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0DJQHWLF� VWUXFWXUH� RI� LQKRPRJHQHRXVO\� PDJQHWL]HG� QHDU�VXUIDFH� PDJQHWLF� OD\HU� IRU
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,URQ�ERUDWH�LV�D�WULJRQDO�FU\VWDO�GHVFULEHG
E\� '�G� � VSDWLDO� V\PPHWU\� JURXS�� ,W� LV� DQ
DQWLIHUURPDJQHW�ZLWK�ZHDN� IHUURPDJQHWLVP
DQG�PDJQHWLF�DQLVRWURS\�RI�HDV\�SODQH� W\SH
>�@��,URQ�ERUDWH�VLQJOH�FU\VWDOV�DUH�WUDGLWLRQ�
DOO\� JURZQ� IURP� VROXWLRQ� LQ� PHOW�� ,Q� WKLV
FDVH��WKH�VDPSOHV�DUH�VKDSHG�DV�EDVDO�SODWHV
�A&���RI�D����WR�����PP�WKLFNQHVV��7R�V\Q�WKHVL]H� LVRPHWULF� FU\VWDOV�� ZH� KDYH� GHYHO�
RSHG� DQG� XVHG� WKH� JDV�WUDQVSRUW� JURZWK
PHWKRG�� 7KH� VDPSOHV� REWDLQHG� ZHUH� RI� GLI�
IHUHQW� VKDSHV� DQG� KDG� PLUURU� IDFHV� RI� WKH
IROORZLQJ� W\SHV�� ����

BB
���� ����

BB
���� ����

BB
���

����
BB
���DQG���������

7KH� VXUIDFH� PDJQHWLVP� EHLQJ� D� VSHFLILF
QHDU�VXUIDFH� PDJQHWLF� WUDQVLWLRQ� OD\HU� KDV
EHHQ� UHYHDOHG� DQG� VWXGLHG� RQ� QRQ�EDVDO
QDWXUDO� IDFHV� RI� LVRPHWULF� )H%2�� VLQJOHFU\VWDOV� >�@�� 7KH� QHDU�VXUIDFH� WUDQVLWLRQ
OD\HU�DULVHV�GXH�WR�H[FKDQJH�LQWHUDFWLRQ�DQG
VSHFLILF�VXUIDFH�PDJQHWLF�DQLVRWURS\��ZKLFK
SLQV� WKH�PDJQHWLF�PRPHQWV� RI� VXUIDFH� LRQV
LQ� D� FHUWDLQ�GLUHFWLRQ� LQ�EDVDO� �HDV\��SODQH�
7KLV� DQLVRWURS\� LV� FDXVHG� E\� FKDQJH� LQ� WKH
V\PPHWU\� RI� PDJQHWLF� LRQ� HQYLURQPHQW� DW
WKH� FU\VWDO� VXUIDFH� DV� FRPSDUHG� WR� WKH�YRO�

XPH� >�@�� 7KH� VXUIDFH� DQLVRWURS\� DQG� H[�
FKDQJH� LQWHUDFWLRQ� UHVXOW� LQ� D� JUDGXDO
FKDQJH� LQ� VSLQ�RULHQWDWLRQ� IURP�VSLQ�GLUHF�
WLRQ� DW� WKH� VXUIDFH� WR� LWV� GLUHFWLRQ� LQ� YRO�
XPH��7KDW�URWDWLRQ�WDNHV�SODFH� LQ�QHDU�VXU�
IDFH�OD\HU�RI�PDFURVFRSLF�WKLFNQHVV��EHFDXVH
RI�YHU\�VPDOO�EDVDO�DQLVRWURS\�LQ�WKH�VDPSOH
EXON�� WKH� VXUIDFH� DQLVRWURS\� H[LVWHQFH� DQG
ORZ� GHPDJQHWL]DWLRQ� ILHOG� SURSRUWLRQDO� WR
ZHDN�IHUURPDJQHWLF�PRPHQW�� ,Q�FRQWUDVW�WR
RUGLQDU\� IHUURPDJQHW�� WKH� HDV\�SODQH� ZHDN
IHUURPDJQHW� LV� WKH� FDVH� RI� IDYRUDEOH� FRQGL�
WLRQV�IRU�VXUIDFH�DQLVRWURS\�REVHUYDWLRQ�
7KXV�� D� OD\HU� ZLWK� LQKRPRJHQHRXV� PDJ�

QHWL]DWLRQ� GLVWULEXWLRQ� RI� GRPDLQ� ERXQGDU\
W\SH� LV� IRUPHG� LQ� QHDU�VXUIDFH� UHJLRQ� RI
QRQ�EDVDO� IDFHV� LQ� LURQ� ERUDWH� VLQJOH� FU\V�
WDOV��/HW�XV�FDOFXODWH�WKH�PDJQHWLF�VWUXFWXUH
RI�VXFK�QHDU�VXUIDFH�OD\HU��
&RQVLGHULQJ� WKH� PDJQHWR�GLSROH� LQWHUDF�

WLRQ� RI� PDJQHWLF� LRQV� )H��� LQ� QHDU�VXUIDFH
UHJLRQ�DV�D�PDLQ�PHFKDQLVP�RI� WKH� VXUIDFH
DQLVRWURS\�>�@��ZH�KDYH�REWDLQHG�WKH�H[SUHV�
VLRQ� IRU� VXUIDFH� DQLVRWURS\� HQHUJ\� V�� )RU
WKH�IDFH�����

BB
����LW�LV�UHGXFHG�WR�WKH�IRUP

)XQFWLRQDO�0DWHULDOV�����1R��������� �������Û�,QVWLWXWH�IRU�6LQJOH�&U\VWDOV

��� )XQFWLRQDO�PDWHULDOV�������������



V� �D6���VLQ�M�� ���
ZKHUH� È6� LV� WKH� FDOFXODWHG� PDJQHWR�GLSROH
FRQVWDQW� RI� WKH� VXUIDFH� DQLVRWURS\��M��� WKHDQJOH�GHILQLQJ�WKH�VSLQ�GLUHFWLRQ�RQ�WKH�VXU�
IDFH��)LJ�����
7KH� PDJQHWL]DWLRQ� GLVWULEXWLRQ� LQ� WKH

WUDQVLWLRQ�OD\HU�GHSHQGV�RQ�H[WHUQDO�PDJQHWLF
ILHOG��7KH� OD\HU� VWUXFWXUH� FDQ� EH� GHWHUPLQHG
EDVLQJ�RQ�WKH�H[SUHVVLRQ�IRU�LWV�HQHUJ\��J��)RU
WKH�IDFH�����
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+HUH�$� LV� H[FKDQJH�SDUDPHWHU��0��VSRQ�
WDQHRXV� PDJQHWL]DWLRQ�� +�� PDJQHWLF� ILHOG
DSSOLHG�DORQJ�KDUG�D[LV��+__[��)LJ������ZKLFK
RULHQWDWLRQ� FDQ� EH� GHWHUPLQHG� IURP� WKH
PLQLPXP�FRQGLWLRQ� IRU�H[SUHVVLRQ� �����6� LV
WKH� GLVWDQFH� IURP� WKH� FU\VWDO� VXUIDFH� LQWR
LWV� GHSWK�� M�� WKH� DQJOH� EHWZHHQ� PDJQHWLF
ILHOG� DQG� WKH� VSLQ�GLUHFWLRQ� DW� WKH�GLVWDQFH
6�IURP�WKH�VXUIDFH��
8VLQJ�IXQFWLRQDO�����PLQLPXP�FRQGLWLRQ�

ZH� KDYH� IRXQG� WKH� HTXLOLEULXP� YDOXH� RI� WKH
WUDQVLWLRQ�OD\HU�HQHUJ\�IRU�DUELWUDU\�DQJOH�M��

JHT� ���CCCCCC$0+�>��FRV�S�e�����M��e���@� ���
DQG�JRW�H[SUHVVLRQ�FRQQHFWLQJ�VSLQ�RULHQWD�
WLRQ� ZLWK� LWV� GLVWDQFH� IURP� WKH� VXUIDFH
����
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ZHUH� D� �S�e�����M�e����E� �S�e�����M��e���� 7KH
DQJOH�M��LV�GHWHUPLQHG�E\�WKH�HTXDWLRQ
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7DNLQJ� LQWR� DFFRXQW� ���� DQG� ����� WKH� H[�
SUHVVLRQ�����FDQ�EH�UHGXFHG�WR�WKH�IRUP
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,Q� IDFW�� WKH� HTXDWLRQ� ���� GHWHUPLQHV� WKH
FXUYH�RI�VXUIDFH�PDJQHWL]DWLRQ��7KH�VDWXUD�
WLRQ� ILHOG� FDXVLQJ� KRPRJHQHRXV� PDJQHWL]D�
WLRQ� GLVWULEXWLRQ� LQ� QHDU�VXUIDFH� UHJLRQ
�HUDVLQJ�WKH�WUDQVLWLRQ�OD\HU�� LV�IRXQG�IURP
WKLV�HTXDWLRQ�LQ�WKH�FDVH�M�� �S���
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8VLQJ������HTXDWLRQ�����FDQ�EH�ZULWWHQ�LQ
DQRWKHU�IRUP�
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2XU�FDOFXODWLRQV�EDVHG�RQ�WKH�IRUPXOD����
JLYH�+6� ����� 2H� DW� URRP� WHPSHUDWXUH�� ,QH[SHULPHQW�� WKH� VDWXUDWLRQ� ILHOG�+6��ZKLFKLV� DFWXDOO\� ILHOG� RI� VXUIDFH� DWRPLF� OD\HU
PDJQHWL]LQJ��FDQ�EH�GHWHUPLQHG�E\�PHDQV�RI
PDJQHWR�RSWLFDO� UHIOHFWLQJ� .HUU� HIIHFWV�
6LQFH�WKH�GHSWK�RI�UHIOHFWHG�EHDP�IRUPDWLRQ
LV� YHU\� VPDOO� �a����� PP��� WKH� .HUU� HIIHFWV
HQDEOH� WR� PHDVXUH� PDJQHWL]DWLRQ� RI� YHU\
WKLQ� VXUIDFH� OD\HU� �PXFK� WKLQQHU� WKDW� VDLG
WUDQVLWLRQ�PDJQHWLF�OD\HU���
8VLQJ�WKH�HTXDWRULDO�.HUU�HIIHFW��ZH�KDYH

IRXQG�H[SHULPHQWDO�YDOXH�RI�VDWXUDWLRQ�ILHOG
IRU� WKH� IDFH� ����

BB
��� DW� URRP� WHPSHUDWXUH�

+6|����� 2H�� 7KH� V\PPHWU\� RI� PHDVXUHGVXUIDFH� DQLVRWURS\� ZDV� LQ� FRLQFLGHQFH� ZLWK
WKH�WKHRU\�
:H� KDYH� VWXGLHG� WKH� PDJQHWL]DWLRQ� GLV�

WULEXWLRQ� LQ� WKH� WUDQVLWLRQ� OD\HU� E\� FRQ�
VWUXFWLQJ� FXUYHV� M�6�� RQ� WKH� EDVLV� RI� ����
�����DQG�H[SHULPHQWDO�YDOXH�RI�WKH�ILHOG�+6IRU� GLIIHUHQW� YDOXHV� RI� PDJQHWLF� ILHOG� +
�)LJ������
,Q�H[SHULPHQW��WKH�VWUXFWXUH�RI�QHDU�VXU�

IDFH�PDJQHWLF�OD\HU�FDQ�EH�VWXGLHG�E\�PHDV�
XULQJ�PDJQHWL]DWLRQ� FXUYHV� RI� QHDU�VXUIDFH
OD\HUV� RI� GLIIHUHQW� GHSWKV�� ,Q� SULQFLSOH�
PDJQHWR�RSWLFDO� UHIOHFWLQJ� HIIHFWV� FDQ� EH
XVHG� IRU� WKLV� SXUSRVH�� VLQFH� WKH� HIIHFW� IRU�
PDWLRQ� GHSWK� FDQ� EH� FRQWUROOHG� ZLWKLQ� FHU�
WDLQ� OLPLWV� E\� FKDQJLQJ� WKH� OLJKW� ZDYH�
OHQJWK� >�@�� ,Q� RXU� FDVH�� KRZHYHU�� WKLV
PHWKRG� LV� LQHIIHFWLYH�� EHFDXVH� RI� WRR� VPDOO

