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RXVO\��,�VKRXOG�PHQWLRQ�WKDW�,�GLVDJUHH�ZLWK�ERWK�(��&RPD\�DQG�0��(YDQV�HW�DO�

)LUVW�RI�DOO��OHW�XV�EULHIO\�UHSHDW�ZKDW�WKH�DXWKRUV�RI�WKH�FLWHG�ZRUNV�KDYH�FODLPHG��,Q�>�@�WKH�ORQ�
JLWXGLQDO�³PDJQHWLF�ILHOG´��DQ�D[LDO�YHFWRU��%P�a�(���(
�ZDV�DVFULEHG�WR�D�FLUFXODUO\�SRODUL]HG�HOHF�
WURPDJQHWLF�ZDYH��0RUHRYHU��LQ�WKH�VXEVHTXHQW�SDSHUV�DQG�ERRNV�WKH�%�F\FOLF�UHODWLRQV
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 )RU�LQVWDQFH��LQ�WKH�UHSO\�E\�0��(YDQV�DQG�6��-HIIHUV�LQ�)3/�>�D@�WKH�DXWKRUV����FRQVLGHUHG�UHODWLRQV�ZKLFK�DUH

YDOLG�LI�WKH�FLUFXODU�SRODUL]HG�UDGLDWLRQ�SUHVHQWV�RQO\�����DV�D�FRXQWHUH[DPSOH�WKH\�FRQVLGHUHG�DQRWKHU�SDWK�RI

LQWHJUDWLRQ�DQG��LQ�IDFW��DQRWKHU�W\SH�RI�UDGLDWLRQ��DQG����FRQWUDGLFWHG�WKH�FRQFOXVLRQV�PDGH�LQ�UHI��>�@�ZLWKRXW

VXIILFLHQW�H[SODQDWLRQV��6R��LQ�P\�RSLQLRQ��WKHLU�SDSHU�>�D@�LV�LUUHOHYDQW�WR�WKH�FRXQWHUH[DPSOHV�SUHVHQWHG�E\�(�

&RPD\��7KLV�ZDV�SRLQWHG�RXW�E\�*��+XQWHU�>�@�
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RI�WKH�³PDJQHWLF�ILHOG´�LQ�WKH�FLUFXODU�FRPSOH[�EDVLV�ZDV�GHILQHG�WKHUH��7KLV�PRGHO�KDV�FRPH�XQGHU
FULWLFLVP��(��&RPD\�KDV�UHFHQWO\�DUJXHG�WKDW�WKH�PRGHO�YLRODWHV�WKH�UHODWLYLVWLF�FRYDULDQFH�SULQFLSOH�
6HH�>�@�IRU�WKH�GLVFXVVLRQ�RI�ZKHWKHU�WKLV�LV�VR�
�)XUWKHUPRUH��RQ�WKH�EDVLV�RI�WKH�FDOFXODWLRQ�RI�WKH
OLQH�LQWHJUDO�LQ�WKH�SUREOHP�RI�D�URWDWLQJ�GLSROH�>���S�����RI�WKH�5XVVLDQ�HGLWLRQ@��&RPD\�>�@�FRQ�
FOXGHG�WKDW�³WKH�IOX[�RI�WKH�HOHFWULF�ILHOG�(�WKURXJK�WKH�DUHD�LQFUHDVHV�LQGHILQLWHO\�DV�WLPH�SURJUHVVHV�
,W�IROORZV�WKDW�LI�WKH�0D[ZHOO�HTXDWLRQ�LQ�WKH�YDFXXP� W¶� = � �% ( �DQG��&�Á�KROG�WKHQ�WKH�PRGL�

ILHG�HOHFWURG\QDPLFV�OHDGV�WR�FRQWUDGLFWLRQV�´
,�DJUHH�ZLWK�WKH�DERYH�VWDWHPHQW�E\�&RPD\��+RZHYHU��LW�LV�HDV\�WR�VKRZ�WKDW�LI�RQH�FRUUHFWV�WKH

