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)ULHGODQG�DQG�0LOQRU�>)0@�KDYH�VKRZQ�WKDW�IURP�D�G\QDPLFDO�SRLQW�RI�YLHZ�
WKH�SRO\QRPLDO�GLIIHRPRUSKLVPV�RI�&��IDOO�QDWXUDOO\�LQWR�WZR�FODVVHV��7KH�ILUVW�
FODVV�FRQVLVWV�RI�GLIIHRPRUSKLVPV�ZLWK�VLPSOH�G\QDPLFV��7KH�GLIIHRPRUSKLVPV�
LQ�WKLV�FODVV�KDYH�SHULRGLF�SRLQWV�RI�DW�PRVW�ILQLWHO\�PDQ\�SHULRGV�DQG�WRSRORJLFDO�
HQWURS\�]HUR��7KH�VHFRQG�FODVV�FRQWDLQV�WKH�ZHOO�NQRZQ�+HQRQ�PDS�

I�[�\� � �\�\� ��D[��F���
7KH�GLIIHRPRUSKLVPV�LQ�WKLV�FODVV�KDYH�FRPSOLFDWHG�G\QDPLFV��LQ�SDUWLFXODU��
WKH\�KDYH�SHULRGLF�SRLQWV�RI�LQILQLWHO\�PDQ\�SHULRGV�DQG�SRVLWLYH�WRSRORJLFDO�
HQWURS\��VHH�>)0��6@���

:H�FDQ�GLVWLQJXLVK�EHWZHHQ�WKHVH�FODVVHV�E\�FRQVLGHULQJ�WKH�JURZWK�RI�WKH�
GHJUHHV�RI�LWHUDWHV�RI�WKH�GLIIHRPRUSKLVP��'HILQH�GHJ�I���WR�EH�WKH�PD[LPXP�
RI�WKH�GHJUHHV�RI�WKH�FRRUGLQDWH�IXQFWLRQV��7KLV�TXDQWLW\�LV�QRW�D�FRQMXJDF\�
LQYDULDQW�RI�I��KHQFH�QRW�D�G\QDPLFDO�LQYDULDQW��:H�FDQ�FRQVWUXFW�D�FRQMXJDF\�
LQYDULDQW��ZKLFK�ZH�FDOO�WKH�G\QDPLFDO�GHJUHH��DV�IROORZV��

G� �G�I��  � OLP��GHJIQ�,�Q� � OLP��GHJI�R� ��R�I�� Q��
Q�
RR� Q�
RR�

7KH�PDSV�ZLWK�VLPSOH�G\QDPLFV�DUH�WKRVH�ZLWK�G� � ��� 7KH�PDSV�ZLWK�FRP��
SOLFDWHG�G\QDPLFV�DUH�WKRVH�ZLWK�G�!� ���LQ�WKH�UHPDLQGHU�RI�WKH�SDSHU�ZH�ZLOO�
UHVWULFW�RXU�DWWHQWLRQ�WR�WKLV�VHFRQG�FODVV��

,Q�VWXG\LQJ�SRO\QRPLDO�GLIIHRPRUSKLVPV�RI�&�� LW�LV�RIWHQ�XVHIXO�WR�PDNH�
DQDORJLHV�ZLWK�WKH�WKHRU\�RI�SRO\QRPLDO�PDSV�RI�&�� ,I�J�LV�D�SRO\QRPLDO�PDS�
RI�&�WKHQ�

.� � ^T�(�&�� ^JQ�T�� ��Q� � ������������`� LV�ERXQGHG`�
LV�WKH��ILOOHG�-XOLD�VHW���DQG�WKH�ERXQGDU\�RI�.� LV�WKH�-XOLD�VHW��ZKLFK�LV�GH��
QRWHG�E\�-��$QDORJRXV�WHUPLQRORJ\�IRU�SRO\QRPLDO�GLIIHRPRUSKLVPV�KDV�EHHQ�
LQWURGXFHG�LQ�>+2@��ZKHUH�WKH�DXWKRUV�GHILQH�

.�  �̂ T�(�&^�� I� Q�T���Q� �������������`� LV�ERXQGHG`��
5HFHLYHG�E\�WKH�HGLWRUV�$XJXVW�����������
�����0DWKHPDWLFV�6XEMHFW�&ODVVLILFDWLRQ��3ULPDU\���)������+����
7KH�ILUVW�DXWKRU�ZDV�SDUWLDOO\�VXSSRUWHG�E\�16)�JUDQW�'06����������7KH�VHFRQG�DXWKRU�ZDV�

SDUWLDOO\�VXSSRUWHG�E\�16)�JUDQW�'06����������

L� �����$PHULFDQ�0DWKHPDWLFDO�6RFLHW\�
��������������������������SHU�SDJH�

����
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DQG�IXUWKHUPRUH�-$� R.��� .� �.��Q�.��� DQG-� � -��Q�-� ��$�SRLQW�S�
LV�VDLG�WR�EH�SHULRGLF�LI�JP�S�� �S�IRU�VRPH�P�!� ���$�SHULRGLF�SRLQW�S�(�&�
LV�H[SDQGLQJ�LI�M'JP�S�M�!� ���$�IXQGDPHQWDO�UHVXOW�RI�)DWRX�DQG�-XOLD�GDWLQJ�
IURP�DSSUR[LPDWHO\������LV�WKH�G\QDPLFDO�FKDUDFWHUL]DWLRQ�RI�WKH�-XOLD�VHW�DV�
WKH�FORVXUH�RI�WKH�VHW�RI�H[SDQGLQJ�SHULRGLF�SRLQWV��,Q�WKLV�SDSHU�ZH�ZLOO�SURYH�
DQ�DQDORJRXV�G\QDPLFDO�FKDUDFWHUL]DWLRQ�RI�WKH�VHWV�-� ��

7KH�VWDEOH�DQG�XQVWDEOH�VHWV�RI�D�SRLQW�S�DUH�GHILQHG�DV�

:V�S�� � ^T�� OLP�G�IQ�S��� II��T���  �"�

:�X�S�� � ^T�� OLP�G�I� �S���II��T��� ��`��

/HW�S�(�&��EH�D�SHULRGLF�SRLQW�ZLWK�HLJHQYDOXHV�$��DQG�$��RI�'IP�S��ODEHOHG�
VR�WKDW�-$,,��� L$����� :H�VD\�S� LV�D�VDGGOH�LI�,$,<��� ���� L$����� ,I�S� LV�D�VDGGOH�
WKHQ�LW�IROORZV�IURP�WKH�6WDEOH�0DQLIROG�7KHRUHP�WKDW�WKH�VWDEOH�DQG�XQVWDEOH�
VHWV�RI�S�DUH�LPPHUVHG�FRPSOH[�PDQLIROGV�ELKRORPRUSKLFDOO\�HTXLYDOHQW�WR�&��

2XU�G\QDPLFDO�FKDUDFWHUL]DWLRQ�RI�-"� LV�JLYHQ�E\�WKH�IROORZLQJ�WKHRUHP��

7KHRUHP����/HW�I�EH�D�SRO\QRPLDO�GLIIHRPRUSKLVP�RI�&��VDWLVI\LQJ�G�I�� !� ���
/HW�S� EH�D�VDGGOH�SRLQW�RI�I��� 7KHQ�-�� LV�WKH�FORVXUH�RI�WKH�VWDEOH�PDQLIROG�
:V�S��DQG�-�� LV�WKH�FORVXUH�RI�:8�S���
7KHRUHP���ZDV�FRQMHFWXUHG�E\�-��+XEEDUG��)RU�WKH�VSHFLDO�FDVH�RI�K\SHUEROLF�

GLIIHRPRUSKLVPV�WKLV�UHVXOW�ZDV�SURYHG�LQ�>%6��@��
$�SHULRGLF�SRLQW�S�LV�D�VLQN�LI�ERWK�HLJHQYDOXHV�RI�'IP��S��DUH�OHVV�WKDQ�RQH�

LQ�DEVROXWH�YDOXH��,I�S�LV�D�VLQN��WKHQ�WKH�VHW�:V��S��LV�DQ�RSHQ�VHW�FRQWDLQLQJ�S��
ZKLFK�LV�FDOOHG�WKH�EDVLQ�RI�DWWUDFWLRQ�RI�S���7KH�EDVLQ�RI�DWWUDFWLRQ�RI�D�VLQN�LV�
ELKRORPRUSKLFDOO\�HTXLYDOHQW�WR�&���FI��>55@���DQG�LI�G�I��!� ����WKHQ�LW�FDQQRW�

�� ��EH�DOO�RI�&� �� 3URSHU�VXEVHWV�RI�&� WKDW�DUH�ELKRORPRUSKLFDOO\�HTXLYDOHQW�WR�
&� DUH�NQRZQ�DV�)DWRX�%LHEHUEDFK�GRPDLQV��6RPH�UHVXOWV�RQ�WKH�JHRPHWU\�RI�
)DWRX�%LHEHUEDFK�GRPDLQV�FRQVWUXFWHG�IURP�SRO\QRPLDO�GLIIHRPRUSKLVPV�DUH�
FRQWDLQHG�LQ�>%6�@��+HUH�ZH�SURYH�
7KHRUHP����7KH�ERXQGDU\�RI�DQ\�EDVLQ�RI�DWWUDFWLRQ�LV�-����

,W�LV�SRVVLEOH�WR�FRQVWUXFW�SRO\QRPLDO�GLIIHRPRUSKLVPV�ZLWK�DUELWUDULO\�PDQ\�
EDVLQV�RI�DWWUDFWLRQ��$FFRUGLQJ�WR�7KHRUHP���WKHVH�EDVLQV�PXVW�VKDUH�D�FRPPRQ�
ERXQGDU\��6XFK�H[DPSOHV�DUH�UHPLQLVFHQW�RI�WKH��ODNHV�RI�:DGD��FRQVWUXFWLRQ�
RI�WKUHH�UHJLRQV�LQ�WKH�VSKHUH�ZLWK�WKH�VDPH�ERXQGDU\��,Q�VXFK�H[DPSOHV�WKH�
JHRPHWU\�RI�WKH�UHJLRQV�LV�IRUFHG�WR�EH�TXLWH�LQWULFDWH��

&RUROODU\����,I�I� KDV�PRUH�WKDQ�RQH�EDVLQ�FRPSRQHQW�WKHQ�-��LV�QRW�DQ�HP��
EHGGHG�WRSRORJLFDO�PDQLIROG�DW�DQ\�SRLQW��
3URRI��/HW�T�EH�D�SRLQW�RI�-��� ,I�-��ZHUH�DQ�HPEHGGHG�PDQLIROG�DW�T�ZH�
FRXOG�ILQG�D�QHLJKERUKRRG�8�RI�T�VR�WKDW�8���-��KDV�WZR�FRPSRQHQWV��6LQFH�
-��LV�WKH�ERXQGDU\�RI�.���WKH�VHW�8��-��PXVW�PHHW�WKH�FRPSOHPHQW�RI�.����
%\�7KHRUHP���WKH�VHW�8���-��DOVR�PHHWV�DOO�EDVLQ�FRPSRQHQWV��7KXV�WKHUH�FDQ�
EH�DW�PRVW�RQH�EDVLQ�FRPSRQHQW��
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,Q�"���ZH�GLVFXVV�UHFXUUHQW�GRPDLQV��ZKLFK�ZH�GHILQH�WR�EH�FRQQHFWHG�FRP��
SRQHQWV�RI�LQW�.�� ZLWK�VRPH�IRUP�RI�UHFXUUHQFH��EDVLQV�RI�DWWUDFWLRQ�DUH�D�
VSHFLDO�FDVH��:H�VKRZ�WKDW�DOO�UHFXUUHQW�GRPDLQV�DULVH�HLWKHU�DV�EDVLQV�RI�DW��
WUDFWLRQ�RI�VLQNV��6LHJHO�GLVNV��RU�+HUPDQ�ULQJV��,Q�WKH�FDVH�RI�D�6LHJHO�GLVN�RU�
+HUPDQ�ULQJ��ZH�VKRZ�WKDW�I�LV�DFWXDOO\�FRQMXJDWH�WR�WKH�UHVWULFWLRQ�RI�D�OLQHDU�
PDS��:H�DOVR�VKRZ�WKDW�WKH�DQDORJ�RI�7KHRUHP���KROGV�IRU�WKHVH�GRPDLQV��,Q�
IDFW��WKH�VHWWLQJ�RI�UHFXUUHQW�GRPDLQV�VHHPV�WR�EH�PRVW�QDWXUDO�IRU�WKH�WHFKQLTXH�
RI�WKH�SURRI�RI�7KHRUHP����

2XU�DSSURDFK�ZLOO�EH�WR�REWDLQ�LQIRUPDWLRQ�RQ�-��E\�VWXG\LQJ�WKH�FXUUHQW�
�X���ZKRVH�VXSSRUW�LV�H[DFWO\�-��� ,Q�""����ZH�VKRZ�WKDW�X��LV�WKH�OLPLW�RI�
FXUUHQWV�RI�WKH�IRUP��G��Q�>IQ0@��ZKHUH�0� LV�D�FHUWDLQ�FRPSOH[�PDQLIROG��
DQG�>IQ�0@� GHQRWHV�WKH�FXUUHQW�RI�LQWHJUDWLRQ�RYHU�WKH�VHW�IQ�0�� ,W�KDG�
EHHQ�VKRZQ�HDUOLHU�LQ�>%6���@�WKDW��X��FRXOG�EH�REWDLQHG�WKLV�ZD\�ZKHQ�0�

��ZDV�DQ�DOJHEUDLF�VXEYDULHW\�RI�&��� +HUH�ZH�REWDLQ�WKH�PRUH�XVHIXO�UHVXOW�
�7KHRUHP����WKDW�LW�VXIILFHV�WR�WDNH�0� WR�EH�DQ�DQDO\WLF�GLVN�VDWLVI\LQJ�UDWKHU�
PLQLPDO�K\SRWKHVHV��3HUKDSV�WKH�PDLQ�LQJUHGLHQW�WR�WKH�SURRI�RI�7KHRUHP���LV�
D�XQLTXHQHVV�UHVXOW��3URSRVLWLRQ����WKDW�FKDUDFWHUL]HV�X��DV�WKH�XQLTXH�SRVLWLYH�
FORVHG�FXUUHQW�VXSSRUWHG�RQ�-���ZKLFK�KDV�WKH�FRUUHFW�LQYDULDQFH�XQGHU�I��L�H���
NI
9� � �� 7KLV�LV�SURYHG�LQ�"���
:H�GHWHUPLQH�WKH�QRQZDQGHULQJ�DQG�WKH�FKDLQ�UHFXUUHQW�VHWV�IRU�SRO\QRPLDO�

GLIIHRPRUSKLVPV��7KHVH�DUH�VHWV�RI�SRLQWV�LQ�&�� WKDW�KDYH�FHUWDLQ�W\SHV�RI�
UHFXUUHQW�EHKDYLRU��7KH�FDVH�RI�GLIIHRPRUSKLVPV�WKDW�GR�QRW�SUHVHUYH�YROXPH�
DSSHDUV�LQ�"��� 7KH�YROXPH�SUHVHUYLQJ�FDVH�DSSHDUV�LQ�WKH�DSSHQGL[��,Q�WKH�
DSSHQGL[�ZH�DOVR�GLVFXVV�6LHJHO�GLVNV�DQG�+HUPDQ�ULQJV�LQ�WKH�YROXPH�SUHVHUYLQJ�
FDVH��

���&219(5*(1&(� 72� �8�

3RO\QRPLDO�GLIIHRPRUSKLVPV�RI�&�� QHFHVVDULO\�KDYH�SRO\QRPLDO�LQYHUVHV�
DQG�DUH�RIWHQ�FDOOHG�SRO\QRPLDO�DXWRPRUSKLVPV��$FFRUGLQJ�WR�>)0@�DQ�DX��
WRPRUSKLVP�I�ZLWK�G�I���!� ��LV�FRQMXJDWH�WR�DQ�DXWRPRUSKLVP�RI�WKH�IRUP�
I� �I�R"� "�IP�;�ZKHUH�HDFK�I,�LV�D�JHQHUDOL]HG�+HQRQ�PDSSLQJ��ZKLFK�KDV�WKH�
IRUP�

I��[��\�� � �\��SM�\����DM[���
ZKHUH�SM�\��LV�D�SRO\QRPLDO�RI�GHJUHH�DW�OHDVW���DQG�DM� LV�D�QRQ]HUR�FRPSOH[�
QXPEHU��:LWKRXW�ORVV�RI�JHQHUDOLW\�ZH�ZLOO�DVVXPH�WKDW�RXU�PDSV�DUH�QRW�VLPSO\�
FRQMXJDWH�WR�PDSV�RI�WKH�IRUP�I� �IL�R� R�IP�EXW�DUH�DFWXDOO\�HTXDO�WR�PDSV�
RI�WKLV�IRUP��)RU�VXFK�PDSV�G�I��� �GHJ�I�� � UO�GHJ�IL���:H�QRWH�WKDW�WKH�
-DFRELDQ�GHWHUPLQDQW���I���LV�FRQVWDQW�DQG�  � +O�D� ��,Q�WKLV�SDSHU�ZH�W\SLFDOO\�
DVVXPH� ��� �� ��� 7KH�FDVH� �M��!��� FDQ�EH�WUHDWHG�E\�UHSODFLQJ�I�E\�DI� ��,I�


$GGHG�LQ�SURRI��5HODWHG�UHVXOWV�KDYH�EHHQ�REWDLQHG�E\�-��(��)RUQDHVV�DQG�1��6LERQ\�LQ�WKHLU�
SUHSULQW�&RPSOH[�+HQRQ�PDSSLQJV�DQG�)DWRX�%LHEHUEDFK�GRPDLQV��,Q�SDUWLFXODU��WKH\�JLYH�D�JHQHUDO�
XQLTXHQHVV�WKHRUHP�IRU�SRVLWLYH��FORVHG�FXUUHQWV�7�VDWLVI\LQJ�G�,I�
�7� �7��VXEMHFW�WR�D�FRQGLWLRQ�
RQ�WKH�VXSSRUW�RI�7��
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����� ��WKHQ�LW�LV�HDV\�WR�VKRZ��VHH�>)0@��WKDW�.� KDV�QR�LQWHULRU�VR�.�  �-��
7KHUH�LV�D�ILOWUDWLRQ�IRU�I�DV�GLVFXVVHG�LQ�>%6�@�� :H�UHFDOO�VRPH�RI�LWV�

SURSHUWLHV�KHUH��:H�FDQ�ZULWH�&�� DV�D�GLVMRLQW�XQLRQ�&�� � 9�8�9�� 8�9���
7KH�VHW�9� KDV�WKH�SURSHUW\�WKDW�I�9��� F� 9��VR�RQFH�D�SRLQW�HQWHUV�9��
LW�UHPDLQV�LQ�9� �� )XUWKHUPRUH�IQ��S�� GLYHUJHV�WR�LQILQLW\�DV�Q��
� RR�LI�DQG�
RQO\�LI�IQ��S��(� 9� IRU�VRPH�SRVLWLYH�Q�� 7KH�VHW�9�� KDV�WKH�SURSHUW\�WKDW�
I�,�9��� F� 9�� DQG�IQI�S��GLYHUJHV�WR�LQILQLW\�DV� Q��
� �RF� LI�DQG�RQO\�LI�
IQ��S��(� 9��IRU�VRPH�QHJDWLYH�Q�� 7KH�VHW�9� LV�FRPSDFW��6LQFH�.� LV�D�FORVHG�
VXEVHW�RI�9��WKH�VHW�.� LV�FRPSDFW��
:H�ZLOO�DW�WLPHV�ILQG�LW�FRQYHQLHQW�WR�SDVV�WR�KLJKHU�SRZHUV�RI�WKH�PDSSLQJ�

I��,W�IROORZV�IURP�WKH�REVHUYDWLRQV�DERYH�WKDW�WKH�VHWV�.�"� DUH�XQFKDQJHG�LI�
ZH�UHSODFH�I�E\�IQ�IRU�Q�!� ���

7KH�IXQFWLRQ�
*��;��<�� � OLP��G��Q��ORJ�� ,I�"Q�;�� <�O�

JLYHV�WKH�UDWH�RI�HVFDSH�RI�WKH�RUELW�RI��[��\��WR�LQILQLW\�LQ�IRUZDUG�EDFNZDUG�
WLPH�� *"� LV�FRQWLQXRXV�RQ�&���� *$�LV�SOXULKDUPRQLF�RQ�^*� !� 2`��DQG�
.�  � ^*"� �2`��7KLV�VHUYHV�DV�WKH�*UHHQ�IXQFWLRQ�IRU�."� ZLWK�ORJDULWKPLF�
VLQJXODULW\�DW�LQILQLW\��DQG�LW�VDWLVILHV�WKH�IXQFWLRQDO�HTXDWLRQ�

**��I� � *�
:H�ZLOO�PDNH�XVH�RI�WKH�RSHUDWRU�GGF� � �L��� ZKHUH�

���
DL� aG]��$� G]N�

��M�N��� L� N�

:H�GHILQH�WKH�FXUUHQW�M"� �� GGF*"�� DQG�WKH�VXSSRUW�RI�S�"� LV�H[DFWO\�-"��
:H�PD\�YLHZ�HTXDWLRQ�����LQ�WHUPV�RI�WKH�SXOO�EDFN�RI�*$�XQGHU�I"��7KXV�LW�
LV�QDWXUDO�WR�FRQVLGHU�WKH�HTXDWLRQ�

�� "�
� "� "�

IRU�WKH�SXOO�EDFNV�RI�X"��ZKHUH�ZH�GHILQH�I
-X� GGF�I
*"��� 7KHVH�IDFWV�
DUH�FRQWDLQHG�LQ�>%6�@��

/HW�0� GHQRWH�D�ORFDOO\�FORVHG�FRPSOH[�VXEPDQLIROG�RI�&� �� L�H���IRU�HYHU\�
T�(�0AWKHUH�LV�DQ�RSHQ�EDOO�0� LQ�&��DERXW�T� VXFK�WKDW�0�Q�0� LV�D�FORVHG�
VXEPDQLIROG�RI�0�� 7KH�FXUUHQWV�S�"� LQGXFH�PHDVXUHV�RQ�0� E\�

3"�,0� ��G�GF�0�*�",0��,�
ZKHUH��GG&�0�GHQRWHV�WKH�RSHUDWRU�GGF� DFWLQJ�LQWULQVLFDOO\�RQ�0� DQG�*"�,0�
LV�WKH�UHVWULFWLRQ�RI�*"� WR�0��

:H�ZLOO�FRQVLGHU�ORFDOO\�FORVHG�VXEPDQLIROGV�0�&� &�� RI�WKH�IROORZLQJ�W\SHV��
�L�� 0�F� -��RU�
�LL�� 0�F�;�� ZKHUH�;�LV�DOJHEUDLF��
7KHRUHP���ZLOO�EH�D�FRQVHTXHQFH�RI�D�FKDUDFWHUL]DWLRQ�RI�WKH�FXUUHQWV�ML�
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7KHRUHP����/HW�0� EH�D�ORFDOO\�FORVHG�FRPSOH[�VXEPDQLIROG�VDWLVI\LQJ��L��RU��LL��
DERYH��OHW�[�GHQRWH�D�WHVW�IXQFWLRQ�RQ�0��DQG�VHW�F��0� �I� ,�P���7KHQ�

OLP��G�Q�I
Q�;>0@�� F� ��
Q���RR� ����

ZKHUH�I
Q�>0@�GHQRWHV�WKH�FXUUHQW�RI�LQWHJUDWLRQ�RYHU�IQ�0�DQG�WKH�FRQYHUJHQFH�
KROGV�LQ�WKH�VHQVH�RI�FXUUHQWV��

7KLV�UHVXOW�ZDV�REWDLQHG�DOUHDG\�LQ�>%6���@�LQ�WKH�DQDORJRXV�FDVH�ZKHUH�0�
LV�DQ�DOJHEUDLF�YDULHW\�DQG�[� �����

:H�ZLOO�XVH�7KHRUHP���WR�SURYH�7KHRUHP����

3URRIRI�7KHRUHP����$V�LQ�3URSRVLWLRQ�����RI�>%6��@��LW�IROORZV�WKDW�:V�S��F�-��
/HW�0R�EH�DQ�RSHQ�VXEVHW�RI�:V�S��WKDW�FRQWDLQV�WKH�VDGGOH�SRLQW�S� DQG�LV�

��
ORFDOO\�FORVHG�LQ�&� ��6LQFH�O'I�S�Y�,� � -$,�Y�,�LI�Y� LV�D�WDQJHQW�YHFWRU�WR�:V��S��
DW�S�� LW�IROORZV�WKDW�IQ,� :6�S��LV�QRW�D�QRUPDO�IDPLO\�LQ�D�QHLJKERUKRRG�RI�
S� LQ� :V�S��� 7KXV�S� OLHV�LQ�WKH�FORVXUH�RI� ^T�(�0R�� *� �T�� !� 2`��%\�WKH�
PD[LPXP�SULQFLSOH��*� ,0�FDQQRW�EH�KDUPRQLF�LQ�D�QHLJKERUKRRG�RI�T��DQG�

��

WKXV�T�LV�LQ�WKH�VXSSRUW�RI�WKH�/DSODFLDQ��GGF�0�*� ,0���,W�IROORZV�WKDW�

���� O,,0R�02��  � �GGF-0��*,-0�!�2"�
%\�7KHRUHP���WKHQ��ZH�NQRZ�WKDW�WKH�FXUUHQWV�RI�LQWHJUDWLRQ��G� �Q�>I�02@�

FRQYHUJH�WR�D�FXUUHQW�ZKRVH�VXSSRUW�XV�DOO�RI�-��� 2Q�WKH�RWKHU�KDQG��LW�LV�
HYLGHQW�WKDW�WKH�VXSSRUW�RI�WKH�OLPLW�FXUUHQW�LV�FRQWDLQHG�LQ�WKH�FORVXUH�RI�
:V�3�� �8Q�I�Q0���ZKLFK�FRPSOHWHV�WKH�SURRI��
7KH�K\SRWKHVLV�WKDW�I�KDV�D�VDGGOH�SRLQW�LV�VDWLVILHG�IRU�DOO�SRO\QRPLDO�GLI��

IHRPRUSKLVPV�ZLWK�G��I���!� ���,Q�IDFW��
�� ,I�G�I���!� ��WKHQ�I�KDV�LQILQLWHO\�PDQ\�VDGGOH�SRLQWV��
7KLV�IROORZV�IURP�WKH�IRUPXOD�RI�.DWRN�>.@�UHODWLQJ�VDGGOH�SRLQWV�DQG�HQWURS\�

LQ�WZR�GLPHQVLRQV��VHH�DOVR�WKH�GLVFXVVLRQ�LQ�>)0��"�@���7KHRUHP���WRJHWKHU�
ZLWK�WKH�REVHUYDWLRQ�DERYH�JLYHV�D�QHZ�SURRI�RI�WKH�FRQQHFWLYLW\�RI�-����ZKLFK�
ZDV�SURYHG�LQ�>%6�@��

��� &/26('� &855(176�

/HW�0�GHQRWH�D�PDQLIROG�VDWLVI\LQJ�WKH�K\SRWKHVHV�RI�7KHRUHP����DQG�OHW�;�
GHQRWH�D�WHVW�IXQFWLRQ�ZLWK�VSW�[�Q�0� FRPSDFW��:LWKRXW�ORVV�RI�JHQHUDOLW\��ZH�
PD\�DVVXPH�����[��� ����/HW�>0@�GHQRWH�WKH�FXUUHQW�RI�LQWHJUDWLRQ�RYHU�0��DQG�
OHW����=>0@�� GHQRWH�WKH�VHW�RI�DOO�SRVLWLYH��������FXUUHQWV�WKDW�DUH�REWDLQHG�DV�
OLPLWV��LQ�WKH�VHQVH�RI�FXUUHQWV��RI�VXEVHTXHQFHV�RI�WKH�VHW�̂ �G� Q�IQ
��� >0@���
Q� � ������������� `�� 7KH�SURRI�RI�7KHRUHP���WKHQ��LV�HTXLYDOHQW�WR�VKRZLQJ�
WKDW����=>0@�� FRQVLVWV�RI�D�VLQJOH�HOHPHQW�FX��� ,W�LV�LPPHGLDWH�WKDW�WKH�VHW�
���[>0@�� VDWLVILHV�

G�I��
��0@��  �D�;>0@��
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,Q�FDVH��L�� 0� F� -��� DQG�LW�LV�HYLGHQW�WKDW�WKH�FXUUHQWV�RI��"��>0@�� DUH�
VXSSRUWHG�RQ�-��� ,Q�FDVH��LL��0� LV�FRQWDLQHG�LQ�DQ�DOJHEUDLF�YDULHW\�;��VR�
;>0@� �� >;@�� %\�>%6���@�WKHQ��WKH�HOHPHQWV�RI��"��>0@�� DUH�DOO�GRPLQDWHG�
E\�D�FRQVWDQW�WLPHV��X�� 6R�LQ�WKLV�FDVH��WRR��WKH�HOHPHQWV�RI����=>0@�� DUH�
VXSSRUWHG�RQ�-� ��

7KLV�VHFWLRQ�ZLOO�EH�GHYRWHG�WR�VKRZLQJ�WKDW��"��>0@�� FRQVLVWV�RI�FORVHG�
FXUUHQWV��$SSO\LQJ�&RUROODU\�����RI�>%6��@��ZH�KDYH�

���� OLP�G� Q$Q� � ,$UHD�'��X� ,0�02��!� ���

ZKHUH�'� F�&� DQG�02�FF�0� DUH�RSHQ�VHWV���U[�[��\�� � [� LV�WKH�SURMHFWLRQ�
WR�WKH�[�D[LV��DQG�$Q�GHQRWHV�WKH�DUHD��ZLWK�PXOWLSOLFLW\��RI�WKH�SURMHFWLRQ�RI�
�[� �'��Q�I�0��� WR�WKH�[�D[LV��$�VLPLODU�HVWLPDWH�LQYROYLQJ�WKH�SURMHFWLRQ�
WR�WKH�\�D[LV�VKRZV�WKDW�WKH�FXUUHQWV��G� Q�>IQ�02@�KDYH�XQLIRUPO\�ERXQGHG�
PDVV�RQ�FRPSDFW�VXEVHWV�RI�&����DQG�VR�DQ\�VXEVHTXHQFH�RI�WKLV�VHTXHQFH�KDV�
D�IXUWKHU�VXEVHTXHQFH�WKDW�FRQYHUJHV�WR�D�QRQ]HUR�HOHPHQW�RI��"��>0@��� ,Q�
SDUWLFXODU���"��>0@�� LV�QRQHPSW\��

:H�PD\�DOVR�FRQVLGHU�0D� �^[�!�D`�Q�0��DQG�VR�ZH�KDYH�

&� �_�8� _0� � GD9� L0�0D���

$SSO\LQJ�WKLV�WR�����DV�LQ�>%6�@��ZH�REWDLQ�

��
�� OLP�G� Q��U
I�
Q�;>0@���'��  �
F�
$UHD�'���

Q�
RR� ���

/HW�XV�UHFDOO�WKDW�WKH�PDVV�QRUP�RI�D��������FXUUHQW�7�LV�JLYHQ�E\�
0>7@� � VXS�M7��S�M��

,2�O�

ZKHUH���� LV�D�WHVW�IRUP�����[�O� GHQRWHV�WKH�HXFOLGHDQ�OHQJWK�RI��[��� DQG�
,�SM� �VXS[�,�S�[�M���,I�7�GHQRWHV�WKH�FXUUHQW�RI�LQWHJUDWLRQ�RYHU�0� WKHQ�0>7@�
ZLOO�GHQRWH�WKH�WZR�GLPHQVLRQDO�PHDVXUH�RI�WKH�PDQLIROG�0�� 6LQFH�0� LV�D�
RQH�GLPHQVLRQDO�FRPSOH[�PDQLIROG��IIQ�0�LV�D�FRQIRUPDO�PDSSLQJ�RI�0� WR�
II�Q�0����7KXV�WKH��WZR�GLPHQVLRQDO��MDFRELDQ�GHWHUPLQDQW�RI�IIO� ,0�LV�JLYHQ�
E\�,'I� QO0����:H�PD\�HVWLPDWH�WKH�PDVV�QRUP�RI�;>0@� E\�

0>IQ
� �;>0@�@�  � 0>R� RIQ>I� Q0@@�

 � _� I�
Q�

_� �'I� Q,0,��
�I0� 0�

:H�ZLOO�DOVR�EH�LQWHUHVWHG�LQ�WKH�DPRXQW�RI�PDVV�WKDW�OLHV�LQVLGH�D�IL[HG�VHW�
RI�WKH�IRUP��W����'�� IRU�VRPH�ERXQGHG�RSHQ�VHW�'�F�&�� 7KH�DPRXQW�RI�PDVV�
LQ�WKLV�VHW�LV�

0>IQ
��;0��/� �U���'�@� �,� ,'IQ,0�

ZKHUH�ZH�XVH�WKH�QRWDWLRQ�
� �0�Q�VSW;Q�I�Q�U]�'��
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/HPPD���� OLPQ�RR�G� Q�D>I
Q�;>0@�@�  � ��KROGV�LQ�WKH�VHQVH�RI�FXUUHQWV��7KXV�
WKH�HOHPHQWV�RI����;>0@�� DUH�FORVHG��
3URRI��,W�ZLOO�VXIILFH�WR�VKRZ�WKDW�WKH�WRWDO�PDVV�RI��G�Q�2�� �;>0@��RQ�WKH�VHW�
����'�WHQGV�WR�]HUR��L�H���

���� OLP��G��Q�0>�2I
Q�;>0@��� /��U]�'@� � ���
Q��RR��

$V�DERYH��ZH�PD\�FRPSXWH�WKH�PDVV�QRUP�DV�

0>2>I
Q��;>0@�@�/� �U��'@� � VXS�_R� $�G�I
� ;��
�6�aaaaaaa� ��2,���IQ0QVSW�;Q�;�,'�

 � VXS�$I�$�G;,'�I� ,0�,��
������� 0�

:H�HVWLPDWH�WKH�PDVV�LQ�WKH�FXUUHQW�LQ�����WR�REWDLQ�

0>>I
Q��;>0@�@�/��U&;'@��� ���$�G� ,� ,0� ,�

���� �&� �I� L'IQO���P&G��

ZKHUH�WKH�VHFRQG�LQHTXDOLW\�IROORZV�IURP�WKH�6FKZDU]�LQHTXDOLW\��DQG�WKH�ODVW�
IROORZV�IURP�����DQG������7KXV�ZH�KDYH������ZKLFK�FRPSOHWHV�WKH�SURRI��

���$�81,48(1(66� 7+(25(0�

)RU�D�FORVHG��������FXUUHQW�Y�ZH�XVH�WKH�QRWDWLRQ�

M�;
<��  Y/� �G;� $�G\�� Y�  Y� /�.� GG[�$�G�� HWF���� ��
6LQFH�Y�LV�FORVHG��ZH�KDYH�WKH�UHODWLRQV�

���� ��3��[��7�� � ��B!�;�[��� 	;!�<�<�� � DY�<� �;����HWF��

/HW�9,�[��\��EH�D�QRQQHJDWLYH�UHDO�YDOXHG�IXQFWLRQ�ZLWK�VXSSRUW�LQ�WKH�XQLW�
EDOO�VXFK�WKDW�I�9� ���DQG�9,�[��\�� � �H
R[��H�L\�� IRU�DOO�UHDO����U��6HWWLQJ�

��;M� \��  � (�Q�[��� \����

ZH�VHH�WKDW�̂ ,�J�`� LV�D�XVXDO�IDPLO\�RI�VPRRWKLQJ�NHUQHOV��)RU�H� !� �� DQG�
Y�(���
�;>0@��� ZH�VHW�Y�  � 
�Y�� 7KXV�IRU�DQ\�ERXQGHG�VHW�'� F� &� ZH�VHH�
WKDW�VSW�Y��Q� ��'�� LV�ERXQGHG��,I�Y��LV�VPRRWK�WKHQ����<
�� LV�UHSUHVHQWHG�
E\�D�VPRRWK�IXQFWLRQ�WLPHV�/HEHVJXH�PHDVXUH��6LQFH�WKH�VXSSRUW�LV�ERXQGHG�LQ�
WKH�\�GLUHFWLRQ��ZH�PD\�GHILQH�WKH�IXQFWLRQ�

���� 81��[��\��H� ORJO\���G,PQ<L�QD���[�� L�� Q��GH��

ZKHUH�\���G��� GHQRWHV�/HEHVJXH�WZR�GLPHQVLRQDO�PHDVXUH�LQ�WKH�YDULDEOH���
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/HPPD���� GGF�8Y� �Y��

3URRI��:H�FDQ�ZULWH�WKH�RSHUDWRU�GGH�DV�

GGF� ��L�[���G[�$G�
��2[�DG[� $G\��� �2$G\�$G[�2\\�2G\$GL����

,W�LV�FOHDU�WKDW�$<8�  � 3�<�
�� VLQFH�����U��ORJ�,<,�LV�WKH�IXQGDPHQWDO�VROXWLRQ�
IRU�2<2����ZKLFK�LV�����WLPHV�WKH�XVXDO�/DSODFLDQ�LQ�WKH�\�YDULDEOH���1H[W�ZH�
FRPSXWH�WKH�DL�D[� DQG�$��[�GHULYDWLYHV��%\�����DQG�����ZH�KDYH�

2;89H� �(� _� [���

 � I�ORJO\���;2\L;M��G;� �� ,�
I�� B� �[�\��G� ��

ZKHUH�WKH�ODVW�HTXDOLW\�LV�DQ�LQWHJUDWLRQ�E\�SDUWV��ZKLFK�LV�YDOLG�VLQFH�WKH�PHDVXUH�
��[�\��KDV�FRPSDFW�VXSSRUW��
$SSO\LQJ�$[�WR�WKLV�HTXDWLRQ��ZH�REWDLQ�

�D[�8� �8� �\� B� �RL[�G;� ��[[Y�(� �W� M� [� H�

 W���\� B� (�B������
�;�� �a�� "�

6LQFH�Y�[H[��LV�FRPSDFWO\�VXSSRUWHG��ZH�PD\�LQWHJUDWH�E\�SDUWV�LQ�WKH�\�YDULDEOH�
DQG�XVH�WKH�IDFW�WKDW�\M�� LV�WKH�IXQGDPHQWDO�VROXWLRQ�IRU�$��DQG�WKXV�ILQG�WKDW�

$�VLPLODU�DUJXPHQW�WDNHV�FDUH�RI�WKH��M�[� GHULYDWLYH��ZKLFK�FRPSOHWHV�WKH�
SURRI��

1RZ�OHW�XV�HVWLPDWH�WKH�VL]H�RI�8Y���:H�QRWH�WKDW�89�LV�SOXULKDUPRQLF�RQ�
VHWV�RI�WKH�IRUP�̂M\M�!� 5�� ,[,��� S`�� DQG�8Y��[��\��JURZV�OLNH�\�[��ORJ�,\,���
����� IRU�IL[HG�[� DV�\��
� RR�� 7KHQ�LW�IROORZV�WKDW�WKH������ WHUP�LV�D�ERXQGHG�
SOXULKDUPRQLF�IXQFWLRQ�RQ�WKLV�VHW��7KXV�\�[��ORJO\M,�LV�SOXULKDUPRQLF��DQG�VR�
\�[�� �\�LV�FRQVWDQW��,W�IROORZV�WKDW�WKH�WRWDO�PDVV�RI�Y�<
<��RQ�DQ\�YHUWLFDO�
VOLFH�̂[� �[R`�LV�HTXDO�WR���U\��)XUWKHU��LI�WKH�VXSSRUW�RI�WKH�VOLFH�LV�FRQWDLQHG�
LQ�^,<,���5`��WKHQ�IRU�\M�!�5�ZH�KDYH�

���� \�ORJ�Y<_��5�� "�8�[�\�� �� \ORJ�M\M�5���
%\�WKH�FRQFDYLW\�RI�WKH�ORJDULWKP�IXQFWLRQ��WKLV�\LHOGV�

�,���� \�ORJO\�,��� \5� ��8��;��\����\ORJO\O��� 5�
M\,�5� Y� /Y,�

IRU�M\M!�5��

/HPPD����7KH�IXQFWLRQV�8Y�DUH�PRQRWRQH�LQFUHDVLQJ�LQ�H�� ,I�ZH�VHW�/��
OLPH� ��8Y�� WKHQ�8Y�LV�SOXULVXEKDUPRQLF�DQG�GGF�8Y� �Y��
3URRI��/HW�XV�FRQVLGHU�D�VHFRQG�VPRRWKLQJ�Y��
� � � �Y�� 
�\����,W�LV�HYLGHQW�WKDW�

89H� � \��
�
�8/�  � <���
�8� �� ,I�8� LV�D�SVK�IXQFWLRQ�WKHQ�8�
\�� LV�PRQRWRQH�
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LQFUHDVLQJ�LQ�F�DQG�8�
�\��GHFUHDVHV�WR�8�DV�F�GHFUHDVHV�WR����7KXV�DIWHU�ZH�
OHW���GHFUHDVH�WR�]HUR��ZH�VHH�WKDW�89�LV�LQFUHDVLQJ�LQ�H��9�

1RZ��LI�ZH�OHW�H� GHFUHDVH�WR����ZH�VHH�WKDW�OLPH���89�GHFUHDVHV�WR�DQ�XSSHU�
VHPLFRQWLQXRXV�IXQFWLRQ��ZKLFK�LV�SVK�LI�LW�LV�QRW�LGHQWLFDOO\��RR�� +RZHYHU��
WKH�HVWLPDWHV�����DQG������KROG�IRU�Y�� LQGHSHQGHQWO\�RI�F��DQG�WKXV�WKH�OLPLW�
LV�SVK��6LQFH�WKH�VHTXHQFH�LV�PRQRWRQH��LW�IROORZV�WKDW�8Y�FRQYHUJHV�WR�8Y�
ORFDOO\�LQ�/���7KXV�Y� � OLP(� Y�� �GGF8���
/HPPD����)RU�Y�(����>0@�� WKH�IXQFWLRQ�8�� LV�WKH�XQLTXH�SVK�IXQFWLRQ�RI�
ORJDULWKPLF�JURZWK�VXFK�WKDW�GGF8�� � Y��

3URRI��,I�9�LV�DQ\�RWKHU�IXQFWLRQ�ZLWK�ORJDULWKPLF�JURZWK�VDWLVI\LQJ�GGF9� �
Y��WKHQ�9�� 8�� LV�D�SOXULKDUPRQLF�IXQFWLRQ�ZLWK�ORJDULWKPLF�JURZWK��7KLV�
IXQFWLRQ�LV�WKHQ�FRQVWDQW�DORQJ�DOO�YHUWLFDO�DQG�KRUL]RQWDO�VOLFHV�DQG�WKXV�FRQ��
VWDQW��

/HPPD����,I�$�(��"�=>0@��� WKHQ�Y� � �G�Q�IQ
$�(��<�;>0@��DQG�8��R�IQ�
QG��8����G� Y8a�

3URRI��:H�FDOFXODWH�

GGF�8� R�I��  GGF�I
Q8�  � I
GG&8�  � IQ
�  � �Y��

DQG�WKH�OHPPD�IROORZV��

/HPPD����)RU��[��\����.� DQG�Y�F���0R��� \*"�[��\�� �8���[��\���
3URRI��:H�ZLOO�XVH�WKH�QRWDWLRQ��[Q��\Q�� � IQ�[��\�� DQG�YQ� � �G� Q�I
QIY��
7KXV�E\�/HPPD����

8Y�[�� <��  � 8���[Q�� <Q���

1RZ�ZH�DSSO\������DQG�XVH�WKH�IDFW�WKDW�LW�KROGV�LQGHSHQGHQWO\�RI�WKH�FKRLFH�
RI�YQ�(���0R�� WR�REWDLQ�

\G� ORJO\Q,�
� \5Q� ��8���[��\����\GQ�ORJO\Q\,��\5Q�

1RZWKHUHLVDFRQVWDQW�&� VXFKWKDW��\Q"�!�&��O[Q,G�&�IRU�Q � �����������
�FI��>%6��@���)XUWKHUPRUH��&�PD\�EH�FKRVHQ�VXFK�WKDW�

-� F�M^�[��\����_[,���&�!�,<,�Q�&`��

7KXV�IRU�Q�ODUJH�ZH�PD\�WDNH�5Q���&�,;Q,O�GP�������DQG�FKRRVLQJ�&�VWLOO�ODUJHU�
LI�QHFHVVDU\��ZH�KDYH�

5B��� &�,\Q,�G,GP���� ����

7KLV� JLYHV�

,8��[��<��\�G� ORJ� &L\�OQOL�� ��Q�
DQG�VR�ZH�KDYH�8Y�[��\�� �\*��[��\���
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3URSRVLWLRQ����/HW���� GHQRWH�D�VHW�RI�SRVLWLYH��FORVHG�FXUUHQWV�ZLWK�WKH�SURSHUWLHV�
�L�� VSW�Y�F�-��IRU�DOO�Y�(��"�� DQG�
�LL�� GI��  6��

7KHQ�IRU�HDFK�Y�(��"� WKHUH�LV�D�UHDO�FRQVWDQW�F�VXFK�WKDW�Y� �F�X���
3URRI��/HW�XV�FKRRVH�Y�H��� ��:H�ZLOO�VKRZ�WKDW�8�� ���RQ�2.����%\�/HPPD�
���ZH�NQRZ�WKDW�8��!���RQ�2.��� /HW�XV�IL[��[���\���(�2.��� %\�/HPPD����
ZH�KDYH�

����� 89�[���<��� � �G� $�8QJ��;���Y���

ZKHUH�$Q�  � �G� Q�JQ
9�� 6LQFH� �[���\��� EHORQJV�WR� .��� WKH�IRUZDUG�RUELW�
^JQ�;2�� <R�� Q�!� �`� VWD\V�ERXQGHG��1RZ������ LV�LQGHSHQGHQW�RI�Y�(����02���
VR�WKH�ULJKW�KDQG�VLGH�RI������LV��G��Q�� WLPHV�D�ERXQGHG�TXDQWLW\��DQG�VR�ZH�
FRQFOXGH�WKDW�8���[���\��� ����

)LQDOO\��VLQFH�WKH�VXSSRUW�RI�Y�LV�FRQWDLQHG�LQ�-���8Y�LV�SOXULKDUPRQLF�RQ�
&���� -����$SSO\LQJ�WKH�PD[LPXP�SULQFLSOH�WR�89�RQ�D�YHUWLFDO�VOLFH�DQG�XVLQJ�
WKH�IDFW�WKDW�8Y� ��� RQ�-���ZH�VHH�WKDW�8Y� ��� RQ�.��� 7KXV�8Y� �\*���
DQG�LW�IROORZV�WKDW�Y� �\��

3URRI�RI�7KHRUHP����/HW�0� VDWLVI\�WKH�K\SRWKHVHV�RI�7KHRUHP����DQG�ZLWKRXW�
ORVV�RI�JHQHUDOLW\�ZH�PD\�DVVXPH�WKDW�[�!� ��� %\�/HPPD����WKH�VHW�<�0��
FRQVLVWV�RI�SRVLWLYH��FORVHG�FXUUHQWV�ZLWK�VXSSRUW�LQ�-���7KHQ�LW�IROORZV�IURP�
3URSRVLWLRQ���WKDW�OLPQRR�G� Q�I
Q�;>0@�� � \\��IRU�VRPH�UHDO�FRQVWDQW�\��
1RZ�ZH�REVHUYH�WKDW�

-�L0� ��X� $�>0@� � �G� Q�IIQ
�X� $�>0@� ��X� $��G� �>I� 0@��

/HWWLQJ�Q��� RFR��ZH�VHH�WKDW�WKLV�FRQYHUJHV�WR�\�>� $�\�� �VHH�>%6����/HPPD�
���@���+RZHYHU�WKH�WRWDO�PDVV�RI�;���,0�LV�F�DQG�WKH�WRWDO�PDVV�RI��X��$�X&� L6�
��W���VR�ZH�VHH�WKDW�\� �F���W���

��� 5(&855(17� '20$,16�

,Q�WKLV�VHFWLRQ�ZH�UHVWULFW�RXUVHOYHV�WR�WKH�FDVH�ZKHUH�WKH�FRPSOH[�-DFRELDQ�
RI�I�LV���ZLWK������� ����L�H���I�VWULFWO\�FRQWUDFWV�YROXPH��2XU�LGHD�LV�WR�ORRN�
DW�D�FRPSRQHQW�4�RI�LQW.��WKDW�H[KLELWV�VRPH�IRUP�RI�UHFXUUHQFH��DQG�VKRZ�
WKDW�LQ�WKLV�FDVH�4�FRQWDLQV�HLWKHU�D�VLQN�RU�D�URWDWLRQDO�GRPDLQ�DQG�WKDW�4� LV�
SUHFLVHO\�WKH�VHW�RI�SRLQWV�DWWUDFWHG�WR�WKLV�VLQN�RU�URWDWLRQDO�GRPDLQ��

'HILQLWLRQ��/HW�4� EH�D�FRQQHFWHG�FRPSRQHQW�RI�LQW�.��� :H�VD\�WKDW�4� LV�
UHFXUUHQW�LI�WKHUH�LV�VRPH�SRLQW�S�(�4� DQG�VRPH�FRPSDFW�VHW�&�F�4� VR�WKDW�
IQ�S��(�&� IRU�LQILQLWHO\�PDQ\�SRVLWLYH�YDOXHV�RI�Q��

,W�LV�VWUDLJKWIRUZDUG�WR�VKRZ�WKDW�

�,I�4� LV�UHFXUUHQW��WKHQ�4� LV�DFWXDOO\�D�SHULRGLF�GRPDLQ��
$�UHFXUUHQW�GRPDLQ�LV�WKXV�D�SHULRGLF�GRPDLQ�VXFK�WKDW�QRW�DOO�SRLQWV�WHQG�

WR�8�SI
D4��
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:H�UHFDOO�WKH�IROORZLQJ�VWDQGDUG�GHILQLWLRQ��7KH�FR�OLPLW�VHW�RI�D�SRLQW�S��
ZULWWHQ�FR�S���LV�WKH�VHW�RI�T� IRU�ZKLFK�WKHUH�LV�D�VHTXHQFH�QL���� RF� VXFK�
WKDW�IQI��S���
� T�� 7KH�VHW�4� LV�UHFXUUHQW�LI�DQG�RQO\�LI�4� KDV�D�QRQHPSW\�
LQWHUVHFWLRQ�ZLWK�VRPH�VHW�FR�S���

:H�DOVR�KDYH��
�� ,I�4� LV�D�UHFXUUHQW�FRPSRQHQW�RI�LQW�.�� WKHQ�4�Q�-� ������
7KLV�LV�HDVLO\�VHHQ��/HW�S� EH�D�SRLQW�VR�WKDW�FR�S��LQWHUVHFWV�4�� 7KH�VHW�

FR�S��LV�LQYDULDQW�DQG�FRQWDLQHG�LQ�WKH�VHW�9��VHH�GLVFXVVLRQ�LQ�"����,W�IROORZV�
WKDW�FR�S��FRQVLVWV�RI�RUELWV�ERXQGHG�LQ�EDFNZDUG�WLPH��WKXV�FR�S��F�.�  �-��

%\�D�6LHJHO�GLVN�ZH�PHDQ�D�VHW�RI�WKH�IRUP�B�  �aR�$���ZKHUH� �� $�B� ��

LV�DQ�LQMHFWLYH�KRORPRUSKLF�PDSSLQJ�RI�WKH�GLVN�$�F�&�ZLWK�WKH�SURSHUW\�WKDW�

����� I��3����� ����DF��
KROGV�IRU�D�  �HL�D�IRU�VRPH�LUUDWLRQDO�D��DQG�IRU�DOO�&�(�$�� ,W�IROORZV�IURP�WKH�
IDFW�WKDW�WKH�]HURV�RI�'IR�DUH�LVRODWHG�DQG�IURP������WKDW�IR�LV�QRQVLQJXODU�DW�
DOO�SRLQWV�RWKHU�WKDQ�]HUR��,Q�3URSRVLWLRQ���ZH�ZLOO�SURYH�WKDW�IR�LV�QRQVLQJXODU�
DW�]HUR��

���$�+HUPDQ�ULQJ�LV�D�VHW�RI�WKH�IRUP�;�  � aR�$���ZKHUH�aR��$���� &� LV�DQ�
LQMHFWLYH�KRORPRUSKLF�PDSSLQJ�RI�WKH�DQQXOXV�$� � ,&�(� &�� U���� ,&,��� U�`�
VXFK�WKDW������KROGV��7KH�SUHYLRXV�DUJXPHQW�VKRZV�WKDW� 
� LV�D�QRQVLQJXODU�
FRPSOH[�VXEPDQLIROG�RI�&���
:H�ZLOO�UHIHU�WR�6LHJHO�GLVNV�DQG�+HUPDQ�ULQJV�FROOHFWLYHO\�DV�URWDWLRQ�GR��

PDLQV��:H�XVH�WKH�V\PERO�0�IRU�URWDWLRQ�GRPDLQV��:H�QRWH�WKDW�0�F�.��
/HPPD����,I�0� LV�D�ERXQGHG��FRQQHFWHG��RQH�GLPHQVLRQDO�FRPSOH[�VXEPDQLIROG�
RI�LQW�.�� ZLWK�I��0�� �0��WKHQ�0� LV�UHFXUUHQW�LI�DQG�RQO\�LI�LW�LV�D�URWDWLRQ�
GRPDLQ��
3URRI��,W�LV�FOHDU�WKDW�D�URWDWLRQ�GRPDLQ�LV�UHFXUUHQW��&RQYHUVHO\��LI�0� LV�
UHFXUUHQW��WKHUH�H[LVWV�D�SRLQW�S�(�&��VXFK�WKDW�T� � OLP� IQI��S�� (�0��
3DVVLQJ�WR�D�VXEVHTXHQFH�LI�QHFHVVDU\��ZH�PD\�DVVXPH�WKDW�P��� �QM�����QL�
WHQGV�WR�LQILQLW\�DV�M��
RR�� 6LQFH�̂ IQ�̀�LV�D�QRUPDO�IDPLO\�LQ�D�QHLJKERUKRRG�
RI�T��ZH�KDYH�,'IQ�,���FRQVW�LQ�D�QHLJKERUKRRG�RI�T�� 7KXV�

,IQO-"��S���� IP-�T�M� � ,IP-�IQM��S���� IP-��T��,�
��,,'I�
�,,�,IQ���S���� T,���FRQVW,�IQ
�S���� T,�

LI�M� LV�VXIILFLHQWO\�ODUJH��7KXV�OLPM�� IPL��T�� �T���
6LQFH�0� LV�ERXQGHG��̂IQO0`� LV�D�QRUPDO�IDPLO\�LQ�WKH�VHQVH�WKDW�HDFK�

VHTXHQFH�̂IQM�,0`�LV�HLWKHU�FRPSDFWO\�GLYHUJHQW�RI�KDV�D�QRUPDOO\�FRQYHUJHQW�
VXEVHTXHQFH�ZLWK�D�OLPLW�K�� 0��$�0$��7KH�VHW� 
� RI�DOO�KRORPRUSKLF�PDSSLQJV�
K��� 0� ��
� 0� WKDW�DULVH�DV�OLPLWV�WR�VXEVHTXHQFHV�RI� ^IPM�,0`�LV�D�VXEVHW�RI�
$XW�0����7KLV�LV�VHHQ�EHFDXVH�LI�K�(��� ��WKHQ�K�T��(�0�� DQG�WKXV�K���0� �
� 0��
VR�E\�D�WKHRUHP�RI�+��&DUWDQ�RQ�WKH�OLPLWV�RI�DXWRPRUSKLVPV�K�(�$XW�0���

%\�WKH�VDPH�DUJXPHQW��
� LV�D�FRPSDFW�VXEJURXS�RI�$XW�0��� 7R�VHH�WKLV��
VXSSRVH�WKDW�OLPM� IWPL�,0� �K��7KHQ�SDVV�WR�D�VXEVHTXHQFH�VR�WKDW�PM����
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�P���� RF�DQG�K� � OLPMUQ�I0��� �P��H[LVWV��7KXV�LW�LV�HYLGHQW�WKDW�KK� �LG��
�� ���a� aa-�R�

VR� K Q�
1RZ�LW�ZDV�REVHUYHG�LQ�>)0@�WKDW�WKH�IL[HG�SRLQW�VHW�RI�I
� LV�ILQLWH��VR�I3�0�

FDQQRW�EH�WKH�LGHQWLW\�RQ�0� IRU�DQ\�S�!� ��� ,W�IROORZV�WKDW��
� �DQG�WKXV�
$XW�0���LV�DQ�LQILQLWH�JURXS��DQG�VR�WKH�5LHPDQQ�VXUIDFH�0�PXVW�EH�HTXLYD��
OHQW�HLWKHU�WR�WKH�GLVN�RU�WR�DQ�DQQXOXV��,Q�HLWKHU�FDVH��VLQFH�II0� JHQHUDWHV�DQ�
LQILQLWH�JURXS��LW�PXVW�EH�FRQMXJDWH�WR�DQ�LUUDWLRQDO�URWDWLRQ�RQ�WKH�GLVN�DQQXOXV��
:H�ZLOO�VKRZ�LQ�3URSRVLWLRQ���WKDW�I�PD\�EH�OLQHDUL]HG�LQ�D�QHLJKERUKRRG�

RI�D�+HUPDQ�ULQJ��KHUH�ZH�SHUIRUP�WKH�ILUVW�VWHS�LQ�WKDW�GLUHFWLRQ��6LQFH�=�
LV�QRQVLQJXODU��� ����� ������ VDWLVILHV� ����S�&�� ����������IRU�DOO�&�(�$� �
^U���� �,&���U�`��7KXV�WKHUH�H[LVW�KRORPRUSKLF�IXQFWLRQV�\Y���9��(� �$�� VXFK�
WKDW�

����� ��W������R����� ��9
����R
������ � �� IRU�DOO�&�(�$��

:H�FRQVLGHU�WKH�PDSSLQJ�

����� a� aa� a����
� ,�� �I���� �� ���,� �������&�� �� "��<����

ZKLFK�LV�GHILQHG�IRU�����T�� (�$�[�&�� %\������LW�LV�FOHDU�WKDW�V� LV�D�ORFDO�
GLIIHRPRUSKLVP�LQ�D�QHLJKERUKRRG�RI�$�[�̂ 2`�DQG�

'V�&�� ��� ��� :����

7KXV�WKH�GHWHUPLQDQW�RI�'V� LV���RQ�$�[�̂ �`�� DQG�VR�WKHUH�LV�D�QHLJKERUKRRG�
;� RI�$�[�̂ �`� VXFK�WKDW�WKH�PDSSLQJ�)�� �V� ��IV� LV�GHILQHG�DQG�WKH�IROORZLQJ�
KROG��

)���� ��� � �D�&������
)���;� �
� )��;�� LV�D�GLIIHRPRUSKLVP��
GHW�')�&�� ��� � ���

6LQFH�)�$�[�̂ �`�� �$�[�̂ �`�� WKHUH�LV�D�IXQFWLRQ�)��,�����(���$�� VXFK�WKDW�

')�&������
D�2� )�D�S��&���

KROGV�RQ�$��7KXV�
)�&���Q�� � �D[&��� �)O��,��&��������D����2�U����

KROGV�IRU���(�$�� :LWKRXW�ORVV�RI�JHQHUDOLW\�ZH�PD\�DVVXPH�WKDW�)��,� LV�
ERXQGHG�RQ�$��6LQFH������� ����ZH�PD\�DSSO\�WKH�&RQWUDFWLRQ�0DSSLQJ�3ULQFLSOH�
RQ�WKH�VSDFH�+"��$��WR�REWDLQ�D�XQLTXH�VROXWLRQ�KL���WR�WKH�IXQFWLRQDO�HTXDWLRQ�

����� aaaaaaa��O��
����� KO������ �KO�O�D� �,� D�)OO�����

7KXV�LI�ZH�GHILQH�
K�O��$� �� �TK�,� T�
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ZH�KDYH�
)�R�K���� �K����R�/����������

ZKHUH�/���� ��� � �D��� -T�D���
7KXV�ZH�PD\�DVVXPH�WKDW�

����� )�&�� T�� � �D&�� ���D�� �� ��T����

,I�$R�LV�DQ�DQQXOXV�ZLWK�$R�F�$R�F�$��WKHQ�WKHUH�H[LVW�QXPEHUV�H� DQG�0�
VXFK�WKDW�LI�&�(�$R�DQG��T���� H� WKHQ��&
��T
�� �)���� T�� VDWLVILHV�

,&
���DFL���0OO�� DQG� ,�,"��� �������0,�,��

/HW��&Q����Q�� �)��&R�����R��GHQRWH�WKH�IRUZDUG�RUELW�RI��&R���R��� ,W�LV�HYLGHQW�
WKDW�IRU�&R�(�$2��,�R�,�PD\�EH�FKRVHQ�VXIILFLHQWO\�VPDOO�WKDW�,�T�Q�,�ZLOO�WHQG�WR�
]HUR�VXIILFLHQWO\�UDSLGO\�WKDW�&Q�(�$R�IRU�DOO�Q� ���������������

3URSRVLWLRQ����(YHU\�URWDWLRQ�GRPDLQ�LV�FRQWDLQHG�LQ�LQW�.���
3URRI��,I�;� LV�D�+HUPDQ�ULQJ�WKHQ�WKH�SURSRVLWLRQ�IROORZV�IURP�WKH�DUJXPHQW�
JLYHQ�DERYH��,I��� LV�D�6LHJHO�GLVN�WKHQ�OHW�XV�ZULWH���  � aR��$��DQG� 
�  �
aR�$���̂ 2`��� 6LQFH�;� LV�D�+HUPDQ�ULQJ��ZH�KDYH�;� F� LQW�.��� &RQVLGHU�
�
�  � aS^�� �� ���`��DQG�QRWH�WKDW�GLVW�T�
�� I�LQW�.���  � ��!� ��� 7KXV�LI�ZH�
PDNH�D�HXFOLGHDQ�WUDQVODWLRQ��
� ��Y�RI��
� LQ�D�GLUHFWLRQ�Y�ZLWK�,Y�,��� ��WKHQ�
���
� ��Y��F� LQW�.��� )RU�HDFK�Y�WKHUH�LV�D�FRQVWDQW�&� VXFK�WKDW�,IQ,��� &�
IRU�DOO�SRLQWV�RI��	
� ��Y�DQG�DOO�Q�!� ��� 1RZ�ZH�PD\�DSSO\�WKH�PD[LPXP�
SULQFLSOH�WR�IQO��� ��Y� DQG�FRQFOXGH�WKDW�̂ IQ�� Q� � �������������`� UHPDLQV�
ERXQGHG�DW�DOO�SRLQWV�RI� �
� ��Y�IRU�,Y� �� D� ��6R�ZH�VHH�WKDW��
�� DQG�WKXV����
LV�FRQWDLQHG�LQ�LQW�.���

3URSRVLWLRQ����/HW�4�EH�D�FRQQHFWHG�FRPSRQHQW�RI�LQW�.�� WKDW�LV�UHFXUUHQW�DQG�
KDV�SHULRG�P��7KHQ�RQH�RI�WKH�IROORZLQJ�RFFXUV��

�L�� 7KHUH�LV�DQ�DWWUDFWLQJ�IL[HG�SRLQW�S�(�4�IRU�IWP��DQG�4� LV�WKH�EDVLQ�RI�
DWWUDFWLRQ�RI�S�XQGHU�IP��

�LL�� 7KHUH�LV�D�UHWUDFWLRQ�S�� 4��
� 4� RQWR�D�VPRRWK�VXEYDULHW\���  � S�4��
WKDW�LV�LQYDULDQW�XQGHU�IWP��)XUWKHU���� LV�HLWKHU�D�6LHJHO�GLVN�RU�D�
+HUPDQ�ULQJ��

3URRI��%\�UHSODFLQJ�I� E\�IWP��ZH�PD\�DVVXPH�WKDW�I�4�� � 4�� 6LQFH�4�
LV�UHFXUUHQW��WKHUH�H[LVWV�S�(�4� DQG�D�VHTXHQFH�Q���
RR� VXFK�WKDW�IIQO��S��
FRQYHUJHV�WR�VRPH�SRLQW�LQ�4�IRU�VRPH�IL[HG�S�(�4�� 7KH�LWHUDWHV�̂IQIL� `�
IRUP�D�QRUPDO�IDPLO\�RI�DXWRPRUSKLVPV�RI�4�� /HW�J�� 4��
� 4� GHQRWH�WKH�
OLPLW�RI�D�VXEVHTXHQFH�RI�WKHVH�LWHUDWHV��,W�LV�LPPHGLDWH�WKDW�IJ� �JI�� 6LQFH�
I�GHFUHDVHV�YROXPH��WKH�PDS�J�PXVW�EH�GHJHQHUDWH��L�H���LW�PXVW�KDYH�UDQN�
HLWKHU���RU�����7KH�VHW�4�Q�I�I�4�� LV�UHFXUUHQW�DQG�WKXV�D�URWDWLRQ�GRPDLQ�E\�
/HPPD����%\�3URSRVLWLRQ���WKHQ��ZH�FRQFOXGH�WKDW�I��4��F�4/��

%\�>%@�J�KDV�WKH�IROORZLQJ�VWUXFWXUH��WKHUH�LV�D�UHWUDFWLRQ�S��4��
� 4� VXFK�
WKDW�0�� �S�4�� LV�D�VPRRWK�VXEYDULHW\��DQG�WKHUH�LV�DQ�DXWRPRUSKLVP�\Y�(�
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$XW�0�� VXFK�WKDW�J�  � \Y�R�S�� 7KHQ�LW�IROORZV�WKDW�J4��S �  � 0� DQG�
I0� �0��

,Q�FDVH� J� KDV�UDQN����J� LV�D�FRQVWDQW�PDSSLQJ�DQG�0� LV�D�IL[HG�SRLQW�IRU�
I���6LQFH�'I
��S�� FRQYHUJHV�WR�]HUR��LW�IROORZV�WKDW�WKH�HLJHQYDOXHV�RI�'I�S��
PXVW�EH�OHVV�WKDQ���LQ�PRGXOXV��DQG�WKXV�S� LV�D�VLQN��/HW� 8� EH�WKH�EDVLQ�RI�
DWWUDFWLRQ�RI�S�� /HW� T�(�4�� 6LQFH� 8� LV�D�QHLJKERUKRRG�RI�S� WKHUH�LV�VRPH�
Q� VR�WKDW�IQI�T��(�8�� %XW�WKLV�LPSOLHV�WKDW�T� (� 8�� 6R� 4� LV�WKH�EDVLQ�RI�
DWWUDFWLRQ�RI�S��

,Q�FDVH� J� KDV�UDQN����WKH�SURSRVLWLRQ�IROORZV�IURP�/HPPD����ZKLFK�FRP��
SOHWHV�WKH�SURRI��

$�+HUPDQ�ULQJ�;�  � aR�$��ZLWK�$� � ^2� � U���� ,&,��� U�`�LV�ERXQGHG�VLQFH�
;� F� .�� DQG�WKXV�H[WHQGV�WR�D�6LHJHO�GLVN�B�  � �,�
,��� U��� 7KH�IROORZLQJ�
SURSRVLWLRQ�VKRZV�WKDW�WKHUH�LV�QR��SXQFWXUHG�6LHJHO�GLVN���RU�HTXLYDOHQWO\��
HYHU\�PD[LPDO�+HUPDQ�ULQJ�KDV� ���� U���� U���� RF�� 7KLV�DQVZHUV�D�TXHVWLRQ�
UDLVHG�E\�0LOQRU�LQ�>%L@��6LHJHO�GLVNV��KRZHYHU��PD\�EH�VLQJXODU�LQ�WKH�YROXPH�
SUHVHUYLQJ�FDVH��VHH�WKH�$SSHQGL[���

��
3URSRVLWLRQ����$�6LHJHO�GLVN�B� LV�D�QRQVLQJXODU�VXEPDQLIROG�RI�&�
3URRI��%\�3URSRVLWLRQ������ F� LQW�.��� DQG�WKHUH�LV�D�UHWUDFWLRQ�S�� 4��4��
,W�IROORZV�WKDW�0� � �S�4�� '�B�� DQG�WKH�QRQVLQJXODULW\�IROORZV�IURP�WKDW�RI�
0��

,Q�WKH�VHTXHO�ZH�ZLOO�DVVXPH�WKDW�URWDWLRQ�GRPDLQV�DUH�PD[LPDO�ZLWK�UHVSHFW�
WR�LQFOXVLRQ��7KXV�ZH�PD\�ZULWH�D�+HUPDQ�ULQJ�DV� ;�  �aR�$��ZLWK�$� � ^U�����
,�,��� U`�� 7KHUH�LV�D�GLFKRWRP\�EHWZHHQ�WKH�FDVHV�RI�ULQJV�DQG�GLVNV�JLYHQ�E\�
SRO\QRPLDO�FRQYH[LW\���5HFDOO�WKDW�D�FRPSDFW�VHW�;� LV�SRO\QRPLDOO\�FRQYH[�LI�
;� � ^]� (�&�� ,S�]�,� �� >3.[�IRU�DOO�SRO\QRPLDOV�S`��� /HW�\�EH�D�UHDO�DQDO\WLF�
FORVHG�FXUYH�ZLWK�I�\� �\���


�,I�\�LV�SRO\QRPLDOO\�FRQYH[��WKHQ�\�LV�FRQWDLQHG�LQ�D�+HUPDQ�ULQJ��2WKHU��
ZLVH��\�LV�LQ�D�6LHJHO�GLVN��

�6LQFH� \�LV�UHDO�DQDO\WLF��LW�KDV�D�PD[LPDO�FRPSOH[LILFDWLRQ��0�� ZKLFK�VDW��
LVILHV�I0� �0�� 6LQFH�I�PXVW�DFW�DV�D�URWDWLRQ�RQ�0��LW�IROORZV�IURP�3URSR��
VLWLRQ���DQG�/HPPD���WKDW�0� FRQWDLQV�HLWKHU�D�ULQJ�RU�D�GLVN��,I�\�OLHV�LQ�D�
6LHJHO�GLVN��LW�LV�FOHDUO\�QRW�SRO\QRPLDOO\�FRQYH[��&RQYHUVHO\��LI�WKH�SRO\QRPLDO�
KXOO�\�LV�QRQWULYLDO��L�H��� \������� ���WKHQ� \��� ��LV�DQ�I�LQYDULDQW�VXEYDULHW\�RI�
&� ���\���6LQFH� \�\�PXVW�FRLQFLGH�ZLWK�0� QHDU�\�
�LW�LV�FOHDU�WKDW� �\� LV�D�
6LHJHO�GLVN���

6LQFH�D� �H�LD� ZLWK�D� LUUDWLRQDO��D�PD[LPDO�ULQJ�VDWLVILHV�
�
R�FDQQRW�EH�FRQWLQXHG�DQDO\WLFDOO\�EH\RQG�DQ\�SRLQW�RI�$$��
�)RU�VXSSRVH�WKDW�IR�H[WHQGV�WR�D�QHLJKERUKRRG�RI�UHL���� 7KHQ�FKRRVH� Q�

VXFK�WKDW����� �QD������������� H� �PRG�����  � a�$�� LV�DJDLQ�D�+HUPDQ�
ULQJ�IRU�IQI��ZLWK�D� UHSODFHG�E\�D�Q� � HQQLD�� %XW�WKH�IXQFWLRQDO�HTXDWLRQ�
�����SHUPLWV�XV�WR�H[WHQG�IR�WR�D�QHLJKERUKRRG�RI�UH
����ZKLFK�FRQWUDGLFWV�WKH�
PD[LPDOLW\�RI�+���
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,I�;� LV�DQ\�VHW��ZH�UHFDOO�WKH�VWDQGDUG�QRWDWLRQ�

:6�;�� � ^T�� G�I� �T��� I� �;��� BB�2`��

3URSRVLWLRQ����/HW�;�GHQRWH�HLWKHU�D�VLQN�RU�D�URWDWLRQ�GRPDLQ��7KHQ�WKH�VWDEOH�
VHW�:V��;�� LV�D�UHFXUUHQW�FRQQHFWHG�FRPSRQHQW�RI�LQW�.���
3URRI��/HW�;� � ^S�̀� EH�D�VLQN��,W�LV�FOHDU�WKDW�:V��S�� LV�D�UHFXUUHQW��FRQ��
QHFWHG�RSHQ�VHW��/HW�4� GHQRWH�WKH�FRQQHFWHG�FRPSRQHQW�RI�LQW�.�� FRQWDLQ��
LQJ�:V�S����,I�4����:V�S��� WKHQ�FKRRVH�T�(�4� Q�D�:V�S�� DQG�OHW�%�F�%�F�4�
EH�D�QHLJKERUKRRG�FRQWDLQLQJ�T�� 7KH�LWHUDWHV�̂IQO�%`� IRUP�D�QRUPDO�IDPLO\��

VR�D�VXEVHTXHQFH�̂IIO,%`� FRQYHUJHV�WR�D�KRORPRUSKLF�PDSSLQJ�J�� %��
� &�
6LQFH�J�%�Q�:V�S���  � ^S`�� LW�IROORZV�WKDW�J�%��  � ^S`���6R� %�F�.��� DQG�WKXV�
4 � :��S���
,I�0�LV�D�URWDWLRQ�GRPDLQ��WKHQ�E\�3URSRVLWLRQ������ F�LQW.����/HW�4�EH�

WKH�FRQQHFWHG�FRPSRQHQW�RI�LQW�.�� FRQWDLQLQJ�6�� 7KHQ�E\�3URSRVLWLRQ����
WKHUH�LV�D�UHWUDFWLRQ�S�DQG�D�VXEYDULHW\�B� �S4��ZKLFK�LV�D�URWDWLRQ�GRPDLQ��
,W�LV�HYLGHQW�WKDW�B� '� �� DQG�VR� B�  � 0� E\�WKH�PD[LPDOLW\�RI�0�� %\�WKH�
SUHYLRXV�SDUDJUDSK��ZH�KDYH�4� �:V�;���ZKLFK�FRPSOHWHV�WKH�SURRI��

1RZ�ZH�ZLOO�FRPSOHWH�RXU�OLQHDUL]DWLRQ�RI�I�LQ�D�QHLJKERUKRRG�RI�D�+HUPDQ�
ULQJ��:H�ZLOO�VKRZ�WKDW�WKHUH�H[LVWV�D�ORFDO�GLIIHRPRUSKLVP�+������� WKDW�LV�
GHILQHG�DQG�KRORPRUSKLF�LQ�D�QHLJKERUKRRG�RI�$�[�̂ 2`� DQG�VXFK�WKDW�

����� +R)�  �/R+��

%\�3URSRVLWLRQ����WKHUH�LV�D�UHFXUUHQW�FRPSRQHQW�4�RI�LQW�.�� DQG�D�UHWUDF��
WLRQ�S�RI�4� RQWR�;�� 7UDQVSODQWLQJ�YLD�WKH�PDS�V��ZH�PD\�DVVXPH�WKDW�S�
LV�GHILQHG�LQ�D�QHLJKERUKRRG�RI�$�[�̂ 2`��:H�FRQVLGHU�PDSSLQJV�RI�WKH�IRUP�

����� +�&���� ��  � �3�&� ��W������ �� O��K������ ���
��

ZKHUH�K�LV�DQDO\WLF�LQ�D�QHLJKERUKRRG�RI�$�[�^2`�� :H�QRWH�WKDW�WKH�ILUVW�
FRPSRQHQW�RI�HTXDWLRQ������LV�S�)��  �D�S�&
��T���ZKLFK�KROGV�LQGHSHQGHQWO\�
RI�K�VLQFH�S�DQG�)� FRPPXWH��L�H���S)� �)S��

6LQFH�)� KDV�WKH�IRUP�������ZH�PD\�ZULWH�LW�DV�

) � �D&���T���L�&� 
� �� FW�T�� I��&��� ��� &�

,Q�WKLV�QRWDWLRQ��WKH�VHFRQG�FRPSRQHQW�RI�WKH�HTXDWLRQ������LV�

&I�����"��� ���I��� K�)� � ���K��

ZKLFK�LV�HTXLYDOHQW�WR�

����� K�� ��T�� I��� K�)�� I��

/HW�,9�GHQRWH�D�QHLJKERUKRRG�RI�$�[�̂2`�ZKHUH�)� DQG�S�DUH�GHILQHG��DQG�OHW�
$R�F� $R�F� $�EH�D�UHODWLYHO\�FRPSDFW�VXEDQQXOXV��,I�ZH�VHW�'� �S���$��IQ^��&���
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F`�� WKHQ�IRU�F�!� �� VXIILFLHQWO\�VPDOO��'� F� ,9� DQG�)�'�� F� '�� 7KXV�WKH�
FRPSRVLWLRQ�RSHUDWRU�

&)� +""�'��� +�+�'��
JLYHQ�E\�&)�I��  � K�R�)� LV�GHILQHG��DQG�,,&),,�  � ��� 1RZ�FKRRVH�F� VPDOO�
HQRXJK�WKDW�

��

������� �� M� ,,I�,,/��'��� ����

7KHQ�E\�WKH�&RQWUDFWLRQ�0DSSLQJ�3ULQFLSOH�WKHUH�H[LVWV�D�XQLTXH�VROXWLRQ�K�H�
+""�'�� RI��������

7KH�IXQFWLRQ�+� GHILQHG�E\������LV�D�ORFDO�GLIIHRPRUSKLVP�LQ�D�VPDOO�HQRXJK�
QHLJKERUKRRG�RI�$�[�̂2`�DQG�VR�VDWLVILHV�������7KH�PDSSLQJ�K�� �+RV�,� WKHQ�
VDWLVILHV�

KRI /RK�
LQ�D�QHLJKERUKRRG�RI�;�� ,WHUDWLQJ�WKH�IXQFWLRQDO�HTXDWLRQ�K� �/� �L� R�I�� ZH�
KDYH�K� �/� Q�2�K���IQ��ZKLFK�ZH�PD\�XVH�WR�H[WHQG�WKH�GRPDLQ�RI�GHILQLWLRQ�RI�
K�WR�WKH�EDVLQ�RI�DWWUDFWLRQ�4� �:V�;�� RI�;
�� 6LPLODUO\��ZH�PD\�H[WHQG�K����
WR�WKH�EDVLQ�RI�DWWUDFWLRQ�$�[�&�RI�$�[�̂2`�IRU�/��VR�ZH�REWDLQ�D�ELKRORPRUSKLF�
PDSSLQJ�

K�4�� $[&��
:H�PD\�VXPPDUL]H�WKH�SUHFHGLQJ�GLVFXVVLRQ�DV�IROORZV��

3URSRVLWLRQ����,I�;��LV�D�+HUPDQ�ULQJ��WKHQ�WKHUH�LV�D�ELKRORPRUSKLVP�K��:V�I��
$�[�&� ZLWK�WKH�SURSHUWLHV��

�L�� K�;��  �$�[�̂2`�� DQG�
�LL�� I� �K�� 
�R�/�R�K��ZKHUH�/�&������ ��D��&��I�TD���
:H�UHPDUN�WKDW�WKH�OLQHDUL]DWLRQ�RI�D�+HUPDQ�ULQJ�DSSOLHV�HTXDOO\�WR�D�6LHJHO�

GLVN��

&RUROODU\����/HW�0�GHQRWH�D�URWDWLRQDO�GRPDLQ��7KHQ�WKH�FRPSRQHQW�RI�LQW�.��
FRQWDLQLQJ�0�LV�JLYHQ�E\�4� �8;(�:�:V�[����

&RUROODU\����,I�4� LV�D�UHFXUUHQW�FRPSRQHQW�RI�LQW�.���WKHQ�4� LV�ELKRORPRUSKL��
FDOO\�HTXLYDOHQW�WR�&����$�[�&��RU�$�[�&�� ,Q�WKH�ODVW�WZR�FDVHV��I,Q�LV�FRQMXJDWH�
WR�WKH�UHVWULFWLRQ�RI�D�OLQHDU�PDS��

7KH�FDVH�RI�&�� FRUUHVSRQGV�WR�DQ�DWWUDFWLQJ�IL[HG�SRLQW��DQG�LW�LV�FODVVLFDO�
�FI��>55@��WKDW�I�PD\�EH�FRQMXJDWHG�RQ�4�WR�D�PDSSLQJ�LQ��QRUPDO�IRUP���,I�
WKHUH�DUH�QR�UHVRQDQFHV�EHWZHHQ�WKH�HLJHQYDOXHV�RI�'I� DW�WKH�IL[HG�SRLQW��WKHQ�
WKH�QRUPDO�IRUP�LV�LQ�IDFW�OLQHDU��

:H�HQG�WKLV�VHFWLRQ�ZLWK�D�GLVFXVVLRQ�RI�ERXQGDULHV�RI�SHULRGLF�GRPDLQV�
�

1RWH�DGGHG�LQ�SURRI��0DSSLQJV�ZLWK�IL[HG�SRLQW�RI�WKH�IRUP�I�[��\�� � �[���[��"�� ��E\�

�� ���IRU�,E,��� ����KDYH�EHHQ�VWXGLHG�E\�7��8HGD�LQ�D�UHFHQW�SUHSULQW�/RFDO�VWUXFWXUH�RI�DQDO\WLF�
WUDQVIRUPDWLRQV�RI�WZR�FRPSOH[�YDULDEOHV��,,��)RU�VXFK�I�KH�FRQVLGHUV�WKH�GRPDLQ�4� RI�SRLQWV�
ZKLFK�FRQYHUJH�ORFDOO\�XQLIRUPO\�WR��������DV�Q����"RR�� +H�VKRZV�WKDW�4�Q�.� ����� DQG�VR�LW�
ZLOO�IROORZ�WKDW��4� �-��E\�3URSRVLWLRQ����
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3URSRVLWLRQ����$VVXPH�WKDW�,G�,��� ���/HW�8�EH�D�SHULRGLF�FRPSRQHQW�RI�LQW�.��
WKDW�KDV�D�QRQHPSW\�LQWHUVHFWLRQ�ZLWK�.� ��7KHQ�	�8� �-����
3URRI��%\�UHSODFLQJ�I�E\�D�SRZHU�ZH�PD\�DVVXPH�WKDW�I�8��  � 8�� $Q�HDV\�
DUJXPHQW�JLYHV�	�8�F�$.�� �-����:H�ZLOO�VKRZ�WKH�RSSRVLWH�LQFOXVLRQ�	�8�'�
-����/HW�T�(�8�Q�.� ��6LQFH�,G��� ��WKH�VHW�.� KDV�HPSW\�LQWHULRU��7KXV�ZH�
FDQ�ILQG�D�GLVN�'� WKDW������LV�FRQWDLQHG�LQ�D�FRPSOH[�OLQH������FRQWDLQV�T������
LV�FRQWDLQHG�LQ�8��DQG�����LV�QRW�FRQWDLQHG�LQ�.��

%\�WKH�PD[LPXP�SULQFLSOH��*��,'�FDQQRW�EH�KDUPRQLF�LQ�D�QHLJKERUKRRG�RI�
T��DQG�WKXV�T� LV�LQ�WKH�VXSSRUW�RI�WKH�/DSODFLDQ��GG&�'*�,'� ,W�IROORZV�DV�
EHIRUH�WKDW�

-,,'�'��  � �GG�&,'�*_'�!� ��
6LQFH�'� LV�FRQWDLQHG�LQ�DQ�DOJHEUDLF�YDULHW\��7KHRUHP���WHOOV�XV�WKDW�WKH�

FXUUHQWV�RI�LQWHJUDWLRQ��G��Q�>I��'@� FRQYHUJH�WR�D�FXUUHQW�ZKRVH�VXSSRUW�LV�DOO�
RI�-����2Q�WKH�RWKHU�KDQG��LW�LV�HYLGHQW�WKDW�WKH�VXSSRUW�RI�WKH�OLPLW�FXUUHQW�LV�
FRQWDLQHG�LQ�WKH�FORVXUH�RI�8Q�I�� '���7KXV�-��LV�FRQWDLQHG�LQ�WKH�FORVXUH�RI�
8��ZKLFK�FRPSOHWHV�WKH�SURRI��

7KHRUHP����,I�;� LV�HLWKHU�D�VLQN�RU�D�URWDWLRQDO�GRPDLQ�WKHQ�D�:V��;�� �-��
3URRI��:V�;�� LV�D�FRQQHFWHG��SHULRGLF�FRPSRQHQW�RI�LQW.��ZLWK�:V�;��Q�
.������� 7KXV�WKH�WKHRUHP�IROORZV�IURP�3URSRVLWLRQ����

3URRI�RI�7KHRUHP����,W�LV�FOHDU�WKDW�7KHRUHP���LV�D�VSHFLDO�FDVH�RI�7KHRUHP����

���7+(� 121:$1'(5,1*� 6(7�$1'� 7+(� &+$,1� 5(&855(17� 6(7�

,Q�WKLV�VHFWLRQ�ZH�GHWHUPLQH�WKH�QRQZDQGHULQJ�DQG�WKH�FKDLQ�UHFXUUHQWV�VHWV�
IRU�WKH�PDS�I�ZKHQ�I�VWULFWO\�FRQWUDFWV�YROXPH��WKDW�LV�WR�VD\��N���� ����:H�
EHJLQ�E\�SURYLQJ�VRPH�UHVXOWV�WKDW�GR�QRW�XVH�WKH�K\SRWKHVLV�WKDW�����������

$�SRLQW�S�(�&��EHORQJV�WR�WKH�QRQZDQGHULQJ�VHW�LI�DQG�RQO\�LI��IRU�HYHU\�
QHLJKERUKRRG�8� RI�WKH�S��WKHUH�LV�DQ�Q�VXFK�WKDW�JQ��8�� LQWHUVHFWV�8�� $�
SRLQW�S�(�&��EHORQJV�WR�WKH�FKDLQ�UHFXUUHQW�VHW�LI�IRU�DQ\�H� !� ��WKHUH�H[LVW�
SRLQWV�[L� �[��[��������� ;Q� �;� �Q�GHSHQGV�RQ�H���VXFK�WKDW�G��I��[L���[L��,����H�
IRU����� L���Q��� ���7KHVH�VHWV�DUH�FORVHG�DQG�LQYDULDQW��7KH�QRQZDQGHULQJ�VHW�
LV�DOZD\V�FRQWDLQHG�LQ�WKH�FKDLQ�UHFXUUHQW�VHW��

/HPPD����,I�S�� (� -�� DQG�3��(�-� WKHQ�IRU�DQ\�QHLJKERUKRRGV�8L�RI�SL�
WKHUH�LV�DQ�Q�VXFK�WKDW�IQ��8���Q�8���$� ��� ,Q�SDUWLFXODU��-�LV�FRQWDLQHG�LQ�WKH�
QRQZDQGHULQJ�VHW��
3URRI��:H�FDQ�FRQVWUXFW�D�OLQHDU�GLVN�'� LQ�8��WKDW�FRQWDLQV�SRLQW�LQ�-��DQG�
SRLQWV�LQ�WKH�FRPSOHPHQW�RI�.��� $V�LQ�WKH�SURRI�RI�7KHRUHP����WKH�VHTXHQFH�
RI�FXUUHQWV�GHILQHG�E\��G� Q�>IQ'@�FRQYHUJHV�WR�D�QRQ]HUR�PXOWLSOH�RI��X���7KH�
VXSSRUW�RI�WKH�FXUUHQW��X� LV�HTXDO�WR�-� VR�8Q�IQ��'�� PXVW�PHHW�8���

%HIRUH�ZH�EHJLQ�WKH�FDOFXODWLRQ�RI�WKH�QRQZDQGHULQJ�DQG�FKDLQ�UHFXUUHQW�VHWV�
ZH�UHVROYH�D�TXHVWLRQ�IURP�>%6�@��
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7KHRUHP����7KH�IROORZLQJ�DUH�HTXLYDOHQW��
�L�� I�KDV�D�K\SHUEROLF�VSOLWWLQJ�RYHU�WKH�FKDLQ�UHFXUUHQW�VHW��
�LL�� I�KDV�D�K\SHUEROLF�VSOLWWLQJ�RYHU�WKH�QRQZDQGHULQJ�VHW��
�LLL�� I�KDV�D�K\SHUEROLF�VSOLWWLQJ�RYHU�-��

3URRI��7KDW�DVVHUWLRQ��LLL��LPSOLHV��L��ZDV�SURYHG�LQ�>%6��@�� 6LQFH�WKH�FKDLQ�
UHFXUUHQW�VHW�FRQWDLQV�WKH�QRQZDQGHULQJ�VHW���L��LPSOLHV��LL���%\�/HPPD���WKH�
QRQZDQGHULQJ�VHW�FRQWDLQV�-�VR��LL��LPSOLHV��LLL���

(DFK�LWHP�LQ�7KHRUHP���FRXOG�VHUYH�DV�D�GHILQLWLRQ�RI�K\SHUEROLFLW\�IRU�SRO\��
QRPLDO�GLIIHRPRUSKLVPV��,Q�>%6O@�ZH�DGRSWHG�LWHP��LLL��� $FFRUGLQJ�WR�WKH�
WKHRUHP�WKLV�LV�HTXLYDOHQW�WR�LWHPV��L��DQG��LL���ZKLFK�VHHP�WR�EH�PRUH�QDWXUDO�
GHILQLWLRQV�IURP�D�G\QDPLFDO�SRLQW�RI�YLHZ��

)RU�WKH�UHPDLQGHU�RI�WKLV�VHFWLRQ�ZH�PDNH�WKH�DVVXPSWLRQ�WKDW�,�,��� ���
6LQFH�WKH�QRQZDQGHULQJ�VHW�DQG�FKDLQ�UHFXUUHQW�VHW�IRU�I�DUH�WKH�VDPH�DV�WKRVH�
IRU�I�,��WKH�IROORZLQJ�WKHRUHPV�DOVR�DSSO\�ZKHQ�����!���ZLWK�WKH�DSSURSULDWH�
VXEVWLWXWLRQ�RI�WKH�ZRUG��VRXUFH��IRU�WKH�ZRUG��VLQN���

7KHRUHP����:KHQ������� �� WKH�QRQZDQGHULQJ�VHW�RI�I� LV�WKH�XQLRQ�RI�-��DOO�
URWDWLRQDO�GRPDLQV�DQG�DOO�VLQN�RUELWV��
3URRI��%\�/HPPD����WKH�QRQZDQGHULQJ�VHW�FRQWDLQV�-��2Q�WKH�RWKHU�KDQG��WKH�
QRQZDQGHULQJ�VHW�LV�FRQWDLQHG�LQ�.�� ,W�VXIILFHV�WR�VKRZ�WKDW�WKH�LQWHUVHFWLRQ�
RI�WKH�QRQZDQGHULQJ�VHW�ZLWK�HDFK�FRPSRQHQW�RI�LQW.��LV�DV�GHVFULEHG�LQ�
WKH�VWDWHPHQW�RI�WKH�WKHRUHP��,W�LV�HDV\�WR�VHH�WKDW�WKH�LQWHUVHFWLRQ�RI�WKH�
QRQZDQGHULQJ�VHW�ZLWK�D�QRQSHULRGLF�FRPSRQHQW�RI�LQW�.�� LV�HPSW\��&RQVLGHU�
QH[W�WKH�FDVH�RI�D�UHFXUUHQW�FRPSRQHQW��7KH�LQWHUVHFWLRQ�RI�WKH�QRQZDQGHULQJ�
VHW�ZLWK�D�GRPDLQ�WKDW�FRQWDLQV�D�URWDWLRQDO�GRPDLQ�LV�WKH�URWDWLRQDO�GRPDLQ��DOO�
RWKHU�SRLQWV�DUH�DWWUDFWHG�WR�WKH�URWDWLRQDO�GRPDLQ���7KH�UHPDLQLQJ�SRVVLELOLW\�LV�
WKDW�WKH�FRPSRQHQW�LV�SHULRGLF�EXW�QRW�UHFXUUHQW��/HW�4�EH�VXFK�D�FRPSRQHQW��
/HW�S�(�4�� /HW�8�EH�D�QHLJKERUKRRG�RI�S� VXFK�WKDW�WKH�FORVXUH�RI�8� LV�
FRPSDFW�LQ�4���,I�WKHUH�LV�D�VHTXHQFH�QL�VXFK�WKDW�I�Q��8�� Q�8��� ��� WKHQ�XVLQJ�D�
QRUPDO�IDPLOLHV�DUJXPHQW��ZH�FDQ�ILQG�D�VXEVHTXHQFH�PL�VR�WKDW�I�
�FRQYHUJHV�
XQLIRUPO\�RQ�FRPSDFW�VXEVHWV�WR�D�PDSSLQJ�J���4���� 4�� ,I�J�I4��Q��4�������
WKHQ�4� LV�UHFXUUHQW��VR�ZH�FRQFOXGH�WKDW�J�4�� F� 24�� %XW�WKLV�FRQWUDGLFWV�
WKH�DVVHUWLRQ�WKDW�I
P��8�� LQWHUVHFWV�8�IRU�HYHU\�L��DQG�ZH�FRQFOXGH�WKDW�WKH�
LQWHUVHFWLRQ�RI�WKH�QRQZDQGHULQJ�VHW�ZLWK�4� LV�HPSW\��

,I�S�LV�D�VLQN�ZH�ZLOO�XVH�WKH�WHUP�SXQFWXUHG�EDVLQ�WR�UHIHU�WR�WKH�VHW�:V��S����
^3`��

7KHRUHP����:KHQ������� �� WKH�FKDLQ�UHFXUUHQW�VHW�RI�I� LV�HTXDO�WR�WKH�VHW�RI�
ERXQGHG�RUELWV��LQ�IRUZDUG�EDFNZDUG�WLPH��QRW�LQ�SXQFWXUHG�EDVLQV��

%HIRUH�ZH�JLYH�WKH�SURRI�ZH�LQWURGXFH�VRPH�QRWDWLRQ��:H�KDYH�GHILQHG�FR�S��
WR�EH�WKH�VHW�RI�T�IRU�ZKLFK�WKHUH�LV�D�VHTXHQFH�Q�� RF�VXFK�WKDW�IIQO�S���
� T��
:H�GHILQH�D�S�� WR�EH�WKH�VHW�RI�T�IRU�ZKLFK�WKHUH�LV�D�VHTXHQFH�Q������RF� VXFK�
WKDW�IQO��S��T��
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3URRI��,W�LV�FOHDU�WKDW�WKH�FKDLQ�UHFXUUHQW�VHW�LV�FRQWDLQHG�LQ�.� DQG�WKDW�LW�
FRQWDLQV�QR�SRLQWV�LQ�WKH�SXQFWXUHG�EDVLQ��,W�IROORZV�IURP�/HPPD���WKDW�-�
LV�FRQWDLQHG�LQ�WKH�FKDLQ�UHFXUUHQW�VHW��,W�UHPDLQV�WR�FRQVLGHU�SRLQWV�LQ�WKH�
LQWHULRU�RI�.�� WKDW�DUH�LQ�.B� �-� DQG�QRW�LQ�EDVLQV�RI�VLQNV��&KRRVH�VXFK�
D�SRLQW�S�� 7KH�D� DQG�FR�OLPLW�VHWV�RI�S�DUH�FRPSDFW�DQG�LQYDULDQW��,I�HLWKHU�
LV�FRQWDLQHG�LQ�LQW.��WKHQ�WKH�FRPSRQHQW�RI�S�FRQWDLQV�D�FRPSDFW�LQYDULDQW�
VHW�DQG�WKXV�LV�D�UHFXUUHQW�FRPSRQHQW��
$VVXPH�ILUVW�WKDW�S� LV�QRW�FRQWDLQHG�LQ�D�UHFXUUHQW�FRPSRQHQW��6R� D�S��

PHHWV�-��� 6LQFH�D�S�� LV�FRQWDLQHG�LQ�-� ZH�FRQFOXGH�WKDW�D�S�� PHHWV�-��
6LQFH�FR�S��LV�QRW�FRQWDLQHG�LQ�LQW.��LW�LQWHUVHFWV�-��� 6LQFH�FR�S��FRQVLVWV�
RI�RUELWV�ERXQGHG�LQ�EDFNZDUG�WLPH��FR�S��LV�FRQWDLQHG�LQ�.�  �-��� 6R�ZH�
FRQFOXGH�WKDW�FR�S��PHHWV�-�� *LYHQ��� !� ��ZH�FDQ�FRQVWUXFW�D�SHULRGLF���
SVHXGR�RUELW�FRQWDLQLQJ�S�DV�IROORZV��:H�FDQ�ILQG�DQ�Q����� DQG�DQ�P�!� ��VR�
WKDW�IQI�S��DQG�IP�S��OLH�ZLWKLQ��� RI�SRLQWV�T��DQG�T��RI�-��8VLQJ�/HPPD���
ZH�FDQ�FRQVWUXFW�DQ��� FKDLQ�FRQQHFWLQJ�T��WR�T����&RQFDWHQDWLQJ�WKHVH�FKDLQV�
JLYHV�DQ��� FKDLQ�IURP�S�WR�LWVHOI��

:H�QRZ�FRQVLGHU�WKH�FDVH�LQ�ZKLFK�S�LV�FRQWDLQHG�LQ�D�UHFXUUHQW�FRPSRQHQW��
3URSRVLWLRQ���VKRZV�WKDW�D�S�� LV�GLVMRLQW�IURP�WKH�RUELW�RI�WKH�FRPSRQHQW��,W�
IROORZV�WKDW�D��S��F�-��7KH�VHW�FR�S��LV�D�SRLQW�LQ�D�6LHJHO�GLVN�RU�+HUPDQ�ULQJ��
*LYHQ���!� ��ZH�FDQ�FRQVWUXFW�DQ�H�FKDLQ�IURP�FR�S��WR�VRPH�SRLQW�LQ�-��7KH�
UHVW�RI�WKH�H�FKDLQ�FDQ�EH�FRQVWUXFWHG�DV�EHIRUH��7KLV�FRPSOHWHV�WKH�SURRI��


�7KH�FKDLQ�UHFXUUHQW�VHW�RI�D�SRO\QRPLDO�GLIIHRPRUSKLVP�ZLWK������� ��
LV�HTXDO�WR�WKH�QRQZDQGHULQJ�VHW�LI�DQG�RQO\�LI�WKH�LQWHULRU�RI�.�� FRQVLVWV�
H[FOXVLYHO\�RI�EDVLQV�RI�VLQNV��

&KDLQ�UHFXUUHQW�VHWV�KDYH�D�QDWXUDO�GHFRPSRVLWLRQ�LQWR�FKDLQ�WUDQVLWLYH�FRP��
SRQHQWV��)RU�$[LRP�$�GLIIHRPRUSKLVPV�WKLV�GHFRPSRVLWLRQ�FRLQFLGHV�ZLWK�WKH�
6SHFWUDO�'HFRPSRVLWLRQ��7KH�6SHFWUDO�'HFRPSRVLWLRQ�IRU�$[LRP�$�SRO\QRPLDO�
GLIIHRPRUSKLVPV�ZDV�FRPSXWHG�LQ�>%6��@��+HUH�ZH�FRPSXWH�WKH�FKDLQ�WUDQVLWLYH�
FRPSRQHQWV�IRU�D�JHQHUDO�SRO\QRPLDO�GLIIHRPRUSKLVP��
$Q���FKDLQ�IURP�S� WR�T� LV�D�VHTXHQFH�[O� �S��;�������� ;Q� � T� VXFK�WKDW�

G�I�[L���[L������ �� IRU����� L��� Q�� $Q�LQYDULDQW�VHW�LV�FKDLQ�WUDQVLWLYH�LI�
JLYHQ�DQ\�WZR�SRLQWV�S� DQG�T� LQ�WKH�VHW�DQG�DQ\��� !� ��ZH�FDQ�FRQVWUXFW�
DQ���FKDLQ�IURP�S� WR�T�� 7KH�GHFRPSRVLWLRQ�RI�WKH�FKDLQ�UHFXUUHQW�VHW�RI�D�
SRO\QRPLDO�GLIIHRPRUSKLVP�LQWR�LQYDULDQW�FKDLQ�WUDQVLWLYH�FRPSRQHQWV�LV�JLYHQ�
E\�WKH�IROORZLQJ�WKHRUHP��/HW�5��I���GHQRWH�WKH�FKDLQ�UHFXUUHQW�VHW�RI�I���/HW�
2L�IRU�L� � ����������� GHQRWH�WKH�VLQN�RUELWV�RI�I���/HW�5
� �5�I�� ��8L�L���

7KHRUHP����)RU�D�SRO\QRPLDO�GLIIHRPRUSKLVP�I�WKH�FKDLQ�WUDQVLWLYH�FRPSRQHQWV�
DUH�WKH�VLQN�RUELWV��2L��DQG�WKH�VHW�5
��

3URRI��,W�LV�REYLRXV�WKDW�VLQN�RUELWV�DUH�FKDLQ�WUDQVLWLYH�VLQFH�D�SHULRGLF�RUELW�LV�
DQ���FKDLQ�IRU�DQ\���!� ���7KH���FKDLQV�UHTXLUHG�IRU�SURYLQJ�WKDW�5
� LV�FKDLQ�
WUDQVLWLYH�DUH�FRQVWUXFWHG�E\�FRQFDWHQDWLQJ���FKDLQV�FRQVWUXFWHG�LQ�WKH�SURRI�
RI�WKH�SUHYLRXV�WKHRUHP��'HWDLOV�DUH�OHIW�WR�WKH�UHDGHU��
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,Q�WKLV�$SSHQGL[�ZH�ZLOO�GLVFXVV�WKH�EHKDYLRU�RI�I�RQ�LQW�.� LQ�WKH�FDVH�,G� �
���$V�ZDV�REVHUYHG�LQ�>%6���/HPPD����@��LQW.�� �LQW.�  �LQW.�� 6LQFH�.�
LV�ERXQGHG��LQW�.�KDV�ILQLWH�YROXPH��7KXV�WKH��ILQLWHO\�PDQ\��FRPSRQHQWV�ZLWK�
YROXPH�HTXDO�WR�F�!� ��DUH�SHUPXWHG�DPRQJ�WKHPVHOYHV�E\�I��� ,Q�SDUWLFXODU��
HYHU\�FRPSRQHQW�LV�SHULRGLF��,Q�IDFW��LW�IROORZV�IURP�3RLQFDUH
V�UHFXUUHQFH�
WKHRUHP�WKDW�HDFK�FRPSRQHQW�LV�UHFXUUHQW��

/HW�XV�IL[�D�FRPSRQHQW�8�RI�LQW�.�� 5HSODFLQJ�I�E\�IQ� LI�QHFHVVDU\��ZH�
PD\�DVVXPH�WKDW�I�8� �8�� 5HFDOOLQJ�WKDW�̂I
�X`�LV�D�QRUPDO�IDPLO\��ZH�OHW�

L�8��  � ^K� � OLPU�IQ�RQ�8�IRU�VRPH�VXEVHTXHQFH�̂Q``� ��

6LQFH�I�SUHVHUYHV�YROXPH��LW�IROORZV�WKDW�K��WRR��PXVW�SUHVHUYH�YROXPH��7KXV�
K�8��F� 8��DQG�VR�E\�+��&DUWDQ
V�WKHRUHP�K�(�$XW�8��� ,Q�IDFW��SDVVLQJ�WR�
IXUWKHU�VXEVHTXHQFHV��ZH�VHH�WKDW�


� 
�8�� LV�D�FRPSDFW�DEHOLDQ�VXEJURXS�RI�$XW�8���
6LQFH�$XW�8�� LV�D�/LH�JURXS��VR�LV�6�� 6LQFH� 
� FRQWDLQV�WKH�LQILQLWH�VXEVHW�

^IQLX`�� LW�PXVW�KDYH�GLPHQVLRQ�DW�OHDVW�RQH��7KH�FRQQHFWHG�FRPSRQHQW�RI�WKH�
LGHQWLW\�JR�LV�WKHQ�D�WRUXV�7N� IRU�VRPH�N�!���� 6LQFH�JR�DFWV�HIIHFWLYHO\�RQ�
8��WKH�RUELW�RI�D�JHQHULF�SRLQW�S�(�8�� ��
�S��ZLOO�EH�D�VPRRWK�VXEPDQLIROG�
RI�8�WKDW�LV�GLIIHRPRUSKLF�WR�D�N�GLPHQVLRQDO�WRUXV���6HH�>%%'��/HPPDV������
���@���6LQFH�WKH�RUELW�PXVW�EH�WRWDOO\�UHDO��ZH�PXVW�KDYH�N��� ��� ,W�S� LV�QRW�
JHQHULF��WKH�RUELW�FDQ�EH�D�WRUXV�RI�GLPHQVLRQ�OHVV�WKDQ�N�� ,Q�HLWKHU�FDVH��WKH�
IXOO�RUELW� 
� 
S� LV�D�ILQLWH�XQLRQ�RI�WRUL��DQG�E\�WKH�FRQVWUXFWLRQ�RI����� LW�LV�FOHDU�
WKDW�WKH�IRUZDUG�DQG�EDFNZDUG�RUELWV�RI�S�XQGHU�I� DUH� 
�S���

7KHRUHP����:KHQ��,�� � ��WKH�QRQZDQGHULQJ�DQG�WKH�FKDLQ�UHFXUUHQW�VHWV�ERWK�
FRLQFLGH�ZLWK�.��
3URRI��7KH�FKDLQ�UHFXUUHQW�VHW�OLHV�LQVLGH�.� �FI��>%6����&RUROODU\����@���6LQFH�
WKH�FKDLQ�UHFXUUHQW�VHW�FRQWDLQV�WKH�QRQZDQGHULQJ�VHW��LW�VXIILFHV�WR�VKRZ�WKDW�
WKH�QRQZDQGHULQJ�VHW�FRQWDLQV�.�� 1RZ�

. .��� Q.�  ��-��8�LQW.��Q��-� 8�LQW.�� �-�8�LQW.��

:H�VKRZHG�WKDW�-�LV�FRQWDLQHG�LQ�WKH�QRQZDQGHULQJ�VHW��DQG�LW�ZLOO�VXIILFH�
WR�VKRZ�WKDW�LQW.�LV�FRQWDLQHG�LQ�WKH�QRQZDQGHULQJ�VHW��,Q�IDFW��D�VWURQJHU�
VWDWHPHQW�LV�WUXH��HDFK�S�H�LQW�.� LV�WKH�OLPLW�RI�LWV�IRUZDUG�LWHUDWHV��/HW�8�EH�
WKH�FRPSRQHQW�RI�LQW�.� WKDW�FRQWDLQV�S���6LQFH�WKH�DXWRPRUSKLVP�JURXS�RI�8�
LV�D�FRPSDFW�JURXS��WKHUH�LV�D�VHTXHQFH�QL�VXFK�WKDW�IQI��S�� B�S���

7R�GLVFXVV�VRPH�IXUWKHU�SURSHUWLHV�RI�D�FRPSRQHQW�8�RI�LQW�.��ZH�UHFDOO�
WKDW�ZH�PD\�ZULWH�

���

. � Q�̂,IQ�"&`�
Q �RR�
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IRU�VRPH�&���RF��7KXV�.� LV�SRO\QRPLDOO\�FRQYH[��/HW�XV�UHFDOO�WKDW�D�GRPDLQ�
8� LV�D�5XQJH�GRPDLQ�LI�DQ\�DQDO\WLF�IXQFWLRQ�RQ�8�PD\�EH�DSSUR[LPDWHG�
XQLIRUPO\�RQ�FRPSDFW�VXEVHWV�RI�SRO\QRPLDOV��

3URSRVLWLRQ���� 8� LV�D�5XQJH�GRPDLQ��DQG�+Q��8��&�� �2�IRU�Q�!����
3URRI��7R�VHH�WKDW�+���8�� &�� ����ZH�OHW�;� EH�D�FRPSDFW�VXEVHW�RI�8�DQG�
VKRZ�WKDW�;�F� 8�� %\�WKH�2ND�:HLO�WKHRUHP��LW�VXIILFHV�WR�VKRZ�WKDW�LI�;� LV�
D�FRPSDFW�VXEVHW�RI�8�WKHQ�WKH�SRO\QRPLDO�KXOO�;� LV�FRQWDLQHG�LQ�8�� ,I�Y�
LV�DQ\�YHFWRU�LQ�&�� VXFK�WKDW�WKH�HXFOLGHDQ�WUDQVODWLRQ�;���Y�F� 8�F�.� WKHQ�
LW�IROORZV�WKDW�;���Y� �;���Y�F�.� �.�� 6LQFH�WKLV�KROGV�IRU�DOO�Y�VXFK�WKDW�
OYO���GLVW�;��28���ZH�VHH�WKDW�;� LV�FRQWDLQHG�LQ�WKH�LQWHULRU�LQ�.�� %\�WKH�
2ND�:HLO�WKHRUHP��WKH�IXQFWLRQ�WKDW�LV���RQ�8�Q�;� DQG���RQ�;���8�PD\�EH�
XQLIRUPO\�DSSUR[LPDWHG�RQ�;�E\�SRO\QRPLDOV��VR�LW�IROORZV�WKDW�;�F�8�DQG�
8�LV�5XQJH��
$�ZHOO�NQRZQ�SURSHUW\��FI��>+R@��RI�5XQJH�GRPDLQV�LQ�&�� LV�WKDW�+��8��&��

�� ��� $Q\�5XQJH�GRPDLQ�LV�D�GRPDLQ�RI�KRORPRUSK\��DQG�VR�LW�IROORZV�WKDW�
+���8��&�� �2��

6LQFH�+���8�� &�� ���LW�IROORZV�WKDW�8�FDQQRW�KDYH�WKH�WRSRORJ\�RI�D�SURGXFW�
RI�DQQXOL��7KLV�DQVZHUV�D�TXHVWLRQ�RI�0LOQRU�SRVHG�LQ�>%L@��

7KHUH�DUH�WZR�FDVHV��DFFRUGLQJ�WR�WKH�GLPHQVLRQ�RI�JR��
�L��JR� �7,���:H�GR�QRW�NQRZ�YHU\�PXFK�DERXW�WKLV�FDVH��+RZHYHU��OHW�XV�

VXSSRVH�WKDW�I�KDV�D�IL[HG�SRLQW��[���\��� � �������(�8�� +��&DUWDQ�VKRZHG�
WKDW�LQ�WKLV�FDVH�WKH�7O�DFWLRQ�LV�FRQMXJDWH�WR�D� �S��T��DFWLRQ�ORFDOO\�QHDU�WKH�
IL[HG�SRLQW��7KDW�LV��WKHUH�LV�D�FKDQJH�RI�FRRUGLQDWHV�LQ�D�QHLJKERUKRRG�RI�WKH�
RULJLQ�VXFK�WKDW�WKH�DFWLRQ�EHFRPHV�

�2� �H� [�HT� \���

ZKHUH�S��T�(�=� DUH�UHODWLYHO\�SULPH��7KH�VHWV�

9� � ^Y<� �F[�`�

DUH�LQYDULDQW�XQGHU����� DQG�E\�WKH�UHPDUN�DERYH�9-�GHWHUPLQHV�DQ�LQYDULDQW�
FRPSOH[�YDULHW\�RI�8�� ,I�ST�!� ���WKHQ�̂ �-9`�LV�D�RQH�FRPSOH[�SDUDPHWHU�
IDPLO\�RI�6LHJHO�GLVNV��,I��LQ�DGGLWLRQ��S� ����� RU�T� � ,���WKHQ�HDFK�9F�LV�
QRQVLQJXODU��RWKHUZLVH��9� LV�D��SXQFWXUHG�6LHJHO�GLVN���,Q�WKH�ODWWHU�FDVH��WKHUH�
DUH�RQO\�WZR�QRQVLQJXODU�6LHJHO�GLVNV��ZKLFK�FRUUHVSRQG�WR�WKH�[��DQG�\�D[HV��
,I�S�!���!�T�WKHQ�WKH�[��DQG�\�D[HV�DJDLQ�FRUUHVSRQG�WR�6LHJHO�GLVNV��

�LL��JR� �7���� 5HFDOO�WKDW�D�GRPDLQ�*�F�&��LV�5HLQKDUGW�LI�LW�LV�LQYZULDQW�
XQGHU�WKH�DFWLRQ����,�������!��HLR
[�� HLR�\�� IRU�DOO��������(�5�DQG�DOO��[��\��(�
*�� ,W�LV�VKRZQ�LQ�>%%'@�WKDW�LI�8�KDV�D�7� DFWLRQ�WKHQ�8� LV�HTXLYDULDQWO\�
HTXLYDOHQW�WR�D�5HLQKDUGW�GRPDLQ�*��7KDW�LV��WKHUH�LV�D�ELKRORPRUSKLF�PDSSLQJ�

'�� 8��
� *� VXFK�WKDW�

'����,����� �;��\���  � �HLR�,�HL���F'�;�� \��
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KROGV�IRU�DOO��[��\��(�8�� ,Q�RWKHU�ZRUGV��WKH�DFWLRQ�RI���� LV�WDNHQ�LQWR�WKH�
VWDQGDUG�5HLQKDUGW�DFWLRQ��7KH�DFWLRQ�RI�I� RQ�8�FRUUHVSRQGV�WR�7�[�� \�� �
�DO[��D�\�� IRU�D�SDLU�RI�FRPSOH[�QXPEHUV�ODMO� � ��� M�  � ������ DQG�WKH�
QXPEHUV��D,�� ��D�� N� ������������� DUH�GHQVH�LQ�WKH�WRUXV�7��

:H�QRWH�WKDW�D�FRQQHFWHG�SVHXGRFRQYH[�5HLQKDUGW�GRPDLQ�LQ�&��FDQ�KDYH�
RQH�RI�WKUHH�WRSRORJLFDO�W\SHV��$�[�$�� $�[�$��RU�$�[�$�� �$� GLVN�DQG�
$� �DQQXOXV���7KH�WKLUG�W\SH�FDQQRW�RFFXU�KHUH��VLQFH�+� �8�� &�� � ���DV�ZDV�
REVHUYHG�DERYH��,Q�WKH�ILUVW�FDVH��*�LQWHUVHFWV�HDFK�FRRUGLQDWH�D[LV�LQ�D�GLVN��
7KXV�WKH�IXQFWLRQV�

�SO���� ���'� ��"�� ^���� UO`� 8��

3��&��� )�'���� ��� ^�,&��� U�M� 8��
JLYH�D�SDLU�RI�6LHJHO�GLVNV��6LQFH�*�GRHV�QRW�FRQWDLQ�DQ\�RWKHU�RQH�GLPHQVLRQDO�
FRPSOH[�PDQLIROGV�WKDW�DUH�LQYDULDQW�XQGHU�7D� 8�GRHV�QRW�FRQWDLQ�DQ\�RWKHU�
FRPSOH[�PDQLIROGV�WKDW�DUH�LQYDULDQW�XQGHU�I�� 7KH�SRLQW�!� ��������� LV�HYL��
GHQWO\�WKH�XQLTXH�IL[HG�SRLQW�IRU�I�LQ�8��

,I�*�LV�WRSRORJLFDOO\�HTXLYDOHQW�WR�$�[�$��WKHQ�*�LQWHUVHFWV�RQO\�RQH�D[LV��
WKH�[�D[LV��VD\��LQ�DQ�DQQXOXV��7KLV�\LHOGV�D�+HUPDQ�ULQJ��ZKLFK�LV�WKH�RQO\�
I�LQYDULDQW�FRPSOH[�PDQLIROG�LQ�8��DQG�I�KDV�QR�IL[HG�SRLQW�LQ�8��

&DVH��LL��FDQ�DFWXDOO\�RFFXU��DW�OHDVW�LQ�WKH�VXEFDVH�ZKHUH�I�KDV�D�IL[HG�SRLQW�
LQ�8�� 7R�VHH�WKLV��ZH�FKRRVH�D�PDSSLQJ�I�[��\�� � �D,[�� D�\����"��� ZKHUH�
WKH�GRWV�LQGLFDWH�WHUPV�RI�GHJUHH�DW�OHDVW���DQG�,RDO�,�  � ,D�,� � ��D� ,W�IROORZV�
IURP�WKH�SUHFHGLQJ�GLVFXVVLRQ�WKDW��������(� LQW�.� LI�DQG�RQO\�LI�I�FDQ�EH�
OLQHDUL]HG�LQ�D�QHLJKERUKRRG�RI��������� ,I�ZH�FKRRVH�DO� DQG�D�� WR�VDWLVI\�
DOVR�D�GLRSKDQWLQH�FRQGLWLRQ��WKHQ�I�PD\�EH�OLQHDUL]HG�DW�������� �FI��=HKQGHU�
>=@���&DVH��L��FDQ�DOVR�RFFXU��DW�OHDVW�IRU�D� �S��T��DFWLRQ�ZLWK�ST�!� ���)RU�LI�D�
VDWLVILHV�D�GLRSKDQWLQH�FRQGLWLRQ�DQG�LI�S��T�DUH�UHODWLYHO\�SULPH��WKHQ�VR�GRHV�
WKH�SDLU�D�  � T� D�� � DS���$JDLQ�E\�>=@�I�PD\�EH�OLQHDUL]HG�DW���������DQG�
I��ZLOO�JHQHUDWH�D� �S��T��DFWLRQ��

%,%/,2*5$3+<�

>%%'@�'��%DUUHW��(��%HGIRUG��DQG�-��'DGRN��7Q�DFWLRQV�RQ�KRORPRUSKLFDOO\�VHSDUDEOH�FRPSOH[�
PDQLIROGV��0DWK��=���������������������

>%@�(��%HGIRUG��2Q�WKH�DXWRPRUSKLVP�JURXS�RI�D�6WHLQ�PDQLIROG��0DWK��$QQ�������������������
�����

>%6�@�(��%HGIRUG�DQG�-��6PLOOLH��3RO\QRPLDO�GLIIHRPRUSKLVPV�RI�&���FXUUHQWV��HTXLOLEULXP�PHD��
VXUH�DQG�K\SHUEROLFLW\��,QYHQW��0DWK���������������������

>%6�@����� )DWRX�%LHEHUEDFK�GRPDLQV�DULVLQJ�IURP�SRO\QRPLDO�DXWRPRUSKLVPV��,QGLDQD�8��0DWK��
-����������������������

>%L@�%��%LHOHIHOG��&RQIRUPDO�G\QDPLFV�SUREOHP�OLVW��681<�6WRQ\�%URRN�,QVWLWXWH�IRU�0DWKHPDW��
LFDO�6FLHQFHV��SUHSULQW��������

>)0@� 6��)ULHGODQG�DQG�-��0LOQRU��'\QDPLFDO�SURSHUWLHV�RI�SODQH�SRO\QRPLDO�DXWRPRUSKLVPV��
(UJRGLF�7KHRU\�'\QDPLFDO�6\VWHPV������������������

>+@�0��+HUPDQ��5HFHQW�UHVXOWV�DQG�VRPH�RSHQ�TXHVWLRQV�RQ�6LHJHO
V�OLQHDUL]DWLRQ�WKHRUHP�RI�
JHUPV�RI�FRPSOH[�DQDO\WLF�GLIIHRPRUSKLVPV�RI�&Q�QHDU�D�IL[HG�SRLQW��9,O,WK�,QWHUQDWLRQDO�
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&RQJUHVV�RQ�0DWKHPDWLFDO�3K\VLFV��0DUVHLOOH���������:RUOG�6FLHQWLILF�3XEO��6LQJDSRUH��
������SS�����������

>+R@�/��+RUPDQGHU��$Q�LQWURGXFWLRQ�WR�FRPSOH[�DQDO\VLV�LQ�VHYHUDO�YDULDEOHV��1RUWK�+ROODQG��
������

>+2@�-��+��+XEEDUG�DQG�5��2EHUVWH�9RUWK��+HQRQ�PDSSLQJV�LQ�WKH�FRPSOH[�GRPDLQ��LQ�SUHSDUD��
WLRQ��

>.@�$��.DWRN��1RQXQLIRUP�K\SHUEROLFLW\�DQG�VWUXFWXUH�RI�VPRRWK�G\QDPLFDO�V\VWHPV��3URF��,Q��
WHUQDW��&RQJU��0DWK���:DUVDZ��������

>1@�6��1HZKRXVH��7KH�FUHDWLRQ�RI�QRQ�WULYLDO�UHFXUUHQFH�LQ�WKH�G\QDPLFV�RI�GLIIHRPRUSKLVPV��/HV�
+RXFKHV�VHVVLRQ�;;;9,��&KDRWLF�%HKDYLRU�RI�'HWHUPLQLVWLF�6\VWHPV��*��ORRVV�HW�DO���HGV����
1RUWK�+ROODQG��������SS�����������

>55@�-��3��5RVD\�DQG�:��5XGLQ��+RORPRUSKLF�PDSV�IURP�&Q� WR�&Q��7UDQV��$PHU��0DWK��6RF��
�������������������

��
>6@�-��6PLOOLH��7KH�HQWURS\�RI�SRO\QRPLDO�GLIIHRPRUSKLVPV�RI�&��� (UJRGLF�7KHRU\�'\QDPLFDO�

6\VWHPV��WR�DSSHDU���
>=@�(��=HKQGHU��$�VLPSOH�SURRI�RI�D�JHQHUDOL]DWLRQ�RI�D�7KHRUHP�E\�&��/��6LHJHO��*HRPHWU\�DQG�

7RSRORJ\��-��3DOLV�DQG�0��GR�&DUPR��HGV����/HFWXUH�1RWHV�LQ�0DWK���YRO�������6SULQJHU��
9HUODJ��1HZ�<RUN��������SS�����������

'(3$570(17� 2)� 0$7+(0$7,&6�� ,1',$1$� 81,9(56,7<�� %/220,1*721�� ,1',$1$� ������
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