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J LV�DQJOH�RI�HOHYDWLRQ�RI�D�WKH�VN\�HOHPHQW�DERYH�WKH�KRUL]RQ�
= DQJXODU�GLVWDQFH�EHWZHHQ�WKH�VN\�HOHPHQW�DQG�]HQLWK�� J� ���= ��
7KH�OXPLQDQFH�GLVWULEXWLRQ�RI�FOHDU�VN\�ZDV�GHVFULEHG�E\�.LWWOHU�DQG�ZDV��WRJHWKHUZLWK�&,(�RYHUFDVW�VN\��SXEOLVKHG�DV�,62�&,(�VWDQGDUG�LQ������>�@�

�FRV����������������
�FRV��������������

��

��VLQ�����

6
=

= =H
HH

/
/

6 �����
����� �

�� FFJ
J � ���

ZKHUH�F LV�DQJXODU�GLVWDQFH�EHWZHHQ�D�VN\�HOHPHQW�DQG�VXQ�
6= ]HQLWK�GLVWDQFH�RI�WKH�VXQ�
,Q 0DUFK������D�QHZ�,62�&,(�VWDQGDUG�ZDV�SXEOLVKHG��7KH�QHZ�VWDQGDUG� LV�DQRXWFRPH�RI�WKH�&,(�7&�����
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QRUWK

VXQ

PH
ULGD

Q

HOHPHQW

VXQ

]HQLWK

=
=V

J

J

D

V

F

V
D

$]

)LJ�����$QJOHV�GHILQLQJ�SRVLWLRQ�RI�D�VN\�HOHPHQW�DQG�WKH�VXQ�
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7KH� OXPLQDQFH�JUDGDWLRQ�IXQFWLRQ� M FRQQHFWV� WKH� OXPLQDQFH�RI� WKH�VN\�HOHPHQW
DQG�LWV�]HQLWK�DQJOH�
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)LJ�����6WDQGDUG�JUDGDWLRQ�IXQFWLRQ�JURXSV

� )LJ�����6WDQGDUG�LQGLFDWUL[�IXQFWLRQ�JURXSV�
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7$%/(��� 67$1'$5'�3$5$0(7(56

7\S
H

*UD
GDW

LRQ
,QG

LFDW
UL[

D E F G H 'HVFULSWLRQ�RI�OXPLQDQFH�GLVWULEXWLRQ

� , � � ���� � �� � &,(�6WDQGDUG�2YHUFDVW�6N\��DOWHUQDWLYH�IRUP�6WHHS
OXPLQDQFH�JUDGDWLRQ�WRZDUGV�]HQLWK��D]LPXWKDO�XQLIRUPLW\
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� ,,, � � �� � �� � 6N\�RI�XQLIRUP�OXPLQDQFH
� ,,, � � �� � ���� ���� 3DUWO\�FORXG\�VN\��QR�JUDGDWLRQ�WRZDUGV�]HQLWK��VOLJKWEULJKWHQLQJ�WRZDUGV�WKH�VXQ
� ,,, � � �� � ���� ��� 3DUWO\�FORXG\�VN\��QR�JUDGDWLRQ�WRZDUGV�]HQLWK��EULJKWHUFLUFXP�VRODU�UHJLRQ
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�� ,9 � �� ����� � ���� ��� 3DUWO\�FORXG\��ZLWK�EULJKWHU�FLUFXPVRODU�UHJLRQ
�� ,9 � �� ����� �� �� ���� :KLWH�EOXH�VN\�ZLWK�GLVWLQFW�VRODU�FRURQD
�� 9 � �� ����� �� �� ���� &,(�6WDQGDUG�&OHDU�6N\��ORZ�LOOXPLQDQFH�WXUELGLW\
�� 9 � �� ����� �� �� ��� &,(�6WDQGDUG�&OHDU�6N\��SROOXWHG�DWPRVSKHUH
�� 9, � �� ����� �� �� ��� &ORXGOHVV�WXUELG�VN\�ZLWK�EURDG�VRODU�FRURQD
�� 9, � �� ����� �� ���� ���� :KLWH�EOXH�WXUELG�VN\�ZLWK�EURDG�VRODU�FRURQD

��� /XPLQDQFH�GLVWULEXWLRQ�FDOFXODWLRQ�WRROV
7KH�QHZ�VWDQGDUG�KDV�VHW�QHZ�SDUDPHWHUV�DQG�DOVR�QHZ�PHWKRGV�IRU�FDOFXODWLQJLQGRRU�LOOXPLQDQFH�LQ�GLIIHUHQW�FOLPDWLF�FRQGLWLRQV��7KHVH�EDVLFV�VKRXOG�EH�LQFOXGHGLQ� DOO� QHZ� SURJUDPPHV� WKDW� FDOFXODWH� GD\OLJKW�� 7KDW� LV� ZK\� ZH� VWDUWHG� WR� EXLOG� DVRIWZDUH�WKDW�ZLOO�FDOFXODWH�VN\�OXPLQDQFH�GLVWULEXWLRQ�UHJDUGLQJ�WKH�QHZ�VWDQGDUG�7KH�VRIWZDUH�FRPSULVHV�RI�WZR�PRGXOHV��7KH�ILUVW��6XQ��FDOFXODWHV�H[DFW�ORFDWLRQRI�WKH�VXQ�LQ�WKH�VN\�� WKH�VHFRQG��6N\��FDOFXODWHV� OXPLQDQFH�GLVWULEXWLRQ�UHJDUGLQJWKH�SRVLWLRQ�RI�WKH�VXQ�DQG�RWKHU�LQSXW�GDWD�



���0RGXOH�6XQ
7KH� ILUVW� LQSXW�GDWXP� IRU� OXPLQDQFH�GLVWULEXWLRQ� FDOFXODWLRQ� LV� WKH�SRVLWLRQ�RI� WKHVXQ�� 3RVLWLRQV� RI� HYHU\� SODQHW� RU� VWDU� LQFOXGLQJ� WKH� VXQ�� GHSHQG� RQ� WKH� WLPH� RIREVHUYDWLRQ�DQG�WKH�ORFDWLRQ�RI�REVHUYDWLRQ�RQ�WKH�HDUWK�8VLQJ� D� VHW� RI� HTXDWLRQV� >��@� ZH� EXLOW� D� SURJUDPPH� FRGH� WKDW� FDOFXODWHV� WKHSRVLWLRQ�RI� WKH�VXQ�� WKH� ULVH�DQG�VHW� WLPHV��DQG� WKH� OHQJWK�RI� WKH�GD\� IRU�D�FHUWDLQSRLQW�RI�REVHUYDWLRQ�RQ� WKH�HDUWK��7KH�SRVLWLRQ�RI� WKH�VXQ� LV�H[DFWO\� GHVFULEHG�E\

DOWLWXGH� VJ DQG�D]LPXWK� VD � $OWLWXGH�DQG�D]LPXWK�DUH�JLYHQ� LQ�GHJUHHV��7LPH�GDWD
DUH H[SUHVVHG�LQ�ORFDO�WLPH��ZKLFK�FRQWULEXWHV�WR�HDVLHU�IXUWKHU�FDOFXODWLRQV�)LJXUH���VKRZV�D�FXVWRP�LQWHUIDFH�ZLQGRZ�RI�PRGXOH�6XQ��LQ�ZKLFK�WKH�SRVLWLRQ�RIWKH VXQ� LV� FDOFXODWHG�� 7KH� ORFDWLRQ� RI� REVHUYDWLRQ� �JHRJUDSKLFDO� ORQJLWXGH� DQGODWLWXGH��FDQ�EH�LQSXWWHG�DV�QXPHULF�YDOXHV�LQ�DGHTXDWH�ILHOGV�RU�XVLQJ�:RUOG�PDS�VHH )LJ�����WR�VHOHFW�DSSURSULDWH�ORFDWLRQ�E\�FOLFNLQJ�RQ�D�FHUWDLQ�SRLQW�RQ�WKH�PDS�%HVLGH� WKH� ORFDWLRQ�RI�REVHUYDWLRQ� LW� LV�QHFHVVDU\� WR� ILOO� LQ� WKH� WLPH�RI�REVHUYDWLRQDQG�WKH�WLPH�]RQH�RI�ORFDWLRQ�

)LJ�����0DQ���0DFKLQH�LQWHUIDFH�RI�PRGXOH�6XQ



)LJ����8VLQJ�:RUOG�PDS�WR�VHOHFW�SRVLWLRQ�RI�REVHUYDWLRQ
0RGXOH�6XQ� FDOFXODWHV� DQG� GLVSOD\V� ULVH� DQG� VHW� WLPHV�� WKH� DQJOH� EHWZHHQ� WKH