)LJ�����*HRPHWU\�RI�PDJQHWL]DWLRQ�SURFHVV�

9�(�=XERY�HW�DO����6WUXFWXUH�RI�QHDU�VXUIDFH�PDJQHWLF����
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GHSWK� RI� PDJQHWR�RSWLFDO� VLJQDO� IRUPDWLRQ�
7R� LQYHVWLJDWH� WKH� PDJQHWLF� VWUXFWXUH� RI
LURQ�ERUDWH�WUDQVLWLRQ�OD\HU��WKH�XVH�RI�PDJ�
QHWLF�0RHVVEDXHU�HIIHFW�UHJLVWUDWLRQ�PHWKRG
VHHPV�WR�EH�RI�LQWHUHVW�WKDW�HQDEOHV�WR�PHDV�
XUH� WKH� DYHUDJH�PDJQHWL]DWLRQ� RI� WKH�QHDU�
VXUIDFH�PDJQHWLF�OD\HU�GHWHUPLQHG�E\�GHSWK
RI� UDGLDWLRQ� SHQHWUDWLRQ� LQWR� WKH� FU\VWDO�
'HWXQLQJ� IURP� UHVRQDQFH� DQG� FKDQJLQJ� WKH
J�TXDQWXP� HQHUJ\�� WKH� SHQHWUDWLRQ� GHSWK
FDQ�EH�YDULHG� >�@��8VLQJ�IRU� WKLV�SXUSRVH�D
KLJK�SRZHU�V\QFKURWURQ�UDGLDWLRQ�LQVWHDG�RI
�FODVVLF�� UDGLRDFWLYH� 0RHVVEDXHU� VRXUFH�
VHHPV�WR�EH�WKH�PRVW�SURPLVLQJ�WUHQG�>�@��,Q
WKLV�FDVH��ZH�FRXOG�H[SHULPHQW�ZLWK�VDPSOHV
)H%2�� FRQWDLQLQJ� WKH� 0HVVEDXHU� LVRWRSH��)H�LQ�QDWXUDO�FRQFHQWUDWLRQ��a�����
/HW� XV� FDOFXODWH� DYHUDJH� PDJQHWL]DWLRQV

RI� WKH� OD\HUV� H[SHFWHG� LQ� H[SHULPHQW�� 7KH
DYHUDJH�PDJQHWL]DWLRQ�RI�WKH�OD\HU�LV�GHWHU�
PLQHG�DV�
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+HUH�6O� LV�WKH�WKLFNQHVV�RI�SUREHG�OD\HU�0+�6���PDJQHWL]DWLRQ�LQ�WKH�GHSWK�6��U�6��ZHLJKWLQJ� IDFWRU� FRQVLGHULQJ�0HVVEDXHU� UD�
GLDWLRQ�GDPSLQJ�LQ�WKH�FU\VWDO��)LJ����SUHVHQWV
FXUYHV�0�+�� FDOFXODWHG� DFFRUGLQJ� WR� ���� DQG
WDNLQJ� LQWR� DFFRXQW� ����� ���� DQG� H[SHULPHQWDO
YDOXH�RI�VDWXUDWLRQ�ILHOG�+6� ������2H��,Q�����ZH�KDYH�DVVXPHG�U� ���IRU�VLPSOLFLW\�VDNH��
7KXV�� ZH� KDYH� FDOFXODWHG� WKH� WUDQVLWLRQ

PDJQHWLF�OD\HU�VWUXFWXUH�LQ�LURQ�ERUDWH��7KH
GHSHQGHQFH�RI�WKH�VWUXFWXUH�RQ�DSSOLHG�PDJ�
QHWLF�ILHOG�KDV�EHHQ�GHWHUPLQHG��([SHULPHQ�
WDO� SRVVLELOLWLHV� RI� LQYHVWLJDWLRQ� RI� WKLV
VWUXFWXUH�KDYH�EHHQ�GLVFXVVHG�DV�ZHOO��

5HIHUHQFHV
� ���5�'LHKO�� :�7DQW]�� %�,�1RODQJ�� :�:HWOOLQJ�

LQ�� &XUUHQW� 7RSLFV� LQ� 0DWHULDOV� 6FLHQFH�
8SSVDOD���������Y�����FK����S������
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� ���'�6DQGHU��-��3K\V��&RQGHQV��0DWWHU�������5���
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� ���'XQ� ,QE\��9�(�=XERY��=K��7HNKQ��)L]��� ���� ��
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� ���9�*�/DEXVKNLQ��9�9�5XGHQNR��(�5�6DUNLVRY�HW
DO���3LV�PD�Y�=K��(NVS��7HRU��)L]������������������

� ���(�(�$OS��:�6WXUKDKQ�� 7�7RHOOQHU��0HVVEDXHU
(IIHFW� 5HIHUHQFH� DQG�'DWD�-RXUQDO�� ���� ���
�������

)LJ����� 6SLQ� GLUHFWLRQV� LQ� WUDQVLWLRQ� OD\HU� LQ
PDJQHWLF�ILHOG��+� �2H������������������������
��������������������������������

)LJ�����0DJQHWL]DWLRQ�FXUYHV�IRU�QHDU�VXUIDFH
PDJQHWLF� OD\HUV� RI� GLIIHUHQW� GHSWK� 6� �PP��
�����������������������������������
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