���� �����I�F���Ån;HKGWCOYeMÄDb[2M�GWCOH
����� ���I�F�{� �������i�W�����6��nlHKGWCOYkM8o

MeoAÃ`C2HNnlHKGWCOYkM2P-MOHQPWRSJ/TVU6HQM|COHKJWH=f�HKJWHl[OYbG4EaDFJWGWTZRK^2_gDFJ@_Vd�H
��HQRSGWTZcbH;TZ[�M2HKGIHQRSGWTZ[OmpC2DFHQnlYbJWJ/C2DFmbHQPwTZ[
JWHKGWTg[2D=EaTZRSGW^OJ@HQPKu2fXC2TgR@C�PW^2mbmbHQPIGWPXGWCaDFGAGWCOHKdpRKDb[y[OYbG`U6Ht^2PWHQM�GIY�M2HKGIHQRSGAYbUkÂIHQRSGWPAfXTVGWC�M2T���HKJWHQ[�G
PWT �KHQP�fXC2TZR/CpDFJWH�TZ[pGWC2H�PWDbnlHtRK_ZDbP@PKo

LOo q [�Db_Z_XGWCOH�n;HKGWCOYeMaP�MOHQP@RSJ@TVU6HQM�TZ[�GWCaTZP;GWCOHQP@TZPKu`TVG]TgP][OHQRSHQPWP@DFJWd�GIYÄ�a[2M�mbYeYeM)cFDb_Z^OHQP�z�YbJ�GWCOH
cFDFJ@TVY\^2P�EaDFJ/DbnlHKGIHKJ@PKo Ã`C2TgP�mbHQ[2HKJ@Db_Z_Vd C2DbPpGIY�U6H�MOY\[OH�GWCOJWY\^2m\CHQnlEaTVJ@TgRKDb_4PWHQDFJ@R@C�z{YbJpHQDbR@C
MOHKGIHQRSGWTZY\[pE2JWYbUa_ZHQnpo
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�eo » YbJ4MOHKcbHQ_ZYbEaTZ[Om]D�MOHKGIHQRSGWTVY\[yPIdkPIGIHQn z{YbJ-D]RSY\nlEa_ZHKGIHQ_Vdp[OHKf Tgn;DFmbHtM2DFGWDFUaDbPWHbu�GWC2HtmbHQ[OHKGWTZRtE2JWYFÆ
mbJ/Dbn;n;TZ[OmhUaDbPIHQMpn;HKGWCOYeM�JWH�7e^2TVJ@HQP�GWC2H-_ZHQDbPIG	f�YbJWj�Ybz�Db_Z_�GWCOHwMOHKGIHQRSGWTZY\[�nlHKGWCOYkM2P	MOHQPWRSJ@TZU�HQM�TZ[
GWCaTZP	GWCOHQPWTZPQo

seoXÃXCOH�mbHQ[OHKGWTZRNDb_VmbYbJ@TVGWCan z�YbJ-[OHKGif�YbJWjpJ@HK�a[OHQnlHQ[�GXDb[2M|GWCOHtmbHQ[OHKGWTgR�E2JWYbmbJ/Dbn;n;TZ[Om;DFEaE2JWY\DbR@CyTZ[kÆ
cbY\_ZcbHX_VY\[OmwGIJ@DbTg[2TZ[Om4GWTZnlHQPKo � Yxf�HKcbHKJQueGWC2TZP�RSY\^2_gM=U�H	mbJWHQDFGW_Zd=TgnlE2JWY¾cbHQMlfXTVGWC=EaDFJ/Db_Z_VHQ_kC2DFJ@MOf	DFJWHbo
ÃXCOH�RSHQ[�GIJ@HQM�f�HQTVm\C�G`Tg[2TVGWTZDb_ZTgPWDFGWTVY\[�nlHKGWCOYkM�C2DbP�GWCOHNPWCOYbJWGIHQPIG�GIJ/DbTZ[2TZ[Om=GWTZn;Hbo

