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� � -���� � � � � �
 �´¢#ª�ª�� ��²����t��§_³�¤¥���_��¬{�i� ¶��¥��²�§]ª�� §c��¶�¬{�t² ���t� � ²#§Dµ ��§_³�¤¥���_��¬{�i� ¶��^£8¤ £/§/�����
	 � 7�§/�����_¬ �v�;§/� �¸��¶���£c¤ £/§/�i§_µL²��;� 4�� ��²©ª��D� ��¡P¬ ���{¬ � ¤¥µ �_��� §_µL²���� 4�����²8�¸ª��_���t� ¶��^£8¤ £/§/���
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¶�������µz§/��²��;�B±�§_³�¤¥���_��¬{�'4 � ²����{¡�� �©³��_�D��²�����² ¤�³]��¬�§/³]ª��¥�-,8¤¥² ��§_µ[ª�� §c��¶�¬{¤�� � ² ���©¹8¶�ªw���6�
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��¤¥³��{��� ¤¥§/��� �K¤N� �D��²���� �,�_� �©¤��;��¤��^²�¤����/¶�¤����������¥�i§/��²����B� ���^² � ¡w¬������_� � �+²����{� �B¤��´��§R��� �_��§/�a² §
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����¤¥�%¤¥� �C� ² ² ���´��²��D²��{�f�_��² ���$������§/����³ �;�  �C����§"�t¡

���  ��� '� � ��� �
�)D�� 	 F�� � �2���D;��];>=-H�� D ?A;�BC�876�D79�GD � : H D�� � F �'F�� � �2���D;�� ;>=0H�� D ?�? � ?A;�BC�876�D79�GD
� : H D���� ��$ D%$ �

� 



� ��� � ��.� � � ����3��� ��� ��.�

®I� §c§_µ��L¹8�{�©¢#ª�ªw������¤ ,�¢
¢U¬{¬�§/����¤�� �i² §@������§/����³ �8� ��¡_��� �¸�;§/³�¤¥���_��¬{� �_�{��ª�� �����c² ������§/³]¤����D��¬�� ��¶���£c¤ £/§/�����L¹8¤¥³ �

¤&���_�h² §i²����%¹8¶;ªC�{� ��² � ¤¥¬{²54 � ²����{¡/²����´���#�¸��§/³]¤����_��¬�� 4 �¥² ���W¬��_��ªw§_² ���"²�¤����&� �t� �{²��_¤�� ³]§/� �D¡��´¤¥² �
²��;�]� ¶�³ �C�{� �C�{¤�� ����¤¥� ��¬ ²(� �'ª���§/ªC§_��²�¤¥§/�����P²�§)² ��� � ¤&%{� §_µ ² ���j²�§������ �_��¬{���t¶�� �{�d��¦_¶���² �¥¤��_�
²��;�]¹8¶�ªw��� �^²���¤�¬{²@4��¥²��{��¡T�_��� ��§/³]¤����D��¬��B��§/� �E� ¶��^£8¤ £/§/�i¬��_� �C�4��� �¸�;§/³�¤¥���D² ���'§/��� � � �f¤¥² �
��§/³]¤����D²�§/�{� �%����¬{�_¡;² ���i��� �/§/� ¤ ²���³ ²�§jª���§8�;¶�¬���² ���U��¶���£c¤¥£_§/� ��§Dµ=²������;� �¸��§_³�¤¥���_��¬{� 4 � ²��{�
¤�����¤�³]¤&���_�L² §]² ���D²�µz§/� ² ���B¹8¶�ªw������²���¤�¬ ² 4��¥²��{���

� � -���� � � � � �
 �´¢#ª�ª�� ��²����t��§_³�¤¥���_��¬{�i� ¶��¥��²�§]ª�� §c��¶�¬{�t² ���t� � ²#§Dµ ��§_³�¤¥���_��¬{�i� ¶��^£8¤ £/§/�����
	 � 7�§/�����_¬ �v�;§/� �¸��¶���£c¤ £/§/�i§_µL²��;� 4�� ��²©ª��D� ��¡P¬ ���{¬ � ¤¥µ �_��� §_µL²���� 4�����²8�¸ª��_���t� ¶��^£8¤ £/§/���
���#�¸��§/³]¤����D²��{� ¤¥²��I·Eµ ��§D² ¡�� � ² �_¤¥��� ¶�¬ �f���¥² ��� ���D²�¤ £/���´�D�%�;��� ��¶���£c¤ £/§/�����

·E²l¤��I���_� �4²�§i� �{��²����D²l���_¬ �]� ��¬{§/����ª��_� �I��¶���£c¤ £/§/�l¤��I��¶�¬ � ²����D²l¤ ²I¤�� �´¤¥²��;¤�� �l§/�]���&�8¬�� ¤ ²��{� ¤ �
�´¤¥² ��� ����ªC�{¬{²%²�§]�����d§_µh¤¥²����;§/³�¤¥���D² §/� �{�

������§_� ��³ �;� �a� ��§"�´� ²��;�+� ��� �D² ¤�§/� �C� ²=���{��� ²����R� ¶��^£8¤ £/§/�4� �{² � ª�� §c��¶�¬{��� ���Y² ���+���#�
��§/³]¤����_��¬�� 4��¥²��{�´�_���)²��;�t²=� §/ª��D� �U�^²���¤�¬{²´�;§/³�¤¥���_��¬{� 4 �¥² ���{�

���  ��� '� � � � �
�)D�� 	 F�� � �2���D;��@;>=  �	 ; 5R� FGFD� H ��� �EH+GE;�BC�876�D79�GD)� F_� F�� � �2���D;��@;>=(?�?.?A;�B �

�876�D79�GD = ;�� H�� D/F��DB D H�;�: D��$�D79�GD����D: � D<��$ D%$ �
� � ��� 	 ��� ��� ��.� � � ��� �3��� � � ��
�

®I� §c§_µ��L¹8�{�©¢#ª�ªw������¤ ,�¢


 ��
 � � 	 &  # � � � #48/*- 3 � � � <"��; 	 � 	7<"8'& ��� <3��;9 &���� �
	 �
��'����� ����� � ���� �

� �U* ���.���(� L N � � � Q� � ��� � Q , � ,������ 
 � 	AQ 	 � ���
� � � �-Q �	� � Q ,J��Q � � Q ,�� 
-Q � � � � � � � � � � � ��� � Q , � ,���� � 
 � 	 Q 	 � ���

� 	



� � -���� � � � � �
 �´¢#ª�ª�� ��²����t��§_³�¤¥���_��¬{� 4 �¥² ��� ²�§]ª���§8��¶;¬��t��§/³]¤����D��¬�����¶���£c¤ £/§/�����
	 � 7�§/�#� �_¬ � ��§/�#�¸� ¶;��£c¤¥£_§/�i§_µl²���� 4�� �^²tª��_� �{¡=¬ ����¬ � ¤ µl¤¥²U¤��;�´¤ ²���¤¥� ��§/� �{£_��� � ¬�� ¤ ²��{� ¤ �
µz��§/³ � 4�� ��²8�¸ª��D� �)� ¶;��£c¤¥£_§/��� ·Eµ©� §�¡%� ¶;¬ ����� ²��{� ���D² ¤¥£_���+�D� �'µz¶��^²����{�)�_�����{�1²�§p²��;�
��¶���£c¤¥£_§/�´� � ² �


 � �,� � � ���� �	� ����- � �  ���.��
 �	
���� � �
���������{²�§_µP� ¶��^£c¤¥£/§_� � §_µT²����#� �;² ª �?4 � ²��{�����_�L²����#ª�� §_ªC�{��² �R®-² ���D²��{£/�{� ��� ¶��^£c¤¥£/§_� ¤��L��¤ ²����{�
�U��§_³�¤¥���_��¬{��� ¶;��£c¤¥£_§/�W§/�h¤¥²h¤�� ¤¥��� ¤¥��� ² ��� �8�E���8ªw��� �C§ ,j§_µq� §/³]���;§/³�¤¥���_��¬{����¶���£c¤¥£_§/����7�� §/³
²��;�©�;¤�� ¬{¶�� ��¤�§/��§_µ[²��;�i��� �¸�;§/³�¤¥���_��¬{� 4 �¥² ���{¡ � �B� ��§"��² ���D²´���_¬ �a����¬{§/���fª��_� �´� ¶;��£c¤¥£_§/��§_µ
²��;� ��� �E��§/³]¤����_�;¬�� 4��¥²��{�W¤��h� ¶�¬ � ²����D²W¤ ²W¤�� ¤�����¤����L²���� �6�¸���cªC�{� �w§", §_µ �D:8:\§_µq¤¥² � ��§/³]¤����D²�§/�����
¹8¤¥��¬�� ² ����4�� �^²Lª��_� �I¤¥�I¤����{�"²�¤�¬����8µz§_� �C§D²�� ²�����4��¥²��{� �{¡"¤¥²I¤¥�I� �_� �4²�§t������²����6²L���&�c� ¶��^£c¤¥£/§_� �l§_µ
��� �E��§/³]¤����D��¬��@�´¤&���P������§���¶���£c¤ £/�B² ���4� �;²�ª#�?4 � ²����{�´��§/�"£/�{� ���*� �_¡=������¬{§/���'ª��D� �U��¶���£c¤ £/§/�%§_µ
²��;�U� �8²�ª �:4 �¥² ���l�����{�)��§_² �w�U¤�� ²��;� �8���C§ ,]§_µ �D:8:D§_µ=¤ ²��L��§/³]¤����D² §/� �{� �%����¬{�_¡;² ���%� �;² ª �?4 � ²��{�
¬ �D�aªw§_²��{�"²�¤ �+�&� ��ª���§8��¶;¬��t³�§_� �i� ¶;��£c¤¥£_§/� �%¤��,�_���;¤¥²�¤¥§/�+²�§ ² ���t� ¶��^£8¤ £/§/���#ª;� §c��¶�¬��{� ���)²��;�
��� �E��§/³]¤����D��¬�� 4 � ²��{���

¹8§/³]� ²����{§/� �{³��L�_�;�]¬{§/� §��&� �D� ¤��{�W���^² ������¤�����¤�����²��������*� �6²�¤�§_��� �w�{²=� ������²����´� ¶;��£c¤¥£_§/�l� �{² �
ª���§8��¶;¬���� ���)²����t��¤21T�{� �{� ²%¬ ��§_¤�¬��@4 � ²��{� �����{� ¬���¤��w���a� § µK�_�´�_���©�^² �D² ��� �C����§"�t�

���  ��� '� � � � �
�)D�� 	 F�� � �2���D;��E;>= H � D D B H#5 � � : H!D��<� FF� F��A� �2���D;��E;>= H�� D �@�05 D�� FEH���� �EH]?A;�B �

�876�D79�GD � : H D�� = ;��9H � D9F��DB D H�;�: D�� �D79�GD����D: � D���$ D%$ �
� ��� �
��� ��� �� � � � � � � ��� � � ��.�

®I� §c§_µ��L¹8�{�©¢#ª�ªw������¤ ,�¢

���  ��� '� � �����+F�� � �2���D;��C;>= H � D �@�05 D�� FEH���� �EH ?A;�BC�876�D79�GD � : H D��F7 DGD$? 79; H?BEDE� F�� � �2���D;��
;>= H�� D D B H 5 � � : H D�� = ;�� H � D9F��DB D H�;�: D�� �D79�GD ���D: � D%$
®I� §c§_µ��L¹8�{�©¢#ª�ªw������¤ ,�¢

����¤��I¤¥³�ª���¤��{�h² ���D²L¹8¶;ªC�{� ��² � ¤¥¬{²l��§/³]¤����_��¬�� �´¤&�&�8ª�� §c��¶�¬{�´�@� �_� �/���h�c¶;³ �C�{�l§_µw� ¶��^£8¤ £/§/���
²����_�'²����4� �;² ª �?4 � ²��{��� �#§_²U§/��� �f��§c���#²���� ¹c¶�ªC�{� �^²�� ¤¥¬{²@4 � ²��{� �/� ²t���&�P²��;�j� ¶��^£c¤¥£/§_� �i§_µl²��;�
� �8²�ª �:4 �¥² ��� �;¶;²i¤¥²U¬ �_� ªw§_² ���"²�¤����&� ��� �{²��_¤��f³�§/���j��� ²��{� ���D² ¤¥£_�����D��� ¶��^£c¤¥£/§_� ���t·¸�'² ��¤��#� ���;� �
²��;�4¹c¶�ªC�{� �^²�� ¤¥¬{² 4 � ²�����¤¥��³�§_� � � ;�73F D�� ���)H ���)DL² ���_��²����t� �8²�ª �:4 �¥² �����

� �



���  ��� '� � � � �
�)D�� 	 F�� � �2���D;��Z;>=O?�? � ?A;�BC�876�D79�GD � : H D��O� F �CF��A� �2���D;��4;>= H�� D D B H#5 � � : H!D��
= ;�� H � D9F��DB D9H>;�: D�� �D79�GD ���D: � D<��$ D%$ �

� ��� �3��� � � ��.� � � ��� �.��� � � ��.�

®I� §c§_µ��L¹8�{�©¢#ª�ªw������¤ ,�¢

���  ��� '� � ��� � F��A� �2���D;�� ;>=�H � D?D B H#5 � � : H!D�� 7 DGD$?@79; H BED �7F��A� �2���D;��);>=0H�� D]?�? � ?A;�BC�876�D79�GD
� : H D�� = ;�� H�� D/F��DB D H�;�: D��$�D79�GD ���D: � D%$
®I� §c§_µ��L¹8�{�©¢#ª�ªw������¤ ,�¢


 ��� � �����,� $ � �&� � � ��� 	 ���(� � ��
� � � ����3��� ��� ��.� � � ��� �
��� ��� ��.� � � � �
� ��� � � ��.�

®I� §c§_µ��5����¤¥�´µz§��&��§"�´��µz��§/³ ���;��§/����³]� �;� �8¡ �8� �;¡��_��� �;� �


 ��� � �����,� $ � � � � �)D�� 	a?A;�BC�876�D79�GD7F��A� �2���D;��@� F�� F�� � �2���D;�� ;>= �@�05 D�� FEH���� �EH ?A;�BC�876�D79�GD � : �
H D���� ��$ D%$ �

� ��� � ��.� � � � �
� ���(� � ��.�

®I� §c§_µ��5����¤¥�´µz§��&��§"�´��µz��§/³ ���;��§/����³ �;� �]�_���f��§/� §���� �_� � �8� 	


 ��
 ��� � $9�2#4$'&L 3,'�2$ ��� <3��; &�� � ��� �

��'����� ����� � ���� �

� �U* � � ����� LON
�
�
`� � � � �U* � ��� � � � �

`
�
\ � ��� \�
��6� � �

�´���{� � � / � � ��� �"� � � � / 
�� � � � � � � � �

� � -���� � � � � �
	 � � � � � Q ,5� ��� �

� � � ��	 � ���


�� Q � �<� � �� 
 � �
� � � # � ��� ��	 � �

� �



	 � 	 � � ��� ��	 � �
� � � �  �

'
'


 � �,� � � ���� �	� ����- � �  ���.��
 �	
���� � �
� � � ���#¤¥�i²���� ¬*���_� ��¤�¬����W��§/³]¤����_��¬�� 4 � ²��{�t�_ª�ª��¥¤���� ¤ ²���� �D²�¤ £/��� � �+²�¤�³]����² §)²����]�*�¥¤�³]¤����D² ���
��� ²��������D² ¤¥£/�{�4�6²j���_�;�d������¤¥�4ª���§8¬{�����j¬ �_� �C�]£8¤¥� ¶��+��¤&%{���v�_�B£_��� �Y� ¤¥³�¤�� �_�#²�§f² ���Rªw������¤����
§_µ �_�'§_��¤�§/�#�¸� � ¤¥�d�@�����j²�§_ª � � ¤�� ����ª������ �{�"²��i²���� ®h�_� � ²�§)���{² � �#ªw§/�'����³]§9£_�+� §_µI² ��¤������{²�¡
�R���-� ²�§/ª'��� ¤�� ¤��´£c¤���¤����¥� �´��¤¥¬ � ¬ �_� ¤ ²����*�¥µ �C�BªC�{�*���{� ���a² ���j�_ª;ª���¤¥¬ �D² ¤�§/�,§_µl��§/³]¤����_��¬��
4 � ²����B²�§f² ���)��§/� �E� ¶��^£c¤¥£/§_� �j²�§f� �{² � ¤¥�{£/� �_�{²]�_�;§_²����{� � � �/�{�j§_µ%®h�_� � ²�§ � ¶��^£c¤¥£/§_� ��� �����{� �
� � �_��� �,¬ �D�����_¬ � �w� ���_³]��� � 	��.'!� ¡F� 	 �a'0",�_�;����§�§/�T¡'�´���{� � � 	 �a'2��¤��+²��;�Y���{²,§_µ
��� ²��������D² ¤¥£/�{� §��;² �_¤¥�������Dµ ² ��� QW�_ª�ª���¤�¬��D²�¤¥§/���I§_µC²����#��§/³]¤����D��¬��)4 � ²����l²�§©²����%�-,8¤¥��²�¤¥� �4���{² §_µ
��§/�#�¸� ¶;��£c¤¥£_§/� �{�
�P�_� �/��¬ � ¶���� � §_µ�¤��;¬�� ���_� �R¤��Y² ���+� ¶�³ �w���B§_µ´� ¶;��£c¤¥£_§/� �j§9£_���j²����D²4ª;� §c��¶�¬��{� ���v²��;�

��§/³]¤����_��¬�� 4 � ²���� ¬ �_� �w�U§��;² �_¤¥����� � �]²��;��¶�� �U§_µ=²���¤¥� 4 � ²��{���W·EµU,f¤¥� ���_� �/�D¡c² ���#µz� �_¬{² ¤�§/��§_µ
� ¶;��£c¤¥£_§/� �©¶�ªw§/�e�_ª�ª��¥¤�¬ �6²�¤�§_�'§_µ��)��¤�� ���¥�j� §_¶����e§_µ�³]� �D� ¶������v�;§/³�¤¥���_��¬{�j¤�� � ¶�¤ ²�� � ³������@�
¢U���B����� ¶��¥² ¡ ²��;�#����¬�§_�����_ª�ª��¥¤�¬��D²�¤¥§/� �´¤&����ª�� §c��¶�¬{�����¥³�§/�^²l²����%���_³]�%�c¶;³ �C�{��§_µd� ¶��^£8¤ £/§/���
�_�%²���� 4�� �^²�§/���B�_���f� §+§/�,µz§/� �c¶;¤¥²��4�]µz�-� �c¶;³ �C�{�U§_µW¤���¤ ²�¤ �+�=�_ª�ª��¥¤�¬��D²�¤¥§/����§_µI³]� �D� ¶������
��§/³]¤����_��¬��D� ��� ¶��R¶������]�-,8ª������ ��¤�§/�;��¥¤��_�.�_ª�� §c��¶�¬{�,�p² ¤�³]���j² �����c¶;³ �C�{� §_µU³]� �D� ¶������
® �D� �{² §+��§/³]¤����_��¬��t��¶���£c¤¥£_§/� � �+¬ �D� �C�B³�� ²�� �aªw���*�¥¤�� � � ��� ¤����%µz� §/³ ² ���4§/��¤��/¤¥�����d���{² � �
²��;�]¶;� � §_µL²���� ���w§9£/� 4 � ²����{� ��� ¶���¡P²��;�]§_��¤�§/�#�¸� � ¤¥� 4 �¥² ���i¬ �D�Y�D����� �{� �©� §/³]� � ¤ ²�¶��6²�¤�§_�����
���{³R�_�;��� �C§_² ��¤¥� ²����%ª�� �{� �{��¬��#§/�l¤�� ²����%���;� ���;¬��U§Dµd¶���¬{���^² �_¤¥� ² �_�W·EµT² ���%������¤�� �{��¤¥��¬���� �_���
¤��+² ���t� ¶�³ �w����§_µh� ¶��^£c¤¥£/§_� �´§9£/����² ���t��§/³]¤����_�;¬�����¶���£c¤¥£_§/� �´¤¥����§_²�¤¥�����_� �_��¬ � ¶���� ��¡�²��;���
�a�^²���§/� �/�{�4��§_² ¤�§/�e§_µ�7 D�� � �3B�;�� ��;2;�? �´¤&�&�I�;�����p² § �w�+�_ª;ª���¤¥���e¤����^²�� �D�v§_µ ² ���R§_��¤�§/�#�¸� � ¤¥�
4 � ²����{�

·¸��² ���a�;�-,c²R����¬ ²�¤�§_�d¡ � �'�_����� �#%��)² ���aªw���^µz§/� ³��_��¬{��¬ ���_���D¬{²��{� ¤¥��²�¤¥¬��]§_µ#� §/³]�a§DµU²��;�
¬ ��§/¤¥¬��@4 � ²���������¤���¬�¶���� �{� ���w§\£_�_�

� �




 � � � ��; � #4; (+*0$/� � � �/*-; *-� <3��; �2 @< �!�  # �C�6�/#4�2� � ��� <"��;  

�����aªC�{��µz§/��³R�_�;¬��,¬ ���_���D¬{²��{� ¤¥��²�¤¥¬���§_µi¬ ��§/¤¥¬���4 �¥² ��� �]ª���§\£c¤¥���f¶��0�´¤¥² �O� ��§"� ���{� �/�'� �C§/¶8²
��§"� ² ��� 4 �¥² ��� � �w����� £_��´¤¥² �Y������ªC�{¬{²©²�§�£_�D� �c¤�� ��� ¤��;���B§Dµ ª���§������{³ ¬ ���D���_¬ ²�����¤��^²�¤�¬{�4�D���
¶������8�E�����{�����
�v� ���9£_�e������� �_��� �¥§8§/�D�����D²+��§"��² ��� ª�� ¶;��¤�� �-� �]¬�¤��{��¬ ���_���1²�¤¥³�� �¸¬{§/³�ª����-,8¤ ² �-§_µ

²��;�j��§/³]¤����D��¬�� 4 �¥² ���#£D�_��¤��{�'�´¤¥² �'� �{� ªw��¬ ²i²�§R£D�_��¤�§/¶��#ª�� §������{³ ¬ ���_���_¬ ²��{� ¤��^²�¤¥¬�� �¥¤��_�B�d¡d³
�_��� ¬{§/� ���*� �6²�¤�§_���j�_³]§/� � ¬{� ¤ ²�����¤ �f¤¥� �����_ª;² ��� 	 � �v�)�;�-,c²0��§c§/�e�D²j²��;��� ��ªw���^µz§/� ³��_��¬{�
¬ ���_� �_¬{² ����¤���² ¤�¬{�´µz§_� ²����t¬ ��§/¤¥¬��@4 � ²���������¤���¬�¶���� �{�'¤��)²��;�©ª;� �{£c¤¥§/¶��´� �{¬{²�¤¥§/�d�


 � � ��� � � � <3�A; �2$/. � � ���2�A$/� >
������4��¥²��{� ¤¥� �a� �]¬�¤��{��¬ �eµz§/�©²�������§/³]¤����_�;¬�� 4 �¥² ���©¤��©�-,8ª�� �{� �������_�j��µz¶���¬{² ¤�§/�v§_µ ,��D���
� � 7�§/� �´� ±@7 �{¡ � � ���_�"²i�_�'� ,8ª�� �{� � ¤¥§/� ¤��,²�����³��#§_µ ,h¡ � ¡d�D��� ���#·¸�'§/� �;���#² §�4����'�_�
�-,8ª�������� ¤�§_��µz§_� ²��;��ª�� §�������¤���¤¥² � ² ���D² �j���_���;§/³ ���¥² ��� ���D²�¤ £/� � ¤¥� �4��¶���£c¤ £/§/� �´¤ ²��)����� ªw��¬ ²
²�§V, �  ���_���;§/³� �U¬ �;§/� �{� ���¥² �������D²�¤ £/�{�dµz§/�P�%¬{���^² �_¤¥�$4��¥²��{��¡6¤¥²P¤¥�=¶�� � µz¶��"²�§%� �{µz�{�=²�§ 7 ¤��_¶�� � �8�
�����)4 �/¶;� �´� ��§"�´� �i� ¤�³]ª��¥��¬ �D� � �´¤¥²�� 	 ¬���¤¥² ��� ¤��#µz§/�I���_¬ ��§Dµ �@4 � ²������ � � ¤��I��§/³��´�D� ��¤ ²����D� �
��� ²��������D² ¤¥£/� � ��§"�´���_�I��ªw§/¤��"² ¤�� �Uª��¥§_² �´¤ ²��4² ����¬���¤¥²��{� ¤��U�_�W² ����� ,8���{�5������¬�§c§/����¤����6²����h§_µ
�-¡ � �h�_��� � "9¡D²����{� �{µz§_� ��¬{§/� ������ªC§/�;�4²�§U² ����¬{� ¤ ²�����¤ �´�{£D���¥¶��D²�¤¥§/���=µz§/� ��� �{� ªw��¬ ²�¤¥£_�*� �4¤¥�B²��;�
²=� § ¬�� ¤ ²��{� ¤ �8������� �w§ ,R�_� §/¶;���R²��;��ªC§_¤��"² � ¤����4� � ¶��_����§_µ=��¤���� 	 ��¡#�´¤¥²�� � �D²�¤¥²��L¬��{�"²����{�
����¤¥� �/��§_³�� ²�� ¤¥¬#����ª����������"² �D² ¤�§/�.�´¤��&�w���&�¥§"�1¶���² § �´� ¤¥² ���_�)� ,8ª�� �{� � ¤¥§/�)µz§/� ² ����ª���§������;¤&��¤ ² �
²����D² � ��¶���£c¤ £/���., �  §D²����{��¡I���D����§/³0� � ¬ ��§_� ��� ��� ²��{� ���D² ¤¥£_����� �P� ² � � �_��� ¶�³]�R²����D²j²��;�
¬���¤¥² ��� ¤���£D���¥¶����4�_� ��§��;²��_¤����{�vµz� §_³��,¬�§/�"² ¤�� ¶�§/¶��{¡I¶���¤ µz§/� ³ ��¤¥��² � ¤��;¶;²�¤¥§/�v¤¥�Y²��;�R¤��"² ����£D���
I 
 ¡  K@�W¢'�&�q²�§��¥��� �_��¬��´£D����¶;��� ² �������{µz§/��� ��¤¥�#¤¥��² ���U� �_³��#¤��"²��{��£D���N� 7 ¤ �/¶�� � �_�4����§"�´� ²����#¬ �_���
µz§/�´²����4±�§/³]¤����_�;¬��@4 �¥² ���%��¤���¬�¶���� �{�e¤¥�a² ��� ���_��²#¬ ���_ª;² ���{�;�����B� � �_¤�§/� � ������� �D�#µz§/��³��{�
²�§B²����U² §/ª��_���)��¤��/�"² §_µ=²��;�i� §��¥¤����¥¤����{���{³R�_���D²�¤¥� �©µz��§/³ ��¤����4� ¶ �#�¸� � �/¤�§_�+¤��R² ���t�  � � 	
� � �/¤�§_�R� ¶;¬ �+²����D²��_���R���¥² ��� ���D²�¤ £/�´²����D² ��¤¥���L¤�� � �´¤��&�w�B�;§/³�¤¥���D² §/�l§_µ �-� ���;¤�� �_��§/³]�{² � ¤�¬
� ��� �D² ¤�§/� ¤¥�i¤��;µz�{� ����� � �'¶�� ¤¥� �,² ��� ��§/³]¤����D��¬�� ��¶���� �_�;�Y§��;� ���^£c¤�� ��µz� §/³�²���� 4 �/¶;� � ²����6²
�_���R���¥² ��� ���D²�¤ £/�U¤¥�R²��;��� � �/¤�§/� � �´¤&��� �w�U��¶�¬ ��²����D²�¤¥² �´¤&�&�q��§_³�¤¥���D²�� � �_¬{¬�§/����¤�� �B²�§j²��;�
� ¶����_�5���;��� � µz§/� �i² ���i� ¶��^£c¤¥£D���dª���§������;¤&��¤ ² �]§_µ � ¤���¤��;��¤�����¬{² � �]ª���§/ªC§_��²�¤¥§/�����q²�§ ² ���t�_� ���j§_µ
²��;�j� � �/¤�§/� � �i¹8¤���¬{�B² ���j§9£/�{������� �_��� �+§_µ ²���� �  �^� 	 ª��¥§_²���� �/¤¥§/�f¤¥�  � 
 ¡q²����j�_� ��� � ¬��_�
�w�©¬{§/³]ª�¶;²��{�f�D�  � 
 � � H�; H �D:U�D� D$�4;>= H�� D<79;�7 ��� � D � � ;�73FE;>= H�� D 56: ; H �6�

���



c1

Q

c2

X

x1

x2

c1

ε
ε

Q

c2

X

x1

x2

c1

ε

Q

c2

X

x1

x2

(a) Pareto Dominance (b) Strict Dominance

(c) DD−Dominance (d) Superstrict Dominance

c1

ε
ε

Q

c2

X

x1

x2

(1,1) (1,1)

(1,1)    (1,1)

Increasing ε

7 ¤ �/¶�� � � � ¢ �/��§_³�� ²�� ¤¥¬�� �{ª�� �{� ���"²��D²�¤¥§/��µz§/�L� 	 ¬{� ¤ ²�����¤ ��ª���§����¥��³ ² §B¬{§/³�ª;¶;²���²��;�#��¶���£c¤¥£D���
ª���§�������¤���¤ ² �R§_µ � ���_�;��§/³���� ²��{� ���D² ¤¥£_� ��µz§_� £_�D� ¤�§_¶��)�´� ±@7 �{�

�����i���D³�� �/��§/³]�{² � ¤¥¬U�_������§�� ��¤¥� ² � ¶��Uµz§_� ²��;� �´� ±@7 ���_� � �*�&�C�-,8¬��{ª;²�²����D²�² ����� � �/¤�§_�
� ��§"�O������§i����ªw���;���l¶�ªC§_� ² ��� £D����¶;��§_µq²���� ² §����{���_��¬{�_¡ ���WL�D¬ �]§DµC² ����§_²��;���W²��;� ����4 �/¶�� �{�
� �;§ � ²��;�R� � �/¤�§_� � �_�;�v²����R¬�§/��� ����ªC§_����¤����'� §��¥¤��/�¥¤����{�©² ���D² �C§/¶;��� � µz��§/³ ²����
�¥§"���{�
���;�d� 7�� §/³ ²���� 4 �/¶������L¤¥²l¤¥�L�����{��²����D²lµz§/�L�©¬ ��§_� ��� �-¡"²����#�_��� � � ¤��I²����´��³R�������{��²Iµz§/�I²��;�
¹8¶�ªw������² � ¤�¬ ² 7 ¤��¥²��{� ¬{§/³]ª��_� �{�+²�§j² ���i±i±'�¸�;§/³�¤¥���_��¬{� 4��¥²��{��¡<�´��¤�¬ ��¤¥��� ³����������l²����_�+²���� �

� � �/¤�§_�aµz§/�´²����j¹c²���¤�¬ ²'4 � ²��{��� �#�{��¬��D¡T²����B� ¶��^£c¤¥£D���[ª�� §�������¤&�¥¤¥² �R§_µL�_�'�D� ��¤ ²����D� � � �´¤��&� �w�
��¤ �/����� �´���{�+²�����¹8¶�ªw��� �^²���¤�¬{²���§/³]¤����D��¬��%� ¶��¥�#¤¥���Dª�ª���¤¥���]²����_�0�´�����+² ����±i±'�E��§/³]¤����D��¬��
� ¶����+¤¥� �_ª�ª��¥¤��{� �´��¤�¬ � ¤��Bµz¶���² ����� �_� � �6²����j² ���_�-²��;�+� ¶��^£c¤¥£D��� ª���§������;¤&��¤ ² � µz§/�4²��;�,¹c²���¤�¬{²
7 ¤��¥²��{���

¢ ¬*�¥§/� �{���-,;�_³]¤����D²�¤¥§/�f§_µl² ���jª��¥§_²��;�´¤��&�[���¥� §+����§"� ²����D²�� ,;¬{��ª;²tµz§/�#²���� ¹ ²�� ¤¥¬{²'4 �¥² ����¡
²��;�a�D� � � §_µ%²��;�)� � �_¤�§/� � ������¶�¬{���]³�§_��§_²�§_��¤�¬����&� �e�_� ²�����³����/��¤ ²�¶����R§_µ´²����)²�§������ �_��¬{�

� �



¤��;¬�� ���_� �{�����[§]��§�² ��¤��{¡�§/���©¬ �_�a¤�³����/¤��;�i�_��§_² �����{¡ � �_� �/��� �w§ ,,�_� §_¶����fªw§/¤¥� ² � �_������§c§/�
�D²´²��;�B���c¶;¤¥£D�����{�"² � ��� �/¤¥§/�aª;� §c��¶�¬��{� ���)²��;¤��%����� �w§ ,C������¤��´¤¥³�ª��¥¤��{��²����6²#² ���B� ¶�³ �C�{�
§_µw� ¶;��£c¤¥£_§/� �lª���§8��¶;¬���� �w§_²�� ��� ±i±'�E��§/³]¤����D��¬�� 4 �¥² ���l�_�;�]¹8¶�ªw��� �^²���¤�¬{²54��¥²��{���´¤&���8¤¥��¬���� �_���
�_��²��;�t² §����{���_�;¬���£D����¶;���´¤���¬{� ���_� �D�

7�§/�©² ���R¹c²���¤�¬{² 4 � ²����{¡[² ���]¬ ���_� �/��¤��e²������_� ���a§_µ�� � �/¤�§/� � ¬ �_���;§_² �w�]ª�� �{��¤�¬ ²���� � �

²��;�)��¤�����¬{² ¤�§/�v§_µU¬ ���_� �/�)¤¥�p²����+² §����{���_��¬{�R£D����¶;����� ����¤��4¤�� �w��¬ �D¶�� �)²��;�)����� � � � �/¤�§_�
ª���§8��¶;¬���� ���)� ���_� �_��� �w§ , �z� ��§"�´�,�_� ��§D² ²��{� �C§ ,R¤�� 7 ¤ �/¶�� �
� � �Lµz§_� ²��;�©¹c²���¤�¬{² 4 �¥² ��� �´¤��&�
¤��;¬*��¶;���4ª����{£c¤�§_¶�� � �f� ,;¬���¶��;��� � � �/¤�§/�;�i�_��� ���¥� §+� ,8¬*��¶;��� � §/³]�4§DµL² ���j��� �/¤¥§/���´��¤¥¬ � � �����
ª����{£c¤�§/¶;� � ��¤¥�,² ��� � ��� �/¤¥§/�d� ¹8§�² ���B�;�{²#¬ ���_� �/�B¤���²����B�_��� ��§Dµ ²��;�B��� �/¤¥§/� � ¬��_����§_² �w�
ª�������¤¥¬{²��{�d�@����¤¥�U³]� �_���#²����D²'���4¬ �_���;§_²i¤�� �/�����{�����[�-,8ªw��¬ ²i²����j� ¶�³ �C�{��§_µl� ¶;��£c¤¥£_§/� �U² §
��¤ ²����{�l¤���¬{� � �D� �´§/�l����¬{� ���_� � ���_� �{�R³]�����*� �4¶�ªw§/�]² ���´��¤�����¬ ²�¤�§_�]§Dµd¬ ���_���/�#¤¥� ²�����²�§������ �_��¬{�
£D����¶;�����4�,;ª;� ����� ¤¥§/���iµz§/�U² ��� ª�� §�������¤&�¥¤¥² ¤�����² ���D²©�_�e�_� ��¤¥² ���_��¤&� �+¬ ��§/� �{�p��� ²��{� ���D² ¤¥£_� � �
� � � � � " � � � � � � � %V'$�´¤&�&�w� ¶;��£c¤¥£_�©���_¬ ��§_µP²����t� �C§9£/�@�´��±@7 ��¡ �/¤¥£_���4, ¡ � ¡ � � �{¡��_���,�_��� ¶�³]¤����
²����D²l²����´¬���¤¥² ��� ¤��U£D����¶��{�l¬�§/³]� µz� §/³ �t¬{§/�"²�¤¥�c¶;§/¶��L¶���¤¥µz§_� ³ �;¤���² � ¤ ��¶;²�¤¥§/�j¤¥� I 
 ¡  Kw�_�����_¤¥£/�{�
�w�*��§"�t�5�����©�-,8ª�������� ¤�§_���U�D� � ���_�����,§/�a¬{§/³]ª�¶;²�¤¥� �j²��;�B�D� � � §_µ[²����t¤¥����¤¥£c¤¥��¶���� � � � �/¤�§/�;�
�_���a² �_� ¤����R¤¥² �#¬{§/³]ª����{³��{� ² ���f��¶ �;² ���_¬ ²�¤�����µz� §_³  � 
 �_���'¤¥� ² � �/� �D²�¤¥� �]§\£_���i�+�&�PªC§_� � ¤ �����
¬���¤¥² ��� ¤��'�{£D���¥¶��D²�¤¥§/���4² ���D² � ¬��_� ²��_�_�D� �������-,8ª������ ��¤�§/�;�R�_��� �/�����{�����¥¤&%��D²�¤¥§/���4§Dµ#² ��� 	

¬���¤¥² ��� ¤��,¬��_� �R������¬�� ¤ �C�{�-���w§9£/� ��¶8²4²��;� �/�{§/³�� ²���¤�¬ ¤������_�4�^²�¤��&�l�_ª�ª�� �e�-,8¬��{ª;²j² ���D²4² ��� �

� � �/¤�§_������§"� �w��¬{§/³��t³ �¸��¤¥³��{��� ¤¥§/�����q£/§���¶�³]���{�

� ¹c² � ¤¥¬{²%±�§/³]¤����D��¬�� �

	�� � * � � � � ��,�� � � � � � � �
� �
� �

�
� � � � �

�
�� ��� �%a� � ����� � �
	 �

I  � � � � � � � � � " � � � � � � � %)� � � � � � � � � � " � � � � � � � %��!K � 
�� � � �>� � " � � � � � %

�´���{� �D¡
� � � � �

��   
 � � � �

 � � � � � � � � 

�_�;�,µz§/� � � 
�� �8¡

� � � � �
����� ���

� � � 
 � � �  � �

	 � � � � �  � �

 � � � �  � � � � � 

� �



µz§/� �)^ 
�� �8¡

� � � � �
����� ���

� � � 
 � � �  � �

  � � � � � �

 � � � � � � � � 

� ±i±'�¸±�§/³�¤¥���_��¬{���

	�� � * � ��� �3�S,�� � � �(� � � �
� �
� � � � �

�
�� ��� �%a� � ����� � �
	 �

I  � �  � � � ���  � � "-� � � � �  � � %)� � � � � � � � � � " � � � � � � � % �!K � 
�� � � � � � � � � %

�´���{� �D¡
� � � � �

��  � 
 � � �  � �

 � �  � � � � � 

� ¹8¶;ªC�{� ��² � ¤¥¬{² �¸±�§/³]¤����_�;¬����

	� � * � � � � �S,�� � � �(� � � �
� �
� �

�
� � � � �

�
�� � � �%a� � ��� � � � 	 �

I  � � � � � � � � � "-� � � � � � � %)� K � 
�� � � � � � " � � � � � %

�´���{� �D¡
� � � � �

��   � � � � 
 � � �  � �


  � � � � � 

�����©���w§\£_�t�-,8ª�� �{� ��¤�§/���%¬ �D� �w�i¶�� �{�a² §]¬{§/³]ª�¶;²���² ���i�-,8ªw��¬ ²����f�c¶;³ �C�{��§_µh� ¶��^£8¤ £/§/���
��� ³j¶�� ²�¤¥ª�� �c¤����U²����%���w§9£/��� ¶��_�"²�¤ ² � �´¤¥² �O,h� �����{� �%�-,8ª�� �{� ��¤�§/��� ���¥� §t¤����;¤�¬ �6²���² ���´¤�³]ª��_¬{²
§_µ � ¬ ���_� �/�©¤��)² ���i²�§��¥�����D��¬���£D���¥¶��i§/�)²����t� ¶�³ �w���´§_µh� ¶;��£c¤¥£_§/� �{� ¢#�%³]���"² ¤�§/���{��� �_� ��¤��{��¡
�_� ¤¥��¬���� �_��� ¤��4² ����² §����{���_��¬{� £D���¥¶����W������¶��¥² �W¤�� �D� ¤���¬{� � �D� � ¤¥�4²������c¶;³ �C�{�W§_µw� ¶;��£c¤¥£_§/� � µz§_�
¹8¶�ªw������² � ¤�¬ ²i�_�;�'±i±'�¸�;§/³�¤¥���_��¬{� 4 �¥² ���������#§"� �{£_����²��;�B� ,;ª;� ����� ¤¥§/�'µz§/�U¹c²���¤�¬{²%����§"�´�U²����6²
²��;��� �U�_� �´��§/³��´²��{� ³]� ¬{§/�"² �_¤¥��¤������ �´��¤�¬ �R¤���¬{� � �D� �´²����%� ¶�³ �w����§Dµd� ¶;��£c¤¥£_§/� �!�´��¤&�¥�%§D²����{�
²��{� ³]�����{¬�� ���_� � ² ��� � ¶�³ �w���i§_µL� ¶;��£c¤¥£_§/� �{� �#�{��¬��D¡P§/��� ¬ �D����§_²i� � �'²����6²�²���� � ¶�³ �C�{��§_µ
� ¶;��£c¤¥£_§/� §_µh¹c² � ¤¥¬{² �;§/³�¤¥���_��¬{�'4 � ²��{� �´¤&���q����¬{��� � �_� ¤�� ��� �{� ¶�� ²�¤��)�D�+¤���¬{� ���_� ��§_�����{¬�� ���_� �t¤¥�
²��;�t² §_² �+�d� ¶�³ �w���´§_µh� ¶��^£8¤ £/§/���#ª;� §c��¶�¬��{� ���,�_ª;ª���¤¥¬ �D² ¤�§/�+§Dµh² ���@4 �¥² �����

���



�����´ª�� ¶;��¤�� �i� �]¬�¤��{��¬�¤¥���I§_µq² ��� £D�_� ¤¥§/¶�� ¬ �;§/¤�¬{��4 �¥² ��� � �´¤ ²�� ����� ªw��¬ ²I²�§i¬ ���D� �/¤����iª�� §��#�
���{³ ¬ ���_� �_¬{² ����¤���² ¤�¬{�W�_���L����§"�´� ¤�� 7 ¤��_¶�� � �´µz§/�=£_�D� ¤�§_¶��P¬ ��§/¤�¬{�!4��¥²��{� �{� ¢;� ²���§_¶ �/�t²���� ���w§\£_�
�-,8ª�������� ¤�§_���l¬�§/¶��¥� ��� £/� �w����� ¶������ ²�§i¬{§/³�ª;¶;²���² ��� µz���D¬{²�¤¥§/�j��¶���£c¤¥£_§/� �Iµz§/�h²�����4 � ²��{� ��¡D²���¤¥�
ª��¥§_²@� �D� �_�����{���D² ��� ��� ¶;� �]§_µ�«,§/�"²��-� � �_� �¥§�� ¤�³4¶�� �D² ¤�§/�;�;�´¤¥² � ² ��� ²���¤ ���¥��¬�§/�;��¶�¬{² ���Y§/�
���D����§/³0� � �_�����{���D² ���'���6² �_���{²�� �´¤¥² �f� � 	 � 
�
 µz§/�´£D�_� ¤¥§/¶���£D����¶;���%§_µI³,�)����¤�� � �D�U³��_¤���� �
��¶��]²�§�²�����¬�§/³]ª�¶;²��D²�¤¥§/����� ¬�§/³]ª���� ,8¤¥² � ¤¥� £_§��¥£_���p¤¥�Y� £D����¶��6²�¤�����² ���+� �C§9£/��¤��"²�� �/���+���t���6�
ªw��¬�¤����&� �-µz§/�����_� �_�,£D���¥¶����+§Dµ � �D��� , ���%§ � �{£_���{¡#µz§/�R�Yµz����ªC§_¤��"²���§��;² �D¤����{� ���O²��;�
«a§/�"² �-�^� �D� ��§a� ¤¥³j¶�� �6²�¤�§_����¡ ���R��¤��Y¬�§/³]ª��_���R� §_³���§_µ ²��;�R£D����¶��{�4§��8² �_¤¥����� � �e²��;�+� ¤¥³ �
¶����D²�¤¥§/��� �´¤¥² ��² ���,£D���¥¶���� µz� §_³ ²����a���w§\£_�f� ,;ª;� ����� ¤¥§/���)�_�;��²��;� � ³R�6²�¬ ���{��²�§v� �_� � �6²
��� �/� �{�B§_µ �_¬{¬�¶�� �_¬ �_� 7�§/� ² ���B��¤�³j¶�� �D² ¤�§/���{¡c² ���t���D²��_� � ²'���_� �/���;�����6²����,µz� §/³ � ¶;��¤¥µz§/��³� �
��¤¥��²���¤���¶8²�¤�§_� ¤�� ²���� ¤��"² ����£D���'I 
 ¡  KN�Rl�_¬ �p§Dµ ² ���04��¥²��{� �t� �;§ �´� � �_�t²��;���p�Dª�ª���¤¥��� ²�§�²��;�
���D²��_� � ²@�´¤¥² �f²�§��¥��� �_��¬��{�i� � ²�²�§ 
 � 
� �_�;� 
 �  ������ªC�{¬{²�¤ £/��� �fµz§_��� �_¬ �34 � ²��{���@����� ª���¶���¤¥� �
���]¬{¤����;¬ �,µz§/�U���_¬ ��4 � ²���� � �D�U¬ �+��¬�¶�� �D² ���'�D�#²��;�4³]� �_�fµz� �_¬{² ¤�§/�,� ¶;��£c¤¥£_§/� ��§9£_���U² ���B² §_² ���
� ¶�³ �w���´§_µ[²���¤ ���¥��µz§/��� �D¬ �,£D���¥¶��i§_µ ² ���i²�§��¥��� �_��¬��D�

�����Uª���§_² �I� ��§"�t¡��D�L� ,8ªC�{¬{²��{�d¡8² ���D²�¹8¶�ªw������² � ¤�¬ ²��;§/³�¤¥���_��¬{�´ª�� §c��¶�¬{���l²����%³�§_��²L� ¶�³ �
�w��� §_µ���¶���£c¤ £/§/���]µz§�����§"� ��� ��� � �;² ª �?4 � ²��{��¡lµz§��&�¥§ � ��� ��� ��� �E��§/³]¤����D��¬����_�;� ² ������¹c²���¤�¬{²
��§/³]¤����_��¬��
4��¥²��{��� �#§"� �{£_����� �f�+��� § �/� ² ²�§ £/����¤¥µ �-§_¶��]�_����¤ ²�¤�§_������¤¥��� ¤ �/�"²�� �_� ²�§ ��§"�
²��;�]ª;� ¶���¤¥� �,§_µ����_¬ �v§Dµ�²��;�]¬ �;§/¤�¬{� 4��¥²��{� �@�´¤&��� �w��� 1T�{¬{²��{�p�_�i² ��� � ¤¥² ¶��D² ¤�§/���+�W����³��_���;�
¬ ���_���/�_�

7 ¤�����² � �/¡ �_�R²��;�a£D����¶;�f§_µi² ���a² §����{���_��¬{�f¤¥��¬���� �_������¡%� �D¬ �1§_µi²����,²��������'¬ �;§/¤�¬{��4 �¥² �����
¹8¶�ªw������² � ¤�¬ ² ¡w� �;² ª'�_�;�f��� �E��§/³]¤����D��¬��tª���§8��¶;¬��©³�§/���t�c¶;³ �C�{�U§_µ � ¶��^£c¤¥£/§_� ���D�#� ,;ªw��¬ ²��{�d�
¢ � �_� �/���d² §����{���_�;¬��I£D����¶��l¬{§/¶����t³]� �_�t²����D²P²����L¶�� �{�h¤¥���´¤&�&�¥¤�� �L²�§%¬�§/³]ª���§/³�¤¥� �I³]§/� �I§_�B²��;�
§/ª;² ¤�³�����¤ ² � §_µ[²����t��� ²��{� ���D² ¤¥£_���´�_���)² ������� ���,���&�¥§"��³]§/����� ¶ �w§/ª;² ¤�³����@¡c§/��7 D$�D��: 	 ; 5 H �8Ba�D: ¡
��� ²��������D² ¤¥£/�{� ² §4� ¶;��£c¤¥£_�_�l·E² ¬��_� �w��� �{���+²����D²�µz§/�!� �D� �/�´£D����¶��{��§_µT²�§��¥�����D��¬��{��¡8² ���U¤¥��¬���� �_���
¤��'² ��� � ¶�³ �w���i§_µL��¶���£c¤¥£_§/� �@�´¤ ²�� � �{� ªw��¬ ²©² §)²���� � ¶�³ �w���i§Dµ ¬{� ¤ ²�����¤ �R¤¥��³j¶�¬ �e���Dª�¤��fµz§_�
¹8¶�ªw������² � ¤�¬ ²+²����_��¤¥²R¤��]µz§/�R� �;²�ª��_�;�1��� �¸�;§/³�¤¥���_��¬{��4 � ²��{��� �%§"��� £/���,�_� � ¤¥��¬���� �_�����{¡
²��;�B��¶���£c¤¥£_§/� �#ª�� §c��¶�¬{��� � ���;� �¸��§_³�¤¥���_��¬{�B�D���f� �;²�ª�4 �¥² ����²��{���a² § �w��¬{§/³��t¤¥�����"²�¤¥¬ ���d² §
²��;� ® �_���{²�§����{² � ����¤��i¤¥� �w��¬ �D¶�� �]�_��² ��� ��¤�³]���;� ¤�§_������¤ ² �)§_µl²��;� �8� �w§ , ¤��;¬�� ���_� �{��K¤@� �_� �
¤��;¬�� ���_� �{� �B¤ ² �w��¬{§/³��{� ���{� � �D���/���{� �jª;� §���� �����]µz§/�j��� ²��{� ���D² ¤¥£_���4² §'§8¬{¬�¶��4¤��Y² ��¤�� �8� �w§ ,T�
��� ¶����;��¤¥² �����L��� �E��§/³]¤����D��¬��´��§/�l� �;²�ª0�´¤&�&��ª;� §c��¶�¬��#�_�����_����¤ ²�¤¥§/�����;���¥² ��� ���D²�¤ £/���L¤�� ² ����¤¥�
� �{¬�§/�;�fª��_�����
�������p² ���R² §����{���_��¬{��£D���¥¶����4�_� ��� ³����&�N¡ �_�B¬ �_� �w�R�����{� µz��§/³ ²�����ª���§D²Bµz§/�©²���� 
 � 
 

� 




7 ¤ �/¶�� � � �4®5��§_² �B����§"�´¤�� �,µz���_¬ ²�¤�§_�Y��¶���£c¤¥£_§/� � �´¤¥² �e£D�_� �8¤¥� �f� ¶�³ �C�{�B§_µ�¬���¤¥²��{� ¤���µz§/�iµz§/¶;�
��¤21T�{� ���"²�¬ �;§/¤�¬{�;4 �¥² ����� �´���{�a�Dª�ª���¤¥���]²�§ �j���{¬�¤¥� ¤�§_�+ª�� §������{³ �´¤ ²�� 	 � 
�
 ��� ²��{� ���D² ¤¥£_��� �D���
�´¤¥² �)²�§��¥�����D��¬��{�%���{²´²�§ 
 � 
� �_��� 
 �  � ����ªC�{¬{² ¤¥£/��� �_�

²�§������ �_��¬{�_¡ �C§_² �B� �;²�ª#�?4 � ²����P�D���4���#�¸��§/³]¤����_��¬�� 4��¥²��{� �´¤&���_²��{���B² §%ª;� §c��¶�¬��l²��;� � �_³��l���{²[§_µ
� ¶;��£c¤¥£_§/� �{�!���;¤��L¤��L�-,8ªC�{¬{² ��� �w��¬ �D¶�� �#§_µd²=� §j� ���_� §/�;��� 4�����²(� � � ¤¥��¬��%²����%²�§��¥�����D��¬��´£D����¶��´¤¥�
� ³������@¡�² ���I� �{� ¶�� ²�¤���� �8� �w§ ,i¤��C²����{� �{µz§_� �I� ³������/�_����² ���l¬ ���_��¬{���=²����D²[�_���i��� ²��{� ���D² ¤¥£_�W§8¬{¬�¶����
¤��'² ��¤��U� ³����&�[£/§��¥¶�³��j�_� � ¬{§/��� ¤¥����� ����� � ��§"�t�©¢U���;¤¥²�¤¥§/������� �_¡T����� ��¶�¬ �v�+�¥²��{� ���6²�¤¥£_���;�´�;¤�¬ �
�_���$�´¤ ²���¤¥�)²����©� ³����&� �8� �w§ ,.�´¤&���d¬�§/�;� � � ¶��{�"²(� � �w�©¬���§/������²�§]��§/³]¤����_��¬��i��¶���£c¤ £/§/�����_���,¤¥²
�´¤&��� �w�i���D� �Uµz§/� ²����{³ ²�§ �w�.?�?Z?A;�BC�876�)H D$? ���)�j��§_³�¤¥���_��¬{��� ¶��^£c¤¥£/§_���l·Eµ[��§ ���¥² �������D²�¤ £/�{�
§c¬�¬�¶;�W¤��j��§/³]� �8���C§ ,B²����{� �C§_² � � �;² ª �_���j�;� �¸��§_³�¤¥���_��¬{��ª���§8��¶;¬���² ����® �D� �{² §i� � ²L�_�h² ����¤¥�
� ¶;��£c¤¥£_§/� �{�I·EµT§/�j² ���´§_²��;���I���_�;�d¡ �_��� ��� ²��������D² ¤¥£/�{�I��§i§c¬�¬�¶;�L¤¥� � §/³]� �8���C§ ,C¡/²����{�R�+�&�c� ¶�¬ �
��� ²��������D² ¤¥£/�{� �´��¤¥¬ �)� ¶��^£8¤ £/�i� �;²�ª.�´¤&���w������§j� ¶��^£c¤¥£/�i�;� �¸��§_³�¤¥���_��¬{�U� ¤¥��¬���² ��� �0�´¤&���C�;§_² �w�
��� �E��§/³]¤����6²���� ���'�_���a��� ²��������D² ¤¥£/�D�#·¸� �{¤¥² �����#¬ �_���_¡C² ���j��¶���£c¤¥£_§/� �Uª�� §c��¶�¬{��� ���a² ���B²=� §

� 



4 � ²������)�´¤&�&�w²��{���,² § ¬�§/¤¥��¬�¤¥����µz§/��� ³������C£D����¶;���´§_µ����


 � � ��� � �2( ��� #4(
8��!� � � < >
¢U�4�_����� �c� ¤��[§_µ�² ���l²�¤�³]�l¬�§/³]ª��¥�-,8¤¥² �t§_µ8²���� ��§/³]¤����D��¬��54 � ²���� ���_� ª����������"²��{�]¤¥�j�����_ª;²��{� 	 �
�Y�����¥� §%��� �-²��;� ¤¥³�ª��D¬{²[§_µ;² ���L� ¤&%{� §Dµ�²����L���D²��_� � ²W�D�>� �*���8�D�h¤ ²��[���D²�¶;� �;�K��§"�-¬{§/³�ªw�{² ¤¥² ¤¥£/�
²��;�#�+�¥²��{� ���6²�¤¥£_���l�_���_¡ �´���D²l� ¤¥�����l§_µC¬�§/��� �*���D²�¤¥§/���W� ,8¤���² �w�{²=� ���{��²��;�%¬{� ¤ ²�����¤ � �[§/� ²�����²�¤¥³��
µz§/� ��§/³]¤����_��¬��
4��¥²��{� ¤¥� ��� ·¸� ² ��¤�� � �{¬{² ¤�§/�d¡ ���,¬�§/�;� ¤��;��� ²�����²�¤¥³�� �¸¬�§_³�ª��¥�-,8¤¥² ¤��{�Bµz§/� ²��;�
�´� ±@7 �´��¤¥� ¬{¶�� �����f¤¥�)²����tª����{£c¤�§/¶;�%����¬ ²�¤�§_�d�

� � � ��� � � � � � �.� ���  ����� '�

������¹c² � ¤�¬ ²i��§/³]¤����_��¬�� 4 �¥² ���i¶������i²���� � �_³�� �+���/§/��¤¥² ��³ �_�i²���� �;§/³�¤¥���_��¬{� 4 � ²����{¡P�_�i��� �
� ¬{� ¤ �C�{�Y¤¥�Y����¬{² ¤�§/� 	 � 	 � 	 ����;��� � µz§/� �D¡ ��¤�³]¤&� �D�#²�§�²��;���D����� �c��¤��iµz§/��²��;����§_³�¤¥���_��¬{� 4 �¥² ����¡
²��;�U� £/�{�����_�#²�¤¥³�� �¸¬{§/³�ª����-,8¤ ² �4µz§/�I²��;�U��² � ¤¥¬{²L��§/³]¤����D��¬��)4 � ²���� ���¥� §©����ªw�����;��¶�ªw§/��² ���U� ,<�
ªw��¬{² ��� � ¶�³ �w���W§Dµq� ¶��^£8¤ £/§/���Wµz§/�h² ����4 � ²����{�h·¸� �_�����{�����N¡_²���¤¥� ¬��_� �C� �/� ���D²��{� ²����D�d¡/§/� µz�-���{�
²����_�d¡8² ���i�-,8ªw��¬ ²����,� ¶�³ �w��� §DµP��§/³]¤����_�;¬�����¶���£c¤¥£_§/� ���;��ªw������¤¥� � ¶�ªw§/�+²��;�U²�����£D���¥¶���� §_µ
²��;�B²�§������ �_��¬{����� ����� «,§/�"²��-� � �_� �¥§R����� ¶��¥²��#� ��§"� ²����D²#µz§_�U� ³������d²�§��¥�����D��¬��t£D����¶��{��¡d¹c²���¤�¬{²
��§/³]¤����_��¬�� 4��¥²��{��²��{�����i²�§,ª�� §c��¶�¬{� µz��� ���©� ¶��^£8¤ £/§/���i²����_�e��§/³]¤����_��¬�� 4��¥²��{��� �%����¬{� µz§_�
� ³������C£D����¶;��§_µ[²�§��¥�����D��¬��{� ²����i��¶�����¤¥� � ²�¤�³]�U§Dµh² ���i��² � ¤�¬ ²)4 �¥² ��� ¤¥���-,8ªw��¬{² ���,²�§ �w� �w�{²�²��{�
²����_�f²����D²i§_µI² ���4��§_³�¤¥���_��¬{� 4 � ²����{�
�%§ � �{£_���©�_�U² ���4² §����{���_��¬{�B£D���¥¶����#¤���¬{� � �D� �_¡C²����j� ,<�
ªw��¬{² ���a�c¶;³ �C�{�´§_µ ��¶���£c¤ £/§/��� �w� �/¤¥�)²�§]¤���¬{� � �D� �i²����{� � � ��ªw§_² ���"²�¤����&� �R³��_� ¤�� � ¤ ²�����¶�����¤¥� �
²�¤¥³��'��§/��� �t²����D�,² ���t��§/³]¤����_�;¬��;4 � ²��{���

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

�����#�����_§/� ¤ ²���³ ���{� ¬���¤��w���]µz§/�I²����#¹8¶�ªw������² � ¤�¬ ²L��§/³]¤����_�;¬���4 � ²����I����§"�´� ² ���D²I²��;� 4�����²Lª��_���
¤��P²��;� ��§_³�¤¥���_��¬{�!4 � ²��{� �´�;¤�¬ �j¤¥������, � � , %	
�� ,��P�_� �;¤�� ¬{¶�� ����� ¤¥�j¹8�{¬{² ¤�§/� 	 � 	 � 	 � ����������¬{§/���
ª��_���l§_µq²����)4 � ²���� ¬�§/³]ª��_�����I� �D¬ ����§_� �¸��¶���£c¤¥£_§/�I§_µw²�����4�� ��²lª��_� �5�´¤¥² � ²�������¶���£c¤¥£_§/� �l§_µw²��;�
4�����²�ª��_� �{¡C¶��"² ¤&�P� §/³]�©� ¶��^£8¤ £/§/�9F��25 D��GFEH���� �EH : 	 � ?A;�BC�876�)H DGF´¤¥²%¤�� �´��¤¥¬ �'¬ �_���B² ���4�+���/§/��¤¥² ��³
² �D�_���#²����j�;�-,c²i��§/�#�¸� ¶;��£c¤¥£_§/�#µz��§/³�²���� 4�� �^²iª��_������·EµL�R�;§/� �¸��¶���£c¤ £/§/�#§_µW²��;� 4�� �^²iª��_���U¤¥�
��§_² F��25 D�� FEH ��� �EH�: 	.?A;�BC�876�)H!D$? ���]�_��� §_µT² ��� 4�� �^²�ª��D� �L� ¶��^£8¤ £/§/����¡c²����{�R¤¥²l¤¥�l³R�_���_�{�+�t�����
� ¶;��£c¤¥£_§/�W²�§ �w���_ª�ªw�����;��� ²�§i²�������¶���£c¤ £/§/�I§_µq² ����4�� �^²lª��_��� �6²W²������{���]§_µq²���������¬�§_����ª��_� �{�
·Eµ � �C�%²����#��§/³]¤����D��¬��%� ¶��^£c¤¥£/§_� � ª���§8�;¶�¬��{�)¤���² ���;4�����²�ª��_� �{¡�³�� ,8¤�³����&� �4���_¬ �)§_µd² ���U²��;�

� 	



, � � �;§/� �¸��¶���£c¤ £/§/���$�´¤��&�[� ���c¶;¤�� � ¬{§/³]ª��_� ¤¥� §/�;� �´¤¥²�� �+�&� � � ¶;��£c¤¥£_§/� �{� ����¤��i¬��_� ² �_�D� ��§
³]§/� ��²����_� ���*��, � � �lª��_¤¥� �´¤����´¬�§/³]ª��_�����lµz§/�I²����#� ��¬{§/���+ª��_� � �´¤¥² �+�i²�¤�³]�-�E¬�§/³]ª��¥�-,8¤¥² �B§_µ
�
�S, � � � " � �U¹8¤¥��¬��©²����B�-,8ªC�{¬{² ��� � ¶�³ �w���U§Dµl��§/³]¤����_�;¬��©� ¶��^£8¤ £/§/��� � � ��� � , %	
�� ,�� ¡C²��;�
� £/�{�����/��¬ �_���]² ¤�³]�-�E¬�§/³]ª���� ,8¤¥² �a§_µ�² ������¶�ªw��� �^²���¤�¬{² 4 �¥² ���{¡ �´�;¤�¬ �v¤¥�©² ���]� ¶�³ §_µ ²���� ²�¤¥³��
� ��� ¶�¤������ µz§/�#² ��� 4�����²iª��D� �t�_���'² ��� � �{¬�§/�;�eª��_� �i¤¥� �
�S, � � , %	
�� ,�� �´��¤¥¬ � ¤��#² ��� ���D³�� �D�
²��;�B� £_����� �/�©² ¤�³]�-�E¬�§/³]ª���� ,8¤¥² � µz§/� ²��;�©�;§/³�¤¥���_��¬{�;4 � ²����{�

� � � � � � � �.� ���  � � � � ��� � � � ��� ��#� � � ����� '�

�����´��� �/§/��¤¥²��;³��=µz§/�W���_¬ � §_µ�²��;� � �;² ª 4 �¥² ���I�_�;� ��� �¸�;§/³�¤¥���_��¬{� 4 � ²��{� � �;§ � ²����D²W²��;��¤��>4�� �^²
ª��_��� �{�%��� � ¶�¤¥� ��²��;�i¬�§/³]ª�¶;²��D²�¤¥§/�+§_µP²��;�i��§/³]¤����_�;¬�����¶���£c¤¥£_§/� �{�l·¸��² ���i� �{¬�§/�;�aª��D� ��¡����_¬ �
4 � ²����#¬�§/�;� ¤��;��� �#²����B��§/� �E� ¶��^£8¤ £/§/����§_µI² ��� 4�����²iª��D� �i�_�;�'¬ ����¬ � �iµz§/�%²����B� ����ªC�{¬{² ¤¥£/� � ¤¥���
§_µ=�;§/³�¤¥���_��¬{�´§_µd²��;�U��§/�#�¸� ¶;��£c¤¥£_§/� � � ���4��¶���£c¤ £/§/� §_µT² ���'4�����²�ª��_� �{�I¢;���w��¶�¬ �)��§/³]¤����_��¬��
��§/�#�¸� ¶;��£c¤¥£_§/� �I²����D²L�_� ���;§_²7BED$�)H!D�7B�_¬{¬�§/����¤�� �i² §�²����´� �{� ªw��¬ ²�¤¥£_�#�;��¬�¤¥� ¤¥§/� � ¶��¥��§_µw²�����4 � ²��{�
�_��� � �{²��_¤��;���Y�_�i����� � ¶��^£8¤ £/§/���©�_���Y�_ª�ªw�������{�e² §)²���� � ¶;��£c¤¥£_§/�t� �{²tµz��§/³�² ��� 4�� �^²Bª��_� �{�
�#�{��¬��D¡d¶���¤�� �]²����B���_³]�j�_����� �c� ¤¥�%�_�#² ���D²Uµz§_�%² ���4��¶�ªC�{� �^²�� ¤¥¬{²U��§/³]¤����_�;¬��$4 �¥² ���´µz� §/³�²��;�
ª����{£c¤�§/¶;�B����¬{² ¤�§/�T¡ � ��������² ���D²t²��;�+� £/�{�����/� ²�¤¥³�� ¬{§/³]ª���� ,;¤ ²�¤¥���iµz§/� �C§D²�� ²����]� �;² ª 4 � ²��{�
�_����²��;�©�;� �¸��§_³�¤¥���_��¬{�;4 �¥² ���´�_���t� �_¬ � �
�S, � � , %�
�� , � �


 � ��#�,� ���.- � �  � � � ��� � � ����� ����- � ��� �� � � � �  ��� � � �

¹8¤¥��¬��+���_¬ � §_µ�²��;�,¹8¶�ªw��� �^²���¤�¬{²�¡I� �;² ª �_���-��� �E��§/³]¤����D��¬��04 �¥² ��� �4ª�� §c��¶�¬{�R²����R���_³]�+� � ²
¤��a²����{¤��'4�� ��²�ª��_� �����{¡d²����{¤��i�_¬ ²�¶��+�h��¶�����¤¥� �+²�¤¥³��{�#¬��_� �C�4¬�§/³]ª��_����� ³]��� ��� �,¤��a²�����³��#§_µ
²��;��¤�� � ¶��;��¤�� �B²�¤�³]�%��¶�� ¤¥� �4² ����� �{¬�§/�;�,ª��_� �{�I¢U� � ¤��;¬�� ���_� �{�����U�-,8ªC�{¬{²´³]§/� �U�_���)³]§/� �
��§/�#�¸� ¶;��£c¤¥£_§/� �i§_µI² ��� 4�����²tª��_����²�§+��¶���£c¤ £/� ²����4� ¶�ªw������²���¤�¬ ²t����¬{¤�� ¤¥§/�'��¶����D�©·¸�'µK�D¬{² ¡Cµz� §/³
��§/��§��&���_� � �;� 	 ����������� �_� �'� ��§"� ² ���D²iµz§/�t� �/¤ £/��� £D���¥¶�� §_µ ��¡=²���� � ¶;ªC�{� ��² � ¤¥¬{²@4 � ²���� �´¤��&�
� � ² �_¤¥� ���&�c��§/�#�¸� ¶;��£c¤¥£_§/� �I²����D²l�_����� �{²��_¤��;��� ���4² ����� �;² ªR�D���j²������;� �¸��§_³�¤¥���_��¬{� 4 �¥² ���I�D���
ªw§_²��{� ² ¤ ����� �)³]§/���_� ���������{µz§/���_¡w²����4�_¬{² ¶����[� ¶����;¤�� �]²�¤�³]�t§_µW² ���4��¶�ªC�{� �^²�� ¤¥¬{² 4��¥²��{�#¬��_����§D²
�w� �C� ² ² ����² ���_�+²����D²�§_µP²��;��� �;² ªd¡��_�;�)��� �¸�;§/³�¤¥���_��¬{�'4 � ²��{� ���I·¸�+µK�D¬{²�¤ µ � §_� ���_� �;� �_� �/�_¡
²��;�U��¤21T�{� ���;¬�� �w�{²=� ���{�)²����#� ¶����;¤�� �©²�¤�³]���L§_µ=��¶�ªw��� �^²���¤�¬{² 4 �¥² ��� �_���R² ���U§D²����{� ²=� § 4 �¥² �����
���w§9£/�t¤���� ,;ªw��¬ ²��{�f²�§ �w� ���_� �_�_�

·¸�p¬�§_³�ª��D� ¤���� �w�{²=� ���{�p²������ �;² ª 4 �¥² ���B�_���e²�������� �¸�;§/³�¤¥���_��¬{�04��¥²��{��¡ 4�� �^²(� �/¡ ¤ µ ²��;�
²�§������ �_��¬{��£D����¶;���j�D� �+��³R�����@¡ �C§D²��v² ���4 � ²��{� � �_���R� ,;ªw��¬ ²��{� ² §'ª���§8��¶;¬��R² ���+��§/³]¤����_��¬��

���



� � ²%�_��² ����¤¥� � ¶��^£c¤¥£/§_� � � ²��´��¶��U² § � ���_� §/�;��³��{� ² ¤�§/�;���)� �D� ��¤¥���{� �#�{��¬��D¡�µz§/� ��³R������£_�+��¶��{� §_µ
²�§������ �_��¬{�_¡d¤ ²i¤�� �w�{²�²��{��²�§�� ¶�� ² ��� � �;² ª �?4��¥²��{��� ¤¥��¬�� ¤ ²i���_�t� �_� � �6²����i¬ ���_��¬�� §_µlµz� ²�¬ ��¤¥� �
�_���;¤¥²�¤¥§/�����C��� ²��������D² ¤¥£/�{����¶���¤�� �j² ���i� �{¬�§/���aª��_��� ²����_�)² ���t��� �¸�;§/³�¤¥���_��¬{�;4 � ²����@�z²��;��� � ���
ª�¶;²�²�¤¥� ��² ���4����¬�§_���'ª��_���U²�§ �/§c§8�,¶�� � � � � �a²��;�4§_² �����#���_���a¤¥µW² ���©² §����{���_�;¬��B£D���¥¶����#�_���
� �D� �/�D¡C²��;�j� �;² ª34 �¥² ���U¤¥���-,8ªw��¬ ²���� ²�§)��¶��'µK�_�^²����#²����_�'² ��� ��� �E��§/³]¤����D��¬�� 4 �¥² �����@���;¤���¤¥�
�w��¬ �D¶�� �B�_���)��§/�#�¸� ¶;��£c¤¥£_§/��²����D²´µK������� ¤¥�+²������8���C§ ,�§_µ � 4�� �^²%ª��_� �%� ¶;��£c¤¥£_§/� �/�{² �%���{²��_¤����{�
�_�i������� � ¶��^£c¤¥£/§_� ���a² ���j� �8²�ª �:4 �¥² ���;�´¤ ²���§/¶8²�� ��� ¶�¤���¤�� �]µz¶���² ������¬{§/³]ª��_� ¤¥� §/�;� �d��§"� �{£_���
²��;����� �E��§/³]¤����_�;¬�� �´¤&�&�q���{���+² §j�_�{��ª)¬ ���{¬ �c¤¥� � ¤¥µd² ��¤�� ��§/� �E� ¶��^£c¤¥£/§_��¤�� ��§_²�?�?O?A;�BC�876�)H D$?
���+�D� ��§_µP¤ ²��L��§/³]¤����D² §/� �{� � µP¬�§_¶�� ���_¡;² ����� �8²�ª
4 � ²����L¤�� �-,8ªw��¬{² ���)²�§4ª�� §c��¶�¬{�i� ��§D²�³]§/� �
� ¶;��£c¤¥£_§/� �i²����_�e² ��� ��� �E��§/³]¤����D��¬�� 4 � ²��{��µz§/� � �D� �/�j£D���¥¶����i§_µL²�§������ �_��¬{���t�_�t��¤¥� ¬�¶;� � �{�v¤¥�
²��;� ª�� � £c¤�§/¶��I����¬ ²�¤�§_�d� 7 ¤¥������� �/¡D�_� ² ����� ¶�³ �w���W§DµC¬{� ¤ ²�����¤ � � ¤¥��¬���� �_�����I§/�h¤¥µ�²��;� ²�§��¥�����D��¬��{�
�w��¬�§_³��j��³R�+�&���{��¡w¤¥² �C�{¬�§/³]���i� �_� �{�Uµz§/�U² ���j� �{¬�§/�;�Yª��D� �i§_µl�{¤¥²��;���U² ��� ��� �E��§/³]¤����_�;¬��4§_�
²��;�#� �;²�ª04 �¥² ���W²�§©���+�¥£D���/�%�_��� ²���¤¥� �B�D² ���&�N� ����¤¥�l¤�� �C�{¬ �_¶;� �_¡8¤����{�"²�¤�¬����;² §©² ���#¬��_� � �´���{� �
¤��L� ³������@¡/²��;�U§c¬�¬�¶;� � �{��¬��U§_µP��� ²��������D² ¤¥£/�{� ¤¥��� ¤¥���	�8� �w§ ,;�{� �w��¬�§_³��{��¤�³]ª���§��������¥�_� �#���;¬��#µz§_�
²��;�©� �_³]�©��� �_��§/���%�_�´��¤¥� ¬�¶;� � �{�'���w§9£/�D¡w¤ ²´¤�� �w�{²�²�����² §]¶;� �t²����t� �8²�ª 4 �¥² ����¤��)² ���t¤��"²��{� ���^²
§_µh³R�D�c¤¥� � �/§c§8��¶����t§_µh² ���t� �{¬�§/���aª��_���#¤¥�+µz�{²�¬ �;¤�� ���_����¤ ²�¤¥§/�����T���¥² ��� ���D²�¤ £/���{�


 ��� 5'�U�2��� <"��$/. * �6�/#4�2� � ��� <"��; *- * � 69$/� <"�!#%$ # � 8/; # 	��!��( �6�/*-; *-� &
<"��; �! <"�2�  *0$/1 6/ 3��; $/���A19 

�����]���w§9£/�]�_����� �c� ¤��i§Dµ ��§/³]� ¬ ��§/¤�¬{� 4 �¥² ��� �i¤¥����¤¥¬ �D² ����²����D²�²��;� 4��¥²��{� ¤¥� �)���]¬�¤¥����¬{¤��{�B�D���
²��;�#��¶�����¤¥� �B² ¤�³]���Iµz§/�I²���� 4 �¥² ����� ���{ªC�{���+¶�ªw§/�]²����%¬ ���_� �_¬{² ��� ¤¥��² ¤�¬��L§_µd² ���%����¬{¤�� ¤¥§/�]ª�� §��#�
���{³a� 7�§/�´� ,��D³�ª��¥�B¤ µ � ¤¥�'���_� �/�D¡�²����{�f²����B��¤�1C��������¬{� �w�{²=� ���{�'²����B�c¶;³ �C�{�U§_µW� ¶��^£8¤ £/§/���
ª���§8��¶;¬���� � � ² ���f��¶�ªC�{� �^²�� ¤¥¬{²04 �¥² �����_��� ²����D²�ª���§8��¶;¬���� � � ² ���f���#�¸��§/³]¤����_��¬���§/� ²��;�
� �8²�ª �:4 �¥² ����¤¥� � �_� �/�j�{� ªw��¬�¤����&� �f��¤���¬{�j²���� � ¶�³ �C�{�i§_µL� ¶��^£8¤ £/§/���tª�� §c��¶�¬{��� ¤�� �w§_²�� ª��_� �����
����² ���U��¶�ªw��� �^²���¤�¬{² 4 �¥² ��� ¤���¬{� � �D� ��� ³�§_��§_²�§_��¤�¬����&� � �´¤¥² �+¤��;¬�� ���_� ¤¥� � � ¡<�´��¤����´²������ ¶�³ �C�{�
§_µU� ¶��^£8¤ £/§/���Rª���§8�;¶�¬��{� ���-²����,��� �E��§/³]¤����D��¬��,�_��� ²��;�a� �;²�ª �:4 �¥² ��� ¤�� ²��;��4�����²�ª��_����¤¥�
¤��;���"²�¤¥¬ ���L²�§ ²����6² ª�� §c��¶�¬{��� ���p²����)��¶�ªw��� �^²���¤�¬{² 4 � ²��{� ��¶;² ² ���)� ¶�³ �w��� §_µ%� �{¬�§/��� ª��_���
� ¶;��£c¤¥£_§/� ��������¶;¬����i³]§/��§D²�§/��¤¥¬ ����� �0�´¤¥² �'¤���¬{� ���_� ¤¥� � � �%¢U���;¤¥²�¤¥§/������� �)��§/� §���� �_� � �;� 	 ¤��;��¤2�
¬ �6²����#��§"��²���� 4 �¥² �����'�¥¤����t¶�ª'¤¥�,² ����³��#§_µW²��;��¤��´¬{§/��� �{��£D�D² ¤�� ³,� ���������{µz§/���_¡w²����B¬ ��§/¤�¬{�©² §
���{ª���§ �,§/���$4 �¥² ���%§9£/���#²����©§_²��;���U¤¥�#¬������_� � ���]µz¶��;¬{²�¤¥§/�f§DµI¶�� �{�8�E�����{���@��¤¥�_�t�-,8ª������ ��¤�§/�;��§_µ
¬�§_��� �{��£D�D²�¤¥� ³,¡=²�¤�³]�-�Eª�� �{� ��¶�� �D¡ �_�;�Yª���§����¥��³ ¬ ���D���_¬ ²�����¤��^²�¤�¬{� �¥¤��D�C,�� � � � ,9� ������c¶;�B²��;�

���



¬ ��§/¤¥¬�� §Dµw² ��� ��¤��/�"²�4��¥²��{�hµz§/�W�Uª��_�^²�¤�¬{¶�� �D�h���{¬�¤¥� ¤�§_� � ¤¥² ¶��D² ¤�§/�B¤�� ¤ ²����*�¥µw�D�]«'� ±t« ª�� §������{³a¡
�´¤¥² � ²���� £D�_� ¤¥§/¶��i��¤¥²�¶��D²�¤¥§/�����h����³��_�����t§_µL²��;�]�;��¬�¤¥� ¤¥§/� � ¤¥² ¶��D² ¤�§/� �w��¤¥� ��¶�� �{�Y²�§����{¬�¤¥���
§/�)²��;� �w���^²'4��¥²��{� µz§/� ²��;�©��¤¥² ¶��D²�¤¥§/�d�

·¸� �/���;�����+�@¡ ² ���
��¤¥��²B§_µ%����¬{¤���¤�§/�p��¤¥² ¶��D²�¤¥§/���©¬ �_� �w�+¤¥��� ¶�³��{���������_� �#§"� �{£/�{��¡L�{£_��� �
¬�§/�_� ���*� � � ¶�����¤ ² �D² ¤¥£_�+¬*���_� ��¤�4�¬��D²�¤¥§/�-§_µ%����¬{¤���¤�§/� ª���§������{³�� ���_� �{��§_� �;��¬�¤¥� ¤¥§/� � ¤¥² ¶��D² ¤�§/���
�´¤&���T������¶�¬{�©² ���tª�� §������{³ ²�§]§/���t§_µ>4����;¤�� � ¬ ��§/¤¥¬��@4 � ²��������´��¤�¬ �a�_���$� �*���2�E� ¶�¤ ²����+² §]² �������
� ¶����¥¤¥² �6²�¤¥£_�*� �t����4��;���]����¬{¤�� ¤¥§/�j��¤¥²�¶��D²�¤¥§/����� 7�§/�h² ����ª�¶���ªC§_� ���I§Dµw² ��� ��¤¥� ������²��D²�¤¥§/�d¡�� ��¬*���_�8�
� ¤ µ �4�;��¬�¤¥� ¤¥§/� ª�� §������{³��I�+��§/� �U����¬{¤�� ¤¥§/� � ¤ ²�¶��6²�¤�§_���h² ���D²l�_��� ³]§/��²I¬{§/³]³�§/��� �©����¬{§/¶��"²��{� �{�d�
7�§/� � ,��D³�ª��¥�_¡��6² ²����i² §/ª�³]§/��²)�¥�{£_�*� � �t¬*� �D� � ¤ µ �+���{¬�¤¥� ¤�§_�)ª�� §�������³]� ���D� ���,§/�.�´��� ²����{�%§_�
��§_²[²��;� �©��� £/� ¶;��¬��{��² �D¤��"² �B�_� ��§8¬{¤ �D² ��� �´¤ ²��©²����{³ �z¤��B¬�� ¤ ²��{� ¤ � £D���¥¶����(� �����;¤��[¬*� �D� � ¤24�¬ �6²�¤�§_�
¤��©��1C��¬ ²�¤ £/� �w��¬��_¶�� ��²������c¤¥�����B§_µ�¶������8�E�����{��� �´��¤¥¬ �p¬ �_� �C���_����������� ��� ���{ªC�{��� �/��� �D² � �
¶�ªw§/� �´�;�{²��;���4§_�B��§D²©² �������R¤¥�©¶;��¬��{��² �D¤��"² �Y�_� ��§8¬{¤ �D² ��� �´¤ ²�� ²�����¬���¤¥²��{� ¤��)£D���¥¶����{�+¢;�¥� §�¡
²��;�%ª;� ��������¬{��§_µC¶���¬{����²��_¤��"² � ¬{¶���²��_¤&�¥�W²����´¶������lµz� §/³ � ,8ª�� �{� � ¤¥� �4¶;���_¬ ��¤¥�{£D�����¥�#�D� ª�¤¥���D² ¤�§/���
��¤¥�_��ª�� §c��¶�¬{�)���&�L�_�;�p§/��� �e² ���+§/ª8²�¤�³����l��� ²��{� ���D² ¤¥£_�����f¢ 4 � ²����6�¸¬ ��§_¤�¬���� ¬ ���{³R���´�;¤�¬ �p¤¥�
� � �D� �4§DµW²����Bª�� �{� �{��¬�� §_µW¶���¬��{��²��_¤��"² �,¬ �_�f¬�§/�"£/�{��²i� ,8ª�� �{� � ¤¥§/����§DµI¶����_¬ �;¤��{£D�������B�_� ª�¤¥��� �
²�¤¥§/���tµz� §/³ ² ���+¶������j¤¥� ² §f§/�;�R§_µ%�_¬ �;¤��{£D������� ²����D���-�E§�1T�4�_���pª;� �������"² ²��;��³ ²�§a² ���+¶������{�
�����B¶�� �{� � �U²�� �_���-�E§�1e�-,8ª������ ��¤�§/�;��¬ �_�,²����{� �w�4¶������f² §R���{¬�¤��;�4§/�,²����4�_ª�ª���§/ª�� ¤��D²��@4 � ²��{�
µz§/��²��;�4� ¤ ²�¶��6²�¤�§_�d� �����©��� ,8²U¬ ���_ª;² ��� �´¤&�&�=³��_�D�B¶����B§DµW²����©ªw����µz§_� ³��_��¬��©¬ ���_� �_¬{² ����¤���² ¤�¬{�
§_µ�£D�_��¤�§/¶�� 4 �¥² �����4²�§ ��� £/����§/ª �'��¬ ����³]�+²�§'��§��¥£_�+²����4 �¥² ���8�E¬ ��§/¤¥¬��Rª;� §����¥��³ µz§/�j� �_¤¥£/�{�
���{¬�¤���¤�§/����¤¥²�¶��D²�¤¥§/�d�

� �



���������
	�� �

��	 � � � � � � � � � � �+� � � � � � ����� �	�
�

�
� ������������ ���

����� �����! #"%$'&)(*�!+,"-�

.0/�132!4658792#:<;=1?>A@8B�>CB%46DEDFD6GHGJIK:L1M:N7ODP:<5�5QGLRTS!>A7O465�46GJ/�;!@3GJUVD6>AW85XRYGJ@XB%2!46792�1?2!>Z7A@34[1?>O@34P:
\ :<D6]V>A5X:<@�>^I�/!G_B%/�:L7A7A]V@?:L13>ADE`<ab.0/K132!>c:<U!5�>A/!7O>CGLR�]V/!7A>O@�19:L46/d10`Jef1?2V>c:<;!;!DE467g:h1?46G</iG<R%1?2V>
S!GJW846/!:</!7A>kj#D[1?>A@'1?Gl:Zj#/!4[1?>853>m1nG<Ro:<D[1?>O@3/#:L134 \ >A5p;!@3GHS!]!7O>A5q132!>sr�:<@3>m1?Gt5�>O1gaC.0/vuJ>O/!>A@3:<Dwe
2!G_B-> \ >O@AeF:tSV>A7A4E534EGJ/x534E13]#:L1346GJ/vW846u<2�1q@3>OyH]V46@3>sRY>mB�>O@kGJ@XWQG<@3>^:<D[1?>O@3/#:L134 \ >A5n1?2!:</K46/K1?2V>
rz:L@3>O13Gc53>O1Aa{.0/|132!465)792!:<;V1?>O@)B�>XB%4ED6D}7AGJ/!5�46S!>O@T2!G_B~:L/�:<;!;!@�GJ;!@346:L1?>q792!GJ467O>qj#D[1?>A@�7g:</�U�>
]!5�>ASQ13Gq:LS!S!@3>O535�1?2!> \ :<@34EGJ]!5fS!>O7A4E5346G</85�4E13]#:L1?4EGJ/!5�132#:L1-:<@34E53>FB%4E132k/!G{]V/!7A>O@�19:L46/d10`k;!@3>O53>O/�1Aa
�F2!>o46S!>A:'B%4ED6D=U�>%1?G'WQ:<I<>o]!53>oG<R�1?2!>o;�>A@�RYG<@3WQ:</!7A>%792#:L@?:<7m1?>A@�465,1?467O5�G<R*132!>%S!4E��>A@�>A/d1�792VGJ467O>
j#D[1?>A@�5�B%4E1?2p@3>O53;�>A7m1z1?G \ :<@�`H4E/!u�;V@3GJU!DE>AW�792!:<@?:<7m1?>O@3465,1?4E7A5�1?GoS!> \ >AD6G<;n:%53792!>OWQ>�RYGJ@�792!GHGJ534E/!u
:</Z:<;!;!@�GJ;!@�4P:L13>'j!DE1?>O@FRYGJ@%:8u<4 \ >O/lS!>O7A4E5346G</Z5�4E1?]!:L1?4EGJ/�a��F2!465%5�792!>AW8>{B%4ED6D�>O/#:<U!DE>'132!>q�����}�
���0:<@3792V4E1?>O7O13]!@3>T1?G8:<;V;!DE`s:<7A@�GJ535�:nB%46S!>O@o7ODP:<5�5FG<R�S!>A7O46534EGJ/c534[1?]#:L1346GJ/V5Aa

���0� �Q"-�,�� #���)(������V"���"%$T���k�!+��!&)�z�#+�"��)���s$T�}�����)$T��+,���#�)�����)�V�}�)(��
"-�Z&T�)(��� V�!��+,���J�

.0/ ��2#:<;V13>A@8¡VefB�>cS!> \ >OD6GJ;�>AS :|R¢:LWQ4EDE`�G<Ro1?GJDE>A@3:</!7A>£�0U#:L53>AS¤S!GJW846/!:</!7A>Qj#DE13>A@35OaK.0/K1?2!4E5
792#:<;=1?>A@Oe}B->846S!>O/�134ER¥`l534E13]#:L1346GJ/#:LD�S!>OWM:L/!S!5'1?2#:L1T132!>X1?GJDE>A@3:</!7A>O5'7g:</NU�>X]V53>ASN1?GcW8G=S!>ODwa
�=4E/!7A>�>g:<792^G<R*1?2!>)�=]!;�>A@35,1?@�467O1AeVS!SH�0S!GJW846/!:</!7A>LeV:L/!Ss>AU=1?;Mj#D[1?>O@35�;V@3GHS!]!7A>O5�1?2V>)rz:L@3>O13Gn53>m1
:</!SK;�G<13>A/d1?46:<D6D[`|WQG<@3>s:LDE1?>O@3/#:h1?4 \ >A5{46/K:<SVS!4E1346GJ/N1?Gl132!>^rz:L@3>O13G|53>m1gefS!>O7A465�46GJ/i534E13]#:L1346GJ/!5
B%2!>O@3>�132!>�¦'§¨S!>O5346@�>A5-WQGJ@�>o:<DE13>A@3/!:L1?4 \ >A5�1?2!:</M;!@�>A5�>A/d1©4E/8132!>)r�:<@3>m1?Gq5�>O1-7g:</MU�>oWQ>m1ªU�`

«J«



1?2V>T]!53>TG<R�:</d`MG<R�1?2!>O53>Tj#DE13>A@�5Aaf.0/c>g:<792c7A:<53>Le!1?2!>)13GJD6>O@?:</!7O>A5©7A:</cU�>T]V53>AS^13GXWQGHS!>AD�]!53>O@
> � ;!@�>A5�5346G</!5�G<R 7O@34E13>A@�4P:h��53;�>A7A4[j#7�U�G<]!/!S!5�GJ/q1?2V>�S!>OuJ@3>O>©G<R#5�]!U�G<;V1?4EWM:<DE4E10`�1?2#:L1z2!>�4E5}B%4ED6DE46/!u
1?GX13GJD6>O@?:L13><a��F2�]!5Oe 132!>'S!S=��S!GJW846/#:</V7A>�j#D[1?>O@F@3>O1?:<46/V5©1?2!>'r�:<@3>m1?G853>O1�:</VSZ:LS!S!4E1346GJ/!:<D6D[`8:<D6D
53]V792X53]!U�GJ;V1346WQ:<DH:<DE13>A@3/!:L1?4 \ >A5}B%2!46792n:<@3>-/!G<1zB-GJ@�53>�132#:</X:</d`{G<R!132!>A4E@�rz:L@3>O13GL�0SVGJWQ4E/#:L13GJ@35
Ud`�WQG<@3>n1?2!:</N132!>kWM:LuJ/!4E13]!S!>O5pGLR-132!>X1?GJDE>A@?:L/!7A>O5{:LD6GJ/!u^132!>k46/!S!4 \ 46S!]#:LD�7A@�4E1?>O@34EGJ/�ak�#]!@,�
1?2V>A@3W8GJ@�><e<132!>A5�>FU�GJ]V/!S!5�W846uJ2d1�U�>�46/q132!>�RYGJ@�W�GLR�:�7AGJ/���]!/!7O134 \ >F> � ;!@3>O535�46GJ/8:<7O@3GJ5�5f:<D6D�1?2V>
7A@�4E13>A@346:��Y/#:<W8>ADE`^132!>n¦'§ 465�4E/d1?>A@�>A5,1?>AS|4E/t:<DED�1?2!GJ5�>n53]VU�GJ;=1?46WQ:<D}:<D[1?>A@�/#:L134 \ >O5oB%2V46792�:<@�>
B%4E132!46/k1?2V>�1?G<D6>A@3:</!7O>�U�GJ]!/!SV5-G<R*1?2!>O46@ªS!GJW846/#:L13GJ@35�:LD6GJ/!u����	�<132!>�7O@34[1?>A@�4P:�
£edGJ@ª46/Q132!>%RYGJ@3W
G<R�:{S!4E5���]!/!7m1?4 \ >o> � ;!@3>O535�46GJ/�Y/#:<W8>AD[`q1?2V>�¦'§ 465�46/d1?>O@3>O5�1?>OSs46/k1?2VGJ53>o53]!U�GJ;V1346WQ:<D#:<D[1?>O@3/#:h�
1?4 \ >O5)B%2!46792�:<@�>qB%4E132!46/Z1?2!>n13GJD6>O@?:</!7O>nU�GJ]!/!S!5�G<R�1?2!>O46@�SVGJWQ4E/#:L13GJ@35�:<D6GJ/VuM> \ >A/b:����	�������
7A@�4E13>A@34EGJ/�
£as�F2!>MD6:L1313>A@'> � ;!@�>A5�5346G</K465p:Z@�>ADP:h1?4 \ >AD[`|WQG<@3>87AGJ/!5�>A@ \ :h1?4 \ >M> � ;V@3>A5�534EGJ/vB%2!>A@�>
�������������! "�	#$���%�	 '&{:<D6GJ/VuM> \ >A/N:M5�46/!uJDE>q7O@34E13>A@�46GJ/Z465�7OGJ/!5�46S!>O@3>AS�:L5T:MS!>O5346@3:<U!DE>q;!@�GJ;�>O@�10`ZG<R
:X53]!U�GJ;V1346WQ:<D�:<D[1?>O@3/#:L134 \ ><a

�F2!>n1?G<D6>A@3:</!7O>A5�B%2V>A/|]!5�>AS�46/t�H1?@�467O1�S!GJW846/#:L/!7A>'j#DE13>A@�7g:</|U�>q4E/�13>A@�;!@3>m1?>AS�:L5)@3>O;!@3>£�
53>O/d1?46/Vus1?2!>XWQ:<@3u<46/#:<D�@3:L1?>O5TG<R�53]VU!5�134E1?]=1?46G</tGJ@�13@?:<S!>£�0G<�b@?:h1?>A5TGLRf1?2!>nSV>A7A4E534EGJ/=�0WQ:<IL>A@)(_a
*�>O/!7A>^B%2!>O/¤132!>^1?GJDE>A@3:</!7A>O5k:<@3>s13G|U�>c:L;!;!D64E>ASK4E/!534ES!>M1?2V>l��1?@34E7O1,�0S!GJW846/!:</!7A>Q@3]!DE><ef1?2V>
;!@�>ORY>A@�>A/!7O>^>ADE467A4[19:L1346GJ/�7A:<D6DE>AS�RYGJ@q4E5{1?2V>Q1?@3:<S!>£�0G<�¤@?:h1?>A5qG<RF1?2!>QS!>A7O465�46GJ/=��WM:LI<>A@OaZ�F2V>A@3>£�
RYGJ@�><eV132!>'�H13@3467m1FS!GJW846/!:</!7A>�j#DE13>A@©5�>A>AW85FD64EI<>T:nu<G=GHSsj#DE13>A@ª1?Gk792!GHGJ53>':<D[1?>O@3/#:L134 \ >A5�B%4[1?2!4E/
1?2V>�rz:<@�>O1?Gx5�>O1ga+*�G_B-> \ >A@Ae':L5^:<@3u<]!>AS 46/ ��2#:<;V13>A@,Je%4E1^4E5sG<R¥13>A/ ]!/!5�]!4E1?:<U!DE>l1?GK>OD6467O4E1
;!@�>ORY>A@�>A/d1?46:<Dz4E/VRYGJ@�WM:L1346GJ/cDE46I<>'1?@3:<S!>£�0G<�b@?:L13>A5T:L5):<U!5,1?@3:<7O1T;V@3>ORY>O@3>O/!7A>O5.-�2!>A/V7A>q132!>n]!5�>nG<R
�H13@3467m1���S!GJW846/#:</V7A>qj#D[1?>O@)RYGJ@)RY]!@�132!>A@';!@�]!/!4E/!uc465T/!G<1p@�>A7AG<WQW8>A/!SV>AS�ak�F2!>X�)4E>OB->A@p46/|1?2V>
���0�}����:<@3792!4[1?>O7O1?]V@3>T;!@�G \ 4ES!>A5�132!>T]!5�>A@©B%4E132^:n/#:L13]!@?:LD�B�:_`Q1?GX> � >O@�1%2!4E5�1?@3:<S!>£�0G<�Z;!@3>mRY>A@��
>A/V7A>A5Oa/*o>A/!7O>pRYGJ@FSV>A7A4E534EGJ/c534E13]#:L1346GJ/!5©B%2V>A@3>'1?2V>{¦'§ S!>O534E@3>A5%RY>OB->A@�:<D[1?>A@�/#:L134 \ >O5©1?2#:L/Z4E/
1?2V>{r�:<@3>m1?G853>m1ge!B->{@�>A7AG<WQW8>A/!S^132!>']!53>pG<R}1?2!>T�)4E>OB->A@Oa

0�132�4�4�576"8�9;:=<?>"@�572A>CBD576E6=5�F�G�8IHJ8IKML�BD<N>�O79�>"@PL�>CQRL�HJSUTVL�KE8XWZY	[\KE<N>E8IKE<DL�B�L�B?>"8]K"HPL�>"<D^�8�6_6"2J[M@`>"@JL�>CH�8]<N>E@�8IK
SA57ab<DHJL�>"8]6c>"@�8d5�>E@�8IK�ecf	Hg5�>"@�8]K�:�5�KMS�6I9�5�Hg[IK"<?>"8]K"<D5�Hih]j=9Akml�j_npo]j�qXr.jIscL�HJSt5�HX[IK"<?>"8]K"<D5�Hih\u�9AkvowuCnpl3u�qXr�uZswe
x 5�:y<?Fc:d8C6'8I>�z\jC{�r3j=L�HJS|zMut}�r7u~L�HJS|L�4J4�B?O����	�Z�	hw�J�)�7�Z�)���cl.�ch\�3kmz\j��"zMu�sw9AQ�:=<DB?B;6�>EK"<�[w>EB?O.Y	SA5�a/<DHJL�>E8~T|e
� H�8�:�LZO)>"5)<DH7>E8IKE4�KE8\>~>E@�8/L���5�^�8�zb� 6�2J6'8�SU<DH�1.>EK"<�[w>"Y�S�5�a/<?HPL�HJ[I8X<�6~>E5)6ELZO�>"@JL�>�<?>iab5ASA8]B?8�S�L|>"KML�SA8IY�5��
8\�A4�KE8]6E6"<?57H�>E@JL�>�9=���?���E���'��r u��A�P %¡ �¢� ��£I¤w %¡�¥I¤w  � � h u�  �|¦/� ¤"¥�¡%§ � ��¨!¥ �%�ª© £ ��¦_« ¥\� �I� ¡	¥E¬®I¯ �)°7�  %� �'��r j
�A�J %¡ �g� ��£I¤w %¡	¥\¤w  � � h j 6"5b>"@JL�>~T±[IL�H)��8t>"KML�SA8�S3Y�5��U<?H)FmLZ^75�K²5�F�Qge

«�³



��� � �v�)���p�0�V�� ��L(��)"-+�(����) #"-�T�,�}� �£"ª �$T��(�+��!+�"�� �!+��!&)�z�#+�"��)��� +0�!�)"-&��
&T�)(��� V�!��+,���J�

�F2!>b���0�}����:L@3792!4[1?>A7m1?]!@�>|WM:LI<>A5c]!5�>|G<Rp1?2!>|S!G<WQ4E/#:</!7O>lj#DE13>A@M13Gx;!@3GHS!]!7O>t1?2!>Nrz:L@3>O13G
53>m1XB%4E132K@3>A5�;�>O7O1k1?Gt132!>^;!@�46WQ:<@�`N7A@�4E13>A@346:Z> � ;V@3>A5�53>OS�Ud`i1?2V>c¦'§ba
	�D6D-RY]V@�1?2V>A@n;!@�]!/!4E/!u
@3>Oy�]!46@�>AW8>A/d1?5�GLR#1?2!>-]!53>O@�:<@3>-46/d1?>O@3;!@�>O1?>OSnB%4E132n@3>O53;�>A7O1z1?G�132!>Frz:L@3>O13G)53>m1�:<5z132!>�@�>ORY>O@3>A/V7A>
53>m1ga��F2V>FS!4E��>A@�>A/d1�792!GJ4E7A>�j#D[1?>O@35�B->FS!465�7A]!5�53>AS846/n132!>©;!@�> \ 46G<]!5f792#:<;V13>A@�:<DED6G_BKRYGJ@�SV4E��>A@3>O/d1
B�:_`H5�13GnGJ@�S!>A@�1?2!>�53]!U�GJ;V1346WQ:<D�:<DE13>A@�/#:L1?4 \ >O5�:</VSQ1?2V>):<;!;VD6467A:<U!4ED64E10`qG<R�>A:<792Mj#D[1?>A@ªS!>O;�>O/!S!5
]!;�GJ/bB%2!:L1nI�46/VS!5qG<R�> � ;!@�>A535�46GJ/V5XU�`�132!>MS!>O7A4E5346G</=�0WQ:<I<>O@p:<@3>Q: \ :L46DP:LU!D6>Lac��>A@,19:<4E/iI�46/!SV5
G<R}]!5�>A@,��> � ;!@�>A535�46GJ/V5�7A:<D6D�RYGJ@©7A>O@�1?:<46/^U#:L53465©RYG<@©GJ@3SV>A@34E/!uq132!>T53]!U�GJ;V1346WQ:<D�:LDE1?>O@3/#:h1?4 \ >A5F:L/!S
2!>O/!7A>'1?2!>p:<;V;!D64E7g:L1346GJ/sGLR�:X7A>O@�1?:<46/cj#DE13>A@Oa

�F2!>Fj#DE13>A@��0792!GJ4E7A>©;V@3GJU!DE>AW�7g:</k/!G_B�U�>F5�>A>O/Q:L5fGJ/!>FG<R 1?@3:</!5�DP:L1346/!u)]V53>A@��0> � ;V@3>A5�534EGJ/!5�G<R
W8GJ@3>o:<D[1?>A@�/#:L134 \ >O5f1?G'1?2!>o> � :<7m1�U#:L53465�]!;�GJ/8B%2!4679281?GpGJ@3S!>O@f1?2!>o53]!U�GJ;V1346WQ:<D#:<D[1?>O@3/#:L134 \ >A5Ae
:</!StRY]V@�1?2V>A@)1?GQ1?2!>X792!G<467A>qG<R�1?2!>qj!DE1?>O@�1?2!:L1)B-GJ]!D6S|;V@3GHS!]!7A>q53]!792b:</|GJ@�S!>A@�46/!u!aT�F2V465)4E5
46/VS!467A:L1?>OSs46/M132!>'�z4EuJ]!@3> ³ a�	�5�532!G_B%/c46/s132!>�j#uJ]V@3><e=1?2!>)SVGJWQ4E/#:</!7O>�j#D[1?>A@-;#:<@,1?4E1346GJ/V5-1?2V>
GJ@�46uJ4E/#:<D#53>m1©4E/�13G{10B-GX53>m1?5-��lB%2V46792s4E5-1?2V>)rz:L@3>O13Gn53>m1%:</!S8B%2!46792^5�]!@ \ 4 \ >A5-1?2!>�j!DE1?>O@�:L/!S
���QB%2!4E792X465�132!>©5�]!U�G<;V1?4EWM:<D�5�>O1fGJ@�1?2!>-53>O1�GLR�:<DE13>A@3/!:L1?4 \ >A5�>ADE46W846/#:L13>ASpUd`{132!>©S!GJW846/!:</!7A>
j#D[1?>A@Oa�.�R�132!>p¦'§�S!>O534E@3>A5%RY>OB->A@�:<D[1?>A@�/#:L134 \ >O5©1?2#:L/Z4E/��ze#2!>'7g:L/ZWQ:<I<>']!5�>{GLR�132!>T�)46>mB�>O@
1?GXRY]!@,1?2!>O@F>ADE46W846/#:L13>�5�GJW8>TG<R�132!>prz:<@�>O13GQ:LDE1?>O@3/#:h1?4 \ >A5F4E/��NU�`s> � ;!@3>O535�46/!u \ :<@34EGJ]!5FI�46/!SV5
G<R�7AGJ/V7A@3>m1?>p;!@3>mRY>A@�>A/!7O>A5�DE46IL>)1?@?:LS!>m��G<�*5Oa

.�R�e%GJ/�1?2!>lG<1?2!>O@s2#:</VS�eF1?2!>|S!>O7A4E5346G</=�0WQ:<I<>O@QSV>A534E@3>O5^WQGJ@�>l/�]!WnU�>A@MG<Rp:<DE13>A@�/#:L1?4 \ >O5
1?2!:</|46/��ze�]!53>X4E5�WQ:<S!>qGLRª:</�:<;!;!@�GJ;!@�4P:L13>q792!GJ4E7A>£��j#D[1?>A@Oe����)e�RY@�GJW 1?2!>n: \ :<4EDP:<UVD6>'53>m1TG<R
792!GJ4E7A>£��j#D[1?>A@�5q1?GZRY]!@�132!>A@n;!:<@�134E1?4EGJ/b132!>s4E/!>��87A4E>A/d1X5�>O1ge�����e�46/d1?G������N:L/!S�������a|�F2!>
53>m1 �����C7A:</bU�>X53>O>A/b:<5)1?2V>X53]!@ \ 4 \ GJ@�5'G<R-132!>nj#D[1?>A@!�"� B%2!>A/b:<;!;VD646>OSl1?G^132!>X53>m1�����a
�=4EWQ4EDP:<@�DE`Je#�����|7A:</|U�>n46/d1?>O@3;!@�>O13>AS�:<5o1?2!>n/VGJ/=�05�]!@ \ 4 \ GJ@�5)G<R$���-�0U#:L53>AS|j#D[1?>O@346/Vu!a&%oG_B'e
%)�!,n465�:<;!;�>A/!SV>AS|1?G81?2!>Xr�:<@3>m1?Gs5�>O1T�t:</!Sl132!465oDP:<@�uJ>A@o53>m1get� ��'�( � ,�
£e*4E5�;!@�>A5�>A/d1?>OS�13G
1?2V>FS!>A7O46534EGJ/=��WM:<IL>A@z:<5�1?2!>F5�]!@ \ 4 \ GJ@f5�>O1gaz.�R�132!>FS!>O7A465�46GJ/H�0WQ:<I<>O@zB%465�2!>A5�13G)RY]!@�132!>A@f> � ;VD6GJ@�>
1?2V465F53>m1F1?GkuJ>m1%46/!5�46uJ2d1?5�GJ@©1?Gk@3>OWQG \ >':XRY>mB :<D[1?>O@3/#:L134 \ >A5©U#:L53>ASCGJ/c53G<WQ>T7OGJ/!5�13@?:<4E/d1?5AeV2!>
7g:L/ZS!GX132!465F1?2V@3GJ]!u<2c132!>T�)4E>OB->A@%GJ;�>A@?:h1?46/VuXGJ/C132!>'/!>OB 53>m1�G<R�53]V@ \ 4 \ GJ@35Oa

�F2!>F53]V7A7A>O535�G<R#132!465�53792!>OWQ>FS!>O;�>O/!S!5fGJ/{1?2!>F:L5353]VWQ;V1346GJ/{1?2#:L1�1?2!>�792!GJ467O>-j#D[1?>O@z792!GJ5�>A/
RY@3G<W�132!>)DE46U!@3:<@�`X4E5�GJ/V>�B%2!46792*e=RYGJ@ª1?2!>�uJ4 \ >A/^;!@�GJU!D6>OWZe�U�>A5,1F5?:L13465,j#>A5�132!>)S!4[�*>O@3>O/�1�/!>A>OS!5
> � ;!@�>A5�53>ASMU�`{1?2!>FSV>A7A4E534EGJ/=�0WQ:<IL>A@Aa��F2!>%WM:L/!/!>A@z46/nB%2!4E792k132!465f4E5�S!GJ/V>F465�1?2V>F537AG<;�>FG<R�1?2V>

«*)



           survive choice filter CF

pragmatics

NS2 − Subset of NS which don’t

S

VIEWER            survive choice filter CF
NS1 − Subset of NS which

NS − Dominance non−survivors

S − Dominance survivors

CF
NS1           NS2

More pruning desired

NS2

and filter−choice

by decision−maker

More survivors desired by
decision−maker

 S                NS

User expressions

S           NS1

Library of
Choice Filters

�z4EuJ]!@�> ³ � �F2!>'j#DE13>A@,��792!GJ4E7A>T;!@�GJU!D6>OW RYGJ@F5�4E13]#:L1?4EGJ/!5©B%4[1?2!GJ]=1%]!/!7A>O@�1?:<46/d10`Ja

@3>O5�1ªG<R�1?2!>%792#:<;=1?>A@Oaf��G_B�:<@3SV5ª132!>%>A/!S8G<R*132!>%792#:<;V13>A@OeV:T53792V>AW8>oB%4ED6D!U�>F;!@3>O53>O/�13>ASMB%2V46792
B%46DED�;�G<46/d1%1?GQ132!>p@3]!DE>A5oGJ@�;V@?:<uJWQ:L13467A5©B%2V46792lB%4ED6D�U�>q]!5�>ASl13GQSV>A7A4ES!>qG</t:</l:<;!;!@�GJ;!@346:L1?>
792!GJ4E7A>Tj#D[1?>A@F5,19:<@,1?4E/!uXRY@3GJW :ku<4 \ >O/Z5�>O1oG<R�]!53>O@,��/!>A>OS!5):</VSZ;!@�GJU!DE>AW 792!:<@?:<7m1?>O@3465,1?4E7A5Aa

���¢� �b #���-���z�#+�(���"ª� ����� �T+,��� (��)"-+,(�� �p���!�� #���V" $T�}(�+��!+�"-� �!+��#&)� �
�#+�"-�)�

�©:<5�>AS^]!;�GJ/M132!>);�>A@,RYGJ@3WQ:</!7O>�792#:<@3:<7O13>A@�465�13467O5©G<R�132!> \ :<@34EGJ]!5-792!GJ467O>�j#D[1?>O@35Ae=GJ/!>)7A:</s/!G_B
:</#:LDE`��A>T1?2V>p5�4E13]#:L1?4EGJ/!5F]!/VS!>A@FB%2!4E792l>g:L792ZG<R�1?2!>p:<U�G \ >'792!GJ4E7A>Tj#D[1?>A@�5%WM:g`^U�>'S!>A;!DEG_`J>AS*a
�b>{GJ/VDE`^7OGJ/!534ES!>A@o534[1?]#:h1?46G</!5FB%2!>A@�>{1?2V>q¦'§ S!>A5�46@�>A5�W8GJ@�>':<DE13>A@3/!:L1?4 \ >A5%1?2!:</Z;V@3>A5�>A/d1T4E/
1?2V>{r�:<@3>m1?G853>m1ga�	�5%W8>A/d1?4EGJ/!>ASC;!@�> \ 46GJ]V53DE`<e!>g:L792lG<R�53]!;�>A@�5�13@3467m1ge#S!SH�0S!GJW846/!:</!7A>Le#:</!Sc1?2V>

«
	



>AU=1?;nj#D[1?>A@z7g:</XU�>©]!5�>ASX1?GT7A:L1?>O@z1?G�132!>%:<U�G \ >©S!>OWM:L/!S�a �b>©S!4E537A]V535�1?2V>©7AGJ/VS!4E1346GJ/!5�]!/!S!>O@
B%2!4E792ZGJ/V>pGLR�132!>p:<U�G \ >'j!DE1?>O@35%465FW8GJ@�>T53]!4[19:<U!DE>)1?2#:L/c132!>'G<1?2V>A@Aa

���¢����� � �<�{"��	���v" �)�f�V� �p�0�V�� 

�F2!>��,��U�G � �©B�G<;#:<535Fj#D[1?>O@©:<;!;�>A/VS!5©1?2!>TSVGJWQ4E/#:</!7O>�5�]!@ \ 4 \ GJ@35©B%4[1?2s132!>��,��U�G � 53]!@ \ 4 \ GJ@�5��
:</!S�@�>A;�GJ@�135)1?2!4E5':<5T4E135T53>O1'GLR�5�]!@ \ 4 \ GJ@35OaX�F2!>ky�]!>A5,1?46G</N4E5�B%2!>m1?2!>O@p132!>A5�>Q:LS!S!4E1346GJ/!:<D����
U�G � :<DE13>A@3/!:L1?4 \ >A5�7A:</p@3>A;V@3>A5�>A/d1�5�GJW8>-:LU!5�13@?:<7m1�;V@3]!/!4E/!u%;!@3>mRY>A@�>A/!7O>-G<R=1?2!>�S!>O7A4E5346G</=�0WQ:<I<>O@Aa
��]V1qj#@35,1nB�>^> � :<WQ4E/!>s:CRY>OB 7AGJ/!SV4E1?4EGJ/!5p]!/!S!>O@nB%2!46792v132!>^¦'§ 7OGJ]!D6SiU�>s4E/d1?>A@�>A5,1?>ASx4E/
> � :<W846/V46/!uX5�]!U�G<;V1?4EWM:<D*:<DE13>A@�/#:L1?4 \ >O5 �

	 �F2!>8¦'§ WQ:g`t/!G<1'U�>k:<5TWn]V792b7OGJ/!7A>O@3/!>OSNB%4[1?2�GJ;V1346WQ:<D64[10`C:<5T2!>X4E5)B%4E1?2|2!: \ 4E/!u
:�53]!4[19:<UVDE`KD6:<@3uJ>c/�]!WnU�>A@8G<R�53]!@ \ 4 \ GJ@�5M4E/�GJ@�S!>A@k1?GNuJ>m1M4E/!534EuJ2d1?58:<U�GJ]V181?2!> ���A��

@�>AuJ4EGJ/!5z4E/q1?2V>F5�1?@�]!7O13]!@?:LD!53;#:L7A>FG<R#132!>©S!>O5346u</X;!@3GJUVD6>AW �¢DE46IL>-1?2V>�'>O/!>O13467F:LD6uJGJ@�4E132!W
> � :LWQ;!DE>TWQ>O/d1?46G</!>ASc>g:L@3D64E>A@Z
ma

	 �F2!>Z¦'§ WM:g`KU�>CB%4ED6DE46/!ul13GN13@?:<SV>m�0GL� GJ;V1?4EWM:LD64E10`�B%4[1?2¤S!@?:<5,1?4E7CuJ:<46/!58:<DEGJ/!u|1?2V>
5�>A7AG</!S#:<@,`x7A@34[1?>O@34P:=eªG<@85�GJW8>^5�1?@�]!7O13]!@?:LDo792!:<@?:<7m1?>O@3465,1?4E7CGLR�132!>C:<DE13>A@3/!:L1?4 \ ><a���GJ/H�
5�46S!>O@)RYGJ@)> � :<W8;!DE>q10B�GZ:<D[1?>A@�/#:L134 \ >O5Ae����ª:</VS����_e�5�]!792N132#:L1�����4E5)GJ;V1346WQ:<Dz:L/!S����

��J# �	�!�� w��������U!]=1�����465©B%4[1?2!4E/M1?2V>��,�0U�G � G<R�����a�%oG B 4ER�����:<S!S!4[1?46G</#:<D6D[`X2#:<;V;�>O/!5
13GM;�>A@�RYG<@3W \ >O@�`CB�>OD6D}46/Z53GJW8>{5�>A7OGJ/!S#:<@,`l7O@34[1?>A@�4P:Ve#132!>A/l132!>q5�]!U=��GJ;V1?4EWM:LD64E10`MG<R����
W846uJ2d1�/!G<1TU�>X:<5TSV46537OGJ/!7O>A@�1346/!uQ1?Gs1?2V>n]!53>O@T7AGJW8;#:<@�>ASt13Gs1?2!>nuJ:<46/t2V>XGJUV19:L46/!5�U�`
\ 46@,1?]!>TGLR�����U�>A4E/!ukWn]!792CU�>m1313>A@%46/^1?2V>p5�>A7OGJ/!S#:<@,`c7A@�4E1?>O@34EGJ/����ga
.0/^>O5353>O/!7A>Le#1?2!>)SV>A7A4E534EGJ/=�0WQ:<IL>A@�W846u<2�1-U�>)GJ@34E>A/d1?>OSs1?G_B�:<@3S!5F2!: \ 4E/!uqj#/#:LD*53G<D6]V1346GJ/!5
B%2!4E792�WQ4EuJ2d1)GJ@)W846u<2�1�/!G<1'U�>nGJ;=1?46WQ:<D}46/l132!>X53;!:<7A>XG<Rª;!@�46WQ:<@�`C7O@34E13>A@�4P:Vapr�>OGJ;!DE>
G<R¥13>A/v792VG=GJ5�>s@3>ODP:L134 \ >ADE`�> � ;�>O/!534 \ >^7AG<WQW8G=SV4E1?4E>A5TU�>A7A:<]!53>^GLRF53GJW8>MSV465�1346/!u<]!465�2!46/!u
y�]#:<DE4E10`ZG<R�1?2!>X7OGJW8WQGHS!4E10`<e�DE46IL>n7AGJDEGJ@Aap.�1T4E5)]!/!DE46I<>ODE`C1?2#:h1'53]!792b:sS!>A7O465�46GJ/=��WM:LI<>A@
S!GH>A5o/!G<1�7g:L@3>{:<U�G<]V1oGJ;V1?4EWM:LD64E10`M:L1�:<DEDE-#@?:h1?2!>O@�2!>p465%GJ;�>A/C1?GQ792!G=G<5346/Vu8132!GJ53>{53]!UH�
GJ;=1?46WQ:<D}:<D[1?>A@�/#:L134 \ >O5�B%2!4E792N:<@3> \ >A@,`t7ADEGJ53>{1?GsU�>A4E/!usGJ;V1346WQ:<D}:<5)DEGJ/!u^:<5�1?2!>m`|:<@�>

 "!_B?>"8]K"HJL�>"<D^�8�6²:=@�<D[M@`BD<?8i<DHJ6"<DS�8C>E@�8gz"Y���5Z�¢5�F L$# L�KE8\>E5bL�BN>E8IKEHJL�>E<?^78�e
j&% x 5�>"8�>"@JL�>�>E@�<�6C8I�A4�K"8�6"6"<D5�H <�6CHJ5�>t8"'.2�<D^ZL�B?8]H.>C>E5¢>EK"8�L�>"<DH�G¢>"@�8�6"8][\57HJS�L�K"O`[\KE<N>E8IKE<?57H�L�6�L)SA5�a/<DHJL�HJ[I8

[\KE<?>"8IKE<D5�Hce)(²@�8|L��P5�^78�*�2J6'>Xa/8]L�HJ6�>"@PL�>i>"@J8�2J6'8]K]� 6i6"8IHJ6"8/5�F²5�4A>E<?a�L�BD<?>�OU<D6X6�>E<?BDB�KE8IB�L�>"8�SU>E5)>"@�8�4�KE<Da/L�K"O
[\KE<?>"8IKE<�L¢@�8/8I�34JK"8�6"6"8]6]e�+~5�:d8]^�8IK�9;@�8/<D6t2P6'<DH�G�>"@�8|6"8][I5�HJS�L�K"O [IK"<?>"8]K"<�L|>E5`G�<D^�8�>"@�8 ��¥ � ¤ � ¯ ©'�E« ¡v  ¦����cL�BN>E8IK"Y
HJL�>"<D^�8]6�L)[M@JL�HJ[I8g>E5)6"2�KE^.<D^�8X<NFd>"@�8]O @JLZ^�8bL¢[M@JL�HJ[\8�5�F!4�8IK"F 5�KEa/<?H�G�8\��[\8]8]SA<DH�G7B?O`:�8IBDB 57HU>E@�8b6"8][I5�HJSJL�KEO
[\KE<?>"8IKE<D5�Hce

³-,



GJ]=1?5�1?:</!S!4E/!ui4E/�53G<WQ>ZG<1?2!>O@s:<5�;�>O7O1Aa �=]!792 :NS!>A7O46534EGJ/=��WM:<IL>A@8WQ4EuJ2d1M> � ;!@3>O535^2!4E5
7OGJ/!53>O@ \ :L134653W�46/X1?2!>%RYGJDED6G_B%46/!u�RYGJ@3WCe � S!Gp/!G<1�>OD64EWQ4E/#:L1?>ª1?2!G<53>o53]!U�GJ;V1346WQ:<D!:<D[1?>O@3/#:h�
134 \ >O5�B%2!4E792�:<@3>{46/!SV465�1346/!u<]!465�2#:<U!DE>)RY@3GJW 53G<WQ>pGJ;V1346WQ:<D�:<DE13>A@�/#:L1?4 \ >pB%4E1?2V46/C7A>A@,19:<4E/
y�]#:</d134E19:h1?4 \ >sU�GJ]!/!S!5kG<R%132!>^7A@�4E1?>O@346:h� \ >A7O13GJ@ � ab�F2!>cS!>O7A4E5346G</=�0WQ:<I<>O@n;!@�G \ 4ES!>A5X1?2V>
U�GJ]!/!SV5,� \ >A7m1?GJ@�RYG<@ª132!>�� 7O@34[1?>A@�4P:p:</!SM132!465 \ >O7O13GJ@�7A:</sU�>�]!5�>ASs4E/Q1?2V>�� ���%rz��j#D[1?>O@
13G8;V@3GHS!]!7A>T132!>'/!>OB%D[`c:<;!;�>A/!SV>ASl5�]!@ \ 4 \ GJ@%53>m1ga

	©1-132!465�;�GJ46/d1AedGJ/!>%WQ4EuJ2d1fB�G</!S!>A@ª4ER�1?2V>�GJUc��>A7O1346GJ/V5ªW8>A/d1346GJ/!>OSQ4E/s�H>A7O1346GJ/��!a��)@3>AD6:L1?>OS
1?Gp1?2!>�> � ;!@3>O535�46GJ/^G<R*1?GJDE>A@?:L/!7A>O5�@3>Oy�]!46@�>ASMRYGJ@��H13@3467m1�j#D[1?>O@ªB-GJ]!DES^:<;!;!D[`X1?Gp1?2!>)> � ;!@3>O53534EGJ/
G<R%1?G<D6>A@3:</!7O>A5nRYGJ@q132!>^>AU=1?;=�wj#DE13>A@
	 	�/!SK1?2!>c:</V5�B->A@k465n/VG!efRYGJ@q1?2V>^@3>g:L53GJ/!5XW8>A/d1346GJ/!>OS
U�>AD6G_B �

	 �F2!>8;!@�46WQ:<@�`Z@3>A:<53GJ/N2#:<5'1?GcS!GcB%4E132|1?2!>k> � :<7m1qI�4E/!SbGLR�;!@�>ORY>O@3>A/d134P:<Df4E/VRYGJ@3WQ:L1346GJ/
132#:L1©132!>)]!5�>A@F465�U�>O46/!uq13GJD6SQ1?GXuJ4 \ >�B%2!>O/c2!>T465�:<53IL>ASc1?GX> � ;!@�>A5�5%132!>�13GJD6>O@?:</!7O>A5F4E/
>A:<792�G<Rf1?2!>n10B-G^7g:L53>A5Oaq.�R�1?2V>nI�46/!S|G<Rª;!@�>ORY>O@3>A/d134P:<D�46/VRYGJ@�WM:h1?46G</Z4E5�53]V792N132#:L1)4[1)4E5
>A:<5�`^13G8> � ;!@3>O535):LU!5�13@?:<7m1?DE`s:</!SCWQG<@3>AG \ >A@%7AGJ@�@3>O7O1?D[`^Ud`s1?2V>{]!5�>A@Oe!1?2!>O/Z1?2V>A@3>'4E5F/!G
2#:L@3W¨S!GJ/!>n4E/t>ADE467O4E1?4E/!uX1?2!4E5)46/=RYGJ@3WQ:L1?4EGJ/c46/t5�]!792N:MRYGJ@3WCa��F2V>X46S!>A:MG<R|�������$���! '�	�
#$���%�	 '&pB->q7OGJ/d1?>O/!S|465�>g:<5�46>A@�:</!Sl/#:L1?]V@?:<D�1?GQ> � ;!@3>O535T4E/Z1?2V>{RYGJ@�W¨GLRfU�G<]!/!S!5oRY@3GJW
132!>'S!GJW846/#:</V7A>'53]!@ \ 4 \ G<@35Aa��)/C132!>'G<1?2!>O@�2!:</!S�e#;�>AGJ;VD6>Tj#/!SZ4E1%S!4 �Q7O]!DE1F13GQ> � ;!@3>O535
13@?:<S!>£�0G<��5pGJ@n§���=5y�w§l:L@3uJ4E/#:<D��:h1?>A5pG<Ro�H]!U!5�134E13]V1?4EGJ/�
':<U!5�13@?:<7m1?D[`N:</!Sb132!>A@�>ORYGJ@�>
132!>%> � ;!@3>O535�46GJ/QG<R*13GJD6>O@?:</!7O>A5fRYGJ@ª�H13@34E7O1fj#D[1?>A@�4E5f53]!5�7A>A;=1?46UVD6>%1?GT1?2!>%GJUc��>A7O1346GJ/V5-W8>A/=�
1346GJ/!>OSb;V@3> \ 4EGJ]!53D[`Jas�F2V465pS!4E��>A@�>A/!7O>U��]!5,1?4Ej!>A5'1?2!>Q]!53>8G<R%:<UV5�1?@3:<7O1{]!5�>A@q> � ;!@3>O53534EGJ/
RYGJ@n13GJD6>O@?:</V7A>A58]!5�>AS 4E/x>AUV13;=��j#D[1?>O@Q:Lud:<46/V5�1X1?2V>C53:<W8>CI�4E/!S�GLR�> � ;V@3>A5�534EGJ/ RYGJ@X]!5�>
B%4[1?2Z�H1?@�467m1Fj#DE13>A@Aa

