
&U\VWDOOL]DWLRQ�RI�D�ELQDU\�PHOW�XQGHU�WKH�VDPSOH�VSRQWDQHRXV�FRROLQJ�GRZQ
6�9�%DUDQQLN��9�1�.DQLVFKHY

6FLHQWLILF�DQG�7HFKQRORJLFDO�&RUSRUDWLRQ��,QVWLWXWH�IRU�6LQJOH�&U\VWDOV��
1DWLRQDO�$FDGHP\�RI�6FLHQFHV�RI�8NUDLQH��
���/HQLQ�$YH���������.KDUNLY��8NUDLQH

5HFHLYHG�1RYHPEHU���������
7KH�LPSXULW\�GLIIXVLRQ�SUREOHP�LQ�D�PHOW�EHLQJ�FU\VWDOOL]HG�LQ�D�XQLIRUPO\�DFFHOHUDWHG

PRYLQJ� WHPSHUDWXUH� ILHOG�ZLWK� WHPSHUDWXUH� JUDGLHQW� GHFUHDVLQJ� LQ� WLPH� KDV� EHHQ� VROYHG
XVLQJ� WKH� QHW�PRGHO� ZLWKLQ� WKH� IUDPH� RI� XQLGLPHQVLRQDO� QRQVWHDG\� VROLGLILFDWLRQ�PRGHO�
7KH�WHPSHUDWXUH�JUDGLHQW�GHFUHDVH�LQ�WKH�SURFHVV�PHQWLRQHG�KDV�EHHQ�VKRZQ�WR�UHVXOW�LQ�D
QRQPRQRWRQRXV�WLPH�GHSHQGHQFH�RI�WKH�FU\VWDOOL]DWLRQ�VSHHG��WKDW�LV�LQ�DJUHHPHQW�ZLWK�WKH
OLWHUDWXUH�H[SHULPHQWDO�GDWD�
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���,QWURGXFWLRQ
:KHQ�D� FU\VWDO� LV� JURZQ�IURP� WKH�PHOW�

LW� LV� SRVVLEOH� WKDW� WKH� JURZWK� UHJLPH� VWD�
WLRQDULW\�PD\� EH� GLVWXUEHG� IRU� DQ\� UHDVRQ�
7KLV� FDVH� PD\� UHVXOW�� H�J��� LQ� D� WUDQVLWLRQ
IURP�WKH�VPRRWK�SKDVH�LQWHUIDFH�WR�WKH�FHO�
OXODU�RQH��WKDW�LV�NQRZQ�WR�EH�DFFRPSDQLHG�E\
D�VKDUS�GHWHULRUDWLRQ�RI�WKH�FU\VWDO�TXDOLW\�

$OWKRXJK� WKH� SUREOHPV� UHODWHG� WR� WKH
WUDQVLHQW� HIIHFWV� GXULQJ� WKH� FU\VWDOOL]DWLRQ
DUH�REYLRXVO\�RI�JUHDW�LPSRUWDQFH��WKRVH�DUH
GLVFXVVHG�LQ�OLWHUDWXUH�PDLQO\�LQ�FRQQHFWLRQ
ZLWK� WKH� KLJK�VSHHG� VROLGLILFDWLRQ� SUREOHP
>�@�� $W� WKH� VDPH� WLPH�� WKH� XVH� RI� PRGHUQ
HTXLSPHQW�SURYLGLQJ�WKH�REVHUYDWLRQ�RI�WKH
SKDVH� LQWHUIDFH� VPDOO� GLVSODFHPHQWV� HYL�
GHQFHV� WKH� QHFHVVLW\� RI� D� GHWDLOHG� VWXG\� RI
WKH� FU\VWDO� JURZWK� WUDQVLHQW� UHJLPHQ� >�@�
7KLV� LV� WUXH�� H�J��� IRU� WKH� VROLGLILFDWLRQ
VWDJHV�XQGHU�D�VPRRWK�WHPSHUDWXUH�ORZHULQJ�RI
WKH�PHOWHG�WDLO�SDUW�RI�D�FU\VWDO�ZKHQ�JURZLQJ
VDSSKLUH�XVLQJ�WKH�+'&�PHWKRG��7KLV�ZRUN�LV
DLPHG� DW� WKH� FRQVLGHUDWLRQ� RI� D� ELQDU\� PHOW