HUURQHRXV� VWDWHPHQW�RI�0��(YDQV� WKDW� WKHUH� FDQQRW�EH� DQ\� ORQJLWXGLQDO� FRPSRQHQWV� LQ� WKH� OLQHDU
SRODUL]HG�HOHFWURPDJQHWLF�ZDYH��WKHQ�WKH�SDWK�LQWHJUDO�RYHU�WKH�VHJPHQW�65��VHH�WKH�ILJXUH���LQ�>�@�

GRHV�QRW�YDQLVK�DQG�LW�JLYHV�WKH�FRQWULEXWLRQ�WR� G¼× % O¶ ��ZKLFK�LV�HTXDO�LQ�WKH�PDJQLWXGH�DQG�RSSR�

VLWH�LQ�WKH�VLJQ�WR�WKDW�RI�WKH�SDWK�VHJPHQW�43��7KH�WRWDO�SDWK�LQWHJUDO� G¼× % O¶ �LV�HTXDO�WR�]HUR��WKXV

LQYDOLGDWLQJ�WKH�DUJXPHQWV�E\�(��&RPD\�
)RU�TXDQWXP�ILHOG�WKHRULVWV�LW�LV�NQRZQ�WKDW�WKH�FKDQJH�RI�WKH�SRODUL]DWLRQ�VWDWH�RI�PDVVLYH�SDUWL�

FOHV�FDQ�EH�PDGH�E\�D�ERRVW��DQG�RU�RWKHU�QRQ�XQLWDU\�RSHUDWLRQV���2Q�WKH�RWKHU�KDQG��LW�DSSHDUV�WKDW
IRU�M� ���VWDWHV��UHOHYDQW�WR�WKH�SUREOHP�DW�KDQG��WKH�FKDQJH�RI�SRODUL]DWLRQ�FDQ�EH�PDGH�E\�PHDQV�RI
D�FKDQJH�RI�WKH�EDVLV�RI�WKH�FRUUHVSRQGLQJ�FRPSOH[�YHFWRU�VSDFH��L�H��E\�D�URWDWLRQ��,W�LV�SURGXFHG�E\
DQ�XQLWDU\�PDWUL[��,I�RQH�GHVFULEHV�WKH�PDJQHWLF�ILHOG�DV
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RQH�FDQ�REWDLQ�WKH�OLQHDU�SRODUL]HG��LQ�WKH�SODQH�;<��UDGLDWLRQ�
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 $V�RSSRVHG�WR�WKH�RSLQLRQ�RI�(��&RPD\�>���S��������WK�OLQH�IURP�WKH�ERWWRP@�WKH�SULQFLSOH�RI�UHODWLYLVWLF�FRYDUL�

DQFH�PHDQV�WKDW�WKH�SK\VLFDO�ODZV�H[SUHVVHG�E\�HTXDWLRQV�SUHVHUYH�WKHLU�IRUP�LQ�DQ\�IUDPH�
� ,Q�WKLV�SUREOHP�WKH�SRODUL]DWLRQ�LV�GHILQHG�E\�WKH�GLUHFWLRQ�Q�G��G�LV�WKH�GLSROH�PRPHQW�>���S�����RI�WKH�5XVVLDQ

