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��·G³�´tµ�¶�´�¹l·�³�¼ ¸ ³b· � µ�±�´*¸[´t¹�»t·3¸ ±b±40�¸ ´�² �]·4�	±�½U��±b³�¼l¸�³�±
º � ´L�	´ �	´�»t¼�²�¸ ´ �	´­¹ ·H¸�¶�·H¸`·H¸ �	´ �´��#¼�¶�±���´�¹l±3¸�º�· �� ¸ ´*¸�²�´*»A´�º%�
¶`±H²`´�¸�½
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��µ�¹ · =�¼ �4� ²�· 
g³ � ´�¸ ¶�²`±�¹�±�¸¾²�´*¸ � ¹¢¶�·��	±�¸ �	´g¹l·:¶�·H¸`·?�	´
�´.�	¼¢¶`±Z�	´�»�·���·¾º�· �� ¸ � ¶�±H³b·4�	±[»A±3³:± H-I � ´�µ3¶`´ I �	´J»t·Gµ �	¼1��·]¶�±�¸
��´-W ´3Y3� � »A±3³�±4H ��´�¸ ¶�¼lµ�±
I �T´-W ´;' �n½���µ ´t¹)�	¼ · � ²�·G³b·K��´E¹ ·
¼1
 � � ¼l´t²���· ³ � ´�¸ ¶�²`±g¹�±�¸�²`´�¸ � ¹�¶`·���±3¸ »A±3³�± IT²`·3»t»A¼��±Hµ �	´ �´.�	¼�¶�±
º�±H²�º�·:�� ¸ � »t±Hµ�¹l±3¸�¸�´t³�¼�´/W ´�¸Z��´g¹l·3¸¾´t¹l¼�º�¸�´�¸ �4� ´g¼�µ:��¼l»�·Gµ�¹�±�¸
´�²�²`±H²`´�¸¾º�±H¼ ¸`¸ ±3µ�¼l·Hµ�±3¸¾´�µ�»t·4��·�´-W ´3½ � #�µ �	´�º�±%�	´�²��H´�²=¸�¼
·H¹ �4� µ�±��	´�¹�±�¸ �]·G¹l±H²`´�¸�´*¸=¸�¼ � µ�¼ #�»t·]¶`¼ �]·H³:´�µ�¶�´K�	¼ IT´t²`´tµ�¶�´ �	´
±H¶�²`± � º�²�´*¸ ´�µ3¶`±b´tµ�´�¹ �	¼ · � ²`·H³b·A��´­¹l· �	´t²`´�»���·�¹l±3¸��]·G¹l±H²`´�¸
µ�±H²`³�·H¹�¼1
�·4�	±3¸ � »t±H³�± �	¼ ¸ ¶`·Gµ�»A¼ ·H¸A�T´tµ � µ�¼ ��·��	´*¸ ��´:¸�¼ � ³b·4�
·H¹)�]·G¹l±H²�º�²`±H³�´L��¼�±�½
�J¸ ¶`´y¸ ´�µ�»A¼l¹l¹�±¬·HµZ�·G¹l¼ ¸ ¼ ¸b¼lµ:�	¼ »t· � ·�·G¹ ��� µ�±3¸b²`´�¸ � ¹�¶`·���±3¸

¼lµ�¶�´�²�´*¸�·Hµ3¶`´�¸�½A�1±3¸ �]·G¹l±H²`´�¸E³�´L��¼1�	±�¸­¸�±HµV³ ��� ¸�¼ � µ�¼M#�»t·G¶�¼ �
�]·H³:´�µ�¶�´Z�	¼ IT´t²`´tµ�¶�´*¸E�	´�¹l±3¸<´*¸ º�´t²�·��	±�¸<´tµ � µ�· ��¼l¸ ¶�²`¼ 0 � »A¼��±Hµ
µ�±H²`³�·H¹¥½ ��µ ¶�·G¹[»�·H¸�± � »t±HµQ¸�±H¹l±P�"}V»t¼ IT²�·H¸ � ¸ ´�´�¸�º�´t²�·G²��� ·
·Hº�²`±��#¼l³b·���·H³�´tµ�¶�´ �4� ´ � µ!º � µ�¶�±�¸�´ �	´�¸ �#¼l·H²`·X�	´b¹ ·O³�´��
��¼l·V³ �·H¸?�	´,�,~ �D� µ�¼lµ ��� µ�± �	´�0�¼l´t²�·L´�¸ ¶`·G²�³ �·H¸�¹l´-W ±�¸?�	´
�^� �"~<½?�J¼lµ�»A± � ¶`²�´*¸E¸�±HµV¹ ·H¸ »t·Hµ3¶`¼1��·��	´*¸ ²`´�¸�º�´�»n¶`¼ �]·H³:´�µ�¶�´
±40�¸�´t² ��·4��·H¸ � »A±Hµ � µ�± �	´O¹�±�¸K�]·G¹l±H²`´�¸­¶`·Hµ�´.�#¶�²`´t³�±y»t±H³�±
�T� ��~�º�±H²Z�	´L0�·DW ± �	´g¹ ·:³�´L�	¼ ·�½

� ' � � �´¬¼lµ:�	¼ »t·Hµ ´*¸ ¶�·H¸V»t·Hµ3¶`¼1��·��	´*¸ H�µ�± µ�±H²`³�·H¹�´*¸JI��
V&¼l´tµ � º�·H²`·�´�³�º�´L
�·G² � �4� ´[��· � � µy»t¹l·H²�±�¸�´�¸ � ± ´tµ�¹ ·H¸ º�±��
¸�¼10�¼�¹l¼ ��·��	´*¸
�	´ �´.�	¼¢¶`± �)� � ´�I�·��3±H²`´�»t´=»A¼l´t²�¶�±�¸�º�· �� ¸ ´*¸EIT²`´tµ�¶�´ ·
±H¶�²`±3¸�½(�J¸ ¶`´&¸�´�¸ � ±Eº � ´��	´ �	´�0�´t²�¸ ´�· I�·H»A¶�±3²�´*¸-H�¼�µ�¶�²��� µ�¸�´�»A±�¸JI
�¥»A±3³:±�¹ ·�»t·G¹l¼ ��·�� �	´t¹J¸ ¼ ¸ ¶`´t³b·�´L� � »t·]¶`¼ �3± � ±�¹ ·�»t·]¶`´ � ±H²��� ·
��´:¹l±3¸g»t´tµ�¶�²`±3¸ �	´�¼lµ��H´�¸ ¶�¼ � ·3»A¼��±Hµ �=± H ´���¶`²��� µ�¸�´�»t±3¸QI ��»t±H³�±
¹ · º�´t²�»A´tº)»A¼��±Hµ?�	´[¹l±3¸<´L�]·G¹ � ·��	±3²�´*¸ � ±g´�¹:�	±3³:¼lµ�¼l±K�	´t¹�¼�µ � ¹��´�¸
º�±H² º�·G²�¶�´
�	´¾¹�±�¸ »t·Gµ �	¼1��·]¶�±�¸ �A½(�J¸ ¶`´¾¸�´�¸ � ± ��·H»t´ �4� ´&¹ ·Eº�±��
¸�¼10�¼�¹l¼ ��·��?�	´ �´��#¼�¶�± �	´ � µb»�·Gµ:�	¼ ��·G¶�± ��±H¹ ·Gµ �\�´�¸<¸�´�· ¶`·Hµb·G¹�¶`·
»t±H³�±g´t¹=�G¿C� � ³�¼�´�µ3¶`²`·3¸ � � ´[¹ ·K�	´ � µ »�·Gµ:��¼1��·G¶�± � ²�¼l´ � ± ´*¸

¸ �±H¹l±K�	´�¹*����� ½&�=µb¼�µ�¸ ¶`¼¢¶ � ¶�±8º�±3² ¶ �9��� �´�¸�¶�¼l´tµ�´ ¸�±H¹l± � µ 
�ÀJ�
��´�º�²�±40�·;0�¼�¹l¼1��·��	´*¸ �	´ � � ´�¸ � ¸�±H¹l¼ »A¼�¶ � ��¶�´�µ � ·	�´.�	¼�¶�± � ³�¼�´�µ%�
¶`²`·3¸ � � ´ � µ�±g¼lµ � ¹��´*¸Wº � ´L�	´�¹l¹l´ � ·H² ��·H¸ ¶`·E´�¹�¿�}J��½G��±�¸G�]·G¹l±;�
²`´�¸ � � ´ ��¸�º�·*�µ�·­±�0�¶�¼l´tµ�´Eº�·G²�·­´*¸ ¶`±3¸3�� µ:�	¼ »A´�¸&¸�±Hµ ��¼l¸�º�·G²`´�¸��
� µ W ±D�3´tµ�¼lµ��H´�¸ ¶�¼ � ·4�	±H² ´�¸�º�·*�µ�±H¹�²�´�º�²�´*¸ ´�µ�¶`·bº�´t² IT´�»A¶`·G³�´�µ%�
¶`´g¹l·:³�´L��¼l·:´ � ²�±3º�´*·�´�µ�¸ � ¸¾º�±3¸�¼ 0�¼l¹l¼1��·4�	´�¸ ��´ ¶`´tµ�´�² �´.�	¼�¶�±
��¿
�J� � � º�´t²`± � µ »A´�µ�¶�²`±?´�¸�º�·*�µ�±3¹<¶�¼l´tµ�´ � µ�·�º�²`±�0�·�0�¼l¹�¼ ��·��
��´&¸ �±H¹l±[´t¹)�
��� �	´ � � ´¾¸ � ¸ ±3¹�¼ »A¼�¶ � ��¸ ´*·=·H»t´tº	¶�·���·�½+� � ·Hµ:�	±
¹l±3¸=´t²`²�±3²�´*¸&º�±3¼l¸`¸ ±3µ�¼ ·Gµ�±�¸�¸ ´ ¶`¼�´�µ�´tµ�´�µ�» � ´�µ�¶`· � ¹l·�¶�·H¸`· �	´
�´.�	¼¢¶`±X��´:¹l±3¸ »t´tµ�¶�²`±3¸E´�¸�º�·*�µ�±H¹l´�¸ ´�¸ º�²`´�»t¼l¸`·G³�´�µ3¶`´8´�¹ �]·G¹l±H²
�T� ��~!º�±3² �	´L0�·DW ±X�	´�¹ ·b³�´L��¼l· µ�±H³ 0�²`·4�	±�·Gµ�¶`´t²`¼�±3²�³�´tµ�¶`´ �
´�¹�³ �·H¸¾´���¶`²�´�³�±?��´ ¶�±%�	±�´t¹1·HµZ�·G¹l¼ ¸ ¼ ¸t½