	 �F2!>lWQGJ5,1M7OGJW8WQGJ/¤S!>mj#/!4E1346GJ/�G<RT1?2V>lU�>A5�1M53GJDE]V1?4EGJ/�13Gb132!>|§t�©¦'§ ;V@3GJU!DE>AW 4E5
132!>QRYGJDED6G_B%46/VuM�®�	 ����� �� � �A�J���  '�E�J���������
� �.�� "�����/���  �� � 
��
�������E�J� �w#$������� #��J���$ �� ���
��� &±���� �� � �J �� ��� �/���Z�� \�±���! '�	#$�����A�J���� "�E�J� �ma��F2!4658S!>g:LD65XB%4E132�10B-Gi46/VS!>A;�>A/!SV>A/d1
;!@�GJ;�>A@�1346>O5Ae�GJ;=1?46WQ:<DE4E10`lB%2V46792v2#:L5{1?GlS!GlB%4E132b132!>^:<D[1?>A@�/#:L134 \ >O5Aez:</!Sv53:L1?4E5�R¢:<7m1?46G</
B%2!4E792 2#:<5^1?GKS!GKB%4[1?2 1?2!>|SV>A7A4E534EGJ/ WM:<IL>A@Oa~.�1c465s;�GJ5�5346UVD6>lRYGJ@s132!>|]!5�>A@^1?GxU�>
]!/V5?:L13465�j!>AS^B%4E132Z:L/^GJ;V1?4EWM:LD�5�GJD6]V1346GJ/�-V7AG</ \ >A@�53>AD[`c4E1�465©;�GJ535�46U!DE>�RYGJ@©132!>T]!53>O@©1?GkU�>
53:L1?4E5�j#>OSv> \ >A/x4ER©132!>M5�GJD6]=1?46G</i465{:l5�]!U�G<;V1?4EWM:<DfG</!><aZ.0/K>A4E132!>A@{7g:<5�><e�2VG B-> \ >A@Oe-4E/
GJ@�S!>A@T13GZ5�GJD \ >kRYG<@)1?2!>8U�>O5�1p53G<D6]V1346GJ/N:<7O7AGJ@�S!46/!u^13GC132!>8:<U�G \ >QS!>mj#/!4[1?46G</�132!>k]!53>O@
2#:L5�1?GTU�>%:<D6DEG B->AS{1?GTW846/!4EWM:<DEDE`�> � :<W846/!>F:LD6D=132!>©GJ;=1?46WQ:<D=:<DE13>A@�/#:L1?4 \ >O5�> \ >A/Q:<WQ4ES!5�1

³ ,



5�]!U�G<;V1?4EWM:<D*GJ/!>A5Oa��F2!>{]!53>pG<R�:8792!G<467A>'j#D[1?>A@Oe#D64EI<>T534E/!uJDE>p;!:<535��H1?@�467m1ge!1?G8>ADE46W846/#:h1?>
5�GJWQ>cG<R�1?2!>CGJ;V1346WQ:<D©:LDE1?>O@3/#:h1?4 \ >A5k7g:L/ @3>O53]!D[1846/x1?2!>C]!53>O@Q/VG<18U�>O46/!ub:<D6DEG_B�>OSx13G
> � :LWQ4E/!>{132!>AW�:</!St132!>A@�>AUd`t/!GL1T>A/!5�]!@34E/!us1?2!:L1�132!>nU�>A5�1)53GJDE]V1?4EGJ/lB�:<5)53G<D \ >OStRYGJ@Aa
�)/|1?2!>XGL1?2!>O@T2#:</!S�e�RYGJ@�792!GJ467O>nj#DE13>A@�5)B%2!46792NWQ4E/!46WQ:<DEDE`s;V@3GHS!]!7A>n132!>8rz:<@�>O13GC5�>O1Ae
> \ >A/N4ERf132!>n]!5�>A@T4E5T:MU!4[1T7AGJ/V53>A@ \ :L1?4 \ >X46/l2!465)> � ;!@3>O53534EGJ/�G<R�1?2!>{1?GJDE>A@?:L/!7A>nU�GJ]!/VS!5
GJ/l2!465�/!G<1?4EGJ/!5oG<R�/!>A:<@3D[`ZG<;V1?4EWM:<D e!B�>q>A/!5�]!@3>n132#:L1)2V>q5�1346DED}u<>O1?5�1?Gs> � :LWQ4E/!>q:LD6D�G<R
132!>'GJ;V1?4EWM:LD�:<D[1?>A@�/#:L134 \ >O5Aa

�F2!>A5�>n10B�GM@3>g:L53GJ/!5�;!@3G \ 46S!>{;!DP:L]!534EU!46DE4E10`^:L5�1?GQB%2�`C1?2V>q> � ;!@�>A5�5346G</|G<R�1?G<D6>A@3:</!7O>A5�RYG<@
>AU=1?;=�wj#DE13>A@F465F/VG<1oGJU���>A7m1?4EGJ/#:<U!DE>TGJ/^1?2!>'53:<WQ>Tu<@3GJ]!/VS!5�:L5F4E1%465©B%4[1?2^1?2V>q��1?@34E7O1Fj#D[1?>O@Aa

���¢���0� � & �q�� #�H�V +,(*� $T"-� +,�)���)(�� �p�0�V�� 

�=4EWQ4EDP:<@�13GZ132!>Q>OUV1?;H��j#D[1?>A@Oe�132!>^�=]V;�>O@35�13@34E7O1pj#DE13>A@p@3>O1?:<46/V5q:<DED�1?2!>Mrz:<@�>O13Gl53]V@ \ 4 \ GJ@35X:L/!S
;�G<1?>O/�134P:<DEDE`ZWQG<@3><a �i>8:<DE@3>A:<SV`|S!4E537O]!535�>ASv1?2V>8I�4E/!S!5pG<R©]!5�>A@��0> � ;!@�>A5�5346G</!5qRYGJ@TB%2!4E792b1?2V>
>AU=1?;=�wj#DE13>A@z;V@3GHS!]!7A>O5f:�5�]!4E1?:<U!DE>-5�]!@ \ 4 \ GJ@�5�>O1�Ud`{S!>A5�7A@�46U!4E/!u�1?2V>�;!@�GJ;�>O@�1346>A5�G<R#1?2V>�53]VU�GJ;=1?4[�
WQ:<D!:<D[1?>O@3/#:L134 \ >A5�1?2!:L1�:<@�>F@3>O1?:<46/V>ASkUd`q1?2V>o>OUV1?;H��j#D[1?>A@�:</!Sk532!G_B%4E/!u'2!G_B 1?2V>A53>%;!@�GJ;�>A@�1346>O5
WQ:<;^1?G8:X7ADP:L535%G<R�S!>A7O46534EGJ/=��WM:<IL>A@�5F46/d1?>O@3>A5,1?>OSl46/���������%&y���! "�	#$���=:<D[1?>A@�/#:L134 \ >O5Aa

�F2!>q>OUV1?;H��j#D[1?>A@oU!@�46/!uJ5%4E/t:<DED�53]!792�:LDE1?>O@3/#:h1?4 \ >A5FB%2!4E792|:<@3> �,� �����A�A�©1?Gk1?2V>qS!GJW846/!:</!7A>
53]V@ \ 4 \ GJ@35{:<D6G</!uR���	��S!4EWQ>O/!534EGJ/!5 �¢4 a >LaX1?2!GJ5�>Q4E/|1?2!> �,�0U�G � 
ma 	�5p:C@�>A5�]!DE1Aez:</b:<D[1?>A@�/#:L134 \ >
1?2!:L1T465oB%4E132!46/ �':<DEGJ/!u ��� ,X7O@34E13>A@�4P:QG<]V1TG<Rf132!> ��7A@34[1?>O@34P:kB%46DED�U�>n>ADE46W846/#:h1?>ASZUd`l1?2V>
>AU=1?;=�wj#DE13>A@Aa�.�1ª465f/!G<1�2!:<@3Sk1?G'46WQ:<uJ4E/!>©¦'§C5ª4E/d1?>A@�>A5,1?>AS846/k5�]!792M5�]!U�G<;V1?4EWM:<DV:<DE13>A@�/#:L1?4 \ >O5z�
1?2VGJ53>)B%2!4E792C:<@3>)B%4[1?2!4E/ �F46/c:L1FDE>g:<5,1%GJ/!>)SV46W8>A/!5�46GJ/sB%4[1?2^@3>O53;�>A7m1o13Gk:Xrz:<@�>O13G85�]!@ \ 4 \ GJ@Oa
�F2!>C�=]V;�>O@35�13@34E7O1Xj#D[1?>A@Oe�46/x:LS!S!4E1346GJ/N1?G�:<DEDª132!>^53]V@ \ 4 \ GJ@35XG<R%132!>s>AU=1?;=�wj#DE13>A@Aef@�>O1?:<46/!5n:<D6D
53]V792t:<D[1?>A@�/#:L134 \ >O5Aa��F2�]!5Ae 4[R�132!>']!53>O@o4E/d1?>A@�>A5,1�4E/������� ���! '�	#$���%�	 '&)465%S!4E5���]!/!7m1?4 \ >'G \ >A@%1?2V>
7A@�4E13>A@346:Vef1?2!>O/ 4[1k465X@3>O7AGJW8W8>A/!S!>OS¤132#:L1k1?2V>l�H]!;�>O@35,1?@34E7O1QS!GJW846/#:L/!7A>sj#D[1?>O@XU�>c]!5�>AS�RYG<@
53]V792lS!>O7A465�46GJ/c5�4E1?]!:L1?4EGJ/!5Aa

���¢��� � ��� �L$T"���+��)���)(�� �p���!�� 

.0/^��2!:<;V1?>O@©¡VeH4E1�B�:<5�5�2!G_B%/M1?2!:L1�U�G<132Q1?2V>�>OUV1?;=�wj#DE13>A@-:</!S81?2!>�S!S=�0SVGJWQ4E/#:</!7O>Fj#DE13>A@ª;!@3GL�
S!]!7O>)1?2!>)rz:<@�>O1?Gk5�>O1%:</VSZ:LS!S!4E1346GJ/!:<D6D[`n53]VU�GJ;=1?46WQ:<D�:<DE13>A@�/#:L1?4 \ >O5-B%2!4E792CDE46>o46/!5�46S!> �,�0U�G � >O5
B%4E132|@3>O53;�>A7O1T13Gs1?2!>qS!GJW846/#:</V7A>q5�]!@ \ 4 \ GJ@�5Aap�F2!>XS!4E��>A@�>A/!7O>XU�>m10B�>O>A/�1?2!>q53]!@ \ 4 \ GJ@�5';!@3GL�
S!]!7O>AScUd`M132!>�10B-Gkj!DE1?>O@35©4E5-132!>)RYGJD6DEG_B%46/!u � 1?2V>)>AUV13;=��j!DE1?>O@©;!@�G=S!]V7A>A5%:LD6D�53]!792c53]VU�GJ;=1?46WQ:<D

³ �



:<D[1?>A@�/#:L134 \ >O5)B%2!46792b:<@�>X46/t1?2V> ���0U�G � G<R�:</d`|534E/!uJD6>qS!GJW846/#:</V7A>n5�]!@ \ 4 \ GJ@Aa��)/|1?2V>8GL1?2!>O@
2#:</VS�e�132!>QSVS=�0S!G<WQ4E/#:</!7O>kj!DE1?>O@{G</!DE`|@�>O1?:<46/!5{:c53]!U�GJ;V1346WQ:<D�:<DE13>A@�/#:L1?4 \ >k4ER�4E1pD64E>A5T4E/b1?2V>
�,��U�G � G<R/���	�HG<Rz4[1?5FS!G<WQ4E/#:L1?G<@35Aa

.�R�132!>)1?G<D6>A@3:</!7O> \ :<D6]!>O5F:<@�>T53WQ:<D6D eHG<@F4ER �¨465©D6:<@3uJ>Le=4[1F465�U�>m131?>O@©1?GX]!5�>)1?2!>T>OUV1?;^j#D[1?>O@
46/V5�1?>A:<SvG<RF132!>sS!SH�0S!GJW846/!:</!7A>kj#D[1?>A@q:<5qW8>A/d1346GJ/!>OSvU�>ORYGJ@�><a �)/i132!>MG<132!>A@q2#:</!S�ez4ERF1?2V>
1?G<D6>A@3:</!7O>A5o:<@3>'D6:<@3uJ>LeV1?2V>A/Z132!>'792!GJ4E7A>pG<RzG</!>Tj#DE13>A@%GJ@©1?2V>{G<132!>A@%S!>O;�>O/!S!5�]!;�G</CB%2!>m1?2!>O@
1?2V>l]!5�>A@,��/!>A>OS!5c:<@�>lGJ@�46>A/d13>AS 13G B�:<@�S!5s:iy�]!4E79I�SV>A7A4E534EGJ/ GJ@8uJ>m131?4E/!uiW8GJ@�>l:<D[1?>O@3/#:L134 \ >A5Aa
�F2!4E5-4E5ªU�>A7A:<]!5�>�4E5�132!>%1?GJDE>A@?:L/!7A>O5�:<@�>%DP:<@�uJ><eJ132!>�>OUV1?;8j#DE13>A@�465�> � ;�>A7m1?>OSM1?G{;!@3GHS!]!7O>�W8GJ@3>
53]V@ \ 4 \ GJ@35{U!]V1pS!Gl5�GZ4E/i:c532VGJ@�13>A@'1?46W8>X534E/!7A>k1?2V>Q>OUV1?;b53>A7OGJ/!S=��;#:<5�5n7AGJ/VS!4E1346GJ/�465'>A:<534EDE`
5?:h1?465,j#>ASbRYGJ@'DP:<@�uJ>X1?GJDE>A@?:L/!7A>O5Aa��)/b1?2V>MG<132!>A@p2#:</!S*ezS!S=��S!GJW846/#:L/!7A>k465p/!G<1{> � ;�>A7m1?>ASv13G
;!@�G=S!]V7A>n:L5�WQ:</d`c53]!@ \ 4 \ G<@35�UV]V1�1?:<I<>{WQG<@3>T1?4EWQ>'S!]!@�46/!uk1?2V>{5�>A7AG</!S|;#:<5�5�5�46/!7O>{1?2V>{S!SH�
S!GJW846/!:</!7A>F7OGJ/!S!4[1?4EGJ/XB%46D6D=U�>oW8GJ@3>FS!4 �87A]!D[1f1?Gp5?:L13465�R¥`n@3>AD6:L1?4 \ >©13Gp132!>%>AUV13;M7AG</!S!4E1346GJ/nRYG<@
DP:L@3uJ>�13GJD6>O@?:</V7A>A5Oa

���¢���¢� � �T+,"-� �L���o+,� �p�0�V�� 

.0/^uJ>O/!>A@3:<Dwe�B%2!>A/s132!>)]!5�>A@©/V>A>ASV5©WQG<@3>�132#:L1_��]!5�1-1?2!>Tr�:<@3>m1?GX5�]!@ \ 4 \ GJ@35OeV2!>�WQ4EuJ2d1�/!GL1©U�>
7g:L;#:<U!DE>8GLR�;!@�G \ 4ES!46/Vuc132!>k1?GJDE>A@?:L/!7A>O5'RYG<@':</d`�G<R�132!>k7A@34[1?>O@34P:=a8.0/N53]V792v:c7g:<5�><e�132!>k]!53>O@
W846uJ2d1TU�>k46/d1?>O@3>A5,1?>OSb4E/ ���������%&����! '�	#$����:LDE1?>O@3/#:h1?4 \ >A5TU!]=1{W846u<2�1)/!G<1'U�>Q:LU!D6>n13GC> � ;!@3>O535
1?2V465f46SV>g:)y�]#:</d1?4[19:L134 \ >ADE`q]!534E/!uT1?GJDE>A@3:</!7A>O5Aaz� G<@f53]!7928S!>A7O465�46GJ/k534[1?]#:h1?46G</!5Ae<132!>��)/!46GJ/8�HIH4E/
j#D[1?>A@F7A:</CU�>']!5�>AS�a
	�5�W8>A/d1?4EGJ/!>ASk4E/n1?2!>%;!@�> \ 46GJ]V5ª5�>A7m1?46G</�eJ1?2!4E5�j#DE13>A@�5fD6GHGJI�5�:L1f1?2!>��C:<D[1?>O@3/#:L134 \ >A5�GJ/k1?2V>

WX�0S!4EWQ>O/!534EGJ/#:<D=53;#:<7O>T:<5ªuJ@3G<]!;!5ªG<R�7AG</!7A>O/�13@34E7 �/���Z�� \���m��&c���Z�med1?2V>�GJ]V13>A@�WQGJ5,1ªDP:g`J>O@�U�>A46/Vu
1?2V>M53]V@ \ 4 \ GJ@35nGLR%S!GJW846/#:</V7A><e}1?2!>Q/!> � 1XD6:g`J>A@{GJUV1?:<46/!>OSiUd`i:<;!;!D[`=4E/!ulSVGJWQ4E/#:</!7O>813Gl1?2V>
/!GJ/H�053]V@ \ 4 \ GJ@35FG<R}S!G<WQ4E/#:</!7O>�RY@3GJW�1?2V>T;!@3> \ 4EGJ]!5F4[1?>A@3:L1?4EGJ/s:L/!Sc53GkGJ/�af�F2!>T]V53>A@�� 5%/!GL1?46G</
G<R����������%& ���! '�	#$����465T@3>ODP:L13>AS|1?Gc1?2V>8/�]!WqU�>O@pGLR�D6:_`<>A@�5'132#:L1'/!>O>ASN1?GcU�>k;�>A>OD6>ASb:</!S�1?2V>
:<S!SV4E1?4EGJ/#:<Dz:<DE13>A@�/#:L1?4 \ >O5pG<UV19:<4E/!>ASN:<@�>8:<;!;�>A/!S!>OSb13Gc132!>8> � 465,1?46/VuC5�>O1{G<R-53]!@ \ 4 \ GJ@�5Aa �T/V>
B�:_`81?G{GJUV1?:<46/81?2!>�/H]VWnU�>O@©G<R�;�>A>OD65ª1?GqU�>):L;!;!D64E>ASQ465�1?GnuJ>m1©:L/s> � ;!@�>A535�46GJ/sRY@�GJW 1?2!>�]!53>O@
:<U�GJ]V1)132!>X/�]!WnU�>A@)GLR-5�]!@ \ 4 \ GJ@�5p2V>n> � ;�>A7O135q:L/!St1?2!>O/�]!53>n132#:L1T/�]!WnU�>A@)13G^uJ>O1T:</�46S!>A:
:<5p1?Gl2VG B�WQ:</d`NDP:g`J>O@35{B%4ED6D�/!>O>ASv1?GZU�>Q;�>O>ADE>ASv4E/iGJ@�S!>A@p1?GtuJ>m1{132#:L1qWM:</d`N53]V@ \ 4 \ GJ@35Oa
�F2!4E5�7g:L/lU�>q7AG<WQ;!]=1?>ASZUd`l]!5�46/!u81?2!>p7ADEGJ53>OSlRYGJ@�W > � ;!@3>O535�46GJ/tRYGJ@%1?2V>{> � ;�>A7m1?>OSN/�]!WqU�>O@
G<R�S!G<WQ4E/#:</!7O>�5�]!@ \ 4 \ GJ@35OeVuJ4 \ >O/��|:</!S �|a�	�S!S!4[1?4EGJ/#:<DEDE`n4[R��t4E5-D6:<@3u<>o132!>A/s132!>�/�]!WnU�>A@-G<R

³ ¡



/!>mB%DE`c:<SVS!>ASc53]V@ \ 4 \ GJ@35%RY@3GJW >g:<792C;�>A>AD�B%46D6D�U�>T132!>T5?:<W8>':<5©132!>'/H]VWnU�>O@%GJUV19:L46/!>OSsRY@3GJW
1?2V>n;!@3> \ 46GJ]!5�;�>O>ADz4E/lB%2!4E792|7g:<5�>q1?2!>q]!53>O@T7g:</|> \ >A/�U�>n:<DED6G_B->ASl13Gs> � ;!@�>A535'2!4E5�;!@�]!/!4E/!u
@3>Oy�]!46@�>AW8>A/d1F46/Q1?>A@�WQ5�G<R}Wn]!DE1346;!DE>A5ªG<R�1?2V>)/�]!WnU�>A@FG<R�5�]!@ \ 4 \ GJ@35FGLR�WQ>A:<53]!@�>AScS!GJW846/!:</!7A>
�Y10B%4E7A>Le�132!@34E7A>qG<@ � 1?46W8>A5Z
maF.0/t5�]!792�:Q7A:<53>Le � ;�>O>AD65�7g:</ZU�>{> � ;�>A7O13>ASt13Gs:<;!;V@3G � 46WQ:L1?>ODE`
;!@�G=S!]V7A>T1?2!>'/�]!WnU�>A@%G<R�53]V@ \ 4 \ GJ@35oS!>A5�46@�>ASCU�`^132!>p¦'§ba

����� � �V(��)�}��� �£"-  �!�)���p���!�� ��L(��)"�+�(�� �) #"��T���}� +,�¨�!�)� ���)�V�}�)(�� "-�
&T�)(��� V�!��+,���J�

�=]!W8WQ:<@34 �A46/VuTGJ/M1?2V>�:<U�G \ >�:</#:<D[`=5�465OeV:</VSMU#:<5�>ASsG</Q1?2V>�792!GJ4E7A>oj#DE13>A@35ª7AG</!534ES!>A@�>AS^:<U�G \ >Le
B->k:<@3>X/!G_B 46/�:s;�GJ534[1?4EGJ/Z13G^DP:g`lG<]V1':^53792!>OWQ>nB%2V46792|B�G<]!D6S�:<DED6G_B 1?2V>X53>ADE>A7m1?46G</|G<R-:</
:<;!;V@3GJ;!@�4P:L13>n792!GJ4E7A>nj#D[1?>O@T:<7A7OGJ@3SV46/!us13Gs1?2!>k;#:<@,1?4E7A]!D6:<@35�G<R�1?2!>XS!>O7A4E5346G</|534E13]#:L1346GJ/�ap�F2!4E5
53792V>AW8>Z4E5n532!G_B%/�46/¤�z46u<]!@3> ) 4E/x132!>c/!> � 18;#:<u<><a�	�5k5�]!uJuJ>O5�1?>OS�;V@3> \ 4EGJ]!53D[`Je-:</d`v1?4EWQ>
1?2V>{S!>O7A4E5346G</=�0WQ:<I<>O@%46/d1?>O/!S!5%1?G8uJ>O1oRY>OB->A@�53]!@ \ 4 \ GJ@�5o132#:</Z;!@3GHS!]!7O>ASlUd`CS!GJW846/!:</!7A>Le#4E1%4E5
@3>O7AGJW8W8>A/!S!>OSt1?2#:h1�1?2V>{�)4E>OB->A@)U�>n]!5�>AStRYGJ@o1?2!4E5�;!]V@3;�GJ53>Lap��GJ/ \ >A@�53>ODE`Je�4[R�1?2V>nS!>A7O465�46GJ/=�
WQ:<I<>O@fS!>A5�46@3>O5�WQGJ@�>F53]!@ \ 4 \ G<@35f1?2#:L/k132#:L1�;!@�G=SV]!7A>OSQUd`XS!G<WQ4E/#:</!7O><eJ1?2V>F53792!>OWQ>o46/!SV467g:h1?>A5
2!G_B :</k:<;!;!@�GJ;!@�4P:L13>©792!GJ4E7A>�j#D[1?>O@�465�5�>ADE>A7O13>AS8:<7O7AGJ@�S!46/!u)13G)1?2!>F5�4E13]#:L1?4EGJ/#:<D�S!>OWM:L/!S!5Aaz�F2!>
S!>O7A465�46GJ/H�0WQ:<I<>O@ª/VG<1ªGJ/!DE`k;V@3G \ 46S!>O5-4E/VRYGJ@3WQ:L1346GJ/k:<U�GJ]V1�132!>o13GJD6>O@?:</V7A>A5ªGJ/ \ :L@346G<]!5�7A@34[1?>O@34P:
1?GQ> � ;!@�>A535�2!465o/!G<1346GJ/!5%G<R/���������%&p���! "�	#$���=U!]V1�:<S!S!4[1?4EGJ/#:<DEDE`Q;!@3G \ 46S!>O5�4E/VRYGJ@3WQ:L1346GJ/^:LU�GJ]=1
2!4E5C�!� � � �	����������� �������J� �A�����J�� '����#  '��� 
��������/�ma}�F2!>%53792V>AW8>©19:<IL>A5f46/d13G':<7A7OGJ]!/d1fB%2!>O132!>A@fG<@
/!G<1F132!>TS!>O7A465�46GJ/H�0WQ:<I<>O@�B%465�2!>A5F1?GX> � ;!@3>O535�:</d`M1?G<D6>A@3:</!7O>A5%:L1o:<DEDwa�*�>A/V7A>'46/s132!>T> � 1?@�>AW8>
7g:L53>MB%2!>O@3>M132!>MSV>A7A4E534EGJ/=�0WQ:<IL>A@'S!>A5�46@�>A5nW8GJ@3>Q:<D[1?>A@�/#:L134 \ >O5{UV]V1n4E5q/!G<1{46/i:Z;�GJ534[1?4EGJ/N13G
> � ;!@�>A5�5�1?GJDE>A@3:</!7A>O5ªRYG<@-:L/�`k7O@34[1?>A@�4P:':L1�:<D6D e<1?2V>��)/!4EGJ/=�,�HIH4E/Xj#DE13>A@�465ª]!53>OSQ13Gq;�>A>AD#132!>�/V> � 1
rz:L@3>O13GQD6:g`J>A@FB%2!4E792Z4E5%:<;!;�>A/!SV>ASZ13GX1?2!>'S!GJW846/!:</!7A>T5�]!@ \ 4 \ GJ@�5Aa
�)/Z1?2V>{G<132!>A@o2#:</VS�e 4ERz132!>pS!>A7O46534EGJ/=��WM:<IL>A@%S!GH>A5o> � ;!@�>A535�2!465%/!>O>ASlRYGJ@%W8GJ@3>p:<D[1?>O@3/#:h�

1?4 \ >O5�46/q132!>�RYGJ@�W G<R#1?GJDE>A@3:</!7A>O5Ae<132!>A/n132!>©792!G<467A>-j#DE13>A@z5�>ADE>A7O13>ASnRY]!@,1?2!>O@�S!>O;�>O/!S!5f]!;�GJ/n1?2V>
> � 4E5�1?4E/!uk;!@3G<U!D6>OW 792#:<@3:<7O13>A@�465�13467O5%:</!SCG<1?2!>O@FI�46/!S!5%G<R�]!5�>A@,��/!>A>OS!5Aaª�F2�]!5Ae 4[R}132!>'S!>A7O465�46GJ/=�
WQ:<I<>O@ � 5©/!G<1346GJ/QG<Ri���������%&����! "�	#$���<465�> � 1?@3>OWQ>ODE`87AG</!53>O@ \ :L1?4 \ >Le!2!465ª1?GJDE>A@3:</!7A>O5�> � ;V@3>A5�534EGJ/!5
:<@�>p> � ;�>O7O1?>OSZ13G8U�>'S!465	��]!/!7m1?4 \ >'G \ >A@F1?2V>p7O@34[1?>A@�4P:X:</VSt�=]V;�>O@35�13@34E7O1oS!GJW846/#:L/!7A>)4E5F7AGJ/V5346SH�
>A@�>AS^:L/^:<;!;!@�GJ;!@�4P:L13>%j!DE1?>O@ªRYG<@ª132!>�GH7A7A:<534EGJ/�a�.�R�G</Q1?2V>�G<132!>A@-2#:</!S�e�1?2V>�S!>O7A465�46GJ/H�0WQ:<I<>O@ � 5
46SV>g:sG<R¢�������$���! '�	#$���%�	 '&n465)> � ;!@3>O5353>OSv:<5):s7AGJ/J��]V/!7O134 \ >k> � ;V@3>A5�534EGJ/�G<R�1?GJDE>A@?:L/!7A>nU�GJ]!/VS!5
G \ >O@o132!>'7A@34[1?>O@34P:=e=1?2V>A/C>A4E132!>A@F132!>'>AUV13;=��j#D[1?>O@FGJ@FS!S=��S!GJW846/#:</V7A>)j#D[1?>A@F4E5F]!53>OSlS!>O;�>O/!S!4E/!u

³ �



− USER EXPRESSIONS

 − CHOICE FILTER

− PROBLEM CHARACTERISTICS

OR−conservatism

Small tolerances Large tolerances

ONION−SKIN
FILTER

SUPERSTRICT
FILTER

Get more survivorsGet fewer survivors

DOMINANCE

Tolerances expressed No tolerances expressed

Pruning over TimeTime over Pruning

AND−conservatism

VIEWER

DD−DOM
FILTERFILTER

EBTP

������
����������

�z46uJ]V@3> ) � �F2!>Tj#D[1?>O@,�0792VGJ467O>T53792!>OWQ>'RYGJ@F534[1?]#:h1?46G</!5©B%4E132!GJ]V1%]!/V7A>A@,19:<4E/d10`Ja

³��



]!;�GJ/kRY]!@�132!>A@�7AG</!5�13@?:<4E/�135�46W8;�GJ5�>ASkUd`X1?2!>%S!>O7A4E5346G</=�0WQ:<I<>O@�:</!Sk1?2!>%;!@�GJU!DE>AW~792#:L@?:<7m1?>A@�465��
1?4E7A5Oaf.�R�1?2!>o1?GJDE>A@?:L/!7A> \ :LD6]!>O5F:<@3>�53WQ:<D6DC�¢:<7A7OGJ@3S!4E/!u{13Gq1?2V>)@?:</VuJ>�G<R�7O@34[1?>A@�4P: \ :LD6]!>O5�
me�1?2V>A/
1?2V>o>OUV1?;kj#D[1?>A@f4E5�]!53>OS�a��)/k132!>%G<1?2V>A@�2#:</!S*eH4[R�132!>F1?GJDE>A@3:</!7A> \ :<DE]!>A5ª:<@�>FDP:<@�uJ><eJ132!>A/84ER�1?2V>
¦'§ S!>A5�46@�>A5o:XyH]V4679I<>O@%S!>A7O46534EGJ/cU!]V1%;�G=G<@3>A@�;!@3]!/V46/!uX1?2V>T>AUV13;=��j#D[1?>O@F465F]!5�>AS²-#4[R}132!>p¦'§ � 5
/!>O>ASsRYGJ@�:quJGHG=SQ;!@3]!/V46/!unG \ >A@�B->A4EuJ2!5F2!4E5�/!>O>ASsRYGJ@�:qy�]!4679I8S!>O7A465�46GJ/*eH132!>A/^S!SH�0S!GJW846/!:</!7A>
465F;V@3>ORY>O@3@�>ASlG \ >A@%>AUV13;=��j!DE1?>O@Aa

�F2�]!5�S!>O;�>O/!S!46/Vu�]!;�GJ/{132!>ª> � 465,1?46/Vu�S!>O7A465�46GJ/p534[1?]#:h1?46G</�e 792#:<@?:L7O1?>O@34 �A>ASqU�`'132!>-;V@3GJU!DE>AW
792#:<@3:<7O13>A@�465�13467O5T:</!S|]!5�>A@��0/!>O>AS!5Oe�:</�:<;!;!@�GJ;!@�4P:L13>{792!G<467A>{j#DE13>A@�4E5)]!5�>AS|46/V5346SV>{1?2V>k�����������
:<@�792!4E13>A7O13]!@3>ª1?2!>O@3>OU�`{>A/V53]!@�46/!uo1?2#:L1z:�U�>O1�1?>O@z53>m1�G<R!53]!@ \ 4 \ GJ@�5z4E5�;!@�G=SV]!7A>OSX:<5�:o53GJDE]V1?4EGJ/'G<R
1?2V>�S!>O7A4E5346G</8;V@3GJU!DE>AWCaz.0/81?2!>%/!> � 1�792#:<;V13>A@Oe=S!>O7A4E5346G</85�4E13]#:L1?4EGJ/!5fB%2!4E792Q2#: \ >�]!/!7O>A@,19:<4E/�10`
:<5�53GH7A4P:h1?>ASxB%4E132K1?2!>OW :<@3>^7OGJ/!534ES!>A@�>AS :</!S�:N5�46W846DP:L@{5�792!>AW8>Z5�2!G_B%46/!uN2!G_B�132!>^j#DE13>A@,�
792!GJ4E7A>�;!@3GJUVD6>AW 4E5-5�GJD \ >ASsSV>A;�>A/!S!4E/!uq]V;�GJ/81?2!>�534[1?]#:L1346GJ/!:<D#S!>AWQ:</!SV5-4E5-S!> \ >OD6GJ;�>ASc:L1ª1?2V>
>A/VSZG<R}1?2V>p792!:<;V1?>O@Aa

³<«



� �
� � �  � �

� ������^�f� � �^��� � � � �f�	� � � ��� �

�
� ������������ ���

� � � � ����� ��� 	�^��� � ��� � �f�� 
 ���s�����

�©��� �����! #"%$'&)(*�!+,"-�

.0/�1?2V>lDP:L5�1s792!:<;V1?>O@MB->|7AGJ/!5�46S!>O@3>OS :i7AD6:<535sGLR{§t�©¦'§ ;!@3G<U!D6>OWQ5kB%2!46792 SVGv/!G<1^2!: \ >
:</d`CI�46/!StGLRf]!/!7O>A@�1?:<46/d10`Z:<5�53GH7A4P:h1?>ASZB%4E1?2C1?2!>{7A@�4E1?>O@346: \ :<DE]!>A5Oa�.0/Z@3>g:LD64E10`<e WQGJ5,1�SV>A7A4E534EGJ/
;!@�GJU!D6>OWQ5):<@3>X@�4ERY>qB%4[1?2|]!/!7O>A@,19:<4E/�10`tG<RªGJ/!>XI�46/!S�GJ@�1?2!>XG<132!>A@Oan.0/�S!>A5�46uJ/|G<;V1?4EWQ4 �g:L1346GJ/
;!@�GJU!D6>OWQ5Oe 7A@34[1?>O@34P: \ :<DE]!>A5}:<@�>�;!@3GHS!]!7O>ASpU#:<53>OSqGJ/p534EWn]!D6:L1?4EGJ/!5*@�]!/'1?2!@�GJ]!uJ2p7AGJW8;!]V13>A@�4 �A>OS
W8G=S!>OD657-V2!>O/!7A>'1?2!>p:<7O7A]!@3:<7O`sG<R�132!>A5�>{7O@34[1?>A@�4P: \ :<DE]!>A5FS!>O;�>O/!SC]!;�G</C132!>'> � 1?>O/�1%13GkB%2V46792
1?2V>XWQGHS!>ADE5):<@�>n@3>A:<D64E5�13467<aT.0/|j#/!:</!7A46:<Dz5�4E13]#:L1?4EGJ/!5Oe�1?2V> \ :LD6]!>nGLRª:</N:<535�>O1'S!>O;�>O/!S!5']!;�GJ/
1?2V>QRY]V13]!@3>QGJ]V1?7OGJW8>A5qGLR%:ZDEG<1pG<RF> \ >A/d1?57-�2!>O/!7A>Q1?2!>QS!>A7O46534EGJ/b13Gl2!G<D6SiG</�13Gt:</v:<535�>O1nG<@
uJ4 \ >'4E1%]!;Z465F]!/V7A>A@,19:<4E/C13G8132!>p> � 1?>O/�1o1?2!:L1%1?2!>'RY]V1?]V@3>'7g:</V/!G<1oU�>p;!@�>AS!4E7O1?>OS�aª.0/lW8>AS!4E7g:<D
S!GJWQ:<4E/!5Ae�1?2V>M:<5�534EuJ/!W8>A/d1pG<RF:<4ED6W8>A/d1'5�1?:L1?]V5{5,19:<@,1?46/VuCRY@�GJW ;#:L1�1?>O@3/!5pG<R©5,`HWQ;V13GJW85{7A:</
U�>n46/!7OGJ/!7OD6]!5�4 \ >{U�>O7g:<]V53>XG<Rf132!>n46/!:<U!46DE4E10`Q1?Gs7OGJ/Vj#@�W¨132!>n> � 4E5�1?>O/!7A>XGLRª:M5�`HW8;V1?GJW B%4E132
7AG<WQ;!DE>O13>^7A>A@,19:<4E/d10`Ja¤§ZGJ5,1k]!/!7O>A@�1?:<46/¤534[1?]#:h1?46G</!5n7AG<WQ>sB%4[1?2¤:L1kD6>A:<5�1k5�GJW8>c:<WQG<]!/d1XG<R
46/=RYGJ@3WQ:L1?4EGJ/c/!G<1���]V5�1T:LU�GJ]=1�1?2V> \ :<@346:<U!D6>O5�GLRf1?2!>nSV>A7A4E534EGJ/t;!@�GJU!D6>OW U!]V1':<DE53G^:LU�GJ]=1�1?2V>
/#:L13]!@3>'G<R�]!/!7O>A@,19:<4E/�10`C:L5353GH7A46:L1?>OS^B%4E1?2^132!>AWCa

.0/N132!465T792!:<;V1?>O@Ae�B->8B%4ED6DzSV46537O]!535'792!G<467A>Xj#D[1?>O@35)RYGJ@)SV>g:<DE46/!usB%4[1?2�]!/!7O>A@�1?:<46/d10`<e�B%2V46792
:<@�>XWQGHS!>ADE>AS|GJ/ �©:g`<>A5 ��S!>O7A4E5346G</�132!>AG<@�`��%, ³�� an.0/�1?2!>X/!> � 1 �s792#:L;V1?>O@35Ae�B->kB%4ED6D�D6GHGJIl:h1
1?2V>M]!5�>sG<R©132!>sS!GJW846/!:</!7A>Xj#D[1?>O@Aef:</VSi1?GJDE>A@3:</!7A>£�0U#:L53>ASiS!GJW846/#:</V7A>kj#DE13>A@35'RYGJ@p2#:</!SVD646/Vu
S!>O7A465�46GJ/N;!@�GJU!D6>OWQ5TB%4[1?2N]!/!7A>O@�1?:<46/d10`Ja^�F2V465'B%46D6D�:<D65�GZ;!@�>A5�>A/d1X]!5'B%4E132N132!>QG<;!;�G<@�1?]V/!4E10`

³;³



1?GN7AG<WQ;#:L@3>^1?2!>c10B-Gi7AD6:<535�>A58G<R)792VGJ467O>Cj#D[1?>O@35kU�GL1?2¤46/K1?>O@3W85QG<R�1?2!>O46@k:<;V;!D64E7g:<U!4ED64[10`N13G
S!4[�*>O@3>A/d1o534[1?]#:h1?46G</!5F:</!Sc1?2V>p;V@3GJU!DE>AW85%:<535�G=7O4P:L13>AS^B%4E132^1?2!>OWZa

�©�0� �v�)� � � � � � �) #"��T���}� ���)$�&T�)(��� V�V��+����<�

�)/!>87ADP:L535pG<R%§t�©¦'§^�0;!@�GJU!D6>OWQ5TB%2!4E792i@�>A53]VDE1{S!]!>k1?Gc1?2!>8;!@3>O53>O/!7A>sGLR©]!/!7O>A@,19:<4E/�10`NG<R©:
7A>O@�1?:<46/cI�46/!SC7g:L/CU�>TRYGJ@3Wq]!DP:L13>ASc:<5%U�>ADEG B �

WM: � 4EWQ4 �A>���� � � e�� ���Ae�aAaAa	� ��
�{RYGJ@�� �����

B%2!>O@3>���4E5}132!>©53>m1fG<R �s792VGJ467O>©:<D[1?>A@�/#:L134 \ >O5�:</VS������}465}1?2!> \ :<DE]!>�19:<IL>A/kUd`{132!>F:<D[1?>A@�/#:L134 \ >
���-G</p7O@34[1?>A@�46GJ/��Ha~*�G_B�> \ >O@Ae<132!>A5�> \ :<DE]!>A5}:<@�>f/!G<1�: \ :L46DP:LU!D6>P-_46/!5,1?>g:LSp132!>|#����J� � �Z��
f7A@34[1?>O@34P:
\ :<D6]V>A5Ae��������:<@3>X: \ :<4EDP:<U!DE><a��F2!>A5�>8W8>g:L53]!@�>AS \ :<D6]V>A5T:<@�>nS!@3:_B%/|RY@�GJW 1?2!>XI�/!G_B%/�S!>A/V534E10`
RY]!/!7m1?4EGJ/!5Ae�� �\�"
-B%2!>A@�>

� �I�"
���132!>�;V@3GJU#:LU!46DE4E10`)SV>A/!5�4E10`pRY]!/!7O1346GJ/{@3>O;!@3>O53>A/d1346/!u�132!>�]V/!7A>O@�19:L46/d10`pG<R \ :<D6]V>A5�:<D6GJ/Vu
7A@�4E13>A@34EGJ/! �-!132!465©B%4ED6D�7OGJW8WQGJ/VDE`8U�>'@�>ORY>A@�@3>OSZ1?G8:<5F132!> ���J���A�U#���
���� a

�F2!>ªS!4E��>A@�>A/!7O>ª4E/)1?2!4E5�RYGJ@3Wq]!DP:L1346GJ/�7AGJW8;#:<@�>ASTB%4E132'132!>�GJ/!>fS!>mj#/!>OSq>g:L@3D64E>A@�4E5�1?2!>�;!@�>A5��
>A/V7A>qGLR�;!@�GJU#:<U!4ED64[10`sS!4E5�1?@�46U!]=1?46G</!5FRYGJ@F1?2!> \ :<@34EGJ]!5%7A@�4E1?>O@346:8@�>A;!@�>A53>O/d1?46/VuM1?2!>p]!/!7O>A@,19:<4E/�10`
:<5�53GH7A4P:h1?>ASQB%4E1?2Q1?2!>)7O@34[1?>A@�4P: \ :<D6]!>O5Aa�	�D653GVe=4E/M1?2!>�:<U�G \ >�RYGJ@�Wn]!DP:h1?46G</8132!>�W8>g:<5�]!@3>OS�e!U!]=1
46/!:<7A7O]!@?:L13><e#7O@34E13>A@�4P: \ :<D6]V>A5%:<@�>{: \ :<4EDP:<U!DE>�B%2!4ED6>�132!>p:<7O13]#:<D�7O@34E13>A@�4P: \ :<D6]V>A5o:<@3>T/VG<1ga

�F2!>s5,1?GH792#:<5�13467s/!:L1?]!@�>MG<RF132!>MW8>g:L53]!@�>ASK7A@�4E13>A@346: \ :<DE]!>A5q:<D6DEG_B~]!5nG</!DE`�1?G ���� "�	#$�� w�
1?2V>Q:L7O1?]!:<D \ :<D6]!>O5Aak�F2!>O@3>ORYG<@3><e�:</d`|j#D[1?>A@)B%4ED6D�U�>8:<U!DE>n1?Gc;!@3GHS!]!7O>QG</!DE`t:</i:L;!;!@3G � 46WQ:h�
1?4EGJ/xG<Ro1?2!>C:<7m1?]#:<DEDE`bGJ;V1346WQ:<D�5�>O1ga�	�D6D�j#D[1?>O@35nB%46DED©U�>C;V@3GJ/!>^13GN;V@3GHS!]!7A>^10B-GbI�4E/!S!5kG<R
W846537ODP:<5�534[j#7g:L1346GJ/V5 �

	#" :<U�>ADE46/!uX5�]!U�G<;V1?4EWM:<D*:<DE13>A@�/#:L1?4 \ >O5%:<5%GJ;V1?4EWM:LD*:<D[1?>O@3/#:L134 \ >A5 � �7���D�A�/� �A���	 '� ������


	#" :<U�>ADE46/!uXGJ;=1?46WQ:<D�:<DE13>A@�/#:L1?4 \ >O5%:<5%53]!U�GJ;V1346WQ:<D�:<D[1?>O@3/#:L134 \ >A5 � �7���D�A�U���E���� '� ������


�F2!>Q53>ADE>A7m1?46G</iG<R©:</v:<;V;!@3GJ;V@34P:h1?>kj#DE13>A@TB%46DEDfU�>k1?2!>O@3>mRYGJ@3>Q7AGJ/!5,1?@3:<46/!>OSiUd`�1?2!>QS!>A7O465�46GJ/=�
WQ:<I<>O@ � 5p7OGJ/!7O>A@3/V5pB%4[1?2�>g:<792NG<Rª1?2!>O53>k10B�GCI�46/!SV5pGLR�W8465�7ADP:L53534[j#7g:h1?46G</!5Aa 	�5p:^WM:L1�1?>O@)G<R
/!G<1?:L1?4EGJ/�e�B�>8B%46DEDf]!53>81?2!>81?>A@�W$�&%i�(' � �)�
T13Gl@3>mRY>A@'1?GC1?2!>8R¢:<D65�>Q;�GJ534[1?4 \ >A5p;!@�G=S!]V7A>ASiU�`
1?2V>Mj#DE13>A@*'��"
'B%2!>O/�:L;!;!D64E>ASN1?Gl132!>sW8>g:<5�]!@3>OSK53>O1kGLR%7A@34[1?>O@34P: \ :<D6]!>O5q4E/ �)tat�F2!>M13>A@3W
�,+~�-' � �)�
�B%46DED�U�>']!5�>ASC1?G8@3>ORY>O@F1?GX1?2!>'R¢:<DE53>T/!>Oud:L1?4 \ >O5�;!@�G=SV]!7A>OSlUd`^1?2!>Tj#D[1?>O@�'��"
©B%2V>A/
:<;!;VD646>OSs1?Gk1?2!>'W8>g:<5�]!@3>OSZ5�>O1oG<R�7A@�4E1?>O@346: \ :LD6]!>O5o4E/ �)

³ )



¦)>A7O46534EGJ/^534[1?]#:h1?46G</!5�RYGJ@�B%2V46792c1?2!>TS!>O7A4E5346G</=�0WQ:<I<>O@ � 5©1?GJDE>A@3:</!7A>�RYGJ@F53]!U�GJ;V1346WQ:<D�:<DE13>A@,�
/#:L134 \ >A5o465 \ >O@�`ZD6G_B B%4ED6D�@�>Ay�]!46@�>p132!>p]!53>{G<Rf:kj#DE13>A@F1?2#:h1�;V@3GHS!]!7A>O5�RY>mB�>O@�R¢:<DE53>';�G<534E134 \ >A5Aa
��GJ/ \ >O@35�>ADE`<e�46/N534[1?]#:h1?46G</!5)B%2!>A@�>Q132!>QSV>A7A4E534EGJ/=�0WQ:<IL>A@TW846uJ2d1'/!G<1{U�>Q:L5{7OGJ/!7A>O@3/!>OSiB%4E132
2#: \ 46/!uQ53]!U�GJ;V1346WQ:<D�:<D[1?>O@3/#:L134 \ >A5�:<5�2V>{4E5oB%4[1?2Z132!>p>AD64EWQ4E/#:L1346GJ/sGLR�GJ;V1346WQ:<D�:<D[1?>O@3/#:L134 \ >A5Ae
792!GJ4E7A>Tj#D[1?>A@�5©B%2!46792Z;!@3GHS!]!7O>TRY>OB->A@FR¢:<D65�>'/!>Aud:h1?4 \ >A5o:<@�>TS!>A5�46@?:LU!D6>La

�ª`H;!4E7g:<DEDE`<e�1?2!>^]!5�>^G<R�:|S!>A7O46534EGJ/v@�]!D6>M13G|@3>OS!]!7A>^132!>^/�]!WnU�>A@XG<R%R¢:<DE53>s;�GJ534[1?4 \ >A5qU�`
>ADE46W846/#:h1?46/Vu85�GJW8>nG<R�4E135�5�]!@ \ 4 \ GJ@35)B%4ED6D�1?>O/!S|1?Gs4E/!7A@�>g:<5�>n1?2!>n/�]!WqU�>O@)G<R�R¢:<D65�>q/!>Oud:L134 \ >O5
534E/!7A>T5�GJW8>TG<R�1?2!>'>ADE46W846/#:h1?>ASM:<DE13>A@�/#:L1?4 \ >O5FWQ4EuJ2d1©U�>)1?@3]VDE`QGJ;V1?4EWM:LD�U!]=1o132!>T]!/!7O>A@,19:<4E/�10`
;!@�G \ 4ES!>A5�]!5�B%4E132l/!GQ46/VRYG<@3WQ:L1?4EGJ/^1?GQ13>A5,1�1?2V465Aa���GJ/ \ >O@35�>ADE`<e�:</d`Z:L1313>AW8;V1o1?Gs@�>AS!]!7O>q1?2V>
/�]!WnU�>A@ªG<R�R¢:<DE53>o/!>AuJ:L1?4 \ >A5ªUd`kRY>O1?792V46/!uq:<S!S!4[1?46G</#:<D :<D[1?>A@�/#:L134 \ >O5fB%46D6D#@�>A5�]!DE1-46/Q:</M4E/!7A@�>g:<5�>
46/|132!>Q/�]!WqU�>O@pGLR-R¢:<DE53>k;�GJ534[1?4 \ >A5Oa8�F2V465'uJ4 \ >A5{:</N46/d1?]!4[1?4 \ >X@3>A:<53G</i:<5T13GCB%2d`|1?2V>84E535�]!>
465�GJ/!>XG<Rf13@?:<SV46/!uL��G<�N534E/!7A>q132!>n10B-G^uJGd:<DE5 �Y132#:L1TGLR�;!@3GHS!]!7O46/!u^DEG B->A@�R¢:<D65�>q;�GJ534[1?4 \ >A5T:L/!S
D6G_B->A@FR¢:<DE53>T/!>Oud:L1?4 \ >O5�
F:<@3>'7OGJ/ � 4E7O1?4E/!u!a

�©� � � �=� "ª���¤���-���!+���� � �}(�+��!+�"-��� &T������� � �
	�&T�)$T�� � �)(��� V�V��+����<�

.0/XWQ:</d`q7A:<53>O5Aed1?2!>F/VGJ465�>�W8G=S!>ODV4E5z> � ;!@�>A5�53>ASM:<5f:)S!>O/!534[10`qRY]!/V7O1?4EGJ/nB%2!4E792X@3>A;V@3>A5�>A/d1?5�1?2V>
W8>g:<5�]!@3>OS \ :LD6]!>O5F:<5©;!@�GJU#:<UV46D64[10`kS!465,1?@�46U!]V1346GJ/V5Aaf�#GJ@-> � :<W8;!D6>Le=1?2V>)/!GJ4E53>)W8G=SV>AD�WQ4EuJ2d1©U�>
S!>O537A@�46U�>ASNUd`�: �p:<]V535346:</�GJ@ %oGJ@3WQ:<DzSV465�13@34EU!]V1?4EGJ/tB%4E132|1?2!>X5,19:</!S!:<@3SNS!> \ 46:L1?4EGJ/|GJ@)1?2V>
\ :<@346:</!7O>�53;�>A7O4Ej#>OSC:<5©532VG B%/C46/s�z46uJ]V@3> 	 U�>OD6G_B'af�F2!>TW8>g:<5�]!@3>OS^7A@34[1?>O@346G</ \ :<D6]!>LeV/#:LWQ>ODE`
� 
�e�4E5q:c/!GJ@�WM:<DfSV465�13@34EU!]V1?4EGJ/|B%4E132 #������l>Oy�]#:<D�1?Gc1?2!>Q:<7O13]#:<D�7A@�4E13>A@34EGJ/ \ :LD6]!>Le�/#:LWQ>ODE`
�� e :</!S^B%4E132l:X5�1?:</!S#:L@3SCS!> \ 4P:h1?46G</���a�4wa ><a[e

� 
 � ,
��� �����������������! #"%$$'& $

� � av,A


�)U \ 4EGJ]!5�DE`Je�1?2!>N:<7m1?]#:<DT7O@34[1?>A@�46GJ/ \ :<DE]!> �� e�/#:<W8>ADE`�1?2!> #������¤G<R{132!>�S!465,1?@�46U!]V1346GJ/*e�4E5
]!/#: \ :<4EDP:<U!DE>X:</!S�1?2V>8/VGJ465�>8W8GHS!>AD�4E5'S!>A5�7A@34EU�>OSbUd`�W8>g:</V5pGLR(�¤:<D6G</!><ak�F2!>8y�]!>A5,1?46G</b4E5
B%2!>m1?2!>O@%132!>A@�>T465�:qB©:g`s13GX]!53>)132!465©;!:<@�134P:<D�46/VRYG<@3WQ:L1?4EGJ/M:LU�GJ]=1©1?2!>T/VGJ465�>)WQGHS!>OD*:</VSc13@�`
:</!SCuJ>m1o:8uJGHGHSc:<;!;!@�G � 4EWM:L1346GJ/MG<R�132!>'GJ;V1346WQ:<D*5�>O1ga

rf@3G \ 46S!>OSn53GJW8>�I�/!G_B%D6>ASVuJ>©:<U�GJ]V1�132!>�;!@�46GJ@�SV465�13@34EU!]V1?4EGJ/!5�G<RV1?2!>-:<7O13]#:<D�7A@�4E13>A@346: \ :LD6]!>O5
465p: \ :<46D6:<U!DE><e �©:g`J>O5qS!>O7A465�46GJ/b@3]!DE>k7g:</bU�>Q]!53>OSi1?GC7AGJW8;!]V13>8132!>M;�GJ5,1?>A@�46GJ@';!@�GJU#:<UV46D64[1?4E>A5
1?2!:L1k>g:<792�:<D[1?>A@�/#:L134 \ >^4E5XGJ;V1346WQ:<Dwa �)@3S!>O@346/Vu�132!>C:<DE13>A@�/#:L1?4 \ >O5XU#:<53>OS�G</x132!> \ :<D6]!>O5XG<R

³ 	



Measured value, Xm−−>

P
ro

ba
bi

lit
y

σ 

Xa 

�z46uJ]V@3> 	 � �F2!> �':<]!535�4P:</ %oGJ465�>p§ZG=SV>AD

1?2V>A53>p;!@�GJU#:<U!4ED64[1?46>O5ªB%4ED6D�;!@3GHS!]!7O>{:L/CG<@3S!>O@346/VukB%2V>A@3>O46/c1?2!>';�GJ534[1?4EGJ/sG<Rz:</C:<DE13>A@�/#:L1?4 \ >T4E/
1?2V>TGJ@3S!>O@34E/!uX465©;V@3GJ;�GJ@�1346GJ/!:<D�13GX4E135©792#:</!7O>A5%G<R}U�>A46/VuXGJ;V1?4EWM:LDE-dB�>'7A:<D6D�1?2!4E5©GJ@3SV>A@34E/!un1?2V>
����&������'��� �J�"
������	���<a�%oG B'e \ :<@�46GJ]V5�I�46/!S!5fGLR�]V53>A@f> � ;!@3>O53534EGJ/!5Oe=DE46I<>ª1?2!>FWQ: � 46Wq]!W�:LWQGJ]V/�1
G<R�DEGJ535�132#:L1�2!>)465�@3>g:LSV`Q13Gn46/V7A]!@©4E/M1?>O@3W85�G<R}W8465�7ADP:L53534[j#7g:h1?46G</!5Ae�GJ@ª1?2!>)SV>A534E@3>OS^;!@3]!/V46/!u!e
7g:L/t:<DED�U�>p]!53>OSZ13GM53>OD6>O7O1�:</t:<;V;!@3GJ;V@34P:h1?><e#U�>A5,1�5�]!U!5�>O1)RY@�GJW 1?2V>{GJ@�S!>A@�>ASt5�>O1Aa©�F2!>q/V> � 1
53>O7O1346GJ/C532!G_B%5�2!G_B :<;!;!DE467A:L1?4EGJ/^G<R �©:g`J>A5�4P:</l¦)>A7O46534EGJ/^1?2!>OGJ@�`^B%4ED6D�:LD6D6G_B :Q¦'�V�^13GQ7A:L1?>O@
1?GX132!>p:<U�G \ >{I�46/VS!5%G<Rz]V53>A@��0/!>O>AS!5o46/^132!>';!@3>O53>A/V7A>qGLRz]!/V7A>A@,19:<4E/d10`Ja

���������
	��������������	�������	���������������� �����"!#��$��%�&�'�(	)�*�,+����,�
	��

" >O1.- � :</!S)- �QU�>^132!>Z;�GJ5�5346UVD6>C:<7O1346GJ/V58GLR�5�GJWQ>CS!>O7A465�46GJ/¤@3]VD6>sB%4E132�@�>A5�;�>O7O1M13Gb5�GJW8>
:<D[1?>A@�/#:L134 \ >0/ne*B%2!>O@3>1- � ;�>A@,19:<4E/!5�13Gc132!>XS!>O7A465�46GJ/t13GcI<>A>O;2/ B%2V46D6>#- �';�>A@�1?:<46/V5�1?G^1?2V>

) ,



S!>O7A465�46GJ/Q1?GX>ADE46W846/#:h1?> / � � a " >m1 � � :</!S � �FU�>�1?2!>)13@3]!>�5�19:h1?>�B%4[1?2^@3>O53;�>A7m1F1?Gk:<D[1?>A@�/#:L134 \ >
/ne�B%2!>A@�> � � @�>ORY>O@35)1?GQ1?2!>X5,19:L13>XG<Rª:L�*:<46@�5�1?2!:L1 / 4E5T:M1?@�]!DE`CGJ;V1346WQ:<D�:<DE13>A@3/!:L1?4 \ >{B%2V46D6>
� �{;�>A@,19:<4E/!5)1?Gc1?2V>85,19:L13>QGLR©:L�*:<4E@35)1?2!:L1 /�465'/!G<1'GJ;=1?46WQ:<D an�F2!>A/*e}B->Q7A:</N7AGJ/!5,1?@�]!7O1q:
;�>A/#:<D[10`^WQ:L1?@�4 � :<5FU�>OD6G_B �

� � � �
- � � � � � � �
- � � � � � � �

B%2!>O@3> � � �{465T1?2!>k;�>A/#:LDE10`|4E/!7A]!@�@3>OSNRYGJ@T;�>A@,RYGJ@3W846/Vuc:<7O1346GJ/2- �ªB%2V>A/b132!>k5�1?:L1?>8G<R�:L��:L46@35
� ��465©13@3]!>p:<U�GJ]V1F132!>p:<DE13>A@�/#:L1?4 \ >La

" >O1�� � - ��� ����
MU�>�132!>�@34E53I�:L5353GH7A46:L1?>OS B%4E1?2 ;�>A@,RYGJ@3W846/!ux:L7O1?4EGJ/ - �pB%4[1?2 @3>Oud:<@�S 13G
:<D[1?>A@�/#:L134 \ >����waf�F2!>A/*e

� � - � � ����
 � � � ��� �	��	
�
 � � �J�I, � � ���)��
�
� � � a ��

� � -���� ����
 � � � ��� �	��	
�
 � � �J�I, � � ���)��
�
� � � a ¡;


B%2!>O@3>l132!>C13>A@�W � ���)��
X465k1?2V>l;�GJ5�13>A@34EGJ@k;!@3G<U#:<U!4ED64E10`i1?2#:L181?2V>t:<D[1?>A@�/#:L134 \ > ����465k1?@�]!DE`
GJ;V1346WQ:<Dwa

.�R�132!>']!53>O@ � 5%46/d1?>O@3>A5,1%465F4E/^GJUV19:L46/!4E/!u¢��]!5,1F1?2!>'r�:<@3>m1?G853>O1Ae!B�>'7A:</c53>O1 � � � � � � � � , a
�©:g`J>O5346:</nS!>O7A465�46GJ/'1?2V>AGJ@,`'S!467m19:L13>A5�1?2#:L1}1?2V>-GJ;=1?46Wq]!W :<7m1?46G</p13G�;�>A@�RYG<@3W 465�132!>-G</!>ªB%2V46792
W846/!4EWQ4 �A>A5ª1?2!>p;�GJ5�13>A@34EGJ@F@34E53I^:L5353GH7A46:L1?>OSCB%4[1?2^1?2V>q:<7m1?4EGJ/�af.0/lGL1?2!>O@%B-GJ@�S!5Ae#1?2V>pSV>A7A4E534EGJ/
1?G �����w�s:<DE13>A@�/#:L1?4 \ >����we!GJ@%;�>O@�RYGJ@�W�:<7m1?4EGJ/ - � e#4E5%:</cGJ;V1346WQ:<D �

� e#S!>A7O465�46GJ/c4ER�:</VSZGJ/VDE`s4[R

� � - � � ����
���� �
- ��� ���	
� � � a ��


�F2#:L1o4E5Ae!@�>O19:L46/ ���}:<5o:X53]!@ \ 4 \ GJ@o4ER�:</VSZGJ/VDE`s4[R�e

� � � � �	��	
�� � � � �I, � � �	��	
�
� � � a � 

j"j <ve 8�e�>E@�8gSA8�[\<�6'<D5�H`H�5�>�>E5�K"8I>EL�<?H��L�6=L/6"2�K"^3<D^�57K]e
j�u <ve 8�e�(²@�8bSA8][I<D6"<?57HUKE2�B?8b6'@J5�2�B�S���8]8I4`>E@�8bL�BN>E8IKEHJL�>E<?^78g<?F >"@�8�>"5�>EL�B KE<D6��)L76"6"5A[\<�L�>E8]S`:=<?>"@��78I8I4J<?H�G�<N>�<D6

