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$QLVRWURSLF�9HORFLW\�'LVWULEXWLRQ�LQ�WKH�6RODU
3ODVPD��6ROXWLRQ�WR�WKH�1HXWULQR�3UREOHP"

(PLOLR�6��&RUFKHUR
�DQG�(QULTXH�6DQWRV�/HDO
'HSDUWDPHQWR�GH�)tVLFD
8QLYHUVLGDG�GH�&DQWDEULD
6DQWDQGHU

$UJXPHQWV�DUH�JLYHQ�IRU�WKH�H[LVWHQFH�RI�D�VOLJKWO\�DQLVRWURSLF�YHORFLW\�GLVWULEXWLRQ
RI�HOHFWURQV�DQG�QXFOHL�LQ�WKH�FHQWUDO�UHJLRQ�RI�WKH�6XQ��$�VLPSOH�PRGHO�RI�WKH�6XQ
ZLWK� VXFK� ORFDO� DQLVRWURS\� LV� H[KLELWHG�� FRQWDLQLQJ� D� VLQJOH� IUHH� SDUDPHWHU�� ZKLFK
SUHGLFWV�QHXWULQR�IOX[HV�LQ�DJUHHPHQW�ZLWK�WKH�REVHUYDWLRQV�ZLWKLQ�WZR�VWDQGDUG�GH�
YLDWLRQV�
6XEMHFW�KHDGLQJV��VRODU�QHXWULQRV��JUDYLWDWLRQ

���7KH�+\SRWKHVLV�RI�/RFDO�$QLVRWURS\�LQ�WKH�6XQ

$�VHULRXV�GLVFUHSDQF\�H[LVWV�EHWZHHQ�PRGHO�SUHGLFWLRQV�RI�VRODU�QHXWULQR�IOX[HV�DQG� WKH�UDWHV
REVHUYHG��%DKFDOO�HW�DO�������D���,Q�SDUWLFXODU�WKH�PHDVXUHPHQWV�VKRZ�WKDW�WKH�UDWH�RI��%�QHXWULQRV�LV
OHVV�WKDQ�KDOI�WKH�SUHGLFWLRQ�RI�WKH�VWDQGDUG�VRODU�PRGHO��%DKFDOO�DQG�3LQVRQQHDXOW�������DQG�WKH
UDWLR�EHWZHHQ� WKH�REVHUYHG� DQG� WKH�SUHGLFWHG� UDWHV�RI� �%H�QHXWULQRV� VHHPV� WR� EH� VWLOO� VPDOOHU��$
SRVVLEOH�VROXWLRQ�WR�WKH�SUREOHP�LV�DQ�H[WHQVLRQ�RI�VWDQGDUG�HOHFWURZHDN�WKHRU\�LQ�ZKLFK�QHXWULQRV
KDYH�VPDOO�PDVVHV�DQG�OHSWRQ�IODYRU�LV�QRW�FRQVHUYHG��%XW�UHFHQW�H[SHULPHQWV��ZKLFK�VHHP�WR�LPSO\
DQ�RVFLOODWLRQ�EHWZHHQ�PXRQ�DQG�WDX�QHXWULQRV��GR�QRW�JLYH�DQ\�HYLGHQFH�IRU�RVFLOODWLRQV�LQYROYLQJ
VRODU��HOHFWURQ��QHXWULQRV��)XNXGD�HW�DO���������&RQVHTXHQWO\�WKH�TXHVWLRQ�ZKHWKHU�WKH�VRODU�QHXWULQR
SUREOHP�FDQ�EH�VROYHG�E\�FKDQJLQJ�WKH�VRODU�PRGHO�LV�SHUWLQHQW�

,Q�WKLV�DUWLFOH�ZH�JLYH�DUJXPHQWV�VXSSRUWLQJ� WKH�SRVVLELOLW\�RI�DQ�DVWURSK\VLFDO�VROXWLRQ� WR� WKH
VRODU�QHXWULQR�SUREOHP��6SHFLILFDOO\�ZH�DUJXH�WKDW��D��WKH�SODVPD�QHDU�WKH�FHQWHU�RI�WKH�6XQ�SUREDEO\
SRVVHVV�D�VOLJKWO\�DQLVRWURSLF�YHORFLW\�GLVWULEXWLRQ��DQG�E�� WKLV� IDFW�PD\� OHDG� WR�QHXWULQR�IOX[HV� LQ
DJUHHPHQW�ZLWK�REVHUYDWLRQV��,Q�WKLV�VHFWLRQ�ZH�SUHVHQW�D�KHXULVWLF�SRLQW�RI�YLHZ�DERXW�WKH�ZKROH
SUREOHP��7KH�DUJXPHQW�LV�SUHVHQWHG�LQ�PRUH�GHWDLO�LQ�VHFWLRQ����ZKHUH�VRPH�SURSHUWLHV�RI�DQ�DQLVR�
WURSLF�SODVPD�DUH�VXPPDUL]HG��,Q�VHFWLRQ���ZH�GHVFULEH�D�VRODU�PRGHO�ZKLFK�SUHGLFWV�QHXWULQR�IOX[HV
FDOFXODWHG�LQ�VHFWLRQ����)LQDOO\�LQ�VHFWLRQ���ZH�GLVFXVV�WKH�UHOLDELOLW\�RI�RXU�PRGHO��VSHFLDOO\�LQ�UHOD�
WLRQ�ZLWK�UHFHQW�PHDVXUHPHQWV�RI�KHOLRVHLVPRORJ\�

%HIRUH�JLYLQJ�WKH�DUJXPHQWV�IRU�DQ�DQLVRWURSLF�YHORFLW\�GLVWULEXWLRQ�LQ�WKH�VRODU�SODPD��ZH�UH�
YLHZ�WKH�VWDQGDUG�WKHRU\��WKDW�LV��ZLWK�ORFDO�LVRWURS\��RI�WKH�6XQ��.LSSHQKDKQ�DQG�:HLJHUW��������$
VRODU�PRGHO� LQYROYHV� WKH�VROXWLRQ�RI�D�VHW�RI�FRXSOHG�QRQOLQHDU�GLIIHUHQWLDO�HTXDWLRQV��QDPHO\� WKH
HTXDWLRQ�RI�JUDYLWDWLRQDO�K\GURVWDWLF�HTXLOLEULXP�SOXV�WKH�HTXDWLRQV�IRU�WKH�SURGXFWLRQ�DQG�WUDQVSRUW
RI�HQHUJ\��([FHSW�LQ�WKH�FRQYHFWLYH��H[WHUQDO��UHJLRQ�RI�WKH�6XQ�WKH\�PD\�EH�ZULWWHQ��ZLWK�XQLWV�VXFK
WKDW�*� �F� ��
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 $GGUHVV��(��6DQWRV�&RUFKHUR��)DFXOWDG�GH�&LHQFLDV��$YHQLGD�GH�ORV�&DVWURV�V�Q���������6DQWDQGHU��6SDLQ��)$;

