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,QVWLWXWH�IRU�6LQJOH�&U\VWDOV��67&��,QVWLWXWH�IRU�6LQJOH�&U\VWDOV���1DWLRQDO
$FDGHP\�RI�6FLHQFHV�RI�8NUDLQH�����/HQLQ�$YH���������.KDUNLY��8NUDLQH

5HFHLYHG�-XQH���������
7KH� WLPH� GHSHQGHQFH� RI� WKH� FU\VWDOOL]DWLRQ� VSHHG� LQ� WUDQVLHQW� SURFHVV� DULVLQJ� DW� WKH

XQLIRUPO\�DFFHOHUDWHG�PRYHPHQW�RI� WKH� WHPSHUDWXUH� ILHOG� WRZDUGV� WKH�PHOW� LV� FRQVLGHUHG
WKHRUHWLFDOO\�LQ�WKH�IUDPH�RI�QRQVWDWLRQDU\�PRGHO�RI�ELQDU\�PHOW�VROLGLILFDWLRQ��,W�KDV�EHHQ
VKRZQ�WKDW�WKH�FU\VWDOOL]DWLRQ�VSHHG�LQ�VXFK�SURFHVV�JURZV�LQ�WLPH�DFFRUGLQJ�WR�W���� ODZ�
,W�LV�HVWDEOLVKHG�WKDW�WKH�FU\VWDOOL]DWLRQ�VSHHG�DW�ZKLFK�WKH�PHOW�FRQFHQWUDWLRQ�RYHUFRROLQJ
�&2�� DULVHV� LQ� WKH� WUDQVLHQW� SURFHVV� PD\� GLIIHU� QRWLFHDEO\� IURP� WKDW� DW� ZKLFK� WKH� PHOW
FRQFHQWUDWLRQ�RYHUFRROLQJ�DSSHDUV�XQGHU�VWHDG\�VWDWH�FRQGLWLRQV��
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,W�LV�NQRZQ�WKDW�D�FHUWDLQ�FULWLFDO�JURZWK
UDWH� H[LVWV� DW� FU\VWDO� JURZLQJ� IURP� WKH
PHOW�� ,WV� H[FHHGLQJ�� RWKHU� FRQGLWLRQV� EHLQJ
WKH� VDPH�� UHVXOWV� LQ� D� WUDQVLWLRQ� IURP
VPRRWK�SKDVH� LQWHUIDFH� WR� FHOOXODU�RQH�DQG�
DV� D� UHVXOW�� LQ� D� VKDUS� FU\VWDO� TXDOLW\� ORVV
>�@�� 6LQFH� QXPHURXV� JURZWK� FKDUDFWHULVWLFV
DUH�XQFHUWDLQ��WKLV�JURZWK�UDWH�LV�GHILQHG�LQ
H[SHULPHQW�� IROORZLQJ� LQ� WKLV� FDVH� �DV� ILIW\
\HDUV�DJR��WKH�FRUUHODWLRQ�>�@�

9F� � N*'
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7KLV� FRUUHODWLRQ� IROORZV� IURP� WKH� FRQGL�
WLRQ� RI� FRQFHQWUDWLRQ� RYHUFRROLQJ� ]RQH� DS�
SHDUDQFH�LQ�WKH�PHOW��&2�FULWHULRQ���+HUH��N
LV�WKH�LPSXULW\�GLVWULEXWLRQ�FRHIILFLHQW��*�Ü
WHPSHUDWXUH� JUDGLHQW� QHDU� WKH� SKDVH� LQWHU�
IDFH��'�Ü�WKH�LPSXULW\�GLIIXVLRQ�FRQVWDQW�LQ
WKH�PHOW��P�Ü�WKH�OLTXLGXV�OLQH�VORSH�RQ�WKH
SKDVH� GLDJUDP�� v�� Ü� WKH� LPSXULW\� FRQFHQ�

WUDWLRQ�LQ�WKH�PHOW�DW�D�VLJQLILFDQW�GLVWDQFH
IURP�WKH�SKDVH�LQWHUIDFH�

,W� LV� WR� QRWH� WKDW� WKH� IRUPXOD� ���� ZDV
GHULYHG� IRU� WKH� FRQVWDQW� VSHHG� FU\VWDO�
OL]DWLRQ� >�@�� 7KDW� LV�ZK\� WKH�9F� GHWHUPLQD�WLRQ�HYHQ�IRU�RQH�v��YDOXH�UHTXLUHV�D�VHULHVRI� FU\VWDOOL]DWLRQ� RSHUDWLRQV� ZLWK� DQDO\VLV
RI� GHIHFW� FRQWHQW� LQ� HYHU\� FU\VWDO�� ,Q� UHDO
FRQGLWLRQV� �H�J��� DW� WKH� GHYHORSPHQW� RI� ODUJH
FU\VWDO�JURZLQJ�WHFKQRORJ\���WKLV�PD\�UHVXOWV
LQ�D�VHULHV�RI�UDWKHU�H[SHQVLYH�H[SHULPHQWV�

7KH� PHOW� FU\VWDOOL]DWLRQ� LQ� WKH� DFFHOHU�
DWHG�PRYLQJ�WHPSHUDWXUH�ILHOG��7)��LV�PRUH
HIIHFWLYH� IRU� WKH� GHWHUPLQDWLRQ� RI� FULWLFDO
JURZWK�UDWH� >�@��7KLV�PHWKRG�PDNHV� LW�SRV�
VLEOH� WR� VSHFLI\� H[DFWO\� WKH� PRPHQW� RI� WKH
PHQWLRQHG� WUDQVLWLRQ� LQ� MXVW� RQH� H[SHUL�
PHQW��+RZHYHU�� LW� LV� REYLRXV� WKDW�� EHFDXVH
RI�GLIIHUHQFH�EHWZHHQ�WKH�7)�WUDYHO�YHORFLW\
DQG� FU\VWDOOL]DWLRQ� VSHHG� LQ� WLPH�YDU\LQJ
SURFHVV� >�@�� WKH� VR� REWDLQHG� FULWLFDO� JURZWK

)XQFWLRQDO�0DWHULDOV�����1R��������� �������Û�67&��,QVWLWXWH�IRU�6LQJOH�&U\VWDOV�
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UDWH� YDOXH� ZLOO� GLIIHU� IURP� WKH� 9F� YDOXH�7KLV� UHVHDUFK� LV�DLPHG�DW�HVWLPDWLRQ�RI� WKH
PHQWLRQHG� GLIIHUHQFH� DW� XQLIRUPO\� DFFHOHU�
DWHG�PRYHPHQW�RI�WHPSHUDWXUH�ILHOG��

/HW� XV� DYDLO� RI� RQH�GLPHQVLRQDO� QRQVWD�
WLRQDU\� PRGHO� RI� ELQDU\�PHOW� VROLGLILFDWLRQ
DQG�VXSSRVH�WKDW�

D�� LQ� WKH� FU\VWDO�PHOW� V\VWHP�� WKH� KHDW
H[WHQGV�LQVWDQWO\�

E�� WKH� PDVV� WUDQVIHU� LV� UHDOL]HG� RQO\� LQ
WKH�PHOW�DQG�MXVW�RQO\�GXH�WR�GLIIXVLRQ�

F��WKH�FU\VWDO�PHOWLQJ�WHPSHUDWXUH�GHSHQGV
OLQHDUO\�RQ�WKH�LPSXULW\�FRQFHQWUDWLRQ�

G��WKH�ODWHQW�KHDW�RI�PHOWLQJ�LV�QHJOLJLEO\
VPDOO�

H�� WKH� KHDW� FRQGXFWLYLW\� FRHIILFLHQWV� IRU
OLTXLG�DQG�VROLG�SKDVHV�DUH�LGHQWLFDO�

$OO�WKLV�DVVXPSWLRQV�DUH�FRPPRQ�IRU�WKH
SUREOHPV� OLNH� WKLV� >�@�� 7HPSHUDWXUH� ZRXOG
EH� FRQVLGHUHG� WR� EH� OLQHDU� IXQFWLRQ� RI� WKH
FRRUGLQDWH�[��

7� �7����*�[��[���� ���
ZKHUH�7��LV�WKH�FU\VWDO�PHOWLQJ�WHPSHUDWXUHZLWK� LPSXULW\� FRQFHQWUDWLRQ� v��� [�� Ü� WKHSKDVH�ERXQGDU\�SRVLWLRQ�

/HW�XV�UHSUHVHQW�WKDW�DW�WKH�WLPH�LQVWDQW
W� ����WKH�WHPSHUDWXUH�ILHOG� LQ�WKH�FU\VWDO�
PHOW�V\VWHP�VWDUWV�WR�EH�PRYHG�WRZDUGV�WKH
PHOW� DW� D� YHORFLW\�: DZW�� ZKHUH�DZ� LV� WKHXQLIRUP� DFFHOHUDWLRQ��%HFDXVH� RI� WKH� LPSX�
ULW\�IRUFLQJ�RXW�LQWR�WKH�PHOW��DW�N����RU�LWV
FDSWXULQJ�E\�WKH�FU\VWDO��DW�N!����WKH�SKDVH
LQWHUIDFH�� DFFRUGLQJ� WR� WKH� SKDVH� GLDJUDP�
ZLOO�EHJLQ�WR�ODJ�EHKLQG�WKH�LVRWKHUP�7� �7��7R� ILQG� RXW� KRZ� WKH� SKDVH� LQWHUIDFH� ZLOO
EHKDYH�LQ�VXFK�D�SURFHVV��LW�VKRXOG�WR�VROYH
D� SUREOHP� RI� WKH� LPSXULW\� GLIIXVLRQ� LQ� WKH
PHOW�EHLQJ�FU\VWDOOL]HG�DW�D�YHORFLW\�RI�9�W��
DQG� WKH� ODZ� RI� VXFK� YHORFLW\� YDULDWLRQ
VKRXOG�IROORZ�IURP�WKH�VROXWLRQ�LWVHOI�

)RU�FDOFXODWLRQ��ZH�VKDOO�XVH�WKH�PRYLQJ
FRRUGLQDWH� V\VWHP� ZKHUH� WKH� SRVLWLRQ� RI
FU\VWDOOL]DWLRQ�IURQW�ZLOO�EH�GHILQHG�DV�[ ��
7KHQ�WKH�LPSXULW\�FRQFHQWUDWLRQ�LQ�WKH�PHOW
v�[�� W�� ZLOO� EH� GHWHUPLQHG� E\� WKH� VROXWLRQ
RI�WKH�IROORZLQJ�SUREOHP��
����'&[[�[��W����9�W�&[�[��W�� �&W�[��W��� ���

����'&[����W�� �9�W��N�����&����W�� ���

����v�f��W�� �&����v�[����� �&�� ���
ZKHUH�
����9�W�� �DZW���P*&W����W� ���

+HUH�� WKH� LQGH[� QRWDWLRQ� RI� SDUWLDO� GH�
ULYDWLYHV� RQ� [� DQG� W� LV� XVHG�� (TXDWLRQ� ���
GHVFULEHV� WKH� LPSXULW\� GLIIXVLRQ� LQ� D� PH�
GLXP� ZKLFK� FRYHUV� WKH� SKDVH� LQWHUIDFH
[� ���DW�WKH�YHORFLW\�9�W���(TXDWLRQ�����UHS�
UHVHQWV� WKH� JXDUG� FRQGLWLRQ� IRU� WKH� LPSX�
ULW\� RQ� WKLV� VXUIDFH�� ([SUHVVLRQ� ���� UHIOHFW
WKH� IDFW� WKDW� WKH� FU\VWDOOL]DWLRQ� VSHHG� RI� D
ELQDU\� PHOW� GHSHQGV� RQ� ERWK� WHPSHUDWXUH
ILHOG� WUDYHO� YHORFLW\� DORQJ� WKH� JURZWK� D[LV
DQG� RQ� FKDQJLQJ� VSHHG�RI� LPSXULW\� FRQFHQ�
WUDWLRQ�DW�WKH�LQWHUSKDVH�ERXQGDU\�>�@�

7KH�IRUPXODWHG�SUREOHP�LV�QRQOLQHDU��EXW
DW� PRGHUDWH� WLPH� YDOXHV�� LW� FDQ� EH� OLQHDU�
L]HG�SUHVHQWLQJ�WKH�VROXWLRQ�LQ�WKH�IRUP