BD8]6E6'8]K²>"@JL�H¢>E@�8t>"5�>EL�B�K"<�6	�|L76"6"5A[\<�L�>E8]S�:=<N>E@)8]B?<Da/<?HPL�>"<DH�G/<?>]e

) ,



B%2!4E792Z]!;�GJ/C534EWQ;!DE4ER¥`H46/Vu{`H46>OD6S!5Oe!I<>O>A; ����:<5o:X53]V@ \ 4 \ GJ@%4ER�:</!SCGJ/!D[`s4ER�e

� �	��	
 � � � �
� � � � 
 � � � 


 � � a « 


�fy�]#:L1?4EGJ/ � a « 4E/!S!467A:L1?>O5o132#:L1�4ER�B->X7AGJ]VD6SlG<@3S!>O@�1?2!>q:<DE13>A@�/#:L1?4 \ >O5�46/C1?>O@3W85)G<R�132!>A4E@�46/VS!4[�
\ 46S!]!:<D�;V@3GJU#:LU!46DE4E1?4E>A5fG<R�U�>O46/!u{GJ;V1?4EWM:LDweJ1?2V>A/s> � ;V@3>A5�534EGJ/!5FG<R�7OGJ5�1�GJ@�;�>A/!:<DE1346>A5ªG<R�W8465�7AD6:<5,�
534[j#7g:h1?46G</!5f:<5f> � ;V@3>A5�53>OSsUd`n1?2!>FSV>A7A4E534EGJ/kWM:<IL>A@f7A:</kU�>F]!5�>ASk1?G';!@�G=S!]V7A>%:T7AGJ@�@3>O53;�GJ/!S!4E/!u
53]V@ \ 4 \ GJ@%53>O1Aa��i>'7AG</!5�13@3]!7m1):n1?2V@3>A5�2!GJDES��k:<5©RYGJDED6G_B%5 �

��� � � �
� � � � 
 � � � 


 � � a ³ 


�b>Q/!G_B @�>O1?:<46/b:<D6D�1?2!GJ5�>s:<D[1?>O@3/#:L134 \ >A5Ae����Ae}RY@�GJW	1?2V> �©:g`<>A5346:</vGJ@�S!>A@�46/!u^RYGJ@TB%2!4E792i1?2V>
\ :<D6]V>A5ªG<R � ������
f465ªuJ@3>A:L1?>O@ª132#:</M132!> \ :<DE]!>�GLR��{:L5�GJUV1?:<46/V>ASs:LU�G \ >Laª�=46/V7A> � � �©@�>A;!@�>A5�>A/d1?5
1?2V>^;�>O/#:<DE10`v:<535�G=7O4P:L13>ASKB%4E132xI<>A>O;!46/Vub:|5�]!U�G<;V1?4EWM:<D-:<D[1?>A@�/#:L134 \ >LefB�>c7g:L/¤4ES!>A/d134ER¥`N1?2!4E5
1?>O@3W B%4[1?2s132!>'7AGJ5,1�GLR�:qR¢:<DE53>T;�GJ534[1?4 \ >T5?:g` ��� �daª�=46W846D6:<@3D[`nB->p7A:</C@3>A;VDP:<7O> � � � Ud` �	��
 13G
46/VS!467A:L1?>F1?2!:L1�4[1ª465�1?2!>o;�>O/#:<D[10`8:<535�G=7O4P:L13>ASQB%4[1?281?2!>�> \ >O/d1FG<R�;V@3GHS!]!7A4E/!un: �7���D�A�����E���� "� ���ma
�b>p7A:</c1?2!>O@3>ORYG<@3>'@3>mB%@34E13>T1?2!>';!@�> \ 46GJ]V5o>Oy�]#:L1?4EGJ/C:<5Ae

��� ��� �
� �	� ��
 ����
 


 � � a ) 


GJ@Oe

� � ,
�I, 
�����

����


 � � a 	 


.�RzB->TB%@34[1?><e

� � �	��

��� �

 � � am, , 


B->{7A:</c@3>OB%@�4E13> �fy�]#:L1346GJ/ � a 	 :<5Ae
��� ,

,�
 �
 � � am,;,�


*�>O@3>Le � 465-:p]V53>A@ª7AG</!7A>O@3/s> � ;V@3>A5�534E/!uq1?2V>�@3:L1?4EGpGLR*1?2V>�;�>A/#:LDE1?4E>A5ª:<5�53GH7A4P:h1?>ASkB%4E132s:'534E/!uJD6>
R¢:<DE53>M/V>Aud:L134 \ >Q1?Gt:Z534E/!uJDE>8R¢:<DE53>Q;�GJ5�4E134 \ >8;!@�G=S!]V7A>ASKUd`i:l;#:<@,1?4E7A]!D6:<@'S!>A7O46534EGJ/v@�]!D6>La �b>

) �



7g:L/^7g:<DED � 132!> ���J� �A�����J�� "����# ���A� � ���E���  �5�46/!7O>T4E1�> � ;!@3>O535�>A5%1?2!>)SV>AuJ@�>A>)1?G{B%2!46792^1?2V>)]!53>O@
465�7AGJ/V53>A@ \ :L1?4 \ >qB%4[1?2|@3>O53;�>A7m1)1?GM13@?:<SV46/!usGL�bR¢:<DE53>{;�GJ5�4E134 \ >O5�B%4[1?2lR¢:<DE53>£�0/!>Oud:L1?4 \ >O5Aa).�R�1?2V>
\ :<D6]V>ªGLR � 4E5�DP:<@�uJ><e 1?2!>O/{132!> \ :<DE]!>�G<R �FB%46DEDdU�>ª53WQ:<D6DJ:</!Sn:oD6G<1�GLR :<DE13>A@�/#:L1?4 \ >O5�B%4ED6Dd5�]!@ \ 4 \ >
RY@3G<W�1?2!> �©:g`J>O534P:L/MGJ@�S!>A@�46/!up534E/!7A>o53]!@�;#:<5�5346/Vu{1?2V>�1?2V@3>A5�2!GJDES \ :<DE]!>%465ª>g:<5�46>A@Oa���GJ/ \ >O@35�>ADE`<e
4ER�1?2V> \ :<DE]!>FG<R � 4E5f53WQ:<D6D eL132!>A/Q@3>AD6:L1?4 \ >ODE`pRY>OB->A@-:<DE13>A@3/!:L1?4 \ >A5fB%4ED6DV;!:<535�1?2!>F132!@3>O532!GJDESM:L/!S
>A/VSZ]!;Z:<5%53]V@ \ 4 \ GJ@35Oa

�F2�]!5Ae�4[R�B�>q7AGJ]!DEStGJUV1?:<46/C1?2!> �©:g`J>A5�4P:</lGJ@3S!>O@34E/!u!e�B->n7OGJ]!D6St:<S!S!@�>A535�S!4E��>A@�>A/d1TI�46/!SV5
G<R�]!53>O@,��/!>A>OS!5�4E/c132!>';!@3>O53>O/!7A>{G<Rz]V/!7A>O@�19:L46/d10`Jaª�F2!>A@�>ORYGJ@�>{4[1F7g:L/ZU�>p: \ >A@�`c]V53>ORY]VD}792VGJ467O>
j#D[1?>A@%4E/C132!>{;V@3>A5�>A/!7O>nG<Rz]!/!7A>O@�1?:<46/d10`Ja/*�G_B�> \ >O@Ae*4[1o465%7AGJW8;!]V1?:L1?4EGJ/#:<DEDE` \ >O@�`C7AG<WQ;!DE> � 13G
;!@�G=S!]V7A>T1?2!> �©:g`<>A5346:</lG<@3S!>O@346/Vu!a �b>pSV46537O]!535%1?2V465F46/^132!>'/!> � 1�53>A7m1?4EGJ/�a

�©� � ��� �b #"%$'&)(�+,���~�#�)� �x�������!+���� �  #$T�� +,���

" >O1 �) U�>{132!>q5�>O1TGLRª:<DE13>A@3/!:L1?4 \ >A5o46/C1?>O@3W85�G<Rf132!>A4E@�W8>g:<5�]!@3>OS|7A@�4E1?>O@346: \ :<DE]!>A5OaT�=]!;V;�GJ5�>
1?2!:L1'1?2!>8;!@34EGJ@TS!4E5�1?@�46U!]=1?46G</!5':</!SN1?2!>8/!GJ4E53>kWQGHS!>OD65TRYGJ@':<DED�1?2!>87A@�4E1?>O@346:C:L@3>kI�/!G_B%/�a^.0/
GJ@�S!>A@ª1?Gq;V@3GHS!]!7A>o1?2!> �©:g`J>O534P:L/sGJ@3SV>A@34E/!u!e�B�>�/!>A>OSs1?G{7AGJW8;!]V13>�RYGJ@ª>g:<792s:<DE13>A@3/!:L1?4 \ ><e�1?2V>
;!@�GJU#:<U!4ED64[10`Z132#:L1p4E1'4E5pG<;V1?4EWM:<D e�uJ4 \ >A/�1?2V>M:<U�G \ >846/VRYG<@3WQ:L1?4EGJ/�an.0/bG<1?2!>O@TB�GJ@�S!5Ae}B�>Q:<@�>
46/d13>A@3>O5�13>ASl4E/s1?2!>TRYGJDED6G_B%46/Vun> \ >A/d1)@�>ADP:h1?>AS^13G8>A:<792t:LDE1?>O@3/#:h1?4 \ >�����e

�� � 1?2!>c> \ >A/d181?2#:L1 ���%4E5XGJ;V1346WQ:<Dwe�u<4 \ >O/K1?2!>c53>m18G<R�W8>g:L53]!@�>AS \ :LD6]!>O5Aef1?2!>c;!@�46GJ@
S!4E5�1?@�46U!]=1?46G</!5F:</!Sc1?2V>p/VGJ465�>TWQGHS!>ADE5©RYGJ@%:<DED*7A@�4E13>A@346:Va

�=]!;!;�GJ5�>q1?2!>'1?>O@3W � ����� ���7
F5�1?:</!S!5�RYGJ@F1?2!>{> \ >O/d1)1?2#:h1):<D[1?>O@3/#:L134 \ > ���g� ��� �A� �������� a
�F2!>O/�e#B�>'7g:L/Z@�>OB%@34[1?>T1?2V>p> \ >O/�1��)�z:L5%RYG<D6D6G_B%5Oe

�� � 
�
��� ��� �	�� �

� ���
� ����


�F2!>X;!@�GJU#:<UV46D64[10`^1?2#:h1�1?2V>k:<DE13>A@3/!:L1?4 \ > ���z465)G<;V1?4EWM:<D�4E5�1?2V>n;!@3G<U#:<U!4ED64E10`cGLRª132!>n> \ >A/d1 �)�
S!>mj#/!>AS :<5s:<U�G \ ><a �b>t7g:</V/!G<1^2!G_B-> \ >A@c> � ;!@�>A535^132!>t;!@�GJU#:<U!4ED64[10`xG<RT1?2!> �*���:<5M1?2V>
;!@�G=S!]V7O1-G<R*132!>�;V@3GJU#:LU!46DE4E1?4E>A5�G<R*132!>�4E/!S!4 \ 4ES!]#:<DV> \ >O/d1?5©U�>A7A:<]!53>%1?2V>�4E/!S!4 \ 4ES!]#:<D!> \ >O/�135F:<@�>
/!G<1-46/VS!>A;�>A/!SV>A/d1ga��F2!4E5-4E5-U�>A7A:<]!53>�I�/!G_B%D6>ASVuJ>):<U�GJ]V1ª1?2V>�;!@�GJU#:<U!4ED64[10`nG<R�1?2!>�5346/VuJD6>%> \ >A/d1
����� ���)792#:L/!uJ>A5�GJ]!@%I�/!G_B%D6>ASVuJ>n:<U�GJ]V1o1?2V>{S!4E5�13@346UV]V1?4EGJ/cG<R�1?2V> \ :<DE]!>A5%19:<IL>A/tUd` ����aF.�R�e
2!G_B-> \ >O@Ae�B�>nj � 1?2!>n:<DE13>A@3/!:L1?4 \ > ���ª:<5�19:<I�46/Vuc:suJ4 \ >A/�53>m1'G<RªWQ>A:<53]!@�>AS�7A@�4E13>A@346: \ :<D6]V>A5Ae

) ¡



5?:g`�� � � �� � � � �� ��� � � � � � �� ��
 � e!1?2!>O/C132!>'> \ >A/d1?5�:<@3>'46/VS!>A;�>A/!SV>A/d1gaª.0/cG<1?2!>O@FB�GJ@�S!5Ae

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

� ���
����� � �� � ��� 
 � � am, �;


B%2!>O@3>p>g:<792C46/!SV4 \ 46S!]!:<D*;!@�GJU#:<UV46D64[10`M7A:</CU�>T> � ;V@3>A5�53>OS�:<5Ae

� � ���
����� � �� � ��� 
 � , � � ����� ��� �! � �	� ��
 ����� � �� � ��� 
 
� , � � ��

� 
�
 � �

� � �  � � �  
 � �� � ��� 
�

.�RzB->p:<535�]!W8>'132!>'7A@�4E1?>O@346:q1?GkU�>'4E/!S!>A;�>A/VS!>A/d1oB�>p7g:</^B%@�4E1?>Le

� �����
������� �� � ��� 
 � , �  � 
�
 � �

� � � �  � � �  � �� � ��� 
  � � am,_¡�


�#@3GJW �fyH]!:L1?4EGJ/!5 � am, �X:</!S � am,_¡nB�>p7g:</c1?2V>A@3>mRYGJ@3>Le!B%@34[1?><e

� ���)��� �� � ��� 
 �
��� 
�

� � ��� � �� �
, �� � 
�

 � �
� ��� � �  � � �  
 � �� � ��� 
  � � am, �c


�=4E/!7A>LeVB�>TI�/!G_B 1?2!>�;!@34EGJ@�S!4E5�13@346UV]V1?4EGJ/!5©:L/!Ss1?2!>�/!GJ465�>)S!4E5�1?@�46U!]=1?46G</!5Ae�B�>T7A:</^]!5�> �©:g`J>A5��
@3]VD6>%1?Gq7OGJW8;!]V1?>%1?2V>�;!@�GJU#:<U!4ED64[10`XS!>A/V534E1346>O5 ���A� � ��� � �� ����
�:<D6G</!u{>A:<792sG<R*1?2!>�� 7A@34[1?>O@34P:=a �b>
:<@�>�/!G_B @3>A:<SV`81?Gn> � ;V@3>A5�5F1?2!>�;!@3GJU!:<U!46DE4E10`kG<R*1?2!>)> \ >O/�1 �)��132#:L1�B->T:<@�>�4E/�13>A@�>A5�13>ASc46/*a�.0/
G<132!>A@FB-GJ@3S!5Oe!B�>p7g:L/Z/!G_B WM:<IL>']!53>'G<R��fyH]!:L1?4EGJ/ � av, �X13GkB%@�4E13><e

� ���)��
 � ���+ �
���+ �


�������� � � ���+ �
� � 
�
� � ��� � �� �

�%, �� � 
�
 � �

� � � �  � � �  
 � � � � � � � � � �� � � 
	���J� � ����� �� ����

����� � ����� �� ����
 � � � ��
`� � ��
 � �� ��
/
 � � � � � � ��� � � � � � ��
  � � am, � 


%�G_B'eT>A:<792 ;!@�GJU#:<UV46D64[10` 13>A@3W G</ 132!> ¢*)� 465C:x;#:<4E@�B%465�>�7AGJW8;#:<@�4653G</ :LD6GJ/!u¤:x534E/!uJD6>
7A@�4E13>A@34EGJ/c:</!SC7g:L/ZU�>T7AGJW8;!]V13>ASZ:<5Ae

� � � �  � � �  
 � � �� �"! �  � � �  � �� �  
 � � �   � � am, « 


) �



�)@AeVB->p7g:</C/!G_B B%@�4E1?> �fy�]#:L1346GJ/ � am, � :<5Ae

� ���)��
 � � �+ �
� �+ �


� � � �� � � � �+ �
��� 
�
��� ��� �	�� �

� , �  � 
�
 � �

� �� �"! �  � � �  � �� �  
 � � �  � � � � � � � � � �� � � 
	���A� � ����� �� ����

� �A� � ����� �� ����
 � � � ��
 � � ��
 � �� ��
b
 � � � � � � ��� � � � � � ��
  � � av, ³ 


�0� � ��� � � � �
��	���� �0� � ���
����� � $ ��� ����� +���� �
	��2�����"!#��$��%�&�'�(		� �,+������
	��

�fy�]#:L1?4EGJ/ � am, ³ > � ;!@3>O535�>A5�132!>';!@3G<U#:<U!4ED64E10`k132#:L1o:X534E/!uJD6>':LDE1?>O@3/#:h1?4 \ >�����465FG<;V1?4EWM:<D e=u<4 \ >O/
1?2V>�W8>g:<5�]!@3>OS \ :<D6]V>A5Ae�1?2V>�;!@�46GJ@�S!4E5�13@346UV]V1?4EGJ/M:L/!SM/!G<4653>La��F2!4E5-y�]#:</d134E10`8465�@3>Oy�]!46@�>ASM13GqU�>
7AG<WQ;!]=1?>AS8RYGJ@ª>g:<792sGLR�1?2!> �t:LDE1?>O@3/#:h1?4 \ >A5�46/QGJ@3SV>A@�1?Gq;V@3GHS!]!7A>o1?2!> �©:g`J>O5346:</sGJ@�S!>A@�46/!u!a
	
]!5�>A@,��> � ;!@�>A535�>AS \ :<D6]!>�G<R��p7g:</M132!>A/^U�>�]V53>ASs13Gn@3>m19:<4E/MGJ/VDE`k1?2!G<53>):LDE1?>O@3/#:h1?4 \ >A5ªRYGJ@ªB%2V46792
1?2V>{:LU�G \ >';!@�GJU#:<UV46D64[10`M4E5FuJ@3>A:L1?>O@F1?2#:</ �Ha
�fyH]!:L1?4EGJ/ � am, ³ :<D65�GZ4E/!S!4E7g:L13>A5T1?2!>87AG<WQ;!DE> � 4E10`t46/ \ GJD \ >OSv46/N;!@3GHS!]!7O46/!uc1?2V> �©:g`<>A5346:</

GJ@�S!>A@�46/!u!a{�F2!>Xj#@35,1';!@3GHS!]!7m1p@?:</!u<>A5TG \ >O@ � � ,8:<D[1?>A@�/#:L134 \ >O5':</!S|1?2V>A@3>mRYGJ@3>n132!>kG \ >A@3:<D6D
B-GJ@3I�46/ \ GJD \ >A5 � � 7OGJ/!534ES!>A@3:L1?4EGJ/!5'W846/!4EWM:<DEDE`C46/NGJ@�S!>A@'1?GZ;!@3GHS!]!7O>8132!>Q;V@3GJU#:LU!46DE4E1?4E>A5�RYG<@
:<DED�1?2!>q:<DE13>A@3/!:L1?4 \ >A5OaF�F2!>q4E/d1?>Au<@?:<DE5oWQ:<IL>{4[1�:LS!S!4E1346GJ/!:<D6D[`M7OGJWQ;VD6> � aF�F2!>O@3>q:<@3> � 534E/!uJD6>
46/d13>AuJ@3:<D65}46/ \ G<D \ >OSqRYGJ@�>g:<792nGLR#1?2!> � � 7AG</!534ES!>A@3:L1?4EGJ/!5Aa�	�/VSnj#/#:<DEDE`T1?2V>A@3>�:<@3> � GJ]V13>A@3W8GJ5,1
46/d13>AuJ@3:<D65�RYG<@©>g:<792CG<R}1?2!> ��:LDE1?>O@3/#:h1?4 \ >A5Oa�	�D6D�G<R}1?2!>':<U�G \ >'@3>O5�13@3467m1?5o:</^>A:<5�`C:<;V;!D64E7g:L1346GJ/
G<R �©:g`J>O534P:L/ZGJ@�S!>A@�46/!uk5�792!>AW8>pRYG<@F;!@3GHS!]!7O46/!uX1?2V>p5�]!@ \ 4 \ GJ@%53>m1�GLRz4E/�13>A@�>A5�1%13Gk132!>p¦'§ba

�©� � �0� � &T� ���f !�

�F2!>{7AGJW8;!]V1?:L1?4EGJ/#:<D�7OGJW8;!D6> � 4[10`cG<R�;V@3GHS!]!7A4E/!uQ132!>pGJ@3S!>O@34E/!uQ4E5o132!>p;!@34EWM:<@,`^U#:</V>{4E/Z1?2V>
:<;!;VD6467A:L1?4EGJ/lGLRª:Mj#DE13>A@�U!:<53>OSNG</ �©:g`J>A5�4P:</�5�792!>AW8>kS!>A5�7A@34EU�>OS|46/t132!465�792#:<;V13>A@Aa!	�/VG<1?2!>O@
;!@�GJU!D6>OW B%4E1?2n132!> �©:g`<>A5346:</n1?>O792!/!4EyH]V>F2#:<5z13G)S!G�B%4[1?2n1?2V>©;#:<@3:<WQ>m1?>O@ � B%2!4E792k:<D6DEG_B%5�1?2V>
S!>O7A465�46GJ/H�0WQ:<I<>O@�1?GX5�;�>O7A4ER¥`M2!465�7AGJ/!5�>A@ \ :h1?465�WZaf�F2V465©> � ;V@3>A5�534EGJ/ZSVG=>O5F/!G<1%:<DED6G_B RYGJ@©SV4E��>A@,�
>A/d134P:L1346GJ/q:<WQG</!u�SV4E��>A@3>O/d1�I�46/!SV5�G<R!R¢:<DE53>-;�GJ5�4E134 \ >O5z:L/!SqR¢:<DE53>�/V>Aud:L134 \ >A5Aaz�#GJ@z4E/!5�1?:</!7A>Le<1?2V>
1?>O@3W �	� �'46/^�=>A7m1?46G</ � a ¡n4E5�5�]!;!;�GJ53>OSC13GX>Ay�]#:<DEDE`87g:<;=1?]!@�>)1?2!>)]V53>A@�� 5%DEGJ535�:<535�G=7O4P:L13>ASsB%4E132
���	� �7���D�A�g� �A���	 "� �����ma�*�G_B-> \ >O@Ae=4E1�465 \ >A@�`8DE46I<>ODE`{1?2#:L1-:'S!>A7O465�46GJ/=��WM:LI<>A@�j!/!S!5�R¢:<D65�>o;�GJ5�4E1?4 \ >O5
G<Rz:87O>A@,19:<4E/CI�4E/!ScWQGJ@�>TU�>A:<@?:LU!D6>)132#:</Z:</!G<132!>A@%I�46/!S*a�� G<@F> � :<W8;!D6>Le!R¢:<D65�>T;�GJ5�4E134 \ >O5©1?2#:h1
:<@�>©46/n132!>©/!>O46uJ2�U�GJ@32!GHGHSnG<R�rz:<@�>O13G{:LDE1?>O@3/#:h1?4 \ >A5�/V>A>ASk/!GL1fU�>©:<5�B�G<@3@34E53GJW8>-13G)1?2!>%¦'§�:L5

) �



1?2V>qGJ/!>O5�1?2!:L1T:<@�>{R¢:<@,1?2!>O@):gB�:_`CRY@3G<W 132!>qG<;V1?4EWM:<D�:LDE1?>O@3/#:h1?4 \ >A5Oa��F2!> ��¦ F��U#:<53>OSZj#D[1?>O@
2#:<5%/!GkW8>A792#:L/!465�W 1?GQ:<7A7OGJW8WQGHS#:L13>�1?2!>O53>'S!4E5�1?4E/!7O1346GJ/V5Aa
	 j#/#:<D�;V@3GJU!DE>AW 2#:<5©1?GkS!GXB%4[1?2^1?2!>'7ODP:<5�53467A:<D*G<U���>A7m1?46G</Z:Lud:<46/V5�1F1?2V> �©:g`J>A5oW8>O1?2VG=S=�

GJDEGJu<`N46/vu<>A/!>O@?:<D��'@3>Oud:<@3SV46/!ul132!>^: \ :<46D6:<U!4ED64E10`lG<R%1?2!>MIH4E/!S!5XG<R%I�/!G_B%DE>AS!uJ>^@�>Ay�]!4E@3>ASvRYG<@
:<;!;VDE`H46/!u �©:g`J>A5���@3]!DE><ab� G<@nWM:L/�`bS!>O7A465�46GJ/x;!@�GJU!DE>AW85Aef7AG<WQ;!DE>O13>sI�/!G_B%D6>ASVuJ>c:<U�GJ]V1X1?2V>
;!@�GJU#:<U!4ED64E5�1?4E7F5�13@3]!7m1?]!@�>TG<R�1?2!>�;!@3G<U!D6>OW�W846u<2�1-/!G<1�U�>): \ :<4EDP:<UVD6><a��#GJ@ª> � :<W8;!D6>Le=1?2V>�53;�>A7£�
4Ej!7g:L1346GJ/sGLR�1?2!>T/!G<4653>�WQGHS!>AD�WQ4EuJ2d1�/VG<1%U�>):<5©53;�>A7O4Ej#7':L5%:n/!GJ@3WQ:<D�S!465,1?@�46U!]V1346GJ/8B%4E132c:<D6D
;#:<@3:<W8>O1?>O@35©5�;�>O7A4[j#>AS�a �b>g:<IL>A@F/!GJ4E53>TW8G=SV>AD65-7AGJ]VD6S^U�>T53;�>A7A4[j#>ASc]!5�46/!un13>A@�WQ4E/!GJD6G<u<`8D646IL><e
�����  '�����%�w w��� 
���� ��&$#���
����D��B%4[1?2CGJ@FB%4E1?2VGJ]V1�:</d`c;#:<@3:<WQ>m1?>O@35%53;�>A7O4Ej#>OS�a©.0/l5�]!792t:k7g:L53><e�4E1
465f/VG<1�7ADE>g:<@f2!G_B �©:g`J>A5�4P:</k1?>O792!/!4EyH]V>A5�7A:</kU�>%]!5�>AS�af.0/k1?2V>o/V> � 1ª792#:<;V13>A@AedB->oB%4ED6D=D6GHGJIq:h1
2!G_B¤1?GJDE>A@?:L/!7A>£�0U#:<5�>ASkS!GJW846/!:</!7A>-j#DE13>A@35z7g:</kU�>©]!53>OS813G)19:<79I�DE>%:L1fD6>A:<5�1�53GJW8>©G<R 1?2V>F;!@3GJUH�
D6>OWQ5fB%4[1?2k1?2!> �©¦ ©�0U#:L53>AS8j#DE13>A@�W8>A/d1?4EGJ/!>AS846/X132!465�792#:<;=1?>A@ªRYGJ@�7A>O@�19:L46/87ADP:L535�G<R�;V@3GJU!DE>AW
S!4E5�1?@�46U!]=1?46G</!5T:</!SN/!GJ4E53>XW8G=SV>AD65Oan�F2!>kS!>O5346@�>ASN@3>O53]!D[1{4E5)1?2#:h1T1?2!>k> � ;!@�>A5�534 \ >A/!>O535XG<Rª1?2V>
�©¦ ©�0U#:L53>ASZj#DE13>A@oU�>{;!@3>O53>A@ \ >OSNUd`C1?2!>{]!53>qG<Rf� �©¦T�z5�U!]V1�46/l> � 792#:</!uJ>X7OGJW8;!]V19:h1?46G</#:<D
1?@3:<7O1?:<U!4ED64E10`b4658:<792V46> \ >AS :<D6GJ/Vu�B%4[1?2¤@3GJUV]!5�13/!>A5�5M46/x1?2V>CR¢:<7O>cG<R)4E/!53] �87O46>A/d13DE`K5�;�>O7A4Ej!>AS
/!GJ4E53>TW8G=SV>AD65Oa

)J«



� �
� � �  � �

� ������^�f� � �^��� � � � �f�	� � � ��� �

�
� ������������ ���

� �
��� �����v��� �¤ �	�
� �� � � �Z � � ��� ���
� � � 


 ���s�� ��

� ��� �����! #"%$'&)(*�!+,"-�

.0/�132!>C;!@3> \ 4EGJ]!58792#:<;V13>A@Oe©B�>CS!465�7A]!5�53>OS 2!G_B �©:g`J>O534P:L/ ¦)>A7O46534EGJ/x�F2!>AG<@�`¤7g:</�U�>C]!5�>AS
RYGJ@%S!>O7A465�46GJ/C;!@�GJU!D6>OWQ5FB%4[1?2C]!/!7A>O@�1?:<46/d10`Ja 	©1�132!>{>O/!SlGLRz1?2V>{792#:L;V1?>O@Ae B�>q:<D65�G8SV46537O]!535�>AS
53G<WQ>FG<R�1?2!>%;!@�GJU!DE>AW85f46/ \ GJD \ >OSQ4E/8]V5346/Vu'132!> �©:g`J>O534P:L/QGJ@�S!>A@�46/!uT13>A792!/!4Ey�]!>®�Y;!@34EWM:L@346D[`'4E135
7AG<WQ;!]=19:L1346GJ/#:LD}7OGJW8;!D6> � 4[10` 
ma).0/t132!465)792!:<;V1?>O@Ae*B->nB%46DED�5�2!G_B�2!G_B�S!4[�*>O@3>O/�1)� �©¦T�z5)7A:</
U�>q]!5�>ASt1?G819:<79I�DE>qS!>O7A465�46GJ/Z;!@3G<U!D6>OWQ5FB%4E132t]!/!7O>A@,19:<4E/�10`<a�.0/lGJ@3S!>O@�13GMS!G81?2!4E5Ae B�>qj!/!St4E1
]!5�>ORY]!D�1?Gk7ODP:<5�534ER¥`M;!@3G<U!D6>OWQ5FU#:L53>ASc1?2V>'RYG<D6D6G_B%4E/!uq10B-GQI�46/VS!5%G<R�]!/V7A>A@,19:<4E/d10`^WQGHS!>OD65 �

,Ja�������� 
���
 ��� ������ M���	�  '&�B%2V>A@3>)132!>)S!4E5�13@346UV]V1?4EGJ/MG<R�132!>T:<7m1?]#:LD \ :<D6]V>�465-53]!792^132#:L1F4[1�4E5
U�GJ]!/!SV>ASCGJ/ZU�G<132C5�46S!>O5%G<R�132!>'WQ>A:<53]V@3>AS \ :<D6]V><e!4 a >Le �� � � ���	� � � �
� �� � � 
���e :</!S

�=a ��������� � 
���
 � � ������ E���	�  "&XB%2!>O@3>k1?2!>8S!465,1?@�46U!]V1346GJ/|GLR�1?2V>M:<7m1?]#:LD \ :LD6]!>O5{:L@3GJ]!/VSb1?2V>
W8>g:<5�]!@3>OS \ :<DE]!>A5�465�/!GL1�U�GJ]!/!SV>ASs:L/!SQ4E5�G<R*132!>oRYG<@3W � � ��� �t� �� � ��
£e�B%2V>A@3> �� � �F465f1?2V>
> � ;�>A7m1?>OS \ :<D6]V>TG<R � � �T:</!S �t�E
�4E5©1?2!>']!/�U�GJ]!/!S!>OSl;!@�GJU#:<UV46D64[10`8S!>A/!5�4E10`^RY]!/V7O1?4EGJ/�a

.�R�132!>C46/d1?>O@3>A5,1M4E5k46/¤;!@3GHS!]!7O46/!u|1?2V>ZGJ;=1?46WQ:<D©5�>O1Ae�B�>cB�:</d1s:N792!GJ467O>^j#DE13>A@X1?GN;!@3GHS!]!7O>
/!GtR¢:<DE53>Q;�GJ5�4E134 \ >O5qGJ@pR¢:<D65�>s/!>Oud:L1?4 \ >O5Aa*�G_B-> \ >A@Aeª46/b1?2!>s;V@3>A5�>A/!7O>cG<R%]!/!7O>A@�1?:<46/d10`<ef53]!792
:Mj#D[1?>A@�WM:g`C/!G<1TU�>X;�GJ535�46U!DE><aT.0/|1?2!4E5)7g:L53><e�132!>nU�>A5,1Tj#DE13>A@)W846uJ2d1�U�>XG</!>q1?2!:L1T@3>O53;�>A7m1?5
1?2V>M¦'§ � 5'1?@?:LS!>AG<��5pU�>m10B�>O>A/iR¢:<DE53>k;�GJ534[1?4 \ >A5{:</!SNR¢:<D65�>8/V>Aud:L134 \ >A5AaM.0/iG<132!>A@TB-GJ@3S!5Oez1?2V>

)�³



��rz���
%�792#:<@?:L7O1?>O@34E5�1?4E7A5�G<R*:p792VGJ467O>%j!DE1?>O@¢�¢;!DEG<1�G<R�1?2!>o> � ;�>A7m1?>ASQ/�]!WnU�>A@ªG<R�R¢:LD653>F;�GJ5�4E1?4 \ >O5
\ >O@35�]!5p132!>X> � ;�>A7m1?>ASb/�]!WnU�>A@TG<R�R¢:<DE53>n/!>Oud:L134 \ >O5T;!@3GHS!]!7O>ASNUd`t1?2!>X792VGJ467O>nj#DE13>A@�
o7g:</�U�>
]!5�>ASQ13Gp:<535�>A535ª4E135f;�>O@�RYGJ@�WM:L/!7A>La�.0/8132!465f792!:<;V1?>O@Ae�B�>%;!@�>A5�>A/d1-132!>o��rz����%�;�>A@,RYGJ@3WQ:</!7O>FG<R
1?2V>q� �©¦T�z5Oa �i>pG<R¥13>A/t@�>ORY>A@%1?G81?2!>{��rz���
%�7O]!@ \ >{1?GQ@3>mRY>A@�13GQ132!>q:LU�G \ >{792#:<@3:<7O13>A@34E5�13467<a
��]V1'j#@�5�1Ae�B->8S!465�7A]!5�5p132!>k;�>O@�RYGJ@�WM:</V7A>XG<R-WQ>A:<53]V@3>ASbS!GJW846/#:L/!7A>qRYG<@p>A:<792NG<R-132!>A5�>810B-G
7AD6:<535�>A5oG<R�S!>A7O46534EGJ/c;!@3G<U!D6>OWQ5Oa

� �0� �l�� #�£"- �����)(���"-�N���}�f�V&) #��$ $T"���+��)���)(�� �£"ª �q"-&T�)$T�}$ �)"�+��V�
��"%$T�}���

�)/!>MB�:g`v1?G|W8G=SV>ADª]!/!7A>O@�1?:<46/d1?4E>A5n4E/i1?2V>^7A@34[1?>O@34P: \ :LD6]!>O5n465p1?G|;!@�G \ 4ES!>sU�GJ]!/!S!5Oe�46/v1?2V>
RYGJ@�W GLR©1?GJDE>A@3:</!7A>O5AefGJ/b1?2!>Q7A@34[1?>O@34P: \ :<D6]!>O5AaZ�F2!>A5�>s1?GJDE>A@?:L/!7A>O5q7AG<]!D6SvU�>Q1346uJ2d1{U�G<]!/!S!5Oe
@3>O5�13@3467m1?4E/!u8132!>{:<7O13]#:<D \ :<D6]!>O5o13GQB%4[1?2!4E/Z:8@?:</VuJ>{GLRz1?2V>qW8>g:<5�]!@3>OS \ :<D6]V>A5Aa©� G<@o> � :<WQ;VD6><e
RYGJ@o:kuJ4 \ >A/lW8>g:L53]!@�>AS \ :<DE]!>'5?:g` �� e#1?2!>pWQGHS!>OD�465%5?:<4ESC13GM;!@�G=SV]!7A>{:</C> \ :<D6]!:L1?4EGJ/^1?2#:L1o4E5
:<7O7A]!@3:L1?>XGJ@�@3>ADE4P:<UVD6>'B%4E1?2V46/ � �8RY@�GJW¨132!>XW8>g:<5�]!@3>OS \ :LD6]!>Lap.0/�G<132!>A@�B�GJ@�S!5Ae�132!>k:<7m1?]#:<D
> \ :<DE]#:L1346GJ/p7g:</qU�>-> � ;�>O7O13>ASX1?G)DE46>�46/p1?2!>�@?:</!u<> � �� 
 � � �� � � � a��F2!4E5z4E5�:�5�;�>O7A4[j#7<eJ@�>A5,1?@34E7O13>AS
10`H;�>FGLR�]V/!7A>O@�19:L46/d10`nW8G=SV>AD�RYGJ@zB%2!4E792X5�1?@�GJ/!uJ>O@f792#:<@3:<7O13>A@34 �g:L1346GJ/V5z7g:L/XU�>FuJ4 \ >O/k:<U�G<]V1�1?2V>
U�>A2#: \ 46GJ@�5%G<Rz132!>{� ��¦T�z5Aa-�#GJ@%S!>A7O46534EGJ/C;!@3GJUVD6>AW85©B%4E132C132!>{:<U�G \ >{I�46/VSZG<R�/!GJ4E53>'W8G=S!>ODwe
46/81?@�>g:L1346/!u'1?2!>�WQ>A:<53]V@3>AS \ :LD6]!>oG<R�:</M:<DE13>A@�/#:L1?4 \ >oGJ/s:p;#:<@,1?467O]!DP:L@ª7O@34[1?>A@�46GJ/Q:<5-4E1?5-:<7m1?]#:<D
\ :<D6]V><e�1?2V>^WM:<u</!4E13]!S!>MGLR�>O@3@�GJ@k:<535�G=7O4P:L13>ASvB%4[1?2v1?2V> ��]!S!uJW8>A/d1X7A:</xU�>^>A:<534EDE`b:<535�>A5�53>AS
Ud`|]!5�46/!u^1?2V>8I�/!G_B%/bU�GJ]V/!S!5Aa8�#GJ@)> � :<WQ;VD6>X4E1)7g:</NU�>k4E/VRY>A@�@3>AS|132#:L1T1?2V> \ :<DE]!> �� 7AGJ]!DES
WQ: � 46WQ:<D6D[`k2#: \ >pU�>O>A/Z:<5%DP:<@�uJ>T:<5 �� 
 �n:</!SC/!Gk53WQ:<DED6>A@-1?2#:</ �� � �Ha

�=]!;!;�GJ5�>n10B�G^W8>g:<5�]!@3>OS \ :<D6]!>O5):<@�>n7AG<WQ;#:L@3>ASt:</!StB->n46/VRY>O@ � ��� U#:<53>OS�GJ/ �� � �� e
1?2V>A/l4[R�4[1%2#:<;!;�>A/!>OSl1?GQU�>'1?2V>{7A:<53>'1?2#:h1 � � � e#B�>{Wn]!5,1�5,1?46DED�2#: \ > � � � 
 � �n53G81?2#:h1
1?2V>X>A@3@�GJ@)4E/tS!>A7ODP:<@�46/!u � ��� 4E5)D6>O535�132#:L1 � ��a�*�>O/!7A>Le�B%2V>A/�WQ>A:<53]V@3>AS�S!G<WQ4E/#:</!7O>q]!5�>A5
53]V792�;#:<4E@�B%465�>c7AGJW8;#:<@�4653G</!5k:<7A@�GJ535Q:<DED©1?2!>C7A@�4E1?>O@346:Vef1?2!>C>A@�@3GJ@8:<5�53GH7A4P:h1?>AS�46/xS!>O7ADP:L@346/Vu
1?2!:L1':</|:LDE1?>O@3/#:h1?4 \ > ���fSVGJWQ4E/#:L13>A5):L/!G<1?2V>A@T:<D[1?>O@3/#:L134 \ > ���'465)5�46W846DP:L@3DE`MU�G<]!/!S!>OS|46/t1?2V>
B-GJ@35,1k7g:<5�>^U�` � �l:LD6GJ/!ul:<D6Dª7A@�4E13>A@346:Va|.0/KG<132!>A@qB-GJ@�S!5Ae�53]V;!;�G<53>c46/i132!>c:<U�G \ >^7g:L53><e ���
:<7m1?]#:<DEDE`|SVGJWQ4E/#:L13>AS�����e}B�>Q7AGJ]!DESi5,1?46DEDf:<5�53>A@,1q132#:L1 ���-B-GJ]!DESi5�1346DED�U�>8B%4E132!46/ � �^GJ/i:<D6D
7A@�4E13>A@346:%B%4[1?2n@�>A5�;�>O7O1�13G�4E135zS!G<WQ4E/#:L1?G<@����ha�§ZGJ@3>-uJ>A/V>A@?:LD6DE`<ehRYG<@z:<DED�53]!@ \ 4 \ GJ@�5�G<R#W8>g:L53]!@�>AS
S!GJW846/!:</!7A>zGJ/!>�7AGJ]VD6S'5?:g`)132#:L1�1?2V>f53]!U�GJ;V1346WQ:<DJ:<D[1?>O@3/#:L134 \ >A5�:<@�>f/!GFB�GJ@�53>�1?2#:L/ � ��53WQ:<D6DE>A@
46/N7A@�4E13>A@346:C> \ :<D6]#:h1?46G</!5TB%4E1?2N@3>O53;�>A7m1n1?GC1?2!>O46@p:<7O13]#:<D�S!GJW846/!:L1?GJ@�5Aas.�R�1?2!4E5{S!4[�*>O@3>O/!7A>8G<R

)*)



� �|4658/!G<1Q7A@�4E13467g:LD6DE`i534EuJ/!4Ej!7g:</d181?Gb132!>lSV>A7A4E534EGJ/=�0WQ:<IL>A@Ae-1?2!>O/ 1?2!>Z53]!@ \ 4 \ G<@M53>m1s7A:</�U�>
7AG</!534ES!>A@�>ASb:<5p:cU�>A5,1p53GJDE]V1?4EGJ/t1?G^1?2V>8;V@3GJU!DE>AWCaX�=4EWQ4EDP:<@�DE`<e�4[1T7g:</NU�>X5?:<4ES�132#:L1TRYGJ@':L/�`
GJ;V1346WQ:<Do:<DE13>A@�/#:L1?4 \ >t>OD64EWQ4E/#:L1?>OS�Ud`�1?2!>|W8>g:<5�]!@3>OS S!GJW846/#:</V7A>Zj!DE1?>O@MRYGJ@M132!>tU�GJ]!/!SV>AS
/!GJ4E53>^W8G=SV>ADwez4E1X7OGJ]!D6Sx/!GL1X2#: \ >cU�>A>A/¤U�>O1313>A@XUd`KW8GJ@3>Q1?2#:</ � �Z4E1q13>A@�WQ5XG<R�4E135X:<7m1?]#:<D
> \ :<DE]#:L1346GJ/!5oB%4E132|@3>A5�;�>O7O1'1?G^4[1?5)W8>g:L53]!@�>AS�S!GJW846/#:h1?GJ@�5AaT�F2!>O@3>ORYG<@3><e�RYGJ@�WM:</d`Z;!@?:L7O1?4E7g:<D
;!@�GJU!D6>OWQ5Oe=4[R�1?2!>�/!GJ465�>�W8G=SV>AD�465©U�GJ]!/!SV>AS�eV132!>T:<;V;!D64E7g:L1346GJ/8G<R�W8>g:<5�]!@3>OS^S!GJW846/#:</V7A>):L/!S
WQ:</d`^G<R�4E1?5%:LS \ :</d19:<uJ>O5Ae#4E/!7ADE]!S!46/VuX4E1?5©j!DE1?>O@34E/!uX>��87A4E>A/!7m`c5�1346D6D*:<;!;!D[`Ja

� � � �l�� #�£"- �����)(��N"-�������f�V&) #�}$ $T"-��+��)���)(����£"- c&T�%�q"-&T�)$T��$ �)"-+,�=�
��"%$T�}���

.0/n1?2V465z7A:<53>LeJ1?2!>©:<7O13]#:<D \ :LD6]!>O5f:<@3>-S!>A5�7A@�46U�>ASXUd`n;!@�GJU#:<UV46D64[10`TS!>O/!534[10`qRY]!/!7m1?4EGJ/!5�B%2V46792k:<@�>
]!/�U�GJ]!/!S!>OSc:<@3G<]!/!SQ132!>oWQ>A:<53]!@�>ASs7O@34[1?>A@�4P: \ :<D6]!>O5Aa���G</!534ES!>A@-:{@3:</!S!GJW \ :<@�4P:<U!DE> /nedB%4E132
S!>O/!534[10`NRY]V/!7O1346GJ/ �t� � 
T:</VSiS!4E5�1?@�46U!]=1?46G</�RY]V/!7O1346GJ/ ' � � � 
£a " >O1 � @�>A;!@�>A53>O/d1n1?2!>Q:<7m1?]#:<D
\ :<D6]V>�19:LI<>A/cUd`^:L/c:<DE13>A@3/!:L1?4 \ >)GJ/M53GJW8>)7A@�4E13>A@34EGJ/�a�%oG_B 5�]!;!;�GJ53>)132!>T:<7m1?]#:<D \ :LD6]!>o19:<IL>A/
Ud`N:</!G<132!>A@{:<D[1?>A@�/#:L134 \ >XG</N132!>Q53:<W8>87O@34[1?>A@�46GJ/�4E5pGLR�1?2V>8RYGJ@�W�� � � 
 �HaQ�F2!>A/b4E1'4E5
B->AD6D �0I�/!G_B%/t1?2!:L1�132!>n@?:L/!S!GJW \ :<@346:<U!D6>�� 2#:L5T:MS!>O/!534[10`lRY]!/!7m1?4EGJ/���� � 
 � �t� � � ��
�:L/!S
S!4E5�1?@�46U!]=1?46G</tRY]!/!7O1346GJ/�uJ4 \ >O/bUd`��	��� � 
 � ' � � � � �P
mak.0/bGL1?2!>O@'B-GJ@�S!5Ae�1?2!>k;!@�GJU#:<UV46D64[10`
RY]!/!7m1?4EGJ/!5%RYGJ@F10B�G^:L7O1?]!:<D \ :LD6]!>O5�:<DEGJ/!u8:Q5�46/!u<D6>'7A@�4E1?>O@34EGJ/c7g:</tU�>pGJUV19:L46/!>OSZUd`Z:p�
��� �� '�	���
GJ;�>A@3:L1?4EGJ/�eJ1?2V>�:<W8GJ]!/d1-:</!SQS!46@�>A7m1?46G</QG<R*532!4[R¥1?4E/!u'U�>O46/!upS!>A;�>A/VS!>A/d1©]V;�GJ/81?2!>oWQ:<uJ/!4[1?]!S!>
:</!S 534EuJ/ GLR �K@3>O53;�>A7O134 \ >ADE`<a��F2!>NR¢:<WQ4EDE`�G<RnSV465�13@34EU!]V1?4EGJ/!5^5�G GJUV1?:<46/V>AS 465CS!>Oj#/V>AS�4E/
;!@�GJU#:<U!4ED64[10`{132!>AGJ@,`k:<5f1?2V>%132!>U��� ���� "�E�J���7��# �	�%&�G<R�S!4E5�13@346UV]V1?4EGJ/!5zB%4[1?2k@3>O53;�>A7O1ª1?G'1?2V>ou<4 \ >O/
S!4E5�1?@�46U!]=1?46G</c:</!S �n4E5%7AGJW8WQG</!DE`Q@3>mRY>A@3@�>ASC1?GQ:<5o132!>'D6GH7g:L1346GJ/^;!:<@?:<W8>O13>A@Oa-�F2!>pRYGJD6DEG_B%46/!u
:<@�>�B�>OD6D �0I�/!G_B%/X@3>O53]!D[1?5�RYGJ@z132!>©DEG=7A:L1?4EGJ/{R¢:<W846D[`'G<R S!4E5�1?@�46U!]=1?46G</!5 � �#GJ@ � :L/!S
� S!>A5�7A@�46U�>AS
:<5o:<U�G \ ><e

� ��� � � � � � � 
 �  � « av,A


�
+ � ��!
 � ' + � ����
�
�� � � �����  �R� , �3,�
� � « a ��


.0/XGJ]!@�7g:<5�><eJ5�46/!7O>�1?2V>�> � ;�>A7m1?>AS \ :<DE]!>A5�GLR!1?2!> \ :L@34P:LU!D6>O5z:<@�>-132!>©W8>g:<5�]!@3>OSn7A@�4E1?>O@346: \ :<D6]V>A5Ae
B->l7g:L/ :<DE53GN@3>mB%@34E13>lrf@�GJ;�>O@�10` « am,Z:<5 �� � �� 
 ��a�rf@3G<;�>O@�10` « a���4E/!S!467A:L1?>O5X1?2#:L181?2V>
7A]VWn]!DP:h1?4 \ >{SV465�13@34EU!]V1?4EGJ/cRY]!/!7O1346GJ/V5�G<Rf132!>{10B-G^@?:</VS!GJW \ :<@346:<U!D6>O5o:<@3>q:<D65�GM53>O;#:<@3:L1?>OS|U�`
�']!/!4E135Aa " GH7g:L1346GJ/8R¢:<W846D64E>A5f7A:</sU�>):<5�53GH7A4P:h1?>ASQB%4E1?2MWM:</d`kB->AD6D �0I�/!G_B%/sS!4E5�13@346UV]V1?4EGJ/!5.-�1?2V>

)
	



/!GJ@�WM:LD}SV465�13@34EU!]V1?4EGJ/�e!132!>n]!/!4[RYGJ@3W SV465�13@34EU!]V1?4EGJ/�e!132!>q> � ;�GJ/!>O/d1?4P:LD�S!4E5�13@346UV]V1?4EGJ/l:L@3>q5�GJW8>
> � :<W8;!DE>A5Aa

�=46/V7A>k1?2!>Q/!GJ465�>QW8GHS!>ADf4E5q:<5�53]!W8>ASN1?GZU�>8]!/�U�G<]!/!S!>OS�e�RYGJ@p:ZuJ4 \ >O/iW8>g:<5�]!@3>OS \ :<D6]!>
1?2V>X7AGJ@�@3>A5�;�G</!S!46/VuZ:L7O1?]!:<D \ :<D6]V>X7AGJ]!DES|D64E>X:</d`�B%2!>A@�>Q4E/t1?2!>X@3:</!uJ> � � � � � � a *oG_B�> \ >A@Oe
B->sB%46D6D�5�2!G_B�132#:L1XSV4E��>A@3>O/d1XI�46/!S!5{G<R�:<535�]!@?:L/!7A>O5X7g:</KU�>s;!@�G \ 4ES!>ASv13Gl1?2!>s¦'§ Ud`i1?2V>
]!5�>qG<R�:<;!;!@�GJ;!@346:L1?>T� ��¦T�z5�> \ >O/t4ER�1?2!>p/!GJ4E53>'WQGHS!>OD�465%]!/�U�G<]!/!S!>OS�aF.0/Z132!465%53>O7O1346GJ/�e#B->
;!@�>A53>O/d1q5�GJWQ>n132!>AG<@3>AW85'@3>ODP:L13>AS|1?Gs132!>k53]!@ \ 4 \ GJ@�5{GLR-W8>g:L53]!@�>ASNS!GJW846/#:</V7A>nRYGJ@)SV>A7A4E534EGJ/
;!@�GJU!D6>OWQ5-B%4E1?2M]!/�U�GJ]V/!S!>ASC/!GJ4E53>)W8GHS!>ADE5Aa �b>TU�>OuJ46/QB%4E1?2s132!>)RYGJDED6G_B%46/!u'1?2V>AGJ@�>AW B%2V46792
465©13@3]!>TRYGJ@©132!>'WQ>A:<53]V@3>ASCS!GJW846/!:</!7A>T5�]!@ \ 4 \ GJ@�5Aa

� �����*�,� � ��� �����$ �� ��� �� �����������	 \�����'� �J���������y��� 
� �� �y#����J� ���Z��
 �����	 w�����'� �J����� ��� �������J���
 w� ���J�  "�	� � ����� 
����� "��� � �� "�E�J� �y �� ���  �� �������!�%������ '�E�J� ����#����J� � �Z��
�
��J# �	�!��� ��� �!�Z��
 � ����� �
� ��� �A� ���J�`�A�� �3�J� �������
�p �� � �3�J�	�����i�	��� ���U '� � ���

����� ��%i�-� � �)�
 � 
 � �y� � �,+_�-� � �)�
 �ª
 � « a ¡;


rf@3GHG<R � �=>O>!	�;!;�>A/!S!4 � 	qa
�F2!465�1?2V>AGJ@�>AW 465�]V53>ORY]VDHRYGJ@�5�7A>O/#:<@34EGJ5�B%2!>A@�>ª132!>�¦'§ 465�]!/!:<U!D6>�13G�;V@3G \ 46S!>ª2!465�13@?:<S!>OG<��5

:<DEGJ/!u%1?2!>F�zr��0��%x7A]!@ \ ><az.0/X53]!792k:�7A:<53>LeJGJ/!>-uJGHG=S{53GJDE]V1?4EGJ/pB-GJ]!DESnU�>-1?G�;!@3G \ 46S!>ª1?2!>�¦'§
B%4E132t:853]!@ \ 4 \ GJ@�53>m1)Ud`Z:<535�]!WQ4E/!uQ132#:L1o1?2!>q¦'§ � 5�;�>A/#:<D[10`C:<535�G=7O4P:L13>ASCB%4E1?2Z;!@3GHS!]!7O46/!uM:
R¢:<DE53>©;�GJ534[1?4 \ >F465�1?2!>F53:<WQ>%:L5�1?2#:L1ª:L5353GH7A46:L1?>OSnB%4E1328;V@3GHS!]!7A4E/!u':)R¢:<D65�>©/!>Oud:L1?4 \ >La��F2!>AG<@3>AW
« am,'532!G_B%5%1?2#:L1%132!>'WQ>A:<53]!@�>ASCS!GJW846/#:L/!7A>T5�>O1o465F5�]!792t:X53]V@ \ 4 \ GJ@%53>O1Aa

.�1TB%46DED�U�>X532!G_B%/NDP:L13>A@o1?2#:L1'W8>g:L53]!@�>AS�S!GJW846/#:L/!7A>{7g:</�U�>X53>A>O/i:L5)U�>OD6GJ/VuJ46/!uQ1?G!e�G<@
:<5F:n5�;�>O7A46:<D�46/V5�19:L/!7A>)GLR�e!:qR¢:<W846D[`kG<R�1?GJDE>A@3:</!7A>£�0U#:L53>AScS!G<WQ4E/#:</!7O>�j#D[1?>A@�5Aaf�F2!>TW8>g:L53]!@�>AS
S!GJW846/!:</!7A>^5�>O1Q465k53;�>A7O4P:<DF4E/¤132!>c53>O/!53>C1?2#:L184[1QG<;�>O@?:L13>A5kGJ/x1?2!>Z:<535�]!W8;V1?4EGJ/¤132#:L1k1?2V>
10B-Gb;�>A/#:LDE1?4E>A5X:L@3>c>Ay�]#:<D aK�#GJ@n;!@�GJU!DE>AW85nB%2!>A@�>c132!>C¦'§ > � ;!@3>O535�>A5MSV4E��>A@3>O/d1Q;�>A/!:<DE1346>A5
RYGJ@�:QR¢:<DE53>p;�GJ5�4E134 \ >{:</!St:8R¢:<DE53>p/!>Aud:h1?4 \ ><e�G<1?2!>O@�j#D[1?>O@35�4E/Z132!>{R¢:<W846D[`s7A:</tU�>q]!5�>AS�a��F2!>
W8>g:<5�]!@3>OS rz:<@�>O1?Gx5�>O1^7A:</ U�>t132�]!5^]!53>OS :<5^:i@�>ORY>A@�>A/!7O>�;�GJ4E/d1M1?Gv:<;!;!D[`�13@?:<S!>£�0G<��5s4E/
>A4[1?2!>O@-SV46@3>O7O1346GJ/�� � GJ/MU�>A2!:<DER*G<R�1?2V>�S!>O7A465�46GJ/H�0WQ:<I<>O@Aa �);�>A@3:L1?4EGJ/#:<DEDE`JeL1?2!>�53>O1�G<R�W8>g:L53]!@�>AS
S!GJW846/!:</!7A>f5�]!@ \ 4 \ GJ@�5}7A:</'1?2!>O@3>ORYG<@3>�53>O@ \ >�:<5}:FuJG=GHST5�1?:<@�1346/!u%5�>O1�RYGJ@�:<DEDJS!>A7O465�46GJ/';!@�GJU!D6>OWQ5
B%4E132x]!/!7A>O@�1?:<46/d10`x]!;�GJ/KB%2!46792xRY]!@,1?2!>O@kj!DE1?>O@34E/!u�GJ;�>O@?:L1346GJ/V5n7g:</¤U�>Z:L;!;!D64E>ASv13Gi:<SVS¤G<@
@3>OWQG \ >{:LDE1?>O@3/#:h1?4 \ >A5o:<5FS!>O534E@3>AS*a
j
	�� 8]:d8]K � #d6²5�K � 8I:�8IK � x 6

	 ,



�F2!>�RYGJDED6G_B%46/VuT7g:</^:LD653GpU�>�;!@�G \ >ASsRYGJ@�1?2V>�53]V@ \ 4 \ GJ@�5�>O1©;V@3GHS!]!7A>OSsUd`8WQ>A:<53]!@�>ASsSVGJWk�
46/!:</!7A>La

� �����*�,� � ��� ���C�J����� ���� "�E�J� �7��# �	�%&®���J���A�)#���
����D���t� �`���% \�����!�� '� ���)����
��J# �	�!�� w���`���% \�����!���
 '� ���������	��#����J� ���Z��
 
��J# �	�!��� ���) �� ���� �� �/�!�Z� ��� �.�	�%�	 '&  �� �� ����X���U���J X� �� �����	�%& 
��J# �	�!�� w��

�.&������������Z���� w���) �� ���� �� �g�!�Z� ��� �.�	�%�	 "&® �� �� �������)���J i� �� � ���	�%& 
��J# �	�!�� w��
 �.&������ �����J �� ���
�b�J�"
J���

� ��� � � � 
�� � � � �����! � �	� ��
 ��� �	� � � �J���)�'
 � � �\�	����
 �
��� ���Z� � �J���)��
����� �� �X�!�Z� ��� �.�	�%�	 '&  �� �� i���% w�����!�� "� �������i���¢���J t� �� � ���	�%& 
��J# �	�!�� w��
 �.&� �� �

���% w�����!�� '� �������
�

rf@3GHG<R � �=>O>!	�;!;�>A/!S!4 � 	qa

� �����*�,� � ����� �C�J� ��� ���� "�E�J� �7��# �	�%& ���J���A� #���
����D��� � � ���% \�����!�� '� ��� ���®����R� ��� �A� ���J� ���
#����J� ������
 
��J# �	�!��� ���  �� ����

�� � �P���)��
 � ,  � 
��� ���Z� � �J���)��
����� �� �X�!�Z� ��� �.�	�%�	 '&  �� �� � �� �`���% \�����!�� '� �������i���¢���J i� �� �����	�%& 
��J# �	�!�� \��
 �.&

���% w�����!�� '� �������

rf@3GHG<R � �=>O>!	�;!;�>A/!S!4 � 	qa
�F2!>AG<@3>AW « a ¡k5�1?:L1?>O5%132#:L1%RYGJ@%:<DED�53]V@ \ 4 \ GJ@35%G<RzWQ>A:<53]!@�>ASCS!GJW846/#:L/!7A>LeV1?2!>';!@�GJU#:<UV46D64[10`

1?2!:L1q132!>O`NB%46DEDª5�]!@ \ 4 \ >sB%4E132v@3>O53;�>A7m1n1?G|:L/�`bG<RF132!>sG<132!>A@q:<DE13>A@3/!:L1?4 \ >A5{465{uJ@3>A:L1?>O@{1?2!:</
, a � az�F2�]!5OeHRYG<@f> \ >O@�`kW8>g:<5�]!@3>OSQSVGJWQ4E/#:</!7O>F53]!@ \ 4 \ G<@Aed1?2!>O@3>%465zWQGJ@�>©1?2#:L/Q:L/Q> \ >A/8792#:</V7A>
;!@�GJU#:<U!4ED64[10`n1?2#:h1�4[1-B%4ED6D 53]!@ \ 4 \ >�>g:<792^;�GJ535�46U!DE>�;!:<46@,B%4653>o7AG<WQ;#:L@3465�GJ/�a��F2!>T:<;!;VD6467A:L1?4EGJ/kG<R
W8>g:<5�]!@3>OSsS!GJW846/#:L/!7A>%S!GH>A5-/!G<1-@3>Ay�]!4E@3>�:</d`846/VRYGJ@�WM:h1?46G</k:<U�G<]V1�1?2!>�/!GJ465�>�W8GHS!>AD#5�46/!7O>�4E1
GJ;�>A@3:L1?>O5�GJ/VDE`^GJ/C1?2!>pW8>g:<5�]!@3>OSl53>m1)G<Rz7A@�4E1?>O@346: \ :<DE]!>A5Oa©�F2!>q:<U�G \ >p132!>AGJ@�>AW85�5�2!G_B 1?2#:h1
:<5XDEGJ/!u�:<5n132!>^S!>A5�46@�>^465n1?G|;V@3GHS!]!7A>^132!>^GJ;V1346WQ:<D-5�>O1Ae�:<;V;!DE`H46/VutWQ>A:<53]V@3>AS¤S!GJW846/!:</!7A>
;!@�G=S!]V7A>A5k:Z53>O1kGLR%53]!@ \ 4 \ GJ@�5nB%2!46792K7A:</KU�>s]!53>mRY]!D-RYG<@nWM:L/�`NI�46/VS!5nG<Ro]!5�>A@,��/!>A>OS!5nB%4E132
@3>O53;�>A7m1�13G8G<;V1?4EWM:<DE4E10`<e=> \ >A/Z46/^1?2V>p;V@3>A5�>A/!7O>{GLRz]!/V7A>A@,19:<4E/d10`Ja

