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$UJXPHQWV�DUH�JLYHQ� LQ�VXSSRUW�RI�(LQVWHLQ¶V�FODLP�WKDW�³WKH�6FKZDU]VFKLOG�VLQJX�
ODULWLHV��EODFN�KROHV��GR�QRW�H[LVW�LQ�SK\VLFDO�UHDOLW\�´�6WDWLF�VROXWLRQV�RI�UHODWLYLVWLF
VWDUV�ZLWK�VSKHULFDO�V\PPHWU\�DQG�ORFDO�DQLVRWURS\�DUH�VWXGLHG��,W�LV�DUJXHG�WKDW�ORFDO
LVRWURS\� VKRXOG� QRW� EH� LPSRVHG� DV� DQ� ³D� SULRUL´� FRQVWUDLQW�� EXW� WKH� FRQGLWLRQ� RI
HTXLOLEULXP� �PLQLPDO� HQHUJ\� IRU� JLYHQ� WRWDO� HQWURS\�� ZLOO� GHWHUPLQH� ZKHWKHU� WKH
SUHVVXUH� LV� LVRWURSLF� LQ� WKH� LQWHULRU� RI� WKH� VWDU�� 8VLQJ� WKLV� FRQGLWLRQ�� HTXLOLEULXP
FRQILJXUDWLRQV� ZLWK� ORFDO� DQLVRWURS\� DUH� IRXQG� IRU� VXSHUPDVVLYH� VWDUV� DQG� ZKLWH
GZDUIV�ZLWK�PDVV�DERYH�WKH�FRQYHQWLRQDO�OLPLWV�

.H\�ZRUGV��UHODWLYLVWLF�VWDUV���VXSHUPDVVLYH�VWDUV���ZKLWH�GZDUIV���EODFN�KROHV

���,QWURGXFWLRQ

,W�LV�ZHOO�NQRZQ�WKDW�(LQVWHLQ�LV�FRQVLGHUHG�KHUHWLFDO�ZLWK�UHVSHFW�WR�TXDQWXP�PHFKDQLFV�EHFDXVH
KH�QHYHU�DFFHSWHG�LW�DV�D�IXQGDPHQWDO�DQG�FRPSOHWH�WKHRU\�RI�QDWXUH��:KDW�LV�QRW�VR�ZHOO�NQRZQ�LV
WKDW� KH�ZDV� DOVR� KHUHWLFDO�ZLWK� UHVSHFW� WR� JHQHUDO� UHODWLYLW\�� WKH� WKHRU\� ZKLFK� ZDV� WKH� FURZQLQJ
DFKLHYHPHQW�RI�KLV�JHQLXV��,Q�IDFW��(LQVWHLQ�QHYHU�DFFHSWHG�WKH�SRVVLEOH�H[LVWHQFH�RI�VLQJXODULWLHV�LQ
VSDFH�WLPH��WRGD\�NQRZQ�DV�EODFN�KROHV��%XW�KLV�RSLQLRQ�LV�QRZ�YLHZHG�DV�D�ELJ�PLVWDNH�DQG�HYHQ
WKH�PDQ�LQ�WKH�VWUHHW�KDV�EHHQ�LQVWUXFWHG�WKDW�(LQVWHLQ¶V�WKHRU\�SUHGLFWV�WKH�H[LVWHQFH�RI�EODFN�KROHV�

7KH�QDPH�³EODFN�KROH´�ZDV�FRLQHG�E\�-�$�:KHHOHU�LQ�������0LVQHU�HW�DO��������EXW��LQ�FRQQHF�
WLRQ�ZLWK�JHQHUDO�UHODWLYLW\��WKH�FRQFOXVLRQ�WKDW�VRPH�VWDUV�ZRXOG�XQDYRLGDEO\�FROODSVH�WR�EODFN�KROHV
IROORZHG�IURP�LQYHVWLJDWLRQV�RI�WKH�HDUO\�WKLUWLHV�DERXW�ZKLWH�GZDUIV��7KHVH�VWDUV�DUH�D�ODWH�VWDJH�LQ
WKH�OLIH�RI�RUGLQDU\�VWDUV�OLNH�WKH�6XQ��$VVXPLQJ�WKDW�WKH\�DUH�VXSSRUWHG�E\�WKH�SUHVVXUH�RI�D�GHJHQ�
HUDWH�HOHFWURQ�JDV��LQ������&KDQGUDVHNKDU��������SURYHG�WKDW�ZKLWH�GZDUIV�ZLWK�PDVV�DERYH�����0R