HGLWLRQ@��WKXV�JLYLQJ�WKH�FLUFXODU��HOOLSWLFDO�DQG�OLQHDU�SRODUL]DWLRQV�ZKHQ�FRQVLGHULQJ�UDGLDWLRQ�HPLWWHG�LQ�YDUL�

RXV�VXUIDFH�DQJOHV��,W�ZDV�FODLPHG�E\�0��(YDQV��VHH�WKH�UHIHUHQFH�LQ�>�@��WKDW�WKH�%����LV�WKH�SURSHUW\�RI�WKH�FLU�

FXODU�DQG��SRVVLEO\��HOOLSWLF�SRODUL]DWLRQV�DQG�LV�HTXDO�WR�]HUR��""��LQ�WKH�OLQHDU�SRODUL]DWLRQ��QHYHUWKHOHVV��FI�

>��@���6R��WKH�SUREOHP�QRWHG�E\�(��&RPD\�VWLOO�PD\�VWDQGV�DW�WKH�%����WKHRU\��LI�RQH�WUXVWV�WKH�(YDQV�FODLPV�DQG�LI

RQH�FRQVLGHUV�WKH�ORQJLWXGLQDO�ILHOG�DV�D�SDUW�RI�DQ�DQWLV\PPHWULF�WHQVRU�RI�WKH�VHFRQG�UDQN��1HYHUWKHOHVV��LW�LV

LQWHUHVWLQJ�WR�QRWH�WKDW��DSDUW�IURP�WKH�SUHVHQFH�RI�GLIIHUHQW�SRODUL]DWLRQV��WKH�HQHUJ\�IOX[�LV�QRW�LVRWURSLF�LQ�WKH

SDUWLFXODU�H[DPSOH�RI�&RPD\��,W�GHSHQGV�RQ�WKH�SRODU�DQJOH�q�DV�DUJXHG�E\�/DQGDX�>���S�����RI�WKH�5XVVLDQ�HGL�

WLRQ@�HYHQ�LQ�WKH�FDVH�RI�WKH�FRQVLGHUDWLRQ�RI�WLPH�DYHUDJH�IOX[�RYHU�WKH�SHULRG��$OO�WKLV�PD\�OHDG�WR�IXUWKHU

VSHFXODWLRQV�RQ�WKH�QDWXUH�RI�%����
Á �&��VWDQGV�IRU�WKH�(YDQV¶�FODLP�WKDW�³WKH�PDJQHWLF�ILHOG�%����LV�QRW�DVVRFLDWHG�ZLWK�DQ\�UHDO�HOHFWULF�ILHOG´�ZKLFK

DOVR�PD\�EH�GRXEWHG�
� ,I�RQH�ZLVKHV�WR�VHH�WKH�UHDO�YDOXHG�PDJQHWLF�ILHOGV�LQVWHDG�RI�SKDVRUV�KHUH�WKH\�DUH�
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)RU�WKLV�FDVH�RI�WKH�OLQHDU�SRODUL]HG�UDGLDWLRQ�RQH�KDV��LQVWHDG�RI�HT������
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L�H���WKH�VLPLODU�UHODWLRQ�WR������EXW�DOUHDG\�ZLWKRXW�WKH�SKDVH�IDFWRU� �
L

H
p

��7KLV�FRQFOXVLRQ�LV�LQ�WKH
FRPSOHWH�DFFRUGDQFH�ZLWK�WKH�/DNKWDNLD�FRQVLGHUDWLRQa>��D@��WKH�(YDQV¶�µPDJQHWRVWDWLF¶�ILHOG�%P
�RU��ODWHU��%�����³PD\�EH�GHILQHG�IRU�RWKHU�WKDQ�FLUFXODUO\�SRODUL]HG�SODQH�ZDYHV´�

7KHVH�UHODWLRQV�VKRXOG�EH�DSSOLHG�RQO\�LQ�WKH�ORFDO�V\VWHP��ZKLFK�LV�FRQQHFWHG�ZLWK�WKH�REVHUYD�
WLRQ�SRLQW�DQG�WKH�ZDYH�YHFWRU��2WKHUZLVH��ZH�FRPH�DFURVV�ELJ�FRQIXVLRQV��,I�RQH�ZLVKHV�WR�XVH�WKH