Q����������������(PDLO��VDQWRVH#EHVD\D�XQLFDQ�HV!
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ZKHUH�D�LV�WKH�6WHIDQ�%ROW]PDQQ�FRQVWDQW��r�U��LV�WKH�GHQVLW\�DW�WKH�GLVWDQFH�U�IURP�WKH�FHQWHU�DQG
7�U��WKH�WHPSHUDWXUH��7KH�HPLVVLYLW\�e��SRZHU�SHU�XQLW�PDVV�SURGXFHG�LQ�WKH�K\GURJHQ�EXUQLQJ��DQG
WKH�RSDFLW\�k�DUH�FRPSOLFDWHG�IXQFWLRQV�RI�WKH�FKHPLFDO�FRPSRVLWLRQ��WKH�GHQVLW\�DQG�WKH�WHPSHUD�
WXUH��7KH�SUHVVXUH��S��LV�HVVHQWLDOO\�GXH�WR�WKH�SODVPD��L�H��WKH�UDGLDWLRQ�SUHVVXUH�LV�QHJOLJLEOH��DQG
PD\�EH�UHODWHG�WR�WKH�WHPSHUDWXUH�E\�WKH�LGHDO�JDV�ODZ
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ZKHUH�P+� LV� WKH�PDVV�RI� WKH�K\GURJHQ�DWRP��PRUH�SURSHUO\� WKH�PHDQ�PDVV�RI�D�QXFOHRQ�SOXV�DQ
HOHFWURQ��DQG�m�LV�WKH�PHDQ�PROHFXODU�ZHLJKW�GHILQHG�E\
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ZKHUH�PM��cM��LV�WKH�PDVV��PDVV�IUDFWLRQ��RI�WKH�VSHFLHV�M�RI�SDUWLFOHV��,Q�WKH�ODVW�H[SUHVVLRQ�ZH�KDYH
ODEHOOHG�c�WKH�PDVV�IUDFWLRQ�RI�SURWRQV�DQG�QHJOHFWHG�WKH�IUDFWLRQ�RI�PHWDOV��L�H��QXFOHL�ZLWK�$�!����
$FWXDOO\� WKH�VHW�RI�HTV������ WR����� LV�QRW�FRPSOHWH�DQG�ZH�VKRXOG�DGG� WKH�HTXDWLRQV� LQYROYLQJ� WKH
JUDGLHQWV�RI�cM��ZKLFK�GHWHUPLQH�WKH�VSDWLDO�GLVWULEXWLRQ�RI�QXFOHDU�VSHFLHV��%XW�ZH�VKDOO�LJQRUH�WKHP
IRU�WKH�VDNH�RI�VLPSOLFLW\��WKDW�LV�ZH�VKDOO�WDNH�WKH�FKHPLFDO�FRPSRVLWLRQ�DV�JLYHQ�

(TV������WR�����KDYH�D�XQLTXH�VROXWLRQ�IRU�D�JLYHQ�PDVV�RI�WKH�VWDU�SURYLGHG� WKDW� WKH�FKHPLFDO
FRPSRVLWLRQ��L�H��WKH�IXQFWLRQV�cM�U���DQG�WKH�H[SUHVVLRQV�RI�e�DQG�k�DUH�NQRZQ��)RU�LQVWDQFH��LI�ZH
H[FOXGH�WKH�H[WHUQDO��FRQYHFWLYH��UHJLRQ�RI�WKH�6XQ��ZKHUH�HT������LV�QRW�YDOLG��DQG�WKH�PRVW�LQWHUQDO
UHJLRQ��ZKHUH�WKH�HPLVVLYLW\�e�LV�UHOHYDQW��ZH�PD\�ZULWH
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ZKHUH�&�LV�D�IXQFWLRQ�RI�WKH�FKHPLFDO�FRPSRVLWLRQ��,I�ZH�VLPSOLI\�WKH�PRGHO�E\�DVVXPLQJ�WKDW�WKH
PDVV�IUDFWLRQV��cM��GR�QRW�GHSHQG�RQ�U��WKHQ�LQVHUWLQJ�HTV������DQG�����LQ�HTV������WR�����LW�LV�HDV\�WR
FKHFN�WKDW�WKH�VROXWLRQ�LV

VQ U7 FRQVW�FRQVW� ==r � ���

ZLWK�Q�V��VOLJKWO\�DERYH����EHORZ�����7KH�ILUVW�HT�������WRJKHWKHU�ZLWK������VKRZV�WKDW�WKH�6XQ�KDV�D
GHQVLW\�GLVWULEXWLRQ�FORVH�WR�D�SRO\WURSH�ZLWK�LQGH[�Q� ���

2XU�FULWLFLVP�RI�WKH�VWDQGDUG�VRODU�PRGHO��660��%DKFDOO�DQG�3LQVRQQHDXOW�������GHULYHV�IURP
WKH�IDFW�WKDW�HTV������WR�����DUH�QRW�WKH�PRVW�JHQHUDO�HTXDWLRQ�RI�VWHOODU�VWUXFWXUH��EHFDXVH�WKH\�LQYROYH
WKH�FRQVWUDLQW�RI�ORFDO�LVRWURS\��,Q�SDUWLFXODU��WKH�PRVW�JHQHUDO�HTXDWLRQ�RI�K\GURVWDWLF�HTXLOLEULXP
IRU�VSKHULFDO�V\PPHWU\�LV��VHH��H�J���%RZHUV�DQG�/LDQJ�������RU�+HUUHUD�DQG�6DQWRV������
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ZKLFK�DOORZV�IRU�DQ�DQLVRWURSLF�VWUHVV�WHQVRU��7KDW�LV��WKH�UDGLDO�SUHVVXUH��SU��PD\�EH�GLIIHUHQW�IURP
WKH�WUDQVYHUVH�SUHVVXUH��SW��7KH�FKRLFH�RI�RQH�SDUWLFXODU� LQVWDQFH�RI�HT�������QDPHO\�HT������� LQ� WKH
660�UHVW�XSRQ�WKH�XQSURYHQ�K\SRWKHVLV�WKDW�WKH�VRODU�SODVPD�LV�LVRWURSLF�HYHU\ZKHUH��7KH�VWDQGDUG
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DUJXPHQW�IRU�WKH�IXOO�LVRWURS\�RI�WKH�YHORFLW\�GLVWULEXWLRQ�LV�WKDW�&RXORPE�FROOLVLRQV�UHGLVWULEXWH�WKH
GLUHFWLRQV�RI�WKH�SODVPD�SDUWLFOHV��QXFOHL�DQG�HOHFWURQV��LQ�FKDUDFWHULVWLF�WLPHV�RI�RUGHU���±���VHF��
ZKLFK�LV�PXFK�OHVV�WKDQ�WKH�FKDUDFWHULVWLF� WLPHV�IRU�QXFOHDU� UHDFWLRQV������� VHF��'XULQJ� WKDW�VPDOO
WLPH� LQWHUYDO� WKH�GLUHFWLRQ�RI� WKH�YHORFLW\�RI�D�SDUWLFOH�PD\�FKDQJH�E\�DQ�DQJOH�RI�RUGHU�p���DQG
WKHUHIRUH�WKH�GLUHFWLRQV�DUH�UDSLGO\�UDQGRPL]HG��:KDW�WKLV�DUJXPHQW�SURYHV�LV�WKDW�UDQGRPL]DWLRQ�LV
D�YHU\�UDSLG�SURFHVV��EXW�LW�GRHV�QRW�WHOO�XV�ZKDW�LV�WKH�VWDWLRQDU\�YHORFLW\�GLVWULEXWLRQ�RI�WKH�SDUWLFOHV�
,QWXLWLYHO\� UDQGRPQHVV� VXJJHVWV� LVRWURS\�� EXW� WKH� LQWXLWLRQ� DORQH�PD\� EH�PLVOHDGLQJ��7KH� FRUUHFW
FKRLFH�EHWZHHQ�ORFDO�LVRWURS\�RU�VRPH�GHJUHH�RI�DQLVRWURS\�VKRXOG�EH�EDVHG�RQ�IXQGDPHQWDO�SULQFL�
SOHV�RI�SK\VLFV�UDWKHU�WKDQ�RQ�LQWXLWLRQ��$FWXDOO\�WKH�ULJRURXV�PHDVXUH�RI�UDQGRPQHVV�LV�WKH�HQWURS\�
VR�WKDW�UDQGRPL]DWLRQ�SUHFLVHO\�PHDQV�LQFUHDVH�RI�WKH�HQWURS\��&RQVHTXHQWO\�WKH�FRUUHFW�PRGHO�RI
WKH�6XQ�ZLOO�LQYROYH�ILQGLQJ�WKH�FRQILJXUDWLRQ�RI�PD[LPXP�HQWURS\�FRPSDWLEOH�ZLWK�WKH�DSSURSULDWH
VWUXFWXUH�HTXDWLRQV��WKDW�LV�HTXDWLRQV�ZKLFK�JHQHUDOL]H�HTV������WR�����ZLWK�DOORZDQFH�IRU�ORFDO�DQLVRW�
URS\��,Q�SDUWLFXODU��HT������VKRXOG�EH�VXEVWLWXWHG�IRU�HT�������D�VLPLODU�WKHRU\�RI�VWDU�VWUXFWXUH�KDV�EHHQ
VKRZQ�WR�SUHGLFW�ORFDO�DQLVRWURS\�LQ�UHODWLYLVWLF�VWDUV�OLNH�ZKLWH�GZDUIV��&RUFKHUR�����D��DQG�VXSHU�
PDVVLYH�VWDUV��&RUFKHUR�����E���

$�ZHOO�NQRZQ�IDFW��ZKLFK�ZH�VKDOO�LOOXVWUDWH�ZLWK�D�VLPSOH�H[DPSOH�LQ�WKH�QH[W�VHFWLRQ��LV�WKDW�WKH
HQWURS\�RI�D�PDVV�RI�LGHDO�JDV�LV�D�PD[LPXP��IRU�JLYHQ�DYHUDJH�GHQVLW\�DQG�WHPSHUDWXUH��LI�WKH�JDV�LV
KRPRJHQHRXV�DQG�LVRWURSLF��%XW�LQ�WKH�VRODU�SODVPD�WKHUH�LV�D�WUDGH�RII�EHWZHHQ�LVRWURS\�DQG�KRPR�
JHQHLW\��,Q�IDFW��D�ORFDO�DQLVRWURS\�VXFK�WKDW�WKH�WUDQVYHUVH�SUHVVXUH�LV�JUHDWHU�WKDQ�WKH�UDGLDO�SUHV�
VXUH��L�H��SW�!�SU��UHGXFHV�WKH�SUHVVXUH�JUDGLHQW�QHHGHG�WR�FRXQWHUEDODQFH�WKH�JUDYLWDWLRQDO�IRUFH�>VHH
HT�����@��7KLV�ZLOO�OHDG�WR�D�PRUH�IODW�GHQVLW\�SURILOH��ZLWK�D�VPDOOHU�GHQVLW\�DW�WKH�FHQWHU�RI�WKH�6XQ
EXW�SRVVLEO\�D�JUHDWHU�GHQVLW\�RXWVLGH�WKDW�UHJLRQ��7KH�KRPRJHQL]DWLRQ�RI�WKH�GHQVLW\��ZLWK�WKH�VDPH
DYHUDJH��WHQGV�WR�ULVH�WKH�HQWURS\�DQG�WKLV�PD\�FRPSHQVDWH�IRU�WKH�HQWURS\�ORZHULQJ�FDXVHG�E\�WKH
ORFDO�DQLVRWURS\�

7KLV�PHFKDQLVP�ZLOO�PRGLI\�WKH�SUHGLFWLRQ�RI�QHXWULQR�IOX[HV�LQ�WKH�FRUUHFW�GLUHFWLRQ�WR�LPSURYH
WKH�DJUHHPHQW�ZLWK�REVHUYDWLRQV��,Q�IDFW��DV�WKH�WHPSHUDWXUH�LV�DQ�LQFUHDVLQJ�IXQFWLRQ�RI�WKH�GHQVLW\�
ZH�DUULYH�DW�D�VRODU�PRGHO�ZLWK�VPDOOHU�WHPSHUDWXUH�WKDQ�WKH�660�DW�WKH�FHQWHU�EXW�JUHDWHU�DW�RWKHU
SODFHV��VD\�IURP�U� �����5R�RXWZDUGV��WKLV�YDOXH�IROORZV�IURP�WKH�HVWLPDWH�WR�EH�PDGH�LQ�VHFWLRQ����
$V�PRUH�WKDQ�����RI�WKH��%�DQG��%H�QHXWULQRV�DUH�SURGXFHG�LQVLGH�WKDW�UHJLRQ��WKHLU�IOX[HV�ZLOO�EH
ORZHUHG��,Q�FRQWUDVW��WKH�IOX[�RI�SS�QHXWULQRV�DQG�WKH�OXPLQRVLW\��ZKLFK�DUH�SURGXFHG�ZLWKLQ�D�PXFK
JUHDWHU�UHJLRQ�PD\�QRW�FKDQJH��,QGHHG��RQO\�����RI�WKH�OXPLQRVLW\�LV�SURGXFHG�LQVLGH�D�VSKHUH�RI
UDGLXV�����5R��%DKFDOO�DQG�3LQVRQQHDXOW�������

���3URSHUWLHV�RI�D�3ODVPD�ZLWK�$QLVRWURS\

,I�ZH�GR�QRW�DVVXPH�ORFDO�LVRWURS\�D�SULRUL��WKH�GHWHUPLQDWLRQ�RI�WKH�VWUXFWXUH�RI�WKH�6XQ�ZLOO�UH�
TXLUH� WKH�NQRZOHGJH�RI� WKH�SKDVH�VSDFH�GLVWULEXWLRQ� IXQFWLRQV�� IM�U�Y���RI� WKH�FRQVWLWXHQW� SDUWLFOHV�
HVVHQWLDOO\�HOHFWURQV��SURWRQV�DQG�KHOLXP�QXFOHL��,Q�WKH�660�LW�LV�VXSSRVHG�WKDW�WKH�YHORFLW\�GHSHQG�
HQFH�LV�JLYHQ�E\�WKH�%ROW]PDQQ�GLVWULEXWLRQ��EXW�KHUH�ZH�VKDOO�DVVXPH�WKDW� WKH�DFWXDO�GLVWULEXWLRQ
FRUUHVSRQGV�WR�WKH�PD[LPXP�RI�WKH�HQWURS\

YU �� GGORJ ML M% IIN6 Ê ×-= � ����

ZKHUH�N%�LV�%ROW]PDQQ�V�FRQVWDQW�DQG�ZH�QRUPDOL]H�IM�VR�WKDW�LWV�LQWHJUDO�RYHU�SKDVH�VSDFH�JLYHV�WKH
WRWDO�QXPEHU�RI�SDUWLFOHV�RI�VSHFLHV�M��:H�VKDOO�VWXG\�WKH�LPSOLFDWLRQV�RI�WKH�IDFW�WKDW�WKH�IXQFWLRQV�IM
GHSHQG�RQ�WKH�YHORFLW\�YHFWRU��Y��UDWKHU�WKDQ�RQO\�RQ�LWV�PRGXOXV��Y��$FWXDOO\��WKH�VSKHULFDO�V\PPH�
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WU\�RI�RXU�VRODU�PRGHO�LPSOLHV�WKDW�IM�GHSHQGV�RQO\�RQ�U��Y�DQG�WKH�DQJOH�q�EHWZHHQ�WKH�YHORFLW\�DQG
WKH�UDGLDO�GLUHFWLRQ�

:H�VKDOO�FRQVLGHU�VPDOO�ORFDO�DQLVRWURSLHV�VR�WKDW�ZH�PD\�XVH�VOLJKWO\�GLVWRUWHG�%ROW]PDQQ�GLV�
WULEXWLRQV�RI�WKH�IRUP
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ZKHUH�PM�LV�WKH�PDVV�RI�WKH�SDUWLFOHV�M��QM�U��WKH�QXPEHU�GHQVLW\�RI�WKHVH�SDUWLFOHV�DQG�&M�U��D�QRUPDOL�
]DWLRQ�IDFWRU��$OO�WKH�UDGLDO�GHSHQGHQFH�JRHV�RQ�WKH�SDUDPHWHUV�Q�U��DQG�[�U���WKH�IRUPHU�UHODWHG�WR
WKH�PHDQ� WHPSHUDWXUH��VHH�EHORZ�HT��������DQG� WKH� ODWWHU��ZKLFK�ZH�DVVXPH�VPDOO��PHDVXULQJ� WKH
IUDFWLRQDO�DQLVRWURS\��7KH�660�FRUUHVSRQGV�WR�WKH�FKRLFH�[� ���

%HIRUH�JRLQJ�WR�WKH�SUREOHP�RI�PD[LPL]LQJ�WKH�HQWURS\�ZH�VKDOO�GHULYH�VRPH�XVHIXO�SURSHUWLHV
RI�DQ�DQLVRWURSLF�SODVPD��7KH�ORFDO�PRPHQWV�RI�WKH�NLQHWLF�HQHUJ\�GLVWULEXWLRQ�DUH�WKH�VDPH�IRU�DOO
SDUWLFOH�VSHFLHV�DQG�ZH�JHW
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ZKHUH� I�Y�� LV�QRUPDOL]HG� WR�XQLW\��)RU�Q ��HT������� JLYHV� WKH�PHDQ�NLQHWLF� HQHUJ\��ZKLFK� DOORZV
GHILQLQJ�WKH�PHDQ�ORFDO�WHPSHUDWXUH��7��DV�IROORZV
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+HQFH�ZH�PD\�FDOFXODWH�WKH�ORFDO�PRPHQWV�RI�WKH�HQHUJ\�GLVWULEXWLRQ�LQ�WHUPV�RI�WKH�PHDQ�WHP�
SHUDWXUH�DQG�ZH�REWDLQ
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ZKHUH�WKH�GHSDUWXUH�RI�WKH�IXQFWLRQ�)Q�[��IURP�XQLW\�PHDVXUHV�WKH�HIIHFW�RI�WKH�ORFDO�DQLVRWURS\��7KH
DVV\PSWRWLF�H[SUHVVLRQ�RI�)Q�[��LV�YDOLG�LQ�WKH�OLPLW�Q�����ZLWK�Q[�ILQLWH��WKH�ODVW�HTXDOLW\�UHTXLUHV�
LQ�DGGLWLRQ��Q[�!!����(T�������ZLOO�EH�XVHG�LQ�WKH�VWXG\�RI�QHXWULQR�IOX[HV�RI�WKH�6XQ�

,W�LV�FRQYHQLHQW�WR�ZRUN�ZLWK�WKH�PDVV�GHQVLW\��r��DQG�WKH�PDVV�IUDFWLRQV��cM��LQVWHDG�RI�WKH�QXP�
EHU�GHQVLWLHV��QM��RI�WKH�GLIIHUHQW�VSHFLHV�RI�SDUWLFOHV��WKH�UHODWLRQV�EHLQJ
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1RZ�ZH�PD\�FDOFXODWH�WKH�UDGLDO�SUHVVXUH��SU��LQ�WKH�GLUHFWLRQ�q� �����DQG�WKH�WUDQVYHUVH�SUHVVXUH��SW
�LQ�WKH�GLUHFWLRQV�q� �p�����:H�JHW
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7KH�PHDQ�SUHVVXUH�LV�JLYHQ�E\����SU������SW��ZKLFK�DJUHHV�ZLWK�HT������
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1RZ�ZH�PD\�ZULWH�WKH�HQWURS\�LQ�WKH�IRUP�RI�D�PRGLILHG�6DFNXU�7HWURGH�IRUPXOD��:H�VKDOO�LQ�
VHUW�HT�������LQWR������DQG�SHUIRUP�WKH�LQWHJUDO�RYHU�YHORFLWLHV��WDNLQJ�HT�������LQWR�DFFRXQW�LQ�RUGHU
WR�HOLPLQDWH�WKH�IXQFWLRQ�Q��:H�JHW
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+HQFH��XVLQJ�HTV������DQG������ZH�REWDLQ
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ZKHUH�GP�LV�WKH�PDVV�HOHPHQW�DV�GHILQHG�LQ�HT�������7KH�PD[LPXP�RI������IRU�IL[HG�r�U���7�U��DQG
cM�U��JLYHV�REYLRXVO\�[� ����WKDW�LV�D�ORFDOO\�LVRWURSLF�SODVPD��%XW�ZH�VKRXOG�QRW�PD[LPL]H�HT������
ZLWK�r��7�DQG�cM�IL[HG��EXW�ZLWK�WKH�ZHDNHU�FRQVWUDLQW�SRVHG�E\�WKH�VWUXFWXUH�HTXDWLRQV�RI�WKH�6XQ
ZKLFK��LQ�SDUWLFXODU��LQFOXGHV�HT������UDWKHU�WKDQ�HT��������7KLV�ZLOO�UHTXLUH�D�TXLWH�LQYROYHG�FDOFXOD�
WLRQ�ZKLFK�ZLOO�QRW�EH�PDGH�KHUH��%XW�LW�LV�QRW�GLIILFXOW�WR�VHH�WKH�WUDGH�RII�EHWZHHQ�DQLVWURS\�DQG
LQKRPRJHQHLW\�PHQWLRQHG�DERYH��,I��IRU�WKH�VDNH�RI�VLPSOLFLW\��ZH�DVVXPH�D�IL[HG�FKHPLFDO�FRPSR�
VLWRQ��WKDW�LV�ZH�IL[�WKH�PDVV�IUDFWLRQV��cM��DV�IXQFWLRQV�RI�WKH�YDULDEOH�P�GHILQHG�LQ�HT�������DQG�ZH
DOVR�DVVXPH�WKH�YDOLGLW\�RI�WKH�ILUVW�HT������HYHQ�LQ�WKH�SUHVHQFH�RI�DQLVRWURS\��WKHQ�HT�������EHFRPHV
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ZLWK�ERWK�FRQVWDQWV�$�DQG�%�SRVLWLYH��:H�VHH�WKDW�WKH�VHFRQG�WHUP�WHQGV�WR�LVRWURSL]H�ZKLOVW�WKH�ILUVW
RQH�WHQGV�WR�KRPRJHQL]H�WKH�GHQVLW\�IXQFWLRQ�r�U���,Q�IDFW��WKH�PD[LPXP�RI�WKH�VHFRQG�WHUP�RI�����
KDSSHQV�REYLRXVO\�IRU�WKH�LVRWURSLF�FDVH�[� ����2Q�WKH�RWKHU�KDQG��WKH�PD[LPXP�RI�WKH�ILUVW� WHUP
FRUUHVSRQGV�WR�WKH�PLQLPXP�DYHUDJH�YDOXH�RI�ORJ�r��ZKLFK�LV�r� �FRQVWDQW��:H�VHH�WKDW�WKH�WUDGH�RII
EHWZHHQ�LVRWURS\�DQG�KRPRJHQHLW\��GHULYHG�IURP�HT�������ZLOO�YHU\�OLNHO\�LQGXFH�DQ�DQLVRWURS\�RI�WKH
SODVPD�YHORFLW\�GLVWULEXWLRQ�LQ�RUGHU�WR�PDNH�WKH�GHQVLW\�PRUH�KRPRJHQHRXV�

���/RFDOO\�$QLVRWURSLF�0RGHO�RI�WKH�6XQ

2XU�DLP�LV�QRZ�WR�HVWLPDWH�WKH�FKDQJH�LQ�PRGHO�SUHGLFWLRQV�� LQ�SDUWLFXODU� IRU�QHXWULQR�IOX[HV�
ZKHQ�ZH�SDVV�IURP�WKH�660�WR�WKH�VRODU�PRGHO�ZLWK�ORFDO�DQLVRWURS\�ZKLFK�ZRXOG�EH�REWDLQHG�E\
VROYLQJ�WKH�JHQHUDO�VWUXFWXUH�HTXDWLRQV��H�J��HT������VXEVWLWXWHG�IRU�HT�������DQG�PD[LPL]DWLRQ�RI�WKH
HQWURS\�DV�VDLG�DERYH��:H�VKDOO�JHW�D�URXJK�HVWLPDWH�E\�FRQVWUXFWLQJ�WZR�VLPSOLILHG�VRODU�PRGHOV�
RQH�ZLWK� ORFDO� LVRWURS\� �/,60��DQG�DQRWKHU�RQH� ORFDOO\�DQLVRWURSLF� �/$60���DQG�FRPSDULQJ� WKH
SUHGLFWLRQV�RI�ERWK��$�VLPSOH��DOWKRXJK�QRW�YHU\�DFFXUDWH��/,60�PD\�EH�REWDLQHG�WDNLQJ�WKH�6XQ�DV
DQ�Q ��SRO\WURSH�DQG�DVVXPLQJ�KRPRJHQHRXV�FKHPLFDO�FRPSRVLWLRQ��7KHQ�WKH�UDGLDO�FRRUGLQDWH�DQG
WKH�GHQVLW\�PD\�EH�ZULWWHQ�LQ�WHUPV�RI�WKH�/DQH�(PGHQ�YDULDEOHV��q�DQG�x��DV�IROORZV
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ZKHUH�5R�LV�WKH�UDGLXV�RI�WKH�6XQ��:LWK�DQ�DSSURSULDWH�YDOXH�IRU�WKH�FHQWUDO�GHQVLW\��r&��WKH�/,60
PD\�JLYH�WKH�FRUUHFW��REVHUYHG��PDVV��7KH�GHQVLW\������LV�WKH�VROXWLRQ�RI�HTV������DQG�����LI�WKH�SUHV�
VXUH�LV�UHODWHG�WR�WKH�GHQVLW\�E\�WKH�ILUVW�HT�������,Q�WKH�IROORZLQJ�ZH�VKDOO�XVH�XQLWV�r&� �*� �F� ����r&
EHLQJ�WKH�FHQWUDO�GHQVLW\�LQ�WKH�/,60�

,Q�RUGHU�WR�GHILQH�RXU�/$60��ZH�ILUVWO\�DVVXPH�WKDW�ORFDO�DQLVRWURS\�ZLOO�QRW�SURGXFH�D�GUDPDWLF
FKDQJH�VR�WKDW�WKH�ILUVW�HT������LV�VWLOO�YDOLG��EXW�WKH�GHQVLW\�LV�GLIIHUHQW�IURP�WKH�RQH�JLYHQ�E\�HT�������
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7KHQ�HT������PD\�EH�IRUPDOO\�VROYHG�LQ�RUGHU�WR�JHW�WKH�DQLVRWURS\�SDUDPHWHU��[��DQG�ZH�REWDLQ��QH�
JOHFWLQJ�WHUPV�RI�RUGHU�[��
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$W�ILUVW�JODQFH�WKLV�HTXDWLRQ�KDV�D�VROXWLRQ�IRU�DQ�DUELWUDU\�GHQVLW\�r�U���EXW�WKHUH�LV�D�FRQVWUDLQW�EH�
FDXVH�WKH�SUHVVXUH��S��VKRXOG�YDQLVK�DW�WKH�VXUIDFH�RI�WKH�6XQ�DQG�WKH�LQWHJUDO�LQ�HT�������VKRXOG�DOVR
YDQLVK�ZKHQ�U�5R��$V�RXU�DLP�KHUH�LV�MXVW�WR�H[SORUH�ZKHWKHU�ORFDO�DQLVRWURSLF�PRGHOV�KDYH�HQRXJK
IOH[LELOLW\�WR�SRVVLEO\�VROYH�WKH�VRODU�QHXWULQR�SUREOHP��ZH�VKDOO�LJQRUH�WKDW�UHTXLUHPHQW��LQ�DQ\�FDVH
ZH�DUH�QRW�FRQFHUQHG�ZLWK� WKH�PRVW�H[WHUQDO� UHJLRQ�RI� WKH�6XQ��� DQG�DVVXPH� WKDW� WKH�GHQVLW\� �LQ
GLPHQVLRQOHVV��/DQH�(PGHQ��YDULDEOHV��LV
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:LWK�WKLV�FKRLFH�ZH�JHW�IURP�HT������
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7KH�SDUDPHWHUV�a��b�DQG�g�VKRXOG�EH�VR�FKRVHQ�WKDW�WKH�VRODU�PDVV��UDGLXV�DQG�OXPLQRVLW\�RI�RXU
/$60�DJUHH�ZLWK�WKRVH�RI�RXU�/,60��:H�VKDOO�VHH�WKDW�WKLV�FRQGLWLRQ�IL[HV���RXW�RI�WKH���SDUDPHWHUV
DQG�RQO\���IUHH�SDUDPHWHU�UHPDLQV�

7KH�FRQGLWLRQ�RQ�WKH�PDVV�DQG�UDGLXV�LV
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,Q�RUGHU�WR�LPSOHPHQW�WKH�FRQGLWLRQ�RQ�WKH�OXPLQRVLW\��/R��ZH�DVVXPH�WKDW�LW�PD\�EH�JLYHQ�LQ�WHUPV�RI
WKH�GHQVLW\�DQG�WHPSHUDWXUH�E\�HT������ZLWK
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ZKHUH�&�LV�D�FRQVWDQW�DQG�WKH�ILUVW�HT������KDV�EHHQ�WDNHQ�LQWR�DFFRXQW��)RU�WKLV�FDOFXODWLRQ�ZH�PD\
WDNH�)Q�@����VHH�HT���������7KH�OLQHDU�GHSHQGHQFH�RI�e�RQ�r�LQ�HT�������IROORZV�IURP�WKH�IDFW�WKDW�WKH
PDLQ�VRXUFH�RI�HQHUJ\�LQ�WKH�6XQ�LV�WKH�QXFOHDU�UHDFWLRQ�FKDLQ�SS,��ZKLFK�SURGXFHV�D�SRZHU�SHU�XQLW
PDVV�SURSRUWLRQDO�WR�WKH�SURWRQ�GHQVLW\��7KH�FXELF�GHSHQGHQFH�RQ�WHPSHUDWXUH�IROORZV�IURP�D�ILW�WR
WKH�SUHGLFWLRQV�RI� WKH�660�IRU� WKH�QXFOHDU�SRZHU�SHU�XQLW�PDVV�YHUVXV� WHPSHUDWXUH��$FWXDOO\� WKH
GHSHQGHQFH�RI�WKH�QXFOHDU�HPLVVLYLW\�RQ�WKH�GHQVLW\��WKH�PDVV�IUDFWLRQ�RI�SURWRQV��DQG�WKH�WHPSHUD�
WXUH�LQ�WKH�660�PD\�EH�URXJKO\�DSSUR[LPDWHG�E\
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ZKHUH�n� ���DQG�WKH�SDUDPHWHU�l�LV�FORVH�WR�����DW�WKH�FHQWHU�RI�WKH�6XQ�GHFUHDVLQJ�VORZO\�RXWZDUGV
�VHH��H�J���%DKFDOO�	�3LQVRQQHDXOW��������$OVR�� WKH�SURGXFW�c7� LV� URXJKO\�FRQVWDQW� LQ� WKH� FHQWUDO
UHJLRQ�RI�WKH�6XQ��DFWXDOO\�LW�ILUVW�VOLJKWO\�LQFUHDVHV�DQG�WKHQ�GHFUHDVHV�ZLWK�WKH�UHVXOW�WKDW�WKH�YDOXH
DW�U� ������5R�LV�WKH�VDPH�DV�LQ�WKH�FHQWHU���7KLV�MXVWLILHV�RXU�VLPSOH�FKRLFH�HT��������ZKHUH�ZH�VLPX�
ODWH�WKH�c�GHSHQGHQFH�E\�ORZHULQJ�WKH�7�GHSHQGHQFH��7KH�FRQVWDQW�&�VKRXOG�EH�FKRVHQ�VR�WKDW��ZKHQ
HT�������LV�XVHG�LQ�FRPELQDWLRQ�ZLWK�WKH�660�GHQVLW\�DQG�WHPSHUDWXUH��ZH�JHW�WKH�REVHUYHG�OXPL�
QRVLW\�RI�WKH�6XQ��+RZHYHU��WKH�DFWXDO�YDOXH�RI�&�LV�QRW�QHHGHG�LQ�RXU�FDOFXODWLRQ��$OO�ZH�QHHG�LV
WKDW�WKH�OXPLQRVLW\�LV�WKH�VDPH�LQ�/$60�DV�LQ�/,60��ZKLFK�JLYHV
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(TV�������DQG������\LHOG�WKH�YDOXHV�RI�WZR�RI�WKH�PRGHO�SDUDPHWHUV�LQ�WHUPV�RU�WKH�WKLUG�RQH��)RU
LQVWDQFH��D�QXPHULFDO�FDOFXODWLRQ�JLYHV�b� ������g� �����IRU�a� �����DQG�b� ������g� �����IRU�a� �����

���7KH�)OX[�RI�1HXWULQRV

$V�LV�ZHOO�NQRZQ�WKH�IOX[�RI�SS�QHXWULQRV�LV�DOPRVW�PRGHO�LQGHSHQGHQW�RQFH�WKH�OXPLQRVLW\�LV
IL[HG��$OVR��WKH�660�SUHGLFWLRQ�IRU�WKDW�IOX[�DJUHHV�ZHOO�ZLWK�WKH�REVHUYDWLRQV��%DKFDOO�HW�DO������
D���+RZHYHU��DV�VDLG�LQ�WKH�LQWURGXFWLRQ��WKH�REVHUYHG��%�QHXWULQR�IOX[��f��%���LV�OHVV�WKDQ�KDOI�WKH
660�SUHGLFWLRQ��DQG�WKH�SUHGLFWHG�UDWLR�f��%H��f��%��LV�KLJKHU�WKDQ�WKH�REVHUYHG�RQH��+HUH�ZH�VKDOO
FDOFXODWH�WKH�UDWLRV�f/$60�f/,60�DQG�VKRZ�WKDW�WKH�SUREOHP�LV�DOOHYLDWHG�LI�ZH�DOORZ�IRU�ORFDO�DQLVRW�
URS\�

1HXWULQR�IOX[HV�VKRXOG�EH�FDOFXODWHG�IURP�WKH�LQWHJUDO

U�GFRQVW� Q7×= rf � ����

LI�WKH�IOX[�GHSHQGV�RI�WKH�QWK�SRZHU�RI�WKH�WHPSHUDWXUH��+HUH�ZH�SURSRVH�D�OLQHDU�GHSHQGHQFH�RQ
GHQVLW\��LQ�FRQWUDVW�ZLWK�WKH�TXDGUDWLF�GHSHQGHQFH�RI�HT��������EHFDXVH�LW�LV�PRUH�DSSURSULDWH�IRU�WKH
FKDLQ�RI�QXFOHDU�UHDFWLRQV�OHDGLQJ�WR��%H�DQG��%��,W�LV�NQRZQ�WKDW�Q� ����IRU��%H�QHXWULQRV�DQG�Q� ���
IRU��%�QHXWULQRV��%DKFDOO�	�8OPHU��������,Q�D�ORFDOO\�DQLVRWURSLF�PHGLXP��WKH�GHSHQGHQFH�RQ�WKH
ORFDO�QWK�PRPHQW�RI�WKH�WHPSHUDWXUH���7Q!��PXVW�EH�LQWHUSUHWHG�DV�D�GHSHQGHQFH�RQ�WKH��QWK�SRZHU
RI�WKH�UHODWLYH�YHORFLWLHV�RI�WKH�FROOLGLQJ�QXFOHL��ZKLFK�PHDQV�D�GHSHQGHQFH�RQ��(Q!��VHH�HT��������
:H�JHW
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ZKHUH�WKH�ILUVW�HT������DQG�HT�������KDYH�EHHQ�XVHG��7KH�YDOXH�RI�WKH�FRQVWDQW�'�LV�QRW�QHHGHG�EH�
FDXVH�ZH�ZDQW�RQO\�WKH�UDWLR�f/$60�f/,60��ZKHUH
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7KH�QHXWULQR�IOX[�SUHGLFWLRQV�RI�/$60�PD\�EH�HDVLO\�GHULYHG�IURP�HT��������)RU�VPDOO�a�D�GHFUHDVH�
ZLWK�UHVSHFW�WR�WKH�/,60��RI�WKH��%�QHXWULQR�IOX[�LV�SUHGLFWHG�PXFK�VWURQJHU�WKDQ�WKH�GHFUHDVH�RI�WKH
�%H�QHXWULQR�IOX[��7KLV�LV�LQ�GLVDJUHHPHQW�ZLWK�WKH�REVHUYDWLRQV��EXW�WKH�VLWXDWLRQ�LV�QRW�VR�EDG�IRU
KLJKHU�a��DOWKRXJK�IRU�a�!������RXU�PRGHO�SUHGLFWV�D�GHQVLW\�LQFUHDVLQJ�RXWZDUGV�DW�VRPH�SRLQWV�
ZKLFK�LV�XQSK\VLFDO���,I�a� �������ZKLFK�FRUUHVSRQGV�WR�DERXW�����GHFUHDVH�LQ�WKH�FHQWUDO�WHPSHUD�
WXUH�RI�WKH�6XQ��WKH�GHQVLW\�RI�WKH�FHQWUDO�UHJLRQ�PD\�EH�DSSUR[LPDWHG�E\

r� ���±a��H[S�±sx����s�@������ ����
+HQFH��XVLQJ�HTV�������DQG������ZH�JHW
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ZKHUH�h�@�������LQ�WKLV�FDVH��VHH�HT�������IRU�WKH�GHILQLWLRQ�RI�h���7KH�SUHVHQFH�RI�WKH�IXQFWLRQ�)Q�[�
LQ�HT��������ZKLFK�OHDGV�WR�*�]��LQ�HT��������SURGXFHV�D�GHFUHDVH�RI�WKH�UDWLR�f��%H��f��%��OHVV�UDSLG
WKDQ�LW�VKRXOG�EH�H[SHFWHG�IURP�WKH�GHFUHDVH�LQ�WKH�FHQWUDO�WHPSHUDWXUH�RI�WKH�6XQ��,Q�IDFW��IRU��%H



