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3XOOLQJ�RI� ODUJH�VL]H�GRSHG�FU\VWDOV�ZLWKKRPRJHQHRXV� FRPSRVLWLRQ� LV� SRVVLEOH� RQO\ZLWK� UHSOHQLVKPHQW� RI� WKH� JURZWK� ]RQH� E\WKH� VWDUWLQJ� PDWHULDO� RI� D� SUHVHW� FRPSRVL �WLRQ��$V�LV�NQRZQ��DW�SXOOLQJ�RI�VHPLFRQGXF �WRU� VLOLFRQ� DQG� JHUPDQLXP� FU\VWDOV� JUDQX �ODWHG� VWDUWLQJ� PDWHULDO� LV� XWLOL]HG�� :KLOHSXOOLQJ� DONDOL� KDOLGH� VFLQWLOODWLRQ� VLQJOHFU\VWDOV�� UHSOHQLVKPHQW� E\� ILQH� FU\VWDOOLQHSRZGHU� >�@� RU� E\� WKH�PHOW� >�@� LV� HPSOR\HG�7KH� IRUPHU� WHFKQLTXH� UHTXLUHV� DGGLWLRQDO�DQG� H[SHQVLYH�� SUHSDUDWLRQ� RI� WKH� VWDUWLQJPDWHULDO� ZKLFK� FRPSULVHV� KLJK�WHPSHUDWXUHGU\LQJ�� SXULILFDWLRQ� IURP� RUJDQLF� LPSXUL �WLHV�DQG�KRPRJHQL]DWLRQ�RI�WKH�SRZGHU�FRQ �WDLQLQJ� WKH� DFWLYDWRU��7KH�SURFHGXUH�RI�KR �PRJHQL]DWLRQ� LV� QRW� HDVLO\� SURGXFLEOH�� LW� LVODERULRXV� DQG� DW� WKH� VDPH� WLPH�VLJQLILFDQW�VLQFH� WKH� GHJUHH� RI� KRPRJHQL]DWLRQ� RI� WKHSRZGHU� DQG� DFWLYDWRU� LQIOXHQFHV� KRPRJHQH �LW\�RI�WKH�VFLQWLOODWLRQ�FKDUDFWHULVWLFV�RI�WKHJURZQ� FU\VWDOV��5HSOHQLVKPHQW� E\� WKH�PHOW

SURYLGHV� WKH� KLJKHVW� GHJUHH� RI� KRPRJHQL]D �WLRQ��KRZHYHU��WKLV�WHFKQLTXH�KDV�D�GUDZEDFN�D�OLPLWHG�YROXPH�RI�WKH�IHHGHU�VHWV�D�OLPLW�RQWKH�GLPHQVLRQV�RI�WKH�SXOOHG�FU\VWDOV �2QH�RI�WKH�SUREOHPV�FKDUDFWHULVWLF�RI�WKHPDQXIDFWXUH� RI� DONDOL� KDOLGH� VFLQWLOODWLRQVLQJOH�FU\VWDOV�DQG�GHWHFWRUV�RQ�WKHLU�EDVH�LVSURFHVVLQJ� RI� WKH� WHFKQRORJLFDO� ZDVWHVZKLFK�H[FHHG������RI� WKH�WRWDO�SURGXFWLRQRI� WKH� GHWHFWRUV�� 7KH� SUHVHQW� SDSHU� GH �VFULEHV�WKH�PHWKRG�DQG�HTXLSPHQW�IRU�DONDOLKDOLGH� VDOW� JUDQXODWLRQ��7KH� ODWWHU�� EHLQJ� DPHWKRG�IRU�SUHSDUDWLRQ�RI� WKH� VWDUWLQJ�PD �WHULDO� IRU� FU\VWDO� JURZWK�� LV� DOVR� DQ� HFR �QRPLFDO� WHFKQLTXH� RI� ZDVWH� SURFHVVLQJZKLFK�SURYLGHV� UHWXUQ� RI� WKH�ZDVWHV� WR� WKHJURZWK�SURFHVV��*UDQXOHV�SUDFWLFDOO\�GR�QRWFRQVROLGDWH��WKH\�KDYH�ODUJHU�EXON�ZHLJKW�LQFRPSDULVRQ� ZLWK� ILQH�JUDLQ� SRZGHUV� DQGKLJKHU� ORRVHQHVV��DQG�WKLV�LV�JUHDWO\�LPSRU �WDQW�IRU�RSHUDWLRQ�RI�WKH�UHSOHQLVKPHQW�V\V �
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WHP� XVHG� LQ� DXWRPDWHG� PHWKRGV� RI� FU\VWDOSXOOLQJ�IURP�WKH�PHOW�(VVHQFH� RI� PHOW� GLVSHUVLRQ� PHWKRG�*UDQXODWLRQ�LV�D�WHFKQRORJLFDO�SURFHVV�ZKLFKUHVXOWV�LQ�DJJUHJDWLRQ�RI�WKH�VXEVWDQFH�LQWRSDUWLFOHV� RI� � FHUWDLQ� VKDSH� DQG� SUHVHW� GL �PHQVLRQV� �RI� WKH� VDPH� JUDQXORPHWULF� FRP �SRVLWLRQ��� 'HSHQGLQJ� RQ� WKH� PHWKRG� RI� RE �WDLQLQJ�� JUDQXOHV�PD\�KDYH�GLIIHUHQW� VKDSHDQG� GLPHQVLRQV� �WDEOHWV�� F\OLQGULFDO� RUVSKHULFDO� SDUWLFOHV��� 7KHUH� H[LVW� VHYHUDOPHWKRGV� RI� JUDQXODWLRQ� GHVFULEHG� LQ� GHWDLOLQ�WKH�PRQRJUDSKV�>�@�DQG�>�@��7KH�FKRLFH�RIJUDQXOH� REWDLQLQJ� PHWKRG� GHSHQGV� RQ� WKHFKHPLFDO�QDWXUH�RI�WKH�VXEVWDQFH�DQG�IXWXUHDSSOLFDWLRQ� RI� JUDQXOHV�� ,Q� WKH� SUHVHQWSDSHU� ZH� FRQVLGHU� WKH� PHWKRG� RI�PHOW� GLV �SHUVLRQ� ZKLFK� FRQVLVWV� LQ� VSUD\LQJ� RI� WKHPHOW� IROORZHG� E\� IDVW� FU\VWDOOL]DWLRQ� RIGURSV�LQ�D�JDVHRXV�PHGLXP�RQ�D�FRROHG�VXU �IDFH� RU� GLUHFWO\� LQ� D� OLTXLG� FRROLQJ� DJHQWLQHUW� ZLWK� UHVSHFW� WR� WKH� VXEVWDQFH� WR� EHJUDQXODWHG�� )RU� GLVSHUVLRQ�� WKHUH� DUH� XVHGGLIIHUHQW� PHWKRGV�� VXFK� DV� FHQWULIXJDO� RUXOWUDVRQLF� VSUD\LQJ� RI� OLTXLGV� DQG� VSUD\LQJRI��VWUHDPV���6SUD\LQJ� RI� D� PHOW� DQG� VXEVHTXHQW� IDVWFU\VWDOOL]DWLRQ� RI� GURSV� LQ� D� OLTXLG� FRROLQJDJHQW� VHHPV� WR� EH� WKH� PRVW� VXLWDEOH� IRUSUHSDUDWLRQ�RI�KLJK�SXULW\�VWDUWLQJ�PDWHULDOIRU�WKH�REWDLQLQJ�RI�VLQJOH�FU\VWDOV�RU�SURF �HVVLQJ� RI� WKH� ZDVWHV� ZKLFK� SURYLGHV� WKHLUUHSHDWHG� XWLOL]DWLRQ� LQ� WKH� WHFKQRORJLFDOSURFHVV��)LUVW�RI�DOO��PHOWV�FDQ�EH�DGGLWLRQ �DOO\� SXULILHG� E\� FKHPLFDO� WUHDWPHQW� XVLQJGLIIHUHQW� UHDJHQWV�� 6HFRQGO\�� WKH� VDLGPHWKRG�LV�WHFKQLFDOO\�VLPSOH��DQG�ZKHQ�FHU �WDLQ� UHJXODWLRQV� RI� WKH� SURGXFWLRQ� K\JLHQHDUH�REVHUYHG�� �WKH�JUDQXOHV�REWDLQHG�GR�QRWFRQWDFW� ZLWK� DWPRVSKHUH�� DQG� WKLV� LV� YHU\VLJQLILFDQW�IRU�JUDQXODWLRQ�RI�KLJKO\�K\JUR �VFRSLF�VDOWV�VXFK�DV�VRGLXP�LRGLGH��7KLUGO\�SULRU� WR� WKH� SURFHVV� RI� JUDQXODWLRQ� � SUHVHWTXDQWLWLHV� RI� DFWLYDWRU� DQG� RWKHU� FRPSR �QHQWV� FDQ� EH� LQWURGXFHG� LQWR� WKH� PHOW� IRUPDNLQJ�� H�J��&V,�7O��1D� JUDQXOHV�� WR�REWDLQD� SHUIHFWO\� KRPRJHQL]HG� PDWHULDO� VXLWDEOHIRU� XWLOL]DWLRQ� LQ� DQ\� FU\VWDO� JURZWKPHWKRG��)LQDOO\��IRU�WKH�JURZWK�RI�FRPSOH[�FRPSRVLWLRQ� VLQJOH� FU\VWDOV� VXFK� DV&V,�7O�1D�%U� E\�WKH�PHWKRG�RI�SXOOLQJ�IURPWKH� PHOW� ZLWK� UHSOHQLVKPHQW� E\� XQPHOWHGPDWHULDO�� SUHSDUDWLRQ� RI� WKH� VWDUWLQJ�PDWH �ULDO�E\�PHOW�JUDQXODWLRQ�PHWKRG�VHHPV�WR�EHWKH�PRVW�VXLWDEOH��*UDG�� DSSDUDWXV� IRU� JUDQXODWLRQ� RI� DO �NDOL� KDOLGH� VDOWV�� 7KH� DSSDUDWXV� ZRUNV� RQWKH�SULQFLSOH�RI�VSUD\LQJ�PHOWHG�VDOW�VWUHDPLQWR�GURSV�IROORZHG�E\�WKHLU�IUHH]LQJ�LQ�OLT �

XLG� QLWURJHQ�� 7R� VSUD\� OLTXLGV�� WKHUH� DUHXVHG�GLIIHUHQW�W\SHV�RI�DWRPL]HUV�ZKLFK�GH �VLJQ�DQG�FKDUDFWHULVWLFV�DUH�GHVFULEHG�LQ�GH �WDLO� LQ� >�@�� 6WUHDP�W\SH� DWRPL]HUV� KDYH� WKHVLPSOHVW� GHVLJQ�� 7KH\� DUH� VXLWDEOH� IRU� WKHFDVHV� ZKHQ� PHGLXP�VL]H� JUDQXOHV� �PHDVXU �LQJ� �������� PP�� DUH� UHTXLUHG� DQG� WKHJUDQXORPHWULF�FRPSRVLWLRQ�PD\�YDU\�ZLWKLQZLGH�OLPLWV��$�VLPSOHVW�VWUHDP�DWRPL]HU�LV�DF\OLQGULFDO� FDSLOODU\� ZKLFK� LQVLGH� GLDPHWHUGHILQHV� JUDQXOH� GLPHQVLRQV��:KLOH� IORZLQJRXW�RI�WKH�FDSLOODU\��VWUHDPV�RI�OLTXLG�EUHDNGRZQ� LQWR� GURSV� DW� D� FHUWDLQ� GLVWDQFH�� DWORZ� RXWIORZ� UDWHV� WKH� GURS� VL]H� � EHLQJ� DS �SUR[LPDWHO\� HTXDO�� :KHQ� WKH� RXWIORZ� UDWHLQFUHDVHV��H�J��XQGHU�K\GURVWDWLF�SUHVVXUH�RIWKH�PHOW�FROXPQ�LQ�WKH�FUXFLEOH��WKH�VWUHDPIORZ� EHFRPHV� WXUEXOHQW�� EUHDN�GRZQ� LQWRGURSV� WDNHV� SODFH� FORVHU� WR� WKH� HGJH� RI� WKHFDSLOODU\�DQG� WKH� VWUHDP�LWVHOI�DFTXLUHV�WKHVKDSH� RI� IODUH�� 7KH� GURS� GLDPHWHU� GLPLQ �LVKHV�DQG�WKH�GLIIHUHQFH�LQ�WKH�GURS�GLPHQ �VLRQV� LQFUHDVHV�� 7KH� PHFKDQLVP� RI� VWUHDPEUHDNLQJ�LQWR�GURSV�LQ�LQYHVWLJDWHG�LQ�GHWDLOLQ�>���@�:KLOH� IORZLQJ� RXW� RI� WKH� FDSLOODU\� WKHPHOW� VWUHDP� LV� SHUWXUEHG� DQG� GHIRUPHGXQGHU� WKH� LQIOXHQFH� RI� GHIHFWV� DQG� URXJK �QHVV�RI�WKH�FDSLOODU\�HGJH��8QGHU�WKH�DFWLRQRI� VXUIDFH� WHQVLRQ� IRUFHV� DQG� H[WHUQDO� IDF �WRUV� WKH�VWUHDP� VWDUWV� YLEUDWLQJ� DQG�EUHDN �LQJ� LQWR� SDUWV�� 'XH� WR� VXUIDFH� WHQVLRQIRUFHV�� WKH� VWUHDP� SDUWV� DFTXLUH� D� VKDSHZLWK� D� PLQLPXP� VXUIDFH� HQHUJ\�� DQG� WKHVWUHDP� SDUWV� DUH� WUDQVIRUPHG� LQWR� VPDOOVSKHUHV� RI� GLIIHUHQW� GLDPHWHUV�� ,Q� >�@� WKHIROORZLQJ� GHSHQGHQFH� RI� WKH� GURS� GLDPHWHURQ�WKH�VWUHDP�GLDPHWHU�LV�HVWDEOLVKHG�
GN ⁄ GF = (� ⁄ � ⋅ λ ⁄ GF)� ⁄ ��� ���

ZKHUH� GN DQG� GF DUH� WKH� GURS� DQG� VWUHDPGLDPHWHUV��UHVSHFWLYHO\�� λ LV�WKH�ZDYHOHQJWKRI�VWUHDP�LQVWDELOLW\��WKH�SDUDPHWHU�GHSHQG �LQJ�RQ�WKH�VWUHDP�UDWH��WKH�FKHPLFDO�QDWXUHRI� WKH� OLTXLG�� LWV� VXUIDFH� WHQVLRQ� DQG� RWKHUIDFWRUV�>�@��7KH� VFKHPDWLF� GLDJUDP� RI� WKH� DSSDUDWXV�*UDG�� LV� VKRZQ� LQ� )LJ����� ,WV� PDLQ� XQLW�FRPSRQHQW��LV�SODWLQXP�FUXFLEOH�����VKDSHGDV�D�ULQJ�OLNH�UHVHUYRLU�RI�F\OLQGULFDO�VKDSH�7KH�FUXFLEOH� FDSDFLW\� LV����� O��7KH�FUXFLEOHERWWRP�KROGV� IRXU� DWRPL]HUV� �����7R� UHGXFHWKH�GXUDWLRQ�RI�JUDQXODWLRQ��HDFK�RI�WKH�DW �RPL]HUV�KDV�IRXU�FDSLOODULHV�ZLWK�D�GLDPHWHURI� ���� PP��$OO� WKH� DWRPL]HUV� DUH� VXSSOLHGZLWK� UHPRYDEOH� ILOWHUV� ���� PDGH� RI� ILQHPXOWL�OD\HU�SUHVVHG�SODWLQXP�PHVK��0HOWLQJRI� VDOWV�RU� FU\VWDO�ZDVWHV� LQ� WKH� FUXFLEOH� LV
