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$VVXPH�WKDW�WKHUH�LV�D�ILQLWH�VXEVHW�RI��6� ZKLFK�LV�D�FRYHU�IRU�;��7KHQ�ZH�FDQZULWH�WKLV�FRYHULQJ�DV��%�  �^>���Q����>���Q�������>���QN�`�IRU�VRPH��N�X è�
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6LQFH�WKHUH�DUH�QR�GLVMRLQW�RSHQ�VHWV�ZKLFK�FRQWDLQ�ERWK�����DQG��[��WKHQ���;��7�LV�QRW�+DXVGRUII�
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0�����������6ROXWLRQV �
4XHVWLRQ��
�D�

I� I�
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)RU�DOO��Q�B 1���IQ�[�� ���7KHUHIRUH��IQ�[��l ���DV��Q�l � IRU��[�X ë�
6R�WKH�SRLQWZLVH�OLPLW�IXQFWLRQ�RI�WKH�VHTXHQFH���IQ���LV�WKH�]HUR�IXQFWLRQI���ë l ëI�[�� ����IRU�DOO��[�X ë�

�F� /HW��I��EH��IXQFWLRQ�GHILQHG�DERYH�
,�VKDOO�FKHFN�WKH�FRQGLWLRQV�LQ�WKH�GHILQLWLRQ�RI�8QLIRUP�&RQYHUJHQFH�JLYHQ�LQ8QLW�&��6HFWLRQ���
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&RQGLWLRQ��E��/HW��0Q  �VXS�^�_�IQ�[����I�[��_���[�X ë`�
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>>F  ���LV�D�VSKHUH��6HH�8QLW�%���)LJ������E����%RWK�IDFHV�KDYH�WKH�HTXDWLRQ�DEFGH� ���
F  ����""""
F  �����7KLV�LV��9 ��,�WKLQN�WKH�IDFHV�DEFJ��I��  ���DQG�EDFI��J��  ���DUH�VXLWDEOH�@@
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>>�[Q  ���IRU�LQILQLWHO\�PDQ\��Q�V è LQ�D���[�  ���W ^����`�LQ�F��@@
�E��L� :KHQ��P�A Q��WKHQ����Q A ��P�7KHUHIRUH��G�[��]��A G�[��\��$V��G�\��]��!����WKHQ G�[��]��A G�[��\����G�\��]��
�E��LL� [ DQG��\ ERWK�DJUHH�IRU�WKH�ILUVW��P������WHUPV�$V��Q�A P������WKHQ�ERWK��[ DQG��\ ILUVW�GLIIHU�ZLWK��] DW�WKH�VDPH�WHUP�7KHUHIRUH��G�[��]�� �G�\��]��$V��G�[��\��!����WKHQ G�[��]��A G�[��\����G�\��]��
�F� ,Q�SDUW��E�� ZH�FRYHUHG�DOO�WKH�FDVHV�ZKHUH��[�/ \��DQG�[�/ ]�

,I��[  �] WKHQ��VLQFH��G�[��\��B ���DQG��G�\��]��B ���ZH�KDYHG�[��]�� ����A G�[��\����G�\��]��7KLV�DOVR�FRYHUV�WKH�FDVH�ZKHQ�DOO���VHTXHQFHV�DUH�WKH�VDPH�
,I�[  �\ WKHQ��G�[��]�� �G�\��]��$V��G�[��\�� ����WKHQ G�[��]��A G�[��\����G�\��]��
,Q�DOO�FDVH�ZH�KDYH�G�[��]��A G�[��\����G�\��]���VR��G��VDWLVILHV���0���
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�G��L� /HW��P��Q�X è ZKHUH�P�Q�!�1�X è�

6LQFH�WKH�VHTXHQFHV��DP DQG��DQ ERWK�VWDUW�ZLWK��1��V��WKHQG�DP��DQ������1�6LQFH��������Q ��LV�D�EDVLF�QXOO�VHTXHQFH��>>$���6HFW������@@�WKHQ�IRU�DQ\��Ö !��WKHUH�H[LVWV�D�1�VXFK�WKDW����1 ��Ö�� >>�:H�QHHG�1�!���ORJ�Ö ��ORJ���@@7KHUHIRUH��G�DP��DQ����Ö LI�P��Q�!�1�
+HQFH��DQ��LV�D�&DXFK\�VHTXHQFH�IRU���;��G��

�G��LL� 6LQFH��Q�B N��WKHQ�WKH��NWK LWHP�LQ�WKH�VHTXHQFH��[ LV�����DQGWKH��NWK LWHP�LQ�WKH�VHTXHQFH��DQ LV����7KHUHIRUH�WKH�VHTXHQFHV��DQ DQG��[ GLIIHU�DW�RU�EHIRUH�WKH�NWK WHUP�+HQFH�G�[��DQ��B ��N�
�G��LLL� $VVXPH�WKDW�WKH�&DXFK\�VHTXHQFH���DQ���FRQYHUJHV�WR�DQ��[ X ;�6LQFH�[Q  ���IRU�RQO\�ILQLWHO\��Q�X è WKHQ�ZH�FDQ�GHWHUPLQH�WKH�YDOXHN� �PD[�^Q���[Q  ��`�)URP�SDUW��G��LL��ZH�NQRZ�WKDW�G�[��DQ��B ��N IRU�DOO�Q�B N�$V�G�[��DQ��LV�QRW�D�QXOO�VHTXHQFH�WKHQ�WKH�&DXFK\�VHTXHQFH�FDQQRW�FRQYHUJHWR�DQ��[ X ;�7KHUHIRUH���;��G���LV�QRW�D�FRPSOHWH�PHWULF�VSDFH�
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4XHVWLRQ���
�D�� :H�PXVW�VKRZ�WKDW��7 VDWLVILHV�FRQGLWLRQV��7������7�����8QLW�$���6HFWLRQ����

�7�� %\�GHILQLWLRQ���Ò X 7�6LQFH����X è WKHQ��è X 7�+HQFH���7����LV�VDWLVILHG�
�7�� /HW��8���8� V 7 DQG�OHW��8� �8� > 8���:H�PXVW�VKRZ�WKDW��8�X 7�

,I��8�  �Ò RU�8�  �Ò WKHQ�8� �Ò X 7�
2WKHUZLVH��LI�QHLWKHU�8� RU�8� LV�WKH�HPSW\�VHW�WKHQ��X 8� DQG����X 8��+HQFH����X 8�DQG�WKHUHIRUH��8�X 7�
+HQFH��7���LV�VDWLVILHG�

�7�� /HW�^�8L ��L�X ,`��EH�D�IDPLO\�RI�VHWV�LQ�7 DQG�OHW��8� ��,L L8� �
:H�PXVW�VKRZ��8�X 7�
,I��8L  �Ò IRU�HDFK��L�V ,��WKHQ��8� �Ò X 7�2WKHUZLVH����V 8M IRU�VRPH��M�V ,��+HQFH����V 8��DQG�WKHUHIRUH�8�X 7�
+HQFH��7���LV�VDWLVILHG�

$V��7������7���DUH�VDWLVILHG�WKHQ�7 LV�D�WRSRORJ\�RQ�è�

�E�� >>�8VH�RI�8QLW�&���7KHRUHP�����LV�DQ�DOWHUQDWLYH�PHWKRG��@@
�E��L� >>�/RRNLQJ�DKHDG�WR�SDUW�G��ZH�NQRZ�WKDW��è LV�SDWK�FRQQHFWHG��+HQFH�LW�PXVWEH�7�FRQQHFWHG��&���7K������@@

/HW��8� DQG��8� EH�DQ\�WZR�QRQ�HPSW\�RSHQ�VHWV�LQ�7 VXFK�WKDW�8� = 8�  �è�6LQFH����X 8� DQG����X 8� WKHQ�WKHLU�XQLRQ��8� > 8� LV�QRW�HPSW\���7KHUHIRUHWKHUH�DUH�QR�GLVFRQQHFWLRQV�RI��è DQG�VR��è LV�7�FRQQHFWHG��>>�&���6HFWLRQ����@@



0�����������6ROXWLRQV ��
�E��LL� /HW��$� �^����`�7KH�VXEVSDFH�WRSRORJ\�RQ��$��LQKHULWHG�IURP�7 LV7$  �^Ò��^�`��^�`��$`��� >>7$  �^ 8�� $���8�� 7 `�@@

7KH�VHWV��^�`�DQG��^�`��IRUP�D�GLVFRQQHFWLRQ�RI���$��7$ ���7KHUHIRUH�^����`�LV�QRW�7�FRQQHFWHG�
>>�$OWHUQDWLYHO\��DV�^�`F  �^�`�WKHQ�^�`�LV�ERWK�RSHQ�DQG�FORVHG��7KHUHIRUH��E\&��7K��������$��7$ �� LV�QRW�FRQQHFWHG� @@

�F� :H�QHHG�WR�FKHFN��WKDW��S��LV�D���7 �G������7��FRQWLQXRXV�IXQFWLRQ�
6LQFH���f�������LV�DQ�RSHQ�VHW�LQ�ë ZLWK�WKH�(XFOLGHDQ�WRSRORJ\�WKHQ�>��������LVDQ�RSHQ�VHW�LQ�WKH�(XFOLGHDQ�WRSRORJ\�RQ�>����@�
/HW��8��EH�DQ�RSHQ�VXEVHW�RI�è�
,I��Q�V 8��WKHQ����X 8���6R�S���8�� �>����@���7KLV�LV�DQ�RSHQ�VXEVHW�RI�>����@�,I��Q�W 8� DQG����X 8��WKHQ��S���8�� �>�����������7KLV�LV�DQ�RSHQ�VXEVHW�RI�>����@�,I��Q�W 8� DQG����W 8��WKHQ��8� �Ò���6R�S���8�� �Ò ZKLFK�LV�DQ�RSHQ�VXEVHW�RI>����@�
$V��S���8��LV��DOZD\V�DQ�RSHQ�VXEVHW�RI��>����@��WKHQ�S��LV�D���7 �G������7��FRQWLQXRXV�IXQFWLRQ�+HQFH�WKH�IXQFWLRQ��S��>����@�lè LV�D�SDWK�MRLQLQJ���WR�Q�

�G�� /HW��P��Q��EH�DQ\�HOHPHQWV�RI��è�
)URP�SDUW��F���ZH�NQRZ�WKDW�WKHUH�DUH�SDWKV�MRLQLQJ����WR�Q��DQG����WR�P�
%\�8QLW�&��3UREOHP�����WKHUH�LV�D�SDWK�MRLQLQJ��Q�WR���
,W�IROORZV��IURP�8QLW�&��/HPPD�������WKDW�WKHUH�LV�D�SDWK�MRLQLQJ�Q�WR�P�
$V��Q��DQG��P��DUH�DUELWUDU\�HOHPHQWV�RI�è WKHQ���è�7��LV�SDWK�FRQQHFWHG�
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