JOREDO�V\VWHP�RI�FRRUGLQDWHV�IRU�WKLV�SUREOHP�%�a�G&& ���Q�LV�SDUDOOHO�WR�2=�LQ�WKH�FDVH�RI�WKH�REVHU�
YDWLRQ�SRLQW�LQ�WKH�SODQH�;<��WKH�YHFWRU�FDUWHVLDQ�FRPSRQHQWV�%�DUH�DOUHDG\�DQJXODU�GHSHQGHQW��ZKDW
PDNHV�WKH�FDOFXODWLRQV�WR�EH�PRUH�GLIILFXOW�

6R��ZLWK�QHFHVVDU\�FRUUHFWLRQV�WKH�(YDQV�9LJLHU�PRGHO�FDQ�EH�FRQVLGHUHG�DV�XVHIXO�DQG�XQFRQ�
WUDGLFWRU\��� ,Q� IDFW�� WKH�%�F\FOLF� UHODWLRQV�UHSHDW� WDXWRORJLFDOO\� WKH�UHODWLRQV�EHWZHHQ�VSLQ�FRPSR�
QHQWV��DIWHU�WDNLQJ�LQWR�DFFRXQW�WKH�QRUPDOL]DWLRQ���UHSUHVHQW�DQ�LQWHUHVWLQJ�PRGHO��EXW�KDUGO\�WR�EH
FRQVLGHUHG� DV� D� IXQGDPHQWDO� WKHRU\� �DW� WKH� SUHVHQW� OHYHO� RI� LWV� GHYHORSPHQW��� )XUWKHUPRUH�� RQH
VKRXOG�QRWH�WKDW�WKH�%����WKHRU\�LV�QRW�WKH�RQO\�FDQGLGDWH�IRU�WKH�DSSHDU�WR�EH�QHFHVVLWDWHG�JHQHUDOL�
]DWLRQ�RI�WKH�0D[ZHOO¶V�IRUPDOLVP��$V�,�DP�QRZ�DZDUH�WKH�ORQJLWXGLQDO�FRPSRQHQWV�RI�HOHFWURPDJ�
QHWLF�UDGLDWLRQ�ZHUH�FRQVLGHUHG�E\�PDQ\�DXWKRUV�LQ�ERWK�WKH���WK�DQG���WK�FHQWXULHV��H�J���UHIV��>����@�
6R�� WKH� FRPPRQ� EHOLHI� LQ� WKH� LPSRVVLELOLW\� RI� H[LVWHQFH� RI� WKH� ORQJLWXGLQDO� HOHFWURPDJQHWLF�W\SH
LQWHUDFWLRQV�DSSHDUV�WR�PH�WR�EH�WKH�UHVXOW�RI�WKH�JUHDWHVW�DQG�LQFRPSUHKHQVLEOH�PLVWDNH�LQ�WKH�KLV�
WRU\�RI���WK�FHQWXU\�VFLHQFH��,Q�P\�RSLQLRQ��WKH�PRVW�LQWULJXLQJ�DQG�SURPLVLQJ�WKHRU\�LV�WKH�:HLQ�
EHUJ����M������FRPSRQHQW�WKHRU\�>�����@��ZKLFK�DOVR�UHSUHVHQWV�WKH�PRGLILHG�WKHRU\�RI�HOHFWURPDJ�

������������������������������ ������������������������������ ������������������������������ ������������������������������ ������������������������������
L�H���LQ�WKH�ODWWHU�FDVH�RQH�REWDLQV�WKH�OLQHDU�SRODUL]HG�UDGLDWLRQ�ZLWK�WKH�SRODUL]DWLRQ�DQJOH�HTXDO�WR��p����GHILQHG

