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$FFRUGLQJ�WR�WKH�WHFKQLFDO�GDWD�RI�WKH�VKLS�DQG�KHU�HQJLQH��WKH�H[SHGLHQF\�RI�LPSURYLQJ�D�WZR VL[�F\OLQGHU� IRXU�VWURNH� UHYHUVLEOH� VXSHUFKDUJHG� ���FHQWLPHWHU� ERUH� ���FHQWLPHWHU�VWURNH GLHVHO�JHDUHG�HQJLQHV�SURSXOVLRQ�V\VWHP�E\�ZD\�RI�FKDQJLQJ�ERWK� � WKH�UHGXFWLRQ�JHDU� DQG� WKH� SURSHOOHU� ZLWK� UHVSHFW� WR� VXEMHFWLYHO\� SUHIHUUHG� RSHUDWLRQDO� IDFWRUV� LV�FRQVLGHUHG���.H\ ZRUGV�� GLHVHO�JHDUHG� HQJLQH�� VKLS� SURSXOVLRQ�� SURSHOOHU�� RSHUDWLRQDO� VWUDWHJ\��VXEMHFWLYH�SUHIHUHQFHV��PXOWL�DOWHUQDWLYH�VLWXDWLRQV���,QWURGXFWLRQ��7KH�ROGHU�IOHHW�WR�EH�FRPSHWLWLYH�WR�WKH�QHZHU�RQH�KDV�WR�KDYH�UHVHUYHV� RI� SRWHQWLDO� IRU� LPSURYHPHQWV�� 2QH� RI� WKH� SRVVLEOH� ZD\V� RI� VXFK� DQ�LPSURYHPHQW� LV� UHWURILWWLQJ� WKH� YHVVHO¶V� SURSXOVLRQ� V\VWHP� LQ� RUGHU� WR� LQFUHDVH�LQFRPHV�IURP�RSHUDWLRQ�WR�FRPSHQVDWH�UHODWLYHO\�KLJKHU�RSHUDWLRQDO�FRVWV�EHFDXVH�RI�KLJKHU�IXHO�RLO�FRQVXPSWLRQ��5HODWLYHO\�ROGHU�PDULQH�SURSXOVLRQ�V\VWHPV�DQG�HQJLQHV��WKHLU�UHSUHVHQWDWLYH�LV� D� WZR� VL[�F\OLQGHU� IRXU�VWURNH� UHYHUVLEOH� VXSHUFKDUJHG� ���FHQWLPHWHU� ERUH� ���FHQWLPHWHU� VWURNH� ���)5*6�������� GLHVHO�JHDUHG� HQJLQHV� SURSXOVLRQ� V\VWHP�FRQVLGHUHG� LQ� WKLV� ZRUN�� VXUUHQGHU� WR� PRUH� PRGHUQ� OHDGLQJ� WR� EHWWHU� HFRQRP\�GLHVHO� HQJLQHV�� 7KH\� KDYH� UHGXFHG� UXQQLQJ� FRVWV� FRPSDUDWLYHO\� WR� WKH� ROGHU�HQJLQHV��7KH�ODWWHU�KDYH�JRW�QRW�MXVW�KLJKHU�IXHO�RLO�FRQVXPSWLRQV��*HQHUDOO\�WKH\�DOVR� KDYH� KLJKHU� OXEULFDWLQJ� RLO� FRQVXPSWLRQV�� LQ� DGGLWLRQ� ORZHU� WRUTXHV� DW� SDUW�ORDGV��VKRUWHU�LQWHUYDOV�EHWZHHQ�RYHUKDXOV��VKRUWHU�OLIHWLPHV�RI�FRPSRQHQWV��VKUXQN�H[FKDQJH�SDUW�VHUYLFHV��DQG�PRUH�FRPSOLFDWHG�PDLQWHQDQFHV��$OO�RI�WKDW�GRHV�QRW�DOORZ�WKH�ROGHU�PDULQH�SURSXOVLRQ�HQJLQHV�UHGXFLQJ�WKHLU�UXQQLQJ�FRVWV��8UJHQF\� RI� UHVHDUFKHV�� 7KH� SUREOHP� RI� PRQLWRULQJ� DQG� VXSSRUWLQJ� WKH�WHFKQLFDO� VWDWH� RI� PDULQH� VKLS� SURSXOVLRQV� DQG� SRZHU� SODQWV� LQ� PXOWL�DOWHUQDWLYH�RSHUDWLRQDO�VLWXDWLRQV�LV�D�FRPSOH[�DQG�DFWXDO�RQH��7KH� UHWURILWWLQJ� RI� D� YHVVHO¶V� SURSXOVLRQ� V\VWHP� LV� GLFWDWHG� E\� VXEMHFWLYH�SUHIHUHQFHV� RI� WKH� VKLS�RZQHU�� +H� HYDOXDWHV� WKH� IHDVLELOLW\� RI� D� SRVVLEOH�PRGHUQL]DWLRQ� DQG� HFRQRPLFDO� LVVXHV� RI� WKH� LPSURYHG� SURSXOVLRQ� V\VWHP�RSHUDWLRQ��7KXV�WKLV�SDUWLDO�SUREOHP��IRU�H[DPSOH��FRQVLGHUHG�IRU�WKH�©6HUJH\�6PLUQRYª�YHVVHO�LQ�WKLV�SDSHU��EHFRPHV�DQ�XUJHQW�SDUW�RI�WKH�JHQHUDO�SUREOHP�RI�PRQLWRULQJ�DQG�VXSSRUWLQJ�WKH�WHFKQLFDO�VWDWH�RI�PDULQH�VKLS�SURSXOVLRQV�DQG�SRZHU�SODQWV�LQ�PXOWL�DOWHUQDWLYH�RSHUDWLRQDO�VLWXDWLRQV��$QDO\VLV� RI� WKH� ODWHVW� UHVHDUFKHV� DQG� SXEOLFDWLRQV�� 3UREOHPV� RI� SURMHFW�ZRUNV�IRU�SURSXOVLRQ�V\VWHPV�ZLWK�WKH�GLUHFW�WUDQVPLVVLRQ�RI�SRZHU�IURP�WKH�VKLS¶V�PDLQ�HQJLQH�WR�WKH�SURSHOOHU�DUH�FRQVLGHUHG�LQ�WKH�ERRN�>�@��,W�GHDOV�MXVW�RQO\�ZLWK�
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WKH� FRPSDUDWLYHO\� PRUH� PRGHUQ� WZR� VWURNH� FURVVKHDG� GLHVHO� HQJLQHV� EXLOW� E\�©0$1�'LHVHOª�FRQFHUQ��0HWKRGV� IRU� HYDOXDWLRQ� RI� D� SURSHOOHU� JHRPHWULFDO� DQG� WHFKQLFDO�FKDUDFWHULVWLFV� DV� ZHOO� DV� NLQHPDWLFDO�� G\QDPLFDO�� DQG� K\GUR�G\QDPLFDO�LQWHUUHODWLRQV�DQG�LQWHUFRQQHFWLRQV�EHWZHHQ�WKH�SURSHOOHU�DQG�KXOO�GHYHORSHG�LQ�WKH�ERRNV�>����@��+HUHE\�ZH�ZLOO�PDNH�LW�DSSOLFDEOH��7KH�RSWLPDO�FRPPHUFLDO�VSHHG�RI�D�WUDQVSRUW�YHVVHO�LV�FRQVLGHUHG�LQ�>����@��7KHUH� LV� D� QHFHVVLW\� WR� FRQWLQXH� WKDW� NLQG� RI� D� UHVHDUFK� ZRUN� DQG� WDNH� LQWR�FRQVLGHUDWLRQ�LQFRPHV�JDLQHG�RXW�RI�WKH�RSHUDWLRQ��7HFKQLFDO� GDWD� DUH� JLYHQ� LQ� WKH� VKLS¶V�� HQJLQH¶V�� DQG� UHGXFWLRQ� JHDU�GRFXPHQWDWLRQ�>����@��7KH� WKHRU\� RI� VXEMHFWLYH� DQDO\VLV� LV� GHYHORSHG� LQ� PRQRJUDSKV� >���� ��@��&ULWHULD�WKDW�PDNH�DOORZDQFH�IRU�D�VXEMHFWLYH�SUHIHUHQFHV�LQIOXHQFH�DUH�XVHG�LQ�>�@��+HUHE\�ZH�ZLOO�PDNH�LW�DSSOLFDEOH��8QVROYHG� SDUW� RI� WKH� JHQHUDO� SUREOHP� RI� PRQLWRULQJ� DQG� VXSSRUWLQJ� WKH�WHFKQLFDO� VWDWH� RI� PDULQH� VKLS� SURSXOVLRQ� DQG� SRZHU� SODQWV� LQ� PXOWL�DOWHUQDWLYH�RSHUDWLRQDO� VLWXDWLRQV� LV� WKDW� IRU� WKH� RSWLPL]DWLRQ� LW� LV� QHFHVVDU\� WR� SD\� PRUH�DWWHQWLRQ� WR� FRPSOH[� FULWHULD� WKDW� FRPELQH� WHFKQLFDO�� HFRQRPLFDO�� UDQGRP�� DQG�VXEMHFWLYH�SUHIHUHQFHV�IDFWRUV��7KHRUHWLFDO�PRGHOV�RI�WKH�SUHIHUUHG�RSHUDWLRQDO�VLWXDWLRQV�DQG�VWUDWHJLHV�QHHG�PDWKHPDWLFDO�UHVHDUFKHV��7KH� WDVN� VHWWLQJ�� 7KH� REMHFW� RI� WKLV� DUWLFOH� LV� WR� UHVHDUFK� WKHRUHWLFDOO\��LQFOXGLQJ� WHFKQLFDO�HFRQRPLFDO� SDUDPHWHUV� RI� RSHUDWLRQ�� WKH� H[SHGLHQF\� RI� D�SRVVLEOH� LQFUHDVH� RI� WKH� ©6HUJH\� 6PLUQRYª� VKLS¶V� VSHHG� E\� WKH� ZD\� RI� WKH�UHGXFWLRQ� JHDUV� WUDQVPLVVLRQ� UDWLR� FKDQJH� IRU� WKH� PDLQ� GLHVHO�JHDUHG� HQJLQHV� RI�� )5*6�������ZLWK�UHVSHFW�WR�D�VXEMHFWLYHO\�SUHIHUUHG�IHDVLEOH�PRGHUQL]DWLRQ��7KH�PDLQ�FRQWHQW��PDWHULDO���$FFRUGLQJO\�WR�WHFKQLFDO�GDWD�IURP�>����@�IRU�WKH� ��)5*6������� PDLQ� HQJLQHV�� WKHUH� LV� D� SRVVLELOLW\� WR� LQVWDOO� UHGXFWLRQ� JHDUV�ZLWK�WKH�WUDQVPLVVLRQ�UDWLRV�RI�����RU�������,I�WKH�UHGXFWLRQ�JHDU�ZLWK�WKH�WUDQVPLVVLRQ�UDWLR�RI� ����L  �����LV�LQVWDOOHG�RQ�
ERDUG�VKLS�DQG�WKH�HQJLQH�VSHHG�LV�����USP��WKH�SURSHOOHU�VSHHG�LV�������USP��,I�WKH�UHGXFWLRQ� JHDU�ZHUH� FKDQJHG� IRU� WKH� RQH�ZLWK� WKH� WUDQVPLVVLRQ� UDWLR� RI� ���L  �����
WKHQ�WKH�SURSHOOHU�VSHHG�ZRXOG�EH�������USP��%XW�� IRU� WKH� HQJLQH� UXQQLQJ� E\� WKH� SURSHOOHU� FXUYH� L�H�� IRU� D� IL[HG� SLWFK�SURSHOOHU��WKH�UHODWLRQ�ZLOO�EH�WKH�WKLUG�SRZHU�FXUYH�>���S��������������@�

�QF1 QH  � ����
ZKHUH� H1 ± WKH�HQJLQH�SRZHU�� QF ± WKH�FRHIILFLHQW�RI�SURSRUWLRQDOLW\�EHWZHHQ�WKH�
HQJLQH�SRZHU�DQG�WKH�SURSHOOHU�VSHHG��Q ± WKH�SURSHOOHU�VSHHG��$W�WKH�RSHUDWLRQDO�VKLS¶V�VSHHG�RI� VY  ���NQRWV�>�����@�DQG�ZLWK�WKH�IDFW�WKDW�
LW�ZDV�H[SHULPHQWDOO\�GHWHUPLQHG�WKDW�LQ�D�UDWKHU�ZLGH�GLDSDVRQ�RI�WKH�RSHUDWLRQDO�URWDWLRQDO� VSHHGV� WKH� VKLS¶V� VSHHG� LV� SURSRUWLRQDO� WR� WKH� URWDWLRQDO� VSHHG� RI� WKH�SURSHOOHU�>���S��������������@�
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QYV | � ����
L�H�� EHWZHHQ� WKH� YHVVHO¶V� VSHHG� DQG� WKH� SURSHOOHU� URWDWLRQDO� VSHHG� WKHUH� LV� DQ�DSSUR[LPDWH�OLQHDU�GHSHQGHQFH�>���@��LW�JRHV�WKDW�

�
VH FY1  � ����

ZKHUH� F ± WKH� FRHIILFLHQW� RI� SURSRUWLRQDOLW\� EHWZHHQ� WKH� HQJLQH� SRZHU� DQG� WKH�VKLS¶V�VSHHG��)URP� ZKHUH� DW� WKH� ��)5*6������� PDLQ� HQJLQH� RXWSXW� RI� �����N:�� WKH�FRHIILFLHQW�F ZLOO�KDYH�WKH�YDOXH�RI���������7KLV�PHDQW�WKDW�ZLWK�WKH�QHZ�UHGXFWLRQ�JHDU�DQG�WKH�ROG�SURSHOOHU�LW�ZRXOG�KDYH�EHHQ�SRVVLEOH�WR�H[SHFW�IRU�WKH�QHZ�VSHHG�RI�WKH�YHVVHO�
����

����

���

VV YQ
QY  � ����

ZKHUH� ���Q ± WKH� VSHHG� RI� WKH� SURSHOOHU� URWDWLRQ� RI� ������USP� ZLWK� WKH� QHZ�
UHGXFWLRQ� JHDU� ZLWK� WKH� WUDQVPLVVLRQ� UDWLR� RI� ���L  ����� ����Q ± WKH� VSHHG� RI� WKH�
SURSHOOHU� URWDWLRQ�RI�������USP�ZLWK� WKH�ROG� UHGXFWLRQ�JHDU�ZLWK� WKH� WUDQVPLVVLRQ�UDWLR�RI� ����L  ������

����V
Y ± WKH�YHVVHO¶V�VSHHG�RI����NQRWV�ZLWK�WKH�ROG�UHGXFWLRQ�JHDU�

ZLWK�WKH�WUDQVPLVVLRQ�UDWLR�RI� ����L  ������
7KXV� WKH� H[SHFWHG� VKLS¶V� VSHHG� REWDLQHG� IRUP� WKH� HTXDWLRQ� ���� VY ZRXOG�

KDYH�EHHQ�DERXW�RI�������NQRWV��%XW�XQIRUWXQDWHO\�LW�LV�LPSRVVLEOH�RQ�WKH�UHDVRQ�RI�H[WUHPHO\� KLJK� RYHUORDGLQJ� RI� WKH� PDLQ� HQJLQH� ��)5*6������� ZKLFK� QHFHVVDU\�RXWSXW�ZRXOG�KDYH�EHHQ�DERXW�RI������N:�DFFRUGLQJ�WR� WKH�FXELF� ODZ��������DQG�SURSRUWLRQ������7KHUHIRUH�LW�LV�QHFHVVDU\�WR�VHOHFW�D�PRUH�H[SHGLHQW�SURSHOOHU��7KH�SUREOHP�IRUPXODWLRQ��2Q�WKH�EDVLV�RI�WKH�WKHRU\�RI�WKH�LGHDO�SURSHOOHU��EODGH�WKHRU\�RI�SURSHOOHU��DQG�WKH�)URXGH�)LQVWHUZDOGHU�WKHRUHP�WKH�FXUYHV�RI�WKH�SURSHOOHU�DFWLRQ�DUH�EXLOW�>���S�����������������ILJ������@��,Q�HYHU\�VSHFLILF�FDVH�DW�WKH�GHVLJQHG�RSHUDWLRQDO�PRGHV�WKH�SURSHOOHU�VKRXOG�ZRUN�LQ� WKH�GLDSDVRQ�RI�DGYDQFH�FRHIILFLHQWV�ZKLFK�FRUUHVSRQG� WR�KLJK�YDOXHV�RI�WKH� HIILFLHQF\�� ZKLFK� LV� SURYLGHG� E\� WKH� SURSHUO\� VHOHFWHG� JHRPHWULFDO�FKDUDFWHULVWLFV�RI�SURSHOOHUV��$V�DQ�LOOXVWUDWLRQ�LW�LV�DGGXFHG�LQ�>���S�������ILJ������@�VRPH�FXUYHV�RI�WKUXVW�FRHIILFLHQW� � �SI. O � IRU�SURSHOOHUV�ZLWK�IL[HG�GLVF�UDWLR�DW�
GLIIHUHQW�SLWFK�UDWLRV��)RUPXODV�IRU�HOHPHQWDU\�WKUXVW�DQG�WRUTXH�RI�WKH�SURSHOOHU�FDQ�EH�ZULWWHQ�LQ�WKH�YLHZ�RI�>���S����������������������@�

� �GUE&Y]G3 LL\
L EHEU WJ�FRV�
� � � ����

� �GUUE&Y]G0 LL\
L EHEU FWJ�VLQ�
� � � ����
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ZKHUH�] ± WKH�QXPEHU�RI�EODGHV�� U ± WKH�GHQVLW\�RI�ZDWHU�� LY ± WKH�VSHHG�RI� WKH�
VWUHDP�ZKLFK� LV� UXQQLQJ� XSRQ� WKH� VHFWLRQ� RI� WKH�SURSHOOHU� EODGH� FRQVLGHUHG��E ±FKRUG� OLQH�� \& ± OLIW� FRHIILFLHQW�� U ± WKH� UDGLXV�� LE ± WKH� DQJOH� RI� WKH� LQGXFWLYH�
FKRUG��H ± WKH�FRHIILFLHQW�RI�WKH�LQYHUVH�TXDOLW\��7R�GHWHUPLQH�WKH�WKUXVW�DQG�WRUTXH�DV�D�ZKROH�OHW�XV�LQWHJUDWH�H[SUHVVLRQV�RI����� ��� LQ� WKH� OLPLWV� IURP� WKH� UDGLXV� RI� WKH� SURSHOOHU� ERVV� �KXE�� WR� WKH� HQG�RI� WKH�EODGH�>���S����������������������@�

� �³ � 5

U
LL\
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WJ�FRV�
� EHEU � ����
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U
LL\

L GUUE&Y]0
�

FWJ�VLQ�
� EHEU � ����

7R�RYHUFRPH�WKH�WRUTXH�RI�UHVLVWDQFH�RI�WKH�SURSHOOHU�WKHUH�PXVW�EH�DSSOLHG�WKH�HTXDO�DQG�UHYHUVHG�WRUTXH�WR�WKH�SURSHOOHU�ZKLFK�LV�EHLQJ�FUHDWHG�E\�WKH�HQJLQH��7KH�HTXDOLW\�RI� WKHVH� WRUTXHV�FDXVHV� WKH� URWDWLRQ�RI� WKH�SURSHOOHU�ZLWK�D�FRQVWDQW�VSHHG��:KHQ�WKH�SURSHOOHU�LV�URWDWLQJ�LQ�DGGLWLRQ�WR�WKH�WRUTXH�WKHUH�DULVHV�WKH�IRUFH�RI�WKUXVW�DW�LWV�EODGHV��DV�DW�WKH�ZLQJV��ZKLFK�LV�DSSOLHG�DORQJVLGH�WKH�VKDIW�D[LV�WR�WKH�WKUXVW�EHDULQJ��ZKLFK�LV�LQ�LWV�WXUQ�ULJLGO\�FRQQHFWHG�WR�VKLS¶V�KXOO��7KLV�IRUFH�HTXDOL]LQJ�WKH�IRUFH�RI�DPELHQW�HQYLURQPHQW�UHVLVWDQFH�PDNHV�WKH�YHVVHO�PRYH�LQ�WKH�WUDQVODWLRQDO�ZD\��7KH�WKUXVW�DQG�WKH�WRUTXH�DUH�K\GURG\QDPLF�FKDUDFWHULVWLFV�RI�WKH�SURSHOOHU�ZKLFK� DUH� H[SUHVVHG� LQ� WKH� PHDVXUHPHQW� XQLW� IRUP�� +RZHYHU� LQ� WKH� WKHRU\� DQG�SUDFWLFH� RI� SURMHFWLRQ� DQG� RSHUDWLRQ� RI� SURSHOOHUV�� DV� D� UXOH�� WKHUH� XVHG� QRQ�PHDVXUHPHQW�K\GURG\QDPLF�FKDUDFWHULVWLFV��IRU�GHWHUPLQDWLRQ�RI�ZKLFK�WKH�LQWHJUDO�H[SUHVVLRQV�RI��������DUH�EHLQJ�UHSUHVHQWHG�LQ�WKH�QRQ�PHDVXUHPHQW�IRUP��GHGXFLQJ�WR�WKDW�IRUP�DOO�WKH�PHPEHUV�RI�WKH�XQGHU�LQWHJUDO�H[SUHVVLRQV�IURP�WKH�HTXDWLRQV�RI��������>���S����������������������@�
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ZKHUH�Q ± WKH�URWDWLRQ�VSHHG�RI�WKH�SURSHOOHU��' ± WKH�SURSHOOHU�GLDPHWHU��7KH� LQWHJUDOV� LQ� WKH� IRUPXODV�RI� ��������DUH�GHSLFWHG�DV� �. ZKLFK� LV�FDOOHG�
WKH� WKUXVW� FRHIILFLHQW� �WKUXVW� FRQVWDQW�� RI� WKH� SURSHOOHU� DQG� �. ± WKH� WRUTXH�
FRHIILFLHQW��7KHQ� WKH� IRUPXODV� RI� ���� ���� DUH� JHWWLQJ� WKH� YLHZ� RI� >��� S�� ����������������������������������@�
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7KH� SUREOHP� VROXWLRQ�� 7KH� SURSXOVLRQ� TXDOLWLHV� FDOFXODWLRQV� >��� S�� ���@��DLPLQJ�FRHIILFLHQWV� �. � �. RI�WKH�IRUPXODV�����������ZLWK�WKH� ����L  �����DQG�WKH�ROG�
SURSHOOHU�JLYH�WKH�WRZLQJ��WRZURSH��UHVLVWDQFH�

V

NSYUH

Y
15 KKKK � �����

ZKHUH� UK ± WKH�HIILFLHQF\�RI� WKH� UHGXFWLRQ�JHDU�� YK ± WKH�HIILFLHQF\�RI� WKH� VKDIW�
OLQH�� SK ± WKH� HIILFLHQF\� RI� WKH� SURSHOOHU�� NK ± WKH� FRHIILFLHQW� RI� WKH� KXOO¶V�
LQIOXHQFH��$W� WKH� SRZHU� DW� WKH� HQJLQH� GULYLQJ� HQG� IODQJH� RI� ������ EKS�� DQG� DW� WKH�UHGXFWLRQ� JHDU� GULYLQJ� HQG� IODQJH� RI� ������ EKS�� UK  �������� /HW� XV� DFFHSW�

YK  ������)URP�WKH�SUHVXPHG�ROG�SURSHOOHU�W\SH�FDOFXODWLRQ�GLDJUDP�LQ�WKH�3DSPHO�
IRUP��VKRZQ�LQ�WKH�ILJ�����ZH�DFFHSW� SK LQ�WKH�ILVW�LWHUDWLRQ��,Q�D�IHZ�LWHUDWLRQV�WKH�
UHVXOW�FRQYHUJHV�WR�WKH�VROXWLRQ�RI� SK  �����)RU� NK GHWHUPLQDWLRQ�ZH�XVH�

LWN \K �
� �

� � �����
ZKHUH� W ± WKH� FRHIILFLHQW� RI� WKH� WKUXVW� GHGXFWLRQ�� \ ± WKH� SURSHOOHU� ZDNH�
FRHIILFLHQW��L ± WKH�FRHIILFLHQW�RI�WKH�ZDNH�QRQ�XQLIRUPLW\�LQIOXHQFH�XSRQ�WKH� SK �

$FFHSWLQJ�IRUP�WKH�ERRN�>���S�����@�\  �����DQG�>���S�����@�
������� � \W � �����

ZH�JHW�W  �������)URP�>���S�����@�

�

�L
LL  � �����
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ZKHUH�
�

�
� .

.L  ± WKH� FRHIILFLHQW� RI� WKH� ZDNH� QRQ�XQLIRUPLW\� LQIOXHQFH� XSRQ� WKH�
WKUXVW��

�

�
� .

.L  ± WKH� FRHIILFLHQW� RI� WKH�ZDNH� QRQ�XQLIRUPLW\� LQIOXHQFH� XSRQ� WKH�
WRUTXH�� �. � �. ± WKH�FRHIILFLHQWV�RI� WKH�ZRUNLQJ�EHKLQG�WKH�VKLS¶V�KXOO�SURSHOOHU�
WKUXVW�DQG�WRUTXH�UHVSHFWLYHO\��$FFHSWLQJ�L ����ZH�JHW� NK  �������DQG�5  ������N1��

7KH�HIIHFWLYH�SURSHOOHU�WKUXVW�ORDGLQJ�FRHIILFLHQW�DW�WKH�SURSHOOHU�GLDPHWHU�RI�'  �����P�

5'Y. V
5 U������  � �����

ZLOO�EH� 5.�  �������7KH�WUDQVODWLRQDO�VSHHG�RI�WKH�SURSHOOHU�� �\� ������ VS YY � �����
ZLOO�EH� SY  �����P�V��

7KH�SURSHOOHU¶V�WKUXVW�

W
53 � � � �����

ZLOO�EH�3  ������N1��7KH�SURSHOOHU�WKUXVW�ORDGLQJ�FRHIILFLHQW�

3'Y. S
3 U � � �����

ZLOO�EH� 3.�  �������)URP� WKH� SUHVXPHG� ROG� SURSHOOHU� W\SH� FDOFXODWLRQ� GLDJUDP� LQ� WKH� 3DSPHO�
IRUP�� ILJ�� ��� ZH� JHW� LQ� WKH� ILVW� LWHUDWLRQ� WKH� YDOXHV� RI� �. � SLWFK� UDWLR� '

+ DW� WKH�
JHRPHWULFDO�SLWFK�+  �����P��DGYDQFH�UDWLRQ��FRHIILFLHQW�� SO �

7KHQ�ZH�FDQ�FDOFXODWH��WKH�UHYROXWLRQV�SHU�PLQXWH�Q

S

S

'
YQ O � �����

7KH�HIIHFWLYH�RXWSXW� H1

SYU

S

H

Y'Q.1 KKK
U ��

� � �����
)LQDOO\��WKH�VKLS¶V�VSHHG� VY
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)LJXUH���±�7KH�SUHVXPHG�ROG�SURSHOOHU�W\SH�FDOFXODWLRQ��GLDJUDP�LQ�WKH�3DSPHO�IRUP�
7KHQ�� GRLQJ� QH[W� LWHUDWLRQV�� ILQDOO\� ZH� JHW� WKH� FRQYHUJHG� WR� WKH� VROXWLRQ�

UHVXOWV� RI� �.  �������� '
+  �������� SO  �������� Q  ������ USP�� H1  �����N:��

VY  ���NQRWV��7KH� SURSXOVLRQ� TXDOLWLHV� FDOFXODWLRQV� E\� WKH� IRUPXODV� �������� ZLWK� WKH�
���L  ���� DQG� WKH� QHZ� SURSHOOHU� JLYH� LQ� D� IHZ� LWHUDWLRQV� WKH� QH[W� UHVXOWV��
H1  �����N:�� VY  ���NQRWV�� UK  �������� YK  ������ SK  ������IURP�WKH�SUHVXPHG�

QHZ�SURSHOOHU� W\SH� FDOFXODWLRQ�GLDJUDP� LQ� WKH�3DSPHO� IRUP�� VKRZQ� LQ� WKH� ILJ�����>���S�����@�\  ������>���S�����@�W  �������DFFHSWLQJ�L ����ZH�JHW� NK  �������DQG�
5  ������N1�� 5.�  ������� SY  ������P�V��3  ������N1�� 3.�  �������)URP� WKH� SUHVXPHG� QHZ� SURSHOOHU� W\SH� FDOFXODWLRQ� GLDJUDP� LQ� WKH� 3DSPHO�
IRUP�� ILJ����� �.  ��������+  �����P�� '

+  �������� SO  �������� Q  ������ USP��
H1  �����N:�� VY  ���NQRWV��3UDFWLFDO� DSSOLFDWLRQ� RI� WKH� SUREOHP� VROXWLRQ�� 7KH� SURRI� RI� WKH�HFRQRPLFDO� H[SHGLHQF\� RI� WKH� LPSURYHPHQW� IRU� WKH� GLHVHO�JHDUHG� SURSXOVLRQ�FRPSOH[�E\�WKH�ZD\�RI�FKDQJLQJ�WKH�UHGXFWLRQ�JHDU�ZLWK�WKH�WUDQVPLVVLRQ�UDWLR�RI�WKH� ����L  �����IRU�WKH�UHGXFWLRQ�JHDU�ZLWK�WKH�WUDQVPLVVLRQ�UDWLR�RI�WKH� ���L  ����DQG�

FRUUHVSRQGLQJ�WR�WKDW�FKDQJLQJ�WKH�UHSODFHPHQW�RI�WKH�SURSHOOHU�ZLOO�EH�GHGXFHG�RQ�WKH�EDVLV�RI�VRPH�PDMRU�RSHUDWLRQDO�HFRQRPLFDO�LQGH[HV�IRU�WZR�YDULDQWV��
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)LJXUH���±�7KH�SUHVXPHG�QHZ�SURSHOOHU�W\SH�FDOFXODWLRQ�GLDJUDP�LQ�WKH�3DSPHO�IRUP�
9DULDQW����1HZ�EXLOGLQJ�:H�FKRRVH�WKH�EDVLV�DV�WKH�SURSXOVLRQ�FRPSOH[�ZLWK�WKH�ROG�UHGXFWLRQ�JHDU�

����L  ������Q  ������USP��ROG�SURSHOOHU�� VY  ���NQRWV��7KH� QXPEHU� RI� WKH� HQJLQHV� HTXDOV� WKH� QXPEHU� RI� WKH� SURSHOOHU� VKDIW� OLQHV�
HN  ���7KH�DFFHSWHG�PDVVHV��RI�RQH�HQJLQH� LV���� W�� D� UHGXFWLRQ�JHDU�±����� W�� WZR�

SURSHOOHU�VKDIW�OLQHV�±�������W��D�SURSHOOHU�±�����W��7KHQ�WKH�PDVV�RI�WKH�SURSXOVLRQ�LQVWDOODWLRQ�ZLOO�EH�VXPPDUL]HG�XS�WR�������W��7KH�FRVW�IRU�WKH�HQJLQHV�ZLWK�UHVSHFW�WR�WKH�SULFH�RI�86�������EKS�ZLOO�EH�XS�WR�86�����������PLO�� ,I� WKH� SULFH� IRU� D� UHGXFWLRQ�JHDU�ZHUH�86���������PLO�W�� WKH�FRVW�ZRXOG�EH�86���������PLO��)RU�WKH�SURSHOOHU�VKDIW�OLQHV�DFFRUGLQJO\�WR�WKH�VDPH�SULFH� LW� ZRXOG� EH� RI� 86�����������PLO�� $QG� LI� WKH� SULFH� IRU� D� SURSHOOHU� ZHUH�86��������PLO�W�� WKH� FRVW� ZRXOG� EH� 86��������PLO�� 7KH� VXPPDUL]HG� FRVW� RI� WKH�SURSXOVLRQ�LQVWDOODWLRQ�ZRXOG�EH�86����������PLO��/HW�XV�VD\�DVVHPEODJH�RI�WKH�LQVWDOODWLRQ�FRVWV�XS�WR������RI�WKH�LQVWDOODWLRQ�FRVW�� 7KXV�WKH�FDSLWDO�LQYHVWPHQWV�ZRXOG�EH�XS�WR�86�����������PLO��,I� ZH� FRQVLGHU� QRUPDWLYH� FRHIILFLHQW� RI� WKH� LQYHVWPHQWV� HFRQRPLFDO�HIILFLHQF\� RQ� WKH� OHYHO� RI� ����� ZKLFK� PHDQV� WKDW� WKH� FDSLWDO� LQYHVWPHQWV� DUH�GLVWULEXWHG� LQWR� ������ \HDUV�� WKH� UHGXFHG� FDSLWDO� LQYHVWPHQWV� ZLOO� EH�86�����������PLO��'XUDWLRQ�RI�RQH�URXWH�DW�WKH�GLVWDQFH�RI������NP�ZLOO�FRQVWLWXWH�XS�WR�������GD\V�� 3UHVXPH� ORDGLQJ�XQORDGLQJ� DW� D� KDUERU� ZRXOG� WDNH� IRU� �� GD\V�� 7KHQ� WKH�QXPEHU�RI�YR\DJHV�SHU�D�\HDU�ZRXOG�EH�
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� S1  ������Y�\�� �����
&RUUHVSRQGLQJ�UXQQLQJ�WLPH�±�������GD\V�\HDU��$VVXPH�H[SHQVHV�IRU�FDOOLQJ�DW�SRUWV�±�86������������PLO�\HDU��0DLQWHQDQFH�±�86�������PLO�\HDU��6DODULHV�DQG�RWKHU� ±� 86�������PLO�\HDU�� )RU� WKH� DYHUDJH� DQQXDO� IXHO� RLO� SULFHV� RI� XS� WR�86�������W�WKH�DQQXDO�H[SHQVHV�RI�IXHO�RLO�ZRXOG�EH�RI�86������������PLO�\HDU�DQG�WKH\�ZRXOG�UHVXOW�LQ�WKH�RSHUDWLRQDO�FRVWV��( RI�XS�WR�86������������PLO�\HDU��)RU�D�\HDUO\�DYHUDJH�LQFRPHV�' ZH�ZRXOG�KDYH�LQ�WKH�FDVH�RI�������W�RI�ORDG�WUDQVSRUWHG�HDFK� WLPH�DQG� WKH�SULFH�RI�86���������WÂPLO��'  �����������PLO�\HDU��7KHQ�WKH�SURILW� U3  ���������86���PLO�\HDU��$W�WD[HV�RI�XS�WR������WKH�QHW�SURILW�

Q3  ���������86���PLO�\HDU��,W�LV�IRU�WKH�UHFRXSPHQW�SHULRG�RI�������\HDUV��$IWHU�
WKDW� DPRUWL]DWLRQ� WLPH�� WKH� QHW� SURILW� Q3 ZLOO� EH�PRUH� EHFDXVH� RI� WKH�GLVWULEXWHG�
LQWR�������\HDUV�UHGXFHG�FDSLWDO�LQYHVWPHQWV�RI�86�����������PLO��&RPSDUDWLYHO\�WR�WKH�EDVLV��OHW�XV�FRQVLGHU�WKH�LPSURYHG�SURSXOVLRQ�FRPSOH[�ZLWK� WKH� QHZ� UHGXFWLRQ� JHDU�� ���L  ����� Q  ������USP� DQG� FRUUHVSRQGLQJ� WR� WKDW�
FKDQJLQJ� D� OLJKWHU� SURSHOOHU� VKDIW� OLQHV� DQG� WKH� UHSODFHG� QHZ� SURSHOOHU�� VY  ���NQRWV��7KH� QH[W� SDUDPHWHUV� ZLOO� FKDQJH�� $VVXPH� WKH� QHZ� PDVV� RI� WKH� OLJKWHU�SURSHOOHU�VKDIW�OLQHV�ZRXOG�EH����W�LQVWHDG�RI�������W�LQ�WKH�EDVLV��7KH�QHZ�PDVV�RI�WKH� SURSXOVLRQ� ±� �����W� DQG� WKH� FRVW� 86�����������PLO�� )LQDOO\�� WKH� FDSLWDO�LQYHVWPHQW� ZRXOG� EH� ±� 86������������PLO�� DQG� GLVWULEXWHG� ±�86������������PLO�\HDU��'XUDWLRQ�RI�D�URXWH�±������GD\V��$FFRUGLQJO\�WR�IRUPXOD������ S1  ������Y�\��
5XQQLQJ� WLPH� ±� ������GD\V�\HDU�� ([SHQVHV� IRU� FDOOLQJ� DW� SRUWV� ±�86������������PLO�\HDU�� 7KH� DQQXDO� H[SHQVHV� RI� IXHO� RLO� ZRXOG� EH� RI�86������������PLO�\HDU��(  ���������86���PLO�\HDU��7KH�QHZ�WUDQVSRUWHG�ORDG�FDSDFLW\�

�

�������
S

I

SUZ 1
00' '�'� � �����

ZKHUH������±�WKH�ORDG�FDSDFLW\�RI�WKH�EDVLV�SURSXOVLRQ�� SU0' ± WKH�LQFUHDVH�RI�WKH�
SURSXOVLRQ�LQVWDOODWLRQ�PDVV������±�WKH�VWRUH�RI�WKH�IXHO�RLO�E\�WKH�5HJLVWHU�UHTXHVW��

I0' ± WKH�LQFUHDVH�RI�WKH�IXHO�RLO�FRQVXPSWLRQ�SHU�D�\HDU�� �S1 ± WKH�QXPEHU�RI�
YR\DJHV�SHU�D�\HDU�LQ�WKH�QHZ�FDVH��)RU� WKH� LPSURYHG� SURSXOVLRQ� FRPSOH[� SU0'  ±������W�� I0'  ±�������W��
DFFRUGLQJO\� WR� WKH� IRUPXOD� ����� Z'  ���������W�� '  ���������86���PLO�\HDU��

U3  ��������86���PLO�\HDU�� Q3  ���������86���PLO�\HDU��
7KH�FRPSDULVRQ�RI�WKH�WZR�FDVHV�LV�JLYHQ�LQ�WKH�WDEOH���IRU�WKH�FRQYHQLHQFHV�RI�DQDO\]LQJ���
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7DEOH���±�7KH�FRPSDULVRQ�RI�WKH�WZR�FDVHV�SDUDPHWHUV�
9DOXH�DW�WKH�VSHHG�RI�3DUDPHWHU�

���NQRWV� ���NQRWV�
&RVW�RI�WKH�HQJLQHV��86���PLO� ��������
&RVW�RI�WKH�UHGXFWLRQ�JHDUV��86���PLO� ������
&RVW�RI�WKH�VKDIW�OLQHV��86���PLO� �������� �����
&RVW�RI�WKH�SURSHOOHUV��86���PLO� �����
&RVW�RI�WKH�SURSXOVLRQ�LQVWDOODWLRQ��86���PLO� ������� ��������
&RVW�RI�WKH�LQVWDOODWLRQ�DVVHPEODJH��86���PLO� �������� ���������
&DSLWDO�LQYHVWPHQW��86���PLO� �������� ���������
7KH�UHGXFHG�FDSLWDO�LQYHVWPHQW��86���PLO� �������� ���������
([SHQVHV�IRU�FDOOLQJ�DW�SRUWV��86���PLO�\HDU� ��������� ���������
0DLQWHQDQFH��86���PLO�\HDU� ����
6DODULHV�DQG�RWKHU��86���PLO�\HDU� ����
([SHQVHV�RI�IXHO�RLO��86���PLO�\HDU� ��������� ���������
7KH�RSHUDWLRQDO�FRVWV��86���PLO�\HDU� ��������� ���������
7KH�UHGXFHG�RSHUDWLRQDO�FRVWV��86���PLO�\HDU� ��������� ���������
,QFRPHV��86���PLO�\HDU� ��������� ���������
7KH�SURILW��86���PLO�\HDU� ��������� ��������
7D[HV��86���PLO�\HDU� ��������� ���������
7KH�QHW�SURILW��86���PLO�\HDU� ��������� ���������

9DULDQW����0RGHUQL]DWLRQ�,Q� FDVH� RI� RSHUDWLRQ� ODVWV� ORQJHU� WKDQ� WKH� UHFRXSPHQW� WLPH�� OHW� XV� VD\�DPRUWL]DWLRQ�SHULRG�RI�DERXW����\HDUV��ZH�PD\�UHFRQ�WKDW�WKH�FDSLWDO�LQYHVWPHQWV�KDYH� EHHQ� DOUHDG\� PDGH� EDFN� WKXV� ZH� FDQ� FRQGXFW� FDOFXODWLRQV� ZLWK� UHVSHFW� WR�RSHUDWLRQDO�FRVWV�DQG�DGGLWLRQDO�FDSLWDO�LQYHVWPHQWV�LQWR�WKLV�PRGHUQL]DWLRQ��:LWKRXW�WKH�PRGHUQL]DWLRQ�WKH�SURILW�ZRXOG�EH� U3  ���������86���PLO�\HDU��
Q3  ���������86���PLO�\HDU��

,Q� RUGHU� WR� FDUU\RXW� WKH� PRGHUQL]DWLRQ�� LW� ZLOO� WDNH� WKH� DGGLWLRQDO� FDSLWDO�LQYHVWPHQWV� IRU�� GLVPDQWOLQJ� 86����WKRXVDQG�� XWLOL]DWLRQ� �±�86�����������PLO���SXUFKDVLQJ�86��������PLO��PDQWOLQJ�86�����WKRXVDQG��7KXV�WKH�DGGLWLRQDO�FDSLWDO�LQYHVWPHQWV�±�86�����������PLO��:LWK� WKH� PRGHUQL]DWLRQ� WKH� SURILW� ZRXOG� EH� U3  ���������86���PLO�\HDU��
Q3  ���������86���PLO�\HDU��

7KXV� WKH�DGGLWLRQDO�QHW�SURILW�ZRXOG�EH� Q3'  ���������86���PLO�\HDU��7KH�
WLPH�RI�UHFRXSPHQW�������\HDUV��7KH�UHVHDUFKHV�UHVXOWV��,Q�DGGLWLRQ��WKH�LQIOXHQFH�RI�VXEMHFWLYH�SUHIHUHQFHV�IDFWRUV� FRXOG� EH�PDGH� DOORZDQFH� IRU� E\� WKH� XVH� RI� WKH� IRUPXOD� RI� WKH� FRPSOHWH�SUREDELOLW\� ZKHUH� K\SRWKHVHV� DUH� FRQVLGHUHG� SUHIHUHQFHV� WR� DFFHSW� WKH�FRUUHVSRQGLQJ�SROLF\�RI�WKH�RSHUDWLRQ��
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7KH� UHVSRQVLEOH� PDQDJHU� KDV� WR� KDYH� JRW� UHOLDEOH� LQIRUPDWLRQ� DERXW� WKH�VWUDWHJ\� VLWXDWLRQV� LQ� WKH� FRUUHVSRQGLQJ� RSHUDWLRQDO� FRQGLWLRQV�� ,I� WKH� VHW� RI�SRVVLEOH� DOWHUQDWLYHV� IRUPV� D� FRPSOHWH� JURXS� RI� QRQ�FRQMXQFWLYH� HYHQWV�� WKH�FRPSOHWH�SUREDELOLW\�ZLWK�UHVSHFW�WR�WKH�VXEMHFWLYH�SUHIHUHQFHV�
� � � �¦
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ZKHUH� $ ± WKH� SUHIHUUHG� DOWHUQDWLYH� FRQFHUQLQJ� WKH� SURSXOVLRQ� FRPSOH[�PRGHUQL]DWLRQ� LS ± WKH� VXEMHFWLYH� SUHIHUHQFHV� RI� WKH� SRVVLEOH� DOWHUQDWLYHV���� �L$3 S ± WKH�FRQGLWLRQDO�SUREDELOLW\�RI�WKH�SUHIHUUHG�DOWHUQDWLYH�UHDOL]DWLRQ�RQ�WKH�

EDVLV�RI�WKDW�WKH�FRUUHVSRQGLQJ�RSHUDWLRQDO�PRGH�KDV�EHHQ�SUHIHUUHG��7KHQ�WKH�H[SHFWDWLRQ�RI�WKH�DQQXDO�QHW�SURILW�ZRXOG�EH�
> @ ¦
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ZKHUH�

LQ
3 ± WKH�QHW�SURILW�IURP�WKH�WDEOH���� LS ± WKH�FRPSOHWH�SUREDELOLW\�RI�

WKH�FRUUHVSRQGLQJ�DOWHUQDWLYH�LQ�DFFRUGDQFH�ZLWK�WKH�IRUPXOD�������,Q�WKH�FDVH�RI�WKH�WZR�YDULDQWV�ZH�KDYH�WKH�WZR�DOWHUQDWLYHV��$ ± WR�H[FHSW�RU�% ± WR�UHMHFW�WKH�SRVVLEOH�PRGHUQL]DWLRQ��&RQFOXVLRQV�� $FFRUGLQJO\� WR� WKH� JLYHQ� GDWD� DQG� $S  ����� %S  ������ �$$3 S  ������ � �$%3 S  ������ � �%$3 S  ������ � �%%3 S  ������ H[SHFWDWLRQ�
UHIHUUHG�WR�WKH�IRUPXOD������\LHOGV�WKH�UHVXOW�86������������PLO�\HDU��
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