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,Q�WKH�QH[W�VHFWLRQ�ZH�GHYHORS�WKH�JHQHUDO�PRGHO�VWUXFWXUH�IRU�RZQHUVKLS�DQG�XVH�RI�FDUV�WKDW�LVVXJJHVWHG�E\�VWDQGDUG�PLFURHFRQRPLF�WKHRU\��:H�SURFHHG�WKHUH�DV�IROORZV��7KH�NLORPHWHUVGULYHQ�E\�GLIIHUHQW�FDUV�DSSHDU�DV�VHSDUDWH�FRPPRGLWLHV�LQ�WKH�KRXVHKROG�XWLOLW\�IXQFWLRQ��,Q�RUGHUWR�FRQVXPH�WKHVH�FRPPRGLWLHV��WKH�KRXVHKROG�PXVW�RZQ�FDUV��ZKLFK�LV�FRVWO\��7KHVH�FRVWV�FDQ�EHRYHUFRPH�E\�WKH�EHQHILWV�GHULYHG�IURP�FDU�XVH��$�FDU�ZLOO�WKHUHIRUH�RQO\�EH�RZQHG�LI�WKH�EHQHILWVRI�XVLQJ�LW�H[FHHG�LWV�IL[HG�FRVW��:H�LPSRVH�DGGLWLRQDO�VWUXFWXUH�RQ�WKH�PRGHO�E\�UHTXLULQJ�WKDWWKH�YDULDEOH�FRVWV�RI�WKH�FDUV�RZQHG�E\�WKH�KRXVHKROG�HQWHU�LQGLUHFW�XWLOLW\�WKURXJK�D�YDULDEOH�WKDWFDQ�EH�LQWHUSUHWHG�DV�D�FRPSRVLWH�SULFH�RI�FDU�PRELOLW\��,Q�WKH�VSHFLDO�FDVH�LQ�ZKLFK�WKHNLORPHWHUV�GULYHQ�E\�WKHVH�FDUV�DUH�SHUIHFW�VXEVWLWXWHV��WKH�FRPSRVLWH�SULFH�LV�HTXDO�WR�WKH�ORZHVWRI�WKH�YDULDEOH�FRVWV�RI�WKH�VHSDUDWH�FDUV�DQG�RQO\�WKH�FKHDSHVW�FDU�ZLOO�EH�XVHG��7KLV�PHDQV�WKDWWKH�KRXVHKROG�ZLOO�QHYHU�XVH�PRUH�WKDQ�RQH�FDU��DQG�WKHUHIRUH�ZLOO�QHYHU�RZQ�PRUH�WKDQ�RQH�FDU��,Q�WKH�PRUH�OLNHO\�FDVH�ZKHUH�FDU�NLORPHWHUV�DUH�LPSHUIHFW�VXEVWLWXWHV��WKHUH�LV�VRPHWKLQJ�WR�EHJDLQHG�E\�RZQLQJ�WZR�FDUV�LQVWHDG�RI�RQH��,PSHUIHFW�VXEVWLWXWDELOLW\�RFFXUV�DV�VRRQ�DV�WZRKRXVHKROG�PHPEHUV�ZRXOG�OLNH�WR�XVH�D�FDU�DW�WKH�VDPH�WLPH�IRU�GLIIHUHQW�WULSV��$Q�REYLRXVH[DPSOH�LV�D�GXDO�HDUQHU�KRXVHKROG�ZLWK�WKH�WZR�ZRUNHUV�HPSOR\HG�DW�GLIIHUHQW�ORFDWLRQV��DQGERWK�ZRXOG�OLNH�WR�XVH�WKH�FDU�IRU�FRPPXWLQJ�SXUSRVHV��(YHQ�WKRXJK�LQ�WKLV�VLWXDWLRQ�D�VLQJOH�FDUFDQ�EH�XVHG�ZKHQ�RQH�ZRUNHU�EULQJV�WKH�RWKHU�WR�ZRUN�LQ�WKH�PRUQLQJ�DQG�SLFNV�KLP�RU�KHU�XS�LQ
� 5RXZHQGDO�DQG�GH�9ULHV��������ZKR�VWXG\�WKH�FKRLFH�RI�IXHO�W\SH�ZLWK�D�GLVFUHWH�FRQWLQXRXV�PRGHO�ILQG�DVLJQLILFDQW�HIIHFW�RI��WKH�YDULDEOH�FRVW�RQ�WKH�GHPDQG�IRU�NLORPHWHUV�� :KHQ�WKH�FRVWV�RI�WKH�WZR�FDUV�DUH�HTXDO��WKH�GLVWULEXWLRQ�RI�WKH�FDU�NLORPHWHUV�RYHU�WKH�FDUV�LV�D�PDWWHU�RILQGLIIHUHQFH��7KH�KRXVHKROG�PD\�WKHUHIRUH�DV�ZHOO�DOORFDWH�DOO�WKHVH�NLORPHWHUV�WR�RQH�FDU�DQG�VDYH�WKH�IL[HG�FRVW�RIWKH�RWKHU�
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WKH�HYHQLQJ��LW�LV�XVXDOO\�PXFK�PRUH�FRQYHQLHQW�WR�KDYH�WZR�FDUV�DYDLODEOH��7KH�JDLQ�LQ�XWLOLW\DVVRFLDWHG�ZLWK�RZQHUVKLS�RI�WZR�FDUV�DSSHDUV�LQ�WKH�PRGHO�DV�D�ORZHU�SULFH�IRU�WKH�FRPSRVLWHJRRG��7KLV�JDLQ�LV�WUDGHG�RII�DJDLQVW�WKH�KLJKHU�IL[HG�FRVWV�DVVRFLDWHG�ZLWK�RZQLQJ�WZR�FDUV�7KH�UHPDLQGHU�RI�WKH�SDSHU�LV�RUJDQL]HG�DV�IROORZV��,Q�6HFWLRQ���ZH�GLVFXVV�WKH�GDWD�VHW�ZH�XVH�LQWKH�HPSLULFDO�ZRUN�DQG�SHUIRUP�VRPH�H[SORUDWRU\�DQDO\VHV��6HFWLRQ���GLVFXVVHV�VRPH�HVWLPDWLRQLVVXHV��DQG�UHSRUWV�HVWLPDWLRQ�UHVXOWV��6HFWLRQ���SURYLGHV�IXUWKHU�GLVFXVVLRQ�RI�WKHVH�UHVXOWV�DQG�DVLPXODWLRQ�RI�WKH�HIIHFWV�RI�VKLIWLQJ�WKH�EXUGHQ�RI�FDU�WD[HV�IURP�IL[HG�WR�YDULDEOH�FDU�FRVWV�6HFWLRQ���FRQFOXGHV�
��$Q�HFRQRPLF�PRGHO�IRU�PXOWLSOH�FDU�RZQHUVKLS
����,QWURGXFWLRQ,Q�WKLV�VHFWLRQ��ZH�GHYHORS�RXU�PRGHO�RI�D�KRXVHKROG�WKDW�KDV�WR�GHFLGH�RQ�WKH�QXPEHU�RI�FDUV�WREH�RZQHG�DQG�WKHLU�XVH��:H�VWDUW�LQ�VXEVHFWLRQ�����ZLWK�D�JHQHUDO�PRGHO�LQ�ZKLFK�WKH�QXPEHU�RIFDUV�LV�IL[HG��7KLV�LV�EDVLFDOO\�WKH�VWDQGDUG�PRGHO�RI�D�XWLOLW\�PD[LPL]LQJ�FRQVXPHU��DV�GHVFULEHG�IRU�LQVWDQFH��LQ�'HDWRQ�DQG�0XHOOEDXHU���������7KH�RQO\�VSHFLILF�IHDWXUH�WKDW�KDV�EHHQ�DGGHG�LVWKDW�WKH�FRQVXPHU�KDV�WR�SD\�D�IL[HG�FRVW�LQ�RUGHU�WR�EH�DEOH�WR�FRQVXPH�FDU�NLORPHWHUV�7KH�IL[HG�QXPEHU�RI�FDUV�VKRXOG�EH�LQWHUSUHWHG�DV�WKH�PD[LPXP�QXPEHU�WKDW�FDQ�EH�RZQHG�E\�WKHKRXVHKROG��7KH�FKRLFH�RI�WKLV�QXPEHU�LV�QRW�FUXFLDO�IRU�RXU�UHVXOWV�DV�ORQJ�DV�LW�LV�VHW�DW�DVXIILFLHQWO\�KLJK�YDOXH��DV�ZLOO�EH�H[SODLQHG�7KLV�FKRLFH�RI�WKH�DFWXDO�QXPEHU�RI�FDUV�LV�LQWURGXFHG�LQ�VXEVHFWLRQ�����E\�DGGLQJ�D�FRQVWUDLQW�RQWKH�QXPEHU�RI�FDUV�WR�WKH�EDVLF�PRGHO��7KLV�FRQVWUDLQW�GHWHUPLQHV�WKH�DFWXDO�QXPEHU�RI�FDUVRZQHG�E\�WKH�KRXVHKROG�DQG�VKRXOG�EH�LQWHUSUHWHG�DV�VHOI�LPSRVHG��7KH�IDFW�WKDW�RQH�RU�PRUHSRWHQWLDOO\�DYDLODEOH�FDUV�FDQQRW�EH�XVHG�ZLOO�GHFUHDVH��RU�DW�OHDVW�QRW�LQFUHDVH��XWLOLW\��EXW�VLQFHQR�IL[HG�FRVWV�KDYH�WR�EH�SDLG�IRU�WKHVH�FDUV��WKH�QHW�HIIHFW�RI�WKH�UHVWULFWLRQ�RQ�XWLOLW\�PD\�ZHOO�EHSRVLWLYH��7KH�RSWLPDO�QXPEHU�RI�FDUV�LV�WKDW�IRU�ZKLFK�XWLOLW\�LV�PD[LPDO�,Q�VXEVHFWLRQ�����ZH�LQWURGXFH�WKH�QRWLRQ�RI�LQGLUHFW�VHSDUDELOLW\��,W�PHDQV�WKDW�WKH�YDULDEOH�FRVWVRI�WKH�YDULRXV�FDUV�HQWHU�WKH�LQGLUHFW�XWLOLW\�IXQFWLRQ�RQO\�YLD�D�IXQFWLRQ�WKDW�ZLOO�EH�LQWHUSUHWHG�DVD�FRPSRVLWH�SULFH�RI�FDU�XVH��5DWLRQLQJ�WKH�QXPEHU�RI�FDUV�RZQHG�E\�WKH�KRXVHKROG�LQFUHDVHV�WKHFRPSRVLWH�SULFH�RI�FDU�PRELOLW\��DQG�WKLV�LQFUHDVH�LQGLFDWHV�WKH�FRVW�RI�OLPLWLQJ�WKH�QXPEHU�RIFDUV��7KH�FRPSRVLWH�SULFH�IXQFWLRQ�GHWHUPLQHV�WKH�GLVWULEXWLRQ�RI�WKH�WRWDO�QXPEHU�RI�NLORPHWHUVGULYHQ�E\�WKH�KRXVHKROG�RYHU�WKH�FDUV�LW�RZQV��7KH�SRVVLELOLWLHV�WR�VXEVWLWXWH�EHWZHHQ�XVH�RI�WKHYDULRXV�FDUV�FDXVHG�E\�GLIIHUHQFHV�LQ�YDULDEOH�FRVWV�DUH�WKHUHIRUH�DOVR�GHWHUPLQHG�E\�WKLV�IXQFWLRQ�6XEVHFWLRQ�����GLVFXVVHV�WKH�LQWURGXFWLRQ�RI�GLIIHUHQFHV�LQ�FDU�TXDOLW\�LQWR�WKH�PRGHO��$OWKRXJKTXDOLW\�FKRLFH�LV�QRW�D�FHQWUDO�WRSLF�RI�WKH�SUHVHQW�SDSHU��ZH�KDYH�WR�WDNH�LW�LQWR�DFFRXQW�LQ�RUGHUGHDO�ZLWK�WKH�VXEVWLWXWLRQ�EHWZHHQ�WKH�XVH�RI�FDUV�ZLWKLQ�WKH�KRXVHKROG�WKDW�RFFXUV�LQ�UHDFWLRQ�WRGLIIHUHQFHV�LQ�YDULDEOH�FRVWV��6XFK�GLIIHUHQFHV�UHIOHFW�GLIIHUHQFHV�LQ�RWKHU�FDU�FKDUDFWHULVWLFV�ZKLFK�ZH�VXPPDUL]H�DV�µTXDOLW\¶��:H�RXWOLQH�D�PRGHO�LQ�ZKLFK�KLJKHU�TXDOLW\�FDQ�EH�REWDLQHG�DWWKH�H[SHQVH�RI�KLJKHU�IL[HG�DQG�YDULDEOH�FRVWV�)LQDOO\��ZH�SURSRVH�D�VSHFLILFDWLRQ�RI�WKH�IXQFWLRQ�GHVFULELQJ�WKH�FRPSRVLWH�SULFH�RI�FDU�XVH�LQVXEVHFWLRQ�����DQG�GLVFXVV�LWV�LPSOLFDWLRQV�LQ�VXEVHFWLRQ������,W�LV�XVHG�WKHUH�WR�JHQHUDOL]H�GH-RQJ¶V��������LQGLUHFW�XWLOLW\�PRGHO�GHVFULELQJ�WKH�FKRLFH�EHWZHHQ�QR�FDU�DQG�D�VLQJOH�FDU�WR�FDVHVLQ�ZKLFK�DQ�DUELWUDU\�QXPEHU�RI�FDUV�FDQ�EH�RZQHG��7KLV�VSHFLILFDWLRQ�LV�XVHG�LQ�WKH�HPSLULFDOVHFWLRQ�
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����$�EDVLF�PRGHO,Q�RXU�EDVLF�PRGHO��DOO�FDUV�DUH�LGHQWLFDO��WKH\�KDYH�WKH�VDPH�IL[HG�DQG�YDULDEOH�FRVWV�DQG�RWKHUFKDUDFWHULVWLFV��7KH�PRGHO�FRQFHUQV�D�KRXVHKROG�WKDW�GHULYHV�XWLOLW\�IURP�WKH�NLORPHWHUV�GULYHQ�E\1 VXFK�LGHQWLFDO�FDUV�DQG�D�FRPSRVLWH�FRQVXPSWLRQ�JRRG��1 LV�WKH�SUHGHWHUPLQHG�PD[LPXPQXPEHU�RI�FDUV�WKDW�FDQ�EH�RZQHG�E\�WKH�KRXVHKROG��1 FDQ�EH�DUELWUDULO\�ODUJH��EXW��LQ�SUDFWLFH�WKHUH�DUH�IHZ�KRXVHKROGV�WKDW�RZQ�PRUH�WKDQ�IRXU�FDUV��7KH�DPRXQW�FRQVXPHG�RI�WKH�FRPSRVLWHJRRG�LV�GHQRWHG�DV�T��DQG�WKH�QXPEHUV�RI�FDU�NLORPHWHUV�GULYHQ�DV�[��ZLWK�[ DQ�1�GLPHQVLRQDOYHFWRU��7KH�XWLOLW\�IXQFWLRQ�LV���� [TXX  � ���8WLOLW\�LV�PD[LPL]HG�VXEMHFW�WR�D�EXGJHW�FRQVWUDLQW�
�
\ N1\TS[  � � ���ZKHUH�S GHQRWHV�WKH�1�GLPHQVLRQDO�YHFWRU�RI�YDULDEOH�FRVWV�RI�WKH�FDUV��7KH�SULFH�RI�WKHFRPSRVLWH�JRRG�LV�XVHG�DV�WKH�QXPpUDLUH��7KH�ULJKW�KDQG�VLGH�RI�WKLV�HTXDWLRQ�JLYHV�WKHKRXVHKROG¶V�GLVSRVDEOH�LQFRPH� 
\ ��ZKLFK�LV�GHILQHG�DV�WKH�³GLIIHUHQFH�EHWZHHQ�KRXVHKROGLQFRPH�\��DQG�WKH�IL[HG�FRVWV�RI�WKH�FDUV�RZQHG�E\�WKH�KRXVHKROG�´�7KHVH�FRVWV�DUH�LQGLFDWHG�DVN1��ZLWK�N WKH�IL[HG�FRVWV�SHU�FDU�0D[LPL]DWLRQ�RI�XWLOLW\�VXEMHFW�WR�WKLV�EXGJHW�FRQVWUDLQW�OHDGV�WR�GHPDQG�HTXDWLRQV�IRU�WKH�FDUNLORPHWHUV�DQG�WKH�FRPSRVLWH�JRRG��7KH�XWLOLW\�H[SHULHQFHG�E\�WKH�KRXVHKROG�LV�JLYHQ�E\�WKHLQGLUHFW�XWLOLW\�IXQFWLRQ�Y���
� S\YY  � ���7KH�PRGHO�GHYHORSHG�WKXV�IDU�WDNHV�WKH�QXPEHU�RI�FDUV�DV�JLYHQ��DQG�WKHUHIRUH�FDQQRW�EH�XVHG�WRVWXG\�WKH�FKRLFH�RI�WKH�QXPEHU�RI�FDUV��:H�FRQVLGHU�WKDW�H[WHQVLRQ�LQ�WKH�QH[W�VXEVHFWLRQ��EXWQRWH�KHUH�WKDW�WKH�PRGHO�DV�GHYHORSHG�WKXV�IDU�FDQ�EH�XVHG�WR�VWXG\�WKH�XVH�RI�GLIIHUHQW�FDUV�LQ�WKHKRXVHKROG�DW�D�YHU\�JHQHUDO�OHYHO��(YHQ�WKRXJK�ZH�KDYH�DVVXPHG�WKDW�DOO�FDUV�DUH�LGHQWLFDO��WKHXVH�RI�WKH�YDULRXV�FDUV�RZQHG�E\�D�KRXVHKROG�PD\�ZHOO�EH�GLIIHUHQW�VLQFH�ZH�KDYH�QRW�DVVXPHGWKDW�WKH�XWLOLW\�IXQFWLRQ�X LV�V\PPHWULF�LQ�WKH�QXPEHUV�RI�NLORPHWHUV�GULYHQ�E\�WKH�YDULRXV�FDUV�7KH�PDUJLQDO�XWLOLW\�IXQFWLRQV�RI�WKH�NLORPHWHUV�GULYHQ�E\�GLIIHUHQW�FDUV�PD\�WKHUHIRUH�GLIIHU��DQGVR�PD\�WKH�RSWLPXP�QXPEHUV�RI�NLORPHWHUV��)RU�LQVWDQFH��RQH�FDU�PD\�EH�XVHG�IRU�FRPPXWLQJDQG�DQRWKHU�RQH�IRU�VRFLDO�SXUSRVHV��VKRSSLQJ�DQG�KROLGD\V��7KLV�JHQHUDOLW\�LV�D�FRQVHTXHQFH�RIRXU�WUHDWPHQW�RI�WKH�NLORPHWHUV�GULYHQ�E\�GLIIHUHQW�FDUV�DV�VHSDUDWH�FRPPRGLWLHV��7KXV�WKHNLORPHWHUV�GULYHQ�E\�YDULRXV�FDUV�PD\�EH�VXEVWLWXWHV�DV�ZHOO�DV�FRPSOHPHQWV��WKH�NLORPHWHUVGULYHQ�E\�RQH�FDU�PD\�EH�DQ�LQIHULRU�JRRG��ZKHUHDV�WKRVH�GULYHQ�E\�DQRWKHU�FDU�DUH�QRUPDO��HWFHWHUD�,W�VHHPV�UHDVRQDEOH�WR�H[SHFW�WKDW�D�KRXVHKROG�ZLOO�QRW�XVH�DOO�LWV�FDUV�LQWHQVLYHO\�LI�WKHLU�QXPEHULV�ODUJH��,W�PD\�HYHQ�EH�WKH�FDVH�WKDW�VRPH�FDUV�DUH�QRW�XVHG�DW�DOO��7KH�SRVVLELOLW\�RI�]HURFRQVXPSWLRQ�LV�DOVR�SUHVHQW�LQ�FRQYHQWLRQDO�PRGHOV�RI�FRQVXPHU�EHKDYLRU�DQG�LV�LPSRUWDQW�IRUGHDOLQJ�ZLWK��IRU�LQVWDQFH��QRQ�VPRNHUV��+RZHYHU��LQ�WKH�SUHVHQW�FRQWH[W�WKHUH�LV�DQ�DGGLWLRQDOHOHPHQW�LQYROYHG�VLQFH�DEVWDLQLQJ�IURP�WKH�XVH�RI�D�FDU�RSHQV�WKH�SRVVLELOLW\�WR�GHFUHDVH�WKH�IL[HGFRVWV�DVVRFLDWHG�ZLWK�FDU�RZQHUVKLS�E\�PDNLQJ�WKH�DFWXDO�QXPEHU�RI�FDUV�VPDOOHU�WKDQ�1���7KHORZHU�IL[HG�FRVW�LQFUHDVHV�WKH�DPRXQW�RI�PRQH\�WKDW�FDQ�EH�VSHQW�RQ�RWKHU�JRRGV��DQG�WKLV�HQDEOHVWKH�KRXVHKROG�WR�UHDFK�D�KLJKHU�OHYHO�RI�XWLOLW\��,W�PD\�WKHUHIRUH�EH�LQ�WKH�LQWHUHVW�RI�WKH�KRXVHKROGWR�UHVWULFW�WKH�DFWXDO�QXPEHU�RI�FDUV�WR�D�YDOXH�ORZHU�WKDQ�1�%HFDXVH�RI�WKH�ORZHU�IL[HG�FRVW�DVVRFLDWHG�ZLWK�OLPLWHG�FDU�RZQHUVKLS��WKH�KRXVHKROG�ZLOO�ILQG�LWEHQHILFLDO�QRW�WR�RZQ�WKH�PD[LPXP�QXPEHU�RI�FDUV�LI�WKH�SUHGHWHUPLQHG�YDOXH�RI�1 LV�VHW�ODUJHHQRXJK��7KH�RSWLPDO�QXPEHU�RI�FDUV�ZLOO�WKHQ�DOZD\V�EH�VPDOOHU�WKDQ�1�� ,I�WKH�PD[LPXP�QXPEHU
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RI�FDUV�ZRXOG�EH�VHW�DW�D�KLJKHU�OHYHO��H�J��1�����WKH�RSWLPDO�QXPEHU�RI�FDUV�ZLOO�QRW�FKDQJH�DQGIRU�WKLV�UHDVRQ�WKH�FKRLFH�RI�1 LV�DUELWUDU\�DV�ORQJ�DV�LW�LV�D�VXIILFLHQWO\�ODUJH�QXPEHU�
����2SWLPDO�FKRLFH�RI�WKH�QXPEHU�RI�FDUV7KH�FKRLFH�RI�WKH�RSWLPDO�QXPEHU�RI�FDUV�ZLOO�QRZ�EH�LQWURGXFHG�LQWR�WKH�PRGHO�E\�DGGLQJ�DUHVWULFWLRQ�RQ�FDU�XVH��7KLV�UHVWULFWLRQ�VD\V�WKDW�WKH�QXPEHU�RI�NLORPHWHUV�RI�VRPH�FDUV��YL]��WKRVHQRW�RZQHG�E\�WKH�KRXVHKROG��KDV�WR�EH�HTXDO�WR����7KLV�PHDQV�WKDW��IRU�WKHVH�FDUV��WKH�GHPDQG�IRUFDU�NLORPHWHUV�LV�UDWLRQHG��,I�D�KRXVHKROG�RZQV�Q�FDUV�ZLWK� 1Q �d� ��WKHQ�1�Q HOHPHQWV�RI�[ZLOO�EH�HTXDO�WR���1RZ�FRQVLGHU�D�KRXVHKROG�ZKRVH�FDU�RZQHUVKLS�LV�GHVFULEHG�E\�DQ�1�GLPHQVLRQDO�YHFWRU�G ZLWKRQO\��¶V�DQG��¶V�DV�HOHPHQWV��ZLWK�WKH��¶V�UHIHUULQJ�WR�WKH�RZQHG�FDUV�DQG�WKH��¶V�WR�WKH�RWKHUV�7KH�HIIHFW�RI�UDWLRQLQJ�RQ�WKH�LQGLUHFW�XWLOLW\�RI�WKH�KRXVHKROG�FDQ�EH�GHVFULEHG�E\�YLUWXDO�SULFHVIRU�WKH�NLORPHWHUV�RI�WKH�FDUV�QRW�RZQHG�E\�WKH�KRXVHKROG��7KHVH�YLUWXDO�SULFHV�DUH�WKH�YDOXHV�RIWKH�YDULDEOH�FRVWV�WKDW�ZRXOG�LQGXFH�WKH�KRXVHKROG�WR�GULYH�QR�NLORPHWHUV�ZLWK�WKHVH�FDUV��ZHUHWKH\�DYDLODEOH�� 7KH�YLUWXDO�SULFHV�DUH�D�IXQFWLRQ�RI�WKH�RWKHU�SULFHV�DQG�RI�WKH�KRXVHKROG¶VGLVSRVDEOH�LQFRPH��FRPSXWHG�ZLWKRXW�WKH�IL[HG�FRVWV�RI�WKH�FDUV�WKDW�DUH�QRW�RZQHG���7KH\�DUHDOZD\V�DW�OHDVW�DV�KLJK�DV�WKH�DFWXDO�SULFHV�RI�WKH�FRPPRGLW\�FRQFHUQHG�7KH�UHOHYDQW�SULFHV�IRU�FDU�XVH�RI�WKLV�KRXVHKROG�DUH�WKHQ�JLYHQ�E\�D�YHFWRU�S¶�G���ZLWK�YDULDEOHFRVWV�S RQ�WKH�SRVLWLRQV�RI�WKH�RZQHG�FDUV��DQG�YLUWXDO�SULFHV�LQ�WKH�RWKHU�SRVLWLRQV��7KH�YLUWXDOSULFHV�ZLOO��LQ�JHQHUDO��EH�GLIIHUHQW�DQG�GHSHQG�RQ�WKH�QHHG�IRU�XVLQJ�WKHVH�FDUV��'LVSRVDEOHLQFRPH�LV�QRZ�GHILQHG�DV� NQ\\ � 
 DQG�LQGLUHFW�XWLOLW\�FDQ�EH�ZULWWHQ�DV����
�� GSNQ\YY � � ���,I�WKH�KRXVHKROG�ZRXOG�XVH�DOO�1 FDUV�LI�WKH\�DUH�RZQHG��L�H��WKH�GHPDQG�IRU�NLORPHWHUV�ZRXOG�EHVWULFWO\�SRVLWLYH�IRU�DOO�FDUV���WKHQ�WKH�YLUWXDO�SULFHV�RI�WKH�FDUV�QRW�RZQHG�DUH�KLJKHU�WKDQ�WKHLUYDULDEOH�FRVWV��7KHVH�KLJKHU�YDOXHV�UHIOHFW�WKH�FRVW�RI�WKH�UDWLRQLQJ��7KH�EHQHILW�DVVRFLDWHG�ZLWKWKH�UDWLRQLQJ�LV�WKDW�GLVSRVDEOH�LQFRPH�LV�KLJKHU�EHFDXVH�RI�WKH�ORZHU�IL[HG�FDU�FRVWV��7KH�QHWHIIHFW�RQ�XWLOLW\�RI�UHVWULFWLQJ�WKH�QXPEHU�RI�FDUV�WKXV�GHSHQGV�RQ�WKH�UHODWLYH�PDJQLWXGH�RI�ERWKHIIHFWV�,I�WKH�KRXVHKROG�ZRXOG�QRW�XVH�DOO�1 FDUV��UHVWULFWLQJ�WKH�QXPEHU�RI�NLORPHWHUV�RI�WKHVH�FDUV�WR��LPSRVHV�QR�UHDO�UHVWULFWLRQ�RQ�KRXVHKROG�EHKDYLRU��7KH�YLUWXDO�SULFH�LV�LQ�WKLV�FDVH�HTXDO�WR�WKHDFWXDO�SULFH��7KLV�PHDQV�WKDW�WKHUH�LV�QR�FRVW��LQ�WHUPV�RI�XWLOLW\��LQYROYHG�LQ�QRW�RZQLQJ�VXFK�DFDU��,W�LV�WKHUHIRUH�DOZD\V�EHQHILFLDO�QRW�WR�RZQ�VXFK�D�FDU��EHFDXVH�RI�WKH�IL[HG�FRVWV�LQYROYHG�$�ILQDO�LVVXH�WR�EH�GLVFXVVHG�LQ�WKH�SUHVHQW�VXEVHFWLRQ�FRQFHUQV�WKH�FKRLFH�RI�WKH�FDUV�WR�EHDEDQGRQHG��,Q�WKH�PRGHO�GHYHORSHG�DERYH�ZH�FDQ�GLVWLQJXLVK�EHWZHHQ�KRXVHKROGV�WKDW�RZQ�WKHVDPH�QXPEHU�RI�FDUV�EXW�DUH�ORFDWHG�DW�GLIIHUHQW�SRVLWLRQV�RI�WKH�YHFWRU�G��+RZHYHU��LQ�SUDFWLFHZH�FDQQRW�GLVWLQJXLVK�EHWZHHQ�KRXVHKROGV�ZLWK�GLIIHUHQW�YHFWRUV�G EXW�WKH�VDPH�QXPEHU�RI�FDUV�)RU�LQVWDQFH��LI�D�KRXVHKROG�RZQV�RQH�FDU��LW�LV�LPSRVVLEOH�WR�NQRZ�ZKHWKHU�WKLV�FDU�LV�LQ�WKH�ILUVW�VHFRQG�����RU�1�WK�SRVLWLRQ�RI�G DQG�WKHLU�XWLOLWLHV�PD\�GLIIHU��,W�LV�WKHUHIRUH�XVHIXO�WR�UHIRUPXODWHWKH�PRGHO�LQ�VXFK�D�ZD\�WKDW�ZH�FDQ�UHIHU�WR�KRXVHKROGV�RZQLQJ�Q FDUV�ZLWKRXW�KDYLQJ�WR�VSHFLI\WKH�SRVLWLRQV�RI�WKHVH�FDUV�LQ�WKH�YHFWRU�G�,Q�RUGHU�WR�GR�WKLV��ZH�LQWURGXFH�VRPH�DGGLWLRQDO�QRWDWLRQ��/HW�' EH�WKH�VHW�RI�DOO�1�GLPHQVLRQDOYHFWRUV�ZLWK�RQO\��¶V�DQG��¶V�DV�HOHPHQWV��DQG�'�Q��WKH�VXEVHW�RI�DOO�YHFWRUV� 'G � ZLWK�WKHQXPEHU�RI�RQHV�HTXDO�WR�Q �WKDW�LV�� QGG  