¼�oXÃXCOH;mbHQ[OHKGWTZR�E2JWYbmbJ/Dbn;n;TZ[Om�DFE2E2JWY\DbR/C8u�fXC2TZR/CÅmbHQ[OHKJ/DFGIHQPhRSY\n;Ea^OGIHKJ=E2JWYbmbJ@Dbn]PNDFz{GIHKJNGIJ/DbTZ[2TZ[OmOu
CaDbPAD�PWCOYbJWGIHKJwMOHKGIHQRSGWTZY\[�GWTgnlHNTZ[|mbHQ[OHKJ@Db_>GWC2Db[r[OHQ^OJ/Db_¬[OHKGif�YbJWj|JWHQ_ZDFGIHQMrnlHKGWCOYkM2PKu6PWTZ[2RSHNGWCOHKJWH
DFJ@H�PWTZm\nlY\TZMÄDb[2M�YbGWC2HKJhz�^2[2RSGWTZY\[2PNDb[aMÀDb_Z_�GWCOH�EaT }kHQ_¸TZ[2Ea^OGWPtTg[�GWCOH�z{HKHQMÀz{YbJWf	DFJ@MÀEaDbPWPhfXC2TZ_ZH
GWC2HKJWHtDFJWHNY\[2_Vd�PWTZnlEa_ZH�DFJ@TVGWC2nlHKGWTgR-YbE�HKJ/DFGIYbJ@PADb[aMpz�HKf�HKJ4EaT }kHQ_8PIGWDFGWTZPIGWTZRKP4TZ[OE�^OGWP�TZ[pGWCOHtmbHQ[OHKGWTZR
EaJWYbmbJ@Dbn;n;Tg[Om;DFE2E2JWY\DbR/C8o / [2M2HKJ`GWCOHtPWDbn;Ht[OHKG�f�YbJWj�DFJ@R/C2TVGIHQRSGW^OJ@Hbu�Db_Z_v[2HQ^OJ@Db_v[OHKGif�YbJ@jpJWHQ_ZDFGIHQM
n;HKGWCOYeMaP�C2DQcbHNGWCOHtPWDbnlHwYbUOÂ�HQRSG4MOHKGIHQRSGWTVY\[�GWTgnlHbo

� oXÃXCOHwPWT��KH-Ybz¬GIJ@DbTg[2TZ[Om=PIHKG�^2PIHQM�z{YbJ`[OHKG�f�YbJWj�GIJ@DbTZ[2Tg[OmhTgP�RSY\[aPWTZPIGIHQ[�G	fXTVGWC�GWCOH�_ZTVGIHKJ/DFGW^OJWHbukGWC2DFG`TZPKu
[2HKG�f�YbJWjePtRKDb[rU�H=PW^2RKRSHQP@PIz{^a_Z_Vd�GIJ@DbTg[OHQMr^2PWTZ[Om�z�HKf�HKJ�GIJ@DbTg[2TZ[Om�HS}kDbnlE�_VHQP-GWC2Db[yGWCOY\PIH;PW^2mbmbHQPIGIHQM
Ued�GWCOHt_VHQDFJ@[aTZ[OmhGWCOHKYbJWd L�PIHQRSGWTVY\[ SeoFMeo �euaEaDFmbH M£L N/o

�w,�� �l:N36:=5%��� 7X5��
PeHKcbHKJ@Db_	E6YbGIHQ[�GWTZDb_¸J@HQPIHQDFJ@R@C�MaTVJWHQRSGWTVY\[2PNYbJ=GIYbEaTZRKPhf�HKJWHpPW^OmbmbHQPIGIHQM�M2^2J@TZ[Om�GWC2H�TZ[�cbHQPIGWTVm\DFGWTZY\[$Ybz`GWC2TZP
GWCOHQPWTZPQo
½Fo q [rGWCOH;U�DbPWTZRlDFE2E2J@Y\DbR@C�Db[aMrGWCOH;G�f�Y|E�C2DbPIH;DFE2E2J@Y\DbR@COHQPtJ@DQf Tgn;DFmbH;EaT }kHQ_�M2DFGWDpf�HKJWH]^aPIHQMÅDbP
Tg[OEa^OGWPNGIY�[OHQ^OJ@Db_	[OHKGif�YbJWjkP=fXC2Tg_VH]EaTV}eHQ_	PIGWDFGWTZPWGWTZRKPhf�HKJWH�^aPIHQM$TZ[�mbHQ[2HKGWTZR�E2JWYbmbJ@Dbn]n;TZ[OmyUaDbPIH
DFEaE2JWY\DbR@Cvo q [�cbHQPIGWTVm\DFGWTVY\[ÀYbz�^2PWTZ[OmpGWC2H]G�f�HQ[�G�d�MOY\n]DbTZ[ÅTZ[2M2HKE�HQ[aMOHQ[�GKu¬EaT }kHQ_�_VHKcbHQ_�z{HQDFGW^OJWHQPhDbP
Tg[OEa^OGWPXGIY�GWC2Hh[OHKGif�YbJ@jePwTZP-Db[rTZ[�GIHKJWHQPIGWTZ[2m�M2TZJWHQRSGWTVY\[|Db[aM�f�Y\^2_ZM�JWHKcbHQDb_ fXC2HKGWCOHKJ-mbY�YkMyE�HKJ@z�YbJIÆ
n]Db[2RSH�Ybz>GWCOH�mbHQ[OHKGWTZR�E2JWYbmbJ@Dbn;n]TZ[OmlDFE2E2JWY\DbR/C�f	DbP`M2^OHwGIY]GWCOHQPIH�EaTV}eHQ_8PIGWDFGWTgPIGWTZRKPKo