.0/n53]VWQWQ:<@�`<eLRYGJ@}S!>O7A465�46GJ/{534[1?]#:L1346GJ/V5}B%4[1?2q]V/!7A>O@�19:L46/d10`n:L/!Sq]!/VS!>A@ \ :<@�46GJ]V5�7OGJ/!S!4[1?46G</!5Ae
1?2V>oSVGJWQ4E/#:</!7O>Fj#DE13>A@f7g:L/Q5,1?46DED!U�>o]V53>ASM:<5-:</Q>m�*>O7O134 \ >o792!GJ4E7A>Fj#D[1?>A@f13GpW8>A>m1�1?2!>oS!>AWQ:</!SV5
G<R�1?2!>oS!>A7O465�46GJ/8534[1?]#:L1346GJ/*a��=;�>A7O4Ej#7A:<D6D[`JeJRYGJ@�S!>O7A4E5346G</Q;!@�GJU!DE>AW85�B%4[1?28U�G<]!/!S!>OSM/!GJ4E53>oWQGHS=�
>ADE5Ae ;!@�>A7A4E53>pU�G<]!/!S!5o7g:</ZU�>p;!@�G \ 4ES!>ASZGJ/Z132!>{SV>AuJ@�>A>pG<R�5�]!U=�0G<;V1?4EWM:<DE4E10`QG<Rz132!>'R¢:<D65�>p;�GJ5��
4E134 \ >A5T@3>m19:<4E/!>AS*e�:</!S�GJ/|1?2V>XS!>AuJ@�>A>kG<R-GJ;V1346WQ:<D64[10`^G<Rª1?2!>nR¢:<DE53>n/V>Aud:L134 \ >A5'>ADE46W846/#:L13>ASZU�`

	 ,



1?2V>8SVGJWQ4E/#:</!7O>nj#DE13>A@)B%2!>O/v:<;V;!D64E>ASt1?GcW8>g:<5�]!@3>OSb7O@34[1?>A@�4P: \ :<DE]!>A5OaQ¦)>O7A4E5346G</=�0WQ:<I<>O@35�RYG<@
B%2!GJW¨1?2!>n:<535�G=7O4P:L13>AS|D6G<5353>O5TU#:<5�>AS�GJ/t1?2V>A53>kU�GJ]!/!SV5':<@3>q13GJD6>O@?:<UVD6>q7A:</t1?2V>A@3>mRYGJ@3>XWQ:<IL>
:X792!GJ4E7A>'U#:<5�>ASlG</C132!>'WQ>A:<53]!@�>ASCS!GJW846/#:L/!7A>T5�>O1ga�	�D653GVe#4ER�1?2!>p¦'§ 465F]!/!:<U!D6>)13GQ> � ;!@3>O535
2!4E5s��rz���
%¨1?@3:<S!>OG<�*5OeF1?2!>O/�1?2!>tW8>g:L53]!@�>AS S!GJW846/!:</!7A>Z53>m1^@3>O;!@3>O53>A/d135Z:b53>O1cU!:<53>OS GJ/
:<5�5346u</!46/!uX>Oy�]#:<D�;�>O/#:<D[1?46>O5©1?GX1?2V>p;V@3GHS!]!7O1346GJ/cG<Rz:nR¢:<D65�>T;�G<534E134 \ >':</!SZ:XR¢:LD653>T/V>Aud:L134 \ ><a

� �¢� � � � � �¤�£"- �q"-&T�)$T��$ �)"-+,�=� ��"%$T�}�,�

.0/M132!465ª53>O7O1?4EGJ/�e�B�>�B%46D6D!j!@35�1�7AGJ/V5346SV>A@-132!>�U�GJ]!/VS!>ASs/VGJ465�>�W8G=SV>AD�:</!Ss5�>A>)2VG B 13GJD6>O@?:</V7A>m�
U#:<5�>AS S!GJW846/#:L/!7A>tj#D[1?>O@35c7g:</ U�>�]!53>OS 1?Gx;!@�G \ 4ES!>�S!4E��>A@�>A/d1cI�46/!SV5CGLRn:<5�53]!@3:</!7O>A5t:L/!S
1?2V>A@3>OUd`Z7A:L1?>O@F1?GkS!4E��>A@�>A/d1oI�46/!S!5oG<R�]!53>O@�SV>AWQ:</!S!5%46/^132!>pR¢:L7A>'G<R�]!/!7A>O@�1?:<46/d10`Ja©��GJ/!5�46S!>O@
:kU�GJ]V/!S!>ASC/!GJ4E53>'W8G=S!>OD�B%4E132c132!>pWQ>A:<53]!@�>AS \ :<D6]!>Le �� :<DEGJ/!uXB%4E132cU�GJ]V/!S!5oGJ/ZU�G<132C5�46S!>O5
G<R-1?2!>8> \ :<DE]#:L1?4EGJ/�e�@�>A5�13@34E7O1?4E/!uc1?2!>k@?:L/!uJ>8G<R�132!>M:L7O1?]!:<D \ :<D6]!>O5p132#:L1p7AG<@3@3>O53;�GJ/!SN1?Gc1?2!4E5
> \ :<DE]#:L1346GJ/�a �b>M@3>O;!@3>O53>O/�1k5�]!792¤:lW8G=S!>ODª:<5 � � ��
p13Gl@�> � >O7O1X1?2V>QR¢:<7m1q1?2!:L1q132!>^:<7m1?]#:<D
\ :<D6]V>M465{U�G<]!/!S!>OSKGJ/vU�G<1?2v5�46S!>O5nG<RF132!>sW8>g:<5�]!@3>OS \ :LD6]!>8Ud`��c]!/!4E135Aa � 4[1?2!G<]V1qDEGJ535{G<R
uJ>O/!>A@3:<D64[10`Je B�>X@�>A;!@�>A53>O/d1T1?2!>nWQ:<uJ/V4E1?]VS!>{GLRf1?2!>nU�GJ]!/VS!5)GJ/tU�G<132t534ES!>A5)Ud`Z1?2!>{yH]!:</d1?4E10`
��� �Haf�F2!465-GJ/!DE`8W8>g:</V5�1?2#:h1�B->T]!53>�132!> \ :<@�4P:<U!DE> ��13GnU�> � �TB%2!>A@�>)1?2!>)U�GJ]!/VS!5©46/VS!467A:L1?>OS
RYGJ@k1?2!>CW8G=S!>ODo:<@3> � ��a .0/ G<132!>A@kB-GJ@3S!5OeFB�>Z2#: \ >ZRYG<D6D6G_B%4E/!u�Wk� \ >A7m1?GJ@853;�>A7O4ER¥`H46/Vub1?2V>
W8G=S!>OD�13GJD6>O@?:</V7A>A5ªRYGJ@�>A:<792^G<R�132!>�� 7A@�4E1?>O@346:Ve � � � � � � � � � � � � � 
 ��a��#@3GJW 1?2V465-B->)GJU=19:<4E/
1?2V>qS!>O7A465�46GJ/C@3]VD6>'1?GJDE>A@?:L/!7A>O5Ae�� � � � � � �	� � � � � � 
 ��e B%2!>A@�> �"� � � � ��aF�F2!>{@3>A:<53GJ/ZRYGJ@F1?2!4E5@3>O;!@3>O53>O/�1?:L1?4EGJ/nB%46DED�53GHGJ/nU�>A7AG<WQ>-7AD6>A:<@Aa
%�G<13>-132#:L1zB%2V>A@3>A:<5�10`H;!467A:<D6D[`T1?2!>�@3]!DE>m��13GJD6>O@?:</V7A>A5
:<@�>)1?@3>A:L1?>OSl:L5F;#:<@?:LWQ>m1?>A@�5FG<Rz:n� �©¦T�K@3]!DE><e!2!>O@3>T1?2V>)1?GJDE>A@?:L/!7A>O5%:<@3>Tj � >ASZ:<7O7AGJ@�S!46/!un13G
1?2V>qW8G=S!>OD�U�GJ]!/VS!5Aa�.0/tG<1?2V>A@�B-GJ@�S!5Ae�4E/Z132!465�53>A7m1?4EGJ/lB%2!>O/tB�>n@�>ORY>O@�1?GM:M� �©¦T��e 'ke�B->
46W8;!DE467A4[1?D[`X@3>mRY>A@F1?G ' ��� �P
ma
%�G_B 53]!;!;�GJ5�>s1?2!>c:<U�G \ >^W8>g:<5�]!@3>OS \ :<D6]!>Le �� 465n7OGJWQ;!:<@3>OSvB%4E1?2v:</!G<132!>A@nW8>g:L53]!@�>AS

\ :<D6]V><e<53:g` �� az.0S!>A:<D6D[`JehRYGJ@�>A:<792k;#:<4E@�B%465�>-7OGJW8;#:<@34E53GJ/pB�>©B�:</d1�13G)U�>�:<U!DE>-1?G�]!53>©W8>g:L53]!@�>AS
\ :<D6]V>A5Ae �� :</!S �� e :</!Sc46/VRY>O@©1?2!>pGJ@�S!>A@F@�>ADP:h1?46G</^U�>m10B�>O>A/l132!>p:<7O13]#:<D \ :<D6]V>A5Ae � :</!S � a��#GJ@
1?2V>sU�G<]!/!S!>OSK/!GJ465�>MW8G=SV>ADwe�4E1q465q;�GJ5�5346UVD6>k1?GtS!Gt132!465pRYGJ@q7O>A@,19:<4E/v7AGJW8;#:<@�465�GJ/!5Aa �i>MS!G
1?2V465qUd`b]!534E/!ulB-GJ@35,1���7g:<5�>^:<535�]!W8;V1?4EGJ/!5{RYG<@qGJ/!>QWQ>A:<53]V@3>AS \ :<DE]!>Q:</!Sv1?2V>MU�>A5�1,�07A:<53>MRYG<@
1?2V>XG<1?2!>O@Aa'.0/|G<132!>A@)B-GJ@3SV5Ae�RYGJ@�132!>nU�GJ]!/!SV>AS�/!GJ4E53>nW8G=SV>ADwe�B�>XI�/!G_B�1?2#:h1)1?2!>q53WQ:<D6DE>A5�1
\ :<D6]V>q1?2#:h1 �� 7A:</N:<7O13]#:<D6D[`l7OGJ@3@�>A5�;�GJ/VSN13G^465 �� � ��� �=aq.�1'7A:</!/!GL1'U�>k:</d`|DEG_B�>O@TU�>O7g:<]!5�>
G<R�1?2V>pU�GJ]!/VS!>ASCWQGHS!>ODwaf�H46W846DP:L@3DE`<eJ1?2!>'D6:<@3uJ>O5�1%:L7O1?]!:<D \ :<D6]V>�1?2#:h1%7g:</c7AG<@3@3>O53;�GJ/!Sc1?GX1?2V>

	 �



W8>g:<5�]!@3>OS \ :<DE]!> �� 4E5 �� 
 ��� �=ak�=GcB�>k7A:</�5?:g`|1?2#:h1'4ER�1?2!>X5�WM:LD6D6>O5�1T;�GJ5�5346UVD6> \ :<D6]V>q1?2#:h1
�� 7A:</b:<7O13]#:<D6D[`l7OGJ@3@�>A5�;�GJ/VSN13G!e�465TuJ@�>g:L13>A@)1?2!:</N132!>kDP:<@�uJ>A5,1';�G<53534EU!D6> \ :<DE]!>n1?2!:L1'7g:</NU�>
:<7m1?]#:<DEDE`{19:<IL>A/sUd`k1?2!>o> \ :<DE]#:L1346GJ/ �� ed1?2!>O/M1?2!4E5�46W8;!D64E>A5z132#:L1-]!/!S!>O@�:<DED#7A4E@37A]VWQ5,19:</!7O>A5OeHB->
Wn]!5,1o2#: \ > � � � a��F2!4E5%46W8;!D64E>A5-132#:L1%4E/CG<@3S!>O@©1?Gk>A/!5�]!@3>'1?2!:L1 � � � eVB->'/!>A>OSC13G8>O/!53]V@3>
1?2!:L1 �

�� � ��� � � �� 
 ��� �

GJ@©132#:L1ge
�� � �� 
 �

.0/CG<1?2!>O@FB�GJ@�S!5Ae!RYG<@©1?2!>'U�GJ]!/!S!>OSl/!G<4653>TW8GHS!>AD e

�� � �� 
 � � � � � � « a ��


.�Ro1?2!>^DE>OR¥1k2#:</VS¤5�46S!>^GLR �fy�]#:L1346GJ/ « a ��465n53:L1?4E5�j#>OS�e�1?2!>O/¤B->c7g:</xU�>^53]!@�>c132#:L1X132!>C:<D[�
1?>O@3/#:h1?4 \ >n19:<I�4E/!u^1?2!>XW8>g:<5�]!@3>OS \ :<DE]!> �� :<U�G \ >87OGJ]!DES|/!G<1'2#: \ >8U�>A>A/NS!GJW846/!:L1?>OStUd`|4E135
7AG<]!/d1?>A@�;#:<@,1©19:<I�4E/!uq1?2V>�W8>g:<5�]!@3>OS \ :LD6]!> �� :LU�G \ >La��ª:L792^G<R�1?2!>�@3>O53;�>A7O134 \ >TS!>A7O46534EGJ/s@�]!D6>O5
RYGJ@n�H1?@�467O1nS!GJW846/#:</V7A><e�¦T¦��0S!GJW846/!:</!7A>8:</VS¤�=]!;�>A@35,1?@�467O1kSVGJWQ4E/#:</!7O>M@�>Ay�]!46@�>M1?2V>^:<U�G \ >
> � ;!@�>A5�5346G</b1?GCU�>k13@3]!>8:<DEGJ/!uc:L1pDE>g:<5,1'GJ/!>k7A@�4E1?>O@34EGJ/�e�:<5p:^7AGJ/VS!4E1346GJ/�G<Rª1?2!>O46@T@�>A53;�>A7m1?4 \ >
I�46/!S8G<R �,�0S!G<WQ4E/#:</!7O><az�F2V>A@3>mRYGJ@3>%RYGJ@f>A:<792MG<R�1?2!>O53>o� �©¦T�z5Oe=4[R�132!>A@�>�:L@3>%10B�G{:<DE13>A@�/#:L1?4 \ >O5
� � :</!S � �'53]V792N132#:L1�� � �,��S!GJW846/#:L13>A5�� �p:<7O7AGJ@�S!46/Vus1?Gs1?2V>X7AGJ@�@3>A5�;�G</!S!46/Vu^� �©¦T�}�0@�]!D6>
1?2V>A/�e#RYGJ@o:kU�GJ]V/!S!>ASl/!GJ465�>'WQGHS!>AD eVB->q7g:L/Z4E/VRY>A@F1?2!:L1 � ��7AG<]!D6SC/!G<1o2#: \ >q:<7O13]#:<DEDE`sSVGJWk�
46/!:L1?>OS�� � a8�F2V465T465TU�>A7A:<]!5�>8132!>Xj#@35,1{7ODP:<]V53>k46/�>g:L792bG<Rª1?2V>Q:LU�G \ >8� �©¦T�}��@3]!DE>A5)>O/!53]V@3>
1?2!:L1�1?2!>O@3>�4E5ª:L1ªD6>g:L5�1ªGJ/!>o7A@�4E1?>O@34EGJ/Q4E/XB%2!46792 � � 465�I�/!G_B%/M13GqU�>®� �� �����	�%&	���� " w����1?2!:</ � �ga
�F2!>O@3>ORYG<@3><e#132!>'S!GJW846/#:</V7A>T@3]VD6>)B%46DED*/!GL1o:<D6DEG B � �%1?GkS!GJW846/!:L1?>�� � a

�=46/V7A>%1?2!>o/!GJ4E53>%WQGHS!>OD#465�;!@3G<U#:<U!4ED6465,1?4E7<eJ4[1�465�5�1346D6D#/VG<1ª;�GJ5�534EU!D6>FRYGJ@f1?2V>�uJ>O/!>A@3:<D 7g:<5�>o13G
;!@�G=S!]V7A>):p534E/!uJD6>o53>m1©G<R�53]!@ \ 4 \ GJ@�5�7OGJ/d19:<4E/!46/!u����	����� 
��J� �%&heH4wa ><az132!>$� �

� �� 53>m1©G<R�eHGJ;V1346WQ:<D
:<D[1?>A@�/#:L134 \ >O5{Ud`N1?2!>Q]!53>MG<RF53G<WQ>8S!>A7O465�46GJ/v@�]!D6>La *�G_B�> \ >O@Ae�4E1'B%46DED�U�>Q532!G_B%/K/!> � 1{1?2#:h1
GJ/!>Q7g:</iWM:<IL>Q]V53>sG<R ��y�]#:h1?46G</ « a �Z13Gl53G<D \ >81?2!>QS!>A7O465�46GJ/b;!@3GJUVD6>AW 13G_B©:<@�S!5n;!@�G \ 4ES!46/Vu
53G<WQ>{5�1?@�GJ/!uc:<5�53]!@3:</!7O>A5T1?G_B�:<@3S!5�1?2!>n4ES!>g:LD�uJGJ:<D�GLR-;V@3GHS!]!7A4E/!u  �� ���

�
� �� }53>m1'G<R�GJ;V1346WQ:<D

:<D[1?>A@�/#:L134 \ >O5Aaª§ZG<@3>'53;�>A7O4Ej#7A:<D6D[`Je#:</VScRYG<@©1?2!>'U�GJ]!/!S!>OSZ/VGJ465�>TWQGHS!>AD e �fy�]#:L1346GJ/ « a �8:<D6GJ/Vu
B%4E132v10B�G|SV>A7A4E534EGJ/v@3]VD6>A5qGJ@n� �©¦T�z5n:<D6DEG B%5{]!5q13G|;!@3GHS!]!7O>M1?2!>sRYG<D6D6G_B%4E/!uC10B-G|53]V@ \ 4 \ GJ@
53>m1?5 �

	 ¡



	 �F2!> � � � ���E���  �A�� T4E5s1?2!>�5�>O1CG<R{53]!@ \ 4 \ GJ@�5CB%2V46792 465cuJ]#:<@3:</d1?>O>AS 1?Gx7AGJ/d1?:<46/+���	�
132!>ZG<;V1?4EWM:<D�:<DE13>A@�/#:L1?4 \ >O5M:</VS :<SVS!4E1346GJ/#:LD6DE`NuJ]!:<@?:</d13>A>AS�1?GNWM: � 4EWM:<DEDE`N>ADE46W846/#:h1?>
5�]!U�G<;V1?4EWM:<D-:<D[1?>A@�/#:L134 \ >O5Aa �-`iWM: � 4EWM:LDª>OD64EWQ4E/#:L1?4EGJ/|B�>^W8>g:L/i1?2#:h1k:<D6D-:</!SKG</!DE`
:<D[1?>O@3/#:L134 \ >A5TRYGJ@)B%2!4E792i4E1'7A:</iU�>k7g:L13>AuJG<@3467A:<D6D[`l5�2!G_B%/i1?2!:L1'1?2!>m`N:<@3>k53]VU�GJ;=1?46WQ:<D
B%4ED6D!/!GL1�U�>�4E/!7ADE]!S!>OSQ4E/8132!>�5�] �87A46>O/d1©53>m1ga �b>�]V53> � � 1?GpS!>A/!GL1?>�132!>o53] �87A4E>A/d1©5�>O1Aa

	 �F2!> ���
�������.����&p�A�� �4E5p132!>s53>m1nB%2!4E792K7g:</vU�>suJ]!:<@?:</d13>A>ASv13Gt>ADE46W846/#:h1?> ���	��53]VU�GJ;H�
1346WQ:<D©:<D[1?>O@3/#:L134 \ >A5k:</!S¤:<SVS!4E1346GJ/#:LD6DE`�u<]#:<@?:L/�13>A>OS�1?G�WQ: � 46WQ:<D6D[`�7AGJ/d1?:<46/xGJ;V1346WQ:<D
:<D[1?>O@3/#:L134 \ >A5Aa �ª`iWQ: � 46WQ:<D�7AGJ/d1?:<46/!W8>A/d1{B�>^@�>ORY>A@n13Gl1?2V>MR¢:<7O1q1?2#:L1X:<D6Dª:</!SKG</!DE`
:<D[1?>O@3/#:L134 \ >A5%RYGJ@�B%2!4E792t4E1�7g:L/tU�>{7g:L13>AuJG<@3467A:<D6D[`^532VG B%/t132#:L1�1?2!>m`l:L@3>qG<;V1?4EWM:<D�B%4ED6D
U�>'@3>O1?:<46/V>AScUd`s1?2!>'/!>O7A>O535?:L@�`C53>m1ga �i>'S!>O/!G<1?>T132!465F5�>O1oUd`�� � a

�)U \ 4EGJ]!53D[`Je�132!>y���
�������.����&��A�� �B%4ED6D}U�>k:s5�]!U!53>m1pG<R�1?2!>�� � � ���E���  b�A�� ap�F2!>�� � � ���E���  
�A�� �7OGJ@3@�>A5�;�GJ/VS!5X1?Gt1?2V>s7AD6:<535XG<R%]V53>A@�5XB%2!GN:<@3>s7OGJ/!7O>A@3/V>AS�:<U�G<]V1XD6G<5346/Vul> \ >A/�:t534E/!uJD6>
GJ;V1346WQ:<D}:<DE13>A@�/#:L1?4 \ >n4 a >LaEe�1?2!GJ5�>nB%2!G^S!>O5346@�>k:MR¢:<D65�>q/!>Oud:L134 \ >X@3:L1?>qG<R �A>A@�G!a!	©1)1?2!>XGL1?2!>O@
> � 13@3>AW8><e�1?2V>����
�������.����&`�A�� #7g:L/Q7A:L1?>O@�13Gp132!>%7AD6:<535�G<R�]!53>O@35ªB%2!Gq:L@3>FB�G<@3@34E>AS8:<U�GJ]V1ªU�>A46/Vu
> � ;�GJ53>OSv1?Gt792VG=GJ5�46/!ul:Z5�]!U�G<;V1?4EWM:<Dª:<D[1?>O@3/#:L134 \ >84 a >LaEe�1?2!GJ5�>QB%2!GlS!>A5�46@3>M:CR¢:<DE53>Q;�GJ5�4E134 \ >
@?:h1?>FG<R �A>O@3G!a��F2V>o5�]!@ \ 4 \ GJ@�53>m1ª7AGJ@�@3>A5�;�G</!S!46/Vu'13GT1?2!>%7AD6:<535fGLR*]!5�>A@�5-4E/XU�>m10B�>O>A/M132!>A5�>%10B-G
> � 13@3>AW8>�5,19:</V7A>A5�B%4ED6Dd5,1?46DEDdU�>�:�53]VU!53>m1fG<R!132!>�5�] �87A46>O/d1f53>m1�:</!Sn7OGJ/d19:<4E/{132!>�/!>O7A>O535?:L@�`n5�>O1Ae
U!]V1%4[1©B%46DED*U�>T53WQ:<D6DE>A@ª1?2#:</^132!>T53] �87O46>A/d1o53>m1�:</!ScDP:<@�uJ>A@-1?2#:</^132!>T/!>A7O>A5�5?:<@,`c53>O1Aa�	�D6D�G<R
1?2V465�4E5�4E/!S!467A:L1?>OSM4E/^�z46u<]!@3>�, , a��F2V>�j#uJ]!@�>)532VG B%5©132!@3>O>)S!4[�*>O@3>A/d1�53]!@ \ 4 \ GJ@�53>O135%:</!Ss>A:<792
7AG<@3@3>O53;�GJ/!S!5%1?GX132!@3>O>{7ODP:<5�53>A5%G<R�]!5�>A@35oGJ@F]!5�>A@��07AG</!7A>O@3/!5Oa��F2!>p53>m1�GLRz5�]!@ \ 4 \ GJ@35o46/VS!467A:L1?>OS
:<5o1?2!>y�	� � ���� �b�������A�� z:L;!;!D64E>A5%1?GM:M7AD6:<535�G<R�]!53>O@35�RYG<@oB%2!4E792t1?2!>{53] �87O46>A/d1'5�>O1)W846u<2�1�U�>
1?GHGqD6:<@3u<>�:L/!SM1?2V>�/!>O7A>A5�5?:<@,`s5�>O1�13G=G{53WQ:<D6D a 	�535�]!WQ4E/!u{132#:L1ª1?2!>�;!@34EWM:L@�`k7AG</!7A>O@3/sG<R*1?2!4E5
7AD6:<535-465ªGJ;V1346WQ:<D64[10`Je<132!>�1?:<53IkU�>A7AG<WQ>O5�GJ/!>�G<R�:<;V;�>O/!S!46/Vu{1?2V>����
�������.����&��A�� B%4E132M53G<WQ>oG<R
1?2V>n:<D[1?>A@�/#:L134 \ >O5�RY@�GJW�1?2!>$� � � ���E���  X�A�� �B%2!4E792�:<@3>p/!G<1�46/Z132!>n/!>O7A>O535?:L@�`t5�>O1�U!]V1�B%2V46792
7g:L/KU�>QIH/VG B%/K13Gt2#: \ >c:l2V46uJ2b792#:</!7O>^G<R%U�>O46/!uZ1?@3]V>M;�GJ534[1?4 \ >A5Oat�F2!>^/!> � 1q10B�G|7ODP:<4EWQ5
U�G<1?2c53;�>A7O4ER¥`c:L/!SZ;V@3G \ >p2!G_B 132!>'53] �87A4E>A/d1�53>O1�:</VSZ/!>O7A>O535?:L@�`C53>m1�7A:</CU�>';!@�G=S!]V7A>AS*a

� �����*�,� � ����� �C�J�
����� � 
���
 ���J���A�`#���
���� � � ��� �;
��i �� � �����!�%������ '�E�J����� � �A� ���Z�� "������ �
��J# �
�	�!��� ��� �g�% w��� ����� �	�`�!�Z��
 � ������ �� �`� � � ���E���  g�A�� 
rf@3GHG<R � �=>A>!	�;!;�>A/VS!4 � 	{a

	 �



�z4EuJ]!@3> , , � 	�/�46DED6]!5,1?@?:h1?46G</ZG<R�132!>X53] �87O46>A/d1Ae}/V>A7A>O5353:<@�`<e�:L/!SN:</|46/=��U�>m10B�>O>A/N53>m1'G<Rª53]!@��
\ 4 \ GJ@35%7AG<@3@3>O53;�GJ/!S!4E/!uk1?GkS!4E��>A@�>A/d1o7AD6:<535�>A5%G<R�S!>A7O46534EGJ/=��WM:<IL>A@�5Aa

�F2!>X�H]!;�>O@35,1?@34E7O1�S!GJW846/#:L/!7A>'@3]VD6><e 4E/Z7OGJ/J��]!/!7m1?4EGJ/ZB%4[1?2���y�]#:h1?46G</ « a �Q4E/!S!4E7g:L13>A5F1?2#:h1
> \ >A@,`�53]V@ \ 4 \ GJ@sG<R)132!>��=]V;�>O@35�13@34E7O1Mj!DE1?>O@M4E5Q5�]!792 1?2#:L1M4E1Q4658U�>m1313>A@�¢:<7O13]#:<D6D[` 
n132#:</�G<@
>Ay�]#:LD*1?GX> \ >A@,`^/!GJ/H�053]V@ \ 4 \ GJ@%:<D6G</!uX:<DED�132!>T7A@�4E1?>O@346:VeV:L/!S^5�13@3467m1?D[`MU�>O1�1?>A@©132#:</^> \ >A@,`^/!GJ/H�
53]V@ \ 4 \ GJ@ª:<D6GJ/VuT:L1�D6>A:<5�1�GJ/!>%7A@�4E1?>O@34EGJ/�az�=46/!7O>©1?2!4E5f465�> � :<7O13DE`n132!>FS!GJW846/#:L/!7A>©@�]!D6>F4E/n1?>O@3W85
G<R�1?2V>':<7O13]#:<D \ :<DE]!>A5OeV1?2!>T5�]!@ \ 4 \ GJ@�5oGLR��H]!;�>O@35,1?@34E7O1FB%4ED6D�/!G<1F>OD646W846/!:L1?>�:</d`M13@3]!>T;�GJ534[1?4 \ ><a
�F2�]!5p4E1';!@�G=S!]V7A>A5'1?2V>p� � � ���E���  ��A�� ¢a *�G_B�> \ >O@qUd` \ 46@�13]!>kG<R-4E1?5T@�]!D6>Le�4E1TB%46DEDf:<DE53GC:<D6DEG_B
RYGJ@ª1?2!>)5�]!@ \ 4 \ :LD*G<R}:<D[1?>O@3/#:L134 \ >A5-B%2V46792c:<@�>�R¢:<D65�>�;�GJ534[1?4 \ >A5Oaf��Gq53>A>)132!465OeV4[1�4E5©53] �87O46>A/d1©13G
7AG</!534ES!>A@ª:'7AGJ]!/d13>A@3> � :<WQ;VD6>%7AGJ/V53465,1?4E/!u'G<R�10B-GqW8>g:L53]!@�>ASQrz:<@�>O1?G{:<D[1?>A@�/#:L134 \ >O5 ��� � ���ª53]!792
1?2!:L1$����4E5�� � � � ��� � �{1?2#:</ ���©GJ/Q53GJW8>�7O@34[1?>A@�46GJ/kU!]=1$���©4E5ª/VG<1$� � � � ��� � �p1?2#:L/ ����GJ/M:L/�`7A@�4E13>A@34EGJ/�a���D6>g:L@3DE`<edU�GL1?2Q132!>A5�>):<D[1?>O@3/#:L134 \ >A5fB%46DED#53]!@ \ 4 \ >o1?2!>��=]!;�>A@�5�1?@�467m1-j#D[1?>O@ª5�46/!7O>o132!>O`

	 �



U�>AD6G</!u813G8132!>pWQ>A:<53]!@�>ASlrz:<@�>O1?GQ53>m1ge�:<7A7OGJ@3S!4E/!uk1?GM��GJ@3GJDEDP:<@,`^¡Va ¡Vab*�G_B�> \ >O@Ae*5�46/!7O>p132!>A@�>
:<@�>q/!G^7O@34E13>A@�4P:XRYGJ@�B%2!4E792 ���T465 � � � � ��� � �81?2#:</ ���we*4[1�4E5�y�]!4E13>q;�GJ535�46U!DE> ���)B-GJ]!D6S|2!: \ >U�>A>A/�S!G<WQ4E/#:L1?>OSlUd` ���wa�*�G_B�> \ >O@Ae�S!]!>q13G � �  � �, 
 �  � � �  
 � � �  ��  � � :<DEGJ/!uQ53GJW8>nG<R�1?2V>
7A@�4E13>A@346:Ve�132!>A@�>X465�/!G^B©:g`l13G^46/VRY>O@�132!465)Ud`l]!534E/!u �fyH]!:L1?4EGJ/ « a �!a�*�>A/V7A><e�132!>8�=]!;�>A@�5�1?@�467m1
j#D[1?>A@ª7g:L/s;!@3GHS!]!7O>)53G<WQ>oR¢:<D65�>�;�GJ534[1?4 \ >A5�:<5-B->ADEDwa��F2V>AGJ@�>AW « a �q:<D65�Gn:<DED6G_B%5ª]!5�1?G{53>O>�1?2#:h1
1?2V>pW8>g:L53]!@�>ASCS!GJW846/#:</V7A>T53>m1o465%:k53]!U!5�>O1�G<R}1?2!>'53]��Q7O46>O/�1o5�>O1

�F2!> ���
�������.����& �A�� o465QU!4E1QW8GJ@3>Z7AGJW8;!D64E7g:L13>ASx1?Gv;V@3GHS!]!7A>La �f535�>A/d1?46:<D6D[`Je©B->t/!>A>OS :
53]V@ \ 4 \ GJ@©53>m1F53]V792c132#:L1�> \ >O@�`M53]!@ \ 4 \ GJ@©B%4ED6D U�> � � � � ��� � �p1?2#:</M> \ >O@�`^/VGJ/=�05�]!@ \ 4 \ GJ@�:<D6GJ/Vu53G<WQ>p7A@�4E1?>O@34EGJ/ZG<@o132!>qG<132!>A@Oa%.0/t53]!792�:87g:<5�><e�]!534E/!u �fy�]#:L1346GJ/ « a �8B�>{7g:</l46/VRY>O@o132#:L1�/!G
/!GJ/H�053]V@ \ 4 \ GJ@n7AG<]!D6Sb2#: \ >^S!GJW846/!:L1?>OSv:</d`bG<RF1?2!>s:<U�G \ >s53]!@ \ 4 \ G<@35Aa�	�j#DE13>A@pB%2!46792K7A:</
;!@�G=S!]V7A>n5�]!792N:s53]!@ \ 4 \ GJ@�53>O1�B%46D6D}2#: \ >X;V@3GHS!]!7A>OS�: ���
�������.����& �A�� ¢aT�F2!>AGJ@�>AW « a � 532!G_B%5
1?2!:L1F1?2!>{�H13@3GJ/VuJDE`d�,��1?@34E7O1©j!DE1?>O@F;!@3GHS!]!7O>A5%1?2!>'/!>O7A>O535?:L@�`C53>m1ga

� �����*�,� � ����� �C�J� ����� � 
���
®���J���A�¢#���
���� � ����� �;
 �i �� � �  '�Z�J�����%& �  '������ �g�% \��� �  �� � �	�|�!�Z�J�

 � ������ �� �U���
�������.����& �A�� �

rf@3GHG<R � �=>O>!	�;!;�>A/!S!4 � 	qa
��:<792n53]V@ \ 4 \ GJ@�GLRV1?2V>©�H13@3GJ/VuJDE`p��1?@34E7O1�j#D[1?>A@�4E5�53]!792q132#:L1�4E1�4E5����0U�>O1313>A@�1?2#:L/{> \ >A@,`qGL1?2!>O@

:<D[1?>A@�/#:L134 \ >kGJ/N53G<WQ>k7A@�4E13>A@34EGJ/�GJ@'1?2!>8G<1?2V>A@AaM�#GJ@p:CU�GJ]!/!SV>ASi/VGJ465�>8W8GHS!>AD e�132!465'W8>g:</V5
1?2!:L1q>A:<792i5�]!@ \ 4 \ GJ@{465 � �� � ���	�%&kU�>m1313>A@'1?2#:</b> \ >A@�`bG<132!>A@{:<DE13>A@�/#:L1?4 \ >kGJ/b53GJW8>k7A@34[1?>O@346G</
GJ@'1?2!>QG<1?2V>A@Ae}B%2!46792i465'1?2!>Q5?:<W8>M:L5q5?:g`H46/VuZ1?2!:L1n>A:<792v53]V@ \ 4 \ GJ@qG<R�1?2!>s�H1?@�GJ/!uJD[`b�H1?@�467O1
j#D[1?>A@{465q:Z1?@�]!>s;�GJ534[1?4 \ ><aZ�F2!465qj!DE1?>O@{B%4ED6D�uJ>A/V>A@?:LD6DE`N/!GL1nU�>s:<U!DE>Q13Gt;!@3GHS!]!7O> ���	��G<RF1?2V>
GJ;V1346WQ:<D}:<DE13>A@�/#:L1?4 \ >O5Ae�4 a >LaT4E1�B%4ED6D�;!@�G=S!]V7A>nR¢:<DE53>q/V>Aud:L134 \ >A5Aa'�F2!4E5T465�>g:<5,`l1?G^]V/!S!>A@�5�1?:</!S
Ud`k7AGJ/V5346SV>A@34E/!uT1?2!>FB->g:<I�D[`��w1?4E>AS853]!@ \ 4 \ GJ@�5-GLR��©B-GJ;#:<5�5-5,1?@34E7O1�1?2!:L1ª:<@3>%>OD646W846/!:L1?>OSXU�`q1?2!4E5
j#D[1?>A@Oa
	�WQGJ/Vu'132!>AW853>OD \ >A5Ae�1?2V>A53>%B->g:<I�DE`d�w1?46>OSM:LDE1?>O@3/#:h1?4 \ >A5f7OGJ]!D6S8>A4[1?2!>O@fU�GL1?28U�>%GJ;V1346WQ:<D
GJ@oGJ/!>p7AGJ]VD6SlSVGJWQ4E/#:L13>)1?2!>{G<1?2!>O@Aa ��]=1�5�46/!7O>{1?2V>O`Z:<@3> � �  � �, 
 �  � � �  
 � � � � � :<DEGJ/!uQ:<D6D7A@�4E13>A@346:VeL132!>A@�>F465�/VG'B�:g`n1?GT4E/VRY>A@}1?2!>%:LU�G \ >%Ud`n]V5346/Vu ��y�]#:h1?46G</ « a �!a�*�>O/!7A>Le�132!>o�H13@3GJ/!u<DE`
�H13@3467m1Fj#DE13>A@F7A:</Z;V@3GHS!]!7A>TR¢:<DE53>T/!>Oud:L134 \ >O5Aa

�F2!>F:<UV46D64[10`TG<R#132!>%�H13@3GJ/!u<DE`d�,�H13@34E7O1�j#DE13>A@}1?G);!@�G=SV]!7A>ª1?2!>©/V>A7A>O5353:<@�`q53>O1�53]!uJu<>A5�135�:�B�:_`
1?GQ:</!/VG<19:L13>T1?2!>p53]!@ \ 4 \ G<@35�GLR��=]!;�>A@�5�13@3467m1%j#DE13>A@FB%4E132C132!>{5�]!U!5�>O1�B%2V46792l4E5F1?2!>p/!>A7O>A5�5?:<@,`
53>m1ga �b>�:LD6@3>A:<SV`XI�/!G_B 132#:L1ª1?2!>o53]!@ \ 4 \ G<@35�GLR*1?2V>)�=]V;�>O@35�13@34E7O1ªj#DE13>A@�7AGJ/d1?:<46/M:<D6D!W8>g:L53]!@�>AS
S!GJW846/!:</!7A>k5�]!@ \ 4 \ GJ@35Oef:</!Sb2!>A/V7A>s:LD6D�1?2V>Q5�]!@ \ 4 \ GJ@35{G<R©132!>s��1?@3G</!uJDE`b��1?@34E7O1'j#D[1?>A@ �¥RY@3GJW
��GJ@�GJD6D6:<@�`l¡Vam,�
ma8�F2!465'4E5p>O53;�>A7O4P:<DEDE`t]V53>ORY]VD�B%4[1?2|1?2V>8��46>OB->A@'4E/N132!>Q�����}�w��:<@3792V4E1?>O7O13]!@3>La

	J«



�F2!>p�)46>mB�>O@�7A:</tU�>q]!5�>ASl13GM/!G<1�GJ/!D[`cS!465�;!DP:g`^1?2V>{5�]!@ \ 4 \ GJ@35�G<Rª�=]!;�>A@�5�13@3467m1�j#D[1?>O@%B%2V46792
7AG</�1?:<46/ ���	�}G<R�132!>ZG<;V1?4EWM:<D�:<DE13>A@�/#:L1?4 \ >O5Ae�UV]V1Q:<S!S!4[1?46G</#:<D6D[`�1?2!>C53]!UV53>O18B%4E132!46/K132!465k53>m1
B%2!4E792b4E5)I�/!G_B%/b1?G^U�>k53]!@�>AD[`tGJ;V1346WQ:<D}7g:</b:</!/!GL19:L13>ASN:<5T]!5�46/!uC:^S!4E��>A@�>A/d1'7AG<D6GJ@Oaq�F2!4E5
7g:L/¤;V@3G \ 46S!>s132!>sS!>O7A465�46GJ/H�0WQ:<I<>O@qB%4E132x:tD6G<1XGLR�4E/VRYGJ@�WM:L1346GJ/�1?2!:L1X2!>^7A:</x]!53>^1?G|WQ:<IL>
RY]!@,1?2!>O@o792VGJ467O>A5%46/^1?2V>'��46>mB�>O@Aa

� ��� � � � � �¤�£"- &T�%�q"-&T�)$T��$ �)"�+��V����"%$T�����

.0/X1?2!4E5�53>O7O1346GJ/�eJB->F> � :<W846/V>�1?2!>%:L;!;!D64E7g:<UV46D64[10`TG<R�� �©¦T�z5�13GTS!>A7O465�46GJ/X;!@�GJU!DE>AW85zRYGJ@�B%2V46792
1?2V>i:<7m1?]#:LD \ :<DE]!>A5C:<@�>bSV>A537O@34EU�>OS :<5c]!/�U�G<]!/!S!>OS�S!465,1?@�46U!]V1346GJ/V5Z:L@3GJ]!/VS 132!>bW8>g:L53]!@�>AS
\ :<D6]V>A5Aa 	�DE132!GJ]!uJ2c1?2V>q:<7m1?]#:LD \ :<DE]!>'7g:</ZD646>p:</d`�B%2!>O@3>n4E/C132!>{@3:</!uJ> � � � � � � e#RYGJ@oWM:</d`
S!4E5�1?@�46U!]=1?46G</!5Ae 1?2!>�;!@3GJU!:<U!46DE4E10`)132#:L1}1?2!>©:<7O13]#:<D \ :LD6]!>�B%46DEDHU�>�SV4E��>A@3>O/d1zRY@3G<W 132!>�W8>g:L53]!@�>AS
\ :<D6]V>)S!@3G<;!5FG<�ty�]!4[1?>)@3:<;!4ES!DE`846/^;V@3GJ;�GJ@�1346GJ/Q1?Gn1?2V>TS!4E��>A@�>A/!7O>TU�>m10B�>O>A/c1?2!>':<7m1?]#:LD \ :<D6]!>
:</!SN1?2!>8W8>g:<5�]!@3>OS \ :<D6]!>Las�#GJ@p> � :<W8;!D6>Le}RYG<@'132!>8/!GJ@3WQ:<Df/!G<4653>8W8G=S!>ODwe�1?2V>Q;!@�GJU#:<UV46D64[10`
1?2!:L1'1?2!>8:<7m1?]#:<D \ :<DE]!>nB%46DED�U�>8G<]V1?5�46S!>X1?2V>8@3:</!uJ> � �� � � � � �� 
 � � � 465'I�/!G_B%/b1?GcU�>QDE>A5�5
1?2!:</ , a , � aN.0/¤5�]!792�:t7g:<5�><e�4E1XU�>A7OGJW8>A5X;�GJ535�46U!DE>M1?Gt13@3>g:h1n1?2!>^/VGJ@3WQ:<DªS!465,1?@34EU!]V1346GJ/K:L5
:MU�GJ]!/!SV>AS|/!GJ4E53>{WQGHS!>AD�B%4[1?2l132!>qS!4E5�13@346UV]V1?4EGJ/Z5�>O1)13G �A>O@3GsU�>O`<GJ/!S|1?2V>n:<U�G \ >n@3:</!uJ>{GJ/
U�G<1?2Z5346SV>A5Aa 	�/!Sl/!G_B 1?2!>{S!>A7O46534EGJ/l;V@3GJU!DE>AW 7g:L/tU�>p1?@�>g:L13>AS|:<5�46/C1?2!>{;!@3> \ 4EGJ]!5�53>A7m1?4EGJ/
:</!Sc1?2V>p/V>A7A>O5353:<@�`Z:</!Sc5�] �87A46>O/d1�5�>O1?5o7g:L/ZU�>T;!@3GHS!]!7O>ASl:<5%U�>mRYGJ@3>La

*�G_B-> \ >O@Ae=5346/V7A>©1?2V>A@3>%4E5f:T/!GJ/=� �A>A@�G';!@3GJU!:<U!46DE4E10`'1?2!:L1�1?2V>�:L7O1?]!:<D \ :<D6]V>©7g:</k4E/!S!>A>OSXR¢:<D6D
GJ]V13534ES!>8132!465p:<;V;!@3G � 46WQ:L1?>OSbU�GJ]!/VS!>ASb@?:</!u<><e�1?2!>8I�46/!S!5pG<R%:L5353]V@?:</!7O>A5{GJ/b132!>Q5�] �87A4E>A/d1
:</!S^/V>A7A>O5353:<@�`^5�>O1FU�>A7OGJW8>�B->g:<IL>A@Aaª.0/^G<132!>A@�B-GJ@�S!5AeV132!>)/!>O7A>O535?:L@�`^5�>O1F7A:</^/!GnDEGJ/!uJ>O@�U�>
:<5�53]!@�>AS'1?G%7AGJ/d1?:<46/��J� �%&�G<;V1?4EWM:<DL:<D[1?>A@�/#:L134 \ >O5*B%4E132p:%;V@3GJU#:LU!46DE4E10`%G<Rd,Ja , eh:</!S)1?2V>ª5�] �87A4E>A/d1
53>m1p7g:</�/!G^DEGJ/!uJ>O@)U�>Xu<]#:<@?:L/�13>A>OSN13G^7AGJ/d19:L46/ ���	��GJ;V1?4EWM:LDz:<D[1?>O@3/#:L134 \ >A5Aap�F2!>k/!G<1346GJ/V5)G<R
/!>O7A>A5�534[10` :L/!S�5�] �87A4E>A/!7m`�7A:</¤5�1?4ED6D©U�>C:<;!;!DE46>OS�:L58DEGJ/!uN:<5XB->CB->g:<IL>A/ 132!>CuJ]#:<@3:</d1?>A>O5
:<5�53GH7A4P:h1?>AScB%4E132C132!>A5�>{5�>O135oRYGJ@F132!>'U�GJ]V/!S!>ASZ/!GJ4E53>'7g:<5�><a �i>'46/d13@3GHS!]!7A>T132!>p13>A@�WQ5U���������
� � � ���E��� ��&k:L/!SV���������w���
���������	 '&q1?GC@3>mRY>A@T1?Gc1?2V>87OGJ@3@�>A5�;�GJ/VS!46/!uC53]��Q7O46>O/�1q:</!Sb/!>A7O>A5�5?:<@,`
53>m1?5c1?2#:h1C:<@3>|;!@�G=SV]!7A>OS Ud` U�GJ]!/!S!4E/!uK1?2!>�]!/�U�GJ]!/!SV>AS SV465�13@34EU!]V1?4EGJ/!5Oa��=46/V7A>t1?2V>A@3>�4E5
W8GJ@3>^1?2!:</ GJ/V>CB�:g`¤13GbU�GJ]!/VS�1?2V>Z]!/�U�GJ]!/!SV>AS�S!4E5�13@346UV]V1?4EGJ/!5Aeª>g:L792 B©:g`xG<R)U�GJ]V/!S!46/Vu
B%46DED!;!@�G=S!]V7A>%4E135fG B%/Q;#:<4E@fG<R����������%&J�w���
�������.����&F:</!S ���������%&P�E� � � ���E���  !53>m1?5Aaf�F2V>A53>�/!G<1346GJ/!5
U�>A7AG<WQ>'>A5�;�>O7A46:<D6D[`^]!53>mRY]!D�4ER�B�>p7g:</l:<S!S!4[1?4EGJ/#:<DEDE`8;!DP:L7A>'U�G<]!/!S!5oGJ/Z132!>p;!@3GJU!:<U!46DE4E10`81?2#:h1
/!>A:<@3D[`���/!>A7O>A5�5?:<@,`i5�>O1{7AGJ/d19:L46/!5{:C5�]!U�GJ;V1?4EWM:LD�:<DE13>A@3/!:L1?4 \ ><e}:</VSiGJ/N1?2!>8;!@3G<U#:<U!4ED64E10`Z1?2#:h1

	�³



1?2V>s/!>g:L@3DE`d��53] �87A4E>A/d1n5�>O1XSVG=>O5n/!G<1q7AGJ/d19:L46/K:</iGJ;V1?4EWM:LD�:<DE13>A@3/!:L1?4 \ ><a ��>mRYGJ@3>MB->sGJU=19:<4E/
53]V792bU�GJ]!/!SV5Ae�B->nj#@35,1'532!G_B~2VG B ]!5�>A@T> � ;!@�>A5�5346G</!5'G<Rª7AGJ/!5�>A@ \ :h1?465�W	7A:</�U�>nWQ:<;!;�>ASt13G
1?G<D6>A@3:</!7O>A5FRYGJ@FD6GH7g:h1?46G</MR¢:<W846DE`<e=/VGJ465�>TWQGHS!>ADE5Aa

� ���©��� � ��� �T+,��� (�"-�)�V�� � �z�!+��!� � �&�) #���V�V+,"-�)���V"��V"-�,�� #���)(����

��GJ/!5�46S!>O@C132!>NyH]!:</d1?4E10` � � �  � � � � � � ��  � � �� � �P
ma �F2!465c465^132!>b;V@3GJU#:LU!46DE4E10`¤1?2#:L1C1?2V>
:<7m1?]#:<D \ :<D6]V>�G<R}:<D[1?>O@3/#:L134 \ > �  GJ/^7A@�4E1?>O@34EGJ/��^4E5�uJ@�>g:L13>A@ª1?2#:</s132!>):L7O1?]!:<D \ :<DE]!>�1?:<I<>O/^U�`:<D[1?>A@�/#:L134 \ >����}GJ/^132!>'5?:<W8>'7A@34[1?>O@346G</�eVuJ4 \ >O/C132#:L1%1?2!>'7OGJ@3@�>A53;�GJ/!SV46/!uk@3>ODP:L1346GJ/V532!4E;^2!GJD6SV5
RYGJ@f1?2V>�W8>g:<5�]!@3>OS \ :<D6]V>A5Aaf�F2V>�W8>g:<5�]!@3>OS \ :<D6]V>A5-:<@3>�:<535�]!W8>ASM13Gq@3>O;!@3>O53>O/�1�1?2!>o> � ;�>A7O13>AS
\ :<D6]V>A5Aaf�=]!;!;�GJ53>�1?2!>�WQ>A:<53]!@�>AS \ :<DE]!>A5-:<@3>�53>O;#:<@?:h1?>AS^Ud` �']!/!4E135©:<DEGJ/!u'1?2!4E5-7O@34[1?>A@�46GJ/*a�.0/
G<132!>A@FB-GJ@3S!5Oe ��  � � �� � � 
 �HeV4wa ><a �n465©132!>'D6GH7g:L1346GJ/M;#:<@?:LWQ>m1?>A@Oa

" >O1�' � � 
%U�>p1?2!>n7O]!Wn]!D6:L1?4 \ >pS!465,1?@�46U!]V1346GJ/cRY]!/!7m1?4EGJ/lRYGJ@ � � �8:</!S � � � 
%U�>{1?2!>{7A]!Wn]H�
DP:h1?4 \ >%S!465,1?@34EU!]V1346GJ/kRY]!/!7m1?46G</QRYGJ@�1?2!> \ :<@346:<U!D6> �  �daf�z46u<]!@3>�,;,�5�2!G_B%5�1?2V>�10B-GnS!465,1?@�46U!]V1346GJ/RY]!/!7m1?4EGJ/!5.-=1?2!>m`c:<@3>�53>A;!:<@?:L13>ASCUd` �q]!/V4E1?5OeVB%4E132 ��� � 
�U�>O46/!uX5�2!4ER¥13>AS �q]V/!4E135�1?GX1?2V>T@346u<2�1
G<R '�� � 
©5346/V7A> � � , a�%oG_B'e!B�>p7g:</cB%@34[1?>

δ

F(x)

x0

1

G(x+ δ)

�z4EuJ]!@�> ,;, � ��GJW8;#:<@�46/!un10B-GQSV465�13@34EU!]V1?4EGJ/!5©4E/^1?2!>'D6GH7g:h1?46G</MR¢:<W846DE`<a

	*)



� � �  � � � � �J
 � ,� , � � �+ �
��� � � � � ��
 �t� � � �A
 � � � � � « a � 


	�DE53G!e=RYGJ@ � � , e
� � � � � ���P
 � '�� � � ��
 

�F2!>O@3>ORYG<@3><e
� �+ �

��� � � � � ��
 �t� � � �J
 � � � � � � �+ �
' � � � �J
 �t� � � ��
 � � � �  � « a « 


%�G_B�132!>p@346u<2�1o2#:L/!Sl5�46S!>pG<R �fy�]#:L1346GJ/ « a « :LU�G \ >{465 , a � a��F2V>A@3>mRYGJ@3>Le�B->q7A:</l@�>OB%@�4E1?>'1?2V>
>Ay�]#:h1?46G</Z:L5Ae

� �+ �
� � � � � ���P
	��� � � �J
 � � � � � ,  �  � « a ³ 


�fy�]#:L1?4EGJ/!5 « a � :</!S « a ³ 13GJuJ>O132!>A@%4EWQ;!D[`k1?2#:L1Ae

� � �  � � � � �J
 � ,  �  � « a ) 


��GJ/ \ >O@35�>ADE`<e�4[R � � , �¢4wa ><a[e �� � � � ��  �J
-132!>A/cB->{uJ>m1ge
� � �  � � � � �J
�� ,  �  � « a 	 


.0/CG<1?2!>O@FB�GJ@�S!5Ae!B->p7g:</cB%@34[1?>

� � �  � � � � �J
 ��� � � � ��
 � « am, , 


B%2!>O@3> � �"
{465X:ZWQGJ/VG<1?GJ/V467g:LD6DE`t/!GJ/!S!>O7A@�>g:<5�46/!utRY]!/V7O1?4EGJ/KG<R ��e�1?2!>MD6GH7g:L1346GJ/N;#:<@3:<WQ>m1?>O@
:</!S �C@3>mRY>A@35%1?GX132!>'G<1?2!>O@F;#:<@3:<WQ>m1?>O@35%G<R}1?2!>'S!4E5�1?@�46U!]=1?46G</�a�	�DE53G!e

� � � � �!
 � ,  � � ��� � � , 
� ,  � � ��� � � , 
� ,  � � ��� ��� ,  � « am,;,�


�F2!4E5)46W8;!D64E>A5%1?2#:h1':M7AG<WQ;#:L@3465�GJ/tU�>O10B->A>O/N10B-GC:<7O13]#:<Dz7O@34[1?>A@�4P: \ :<DE]!>A5�7g:</|U�>n> � ;!@�>A5�53>AS
46/C1?2!>pRYGJ@3W GLRª:QW8GJ/!G<13GJ/!467A:<D6D[`s/!G</!S!>A7O@3>A:<534E/!uMRY]!/!7m1?4EGJ/lG<Rz1?2!>{S!4E��>A@�>A/!7O>nU�>m10B�>O>A/|1?2V>
: \ :<46D6:<U!D6>ZWQ>A:<53]V@3>AS 7A@�4E13>A@346: \ :<D6]V>A5Ae�4ER'1?2V> � �E
MRY]!/!7m1?46G</ 7A:</ U�>�GJU=19:<4E/!>AS�RY@�GJW 1?2V>

	
	



S!>O537A@�46;V1346GJ/lG<Rf1?2!>q/!GJ465�>qW8G=SV>AD}S!465,1?@34EU!]V1346GJ/�a���5�46/!uQ1?2!4E5�RY]!/!7m1?4EGJ/�e*;V@3GJU#:LU!46DE465�13467p:<5�53]!@��
:</!7O>A5f4E/q1?>O@3W85zG<R#132!>F:<7m1?]#:<D=7A@�4E1?>O@34EGJ/ \ :<DE]!>A5�7A:</XU�>�1?@3:</!53D6:L1?>OSn46/{1?>A@�WQ5�G<R#1?2V>F: \ :L46DP:LU!D6>
W8>g:<5�]!@3>OS \ :<DE]!>A5Oa

��G�4ED6D6]V5�1?@3:L1?>81?2!4E5Aeª53]!;V;�GJ5�>^1?2!>c/!GJ4E53>^W8G=SV>AD�4E5k:|/!GJ@3WQ:<D-S!465,1?@34EU!]V1346GJ/�aN�F2!>O/�e-B->
2#: \ >Le

� � �  � � � � � � ��  � � �� � �J
 � � � �  � � � � � � , � ��  � � �� � �J
  � « am, �;


�b>pI�/!G_B�132!>'S!4E��>A@�>A/!7O>'G<R�10B-GM@3:</!S!G<W \ :<@346:<U!DE>A5©B%4E132c/!GJ@3WQ:<D�S!465,1?@34EU!]V1346GJ/!5Oe ( � � � �#�=

:</!S ( � � � �#�_
f465�:<D65�G{/!G<@3WQ:<D#B%4E1?2QWQ>A:</�e ��� e=:</!Ss5,19:</!S!:<@3SsSV> \ 4P:L1346GJ/*e � � eH> � ;!@�>A535�>ASZ:<5Ae

��� � � � � � �

� � � � � �
��GJW846/!u{U#:<79I81?G �fy�]#:L1346GJ/ « av, �HeV534E/!7A>�U�G<132M1?2V>T:<7O13]#:<D \ :LD6]!>O5F:<@3>�/!GJ@�WM:<DEDE`XSV465�13@34EU!]V1?>OS
:<@�GJ]!/!SK1?2V>A46@X@�>A5�;�>O7O1?4 \ >CWQ>A:<53]V@3>AS \ :<D6]V>A5 �¢/VGJ465�>^WQGHS!>ADE5k:<@3>^/VGJ@3WQ:<D	
£e 132!>s;!@�GJU#:<UV46D64[10`
7g:L/ZU�>'@3>OB%@�4E1�1?>A/C:<5

� � �  � � � � � � , 
 � � �
�  � � � � � � � ��  � � �� � �J


��� � � �� � � � ��  ���� � 


�F2!4E5s5�1?:</!S#:<@�S!4 �O>A5M132!>l@�>A5�]!DE1?:</d1 �p:L]!535�4P:</����ga��F2!>|:<U�G \ >ty�]#:L/�134E10`�7g:</�132!>A@�>ORYGJ@�>tU�>
7AG<WQ;!]=1?>ASC46/^13>A@3W85%G<Rz132!>'S!465,1?@�46U!]V1346GJ/sRY]V/!7O1346GJ/^RYGJ@F1?2V>p5,19:</VS#:<@3SC/!GJ@�WM:LDwe ( � � '8aª.0/
G<132!>A@FB-GJ@3S!5Oe

� � �  � � � � � � , 
 �+, � ( ��� ' � �� � � � ��  �� � � �



GJ@
� � �  � � � � � � , 
 � ( ��� ' � ��  � � �� � �

� � � �



�F2�]!5Ae�1?2V>o;V@3GJU#:LU!46DE465�13467-7AGJW8;#:<@�4653G</XG<R�10B-Gn:L7O1?]!:<D!7A@�4E13>A@34EGJ/ \ :<D6]V>A5Ae�uJ4 \ >O/8132#:L1f1?2V>o/VGJ465�>
W8G=S!>OD)465 �':<]!5�5346:</ 46/ /#:L13]!@3>|7A:</ U�>�> � ;!@�>A535�>AS�4E/ 1?>A@�WQ5^GLR{132!>�S!4E��>A@�>A/!7O>NGLR{132!>A4E@
W8>g:<5�]!@3>OS \ :<D6]V>A5Aez:</!SN1?2!>8;#:<@3:<WQ>m1?>O@ �ze�Ud`N]!534E/!uZ132!>M�©¦T� RYGJ@T132!>M5,19:</!S!:<@3Sb/!GJ@3WQ:<D
( � � , �3,A
-1?GkuJ>O1F132!>'7AGJ@�@3>O53;�GJ/!S!4E/!u \ :<DE]!>TG<R}1?2!>';!@�GJU#:<UV46D64[10`Ja
�fyH]!:L1?4EGJ/ « av, , > � ;!@3>O5353>O5�1?2V>T;!@3GJU!:<U!46DE4E10`81?2#:h1F1?2!>':<7m1?]#:LD \ :LD6]!>Le �  �p465FuJ@�>g:L13>A@©1?2!:</j�� 13<DHJ[\8i:�8iL�KE8t6"2��A>EKEL7[w>E<?H�Gb>E@�8ia/8]L�H)^�L�BD2�8gL�HPS�SA<D^3<DS�<?H�G��3O�>E@�8g6'>EL�HPS�L�KMS�S�8I^3<DL�>"<D5�H

, , ,



� � �ZU�`xWQ:<I�46/VuN]V53>CG<R)7OGJ@3@�>A53;�GJ/!SV46/!uNWQ>A:<53]V@3>AS \ :<D6]V>A5Ae ��  �t:L/!S �� � �de�GJ/�:N;!:<@�13467A]VDP:<@
7A@�4E13>A@34EGJ/ ��e}:<DEGJ/!u^B%4E132�132!>Q§c��RY]V/!7O1346GJ/�ak.0/�1?2!>kS!>O537O@346;=1?46G</NGLR�1?2V>8792VGJ467O>kj!DE1?>O@TU#:<5�>AS
GJ/ �©:g`J>A5�4P:</ S!>A7O46534EGJ/�132!>AG<@�`Je©B->l5,19:L13>AS 132#:L1M:b5�46/!uJDE>c> � ;!@3>O535�46GJ/ G<R�7AGJ/V53>A@ \ :L1?4E53W �
RY@3G<W 1?2!>']!5�>A@o7g:</CU�>p]V53>ASZ1?Gk;!@3GHS!]!7O>q:L/l:<;V;!@3GJ;V@34P:h1?>T53]V@ \ 4 \ GJ@%53>O1oRY@3G<W 1?2!> �©:g`<>A5346:</
GJ@�S!>A@�46/!u!a �i>Z532!G_B¨RYGJ@k1?2!>t� ��¦T�z5Q132#:L1c:N5346W846D6:<@Xy�]#:</d1?4[10` � 7g:</ U�>l>OD6467O4E13>AS�:L/!S
1?@3:</!5�DP:L13>AS|1?GC:</b:<;!;!@�GJ;!@�4P:L13>X53>O1pG<Rª1?G<D6>A@3:</!7O>A5';�>O@3W84E1�1?46/VuM1?2!>8:<;V;!D64E7g:L1346GJ/tGLR�� �©¦T��5
1?Gk5�GJD \ >'132!>';!@3G<U!D6>OWZa

��GJ/!5�46S!>O@%:n;#:<46@�G<R}:<DE13>A@�/#:L1?4 \ >O5)���}:</!S �  af.0/^GJ@3S!>O@©1?GX4E/VRY>A@�132#:L1�  S!GJW846/#:L13>A5����B->QB�:</d1q1?2V>QRYGJDED6G_B%46/!u^13Gl2!GJDESb4E/N13>A@�WQ5{G<R�132!>s:<7m1?]#:LDª7O@34[1?>A@�4P: \ :<D6]!>O5p1?:<I<>O/KUd`N132!>A5�>
10B-GM:<D[1?>O@3/#:L134 \ >A5 �

� ��� �  � � � � �P
�� � �$� �  ��� � ���Z
 � « am,_¡�


�F2!>Z� �©¦T�z58@3>A;VDP:<7O>c132!>C7AGJW8;#:<@�4653G</!5kU�>m10B�>O>A/ :<7m1?]#:<D%7O@34E13>A@�46GJ/ \ :<D6]V>A5846/x1?2!>Z:<U�G \ >
@3]VD6>�Ud`M7AGJW8;#:<@�4653G</!5-U�>O10B->A>O/C132!>)7OGJ@3@�>A53;�GJ/!SV46/!unW8>g:L53]!@�>ASc7A@�4E1?>O@34EGJ/ \ :<DE]!>A5�:<D6GJ/Vu{B%4E132
53]V4E19:LU!DE`Z792!GJ5�>A/�1?GJDE>A@?:L/!7A> \ :<DE]!>A5T4E/!534ES!>q1?2V>X7ADP:L]!53>O5Aak��GJ/V5346SV>A@p:s7AGJW8;#:<@�465�GJ/|U�>m10B�>O>A/
10B-GQW8>g:<5�]!@3>OSZ7O@34[1?>A@�46GJ/ \ :<DE]!>A5FG<R}1?2V>'RYG<@3W U�>ADEG_B'e

��  � � �� � � 
 �-�

B%2!4E792Z4E5©1?2!>'5?:LWQ>p:<5Oe
��  � � �� � � � �-�

GJ@Oe
� � ��  � � �� � �J
 � � ��� �P
 

�=4E/!7A>�� �n4E5©1?2!>pS!4[�*>O@3>A/V7A>pU�>m10B�>O>A/l132!>{W8>g:L53]!@�>ASl7O@34[1?>A@�4P: \ :<DE]!>A5Oe�4[1%465©132!>{53:<W8>{:L5 �n4E/
�fy�]#:L1?4EGJ/ « am, , a��F2!>A@�>ORYGJ@�>n1?2!>q:<U�G \ >n>Ay�]#:h1?46G</�:<D6GJ/Vu8B%4[1?2 �fy�]#:L1346GJ/ « av, , :<D6DEG B%5o]!5�13G
46/=RY>A@©1?2!:L1ge

��  � � �� � � 
 �-����� � � �  � � � � �P
 � � � « am, �c


B%2!>O@3><e
� ��� � ��
 � �
	 � � 
 � � � �

�fy�]#:L1?4EGJ/ « am, �k532!G_B%5%1?2!>'@3>ODP:L1346GJ/MU�>m10B�>O>A/t7OGJWQ;!:<@34E/!un10B�GQ:<7m1?]#:<D*7A@34[1?>O@346G</ \ :LD6]!>O5�:L/!S
7AG<WQ;#:L@346/VuC132!>M7OGJ@3@�>A53;�GJ/!SV46/!utW8>g:L53]!@�>AS \ :<DE]!>A5pB%4E1?2i:l53]V4E19:LU!D6>X1?G<D6>A@3:</!7O>M46/d13@3GHS!]!7A>OS

, , ,



46/x1?2V>l7AG<WQ;#:L@3465�GJ/�a��F2H]V5Ae%GJ/!>cB©:g`x1?Gb46/d1?>O@3;!@�>O181?2!>c1?G<D6>A@3:</!7O>A5M4E/¤132!>C� �©¦T� @�]!D6>O5
RYGJ@TS!>O7A4E5346G</N;V@3GJU!DE>AW85�B%4E132�]!/!7A>O@�1?:<46/d10`�465�46/|1?2!>XRYGJ@�W	G<R-> � ;!@�>A5�5346G</!5{GLR�;!@�GJU#:<UV46D64E5�13467
:<5�53]!@3:</!7A>O5kS!>A5�46@3>OSxU�`b1?2!>^]V53>A@Oab.0/xG<132!>A@{B�GJ@�S!5Aeª534E/!7A>s132!>s1?G<D6>A@3:</!7O>A5X:</VSv1?2!>^W8>g:h�
53]V@3>AS^7O@34[1?>A@�46GJ/ \ :<D6]!>O5�7A:</sU�>�]!5�>ASs1?Gq7AGJW8;!]V13>�1?2V>);!@3G<U#:<U!4ED64E10`q1?2#:L1-1?2!>�7AGJ@�@3>O53;�GJ/!S!4E/!u
:<7m1?]#:<D \ :<DE]!>A5'5,19:</!Sb46/N:c7A>A@,19:<4E/bG<@3S!>O@p@�>AD6:L1?4EGJ/�e�1?2V>Q]!5�>A@�� 5p> � ;!@�>A535�46GJ/iG<R�2VG B~DP:<@�uJ>k:
;!@�GJU#:<U!4ED64E5�1?4E7T:<5�53]!@3:</!7A>{2!>pS!>A5�46@3>O5�7A:</ZU�>p]!53>OSl1?G846/VRY>O@F1?2!>p1?GJDE>A@?:L/!7A>O5%13GMU�>{]V53>ASZ46/Z:
1?G<D6>A@3:</!7O>m�0U!:<53>OSMS!GJW846/!:</!7A>o@3]VD6><a��=G!eH4ER�:</M> � ;V@3>A5�534EGJ/sG<R�132!>�y�]#:L/�134E10` � 7g:</QU�>�>AD64E7A4[1?>AS
RY@3G<W 1?2V>T]!53>O@Ae!1?2V>A/^1?2!4E5©> � ;!@�>A5�5346G</Z7A:</cU�>T]!5�>ASc1?Gk46/=RY>A@�132!>T7AGJ@�@3>O53;�GJ/!S!4E/!uX1?GJDE>A@?:L/!7A>O5
RYGJ@F>A:<792lG<R}1?2V>p7O@34[1?>A@�4P:X:<5Oe

� � ��� + � � � 
 � � « am, � 


:</!S^]V53>ASC46/Q1?2!>T� �©¦T�vSV>A7A4E534EGJ/^@3]!DE><a��F2V>p]V53>A@F7A:</^> � ;!@�>A5�5o132!465©y�]#:L/�134E10`M46/^:n5�7g:<DE>)G<R
, 1?G�,Jaf.�R}1?2V>p]V53>A@%7A:</c> � ;!@3>O535%1?2!> \ :<DE]!>)G<R � 1?2!>O/C132!465 \ :LD6]!>T7A:</cU�>T]!5�>ASC1?GX46/=RY>A@©1?2V>
1?G<D6>A@3:</!7O>A5FRYGJ@%:<DED�1?2V>p7O@34[1?>A@�4P:Va

� ���©�0� �x"�&T�)$'+,��� �f�V�V&) #���)(��}���)�f�=�}$ "�� � �&�) #���V�V+,"-�)��"-� (�"-�)�V�� ��

� �z�!+,�V�

.0/s1?2V>);!@3> \ 46GJ]!5�53>A7m1?4EGJ/�eVB->)S!4E537A]V5353>OSZ2VG B :q5�46/!u<D6>�]V53>A@F> � ;!@3>O53534EGJ/cG<R�7AG</!53>O@ \ :L1?4E53W � � 

7g:L/|U�>{]!53>OSt1?Gs;!@�G=SV]!7A>q13GJD6>O@?:</V7A> \ :<DE]!>A5oRYGJ@�132!>n7O@34E13>A@�4P:Vao�F2!>A5�>n1?GJDE>A@3:</!7A> \ :<D6]!>O5�7A:</
U�>F7AGJ/!5�46S!>O@3>OSQ:L5fU�>O46/!uT4E/VRY>A@�@3>ASXRY@�GJW�132!>FU�GJ]!/!S!5�U�>A4E/!uT;!DP:L7A>ASXG</k132!>F]!/�U�GJ]!/!S!>OSQ/VGJ465�>
W8G=S!>OD65�RYG<@�1?2!> \ :<@�46GJ]V5T7A@34[1?>O@34P:=a �o5346/Vus1?2!>O53>X1?GJDE>A@3:</!7A>O5Ae�132!>k/!>g:<@�DE`d�05�] �87A4E>A/d1'53>m1q:L/!S
1?2V>p/V>g:<@�DE`d�0/!>O7A>O535?:L@�`C53>m1�7A:</ZU�>';!@3GHS!]!7O>ASZU�`c]V5346/Vuk132!>q�=]!;�>A@35,1?@�467O1�:</VSC132!>{�H1?@�GJ/!uJD[`��
�H13@3467m1zj#D[1?>O@�:<5�SV46537O]!535�>ASk46/X�=>A7m1?46G</ « a �Va�*oG B-> \ >A@OeV:</VSk:<5zW8>A/d1?4EGJ/!>OSX>g:<@�D646>O@Aeh534E/!7A>�132!>A@�>
465o:k/!GJ/=� �A>O@3G8;!@3GJU!:<U!46DE4E10`Q1?2#:L1%132!>q:L7O1?]!:<D \ :<D6]!>O5�7OGJ]!DESZDE46>TGJ]V13534ES!>T1?2!>pU�G<]!/!S!>OSl@?:L/!uJ><e
1?2V>Z:L5353]V@?:</!7O>A5QGJ/K1?2!>c/!>A:<@3D[`���53] �87O46>A/d1M:</!SK1?2V>C/V>g:<@�DE`d�0/!>O7A>O535?:L@�`¤53>m1?5Q:<@3>^/!GND6G</!uJ>A@
7AG<WQ;!DE>O13><az.0/8G<132!>A@�B-GJ@3SV5Aed1?2!>O@3>%465�:T/!G</=� �O>A@3G';!@�GJU#:<UV46D64[10`'1?2#:L1f132!>%/!>g:L@3DE`d��53] �87A4E>A/d1�53>m1
D6>A: \ >A5oGJ]V1�:X1?@3]V>{;�GJ534[1?4 \ >':</!SC1?2#:h1o132!>p/!>g:<@�DE`d�0/V>A7A>O5353:<@�`C53>m1�7OGJ/d19:<4E/!5�:kR¢:<DE53>T;�GJ534[1?4 \ ><a
.0/X1?2!>-RYGJD6DEG B%4E/!u!e B�>FSV>A@34 \ >FU�GJ]!/!SV5f@3>AD6:L1?>OSn1?G�132!>%:<U�G \ >©10B-Gpy�]#:L/�134E1346>A5Oa �b>©j#@35,1fS!>O@34 \ >
:</s]V;!;�>O@©U�GJ]!/!SsG</M1?2!>�;!@3GJU!:<U!46DE4E10`n132#:L1©:</^:<D[1?>A@�/#:L134 \ >o/!G<1�46/81?2!>)/V>g:<@�DE`d�05�] �87A46>O/d1©53>m1
465fG<;V1?4EWM:<D a��F2!>A/8B�>%S!>O@34 \ >�:L/8]V;!;�>O@�U�GJ]V/!S8RYG<@�1?2!>%;!@�GJU#:<U!4ED64[10`� �� �� t��� &����% w�����!�� '� ���¢�	�
 �� �/���������%&J�w���
�������.����&��A�� ²���)
��J# �	�!�� \��
 �.& �)���	�������|�J �� �������% w�����!�� "� ���g�¢;#:<4E@�B%4E53>�GJ;V1346WQ:<D64[10`

, , �



:<5�53]!@3:</!7A>)RYG<@-1?2V>�/!>A:<@3D[`���/!>A7O>A5�5?:<@,`s53>m1�
£aª�F2V465�y�]#:L/�134E10`Q465-@3>AD6:L1?>OSM1?GVeVU!]V1�/!G<1-1?2!>)53:<W8>
:<5�1?2!>�;!@3G<U#:<U!4ED64E10`qG<R�132!>A@�>�U�>A4E/!un:'53]!U�GJ;V1346WQ:<D :<D[1?>A@�/#:L134 \ >%4E/Q1?2V>�/!>A:<@3D[`d�0/!>O7A>A5�5?:<@,`M5�>O1Aa

!#����	�+�� � �*�.� ��� 	������ � $ � � ��� � �'� 	��.� ���

�=]!;V;�GJ5�>Q132#:L1 ��� �� �|� � 
 � �Z
 � �)�
£aC.0/bG<1?2V>A@'B�GJ@�S!5Ae�����S!GH>A5{/!G<1{U�>OD6GJ/VuC13GZ1?2V>M/!>A:<@3D[`��
53]��Q7O46>O/�1k5�>O1Aa �b>^:<@�>s46/d13>A@3>O5�13>ASx46/i132!>^;!@�GJU#:<U!4ED64[10`|1?2#:L1 ���F465qGJ;V1?4EWM:LDwaC�F2!465n4E5q1?2V>
5?:LWQ>Q:<5{132!>M;V@3GJU#:LU!46DE4E10`t132#:L1 ���-465p/!G<1qS!GJW846/#:h1?>ASNUd`v:L/�`NG<R�1?2!>QG<1?2!>O@n:<D[1?>O@3/#:L134 \ >A5Ae
B%2!4E792l465F132!>{53:<W8>{:L5o132!>{;V@3GJU#:LU!46DE4E10`81?2#:L1 ���}465%U�>O1313>A@oGJ/C53GJW8>{7O@34[1?>A@�46GJ/cGJ@F132!>{GL1?2!>O@
B%4E132c@3>A5�;�>O7O1o1?Gk>g:L792lG<R}1?2!>'G<132!>A@o:<D[1?>O@3/#:L134 \ >A5Aaf.0/CG<132!>A@©B-GJ@3SV5Ae

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

� �����  
 � � �  � � �'
 � 
�
��� � �

�


�

 � �
� � �  � � �  
]


�=4E/!7A>81?2!>s;V@3GHS!]!7O1n465qG \ >A@X:<DED � :<DE13>A@�/#:L1?4 \ >O5Aez132!465{;!@3GHS!]!7m1X7AGJ/d1?:<46/!5p1?>O@3W85q@3>ODP:L13>ASi13G
:<D[1?>A@�/#:L134 \ >O5�B%2!4E792c:<@3>)4E/s1?2!>�/!>g:<@�DE`d�05�] �87A4E>A/d1%53>m1ga " >O1��� � �¢� � 
 ����
 � �)�
�
-U�>)GJ/!>�53]!792
:<D[1?>A@�/#:L134 \ >Laf�F2!>A/cB->{2#: \ ><e

� �����  
 � � �  � � �"
 � � �


�

 � �
� � �  � � �  
]
 � « am, « 


�F2!>|@�46uJ2d1^2#:L/!S�1?>O@3W 4E5Q132!>|;!@3G<U#:<U!4ED64E10`K132#:L1 ���)465sU�>O1�1?>A@s132#:</ ���C46/ :L1sD6>g:L5�1^GJ/V>
7A@�4E13>A@34EGJ/sB%2!4E792Z7A:</ZU�>TB%@34[131?>O/C:<5 �

� �


�

 � �
� � �  � � �  
�
 � , �


�
 � �

� � � �  � � �  
 � « am, ³ 


%�G_B 5346/V7A>���� �� �|� � 
 � ��
�� �)�
©:</!SC534E/!7A>���� � �|� � 
 ����
 � �)�
£e!B�>'2#: \ ><e

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

�F2!4E5o4EWQ;VD646>O5-132#:L1ge

� � � � � � � � � ����
 � � � � � � � � � � � � ����
 � �  � « am, ) 


, , ¡



�#@3GJW �fyH]!:L1?4EGJ/!5 « am, ³ :</!S « am, ) e!B->p5�>A>'1?2#:h1

� �


�

 � �
� �  � � �  
�� , � � 
 

�#@3GJW �fyH]!:L1?4EGJ/ « av, «

� � � � � � � � � � �	�  �� � � � 	 � � � � � � � � � � � � � � � � � � � � �  	  � � � � � �
 
 � � �  �� � � � � , � � 
 � « am, 	 


!#����	�+�� � �*�.� ��� 	������ � $ � � �%��� ������� $ � ���

�=]!;V;�GJ5�>q1?2!:L1���� � �|� � � 
 � ��
�� �)p
mao.0/tG<1?2V>A@�B-GJ@�S!5Ae ���zU�>OD6GJ/VuJ5o13GM1?2V>q/!>A:<@3D[`���/!>A7O>A5�5?:<@,`
53>m1ga �b>T:<@�>�4E/�13>A@�>A5�13>AS^4E/Q1?2V>);!@3G<U#:<U!4ED64E10`q1?2#:L1�����4E5-SVGJWQ4E/#:L13>ASMUd`Q53GJW8>oG<1?2!>O@©:<D[1?>O@3/#:h�
1?4 \ >Le#5?:g` ��� aª�=G!e!B->{:L@3>'46/d1?>O@3>O5�1?>OSl4E/ �

� � ���  
 �����! � �	� � � � � ����
 �

�
� � � �

� � � ��� � � ��
 �%, �

�
�
� � �

� � � � � � � � 
 � � « a�� , 


%�G_B�534E/!7A>����#5�]!@ \ 4 \ >A5�1?2!>o��1?@3G</!uJDE`d���H1?@�467O1�j#DE13>A@zB->%I�/!G_B 1?2!:L1���� 465��,�0U�>O1�1?>A@�132#:</k> \ >A@,`
G<132!>A@o:<D[1?>A@�/#:L134 \ >�GJ/Z5�GJW8>T7A@34[1?>O@346G</�af�F2�]!5Ae

� � �� ��� � �� � � 
 � 

�#@3GJW �fyH]!:L1?4EGJ/ « av, �!eV1?2V465%46W8;!D64E>A5ª1?2#:L1

� � � � � ��� � � � ��
 � � 

�F2!4E5o4EWQ;VD646>O5-132#:L1
� � , � � � � � � � � ����
 � � 
� � � � � � � � � ����
�� , � �  � « a�� ,�


�#@3GJW �fyH]!:L1?4EGJ/!5 « a�� , :</!S « a�� ,Je!B->p5�>A>'1?2#:h1ge

� � ���  
 �����! � �	� � � � � ����
 � , � � 

, , �



�)@Ae

� � � � � � � � � � �	�  � �  � 	 � � � � �* � � � � � � � � ( � 	 ��
�
 � � � � � �  
 � �  � �
 
 � ��� �! � � � � �

� � 
 � � � � � � � � � �	�  � � � � , � � � « a�� �;


�fy�]#:L1?4EGJ/!5 « am, 	 :L/!S « a�� �c;!@3G \ 46S!>8S!4[�*>O@3>A/d1{53GJ@,1?5pG<R%:<5�53]!@3:</!7O>A5q@�>AD6:L1?>OSb1?Gc1?2V>M/!>A:<@3D[`��
53]��Q7O46>O/�1�5�>O1�:L/!Sq1?2V>©/!>g:L@3DE`d��/!>A7O>A5353:<@�`q53>m1f@3>O53;�>A7O134 \ >ADE`n:<5f:�RY]V/!7O1346GJ/nGLR � a�.0/VS!>A>OSk132!>A@�>
465�/!Gc/!>A>OSNRYGJ@�1?2!> � U#:<5�>AS�GJ/|B%2!4E792�132!>X/!>A:<@3D[`���/!>A7O>A5�5?:<@,`�53>O1'4E5TuJ>A/V>A@?:h1?>AS|13GCU�>n1?2V>
5?:LWQ>%:<5�132!> � RYGJ@�1?2V>F/!>g:<@�DE`d�05�] �87A4E>A/d1�53>m1gag*�>O/!7A>Le�4ER B�>%D6:<U�>OD=132!> � � 5fSV4E��>A@3>O/d1?DE`<e � 
 RYG<@
1?2V>�/!>A:<@3D[`���/!>A7O>A5�5?:<@,`M5�>O1�:</!S � �oRYGJ@�1?2!>�/!>g:<@�DE`d�05�] �87A4E>A/d1�5�>O1Ae=1?2V>A/s@�>OB%@34[1?4E/!u �fy�]#:L1346GJ/V5
« am, 	 :</!S « a�� �qB�>'uJ>m1 �

r¢� ���}/!G<1%4E/^1?2!>'/!>A:<@3D[`���53] �87O46>A/d1o53>m1o465F53]VU�GJ;=1?46WQ:<D�
 � � � � � 
 e :L/!S
r¢� ���}46/^132!>'/!>g:<@�DE`d�0/V>A7A>O5353:<@�`c5�>O1o53]!@ \ 4 \ >O5�:L/�`c;!:<46@,B%4653>T7OGJW8;#:<@34E53GJ/ 
 � � 


%�G_B'e=132!>T:<U�G \ > � > � ;!@�>A535�46GJ/V5©7g:</^U�>�7OGJ/!5�46S!>O@3>ASs:<5�> � ;V@3>A5�534EGJ/!5FG<R�132!>)]!5�>A@-@3>AD6:L1?>OS
1?GZ1?2!>^:LU�G \ >M;!@3GJU!:<U!46DE4E1346>A5OaZ.0/iG<1?2!>O@qB-GJ@3S!5Oef1?2!>s]V53>A@q7AGJ]!DESvU�>^:<53IL>ASK1?Gl> � ;!@3>O535X1?2V>
:<5�53]!@3:</!7A>'1?2!:L1%2!>'S!>A5�46@�>A5o@3>AD6:L1?>OS^1?GX1?2!>TRYGJDED6G_B%46/Vun;!@3G<U#:<U!4ED64E1346>O5 �

	 132!>�W846/V46Wn]!W�S!>O5346@�>ASQ;!@3GJU!:<U!46DE4E10`{1?2#:L1-:</M:<DE13>A@�/#:L1?4 \ >F/!GL1�4E/k132!>o/!>g:<@�DE`d�05�] �87A4E>A/d1
5�>O1o465F5�]!U�G<;V1?4EWM:<Di�¢4wa ><a[e � � � � 
 
©:L/!S�e

	 132!>�W846/V46Wn]!W�S!>O5346@�>ASQ;!@3GJU!:<U!46DE4E10`p1?2#:h1©:</Q:<D[1?>A@�/#:L134 \ >%4E/k132!>o/!>g:<@�DE`d�0/V>A7A>O5353:<@�`853>m1
5�]!@ \ 4 \ >A5�:</d`^;#:<4E@�B%4E53>T7AG<WQ;#:L@3465�GJ/R�¢4 a >La � 
 
ma

��:<792vG<R�1?2!>O53>Q10B-G � � 5q7A:</iU�>M]V53>ASb1?Gl;V@3GHS!]!7A>810B�GlS!4E��>A@�>A/d1q5�>O135qG<R� \ :LD6]!>O5pRYGJ@'1?2V>
7A@�4E13>A@346:Va��F2!>T/V>g:<@�DE`d�05�] �87A46>O/d1%53>O1%4E5©1?2!>O/c7A@3>A:L1?>OScU�`s]!534E/!un1?2!>p�H]!;�>O@35,1?@34E7O1,�0S!GJW846/!:</!7A>
j#D[1?>A@o:</VSl1?2!>p/!>A:<@3D[`���/!>A7O>A5�5?:<@,`l5�>O1�U�`C]!5�46/!u81?2!>q�H13@3GJ/!u<DE`Z�H13@3467m1%j#DE13>A@Aa ��/VRYGJ@,1?]!/!:L1?>ODE`Je
B->{5�>A>T1?2#:h1o132!>A5�>{U�GJ]!/VS!5o:<@3>)B->g:<Ic:L/!SC132!>A@�>ORYGJ@�>'/!G<1%]!5�>ORY]!D�GJ;�>A@3:L1?4EGJ/#:<DEDE`Ja

�F2!>Q:</#:<D[`=5�465Oe�2!G_B�> \ >A@Oef:<DED6G_B%5)]!5'1?G \ >O@34[R¥`�:sRY>OB 4E/�13]!4E1346GJ/V5Aak�=4E/!7A>X132!>X1?GJDE>A@?:L/!7A>O5
:<@�>�S!4E@3>O7O1?D[`X;!@�GJ;�G<@�1?4EGJ/#:<D!13G{132!> \ :<DE]!>%G<R � e�B->�7g:L/M53>O>�132#:L1ªB%2!>A/^:p]!53>O@�S!>O534E@3>A5�: \ >A@,`
2!4EuJ2K:<5�53]!@3:</!7A>s132#:L1X>A:<792x:<D[1?>A@�/#:L134 \ >Q46/i132!>s/!>A:<@3D[`d�0/!>O7A>A5�5?:<@,`K53>m1X465q/!G<1n5�]!U�GJ;V1?4EWM:LDwe
1?2V>8>Oy�]!4 \ :<DE>A/d1 \ :<D6]!>XGLR � 
 465Ty�]!4E13>k2!46uJ2�:L/!Si:L5{:^@�>A53]VDE1ge�132!>k@3>O53]!D[1?46/Vuc13GJD6>O@?:</V7A>A5)RYG<@
1?2V>p7O@34[1?>A@�4P:X46/V7A@3>A:<53>'4E/CWQ:<uJ/V4E1?]VS!>':<5FB�>OD6D aª�F2V465%@3>O53]!D[1?5%46/c1?2!>';!@�G=SV]!7O1346GJ/cG<R�:k5�]!U!5�>O1

, , �



G<R�132!>pGJ@34EuJ46/#:LD�53>m1T:</!SC1?2!>O@3>mRYGJ@3>p1?2!>{534 �O>{GLR�1?2!>{/!>g:L@3DE`d��/!>A7O>A5353:<@�`C5�>O1)@�>AS!]V7A>A5�46/lG<@3S!>O@
1?Gc:L7A7AG<WQW8G=S!:L1?>p1?2!>n> � 1?@?:c:<5�53]!@3:</!7O>8@�>Ay�]!4E@3>AS|Ud`Z1?2!>X]!5�>A@Oa{.0/!SV>A>ASN53>m131346/!us132!> \ :<D6]!>
G<R � 
 � ,  , @�>A5�]!DE135)46/t132!>n/!>A:<@3D[`���/!>A7O>A5�5?:<@,`|53>m1TU�>O46/!uM>AW8;V10` �Y;!@3G \ >O/N:<5)�F2!>OGJ@3>OW ¡Va��
RYGJ@©132!>{�H1?@�GJ/!uJD[`c�H13@3467m1Fj#DE13>A@Z
ma

�=46W846D6:<@3D[`JeL:T2!46uJ28:<5�53]!@3:</!7O>�GJ/X132!>%;!@3GJU!:<U!46DE4E10`{@3>ODP:L13>ASX1?GT1?2V>o> \ >O/�1ª1?2!:L1�1?2!>%/!>A:<@3D[`��
53]��Q7O46>O/�1)53>O1)S!G=>O5)/!G<1�> � 7ADE]!S!>k:Q13@3]!>{;�G<534E134 \ >q@3>ODP:L13>A5o1?G^:MD6:<@3u<> \ :<D6]V>{G<R � �nB%2!46792|4E/
1?]V@3/^46/V7A@3>A:<53>O5©1?2!> \ :<DE]!>A5-G<R�1?2!>�7A@34[1?>O@34P:p1?GJDE>A@?:L/!7A>O5F:</!Ss132H]V5F;!@3GHS!]!7O>A5%:nDP:L@3uJ>O@�/!>A:<@3D[`��
53]��Q7O46>O/�1)53>O1Aa 	�DE53G!e 1?2V>q> � 13@3>AW8>n7A:<53>pB%2!>A@�>A46/t132!>q]V53>A@�S!>AWQ:</!S!5�7g:</tG</!DE`cU�>nW8>O1�U�`
53>m131346/!u � � � ,� , e�1?2V>n1?GJDE>A@?:L/!7A>O5p@�>A5�]!DE1'4E/�:<D6D�G<R-132!>8:<DE13>A@�/#:L1?4 \ >O5)U�>O46/!uc4E/t1?2!>k/!>A:<@3D[`��
53]��Q7O46>O/�1©53>O1A�Y132!>A5�>)2#: \ >)U�>A>O/s;!@�G \ >A/^4E/^��2#:<;=1?>A@©¡q:<5-�F2!>AGJ@�>AW ¡Va ¡pRYGJ@�1?2!>)�=]!;�>A@�5�1?@�467m1
j#D[1?>A@Z
ma

� ���©� � � ���)�� #���,+�����$��)���f ���$��� ��(����V�=�f !� ���)$ �)���f �0� � � &�� (�+������s�V���!���
�v�)� ��� � �x���*�v���}� � ���!�

�#@3GJW �fyH]!:L1?4EGJ/C¡Va �X46/C��2!:<;V1?>O@�¡=e
�#GJ@ �) � � � � �� �

	 � �|� � � 
 � - � 
]
�
 �|� � � 
 �
- ��
]
�
 �¢� � � 
 �
- ��
�
 � � �

 �|� � � 
 � - �J
�
 � �¢�(��
 � �|� � �|� � ��
�


 �|� � �|� �� 
]
�
 �|� � �|� ��� 
�
 � � � 
 �|� � �|� � ��
]
 � �� � « a��<¡�


B%2!>O@3>0- � � -�� � - � � � � � - � � , � � � � �� � ��� � � � � � �Aa
�fyH]!:L1?4EGJ/M¡=a �)532VG B%5�1?2!:L1f1?2!>O@3>%465�:T5�;�>O7O1?@�]!W G<R�53]!@ \ 4 \ G<@ª5�>O135-5,19:<@,1?46/Vu)RY@3GJW�1?2!>%/�]!D6D

53>m1-:L1f1?2!>%DE>OR¥1f>O/!S813GT1?2!>%>A/d1346@3>F5�>O1ªG<R*:<DE13>A@�/#:L1?4 \ >O5�:L1f1?2!>%@�46uJ2d1f>O/!SQ4E/X1?2!>%:<U�G \ >FR¢:<W846D[`Ja
�F2!>ª53]!@ \ 4 \ G<@�5�>O1�@3>A;V@3>A5�>A/d1?>OSXUd` �|�(��
*7AGJ/d1?:<46/!5�1?2V>-W8>g:<5�]!@3>OSqS!G<WQ4E/#:</!7O>f53]!@ \ 4 \ GJ@�5Aa�	�D6D
53]V@ \ 4 \ GJ@©53>m1?5©13Gn1?2!>)DE>OR¥1-G<R�1?2!4E5-13>A@3W :<@�>)53]!UV53>O135%G<R�1?2!>�WQ>A:<53]!@�>AS^S!G<WQ4E/#:</!7O>�53>m13-V132!>O`
:<@�>�GJUV1?:<46/V>ASsUd`81?2!>T:L;!;!D64E7g:L1346GJ/8G<R�132!>'�H13@3GJ/!u<DE`Q�H13@3467m1�j#D[1?>O@Ae!:L/!S^:<@�>�1?2V>A@3>mRYGJ@3>����������%&J�
���
�������.����&�A�� 	�k;#:L@?:<W8>O13>A@34 �A>OS�GJ/¤1?2!>C1?GJDE>A@3:</!7A>O5.- ��a �H46W846DP:L@3DE`<e�:<D6D©132!>l5�]!@ \ 4 \ GJ@Q53>O135
B%2!4E792N7OGJ/d19:<4E/|1?2!>XW8>g:<5�]!@3>OSbSVGJWQ4E/#:</!7O>n53]V@ \ 4 \ GJ@35p:<@�>y���������%&P�E� � � ���E���  ��A�� 	��GJUV1?:<46/!>OS
Ud`s1?2V>{:L;!;!D64E7g:L1346GJ/MG<Rz132!>{�=]!;�>A@35,1?@�467O1Fj!DE1?>O@Ae#;#:L@?:<W8>O13>A@34 �A>OSCG \ >A@F1?GJDE>A@3:</!7A>O5 � �wa

, ,J«



�F2!>N:<U�G \ >�>Ay�]#:L1346GJ/ :<DE53GK532VG B%5c1?2!:L1^1?2!>O@3>�465s:K13GJD6>O@?:</V7A> \ >O7O13GJ@^RYGJ@sB%2!46792 1?2V>
:<;!;VD6467A:L1?4EGJ/iGLRF1?2!>C�=]V;�>O@35�13@34E7O1nj#D[1?>O@n;!@3GHS!]!7O>A5n132!>^WQ>A:<53]V@3>ASKSVGJWQ4E/#:</!7O>M5�]!@ \ 4 \ GJ@X53>m1
:</!Ss132!>)53:<WQ>�465�13@3]!>�RYG<@-1?2V>p�H1?@�GJ/!uJD[`Q5,1?@�467O1�j#DE13>A@Aaz�F2!465©4E5©@3>O;!@3>O53>O/�13>ASCUd`M1?2V>)>Ay�]#:<DE4E10`
46/ 1?2V>b5�>A7AG</!S�D64E/!>|G<R �fy�]#:L1346GJ/ ¡Va��=a��F2!4E5c46W8;#:<@�135C:</ 4E/d1?>A@�>A5,1?46/Vu ;!@�GJ;�>O@�10` 13G�1?2V>
W8>g:<5�]!@3>OS¤SVGJWQ4E/#:</!7O>s53]V@ \ 4 \ GJ@35q�'4[1X465{1?2!>^5�WM:<DED6>O5�1y���������%&J�E� � � ���E���  ��A�� -1?2#:L1n7g:</xU�>
> � ;�>A7m1?>ASC1?GX7OGJ/d19:<4E/ ���	��G<R}1?2V>)1?@3]V>T;�GJ5�4E134 \ >O5Aaª��GJ/ \ >A@35�>AD[`Je�4E1©4E5%:<D65�Gn1?2!>TD6:<@3u<>A5�1`���������%&J�
���
�������.����&��A�� #1?2!:L1�7A:</MU�>o> � ;�>O7O13>ASs1?G{7AGJ/d1?:<46/�J� �%&©1?@3]V>�;�GJ534[1?4 \ >A5Oa�.0/MG<132!>A@ªB�G<@3S!5Oe=1?2V>
W8>g:<5�]!@3>OSZS!G<WQ4E/#:</!7O>T53]!@ \ 4 \ GJ@�5%@3>A;V@3>A5�>A/d1�132!>'46/=��U�>m10B�>O>A/C53>m1�B%2!4E792ZU�>A5,1o7AGJW8;!@3G<WQ4E53>A5
/!>O7A>A5�534[10`Je�53] �87A4E>A/!7m`C:</!SC;!@3]V/!46/!u8:L1F132!>'5?:<W8>)1?4EWQ>La

�F2!>A@�>�4E5f:</!GL1?2!>O@ªWQ:</!/V>A@�4E/kB%2V46792kWQ>A:<53]V@3>AS8S!GJW846/!:</!7A>Led/!>g:L@3DE`d��/!>A7O>A5353:<@�`k5�>O135-:L/!S
/!>A:<@3D[`���53] �87O46>A/d1%5�>O1?5%7A:</^U�>T@�>AD6:L1?>OSc:</!S^1?2!4E5©465�532!G_B%/c46/c�z4EuJ]!@�>�, �=af�F2V>)j#uJ]!@�>T532!G_B%5
:</ :<DE13>A@3/!:L1?4 \ > ����;!DEG<1313>AS :<5s:N;�GJ4E/d1MGJ/ : � �0¦	: � >O5MRYGJ@Q: � ��7A@34[1?>O@34P:|;!@�GJU!DE>AWCa �F2!>
1?G<D6>A@3:</!7O> \ >A7m1?GJ@�RYGJ@f1?2!>%;!@�GJU!DE>AW~4E5ªSV>A/!G<13>ASQU�` � � � � � � �	� ��a��F2!>%j#uJ]V@3>o532!G_B%5-: �-�ªU�G �
:<@�GJ]!/!S�1?2!>8;�GJ46/d1'U�>A46/VuC7OGJ/!5�46S!>O@3>AS*e�B%4E132N132!>k;�G<46/d1p:L1'1?2!>87A>O/d1?>A@pG<R-1?2!>kU�G � aQ.0/b1?2V>
j#uJ]V@3><e�1?2!>{@3>Au<46GJ/tU�GJ]!/VS!>AS|Ud`C1?2!>X:L/!uJD6>{DP:<U�>ADE>AS � �),n4E/t4E135�j#@�5�1)y�]#:LS!@?:</d1T@�>A;!@�>A5�>A/d1?5
1?2V>{@�>AuJ4EGJ/Z4E/^B%2!46792t5�GJW8>{:LDE1?>O@3/#:h1?4 \ >TB%46D6D*2#: \ >{13GQDE46>T4E/ZGJ@�S!>A@%RYGJ@�����1?G8/!G<1�U�>OD6GJ/Vuk13G
1?2V>�W8>g:<5�]!@3>OSnS!GJW846/#:L/!7A>�53>m1ga��F2V>©:</!u<D6>A5�	&	 ,©:</VSk�F�),©U�GJ]!/!S{5346W846D6:<@�@�>AuJ4EGJ/!5}46/qG<@3S!>O@
RYGJ@�132!>k:<D[1?>A@�/#:L134 \ > ���f1?G^/!GL1TD64E>q46/t132!>X/!>A:<@3D[`���/!>A7O>A5�5?:<@,`|53>m1p:</!S|1?2!>q/!>g:<@�DE`d�05�] �87A4E>A/d1
53>m1nRYGJ@p1?GJDE>A@?:L/!7A> �n@�>A5�;�>O7O1?4 \ >ODE`Ja|�F2V465X:<DE53Gt5�2!G_B%5n1?2!>M46/!7OD6]!5�46GJ/=��@3>ODP:L1346GJ/�U�>O10B->A>A/x1?2V>
1?2V@3>A>�53>O135Aa�.0/^G<132!>A@�B-GJ@�S!5Ae!4[R�:</^:LDE1?>O@3/#:h1?4 \ > ���%D64E>A5ª46/M132!>�j#@�5�1Fy�]#:<SV@?:</d1FG<R��F�),<e=1?2V>A/
1?2V465�B-GJ]!DES|46W8;!DE`^132#:L1����z7g:</V/!G<1TU�>ADEGJ/!uM13GM1?2!>X/V>g:<@�DE`d�05�] �87A46>O/d1T53>m1ga ��>A7A:<]!5�> ���pDE46>A5
46/81?2!>�j#@35,1Fy�]#:<S!@3:</d1FG<R��F�),Je=4E1ªB%46D6D�:<DE53G{D646>o46/Q1?2!>oj#@35,1Fy�]#:<S!@3:</d1?5©G<R � �),T:</!S 	 	�,T:L5
B->AD6D eV1?2V>A@3>OUd`Z;V@3> \ >A/d1?4E/!u ���}RY@�GJW�D[`=4E/!uX46/^132!>'WQ>A:<53]!@�>ASZS!GJW846/#:</V7A>T53>m1oGJ@©1?2!>p/!>A:<@3D[`��
/!>O7A>A5�5?:<@,`N53>O1q:<5'B�>OD6D a8�F2V>A@3>mRYGJ@3>Le�:<5TB->Q4E/VRY>A@�@3>OSb;!@�> \ 46G<]!53D[`Je}4ER���S!G=>O5'/!G<1pU�>OD6GJ/Vuc13G
1?2V>o/V>g:<@�DE`d�05�] �87A46>O/d1�53>O1Aed1?2!>O/Q4[1�7g:</!/VG<1�U�>OD6GJ/Vu)1?2!>F1?2V>oW8>g:L53]!@�>ASkS!GJW846/#:L/!7A>F5�>O1ªGJ@�1?2V>
/!>A:<@3D[`���/!>A7O>A5�5?:<@,`c53>O1Aa

�#@3GJW 1?2!>sj#u<]!@3>sB->c7g:</x46/d13>A@3;V@3>O1q1?2!>C:<7m1XG<R�S!>A7ODP:<@�46/!u|:L/�:LDE1?>O@3/#:h1?4 \ >s:<5XU�>ADEGJ/!uL�
46/Vu813G8132!>{/V>g:<@�DE`d�0/!>O7A>O535?:L@�`C53>m1�GJ@%1?Gk1?2V>{/!>A:<@3D[`d�053]��Q7O46>O/�1�53>m1ge�:<5oGJ/!>'G<RzB->g:LI<>A/V46/!usG<@
5�13@3>O/!u<1?2V>A/!4E/!uM1?2V>{7OGJ/!S!4[1?46G</!5o13GQ13>A5�1�RYGJ@oS!GJW846/#:</V7A><aF§ZGJ@3>{53;�>A7O4Ej#7A:<D6D[`Je 4ER�B�>n7OGJ/!5�46S!>O@
:</|:LDE1?>O@3/#:h1?4 \ > �  :L1o1?2!>¢��]V/!7O1346GJ/Z;�GJ4E/d1�G<R-�F�),<e�1?2V>A/t1?2V>qj#@35,1)y�]#:<SV@?:</d1TG<R��F�),X@3>A;H�@3>O53>O/�1358132!>c@3>OuJ46GJ/vB%2V46792x7AGJ/d13@3GJDE5nB%2!>O132!>A@8GJ@X/!G<1 �  B%46D6D-D64E>MGJ/K1?2V>CSVGJWQ4E/#:</!7O>s53>m1Wn]!792iD646IL> � �),MS!GH>A5pRYGJ@'1?2!>M:<DE13>A@3/!:L1?4 \ > ����a %�G_B B->s7g:L/i7AG</!534ES!>A@ �  13GlU�>s:Z;�GJ4E/�1

, ,�³



c1

c2

A
B

C

C1
B1

A1
ε1

ε2

�z4EuJ]!@3>R, � � o>ODP:L1346/!ui/!>g:<@�DE`d�0/V>A7A>O5353:<@�` ����
M:</VS /!>g:<@�DE`d�05�] �87A4E>A/d1�����
M53>m1?5^1?GvW8>g:L53]!@�>AS
S!GJW846/!:</!7A>

GJUV1?:<46/V>ASvRY@3G<W ���©U!]V1XB%4E132v4E135n7A@�4E13>A@346: \ :<DE]!>A5n4E/!7A@�>g:<5�>ASxUd` �n>A:<792�aN.0/¤GL1?2!>O@qB�G<@3S!5Oe
1?>O5�1346/!uCB%2!>O132!>A@ ���-U�>AD6G</!uJ5'1?GZ132!>8/!>g:<@�DE`d�05�] �87A4E>A/d1n5�>O1n4E5{>Oy�]!4 \ :<DE>A/d1{13GZ13>A5�1346/!uZ4ER©:</
�,��]!;!uJ@3:<S!>AS \ >A@�534EGJ/KG<R���-B%46D6D�5�]!@ \ 4 \ >sS!GJW846/!:</!7A>kB%4E132i@�>A53;�>A7m1n1?GZ1?2!>QGJ@34EuJ46/#:LDf53>O1qG<R
:<D[1?>A@�/#:L134 \ >O5Aaf.0/^G<132!>A@©B-GJ@�S!5AeV13>A5,1?46/VunRYGJ@�� � � ���E��� ��&�>A/d19:L46D65-5�13@3>A/Vu<1?2!>O/!46/Vuk132!>T:<D[1?>O@3/#:h�
1?4 \ >':</VSZ792!>O79I�46/!uQ4ER}4E1F4E5%:XS!GJW846/#:</V7A>T53]V@ \ 4 \ GJ@Aa-§ZGJ@�>T;!@3>O7A4E53>AD[`Je#�F2!>TRYGJDED6G_B%46/Vun7g:</CU�>
532VG B%/C1?GkU�>'13@3]!>TRYGJ@F> \ >O@�`C:<D[1?>A@�/#:L134 \ >TU�>ADEGJ/!uJ4E/!un1?GX132!>'/!>g:<@�DE`d�05�] �87A4E>A/d1o53>O1�rª�²����
 �

, ,*)



� �����*�,� � ��� � ��� �
� ���% w�����!�� '� ��� �	�  �� � ���������%&J� � � � ���E���  � �� ��.�� '�����/���  �� � �3�J�	�����i�	���
���J� 
��	 '�E�J� �i�	 �� �Z���w� �
�� g w��� ������&��J �� �������% w�����!�� "� �����

� � ��� � � �g
/� � ��� � � 
 � � � �� �  
 � � �� �  
 � « a�� �c


rf@3GHG<R � �=>A>!	�;V;�>O/!S!4 � 	qa
�)/Z1?2V>{G<132!>A@o2#:</VS�e�132!>/��]!/!7O1346GJ/Z;�G<46/d1oG<Rz132!>q:L/!uJD6> 	 	�,q7A:</lU�>p53>A>O/|:<5oGJUV1?:<46/!>OS

Ud`MSV>A7A@�>g:<5�46/!u{1?2!>�7A@34[1?>O@34P: \ :<D6]V>A5�GLR�����Ud` �Aaª�=Gq13>A5,1?46/Vu{RYGJ@����
���������	 "&%>A/d1?:<46DE5ªB->g:<IL>A/!4E/!u
1?2V>X:<DE13>A@�/#:L1?4 \ >y�¢Ud` ���0S!G_B%/!uJ@3:<S!4E/!us4E135�7O@34E13>A@�4P: \ :<DE]!>A5Z
�:</!S|792V>A79I�46/!uc4[Rf4E1�7AGJ/d1?4E/�]!>A5�13G
53]V@ \ 4 \ >^WQ>A:<53]!@�>ASxS!GJW846/!:</!7A>M> \ >O/�]V/!S!>A@n132!>MB->g:<IL>A/!>OS 7OGJ/!S!4[1?46G</!5Aab�=;�>A7O4Ej#7A:<D6D[`JezB->
I�/!G_B RY@�GJW 1?2!>�S!>A7O46534EGJ/s@�]!D6>oRYGJ@�1?2V>'�H1?@�GJ/!uJD[`d�05�13@34E7O1ªj#DE13>A@-132#:L1-1?2!>�RYG<D6D6G_B%4E/!u{4E5-13@3]!>�RYG<@
>g:L792l:<D[1?>O@3/#:L134 \ >T46/^1?2!>'/!>A:<@3D[`d�0/!>O7A>A5�5?:<@,`c53>m1 %��²� ��
 �

� � ����� ( �g
|� � ��� � � 
 � � � �� �  � �� �  
 ��
  � « a�� � 


�F2!>�4E/=�0U�>O10B->A>O/s53>m1?5ªRYGJ@ª132!>ouJ4 \ >A/Q13GJD6>O@?:</V7A> \ >A7m1?GJ@�:<@3>o@3>O;!@3>O53>O/�13>ASc46/k1?2V>�j#uJ]V@3>oU�`
1?2V>8SV4P:<uJG</#:<DzGLR-132!>kU�G � ;#:L53534E/!uc1?2!@�GJ]!uJ2N:<DEDz1?2!>X132!@3>O>`��]V/!7O1346GJ/�;�GJ46/d1?5':L/!Sb5�2!G_B%/i4E/
1?2V>%j!uJ]!@3>La��F2!>oS!4P:LuJGJ/#:<D=@3>O;!@3>O53>A/d135©:T7AGJ/d1346/�]!]!W~GLR*;�GJ46/d135-:LD6GJ/!u)B%2V46792k1?2!>o:<D[1?>A@�/#:L134 \ >
��� 7AG<]!D6SkU�>F>A4E132!>A@�B->g:LI<>A/V>ASMG<@f5�1?@�>A/!uL1?2!>O/!>AS81?G'GJUV1?:<46/X7OGJ@3@�>A53;�GJ/!SV46/!u'46/H�0U�>O10B->A>A/853>m1?5Oa

� � � � ��� �T+,��� &)�=�� c�)�}��$T�k�!"��)���f ��L�!&�� (�+,�}�)(�� ���)$ �)���f ��<�)�}(����=�!+��J�

.0/b�=>A7m1?4EGJ/ « a � a �=e�B�>k5?:gB�1?2#:h1p:<DE132!GJ]!uJ2ZB�>k7AG<]!D6S|WQ:<;t1?2V>k:<535�]!@?:</V7A>A5pS!>O5346@�>AS�Ud`t1?2V>
¦'§ G</C132!>{/V>g:<@�DE`d�0/!>O7A>O535?:L@�`l:</!Sl/V>g:<@�DE`d�05�] �87A46>O/d1�5�>O1?5o1?GM:<;!;!@�GJ;!@346:L1?> \ :<DE]!>A5oG<R�1?GJDE>A@,�
:</!7O>A5Oe�132!>'U�GJ]V/!S!5oU#:<53>OSlGJ/CB%2!46792c1?2V465%WM:L;!;!46/VukB�:<5oS!GJ/!>'B->A@3>'1?GHGkB�>A:<Is1?G8;!@3GHS!]!7O>
GJ;�>A@3:L1?4EGJ/#:<DEDE`p]!53>mRY]!D 53]!@ \ 4 \ G<@ª5�>O135Aaf.0/k1?2!4E5f53>A7m1?4EGJ/�edB�>o532VG B�1?2#:h1ª132!>A@�>%465�:</!GL1?2!>O@ªWQ:</=�
/!>O@-4E/QB%2!4E792M]!5�>A@�> � ;!@3>O53534EGJ/!5©GLR�:{SV4E��>A@3>O/d1�I�46/VSM7g:L/sU�>oWQ:<;!;�>AS8GJ/d1?G{13GJD6>O@?:</V7A> \ :LD6]!>O5
1?2!:L1%7g:</CU�>p]V53>ASC1?Gk;!@�G=S!]V7A>p:</Z:<;!;!@�GJ;!@346:L1?>�53]!@ \ 4 \ GJ@o53>m1ga

�F2!>MG<;V1?4EWM:<D�53>m1q7A:</bU�>8;!@3GHS!]!7O>ASiUd`N:<;V;!DE`H46/Vuc132!>kRYGJD6DEG B%4E/!usS!>O7A4E5346G</b@�]!D6>X1?Gc1?2V>
:<7m1?]#:<D�7O@34[1?>A@�4P: \ :<DE]!>A5 �

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


, ,
	



�F2!4E5T465TD6G<uJ467A:<D6D[`c>Ay�]!4 \ :<DE>A/d1T1?G^132!>kS!GJW846/#:</V7A>n@�]!D6>XU!]=1TRYGJ@TGJ]!@T;!]V@3;�GJ53>O5p132!465T792#:L@?:<7£�
1?>O@34 �g:L1346GJ/^4E5FWQGJ@�>T]!53>mRY]!Dwa�%oG_B'e#46/^1?2!>';!@�>A5�>A/!7O>qG<R�]!/!7O>A@�1?:<46/d10`<e :k5�46W846D6:<@-SV>A7A4E534EGJ/c@3]!DE>
> � ;!@�>A5�53>ASl;!@3GJU!:<U!46DE465,1?467A:<D6D[`k7g:</cU�>'G<R�132!>TRYGJD6DEG_B%46/!uqRYG<@3W �

� � � �  � ��� ��� �� � � � � � � �  � � �  
 � � 
� � « a�� « 


B%2!>O@3> � 465-132!>�;V@3GJU#:LU!46DE465�13467%:<5�53]!@3:</!7O>�1?2#:h1�1?2V>�]!5�>A@©@�>Ay�]!46@�>A5-@3>AD6:L1?>OSM1?Gp1?2!>�> \ >O/d1©1?2#:h1
>g:L792|53]!@ \ 4 \ GJ@�465�U�>O1�1?>O@�1?2!:</|> \ >A@�`lG<1?2V>A@):LDE1?>O@3/#:h1?4 \ >{G</t53GJW8>q7O@34[1?>A@�46GJ/*a�.�Rf1?2V>q]!5�>A@)4E5
:<U!DE>{13G^> � ;!@3>O535 � e*132!>A/N:<7O7AGJ@�S!46/VuM1?G �fy�]#:L1346GJ/ « am, �!e�B�>XI�/!G_B�1?2#:h1)1?2!4E5)S!>O7A465�46GJ/l@3]!DE>
1?@3:</!5�DP:L13>A5©1?Gk1?2V>'RYG<D6D6G_B%4E/!unGJ/!> �

� � � �  � ��� ��� �� � � � �� �  � �� �  
 �Z
 

�F2!>|4E/�13>A@�>A5�1346/!ui@3>A5�]!DE1MG<Rp:<;!;VDE`H46/!ub1?2!4E5MS!>O7A465�46GJ/ @3]!DE>lU#:<5�>AS GJ/ 132!> � > � ;V@3>A5�534EGJ/ G<R
1?2V>8]V53>A@p465)132#:L1Ae�RYG<@)1?2!>k>A/d1346@3>k@3:</!uJ>kG<R � �¢4wa ><a � , em, � 
£e�4E1'4E5T/!G_B ;�G<53534EU!D6>n13GcS!>A;!DEG_`�:
7AG<@3@3>O53;�GJ/!S!4E/!u)� �©¦T�C1?G);!@�G=SV]!7A>�132!>©5�]!@ \ 4 \ GJ@�5�>O1�:<7O7AGJ@�S!46/Vu�1?G�132!>©S!>O7A4E5346G</n@3]!DE>©:<U�G \ >La
�F2!4E5o4E5©U�>A7g:L]!53>p4E1F7A:</CU�>'532VG B%/c1?2!:L1%4ER � 465©uJ@�>g:L13>A@F1?2!:</ , a � eV1?2!>O/C132!>'7AGJ@�@3>O53;�GJ/!S!4E/!u
\ :<D6]V>)G<R��%:<U�G \ >'B%4ED6D�U�>T;�GJ5�4E1?4 \ >La�� @�GJW ��y�]#:h1?46G</ « a � � eVB->TIH/VG B 1?2#:h1F1?2!>T5�]!@ \ 4 \ GJ@F53>m1
5?:h1?465,R¥`H46/!uM132!>X:<U�G \ >X@�>Ay�]!46@�>AW8>A/d1T7A:</�U�>nG<UV19:<4E/!>ASlU�`t:<;!;!D[`H46/!u � � 
 � �Z
ma �)/t1?2!>XGL1?2!>O@2#:</VS|4ER�1?2!> � > � ;!@3>O535�>ASiUd`Z1?2!>X]!5�>A@T4E5�D6>O535)132#:</ , a � e*132!>A/|1?2V>X:<U�G \ >X@3>OyH]V46@3>OWQ>O/d1'GJ/
>g:L792Z5�]!@ \ 4 \ GJ@o7g:</CU�>T@�>OB%@�4E1313>A/Z:<5

�� � � � �� �  
 � � �� �  
�
B%2!4E792�:<7O7AGJ@�S!46/!u|13Gb�F2!>OGJ@3>OW « a « 7A:</ U�>cGJUV19:L46/!>OS�Ud`¤:<;!;VDE`H46/!u � �|� ��
£a 	�/!S 4[R � 4E5
>Ay�]#:LD�1?G , a � e�1?2V>87OGJ@3@�>A5�;�GJ/VS!46/!u \ :<DE]!>nG<R��TU�>O7AGJW8>A5 , :</!S|132!>XS!>A7O465�46GJ/�@3]VD6>nU�>A7OGJWQ>O5
1?2V>s@3]!DE>MRYGJ@{WQ>A:<53]!@�>ASxS!GJW846/!:</!7A>La|.0/KG<1?2V>A@qB-GJ@3SV5Ae�> \ >A@�`v53]!@ \ 4 \ GJ@X5�>O1n132#:L1X53:L1?4E5�j#>O5
�fy�]#:L1?4EGJ/ « a�� « ;�>O@�19:L46/!4E/!u813Gs53G<WQ> � \ :<D6]!>p> � ;!@�>A5�53>ASNUd`Z132!>q]V53>A@�7g:</tU�>nGJU=19:<4E/!>ASZU�`
1?2V>q:<;V;!D64E7g:L1346GJ/^G<R�:</Z:<;!;!@�GJ;!@346:L1?>T792VGJ467O>pj#D[1?>O@Aa �i>{:<D6@�>g:<S=`^5?:gB�132!465oWM:L;!;!46/VuX>g:<@�D646>O@Ae
:<5%> � ;!@�>A5�53>ASl46/ �fyH]!:L1?4EGJ/ « av,�,Ja
	�DE53G!e�1?2!>^;!:<46@,B%4653>^;V@3GJU#:LU!46DE4E10`NG<R�53]!@ \ 4 \ :<D©G<R�:</¤:<DE13>A@�/#:L1?4 \ >Le����weªB%4[1?2x@3>O53;�>A7m1813G

,;, ,



:</!GL1?2!>O@�:LDE1?>O@3/#:h1?4 \ >)5?:g` ����4E5F> � ;!@�>A535�>AS|:L5 �

� ���)� � ���7
 � , �

�
 � �

� � � �  � � �  
  � « a�� ³ 


�=46/V7A>F> \ >A@,`X53]!@ \ 4 \ G<@fGJUV19:L46/!>OSXU�`q1?2!>F]!5�>FG<R�>A4[1?2!>O@�1?2!>o�H13@3GJ/VuJDE`d�05,1?@�467O1zGJ@z132!>o�=]!;�>A@��
5�13@34E7O1fj#D[1?>A@�53:L1?4E5�j#>O5 �fy�]#:L1346GJ/ « a�� « eJB->�Wq]!5�1ª2#: \ >%RYGJ@�:</d`X5�]!@ \ 4 \ GJ@�����:</!SkB%4E132Q@�>A53;�>A7m1
1?G8:</d`^GL1?2!>O@�:LDE1?>O@3/#:h1?4 \ >����_e

� ���)� � ����
 � � 
�F2!4E5o4E/!S!4E7g:L13>A5©1?2!:L1F1?2!>p;#:<4E@�B%4E53>T;!@�GJU#:<U!4ED64[10`QGLR�53]V@ \ 4 \ :<D�GLR�>g:L792Z5�]!@ \ 4 \ GJ@%;!@3GHS!]!7O>ASZU�`
1?2V>Z:LU�G \ >C;!@�GJU#:<U!4ED64E5�1?4E7M@�]!D6>^B%46DED�U�>cuJ@3>A:L1?>O@k132#:</ � a *�>O/!7A>Le�1?2!>c]!5�>A@8> � ;!@�>A535�46GJ/�G<R
� 7A:</v:LD653GCU�>MGJUV1?:<46/V>ASN46/b13>A@�WQ5pG<R©132!>QSV>AuJ@�>A>MGLR%:<535�]!@?:L/!7A>s2V>Q/!>O>AS!5q@3>AD6:L1?>OSb13GZ1?2V>
;#:<4E@�B%4E53>853]!@ \ 4 \ :<D-;V@3GJU#:LU!46DE4E10`|G<R%>A:<792K53]V@ \ 4 \ GJ@{B%4[1?2v@�>A53;�>A7m1n1?Gt:</d`bGLRF1?2!>Q@3>AWQ:<4E/!46/!u
:<D[1?>A@�/#:L134 \ >O5Aa��F2!465 \ :<D6]V>FG<R � 7A:</kU�>F1?@3:</!5�DP:L13>ASX1?Gp:</k>Ay�]!4 \ :<D6>O/�1 \ :<DE]!>FG<R�1?GJDE>A@3:</!7A>%:L/!S
>A4[1?2!>O@�1?2V>8�H1?@�GJ/!uJD[`����H1?@�467m1ge*W8>g:L53]!@�>AS�S!GJW846/#:L/!7A>Le�GJ@'�=]V;�>O@35�13@34E7O1Tj#D[1?>A@�7g:</|U�>k:<;!;!DE46>OS
1?GQ;!@3GHS!]!7O>q1?2V>q53]V@ \ 4 \ GJ@�5�>O1ge�S!>A;�>A/VS!46/!uM]!;�G</ZB%2!>m1?2!>O@ � 465ouJ@�>g:L13>A@�132#:</�e�>Ay�]#:LD}13G!e�G<@
D6>O535F1?2!:</ , a � @3>O53;�>A7m1?4 \ >AD[`Ja

� � � � �}�,�z�!+���� ��� �<�q���*�v���}� �V���V���!" �N &T�T+�����$T�}�����)$T�

�z4EuJ]!@3>$, , 532!G_B%5�132#:L1�RYG<@�:MU�GJ]!/VS!>ASt/VGJ465�>qW8G=S!>ODwe#1?2V>q46/H�0U�>O10B->A>A/|5�>O135T:<@3>p53>m1?5�B%2V46792
7AG</�1?:<46/|132!>k/!>A7O>A5353:<@�`�5�>O1{:</!S�B%2!4E792i:<@�>X53]!UV53>O135{GLR-132!>k53] �87A4E>A/d1p53>m1gak.0/|1?2!>k7g:L53>kG<R
:</s]V/HU�GJ]!/VS!>AS�e!13GJD6>O@?:</V7A>�W8GHS!>AD�2!G_B�> \ >O@Ae!1?2V>A@3>�465�/VGX;!@3>OS!>Oj#/V>ASc/!G<1346GJ/QG<R}:n/!>A7O>A5�5?:<@,`
:</!Sc:n5�] �87A4E>A/d1o53>O1Aa�.0/sR¢:<7O1Ae#:<5�B->TS!465�7A]!5�53>OSZ4E/s1?2!>T;!@�> \ 46G<]!5©53>O7O1346GJ/�eVS!4E��>A@�>A/d1%S!>Au<@3>A>O5
G<R}/!>O7A>A5�534[10`C:</!S^53]��Q7O46>O/!7O`^7A:</cU�>':L;!;!D64E>ASsUd`^]V5346/VuXS!4E��>A@�>A/d1 \ :<D6]!>O5©G<R�1?G<D6>A@3:</!7O>A5Aa�	�5
S!4E537A]V5353>OSZ4E/M1?2V>T;!@3> \ 4EGJ]!5F5�>A7O1346GJ/s132!>)]!5�>A@�� 5 � > � ;!@�>A5�5346G</!5%7g:</^U�>T]!53>OS^1?GX;!@�G=S!]V7A>)1?2V>
/!>A:<@3D[`���/!>A7O>A5�5?:<@,`�:</!S�/!>A:<@3D[`���53] �87O46>A/d1'5�>O1?5p:<7O7AGJ@�S!46/Vus1?Gs1?2VGJ53>k> � ;!@�>A5�5346G</!5Aan�F2�]!5'1?2V>
:<;!;VD6467A:L1?4EGJ/sG<R�1?2!4E5©1?>O792!/!46y�]!>{465F7OGJ/d1?46/VuJ>A/d1�]!;�G</c132!>p]!53>O@�U�>A4E/!u8:<U!D6>)13GQ> � ;!@3>O535�132!> �
\ :<D6]V>A5Ae�:</!Sv]!;�GJ/N1?2!>O@3>sU�>A4E/!ul5�] �87A46>O/d1X46/VRYG<@3WQ:L1?4EGJ/|1?Gt:LD6D6G_B 1?2!>s4EWQ;VD6>AW8>A/d1?:L1?4EGJ/|G<R
1?2V> � �E
�RY]!/!7m1?46G</�eV1?G8GJUV1?:<46/s132!>'>Ay�]!4 \ :LD6>A/d1F13GJD6>O@?:</!7O> \ :LD6]!>O5Aa

