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LHH\T JS

JS ���
DQG�VWDWH�WKDW�WKLV�LV�HTXDO�WR�WKH�SURGXFW�RI�WKH�WRWDO�QXPEHU�RI�WULSV�DQG�WKH�SUREDELOLW\�WKDW�DJLYHQ�WULS�KDV�PXVHXP�L DV�LWV�GHVWLQDWLRQ���1RWH��E\�WKH�ZD\��WKDW�WKLV�HTXDWLRQ�LV�DOVR�FOHDUO\�QRW
� :KHQ�D GRHV�QRW�GHSHQG�RQ�WKH�SULFHV����WKH�GLUHFW�JURXS�XWLOLW\�IXQFWLRQ�80 FDQ�EH�ZULWWHQ�DV�80 8
�T��D��DQG�D�FDQ�EH�LQFRUSRUDWHG�LQ�WKH�IXQFWLRQ�X�� 1RWH�WKDW�LW�GRHVQ¶W�KHOS�WR�LQWHUSUHW�S DV�D�YHFWRU�RI�UHDO�SULFHV��WKDW�UHVXOW��IRU�LQVWDQFH��DIWHU�GLYLGLQJ�WKURXJK�DQXPpUDLUH���,Q�WKDW�FDVH�\0 PXVW�EH�LQWHUSUHWHG�DV�WKH�UHDO�EXGJHW�IRU�PXVHXP�WULSV��0D[LPL]DWLRQ�RI�WKH�JURXS�XWLOLW\IXQFWLRQ�XQGHU�WKH�JURXS�EXGJHW�FRQVWUDLQW�WKHQ�LPSOLHV�WKDW�LQGLUHFW�JURXS�XWLOLW\�LV�KRPRJHQHRXV�RI�GHJUHH���LQ�WKHUHDO�SULFHV�RI�PXVHXP�YLVLWV�DQG�WKH�UHDO�EXGJHW��7KH�IXQFWLRQV�E�VKRXOG�WKHUHIRUH�EH�KRPRJHQHRXV�RI�GHJUHH���LQ�WKHUHDO�SULFHV�
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KRPRJHQHRXV�RI�GHJUHH���LQ�� DQG�\0 DV�LW�VKRXOG�EH���+RZHYHU��HTXDWLRQ�����VKRZV�WKDW�WKH�WRWDOQXPEHU�RI�WULSV�WR�PXVHXPV� ¦ L LT4 LV�HTXDO�WR�\0��EXW�QRW WR�T0 \0�E�����DV�VWDWHG�E\�+/0��$�PDMRU�DWWUDFWLYH�IHDWXUH�RI�WKH�PHWKRG�SURSRVHG�E\�+/0�LV�WKDW�LW�FRPELQHV�D�GLVFUHWH�FKRLFH�ORJLW��DQG�D�FRXQW�GDWD�PRGHO�LQ�D�VLQJOH�XWLOLW\�PD[LPL]LQJ�IUDPHZRUN��+RZHYHU��WKH�SUHYLRXVGLVFXVVLRQ�VKRZV�WKDW�WKHUH�DUH�GLIILFXOWLHV�DVVRFLDWHG�ZLWK�WKHLU�SURFHGXUH��,Q�WKH�UHPDLQGHU�RIWKLV�VHFWLRQ�ZH�ZLOO�GLVFXVV�DQ�DOWHUQDWLYH�SURFHGXUH��EDVHG�RQ�LQGLUHFW VHSDUDELOLW\��WKDW�DYRLGVWKH�LQFRQVLVWHQFLHV�DQG�WKDW�OHDGV�WR�DQ�HPSLULFDO�PRGHO�WKDW�LV�RWKHUZLVH�VLPLODU�WR�WKH�RQHSURSRVHG�E\�+/0�
����$Q�DOWHUQDWLYH�WZR�VWDJH�SURFHGXUH:H�FRQVLGHU�D�FRQVXPHU�ZKR�GHULYHV�XWLOLW\�IURP�YLVLWLQJ�PXVHXPV�DQG�RWKHU�FRQVXPSWLRQJRRGV��+LV�LQGLUHFW�XWLOLW\�IXQFWLRQ�Y LV�� �S\YY ��S ���ZKHUH��DV�EHIRUH���\ GHQRWHV�LQFRPH��S WKH�SULFHV�RI�YLVLWLQJ�PXVHXPV�DQG S WKH�SULFHV�RI�RWKHUFRQVXPHU�JRRGV��7KH�SULFHV�IRU�YLVLWLQJ�PXVHXPV�VKRXOG�EH�LQWHUSUHWHG�DV�WKH�VXP�RI�WKH�WLFNHWSULFH�DQG�WKH�JHQHUDOL]HG�WUDYHO�FRVW��7KH�LQGLUHFW�XWLOLW\�IXQFWLRQ�LV�KRPRJHQHRXV�RI�GHJUHH���LQDOO�SULFHV�DQG�WKH�FRQVXPSWLRQ�EXGJHW�DQG�ZH�XVH�RQH�RI�WKH�RWKHU�FRQVXPSWLRQ�JRRGV�DV�WKHQXPpUDLUH�DQG�LQWHUSUHW�DOO�SULFHV�DQG�WKH�EXGJHW�DV�UHDO�YDULDEOHV�:H�DVVXPH�WKDW�Y VDWLVILHV�WKH�LQGLUHFWO\�VHSDUDEOH�IRUP��� � ���ZLWK��
 \ZZZS\YY S  ���7KH�GHPDQG�TL IRU�WULSV�WR�D�SDUWLFXODU�PXVHXP�L FDQ�EH�GHULYHG�IURP�����E\�PHDQV�RI�5R\¶VLGHQWLW\�
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ZKHUH� � �� �\ZZY\YG\GY wwww��ww �

� �:H�QRZ�GHILQH�WKH�VKDUH�RI�WULSV�VL WR�PXVHXP�L LQ�WKH�WRWDO�QXPEHU�RI�WULSV�WR�PXVHXPV�DV�¦ ww ww  
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LLL ZZ4TV SS ����
ZKHUH�VL GHQRWHV�WKH�VKDUH�RI�WULSV�WR�PXVHXP�L LQ�WKH�WRWDO�GHPDQG�IRU�PXVHXP�YLVLWV�(TXDWLRQ������VKRZV�WKDW�WKH�GLVWULEXWLRQ�RI�WKH�WRWDO�QXPEHU�RI�WULSV�RYHU�WKH�YDULRXV�PXVHXPV�LVGHWHUPLQHG�VROHO\�E\�WKH�IXQFWLRQ�Z��0RUHRYHU��LW�VKRZV�WKDW�WKH�GLVWULEXWLRQ�RI�WKH�WRWDO�QXPEHURI�WULSV�RYHU�WKH�PXVHXPV�GHSHQGV�RQO\�RQ�WKH�UHDO�SULFHV�RI�PXVHXP�YLVLWV��QRW�RQ�WKH�SULFHV�RIRWKHU�JRRGV��7KLV�LV�D�ZHOO�NQRZQ�FRQVHTXHQFH�RI�LPSOLFLW�VHSDUDELOLW\��VHH�%ODFNRUE\�HW�DO���������7KH�GLVWULEXWLRQ�RI�WKH�WULSV�RYHU�WKH�YDULRXV�PXVHXPV�FDQ�EH�UHJDUGHG�DV�WKH�VHFRQG�VWDJH
� T0 LV�WKHLU�YDULDEOH�7 GHILQHG�DERYH�WKHLU�HTXDWLRQ���������� 6HH�%ODFNRUE\��3ULPRQW�DQG�5XVVHO��������IRU�D�GLVFXVVLRQ�RI�LQGLUHFW�VHSDUDELOLW\�
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RI�D�WZR�VWDJH�SURFHGXUH�LQ�ZKLFK�WKH�QXPEHU�RI�WULSV�LV�GHWHUPLQHG�ILUVW��ZKHUHDV�WKHGHVWLQDWLRQV�DUH�GHWHUPLQHG�LQ�WKH�VHFRQG�VWDJH��FRQGLWLRQDO�RQ�WKDW�QXPEHU�6XFK�D�WZR�VWDJH�SURFHGXUH�LV�HVSHFLDOO\�XVHIXO�LI�WKH�FKRLFH�LQ�WKH�ILUVW�VWDJH�FDQ�EH�PDGH�RQ�WKHEDVLV�RI�DJJUHJDWH�LQIRUPDWLRQ�DERXW�WKH�DOWHUQDWLYHV�LQ�WKH�VHFRQG�VWDJH��7KLV�LV�WKH�FDVH�LI�WKHWULS�JHQHUDWLRQ�SURFHVV�LV�LQGHSHQGHQW�RI�WKH�VSHFLILFDWLRQ�RI����,Q�RUGHU�WR�JXDUDQWHH�WKLV��ZH�DGGWZR�FRQGLWLRQV���
��� SS Z\Z  ����� ww¦L L
ZS ����7KHVH�WZR�HTXDWLRQV�LPSO\�WKDW�����FDQ�EH�UHZULWWHQ�DV�

\Y ZY4 ww ww 
 

 ����DQG�WKLV�VKRZV�WKDW�WKH�QXPEHU�RI�WULSV�LV�GHWHUPLQHG�E\�WKH�IXQFWLRQ� 
Y ��LQGHSHQGHQW�RI�WKHVSHFLILFDWLRQ�RI�WKH�IXQFWLRQ 
Z ��HYHQ�WKRXJK�LW�GHSHQGV�RQ�WKH�YDOXH�RI�WKH�YDULDEOH 
Z �(TXDWLRQ������UHTXLUHV�WKDW�WKH�IXQFWLRQ�Z VKRXOG�EH�LQGHSHQGHQW�RI�WRWDO�FRQVXPSWLRQH[SHQGLWXUH�\�,I�WKHVH�FRQGLWLRQV�DUH�VDWLVILHG��WKH�FRQVXPHU�LV�DEOH�WR�GHWHUPLQH�WKH�RSWLPDO�QXPEHU�RIPXVHXP�YLVLWV�RQ�WKH�EDVLV�RI�LQIRUPDWLRQ�DERXW�LQFRPH�\��SULFHV�RI�RWKHU�JRRGV�S DQG�WKH�YDOXHRI�WKH�IXQFWLRQ�Z¶��ZKLFK�JLYHV�D�VXPPDU\�PHDVXUH�RI�WKH�DWWUDFWLYHQHVV�RI�PXVHXPV��,Q�WKHVHFRQG�VWDJH��WKH�FRQVXPHU�GHWHUPLQHV�WKH�GHVWLQDWLRQ�RI�WKH�WULSV�WR�EH�PDGH�RQ�WKH�EDVLV�RI�WKHDVVRFLDWHG�SULFHV�IRU�WKH�YLVLWV�� DQG�WKH�QXPEHU�RI�WULSV�4��GHWHUPLQHG�LQ�WKH�ILUVW�VWDJH��7KHSURFHGXUH�LV�DQDORJRXV�WR�WKDW�RI�6WURW]�DQG�*RUPDQ��ZKLFK�LV�EDVHG�RQ�GLUHFW�VHSDUDELOLW\��7KHUROH�WKDW�WKH�EXGJHW��IRU�PXVHXP�WULSV�LQ�WKH�SUHVHQW�FRQWH[W��SOD\V�LQ�WKHLU�SURFHGXUH�LV�UHSODFHGE\�WKDW�RI�WKH�QXPEHU�RI�WULSV�LQ�WKH�SURFHGXUH�SURSRVHG�KHUH��ZKLFK�LV�EDVHG�RQ�LQGLUHFWVHSDUDELOLW\�,Q�RUGHU�WR�LQWHUSUHW�������LW�PD\�EH�QRWHG�WKDW�LW�LPSOLHV�WKDW� �
H[S�Z PXVW�EH�KRPRJHQHRXV�RIGHJUHH���LQ�WKH�H[SRQHQWLDWHG�SULFHV� LHS ��$Q\�KRPRJHQHRXV�RI�GHJUHH���IXQFWLRQ� ��[I FDQWKHUHIRUH�EH�XVHG�DV�D�VWDUWLQJ�SRLQW�IRU�VSHFLILFDWLRQ�RI�WKH�IXQFWLRQ� 
Z ��$�FRQYHQLHQW�FKRLFH�LVWKH�µFHV¶�VSHFLILFDWLRQ� � � EE ���� ¦ L [[I ZKLFK�OHDGV�WR�WKH�µORJVXP¶�IRUPXOD�
¹̧·©̈§ ¦ �

L LHZ ESES OQ���
 ����7KLV�PHDQV�WKDW�WKH�SUHVHQW�IUDPHZRUN�DOORZV�XV�WR�XVH�WKH�ORJLW�VSHFLILFDWLRQ�IRU�GHVWLQDWLRQFKRLFH�(TXDWLRQ������VXJJHVWV�WKDW�ZH�FDQ�UHJDUG� 
Z DV�VRPH�DYHUDJH�SULFH�RI�PXVHXP�YLVLWV��,W�PXVW�KRZHYHU��EH�QRWHG�WKDW� 
Z GRHV�QRW�KDYH�DOO�WKH�XVXDO�FKDUDFWHULVWLFV�RI�D�SULFH�LQGH[��)RULQVWDQFH�������UXOHV�RXW�WKH�SRVVLELOLW\�WKDW� 
Z LV�KRPRJHQHRXV�RI�GHJUHH���LQ�WKH�SULFHV����1RWH�KRZHYHU���WKDW�WKLV�W\SH�RI�KRPRJHQHLW\�LV�QRW�QHFHVVDULO\�D�GHVLUDEOH�SURSHUW\�RI� 
Z ��DV�LW�ZRXOGLPSO\�WKDW�D�SURSRUWLRQDO�LQFUHDVH�LQ�WKH��UHDO��SULFHV�RI�DOO�PXVHXPV�ZRXOG�KDYH�QR�HIIHFW�RQ�WKHGLVWULEXWLRQ�RI�PXVHXP�WULSV��2QH�ZRXOG�H[SHFW�VXEVWLWXWLRQ�WRZDUGV�UHODWLYHO\�FKHDS�GHVWLQDWLRQVLQ�WKLV�VLWXDWLRQ�DQG�WKLV�LV�FRQVLVWHQW�ZLWK�WKH�IRUPXODWLRQ�IRXQG�KHUH��7KH�KRPRJHQHLW\�RI�
H[S�Z LQ�WKH�H[SRQHQWLDWHG�SULFHV�LPSOLHV�WKDW�D�FKDQJH�RI�DOO�SULFHV�ZLWK�WKH�VDPH�DPRXQW ]ZRXOG�FKDQJH� 
Z E\�D�IDFWRU� � �]OQ DQG�ZRXOG�OHDYH�WKH�WULS�GLVWULEXWLRQ�XQFKDQJHG�
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7KH�SUHYLRXV�GLVFXVVLRQ�LPSOLHV�WKDW�WKH�SURSRVHG�WZR�VWDJH�SURFHGXUH�LPSRVHV�VRPH�FRQVWUDLQWVRQ�WKH�VSHFLILFDWLRQ�RI�GHVWLQDWLRQ�FKRLFH�IRU�PXVHXP�WULSV��1RWH��WKRXJK��WKDW�LQ�WKLV�UHVSHFWWKHUH�LV�QR�GLIIHUHQFH�ZLWK�WKH�SURFHGXUH�VXJJHVWHG�E\�+/0��VLQFH�WKH\�XVH�WKH�VDPH�IXQFWLRQDOIRUPV�DV�SURSRVHG�KHUH��0RUHRYHU��DW�WKH�HQG�RI�WKH�SUHVHQW�VHFWLRQ�ZH�ZLOO�GLVFXVV�WKHFRQVHTXHQFHV�RI�UHOD[LQJ�FRQGLWLRQ������
����2WKHU�VSHFLILFDWLRQ�LVVXHV7KH�SUHYLRXV�VXEVHFWLRQ�RXWOLQHG�D�WZR�VWDJH�EXGJHWLQJ�SURFHGXUH�EDVHG�RQ�LQGLUHFW�VHSDUDELOLW\�7KH�SUHVHQW�RQH�LV�FRQFHUQHG�ZLWK�WKH�VSHFLILFDWLRQ�RI�DQ�HVWLPDEOH�PRGHO�IRU�PXVHXP�WULSV�WKDWILWV�ZLWKLQ�WKLV�IUDPHZRUN��6LQFH�ZH�ZDQW�WR�XVH�D�FRXQW�GDWD�PRGHO�IRU�H[SODLQLQJ�WKH�QXPEHU�RIYLVLWV��WULS�JHQHUDWLRQ���LW�LV�FRQYHQLHQW�WR�FKRRVH�D�VSHFLILFDWLRQ�RI�WKH�XWLOLW\�IXQFWLRQ�WKDW�OHDGVWR�D�GHPDQG�IXQFWLRQ�WKDW�LV�ORJ�OLQHDU�LQ�WKH�H[SODQDWRU\�YDULDEOHV�\ DQG� 
Z �


� ��
 ZH\Y KJD KD �� �� ����$SSOLFDWLRQ�RI�µ5R\¶V�LGHQWLW\¶�WR������JLYHV�� ��OQ
H[S� \Z4 DKJ �� � ����,Q�HFRQRPLF�JHRJUDSK\�DQG�WUDQVSRUWDWLRQ�LW�LV�FRPPRQ�WR�UHODWH�WULS�JHQHUDWLRQ�WR�DFFHVVLELOLW\PHDVXUHV��6XFK�PHDVXUHV�LQGLFDWH�KRZ�FORVH�HFRQRPLF�DFWRUV�DUH�WR�SRWHQWLDO�GHVWLQDWLRQV�IRUVSDWLDO�LQWHUDFWLRQV��7KH\�PD\�EH�PDGH�VSHFLILF�IRU�VSHFLDO�WULS�SXUSRVHV�VXFK�DV�VKRSSLQJ�RUUHFUHDWLRQ��7KH�SUDFWLFH�RI�XVLQJ�VXFK�PHDVXUHV�LQ�RWKHU�ILHOGV�VXJJHVWV�WKDW�LW�PD\�EH�XVHIXO�WRUHODWH�PXVHXP�YLVLWV�DOVR�WR�DQ�DFFHVVLELOLW\�PHDVXUH�$FFHVVLELOLW\�LV�XVXDOO\�GHILQHG�DV�D�ZHLJKWHG�DYHUDJH�RI�WKH�DWWUDFWLYHQHVV�RI�WKH�YDULRXV�SRVVLEOHGHVWLQDWLRQV��ZKHUH�WKH�ZHLJKWV�DUH�VRPH�IXQFWLRQ�RI�WKH�JHQHUDOL]HG�WUDYHO�FRVWV��6LQFH�WKHVHFRVWV�DUH�UHODWHG�WR�WKH�GLVWDQFH�WR�EH�WUDYHOHG��WKLV�IXQFWLRQ�LV�NQRZQ�DV�WKH�GLVWDQFH�GHFD\IXQFWLRQ��:H�LQWHUSUHW�WKH�JHQHUDOL]HG�WUDYHO�FRVWV�DV�WKH�SULFHV�IRU�PXVHXP�YLVLWV�DQG�GHILQHDFFHVVLELOLW\�RI�PXVHXPV�DV�¦ L LL I$$ ���� SS ����7KH�DWWUDFWLYHQHVV�RI�D�SDUWLFXODU�PXVHXP�IRU�D�SRWHQWLDO�YLVLWRU�GHSHQGV�RQ�WKH�FKDUDFWHULVWLFV�RIWKH�PXVHXP��1RWH�WKDW�WKH�WUDYHO�FRVWV�DUH�GHSHQGHQW�RQ�WKH�ORFDWLRQ�RI�WKH�WUDYHOHU�DQG�WKDWDFFHVVLELOLW\�LV�WKHUHIRUH�ORFDWLRQ�VSHFLILF�7KH�IXQFWLRQ�I LV�XVXDOO\�VSHFLILHG�DV�D�SRZHU�IXQFWLRQ�RU�DQ�H[SRQHQWLDO�IXQFWLRQ��$GRSWLQJ�WKHODWWHU�SRVVLELOLW\��ZH�GHILQH��H[S��� LLI SES � ����7KH�IXQFWLRQ� 
Z LV�QRZ�GHILQHG�DV�WKH�ORJDULWKP�RI�WKLV�DFFHVVLELOLW\�IXQFWLRQ��GLYLGHG�E\���
¹̧·©̈§� ¦ �

L L LH$Z ESE OQ�
 ����,W�LV�UHDGLO\�YHULILHG�WKDW�WKLV�IXQFWLRQ�GRHV�QRW�KDYH�WKH�FRQVXPHU¶V�WRWDO�H[SHQGLWXUH�OHYHO�DV�DQDUJXPHQW�DQG�WKDW�LW�VDWLVILHV�������8VH�RI�WKLV�IXQFWLRQ�LV�WKHUHIRUH�FRQVLVWHQW�ZLWK�WKH�WZR�VWDJHSURFHGXUH�GLVFXVVHG�DERYH��7KH�LQWHUSUHWDWLRQ�RI� 
Z DV�D�SULFH�LV�HDVLHU�WR�DSSUHFLDWH�LI�ZH�UHZULWH����DV�
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7KH�ILUVW�WHUP�EHWZHHQ�EUDFNHWV�RQ�WKH�ULJKW�KDQG�VLGH�LV�D�ZHLJKWHG�DYHUDJH�RI�WKH�H[SRQHQWLDWHGSULFHV�RI�PXVHXP�YLVLWV�WKDW�KDYH�EHHQ�UDLVHG�WR�WKH�SRZHU����,WV�ORJDULWKP�FDQ��DIWHU�GLYLVLRQWKURXJK�E��EH�LQWHUSUHWHG�DV�D�NLQG�RI�DYHUDJH�SULFH��GHQRWHG�KHUH�DV� 
S ��,QGHHG��WKH�SULFH�S
 LVEHWZHHQ�WKH�ORZHVW�DQG�WKH�KLJKHVW�SULFH�RI�WKH�PXVHXPV� ^ ` ^ `LLLL SSS PD[
PLQ dd ��7KH�VHFRQGWHUP�RQ�WKH�ULJKW�KDQG�VLGH�RI������FDQ�EH�LQWHUSUHWHG�DV�WKH�TXDOLW\�DVSHFW�RI�PXVHXPV��$�KLJKHUTXDOLW\�DV�WKH�VDPH�HIIHFW�DV�D�ORZHU�SULFH��)RU�JLYHQ�YDOXHV�RI�WKH�DWWUDFWLYHQHVV�RI�PXVHXPV��WKH�VHFRQG�WHUP�RQ�WKH�ULJKW�KDQG�VLGH�RI�����PD\�EH�LQWHUSUHWHG�DV�UHIOHFWLQJ�TXDOLW\�DVSHFWV�RI�PXVHXP�YLVLWV�7KH�HTXDWLRQV�IRU�WULS�GLVWULEXWLRQ�WKDW�IROORZ�IURP������DUH�¦ M M