t�u����u��� {m� uB�_�U|�u� {R�:v(� uBzBuZ��xyuN�.�(zBu

�J¸:º�±�¸ ¼10�¹l´�´*¸ ¶ � �	¼ ·G²�¹ ·yº�±3¸�¼ 0�¹�´�²�´�¹l·3»A¼��±Hµ ´tµ�¶�²`´O¹ ·H¸8¶�·H¸`·H¸
��´:´�µ�¶�²�·���· � �	´�¸�·H¹�¼ ��·X�	´�¼�µ��3´�¸ ¶�¼ � ·���±H²`´�¸[´�µV»�·���·Oº�· �� ¸�½
� � ·Gµ:�	±V´t¹�µ3�� ³�´t²`± �	´�¼lµ �3´�¸ ¶�¼ � ·4�	±H²`´�¸­¸`·G¹l¼l´tµ�¶�´*¸ � ´�¹Z�	´
¼lµ��H´*¸ ¶`¼ � ·��	±3²�´*¸J´�µ�¶�²�·Gµ�¶�´*¸�´tµ�»�·���·�º�· �� ¸¾º�±3² »A±3µ��H±	»t·G¶�±H²`¼ ·
¸�´�µ�±3²�³b·G¹l¼1
�· ·E¹l· º�±�0�¹ ·H»t¼L�±3µ �	� ¸ ´�²`´tº�²`´�¸�´tµ�¶�·Gµ � µ�± IT²�´�µ�¶�´
·H¹ ±G¶`²�± � ¸ ´:¶�¼l´tµ�´ � µV²`´�¸ � ¹�¶`·4�	±O³ ��� ¼lµ�¶�´t²`´�¸`·Gµ�¶`´ � =�¼ ��� ²�·
�4�n½ � �	¼ ¸ ¶`´ � µ�·O¸ ´�²�¼l´[�	´8º�· �� ¸�´�¸ �T´�¸�º�´�»A¼ ·G¹l³�´tµ�¶�´ � ±H²�¶ �9� ·G¹
º�´t²`±!¶`·H³[0�¼��´�µ =�¼lµ�¹l·Hµ:�	¼ · �
� ¹l´t³b·Gµ�¼l· � @ ¶�·G¹l¼l· �D� �Z� ¸ ¶�²`¼ ·4�
» ��� ·�¶`·3¸�·A�	´ º�·H² ¶`¼l»t¼�º�·3»A¼��±Hµ�´�µO´�¹�º�²`± � ²�·G³b·g´*¸¾³ ��� 0�·DW ·
��³�´tµ�±�¸K�	´ � µ »t±Hµ�¶�²�·]¶�·��	±�º�±3²�»A±3µ��H±	»t·G¶�±H²`¼ ·�º�±H²­³�¼l¹�¹��±Hµ
��´3��·;0�¼�¶`·Hµ3¶`´�¸ � ¶`·Gµ�¶`±8´�µO¸`·G¹l¼1��·8»A±3³:±:´tµO´tµ�¶�²�·���·4�n½ �J¸ ¶`±3¸
»t¼�µ�»A±bº�· �� ¸�´�¸¾µ�±b´tµ�¶�²�·Gµ�´tµ�´�¹W·Gµ��·G¹l¼l¸�¼l¸ ��´�»A±3²�²`´t¹ ·H»t¼L�±3µ � � ´
º�²�´*¸ ´�µ3¶`±�´tµ�¹l·?=�¼ ��� ²�· ��½

�1±3¸�±G¶`²�±�¸�µ � ´��H´¾º�· �� ¸ ´*¸W»t±H³�º�¹l´A¶`·Hµ � µ�· ¸ ´*» � ´�µ�»A¼ · »�·H¸�¼
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¹l¼�µ�´�·G¹ � »A±3µ � µ�·[IT±H²�¶��� ¸�¼�³b·8·Gµ�¶�¼ »A±3²�²`´t¹ ·H»t¼L�±3µ � � ´ ¼lµ:�	¼ »t· � � ´
· �4� �´t¹l¹�±�¸ º�· �� ¸�´�¸ � � ´ ¸�±Hµ!³ �·H¸�·]¶�²�·H»A¶�¼1�H±�¸ º�·G²�·�¹�±�¸g¼lµ �3´�¸/�
¶`¼ � ·��	±3²�´*¸ �	´�±H¶�²�·H¸¾µ�·3»A¼l±Hµ�·H¹�¼ ��·���´�¸ � ¹�±�¸�±Hµ�¶�·G³ 0�¼��´tµ�º�·G²�·
¸ � ¸bº�²`±Hº�¼�±�¸3W9�±��H´�µ�´�¸�½ ��µ ±H¶�²�·H¸�º�·H¹l·�0�²`·3¸ � µ�·���¼�´ � � ¼l´t²`´
¸`·G¹l¼�² �	´:¹l±3¸Eº�· �� ¸�´�¸E· ¹l±3¸ � � ´:¹l· � ´�µ�¶�´ �4� ¼�´�²�´:¼�² � � q�^3Z ��i

 \ ��i _ i � _�^�c�f]�E��^�h� � i ��Z i Z3f]q)Z i c�^�� i q�m i �A^Gc i�i qx^Hkt\	q s
Z3^]q�~ � ^]½
�J¸ ¶`´�²`´�¸ � ¹�¶`·4�	±!º � ´L��´?º�·G²`´�»t´t²�¹L�± � ¼ »A±!´tµQ»t¼�´�² ¶�·L³�´��

�	¼ ��· � º�´�²�± ´*¸�»t±Hµ:�	´ � µ�·!¹L�± � ¼ »t·Vº�´t² �H´t²�¸`·^�?´t¹ º�²`± � ²�·G³b·
>�·H²�¼l´ � � ²�¼l´ � ¼ �	´�·4�	±­º�·H²`·KI�·��H±H²`´�»t´t² ¹ ·�³�±D�#¼l¹�¼ ��·�� ��´tµ�¶�²`±
�	´�¹l· �=µ�¼��±Hµ � � ²`±Hº�´�· � IT²�·H»t·3¸�·�·Hº�·G²`´tµ�¶�´�³�´tµ�¶�´g´�µ�¸ � ±�09�
W ´t¶�¼1�H± º�²�¼lµ�»A¼lº�·H¹ �*� º�²�±D�3±#»�· � µ�·?I �:� · ��´�»A´�²�´L0�²�±�¸�´.�#¶`²�´��
³b·K��·H»A¼ ·­º�·:�� ¸ ´*¸�»A±3³�±5s[±3¹l·Hµ:��·g±8´t¹)H�´�¼�µ�± �[µ�¼ �	± � ��´�¸ �	´
º�· �� ¸ ´*¸&»t±H³�±$��¸�º�·*�µ�·�± �E²`´�»t¼l· � ¸�¼lµ�»t²�´*·G²¾´tµ�µ�¼lµ � �� µ?»t·H¸�±E � W ±3¸b»A±3³�º�´�µ�¸�·G¶�±3²�¼l±3¸�´tµ �	¼�²`´�»�»A¼��±Hµ¬»t±Hµ�¶�²�·G²`¼ ·�½ ��±�¸ �]·;�
¹l±H²`´�¸8¸ ±3µ ¶`·Hµ�´.�#¶�²`´t³�±�¸­»A±3³:±L´t¹¾»t·3¸ ± �	´�¹ H�´t¼lµ�±4�=µ�¼1��±
�¥·K�	±Hµ �	´[¸ ´Z��¼�²`¼ � ´tµb¸�´t¼ ¸"W9�±��3´tµ�´*¸ ¼�µ��3´�¸ ¶�¼ � ·���±H²`´�¸�´ � ²`±Hº�´t±�¸
º�±H²­»�·���· � µ�± � � ´b¸�·H¹�´�� ± �E²`´�»t¼l· � ��±Hµ:�	´�´�¹�»A±	»A¼l´tµ�¶�´�´*¸
´��	·3»n¶�·G³�´tµ�¶�´g¼lµ��H´�²`¸�± �A½ ��¹�»t·3¸ ± �	´��J¸ º�·��µ�·:´�¸ � �	´�µ � ´��H± �
´���¶`²�´�³�±T�<¿ � 
UW9�±��H´�µ�´�¸&º�±3¸ ¶ �	±	»�¸¾´�¸�º�·*�µ�±3¹�´*¸U��¼ ·DW ·HµO·:±G¶`²�±�¸
º�· �� ¸ ´*¸W´ � ²`±Hº�´t±3¸<º�±H²�»�·���·E´ � ²�±3º�´�± �4� ´Z�	´�»t¼1�	´ �#¼ ¸ ¼�¶`·H² ��¸/�
º�·*�µ�·�½

t�u�� x_v(�S�u�'��
 |� u {R����x��gu���#u

K � ²�·Gµ�¶�´b¹ ·?º�·3¸�·4��·�²�´ � µ�¼��±Hµ �	´b¹ · ��� � º�²�´*¸ ´�µ3¶9�´?0�²`´��H´��
³�´tµ�¶`´­´�¸ ¶�±�¸�²�´*¸ � ¹¢¶�·��	±�¸�»A±H³�± � µ ��·]¶�±bº�²�´�±#» � º�·Hµ3¶`´H½"��µ
¹ ·�³:¼ ¸�³�·�²`´ � µ�¼L�±3µL·H»�·;0Z�·�0�·G³�±�¸ �	´�±Q�� ²g»t±Hµ � ²`·Hµy±3² �4� ¹�¹l±
� � ´�¹ · � ¸ ¶�²`±Hµ�±3³	�� ·=´�¸�º�·*�µ�±H¹ · ��·;0 �� ·E·G¹ »t·Gµ:
�·���± ¹ ·g¸%�´tº	¶`¼�³b·
º�±3¸�¼l»t¼L�±3µ �	´t¹�³ � µ:��±g´tµb¹l±g²�´�IT´t²`´tµ�¶�´�·E¶`·3¸�· ��´�º � 0�¹l¼l»�·H»t¼�±��
µ�´*¸ � º�´�²�±L³�¼l¸�²`´�¸ � ¹�¶`·���±3¸X� �	´�º�±%�	´�²b·Gº�¹l¼l»�·G²�¸ ´�·y¹ · � ¸/�

� 2 � % 2 � ½ � � � �<H � � � �	° HZ2 � ½
> � HZ@ � �"� H @ � q���>4
15 ab5�#?���(5 q"��>4
15 ac5�#?����5

�"r	�	�
��� �)
 
 � � �
À"r	�	�
��� ��� 
+� � �
�"r	�	�
��
 ��� 


 � �
À"r	�	�
��
 ��� 


 � 

�"r	�	�
�
� �	� 
�¿ ¿ 

°�2E° � � �"}
� ��� 
�} �

°�·;0�¹l· 
��Blx�
�/2
!��%��"
n�45,M�
1�9#��43+�+��%(��
1���.�(���4
��g
����4
S
1�?&���d5�%+>4
1�
�,
�
mM���5n�r%�#?��%��R&J�,�- �?
!�1I�%ZM+
15�����%��R�uab�?&���d5��W��
!����
g%(#?��%+�R&��,�- �?
1�
1
���%�&C
1%+�1I"�?
1&��(���+�"%+�e&C%(�e)1%+5,M�%�)1�(#�%������(�1:k;T%+�k��
1�?
�>4#�����%��k&J�A���
���9#?���%+5�%+/2%��u�?
y����5Q
15.>����r)1%�>�
�/25J�(�Z�"
N>��2��
!��
!)�v��":

¶`²�±3µ�±H³	�� · ´tµOº�·G²�¶�¼ » � ¹l·H²���¼�µ:��¼l»�·G²��� ·Hµ � � ´ ´*¸ ¶`´	�´��	¼¢¶`±�µ�± ��·
º�´t²�»A±3¹l·4�	± ´�µ�¶�²`´8µ � ´*¸ ¶`²�±�¸ »t±H¹l´ � ·3¸=´ � ²`±Hº�´t±3¸ � � � ´8µ�± �3´tµ
�J¸ º�·��µ�·�»A±3³�± � µ �	´�¸ ¶�¼lµ�±�¼lµ�¶�´�²�´*¸�·Hµ3¶`´gº�·G²�·�¸ � ¼lµ��H´*¸ ¶`¼ � ·D�
»t¼L�±3µ�½

� ¹ �4� µ�·H¸Oº�´t²�¸ ±3µ�·H¸Oº � ¸�¼�´�²�±3µ ´tµ � � ��· � � ´L´*¸ ¶`±3¸O²�´��
¸ � ¹�¶`·4�	±3¸�º � �	¼�´�²`·Hµx²�´*·G¹l³:´�µ�¶�´�º�·G²�¶�¼ » � ¹l·H²�¼1
�·H²`¸�´O·!¹ · � ¸/�
¶`²�±3µ�±H³	�� · � �	±3µ:�	´ ¹ ·y¸�¼�¶ � ·3»A¼��±Hµ � �	´*»��� ·Gµ � ´�²`·L»A¼l´t²�¶`·H³:´�µ�¶�´
³ � »���±�³�´-W ±3²�½