Seo » YbJ>GWC2H�RSHQ[�GIJWHQMhf�HQTVm\C�G TZ[2TVGWTZDb_gTZPWDFGWTVY\[-Db_VmbYbJ@TZGWC2npuFTVG�n;TZm\C�G�U�H�Db_ZPIY4TZ[�GIHKJ@HQPIGWTZ[OmAGIY4TZ[�cbHQPIGWTVm\DFGIH	Db[
Db_ZGIHKJ@[2DFGWTVcbHAf�Dxd;YbzvTZ[2TVGWTgDb_ZTZPWTZ[2mAGWCOHAf�HQTZm\C�GWP35�PIHKG�GWCOH4UaTVm�cFDb_Z^OHQP¸z�YbJ�GWCOHAf�HQTVm\C�GWP�RSYbJ@JWHQPIE6Y\[2M2TZ[2m
GWC2HwGWCOH�HQMOmbHQPXYbz�GWCOHNTZ[OEa^OG��2HQ_ZMpDb[aM�PWn;Db_Z_6cFDb_Z^OHwz{YbJ`GWCOHtf�HQTVm\C�G`TZ[�GWCOHNRSHQ[�GIJWHbo

Meo q [�GWCOH�RSHQ[�GIJWHQMpf�HQTVm\C�GXTZ[2TVGWTgDb_ZTZPWDFGWTVY\[�nlHKGWCOYkM8uOGWCOHwJ@Db[2mbHwYbz�GWCOHwU�TVmbmbHQPIG`RSHQ[�GIJWHQM�f�HQTVm\C�G`[OHKHQM2P
GIY=U6H4E2JWYbE6HKJ@_Vd;PIHKG	GIY=YbU2GWDbTZ[�z�DbPIG	GIJ@DbTZ[2Tg[OmNPIE6HKHQM�Db[2M�mbYeYeMpMOHKGIHQRSGWTZY\[�E�HKJ@z�YbJ@n]Db[2RSHbo��ÅDQdkP�YbJ

S��O½
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J@^a_VHQP4z�YbJ 7e^2TZR@je_VdyPIHKGIGWTZ[OmpGWC2HlUaTVmbmbHQPIGwcFDb_Z^OH=z{YbJwGWCOH;RSHQ[�GIJ@HQMÅf�HQTVm\C�G�[2HKHQMrGIY�U6H=Tg[�cbHQPIGWTZm\DFGIHQM
Db[2M�fACOHKGWCOHKJ`YbJX[2YbGXDlmbHQ[OHKJ@Db_¬PIGWDFJWGWTZ[OmlE6Y\TZ[�G�z{YbJXM2T��6HKJWHQ[�G�E2JWYbUa_VHQn]P�RKDb[|U6Hwz�Y\^2[aM8o

LOo q [�GWCOHhmbHQ[OHKGWTZRhDb_VmbYbJ@TZGWC2n J@HQ_ZDFGIHQM�M2HKGIHQRSGWTVY\[�nlHKGWCOYkM2P	~ ����� ���I�F�{�2u � � �������F�{� �������i�W���¸���ADb[2M
����� ���I�F�{� �������i�W�����6�Su-GWCOHÅ[OHKGif�YbJWj f�HQTVm\C�GWP�DFJWH�J@Db[2M2Y\n;_Vd�TZ[aTVGWTZDb_ZTZPWHQM�U6HKz�YbJ@H�GWCOHÅ[OHKG�f�YbJWj
GIJ@DbTg[2TZ[Om�PWGWDFJWGWPKo Ã`C2HyTZ[�cbHQPIGWTVm\DFGWTZY\[)YbzhTZ[�GIHKmbJ@DFGWTZ[OmÄGWCOH�nlHKGWCOYkM2P�fXTVGWC)GWCOH�RSHQ[�GIJWHQMf�HQTVm\C�G
TZ[aTVGWTZDb_ZTZP@DFGWTVY\[]Db_VmbYbJ/TVGWC2n TZP�Db[2YbGWCOHKJATZ[�GIHKJWHQPIGWTg[OmlM2TVJWHQRSGWTVY\[vo

�eo q [ÄGWCOHpmbHQ[OHKGWTZR�E2J@YbmbJ@Dbn;n;TZ[2myU�DbPIHQM�DFE2E2JWY\DbR/C8u	DrGWCOJWHQPWCOY\_gMÀÃ f	DbP;^2PWHQMÀGIY�m\TVcbHp�O}kHQM�PWT��KH
J@Db[2mbHQPNz{YbJ=MOHKGIHKJ@n;TZ[aTZ[Om�GWCOH�RK_ZDbPWPNYbz`GWCOH�YbUkÂIHQRSGWP=z�J@Y\nÇGWCOH�Y\^OGIEa^2GtYbzXDb[ÄHKcbY\_VcbHQM$E2J@YbmbJ@Dbnpo
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4�DbPWPKoVu¬½ �\¼¾LOo