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UHDOL]HG�E\�WKH�VLGH������FHQWUDO�����DQG�ERW �WRP� ���� KHDWHUV�� :KHQ� LWV� SRZHU� LV� LQ �FUHDVHG�� WKH� ERWWRP� KHDWHU� DOVR� VHUYHV� IRUPHOWLQJ�VROLGLILHG�VDOW�FOXVWHUV� LQ�WKH�FDSLO �ODULHV� EHIRUH� VWDUWLQJ�WKH�SURFHVV� RI�JUDQX �ODWLRQ�� 7KH� KHDWLQJ� XQLW� ZKLFK� FRPSULVHVWKH� VLGH�� FHQWUDO�� ERWWRP� KHDWHUV�� WKH� KHDWLQVXODWLQJ�OLQLQJ������DV�ZHOO�DV�WKH�FUXFLEOHZLWK�WKH�VWDUWLQJ�PDWHULDO�DUH�ORFDWHG�LQ�WKHXSSHU� SDUW� RI� WKH� KHUPHWLFDOO\� VHDOHG� VWHHOFKDPEHU� ����� /RFDWHG� LQ� WKH� ORZHU� SDUW� RIWKH� FKDPEHU� ���� LV� WKH� FRQWDLQHU� ����� ZLWKOLTXLG�QLWURJHQ��7KH�FRQWDLQHU�LV�D�FROOHFWRUDQG�DFFXPXODWRU�RI�JUDQXOHV��%RWK�SDUWV�RIWKH� FKDPEHU� DUH� MRLQHG� WRJHWKHU� E\� PHDQVRI� D� KRUL]RQWDO� IODQJH� MRLQW� VXSSOLHG� ZLWKVHDOLQJ� UXEEHU� VSDFHU�� /LTXLG� QLWURJHQ�WDQN�� HQWHUV� WKH� FRQWDLQHU� IURP� WKH� UHVHU �YRLU� �WDQN�� WKURXJK� WKH� SLSH� FRQQHFWLRQ������ 7KH� FKDPEHU� FRYHU� �����KDV� WKH�SHHS �KROH�ZLQGRZV������IRU�REVHUYLQJ�WKH�SURFHVVRI� VWDUWLQJ�PDWHULDO� PHOWLQJ�� WKH� SLSH� FRQ �QHFWLRQ� ����� IRU� YDFXXP� SXPSLQJ� DQG� WKHSLSH�FRQQHFWLRQ������IRU�LQWURGXFWLRQ�RI�WKHDFWLYDWRU�DQG�RWKHU�DGGLWLRQV�LQWR�WKH�PHOW�7KH�YDOYH������LV�PHDQW�IRU�UHOHDVH�RI�JDVH �RXV� QLWURJHQ� LQ� WKH� FDVH� ZKHQ� LWV� SUHVVXUHH[FHHGV�D�SUHVHW�YDOXH��7KH�FKDPEHU�FDVLQJKDV�D�ZDWHU�FRROHG�MDFNHW�*UDQXODWLRQ�SURFHVV��*UDQXODWLRQ�PD\�EHUHDOL]HG� QRW� RQO\� IRU� WKH� LQLWLDO� VDOWV� EXWDOVR�IRU�WKH�ZDVWHV�RI�VLQJOH�FU\VWDO�SURGXF �WLRQ� ZKLFK� DUH� FU\VWDOOLQH� IUDJPHQWV�� FXW �WLQJ�UHPQDQWV�DQG�FKLSV�UHVXOWLQJ�IURP�PH �FKDQLFDO� WUHDWPHQW�RI�VLQJOH� FU\VWDOV��$IWHUSODFLQJ�WKH�VWDUWLQJ�PDWHULDO�LQWR�WKH�FUXFL �EOH� DQG� VHDOLQJ� WKH� FKDPEHU�� WKH� ODWWHU� LVVXEMHFWHG� WR�YDFXXP�SXPSLQJ��DQG� WKH�PD �WHULDO�LV�EHLQJ�GULHG�LQ�WKH�SURFHVV�RI�SXPS �LQJ�� 7KH� WHPSHUDWXUH� FRQGLWLRQV� GHSHQG� RQWKH�TXDQWLW\�RI�VDOW�RU�WKH�W\SH�DQG�FRPSR �VLWLRQ� RI� WKH� FKDUJHG� ZDVWHV� DQG� WKHLU� KX �PLGLW\�� ,Q� SDUWLFXODU�� LQ� WKH� SURFHVV� RI� VR �GLXP�LRGLGH�JUDQXODWLRQ�WKH�WHPSHUDWXUH�RIWKH� VDOW� DW� WKH� LQLWLDO� VWDJH� RI� GU\LQJ� LVUDLVHG�XS�WR�������&��DQG�GU\LQJ�LV�UHDOL]HGIRU� ���� K� WR� UHPRYH� FU\VWDOOL]DWLRQ� ZDWHUDQG� VXSSUHVV� WKH� UHDFWLRQ� RI� K\GURO\VLV�:KLOH�GU\LQJ�FHVLXP� LRGLGH�ZKLFK�GRHV�QRWIRUP� FU\VWDOORK\GUDWH� WKLV� VWDJH� LV� VKRUWHUDQG� ODVWV� IRU� ���� K�� $IWHUZDUGV� WKH� WHP�SHUDWXUH�RI�WKH�KHDWHUV�LV�UDLVHG�XS�WR���������&��7KH�GXUDWLRQ�RI�GU\LQJ� DW� WKLV� WHP �SHUDWXUH�GHSHQGV�RQ�WKH�FRQWHQW�RI�PRLVWXUHLQ� WKH� VWDUWLQJ� PDWHULDO� DQG� RQ� LWV� GLVSHU �VLW\��,I�WKH�LQLWLDO�VDOW�FRQWDLQV�RUJDQLF�LP �SXULWLHV��WKH\�FDQ�EH�EXUQHG�GLUHFWO\� LQ�WKHJUDQXODWRU�XVLQJ�WKH�WHFKQLTXH�GHVFULEHG�LQ>�@��)RU�WKLV�SXUSRVH�WKH�VDOW�LV�KHDWHG�XS�WR