�#GJ@�132!>F7AD6:<535�G<R�]!53>O@35�B%2!GT7A:</XGJ/!D[`{> � ;!@3>O535f1?2!>O46@�7OGJ/!7O>A@3/V5f46/q13>A@3W85�G<R#132!>A4E@z;!@�]!/!4E/!u
@3>Oy�]!46@�>AW8>A/d1?5Oe�4[1'465'/!G<1'7OD6>g:L@p2VG B 1?2!>8/!>A:<@3D[`���/!>A7O>A5�5?:<@,`N:</!SN/!>g:<@�DE`d�05�] �87A4E>A/d1q5�>O135{7A:</
U�>^;!@3GHS!]!7O>ASxU#:<5�>ASxGJ/v1?2V>^;!@3]!/V46/!u|@�>Ay�]!46@�>AW8>A/d1?5Oe�]!/!D6>O535n132!>A5�>C@�>Ay�]!4E@3>AW8>A/d135X7g:</xU�>

,;,;,



WQ:<;!;�>ASC53GJW8>A2!G_B�13G � \ :<D6]!>O5Aa � \ >A/t4[R�132!>p]!53>O@�465o:<UVD6>T1?G8> � ;!@�>A535 � \ :<DE]!>A5Oe#2!>{W846u<2�1
/!G<1�U�>f5?:h1?465,j#>ASTB%4[1?2)1?2V>ª@�>A5�]!DE135�U�>O7g:<]!5�>f1?2!>m`TWQ4EuJ2d1�/!GL1�U�>f4E/':<7A7OGJ@3S#:L/!7A>�13Go2V465�;!@�]!/!4E/!u
@3>Oy�]!46@�>AW8>A/d1?5 �  al�F2H]V5Ae�4E1{U�>O7AGJW8>A5q/!>A7O>A5353:<@�`b1?Gt> � 1?>A/VSx132!>M13>A792!/!4Ey�]!>^G<R%;!@�G=S!]V7A46/Vu
/!>A:<@3D[`���/!>A7O>A5�5?:<@,` :</!S /!>g:<@�DE`d�05�] �87A4E>A/d1s5�>O1?5Oeo13Gi4E/!7ADE]!S!>Z132!>l;V@3]!/!4E/!uv@�>Ay�]!46@�>AW8>A/d1?5QG<R
1?2V>n]!53>O@T:<5oB�>OD6Dwa�.0/t1?2!4E5�5�>A7m1?46G</�e*B->qj#@35,1T532VG B�2!G_B 1?2V>n46S!>A:QG<R�/V>g:<@�DE`d�0/!>O7A>O535?:L@�`|:L/!S
/!>A:<@3D[`���53] �87O46>A/d1�53>O135):<;V;!D64E>A5o> \ >O/|46/c1?2!>q:<U!5�>A/!7O>nG<R�132!> � > � ;!@3>O535�46GJ/!5Oa �b>q:LD653GQ532!G_B
2!G_B�;V@3]!/!4E/!ukS!>AWQ:</!SV5oGLR�132!>']!53>O@�7A:</ZU�>'46/!7OGJ@3;�GJ@3:L1?>OS^46/^1?2!>T13>A792!/!4Ey�]!><a

��GJ/!5�46S!>O@�:</C]!/�U�GJ]!/!S!>OSl/!G<4653>'W8G=SV>AD*RYGJ@FB%2!4E792CB->pS!GQ/VG<1o2#: \ >'1?2!> � > � ;!@3>O535�46GJ/!5Oa
*�G_B-> \ >A@AeJB->�SVG�2#: \ >-I�/!G_B%D6>ASVuJ>©:<U�GJ]V1}1?2V>-S!> \ 4P:L1346GJ/!5�GJ@�1?2V> � � 5zG</{1?2V> \ :<@�46GJ]!5�7O@34E13>A@�4P:Va
�b>|7AGJ]!DES ]!53>|1?2V>A53>�S!> \ 4P:L1346GJ/!5Q1?Gx7g:<DE46U!@3:L1?>C1?2!>|13GJD6>O@?:</!7O>A5c:<DEGJ/!ui132!>�7A@�4E1?>O@346:Va��#GJ@
> � :<W8;!DE>X7AGJ/!5�46S!>O@T1?2!@�>A>8:<DE13>A@�/#:L1?4 \ >O5 ���we����he}:</VS��  RYG<@':</ �$� �^;V@3GJU!DE>AW¨B%4E1?2�1?2V>
W8>g:<5�]!@3>OS \ :<DE]!>A5o:<5F4E/!S!467A:L1?>OScU�>OD6G_B �

, �

��� , � �

��� � , ,
�  � ¡
�©:<5�>ASCGJ/s1?2V>TWQ>A:<53]!@�>AS \ :<D6]!>O5F:<DEGJ/!><e=4E1F4E5©/!G<1%7OD6>A:<@�B%2!4E792CGLR}132!>':<U�G \ >T1?2!@�>A>':<D[1?>O@3/#:h�
1?4 \ >O5o2!: \ >{132!>'2!46uJ2V>A5�1o792#:L/!7A>pG<R�U�>A4E/!uX1?@�]!DE`MGJ;V1?4EWM:LDwaf�#GJ@F> � :LWQ;!DE><e!4E/c7AGJW8;#:<@�46/!uX1?2V>
:<D[1?>A@�/#:L134 \ >O5����X:</!S �  e�B�>Q53>A>81?2#:h1 ���n4E5 , � ]V/!4E135{5�]!;�>O@34EGJ@T1?2#:</��  GJ/i7O@34[1?>A@�46GJ/ ,Je
B%2!4ED6>��  4E5 �n]!/!4[1?5©U�>O1�1?>A@©132#:</ ����4E/^7A@�4E1?>O@34EGJ/ �=a���R}7AGJ]V@353>Le#534E/!7A>T1?2V>T]!/!4E135F:<DEGJ/!un1?2V>7A@�4E13>A@346:q:<@�>�4E/!7AGJW8W8>A/!5�]!@?:<UVD6><ed132!>A@�>)465-/!GqB�:_`81?GqIH/VG B B%2!4E792sG<R�1?2V>A53>�� �A� �����E�J���	 "�E���f13G
1?@�]!5�1-W8GJ@3>La � 4E132!GJ]V1-:</Q46S!>A:{G<R�1?2!>�@?:</!u<>�G<R�:<7O13]#:<D \ :<D6]V>A5�1?2#:L1ª1?2V>A53>�WQ>A:<53]V@3>AS \ :LD6]!>O5
7g:L/XU�>©> � ;�>O7O1?>OS813G)19:<IL><ed4[1�465�U�GL1?2X;�GJ535�46U!DE>-1?GT4EWM:LuJ46/!>�5�7A>A/!:<@34EGJ5zB%2!>O@3>���-2!:<5f:�2!4EuJ2!>O@
792#:</V7A>TG<R�U�>A4E/!unGJ;V1346WQ:<D#@3>ODP:L134 \ >�1?G ����:</VS^7AGJ/ \ >O@35�>ADE`MG<1?2V>A@©5�7A>A/!:<@34EGJ5�B%2!>O@3>A4E/ �  2#:L5:^2!46u<2!>A@T792#:L/!7A>8G<R-U�>O46/!u^1?@�]!DE`lGJ;V1346WQ:<Dwap.�R�2VG B-> \ >A@Oe�B->Q2#: \ >M:<SVS!4E1346GJ/#:LD�4E/VRYGJ@3WQ:L1346GJ/
:<U�GJ]V1�1?2!>-/!GJ465�>©W8G=S!>OD65�RYGJ@}>g:<792XG<R#132!>A5�> ��7A@�4E13>A@346:Ve 1?2!>O/nB�>�B%4ED6D�2#: \ >FW8GJ@�>-4E/VRYGJ@3WQ:L1346GJ/
U#:<5�>ASQGJ/XB%2!46792k1?Gp:<5�5346u</Q7O@3>ASV46U!4ED64E1346>O5}13Gp132!>o:<U�G \ >oW8>g:L53]!@�>AS \ :LD6]!>O5AeH:</!SX1?2V>A@3>OUd`Q4E/VRY>A@
B%2!4E792Z2#:L5%132!>'2!46u<2!>A@F792#:L/!7A>pG<R�U�>O46/!uX1?@�]!DE`MGJ;V1346WQ:<Dwa

§ZGJ@�>�5�;�>O7A4Ej!7g:<DEDE`Jed5�]!;!;�GJ53>o1?2#:h1 � � � � :</!S � � � ,<a�.�R*B->�/!G_B /VGJ@3WQ:<D64 �A>�132!> \ :LD6]!>O5
GJ/c>g:L792l7A@�4E13>A@34EGJ/ �X:<7O7AGJ@�S!46/Vuk13G8132!>TRYGJD6DEG_B%46/!up1?>A792V/!46y�]!> �
j
�"!~6iSA<�6E[\2J6E6'8�S�9�>"@�8/H�8�L�KEB?O.Y�H�8][I8]6E6"L�K"O)6'8I>t[I5�2�B�SU��8b8Ia/4A>�OUL�HPS >"@J8bHJ8]L�KEBDO7Y	6"2��|[\<D8IH.>�6"8\>iL�6CBDL�K"G78�L76

>"@J8i8IH.>"<DK"8i6"8\>_5�F L�B?>"8]K"HPL�>"<D^�8�6I93<?F�>"@�8�� 8\�A4�KE8]6E6'<D5�HJ6²L�K"8�>"535�[\57HJ6"8IKE^ZL�>"<D^�8

,;, �



,Ja%�F2!>'5�WM:<DED6>O5�1 \ :<DE]!>TGJ/C7A@34[1?>O@346G</ �=e!53:g` �� �
�%465%5�>O1%1?G , a

�=a%�F2!>8@3>OWM:L46/!4E/!u \ :<D6]V>A5'46/��^:<@�>k> � ;!@3>O535�>ASx:<5']!/!4[1?5TG<R�S!> \ 46:L1?4EGJ/!5':gB©:g`|RY@�GJW	1?2V>
5�WM:<DED6>O5�1 \ :<DE]!><af�F2�]!5Oe�: \ :<DE]!> ��� �oB%46DED*U�>'7AGJ/ \ >O@�13>ASZ13G�� ��� � � �� �

��
 � � �ga
�F2!>Q@3>A5�]!DE1pG<R�1?2!>8/!GJ@�WM:<DE4 �A:L1?4EGJ/t465T132#:L1q:CS!4[�*>O@3>O/!7A>QG<R � ]!/!4E135'U�>m10B�>O>A/v1?2V>Q/!G<@3WQ:<D[�
4 �O>AS \ :<DE]!>A5�RYGJ@):</d`Z534E/!uJD6>p7A@�4E13>A@34EGJ/l@�>A;!@�>A5�>A/d1?5p:MS!4[�*>O@3>O/!7A>nGLR � S!> \ 46:L1?4EGJ/!5):LD6GJ/!u81?2#:h1
7A@�4E13>A@34EGJ/�aC�#GJ@T1?2!>s:<U�G \ >M;!@�GJU!D6>OWZe�1?2V>s/!GJ@�WM:<DE4 �O>AS \ :<D6]!>O5qGJU=19:<4E/!>ASi:<7A7OGJ@3S!4E/!uZ13Gl1?2V>
;!@�G=7O>AS!]!@�>{SV>A537O@34EU�>OSl:</VSC132!>'uJ4 \ >A/ \ :<D6]!>O5%G<RzSV> \ 4P:L1346GJ/V5©RYGJ@©1?2!>'7O@34E13>A@�4P:n465%:L5oU�>ADEG_B �

, �

��� � ¡
��� ¡ ,

�  , �

�#@3GJW 132!>T:<U�G \ ><e=B�>T5�>A>�132#:L1F/!G<@3WQ:<D64 �A>AS \ :<D6]V>A5�RYGJ@ �� � � :</VS ��  � :<@�>T¡qS!> \ 46:L1?4EGJ/!5�:<;#:<@,146/c7O@34E13>A@�46GJ/ ,Je!:<5o:<@3>T1?2V> \ :<DE]!>A5©RYG<@ �� ���):</VS �� � ��:LD6GJ/!uX7O@34[1?>A@�46GJ/ �Haª�F2�]!5%B->p2!: \ ><e
�� � � � ��  �� �

� �� ��� � �� � �
� � 

�#GJ@©1?2V> �':<]!5�5346:</c/!GJ465�>TWQGHS!>OD*1?2!4E5©1?@3:</!53D6:L1?>O5F1?G!e

� � �� � � � ��  �� ��� �

 � � � �� ��� � �� � �

� ��� � 
 

�#@3GJW �fyH]!:L1?4EGJ/ « a ) 1?2V>A@3>mRYGJ@3>Le

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

.0/lGL1?2!>O@oB-GJ@3SV5Ae 1?2!>{:<U�G \ >{/VGJ@3WQ:<D64 �g:L1346GJ/M5�19:L/!S#:<@�S!4 �O>A5%1?2!>pWQ>A:<53]V@3>AS \ :<D6]!>O5�:L7A@3G<535�:<D6D
7A@�4E13>A@346:q53Gn132#:L1%:n]V/!4E1�S!4E��>A@�>A/!7O>TU�>m10B�>O>A/c10B�Gk/!GJ@�WM:LD64 �O>AS \ :LD6]!>O5F:<D6G</!uX:<DED�7O@34E13>A@�4P:q7A:</
U�>©7AGJ/V5346SV>A@3>OS8:<5�>Ay�]!4 \ :<D6>O/�1Aaz�F2!4E5�@3>O5�13@3467m1?5�]V5�1?G)5�>O1f1?2V>�1?GJDE>A@3:</!7A> \ :LD6]!>O5�RYGJ@f:LD6DH7A@34[1?>O@34P:
1?GXU�>)1?2V>p53:<W8> �¢4 a >LaEe!G<@�1?GJDE>A@3:</!7A> \ >A7m1?GJ@�5%B%2V46792c2#: \ >'46SV>A/d1?4E7g:<D*13GJD6>O@?:</V7A> \ :<DE]!>A5©RYGJ@©:<D6D
7A@�4E13>A@346:�
ma

� 4E132M1?2!4E5�@�>Ay�]!46@�>AW8>A/d1FGJ/s132!>�13GJD6>O@?:</!7O> \ >A7O13GJ@Ae=B�>)5�>A>)132#:L1�132!>�RYGJDED6G_B%46/Vuq:<@�>�13@3]!> �

,;,_¡



	 �-`87OGJ/!534ES!>A@�46/!u{:<DED�;�GJ5�5346UVD6> \ :<D6]!>O5-132#:L1-7g:</QU�>�:<535�46uJ/!>OSQ13G{1?2V>�1?G<D6>A@3:</!7O> \ >A7O13GJ@35Oe
132!>%GJ/!DE`n/!>g:<@�DE`d�0/V>A7A>O5353:<@�`853>m1?5�1?2#:h1-7A:</M@�>A5�]!DE1ªUd`X1?2!>�:<;!;VD6467A:L1?4EGJ/nG<R�1?2!>��H13@3GJ/!u<DE`
�H13@34E7O1Fj#D[1?>A@F]V5346/Vuk132!>A5�>p13GJD6>O@?:</V7A> \ >O7O13GJ@35�:<@3> � � ��� ��e#:</VS � ��� � ��� ��a

	 �-`87OGJ/!534ES!>A@�46/!u{:<DED�;�GJ5�5346UVD6> \ :<D6]!>O5-132#:L1-7g:</QU�>�:<535�46uJ/!>OSQ13G{1?2V>�1?G<D6>A@3:</!7O> \ >A7O13GJ@35Oe
132!>XGJ/!D[`l/!>A:<@3D[`d�053]��Q7O46>O/�1p5�>O1?5T132#:L1T7A:</�@3>A5�]!DE1'Ud`t132!>k:<;!;VD6467A:L1?4EGJ/lGLR-132!>8�=]!;�>A@��
5,1?@34E7O1�j#D[1?>A@�]!5�46/!u'1?2V>A53>o1?GJDE>A@3:</!7A> \ >A7O13GJ@35�:<@3> � � ��� � ������eH:</VS � ��� � ��� � �  ��az.0/QR¢:<7m1B->):<DE@3>A:<SV`8I�/!G_B 1?2#:L1©:<D6D#/V>g:<@�DE`d�05�] �87A46>O/d1©53>m1?5©7OGJ/d19:<4E/Q132!>�W8>g:<5�]!@3>OSsS!GJW846/!:</!7A>
5�>O1�� � ��� � ��� �q4E/c132!465F7A:<53>3
ma

.0/^G<132!>A@©B-GJ@3SV5Ae!GJ/V7A>)B->':<@3>)@�>A5,1?@34E7O13>AS^1?Gq132!>T]!5�>TG<R�GJ/!D[`Q13GJD6>O@?:</!7O> \ >O7O13GJ@35©B%4[1?2^>Ay�]#:LD
7AG<WQ;�GJ/!>O/�135Aeª1?2!>O@3>C465X/!G�B©:g`K13GbuJ>m18/!>g:<@�DE`d�0/V>A7A>O5353:<@�`¤53>m1?58D64EI<> � ��� �tGJ@ � ��� � �  �lG<@/!>A:<@3D[`���53] �87O46>A/d1p53>m1?5'D64EI<> � �  �MU!:<53>OSbGJ/|132!>k/!GJ@3WQ:<DE4 �A>OS \ :<D6]V>A5Aa 	�/!G<132!>A@TB�:_`l1?Gc46/=�1?>O@3;!@�>O1Q1?2!4E5Q@�>A53]VDE1s4E5X1?2#:L1QB�>Z7g:</ 7AGJ/!5�46S!>O@Q132!>Z132!@3>O>t:<D[1?>A@�/#:L134 \ >O5813GiU�>lGJ@�S!>A@�>AS :L5
� ��� � ��� � �  �QB%2!>A@�>MGJ/!D[`l132!>Q5�]!U!5�>O1?5q7AGJ/d19:L46/!4E/!u^1?2!>X1?G<;!WQG<5�1p7AGJ/d1346uJ]!G<]!5'53>O1qG<R�:<DE13>A@,�/#:L134 \ >A5T]!;�1?Gs132!>kWQ>A:<53]!@�>AS�S!GJW846/!:</!7A>q53>O1p7A:</|RYGJ@3W�/!>g:<@�DE`d�0/V>A7A>O5353:<@�`�5�>O1?57-z:LD6DzGL1?2!>O@
53]VU!53>m1?5s:L@3>C>AD64EWQ4E/#:L13>ASvRY@3G<W
U�>O46/!u�/!>A:<@3D[`d�0/!>O7A>A5�5?:<@,` 5�>O135��Y4wa ><a[e-1?2V>A@3>C465k/!G�1?G<D6>A@3:</!7O>
\ >O7O13GJ@{RYGJ@'B%2!4E792b1?2V>O`N7g:</bRYGJ@3W�:c/!>g:L@3DE`d��/!>A7O>A5353:<@�`b53>m1�
£al�H46W846DP:L@3DE`<e�GJ/!D[`t1?2V>M53]VU!53>m1?5
7AG</�1?:<46/V46/!u8:<DED�G<R}1?2!>pWQ>A:<53]V@3>ASZS!GJW846/#:L/!7A>':<D[1?>O@3/#:L134 \ >A5o:<;!;�>A/!SV>ASZB%4[1?2C7AGJ/d1346uJ]!G<]!5o:<D[�
1?>O@3/#:h1?4 \ >A5)RY@�GJW¨132!>n/!G</=�05�]!@ \ 4 \ GJ@35TGLR-W8>g:L53]!@�>AS|S!GJW846/!:</!7A>{7g:</|RYGJ@�W /!>g:<@�DE`d�05�] �87A4E>A/d1
53>m1?5Oa�§ZGJ@�>AG \ >O@Ae<B->�7A:</n46/VS!> � >A:<792X:<D[1?>A@�/#:L134 \ >�B%4E132q:oWQ4E/!46Wq]!W 13GJD6>O@?:</!7O> \ >A7m1?GJ@z:L1�:L/!S
:<U�G \ >FB%2!46792X132!>%:<DE13>A@�/#:L1?4 \ >�B%4ED6DH7A>A:<53>F1?GTU�>%:TWQ>OWnU�>A@�G<R 132!>F/!>g:L@3DE`d��/!>A7O>A5353:<@�` � /V>g:<@�DE`d�
53]��Q7O46>O/�1�53>m1ga

�#GJ@p132!>Q:<U�G \ >M;!@�GJU!D6>OW 1?2!>O53> \ :<DE]!>A5{:<@�> � � �., �3, �QRYGJ@ ���we����k:</VS �  @3>A5�;�>O7O134 \ >ODE`<a.0/�G<132!>A@8B�G<@3S!5Oe%13GJD6>O@?:</V7A> \ >A7m1?GJ@�5sD6>O53581?2#:</ �NU!]V1MuJ@3>A:L1?>O@Q132#:</ ,Z;!@3GHS!]!7O> � ���-�N:L5
1?2V>n/!>g:L@3DE`d��/!>A7O>A5353:<@�`l53>m1?5Ae�1?GJDE>A@?:L/!7A> \ >A7m1?GJ@�5�B%4E132 \ :<D6]V>A5�DE>A5�5�1?2#:L/ ,nU!]V1)uJ@3>A:L1?>O@�1?2!:</
, ;!@�G=SV]!7A> � ��� � ��� �C:<5q1?2V>s/!>g:L@3DE`d��/!>A7O>A5353:<@�`v53>O1X:</!SKU�>A46/Vul1?2!>MWQ>A:<53]!@�>ASxS!GJW846/!:</!7A>
53>m1ge�4E1p465'1?2!>8DP:L@3uJ>O5�1{/!>g:<@�DE`d�0/V>A7A>O5353:<@�`b53>m1ga^�F2!4E5{W8>g:<5�]!@3>OSvS!GJW846/!:</!7A>k5�>O1n4E5p:<D65�GZ1?2V>
53WQ:<DED6>A5,1U���������%&P�E� � � ���E���  X�A�� ¢a$	�/!SZj#/#:<DEDE`MRYG<@o13GJD6>O@?:</!7O> \ :LD6]!>O5�uJ@�>g:L13>A@%1?2#:L/ ,Je#B->quJ>m1
1?2V>o>O/d1?46@�>�5�>O1ªG<R�:<DE13>A@3/!:L1?4 \ >A5ª:<5f132!>%/!>g:<@�DE`d�05�] �87A4E>A/d1�5�>O1Aa��F2!465ªGJ@�S!>A@�46/!u'/!G_B�@�>A;!@�>A5�>A/d1?5
:</sG<@3S!>O@346/VuqG<R�132!>�S!4[�*>O@3>O/�1©53]!@ \ 4 \ GJ@-53>m1?5©RY@3G<W ��y�]#:h1?46G</^¡Va��{5�1?:<@�1346/!upRY@3GJW 1?2V>�/�]!D6D�53>m1
B%2!4E792|7g:</tU�>n7OGJ/!534ES!>A@�>AS�:<5o1?2!>{1?GJ;tGLRf1?2!>{GJ@3S!>O@34E/!u!e�:L/�`C4E/=�0U�>O10B->A>O/N5�>O1TU�>A4E/!us:81?GJ;�e
7AG</�1346uJ]VGJ]!5'53>m1qG<R�:<D[1?>A@�/#:L134 \ >O5)RY@3GJW�1?2!>kGJ@�S!>A@�46/!u!e�B%4[1?2N53>O135{u<@3>g:h1?>A@TUV46uJuJ>O@)1?2#:L/�ez:L/!S

,;, �



1?2V>A@3>mRYGJ@3>�46/!7OD6]!S!4E/!u!e 1?2!>-WQ>A:<53]V@3>ASXSVGJWQ4E/#:</!7O>-5�>O1fU�>A4E/!u�/V>g:<@�DE`d�05�] �87A46>O/d1f53>m1?5zB%2!4ED6>-53>O135
B%2!4E792v:<@�>85�]!U!5�>O1?5qG<R�132!>kWQ>A:<53]!@�>ASbS!GJW846/#:</V7A>k53>m1qU�>A4E/!uc/!>g:<@�DE`d�0/V>A7A>O5353:<@�`b53>m1?5Aa �T/V>
B�:_`kRYGJ@f132!>�]V53>A@ª1?Gp792!GHGJ53>%RY@3GJW~132!465�GJ@�S!>A@�46/!up465f13G{4EWQ;�GJ53>o:';!@3]V/!46/!up> � ;!@�>A5�5346G</s>A4[1?2!>O@
46/Z1?>A@�WQ5�G<R�2!G_B�WM:</d`l:<DE13>A@�/#:L1?4 \ >O5�2!>X> � ;�>A7m1?5Oe�GJ@)46/VS!4 \ 46SV]#:<D�;!@3]V/!46/!uM> � ;!@3>O535�46GJ/!5)RYG<@
/!>A:<@3D[`���/!>A7O>A5�5?:<@,`C:</!SC/!>g:<@�DE`d�05�] �87A4E>A/d1o53>O135Aa

�F2!>�y�]!>A5,1?46G</ 4E5MB%2!>m1?2!>O@C5�]!792 :</ GJ@3SV>A@34E/!uK7g:L/ U�>|>��87O46>A/d13DE`�7OGJW8;!]V1?>OS�RYGJ@s1?2V>
uJ>O/!>A@3:<D*7A:<53>)B%4[1?2��|:LDE1?>O@3/#:h1?4 \ >A5Oaª§ZGJ@3>�53;�>A7A4[j#7g:LD6DE`kB->TS!>A5�46@�>T:</^GJ@�S!>A@�46/!un5�]!792^1?2#:h1geV4[R
GJ/!>'5�>AD6>O7O135�1?2V>'13GJ;!W8GJ5�1 �k:<D[1?>O@3/#:L134 \ >A5Ae#4E/!S!4E7g:L13>ASC:<5F1?2!>p53>m1�� e!132!>A/C1?2!>'RYGJD6DEG_B%46/!uq10B-G
;!@�GJ;�G<534E1346GJ/V5©Wn]!5,1�2VGJD6S^RYGJ@%:</d`^5�]!792l5�>O1�� �

	 � ���*����� � ����� � ��� eª132!>A@�>c465X/!G�1?GJDE>A@3:</!7A> \ >A7m1?GJ@kRYGJ@nB%2!4E792 ���MU�>ADEGJ/!uJ5n13G
132!>n7AG<@3@3>O53;�GJ/!S!4E/!u^/!>A:<@3D[`���/!>A7O>A5�5?:<@,`t53>m1':</!S ����S!G=>O5)/!G<1Aap��GJ/ \ >O@353>ODE`t132!>A@�>n465�:
13GJD6>O@?:</!7O> \ >A7O13GJ@�RYGJ@ªB%2!46792 ���*U�>OD6GJ/VuJ5-13G{1?2V>)7AGJ@�@3>O53;�GJ/!S!4E/!un/!>A:<@3D[`���/!>A7O>A5�5?:<@,`s53>m1
:</VS ���oS!G=>O5%/!G<1ga

	 � ���*����� � ����� � ��� eª132!>A@�>c465X/!G�1?GJDE>A@3:</!7A> \ >A7m1?GJ@kRYGJ@nB%2!4E792 ���MU�>ADEGJ/!uJ5n13G
132!>k7AGJ@�@3>A5�;�G</!S!46/VuC/V>g:<@�DE`d�05�] �87A46>O/d1{5�>O1{:</!S�����S!GH>A5'/!G<1Aa8��GJ/ \ >O@353>ODE`|132!>A@�>84E5':
13GJD6>O@?:</!7O> \ >O7O1?G<@oRYGJ@©B%2V46792 ����U�>OD6GJ/!u<5©1?GX1?2!>'7OGJ@3@�>A53;�GJ/!SV46/!uk/!>A:<@3D[`���53] �87O46>A/d1o53>m1
:</VS ���oS!G=>O5%/!G<1ga

��5�46/!uN1?2!4E5QG<@3S!>O@346/Vu!e-132!>l]!5�>A@Q7g:</�5�>ADE>A7O1s:</d`¤53>O1��K>A4[1?2!>O@M:<7O7AGJ@�S!46/VuN13Gi2!4E5Q;!@�]!/!4E/!u
S!>OWM:</VS!5�GJ@ª4ER�2!>�2#:L5-> � ;V@3>A5�534EGJ/!5©RYGJ@�1?2!>�/!>g:L@3DE`d��/!>A7O>A5353:<@�`M:</!SM/!>g:<@�DE`d�05�] �87A4E>A/d1©5�>O1?5-G<R
46/d13>A@3>O5�1-1?Gn2!4EW 46/81?2!>oRYGJ@3W�G<R�132!> � \ :LD6]!>O5Aa �b>)/!> � 1�S!>A5�7A@�46U�>�1?2!>�;!@3GH7A>OS!]!@�>)Ud`8B%2V46792
1?2V465©1?GL19:<D�G<@3S!>O@346/Vu84E5F7AGJW8;!]V13>AScRYGJ@��N:<DE13>A@�/#:L1?4 \ >O5Aa

� � � ��� � �) #"%(���$'&) #�¤�V" �) #"o$'&)(�������"ª #$T�� +���� "ª�n��� �<�q��� �v���}� �V���V�

�T4 \ >O/|:M5�>O1 � G<R �K:<DE13>A@�/#:L1?4 \ >O5�>g:L792tB%4E1?2 � W8>g:L53]!@�>AS|7A@�4E13>A@346: \ :<DE]!>A5Oe*S!> \ 46:L1?4EGJ/!5 � �
RYGJ@©132!> \ :L@346G<]!5F7A@�4E1?>O@346:X:</!SZ:<535�]!WQ4E/!un1?2V>p/VGJ465�>pW8GHS!>ADE5�1?GkU�> �':<]!5�5346:</ �

,Jao�#GJ@ª>g:<792M7A@34[1?>O@346G</  �eV/!GJ@�WM:LD64 �O>©1?2!>�46/!SV4 \ 46S!]!:<D \ :<D6]!>O5©:<5ªS!>O537A@�46U�>ASc:<U�G \ >®�¢53>m1©1?2V>
W846/!4EWn]!W�:<DEGJ/!uq132!>'7A@34[1?>O@346G</s1?G �A>O@3G!e!132!>'@3>OWM:<4E/!46/Vu \ :<D6]V>A5%:<@�>T5�19:L/!S#:<@�S!4 �O>ASCU�`
S!4 \ 46S!4E/!un1?2!>O46@FS!4[�*>O@3>O/!7A>TRY@3G<W 1?2V>pW846/V46Wn]!W \ :<DE]!>)B%4E132C132!> � ��a

�=ao�#GJ@F>A:<792 ���� �Ke
,;, �



¡Vao�#GJ@F> \ >A@,`cG<1?2V>A@��  � �Ke
� :;
C��G<WQ;!]=1?>T1?2!> \ >A7O13GJ@35 � �  � WQ: � � � � ���  � :</!S �  � � WQ: � � �  ��� � �
�¢U 
^4[R � �  � �  � � � ��� �	� � � � � 
 � �  �4[R�����S!GJW846/#:L13>A5)� � � ��� �	� � � � � 
 � � � >OD65�>p4[R�����:</!S �  :<@3>T1346>AS� � ��� �	� � � � � 
 � �
�¢73
c>OD65�> � � ��� �	� � � � � 
 � � � 4[R��  SVGJWQ4E/#:L13>A5)���� � ��� �	� � � � � 
 � �  �>OD65�>p4[R�����:</!S �  :<@3>T1346>AS� � ��� �	� � � � � 
 � �

�!a � � � � � � � 	 ��
 � ,   � � � W846/ � � � ��� �	� � � �3,�  �²
 �
� a � � � � ��� � � �  � � � � � 
 � � � � � � � � � � � 	 ��
 �I,�  �²
�
]


�H13>A;�,©/!G<@3WQ:<D64 �A>A5}:<DEDd1?2!>©7O@34[1?>A@�4P: \ :LD6]!>O5�:<7O7AGJ@�S!46/!u�]!534E/!u�132!>(� \ :<DE]!>A5}RYGJ@�132!>©46/VS!4 \ 46SV]#:<D
7A@�4E13>A@346:{Ud`M132!>)1?>O792!/!4EyH]V>TS!>A5�7A@34EU�>OSC:<U�G \ ><a��F2!>)@�>AWQ:<46/!4E/!uq5,1?>O;!5F7AGJW8;!]V13> � \ :<D6]V>A5-RYG<@
>g:L792lG<R}1?2!> �N:<DE13>A@�/#:L1?4 \ >O5Ae!1?2V>A@3>OUd`c7A@3>A:L1?4E/!u8>A/d1?@�46>A5FRYGJ@o:</ � � ��WM:h1?@34 � af�F2!465%WQ:L1?@�4 �
465�532!G_B%/C46/c�z4EuJ]!@3> ,_¡Vaf.0/c7g:L53>':<D[1?>A@�/#:L134 \ >O5����:</!S ����:<@3>�1346>OSc:<7A7OGJ@3S!4E/!un1?GXW8>g:L53]!@�>AS
S!GJW846/!:</!7A>)132!>A/Z>g:<792Z>A/d1?@,`� � 4E/C132!>'WM:h1?@34 � 7OGJ@3@�>A53;�GJ/!SV5o13Gk132!> \ :LD6]!>TG<R�1?GJDE>A@3:</!7A>)RYG<@
B%2!4E792c132!>':<D[1?>A@�/#:L134 \ > ����B%46DED*U�>)5�13@3GJ/!uh�05�13@34E7O1?D[`MSVGJWQ4E/#:L13>ASsUd`c:<D[1?>O@3/#:L134 \ > ��� af.�R}132!>A@�>
465�53]!792Z:q1?GJDE>A@3:</!7A> \ >A7m1?GJ@Oe!1?2!>O/^1?2!>O@3>T465-/!G \ >O7O1?G<@©RYGJ@�B%2!4E792 ���FB%46DED*U�>)5�13@3GJ/VuL�05,1?@34E7O13DE`
S!GJW846/!:L1?>OStUd` ���f:L/!S|1?2!>O@3>ORYG<@3>q132!>n7AG<@3@3>O53;�GJ/!S!4E/!u^>A/d13@�` � ��4E5)53>m1)1?G � a 	�D6D}S!4P:<u<GJ/#:<D
>A/d13@346>O5z:L@3>ª53>O1}1?G � 13G�4E/!S!4E7g:L13>�1?2!>�1?2!>O@3>ª465�/!Go1?GJDE>A@?:L/!7A> \ >O7O13GJ@}RYG<@�B%2V46792n:L/n:<D[1?>A@�/#:L134 \ >
7g:L/Z5,1?@3G</!uL�05,1?@�467O13DE`QS!GJW846/#:h1?>)4[1?53>ODER�a

.�R�eVGJ/Q1?2!>)GL1?2!>O@�2#:</VS�e ����:L/!S ���%2#:<;!;�>A/M13GnU�>)53]!792^132#:L1©G</!>�W8>g:<5�]!@3>OS^S!GJW846/#:h1?>A5
1?2V>tG<1?2V>A@Ae©132!>A/�132!>t@�G B¨>O/�13@�`¤RYGJ@Q132!>lSVGJWQ4E/#:L13GJ@Q4E5Q5�>O1s13Gi1?2V> \ :<D6]!>l:L1MB%2V46792�1?2V>
S!GJW846/!:L1?>OSi:<D[1?>O@3/#:L134 \ >QU�>A7OGJWQ>O5 �,��46/!SV465�1346/!u<]!465�2#:<U!DE>n46/i:<D6Df7O@34E13>A@�4P:^B%4E1?2b@3>O53;�>A7O1q1?Gl4[1ga
�F2!>t@�G_B�>O/d1?@�`�RYGJ@k1?2!>tSVGJWQ4E/#:L13>AS�:LDE1?>O@3/#:h1?4 \ >l4E5M53>m1s1?Gb1?2!>tWQ: � 46Wq]!W \ :<D6]!>ZG<RT1?2V>
1?G<D6>A@3:</!7O> \ >O7O13GJ@c:L1MB%2V46792 4E1QU�>A7AG<WQ>O5 �s46/!SV465�1346/!u<]!465�2#:<U!DE>cB%4[1?2�4[1?5QS!GJW846/#:L13GJ@846/�:h1

,;, «



ε

ε z

C1

C2

C3

Cn

C1 C2 C3 Cn

Ci

CjCi

Cj ij

ji

8

8

8

8

8

SORT

ε p ε q ε r

nε1 ε2

max min0

MPS Non−MPS

sets sets

Min

�z4EuJ]!@3> ,g¡ � 	�/CGJ@3SV>A@34E/!un1?G8;!@�G=S!]V7A>'46/=��U�>m10B�>O>A/C53>m1?5
,;, ³



D6>A:<5�18GJ/V>Z7O@34E13>A@�46GJ/�e�1?2V>A@3>OUd`�WQ:<I�46/VuN4[1X1?2!>CW846/!4EWn]!W 13GJD6>O@?:</V7A> \ >O7O1?G<@M:L1kB%2!4E792 1?2V>
S!GJW846/!:L1?>OSc:<DE13>A@3/!:L1?4 \ >T465F4E/!53>O@�13>ASC46/d1?GX1?2V>p5�] �87A4E>A/d1�5�>O1Aa
�)/!7A>T:LD6D#G<R�132!>)WQ:L1?@�4 � >O/d1?@34E>A5�:<@3>oj#D6DE>AS�e=�H13>A; �n7OGJW8;!]V1?>O5-132!>�W846/!4EWn]!W G<R�:<DED�@�G_B©�

>A/d13@346>O5-RYGJ@ª>g:L792^:<DE13>A@�/#:L1?4 \ >Laz�F2!4E5-B%46DED#;!@3GHS!]!7O>): \ >A7m1?GJ@-G<R�DE>A/!u<132 �CB%4E132MGJ/!>%1?G<D6>A@3:</!7O>
\ :<D6]V>©RYGJ@f>g:<792Q:<D[1?>A@�/#:L134 \ >Laz�F2!>%1?G<D6>A@3:</!7O> \ :LD6]!>©RYGJ@�:L/�`X:<DE13>A@3/!:L1?4 \ >�  RY@�GJW�1?2V465 \ >O7O13GJ@
46/VS!467A:L1?>O5q1?2!>M53WQ:<D6DE>A5�1 \ :<D6]!>QG<R%1?GJDE>A@3:</!7A> \ >A7m1?GJ@nRYG<@qB%2!46792 �  B%46D6DªU�>s>A4[1?2!>O@n5�13@3GJ/!uh�5�13@34E7O1?D[`tS!G<WQ4E/#:L1?>OS �¢4E/|7g:<5�> �  4E5':^WQ>A:<53]!@�>ASNS!GJW846/#:L/!7A>n5�]!@ \ 4 \ GJ@Z
me�GJ@T53]V;�>O@35�13@34E7O1?D[`d�S!GJW846/!:L1?>OS �¢4E/s7g:L53>��  4E5�/!GL1%:qW8>g:<5�]!@3>OSCSVGJWQ4E/#:</!7O>�5�]!@ \ 4 \ GJ@Z
�U�`Q53G<WQ>T:LDE1?>O@3/#:h1?4 \ >�4E/1?2V>)53>m1ga�%�> � 1ge=132!>T:<D[1?>O@3/#:L134 \ >A5©:L@3>�G<@3S!>O@3>AS^Ud`Q53GJ@,1?4E/!un:<7O7AGJ@�S!46/Vu{1?2V465-13GJD6>O@?:</V7A> \ >A7m1?GJ@Oa
�F2!4E5�GJ@�S!>A@�46/!up465ª532!G_B%/c:L1ª1?2V>�U�G<1313GJW~G<R���46uJ]!@�> ,g¡Va��F2!>�:<U�G \ >):<DEuJGJ@34[1?2!W @3>OyH]V46@3>O5�1?2V>
7AG<WQ;!]=19:L1346GJ/sGLR � � >O/�13@34E>A5FG<R}1?2!>TWQ:L13@34 � :</!Sc4E5©1?2!>O@3>ORYG<@3> � � � � 
£ag*�G_B-> \ >O@Ae 1?2!>O@3>T4E5%:</
:<D[1?>A@�/#:L134 \ >o1?>O792!/!46y�]!>)13GX;!@3GHS!]!7O>�1?2V>':<U�G \ >)GJ@3SV>A@34E/!uqB%2!4E792c465�W8GJ@�>�1?@3:<7O1?:<U!DE>):</!SsB%4ED6D
U�>pSV46537O]!535�>ASZ46/^1?2!>'/!> � 1�5�>A7m1?46G</�a

.0/K1?2!4E5nGJ@3SV>A@34E/!utG<R�:<D[1?>O@3/#:L134 \ >A5Ae�:L/�`i;!@3]V/!46/!u|> � ;!@3>O53534EGJ/¤G<RF1?2!>^]V53>A@X7A:</xU�>MWQ>m1
Ud`i5�>ADE>A7O1346/!uC1?2!>M:<;!;!@�GJ;!@�4P:L13>Q/�]!WnU�>A@qG<R%:<D[1?>A@�/#:L134 \ >O5pRY@�GJW 1?2!>QGJ@3SV>A@34E/!u!aC.0/iR¢:<7m1ge�RYG<@
:</d`N53]!792i46/=��U�>m10B�>O>A/v5�>O1ge}1?2!>Q7AGJ@�@3>O53;�GJ/!S!4E/!uZ13GJD6>O@?:</!7O> \ :LD6]!>846/!SV> � 46/!uC4E135'D6G_B�>O@qW8GJ5�1
:<D[1?>A@�/#:L134 \ >|7A:</ U�>N]!53>OS 13G¤7OGJW8;!]V1?> � \ :<D6]!>O5C:</!S ;!@3G \ 46S!>N:<5�53]!@3:</!7O>A5lGLRq1?2V>NI�4E/!S
S!>O@34 \ >ASn4E/{132!>-;V@3> \ 4EGJ]!5z5�>A7m1?46G</qRYGJ@�1?2!>-46/=��U�>m10B�>O>A/n5�>O1Aa���GJ/ \ >O@353>ODE`<ed4ERV132!>�]V53>A@�> � ;!@�>A535�>A5
� \ :<DE]!>A5Oe�1?2!>O/v1?2!>s7OGJ@3@�>A5�;�GJ/VS!46/!u|/V>g:<@�DE`d�0/!>O7A>O535?:L@�`K:L/!SK/!>g:L@3DE`d��53] �87A4E>A/d1X5�>O1?5X7A:</KU�>
;!4E79I<>ASCRY@3GJW�1?2!>p:<U�G \ >'GJ@�S!>A@�46/!ukUd`c]!534E/!uX1?2!> � \ :<D6]V>A5Aa

� � � �0� � ��$'&)(�+���� �#�)� (�"-� �T&��!�z�!+,"-�)���b(�"-� �T�,� ��+0�<� "ª� �) #"%$'&)(�+����
�#�)� "ª #$T�� +���� "-�C+,� �<�q���*�v���}� �V���V�

.0/b132!465T5�>A7m1?46G</�e}B->MSV>A537O@34EU�>8:cWQGHS!4Ej!7g:L1346GJ/t13GC132!>k;!@3> \ 4EGJ]!5�DE`�S!>O537A@�46U�>ASN1?>A792V/!46y�]!>8G<R
;!@�G=S!]V7A46/Vus1?2!>kGJ@�S!>A@�46/!u^G<Rª4E/=�0U�>O10B->A>O/b5�>O1?5OaX�F2!>kWQGHS!4[j#7g:L1346GJ/ZB%46D6D}@3>OS!]!7O>k132!>kG \ >A@3:<D6D
7AG<WQ;!DE> � 4E10`vG<R)1?2V>l:<DEuJGJ@�4E1?2VW RY@3G<W � � � � 
n1?G � � � ��� � 
 + � �=
£a �#@3GJW �fy�]#:L1346GJ/ ¡Va��=e-B->
53>O>s1?2#:h1q1?2V>^:<U�G \ >^GJ@3SV>A@34E/!uZB%4ED6D-:<DEB�:g`H5n7AGJ/d1?:<46/i132!>sW8>g:<5�]!@3>OSKS!GJW846/#:L/!7A>Q53]!@ \ 4 \ GJ@�5
:<58:</¤46/=��U�>m10B�>O>A/¤53>m1ga 	�D65�G!e�1?2!>c/!>A:<@3D[`���53] �87O46>A/d1853>m1?58;�>O@�1?:<46/K1?G|132!>C:<;!;!DE467g:h1?46G</vG<R
1?2V>n�=]V;�>O@35�13@34E7O1�j!DE1?>O@FB%2!46792Z>A/d19:<4ED65�:<S!S!4E/!u8/!>OB�:<D[1?>O@3/#:L134 \ >A5F1?G81?2!>p> � 465,1?4E/!uQW8>g:L53]!@�>AS
S!GJW846/!:</!7A>p53>m1gao�F2!>AG<@3>AW « a « 4E/!S!4E7g:L13>A5%1?2!>p1?>A5,1)7OGJ/!S!4[1?46G</CRYGJ@o53G<WQ>m1?2!4E/!uQ13GMU�>AD6G</!u813G
1?2V>M/!>A:<@3D[`���53] �87O46>A/d1q53>O1 � �|����
ma 	�7A7AG<@3S!4E/!uZ13GZ1?2V>M>Ay�]#:h1?46G</�ez4[1{4E5{/V>A7A>O5353:<@�`N1?2#:h1q1?2V>

,;, )



7AG</!S!4E1346GJ/p2!GJDES{RYGJ@}>g:L792 ����� � �|� �Z
�B%4[1?2q@�>A5�;�>O7O1�13G)>g:<792qG<R#1?2!>-G<1?2V>A@ � ��,F:<D[1?>O@3/#:L134 \ >A5Aa
*�G_B-> \ >A@Ae*:</!ScRYGJ@�13]!/#:L13>AD[`Je#4E1%5�] �87A>O5�1?Gk53>O>q4[R�132!>{7OGJ/!S!4[1?4EGJ/^2!GJDES!5FB%4E1?2C@3>O53;�>A7m1�1?Gk1?2V>
W8>g:<5�]!@3>OSKS!GJW846/#:</V7A>Q:<DE13>A@3/!:L1?4 \ >A5q:<D6G</!><aZ��Gt5�>A>M132!465Oe�53]V;!;�G<53>c:<D[1?>A@�/#:L134 \ > ���©;!:<535�>A5
1?2V>M1?>O5�1qB%4[1?2v@�>A5�;�>O7O1X1?Gl:l534E/!uJDE>QW8>g:<5�]!@3>OSKS!GJW846/#:L/!7A>Q:<DE13>A@�/#:L1?4 \ > ��� aZ�F2!465{46W8;!D64E>A5
1?2!:L1 ���ªB%46DED�;#:<5�5{132!>Q13>A5�1n:<7A7OGJ@3SV46/!uc1?Gl:<D6D�:<D[1?>O@3/#:L134 \ >A5TB%2!46792v:<@3>8S!GJW846/#:h1?>ASNUd`���� a
�F2!4E5^46W8;!D64E>A5k1?2#:L1s4ERT1?2V>�:<DE13>A@3/!:L1?4 \ >l;!:<535�>A5^1?2!>t13>A5,1c7AGJ/!SV4E1?4EGJ/ :<7O7AGJ@�S!46/Vuv1?Gx:<DED�1?2V>
W8>g:<5�]!@3>OSCSVGJWQ4E/#:</!7O>T:<D[1?>A@�/#:L134 \ >O5AeV132!>A/c4[1F2#:<5©13GX;#:<535F132!>)1?>O5�1%7AG</!S!4E1346GJ/QB%4E1?2c@�>A53;�>A7m1
1?GN> \ >A@,` /!G</=�05�]!@ \ 4 \ GJ@8G<R)W8>g:<5�]!@3>OS�S!GJW846/!:</!7A>La 	�D6DFG<R�1?2!4E584EWQ;VD646>O5n1?2#:h1Q4[R)GJ/V>Z7A:</
:<5�7A>A@,19:<4E/iRYGJ@{53GJW8>s:<D[1?>O@3/#:L134 \ > ����132#:L1q4E1{5?:L13465�j!>A5q132!>s7AG</!S!4E1346GJ/NB%4E132v@3>O53;�>A7O1X13Gl1?2V>
W8>g:<5�]!@3>OSlS!GJW846/!:</!7A>T5�>O1Ae�132!>A/Z4E1FB%46DED�5?:h1?465,R¥`s1?2V>{7OGJ/!S!4[1?46G</cRYG<@%:<D6D�G<R}1?2V>q:<D[1?>O@3/#:L134 \ >A5Aa
�F2!>O@3>ORYG<@3><e�RYGJ@T1?2!>8;�G<@�1?4EGJ/NG<R�132!>MGJ@�S!>A@�46/!uCU�>AD6G_B 1?2!>QWQ>A:<53]!@�>ASbS!GJW846/#:</V7A>k53>m1gezG</!DE`
� � � �|�(� � �)y
 � � � �|�-� � �)y
 �H>A/d13@346>O5%/!>A>OSC13GQU�>T7AGJW8;!]V13>ASC46/!5,1?>A:<SZGLR � � � �¢�(� � �)y
 � � �za�#GJ@q1?2V>s/!>g:L@3DE`d��/!>A7O>A5353:<@�`v53>O135Aeª2!G_B�> \ >O@Ae-B->^/!>O>ASx1?G|792!>O79IiRYGJ@q132!>M1?>O5�1k7OGJ/!S!4[1?46G</
B%4E132x@3>A5�;�>O7O181?G�>g:L792�G<Ro1?2V>C@�>AWQ:<46/V46/!u � � ,C:<DE13>A@3/!:L1?4 \ >A5OaK�F2!465X4E5XU�>O7g:<]V53>Z:�u<4 \ >O/
W8>g:<5�]!@3>OS|S!GJW846/#:</V7A>p53]!@ \ 4 \ GJ@�WQ4EuJ2d1�53:L1?4E5�R¥`C1?2!>p1?>A5,1'7AGJ/VS!4E1346GJ/cB%4E132t@3>O53;�>A7O1T13Gs> \ >A@,`
G<132!>A@oWQ>A:<53]V@3>ASZS!GJW846/#:L/!7A>'53]V@ \ 4 \ GJ@):</VSZ`J>m1�132!>A@�>{W846uJ2d1oU�>q:kS!GJW846/#:h1?>ASZ:<D[1?>A@�/#:L134 \ >
1?2!:L1'465��,��46/!SV465�1346/!u<]!465�2#:<U!DE>pB%4[1?2�@3>O53;�>A7O1'13GC4[1T46/�:LD6Dz7O@34[1?>A@�4P:Ve�1?2!>O@3>AUd`�/!GL1p:<D6DEG B%4E/!uQRYG<@
1?2V>©1?>A5,1�7AGJ/VS!4E1346GJ/q13G'2!GJD6S*a�*o>A/!7O><edRYGJ@�:<DED=W8>g:<5�]!@3>OSkS!GJW846/#:</V7A>©5�]!@ \ 4 \ GJ@35Oe�4E1�4E5�@3>Oy�]!46@�>AS
1?2!:L1q132!>A@�>sU�> � � ,M7AGJW8;#:<@�4653G</!5p13Gl1?>O5�1X132!>M7OGJ/!S!4[1?46G</bRYGJ@{U�>OD6GJ/!u<46/!uC1?Gl132!>s/!>A:<@3D[`��
/!>O7A>A5�5?:<@,`C53>O1Aa

�F2!>kG \ >A@3:<D6Dz>A/d1?@�46>A5)B%2V46792�/!>A>OSN13G^U�>X7OGJW8;!]V1?>OS�e�1?2V>A@3>mRYGJ@3>Le�465T:L5T532!G_B%/N46/��z4EuJ]!@3>
, �!a��#GJ@ª1?2!>TW8>g:L53]!@�>AScS!GJW846/#:L/!7A>�53]!@ \ 4 \ GJ@�5%DP:<U�>ADE>AS^:<5©132!>)5�>O1 � � � �   � �

�p46/s132!>�j#u<]!@3>Le
:<DED �^>O/�13@34E>A5f/!>O>ASk1?GTU�>F7AGJW8;!]V13>AS�ai*oG_B�> \ >A@�RYGJ@z132!>%:<D[1?>A@�/#:L134 \ >O5 � @�G_B%5fU�>OD6G_B �

�
e<B%2V46792

465)132!>X53>m1pG<Rª/!GJ/=��53]!@ \ 4 \ GJ@�5'G<R�W8>g:L53]!@�>AS�S!GJW846/#:L/!7A>Le�GJ/!DE`C1?2V>8>O/d1?@34E>A5T5�2!G_B%/i:<5'U�G � >O5
/!>O>AS�1?G^U�>X7AGJW8;!]V13>AS�a{�F2!>k@3>ASV]!7O1346GJ/|4E/|7AGJW8;!D6> � 4E10`Z465)5�>A>A/NUd`|7AG<WQ;#:L@346/Vu^�z46u<]!@3> , �
1?GN�z4EuJ]!@�>�,_¡ --4E1X4E5k:<D65�G|46/!S!4E7g:L13>ASKUd`v132!>^/!GJ/=��U�G � >AS¤@3>OuJ46G</KG<R�132!>^WQ:L1?@�4 � 46/x�z4EuJ]!@3>
, �!ai§ZGJ@�>^;!@3>O7A4E53>AD[`Jef1?2V>^/H]VWnU�>O@XG<R�>A/d1?@�46>A5X7OGJW8;!]V1?>OSxU�`b1?2!4E5qB�:_`vG<R�;V@3GHS!]!7A4E/!ut1?2V>
GJ@�S!>A@�46/!u!eV46/!7OD6]!S!4E/!un1?2V> � � ��� ��� �=
�]V53>ASZ46/^5�GJ@�1346/!uk465 �
� � � � �¢�(� � �)y
 � 
 � � � � �|�-� � �)y
 � 
.��� �|�-� � �)�
 �ª
�
 � ��� �²� �=
]
 � � � � � �|�(� � �)y
 � 
 � ��� ��� �=
]


� � � � ��� � 
 + � � �²
�
 � « a � ) 


,;, 	



ε

ε z

C1

C2

C3

Cn

C1 C2 C3 Cn

8

8

8

8

SORT

ε p ε q ε r

nε1 ε2

max min0

MPS Non−MPS

sets sets

Min

Cs

Cs 8

MEASURED
DOMINANCE SET

THESE ENTRIES DON’T NEED
TO BE COMPUTED

�z4EuJ]!@3>�, � � � \ >O@?:<DED�7AGJW8;!D6> � 4E10`MRYG<@FGJ@3S!>O@34E/!un1?2!>'4E/=�0U�>O10B->A>O/l53>m1?5%B%4E132C/V>OB :LD6uJGJ@�4E132!W

, � ,



534E/!7A>©132!>©/�]!WnU�>A@zG<R�S!GJW846/#:</V7A>�5�]!@ \ 4 \ GJ@�5ª4E5z> � ;�>A7m1?>OS813GTU�>©Wq]!792k53WQ:<D6DE>A@�1?2#:</ �M46/n1?2V>
: \ >O@?:<uJ>X7A:<53>Laq�F2�]!5T1?2V>n7AGJW8;!DE> � 4E10`Z465�132!>n53:<WQ>k:L5�1?2#:h1TG<Rª7AGJW8;!]V1346/!uQ1?2!>kr�:<@3>m1?G^53>m1
B%2!4E792M465ª:'D6G<1ªW8GJ@3>©13@?:<7m19:<UVD6>F1?2#:L/Q1?2V> � � � � 
f4EWQ;VD6>AW8>A/d1?:L1?4EGJ/nS!4E537A]V5353>OS^;!@3> \ 46GJ]!5�DE`<a�.0/
G<132!>A@�B-GJ@3SV5Ae�uJ4 \ >A/Q:)53>m1-GLR*:LDE1?>O@3/#:h1?4 \ >A5OeJ1?2!>m`X7g:</kU�>%GJ@3S!>O@3>OSQ:L7A7AG<@3S!4E/!uT1?G)1?2V>oG<@3S!>O@346/Vu
;!@�46/!7O46;!DE>pB%4[1?2!GJ]=1T:MuJ@�>g:L1):<W8GJ]!/d1�GLR�7AGJW8;!]V1?:L1?4EGJ/#:<D�7AG<WQ;!DE> � 4E10`<a�.0/=��U�>m10B�>O>A/�53>m1?5T7A:</
/!G_B�U�>'792!GJ5�>A/lUd`^132!>']!53>O@�:L7A7AG<@3S!4E/!uX1?Gk2!465%;!@�]!/!4E/!ukS!>A5�46@3>O5%GJ@FUd`^1?2!> � > � ;!@�>A535�46GJ/V5Aa

� � � �l�� #�£"- �����)(���"-� � �)"�+�(�� � +,���!�� #� &T�)$T�� � �)(��} V�V��+,�©�<�

.0/t1?2V465o53>A7m1?4EGJ/tB�>n:</#:<D[` �O>n:<DED�G<Rf1?2!>q;!@3>O53>A/d13>AS�792!GJ4E7A>qj#D[1?>O@35�4E/Z13>A@3W85�GLRf1?2!>O46@�;�>A@,RYGJ@,�
WQ:</!7A>Q46/i132!>s;!@�>A5�>A/!7O>^G<R%]!/!7O>A@�1?:<46/d10`<a�	�5qW8>A/d1346GJ/!>OSv;!@�> \ 46GJ]V53DE`<ef46/N1?2!>s;V@3>A5�>A/!7O>^G<R
]!/!7O>A@,19:<4E/�10`<eVGJ/V>�B�:_`81?Gq> � ;!@3>O535©132!>�;�>A@,RYGJ@3WQ:</!7O>�G<R}:'j#DE13>A@-465ª46/Q13>A@�WQ5-G<R�:{;VD6G<1-G<R�1?2V>
> � ;�>A7m1?>ASN/�]!WnU�>A@TG<RfR¢:LD653>q;�GJ5�4E134 \ >O5 \ >O@35�]!5p132!>n> � ;�>A7m1?>OSb/�]!WnU�>A@TGLRªR¢:LD653>{/!>AuJ:L1?4 \ >A5TG<@
1?2V> � ��� � � � � �����meL13G�@�>A;!@�>A53>O/d1�1?2!>-WQ4E537ODP:<5�534Ej!7g:L1346GJ/T@3:L1?>-G<R#:%j#DE13>A@Aa}�F2!>©7OGJW8;!]V19:h1?46G</#:<D
7AG<WQ;!DE> � 4E10`kGLR�:<;!;VDE`H46/!uq:pj#D[1?>O@ª4E5�:LD653Gq:{;!@�46WQ:<@�`n;�>O@�RYGJ@�WM:</V7A>oWQ>A:<53]!@�>�GLR�1?2!>oj#DE13>A@Oa�.0/
7g:L53>-132!>�SV>A7A4E534EGJ/=�0WQ:<IL>A@}> � ;!@3>O535�>A5f;!@�>ORY>A@�>A/!7O>A5f@�>ADP:h1?>ASp1?G�;!@3]!/V46/!u!eL4E1�U�>O7AGJW8>A5�/!>A7O>A5�5?:<@,`
1?Gc7A:L1?>O@'13GC132!>A5�>Q;V@3]!/!4E/!ucS!>AWQ:</!SV5'B%2V46D6>X5�46Wn]VDE19:L/!>AGJ]V53DE`lWQ4E/!46W84 �O46/!uk1?2V>8W8465�7AD6:<535�4EjV�
7g:h1?46G</|@?:L13><aX�F2!4E5T>A/!5�]!@3>O5{1?2!:L1T1?2!>k;!@�]!/!4E/!u^465':<DE53GcS!4E@3>A7m1?>OS�13G_B©:<@�S!5p;!@3GHS!]!7O46/!uc:^53>m1
B%2!4E792K2#:<5k:l2!4EuJ2K;!@�GJU#:<U!4ED64[10`|G<Ro7AGJ/d1?:<46/!4E/!utGJ/VDE`�1?2!>MGJ;V1?4EWM:LD-:LDE1?>O@3/#:h1?4 \ >A5OaN.0/KGL1?2!>O@
B-GJ@3S!5Oe#4ER�132!>TS!>O7A465�46GJ/H�0WQ:<I<>O@�S!>O5346@�>A5%:<SVS!4E1346GJ/#:LD�:LDE1?>O@3/#:h1?4 \ >A5Oe=1?2V465©Wn]V5�1FU�>':<792!4E> \ >OScU�`
1?@,`H46/!ut13G|U!@34E/!u|46/v132!>sR¢:<D65�>^/!>AuJ:L1?4 \ >A5X4E/!5�13>g:<SxG<R%132!>s1?@�]!>^/!>AuJ:L1?4 \ >A5nRY@�GJW 132!>^53>m1kG<R
/!GJ/H�053]V@ \ 4 \ GJ@35Oa8�=46W846D6:<@3D[`^4ER-:<S!SV4E1?4EGJ/#:<D�;!@3]V/!46/!u^4E5TS!>A5�46@�>AS�e�B->kB�:</d1'1?Gc>ADE46W846/#:h1?>'R¢:<D65�>
;�GJ534[1?4 \ >A5©RY@�GJW 1?2V>p7O]!@3@�>A/d1o53>m1�G<R�53]V@ \ 4 \ GJ@35o@?:L132!>A@©132#:</c1?2!>T13@3]!>';�GJ534[1?4 \ >A5Oa

�#@3GJW ��y�]#:h1?46G</ ¡Va �vGJ/V>|7g:</ 53>O>�2!G_B	Ud` 7OGJ/d1?46/�]!G<]!53D[` \ :<@�`H4E/!uv1?2!> \ :<DE]!>tG<Rp1?2V>
1?G<D6>A@3:</!7O><eHGJ/!>�7A:</^uJ@3:<S!]#:<DEDE`X4E/!7A@�>g:<5�>�132!>)53]V@ \ 4 \ GJ@�5�>O1F5,19:<@,1?46/Vu{RY@3G<W�132!>�/�]!DED�5�>O1�uJGJ46/Vu
:<DED*1?2!>'B�:_`c13GM: \ :LD6]!>'G<R�1?GJDE>A@?:L/!7A>TB%2!>O@3>n:LD6D*132!>q:LDE1?>O@3/#:h1?4 \ >A5%53]V@ \ 4 \ ><ao�=4E/!7A>T1?2V>A53>{46/=�
U�>O10B->A>A/M53>O135�:L@3>%@3>ODP:L13>ASkUd`X1?2!>%53>m1���46/!7OD6]!5�46GJ/X@�>ADP:h1?46G</�eJ4E1�7A:</8U�>%5?:L46SX1?2#:h1ª132!>%> � ;�>A7O13>AS
/�]!WnU�>A@-G<R�R¢:<DE53>%/!>AuJ:L1?4 \ >A5ªB%46DED#@3>ASV]!7A>T:L/!SM1?2!:L1�GLR�R¢:<D65�>%;�GJ5�4E134 \ >O5-B%4ED6D#46/V7A@3>A:<53>�:<5�B�>�uJG
RY@3G<W~53WQ:<D6DE>A@�53>O135ª13G{D6:<@3u<>A@f53>m1?5�B%4E132!46/n132!465�53;�>A7m1?@�]!WZaz�F2!>A@�>ORYGJ@�><e=:</d`8��rz����% 13@?:<S!>OG<��5
G<R}1?2!>']!5�>A@o7g:</cU�>';�G<13>A/d1?46:<D6D[`MW8>O1%5�46W8;!DE`QUd` \ :<@�`H4E/!uX1?2!> \ :<D6]V>TG<R�132!>T1?GJDE>A@3:</!7A>O5Aa