� S��FL�� 
hob�C2TVGW_VHKdhDb[2MlÃwo � Db[aPIY\[8o-@4EaGWTZn;TZPWTg[OmA[OHQ^2J@Db_k[OHKG�f�YbJWjkP¸^2PWTg[OmAz�DbPIGIHKJ¸n;YbJWH`DbRKRK^OJ@DFGIH`mbHQ[2HKGWTZR
PIHQDFJ/R@C8o q [ �����Q� �@�@¤F���e�F¢;� Gl�{¥k� �¬¥��{�I¤��/�a���K�/���\�����F���0A � �F��GQ�S�W�S���/�;�b� �`�S�6�K��� � ��A ���F� ���{¥� h¢l�F��¤
�{¥k�K��� ���\� A � �@�b��� �F�O¢ uaEaDFmbHQP�M �k½/~ M �bseo%4�YbJWm\Db[��Db^Oz�n;Db[8uv½ � � �eo

� S���� � . o\�TZ_ZPIY\[vo 
4HKcbHQ_VYbEanlHQ[�G¸Ybz6mbHQ[OHKGWTgR�E2JWYbmbJ@Dbn]n;TZ[Om�PIGIJ/DFGIHKm\TVHQP¸z{YbJ¸^2PWHXTZ[=GWCOH`J@YbU�YkRK^OE;MOY\n]DbTZ[8o
Ã�HQR@C2[aTZRKDb_8JWHKE6YbJWGKu 
4HKEaDFJWGWn;HQ[�G`Ybz¸B�Y\n;Ea^OGIHKJ�PkRKTVHQ[aRSHbu � 4 q Ã�uv½ � � � o � Y\[OY\^OJ@P`ÃXCOHQPWTZPKo

� S��\s � �2o » o��TZ[OjbHQ_VHKJpDb[2M <4o�P�o 4|Db[£ÂW^2[2DFGWCvo �4HQ[OHKGWTZRrE2J@YbmbJ@Dbn;n;TZ[2m�z{YbJpYbUkÂ�HQRSG�M2HKGIHQRSGWTVY\[8o q [
�2o ��o!�wY �QDku��;o 
AHKU¬u�4Åo 
4YbJ@TZmbYOu 
ho3<4o » YbmbHQ_ u 4�o �-DFJ��KY\[vu � o q UaDku2Db[aM ��o ��o �ATVY\_VYOuOHQM2TZGIYbJ@PKu
�`�K���K��� � �����@�b�I�F = h�{��� ����� � � �����Q� �@�@¤F���e�F¢A� GX�{¥O� �6�W�@�b��¤ �4�2�,I2�0A � �F� GK�K�I�K���/�Ku\EaDFmbHQP�M M��¾~ M M �eu
PeGWDb[2z�YbJ@M / [2TVcbHKJ/PWTVG�dbu�B��tu / Pk�Nuv½�M¾Æ@½Qs ��^2_Vd|½ � �\¼�o4|YbJWm\Db[���Db^2z{n;Db[a[8o

� S���¼ � . ov�TZ[�GIHKJQu�P�o�PeYbjeCaDb[2PWDb[£ÂKu � o>B4o ��YeYeM8u Db[2M�� o>B�J@HKJ@DFJQo �-^aDb_ZTVG�drDbPWPIHQP@PWnlHQ[�GtDb[2M�mbJ@DbMaTZ[Om
Ybz`_VHQ[�GWTZ_ZPN^2PWTZ[2m|n;DbR@CaTZ[OH]ckTZPWTZY\[8o q [ ���b� ����I A �JIk��� A �/�O¢S���{�JIO���p� G � �F����¤\� �-�2�,I2�0A � �b��GK�K�I�K���/�Ku
PkDbPWj£DFGIYeY\[8uOP � P2¼�� �F� �eu�B	Db[aDbM2Dku ��^2_Vdh½ � �bseobB	Db[aDbM2TZDb[�PeYkRKTVHKG�d-YbzO�AmbJ@TZRK^2_VGW^2J@Db_ >¸[Om\TZ[2HKHKJ@TZ[OmOo
B	��P >�E�DFE�HKJ �AYOo �bs¾Æ>Mk½�ko
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� S�� � � . o�� TZ[�GIHKJQu>�Áo �¸Db[OmOu�P�o�PeYbjkC2Db[2P@Db[£ÂSu>Db[2M � o¬��YeYeMvo 
-TZP@RSJ@TZn;TZ[aDFGWTVY\[yYbz`C2DFJ@MkÆ¯GIYFÆ¯E6YbE�E6YbEOÆ
RSYbJ/[�jbHKJ@[OHQ_ZP�Ued�n]DbR@C2TZ[2HwceTZP@TVY\[�Db[2Mp[OHQ^OJ@Db_6[OHKGif�YbJ@j�o q [ ��� � � � � � � �� ]�/�K���{���bu PkDbPWj£DFGIYeY\[8u
B�Db[2DbM2Dku PeHKE2GKo�½ � �bseo . DFE6HKJ �XYOo 4|����PO��P � �bs¾Æ@½��¼�o