@oµ�³�´��	¼l·G¶`·H³:´�µ�¶�´ �	´*¸ º � �´�¸?�	´?¹ ·V²�´ � µ�¼��±Hµ �	´?¹l· ��� �
�#¼ ·DW��´�· �&·Gµ�·H²�¼ ·H¸8º�·G²�· ��·H»A´�² � µ�·H¸�±40�¸�´t² ��·3»A¼l±Hµ�´*¸t½ � ±H²
��´�¸ � ²�·H»A¼ · � ´t¹�¶�¼l´t³�º�±X��³�´A¶�´�±H²`±H¹��± � ¼l»t± �<³�´Eº�´�²�³�¼�¶�¼��±�¶`´tµ�´�²
0�·H¸ ¶`·Gµ�¶`´b¶�¼l´t³�º�± ��»t²�±3µ�±H¹��± � ¼l»t± �Eº�·H²`· ��·H»t´t²�±H¶�²�·H¸8»A±3¸`·H¸ �
� �	´�»t¼1� �� ²`´�»A± � ´�²�¹�±�¸Z��·]¶`±3¸Z��´­¹�±�¸[·*�µ�±3¸-�������;� �����!� ��»t¼�µ�»t±
»t±Hµ��H±	»�·]¶�±3²�¼ ·H¸�� �	´ ¹ ·?�J±3³�¼l¸�¼L�±3µ � � ²�±3º�´*·�º�·G²�·�´�¹�º�²�± � ²�·D�
³b· >�·H²�¼l´ � � ²`¼�´3½ � � �� ¸�´�´�µ�» � ´�µ�¶�²�·Gµ ¶`·�0 � ¹ ·��	±�¸ � º�·G²�·
»�·���· � µ�· �	´O¹l·3¸­º�²`±Hº � ´�¸ ¶`·H¸O^`��_`fHk�^HZ3^��­¹ ·?µ�·H»t¼�±3µ�·G¹l¼ ��·��
� �	´�¸ ¶�¼lµ�± ��´t¹ ¸�±H¹l¼ »A¼�¶`·Gµ�¶`´ � ´t¹=¶��� ¶ � ¹�± �	´�¹=º�²`± � ´*»n¶`±�½ �J¸
²`´t¹ ·]¶`¼ �]·H³:´�µ�¶�´?I;�·H»t¼�¹J²�´*»A± � ´t²g¹l±3¸ ��·]¶`±3¸ �	´�¹ ·H¸­¸�±H¹l¼l»t¼¢¶ � �	´*¸
H�´�¸�º�·*�µ�±H¹ ·H¸QI ��´tµ � µ�± � ±H¶�²`±�¸ ´�µ�¶�¼ �	± � �
� ´�µ�¶�²`´b´t¹l¹l·3¸ � ¸ ´��
¹l´�»�»A¼l±Hµ�·H²:· � � �´t¹l¹ ·H¸[��´ ¶`´t³ �·]¶`¼l»�·L·3¸ ¶`²�±3µZ�±H³�¼ »t· � ¶`¼�¹l¼1
�·Gµ �	±
´�¹)¶��� ¶ � ¹�± �	´g¹ ·:º�²�±3º � ´*¸ ¶�·��*½

�1±3¸�²`´�¸ � ¹�¶`·4�	±3¸���´y´�¸ ¶�´L·GµZ�·H¹�¼ ¸ ¼ ¸�¸�´�º�²`´�¸�´tµ�¶`·HµQ´tµQ¹ ·
°�·;0�¹l·+
H½$�J¸ ¼�³�º�±H²�¶`·Gµ�¶`´?��´�¸ ¶`·H»�·G² � � ´?��´b´t¹l¼l³:¼lµ�·4�	±�´tµ
¶`±%�	±3¸=¹�±�¸=»t·3¸ ±�¸�¹l±3¸E»A±Hµ�¶`²`·G¶�±3¸�>�·G²`¼�´ � � ²�¼l´ �	´�¶�¼lº�± H H�I �
� � ´ ²�´�º�²`´�¸�´tµ�¶`·Hµb´tµ ²`´�·H¹�¼ ��·4� 0�´*»t·3¸\�	´ ²�´t¶�±3²�µ�±:·G¹�º�· �� ¸\�	´
±3²�¼ � ´�µ�½
��¹�»A±	»A¼l´tµ�¶`´ �T¼lµ �3´�¸ ¶�¼ � ·4�	±H²`´�¸ ¸`·G¹l¼�´�µ3¶`´�¸�r�¼lµ��H´�¸ ¶�¼ � ·4�	±H²`´�¸

´�µ�¶�²�·Gµ�¶�´*¸ �:º�·H²`·�´t¹ »�·H¸�± � ´�µ�´t²�·G¹ � º�²�±3³�´L�	¼ ·��	± º�·G²�· ¹l·3¸
»t¼�µ�»A±y»t±Hµ��H±	»t·G¶�±3²�¼ ·H¸ ´*¸ ¶ � �	¼ ·���·3¸ � ´�¸8¿T� ��� �^� } � ³�¼�´�µ3¶`²`·3¸
� � ´8º�·G²�·b´�¹<»�·H¸�±�º�·H² ¶`¼l» � ¹l·H² �	´:¹l±3¸E·H¸ ¶�²Q�±Hµ�±3³:±�¸�´�¸;�^� ���
�^� ��½(�J¸<´��#¼1��´tµ�¶�´ � � ´�¹ ·H¸ »t¼ IT²�·H¸<µ�±­¸�±Hµ�¸�¼ � µ�¼ #�»t·]¶`¼ �]·H³:´�µ�¶�´
��¼ IT´�²�´�µ3¶`´�¸ � · � µ � � ´�´t¹[º�´ � � ´)�µ�±!µ �� ³�´t²`± �	´?·H¸ ¶�²Q�±Hµ�±3³�±3¸
¼l³�º�¹l¼l»�·��	±�¸
��·H»t´ � � ´ ¹ ·�¼�µ�»A´t²�¶�¼ � � ³ 0�²`´ ¸�´�· � ²`·Hµ:�	´H½
� �#¼ ¸ ¶�´�·U�� µ�±G¶`²�±���´A¶`·H¹�¹l´�¼l³�º�±3² ¶�·Gµ�¶�´ �4� ´8·���´t³ �·H¸=´.���

º�¹�¼ »t·!º�·H² ¶`´ �	´?¹ · �	¼l¸`» � ¸ ¼��±Hµ � � ´�¶ � �H± ¹ �9� ·H²b´tµQ¹ ·!²�´ � �
µ�¼L�±3µ ��´E¹ ·���� � ½F�=µ�· �	´g¹ ·H¸¾º�´t²�¸ ±3µ�·H¸ � � ´g³b·Gµ�¶ � �H± � � ´
¹ ·!¸ ¼�¶ � ·H»A¼��±Hµ ´tµ � ¸ ¶�²`±Hµ�±H³	�� · �	´L0 �� · ��´�¸�´t²b³�´/W ±H²?I � ´?´�¹
� ²�±�IT´�¸�±H²ZH[·;I�·G´�¹+H�±%�	²`¼ � ± � K=¼l²`´�»n¶`±H² �	´t¹+@ ��� ½2s[´�º�±%�	¼ �	±
±40�¸�´t² ��·H² � � ´E¸ � º�´�²`»t´tº)»A¼��±Hµ � · � µ � � ´ � � ¼1
 �·3¸�´ � � ¼ �3±	»t·���· �
¶`¼�´�µ�´ � µ�·�»t· � ¸�·�³ ��� »A¹ ·G²�·^� ��´�¹�±�¸�»t¼�µ�»t± �� µ�¼ »A±�¸g¼lµ �3´�¸/�
¶`¼ � ·��	±3²�´*¸�´ � ²`±Hº�´t±3¸ � � ´ �	´�»t¼1��¼�´�²�±3µ�¸�±H¹l¼l»t¼¢¶�·G² � µ?»A±3µ3¶`²`·G¶�±
 "!$#&%('*),+-).#0/*'*1�#02435)63578#09	:(#&;<#"9,#"2=+<%(+>35/?:=243@:(352BA0+<78+DC435%FE

:(2=+<9HG+<78'*A"35%(I�J.2(+<J,K.#0%=:(35%8LMK.#�LMK,'*N�G35%OJP+Q).2"GR 359?7?G35%S1.'*#09T%(#02UA0/V35%(' EW A"35)635%X),#"9	:=2(+8).#Y/V3SZ[GR %('*A"3\).#\35/ :(35%X#09.#02(;,GR 35%"]



V&±H¹l´A¶��� µ	��� ����� �� ³�½JÀX���	�
���4� �

´�µ,��¸�º�·*�µ�· � ¹l±b¹�± � ²�·G²`±Hµ � ¶`²�´*¸�¹�± ��¼l»t¼�´�²�±3µ�º�·G²�·8¶�²�·;0�·;W ·G²
´�µ?´t¹J@ � � �T¹l±3¸��	±3¸�²`´�¸ ¶`·Hµ�¶�´�¸[¹�±�¸�±H¹l¼l»t¼¢¶�·G²`±Hµ�´tµ?´�¹+�J´tµ�¶�²`±
��´;KE·]¶`±3¸
�	´ @/�:2 ´�µ >�·4�	²�¼ � �)� ´�µ ´t¹"@-=+@ � ��´ %�·H¹�´�µ�»A¼ ·4�A½
��µ ³�¼�±Hº�¼�µ�¼��±HµO´�¸ ¶�±?�	´t³ � ´�¸ ¶�²�· �4� ´E¸�¼ � µ�»A´tµ�¶`²�±8´�¸�º�·*�µ�±3¹
¸�´E´�¸/I � ´t² 
�· � º � ´L�	´Eº�´t² IT´�»n¶�·G³�´tµ�¶`´ ·G¶�²�·G´�²J·:»A¼l´tµ�¶��� #�»t±3¸U�	´
±H¶�²`±3¸&º�· �� ¸�´�¸&´ � ²�±3º�´�±3¸�½
��¹�´-W ´�³:º�¹�± ��´t¹E@ � � ´tµ!´�¸ ¶�´�·3¸ º�´�»A¶�± � W � µ�¶�±�»t±Hµ!´�¸`·

I � ´t² 
�· �	´�¹ · � ¸ ¶�²`±Hµ�±3³	�� ·�´*¸ º�·��µ�±3¹l· ��´ ¹ · � � ´�¶`±%�	±3¸8´�¸/�
¶�·G³�±3¸[¶`·Hµ?±H² ��� ¹l¹�±�¸ ±�¸ � �	´�0�´t²��� ·?��·H»t´t² � � ´8¹l·3¸=»A¼ IT²�·H¸=· � � ��
º�²�´*¸ ´�µ3¶�·���·3¸�³�´-W ±3²�´�µ ¸�´tµ�¸�¼ 0�¹�´�³:´�µ�¶�´E´tµ º�² �±��#¼l³b·H¸J»A±Hµ��3±;�
»�·]¶`±H²`¼l·3¸t½

� ¹ 0�´t²�¶�±�=�´t²`µZ�·Gµ �	´�
����#±H¶�± B !�8�698�& C ,�M9#469,<* C (+*-#9!D6 M98 *�(�6