 ���7KH�XWLOLW\�YQ RI�RZQLQJ�Q FDUV�LV�GHILQHG�DV�µWKH
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����,QGLUHFW�VHSDUDELOLW\(YHQ�WKRXJK�WKH�JHQHUDOLW\�RI�WKH�PRGHO�GHYHORSHG�DERYH�LV�D�FOHDU�DGYDQWDJH��HPSLULFDO�ZRUNUHTXLUHV�IXUWKHU�VSHFLILFDWLRQ��:H�ZLOO�QRZ�LQWURGXFH�VRPH�DGGLWLRQDO�VWUXFWXUH�RQ�WKH�LQGLUHFWXWLOLW\�IXQFWLRQ�WKDW�JLYHV�VRPH�JXLGDQFH�IRU�VSHFLI\LQJ�VXFK�DQ�HPSLULFDO�PRGHO��:H�DVVXPH�WKDWWKH�LQGLUHFW�XWLOLW\�IXQFWLRQ�LV�VHSDUDEOH�LQ�WKH�FRVWV�RI�FDU�NLORPHWHUV��7KLV�PHDQV�WKDW�YDULDEOHFDU�FRVWV�HQWHU�WKH�LQGLUHFW�XWLOLW\�IXQFWLRQ�Y YLD�D�IXQFWLRQ�3��,Q�RWKHU�ZRUGV��LW�VD\V�WKDW�ZH�FDQUHSODFH�WKH�YHFWRU�RI�YDULDEOH�FRVWV�S LQ�����E\�D�VFDODU�3��ZKRVH�YDOXH�LV�GHWHUPLQHG�E\�WKHVHYDULDEOH�FRVWV�
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ZKHUH�J���DQG�WKH�ZL!��IRU�DOO�L��7KH�H[SUHVVLRQ�LQ�EUDFNHWV�LV�D�ZHLJKWHG�DYHUDJH�RI�WKHH[SRQHQWLDWHG�YDULDEOH�FRVWV�WKDW�KDYH�EHHQ�PXOWLSOLHG�E\�J ��7KH�ZHLJKWV�ZL PD\�EH�IXQFWLRQV�RIGLVSRVDEOH�LQFRPH�DQG�RWKHU�YDULDEOHV��7KH\�UHIOHFW�WKH�LPSRUWDQFH�RI�D�SDUWLFXODU�FDU�IRU�WKHKRXVHKROG��,I�WKH�YDULDEOH�FRVWV�RI�DOO�FDUV�LQ�WKH�KRXVHKROG�DUH�HTXDO��WKH�QXPEHU�RI�NLORPHWHUVGULYHQ�E\�FDU�L�LV�DSSUR[LPDWHO\�SURSRUWLRQDO�WR�ZL��1RWH�WKDW��IRU�SRVLWLYH�YDULDEOH�FRVWV��WKH�H[SUHVVLRQ�LQ�EUDFNHWV�ZLOO�EH�SRVLWLYH��EXW�VPDOOHU�WKDQ���,WV�ORJDULWKP�LV�WKHUHIRUH�QHJDWLYH��EXW�VLQFH�LW�LV�GLYLGHG�E\�J��WKH�SULFH�LQGLFDWRU�3 LV�DOZD\VSRVLWLYH�$IWHU�WDNLQJ�WKH�ORJDULWKP�RI�WKH�ZHLJKWHG�VXP�DQG�GLYLGLQJ�WKURXJK�J ��ZH�DUULYH�DW�VRPHWKLQJWKDW�FDQ�EH�LQWHUSUHWHG�DV�VRPH�NLQG�RI�DYHUDJH�YDULDEOH�FRVWV��,QGHHG��LW�LV�QRW�GLIILFXOW�WR�YHULI\WKDW�3 WDNHV�RQ�D�YDOXH�EHWZHHQ�WKH�PLQLPXP�DQG�WKH�PD[LPXP�RI�WKH�YDULDEOH�FRVWV�RI�WKHYDULRXV�DXWRPRELOHV�WKDW�FRXOG�EH�XVHG�(YHQ�WKRXJK�3 FDQ�EH�LQWHUSUHWHG�DV�D�NLQG�RI�DYHUDJH�SULFH�������LV�QRW�KRPRJHQHRXV�RI�GHJUHH��LQ�WKH�YDULDEOH�FRVWV�SL��1RWH��KRZHYHU��WKDW�WKLV�SURSHUW\�LV�XQGHVLUDEOH�LQ�WKH�SUHVHQW�FRQWH[W�7KH�UHDVRQ�LV�WKDW�LW�ZRXOG�LPSO\�WKDW�WKH�VKDUHV�VL��EHLQJ�WKH�ILUVW�GHULYDWLYHV�RI�3��DUHKRPRJHQHRXV�RI�GHJUHH���LQ�WKHVH�YDULDEOH�FRVWV��$�SURSRUWLRQDO�FKDQJH�LQ�DOO�YDULDEOH�FRVWVRFFXUULQJ��IRU�LQVWDQFH��DV�D�UHVXOW�RI�DQ�LQFUHDVH�LQ�WKH�IXHO�SULFH�ZRXOG�WKHUHIRUH�OHDYH�WKHVHVKDUHV�XQFKDQJHG��$V�QRWLFHG�LQ�WKH�LQWURGXFWRU\�VHFWLRQ��WKHUH�LV�VRPH�HPSLULFDO�HYLGHQFH�WKDWVXFK�D�FKDQJH�ZRXOG�LQGXFH�VXEVWLWXWLRQ�WRZDUGV�WKH�FDU�ZLWK�WKH�ORZHVW�YDULDEOH�FRVWV��,Q�WKHFRQWH[W�RI�WKH�SUHVHQW�PRGHO��LW�LV�WKHUHIRUH�GHVLUDEOH�WKDW�DQ�LGHQWLFDO�SHUFHQWDJH�FKDQJH�LQ�DOOYDULDEOH�FRVWV�GRHV�QRW OHDG�WR�D�FKDQJH�LQ�3 E\�WKH�VDPH�SHUFHQWDJH�7KH�VKDUHV�RI�DXWRPRELOH�NLORPHWHUV�LPSOLHG�E\������DUH�
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,W�LV�LQVWUXFWLYH�WR�VHH�ZKDW�KDSSHQV�WR�WKH�VKDUHV�LI�WKH�IXHO�SULFH�FKDQJHV��,W�VHHPV�UHDVRQDEOH�WRDVVXPH�WKDW�DOO�YDULDEOH�FRVWV�DUH�SURSRUWLRQDO�WR�WKH�IXHO�SULFH��DW�OHDVW�DSSUR[LPDWHO\��7KLVPHDQV�WKDW�DOO�YDULDEOH�FRVWV�FKDQJH�E\�WKH�VDPH�SHUFHQWDJH�LI�WKH�IXHO�SULFH�FKDQJHV��$V�DFRQVHTXHQFH��WKH�UHODWLYH�GHFUHDVH�LQ�H[S��S��ZLOO�EH�ODUJHVW�IRU�WKH�FDU�ZLWK�WKH�KLJKHVW�YDULDEOHFRVWV�DQG�VPDOOHVW�IRU�WKH�FDU�ZLWK�WKH�ORZHVW�YDULDEOH�FRVWV��7KH�VKDUH�RI�WKH�PRVW�H[SHQVLYH�FDULQ�WKH�KRXVHKROG¶V�FDU�NLORPHWHUV�ZLOO�WKHUHIRUH�GHFUHDVH��ZKLOH�WKDW�RI�WKH�OHDVW�H[SHQVLYH�FDUZLOO�LQFUHDVH�,Q�D�WZR�FDU�KRXVHKROG��D�ODUJHU�JDS�EHWZHHQ�WKH�YDULDEOH�FRVWV�RI�WKH�FDUV�ZLOO�LPSO\�D�GHFUHDVHLQ�WKH�XVH�RI�WKH�H[SHQVLYH�FDU��LQ�WHUPV�RI�YDULDEOH�FRVWV��DQG�DQ�LQFUHDVH�LQ�WKDW�RI�WKH�FKHDS�FDU�:KHQ�WKHUH�DUH�WKUHH�RU�PRUH�FDUV�SUHVHQW��KLJKHU�YDULDEOH�FRVWV�IRU�WKH�PRVW�H[SHQVLYH�FDUPHDQV�D�ODUJHU�JDS�ZLWK�WKH�FRVWV�RI�DOO�RWKHU�FDUV�DQG�D�ORZHU�VKDUH�RI�WKDW�FDU��6LPLODUO\��ORZHUYDULDEOH�FRVWV�IRU�WKH�OHDVW�H[SHQVLYH�FDUV�PHDQV�D�ODUJHU�JDS�ZLWK�WKH�FRVWV�RI�DOO�RWKHU�FDUV�DQG�DODUJHU�VKDUH�RI�FDU�NLORPHWHUV�IRU�WKLV�OHDVW�H[SHQVLYH�FDU�
� &RPSDUH�HTXDWLRQ������EHORZ�
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:H�PD\�FRQFOXGH�WKDW�VSHFLILFDWLRQ������LV�DEOH�WR�UHSURGXFH�D�KRXVHKROG¶V�W\SLFDO�UHVSRQVHV�WRGLIIHUHQFHV�LQ�YDULDEOH�FDU�FRVWV�DQG�FKDQJHV�LQ�IXHO�SULFHV��DV�UHSRUWHG�LQ�WKH�OLWHUDWXUH�GLVFXVVHGLQ�WKH�,QWURGXFWLRQ�7KH�HIIHFWV�RI�UHVWULFWLRQV�RQ�WKH�KRXVHKROG¶V�FDU�RZQHUVKLS�DUH�UHDGLO\�DQDO\]HG��7KH�YLUWXDOSULFHV�IRU�WKH�FDU�RU�FDUV�WKDW�DUH�QRW�RZQHG�DUH�WKH�SULFHV�WKDW�PDNH�WKH�VKDUHV�RI�WKHVH�FDUV�HTXDOWR����$OO�YLUWXDO�SULFHV�DUH�WKHUHIRUH�LQILQLWHO\�SRVLWLYH��LPSO\LQJ�WKDW�H[S��SY��HTXDOV����7KLVPHDQV�WKDW�WKH�VKDUHV�RI�WKH�FDUV�RZQHG�E\�WKH�KRXVHKROG�DUH�GHWHUPLQHG�DV�LI�RQO\�WKH�FDUV�LQ�DVHW�2 DUH�DYDLODEOH�WR�WKH�KRXVHKROG��1RWH��KRZHYHU��WKDW�WKHUH�LV�DQ�HIIHFW�RI�UDWLRQLQJ�RQ�3�EHFDXVH�WKH�SRVLWLYH�ZHLJKWV�ZL RI�WKH�FDUV�QRW�RZQHG�E\�WKH�KRXVHKROG�UHPDLQ�SUHVHQW�LQ�WKHGHQRPLQDWRU�RI�WKH�UDWLR�LQ������1H[W��ZH�QRWH�WKDW������KDV�DV�DQ�DGGLWLRQDO�DWWUDFWLYH�SURSHUW\��YL]��WKDW�WKH�VXP�RI�LWV�SDUWLDOGHULYDWLYHV�ZLWK�UHVSHFW�WR�WKH�YDULDEOH�FRVWV�HTXDOV�����  ww¦ 1L LS3 � ����$V�D�UHVXOW�RI�WKLV�SURSHUW\��HTXDWLRQ�����ZKLFK�JLYHV�WKH�WRWDO�QXPEHU�RI�NLORPHWHUV�GULYHQ�E\�WKHKRXVHKROG��FDQ�EH�VLPSOLILHG�WR�
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7KH�ULJKW�KDQG�VLGH�LV�5R\¶V�LGHQWLW\�IRU�WKH�WRWDO�QXPEHU�RI�NLORPHWHUV�LQWHUSUHWHG�DV�D�VLQJOHJRRG�ZLWK�SULFH�3��(TXDWLRQ������WKXV�VKRZV�WKDW�WKH�WRWDO�GHPDQG�IRU�FDU�NLORPHWHUV�FDQ�EHGHWHUPLQHG�DV�LI�3�ZHUH�WKH�SULFH�IRU�FDU�NLORPHWHUV�LQ�JHQHUDO��,I�WKH�SDUWLDO�GHULYDWLYH�RI�3 ZLWKUHVSHFW�WR�GLVSRVDEOH�LQFRPH�HTXDOV����WKLV�WRWDO�QXPEHU�RI�NLORPHWHUV�LV�FRPSOHWHO\�GHWHUPLQHGE\�WKH�IXQFWLRQ� 
Y ��DQG�WKHUH�LV�D�FOHDU�GLVWLQFWLRQ�EHWZHHQ�WULS�JHQHUDWLRQ��WKURXJK�WKH�IXQFWLRQ
Y ��DQG�WULS�GLVWULEXWLRQ��WKURXJK�WKH�IXQFWLRQ�3��7KH�SUHYLRXV�GLVFXVVLRQ�KDV�LJQRUHG�GLIIHUHQFHV�LQ�FDU�TXDOLW\��EXW��EHIRUH�FRQFOXGLQJ�WKLVVXEVHFWLRQ��ZH�KDYH�WR�FRQVLGHU�LWV�UROH�LQ�WKH�IXUWKHU�VSHFLILFDWLRQ�RI�WKH�PRGHO��:H�KDYHLQWHUSUHWHG�3 DV�D�FRVW�RI�FDU�PRELOLW\��DQG�KLJKHU�FDU�TXDOLW\�VKRXOG�EH�H[SHFWHG�WR�ORZHU�WKLVSULFH��$W�ILUVW�VLJKW��LW�PD\�VHHP�DWWUDFWLYH�WR�LQWURGXFH�TXDOLW\�DV�RQH�RI�WKH�GHWHUPLQLQJYDULDEOHV�RI�WKH�ZHLJKWV��+RZHYHU��WKLV�ZRXOG�EULQJ�XV�LQWR�FRQIOLFW�ZLWK�WKH�UHTXLUHPHQW�WKDW
L]Y ww ��ZKLFK�LV�HTXDO�WR � �� �L]33Y wwww ��PXVW�EH�HTXDO�WR���ZKHQ�WKH�GHPDQG�IRU�NLORPHWHUVIRU�FDU�L LV�HTXDO�WR����7KH�DOWHUQDWLYH�SRVVLELOLW\�LV�WKDW�ZH�UHIRUPXODWH�3 LQ�WHUPV�RI�TXDOLW\�DGMXVWHG�SULFHV�UL IRU�DXWRPRELOH�VHUYLFHV�
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DQG�ZH�UHTXLUH�WKDW�� f fo ULSOLP ��7KLV�IRUPXODWLRQ�VHHPV�WR�EH�D�UHDVRQDEOH�RQH��DQG�LW�FRYHUV��IRULQVWDQFH��WKH�UHSDFNDJLQJ�PRGHO�RI�)LVKHU�DQG�6KHOO���������ZKLFK�KDV� LLL ]SU � DV�WKH�SULFH�SHUXQLW�RI�TXDOLW\��
����$�JHQHUDOL]DWLRQ�RI�GH�-RQJ¶V�PRGHO7KH�SUHYLRXV�VXEVHFWLRQV�KDYH�H[DPLQHG�WKH�ZD\�D�KRXVHKROG�XVHV�WKH�FDUV�LW�KDV�DYDLODEOH�DQGWKH�QXPEHU�RI�FDUV�WR�EH�RZQHG��7KH�GLVFXVVLRQ�WKXV�IDU�KDV�EHHQ�FDVW�LQ�JHQHUDO�WHUPV��,W�ZLOOQRZ�EH�PDGH�PRUH�FRQFUHWH�E\�FKRRVLQJ�D�SDUWLFXODU�VSHFLILFDWLRQ�RI�WKH��LQGLUHFW��XWLOLW\IXQFWLRQ��)RU�WKLV�SXUSRVH��ZH�DGRSW�GH�-RQJ¶V��������VSHFLILFDWLRQ�RI�WKH�LQGLUHFW�XWLOLW\�IXQFWLRQ�� � �H[S��
� ���
�
 � 3\3\Y EGED D ��� � �� ����'H�-RQJ�XVHG�WKH�SULFH�RI�D�VLQJOH�FDU�LQ�WKLV�IXQFWLRQ��EXW�ZH�KDYH�LPSXWHG�WKH�FRPSRVLWH�SULFH�3VSHFLILHG�DFFRUGLQJ�WR������LQ�RUGHU�WR�EH�DEOH�WR�GHDO�ZLWK�FDVHV�LQ�ZKLFK�WKH�QXPEHU�RI�FDUVH[FHHGV���,I�3 GRHV�QRW�GHSHQG�RQ�GLVSRVDEOH�LQFRPH��WKH�WRWDO�QXPEHU�RI�NLORPHWHUV�GULYHQ�E\�WKHKRXVHKROG�LV�JLYHQ�E\�WKH�IROORZLQJ�GHPDQG�HTXDWLRQ�� � �
OQ�OQ \3; DEG �� �� ����$�PRUH�FRPSOLFDWHG�H[SUHVVLRQ��WKDW�IROORZV�IURP������DQG�LV�QRW�GLVFXVVHG�KHUH��UHVXOWV�LI�3GHSHQGV�RQ�GLVSRVDEOH�LQFRPH�,I�D�KRXVHKROG�GRHV�QRW�RZQ�DOO�1 FDUV��GHPDQG�IRU�NLORPHWHUV�RI�WKH�QRQ�RZQHG�FDUV�VKRXOG�EHHTXDO�WR����7KH�VDPH�PXVW�EH�WUXH�IRU�WKH�VKDUHV�RI�WKH�NLORPHWHUV�GULYHQ�E\�WKHVH�FDUV�LQ�WRWDOGHPDQG�IRU�NLORPHWHUV��DQG�LW�LV�HDVLO\�VHHQ�IURP������WKDW�WKH�YLUWXDO�SULFHV�DW�ZKLFK�WKLV�KDSSHQVDUH��SRVLWLYH��LQILQLWH�� 6LQFH�J LV�QHJDWLYH��WKLV�PHDQV�WKDW�WKHVH�YDULDEOH�FRVWV�GLVDSSHDU�IURP�WKHQXPHUDWRU�LQ�������+RZHYHU��WKHLU�ZHLJKWV�UHPDLQ�SUHVHQW�LQ�WKH�GHQRPLQDWRU��DQG�WKLV�LPSOLHVWKDW�3 ZLOO�EH�KLJKHU�ZKHQ�D�FDU�LV�UHPRYHG��,Q�RWKHU�ZRUGV��WKH�HIIHFW�RI�UDWLRQLQJ�DVVRFLDWHGZLWK�RZQLQJ�D�OLPLWHG�QXPEHU�RI�FDUV�LV�D�KLJKHU�FRPSRVLWH�SULFH�3 RI�FDU�NLORPHWHUV�,I�D�KRXVHKROG�RZQV�RQH�FDU��WKH�YDOXH�RI�3 LV�¦� J���OQ� MLL ZZS3 � ����/LPLWHG�SRVVLELOLWLHV�IRU�VXEVWLWXWLRQ�EHWZHHQ�WKH�XVH�RI�GLIIHUHQW�FDUV�LPSO\�D�YDOXH�RI�� WKDW�LVFORVH�WR����OHDGLQJ�WR�D�YDOXH�RI�3 XQGHU�UDWLRQLQJ�WKDW�LV�PXFK�KLJKHU�WKDQ�SL��,Q�RWKHU�ZRUGV�OLPLWHG�SRVVLELOLWLHV�IRU�VXEVWLWXWLRQ�LPSO\�ODUJH�FRVWV�RI�UDWLRQLQJ�,I�WKH�IRUPXOD�IRU�3 LQ�WKH�FDVH�ZKHUH�MXVW�RQH�FDU�LV�RZQHG�LV�VXEVWLWXWHG�LQWR�������WKH�VHFRQGWHUP�RQ�WKH�ULJKW�KDQG�VLGH�FDQ�EH�DEVRUEHG�LQWR�G��7KH�UHVXOWLQJ�LQGLUHFW�XWLOLW\�IXQFWLRQ�LV�WKHRQH�XVHG�E\�GH�-RQJ��������IRU�VLQJOH�FDU�RZQLQJ�KRXVHKROGV���

� ,W�PXVW�EH�QRWHG��KRZHYHU��WKDW�LQ�WKH�PRGHO�RI�)LVKHU�DQG�6KHOO��WKH�YDULHWLHV��ZKLFK�FRUUHVSRQG�LQ�WKH�SUHVHQWFRQWH[W�WR�WKH�YDULRXV�FDUV�RZQHG�E\�WKH�KRXVHKROG��DUH�SHUIHFW�VXEVWLWXWHV��ZKLFK�LV�QRW�XVHIXO�IRU�WKH�SXUSRVHV�RIWKH�SUHVHQW�SDSHU�� 7KH�FKRVHQ�VSHFLILFDWLRQ�RI�3 LPSOLHV�WKDW�FDUV�ZLOO�EH�XVHG�ZKHQHYHU�WKH\�DUH�RZQHG��� 'H�-RQJ��������KDV�SURSRVHG�D�GLIIHUHQW�H[WHQVLRQ�RI�WKH��������PRGHO�WR�VLWXDWLRQV�LQ�ZKLFK�KRXVHKROGV�FDQ�RZQWZR�FDUV��,W�LV�EDVHG�RQ�D�XWLOLW\�IXQFWLRQ�Y¶ �\¶���.�H[S�/���� S�������H[S�/���� S�������7KLV�OHDGV�WR�GHPDQGHTXDWLRQV�IRU�WKH�NLORPHWHUV�GULYHQ�E\�ERWK�FDUV�LQ�ZKLFK�WKH�YDULDEOH�FRVWV�RI�WKH�RWKHU�FDU�GRHV�QRW�DSSHDU��7KHUHDUH�WKHUHIRUH�QR�VXEVWLWXWLRQ�HIIHFWV�SUHVHQW�LQ�WKLV�PRGHO�
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��7KH�GDWD,Q�WKLV�VHFWLRQ�ZH�LQWURGXFH�WKH�GDWD�VHW�XVHG�LQ�WKLV�SDSHU��GLVFXVV�VRPH�DVSHFWV�RI�WKHVH�GDWD�WKDWDUH�RI�VSHFLDO�LQWHUHVW�DQG�SUHVHQW�UHGXFHG�IRUP�HTXDWLRQV�IRU�YDULDEOH�DQG�IL[HG�FRVWV�RI�WKH�FDUV�
����'HVFULSWLRQ�RI�WKH�GDWD7KH�GDWD�VHW�XVHG�LQ�WKLV�SDSHU�RULJLQDWHV�IURP�WKUHH�GLIIHUHQW�GDWD�VRXUFHV���WKH�µFDU�SDQHO¶�FRQGXFWHG�E\�WKH�'XWFK�&RQVXPHU¶V�$VVRFLDWLRQ��&RQVXPHQWHQERQG���D�KRXVHKROG�VXUYH\�WKDW�VXSSOHPHQWHG�WKH�FDU�SDQHO�TXHVWLRQQDLUH�LQ�WKH�SHULRG������������WHFKQLFDO�FDU�DWWULEXWHV�SURYLGHG�E\�WKH�'XWFK�0RWRULVWV¶�$VVRFLDWLRQ��$1:%��7KH�µFDU�SDQHO¶�FRQVWLWXWHV�WKH�EDVLV�RI�WKH�GDWD�VHW��,W�FRQWDLQV�LQIRUPDWLRQ�DERXW������SDVVHQJHUFDUV��3DUWLFLSDQWV�DUH�UHFUXLWHG�DPRQJ�WKH�PHPEHUV�RI�WKH�DVVRFLDWLRQ�ZLWK�WKH�SULPDU\�SXUSRVH�RIJHQHUDWLQJ�LQIRUPDWLRQ�DERXW�WKH�FRVWV�RI�WKH�PRVW�SRSXODU�FDU�W\SHV��� 7ZLFH�D�\HDU��WKH�SDQHOFDU�RZQHUV�KDYH�WR�ILOO�LQ�D�IRUP�ZLWK�TXHVWLRQV�DERXW�UHSDLU�DQG�PDLQWHQDQFH�FRVWV��QXPEHU�RINLORPHWHUV�UHFRUGHG��DQG�DWWULEXWHV�RI�WKH�SDQHO�FDU��0LOHDJH�LV�DOVR�UHFRUGHG�WKHQ�7KH�LQIRUPDWLRQ�JDWKHUHG�IRU�WKH�FDU�SDQHO�ZDV�VXSSOHPHQWHG��LQ�WKH�SHULRG�����������E\�DKRXVHKROG�VXUYH\��FRQGXFWHG�DV�SDUW�RI�D�SXEOLFLW\�FDPSDLJQ�WKDW�VWDUWHG�WRZDUGV�WKH�HQG�RI������DQG�ZKLFK�ZDV�LQLWLDWHG�E\�WKH�'XWFK�$JHQF\�IRU�(QHUJ\�DQG�(QYLURQPHQW��1RYHP���7KHFDPSDLJQ�ZDV�DLPHG�DW�DFKLHYLQJ�D�PRUH�IXHO�HIILFLHQW�FDU�XVH�DQG�DFTXLVLWLRQ�EHKDYLRU�DPRQJSDVVHQJHU�FDU�RZQHUV��,Q�RUGHU�WR�PRQLWRU�WKH�HIIHFWV�RI�WKH�FDPSDLJQ��GDWD�ZHUH�FROOHFWHG�IURPWKH�SDUWLFLSDQWV�RI�WKH�FDU�FRVW�SDQHO�RI�WKH�'XWFK�&RQVXPHU¶V�$VVRFLDWLRQ�LQ�2FWREHU�1RYHPEHURI�WKH�FRQVHFXWLYH�\HDUV������������DQG�������,Q�DGGLWLRQ�WR�WKH�LQIRUPDWLRQ�JDWKHUHG�IRU�WKHSDQHO�FDU�FRVW��UHVSRQGHQWV�ZHUH�DOVR�TXHVWLRQHG�DERXW�WKH�SUHVHQFH�RI�D�VHFRQG�DQG�WKLUG�FDU�DQGWKH�QXPEHU�RI�NLORPHWHUV�GULYHQ�ZLWK�WKHVH�FDUV��7KLV�DGGLWLRQDO�LQIRUPDWLRQ�ZDV�FUXFLDO�IRU�WKHSXUSRVHV�RI�WKH�SUHVHQW�SDSHU�
7DEOH���'HVFULSWLYH�VWDWLVWLFV9DULDEOH 0HDQ 6WG�'HY 0LQ 0D[+RXVHKROGV ,QFRPH��[����� ����� ���� � ��1XPEHU�RI�ZRUNHUV ���� ���� � �1XPEHU�RI�SHUVRQV ���� ���� � �1XPEHU�RI�OLFHQVHG�GULYHUV ���� ���� � �1XPEHU�RI�FRPSDQ\�FDUV ����� ���� � �6HFRQG�FDU�SUHVHQW ���� ���� � �&DUV 0RQWKO\�NP ���� ��� � ����9DULDEOH�FRVWV ���� ���� ���� ����)L[HG�FRVWV ���� ���� ���� ����0DLQ�GULYHU�LV�PDOH ����1XPEHU�RI�REVHUYDWLRQV�������KRXVHKROGV��+RXVHKROGV�ZLWK�VHFRQG�FDU�������1XPEHU�RI�REVHUYHG�FDUV�������

�� 7KHUH�DUH�����FDU�W\SHV�IRU�ZKLFK�LQIRUPDWLRQ�LV�FROOHFWHG��&DUV�FDQ�EH�LQFOXGHG�LQ�WKH�SDQHO�ZKHQ��D� WKHRGRPHWHU�PXVW�QRW�H[FHHG���������NLORPHWUHV��E��WKH�FDU�LV�DW�PRVW����\HDUV�ROG��DQG�F��WKH�FDU�FRYHUV�DW�OHDVW������EXW�DW�PRVW��������NLORPHWHUV�D�\HDU�
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7KH�WHFKQLFDO�LQIRUPDWLRQ��WKDW�FRQVWLWXWHV�WKH�WKLUG�SDUW�RI�RXU�GDWD�FRQFHUQV��L��FDU�DWWULEXWHV���LL�IXHO�FRQVXPSWLRQ���LLL��IL[HG�DQG�YDULDEOH�GHSUHFLDWLRQ�UDWHV���LY��PDUNHW�SULFHV�RI�QHZ�DQGVHFRQG�KDQG�YHUVLRQV�RI�HDFK�RI�WKH�����PDNH�PRGHO�FRPELQDWLRQV��DQG��Y��WKH�WLPH�SHULRG�LQZKLFK�WKH�YHUVLRQ�ZDV�DYDLODEOH�IRU�SXUFKDVH�RQ�WKH�PDUNHW��7KH�ILJXUHV�UHIHUULQJ�WR�DYHUDJH�DQGYDULDEOH�FRVWV�WKDW�DUH�XVHG�LQ�WKLV�SDSHU�RULJLQDWH�IURP�WKLV�GDWD�VRXUFH�7KH�GDWD�IURP�WKHVH�WKUHH�VRXUFHV�ZHUH�DPDOJDPDWHG�LQWR�VL[�ZDYHV�RI�SDQHO�GDWD��,Q�WKH�SUHVHQWSDSHU�ZH�XVH�WKH��WK�ZDYH��ZKLFK�UHIHUV�WR�WKH�VHFRQG�KDOI�RI��������6RPH�GHVFULSWLYH�VWDWLVWLFVDUH�SUHVHQWHG�LQ�7DEOH���7KH�DYHUDJH�DQQXDO�PLOHDJH�RI�WKH�FDUV�LQ�RXU�VDPSOH�LV�YHU\�FORVH�WR�WKDW�RI�WKH�'XWFK�FDU�IOHHW�7KH�KRXVHKROGV�LQ�RXU�VDPSOH�KDYH�VOLJKWO\�PRUH�PHPEHUV�WKDQ�WKH�'XWFK�KRXVHKROGV��FRPSDQ\FDUV�DSSHDU�WR�EH�XQGHUUHSUHVHQWHG�DQG�WKH�DYHUDJH�DJH�RI�WKH�FDU�RZQHUV�LQ�RXU�VDPSOH�LV�VOLJKWO\KLJKHU�WKDQ�WKDW�LQ�WKH�WRWDO�'XWFK�SRSXODWLRQ�
����'LVFXVVLRQ�RI�VRPH�DVSHFWV�RI�WKH�GDWD$�VHFRQG�FDU�LV��RI�FRXUVH��HVSHFLDOO\�XVHIXO�LI�WKHUH�LV�PRUH�WKDQ�RQH�SHUVRQ�ZLWK�D�GULYHU¶VOLFHQVH�LQ�WKH�KRXVHKROG��� 7KLV�VXJJHVWV�WKDW�RQH�VKRXOG�HVWLPDWH�D�PRGHO�IRU�PXOWLSOH�FDURZQHUVKLS�RQO\�RQ�GDWD�UHIHUULQJ�WR�KRXVHKROGV�ZLWK�DW�OHDVW�WZR�OLFHQVHG�GULYHU��+RZHYHU�HVWLPDWLRQ�RI�VHSDUDWH�SURELW�PRGHOV��IRU�WKH�FKRLFH�RI�HLWKHU�RQH�RU�WZR�FDUV�IRU�KRXVHKROGV�ZLWKRQH�DQG�WZR�RU�PRUH�OLFHQVHG�GULYHUV�UHVXOWHG�LQ�FRHIILFLHQWV�WKDW�DUH�QRW�VLJQLILFDQWO\�GLIIHUHQW���$�SRVVLEOH�H[SODQDWLRQ�RI�WKLV�UHVXOW�LV�WKDW�WKH�QXPEHU�RI�GULYHU¶V�OLFHQVHV�LV�DGMXVWHG�WR�WKH�QHHGIRU�D�VHFRQG�FDU��:H�KDYH�WKHUHIRUH�HVWLPDWHG�WKH�PRGHO�RQ�GDWD�UHIHUULQJ�WR�DOO�KRXVHKROGV�$�VHFRQG�LVVXH�WKDW�QHHGV�GLVFXVVLRQ�LV�WKH�XVH�RI�D�FRPSDQ\�FDU��6XFK�FDUV�KDYH�EHFRPH�PXFKPRUH�SRSXODU�LQ�WKH�1HWKHUODQGV�VLQFH�ILVFDO�OHJLVODWLRQ�ZDV�FKDQJHG�LQ�WKH�HDUO\�����V�&RPSDQ\�FDUV�DUH�XVXDOO\��EXW�FHUWDLQO\�QRW�H[FOXVLYHO\��RIIHUHG�WR�ZRUNHUV�ZKR�KDYH�WR�GULYH�DORW�IRU�EXVLQHVV�SXUSRVHV��%HFDXVH�RI�LWV�UHODWLRQ�ZLWK�WUDYHO�IRU�EXVLQHVV�SXUSRVHV��RQH�FRXOGUHJDUG�WKH�FRPSDQ\�FDU�DV�D�PRUH�RU�OHVV�H[RJHQRXV�DGGLWLRQ�WR�WKH�KRXVHKROG¶V�YHKLFOH�VWRFN�+RZHYHU��WKHUH�DUH�VHYHUDO�UHDVRQV�IRU�TXHVWLRQLQJ�WKH�DSSURSULDWHQHVV�RI�VXFK�DQ�DSSURDFK��,QPDQ\�ILUPV�D�ODUJH�QXPEHU�RI�HPSOR\HHV�PD\�RSW�IRU�D�FRPSDQ\�FDU��UHJDUGOHVV�RI�WKH�QHHG�WRGULYH�IRU�EXVLQHVV�SXUSRVHV��&KRRVLQJ�WKLV�RSWLRQ�PHDQV�WKDW�WKHLU�VDODU\�LV�ORZHU��0RUHRYHU�ZRUNHUV�ZLWK�D�FRPSDQ\�FDU�KDYH�WR�DGG�SDUW�RI�LWV�YDOXH�WR�WKHLU�WD[DEOH�LQFRPH��ZKLFK�PHDQVWKDW�WKH\�KDYH�WR�SD\�VRPH�IL[HG�FRVWV��7KH�NLORPHWHUV�WKH\�GULYH�IRU�EXVLQHVV�SXUSRVHV�DQG�DOVRKRPH�ZRUN�WULSV�DUH�XVXDOO\�SDLG�E\�WKHLU�HPSOR\HUV��EXW�PDQ\�ZRUNHUV�KDYH�WR�SD\�YDULDEOH�IXHO��FRVWV�WKHPVHOYHV�LI�WKH�QXPEHU�RI�SULYDWH�NLORPHWHUV�H[FHHGV�D�SUHGHWHUPLQHG�WKUHVKROG�7KLV�PHDQV�WKDW��LQ�PDQ\�FDVHV��WKH�UHOHYDQW�PDUJLQDO�FRVWV�DUH�HTXDO�WR�WKH�IXHO�FRVW��(YHQWKRXJK�WKH�FKRLFH�RI�FDU�EUDQG�DQG�PDNH�IRU�FRPSDQ\�FDUV�LV�QRW�FRPSOHWHO\�IUHH��PRVW�ZRUNHUVFDQ�FKRRVH�IURP�D�EURDG�UDQJH��ZKLFK�LV�VRPHWLPHV�UHODWHG�WR�WKH�W\SH�RI�MRE�7KH�SUHYLRXV�GLVFXVVLRQ�VXJJHVWV�WKDW�ZRUNHUV�ZLWK�D�FRPSDQ\�FDU�DUH�QRW�WRR�GLIIHUHQW�IURPZRUNHUV�ZKR�KDYH�ERXJKW�WKHLU�FDU�WKHPVHOYHV�DQG�WKDW�WKHUH�LV�QR�QHHG�WR�XVH�D�FRPSOHWHO\GLIIHUHQW�PRGHO�VSHFLILFDWLRQ�IRU�KRXVHKROGV�ZLWK�DQG�KRXVHKROGV�ZLWKRXW�VXFK�D�FDU��,Q�WKHPRGHO�HVWLPDWHG�LQ�WKH�QH[W�VHFWLRQ��ZH�ZLOO�XVH�D�GXPP\�IRU�FRPSDQ\�FDUV�DV�DQ�LQGLFDWRU�RI�WKHGHPDQG�IRU�NLORPHWHUV�

�� ,Q�WKH�VDPSOH��WKHUH�DUH�����KRXVHKROGV�ZLWK�RQH�GULYHU¶V�OLFHQVH����RI�WKHP�KDYH�WZR�FDUV��� (VWLPDWLRQ�UHVXOWV�DUH�DYDLODEOH�XSRQ�UHTXHVW�
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����'HWHUPLQDQWV�RI�FDU�FRVWV:H�LQGLFDWHG�LQ�WKH�SUHYLRXV�VHFWLRQ�WKDW�WKH�SUHVHQW�SDSHU�ZLOO�QRW�IRFXV�RQ�TXDOLW\�FKRLFH��HYHQWKRXJK�ZH�FDQQRW�LJQRUH�WKDW�LVVXH��VLQFH�VXEVWLWXWLRQ�EHWZHHQ�WKH�XVH�RI�WKH�WZR�FDUV�LV�UHODWHG�WRGLIIHUHQFHV�LQ�FRVWV�WKDW�DUH�UHODWHG�WR�TXDOLW\�GLIIHUHQFHV��,Q�6HFWLRQ�����ZH�RXWOLQHG�D�PRGHO�WKDWLQFRUSRUDWHV�TXDOLW\�FKRLFH��+LJKHU�TXDOLW\�FRXOG�EH�UHDOL]HG�DW�WKH�H[SHQVH�RI�KLJKHU�IL[HG�DQGYDULDEOH�FRVWV��3UHVXPDEO\��WKH�WUDGH�RII�EHWZHHQ�EHQHILWV�DQG�FRVWV�GHSHQGV�SUHVXPDEO\�RQKRXVHKROG�FKDUDFWHULVWLFV��DQG�WKH�UHGXFHG�IRUP�HTXDWLRQV�RI�VXFK�D�VXEPRGHO�ZRXOG�WKHUHIRUHUHODWH�IL[HG�DQG�YDULDEOH�FRVWV�WR�KRXVHKROG�FKDUDFWHULVWLFV��,Q�WKLV�VXEVHFWLRQ��ZH�GLVFXVVHVWLPDWLRQ�UHVXOWV�RI�VXFK�UHGXFHG�IRUP�HTXDWLRQV��:H�VWDUW�ZLWK�YDULDEOH�FDU�FRVWV�7DEOH���DERYH�VKRZV�WKDW�WKH�YDULDWLRQ�LQ�YDULDEOH�FRVWV�LV�OLPLWHG��WKH�ILJXUHV�DUH�DOO�LQ�WKHLQWHUYDO�>���������@��&DVXDO�HYLGHQFH�VXJJHVWV��KRZHYHU��WKDW�LW�PD\�QHYHUWKHOHVV�EH�LQWHUHVWLQJ�WRLQYHVWLJDWH�WKH�GHWHUPLQDQWV�RI�WKH�GLIIHUHQFHV��(VWLPDWLRQ�UHVXOWV�RI�D�OLQHDU�UHJUHVVLRQ�DUH�VKRZQLQ�7DEOH����7KH\�FRQILUP�WKH�FRPPRQ�VHQVH�RSLQLRQ�WKDW�PDOHV�GULYH�FDUV�ZLWK�KLJKHU�YDULDEOHFRVWV��HYHQ�WKRXJK�WKH�GLIIHUHQFH�LV�QRW�ODUJH��:KHQ�KRXVHKROG�LQFRPH�LV�KLJKHU��YDULDEOH�FRVWVWHQG�WR�JR�XS��+RZHYHU��JLYHQ�LQFRPH��DQG�WKH�YDOXHV�RI�WKH�RWKHU�H[SODQDWRU\�YDULDEOHV��YDULDEOHFRVWV�WHQG�WR�EH�VOLJKWO\�ORZHU�LI�WKH�QXPEHU�RI�ZRUNHUV�LV�ODUJHU��7KH�SUHVHQFH�RI�PRUH�OLFHQVHGGULYHUV�LV�DVVRFLDWHG�ZLWK�KLJKHU�YDULDEOH�FRVWV��EXW�WKH�SUHVHQFH�RI�PRUH�FDUV�LV�DVVRFLDWHG�ZLWKORZHU�YDULDEOH�FRVWV��7KHUH�LV�QR�GLIIHUHQFH�LQ�WKLV�UHVSHFW�EHWZHHQ�FDUV�ZLWK�D�PDOH�RU�D�IHPDOHPDLQ�GULYHU��+LJKHU�IL[HG�FRVWV�DUH�RIWHQ�DVVRFLDWHG�ZLWK�KHDYLHU�FDUV��LPSO\LQJ�PRUH�IXHO�XVH�SHUNLORPHWHU�DQG�WKXV�KLJKHU�YDULDEOH�FRVWV��D�UHODWLRQVKLS�WKDW�LV�FRQILUPHG�E\�WKH�VLJQLILFDQWSRVLWLYH�FRHIILFLHQW�IRU�IL[HG�FRVWV�
7DEOH���9DULDEOH�FRVWV�SHU�NLORPHWHU�DQG�KRXVHKROG�FKDUDFWHULVWLFV9DULDEOH (VWLPDWH��VW��HUURU�&RQVWDQW ����� �������0DOH ������� ��������,QFRPH��[����� ����� �������1XPEHU�RI�ZRUNHUV �������� ��������&RPSDQ\�FDU �����������������+RXVHKROG�VL]H �������������������1XPEHU�RI�OLFHQVHG�GULYHUV ������� ��������6HFRQG�FDU�SUHVHQW �������� ��������0DOH
VHFRQG�FDU�SUHVHQW ���������������)L[HG�FRVW��[����� ������� �������
5� �����Q ����6WDQGDUG�HUURUV�DUH�UHSRUWHG�LQ�SDUHQWKHVHV��&RHIILFLHQWV�LQ�EROG�SULQW�DUH�VLJQLILFDQW�DW�S ���
7DEOH���UHSRUWV�HVWLPDWLRQ�UHVXOWV�WKDW�UHIHU�WR�WKH�ORJDULWKP�RI�IL[HG�FDU�FRVWV��+HUH�ZH�ILQG�DVXEVWDQWLDO�HIIHFW�RI�WKH�JHQGHU�RI�WKH�PDLQ�GULYHU��0DOHV�XVH�FDUV�WKDW�KDYH��RQ�DYHUDJH��PRUHWKDQ�����KLJKHU�IL[HG�FRVWV�WKDQ�IHPDOHV��$�KLJKHU�LQFRPH�LV�DVVRFLDWHG�ZLWK�KLJKHU�IL[HG�FDUFRVWV��DQG�LI�WKH�QXPEHU�RI�ZRUNHUV�LQFUHDVHV�WKHVH�FRVWV�WHQG�WR�EH�HYHQ�KLJKHU��&RPSDQ\�FDUVWHQG�WR�KDYH�KLJKHU�IL[HG�FRVWV��7KH�SUHVHQFH�RI�D�VHFRQG�FDU�LV�DVVRFLDWHG�ZLWK�ORZHU�IL[HG�FRVWV�DQG�DJDLQ�ZH�ILQG�QR�GLIIHUHQFH�LQ�WKLV�UHVSHFW�EHWZHHQ�FDUV�ZKRVH�PDLQ�GULYHU�LV�PDOH�DQG�WKRVHZKRVH�PDLQ�GULYHU�LV�IHPDOH�
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$V�PHQWLRQHG�DERYH��ZH�ZLOO�XVH�WKHVH�HVWLPDWLRQ�UHVXOWV�WR�SUHGLFW�WKH�IL[HG�DQG�YDULDEOH�FRVWV�RIWKH�VLQJOH�FDU�RU�WKH�WZR�FDUV�XVHG�E\�WKH�KRXVHKROGV�LQ�RXU�VDPSOH��LQ�RUGHU�WR�HVWLPDWH�WKHVWUXFWXUDO�PRGHO��7KLV�PHDQV�WKDW�ZH�ZLOO�LQWHUSUHW�WKH�SUHGLFWLRQV�RI�WKH�IL[HG�DQG�YDULDEOH�FRVWVIURP�WKHVH�HTXDWLRQV�DV�WKH�RSWLPDO�YDOXHV�LPSOLHG�E\�D�PRGHO�RI�TXDOLW\�FKRLFH��7KH�HVWLPDWHGHTXDWLRQV�JLYH�UHDVRQDEOH�YDOXHV�IRU�WKH�IL[HG�DQG�YDULDEOH�FRVWV��)RU�LQVWDQFH��WKH�DYHUDJHSUHGLFWHG�IL[HG�FRVWV�IRU�D�KRXVHKROG�ZLWK�RQH�FDU�LV������'XWFK�JXLOGHUV��ZKHUHDV�WKH�DYHUDJHIL[HG�FRVWV�RI�WZR�FDU�KRXVHKROGV�DUH������'XWFK�JXLOGHUV�IRU�WKH�PDOH�GULYHU�DQG������'XWFKJXLOGHUV�IRU�WKH�IHPDOH�GULYHU��$YHUDJH�SUHGLFWHG�YDULDEOH�FRVWV�DUH�LQ�DOO�WKUHH�FDVHV�EHWZHHQ�����DQG������'XWFK�JXLOGHUV�SHU�NLORPHWHU�
7DEOH���)L[HG�FRVW9DULDEOH (VWLPDWH��VW��HUURU�&RQVWDQW ����� ������0DOH ����� ������/Q�LQFRPH� �����������1XPEHU�RI�ZRUNHUV ����� �������&RPSDQ\�FDU ������������+RXVHKROG�VL]H ����������������1XPEHU�RI�OLFHQVHG�GULYHUV ��������������6HFRQG�FDU�SUHVHQW ������� �������0DOH
VHFRQG�FDU�SUHVHQW ��������������
5� �����Q ����'HSHQGHQW�YDULDEOH��/RJ�)L[HG�&RVW���6WDQGDUG�HUURUV�DUH�UHSRUWHG�LQ�SDUHQWKHVHV��&RHIILFLHQWV�LQ�EROG�SULQW�DUHVLJQLILFDQW�DW�S ����
��(VWLPDWLRQ�RI�WKH�VWUXFWXUDO�PRGHO
����,QWURGXFWLRQ,Q�WKLV�VHFWLRQ��ZH�GLVFXVV�WKH�HVWLPDWLRQ�RI�WKH�VWUXFWXUDO�PRGHO�GHULYHG�LQ�6HFWLRQ������*LYHQ�WKHGDWD�GLVFXVVHG�LQ�WKH�SUHYLRXV�VHFWLRQ��WKH�PRGHO�LV�IRFXVHG�RQ�WKH�FKRLFH�WR�RZQ�RQH�RU�WZR�FDUV�$FFRUGLQJO\��LW�WDNHV�WKH�PD[LPXP�QXPEHU�RI�FDUV�SHU�KRXVHKROG�WR�EH�HTXDO�WR�WZR�DQG�WKHPLQLPXP�WR�EH�RQH��:H�ZLOO�QRW�PDNH�D�GLVWLQFWLRQ�EHWZHHQ�ILUVW�DQG�VHFRQG�FDUV��VLQFH�LW�ZRXOG�IRUFH�XV�WR�LQWURGXFHDQ�HOHPHQW�RI�DUELWUDULQHVV�LQWR�WKH�PRGHO��7KHUH�LV�QR�LQWULQVLF�UHDVRQ�ZK\�RQH�FDU�VKRXOG�EHODEHOHG��³SULPDU\´�DQG�WKH�RWKHU�³VHFRQGDU\�´�:H�KDYH�WKHUHIRUH�WUHDWHG�WKH�FDUV�V\PPHWULFDOO\�7KHUH�LV��RI�FRXUVH��JRRG�UHDVRQ�WR�VXSSRVH�WKDW�FDU�XVH�ZLOO�EH�GHSHQGHQW�RQ�WKH�FKDUDFWHULVWLFVRI�WKH�PDLQ�GULYHU��)RU�WKLV�UHDVRQ�ZH�KDYH�UHODWHG�GLIIHUHQFHV�LQ�FDU�XVH�WR�GLIIHUHQFHV�LQ�GULYHUFKDUDFWHULVWLFV��0RUH�VSHFLILFDOO\��ZH�KDYH�GLVWLQJXLVKHG�EHWZHHQ�FDUV�ZLWK�PDOH�DQG�WKRVH�ZLWKIHPDOH�PDLQ�GULYHUV�
����7KH�OLNHOLKRRG�IXQFWLRQ
�� :H�GHOHWHG����KRXVHKROGV�ZLWK�PRUH�WKDQ�WZR�FDUV�
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:H�XVH�WKH�HVWLPDWHG�HTXDWLRQV�IRU�IL[HG�DQG�YDULDEOH�FRVWV�WR�SUHGLFW�WKH�YDOXHV�RI�WKHVHYDULDEOHV�IRU�DOO�KRXVHKROGV�LQ�RXU�VDPSOH�ZKHQ�WKH\�RZQ�D�VLQJOH�FDU�DQG�WZR�FDUV��7KH�YDOXHVIRU�WKH�IL[HG�FRVWV�ZLOO�EH�GHQRWHG�DV�N� ZKHQ�D�VLQJOH�FDU�LV�RZQHG��DQG�DV�N��� DQG�N��� ZKHQ�WZRFDUV�DUH�RZQHG��7KH�FRPSRVLWH�SULFHV�IRU�RQH�DQG�WZR�FDUV�DUH�FRPSXWHG�RQ�WKH�EDVLV�RI�WKHSUHGLFWHG�YDULDEOH�FRVWV�DQG�ZLOO�EH�UHIHUUHG�WR�DV�3� DQG�3���UHVSHFWLYHO\��,Q�RUGHU�WR�JHW�VRPHLGHD�RI�WKH�GHWHUPLQDQWV�RI�WKHVH�YDULDEOHV��ZH�KDYH�VHSDUDWHO\�HVWLPDWHG�VKDUH�HTXDWLRQV�WKDWIROORZ�IURP�������� $Q�LPSRUWDQW�UHVXOW�ZDV�WKDW�WKH�FRHIILFLHQW�IRU�KRXVHKROG�LQFRPH�ZDV�QHYHUVLJQLILFDQW��ZKLFK�LPSOLHV�WKDW������FDQ�EH�XVHG�DV�WKH�GHPDQG�HTXDWLRQ�IRU�WKH�WRWDO�QXPEHU�RINLORPHWHUV�GULYHQ�E\�WKH�KRXVHKROG��$QRWKHU�IHDWXUH�WKDW�VKRXOG�EH�PHQWLRQHG�LV�WKH�WUHDWPHQW�RITXDOLW\��6LQFH�TXDOLW\�LWVHOI�LV�XQREVHUYHG��ZH�LQFOXGHG�IL[HG�FDU�FRVWV�DV�DQ�LQGLFDWRU��EXW�ZHZHUH�XQDEOH�WR�ILQG�D�VLJQLILFDQW�FRHIILFLHQW�LQ�WKH�YDULRXV�VSHFLILFDWLRQ�ZH�WULHG��$SDUW�IURP�WKHYDULDEOH�FRVW��RQO\�WKH�JHQGHU�RI�WKH�PDLQ�GULYHU�DSSHDU�WR�KDYH�D�VLJQLILFDQW�HIIHFW�RQ�WKHGLVWULEXWLRQ�RI��WKH�WRWDO�QXPEHU�RI�NLORPHWHUV�RYHU�WKH�WZR�FDUV��2Q�WKH�EDVLV�RI�WKHVH�HVWLPDWLRQUHVXOWV��ZH�KDYH�FKRVHQ�SDUVLPRQLRXV�VSHFLILFDWLRQ�RI�WKH�FRPSRVLWH�SULFH�WKDW�LQFOXGHV�RQO\WKHVH�WZR�YDULDEOHV�
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ZKHUH�,����LV�DQ�LQGLFDWRU�YDULDEOH�WKDW�LV�HTXDO�WR���LI�WKH�PDOH�GULYHU�LV�PDOH�DQG�HTXDO�WR��RWKHUZLVH��)RU�WZR�FDU�KRXVHKROGV��ZH�KDYH�DGRSWHG�WKH�FRQYHQWLRQ�WKDW�FDU���LV�WKH�RQH�XVHG�E\WKH�PDOH�GULYHU�7KH�VSHFLILFDWLRQ�RI�WKH�LQGLUHFW�XWLOLW\�IXQFWLRQ�RI�GH�-RQJ���������ZDV�JLYHQ�LQ�������7KH�XWLOLW\RI�RZQLQJ�D�VLQJOH�FDU�LV�� � � ����� H[S�� � 3N\X EGED D ���� � � ����DQG�WKDW�RI�RZQLQJ�WZR�FDUV�� � ��H[S��� � ��������� 3NN\X EGED D ����� � � ����2ZQLQJ�D�VLQJOH�FDU�LPSOLHV�ORZHU�IL[HG�FDU�FRVWV��EXW�D�KLJKHU�FRPSRVLWH�SULFH�IRU�FDU�PRELOLW\�7KH�FRVWV�RI�RZQLQJ�WZR�FDUV�WKXV�DSSHDU�LQ�WKH�ILUVW�WHUP�RQ�WKH�ULJKW�KDQG�VLGH�RI�WKH�DERYHHTXDWLRQV��ZKLOH�WKH�EHQHILWV�HPHUJH�LQ�WKH�VHFRQG�WHUP��7KH�PDJQLWXGH�RI�WKH�EHQHILWV�LVGHSHQGHQW�RQ�WKH�YDOXH�RI�WKH�UDQGRP�YDULDEOH�/��ZKLFK�LV�DVVXPHG�WR�EH�D�GUDZLQJ�IURP�DQRUPDO�GLVWULEXWLRQ�ZLWK�PHDQ��/ DQG�VWDQGDUG�GHYLDWLRQ�1/��,W�FDQ�WKHUHIRUH�EH�ZULWWHQ�DV�HVPG GG � � ����ZLWK�0 D�GUDZLQJ�IURP�WKH�VWDQGDUG�QRUPDO�GLVWULEXWLRQ��,I�0 LV�VXIILFLHQWO\�ODUJH��WKH�XWLOLW\�RIRZQLQJ�WZR�FDUV�ZLOO�H[FHHG�WKDW�RI�RZQLQJ�D�VLQJOH�FDU��7KH�FULWLFDO�YDOXH�H
�FDQ�EH�GHWHUPLQHGDV� � � � �� � � �� � ¸̧¹·¨̈©§ ��� ���� ��
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7KH�SUREDELOLW\�RI�RZQLQJ�WZR�FDUV�LV�HTXDO�WR�WKH�SUREDELOLW\�WKDW�0 H[FHHGV�LWV�FULWLFDO�YDOXH��DQGWKH�SUREDELOLW\�RI�RZQLQJ�RQH�FDU�LV�LWV�FRPSOHPHQW��7KH�SDUDPHWHU��0 LV�IXUWKHU�VSHFLILHG�DV�DOLQHDU�IXQFWLRQ�RI�KRXVHKROG�FKDUDFWHULVWLFV�K�¦� N NNKGGPG � � ����7KH�RXWFRPH�RI�WKH�FKRLFH�EHWZHHQ�RZQLQJ�WZR�FDUV�RU�RQH�LV�QRZ�IRUPXODWHG�DV�D�QRQ�OLQHDUSURELW�PRGHO�7KH�QXPEHU�RI�NLORPHWHUV�GULYHQ�E\�WKH�KRXVHKROG�LV�GHWHUPLQHG�FRQGLWLRQDO�RQ�WKH�FKRVHQQXPEHU�RI�FDUV��7KH�UDQGRP�YDULDEOH�/ DSSHDUV�LQ�WKH�GHPDQG�HTXDWLRQ�������DQG�ZH�PXVWDFFRXQW�IRU�WKH�WUXQFDWLRQ�FDXVHG�E\�WKH�FDU�RZQHUVKLS�GHFLVLRQ��)ROORZLQJ�GH�-RQJ���������ZHDGG�D�QRUPDO�GLVWULEXWHG�UDQGRP�WHUP�� �ZLWK�H[SHFWDWLRQ���DQG�YDULDQFH�1���WR�WKLV�HTXDWLRQ�LQRUGHU�WR�WDNH�LQWR�DFFRXQW�PHDVXUHPHQW�DQG�RSWLPL]DWLRQ�HUURUV��DQG�HVWLPDWH�� �
K

KDEHGG
� 

����� ¦��
�
OQ��FDUV_�OQ �P$
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IRU�P �����WKH�QXPEHU�RI�FDUV�RZQHG�E\�WKH�KRXVHKROG��:KHQ�RQH�FDU�LV�RZQHG�� 
HH d ��DQGZKHQ�WZR�FDUV�DUH�RZQHG� 
HH ! ��7KH�FRQGLWLRQDO�H[SHFWDWLRQ�IRU�0 LQ������FDQ�EH�GHWHUPLQHGZLWK�VWDQGDUG�IRUPXODV�JLYHQ��IRU�LQVWDQFH��LQ�9HUEHHN��������:H�DUH�QRZ�DEOH�WR�IRUPXODWH�WKH�OLNHOLKRRG�IXQFWLRQ��7KH�OLNHOLKRRG�OL RI�DQ�REVHUYDWLRQ�L LV�WKHSURGXFW�RI�WKH�SUREDELOLW\�WKDW�0 LV�LQ�WKH�UHOHYDQW�UDQJH�PXOWLSOLHG�E\�WKH�YDOXH�RI�WKH�QRUPDOGHQVLW\�IRU�WKH�� WKDW�IROORZV�IURP�VHWWLQJ������HTXDO�WR�WKH�REVHUYHG�WRWDO�QXPEHU�RI�NLORPHWHUV�8VLQJ�D�VXIIL[�L WR�GLVWLQJXLVK�REVHUYDWLRQV��WKLV�JLYHV�� � � � � � � � ¸̧¹·¨̈©§ �! �¸̧¹·¨̈©§ �d  KK VIHHVIHH �OQ����
3U���OQ����
3U�� LLLLLLLLL ;$P,;$P,O �� ����
ZKHUH�,����LV�WKH�LQGLFDWRU�YDULDEOH��DQG� KV LV�WKH�VWDQGDUG�GHYLDWLRQ�RI���,Q�RUGHU�WR�HVWLPDWH�WKH�SDUDPHWHUV�RI�3 VLPXOWDQHRXVO\�ZLWK�WKH�RWKHU�SDUDPHWHUV��ZH�VXEVWLWXWHWKH�H[SUHVVLRQ�JLYHQ�LQ������LQWR������DQG������DQG�WKH�UHVXOWLQJ�H[SUHVVLRQV�LQ������,W�PD\�EH�REVHUYHG�WKDW�WKH�OLNHOLKRRG�IRUPXODWHG�LQ������GRHV�QRW�XVH�WKH�LQIRUPDWLRQ�ZH�KDYH�RQWKH�GLVWULEXWLRQ�RI�WKH�WRWDO�QXPEHU�RI�NLORPHWHUV�RI�KRXVHKROGV�RZQLQJ�WZR�FDUV�RYHU�ERWK�FDUV�,Q�RUGHU�WR�XVH�WKLV�LQIRUPDWLRQ�DV�ZHOO��QRWH�WKDW�WKH�GHPDQG�NLORPHWHUV�RI�FDU�N �����WR�EHUHIHUUHG�WR�DV�;N� LV�GHWHUPLQHG�DV�;N VN��ZLWK�VN WKH�VKDUH�RI�WKLV�FDU�LQ�KRXVHKROG�NLORPHWHUV�(TXDWLRQ������VKRZV�KRZ�WKLV�VKDUH�LV�UHODWHG�WR�WKH�FRPSRVLWH�SULFH�3��7KH�VKDUHV�LPSOLHG�E\�WKHSDUVLPRQLRXV�IRUPXODWLRQ�RI�3 DUH�
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7KH�GHPDQG�IRU�NLORPHWHUV�WKDW�LV�SUHGLFWHG�E\�WKH�PRGHO�HTXDOV�WRWDO�GHPDQG�IRU�NLORPHWHUV�E\WKH�KRXVHKROG�WLPHV�WKH�VKDUH�RI�WKH�SDUWLFXODU�FDU��:H�DVVXPHG�WKDW�WKH�HUURU�LQ�WKH�GHPDQGHTXDWLRQ�IRU�HDFK�FDU��RQ�RQH��DQG�WZR�FDU�RZQLQJ�KRXVHKROGV��LV�D�QRUPDO�GLVWULEXWHG�UDQGRPYDULDEOH�ZKRVH�VWDQGDUG�GHYLDWLRQ�VKRXOG�EH�HVWLPDWHG��:H�DOORZ�WKH�HUURUV�LQ�WKH�GHPDQG�IRUNLORPHWHUV�RI�WZR�FDUV�LQ�WKH�VDPH�KRXVHKROG�WR�EH�FRUUHODWHG�
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ZKHUH�I GHQRWHV�WKH�GHQVLW\�RI�WKH�ELYDULDWH�QRUPDO��DQG�! WKH�FRUUHODWLRQ�EHWZHHQ�WKH�WZRYDULDWHV�
7DEOH���(VWLPDWLRQ�UHVXOWV�IRU�WKH�RZQHUVKLS�XVH�PRGHO7RWDO�GHPDQG 'HPDQG�IRU�LQG�&DUV6\PERO 9DULDEOH (VWLPDWH��VW��HUU�� (VWLPDWH��VW�HUU��D ,QFRPH ����� �������� ��������������E 3ULFH �������������� ��������������G� &RQVWDQW ���� ������ �����������G� 1XPEHU�RI�ZRUNHUV ������ ������� ��������������G� &RPSDQ\�FDU ����� ������� �������������G� +RXVHKROG�VL]H �������� �������� �����������������G� 1XPEHU�RI�OLFHQVHG�GULYHUV ����� ������� ������ ��������V� 6�H��GHPDQG�HTXDWLRQ ����� �������� ��������������V/ 6�H��LGLRV\QFUDWLF�GHPDQG ������ �������� ���������������
�T 0DOH ����� ������� ����� �������J 'LIIHUHQFH�LQ�YDULDEOH�FRVW ������ ������� ��������������U &RUUHODWLRQ�EHWZHHQ�HUURUVLQ�GHPDQG�HTXDWLRQV ����������������

/RJOLNHOLKRRG ��������� ���������Q ���� ����1RWH��+RXVHKROGV�ZLWK�DQ�LQFRPH�OHVV�WKDQ�WZR�WLPHV�WKH��DYHUDJH��IL[HG�FRVWV�RI�FDU�RZQHUVKLS�ZHUH�UHPRYHG�IURPWKH�VDPSOH�
����(VWLPDWLRQ�UHVXOWV7KH�PRGHO�WKDW�KDV�EHHQ�IRUPXODWHG�LQ�WKH�6HFWLRQ�����DERYH�LV�KLJKO\�QRQ�OLQHDU�LQ�WKHSDUDPHWHUV��DQG�ZH�VWDUWHG�HVWLPDWLRQ�ZLWK�D�WZR�VWHS�SURFHGXUH��LQ�ZKLFK�WKH�UHVXOWV�RI�VHSDUDWHHVWLPDWLRQ�RI�WKH�SDUDPHWHUV�RI�WKH�VKDUH�HTXDWLRQ������ZHUH�XVHG�WR�FRPSXWH�WKH�FRPSRVLWH�SULFHIXQFWLRQ�DQG�WKHVH�YDOXHV�ZHUH�LPSXWHG�LQ�WKH�OLNHOLKRRG�IXQFWLRQ�������7KH�RWKHU�SDUDPHWHUVZHUH�WKHQ�HVWLPDWHG��,Q�WKLV�ZD\��ZH�REWDLQHG�VWDUWLQJ�YDOXHV�IRU�DOO�SDUDPHWHUV�RI�WKH�PRGHO��:HWKHQ�XVHG������WR�REWDLQ�VLPXOWDQHRXV�HVWLPDWHV�RI�DOO�WKH�SDUDPHWHUV��/LNHOLKRRG�IXQFWLRQ�����
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ZDV�WKHQ�HVWLPDWHG�ZLWK�WKH�UHVXOWV�RI�HVWLPDWLQJ������DV�VWDUWLQJ�YDOXHV��(VWLPDWLRQ�UHVXOWV�DUHJLYHQ�LQ�7DEOH����ZKHUH�WKH�FROXPQ�ODEHOHG�µWRWDO�GHPDQG¶�UHIHUV�WR�OLNHOLKRRG�IXQFWLRQ�������DQGWKH�RQH�ODEHOHG�µGHPDQG�IRU�LQGLYLGXDO�FDUV¶�WR������7KH�SDUDPHWHUV�D DQG�E KDYH�WKH�H[SHFWHG�VLJQV�DQG�DUH�VLJQLILFDQW��7KH�IRUPHU�FDQ�EHLQWHUSUHWHG�DV�WKH�LQFRPH�HODVWLFLW\�RI�WKH�WRWDO�GHPDQG�IRU�NLORPHWHUV��DQG�WKH�SULFH�HODVWLFLW\�LVHTXDO�WR��3��7KH�LQFRPH�HODVWLFLWLHV�LPSOLHG�E\�WKH�WZR�PRGHOV�DUH�DOPRVW�HTXDO��EXW�WKH�PRGHOEDVHG�RQ�LQGLYLGXDO�FDU�NLORPHWHUV�LPSOLHV�D�VPDOOHU��DEVROXWH��YDOXH�IRU�WKH�SULFH�HODVWLFLW\��7KHQXPEHU�RI�ZRUNHUV�KDV�D�SRVLWLYH�HIIHFW�RQ�WKH�GHPDQG�IRU�FDU�NLORPHWHUV�DQG�RQ�WKH�SUREDELOLW\RI�RZQLQJ�WZR�FDUV��7KHUH�LV�D�VLPLODU�HIIHFW�RI�KDYLQJ�D�FRPSDQ\�FDU��7KH�FRHIILFLHQW�IRUKRXVHKROG�VL]H�LV�LQVLJQLILFDQW��7KHUH�LV�ODUJH�DQG�KLJKO\�VLJQLILFDQW�HIIHFW�RI�WKH�QXPEHU�RIOLFHQVHG�GULYHUV�LQ�WKH�PRGHO�EDVHG�RQ�WRWDO�NLORPHWHUV�GULYHQ�E\�WKH�KRXVHKROG��7KH�FRHIILFLHQWWKDW�PHDVXUHV�WKLV�HIIHFW�EHFRPHV�PXFK�VPDOOHU�LI�ZH�HVWLPDWH�WKH�PRGHO�RQ�LQGLYLGXDO�FDUNLORPHWHUV��EXW�LW�UHPDLQV�KLJKO\�VLJQLILFDQW��7KH��DEVROXWH��YDOXH�RI�WKH�FRHIILFLHQW�J LV�VPDOO�EXW�KLJKO\�VLJQLILFDQW�:H�KDYH�DOVR�H[SHULPHQWHG�ZLWK�PRUH�H[SODQDWRU\�YDULDEOHV�IRU�WKH�FRPSRVLWH�SULFH�IXQFWLRQ�DQGWKH�VKDUH�HTXDWLRQV��EXW�ZH�ZHUH�XQDEOH�WR�ILQG�PRUH�VLJQLILFDQW�FRHIILFLHQWV���:H�KDYH�DOVR�WULHG�D�VSHFLILFDWLRQ�LQ�ZKLFK�ZH�DOORZHG�WKH�SULFH�FRHIILFLHQW�WR�EH�GLIIHUHQW�IRUFRPSDQ\�FDUV��EXW�ZH�GLG�QRW�ILQG�D�VWDWLVWLFDOO\�VLJQLILFDQW�GLIIHUHQFH�
��'LVFXVVLRQ�RI�WKH�UHVXOWV�DQG�DQ�DSSOLFDWLRQ,Q�WKLV�VHFWLRQ��ZH�GLVFXVV�WKH�LQWHUSUHWDWLRQ�RI�WKH�HVWLPDWLRQ�UHVXOWV�DQG�SURYLGH�DQ�DSSOLFDWLRQWR�D�FKDQJH�LQ�WUDQVSRUW�SROLF\��ZKLFK�KDV�UHSHDWHGO\�EHHQ�FRQVLGHUHG�LQ�WKH�1HWKHUODQGV��YL]��DSDUWLDO�VKLIW�RI�WKH�EXUGHQ�RI�WD[DWLRQ�IURP�IL[HG�WR�YDULDEOH�FDU�FRVWV��7KURXJKRXW�WKH�VHFWLRQ��ZHIRFXV�RQ�D�PRGHO�HVWLPDWHG�RQ�LQGLYLGXDO�FDU�NLORPHWHUV��ZKLFK�LV�UHJDUGHG�DV�WKH�SUHIHUUHGPRGHO�VSHFLILFDWLRQ�
����(VWLPDWLRQ�UHVXOWV��HODVWLFLWLHV�DQG�VXEVWLWXWLRQ�SRVVLELOLWLHV7KH�SDUDPHWHU�. LV�HTXDO�WR�WKH�LQFRPH�HODVWLFLW\�RI�WKH�GHPDQG�IRU�NLORPHWHUV��FRQGLWLRQDO�RQ�WKHQXPEHU�RI�FDUV��,WV�YDOXH��������VHHPV�UHDVRQDEOH��7KH�HTXLYDOHQW�SULFH�HODVWLFLW\�LV�HTXDO�WR��3�DSSUR[LPDWHO\�������7KH�DEVROXWH�YDOXHV�RI�ERWK�HODVWLFLWLHV�DUH�DW�WKH�ORZHU�HQG�RI�WKH�UDQJHIRXQG�LQ�RWKHU�VWXGLHV�� �VHH��DPRQJ�RWKHUV��*UDKDP�DQG�*ODLVWHU��������DQG�(VSH\��������$�FHQWUDO�IHDWXUH�RI�RXU�PRGHO�LV�WKH�VXEVWLWXWDELOLW\�EHWZHHQ�WKH�NLORPHWHUV�GULYHQ�E\�WKH�WZRFDUV��7KLV�VXEVWLWXWDELOLW\�LV�VXPPDUL]HG�E\�WKH�FRHIILFLHQW����ZKLFK�LV�IRXQG�WR�EH�KLJKO\VLJQLILFDQW�LQ�DOO�YDULDQWV�RI�WKH�PRGHO��7KH�HDUOLHU�OLWHUDWXUH�UHIHUUHG�WR�LQ�WKH�LQWURGXFWLRQVXJJHVWV�WKH�VLJQLILFDQFH�RI�WKLV�VXEVWLWXWLRQ�HIIHFW��DQG�WKH�VWUXFWXUDO�PRGHO�WKXV�FRQILUPV�WKLV�+RXVHKROGV�WHQG�WR�XVH�WKH�FDU�ZLWK�WKH�ORZHU�YDULDEOH�FRVWV�PRUH�RIWHQ�ZKHQ�WKH�GLIIHUHQFHEHWZHHQ�WKH�YDULDEOH�FRVWV�RI�WKH�WZR�FDUV�LV�ODUJHU�,Q�RUGHU�WR�VHH�ZKDW�WKLV�LPSOLHV�IRU�WKH�HIIHFW�RI�FKDQJHV�LQ�WKH�IXHO�SULFH��WKH�IROORZLQJ�HTXDWLRQLV�KHOSIXO�� �� ���

�� �OQ SSG VVG � J � ����
�� 7KLV�FRQILUPHG�WKH�UHVXOWV�RI�WKH�SUHOLPLQDU\�DQDO\VLV�LQ�ZKLFK�WKH�VKDUH�HTXDWLRQV�ZHUH�HVWLPDWHG�VHSDUDWHO\��� 7KH\�DUH�ORZHU�WKDQ�WKRVH�LPSOLHG�E\�WKH�HVWLPDWLRQ�UHVXOWV�RI�WKH�ILUVW�YDULDQW��ZKLFK�ZHUH�DOUHDG\�RQ�WKH�ORZ�VLGH�'H�-RQJ��������IRXQG�D�KLJK�DEVROXWH�YDOXH�IRU�WKH�SULFH�HODVWLFLW\���1RWH��KRZHYHU��WKDW�RXU�UHVXOWV�GR�QRW�LQFOXGHWKH�SRVVLEOH�HIIHFW�RI�FKDQJHV�LQ�GULYLQJ�VW\OH�RU�LQ�WKH�FKRLFH�RI�DXWRPRELOH�TXDOLW\�WKDW�RFFXU�LQ�UHDFWLRQ�WR�FKDQJHVLQ�IXHO�SULFHV�
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7KH�FRHIILFLHQW�� HTXDOV�WKH�FKDQJH�LQ�WKH�ORJDULWKP�RI�WKH�UDWLR�RI�WKH�NLORPHWHU�VKDUHV�LQGXFHGE\�D�FKDQJH�LQ�WKH�GLIIHUHQFH�EHWZHHQ�WKH�YDULDEOH�FRVWV�RI�WKH�WZR�FDUV��)XUWKHU�HODERUDWLRQ�RIWKLV�HTXDWLRQ�JLYHV�� ������ ��� SSGVVGV �� J � ����1RWH�WKDW� � ��� � VV � LV��DW�PRVW��HTXDO�WR������*LYHQ�WKH�HVWLPDWHG�YDOXH�RI����WKLV�LPSOLHV�WKDW�WKHFKDQJH�LQ�WKH�VKDUH�RI�FDU���LV��DW�PRVW���������RI�WKH�FKDQJH�LQ�WKH�JDS�EHWZHHQ�WKH�WZR�YDULDEOHFRVWV��7KLV�JDS�LWVHOI�HTXDOV��RQ�DYHUDJH�������� 6LQFH�FKDQJHV�LQ�WKLV�JDS�ZLOO�XVXDOO\�EH�D��VPDOO�IUDFWLRQ�RI�LWV�YDOXH��LW�LV�FOHDU�WKDW�VXEVWLWXWLRQ�EHWZHHQ�WKH�WZR�FDUV�DV�D�FRQVHTXHQFH�RI�FKDQJHVLQ�YDULDEOH�FRVWV�ZLOO�LQ�JHQHUDO�EH�VPDOO��)RU�LQVWDQFH��LI�IXHO�SULFHV�DUH�PXOWLSOLHG�E\�N��WKHLPSOLHG�FKDQJH�LQ�WKH�YDULDEOH�FRVW�JDS�HTXDOV� ����� �� SSN �� ��DQG�D�SULFH�LQFUHDVH�RI��IRULQVWDQFH������LPSOLHV�WKDW�N HTXDOV������,W�PXVW�WKHUHIRUH�EH�FRQFOXGHG�WKDW��DFFRUGLQJ�WR�RXUHVWLPDWLRQ�UHVXOWV��WKH�VXEVWLWXWLRQ�EHWZHHQ�WKH�NLORPHWHUV�GULYHQ�E\�FDUV�LQGXFHG�E\�FKDQJHV�LQIXHO�SULFHV�LV�OLPLWHG���7KH�SRVVLELOLW\�WR�VXEVWLWXWH�WKH�XVH�RI�RQH�FDU�IRU�WKDW�RI�WKH�RWKHU�DOVR�SOD\V�DQ�LPSRUWDQW�UROH�LQWKH�FRVWV�DVVRFLDWHG�ZLWK�KDYLQJ�MXVW�RQH�FDU��7KH�SULFH�3 RI�FDU�RI�D�VLQJOH�FDU�KRXVHKROG�LV�� �� � J��OQ ���� ZZZS3 �� � ����,I�WKH�YDULDEOH�FRVWV�RI�DOO�FDUV�DUH�HTXDO��WKH�VHFRQG�WHUP�RQ�WKH�ULJKW�KDQG�VLGH�HTXDOV�WKHDGGLWLRQDO�FRVW�RI�FDU�PRELOLW\�FDXVHG�E\�WKH�DEVHQFH�RI�D�VHFRQG�FDU��6LQFH�WKH�YDULDWLRQ�LQYDULDEOH�FRVWV�DPRQJ�FDUV�LV�OLPLWHG��WKH�YDOXH�RI�WKLV�WHUP�SURYLGHV�D�JRRG�DSSUR[LPDWLRQ��7KHW\SLFDO�VLQJOH�FDU�KRXVHKROG�KDV�D�PDOH�PDLQ�GULYHU��DQG�WKH�YDOXH�RI� � �� � J��OQ ��� ZZZ � LV�WKHQHTXDO�WR�������7KLV�DGGLWLRQDO�FRVW�LV�WKHUHIRUH�D�PXOWLSOH�RI�WKH�YDULDEOH�FRVWV��ZKLFK�DUH��RQDYHUDJH��HTXDO�WR������2XU�PRGHO�HVWLPDWHV�WKHUHIRUH�VXJJHVW�WKDW�WKH�FRVWV�LPSOLHG�E\�WKHUHVWULFWLRQ�RI�KDYLQJ�D�VLQJOH�FDU�DUH�VXEVWDQWLDO��7KHVH�KLJK�FRVWV�DUH�WKH�PLUURU�LPDJH�RI�WKHOLPLWHG�SRVVLELOLWLHV�IRU�VXEVWLWXWLRQ�EHWZHHQ�WKH�NLORPHWHUV�GULYHQ�E\�WKH�WZR�FDUV�WKDW�ZHUHGLVFXVVHG�DERYH�(IIHFWV�RI�SULFH�DQG�LQFRPH�FKDQJHV�RQ�FDU�RZQHUVKLS�FDQ�EH�FRPSXWHG�E\�VLPXODWLQJ�D���LQFUHDVH�LQ�YDULDEOH�FDU�FRVWV�DQG�LQFRPH�RQ�WKH�VKDUH�RI�KRXVHKROGV�LQ�RXU�VDPSOH�ZKLFK�KDYHWZR�FDUV��7KH�TXDVL�HODVWLFLWLHV�DUH�������DQG�������UHVSHFWLYHO\��PHDQLQJ�WKDW�D����LQFUHDVH�LQ�WKHYDULDEOH�FDU�FRVWV�LPSOLHV�D�GHFUHDVH�LQ�WKH�VKDUH�RI�KRXVHKROGV�RZQLQJ�WZR�FDUV�RI�������ZKHUHDVWKH�HIIHFW�RI�D����LQFUHDVH�LQ�LQFRPH�LV�JUHDWHU�LQ�PDJQLWXGH��DQG�RI�RSSRVLWH�VLJQ��7KH�SULFHHODVWLFLWLHV�RI�WKH�GHPDQG�IRU�NLORPHWHUV�RI�RQH��DQG�WZR�FDU�KRXVHKROGV�DUH�������DQG�������UHVSHFWLYHO\��DQG�WKH�WRWDO�HIIHFW�RI�D����FKDQJH�LQ�YDULDEOH�FRVWV�RQ�FDU�NLORPHWHUV�HTXDOV�������7KH�GLIIHUHQFH�LV�FDXVHG�E\�WKH�IDFW�WKDW�VRPH�VHFRQG�FDUV�DUH�DEDQGRQHG�LQ�UHDFWLRQ�WR�WKH�SULFHLQFUHDVH��6LPLODUO\��WKH�WRWDO�HIIHFW�RI�D����FKDQJH�LQ�LQFRPH�RQ�WKH�WRWDO�QXPEHU�RI�FDUNLORPHWHUV�RI�RQH�DQG�WZR�FDU�KRXVHKROGV�LV������DQG�������UHVSHFWLYHO\��+RZHYHU��WKH�WRWDOHIIHFW�RI�DQ�LQFUHDVH�LQ�LQFRPH�LV�PXFK�ODUJHU�GXH�WR�WKH�KLJK�LQFRPH�HODVWLFLW\�RI�GHPDQG�IRUVHFRQG�FDU�RZQHUVKLS��LW�HTXDOV�����
����$SSOLFDWLRQ��VKLIWLQJ�WKH�EXUGHQ�RI�WD[HV�IURP�IL[HG�WR�YDULDEOH�FRVWV
�� 7KH�JDS�LV�FRPSXWHG�DV�WKH�DYHUDJH�DEVROXWH�YDOXH�RI�WKH�GLIIHUHQFH�EHWZHHQ�WKH�YDULDEOH�FRVWV�RI�WKH�WZR�FDUV�IRUWZR�FDU�KRXVHKROGV��� +RZHYHU��LW�PD\�EH�QRWHG�WKDW�RXU�GLVFXVVLRQ�DVVXPHV�WKDW�ERWK�FDUV�XVH�WKH�VDPH�IXHO�W\SH��/DUJHU�HIIHFWV�PD\�EHUHDOL]HG�LI�RQH�FDU�XVHV�JDVROLQH�DQG�WKH�RWKHU�GLHVHO��DQG�WKH�SULFH�RI�RQH�IXHO�W\SH�FKDQJHV��ZKLOH�WKDW�RI�WKH�RWKHUUHPDLQV�FRQVWDQW�



��

:H�ZLOO�QRZ�XVH�WKH�HVWLPDWHG�PRGHO�WR�VWXG\�WKH�HIIHFW�RI�VKLIWLQJ�WKH�EXUGHQ�RI�WD[DWLRQ�IURPIL[HG�FDU�FRVWV�WR�YDULDEOH�FDU�FRVWV��,Q�JHQHUDO��RQH�H[SHFWV�D�GHFUHDVLQJ�HIIHFW�RI�VXFK�DµYDULDELOL]DWLRQ¶�RI�FDU�WD[HV�RQ�WKH�QXPEHU�RI�FDU�NLORPHWHUV��VLQFH�WKH�PDUJLQDO�FRVWV�RI�GULYLQJLQFUHDVHV��+RZHYHU��WKH�ORZHU�IL[HG�FRVWV�ZLOO�LQFUHDVH�FDU�RZQHUVKLS��DQG��WDNLQJ�WKLV�LQWRDFFRXQW��QRW�RQO\�IRU�RZQLQJ�D�VLQJOH�FDU�EXW�DOVR�IRU�WZR�FDUV��PD\�FKDQJH�WKH�SLFWXUH��,Q�RUGHUWR�LQYHVWLJDWH�WKLV�TXHVWLRQ��ZH�FRQVLGHUHG�D�GHFUHDVH�LQ�IL[HG�FDU�FRVWV�RI�����'XWFK�JXLOGHUV�SHU\HDU��ILQDQFHG�E\�DQ�LQFUHDVH�LQ�YDULDEOH�FDU�FRVWV�RI������'XWFK�JXLOGHU�SHU�NLORPHWHU��,I�FDURZQHUVKLS�DQG�WKH�QXPEHU�RI�NLORPHWHUV�GULYHQ�ZLWK�WKH�FDUV�UHPDLQ�XQFKDQJHG��WKHVH�FKDQJHVZRXOG�KDYH�QR�HIIHFW�RQ�WKH�JRYHUQPHQW�EXGJHW��7KH�GHFUHDVH�LQ�IL[HG�FDU�FRVWV�FDQ�EH�UHDOL]HGE\��IRU�LQVWDQFH��D�GHFUHDVH�LQ�WKH�FDU�WD[��:H�FRQVLGHU�WZR�YDULDQWV��WKH�GHFUHDVH�LQ�WKH�WD[�PD\EH�WKH�VDPH�IRU�DOO�FDUV��RU�LW�PD\�EH�SURSRUWLRQDO�WR�WKH�IL[HG�FRVWV�WKHPVHOYHV��DOWKRXJK��RQDYHUDJH��VWLOO�HTXDO�WR�����JXLOGHUV�SHU�\HDU���7KH�DFWXDO�FDU�WD[�LQ�WKH�1HWKHUODQGV�GHSHQGV�RQ�WKHZHLJKW�RI�WKH�FDU��)RU�WKH�FKDQJH�LQ�YDULDEOH�FRVWV��ZH�DOVR�FRQVLGHU�WZR�SRVVLELOLWLHV��LW�LV�HLWKHUHTXDO�IRU�DOO�FDUV��RU�SURSRUWLRQDO�WR�WKH�YDULDEOH�FRVWV�WKHPVHOYHV��7KH�ILUVW�PD\�EH�LQWHUSUHWHG�DVD�NLORPHWHU�FKDUJH��WKH�VHFRQG�DV�DQ�LQFUHDVH�LQ�WKH�FDU�IXHO�WD[��7DEOH����JLYHV�WKH�HIIHFWV�RI�WKHYDULRXV�FRPELQDWLRQV��7KH�ILUVW�SDQHO�RI�WKH�WDEOH�JLYHV�WKH�HIIHFWV�RI�WKH�FKDQJH�LQ�IL[HG�FRVWVRQO\��WKH�VHFRQG�SDQHO�WKDW�RI�WKH�FKDQJH�LQ�WKH�YDULDEOH�FRVWV�RQO\��DQG�WKH�WKLUG�WKH�FRPELQHGHIIHFW�RI�WKH�WZR�PHDVXUHV�
7DEOH���(IIHFWV�RI�VKLIWLQJ�WD[HV�IURP�IL[HG�WR�YDULDEOH�FRVWV(TXDO�GHFUHDVH�LQIL[HG�FRVWV�(TXDO�LQFUHDVH�LQYDULDEOH�FRVWV

(TXDO�GHFUHDVH�LQIL[HG�FRVWV�SURS��LQFUHDVH�LQYDULDEOH�FRVWV
3URS��'HFUHDVH�LQIL[HG�FRVWV�(TXDO�LQFUHDVH�LQYDULDEOH�FRVWV

3URS��GHFUHDVH�LQIL[HG�FRVWV�SURS��LQFUHDVH�LQYDULDEOH�FRVWV(IIHFW�RI�FKDQJH�LQ�IL[HG�FRVWV&KDQJH�LQ�VKDUHRI�WZR�FDUKRXVHKROG
������ ������ ����� �����

��FKDQJH�LQNLORPHWHUV�GULYHQ ������ ������ ����� �����
(IIHFW�RI�FKDQJH�LQ�YDULDEOH�FRVWV&KDQJH�LQ�VKDUHRI�WZR�FDUKRXVHKROG

������� ������� ������� �������
��FKDQJH�LQNLORPHWHUV�GULYHQ ������ ������ ������ ������
(IIHFW�RI�WKH�FRPELQHG�FKDQJHV&KDQJH�LQ�VKDUHRI�WZR�FDUKRXVHKROG

������ ������ ������ ������
��FKDQJH�LQNLORPHWHUV�GULYHQ ����� ����� ����� �����
7KH�PRVW�VDOLHQW�IHDWXUH�RI�WKH�ILJXUHV�LQ�WKH�WDEOH�LV�WKDW�RXU�PRGHO�LPSOLHV�UHODWLYHO\�ODUJHHIIHFWV�RI�WKH�FKDQJH�LQ�IL[HG�FRVWV��,Q�RUGHU�WR�LQWHUSUHW�WKLV�ILQGLQJ��LW�PD\�EH�QRWHG�WKDW�WKHVPDOO�HVWLPDWHG�YDOXH�RI�D LPSOLHV�WKDW�LQGLUHFW�XWLOLW\�LV�DOPRVW�OLQHDU�LQ�LQFRPH�PLQXV�IL[HG
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