� S���� � �=o���Y\[8u . o 
ho��-DbM2HKJQu�Db[2M . o�B4o�B	Y �;HQ_ZM8o 4|YbJWEaCOY\_ZYbm\TZRKDb_`PWC2DFJ@HQMkÆ¯f�HQTZm\C�G][2HKG�f�YbJWjeP]fXTVGWC
DFEaEa_ZTZRKDFGWTVY\[aP�GIY)Db^OGIY\n;DFGWTZR�GWDFJ@mbHKG|JWHQRSYbm\[2TZGWTVY\[8o ������� �2���F�2¢S�\�x�����F�2¢Ä�F� �6�BIk��� Aw���K���¸�F� #x¢ u
� L �ON 5Z½b½ � �x~�½�S��OMeu�PeHKE2GIHQnNU�HKJN½ � �\¼�o q P,P �(½�FL �¾Æ � S S\¼�o

� Sk½�	� �=o£B4ox��Y\[OmADb[2M 4Åo �lo Pk^2[aM2DFJWHQPWC2Db[vo	
-DFGWDAz{^2P@TVY\[wDb[2M�GIJ/DbRWjkTZ[Om`Ybz2RSY\nlE�_VHS}4GWDFJ@mbHKG>n;Db[2HQ^OcbHKJ@P
fATVGWC�DlPWTZnlEa_ZHS}�Æ¯GIJ@DbTg[OHQM][OHQ^2J@Db_6[OHKG�f�YbJWj�Æ¯UaDbPIHQM�DFJ@R/C2TVGIHQRSGW^OJ@Hbo q [ ����� � ������� �|�F� AV¤ � �b���b�W� ¢/¢
�b� � �b X� Ik�¯�\�����F���0A��/�����BA A �V���K���/� � � � � ����� � � u	EaDFmbHQP�½�OS£L£~�½�OS �eu4�4[2R/COYbJ@DFmbHbu`�4_ZDbPIjFDku 4�DQd
½ � � � o �£Æ ¼ � �OM¾Æ¯L � � �¾Æ@½"��� � o

� Sk½b½ � �2o �¸Db[2mrDb[aM  o � Y\[2Dxc£DFJxo » HQDFGW^OJWHpPW^OUaPWHKGhPIHQ_ZHQRSGWTVY\[$^2PWTZ[Om�� mbHQ[OHKGWTZR�Db_VmbYbJ@TZGWC2npo q [ �Oo ��o
��Y �QDku �lo 
AHKU¬u 4�o 
4YbJ@TVmbYOu 
ho <4o » YbmbHQ_ u 4Åo �-DFJ��KY\[8u � o q UaDku`Db[2M ��o ��o �XTVY\_VYOu�HQMaTVGIYbJ@PKu
�`�K���K��� � �	�I�W�b�I�F = =���e� ����� � � �	�I�Q�/�/�W¤F�{���b¢y� G��{¥k�����@�@�F��¤ �-�2�,I2�0A � �F��GQ�S�W�S���/�Su	EaDFmbHQP M � �¾~
M � �eu�PeGWDb[2z�YbJ@M / [aTVcbHKJ@PWTVGidbu�B��tu / Pk�Nu�½ � �\¼�o 4�YbJ@m\Db[���Db^2z{n;Db[a[8o��4_ZPIY|Tg[ q > > > q [�GIHQ_Z_ZTZmbHQ[�G
PkdePIGIHQn PeE6HQRKTZDb_ q P@PW^OH 5 » HQDFGW^OJ@HtÃ¬J/Db[2PIz{YbJ@n;DFGWTVY\[�Db[aM�Pk^OUaPWHKG1PkHQ_VHQRSGWTVY\[8uv½ � � � o

� Sk½�S � �ho �¸DFYOoA>�cbY\_VckTZ[Om�DFJWGWTV�aRKTZDb_�[OHQ^OJ@Db_¸[OHKG�f�YbJWjkPKo �	�I�Q� �@�W¤b�����b¢p� G��{¥k� ��������u � ¼ L �ON 5Z½SL S Mx~�½SLbL�¼eu
PkHKE2GIHQntU6HKJt½ � � �eo

� Sk½�M �=�No �w_ZD£Æ �\DbDbPWjeTvDb[aM » oa�4MOHbo��4JWY\^2EaTZ[Om;PIdkn;nlHKGIJ/TZRKDb_8PIGIJ@^2RSGW^2JWHQP�z{YbJXYbUkÂIHQRSGAPIHKm\n;HQ[�GWDFGWTVY\[�Db[2M
M2HQPWRSJ@TVE2GWTZY\[8o � �b X� Ik���K� �¬�g¢ ���b���b��¤ �/ ;�Q��� � ��¤��K�@¢S�¯�F��¤F�{���bu6s MCL MON 5FM � �x~�L2½x¼�u�4�DQd�½ � �bseo