� 7��H6���� ; BW6�� � ;@�.� >�7��8;=B�9 >
	�� ? >�:687 ;=7

B B�9�� 687�6�� :< ��;=7 � B�� ��
7 �

� ³�´L�	¼ ·��	±�¸<�	´�¹�·*�µ�± ������
 � ¹ ·[N � µ�¶`·�K ¼�²`´�»A¶�¼1�]·[�	´[¹ · ��� �
¸�±H¹l¼ »A¼�¶ �± ¹ · »t±Hµ%IT´*»t»t¼L�±3µ �	´ � µy¼lµ%IT±H²`³�´ � � ´:²�´�E�´-W ·H²`·�¹l·O¸ ¼ �
¶ � ·H»t¼L�±3µ �	´�¹l· ¼lµ��H´*¸ ¶`¼ � ·H»A¼��±Hµ8´tµb´*¸ ¶�·3��¼l¸`»A¼lº�¹l¼�µ�· ´�µ�¹�±�¸�»A´�µ%�
¶`²�±�¸g´�¸�º�·*�µ�±H¹l´�¸K��´�@��;K�½ �1·?²`´�·H¹�¼1
�·3»A¼��±Hµ ��´�´�¸ ¶�´�¼lµ%IT±3²�³�´
��·b»A±Hµ�¶�·��	±b»A±3µ1#�µ�·Gµ�»A¼ ·H»A¼��±Hµ �	´�¹ � ²`± � ²`·H³�· � ·3»A¼l±Hµ�·H¹ �	´
� ¸ ¶`²�±3µ�±H³	�� · � � ¸ ¶�²`±;I/�� ¸ ¼ »t· � �	´L¹l· º�²�±3º�¼l· ��� � ½ ��µQ¹ ·
H[´ � µ�¼��±Hµ	�J¼�´�µ�¶��� #�»t· �	´ °1±3¹�´��	±8¸�´ º�²�´*¸ ´�µ3¶�·G²`±Hµb²`´�¸ � ¹�¶`·���±3¸
º�²�´�¹�¼l³�¼�µ�·H²�´*¸G�	´t¹	³�¼ ¸ ³�± ��� ¸ � �H´�²`¸�¼��±Hµ #�µ�·G¹J�Tº�²�´*¸ ´�µ3¶�·���·E·
¹l±3¸[³:´��	¼l±3¸Z�	´­»t±H³ � µ�¼ »t·H»t¼L�±3µO´�µ?¹l·b¸�´L��´K�	´g¹l·���� � ´t¹D
�

��´ � ±D�#¼l´t³ 0�²�´ �	´ �	�
�
�4�g¸ ´ ´tµ�» � ´tµ�¶�²�· �	¼ ¸�º�±3µ�¼ 0�¹�´X�	´�¸ �	´
¹ ·�ºZ�· � ¼lµ�·�0&´�0 �	´g¹ ·:³:¼ ¸�³�·	� .%6 6 �
] ^�^%!�,�#<*/# C *R��'\*/,:! �n½

� µ�¶�´&¶�±%�	± � ��· ��� � ´�·H»t¹l·H²`·H² � � ´¾´*¸ ¶`´�¼�µ%IT±3²�³�´�¸�´&²`´.#�´��
²`´�·H¹�´�¸ ¶`·4�	± � ¹l±�0�·G¹J�	´­¹ ·b¼lµ��H´�¸ ¶�¼ � ·3»A¼��±Hµ � ¸ ¼l´tµ:��±b´t¹&~ i q�m§_�f
¹ · � µ�¼ ��·��¤³	�� µ�¼l³b·�½ � ±3² ´t¹ º�²`±Hº�¼�± �	¼l¸�´)�µ�± �	´�¹ ³:¼ ¸�³:± �
� � ´1#;W ·H³�±3¸b·G¹¾º�²`¼lµ�»A¼lº�¼l± � ´*¸ ¶`´�¼�µ%IT±3²�³�´�µ�±!º�²`±Hº�±H²�»A¼l±Hµ�·
¼lµ%IT±3²�³b·H»t¼L�±3µQ·H»A´�²`»�· �	´?¼�µ��3´�¸ ¶�¼ � ·���±H²`´�¸:± ¼�µ�»A¹ � ¸ ± �	´?¹�±�¸
º�²�±3º�¼�±�¸�»t´tµ�¶�²`±3¸E��´ZIT±H²`³b·g¼lµ:�	¼1��¼ � � ·H¹¥½ �J¸ ¶`±3¸�±H¶�²`±3¸�·3¸ º�´�»��
¶`±3¸+��·Hµ8¸�¼1�	±=¶�²�·]¶�·��	±�¸1´�µ�±G¶`²�±�¸�´*¸ ¶ � �	¼l±3¸<»A±3³:º�¹�´�³:´�µ�¶`·���±3¸
º�±H²8´t¹�º�²�´*¸ ´�µ3¶`´ � »A±3³:±?º�±H²�´-W ´t³�º�¹l±�´�¹�²`´�IT´t²`´tµ�¶`´�·G¹�º�´t² �
#�¹�¸ ±	»A¼l±H¹��± � ¼l»t± �	´�¹l±3¸ ·H¸ ¶�²Q�±Hµ�±H³�±3¸=´�¸�º�·*�µ�±3¹�´*¸?� @ � ¹l´�¸�¼ ·H¸ �	´
� ¸�¸�´t¹�´A¶¾·G¹ � 
*ÀHÀ � �4� º��K�9� � �"��� � �	�����<´t¹"�	´ ¹l·gº�²�±%� � »�»A¼��±Hµ
»t¼�´�µ�¶��� #�»t·[�	´t¹�º�´�²`¸�±Hµ�·H¹�´�µ IT±H²`³b·H»A¼��±Hµ	��� � �·G²`´�
 =�´t²`µZ�·Hµ:�	´�
 �
�1± � ²`´tµ�¸ ± � ²`¼l´A¶�± � V&´ ��� ´�²��� · � ±H²�¶ �9�4� �´�¸ � �	�
�
� � V&±H¹l´A¶��� µ
��´�¹ · ��� ��� � � ¿ � � ´t¹�´�¸ ¶ � �	¼�±O¸ ±	»A¼l±H¹��± � ¼l»t±��	´�¹l±3¸ �	±	»n¶`±H²`´�¸
´*¸ º�·��µ�±3¹�´*¸ ´�µ � ¸ ¶`²�±3µ�±H³	�� · � V¾·]¶ ¶�·Gµ�´�² �K�±Hº�´�
�´t¶g·H¹ � �	���F
 �
V&±3¹�´t¶��� µ �	´­¹ · ��� ��� � � ¼ �:� � ±�¹l±3¸=²�´*¸ � ¹�¶`·4�	±3¸=¸ ±40�²�´g´�¹W¼l³A�
º�·H»n¶`± ��´�¹ · � ¸ ¶�²`±Hµ�±3³	�� ·?´*¸ º�·��µ�±3¹l·y´tµ ¹l· �U�´*»t·���· �	´�¹�±�¸

*ÀHÀ
�A���
�·Gµ�»���´�
�� V&´tµ�µ � ������
 � s[¼ � ��¹l¼ � ��¶`¸�±;IJ�#º�·Gµ�¼l¸ � � ¸/�
¶`²�±3º9� � ¸ ¼ »t¸ � �����;�n½

�1±3¸ ��·G¶�±�¸gº�·G²�·�´t¹�¼lµ%IT±3²�³�´?I � ´�²�±3µV±40	¶�´�µ�¼ �	±3¸ º�²`¼lµ�»A¼ �
º�·G¹l³:´�µ�¶�´ ��´�¶�²`´�¸KI � ´tµ�¶`´�¸��:³�´��	¼l·Hµ�¶�´ � µ�·?´tµ�» � ´*¸ ¶�· � � ´
��¼�²`¼ � ¼�³�±�¸=·�¿J��
g¼lµ��H´�¸ ¶�¼ � ·4�	±H²`´�¸[� � � � ´8»t±Hµ�¶�´*¸ ¶�·G²`±HµP
�}F
 �
� µ­¿
�J� � � ³:´��	¼ ·Gµ�¶�´U��·]¶`±3¸ � � ´&¸ ±3¹�¼ »A¼�¶`·H³�±3¸�·Z��¼�²`´�»A¶�±H²`´�¸ �	´
»t´tµ�¶�²`±3¸
� ��� � ´Jµ�±3¸<¸ � ³:¼lµ�¼ ¸ ¶`²`·H²�±3µ­´tµN���E»t·3¸ ±�¸ � » � 0�²`¼�´�µ:�	±
³ �·3¸ �	´�¹3À���� ��´�¹�±�¸�¼lµ �3´�¸ ¶�¼ � ·4�	±H²`´�¸�� � #�µ�·G¹l³:´�µ�¶�´�³�´L��¼l·Hµ%�
¶`´ ¹l±3¸ ��·]¶`±3¸ 0�¼10�¹l¼�±3³ �´A¶`²�¼ »A±�¸ �	´ ¹ ·H¸gº � 0�¹l¼l»�·H»A¼l±Hµ�´�¸­´�µ ¹�±�¸
·*�µ�±3¸D
�À3ÀHÀ � �	�
��� � ������
�·=¹�±�¸ � � ´&¸ ´J²�´�#�´t²`´�´�¹3º�²`´�¸�´tµ�¶`´�¼lµ%�
IT±3²�³�´3½ � ´*¸ ¶`±Z��· �;�4� ´J·*�µ�·��	¼l²�¹l±3¸ ��·]¶�±�¸1»t±H²`²�´*¸ º�±Hµ:��¼�´�µ3¶`´�¸
·8¹ ·�#�µ�·Gµ�»t¼l·3»A¼��±Hµ �	´ º�²`± � ´*»n¶`±3¸�´�µ ´�¹ � ²`± � ²�·G³b· � ·H»A¼l±Hµ�·G¹
��´ � ¸ ¶`²�±3µ�±H³	�� · �K� ¸ ¶`²�±�I/�� ¸�¼ »t·K���	���
� � �	�
��
 � �	���!��� � ·3¸��� »t±;�
³�±�´�µ?´t¹ � ²`± � ²�·G³b· � ·3»A¼l±Hµ�·H¹J�	´K@oµ��H´*¸ ¶`¼ � ·H»A¼��±Hµ ��¸�º�·3»A¼ ·G¹
� 
�À3ÀHÀ4� � ¶�±%�	±�¸¾´t¹l¹�±�¸�¸ � ³�¼lµ�¼ ¸ ¶`²`·4�	±3¸&º�±H²ZHg½:H[±���²�¼ � ±�½
��¹�¼lµ%IT±H²`³�´��	´�¸ � ¹l±3¸`· � µ�·?¸�´t²`¼�´��	´ ²�´*¸ � ¹�¶`·4�	±3¸ � »A±3µ%�

»t¹ � ¸ ¼l±Hµ�´*¸g»A±3µ � µ »t¼�´�² ¶`± ��´A¶`·H¹�¹l´ � ´tµ�¶�²`´�¹�±�¸ �4� ´��	´�¸ ¶`·3»t·Gµ
¹l±3¸�¸�¼ ��� ¼l´tµ�¶�´*¸(�

� s=· � ¿��
��¼�µ��3´�¸ ¶�¼ � ·���±H²`´�¸E´tµ � ¸ ¶`²�±3µ�±H³	�� ·�´tµ ¹ ·y·3»��
¶ � ·G¹l¼1��·4� � ¹l± � � ´�¼l³:º�¹�¼ »t· � µ�±3¸4
 �Vº�±H²O³:¼l¹l¹L�±3µ �	´
��·�0�¼¢¶�·Gµ�¶�´*¸t½ ��µ 
*ÀHÀ"}�´�¸ ¶�´Eµ �� ³�´t²`±�´t²�· 
+��´�µX=�²`·Hµ%�
»A¼ · � 
.�8´tµ � ¹�´�³b·Gµ�¼ · � »�·H¸�¼(�"�:´�µ�´t¹ H[´t¼lµ�± �[µ�¼ �	±�½
�
�±3¹�±�¹ ·¾³�¼¢¶�·��K�	´ ¹l±3¸1¼�µ��3´�¸ ¶�¼ � ·���±H²`´�¸�´�¸ ¶ �·HµE´�µgº�¹ ·Gµ�¶�¼ �
¹l¹l· � ·Gº�²`±��	¼�³b·4��·G³�´tµ�¶`´�¹l·8³�¼¢¶�·��b¶`²`·�0�·DW ·Hµ�´tµ�»A´�µ%�
¶�²`±3¸ �=µ�¼1�H´t²�¸�¼¢¶�·G²`¼�±�¸ �T¹ ·�±G¶�²�·:³�¼¢¶�·���´tµ 2 ² � ·Hµ�¼l¸�³�±3¸
� �� 0�¹�¼ »A±�¸ �	´ @oµ��H´�¸ ¶�¼ � ·3»A¼��±Hµ �A½