KRUL]RQ�DQG�WKH�VXQ��DOWLWXGH� VJ ���DQG�WKH�YDOXH�RI�WKH�D]LPXWK�RI� WKH�VXQ�IRU� WLPH
DQG� ORFDWLRQ��5LVH�DQG�VHW�WLPHV�RQO\�VHUYH�DV�FRQWURO�SXUSRVHV��7KHVH� WZR� WLPHVVHW WKH�DYDLODEOH�WLPH� LQWHUYDO�IRU�FDOFXODWLRQ�� WKHUHIRUH� LW� LV� LPSRVVLEOH� WR�FDOFXODWHGD\OLJKW�DW�QLJKW��ZKHQ�WKH�REVHUYHG�ORFDWLRQ�LV�QRW�OLJKWHG�E\�WKH�VXQ�
�� 0RGXOH�6N\
$V�DOUHDG\�PHQWLRQHG�DERYH��WKH�SRVLWLRQ�RI�WKH�VXQ�LV�DQ�LQSXW�GDWXP�IRU�PRGXOH6N\��$V�WKLV�PRGXOH�LV�EDVHG�RQ�WKH�QHZ�&,(�VWDQGDUG�LW� LV�FRPSXOVRU\�WR�HQWHU�LQWKH�&,(� W\SH�RI� OXPLQDQFH�GLVWULEXWLRQ��7R�PDNH�FKRRVLQJ�DSSURSULDWH� W\SH�RI� VN\OXPLQDQFH� GLVWULEXWLRQ� HDVLHU�� ZH� DGGHG� D� WDEOH� ZKHUH� DOO� W\SHV� DUH� OLVWHG� DQGGHVFULEHG�� 7KH� OD\RXW� RI� WKH� PRGXOH� 6N\� LV� VKRZQ� LQ� )LJ�� ��� ZKHUH� OXPLQDQFHGLVWULEXWLRQ�IRU�D�FHUWDLQ�PRPHQW�LV�DOVR�JUDSKLFDOO\�UHSUHVHQWHG�

)LJ�����0DQ���0DFKLQH�LQWHUIDFH�RI�PRGXOH�6N\



%HIRUH� FDOFXODWLQJ� OXPLQDQFH� GLVWULEXWLRQ� ZH� KDYH� WR� GLYLGH� VN\� LQWR� QXPHURXVSDWFKHV��7KH� VN\� LV� UHSUHVHQWHG� DV� KHPLVSKHUH�� 7KH� KHPLVSKHUH� LV� WKHQ� GLYLGHGLQWR� QXPHURXV� SDWFKHV� WKDW� FRYHU� HTXDO� DUHDV�� ,Q� RXU� FDVH�� ZH� GLYLGHG� WKH� VN\GRPH�LQWR����SDWFKHV�7R VKRZ� OXPLQDQFH� GLVWULEXWLRQ� LQ� D� JUDSKLFDO� ZD\� D� WKUHH�GLPHQVLRQDOKHPLVSKHUH� VKRXOG� EH� IODWWHQHG� LQWR� D� WZR�GLPHQVLRQDO� FLUFOH�� 5HGXFWLRQ� IURP� DWKUHH�GLPHQVLRQDO� VSKHUH� LQWR� WZR� GLPHQVLRQV� GHVWUR\V� WKH� UDWLR� EHWZHHQ� OLQHDUGLPHQVLRQV�DQG�DUHDV��$V�D�FRQVHTXHQFH��DUHDV�RQ�WKH�WZR�GLPHQVLRQDO�SLFWXUH�DUHQRW�HTXDO�DQ\�ORQJHU��)LJXUH���VKRZV����HOHPHQWV�RI�WKH�VN\�GRPH��ZKLFK�DUH�XVHGIRU�FDOFXODWLRQV�
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3DUDPHWHU� 1HYJ� XVHG� LQ� HTXDWLRQ� ���� LV� GHSHQGDQW� RQ� WKH� W\SH� RI� OXPLQDQFH
GLVWULEXWLRQ�DQG�LV�GHILQHG�ZLWK�WDEOH���
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7KH�FDOFXODWHG�DEVROXWH�YDOXH�RI�]HQLWK�OXPLQDQFH�FDQ�EH�LQVHUWHG�LQWR�����DQG�WKHDEVROXWH� OXPLQDQFH� RI� HDFK� VN\� HOHPHQW� LV� FDOFXODWHG�� $IWHU� WKH� FDOFXODWLRQ� LVSHUIRUPHG�� D� JUDSKLFDO� UHSUHVHQWDWLRQ�RI� VN\� OXPLQDQFH�GLVWULEXWLRQ� FDQ�EH�GUDZQDQG�HDFK�VN\�HOHPHQW�LV�UHQGHUHG��7KH�EULJKWHVW�VN\�HOHPHQW� LV�FRORXUHG�LQ�ZKLWH�DQG�WKH�GDUNHVW�HOHPHQW� LV�FRORXUHG�EODFN��$OO�RWKHU�VN\�HOHPHQWV�DUH�FRORXUHG� LQWHQ� VKDGHV� RI� JUH\�� 7R� YLVXDOLVH� WKH� JUDSKLFDO� UHSUHVHQWDWLRQ� RI� VN\� OXPLQDQFHGLVWULEXWLRQ��OHW�XV�ORRN�DW�7DEOH����ZKHUH�DOO�W\SHV�RI�VN\�OXPLQDQFH�GLVWULEXWLRQ�DUH
FROOHFWHG��,Q�WKLV�FDVH� VD  ���� LQ� VJ  �����
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6WHHS�OXPLQDQFH�JUDGDWLRQWRZDUGV�]HQLWK��D]LPXWKDOXQLIRUPLW\

