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+XQJDULDQ�$FDGHP\�RI�6FLHQFHV�DQG�8QLYHUVLW\�&ROOHJH�/RQGRQ�
)RU�D�FRQYH[�ERG\�.� LQ�WKH�SODQH��OHW�S�Q��.�� GHQRWH�WKH�SUREDELOLW\�

WKDW�Q�UDQGRP��LQGHSHQGHQW��DQG�XQLIRUP�SRLQWV�IURP�.� DUH�LQ�FRQYH[�
SRVLWLRQ��WKDW�LV��QRQH�RI�WKHP�OLHV�LQ�WKH�FRQYH[�KXOO�RI�WKH�RWKHUV��+HUH�
ZH�GHWHUPLQH�WKH�DV\PSWRWLF�EHKDYLRU�RI�S�Q��.�� E\�VKRZLQJ�WKDW��DV� Q�

JRHV�WR�LQILQLW\��Q�� S�Q�� .�� WHQGV�WR�D�ILQLWH�DQG�SRVLWLYH�OLPLW��

���,QWURGXFWLRQ�� $VVXPH�.�F�5��LV�D�FRQYH[�FRPSDFW�VHW�ZLWK�QRQHPSW\�
LQWHULRU��,Q�ZKDW�IROORZV�ZH�GHWHUPLQH��DV\PSWRWLFDOO\��WKH�SUREDELOLW\�WKDW�Q�
UDQGRP��LQGHSHQGHQW�DQG�XQLIRUP�SRLQWV�IURP�.�DUH�LQ�FRQYH[�SRVLWLRQ��WKDW�
LV��QRQH�RI�WKHP�LV�LQ�WKH�FRQYH[�KXOO�RI�WKH�RWKHUV��:ULWH�S�Q��.�� IRU�WKH�
SUREDELOLW\�LQ�TXHVWLRQ��

:RUN�RQ�S�Q��.�� VWDUWHG�D� ORQJ�WLPH�DJR��,Q�WKH�(GXFDWLRQDO� 7LPHV�LQ�
�����6\OYHVWHU�>��@�DVNHG�ZKDW�WKH�YDOXH�RI�S����.�� ZDV�ZLWKRXW�VSHFLI\LQJ�
.�� 6HYHUDO�DQVZHUV�FDPH�LQ��0RVW�RI�WKHP�ZHUH�GLIIHUHQW��7KH�TXHVWLRQ�ZDV�
FKDQJHG��)RU�ZKDW�.� LV�S����.��PLQLPDO�DQG�PD[LPDO��$�VROXWLRQ�FDPH�IURP�
%ODVFKNH�>�@��)RU�HYHU\�FRQYH[�ERG\�.�F�5�

S����WULDQJOH����S���� .�� ��S����GLVN���
9DOWU�>��@�VKRZHG�WKDW�

�����Q� �� ����

S��Q��WULDQJOH��  � ��Q��� ��� ����Q���

D� VXUSULVLQJO\�H[DFW�UHVXOW��%XW� VLQFH�.� FDQ�EH� VDQGZLFKHG�EHWZHHQ�WZR�
WULDQJOHV�DQG�VLQFH�S�Q��WULDQJOH��LV��DV\PSWRWLFDOO\�������H�Q����O��ZH�JHW�WKDW�

FL���Q��� S�Q��.��� F��

ZLWK�XQLYHUVDO�FRQVWDQWV����� FO��� F���� &RR�2XU�PDLQ�UHVXOW�LV�WKH�IROORZLQJ�
WKHRUHP��

7+(25(0� ��� )RU�HYHU\�FRQYH[�VHW�.�F�5��ZLWK�$UHD�.� � ���

OLP�Q� 9S��Q��.��

H[LVWV�DQG�HTXDOV� ��H�$��.��ZKHUH�$�.�� LV�WKH�VXSUHPXP�RI�WKH�DIILQHSHULPH��
WHU�RI�DOO�FRQYH[�VHWV�6� F�.��

5HFHLYHG�'HFHPEHU�������UHYLVHG�-XQH�������
��6XSSRUWHG�LQ�SDUW�E\�+XQJDULDQ� 6FLHQFH�)RXQGDWLRQ�*UDQW�7� ������� DQG�E\�5HVHDUFK�

*UDQW�RI�WKH�$FDGHP\�����������
$06� �����VXEMHFW�FODVVLILFDWLRQV��3ULPDU\���'���� VHFRQGDU\���$����
.H\�ZRUGV�DQG�SKUDVHV�� &RQYH[�VHWV��DIILQH�SHULPHWHU��UDQGRP�VDPSOH��UDQGRP�SRLQWV�LQ�

FRQYH[�SRVLWLRQ��OLPLW�VKDSH��

�����
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:ULWH�$3�.�� IRU�WKH�DIILQH�SHULPHWHU�RI�.���7KH�GHILQLWLRQ�LV�LQ�6HFWLRQ�����
$V� S�Q��.�� LV� LQYDULDQW�XQGHU�QRQGHJHQHUDWH�DIILQH�WUDQVIRUPDWLRQV��WKH�
OLPLW�LQ�WKH�WKHRUHP�HTXDOV� 
H�$��.��$UHD� .� LQ�JHQHUDO��

7KHRUHP���RI�>�@�VD\V�WKDW�WKHUH�LV�D�XQLTXH�FRQYH[�FRPSDFW�.R�F�.� ZLWK�
$3�.2��  �$�.��� 7KH�SURRI�RI�7KHRUHP���DERYH�JLYHV�PRUH�WKDQ�MXVW� WKH�
DV\PSWRWLF�EHKDYLRU�RI�S�Q��.���1DPHO\��LI�WKH�UDQGRP�SRLQWV�[O������ [���IURP�
.�DUH�LQ�FRQYH[�SRVLWLRQ��WKHQ�WKHLU�FRQYH[�KXOO�LV��ZLWK�KLJK�SUREDELOLW\��YHU\�
FORVH�WR�.R��)RU�WKH�IRUPXODWLRQ�RI�WKLV��OLPLW�VKDSH��UHVXOW�ZH�XVH���$��%��WR�
GHQRWH�WKH�+DXVVGRUI�GLVWDQFH�RI�$��%�F�5���:ULWH��IXUWKHU��:�IRU�WKH�FROOHF��
WLRQ�RI�FRQYH[�FRPSDFW�VHWV�.�F�5��ZLWK�QRQHPSW\�LQWHULRU�DQG�;�RU�;���IRU�
WKH�UDQGRP�VDPSOH�[O������ [Q�� ,Q�IRUPXODH�ZH�DEEUHYLDWH�WKH�VWDWHPHQW��;���
LV�LQ�FRQYH[�SRVLWLRQ��WR��;Q�FRQYH[���

7+(25(0���� )RU�HYHU\�.�(�:�DQG�HYHU\��� !� ���

OLP�3�>����FRQY�;��� .2��!� ;Q� F�.��;���FRQYH[@� ����
Q��R�

7KLV�WKHRUHP�LV�D�ODZ�RI�ODUJH�QXPEHUV�LQ�WKH�IROORZLQJ�VHQVH��)RU�&�(�:�
DQG�D�XQLW�YHFWRU�X��OHW�&�X�� (�&�GHQRWH�WKH�SRLQW�ZKHUH�WKH�OLQHDU�IXQFWLRQ�
X[� UHDFKHV� LWV�PD[LPXP�RQ� &� �DVVXPLQJ� WKLV�SRLQW�LV� XQLTXH��� :ULWLQJ�
&��� �FRQY�;����ZH�KDYH�IURP�WKH�SURRI�RI�7KHRUHP���WKDW�IRU�HYHU\�XQLW�YHFWRU�
W��WKH�H[SHFWDWLRQ�RI�&M�X��� FRQGLWLRQDO�WR�;Q�EHLQJ�LQ�FRQYH[�SRVLWLRQ��HTXDOV�
.2�X���DQG�7KHRUHP���VD\V�WKDW�&Q�X��LV�FRQFHQWUDWHG�DURXQG�LWV�H[SHFWDWLRQ��
�2QH� FDQ�SURYH�7KHRUHP���DORQJ�WKHVH�OLQHV��ZH�FKRRVH��KRZHYHU��DQRWKHU�
DSSURDFK�WR�EH�XVHG�ZKHQ�SURYLQJ�7KHRUHPV���DQG�����,Q�WKH�FDVH�ZKHQ�.� LV�
WKH�VTXDUH�ZH�FRXOG�HYHQ�SURYH�>�@�D�FHQWUDO�OLPLW�WKHRUHP�IRU�WKH�UDQGRP�
YDULDEOH�&���X��� D�UHVXOW�ZKLFK�LV�VLPLODU�WR�WKDW�RI�6LQDL�>��@�IRU�WKH�FDVH�RI�
FRQYH[�ODWWLFH�SRO\JRQV�O\LQJ�LQ� D� ODUJH� VTXDUH�� 5HFHQW�SURJUHVV�LQ� WKLV�
GLUHFWLRQ�LV�GXH�WR�9HUVKLN�DQG�=HLWRXQL�>��@��

���)XUWKHU� UHVXOWV�� /HW� ;� �;Q�EH�DJDLQ� D� UDQGRP�VDPSOH�RI�Q�XQL��
IRUP��LQGHSHQGHQW�SRLQWV�IURP�.�(�:��'HILQH�4�;�� DV�WKH�UDQGRP�FROOHFWLRQ�
RI�DOO�FRQYH[�SRO\JRQV�VSDQQHG�E\�WKH�SRLQWV�RI�;��WKDW�LV��3� (�4�;�� LI�DQG�
RQO\�LI�3� �FRQY^[� ��a����� [L�N�,� IRU�VRPH� N�WXSOH�[� ��������� [LN�F�;� WKDW� LV� LQ�
FRQYH[�SRVLWLRQ��N�"� ����:LWKRXW�D� GRXEW��WKH�PRVW�IUHTXHQWO\�VWXGLHG��VHH�
>��@��>��@��>��@��SRO\JRQ�LQ�4�;�� LV�LWV�ODUJHVW�HOHPHQW�ZKLFK�LV�MXVW�FRQY�;��
:ULWH�,4,�IRU�WKH�QXPEHU�RI�HOHPHQWV�LQ�D� VHW�4��1H[W�ZH�GHWHUPLQH�WKH�
H[SHFWDWLRQ�RI�,4�;Q�,��

7+(25(0���� )RU�HDFK�.�(�:�ZLWK�$UHD�.� � ���

������ OLP�Q������ORJ�(� 4�;��� ,� � �� ������$�.���
Q��R�

$JDLQ��WKHUH�LV� D� OLPLW�VKDSH� WR�WKH� HOHPHQWV�RI�4�;��� 2QH� ZD\� RI�
IRUPXODWLQJ�WKLV�LV�LQ�WKH�IROORZLQJ�WKHRUHP��
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7+(25(0���� )RU�HDFK�.�( �:�DQG�IRU�HDFK��� !� ���

������ OLP�(^H�� � � ���
Q� �
� R(4;a�

7KLV�SDSHU�LV�FORVHO\�UHODWHG�WR�WKH�UHVXOWV�RI�>�@�ZKLFK�LV�DERXW�WKH�OLPLW�
VKDSH�RI�FRQYH[�ODWWLFH�SRO\JRQV�FRQWDLQHG�LQ�.��7KH�ODWWLFH�LV� ,=�� DQG�WKH�
PDLQ�UHVXOW�LV�WKDW��DV� Q�JRHV�WR�LQILQLW\��WKH�RYHUZKHOPLQJ�PDMRULW\�RI�WKH�
FRQYH[�ODWWLFH�SRO\JRQV�FRQWDLQHG�LQ� .� DUH� YHU\�FORVH� WR� .2��)RUPDOO\��
ZULWLQJ�=3�.�� IRU�WKH�FRQYH[�,=��ODWWLFH�SRO\JRQV�FRQWDLQHG�LQ�.�(�$��IRU�
HYHU\��� !� 2��

^I3�(F.�$a'Q�.�����3��.��� !�
������ OLP� ��L��`�  � ��

Q��!� *RF.� ,�

7KLV�LV�FRPSOHWHO\�SDUDOOHO�WR�7KHRUHP���DERYH��5HVXOWV�RI�WKLV�W\SH�ZHUH�ILUVW�
SURYHG�E\�WKH�DXWKRU�>�@�DQG�9HUVKLN�>��@�IRU�WKH�FDVH�ZKHQ�.� LV�WKH�VTXDUH��
ODWHU�6LQDL� >��@�IRXQG�VWURQJHU�IRUPV�RI�WKH�OLPLW�VKDSH�WKHRUHP��7KH�DQD��
ORJXH�RI�7KHRUHP���LV�WKH�IROORZLQJ�UHVXOW�IURP�>�@��8QGHU�WKH�DVVXPSWLRQV�RI�
7KHRUHP����

������ OLP�Q����� O2JO�RJ�Q�.�� ,� ��� $�.���
Q�!�R� �a����

ZKHUH�I�V�� LV�5LHPDQQ
V�]HWD�IXQFWLRQ��
,Q�������DQG�������Q�DSSHDUV�ZLWK�GLIIHUHQW�H[SRQHQWV��7KH�UHDVRQ�LV�WKDW�LQ�

������WKH�QXPEHU�RI�UDQGRP�SRLQWV�LQ�.� LV� Q�ZKLOH�LQ�������WKH�QXPEHU�RI�
ODWWLFH�SRLQWV�LV�Q���,W�KDV�EHHQ�P\�FRQYLFWLRQ�WKDW�UDQGRP�SRLQWV�DQG�ODWWLFH�
SRLQWV��LQ�UHODWLRQ�WR�FRQYH[�ERGLHV��EHKDYH�HVVHQWLDOO\�WKH�VDPH�ZD\��7KH�
DQDORJ\�EHWZHHQ������� DQG������� LV� DQRWKHU�FRQILUPDWLRQ�DQG�VR�LV�WKH�RQH�
EHWZHHQ������� DQG� ������� ,Q� IDFW��WKLV�SDSHU� DQG� >�@� HVWDEOLVK� DQDORJRXV�
VWDWHPHQWV�IRU�UDQGRP�SRLQWV�DQG�IRU�ODWWLFH�SRLQWV�LQ�.��

7KH�QH[W�VHFWLRQ�LV� DERXW�KLJKHU�GLPHQVLRQV��7KHQ�ZH�GHILQH�WKH�DIILQH�
SHULPHWHU�DQG�UHFDOO�VHYHUDO�RI�LWV�SURSHUWLHV��PDLQO\�IURP�%ODVFKNH
V�ERRN�>�@�
DQG�IURP�>�@��>��@��:H�DOVR�QHHG�WKH�VSHFLDO�SRVLWLRQLQJ�RI�.�DQG�WKH�H[LVWHQFH�
RI�D� VPDOO�FLUFOH�UROOLQJ�IUHHO\�ZLWKLQ�.R��,Q�6HFWLRQ���ZH�JLYH�WKH�SURRI�RI�
7KHRUHP����7KHRUHP���LV�SURYHG�LQ�6HFWLRQ����7KH�ILQDO�VHFWLRQV�FRQWDLQ�SURRIV�
�RU�VNHWFKHV�RI�SURRIV��RI�7KHRUHPV���DQG����

���+LJKHU� GLPHQVLRQV�� 7KH�SUREDELOLW\�S�Q��.�� FDQ�EH�GHILQHG�IRU�FRQ��
YH[�ERGLHV�.�F�5G� ZLWK�G�!� ��DV�ZHOO��0RVW�RI�WKH�NQRZQ�UHVXOWV�DUH�DERXW�
WKH�FDVH�ZKHQ�.� �%G�� WKH�(XFOLGHDQ� XQLW�EDOO��+RVWLQNV\�>�@�GHWHUPLQHG�
S����%���� ODWHU�.LQJPDQ� >��@� FDOFXODWHG� S�G� �����%G��� 0LOHV� >��@� VKRZHG�
OLPG� 2�S�G� �����%G��  � ���+H�FRQMHFWXUHG�DQG�%XFKWD�>�@�VKRZHG�OLPSGHU�S�G�
�P��%G��  � �� IRU�HYHU\�IL[HG�P�!� ���%DUDLQ\�DQG� )ILUHGL�>�@� SURYHG�WKDW�
S�Q��%G�� LV� FORVH� WR� RQH� DV� ORQJ�DV� Q��� G�O�G��� DQG� FORVH� WR� ]HUR� IRU�
Q�!�G�G���
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7KH�UHVXOWV�RI�WKLV�SDSHU�PXVW�KDYH�KLJKHU�GLPHQVLRQDO�DQDORJXHV��+RZ��
HYHU��WKH�SURRIV�JLYHQ�KHUH�GR�QRW�JR�WKURXJK��,W�LV�QRW�RQO\�WKH�XQLFLW\�RI�WKH�
FRQYH[�VXEVHW�RI�.�F�5G�ZLWK�PD[LPDO�DIILQH�VXUIDFH�DUHD�WKDW�LV�PLVVLQJ��
)RU�FRPPHQWV�RQ�WKLV��VHH�5HPDUN���LQ�>�@���$FWXDOO\��WKH�XQLFLW\�RI�.R�LV�QRW�
QHHGHG�IRU�WKH�SURRI�RI�7KHRUHP�����,W�LV�QRW�FOHDU�ZKDW�FRXOG�UHSODFH�WKH�
PXOWLSOLFDWLYH�IRUPXOD��������1HYHUWKHOHVV�,�WKLQN�WKDW�IRU�D�FRQYH[�.�F�5G�RI�
YROXPH����ZLWK�REYLRXV�H[WHQVLRQV�RI�WKH�GHILQLWLRQV���

������ Q���� S��Q��.��  �FRQVW��G��$��.��G� O���G���� ��R������

7KHUH�LV�D�VLPLODU�VWDWHPHQW�LQ�WKH�WKHRU\�RI�EHVW�DSSUR[LPDWLRQ�RI�FRQYH[�
ERGLHV�E\�SRO\WRSHV��1DPHO\��OHW�6� EH�D� FRQYH[�ERG\�ZLWK�VPRRWK��VD\� ���
ERXQGDU\��DQG�9RO�6�  � ���DQG�3Q�EH�D�FRQYH[�SRO\WRSH�ZLWK�Q�YHUWLFHV��:KHQ�
DSSUR[LPDWLRQ�RI�6� E\�3�� LV�PHDVXUHG�E\�WKH�YROXPH�RI�WKHLU�V\PPHWULF�
GLIIHUHQFH��WKHUH�LV�D�EHVW�DSSUR[LPDWLQJ�SRO\WRSH�3Q� ZLWK�Q�YHUWLFHV��,W�LV�
NQRZQ�>�@�WKDW�

������ Q���G��� 9RO�6� $3��  � FRQVW�G�$3�6��G�O���G�� ����� �� R������

0RUHRYHU��WKHUH�DUH�LQGLFDWLRQV�>�@�WKDW�WKH�YHUWLFHV�RI�3Q� DUH�GLVWULEXWHG�
�XQLIRUPO\��LQ�D�VPDOO�QHLJKERUKRRG�8Q�RI�G6��7KH�ZLGWK�RI�8Q�DW�]�(�G6� LV�
Q����G� ���.O��G�� ���]�� ZKHUH�.� LV�WKH�SURGXFW�FXUYDWXUH��7KLV�VSHFXODWLRQ�DQG�
������VXJJHVW�WKDW�WKH�UDQGRP�VDPSOH�;Q�LV�LQ�FRQYH[�SRVLWLRQ�DQG�FRQY�;���LV�
YHU\�FORVH�WR�D�IL[HG�VPRRWK�FRQYH[�6� F�.� ZLWK�SUREDELOLW\��9RO� ��7KLV�
TXDQWLW\�LV�WKH�ODUJHVW�ZKHQ�6�  �.R��7KXV�;���LV�PRVW�OLNHO\�WR�EH�FORVH�WR�.R�
ZKHQ�WKH�VDPSOH�LV�LQ�FRQYH[�SRVLWLRQ��3HUKDSV�WKLV�FDQ�EH�XVHG�WR�DWWDFN�
�������WKH�KLJK�GLPHQVLRQDO�YDULDQW�RI�7KHRUHP���RU�LWV�ODWWLFH�SRO\WRSH�DQD��
ORJXH��2I�WKH�ODWWHU��LW�LV�NQRZQ�WKDW�IRU�.�(�:�ZLWK�9RO�.� � ���

�� �� F�� �� Q�G�G�O���G�O�ORJ,3� ��.�� ,� �� &���

ZKHUH�B�3Q�.��LV�WKH�VHW�RI�FRQYH[����Q�=G�ODWWLFH� SRO\WRSHV�FRQWDLQHG�LQ�.�
>FI�������@��7KLV�IROORZV�IURP�WKH�UHVXOWV�RI�>�@��

5HWXUQLQJ�WR�WKH�SODQDU�FDVH��LW�LV�YHU\�OLNHO\�WKDW�%ODVFKNH
V� LQHTXDOLW\�
������H[WHQGV�WR�

S�Q�WULDQJOH�� �S�Q�.�� �S�Q�GLVN���

���$IILQH�SHULPHWHU�� :H� DUH�JRLQJ�WR�XVH� WKH�UHVXOWV�RI�>�@�RQ�DIILQH�
SHULPHWHU�H[WHQVLYHO\��*LYHQ�6� (�:��FKRRVH�D�VXEGLYLVLRQ�[���������[P��[P���� �
[O�RI�WKH�ERXQGDU\�G6�DQG�OLQHV�/��VXSSRUWLQJ�6� DW�[L�IRU�DOO� L�(�>�P@�ZKHUH�
>PO@� �^�� ������P`��:ULWH�\�IRU�WKH�LQWHUVHFWLRQ�RI�/L� DQG�/�������LI�/�  �/���
WKHQ�\� FDQ�EH�DQ\�SRLQW�EHWZHHQ�[L�DQG� [��O����/HW�7L�GHQRWH�WKH�WULDQJOH�
ZLWK�YHUWLFHV�[���<���;������ DQG� DOVR� LWV�DUHD�� 7KH� DIILQH�SHULPHWHU�RI�6� LV�
GHILQHG�DV�

P���
������ $3�6��  ���OLP(� 7��
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ZKHUH�WKH�OLPLW�LV�WDNHQ�RYHU�D�VHTXHQFH�RI�VXEGLYLVLRQV�ZLWK�PD[�� [L� ��

[L�������� ���7KH�H[LVWHQFH�RI�WKH�OLPLW��DQG�LWV�LQGHSHQGHQFH�RI�WKH�VHTXHQFH�

FKRVHQ��IROORZ�IURP�WKH�IDFW�WKDW� ���7<� GHFUHDVHV� DV� WKH�VXEGLYLVLRQ�LV�
UHILQHG��&RQVHTXHQWO\��

P���
������ $3�6��  ���LQI(� 7�

��

:H�UHFRUG�IXUWKHU�SURSHUWLHV�RI�WKH�PDS�$3��:� 5��VHH�>�@��>��@���

������ $3�$6��  � $���$3�6�� ZKHQ�$!� ���

������ $3�/6��  � �GHW�/����$3�6�� ZKHQ�/�� 5�� �!� 5��LV�OLQHDU��

������ $3�6��  � I�.���� GV� � I�U���� G� ��
26��

ZKHUH�.� LV�WKH�FXUYDWXUH�DQG�U� �U����� � .��� LV�WKH�UDGLXV�RI�FXUYDWXUH�DW�
WKH�ERXQGDU\�SRLQW�ZLWK�RXWHU�QRUPDO� X�*3�� ��FRV����VLQ����� ,Q� ������� RI�
FRXUVH��G6�KDV�WR�EH�VXIILFLHQWO\�VPRRWK��

7KH�DIILQH�OHQJWK�RI�D�FRQYH[�FXUYH�LV�GHILQHG�DQDORJRXVO\��:H�ZLOO�QHHG�WKH�
IROORZLQJ�IDFW��*LYHQ�D�WULDQJOH�7� �FRQY^D��E��F`��OHW�0�EH�WKH�XQLTXH�SDUDEROD�
ZKLFK�LV�WDQJHQW�WR�DF�DW�D�DQG�WR�EF�DW�E��

$PRQJ�DOO�FRQYH[�FXUYHV�FRQQHFWLQJ�D� DQG� E�ZLWKLQ�7� WKH�DUF�RI�WKH�
������ SDUDEROD�0�LV�WKH�XQLTXH�RQH�ZLWK�PD[LPDO�DIILQH�OHQJWK��DQG�$3�0��

��
 �7��

:H�GHILQHG�$�.��  �VXS^$3�6��� 6� F� :�.�`��ZKHUH�"�.��  �^6� F� :��6� F�.��
DQG�FLWHG�7KHRUHP���RI�>�@�DERXW�WKH�H[LVWHQFH�DQG�XQLFLW\�RI�.R�&� )�� .R�F�.�
ZLWK�$3�.2��  �$�.���

$V�S�Q��.�� LV�LQYDULDQW�XQGHU��QRQGHJHQHUDWH��DIILQH�WUDQVIRUPDWLRQV��ZH�
ZDQW�WR�FKRRVH�D��JRRG�SRVLWLRQ��IRU�.��:H�DVVXPH�ILUVW�WKDW�$UHD�.� � ���/HW�
(� EH� WKH�PD[LPXP�DUHD� HOOLSVH� FRQWDLQHG�LQ� .�� ,W� LV� ZHOO�NQRZQ�WKDW�
$UHD�(� "� �U������&OHDUO\�$3�.R��  �$�.�� "� $3�(��� 7KH�DIILQH�LVRSHULPHWULF�
LQHTXDOLW\�LPSOLHV�$UHD�.2�"� $UHD�(� "� ����)��DQG� VR�WKH�PD[LPXP�DUHD�
HOOLSVH�(� LQ�.��KDV�DUHD�DW�OHDVW�SU������

:H�VD\�WKDW�.� LV�LQ�VSHFLDO�SRVLWLRQ�LI�$UHD�.� � ��DQG�(R�FRLQFLGHV�ZLWK�D�
FLUFOH�RI�UDGLXV�UR�FHQWHUHG�DW�WKH�RULJLQ��&OHDUO\��U2�"� 9����� !� ����ZKLFK�
LPSOLHV��LQ�WXUQ��WKDW�GLDP�.��� ���6R�ZH�KDYH��

(YHU\�.�(�:�FDQ�EH�EURXJKW�WR�VSHFLDO� SRVLWLRQ�E\�D� VXLWDEOH� DIILQH�
������ WUDQVIRUPDWLRQ��,Q�VSHFLDO�SRVLWLRQ��UR�%�F�.R� DQG�.�F��%� �ZKHUH�%� LV�

WKH�XQLW�FLUFOH�FHQWHUHG�DW�WKH�RULJLQ���

:H�ZLOO�ZULWH�:��IRU�WKH�FROOHFWLRQ�RI�.�(�:�WKDW�DUH�LQ�VSHFLDO�SRVLWLRQ��:H�
ZLOO�QHHG�VHYHUDO�SURSHUWLHV�RI�.���

(YLGHQWO\�G.R�Q�G.������ DV� RWKHUZLVH�D� VOLJKWO\�HQODUJHG�FRS\�RI�.R�
ZRXOG�EH�FRQWDLQHG�LQ�.� DQG�ZRXOG�KDYH�ODUJHU�DIILQH�SHULPHWHU�WKDQ�$�.���
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7KXV� G.R�?�G.� FRQVLVWV� RI��FRXQWDEO\� PDQ\�� FRQYH[� DUFV� $O��$������� WR�EH�
FDOOHG�IUHH�DUFV��7KH�VHFRQG�SURSHUW\�ZH�QHHG�LV��

(DFK�IUHH�DUF�$�LV�DQ�DUF�RI�D�SDUDEROD�ZKRVH�WDQJHQWV�DW�WKH�HQGSRLQWV�
������ DUH�WDQJHQW�WR�.R�DV�ZHOO��

,W�LV�SURYHG�LQ�>�@�WKDW�G.R�FRQWDLQV�QR�OLQH�VHJPHQW�RQ�LWV�ERXQGDU\��7KLV�
LPSOLHV�WKDW�WKH�SRLQW�]���� (�G.R�ZKHUH�WKH�RXWHU�QRUPDO�WR�.R� LV�X����  �
�FRV�����VLQ�����LV�XQLTXHO\�GHWHUPLQHG�IRU�HYHU\����(� >�����Q����2QH� FDQ�SURYH�
PRUH��ZKHQ�.�(� 6��WKH�UDGLXV�RI�FXUYDWXUH�WR�.R� H[LVWV�DQG�LV�ERXQGHG�
DZD\�IURP���DQG�FR�DW�HYHU\�]������2I�WKLV�ZH�RQO\�QHHG��DQG�SURYH���

������ 7KH�FLUFOH�RI�UDGLXV�S� � ������UROOV�IUHHO\�ZLWKLQ�.R��SURYLGHG�.�(�:6���

WKDW�LV��IRU�HYHU\�]�(�.R�WKHUH�LV�D�FLUFOH�%]�RI�UDGLXV�S�VXFK�WKDW�]�(�%]�F�.���
:H�SURYH�������DW�WKH�HQG�RI�WKLV�VHFWLRQ��

8QG� � ^8�� ����� 8UM� LV�DQ�RUGHUHG�VHW�RI�XQLW�YHFWRUV�ZLWK�XL� � �FRV�KL��VLQ�����
IRU�L�(� >LQ@� �ZKHUH�>P@�LV�D�VKRUWKDQG�IRU�̂������� P`��LI����� ������ ����� ���� ��
��P��� �Q���8��� LV�GHQVH�LI�HYHU\�DUF�RI�WKH�XQLW�FLUFOH�ZKRVH�OHQJWK�LV���U�P�
FRQWDLQV�DW�OHDVW� RQH�RI�WKH�X���:H�VD\�WKDW�WKH�SRLQWV�[O������ [Q� DUH�LQ�
FRQYH[�SRVLWLRQ�ZLWK�UHVSHFW�WR� ���� ���� �RU�LQ�X�FRQYH[�SRVLWLRQ��IRU�VKRUW��
LI��IRU�HYHU\�L�(� >P@��

PD[^X� [��M� (� >P@`�  � X�[W��

1RWH�WKDW�[L� � [L�"� LV�SRVVLEOH��:ULWH�7L� IRU�WKH�WULDQJOH�ERXQGHG�E\�WKH�
VHJPHQW� >[L�� [L��@� DQG� OLQHV� X��[� �� [L��  � �� DQG� XL�� �[� �� [L����  � ���:H� GH��
QRWH�WKH� DUHD� RI�WKLV�WULDQJOH�ZLWK�WKH� VDPH� OHWWHU�7L��)LQDOO\��LI�; �
^[O������ [��-�LV�LQ�X�FRQYH[�SRVLWLRQ��ZH�GHILQH�

P���
7�;��  �7�;�� 8-��  � �� P��

)RU� HYHU\� "� !� �� DQG� HYHU\� .� (� :6�WKHUH� LV� PR� VXFK� WKDW� IRU�DOO�
������� P�!� P��� IRU�DOO� GHQVH� RUGHUHG� VHW� 8OQD�RI�XQLW� YHFWRUV� DQG� IRU�DOO�

;�  � ^;���� ���� ;�`� F�.� LQ�X�FRQYH[�SRVLWLRQ��7�;��8M�� ��$�.�� �� ���

3522)�� 1RWH� ILUVW�WKDW� 7�;�� LV� WKH� DIILQH�SHULPHWHU� RI�D� FRQYH[� ERG\�
0�;��� +HUH� 0�;�� LV� ERXQGHG� E\�SDUDEROD�DUFV� WRXFKLQJ� HGJHV� >\���Y�@� DQG�
>Y���\L��@� RI�7M� DW� \� DQG� <L��� �ZKHUH� YL�LV� WKH�WKLUG�YHUWH[� RI�7L��� $VVXPH�
������� LV�IDOVH��7KHQ� WKHUH�LV�D�VHTXHQFH� RI�8
V� DQG� ;
V� ZLWK�ODUJHU�DQG� ODUJHU�
P
V� VR� WKDW� 7�;�� "� $�.2�� �� ��� &KRRVH� D� FRQYHUJHQW� VXEVHTXHQFH� RI�WKH�
0�;�
V�� &OHDUO\�� WKH� OLPLW� 0� LV� D� FRQYH[� VXEVHW� RI� .�� 6LQFH� WKH� DIILQH�
SHULPHWHU�LV�XSSHU� VHPLFRQWLQXRXV� �WKLV�ZDV� SURYHG�LQ�PRUH�JHQHUDO� IRUP�E\�
/XWZDN�>��@���$3�0�� "�$3�.2�� ����� D�FRQWUDGLFWLRQ��

3522)�2)������� )L[� DQ� [��\�FRRUGLQDWH� V\VWHP� DQG� FRQVLGHU� WKH�SDUDEROD�
0W�ZKRVH� HTXDWLRQ� LV�

\� �JW�[��  � ����[� B� W���
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ZLWK� W�(>��������@�� $V� .�(�:V��G.R�Q�^�[�\��� [�H� >��������@�� LV� WKH�
JUDSK�RI�WZR�IXQFWLRQV��OHW�I�[�� EH�WKH�VPDOOHU��7KHQ�I� LV�HYLGHQWO\�FRQYH[�
DQG� I�[�� ��JW�[�� IRU�DOO� [�(�>������ ���@��6HW� PW� �PLQ^JW�[�� �� I�[��� [�(�
>������ ���@`��
7KH�VHW�&W� �^[�(� >� ��������@��PW� �JW�[�� �� I�[�`� LV�QRQHPSW\�DQG�FORVHG��

)XUWKHU��WKHUH�LV�D�XQLTXH�WDQJHQW�WR�I� DW� [�(�&W�DQG�LW�LV�SDUDOOHO�WR�WKH�
WDQJHQW�RI�JW�DW�[��:H�FODLP�&W�LV�FRQQHFWHG��$VVXPH�QRW��WKHQ�WKHUH�LV�DQ�
RSHQ�LQWHUYDO��[O��[���GLVMRLQW�IURP�&W�EXW�ZLWK�[O��[��(� &W��+RZHYHU��UHSODF��
LQJ�WKH�SLHFH�RI�G.R�EHWZHHQ��[O��I�[���� DQG��[���I�[����ZLWK�WKH�DUF�RI�WKH�
SDUDEROD�JW�[�� �� PW�ZRXOG�SURGXFH��E\��������D�ODUJHU�DIILQH�SHULPHWHU�FRQWUD��
GLFWLQJ�WKH�PD[LPDOLW\�RI�.2,�

7KXV�&W�LV�HLWKHU�D�SRLQW�RU�DQ�LQWHUYDO��,QFUHDVLQJ�WKH�FRHIILFLHQW�����WR�
���� LQ�WKH�GHILQLWLRQ�RI�0W�HQVXUHV� WKDW�&W� LV� D� VLQJOH�SRLQW�IRU�HYHU\�
W�(� >�� ��������@��$VVXPH�WKH�FRHIILFLHQW�LV� ����DQG�NHHS�WKH�QRWDWLRQ�WKH�
VDPH��7KHQ�W� ��&W�LV�D�SRLQW�WR�SRLQW�PDS��:H�FODLP�LW�LV�FRQWLQXRXV��

$VVXPH�WM�LV�D�VHTXHQFH�ZLWK�OLPLW�WR��7KHQ�&�W� KDV�D�FRQYHUJHQW�VXEVH��
TXHQFH�ZLWK�OLPLW�[R��VD\��,W�LV�HDV\�WR�VHH�WKDW�[R��� &WR�KROGV��+RZHYHU��&WM�
FDQQRW�KDYH� WZR�GLVWLQFW�DFFXPXODWLRQ�SRLQWV�VKRZLQJ�WKDW�WKH�PDS� LQ�
TXHVWLRQ�LV��LQGHHG��FRQWLQXRXV��

$�VLPSOH�LQVSHFWLRQ��XVLQJ�WKH�VSHFLDO�SRVLWLRQ�RI�.��VKRZV�WKDW�&B���� ��

�� ������ DQG�&����!� �������7KXV�WKH�SDUDEROD� JW�[�� �� PW�VOLGHV�IUHHO\�RQ�
G.R�EHWZHHQ�[� � ��������DQG��������7KH�FLUFOH�RI�UDGLXV�������UROOV�IUHHO\�
ZLWKLQ�WKH�SDUDEROD� 0W��VR� LW� DOVR� UROOV�IUHHO\�RQ� G.R� RQ�WKH�LQWHUYDO�
>�� ������������@��6LQFH�ZH�FDQ�IL[�WKH�FRRUGLQDWH�V\VWHP�DUELWUDULO\�WR�WKH�
RULJLQ�ZH�JHW�WKDW�WKH�VDPH�FLUFOH�UROOV�IUHHO\�ZLWKLQ�.R��&,�

���3URRI� RI� 7KHRUHP� ��� )L[� .� LQ� VSHFLDO� SRVLWLRQ�DQG� OHW� ;����
^[O������� [-`�EH�DQ�Q�VDPSOH�RI�UDQGRP��LQGHSHQGHQW��XQLIRUP�SRLQWV�IURP�.��
/HW� P�EH�ODUJH��LW�ZLOO�GHSHQG�RQ� �� !� ��WR�EH�JLYHQ�ODWHU��DQG� 8�Q�EH�DQ�
RUGHUHG��GHQVH�VHW�RI�XQLW�YHFWRUV��'HILQH�L�M�� E\�XM[L�M�� �PD[^X�[L�� L�H� >Q@`��
&OHDUO\��L�M�� LV�ZHOO�GHILQHG�ZLWK�SUREDELOLW\���DQG�WKH�SRLQWV�[L�������� ;�
DUH�LQ�FRQYH[�SRVLWLRQ�ZLWK�UHVSHFW�WR�XO������ XP��5HSHWLWLRQV�PD\��KRZHYHU��
RFFXU�EXW�RQO\�LQ�FRQWLJXRXV�LQWHUYDOV��6R�OHW�<���L� �����<N�EH�WKH�FROOHFWLRQ�RI�WKH�
GLVWLQFW�[L�M��
V� LQ�WKHLU�RULJLQDO�RUGHU��7R� IL[�WKH�QRWDWLRQ��DVVXPH� <K� L6�
PD[LPDO�IRU�8�LK���O8LK���������� 8LK� ZKLOH�K�H� >N@��:ULWH�<� � ^<O�� ���� ��<NM��
:H�DOVR� VD\��ZLWK�D� VOLJKW�EXW�FRQYHQLHQW�DEXVH� RI�ODQJXDJH��WKDW�<� LV�LQ�
X�FRQYH[�SRVLWLRQ�DQG�WKDW�<� LV�WKH�X�PD[�RI�;��LQ�QRWDWLRQ��<� �X�PD[�;��
1RZ�S�Q��.�� FDQ�EH�FRPSXWHG�DV�

S�Q.��  � U3>;FRQYH[@�  � I�I�G[O���G[���
;�FRQYH[�

������ P�
 �(� IN�� 3
>;FRQYH[�< X�PD[;@G\O� �G\N��
N� ��� <�X�FRQYH[�
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ZKHUH�WKH�VHFRQG�VXP�LV�WDNHQ�RYHU�DOO�SRVVLEOH�FKRLFHV�RI����� LO��� �� LWN���

P�DQG�WKH�SUREDELOLW\�XQGHU�WKH�LQWHJUDO�LV�XQGHUVWRRG�ZLWK�<� IL[HG�DQG�
;?�<�YDU\LQJ�VR�WKDW�;�LV�LQ�FRQYH[�SRVLWLRQ�DQG�<� LV�WKH�X�PD[�RI�;��

7KH�SRLQWV�RI�;�?�<� KDYH�WR�OLH�LQ�WKH�WULDQJOHV�7K� ZLWK�K�(� >N@�ZKHUH�7K�
LV�ERXQGHG�E\�WKH�VHJPHQW�><K�� <K���@� DQG�E\�WKH�OLQHV� X����;� �<K��  ��� DQG�

8L�K��� �;�� <K������ ����:ULWLQJ�3K� IRU�WKH�QXPEHU�RI�SRLQWV�RI�;�?�<� O\LQJ�LQ�7K��
ZH�KDYH�

(3>�;�FRQYH[��<� �X�PD[�;@�
 � �
� 3>;� FRQYH[��<� �X�PD[�;,�,;�Q�7KO� �SK�9K�@�

������ ;�3>�,;�Q�7KO� �3K�9K�@�
N�

(� �� �� �+�7K� Q�.�� 
�

;� 3>�3K� SRLQWV�IRU�D�FRQYH[�FKDLQ�LQ�7K�Q�.@��

ZKHUH�(W� LV�WDNHQ�RYHU�DOO� 3������ ���3N� WKDW�VXP�WR�Q��� N��7KH�FRQGLWLRQDO�
SUREDELOLW\�FDQ�EH�UHSODFHG�E\�WKH�SURGXFW�VLQFH�WKH�HYHQWV�KDSSHQLQJ�LQ�
GLVWLQFW�WULDQJOHV�DUH�LQGHSHQGHQW��:H�KDYH�WR�H[SODLQ�ZKDW�VWDQGV�DIWHU�WKH�
ODVW�35�LQ��������ZH�VD\�WKDW�SRLQWV�]O������ ]3�IRUP�D�FRQYH[�FKDLQ�LQ�7�Q�.�
ZKHUH�7� LV�D�WULDQJOH�ZLWK�GLVWLQJXLVKHG�YHUWLFHV�]���]3����H� .� LI�DOO�WKH�]L�
DUH�LQ�7�Q�.�DQG�FRQY^]R��]������,���]S��]3��`�KDV�S�����YHUWLFHV��,Q�RXU�FDVH�WKH�
GLVWLQJXLVKHG�YHUWLFHV�DUH��RI�FRXUVH��<K� DQG� <K����� 1RZ� 3>�S� SRLQWV�IRUP�D�
FRQYH[�FKDLQ�LQ�7�Q�.@� LV�PHDQW�ZLWK�S�UDQGRP��LQGHSHQGHQW�SRLQWV�GUDZQ�
XQLIRUPO\�IURP�7�Q�.��7KLV�SUREDELOLW\�LV�NQRZQ�ZKHQ�7�F�.�� LW�LV�SURYHG�LQ�
>�@��VHH�DOVR�>��@�IRU�D�UHODWHG�VWDWHPHQW��WKDW�

�3�
������ 3�>�S�SRLQWV�IRUP�D�FRQYH[�FKDLQ�LQ�7@�  � ��� ��

+HUH�LV�D�TXLFN�VNHWFK�RI�WKH�SURRI��)LUVW�DVVXPH�WKDW�]O������ ]3�DUH�GUDZQ�
IURP�WKH�XQLW�VTXDUH�DQG�VHHN�WKH�SUREDELOLW\�WKDW�WKH\��WRJHWKHU�ZLWK��������
DQG� �������IRUP�D� FRQYH[�FKDLQ�LQ�WKH�WULDQJOH�FRQY^�2�����������������������7KH�
YHUWLFDO�DQG�KRUL]RQWDO�OLQHV�WKURXJK�WKH� ]�� KDYH� S�� LQWHUVHFWLRQ�SRLQWV��
DUUDQJHG�LQ�D�PDWUL[��(YHU\�RQH�RI�WKH�S��GLDJRQDOV��L�H���RQH�SRLQW�IURP�HYHU\�
YHUWLFDO�DQG�HYHU\�KRUL]RQWDO�OLQH��RI�WKLV�PDWUL[�LV�HTXDOO\�OLNHO\�EXW�RQO\�RQH�
RI�WKHP�LV� DQ� LQFUHDVLQJ�FKDLQ� IURP������� WR� �������� 6R� ]������� ]3� LV� DQ�
LQFUHDVLQJ�FKDLQ�ZLWK�SUREDELOLW\�O�S��� 1RZ�DQ�LQFUHDVLQJ�FKDLQ�LV�MXVW� DQ�
RUGHUHG�VHW�RI��S� �� ���SRVLWLYH�YHFWRUV��,W�WXUQV�RXW�DOO�RI�WKHLU�SHUPXWDWLRQV�
DUH�HTXDOO\�OLNHO\��&OHDUO\�DOO�RI�WKHP�DUH�LQFUHDVLQJ�EXW�RQO\�RQH�LV�FRQYH[��
7KLV�JLYHV��S��S� �� ������� IRU�WKH�SUREDELOLW\�LQ�WKH�VTXDUH��7KH�FDVH� RI�WKH�
WULDQJOH�QRZ�IROORZV�UHDGLO\��

:H�DUH�JRLQJ�WR�HVWLPDWH�S�Q��.�� ILUVW�IURP�DERYH�DQG�WKHQ�IURP�EHORZ��:H�
XVH� ������ DQG� ������� $VVXPH� D� VPDOO� SRVLWLYH� �� LV� JLYHQ��DQG� FKRRVH�PR�
DFFRUGLQJ�WR�������DQG�OHW�P�!�PR��
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)RU�WKH�XSSHU�HVWLPDWH�ZH�DVVXPH�ILUVW�WKDW�.� LV�D� FRQYH[�SRO\JRQ��LQ�
VSHFLDO�SRVLWLRQ���/HW�8UQ�EH�DQ�RUGHUHG��GHQVH�VHW�RI�XQLW�YHFWRUV�ZLWK�WKH�
H[WUD�FRQGLWLRQ�WKDW�WKH� RXWHU�XQLW�QRUPDOV�WR�WKH� HGJHV� RI�.� DUH� DOO�
FRQWDLQHG�LQ�8UQ���7KLV�LPSOLHV�7K�Q�.� � 7K�DQG�VR�ZH�FDQ�DSSO\���������7KLV�LV�
WKH�RQO\�SRLQW�ZKHUH�.� KDV�WR�EH�D�SRO\JRQ���:H�FRQWLQXH�������XVLQJ��������

������ 3�>;�FRQYH[��<� �X�PD[�;@� �� �Q� �� N���!
�+� ����
�� 3K���3K��� ���

ZLWK� WKH� SUHYLRXV� UHPDUN� DERXW� (��� +HUH� ��7K�3��SK� ���SK� �� ������� ��

���H�7K� KS��3
� DQG�LW�LV�HDV\�WR�VKRZ�WKDW�WKH�SURGXFW��RYHU�K� � �������� ��N��RI�WKH�
ODVW�H[SUHVVLRQ�LV�PD[LPDO��VXEMHFW�WR�WKH�FRQGLWLRQ�(S��  � Q��� N��ZKHQ�

��

3K� � �Q� �� N���
(a�� 7a�

�7R�VHH�WKLV��FRQVLGHU�3K� D�SRVLWLYH�UHDO�YDULDEOH�DQG�GHWHUPLQH�WKH�FRQGL��
WLRQDO�PD[LPXP�RI�WKH�ORJDULWKP�RI�WKH�SURGXFW��WKH�FRQGLWLRQ�EHLQJ� �3K� � Q�
�� N���:H�KDYH�WKHQ�

N� ��7K�� 3� N�

,�� ���� �� �� )����H�7,-�3K��3�+3K���3K� "� ���� ��
��H7�Ma�

�Q� �� N�

��H��(� 7�� �� ��H� 7�<��
N� �Q� �N��� �� ��Q� �N���

ZKHUH�7�<�� LV�WR�EH�XQGHUVWRRG�DV��(� 7K��RU�DV� 7�[L�O���� ����� [L�P���SRVVLEO\�
ZLWK�UHSHDWHG�HOHPHQWV��:H�FRQWLQXH�������E\�REVHUYLQJ�WKDW�WKH�QXPEHU�RI�
WHUPV�LQ�WKH�VXP�LV���� ���

3>�;�FRQYH[��<� � X�PD[�;@�

������
"aaa��Q��N���Q� M�� H�H7� �<��� Q��

������ a� a� �� �N��� N���� �_��Q� �N����

��H�� H�7��� \��
Q�N�

$FFRUGLQJ�WR��������DQG�WKH�FKRLFH�RI�P��7�<�� ��$�.�� �� ��� 5HWXUQLQJ�QRZ�
WR�������ZH�VHH�WKDW�HDFK�LQWHJUDO�LV�ERXQGHG�E\�WKH�ULJKW�KDQG�VLGH�RI�WKH�ODVW�
IRUPXOD�ZLWK�7�<�� UHSODFHG�E\�$�.�� �� ��� 7KH�QXPEHU�RI�WHUPV�RI�WKH�VHFRQG�
VXP�LQ�������LV�HTXDO�WR�WKH�QXPEHU�RI�ZD\V�WR�SDUWLWLRQ�>LP@�LQWR�N�FRQWLJXRXV�
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LQWHUYDOV��WKDW�LV������ 6R�ZH�LQIHU�

3'>�;�FRQYH[@��� (� �P���Q� �Q��Q�
�����MH�$�

P��PH�� ��$��.�B��� ��
��Q� �� 0��� ��

+HUH�P�LV�IL[HG�DQG�GHSHQGV�RQO\�RQ���� 62�IRU�ODUJH�HQRXJK�Q�ZH�KDYH�

Q� H��
Q�9S�Q.�� �� ���$�.�� ����� ��

1RZ�OHW�.�(��� EH�DUELWUDU\�ZLWK�DUHD� .� � ���&KRRVH�D�FRQYH[�SRO\JRQ�3�
FRQWDLQLQJ�.� VR�WKDW�$�3�� ��$�.�� �� ���:ULWLQJ�=���IRU�D�UDQGRP�Q�WXSOH�RI�
SRLQWV�IURP�3� ZH�KDYH�

S�Q�.��  � 3'>;,��FRQYH[�LQ�.@�  � :'>=Q�FRQYH[�LQ�3,=�� F.@�

3�>�=���FRQYH[�LQ�3�DQG�=���F�.@�

�3>=Q�F.@�

$UHD�3�?�

������ ��� $UHD.-�
3�

Q@RQYH[LQ3�

�$UHD� 3��
LW�
S�Q� 3�� �� �$UD� S�IQ�H� �$�3�� �� �����

 � �$UD3�� aQ3�"� �$HD� a� �Q��$UHD� 3� ��

H���$�.�� �� ����

�Q��
7R�HVWLPDWH�IURP�EHORZ�ZH�GR�QRW�QHHG�WKH�DX[LOLDU\�SRO\JRQ��6KULQN�ILUVW�

.� DQG�.R��IURP�WKH�RULJLQ��E\�D�IDFWRU�$��� ��VR�WKDW�

$3�$.2��  � $���$3��.2�� !� $3�.2�����

:H�ZLOO�IL[�D� ODUJH�P�VRRQ��'HILQH�=K� DV� WKH�SRLQW�ZKHUH�XK[� UHDFKHV�LWV�
PD[LPXP�LQ�$.R�ZKHUH�ZH�VLPSO\�GHILQH�8K� � >FRV���ZK�P���VLQ����QK�P�@�
IRU�DOO�K�(�>N@��/HW�7M�]�� EH�WKH�WULDQJOH�ERXQGHG�E\�WKH�VHJPHQW�>=K�� =K���

DQG�OLQHV�8K��;� �� =�K��  ���DQG�8K�����;� �� =K���O���  � ���&KRRVH�P�VR�ODUJH�WKDW��IRU�
DOO�K�(�>LP@��WKH�WKLUG�YHUWH[��YK��RI�7K�]���WKH�LQWHUVHFWLRQ�RI�WKH�WZR�OLQHV��LV�
LQ�.� DQG��IXUWKHU��WKH�OHQJWK�RI�WKH�HGJHV�>=�K��9K@� DQG�>9K�� =K���@� LV�DW�OHDVW�
�$�����WDQ�7�P��!� ����P��VLQFH�$�FDQ�EH�FKRVHQ�DV�FORVH�WR���DV�\RX�ZLVK��
>7KH�H[LVWHQFH�RI�VXFK�DQ�P�IROORZV�IURP�������@�)LQDOO\��OHW�%K� EH�WKH�FLUFOH�RI�
UDGLXV���O22P�� ZLWK�=K� (� %K�F� $.R��

6LQFH�ZH�DUH�WR�HVWLPDWH�S�Q��.�� IURP�EHORZ�ZH�FRQFHQWUDWH�RQ�WKH�ODUJH�
WHUPV�LQ�������DQG��������:H�RQO\�FRQVLGHU�WKH�WHUPV�ZLWK�N� �P�DQG�ZLOO�RQO\�
LQWHJUDWH� RYHU� <K�H� %K�� 7KHQ�� VLQFH� %K� LV� YHU\�VPDOO�� <O������ \���DUH� LQ�
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X�FRQYH[�SRVLWLRQ��0RUHRYHU��DOO�YHUWLFHV�RI�WKH�WULDQJOHV�7K� � 7K�\�� EHORQJ�WR�
.��7KXV�7K�\�� Q�. � 7K�\�� DQG�������FDQ�EH�XVHG��DJDLQ��)XUWKHU��VLQFH�$K� LV�
LQ� %K� DQG� WKH� OHQJWK�RI�DQ� HGJH� RI�7K�]�� LV� DW� OHDVW� ����P�� D� OLWWOH�
HOHPHQWDU\�JHRPHWU\�UHYHDOV�WKDW�

7��� \�� "� 7K�=�� ���� ��

8VLQJ�WKLV�LQ�������ZH�VHH�WKDW��DVVXPLQJ�$K�(�%K��
(3>�;�FRQYH[��<� � X�PD[�;@�

"� (� �3L�3�7,7K�<�3,�

������ [� '>�3�K�SRLQWV�IRUP�D�FRQYH[�FKDLQ�LQ�7K��\�@�

"� �Q�� P�� �(
� ���� ��� �LQ� ��7K�]����
�P� a�� 3K�M��3K� �� ���

7KH�IDFWRUV�LQ�WKH�SURGXFW�DUH�DW�OHDVW���7K�]��3��3K� �� ������!� ��H�7K�]��� SK�
�� O�����3K�
��� 7KH�ODVW�H[SUHVVLRQ�LV�PD[LPDO��XQGHU�WKH�FRQGLWLRQ�=�3K� �� ���
�� Q��ZKHQ�

��

�97K�� =��3K� ��",� M]��

8VLQJ�WKLV�DQG�VRPH�VLPSOH�HVWLPDWHV��LW�LV�HDV\�WR�VHH�WKDW�WKH�PD[LPDO�
YDOXH�RI�WKH�ODVW�SURGXFW�LQ�������LV�DW�OHDVW�

�� Q�

H�� �(� �� aaaaa��Q�
H����

7KB��
=�� �O� H����H$�.�� �� ����

��� �� �� ��O� �Q�� �Q��

5HFDOO�WKDW�RQO\�WKH�FDVH�N� �P�LV�FRQVLGHUHG�LQ��������DQG�RQO\�RQH�WHUP�IURP�
WKH�VXP�LQ��������8VLQJ�WKH�ODVW�LQHTXDOLW\�LQ�������DQG�������\LHOGV�

S�Q.�� �Q� �� P�����$�.�� ��� �� �� �,�

[� +����P���� @�
;aaaaaaa�

�� ��H��.�� �� ��H�� �Q�

P�� �Q�� �� �P�

ZKHUH�WKH�VTXDUH�EUDFNHW�FRPHV�IURP�LQWHJUDWLQJ�RYHU�%K�P�WLPHV��7KHQ��IRU�
ODUJH�HQRXJK�Q��

QS�ULS�QW� .��K� �$�.�� ���W�UP�

SURYLQJ�WKH�WKHRUHP��2�
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���3URRI�RI�7KHRUHP� ��� :H�QHHG�IXUWKHU�UHVXOWV�IURP�>�@��$VVXPH�ILUVW�
WKDW�.� LV�LQ�VSHFLDO�SRVLWLRQ��DQG�D�VPDOO�(�!� ��LV�JLYHQ��5HFDOO�WKH�QRWDWLRQ�
:�.��  �^6� F�:��6� F�.`��/HPPD���IURP�>�@�VWDWHV�WKH�IROORZLQJ��

7KHUH� DUH�KDOISODQHV�+������� +S��HDFK� ZLWK������ H����.R� "�+L�� DQG�
SRLQWV�]��� ������ ]T� F�.�Q�G����� H����.R�� ZKHUH�S� DQG� T� DUH� DW�PRVW�

������ FRQVW�H�� VXFK� WKDW� WKH�IROORZLQJ�KROGV�� )RU� HYHU\�&�F�:�.�� ZLWK�
��&�� .2�� !� D�� HLWKHU� WKHUH� LV� DQ� L�F�>S@� ZLWK� &� F�+L� RU� WKHUH� LV� DQ�
M�F� >T@�ZLWK� ]�� F� &��

$FWXDOO\��/HPPD���LQ�>�@�LV�VWDWHG�ZLWKRXW�������LQ��WKHUH�H[LVWV��T�!� ���
IRUP��EXW�WKH�VDPH�SURRI�ZLWK�VLPSOH�DQG�JHQHURXV�FRPSXWDWLRQV�VKRZV�WKH�
YDOLGLW\�RI�������� 7KH� VHFRQG�WKLQJ�ZH� QHHG� LV� D� SRLQWHG�YHUVLRQ�RI�WKH�
H[LVWHQFH�DQG�XQLFLW\�RI�.R��7KHRUHP���LQ�>�@���

)RU�HYHU\�.�F�:�DQG� HYHU\�]�F�.� WKHUH�LV� D� XQLTXH� .2�]�� F�:�.��
������ FRQWDLQLQJ�]�VXFK�WKDW�$3�.2�]��� !�$3�6�� IRU�HYHU\�FRQYH[�6� F�:�.��

ZLWK�]�F�6��GLIIHUHQW�IURP�.R�]���

$VVXPH�QRZ�Q�LV�ODUJH��;Q�LV�D� UDQGRP�Q�VDPSOH�IURP�.��ZULWH�&Q� �
FRQY�;Q��/HW� (M� DQG� )M��UHVSHFWLYHO\��GHQRWH�WKH�HYHQW�WKDW�;Q�F�+L�� DQG�
]��F�&Q��DQG�*�WKH�HYHQW�WKDW�;Q�LV�LQ�FRQYH[�SRVLWLRQ��:H�ZDQW�WR�ERXQG�

Z'>��&.2�� !� H,*@� �� 3>��&Q� .R�� !� (�DQG�*@�
ULaaaaa3>� *@�

%\��������WKH�QXPHUDWRU�LV�VPDOOHU�WKDQ�
3� T�

/3'>(U� Q�*@� �� /'>)M� Q�*@��
�� ��

7KH�XQLFLW\�RI�.R�DQG�������LPSO\�WKH�H[LVWHQFH�RI��T�!� ��VXFK�WKDW�$�.� Q�+L��
�� ��T���$�.�� DQG�$3�.2�]M��� ����T���$�.��� 1RZ�IRU�ODUJH�HQRXJK�Q��7KHR��
UHP���HQVXUHV�

������ 3(*@� !� �H��$�.���
1H[W�ZH�HVWLPDWH�3>�(L�Q�*@��8VLQJ�7KHRUHP���ZH�KDYH�

3>�(L�Q�*@�  � >;Q�F�+L�DQG�;Q�FRQYH[@�

 � 3>;Q�FRQYH[,;���F+L@3>;Q� &+L@�

^$UHD�.� Q�+L��
S�Q�� .Q� +L��

������ �H��$�.� Q�+L�� �� �����
Q�
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(VWLPDWLQJ�3>�)M�Q�*@�LV�VLPLODU�EXW�RQH�KDV�WR�EH�PRUH�FDUHIXO��:H�KDYH�WR�
UHSHDW�WKH�SURRI�RI�7KHRUHP����XSSHU�ERXQG��ZLWK�WKH�H[WUD�FRQGLWLRQ�]� *(�&����
�)RU�WKH�VDNH�RI�VLPSOLFLW\�ZH�LJQRUH�WKH�XVH�RI�WKH�DX[LOLDU\�SRO\JRQ���$W�WKH�
YHU\�VWDUW�RI�WKH�SURRI�ZH�GHILQHG�[L��� ������� [L�P��ZKLFK�ZDV�DEEUHYLDWHG�DV�<�
DIWHU�JHWWLQJ�ULG�RI�UHSHWLWLRQV��7KLV�JLYHV�ULVH�WR�WKH�FRQYH[�SRO\JRQ��ZKLFK�
FOHDUO\�GHSHQGV�RQO\�RQ�<���

3�<��  � �[�� 8K��[��;L�K��� �� ��IRU�K�(� >�P@���

1RZ�WKH�SURRI�JRHV�XQFKDQJHG�XS� WR�������� WKLV�WLPH�ZLWK�WKH�FRQGLWLRQ�
]�( � &��� ZKLFK�LPSOLHV�]M�(�3�<�� EHFDXVH�&���F�3�<��� :H�FODLP�WKDW�7�<�� ��

�T���$3�.R�]M��� SURYLGHG�P�LV�ODUJH�HQRXJK��
7KH�SURRI�LV�DOPRVW�LGHQWLFDO�WR�WKDW�RI���������$VVXPH�WKH�FODLP�LV�IDOVH��

7KHQ�WKHUH�LV�D�VHTXHQFH�RI�<
V�ZLWK�ODUJHU�DQG�ODUJHU�P
V�VR�WKDW�7�<�� �� �T�
!�$3�.R�]����� 'HILQH�WKH�FRQYH[�ERG\�0�<�� DV�LQ���������7KHQ�0�<�� F�3�<��
DQG� $3�0�<���  �7�<��� &KRRVH� D� FRQYHUJHQW�VXEVHTXHQFH� RI�WKH�0�<�
V�
ZLWK�OLPLW�0�(� :�.��� (YLGHQWO\�]M�(� 0��6LQFH�WKH�DIILQH�SHULPHWHU�LV�XSSHU�
VHPLFRQWLQXRXV��VHH�>��@���$3�0�� �� �T�"�$3�.R�]���� D�FRQWUDGLFWLRQ��

1RZ��ZLWK�WKH�FODLP�MXVW�SURYHG��WKH�LQHTXDOLW\�7�<�� ��$3�.R�]M��� �� �����
$�.�� �� ����FDQ�EH�XVHG�LQ��������6R�ZH�KDYH��UHSHDWLQJ�WKH�VDPH�VWHSV��

�� ���

L3>)M�Q�*@� �� �� ���.�� ��T��

1RZ��������������DQG�������VKRZ�

3>��&� �.R�� !� ��*@� "� �S� ��T��$�.�� ���

ZKLFK�LV�YHU\�VPDOO�ZKHQ�Q�LV�ODUJH��/,�

���3URRI�RI�7KHRUHP� ��� :H�DUH�WR�HVWLPDWH�

���

(O� 4�;Q��  � (� (� 3>�[L������ [LN� FRQYH[@�

������ N��[L���
[L��

/����N� 3><��� ������� <N�FRQYH[@�

ZKHUH�<������ <N� DUH�UDQGRP��LQGHSHQGHQW��XQLIRUP�SRLQWV�IURP�.�� *LYHQ�
��!� ��� FKRRVH�QR��E\�7KHRUHP����VR�ODUJH�WKDW�IRU�P�"� QR��

������ �H�$�.�� ��,� ��
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/HW� N��� ���$�.����� �� �Q� DQG� DVVXPH� N� LV� DQ� LQWHJHU�DQG� Q�LV� VR�
ODUJH�WKDW�N�!� QR��7KHQ�WKH�NWK�WHUP�LQ�WKH�ODVW�OLQH�RI�������LV�DW�OHDVW�

H[S��� �����$�.�� Q������ ��

DV�RQH�FDQ�HDVLO\�FKHFN��
7R�ERXQG�(,4�;���O�IURP�DERYH��FKRRVH�Q�VR�ODUJH�WKDW�

� �9�$�.����� ��

LV�PXFK�ODUJHU�WKDQ�QR��:H�FDQ�HVWLPDWH�WKH�VXP�LQ�WKH�ODVW�OLQH�RI�������DV�

(,a� aa� � ]��� H����N��� QR�� ,�
N��3�

"� Q����H�$�.����"� "�� N�

ZKHUH�ZH�XVHG�������DV�ZHOO��7KH�PD[LPDO�WHUP�LQ�WKH�VHFRQG�VXP�RFFXUV�DW�
N� � N��DQG� WXUQV�RXW�WR�EH� VPDOOHU�WKDQ�H[S^�� �����$�.�Q������ �� �����`��

\LHOGLQJ�

(,4��;��_,�� Q
� ��Q�H[S^�� ����$��.�Q������ ���� ������

"� H[S^�� �����$�� .�Q� H$������ �`�

��� 3URRI� RI�7KHRUHP� ��� :H�KDYH� WR�HVWLPDWH�WKH�H[SHFWDWLRQ�RI�WKH�
QXPEHU�RI�3�(�4�;����WKDW�VDWLVI\���3��.R�� !� ���:H�XVH������� DQG�HVWLPDWH�
WKH�H[SHFWDWLRQV�RI�3�(�4�;Q��VDWLVI\LQJ�3�F�+L��DQG�]��&�3��UHVSHFWLYHO\��

7KH�SUHYLRXV�VHFWLRQ�FRQWDLQV�ERXQGV�IRU�,3
>�;N�F�+L��;N�FRQYH[@�DQG�DOVR�
IRU�'>�]M�(��;,��;N�FRQYH[@��8VLQJ�WKHP�WKH�ZD\�ZH�FRPSXWHG�(,4�;���/��WKHUH�
LV�QR�GLIILFXOW\�FRPSOHWLQJ�WKH�SURRI��/��

$FNQRZOHGJPHQWV�� 0\�WKDQNV�DUH�GXH�WR�5LFN�9LWDOH�ZKR�VXJJHVWHG�
WKDW�WKH�UDQGRP�DQDORJXH�RI��������WKDW�LV��7KHRUHP����PD\�EH�WUXH��$FWXDOO\��
LW�ZDV�KLV�TXHVWLRQ�DQG�P\�FRQYLFWLRQ��WKDW�UDQGRP�SRLQWV�DQG�ODWWLFH�SRLQWV�
EHKDYH� VLPLODUO\�LQ�JHQHULF�FRQYH[�ERGLHV�� WKDW�OHG�WR�WKH�UHVXOWV�RI�WKLV�
SDSHU��,�DOVR�WKDQN�3DYHO�9DOWU�IRU�FRPPHQWV�DQG�VXJJHVWLRQV�DQG�IRU�FDUHIXO�
FKHFNLQJ�RI�WKH�PDQXVFULSW��

5()(5(1&(6�

>�@�%$5$N1<��,���������� 7KH�OLPLW�VKDSH�RI�FRQYH[�ODWWLFH�SRO\JRQV��'LVFUHWH�&RPSXW��*HRP�����
���������

>�@�%;5NL1<��,���������� $IILQH�SHULPHWHU�DQG�OLPLW�VKDSH��-��5HLQH�$QJHZ��0DWK�������������
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>�@�%$501<��,��DQG�)'5(',��=���������� 2Q�WKH�VKDSH�RI�WKH�FRQYH[�KXOO�RI�UDQGRP�SRLQWV��3UREDE��
7KHRU\�5HODWHG�)LHOGV� ������������

>�@� %$5$1<��,���527(��*���67(,*(5��:�� DQG� =+$1*�� &�� �������� $�FHQWUDO� OLPLW�WKHRUHP� IRU�UDQGRP�
FRQYH[�FKDLQV��'LVFUHWH�&RPSXW��*HRP��7R�DSSHDU��

>�@�%$5N1<��,��DQG�9(56+,.��$��0���������� 2Q�WKH�QXPEHU�RI�FRQYH[�ODWWLFH�SRO\WRSHV��*$)$�-����
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>�@�%/$6&+.(��:���������� 9RUOHVXQJHQ�MLEHU�'LIIHUHQ]LDOJHRPHWULH�,,�� $IILQH�'LIIHUHQ]LDOJHRPH��
WULH��6SULQJHU��%HUOLQ��

>�@�%8&+7$��&���������� 2Q�D�FRQMHFWXUH�RI�5��(��0LOHV�DERXW�WKH�FRQYH[�KXOO�RI�UDQGRP�SRLQWV��
0RQDWVK��0DWK��������������

>�@�*58%(5��3�� 0���������� $VSHFWV�RI�DSSUR[LPDWLRQ�RI�FRQYH[�ERGLHV��,Q�+DQGERRN�RI�&RQYH[�
*HRPHWU\������������1RUWK�+ROODQG��$PVWHUGDP��

>�@�+267,16.<��%���������� 6XU�OHV�SUREDELOLW�V�J�RP�WULTXHV��3XEO��)DF�� 6FL��8QLY��%UQR��
>��@�.,1*0$1��-��)��&���������� 5DQGRP�VHFDQWV�RI�D�FRQYH[�ERG\��-��$SSO��3UREDE�������������
>��@�/(,&+7:(,66�� .�� �������� =XU� $IILQREHUIO$FKH�NRQYH[HU�.GUSHU��0DQXVFULSWD� 0DWK�� ���

���������
>��@�/87:$.��(���������� ([WHQGHG�DIILQH�VXUIDFH�DUHD��$GY��0DWK������������
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