� V&±H¹l´A¶��� µX��� ���F� �� ³�½�À � �	�
��� �

� ��µ�¶9�´t²`³:¼lµ�±�¸�º�±3²`»t´tµ�¶ � ·G¹l´�¸ � ¶`·Hµ3¶`±b¹�±�¸¾¶�´�³b·H¸���´­¼�µ9�
�H´*¸ ¶`¼ � ·H»A¼��±HµO»A±H³�±:¹l·3¸U��´t²`²`·H³�¼�´�µ3¶�·H¸ � ¶�¼l¹l¼ 
*·���·3¸Jº�²�´��
¸ ´�µ�¶`·Gµ �	¼ IT´t²`´tµ�»t¼l·3¸[»A±3µ�±G¶�²`±3¸&º�· �� ¸ ´*¸�»A±Hµ�¹l±3¸ � � ´­¸�´
��·Oº�±%�	¼ �	±�»A±H³�º�·H²`·H²�½ ��µ3¶`²�´8´�¸`·H¸ �	¼ IT´t²`´tµ�»t¼l·3¸=´*¸ ¶Q�·
¹l·¬³�´tµ�±3² �	´��	¼l»�·H»t¼L�±3µ ·G¹E´�¸ ¶ � �	¼l± ��´t¹ �#¼l¸ ¶�´�³b· �#±��
¹l·H² � ·H¹�¶`²`·�0�·DW ± �	´X�W·;0�±H²�·]¶`±H²`¼�± � ·y¹l·3¸�±40�¸ ´�² �]·3»A¼l±;�
µ�´�¸J´tµO´t¹ �[¹�¶�²�·��#¼�±3¹�´t¶`· � ²�· � ±�¸EY � ·­¹ · � ¸ ¶`²�±�I/�� ¸ ¼ »t·�Z� ³ �´�²�¼ »t·�½ ��¸ ¶`·H¸�¸ ±3µ �·G²`´�·H¸g»t±Hµ ¹ ·H¸ �4� ´ ¹ ·H¸K�	¼ IT´��
²�´�µ�»A¼ ·H¸¾¸�±Hµ�·:³:´�µ � �	±b³ �F� º�²`±Hµ � µ�»t¼l·4��·H¸�½

� �1·�¼lµ �3´�¸ ¶�¼ � ·3»A¼��±Hµ�´*¸ ´tµ � ´�µ�´t²�·G¹ �	´?0 � ´�µ�·�»t·H¹�¼ ��·���½
�#´=º � 0�¹l¼l»�· � ·Gº�²`±��	¼�³b·4��·G³�´tµ�¶`´ �;� µ�·G²�¶��� » � ¹�±gº�±H²&¼�µ9�
�H´*¸ ¶`¼ � ·��	±3² � º�±3²b·��µ�± � ´tµ¬²`´��#¼ ¸ ¶�·H¸ �4� ´ ¶`¼�´�µ�´tµ � µ
�� µ:�	¼ »A´<�	´&¼l³:º�·H»n¶`±=²`´t¹ ·]¶`¼ �]·G³�´�µ3¶`´�·G¹�¶�±A��¸�¼	¸ ´&»A±H³�º�·;�
²`· � º�±H²&´-W ´�³:º�¹�± � »t±Hµb²`´��#¼l¸ ¶`·3¸<�	´3=
�� ¸�¼ »t·4�A½ =�²�´�µ3¶`´ ·H¹
µ �� ³�´t²`±=´*¸ º�´t²�·���±��	´¾»A¼�¶`·H¸ � ¹�±�¸W·H² ¶��� » � ¹l±3¸�º � 0�¹l¼l»�·��	±�¸
º�±3²�¹�±�¸¾¼�µ��3´�¸ ¶�¼ � ·���±H²`´�¸U�	´g»A´tµ�¶`²�±�¸¾´�¸�º�·*�µ�±3¹�´*¸&±�0	¶`¼�´��
µ�´tµO·G¹ ��� µ�·­³ �·3¸�´�µ�º�²`±H³�´L�	¼l± � � µ1��½ ��� � � ��·]¶�± � � ´
µ�±[¸�¼�´�³:º�²�´ ��·=¸ ¼ �	±[»A¼l´t²�¶�±[·G¶�´�µ:�	¼l´tµ:�	± ·¾¹�±�¸�´�¸ ¶ � ��¼�±�¸
º � 0�¹l¼ »t·���±3¸&º�±3²
@/��@n½ �Z� µ �4� ´ ¶`±%�	±3¸&¹l±3¸&º�·G²Q�·G³�´t¶�²`±3¸
¼�µ �	¼l»�·]¶`¼ �3±3¸<��´ ¹ ·�»�·Gµ�¶�¼ ��·���±:»t·H¹�¼ ��·�� �	´=¹ ·­º�²`±%� � »��
»A¼��±Hµ »t¼�´�µ�¶��� #�»t·;E � »n¶)�� ·GµO´tµ�¶�²`´=»A´�µ�¶�²`±3¸ � µ�±:¸ ´ ±�0�¸�´t² �
�]·Gµ �	¼ IT´�²�´�µ�»A¼ ·H¸�¸�¼ � µ�¼M#�»t·G¶�¼1�]·H¸&´tµ�¹l·3¸¾³�´L�	¼ ·H¸¾²`´�IT´�²�¼ �
��·H¸ · »t´tµ�¶�²`±3¸ � ²�·Gµ:�	´*¸[±�º�´ � � ´)�µ�±3¸ � �[µ�¼1�H´�²`¸�¼�¶`·G²`¼l±3¸
� 2 � @ ¸�½

� s=· � »t´tµ�¶�²`±3¸J´�¸�º�·*�µ�±H¹l´�¸3� 
�
���¼lµ��H±3¹ � »t²`·4�	±3¸�´tµO¶�±%��·3¸
¹l·3¸�³:¼ ¸�¼�±3µ�´�¸G�	´�¹	º�²�± � ²�·G³b·[»t¼�´�µ3¶��� #�»A±3�	´J¹ · �\� � �T´�µ
� ¸ ¶�²`±Hµ�±3³	�� · � �	¼l¸ ¶�´�³�· �#±H¹ ·G²��n½ �W·G³�´tµ�¶�·;0�¹l´t³�´tµ9�
¶�´ � ´�¸`· � ´�µ�´t²�·G¹l¼1
�·H»t¼L�±3µ!µ�±L¸�´ ´���¶`¼�´�µ:�	´�·G¹
�	´�¸`·G²`²`±;�
¹�¹l± �	´g¼lµ�¸ ¶`² � ³:´�µ�¶�±3¸[º�·G²�·�±40�¸�´t² ��·G¶�±3²�¼l±3¸�¶�´�²�²`´�¸ ¶�²`´�¸ �
³ � »���± ³ �·H¸E¹l¼�³�¼�¶`·���·�·�»A´�µ�¶�²`±3¸=¶��� º�¼ »t·G³�´�µ3¶`´ � ²`·Hµ%�
�	´�¸�½

� ��±�¸�·H¸ ¶�²Q�±Hµ�±3³�±3¸ ±40	¶�¼l´tµ�´�µb²�´ ��� ¹ ·G²`³�´tµ�¶�´¾¶`¼�´�³�º�±[��´
±�0�¸�´t² �]·H»t¼L�±3µ�´tµ:¼lµ�¸ ¶�·G¹ ·H»t¼�±3µ�´�¸�´tµ�¹ ·H¸ � � ´��J¸ º�·*�µ�· µ�±
¶�¼l´tµ�´�²`´�¸�´t² �]·���· � µ�·V» � ±H¶`·^� � µx»A´�µ3¶`´tµ�·H² �	´�º�²�±��
º � ´*¸ ¶�·H¸�´�µ�±40�¸�´t² ��·G¶�±3²�¼l±3¸J¶�´�²�²`´�¸ ¶�²`´�¸¾º�±H² ·��µ�± �9� µ�·3¸

+��´tµ¤±40�¸�´t² ��·G¶�±3²�¼l±3¸ ´�¸�º�·H»t¼l·H¹�´*¸ � � µ�·3¸�º�±	»t·3¸ ´�µ
»A´�µ3¶`²�±�¸
�	´­¸ � º�´�²`»t±H³�º � ¶�·H»A¼��±Hµ1½

� �1·�IT±H²`³�·3»A¼��±Hµ �	´:¼lµ �3´�¸ ¶�¼ � ·4�	±H²`´�¸[¸�´8»t±Hµ�»t²�´t¶`·b´�µy¹ ·
·H»A¶ � ·H¹�¼ ��·���´tµ 
��?µ � ´��3±3¸ �	±	»n¶�±3²�´*¸­º�±H²�·*�µ�± � · � µ9�
� � ´�¹l· ´��	¼l¸ ¶�´�µ�»A¼ · �	´�
 ���30�´*»t·H²�¼l±3¸<º�²`´L��±#»A¶�±3²`·H¹�´*¸W´�µ
¹l·L·H»A¶ � ·H¹�¼ ��·�� ��·H»t´ ¸ � º�±3µ�´t² � � ´ ´*¸ ¶`´Oµ3�� ³:´�²�±V·H¸/�
»A´�µ:�	´t²Q�·�·,�"�O´tµ � µ I � ¶ � ²`±?º�²Q�±	�	¼�³�±�½ ��¹�´*¸-I � ´t² 
t±
¶�±H¶`·G¹¾²`´�·H¹�¼1
�·4�	±yº�±H²b¹l±3¸�»A´�µ�¶�²`±3¸N�[µ�¼1�H´�²`¸�¼�¶`·G²`¼l±3¸­´�µ
º�²`± � ²�·G³b·3¸J�	´
�	±	»n¶�±3²`·4�	±=¸ � ³b·=³ �·3¸+��´&¸�´t¼ ¸1º�²�± � ²�·D�
³b·H¸&»A±H³�º�¹l´A¶`±3¸ � º�´�²�±:²�´�º�·G²�¶�¼ �	±�¸�´tµ 
���º�²�± � ²�·G³b·H¸�½
��¸ ¶�±A��·H»t´ ´*¸ ¶`´g¸ ¼ ¸ ¶`´t³b·8³ ��� ¼lµ�´�#�»A¼l´tµ�¶�´ � µ�±A��·:¹ ·
º�±�¸ ¼10�¼l¹�¼ ��·4� �	´ � µ�· IT±3²�³b·H»t¼L�±3µ�¼lµ3¶`´ � ²`·H¹&´�µ � ¸ ¶`²�±��
µ�±H³	�� ·:·8³ � »���±�¸ �	±	»n¶�±3²`·Hµ:�	±�¸t½

�J¸8³ ��� �	´*¸ ¶�·H»�·;0�¹l´ � � ´�¹ ·H¸:µ�´*»A´�¸�¼ ��·��	´*¸�³ �·H¸�¸ ´�µ�¶�¼ �
��·3¸ º�±3²g¹�±�¸ º�²`±Hº�¼l±3¸E¼lµ �3´�¸ ¶�¼ � ·4�	±H²`´�¸ � ²`´�»t± � ¼1��·3¸=´�µ!¹l·�´tµ9�
» � ´�¸ ¶`· � º�²�±3º�±3²`»t¼�±3µ�·Gµ � ·­¹ ·H¸&»A¹ ·��H´�¸Jº�·H²`·­»t±H³�º�²`´tµ:��´t²&¹l·3¸
»�·G²`´tµ�»t¼l·3¸[³ �·H¸ µ�±G¶`±H²`¼l·3¸t½3�1· º�²�¼l³�´t²�·bµ�´*»A´�¸�¼ ��·��?´*¸=¹ · ��´
�	±H¶`·3»A¼��±Hµ �	´8º�´�²`¸�±Hµ�·H¹ � º�·H² ¶`¼l» � ¹l·H²�³�´�µ3¶`´­´tµyº�¹l·Hµ�¶�¼l¹�¹ ·�½��W·
¸�´ �4� µ:��· ´�¸�¹ ·¬»A±3µ�¶�¼lµ � ¼1��·4� � »t¹l·H²�¼ ��·4� � ´.#�»t·H»t¼l·¬´tµ ¹l·3¸
¸ � 0��H´�µ�»A¼l±Hµ�´*¸t½ � ±­´*¸E�	´[´��#¶�²�·��µ�·H² � � ´=´tµ�´t¹�º�´�²�¼l±%�	±g´tµb´�¹