�VRODU�PDVVHV��FRXOG�QRW�EH�VWDEOH�DJDLQVW�FROODSVH��D�GLVFRYHU\�DOVR�PDGH�E\�/DQGDX���������7RGD\
LW�LV�DVVXPHG�WKDW�WKH�FROODSVH�RI�D�PDVVLYH�ZKLWH�GZDUI�GRHV�QRW�OHDG�SULPDULO\�WR�D�EODFN�KROH�EXW�WR
D�VXSHUQRYD�H[SORVLRQ��D�YLROHQW�HYHQW�ZKLFK�HMHFWV�WKH�RXWHU�SDUWV�RI�WKH�VWDU�ZKLOVW�WKH�FRUH�UHPDLQV
LQ�WKH�IRUP�RI�D�QHXWURQ�VWDU��ZKLFK�LV�DOVR�VXSSRVHG�WR�FROODSVH�VRPHWLPHV��VHH�EHORZ���%XW�LPPH�
GLDWHO\�DIWHU�WKH�GLVFRYHU\�RI�&KDQGUDVHNKDU�D�FRQWURYHUV\�DURVH�EHFDXVH�VRPH�RI�WKH�OHDGLQJ�DVWUR�
SK\VLFLVWV�FRXOG�QRW�DFFHSW�WKH�FROODSVH�RI�D�VWDU�WRZDUGV�D�VLQJXODULW\�DQG�DWWHPSWHG�WR�SUHYHQW�LW�
HYHQ�DW� WKH�SULFH�RI�FKDQJLQJ� WKH�NQRZQ� ODZV�RI�SK\VLFV��)RU� LQVWDQFH�/DQGDX� ILQLVKHG�KLV�����
DUWLFOH�GHFODULQJ�WKDW�³ZH�PXVW�FRQFOXGH�WKDW�DOO�VWDUV�KHDYLHU�WKDQ�����0R�FHUWDLQO\�SRVVHV�UHJLRQV�LQ
ZKLFK�WKH�ODZV�RI�TXDQWXP�PHFKDQLFV��DQG�WKHUHIRUH�TXDQWXP�VWDWLVWLFV��DUH�YLRODWHG�´�(GGLQJWRQ
�������ZHQW�IXUWKHU�E\�DFWXDOO\�PRGLI\LQJ�WKH�HTXDWLRQ�RI�VWDWH�RI�WKH�GHJHQHUDWH�UHODWLYLVWLF�HOHFWURQ
JDV�LQ�VXFK�D�ZD\�WKDW�HTXLOLEULXP�VWDWHV�ZRXOG�H[LVW�IRU�VWDUV�RI�DUELWUDU\�PDVVHV�
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,Q�VSLWH�RI�WKLV�LQLWLDO�RSSRVLWLRQ�WR�JUDYLWDWLRQDO�FROODSVH��WKH�SDSHUV�RI�2SSHQKHLPHU��������DQG
RWKHUV�DQG��ILQDOO\��WKH�ZRUN�RI�:KHHOHU�DQG�FROODERUDWRUV�LQ�WKH�VL[WLHV�FRQYLQFHG�WKH�FRPPXQLW\
WKDW�FROODSVH�WR�EODFN�KROH�LV�WKH�XQDYRLGDEOH�IDWH�RI�PDVVLYH�HQRXJK�VWDUV��DQG�WKLV�LV�WKH�HVWDEOLVKHG
ZLVGRP�RI�SUHVHQW�GD\�DVWURSK\VLFLVWV��%XW� WKH�FRUUHFW²LQ�P\�RSLQLRQ²VROXWLRQ� WR� WKH�SUREOHP
FDPH�IURP�(LQVWHLQ��ZKR�REYLRXVO\�XQGHUVWRRG�UHODWLYLW\�WKHRU\�EHWWHU��+H�HVVHQWLDOO\�SURYHG�WKDW
FROODSVH�LV�SUHYHQWHG�E\�ORFDO�DQLVRWURS\��WKH�GHYHORSPHQW�RI�ZKLFK�LV�D�FRQVHTXHQFH�RI�UHODWLYLW\
WKHRU\�LI�FRUUHFWO\�XQGHUVWRRG�� ,Q� WKH�SUHVHQW�DUWLFOH� ,�VKDOO�VKRZ�KRZ�ORFDO�DQLVRWURS\�DULVHV�DQG
SUHYHQWV� FROODSVH� LQ� D� VLPSOH� EXW� UHOHYDQW� FDVH�� VXSHUPDVVLYH� VWDUV�ZLWK�PDVV� VOLJKWO\� DERYH� WKH
FRQYHQWLRQDO�OLPLW�RI�VWDELOLW\�

5HWXUQLQJ�WR�(LQVWHLQ��DW�WKH�DJH����KH�SXEOLVKHG�DQ�DUWLFOH��(LQVWHLQ�������ZKHUH�KH�VROYHG�WKH
HTXDWLRQV�RI�JHQHUDO�UHODWLYLW\�IRU�D�V\VWHP�RI�VSKHULFDO�V\PPHWU\�FRQVLVWLQJ�RI�D�FOXVWHU�RI�PDVVHV�
HDFK�PRYLQJ�LQGHSHQGHQWO\�H[FHSW�IRU�WKH�JUDYLWDWLRQDO�LQWHUDFWLRQ��$IWHU�VHYHUDO�SDJHV�ZLWK�FDOFX�
ODWLRQV�(LQVWHLQ�FRQFOXGHG�

7KH�HVVHQWLDO�UHVXOW�RI�WKLV�LQYHVWLJDWLRQ�LV�D�FOHDU�XQGHUVWDQGLQJ�DV�WR�ZK\�WKH�³6FKZDU�
]VFKLOG�VLQJXODULWLHV´�GR�QRW�H[LVW�LQ�SK\VLFDO�UHDOLW\��$OWKRXJK�WKH�WKHRU\�JLYHQ�KHUH�WUHDWV
RQO\�FOXVWHUV�ZKRVH�SDUWLFOHV�PRYH�DORQJ�FLUFXODU�SDWKV�LW�GRHV�QRW�VHHP�WR�EH�VXEMHFW�WR
UHDVRQDEOH�GRXEW�WKDW�JHQHUDO�FDVHV�ZLOO�KDYH�DQDORJRXV�UHVXOWV��7KH�6FKZDU]VFKLOG�VLQ�
JXODULW\�GRHV�QRW�DSSHDU� IRU� WKH� UHDVRQ� WKDW�PDWWHU� FDQQRW� EH� FRQFHQWUDWHG� DUELWUDULO\�
$QG�WKLV�LV�GXH�WR�WKH�IDFW�WKDW�RWKHUZLVH�WKH�FRQVWLWXWLQJ�SDUWLFOHV�ZRXOG�UHDFK�WKH�YHORF�
LW\�RI�OLJKW�
7KLV�LQYHVWLJDWLRQ�DURVH�RXW�RI�GLVFXVVLRQV�WKH�DXWKRU�FRQGXFWHG�ZLWK�3URIHVVRU�+�3��5RE�
HUWVRQ�DQG�ZLWK�'UV��9��%DUJPDQQ�DQG�3��%DUJPDQQ�RQ� WKH�PDWKHPDWLFDO�DQG�SK\VLFDO
VLJQLILFDQFH� RI� WKH� 6FKZDU]VFKLOG� VLQJXODULW\�� 7KH� SUREOHP� TXLWH� QDWXUDOO\� OHDGV� WR� WKH
TXHVWLRQ��DQVZHUHG�E\�WKLV�SDSHU�LQ�WKH�QHJDWLYH��DV�WR�ZKHWKHU�SK\VLFDO�PRGHOV�DUH�FDSD�
EOH�RI�H[KLELWLQJ�VXFK�D�VLQJXODULW\�

7R�DQ\RQH� LQWHUHVWHG� LQ� WKH� VRFLRORJLFDO�DVSHFWV�RI� VFLHQFH� LW� VKRXOG�EH�FHUWDLQO\� VWUDQJH� WKDW
WKHVH�FOLQFKLQJ�VWDWHPHQWV�RI�(LQVWHLQ��WKH�JUHDWHVW�VFLHQWLVW�LQ�FHQWXULHV�DQG�WKH�FUHDWRU�RI�WKH�WKHRU\
XQGHU�GLVFXVVLRQ��DUH�WRGD\�FRQVLGHUHG�DV�FRPSOHWHO\�ZURQJ��,�PD\�LPDJLQH� WZR�UHDVRQV�IRU� WKDW�
7KH�ILUVW� LV� WKDW�(LQVWHLQ�KDG�DOUHDG\�PDQLIHVWHG�D�VWURQJ�RSSRVLWLRQ�WR�WKH�HVWDEOLVKHG�ZLVGRP�LQ
TXDQWXP�PHFKDQLFV��7KH�SULFH�SDLG�IRU�WKLV�RSSRVLWLRQ�ZDV�WKDW��ZLWKLQ�WKH�FRPPXQLW\�RI�SK\VLFLVWV�
WKH� LPDJH�RI�(LQVWHLQ�DIWHU�������DJH������ZDV� WKDW�RI�DQ�ROG�PDQ�XQDEOH� WR�XQGHUVWDQG� WKH�QHZ
SK\VLFV��7KH�VHFRQG�UHDVRQ�LV�WKDW�IHZ�SHRSOH�KDG�WKH�SRZHUIXO�SK\VLFDO�LQVLJKW�RI�(LQVWHLQ�ZKR��MXVW
IURP�WKH�DQDO\VLV�RI�D�SDUWLFXODU�TXLWH�LGHDOL]HG�PRGHO��ZDV�DEOH�WR�GHULYH�³D�FOHDU�XQGHUVWDQGLQJ�DV
WR�ZK\�>EODFN�KROHV@�GR�QRW�H[LVW� LQ�SK\VLFDO�UHDOLW\�´�2UGLQDU\�SHRSOH�QHHG�PRUH�HODERUDWH�DUJX�
PHQWV�

,Q�P\�RSLQLRQ�(LQVWHLQ�ZDV�ULJKW��,Q�WKH�SUHVHQW�SDSHU�,�ZLOO�DUJXH�WKDW�WKH�FRQFOXVLRQ�RI�WKH�XQ�
DYRLGDEOH�FROODSVH�WR�EODFN�KROHV�GHULYHV�IURP�D�PLVXQGHUVWDQGLQJ�RI�WKH�FRQGLWLRQV�RI�HTXLOLEULXP
RI�UHODWLYLVWLF�VWDUV��7KHUH�DUH�WZR�PDLQ�W\SHV�RI�VWDU�ZKLFK�DUH�FXUUHQWO\�EHOLHYHG�WR�FROODSVH��QHX�
WURQ�VWDUV�DQG�VXSHUPDVVLYH�VWDUV��%RWK�DUH�UHODWHG�WR�REMHFWV�DOUHDG\�REVHUYHG��SXOVDUV�DQG�TXDVDUV
UHVSHFWLYHO\��7KH�VWXG\�RI�QHXWURQ�VWDUV�UHTXLUHV�QXPHULFDO�FDOFXODWLRQV��ZKLFK�ZHUH�PDGH�IRU�WKH
ILUVW�WLPH�E\�2SSHQKHLPHU�DQG�9RONRII���������7KH\�FRQFOXGHG�WKDW�QHXWURQ�VWDUV�ZLWK�PDVV�DERYH
����0R�ZRXOG�FROODSVH��PRUH�UHILQHG�FDOFXODWLRQV�LQFOXGLQJ�WKH�HIIHFW�RI�WKH�QXFOHDU�VWURQJ�LQWHUDF�
WLRQ��SHUIRUPHG�LQ�UHFHQW�\HDUV��LQFUHDVH�VRPHZKDW�WKH�PDVV�OLPLW���,W�LV�LURQLF�WKDW�WKLV�SDSHU�ZDV
SXEOLVKHG�LQ�WKH�VDPH�\HDU�DV�(LQVWHLQ¶V��7KH�FDOFXODWLRQV�QHHGHG�IRU�WKH�VWXG\�RI�VXSHUPDVVLYH�VWDUV
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DUH�PXFK�VLPSOHU�DQG�PD\�EH�SHUIRUPHG�DQDO\WLFDOO\��ZKLFK�PDNHV� WKH�SK\VLFV�PRUH� WUDQVSDUHQW�
)RU�WKLV�UHDVRQ�WKHVH�DUH�WKH�VWDUV�VWXGLHG�KHUH�

7KH�FRQYHQWLRQDO�WUHDWPHQWV�RI�ERWK�QHXWURQ�DQG�VXSHUPDVVLYH�VWDUV�FRQWDLQ�WKH�VDPH�HUURU��7KH
HTXLOLEULXP�LV�FDOFXODWHG�E\�LPSRVLQJ�DQ�XQGXH�FRQVWUDLQW��QDPHO\�WKDW�WKHUH�LV�ORFDO�LVRWURS\�HYHU\�
ZKHUH��ZKLFK�LV�DQ�LVRWURSLF�GLVWULEXWLRQ�RI�SDUWLFOH�PRPHQWD�DW�DOO�SRLQWV�LQVLGH�WKH�VWDU��,Q�FRQWUDVW�
WKH�PRGHO�RI�(LQVWHLQ�KDG�DQ�H[WUHPH�ORFDO�DQLVRWURS\��WKHUH�ZDV�QR�UDGLDO�PRWLRQ�DW�DOO��RQO\�WUDQV�
YHUVH�PRWLRQ��EHFDXVH�SDUWLFOHV�PRYHG�LQ�FRQFHQWULF�FLUFOHV��7KLV�LGHDOL]DWLRQ�ZDV�PDGH�IRU�WKH�VDNH
RI�VLPSOLFLW\��EXW�(LQVWHLQ�VXSSRVHG�WKDW�³PRUH�JHQHUDO�FDVHV�ZLOO�KDYH�DQDORJRXV�UHVXOWV�´�6WDUV�ZLWK
ORFDO�DQLVRWURS\�KDYH�EHHQ�VWXGLHG�E\�VHYHUDO�DXWKRUV��IRU�D�UHFHQW�UHYLHZ�VHH�+HUUHUD�DQG�6DQWRV
�������%XW�LQ�DOO�FDVHV�LW�LV�DVVXPHG�WKDW�WKH�DQLVRWURS\�GHULYHV�IURP�WKH�HTXDWLRQ�RI�VWDWH�RI�VWHOODU
PDWWHU�EHLQJ�HVVHQWLDOO\�DQLVRWURSLF��DV�LV�WKH�FDVH��H�J���LQ�FU\VWDOL]HG�RXWHU�OD\HUV�RI�ZKLWH�GZDUIV��,Q
RWKHU�ZRUGV��WKH�HVWDEOLVKHG�ZLVGRP�H[FOXGHV�WKH�SRVVLELOLW\�WKDW�WKH�JUDYLWDWLRQDO�ILHOG�FRXOG�FUHDWH
ORFDO�DQLVRWURS\�LQ�D�IOXLG��IRU�LQVWDQFH�LQ�WKH�GHJHQHUDWH�QHXWURQ�JDV�ZKLFK�SURGXFHV�WKH�SUHVVXUH
LQVLGH�QHXWURQ�VWDUV��7KLV�FRQWUDVWV�ZLWK�WKH�ZLGHVSUHDG�DFFHSWDQFH�WKDW�WKH�HOHFWULF�ILHOG�GRHV�FUHDWH
PRPHQWXP�DQLVRWURS\��GHIRUPDWLRQ�RI�WKH�)HUPL�VSKHUH��LQ�WKH�HOHFWURQ�JDV�RI�WKH�FRQGXFWLRQ�EDQG
RI�PHWDOV��%XW�WKHUH�LV�KHUH�D�VXEWOHW\�RI�UHODWLYLW\�WKHRU\��WKH�IDFW�WKDW�WKH�³JUDYLWDWLRQDO�IRUFH´�GH�
SHQGV�RQ�YHORFLW\�� LQ�DGGLWLRQ� WR�PDVV��EXW�RQO\�RQ�UDGLDO� YHORFLW\� �VHH�EHORZ��HT�������7KLV� IDFW
PDNHV�SRVVLEOH�WKH�FUHDWLRQ�RI�ORFDO�DQLVRWURS\�LQ�UHODWLYLVWLF�VWDUV��ZKLOH�1HZWRQLDQ�VWDUV�LQ�HTXLOLE�
ULXP�VHHP�WR�SRVVHV�LVRWURSLF�SUHVVXUH�HYHU\ZKHUH��VHH�HQG�RI�VHFWLRQ����

���6XSHUPDVVLYH�6WDUV�ZLWK�/RFDO�$QLVRWURS\

6XSHUPDVVLYH�VWDUV�DUH�ERGLHV�ZLWK�PDVV�DERYH�����0R��VXSSRVHGO\�IRUPHG�DW�WKH�FHQWHU�RI�JDO�
D[LHV��FRQVLVWLQJ�RI�D�SODVPD�RI�SURWRQV��KHOLXP�QXFOHL�DQG�HOHFWURQV�SOXV�HOHFWURPDJQHWLF�UDGLDWLRQ�
7KH�VWDU�LV�VXSSRUWHG�E\�UDGLDWLRQ�SUHVVXUH�DQG��WR�D�VPDOOHU�H[WHQW��E\�SODVPD�SUHVVXUH��7KH�FRQ�
YHQWLRQDO�WKHRU\�RI�VXSHUPDVVLYH�VWDUV�PD\�EH�VHHQ�LQ�:HLQEHUJ��������RU�6KDSLUR�DQG�7HXNROVN\
��������7KH�HVWDEOLVKHG�ZLVGRP�LV�WKDW�WKHVH�VWDUV�OLYH�IRU�UHODWLYHO\�VKRUW�WLPHV��EHWZHHQ����DQG����

\HDUV���DIWHU�ZKLFK�WKH\�FROODSVH�WR�EODFN�KROHV�
7KH� WKHRU\� RI� VXSHUPDVVLYH� VWDUV� ZLWK� ORFDO� DQLVRWURS\� PD\� EH� VWDWHG� DV� IROORZV� �&RUFKHUR

����D���7KH�FRQILJXUDWLRQ�RI�WKH�VWDU�ZLOO�EH�FRPSOHWHO\�GHWHUPLQHG�LI�ZH�NQRZ�WKH�VWDWLVWLFDO�GLVWUL�
EXWLRQ�IXQFWLRQV�LQ�SKDVH�VSDFH��IM�U�N���RI�DOO�WKHLU�FRQVWLWXHQWV��ZH�ODEHO�N�WKH�PRPHQWXP�LQ�RUGHU
WR�DYRLG�FRQIXVLRQ�ZLWK�WKH�SUHVVXUH��S��WR�EH�LQWURGXFHG�ODWHU���7R�D�JRRG�DSSUR[LPDWLRQ�WKH�VWDU
PD\�EH�FRQVLGHUHG�DV�DQ�LVRODWHG�SK\VLFDO�V\VWHP��WKLV�LV�QRW�VWULFWO\�WUXH�EHFDXVH�WKH�VWDU�UDGLDWHV�
EXW�WKH�HQHUJ\�ORVV�LV�VORZ���&RQVHTXHQWO\��WKH�WKHUPRG\QDPLF�FRQGLWLRQ�IRU�HTXLOLEULXP�LV�WKDW�WKH
HQWURS\�LV�D�PD[LPXP�IRU�IL[HG�WRWDO�HQHUJ\��RU�WKH�HQHUJ\�LV�D�PLQLPXP�IRU�IL[HG�HQWURS\���7KHUH
DUH�VHYHUDO�FRQVWUDLQWV�WKDW�,�VWDWH�H[SOLFLWO\�LQ�WKH�IROORZLQJ�

�� 7KH�EDU\RQ�QXPEHU�LV�IL[HG��)RU�VXSHUPDVVLYH�VWDUV�WKLV�LV�HTXLYDOHQW�WR�IL[LQJ�WKH�PDVV�EHFDXVH
WKHVH� VWDUV�PD\� EH� WUHDWHG�ZLWKLQ�1HZWRQLDQ� JUDYLW\�� H[FHSW� IRU� VPDOO� FRUUHFWLRQV� RI� JHQHUDO
UHODWLYLW\�

�� 7KH�HQWURS\�SHU�EDU\RQ�LV�D�IL[HG�FRQVWDQW�WKURXJKRXW�WKH�VWDU��7KLV�K\SRWKHVLV�LV�FRQVLVWHQW�ZLWK
FRQYHFWLYH�HTXLOLEULXP��D�VWDQGDUG�DVVXPSWLRQ�IRU�WKHVH�VWDUV�ZKLFK�LV�VWURQJHU�WKDQ�MXVW�IL[LQJ
WKH�WRWDO�HQWURS\�

�� 7KH�JUDYLWDWLRQDO�HTXLOLEULXP�FRQGLWLRQ�KROGV��7KLV�FRQGLWLRQ��XVXDOO\�FDOOHG�K\GURVWDWLF�HTXLOLE�
ULXP��WDNHV�WKH�IROORZLQJ�IRUP�LQ�JHQHUDO�UHODWLYLW\�ZKHQ�ZH�GR�QRW�LPSRVH�ORFDO�LVRWURS\�³D�SUL�
RUL´��ZH�VKDOO�XVH�XQLWV�*� �F� ���
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ZKHUH�r�U��LV�WKH�PDVV�GHQVLW\�DW�D�GLVWDQFH�U�IURP�WKH�FHQWHU��DQG�SU�SW��LV�WKH�UDGLDO��WUDQVYHUVH�
SUHVVXUH��VHH��H�J���+HUUHUD�DQG�6DQWRV��������7KH�OHIW�KDQG�VLGH�RI�HT�����LV�WKH�UDGLDO�FRPSR�
QHQW�RI�WKH�GLYHUJHQFH�RI�WKH�VWUHVV�WHQVRU��7KHUHIRUH�WKH�ULJKW�VLGH�GLYLGHG�E\�WKH�GHQVLW\�PD\�EH
WDNHQ� DV� WKH�PHDQ� ORFDO� ³JUDYLWDWLRQDO� IRUFH´� SHU� XQLW�PDVV��$W� D� GLIIHUHQFH�ZLWK�1HZWRQLDQ
JUDYLW\��ZKHUH�WKH�IRUFH�LV�MXVW�±P�U���ZH�VHH�WKDW�LQ�JHQHUDO�UHODWLYLW\�WKH�IRUFH�RQ�D�SDUWLFOH�GH�
SHQGV�RQ�LWV�PDVV�DQG�LWV�UDGLDO�YHORFLW\��ZH�UHFDOO�WKDW�SU�r�LV�WKH�PHDQ�VTXDUH�UDGLDO�FRPSRQHQW
RI�WKH�YHORFLW\�RI�WKH�SDUWLFOHV�DW�U��

%XW�,�GR�QRW�DFFHSW�WKH�IROORZLQJ�FRQVWUDLQW�PDGH�LQ�FRQYHQWLRQDO�WKHRU\�

�� 7KHUH�LV�ORFDO�LVRWURS\�DW�HYHU\�SRLQW�LQVLGH�WKH�VWDU��L�H��SU� �SW� �S��

7KH�VWDQGDUG�DUJXPHQW�IRU�ORFDO�LVRWURS\�LV�WKDW�SKRWRQ�VFDWWHULQJ�DQG�FROOLVLRQV�DPRQJ�FKDUJHG
SDUWLFOHV�UDSLGO\�UDQGRPL]H�WKH�SODVPD��7KLV�LV�WUXH��EXW�UDQGRPL]DWLRQ�GRHV�QRW�QHFHVVDULO\�LPSO\
LVRWURSL]DWLRQ��7KH�ULJRURXV�PHDVXUH�RI�UDQGRPQHVV�LV�WKH�HQWURS\��DQG�WKH�HIIHFW�RI�FROOLVLRQV�LV�MXVW
WR�UDLVH�WKH�HQWURS\��7KHUHIRUH�ZH�VKRXOG�QRW�DVVXPH�D�SULRUL�WKDW�WKH�YHORFLW\�GLVWULEXWLRQ�RI�SDUWL�
FOHV�RU�SKRWRQV�LV�LVRWURSLF�DW�HYHU\�SRLQW�LQVLGH�WKH�VWDU��:H�PXVW�ILQG�WKH�IXQFWLRQV�IM�U�N��XVLQJ�WKH
JHQHUDO�FRQGLWLRQ�RI�HTXLOLEULXP��PLQLPDO�HQHUJ\�IRU�JLYHQ�HQWURS\���DQG�WKLV�FRQGLWLRQ�LV�ZKDW�ZLOO
GHWHUPLQH�ZKHWKHU�WKHUH�LV�ORFDO�LVRWURS\�RU�QRW�LQVLGH�WKH�VWDU�

,Q� RUGHU� WR� SURFHHG� IXUWKHU�� ZH� PDNH� VHYHUDO� VLPSOLI\LQJ� DVVXPSWLRQV� ZKLFK� DUH� VWDQGDUG�
)LUVWO\��ZH�DVVXPH�WKDW�WKH�VWDU�LV�QRQURWDWLQJ�DQG�SRVVHVV�VSKHULFDO�V\PPHWU\��$V�D�FRQVHTXHQFH�DOO
SKDVH� VSDFH� GLVWULEXWLRQ� IXQFWLRQV� ZLOO� GHSHQG� RQ� MXVW� WKUHH� FRRUGLQDWHV�� QDPHO\� U� �¢U¢�
N� �¢N¢DQG�q��WKH�ODWWHU�EHLQJ�WKH�DQJOH�EHWZHHQ�WKH�YHFWRUV�U�DQG�N��ORFDO�LVRWURS\�ZRXOG�PHDQ�WKDW
QRWKLQJ�GHSHQGV�RQ�q���6HFRQGO\��ZH�DVVXPH�WKDW�WKH�SODVPD�IRUPLQJ�WKH�VXSHUPDVVLYH�VWDU�EHKDYHV
OLNH�DQ�LGHDO�JDV��VR�WKDW�LWV��VPDOO��FRQWULEXWLRQV�WR�HQWURS\��HQHUJ\�DQG�SUHVVXUH�DUH�NQRZQ�RQFH�WKH
FKHPLFDO�FRPSRVLWLRQ��KRPRJHQHRXV�WKURXJKRXW�WKH�VWDU�WR�D�JRRG�DSSUR[LPDWLRQ��DQG�WKH�EDU\RQ
GHQVLW\�LQ�RUGLQDU\�VSDFH��Q�U���LV�JLYHQ�

)LQDOO\�ZH�VKDOO�DVVXPH�WKDW�WKH�GHSHQGHQFH�RI�UDGLDWLRQ�RQ�WKH�SKRWRQ�HQHUJ\��RU�DQJXODU�IUH�
TXHQF\��w��LV�JLYHQ�E\�3ODQFN¶V�ODZ��7KHQ�WKH�PRVW�JHQHUDO�IRUP�SRVVLEOH�IRU�WKH�UDGLDWLRQ�SKDVH
VSDFH�GLVWULEXWLRQ�IXQFWLRQ�LV
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ZKHUH�N%�LV�%ROW]PDQQ¶V�FRQVWDQW��$OO�WKH�GHSHQGHQFH�LQ�U�DQG�q�JRHV�RQ�WKH�TXDQWLW\�7�U�q���ZKLFK
PD\�EH�LQWHUSUHWHG�DV�D�QRQLVRWURSLF�ORFDO�WHPSHUDWXUH�RI�WKH�UDGLDWLRQ��7KDW�LV��ZH�WUHDW�WKH�UDGLDWLRQ
ILHOG�LQVLGH�WKH�VWDU�DV�D�PL[WXUH�RI�QRQLQWHUDFWLQJ�SKRWRQ�JDVHV��FKDUDFWHUL]HG�E\�WKH�SDUDPHWHUV�U
DQG�q�HDFK��7KH�GLVWULEXWLRQ�RI� WKH�HQHUJ\�DPRQJVW� WKH�GLIIHUHQW�JDVHV�ZLOO�EH�GHWHUPLQHG�E\� WKH
JOREDO�HTXLOLEULXP�FRQGLWLRQ��PD[LPXP�HQWURS\�IRU�JLYHQ�WRWDO�HQHUJ\���EXW�IRU�HDFK�JDV�ZH�PD[L�
PL]H�WKH�HQWURS\�ZLWK�IL[HG�HQHUJ\�DQG�WKLV�OHDGV�WR�3ODQFN¶V�ODZ�HT�����
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)RU�VPDOO�ORFDO�DQLVRWURS\�ZH�PD\�DSSUR[LPDWH�WKH�q�GHSHQGHQFH�RI�7�U�q��XVLQJ�WKH�/HJHQGUH
SRO\QRPLDO�3��FRV�q��DV�IROORZV
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ZKHUH�\�LV�D�SDUDPHWHU�PHDVXULQJ�WKH�ORFDO�DQLVRWURS\��)URP�HTV�����DQG�����LW�LV�VWUDLJKWIRUZDUG�WR
JHW��YLD�DSSURSULDWH�LQWHJUDOV�LQ�PRPHQWXP�VSDFH��WKH�ORFDO�SURSHUWLHV�RI�WKH�UDGLDWLRQ�LQ�WHUPV�RI�WKH
PHDQ�ORFDO�WHPSHUDWXUH��7R�U���DQG�WKH�DQLVRWURS\�SDUDPHWHU��\�U���5HOHYDQW�IRU�RXU�SXUSRVHV�DUH�WKH
HQWURS\�SHU�EDU\RQ��V��WKH�HQHUJ\�SHU�EDU\RQ��X��WKH�PHDQ�SUHVVXUH��S��DQG�WKH�UDGLDO�SUHVVXUH��SU���:H
JHW
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ZKHUH�D� ��p�N%
����K�� LV� WKH�6WHIDQ�%ROW]PDQQ�FRQVWDQW�DQG�ZH�KDYH�LQWURGXFHG� WKH�VWDQGDUG�H[�

SUHVVLRQ�IRU�WKH�HQWURS\�LQ�WHUPV�RI�WKH�WHPSHUDWXUH�7�U�q���7KH�PDVV��RU�HQHUJ\��GHQVLW\��r��LV�JLYHQ
E\

r� ��P+���X�Q� ���
ZKHUH�P+�LV�WKH�PDVV�RI�WKH�K\GURJHQ�DWRP��$FWXDOO\�WKH�H[SUHVVLRQV�RI�WKH�HQWURS\��WKH�HQHUJ\�DQG
WKH�SUHVVXUH�DUH�VRPHZKDW�PRUH�LQYROYHG�WKDQ�HTV������DQG�����EHFDXVH�ZH�VKRXOG�LQFOXGH�WKH�FRQ�
WULEXWLRQV�RI�WKH�SODVPD��VHH�&RUFKHUR�����D���EXW�KHUH�,�VKDOO�LJQRUH�WKHP�IRU�WKH�VDNH�RI�VLPSOLFLW\�

$IWHU�WKDW��WKH�HTXLOLEULXP�FRQILJXUDWLRQV�RI�VXSHUPDVVLYH�VWDUV�PD\�EH�REWDLQHG�DV�IROORZV��)RU
D�JLYHQ�HQWURS\�SHU�EDU\RQ��V��HT�����HQDEOHV�XV�WR�REWDLQ�7R�DV�D�IXQFWLRQ�RI�Q�DQG�\��+HQFH�HTV�����
����DQG�����OHDG�WR�WZR�ILUVW�RUGHU�GLIHUHQWLDO�HTXDWLRQV�ZLWK�WKUHH�XQNQRZQ�IXQFWLRQV��QDPHO\�Q�U��
\�U��DQG�P�U���,I�WKHVH�IXQFWLRQV�ZHUH�NQRZQ�ZH�PLJKW�ILQG�WKH�WRWDO�EDU\RQ�QXPEHU��1��DQG�WKH�PDVV
RI�WKH�VWDU��0��E\�PHDQV�RI�WKH�LQWHJUDOV
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+RZHYHU��DV�WKHUH�DUH�PRUH�XQNQRZQ�IXQFWLRQV�WKDQ�HTXDWLRQV��WKH�V\VWHP�LV�LQGHWHUPLQDWH�DQG�ZH
PD\�ILQG�LQILQLWHO\�PDQ\�VROXWLRQV�IRU�IL[HG�EDU\RQ�QXPEHU��1��DQG�HQWURS\�SHU�EDU\RQ��V��7KH�HTXL�
OLEULXP�FRQILJXUDWLRQ�ZLOO�FRUUHVSRQG�WR�WKH�VROXWLRQ�JLYLQJ�WKH�PLQLPDO�PDVV��0��7KH�DFWXDO�SURFH�
GXUH� WR� GR� WKDW�� LQ� WKH� FDVH� RI� VPDOO� DQLVRWURS\� �VHH� HT������� PD\� EH� VHHQ� HOVHZKHUH� �&RUFKHUR
����D���+HUH�ZH�VLPSO\�TXRWH�WKH�UHVXOWV�

6XSHUPDVVLYH�VWDUV�UDGLDWH�DQG�WKHUHIRUH�HYROYH�ORVLQJ�HQHUJ\��PDVV��DQG�HQWURS\��DOWKRXJK�WKH
UHODWLYH�ORVV�RI�PDVV�LV�VORZ�EHFDXVH�X����P+�LQ�HT��������)RU�D�JLYHQ�EDU\RQ�QXPEHU��1��LI�WKH�HQ�
WURS\�LV�KLJK�HQRXJK�WKH�VWDU�LV�ORFDOO\�LVRWURSLF�DQG�WKH�FRQYHQWLRQDO�WKHRU\�KROGV��7KH�UDGLXV��5��RI
WKH�VWDU�GHFUHDVHV�WKH�FHQWUDO�GHQVLW\��r&��LQFUHDVHV�XQWLO�WKH�OLPLW
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1R�EHLQJ�WKH�QXPEHU�RI�EDU\RQV�RI�WKH�6XQ��,Q�WKH�FRQYHQWLRQDO�WUHDWPHQW�LW�LV�SUHGLFWHG�WKDW�WKH�VWDU
FROODSVHV�WR�D�EODFN�KROH�DW�WKLV�PRPHQW��VHH�H�J��6KDSLUR�DQG�7HXNROVN\��������,Q�FRQWUDVW�,�SUHGLFW
WKDW�D� ORFDO�DQLVRWURS\� LV�GHYHORSHG��ZKLOVW� WKH�GHFUHDVH�RI� WKH� UDGLXV�DQG� WKH� LQFUHDVH�RI�FHQWUDO
GHQVLW\�FRQWLQXH��,�TXRWH�WKH�ODZV�RI�FKDQJH�RI�WKH�VXUIDFH�UHG�VKLIW��0�5��WKH�FHQWUDO�GHQVLW\��r&��DQG
WKH�FHQWUDO�WHPSHUDWXUH��7&��DV�IXQFWLRQV�RI�WKH�WRWDO�HQWURS\��6�
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ZKHUH�6��LV�D�FRQVWDQW��:H�VHH�WKDW�DOO�WKUHH�TXDQWLWLHV�0�5��r&��DQG�7&�LQFUHDVH�GXULQJ�WKH�HYROXWLRQ
�ZKHQ�6�GHFUHDVHV���%XW�WKHVH�UHVXOWV�DUH�YDOLG�RQO\�IRU�VPDOO�ORFDO�DQLVRWURS\�DQG��WKHUHIRUH��,�FDQ�
QRW�PDNH�FODLPV�DERXW�WKH�ORQJ�UDQJH�HYROXWLRQ�RI�WKH�VWDUV��+RZHYHU��HTV������VWURQJO\�VXJJHVW�WKDW�
DIWHU�VRPH�WLPH��WKH�FHQWUDO�GHQVLW\�DQG�WHPSHUDWXUH�ZLOO�EH�KLJK�HQRXJK�IRU�WKH�EXUQLQJ�RI�K\GURJHQ
WR�VWDUW��,W�LV�OLNHO\�WKDW��DIWHU�WKDW�WLPH��WKH�VWDU�HQWHUV�LQ�D�VWDJH�RI�VORZ�FKDQJH�RI�UDGLXV��OXPLQRVLW\
DQG�JUDYLWDWLRQDO�VXUIDFH�UHG�VKLIW��,Q�DQ\�FDVH�RXU�UHVXOWV�VWURQJO\�VXJJHVW�WKDW�VXSHUPDVVLYH�VWDUV
QHYHU�FROODSVH�WR�EODFN�KROHV�

7KH�PDLQ�DVWURSK\VLFDO�DSSOLFDWLRQ�RI�WKHVH�UHVXOWV�LV�WKH�VWXG\�RI�TXDVDUV��7KHVH�REMHFWV�DUH�FXU�
UHQWO\�DVVXPHG�WR�EH�EODFN�KROHV�RULJLQDWHG�LQ�WKH�FROODSVH�RI�VXSHUPDVVLYH�VWDUV��,�FRQMHFWXUH�WKDW
TXDVDUV�DUH�VXSHUPDVVLYH�VWDUV�UDWKHU�WKDQ�EODFN�KROHV��$OVR��DV�,�SUHGLFW�DQ�LQFUHDVH�RI�WKH�VXUIDFH
UHGVKLIW�ZLWK� WLPH��D�SDUW�RI� WKH�TXDVDU¶V� UHGVKLIW�PD\�EH�JUDYLWDWLRQDO��ZKLFK� VKRXOG�PRGLI\�RXU
NQRZOHGJH�DERXW�WKH�GLVWULEXWLRQ�RI�TXDVDUV�DQG�WKHLU�HYROXWLRQ��$�GHWDLOHG�VWXG\�RI�WKHVH�PDWWHUV�LV
EH\RQG�WKH�VFRSH�RI�WKH�SUHVHQW�DUWLFOH�

,W�LV�LQWHUHVWLQJ�WKDW�D�VWXG\�RI�ZKLWH�GZDUIV�DOVR�OHDGV�WR�WKH�SUHGLFWLRQ�WKDW�D�ORFDO�DQLVRWURS\�LV
GHYHORSSHG�� LQ� WKH� SURFHVV� RI� FRROLQJ�� LI� WKH� PDVV� LV� DERYH� WKH� &KDQGUDVHNKDU� OLPLW� �&RUFKHUR
����E���+RZHYHU��LQ�WKLV�FDVH�WKH�ORFDO�DQLVRWURS\�GRHV�QRW�SUHYHQW�WKH�VXSHUQRYD�H[SORVLRQ��ZLWK
WKH�FROODSVH�RI�WKH�FRUH�WR�D�QHXWURQ�VWDU�

���(LQVWHLQ¶V�&RQMHFWXUH�WKDW�%ODFN�+ROHV�GR�QRW�([LVW

8VLQJ� WKH�JHQHUDO� UHODWLYLVWLF�K\GURVWDWLF�HTXLOLEULXP�HT����� LW� LV�HDV\� WR�XQGHUVWDQG�(LQVWHLQ¶V
PRGHO��,Q�WKH�PRGHO�WKHUH�LV�QR�UDGLDO�SUHVVXUH��SU��RQO\�WUDQVYHUVH�SUHVVXUH��SW��EHFDXVH�WKH�SDUWLFOH
YHORFLWLHV�KDYH�QR�UDGLDO�FRPSRQHQW��)RU�D�VSKHULFDOO\�V\PPHWULF�V\VWHP�RI�WKLV�NLQG�HT�����EHFRPHV
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,I�ZH� WDNH� LQWR�DFFRXQW� WKDW� WKH�GHQVLW\�� WKH�UDGLDO�SUHVVXUH�DQG� WKH� WUDQVYHUVH�SUHVVXUH�DUH�� IRU�D
V\VWHP�RI�SDUWLFOHV�
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NM�(M��EHLQJ�WKH�PRPHQWXP��HQHUJ\��RI�SDUWLFOH� M��DQG�X�D�XQLW�YHFWRU� LQ� WKH�UDGLDO�GLUHFWLRQ��7KH
REYLRXV�FRQGLWLRQ�NM

