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7KH� SUHYLRXV� FKDSWHU� GLVFXVVHG� WKH� 6N\3ORW� SURJUDP� LQ� EDVLF� WHUPV�� 7KLVFKDSWHU� ORRNV� DW� HDFK� DVSHFW� RI� WKH� SURJUDP¶V� VWUXFWXUH� LQ� GHWDLO� DQG� GHVFULEHVZKDW� SK\VLFDO� DQG� PDWKHPDWLFDO� PRGHOV� LW� HPSOR\V�� 7KH� SDWWHUQ� RI� GLVFXVVLRQREVHUYHV�WKH�IROORZLQJ�SODQ�x VWUXFWXUHx HTXDWLRQV�RI�PRWLRQx H[WUD�DVWURQRPLFDO�SK\VLFDO�HIIHFWV�WDNHQ�LQWR�DFFRXQW
��� 'XDO�7LPH�,QFUHPHQWV��7LPH�6WHSV�
%HIRUH�JRLQJ�LQWR�GHWDLO�DERXW�WKH�SURJUDP��D�PRUH�EDVLF�SDUW�RI�LWV�VWUXFWXUHQHHGV�WR�EH�GLVFXVVHG�ILUVW�7ZR� W\SHV� RI� WLPH� LQFUHPHQW� �WLPH� VWHS�� DUH� XVHG� LQ� WKH� SURJUDP�� 2QH� IRUREVHUYLQJ��ZKHQ�WKH�GHEULV�LV�YLVLEOH�WR�WKH�GHWHFWRU�DQG�UHTXLUHV�D�ILQH�WLPHVWHS�DQG�RQH�IRU�VFDQQLQJ��ZKHQ�WKH�GHEULV�LV�QRW�YLVLEOH��DQG�RQO\�D�FRDUVHU�WLPH�VWHSLV� UHTXLUHG�� 7KH� ODUJHU� VFDQ� WLPHVWHSV� ZHUH� LQWURGXFHG� LQWR� WKH� DOJRULWKP� WRIDFLOLWDWH� IDVWHU� UXQ� WLPHV� IRU� WKH� SURJUDP�� 7KLV� GXDO� WLPH� VWHS� IHDWXUH� DQG� WKHELVHFWLRQ� �³KRPLQJ´�� PHWKRG� RI� DFFXUDWHO\� ILQGLQJ� WKH� WLPH� RI� DQ� HYHQW� �VHHVHFWLRQ�������LV�D�VWDQGDUG�PHWKRG�IRU�VDWHOOLWH�SUHGLFWLRQ�SURJUDPV��.HOVR��������:KLOH�WKH�GHEULV�LV�YLVLEOH��WKH�REVHUYLQJ�WLPH�VWHSV�DUH�VPDOO�HQRXJK�WR�HQDEOHDW�OHDVW�RQH�SRVLWLRQ�WR�EH�UHFRUGHG�LQVLGH�HYHU\�VN\�ELQ�DORQJ�WKH�GHEULV�WUDMHFWRU\WR� SUHYHQW� DOLDVLQJ� HIIHFWV� �)LJXUH� ������7KH� DOW�D]� ELQV� KDYH� D� VL]H� RI� ��u���� VRJLYHQ� D� W\SLFDO� WRSRFHQWULF� ]HQLWK� DQJXODU� YHORFLW\� RI� a����V�� IRU� DQ� REMHFW� LQ/(2���D�WLPH�VWHS�RI�DERXW��V�ZRXOG�HQVXUH�DW�OHDVW�RQH�UHFRUGHG�SRVLWLRQ�IRU�VN\ELQV� DW� WKH� ]HQLWK�� )DLOXUH� WR� GR� VR� ZRXOG� UHVXOW� LQ� VRPH� ELQV� QRW� EHLQJ³LOOXPLQDWHG´� E\� WKH� GHEULV�� HYHQ� WKRXJK� WKRVH� ELQV� FRQWDLQHG� WKH� WUDMHFWRU\�)LJXUH�������$ZD\�IURP�WKH�]HQLWK�WKH�WRSRFHQWULF�DQJXODU�YHORFLW\�LV�VPDOOHU�GXHWR� IRUHVKRUWHQLQJ�� EXW� DOWHULQJ� WKH� WLPH� VWHS� VL]H� WR� UHIOHFW� WKLV� DQG� PLQLPLVHH[HFXWLRQ� WLPH�ZRXOG� KDYH� EHHQ� WRR� FRPSOH[� DQ� XQGHUWDNLQJ�� ,QVWHDG� WKH� WLPHVWHS�VL]H�LV�VLPSO\�FKRVHQ�WR�EH�WKDW�ZKLFK�ZRXOG�DOORZ�LOOXPLQDWLRQ�RI�WKH�DOW�D]ELQV�DW�WKH�]HQLWK�
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)LJXUH������,OOXVWUDWLRQ�RI�WKH�HIIHFW�RI�DOLDVLQJ��7KH�WLPH�VWHSV�DUH�WRR�ODUJH�WR�HQDEOH�DOO�VN\ELQV�DORQJ�WKH�GHEULV�WUDFN�WR�EH�³LOOXPLQDWHG´�E\�WKH�GHEULV�SRVLWLRQ�LQFUHPHQWV��HTXLGLVWDQW�GRWVDORQJ�WUDFN���,OOXPLQDWHG�VN\�ELQV�DUH�VKDGHG��XQLOOXPLQDWHG�ELQV�DORQJ�WUDFN�DUH�VKRZQ�LQ�EROG�7KLV�WLPHVWHS�VL]H�LV�XQQHFHVVDU\�IRU�WKH�SHULRGV�ZKHQ�WKH�GHEULV�LV�EHORZ�WKHKRUL]RQ� RU� ZLWKLQ� WKH� (DUWK¶V� VKDGRZ�� ,QVWHDG�� D� ODUJHU� WLPH� LQFUHPHQW� LV� XVHGZKLFK�UHGXFHV�H[HFXWLRQ�WLPH��7KHVH�FRDUVH�DQG�ILQH�WLPHVWHSV�DUH�UHIHUUHG�WR�DVWKH�³VFDQQLQJ´�DQG�³REVHUYLQJ´��RU�³VFDQ´�DQG�³REV´��WLPHVWHSV�UHVSHFWLYHO\��DQGWKH� SURJUDP� LV� UHIHUUHG� WR� DV� EHLQJ� LQ� ³VFDQ´� RU� ³REV´� PRGH� ZKHQ� XVLQJ� WKHDSSURSULDWH�WLPHVWHS�7KH� VL]H� RI� WKH� VFDQ� WLPHVWHS� LV� FKRVHQ� WR�PLQLPLVH� H[HFXWLRQ� WLPH�ZLWKRXWORVLQJ�DFFXUDF\��,I�WKH�VFDQ�WLPHVWHS�LV�WRR�ODUJH��VKRUW�GXUDWLRQ�DSSDULWLRQV��VXFKDV�SURGXFHG�EHWZHHQ�ULVLQJ�DQG�HQWHULQJ�WKH�(DUWK¶V�VKDGRZ�IRU�H[DPSOH��ZLOO�EHPLVVHG� HQWLUHO\�� 5XQQLQJ� WKH� 6N\3ORW� SURJUDP� ZLWK� WKH� VDPH� SDUDPHWHUV� EXWFKDQJLQJ� WKH� VL]H� RI� WKH� VFDQ� WLPHVWHS�� IRU� GHEULV� LQ� D�0LU�W\SH� RUELW� REVHUYHGIURP�0DXQD�.HD�WKURXJK�-DQXDU\�0DUFK�������VKRZV�WKLV�HIIHFW��)LJXUH�����0D[LPXP�6FDQ�7LPHVWHS7KH�PD[LPXP�WLPHVWHS�IRU�VFDQ� LV�GLFWDWHG�E\� WKH�VL]H�RI�VN\ELQ�����VTXDUH��DQG�WKH�PD[LPXP�DQJXODU�VSHHG�RI�GHEULV��7KH�PLQLPXP�OHQJWK�RI�GHWHFWLRQ�VFDQWUDFN� FKRVHQ� WR�EH� WZR� VN\ELQV�� 7KH� WLPHVWHS� IRU� VFDQ�PRGH� LV� WKDW� RI� WKH� WLPHWDNHQ�WR�FURVV�WZR�VN\ELQV��L�H�
WRSVFDQ �W Z ο � �����
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LQ�VHF
�$SSDULWLRQV�'HWHFWHG5XQ�7LPH��P�V�

)LJXUH������(IIHFW�RI�DOWHULQJ�VFDQ�WLPHVWHS�RQ�GHWHFWLRQ�UDWH��:LWK�ILQHU�VFDQ�WLPHVWHSV��PRUHVKRUWHU�GXUDWLRQ�DSSDULWLRQV�DUH�GHWHFWHG��XQWLO�WKH�YDOXH�OHYHOV�RII�ZLWK�D�VXIILFLHQWO\�ORZ�WLPHVWHS�LQGLFDWLQJ�D�WKUHVKROG�YDOXH�RI�ILQHQHVV�KDV�EHHQ�UHDFKHG��7KH�GLS�EHWZHHQ���DQG����VHFRQGV�LVSUREDEO\�FDXVHG�E\�VOLJKWO\�GLIIHUHQW�JHRPHWU\�SURGXFHG�E\�WKH�GLIIHUHQW�WLPHVWHSV��$OVR�VKRZQ�LVWKH�JHQHUDO�EHKDYLRXU�RI�UXQ�WLPH��ZLWK�ILQHU�WLPHVWHSV�WKH�UXQ�WLPH�LQFUHDVHV�GUDPDWLFDOO\�ZKHUH�IURP�HTXDWLRQ�������� �> @��LFRV��/FRVK5 RG�R�GWRS ZZZ�Z Z UDG�V��� �����
ZKHUH� 5�  � RUELWDO� UDGLXV� �P��� K�  � RUELWDO� KHLJKW� �P��� ZG  � JHRFHQWULF� GHEULVDQJXODU� VSHHG� �UDG� V�����ZR  � VLGHUHDO� URWDWLRQ� UDWH� ������u���� UDG� V����� /� � VLWHODWLWXGH��UDG���L  RUELWDO�LQFOLQDWLRQ��UDG��7KH�YDOXH�RI�ZWRS LV�RYHUHVWLPDWHG�E\�DVVXPLQJ�L�WR�EH������,Q�WKLV�ZD\�WKHUH�LVQR�ORVV�RI�DFFXUDF\�DV�WKH�FRUUHVSRQGLQJ�VFDQ�WLPH�LV�XQGHUHVWLPDWHG��JLYLQJ�RQO\D�VOLJKW�GHJUDGDWLRQ�RI�H[HFXWLRQ�WLPH��7KXV�HTXDWLRQV�������DQG�������EHFRPH�

� �> @���R�G
�VFDQ /FRVD K��������W ZZ � u � VHF� �����

D�JUDSK�RI�ZKLFK�LV�VKRZQ�LQ�)LJXUH�����
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2EVHUYHU/DWLWXGH

)LJXUH������6FDQ�WLPHVWHSV�IURP�HTXDWLRQ������ IRU�FLUFXODU�RUELWV��,W�FDQ�EH�VHHQ�WKDW�WKH�HIIHFWRI�FKDQJLQJ�ODWLWXGH�RI�REVHUYHU�EHFRPHV�DSSDUHQW�IRU�RUELWV�DERYH�DERXW������NP�
��� +RPLQJ
7KH� WUDQVLWLRQ� IURP� VFDQ� WR� REV� PRGH�� LI� SHUIRUPHG� DV� D� PHUH� FKDQJH� RIWLPHVWHS��ZRXOG�UHVXOW�LQ�WKH�REV�PRGH�VWDUWLQJ�RII�ZKHUH�WKH�VFDQ�PRGH�ILQLVKHG�$V�WKH�VFDQ�PRGH�WLPHVWHS�LV�ODUJHU�WKDQ�WKDW�RI�WKH�REV�PRGH��WKH�ILUVW�REV�PRGHSRVLWLRQ�ZRXOG�DSSHDU�UHPRYHG�IURP�ZKHUH�LW�SK\VLFDOO\�ZRXOG�DSSHDU��VHH�)LJXUH�����

JDS
VFDQPRGH

REVPRGH

UHJLRQ�RIQRQ�YLVLELOLW\
UHJLRQ�RIYLVLELOLW\

)LJXUH������6LPSOH�WUDQVLWLRQ�IURP�VFDQ�WR�REV�PRGH�DQG�WKH�UHVXOWLQJ�³7UDQVLWLRQ�*DS´�WKDWDULVHV�DV�D�UHVXOW�7R�DYRLG�WKLV�SUREOHP�WKH�DOJRULWKP�GHWHFWV�D�FKDQJH�RI�PRGH�DQG�KRPHV�LQ�RQWKH�PRGH�LQWHUIDFH��VWRSSLQJ�ZKHQ�WKH�LQWHUYDO�EHWZHHQ�VXFFHVVLYH�LWHUDWLRQV�IDOOVEHORZ� WKH� FXUUHQW� REV� WLPHVWHS�� 7KLV� LV� DFKLHYHG� E\� FDOFXODWLQJ� WKH� SRVLWLRQYHFWRUV�RI�WKH�REVHUYHU�DQG�GHEULV�IRU�WZR�VXFFHVVLYH�WLPHVWHSV�DQG�FRPSDULQJ�WKHWRSRFHQWULF�YLVLELOLW\�³VWDWXV´�IRU�HDFK��DVVLJQLQJ�D�YDOXH�RI�� IRU�³QRW�YLVLEOH´�DQG� IRU�³YLVLEOH´�
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,I�WKH�VWDWXV�LV�]HUR�IRU�ERWK�SRVLWLRQV��WKH�GHEULV�KDV�QRW�FURVVHG�WKH�WUDQVLWLRQIURP� ³QRW� YLVLEOH´� WR� ³YLVLEOH´�� DQG� WKH� SURJUDP� FRQWLQXHV� LQ� VFDQ� PRGH�� ,IKRZHYHU� WKH�VHFRQG�RI� WKH� WZR�SRVLWLRQV�KDV�D�YLVLELOLW\� VWDWXV�RI���� WKH�KRPLQJORRS�LV�LQYRNHG��,W�IROORZV�WKH�VWDQGDUG�ELVHFWLRQ�WHFKQLTXH�WR�ILQG�WKH�URRWV�RI�DSRO\QRPLDO��WKH�LQWHUYDO�EHWZHHQ�WKH�SRLQWV�FRQWDLQLQJ�WKH�URRW�LV�KDOYHG�DQG�HDFKKDOI� FRPSDUHG� WR� GHWHUPLQH� LI� WKH� URRW� OLHV� ZLWKLQ� LW�� ,I� QRW�� WKH� RWKHU� KDOI� LVVFDQQHG��EXW�LI�VR��WKH�LQWHUYDO�LV�KDOYHG�DJDLQ�DQG�WKH�SURFHVV�UHSHDWHG�XQWLO� WKHLQWHUYDO�UHDFKHV�WKH�UHTXLUHG�DFFXUDF\��)LJXUH������

³QRW�YLVLEOH´�UHJLRQ ³YLVLEOH´�UHJLRQ
� ��� �

)LJXUH������,OOXVWUDWLRQ�RI�WKH�KRPLQJ�DOJRULWKP��VHH�WH[W��7KH�FRGH�XVHG�WR�SHUIRUP�WKHVH�FDOFXODWLRQV�LV�WKH�PDLQ�FRGH�LQ�WKH�SURJUDPLWVHOI��L�H��QR�H[WUD�FRGH�LV�XVHG��([HFXWLRQ�IORZ�LV�FRQWUROOHG�E\�PRQLWRULQJ�DQGFRPSDULVRQ�RI�WKH�WZLQ�YLVLELOLW\�VWDWXV�YDULDEOHV�GXULQJ�HDFK�ORRS�
��� &RRUGLQDWH�V\VWHP
7KH� FRRUGLQDWH� V\VWHP� XVHG� IRU� WKH� SXUSRVHV� RI� WKH� 6N\3ORW� SURJUDP� LV� DUHFWDQJXODU�HTXDWRULDO�JHRFHQWULF�V\VWHP�ZLWK�D[HV�DOLJQHG�ZLWK�WKH�)LUVW�3RLQW�RI$ULHV��WKH�1RUWK�&HOHVWLDO�3ROH��DQG�WKH�WKLUG�D[LV�RUWKRJRQDO�WR�WKH�ILUVW�WZR��7KLVSODFHV�WKH��[�\��SODQH�LQ�WKH�SODQH�RI�WKH�(DUWK¶V�HTXDWRU��WKH�]�D[LV�SDUDOOHO�ZLWKWKH�(DUWK¶V�D[LV�
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��� (TXDWLRQV�RI�VDWHOOLWH�PRWLRQ
7KLV�VHFWLRQ�GLVFXVVHV�WKH�HTXDWLRQV�RI�PRWLRQ�RI�D�ERG\�LQ�D�FORVHG�RUELW�DERXWWKH�(DUWK��DQG�WKHLU�LPSOHPHQWDWLRQ�LQ�WKH�6N\3ORW�SURJUDP�

����� 2UELW�WHUPLQRORJ\
7KH�VL]H�DQG�VKDSH�RI�DQ�HOOLSWLFDO�RUELW�LV�GHILQHG�E\�LWV�VHPLPDMRU�D[LV��D��DQGHFFHQWULFLW\��H���)LJXUH�������7KH�HFFHQWULFLW\�UDQJH�LV���d H������]HUR�IRU�FLUFXODURUELWV��ZKLOH�H� ���GHILQHV�D�SDUDEROLF�RUELW��,Q�VXFK�D�FDVH��WKH�RUELW�LV�QRW�ERXQG�L�H�� LW� LV�PRYLQJ� DW� H[DFWO\� HVFDSH� YHORFLW\� IRU� LWV� GLVWDQFH� IURP� WKH� (DUWK�� DQGEDUULQJ� LPSDFW� ZLWK� WKH� (DUWK�� LW� ZLOO� OHDYH� (DUWK� VSDFH� DQG� QRW� UHWXUQ�(FFHQWULFLWLHV� JUHDWHU� WKDQ� XQLW\� GHILQH� K\SHUEROLF� RUELWV�� ZKLFK� DUH� DJDLQXQERXQG�EXW�ZLWK�KLJKHU�HQHUJLHV��)RU�WKLV�UHDVRQ�LQ�IXWXUH�GLVFXVVLRQV��GHEULV�LQVXFK� RUELWV� LV� QRW� FRQVLGHUHG� DV� LW� SRVHV� RQO\� D� IOHHWLQJ� KD]DUG�� /(2� DQG�*62RUELWV�KDYH�HFFHQWULFLWLHV�DSSUR[LPDWHO\�HTXDO�WR�]HUR��ZKHUHDV�*72�DQG�0ROQL\DRUELWV�DUH�YHU\�HFFHQWULF�ZLWK�D�YDOXH�RI�H�a�����7KH�SHULJHH�GHILQHV�WKH��SRLQW�RI�FORVHVW�DSSURDFK�WR�WKH�(DUWK¶V�VXUIDFH��ZKLOHWKH�SRLQW� IXUWKHVW�DZD\� LV� WKH� DSRJHH��2UELWDO�YHORFLW\� LV� JUHDWHVW� DW� SHULJHH� DQGOHDVW�DW�DSRJHH�7KH�RULHQWDWLRQ�RI� WKH�RUELWDO� SODQH� WR� WKH� FRRUGLQDWH� V\VWHP�DQG�RI� WKH�RUELWZLWKLQ� WKH� RUELW� SODQH� DUH� JLYHQ� E\� WKH� LQFOLQDWLRQ� �L��� WKH� ORQJLWXGH� RI� WKHDVFHQGLQJ�QRGH��:���DQG�WKH�DUJXPHQW�RI�SHULJHH��Z���)LJXUH�������7KH�LQFOLQDWLRQ�L��LV�WKH�DQJOH�WKH�RUELWDO�SODQH�PDNHV�ZLWK�WKH�SODQH�RI�WKH�(DUWK¶V�HTXDWRU��7KH/RQJLWXGH� RI� WKH�$VFHQGLQJ�1RGH� �:�� LV� WKH� DQJOH� DURXQG� WKH� HTXDWRULDO� SODQHEHWZHHQ� WKH� )LUVW� 3RLQW� RI�$ULHV� DQG� WKH� $VFHQGLQJ�1RGH�� WKH� SRLQW� ZKHUH� WKHRUELW�FURVVHV�WKH�HTXDWRULDO�SODQH��KHDGLQJ�QRUWK��7KLV�IL[HV�WKH�RULHQWDWLRQ�RI�WKHRUELWDO�SODQH�ZLWK�UHVSHFW�WR�WKH�JHRFHQWULF�FRRUGLQDWH�V\VWHP�PHQWLRQHG�DERYH�7KH� $UJXPHQW� RI� 3HULJHH� �Z�� LV� WKH� FORFNZLVH� DQJOH� PHDVXUHG� IURP� WKH$VFHQGLQJ�1RGH� WR� WKH�SHULJHH�� DQG� IL[HV� WKH�RULHQWDWLRQ�RI� WKH�RUELW�ZLWKLQ� WKHRUELWDO�SODQH�7KH� ILQDO� SDUDPHWHU� LV� WKH� (SRFK� RI� 3HULJHH� �W��� ZKLFK� IL[HV� WKH� VDWHOOLWH� RUGHEULV�SDUWLFOH�DORQJ�WKH�RUELW��7KLV�LV�D�IL[HG�WLPH�DW�ZKLFK�WKH�SDUWLFOH�ODVW�SDVVHG
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(DUWK

ERXQG�FLUFXODURUELW��H� ���
ERXQG HOOLSWLFDO RUELW �� � H � ��

XQERXQG�SDUDEROLF�RUELW��H� ���
XQERXQG�K\SHUEROLFRUELW��H�!���

SHULJHH

IRFXV
IRFXV�HPSW\�

DSRJHH

D���H� DH VHPLPDMRU�D[LV�D
)LJXUH������'HILQLWLRQ�RI�HOHPHQWV�WKDW�GHWHUPLQH�WKH�VKDSH�DQG�VL]H�RI�DQ�RUELW�ZLWKLQ�WKHRUELWDO�SODQH��$OVR�LOOXVWUDWHG�DUH�XQERXQG�RUELWV�DQG�VRPH�RWKHU�PHDVXUHPHQWV��RU�LV�GXH�WR�SDVV��WKURXJK�SHULJHH��7KXV�IRU�DQ\�RWKHU�WLPH��WKH�HODSVHG�WLPH�VLQFHWKH�HSRFK�RI�SHULJHH�LV�FDOFXODWHG��DQG�LV�WKHQ�XVHG�WR�FDOFXODWH�WKH�SRVLWLRQ�RI�WKHVDWHOOLWH�XVLQJ�WKH�RWKHU�RUELWDO�HOHPHQWV�

����� 3RVLWLRQ�LQ�WKH�RUELW
*LYHQ�WKH�RUELWDO�HOHPHQWV��WKH�VDWHOOLWH¶V�SRVLWLRQ�DQ\ZKHUH�LQ�LWV�RUELW�FDQ�EHFDOFXODWHG� DW� DQ\� WLPH� E\� ILQGLQJ� LWV� WUXH� DQRPDO\� XVLQJ� WKH� IROORZLQJ� PHWKRG�5R\���������7KLV�LV�RQO\�DQ�DSSUR[LPDWH�PHWKRG�KRZHYHU��EHFDXVH�LW� LV�GHULYHGIURP� WKH� VLPSOH� ³WZR�ERG\´� VROXWLRQ� WR� RUELWDO� PHFKDQLFV�� ZKLFK� DVVXPHV� WKHRQO\�IRUFH�DW�SOD\�LQ�WKH�V\VWHP�LV�WKH�UDGLDO�JUDYLWDWLRQDO�IRUFH�EHWZHHQ�WKH�(DUWKDQG�WKH�VDWHOOLWH�,Q� UHDO� OLIH�� RWKHU� IRUFHV� H[LVW�ZKLFK� SHUWXUE� WKH� LGHDOLVHG�PRWLRQ��ZKLFK� DUHGLVFXVVHG� LQ� VHFWLRQ� ����� +RZHYHU�� WKH� WZR�ERG\� VROXWLRQ� LV� D� YHU\� JRRGDSSUR[LPDWLRQ� DQG� VHUYHV� DV� D� VWDUWLQJ� SRLQW� IRU� RUELWDO� PHFKDQLFV�� 7KH� PHDQ



���
JHRFHQWULF�DQJXODU�YHORFLW\�RI�WKH�GHEULV��LWV�PHDQ�PRWLRQ�Q��LV�JLYHQ�E\�

��� HD*0Q� ¸̧¹·¨̈©§ UDG�V��� �����
ZKHUH�WKH�JUDYLWDWLRQDO�FRQVWDQW�*�  �������u ����� 1�P� NJ����DQG�0H  �PDVV�RI(DUWK�  � ����u���� NJ�� 3RVLWLRQ� DURXQG� WKH� RUELW� LV� GHILQHG� XVLQJ� WKH� 0HDQ$QRPDO\�0��WKH�(FFHQWULF�$QRPDO\�( DQG�WKH�7UXH�$QRPDO\�I �)LJXUH������

)LJXUH������,OOXVWUDWLRQ�RI�HOHPHQWV�RI�RUELW�RULHQWDWLRQ� 7KH�RUELW�LWVHOI�LV�SURMHFWHG�RQWR�WKHFHOHVWLDO�VSKHUH�ZKHUH�WKH�SHUWLQHQW�DQJOHV�DUH�GHSLFWHG�IRU�FODULW\
7KH�PHDQ�DQRPDO\�0 LV�WKH�DQJOH�IURP�SHULJHH�VZHSW�E\�D�UDGLXV�YHFWRU�URWDWLQJZLWK� DQJXODU� YHORFLW\� Q�� VR� WKDW� DW� WLPH� W� VLQFH� SHULJHH� SDVVDJH� DW� W�� WKH� PHDQDQRPDO\�LV�GHILQHG�E\� ��Q�W�0 W UDG� �����7KH�HFFHQWULF�DQRPDO\�( LV�UHODWHG�WR�WKH�PHDQ�DQRPDO\�E\�HTQ�������ZKLFK�LVNQRZQ� DV� .HSOHU¶V� (TXDWLRQ�� DQG� ZKLFK� FDQ� RQO\� EH� FDOFXODWHG� E\� LWHUDWLYHPHWKRGV��WKH�URXWLQH�IRU�ZKLFK�FDQ�EH�WDNHQ�IURP�H�J��'XIIHWW�6PLWK��������� �(VLQH�(0  UDG� �����7KH�HFFHQWULF�DQRPDO\�UHODWHV�WR�WKH�WUXH�SRVLWLRQ�RI�WKH�GHEULV�E\�SURGXFLQJ�DOLQH�SHUSHQGLFXODU� WR� WKH�PDMRU�D[LV� WKURXJK� WKH�GHEULV� SRVLWLRQ� WR�PHHW� D� FLUFOHFLUFXPVFULEHG�DERXW�WKH�HOOLSWLFDO�RUELW��VHH�)LJXUH������DW�4��WKH�DQJOH�3&%�LV�WKHHFFHQWULF�DQRPDO\�(��DV�PHDVXUHG�IURP�WKH�FHQWUH�RI�WKH�HOOLSVH�
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7KH� WUXH� DQRPDO\� LV� WKH� WUXH� DQJOH� IURP� SHULJHH� WR� WKH� GHEULV� SRVLWLRQ� DVPHDVXUHG�IURP�WKH�IRFXV��VHH�)LJXUH�������DQG�LV�UHODWHG�WR�WKH�HFFHQWULF�DQRPDO\E\�WKH�IROORZLQJ�HTXDWLRQ�

( I& ) 3

4
; )LJXUH������'HILQLWLRQ�RI�HFFHQWULF�DQG�WUXHDQRPDOLHV��7KH�GHEULV�RUELW�LV�WKH�VROLG�HOOLSVH�WKH�GHEULV� LWVHOI�DW�;��7KH�FHQWUH�RI� WKH�HOOLSVHLV�DW�&��LWV�IRFXV�DW�)��DQG�WKH�SHULJHH�DW�3��7KHGDVKHG� OLQH� LV� SDUW� RI� WKH� FLUFXPVFULEHG� FLUFOHDERXW� WKH� HOOLSVH� WKDW� LV� XVHG� WR� GHILQH� WKHHFFHQWULF� DQRPDO\�(��ZKLFK� LQ� WXUQ� LV� XVHG� WRFDOFXODWH�WKH�WUXH�DQRPDO\�RI�WKH�GHEULV��I�

¹̧·©̈§¹̧·©̈§ �� ¹̧·©̈§ �(WDQH� H��IWDQ �� � �����
*LYHQ� WKH� WUXH� DQRPDO\� DQG� WKH� RUELWDO� HOHPHQWV�� WKH� SRVLWLRQ� RI� WKH� VDWHOOLWHFDQ� WKHQ� EH� IRXQG� LQ� JHRFHQWULF� &DUWHVLDQ� FRRUGLQDWHV� XVLQJ� VSKHULFDOWULJRQRPHWU\� > @LFRVI�VLQ�VLQI�FRV�FRVU�[� �Z:��Z: � �����> @LFRVI��VLQFRVI��FRVVLQU�\� �Z:��Z: � �����LVLQ�I��VLQU] � Z � ������ZKHUH�U� �UDGLXV�YHFWRU��JLYHQ�E\�

IFRVH� �H��DU� �� � � ������
7KH�UDGLXV�YHFWRU�PD\�DOVR�EH�FDOFXODWHG�E\�� �(VLQH�DU � � ������

��� 2UELWDO�3HUWXUEDWLRQV
8S�WR�QRZ�WKH�HTXDWLRQV�RI�RUELWDO�PRWLRQ�DERYH�KDYH�DVVXPHG�WKDW�WKH�(DUWK�LVSHUIHFWO\� VSKHULFDO�� WKDW� LWV� JUDYLWDWLRQDO� ILHOG�EHKDYHV� DV� LI� LW�ZHUH� FUHDWHG� E\� DSRLQW�PDVV�DW�LWV�FHQWUH��WKDW�QR�RWKHU�PDVVHV�KDYH�DQ\�LQIOXHQFH�RQ�WKH�WZR�ERG\
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V\VWHP�� DQG� WKDW� WKHUH� DUH� QR� QRQ�JUDYLWDWLRQDO� IRUFHV� RSHUDWLQJ� LQ� WKH� V\VWHPHLWKHU�,Q� UHDO� OLIH�KRZHYHU� VXFK� LGHDO� FRQGLWLRQV�GR�QRW� H[LVW��$LU� GUDJ�� WLGDO� IRUFHVIURP� WKH� 6XQ�� 0RRQ� DQG� SODQHWV�� DQG� D� QRQ�VSKHULFDO� JUDYLWDWLRQDO� ILHOG� DOOFRQVSLUH� WR� SHUWXUE� WKH� .HSOHULDQ� RUELW� VOLJKWO\� IURP� D� SHUIHFW� HOOLSVH� �D� IRXUWKUHODWLYLVWLF� IRUFH� DOVR� H[LVWV�� EXW� LV� QHJOLJLEOH� LQ�PDJQLWXGH� UHODWLYH� WR� WKH� RWKHUIRUFHV�PHQWLRQHG��IRU�WKH�FDVH�RI�(DUWK�VDWHOOLWHV��(DUWK�)LJXUH7KH�VKDSH�RI� WKH�(DUWK� LV� QRW� WKDW� RI� D�SHUIHFW� VSKHUH�� ,WV�PDVV� LV� GLVWULEXWHGDV\PPHWULFDOO\�ZLWK�WKH�UHVXOW� WKDW� LWV�JUDYLWDWLRQDO�SRWHQWLDO� LV�QRW�KRPRJHQRXV�7KH�SRWHQWLDO�FDQ�EH�GHVFULEHG�DV� WKDW�IRU�D�XQLIRUP�VSKHULFDO�PDVV�PRGLILHG�E\VSKHULFDO�KDUPRQLF�FRUUHFWLRQ�IDFWRUV�LQ�WKH�VSKHULFDO�FRRUGLQDWH�V\VWHP��U��T��I��7KH�IDFWRUV�FRQWDLQ�ERWK�]RQDO�DQG�WHVVHUDO�WHUPV��WKH�IRUPHU�GHILQLQJ�ODWLWXGLQDOFKDQJHV�LQ�WKH�(DUWK¶V�VKDSH�ZLWK�WKH�ODWWHU�GHILQLQJ�FKDQJHV�ZLWK�ORQJLWXGH��7KHSUHGRPLQDQW� GHYLDWLRQ� IURP� D� VSKHUH� WKDW� WKH� (DUWK� H[KLELWV� LV� ]RQDO�� L�H�� LWVHTXDWRULDO� EXOJH� �7DEOH� ������ FKDQJHV� ZLWK� ORQJLWXGH� DUH� UHODWLYHO\� PLQRU� DQGDIIHFW�RQO\�JHRV\QFKURQRXV�VDWHOOLWHV��7KHUHIRUH�WKH�]RQDO�WHUPV�GRPLQDWH��L�H��QRI GHSHQGHQFH��DQG�WKH�H[SUHVVLRQ�IRU�WKH�JUDYLWDWLRQDO�SRWHQWLDO�RI�WKH�(DUWK�PD\EH�DSSUR[LPDWHG�WR�WKDW�RI�HTXDWLRQ���������$LHOOR�	<RQJ��������� �»»¼º««¬