� � ´g¸�´ ��·�²�´*·G¹l¼ 
*·��	±8´�¸ ¶`·�´�µ�» � ´*¸ ¶�· � »t±Hµ�²�´t¶�²�·H¸�±3¸&¸ ¼lµ�º�²�´��
»t´L�	´�µ�¶�´�¸<´�µ8´�¹	´tµ��)�� ±3�	´�»�·G²�¶`·H¸G�	´[»t±Hµ�»t´�¸�¼L�±3µ �	´¾º�²`± � ´*»n¶`±3¸�
� »A±H³�±:µ�± � º�· � ±A�	´ ¹ ·H¸¾»t±H²`²�´*¸ º�±Hµ:��¼�´�µ3¶`´�¸J¸ � 0��3´tµ�»t¼�±3µ�´�¸ �
¸�´�·�´*¸ ¶`´ � µ�±��	´�¹�±�¸¾¶�´�³�·3¸�³ �·H¸�º�²�´�±#» � º�·Hµ3¶`´�¸�½\�W·:¶�´t²�»A´��
²�·X�	´�¹l·3¸ µ�´�»t´�¸�¼1��·4�	´�¸ ·Hº � µ�¶`·4��· º�±H²g¹l±3¸ ¼lµ��H´*¸ ¶`¼ � ·��	±3²�´*¸ �
¹ ·b´�µ3¶`²`·4��· �	´ ��¸�º�·*�µ�·�´�µ,�\�:2 � ´�¸ »A±Hµ�¸ ¼ �	´t²�·���·:¶`·G³ 0�¼��´tµ
´�µQ¹l·3¸ »t±Hµ�»t¹ � ¸�¼l±Hµ�´*¸ �	´�¹ ¼lµ%IT±H²`³�´y»A±3³�± � µ�·�»t¹l·��3´?º�·G²�·
³�´/W ±H²�·G²[³ � »���·H¸ �	´�¹ ·H¸ »t·H²�´�µ�»A¼ ·H¸=´.�	º � ´*¸ ¶�·H¸�½-�[µ�³b· � ±H²
»t±Hµ�¶`·3»n¶`± G	» � ·Hµ3¶`¼¢¶�·]¶`¼ �3± � » � ·G¹l¼�¶`·]¶`¼ �3±�G�»A¼l´tµ�¶��� #�»t±;�§¶9�´*»Aµ�¼ »A±
»t±HµLµ � ´�¸ ¶�²`±3¸=»t±H¹l´ � ·H¸ ´ � ²`±Hº�´t±�¸ ¸�´t² �#¼�²��� ·�º�·G²�· I�·3»A¼l¹�¼�¶`·H² ¹ ·
03�� ¸ � � ´���·X�	´�¸ ±3¹ � »A¼l±Hµ�´*¸ ·�³ � »���±3¸Eº�²`±�0�¹l´t³b·3¸ � ³ �·H¸g·H¹�¹��·
��´t¹�³�´�²�±­·3»t»A´*¸ ±­·H¹�»t¼�´�¹�±�¸ � ²�»t±Hµb¼lµ�¸ ¶�² � ³�´tµ�¶`·3»A¼��±Hµ:¶�´�²�²`´�¸/�
¶`²�´3½��1·�º�´�² ¶`´tµ�´�µ�»A¼ · · �U�:2 �	´L0�´�²��� ·�´�¸�º�±H¹l´�·G²=¹l· � ´tµ�´t²�·D�
¹l¼1
�·H»t¼L�±3µ � ²`·3»A¼l±Hµ�·H¹�¼1
�·3»A¼��±Hµ �	´ · � � ´t¹l¹l·3¸�·3»n¶�¼1�#¼1��·��	´*¸�´tµO¹l·3¸
� � ´O´t¹¾¸ ¼ ¸ ¶�´t³b·y´�¸�º�·*�µ�±3¹�º�²`´�¸�´tµ�¶�· � µ �U�´.#�»t¼¢¶:²�´�³b·G²�»t·;0�¹�´
´�µ ¶�±%�	±3¸�¹l±3¸ �·H³[0�¼�¶�±�¸t½ ��µ ±3º�¼lµ�¼L�±3µ ��´t¹[´ �4� ¼�º�± � � ´ ��·
´�¹l·�0�±3²`·4�	± ´�¹�¼lµ%IT±H²`³�´ � ´�¹ � ²`± � ²`·H³�· � ·H»t¼�±3µ�·G¹ �	´ � ¸ ¶`²�±��
µ�±H³	�� · �A� ¸ ¶�²`±;I/�� ¸�¼l»�· � W � µ�¶`±­»A±Hµb´�¹:�	´�¹���¸�º�·3»A¼l± � �	´L0�´�µ�¸ ´�²
¹ · ��´t²`²`·H³�¼�´�µ3¶�·=»t¹l·��3´�º�·H²`·=¹�¹l´��]·G²<¹ · � ¸ ¶`²�±3µ�±H³	�� ·�´*¸ º�·*�µ�±H¹ ·
·H¹�µ�¼1�H´t¹ � � ´ ¹l´­»A±3²�²`´�¸�º�±3µ:�	´E´tµO¶9�´�²�³�¼lµ�±3¸¾» � ·Gµ�¶�¼�¶`·G¶�¼1�H±�¸ �
´�µ!¹l·3¸ �	¼ IT´�²�´�µ�¶�´�¸ �·H²�´*·H¸ � ³b·Gµ�¶�´�µ�¼l´tµ:�	± � � ³�´-W ±3²`·Hµ:�	± � ¹ ·
»�·G¹l¼1��·��X�	´ ¹l·�¼lµ��H´�¸ ¶�¼ � ·3»A¼��±Hµ�½

Y8½:V¾·G²�»A±3µ�¸ ':#�MQF�8�5"!;& ( B F�#E*R��5)( FD#�5
*�,:!
H­½FK=±3³	�� µ ��� ´L
E°W´tµ�²`´t¼l²`± M%8:!�#<*-P�8 C (�5��4�:, T%&��%# C *�,:!� ½ ��½ � ·H¹�¹��´ � $;�:&%$ $E*�(;#:F+*/,:!
N�½ > ½ � ·G²`´L�	´*¸ O 8:!�,��:& # C *R��'U*/,:!
>�½:�K�±3º�´L
 �<� ´t²�¶`·3¸ � �:,4M�69#9!�& (;#�#E*/,:!
@n½ � �´t²`´�
 =�± � ²`µ�±Hµ (�� B &%$�$E*�(;#:FG*/,9!



V&±H¹l´A¶��� µ	��� ����� �� ³�½JÀX���	�
���4� �

� �!9<;-�A;=B ? 6��?>A6�� B�� � 5 � � � �
B B�9�� 687�6���>.� 	�� � � �

NOn����-Pw� ) ��� 
������ )-� � ,2� � Pa3���	����	�>�R !"�����M�( �� K �����-=
	�� ��� ��6�l!"� ) 
 � ���"!"��� !"�(
�� � 
��6	#	��-?S� )�
 � �� ) � �.� � ) �m]%�-G�� )
������	 K �
 � ) ���k���&	���� K � V F
���"F��p��� ^ �h�<���&�6�2!>�g��� 3��M� � ����c �h) =

�����
��#����
.	������ ) 
����<� )�� � ,�� � ) !"�U	��-?S� )�
 ��� ) �S
&���� � 
�� ) ?9���

 � ��	/	�� [ ����� ) 
�� � �(��
�	 � ]>� �/� ��(�O	�� ) ��� � ��� )@) � )E� �S���R �� �/� ��=
��� ) 
&�� � � �.� � )�^ �>]-G��6
 �  (� )�� �
*);�.� � ) ? ����� ) 
��>
/� ) � � 
/�R�6�5!"���

������ )-� � ,�� �5NAn����-P [

�^�#vA� �Hz��0�=�_�U|�u�

��µb¹l· �� ¹�¶�¼l³�·[�\�´�»�·���· � ¹ · � ¸ ¶�²`±Hµ�±H³	�� · � ·G³�³b·­·g³ ��� ·G¹�¶`·
´�µ�´t² � �� ·U��·=´.�	º�´�²�¼l³�´tµ�¶`·4�	± � µ�² �·Hº�¼1��±��	´�¸`·G²`²`±H¹l¹�± � ²�·H»t¼l·3¸�·
¹ ·[º � ´�¸ ¶`·=´tµ I � µ�»A¼l±Hµ�·H³:¼l´tµ�¶`± �	´J¹�±�¸�¶`´t¹l´�¸`»A±Hº�¼�±�¸ �	´<IT±H²`³�·;�
»t¼L�±3µ �	´&¼l³ �· � ´�µ�´�¸G�	´&¹ � 
 �\��´�²�´�µ	�H±D�g·G¶�³�±3¸/I��´t²`¼ »t·�½ ��J¸ ¶�·[´*¸
º�²�±%� � »t¼1��·g´tµ�´�¹Q��´�¸`·G²`²�±3¹�¹l± �	´=¹ ·H¸J»t·H¸`»t·4��·H¸ ��´=º�·H² ¶��� » � ¹ ·H¸
¸�´�» � µ:��·H²�¼ ·H¸�¼�µ:� � »A¼ ��·H¸Wº�±H²�¹l·�²�·���¼l·3»A¼��±Hµ­»J�±�¸ ³�¼ »t·[·H¹3´�µ�¶�²�·G²
´�µg¹l·=·]¶�³ �±�¸-IT´�²`·&¶`´t²`²�´*¸ ¶`²�´3½ � »A¶ � ·H¹�³�´tµ�¶`´�´�¸ ¶`·�¶9�´*»Aµ�¼ »t·¾º�´t² �
³�¼�¶�´[´��	º�¹�±3²`·H² ´t¹ � µ�¼ �3´t²�¸ ±gµ�± ¶9�´�²�³�¼ »A± ²�´�¹l·G¶�¼1�#¼l¸ ¶`·�½G�#´ ��·Gµ
��´A¶�´*»n¶�·��	± � ·b³ �·H¸3�	´ � µ�·��	±	»A´�µ�·��	´[I � ´tµ�¶`´�¸E·�´tµ�´t² � �� ·H¸
º�±H²¾´�µ�»A¼l³b·A��´ �
��� �E´�% � ¹�± � � ´g»A±Hµ�#�²�³b·8¹l·:»A²`´t´�µ�»A¼ ·A�	´
� � ´g¸�´ º � ´L�	´ ��·3»A´�² � ¸ ¶`²�±3µ�±H³	�� · � ·G³�³b·8»t±Hµ�¶`´t¹l´�¸`»A±3º�¼�±�¸
¶`´t²`²�´*¸ ¶`²�´*¸t½ � ´t²`±[¶�±%��·��)�� · � �	´L0�¼ �	±E·E¹l¼�³�¼�¶`·3»A¼l±Hµ�´*¸1¶9�´�»tµ�¼ »t·H¸ �
¹ ·E²�´ � ¼��±Hµ?�	´�´tµ�´t² � �� ·��	´�¹�´*¸ º�´�»A¶�²`±E´�¹�´*»n¶`²�±3³�· � µ
�´A¶�¼ »A± ´tµ�¶�²`´�
�$�E´�% �T´�¹�¹R�� ³�¼�¶�´­¸ � º�´t²`¼�±3²Z�	´K�	´A¶`´�»�»A¼��±Hµ �	´g¹�±�¸[¸`·]¶9�´t¹l¼¢¶`´�¸
·3»n¶ � ·G¹l´�¸�� � ���
�;�E´ % �T´t¹�¹��� ³�¼¢¶`´¾¼�µ%IT´�²�¼l±H²E��´&¹l±3¸�¶`´t¹l´�¸`»A±3º�¼�±�¸
�\��´t²`´tµ	�3±D�:´�µXI � µ�»A¼l±Hµ�·G³�¼�´�µ�¶�± �\��·:º�´t²`³b·Gµ�´*»A¼ �	±8¼lµ�·3»t»A´��
¸�¼10�¹�´g·�¹ ·:¼�µ��H´*¸ ¶`¼ � ·H»t¼L�±3µ�½
��¹	¶�´�¹�´*¸�»t±Hº�¼l±3> � �3@ � � ��^��tf]_ j m¥�bf��§�	� i _ � ~:�[^G�8�b^ s