3DJH��� $3(,521�9RO����1U������-DQXDU\�$SULO�����

QHXWULQRV�]� ������DQG�*�]�� ������ZKLOVW�IRU��%�QHXWULQRV�]� ������DQG�*�]�� ������1HYHUWKHOHVV�WKH
HIIHFW�LV�VPDOOHU�WKDQ�QHHGHG�DQG�ZH�REWDLQ
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7KHUH�LV�DQ�DGGLWLRQDO�HIIHFW�FRQWULEXWLQJ�WR�LQFUHDVH�WKH��%�QHXWULQR�IOX[��QDPHO\�WKH�ULVH�LQ�WKH
PDVV�IUDFWLRQ�RI�K\GURJHQ��c��DW�WKH�FHQWHU�RI�WKH�6XQ�WR�EH�GLVFXVVHG�LQ�WKH�QH[W�VHFWLRQ��,Q�IDFW��WKH
UDWH�RI�WKH�UHDFWLRQ�FKDLQ��%H���S���%H����%���n�LV�SURSRUWLRQDO�WR�c�ZKLOVW�WKH�UDWH�RI�WKH�FRP�
SHWLQJ�UHDFWLRQ��%H���H����/L���n�GHSHQGV�EXW�VOLJKWO\�RQ�c��LW�LV�SURSRUWLRQDO�WR�����c���7KLV�PD\
ULVH�WKH��%�QHXWULQR�IOX[�E\�DERXW�����UHODWLYH�WR�WKH��%H�QHXWULQR�IOX[�DQG�ZH�JHW�ILQDOO\
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7KLV�UHVXOW� LV�RQO\� LQ�URXJK�DJUHHPHQW�ZLWK�REVHUYDWLRQV��ZLWKLQ�DERXW���VWDQGDUG�GHYLDWLRQV��VHH
%DKFDOO�HW�DO�������D���%XW�RXU�PRGHO�LV�WRR�FUXGH�DQG�ZH�ZRXOG�QRW�H[SHFW�D�EHWWHU�DJUHHPHQW�

���7KH�3UREOHP�RI�+HOLRVHLVPRORJ\

$Q�DUJXPHQW�DJDLQVW�DQ\�VXEVWDQWLDO�FKDQJH�RI�WKH�660�KDV�EHHQ�JLYHQ�UHFHQWO\�UHVWLQJ�XSRQ�WKH
UHVXOWV�RI�KHOLRVHLVPRORJ\��%DKFDOO�HW�DO���������,QGHHG�DQ�H[FHOOHQW�DJUHHPHQW�H[LVWV�EHWZHHQ�WKH
660�SUHGLFWHG�DQG�WKH�REVHUYHG�YDOXHV�RI�WKH�YHORFLW\�RI�VRXQG�LQ�WKH�FHQWUDO�UHJLRQ�RI�WKH�6XQ��:H
WKLQN�WKDW�WKH�DUJXPHQW�GRHV�QRW�UXOH�RXW�PRGHOV�ZLWK�ORFDO�DQLVRWURS\�EHFDXVH�WKH�H[SHFWHG�FKDQJH
LQ�VRXQG�YHORFLW\�ZLOO�EH�SUREDEO\�YHU\�VPDOO��,Q�IDFW��WKH�VRXQG�VSHHG�LV�JLYHQ�E\
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ZKHUH�7�LV�WKH�WHPSHUDWXUH�DQG�m�WKH�PHDQ�PROHFXODU�ZHLJKW��ZKLFK�LV�UHODWHG�WR�WKH�PDVV�IUDFWLRQ�RI
K\GURJHQ��c��E\�HT��������:H�PD\�DVVXPH�WKDW�WKH�GHFUHDVH�LQ�c�IURP�WKH�SULPRUGLDO�YDOXH�c��@������
DW�HYHU\�SRLQW�LQVLGH�WKH�6XQ�LV�URXJKO\�SURSRUWLRQDO�WR�WKH�QXFOHDU�HPLVVLYLW\��7KH�ORFDO�HPLVVLYLW\�LV
UHODWHG�WR�WKH�WHPSHUDWXUH�E\�HT�������ZLWK�l� ���DQG�r���7���WKDW�LV

c��±�c���c�7��� ����
1RZ�DVVXPLQJ�WKDW�WKH�UHODWLRQ�r���7��KROGV�IRU�WKH�PRGLILHG�PRGHO��IURP�HTV�������DQG������ZH�JHW
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7KH�LQWHUHVWLQJ�IHDWXUH�LV�WKDW�WKH�SDUDPHWHU�k�LV�UHPDUNDEO\�FORVH�WR���WKURXJKRXW�WKH�FHQWUDO�UH�
JLRQ�RI�WKH�6XQ��)RU�LQVWDQFH��LI�c�@�������DW�WKH�FHQWHU��ZH�JHW�k� ��������DQG�LI�c�@�������DW������5R�
k� ��������7KLV�PHDQV�WKDW�WKH�FKDQJH�LQ�PHDQ�PROHFXODU�ZHLJKW�DOPRVW�FRXQWHUEDODQFHV�WKH�HIIHFW
RI�WKH�FKDQJH�LQ�WHPSHUDWXUH�ZLWK�WKH�UHVXOW�WKDW�WKH�VSHHG�RI�VRXQG�FKDQJHV�YHU\�OLWWOH�ZLWK�WKH�SUR�
SRVHG�PRGLILFDWLRQ�RI�WKH�660��)RU�LQVWDQFH�D����GHFUHDVH�LQ�7&�JLYHV�RQO\�������LQFUHDVH��DW�WKH
FHQWHU�� RU� ������GHFUHDVH� �DW� �����5R�� LQ� WKH� VRXQG� VSHHG�� DOWKRXJK� WKH�K\GURJHQ�PDVV� IUDFWLRQ
LQFUHDVHV�E\�DOPRVW�����LQ�ERWK�SODFHV�

���&RQFOXVLRQV

:H�FRQFOXGH�WKDW�����7KHUH�LV�SUREDEO\�D�ORFDO�DQLVRWURS\�LQ�WKH�FHQWUDO�UHJLRQ�RI�WKH�6XQ�PDN�
LQJ�WKH�WUDQVYHUVH�SUHVVXUH�JUHDWHU�WKDQ�WKH�UDGLDO�SUHVVXUH�����,I�WKLV�LV�WUXH��WKH�SUHGLFWLRQV�IRU�WKH
QHXWULQR�IOX[HV�PD\�EH�FRPSDWLEOH�ZLWK�WKH�REVHUYDWLRQV�
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