&�[��W�� �v����&��[��W�� ���
ZKHUH� &��[��W�� LV� WKH� GLVWXUELQJ� DGGLWLYH�6XEVWLWXWLQJ� ���� LQ� �������� DQG� WDNLQJ� DZD\
VXPPDQGV�RI�WKH�VHFRQG�LQILQLWHVLPDO�RUGHU�
ZH�ZLOO�FRPH�WR�OLQHDU�SUREOHP�ZKLFK�FDQ�EH
VROYHG�UDWKHU�VLPSOH�XVLQJ�/DSODFH�WUDQVIRU�
PDWLRQ��7KH�VROXWLRQ� LPDJH�RI�VXFK�D�SURE�
OHP�ORRNV�OLNH�WKLV�

&A��[��S�� ���
DZ�N�����*&�H[S��[�CCS �e�'�
S�ª¬P�N�����&�S���*�CCC'Sº¼

�� ���

ZKHUH�S�LV�WKH�WUDQVIRUPDWLRQ�SDUDPHWHU�
6LQFH� LW� LV� MXVW� WKH� DV\PSWRWLF� EHKDYLRU

RI� IXQFWLRQ�&��[�� W�� DW� W�o��� WKDW� LV� RI� LQ�WHUHVW�� VR� LW� LV� VXIILFLHQW�WR�DQDO\]H� WKH�DV�
\PSWRWLF� EHKDYLRU� RI� LWV� LPDJH� DW� ¯�o�f�
DQG� WKHQ� WR� XVH� WKH� WKHRUHP� DERXW� FRUUH�
VSRQGHQFH� RI� DV\PSWRWLF� H[SDQVLRQV� RI
LPDJH�DQG�RULJLQDO�>�@��/LPLWLQJ�E\�WZR�H[�
SDQVLRQ�WHUPV������ZH�JHW�

&A��[��S�� ����
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ZKHUH�GHVLJQDWLRQV�DUH�LQFOXGHG�
D� � [�CC' ���E� �
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�
7KH� VLPSOHVW� ZD\� WR� PRYH� IURP� WKH

LPDJH�����WR�LWV�RULJLQDO�LV�WR�XVH�WKH�UHDG\
WDEOHV� RI� LQYHUVH� /DSODFH� WUDQVIRUPDWLRQ
>�@��7KH�RQO\�UHVWULFWLRQ�IRU�WKLV�LV�WRR�KLJK
H[SRQHQWV�DW�S�LQ�GHQRPLQDWRUV�RI�IUDFWLRQV
����� LPDJHV�ZLWK� VXFK� H[SRQHQWV�DUH�DEVHQW
LQ� WKH� WDEOHV�� %\� GLIIHUHQFLQJ� ���� ZLWK� UH�
VSHFW� WR�SDUDPHWHU�D� WKH�QHFHVVDU\�QXPEHU
RI� WLPHV��ZH� JHW� WR� LPDJHV� DYDLODEOH� LQ� >�@
IURP�ZKLFK� ZH� FDQ�PRYH� WR� RULJLQDOV� ZLWK
IROORZLQJ� LQWHJUDWLRQ�ZLWK� UHVSHFW� WR�D� WKH
VDPH�QXPEHU�RI�WLPHV��$V�D�UHVXOW��ZH�JHW�

9�1�.DQLVFKHY���2Q�WKH�ELQDU\�PHOW�FU\VWDOOL]DWLRQ����
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ZKHUH�

I� ���W������DE������WD������DE��D������DE���� ��

J� ���W�E����WD�������DE��D������DE��� ��
,W� FDQ� EH� VKRZQ� WKDW� LQ� WKH� FDVH

: :� FRQVW� >�@�� WKH� LPDJH� RI� OLQHDUL]HGWDVN� VROXWLRQ�&A���[��S�� LV� REWDLQHG� IURP� ���
E\� FKDQJLQJ�:�� IRU� DZ�S�� DQG� LWV� RULJLQDO&���[�� W��� E\� VXEVWLWXWLRQ� RI� DZ� LQ� ����� E\:��DQG��UHVSHFWLYHO\��RI�I��J�E\