� ^]�¾�n�b^t� � q�� � � i _ i q��3f]d ��i c i �A~�f�� i �<� V¾·G²`²�¼l±�´A¶<·G¹§½ � 
�À3À"} � �
·3»n¶ � ·G¹l³�´tµ�¶�´�´�µb¹l· �� ¹¢¶`¼�³b· I�·3¸ ´Z�	´ »A±Hµ�¸ ¶`² � »�»A¼��±Hµ�´tµb´�¹ H�±��
� � ´ �	´�¹l±3¸ > � »���·H»���±3¸G�	´¾¹l·E¼ ¸ ¹ · �	´Z�1· � ·H¹�³b·A��°W´tµ�´�²�¼ IT´�� �
´*¸ � µ ¶`´t¹l´�¸`»A±3º�¼�±?�	´ µ � ´��]· � ´�µ�´t²�·H»t¼L�±3µ »A±3µ � µ � ³ 0�²`·H¹)�	´
´�µ�´t² � �� ·U�	´L�
���E´�% � 
 ���E´ %�´tµg¹ ·[¸�´ ��� µ:��·UI�·H¸�´��A½2��¹3±�0%W ´��
¶`¼ �3±8º�²�¼lµ�»A¼lº�·H¹"��´ > � �3@ �x´�¸¾» � 0�²`¼�²¾¹ ·[
�±Hµ�·8¼�µ�´.�	º�¹l±H²�·���·
��´ ¹l±3¸D����·�¹�±�¸D�
�����E´ % � ¸�±H¹ ·Gº�·Hµ:�	±�»t±Hµ�¹ ·H¸J³�´L�	¼ ��·H¸\��´��
»���·H¸Wº�±3²�¸`·]¶9�´t¹l¼¢¶`´�¸ � »A±H³�± ¹l·3¸+��´t¹%�	´A¶`´�»A¶�±H²��D� H-��° � ·�0�±H² �
��±[�	´t¹)¸`·]¶9�´t¹l¼¢¶`´3� � HZ2 � ±­¹ ·H¸\�	´t¹ I � ¶ � ²�±:¸�·G¶9�´�¹�¼�¶�´;� � � ��° ½
��¹ �	¼ ¸�´!�µ�±K�	´ ´�¸ ¶�´�¶`´t¹l´�¸`»A±3º�¼�±­¸ � º�±Hµ�´ � µb²�´t¶�±g¶`´�»tµ�±H¹��± � ¼l»t± �
´�µ�» � ·Gµ�¶�± � � ´&¸ ´�¹l¹l´��]·[·G¹3¹R�� ³�¼�¶�´�¹ ·¾¶`´�»Aµ�±H¹l± � �� ·&´.�	¼ ¸ ¶`´tµ�¶�´\�	´
¹l±3¸g¶�´t¹l´�¸`»A±3º�¼l±3¸ �\��´�²�´�µ	�H±D�L»A±Hµ��3´tµ�»t¼�±3µ�·G¹l´�¸ � ´tµ!¶9�´t²`³�¼�µ�±3¸
��´=¶�·G³b·*�µ�±A�	´t¹�¶�´�¹�´*¸�»t±Hº�¼l± � ´*¸ º�´-W ±�¸ � ´�¸ ¶`·�0�¼l¹�¼ ��·�� � ´�#�»A¼l´tµ9�
»t¼l· �	´b¹ ·?»J�·H³b·G²�·�½��#´bº�²`´A¶`´tµ:�	´ 0�·DW ·G²g´�¹ � ³ 0�²`·H¹E�	´��	´��
¶`´�»�»A¼��±Hµ�´tµ�´tµ�´�² � �� ·­´tµ � µ�±3² �	´�µX��´E³b· � µ�¼�¶ � ��½

���+v6{m�;{2xb�&� �5�(�

�J±3µ8´�¹)#�µ �	´�¹l± � ²�·G² � µ?0�·;W ± � ³ 0�²�·G¹9�	´¾´tµ�´t² � �� · � � µ�· ·G¹ �
¶�·�¸�´tµ�¸�¼10�¼�¹l¼ ��·�� � > � �3@ � ¼lµ�»A±3²�º�±H²�·E¼�³�º�±H²�¶`·Hµ3¶`´�¸&·��]·Gµ�»t´�¸
¶9�´�»tµ�¼ »A±3¸&´�µ�¹l±3¸�·3¸ º�´�»A¶�±�¸&»t¹l·��3´�¸
�	´­¸ � �	¼l¸�´)�µ�±�½

C  /����<� UG��� /

�W·:º�²�¼lµ�»t¼�º�·H¹�»t·H²`·3»n¶�´�²��� ¸ ¶�¼ »t· �	´t¹�¶`´t¹l´�¸`»A±3º�¼�± > � �3@ � ´�¸�¸ �
²`´.E�´�»n¶`±H²+�	´ 
6�&³�´A¶`²�±�¸ �	´U�	¼��·G³�´A¶`²�± � ´�¹	» � ·H¹3º�´t²`³�¼¢¶`´J²`´�»t±;�

=�¼ ��� ²�· 
"� ��¹¾¶`´t¹l´�¸`»A±3º�¼�± > � �3@ � ·Gµ�¶�´*¸ �	´�¼�µ�¸ ¶�·G¹ ·G²�¹�±�¸
´*¸ º�´-W ±�¸K� ��� ±�¸ ¶`±N�����
�4�n½

� ´t²�¶�²`´�¸G�3´�»t´�¸�³ �·H¸<¹ � 
 �4� ´ � µ�¶`´t¹l´�¸`»A±Hº�¼�±K�\��´t²`´tµ��H±D�g»A±3µ%�
�3´tµ�»t¼�±3µ�·G¹9��´ 
 � ³�½ �W·�IT±3²�³b· �	´�¹�²�´�E�´�»A¶�±3²�´*¸ º�·H²`·�0Z�±H¹l¼l»�· �
� º�±H² ¹l± ¶�·Gµ�¶�±�¼ ¸ ±	»A²`±Hµ�· � º�·G²�·�³�´-W ±3²`·H² ¹ ·O²�´�� � »t»t¼L�±3µ �	´�¹
IT±3µ:�	±K�	´�²�·���¼l·3»A¼��±Hµ8» �±3¸�³�¼l»�·�½(��¹�²`´.E�´*»n¶�±3²<´�¸�¸�´ � ³:´�µ�¶`·���± �
´*¸ ¶�·Gµ:��±[»A±H³�º � ´�¸ ¶�±[º�±H²1»t´t²�»t·
�	´�³�¼l¹H´*¸ º�´-W ±�¸�¼lµ:�	¼1��¼ � � ·H¹�´*¸
��´B���! u���[»A³#"G½G��±�¸1´*¸ º�´-W ±�¸�´�¸ ¶ �·Gµ[I�·;0�²`¼ »t·���±3¸W´tµ�¶�´�²`·H³:´�µ%�
¶`´ ´tµ�·G¹ � ³�¼�µ�¼l±	�Tº�·H²`·�²�´�� � »t¼�²¾´t¹�º�´�¸�±:¶�±H¶`·G¹ � � º � ¹�¼ �	±�¸&»t±Hµ
º � µ�¶`·3�	´U��¼l·H³�·Hµ�¶�´ � ²�´*» � 0�¼l´t²�¶�±�¸W»t±Hµ�» � ·G² 
t± � ¹�± � ²Q�·Gµ:�	±�¸ ´
� µ�·�²�´�E�´�»A¶�¼1��¼ ��·4� �	´�¹%$ }���� ´�µL´�¹ ²`·Hµ � ± ��´:¹l±Hµ � ¼�¶ � �	´*¸
��´�±3µ:��· �	´ �����;�9���	��µ�³�½ � ¸��� ³�¼ ¸ ³�± � ¹�±�¸�´*¸ º�´-W ±�¸:´�¸ ¶ �·
º�²�±D�#¼ ¸ ¶`±3¸A�	´�»�·G¹l´tµ�¶`·H³�¼�´�µ3¶`±y¼lµ�¶�´t²`µ�±Vº�·G²�·�´L�#¼¢¶�·G²�¹l· IT±H² �
³b·3»A¼��±Hµ �	´K�	´tº��±3¸�¼¢¶`±3¸ �	´ ��¼l´t¹l±�½
��¹ ¸�±Hº�±H²�¶�´ ��´t¹E²�´�E�´�»A¶�±H² ´�¸ ¶ �· IT±3²�³b·���±�º�±3² � µ�· ´�¸/�

¶`² � »n¶ � ²`·K��´�¶�²`´�¸J»t·Gº�·H¸E�	´[¶ � 0�±3¸\�	´ #:0�²�·K�	´ »t·G² 0�±Hµ�± � ²`´��
¸ � ¹�¶`·Hµ:�	±�´�µ � µ�·b³�±3µ3¶ � ²�·b¸ � º�´t²`¹l¼ � ´t²�·	��&/
 �b¶�±Hµ�´t¹ ·���·3¸ �
·y¹l·yº�·G² � � ´ ³ ��� ²��� � ¼1��·�½ � �	´t³ �·H¸ � · � µ � � ´ ¹ ·�³�±Hµ�¶ � �
²�·�´�¸g³ ��� ´*¸ ¶�·;0�¹l´	� �	´�IT±H²`³b·H»A¼��±HµV²`´�¸�º�´*»n¶�±?·�¹ ·�º�±�¸ ¼ »A¼��±Hµ
µ�±H³�¼�µ�·G¹'& �L³:³�� � ¹l±3¸8´�¸�º�´/W ±3¸:¼�µ�»A±H²`º�±H²�·Gµ � µ ¸ ¼ ¸ ¶`´t³b·
��´ �±Hº�¶�¼ »t·b·H»A¶�¼1�]·bº�·G²�·�´t¹l¼l³:¼lµ�·H²[¹l·3¸[º�±3¸�¼ 0�¹�´*¸Z�	´�IT±3²�³b·3»A¼l±;�
µ�´�¸8²�´*¸ ¼ � � ·H¹�´*¸[�	´O¹l·?³�±3µ3¶ � ²�· �	´4
6��³ �)(!·H»*�3´t²�´t¶:·H¹¥½ �

*ÀHÀ �;�n½+��¹U0�·DW ±yº�´*¸ ± �	´ ¹ ·�³�±Hµ�¶ � ²`·�´�¸ ¶ �·�´*¸ º�´�»t¼l·H¹�³�´�µ%�
¶`´�º�´�µ�¸�·4�	±�º�·G²�·�º�´t²`³�¼¢¶`¼�² � µL²�´�º�±�¸ ¼ »A¼l±Hµ�·H³�¼�´�µ3¶`± ²Q�·Gº�¼ �	±
��´t¹¾¶�´�¹�´*¸�»t±Hº�¼l±yº�·G²�·?¹l· 03�� ¸ � � ´L��· �	´ i`¡ �)c�f�� � fGq i �?Z i _�^ s
�Hf]�b��^]�:�b^ � ¹l± � ² �·Hµ:�	±�¸ ´�¶`¼�´�³:º�±3¸?�	´�²`´tº�±3¸�¼l»t¼�±3µ�·G³�¼l´tµ�¶�±
��´ ¶��� º�¼ »t·G³�´�µ3¶`´ ���:¸t½