ª T¹̧·©̈§��| ¦f �Q QQQH FRV3-U5�U*08 � ������
ZKHUH�U� �UDGLXV��T  �ODWLWXGH��5H  �(DUWK�UDGLXV��-Q  �]RQDO�KDUPRQLF�FRHIILFLHQWV�DQG�3Q  �/HJHQGUH�SRO\QRPLDOV���7KH�VHFRQG�WHUP�LQ�WKH�H[SDQVLRQ�LV�WKUHH�RUGHUVRI�PDJQLWXGH�ODUJHU�WKDQ�KLJKHU�RUGHU�H[SDQVLRQV�DQG�LV�WKH�PRVW�VLJQLILFDQW��WKLVLV�WKH�WHUP�GXH�WR� WKH�HTXDWRULDO�EXOJH��$LHOOR�	<RQJ���������7KH�H[WUD�PDVV�DWWKH�HTXDWRU�H[HUWV�D�WRUTXH�RQ�WKH�RUELW�ZKLFK�LQGXFHV�J\URVFRSLF�HIIHFWV��FDXVLQJWZR�PDMRU�HIIHFWV�ZKLFK�FDQ�EH�FDOFXODWHG�IURP�HTXDWLRQ��������

(TXDWRULDO�UDGLXV ���������NP3RODU�UDGLXV ���������NP)ODWWHQLQJ�IDFWRU�I�HOOLSWLFLW\� ����������
7DEOH������ 3K\VLFDO�SDUDPHWHUV�RI�WKH�HTXDWRULDO�EXOJH�RI�WKH�(DUWK��7KH�GLIIHUHQFH�LQGLDPHWHUV�DPRXQWV�WR�DOPRVW���NP��,Q�WKLV�VHQVH�WKH�(DUWK�LV�DQ�REODWH�VSKHUH��7KLV�LV�H[SDQGHGXSRQ�LQ�WKH�QH[W�VHFWLRQ�
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7KH� ILUVW� HIIHFW� LV� SUHFHVVLRQ� RI� WKH� RUELW� SODQH�� DOVR� FDOOHG� UHJUHVVLRQ� RI� WKHQRGHV��WKH�UDWH�RI�ZKLFK�FDQ�EH�TXRWHG�DV� � � LFRVH�D� 5Q-� ���

�H��� :& � ������
ZKLOH�WKH�VHFRQG�HIIHFW�FDXVHV�D�URWDWLRQ�RI�WKH�RUELW�ZLWKLQ�WKH�RUELWDO�SODQH��L�H�WKH�OLQH�RI�DSVLGHV�URWDWHV�ZLWKLQ�WKLV�SODQH�)LJXUH������,WV�UDWH�LV�JLYHQ�E\�� � � ��LVLQH�D� 5Q-� ������

�H� ��� Z& � ������
,Q�ERWK�HTXDWLRQV�Q�LV�WKH�PHDQ�PRWLRQ��D��H�DQG�L�DUH�WKH�RUELWDO�HOHPHQWV��DQG�-�LV� WKH� VHFRQG� ]RQDO� KDUPRQLF� FRHIILFLHQW� IRU� WKH� (DUWK�� ZLWK� D� YDOXH� RI-�  ����������:HLVHO��������QRGDO�UHJUHVVLRQ

DSVLGDO�DGYDQFH

)LJXUH������1RGDO�UHJUHVVLRQ�DQG�DSVLGDO�DGYDQFH�FDXVHG�E\�WKH�REODWHQHVV�RI�WKH�(DUWK�7KHVH� HIIHFWV� DUH� PRGHOOHG� LQ� WKH� 6N\3ORW� SURJUDP� E\� FDOFXODWLQJ� WKH� GDLO\PRYHPHQW�DQG�XSGDWLQJ�WKH�ORQJLWLXGH�RI�WKH�DVFHQGLQJ�QRGH�DQG�WKH�DUJXPHQW�RISHULJHH�EHWZHHQ�REVHUYLQJ�QLJKWV��L�H��GXULQJ�WKDW�MXPS�IURP�RQH�QLJKW�WR�WKH�QH[WZKLFK�DYRLGV�GD\OLJKW�KRXUV�
��� 3RVLWLRQ�RI�2EVHUYHU
7KH� (DUWK¶V� REODWH� VKDSH� PHDQV� WKDW� ODWLWXGH� PHDVXUHG� DORQJ� WKH� (DUWK¶VVXUIDFH� GLIIHUV� IURP� WKDW� PHDVXUHG� IURP� WKH� (DUWK¶V� FHQWUH�� /DWLWXGH� PHDVXUHGZLWK�UHVSHFW�WR�WKH�(DUWK¶V�VXUIDFH�LV�WHUPHG�JHRJUDSKLF�RU�JHRGHWLF�ODWLWXGH��ZKLOHWKDW� PHDVXUHG� ZLWK� UHVSHFW� WR� WKH� (DUWK¶V� FHQWUH� LV� FDOOHG� JHRFHQWULF� ODWLWXGH�&RQYHQWLRQDO�PHDVXUHPHQWV�RI�ODWLWXGH�DUH�PDGH�XVLQJ�WKH�JHRGHWLF�V\VWHP��VR�IRUWKH�SXUSRVHV�RI�WKH�6N\3ORW�SURJUDP��ZKLFK�UHTXLUHV�UHFWDQJXODU�FRRUGLQDWHV�LQ�D
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JHRFHQWULF�UHIHUHQFH�IUDPH��D�FRQYHUVLRQ�LV�QHFHVVDU\�$� GLUHFW� FRQYHUVLRQ� IURP� D� JHRGHWLF� WR� D� JHRFHQWULF� UHIHUHQFH� IUDPH� LVH[SOLFLWO\�JLYHQ�LQ�:HUW]� ��������*LYHQ�D�SRLQW�3�ZLWK�D�JHRGHWLF� ODWLWXGH�I DQGKHLJKW� K� DERYH� WKH� UHIHUHQFH� HOOLSVRLG� LQ� PHWUHV�� WKH� GLVWDQFH� G� IURP� 3� WR� WKHFHQWUH�RI�WKH�(DUWK��LQ�XQLWV�RI�WKH�(DUWK¶V�HTXDWRULDO�UDGLXV��LV�JLYHQ�E\�

I¶ I

ORFDOYHUWLFDO
ORFDOKRUL]RQWDO

HTXDWRU

')

)LJXUH�������/DWLWXGH�LV�QRUPDOO\�H[SUHVVHG�LQ�WHUPV�RI�JHRGHWLF�ODWLWXGH�I��DV�PHDVXUHG�XVLQJWKH�ORFDO�YHUWLFDO�ZKLFK�LV�LWVHOI�SHUSHQGLFXODU�WR�WKH�ORFDO�KRUL]RQWDO��D�WDQJHQW�WR�WKH�UHIHUHQFHHOOLSVRLG�XVHG�WR�GHILQH�WKH�REODWH�VKDSH�RI�WKH�(DUWK��,W�FDQ�EH�VHHQ�WKDW�JHRGHWLF�ODWLWXGH�LV�QRW�DPHDVXUH�RI�WKH�DQJOH�EHWZHHQ�WKH�VLWH�DQG�WKH�HTXDWRU�DV�PHDVXUHG�IURP�WKH�(DUWK¶V�FHQWUH��7KDWGLVWLQFWLRQ�JRHV�WR�WKH�JHRFHQWULF�ODWLWXGH�I¶��7KH�GLIIHUHQFH�EHWZHHQ�WKH�WZR�YHUWLFDOV��')��LVNQRZQ�DV�WKH�GHYLDWLRQ�RI�WKH�YHUWLFDO��VHH�ODWHU��7KH�REODWHQHVV�RI�WKH�(DUWK�KDV�EHHQ�JUHDWO\H[DJJHUDWHG�IRU�FODULW\�G� | �������u������K���������������������������FRV��I �� �u���� FRV��I� ������
(TXDWLRQ��������SURYLGHV�WKH�WUXH�JHRFHQWULF�PDJQLWXGH�RI�WKH�UDGLXV�YHFWRU�RIWKH�REVHUYHU��2UWKRJRQDO� FRPSRQHQWV�XVHG� WR�REWDLQ� UHFWDQJXODU� FRRUGLQDWHV� DUHREWDLQHG�IURP�WKH�IROORZLQJ�H[SUHVVLRQV�G��FRV�I¶�� ����&� �����������u���� ��K����FRV�I� ������G��VLQ�I¶�  ����6�������������u���� ��K����VLQ�I� ������ZKHUH � �> @ ������ VLQI��FRV& I�I{ � ������

DQG 6��{ ������I��� & ������:LWK� WKHVH� FRPSRQHQWV� WKH� UHFWDQJXODU� FRRUGLQDWHV� RI� WKH� REVHUYHU� PD\� EHREWDLQHG��:LWK�UHIHUHQFH�WR�)LJXUH������
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DQG
[�� ��G�FRV�I¶�FRV�\�\�  ��G�FRV�I¶�VLQ�\�]�� ��G�VLQ�I¶

������������������ZKHUH� \ LV� WKH� DQJOH� PHDVXUHG� IURP� WKH� [� D[LV� WRZDUGV� WKH� \� D[LV� IURP� WKHDEVFLVVD��FRUUHVSRQGLQJ�WR�WKH�GLUHFWLRQ�RI�WKH�ILUVW�SRLQW�RI�$ULHV�E�7KH�DQJOH�\R DW�WKH�EHJLQQLQJ�RI�HDFK�HYHQLQJ¶V�REVHUYLQJ��L�H��WKH�UHVXPSWLRQRI� REVHUYLQJ� DIWHU� WKH� GD\WLPH� MXPS�� LV� FDOFXODWHG� IURP� WKH� WLPH� RI� RQVHW� RIDVWURQRPLFDO� WZLOLJKW��7KH� WLPH� LV�FRQYHUWHG� WR� ORFDO�VLGHUHDO� WLPH��/67���ZKLFKE\�GHILQLWLRQ�JLYHV�WKH�SRVLWLRQ�RI�WKH�REVHUYLQJ�VLWH�DV�WKH�DQJOH�IURP�WKH�YHUQDOHTXLQR[��7KXV�WKH�³VWDUW�DQJOH´�RI�WKH�REVHUYLQJ�VLWH�IRU�WKDW�HYHQLQJ�LV�REWDLQHGE\�VLPSO\�FRQYHUWLQJ�WKH�/67�IURP�LWV�XQLWV�RI�KRXUV��WR�WKDW�RI�UDGLDQV��E\�
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)LJXUH�������,OOXVWUDWLRQ�RI�JHRFHQWULF�UHFWDQJXODU�FRRUGLQDWHV�IRU�REVHUYHU\R  � /67WZLOLJKW u ����u S�������| /67WZLOLJKW u ��������� ������VLQFH�RQH�KRXU�RI�VLGHUHDO� WLPH� LV�HTXLYDOHQW� WR����GHJUHHV��$V� WKH� OHQJWK�RI� WKHVLGHUHDO� GD\� LV� �����������V�� WKH� UDWH� DW�ZKLFK� WKH� (DUWK� WXUQV� RQ� LWV� D[LV� �WKHVLGHUHDO�UDWH��RU�ZVLG ��LV�WKHUHIRUH�
����VLG VUDG���������������������� u S Z � ������

7KHUHIRUH�DW�DQ\�WLPH�W�� WKH�DQJOH�\ SDUDOOHO� WR� WKH�FHOHVWLDO�HTXDWRU�EHWZHHQ� WKHYHUQDO�HTXLQR[�DQG�WKH�REVHUYHU�LV�JLYHQ�E\�\  ��\R �����ZVLG ±�W���� ������7KLV�FDOFXODWLRQ�RI�\R LV�SHUIRUPHG�LQ�WKH�67$57�VXEURXWLQH��ZKLFK�LV�FDOOHG�DW
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WKH�EHJLQQLQJ�RI�HDFK�QHZ�REVHUYLQJ�QLJKW�

����� *HRFHQWULF��WR�JHRGHWLF�DOW�D]�FRUUHFWLRQ
$V�D�UHVXOW�RI�WKLV�REODWHQHVV�WKH�]HQLWK�SURGXFHG�IURP�WKH�UDGLXV�YHFWRU�RI�WKHREVHUYHU��WKH�³JHRFHQWULF�]HQLWK´��LV�GLIIHUHQW�WR�WKDW�SURGXFHG�DW�ULJKW�DQJOHV�IURPD� WDQJHQW� WR� WKH� (DUWK¶V� VXUIDFH� �WKH� ³JHRGHWLF� ]HQLWK´��� 7KH� DQJOH� EHWZHHQ� WKHJHRFHQWULF� DQG� JHRGHWLF� ]HQLWK� LV� FDOOHG� WKH� ³GHYLDWLRQ� RI� WKH� YHUWLFDO´� �)LJXUH�������DQG�LV�JLYHQ�E\��:HUW]��������DV') | ���������VLQ��I ±������������VLQ��I�� ������ZKHUH� I LV� WKH� JHRGHWLF� ODWLWXGH�� )LJXUH� ���� VKRZV� WKDW� WKH� GHYLDWLRQ� RI� WKHYHUWLFDO�UHDFKHV�D�PD[LPXP�YDOXH�RI��������IRU�D�JHRGHWLF�ODWLWXGH�RI������

))¶

')
JHRFHQWULF]HQLWK

JHRJUDSKLF]HQLWK
GHEULV

HTXDWRU

REVHUYHU ] ]¶

'HYLDWLRQ�RIWKH�9HUWLFDO

ORFDOKRUL]RQ

)LJXUH�������(IIHFW�RI�(DUWK�REODWHQHVV�RQ�PHDVXUHG�SRVLWLRQ�RI�GHEULV��)RU�D�JLYHQ�JHRJUDSKLFODWLWXGH�) WKH�JHRFHQWULF�ODWLWXGH�)¶�FDQ�EH�FDOFXODWHG��ZKLFK�JLYHV�WKH�GHYLDWLRQ�RI�WKH�YHUWLFDO')��,Q�WKLV�VLPSOLILHG��'�FDVH�WKH�WRSRFHQWULF�]HQLWK�GLVWDQFH�RI�WKH�GHEULV��]��LV�JLYHQ�E\�WKHJHRFHQWULF�DOWLWXGH��]¶��SOXV�')�
7KH�LQLWLDO�FDOFXODWLRQ�RI�GHEULV�DOWLWXGH�DQG�D]LPXWK�XVHV�WKH�JHRFHQWULF�]HQLWK�VLQFH� WKH� REVHUYHU¶V� UDGLXV� YHFWRU� LV� XVHG��� VR� D� FRRUGLQDWH� WUDQVIRUPDWLRQ� LVUHTXLUHG� EHIRUH� DOORFDWLQJ� WKH� GHEULV� SRVLWLRQ� WR� WKH� FRUUHFW� DOW�D]� ELQ�� 7KHGLIIHUHQFH� LQ� DOW�D]� FRRUGLQDWHV� EHWZHHQ� JHRFHQWULF� DQG� JHRGHWLF� V\VWHPV� DV� DIXQFWLRQ� RI� DOWLWXGH� DQG� D]LPXWK� LV� JLYHQ� LQ� )LJXUH� ���� ZKLFK� VKRZV� WKHGLIIHUHQFH� LV� QHYHU�PRUH� WKDQ� WKH� YDOXH� DW� WKH� ]HQLWK�� ZKLFK� WDNHV� D�PD[LPXPYDOXH�RI�| ������DW�����ODWLWXGH�
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$]LPXWK��GHJ�

&RRUGLQDWH�7UDQVIRUPDWLRQ�0DJQLWXGHIRU�*HRGHWLF�/DWLWXGH����

)LJXUH�������'LIIHUHQFH�EHWZHHQ�DOW�D]�FRRUGLQDWHV�FDOFXODWHG�LQ�WKH�JHRFHQWULF�IUDPH�DQGWUDQVIRUPHG�WR�JHRGHWLF�IUDPH��7KH�GLIIHUHQFH�LV�QRZKHUH�JUHDWHU�WKDQ�WKDW�DW�WKH�]HQLWK��VR�ILJXUHVFDOFXODWHG�IRU�]HQLWK�RQO\�VKRZ�WKH�PD[LPXP�GLIIHUHQFH��7KLV�SORW�LV�IRU�D�JHRGHWLF�ODWLWXGH�RI�����ZKLFK�KDV�WKH�PD[LPXP�GLIIHUHQFH�RI�DERXW������DUFPLQ�



����
*HRFHQWULF=HQLWK

*HRGHWLF=HQLWK
') $�$�

�S�±�$�+

D�
D�

D�D�

GHEULVSRVLWLRQ
JHRFHQWULFKRUL]RQ

JHRGHWLFKRUL]RQ

6RXWK

:HVW

1RUWK

)LJXUH�������'RPH�RI�WKH�FHOHVWLDO�VSKHUH�DERXW�WKH�REVHUYHU��VKRZLQJ�WKH�WUDQVIRUPDWLRQ�IURPJHRFHQWULF�WR�JHRGHWLF�DOWLWXGH�D]LPXWK�FRRUGLQDWHV��6HH�WH[W�IRU�GHWDLOV�
:LWK�UHIHUHQFH�WR�)LJXUH������� WKH�WUDQVIRUPDWLRQ�IURP�JHRFHQWULF� WR�JHRGHWLFDOW�D]� FRRUGLQDWHV� LV� MXVW� WKH� VROXWLRQ� RI� D� VSKHULFDO� WULDQJOH� GHOLQHDWHG� E\� WKHJHRGHWLF� DQG� JHRFHQWULF� ]HQLWK�� DQG� WKH� GHEULV� SRVLWLRQ�� *LYHQ� WKH� JHRFHQWULFDOWLWXGH�DQG�D]LPXWK��D� DQG�$� UHVSHFWLYHO\��WKH�FRPSOHPHQWDU\�JHRGHWLF�DOWLWXGHD� FDQ�EH�REWDLQHG�IURP�WKH�VSKHULFDO�FRVLQH�HTXDWLRQ�FRV�D�  � FRV�D� FRV�')� ���VLQ�D� VLQ�') FRV���S±$���� ������ZKHUH� D� DQG� D� DUH� WKH� FRPSOHPHQWDU\� JHRFHQWULF� DQG� JHRGHWLF� DOWLWXGHV�UHVSHFWLYHO\��7KH�FRPSOHPHQWDU\�DOWLWXGHV�DQG��WKH�D]LPXWK�WHUP�PD\�EH�UHZULWWHQWR�JLYH�WKH�PRUH�FRQYHQLHQW�IRUP�RIVLQ�D�  ��VLQ�D� FRV�') ���FRV�D� VLQ�') FRV�$� � ������ZKHUH� D� LV� WKH� JHRGHWLF� DOWLWXGH�� 8VLQJ� WKH� FRVLQH� IRUPXOD� DJDLQ� JLYHV� WKHJHRGHWLF�KRXU�DQJOH�+�FRV�D�  � FRV�D� FRV�') ���VLQ�D� VLQ�') FRV�+� ������

6R VLQ�VLQ� FRVFRV�FRV+FRV � �� ')D ')DD � ������
DQG VLQ�DFRV FRVDVLQ��DVLQ�+FRV � �� ') ') ? � ������
VLQFH�DQ DQG� DQ DUH� FRPSOHPHQWDU\��$V� WKH� JHRGHWLF� ]HQLWK� LV� GXH�QRUWK� �RU�GXH
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VRXWK� LI� LQ� 6RXWKHUQ� KHPLVSKHUH�� RI� WKH� JHRFHQWULF� ]HQLWK�� WKH� FRRUGLQDWHWUDQVIRUPDWLRQ�LV�V\PPHWULFDO�DERXW�WKH�REVHUYHU¶V�PHULGLDQ�L�H��DQ�D]LPXWK�LQ�WKH(DVWHUQ� KHPLVSKHUH� ZLOO� QRW� FURVV� WKH� PHULGLDQ� LQWR� WKH� :HVWHUQ� KHPLVSKHUHIROORZLQJ�WUDQVIRUPDWLRQ��7KHUHIRUH�WKH�FRQYHUVLRQ�IURP�JHRGHWLF�+RXU�$QJOH�WR$]LPXWK�FDQ�EH�FRPSXWHG�HDVLO\�XVLQJ�WKH�VLPSOH�UXOHV�,I $� !������WKHQ $� !�������	�? $�  ��������+,I $� �������WKHQ $� ��������	�? $�  ��������+

��� (DUWK�6KDGRZ
2QH�RI�WKH�PDLQ�IDFWRUV�DIIHFWLQJ�VDWHOOLWH�DQG�GHEULV�YLVLELOLW\�LV�WKDW�RI�HFOLSVH�L�H��SDVVDJH�RI�WKH�GHEULV�WKURXJK�WKH�VKDGRZ�FDVW�E\�WKH�(DUWK��$V�WKH�6XQ�KDV�DILQLWH� DQJXODU� VL]H� WKH�(DUWK¶V� VKDGRZ� FRQVLVWV� RI� ERWK� DQ� XPEUD� DQG� SHQXPEUDZLWK�GLPHQVLRQV�DV�VKRZQ�LQ�)LJXUH������

XPEUD
SHQXPEUD

TXTS

�Â��u��� P �Â��u��� P

681 ($57+

)LJXUH�������6KDSH�RI�WKH�(DUWK¶V�XPEUD�DQG�SHQXPEUD��7KH�KDOI�DQJOH�RI�WKH�XPEUD�FRQH�TX  ��¶��´�DQG�WKH�KDOI�DQJOH�RI�WKH�SHQXPEUD�FRQH�TS  ���¶�´��9DOXHV�ZHUH�FDOFXODWHG�XVLQJ�UDGLL�RIWKH�6XQ�DQG�(DUWK�DV��Â��u��� P�DQG��Â���u��� P�UHVSHFWLYHO\��DQG�WKH�GLVWDQFH�EHWZHHQ�WKH�WZRDV���$8���Â������u���� P���1RWH�WKDW�WKLV�GLDJUDP�LV�QRW�WR�VFDOH��FDXVLQJ�H[DJJHUDWLRQ�RI�WKH�KDOIDQJOHV��DQG�GLVWRUWLRQ�RI�WKH�GLVWDQFHV�VKRZQ�
7KH� IXOO� WUHDWPHQW�RI�SHQXPEUD� DV�ZHOO� DV� XPEUD� VKDGRZV�ZKHQ� FRQVLGHULQJVXQOLJKW� IOX[� RQ� WKH� GHEULV� LV� FRQVLGHUHG� LQ� WKH� PRGHO� EHFDXVH� GXUDWLRQ� RISHQXPEUDO� WUDQVLW� LV� QRQ�QHJOLJLEOH�� 3UHOLPLQDU\� FDOFXODWLRQV� VKRZHG� WKDW� IRUFLUFXODU� RUELWV� WKH� WUDQVLW� GXUDWLRQ� IRU� UDGLDO� DQG� WDQJHQWLDO� SDVVHV� WKURXJK� WKHSHQXPEUD�UDQJHG� IURP�XQGHU� WHQ� VHFRQGV� IRU�D� UDGLDO� HQWU\� LQ�/(2� WR�RYHU� WZRPLQXWHV� IRU� D� WDQJHQWLDO� HQWU\� DURXQG� *62� �)LJXUH� ������� 6HH� $SSHQGL[� �� IRU
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GHILQLWLRQ�RI� UDGLDO� DQG� WDQJHQWLDO� WUDMHFWRULHV��)RU� HOOLSWLFDO� RUELWV� DW� DSRJHH� WKHYHORFLW\�ZRXOG� EH� ORZHU� WKDQ� WKDW� DW� FLUFXODU� YHORFLW\� VR� WKH� GXUDWLRQ�ZRXOG� EHFRUUHVSRQGLQJO\�ODUJHU��7KHVH�WLPHV�DUH�RI�FRPSDUDEOH�VL]H�RU�ODUJHU�WKDQ�WKH�WLPHLQFUHPHQW� XVHG� LQ� H[HFXWLRQ� RI� WKH� 6N\3ORW� SURJUDP� DQG� WKHUHIRUH� FDQQRW� EHLJQRUHG�DV�DQ�DOPRVW�LQVWDQWDQHRXV�HIIHFW�9RNURXKOLFNê� HW� DO ������� SURGXFHG� DQ� LQWHQVLYH� PDWKHPDWLFDO� DQG� SK\VLFDOPRGHO� RI� WKH� DWPRVSKHULF� UHIUDFWLRQ� DQG� DEVRUSWLRQ� HIIHFWV� SURGXFHG� GXULQJSHQXPEUD� WUDQVLW��DQG�VKRZHG� WKDW� WKH�PDLQ�HIIHFW�RQ� VRODU� IOX[�DWWHQXDWLRQ�ZDVGXH�WR� WKH�DSSDUHQW� IODWWHQLQJ�RI� WKH�VRODU�GLVN�DV�VHHQ� IURP�WKH�VDWHOOLWH� �)LJXUH������ZLWK�RQO\�D�PLQRU�FRQWULEXWLRQ�FRPLQJ�IURP�WKH�HFOLSVLQJ�RI�WKH�VRODU�GLVNE\�WKH�VROLG�(DUWK��7KH\�DVVXPHG�WKH�DWPRVSKHULF�HIIHFWV� WR�EHJLQ�DW�D�KHLJKW�RIa���NP�7KH� FRPSXWDWLRQV� LQYROYHG� LQ� WKH� SDSHU� DUH� OHQJWK\� DQG� FRPSOH[� DQG� WKHLUHIIHFWV� LI� LQFRUSRUDWHG� LQWR� WKH� 6N\3ORW� SURJUDP� ZRXOG� KDYH� EHHQ� WR� LQFUHDVHH[HFXWLRQ� WLPH� E\� DQ� XQDFFHSWDEOH� DPRXQW�� KHQFH� DQ� DSSUR[LPDWLRQ� WR� WKHVHHIIHFWV�ZDV�VRXJKW��$V�DSSUR[LPDWH�HTXDWLRQV�WR�WKH�9RNURXKOLFNê�PRGHO�KDYH�\HWWR� EH� GHYHORSHG� E\� 9RNURXKOLFNê� DW� WLPH� RI� ZULWLQJ�� D� FRPSXWDWLRQDOO\� HDVLHUDSSUR[LPDWLRQ�ZDV�SUHIHUUHG�
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��� ���� ����� ������2UELW�+HLJKW��NP�

7LPH�
�V�

7DQJHQWLDO�7UDQVLW3HUSHQGLFXODU�7UDQVLW6FDQ�7LPHVWHSV2EV�7LPHVWHSV

)LJXUH�������3UHOLPLQDU\�FDOFXODWLRQV�RI�SHQXPEUD�WUDQVLW�GXUDWLRQ�IRU�UDGLDO�DQG�WDQJHQWLDOHQWU\�H[LW��7KH�FDOFXODWLRQV�DVVXPHG�FLUFXODU�RUELWV��$OVR�LQFOXGHG�DUH�FXUYHV�IRU�WKH�VFDQ�DQG�REVWLPHVWHSV�GLVFXVVHG�HDUOLHU��6HH�WH[W�$V��UHIUDFWLRQ�HIIHFWV�EHJLQ�ZKHQ�WKH�ERWWRP�RI�WKH�6XQ¶V�GLVN�DSSHDUV�WR�WRXFKWKH�WRS�RI�WKH����NP�OD\HU�RI� WKH�DWPRVSKHUH
 �)LJXUH�������� WKH�IOX[�DWWHQXDWLRQ

 (QWU\�LQWR�WKH�SHQXPEUD�LV�DVVXPHG�WKURXJKRXW�WKLV�GLVFXVVLRQ�
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FXUYH� LV� DSSUR[LPDWHG� E\� DGRSWLQJ� DQ� ³H[SDQGHG´� (DUWK� IRU� WKH� SXUSRVHV� RIFDOFXODWLQJ� WKH� IOX[� DWWHQXDWLRQ� GXULQJ� SHQXPEUD� SDVVDJH� RQO\�� ,Q� WKLV� FDVH� WKHUDGLXV�RI�WKH�(DUWK�LV�LQFUHDVHG�E\����NP�VR�WKDW�JHRPHWULF�HFOLSVH�EHJLQV�DW� WKHVDPH�WLPH�WKDW�DWPRVSKHULF�HFOLSVH�ZRXOG�FRPPHQFH�

)LJXUH�������$SSHDUDQFH�RI�WKH�VRODU�GLVN�GXULQJ�SDVVDJH�LQWR�WKH�SHQXPEUD��7KH�GRWWHG�OLQHGHQRWHV�WKH�WRS�RI�WKH�DWPRVSKHUH�DW����NP��WKH�VROLG�OLQH�LV�WKH�KRUL]RQ��)URP�9RNURXKOLFNê HW�DO�������6HH�WH[W�IRU�GHWDLOV
7KH� DSSDUHQW� VL]H� RI� WKH� 6XQ� FKDQJHV� YHU\� OLWWOH� ZLWK� WKH� WLPH� RI� \HDU�� DQGZKHQ� YLHZHG� IURP� /(2� WR� *62�� VR� LW� FDQ� EH� UHJDUGHG� DV� KDYLQJ� D� FRQVWDQWDQJXODU�UDGLXV��$OWKRXJK�WKH�DSSDUHQW�VL]H�RI�WKH�(DUWK�ZKHQ�VHHQ�IURP�D�VDWHOOLWHYDULHV�ZLWK�RUELWDO�DOWLWXGH��LI�RQH�WDNHV�WKH�PD[LPXP�DOWLWXGH�WR�EH�*62�WKHQ�LWVDQJXODU�UDGLXV�LV�QR�VPDOOHU�WKDQ��Â���RU�VRPH����¶��7KH�(DUWK�WKHUHIRUH�DSSHDUV�DWOHDVW�VRPH����WLPHV�ODUJHU�WKDQ�WKH�6XQ��DQG�WKXV�LWV�KRUL]RQ�DW�WKH�SRLQW�RI�HFOLSVHPD\�EH�DSSUR[LPDWHG�WR�D�VWUDLJKW�OLQH�ZLWK�RQO\�VPDOO�HUURUV�LQGXFHG�E\�WKH�ODFNRI�FXUYDWXUH��EXW�ZLWK�WKH�DGYDQWDJH�WKDW�VXEVHTXHQW�HFOLSVH�IOX[�FDOFXODWLRQV�DUHPXFK� HDVLHU� DQG� WKHUHIRUH� UHTXLUH� OHVV� FRPSXWDWLRQ� WLPH�� %\� SORWWLQJ� WKHGLIIHUHQFH� EHWZHHQ� VRODU� GLVN� REVFXUDWLRQ� SURGXFHG� E\� DQ� (DUWK� GLVN� RI� �Â��UDGLXV��DQG� WKDW�RI�D� IODW�KRUL]RQ��)LJXUH����� VKRZV� WKDW� WKH�PD[LPXP�SRVVLEOHLQFUHDVHG�REVFXUDWLRQ�HIIHFW�SURGXFHG�E\�WKH�IODW�KRUL]RQ�GRHV�QRW�H[FHHG������RI�WKH�VRODU�GLVN�7KH� SDSHU� E\� 9RNURXKOLFNê ZDV� FRQFHUQHG� ZLWK� VRODU� UDGLDWLRQ� SUHVVXUH� RQVDWHOOLWHV� GXULQJ� SHQXPEUDO� WUDQVLW�� DQG� FRQWDLQHG� JUDSKV� RI� WKH� WUDQVYHUVH� �L�H�SDUDOOHO� WR� YHORFLW\� YHFWRU�� DFFHOHUDWLRQ� FRPSRQHQW� RQ� H[LVWLQJ� DQG� WKHRUHWLFDOVDWHOOLWHV�� $V� WKHVH� VDWHOOLWHV� ZHUH� PRGHOOHG� WR� EH� VSKHULFDOO\� V\PPHWULF� �L�H�� QRYDULDWLRQ�RI�DFFHOHUDWLRQ�ZDV�SURGXFHG�E\�DWWLWXGH�YDULDWLRQ�RI�WKH�VSDFHFUDIW���DQG�DV
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WKH� JHRFHQWULF� DUFOHQJWK� RI� WKH� RUELW� WKURXJK� WKH� SHQXPEUD� ZDV� W\SLFDOO\� a��

2YHUHVWLPDWLRQ�RI�6RODU�'LVN�2EVFXUDWLRQE\�$VVXPLQJ�)ODW�+RUL]RQ���*62�2UELW
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������������������� 6RODU�'LVN�&HQWUH�$OWLWXGH��DUFPLQ�

2YHUH
VWLPD

WLRQ�)
UDFWLR

Q

)LJXUH�������(UURU�LQGXFHG�E\�DSSUR[LPDWLQJ�WKH�REVFXULQJ�(DUWK�KRUL]RQ�DV�D�VWUDLJKW�OLQH��IRUWKH�ZRUVW�FDVH�VFHQDULR�RI�PD[LPXP�DSSDUHQW�(DUWK�FXUYDWXUH�DW�*62�RI�RUELWDO�SHULRG��ZKLFK�IRU�D�FLUFXODU�RUELW�LPSOLHV�DQ�DUFOHQJWK�RI�������VR�WKDW�WKHDQJOH�EHWZHHQ�WKH�VRODU�UDGLDWLRQ�SUHVVXUH�IRUFH�DQG�YHORFLW\�YHFWRU�DOVR�FKDQJHG�E\������ WKHQ� RQH� FDQ� DVVXPH� WKDW� SUDFWLFDOO\� DOO� RI� WKH� YDULDWLRQ� LQ� WUDQVYHUVHDFFHOHUDWLRQ� LQ� WKH� JUDSKV�ZDV� SURGXFHG� E\� WKH� YDULDWLRQ� LQ� VRODU� IOX[�� 7KHUHIRUHQRUPDOLVLQJ�WKH�RUGLQDWH�SURGXFHV�JUDSKV�RI�QRUPDOLVHG�VRODU�IOX[�YDOXHV�7KLV�SURYLGHG�³UHDOLVWLF´�H[DPSOHV�RI�SHQXPEUD�LPPHUVLRQ�DJDLQVW�ZKLFK�WR�WHVWWKH�H[SDQGHG�(DUWK�QRQ�DWPRVSKHULF� IODW�KRUL]RQ�PRGHO��7KH�/(2�H[DPSOH� LQ� WKHSDSHU� E\�9RNURXKOLFNê� FRQVLVWHG� RI� D� VLPXODWHG� /$*(26
 SHQXPEUD� HQWU\� VXFKWKDW� WKH� WUDMHFWRU\� RI� WKH� VHWWLQJ� VRODU� GLVN� ZDV� DW� ���� WR� WKH� QRUPDO� WR� WKH� ORFDOKRUL]RQ�DV�YLHZHG�IURP�/$*(26��7KH�DEVFLVVD�ZDV�JLYHQ�DV�WLPH�DIWHU�ILUVW�FRQWDFWZLWK�WKH�WRS�RI�WKH����NP�DWPRVSKHUH�OD\HU��WKLV�ZDV�FRQYHUWHG�WR�DUFPLQXWHV�RI�WKHJHRPHWULF� �XQUHIUDFWHG�� FHQWUH� RI� WKH� 6XQ¶V� GLVN� DERYH� WKH� KRUL]RQ� WR� UHPRYHGHSHQGHQF\�RQ�JHRPHWU\�DQG�RUELWDO�SHULRG�LQ�FRPSDULVRQ�FDOFXODWLRQV��7KH�UHVXOWVRI�WKH�FRPSDULVRQ�DUH�VKRZQ�LQ�)LJXUH������,W� FDQ� EH� VHHQ� WKDW� WKH� H[SDQGHG�(DUWK�PRGHO� XQGHUSUHGLFWV� WKH� VRODU� IOX[� DW/$*(26� �DQG� KHQFH� LWV� EULJKWQHVV�� E\� DV� PXFK� DV� ����� 7KH� ORQJ� WDLO� RI� WKH9RNURXKOLFNê PRGHO� LV� GHVFULEHG� LQ� WKH� SDSHU� DV� EHLQJ� GXH� DOPRVW� HQWLUHO\� WRUHIUDFWLRQ�HIIHFWV�� DFWXDO�HFOLSVLQJ�RI� WKH� IODWWHQHG�VRODU�GLVN�QRW�EHJLQQLQJ�XQWLO

 $�SDVVLYH��ODVHU�WUDFNHG�VDWHOOLWH�LQ�D�����NP�FLUFXODU�SRODU�RUELW�
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������������������������� 6RODU�'LVN�&HQWUH�$OWLWXGH��DUFPLQ�

1RUP
DOLVHG

�)OX[ $WPRVSKHULF�0RGHO([SDQGHG�(DUWK�0RGHO'LIIHUHQFH

)LJXUH�������/(2�FRPSDULVRQ�RI�SHQXPEUD�LOOXPLQDWLRQ�PRGHOV��7KH�MDJJHG�DSSHDUDQFH�RI�WKHGLIIHUHQFH�FXUYH�LV�GXH�HQWLUHO\�WR�VDPSOLQJ�QRLVH�EHWZHHQ�WKH�WZR�RWKHU�FXUYHV¶�QRQDOLJQHG�GDWDSRLQWV��6HH�WH[W�IRU�GLVFXVVLRQ�7KH�JUDSK�IRU�*62�RUELW�VKRZV�WKDW�WKH�GLIIHUHQFH�EHWZHHQ�WKH�WZR�PRGHOV�LVPXFK�VPDOOHU��)LJXUH��������7KLV�LV�GXH�WR�WKH�IDFW�WKDW�WKH�REVHUYHG�WKLFNQHVV�RIWKH����NP�ZLGWK�DWPRVSKHUH�FRQVWLWXWHV�D�PXFK�VPDOOHU�IUDFWLRQ�RI�WKH�XQIODWWHQHGREVHUYHG�VRODU�GLDPHWHU�DW�KLJKHU�DOWLWXGHV� ������� LQVWHDG�RI������DW� ����NP��L�H�� WKHUH� LV� OHVV� GLIIHUHQFH� EHWZHHQ� WKLV� FDVH� DQG� DQ� DLUOHVV� (DUWK� 7KH� JHQHUDOWUHQG� E\� DGRSWLQJ� WKLV� PHWKRG� LV� WKHUHIRUH� WKDW� WKH� EULJKWQHVV� RI� GHEULV� LQ� WKHSHQXPEUD�LV�XQGHUSUHGLFWHG�DW�DOO�WLPHV��E\�DQ�DPRXQW�LQYHUVHO\�SURSRUWLRQDO�WR�RUELWKHLJKW��$W�/(2�WKH�XQGHUSUHGLFWLRQ�SHDNV�DW�����ZKLOH�LQ�*62�WKH�GLIIHUHQFH GRHVQRW� ULVH�DERYH������7KH�SRRU�/(2�SUHGLFWLRQ� LV�QRW�DV� LPSRUWDQW�KRZHYHU��DV� WKHGHEULV�RQO\�VWD\V�LQ�WKH�SHQXPEUD�IRU�D�VKRUW�WLPH��,Q�WKH�DEVHQFH�RI�DQ\�VLPSOH�DQGTXLFN�WR�H[HFXWH�PHWKRG� RI� DSSUR[LPDWLQJ� WKH� SHQXPEUD� EULJKWQHVV� RI� GHEULV�� WKHDLUOHVV�H[SDQGHG�(DUWK�PRGHO�ZLOO�KDYH�WR�VXIILFH�IRU�QRZ�
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��������������������� 6RODU�$OWLWXGH��DUFPLQ�

1RUP
DOLVHG

�)OX[ $WPRVSKHULF�0RGHO([SDQGHG�(DUWK�0RGHO'LIIHUHQFH

)LJXUH�������$V�IRU�SUHYLRXV�ILJXUH�EXW�IRU�VLPXODWHG�VDWHOOLWH�LQ�JHRVWDWLRQDU\�RUELW�&RGLQJ��6KDGRZ�HQWU\�FULWHULD7KH�6N\3ORW�SURJUDP�WUHDWV�WKH�(DUWK¶V�XPEUD�DQG�SHQXPEUD�ZLWK�D�VWUXFWXUH�DVLQ�)LJXUH�������7KH�VLWXDWLRQ�LV�URWDWLRQDOO\�V\PPHWULF�DERXW�WKH�VKDGRZ�FRQH�D[LVDQG� WKXV� WKH� SUREOHP� UHGXFHV� WR� D� WZR�GLPHQVLRQDO� FDVH� LQYROYLQJ� MXVW� WKH� SODQHFRQWDLQLQJ�WKH�VKDGRZ�FRQH�D[LV�DQG�WKH�GHEULV�SRVLWLRQ�YHFWRU�7KH�JHRPHWU\� IRU�FDOFXODWLRQ�RI�XPEUDO�DQG�SHQXPEUDO�HFOLSVH�HYHQWV� LV�VKRZQVFKHPDWLFDOO\�LQ�)LJXUH������

THO

THOKVXQ
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UH
UG

UVKUVXQ VKDGRZD[LV
(DUWK

WR6XQ

WR6XQ

)LJXUH�������*HRPHWU\�IRU�GHWHUPLQDWLRQ�RI�HFOLSVH�HYHQWV��6HH�WH[W�IRU�GHWDLOV�:LWK�UHIHUHQFH�WR�)LJXUH�������WKH�FHQWUH�RI�WKH�(DUWK�LV�VKRZQ�DW�&��WKH�GHEULV�DW�'�DQG�WKH�6XQ�LV�WDNHQ�WR�EH�RII�WKH�OHIW�RI�WKH�SDJH�DW�6��7KH�XQLW�YHFWRU�RI�WKH�6XQ¶VGLUHFWLRQ�LV�VKRZQ�DV� VXQÖU ��ZKLOH�WKDW�RI�WKH�(DUWK¶V�VKDGRZ�D[LV� VKÖU LV�E\�GHILQLWLRQLQ�WKH�RSSRVLWH�GLUHFWLRQ��L�H��
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VXQVK ÖÖ UU � � ������7KH�DSSDUHQW�VHSDUDWLRQ�DQJOH�THO EHWZHHQ�WKH�FHQWUHV�RI�WKH�(DUWK�DQG�WKH�6XQ��IURPWKH�YLHZSRLQW�RI�WKH�GHEULV��LV�FDOFXODWHG�IURP�WKH�VFDODU�SURGXFW�RI�WKH�GHEULV�YHFWRUUG DQG�WKH�VKDGRZ�D[LV�YHFWRU� VKÖU �VLQFH�&6¶�LV�SDUDOOHO�WR�6'���DV�

G
GVK

GVK
GVK U UUUU UU � � T ÖÖÖFRV HO � ������

3URMHFWLQJ�D� WDQJHQW� WR� WKH�(DUWK¶V�VXUIDFH�DW�7�IURP�WKH�GHEULV�DW�'�HQDEOHV�XV� WRFDOFXODWH�WKH�DSSDUHQW�DQJXODU�UDGLXV�RI�WKH�(DUWK�UH IURP�WKH�VDPH�YLHZSRLQW�RI�WKHGHEULV��DV�
GU 
HH U&'&7VLQ   U � ������

7KH�DSSDUHQW�DQJXODU�UDGLXV�RI�WKH�6XQ�UV LV�WDNHQ�WR�EH�D�FRQVWDQW�ZLWK�D�YDOXH�RIUV  ��������u���� UDGLDQV��$OOHQ��������7KH� DSSDUHQW� DOWLWXGH� RI� WKH� RI� WKH� FHQWUH� RI� WKH� 6XQ¶V� GLVN� KVXQ LV� WKHUHIRUHGHILQHG�E\� KVXQ  �THO ±�UH � ������7KH�VFHQDULR�RI�IXOO�LOOXPLQDWLRQ�RI�WKH�GHEULV��GHSLFWHG�E\�)LJXUH�������REVHUYHGIURP�WKH�YLHZSRLQW�RI�WKH�GHEULV�LV�VKRZQ�LQ�)LJXUH������D���'XULQJ�WKH�SHQXPEUDOSKDVH�RI�VKDGRZ�HQWU\�H[LW��ZKHQ�WKH�6XQ¶V�GLVN�LV�SDUWLDOO\�REVFXUHG�E\�WKH�(DUWK¶VOLPE��WKH�YLHZ�LV�VKRZQ�LQ�)LJXUH������E��
KVXQ

UH
THO

(DUWK�/LPE

(DUWK&HQWUH

6RODU'LVN
IUVXQ UVXQ(DUWK/LPE KVXQ

6RODU'LVN

XQREVFXUHGIUDFWLRQ

�D� �E�
)LJXUH��������D��'HEULV�H\H�YLHZ�RI�)LJXUH�������QRW�WR�VFDOH��1RWH�WKDW�THO��UH DQG�KVXQ DUH�DUFV�QRW�OLQHDU�GLPHQVLRQV���E��'HEULV�H\H�YLHZ�RI�WKH�6XQ�GXULQJ�(DUWK�SHQXPEUDO�WUDQVLW��VKRZLQJFRQVWUXFWLRQ�IRU�GHWHUPLQDWLRQ�RI�WKH�SDUW�RI�WKH�6XQ¶V�GLVN�XQREVFXUHG�E\�WKH�(DUWK¶V�OLPE��6HHWH[W�IRU�GHWDLOV�7KH�UHODWLRQVKLS�EHWZHHQ�KVXQ DQG�WKH�VHFWRU�DQJOH�I LV�JLYHQ�E\



����
»¼º«¬ª U� I �

VXQ
VXQ� KFRV� � ������

ZKHUH�WKH�QHJDWLYH�RI�KVXQ LV�XVHG�WR�REWDLQ�I LQ� WKH�FRUUHFW�UDQJH��7KH�QRUPDOLVHGDUHD�RI�WKH�H[SRVHG�SDUW�RI�WKH�VRODU�GLVN�LV�WKHUHIRUH�JLYHQ�E\�
������> @

S I�I 
SU I�IU 

�VLQ
VLQ$ �VXQ

�VXQ��VXQ

������
7KH�VRODU�IOX[�RQ�WKH�GHEULV�LV�WKHUHIRUH�WDNHQ�WR�EH�MXVW�WKH�6RODU�FRQVWDQW�IRU�WKHZDYHOHQJWK� DQG� EDQGZLGWK� XVHG�� PXOWLSOLHG� E\� WKH� IDFWRU� $VXQ�� 6DPSOH� FXUYHVVKRZLQJ�WKH�IDOO�RII�RI�LOOXPLQDWLRQ�IRU�D�UDGLDO�HQWU\�LQWR�WKH�SHQXPEUD�DUH�JLYHQ�LQ)LJXUH������7KH�6N\3ORW�SURJUDP�WKHUHIRUH�LGHQWLILHV�WKUHH�FDVHV�RI�GHEULV�LOOXPLQDWLRQ�&DVH��� 'HEULV�IXOO\�LOOXPLQDWHG IRU UVXQ ��KVXQ d S&DVH��� 'HEULV�SDUWLDOO\�LOOXPLQDWHG�LQ�(DUWK¶V�SHQXPEUD� IRU �UVXQ ��KVXQ ��UVXQ&DVH��� 'HEULV�QRW�LOOXPLQDWHG�LQ�(DUWK¶V�XPEUD� IRU �S d KVXQ ���UVXQ
6N\3ORW� FDOFXODWHV� 615� IRU� FDVHV� �� 	� �� LI� WKH� GHEULV� LV� DERYH� WKH� REVHUYHU¶VKRUL]RQ�DW�QLJKW��EXW�QRW�IRU�FDVH���
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� �� �� �� �� �� �� �� �� �� ��� ��� ���7LPH�IURP�6WDUW�RI�,PPHUVLRQ��V�

1RUP
DOLVHG

�6RODU
�)OX[�

RQ�2U
ELWLQJ

�%RG\

*HRVWDWLRQDU\
0(2�����NP

/(2���NP

)LJXUH�������6DPSOH�SHQXPEUD�IOX[�FXUYHV�XVLQJ�IODW�(DUWK�PRGHO�ZLWK�QR�DWPRVSKHUH�DQGUDGLXV�LQFUHDVHG�E\���NP�
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��� 7RSRFHQWULF�$QJXODU�9HORFLW\
%RWK� GHEULV� DQG� REVHUYHU� DUH� PRYLQJ� DERXW� WKH� FHQWUH� RI� WKH� (DUWK�� WKHLUPRWLRQV�GHVFULEHG�E\�SRVLWLRQ�DQG�YHORFLW\�YHFWRUV��7KH�DSSDUHQW�DQJXODU�YHORFLW\RI� WKH� GHEULV� IURP� WKH� SRLQW� RI� YLHZ� RI� WKH� REVHUYHU� �WKH� ³WRSRFHQWULF� DQJXODUYHORFLW\´�� RU�ZWRS�� LV� FDOFXODWHG� IURP� WKH� UHODWLYH� SRVLWLRQ� DQG� YHORFLW\� YHFWRUV�ZKLFK�DUH�FDOFXODWHG�VHSDUDWHO\�EHORZ�$QDO\WLFDO� LQYHVWLJDWLRQV� LQWR� WKH� PD[LPXP� DQJXODU� VSHHG� RI� GHEULV� WR� EHH[SHFWHG�XQGHU�YDULRXV�VSHFLDO�FDVHV�RI�REVHUYLQJ�VLWH�ODWLWXGH�]HQLWK�GLVWDQFH�DQGRUELWDO� KHLJKW�LQFOLQDWLRQ�HFFHQWULFLW\� ZHUH� SHUIRUPHG� LQ� FKDSWHU� ��� 7KLV� VHFWLRQGHVFULEHV� KRZ� WKH� DQJXODU� VSHHG� LV� FDOFXODWHG� JHQHUDOO\� IRU� WKH� SXUSRVHV� RI� WKH6N\3ORW�SURJUDP�

����� 2EVHUYHU�YHORFLW\
7KH�SDWK�RI�WKH�REVHUYHU�GHVFULEHV�D�FLUFOH�DERXW�WKH�SRODU�D[LV�RI�WKH�(DUWK��LWVSODQH�SDUDOOHO�WR�WKH�HTXDWRU��7KH�UDGLXV�RI�WKH�FLUFOH�LV�SURSRUWLRQDO�WR�WKH�FRVLQHRI� WKH� ODWLWXGH� I RI� WKH� REVHUYHU�� SOXV� WKH� REVHUYHU¶V� KHLJKW� DERYH� VHD� OHYHO�� ,QVHFWLRQ� ��� WKH� UHFWDQJXODU� FRPSRQHQWV� RI� WKH� REVHUYHU� SRVLWLRQ� ZHUH� JLYHQ� LQXQLWV�RI�WKH�(DUWK¶V�HTXDWRULDO�UDGLXV�5H��WDNLQJ�LQWR�DFFRXQW�WKH�REODWHQHVV�RI�WKH(DUWK¶V� VKDSH�� 7KH� WUXH� JHRFHQWULF� GLVWDQFH� UJ IURP� WKH� (DUWK¶V� FHQWUH� WR� WKHREVHUYHU�LV�UHSURGXFHG�KHUH�FRXSOHG�ZLWK�WKH�JHRFHQWULF�ODWLWXGH�I¶� �WKH�JHRGHWLFODWLWXGH�LV�VKRZQ�DV�I��UJ FRV�I¶�  ����&�������������u���� ��K����FRV�I�� ������ZKHUH � �> @ ������ VLQI��FRV& I�I{ ������

DQG 6��{ ������I��� & ������DQG�ZKHUH�I�LV�WKH�IODWWHQLQJ�IDFWRU�RU�HOOLSWLFLW\�RI�WKH�(DUWK¶V�IRUP��ZLWK�D�YDOXHRI�I� �������������7KXV�LW�FDQ�EH�VHHQ�WKDW�WKH�UDGLXV�RI�WKH�FLUFOH�RI�REVHUYHU¶VPRWLRQ�LV�JLYHQ�E\�HTXDWLRQ���������7KH�DQJXODU�YHORFLW\�DERXW�WKH�D[LV�LV�MXVW�WKHVLGHUHDO�UDWH�RI�ZVLG  ��������u���� UDGLDQV�V���7KH�UHODWLRQ�EHWZHHQ�OLQHDU�YHORFLW\�Y��UDGLXV�U�DQG�DQJXODU�YHORFLW\�Z��Y  U Z�
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DSSOLHG�KHUH��JLYHV�WKH�OLQHDU�YHORFLW\�RI�WKH�REVHUYHU�YREV  �UJ FRV I¶�Â�ZVLG � ������7KH� REVHUYHU¶V� YHORFLW\� YHFWRU� LV� DOZD\V� SHUSHQGLFXODU� WR� LWV� SRVLWLRQ� YHFWRU�IRU�FLUFXODU�PRWLRQ���7KH�&DUWHVLDQ�FRPSRQHQWV�RI�WKH�SRVLWLRQ�YHFWRU�DUH��IURPVHFWLRQ������
DQG [�� ��UJ FRV�I¶�FRV�\\�  � UJ FRV�I¶�VLQ�\�� ������������ZKHUH \  ��\R �����ZVLG Â�W���� ������7KHUHIRUH�WKH�&DUWHVLDQ�FRPSRQHQWV�RI�WKH�REVHUYHU¶V�YHORFLW\�YHFWRU�YR DUH

DQG
R[&  �UJ FRV�I¶�VLQ�\��
R\&  ��UJ FRV�I¶�FRV�\��
R]&  �����

������������������
7KHUH�LV�QR�]�FRPSRQHQW�DV�WKHUH�LV�QR�PRWLRQ�SDUDOOHO�WR�WKH�(DUWK¶V�D[LV�

����� *HRFHQWULF�GHEULV�YHORFLW\
&DUWHVLDQ�FRPSRQHQWV�RI�DQ�RUELWLQJ�ERG\¶V�JHRFHQWULF�YHORFLW\�DUH�JLYHQ�LQ5R\���������S������7KH�FRPSRQHQWV�RI�WKH�GHEULV�YHORFLW\�YHFWRU�YG DUH�

(�VLQ�OD(FRVO�EUDQ�[ ��G �� & � ������
(�VLQ�PD(FRVP�EUDQ�\ ��G �� & � ������

DQG (�VLQ�QD(FRVQ�EUDQ�] ��G �� & � ������
ZKHUH� Q�� D�� U�� E� DQG� (�� DV� GHILQHG� HDUOLHU� LQ� WKLV� FKDSWHU�� DUH� WKH�PHDQ�PRWLRQ�VHPLPDMRU�D[LV��UDGLXV�YHFWRU��VHPLPLQRU�D[LV�DQG�HFFHQWULF�DQRPDO\�UHVSHFWLYHO\�ZKLOH�O�P�Q�DUH�WKH�GLUHFWLRQ�FRVLQHV�RI�WZR�RUWKRJRQDO�JHRFHQWULF�D[HV�LQ�WKH�RUELWSODQH�DQG�DOLJQHG�ZLWK� WKH� VHPLPDMRU� �VXEVFULSW� ��� DQG� VHPLPLQRU� �VXEVFULSW� ��D[HV��VXFK�WKDW� O�  �FRV�: FRV�Z ±��VLQ�: VLQ�Z FRV�L�� ������P�  �VLQ�: FRV�Z �� FRV�: VLQ�Z FRV�L�� ������Q�  �VLQ�Z VLQ�L�� ������DQG
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O�  �±�FRV�: VLQ�Z ±��VLQ�: FRV�Z FRV�L�� ������P�  �±�VLQ�: VLQ�Z ���FRV�: FRV�Z FRV�L�� ������Q�  �FRV�Z VLQ�L�� ������ZKHUH� :��Z DQG� L� DUH� RUELWDO� HOHPHQWV� GHILQHG� HDUOLHU� LQ� WKH� FKDSWHU� DV� WKHORQJLWXGH� RI� WKH� DVFHQGLQJ� QRGH�� DUJXPHQW� RI� SHULJHH�� DQG� RUELWDO� LQFOLQDWLRQ�UHVSHFWLYHO\�

����� 7RSRFHQWULF�DQJXODU�YHORFLW\
7KH�OLQHDU�YHORFLW\�RI�WKH�GHEULV�ZLWK�UHVSHFW�WR�WKH�REVHUYHU�LV�REWDLQHG�IURPWKH�UHODWLYH�YHFWRU�YGR��VXFK�WKDW�

� � � �> @GRGRG
RGGR ]��\�\�[�[ �Y��YY

&&&&&  � ������
7R� ILQG� WKH� LQVWDQWDQHRXV� WRSRFHQWULF� DQJXODU� YHORFLW\�� WKH� PDJQLWXGH� RI� WKHFRPSRQHQW�RI�YGR SHUSHQGLFXODU�WR�WKH�OLQH�RI�VLJKW�� _YGR_A PXVW�EH�REWDLQHG��7KLVLV�DFKLHYHG�E\�ILUVW�FDOFXODWLQJ�WKH�DQJOH�EHWZHHQ�WKH�UHODWLYH�SRVLWLRQ�YHFWRU�UGRDQG� WKH� UHODWLYH� YHORFLW\� YHFWRU�YGR �XVLQJ� WKH� VFDODU� SURGXFW��� WKHQ�PXOWLSO\LQJ_YGR_ E\�WKH�VLQH�RI� WKDW�DQJOH��ZKLFK�DSSOLHV� IRU�ERWK�DFXWH�DQG�REWXVH�DQJOHV�� �VHH�)LJXUH������

T
YGR_YGR_�VLQ�T

UGRREVHUYHU
GHEULV

)LJXUH�������&DOFXODWLRQ�RI��ZWRS IURP�UHODWLYH�YHFWRUV�RI�SRVLWLRQ�DQG�YHORFLW\�7KXV
GRGR GRGR YU YUFRV � T � ������

WKH�SHUSHQGLFXODU�FRPSRQHQW�LV�_YGR_A  � _YGR_ VLQ�T�� ������DQG�WKH�WRSRFHQWULF�DQJXODU�YHORFLW\�LV�JLYHQ�E\�
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GRGRWRS U _Y_ A Z �UDGLDQV�V����� ������

����� 7RSRFHQWULF�$QJXODU�9HORFLW\�%LQQLQJ
7KH�DQJXODU�YHORFLW\�FHLOLQJ�ZDV�VHW�WR�����DUFPLQ�V����VWHSSHG�LQ�LQFUHPHQWV�RI��DUFPLQ�V����JLYLQJ�WZHQW\�ELQV��7KH�HTXDWLRQ�LQ�WKH�ELQQLQJ�DOJRULWKP�RI�6N\3ORWLV� %LQ� LQW>�ZWRS
5'
�����@���� ������ZKHUH�5'� �UDGLDQV�WR�GHJUHHV�IDFWRU� �������S�
��� 6RODU�0RWLRQ
7KH�PRWLRQ�RI�WKH�6XQ�FDQQRW�EH�LJQRUHG�WKURXJKRXW�H[HFXWLRQ�RI�WKH�SURJUDP�LWV�SRVLWLRQ�GHWHUPLQHV�WKH�RQVHW�RI�VXQVHW�VXQULVH�WZLOLJKW�DQG�WKH�SRVLWLRQ�RI�WKH(DUWK¶V� SHQXPEUDO� DQG� XPEUDO� VKDGRZ� FRQHV�� 7KH� FDOFXODWLRQ� RI� WKH� 6XQ¶VSRVLWLRQ� LV� VWUDLJKWIRUZDUG� EXW� OHQJWK\� �'XIIHWW�6PLWK�� ������� WR� SHUIRUP� WKLVFDOFXODWLRQ� IRU� HYHU\� WLPH� LQFUHPHQW� ZRXOG� FRQVXPH� FRPSXWLQJ� SRZHUXQQHFHVVDULO\�� 7KH� 6XQ�PRYHV� DFURVV� WKH� FHOHVWLDO� VSKHUH� DW� DQ� DYHUDJH� UDWH� RI�������GD\�� &RQVLGHULQJ� WKH� IDFW� WKDW� WKH� DOW�D]� UHVROXWLRQ� RI� WKH� ELQV� LQ� WKHSURJUDP� RXWSXW� LV� QRPLQDOO\� ���� WKH� 6XQ¶V� SRVLWLRQ� QHHG� RQO\� EH� XSGDWHG� RQFHHYHU\�WZR�GD\V�DV�WKH�PHDQ�HIIHFW�RQ�WKH�XPEUD�LV�DFFHSWDEOH�
���� 7KH�0RRQ

7KLV� VHFWLRQ� GLVFXVVHV� WKH� HIIHFW�PRRQOLJKW� KDV� RQ� GHEULV� REVHUYDWLRQV� DQG� RIFDOFXODWLQJ�LWV�SRVLWLRQ�GXULQJ�WKH�REVHUYLQJ�UXQ�
������ 6N\�%ULJKWQHVV�GXH�WR�0RRQOLJKW

7KH�DGGLWLRQDO�EULJKWQHVV�RI�WKH�QLJKW�VN\�GXH�WR�VFDWWHUHG�OLJKW�IURP�WKH�0RRQZKHQ�LW� LV�DERYH�WKH�REVHUYHU
V�KRUL]RQ�LV�PRGHOOHG�XVLQJ�HTXDWLRQV�E\�6FKDHIHU��������DQG�UHSURGXFHG�KHUH�7KH�OLQHDU�EULJKWQHVV�YDOXH�RI�WKH�VN\�LQ�QDQR/DPEHUWV��Q/���FDXVHG�VROHO\�E\VFDWWHUHG�PRRQOLJKW��%PRRQ��LV�JLYHQ�E\�



����
� � � �> @^ ` � �> @^ `=N;���=N;�����P���PRRQPRRQ �����I% PRRQPRRQ ���� �U Q/�� ������ZKHUH� PPRRQ  � PDJQLWXGH� RI� WKH� 0RRQ�� N�  � DWPRVSKHULF� H[WLQFWLRQ� IDFWRU� LQPDJQLWXGHV�SHU�DLUPDVV��;�=�� �DLUPDVV�DV�D�IXQFWLRQ�RI�]HQLWK�GLVWDQFH�RI�0RRQ�XVLQJ� =PRRQ��� DQG� ORRN� DQJOH� �XVLQJ� =��� DQG� I�UPRRQ��  � VFDWWHULQJ� IXQFWLRQ� DVIXQFWLRQ�RI�WKH�VHSDUDWLRQ�DQJOH�UPRRQ EHWZHHQ�WKH�ORRN�DQJOH�DQG�WKH�0RRQ��(DFKRI�WKHVH�WHUPV�LV�QRZ�GHVFULEHG�LQ�PRUH�GHWDLO�7KH�PDJQLWXGH�RI�WKH�0RRQ�IRU�D�JLYHQ�SKDVH�DQJOH�D LQ�GHJUHHV�LV�JLYHQ�E\�� � ��PRRQ �������������P Du�D�� D � � ������ZKHUH��D  ����IRU�D�IXOO�0RRQ�7KH�DLUPDVV�IXQFWLRQ�IRU�WKH�REVHUYHU¶V�ORRN�DQJOH�LV�JLYHQ�E\�� � � �DOWLWXGHVLQ �=VHF=;   � ������

ZKLFK� LV� DGHTXDWH� IRU� WKLV� SXUSRVH� DV� REVHUYDWLRQV� GR� QRW� UDQJH� EHORZ� ���DOWLWXGH�7KH�DLUPDVV�IXQFWLRQ�DSSOLHG�WR�WKH�0RRQ
V�]HQLWK�GLVWDQFH�=PRRQ LV�JLYHQ�E\�� � � �PRRQ�PRRQ =VLQ����� �=; � � ������
7KLV�IXQFWLRQ�LV�GLIIHUHQW�WR�WKDW�XVHG�IRU�WKH�ORRN�DQJOH�DV�LW�JLYHV�D�EHWWHU�ILW�WRREVHUYHG�VFDWWHUHG�PRRQOLJKW�GDWD��.ULVFLXQDV�DQG�6FKDHIHU��������7KH�VFDWWHULQJ�IXQFWLRQ�I�UPRRQ��LV�JLYHQ�E\�� � > @ � �> @ �����������PRRQ �������FRV������I �� �� Uu��U� U U

ο � ������

������ /XQDU�0RWLRQ
/LNH� WKH� 6XQ�� WKH� 0RRQ¶V� SRVLWLRQ� LV� XSGDWHG� DW� D� IUHTXHQF\� UHODWHG� WR� LWVDYHUDJH�DQJXODU�YHORFLW\�DQG�WKH�VL]H�RI�WKH�DOW�D]��VN\��ELQ�IRU�WKH�RXWSXW�DUUD\��,QWKH�FDVH�RI�WKH�0RRQ��WKH�PHDQ�VLGHUHDO�PRWLRQ�RI������������SHU�GD\�LV�DGRSWHG�$OOHQ���������OHDGLQJ�WR�DQ�DYHUDJH�PRWLRQ�RI��

KRXUSHU�����������7��������� 6' q uq � ������
ZKHUH�76'  �VLGHUHDO�GD\� ���������V��7KXV�ZLWK����VN\�ELQV��WKH�0RRQ¶V�SRVLWLRQQHHG�RQO\�EH�XSGDWHG�HYHU\��������KRXUV��RU�DSSUR[LPDWHO\��������VHFRQGV�
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*LYHQ�DQ�DFFXUDWH�SRVLWLRQ�RI� WKH�0RRQ�IRU� WKH�VWDUW�RI� WKH�QLJKW¶V�REVHUYLQJ�VXEVHTXHQW�SRVLWLRQV�PD\�EH�FDOFXODWHG�IRU� WKH� UHVW�RI� WKH�QLJKW�E\�H[WUDSRODWLQJIURP�WKH�ILUVW�SRVLWLRQ�FDOFXODWHG�IRU� WKDW�QLJKW�XVLQJ�WKH�0RRQ¶V�KRXUO\�PRWLRQ�UDWKHU�WKDQ�UHSHDW�WKH�OHQJWK\�FDOFXODWLRQ�HYHU\�WKUHH�KRXUV�WKURXJKRXW�WKH�QLJKW�7KH�HUURU� LQGXFHG�E\� WKLV� LV� VXIILFLHQWO\� VPDOO� IRU� WKLV� WR�EH� D�YLDEOH�PHWKRG�RIFDOFXODWLRQ��WKXV�VKRUWHQLQJ�H[HFXWLRQ�WLPH�)LJXUH����� EHORZ�VKRZV�WKH�HUURU�GULIW�WKURXJKRXW�WKH�QLJKW�IRU�D�VDPSOH�GDWHEHWZHHQ�WKH�OXQDU�SRVLWLRQV�FDOFXODWHG�IUHVK�HDFK�WLPH�DQG�WKRVH�FDOFXODWHG�XVLQJWKH� KRXUO\�PRWLRQV� GHULYHG� IURP� WKH� ILUVW� SRVLWLRQ�� ,W� FDQ� EH� VHHQ� WKDW� WKH� ILQDOHUURU�IRU�WKDW�GDWH�LV�ZHOO�ZLWKLQ�WKH�VL]H�RI�WKH����VN\�ELQV��)LJXUH����� GHSLFWV�WKHHUURU�DIWHU���K�IRU�HDFK�GD\�WKURXJKRXW�D�W\SLFDO�\HDU��VKRZLQJ�WKDW�DOWKRXJK�WKHUHLV�D�ODUJH�YDULDWLRQ��WKH�PD[LPD�DUH�OHVV�WKDQ�������7KXV�WKLV�WHFKQLTXH�LV�D�YLDEOHPHWKRG� RI� FDOFXODWLQJ� WKH� 0RRQ¶V� SRVLWLRQ� IDVWHU�� ZLWK� DFFHSWDEOH� HUURU�&DOFXODWLRQV�XVHG�KHUH� DQG� LQ�6N\3ORW�ZHUH�EDVHG�RQ� URXWLQHV� LQ�'XIIHWW�6PLWK�������� \���
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� � � � � � � � � � �� �� ��87��K�

3RVLWL
RQ�'L

IIHUHQ
FH��GH

JUHHV
�

)LJXUH�������7KH�GLIIHUHQFH�EHWZHHQ�SHUIRUPLQJ�D�FRPSOHWH�FDOFXODWLRQ�RI�WKH�0RRQ¶V�SRVLWLRQHYHU\�KRXU��DQG�XVLQJ�WKH�0RRQ¶V�KRXUO\�PRWLRQ�GHGXFHG�IURP�LWV�ILUVW�SRVLWLRQ�UHVXOW��2YHU�WKLV���KRXU�SHULRG�WKH�GLIIHUHQFH�DPRXQWV�WR�OHVV�WKDQ�RQH�ILIWK�RI�D�GHJUHH�E\�WKH�HQG�RI�WKH�SHULRG�
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� �� ��� ��� ��� ��� ��� ���'D\�1XPEHU

3RVLWL
RQ�'L

IIHUHQ
FH��GH

JUHHV
�

)LJXUH�������7KH�HQG�RI���K�SHULRG�ILJXUHV�IRU�HDFK�GD\�RI�������$OWKRXJK�WKHUH�LV�D�ODUJHYDULDWLRQ�LQ�GLIIHUHQFH��WKH�PD[LPD�DUH�QRW�ODUJHU�WKDQ�������PXFK�VPDOOHU�WKDQ�WKH�VL]H�RI�VN\ELQ�VHH�WH[W��7KH�DOJRULWKP�ZLWK�UHJDUG�WR�WKLV�PHWKRG�RI�FDOFXODWLRQ�LV�DV�IROORZV��� &DOFXODWH� ILUVW� SRVLWLRQ� RI� 0RRQ� DW� EHJLQQLQJ� RI� QLJKW� XVLQJ� FRPSOHWHURXWLQH�WR�REWDLQ�LQLWLDO�ULJKW�DVFHQVLRQ�DQG�GHFOLQDWLRQ�YDOXHV��D���G����� 'HWHUPLQH�KRXUO\�PRWLRQV� LQ� ULJKW� DVFHQVLRQ�'D DQG�GHFOLQDWLRQ�'G XVLQJGDWD�IURP�WKLV�ILUVW�FDOFXODWHG�SRVLWLRQ��� 8VH�DW  �D� ��'D DQG� GW  � G� ��'G WR� REWDLQ� VXEVHTXHQW� FRRUGLQDWHV� RI0RRQ�IRU�DOO�RWKHU�WLPHV�WKURXJKRXW�WKH�QLJKW�
���� 0LON\�:D\
)URP�WKH�(DUWK¶V�YLHZSRLQW��RXU�KRPH�JDOD[\�LV�YLVLEOH� WR� WKH�QDNHG�H\H�DV�DEURDG� LUUHJXODU� EDQG� RI� OLJKW� FURVVLQJ� WKH� FHOHVWLDO� VSKHUH� LQ� D� JUHDW� FLUFOH�� WKHDYHUDJH�QXPEHU�RI�VWDUV�SHU�XQLW�DUHD�GHFUHDVLQJ�ZLWK�JDODFWLF�ODWLWXGH�7KH�0LON\�:D\¶V� FRQWULEXWLRQ� WR� WKH� EDFNJURXQG� VN\� EULJKWQHVV� LV� REWDLQHGIURP�D�WDEOH�RI�LQWHJUDWHG�VWDU�OLJKW��$OOHQ��������S�����DV�D�IXQFWLRQ�RI�JDODFWLFODWLWXGH��JLYHQ�LQ�XQLWV�RI�WKH�HTXLYDOHQW�QXPEHU�RI���WK PDJQLWXGH�VWDUV�SHU�VTXDUHGHJUHH��RU�³6��´�XQLWV��ZKLFK�DUH�FRQYHUWHG�WR�6,�XQLWV�LQ�VHFWLRQ������
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� �� �� �� �� �� �� �� �� ��*DODFWLF�/DWLWXGH��GHJ�

1R��P
Y� ���

�VWDUV
�GHJ��

��6���
6���'DWD3RO\QRPLDO�)LW

)LJXUH�������%ULJKWQHVV�GHQVLW\�RI�WKH�0LON\�:D\�DV�D�IXQFWLRQ�RI�JDODFWLF�ODWLWXGH��7KH�XQLWVRI�EULJKWQHVV�DUH�JLYHQ�DV�WKH�HTXLYDOHQW�QXPEHU�RI���WK PDJQLWXGH�VWDUV�SHU�VTXDUH�GHJUHH��6����'HWDLOV�RI�WKH�VL[WK�RUGHU�SRO\QRPLDO�ILW�WR�WKH�GDWD�DUH�VKRZQ�9DOXHV� RI� JDODFWLF� EDFNJURXQG� IRU� LQWHUPHGLDWH� ODWLWXGHV� DUH� FDOFXODWHG� E\XVLQJ�D�VL[WK�RUGHU�SRO\QRPLDO�ILW�WR�WKH�GDWD��)LJXUH��������7R�IDFLOLWDWH�SURJUDPH[HFXWLRQ�VSHHG��WKHVH�YDOXHV�DUH�FDOFXODWHG�WR�WKH�QHDUHVW�GHJUHH�RI� ODWLWXGH�DQGVWRUHG�LQ�D�ORRNXS�DUUD\�EHIRUH�WKH�WLPH�LQWHQVLYH�SDUW�RI�WKH�SURJUDP�EHJLQV��7KLVPRGHO�WKHUHIRUH�GRHV�QRW�IHDWXUH�DQ\�LQKRPRJHQHLW\�ZLWK�JDODFWLF�ORQJLWXGH�*DODFWLF� ODWLWXGH� LV� FDOFXODWHG� XVLQJ� WKH� +RUL]RQ�*DODFWLF� FRRUGLQDWHWUDQVIRUPDWLRQ� PDWUL[� �'XIIHWW�6PLWK�� ������ ZKLFK� UHTXLUHV� WKH� &DUWHVLDQFRRUGLQDWHV�RI�WKH�REVHUYHU�GHEULV�ORRN�DQJOH��7KLV�LV�XVHG�UDWKHU�WKDQ�WKH�VWDQGDUGHTXDWLRQ� WR� WUDQVIRUP� HTXDWRULDO� FRRUGLQDWHV� WR� HFOLSWLF� EHFDXVH� DQ� DGGLWLRQDOFDOFXODWLRQ�ZRXOG�KDYH�WR�EH�PDGH�WR�GHULYH� WKH�HTXDWRULDO�FRRUGLQDWHV� IURP�WKHLQLWLDO� &DUWHVLDQ� YDOXHV�� 7KH� PDWUL[� PHWKRG� REYLDWHV� WKLV� ILUVW� VWHS�� $V� RQO\JDODFWLF� ODWLWXGH�LV�UHTXLUHG��RQO\�WKH�ERWWRP�URZ�RI� WKH�WUDQVIRUPDWLRQ�PDWUL[� LVXVHG��VR�WKDW�WKH�ILQDO�FDOFXODWLRQ�IRU�JDODFWLF�ODWLWXGH�UHGXFHV�WR�� �»¼º«¬ª ����� GR GRGRGR�� V L]K\J[VLQE � ������
ZKHUH� [GR�� \GR�� DQG ]GR DUH� WKH� &DUWHVLDQ� FRPSRQHQWV� RI� WKH� GHEULV�REVHUYHUSRVLWLRQ�YHFWRU��VGR LV�WKH�PDJQLWXGH�RI�WKH�SRVLWLRQ�YHFWRU��SUHVHQW�WR�FRQYHUW�WKHFRPSRQHQWV� WR�XQLW�YHFWRUV���DQG� WKH� WHUPV�J��K��DQG� L DUH� WKH�FRQYHUVLRQ�PDWUL[FRPSRQHQWV�L� �������������M  ������������DQG�N� �����������UHVSHFWLYHO\�



����
���� =RGLDFDO�/LJKW
/LNH�WKH�0LON\�:D\�� WKH�=RGLDFDO�/LJKW� LV�D�VRXUFH�RI�EDFNJURXQG�QRLVH� WKDWFDQ� GHJUDGH� WKH� 615� RI� D� GHEULV� GHWHFWLRQ�� ,W� LV� V\PPHWULFDO� DERXW� WKH� HFOLSWLFSODQH�DQG�DERXW�WKH�VRODU�ORQJLWXGH��,W�SHDNV�DW�WKH�SRVLWLRQ�RI�WKH�6XQ��DQG�GURSVZLWK� HFOLSWLF� ODWLWXGH� DQG� HORQJDWLRQ� IURP� WKH� 6XQ�� WKRXJK� D� VPDOO� SHDN� LVREVHUYDEOH�DW�WKH�DQWL�VXQ�SRVLWLRQ��FDOOHG�WKH�*HJHQVFKHLQ��)LJXUH��������'DWD�IRUWKH� HFOLSWLF� YDULDWLRQ� RI� ]RGLDFDO� OLJKW� EULJKWQHVV� KDYH� EHHQ� GHWHUPLQHG�/HYDVVHXU�5HJRXUG� 	� 'XPRQW�� ������� DQG� ZHUH� LQFOXGHG� LQ� WKLV� VWXG\� DV� DORRNXS�WDEOH��ZKLFK�ZDV�DFFHVVHG�E\�FDOFXODWLQJ�WKH�HFOLSWLF�FRRUGLQDWHV�IURP�WKH&DUWHVLDQ� GHEULV�REVHUYHU� UHODWLYH� YHFWRU� FRPSRQHQWV�� XVLQJ� WKH� WUDQVIRUPDWLRQPDWUL[�IHDWXUHG�LQ�'XIIHW�6PLWK���������S����
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+HUH�H  �PHDQ�REOLTXLW\�RI�WKH�HFOLSWLF��7KH�HSRFK��������YDOXH�RI�H  ��������ZDVWUHDWHG�DV�D�FRQVWDQW�EHFDXVH�JUHDW�DFFXUDF\�ZDV�QRW�UHTXLUHG�GXH�WR�WKH�VL]H�RI�WKH]RGLDFDO�DUUD\�FHOOV�
���� 5HIUDFWLRQ

7KH�(DUWK¶V� DWPRVSKHUH� UHIUDFWV� OLJKW� VXFK� WKDW� WKH� ]HQLWK� GLVWDQFH� RI� DQ� REMHFWDSSHDUV�VPDOOHU�WKDQ�LW�ZRXOG�EH�LI�WKHUH�ZHUH�QR�UHIUDFWLRQ��7KXV�LI�]�LV�WKH�WUXH]HQLWK� GLVWDQFH�� ]¶� WKH� REVHUYHG� ]HQLWK� GLVWDQFH� DIWHU� UHIUDFWLRQ�� DQG� 5� LV� WKHFKDQJH�LQ�]HQLWK�GLVWDQFH�GXH�WR�UHIUDFWLRQ��WKHQ�]¶� �]�±�5�
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%ULJKWQHVV��6���

(FOLSWLF�'HYLDWLRQ��GHJ�� (FOLSWLF�/DWLWXGH��GHJ�
)LJXUH�������9DULDWLRQ�RI�WKH�]RGLDFDO�OLJKW�ZLWK�HFOLSWLF�ODWLWXGH�DQG�WKH�HFOLSWLF�ORQJLWXGHVHSDUDWLRQ�WR�WKH�6XQ��7KH�EULJKWQHVV�LV�V\PPHWULF�DERXW�WKH�ORQJLWXGH�RI�WKH�6XQ��DQG�WKH�HFOLSWLF�7KH�EULJKWHQLQJ������IURP�WKH�6XQ�LV�GXH�WR�WKH�*HJHQVFKHLQ��8QLWV�RI�EULJKWQHVV�DUH�LQ�QXPEHU�RI��WK PDJQLWXGH�VWDUV�SHU�VTXDUH�GHJUHH��VHH�WH[W��

7KH� PDJQLWXGH� RI� 5� LV� D� IXQFWLRQ� RI� ]HQLWK� GLVWDQFH� DQG� WKH� SUHYDLOLQJPHWHRURORJLFDO� FRQGLWLRQV� DW� WKH� REVHUYLQJ� VLWH�� $� URXJK� H[SUHVVLRQ� IRU� 5� LVXVXDOO\�H[SUHVVHG�DV��'XIIHWW�6PLWK��������
� �7��� ]�WDQ�3�������5 �q �GHJUHHV��� ������

ZKHUH�3� �EDURPHWULF�SUHVVXUH� �PE��DQG�7� �DWPRVSKHULF� WHPSHUDWXUH� �.���7KLVH[SUHVVLRQ� LV� DFFXUDWH� WR� a� �´� LQ� WKH� ]HQLWK� GLVWDQFH� UDQJH� RI� �������� $OWKRXJKREVHUYDWLRQV� RI� IDLQW� REMHFWV� DUH� UDUHO\� LI� HYHU� XQGHUWDNHQ� DW� ]HQLWK� GLVWDQFHVDERYH� ���� GXH� WR� DWPRVSKHULF� H[WLQFWLRQ�� IRU� FRPSOHWHQHVV¶� VDNH� WKH� PRUHDSSURSULDWH�DSSUR[LPDWH�IRUPXOD�IRU�]HQLWK�GLVWDQFHV�LQ�WKH���������UDQJH�LV�JLYHQEHORZ��'XIIHWW�6PLWK�������� �� �� ����D������D������7��� D���������D������35 ��� u�� � � ������
7KH�PD[LPXP�YDOXH�RI�5� LV������DW�673�DW�VHD� OHYHO� IRU�REMHFWV�RQ� WKH�KRUL]RQ�DQG�FRUUHVSRQGLQJO\�OHVV�QHDUHU�WR�WKH�]HQLWK�



����
$WPRVSKHULF�5HIUDFWLRQDW�6�7�3���6HD�/HYHO
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� �� �� �� �� �� �� �� �� ��=HQLWK�$QJOH��GHJUHHV�

5HIUD
FWLRQ�

�DUFP
LQ� 5�5�

)LJXUH����� $QJXODU�GLIIHUHQFH�LQ�]HQLWK�GLVWDQFH�GXH�WR�DWPRVSKHULF�UHIUDFWLRQ��³5�´�UHIHUV�WRWKH�H[SUHVVLRQ�XVHG�IRU�WKH�]HQLWK�GLVWDQFH�UDQJH��������ZKLOH�³5�´�UHIHUV�WR�WKDW�IRU�WKH�UDQJH��������
*LYHQ�WKDW�WKH�VL]H�RI�VN\ELQ�LV���u���LQ�6N\3ORW��WKH�HIIHFWV�RI�UHIUDFWLRQ�DUHUHODWLYHO\�PLQRU�
���� 'HEULV�6LJQDO�WR�1RLVH�5DWLR��615�
7KH�615�FDOFXODWLRQ� LV� SHUIRUPHG�RQFH�PRVW� RI� WKH� GHFLVLRQ�PDNLQJ� FULWHULDDUH�PHW� WR� GHHP� WKH� GHEULV� DV� ³YLVLEOH´�� L�H�� WKH� GHEULV� LV� DERYH� WKH� REVHUYHU¶VKRUL]RQ�DQG�RXW�RI�WKH�(DUWK¶V�VKDGRZ�FRQH��ZKLOH�WKH�0RRQ�LV�EHORZ�WKH�KRUL]RQDQG�WKH�6XQ�LV�DW�OHDVW�����EHORZ�WKH�KRUL]RQ��HQVXULQJ�WKH�VN\�LV�DVWURQRPLFDOO\GDUN�7KH�615�HTXDWLRQ�LV�FDOFXODWHG�DV�� �> @UHDGRXW]RGJDOPRRQVN\GHE

GHE 666666 6615 �� ����� � ������
ZKHUH� 6GHE  � VLJQDO� IURP� � WKH� GHEULV�� 6VN\  � VLJQDO� IURP� WKH� QLJKW� VN\�� 6PRRQ�  VLJQDO� IURP�VFDWWHUHG�PRRQOLJKW��6JDO  � LQWHJUDWHG� VLJQDO� IURP�VWDUV� LQ� WKH�0LON\:D\��6]RG  �VLJQDO�IURP�WKH�=RGLDFDO�/LJKW��DQG�6UHDGRXW  UHDGRXW�QRLVH�LQKHUHQW�LQWKH�&&'��7KH�LQGLYLGXDO�VLJQDOV�DUH�QRZ�GLVFXVVHG�



����
������'HEULV�)OX[�&DOFXODWLRQ

�������� 'HEULV�%ULJKWQHVV&RQVLGHU� OLJKW� LQFLGHQW� IURP� WKH� 6XQ� RQ� D� VSKHULFDO� GHEULV� SDUWLFOH� RI� UDGLXVUGHE�� 7KH� SRZHU� �SHU� QDQRPHWHU� ZDYHOHQJWK�� LQWHUFHSWHG� E\� WKH� GHEULV�� 3LQW�� LVJLYHQ�E\� 3LQW  �VRO��� SUGHE� �:�QP����� ������ZKHUH� VRO���  � ������:� P�� QP���� WKH� VRODU� FRQVWDQW� DW� WKH� WRS� RI� WKH� (DUWK¶VDWPRVSKHUH��DW�D�FHQWUDO�ZDYHOHQJWK�RI����QP�7UHDWLQJ� WKH�GHEULV�SDUWLFOH� LQLWLDOO\� DV�D� IODW� ODPEHUW�GLVF�RI� WKH� VDPH� UDGLXV�WKH�LQFLGHQW�OLJKW�LV�UHIOHFWHG�LQWR�S VWHUDGLDQV��)LJXUH�������

VRODU�IOX[

S VWHUDGLDQV
GHEULV

WHOHVFRSHREMHFWLYH

)LJXUH�������5HIOHFWLRQ�RII�ODPEHUW�VSKHUH�WUHDWHG�DV�GLVN�5HIOHFWHG� LQWHQVLW\� PXVW� EH� PRGLILHG� E\� WKH� %RQG� $OEHGR� $E IRU� D� ODPEHUWVSKHUH��JLYHQ�LQ�VHFWLRQ��������DQG�UHSURGXFHG�KHUH�IRU�FODULW\�� � � �> @II�S�IS I FRVVLQ��������$E � ������
ZKHUH�I  �SKDVH�DQJOH��OLJKW�VRXUFH�±�GHEULV�±�REVHUYHU���7KH�UHIOHFWHG�LQWHQVLW\,GHE IURP�WKH�GHEULV�LV�WKHUHIRUH�JLYHQ�E\�� �S IS E�GHE���GHE $UVRO, �:�QP�� VU���� ������
1RZ��WKH�VROLG�DQJOH�:WHO VXEWHQGHG�E\�WKH�WHOHVFRSH�REMHFWLYH�RI�UDGLXV�UWHO��DW�WKHGHEULV�REVHUYHU�GLVWDQFH�G��LV�JLYHQ�E\�

�
�WHOWHO GUS : �VU��� ������

VR�WKDW�WKLV�VROLG�DQJOH�LQWHUFHSWV�OLJKW�UHIOHFWHG�IURP�WKH�GHEULV�SDUWLFOH�



����
7KH�HIIHFW�RI�DWPRVSKHULF�H[WLQFWLRQ�PXVW�DOVR�EH�WDNHQ�LQWR�DFFRXQW��KRZHYHU�7KH� (DUWK¶V� DWPRVSKHUH� ERWK� DEVRUEV� DQG� VFDWWHUV� OLJKW�� FDXVLQJ� D� UHGXFWLRQ� LQEULJKWQHVV� RI� WKH� VRXUFH�� DQ� HIIHFW� WHUPHG� ³H[WLQFWLRQ´�� 7KLV� DWWHQWXDWLRQ� IDFWRU³([W´� PXVW� EH� PXOWLSOLHG� E\� WKH� SRZHU� IURP� WKH� GHEULV�� DQG� LV� JLYHQ� EHORZ�6FKDHIHU�������� � �� �°¿°¾½°̄°®

­� DOWVLQ ���N��([W � ������
ZKHUH�N� �H[WLQFWLRQ�FRHIILFLHQW��PDJQLWXGHV�SHU�DLUPDVV���DQG�DOW� �DOWLWXGH�RI�WKHGHEULV��DERYH�REVHUYHU¶V�KRUL]RQ���7KH�YDOXH�RI�N�YDULHV�IURP�VLWH�WR�VLWH�DQG�ZLWKWLPH� RI� \HDU�� EXW� LV� XVXDOO\� RI� WKH� RUGHU� RI� ����±����� IRU� DVWURQRPLFDO� VLWHV�6FKDHIHU���������7KH�EHKDYLRXU�RI�([W�IRU�GLIIHUHQW�H[DPSOHV�RI�REVHUYLQJ�VLWH�LVVKRZQ�LQ�)LJXUH������

������
������
������
������
����

�� �� �� �� �� �� �� �� ��$OWLWXGH��GHJUHHV�

([WLQ
FWLRQ�

)DFWR
U

N� �������0DXQD�.HD��:LQWHU�N� �������.LWW�3HDN��:LQWHU�N� �������/RV�$QJHOHV��:LQWHU�N� �������/RV�$QJHOHV��6XPPHU�

)LJXUH�������%HKDYLRXU�RI�H[WLQFWLRQ�IDFWRU�([W�ZLWK�DOWLWXGH��7KH�HIIHFW�RI�DLU�TXDOLW\�LQ�DQXUEDQ�HQYLURQPHQW��/RV�$QJHOHV��LV�DOVR�VKRZQ�IRU�FRPSDULVRQ�
)RU�D�JLYHQ�EDQGZLGWK�RI�'O QDQRPHWUHV��WKH�SRZHU�LQFLGHQW�RQ�WKH�WHOHVFRSHREMHFWLYH�LV�WKHQ�REWDLQHG�IURP�HTXDWLRQV����������������DQG��������WR�JLYH�O': ([W,3 WHOGHEWHO �:�� ������



����
�������� 2SWLFV�WUDQVPLVVLRQ%\�IDU� WKH�ELJJHVW� IDFWRU�DIIHFWLQJ� OLJKW� WUDQVPLVVLRQ� WKURXJK� WKH� WHOHVFRSH� LVWKH�FHQWUDO�REVWUXFWLRQ�SURYLGHG�E\� WKH�VHFRQGDU\�PLUURU�� ,Q�6FKPLGW�&DVVHJUDLQWHOHVFRSHV��6&7V��RI�ODUJH�GLDPHWHU��WKH�VHFRQGDU\�GLDPHWHU�LV�W\SLFDOO\�����WKDWRI�WKH�SULPDU\��L�H��D�WUDQVPLVVLRQ�IDFWRU�RI�����7KH�WUDQVPLVVLRQ�IDFWRUV�RI�WKH�WZR�PLUURUV�DQG�FRUUHFWRU�SODWH�RI�WKH�6&7�DUHHDFK�RI�WKH�RUGHU�RI������VR�WKDW�WUDQVPLVVLRQ�LV������  ������7KH�'HWHFWRU�4XDQWXP�(IILFLHQF\��'4(��RI�D�&&'�LV�D�PHDVXUH�RI�WKH�DELOLW\RI�D�&&'�WR�GHWHFW�HYHU\�SKRWRQ�WKDW�IDOOV�RQ�LW��1R�&&'�DW�WKH�SUHVHQW�WLPH�FDQGHWHFW�HYHU\�SKRWRQ��D�'4(�RI��������EXW�E\�XVLQJ�IOXRUHVFHQW�G\HV�DQG�RU�FKLSWKLQQLQJ�WKH�'4(�RI�&&'V�FDQ�EH�UDLVHG�WR�DERYH�����LQ�WKH�YLVLEOH�UHJLRQ��)RU�DZDYHOHQJWK�RI����QP��WKH�'4(�RI�D�W\SLFDO�&&'�LV�DERXW������/REE�DQG�'LFN�������S����7RWDO�WUDQVPLVVLRQ�U GXH�WR�WKH�DERYH�WKUHH�IDFWRUV�WKHUHIRUH�DPRXQWV�WRU  ������u �����u ����� ������ ������
�������� 3ODWH�6FDOH7KH� SODWH� VFDOH� LV� WKH� IDFWRU� WKDW� UHODWHV� DQJXODU� VHSDUDWLRQ� LQ� WKH� VN\� WR� OLQHDUPHDVXUH�LQ�WKH�IRFDO�SODQH��7KH�GLVSODFHPHQW�[�LQ�WKH�IRFDO�SODQH�LV�FDXVHG�E\�DQREMHFW�VXEWHQGLQJ�DQ�DQJOH�T VXFK�WKDW�

I[I[WDQ |T� T IRU�VPDOO�DQJOHV� ������
ZKHUH�I� �IRFDO�OHQJWK�RI�WHOHVFRSH��VR�WKDW�[�WDNHV�WKH�VDPH�XQLWV�DV�I��7KHUHIRUHXVLQJ�WKH�DSSURSULDWH�XQLWV��WKH�SODWH�VFDOH�FDQ�EH�GHILQHG�DV�

I�[VS  T DUFVHF�PP� ������
�������� 6WUHDN�,PDJH�'LPHQVLRQV,Q� WKH� DEVHQFH� RI� D� WXUEXOHQW� DWPRVSKHUH�� D� SRLQW� VRXUFH� RQ� WKH� VN\� LV� QRWLPDJHG�WR�D�VLQJOH�SRLQW�LQ�WKH�IRFDO�SODQH�EHFDXVH�RI�)UDXQKRIHU�GLIIUDFWLRQ�DW�WKHSULPDU\� DSHUWXUH��5DWKHU�� WKH� HQHUJ\� LV� VSUHDG� RXW� LQ� D� SDWWHUQ� GHVFULEHG� E\� WKH$LU\�IXQFWLRQ�



����
��R D �D�-�,, »¼º«¬ª T � ������

ZKHUH�,T�R� ��QRUPDOLVHG�LQWHQVLW\�DW�DQJOH�T DQG�DW�WKH�RSWLFDO�D[LV�UHVSHFWLYHO\��-� �%HVVHO�IXQFWLRQ�RI�WKH��VW RUGHU��DQG�D�LV�JLYHQ�E\�
OTS O TS 'VLQ'D � ������

ZKHUH�'� �WHOHVFRSH�REMHFWLYH�GLDPHWHU��O  �REVHUYLQJ�ZDYHOHQJWK��7KH�UHVXOWLQJLQWHQVLW\�SDWWHUQ�LQ�WKH�IRFDO�SODQH�LV�VKRZQ�LQ�)LJXUH������'XH� WR� WXUEXOHQFH� LQ� WKH�DWPRVSKHUH�KRZHYHU�� WKH� LPDJH� LV� EOXUUHG� VXFK� WKDWILQH�GHWDLO�RI�WKH�%HVVHO�IXQFWLRQ�LV�ORVW�DQG�WKH�LPDJH�LV�VSUHDG�LQWR�DQ�DUHD�a�±�´ZLGH��DQG�IRU�WKLV�UHDVRQ�WKH�FHQWUDO�SHDN�RI�WKH�VKDSH�LV�RIWHQ�DSSUR[LPDWHG�E\�DJDXVVLDQ�FXUYH�RI�RUGHU�
¸̧¹·¨̈©§ V� �

�
RD � DH[S,, � ������

ZKLFK�LV�LOOXVWUDWHG�WR�D�GLIIHUHQW�VFDOH�LQ�)LJXUH������7KH�³VHHLQJ´�RI�WKH�DWPRVSKHUH�LV�WDNHQ�WR�EH�WKH�)XOO�:LGWK�DW�+DOI�0D[LPXP�):+0��RI�WKH�JDXVVLDQ�FXUYH��WKHUHIRUH�E\�VHWWLQJ�,D WR�,R���LQ��������WKH�VHHLQJLV�UHODWHG�WR�V E\� VHHLQJ� ������V� ������1RZ�� WKH� ILQLWH� LQWHJUDWLRQ� WLPH� FRXSOHG� ZLWK� WKH� WRSRFHQWULF� DQJXODU� VSHHGPHDQV�WKDW�WKH�GHEULV�LPDJH�ZLOO�VWUHDN�RQ�WKH�&&'�IUDPH��7R�IDFLOLWDWH�WKH�DUHDFDOFXODWLRQ�� WKH� JDXVVLDQ� FXUYH� LV� DSSUR[LPDWHG� WR� D� WRS� KDW� IXQFWLRQ� RI� HTXDOYROXPH�DQG�KHLJKW��)LJXUH��������$SSHQGL[���VKRZV�WKH�FDOFXODWLRQ�RI�WKH�WRS�KDWIXQFWLRQ��RU�³VSRW´��GLPHQVLRQV�LQ�GHWDLO��EXW�WKH�PDLQ�UHVXOW�LV�WKDW�WKH�UDGLXV�RIWKH�VSRW�LV�JLYHQ�E\� �UV V � ������
)URP� HTXDWLRQ� ������� WKH� UDGLXV� RI� WKH� WRS� KDW� VSRW� LV� UHODWHG� WR� WKH� VHHLQJWKHUHIRUH�E\� UV  �������u VHHLQJ� ������7KH�VWUHDN�ZLGWK�LV�WKHUHIRUH�WKH�GLDPHWHU�RI�WKH�VSRW��GV  ���UV���DQG�LWV�OHQJWKWKH�SURGXFW�RI� WKH�WRSRFHQWULF�DQJXODU�VSHHG�ZWRS�� WKH� LQWHJUDWLRQ� WLPH�W�� DQG� WKHSODWH�VFDOH�VS��JLYLQJ�DQ�DUHD�RI�



����
$VWUHDN  �GV ZWRS W VS SL[HOV� ������
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