2YHUFDVW��ZLWK�VWHHS�OXPLQDQFHJUDGDWLRQ�DQG�VOLJKW�EULJKWHQLQJWRZDUGV�WKH�VXQ
2YHUFDVW��PRGHUDWHO\�JUDGHGZLWK�D]LPXWKDO�XQLIRUPLW\

6N\�7\SH�� 6N\�7\SH�� 6N\�7\SH��

2YHUFDVW��PRGHUDWHO\�JUDGHGDQG�VOLJKW�EULJKWHQLQJ�WRZDUGVWKH�VXQ
6N\�RI�XQLIRUP�OXPLQDQFH 3DUWO\�FORXG\�VN\��QR�JUDGDWLRQWRZDUGV�]HQLWK��VOLJKW�EULJKWHQLQJWRZDUGV�WKH�VXQ
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3DUWO\�FORXG\�VN\��QR�JUDGDWLRQWRZDUGV�]HQLWK��EULJKWHUFLUFXPVRODU�UHJLRQ
3DUWO\�FORXG\�VN\��QR�JUDGDWLRQWRZDUGV�]HQLWK��GLVWLQFW�VRODUFRURQD

3DUWO\�FORXG\��ZLWK�WKH�REVFXUHGVXQ

6N\�7\SH��� 6N\�7\SH��� 6N\�7\SH���

3DUWO\�FORXG\��ZLWK�EULJKWHUFLUFXPVRODU�UHJLRQ :KLWH�EOXH�VN\�ZLWK�GLVWLQFWVRODU�FRURQD &,(�6WDQGDUG�&OHDU�6N\��ORZOXPLQDQFH�WXUELGLW\
6N\�7\SH��� 6N\�7\SH��� 6N\�7\SH���

&,(�6WDQGDUG�&OHDU�6N\�SROOXWHG�DWPRVSKHUH &ORXGOHVV�WXUELG�VN\�ZLWK�EURDGVRODU�FRURQD :KLWH�EOXH�WXUELG�VN\�ZLWK�EURDGVRODU�FRURQD

��� &RQFOXVLRQ
'D\OLJKW�LV�PRUH�DQG�PRUH�LPSRUWDQW�ZKHQ�LQGRRU�GHVLJQ�LV� LQ�TXHVWLRQ��QRW�RQO\ZKHQ�SODQQLQJ�OLJKWLQJ�EXW�DOVR�ZKHQ�GHVLJQLQJ�FOLPDWLF�FRQGLWLRQV�LQ�D�URRP��)RU�DFRUUHFW�HYDOXDWLRQ�RI�GD\OLJKW�FRQWULEXWLRQ�LW�LV�QHFHVVDU\�WR�KDYH�DQ�DSSURSULDWH�DQGZRUOG�ZLGH� XVHG� PHWKRG� IRU� FDOFXODWLQJ� VN\� OXPLQDQFH� GLVWULEXWLRQ�� 2QO\� DVWDQGDUGLVHG�PHWKRG�FDQ�JLYH�FRPSDUDEOH� UHVXOWV�XVLQJ�GLIIHUHQW�VRIWZDUH��$V� WKHQHZ� VWDQGDUG� KDV� MXVW� EHHQ� DGRSWHG��ZH� H[SHFW� WKDW� D� JUHDW� QXPEHU� RI� GLIIHUHQWSURJUDPPHV�ZLOO�EH�GHVLJQHG�7R� VWD\� LQ� FRQWDFW� ZLWK� XS�WR�GDWH� UHVHDUFK� DFWLYLWLHV�� ZH� GHYHORSHG� WKH� WZRPRGXOHV�PHQWLRQHG� LQ� WKH�DUWLFOH� WKDW�ZLOO� VHUYH�DV�D�EDVH� IRU� IXUWKHU�PRGXOHV� IRUFDOFXODWLQJ�LQGRRU�LOOXPLQDQFH�
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