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7KLV� SDSHU� H[SORUHV� DQ� RSWLFDO� LQWHUSUHWDWLRQ� RI� JUDYLWDWLRQDO� UHGVKLIW�� DQG� VKRZV
KRZ�WKH�GHIOHFWLRQ�RI�OLJKW�DQG�WKH�UDGDU�HFKR�GHOD\�FDQ�EH�FDOFXODWHG�WKHUHIURP��$V
D� UHVXOW� RI� WKHVH� FRQVLGHUDWLRQV�� WKLV� ZRUN� HVWDEOLVKHV� QHZ� UHODWLRQVKLSV� EHWZHHQ
JHQHUDO�UHODWLYLW\�DQG�JHRPHWULFDO�RSWLFV�

���,QWURGXFWLRQ

7KH�JHQHUDO�WKHRU\�RI�UHODWLYLW\�LV�QRZ�DFFHSWHG�DV�WKH�PRVW�VDWLVIDFWRU\�WKHRU\�RI�JUDYLWDWLRQ�
7KLV�DFFHSWDQFH�UHVWV�SDUWO\�RQ�LWV�FRQFHSWXDO�DQG�VWUXFWXUDO�HOHJDQFH��DQG�SDUWO\�RQ�LWV�DJUHHPHQW
ZLWK�H[SHULPHQWDO�REVHUYDWLRQ��%XW�WKH�WKHRU\�KDV�EHHQ�HVVHQWLDOO\�PDWKHPDWLFDO�LQ�FKDUDFWHU��EHLQJ
FRQFHUQHG�ZLWK�WKH�FRQVHTXHQFHV�RI�D�JHRPHWUL]DWLRQ�RI�WKH�VSDFH�WLPH�PDQLIROG��7KXV�WKH�DSSOLFD�
WLRQ�RI� WKH� WKHRU\� LQYROYHV� WKH� XVH� RI� VSHFLDO�PDWKHPDWLFDO�PHWKRGV�ZKLFK�� DOWKRXJK� UHOHYDQW� WR
RSWLFV� LQ�PDQ\�FDVHV��PD\� HDVLO\�EH� FRQVLGHUHG� VHSDUDWHO\� IURP� LW�� ,Q� DWWHPSWLQJ� WR�GHGXFH� WKHLU
RSWLFDO�QDWXUH��RQH�PD\�SDVV�IURP�WKH�PDWKHPDWLFDO�ODQJXDJH�WR�WKH�SK\VLFDO�ODQJXDJH��DQG�VHH�KRZ
WKH\�FDQ�EH�UHFRQFLOHG�ZLWK�HDFK�RWKHU�

)RXU�FODVVLF�WHVWV�DUH�XVXDOO\�FLWHG�DV�H[SHULPHQWDO�YHULILFDWLRQV�RI�WKH�JHQHUDO�WKHRU\�RI�UHODWLY�
LW\��WKH�JUDYLWDWLRQDO�UHGVKLIW�RI�VSHFWUDO�OLQHV��WKH�GHIOHFWLRQ�RI�OLJKW�E\�WKH�6XQ��WKH�SUHFHVVLRQ�RI�WKH
SHULKHOLRQ�RI�WKH�RUELW�RI�WKH�SODQHW�0HUFXU\��DQG�WKH�WLPH�GHOD\�RI�UDGDU�HFKRHV�SDVVLQJ�FORVH�WR�WKH
6XQ��7KUHH�RI�WKHVH�WHVWV�H[DPLQH�WKH�LQIOXHQFH�RI�WKH�JUDYLWDWLRQDO�SRWHQWLDO�RQ�WKH�SURSDJDWLRQ�RI
OLJKW��2QO\� WKH� SODQHWDU\� RUELW� SUHFHVVLRQ� LQYROYHV� WKH�PRWLRQ� RI� D� SDUWLFOH� RI� ILQLWH�PDVV� LQ� WKH
JUDYLWDWLRQDO�ILHOG�RI�WKH�6XQ��%HFDXVH�WKHVH�DUH�RSWLFDO�SKHQRPHQD��RQH�PD\�UDLVH�D�TXHVWLRQ�DV�WR
ZKHWKHU�WKH�WKUHH�FODVVLF�WHVWV�FDQ�DOVR�EH�FRUUHFWO\�LQIHUUHG�IURP�WKH�SRLQW�RI�YLHZ�RI�RSWLFV�

,W�LV�DFWXDOO\�SRVVLEOH�WR�SUHGLFW�WKHVH�WHVWV�LQ�D�YDOLG�PDQQHU�RQ�WKH�EDVLV�RI�RSWLFV��7KLV�SDSHU
H[SORUHV�DQ�RSWLFDO�YHUVLRQ�RI�JUDYLWDWLRQDO�UHGVKLIW��DQG�VKRZV�KRZ�WKH�GHIOHFWLRQ�RI�OLJKW�DQG�WKH
UDGDU�HFKR�GHOD\�FDQ�EH�FDOFXODWHG�WKHUHIURP��7KH�LQWHUSUHWDWLRQ�SURSRVHG�LQ�WKLV�SDSHU�DWWULEXWHV�WKH
UHGVKLIW�HIIHFW�WR�RSWLFDO�SKHQRPHQRQ�UHODWHG�WR�WKH�YHORFLW\�RI�SURSDJDWLRQ�RI�OLJKW�LQ�D�QRQ�XQLIRUP
PHGLXP��7KLV�JLYHV�D�SKHQRPHQRORJLFDO�GHULYDWLRQ�RI�WKH�JUDYLWDWLRQDO�UHGVKLIW��VKRZLQJ�KRZ�WKH
UHVXOWV�RI�PRUH�UHDOLVWLF�FDOFXODWLRQV�FDQ�EH�REWDLQHG�IURP�WKH�SRLQW�RI�YLHZ�RI�RSWLFV��7KH�GHIOHFWLRQ
RI�OLJKW��WKH�UDGDU�HFKR�GHOD\��DQG�WKH�SODVPD�HIIHFW�RI�VRODU�FRURQD�RQ�WKHP�DUH�WKHQ�GLVFXVVHG��,W
ZLOO�EH�RI�SDUWLFXODU�LQWHUHVW�WR�QRWH�WKDW�WKH�GHIOHFWLRQ�RI�OLJKW�DQG�WKH�UDGDU�HFKR�GHOD\�FDQ�DOVR�EH
FRUUHFWO\�GHULYHG�IURP�WKH�HTXDWLRQ�RI�UD\V�RI�JHRPHWULFDO�RSWLFV�ZLWKRXW�XVLQJ�WKH�JHRGHVLF�HTXD�
WLRQV�RU�WKH�ILHOG�HTXDWLRQV�RI�JHQHUDO�UHODWLYLW\��$V�D�FRQVHTXHQFH�RI�WKHVH�FRQVLGHUDWLRQV��WKLV�SDSHU
ZLOO�HVWDEOLVK�QHZ�UHODWLRQVKLSV�EHWZHHQ�JHQHUDO�UHODWLYLW\�DQG�JHRPHWULFDO�RSWLFV��DSSDUHQWO\�XQUH�
ODWHG�DUHDV�RI�SK\VLFV��ZLWK�UHJDUG�WR�WKH�LQIOXHQFH�RI�WKH�JUDYLWDWLRQDO�SRWHQWLDO�RQ�WKH�SURSDJDWLRQ
RI�OLJKW�
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���5HGVKLIW�RI�6SHFWUDO�/LQHV

,Q�������(LQVWHLQ1�SUHGLFWHG�WKH�FKDQJH�LQ�WKH�IUHTXHQF\�RI�VSHFWUDO�OLQHV�ZLWK�JUDYLWDWLRQDO�SR�
WHQWLDO��JHQHUDOO\�UHIHUUHG� WR�DV� WKH�JUDYLWDWLRQDO� UHGVKLIW��7KH�HIIHFW�ZDV�FDOFXODWHG�IURP� WKH� WLPH
GLODWDWLRQ� LQ�D�JUDYLWDWLRQDO�SRWHQWLDO��ZKLFK�IROORZV�IURP�WKH�SULQFLSOH�RI�HTXLYDOHQFH��7KH�DUJX�
PHQW��DV�(LQVWHLQ�H[SODLQV��ZDV�DV�IROORZV�

/HW�WKH�WZR�SRLQWV�6�DQG�6¶�EH�SODFHG�DW�UHVW��D�GLVWDQFH�K�DSDUW�DORQJ�WKH�OLQHV�RI�IRUFH�LQ
D� XQLIRUP� JUDYLWDWLRQDO� ILHOG� RI� DFFHOHUDWLRQ� J�� ,Q� DFFRUGDQFH� ZLWK� WKH� SULQFLSOH� RI
HTXLYDOHQFH��ZH�DUH�DEOH�� LQ�SODFH�RI� WKH� V\VWHP�.� LQ� WKLV� JUDYLWDWLRQDO� ILHOG�� WR� VHW� WKH
JUDYLWDWLRQDO�IUHH�V\VWHP�.¶�ZKLFK�LV�DFFHOHUDWHG�ZLWK�-J��&RQVLGHU�WKH�SURFHVV�RI�SURSD�
JDWLRQ�RI�UDGLDWLRQ�IURP�6�WR�6¶�IURP�D�V\VWHP�.

R
��ZKLFK�LV�WR�EH�IUHH�IURP�DFFHOHUDWLRQ��$W

WKH�PRPHQW�ZKHQ�WKH�UDGLDWLRQ�RI�IUHTXHQF\���LV�HPLWWHG�IURP�6�WR�6¶��OHW�WKH�YHORFLW\�RI�.¶
UHODWLYH�WR�.

R
�EH�]HUR��7KH�UDGLDWLRQ�ZLOO�DUULYH�DW�6¶�ZKHQ�WKH�WLPH�K�F�KDV�HODSVHG�WR�D

ILUVW� DSSUR[LPDWLRQ�� %XW� DW� WKLV� PRPHQW� WKH� YHORFLW\� RI� 6¶� UHODWLYH� WR� .
R
� LV� Y� �JK�F�

7KHUHIRUH��E\�'RSSOHU¶V�SULQFLSOH�� WKH� UDGLDWLRQ�DUULYLQJ�DW�6¶�GRHV�QRW�SRVVHVV� WKH� IUH�
TXHQF\���EXW�D�JUHDWHU�IUHTXHQF\��µ�ZKLFK�LV�UHODWHG�WR���WR�D�ILUVW�DSSUR[LPDWLRQ�E\�WKH
HTXDWLRQ
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%\�WKH�HTXLYDOHQFH�RI�.�DQG�.¶��ZH�PD\�UHSODFH�JK�E\� WKH�JUDYLWDWLRQDO�SRWHQWLDO� LI� WKH
VDPH�SURFHVV�WDNHV�SODFH�LQ�WKH�V\VWHP�.�

$VWURQRPLFDO� REVHUYDWLRQV�� WKRXJK� VRPHZKDW� DPELJXRXV�� KDYH� WHQGHG� WR� FRQILUP� WKLV� HIIHFW�
6LQFH�LW�GRHV�QRW�VHHP�SRVVLEOH�WR�SUHGLFW�WKLV�LQWHUHVWLQJ�HIIHFW�ZLWKRXW�XVLQJ�WKH�JHQHUDO�WKHRU\�RI
UHODWLYLW\��WKH�JUDYLWDWLRQDO�UHGVKLIW�LV�QRZ�UHFRJQL]HG�DV�UHVXOWLQJ�IURP�WKH�SULQFLSOH�RI�HTXLYDOHQFH�
+RZHYHU��FRQWUDU\�WR�WKH�FXUUHQW�UHFRJQLWLRQ��LW�ZRXOG�DOZD\V�VHHP�SRVVLEOH�WR�ILQG�D�QDWXUDO�H[SUHV�
VLRQ�IRU�WKH�JUDYLWDWLRQDO�UHGVKLIW�IURP�WKH�RSWLFDO�SRLQW�RI�YLHZ��,I�RQH�VHHNV�WR�LQWURGXFH�DQ�RSWLFDO
QDWXUH�RI�WKH�JUDYLWDWLRQDO�UHGVKLIW��VSHFLDO�DWWHQWLRQ�VKRXOG�EH�JLYHQ�WR�WKH�YHORFLW\�Y� �JK�F��QRW�WR
WKH�SULQFLSOH�RI�HTXLYDOHQFH��$W�OHDVW�SKHQRPHQRORJLFDOO\��WKH�HIIHFW�ZRXOG�DSSHDU�WR�EH�GXH�WR�WKLV
FKDQJH�RI�YHORFLW\�ZKLFK�WKH�UDGLDWLRQ�H[SHULHQFHV�GXULQJ�SURSDJDWLRQ�DORQJ�WKH�OLQHV�RI�IRUFH�RI�WKH
JUDYLWDWLRQDO�ILHOG��/RRNLQJ�IRU�D�1HZWRQLDQ�PHFKDQLFDO�LQWHUSUHWDWLRQ��RQH�ILQGV�ZLWKRXW�GLIILFXOW\
WKDW�LW�LV�HTXDO�WR�WKH�YHORFLW\�GLIIHUHQFH�GXH�WR�WKH�PHGLXP�RU�IOXLG�ZKLFK�WKH�UDGLDWLRQ�H[SHULHQFHV
GXULQJ�WKH�SURSDJDWLRQ�EHWZHHQ�WKH�SODFHV�DW�GLIIHUHQW�JUDYLWDWLRQDO�SRWHQWLDO�

/HW�r� EH� WKH� GHQVLW\� DQG� f� EH� WKH� JUDYLWDWLRQDO� SRWHQWLDO� ZLWK� J� �-¶f�� $� XQLIRUP� SUHVVXUH
WKURXJKRXW�D�IOXLG�PDVV�SURGXFHV�QR�HIIHFW�RQ�WKH�PRWLRQ��7KH�WLPH�UDWH�RI�FKDQJH�RI�WKH�IOXLG�PR�
PHQWXP�LV�HTXDO�WR�DQG�RSSRVLWH�WR�WKH�SUHVVXUH�JUDGLHQW�IRUFH�LQ�WKH�PHGLXP��,I�ZH�FDOFXODWH�WKH
YHORFLW\�GLIIHUHQFH�GXH�WR�WKH�PHGLXP�RU�IOXLG�ZLWK�GLIIHULQJ�JUDYLWDWLRQDO�SRWHQWLDO�DFFRUGLQJ�WR
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ZH�REWDLQ� WKH� VDPH�YHORFLW\� DV� WKDW� LQ�(T������7KLV� OHDGV� WR� D� VLPSOH�SK\VLFDO� LQWHUSUHWDWLRQ�� WKH
UHGVKLIW�HIIHFW�LV�DWWULEXWHG�WR�WKH�UHODWLYH�YHORFLW\�FKDQJH�GXH�WR�WKH�PHGLXP�RU�IOXLG�E\�ZKLFK�OLJKW
LV�DIIHFWHG�GXULQJ�SURSDJDWLRQ�LQ�WKH�PHGLXP��6XFK�DQ�LQWHUSUHWDWLRQ��LQ�FRQWUDVW�ZLWK�LWV�UHODWLYLVWLF
H[SODQDWLRQ��FDQ�EH�ILWWHG�LQWR�WKH�FXVWRPDU\�SRLQW�RI�YLHZ�RI�RSWLFV��LQ�WKDW�LW�DVFULEHV�WKH�HIIHFW�WR
DQ�RSWLFDO�SKHQRPHQRQ� UHODWHG� WR� WKH�YHORFLW\�RI�SURSDJDWLRQ�RI� OLJKW� LQ� D� QRQ�XQLIRUP�PHGLXP�
&RQVHTXHQWO\��LW�OHDGV�XV�WR�FRQVLGHU�WKH�UHGVKLIW�HIIHFW�DV�EHLQJ�SXUHO\�RSWLFDO�LQ�RULJLQ��,Q�IDFW��LW�LV
GLIILFXOW�WR�GLVWLQJXLVK�D�SK\VLFDO�GLIIHUHQFH�LQ�IRUP�DQG�FRQWHQW�EHWZHHQ�WKH�SUHVHQW�LQWHUSUHWDWLRQ
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DQG�(LQVWHLQ¶V�DUJXPHQW�KHUH�TXRWHG��7KHUH�LV�WKXV�QR�REMHFWLRQ�LQ�SULQFLSOH�WR�LQWHUSUHWLQJ�WKH�UHG�
VKLIW�UHVXOW�IURP�WKH�SUHVHQW�SRLQW�RI�YLHZ��$OWKRXJK�(LQVWHLQ�IXUWKHU�H[SODLQHG�LW�DV�GXH�WR�WKH�WLPH
GLODWDWLRQ�EHWZHHQ�WKH�FORFNV�LQ�GLIIHUHQW�JUDYLWDWLRQDO�SRWHQWLDOV��ZKDW�KH�KDG�IRXQG�ZDV�SKHQRPH�
QRORJLFDOO\�QR�PRUH�WKDQ�WKH�IDFW�WKDW�WKH�YHORFLW\�RI�OLJKW�LV�DOWHUHG��OLQHDUO\�WR�D�ILUVW�DSSUR[LPDWLRQ�
E\�WKH�PHGLXP�DV�D�UHVXOW�RI�WKH�SUHVVXUH�JUDGLHQW�IRUFH�

$�GLIIHUHQFH�RI�LQWHUSUHWDWLRQ�DOUHDG\�H[LVWHG�DW�WKH�ILUVW�WLPH�RI�REVHUYDWLRQ���-HZHOO�LQ������DQG
SDUWLFXODUO\�)DEU\�DQG�%RLVVRQ�LQ������IRXQG�GLVSODFHPHQWV�RI�VRODU�VSHFWUDO�OLQHV�WRZDUG�WKH�UHG
HQG�RI�WKH�VSHFWUXP��DQG�DVFULEHG�WKHP�WR�DQ�HIIHFW�RI�SUHVVXUH� LQ� WKH�DEVRUELQJ� OD\HU��+RZHYHU�
(LQVWHLQ¶V�WKHRU\�RI�JHQHUDO�UHODWLYLW\��LQ������HVWDEOLVKHG�LQ�PRVW�SK\VLFLVW¶V�PLQGV�WKH�LQWHUSUHWD�
WLRQ�RI�WKH�UHGVKLIW�HIIHFW�DV�WKH�WLPH�GLODWDWLRQ�LQ�D�JUDYLWDWLRQDO�SRWHQWLDO��DQG�WKLV�UDWKHU�XQXVXDO
LQWHUSUHWDWLRQ�KDV�VXUYLYHG�XQWLO� WKH�SUHVHQW��/LNH�PRVW� UHODWLYLVWLF�H[SODQDWLRQV�� WKH�FXUUHQW� LQWHU�
SUHWDWLRQ�LV�SUHVHQWHG�LQ�WKH�FRQWH[W�RI�WKH�IRXU�YHFWRU�VSDFH�WLPH�DSSURDFK��7KH�SUHVHQW�DSSURDFK
UHRSHQV�WKH�TXHVWLRQ�RI�LQWHUSUHWDWLRQ�DQG�UHPLQGV�XV�RI�WKH�HIIHFW�RI�SUHVVXUH�RQ�WKH�UHGVKLIW�RI�VRODU
VSHFWUDO� OLQHV�� 7KLV�PHDQV� WKDW�� DSDUW� IURP� WKH� JUDYLWDWLRQDO� SRWHQWLDO�� DQ\� FKDQJH� LQ�PHFKDQLFDO
SUHVVXUH��GHQVLW\�DQG�WHPSHUDWXUH�RI�WKH�PHGLXP�FDQ�DOVR�JLYH�ULVH�WR�DQ�HIIHFW�RI�WKH�VDPH�NLQG�RQ
WKH�UHGVKLIW�RI�VSHFWUDO� OLQHV��7R�EH�UHFRQFLOHG�ZLWK�JHQHUDO� UHODWLYLW\��KRZHYHU��YDFXXP�LQ�RSWLFV
VKRXOG�EH�XQGHUVWRRG�DV�D�YDFXXP�ZLWKRXW�HYHQ�JUDYLW\�

,Q�RUGHU�WR�FRPSOHWH�WKH�SUHVHQW�GHVFULSWLRQ��LW�LV�QHFHVVDU\�WR�FRQVLGHU�WKH�K\GURG\QDPLF�HTXD�
WLRQ��7KH�K\GURG\QDPLF�HTXDWLRQ�LV
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,Q�DGGLWLRQ� WR� WKH�JUDYLWDWLRQDO� IRUFH�DQG�SUHVVXUH� WHUPV��ZH�KDYH� LQFOXGHG�YLVFRXV�DQG�PDJQHWLF
IRUFHV��$V�WKH�6XQ�FRQVLVWV�RI�D�FRQGXFWLQJ�PHGLXP�ZLWK�D�PDJQHWLF�ILHOG��LW�LV�QHFHVVDU\�WR�LQFOXGH
WKH�PDJQHWLF�IRUFH�WHUP�LQ�WKH�K\GURG\QDPLF�HTXDWLRQ��OHDGLQJ�WR�WKH�PDJQHWRK\GURG\QDPLF�HTXD�
WLRQ�� ,Q� WKH� OLPLW�RI�YHU\� ODUJH�FRQGXFWLYLW\�� LW� LV� FRQYHQLHQW� WR� UHODWH� WKH�FXUUHQW�GHQVLW\�-� WR� WKH
PDJQHWLF�LQGXFWLRQ�%�YLD�$PSHUH¶V�ODZ��,I�ZH�XVH�WKH�YHFWRU�LGHQWLW\�DQG�QHJOHFW�YLVFRXV�HIIHFWV��WKH
K\GURG\QDPLF�HTXDWLRQ�WDNHV�WKH�IRUP
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6LQFH�WKH�WLPH�UHTXLUHG�IRU�OLJKW�WR�SURSDJDWH�D�SDWK�GU�LV�GU�F�WR�D�ILUVW�DSSUR[LPDWLRQ��WKH�LQWHJUD�
WLRQ�RI�����JLYHV
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IRU�WKH�UHODWLYH�FKDQJH�RI�YHORFLW\�LQ�WKH�PHGLXP�ZKLFK�OLJKW�H[SHULHQFHV�GXULQJ�SURSDJDWLRQ�DORQJ
WKH�SDWK��7KH�YHORFLW\�RI�OLJKW�DW�WKH�SRLQW�RI�REVHUYDWLRQ�WKHUHE\�EHFRPHV
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DV�FRPSDUHG�ZLWK�LWV�YHORFLW\�F�DW�WKH�PRPHQW�RI�HPLVVLRQ��%\�'RSSOHU¶V�SULQFLSOH��LW�FDQ�EH�ZULWWHQ
LQ�WHUPV�RI�IUHTXHQF\�DV
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$FFRUGLQJ�WR�WKH�SUHVHQW�DSSURDFK��WKH�UHGVKLIW�HIIHFW�LV�DWWULEXWHG�QRW�WR�WKH�WLPH�GLODWDWLRQ�EH�
WZHHQ�FORFNV� LQ�GLIIHUHQW�JUDYLWDWLRQDO�SRWHQWLDOV�EXW� WR� WKH�YHORFLW\�RI�SURSDJDWLRQ�RI� OLJKW�DV�DI�
IHFWHG�E\�WKH�PHGLXP�DV�D�UHVXOW�RI�SUHVVXUH�JUDGLHQW�LQFOXGLQJ�JUDYLWDWLRQDO�SRWHQWLDO��7KLV�RSWLFDO
LQWHUSUHWDWLRQ�LV�FRQVLVWHQW�ZLWK�WKH�IDFW�WKDW�VXFK�D�UHGVKLIW�LV�DEVHQW�LQ�WKH�VSHFWUXP�OLQHV�RI�DQ�DWRP
LQIOXHQFHG�E\�WKH�&RXORPE�SRWHQWLDO�RI�WKH�DWRP�

$Q�RSWLFDO�DSSURDFK�WR�WKH�UHGVKLIW�HIIHFW�PD\�VKHG�DGGLWLRQDO�OLJKW�RQ�WKH�IRUPXODWLRQ�DQG�SDU�
WLFXODUO\�RQ�LWV�UHODWLRQ�WR�SURSHUW\�RI�WKH�PHGLXP�RI�SURSDJDWLRQ��)URP�WKH�SRLQW�RI�YLHZ�RI�HOHF�
WURPDJQHWLF�ZDYHV��WKH�OLJKW�ZDYH�LQ�(T������FDQ�EH�WKRXJKW�RI�DV�D�ZDYH�LQ�D�PHGLXP�ZLWK�DQ�LQGH[
RI�UHIUDFWLRQ�JLYHQ�E\�F¶�U�� �F�Q�U���7KXV
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7KLV�FRQVLGHUDWLRQ�LOOXVWUDWHV�KRZ�WKH�SUHVHQW�SLFWXUH�RI�UHGVKLIW�RIIHUV�D�QDWXUDO�FRQQHFWLRQ�ZLWK�WKH
IUDPHZRUN�RI�RSWLFV��7R�UHFRQFLOH�RSWLFV�DQG�JHQHUDO�UHODWLYLW\��DV�SUHYLRXVO\�UHPDUNHG��D�YDFXXP
PXVW�EH�XQGHUVWRRG� WR�H[FOXGH� ILHOGV�RI�DQ\�NLQG�� ,W�KDV�D�FRQVHTXHQFH�ZKLFK� LV�RI� IXQGDPHQWDO
LPSRUWDQFH�IRU�GHVFULELQJ�WKH�GHIOHFWLRQ�RI�OLJKW�DQG�WKH�UDGDU�HFKR�GHOD\�IURP�WKH�SRLQW�RI�YLHZ�RI
RSWLFV�

7HUUHVWULDO� PHDVXUHPHQWV� DUH� XVXDOO\�PDGH�ZLWK� UHVSHFW� WR� D� FRRUGLQDWH� V\VWHP� IL[HG� LQ� WKH
(DUWK��ZKLFK�URWDWHV�XQLIRUPO\�ZLWK�D�FRQVWDQW�DQJXODU�YHORFLW\�w�UHODWLYH�WR�WKH�LQHUWLDO�V\VWHP��7R
DQ�REVHUYHU�LQ�WKH�URWDWLQJ�V\VWHP��LW�WKHUHIRUH�DSSHDUV�DV�LI�WKH�PHGLXP�LV�PRYLQJ�XQGHU�WKH�LQIOX�
HQFH�RI�DQ�HIIHFWLYH�DFFHOHUDWLRQ�RI�JUDYLW\�
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7KH�DSSDUHQW�JUDYLWDWLRQDO�IRUFH�DFWLQJ�RQ�WKH�PHGLXP�LV�WKH�VXP�RI�WKH�DFWXDO�JUDYLWDWLRQDO�IRUFH�
WKH�&RULROLV�IRUFH�DQG�WKH�FHQWULIXJDO�IRUFH��$IWHU�WKLV�FRQVLGHUDWLRQ��ZH�PXVW�UHSODFH�f�E\�DQ�HIIHF�
WLYH�SRWHQWLDO�fHII�ZLWK�JHII�LQ�WKH�FDVH�RI�D�URWDWLQJ�V\VWHP�

7KH� UHGVKLIW� HIIHFW�ZDV�TXDOLWDWLYHO\� LQ� DJUHHPHQW�ZLWK� DVWURQRPLFDO� REVHUYDWLRQV�ERWK� LQ� WKH
FDVH�RI�WKH�6XQ�DQG�LQ�WKH�FDVH�RI�ZKLWH�GZDUI�VWDU�OLNH�6LULXV�%�ZKHUH�WKH�HIIHFW�LV�DERXW�WKLUW\�WLPHV
ODUJHU��+RZHYHU��WKH�TXDQWLWDWLYH�DJUHHPHQW�ZDV�QRW�YHU\�JRRG��:KLOH�WKH�IUHTXHQF\�VKLIW�LQ�(T�����
LV� LQGHSHQGHQW� RI� WKH� SRLQW� RI� REVHUYDWLRQ� RQ� WKH� VRODU� GLVN�� REVHUYDWLRQV�� KDYH� VKRZQ� WKDW� WKH
ZDYHOHQJWK�RI�VSHFWUDO�OLQHV�LQFUHDVHV�DV�WKH�SRLQW�RI�REVHUYDWLRQ�PRYHV�WRZDUG�WKH�OLPE��)XUWKHU�
PRUH��WKH�VRODU�OLQHV�REVHUYHG�DW�WKH�OLPE�DUH�GHILQLWHO\�DV\PPHWULF��KDYLQJ�SURQRXQFHG�UHG�IODQNV�
7KHUH�VHHPV�WR�EH�D�V\VWHPDWLF�FKDQJH�LQ�SURILOH�DV�RQH�DSSURDFKHV�WKH�OLPE��,Q�DWRPLF�VSHFWUD���WKH
EURDGHQLQJ�RI�D�VSHFWUDO�OLQH�GXH�WR�SUHVVXUH�KDV�VKRZQ�WKDW�WKH�VSHFWUDO�OLQH�REVHUYHG�LV�VSUHDG�RXW
PRUH�RQ�WKH�ORQJ�ZDYHOHQJWK�VLGH�WKDQ�LW�LV�RQ�WKH�VKRUW��:LWK�LQFUHDVLQJ�SUHVVXUH��WKH�PHDQ�FROOLVLRQ
WLPH�LQFUHDVHV�DQG�WKH�WLPH�EHWZHHQ�FROOLVLRQV�GHFUHDVHV�ZLWK�WKH�UHVXOW�WKDW��DV�WKH�OLQH�LV�VKLIWHG�WR
WKH�UHG��LW�LV�EURDGHQHG�DV\PPHWULFDOO\��)URP�WKLV�SRLQW�RI�YLHZ��WKH�DV\PPHWU\�REVHUYHG�LQ�OLPE
OLQHV�VHHPV�WR�EH�RI�SUHVVXUH�FKDUDFWHU��,Q�IDFW��%ODPRQW�DQG�5RGGLHU��IRXQG�D�FRPSOHWH�LQWHUSUHWD�
WLRQ�RI�WKHLU�H[SHULPHQWDO�YDOXH�DW�WKH�OLPE�ZKHQ�WKH\�DGGHG�WR�WKH�JUDYLWDWLRQDO�UHGVKLIW�WKH�SUHVVXUH
UHGVKLIW�RI�WKH�/LQGKROP�HIIHFW��$VVXPLQJ�WKLV�WR�EH�VR��WKHLU�LQWHUSUHWDWLRQ��DV�ZHOO�DV�DV\PPHWULF
SURILOH��KDV�UHPLQGHG�XV�RI�WKH�HIIHFW�RI�SUHVVXUH�RQ�WKH�UHGVKLIW�RI�VRODU�VSHFWUDO� OLQHV��IXUQLVKLQJ
VXSSRUW�IRU�WKH�SUHVHQW�DSSURDFK�

,Q�FRQWUDVW�WR�DVWURQRPLFDO�REVHUYDWLRQV��WHUUHVWULDO�H[SHULPHQWV�XVLQJ�0RVVEDXHU�HIIHFW�DUH�DEOH
WR� WHVW� WKH�JUDYLWDWLRQDO� UHGVKLIW� WR�DQ�H[FHOOHQW�DFFXUDF\�� ,Q� WKH�H[SHULPHQWV���g�UD\V� LQ�D�QXFOHDU
UHVRQDQFH�SDVVHG�WKURXJK�DQ�HYDFXDWHG�WXEH�RU�D�WXEH�ILOOHG�ZLWK�KHOLXP�DORQJ�WKH�OLQHV�RI�IRUFH�RI
WKH�JUDYLWDWLRQDO�ILHOG��DQG�\LHOGHG�UHVXOWV�WKDW�ZHUH�LQ�DJUHHPHQW�ZLWK�WKH�SUHGLFWHG�VKLIW�LQ�(T�����
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DIWHU�VXEWUDFWLRQ�RI�WKH�HIIHFW�GXH�WR�WKH�WHPSHUDWXUH�GLIIHUHQFH�EHWZHHQ�WKH�VRXUFH�DQG�DEVRUEHU��$
PHDVXUHPHQW�RI�UHGVKLIW�LQ�D�UDSLGO\�URWDWLQJ�V\VWHP��ZDV�VKRZQ�WR�ILW�WKH�GHSHQGHQFH�RI�JHII�RQ�w�LQ
(T������

���/LJKW�%HQGLQJ�QHDU�WKH�6XQ

7KH�JHQHUDO�WKHRU\�RI�UHODWLYLW\�VWDWHV�WKDW�OLJKW�UD\V�SURSDJDWHG�DFURVV�D�JUDYLWDWLRQDO�ILHOG�XQ�
GHUJR�GHIOHFWLRQ��7KH�WKHRUHWLFDO�YDOXH�IRU�WKH�GHIOHFWLRQ�RI�OLJKW�UD\V�WKDW�MXVW�JUD]H�WKH�6XQ¶V�VXU�
IDFH�LV�����´��7KH�GHIOHFWLRQ�DQJOH�LV�FODVVLFDOO\�PHDVXUHG�E\�FRPSDULQJ�WKH�DSSDUHQW�SRVLWLRQV�RI
VWDUV�WKDW�KDSSHQ�WR�OLH�QHDU�WKH�VRODU�GLVN�GXULQJ�DQ�HFOLSVH��ZKHQ�WKHLU�OLJKW�FRPHV�FORVH�WR�WKH�6XQ
DQG�\HW�PD\�EH�GHWHFWHG��ZLWK� WKHLU�SRVLWLRQV�DW�QLJKW� VL[�PRQWKV�HDUOLHU��ZKHQ� WKHVH� VWDUV� OLH� RQ
RSSRVLWH�VLGHV�RI�WKH�(DUWK�IURP�WKH�6XQ��VR�WKHLU�OLJKW�GRHV�QRW�SDVV�FORVH�WR�WKH�6XQ�RQ�LWV�ZD\�WR
XV��,Q�HFOLSVH�RI�������DERXW�D�GR]HQ�VWDUV�LQ�DOO�ZHUH�REVHUYHG��DQG�\LHOGHG�YDOXHV������������´�DQG
�����������´��LQ�VXEVWDQWLDO�DJUHHPHQW�ZLWK�(LQVWHLQ¶V�SUHGLFWLRQ��,W� LV�SHUKDSV�WKLV�GUDPDWLF�UHVXOW
PRUH�WKDQ�DQ\�RWKHU�VXFFHVV�WKDW�EURXJKW�JHQHUDO�UHODWLYLW\�WR�WKH�DWWHQWLRQ�RI�WKH�JHQHUDO�SXEOLF�

,Q�UDGLR�DVWURQRP\��LW�LV�SRVVLEOH�WR�PHDVXUH�WKH�GHIOHFWLRQ�RI�UDGLR�VLJQDOV�E\�WKH�6XQ�ZLWK�SR�
WHQWLDOO\�IDU�JUHDWHU�DFFXUDF\�WKDQ�LV�SRVVLEOH�LQ�RSWLFDO�DVWURQRP\��(DFK�2FWREHU��WKH�TXDVL�VWHOODU
VRXUFH��&����LV�RFFXOWHG�E\�WKH�6XQ��DQG�UDGLR�DVWURQRP\�JURXSV�KDYH� WDNHQ� WKLV�RSSRUWXQLW\� WR
PHDVXUH�WKH�FKDQJH�LQ�UHODWLYH�SRVLWLRQ�RI�WZR�GLVFUHWH�UDGLR�VRXUFHV���&����DQG��&�����GXULQJ�WKH
SHULRG�EHIRUH�DQG�DIWHU�RFFXOWDWLRQ��7KH�REVHUYHG�GHIOHFWLRQV�DUH�D� VHSDUDEOH� FRPELQDWLRQ�RI� WKH
JHQHUDO� UHODWLYLVWLF�HIIHFW�DQG�RI� UHIUDFWLRQ� LQ�FRURQDO�HOHFWURQ�SODVPD��)RU�H[DPSOH�� DW� UDGLR� IUH�
TXHQF\�RI������0+]����WKH�PD[LPXP�SRVVLEOH�YDOXHV�RI�UHIUDFWLYLWLHV�DUH���±��DQG�������±��DW��56

IRU�WKH�JHQHUDO�UHODWLYLVWLF�HIIHFW�DQG�WKH�FRURQDO�HOHFWURQ�SODVPD��UHVSHFWLYHO\��ZKHUH�56�LV�WKH�UDGLXV
RI�WKH�6XQ��2Q�WKH�RWKHU�KDQG��WKH�FRURQDO�HOHFWURQ�SODVPD�FDQ�EH�YLUWXDOO\�LJQRUHG�DW�IUHTXHQFLHV�RI
�����������0+]����+HQFH��DW�IUHTXHQFLHV�RI�����������0+]��LW�LV�QHFHVVDU\�WR�DQDO\]H�WKH�GDWD�LQ
WHUPV�RI�D�PRGHO��LQ�ZKLFK�SDUW�RI�GHIOHFWLRQ�DULVHV�IURP�JHQHUDO�UHODWLYLW\��DQG�WKH�UHVW�LV�SURGXFHG
E\�WKH�FRURQD�

7KH�6FKZDU]VFKLOG�PHWULF��DSSURSULDWH�IRU�WKH�UHJLRQ�H[WHULRU�WR�D�VSKHULFDOO\�V\PPHWULF�GLVWUL�
EXWLRQ�RI�PDVV�0��LV�JLYHQ�LQ�WKH�VWDQGDUG�IRUP�DV
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,Q� ZKDW� IROORZV�� ZH� XVH� IRU� WKH� FRPSRQHQWV� RI� WKH� PHWULF� WHQVRU� WKH� H[SUHVVLRQV
J���U�� ���JUU�U�� ���±��*0�F

�U��$VVXPLQJ�WKDW�WKH�ZKROH�PRWLRQ�WDNHV�SODFH�LQ�WKH�SODQH�j  ���ZH
REWDLQ�DV�WKH�HTXDWLRQV�RI�PRWLRQ�WKUHH�GLIIHUHQWLDO�HTXDWLRQV��)RU�OLJKW�UD\V�SURSDJDWLQJ�DORQJ�WKH
JHRGHVLF� OLQHV��ZH� UHSODFH� WKH� SDUDPHWHU� t� E\� D� SDUDPHWHU� V� GHVFULELQJ� WUDMHFWRU\�� ,Q� SDUWLFXODU�
:HLQEHUJ���FKRRVHV�WR�QRUPDOL]H�V�VR�WKDW
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2Q�WKH�QRUPDOL]DWLRQ�FRQGLWLRQ�KH�KDV�FRPELQHG�WKH�WKUHH�GLIIHUHQWLDO�HTXDWLRQV�LQWR�RQH�GLIIHUHQWLDO
HTXDWLRQ��ZKLFK�LV�RI�WKH�VDPH�VWUXFWXUH�DV�������$FFRUGLQJ�WR�:HLQEHUJ��WKH�FKDQJH�LQ�q�DV�U�GH�
FUHDVHV�IURP�LQILQLW\�WR�LWV�PLQLPXP�YDOXH�UR�LV�JLYHQ�E\
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7KLV�LQWHJUDO�FDQ�EH�HYDOXDWHG�E\�H[SDQGLQJ�LQ�WKH�VPDOO�SDUDPHWHUV�*0�F�U�DQG�*0�F�UR� WR� ILUVW
RUGHU��JLYLQJ��*0�F�UR�IRU�D�OLJKW�UD\�GHIOHFWHG�E\�WKH�6XQ�

+DYLQJ�UHYLHZHG� WKH�GHIOHFWLRQ�RI� OLJKW�E\� WKH�6XQ��ZH�QRZ�WXUQ�RXU�DWWHQWLRQ� WR�RSWLFV��7KH
JDVHRXV�OD\HUV�VXUURXQGLQJ�WKH�6XQ��WKURXJK�ZKLFK�OLJKW�SURSDJDWHV��DUH�PHGLD�RI�VSKHULFDOO\�V\P�
PHWULF�YDU\LQJ�UHIUDFWLYH�LQGH[��7KH�GHIOHFWLRQ�RI�OLJKW�FDQ�WKXV�EH�WKRXJKW�DV�D�UHVXOW�RI�WKH�UHIUDF�
WLRQ�RI�OLJKW�LQ�VXFK�JDVHRXV�OD\HUV�IURP�WKH�SRLQW�RI�YLHZ�RI�RSWLFV��,I�WKLV�WKRXJKW�LV�UHDVRQDEOH��D
VLPLODU�FRQFOXVLRQ�ZLOO�DOVR�EH�UHDFKHG�IURP�WKLV�SRLQW�RI�YLHZ��:KHQ�ZH�FKHFN�WKH�SURSDJDWLRQ�RI
OLJKW�UD\V�WR�WKLV�HQG��ZH�UHDOL]H�WKDW�WKH�HTXDWLRQ�RI�UD\V�RI�JHRPHWULFDO�RSWLFV�KDV�SUHYLRXVO\�KDG
WKH�IRUP�RI�(T�������

,Q�D�KRPRJHQHRXV�PHGLXP��WKH�UHIUDFWLYH�LQGH[�LV�D�FRQVWDQW�DQG�WKH�OLJKW�UD\V�KDYH�WKH�IRUP�RI
VWUDLJKW�OLQHV��/HW�XV�FRQVLGHU�UD\V�LQ�D�PHGLXP�ZKLFK�KDV�VSKHULFDO�V\PPHWU\��L�H��ZKHUH�WKH�UHIUDF�
WLYH�LQGH[�GHSHQGV�RQO\�RQ�WKH�GLVWDQFH�U�IURP�D�IL[HG�SRLQW�2��Q� �Q�U���7KLV�FDVH�LV�DSSUR[LPDWHO\
UHDOL]HG�E\�WKH�(DUWK¶V�DWPRVSKHUH��ZKHQ�WKH�FXUYDWXUH�RI�WKH�(DUWK�LV�WDNHQ�LQWR�DFFRXQW��7KH�OLJKW
UD\V�DUH�WKHQ�SODQH�FXUYHV��VLWXDWHG�LQ�D�SODQH�WKURXJK�WKH�RULJLQ��DQG�DORQJ�HDFK�UD\�VDWLVI\��

=yVLQ�� UUQ FRQVWDQW ����

ZKHUH�y�LV�WKH�DQJOH�EHWZHHQ�WKH�SRVLWLRQ�YHFWRU�U�DQG�WKH�WDQJHQW�DW�WKH�SRLQW�U�RQ�WKH�UD\��6LQFH
y  p���DW�WKH�SRLQW�UR�RI�FORVHVW�DSSURDFK�RI�WKH�UD\�WR�WKH�RULJLQ��(T�������PD\�DOVR�EH�ZULWWHQ�DV
Q�UR�UR� �FRQVWDQW��7KLV�UHODWLRQ�LV�VRPHWLPHV�FDOOHG�WKH�IRUPXOD�RI�%RXJXHU�LQ�JHRPHWULFDO�RSWLFV��,I
�U�q��DUH�WKH�SRODU�FRRUGLQDWHV�RI�D�SODQH�FXUYH��WKHQ�WKH�DQJOH�y�EHWZHHQ�WKH�UDGLXV�YHFWRU�WR�D�SRLQW
U�RQ�WKH�FXUYH�DQG�WKH�WDQJHQW�DW�U�LV�JLYHQ�E\
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)URP�������������DQG�%RXJXHU¶V�IRUPXOD��WKH�HTXDWLRQ�RI�UD\V�LQ�D�PHGLXP�ZLWK�VSKHULFDO�V\PPHWU\
KDV�EHHQ�ZULWWHQ�LQ�WKH�IRUP
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$W�ILUVW�VLJKW��ZH�FDQ�VHH�D�VWULNLQJ�UHVHPEODQFH�EHWZHHQ�WKLV�ZHOO�NQRZQ�HTXDWLRQ�DQG�WKH�JHR�
GHVLF� HTXDWLRQ� ������ 7KH� HTXDWLRQ� IRU� UD\V� LV� ODFNLQJ� D� WHUP� DULVLQJ� IURP� WKH� GLIIHUHQFH� LQ� SDWK
OHQJWK��)RU�ODFN�RI�WKH�WHUP��WKH�HTXDWLRQ�RI�UD\V�FRUUHVSRQGV�WR�WKH�FDVH�ZKLFK�LV�REWDLQHG�ZKHQ�WKH
FXUYDWXUH�RI�WKH�SK\VLFDO�VSDFH�LQ�D�UHJLRQ�RI�VWURQJ�JUDYLWDWLRQDO�SRWHQWLDO�LV�QHJOHFWHG��$FFRUGLQJ
WR�JHQHUDO�UHODWLYLW\��WKH�GHIOHFWLRQ�RI�OLJKW�LV�GXH�SDUWO\�WR�WKH�YDU\LQJ�YHORFLW\�RI�OLJKW�DQG�SDUWO\�WR
WKH�QRQ�(XFOLGHDQ�FKDUDFWHU�RI�WKH�VSDWLDO�JHRPHWU\��6LQFH�WKHVH�DUH�NQRZQ�WR�FRQWULEXWH�HTXDOO\�WR
WKH�GHIOHFWLRQ����LW�FDQ�WKHUHIRUH�EH�VWDWHG�WKDW�WKH�HTXDWLRQ�RI�UD\V�ZLOO�JLYH�D�GHIOHFWLRQ�RI�RQO\�KDOI
RI�WKH�FRUUHFW�YDOXH�

7KLV�UHVXOW�LV�WR�EH�H[SHFWHG�RQ�RSWLFDO�JURXQGV��EHFDXVH�WKH�QRQ�(XFOLGHDQ�FKDUDFWHU�RI�WKH�VSD�
WLDO�JHRPHWU\�KDV�EHHQ�QHJOHFWHG�LQ�RSWLFV��,Q�RUGHU�WR�FRPSHQVDWH�IRU�WKH�FKDQJH�LQ�OLJKW�SDWK�GXH�WR
JUDYLWDWLRQDO�SRWHQWLDO��RQH�FDQ�XVH�WKH�QRWLRQ�RI�RSWLFDO�SDWK��7KH�RSWLFDO�SDWK�UHSUHVHQWV�WKH�GLV�
WDQFH�OLJKW�WUDYHOV�LQ�D�YDFXXP�LQ�WKH�VDPH�WLPH�LW�WUDYHOV�D�GLVWDQFH�LQ�WKH�PHGLXP��,I�D�OLJKW�UD\
WUDYHOV�LQ�D�PHGLXP�ZLWK�VSKHULFDO�V\PPHWU\��WKH�RSWLFDO�SDWK�LV�JLYHQ�E\�LQWHJUDO�RYHU�Q�U�GU��7KLV
PHDQV�WKDW�WKH�UDGLDO�LQWHUYDO�RI�LQWHJUDWLRQ�PXVW�EH�FRUUHFWHG�E\�PXOWLSOLFDWLRQ�ZLWK�Q�U��WR�WDNH�LQWR
DFFRXQW� WKH�GLIIHUHQFH� LQ�SDWK� OHQJWK�GXH� WR� JUDYLWDWLRQDO� SRWHQWLDO��8SRQ� LQWHJUDWLRQ�RYHU�Q�U�GU
LQVWHDG�RI� WKH�RULJLQDO� LQWHJUDWLRQ�RYHU�GU�� LW�ZRXOG�\LHOG�D� UHVXOW� LQ�ZKLFK� WKH�GLIIHUHQFH� LQ�SDWK
OHQJWK� LV� WDNHQ� LQWR� FRQVLGHUDWLRQ��8VLQJ� WKH�RSWLFDO� SDWK� WR� FRUUHFW� WKH� FKDQJH� LQ� OLJKW� SDWK�� WKH
HTXDWLRQ�RI�UD\V�LV�PRGLILHG�WR
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7KH�PRGLILHG�HTXDWLRQ�RI�UD\V�LV�WKHQ�LQ�FRPSOHWH�DJUHHPHQW�LQ�VWUXFWXUH�ZLWK�(T��������)URP�WKH
SURSRVLWLRQ�ZKLFK�KDV�MXVW�EHHQ�SURYHG��RQH�PD\�SLFWXUH�ZKDW�LW�LV�WR�EH�D�FXUYHG�VSDFH�LQ�D�UHJLRQ
RI�VWURQJ�JUDYLWDWLRQDO�SRWHQWLDO��$V�YLHZHG�IURP�WKH�SUHVHQW�DSSURDFK��WKH�FXUYDWXUH�RI�WKH�SK\VLFDO
VSDFH� LQ� WKH� JUDYLWDWLRQDO� ILHOG� RI� WKH� 6XQ� FDQ� EHVW� EH� XQGHUVWRRG� LQ� WHUPV� RI� WKH�PHGLXP�ZLWK
VSKHULFDO�V\PPHWU\�LQ�ZKLFK�WKH�SDWK�RI�UD\V�LV�WR�EH�FXUYHG�

$�FRPSDULVRQ�RI������ZLWK������LGHQWLILHV�Q��U��ZLWK�JUU�U���,Q�WKH�HTXDWLRQ�RI�UD\V�RI�JHRPHWULFDO
RSWLFV��Q��U��SOD\V�H[DFWO\�WKH�VDPH�UROH�JUU�U��KDV�SOD\HG�LQ�WKH�JHRGHVLF�HTXDWLRQ�RI�JHQHUDO�UHODWLY�
LW\��7KLV�VXJJHVWV�LQWURGXFLQJ�DQ�RSWLFDO�PHWULF�WHQVRU�Q��U��FRQVLVWLQJ�RI�WKH�JUDYLWDWLRQDO�SRWHQWLDO
SOXV�WKH�PHFKDQLFDO�SUHVVXUH�DQG�WKH�PDJQHWLF�SUHVVXUH��7DNLQJ�RQO\�WKH�OHDGLQJ�JUDYLWDWLRQDO�SR�
WHQWLDO�LQWR�DFFRXQW��ERWK�RI�WKHVH�HTXDWLRQV�JLYH�WKH�VDPH�UHVXOW�IRU�WKH�GHIOHFWLRQ�RI�OLJKW�E\�WKH
6XQ��7KXV�WKH�RSWLFDO�PHWULF�KHUH�SURSRVHG�FRPSOHPHQWV�WKH�6FKZDU]VFKLOG�PHWULF�WR�WKLV�H[WHQW��,WV
OLQH�HOHPHQW�ZLOO�WKHQ�EH�UHFRQFLOHG�ZLWK�WKH�HLNRQDO�HTXDWLRQ��7KH�PRVW�LPSRUWDQW�LV�WKDW�WKH�H[LV�
WHQFH�RI�WKH�GHIOHFWLRQ�RI�OLJKW�DQG�LWV�YDOXH�FDQ�DOVR�EH�GHULYHG�LQ�WKH�H[SOLFLW�IRUP�RQ�WKH�EDVLV�RI
JHRPHWULFDO�RSWLFV��7KH�HPSKDVLV�VKRXOG�EH�RQ�WKH�IDFW�WKDW�WKH�GHIOHFWLRQ�RI�OLJKW�FDQ�EH�LQWHUSUHWHG
DV�D�UHVXOW�RI�WKH�UHIUDFWLRQ�RI�OLJKW�LQ�WKH�JDVHRXV�OD\HUV�VXUURXQGLQJ�WKH�6XQ�

,I�ZH�IXUWKHU�LQFOXGH�D�IUHTXHQF\�GHSHQGHQW�GLHOHFWULF�FRQVWDQW�GHILQHG�E\�0D[ZHOO¶V�HTXDWLRQ
e�w�� �Q��w���ZH�FDQ�REWDLQ�WKH�H[SOLFLW�DQG�LQWHJUDWHG�IRUP�RI�WKH�RSWLFDO�PHWULF�DQG�H[KLELW�FRP�
SOHWHO\� LWV� IUHTXHQF\�GHSHQGHQFH��8VLQJ�(T�� ����DQG� WKH�GLHOHFWULF�FRQVWDQW�ZLWK�e���  Q������ZH
ILQG�IDU�DERYH�WKH�KLJKHVW�UHVRQDQW�IUHTXHQF\
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ZKHUH�P�DQG�H�DUH�WKH�PDVV�DQG�FKDUJH�RQ�WKH�HOHFWURQ��DQG�1�LV�WKH�WRWDO�QXPEHU�RI�HOHFWURQV�SHU
XQLW�YROXPH��8VLQJ�WKLV�RSWLFDO�PHWULF�LQ�(T�������ZLOO�SURYLGH�D�WKHRUHWLFDO�FXUYH�LQ�WKH�H[SOLFLW�DQG
LQWHJUDWHG�IRUP�IRU�REVHUYDWLRQ�WKDW�DQ\�EHDP�RI�UDGLDWLRQ�LV�GHIOHFWHG�GXULQJ�LWV�SDVVDJH�QHDU�WKH
6XQ�DV�D�UHVXOW�RI�WKH�JHQHUDO�UHODWLYLVWLF�HIIHFW�DQG�RI�UHIUDFWLRQ�LQ�WKH�FRURQDO�HOHFWURQ�SODVPD��6LQFH
WKH�FKDUDFWHULVWLFV�RI�WKH�SURSDJDWLRQ�REYLRXVO\�GHSHQG�RQ�WKH�LQGH[�RI�UHIUDFWLRQ�Q�w���LW�VHHPV�YHU\
QDWXUDO�WR�H[SHFW�WKH�IUHTXHQF\�GHSHQGHQFH�RI�WKH�GHIOHFWLRQ�VR�GLVFXVVHG��,Q�IDFW��0XKOHPDQ��(NHUV�
DQG�)RPDORQW���DQDO\]HG�WKHLU�H[SHULPHQWDO�GDWD�E\�XVLQJ�JHRPHWULFDO�RSWLFV�WHFKQLTXHV�LQ�D�VSKHUL�
FDOO\�V\PPHWULF�UHIUDFWLQJ�PHGLXP�RI�LQGH[�Q�U�w�� ���+��*0�F�U�±��pH�1�U��Pw���ZKHUH�1�U��LV�WKH
HOHFWURQ�GHQVLW\�SURILOH�LQ�WKH�FRURQD�DQG�LQWHUSODQHWDU\�PHGLXP��7KHLU�LQWHUSUHWDWLRQ�LV�TXDOLWDWLYHO\
LQ�DJUHHPHQW�ZLWK�WKH�SUHVHQW�DSSURDFK�

���5DGDU�(FKR�'HOD\

,Q�������6KDSLUR���SURSRVHG�D�IRXUWK�WHVW�RI�JHQHUDO�UHODWLYLW\��7KH�WHVW�LQYROYHV�PHDVXULQJ�WKH
WLPH�GHOD\V�EHWZHHQ�WUDQVPLVVLRQ�RI�UDGDU�VLJQDOV�IURP�(DUWK�WR�HLWKHU�0HUFXU\�RU�9HQXV�DQG�GHWHF�
WLRQ�RI�WKH�HFKRHV��%HFDXVH��DFFRUGLQJ�WR�WKH�JHQHUDO�WKHRU\�RI�UHODWLYLW\��WKH�VSHHG�RI�SURSDJDWLRQ�RI
OLJKW�GHSHQGV�RQ�WKH�VWUHQJWK�RI�JUDYLWDWLRQDO�SRWHQWLDO�DORQJ�LWV�SDWK��WKH�WLPH�GHOD\V�DUH�PD[LPXP
ZKHQ�WKH�LQQHU�SODQHWV�DUH�DW�VXSHULRU�FRQMXQFWLRQ�DQG�WKH�UDGDU�VLJQDOV�MXVW�JUD]H�WKH�VRODU�OLPE��7KH
PD[LPXP�URXQG�WULS�H[FHVV�WLPH�GHOD\V�DUH�HVWLPDWHG�WR�EH�DERXW�����mVHF��6XFK�D�FKDQJH��HTXLYD�
OHQW� WR� ��� NP� LQ� GLVWDQFH�� FRXOG� EH�PHDVXUHG� RYHU� WKH� UHTXLUHG� SDWK� OHQJWK� ZLWK�PRGHUQ� UDGDU
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HTXLSPHQW�E\�6KDSLUR�DQG�KLV�FROODERUDWRUV����7KH�PRVW�UHOLDEOH�RI�WKH�PHDVXUHG�GDWD�DJUHH��RQ�WKH
DYHUDJH��ZLWK�WKLV�H[FHVV�GHOD\�SUHGLFWLRQV�RI�JHQHUDO�UHODWLYLW\�WR�ZHOO�ZLWKLQ�WKH�H[SHULPHQWDO�XQ�
FHUWDLQW\�RI������

$FFRUGLQJ�WR�:HLQEHUJ��WKH�WLPH�UHTXLUHG�IRU�OLJKW�WR�JR�IURP�UR�WR�U¶�LV�JLYHQ�E\
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7KH� LQWHJUDO�FDQ�EH�HYDOXDWHG�E\�H[SDQGLQJ� LQ� WKH�VPDOO�SDUDPHWHUV�*0�F�U�DQG�*0�F�UR� WR� ILUVW
RUGHU��JLYLQJ�����mVHF�IRU�WKH�PD[LPXP�URXQG�WULS�H[FHVV�WLPH�GHOD\�

:H�DUH�QRZ�LQ�D�SRVLWLRQ�WR�GHULYH�DQ�RSWLFDO�IRUP�RI�H[SUHVVLRQ�IRU�WKH�H[FHVV�WLPH�GHOD\��,WV
H[SOLFLW�IRUP�ZLOO�IROORZ�IURP�DQ�HTXDWLRQ�ZKLFK�VSHFLILHV�WKH�SDWK�RI�UD\V��$Q�DFFXUDWH�H[SUHVVLRQ
ZH�VHHN�FDQ�WKHQ�EH�REWDLQHG�E\�FRQYHUWLQJ�WKH�HTXDWLRQ�RI�UD\V�LQWR�DQ�HTXDWLRQ�IRU�WKH�SDWK�RI�UD\V�

$�SURFHGXUH�VWDUWV�IURP�(T��������6XEVWLWXWLRQ�RI������LQWR������JLYHV
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6LQFH�WKH�SDWK�RI�UD\V�LV�GV  �GU��+�U�Gq������LQ�WKH�SRODU�FRRUGLQDWHV�RI�SODQH�FXUYH��WKLV�PD\�DOVR
EH�ZULWWHQ�DV
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,Q�WKH�DERYH�HTXDWLRQ��%RXJXHU¶V�IRUPXOD�Q�UR�UR� �FRQVWDQW�KDV�EHHQ�XVHG��%\�PDNLQJ�XVH�RI�WKH
LQWHJUDO� LQ� ������ WKH�YDULDEOH�RI� LQWHJUDWLRQ� FDQ�EH� FKDQJHG� IURP�Gq� WR� GU�� WKHUHE\� REWDLQLQJ� WKH
UHVXOW�
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+HQFH��E\�GLYLGLQJ�GV�E\�F¶�U�� �F�Q�U���WKH�WLPH�RI�SURSDJDWLRQ�RI�UD\V�LV�IRXQG�WR�EH
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ZKHUH�F¶�U��LV�WKH�VSHHG�RI�SURSDJDWLRQ�RI�OLJKW�LQ�D�UHJLRQ�RI�JUDYLWDWLRQDO�SRWHQWLDO��$OWKRXJK�WKH
GHWDLOV�DUH�DOWHUHG�E\�WKH�QHZ�IRUP�RI�H[SUHVVLRQ��WKH�RSWLFDO�FKDUDFWHULVWLFV�RI������UHPDLQ�WKH�VDPH
DV�LQ�������7KXV��IRU�WKH�FRUUHFW�FDOFXODWLRQ�RI�H[FHVV�WLPH�GHOD\��ZH�PXVW�FRQVLGHU�LQ�DGGLWLRQ�WKH
GLIIHUHQFH�LQ�WKH�SDWK�RI�UD\V�GXH�WR�JUDYLWDWLRQDO�SRWHQWLDO�

$V�GLVFXVVHG� LQ� WKH� HTXDWLRQ�RI� UD\V� IRU� WKH� GHIOHFWLRQ�� WKLV� UHTXLUHV� LQWHJUDWLQJ� WKH� UHVXOWLQJ
HTXDWLRQ�DORQJ�WKH�RSWLFDO�SDWK��+RZHYHU�� LW�GUDZV�D�FOHDU�GLVWLQFWLRQ�EHWZHHQ�JHRPHWULFDO�RSWLFV
DQG�JHQHUDO�UHODWLYLW\��EHFDXVH�(T������KDV�DOUHDG\�PDQLIHVWHG�WKH�IRUP�RI�WKH�LQWHJUDO�RYHU�WKH�RSWL�
FDO�SDWK��7R�EH�UHFRQFLOHG�ZLWK�JHQHUDO�UHODWLYLW\�� LQ�DGGLWLRQ�WR�WKH�YDU\LQJ�YHORFLW\�RI�OLJKW�ZLWK
JUDYLWDWLRQDO� SRWHQWLDO�� WKH�GLIIHUHQFH� LQ�SDWK� OHQJWK�PXVW� DOVR� EH� WDNHQ� LQWR� FRQVLGHUDWLRQ�� ,I�ZH
PDNH�FRUUHFWLRQ�LQ�WKH�UDGLDO�FRPSRQHQW�RI�WKH�SDWK�RI�UD\V��WKDW�LV��LQ�WKH�FRPSRQHQW�RI�WKH�SDWK
DORQJ�WKH�OLQHV�RI�IRUFH�RI�WKH�JUDYLWDWLRQDO�ILHOG��WKH�LQWHJUDO�LQ������EHFRPHV
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7KH�PRGLILHG�LQWHJUDO�DQG�WKDW�LQ������DUH�DJDLQ�LQ�FRPSOHWH�DJUHHPHQW�LQ�VWUXFWXUH��7KHUH�LV�LQGHHG
QR�GLIIHUHQFH��WR�ILUVW�RUGHU�LQ�*0�F�U�DQG�*0�F�UR��EHWZHHQ������DQG�������7KLV�RQFH�DJDLQ�LGHQWL�
ILHV�Q��U��ZLWK�JUU�U�� LQ� WKHLU� UROHV�� OHDGLQJ�XV� WR�FRQVLGHU�Q

��U�� DV�DQ�RSWLFDO�PHWULF� WHQVRU�DQG� WR
UHFRQFLOH�LWV�HLNRQDO�HTXDWLRQ�ZLWK�WKH�OLQH�HOHPHQW��,W�LV�WKHQ�DSSDUHQW�WKDW�WKH�HTXDWLRQ�RI�UD\V�RI
JHRPHWULFDO�RSWLFV�DOVR�SUHGLFWV�WKH�UDGDU�HFKR�GHOD\�LQ�H[DFWO\�WKH�VDPH�IRUP�DV�JLYHQ�E\�WKH�JHR�
GHVLF�HTXDWLRQ�RI�JHQHUDO�UHODWLYLW\�

���3ODVPD�(IIHFW�RI�&RURQD

+DYLQJ�HVWDEOLVKHG�QHZ�UHODWLRQVKLSV�EHWZHHQ�JHQHUDO�UHODWLYLW\�DQG�JHRPHWULFDO�RSWLFV��ZH�FDQ
QRZ�GLVFXVV�WKH�FODVVLF�WHVWV�RI�JHQHUDO�UHODWLYLW\�IURP�WKH�SRLQW�RI�YLHZ�RI�RSWLFV��,Q�SDUWLFXODU��WKH
SUHVHQW�DSSURDFK�DIIRUGV�D�VWUDLJKWIRUZDUG�ZD\�WR�FDOFXODWH�WKH�SODVPD�HIIHFW�RI�WKH�VRODU�FRURQD�RQ
WKH�GHIOHFWLRQ�RI�OLJKW�DQG�WKH�UDGDU�HFKR�GHOD\��6LPXOWDQHRXV�HTXLYDOHQWO\�DFFXUDWH�PHDVXUHPHQWV�DW
YDULRXV�IUHTXHQFLHV�ZLOO�DOORZ�WKH�SODVPD�HIIHFW�WR�EH�GHGXFHG��VLQFH�WKH�SODVPD�HIIHFW�LV�IUHTXHQF\
GHSHQGHQW�DQG�WKH�JHQHUDO�UHODWLYLVWLF�HIIHFW�LV�QRW��7KH�SODVPD�HIIHFW�RI�WKH�VRODU�FRURQD�LV�HYDOXDWHG
LQ�WKLV�VHFWLRQ�

$V�D�ILUVW�LPSRUWDQW�H[DPSOH�RI�WKH�SODVPD�HIIHFW�RI�WKH�VRODU�FRURQD��ZH�FRQVLGHU�WKH�GHIOHFWLRQ
RI�OLJKW�DV�D�FRPELQDWLRQ�RI�WKH�JHQHUDO�UHODWLYLVWLF�HIIHFW�DQG�RI�UHIUDFWLRQ�LQ�WKH�FRURQDO�SODVPD�
7KH�H[SHFWHG�DQJXODU�GHIOHFWLRQ�FDQ�EH�DFFXUDWHO\�FRPSXWHG�XVLQJ�WKH�IUHTXHQF\�GHSHQGHQW�UHIUDF�
WLYH�LQGH[�H[SUHVVHG�LQ������LQ�WKH�HTXDWLRQ�RI�UD\V������
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,Q�RUGHU�WR�HYDOXDWH�WKLV�LQWHJUDO��ZH�XVH�LQ�WKH�LQWHJUDQG�H[SDQVLRQV�LQ�WKH�VPDOO�SDUDPHWHUV��,W�LV
ERWK�HDVLHU�DQG�PRUH�LQVWUXFWLYH�WR�HYDOXDWH�WKH�LQWHJUDO�DIWHU�WKH�H[SDQVLRQV��7KH�FDOFXODWLRQV�FDQ�EH
FDUULHG�WR�ILUVW�RUGHU�LQ�WKH�VPDOO�SDUDPHWHUV�ZLWK�KLJK�DFFXUDF\��:H�QRZ�FDUU\�RXW�WKH�LQWHJUDWLRQ�RI
�����

7KH�DUJXPHQW�RI�WKH�VTXDUH�URRW�LQ������FDQ�EH�H[SDQGHG�WR�ILUVW�RUGHU�LQ�WKH�VPDOO�SDUDPHWHUV�DV
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&RQVHTXHQWO\��WKH�GHIOHFWLRQV�IURP�WKH�LQGLYLGXDO�HIIHFWV�DUH�FRPELQHG�OLQHDUO\��5HIUDFWLRQ�HIIHFW�LQ
WKH�VRODU�FRURQD�LV�QRZ�UHSUHVHQWHG�E\
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7KLV�PXVW�EH�DQ�DGGLWLRQ�WR�WKH�JHQHUDO�UHODWLYLW\�GHIOHFWLRQ�
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,Q�WKH�$OOHQ�%DXPEDFK�PRGHO����WKH�HOHFWURQ�GHQVLW\�SURILOH�LQ�WKH�FRURQD�LV�DVVXPHG�WR�KDYH�WKH
IRUP�1�U�� ������������56�U�

�� HOHFWURQ�FP��� 8VLQJ� PRUH� UHFHQW� UHVXOWV� RQ� WKH� FRURQD�� (ULFNVRQ��

IRXQG�WKDW�1�U�� ���������56�U�
��HOHFWURQ�FP��UHSUHVHQWV�WKH�GDWD�UHDVRQDEO\�ZHOO�IURP��56�WR���56�

5HIUDFWLRQ�HIIHFW�LV�VLJQLILFDQW�ZKHUH�U����56��DW�ZKLFK�WKH��56�U�
��WHUP�GRPLQDWHV��+HQFH�ZH�XVH�WKH

HOHFWURQ�GLVWULEXWLRQ�RI�WKH�$OOHQ�%DXPEDFK�PRGHO��UHVXOWLQJ�LQ�
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7KH�LQWHJUDWLRQ�IRU�dqF�LV�VWUDLJKWIRUZDUG��DQG�JLYHV
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ZKHUH�FRV�q� �UR�U�
7KH�WRWDO�FKDQJH�LQ�q�DV�U�GHFUHDVHV�IURP�LQILQLW\�WR�LWV�PLQLPXP�YDOXH�UR�DQG� WKHQ� LQFUHDVHV

DJDLQ�WR�LQILQLW\�LV�MXVW�WZLFH�LWV�FKDQJH�IURP���WR�UR��WKDW�LV���Dq��+HQFH�WKH�GHIOHFWLRQ�RI�WKH�SDWK�RI
UD\V�IURP�D�VWUDLJKW�OLQH�LV�JLYHQ�E\�dq � ��Dq �±�p��ZKLFK�LV�FDOFXODWHG�SRVLWLYHO\�LI�FRQFDYH�WRZDUG
WKH�6XQ�DQG�QHJDWLYHO\�LI�FRQYH[��3XWWLQJ�LQ�WKH�QXPHULFDO�IDFWRUV��WKH�WRWDO�GHIOHFWLRQ�LV
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(TXDWLRQ������GHVFULEHV�LQWHUHVWLQJ�EHKDYLRU�RI�WKH�UDGLDWLRQ�EHQGLQJ�QHDU�WKH�6XQ��7KH�ILUVW�WHUP
UHSUHVHQWV�WKH�JHQHUDO�UHODWLYLVWLF�HIIHFW�E\�ZKLFK�WKH�SDWK�RI�UD\V�LV�EHQW�WRZDUG�WKH�6XQ��7KH�VHFRQG
WHUP�UHSUHVHQWV�WKH�FRURQDO�UHIUDFWLRQ�E\�ZKLFK�WKH�SDWK�RI�UD\V�LV�EHQW�DZD\�IURP�WKH�6XQ�WR�WKH
FRQWUDU\��7KLV�LV�QRW�VXUSULVLQJ�ZKHQ�ZH�VHH�WKH�GLIIHUHQFH�LQ�VLJQ�EHWZHHQ�WKHVH�WHUPV��$FWXDOO\�
H[SHULPHQWDO� YDOXHV� DW� UDGLR� IUHTXHQFLHV� RI� WKH� JHQHUDO� UHODWLYLW\� GHIOHFWLRQ�ZHUH� GHWHUPLQHG� E\
ILWWLQJ��E\�WKH�PHWKRG�RI�OHDVW�VTXDUHV��WKH�PHDVXUHG�GDWD�WR�FXUYH�RI�D�PRGHO�EHDULQJ�GLIIHUHQFH�RI
VLJQ�EHWZHHQ�WKHVH�HIIHFWV��$W�RSWLFDO�IUHTXHQFLHV��FRURQDO�UHIUDFWLRQ�LV�H[WUHPHO\�VPDOO��VR�LW�FDQ�EH
QHJOHFWHG��+RZHYHU��DW�UDGLR�IUHTXHQFLHV��LW�SOD\V�DQ�LPSRUWDQW�SDUW�LQ�WKH�GHIOHFWLRQ��DV�VKRZQ�LQ
)LJXUH����ZKLFK�VKRZV�WKH�GHIOHFWLRQ�DQJOH�DV�D�IXQFWLRQ�RI�IUHTXHQF\�IRU�WKH�GLVWDQFHV�LQ�VRODU�UDGLL
RI�WKH�UD\¶V�SRLQW�RI�FORVHVW�DSSURDFK�WR�WKH�6XQ¶V�FHQWHU�

7KH�TXHVWLRQ�PLJKW�EH�UDLVHG�DV�WR�ZKHWKHU�YDU\LQJ�YHORFLW\�RI�OLJKW�LQ�WKH�FRURQDO�SODVPD�DOVR
JLYHV�ULVH�WR�D�FKDQJH�LQ�SDWK�OHQJWK�WKHUHLQ��,I�ZH�DVVXPH�WKDW�YDU\LQJ�YHORFLW\�RI�OLJKW�LQ�WKH�FRUR�
QDO�SODVPD�GRHV�QRW�JLYH�ULVH�WR�D�FKDQJH�LQ�SDWK�OHQJWK�RI�UD\V�WKHUHLQ��WKH�UDGLDO�LQWHUYDO�RI�LQWHJUD�
WLRQ�PXVW�VWLOO�EH�FRUUHFWHG�E\�PXOWLSOLFDWLRQ�ZLWK�Q�U��HYHQ�LQ�WKH�FRURQDO�SODVPD��QRW�ZLWK�Q�U�w��DV
XVHG�LQ�������:H�PXVW�WKHQ�GURS�WKH�IRXUWK�WHUP�LQ�WKH�LQWHJUDQG�RI�WKH�LQWHJUDO�LQ�������WKDW�LV��WKH
ILUVW� WHUP�LQ�������&RURQDO�UHIUDFWLRQ�WKXV�REWDLQHG�ZLOO�EH�H[DFWO\�WKH�VDPH�DV�ZKDW�RQH�ILQGV�E\
HYDOXDWLQJ�WKH�RULJLQDO�HTXDWLRQ�RI�UD\V������RQ�SXUHO\�RSWLFDO�JURXQGV��1RWH�WKDW�WKHUH�LV�D�FRPSOHWH
DJUHHPHQW�LQ�WKH�IRUP�RI�H[SUHVVLRQ�IRU�WKH�SODVPD�HIIHFW�EHWZHHQ�(T�������DQG�(T�������ZLWK�VXFK
DQ�DVVXPSWLRQ��,Q�IDFW��WKH�HYDOXDWLRQ�RI�FRURQDO�UHIUDFWLRQ�IURP�WKH�HTXDWLRQ�RI�UD\V������ZDV�FDU�
ULHG�RXW�WR�ILUVW�RUGHU�E\�%UDFHZHOO��(VKHOPDQ��DQG�+ROOZHJ����7KHLU�FDOFXODWLRQ�JLYHV����56�UR�

��VHF
IRU�WKH�DQJXODU�GHYLDWLRQ�RI�D�UD\�RI�IUHTXHQF\�����*+]�LQ�WKH�FRURQD�DVVXPLQJ�WKH�$OOHQ�%DXPEDFK
PRGHO�� :KHQ� (ULFNVRQ¶V� FRURQDO� PRGHO� LV� LQVWHDG� DVVXPHG�� WKH� DQJXODU� GHYLDWLRQ� LV� JLYHQ� E\
�����56�UR�

��VHF��6HLHOVWDG��6UDPHN��DQG�:HLOHU���XVHG� LQ�GDWD�DQDO\VLV� WKHVH�YDOXHV�DV�SDUDPHWHUV
GHVFULELQJ�UHIUDFWLRQ�HIIHFWV� LQ� WKH�VRODU�FRURQD��ZKHQ� WKH\�PHDVXUH� WKH�GHIOHFWLRQ�RI�������*+]
UDGLDWLRQ�IURP��&����LQ�WKH�VRODU�JUDYLWDWLRQDO� ILHOG�XVLQJ�DQ� LQWHUIHURPHWHU�DW� WKH�2ZHQV�9DOOH\
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5DGLR�2EVHUYDWRU\��7KH� UHVXOWV� RI� WKHLU� FDOFXODWLRQ� DUH� LQGHHG� LQ� H[DFW� DJUHHPHQW�ZLWK�ZKDW�ZH
ZRXOG�REWDLQ�IURP�HDFK�PRGHO�LI�ZH�H[FOXGHG�WKH�ILUVW�WHUP�IURP�WKH�LQWHJUDQG�RI�WKH�LQWHJUDO�LQ�����
RQ�WKDW�DVVXPSWLRQ��+RZHYHU��RQ�WKH�DVVXPSWLRQ�WKDW�YDU\LQJ�YHORFLW\�RI�OLJKW�LQ�WKH�FRURQDO�SODVPD
DOVR�JLYHV� ULVH� WR� WKH� FKDQJH� WKHUHE\� LQ�SDWK� OHQJWK�RI� UD\V��(T�� ����� JLYHV� FRURQDO� UHIUDFWLRQ�RI
���56�UR�

��VHF�IRU�����*+]�IUHTXHQF\��,I�ZH�XVHG�(ULFNVRQ¶V�FRURQDO�PRGHO��ZH�ZRXOG�REWDLQ�FRUR�
QDO�UHIUDFWLRQ�RI������56�UR�

��VHF��7R�VD\�LW�LQ�WHUPV�RI�WKH�PHWULF�WHQVRU�KHUH�SURSRVHG��WKH�GLIIHUHQFH
RI�FDOFXODWLRQ�FDQ�EH�YLHZHG�LQ�D�ZD\�WKDW�LV�YHU\�KHOSIXO�LQ�SURYLGLQJ�SK\VLFDO�LQVLJKW�LQWR�WKH�WHUP
DULVLQJ�IURP�WKH�GLIIHUHQFH�LQ�SDWK�OHQJWK��,Q�(T��������ZH�KDYH�XVHG�WKH�PHWULF�WHQVRU�RI�WKH�FRPSR�
QHQWV
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$V�YLHZHG�IURP�WKH�SUHVHQW�DSSURDFK��WKHLU�FDOFXODWLRQ�FRUUHVSRQGV�WR�WKH�FDVH�ZKLFK�LV�REWDLQHG
ZKHQ�WKH�FRPSRQHQWV�RI�WKH�PHWULF�WHQVRU�DUH
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7KH�UHDVRQ�IRU�WKLV�GLIIHUHQFH�LV�UHDGLO\�XQGHUVWRRG�E\�UHIHUULQJ�WR�WKH�HTXDWLRQV�RI�UD\V������DQG
�����IURP�ZKLFK�DQJXODU�GHYLDWLRQV�ZHUH�UHVSHFWLYHO\�FDOFXODWHG�

$V�D�VHFRQG�H[DPSOH�RI�WKH�SODVPD�HIIHFW��OHW�XV�FDOFXODWH�WKH�SODVPD�HIIHFW�RI�WKH�VRODU�FRURQD
RQ� WKH�UDGDU�HFKR�GHOD\��7KH� WLPH�UHTXLUHG�IRU� OLJKW� WR�JR�IURP�UR� WR�U¶� LV�JLYHQ�E\�(T�� ������7R
HYDOXDWH�WKH�GHSHQGHQFH�RI�WKH�UDGDU�HFKR�GHOD\�RQ�WKH�IUHTXHQF\�EHLQJ�SURSDJDWHG��ZH�PXVW�FRQ�
VLGHU�(T�������ZLWK�WKH�IUHTXHQF\�GHSHQGHQW�UHIUDFWLYH�LQGH[�LQ������
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,Q�RUGHU�WR�HYDOXDWH�WKLV�LQWHJUDO��ZH�RQFH�DJDLQ�XVH�LQ�WKH�LQWHJUDQG�WKH�H[SDQVLRQV�LQ�WKH�VPDOO
SDUDPHWHUV�WR�ILUVW�RUGHU��3URFHHGLQJ�LQ�H[DFWO\�WKH�VDPH�ZD\�DV�IRU�������(T�������JLYHV