I�� ��W�����DE����D
������DE�
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$W� �[� ���� WKH� IRUPXOD� ����� EHFRPHV� HV�
VHQWLDOO\�VLPSOHU�
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'LIIHUHQWLDWLQJ�����ZLWK�UHVSHFW�WR�[�WDNLQJ
�����LQWR�FRQVLGHUDWLRQ��ZH�JHW�DQ�LPSRUWDQW
FKDUDFWHULVWLF� RI� LPSXULW\� GLVWULEXWLRQ� LQ
WKH�PHOW�
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:KLOH� XVLQJ� ����� ���� DQG� ������ ZH� ILQG� D
IRUPXOD�VXLWDEOH�IRU�PRGHUDWH�YDOXHV�W��

9�W�� � �DZ*�CC'
��CCS �N�����P&�

W��e�� ����

7KHUHE\�� LQ� FRQWUDVW� WR� WKH� FDVH� RI� WHP�
SHUDWXUH� ILHOG� PRYLQJ� XQLIRUPO\� ZKHQ
9aW���� DW� WKH� VWDUW� RI� VROLGLILFDWLRQ� SURFHVV
>�@��DW�XQLIRUPO\�DFFHOHUDWHG�7)�PRYHPHQW�
WKH�FU\VWDOOL]DWLRQ�VSHHG�JURZV�DFFRUGLQJ�WR
W����ODZ��

/HW� WKH� REWDLQHG� H[SUHVVLRQV� WR� WKH� FDVH
RI�6Q����,Q�PHOW�FU\VWDOOL]DWLRQ�ZKLFK�ZDV
H[DPLQHG� E\� DXWKRUV� RI� >�@�� $FFRUGLQJ� WR
WKH�WLPH�GHSHQGHQFH�RI�FU\VWDOOL]DWLRQ�VSHHG
IRU� SXUH� WLQ� SUHVHQWHG� LQ� WKDW� ZRUN�� WKH
WHPSHUDWXUH�ILHOG�PRYHPHQW�LQ�WKRVH�H[SHUL�
PHQWV�FDQ�EH� VXSSRVHG� WR�EH�DSSUR[LPDWHO\
XQLIRUPO\�DFFHOHUDWHG�

&DOFXODWLRQV�ZHUH�GRQH� IRU� WKH� IROORZLQJ
SDUDPHWHUV� YDOXHV�� v�� ���� N� ������ >�@�
P�  � Ü���� z��� >��@�� 7KH� W\SLFDO� YDOXH
*�  � ���.�FP� >�@� ZDV� DOVR� XVHG� DV� ZHOO� DV
WKH�YDOXH�'� �����Ü�FP��V�DYHUDJHG�RYHU�GLI�
IHUHQW�WLQ�DOOR\V�>��@��7KH�7)�PRYHPHQW�DFFHO�
HUDWLRQ�UDWH�ZDV�DFFHSWHG�WR�EH�RI������PP�V��
,W� ZDV� VHOHFWHG� VR� WKDW� IXQFWLRQ� JUDSK� 9�W�
GHILQLQJ�E\�H[SUHVVLRQ�������FXUYH����ZLOO�SDVV
WKH� SRLQW� ZLWK� FRRUGLQDWHV� W�  � ��� V� DQG
9� �����PP�V�� 7KLV� LV� WKH� ILUVW� SRLQW� LQ� WKH
9�W��GLDJUDP��FXUYH����)LJ�����ZKLFK�ZDV�JHW
LQ� WKH� H[SHULPHQW� IRU� WLQ�LQGLXP� DOOR\� >�@�
,Q�)LJ����LW�LV�VHHQ�ZHOO�WKDW�LQ�WKH�FRXUVH�RI
WLPH�� WKH� FU\VWDOOL]DWLRQ� VSHHG� RI� ELQDU\
PHOW� �FXUYH���� ODJV�EHKLQG�RI�7)�WUDYHO�YH�
ORFLW\��VWUDLJKW�OLQH����

,W�LV�WR�VD\�WKDW�WKH�YDOXH�DZ�FDOFXODWH�LQWKH� VDPH� ZD\� IRU� WLQ�ELVPXWK� DOOR\
�N� �������P�  � Ü����z��� >��@�� SRLQW�ZLWK
FRRUGLQDWHV� W�  � ���V�� 9� �����PP�V� >�@�
DPRXQWHG� ����� PP�V��� 7KH� FORVHQHVV� RI� DZYDOXHV� JRW� IRU� GLIIHUHQW� DOOR\V� VKRZV� WKDW
WKH� VROLGLILFDWLRQ� SURFHVV� RI� HDFK� DOOR\� LV
OD\LQJ�ZHOO�LQ�PRGHO�DFFHSWHG�E\�XV��

'LVWULEXWLRQ�FXUYHV�RI�LQGLXP�LQ�WLQ�PHOW
v�[�� WI��FDOFXODWHG�E\�IRUPXOD� ����XQGHU�DF�FRXQW� IRU� ���� IRU� D� IL[HG� WLPH� SRLQW� WI� LVVKRZQ� LQ� )LJ�� ��� 3UHVHQWHG� LV� DOVR� WKH
VWUDLJKW�OLQH�v/� �&����W�����*�P�[�ZKLFK�LVOLTXLGXV� OLQH� LQ� FRRUGLQDWHV� &� DQG� [� >��@�
-XGJLQJ�IURP�DPSOLWXGHV�RI�v�[��WI��FXUYHV�WKH� DSSUR[LPDWLRQ� ����XVHG� DW� OHDVW� IRU� WKH
ILUVW� ������ V� LQWHUYDO� FDQ� EH� FRQVLGHUHG
TXLWH�VXLWDEOH�

7KH� ORRN� RI� )LJ�� ��� VKRZV� DQ� DQDORJ\
ZLWK� VFKHPH� RI� WKH� FRQFHQWUDWLRQ� RYHUFRRO�
LQJ� DSSHDUDQFH� LQ� ELQDU\� PHOW� SUHVHQWHG
XVXDOO\� LQ� WKH� OLWHUDWXUH� RQ� FU\VWDO� JURZWK
>�@�� ,Q� IDFW�� XS� WR� WKH� WLPH� SRLQW� W WF�� WKHGLVWULEXWLRQ� FXUYH� v�[�� WI�� OLHV� KLJKHU� WKDQ

)LJ�����'HSHQGHQFHV�FU\VWDOOLD]DWLRQ�VSHHG�RI
WKH� ELQDU\�PHOW� IURP� WLPH� W���� Ü�PRGHOOLQJ�
��Ü�H[SHULPHQWDO�>�@����Ü�7)�PRYHPHQW�DFFHO�
HUDWLRQ�UDWH�

9�1�.DQLVFKHY���2Q�WKH�ELQDU\�PHOW�FU\VWDOOL]DWLRQ����
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OLTXLGXV�OLQH�v/��)LJ���È��ZKDW�LV�LQGLFDWLRQ
WR� WKH� &2� DEVHQFH�� $IWHU� WKH� &2� ]RQH� DS�
SHDUV� LQ� WKH�PHOW� DW� W�!�WF�� LWV�ZLGWK�[F�GH�
ILQHG� E\� GLVWDQFH� IURP� WKH� SKDVH� LQWHUIDFH
WR�FRQFXUUHQFH�SRLQW�RI�v�[��WI��DQG�v/�OLQHV
�)LJ�� �°��� JURZV� LQ� WLPH� EHFDXVH� WKH� 7)
WUDYHO�VSHHG�JURZV��WRR�

7KH� FULWLFDO�PRPHQW� W� �WF� FDQ�EH�GHWHU�
PLQHG� IURP� WKH� FRQGLWLRQ� RI� FRQWDFW� EH�
WZHHQ�v�[��W°��DQG�v/�OLQHV�LQ�WKH�SRLQW�[ �
�)LJ�� �E��� 7KLV�� WDNLQJ� LQWR� DFFRXQW� �����
OHDGV�WR�HTXDWLRQ�
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,Q� WKH� ILUVW� DSSUR[LPDWLRQ�� WKH� VXEWUD�
KHQG�LQ������FDQ�EH�QHJOHFWHG��IRU�H[DPSOH�
LQ� RXU� FDVH� LWV�YDOXH�ZLWK� UHVSHFW� WR�PLQX�
HQG�WDNHV�������7KHQ��DW�XQLIRUPO\�DFFHOHU�
DWHG� WHPSHUDWXUH� ILHOG� PRYHPHQW�� WKH� DS�
SHDUDQFH� WLPH� RI� FRQFHQWUDWLRQ� RYHUFRROLQJ
LQ�WKH�PHOW�DIWHU�WKH�VROLGLILFDWLRQ�RQVHW�FDQ
EH�GHILQHG�DV��
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$FFRUGLQJ� WR� ������ WKLV� WLPH�FRUUHVSRQGV� WR
FULWLFDO�FU\VWDOOL]DWLRQ�VSHHG�
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7KH�GLIIHUHQFH�EHWZHHQ�9F�DQG�9FD�LV�FRQ�QHFWHG� ZLWK� WKH� IDFW� WKDW� WKH� GLVWULEXWLRQ
FXUYHV� LQ� WKH� PHOW� LQ� VWDWLRQDU\� DQG� WUDQ�
VLHQW� VWDWHV� PD\� GLIIHU� HVVHQWLDOO\� DW� WKH
VDPH�FU\VWDOOL]DWLRQ�VSHHG��,Q�WKH�ILUVW�FDVH�
WKH�GLVWULEXWLRQ�LV�GHVFULEHG�E\�VLPSOH�H[SR�
QHQW� >�@��ZKLOH� LQ� WKH� VHFRQG�FDVH�� E\� FRP�
SOH[�H[SUHVVLRQ�LQFOXGLQJ�D�VSHFLDO�IXQFWLRQ
>VHH�����@��8QGHU�VRPH�FRQGLWLRQV��IRU�H[DP�
SOH��DW�ORZ�DFFHOHUDWLRQ��WKLV�GLIIHUHQFH�PD\
EH�LQVLJQLILFDQW��%XW�LW�VXUHO\�FDQQRW�EH�QH�
JOHFWHG�D�SULRUL�

6XEVWLWXWLQJ� WKH� SDUDPHWHU� SRLQWV� XVHG
E\� XV� LQ� IRUPXODV� ����� ������ ����� ZH� JHW
9F� �����PP�V�� WF� ����V�DQG�9FD� �����PP�V�0RUH�H[DFW�FDOFXODWLRQ�RI�WKH�ODWWHU�WZR�TXDQ�
WLWLHV� JLYHV� ��� V� DQG� ����PP�V�� UHVSHFWLYHO\�
,I� WKH� IDFW� LV� WDNHQ� LQWR� DFFRXQW� WKDW� WKH
SKDVH� LQWHUIDFH� DW� WLQ�LQGLXP� PHOW� FU\VWDO�
OL]DWLRQ� LQ� >�@� VWD\� IODW�GXULQJ����� V�� LW� FDQ
EH� H[SHFWHG� WKDW� WKH� FRQFHQWUDWLRQ� RYHUFRRO�
LQJ�DW�WKLV�FDVH�UHDFKHG�D�FRQVLGHUDEOH�YDOXH�

2EYLRXVO\� WKH� [F� ]RQH� ZLGWK� FRXOG� EH� DPHDVXUH� IRU� &2�� LI� D�PHWKRG� RI� LWV� H[SHUL�
PHQWDO� GHWHUPLQDWLRQ� ZRXOG� EH� DYDLODEOH�
2Q� WKH� RWKHU� KDQG�� WKH� &2� YDOXH� FRXOG� EH

)LJ�� ��� 'HSHQGHQFHV� RI� FRQFHQWUDWLRQ� RYHU�
FRROLQJ� DSSHDUDQFH� ,Q� LQ� ELQDU\� PHOW� RI� 6Q
GHILQHG�E\�GLVWDQFH� IURP�WKH�SKDVH� LQWHUIDFH
²F� ���� IRU� YDULRXV� W� DIWHU� EHJLQLQJ� FU\VWDO�OL]DWLRQ� DW� � FRQVWDQW� WHPSHUDWXUH� JUDGLHQW�
È� Ü� W�  ��� V�� � E� Ü� W� ���� V�� �F� Ü� W� ����V�
��Ü�OLTXLGXV�OLQH�LQ�v�DQG�²�

cÒ°�� ���'HSHQGHQFHV�[F�9�� �ZLWK�DFFHOHUDWLRQ����DQG�ZLWK�FRQVWDQW�VSHHG������
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MXGJHG�IURP�WKH�SRVLWLYH�GLIIHUHQFH�EHWZHHQ
WKH� FU\VWDOOL]DWLRQ� VSHHG� DQG� LWV� FULWLFDO
YDOXH�� )LJ�� �� VKRZV� WKH� GHSHQGHQFH� [F�9�FDOFXODWHG� IRU� WZR� WUDQVLWLRQDO� SURFHVVHV
DULVLQJ� DW� WKH� 7)�PRYHPHQW� ZLWK� DFFHOHUD�
WLRQ�DZ� ������PP�V��FXUYH����DQG�ZLWK�FRQ�VWDQW�VSHHG�:�� ���9F� ����PP�V��FXUYH����,W�LV�WR�QRWH�WKDW�LQ�ERWK�FDVHV��WKH�GHSHQG�
HQFH�[F�9�� LV�DOPRVW� OLQHDU�DQG�DOVR� WKDW� LQWKH� VHFRQG� FDVH�� DV� LQ� WKH� ILUVW� RQH�� WKH
FU\VWDOOL]DWLRQ� VSHHG� DW�ZKLFK� D�&2�]RQH� DS�
SHDUV� LQ�WKH�PHOW� �DEVFLVVD�RI�FXUYH��� LQLWLDO
SRLQW��H[FHHGV�QRWLFHDEO\�WKH�9F�YDOXH�,W� LV� VHHQ� IURP�)LJ�� �� WKDW� WKH� WLPH� GH�
SHQGHQFH� RI� FU\VWDOOL]DWLRQ� VSHHG� H[SHUL�
PHQWDOO\�JRW� LQ� >�@�GRHV�QRW�IROORZ�WKH�W���
ODZ� DQG� EHKDYHV� QRQPRQRWRQRXVO\�� ,W� LV
QDWXUDOO\� WR� VXSSRVH� WKDW� WKH� QRQPRQR�
WRQRXV� GHSHQGHQFH� 9�W�� DW� DFFHOHUDWHG� WHP�
SHUDWXUH� ILHOG� PRYHPHQW� LV� FRQQHFWHG� QRW
RQO\� ZLWK� LPSXULW\� DFFXPXODWLRQ� DW
WKHSKDVH� LQWHUIDFH� EXW� ZLWK� WHPSHUDWXUH
JUDGLHQW� GHFUHDVLQJ� GXULQJ� WKH� FU\VWDO�
OL]DWLRQ�� WRR�� ,Q� IDFW�� LQ� H[SHULPHQWV� GH�
VFULEHG�LQ�>�@��WKH�PHOW�ZDV�VROLGLILHG�LQ�GXH
WR� VSRQWDQHRXV� FRROLQJ�GRZQ�� 7R� FKHFN� WKH
DVVXPSWLRQ��LW�LV�QHFHVVDU\�WR�SXW�LQWR�HTXD�
WLRQ� ���� D� WLPH�GHSHQGHQW� TXDQWLW\�*�� 7KDW
LV��WR�VROYH�WKH�QRQOLQHDU�ERXQGDU\�SUREOHP
ZLWK� FKDQJHDEOH� FRHIILFLHQWV�� 7KH� PRVW� UD�
WLRQDO�DSSURDFK�WR�WKLV�SUREOHP�VROYLQJ�LV�WR

XVH� WKH� QXPHULFDO� PHWKRG� DQG� LW� ZLOO� EH
GRQH�LQ�RXU�QH[W�ZRUN�
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� ���'�$�'DQ\ORY�� 3�.�*DOHQNR�� 9HVWQLN� 8GPXUW�
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� ���*�'RHWVFK�� $QOHLWXQJ� ]XP� 3UDFWLVFKHQ� *H�
EUDXFK�GHU�/DSODFH�7UDQVIRUPDWLRQ��5��2OGHQ�
ERXUJ��0XQFKHQ���������

� ���9�$�'LWNLQ�� $�3�3UXGQLNRY�� 2SHUDWLRQDO� &DO�
FXOXV� 5HIHUHQFH� %RRN�� 9\VVKD\D� 6KNROD�
lRVFRZ��������>LQ�5XVVLDQ@�

� ���'�p�|YVLHQNR�� 9�9�lÈVOºY�� *�k�kOILQWVHY�
&U\VWDOORJUDSK\������������������
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����7�6�3ODVNHWW�� :�&�:LQHJDUG�� &DQ�� -�� 3K\V��
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