LL M
LH$H$V ES

ES ����
7KH\�FDQ�EH�UHZULWWHQ�LQ�PRUH�IDPLOLDU�µORJLW¶�IRUP�XVLQJ�WKH�LGHQWLW\� L$L H$ OQ �
����:HOIDUH�HFRQRPLF�DQDO\VLV:KDW�DUH�WKH�LPSOLFDWLRQV�RI�WKLV�PRGHO�ZLWK�UHVSHFW�WR�WKH�YDOXH�RI�PXVHXPV"�,Q�RUGHU�WR�DQVZHUWKLV�TXHVWLRQ��ZH�FRQVLGHU�WKH�PDUJLQDO�HIIHFW�RI�D�FKDQJH�LQ�WKH�YDOXH�RI�WKH�SULFH��L RI�PXVHXPL��:H�WDNH�WKH�LQGLUHFW�XWLOLW\�IXQFWLRQ������ZLWK�FRQGLWLRQV������DQG������LPSRVHG�DV�RXU�VWDUWLQJSRLQW��7KH�FKDQJH�LQ�LQFRPH�QHHGHG�WR�FRPSHQVDWH�IRU�WKH�SULFH�FKDQJH�LV�

LL GZ\YZYG\ SSww¸̧¹·¨̈©§ wwww� 



 � ����7KH�WHUP�EHWZHHQ�EUDFNHWV�RQ�WKH�ULJKW�KDQG�VLGH�LV�UHODWHG�WR�WULS�JHQHUDWLRQ��WKH�VHFRQG�WRGHVWLQDWLRQ�FKRLFH��:KHQ�HTXDWLRQ������LV�XVHG�IRU�WKH�FRPSRVLWH�SULFH� 
Z ��WKLV�VHFRQG�WHUP�LV�WKHFKDQJH�LQ�WKH�µORJVXP¶��7KH�FKDQJH�LQ�WKH�ORJVXP�LV�WKHUHIRUH�RQO\�HTXDO�WR�WKH�WRWDO�HIIHFW�LI�WKHSULFH�FKDQJH�ZKHQ �
�
  ww ZY ��7KLV�FRQGLWLRQ�LV�IXOILOOHG�IRU�WKH�LQGLUHFW�XWLOLW\�IXQFWLRQ�
EZ\Y 

 � � ����,W�PD\�EH�QRWLFHG�WKDW������JLYHV�WKH�XWLOLW\�ZKLFK�FDQ�EH�LQWHUSUHWHG�DV�UHIHUULQJ�WR�DQ�LQGLYLGXDOZKR�UHSUHVHQWV�D�SRSXODWLRQ�RI�FRQVXPHUV�ZLWK�UDQGRP�XWLOLW\�IXQFWLRQV�WKDW�FRUUHVSRQG�WR�WKHORJLW�PRGHO��FI��0F)DGGHQ��������� $SSOLFDWLRQ�RI������VKRZV�WKDW�WKH�WRWDO�QXPEHU�RI�WULSV�4 LVDOZD\V�HTXDO�WR���ZKHQ�LQGLUHFW�XWLOLW\�LV�JLYHQ�E\������,I�ZH�GLG�QRW�KDYH�LQIRUPDWLRQ�DERXW�WKH�QXPEHU�RI�YLVLWV�XQGHUWDNHQ�E\�D�KRXVHKROG��WKHHYDOXDWLRQ�RI�WKH�PXVHXPV�FDQ�RQO\�EH�EDVHG�RQ�WKH�FKDQJH�LQ�WKH�ORJVXP�YDULDEOHV��,W�LV�QDWXUDO

� 1RWH�WKDW�WKH�YDOXH�RI�Z¶ PD\�EH�QHJDWLYH��HYHQ�WKRXJK�WKH�YDOXH�RI�WKH�SULFH��
 LV�SRVLWLYH�ZKHQHYHU�DOO��LV�DUHSRVLWLYH�� ,W�PD\�EH�QRWHG�WKDW�Z¶ PD\�EH�D�IXQFWLRQ�RI�WKH�RWKHU�SULFHV�S�DV�ZHOO�DV�RI�WKH�SULFHV�� RI�WKH�FRPPRGLWLHVEHORQJLQJ�WR�WKH�RZQ�JURXS��:H�FRXOG�DOVR�DOORZ�IRU�WKLV�SRVVLELOLW\�LQ�WKH�PRGHO�VWUXFWXUH�GHYHORSHG�LQ�VHFWLRQ���
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VRPH�PXVHXPV�PRUH��WKLV�KDV�DQ�LQFUHDVLQJ�HIIHFW�RQ�WKH�QXPEHU�RI�WULSV��,Q�RXU�HPSLULFDO�ZRUNZH�ZLOO�JHQHUDOL]H������E\�PDNLQJ�ERWK�WKH�DWWUDFWLYHQHVV�$L DQG�WKH�GLVWDQFH�GHFD\�SDUDPHWHU��GHSHQGHQW�RQ�LQFRPH�
��'DWD�DQG�VRPH�HFRQRPHWULF�LVVXHV
����'DWD7KH�EDVLV�RI�RXU�GDWDVHW�LV�WKH�WUDQVDFWLRQ�GDWD�RI�'XWFK�1DWLRQDO�0XVHXP�&DUG�KROGHUV�XVHG�E\%RWHU��5RXZHQGDO�DQG�:HGHO���������7KLV�0XVHXP�&DUG�LV�DQ�LPSRUWDQW�WRRO�LQ�SURPRWLQJPXVHXP�DWWHQGDQFH�LQ�7KH�1HWKHUODQGV��,Q�UHWXUQ�IRU�DQ�DQQXDO�IHH�RI�¼����IRU�DGXOWV�RU�¼������IRU�DQ\RQH�\RXQJHU�WKDQ����\HDUV��FDUG�KROGHUV�JHW�IUHH�DFFHVV�WR�����PXVHXPV�LQ�WKLV�FRXQWU\�WKH�RQO\�UHPDLQLQJ�FRVW�SHU�YLVLW�EHLQJ�WKH�FRVW�RI�WUDYHOLQJ��$W�WKH�����ODUJHVW�SDUWLFLSDWLQJPXVHXPV��FDUG�KROGHU�YLVLWV�DUH�ORJJHG�HOHFWURQLFDOO\��7KHVH�GDWD�DUH�FROOHFWHG�DQG�VWRUHG�RQ�DFHQWUDO�VHUYHU�WR�DLG�UHLPEXUVHPHQW�WR�WKH�PXVHXPV��7KH�GDWDVHW�SURYLGHG�E\�WKH�RUJDQL]DWLRQZDV�OLPLWHG�WR�FXVWRPHU�QXPEHU��W\SH�RI�FDUG��\RXWK�RU�DGXOW���WKH�PXVHXP��WKH�GDWH�DQG�WLPH�RIWKH�YLVLW��DQG�WKH�]LS�FRGHV�RI�ERWK�PXVHXP�DQG�YLVLWRU��8VLQJ�D�FRPPHUFLDO�*,6�GDWDEDVH�WKDWFRQWDLQV�WUDYHO�GLVWDQFH�DQG�WUDYHO�WLPH�E\�URDG�IRU�HYHU\�]LS�FRGH�FRPELQDWLRQ�LQ�7KH1HWKHUODQGV��WUDYHO�GLVWDQFH�DQG�WUDYHO�WLPH�ZHUH�DGGHG�WR�WKH�GDWDVHW�IRU�HDFK�UHFRUGHG�YLVLW�6LPLODU�WR�%RWHU��5RXZHQGDO�DQG�:HGHO���������ZH�RQO\�XVH�WKH�YLVLWV�RI�RQH�IXOO�\HDU��������WRH[FOXGH�VHDVRQDO�HIIHFWV�RQ�GHPDQG��$OVR��PXVHXPV�ZLWK�PLVVLQJ�GDWD�RU�WKDW�IDFHG�LQFLGHQWDOFORVXUH�ZHUH�H[FOXGHG��7KH�UHPDLQLQJ�����PXVHXPV�DUH�D�UHSUHVHQWDWLYH�YDULHW\�LQ�VL]H��W\SH�RIFROOHFWLRQ�DQG�ORFDWLRQ�,Q�DGGLWLRQ�WR�WKH�GDWDVHW�RI�%RWHU��5RXZHQGDO�DQG�:HGHO���������ZH�LQWURGXFH�WZR�JURXSV�RIDGGLWLRQDO�YDULDEOHV��)LUVWO\��ZH�DGG�HLJKW�GXPP\�YDULDEOHV�WR�LQGLFDWH�WKH�NLQG�RI�FROOHFWLRQV�DPXVHXP�RIIHUV��7KH�HLJKW�FROOHFWLRQ�FDWHJRULHV�ZHUH�SURYLGHG�E\�WKH�'XWFK�1DWLRQDO�0XVHXP$VVRFLDWLRQ��109���ZKR�DOVR�FDUULHG�RXW�WKH�FRQVHTXHQW�FODVVLILFDWLRQ�RI�WKH�����PXVHXPV�DQGWKHLU�FROOHFWLRQV��6HFRQGO\��ZH�DGG�WKH�FDUG�KROGHU¶V�HVWLPDWHG�LQFRPH�WR�WKH�GDWDVHW��1R�SHUVRQDOGDWD�RQ�LQFRPH�LV�UHJLVWHUHG�LQ�WKH�WUDQVDFWLRQ�GDWD��+RZHYHU��PDQ\�SXEOLF�DQG�FRPPHUFLDOGDWDEDVHV�KROG�LQIRUPDWLRQ�RQ�WKH�DYHUDJH�LQFRPH�SHU�]LS�FRGH��+HUH��ZH�XVH�SXEOLF�GDWD�IURPWKH�'XWFK�&HQWUDO�%XUHDX�RI�6WDWLVWLFV�LQ�ZKLFK�LQFRPH�LV�GHILQHG�DV�³DYHUDJH�WRWDO�LQFRPH�LQHXURV�DIWHU�WD[�SHU�LQKDELWDQW´��7KHVH�QXPEHUV�ZHUH�SURYLGHG�E\�WKH�%XUHDX�SHU�]LS�FRGH�
����6RPH�SUREOHPV�DVVRFLDWHG�ZLWK�DSSO\LQJ�WKH�WUDYHO�FRVW�PHWKRG7KH�VL]H�RI�WKLV�GDWDVHW�KDV�WKH�GLVWLQFW�DGYDQWDJH�WKDW�LW�FDSWXUHV�D�ZLGH�UDQJH�RI�GLIIHUHQWPXVHXPV��ORFDWLRQV��FRPSHWLWLYH�VLWXDWLRQV�DQG�WUDYHO�GLVWDQFHV��2Q�DYHUDJH��FDUG�KROGHUV�PDGH����YLVLWV�WR�����RI�WKH�����PXVHXPV�LQ�RXU�GDWDVHW��$�SUHOLPLQDU\�DQDO\VLV�RI�WKH�GDWDVHW�UHYHDOVWKDW�ZLWKLQ�WKH�FRPPRQ�ZLOOLQJQHVV�WR�WUDYHO�RI������PLQXWHV��WKH�DYHUDJH�FDUG�KROGHU�KDV�����RXW�RI�WKH�����PXVHXPV�WR�FKRRVH�IURP��7KH�PXVHXPV�YLVLWHG�DUH�WKHUHIRUH�OLNHO\�WR�UHIOHFW�D�UHDOXWLOLW\�WR�WKH�FDUG�KROGHU�+RZHYHU��ZKHQ�DSSO\LQJ�WKH�WUDYHO�FRVW�PHWKRG�WR�WKHVH�GDWD��VRPH�FRPSOLFDWLRQV�KDYH�WR�EHWDNHQ�LQWR�DFFRXQW��7KH�PRGHO�DVVXPHV�WKDW�REVHUYHG�PXVHXP�YLVLWV�DUH�WKH�UHVXOW�RI�WULSV�WKDWKDYH�WKLV�YLVLW�DV�WKHLU�VLQJOH��RU�DW�OHDVW�PRVW�LPSRUWDQW��SXUSRVH�VR�WKDW�WUDYHO�FRVWV�FDQ�LQGHHGEH�UHJDUGHG�FRPSOHWHO\�DV��SDUW�RI��WKH�SULFH�RI�WKLV�YLVLW��0RUHRYHU��LW�DVVXPHV�WKDW�SUHIHUHQFHVIRU�D�SDUWLFXODU�PXVHXP�DUH�LQGHSHQGHQW�RI�WKH�KRXVHKROG¶V�ORFDWLRQ��%RWK�DVVXPSWLRQV�PD\�EHYLRODWHG�LQ�RXU�GDWD��DQG�LQ�WKH�SUHVHQW�VXEVHFWLRQ�ZH�ZLOO�H[DPLQH�WKH�SRVVLEOH�FRQVHTXHQFHV�
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����7KH�WULS�GLVWULEXWLRQ�PRGHO,W�ZDV�QRWHG�LQ�WKH�WKHRUHWLFDO�VHFWLRQ�DERYH�WKDW�WKH�PRGHO�GHYHORSHG�LQ�WKLV�SDSHU�LVFKDUDFWHUL]HG�E\�D�GLVWLQFWLRQ�EHWZHHQ�WULS�JHQHUDWLRQ�DQG�WULS�GLVWULEXWLRQ��:H�ZLOO�WKHUHIRUH�VWDUWZLWK�D�GLVFXVVLRQ�RI�WKH�ODWWHU�DQG�FRQVLGHU�ODWHU�KRZ�WKH�GLVWULEXWLRQ�PRGHO�ILWV�LQWR�WKHUHPDLQGHU�7KH�PRGHO�DV�LW�KDV�EHHQ�GLVFXVVHG�XQWLO�QRZ�UHIHUV�WR�D�VLQJOH�KRXVHKROG��:KHQ�HVWLPDWLQJ�WKHPRGHO�RQ�GDWD�UHIHUULQJ�WR�GLIIHUHQW�KRXVHKROGV��ZH�KDYH�WR�IDFH�WKH�SRVVLEOH�KHWHURJHQHLW\�LQ�WKHSRSXODWLRQ��6LQFH�LW�LV�FOHDUO\�LPSUREDEOH�WKDW�DOO�FRQVXPHUV�KDYH�WKH�VDPH�SUHIHUHQFHV�ZLWKUHVSHFW�WR�PXVHXPV��ZH�ZRXOG�OLNH�WR�DOORZ�WKH�SDUDPHWHUV�RI�WKH�PRGHO�WR�YDU\�RYHU�KRXVHKROGV�6LQFH�LQIRUPDWLRQ�DERXW�KRXVHKROG�FKDUDFWHULVWLFV�LV�ODFNLQJ��ZH�ZLOO�WUHDW�WKHVH�SDUDPHWHUV�DVUDQGRP�YDULDEOHV��7KH�YDOXHV�WKDW�DUH�UHOHYDQW�IRU�D�SDUWLFXODU�FRQVXPHU�N DUH�UHJDUGHG�DV�DUDQGRP�GUDZ�IURP�WKH�MRLQW�GLVWULEXWLRQ�RI�SDUDPHWHUV��,W�LV�DVVXPHG�WKDW�WKH�VDPH�YDOXHV�RI�WKHSDUDPHWHUV�DUH�UHOHYDQW�IRU�DOO�FKRLFHV�PDGH�E\�D�JLYHQ�KRXVHKROG��7KDW�LV��LQGLYLGXDO�SUHIHUHQFHVGR�QRW�FKDQJH��6LQFH�WKH�VLJQ�RI�WKH�DWWUDFWLYHQHVV�$L DQG�WKH�GLVWDQFH�GHFD\�SDUDPHWHUV�E LVNQRZQ�D�SULRUL��ZH�XVH�WKH�ORJQRUPDO�GLVWULEXWLRQ��7KH�VLPSOHVW�DQG�PRVW�FRPPRQ�ZD\�WRSURFHHG�LV�WR�DVVXPH�LQGHSHQGHQFH�RI�DOO�WKH�UDQGRP�YDULDEOHV�E\�VHWWLQJ�DOO�RII�GLDJRQDOHOHPHQWV�RI�WKH�YDULDQFH�FRYDULDQFH�PDWUL[�HTXDO�WR����+RZHYHU��LW�VHHPV�OLNHO\�WKDW�WKHUH�LVFRUUHODWLRQ�EHWZHHQ�WKH�DWWUDFWLYHQHVV�RI�VRPH�PXVHXPV��)RU�LQVWDQFH��LI�WZR�PXVHXPV�KDYHFROOHFWLRQV�WKDW�DUH�PRUH�RU�OHVV�VLPLODU��IRU�LQVWDQFH��ERWK�FRQFHQWUDWH�RQ�QDWXUDO�KLVWRU\�RU�RQSDLQWLQJV�IURP�WKH���WK�FHQWXU\��WKLV�LV�OLNHO\�WR�EH�WKH�FDVH�
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ZKHUH� ��� NPL GHQRWHV�WKH�GHVWLQDWLRQ�RI�WKH�P�WK�WULS�PDGH�E\�FRQVXPHU�N DQG�I LV�D�SURGXFW�RIVWDQGDUG�QRUPDO�GHQVLW\�IXQFWLRQV�7KH�PRGHO�GHULYHG�DERYH�LV�FOHDUO\�VLPLODU�WR�WKH�PL[HG�ORJLW�PRGHO�RI�GLVFUHWH�FKRLFH�WKHRU\DOWKRXJK�LW�KDV�EHHQ�GHULYHG�LQ�D�GLIIHUHQW�ZD\��$�GLVFUHWH�FKRLFH��RU�UDQGRP�XWLOLW\�PRGHO�VWDUWVIURP�D�VSHFLILFDWLRQ�RI�WKH�XWLOLWLHV�RI�LQGLYLGXDO�PXVHXPV�DV�WKH�VXP�RI�D�GHWHUPLQLVWLF�DQG�DVWRFKDVWLF�SDUW��7KH�ODWWHU�LV�DVVXPHG�WR�EH�([WUHPH�9DOXH�W\SH�,�GLVWULEXWHG�DQG�WKLV�OHDGV�WR�WKHORJLW�PRGHO��7KH�PL[HG�ORJLW�PRGHO�DULVHV�LI�VRPH�RU�DOO�FRHIILFLHQWV�RI�WKH�ORJLW�PRGHO�DUHFRQVLGHUHG�WR�EH�UDQGRP�YDULDEOHV��LUUHVSHFWLYH�RI�WKH�ZD\�WKH�ORJLW�PRGHO�ZDV�GHULYHG�7KH�JURXS�VWUXFWXUH�LPSOLHG�E\����E��LV�LQ�VRPH�UHVSHFWV�VLPLODU�WR�WKDW�RI�WKH�QHVWHG�ORJLW�PRGHORI�FRQYHQWLRQDO�GLVFUHWH�FKRLFH�WKHRU\��VHH�7UDLQ������������IRU�D�GLVFXVVLRQ�RI�WKH�UHODWLRQVKLSEHWZHHQ�PL[HG�ORJLW�DQG�QHVWHG�ORJLW���1RWH��KRZHYHU��WKDW�WKH�UDQGRP�FRHIILFLHQW�IRUPXODWLRQDGRSWHG�KHUH�LV�EHWWHU�VXLWHG�IRU�UHSHDWHG�REVHUYDWLRQV�RI�WULSV�E\�WKH�VDPH�KRXVHKROG�WKDQ�WKHQHVWHG�ORJLW�PRGHO��VLQFH�LW�DOORZV�RQH�WR�OLQN�WKH�FRUUHODWLRQ�EHWZHHQ�WKH�XWLOLWLHV�RI�PXVHXPV�LQD�JLYHQ�JURXS�WR�LQGLYLGXDO�HIIHFWV�LQ�WKH�SUHIHUHQFHV�RI�WKH�FRQVXPHU��7KLV�LV�LPSRVVLEOH�LQ�WKHVWDQGDUG�YHUVLRQ�RI�WKH�QHVWHG�ORJLW�PRGHO�
� D�L OQ�$�L��LQ�WKH�QRWDWLRQ�RI������



��

7KH�PXVHXP�FKRLFH�PRGHO�FDQ�EH�PDGH�LQFRPH�GHSHQGHQW�E\�UHVSHFLI\LQJ�DWWUDFWLYHQHVV�DQGGLVWDQFH�GHFD\�DV�
NN \ ���� HVEEE �� � ���D�� � ¦ ���� �

� ���� �OQ�OQ O ONOOLLNLLLNLLLN G\DDD$ MUHVS � ���E�(VWLPDWLRQ�SURFHHGV�LQ�WKH�VDPH�ZD\�DV�IRU�WKH�PRGHO�ZLWKRXW�LQFRPH�HIIHFWV�
����7ULS�JHQHUDWLRQ�PRGHO)RU�WULS�JHQHUDWLRQ�ZH�XVH�WKH�XWLOLW\�IXQFWLRQ�������6LQFH�ZH�IRXQG�WKDW�GHVWLQDWLRQ�FKRLFH�LVLQFRPH�GHSHQGHQW��ZH�KDYH�WR�GHULYH�WKH�GHPDQG�IXQFWLRQ�������)RU�WKH�FKRVHQ�XWLOLW\�IXQFWLRQWKH�SUHGLFWHG�QXPEHU�RI�WULSV�LV�JLYHQ�E\�� � � �� � ¸̧¹·¨̈©§ ww������ \Z\Z\Z4 
OQ
H[S�OQOQ
�OQ� DKJDKJ � ����ZLWK�Z¶�DQG�LWV�GHULYDWLYH�ZLWK�UHVSHFW�WR�LQFRPH�DV�LPSOLHG�E\����D�E��:H�XVHG�WKH�QHJDWLYH�ELQRPLDO�PRGHO�WKDW�JLYHV�WKH�SUREDELOLW\�RI�REVHUYLQJ�[ WULSV�DV�� � � � � � � � � �������� �

� ����
� ��** �* OOOO O [[ 44[[[I ����

ZKHUH� � ��* GHQRWHV�WKH�JDPPD�IXQFWLRQ��7KLV�GLVWULEXWLRQ�KDV�H[SHFWDWLRQ�4��7KH�SDUDPHWHU��UHIOHFWV�RYHUGLVSHUVLRQ�LQ�FRPSDULVRQ�ZLWK�WKH�3RLVVRQ�GLVWULEXWLRQ��7KH�ODWWHU�GLVWULEXWLRQ�KDV�DYDULDQFH�WKDW�LV�HTXDO�WR�LWV�H[SHFWDWLRQ��ZKLFK�RIWHQ�UHMHFWHG��:KHQ� �oO WKH�QHJDWLYH�ELQRPLDOPRGHO�DSSURDFKHV�WKH�3RLVVRQ�PRGHO��VHH��IRU�LQVWDQFH��&DPHURQ�DQG�7ULYHGL��������,Q�HVWLPDWLQJ�WKH�PRGHO��ZH�KDYH�WR�WDNH�LQWR�DFFRXQW�WKDW�ZH�RQO\�KDYH�LQIRUPDWLRQ�DERXWKRXVHKROGV�ZKR�YLVLWHG�DW�OHDVW�RQH�RI�WKH�����PXVHXPV�GXULQJ�WKH�REVHUYDWLRQ�SHULRG��7KLVPHDQV�WKDW�FRXQWV�DUH�WUXQFDWHG�DW�WKH�YDOXH�]HUR��:H�VKRXOG�WKHUHIRUH�XVH�WKH�FRQGLWLRQDOGLVWULEXWLRQ� � � � �������� I[I[J � DV�WKH�EDVLV�IRU�RXU�OLNHOLKRRG�IXQFWLRQ�7KH�OLNHOLKRRG�LV�D�IXQFWLRQ�RI�WKH�SDUDPHWHUV� DKJ �� DQG�O ��ZKLFK�KDYH�WR�EH�HVWLPDWHG��2QH�RIWKH�DUJXPHQWV�RI�4 LV�Z¶��DQG�WKLV�LV�D�IXQFWLRQ�RI�WKH�SDUDPHWHUV�WKDW�KDYH�EHHQ�HVWLPDWHG�IRU�WKHGHVWLQDWLRQ�FKRLFH�PRGHO�DQG�ZLOO�KHUH�EH�WDNHQ�DV�JLYHQ��0RUHRYHU�� 
Z LV�D�IXQFWLRQ�RI�WKHUDQGRP�YDULDEOHV�0 DQG�3 DQG�WKHUHIRUH�LWVHOI�D�UDQGRP�YDULDEOH��:H�FDQ�GHDO�ZLWK�WKLV�LVVXH�E\µLQWHJUDWLQJ�RXW¶�WKHVH�UDQGRP�YDULDEOHV��,Q�GRLQJ�VR��ZH�FDQ�PDNH�XVH�RI�WKH�LQIRUPDWLRQ�WKDW�WKHGHVWLQDWLRQ�FKRLFHV�RI�D�KRXVHKROG�JLYHV�XV�DERXW�WKH�YDOXHV�RI�WKHVH�UDQGRP�YDULDEOHV�IRU�DSDUWLFXODU�KRXVHKROG�N���7KLV�LQIRUPDWLRQ�FDQ�EH�WDNHQ�LQWR�DFFRXQW�E\�XVLQJ�WKH��SRVWHULRU�SUREDELOLW\�RI�WKH�REVHUYHG�VHTXHQFH�RI�GHVWLQDWLRQ�FKRLFHV�IRU�WKH�SDUWLFXODU�YDOXHV�RI�WKHUDQGRP�YDULDEOHV�ZKHQ�SHUIRUPLQJ�WKH�LQWHJUDWLRQ��VHH�7UDLQ��������FKDSWHU�����IRU�D�GLVFXVVLRQRI�WKH�PHWKRG���7KH�ZHLJKWV�DUH�GHWHUPLQHG�DV�
� �³ ³� �
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ZKHUH�ZH�XVH�WKH�HVWLPDWHG�YDOXHV�RI�WKH�SDUDPHWHUV� � � VE �� �� DD � DQG� U ��7KH�OLNHOLKRRG�OT RIREVHUYLQJ�[N PXVHXP�YLVLWV�E\�KRXVHKROG�N�FDQ�WKXV�EH�ZULWWHQ�DV�
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� � MHMHMHMHODJKH M GGINZ[JNO NT ����_������_��� ³ ³ ����
ZKHUH�J�[N _�����LV�WKH�FRQGLWLRQDO�QHJDWLYH�ELQRPLDO�GHQVLW\�IXQFWLRQ�IRU�DW�OHDVW�RQH�PXVHXP�YLVLW�ZKLFK�KDV�QRZ�EHHQ�ZULWWHQ�DV�D�IXQFWLRQ�RI�WKH�SDUDPHWHUV�WR�EH�HVWLPDWHG�DQG�WKH�UDQGRPYDULDEOHV�RYHU�ZKLFK�LQWHJUDWLRQ�WDNHV�SODFH��(VWLPDWLRQ�SURFHHGV�E\�VLPXODWHG�PD[LPXPOLNHOLKRRG�
��(VWLPDWLRQ�UHVXOWV
����7ULS�GLVWULEXWLRQ�PRGHO7KH�OLNHOLKRRG�IRU�DQ�LQGLYLGXDO�KRXVHKROG�IRUPXODWHG�LQ������ZDV�XVHG�DV�WKH�EDVLV�IRU�WKHOLNHOLKRRG�IXQFWLRQ�RI�WKH�VDPSOH��:H�VWDUWHG�ZLWK�HVWLPDWLQJ�WKH�VWDQGDUG�ORJLW�PRGHO�ZLWKGHWHUPLQLVWLF�FRHIILFLHQWV�DQG�DQ�HTXDO�GLVWDQFH�GHFD\�SDUDPHWHU�IRU�DOO�GHVWLQDWLRQV�DQGVXEVHTXHQWO\�LQWURGXFHG�WKH�JHQHUDOL]DWLRQV�GLVFXVVHG�LQ�WKH�SUHYLRXV�VHFWLRQ��7DEOH���JLYHV�WKHORJOLNHOLKRRG�RI�WKH�PRGHOV�WKDW�KDYH�EHHQ�HVWLPDWHG�

7DEOH���(VWLPDWLRQ�UHVXOWV�IRU�WKH�WULS�GLVWULEXWLRQ�PRGHO
0RGHO /RJOLNHOLKRRG �FRHII%DVLF�PRGHO��VWDQGDUG�ORJLW� ���������� �����5DQGRP�SDUDPHWHUV ���������� �����&RUUHODWHG�DWWUDFWLYHQHVV ���������� �����'LIIHUHQW�GLVWDQFH�GHFD\�SDUDPHWHUV ���������� �����,QFRPH�GHSHQGHQW�GHVWLQDWLRQ�FKRLFH�DQG�GLVWDQFH�GHFD\ ���������� ���
1XPEHU�RI�PXVHXP�YLVLWV��VFKRRO�KROLGD\�SHULRGV�H[FOXGHG� �������1XPEHU�RI�FDUG�KROGHUV�LQ�VDPSOH ������

:H�VWDUWHG�ZLWK�WKH�VWDQGDUG�ORJLW�PRGHO��$OORZLQJ�IRU�KHWHURJHQHLW\�LQ�WKH�SDUDPHWHUV�OHG�WR�DVXEVWDQWLDO�LQFUHDVH�LQ�WKH�OLNHOLKRRG��$OORZLQJ�WKH�DWWUDFWLYHQHVV�RI�PXVHXPV�ZLWKLQ�WKH�VDPHJURXS�WR�EH�FRUUHODWHG�DOVR�LQFUHDVHG�WKH�ORJOLNHOLKRRG�VXEVWDQWLDOO\��7KH�PRGHO�VWLOO�XVHG�WKHVDPH�GLVWDQFH�GHFD\�SDUDPHWHUV�IRU�DOO�PXVHXP�YLVLWV��WKHUHE\�H[FOXGLQJ�WKH�SRVVLELOLW\�RI�ORFDOHIIHFWV��$OORZLQJ�IRU�WKHVH�HIIHFWV��E\�DGGLQJ�WKH�SDUDPHWHU�DL DJDLQ�UHVXOWHG�LQ�D�VXEVWDQWLDOLQFUHDVH�LQ�WKH�ORJOLNHOLKRRG��)LQDOO\�ZH�DOVR�LQWURGXFHG�WKH�SRVVLELOLW\�RI�LQFRPH�HIIHFWV��+HUH�WKH�UHVXOWV�ZHUH�VRPHZKDW�DPELJXRXV��D�W�WHVW�VKRZV�WKDW�PDQ\�FRHIILFLHQWV�DUH�QRW�VLJQLILFDQWDQG�WKH�LQFUHDVH�LQ�WKH�YDOXH�RI�WKH�ORJOLNHOLKRRG�LV�OHVV�GUDPDWLF��+RZHYHU��D�OLNHOLKRRG�UDWLR�WHVWLQGLFDWHV�WKDW�DGGLWLRQ�RI�WKH�LQFRPH�FRHIILFLHQWV�LV�ZRUWKZKLOH�DQG�ZH�WKHUHIRUH�FKRRVH�WKHPRGHO�LQFRUSRUDWLQJ�WKHVH�LQFRPH�HIIHFWV�DV�RXU�SUHIHUUHG�VSHFLILFDWLRQ�$OO�PRGHOV��H[FHSW�WKH�ILUVW�RQH��DUH�HVWLPDWHG�E\�PHDQV�RI�PD[LPXP�VLPXODWHG�OLNHOLKRRG��:HXVHG����[����LQGHSHQGHQW�GUDZV� IURP�WKH�VWDQGDUG�QRUPDO�GLVWULEXWLRQ�IRU�HDFK�KRXVHKROG�LQWKH�VDPSOH��&RPSOHWH�HVWLPDWLRQ�UHVXOWV�DUH�UHSRUWHG�LQ�WKH�$SSHQGL[�
� 7KHUH�DUH�����UDQGRP�FRHIILFLHQWV��VR�ZH�KDYH�����LQGHSHQGHQW�GUDZV�IRU�HDFK�FRHIILFLHQW�



��

'LVWDQFH�GHFD\�HIIHFWV:H�VWDUW�RXU�GLVFXVVLRQ�ZLWK�WKH�GLVWDQFH�GHFD\�SDUDPHWHUV� � �LD�� �E ��ZKLFK�UHIOHFW�D�µSXUH¶GLVWDQFH�GHFD\�HIIHFW�DQG�D�SRVVLEOH�µORFDO�LQWHUHVW¶�HIIHFW��6LQFH�WKH�ODWWHU�ZLOO�FDXVH�D�VWURQJHUGLVWDQFH�GHFD\�HIIHFW��WKLV�VXJJHVWV�WKDW�WKH�PLQLPXP�DEVROXWH�YDOXH�RI�WKH�HVWLPDWHG�SDUDPHWHUFDQ�EH�FRQVLGHUHG�WR�EH�WKH�SXUH�GLVWDQFH�GHFD\�HIIHFW��0RUHRYHU��RQH�ZRXOG�H[SHFW�WKDWPXVHXPV�ZLWK�D�FOHDU�QDWLRQDO�LQWHUHVW��VXFK�DV�WKH�5LMNVPXVHXP�LQ�$PVWHUGDP�ZRXOG�KDYH�WKLVPLQLPXP�YDOXH�RI�WKH�GLVWDQFH�GHFD\�SDUDPHWHUV��$FWXDO�HVWLPDWLRQ�UHVXOWV�GLG�QRW�FRPSOHWHO\FRQILUP�WKLV�H[SHFWDWLRQ��7DEOH���OLVWV�D�QXPEHU�RI�WKHVH�FRHIILFLHQWV�
7DEOH���6RPH�HVWLPDWHG�GLVWDQFH�GHFD\�SDUDPHWHUV

0XVHXP /RFDWLRQ 'LVW�GHFD\
���KLJKHVW�GLVWDQFH�GHFD\�HIIHFWV0LOO�0XVHXP .RRJ�D�G�=DDQ ������5HJLRQDO�0XVHXP .ULPSHQ�D�G�,MVVHO �������+RUWXV�%RWDQLFXV /H\GHQ �������7RZQ�0LOO�0XVHXP /H\GHQ �������8QLYHUVLW\�0XVHXP 8WUHFKW �������5DLOZD\�0XVHXP 8WUHFKW �������5HVLVWDQFH�0XVHXP $PVWHUGDP �������=DDQV�0XVHXP =DDQGDP �������0XVHXP�%HHFNHVWHLQ 9HOVHQ�=XLG �������*URHQHYHOG�&DVWOH %DDUQ �������
��0XVHXPV�ZLWK�D�QDWLRQDO�LQWHUHVW5LMNVPXVHXP $PVWHUGDP �������9DQ�*RJKPXVHXP $PVWHUGDP �������7RZQ�0XVHXP $PVWHUGDP �������=XLGHU]HH�PXVHXP (QNKXL]HQ �������%RLMPDQV�YDQ�%HXQLQJHQ 5RWWHUGDP �������
���ORZHVW�GLVWDQFH�GHFD\�HIIHFWV*URQLQJHQ�0XVHXP *URQLQJHQ �������'XWFK�%DNHU\�0XVHXP +DWWHP �������7R\V�DQG�7LQ�0XVHXP 'HYHQWHU �������%RQQHIDQWHQPXVHXP 0DDVWULFKW �������,QGXVWULRQ .HUNUDGH �������3ULQFHVVHKRI /HHXZDUGHQ �������/RR�3DODFH $SHOGRRUQ �������)ULVLDQ�0XVHXP /HHXZDUGHQ �������+LVWRULFDO�0XVHXP 'HYHQWHU �������1RUWKHUQ�6KLSSLQJ�0XVHXP *URQLQJHQ �������

7KH�ILUVW�SDQHO�JLYHV�WKH����PXVHXPV�ZLWK�WKH�VWURQJHVW�GLVWDQFH�GHFD\�HIIHFWV��:LWK�WKHH[FHSWLRQ�RI�WKH�5DLOZD\�0XVHXP��WKHVH�DUH�DOO�PXVHXPV�ZLWK�D�FOHDU�ORFDO�LQWHUHVW��7KH�VHFRQGSDQHO�JLYHV�WKH�SDUDPHWHUV�RI���PXVHXPV�ZKLFK�FOHDUO\�KDYH�D�QDWLRQDO�LQWHUHVW��7KUHH�ZHOONQRZQ�$PVWHUGDP�PXVHXPV�DQG�RQH�5RWWHUGDP�PXVHXP��DOO�VSHFLDOL]LQJ�LQ�YLVXDO�DUWV��DQG�DPXVHXP�LQ�(QNKXL]HQ�VSHFLDOL]HG�LQ�FXOWXUDO�KLVWRU\�DQG�D�SRSXODU�GHVWLQDWLRQ�IRU�GD\�WULSV��$OOWKHVH�PXVHXPV�KDYH�D�GLVWDQFH�GHFD\�HIIHFW�WKDW�LV�PXFK�VPDOOHU�WKDQ�WKH����KLJKHVW��ZKLFKFRQILUPV�RXU�H[SHFWDWLRQ��+RZHYHU��WKH�HVWLPDWHG�HIIHFWV�IRU�WKHVH�ILYH�PXVHXPV�VWLOO�VKRZ



��

VLJQLILFDQW�GLIIHUHQFHV��ERWK�LQ�D�VWDWLVWLFDO�DQG�HFRQRPLF�VHQVH��)RU�QR�REYLRXV�UHDVRQ�WKH�9DQ*RJK�PXVHXP�KDV�D�PXFK�ORZHU�GLVWDQFH�GHFD\�SDUDPHWHU�WKDQ�WKH�RWKHU�IRXU�LQ�WKLV�JURXS�0RUHRYHU��WKHVH�ILYH�PXVHXPV�GR�QRW�KDYH�WKH�ORZHVW�GLVWDQFH�GHFD\�HIIHFWV��LQ�DEVROXWH�YDOXH�RI�WKH�WRWDO�VHW�7KH�WHQ�PXVHXPV�ZLWK�WKH�ORZHVW�GLVWDQFH�GHFD\�HIIHFW�DUH�OLVWHG�LQ�WKH�ERWWRP�SDQHO�RI�7DEOH���0RVW�RI�WKHP�DUH�PXVHXPV�WKDW�VSHFLDOL]H�LQ�D�WRSLF�RI�JHQHUDO�LQWHUHVW�VXFK�DV�WKH�KLVWRU\�RIEDNLQJ�RU�VKLSSLQJ��RU�WKH�KLVWRU\�RI�D�SURYLQFH��$OO�RI�WKHP�DUH�ORFDWHG�RXWVLGH�WKH�5DQGVWDG�PDQ\�RI�WKHP�LQ�DUHDV�WKDW�DUH�RIWHQ�XVHG�DV�GHVWLQDWLRQ�IRU�D�VKRUW�YDFDWLRQ��� 7KLV�VXJJHVWV�WKDWGHOHWLQJ�WKH�WULSV�PDGH�GXULQJ�VFKRRO�KROLGD\�SHULRGV�KDV�QRW�UHVXOWHG�LQ�D�FRPSOHWH�HOLPLQDWLRQRI�WKH�WULSV�WKDW�DUH�PDGH�IURP�RWKHU�ORFDWLRQ�WKDQ�WKH�KRXVHKROG�UHVLGHQFH�7KH�HIIHFW�RI�LQFRPH�RQ�WKH�GLVWDQFH�GHFD\�SDUDPHWHU�LV�VPDOO�DQG�LQVLJQLILFDQW��7KHUH�LVVLJQLILFDQW�KHWHURJHQHLW\�LQ�WKH�GLVWDQFH�GHFD\�HIIHFW��ZLWK�D�VWDQGDUG�GHYLDWLRQ�DSSUR[LPDWHO\HTXDO�WR���
7KHVH�UHVXOWV�LPSO\�WKDW�ZH�GR�QRW�KDYH�FOHDU�UHVXOWV�ZLWK�UHVSHFW�WR�WKH�µSXUH¶�GLVWDQFH�GHFD\SDUDPHWHU��7KH�IUHTXHQF\�GLVWULEXWLRQ�RI�WKH�HVWLPDWHG�SDUDPHWHUV�LV�VKRZQ�LQ�)LJXUH���

)LJXUH����)UHTXHQF\�GLVWULEXWLRQ�RI�GLVWDQFH�GHFD\�SDUDPHWHUV

,WV�VNHZQHVV�LV�UHODWHG�WR�WKH�ORFDO�LQWHUHVW�HIIHFW��DQG�WKLV�GLVTXDOLILHV�WKH�PHDQ�DV�D�XVHIXOLQGLFDWRU��8VH�RI�WKH�PRGH�LV�DOVR�SUREOHPDWLF��VLQFH�WKHUH�LV�QRW�D�FOHDU�PRGH��7KHUH�DUH��PXVHXPV�ZLWK�D�GLVWDQFH�GHFD\�SDUDPHWHU�LQ�WKH�LQWHUYDO����������������LQ�WKH�LQWHUYDO������������DQG���LQ�WKH�LQWHUYDO��������������7KH�ILJXUHV�UHSRUWHG�LQ�7DEOH���DOVR�PDNH�FOHDU�WKDW�WKHUH�LVYDULDWLRQ�DPRQJ�WKH�GLVWDQFH�GHFD\�HIIHFWV�RI�PXVHXP�ZLWK�DQ�REYLRXV�QDWLRQDO�LQWHUHVW��7KHPHGLDQ�RI�WKH�IUHTXHQF\�GLVWULEXWLRQ��ZKLFK�LV�HTXDO�WR��������LV�DOVR�GLIILFXOW�WR�LQWHUSUHW��DV�WKHµSXUH¶�GLVWDQFH�GHFD\�HIIHFW��:H�KDYH�XOWLPDWHO\�GHFLGHG�WR�XVH�WKH�GLVWDQFH�GHFD\�SDUDPHWHU�RIWKH�5LMNVPXVHXP��EHLQJ�WKH�QDWLRQDO�PXVHXP�µSDU�H[FHOOHQFH¶�DV�WKH�EHVW�DSSUR[LPDWLRQ�RI�WKHSXUH�GLVWDQFH�GHFD\�HIIHFW��&RHIILFLHQWV�WKDW�DUH�VPDOOHU��LQ�DEVROXWH�YDOXH��DUH�LQWHUSUHWHG�DV�WKH
�� .HUNUDGH�DQG�0DDVWULFKW�DUH�LQ�WKH�VRXWKHUQ�SDUW�RI�/LPEXUJ��+DWWHP�DQG�$SHOGRRUQ�DW�WKH�9HOXZH��ERWK�UHJLRQVDUH�SRSXODU�GHVWLQDWLRQV�IRU�VKRUW�KROLGD\V�
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� �� �� �� �� �� �� �� ��GLVWDQFH�GHFD\�HIIHFWV��[����

QXPE
HU�RI

�PXV
HXPV
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SURGXFW�RI�WKH�SXUH�GLVWDQFH�GHFD\�HIIHFW��ZKLFK�LV�HTXDO�WR�������DQG�WKH�IUDFWLRQ�RI�WUDYHO�WLPHWKDW�FDQ�EH�DWWULEXWHG�WR�WKH�PXVHXP�YLVLW�
$WWUDFWLYHQHVV:H�KDYH�FRPSXWHG�WKH�DYHUDJH�DWWUDFWLYHQHVV�RI�WKH�PXVHXPV�IRU�FRQVXPHUV�DV�WKH�H[SHFWHGYDOXH�RI�WKH�ORJQRUPDO�GLVWULEXWHG�YDULDEOH�$LN RI����E���� 7KH�SDUDPHWHU�D�L��UHSUHVHQWLQJ�WKHORFDO�LQWHUHVW�HIIHFW�ZDV�VHW�HTXDO�WR�WKH�HVWLPDWHG�YDOXHV�RI� � �LD�� �E PLQXV�WKH�µSXUH¶�GLVWDQFHGHFD\�HIIHFW��ZKLFK�ZDV�VHW�HTXDO�WR�±�����ZKHQHYHU�WKLV�ZDV�QHJDWLYH�DQG�WR���LQ�DOO�RWKHU�FDVHV�7KLV�SURFHGXUH�LV�EDVHG�RQ�WKH�GLVFXVVLRQ�RI�WKH�SUHYLRXV�VHFWLRQ��,Q�RUGHU�WR�PRGHUDWH�WKH�HIIHFWRI�WKH�µORFDO�LQWHUHVW¶�HIIHFW��ZH�FRPSXWHG�WKH�DWWUDFWLYHQHVV�RI�PXVHXPV�RQ�WKH�EDVLV�RI�D�WULSOHQJWK�RI������PLQXWHV��WKH�DYHUDJH�WUDYHO�WLPH�IRU�D�PXVHXP�YLVLW�ZKHQ�XQGHUWDNHQ�IURP�WKHUHVLGHQWLDO�ORFDWLRQ��,Q�WKHVH�FRPSXWDWLRQV�LQFRPH�ZDV�VHW�WR�LWV�DYHUDJH�YDOXH��7DEOH���JLYHV�WKHDYHUDJH�DWWUDFWLYHQHVV�RI�WKH�WRS�WZHQW\�PXVHXPV�

7DEOH���7KH����PXVHXPV�ZLWK�KLJKHVW�DWWUDFWLYHQHVV
1DPH /RFDWLRQ *URXS $WWUDFWLYHQHVV7RZQ�0XVHXP $PVWHUGDP 9LVXDO�DUWV ����5LMNVPXVHXP $PVWHUGDP 9LVXDO�DUWV�&XOWXUDO�KLVWRU\ ����1DWXUDOLV /H\GHQ 1DWXUDO�KLVWRU\ ����&REUD�0XVHXP $PVWHOYHHQ 9LVXDO�DUWV ����0XQLFLSDO�0XVHXP 7KH�+DJXH &XOWXUDO�KLVWRU\ ����6LQJHU�0XVHXP /DUHQ 9LVXDO�DUWV ����%RLMPDQV�YDQ�%HXQLQJHQ 5RWWHUGDP 9LVXDO�DUWV ����+RUWXV�%RWDQLFXV /H\GHQ 1DWXUDO�KLVWRU\ ����9DQ�*RJK�0XVHXP $PVWHUGDP 9LVXDO�DUWV ����*URQLQJHQ�0XVHXP *URQLQJHQ 9LVXDO�DUWV�&XOWXUDO�KLVWRU\ ����7URSLFDO�0XVHXP $PVWHUGDP $QWKURSRORJ\ ����=XLGHU]HH�0XVHXP (QNKXL]HQ &XOWXUDO�KLVWRU\ ����5DLOZD\�0XVHXP 8WUHFKW 7HFKQRORJ\ ����(FRGURPH =ZROOH 1DWXUDO�KLVWRU\ ����0DXULWVKXLV 7KH�+DJXH 9LVXDO�DUWV ����)ULVLD�0XVHXP +RRUQ 9LVXDO�DUWV ����%RQQHIDQWHQ 0DDVWULFKW 9LVXDO�DUWV ����'XWFK�$UFKLWHFWXUH�0XVHXP 5RWWHUGDP 7HFKQRORJ\ ����+LVWRULFDO�0XVHXP $PVWHUGDP &XOWXUDO�KLVWRU\ ����.UDQHQEXUJ %HUJHQ 9LVXDO�DUWV ����

3HUKDSV�VRPHZKDW�VXUSULVLQJO\��WKH�ILUVW�SODFH�LV�RFFXSLHG�E\�WKH�7RZQ�0XVHXP�RI�$PVWHUGDP�ZKLOH�WKH�5LMNVPXVHXP�RQO\�WDNHV�WKH�VHFRQG�SODFH��7KH�5LMNVPXVHXP�KDV�D�ODUJHU�EDVLFDWWUDFWLYHQHVV�SDUDPHWHU�D���EXW�WKH�KHWHURJHQHLW\�SDUDPHWHU�IRU�WKH�7RZQ�0XVHXP�LV�PXFKODUJHU��0RUHRYHU��WKHUH�LV�D�UHODWLYHO\�ODUJH�DQG�VLJQLILFDQW�HIIHFW�RI�LQFRPH�RQ�WKH�DWWUDFWLYHQHVVRI�WKH�7RZQ�0XVHXP��DQG�QRQH�RQ�WKH�DWWUDFWLYHQHVV�RI�WKH�5LMNVPXVHXP�$�ODUJH�VKDUH�������RI�WKH�WRS�WZHQW\�PXVHXPV�VSHFLDOL]H�LQ�YLVXDO�DUWV��L�H��SDLQWLQJV�DQGVFXOSWXUHV��ZKHUHDV�RQO\�IRXU�RI�WKHP�EHORQJ�WR�WKH�PXFK�ODUJHU�JURXS�RI�PXVHXPV�IRFXVLQJ�RQFXOWXUDO�KLVWRU\��7KH�JURXS�RI�PXVHXPV�VSHFLDOL]LQJ�LQ�QDWXUDO�KLVWRU\�LV�DOVR�ZHOO�UHSUHVHQWHG
�� 7KH�FRPSXWDWLRQ�XVHV�(�$L� H[S�D�L�D�LSDY�D�LOQ�\DY�����VL�6UOGL�O����ZKHUH�WKH�VXSHUVFULSW�DY LV�XVHG�WR�GHQRWHVDPSOH�DYHUDJHV��7KH�GHWHUPLQDWLRQ�RI�D�L LV�GLVFXVVHG�LQ�ZKDW�IROORZV�



��

ZLWK���RI�LWV�PHPEHUV�LQ�WKH�WRS�����WZR�RI�WKHVH�PXVHXPV�DUH�ORFDWHG�LQ�/H\GHQ��(YHQ�WKRXJKWKH�+RUWXV�%RWDQLFXV��WKH�8QLYHUVLW\�%RWDQLFDO�*DUGHQ��LQ�WKLV�WRZQ�KDV�D�ODUJH�ORFDO�LQWHUHVWFRPSRQHQW��VHH�7DEOH�����LWV�DWWUDFWLYHQHVV�UHPDLQV�VXEVWDQWLDO�IRU�WKRVH�ZKR�KDYH�WR�WUDYHO�WKUHHTXDUWHUV�RI�DQ�KRXU��7KH�5DLOZD\�0XVHXP�LV�DQRWKHU�PHPEHU�RI�WKH�WRS�WZHQW\�JURXS�WKDW�KDV�DVXEVWDQWLDO�ORFDO�LQWHUHVW�FRPSRQHQW�LQ�LWV�DWWUDFWLYHQHVV��7RJHWKHU�ZLWK�WKH�$UFKLWHFWXUH�0XVHXPLW�UHSUHVHQWV�WKH�JURXS�RI�WHFKQRORJ\�PXVHXPV�LQ�WKH�WRS����,Q�LQWHUSUHWLQJ�WKH�ILJXUHV�LQ�7DEOH����LW�PXVW�EH�NHSW�LQ�PLQG�WKDW�WKH\�UHIHU�WR�WKH�DWWUDFWLYHQHVVIRU�D�YHU\�ODUJH��EXW�VSHFLILF�JURXS��QDPHO\�KROGHUV�RI��WKH�0XVHXP�&DUG��SHRSOH�WKDW�HVWLPDWH�WRJR�PRUH�RIWHQ�WR�PXVHXPV��DV�WKH�SXUFKDVH�LV�RQO\�ZRUWKZKLOH�ZKHQ�SODQQLQJ�WR�YLVLW�PRUH�WKDQWKUHH�PXVHXPV�SHU�\HDU��,I�ZH�KDG�HVWLPDWHG�D�PRGHO�RQ�WULSV�RI�D�GLIIHUHQW�JURXS��ZH�ZRXOGSUREDEO\�KDYH�IRXQG�D�GLIIHUHQW�UDQNLQJ��)RU�LQVWDQFH��LW�VHHPV�OLNHO\�WKDW�LQWHUQDWLRQDO�WRXULVWVKDYH�D�KLJKHU�SUHIHUHQFH�IRU�WKH�5LMNVPXVHXP�DQG�WKH�9DQ�*RJK�PXVHXP��DQG�DUH�OHVVDFTXDLQWHG�ZLWK��IRU�LQVWDQFH��WKH�=XLGHU]HH�PXVHXP��ZKLFK�VSHFLDOL]HV�LQ�D�SDUWLFXODU�'XWFKWKHPH�)LJXUH���VKRZV�WKH�IUHTXHQF\�GLVWULEXWLRQ�RI�WKH�HVWLPDWHG�H[SHFWHG�DWWUDFWLYHQHVV�RI�WKH����PXVHXPV��7KH�PRVW�VDOLHQW�IHDWXUH�RI�WKH�ILJXUH�LV�WKH�ODUJH�QXPEHUV�RI�PXVHXPV�ZLWK�D�YHU\�ORZDWWUDFWLYHQHVV�DQG�WKH�VPDOO�QXPEHU�RI�PXVHXPV�ZLWK�D�YHU\�KLJK�DWWUDFWLYHQHVV��7KH�7RZQ0XVHXP�RI�$PVWHUGDP�DQG�WKH�5LMNVPXVHXP�KDYH�DQ�HVWLPDWHG�DWWUDFWLYHQHVV�WKDW�LV�PRUH�WKDQWZR�WLPHV�DV�KLJK�DV�WKDW�RI�DQ\�RWKHU�PXVHXP��� 7KLV�SKHQRPHQRQ�KDV�EHHQ�REVHUYHG�HDUOLHUDQG�DOVR�LQ�RWKHU�FRQWH[WV��VHH�)UH\��������
)LJXUH���)UHTXHQF\�GLVWULEXWLRQ�RI�HVWLPDWHG�DWWUDFWLYHQHVV�RI�PXVHXPV

!��

�� 7KLV�LV�QRW�DQ�DUWHIDFW�RI�RXU�XVH�RI�WKH�ORJQRUPDO�GLVWULEXWLRQ�IRU�KHWHURJHQHLW\�DPRQJ�FRQVXPHUV��7KHSKHQRPHQRQ�LV�DOVR�SUHVHQW�LQ�WKH�EDVLF�ORJLW�PRGHO�DQG�DSSHDU�DOVR�LI�ZH�XVH�RQO\�WKH�SDUDPHWHUV�D��

��
��������������

� � � � � �� �� �� �� �� �� �� ��DWWUDFWLYHQHVV��[���

QXPE
HU�RI

�PXV
HXPV
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7KH�HIIHFW�RI�LQFRPH�RQ�WKH�DWWUDFWLYHQHVV�RI�PRVW��EXW�QRW�DOO��PXVHXPV�LV�VPDOO�DQG�VWDWLVWLFDOO\LQVLJQLILFDQW��7KLV�UHVXOW�PD\�SDUWO\�EH�GXH�WR�PHDVXUHPHQW�HUURU�LQ�WKLV�YDULDEOH��ZKLFK�ZDV�RQO\DYDLODEOH�DV�DQ�DYHUDJH�UHIHUULQJ�WR�DQ�DUHD�GHILQHG�E\�D�SDUWLFXODU�]LS�FRGH��7KH�PXVHXPV�ZLWKVLJQLILFDQW�SRVLWLYH�RU�QHJDWLYH�LQFRPH�HIIHFWV�RQ�WKHLU�DWWUDFWLYHQHVV�GLG�QRW�FRQVWLWXWH�DUHFRJQL]DEOH�JURXS�$OWKRXJK�WKH�UHVXOWV�UHSRUWHG�LQ�7DEOH���DQG�)LJXUH���DUH�GHSHQGHQW�RQ�RXU�SDUWLFXODU�FKRLFH�RIWKH�µSXUH¶�GLVWDQFH�GHFD\�HIIHFW��WKH\�DUH�QRW�YHU\�VHQVLWLYH�WR�FKDQJHV�LQ�WKH�YDOXH�RI�WKLVSDUDPHWHU��)RU�LQVWDQFH��FKRLFH�RI�WKH�PHGLDQ�YDOXH�RI� � �LD�� �E ���������DV�WKH�SXUH�GLVWDQFHGHFD\�HIIHFWV�GRHV�QRW�FKDQJH�WKH�VHW�RI�WRS����PXVHXPV��DOWKRXJK�WKHLU�RUGHU�LV�QRZ�GLIIHUHQW�$OVR�FKRLFH�RI�D�VPDOOHU�YDOXH�GRHV�QRW�UHVXOW�LQ�VXEVWDQWLDO�GLIIHUHQFH�LQ�7DEOH���%HIRUH�FRQFOXGLQJ�WKLV�VXEVHFWLRQ�ZH�VKRXOG�QRWH�WKDW�DWWUDFWLYHQHVV�RI�D�PXVHXP�LV�QRW�LGHQWLFDOZLWK�LWV�YDOXH�LQ�D�ZHOIDUH�HFRQRPLF�VHQVH��7KH�ZHOIDUH�HFRQRPLF�DVSHFWV�RI�WKH�PRGHO�ZLOO�EHGLVFXVVHG�LQ�VXEVHFWLRQ�����
����7ULS�JHQHUDWLRQ�PRGHO6LQFH�LQFRPH�HIIHFWV�ZHUH�IRXQG�WR�EH�VLJQLILFDQW�LQ�WKH�WULS�GLVWULEXWLRQ�PRGHO��ZH�XVHG�HTXDWLRQ�����IRU�WKH�H[SHFWHG�QXPEHU�RI�WULSV��7KH�YDOXH�RI�WKH�SDUWLDO�GHULYDWLYH� \Z ww �
 ZDV�GHWHUPLQHGRQ�WKH�EDVLV�RI�WKH�HVWLPDWLRQ�UHVXOWV�UHSRUWHG�LQ�WKH�SUHYLRXV�VXEVHFWLRQ��,WV�YDOXH�WXUQHG�RXW�WREH�FORVH�WR�]HUR�LQ�DOO�FDVHV��7KH�UHDVRQ�LV�WKDW�WKH�GLVWDQFH�GHFD\�SDUDPHWHUV�LV�QRW�GHSHQGHQW�RQLQFRPH��ZKHUHDV�WKH�LQFRPH�HIIHFWV�RQ�WKH�DWWUDFWLYHQHVV�RI�PXVHXPV�DUH�VRPHWLPHV�SRVLWLYH�DQGVRPHWLPHV�QHJDWLYH��ZLWK�WKH�QHW�HIIHFW�FORVH�WR�]HUR��$V�D�FRQVHTXHQFH��WKH�GLIIHUHQFH�EHWZHHQ�����DQG������LV�YHU\�VPDOO�DQG�LJQRULQJ�WKH�HIIHFW�RI�LQFRPH�RQ�WKH�FRPSRVLWH�SULFH�RI�PXVHXPKDV�RQO\�VPDOO�HIIHFWV�WKH�UHVXOWV�RI�WKH�FRXQW�GDWD�PRGHO�(VWLPDWLRQ�UHVXOWV�IRU�WKH�QHJDWLYH�ELQRPLDO�PRGHO�DUH�SUHVHQWHG�LQ�7DEOH����� 7KH\�KDYH�EHHQREWDLQHG�ZKLOH�WDNLQJ�LQWR�DFFRXQW�WKH�GHSHQGHQFH�RI�WKH�FRPSRVLWH�SULFH�RI�PXVHXP�WULSV�RQLQFRPH��7KH�FRPSRVLWH�SULFH�RI�PXVHXP�YLVLWV�KDV�D�VLJQLILFDQW�QHJDWLYH�HIIHFW�RQ�WKH�QXPEHU�RIWULSV��7KH�SULFH�HODVWLFLW\�LV�HTXDO�WR 
KS ��ZKLFK�LV�RQ�DYHUDJH�HTXDO�WR�±������7KHUH�LV�DOVR�DVLJQLILFDQW�SRVLWLYH�HIIHFW�RI�LQFRPH��7KH�LQFRPH�HODVWLFLW\�RI�WKH�GHPDQG�IRU�PXVHXP�WULSV�LVHTXDO�WR�D ��VXJJHVWLQJ�WKDW�VXFK�WULSV�DUH�D�QHFHVVLW\��� 7KHUH�LV�D�VLJQLILFDQW�DPRXQW�RIRYHUGLVSHUVLRQ�SUHVHQW�LQ�RXU�GDWD��LPSO\LQJ�WKDW�WKH�VLPSOH�3RLVVRQ�PRGHO�ZRXOG�EHLQDSSURSULDWH��� 7KH�RYHUGLVSHUVLRQ�LV�UHIOHFWHG�LQ�WKH�SUHVHQFH�RI�D�IHZ�KRXVHKROGV�ZLWK�D�YHU\ODUJH�QXPEHU�RI�PXVHXP�YLVLWV�LQ�RXU�GDWD�

7DEOH���(VWLPDWLRQ�UHVXOWV�IRU�WKH�FRXQW�GDWD�PRGHO
&RHIILFLHQW 9DULDEOH (VWLPDWH 6WDQGDUG�HUURUJ &RQVWDQW ����� ����K 3ULFH ������ �����D /Q�,QFRPH� ����� �����O 2YHUGLVSHUVLRQ ����� �����/RJOLNHOLKRRG ��������

�� 7KH�VWDQGDUG�HUURUV�UHSRUWHG�LQ�WKLV�WDEOH�KDYH�EHHQ�FRPSXWHG�WUHDWLQJ�WKH�HVWLPDWHG�FRHIILFLHQWV�RI�WKH�WULSGLVWULEXWLRQ�PRGHO�DV�FRQVWDQWV��� 7KH�PHDVXUHPHQW�HUURU�LPSOLHG�E\�RXU�XVH�RI�WKH�DYHUDJH�LQFRPH��H[SUHVVHG�LQ�HXURV�SHU�\HDU��SHU�]LS�FRGH�DUHDPD\�KDYH�UHVXOWHG�LQ�D�GRZQZDUG�ELDV�IRU�WKLV�HODVWLFLW\��� %HFDXVH�RXU�GDWD�DUH�WUXQFDWHG��HVWLPDWLQJ�D�3RLVVRQ�PRGHO�ZRXOG�SUREDEO\�QRW�UHVXOW�LQ�XQELDVHG�HVWLPDWHV�



��

����:HOIDUH�HFRQRPLF�LPSOLFDWLRQV,Q�RUGHU�WR�DVVHVV�WKH�LPSOLFDWLRQV�RI�WKH�HVWLPDWHG�PRGHO�ZH�XVH�WKH�FRPSHQVDWLQJ�YDULDWLRQIRUPXOD�������,Q�RUGHU�WR�DSSO\�LW��ZH�KDYH�WR�WDNH�LQWR�DFFRXQW�WKDW� 
Z LV��DFFRUGLQJ�WR�RXUHPSLULFDO�PRGHO��D�UDQGRP�YDULDEOH��0RUHRYHU��WKH�REVHUYHG�EHKDYLRU�ZLWK�UHVSHFW�WR�GHVWLQDWLRQFKRLFH�FDQ�EH�XVHG�WR�LPSURYH�WKH�HVWLPDWHG�YDOXH�RI�WKH�FRPSHQVDWLQJ�YDULDWLRQ�IRU�HDFKFRQVXPHU��2XU�FRPSXWDWLRQV�ZLOO�WKHUHIRUH�PDNH�XVH�RI�WKH�SRVWHULRU�GLVWULEXWLRQ�RI�WKH�UDQGRPYDULDEOHV�H DQG�M ��7KH�SURFHGXUH�LV�DQDORJRXV�WR�WKDW�XVHG�LQ�HVWLPDWLQJ�WKH�FRXQW�GDWD�PRGHO�2XU�FRPSXWDWLRQ�XVHV�WKH�IRUPXOD�� � MHMHMHMHH M GGINZ9N(9 LL ����_����� ³ ³ ����
ZKHUH� ���L9 LV�WKH�H[SUHVVLRQ�JLYHQ�LQ�������ZKLFK�LV�QRZ�ZULWWHQ�DV�D�IXQFWLRQ�RI�WKH�VWDQGDUGQRUPDO�UDQGRP�YDULDEOHV�0 DQG�3��7KH�ZHLJKWV�Z����ZHUH�GHILQHG�LQ�������,Q�RUGHU�WR�DVVHVV�WKHWRWDO�YDOXH�RI�D�PXVHXP�IRU�WKH�JURXS�RI�KRXVHKROGV�XQGHU�FRQVLGHUDWLRQ�� ��N(9L KDV�WR�EHVXPPHG�RYHU�DOO�KRXVHKROGV�LQ�RXU�VDPSOH�%HIRUH�FDUU\LQJ�RXW�WKHVH�FRPSXWDWLRQV��ZH�KDYH�WR�UHFDOO�WKDW�ZH�KDYH�XVHG�WUDYHO�WLPH�DV�WKHµSULFH¶�RI�D�PXVHXP�WULS��ZKHUHDV�ZH�QRZ�ZDQW�WR�FRPSXWH�D�PRQHWDU\�PHDVXUH�RI�ZHOIDUH��7KH�PRQHWDU\��SULFH�RI�D�WULS�LV�WKH�YDOXH�RI�WKH�WUDYHO�WLPH�LQYROYHG��ZKLFK�HTXDOV� LYRW S ��ZKHUH�YRWLV�WKH�YDOXH�RI�WLPH��)RU�WKH�1HWKHUODQGV�WKH�ILJXUH�RI�����HXURV�LV�RIWHQ�XVHG�IRU�WKLV�YDULDEOH��7KHHVWLPDWHG�GLVWDQFH�GHFD\�SDUDPHWHUV�DUH�EDVHG�RQ�WUDYHO�WLPH�DQG�FDQ�EH�LQWHUSUHWHG�DV�WKHSURGXFW�RI��WKH�YRW DQG�WKH�GLVWDQFH�GHFD\�SDUDPHWHU�WKDW�UHIHUV�WR�WKH�PRQHWDU\�YDOXH�RI�WUDYHOWLPH��7KH�FRPSRVLWH�SULFH� 
Z ZLOO�DOVR�UHIHU�WR�WUDYHO�WLPH�ZKHQ�FRPSXWHG�RQ�WKH�EDVLV�RI�WKHHVWLPDWHG�FRHIILFLHQWV��DQG�VKRXOG�WKHUHIRUH�EH�PXOWLSOLHG�E\�WKH�YRW LQ�RUGHU�WR�ILQG�WKHDVVRFLDWHG�PRQHWDU\�YDOXH��,Q�HVWLPDWLQJ�WKH�FRXQW�GDWD�PRGHO�IRU�WKH�QXPEHU�RI�WULSV�ZH�KDYHXVHG�WKH�FRPSRVLWH�SULFH�EDVHG�RQ�WUDYHO�WLPH��7KLV�PHDQV�WKDW�WKH�HVWLPDWHG�YDOXH�RI�WKHSDUDPHWHU�K PXVW�WKHUHIRUH�DOVR�EH�LQWHUSUHWHG�DV�WKH�SURGXFW�RI�WKH�YRW DQG�WKH�SULFH�SDUDPHWHUWKDW�UHIHUV�WR�D�PRQHWDU\�SULFH�

7DEOH����9DOXHV�RI�VHOHFWHG�PXVHXPV
� � � �

0XVHXP
&RPSHQVDWLQJYDULDWLRQ '' ORJVXP�
SUHGLFWHG��YLVLWV

'' 3UHGLFWHG��YLVLWV '' ORJVXP�
REVHUYHG���YLVLWV
7RZQ�0XVHXP ������ ������ ����� ������5LMNVPXVHXP ������ ������ ����� ������1DWXUDOLV ������ ������ ����� ������9DQ�*RJK�PXVHXP ������ ������ ����� ������*URQLQJHQ�0XVHXP ������ ������ ����� ������
5HVXOWV�RI�WKH�FRPSXWDWLRQV�IRU�ILYH�VHOHFWHG�PXVHXP�DUH�JLYHQ�LQ�7DEOH����7KH�YDOXH�RI�DPXVHXP�LV�GHWHUPLQHG�E\�UHPRYLQJ�LW�IURP�WKH�VHW�RI�PXVHXPV��$�QHZ��ORZHU��YDOXH�RI� 
Z IRUWKH�UHPDLQLQJ�����PXVHXP�LV�WKHQ�FRPSXWHG�DQG�WKH�FRPSHQVDWLQJ�YDULDWLRQ�RI�WKH�FKDQJH�LQ� 
ZLV�GHWHUPLQHG��7KLV�SURFHGXUH�DVVXPHV�WKDW�WKH�PXVHXP�GLVDSSHDUV�DQG�LV�HTXLYDOHQW�WR�OHWWLQJ�WKH
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�� 7RKPR��������LV�D�UHFHQW�H[DPSOH�UHIHUULQJ�WR�D�ORFDO�PXVHXP



��

0F)DGGHQ��'���������(FRQRPHWULF�0RGHOV�RI�3UREDELOLVWLF�&KRLFH��,Q��'��0F)DGGHQ�DQG�&�)�0DQVNL��HGV��6WUXFWXUDO�$QDO\VLV�RI�'LVFUHWH�'DWD��0,7�3UHVV��&DPEULGJH����������1DYUXG��6WnOH�DQG�5HDG\��5LFKDUG�&���������9DOXLQJ�&XOWXUDO�+HULWDJH��$SSO\LQJ�(QYLURQPHQWDO7HFKQLTXHV�WR�+LVWRULF�%XLOGLQJV��0RQXPHQWV�DQG�$UWLIDFWV ��(GZDUG�(OJDU��&KHOWHQKDP�1($�������������6XUYH\�RI�3XEOLF�3DUWLFLSDWLRQ�LQ�WKH�$UWV �5HVHDUFK�'LYLVLRQ�5HSRUW�� ����1DWLRQDO�(QGRZPHQW�IRU�WKH�$UWV��:DVKLQJWRQ��'&���$YDLODEOH�DWKWWS���DUWV�HQGRZ�JRY�SXE��6XUYH\�6XUYH\�SGI�3RRU��3��-RDQ�DQG�6PLWK��-DPLH�0��������7UDYHO�&RVW�$QDO\VLV�RI�D�&XOWXUDO�+HULWDJH�6LWH��7KH&DVH�RI�+LVWRULF�6W��0DU\¶V�&LW\�RI�0DU\ODQG��-RXUQDO�RI�&XOWXUDO�(FRQRPLFV ������������6WURW]��5�+���������7KH�(PSLULFDO�,PSOLFDWLRQV�RI�D�8WLOLW\�7UHH��(FRQRPHWULFD��������������7RKPR��7���������(FRQRPLF�9DOXH�RI�D�/RFDO�0XVHXP��)DFWRUV�RI�:LOOLQJQHVV�WR�SD\��-RXUQDORI�6RFLR�(FRQRPLFV��������������7UDLQ��.���������'LVFUHWH�&KRLFH�0HWKRGV�ZLWK�6LPXODWLRQ��&DPEULGJH�8QLYHUVLW\�3UHVV�&DPEULGJH�



��

$SSHQGL[�$��7KH�����PXVHXPV
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