D� WHPSHUDWXUH� RI� ��������&�� WKHQ� D� GU\PL[WXUH�RI�LQHUW�JDV�DQG�R[\JHQ�LV�LQMHFWHG�$IWHU� EHLQJ� KHOG� IRU� FHUWDLQ� WLPH� LQ� WKHFKDPEHU�� WKH� JDV� DQG� WKH�SURGXFWV� RI� FRP �EXVWLRQ� DUH� SXPSHG� RXW�� 7KHQ� WKH� KHDWHUVDUH� VHW� WR� SURYLGH� WKH� FRQGLWLRQV� RI� VDOWPHOWLQJ�� :KHQ� WKH� VDOW� LV� PHOWHG�� WKH� UH �TXLUHG� DFWLYDWRU� � ZHLJKW� LV� LQWURGXFHG� E\PHDQV�RI�WKH�SLSH�FRQQHFWLRQ�������8QLIRUPGLVWULEXWLRQ�RI�WKH�DFWLYDWRU�LV�SURYLGHG�GXHWR� � VKRUW�GXUDWLRQ� KROGLQJ� RI� WKH� PHOW� LQWKH� FKDPEHU� DQG� WR� QDWXUDO� FRQYHFWLRQ� LQWKH�PHOW��$IWHU� VHWWOLQJ�RI� WKH�PHOW�� OLTXLGQLWURJHQ� LV�SXPSHG�LQWR�WKH�FRQWDLQHU������DQG�WKH�WHPSHUDWXUH�RI�WKH�ERWWRP�KHDWHU�LVUDLVHG�� :KHQ� VROLGLILHG� VDOW� FOXVWHUV� DUHPHOWHG��PHOW� VWUHDPV�IORZ�RXW�RI� WKH� FDSLO �ODULHV��VSRQWDQHRXVO\�EUHDN�GRZQ�LQWR�GURSVDQG�UHDFK�OLTXLG�QLWURJHQ�ZKHUH�WKH\�WUDQV �IRUP� LQWR� VSKHULFDO� JUDQXOHV� ZLWK� VPDOOVKULQNDJH� FDYLWLHV� DV� D� UHVXOW� RI� IDVW� FU\V �WDOOL]DWLRQ��,QWHQVH�HYDSRUDWLRQ�RI�OLTXLG�QL �WURJHQ� UDLVHV� WKH� SUHVVXUH� LQ� WKH� FKDPEHUZKLFK�LV�UHOHDVHG�LQWR�DWPRVSKHUH�XVLQJ�WKHYDOYH� ������ ,Q� WKH� SURFHVV� RI� WKLV� HYDSRUD �WLRQ�� QLWURJHQ� LV� SHULRGLFDOO\� SXPSHG� LQWRWKH� FRQWDLQHU� WR� PDLQWDLQ� LWV� OHYHO� DQG� WRSURYLGH� WKH� SUHVHQFH� RI� ������� PP� KLJK

)LJ�����6FKHPDWLF�GLDJUDP�RI��*UDG��DSSDUD�WXV�IRU�JUDQXODWLRQ�RI�DONDOL�KDOLGH�VDOWV�����FUXFLEOH����� DWRPL]HUV������ ILOWHUV������ VLGHKHDWHU�� � �� � FHQWUDO� KHDWHU�� �� � ERWWRPKHDWHU�� � �� � LQVXODWLQJ� OLQLQJ�� � �� � XSSHUFKDPEHU� � SDUW�� � � �� � ORZHU� FKDPEHU� SDUW����� FRQWDLQHU�IRU�JUDQXOHV�� ���� � SLSH� FRQ�QHFWLRQ�IRU�QLWURJHQ�IHHG������� FRYHU�������SHHSKROH�ZLQGRZV�� ����� SLSH� FRQQHFWLRQ� IRUYDFXXP�SXPSLQJ�� � ��� � SLSH� FRQQHFWLRQ� IRULQWURGXFWLRQ�RI�DGGLWLRQV������� YDOYH�
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QLWURJHQ� FROXPQ� RYHU� WKH� JUDQXOHV�� 7KHIRXU� DWRPL]HUV� HDFK�KDYLQJ� IRXU� FDSLOODULHVSURYLGH� IDVW� DQG� FRPSOHWH� RXWIORZ� RI� WKHPHOW� IURP� WKH� FUXFLEOH� HYHQ� LQ� WKH� FDVHZKHQ� DQ\� RI� WKH� ILOWHUV� LV� FKRNHG� E\� LQVRO �XEOH� LPSXULWLHV��([SHULPHQWV�VKRZ�WKDW�WKHFRQVXPSWLRQ� RI� OLTXLG� QLWURJHQ� LV� DSSUR[L �PDWHO\��� O�SHU�D�NLORJUDP�RI� VRGLXP�RU�FH �VLXP� LRGLGH�� DQG� WKLV� LV� LQ� DJUHHPHQW�ZLWKWKH�FDOFXODWHG�GDWD�RQ�WKHUPDO�EDODQFH��,W� LV� YHU\� VLJQLILFDQW� IRU� WKH� REWDLQHGJUDQXOHV�WR�DFTXLUH�URRP�WHPSHUDWXUH�ZLWK �RXW�DFFHVV�RI�DLU��)RU�WKLV�SXUSRVH��WKH�FRQ �WDLQHU� ZLWK� WKH� JUDQXOHV� LV� KHOG� LQ� WKHJUDQXODWRU� WLOO� QLWURJHQ� FRPSOHWHO\� HYDSR �UDWHV� DQG� WKH� JUDQXOHV� DUH� KHDWHG� XS� WRURRP� WHPSHUDWXUH��+RZHYHU�� LI� LW� LV� QHFHV �VDU\� WR� LPPHGLDWHO\� JUDQXODWH�DQRWKHU�SRU �WLRQ�RI� WKH�VWDUWLQJ�PDWHULDO�� WKH�IROORZLQJLV�WR�EH�GRQH��$IWHU�FRPSOHWH�RXWIORZ�RI�WKHPHOW��WKH�FRQWDLQHU�ZLWK�WKH�REWDLQHG�JUDQ �XOHV� DQG� D� OD\HU� RI� OLTXLG� QLWURJHQ� RYHUWKHP� LV� SODFHG� RQWR� D� VSHFLDO� URWDU\� SODW �IRUP��)LJ������WKHQ�FRYHUHG�E\�DLU�WLJKW�FDSZLWK� D� YDOYH� IRU� UHOHDVH� RI� HYDSRUDWLQJ� QL �WURJHQ� DQG� NHSW� WKHUH� WLOO� WKH� JUDQXOHV� DUHKHDWHG� XS� WR� URRP� WHPSHUDWXUH�� ,Q� PRVWFDVHV� WKH� JUDQXOHV� DFTXLUH� URRP� WHPSHUD �WXUH� LQ� ������ K�� 7KH� FDS� KDV� D� FRQLFDOVKDSH� DQG� LQ� LWV� YHUWH[� WKHUH� LV� ORFDWHG� DWXEH� IRU� GUDZLQJ� WKH� REWDLQHG� JUDQXOHVIURP� WKH� JUDQXODWLRQ� DSSDUDWXV� LQWR� DLU�WLJKW�DPSRXOHV�ZKHUH�WKH�SURGXFW� LV� VWRUHGEHIRUH� LWV� XWLOL]DWLRQ�� 2XW� RI� WKH� DPSRXOHVWKH� JUDQXOHV� DUH� SODFHG� LQWR� D� WDQN� RU� WKHJURZWK� DSSDUDWXV� IHHGHU� ZLWKRXW� DFFHVV� RIDLU�� ,I� WKH� DERYH�VDLG� UHTXLUHPHQWV� DUH� QRWIXOILOOHG� DQG� WKH� JUDQXOHV� DUH� GUDZQ� DW� QL �

WURJHQ�WHPSHUDWXUH�������&���WKHQ�IDVW�FRQ�GHQVDWLRQ� LV� LQLWLDWHG� RQ� WKHLU� VXUIDFH�� DQGWKLV� LV� LQDGPLVVLEOH� IRU� ZDWHU�VROXEOH� VXE �VWDQFHV�� )LJ���� SUHVHQWV� WKH� KLVWRJUDP� RIJUDQXOH�VL]H�GLVWULEXWLRQ��,I� WKH� VWRUDJH� UHJXODWLRQV� DUH� REVHUYHG�JUDQXODWHG� VDOWV� DUH� PRUH� FRQYHQLHQW� IRUJURZLQJ� FU\VWDOV� ERWK� E\� WKH� 6WRFNEDUJHUPHWKRG�DQG�E\� WKH�PHWKRG�RI�SXOOLQJ�IURPWKH� PHOW� RQ� WKH� VHHG� ZLWK� UHSOHQLVKPHQW�/DUJH�EXON�ZHLJKW�DQG�ORRVHQHVV�PDNH�JUDQ �XOHV� SUHIHUUHG� IRU� XWLOL]DWLRQ� LQ� DXWRPDWHGPHWKRGV� RI� FU\VWDO� JURZWK� ZLWK� UHSOHQLVK �PHQW��HVSHFLDOO\�LQ�WKH�FDVH�RI�PXOWL�FRPSR �QHQW� V\VWHPV�� *UDQXODWLRQ� VHHPV� WR� EH� WKHPRVW� HFRQRPLFDO� PHWKRG� IRU� SURFHVVLQJVFLQWLOODWRU� SURGXFWLRQ� ZDVWHV�� LQ� SDUWLFX �ODU�� IRU�&V,�7O� DQG�&V,�1D���%HVLGHV� FU\VWDOIUDJPHQWV�� FXWWLQJ� UHPQDQWV� DQG� FKLSV�WKHUH�FDQ�EH�DOVR�VXEMHFWHG�WR�SURFHVVLRQ�WKHVFLQWLOODWRUV�UHMHFWHG�DV�GHIHFWLYH��FRORUDWLRQLQ� OLJKW�� WKH� SUHVHQFH� RI� FUDFNV�� IRUHLJQ�SKDVH� LQFOXVLRQV��� ,Q� WKLV� FDVH�� WKH� SURF �HVVHG�PDWHULDO�LV�WR�EH�SUHOLPLQDULO\�ZDVKHGRXW� RI� SURGXFWLRQ� FRQWDPLQDWLRQ� DQG� DEUD �VLYHV�ZKLFK�PD\�EH�SUHVHQW�RQ�WKH�VXUIDFH�E\�PHDQV�RI�GLVWLOOHG�ZDWHU��7KHQ�LW�LV�GULHGLQ� YDFXXP� FDELQHW�� 7KH� SURFHVV� RI� ZDVWHJUDQXODWLRQ� LV� GLVWLQJXLVKHG� IURP� VWDUWLQJVDOW� JUDQXODWLRQ� RQO\� E\� WKH� IDFW� WKDW� WKHPHOW� LV� VXEMHFWHG� WR� FKHPLFDO� SXULILFDWLRQIURP�R[\JHQ�FRQWDLQLQJ�LPSXULWLHV�E\�WUHDW �PHQW�ZLWK�PHWDOOLF� WLWDQLXP�� )RU� WKLV� SXU �SRVH��OLWWOH�TXDQWLWLHV�RI�VPDOO�VL]H�SLHFHV�RISXUH� WLWDQLXP� RU� JURXQG� WLWDQLXP� VSRQJHDUH�DGGHG�WR�WKH�ZDVWHV�EHIRUH�FKDUJLQJ�WKHFUXFLEOH�� $IWHU� PHOWLQJ� WKH� VDOW� RU� ZDVWHV�WKH�PHOW�LV�NHSW�LQ�WKH�FUXFLEOH�IRU�RQ�KRXURU�VR��%HLQJ�D�YHU\�DFWLYH�HOHPHQW��WLWDQLXPGHFRPSRVHV� R[\JHQ�FRQWDLQLQJ� DQLRQV� DWKLJK�WHPSHUDWXUHV��DQG�WKHUH�DUH�IRUPHG�WL �WDQLXP� R[LGHV� �PDLQO\�� 7L2� DQG� 7L�2��VOLJKWO\�VROXEOH�LQ�WKH�PHOW��3UHVHQWHG�EHORZDUH�H[DPSOHV�RI�WKH�UHDFWLRQV�DQG�WKHLU�LVR �EDU�LVRWKHUPDO� SRWHQWLDOV� �∆*�7�� IRU� WKH

)LJ����� 3ODWIRUP� IRU� GLVFKDUJH� RI� JUDQXOHV���� FRQWDLQHU�ZLWK�JUDQXOHV������ URWDU\�SODW�IRUP�� � �� � WUROOH\�� � �� � FRYHU�� �� � EUDQFKSLSH������ YDOYH��

)LJ�����'LVWULEXWLRQ�RI�JUDQXOHV�LQ�VL]H�
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PRVW� IUHTXHQWO\� RFFXUULQJ� LPSXULWLHV� &2��±�62��±��%2�± �VHH�(T�������)XUWKHU�WKH�SURFHVV�RI�ZDVWH�JUDQXODWLRQGRHV� QRW� GLIIHU� IURP� WKH� RQH� GHVFULEHGDERYH�7KH�PHWKRG�RI�JUDQXODWLRQ�ZDV�XVHG�IRULQGXVWULDO� SURFHVVLQJ� RI� PRUH� WKDQ������NJ�RI�ZDVWHV�DQG�RI� WKH� VFLQWLOODWRUVUHMHFWHG� DV� GHIHFWLYH� DW� WHVWLQJ��$V� D� UXOH�RQH� PHOWLQJ� SURFHGXUH� \LHOGHG� DSSUR[L �PDWHO\� ���� NJ� RI� JUDQXOHV�� 7DEOH� FRQWDLQVWKH� UHVXOWV� RI� WKH� DQDO\VLV� RI� VHYHUDOEDWFKHV� RI� &V, JUDQXOHV� IRU� WKH� FRQWHQW� RIFDWLRQLF� LPSXULWLHV� FRPSDUHG� ZLWK� WKH� UH �TXLUHPHQWV� RI� WKH� VWDQGDUG� 78��������������� 7KH� SUHVHQWHG� GDWD� VKRZ� WKDW� WKH� FRQ �WHQW�RI�FRQWUROOHG�LPSXULWLHV�FRUUHVSRQGV�WRWKH�VWDQGDUG�UHTXLUHPHQWV��7KH�SUHVHQFH�RIWKH�XQFRQWUROOHG�7O�LPSXULW\�RQ�WKH�OHYHO�RI�⋅���� � �⋅���� PDVV����LV�H[SODLQHG�E\� LWVSUHVHQFH� LQ� WKH� LQLWLDO�PDWHULDO� �SLHFHV� DQGFXWWLQJ� UHPQDQWV� RI� &V,�7O� FU\VWDOV���+RZ�HYHU�� VLQFH� WKH� JUDQXOHV� DUH�PHDQW� IRU� WKHJURZWK�RI�&V,�7O� FU\VWDOV�LQ�ZKLFK�WKH�FRQ�WHQW� RI�7O PXVW� EH� RQ� WKH� OHYHO� RI� � ⋅���� ��⋅���� PDVV����VXFK�D�IDFW�GRHV�QRW�ZRUVHQWKHLU�TXDOLW\�/DUJH�VL]H� FU\VWDOV� ZLWK� D� GLDPHWHU� H[ �FHHGLQJ� ���� PP� DQG� D� OHQJWK� RI� ���� PPZHUH� JURZQ� XVLQJ� WKH� DSSDUDWXV� �.ULVWDOO������ >�@��7KH�VFLQWLOODWRUV�PDGH�IURP�WKHVHFU\VWDOV� KDG� KLJK� VSHFWURPHWULF� FKDUDF �

WHULVWLFV�ZKLFK�GLG�QRW�GLIIHU�IURP�WKRVH�RIDQDORJRXV�VDPSOHV�REWDLQHG�IURP�H[WUD�SXUHVDOWV��0DQ\�RI� WKHVH�VFLQWLOODWRUV� VKDSHG�DVWUXQFDWHG�S\UDPLG�ZLWK� D� OHQJWK� H[FHHGLQJ����PP�ZHUH�XVHG�ZKLOH�FUHDWLQJ�FDORULPH �WHUV�IRU�H[SHULPHQWV�LQ�KLJK�HQHUJ\�SK\VLFVLQ� WKH� VFRSH� RI� WKH� SURJUDPV� .(.� DQG6/$&��DV�ZHOO�DV�IRU�WKH�DVWURSK\VLFDO�VSHF �WURPHWHU�6/$&����5HIHUHQFHV���/�*�(LGHOPDQ�� 9�,�*RULOHWVN\�� 9�*�3URWVHQNRHW�DO���-��&U\VW��*URZWK����������������������%�*�=DVODYVN\�� -��&U\VW��*URZWK�� ����� ������������� 3�9�.ODVVHQ�� -�*�*ULVKDHY�� )RXQGDWLRQV� RI*UDQXODWLRQ� 7HFKQRORJ\�� �.KLPLD��� SXEO��0RV�FRZ����������� >LQ�5XVVLDQ@��������� $�,�.ROSDVKQLNRY�� $�(�(IUHPRY�� *UDQXODWHG0DWHULDOV�� �0HWDOOXUJLD�� SXEO��� 0RVFRZ�������� >LQ�5XVVLDQ@������� 9�$�%RURGLQ�� -X�*�� 'LW\DNLQ�� /�$�.O\DFKNR�9�,�<DJRGNLQ��'HVWUXFWLRQ� RI� /LTXLGV�� �0DVKL�QRVWURHQLH��SXEO���0RVFRZ��������>LQ�5XVVLDQ@���� $�6�� /LVKHYVN\�� 3URFHVVHV� RI� )XHO� 6SUD\LQJ'LHVHO� 1R]]OHV�� �0DVKJL]��� SXEO�� 0RVFRZ���������>LQ�5XVVLDQ@�����'�9�5HOH\�� 7KHRU\� RI� 6RXQG�� �*RVWHKL]GDW��SXEO��0RVFRZ����������>LQ�5XVVLDQ@�����������9�,�%RE\U¶�� 6�,�9DVHWVN\�� (�9�'DQLOHQNR�%�*�=DVODYVN\��3DW���������5)���������������

7L + ���&V�62� ←→ 7L2� + ���&V�6�� ∆*�7 = −����� + ��� ⋅ ��−�7�7L + &V�&2� ←→ 7L2� + &V�2 + &�� ∆*�7 = −����� + ����� ⋅ ��−�7�7L + ���&V12� ←→ ���7L�2� + ���&V�2 + ���1��� ∆*�7 = −����� + �� ⋅ ��−�7�7L + ����&V%2� ←→ 7L2� + ����&V�2 + ����%�� ∆*�7 = −����� + ���� ⋅ ��−�7��
���

7DEOH��,PSXULWLHV�FRQWHQW�� LQ�JUDQXOHV�SURGXFHG�IURP�ZDVWHV�
,PSXULWLHV ,PSXULWLHV�FRQWHQW���PDVV���6WDQGDUG &RQGLWLRQDO�QXPEHU�RI�JUDQXOHV�SLHFHV������ ���� ���� ����� �����)H �×���� ��×���� �×���� �×���� �×���� ��×����&D �×���� ��×���� ��×���� �×���� ��×���� ��×����$O �×���� ��×���� ��×���� �×���� ��×���� ��×����&X �×���� ��×���� �×���� �×���� ��×���� �×����1L �×���� ��×���� �×���� ��×���� ��×���� ��×����3O �×���� ��×���� ��×���� ��×���� ��×���� ��×����7O QR�QRUP �×���� �×���� �×���� �×���� �×�����S+ ��²�� ��� ��� ��� ��� ���
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