IJ$ U �$ . $�/�$

��µQ¹l·!º�²�¼l³�´t²�· I�·3¸ ´ � I�·H¸�´	@/� � ¹l· » �·G³b·G²�·V´�¸ ¶ �·!´ �4� ¼�º�·4��·
»t±Hµx���P� IT±H¶�±3³ � ¹�¶�¼lº�¹l¼l»�·��	±3²�´*¸E0�¼ ·G¹ »t·H¹�¼lµ�±3¸J»A±3µ � µ�·�´.#�»t¼�´�µ%�
»t¼l·b» � �·Gµ�¶`¼l»�·X� 3 �\�U�	´�¹+$ ����� ´�µ�´t¹�²�·Gµ � ±A�	´g¹l±Hµ � ¼�¶ � �	´*¸
��´�±Hµ:��· �	´4���
�D���	�
��µ�³ ��2E¸ ¶`·Hµ	�H±D��´t¶O·G¹§½ � �����
�4�n½ �1·
» �·G³b·G²�·:¸ ´­»t±H³�º�±3µ�´g¸ ´K��±3¸�¸�´�»t»t¼�±3µ�´�¸ � �H´�² # ��� ²�· �n½L�=µ�·
¸�´�»�»A¼��±Hµ »A´tµ�¶`²`·H¹
��´�·H¹¢¶�·y²`´�¸�±H¹ � »t¼L�±3µ � ´ � � ¼lº�·4��·L»t±Hµ IT±G¶�±��
³ � ¹�¶�¼lº�¹�¼ »t·4�	±H²`´�¸ �	´��T�M

,K�	´[��¼L�·H³:´t¶�²`± ��� � µ�· ¸�´�»t»t¼L�±3µ�´.���
¶`´t²`µ�·­»t±Hµ IT±H¶�±H³ � ¹�¶�¼lº�¹�¼ »t·4�	±H²`´�¸<�	´ �T� ��, � ²�´*¸ � ¹�¶`·Hµ:�	±­´�µ � µ
»�·G³�º�±�¶�±G¶�·G¹J�	´ �#¼ ¸ ¼��±Hµ �	´ ¿ , ½



} V&±H¹l´A¶��� µX��� ���F� �� ³�½�À � �	�
��� �

=�¼ ��� ²�·$�C��%=¼ ¸ ¶�·AIT²�±3µ�¶`·G¹J��´E¹ ·b»J�·H³b·G²�·[�	´K> � �3@ � ½

�J¸ ¶Q�·Gµ º�²`´��#¼ ¸ ¶�·H¸[I � ¶ � ²�·H¸8³�´-W ±3²`·3¸[�	´O¹l·L»J�·G³b·H²`·?³�´��
�	¼ ·Gµ�¶`´­¹l· � ¶�¼l¹�¼1
�·3»A¼��±Hµ �	´�µ � ´��H±�¸¾¶�¼lº�±3¸���´ IT±G¶`±���´A¶�´*»n¶`±H²`´�¸ �
·U�� µg´tµ I�·3¸ ´E�	´\�	´�¸`·G²`²�±3¹�¹l±�½ � ¸L�� � ´tµg¹ ·UI�·H¸�´ @/@)�	´<> � �3@ �L¸�´
´�³:º�¹�´*·G²Q�·Gµ IT±G¶`±%�	´A¶`´�»n¶`±H²`´�¸ � �� 0�²�¼ �	±�¸J�	´�´�#�»A¼l´tµ�»t¼l·=» � �·Hµ3¶`¼l»�·
�	´�¹ $ ¿J��� �F� »A±3µ � µ�·b²`´�¸�º � ´*¸ ¶�·�´�¸�º�´*»n¶�²�·G¹W´.�#¶�´�µ:�	¼ ��·�·H¹
²`±;W ± � �����;�9���	�:µ�³�� � ¹l± � � ´­´*¸[º�·H² ¶`¼l» � ¹l·H²�³�´�µ3¶`´ �� ¶`¼�¹�º�·G²�·
±40�¸ ´�² �]·3»A¼l±Hµ�´*¸=·�·G¹�¶�± �·Gµ �4� ¹�±�»A´�µ�¼¢¶�·G¹§½K=�¼�µ�·H¹�³�´�µ3¶`´ � ´�µy¹ ·
I�·3¸ ´ @/@/@ � ¸�´ � ¶`¼�¹l¼ 
*·G²Q�·Gµ IT±H¶�±%�	´t¶�´�»A¶�±3²�´*¸[�	´�·���·H¹l·Hµ�»���·?»t±Hµ
� 3 ��� $�}���� ´�µ�´t¹�²�·Gµ � ±8´*¸ º�´�»A¶�²�·G¹J�	´ �
���D�?�"}
�­µ�³�½

� ����� � . $�D���$�D�� -����*��UH� �� 2xD���D�$ �����
�W· ¹ � 
��\��´t²`´tµ	�3±D�X��´8¹ ·H¸E»t·3¸�»�·���·3¸=·]¶`³�±3¸/I��´t²`¼l»�·H¸[¸�´:º�²�±��
� � »A´�´tµL¼�³�º � ¹ ¸�±3¸E³ ��� »t±H²�¶�±�¸ � �	´:¶��� º�¼ »t·H³�´tµ�¶�´ 
 �± ��µ�¸
�	´A� � ²�·H»t¼L�±3µ�½ ��¸ ¶`·b»t·H²`·3»n¶`´t²��� ¸ ¶�¼ »t·:¸�´­º � ´��	´ � ¶`¼�¹l¼1
�·G² º�·G²�·
²`´L� � »A¼l²=´t¹ IT±Hµ:��± �	´�¸�º � �´�¸ �	´ ��·H»t´t² � µ�·HµZ�·G¹l¼ ¸ ¼ ¸¾¶�´�³�º�±3²`·H¹
�	´t¶`·H¹�¹ ·��	± �	´g¹ ·�¸�·H¹�¼ ��·?�	´ ¹ ·b»J�·G³b·H²`·�½ � ·H²`·8»A±Hµ�¸ ´ ��� ¼l²¾´�¸/�
¶`± � > � �3@ � ¼�µ�¶`²�±%� � »t´ �]·H²�¼ ·H¸ ³�´-W ±H²�·H¸E¼lµ�µ�±D�]·���±H²�·H¸�½���µ
º�²`¼l³:´�²O¹ �9� ·G² � ¹l·3¸O¸�´)�µ�·H¹�´*¸O·Hµ�·G¹��± � ¼l»�·H¸�¸�±Hµx¶`²`·Hµ�¸�³:¼�¶�¼ ��·3¸
�	´*¸ ��´8¹ ·O» �·G³b·G²�· ��·3¸ ¶`´�¹ · ´*¸ ¶�·H»t¼L�±3µ �	´�»A±Hµ�¶`²�±3¹W³�´L��¼l·Hµ3¶`´
´�¹ � ¸ ±?�	´ #:0�²�·H¸ �±Hº	¶`¼l»�·H¸3� >?¼l² 
�± � ·Hµ�´A¶�·G¹§½ � 
*ÀHÀHÀ �n½ � º�·H² ¶`´
�	´g·Hº�´�µ�·H¸ �	¼ ¸ ¶�±H²�¸�¼�±3µ�·G²J¹l·�¸�´!�µ�·H¹ � ´�¹ � ¸ ±?�	´;#:0�²�·H¸X�±3º	¶�¼ »t·3¸
»t±Hµ�¸�¼ �4� ´�²`´L� � »t¼�² ´�¹�º�´�¸�±K�	´�¹l±3¸�»�·;0�¹l´�¸ � �	¼ ¸ ³�¼lµ � ¼�²J´t¹�² � ¼ �
�	±�·H¸�±	»A¼ ·��	±�»A±3µ�´t¹<¶`²`·Hµ�¸ º�±H²�¶�´A�	´:¹l·�¸ ´)�µ�·G¹§½��[µ�· �3´�
�´�µ
¹ · ´�¸ ¶`·3»A¼��±Hµ?�	´[»A±3µ3¶`²�±3¹ � ¹l·3¸ ¸ ´)�µ�·G¹l´�¸ ¸�´Z�	¼ � ¼�¶`·G¹l¼1
�·Gµ:³�´L�	¼ ·Gµ9�
¶`´�´t¹ � ¸ ± ��´�=W¹ ·H¸ �%� � K �&¸[�	´ �
��� >As�
 ���J±3² ¶`¼�µ�·�´t¶8·G¹§½ �

*ÀHÀHÀ � � �	´ 
1�@sZ
 ´�µ�¹ ·	I�·H¸�´ @ @n½+=�¼lµ�·G¹l³�´tµ�¶�´O¹�±�¸[��·G¶�±�¸
¸�±HµV²�´ � ¼ ¸ ¶`²`·4�	±3¸=º�±3² ´t¹�¸�¼l¸ ¶�´�³�· �	´�·�� �4� ¼l¸�¼l»t¼L�±3µ �	´ ��·G¶�±�¸
· � µ�²`¼¢¶`³:±b³ �·	�#¼l³�± �	´N
 �>s�
H½

� {R��x����2�+�.�(zBuBz z`{
	 ��� ��

K ´A¶�·G¹l¹l·4��·H¸&¸ ¼l³ � ¹l·3»A¼l±Hµ�´*¸<�	´ >?±Hµ�¶`´ �&·H²�¹l±­³ � ´�¸ ¶�²�·Gµ � � ´ �
»t±Hµ�¶`±%��·H¸&¹ ·H¸J¼�µ�µ�±D��·3»A¼l±Hµ�´*¸�¶9�´�»tµ�¼ »t·H¸<�#¼l¸ ¶`·3¸&·Hµ�¶�´t²`¼l±H²`³:´�µ%�
¶`´ � > � �3@ �Q¶`´tµ:��² �· � µ � ³ 0�²�·G¹�´�µ�´�µ�´t² � �� ·A�	´�·Hº�²�±��	¼l³b·D�
��·H³�´tµ�¶�´1���4�E´ % � 
 �4�E´ % ´�µ�¹l·	I�·H¸�´ @/@/� � ´t¹&³ �·3¸K0�·;W ±
»t±Hµ�¸�´ �4� ¼1��± ��·3¸ ¶�·y¹ · IT´*»���·Lº�±3²:µ�¼�µ � �� µ�¶`´t¹l´�¸`»A±3º�¼�± �\��´��
²`´tµ	�3±D�)½(��¹ �·G²`´�· �	´ »A±H¹l´�»�»A¼��±Hµ�´�IT´*»n¶`¼ �]·­»t²�´*»A´[²Q�·Gº�¼ ��·H³:´�µ�¶�´
»t±Hµ�¹l·�´�µ�´t² � �� · � ·H¹l»�·Gµ9
 �·Gµ:�	±�¸ ´ � µ �]·G¹l±H²[»t±Hµ�¸ ¶`·Hµ�¶�´ �	´$
 ���

Whipple

VERITAS
HEGRA CT System

MILAGRO
MAGIC

MAGIC (large Zenith Angles)

GLAST (1 month)

EGRET (1 month)

CELESTE

VERITAS (large Z.A.)(Sensitivities for 50 hours observation time)
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t´t²`±G¶ �%� ±H²��	´t²
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º�²`±��	¼�³b·G¶�´t¹ � ±3µ�´�¸ ´*»A±Hµ � � ¶ ��´¾¶�´t³�º�´t²�·]¶ � ²�´[»t±#±H¹ ¸+��±�0�µ8¶`±
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