E\�������2I�FRXUVH��WKH�JLYHQ�XQLWDU\�PDWUL[�FDQ�EH�HDVLO\�JHQHUDOL]HG�WR�DFFRXQW�IRU�RWKHU�SRODUL]DWLRQ�DQJOHV��&I�

ZLWK�UHI��>�������@�

 7KH�WUDQVIRUPDWLRQ�RI�WUDQVYHUVH�FRPSRQHQWV�����ZLWK�WKH�PDWUL[�/�XVHG�E\�*��+XQWHU�LV�QRW�JHQHUDOO\�XQLWDU\

�FI��ZLWK�IRUPXODV������LQ�>�D@��
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ZLWK�a�EHLQJ�WKH�SRODU�DQJOH�RI�WKH�F\OLQGULFDO�V\VWHP�RI�FRRUGLQDWHV��,Q�WKH�FDVH�RI�WKH�OLQHDU�SRODUL]DWLRQ�GH�

ILQHG�LQ�VXFK�D�ZD\�>�@�RQH�KDV�%���%
� ����7KLV�WUDQVIRUPDWLRQ�PD\�DOVR�FKDQJH�WKH�QRUPDOL]DWLRQ�RI�WKH�FRUUH�

VSRQGLQJ�YHFWRUV�ZKLFK�LQ�WKH�TXDQWL]HG�FDVH�FRUUHVSRQG�WR�D�SDUWLFOH�DQG�DQ�DQWL�SDUWLFOH��7KH�GHWHUPLQDQW�RI

WKH�WUDQVIRUPDWLRQ�LV��LQ�JHQHUDO��QRW�HTXDO�WR�WKH�XQLW��:KLOH�WKH�GHWHUPLQDQW�RI�RXU�PDWUL[�LV�DOVR�QRW�HTXDO�WR

WKH�XQLW��GHW8� �±L���EXW�WKH�QRUP�RI�WKH�FRUUHVSRQGLQJ�TXDQWXP�VWDWHV�LV�VWLOO�SUHVHUYHG��ZKLOH�WKLV�LV�QRW�VR�IRU

WKH�FRUUHVSRQGLQJ�UHDO�TXDQWLWLHV���%\�WKH�ZD\��/DQGDX�LQ�����GLG�QRW�ZRUN�LQ�WHUPV�RI�SKDVRUV��XQIRUWXQDWHO\�

'U��(��&RPD\�GLG�DOVR�QRW�HODERUDWH�WKLV�SRLQW��6R��ZH�GR�QRW�NQRZ��ZKDW�WKH�GHILQLWLRQ�RI�OLQHDU�SRODUL]HG�UD�

GLDWLRQ�GRHV�/DQGDX�LPSO\�LQ�WKH�SUREOHP�RI�WKH�URWDWLQJ�GLSROH��SUHVHQWHG�E\�*��+XQWHU�RU�SUHVHQWHG�E\�PH�LQ

WKLV�ZRUN"�1HYHUWKHOHVV��FI��IRRWQRWHV���DQG����
� 6HH��QHYHUWKHOHVV��WKH�H[SHULPHQWDO�FRQWURYHUV\�LQ�UHIV��>�����@�
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QHWLVP�>��@�DQG�>��D@��7KH�:HLQEHUJ�WKHRU\�ZDV�VKRZQ�WR�EH�UHODWHG�WR�WKH�SUREOHP�RI�WKH�VR�FDOOHG
.DOE�5DPRQG�ILHOG�>��@��DV�ZHOO�DV�WKH�(YDQV�9LJLHU�PRGHO��

,Q�UHODWLRQ�ZLWK�DOO�WKH�DERYH�PHQWLRQHG�,�GHPRQVWUDWHG�LQ�P\�UHFHQW�ZRUNV��DQG�WKLV�ZDV�OHW�WR
NQRZ�WR�'U��&RPD\�LQ������������WKDW�

�� 7KH���YHFWRU�%�����ZKLFK�LV�GHILQHG�E\������PD\�QRW�EH�WKH�HQWU\�RI�WKH�DQWLV\PPHWULF�WHQVRU
ILHOG�>�@��LW�LV�QRW�WKH� ��

]
% )� �FRPSRQHQW�EXW�WKH�HQWU\�RI�VRPH���YHFWRU
�SURYLGHG�WKDW

WKH�(YDQV¶�GHILQLWLRQV�IRU�FLUFXODUO\�SRODUL]HG�UDGLDWLRQ�DUH�XVHG���/RUHQW]� WUDQVIRUPDWLRQ
UXOHV�IRU��%����%�����DUH�WKH�IROORZLQJ�
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WKH�DQWLV\PPHWULF�WHQVRU�ILHOG�)mn�VDWLVILHV�WKH�0D[ZHOO¶V�YDFXXP�HTXDWLRQV� �) mn
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%]�LV�D�QXPEHU��WKH�HQWU\�RI�)mn��WKH�HOHFWURPDJQHWLF�WHQVRU��,Q�WKH�SDSHU�>�@�ZH�XVHG�WKH�LQVWDQW�IRUP�RI�G\QDP�

LFV��,W�ZRXOG�EH�LQWHUHVWLQJ�WR�UHSHDW�WKH�FDOFXODWLRQV�LQ�WKH�OLJKW�IURQW�IRUP�RI�UHODWLYLVWLF�G\QDPLFV�>��@�
� ,W�ZRXOG�VWLOO�EH�LQWHUHVWLQJ�WR�SURGXFH�FRPSOHWH�LQYHVWLJDWLRQ�RI�WKH�WUDQVIRUPDWLRQ�SURSHUWLHV�RI�WKH�FURVV

SURGXFWV�RI�WUDQVYHUVH�PRGHV�LQ�WKH�FDVH�RI�YDULRXV�GHILQLWLRQV�RI�SRODUL]DWLRQ�VWDWHV�
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,Q�FRQFOXVLRQ��RQ�WKH�EDVLV�RI�WKLV�P\�SDSHU�DQG�SUHYLRXV�RQHV�,�FDQ�VWDWH�WKDW�WKH�SRVVLEOH�H[LV�
WHQFH�RI�ORQJLWXGLQDO�FRPSRQHQWV�RI�DQWLV\PPHWULF�WHQVRU�ILHOG��DQG�RU���SRWHQWLDOV��GRHV�QRW�FRQ�
WUDGLFW� WKH� SULQFLSOH� RI� UHODWLYLVWLF� FRYDULDQFH� �EXW� FDQ� VWLOO� EH� UHODWHG� WR� WKH� DFWLRQ�DW�D�GLVWDQFH
FRQFHSW� DQG� WRSRORJLFDO� WKHRULHV��� WKH� FXUO� RI� ORQJLWXGLQDO� FRPSRQHQWV�PD\� VDWLVI\� WKH�0D[ZHOO
HTXDWLRQ�DIWHU�WKH�QHFHVVDU\�PRGLILFDWLRQV�RI�WKH�FODLPV�PDGH�E\�0��(YDQV�HW�DO���EXW�WKLV�LV�QRW�WRR
QHFHVVDU\��EHFDXVH�RQH�FDQ�FRQVLGHU�%���� WR�EH�WKH�ORQJLWXGLQDO�FRPSRQHQWV�RI���YHFWRU�SRWHQWLDOV
�DQG�RU�RI� WKH�SRODUL]DWLRQ�YHFWRU� >�@���ZKLFK�QHHG�QRW�DOUHDG\�VDWLVI\� WKH�0D[ZHOO� HTXDWLRQV� IRU
VWUHQJWKV��)LQDOO\��ZH�KDYH�IRXQG�WZR�ZD\V�WR�GHILQH�WKH�OLQHDU�SRODUL]HG�UDGLDWLRQ��WKLV�IUHHGRP�LV
UHODWHG� WR� WKH�XQREVHUYDELOLW\�RI�SKDVRUV²RQO\� UHDO�HOHFWULF�PDJQHWLF� ILHOGV�DUH�REVHUYDEOH� LQ� WKH
SUHVHQW�GD\�FODVVLFDO�HOHFWURG\QDPLFV�
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