.�1F2#:<5©:<D6@�>g:<SV`8U�>A>O/^532!G_B%/c2!G_B 132!>)]!5�>A@�� 5%��rz�0��% > � ;V@3>A5�534EGJ/!5F46/Q1?2!>�RYG<@3W�G<R�1?2V> �
> � ;!@�>A5�5346G</!5�7A:</'U�>�W8>O1�B%4[1?2TUd`T1?2!>f792VGJ467O>ªGLRV:L/q:<;V;!@3GJ;V@34P:h1?>�� \ >O7O13GJ@�SV>A@34 \ >OSpRY@�GJW 132!> �

, � ,



> � ;!@�>A5�5346G</!5Aa �o5346/Vu�1?2V> � > � ;V@3>A5�534EGJ/!5Aed/VG<1�GJ/VDE`'7g:L/q1?2!>-7AGJ@�@3>O53;�GJ/!S!4E/!u)/!>A:<@3D[`���/!>A7O>A5�5?:<@,`
:</!S /!>A:<@3D[`d�053]��Q7O46>O/�1s53>O135cU�>|;!@�G=SV]!7A>OS UV]V1C:<535�]!@?:L/!7A>O5C@�>AD6:L1?>OS�1?Gv1?2V>|792#:</!7O>A5^1?2#:h1
1?2V>n/!>g:L@3DE`d��/!>A7O>A5353:<@�`l53>m1TWQ4EuJ2d1�7OGJ/d19:<4E/|:M5�]!U�G<;V1?4EWM:<D}:<D[1?>O@3/#:L134 \ ><e*G<@�1?2!:L1�132!>n/!>A:<@3D[`��
53]��Q7O46>O/�1o5�>O1oWQ4EuJ2d1F2#: \ >'> � 7OD6]!SV>ASZ:</cGJ;V1?4EWM:LD�:<D[1?>A@�/#:L134 \ >�7g:</cU�>TuJ4 \ >A/�a�	�SVS!4E1346GJ/#:LD6DE`<e
;!@�]!/!46/Vu¤> � ;!@3>O53534EGJ/!5CG<Rp1?2!>|S!>O7A4E5346G</=�0WQ:<I<>O@^7g:</ :<DE53GKU�>�WQ>m1cU�`�WM:<I�4E/!uK]!53>�G<Rp1?2V>
GJ@�S!>A@�46/!uX1?>O792!/!4EyH]V>p13G8;V@3GHS!]!7A>'4E/=�0U�>O10B->A>O/l53>m1?5Oa

*�G_B-> \ >O@AeH4E1f4E5�y�]!4E13>©;�GJ535�46U!DE>�1?2#:h1f46/X7O>A@�1?:<46/XSV>A7A4E534EGJ/X534[1?]#:L1346GJ/V5Ae<132!>FS!>A7O465�46GJ/=��WM:LI<>A@
W846uJ2d1-U�>�7AGJ/!7O>A@�/!>ASsB%4[1?2M132!>�/�]!WnU�>A@�G<R�R¢:<DE53>�;�GJ5�4E1?4 \ >O5-GJ@ªR¢:<D65�>�/!>Oud:L134 \ >O5�;!@�G=SV]!7A>OS^U�`
:x792!GJ467O>|j#DE13>A@Aa��#GJ@^> � :<WQ;VD6><eo1?2!>N]!5�>A@cWQ4EuJ2d1cU�>�4E/�13>A@�>A5�13>AS 46/ 2!G_B WQ:</d` GJ;V1346WQ:<D
:<D[1?>A@�/#:L134 \ >O5):<@�>n/!G<1);!@3>O53>A/d1'4E/t1?2!>n/V>g:<@�DE`d�0/!>O7A>O535?:L@�`t5�>O1'GJ@�GJ/|2!G_B�WM:L/�`Z53]VU�GJ;=1?46WQ:<D
:<D[1?>A@�/#:L134 \ >O5T:<@�>X46/!7OD6]!S!>OS|46/t132!>X/!>g:L@3DE`d��53] �87A4E>A/d1p53>m1gaq.�Rª1?2V>X53]!@ \ 4 \ GJ@T5�>O1p465�;!@3GHS!]!7O>AS
1?G|@�>A5�;�GJ/VSx13G�:t;!@3]V/!46/!u|SV>AWQ:</!SKG<RF132!>^]!53>O@Ae�1?2!>O/v1?2!>^]V53>A@XW846u<2�1qU�>M46/d1?>O@3>A5,1?>OS�4E/
I�/!G_B%46/!u�2!G_BxWM:</d`'GJ;=1?46WQ:<D�:<D[1?>O@3/#:L134 \ >A5�:<@3>ª;!@3>O53>O/�1�4E/p132!>�5�]!@ \ 4 \ GJ@�53>O1Aed:</!Sq2!G_BxWM:</d`
GJ;V1346WQ:<D!:LDE1?>O@3/#:h1?4 \ >A5�B->A@�>o/VG<1ª@3>O1?:<46/V>AS8:<5�53]!@ \ 4 \ G<@35Aaz.0/Q5�]!792M5�4E1?]!:L1?4EGJ/!5Ae�:L5353]VWQ4E/!u)1?2#:h1
1?2V>o> � ;!@3>O53534EGJ/!5ªG<R�1?2!>%]!5�>A@�7g:</846/VS!>A>OS8U�>%WQ>m1�Ud`n1?2!>%]!5�>%G<R�:T5�]!4E1?:<U!D6>©13GJD6>O@?:</V7A> \ >O7O13GJ@
:</!SQ:</Q:<;!;!@�GJ;!@�4P:L13>o792VGJ467O>%j!DE1?>O@Ae�GJ/!>FB-GJ]!DESQ@�>Ay�]!46@�>�:L/Q> � ;V@3>A5�534EGJ/QRYGJ@f132!>F1?2!>o> � ;�>A7O13>AS
/�]!WnU�>A@%G<R}R¢:<D65�>T;�G<534E134 \ >A5o:</!S^R¢:<DE53>T/!>Oud:L1?4 \ >O5o;V@3GHS!]!7A>OSlUd`c:k792!GJ4E7A>Tj#DE13>A@Oa

� � � ��� � �� + � +,������� � �&�) #�}�=�!+�"�� �£"ª ^�!�)�N� �&�q��(*�V��$ �%&T� �q�� C"ª�o�m�����V�
�q"ª�!+��#+ � �������)$ �£�����V� �)� �-�z�!+ � ��� "-�c� (��)"-+,(�� �p�0�V�� 

.0/v1?2V465n5�>A7O1346GJ/*e-:L/K> � ;!@3>O535�46GJ/x465qS!>A@�4 \ >OSKRYGJ@q1?2V>s> � ;�>A7O13>AS¤/�]!WnU�>A@XG<RFR¢:<DE53>s;�GJ5�4E1?4 \ >O5
:</!SKR¢:<DE53>s/V>Aud:L134 \ >A5X;!@�G=S!]V7A>ASxUd`x:t792!G<467A>sj!DE1?>O@ ' �E
ma " >O1 ���FU�>c:t@?:L/!S!GJW8DE`N792!GJ5�>A/
:<D[1?>A@�/#:L134 \ >nRY@�GJW�132!>8:^uJ4 \ >A/N53>O1pG<R�:<D[1?>A@�/#:L134 \ >O5Aa �-`tS!>Oj#/V4E1?4EGJ/�G<R�:^R¢:LD653>X;�GJ5�4E1?4 \ >nB->
2#: \ > �

��� � �&%i�(' � �)�
 � ��� �� �|�-� ��)p
 � ������� �¢�('��"
 � �)�
]
 � « a�� 	 


�=4EWQ4EDP:<@�DE`XB->p7A:</C> � ;!@3>O535o1?2#:L1����}4E5%:XR¢:LD653>T/V>Aud:L134 \ >pGLR ' �E
�Ud` �

��� � �,+C�(' � �)�
 � ������� �¢�(� ��)p
�
 � ��� �� �|�-' �E
�� �)�
 � « a ¡ , 


, � �



�b>pj#@�5�1�7AGJW8;!]V13>p132!>p;!@3GJU!:<U!46DE4E10`81?2#:h1 ���}465o:kR¢:<D65�>p;�GJ5�4E1?4 \ >La �o5346/Vu �fy�]#:L1?4EGJ/ « a � 	 B->
7g:L/CB%@�4E1?>Le

� ������� �&%i�(' � �)�
�
 � � �v����� �� �|�-� � ) 
]
 � ������� �|�-' � �)�
�
 � � « a ¡ ,�


� � � , � � � �

�F2!>nj#@�5�1T> \ >O/�1 � ,XGH7A7O]!@3@�46/!us4E/!534ES!>q132!> ¢*)�lG<R�1?2V>X:<U�G \ >X>Ay�]#:L1346GJ/l465�132!>n> \ >A/d1'1?2#:h1
���ª465p/!G<1{:Crz:<@�>O1?GZ53]!@ \ 4 \ G<@Aac�=4EWQ4EDP:<@�DE`<eX� � 4E5p132!>k> \ >A/d1n1?2!:L1 ����4E5{:c53]V@ \ 4 \ GJ@{GLR ' �E
ma
�F2!>�;!@3GJUVD6>AW 4E5f1?2#:L1ª1?2V>�> \ >A/d1?5 � ,):</!S � �{:<@�>�/!GL1-4E/!S!>O;�>O/!S!>A/d1Aa�*o>A/!7O>�132!>�;!@�GJU#:<UV46D64[10`> � ;!@�>A5�5346G</iGJ/N1?2!>�¢*)�|G<R �fy�]#:L1346GJ/ « a�� 	 7A:</!/!GL1{U�>kGJ;�>A/!>OSv:<5'1?2!>k;!@�G=SV]!7O1{G<R-;!@3GJUH�
:<U!4ED64[1?46>O5'G<R%1?2!>^4E/!S!4 \ 4ES!]#:<Dª> \ >A/d1?5Oa��)/!>MB�:_`i1?G \ 46>mB�132!>^;!@�GJU!D6>OW 4E5q1?G|5,19:<@,1nB%4E132x:
@?:L/!S!GJW8DE`Q792!GJ5�>A/|:<D[1?>O@3/#:L134 \ ><eV53:g` � � a�	�D6G</!unB%4E132C132!>'@3>AWQ:<4E/!46/!u�� � � ,�
©:<D[1?>O@3/#:L134 \ >A5Ae
B->©7g:</q7AGJ/!5�46S!>O@}132!>A5�> �M;�GJ4E/�135z:L5�RYGJ@�WQ4E/!u�:o7AGJ/=j#uJ]!@3:L1?4EGJ/�a�� G<@}132!465 �

�
��
-7AG</Vj#uJ]!@3:L1?4EGJ/�e

B->{j#@�5�1�7AGJW8;!]V13>p132!>{;V@3GJU#:LU!46DE4E10`M132#:L1 � � B%4ED6D�U�>{SVGJWQ4E/#:L13>ASC46/c1?2!>p7AGJ/=j#uJ]!@3:L1?4EGJ/�a©�}G
1?2V465T7AG</Vj#uJ]!@3:L1?4EGJ/�e�B->k/!G_B�:<;!;!D[`l132!>X/!GJ4E53>kWQGHS!>ODz1?2!>O@3>OU�`�7OGJ@3@�]!;V1346/!us132!>k7AGJ/Vj!uJ]!@?: �
1?4EGJ/s4E/^:<D6D�;�GJ535�46U!DE>�B�:_`H5o:<7O7AGJ@�S!46/!un13Gq1?2V>T/!GJ465�>�S!4E5�13@346UV]V1?4EGJ/�af�#GJ@->g:<792c53]V792C7OGJ@3@�]!;V13>AS
\ :<@346:</d1FG<R}1?2!>TG<@346u<46/#:<D�7AG</Vj#uJ]!@3:L1?4EGJ/�eHB�>'/!> � 1o7OGJWQ;V]V1?>)132!>';!@3GJU!:<U!46DE4E10`k1?2!:L1©1?2V>pu<4 \ >O/
:<D[1?>A@�/#:L134 \ >846/i4E1?5p7AG<@3@3]V;V1?>OS \ >A@�534EGJ/�e �� � B%4ED6DfU�>^:Z5�]!@ \ 4 \ GJ@X:<7O7AGJ@�S!46/Vul1?GC1?2!>Mj!DE1?>O@*'
U�>A46/Vu|7AGJ/!5�46S!>O@3>OS�a��)/!7A>s132!465X;V@3GJU#:LU!46DE4E10`N465n7OGJW8;!]V1?>OS�efB�>^B%4ED6D�2!: \ >^1?2!>^;!@�GJU#:<UV46D64[10`
1?2!:L1�:8uJ4 \ >O/Z7OGJ/Vj#uJ]V@?:L1346GJ/C@3>O53]!D[1?5%46/CDP:<U�>ADE46/!u � � :<5o:XR¢:<D65�>p;�GJ5�4E1?4 \ >La �b>'/!G_B'e�13@�`^GJ]=1
:<DED�;�GJ5�534EU!D6>'7AG</Vj#uJ]!@3:L1?4EGJ/!5�:<5oS!467m19:L13>ASlUd`c1?2V>{;!@�46GJ@%S!4E5�13@346UV]V1?4EGJ/!5Ae#@�>A;�>g:L1346/!uQ:<DED�G<R�1?2V>
:<U�G \ >nRYGJ@)>A:<792�53]!792N7AG</Vj#uJ]!@3:L1?4EGJ/�aT�F2!>Xj#/!:<DzGJ]=1?7AG<WQ>qB%4ED6D}U�>{1?2!>X;!@�GJU#:<UV46D64[10`^1?2#:h1':
@?:L/!S!GJW8DE`C792!GJ5�>A/b:<DE13>A@�/#:L1?4 \ >n4E5T:MR¢:<DE53>n;�GJ534[1?4 \ >nG<R 'ka �ª`t]!5�46/!us132!>k:<U�G \ >n1?>O792!/!46y�]!>Le
:</c> � ;!@�>A5�5346G</ZRYGJ@�132!>';!@3G<U#:<U!4ED64E10`k132#:L1o:X@?:</VS!GJW8DE`Q792!GJ53>O/t:<D[1?>O@3/#:L134 \ >�� � RY@�GJW�:LWQGJ/Vu
� � ,�GL1?2!>O@-:LDE1?>O@3/#:h1?4 \ >A5Oe � � � �    � 
 ��B%46DED!U�>o:TR¢:<D65�>F;�G<534E134 \ >FG<R*132!>Fj#DE13>A@ ' 7g:L/MU�>ou<4 \ >O/
Ud` �

, �<¡



� � � � � �&%t�-' � �)p
�
 � � �+ �
� « a ¡ �;


���+ �

 + ������ �� � � ���+ �

�\, � � �

�
� � � � � � � � ����
]
�
 �

� �+ �

����� �� � � � �+ �

� � �

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

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

�F2!>X4E/!/!>A@�WQG<5�1)5�>O1'G<R�4E/d1?>Au<@?:<DE5�GH7A7A]V@3@34E/!u^46/Z1?2!>q132!46@�S|D64E/!>{GLR �fy�]#:L1346GJ/ « a ¡ �87AGJW8;!]V13>
1?2V>);!@3G<U#:<U!4ED64E10`k132#:L1F:nu<4 \ >O/c:<DE13>A@�/#:L1?4 \ >�� � B%4ED6D 53]V@ \ 4 \ >'132!>�j#D[1?>O@ '�4E/s1?2!>�;!@3>O53>A/V7A>'G<R
� � ,8G<132!>A@p:<D[1?>A@�/#:L134 \ >O5Ae�:<D6DEG_B%46/!uMRYG<@p>A:<792iGLR�1?2V> �¤:<D[1?>A@�/#:L134 \ >O5T1?Gc19:<IL>M:<DEDf;�G<53534EU!D6>
W8>g:<5�]!@3>OS \ :<D6]V>A5-:<7A7OGJ@3S!4E/!u'1?G'1?2!>o/!GJ4E53>oWQGHS!>AD a��F2V>�1?>O@3W � �� � ��� �����
�4E5ª132!>�> \ >O/�1-1?2#:h1
1?2V>^:<DE13>A@�/#:L1?4 \ > � � 53]!@ \ 4 \ >O5k132!>^:<D[1?>O@3/#:L134 \ > ���%:<7O7AGJ@�S!46/Vul1?Gl132!>^S!>O7A465�46GJ/i@3]!DE>MG<R%1?2V>
j#D[1?>A@ ' B%2V>A/^:<;V;!D64E>ASX1?G'1?2!>O46@fW8>g:<5�]!@3>OSM7O@34E13>A@�4P: \ :<D6]V>A5Aaz.0/MG<132!>A@fB-GJ@3S!5�1?2V>o13>A@3W ���c4E5
1?2V>p;V@3GJ;�GJ534[1?4EGJ/�� ��� �A� ������� �
���J��
��	���  \�  �� � 
��
�������E�J��� ����� ��� �g�% w��� ��a �=4EWQ4EDP:<@�DE`<eJ1?2!>)13>A@3W
� � � � � ���	
�465�132!>X> \ >A/d1'1?2#:h1':<DE13>A@�/#:L1?4 \ > � � 53]!@ \ 4 \ >O5{:LDE1?>O@3/#:h1?4 \ > ����:<7O7AGJ@�S!46/Vus1?Gs1?2V>
S!GJW846/!:</!7A>{@3]!DE><e�GJ@�j#D[1?>O@ �le*:<;!;!DE46>ASZ1?GM132!>X:<7m1?]#:<D�7A@�4E1?>O@346: \ :<D6]V>A5�1?:<I<>O/�U�`C1?2V>A53>n10B-G
:<D[1?>A@�/#:L134 \ >O5Aa$	�ud:<4E/�e!1?2!>'1?>O@3W � � 465F1?2!>p;!@�GJ;�G<534E1346GJ/�� �����A� ����� � �
���J�"
��	���� w� 
��J# �	�!��� ���
� � ���maf�F2V>T53>A7OGJ/!ScDP:g`<>A@©G<R�4E/d1?>Au<@?:<DE5�53;!:</!/!4E/!uXD64E/!>A5��p1?2!@�GJ]!uJ2 �XGLR�1?2!>)>Oy�]#:L1?4EGJ/^792#:</VuJ>
:<7m1?]#:<Df7OGJ/Vj#u<]!@?:L1346GJ/V5{:L7A7AG<@3S!4E/!u^1?Gc1?2!>k;!@�46GJ@TS!4E5�13@346UV]V1?4EGJ/|G<R�132!>k7A@�4E1?>O@346: \ :LD6]!>O5Aa8�F2!>
GJ]V13>A@�WQGJ5,1p46/d1?>OuJ@?:<DfWQ:<IL>A5'1?2!>8> � ;!@�>A535�46GJ/v:<;!;!DE467g:LU!D6>nRYGJ@p:<DEDf;�G<53534EU!D6>X792VGJ467O>A5qGLR)� � 5�G
1?2V>p> � ;!@3>O53534EGJ/t:L;!;!D64E>A5©13GQ:X@3:</!S!GJW8DE`Q792!GJ5�>A/|:LDE1?>O@3/#:h1?4 \ ><a

� � � �0� � � "-� �T��� �)+��J� ���)�����o�V+,�^"ª�%(�"�� �T&��#+,���¤�!�)�N� �&�q��(*�V��$ �o&T� �
�q�� "-�c�£�����V� �q"-�V+0�!+ � �����£"ª � (��)"-+�(�� �p���!�� 

�fy�]#:L1?4EGJ/ « a ¡ �T:<D6@�>g:<SV`{uJ4 \ >A5�4E/!S!467A:L1?4EGJ/!5z132#:L1f132!>F7AGJW8;!]V1?:L1?4EGJ/XG<R�1?2!>%:LU�G \ >oy�]#:</d1?4[10`n4E5
G<R}uJ@�>g:L1F7OGJW8;!D6> � 4[10`Ja�.0/^132!465©5�>A7m1?46G</�e=B->';!@3GHS!]!7O>':</^GJ@3SV>A@F:<;V;!@3G � 46WQ:L1?4EGJ/MG</s1?2!>T7OGJWk�
;!DE> � 4E10`QG<R�1?2V>T:<U�G \ >T7AGJW8;!]V1?:L1?4EGJ/�a�	�ud:<4E/�eH132!>)]!/V4E1©GLR�7OGJW8;!D6> � 4[10`kB%46D6D U�>)GJ/!>T;!:<46@,B%4653>
GJ;�>A@3:L1?4EGJ/n46/ \ GJD \ 46/VuT>A4E132!>A@�1?2!>��~GJ@�1?2!>�' RY]V/!7O1346GJ/!5Oa��z4E@35,1?DE`'132!>F> � ;!@�>A535�46GJ/V5-4E/!534ES!>�1?2V>

, � �



46/d13>AuJ@3:<D65�:<@3>q:</#:<D[`�1?467A:<D6D[`^7AG<WQ;!DE> � U�>A7g:L]!53>q132!>q10B-G^;!@3G<U#:<U!4ED64E10`M1?>A@�WQ5�7AGJW8;!]V13>AS|G \ >O@
1?2V>C7OGJ/J��]!/V7O1?4EGJ/KG<Ro1?2!>c> \ >A/d135Q4E/ \ GJD \ >c7AGJ/!SV4E1?4EGJ/#:<Dª;!@�GJU#:<U!4ED64[1?46>O5{5�46/!7O>^1?2!>^> \ >A/d135s:<@�>
/!G<1o4E/!S!>A;�>A/VS!>A/d1ga � \ >A/l4ER�B�>{:<5�53]!W8>pRYG<@F5346W8;!DE467A4[10`Q132#:L1%1?2V>p> \ >O/�135�B->A@�>q46/VS!>A;�>A/!SV>A/d1
:</!SM7AGJW8;!]V13>�1?2V>);!@3G<U#:<U!4ED64E10`X:<5-132!>�;!@�G=SV]!7O1FGLR�1?2!>�46/!S!4 \ 46S!]#:LD#;!@3GJU!:<U!46DE4E1346>A5OeJ1?2!>O53>�10B-G
46/V/!>A@f;!@�G=SV]!7O135�B%4ED6D=>g:<7928U�> � � � � 
z46/X7OGJWQ;VD6> � 4[10`X:</!SkDE>g:<SX1?G':L/QG \ >O@?:<DED � � � � 
z;!:<46@,B%4653>
7AG<WQ;#:L@3465�GJ/!5OaC�F2V465q4E5���]V5�1qRYG<@qGJ/!>Q7O`H7ADE>MG<R�1?2!>Q46/d1?>OuJ@?:L1346GJ/*a 	�535�]!W846/!u|:CuJ@?:L/H]VDP:<@�4E10`
G<R � RYGJ@�>g:<792|G<R�132!>n46/d13>AuJ@3:<D65�46/l132!>n> � ;!@�>A5�5346G</�e�B�>X5�>A>n132#:L1)132!>n7AG<WQ;!DE> � 4E10`CU�>A7OGJWQ>O5
> � ;�GJ/!>O/�134P:<DV46/ �zaz.�1�19:<IL>A5 � 7O`H7ADE>A5�GJ/n132!>FGJ]V13>A@3W8GJ5,1f46/d1?>OuJ@?:LDwed:</VS � 
 GJ/X1?2V>F46/!/!>O@3W8GJ5�1
:</!Scj#/#:LD6DE` � 
 + � GJ/^132!>'53>A7OGJ/!SZDP:g`J>O@oGLRz4E/�13>AuJ@3:<D65Oai*�>O/!7A>'1?2V>pG \ >A@?:LD6D�7AG<WQ;!DE> � 4E10`M465 �

� � � � � 

+ � � �

�
� � 
 � �

� 
 � � � � � 
 � � � 


��D6>A:<@3D[`JeV> \ >O/cRYG<@F:q53WQ:<DED �t;V@3GJU!DE>AW 1?2V>T7AGJW8;!D6> � 4E10`8G<R�1?2V>T7AGJW8;!]V1?:L1?4EGJ/!5�4E5�G<R \ >A@,`
2!4EuJ2|GJ@3SV>A@Aa 	�5':^@3>O53]!D[1':</N:<D[1?>A@�/#:L134 \ >{1?>A792V/!46y�]!>k465�@3>Ay�]!4E@3>OSNB%2!4E792�7g:</�7AG<WQ;!]=1?>n1?2V>
> � ;�>A7m1?>ASZ/�]!WnU�>A@%G<R�R¢:<D65�>T;�G<534E134 \ >A5%:</!S^R¢:<DE53>T/!>Oud:L134 \ >O5%uJ4 \ >A/C:nj#DE13>A@�'ka��T/V>T7AGJW8WQG</
B�:_`b1?Gl1?:<79I�D6>s7OGJW8;!]V19:h1?46G</!5pB%2V46792x:<@�>M> � 13@3>AW8>AD[`i7OGJW8;!D6> � 4E5qUd`b]!534E/!uN§ZGJ/d1?>^�©:<@3DEG
534EWn]!D6:L1?4EGJ/!5Aa��F2!>%/!> � 1�53>A7m1?4EGJ/kS!>A5�7A@34EU�>O5f1?2!>©13>A792!/!4Ey�]!>o:</!Sn1?2V>F> � ;�>O@34EWQ>O/�135f7AGJ/VS!]!7O13>AS
1?G8:<5�53>O535�132!>p��rz����%�792!:<@?:<7m1?>O@3465,1?4E7A5%G<R}1?2!> \ :<@34EGJ]!5©792VGJ467O>'j!DE1?>O@35Oa

� � � � "-���!� � �f ��" � +�� &T�,�z�!+�"��)�t�V"��f�V�=�}�=���q�� #�£"- �����)(�� "ª�{(��)"-+,(��
�p�0�V�� #�

.0/^1?2!>';!@�> \ 46G<]!5F53>O7O1?4EGJ/�eV132!>T;!@�GJU!D6>OW G<R�7AG<WQ;!]=1?46/Vuq1?2!>'> � ;�>A7m1?>OSZ/�]!WnU�>A@%G<R�R¢:<DE53>);�GJ5��
4E134 \ >A5nRYGJ@X:t792VGJ467O>cj!DE1?>O@ 'keªu<4 \ >O/K1?2!>^5�>O18G<RoWQ>A:<53]V@3>AS¤7A@�4E13>A@346: \ :<D6]V>A5nRYGJ@X:tSV>A7A4E534EGJ/
;!@�GJU!D6>OW :<DEGJ/!u|B%4E132x132!>C;!@3GJU!:<U!46DE4E10`bS!465,1?@�46U!]V1346GJ/V5nRYGJ@X1?2!>C:<7m1?]#:<D \ :<DE]!>A58:</!SxRYGJ@X1?2V>
7A@�4E13>A@346:X/!GJ465�>{W8GHS!>ADE5AeVB�:<5�5�2!G_B%/l1?G8U�>q:</!:<DE`�1?4E7g:<DEDE`Q7AGJW8;!DE> � 13GQ5�GJD \ ><a%�#@3GJW 1?2!>pS!>Oj=�
/!4[1?46G</CGLRf:XR¢:<D65�>p/V>Aud:L134 \ ><e#B�>'B-GJ]!D6SZ> � ;�>A7O1o1?2V>{7OGJWQ;V]V19:L1346GJ/cG<R�1?2!>p> � ;�>A7m1?>AS|/�]!WqU�>O@
G<R)R¢:LD653>c/!>Oud:L134 \ >O5Q13GiU�>Z>OyH]!:<D6D[`x7AGJW8;!D6> � a .0/�1?2V465853>A7m1?4EGJ/�e�B->tS!>O537A@�46U�>ZG</!>ZB�:g`¤13G
7AG<WQ;#:L@3>F1?2!>���rz����% 7O]!@ \ >A5�RYGJ@f132!>�792VGJ467O>�j#D[1?>A@�5�S!465�7A]!5�53>ASsRYG<@ªSV>A7A4E534EGJ/M5�4E1?]!:L1?4EGJ/!5�B%4E132
]!/!7O>A@,19:<4E/�10`<a{.�1)46/ \ GJD \ >O5)1?2!>n]V53>XG<R�§ZGJ/d13>8�©:<@3DEGs534EWn]!DP:h1?46G</!5�7OGJ/!S!]V7O1?>OS�GJ/|@?:</VS!GJW8DE`
uJ>O/!>A@3:L1?>OSZ/�]!WnU�>A@�5Aa

, � �



� � � ��� � �z�V� � �}�)�� #�z�!+,"-�

�#GJ@©:{uJ4 \ >A/ � � � S!>A7O465�46GJ/s;V@3GJU!DE>AWCeV:{WM:L13@34 � G<R � � � \ :<DE]!>A5�:<@3>�uJ>A/V>A@?:h1?>AScUd`Q]!534E/!u
:{@3:</!S!G<W /H]VWnU�>O@�uJ>O/!>A@3:L1?G<@Aa��F2!>�S!465,1?@�46U!]V1346GJ/kRY@3G<W~B%2!4679281?2!> \ :LD6]!>O5�:<@�>�u<>A/!>O@?:L13>ASs4E5
53>m1F1?GkU�>)1?2!>T;!@�46GJ@-S!465,1?@�46U!]V1346GJ/V5�RYGJ@�132!>T7AD6:<535FG<R};!@�GJU!DE>AW85©U�>O46/!uX4E/ \ >A5,1?4Eud:L1?>OS�a��#GJ@©GJ]V@
;!]!@�;�G<53>A5)B->X:<5�53]!W8>X:<DED�;!@34EGJ@�SV465�13@34EU!]V1?4EGJ/!5%1?GsU�>"%�� , em,�
%GJ@�132!>n5�1?:</!S#:L@3St/!G<@3WQ:<D�SV465,�
1?@�46U!]=1?46G</�e�5346/V7A>�132!>)/!GJ@�WM:LD�SV465�13@34EU!]V1?4EGJ/87g:</^U�>�> � ;�>A7m1?>OSc13Gn792#:<@3:<7O13>A@�4 �A>�S!465,1?@34EU!]V1346GJ/!5
1?G^B%2!4E792�WM:</d`l7A@34[1?>O@34P: \ :LD6]!>O5T46/t1?2V>X@3>g:LDzB�G<@3D6S�7A:</�U�>X> � ;�>A7m1?>OSb1?GcU�>ADEGJ/!us1?GVaq�F2!4E5
uJ>O/!>A@3:L1?>OSCWQ:L13@34 � G<R \ :<D6]V>A5©4E5�1?@�>g:L13>ASC:<5©1?2V>T53>O1%GLR�:<7m1?]#:LD*7A@�4E13>A@346: \ :<D6]V>A5Ae )|e=RYGJ@�1?2V> �
:<D[1?>A@�/#:L134 \ >O5%:<D6G</!un1?2!> ��7A@34[1?>O@34P:=a
%�> � 1Aeª132!>^/!GJ4E53>^W8G=SV>AD�4E5nW8G=S!>OD6>OS�a��F2!>c/!GJ465�>sW8G=S!>OD-RYGJ@q>g:<792¤7A@�4E1?>O@34EGJ/v465{19:<IL>A/

1?GMU�> %�� � ���_
me�GJ@):M/VGJ@3WQ:<D}S!465,1?@34EU!]V1346GJ/cB%4E132l1?2!>n:<7O13]#:<D \ :<DE]!> � :<5)4E135�W8>g:</t:</!St1?2V>
5�1?:</!S#:L@3SlSV> \ 4P:L1346GJ/cG<R���a-�#GJ@o:k792VGJ53>O/t/!GJ4E53>'WQGHS!>ODwe#:</VSCRYGJ@o:XuJ>O/!>A@3:L1?>OSl53>m1�GLRf:<7m1?]#:<D
7A@�4E13>A@346: \ :<D6]V>A5Ae�:T/!>mB WQ:L13@34 � G<R � � � \ :<D6]V>A5�4E5f/!G_B uJ>O/!>A@3:L1?>OSQUd`n:<S!S!4E/!uT/!GJ4E53>©1?GT>A:<792
G<RF132!> \ :<D6]V>A5q4E/i1?2V>MGJ@�46uJ4E/#:<DfWQ:L1?@�4 � :<7O7AGJ@�S!46/!uZ1?Gl132!>s792!GJ5�>A/x/!GJ4E53>QWQGHS!>AD aZ.0/KGL1?2!>O@
B-GJ@3S!5OeV1?2V>)7A@�4E1?>O@34EGJ/ \ :<DE]!> � � �o465-]!53>OSs1?GnuJ>O/!>A@3:L1?>':{;�GJ5�534EU!D6>�WQ>A:<53]!@�>AS \ :<DE]!> �� � �%]!5�46/!u �

�� � ��� � � � 
 � ( � , �3,�
�

�F2!4E5�/!>mB%DE`CuJ>A/V>A@?:h1?>ASlWM:L13@34 � 465o1?@3>A:L1?>OS|:<5%1?2!>{53>m1TG<RfW8>g:<5�]!@3>OSt7A@�4E13>A@346: \ :<DE]!>A5Oe �)�RYG<@
1?2V>pSV>A7A4E534EGJ/c;!@3GJUVD6>AWCa

� � � �0� � +�� &T�,�z�!+�"��)�

.0/vGJ@�S!>A@p1?GZGJUV19:L46/b132!>M;�>A@,RYGJ@3WQ:</!7O>Q792!:<@?:<7m1?>O@3465,1?4E7A5qGLR%:</d`i792VGJ467O>Qj#D[1?>A@ ' �E
me}B�>8j#@35,1
:<;!;VDE`i132!>^j#DE13>A@n13G �) 46/xGJ@�S!>A@n13GbGJU=19:<4E/v1?2!>c53]V@ \ 4 \ GJ@k53>O1 �|�-' �E
�� �)�
ma¤�H46/!7O>s1?2!>c53>m1
G<Rª:<7m1?]#:LDz7A@�4E13>A@346: \ :<DE]!>A5Oe )te*4E5T: \ :L46DP:LU!D6>TB->n7g:</tj!/!St1?2!>qGJ;V1?4EWM:LD�:LDE1?>O@3/#:h1?4 \ >A5oRYGJ@�1?2V>
S!>O7A465�46GJ/M;!@3GJUVD6>AWCeH/#:<W8>ADE` �|�(� ��)p
meHUd`^:<;!;VDE`H46/!up1?2!>�S!GJW846/#:</V7A>%j#DE13>A@-13G )ta�%�G_B'e!GJ/V>
7g:L/t> � :<W846/!>'1?2V>q53]V@ \ 4 \ GJ@�5�>O1);V@3GHS!]!7A>OS|Ud`C132!>{j!DE1?>O@o13GM5�>A>n2!G_B WQ:</d`CG<R�1?2V>qGJ;V1346WQ:<D
:<D[1?>A@�/#:L134 \ >O5):<@�>q@�>O19:L46/!>OSt:<5)5�]!@ \ 4 \ GJ@�5T:</!St2VG B�WQ:</d`Z:<@3>{>AD64EWQ4E/#:L13>AS�aF�F2!4E5�B%4ED6D}:<D6DEG_B
]!5s13GK7AGJW8;!]V13>l1?2!>|/�]!WqU�>O@sG<R'R¢:<D65�>l;�GJ534[1?4 \ >A5c:L/!S�R¢:<D65�>l/!>Oud:L134 \ >O5^;!@3GHS!]!7O>AS Ud`�1?2V>
534E/!uJDE>�534EWn]!D6:L1?4EGJ/QGLR}132!>)S!>O7A4E5346G</^;!@3GJUVD6>AWCaz.0/cGJ@�S!>A@-1?GXGJUV1?:<46/Q1?2!>)> � ;�>O7O1?>OSZ/�]!WqU�>O@©G<R
R¢:<DE53>n;�GJ534[1?4 \ >A5):</!StR¢:<DE53>n/!>Oud:L134 \ >O5 � :L5)B�>OD6D�:L5�1?@�]!>X;�G<534E134 \ >A5T:</VSt1?@3]V>X/!>Aud:h1?4 \ >A5Z
me�1?2V>

, � «



:<U�G \ >s5�46Wn]!D6:L1?4EGJ/�465{@3>A;�>g:h1?>ASbRY@3GJW�5�1?:<@�1Ae�>g:L792v1?46W8>8U�>OuJ46/!/V46/!ucB%4E132K:l/!>mB )te�]!534E/!u
1?2V>Q/!G<4653>kW8G=SV>ADz13GZ7O@3>g:h1?>Q:C/!>mB �)le�:<;!;!D[`=4E/!u^1?2!>Xj#D[1?>O@'13GC132!465'/!>mB%DE`|u<>A/!>O@?:L13>ASi5�>O1Ae
:</!Sl:<535�>A5�5346/Vu^4E1?5%;�>A@,RYGJ@3WQ:</!7O>pB%4[1?2l@�>A5�;�>O7O1�13GQ132!>q/!>mB )taF.�R�:</|:<SV>Ay�]#:L13>q/�]!WnU�>A@oG<R
534EWn]!D6:L1?4EGJ/!5�4E5©7AG</!S!]!7m1?>AS*e 132!>{§ZGJ/d1?>{�©:<@�D6GX> � ;�>A@�46W8>A/d1%7g:L/CU�>'> � ;�>A7O13>ASC1?GX;!@�G=S!]V7A>p:
uJGHG=S�:L;!;!@3G � 46WQ:L1346GJ/|G<Rª1?2V>k13@3]!>ky�]#:</d134E1?4E>A5TG<R-46/d13>A@3>O5�1AaM��19:</!S!:<@3S�19:<UVD6>A5T7A:</NU�>k]!5�>AS
1?GMS!>A7O46S!>{GJ/l1?2V>qW846/!4EWn]!W /�]!WqU�>O@)G<Rf5�46Wn]!D6:L1?4EGJ/!5F1?GQU�>{7AGJ/VS!]!7O13>AStRYGJ@o1?2!>{@3>O53]!D[1?5�13G
U�>{@�>AD646:<U!DE>{:L/!SZRYGJ@oGJ]!@o;!]!@�;�G<53>A5Oe�B->q7OGJ/!S!]!7m1?>OS � , 5�46Wn]!D6:L1?4EGJ/s1?@�4P:<DE5%;�>O@�;�>A@,RYGJ@3WQ:</!7O>
W8>g:<5�]!@3>La

� � � � � � ���!��+,�T+���� �q�� #�£"- �����)(����m"ª � �f +�"�&)� �)�f #�������V�} + ����$ +,� �
�H�V�����#+��z�#+�"-�)� "-�c� �p�0�V�� 

�=4E/!7A>XB->s:<@�>84E/d1?>A@�>A5,1?>ASb46/�1?2!>k;�>A@,RYGJ@3WQ:</!7O>8GLR©>g:L792iG<R-1?2!>k792!GJ4E7A>kj#DE13>A@�5'RYG<@pSV4E��>A@3>O/d1
\ :<D6]V>A5oG<Rz132!>A4E@o;!:<@?:<W8>O13>A@�5Ae 1?2!>{:<U�G \ >q> � ;�>A@�46W8>A/d1%B%46DED�/!>A>OSl1?G8U�>p7AG</!S!]!7m1?>AStRYG<@o>A:<792
46/V5�19:L/�134P:L13>ASC53>m1�G<Rz;#:<@3:<WQ>m1?>O@35FRYGJ@%>g:<792Cj#DE13>A@Oa�.0/CG<1?2!>O@oB-GJ@�S!5Ae#RYGJ@%>g:L792lj#DE13>A@F4E/!5�1?:</d1?4[�
:L13>ASqB%4[1?2X:�792VGJ467O>©G<R#1?G<D6>A@3:</!7O> \ >A7O13GJ@Ae � , 534EWn]!DP:h1?46G</'13@346:<D65�:<5zSV>A537O@34EU�>OSX46/q132!>�;!@�> \ 46G<]!5
53>O7O1346GJ/M:<@3>o7AGJ/VS!]!7O13>ASM13G{G<UV19:<4E/8132!>o;�>O@�RYGJ@�WM:</V7A>%WQ>A:<53]V@3>A5���> � ;�>O7O13>ASs/�]!WnU�>A@ªG<R�R¢:<D65�>
;�GJ534[1?4 \ >A5OeªR¢:<DE53>s/V>Aud:L134 \ >A5Aeª1?@�]!>^;�G<534E134 \ >A5k:</!Sx1?@�]!>^/!>Oud:L1?4 \ >O5kRYG<@n1?2!>^4E/!5�1?:</d1?4P:h1?46G</vG<R
1?2V>'j!DE1?>O@Aaf.0/CG<1?2V>A@©B-GJ@3S!5Oe >g:<792C;�G<46/d1%46/^1?2V>{�zr��0��% 5�;#:<7A>'B%46DED*7OGJ@3@�>A53;�GJ/!Sc1?Gk1?2V>'��rz�
��% ;�>O@�RYGJ@�WM:L/!7A>�GJUV19:L46/!>OSMUd`k1?2!>T:L;!;!D64E7g:L1346GJ/kG<R*1?2!>oj#DE13>A@�RYGJ@�:{uJ4 \ >A/Q13GJD6>O@?:</V7A> \ >A7m1?GJ@Oa
�)/!7A>%:T/�]!WnU�>A@fGLR�5�]!792M;�GJ4E/�135f:<@�>FGJUV19:L46/!>OSnRYGJ@�S!4[�*>O@3>A/d1 \ :<DE]!>A5fG<R 132!>©1?GJDE>A@3:</!7A> \ >A7m1?GJ@Oe
1?2V>pG \ >A@?:LD6D���rz���
% 7A]!@ \ >{465F46/d13>A@3;�GJD6:L1?>OS^]!534E/!uX1?2!>O53>p;�GJ4E/d1?5Aa

� � � �¢� � ���#+,���z�!+�"���"-� � "��&�'$T�}�)(�� �����!�� � �����

.0/XGJ@�S!>A@z13G�1?>O5�1�RYG<@�1?2V>©5�1?:L1?4E5�1?4E7g:<D \ :<D64ES!4E10`)G<R#1?2!>�@3>A5�]!DE135Aed5,19:</!S!:<@3SX7OGJ/Vj#S!>O/!7A>F>O5�1346WQ:L1?>O5
46/c1?2V>'RYG<@3W�G<Rf�H1?]VS!>A/d1)����46/d1?>O@ \ :<D�>O5�1?4EWM:h1?>A5FB->A@�>{GJU=19:<4E/!>AScRYGJ@F1?2!>T132!>{;�GJ4E/�135o:<5oB->ADEDwa
�#GJ@©1?2V>q��rz�0��% 792#:<@?:L7O1?>O@34E5�1?4E7A5Oe#46/d1?>O@ \ :<D65FRYGJ@F5�46Wn]VDE19:L/!>AGJ]V5 	���� 7AG</Vj#S!>O/!7A>{@3>Au<46GJ/!5©RYG<@
1?2V>p;!:<46@�5 ��' � � ' ( �'B->A@3>pGJUV1?:<46/V>AS�a

, � ³



� � � ��� � ���!&T���!�
� !�� � �

�F2!>s;VD6G<135{4E/v�z4EuJ]!@3> , � 532!G_B�1?2!>M@3>A5�]!DE135qG<R�1?2!>s§ZGJ/d1?>c�©:L@3D6GZ534EWn]!DP:h1?46G</!5T7AGJ/VS!]!7O13>AS
RYGJ@s132!>b�H1?@�GJ/!uJD[`���5�13@3467m1c:</!S 1?2V>N�=]!;�>A@35,1?@�467O1CS!G<WQ4E/#:</!7O>tj#DE13>A@35sRYG<@ \ :L@346G<]!5 \ :<D6]!>O5^G<R
1?G<D6>A@3:</!7O>A5Aa ��:<792t;VD6G<1o7AG</�1?:<46/V5�10B-Gs7A]!@ \ >O5�B%2!46792l532!G_B 1?2!>{��rz���
%�792#:L@?:<7m1?>A@�465,1?467O5oRYG<@
1?2V>o7A:<53>O5ªB%2V>A/ � � � � :</!S�� � � , � /!GJ465�>FWQGHS!>OD65f@3>O53;�>A7m1?4 \ >AD[`Ja�	�5-W8>A/d1?4EGJ/!>OS8U�>ORYG<@3><e
1?2V>o7O]!@ \ >�4E5�:</Q4E/d1?>A@�;�G<DP:L1346GJ/nGLR�;�GJ46/d1?5f5�2!G_B%/MGJ/k1?2V>�7O]!@ \ ><a ��:<792M;�GJ4E/�1�7OGJ@3@�>A5�;�GJ/VS!5ª13G
:kS!465,1?46/V7O1F1?G<D6>A@3:</!7O> \ >A7m1?GJ@%RYGJ@©1?2V>'j!DE1?>O@Aa��F2!>pGJ;�>A@?:h1?46/Vu8;�GJ4E/�135FRYGJ@©1?2!>{�H13@3GJ/VuJDE`d�05,1?@�467O1
j#D[1?>A@fB%2!4E792sGJUV1?:<46/V5ª/V>g:<@�DE`d�0/!>O7A>O535?:L@�`Q53>O135©:<@�>�5�2!G_B%/c:<5 ���	�
��������46/k1?2!>�;!D6GL1?5fB%2!46DE>F1?2!GJ5�>
RYGJ@p1?2!>c�H]!;�>O@35,1?@34E7O1nj!DE1?>O@n:<@�>s532VG B%/¤:<5$�� M���Z�ma|�F2!>sG<;�>O@?:L1346/!ut;�GJ4E/�1pB%2!>O@3>s1?2V>A53>s10B-G
46/d13>A@3;�GJD6:L1?>OSn7A]!@ \ >O5-W8>A>m1f465z132!>FW8>g:<5�]!@3>OS8SVGJWQ4E/#:</!7O>©;�GJ46/d1f:L5f465�I�/!G_B%/kRY@3GJW �fyH]!:L1?4EGJ/
¡Va��=a�	�5n;!@3G \ >ASx46/v�F2V>AGJ@�>AW « av,Je�:<D6D�1?2!>MWQ>A:<53]!@�>ASKS!G<WQ4E/#:</!7O>M;�GJ46/d1?5{D64E>QGJ/b1?2!>sDE46/!>
' � � ' ( 132!@3G<]!uJ2�132!>lG<@346u<46/�a��F2!>Zj#@�5�1Q;!D6GL1M4E5kRYG<@M:</ � � , , , � � � �bSV>A7A4E534EGJ/
;!@�GJU!D6>OWZe�132!>^53>O7AGJ/VS�GJ/V>sRYGJ@k:</ � � , , , � � � « ;!@�GJU!D6>OW :L/!SK1?2!>^j#/#:LD©GJ/!>sRYGJ@n:</
� � , ,-, , � � � �ZS!>A7O46534EGJ/v;!@�GJU!DE>AWCa 	�D6Df1?2V>M7A]V@ \ >O5X46/!SV467g:h1?>k2!G_B :Z53W8GHG<1?2N1?@?:LS!>AG<�
:<DEGJ/!un1?2V>q��rz�0��%�7A]!@ \ >p7g:</CU�>pG<UV19:<4E/!>ASCUd` \ :<@�`H46/Vuk132!>T1?GJDE>A@3:</!7A> \ >A7O13GJ@�:<D6GJ/V><a ��:<792
;!DEG<1X:<DE53G|5�2!G_B%5k132#:L1X132!>c��rz����%�7A]!@ \ >cRYGJ@q132!>^D6>O535n/!G<465�`i;!@3G<U!D6>OW 4E5nU�>OD6G_B�1?2!>^GJ/V>
RYGJ@'1?2!>Q/!GJ4E5346>O@'534E13]#:L1346GJ/�a^�F2V465p465p> � ;�>O7O13>ASK534E/!7A>M:<5{132!>M/VGJ465�>Q4E/!7A@�>g:<5�>A5Ae�1?2!>Q792#:</!7O>A5
1?2!:L1F:{j!DE1?>O@-B%4ED6D ;!@3GHS!]!7O>T:{R¢:<DE53>�;�GJ5�4E134 \ >�:</!SMR¢:LD653>�/!>AuJ:L1?4 \ >�4E5�U�GJ]!/!Ss13Gn46/V7A@3>A:<53>Laf.�1©4E5
46W8;�GJ@�1?:</d1z1?G'@�>ADP:h1?>©>A:<792Q7O]!@ \ >F1?G �fyH]!:L1?4EGJ/8¡Va ��4E/XGJ@3SV>A@�1?G']!/VS!>A@�5�19:L/!S8132!>%S!46@�>A7m1?46G</nG<R
46/V7A@3>A:<53>'4E/C132!>T1?GJDE>A@?:L/!7A>TB%2!>O/ZB->{W8G \ >TRY@3GJW GJ/!>';�G<46/d1%46/^1?2V>p7O]!@ \ >{13G8132!>'G<1?2!>O@Aaª.0/
G<132!>A@FB-GJ@3S!5Oe#RYGJ@©1?2!>p��rz�0��%�7A]!@ \ >{@3>AD6:L1?>OS^1?GX1?2!>q�H13@3GJ/!u<DE`d�,�H13@34E7O1©j#D[1?>O@��¢4wa ><a[eV132!>'7A]!@ \ >
B%4E132t7A4E@37OD6>A5�:<5�;�GJ4E/�135�
£e�:<5oB�>XW8G \ >qSVG B%/|132!>q7O]!@ \ ><e�1?2V>q1?GJDE>A@3:</!7A> \ >O7O1?G<@)465�@3>ASV]!7A4E/!u
]!/d1?4ED*4[1F2!4E135�1?2V>TWQ>A:<53]!@�>ASCS!GJW846/#:L/!7A>�;�GJ4E/d1©B%2!>A@�>T1?2!>)13GJD6>O@?:</!7O> \ >O7O1?G<@FU�>O7AGJW8>A5 �O>A@3GVa
�#@3GJW 1?2!4E5�;�GJ46/d1�GJ/dB�:<@3SV5AeL132!>���rz���
%v7A]!@ \ >�@3>ODP:L13>A5�1?GF132!>-�=]!;�>A@35,1?@�467O1}��46DE13>A@*:</!S'WQG \ 46/Vu
:<DEGJ/!un1?2V>p7O]!@ \ >p13G_B©:<@�S!5%1?2!>'@34EuJ2d1%;�>O@�1?:<46/!5©13G8:</Z4E/!7A@�>g:<5�>'46/s1?2V>'13GJD6>O@?:</V7A> \ >O7O1?G<@Aa

��GJW8;#:<@34E/!uX1?2!>'j#@�5�1o10B�GQ;!D6G<135Ae!B->q5�>A>'1?2#:L1�:<DED�>ADE53>'@3>OWM:<4E/!46/Vuk132!>'5?:<W8><e#B%2!>O/l1?2V>
/�]!WnU�>A@�G<R�7A@�4E13>A@346:)465�4E/!7A@�>g:<5�>AS�ed132!>%> � ;�>O7O13>ASM/�]!WqU�>O@ªGLR�R¢:LD653>F/V>Aud:L134 \ >A5�46/!7O@3>A:<53>O5�B%2V46D6>
1?2V>�> � ;�>A7m1?>ASc/�]!WnU�>A@�G<R�R¢:<DE53>�;�GJ5�4E1?4 \ >O5�@3>OS!]!7O>A5Aa��F2!4E5�7A:</^U�>�> � ;!D6:<46/!>OSsUd`M7OGJ/!5�46S!>O@346/Vu
1?2V>{R¢:<7m1�1?2!:L1):L5�W 46/!7O@3>A:<53>O5Ae�132!>q;V@3GJU#:LU!46DE4E10`s132#:L1�:</|:<D[1?>A@�/#:L134 \ >p465oGJ;V1346WQ:<D�46/V7A@3>A:<53>O5

, � )



0 10 20 30 40
0

5

10

15

20

25
n=100,m=4,40 trials

Average number of False Positives

A
ve

ra
g

e 
n

u
m

b
er

 o
f 

F
al

se
 N

eg
at

iv
es

0 10 20 30 40
0

10

20

30

40

50
n=100,m=6,40 trials

Average number of False Positives

A
ve

ra
g

e 
n

u
m

b
er

 o
f 

F
al

se
 N

eg
at

iv
es

Superstrict
Strongly−Strict

0 100 200 300
0

10

20

30

40

50

60

70
n=1000,m=4,40 trials

Average number of False Positives

A
ve

ra
g

e 
n

u
m

b
er

 o
f 

F
al

se
 N

eg
at

iv
es

sigma=0.2 

sigma=0.05 

�z4EuJ]!@3> , � � ��rz���
%�792!:<@?:<7m1?>O@3465,1?4E7A5cRYGJ@C132!>i�H1?@�GJ/!uJD[`����H1?@�467m1
�

§lrª�
�

�=]!;�>A@35,1?@�467O1cR¢:<W846D[`
RY@3G<W §ZGJ/d13>n�©:<@�D6GX5�46Wn]!D6:L1?4EGJ/!5�RYG<@ \ :L@346G<]!5 \ :<D6]V>A5%G<R�/�e#W :</!S �

, � 	



:</!Sc1?2V>T;!@3GJU!:<U!46DE4E10`81?2#:h1o:</l:LDE1?>O@3/#:h1?4 \ >)465F5�]!U�GJ;V1?4EWM:LD*@3>OS!]!7O>A5Aa 	�5o:X@3>O53]!D[1geV132!>';!@3GJUH�
:<U!4ED64[10`8132#:L1o:</Z:<D[1?>A@�/#:L134 \ >�465%:nR¢:<D65�>T;�G<534E134 \ > �YB%2!4E792Z4E5F@3>ODP:L13>AS^1?GX1?2V>p;V@3GJU#:LU!46DE4E10`k1?2#:h1
1?2V>Q:LDE1?>O@3/#:h1?4 \ >k465T53]VU�GJ;=1?46WQ:<D�
�@3>OS!]!7A>O5n:<5TB->ADEDwa �-`N:c5346W846D6:<@o@3>g:L53GJ/�e�1?2V>Q;!@�GJU#:<UV46D64[10`
1?2!:L1o:</Z:<DE13>A@3/!:L1?4 \ >T465%:nR¢:<DE53>T/!>Oud:L134 \ >'4E/!7A@�>g:<5�>A5Aa�	�5�:k7AG</!53>OyH]V>A/!7O>{B->{5�>A>{:k@�>A5�]!DE1?:</d1
46/V7A@3>A:<53>�46/{132!>�> � ;�>O7O1?>OSk/H]VWnU�>O@�G<R!R¢:LD653>-/!>AuJ:L1?4 \ >A5�:</!Sn@�>AS!]!7m1?4EGJ/n46/p1?2!>�> � ;�>O7O13>ASk/�]!Wk�
U�>A@'G<RªR¢:<D65�>X;�GJ5�4E134 \ >O5AaX.0/�1?2!>k> � 13@3>OWQ>k7g:L53>kB%2!>A/�1?2!>k/�]!WnU�>A@'G<R-7A@�4E13>A@346:s465T4E/!7A@�>g:<5�>AS
1?Gq46/Vj#/V4E10`Je�B->�B�G<]!D6Ss> � ;�>O7O1o:<DED�:LDE1?>O@3/#:h1?4 \ >A5ª1?GnU�>�GJ;=1?46WQ:<D :</VSc:<5©:q@�>A5�]!DE1-1?2!>)/�]!WqU�>O@
G<R�R¢:<DE53>);�GJ534[1?4 \ >A5-B%46D6D�U�> �A>A@�GXRYGJ@F:</d`s5�]!@ \ 4 \ GJ@F5�>O1%B%2!46DE>�132!>T/�]!WnU�>A@FG<R�R¢:<DE53>)/!>Oud:L134 \ >O5
B%46DED*U�>'DP:<@�uJ>�RYGJ@o:</d`^5�>O1%B%2!46792C> � 7OD6]!S!>O5�:LDE1?>O@3/#:h1?4 \ >A5%:L1�:<DEDwa

� 	 ��� � ��� ��� 	 � � ���

�z4EuJ]!@3>O5`, « :</VS , ³ 532!G_B 1?2!>'��rz�0��% :<5©B->ADED�:<5�132!>T�%rz�0� % 792#:<@3:<7O13>A@�465�13467O5�RYGJ@�132!>T7g:<5�>
B%2!>O@3>k1?2!>8GJ@3SV>A@34E/!uCU#:<53>OSiGJ/N46/H�0U�>O10B->A>A/b53>m1?5�� :<5pS!>A5�7A@�46U�>ASi4E/b�=>A7m1?46G</ « a ³ am,�
)465']!5�>AS
1?G8;!@�G=S!]V7A>'1?2!>p53]!@ \ 4 \ G<@�53>m1ga %oG<1?>'1?2!:L1�:<DE132!GJ]!uJ2CU�G<1?2Z�z46u<]!@3> , � :</!Sl�z46u<]!@3> , « 532!G_B
1?2V>'��rz����% 792!:<@?:<7m1?>O@3465,1?4E7A5©RYGJ@�132!>T5?:LWQ>)R¢:<W846D[`kG<R}j#DE13>A@35Oe=132!>O`c:L@3>T>g:L792C;!:<@?:<W8>O13>A@�4 �A>OS
G \ >O@MS!4[�*>O@3>A/d18;#:<@3:<W8>O1?>O@8:</!S�132!>A@�>ORYGJ@�>Z@�>AD6:L1?>^1?GNS!4[�*>O@3>A/d1Q]!53>O@Q/V>A>ASV5Aa �z4EuJ]!@3> , � 4E5
;#:<@3:<W8>O1?>O@34 �A>ASCG \ >O@ \ :<DE]!>A5%G<R���:L/!Sl4E5©1?2!>O@3>ORYG<@3>{:8;�>A@,RYGJ@3WQ:</!7O>TWQ>A:<53]!@�>pRYG<@F534E13]#:L1346GJ/!5
B%2!>O@3>c1?2!>C]!53>O@Q> � ;!@3>O5353>O5 � \ :<D6]!>O5X1?GN46/!S!4E7g:L13>s1?2!>C:<5�53]!@3:</!7O>A5M2V>Z/!>O>AS!5846/K13>A@3W85kG<R
1?2V>q;#:<4E@�B%4E53>'53]!@ \ 4 \ :<D�;!@3G<U#:<U!4ED64E1346>O5FG<R�>A:<792|53]!@ \ 4 \ G<@Aa �)/l1?2V>{G<132!>A@�2#:</!S*e*�z4EuJ]!@�>$, « 4E5
;#:<@3:<W8>O1?>O@34 �A>ASk4E/n1?>A@�WQ5fGLR�132!>F;�>O@37O>A/d1�5�]!@ \ 4 \ GJ@�5ª;V4679I<>OS8RY@�GJW 132!>F1?GJ;kG<R 132!>%46/=��U�>m10B�>O>A/
GJ@�S!>A@�46/!uK:L5c:v53]!@ \ 4 \ GJ@^5�>O1.-'132!>A@�>ORYGJ@�>t1?2!4E5s;!DEG<1s4E5^:vuJGHG=S�;�>A@,RYGJ@3WQ:</!7O>tW8>g:<5�]!@3>lRYG<@
534[1?]#:h1?46G</!5�B%2!>O@3>'1?2!>p¦'§ 2#:<5%;!@3]V/!46/!uk/!>O>AS!5Oa

�0��	���+��%	�������	�� ���	� ���
�

	�7OGJ/Vj#S!>O/!7A>o46/d13>A@ \ :<D=465f:)@3:</!uJ>�G<R \ :LD6]!>O5z1?2#:h1f2#:<5�:)5�;�>O7A4Ej!>ASk;!@3G<U#:<U!4ED64E10`'GLR�7OGJ/d19:<4E/!46/Vu
1?2V>Q;#:L@?:<W8>O13>A@TU�>A46/VuZ>O5�1?4EWM:h1?>AS*aQ�F2!> 	 ��� :</!S 	
	 � 7OGJ/Vj#S!>O/!7A>Q46/d1?>O@ \ :<DE5'B%2V46792i2!: \ >
a 	 � :</!SCa 	
	 ;!@�GJU#:<U!4ED64[1?46>O5zG<R�7AG</�1?:<46/V46/!uT1?2V>o;!:<@?:<W8>O13>A@�@3>O53;�>A7m1?4 \ >AD[`8:<@3>FW8GJ5�1ª7OGJWQW8GJ/!D[`
]!5�>AS�a � G<@Q> � :LWQ;!DE><e©4[R�132!>l;#:L@?:<W8>O13>A@8U�>O46/!ub>A5�1346WQ:L1?>OS�B->A@�> �=e©132!> 	���� 7AGJ/=j#S!>A/V7A>
46/d13>A@ \ :<D}W846uJ2d1)DEG=G<I^D646IL>�, � � � � � , a � 2#:L1)132!465�WQ>A:</!5)4E5�1?2!:L1�132!>X46/d1?>O@ \ :<D}U�>m10B�>O>A/
, � :</!S � , 2#:<5Q:Ka 	�� ;V@3GJU#:LU!46DE4E10`bG<R�7OGJ/d19:<4E/!46/Vu �Hax.0/�GL1?2!>O@kB-GJ@�S!5Ae-4ERo1?2!>c;!@�G=7O>AS!]!@�>

,_¡ ,



0 10 20 30 40 50 60 70
0

5

10

15

20

25

Average number of False Positives

A
ve

ra
ge

 n
um

be
r 

of
 F

al
se

 N
eg

at
iv

es

In−Between Sets; n=100, m=4, sigma=0.2, 40 trials
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In−Between Sets; n=100, m=4, sigma=0.2, 40 trials
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95% Simultaneous Confidence Student T−intervals

In−between sets n=100,m=4,sigma=0.2

Max FP interval=1.8568
Max FN interval=1.8641 
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