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3$57�,�� 5HGXFWLRQ�WR�3ULPLWLYHV�

$�TXLFN�RXWOLQH�RI�WKLV�SDUW�UXQV�DV�IROORZV��$IWHU�WZR�HDV\�SUHOLPLQDU\�
QRUPDOL]DWLRQV�RI�JW�LQ�6HFWLRQ����WKH�VXUJHU\�SURFHVV�LV�IRUPDOL]HG�LQ�6HFWLRQ���
LQWR�WKH�FRQVWUXFWLRQ�RI�D�IDPLO\�RI�VSDFHV�(W8�IRU��W��X��(� 6N� ;� >����@��:KHQ�
8� � ���(W�� � JW�6����$V�X�GHFUHDVHV�WR�����WX�FKDQJHV�E\�VXUJHULHV�RQ�JW�6���LQ�
KRUL]RQWDO�SODQHV�DW�GLVFUHWH�WLPHV�X��GHSHQGLQJ�RQ�W���:KHQ�X� � ���(WR�FRQVLVWV�
HQWLUHO\�RI�SULPLWLYH�VSKHUHV��:H�H[WHQG��WX� WR�D� IDPLO\�RI�VSDFHV��WX� E\�
DGMRLQLQJ�GLVMRLQW�FRSLHV�RI�WKH�RSHQ�EDOOV�LQ�5��ERXQGHG�E\�WKH�VSKHUH�IDFWRUV�RI�
�WX�� ,Q� 6HFWLRQ����QLFH�VSKHULFDO�PRGHOV�6W8�DQG�6WX�IRU�(WX� DQG�(WX� DUH�
LQWURGXFHG��XVLQJ�WKH�VSKHULFDO�JHRPHWU\�RI�6��� ZLWK�6WX�WR�VHUYH�HYHQWXDOO\�DV�
GRPDLQ�RI�D�IDPLO\�RI�GLIIHRPRUSKLVPV�JX�� WX�6��� WX(�� 6LQFH�(W��  � JW�6��� DQG�
6W��

 � V��� WKH�GHVLUHG�H[WHQVLRQ�J�W�RI�WKH�RULJLQDO�JW��6��� 5��ZLOO�EH�JWO��7KLV�J�W�
LV�FRQVWUXFWHG�E\�ILUVW�FRQVWUXFWLQJ�JW2��WKHQ�H[WHQGLQJ�WR�JWX��WKHQ�UHVWULFWLQJ�WR�
X� � ���7KH�FRQVWUXFWLRQ�RI�JWR�LV�WKH�KDUG�SDUW��DQG�WKLV�LV�ZKDW�3DUW�,,�DFKLHYHV��
([WHQGLQJ�JWR�WR�JWX�LV�UHODWLYHO\�VWUDLJKWIRUZDUG��DQG�LV�GRQH�LQ�6HFWLRQ���RI�
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QRUPDO�YHFWRU�WR�6W�KDV�VWULFWO\�SRVLWLYH��QHJDWLYH��]�FRRUGLQDWH��WKHQ��

�D�� 7KH�FORVXUHV�LQ�5��;�6N�RI�8�W��6W
�� DQG�8W�7�6W���DUH�GLVMRLQW��
ZKHUH�P5�� ��!�5��LV�YHUWLFDO�SURMHFWLRQ�WR�D�KRUL]RQWDO�5���
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352326,7,21� �����,I�JW�� 6�� ���5���W�(� 6N�� LV�D�IDPLO\�RI�HPEHGGLQJV��WKHQ�
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FORVHG�N�EDOOV�%$�F� 6N�� HDFK�SURYLGHG�ZLWK�D�ILQLWH�VHW�RI�KRUL]RQWDO�SODQHV�
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�L�� 8LLQW�%L��  � 6N��
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�2L��)RU�HDFK� SDLU� �L��M�� ZLWK����� M��� QL�� -WJW�6��� IO���[��\��]�O]����� ]���
=L�������LV�D�IDPLO\�RI�HOHPHQWDU\�VXUIDFHV�DV�W�UDQJHV�RYHU�%���

�LY��)RU�HDFK�L�DQG�W�(�%L��IWJW�6���OLHV�EHWZHHQ�WKH�SODQHV�3L��DQG�3LQL��

3URRI�/HW�8�"� &�JW�6���EH�WKH�VHW�RI�SRLQWV�ZKHUH�WKH�RXWHU�QRUPDO�WR�
JW�6���PDNHV�DQ�DQJOH��� L7���ZLWK�WKH�YHFWRU�"��2��2������/HW�SW��JW�6���B�>����@�
EH�D�IDPLO\�RI�IXQFWLRQV�VXSSRUWHG�LQ�8W��X� 8W����ZLWK�SW�!�2�DW�SRLQWV�KDYLQJ�D�
KRUL]RQWDO�WDQJHQW�SODQH��'HILQH�WKH�YHFWRU�ILHOG�YW�2Q�JR�6��� WR�EH�JUDG�KW����
SW� ����������ZKHUH�KW�LV�WKH�KHLJKW�IXQFWLRQ�RQ�JW�6����7KXV�YW�KDV�SRVLWLYH�
]�FRRUGLQDWH�RQ�JW�6���DQG�FDQ�EH�H[WHQGHG�WR�D�YHFWRU�ILHOG�YW�RQ�5��ZLWK�WKH�
VDPH�SURSHUW\��/HW�I�EH�D� IDPLO\�RI�OHYHO�SUHVHUYLQJ�GLIIHRPRUSKLVPV�RI�5��
WDNLQJ�WKH�WUDMHFWRULHV�RI�YW�WR�YHUWLFDO�OLQHV�LQ�5���

7KHUH�H[LVWV�D���!� ���LQGHSHQGHQW�RI�W��VXFK�WKDW�HYHU\�YHUWLFDO�OLQH�VHJPHQW�
LQ�5��RI�OHQJWK��� ��PHHWV��IJW�6���LQ�D�FRQQHFWHG�VHW��SHUKDSV�HPSW\���7KLV�
IROORZV�EHFDXVH�WKH�YHFWRU�ILHOG�����������RQ�-JW�6���FDQ�SRLQW�WR�RQO\�RQH�VLGH�RI�
-JW�6����ORFDOO\��1DPHO\���������� SRLQWV�RXWZDUG�RQ�-�8W���DQG�LQZDUG�RQ�
-�8W�4���WKHVH�WZR�VHWV�EHLQJ�VHSDUDWHG�E\�VRPH�GLVWDQFH�G�!� ���LQGHSHQGHQW�RI�W��
:H�PD\�VXSSRVH����� G��

)RU�HDFK�W�ZH�PD\�FKRRVH�D�ILQLWH�QXPEHU�RI�KRUL]RQWDO�SODQHV�3W��WUDQVYHUVH�
WR�-JW�6����DGMDFHQW�SODQHV�EHLQJ�RI�GLVWDQFH��� ��DSDUW�DQG� WJW�6���O\LQJ�
EHWZHHQ�WKH�H[WUHPH�3W�
V��7KHVH�SODQHV�UHPDLQ�WUDQVYHUVH�WR�IJW�6���LQ�VRPH�
EDOO�%W�&� 6N�DERXW�W��%\�FRPSDFWQHVV�RI�6N��D�ILQLWH�QXPEHU�RI�WKHVH�EDOOV�KDYH�
LQWHULRUV�FRYHULQJ�6N��5HODEHO�WKHVH�EDOOV�%L�DQG�WKHLU�DVVRFLDWHG�SODQHV�3LM��:H�
PD\�VXSSRVH�FRQGLWLRQ��LL��KROGV�VLQFH�HDFK�3LM�PD\�EH�FKRVHQ�IURP�DQ�RSHQ�VHW�
RI�KRUL]RQWDO�SODQHV��

%\�FRQVWUXFWLRQ��IRU�HDFK�L�DQG�W�(�%���WKH�SDUW�RI�IJW�6���EHWZHHQ�DGMDFHQW�
SODQHV�3LM�DQG�3LM� VDWLVILHV�WKH�FRQGLWLRQ����� IRU�HOHPHQWDU\�VXUIDFHV��,W�DOVR�
VDWLVILHV���D��VLQFH�ZH�KDYH�FKRVHQ����� $G��)LQDOO\��ZH�PDNH�WJW�6���YHUWLFDO�
QHDU�HDFK�SODQH�3LL�IRU�W�(�%L�E\�D�GHIRUPDWLRQ�VXSSRUWHG�QHDU�3LM��7KLV�FDQ�
FOHDUO\�EH�GRQH�ZLWKRXW�GHVWUR\LQJ�SURSHUWLHV�����DQG���D��� ��

)URP�QRZ�RQ���JH��ZLOO�GHQRWH�WKH�IDPLO\��LWJW��LQ�WKH�FRQFOXVLRQ�RI�
3URSRVLWLRQ������

/HW�&W
L�EH�WKH�FROOHFWLRQ�RI�FLUFOHV��FRPSRQHQWV��RI�JW�6���Q�3LM�IRU�W�(� %L��
DQG�OHW�&WL�� 8��LQ&WL�DQG�&W � 8L&W���WKH�XQLRQ�RYHU�DOO�L�VXFK�WKDW�W�(� %L��

352326,7,21� �����7KH�IDPLO\�JW�PD\�EH�LVRWRSHG��NHHSLQJ�WKH�LPDJH�VSKHUHV�
JW�6���VHWZLVH�IL[HG��VR�WKDW�WKH�FLUFOHV�RI�J��O�&W��DUH�DFWXDO�JHRPHWULF�FLUFOHV�RQ�
6��IRU�DOO�W��
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3URRI�/HW�6��Q�� EH� 6��ZLWK�DQ\�Q�GLVMRLQW�FORVHG�GLVFV�UHPRYHG��WKH�
ERXQGDU\�RI�HDFK�GLVF�EHLQJ�D�JHRPHWULF�FLUFOH�RQ�6���/HW�&�P��Q��EH�WKH�VSDFH�
RI�P�WXSOHV�RI�GLVMRLQW�VPRRWK�FLUFOHV�&���������&P�LQ�6��Q��HDFK�RI�ZKLFK�ERXQGV�D�
GLVF�LQ�6��Q���DQG�OHW�&2�P��Q��F� &�P��Q��EH�WKH�VXEVSDFH�LQ�ZKLFK�DOO�FLUFOHV�&L�
DUH�JHRPHWULF�FLUFOHV�LQ�6��Q���:H�FODLP�WKH�LQFOXVLRQ�&R�P��Q�� �
� &�P��Q��LV�D�
KRPRWRS\�HTXLYDOHQFH��7R�VHH�WKLV��ILUVW�FRQVLGHU�WKH�ILEUDWLRQV�

&�S��T�� ;� &�U��V�� &�P��Q�� &����Q��
8� 8� 8�

&R�S��T�� ;�&R�U��V�� &2�P��Q�� &R�,��Q��

REWDLQHG�E\�UHVWULFWLRQ�WR�RQH�FLUFOH�&L�ZKLFK��ZKHQ�Q�!� ���LV�RXWHUPRVW�DPRQJ�
&������� &P��L�H��WKH�GLVF�&L�ERXQGV�LQ�6��Q��LV�QRW�FRQWDLQHG�LQ�WKH�GLVF�ERXQGHG�
E\�DQ\�RWKHU�&���6LQFH�S���P�DQG�U��� P��LQGXFWLRQ�RQ�P�UHGXFHV�XV�WR�WKH�FDVH�
P� � ��� )URP� 6PDOH
V� WKHRUHP�'LII�'�UHO�G'���  � 
� LW�IROORZV�E\�VWDQGDUG�
DUJXPHQWV��DV� LQ�WKH�DSSHQGL[��WKDW�&����Q�� GHIRUPDWLRQ�UHWUDFWV�RQWR�WKH�
VXEVSDFH�RI�VPDOO�JHRPHWULF�FLUFOHV�LQ�6��Q��LI�Q�!� ���DQG�RQWR�WKH�VXEVSDFH�RI�
JUHDW�FLUFOHV�RQ�6��LI�Q� ����7KH�VDPH�LV�REYLRXVO\�WUXH�IRU�&2�,��Q���VR�WKH�
FODLPHG�HTXLYDOHQFH�&2�P��Q�� &�P��Q��KROGV��

7R�SURYH�WKH�SURSRVLWLRQ�ZH�FRQVWUXFW�D�IDPLO\�RI�LVRWRSLHV�RI�6��ZKLFK�
�URXQG�RXW��WKH�FLUFOHV�RI�J��
�&����7KLV�LV�GRQH�LQGXFWLYHO\�RYHU�WKH�PXOWLSOH�
LQWHUVHFWLRQV�%L��Q����� Q�%L��SURFHHGLQJ�IURP�ODUJHU�WR�VPDOOHU�YDOXHV�RI�Q��7KH�
HTXLYDOHQFHV�&2�P����� &�P�����DVVXUH�WKDW�QR�REVWUXFWLRQV�WR�H[WHQGLQJ�URXQG��
LQJV�IURP�Q�IROG�LQWHUVHFWLRQV�%L�QO����� Q�%L� WR��Q�����IROG�LQWHUVHFWLRQV�FDQ�
RFFXU�� >�

���)DFWRUL]DWLRQ�LQWR�SULPLWLYHV�

:H�PD\�VXSSRVH�WKH�JLYHQ�IDPLO\�RI�HPEHGGLQJV�JW��6���
� 5��KDV�EHHQ�
QRUPDOL]HG�DV� LQ�3URSRVLWLRQV�����DQG������5HFDOO�DOVR�IURP�6HFWLRQ���WKH�
GHILQLWLRQV�RI�WKH�VHWV�&WaL��&WL��DQG�&W��&KRRVH�D��VPRRWK��IDPLO\�RI�IXQFWLRQV��3W��

��� ������� W�(� �N� VDWLVI\LQJ��
���� W�,�&W
L�LV�LQMHFWLYH��JLYLQJ�D�OLQHDU�RUGHULQJ�RI�&W
L�VXFK�WKDW�SW�F��!� �SW�F
��

LI�F�OLHV�LQVLGH�F
�LQ�3LM��
���� �SW�&W��!� ��IRU�W�(�%,��ZKHUH�%
�LV�D�FORVHG�EDOO�LQ�LQW�%L��DQG�8�LQW�%��

���� TSW�&W���� ��IRU�W�F� G%L��
:H�PD\�DVVXPH�DOO�WKH�JUDSKV�=
�F��  � ^�W���SW�F��,W� (� �N`� &� 6N� ;� ��� ���� KDYH�
JHQHUDO�SRVLWLRQ�LQWHUVHFWLRQV�ZLWK�HDFK�RWKHU�DQG�ZLWK�6N�;�̂ �`��/HW�=�F��  �
=
�F�� Q�6N� [� >����@�DQG�=2�F�� �=�F�� Q�6N�[�^2`��7KH�LQWHUVHFWLRQV�RI�WKH�YDUL��
RXV�=�F�
V� JLYH�D� VWUDWLILFDWLRQ�6� RI�6N� [� >����@�� ZKLFK�LQWHUVHFWV�6N�;�^�`� LQ�D�
VWUDWLILFDWLRQ����RI�6N�;�̂ �`��5HODWLYH�SURGXFW�QHLJKERUKRRGV��=�F��� =2�F���;�
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>�� ���@�RI��=�F��� =2�F��� � �=�F��� =2�F���;�̂ 2`�LQ��6N� ;� >����@��6N�;�^2`�� FDQ�EH�
FKRVHQ�VR�WKDW�

=�F�� [� �V��  � ��W��8��(� 6N�[� >���O@,X� � �3W�&�� �� VF��

IRU�VRPH�FRQVWDQW�(�!� ���FKRVHQ�VPDOO�HQRXJK�WKDW�GLIIHUHQW�=�F�� ;�>���� O@
V�
LQWHUVHFW�RQO\�QHDU�WKH�LQWHUVHFWLRQV�RI�WKH�FRUUHVSRQGLQJ�=�F�
V��

/HW���!� ��EH�FKRVHQ�VR�WKDW�JW�6���LV�YHUWLFDO�ZLWKLQ�GLVWDQFH���RI�HDFK�3LM�
IRU�ZKLFK�W�(�%$��DQG�VR�WKDW�DQ\�WZR�3LM
V�DUH�RI�GLVWDQFH�JUHDWHU�WKDQ����DSDUW��
)RU�HDFK�F�(� &W�FKRRVH���F��(���������LQGHSHQGHQW�RI�W��VR�WKDW���F��!� ��F
��IRU�
HDFK�SDLU�F��F
�(� &
� ZLWK�F�LQVLGH�F
�LQ�3LM��'HILQH�WKH�FROOHFWLRQ�&WX�RI�OHYHO�
FLUFOHV�RQ�JW�6��� IRU��W��X�� (� 6N�[� >����@�E\��

����$�FLUFOH�F�(� &W�EHORQJV�WR�&WX�IRU�X� � �SW�F���
����7KH� WZR�FLUFOHV�SDUDOOHO�WR�F�(�&W��DERYH�DQG�EHORZ�DW� GLVWDQFH�

��F�� ��PLQGV���`��EHORQJ�WR�&WX�IRU�X� �TSW�F���� V(��V�!� ���
)RU��W��X�� (� 6N�[� >����@��OHW�(WX� EH�WKH�IDPLO\�RI�VSDFHV�REWDLQHG�IURP�JW�6��� E\�
ILUVW�UHPRYLQJ�WKH�RSHQ�YHUWLFDO�DQQXOL�EHWZHHQ�SDLUV�RI�SDUDOOHO�FLUFOHV�RI�&WX��LQ�
�����DQG�WKHQ�DGMRLQLQJ�WR�HDFK�FLUFOH�RI�&W��WKH�KRUL]RQWDO�GLVF�LW�ERXQGV���1RWH�
WKDW�WKHVH�GLVFV�DUH�DOO�GLVMRLQW�IRU�IL[HG�W�DQG�X���

7KXV�DV�X�GHFUHDVHV�IURP�X�!� TW�F��WR�X��� TSW�&���JW�6���FKDQJHV�E\�VXUJHU\�
DORQJ�F�XVLQJ�WKH�KRUL]RQWDO�GLVF�ERXQGHG�E\�F��6HH�)LJXUH������

:H�GHILQH�D�IDFWRU�RI�,WX� WR�EH�D���VSKHUH��ZLWK�FRUQHUV��FRQWDLQHG�LQ��WX�
REWDLQHG�IURP�WKH�FORVXUH�RI�D�FRPSRQHQW�RI�JW�6�����&WX��RWKHU�WKDQ�DQ�DQQXOXV�
WKURZQ�DZD\�ZKHQ�GRLQJ�VXUJHU\��E\�FDSSLQJ�RII�LWV�ERXQGDU\�FLUFOHV�E\�WKH�
KRUL]RQWDO�GLVFV�WKH\�ERXQG�LQ�6WXG� $V��W��X��YDULHV�RYHU�D��FRQQHFWHG��VWUDWXP�RI�
6��HDFK�IDFWRU�RI�(WX� YDULHV�RQO\�E\�LVRWRS\��5HVWULFWLQJ�WR�X� ����ZH�VHH�E\�
FRQGLWLRQ�����DERYH�WKDW�DV�W�YDULHV�RYHU�D�VWUDWXP�RI�6�� WKH�IDFWRUV�RI�(WR�IRUP�
IDPLOLHV�RI�SULPLWLYH���VSKHUHV��DFFRUGLQJ�WR�WKH�IROORZLQJ��

'HILQLWLRQ��$�IDPLO\�RI���VSKHUHV�ZLWK�FRUQHUV�(W�&� 5��LV�FDOOHG�D�IDPLO\�RI�
SULPLWLYH���VSKHUHV�LI�WKHUH�LV�D�IDPLO\�RI�HOHPHQWDU\�VXUIDFHV�6W�&� (W� VXFK�WKDW�

8�!� 3W�F�� X� !� 3W�F�� 8�!� 3W�F��
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FO�,W� �� 6W���WKH�FORVXUH�RI� W��� 6W��FRQVLVWV�RI�ILQLWHO\�PDQ\�GLVMRLQW�KRUL]RQWDO�
GLVFV��FDOOHG�IDFHV�RI�(W��� IRU�HDFK�W��7KH�RQO\�FRUQHUV�RI� W�RFFXU�DW�WKH�
ERXQGDULHV�RI�WKHVH�IDFHV��L�H���DW�G6W��

/HW��WX� EH�WKH�VSDFH�REWDLQHG�IURP�WKH�GLVMRLQW�XQLRQ�RI�WKH�EDOOV�LQ�5��
ERXQGHG�E\�WKH�IDFWRUV�RI��WX�E\�LGHQWLI\LQJ�WKHLU�KRUL]RQWDO�IDFHV�DV�WKH\�DUH�
LGHQWLILHG�LQ��WX�� 7KXV��WX�&� �WX�

'HILQH�3WX�WR�EH�WKH�JUDSK�ZKRVH�YHUWLFHV�FRUUHVSRQG�WR�WKH�IDFWRUV�RI�(WX
�
DQG�ZKRVH��RSHQ��HGJHV�FRUUHVSRQG�WR�WKH�FRPPRQ�KRUL]RQWDO�IDFHV�EHWZHHQ�
IDFWRUV��$Q�HGJH�H� FRUUHVSRQGLQJ�WR�D� FRPPRQ�IDFH�$�EHORQJV�WR�-WX�IRU�
�W��X��(�=�H�� =�G$���)RU��W��X��(�=�H�� ;�̂V��ZLWK�V�!� ���WKH�HGJH�H�FROODSVHV�
WR�D�VLQJOH�YHUWH[�RI�)W��ZKLOH�LI�V��� ���H�LV�GHOHWHG�IURP�UWX��2Q�VWUDWD�RI�6�
�ZKLFK�E\�GHILQLWLRQ�DUH�FRQQHFWHG���UWX�LV�FRQVWDQW��

7KH�FRPSRQHQWV�RI�UWX�DUH�WUHHV��VLQFH�HYHU\�FLUFOH�RQ�D���VSKHUH�VHSDUDWHV��
$�FRPSRQHQW�\�RI�UWX�FRUUHVSRQGV�WR�D�FRQQHFWHG�FRPSRQHQW�W8�\�� RI�(W��
YDU\LQJ�FRQWLQXRXVO\�ZLWK��W��X�� LQ�WKH�JLYHQ�VWUDWXP�RI�6� RYHU�ZKLFK�\�LV�
FRQVWDQW��7KH�IDFWRUV�RI�(WX�\��DUH�SDUWLDOO\�RUGHUHG�E\�WKH�LQFOXVLRQ�UHODWLRQV�
DPRQJ�WKH�EDOOV�WKH\�ERXQG�LQ�5���7KH�PD[LPDO�IDFWRUV�LQ�WKLV�RUGHULQJ�
FRUUHVSRQG�WR�WKH�YHUWLFHV�RI�D�VXEWUHH�RI�\��FOHDUO\��$�FRPPRQ�IDFH�$�RI�WZR�
IDFWRUV�(O�DQG�(��RI�(WX�\��LV�D�VXP�IDFH�LI�(O�DQG�(��ERXQG�EDOOV�LQ�5��PHHWLQJ�
RQO\�LQ�$��,Q�WKH�RSSRVLWH�FDVH��$�LV�D�GLIIHUHQFH�IDFH��DQG�WKHUH�LV�DQ�LQFOXVLRQ�
UHODWLRQ�EHWZHHQ�WKH�WZR�EDOOV�ERXQGHG�E\�(O�DQG�(�
�

,W�ZLOO�EH�FRQYHQLHQW�WR�H[WHQG�WKH�GRPDLQ�RI�GHILQLWLRQ�RI�(WX�<��IURP�
�W��X��LQ�WKH�JLYHQ�VWUDWXP�RI�6�RYHU�ZKLFK�\�LV�FRQVWDQW�WR��W��X��LQ�WKH�FORVXUH�RI�
WKLV�VWUDWXP��E\�FRQWLQXLW\��:LWK�WKLV�GRQH��FHUWDLQ�LQFOXVLRQ�UHODWLRQV�(WX�<��&�
(WX��\
��UHVXOW��

���6SKHULFDO�PRGHOV�

,Q�WKLV�VHFWLRQ�ZH�VKDOO�EH�GRLQJ�VRPH�FRQVWUXFWLRQV�XVLQJ���GLPHQVLRQDO�
VSKHULFDO�JHRPHWU\��7KXV�WKH�DPELHQW�VSDFH�LV�6���WKH�XQLW�VSKHUH�LQ�5���DQG�
�FLUFOHV��DQG��VSKHUHV��LQ�6��PHDQ�LQWHUVHFWLRQV�ZLWK�DIILQH�VXEVSDFHV�RI�5��RI�
WKH�DSSURSULDWH�GLPHQVLRQ��,Q�SDUWLFXODU��ZH�IL[�6��&� 6��WR�EH�WKH�XQLW�VSKHUH�LQ�
5�� � ^�[��\��]������&�5���DQG�ZH�OHW�%���DQG�%��EH�WKH�EDOOV�ERXQGHG�E\�6��LQ�6���
)RU�DQ\�FLUFOH�F� RQ�6���ZH�OHW�6���EH� WKH���VSKHUH�RUWKRJRQDO�WR�6��ZLWK�

6��Q� 6�� � F��
%\�3URSRVLWLRQ������ZH�KDYH�WKH�FROOHFWLRQ�J
�O�&W��RI�FLUFOHV�RQ�6���7KH�

FRPSRQHQWV�RI�J��O�&WX��DUH�QHDU�WKH�FLUFOHV�RI�J��O�&W���VR�ZH�PD\�WDNH�WKHP�WR�
EH�DFWXDO�FLUFOHV�WRR��)RU�HDFK�FLUFOH�F�(�J��/�&WX��ZH�FKRRVH�WKH�VSKHULFDO�GLVF�
'��WR�EH�6��Q�%��� RU�6B�Q�%��� DFFRUGLQJ�WR�ZKHWKHU�WKH�KRUL]RQWDO�GLVF�RI�(WX�
ERXQGHG�E\�JW�F��SRLQWV�LQVLGH�RU�RXWVLGH�JW�6���DW�LWV�ERXQGDU\��)RU�IL[HG��W��X���
WKHVH�GLVFV�'�� DUH�GLVMRLQW�VLQFH�WKHLU�ERXQGDULHV�DUH�GLVMRLQW��,Q� DQDORJ\�
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ZLWK�WKH�GHILQLWLRQ�RI�6WX� ZH�OHW�6WX�EH�REWDLQHG�IURP�6��E\�DGMRLQLQJ�DOO�WKH�
GLVFV�'&�IRU�F�(�J��O�&WX���DQG�E\�GHOHWLQJ�WKH�RSHQ�DQQXOL�LQ�6��ZKRVH�JW�LPDJHV�
ZHUH�GHOHWHG�LQ�WKH�FRQVWUXFWLRQ�RI�2WXW�

)DFWRUV�RI�6WX�DUH�GHILQHG�DQDORJRXVO\�WR�IDFWRUV�RI�(WX�DQG�FRUUHVSRQG�
ELMHFWLYHO\�YLD�JW��)RU�HDFK�IDFWRU�6�RI�6WX��OHW�6�F� 6��EH�WKH�WRSRORJLFDO���EDOO�
ERXQGHG�E\�6��FKRVHQ�VR�WKDW�WKH�QRUPDOV�WR�6�Q�6��SRLQWLQJ�LQWR�6�SRLQW�LQWR�%���
RU�%�� DFFRUGLQJ�WR�ZKHWKHU��IRU�WKH�FRUUHVSRQGLQJ�IDFWRU�O� RI��� WKH�QRUPDOV�
WR�O��Q�JW�6���SRLQWLQJ�LQWR���SRLQW�LQWR�WKH�EDOO�LQ�5��ERXQGHG�E\�JW�6���RU�QRW��
:H�OHW�6WX�EH�WKH�GLVMRLQW�XQLRQ�RI�DOO�VXFK���EDOOV�6��ZLWK�WKH�GLVFV�'&�LQ�WKHLU�
ERXQGDULHV�LGHQWLILHG�DV�WKH\�DUH�LQ�6WX��

/HW�6�EH�D�IDFWRU�RI�6WX��KDYLQJ�FRUQHUV�DW�WKH�FLUFOHV�FO������ &Q�F� 6���7KXV�
G�6�Q� 6��� � F��8� ���� 8� ��FL�EHLQJ�FDSSHG�RII�E\�WKH�GLVF�'L�F� 6�ZKLFK�ZH�FDOO�
D�IDFH�RI�6��/HW�%L�F� 6��EH�WKH���EDOO�ERXQGHG�E\�6����ZLWK�%L�Q�6� �'L��7KHVH�
%L�
V�DUH�GLVMRLQW�VLQFH�WKH\�LQWHUVHFW�6��LQ�GLVMRLQW�GLVFV��WKH�FRPSRQHQWV�RI�
FO�6���� 6���'HILQH�WKH�FRUH�RI�6�WR�EH�FO�6��8�8%L�� �� 6���

&RPSRQHQWV�6WX�\��RI�6WX�FRUUHVSRQG�YLD�JW�WR�FRPSRQHQWV�(WX�\��RI�(��
7KH�IDFWRUV�RI�6WX�\��DUH�SDUWLDOO\�RUGHUHG��6���� 6��LI�6L�F� 6���7KLV�RUGHULQJ�
FRUUHVSRQGV�XQGHU�JW�WR�WKH�RUGHULQJ�RQ�IDFWRUV�RI��WX�\��GHVFULEHG�LQ�6HFWLRQ����
$V�ZLWK�(WX�\��ZH�H[WHQG�WKH�GRPDLQ�RI�GHILQLWLRQ�RI�6WX�\��WR�EH�D�FORVHG�
VXEVHW�RI�6N�[� >����@��\LHOGLQJ�VRPH�LQFOXVLRQ�UHODWLRQV�6WX�\��F� 6WX�\
���

7KH�JRDO�RI�WKH�UHVW�RI�WKLV�VHFWLRQ�LV�WR�FRQVWUXFW�IDPLOLHV�6WFX�DQG�6WFX�ZKLFK�
DUH�FRQWLQXRXV�YHUVLRQV�RI�6WX�DQG�6WX��WRJHWKHU�ZLWK�D�IDPLO\�RI�RQH�GLPHQVLRQDO�
IROLDWLRQV�)WX�RQ�6W&X��5RXJKO\��WKH�LGHD�LV�WKDW�GLVFRQWLQXLWLHV�LQ�6WX�RFFXU�ZKHQ�D�
FRPPRQ�IDFH�LV�GHOHWHG��DV�LQ�)LJXUH�����ZKHQ�X�LQFUHDVHV�IURP�X� � �SW�F��WR�
X�!� �SW�F���7R�UHPHG\�WKLV��ZH�ZLVK�WR�LVRWRSH�WKH�FRPPRQ�IDFH�DFURVV�DQ�
DGMDFHQW�IDFWRU��UDWKHU�WKDQ�VLPSO\�GHOHWH�LW���1RWLFH�WKDW�RQO\�WKH�GHOHWLRQ�RI�
GLIIHUHQFH�IDFHV�FDXVHV�GLVFRQWLQXLWLHV�LQ�6WX���7KH�IROLDWLRQV�)X�ZLOO�DFWXDOO\�EH�
GHILQHG�RQ�6WX�DV�ZHOO�DV�6F���DQG�ZLOO�EH�XVHG�WR�FRQVWUXFW�6F� DQG�DOVR�JWX��
6W&��
&8� HYHQWXDOO\��

$�SRLQW�S�(�6���� 6��GHWHUPLQHV�D�SRODU�IROLDWLRQ�)�RQ�6��ZKRVH�OHDYHV�DUH�
DUFV�RI�FLUFOHV�WKURXJK�S�RUWKRJRQDO�WR�6���7KHUH�DUH�WZR��SROH��VLQJXODULWLHV�RI�
)��RQH�DW�S�DQG�RQH�DW�D�GXDO�SRLQW�S
��2XU�QH[W�WDVN�LV�WR�FRQVWUXFW�IDPLOLHV�RI�
SRODU�IROLDWLRQV�)WX�\��IRU�\�D�FRPSRQHQW�RI�-WX��)WX�\��EHLQJ�GHILQHG�DQG�YDU\LQJ�
FRQWLQXRXVO\�IRU��W��X��LQ�WKH�FORVXUH�RI�WKH�VWUDWXP�RI�6�RYHU�ZKLFK�\�LV�GHILQHG��
:H�VKDOO�UHTXLUH�WKH�IROLDWLRQV�)WX�\��WR�VDWLVI\��

����)WX�\�� �)WX��\
��LI�6WX�\��F�6WX��\���
����)WX�\��KDV�D�SROH�LQ�WKH�FRUH�RI�D�PD[LPDO�IDFWRU�RI�6WX�\��XQOHVV��W��X��LV�

QHDU�WKH�ERXQGDU\�RI�WKH�VWUDWXP�ZKHUH�\�LV�GHILQHG��
�+HUH�)WX�\��LV�D�IROLDWLRQ�RI�6��� 7KH�IROLDWLRQ�)WX�PHQWLRQHG�LQ�WKH�SUHFHGLQJ�
SDUDJUDSK�ZLOO�EH�WKH�SXOOEDFN�RI�DOO�WKH�)WX�\�
V�E\�WKH�QDWXUDO�SURMHFWLRQ�
6WX�� 6����
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6XFK�IROLDWLRQV�)���\��FDQ�EH�FRQVWUXFWHG�LQGXFWLYHO\�RYHU�WKH�VWUDWD�RI�
6��
)RU�DQ�L�VWUDWXP�;�DQG�D�FRPSRQHQW�\�RI�-
��GHILQHG�RYHU�;��FRQGLWLRQ�����
GHWHUPLQHV�)���\��RYHU�G;��7KH�XQLRQ�8�RI�WKH�FRUHV�RI�WKH�PD[LPDO�IDFWRUV�RI�
6WX�\��LV�D�GHIRUPDWLRQ�UHWUDFW�RI�LQW�%���� RU�LQW�%����VLQFH�WKHVH�IDFWRUV�FRUUH��
VSRQG�WR�WKH�YHUWLFHV�RI�D�VXEWUHH�\R�RI�\�ZKRVH�HGJHV�FRUUHVSRQG�WR�FRPPRQ�
VXP�IDFHV�EHWZHHQ�IDFWRUV��8VLQJ�D�PRQRWRQH�GHIRUPDWLRQ�UHWUDFWLRQ�RI�LQW�%���
RQWR�8�ZH�FDQ�SXVK�WKH�SROHV�RI�)WX�\��LQWR�LQW�8��DV��W��X��JRHV�IURP�G;�LQWR�;�
PRQRWRQLFDOO\�ZLWK�UHVSHFW�WR�WKH�ELFROODUV�=�H�� ;�>�� ����@��7KHQ�ZH�H[WHQG�
)WX�\��RYHU�WKH�UHVW�RI�;��NHHSLQJ�D�SROH�LQ�LQW�8���ZKLFK�LV�SRVVLEOH�VLQFH�LQW�8��
LV�FRQWUDFWLEOH��

/(00$������)RU�HDFK��W��X���RQH�RI�WKH�IROORZLQJ�KROGV��
�D�� )WX�\��KDV�D�SROH�LQ�WKH�FRUH�RI�D�IDFWRU�6��RI�6WX�\��FRUUHVSRQGLQJ�WR�D�

YHUWH[�RI�\R��DQG�QR�RWKHU�IDFWRU�RI�6WX�\�� FRQWDLQV�D�SROH�RI�)WX�\���
�E��)WX�\��KDV�D�SROH�LQ�D�FRPPRQ�VXP�IDFH�RI�6WX�\��FRUUHVSRQGLQJ�WR�DQ�

HGJH�RI�\R��DQG�WKH�WZR�IDFWRUV�RI�6WX�\��FRQWDLQLQJ�WKLV�FRPPRQ�IDFH�DUH�WKH�
RQO\�IDFWRUV�RI�6WX�\�� FRQWDLQLQJ�D�SROH�RI�)WX�\���

�F��1R�IDFWRU�RI�6WX�\��FRQWDLQV�D�SROH�RI�)WX�\���EXW�D�IDFWRU�62�FRUUHVSRQG��
LQJ�WR�D�YHUWH[�RI�\R�KDV�D�SUHIHUUHG�IDFH�'L�VXFK�WKDW�WKH�SROHV�RI�)WX�\��OLH�LQ�
LQW�%L���%L�EHLQJ�WKH���EDOO�VXFK�WKDW�%L�Q� 62� �'L��

7KHVH�WKUHH�SRVVLELOLWLHV�DUH�VKRZQ�LQ�)LJXUH������LQ�ZKLFK�6W8�\��LV�
UHSUHVHQWHG�E\�WKH�VROLG�OLQHV�DQG�8�LV�VKDGHG���,Q�WKH�OLPLWLQJ�FDVH�RI��F���D�SROH�
RI�)WX�\��FRXOG�OLH�LQ�'L��� G'L��%XW�E\�GHILQLWLRQ��'L��� G'L�LV�FRQWDLQHG�LQ�WKH�
FRUH�RI�62��VR�WKLV�LV�UHDOO\�FDVH��D����

:H�PD\�DVVXPH�E\�WUDQVYHUVDOLW\�WKDW�FDVH��E��RI�/HPPD�����KROGV�IRU�WKH�
FRPPRQ�IDFH�FRUUHVSRQGLQJ�WR�D�JLYHQ�HGJH�H�IRU��W��X��LQ�D�FRGLPHQVLRQ�RQH�

),*X5(�����
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VXEPDQLIROG�<�H��RI�=�H��� DQG�WKDW�WKH�SROH�PRYHV�DFURVV�WKLV�FRPPRQ�IDFH�DV�
�W��X�� FURVVHV�D�ELFROODU�QHLJKERUKRRG�<�H�� ;�>�� ����@�RI�<�H��  � <�H�� ;�����LQ�
=�H��� 9LD�WKH�SURMHFWLRQ�=�H�� ;�>��� ����@��
� =�H��� ZH�FDQ�SXOO�EDFN�<�H�� WR�D�
FRGLPHQVLRQ�RQH�VXEPDQLIROG�<�H��  � <�H�� ;�>�� ����@�RI�=�H�� ;�>�� ����@�ZLWK�
ELFROODU�QHLJKERUKRRG�<�H�� ;�>�� ����@�LQ�=�H�� ;�>�� ����@��,Q�JHQHUDO�SRVLWLRQ�
<�H��ZLOO�EH�WUDQVYHUVH�WR�WKH�VWUDWLILFDWLRQ�RI�=�H�� LQGXFHG�E\����DQG�ZH�PD\�
DVVXPH�GLIIHUHQW�<�H�
V�KDYH�JHQHUDO�SRVLWLRQ�LQWHUVHFWLRQV�ZLWK�HDFK�RWKHU�DQG�
ZLWK�6N�[!������6R�WKH�YDULRXV�<�H�
V�DQG�=�H�
V� WRJHWKHU�GHWHUPLQH�VWUDWLILFDWLRQV�
6
� VXEGLYLGLQJ�6� DQG�6
� VXEGLYLGLQJ�6��

&DVH��F��RI�/HPPD�����FDQ�KROG�RQO\�QHDU�WKH�ERXQGDU\�RI�D�JLYHQ�VWUDWXP�
RI��
�� $V��W��X��PRYHV�DZD\�IURP�WKH�ERXQGDU\�RI�WKH�VWUDWXP��D�SROH�RI�)X�\��
PRYHV�LQVLGH�WKH�IDFWRU�62��DQG�ZH�DUH�LQ�FDVH��D���7KH�YHUWH[�RI�\�FRUUHVSRQGLQJ�
WR�WKLV�IDFWRU�62�ZH�FDOO�WKH�EDVH�YHUWH[�RI�\��LW�GRHV�QRW�FKDQJH�DV��W��X��UDQJHV�
RYHU�WKH�JLYHQ�VWUDWXP�RI�6
��7KH�RQO\�RWKHU�SRVVLELOLW\�IRU�D�VWUDWXP�RI�6
�LV�WKDW�
FDVH��E��KROGV�IRU�DOO��W��X��LQ�WKH�VWUDWXP��7KHQ�WKH�HGJH�RI�\�FRUUHVSRQGLQJ�WR�
WKH�FRPPRQ�IDFH�FRQWDLQLQJ�D�SROH�RI�)WX�\��ZH�FDOO�WKH�EDVH�HGJH�RI�\��

)RU�D�IDFWRU�6�RI�6WX�\���LI�WKH�FRUH�RI�6�FRQWDLQV�D�SROH�RI�)WX�\���WKHQ�WKH�
OHDYHV�RI�)WX�\��LQ�6�DUH�WKH�WUDMHFWRULHV�RI�D�IORZ�RQ�6�LQ�ZKLFK�DOO�SRLQWV�PRYH�WR�
WKH�SROH��VWD\LQJ�LQ�6��7R�VHH�WKLV��DSSO\�D�FLUFOH�DQG�VSKHUH�SUHVHUYLQJ�PDS�RI�6��
OHDYLQJ�6�� LQYDULDQW�DQG�WDNLQJ�WKH�SROH�RI�)WX�\��LQ�6�WR����������� ����7KHQ�
XQGHU�VWHUHRJUDSKLF�SURMHFWLRQ�IURP���������������)WX�\��EHFRPHV�WKH�IROLDWLRQ�RI�5��
E\�OLQHV�WKURXJK�WKH�RULJLQ��DQG�WKH�DVVHUWLRQ�LV�WKHQ�REYLRXV��6LPLODUO\��LI�6�
FRQWDLQV�QHLWKHU�SROH�RI�)WX�\���WKHQ�WKH�OHDYHV�RI�)WX�\��LQ�6�DUH�DUFV�ZLWK�RQH�
HQGSRLQW�RQ�D�SUHIHUUHG�IDFH�RI�6��7KH�ODWWHU�W\SH�RI�IROLDWLRQ�RI�6�ZH�FDOO�IDFLDO��
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M�\���7R�VWDUW��VXSSRVH�6Q�LV�D�PLQLPDO�IDFWRU�VXFK�
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DPRQJ�WKH�UHPDLQLQJ�IDFWRUV�ZLWK�)W
XO�\��IDFLDO�RQ�6Q����DQG�FRQVWUXFWV�WKH�
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XM�\��KDV�D�SROH�LQ�
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X�\��E\�LWV�GHIRUPDWLRQ�6,�WO������ WQ���ZKHUH��WX�� (�=�HP��;��WP��
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E\�ZKLFK�FKRLFH�LV�PDGH��7R�IRUP�6WX�JOREDOO\��IRU�DOO�9M
V�� ZH�SURFHHG�E\�
LQGXFWLRQ�RQ�L��)RU�WKH�LQGXFWLRQ�VWHS�ZH�FDQ�H[WHQG�IDPLOLHV�RI�GHIRUPDWLRQV�
6,�WO������ WQ��RYHU�9LM�VLQFH�DW�HDFK�VWHS�LQ�WKH�IRUPDWLRQ�RI�62�W�������WQ���WKH�
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:H�QRWH�WKDW�WKH�IROLDWLRQV�)W
XM�\��RQ�WKH�FRPSRQHQWV�6W
X�\��GHWHUPLQH�
DXWRPDWLFDOO\�D�IROLDWLRQ�)WX�GHILQHG�RQ�6W&X��ZKLFK�LV�DOVR�HLWKHU�SRODU�RU�IDFLDO�RQ�
HDFK�IDFWRU�RI�6WFX��

7KH�GHILQLWLRQ�RI�6WFX�DOVR�GHILQHV�D�IDPLO\�6>&��PRGXOR�WKH�WZR�IROG�DPELJX��
LW\�RI�KRZ�WR�SXVK�D�FRPPRQ�IDFH�'��ZKLFK�FRQWDLQV�D�SROH�RI�)WX��,I�'��
FRUUHVSRQGV�WR�WKH�HGJH�H��RI�)W��WKLV�DPELJXLW\�RFFXUV�IRU�
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7KH�UHVXOWLQJ�IDPLO\�6WX�KDV�GLVFRQWLQXLWLHV�DW�VXFK�VHWV�<�H���;�����;�>����@��
DV�RQH�RI�WKH�WZR�GHIRUPHG�FRSLHV�RI�'��LV�GHOHWHG�LQ�SDVVLQJ�WR�<�HO��;��V��;�
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DGMDFHQW�IDFWRU�RI��WKH�XQHQODUJHG��6>���IRU��W��X��(�<�HO��[��V�� [��WO���6HH�WKH�
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GHIRUPHG�FRSLHV�RI�'L�LV�GHOHWHG�DV�W��JRHV�IURP�W�� � ��WR�W�������7R�HOLPLQDWH�
WKLV�GLVFRQWLQXLW\�ZH�FRQWLQXH�WKH�GHIRUPDWLRQ�RI�WKH�WZR�FRSLHV�RI�'L� IRU�
W������� DV�VKRZQ�LQ�WKH�ORZHU�KDO� RI�)LJXUH������7KLV�FDQ�EH�GHVFULEHG�DV�
IROORZV��$V�W��JRHV�IURP���WR��� ���D�SROH�RI��WX�FURVVHV�WKH�IDFH�'���:KHQ�WKLV�
KDSSHQV��ZH�GHIRUP�'L� DFURVV�WKH�IDFWRU�LQWR�ZKLFK�WKH�SROH�LV�PRYLQJ��WKH�
GHIRUPHG�'L� VWD\LQJ�DKHDG�RI�WKH�SROH��OLNH�D�VKRFN�ZDYH��7KLV�GHIRUPDWLRQ�RI�'L�
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6LQFH�6W&�� � 6��DQG�KHQFH�6W>� � %���WKLV�UHGXFHV�WKH�SURRI�RI�WKH�WKHRUHP�WR�
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W&R� ZH�FDQ�UHFRYHU�J� WR��6R�!� 5��E\�FRPSRVLQJ�ZLWK�WKH�QDWXUDO�SURMHF��
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)RU�WKH�SURRI�RI�WKH�SURSRVLWLRQ�ZH�VKDOO�XVH�WKH�IROORZLQJ�HOHPHQWDU\�UHVXOW��
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3URRI�RI�3URSRVLWLRQ������:H�DSSO\�WKH�OHPPD�WR�WKH�FROOHFWLRQ�RI�DOO�
IXQFWLRQV�T�
�F��DQG�T�WC�F��"�(�IURP�6N�WR�>����@��ZKHUH�T�
� � PD[^�:�����DQG�(F�LV�DV�
GHILQHG�LQ�6HFWLRQ����8VLQJ�WKH�UHVXOWLQJ�IXQFWLRQV�XL��6N��
� >����@��ZH�FRQVWUXFW�
WXLQGXFWLYHO\��WKH�LQGXFWLRQ�VWHS�EHLQJ�WR�H[WHQG�IURP�X��� XL�W��WR�X��� XL"���W���
6R�ZH�VXSSRVH�JWX�KDV�DOUHDG\�EHHQ�FRQVWUXFWHG�IRU�X� �XL�W���$V�X�LQFUHDVHV�
IURP�XL�W�� WR�XLO�W��� 6WX�FKDQJHV�LQ�WZR�ZD\V��)LUVW��LI�>XL�W���XM"��W�@� LV�
FRQWDLQHG�LQ�DQ�LQWHUYDO�>T�W�F���� H��ZTW�F�@��WKHQ�WKHUH�DUH�WZR�SDUDOOHO�KRUL]RQWDO�
IDFHV�RI� 8�W��ZLWK�ERXQGDU\�FLUFOHV�QHDU�F�(� &W��DQG�LQ���WX� WKHVH�WZR�IDFHV�
PRYH�WRZDUG�HDFK�RWKHU�DV�X�JRHV�IURP�XL�W��WR�XL��O��W���7KHUH�LV�D�FRUUHVSRQGLQJ�
PRYLQJ�SDLU�RI�IDFHV�LQ�6WX
�,W�LV�HDV\�WR�H[WHQG�JWX��W��RYHU�>XL�W���XL���W�@�QHDU�
WKHVH�IDFHV��,I�XL"��W��  �ZW�F���WKHQ�WKH�PRYLQJ�SDLU�RI�IDFHV�FRQYHUJHV�WR�D�
FRPPRQ�IDFH� ZKHQ� X� � XL��,�W��� DQG� ZH� FDQ� XVH� FRQWUDFWLELOLW\�RI�
'LII�'�UHO��'���WR�DVVXUH�WKDW�JWXL�O�W��LV�ZHOO�GHILQHG�RQ�WKH�FRPPRQ�IDFH��$QG�
ZH�FDQ�DUUDQJH�WKDW�JWX����W��EH�VPRRWK�DFURVV�VXFK�D�FRPPRQ�VXP�IDFH��'RLQJ�
WKLV�IRU�DOO�LQWHUYDOV�>T�W�F���� (��ZW�F�@� X�>XL�W��� XL���W�@�� FDOO�WKH�UHVXOWLQJ�IDPLO\�
JWX� J� WX� ��WX�;IRU�X�H� >XL�W���XL���W�@��7KXV�JW�L�� GLIIHUV�IURP�6W��RQO\�WR�WKH�
H[WHQW�WKDW�VXFK�SDLUV�RI�SDUDOOHO�IDFHV�PRYH�WRJHWKHU��DQG�VLPLODUO\�IRU������ DQG�

WXL�W���
7KH�VHFRQG�ZD\�LQ�ZKLFK�6>F�FKDQJHV�DV�X�JRHV�IURP�XL�W��WR�XL�����W��RFFXUV�

ZKHQ�>XL�W���XL����W�@�LV�FRQWDLQHG�LQ�LQWHUYDOV�>�SW�F���7W�&�� �� F@�FRUUHVSRQGLQJ�WR�
FRPPRQ�GLIIHUHQFH�IDFHV�RI�6>WF��W��PRYLQJ�DFURVV�DGMDFHQW�IDFWRUV���6XP�IDFHV�DUH�
LQYLVLEOH�LQ�6W8��DQG�J�
��LV�DOUHDG\�GHILQHG�DFURVV�VXP�IDFHV���7R�KDQGOH�WKHVH�
GLIIHUHQFH�IDFHV�ZH�RSHUDWH�RQ�HDFK�FRPSRQHQW�RI�(�W�� VHSDUDWHO\���:LWK�
YDU\LQJ�W��WKH�VSOLWWLQJ�RI�(&WX�W��LQWR�LWV�FRPSRQHQWV�FDQ�FKDQJH�RQO\�ZKHQ�
XL�W�� � XL���W���ZKHUH�WKH�LQGXFWLRQ�VWHS�LV�YDFXRXV���7KH�FRPPRQ�GLIIHUHQFH�
IDFHV�$��W���������� $P�W��X�� RI�D� FRPSRQHQW�RI���
�� VSOLW�LW� LQWR�IDFWRUV�
(R�W��8������� ,�(P�W��X���ZKHUH�WKH�QXPEHULQJ�LV�FKRVHQ�VR�WKDW�LI�WKH�QDWXUDO�
SURMHFWLRQ�RI�(S�W��X��WR�5��FRQWDLQV�WKH�SURMHFWLRQ�RI�(T�W�� X��WKHQ�S��� T��DQG�
$M�W��X�� LV�WKH�IDFH�RI�(M�W��X�� VHSDUDWLQJ�LW�IURP�WKH�DGMDFHQW�ODUJHU�IDFWRU�
(M��W�X��� M���� M��

:H�VKDOO�E\�DQ�LQGXFWLYH�SURFHGXUH�FRQVWUXFW�IRU�HDFK��W��X�� ZLWK�X�H�
>XL�W���XL�"�W�@�D�IDPLO\�

JWX�6L�� �� ;VP�� 6W8�6O�� 

� 60�� �W�W�VO
� �
�
;VP��
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��6R� �� 6L����� 6P��� 6L� (� >6R�� 6@��

DQG�VR�GHILQHV� �VR������ ,�6�� ��6� 6� ��� ,W�UHPDLQV�WR�H[WHQG�JWX�V�
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�WX�V"�� 6L"���6������� 6P��LV�GHILQHG�E\�UHVWULFWLRQ��2Q�WKH�DGMDFHQW�IDFWRU�
O�W�W��8��V"����� ��� 6�� 6M�� ���
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GHILQHG��DQG�ZH�FDQ�H[WHQG�RYHU�WKH�LQWHULRU�E\�LVRWRS\�H[WHQVLRQ��
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ZKHUH�6M� LV�GHILQHG�E\�X� � TSW�G$M�� �� VXH�� 7KLV�FRPSOHWHV�WKH�LQGXFWLRQ�VWHS�LQ�
WKH�FRQVWUXFWLRQ�RI�JWX��6WFX� �FX�&� IRU�X�F� >����@�� (L��

2Q�RQH�ODWHU�RFFDVLRQ�WKH�IROORZLQJ��EORZLQJ�XS��RSHUDWLRQ�ZLOO�EH�XVHIXO��
/HW�
� EH�D�WULDQJXODWLRQ�RI�6N�LQ�ZKLFK�WKH�FORVHG�VWUDWD�RI�6� DUH�VXEFRPSOH[HV��
7KHUH�LV�D�ZHOO�NQRZQ�ZD\�RI�DVVRFLDWLQJ�WR�
-�D�KDQGOH�VWUXFWXUH�RQ�6N��LQ�ZKLFK�
L�KDQGOHV�+L� �'L�[�'N�L� DUH�HV�QHLJKERUKRRGV�RI�L�VLPSOLFHV�DL� RI�
-��PLQXV�
SRLQWV�LQ�SUHYLRXVO\�FRQVWUXFWHG�KDQGOHV�RI�VPDOOHU�LQGH[��DQG�(R�!!� ��!!
�
!!� �N��/HW�K��6N� 
�6N�EH�D�PDS�ZKLFK�FROODSVHV�HDFK�VHW��[`�;�'N�L� F� +
�WR�D�
SRLQW�K�[��(�D
�� 6LQFH�K�LV�KRPRWRSLF�WR�WKH�LGHQWLW\��WKH�PDS�W� ��J��LV�
KRPRWRSLF�WR�W� �� JK���:H� FDQ�JR�EDFN�QRZ�DQG�UHSODFH�WKH�IDPLO\�J��E\�WKH�
IDPLO\�JK�O���NHHSLQJ�WKH�VDPH�IXQFWLRQV�JW� VWUDWLILFDWLRQV�����
�� HWF��7KH�QHW�
UHVXOW�LV�WKDW�ZH�PD\�DVVXPH�WKH�QHZ�IDPLO\�JW�LV�FRQVWDQW�RQ�VOLFHV��[`�;�'N�L� RI�
WKH�KDQGOHV�+L��ZKLFK�ZLOO�SURYH�WR�EH�D�XVHIXO�SURSHUW\�LQ�6HFWLRQ�����

3$57�,,�� 3ULPLWLYH�6SKHUHV�

,Q�WKH�VSKHULFDO�PRGHOV�6WX��WKH�JHRPHWU\�RI�6��SURYLGHG�QDWXUDOO\�WKH�
IROLDWLRQV�)WX�E\�PHDQV�RI�ZKLFK�WKH�IDPLO\�6WF��ZDV�HDVLO\�IRUPHG��)RU�WKH�IDPLO\�
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VWRS� FRQVWUXFWLQJ�IROLDWLRQV�'WR�ZLWK�TXDOLWDWLYH�EHKDYLRU�OLNH�)WR�LV�QRW�VR�VLPSOH�
RU�QDWXUDO��7R�REWDLQ�D�SRODU�'W2�RQ�D�IDFWRU���RI��W2�WKH�LGHD�LV�WR�FRQVWUXFW�D�
PRQRWRQH�VKULQNLQJ�LVRWRS\�(��RI�WKH�EDOO���GRZQ�WR�D�SRLQW�LQ�LWV�LQWHULRU��WKHQ�
WDNH��'WR�RQ���WR�EH�WUDQVYHUVH�WR�WKH�ERXQGDU\�VSKHUHV�(�� 7R�REWDLQ�D�IDFLDO�2WR�
RQ����ZH�GR�D�VLPLODU�WKLQJ�XVLQJ�D�PRQRWRQH�VKULQNLQJ�RI���WR�LWV�SUHIHUUHG�IDFH��
6R�WKH�SUREOHP�EHFRPHV�ILQGLQJ�VKULQNLQJV����IRU�WKH�SULPLWLYH�IDFWRUV���RI�,WR�
�LQ�D� ZD\�ZKLFK�YDULHV�FRQWLQXRXVO\�ZLWK�W��RI�FRXUVH���7KLV�LV�GRQH�E\�
FRQVLGHULQJ�D�QDWXUDO���GLPHQVLRQDO�TXRWLHQW�&�O�� RI����FDOOHG�WKH�FRQWRXU�RI����
,Q�6HFWLRQ���ZH�VKRZ�WKDW�WKH�FRQWRXUV�RI�D�IDPLO\�RI�SULPLWLYH�VSKHUHV�KDYH�D�
YHU\�VLPSOH�VWUXFWXUH��,Q�SDUWLFXODU��FRQWRXUV�RI�SULPLWLYH�VSKHUHV�DUH�VKULQNDEOH��
DQG�LQ�6HFWLRQ���ZH�REWDLQ�VKULQNLQJV�RI�IDFWRUV�,� E\�OLIWLQJ�VKULQNLQJV�RI�WKHLU�
FRQWRXUV�&�O���

$�GLIILFXOW\�DULVHV�KRZHYHU�ZKHQ�RQH�WULHV�WR�SLHFH�WRJHWKHU�WKH�UHVXOWLQJ�
IROLDWLRQV�WR�IRU�GLIIHUHQW�VWUDWD�RI�6
��EHFDXVH�VXFK�WR
V�DUH�QRW�DXWRPDWLFDOO\�
FRPSDWLEOH�ZLWK�WKH�VXUJHULHV�ZKLFK�RFFXU�LQ�,WR�ZLWK�YDU\LQJ�W��$Q�H[DPSOH�
LOOXVWUDWLQJ�WKLV�SUREOHP�LV�JLYHQ�LQ�6HFWLRQ����7KH�VROXWLRQ�LV�WR�FKRRVH�WKH�
VKULQNLQJV�RI�FRQWRXUV�ZLWK�PXFK�JUHDWHU�FDUH��7KLV�LV�ZRUNHG�RXW�LQ�WKH�PRUH�
WHFKQLFDO�6HFWLRQV�������EHIRUH�WKH�ILQDO�6HFWLRQ����ZKHUH�ZH�FRQVWUXFW�JWR��

6W2� ]W2
�

���&RQWRXUV�

)RU�WKH�UHVW�RI�WKH�SDSHU�ZH�VKDOO�EH�GHDOLQJ�ZLWK�HPEHGGHG���VSKHUHV�LQ�5��
ZKLFK�KDYH�FRUQHUV��%XW�WKH�FRUQHUV�ZLOO�DOZD\V�EH�RI�WKH�VLPSOHVW�VRUW��WKH�
EHQGLQJ�ORFXV�ZLOO�EH�D� RQH�GLPHQVLRQDO�VXEPDQLIROG�DORQJ�ZKLFK�WKHUH�DUH�
H[DFWO\�WZR�WDQJHQW�SODQHV��)XUWKHU��WKH�VXUIDFH�ZLOO�EH�YHUWLFDO��L�H���KDYH�YHUWLFDO�
WDQJHQW�SODQHV��DW�DOO�QHDUE\�SRLQWV�RQ�RQH�VLGH�RI�WKH�EHQGLQJ�ORFXV��

,I���F�5��LV�D���VSKHUH��ZLWK�FRUQHUV��ERXQGLQJ�WKH�FORVHG�EDOO���F� 5���ZH�
GHILQH�LWV�FRQWRXU�&�]�� WR�EH�WKH�TXRWLHQW�VSDFH�(�����ZKHUH�[���\�LI�WKHUH�LV�D�
YHUWLFDO�OLQH�VHJPHQW�LQ�,� MRLQLQJ�[�DQG�\��,Q�RWKHU�ZRUGV��&�]�� LV�WKH�VSDFH�RI�
OHDYHV�RI�WKH�IROLDWLRQ�RI��� E\�YHUWLFDO�OLQHV��7KH�TXRWLHQW�PDS�LV�GHQRWHG�&��

&�V��� �1RWH�WKDW�&�UHVWULFWHG�WR�,� LV�VXULHFWLYH���

([DPSOH������,Q�)LJXUH�����D�SULPLWLYH�VSKHUH�LV�VKRZQ��ZKRVH�FRQWRXU�LV�D�
GLVF�ZLWK�D���WRQJXH���

$�GLVF�ZLWK�WRQJXHV�LV�D�VSDFH�&�ZKLFK�LV�H[SUHVVLEOH�DV�WKH�XQLRQ�RI�ILQLWHO\�
PDQ\���GLVFV��&� �'R�8�',�8� 8�'Q�ZKHUH�IRU�HDFK�L�!� 2��'L�Q���8�ML'L���
LV�D�VXEGLVF�GL�RI�'L�PHHWLQJ�G'L�LQ�DW�OHDVW�DQ�DUF��7KH�WRSRORJ\�RQ�&�LV�WKH�
QDWXUDO�TXRWLHQW�WRSRORJ\��)XUWKHU��WKHUH�LV�DVVXPHG�WR�EH�SUHVHQW��LI�QRW�DOZD\V�
H[SOLFLWO\�JLYHQ��D�SURMHFWLRQ�PDS��7��&��
� 5��ZKLFK�LV�DQ�HPEHGGLQJ�RQ�HDFK�'L��
VXFK�WKDW�WKH�GLVFV��7�'L��DQG��7�GL��DUH�VPRRWK�VXEGLVFV�RI�5���$V�D�VHW��&�LV�WKH�
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GLVMRLQW�XQLRQ�RI�WKH�LQLWLDO�GLVF�'R�ZLWK�WKH�WRQJXHV�7L� �'L��� GL��:H�FDOO�
FO�G'L��� GGL��WKH�IUHH�HGJH�RI�7L�DQG�FO�GGL��� G'L��WKH�DWWDFKLQJ�HGJH��7KH�
XQLRQ�RI�WKH�IUHH�DQG�DWWDFKLQJ�HGJHV�RI�7L�LV�GHQRWHG�G7L��3RLQWV�LQ�ERWK�WKH�IUHH�
DQG�DWWDFKLQJ�HGJHV�RI�7L�DUH�FXVS�SRLQWV��$�GLVF�ZLWK�WRQJXHV�VWUXFWXUH�RQ�&�LV�
WKH�GHFRPSRVLWLRQ�RI�&�LQWR�WKH�LQLWLDO�GLVF�'R�DQG�WKH��XQRUGHUHG��FROOHFWLRQ�RI�
WRQJXHV�7L��,Q�SDUWLFXODU��WKH�GLVFV�'L�DQG�GL�IRU�L�!� ��DUH�QRW�SDUW�RI�WKH�
VWUXFWXUH��RQO\�WKHLU�GLIIHUHQFHV��WKH�WRQJXHV��+RZHYHU��WKH�H[LVWHQFH�RI�GL�LQ�
'R�8�7��8����� 8�7L� LPSRVHV�D�QRQ�WULYLDO�FRQGLWLRQ�RQ�KRZ�WKH�WRQJXH�7L�FDQ�
EH�DWWDFKHG��

:H�UHJDUG�WZR�GLVF�ZLWK�WRQJXHV�VWUXFWXUHV�DV�HTXLYDOHQW�LI�RQH�LV�REWDLQHG�
IURP�WKH�RWKHU�E\�GHOHWLQJ�HPSW\�WRQJXHV��

$�WRQJXH�7L�QHHG�QRW�EH�FRQQHFWHG��,Q�IDFW���7L�FDQ�KDYH�LQILQLWHO\�PDQ\�
FRPSRQHQWV��+RZHYHU��WKH�ILQLWH�FKDUDFWHU�RI�D�WRQJXH�LV�UHWDLQHG�LI�LW�LV�UHJDUGHG�
DOZD\V�DV�WKH�GLIIHUHQFH�EHWZHHQ�WZR�GLVFV���9HU\�OLNHO\��D�SUHOLPLQDU\�QRUPDOL]D��
WLRQ�RI�WKH�IDPLO\�J��6���FRXOG�EH�PDGH�WR�HOLPLQDWH�WKH�QHFHVVLW\�RI�FRQVLGHULQJ�
WRQJXHV�ZLWK�LQILQLWHO\�PDQ\�FRPSRQHQWV��EXW�WKHUH�VHHPV�WR�EH�QR�SDUWLFXODU�
DGYDQWDJH�LQ�GRLQJ�WKLV���

$�IDPLO\�RI�GLVFV�ZLWK�WRQJXHV�LV�D�IDPLO\�RI�VSDFHV�HDFK�GHFRPSRVHG�LQWR�
DQ�LQLWLDO�GLVF�'R�DQG�ILQLWHO\�PDQ\�WRQJXHV�7L��VXFK�WKDW��ORFDOO\�LQ�WKH�SDUDPHWHU�
VSDFH��

�D��'R�YDULHV�VPRRWKO\��ZKHQ�SURMHFWHG�LQWR�5���
�E��7KH�GLVFV�'L�DQG�GL�ZKRVH�GLIIHUHQFH�LV�D�WRQJXH�7L�FDQ�EH�FKRVHQ�WR�

YDU\�VPRRWKO\��ZKHQ�SURMHFWHG�WR�5���DQG�GL�Q� G'L�FRQWDLQV�D�VPRRWKO\�YDU\LQJ�
DUF��
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)RU�D� IDPLO\�RI�WRQJXHV�7�� �'��� G�� GaW�LV�GHILQHG�E\�WKH�FRQGLWLRQ�WKDW�
8� �G'W� �� GGW�� 8��GGW� ��G'W��� KDYH� 8���GW� DV�LWV�FORVXUH��

/RFDOO\�LQ�WKH�SDUDPHWHU�VSDFH�WKH�WRQJXHV�FDQ�EH�DWWDFKHG�LQ�D�GHILQLWH�
RUGHU��EXW�WKLV�RUGHU�LV�QRW�SDUW�RI�WKH�GDWD�RI�D�GLVF�ZLWK�WRQJXHV�VWUXFWXUH��DQG�LW�
QHHG�QRW�EH�WKH�FDVH�WKDW�RQH�RUGHU�RI�DWWDFKLQJ�WRQJXHV�VXIILFHV�JOREDOO\�LQ�WKH�
SDUDPHWHU�VSDFH��

,I��'2��7L`�LV�D� GLVF�ZLWK�WRQJXHV�VWUXFWXUH��ZH�VD\�D� GLVF�ZLWK�WRQJXHV�
VWUXFWXUH��'RR��7LM`�RQ�WKH�VDPH�XQGHUO\LQJ�VSDFH�VXEGLYLGHV�^'2��7L`�LI��ZKHQ�ZH�
UHSUHVHQW�7L�DV�'L��� GL��WKHUH�DUH�GLVFV�GL� �'LR�&�'L��F� 
�F� 'L��� �'L�VXFK�
WKDW�7LM �'LM�'L� M���:KHQ�L� ����GR�LV�XQGHILQHG��DQG�'22�F� 'R��F� 
� F�
'22� �'R�JLYHV�D�GLVF�ZLWK�WRQJXHV�VWUXFWXUH��'RR��7RM`�RQ�'R��

$�WRQJXH�7L�LV�RI�W\SH�,�LI��
����Y�GOL�� Q�Y�G'2�� � ���ZKHUH�'R�LV�WKH�LQLWLDO�GLVF��
����Y�GDL��Q�Y�G7M�� � ��� IRU�HDFK�WRQJXH�7���M�
� L��

([DPSOH������$�GLVF�ZLWK�WKUHH�W\SH�,�WRQJXHV�LV�VKRZQ�LQ�)LJXUH����D��
�,JQRUH�WKH�VKDGLQJ�IRU�QRZ���7KH�Q�LPDJHV�RI�WKH�ERXQGDULHV�RI�WKHVH�WRQJXHV�
DQG�RI�WKH�LQLWLDO�GLVF�DUH�VKRZQ�LQ�)LJXUH����E��

$�GLVF�ZLWK�W\SH�,�WRQJXHV�VWUXFWXUH�RQ�D�VSDFH�LV�YHU\�QHDUO\�XQLTXH��7KH�
LQLWLDO�GLVF�LV�FHUWDLQO\�XQLTXH��DQG�WKH�RQO\�DPELJXLW\�DULVHV�IURP�WKH�SRVVLELOLW\�
RI�UHJDUGLQJ�D�WRQJXH�7L�IRU�ZKLFK��7L�LV�QRW�FRQQHFWHG�DV�PRUH�WKDQ�RQH�WRQJXH��
,Q�DQ\�FDVH��WZR�GLVF�ZLWK�W\SH�,�WRQJXHV�VWUXFWXUHV�RQ�WKH�VDPH�VSDFH�KDYH�D�
FDQRQLFDO�FRPPRQ�VXEGLYLVLRQ��ZKRVH�WRQJXHV�DUH�WKH�LQWHUVHFWLRQV�RI�WKH�
WRQJXHV�RI�RQH�VWUXFWXUH�ZLWK�WKH�WRQJXHV�RI�WKH�RWKHU�VWUXFWXUH��

+HUH�LV�WKH�PDLQ�UHVXOW�RI�WKLV�VHFWLRQ��

352326,7,21������ 7KH�FRQWRXUV�RI�D�IDPLO\�RI�SULPLWLYH���VSKHUHV�(� &�5��
KDYH�WKH�VWUXFWXUH�RI�D�IDPLO\�RI�GLVFV�ZLWK�W\SH�,�WRQJXHV��U��&�4W���
� 5��EHLQJ�
LQGXFHG�E\�YHUWLFDO�SURMHFWLRQ�

Z��?�aaaaaaaaaaaaaaaaaaaaaaaaa�����������������������������������
��������������� �����������������������������������������������

�D�� �E��
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:H�ZLOO�SURYH�WKLV�RQO\�IRU�D�IL[HG�YDOXH�RI�WKH�SDUDPHWHU�W��OHDYLQJ�LW�WR�WKH�
UHDGHU�WR�FKHFN�ZKDW�KDSSHQV�XQGHU��VPDOO��YDULDWLRQV�RI�W��

%HIRUH�VWDUWLQJ�WKH�SURRI��ZH�PDNH�VRPH�SUHOLPLQDU\�REVHUYDWLRQV��/HW�6�EH�
DQ�HOHPHQWDU\�VXUIDFH��ZLWK�GB�6�GHQRWLQJ�WKH�FRPSRQHQWV�RI��6�QHDU�ZKLFK�6�
OLHV�DERYH��6��DQG�G��6�WKH�UHPDLQLQJ�FRPSRQHQWV��9HUWLFDO�SURMHFWLRQ��7��6��5�
UHVWULFWV�WR�DQ�HPEHGGLQJ�RQ�D��6�DQG�RQ�GB�6��/HW�&" ��� ��GB���7KHVH�V\VWHPV�
&��DQG�&B�RI�GLVMRLQW�VLPSOH�FORVHG�FXUYHV�LQ�5��VDWLVI\�WKH�IROORZLQJ�FRQGLWLRQV��

�L��&��PHHWV�&B�WDQJHQWLDOO\��
�LL��/RFDOO\��&��OLHV�RQ�RQO\�RQH�VLGH�RI�&B���
�LLL��&�X� &�� LV�RULHQWDEOH��LQ�IDFW��LI�&B�LV�RULHQWHG�DV�WKH�ERXQGDU\�RI�D�

FRPSDFW�VXEVXUIDFH�RI�5���WKLV�RULHQWDWLRQ�H[WHQGV�RYHU�&���
&RQGLWLRQV��L��DQG��LL��IROORZ�LPPHGLDWHO\�IURP�FRQGLWLRQ�����LQ�WKH�GHILQLWLRQ�RI�
HOHPHQWDU\�VXUIDFH��7R�VHH��LLL���QRWH�WKDW�&��8�&B�LV�FRQWDLQHG�RQ�WKH��7�LPDJH�RI�
WKH�VXEVHW�RI�6�ZKHUH�6�KDV�YHUWLFDO�WDQJHQW�SODQHV��VR�D�QRUPDO�RULHQWDWLRQ�IRU�6�
LQ�5��SURMHFWV�WR�D�QRUPDO�RULHQWDWLRQ�IRU�&��8�&�� +HQFH�&��8�&� LV�DOVR�
WDQJHQWLDOO\�RULHQWHG��7KLV�RULHQWDWLRQ�UHVWULFWHG�WR�&B�ERXQGV��LQ�WKH�VHQVH�RI�
�LLL���VLQFH�ZH�FDQ�HQODUJH�6�WR�D�VXUIDFH�6
�F�5��E\�DGGLQJ�DOO�SRLQWV��[R��\R��]��
VXFK�WKDW�HLWKHU��[���<R<�=2��(�	B�6�IRU�VRPH�]R�"� ]�RU��[���\���]R��(�D�6�IRU�
VRPH�]R��� ]��7KLV�6
�VHSDUDWHV�5���DQG�&�  � 6
�Q��5��;��]`�� IRU�]�������

(DFK�FRPSRQHQW�RI�5���� �&� BX�&B��LV�ERXQGHG�E\�D�VLPSOH�FORVHG�FXUYH�
ZKLFK�LV�VPRRWK�H[FHSW�IRU�D�ILQLWH�QXPEHU��ZKLFK�LV�HYHQ��E\��LLL���RI�RXWZDUG��
SRLQWLQJ�FXVSV��)RU�DOO�EXW�D�ILQLWH�QXPEHU�RI�WKHVH�UHJLRQV�RI�5���� �&��8�&B���
WKH�QXPEHU�RI�FXVSV�LV�WZR��7KH�LPDJH��7�6��LV�WKH�XQLRQ�RI�&��8�&B�ZLWK�VRPH�
RI�WKHVH�UHJLRQV�RI�5���� �&� 8� &B���LQFOXGLQJ�DOO�UHJLRQV�ZKRVH�ERXQGDULHV�KDYH�
FXVSV��VHH�)LJXUH�������,Q�SDUWLFXODU��

�LY��7KH�XQERXQGHG�FRPSRQHQW�RI�5��B��&��8�&B��KDV�VPRRWK�ERXQGDU\��
�7KH�UHDGHU�PD\�ZLVK�WR�FRQYLQFH�KLPVHOI�WKDW��FRQYHUVHO\��JLYHQ�WZR�

V\VWHPV�&��DQG�&� RI�GLVMRLQW�VPRRWK�FLUFOHV�LQ�5��ZKLFK�VDWLVI\��L���LY���WKHUH�LV�
DQ�HOHPHQWDU\�VXUIDFH�6�ZLWK�&B� ��7�G6����

:H�ODEHO�WKH�FORVXUHV�RI�WKH�FRPSRQHQWV�RI�5���� &B�ZLWK�WKH�V\PEROV���
DQG���� WKH�XQERXQGHG�UHJLRQ�EHLQJ��� DQG�DGMDFHQW�UHJLRQV�KDYLQJ�RSSRVLWH�
VLJQV��%\�FRQGLWLRQ�����RI�6HFWLRQ����6�FDQ�EH�H[SUHVVHG�DV�WKH�XQLRQ�RI�WZR�
FRPSDFW�VXEVXUIDFHV�6��DQG�6��ZKLFK�LQWHUVHFW�HDFK�RWKHU�LQ�D�ILQLWH�QXPEHU�RI�
YHUWLFDO�OLQH�VHJPHQWV��VXFK�WKDW��7�6���LV�FRQWDLQHG�LQ�WKH��� UHJLRQV�DQG��7�6���
LQ�WKH��� UHJLRQV��$QRWKHU�ZD\�RI�VD\LQJ�WKLV�LV�WKDW��LI�6�LV�JLYHQ�WKH�FRUUHFW�
QRUPDO�RULHQWDWLRQ��WKHQ�QRUPDO�YHFWRUV�SRLQWLQJ�LQ�WKH�GLUHFWLRQ�RI�WKLV�RULHQWD��
WLRQ�KDYH�]�FRRUGLQDWH�"��� RQ�6�� DQG� �� �� RQ�6���� )RU�H[DPSOH��IRU�WKH�
HOHPHQWDU\�VXUIDFH�RI�([DPSOH������6��FDQ�EH�FKRVHQ�WR�EH�WKH�OHIW�KDOI�RI�6�DQG�
6��WKH�ULJKW�KDOI��VHH�)LJXUH������
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1RZ�OHW�(�EH�D�SULPLWLYH�VXUIDFH��WKH�XQLRQ�RI�DQ�HOHPHQWDU\�VXUIDFH�6�ZLWK�
KRUL]RQWDO�GLVFV��WKH�IDFHV�RI�(��6XFK�D�IDFH�/$�LV�FDOOHG�ORZHU�LI�G$�F� GB�6��XSSHU�
LI�G$�F� G��6��)XUWKHU��$�LV�RXWHU�LI�WKH�FRUQHU�DQJOH�RI�(�DW�G$��PHDVXUHG�LQ����LV�
����� /$�LV�LQQHU�LI�WKLV�DQJOH�LV�������

)LJXUH�����LOOXVWUDWHV�WKH�YDULRXV�SRVVLELOLWLHV�IRU�KRZ�DQ�XSSHU�DQG�ORZHU�
IDFH�JLYH�ULVH�WR�WDQJHQFLHV�RI�&��DQG�&B���

�D�� �E��

),*85(�����

,Q��D���LI�WKH�XSSHU�DQG�ORZHU�IDFHV�VKRZQ�DUH�ERWK�RXWHU�IDFHV��WKHQ�WKH�KHDY\�
OLQH�EHFRPHV�D�IUHH�HGJH�RI�&�� ����,Q�WKH�RSSRVLWH�FDVH�WKDW�ERWK�IDFHV�LQ��D��DUH�
LQQHU�IDFHV��WKHQ�WKH�KHDY\�OLQH�EHFRPHV�DQ�DWWDFKLQJ�HGJH�LQ�&�V��� ,Q�ERWK�
FDVHV�QR�FXVS�SRLQWV�DUH�SUHVHQW��,Q��E���ZKHWKHU�O� OLHV�RQ�RQH�VLGH�RI�WKH�SDUW�RI�
(�VKRZQ�RU�WKH�RWKHU�VLGH��WKH�KHDY\�OLQH�EHFRPHV�LQ�&�V�� D�IUHH�HGJH�DQG�DQ�
DWWDFKLQJ�HGJH�PHHWLQJ�DW�D�FXVS��WKH�DWWDFKLQJ�HGJH�FRPHV�IURP�WKH�ERXQGDU\�
RI�WKH�LQQHU�IDFH��WKH�IUHH�HGJH�IURP�WKH�ERXQGDU\�RI�WKH�RXWHU�IDFH��:H�FRQFOXGH�
IURP�WKLV�WKDW�&�V�� LV�ORFDOO\�D�GLVF�ZLWK�W\SH�,�WRQJXHV��
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:H�VKDOO�DOVR�QHHG�D�UHODWLYH�IRUP�RI�3URSRVLWLRQ������DQG�WKLV�UHTXLUHV�
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PXVW�VHSDUDWH�(�� ,W�IROORZV�WKDW�RQH�FRPSRQHQW�RI�"7�$��� �� D��PXVW�EH�GLVMRLQW�
IURP�7��GD$����DQG�WKDW�WKH�FRPSRQHQW�RI�5��B��7��G$/���8�"��G/$����FRQWDLQLQJ�D��
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7KXV�ZH�KDYH�UHGXFHG�WR�WZR�FDVHV��HLWKHU�RQO\�D�VLQJOH�WRQJXH�7� � 7L�� &V��
LV�VKULQNLQJ��DQG�QR�RWKHU�WRQJXHV�DWWDFK�WR�WKLV�WRQJXH���RU�RQO\�WKH�LQLWLDO�GLVF�LV�
VKULQNLQJ��:H�FRQVLGHU�WKH�ILUVW�FDVH��WKH�VHFRQG�FDVH�EHLQJ�VLPLODU��$V�D�
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SURMHFWLQJ�WR�SRLQWV�RI�LQW�7���/HW�9���9B��EH�WKH�VXEVHW�RI�9�ZKHUH�DQ�XSZDUG�
�GRZQZDUG��GLUHFWHG�YHUWLFDO�OLQH�SDVVHV�IURP�LQVLGH���WR�RXWVLGH����DV�LQ�)LJXUH�
�����1RWLFH�WKDW�9��DQG�9B�DUH�GLVMRLQW��UHODWLYHO\�FORVHG�VHWV�LQ�&����LQW�7����
ZKHUH�&���� ��� &�V��  � &�LV�WKH�TXRWLHQW�PDS��6R�ZH�FDQ�ILQG�D�YHFWRU�ILHOG�Y�RQ�
5���VPRRWK��DQG�YDU\LQJ�VPRRWKO\�ZLWK�W��VXFK�WKDW��
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+DYLQJ�Y��ZH�REWDLQ�(V�E\�IORZLQJ�DORQJ�Y�IRU�D� VXIILFLHQWO\�VKRUW�LQWHUYDO�
V�(� >���H@��WKHQ�VWDQGLQJ�VWLOO�IRU�V�H� >(���@��

7KH�GHVLUHG�VKULQNLQJ�(V�RI�(�LV�REWDLQHG�E\�VHWWLQJ�(V�  � &� 
�&H���ZKHUH�
QRZ�&��(� ��� &�LV�WKH�SURMHFWLRQ��7KLV�(V�KDV�FRUQHU�SRLQWV�ZKLFK�SURMHFW�WR�WKH�
IUHH�HGJH�RI�7�IO�&V��EXW�WKHVH�FDQ�HDVLO\�EH�VPRRWKHG�ZLWKRXW�DIIHFWLQJ�WKH�
FRQWRXU��DV�LQ�WKH�OHIW�KDOI�RI�)LJXUH������ (�

2EYLRXV�PRGLILFDWLRQV�RI�WKH�SUHFHGLQJ�SURRI�\LHOG��

$GGHQGXP������,I�(W�FRQWDLQV�D�KRUL]RQWDO�GLVF�$W�ZLWK�DUW� D�FRUQHU�RI�(WW�
WKHQ�D�VKULQNLQJ�RI�&�4W��WR�&�4W��OLIWV�WR�D�PRQRWRQH�LVRWRS\�RI� W��� LQW�$W���
UHO�0OW��DFURVV�(W�WR�$W��

,I�7W�LV�D�IDPLO\�RI�WRQJXHV��WKH�GLIIHUHQFH�EHWZHHQ�GLVFV�GW�&� 'W��WKHQ�E\�
D�VKULQNLQJ�RI�7W�ZH�PHDQ�D�VKULQNLQJ�RI�WKH�GLVF�ZLWK�WRQJXHV�VWUXFWXUH�'W� �
GW�8�7W�GRZQ�WR�LWV�LQLWLDO�GLVF�GW��7KXV�D�VKULQNLQJ�RI�7W�DPRXQWV�WR�D�PRQRWRQH�
IDPLO\�RI�VXEWRQJXHV�RI�7W�ZKRVH�DWWDFKLQJ�HGJHV�DUH�FRQWDLQHG�LQ�WKH�DWWDFKLQJ�
HGJH�RI�7W��'LIIHUHQW�VKULQNLQJV�RI�7W�ZKLFK�\LHOG�WKH�VDPH�PRQRWRQH�IDPLO\�RI�
VXEWRQJXHV�ZLOO�EH�UHJDUGHG�DV�HTXLYDOHQW��WKH\�GLIIHU�RQO\�LQ�WKH�UDWH�DW�ZKLFK�
WKH�VKULQNLQJ�RFFXUV��

/(00$������*LYHQ�VKULQNLQJV�RI�WKH�LQGLYLGXDO�WRQJXHV�RI�D�IDPLO\�RI�GLVFV�
ZLWK�WRQJXHV�&W��WKHUH�LV�D� VKULQNLQJ�RI�&W�GRZQ�WR�LWV�LQLWLDO�GLVF��ZKRVH�
UHVWULFWLRQ�WR�HDFK�WRQJXH�RI�&W�LV�WKH�JLYHQ�VKULQNLQJ�RI�WKDW�WRQJXH��

3URRI�$V�LQ�WKH�SURRI�RI�/HPPD������D�SDUWLWLRQ�RI�XQLW\�DUJXPHQW�HDVLO\�
UHGXFHV�WR�WKH�FDVH�WKDW�WKH�WRQJXHV�RI�&W�DWWDFK�LQ�D�VLQJOH�RUGHU��LQGHSHQGHQW�RI�
W��7KHQ�ZH�FDQ�MXVW�VKULQN�WKH�WRQJXHV�RI�&W�RQH�DW�D�WLPH��LQ�WKH�UHYHUVH�RI�WKH�
RUGHU�RI�DWWDFKLQJ��XVLQJ�WKH�JLYHQ�VKULQNLQJV�RI�WKHVH�WRQJXHV�� /,�
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6XSSRVH�D�FRPSRQHQW���\��  �(WR�<��RI�(WR�KDV�D�VLQJOH�FRPPRQ�KRUL]RQWDO�
IDFH�$O��ZKLFK�IDFWRUV�WKH�SULPLWLYH�/�&�/�\��DV�WKH�GLIIHUHQFH�RI�WZR�SULPLWLYHV�
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:H�PLJKW�KRSH�WKDW�RXU�SUHVFULSWLRQ�IRU�FRQVWUXFWLQJ�WKH�IROLDWLRQV�,WR�RQ�(��(���
DQG����PHQWLRQHG�LQ�WKH�LQWURGXFWLRQ�WR�3DUW�,,��DV�WUDQVYHUVDOV�WR�VKULQNLQJV�RI�/�
DQG� ���WR�D�SRLQW�DQG�����WR�$O��ZRXOG�KDYH�WKH�SURSHUW\�WKDW�WKH�UHVWULFWLRQ�WR�/�
RI�,WR�RQ����ZRXOG�HTXDO�,WR�RQ�(��7KLV�KDSSHQV�LQ�WKH�VSKHULFDO�PRGHOV��DQG�LW�
ZRXOG�KDSSHQ�KHUH�LI�WKHUH�ZHUH�VRPH�VRUW�RI�FRPSDWLELOLW\�LQ�WKH�VKULQNLQJV�RI�
(���(���DQG�(���+RZHYHU��VKULQNLQJ�(���WR�$���KDV�WKH�HIIHFW�RI�H[SDQGLQJ�(�UDWKHU�
WKDQ�VKULQNLQJ�LW��$W�WKH�YHU\�OHDVW��RQH�ZRXOG�ZDQW�&���� WR�NHHS�LWV�VWUXFWXUH�RI�
D�GLVF�ZLWK�WRQJXHV�DV�/�H[SDQGV��7KH�SRLQW�RI�WKLV�VHFWLRQ�LV�WR�VKRZ�DQ�H[DPSOH�
ZKHUH�&�(�� ORVHV�LWV�GLVF�ZLWK�WRQJXHV�VWUXFWXUH�DV�(�H[SDQGV��DQG�WR�VXJJHVW�WKH�
UHPHG\��VXEGLYLGLQJ�WRQJXH�VWUXFWXUHV�EHIRUH�VKULQNLQJ��

:H�UHPDUN�WKDW�WKLV�SUREOHP�GRHV�QRW�DULVH�LQ�D�JHQHULF�IDPLO\�JW��6���
5�
W�(�6N�ZLWK�N������VLQFH�WKH�GLVF�ZLWK�WRQJXH�FRQWRXUV�ZKLFK�RQH�KDV�WR�FRQVLGHU�
LQ�WKHVH�FDVHV�DUH�YHU\�VLPSOH���7KH�SURMHFWLRQ�V7��&�(������5��LV�DW�PRVW���WR�����
+HQFH�RXU�SURRI�FRXOG�EH�FRQVLGHUDEO\�VKRUWHQHG�LI�RQH�ZHUH�LQWHUHVWHG�RQO\�LQ�
VKRZLQJ��L�'LII�6��� L�U�L2����IRU�L� � ������

7KH�HOHPHQWDU\�VXUIDFH�SDUW�6�RI�WKH�SULPLWLYH�(�RI�RXU�H[DPSOH�FDQ�EH�
GHVFULEHG��DV�LQ�6HFWLRQ����E\�LWV�LPDJH�L��6��VKRZQ�LQ�)LJXUH����D��7KXV�GB�6�
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FRQVLVWV�RI�WKUHH�FLUFOHV�&���&���&��ZLWK�QHVWHG��U�LPDJHV��)RXU�KDQGOHV�$��%��&��'�
DUH�DWWDFKHG�WR�WKH�WRS�HGJHV�RI�YHUWLFDO�FROODUV�RQ�&���&���DQG�&���7KHVH�KDQGOHV�
KDYH�WKH�HIIHFW�RI�GRLQJ�VXUJHU\�RQ�&��8� &��8� &��WR�REWDLQ�WKUHH�RWKHU�FLUFOHV��
$GGLQJ�YHUWLFDO�FROODUV�DERYH�WKHVH�WKUHH�FLUFOHV��ZH�UHDFK�WKH�WKUHH�FLUFOHV�
&���&���&��RI�G� 6��ZKRVH��7�LPDJHV�DUH�DOVR�QHVWHG��$� IXOO�SLFWXUH�RI�6� LV�
DWWHPSWHG�LQ�)LJXUH������
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:H�REWDLQ�WKH�IDFWRUL]DWLRQ�,�  ����� ��E\�SXWWLQJ�WKH�KDQGOHV�$�DQG�%�LQ�
D�OHYHO�DERYH�WKH�OHYHO�RI�&�DQG�'��DQG�FKRRVLQJ��$���F� 6�DV�D�KRUL]RQWDO�FLUFOH�LQ�
DQ�LQWHUPHGLDWH�OHYHO��VXFK�WKDW�0O$�VHSDUDWHV�$�DQG�%�IURP�&�DQG�'�RQ�6��7KH�
HOHPHQWDU\�VXUIDFH�SDUWV�62�F� <��DQG�6��F� ���DUH�VKRZQ�LQ�)LJXUH����E��F��1RWH�
WKDW�62�DQG�6��DUH�HVVHQWLDOO\�LVRPRUSKLF��

)URP�)LJXUH������RU�E\�PRUH�JHQHUDO�FRQVLGHUDWLRQV�XVLQJ�)LJXUH����D��RQH�
FDQ�VHH�WKDW�&�� ���LV�D�GLVF�'R�ZLWK�D�W\SH�,�WRQJXH�7��DWWDFKHG�WR�WKH�WRS�VLGH�RI�
'R��WKHQ�D�W\SH�,�WRQJXH�7��DWWDFKHG�WR�WKH�ERWWRP�VLGH�RI�7���)LJXUH����D�VKRZV�
WKH�U�LPDJHV��ZLWK�IUHH�HGJH�SRLQWV�RI�7��DQG�7��SDUDOOHOHG�E\�GRWWHG�OLQHV�DQG�
DWWDFKLQJ�HGJH�SRLQWV�E\�GDVKHG�OLQHV��$OVR�ZH�VHH�WKDW�&�4����$����FRQVLVWV�RI�D�
VLQJOH�W\SH�,,�WRQJXH�7��DWWDFKHG�WR�WKH�XQGHUVLGH�RI�WKH�GLVF�&�4$����7KLV�LV�
VKRZQ�LQ�)LJXUH����E��G&$�,��EHLQJ�LQGLFDWHG�E\�WKH�KHDY\�OLQH��
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)LJXUH����F�VKRZV�WKH�Q�LPDJHV�RI�'R��7���DQG�7���ZLWK�
X�7���VXSHULPSRVHG�
�VKDGHG���$�GLIIHRPRUSKLF�EXW�YLVXDOO\�VLPSOHU�IRUP�RI�WKLV�FRQILJXUDWLRQ�LV�
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6XSSRVH�ZH�EHJLQ�WR�VKULQN�7��LQ�WKH�ZD\�VKRZQ�LQ�)LJXUH����E��$W�ILUVW�GXULQJ�
WKLV�VKULQNLQJ�RI�7���WKH�HIIHFW�RQ�&�����LV�WR�SLQFK�7��WR�'R��DQG�ZKDW�LV�OHIW�RI�7��
UHPDLQV�D�WRQJXH��%XW�WKHQ��ZKHQ�WKH�SDUW�RI�7��EHLQJ�VKUXQN�KDV�QJ�LPDJH�
PHHWLQJ��J�7����ZH�DUH�SLQFKLQJ�7��WR�'R��:KHQ�DOO�WKDW�LV�OHIW�RI�7��LV�WKH�VKDGHG�
SDUW�LQ�)LJXUH����E��WKHQ�ZKDW�UHPDLQV�RI�7��KDV�WZR�FRPSRQHQWV��ZKLFK�DUH�ERWK�
GLVFV�WRSRORJLFDOO\��2QH�RI�WKHVH��RQ�WKH�ULJKW�LQ�)LJXUH����E��KDV�QR�IUHH�HGJH��VR�
LW�FDQQRW�EH�D�WRQJXH���$�IXUWKHU�GLIILFXOW\�LV�WKDW�ZKDW�UHPDLQV�RI�7��LV�QRW�HYHQ�
VLPSO\�FRQQHFWHG��VR�LW�FDQQRW�EH�D�WRQJXH�HLWKHU���

7KH�ZD\�WR�DYRLG�WKLV�SUREOHP�LV�WR�XVH�)LJXUH����D�WR�VXEGLYLGH�7��LQWR�
WKUHH�WRQJXHV�7����7����7���DQG�WR�VXEGLYLGH�7��LQWR�WZR�WRQJXHV�7���DQG�7����DV�
LQGLFDWHG�LQ�)LJXUH������7KH�WRQJXH�7��ZH�OHDYH�XQVXEGLYLGHG��7KHQ�VKULQNLQJ�
7���SLQFKHV�7���ELW�E\�ELW�WR�'R��7���UHPDLQLQJ�D�WRQJXH�WKURXJKRXW�WKH�SURFHVV��
$QG�VLPLODUO\��VKULQNLQJ�7���SLQFKHV�7��WR�7���VR�WKDW�LW�UHPDLQV�D� WRQJXH�
WKURXJKRXW�WRR��
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���/DUJH�IDFWRUV�

&RQVLGHU�D�IDPLO\���\��  ����<��  ��WR�<��&� �W2�DV�GHILQHG�LQ�6HFWLRQ����
7KXV���\�� LV�WKH�XQLRQ�RI�D�SULPLWLYH���VSKHUH���ZLWK�FHUWDLQ�KRUL]RQWDO�GLVFV�
$�
����� $Q� ZKLFK�VSOLW���LQWR�SULPLWLYH�IDFWRUV�������� (Q�� 7KH�$L
V�FRUUHVSRQG�
WR�WKH�HGJHV�HL�RI�\��WKH�(
V� WR�WKH�YHUWLFHV�YL��7KH�PD[LPDO�IDFWRUV��� FRUUHVSRQG�
WR�WKH�YHUWLFHV�RI�D�VXEWUHH��\R�RI��\��7KH�HGJHV�RI�\R�FRUUHVSRQG�WR�VXP�$L
V��

$�IDPLO\�RI�VXEVHWV�;W�&� (W�\�� LV�FDOOHG�ODUJH�LI��ORFDOO\�LQ�W���7�;W��Q�
G
7��W�\���FRQWDLQV�D�VPRRWKO\�YDU\LQJ�DUF���1RWH�WKDW��7��W��\���LV�D�GLVF�VLQFH���
LV�SULPLWLYH���

/(00$������7KH�ODUJH�IDFWRUV��L�RI�(W�\��FRUUHVSRQG�WR�WKH�YHUWLFHV�RI�D�
QRQ�HPSW\�VXEWUHH�;W�F� \R�&� \��;W�FDQ�YDU\�ZLWK�W���

3URRI�:H�VKDOO�XVH�WKH�QRWDWLRQ�DQG�WHUPLQRORJ\�LQWURGXFHG�WR�SURYH�
3URSRVLWLRQ������)LUVW�ZH�YHULI\�WKDW�ODUJH�IDFWRUV�H[LVW��7KH�ERXQGDU\�RI�WKH�GLVF�
�7�(�� LV�WKH�XQLRQ�RI�ILQLWHO\�PDQ\�DUFV�O\LQJ�LQ�HLWKHU��7�6���RU��7�6����/HW�D�EH�
VXFK�DQ� DUF��VD\�LQ�JL�6����7KHQ� G6� FRQWDLQV�DQ� DUF�D� ZLWK��7�D��  � D�� 7KH�
FRPSRQHQW�RI�G��6�FRQWDLQLQJ�D� OLHV�LQ�VRPH�IDFWRU���L��ZKLFK�LV�WKHUHIRUH�ODUJH��

/DUJH�IDFWRUV�RI���\�� DUH�FOHDUO\�PD[LPDO��
/HW����DQG����EH�ODUJH�IDFWRUV�DQG�VXSSRVH�$��LV�D��VXP��IDFH�FRUUHVSRQGLQJ�

WR�DQ�HGJH�RI�\�ZKLFK�OLHV�RQ�WKH�SDWK�LQ��\�MRLQLQJ�WKH�YHUWLFHV�YR�DQG�Y���:H�
FODLP�WKDW�$��LV�ODUJH��)URP�WKLV�LW�IROORZV�WKDW�WKH�WZR�IDFWRUV�RI���\��KDYLQJ�$��
DV�WKHLU�FRPPRQ�IDFH�DUH�DOVR�ODUJH��+HQFH�DOO�WKH�YHUWLFHV�RI��\�RQ�WKH�SDWK�IURP�
YR�WR�Y��FRUUHVSRQG�WR�ODUJH�IDFWRUV��VR�WKH�YHUWLFHV�RI�\�FRUUHVSRQGLQJ�WR�ODUJH�
IDFWRUV�DUH�WKH�YHUWLFHV�RI�D�VXEWUHH�RI��\��

7R�VHH�WKDW�$��LV�ODUJH��ZH�PD\�DV�ZHOO�DVVXPH�WKDW����DQG����DUH�WKH�RQO\�
IDFWRUV�RI���\��� VLQFH�GLVFDUGLQJ�WKH�RWKHU�IDFHV�$�������$�Q�FDQ�RQO\�HQODUJH�
�7�����DQG��������� 6D\�$��LV�DQ�XSSHU�IDFH�RI����DQG�D�ORZHU�IDFH�RI�����6XSSRVH�
�7�G$���ZHUH�QRW�DQ�RXWHUPRVW�FLUFOH�RI��7�G	�6����7KHQ��7�$���&�LQW��7�������DQG�
LQ�WKH�FRQWRXU�&�(��  � &����� 8�&�� ����ZLWK�&����� Q�&�4���� � &�$�����WKH�LQLWLDO�
GLVF�RI�&�4���ZRXOG�DOVR�EH�WKH�LQLWLDO�GLVF�RI�&�(���+HQFH����FRXOG�QRW�EH�ODUJH��
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7KXV��7�$���PHHWV�G�7�]���LQ�DW�OHDVW�DQ�DUF�LQ�IDFW��VLQFH�ZH�PD\�WDNH�6��DQG�6��
WR�EH�YHUWLFDO�LQ�D�QHLJKERUKRRG�RI�6���Q�6��� 6HH�)LJXUH������ >�
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/HW�XV�UHVWULFW�QRZ�WR�DQ�RSHQ�VXEVHW�RI�WKH�SDUDPHWHU�GRPDLQ�RYHU�ZKLFK�
VRPH�IDFWRU����RI���\��LV�ODUJH��7KH�RWKHU�IDFWRUV�ZH�UHODEHO�VR�WKDW�$L�LV�D�IDFH�RI�
�L�IRU�L� � ������� Q��(DFK�$L�VSOLWV���DV�D�VXP�RU�GLIIHUHQFH�RI�WZR�SULPLWLYHV����
DQG�
�� ZKHUH�(L�8L�  ���8�$L�DQG��L�QL(�  �$L��2QH�RI���� DQG�(��VD\�����
PHHWV��L� LQ�PRUH�WKDQ�MXVW�WKH�IDFH�$L��:H�FDOO���� D�FRIDFWRU�RI���\��� )RU�
FRQYHQLHQFH�ZH�UHJDUG�<��DV�WKH�FRIDFWRU�����7KH�FRIDFWRUV���� DUH�SDUWLDOO\�
RUGHUHG�E\�GHILQLQJ���� �� 9� WR�PHDQ��� �� $L�&� 9L��,Q�SDUWLFXODU���� �� ���IRU�
DOO�L�!� ����&RIDFWRUV�WXUQ�RXW�WR�EH�PRUH�XVHIXO�WKDQ�IDFWRUV�LQ�FRQVWUXFWLQJ���F�

DQG�JWR��6WFR��� FWR�

/(00$������$L�LV�D�ODUJH�IDFH�RI��
��WKDW�LV���7�$L��Q� G�7�(���FRQWDLQV�DQ�DUF�
ZKLFK��ORFDOO\�LQ�W��FDQ�EH�FKRVHQ�WR�YDU\�VPRRWKO\�ZLWK�W��

3URRI�6LQFH�WKH�$�
V�ZLWK�M�3�L�DUH�LUUHOHYDQW�KHUH��ZH�PD\�DV�ZHOO�DVVXPH�
Q� � L� � ���VR�WKDW�$��VSOLWV���LQWR�WKH�IDFWRUV�����DQG�����ZLWK�����ODUJH��6D\�$��LV�
DQ�XSSHU�IDFH�RI���� DQG�D� ORZHU�IDFH�RI���� 6XSSRVH��7�G$���ZHUH�QRW�DQ�
RXWHUPRVW�FLUFOH�RI��7�G��6O���,I�$O�LV�D�VXP�IDFH��ZH�UHDFK�D�FRQWUDGLFWLRQ�MXVW�DV�
LQ�WKH�SURRI�RI�/HPPD������,I�$��LV�D�GLIIHUHQFH�IDFH��WKHQ�WKH�ERXQGDU\�RI�WKH�
LQLWLDO�GLVF�RI�&������ZRXOG�FUHDWH�D�FLUFOH�RI�DWWDFKLQJ�HGJH�SRLQWV�LQ�&�� ����ZKLFK�
LV�LPSRVVLEOH�LQ�D�GLVF�ZLWK�W\SH�,�WRQJXHV��+HQFH��7�G$���PXVW�EH�DQ�RXWHUPRVW�
FLUFOH�RI��7�GB�62���
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6XSSRVH�QRZ�WKDW�$��LV�D�VXP�IDFH���7KH�DUJXPHQW�IURP�KHUH�RQ�LQ�WKH�
GLIIHUHQFH�FDVH�LV�MXVW�WKH�VDPH��EXW�ZLWK�6��DQG�6��LQWHUFKDQJHG���,I�G$��&�6���
WKHQ��7��� �� F� �7�$����VR�$��LV�ODUJH�LQ���\��VLQFH�����LV��DQG�D�IRUWLRUL�$��LV�D�ODUJH�
IDFH�RI�����6R�ZH�PD\�DVVXPH�G$,�PHHWV�6��� KHQFH�G$��Q�6�� FRQWDLQV�DQ�DUF��
6LQFH��7�G$���� 6���&� G���(�����$��LV�WKHQ�D�ODUJH�IDFH�RI� 0��

$V�DQ�DSSOLFDWLRQ�RI�WKHVH�OHPPDV��ZH�UHILQH�FRQGLWLRQ�����LQ�WKH�FRQVWUXF��
WLRQ�RI�)���\��LQ�6HFWLRQ���WR�EH��

��
�� )���\�� KDV�D� SROH�LQ�WKH�FRUH�RI�D�PD[LPDO�IDFWRU�RI�6WX�\���DQG�
PRUHRYHU��D�PD[LPDO�IDFWRU�ZKLFK�FRUUHVSRQGV�WR�D� ODUJH�IDFWRU�RI�(WR�<�� LI�
X� ����XQOHVV��W��X��LV�QHDU�WKH�ERXQGDU\�RI�WKH�VWUDWXP�ZKHUH��\�LV�GHILQHG��

/HPPD�����WKHQ�JXDUDQWHHV�WKDW�WKH�IDFWRU�62�RI�6WR�\��LQ��D��DQG��F��RI�/HPPD�
����FRUUHVSRQGV�WR�D�ODUJH�IDFWRU�RI�(WR�<���

7KXV�IRU�D�VWUDWXP�RI�6
�RYHU�ZKLFK�\�KDV�D�EDVH�YHUWH[��VHH�"�����WKLV�YHUWH[�
GHWHUPLQHV�D�ODUJH�IDFWRU����RI���\��� ,Q�WKH�RSSRVLWH�FDVH�WKDW�\�KDV�D�EDVH�HGJH��
ERWK�IDFWRUV�RI�<�\��FRQWDLQLQJ�WKH�FRPPRQ�IDFH�$L�FRUUHVSRQGLQJ�WR�WKLV�HGJH�
DUH�ODUJH��DV�LV�$L�LWVHOI��DV�ZH�VKRZHG�DERYH��7KH�PRVW�FRQYHQLHQW�WKLQJ�WR�GR�LQ�
WKLV�FDVH�LV�WR�FKRRVH�IRU��E������WKH�F\OLQGHU�EHWZHHQ�WZR�LQILQLWHVLPDOO\�GLVSODFHG�
SDUDOOHO�FRSLHV�RI�$L��

���7RQJXH�SDWWHUQV�

:H�FRQWLQXH�ZLWK�WKH�VLWXDWLRQ�RI�6HFWLRQ����
(DFK�VXEWUHH�7�RI�\�GHWHUPLQHV�D�SULPLWLYH���VSKHUH��7� F� ��\���ZKLFK�LV�WKH�

XQLRQ�RI�WKH�IDFWRUV��L�FRUUHVSRQGLQJ�WR�WKH�YHUWLFHV�RI���PLQXV�WKH�LQWHULRUV�RI�
WKH�IDFHV�$L�FRUUHVSRQGLQJ�WR�WKH�HGJHV�RI�7�� ,Q�FDVH�WKH�EDVH�YHUWH[�RU�HGJH�RI��\�
GRHV�QRW�OLH�LQ����� KDV�D�SUHIHUUHG�IDFH�$7��ZKLFK�LV�WKH�$L�FRUUHVSRQGLQJ�WR�WKH�
HGJH�RI�\�� 7DEXWWLQJ�U�LQ�WKH�GLUHFWLRQ�RI�WKH�EDVH�YHUWH[�RU�HGJH�RI��\��1RWH�
WKDW�$7� � $L�LV�D�ODUJH�IDFH�RI��7� VLQFH��7�Q7�� &� �L7�(L��DQG�$L�LV�D�ODUJH�IDFH�RI����
E\�/HPPD������

7KH�PDLQ�SXUSRVH�RI�WKLV�VHFWLRQ�LV�WR�GHVFULEH�D� FHUWDLQ�FRPSDWLELOLW\�
UHODWLRQVKLS�ZKLFK�KROGV�DPRQJ�DOO�WKH�GLVF�ZLWK�WRQJXH�VWUXFWXUHV�&�� 7�� DQG�
&��7�� $7��DV�7�UDQJHV�RYHU�VXEWUHHV�RI��\��7KLV�FRPSDWLELOLW\�ZLOO�EH�PHDVXUHG�YLD�
WKH�SURMHFWLRQV��7��&�47�� ��� 5��DQG��7��&��7�� $7�� 5���

6RPH�GHILQLWLRQV�DUH�QHHGHG�ILUVW��$�VXEVHW�3�RI�5��LV�FDOOHG�D�WRQJXH�SDWWHUQ�
LI�LW�LV�WKH�XQLRQ�RI�D�ILQLWH�QXPEHU�RI�GLVMRLQW�VXEVHWV�3L�FDOOHG�WRQJXH�EORFNV�RU�
MXVW�EORFNV��HDFK�RI�ZKLFK�KDV�WKH�IRUP�3L� � 8� D7G7K��ZKHUH�WKH�7LK
V�DUH�WKH�
WRQJXHV�RI�D� VXEGLYLVLRQ�RI�D� VLQJOH�WRQJXH�7L�F�5����6HH� WKH�GHILQLWLRQ�RI�
VXEGLYLVLRQ�LQ�"����$�IDPLO\�RI�WRQJXH�SDWWHUQV�LV�REWDLQHG�E\�WDNLQJ�IDPLOLHV�RI�
WRQJXHV�7��DQG�7LM��DV�LQ�6HFWLRQ����
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$V�D�VLPSOH�H[DPSOH��LI�O� LV�D�SULPLWLYH���VSKHUH�DQG�7�������7��DUH�WKH�W\SH�
,�WRQJXHV�RI�&�V��� WKHQ�3����  � 8LU�G7L��LV�D�WRQJXH�SDWWHUQ��6LPLODUO\��LI�$�LV�D�
ODUJH�IDFH�RI�O� DQG�7�������7Q�DUH�WKH�W\SH�,�DQG�,,�WRQJXHV�RI�&����$���WKHQ�
3����$�� � 8�U7�D7L��LV�D�WRQJXH�SDWWHUQ��/HVV�WULYLDOO\��3���� 8�3����$��LV�D�
WRQJXH�SDWWHUQ��7KLV�FDQ�EH� GHGXFHG�IURP�3URSRVLWLRQ�����EHORZ��RU�VHHQ�
GLUHFWO\��)RU�H[DPSOH��WKH�VROLG�OLQHV�LQ�)LJXUH����E�VKRZ�3���� 8�3����$��ZKHUH�
O� KDV�FRQWRXU�VKRZQ�LQ�)LJXUH����D��ZLWK�&�4��WKH�VKDGHG�GLVF��

$�WRQJXH�EORFN�3L�FDQ�EH�FKDUDFWHUL]HG�DV�IROORZV��(DFK�FRPSRQHQW�RI�3L�LV�
REWDLQHG�IURP�D�FRPSRQHQW�RI�WKH�ERXQGDU\�D7L�RI�D�WRQJXH�7L�F�5��E\�DGGLQJ�D�
ERXQGHG�QXPEHU�Q�RI�DUFV�D��F� 7L�8�D7L��ZLWK�DD��F� D7L��VXFK�WKDW�WKH�FRPSR��
QHQWV�RI�7L��� 8��D��DUH�DOO���FXVSHG��)RU��JLYHQ�VXFK�DUFV�D���HDFK�D��VXEGLYLGHV�7L�
LQWR�WZR�VXEWRQJXHV��DQG�WKH�YDULRXV�Q�IROG�LQWHUVHFWLRQV�RI�WKHVH�VXEWRQJXHV�
IRUP�WKH�WRQJXHV�7LM�RI�D�VXEGLYLVLRQ�RI�7L��

:H�QRWH�DOVR�WKDW�GLIIHUHQW�VXEGLYLVLRQV��7LM`�DQG�^7L
��� RI�7L�FDQ�KDYH�
3L� � 8��D,M� 8���D7L
��+RZHYHU��LQ�WKLV�FDVH��7LM�Q�7L
M�`�LV�D�FRPPRQ�VXEGLYL��
VLRQ�ZLWK�3L� � 8�M��M�� �7L�M�Q� 7L;��

5HWXUQLQJ�QRZ�WR�WKH�VLWXDWLRQ�DW�WKH�EHJLQQLQJ�RI�WKLV�VHFWLRQ��ZH�GHILQH�

3�<��  � 8� �3�(7�� 8� 3�7�� $�7����
7&\�

WKH�XQLRQ�RYHU�DOO�VXEWUHHV�7�RI�\��LW�EHLQJ�XQGHUVWRRG�WKDW�WKH�WHUP�3��� ��$�7��LV�
RPLWWHG�ZKHQ�LW�LV�XQGHILQHG��QDPHO\�ZKHQ�7�FRQWDLQV�WKH�EDVH�YHUWH[�RU�HGJH�
RI�\��

352326,7,21������ 3�\��LV�D�IDPLO\�RI�WRQJXH�SDWWHUQV��

3URRI�&RQVLGHU�ILUVW�D�IL[HG�YDOXH�RI�W��/HW�3
����  �3���� 8�VU��'��ZKHUH�
'�LV�WKH�LQLWLDO�GLVF�RI�&�!����,QWULQVLFDOO\��3
���� LV�WKH�SURMHFWLRQ�WR�5��RI�DOO�WKH�
QRQ�UHJXODU�SRLQWV�RI�&�(����L�H���SRLQWV�ZKHUH�&�!���LV�QRW�ORFDOO\�KRPHRPRUSKLF�
WR�5���/HW�3��\�� �3�\��8�3
����� 3��\��LV�RULHQWDEOH��YLD�D�FRQWLQXRXV�ILHOG�RI�
QRQ�YDQLVKLQJ�WDQJHQW�YHFWRUV��1DPHO\��3��\��LV�FRQWDLQHG�LQ�WKH�7U�LPDJH�RI�WKH�
VXEVHW�RI���ZKHUH���KDV�YHUWLFDO�WDQJHQW�SODQHV��VR�D�QRUPDO�RULHQWDWLRQ�IRU���
SURMHFWV�WR�D�QRUPDO�RULHQWDWLRQ�IRU�3��\���

%HIRUH�EHJLQQLQJ�WKH�SURRI�SURSHU��ZH�PDNH�WKUHH�SUHOLPLQDU\�REVHUYDWLRQV��
/HW�6��� ��$7��F� ���$7�� FRQVLVW�RI�SRLQWV�RI��U�D$���O\LQJ�RQ�RU�LQVLGH�EORFNV�RI�
3��� �� $7��� 7KXV� 6����� 7$7�� &� 3�(�7�� 8� 3��� 7� $7���

����3��\���� 3����� F� 8L60�� $L��� 7R� VHH� WKLV��FRQVLGHU�[�(�3��\����
3����� F�3�\���VD\�[�(�3���7��8� 3�(7��� $� )URP�)LJXUH�����ZH�VHH�WKDW�[�(�
�U���$��IRU�VRPH�KRUL]RQWDO�IDFH�$�RI���7���7KHUH�DUH�DW�PRVW�WZR�IDFHV�$�RI���7� VXFK�
WKDW�[�H� �7�D$���VLQFH��� LV�SULPLWLYH���,I�[���VU�D�L��IRU�DQ\�L��WKHQ�[�F�
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�VLQFH�3�(7�� $7���� 3�(7�� F� �U�G$��DQG�$7� � $L�IRU�VRPH�L���DQG�[�OLIWV�WR�D�
QRQ�UHJXODU�SRLQW�RI�&�47��LQ�$O�ZKLFK�UHPDLQV�QRQ�UHJXODU�LQ�&�(����VHH�)LJXUH�
������KHQFH�[�(�3��(���D�FRQWUDGLFWLRQ��6R�ZH�PD\�DVVXPH�[�(� �7�GOL��ZLWK�OL� D�
IDFH�RI�(7��WKLV�FDQ�KDSSHQ�IRU�DW�PRVW�WZR�$L
V��,I�HLWKHU�RI�WKHVH�$L
V�LV$7�O�� WKHQ�
[�F� 6�(���/7$�� F� 60�� $L��� ,I�QHLWKHU�$L�LV�/�� WKHQ�$�L�LV�D� FRPPRQ�IDFH�
EHWZHHQ�(��DQG�9
�� )URP�)LJXUH�����DJDLQ�ZH�VHH�WKDW�LI�[��� 6�(�L��$M���[�OLIWV�WR�
D�QRQ�UHJXODU�SRLQW�RI�&�47��LQ�G$L�ZKLFK�UHPDLQV�QRQ�UHJXODU�LQ�&�4��"� (�
KHQFH�DOVR�LQ�&�V��� D�FRQWUDGLFWLRQ��

%\�D�VKDGRZ�DUF�ZH�PHDQ�D�PD[LPDO�FRQQHFWHG�VXEVHW�RI�6�(�L�$L���IRU�
VRPH�L��

����$�VKDGRZ�DUF�RI�6�(
��$L��FDQ�HQWHU�D�WRQJXH�RI�3�V�� IURP�RXWVLGH�RQO\�
DW�WKH�FXVS�SRLQWV�RI�WKDW�WRQJXH��,Q�IDFW��IURP�)LJXUH�����ZH�VHH�WKDW�
�7��aL��FDQ�
PHHW�DQ�RXWHU�FROODU��VHH�)LJXUH������RQ�WKH�WRQJXH�RI�3�V�� RQO\�DW�SRLQWV�LQ�WKH�
ERXQGDU\�RI�WKH�WRQJXH��

),*85(�����

����$�VKDGRZ�DUF�D�F� 6�(���$L��KDV�ERWK�LWV�HQGSRLQWV�RQ�RQH�FRPSRQHQW�RI�
3��(���DQG��

�D�� ,I�WKH�HQGSRLQWV�RI�D�OLH�RQ��U�G'��IRU�'�WKH�LQLWLDO�GLVF�RI�&�V���
WKHQ�D�VXEGLYLGHV��U�'��LQWR�D�GLVF�DQG�D�WRQJXH��

�E�� ,I�WKH�HQGSRLQWV�RI�D�OLH�RQ�JU�G7��IRU�7�D�WRQJXH�RI�&�(����WKHQ�D�
VXEGLYLGHV�JU�7��LQWR�WZR�WRQJXHV��
7KLV�LV�EHFDXVH�WKH�HQGSRLQWV�RI�D�DUH�DOVR�WKH�HQGSRLQWV�RI�J�$��IRU�DQ�DUF�$�RI�
IUHH�HGJH�SRLQWV�RI�D�W\SH�,,�WRQJXH�RI�&�(L��$L���7KH�UHJLRQ�EHWZHHQ�D� DQG�

Q�$��LV�D�WRQJXH�7
��DQG�J�$�� F�3��(��� ,I�J�$�� F� J�G'���WKHQ��U�'���� 7
�LV�D�
GLVF�DQG��D��KROGV��,I��U�$��&��U�G7��IRU�D�WRQJXH�7�RI�&�V��� WKHQ�7
�F� J�7�� E\�
�����VR��U�7���� 7
�LV�D�WRQJXH�DQG��E��KROGV��

&RQVLGHU�QRZ��U�G7��IRU�D�WRQJXH�7�RI�&�(����/HW�D
������� D
� EH�VKDGRZ�DUFV�
ZKRVH�HQGSRLQWV�OLH�RQ�RU�RXWVLGH�VU�7��� DQG�OHW�DL�EH�WKH�SDUW�RI�D
�RQ�RU�LQVLGH�

��D7����7KXV�DL� � D
� LI�WKH�HQGSRLQWV�RI�D
� DUH�RQ��U�G7����:H�FODLP�WKDW�
�U�G7��8�D�� 8� ���� 8�DP�LV�D�WRQJXH�EORFN��7KLV�ZLOO�EH�VKRZQ�E\�LQGXFWLRQ�RQ�
P��6LQFH� 7���7��8� �
�� 8�DP�LV�RULHQWDEOH��LW�FRXOG�IDLO�WR�EH�D�WRQJXH�EORFN�RQO\�LI�
LW�FRQWDLQHG�D�VPRRWK�FLUFOH��
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P� � ���,I�WKH�HQGV�RI�D
� DUH�RXWVLGH�
Q�G7���WKHQ�WKH�HQGV�RI�D��DUH�DW�WKH�
FXVSV�RI�VU�G7��DQG�FOHDUO\��U�G7��8�D��FDQ�FRQWDLQ�QR�VPRRWK�FLUFOH��7KH�RWKHU�
SRVVLELOLW\��WKDW�WKH�HQGV�RI�D
�  �D��DUH�RQ��U�G7���ZDV�KDQGOHG�LQ�����DERYH��

P � ��� ,I�D��Q�D�� � ��� WKLV�FDVH�IROORZV�IURP�WKH�SUHFHGLQJ�RQH��,I�
DO� D��D� ��� WKHQ�DO� DQG� D�� FRPH� IURP�WZR� GLIIHUHQW�VKDGRZ� VHWV��VD\�
6�����$O��DQG�6�����$���� $SSO\LQJ�/HPPD�����WR�D�SULPLWLYH�(7� KDYLQJ�$O�DQG�
��DV�IDFHV��ZH�VHH�WKDW�U�G$���8� U�2$���LV�D�FRQILJXUDWLRQ�DV�LQ�)LJXUH�����D��$V�

ZH�VDZ�LQ�����DERYH���U��D6��� DQG�T7��O��� DUH�GLVMRLQW�IURP�DQ�RXWHU�FROODU�RQ�
7U�G7���:H�GLVWLQJXLVK�WZR�FDVHV��

�D�� ,I��U�GO���RU�
U2GW$����VD\�
U�GLO��� JRHV�RXWVLGH�U�G7�� DW�WKH�FXVSV�RI�
7U�G7���WKHQ�WKH�FODLP�ZH�DUH�WU\LQJ�WR�HVWDEOLVK�IRU��U�G7��8�DO�8�D�� FRXOG�IDLO�
RQO\�LI�WKHUH�LV�D�VPRRWK�FLUFOH�LQ��U�7��FRQVLVWLQJ�RI�DUFV�D�&�D��DQG�D
� F� �U��G$���
�VHH�)LJXUH����D���/HPPD�����LPSOLHV�WKDW�LI�ZH�RULHQW��U�G$����8��U�G$����DQG�XVH�
WKLV�RULHQWDWLRQ�WR�DVVLJQ�D�F\FOLF�RUGHU�WR�HDFK�WULSOH�RI�GLVWLQFW�SRLQWV�LQ��U�GaO���
RU�HDFK�WULSOH�RI�GLVWLQFW�SRLQWV�LQ��U�G$����WKHQ�IRU�WULSOHV�LQ��U�GaO6��8�VU�GO$���
WKHVH�WZR�F\FOLF�RUGHULQJV�DJUHH��$V�D�UHVXOW��7U�G$	���FDQ�PHHW��U�G$���RQO\�LQ�D
��
3URORQJLQJ�D�WR�D���ZKRVH�HQGSRLQWV�OLH�RQ��U�G7���DQG�XVLQJ�WKH�RULHQWDELOLW\�RI�
�7�G7��8�D����ZH�VHH�WKDW��U�G7��8�D��FRQWDLQV�D�VPRRWK�FLUFOH��FRQWUDU\�WR�WKH�
FDVH�P� � ���

�� II�9D7��

�D�� �E��

),*85(�����

�E�� ,I�VU�GaO��8�VU�G$���&��U�7���ZH�FDQ�ZLWKRXW�ORVV�RI�JHQHUDOLW\�SLQFK�
�U�G$��� VU�G$����DQG��U�G7��WRJHWKHU�WR�HOLPLQDWH�DQ\���FXVSHG�UHJLRQV�LQ�WKH�
FRPSOHPHQW�RI�WKHLU�XQLRQ��7KLV�OHDYHV�RQO\�WKH�WZR�FRQILJXUDWLRQV�IRU��U�G7��8�
�U�G�O��� 8��U�G$���VKRZQ�LQ�)LJXUH����E�� ,Q� WKHVH�FDVHV� WKH�UHVXOW�IRU�P� � ��
FOHDUO\�LPSOLHV�WKH�UHVXOW�IRU�P� ����

P�!� ��� 6XSSRVH� LQGXFWLYHO\�WKDW��U�G7��8�D��8� ���� 8� DD��L� LV� D� WRQJXH�
EORFN��,I�WKHUH�LV�D�VPRRWK�FLUFOH�LQ��U�G7��8�D��8����� 8�DP�� WKHQ�LQ�VRPH�WRQJXH�
RI�WKH�WRQJXH�EORFN��U�G7��8�D��8� ���� 8�DP�O� WKHUH�LV�D�FRQILJXUDWLRQ�OLNH�WKDW�
LQ�)LJXUH����D��D�VPRRWK�FLUFOH�FRQVLVWLQJ�RI�DQ�DUF�D�&�DP� DQG�DQ�DUF�D
�&�
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�7�G7�� 8�D�� 8� ���� 8� DP� :H�PD\�DVVXPH�WKH�LQWHULRU�RI�WKH�GLVF�ERXQGHG�E\�
D� 8� D
� LV�GLVMRLQW�IURP��7�G7��8�DO� 8����� 8�DP�O,�

�D�� �E�� �F��

),*85(�����

7KH�HQGSRLQWV�RI�D� FDQQRW�ERWK�OLH�RQ��7�G7���HOVH��7�G7��8�DP�ZRXOG�FRQWDLQ�D�
VPRRWK�FLUFOH��2ULHQW�3��\��VR�WKDW�WKH�KHDG�RI�D� LV�QRW�RQ�J�G7���7KHUH�DUH�
VPRRWK�DUFV����&�J�G7��8�DP�DQG���
�&� �7�G7��8�DS��IRU�VRPH�L��� P��VXFK�WKDW�
WKH�WDLO�RI����LV�WKH�KHDG�RI�D��WKH�WDLO�RI���
�LV�WKH�WDLO�RI�D��DQG�WKH�KHDG�RI����LV�WKH�
KHDG�RI���
��7KH�WZR�SRVVLEOH�FRQILJXUDWLRQV�IRU�D�8�D
�8����8���
�DUH�VKRZQ�LQ�
)LJXUHV����E�DQG����F��WKH�GLVWLQFWLRQ�LV�ZKHWKHU�D
� OLHV�RXWVLGH�RU�LQVLGH�
D� 8����8���
��,Q����E�WKHUH�LV�VRPH�D���M��� P��HQWHULQJ�DW�WKH�KHDG�RI�D� IURP�
RXWVLGH�WKH�GLVF�ERXQGHG�E\�D�8�D
�� )ROORZLQJ�WKLV�D� EDFNZDUG�ZH�PXVW�
HYHQWXDOO\�PHHW�HLWKHU����RU���
��,I�ZH�PHHW�����WKHQ�WKHUH�LV�D�VPRRWK�FLUFOH�LQ�

DLM8�� F�&7�G7�� 8�DM8� DPS�FRQWUDGLFWLQJ�WKH�FDVH�P� ����,I�ZH�PHHW���
��WKHQ�
WKHUH�LV�D�VPRRWK�FLUFOH�LQ�D� 8�D
� 8��
� &� �7�G7��8�DO� 8�
� 8�DPSO�� FRQWUDU\�
WR�WKH�LQGXFWLRQ�K\SRWKHVLV��,Q����F�ZH�IROORZ�DP�EDFNZDUGV�IURP�WKH�WDLO�RI�D�
XQWLO�ZH�PHHW�HLWKHU����RU���
��$JDLQ�D�FRQWUDGLFWLRQ�UHVXOWV�LQ�HLWKHU�FDVH��+HQFH�
�7�G7�� 8�D�� 8� 
� 8� DP� LV�D�WRQJXH�EORFN��

1RZ�OHW�D��������DP�EH�VKDGRZ�DUFV�ZKRVH�HQGSRLQWV�OLH�RQ��U��'���ZKHUH�'�
LV�WKH�LQLWLDO�GLVF�RI�&�(����'HILQH�D�GLVF�EORFN�WR�EH�D�VXEVHW�RI�5��RI�WKH�IRUP�
0'2�8� 7��8�
��� 8�D7S��ZKHUH��'R� 7������� 7S`�LV�D�GLVF�ZLWK�WRQJXHV�VWUXFWXUH�
RQ�D�GLVF�'��&�5���VXFK�WKDW��'2�Q� �'��FRQWDLQV�DQ�DUF��ZKLFK�FDQ�EH�FKRVHQ�WR�
YDU\�VPRRWKO\�ZLWK�WKH�SDUDPHWHU�W��DW�OHDVW�ORFDOO\�LQ�W���7KH�FODLP�LV�WKDW�
77��'�� 8�D�� 8� ���� 8� DP�LV�D�GLVF�EORFN��

,I�WKH�DUF�DL�DULVHV�IURP�$�� VR�DL�&� �U��$M���WKHQ�$� PXVW�EH�D�VXP�IDFH�
VSOLWWLQJ�RII�(L��VLQFH�DL�JRHV�RXW�WR�U��'��� /HW�7�DL�� F� U�'�� EH�WKH�WRQJXH�FXW�
RII��U�'��E\�DL���7�DL�� H[LVWV�EHFDXVH��U�G'��8�DL�LV�RULHQWDEOH���7KH�FRPSRQHQWV�
RI��U�'���� 8L7�DL�� DUH�VPRRWK�GLVFV��VLQFH�WKH\�DULVH�E\�LQWHUVHFWLQJ�WKH�VPRRWK�
GLVFV��U�'���� 7�DL�� ZKRVH�ERXQGDULHV�PHHW�WDQJHQWLDOO\�ZLWK�FRQVLVWHQW�RULHQWD��
WLRQV��7KH�LQWHUVHFWLRQ�RI�RQH�GLVF�FRPSRQHQW�RI��U�'���� 8L7�DL�� ZLWK��U�D'��
PXVW�FRQWDLQ�DQ�DUF�$��VLQFH�SRLQWV�RI��U��'�� �� 87�DL�� DUH�SURMHFWLRQV�RI�IUHH�
HGJH�SRLQWV�RI�WKH�LQLWLDO�GLVF�RI�&�4����ZKLFK�UHPDLQ�IUHH�HGJH�SRLQWV�RI�WKH�
LQLWLDO�GLVF�RI�&�V��� DQG����ZDV�FKRVHQ�WR�EH�D�ODUJH�IDFWRU�RI�O��\���
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1RWH�DOVR�IRU�IXWXUH�UHIHUHQFH�WKDW��7�G'���� 8L7�DL��  �3��\���� 3�\��� VR�
WKDW�3�\��ZLOO�EH�D�WRQJXH�SDWWHUQ�LI�3
�\�� LV�D�GLVF�EORFN�ZLWK�GLVMRLQW�WRQJXH�
EORFNV�LQ�LWV�LQWHULRU��

:H�FKHFN�WKDW��7�D'��8�DO� 8����� 8�DP�LV�D�GLVF�EORFN�E\�LQGXFWLRQ�RQ�P��
7KH�FDVH�P� � ��LV�REYLRXV��)RU�P� ����ZH�VXSSRVH�DV�EHIRUH�WKDW�D��DQG�D��FRPH�
IURP�WKH�FRPPRQ�IDFHV�$O�DQG�$��� 2I�WKH�WZR�W\SHV�RI�FRQILJXUDWLRQV�IRU�
�7�G���� 8��7�GO��� VKRZQ�LQ�)LJXUH���O2D��WKH�VHFRQG�LV�UXOHG�RXW�KHUH�VLQFH�
�7�G'��8��7�G$���8��7�G$���LV�RULHQWDEOH�DQG�ERWK��7�G$���DQG��7�G$���OLH�LQ��7�'��
DQG�PXVW�PHHW��7��'���)RU�WKH�ILUVW�FRQILJXUDWLRQ�WKH�UHVXOW�LV�REYLRXV��)RU�
P�!� ��ZH� DVVXPH��7�G'��8�DO� 8�
�
�
�8�DP�O� LV� D� GLVF�EORFN��7R� VKRZ�WKDW�
���G'��8�D�� 8� ���� 8�DP�LV�D�GLVF�EORFN�ZH�PXVW�VKRZ�WKDW�HYHU\�VPRRWK�FLUFOH�LQ�
�7�G'��8�DO�8�
� 8�DP�FRQWDLQV�WKH�DUF�$�&� �7�G'���6XSSRVH�QRW��7KHQ�WKHUH�
LV�D� VPRRWK�FLUFOH�GLVMRLQW�IURP�$��FRQVLVWLQJ�RI�DQ�DUF�D�&� DP� DQG�DQ�DUF�
D
� &� �U��'��8�DO�8�
�
�
�8�DP�O� 7KH�HQGSRLQWV�RI�D� FDQQRW�ERWK�OLH�RQ��7�G'���
VLQFH�LI�WKH\�GLG��HLWKHU�D�8��U�G'��RU�D
�8��7�G'��ZRXOG�FRQWDLQ�D�VPRRWK�FLUFOH�
GLVMRLQW�IURP�$��FRQWUDU\�WR�WKH�LQGXFWLRQ�K\SRWKHVLV��VHH�)LJXUH�������

F[
� $� $� 2/� �&�

�2'�� 2�'�
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7KH�UHVW�RI�WKH�DUJXPHQW�WKDW��7�G'��8�D��8�
� 8�DP�LV�D�GLVF�EORFN�SURFHHGV�
MXVW�DV�LQ�WKH�HDUOLHU�DUJXPHQW�WKDW��7�G7��8�D�� 8� ���� 8�DP�LV�D�WRQJXH�EORFN��
ZLWK����G7��UHSODFHG�QRZ�E\����G'���� $��

7KH�SURSRVLWLRQ�QRZ�IROORZV�E\�DQ�LQGXFWLYH�DUJXPHQW��8SRQ�WKH�GLVF�EORFN�
�7�G'��8�D�� 8� ���� 8�DP��ZKHUH�D������� DP�DUH�DOO�WKH�VKDGRZ�DUFV�ZLWK�HQG��
SRLQWV�RQ��U�G'���RQH�ILUVW�VXSHULPSRVHV�WKH�ODUJHVW�WRQJXH��U�G7��ZKLFK�PHHWV�
�7�G'��8�D�� 8����� 8�DP��WRJHWKHU�ZLWK�DOO�VKDGRZ�DUFV�ZLWK�HQGSRLQWV�RQ����D7���
7KH�UHVXOW�LV�DJDLQ�D�GLVF�EORFN��VLQFH�LW�GHFRPSRVHV��7�'��LQWR�UHJLRQV�DOO�RI�
ZKLFK�DUH���FXVSHG�H[FHSW�IRU�RQH�VPRRWK�GLVF��2Q�WKLV�GLVF�EORFN�RQH�VXSHULP��
SRVHV�WKH�QH[W�ODUJHVW�J��G7��PHHWLQJ�WKLV�GLVF�EORFN��ZLWK�LWV�VKDGRZ�DUFV��HWF��
7KXV�WKH�FRPSRQHQW�RI�3��\��FRQWDLQLQJ��7�G'��LV�D�GLVF�EORFN��7KHQ�RQH�UHSHDWV�
WKH�DUJXPHQW�IRU�WKH�ODUJHVW�UHPDLQLQJ�WRQJXH��U�G7���DQG�VR�RQ��7KXV�3��\��LV�D�
GLVF�EORFN�ZLWK�GLVMRLQW�WRQJXH�EORFNV�LQ�LWV�LQWHULRU��$V�PHQWLRQHG�HDUOLHU�WKLV�
LPSOLHV�WKDW�3�\��LV�D�WRQJXH�SDWWHUQ�D�GLVMRLQW�XQLRQ�RI�WRQJXH�EORFNV��

)RU�WKH�SUHFHGLQJ�DUJXPHQW�ZH�KDYH�KDG�LQ�PLQG�D�IL[HG�SDUDPHWHU�YDOXH�
WR��%XW�OHWWLQJ�W�YDU\�SUHVHQWV�QR�SUREOHPV��ZH�DUH�MXVW�DGGLQJ�VKDGRZ�DUFV�WR�
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����� ZKLFK�KDYH�WKHLU�HQGSRLQWV�RQ�3
����� 6XFK�DUFV�YDU\�FRQWLQXRXVO\�ZLWK�W��
H[FHSW�ZKHQ�WKH\�DUH�DEVRUEHG�LQWR�3
����� (O�

:H�VKDOO�XVH�WKH�QRWDWLRQ����\�� �� ���\
�� WR�PHDQ�WKDW����\��&����\
�� DQG�
WKH�FORVXUH�RI�WKH�VWUDWXP�RI�6R�RYHU�ZKLFK����\��LV�GHILQHG�FRQWDLQV�WKH�VWUDWXP�
RYHU�ZKLFK�����\
��LV�GHILQHG��

/(00$������,I�O��W\���� <���\
���WKHQ�3��\��&�3��\
���

3URRI�6LQFH���\�� F� ��\
���HDFK�WHUP�3�(����DSSHDULQJ�LQ�WKH�GHILQLWLRQ�RI�
3�\�� DSSHDUV�DOVR�LQ�3�\
��� ,W�UHPDLQV�WR�FKHFN�WKDW�WKLV�KROGV�DOVR�IRU�WHUPV�
3��7�� O� ,W�VXIILFHV�WR�FRQVLGHU�WKH�FDVH�WKDW�WKH�VWUDWD�RI���\�� DQG���\
��KDYH�
GLPHQVLRQV�GLIIHULQJ�E\�RQH��7KHUH�DUH�WKUHH�VXEFDVHV��

�D�� O�\�� LV�REWDLQHG�IURP���\
�� E\�GHOHWLQJ�D�FRPPRQ�IDFH�$L��
�E����\�� LV�REWDLQHG�IURP���\
�� E\�VSOLWWLQJ�LQWR�WZR�FRPSRQHQWV�DORQJ�D�

FRPPRQ�IDFH�$L��
�F�� O��\�� �<��\
���<��\
��KDV�D�EDVH�HGJH��DQG�O�\�� KDV�D�EDVH�YHUWH[�DW�RQH�

HQG�RI�WKLV�HGJH��
,Q�HDFK�RI�WKHVH�VXEFDVHV�WKH�GHVLUHG�FRQFOXVLRQ�IROORZV�LPPHGLDWHO\�IURP�WKH�
GHILQLWLRQV��DV�WKH�UHDGHU�FDQ�HDVLO\�FKHFN�� (O�

����6KULQNLQJ�WRQJXH�SDWWHUQV�

)RU�D�WRQJXH�7�&�5��LQ�D�WRQJXH�EORFN��WKHUH�LV�D�GXDO�WRQJXH�7
�&�5��ZLWK�
D7
� �$7��REWDLQHG�E\�LQWHUFKDQJLQJ�WKH�IUHH�DQG�DWWDFKLQJ�HGJHV�RI�7��6KULQN��
LQJV�RI�7�DQG�7
�FRUUHVSRQG�ELMHFWLYHO\��LQ�WKH�REYLRXV�ZD\��DQG�ZLOO�LQ�IDFW�EH�
LGHQWLILHG��IRU�FRQYHQLHQFH��$�VKULQNLQJ�RI�7�KDV�DQ�DVVRFLDWHG�WDQJHQW�OLQH�ILHOG��
WKH�OLQHV�WDQJHQW�WR�WKH�IUHH�HGJHV�RI�WKH�YDULRXV�VWDJHV�RI�WKH�VKULQNLQJ��7KH�GXDO�
VKULQNLQJ�RI�7
�KDV�WKH�VDPH�WDQJHQW�OLQH�ILHOG��(YHQ�IRU�D�&"� VKULQNLQJ��WKH�
WDQJHQW�OLQH�ILHOG�ZLOO�EH�RQO\�&R��QRW�&
�� VLQFH�LW�KDV�QRQ�XQLTXH�WUDMHFWRULHV�
WKURXJK�WKH�FXVSV�RI�7��DQG�SRVVLEO\�DOVR�WKURXJK�VRPH�RWKHU�SRLQWV��

7ZR�VKULQNLQJV�RI�D�WRQJXH�ZLWK�WKH�VDPH�WDQJHQW�OLQH�ILHOG�PD\�QRW�EH�
HTXLYDOHQW�LQ�WKH�VHQVH�RI�6HFWLRQ����)RU�H[DPSOH��LI�ZH�VWDUW�ZLWK�RQH�VKULQNLQJ�
RI�WKH�WRQJXH�VKRZQ�LQ�)LJXUH�������ZH�FDQ�REWDLQ�LQHTXLYDOHQW�VKULQNLQJV�E\�
LQGHSHQGHQWO\�YDU\LQJ�WKH�UDWH�RI�VKULQNLQJ�LQ�WKH�WZR�KDOYHV�RI�WKH�WRQJXH���/HVV�
WULYLDOO\��WKLV�VDPH�VRUW�RI�WKLQJ�FRXOG�EH�KDSSHQLQJ�LQ�WKH�LQWHULRU�RI�D�WRQJXH���
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+RZHYHU��LI�7��DQG�7V
�DUH�WZR�VKULQNLQJV�RI�D�WRQJXH�7�ZLWK�WKH�VDPH�WDQJHQW�
OLQH�ILHOG��WKHUH�LV�D�FDQRQLFDO�SDWK�RI�VKULQNLQJV�FRQQHFWLQJ�7��DQG�7V
��REWDLQHG�
E\�ILUVW�FRQQHFWLQJ�7��WR�WKH�VKULQNLQJ�7��Q�7V
�YLD�WKH�SDWK�7��Q�7UW����� U��� ���
WKHQ�FRQQHFWLQJ�7��Q�7V
�WR�7V
�LQ�WKH�VDPH�ZD\��7KH�WDQJHQW�OLQH�ILHOG�LV�FRQVWDQW�
DORQJ�WKLV�SDWK�IURP�7��WR�7V��

352326,7,21� ������ 7KHUH�LV�D�WULDQJXODWLRQ��<�RI�6N�LQ�ZKLFK�FORVHG�VWUDWD�RI�
DUH�VXEFRPSOH[HV��VXFK�WKDW�IRU�HDFK�VLPSOH[�D�RI��-�DQG�HDFK�IDPLO\�(W�<��

GHILQHG�IRU�W�(�D��WKHUH�H[LVW��
�L��IDPLOLHV�RI�WRQJXH�EORFNV�4U�\�
� SDUDPHWUL]HG�E\�W�(� D��

�LL��LQFOXVLRQ�PDSV�3T�\�� 4U�\�
� U� � U�T��� IRU�WKH�WRQJXH�EORFNV�3T�<��
ZKRVH�GLVMRLQW�XQLRQ�LV��WKH�WRQJXH�SDWWHUQ�3�\���

�LLL��IDPLOLHV�RI�VKULQNLQJV�RI�WKH�WRQJXHV�RI�4U��<��VXFK�WKDW��LI�U��$�U���WKH�
DVVRFLDWHG�WDQJHQW�OLQH�ILHOGV�IRU�WKH�WRQJXHV�RI�4UO��\��PHHW�WKRVH�IRU�WKH�WRQJXHV�
RI�4U��\�� WUDQVYHUVHO\�IRU�DOO�SDUDPHWHU�YDOXHV�W�(� D� �� G��
)XUWKHU��LI�D��LV�D�IDFH�RI�����(W��
�� LV�GHILQHG�IRU�W�(�D���DQG�(W�<���� (W�<
��IRU�
W�(�D���WKHQ�ZH�KDYH�D�GLDJUDP�

3T�<�� a4U�<��

3T�� �<� ��4U�� �<��

DQG�WKH�WDQJHQW�OLQH�ILHOGV�DVVRFLDWHG�WR�WKH�FKRVHQ�VKULQNLQJV�RI�WKH�WRQJXHV�RI�
4U���\
��UHVWULFW�WR�WKRVH�IRU�WKH�WRQJXHV�RI�4U��\���

3URRI�7R� EHJLQ�ZH�FKRRVH�D� VPRRWK�WULDQJXODWLRQ��<��RI�6N�ZLWK�WKH�
IROORZLQJ�SURSHUWLHV��

����7KH�FORVHG�VWUDWD�RI����DUH�VXEFRPSOH[HV��
����)RU�HDFK�VLPSOH[�D�RI����DQG�HDFK�(W�\��GHILQHG�IRU�W�(� D�� WKH�WRQJXH�

SDWWHUQ�3�\�� � 3W�\��LV�GHFRPSRVHG�LQWR�ZHOO�GHILQHG�GLVMRLQW�EORFNV�3T�\��
�GHSHQGLQJ�FRQWLQXRXVO\�RQ�W�� VXFK�WKDW��LI�D� U
�DQG�(�W��
��LV�GHILQHG�IRU�
W�(� D
��ZLWK�(W�\���� (W�\
���WKHQ�HDFK�3T�\��LV�FRQWDLQHG�LQ�D��XQLTXH��3T��\
���
�5HFDOO�WKDW�EORFNV�QHHG�QRW�EH�FRQQHFWHG��DQG�WKLV�LV�ZK\�����LV�QRW�DXWRPDWLF���
:H�FDQ�DFKLHYH�����DQG�����DV�IROORZV��)RU�HDFK�(W�<��GHILQHG�RYHU�D�FORVHG�
VWUDWXP�;�RI�6R� ZH�FDQ�FHUWDLQO\�FKRRVH�ZHOO�GHILQHG�EORFN�GHFRPSRVLWLRQV�
�3T�\��M�RI�3�\�� ORFDOO\�LQ�;��VD\�LQ�WKH�LQWHUVHFWLRQV�RI�;�ZLWK�ILQLWHO\�PDQ\�
3/�N�EDOOV�%�a�;��&� 6N�ZKRVH�LQWHULRUV�FRYHU�;��/HW��7��EH�VXFK�WKDW�����KROGV�DQG�
DOO�WKHVH�%��;�
V�DUH�VXEFRPSOH[HV��7KHQ�RYHU�D�VLPSOH[�D�RI����LQ�;��ZH�WDNH�DV�D�
ILUVW�DSSUR[LPDWLRQ�WR��3T�\��� WKH�EORFN�GHFRPSRVLWLRQ�RI�3�\�� REWDLQHG�E\�
LQWHUVHFWLQJ�DOO�EORFNV�RI�WKH�GHFRPSRVLWLRQV��3T�\��M� VXFK�WKDW�D�� GX�&�

LQW�%M�;����)XUWKHU��LI�VRPH�IDFH�D��RI�D� OLHV�LQ�D� FORVHG�VWUDWXP�;
� DQG�
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��IRU�(�\
��GHILQHG�RYHU�;
��WKHQ�WKH�EORFNV�RI�WKH�GHFRPSRVLWLRQ�RI�
3�\
�� FDQ�EH�XVHG�WR�IXUWKHU�GHFRPSRVH��E\�LQWHUVHFWLRQ��WKH�EORFNV�RI��3T�\�`�
FHUWDLQO\�IRU�W�(�D
��EXW�DOVR�IRU�W�(�D�LI�WKH�EDOOV�DUH�FKRVHQ�VPDOO�HQRXJK��:LWK�
WKLV�UHILQHG�GHILQLWLRQ�RI��3T��\����LW�LV�FOHDU�WKDW�����KROGV��

)RU�D�WRQJXH�EORFN�3T�\���OHW�3T�\��EH�WKH�XQLRQ�RI�3T�\��ZLWK�WKH�ERXQGHG�
FRPSRQHQWV�RI�5��B�3T�\���7KH�EORFNV�3T�\��DUH�SDUWLDOO\�RUGHUHG�E\�VHWWLQJ�
3T�\����3U�\��LI�3T�\��F� 3U�\�� ,I�3T�\��LV�GHILQHG�RYHU�WKH�VLPSOH[�D�RI�-���OHW�
9T�\��EH�D�GLVF�QHLJKERUKRRG�RI�3T�\���YDU\LQJ�VPRRWKO\�ZLWK�W�(� D�� DQG�OHW�
3T�\��EH�D�QRQYDQLVKLQJ�YHFWRU�ILHOG�RQ�9T�\��WUDQVYHUVH�WR�3T�\���DOVR�YDU\LQJ�
VPRRWKO\�ZLWK�W�(�D��DQG�VDWLVI\LQJ�WKH�FRPSDWLELOLW\�FRQGLWLRQ�WKDW�LI�3T�<��&�
3T��<
�� IRU�W�F� D
� &� GD� WKHQ�YT�\��  � YT���\
��RQ�9T�\����:H�PD\�DVVXPH�9T�<�� &�

9T��\
��IRU�W�(�D
��� 6XFK�YHFWRU�ILHOGV�3T�\��FDQ�EH�FRQVWUXFWHG�LQGXFWLYHO\�RYHU�
VNHOHWRQV�RI��
���)RU�FRQYHQLHQFH��9T�\��PD\�EH�FKRVHQ�VR�WKDW�G9T�\��FRQVLVWV�RI�
WZR�WUDQVYHUVDOV�WR�YT�\���PHHWLQJ�LQ�WZR�SRLQWV�[��\�� DQG�[���\���

%\�IORZLQJ�DORQJ�WUDMHFWRULHV�RI�YT�\���ZH�FDQ�FRQVWUXFW�D�VKULQNLQJ�RI�WKH�
WRQJXH�3T�\��ZKLFK�UHVWULFWV�WR�VKULQNLQJV�RI�WKH�WRQJXHV�RI�3T�\���%\�GRLQJ�WKLV�
FRQVWUXFWLRQ�LQGXFWLYHO\�RYHU�VNHOHWRQV�RI��-���ZH�PD\�DUUDQJH�WKDW�WKH�VKULQNLQJ�
RI�3)T�\
��UHVWULFWV�WR�WKH�VKULQNLQJ�RI�3T�\��ZKHQ�3T�\��F� 3T��\
��DQG�W�(� D
� &� G$��
/HW�7T�\��EH�WKH�XQLW�WDQJHQW�YHFWRU�ILHOG�RI�WKH�FKRVHQ�VKULQNLQJ�RI�3T�<���
GHWHUPLQHG�E\�RULHQWLQJ�3T�\��DV�LQ�6HFWLRQ����:H�PD\�H[WHQG�7T�\��WR�EH�
GHILQHG�RQ�9T�\���QRW�MXVW�RQ�3T�\���ZLWK�7T�\��  � 7T��\
��RQ�9T�\��LI�3T�\��F�
3T��<
��DQG�W�(�D
� &�GD��%\�FKRRVLQJ�FDUHIXOO\�WKH�VKULQNLQJV�RI�WRQJXHV�RI�3T�\���
L�H���WKH�UDWHV�RI�IORZ�DORQJ�WUDMHFWRULHV�RI�YT�\���ZH�PD\�DVVXPH��

����)RU�W�(� D��D�� U7T�\��LV�&
� H[FHSW�DW�FXVSV�RI�WRQJXHV�RI�3T�<�
�:H�
PD\�DVVXPH�DOVR�WKDW�IRU�W�(�D��� GD��DOO�LQWHJUDO�FXUYHV�RI�7T�\��LQ�9T�\�� ZKLFK�
PHHW�3T�\��HQWHU�9T�\��DW�[���\��DQG�H[LW�DW�[��\���

/HW�+T�\��EH�WKH�YHFWRU�7T�\��DW�[���\���:H�PD\�VXSSRVH�WKLV�GHSHQGV�
SLHFHZLVH�OLQHDUO\�RQ�WKH�SDUDPHWHU�W��:H�QRZ�GHIRUP�WKH�7T�\�
V�VR�WKDW��

���� 7T�<�� �� 7
U�<�� � �T�\�� �� �U�\�� RQ�9��\��LI�3U�\���� 3T�\���+HUH�WKH�VXE��
WUDFWLRQ�RI�XQLW�YHFWRUV�LQ�5��LV�FDUULHG�RXW�E\�UHJDUGLQJ�WKHP�DV�DQJOHV�IRUPHG�
ZLWK�WKH�[�D[LV��7R�DFKLHYH�����ZH�SURFHHG�LQGXFWLYHO\�RYHU�VNHOHWRQV�RI��-���2YHU�
D�JLYHQ�VLPSOH[�RI����ZH�PRGLI\�7T�\���DVVXPLQJ�7U�\��KDV�DOUHDG\�EHHQ�PRGLILHG�
IRU�DOO�3U�\����3T�\��ZLWK�U�$�T��E\�GHIRUPLQJ�7T�\��QHDU�WKH�PD[LPDO�9U�\�
V�LQ�
3T�\��VR�WKDW�����KROGV�QRW�MXVW�DW�WKH�SRLQWV�[���\���EXW�RQ�WKH�GLVFV�9U�\���$IWHU�
GRLQJ�WKLV������KDV�WR�EH�ZHDNHQHG�WR�WKH�VWDWHPHQW�WKDW�7T�\��LV�&
� H[FHSW�DW�
FXVSV�RI�WRQJXHV�RI�3T�\��DQG�RI�EORFNV�3U�\����3T�\���+RZHYHU��WKH�IROORZLQJ�LV�
VWLOO�WUXH�IRU�W�(�D� �� GD��

����7T�\��KDV�XQLTXH�ORFDO�WUDMHFWRULHV�WKURXJK�DOO�SRLQWV�RI�3T�\��H[FHSW��
�D�� FXVSV�RI�WRQJXHV�RI�3T�\���
�E��FXVSV�RI�WRQJXHV�RI�3U�\��ZLWK�3U�\����3T�\��DQG��T��\�� � �U��\���
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)RU�3U�\���� 3T�\��� OHW�;TU� ��W,�2T�\�� ���U�\���DQG�OHW����EH�D�VXEGLYLVLRQ�
RI����VXFK�WKDW�DOO�WKHVH�VHWV�;TU�DUH�VXEFRPSOH[HV��)L[�D�VLPSOH[�D�RI����� DQG�
FRQVLGHU�W�(��D�� G�D�� )RU�3T�\��GHILQHG�RYHU�D��OHW��OT�\�� EH�WKH�VHW�RI�PD[LPDO�
3U�\�
V��U�$�T��VXFK�WKDW�3U�\����3T�\��DQG���U�\�� ���T�\���/HW�7�EH�D��FORVHG��
WRQJXH�RI�3T�\��� 'HILQH�7�WR�EH�7�PLQXV�WKH�LQWHULRUV�RI�WKRVH�3U�\�
V�ZLWK�
3U�\��(��7KT�\�
� /HW�7�EH�WKH�TXRWLHQW�RI�7�REWDLQHG�E\�LGHQWLI\LQJ��IRU�HDFK�
WRQJXH�3U�\��&�7�ZLWK�3U�\��(��7KT�<���SDLUV�RI�IUHH�DQG�DWWDFKLQJ�HGJH�SRLQWV�RI�
3U�\��ZKLFK�OLH�RQ�WKH�VDPH�WUDMHFWRU\�RI�YU�\���7KXV�7�LV�D�WRQJXH��DQG7T�\��
GHILQHV�D�YHFWRU�ILHOG��T�\��RQ�7�WDQJHQW�WR�G7�DQG�ZLWK�XQLTXH�ORFDO�WUDMHFWRULHV�
WKURXJK�QRQ�FXVS�SRLQWV�RI�7��,W�LV�QRW�KDUG�WR�VHH�WKDW�7�KDV�D�VKULQNLQJ�ZLWK�
7T�\�� DV�WDQJHQW�ILHOG��7KDW�LV��WKH�IUHH�HGJH�FXUYHV�RI�WKLV�VKULQNLQJ�DUH�PDGH�XS�
RI�IUHH�HGJH�FXUYHV�RI�WKH�HDUOLHU�FKRVHQ�VKULQNLQJ�RI�7�QHDU�G7��DQG�LQWHJUDO�
FXUYHV�RI��T�\�� DZD\�IURP�G7���7KH�PRGLILFDWLRQ�RI�7T�\��WR�REWDLQ�����RFFXUUHG�
RQO\�LQ�WKH�LQWHULRU�RI�7���7KH�IUHH�HGJHV�RI�WKH�YDULRXV�VWDJHV�RI�WKLV�VKULQNLQJ�RI�
7�ZH�VKDOO�FDOO�WUDMHFWRULHV�RI��T��\��LQ�7��HYHQ�WKRXJK�WKH\�PD\�QRW�EH�FRQQHFWHG�
LI�7�LV�QRW�FRQQHFWHG��7KH�VKULQNLQJ�RI�7�ZH�PD\�DVVXPH�GHSHQGV�FRQWLQXRXVO\�
RQ�W�(�D��� GD��DQG�PD\�EH�H[WHQGHG�E\�FRQWLQXLW\�WR�D�VKULQNLQJ�IRU�W�(�GX�DV�
ZHOO��7KH�WUDMHFWRULHV�RI��T�\��H[WHQG�FRQWLQXRXVO\�RYHU�GX�VLQFH��T�<��H[WHQGV�
FRQWLQXRXVO\��DQG�ZH�FDQ�REWDLQ�VKULQNLQJV�RI�7�IURP�WKHVH�WUDMHFWRULHV�RI� �<��
E\�VSHFLI\LQJ�WKDW�WKH�DUHD�RI�7�GHFUHDVH�DW�D�JLYHQ�UDWH��GHSHQGLQJ�FRQWLQXRXVO\�
RQ�W�(�D��6R�DW�W�(� GXL��WKH�OLPLWLQJ�PRQRWRQH�IDPLO\�RI�WUDMHFWRULHV�RI��T�\��KDV�
QR�JDSV��KHQFH�IRUPV�D�VKULQNLQJ�RI�7��

1RZ�ZH�UHVWULFW�DJDLQ�WR�W�(�FD��� GF��7KH�WUDMHFWRULHV�RI��T��\��LQ�7�SXOO�EDFN�
QDWXUDOO\�WR�WUDMHFWRULHV�RI�7T�\��LQ�7��WKH�ILQLWHO\�PDQ\�WUDMHFWRULHV�RI� �\��
FRQWDLQLQJ�WKH�LPDJHV�RI�WKH�G3U�\�
V�IRU�3U�\��(��O=T�<��SXOO�EDFN�WR�SDLUV�RI�
WUDMHFWRULHV�RI�7T��\��LQ�7��ZKLFK�ELIXUFDWH�DW�FXVSV�RI�WKH�3U��\�
V��%\�FRQWLQXLW\��
ZH�FDQ�DJDLQ�H[WHQG�WKH�WUDMHFWRULHV�RI�7T�\��WR�EH�GHILQHG�RYHU�GFX��7KH�XQLRQ�RI�
WKH�ELIXUFDWLQJ�WUDMHFWRULHV�RI�7T�\��GHWHUPLQHV�D�VXEGLYLVLRQ�RI�7��DW�OHDVW�IRU�
IL[HG�W�(�FD��+RZHYHU��DV�W�YDULHV�RYHU�FD��WKHVH�VXEWRQJXHV�RI�7�PD\�QRW�IRUP�D�
IDPLO\�RI�WRQJXH�VWUXFWXUHV�RQ�7�EHFDXVH��ORFDOO\�LQ�D��LW�PD\�QRW�EH�SRVVLEOH�WR�
DWWDFK�WKHVH�VXEWRQJXHV�LQ�D�VLQJOH�RUGHU��$Q�H[DPSOH�RI�WKLV�LV�LQGLFDWHG�LQ�
)LJXUH�������ZLWK�FD� � >���@��
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7R�UHVROYH�WKLV�SUREOHP��FRQVLGHU�WKH�VHWV�<UU�RI�W�(�D�VXFK�WKDW��IRU�3UO�\��
DQG�3U��\��LQ� 
7T�<�� ZLWK�U��
� U���ERWK�3U��\��DQG�3U��\��PHHW�WKH�VDPH�WUDMHFWRU\�
RI�7T�\��LQ�7��:H�PD\�DVVXPH�DOO�VXFK�VHWV�<U�U��DUH�VXEFRPSOH[HV�RI�D� �IRU�DO�
DL�(� ���� DQG�VXEGLYLGH��
��WR�D�WULDQJXODWLRQ��
�LQ�ZKLFK�WKH�<UOU�
V�DUH�VXEFRP��
SOH[HV��7KHQ�IRU�D� D�VLPSOH[�RI�&-��WKH�ELIXUFDWLQJ�WUDMHFWRULHV�RI�7T�\��LQ�7�GR�
GHWHUPLQH�D�IDPLO\�RI�VXEGLYLVLRQV�RI�7�RYHU�D��)XUWKHU��WKH�VKULQNLQJV�RI�WKH�
WRQJXHV�7�\LHOG�QDWXUDOO\�VKULQNLQJV�RI�WKH�WRQJXHV�LQ�WKLV�IDPLO\�RI�VXEGLYLVLRQV�
RI�7��H[FHSW�IRU�WKH�3U�\�
V�ZLWK�3U�\��(� �O=T�\���

'HILQH�LQGXFWLYHO\�IDPLOLHV�RI�WRQJXH�EORFNV�3T�\�� RYHU�WKH�VLPSOLFHV�RI�&I��
E\�OHWWLQJ�3T�\��EH�WKH�XQLRQ�RI��

�D�� WKH�ERXQGDULHV�RI�DOO�WKH�VXEWRQJXHV��MXVW�FRQVWUXFWHG��RI�WKH�WRQJXHV�7�
RI�3T�<���

�E��DOO�3U
�\�
V�ZLWK�3U�\��(� �OT�<���
(DFK�3T�\�� LV�FRQWDLQHG�LQ�D�PD[LPDO�3U
�\���ZKLFK�ZH�GHILQH�WR�EH�4U�\���:H�
KDYH�FRQVWUXFWHG�VKULQNLQJV�RI�WKH�WRQJXHV�RI�DOO�WKH�4U�\�
V�� 7KHVH�VDWLVI\�WKH�
FRQGLWLRQV�RI�WKH�SURSRVLWLRQ�� ��

7KH�VKULQNLQJV�RI�WKH�WRQJXHV�RI�WKH�EORFNV�4U�<�� ZKLFK�ZH�KDYH�FRQ��
VWUXFWHG�PD\�EH�RQO\�&
��QRW�&
�� VLQFH�WKHLU�WDQJHQW�ILHOGV�
7U�\��ZHUH�RQO\�&R��
/DWHU�ZH�ZLOO�REVHUYH�KRZ�WR�UHWXUQ�HDVLO\�WR�WKH�&
� FDWHJRU\��

����7KH�PDLQ�FRQVWUXFWLRQ��/RFDO�IRUP�

,Q�WKLV�VHFWLRQ�ZH�FRQVLGHU�D�IDPLO\�O�\�� ZLWK�FRPPRQ�IDFHV�$O������� $��� DV�
LQ�6HFWLRQ����GHILQHG�RYHU�D�VLPSOH[�RI�67��7KH�PDLQ�JRDO�LV�D�SURFHGXUH�IRU�
FRQVWUXFWLQJ�Q�SDUDPHWHU�GHIRUPDWLRQV�
L�V������� 6Q��� �� 6� �� ��� RI�WKH�FRIDF��
WRUV�(
� �(L�������� ���RI���\��� 6LQFH�(
�LWVHOI�GHSHQGV�RQ�D�SDUDPHWHU�W��ZH�ZLOO�
UHDOO\�EH�FRQVWUXFWLQJ�IDPLOLHV�(
�V��� �����VQ��� %XW�IRU�FRQYHQLHQFH�ZH�FRQWLQXH�WR�
GURS�WKH�SDUDPHWHU�W�IURP�WKH�QRWDWLRQ��$OVR�IRU�QRWDWLRQDO�FRQYHQLHQFH��OHW�XV�
ODEHO�WKH�(� 
V�VR�WKDW�(
� !� (�L�LPSOLHV�L��� M���2UGHU�RI�FRIDFWRUV�ZDV�GHILQHG�
LQ� "� ���� ,W� ZLOO� WXUQ�RXW� WKDW� L�V���� ������� 6Q�� ZLOO� GHSHQG� RQO\�RQ�
YDULDEOHV�V��ZLWK�(L��� (L�� LQ�SDUWLFXODU��(
L�V������� 6Q�� ZLOO�EH�LQGHSHQGHQW�RI�
6��� ���� 6LOO\�

7KH�FRQVWUXFWLRQ�RI�WKH�IDPLOLHV�(
L�V������� 6Q�� LV�PDGH�E\�DQ�LQGXFWLYH�
SURFHVV��ZKLFK�ZH�QRZ�GHVFULEH�IRUPDOO\��)LUVW��(� Q�������� ���6Q�� LV�FRQVWUXFWHG�DV�
D�VKULQNLQJ�RI�(Q�WR�LWV�IDFH�$Q��7KLV�PHDQV��

�D�� \�Q������ ��� � (Q�

�E�� (�Q������� ��� � $Q��
�F�� $Q�&�(Q�2II���
�
�;� [Q�� IRU����� 6Q��� ��
�G�� (�Q������� ���6Q�� �� LQW�$Q�� IRU����� 6Q��� ��LV�D�VPRRWK�GLVF�ERXQGHG�E\�

G$Q6��ZKLFK�PRYHV�DFURVV�(Q�E\�PRQRWRQH�LVRWRS\��UHO�G$Q��IURP�(Q��� LQW�$���WR�
$Q�DV�VQ�JRHV�IURP���WR����
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,I��Q� �� �L�� L� $� Q��WKHQ� (Q� �� LQW�$Q�� F� �
�� DQG�(L������� �� ��� 6Q�� LV�VSHFLILHG�E\�
WKH� FRQGLWLRQV� (QJ� ����� 2��6-�� �� LQW�$Q��&� (L�������� ���6Q�� DQG� �L� �� (Q� F�

L������� ���V��� ,I�(Q� N��L�� ZH�VHW��L������� ���6Q� � �L��

7KH�LQGXFWLRQ�VWHS�LV�WR�H[WHQG�IDPLOLHV��L������ �� ���2V�,�� ��� �� 6Q���WR�IDPLOLHV�
(L��� ����
� ���V��������VQ���7R�VLPSOLI\�QRWDWLRQ�ZH�DEEUHYLDWH��������� 2����V�� M�� �����

6Q�� WR��VL���$VVXPH�LQGXFWLYHO\�WKDW���L�2��LV�DQ�HPEHGGHG�VSKHUH�FRQWDLQLQJ�$O��
ZKLFK�LV�VPRRWK�H[FHSW�SRVVLEO\�DW�FRUQHUV�RI���L�DQG�DW�FLUFOHV�G$��&� L��DQG�
DVVXPH�DOVR��

���� ,I� L��� ��� M�$�L��WKHQ�'-����Q� (L�2�� � L���� �� LQW�$����
7KHQ��L�VM��� ���� VM��� ���LV�FRQVWUXFWHG�DV�D�VKULQNLQJ�RI�(L�2�� WR�$���$V�LQ�

WKH�FDVH�M� � Q��WKLV�VKULQNLQJ�GHWHUPLQHV��YLD������DQ�LVRWRS\���L�V�� RI��� ����IRU�
HDFK��
� !� (L��� L�$�M��,I���� �� ��L-�ZH�OHW���L�V�� EH�LQGHSHQGHQW�RI�VM��,W�VKRXOG�EH�
FOHDU�WKDW�WKH�LQGXFWLRQ�K\SRWKHVHV�FRQWLQXH�WR�KROG��ZLWK�M�UHSODFHG�E\�M��� ���

7R�FDUU\�RXW�WKH�LQGXFWLRQ�VWHS�ZH�QHHG�&��L����� WR�EH�D�GLVF�ZLWK�WRQJXHV��
ZLWK�&�$� ��DV�LQLWLDO�GLVF��DQG�ZH�QHHG�D�VKULQNLQJ�RI�&�(�L�����WR�&�$���� VR�WKDW�
WKH�$GGHQGXP�WR�/HPPD�����ZLOO�DSSO\�WR�JLYH�D�VKULQNLQJ�RI�(L���� WR�$�L��$V�WKH�
H[DPSOH�LQ�6HFWLRQ���VKRZV��HYHQ�DW�WKH�ILUVW�VWHS�RI�WKH�LQGXFWLRQ�SURFHVV��LI�ZH�
FKRRVH� WKH� VKULQNLQJ�RI�&�(� Q�� WR� &�$� �� FDUHOHVVO\��WKH�GLVF� ZLWK�WRQJXHV�
VWUXFWXUH�RQ�&�(Q���� PD\�EH�GHVWUR\HG��VR�ZH�ZRXOG�EH�XQDEOH�WR�FRQWLQXH�WKH�
FRQVWUXFWLRQ��

%\�3URSRVLWLRQ�����ZH�KDYH�WKH�WRQJXH�SDWWHUQ�3�\��� ZKLFK�LV�WKH�GLVMRLQW�
XQLRQ� RI�WRQJXH�EORFNV�3T��\���$IWHU�3URSRVLWLRQ������� WKHUH�DUH� LQFOXVLRQV�

3T�<�� ���4U�<��� U� � U�T��� (DFK�W\SH�,�RU�,,� WRQJXH�7�RI�D�FRQWRXU�&�(L�� $����RU�

&�4�(��LI�M� � ���KDV��U�G7�� FRQWDLQHG�LQ�D�XQLTXH�WRQJXH�EORFN�3T�\���KHQFH�DOVR�
LQ�D�ZHOO�GHILQHG�4U�\���7KH�WRQJXHV�RI�4U�\��LQGXFH�QDWXUDOO\�D�VXEGLYLVLRQ�RI�7�
LQWR�WRQJXHV�ZKLFK�SURMHFW�KRPHRPRUSKLFDOO\�WR�WRQJXHV�RI�4U�\���:H�VD\�WKHVH�
VXEWRQJXHV�RI�7�OLH�LQ�WKH�TWK� EORFN��'RLQJ�WKLV�IRU�DOO�WRQJXHV�7��ZH�REWDLQ�D�

GLVF�ZLWK�WRQJXHV�VWUXFWXUH�ZKLFK�ZH�FDOO�&�(M�2�� ����� �����VXEGLYLGLQJ�&�(L��$L���
7KH�WRQJXHV�RI�&�(aL������� ���� DUH�SDUWLWLRQHG�LQWR�EORFNV��RQH�EORFN�IRU�HDFK�

3T�\��� 7KHVH� EORFNV�DUH�SDUWLDOO\�RUGHUHG�DFFRUGLQJ�WR�WKH�QHVWLQJ�UHODWLRQV�

DPRQJ�WKH�FRUUHVSRQGLQJ�3T��\�
V��6LQFH�GLIIHUHQW�3T��\�
V�DUH�GLVMRLQW��ZH�VHH�WKDW�
WKH�WRQJXHV�RI�4�������� ���� FDQ�EH�DWWDFKHG�LQ�DQ�RUGHU�LQ�ZKLFK�WRQJXHV�LQ�
VPDOOHU�EORFNV�DWWDFK�DIWHU�WRQJXHV�LQ�ODUJHU�EORFNV��

$W�WKH�VDPH�WLPH�WKDW�ZH�FRQVWUXFW�LQGXFWLYHO\�WKH�IDPLOLHV�(L�VO������ 6Q��

ZH� VKDOO�DOVR�FRQVWUXFW�LQGXFWLYHO\�IDPLOLHV�RI�WRQJXH�EORFNV�4U�V������ 6Q��'�

4UL������ ����� � 4U�<��IRU���"� L��� Q��ZKRVH�WRQJXHV�DUH�VHJPHQWV�RI�WKH�WRQJXHV�
RI�4U�<��� WKDW�LV��GLIIHUHQFHV�EHWZHHQ�VWDJHV�LQ�WKH�VKULQNLQJV�RI�WKH�WRQJXHV�RI�

4U�<��FKRVHQ�LQ�3URSRVLWLRQ�������7KH�LQGXFWLYH�K\SRWKHVHV�DUH��DJDLQ�DEEUHYLDW��
LQJ��������� ���VS�6L�������� 6Q��WR��6����

���� )RU�HDFK�L�"� ���&����2��� KDV�D�GLVF�ZLWK�WRQJXHV�VWUXFWXUH��ZLWK�&�$L��
DV�LQLWLDO�GLVF�LI�L�!� ���WKH�WRQJXHV�EHLQJ�SDUWLWLRQHG�LQWR�EORFNV��RQH�EORFN�IRU�
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HDFK�3T�\���VXFK�WKDW��
�D�� )RU�HDFK�WRQJXH�7�RI�WKLV�VWUXFWXUH�LQ�WKH�TWK�EORFN��
��7�� LV�D�

WRQJXH�LQ�4U�2���U� � U�T���
�E��7KH�WRQJXHV�RI�&�4������FDQ�EH�DWWDFKHG�LQ�DQ�RUGHU�LQ�ZKLFK�

WRQJXHV�LQ�VPDOOHU�EORFNV�DWWDFK�DIWHU�WRQJXHV�LQ�ODUJHU�EORFNV��
����4UM�"��F�4U
����F�4U
����LI���L��� ��L��� �����

/(00$� ������$�GLVF�ZLWK�WRQJXHV�VWUXFWXUH�VDWLVI\LQJ���D��LV�XQLTXH��SUR��
YLGHG�LWV�LQLWLDO�GLVF�LV�SUHVFULEHG��,Q�SDUWLFXODU��LWV�SDUWLWLRQ�LQWR�EORFNV�LV�XQLTXH��

3URRI�%\�LQGXFWLRQ�RQ�WKH�QXPEHU�RI�WRQJXHV��LW�VXIILFHV�WR�VKRZ�WKDW�D�
ODVW�DWWDFKHG�WRQJXH�7�LQ�RQH�VWUXFWXUH�VDWLVI\LQJ���D��LV�DOVR�D�WRQJXH�LQ�DQ\�
RWKHU�VWUXFWXUH�VDWLVI\LQJ���D���%\�WKH�WUDQVYHUVDOLW\�FRQGLWLRQ�RI�3URSRVLWLRQ�������
G7�SURMHFWV�LQWR�D�XQLTXH�4U
�����$�VPDOO�DUF�RI�WKH�IUHH�HGJH�RI�7�PXVW�DOVR�EH�DQ�
DUF�RI�IUHH�HGJH�SRLQWV�LQ�D�WRQJXH�7
�LQ�DQ\�RWKHU�WRQJXH�VWUXFWXUH��%\���D��DQG�
WKH�WUDQVYHUVDOLW\�FRQGLWLRQ��G7
�&� 4U
�����KHQFH����G7
�� ����G7���6LQFH�7�ZDV�D�
ODVW�DWWDFKHG�WRQJXH��WKLV�LPSOLHV�7
� � 7�� 5�

:LWK�D�GLVF�ZLWK�WRQJXHV�VWUXFWXUH�RQ�&��L����� VDWLVI\LQJ������WKH�VKULQNLQJV�
RI�WKH�WRQJXHV�RI�EORFNV�4U�<��UHVWULFW�WR�VKULQNLQJV�RI�WKH�WRQJXHV�RI�4������
ZKLFK�OLIW�WR�VKULQNLQJV�RI�WKH�WRQJXHV�RI�&��L�2���� :H�VKULQN�&��L����� WR�&�$M��
YLD�/HPPD������WKHQ�OLIW�WKLV�WR�WKH�VKULQNLQJ�9L�VM�� RI��L�2�� WR�$O��XVLQJ�
$GGHQGXP������'HILQH�4U��VM��E\�DGGLQJ�WR�4U��2��WKH�SURMHFWLRQV�RI�WKH�IUHH�
HGJHV�RI�WKH�WRQJXHV�RI�&�4L�VM��� LQ�WKH�TWK�EORFN��L�H���WRQJXHV�RI�&�4L�VM���
ZKLFK�DUH�VXEWRQJXHV�RI�WRQJXHV�RI�&��-�����LQ�WKH�TWK�EORFN���IRU�DOO�T�VXFK�WKDW�
U� � U�T��� ,I��
� !� �L�ZH�VHW�4U�VM�� �4U
����8�4U,�VM���DQG�LI���� "��L�ZH�VHW�
4U
�VM�� �4U
�����7KXV�����FRQWLQXHV�WR�KROG�ZLWK�M��� ��LQ�SODFH�RI�M��

,W�UHPDLQV�WR�FKHFN�WKDW�WKH�LQGXFHG�GHIRUPDWLRQ���L�V��� RI��L���� LV�VXFK�WKDW�
����FRQWLQXHV�WR�KROG�ZLWK�M��� ��LQ�SODFH�RI�M��,I��
� "�9L��WKHQ��L�VM�� DQG�HDFK�
4:�V��DUH�LQGHSHQGHQW�RI�VM��VR�WKLV�LV�DXWRPDWLF��,I��
� !� �L�WKHUH�DUH�WZR�FDVHV�
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7KH�QXPEHU�(�LQ�6HFWLRQ���FDQ�EH�FKRVHQ�VPDOO�HQRXJK�VR�WKDW�D� VHW�
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����&RQVWUXFWLRQ�RI�JW���6WR��W�

7KH�PDFKLQHU\�LV�DOO�UHDG\�QRZ�WR�FRPSOHWH�WKH�SURRI��7KH�ILUVW�VWHS�LV�WR�
FRQVWUXFW�WKH�IDPLO\��F���PLPLFNLQJ�6WF>��)RU�D�KDQGOH�+
L� DV�LQ�6HFWLRQ�����
FRQVLGHU�D� IDPLO\��LM�\�� GHILQHG�IRU�W�(�+
L�� )RU�HDFK�HGJH�HO� RI�\�ZH�
KDYH� YL`�F� =R�HO�� ;�>�� ����@�� DQG� ZH� FDQ� H[WHQG�WKH�SURGXFW�VWUXFWXUH�
=R�HO�� ;�>����@� WR�=R�HO�� ;�5�'� +LL��)RU�W�(� =2�HO�� ;��U���OHW��

U� LI� ,UO���,��

WL� ,����� LI� U�!� ��
�� ,� LI� U�����

,Q�FDVH�\�KDV�D�EDVH�YHUWH[��ZH�REWDLQ��F� LQ�WZR�VWHSV��
����7DNH�WKH�GLVMRLQW�XQLRQ�RI�DOO��� �W������� WM��DV�HO�UDQJHV�RYHU�HGJHV�RI�\�

DQG�LGHQWLI\�WKHLU�FRPPRQ�IDFHV�$P�WO������ WQ���IRU�WB�!� ����,Q�JHQHUDO�WKHVH�
IDFWRUV�/� W�������WM�� FDQ�KDYH�LQWHUVHFWLRQV�LQ�5��EHVLGHV�WKH�REYLRXV�RQHV�
FRQVLVWLQJ�RI�D�FRPPRQ�IDFH�$MP�WL������W���ZKLFK�LV�WKH�LQWHUVHFWLRQ�RI�WKH�WZR�
IDFWRUV�FRQWDLQLQJ�LW���

����)RU�WKH��VKRFN�ZDYH��HIIHFW�RI�)LJXUH������VXEGLYLGH�/��W������� WQ��IRU�
W���� ��E\�DGMRLQLQJ�WKH�GLVF�$��WO������ 7,�WO���WO�������� WKHH���ZKHUH�7��>�� �@����
>����@�LV�FKRVHQ�DSSURSULDWHO\��2U�PRUH�SUHFLVHO\��WDNH�WKH�VPDOO�YHUWLFDO�GHIRUPD��
WLRQ�RI�WKLV�GLVF�REWDLQHG�IURP�WKH�VPDOO�YHUWLFDO��DPELHQW��LVRWRS\�RI�WKH�GLVF�
$O�&� �W�������WQ��DV�W��JRHV�IURP���WR��� ���

,Q�FDVH�\�KDV�D�EDVH�HGJH��WKH�SURFHGXUH�LV�MXVW�WKH�VDPH�H[FHSW�WKDW�)LJXUH�
����VHUYHV�DV�WKH�PRGHO�IRU�FKRRVLQJ�WKH�GHIRUPDWLRQV�$��W�������WQ��RI�WKH�IDFH�
$O�FRUUHVSRQGLQJ�WR�WKH�EDVH�HGJH�RI�\��

7KLV�GHILQHV���F�IRU�W�(�+:L��%\�WKH�FRQVWUXFWLRQV�RI�6HFWLRQ�����WKH�UHVXOW�
GHSHQGV�RQO\�RQ�W�� QRW�+LW� 6R� ZH�REWDLQ� F�W�� ZHOO�GHILQHG�DQG�YDU\LQJ�
FRQWLQXRXVO\�ZLWK�W�(� 6N��

1H[W�ZH�FRQVWUXFW�IROLDWLRQV�WR� RQ��F� )RU�IDFWRUV�RI�(� QRW�FRUUHVSRQGLQJ�
WR�SRODU�IDFWRUV�RI�6W>R��ZH�KDYH�DOUHDG\�DW�KDQG�VKULQNLQJV�RI�WKHVH�IDFWRUV�
���W�������WQ��WR�WKHLU�SUHIHUUHG�IDFHV�$/�W������� WQ��DV�SDUW�RI�WKH�SURFHVV�RI�
FRQVWUXFWLQJ�4��W�������WD�� 6R�IRU�VXFK�IDFWRUV�ZH�OHW� W�� EH�WUDQVYHUVH�WR�WKH�
VWDJHV�RI�WKH�VKULQNLQJ��$QG�IRU�IDFWRUV����WO������ WQ��RI���WR�FRUUHVSRQGLQJ�WR�
SRODU�IDFWRUV�RI�6WFR��ZH�NQRZ�IURP�6HFWLRQ����WKDW�WKHLU�FRQWRXUV�UHWDLQ�
GLVF�ZLWK�WRQJXHV�VWUXFWXUHV�ZLWK�YDU\LQJ��W��� ����� WQ���VR�E\�WKH�VDPH�PHWKRGV�ZH�
FDQ�REWDLQ�VKULQNLQJV�RI�WKHVH�IDFWRUV�WR�SRLQWV��OLIWLQJ�VKULQNLQJV�RI�WKHLU�FRQWRXUV�
WR�SRLQWV�LQ�WKHLU�LQLWLDO�GLVFV��$QG�DJDLQ�ZH�WDNH�
)W��WUDQVYHUVH�WR�WKHVH�
VKULQNLQJV��:H�FDQ�WDNH�2WR�WR�EH�D�VWDQGDUG�SROH�DW�LWV�VLQJXODULW\�LQ�D�IDFWRU�
���WO������ WM�� VLQFH�WKH�VKULQNLQJ�RI�WKLV�IDFWRU�FDQ�EH�FKRVHQ�WR�HQG�ZLWK�D�
VWDQGDUG�IDPLO\�RI�FRQFHQWULF�VSKHUHV��
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�FRQWDLQV�D�SROH�RI�)WR��DQG�
KHQFH�LV�D�XQLRQ�RI�OHDYHV�RI�)WR��WKHQ�PWR�DJUHHV�ZLWK�JWR�)WR��RQ�JWR�'���
)XUWKHU��E\�PRGLI\LQJ�RXU�FKRLFH�RI�'WR�LI�QHFHVVDU\��VWLOO�NHHSLQJ�LW�WUDQVYHUVH�WR�
WKH�VDPH�VKULQNLQJV��ZH�PD\�XVH�FRQWUDFWLELOLW\�RI�'LII�'�UHO�D'��� DJDLQ�WR�
DVVXUH�WKDW�ZKHQHYHU�WZR�SRLQWV�RI�D�IDFWRU�RI�6
� DUH�MRLQHG�E\�D�OHDI�RI�)WR��WKHQ�
WKHLU�LPDJHV�XQGHU��W2�DUH�MRLQHG�E\�D�OHDI�RI�'WR�

:LWK�WKHVH�UHODWLRQV�EHWZHHQ�)WR�DQG� 'WR�WKHUH�LV��FOHDUO\��D� IDPLO\�RI�
KRPHRPRUSKLVPV�JWR��6W
R����� H[WHQGLQJ�JWR�DQG�WDNLQJ�)WR�WR�'WR�ZKLFK�DUH�
GLIIHRPRUSKLVPV�RQ�IDFWRUV��VPRRWKQHVV�DW�FRUQHUV�FDQ�HDVLO\�EH�DUUDQJHG�E\�
PRGHOLQJ�'WR�RQ�)WR�WKHUH��DQG�YDU\�FRQWLQXRXVO\�ZLWK�W�LQ�WKH�&R� WRSRORJ\��
7KXV�WKH�K\SRWKHVHV�RI�3URSRVLWLRQ�����DUH�VDWLVILHG��DQG�WKH�WKHRUHP�LV�SURYHG��

$SSHQGL[��6RPH�HTXLYDOHQW�IRUPV�RI�WKH�6PDOH�&RQMHFWXUH�

$V�LV�ZHOO�NQRZQ�DQG�HDVLO\�VKRZQ��'LII�6
�� 2�Q��� ���[�'LII�'
UHO�D'
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IRU�DQ\�Q��+HQFH�WKH�6PDOH�&RQMHFWXUH�'LII�6��� ����� LV�HTXLYDOHQW�WR��
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(PE�'���5��� DQG� (PE�6���5���� WKH�UHVWULFWLRQ�PDS� S�� (PE�'���5���
(PE�6���5���LQGXFHV�D�VXUMHFWLRQ�RQ�
7N�IRU�DOO�N��)URP�WKH�GLDJUDP�

(PE�'
�� 5Q�� 3� �(PE��6Q�����5S�

*/�Q��5��

ZH�VHH�WKDW�S�LV�LQMHFWLYH�RQ��N� �IRU�DQ\�Q���+HUH�WKH�ORZHU�OHIW�DUURZ�LV��HYDOXDWH�
GHULYDWLYH�DW�D�SRLQW���FOHDUO\�D�KRPRWRS\�HTXLYDOHQFH��DQG�WKH�ORZHU�ULJKW�DUURZ�
LV��HYDOXDWH�GHULYDWLYH�DW�D�SRLQW�DQG�DGMRLQ�WKH�QRUPDO�YHFWRU���$OVR��S�LV�D�
ILEUDWLRQ�ZKRVH�ILEHU�LV�MXVW�'LII�'
UHO�'0��� 6R�'LII�'�UHO��'��� 
� LI�DQG�
RQO\�LI�S�LV�VXUMHFWLYH�RQ�DOO��7N
6��

$FFRUGLQJ�WR�D�WKHRUHP�RI�0RUOHW��VHH�>�@�IRU�GLVFXVVLRQ�DQG�UHIHUHQFHV���
'LII�'QUHO�D'Q��  �4Q���3/�Q����Q��� IRU�DQ\�Q��6R�����LV�HTXLYDOHQW�WR��
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����'LII�0�UHO�D0���  �3/�0�UHO�D0��� IRU�DQ\���PDQLIROG�0���ZKHUH�

3/�0UHO�$0��LV�WKH�VLPSOLFLDO�JURXS�RI�3/�KRPHRPRUSKLVPV�0��!�0�IL[HG�RQ�
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2I�FRXUVH������LPSOLHV�����ZKHQ�0�� �'����,Q�����DQG�����RQH�FRXOG�MXVW�DV�ZHOO�
WDNH�WKH�FDWHJRU\�723�LQVWHDG�RI�3/��7KH�LPSOLFDWLRQ����� 
�'LII�0�UHO�D0���  �
723�0�UHO�D0���JRHV�EDFN�WR�&HUI�>�@��DQG�ZDV�WKH�VWDUWLQJ�SRLQW�IRU�0RUOHW
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ZRUN���

:H�UHWXUQ�WR�WKH�&RR�FDWHJRU\�IRU�WKH�QH[W�VHYHUDO�IRUPV�RI�WKH�6PDOH�
FRQMHFWXUH��

����7KH�VSDFH�RI�VPRRWKO\�HPEHGGHG���VSKHUHV�LQ�5��LV�FRQWUDFWLEOH��
7KLV�VSDFH�LV�WKH�RUELW�VSDFH�(PE�6���5���'LII�6����6LQFH�'LII�6��� ������
FRQWUDFWLELOLW\�RI�WKLV�RUELW�VSDFH�LV�HTXLYDOHQW�WR�WKH�PDS�S�DERYH�EHLQJ�D�
KRPRWRS\�HTXLYDOHQFH��

)URP�WKH�ILEUDWLRQ�

'LII�'��UHO�D'���� ��� (PE�'����'�UHO�6������ (PE�'��� '�UHO�D'���

'LII��'�UHO�D'��� 
�

ZKHUH�'�  � 'Q8�'Q�� 'Q�Q� 'B� � 'Q���� DQG�6Q��� �'�Q�Q�6Q����ZH�VHH�WKDW�
'LII�'�UHO�D'���  � 4�(PE�'���'�UHO�D'���� 6R�����LV�HTXLYDOHQW�WR��

����(PE�'���'�UHO�D'��� LV�FRQWUDFWLEOH��
1H[W�FRQVLGHU�WKH�ILEUDWLRQ�

(PE�'��� '� UHO�D'��� ��� (PE�'��� '��UHO�6������ (PE�'
�� ':UHO�'
��

$FFRUGLQJ�WR� >�@���DGDSWHG�WR�WKH�VPRRWK�FDWHJRU\�DV� LQ� >�@���WKH�LQFOX��
VLRQ�(PE�'����'�� �� '�� UHO�D'��� �� (PE�'��� '�UHO�D'��� LV� D� KRPRWRS\�
HTXLYDOHQFH��7KH� VPDOOHU�RI� WKHVH�WZR� VSDFHV� FDQ� EH� LGHQWLILHG�ZLWK�
(PE�'���'�UHO�D'����+HQFH�

(PE�'���'�UHO�D'���  �4(PE�'
�� '�UHO�D'
���

DQG�����LV�HTXLYDOHQW�WR��
����7KH�LGHQWLW\�FRPSRQHQW�RI�(PE�'
��'�UHO��'
�� �FRQVLVWLQJ�RI�WKH�

XQNQRWWHG�DUFV��LV�FRQWUDFWLEOH��
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�� '�UHO��'
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KHQFH�����LV�HTXLYDOHQW�WR��
����7KH�VSDFH�RI�VPRRWKO\�HPEHGGHG�XQNQRWWHG�FLUFOHV�LQ�6��GHIRUPDWLRQ�

UHWUDFWV�RQWR�WKH�VSDFH�RI�JUHDW�FLUFOHV�LQ�6���L�H������������� ;��������

:H�OHDYH�WR�WKH�UHDGHU�SURRIV�WKDW�WKH�IROORZLQJ�VWDWHPHQWV�DUH�DOO�HTXLYD��
OHQW�WR�WKH�6PDOH�&RQMHFWXUH��

����'LII�6��[�'
UHO���� �S������
���� 'LII�6� !�;�'�UHO�D��  � 
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�����(PE�6���6��[�5�� �������
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� [�5��� � ������
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�����7KH�VSDFH�RI�VPRRWK���VSKHUHV�LQ�6�� GHIRUPDWLRQ�UHWUDFWV�RQWR�WKH�

VXEVSDFH�RI�JUHDW���VSKHUHV��
�����7KH�VSDFH�RI�VPRRWK�XQNQRWWHG�FLUFOHV�LQ�5��GHIRUPDWLRQ�UHWUDFWV�RQWR�

WKH�VXEVSDFH�RI�JUHDW�FLUFOHV�LQ�6���
�����3/�6���  � ����� �RU�723�6���  � �������
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>�@� ��*URXSHV�G
DXWRPRUSKLVPHV�HW�JURXSHV�GH�GLIIHRPRUSKLVPHV�GHV�YDULHWHV�FRPSDFWHV�
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