� Sk½SL��=�No �w_ZT Æ ��DbDbPIjkT¬Db[2M » o��4MOHbo �4J@Y\^OEaTZ[Om�PIden]nlHKGIJ@TZRKDb_�PIGIJ@^2RSGW^OJ@HQPXz{YbJAYbUOÂ�HQRSG-PIHKm\nlHQ[�GWDFGWTVY\[rDb[2M
M2HQPWRSJ@TVE2GWTZY\[8o � �b X� Ik���K� �¬�g¢ ���b���b��¤ �/ ;�Q��� � ��¤��K�@¢S�¯�F��¤F�{���bu6s MCL MON 5FM � �x~�L2½x¼�u�4�DQd�½ � �bseo

� Sk½ � ���;o �¸^OHQ[8u �Oo . J@TZ[2RSHQ[8u �2o q _Z_ZTZ[Ombf�YbJWGWC8u\Db[aM �Oo �tTVGIGW_VHKJQovB�Y\nlEaDFJ/DFGWTVcbHXPIGW^2M2dNYbz8COY\^Om\C]GIJ@Db[2PIz{YbJ@n
n;HKGWCOYeMaP	z�YbJ4RKTVJ@RK_VH-�a[2MaTZ[OmOo��/ ;�Q���=�F��¤ �¬��¢/� �F� � �F A� IO�������\u � L�½ N 5 ¼e½/~k¼b¼�u�½ � ���ko

� Sk½Qs �=�No  �HQ_Z_ u �ho 4�Dbn;TVHKJxueDb[2M�HKG	Db_ o � ����� � ¢Q�S� �Å�F�,I2�0A o / [2TVcbHKJ@P@TVG�dlYbz�PkGW^OGIGIm\DFJWGKu8½ � � �eo  HKJ/PWTVY\[
LOoZ½Fo

� Sk½x¼ �;4�o0 6C2Db[2mOo�� EaTV}eHQ_ Æ¯U�DbPIHQM$DFE2E2JWY\DbR/C$GIY�JWHQRSYbm\[2TZPWTg[OmyP@n;Db_Z_�YbUkÂIHQRSGWP;TZ[$_ZDFJWmbH�EaTZRSGW^2JWHQP=^2PWTZ[Om
[2HQ^OJ@Db_X[2HKG�f�YbJWjePQo q [ �����Q� �@�@¤F���e�F¢r� G��{¥k�#�-�2�,I2�0A ' � � � � �F A� IO���S� ���K�¯�S��� ���`�F¢ �Z�b�I�\¤0I2�b���
���JIO¤��S�a�{¢ � � �F� GK�K�I�K���/�Ku�E�DFmbHQP �\¼Q~es � u	4|HQ_VU6Y\^2[OHbu��A^aPIGIJ@Db_ZTZDku 
4HQRSHQntU6HKJ;½ � �\¼�o 
4HKEaDFJWGWnlHQ[�G-Ybz
RSY\n;Ea^OGIHKJXPWRKTZHQ[2RSHbu � 4 q Ãwo�Ã � �\¼xÆ �k½Fo
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� Sk½ � �;4�o  8C2Db[Om�Db[aM  o8B�TVHQPWTVHQ_ZPWjeT oXB�HQ[�GIJWHQMyf�HQTVm\C�G-TZ[2TZGWTZDb_ZTZPWDFGWTZY\[�GIY�TZn;E2JWYxcbHhGWCOHNE�HKJ@z�YbJ@n]Db[2RSHtYbz
[OHKGif�YbJ@j�GIJ@DbTZ[aTZ[Om|PIE6HKHQM$Db[2MÀGWCOH�E6HKJWz�YbJ/n;Db[2RSH�Ybz`YbUkÂIHQRSG=M2HKGIHQRSGWTVY\[8oÅÃ�HQR@C2[2TgRKDb_��XHKE6YbJWGhÃ �
� � Æ@½�ku 
4HKEaDFJWGWnlHQ[�GlYbz-B�Y\n;Ea^OGIHKJ PkRKTVHQ[2RSHbu�� 4 q Ã / [2TVcbHKJ@P@TVG�dbu54|HQ_VU6Y\^OJ@[2Hbu �4^2PIGIJ/Db_ZTZDku 4�DQd
½ � � � o