)LJXUH����'HIOHFWLRQ
DQJOH�DV�D�IXQFWLRQ�RI
IUHTXHQF\�IRU
UR�56� ��������������
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7KH� WLPH� UHTXLUHG� IRU� UDGDU� VLJQDOV� WR� WUDYHO� WR� 0HUFXU\� DQG� EH� UHIOHFWHG� EDFN� WR� (DUWK� LV
�>W�U(�UR��+�W�UR�U0�@��ZKHUH�U(�DQG�U0�DUH�DVWURQRPLFDO�UDGLL�RI�WKH�RUELWV�RI�WKH�(DUWK�DQG�WKH�0HU�
FXU\�DURXQG� WKH�6XQ��7KH� URXQG�WULS�H[FHVV� WLPH�GHOD\� LV� WKHQ�JLYHQ�E\�dW� ��>W�U(�UR��+�W�UR�U0��±
�7�U(�UR��±�7�UR�U0�@��ZKHUH�7�U(�UR��DQG�7�UR�U0��DUH�WKH�WLPHV�UHTXLUHG�IRU�UDGDU�VLJQDOV�WR�WUDYHO�WKH
SDWKV�LQ�VWUDLJKW�OLQHV�DW�VSHHG�F��7KH�GLVWDQFH�UR�RI�FORVHVW�DSSURDFK�RI�WKH�UDGDU�ZDYH�WR�WKH�FHQWHU
RI�WKH�6XQ�LV�PXFK�VPDOOHU�WKDQ�WKH�GLVWDQFHV�U(�DQG�U0�RI�WKH�(DUWK�DQG�0HUFXU\�IURP�WKH�6XQ�

$VVXPLQJ�WKH�HOHFWURQ�GLVWULEXWLRQ�RI�WKH�$OOHQ�%DXPEDFK�PRGHO��WKH�LQWHJUDO�\LHOGV
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,I��LQVWHDG��ZH�XVH�(ULFNVRQ¶V�FRURQDO�PRGHO��ZH�WKHQ�KDYH
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$V�LQ�WKH�FDVH�RI�WKH�GHIOHFWLRQ��EHFDXVH�RI�WKH�VLJQ�GLIIHUHQFH��WKH�SODVPD�HIIHFW�RI�WKH�VRODU�FRURQD
RQ� WKH� WLPH�GHOD\� LV�RSSRVLWH� WR�ZKDW� LV�XVXDOO\�H[SHFWHG� IURP� WKH�JHQHUDO� UHODWLYLVWLF�HIIHFW��)RU
HLWKHU�HTXDWLRQ��WKH�SRVLWLYH�WHUPV�RQ�WKH�ULJKW�GHVFULEH�D�JHQHUDO�UHODWLYLVWLF�GHOD\�LQ�WKH�WLPH�LW�WDNHV
D� UDGDU� VLJQDO� WR� WUDYHO� WR�0HUFXU\� DQG� EDFN�� ,Q� FRQWUDVW�� WKH� QHJDWLYH� WHUPV� GHVFULEH� D� FRURQDO
SODVPD�FRQWUDFWLRQ��WKDW�LV��D�UDGDU�WLPH�FRQWUDFWLRQ��)LJXUH���VKRZV�IUHTXHQF\�GHSHQGHQFH�RI�URXQG�
WULS�H[FHVV�WLPH�GHOD\�IRU�WKH�GLVWDQFHV�RI�FORVHVW�DSSURDFK�RI�WKH�UDGDU�ZDYH�WR�WKH�FHQWHU�RI�WKH
6XQ�

:H�QRZ�FRPSDUH�6KDSLUR¶V�FDOFXODWLRQ�ZLWK�WKH�UHVXOWV�REWDLQHG�IURP�WKH�SUHFHGLQJ�HTXDWLRQV�
$W�WKH�EHJLQQLQJ�RI�PHDVXUHPHQW��6KDSLUR�HVWLPDWHG�dW�@��������� ��±��������� ��VHF�IRU�REVHUYDWLRQV
RI�0HUFXU\�QHDU� VXSHULRU�FRQMXQFWLRQ�ZLWK�UR� ��56� DW� ����0+]� IUHTXHQF\�RI� WKH�$UHFLER� ,RQR�
VSKHULF�2EVHUYDWRU\��7KLV�GLIIHUHQFH�LQ�WLPH�GHOD\V�EHWZHHQ�WKH�JHQHUDO�UHODWLYLVWLF�HIIHFW�DQG� WKH
FRURQDO�SODVPD�HIIHFW�ZDV�QRZKHUH�ODUJH�HQRXJK�DQG�SRVLWLYH�IRU�D�UHDOO\�UHOLDEOH�UHVXOW�WR�EH�RE�

)LJXUH����([FHVV�WLPH
GHOD\�DV�D�IXQFWLRQ�RI�IUH�
TXHQF\�IRU�UR�56� �����������
��
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WDLQHG�VROHO\�IURP�$UHFLER�GDWD��+H�ZDV�WKXV�WULHG�WR�UHGXFH�WKH�SODVPD�HIIHFW�E\�D�IDFWRU�RI�DOPRVW
����E\�XVLQJ�PHDVXUHPHQWV�PDGH�DW������0+]�IUHTXHQF\�RI�+D\VWDFN�UDGDU�RI�/LQFROQ�/DERUDWRU\�
)RU�REVHUYDWLRQ�RI�0HUFXU\�ZLWK� UR� ��56�DW� ����0+]� UDGLDWLRQ��(T�� ����� JLYHV�dW�@���������±��±
����������±��VHF��DQG�(T��������LQ�ZKLFK�WKH�VDPH�PRGHO�DV�XVHG�E\�6KDSLUR�KDV�EHHQ�DVVXPHG��JLYHV
dW�@�����������±������������ VHF�� 7KH� YDOXHV� REWDLQHG� IRU� WKH� SODVPD� HIIHFW� DUH� DERXW� WKUHH� WLPHV
ODUJHU�WKDQ�6KDSLUR¶V�HVWLPDWH��7KLV�LV�EHFDXVH�ZH�PDNH�D�FRUUHFWLRQ�LQ�WKH�UDGLDO�LQWHUYDO�RI�WKH�SDWK
DQG�LQWHJUDWH�WKH�UHVXOWLQJ�HTXDWLRQ�DORQJ�WKH�RSWLFDO�SDWK�EHQGLQJ�QHDU�WKH�6XQ��XQOLNH�6KDSLUR¶V
FDOFXODWLRQ�DORQJ�WKH�RSWLFDO�SDWK�LQ�VWUDLJKW�OLQH�ZLWKRXW�FRUUHFWLRQ��,I�ZH�DVVXPH�WKDW�WKH�GLIIHUHQFH
LQ�SDWK�OHQJWK�LV�GXH�VROHO\�WR�GLIIHULQJ�JUDYLWDWLRQDO�SRWHQWLDO��WKH�UDGLDO�LQWHUYDO�RI�LQWHJUDWLRQ�PXVW
VWLOO�EH�FRUUHFWHG�E\�PXOWLSOLFDWLRQ�ZLWK�Q�U��HYHQ�LQ�WKH�FRURQDO�SODVPD��QRW�ZLWK�Q�U�w��DV�XVHG�LQ
������7KH�H[FHVV�WLPH�GHOD\V�DUH�WKHQ�JLYHQ�E\�����������±����������� VHF�DQG�����������±����������

VHF��UHVSHFWLYHO\��7KH�YDOXHV�VR�REWDLQHG�IRU�WKH�SODVPD�HIIHFW�DUH�MXVW�ZKDW�ZH�VKRXOG�H[SHFW�LI�WKH
H[FHVV�WLPH�GHOD\V�ZHUH�FDOFXODWHG�IURP�WKH�HTXDWLRQ�RI�UD\V�ZLWKRXW�DQ\�FRUUHFWLRQ�RQ�SXUHO\�RSWL�
FDO�JURXQGV�

���&RQFOXVLRQ

7KH�GLVFXVVLRQ�LQ�WKLV�SDSHU�VKRZV�WKDW�WKH�UHGVKLIW�HIIHFW�LV�DWWULEXWHG�QRW�WR�WKH�JUDYLWDWLRQDO
SRWHQWLDO� DORQH� EXW� WR� WKH� SUHVVXUH� JUDGLHQW� LQFOXGLQJ� WKH� JUDYLWDWLRQDO� SRWHQWLDO� LQ� WKH� PHGLXP
WKURXJK�ZKLFK�OLJKW�SURSDJDWHV��$V\PPHWU\�REVHUYHG�LQ�OLPE�OLQHV�IXUQLVKHV�SK\VLFDO�VXSSRUW�IRU�WKH
HIIHFW�RI�SUHVVXUH�RQ�WKH�UHGVKLIW�RI�VRODU�VSHFWUDO� OLQHV�� ,W�KDV�VKRZQ�WKDW� WKH�HTXDWLRQ�RI� UD\V�RI
JHRPHWULFDO�RSWLFV�FDQ�DOVR�SUHGLFW�WKH�FRUUHFW�YDOXHV�IRU�WKH�GHIOHFWLRQ�RI�OLJKW�DQG�WKH�UDGDU�HFKR
GHOD\�E\�WKH�6XQ��)XUWKHUPRUH��DJUHHPHQW�LQ�VWUXFWXUH�EHWZHHQ�WKH�HTXDWLRQV�RI�UD\V�RI�JHRPHWULFDO
RSWLFV�DQG�WKH�JHRGHVLF�HTXDWLRQV�RI�JHQHUDO�UHODWLYLW\�VXJJHVWV�LQWURGXFLQJ�DQ�RSWLFDO�PHWULF�RI�Q��U�
FRQVLVWLQJ�RI�WKH�JUDYLWDWLRQDO�SRWHQWLDO��WKH�PHFKDQLFDO�SUHVVXUH��WKH�PDJQHWLF�SUHVVXUH��DQG�YLVFRXV
HIIHFWV�LQ�WKH�PHGLXP�RI�SURSDJDWLRQ��7KHVH�UHVXOWV�DUH�REWDLQHG�ZLWKRXW�GLUHFW�FDOFXODWLRQV�RQO\�E\
FRPSDULQJ�WKH�HTXDWLRQV�RI�UD\V�ZLWK�WKH�JHRGHVLF�HTXDWLRQV�IRUPXODWHG�E\�:HLQEHUJ��,Q�WKH�OLJKW�RI
WKLV�IDFW��:HLQEHUJ¶V�IRUPDOLVP�KDV�RSHQHG�D�GRRU�WR�HVWDEOLVK�QHZ�UHODWLRQVKLSV�EHWZHHQ�JHQHUDO
UHODWLYLW\�DQG�JHRPHWULFDO� RSWLFV�� ,QGHHG�� LW�ZDV� WKH� IRUPDO� VLPLODULW\�EHWZHHQ� ����� DQG� ����� WKDW
HQDEOHG�WKH�SUHVHQW�DSSURDFK�WR�EH�SURSRVHG�

$FNQRZOHGJPHQW

7KH�DXWKRU�LV�JUDWHIXO�WR�D�UHYLHZHU�IRU�FRUUHFWLRQV��FULWLFLVP��DQG�ODQJXDJH�FRUUHFWLRQV�RI� WKH
HDUO\�GUDIW�RI�WKLV�SDSHU��7KH�DXWKRU�OHDUQV�PXFK�IURP�KLV�FULWLFLVP���7KH�DXWKRU�JXHVVHV�WKH�UHYLHZHU
WR�EH�'U��0�'��.UXVNDO��

$SSHQGL[��5HYLHZ�RI�3ODQHWDU\�0RWLRQ
$FFRUGLQJ�WR�WKH�JHQHUDO�WKHRU\�RI�UHODWLYLW\�� WKH

HOOLSWLFDO�RUELW�RI�D�SODQHW�URWDWHV�LQ�LWV�RZQ�SODQH�LQ
WKH� VDPH� GLUHFWLRQ� DV� WKH� SODQHW� PRYHV�� )RU� WKH
PRWLRQ� RI�0HUFXU\� LQ�ZKLFK� WKH� HIIHFW� FDQ� EH� GH�
WHFWHG�PRVW�HDVLO\��WKH�WKHRU\�SUHGLFWV�DQ�DGYDQFH�RI
WKH� SHULKHOLRQ� RI� DQJOH� �����´� SHU� FHQWXU\�� 7KLV
YDOXH� LV� LQ�H[FHOOHQW�DJUHHPHQW�ZLWK������ ����´
WKDW�LV�OHIW�DIWHU�VXEWUDFWLRQ�RI�DOO�RWKHU�NQRZQ�HIIHFWV
IURP� WKH� WRWDO� REVHUYHG� PRWLRQ���� (LQVWHLQ¶V� DQ�
QRXQFHPHQW�RI�WKH�JHQHUDO�WKHRU\�RI�UHODWLYLW\�LQ�LWV

GHILQLWLYH� IRUP� ZDV� LPPHGLDWHO\� KDLOHG� E\� VRPH
DVWURQRPHUV� DV� H[SODLQLQJ� D� SUHYLRXVO\� XQDFFRXQW�
DEOH�GLVFUHSDQF\�EHWZHHQ�WKH�REVHUYHG�DQG�WKHRUHWL�
FDO�PRWLRQV� RI� WKLV� SODQHW�� DOWKRXJK� VRPH� DVWURQR�
PHUV�ZHUH��KRZHYHU��LQWXLWLYHO\�RSSRVHG�WR�UHODWLYLW\�
,W�PXVW� EH� E\� IDU� WKH�PRVW� LPSRUWDQW� H[SHULPHQWDO
YHULILFDWLRQ� RI� JHQHUDO� UHODWLYLW\�� ERWK� E\�PHDQV� RI
WKH�IRUPDO�FODULW\�EURXJKW� WR� WKH� WKHRU\�E\�D�VSDFH�
WLPH�JHRPHWUL]DWLRQ�DQG�E\�YLUWXH�RI� LWV� KLJK� DFFX�
UDF\�
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,Q�WKLV�DSSHQGL[��ZH�ZLVK�WR�UHYLHZ�WKH�HTXDWLRQ
RI�WKH�RUELW�LQ�WHUPV�RI�WKH�HQHUJ\�DQG�DQJXODU�PR�
PHQWXP��7KH�SODQHW¶V� SDWK� LV� QRW� DQ� HOOLSVH�EXW� DQ
H[FHHGLQJO\� FRPSOLFDWHG� VSDFH�FXUYH� GXH� WR� WKH
GLVWXUELQJ� HIIHFWV� RI� DOO� RI� WKH� RWKHU� SODQHWV�� 7KH
HTXDWLRQ�RI�WKH�RUELW�PD\�WKHUHIRUH�EH�PHDQLQJOHVV�
EXW�ZH� FDQ� VWLOO� WDON� LQ� WHUPV� RI� WKH� V\VWHP� HQHUJ\
DQG�WKH�V\VWHP�DQJXODU�PRPHQWXP��)RU�PDQ\�DSSOL�
FDWLRQV��WKH�HTXDWLRQ�RI�PRWLRQ�FRQWDLQLQJ�WKH�HQHUJ\
DQG�DQJXODU�PRPHQWXP�LV�WKH�QDWXUDO�RQH��,Q�RUGHU�WR
GLVFXVV�WKH�FRPSDULVRQ�ZLWK�1HZWRQ¶V�WKHRU\�RU�WKH
WUDQVLWLRQ�WR�TXDQWXP�WKHRU\��LW�LV�LPSRUWDQW�WKDW�WKH
GHVFULSWLRQ�RI� WKH�PRWLRQ�EH� LQ� WHUPV�RI� LWV� HQHUJ\
DQG�DQJXODU�PRPHQWXP�

/HW� XV� VHH�ZKDW� FDQ� EH� OHDUQHG� IURP�(LQVWHLQ¶V
WKHRU\�� XVLQJ� RQO\� WKH� HTXDWLRQV� RI� PRWLRQ� LQ� WKH
6FKZDU]VFKLOG�PHWULF�ILHOG��EHIRUH�GHULYLQJ�WKH�RUELW
HTXDWLRQ�� :H� EHJLQ� E\� SRLQWLQJ� RXW� WKDW� WKH� SDWK
OHQJWK�RI�D�SDUWLFOH�LQ�D�VWDWLF�LVRWURSLF�JUDYLWDWLRQDO
ILHOG� LV�GV�� �JmnG[

mG[n��7KH�VTXDUHV�RI�YHORFLW\�DUH
WKHQ�JLYHQ�E\
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,Q�FRQVHTXHQFH�RI�WKHVH�UHODWLRQV�WKH�6FKZDU]VFKLOG
PHWULF�LQ������FDQ�EH�ZULWWHQ
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WR� D� ILUVW� DSSUR[LPDWLRQ�� 7KLV� IRUP� RI� HTXDWLRQ
UHGXFHV� WR� WKH�IDPLOLDU�HTXDWLRQ� OHDGLQJ� WR� WKH�/RU�
HQW]� WLPH�GLODWLRQ� LQ� WKH� OLPLW� DV�J��� DSSURDFKHV� WR
XQLW\��,Q�WKLV�VHQVH�RQH�PD\�VD\�WKH�UHODWLRQ�LQ��$��
DV�WKH�6FKZDU]VFKLOG�WLPH�GLODWLRQ�

7KH� HTXDWLRQV� RI� PRWLRQ� LQ� WKH� 6FKZDU]VFKLOG
ILHOG�\LHOG�WZR�FRQVWDQWV�RI�PRWLRQ��2QH�RI�WKHP�LV
JLYHQ�E\

�FRQVWDQW
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ZKLFK�FRUUHVSRQGV�WR�WKH�HQHUJ\�RI�WKH�V\VWHP��7KH
RWKHU�FRQVWDQW�LV�REWDLQHG�IURP�U��Gq�Gt�� �FRQVWDQW�
DQG� LV� DEVRUEHG� LPPHGLDWHO\� LQWR� WKH� GHILQLWLRQ� RI
WKH�DQJXODU�PRPHQWXP��,W�ZRXOG�VHHP�DW� ILUVW�VLJKW
WKDW� WKH� FRQVWDQW� LQ� �$��� LV� RI� QR� LPSRUWDQFH�� IRU
FOHDUO\� DQ\� FRQVWDQW� RI� LQWHJUDWLRQ� FDQ�EH� DGGHG� WR
WKH�ULJKW�RI��$���ZLWKRXW�DIIHFWLQJ�WKH�YDOLGLW\�RI�WKH
HTXDWLRQ��+RZHYHU��LW�LV�HYLGHQW�WKDW�WKH�FRQVWDQW�KDV
DQ� LPSRUWDQW� SK\VLFDO� VLJQLILFDQFH�� IRU� LW� FDQ� EULQJ
WKH�IRUPXODWLRQ�RI�WKH�UHVXOWLQJ�UHODWLYLVWLF�PHFKDQLFV
LQ�WHUPV�RI�WKH�HQHUJ\�RI�D�SDUWLFOH�DV�LQ�WKH�FDVH�RI
+DPLOWRQLDQ�LQ�1HZWRQLDQ�PHFKDQLFV��7KH�UHODWLYLV�
WLF� HTXDWLRQV� RI� PRWLRQ� PXVW� EH� VXFK� WKDW� LQ� WKH
QRQUHODWLYLVWLF�OLPLW�WKH\�JR�RYHU�LQWR�WKH�FXVWRPDU\
IRUPV� JLYHQ� E\�1HZWRQ¶V� WKHRU\�� 7KXV� WKH� WDVN� RI
LGHQWLI\LQJ� WKH� FRQVWDQW� LV� JUHDWO\� IDFLOLWDWHG� E\

VHHNLQJ�WKH�IRUP�ZKLFK�LW�ZRXOG�KDYH�LQ�WKH�QRQUH�
ODWLYLVWLF� OLPLW�� ,Q� WKH�QRQUHODWLYLVWLF� OLPLW��(T�� �$��
FDQ�EH�H[SDQGHG�DV
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ZKHUH�P� LV� WKH�PDVV� RI� D� SDUWLFOH�� %\� FRPSDULVRQ
ZLWK�1HZWRQ¶V� WKHRU\��ZH�FDQ� LGHQWLI\� WKH�FRQVWDQW
ZLWK
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&RQVHTXHQWO\�LW�\LHOGV�WKH�H[SUHVVLRQ
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IRU�WKH�HQHUJ\�RI�D�SDUWLFOH�RI�PDVV�P�DQG�YHORFLW\�Y
LQ� WKH� VWDWLF� LVRWURSLF� JUDYLWDWLRQDO� ILHOG�� )URP
(T��$����WKH�PRPHQWXP�LV�GHILQHG�E\
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(TXDWLRQV��$���DQG��$���DUH�WKH�QHFHVVDU\�UHODWLYLV�
WLF�JHQHUDOL]DWLRQV�IRU�WKH�HQHUJ\�DQG�PRPHQWXP�RI
D�SDUWLFOH��FRQVLVWHQW�ZLWK�WKH�FRQVHUYDWLRQ�ODZV�DQG
WKH�SRVWXODWHV�RI�JHQHUDO�UHODWLYLW\�

$V�LQ�WKH�VSHFLDO�WKHRU\�RI�UHODWLYLW\��LW�LV�QDWXUDO
WR� DWWHPSW� WR� LGHQWLI\� WKH� IRXU� HTXDWLRQV� RI� HQHUJ\
DQG�PRPHQWXP�FRQVHUYDWLRQ�DV�UHODWLRQV�DPRQJ�WKH
HQHUJ\�PRPHQWXP�IRXU�YHFWRUV��:H�REVHUYH�WKDW�WKH
PRPHQWXP� LQ� �$��� LV� SURSRUWLRQDO� WR� WKH� VSDWLDO
FRPSRQHQWV� RI� WKH� IRXU�YHORFLW\� GHILQHG� DV
»J

aa
G[a�Gt� LQ� �$���� 7KH� WLPH� FRPSRQHQW� RI� WKLV

IRXU�YHORFLW\� LV� »J��FGW�Gt�� &RPSDULVRQ� ZLWK� �$��
VKRZV� WKDW� WKH� HQHUJ\� RI� D� SDUWLFOH� GLIIHUV� IURP� LWV
WLPH�FRPSRQHQW�E\�WKH�UHVW�HQHUJ\�PF���:H�DUH�WKXV
OHG�WR
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DV�WKH�FRYDULDQW�IRUP�RI�WKH�WRWDO�HQHUJ\��IRU�WKHQ�WKH
PRPHQWXP� S� DQG� (�F»J��� IRUP� DQ� HQHUJ\�
PRPHQWXP� IRXU�YHFWRU�� )RUPDOO\� WKH� FRQQHFWLRQ
EHWZHHQ� WKH� HQHUJ\� (� DQG� WKH� PRPHQWXP� LV� H[�
SUHVVHG�LQ�WKH�6FKZDU]VFKLOG�PHWULF�LQ������RU�LQ�WKH
VWDWHPHQW�WKDW�WKH�PDJQLWXGH�RI�WKH�PRPHQWXP�IRXU�
YHFWRU�LV�FRQVWDQW�
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(TXDWLRQ��$���LV�DQ�H[WHQVLRQ�RI�WKH�UHODWLRQ�7��F��±
�S�� �P�F��LQ�VSHFLDO�UHODWLYLW\�WKDW�PHHWV�WKH�UHTXLUH�
PHQWV�RI�JHQHUDO�UHODWLYLW\�

1RWH�WKDW�WKH�JUDYLWDWLRQDO�SRWHQWLDO�OHQGV�LWVHOI�WR
LQFRUSRUDWLRQ� LQ� WKH�PHWULF�RI� VSDFH�WLPH�JHRPHWUL�
]DWLRQ��VR�WKH�SRWHQWLDO�HQHUJ\�LV�DEVRUEHG�DXWRPDWL�
FDOO\�LQWR�WKH�SDWK�OHQJWK�RI�D�SDUWLFOH�DQG�LWV�PRWLRQ
WKHUHLQ��,Q�JHQHUDO�UHODWLYLW\��WKHUHIRUH��VXFK�HQHUJLHV
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DV� NLQHWLF� HQHUJ\� DQG� SRWHQWLDO� HQHUJ\� EHFRPH
PHDQLQJOHVV�DQ\�PRUH��RQO\�RQH�HQHUJ\�RI�D�SDUWLFOH
LV�QHHGHG� WR� VROYH� WKH� HTXDWLRQV�RI�PRWLRQ� LQ� WKHLU
PRVW�JHQHUDO�IRUPV�

+DYLQJ�IRUPXODWHG� WKH� UHODWLYLVWLF�H[SUHVVLRQ� IRU
HQHUJ\��ZH�FDQ�QRZ�UHYLHZ�WKH�UHODWLYLW\�HIIHFW�LQ�WKH
HTXDWLRQ�RI�WKH�RUELW�RI�SODQHW�LQ�WHUPV�RI�WKH�HQHUJ\
DQG�DQJXODU�PRPHQWXP�RI�WKH�V\VWHP��)RU�FRPSDUL�
VRQ�ZLWK�1HZWRQ¶V� WKHRU\�� LW� LV�SUHIHUDEOH� WR�GHILQH
WKH�HQHUJ\�(�DV�LQ��$����ZKLFK�ZRXOG�EULQJ�(�LQ�OLQH
ZLWK� WKH� QRQUHODWLYLVWLF� YDOXH�� 7KH� 6FKZDU]VFKLOG
PHWULF�LQ������FDQ�QRZ�EH�H[SUHVVHG�LQ�WHUPV�RI�WZR
FRQVWDQWV�RI�PRWLRQ�(�DQG�O�DV
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7KLV�HTXDWLRQ�FDQ�DOVR�EH�REWDLQHG�IURP�D�FRPELQD�
WLRQ�RI� WKH�GLIIHUHQWLDO� HTXDWLRQV� UHVXOWLQJ� IURP� WKH
JHRGHVLF� HTXDWLRQV�� %XW� PRVW� RIWHQ� ZH� DUH� PRUH
LQWHUHVWHG� LQ� WKH� VKDSH� RI� RUELWV�� WKDW� LV�� LQ� U� DV� D
IXQFWLRQ�RI�q��WKDQ�LQ�WKHLU�WLPH�KLVWRU\��7KH�DQJXODU
PRPHQWXP� UHODWLRQ� FDQ� WKHQ� EH� XVHG� GLUHFWO\� WR
FRQYHUW� �$���� LQWR� WKH� GLIIHUHQWLDO� HTXDWLRQ� IRU� WKH
RUELW��WKLV�JLYHV
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7KH�VROXWLRQ�PD\� WKXV�EH�GHWHUPLQHG�E\� D�TXDGUD�
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$W�SHULKHOLD� DQG�DSKHOLD�� U� UHDFKHV� LWV�PLQLPXP
DQG�PD[LPXP�YDOXHV�U+�DQG�U-� ��DQG�DW�ERWK�SRLQWV
GU�Gq�YDQLVKHV��VR��$����JLYHV
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ZKHUH�J���U��� ���±��*0�F
�U���)URP�WKHVH�WZR�HTXD�

WLRQV�ZH�FDQ�GHULYH�YDOXHV�IRU� WKH� WZR�FRQVWDQWV�RI
WKH�PRWLRQ�
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7KH�H[SUHVVLRQV�IRU�WKH�HQHUJ\�DQG�DQJXODU�PRPHQ�
WXP� DSSHDU� KHUH� LQ� VRPHZKDW� GLIIHUHQW� IRUPV� LQ�
YROYLQJ� WKH�PHWULF� WHQVRUV�J���U���� EXW� WKHLU� HTXLYD�
OHQFH� LQ� WKH� OLPLW� DV� J������� ZLWK� WKH� UHVSHFWLYH
QRQUHODWLYLVWLF� 1HZWRQLDQ� UHODWLRQV� DUH� VKRZQ� E\
H[SDQGLQJ�WKH�HTXDWLRQV�WR�D�ILUVW�DSSUR[LPDWLRQ�DV
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8VLQJ� WKH� H[DFW� YDOXHV� RI� WKH� FRQVWDQWV� JLYHQ� E\
�$����LQ��$����\LHOG�WKH�IRUPXOD�IRU�Dq�DV
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:H�FDQ�PDNH�WKH�DUJXPHQW�RI�WKH�ILUVW�VTXDUH�URRW�LQ
WKH� LQWHJUDQG� D� TXDGUDWLF� IXQFWLRQ� RI� ��U� ZKLFK
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ZKHUH�&�@���±���*0�F�����U+�+���U-���7KH�FRQVWDQW�&
FRXOG�EH�GHWHUPLQHG�E\�OHWWLQJ�U�����

:H�FDQ�REWDLQ�WKH�VDPH�UHVXOW�PRUH�VLPSO\�LI�ZH
XVH�WKH�H[SDQVLRQ�LQ�*0�F�U�LQ�WKH�IRUPDO�VROXWLRQ�RI
WKH�HTXDWLRQ�RI�PRWLRQ�JLYHQ�E\��$�����7KH�SURFHVV
RI�DUULYLQJ�DW�WKH�RUELW�HTXDWLRQ�LV�SDUWLFXODUO\�VLPSOH
KHUH��7KH�DQJOH�VZHSW�RXW�E\� WKH�SRVLWLRQ�YHFWRU� LV
WKHQ�JLYHQ�E\�(T���$����DV
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$V�LW�VWDQGV��WKLV�LQGHILQLWH�LQWHJUDO�LV�RI�WKH�VWDQGDUG
IRUP��7KH� LQWHJUDQG�GLIIHUV� IURP� WKH� FRUUHVSRQGLQJ
QRQUHODWLYLVWLF�H[SUHVVLRQ�LQ�WKDW�WKH�VHFRQG�WHUP�LQ
HDFK�SDUHQWKHVLV�UHSUHVHQWV�WKH�UHODWLYLVWLF�FRUUHFWLRQ�
,Q�D�FHUWDLQ�VHQVH��(T���$����LV�WKH�JHQHUDO�UHODWLYLW\
DQDORJXH�RI�6RPPHUIHOG¶V�WUHDWPHQW�RI�WKH�K\GURJHQ
DWRP�LQ�VSHFLDO�UHODWLYLW\�

2Q� FDUU\LQJ� RXW� WKH� LQWHJUDWLRQ�� WKH� HTXDWLRQ� RI
WKH�RUELW�LV�IRXQG�WR�EH
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DQG�q��LV�D�FRQVWDQW�RI�LQWHJUDWLRQ��,Q�DGGLWLRQ�WR�WKH
PRWLRQ� RI� WKH� SHULKHOLRQ� RI� D� SODQHW�� WKH� UHODWLYLW\
HIIHFW� SURGXFHV� WKH� WHUP� �*0�F�U���GU�Gq�� LQ� WKH
DQJOH� VZHSW�RXW�E\� WKH� UDGLXV� YHFWRU� RI� WKH� SODQHW�
7KLV�WHUP�LV�QRW�D�QHZ�UHVXOW�EXW�PHUHO\�D�UHVXOW�RI
UHZULWLQJ�WKH�VTXDUH�URRW�LQ�WKH�LQWHJUDQG�ZKLFK�WKH
LQWHJUDWLRQ�RI��$����RU��$����DFWXDOO\�\LHOGV��XVLQJ
�$����WR�D�ILUVW�DSSUR[LPDWLRQ��,W�LV�HYLGHQW�WKHUHIRUH
WKDW�WKH�UHODWLYLW\�HIIHFW�LQ�SODQHWDU\�PRWLRQ�REH\LQJ
�$����RU��$�����LV�WR�FDXVH�QRW�RQO\�WKH�SUHFHVVLRQ�RI
WKH� SHULKHOLRQ� RI� WKH� RUELW� RI� D� SODQHW� EXW� DOVR� WKH
FKDQJH�LQ�WKH�DQJXODU�GLVSODFHPHQW�RI�WKH�SODQHW�GXH
WR�LWV�UDGLDO�YHORFLW\��7KH�DGGLWLRQDO�FKDQJH�DSSHDU�
LQJ�LQ�WKH�DQJXODU�GLVSODFHPHQW�RI�WKH�SODQHW��ZKLFK
GRHV�QRW�DSSHDU�LQ�D�FLUFXODU�RUELW��VHHPV�WR�UHSUHVHQW
DQ�HIIHFW�GXH�WR�WKH�ILQLWH�YHORFLW\�RI�SURSDJDWLRQ�RI
WKH�VRODU�JUDYLWDWLRQDO�ILHOG�

,Q�RUGHU�WR�FDOFXODWH�Dq�WR�ILUVW�RUGHU�LQ�*0�F�U�
ZH�QHHG�J���WR�VHFRQG�RUGHU�LQ�*0�F

�U��7R�VD\�LW�LQ
DQRWKHU�ZD\��WKH�FXUUHQW�GLVFXVVLRQ�RI�WKH�SODQHWDU\
RUELW�SUHFHVVLRQ�VHUYHV�DV�D�WRXFKVWRQH�IRU�WKH�SRVVL�
EOH�IRUPV�RI�PHWULF�WHQVRU�E\�UHTXLULQJ�WKH�GHJUHH�RI
DJUHHPHQW� WR� VHFRQG� RUGHU�� (TXDWLRQV� �$���� DQG
�$���� DUH� REWDLQHG� E\� VHWWLQJ� J���U�� ���±��*0�F

�U�
%XW�WKH�RSWLFDO�DSSURDFK�GLVFXVVHG�LQ�VHFWLRQV���DQG
�� JLYHV� D� PHWULF� WHQVRU� WKDW� FDQ� EH� H[SUHVVHG� DV
J���U�� ����±�*0�F

�U���� ZKHQ� RQO\� WKH� JUDYLWDWLRQDO
SRWHQWLDO� LV� WDNHQ� LQWR� FRQVLGHUDWLRQ�� 8QOHVV� WKH
RSWLFDO� DSSURDFK� LV� LQFRUUHFW�� ZH� FDQ� JDLQ� IXUWKHU
LQVLJKW� LQWR� WKH�PHWULF� WHQVRU� E\� DVVXPLQJ� WKDW� WKH
XVXDO�UXOHV�IRU�WKH�PRWLRQ�RI�SDUWLFOHV�DQG�OLJKW�UD\V

LQ� D� JLYHQ�PHWULF� ILHOG� Jmn� VWLOO� DSSO\�� EXW� WKDW� WKH
PHWULF� IRU� WKH�PRWLRQ� RI� SDUWLFOHV�PD\� EH� GLIIHUHQW
IURP� WKDW� IRU� OLJKW� UD\V�� :KLOH� WKH� PHWULF� IRU� WKH
PRWLRQ�RI�SDUWLFOHV� LV�GHWHUPLQHG�E\�FRPSDULQJ� WKH
JHRGHVLF� HTXDWLRQV� ZLWK� 1HZWRQ¶V� HTXDWLRQ� RI
PRWLRQ�RI�D�SDUWLFOH��LQGHHG��WKH�PHWULF�IRU�OLJKW�UD\V
LV� GHWHUPLQHG� LQ� WKLV� SDSHU� E\� FRPSDULQJ� WKH� JHR�
GHVLF� HTXDWLRQV� ZLWK� WKH� K\GURG\QDPLF� HTXDWLRQ
GHVFULELQJ� WKH� VWDWH� RI� PRWLRQ� RI� WKH� PHGLXP� RI
SURSDJDWLRQ�� ,Q� WKH� RSWLFDO� DSSURDFK�� LW� KDV� VKRZQ
WKDW�WKH�PHWULF�WHQVRU�J

UU
�LV�LGHQWLILHG�ZLWK�WKH�VTXDUH

RI� D� UHIUDFWLYH� LQGH[� RI� WKH�PHGLXP�ZLWK� VSKHULFDO
V\PPHWU\��+RZHYHU��LW�LV�WUXH�WKDW�VXFK�DQ�LQWHUSUH�
WDWLRQ� RI� WKH� PHWULF� WHQVRU� J

UU
� FDQQRW� EH� DSSOLHG

LGHQWLFDOO\� WR� WKH� HTXDWLRQ� RI� PRWLRQ� RI� PDWHULDO
SDUWLFOHV�

,Q�D�SUHYLRXV�SDSHU����WKH�DXWKRU�KDV�SRLQWHG�WKDW�
SKHQRPHQRORJLFDOO\��D�SDUWLFOH�YHORFLW\� LWVHOI�ZRXOG
DSSHDU�GLODWHG�WR�WKH�REVHUYHU��NHHSLQJ�LWV�WLPH�LQWDFW�
7KLV� PHDQV� WKDW� WKH� SK\VLFDO� UHDOLW\� RI� WKH� IRXUWK
FRRUGLQDWH�LV�QRW�FW¶�EXW�F¶W�LQ�DQ�DUELWUDU\�FRRUGLQDWH
V\VWHP� �FW�� [�¶�� 7KH� WLPH� LQWHUYDOV� LQ� WKH� 6FKZDU�
]VFKLOG� PHWULF� VKRXOG� WKHUHIRUH� EH� XQGHUVWRRG� LQ
WHUPV�RI�G�FW��DQG�G�F¶W���RU�EULHIO\�F�DQG�F¶��FRQWUDU\
WR�WKH�FXUUHQW�UHFRJQLWLRQ��,W�LV�WKHQ�DW�RQFH�HYLGHQW
WKDW� (T�� �$��� LV� MXVW�ZKDW�ZH� VKRXOG� H[SHFW� LI� ZH
H[WHQG�WKH�UHGVKLIW�HIIHFW�LQ�(T������WR�WKH�FDVH�RI�D
PRYLQJ�VRXUFH�RI�OLJKW��7R�EH�FRQVLVWHQW�ZLWK�SK\V�
LFV�OLWHUDWXUHV�DQG�WH[WERRNV��QHYHUWKHOHVV��WKH�FXUUHQW
QRWDWLRQ�KDV�EHHQ�DGRSWHG�LQ�WKLV�VXEVHTXHQW�SDSHU�

5HIHUHQFHV

>�@�$��(LQVWHLQ��$QQ��GHU�3K\V�����������������
>�@�/��)��-HZHOO��-��GH�3K\V����������������&K��)DEU\�DQG�+��%RLVVRQ��&RPSWHV�5HQGXV�����������������
>�@�$��(LQVWHLQ��$QQ��GHU�3K\V�����������������
>�@�+��*ROGVWHLQ��&ODVVLFDO�0HFKDQLFV��$GGLVRQ�:HVOH\���������S������
>�@�0�*��$GDPV��0RQ��1RW��5R\��$VWURQ��6RF�������������������/�$��+LJJV��0RQ��1RW��5R\��$VWURQ��6RF������

����������
>�@�+�(��:KLWH��,QWURGXFWLRQ�WR�$WRPLF�6SHFWUD��0F*UDZ�+LOO���������S������
>�@�-�(��%ODPRQW�DQG�)��5RGGLHU��3K\V��5HY��/HWW����������������
>�@�5�9��3RXQG�DQG�*�$��5HEND�-U���3K\V��5HY��/HWW�����������������3K\V��5HY��/HWW�����������������7�(��&UDQ�

VKDZ��-��3��6FKLIIHU��DQG�$�%��:KLWHKHDG��3K\V��5HY��/HWW����������������
>�@�+�-��+D\��-�3��6FKLIIHU��7�(��&UDQVKDZ��DQG�3�$��(JHOVWDII��3K\V��5HY��/HWW����������������
>��@�'�2��0XKOHPDQ��5�'��(NHUV��DQG�(�%��)RPDORQW��3K\V��5HY��/HWW������������������
>��@�*�$��6HLHOVWDG��5�$��6UDPHN��DQG�.�:��:HLOHU��3K\V��5HY��/HWW������������������
>��@�6��:HLQEHUJ��*UDYLWDWLRQ�DQG�&RVPRORJ\��-RKQ�:LOH\�	�6RQV���������&KDS����
>��@�0��%RUQ�DQG�(��:ROI��3ULQFLSOHV�RI�2SWLFV��3HUJDPRQ����������WK�HG���S������
>��@�/�,��6FKLII��$P��-��3K\V������������������&��0ROOHU��7KH�7KHRU\�RI�5HODWLYLW\��2[IRUG����������QG�HG���S�

����
>��@�,�,��6KDSLUR��3K\V��5HY��/HWW�����������������
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>��@�,�,��6KDSLUR��*�+��3HWWHQJLOO��0�(��$VK��0�/��6WRQH��:��%��6PLWK��5�3��,QJDOOV��DQG�5�$��%URFNHOPDQ�
3K\V��5HY��/HWW�������������������,�,��6KDSLUR��0��(��$VK��5��3��,QJDOOV��:�%��6PLWK��'�%��&DPSEHOO��5�
%��'\FH��5�)��-XUJHQV��DQG�*�+��3HWWHQJLOO��3K\V��5HY��/HWW������������������

>��@�&�:��$OOHQ��0RQ��1RW��5R\��$VWURQ��6RF������������������
>��@�:�&��(ULFNVRQ��$VWURSK\V��-�������������������
>��@�5�1��%UDFHZHOO��9�5��(VKHOPDQ��DQG�-�9��+ROOZHJ��$VWURSK\V��-������������������
>��@�*�0��&OHPHQFH��5HY��0RG��3K\V�����������������
>��@�<�*��<L��3K\V��(VVD\V����������������

1RWH�DGGHG�LQ�SURRI��7KH�UHYLHZHU¶V�FULWLFLVP�RI
WKH� UHGVKLIW� UHVXOW� LV� VR� LQVWUXFWLYH� WKDW� WKH� DXWKRU
ZRXOG� OLNH� WR� LQWURGXFH� KLV� FULWLFLVP� WR� WKH� UHDGHU�
VKLS�

>&�@�7KH�UHGVKLIW�HTXDWLRQ��(T����VKRXOG�KROG�IRU
DQ\� DFFHOHUDWLRQ�� ,I� GHULYDEOH� IURP� D� SRWHQWLDO� RQH
FRXOG� SRVWXODWH� WKDW� JK�F� EH� UHSODFHG� E\� WKH� ULJKW
PHPEHU�RI�(T����DQG�WKHQ�GHILQH�Q�U��E\�(T�����7KLV
ZRXOG� DYRLG� WKH� SRWHQWLDO� FRQIXVLRQ� RI� IOXLG� GUDJ
HIIHFWV��DV�LQ�)L]HDX¶V�H[SHULPHQWV��DQG�DOVR�GLYRUFH
WKH� SURSRVHG� HIIHFW� IURP� IOXLG� IORZ� SHU� VH�� $V� WKH
HIIHFWV� DOO� VWHP� IURP� UHODWLYH� DFFHOHUDWLRQV� RI� UHIHU�
HQFH� IUDPHV�� D� FOHDU� GHVFULSWLRQ� RI�ZKDW� FRQVWLWXWHV
SURSHU�IUDPHV�ZLWKLQ�DQG�RXWVLGH�D�³IOXLG´�LV�QHHGHG�
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WULEXWH� WKH�UHGVKLIW� WR�D� UHODWLYH�YHORFLW\�EHWZHHQ�DQ
LQHUWLDO�IUDPH�DQG�D�IUDPH�PRYLQJ�ZLWK�D�IOXLG��,W�PD\
EH� SRVVLEOH� WKDW� D� UHODWLYH� DFFHOHUDWLRQ� EHWZHHQ
IUDPHV�FDXVHV�D�ORFDO�UHGVKLIW�DQG�D�FXPXODWLYH�WLPH
GHOD\�� ,� WKLQN� WKDW� DQ� DSSHDO� WR� WKH� SULQFLSOH� RI
HTXLYDOHQFH� LV� VWLOO� QHFHVVDU\� LQ�RUGHU� WR� LQFOXGH� DOO
FDXVHV�RI�DFFHOHUDWLRQ�DV�FDXVHV�RI�UHGVKLIW�

>&�@�:LWKRXW� GRLQJ� DOO� RI� WKH�PDQLSXODWLRQV� UH�
TXLUHG�IRU�SURRI��,�VXVSHFW�WKDW�RQH�FRXOG�UHWULHYH�WKH
UHGVKLIW�LPSOLHG�E\�(T����IURP�WKH�ILHOG�HTXDWLRQV�RI
JHQHUDO� UHODWLYLW\�� 7KH� WHUPV� EH\RQG� JUDYLWDWLRQDO
SRWHQWLDO�VKRXOG�EH�FRQWDLQHG�ZLWKLQ�WKH�VWUHVV�HQHUJ\
WHQVRU� RI� WKH� ULJKW� PHPEHU� RI� WKH� ILHOG� HTXDWLRQV�

7KLV�LV�QR�FULWLFLVP�RI�(T�����LQ�IDFW�LW�LV�JRRG�WR�KDYH
DQ�LQWXLWLYH�ZD\�RI�DUULYLQJ�DW�WKH�UHGVKLIW�UHVXOW�

>&�@� 7KH� DXWKRU� GHVFULEHV� (LQVWHLQ¶V� LQWHUSUHWD�
WLRQ�RI�UHGVKLIW�DV�D�PDQLIHVWDWLRQ�RI�WLPH�GLODWLRQ�LQ�D
JUDYLWDWLRQDO�SRWHQWLDO� DV� ³UDWKHU�XQXVXDO�´� ,� EHOLHYH
WKDW�WKLV�LV�XQZDUUDQWHG��$W�WKLV�SRLQW�LQ�WKH�GHYHORS�
PHQW� RI� WKH� DXWKRU¶V� RSWLFDO� DQDORJ\� KH� KDV� WLHG
HYHU\WKLQJ� WR� FKDQJHV� FDXVHG� E\� SURSHUWLHV� RI� WKH
³PHGLXP´� RI� SURSDJDWLRQ�� 6LQFH� WKHUH� DUH� HIIHFWV
FOHDUO\�GXH�WR�D�JUDYLWDWLRQDO�ILHOG� LQ� WKH�DEVHQFH�RI
DQ\� RWKHU� ³PHGLXP´�� DQG� RWKHU� LQWHUSUHWDWLRQV� DUH
ODFNLQJ�DW� WKLV�SRLQW�� ,� EHOLHYH� WKDW� LW� LV� LQFRUUHFW� WR
FDOO�(LQVWHLQ¶V�LQWHUSUHWDWLRQ�³UDWKHU�XQXVXDO�´
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VWDQGSRLQW�ORRNLQJ�DW�WKH�UHODWLYLW\�WKHRU\�EHWZHHQ�WKH
FXUUHQW� SDUDGLJP� �UHYLHZHU�� DQG� WKH� RSSRQHQW
�DXWKRU���:KDW� WKH� H[SHULPHQW� KDV� DFWXDOO\� GHPRQ�
VWUDWHG�LV�D�FKDQJH�LQ�ZDYHOHQJWK�RU�IUHTXHQF\�ZLWK
JUDYLWDWLRQDO�SRWHQWLDO��QRW�D�FKDQJH�LQ�UDWH�RI�FORFN
ZLWK� LW�� 2QH� FDQ� VHH� IURP� WKH� RULJLQDO� SDSHU� WKDW
(LQVWHLQ� SUHVHQWHG� WKH� LQWHUSUHWDWLRQ� RI� WKH� UHGVKLIW
HIIHFW�DV�D�UHVXOW�RI�ILWWLQJ�WKH�SUHGLFWHG�VSHHG�RI�OLJKW
F¶� �F���+�JK�F��� HYHQ� GHOLEHUDWHO\� LQWR� WKH� SRVWXODWH
RI� WKH� FRQVWDQF\� RI� WKH� VSHHG� RI� OLJKW�� ,� WKLQN� WKDW
(LQVWHLQ�SXW�WKH�FDUW�EHIRUH�WKH�KRUVH�LQ�LWV�LQWHUSUHWD�
WLRQ��DSDUW�IURP�WKH�FRQWURYHUV\�RI�ZKHWKHU� WKH�SRV�
WXODWH�LV�FRQVLVWHQW�RU�LQFRQVLVWHQW�


