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7KH� QRUPDOL]DWLRQ� �FRPSHQVDWLRQ� RI� JHRPHWULF� WUDQVIRUPDWLRQV�� RI� D� WUDFLQJ� IUDPH� LV� RIWHQ� DSSOLHG� LQ�SUDFWLFH�IRU�WKH�JURXSV�RI�RIIVHW��UHVFDOLQJ�DQG�URWDWLRQ��WKRXJK�WKH�VLWXDWLRQV�DUH�SRVVLEOH��ZKHUH�WKHUH�LV�IUDPH�QRUPDOL]DWLRQ�DW�DIILQH�DQG�FROOLQHDWRU\�WUDQVIRUPDWLRQV�LV�QHFHVVDU\��6KLIW��UHVFDOLQJ�DQG�URWDWLRQ�RI�DQ�REMHFW�DUH�WKH�PRVW�FRPPRQ�WUDQVIRUPDWLRQV��7KH�LPDJH�LQVLGH�WKH�IUDPH�LV�DQ�DUHD�'�
7KH�PRYHPHQW�RI�DQ�REMHFW�GXULQJ�WKH�WLPH�W WN���WN FDXVHV�WKH�WUDQVIRUPDWLRQ�RI�WKH�LPDJH�ILHOG�IURP�RQH�FRQGLWLRQ�LQWR�WKH�RWKHU�RQH��ZKLFK�FDQ�EH�GHVFULEHG�ZLWK�WKH�FKDQJH�RI�LQWHQVLW\�GLVWULEXWLRQ��7LPH�WFDQ EH� LQWHUSUHWHG� DV� D� WLPH� LQWHUYDO�EHWZHHQ� WZR� WHOHYLVLRQ� LPDJHV�RU� DV� DQ� LQWHUYDO� HTXDO� WR� D� WLPH�LQWHUYDO�WKDW�LV�QHFHVVDU\�WR�PDNH�RQH�F\FOH�RI�FDOFXODWLRQ�DFFRUGLQJ�WR�WKH�QRUPDOL]DWLRQ�DOJRULWKPV���
7KH�WUDFLQJ�WDVN�LV�VROYHG�RQ�D�UHDO�EDFNJURXQG�IRU�D�UHDO�REMHFW�WKDW�GHVFULEHV�VRPH�SDWK�ZLWK�D�FHUWDLQ�VSHHG��
/HW¶V�WDNH�D�ORRN�DW�WKH�SLFWXUH�LQVLGH�WKH�WUDFLQJ�IUDPH�6 LQ�WZR�WLPH�SRLQWV�W� W���ILJ������6XSSRVH�WKH�LPDJH�LV�QRW�FHQWHUHG�DQG�FRRUGLQDWH�V\VWHP�PXVW�EH�FRPELQHG�ZLWK�WKH�REMHFW�FHQWUH��
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)LJ���±�2EMHFW�LQ�WKH�WUDFLQJ�PRPHQW�LQ�WZR�VHTXHQWLDO�WLPH�SRLQWV��D��LQ�WLPH�SRLQW�W���EHIRUH�WKH�QRUPDOL]DWLRQ���E��LQ�WKH�WLPH�SRLQW�W� �DIWHU�WKH�QRUPDOL]DWLRQ��
'LUHFWO\�IURP�WKH�WKHRU\�RI�FRRUGLQDWH�QRUPDOL]HUV�>�@�ZH�FDQ�JHW�DQ�H[SUHVVLRQ�WR�GHILQH�IUDPH�RIIVHW�LQ�WKH�SURFHVV�RI�WUDFLQJ��
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ZKHUH�W� LV�D�SUHYLRXV�WLPH�SRLQW��W��LV�D�FXUUHQW�WLPH�SRLQW��'P LV PRYHPHQW�DORQJ�WKH�D[LV�;�
7KLV� H[SUHVVLRQ� DOORZV� FDOFXODWLQJ� WKH�PRYHPHQW� RI� LPDJH� FHQWHU� RI� JUDYLW\� DORQJ� WKH� D[LV�;� 6LPLODU�H[SUHVVLRQ� FDQ� EH�ZULWWHQ� GRZQ� IRU� WKH�PRYHPHQW� DORQJ� WKH� D[LV�< DV ZHOO�� 7KH� GLVDGYDQWDJH�RI� WKLV�FDOFXODWLRQ�PHWKRG�RI�WKH�PRYHPHQW�LV�WKDW�WKHUH�LV�D�QHFHVVLW\�WR�GLYLGH�E\�YDOXH�RI�HQHUJ\�DW�HDFK�VWHS��ZKLFK�UHDFW�RQ�HYHU\�EDFNJURXQG�FKDQJHV�DQG�LQWURGXFHV�FRQVLGHUDEOH�HUURUV��
7R� LQFUHDVH�QRLVH� LPPXQLW\� ����ZH�DSSO\� WKH� DSSURDFK�RI� FRPSDULVRQ�EHWZHHQ� WKH�SDUWV�RI� WKH� LPDJH�ZLWK�UHVSHFW�WR�WKH�D[HV�; DQG�<� /HW¶V�GLYLGH�YHUWLFDOO\�WKH�WUDFLQJ�IUDPH�LQWR�WZR�HTXDO�SDUWV��7KHQ�DW�EDODQFH�VWDWH�WKH�GLIIHUHQFH�EHWZHHQ�OHIW�DQG�ULJKW�SDUWV�VKRXOG�HTXDO�]HUR��L�H��WKH�LPDJH�EHFRPHV�HTXDO�DORQJ�WKH�D[HV�<�

�[G[G\�W�\�[�%[G[G\�W�\�[�%
''

�
��

 � ³³³³
ZKHUH�DUHD�'� LV�D�OHIW�SDUW�RI�WKH�LPDJH�DQG�DUHD�'� LV�D�ULJKW�SDUW�RI�LW��
,I�WKHUH�LV�D�PRYHPHQW�DORQJ�WKH�D[HV�[� WKHQ�WKLV�GLIIHUHQFH�ZLOO�VKRZ�WKH�PRYHPHQW�RI�WKH�REMHFW�ZLWK�UHVSHFW�WR�WKH�EHJLQQLQJ�RI�FRRUGLQDWH�V\VWHP�DORQJ�WKH�D[LV�[
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1RZ�ZH�GLYLGH�WKH�LPDJH�KRUL]RQWDOO\�LQWR�WZR�HTXDO�SDUWV�DQG�ZULWH�GRZQ�D�VLPLODU�H[SUHVVLRQ�
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ZKHUH�'� LV�D�WRS�SDUW�RI�WKH�LPDJH�DQG�'� LV�D�ERWWRP�SDUW�RI�LW��
,W�VKRXOG�EH�QRWHG�WKDW�IRUPXODH�����DQG�����KHOS�XV�ILQG�QRW�WKH�UHDO�PRYHPHQW�RI�DQ�REMHFW�LQVLGH�WKH�IUDPH��EXW�VRPH�NLQG�RI�DQ�HUURU��WKH�YDOXH�RI�ZKLFK�HQDEOHV�WR�FRPSHQVDWH��EDODQFH��WKH�PRYHPHQW�RI�D�WUDFLQJ�IUDPH�DORQJ�WKH�D[HV�DQG�WR�FRPELQH�WKH�FHQWHU�RI�JUDYLW\�ZLWK�WKH�IUDPH�FHQWHU��
:H�QHHG�WKH�QRUPDOL]DWLRQ�RI�VFDOH�GLVWRUWLRQ�VR�WKDW�WKH�FRQWURO�V\VWHP�FRXOG�FKDQJH�WKH�VL]H�RI�D�IUDPH�RQ�WLPH�DQG�QRW�WR�ORVH�WKH�REMHFW�IURP�WKH�YLHZLQJ�ILHOG��
&DOFXODWLRQ� RI� WKH� UHVFDOLQJ� FDQ� EH� GRQH� ZKLOH� REVHUYLQJ� WKH� FKDQJHV� RI� LPDJH� HQHUJ\� LQVLGH� RI� WKH�WUDFLQJ�IUDPH��(QHUJ\�RI�WKH�LPDJH�LV�D�VXP�RI�EULJKWQHVV�LQ�HYHU\�SRLQW�RI�WKH�LPDJH��³³ O
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,I�ZH�FDOFXODWH ���� OO � � L�H��WKH�UHODWLRQ�RI�WKH�HQHUJLHV�RQ�WKH�FXUUHQW�VWHS��O�� DQG�RQ�WKH�
SUHYLRXV�VWHS��O��� ZH�FDQ�GHILQH�ZKHWKHU�WKH�VL]HV�RI�WKH�WUDFLQJ�IUDPH�VKRXOG�EH�VFDOHG�XS�RU�UHGXFHG��,I�ZH�VFDOH�XS�WKH�VL]HV�RI�WKH�REMHFW��LW�ZLOO�ILOO�XS�WKH�PRVW�SDUW�RI�WKH�IUDPH��,I�ZH�UHGXFH�WKH�VL]HV��LW�ZLOO�XS�WKH�VPDOOHU�SDUW��7KH�HQHUJ\�RI�WKH�LPDJH�ZLOO�FKDQJH�DFFRUGLQJO\��
6XFK�DQ�DSSURDFK�LV�TXLWH�HDV\�WR�LPSOHPHQW��SURYLGHV�KLJK�VSHHG�RI�DOJRULWKP�IXQFWLRQLQJ��EXW�LW�KDV�LWV�RZQ� GLVDGYDQWDJHV� DQG� WKDW� LV� ZHDN� QRLVH� LPPXQLW\�� 7KH� DOJRULWKP�ZRUNV�ZHOO� ZLWK� XQLIRUP� RU� TXLWH�XQLIRUP�EDFNJURXQG��,I�DQ\�ORFDO�LQWHUIHUHQFHV�RU�DQ\�SDUWV�RI�RWKHU�REMHFWV�DSSHDU�LQ�WKH�IUDPH�DUHD��WKH�DOJRULWKP�FDQ�FDOFXODWH�WKH�YDOXH�RI�IDFWRUV�LQDFFXUDWHO\��
/HW¶V�WDNH�D�ORRN�DW�DQRWKHU�PHWKRG�RI�UHVFDOLQJ�HYDOXDWLRQ��/HW¶V�SUHVHQW�WKH�FKDQJH�RI�VFDOH�FRHIILFLHQWV�LQ H[SRQHQWLDO�IRUP��
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:KHUH�O�� O� ± VFDOH�FRHIILFLHQWV�DORQJ�WKH�D[HV�; DQG�<��
,I�WKH�VFDOH�DORQJ�WKH�D[HV�; DQG�< FKDQJHV�LGHQWLFDOO\�LW�LV�GHILQHG�LQ�WKH�IROORZLQJ�ZD\��

���� WW HH0 OO � ' �
ZKHUH�O�� O� DUH�VFDOH�IXQFWLRQV�LQ�WLPH�SRLQWV�W� DQG�W���
$V�WKH�WLPH�SRLQW�W� JRHV�ZLWK�WKH�IXQFWLRQLQJ�VWDUW�RI�WKH�FRQWURO�V\VWHP�RU�ZLWK�WKH�PRPHQW��ZKHQ�ZH�
EHJLQ� WR� WUDFN� WKH� SDUDPHWHUV� RI� WUDFLQJ� IUDPH�� ZH� FDQ� DVVXPH�� WKDW� IXQFWLRQ�O� �� :H� PXVW� ILQG�
IXQFWLRQ�O�� :H�ILQG�IXQFWLRQ�O� DV�D�UHODWLRQ�RI�WKH�SRLQWV�P���LQ�WLPH�SRLQWV�W� W��
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)RUPXOD�HYDOXDWLRQ�RI�UHVFDOLQJ��
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&RHIILFLHQW���LQ�����WDNHV�LQWR�DFFRXQW�WKH�UHVFDOLQJ�DORQJ�WKH�D[LV�<��7KH�H[SHULPHQWV�KDYH�VKRZQ��WKDW�WKH�UHVFDOLQJ��WKDW�LV�EHLQJ�HYDOXDWHG�DFFRUGLQJ�WR�WKH�IRUPXOD������PHHWV�WKH�GHPDQGV�RI�SUHFLVLRQ�ZKLOH�XVLQJ�WKHP�LQ�FRQWURO�V\VWHP��
7R�LQFUHDVH�WKH�DFFXUDF\�RI�UHVFDOLQJ�ILQGLQJ�ZH�FDQ�DOVR�WDNH�LQWR�DFFRXQW�WKH�FKDQJH�RI�LPDJH�HQHUJ\�P���GXULQJ�WKH�WLPH�SRLQW�'W E\�LQWHQVLILFDWLRQ�RI�WKH�YDOXH�'0 LQ ����ZLWK�YDOXH�'0
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7R�DGMXVW�WKH�VL]HV�RI�D�WUDFLQJ�IUDPH�ZH�QHHG�WR�PXOWLSO\�WKH�YDOXHV�RI�OLQHDU�VL]HV�RI�WKH�IUDPH�E\�YDOXH�
��'0 UHJDUGOHVV� RI� WKH� IDFW� ZKHWKHU� WKH� VL]H� RI� WKH� IUDPH� JURZV� RU� EHFRPHV� VPDOOHU�� 2XWFRPH� RI�
H[SHULPHQW�VKRZV�WKDW�IRUPXOD�����WDNLQJ�LQ�DFFRXQW�IRUPXOD�����PDNHV�LW�SRVVLEOH�WR�GHILQH�WKH�UHVFDOLQJ�
TXLWH�DFFXUDWHO\��,W�VKRXOG�EH�PHQWLRQHG�WKDW�EH�WKH�YDOXH�RI�UHVFDOLQJ�'0����� LW�LV�QRW�UHDVRQDEOH�WR�
FKDQJH� WKH�VL]H�RI�D�WUDFLQJ� IUDPH�� ,W�FDQ� OHDG� WR�WKH�ZURQJ�DGMXVWPHQW�RI� WKH� IUDPH�VL]H��EHFDXVH�DW�PLQRU��VPDOO��VFDOH�FKDQJH�WKH�FDOFXODWLRQV�DUH�PXFK�PRUH�LQDFFXUDWH��
7KH�WKLUG�DQG�WKH�PRVW�ZLGH�VSUHDG�PHWKRG�RI�LPDJH�WUDQVIRUPDWLRQ�WUDFLQJ�V\VWHP�ZLOO�EH�ZRUNLQJ�ZLWK�LV URWDWLRQ��
$QJOH�RI�URWDWLRQ�LQFUHPHQW�LV�GHILQHG�ZLWK�WKH�IROORZLQJ�UHODWLRQ�
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6XFK�GHILQLWLRQ�RI� WKH� LQFUHPHQW�DOORZV�GHILQLQJ�VPDOO�DQJOHV�RI�URWDWLRQ�XS�WR���GHJUHHV��2Q�WKH�RWKHU�
SDUW� IRU� WKH� FDOFXODWLRQ� WKLV� LQFUHPHQW� ZH� QHHG� WR� FDOFXODWH� RQO\� SRLQW� P��� DW� HDFK� VWHS� �SRLQW� LV�FDOFXODWHG�ZKLOH�GHILQLQJ�VFDOH�FKDQJH���,Q�RUGHU�WR�JHW�WUXH�YDOXH�RI�WKH�DQJOH��ZH�QHHG�WR�DFFXPXODWH�
YDOXH�M
 LQ WKH�SURFHVV�RI�WUDFLQJ���
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ZKHUH�W��LV�D�SUHVHQW�WLPH�PRPHQW��W��LV�D�SUHYLRXV�WLPH�SRLQW��
$IWHU�WKH�DQJOH�LQFUHPHQW�LV�IRXQG�ZH�QHHG�WR�DGMXVW�WKH�WUDFLQJ�IUDPH�VL]HV�XVLQJ�IRUPXOD�HYDOXDWLRQ��
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ZKHUH�:
� LV ZLGWK� RI� WKH� WUDFLQJ� IUDPH� DIWHU� DGMXVWPHQW�� +
� LV KHLJKW� RI� WKH� WUDFLQJ� IUDPH� DIWHU�DGMXVWPHQW��: LV�D�JLYHQ�ZLGWK�RI�WKH�IUDPH��+ LV D�JLYHQ�KHLJKW�LI�WKH�IUDPH���
7DNLQJ�LQ�DFFRXQW�WKH�VFDOH�FKDQJH�ZH�KDYH�IRXQG�DERYH��WUDQVIRUPDWLRQ�����ZLOO�ORRN�OLNH��
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ZKHUH�'0 LV�D�VFDOH�FKDQJH��
$FFRUGLQJ� WR� WKH� DOJRULWKPV� DERYH� LW� LV� SRVVLEOH� WR� VWDWH� D� SDUDOOHO�VHULDO� WUDFLQJ� DOJRULWKP�� $IWHU� WKH�WUDFLQJ� REMHFW� LV� FDSWXUHG�� ZH� FDOFXODWH� LWV� LQLWLDO� DQJOH� RI� URWDWLRQ� ZLWK� WKH� KHOS� RI� QRUPDOL]HU� RI�FRRUGLQDWH�W\SH�>�@�DQG�LI�LW�LV�QHFHVVDU\��ZH�DOVR�SHUIRUP�WKH�DGMXVWPHQW�RI�&96�SODWIRUPV��7KHQ�XVLQJ�
QRUPDOL]HUV�����DQG�����ZH�WUDFH�D�PRYLQJ�REMHFW��:H�GHILQH�DW�WKH�VDPH�WLPH�YDOXHV�'[ DQG�'\ DQG�
DGG�WKHP�WR�FRRUGLQDWHV�RI� WKH�WRS�OHIW�FRUQHU�RI� WKH�WUDFLQJ�IUDPH��$W�WKH�VDPH�WLPH�ZH�FDOFXODWH�WKH�SRLQWV�RI�VHFRQG�RUGHU�DQG�WUDFH�VFDOH�DQG�URWDWLRQ�FKDQJHV��:H�SHUIRUP�WKH�DGMXVWPHQW�RI�WKH�VL]HV�RI�D�WUDFLQJ� IUDPH� XVLQJ� IRUPXOD� HYDOXDWLRQ� ���� ZKHQ� QHFHVVDU\�� 7KLV� DOJRULWKPV� KDV� DOO� EHHQ� UXQ� RQ� D�FRPSXWHU�PRGHO�&96��ZKLFK�SURYHG�WKHLU�ZRUN�HIILFLHQF\��
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