� Sk½ � �;4�o  6C2Db[Om;Db[aM  o�B	TZHQPWTVHQ_ZPIjkT o / P@TZ[Om=UaDbRWj�E2J@YbEaDFm\DFGWTVY\[�Db_VmbYbJ/TVGWC2n Db[2M�mbHQ[OHKGWTgR�Db_VmbYbJ@TVGWCan;P	GIY
GIJ@DbTg[�Db[2MwJWHK��[OH�[OHQ^OJ@Db_�[OHKG�f�YbJWjkP¬z{YbJvYbUkÂIHQRSG�MOHKGIHQRSGWTZY\[8o q [ �	�I�Q�/�/�W¤F�{���b¢�� G��4�2� IO� A ' � � � � �F  �
� IO���K� ���K�¯�S���/�;�`�F¢ �Z�b�I�\¤0I2�b��� �a�JI2¤��S���{¢ � � �b��GK�K�I�K���/� � � � � � � � � � �¾u�EaDFmbHQP!M\¼Q~�L � u 4|HQ_VU6Y\^OJ@[OHbu
�4^2PIGIJ@Db_gTZDku 
4HQRSHQntU6HKJ|½ � � � o 
4HKEaDFJWGWn;HQ[�G;YbzwB�Y\nlEa^2GIHKJ PORKTVHQ[2RSHbu�� 4 q ÃwoÅ�4_ZPIY�TZ[ÄGIHQR@C2[aTZRKDb_
JWHKE6YbJWG�Ã � � � Æ>S �eo

� S S��	�;4�o  8C2Db[Om�Db[2M  o�B	TZHQPWTVHQ_ZPIjkT o B�HQ[�GIJWHQM f�HQTVm\C�G Tg[2TVGWTZDb_ZTgPWDFGWTVY\[ TZ[ [OHQ^OJ@Db_Á[OHKG�f�YbJWjkP
z{YbJ�YbUkÂ�HQRSG�M2HKGIHQRSGWTVY\[8o q [ �Oo >¸MOf	DFJ@M2PKu�HQM2TZGIYbJQu �	�I�Q�/�/�W¤F�{���F¢ � GÇ�{¥k� � ���K�a�����6�W���
�F��¤ ��Ie¢ ���I�0A �F¢/� �F� � �F A� IO���S� ���K�¯�S���/� � �F��GQ�S�W�S���/�Su�EaDFmbHQP M �x~ ���kuÄ�4^2RWjk_ZDb[2Mvu » HKU�½ � � �eo
C�GIGIE'5 � �¾mbY\Db[2[2Dko RKPQo J@n;TVGKo HQM2^vo Db^1���Ic\R"�¾EaDFE6HKJ@P��¾c\R Æ�RSY\[Ozio C�GWn;_ o

� S Sk½ �;4�o� 6C2Db[2m;Db[2M  o�B	TVHQP@TVHQ_ZPIjkT o��4HQ[OHKGWTZR�E2JWYbmbJ@Dbn;n]TZ[Omlz{YbJAnh^2_VGWTVEa_ZH4RK_ZDbP@P`YbUkÂIHQRSGAMOHKGIHQRSGWTZY\[8o q [
�No » YeYOu�HQM2TZGIYbJQu �	�I�Q� �@�W¤b�����b¢�� G]�{¥O� � � �{¥ ��Ie¢ ���I�0A ���F� �O�F�{�a� � �F� GK�K�I�K���/���F� �4�S��� ���K� �0A �/�a���3A7A � �
�e�S��� � � � � � ��� �¾u6EaDFmbHQP=½ � �¾~�½ � Seu�PedkM2[OHKdbu��A^aPIGIJ@Db_ZTZDku 
4HQRSHQntU6HKJ;½ � � �eo)PeE2J@Tg[OmbHKJIÆ  HKJ@_ZDFm <�HKJ/_ZTZ[
� HQTZMOHQ_VU6HKJWmOo �¬HQRSGW^OJWH��AYbGIHQPATZ[p�AJWGWTV��RKTZDb_ q [�GIHQ_Z_ZTZmbHQ[2RSH L ���4� q  Y\_Z^2n;H;½x¼¾L�¼ N/o

� S S S �;4�o  6C2Db[2mÅDb[2M  o	B	TVHQPWTVHQ_gPIjeT¯o �4HQ[2HKGWTZRpE2JWYbmbJ/Dbn;n;TZ[Om�z{YbJ]nh^2_VGWTVE�_VH�RK_gDbPWPlYbUkÂIHQRSG�MOHKGIHQRSGWTZY\[8o
q [ �	�I�Q�/�/�W¤F�{���F¢�� G �4�a�,I2�0A ' � � � � �F A� IO���K� ���K�¯�S��� � �`�F¢ �Z�b�I�\¤0I2�b�������JIO¤��S�a�{¢ � � �b��GK�K�I�K���/�
� � � � � � � ��� �£u¸EaDFmbHQP]¼	�¾~k¼ � u 4|HQ_VU6Y\^OJ@[OHbu��4^2PIGIJ@Db_gTZDku 
4HQRSHQntU6HKJ�½ � � �eo 
4HKEaDFJWGWn;HQ[�GlYbzwB�Y\n=Æ
Ea^2GIHKJ�PkRKTVHQ[2RSHbu � 4 q Ãwo��4_ZPIY;TZ[�GIHQR/C2[2TZRKDb_vJWHKE6YbJWG`Ã ��Æ � �¾Æ@½�ko