����(M
��OHDGV�WR�S���òr��ZKHQFH�HT������JLYHV��UHPHPEHU�WKDW�SW� �S�LQ�(LQVWHLQ¶V

PRGHO��P�U�������DQG�WKH�³6FKZDU]VFKLOG�VLQJXODULW\´�LV�QHYHU�UHDFKHG�
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(LQVWHLQ� H[WUDSRODWHG� WKLV� UHVXOW� WR� WKH� JHQHUDO� FRQMHFWXUH� WKDW� ³�EODFN� KROHV�� GR� QRW� H[LVW� LQ
SK\VLFDO�UHDOLW\�´�,W�LV�LURQLF�WKDW�LQ�WKH�VDPH�\HDU��SUREDEO\�ZLWKRXW�NQRZOHGJH�RI�(LQVWHLQ¶V�DUWLFOH�
2SSHQKHLPHU�DQG�6Q\GHU��������JDYH�ZKDW�LV�WRGD\�WDNHQ�DV�D�FRXQWHUH[DPSOH�WR�(LQVWHLQ¶V�FRQ�
MHFWXUH��7KH\�VWXGLHG�D�FORXG�RI�GXVW��L�H��QRQLQWHUDFWLQJ�SDUWLFOHV��ZLWK�VSKHULFDO�V\PPHWU\��DOO�WKH
SDUWLFOHV�EHLQJ�DW�UHVW�DW�WKH�LQLWLDO�WLPH��DQG�FDOFXODWHG�WKH�HYROXWLRQ�RI�WKH�V\VWHP�XVLQJ�WKH�HTXD�
WLRQV�RI�JHQHUDO� UHODWLYLW\��7KH� UHVXOW� LV� WKDW� WKH� V\VWHP�FROODSVHV� WR�D�EODFN�KROH�ZKDWHYHU� LV� WKH
LQLWLDO� GHQVLW\��7KH� DXWKRUV� HYHQ� DUJXH� WKDW�� IRU� DQ\� LQLWLDO� GHQVLW\�� WKHUH� LV� D�PDVV� VXFK� WKDW� WKH
6FKZDU]VFKLOG�VLQJXODULW\�LV�FURVVHG�LPPHGLDWHO\��ZKLFK�PDNHV�WKH�FRQFOXVLRQ�LQGHSHQGHQW�RI�WKH
HTXDWLRQ�RI�VWDWH�RI�WKH�FORXG��IRU�ORZ�HQRXJK�GHQVLW\��DOO�NLQGV�RI�SDUWLFOHV�EHKDYH�DV�QRQLQWHUDFW�
LQJ��

7KH�REYLRXV�REMHFWLRQ�WR�WKLV�FRXQWHUH[DPSOH�LV�WKDW�LW�LV�KLJKO\�LGHDOL]HG��$�VHW�RI�SDUWLFOHV�DW
UHVW�LV�D�V\VWHP�DW�WKH�DEVROXWH�]HUR�RI�WHPSHUDWXUH��ZKLFK�LV�ZHOO�NQRZQ�WR�EH�QRW�DFFHVVLEOH��$Q\
UHDO� V\VWHP�RI�PDQ\�SDUWLFOHV� KDV� WKHUPDO� DQG�RU�TXDQWXP� IOXFWXDWLRQV��3DUWLFOHV�ZLOO� FROOLGH�� WKH
WHPSHUDWXUH�ZLOO�LQFUHDVH�DQG�WKH�2SSHQKHLPHU�6Q\GHU�³FORXG�RI�GXVW´�ZLOO�EHFRPH�D�VWDU�LI�IOXF�
WXDWLRQV�DUH�LQFOXGHG��,Q�SDUWLFXODU��LI�WKH�FORXG�KDV�D�GHQVLW\�VLPLODU�WR�WKDW�RI�DLU�LQ�RXU�DWPRVSKHUH
���±��J�FP���WKH�PDVV�QHHGHG�WR�FURVV�WKH�6FKZDU]VFKLOG�VLQJXODULW\�LV�RI�WKH�RUGHU�RI�WKDW�RI�D�JDO�
D[\��$�V\VWHP�RI� VXFK�PDVV�DQG�GHQVLW\�ZLOO�EHFRPH�D� VXSHUPDVVLYH� VWDU� LI� WKH� LGHDOL]DWLRQV� DUH
UHPRYHG��$QG�ZH�KDYH�VKRZQ�WKDW�VXSHUPDVVLYH�VWDUV�GR�QRW�FROODSVH�

,W�LV�WUXH�WKDW�(LQVWHLQ¶V�PRGHO�LV�DOVR�KLJKO\�LGHDOL]HG�DQG��WKHUHIRUH�� WKH�H[WUDSRODWLRQ�WR�UHDO
V\VWHPV�LV�QRW�REYLRXV��:H�PD\�FRQFOXGH�WKDW�WKH�TXHVWLRQ�ZKHWKHU�(LQVWHLQ¶V�FRQMHFWXUH�LV�WUXH�LV
VWLOO�RSHQ��EXW�FHUWDLQO\�LW�LV�VXSSRUWHG�E\�RXU�FDOFXODWLRQV�RI�VXSHUPDVVLYH�VWDUV�

,W� LV�YHU\�LQWHUHVWLQJ�WKDW�WKH�SRVVLELOLW\�RI�ORFDO�DQLVRWURS\�VHHPV�WR�EH�D�VSHFLILF�SURSHUW\�RI
JHQHUDO�UHODWLYLW\��,Q�1HZWRQLDQ�WKHRU\�FRQILJXUDWLRQV�ZLWK�DQLVRWURSLF�SUHVVXUH�GR�QRW�DSSHDU��HLWKHU
LQ�VXSHUPDVVLYH�VWDUV��&RUFKHUR�����D��RU�ZKLWH�GZDUIV��&RUFKHUR�����E��

���&RQFOXVLRQ

0DQ\�VWDUV�KDYH�FRQVWDQW�HQWURS\�SHU�EDU\RQ��LQ�SDUWLFXODU�WKLV�LV�WKH�FDVH�LI�WKH\�DUH�DW�]HUR�.HO�
YLQ��ZKLFK�LV�D�JRRG�DSSUR[LPDWLRQ�IRU�FROG�QHXWURQ�VWDUV�RU�ZKLWH�GZDUIV���)RU�VXFK�VWDUV�,�SURSRVH
WKDW�HTXLOLEULXP�UHTXLUHV�WKDW�����WKH�JHQHUDO�UHODWLYLVWLF�HTXDWLRQ�RI�K\GURVWDWLF�HTXLOLEULXP��HT�����
LV�IXOILOOHG��DQG����WKH�WRWDO�HQHUJ\�LV�VWDWLRQDU\��IRU�D�JLYHQ�QXPEHU�RI�EDU\RQV��ZLWK�UHVSHFW�WR�WZR
SRVVLEOH�YDULDWLRQV��7KH�ILUVW�LV�WKH�VSDWLDO�GLVWULEXWLRQ�RI�PDWWHU��JLYHQ�LQ�VSKHULFDO�V\PPHWU\�E\�WKH
IXQFWLRQ�r�U���7KH�VHFRQG�LV�WKH�GLVWULEXWLRQ�RI�OLQHDU�PRPHQWXP�DW�HYHU\�SRLQW�LQ�WKH�LQWHULRU�RI�WKH
VWDU��JLYHQ�E\�WKH�DQLVRWURS\�SDUDPHWHU�\�U���VHH�HT�������:H�UHPHPEHU�WKDW�ERWK�WKH�PDVV�DQG�WKH
OLQHDU�PRPHQWXP�FRQWULEXWH�WR�JUDYLW\�LQ�WKH�JHQHUDO�WKHRU\�RI�UHODWLYLW\��,Q�WKH�VWDQGDUG�WUHDWPHQWV
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