� S S M �;4�o  8C2Db[Om�Db[aM  o8B�TVHQPWTVHQ_ZPWjeT o / PWTZ[Om�UaDbRWj�E2JWYbEaDFm\DFGWTZY\[�Db_VmbYbJ/TVGWC2n Db[2M|mbHQ[2HKGWTZRNDb_ZmbYbJ@TVGWC2n%GIY
GIJ@DbTg[�Db[2MyJWHK��[OHh[2HQ^OJ@Db_ [OHKG�f�YbJWjkP-z�YbJ-YbUkÂIHQRSG�MOHKGIHQRSGWTVY\[vo q [rÃwo <�HQ[2R@COÆ B	DFE6Y\[8u �ho)PeYkM2Dku8Db[2M
�No�4�o�Ã>ÂIY\Dku�HQM2TVGIYbJ@PQu5�	�I�Q�/�/�W¤F�{���F¢�� Gp�{¥k� � 	 �{¥ �/�����S� ���b��� �F���0A � �F� GK�K�I�K���/���F� � �b�¯��¡@�£¢K�y�F��¤
��? �O�K� � � �£¢ ���K N¢ �	�\� A � �@�b��� �F�O¢ � � ��� ��� ��� �£u�E�DFmbHQP�s Sbsx~es M �eu » _VYbJ@HQ[2RSHbu q GWDb_Vdbu��4^Om\^2PIG�½ � � �eo
PeEaJ@TZ[OmbHKJIÆ  HKJ/_ZDFmOo �vHQRSGW^OJWH �XYbGIHQPATZ[|B�Y\nlEa^2GIHKJ�PkRKTVHQ[2RSHbu)L � �-B�P  Y\_Z^2nlH�½Qs\¼b¼ N/o

� S S£L�� �2o74�o  6^OJ@DbMaDko2B�C2Db_Z_VHQ[OmbHQP Db[2MlR/C2Db[OmbHQPKo ������� �2���F�2¢S�\�x�����F�2¢4�F� �N�3Ie�I�0A �h�K���¸�F� #x¢ u�½�,L�½ N 5Z½/~ Seu
½ � � �eo
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DbRKRK^OJ@DbRSdbu ½�M
DbRSGWTVcFDFGWTVY\[�z�^2[2RSGWTVY\[vu Sbs
DbRSGW^2Db_vY\^2GIEa^OGKu S\¼
DFJWGWTV�aRKTgDb_8RSY\[�cbY\_Z^2GWTVY\[|[OHQ^2J@Db_8[OHKG�f�YbJWjkPKu¬½b½Qs
DFJWGWTV�aRKTgDb_8[OHQ^OJ@Db_8[OHKGif�YbJ@jePKu<S M
Db^OGIY\n;DFGWTZRtYbUkÂIHQRSG`JWHQRSYbm\[2TVGWTZY\[8u �
Db^OGIY\n;DFGWTZRtGWDFJWmbHKGXJ@HQRSYbm\[2TVGWTVY\[8u �
UaDbRWjef	DFJ@M�HKJWJ@YbJ`E2JWYbEaDFm\DFGWTZY\[|Db_VmbYbJ@TZGWC2npu,S\¼

UaDbR@j�f	DFJ@MpEaJWYbEaDFm\DFGWTVY\[|EaC2DbPIHbu S �
z{YbJWf	DFJ@M�E2JWYbEaDFm\DFGWTZY\[�EaC2DbPWHbu S �

UaDbRWjef	DFJ@MÄE2JWYbEaDFm\DFGWTVY\[ÄDb_VmbYbJ@TZGWC2npu�¢K�@��UaDbRWj�Æ
f	DFJ@MpHKJ@JWYbJ`E2JWYbE�DFm\DFGWTVY\[�Db_VmbYbJ@TZGWC2n

UaTZDbPKu S �
< . u=¢Q�@��UaDbRWjef�DFJ/M&HKJWJWYbJ�E2JWYbE�DFm\DFGWTVY\[&Db_VmbYFÆ

J/TVGWC2n
< . Æ¯GIJ/DbTZ[8uv½SL �
GWCOH < . Æ¯GIJ@DbTg[�Db_VmbYbJ@TVGWCanpuv½SL �
GWCOH < . Æ¯GIJ@DbTg[�nlHKGWCOYkM8uv½SL �

< . Æ¯GIJ/DbTZ[ � �-�XÆ¯JWHK�a[2H�nlHKGWCOYkM8uv½SL�s
RSHQ[�GIJ@HQM|TZ[2TZGWTZDb_�f�HQTVm\C�GWPKu¬½�S��
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