FU\VWDOOL]DWLRQ� XQGHU� XQLIRUPO\� DFFHOHUDWHG
GLVSODFHPHQW� RI� WKH� WHPSHUDWXUH� ILHOG� ZLWK
WHPSHUDWXUH� JUDGLHQW� GHFUHDVLQJ� LQ� WLPH�

)LUVW�RI�DOO��LW�LV�WR�QRWH�WKDW�WKH�GHULYD�
WLRQ� RI� WKH� IRUPXOD� GHILQLQJ� WKH� FU\VWDO�
OL]DWLRQ� VSHHG� 9�W�� LQ� D� QRQVWDWLRQDU\� UH�
JLPH� >�@� GRHV� QRW� DVVXPH� D� FRQVWDQW� WHP�
SHUDWXUH� JUDGLHQW� *�� 7KXV�� LQ� D� JHQHUDO
FDVH�� WKDW� TXDQWLW\� PD\� EH� D� IXQFWLRQ� RI
WLPH��*�W���,W�LV�DVVXPHG�WKDW�
�D�� WKH�KHDW�SURSDJDWLRQ� LQ�WKH�FU\VWDO�PHOW
V\VWHP�LV�LQVWDQWDQHRXV�
�E��WKH�PDVV�WUDQVIHU�WDNHV�SODFH�LQ�WKH�PHOW
RQO\�DQG�LV�GXH�WR�GLIIXVLRQ�RQO\�
�F��WKH�FU\VWDO�PHOWLQJ�WHPSHUDWXUH�LV�D�OLQHDU
IXQFWLRQ�RI�WKH�LPSXULW\�FRQFHQWUDWLRQ�
�G��WKH�ODWHQW�KHDW�RI�PHOWLQJ�LV�QHJOLJLEOH�
�H�� WKH�KHDW� FRQGXFWLYLW\� IDFWRUV� LQ� WKH� OLT�
XLG�DQG�VROLG�SKDVHV�DUH�WKH�VDPH��
�I��WHPSHUDWXUH�7�LV�D�OLQHDU�IXQFWLRQ�RI�WKH
GLVWDQFH�WR�WKH�SKDVH�LQWHUIDFH�[

7� �7����*�W��[�Ü�[��� ���
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ZKHUH�7��LV�WKH�PHOWLQJ�SRLQW�RI�WKH�FU\VWDOZLWK�WKH�LPSXULW\�FRQFHQWUDWLRQ�&��7KHQ� WKH� LPSXULW\� GLIIXVLRQ� SUREOHP� LQ
WKH� PHOW� LQ� WKH� FRRUGLQDWH� V\VWHP� PRYLQJ
WRJHWKHU� ZLWK� WKH� FU\VWDOOL]DWLRQ� IURQW� FDQ
EH�SUHVHQWHG�DV
����'&[[�[�W����9�W�&[�[�W�� �&W�[�W��� ���

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

����v�f�W� &����v�[��� &��� ���

����9�W�� �DZW��� P*�W�&W���W�� ���

+HUH��&�[�W��LV�WKH�LPSXULW\�FRQFHQWUDWLRQ�LQ
WKH�[�SRLQW�RI�WKH�PHOW�DW�WKH�WLPH�PRPHQW
W��LQGLFHV�DW�&�GHQRWH�WKH�SDUWLDO�GHULYDWLYHV
ZLWK� UHVSHFW� WR� [� DQG� W��� N�� WKH� LPSXULW\
GLVWULEXWLRQ� FRHIILFLHQW�� '�� WKH� LPSXULW\
GLIIXVLRQ� FRHIILFLHQW� LQ� WKH� PHOW�� P�� WKH
OLTXLGXV�OLQH�VORSH�LQ�WKH�SKDVH�GLDJUDP��&��WKH�LPSXULW\�FRQFHQWUDWLRQ�IDU�IURP�WKH�LQ�
WHUSKDVH� ERXQGDU\�� DZ�� WKH� DFFHOHUDWLRQ� RIWKH�WHPSHUDWXUH�ILHOG�GLVSODFHPHQW�

7KH�(T������GHVFULEHV�WKH�LPSXULW\�GLIIX�
VLRQ�LQ�D�PHGLXP�RQFRPLQJ�WKH�SKDVH�LQWHU�
IDFH� [�  � �� DW� WKH� VSHHG�9�W��� 7KH� HTXDOLW\
���� LV� WKH�FRQGLWLRQ�RI� WKH� LPSXULW\�FRQVHU�
YDWLRQ�DW�WKDW�LQWHUIDFH��7KH�FU\VWDOOL]DWLRQ
VSHHG� RI� WKH� ELQDU\�PHOW�� DFFRUGLQJ� WR� ����
GHSHQGV� LQ� WKLV� FDVH� RQ� YDULDWLRQV� LQ� WKUHH
TXDQWLWLHV�� QDPHO\�� WKH� WHPSHUDWXUH� ILHOG
�7)�� GLVSODFHPHQW� VSHHG�� WKH� LPSXULW\� FRQ�
FHQWUDWLRQ� DW� WKH� SKDVH� LQWHUIDFH�� DQG� WKH
WHPSHUDWXUH�JUDGLHQW�

5HVXOWV�DQG�GLVFXVVLRQ
7KH� SUREOHP� LV� QRQOLQHDU��PRUHRYHU�� WKH

FRHIILFLHQW� LQ� WKH� ERXQGDU\� FRQGLWLRQ� LV
WLPH�GHSHQGHQW�� 7KH� SUREOHP� ZDV� VROYHG
XVLQJ� WKH� QHW�PHWKRG� DW� YDOXHV� RI� SDUDPH�
WHUV� FRUUHVSRQGLQJ� WR� 6Q� �� ��� ,Q� DOOR\
VWXGLHG� LQ� H[SHULPHQW� LQ� >�@�� &��  � ���
N� �������P�  � Ü���� .���� $� W\SLFDO� YDOXH
'�  � ����Ü�� FP��V� DQG� LQLWLDO� WHPSHUDWXUH
JUDGLHQW� YDOXH� *��  � ��� .�FP� ZHUH� DOVRXVHG��7KH� DFFHOHUDWLRQ� YDOXH� RI� WKH�7)�GLV�
SODFHPHQW� ZDV� YDULHG� LQ� FHUWDLQ� OLPLWV�
WKXV��LW�VHUYHG�DV�D�ILWWLQJ�SDUDPHWHU�

7KH� FDOFXODWLRQV� ZHUH� GRQH� DFFRUGLQJ� WR
WKH�LPSOLFLW�VFKHPH�RQ�WKH�QHW�^[L� �LK��WM� MW�� L� ������� �������� M� ������� ������`�ZKHUH
K� �����PP�DQG� W� � �� V� DUH� WKH� VSDFH� DQG
WLPH� YDULDEOH� VWHSV�� UHVSHFWLYHO\��7KH� QXP�
EHU� RI� VSDFH� VWHSV� H[FHHGLQJ� ���� GLG� QRW

SURYLGH�DQ\�DSSUHFLDEOH�FKDQJH�LQ�WKH�FDOFX�
ODWLRQ� UHVXOWV�� 7KH� QXPEHU� RI� WLPH� VWHSV
ZDV� GHILQHG� E\� WKH� WLPH� ����� V�� GXULQJ
ZKLFK�WKH�FU\VWDOOL]DWLRQ�IURQW�RI�WKH�WLQ�LQ�
GLXP� DOOR\� UHPDLQHG� IODW�� DFFRUGLQJ� WR� WKH
GDWD�IURP�>�@�

,W�LV�NQRZQ�>�@�WKDW�LW�LV�UDWKHU�GLIILFXOW
WR�SURYH�WKH�FRQYHUJHQFH�RI�QXPHULFDO�VROX�
WLRQV� IRU� HTXDWLRQV� LQ� SDUWLDO� GHULYDWLYHV�
SDUWLFXODUO\� LI� WKRVH� DUH� QRQOLQHDU�� 7KDW� LV
ZK\�WKH�IROORZLQJ�FRQVLGHUDWLRQV�ZHUH�WDNHQ
LQWR�DFFRXQW�ZKHQ�VHOHFWLQJ�WKH�W�DQG�K�YDO�
XHV�

,W� KDV� EHHQ� VKRZQ� >�@� WKDW� DW� VPDOO� W
YDOXHV�� WKH� FU\VWDOOL]DWLRQ� VSHHG� DW� DFFHOHU�
DWHG� 7)� GLVSODFHPHQW� ZLWK� FRQVWDQW� WHP�
SHUDWXUH�JUDGLHQW�LV�GHVFULEHG�DV

�9�W�� � �DZ*��CC'
��CCS ��N�����P*�

�W��e�� ���

7KH�9�W�� FXUYH� FDOFXODWHG� IURP� ���� DW�DZ� 
����� PP�V�� SDVVHV� WKH� H[SHULPHQWDO� SRLQW
REWDLQHG� LQ� >�@� ZLWK� FRRUGLQDWHV� ��� V� DQG
9� �����PP�V�� 7KDW� FXUYH� IRU� WKH� ��� V� LQ�
WHUYDO�LV�VKRZQ�LQ�)LJ����DV�WKH�VROLG�OLQH��,W
LV� VHHQ� IURP� WKH� VDPH� )LJXUH� WKDW� DW� WKH
VSHFLILHG� WLPH� VWHS� YDOXH�� WKH� VORSH� RI�9�W�
FXUYHV�FDOFXODWHG�E\�WKH�QHW�PHWKRG�GHSHQGV
RQ�WKH�VSDFH�VWHS�YDOXH��%\�VHOHFWLQJ�K��LW�LV
SRVVLEOH�WR�DWWDLQ�WKH�FRLQFLGHQFH�RI�QXPHUL�
FDOO\� DQG� DQDO\WLFDOO\� GHWHUPLQHG� FU\VWDO�
OL]DWLRQ�VSHHG�YDOXHV�DW�WKH�HQG�RI�WKH�LQWHU�
YDO� PHQWLRQHG�� 7KH� FXUYH� �� FRQVWUXFWHG� LQ
WKDW� PDQQHU� FRLQFLGHV� SUDFWLFDOO\� ZLWK� WKH
DQDO\WLFDO� RQH�� %XW� IRU� DOO� WKDW�� WKHUH� DUH
VPDOO�GLVWLQFWLRQV�EHWZHHQ�WKRVH�FXUYHV��WKH
ODUJHVW� GLIIHUHQFH� �UHIHUUHG� WR� DV� GHYLDWLRQ

)LJ�����7KH�FU\VWDOOL]DWLRQ�VSHHG�9�DV�D�IXQF�
WLRQ� RI� WLPH� W� FDOFXODWHG� E\� WKH� QHW� PHWKRG
IRU� WKH� WLPH� VWHS� W�  � ����� V� DQG� GLIIHUHQW
YDOXHV� RI� WKH� VSDFH� VWHS�K� �PP������� ����� ���
����� ��� ����� 7KH� VROLG� OLQH� SUHVHQWV� WKH� DQD�
O\WLFDO�FDOFXODWLRQ�UHVXOWV�
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DQG�GHQRWHG�DV�'9����EHLQJ�DERXW�WKH�PLGGOHRI�WKH�LQWHUYDO��7KH�GHYLDWLRQV�IRU�GLIIHUHQW
WLPH� VWHS� YDOXHV� REWDLQHG� LQ� WKDW� PDQQHU
DQG� WKH� VSDFH� VWHS� YDOXHG� FRUUHVSRQGLQJ
WKHUHWR� DUH�SUHVHQWHG� LQ�7DEOH���� ,W� LV� VHHQ
WKHUHIURP� WKDW� WKH� IXQFWLRQ� '9���W�� KDV� D
PLQLPXP�DW�W� ������V�DQG�K� �����PP�

7KH� HOXFLGDWLRQ� RI� UHDVRQV� IRU� VXFK� EH�
KDYLRU� RI� '9���W�� DV� ZHOO� DV� WKH� TXHVWLRQDERXW� WKH� VROXWLRQ� FRQYHUJHQFH� RI� RXU� GLI�
IHUHQFH� SUREOHP� DUH� RXWVLGH� WKH� IUDPHV� RI
WKLV� LQYHVWLJDWLRQ�� 1HYHUWKHOHVV�� LW� FDQ� EH
VXSSRVHG� WKDW� WKH� PLQLPXP� HUURU� LQ� WKH
QXPHULFDO� FDOFXODWLRQV�ZDV� DWWDLQHG� MXVW� DW
WKH�VWHS�YDOXHV�ZKHUH�WKH�'9���DWWDLQHG�D�PLQL�PXP��+RZHYHU��WKH�DQDO\VLV�KDV�VKRZQ�WKDW�WKH
UHVXOWV� FDOFXODWHG� IRU� W� ��� V�DQG�K� ������PP
GLIIHU�IURP�WKRVH�IRU�W� ������V�DQG�K� �����PP
RQO\� E\� IHZ� SHU� FHQW�� 7KDW� LV�� ZKHQ� XVLQJ
WKH�YDOXH�W� ���V��WKH�H[SHFWHG�HUURU�ORVV�LV
VPDOO�� EXW� FDOFXODWLRQV� ZLWK� �� V� VWHS� DUH
PXFK�HDVLHU�WKDQ�ZLWK�DQ\�RWKHU�RQH�

,I�WKH�FXUYH���RI�)LJ����LV�FRQWLQXHG�LQWR
WKH� WLPH� UHJLRQ� ZKHUH� WKH� DSSUR[LPDWLRQ
XVHG�LQ�WKH�DQDO\WLFDO�FDOFXODWLRQ�DUH�NQRZQ
WR�EH�XQVXLWDEOH��LW�FDQ�EH�QRWLFHG��)LJ���D�
WKDW� WKH� 9�W�� GHSHQGHQFH� UHPDLQV� PRQRWR�
QRXV� ZLWKLQ� WKH� ZKROH� WLPH� LQWHUYDO� RI� LQ�
WHUHVW�� $� ZHDN� PD[LPXP� PRUH� VLPLODU� WR
WKH� VDWXUDWLRQ� SODWHDX� �)LJ�� �F�� LV� UHYHDOHG
RQO\� DW� KLJK� DZ� YDOXHV�� )RU� VXFK� DFFHOHUD�WLRQ� YDOXHV�� KRZHYHU�� WKH� VROLGLILFDWLRQ
PRGHO�XVHG�KHUH� VHHPV� WR�UHTXLUH�D�PRGLIL�
FDWLRQ�>�@�

7KXV�� WKH� LPSXULW\� DFFXPXODWLRQ� LQ� WKH
PHOW� LQ� IURQW� RI� WKH� SKDVH� LQWHUIDFH� XQGHU
DQ� XQLIRUPO\� DFFHOHUDWHG� WHPSHUDWXUH� ILHOG
GLVSODFHPHQW� LV� QRW� D� VXIILFLHQW� FRQGLWLRQ
IRU�QRQPRQRWRQRXV�EHKDYLRU�RI� WKH�FU\VWDO�
OL]DWLRQ�VSHHG�

:KHQ�LQLWLDWLQJ�WKH�VROXWLRQ�RI�WKH�SURE�
OHP� �������� ZLWK� WLPH�GHSHQGHQW� FRHIILFLHQW
*�� LWV� QXPHULFDO� VROXWLRQ� HUURU� FDQ� EH� VXS�
SRVHG� WR� EH� DSSUR[LPDWHO\� WKH� VDPH� DV� LQ
WKH� FDVH�*� � FRQVW��2Q� WKH� RQH� KDQG�� LW� LV
REYLRXV� WKDW�WR�GHILQH�WKH� ODZ�IRU�WKH�WHP�
SHUDWXUH� ILHOG� YDULDWLRQ� GXULQJ� WKH� VSRQWD�
QHRXV�FRROLQJ�GRZQ�RI�D�PHOWHG�VDPSOH� LV�D
VHSDUDWH� UDWKHU� FRPSOH[� SUREOHP�� 2Q� WKH
RWKHU�KDQG��XVLQJ�WKH�QHW�PHWKRG��LW�LV�SRV�

VLEOH� WR� VHOHFW� D� IXQFWLRQ�*�W��ZKLFK�� EHLQJ
VXEVWLWXWHG� LQWR� WKH� SUREOHP� VWDWHPHQW�
ZRXOG� SURYLGH� WKH� VROXWLRQ� DJUHHLQJ� VDWLV�
IDFWRULO\�ZLWK�H[SHULPHQWDO�GDWD�

$V� D� WULDO� IXQFWLRQ�� YHU\� HIILFLHQW� LV
IRXQG�WR�EH�WKH�OLQHDU�LQ�WLPH�RQH

*�W� *����EW� ����

)LJ�����7KH�FU\VWDOOL]DWLRQ�VSHHG�9�DV�D�IXQF�
WLRQ� RI� WLPH� W� IRU� GLIIHUHQW� YDOXHV� RI� WKH
WHPSHUDWXUH� ILHOG� GLVSODFHPHQW� DFFHOHUDWLRQ
DZ� �PP�V��������� �D�������� �E������� �F���/LQHV�����SUHVHQW�WKH�DQDO\WLFDO�DQG�QXPHULFDO�FDO�
FXODWLRQV�� UHVSHFWLYHO\�� ��� WKH� WHPSHUDWXUH
ILHOG�GLVSODFHPHQW�VSHHG�

7DEOH����'HYLDWLRQ�RI� WKH�FU\VWDOOL]DWLRQ�VSHHG�'9��� RQ����V� LQWHUYDO�GHSHQGLQJ�RQ�WKH�WLPH� �W�DQG�VSDFH��K��VWHS�YDOXHV�
W��V � ���� ��� ���� ��� ���

K��PP ���� ���� ���� ���� ���� ����
'9����PP�V ������ ������ ������ ������ ������ ������
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ZKHUH�*�� ����.�FP�DQG�E�LV�D�FHUWDLQ�UDWHRI�WHPSHUDWXUH�JUDGLHQW�GHFUHDVH��+HUH��WZR
DGMXVWDEOH�SDUDPHWHUV�DUH�DYDLODEOH��QDPHO\�
DZ� DQG� E�� +RZHYHU�� XVLQJ� WKH� FRQGLWLRQ� WKHFDOFXODWHG�9�W��FUXYHV�VKRXOG�SDVV�WKH�ILUVW�H[�
SHULPHQWDO� SRLQW� �)LJ�� ���� WKH� QXPEHU� RI� SD�
UDPHWHUV�WR�EH�YDULHG�FDQ�EH�UHGXFHG�WR�RQH�

,W� LV� VHHQ� IURP� )LJ�� �� WKDW� WKH� XQLIRUP
UHGXFWLRQ� RI� WKH� WHPSHUDWXUH� JUDGLHQW� DW
WKH�FU\VWDOOL]DWLRQ�IURQW��FXUYHV������UHVXOWV
LQ� D� GRPH�VKDSHG� 9�W�� GHSHQGHQFH� �FXUYHV
������ ,Q� WKLV� FDVH�� WKH� 9�W�� PD[LPXP� IRU
HDFK�VSHFLILF�E�YDOXH�LV�DSSUR[LPDWHO\�DERYH
WKH�LQWHUVHFWLRQ�SRLQW�RI�WKH�*�W��FXUYH�ZLWK
WKH� DEVFLVVD� D[LV�� ,W� IROORZV� WKHUHIURP�WKDW
WR� DWWDLQ� WKH� QRQPRQRWRQRXV� EHKDYLRU� RI
WKH� FU\VWDOOL]DWLRQ� VSHHG�� QRW� D� VLPSO\� UH�
GXFWLRQ� EXW� D� UDWKHU� VLJQLILFDQW� UHGXFWLRQ
RI�WKH�WHPSHUDWXUH�JUDGLHQW�LV�QHFHVVDU\�

%\�ILWWLQJ�WKH�*�W��OLQH�VORSH��LW�LV�SRVVL�
EOH�WR�SURYLGH�WKDW�WKH�FDOFXODWHG�9�W��FXUYH
ZLOO� SDVV� WKH� ILUVW� WZR� H[SHULPHQWDO� SRLQWV
�FXUYH���LQ�)LJ�����FXUYH���LQ�)LJ������,Q�WKLV
FDVH��WKH�SDUDPHWHUV�ZLOO�WDNH�WKH�YDOXHV�DZ� 
����� PP�V�� DQG� E�  � ������.��FP�V��� ,I� WKH
WHPSHUDWXUH� JUDGLHQW� DW� WKH� QH[W� VHFWLRQ
�EHWZHHQ�WKH��QG�DQG��UG�SRLQWV��ZLOO�EH�SUH�
VHQWHG� E\� WKH� VDPH� IRUPXOD� ���� EXW� ZLWK
RWKHU� FRHIILFLHQWV�� WKH� 9�W�� FXUYH� ZLOO� SDVV
WKUHH� H[SHULPHQWDO� SRLQWV� �ZLWK� DEVFLVVDV
��������DQG����V���,Q�WKLV�FDVH��WKH�WHPSHUD�
WXUH� JUDGLHQW� WDNHV� WKH� IRUP� RI� D� FRQWLQX�
RXV�SLHFHZLVH�OLQHDU�IXQFWLRQ�

*�W�� �®̄����������W�������������W�������
�DW���dW�d���
�DW����dW�d���� ���

+HUH�� WKH� WLPH� DQG� WHPSHUDWXUH� JUDGLHQW
DUH� SUHVHQWHG� LQ� VHFRQGV� DQG� .�FP� XQLWV�
UHVSHFWLYHO\�� ,W� LV� REYLRXV� WKDW�DQ\�QXPEHU
RI�SRLQWV�FDQ�EH�MRLQHG�LQ�WKDW�PDQQHU��ZKDW
LV�GHPRQVWUDWHG�LQ�)LJ�����$�NQHH�LQ�FXUYH��
DQVZHUV�WR�HDFK�H[SHULPHQWDO�SRLQW�LQ�FXUYH��
�)LJ������EHJLQQLQJ�IURP�WKH��QG�RQH�

,W� LV� VHHQ� IURP� )LJ�� �� WKDW� WKH� EURNHQ
OLQH� RI� WKH� WHPSHUDWXUH� JUDGLHQW� WLPH� GH�
SHQGHQFH�FXUYH����)LJ�����FRQVWUXFWHG�XVLQJ
WKH�H[SHULPHQWDO�UHVXOWV�GURSV�LQ�WKH�UHJLRQ
RI� QHJDWLYH� YDOXHV� DQG� EHKDYHV� QRQPRQR�
WRQRXVO\��6XFK�D�EHKDYLRU�RI� WKH�FDOFXODWHG
*�W�� IXQFWLRQ� PD\� EH� FRQQHFWHG� ILUVW� RI� DOO
ZLWK� LPSHUIHFWLRQ� RI� WKH� PRGHO� VHOHFWHG�� ,Q
IDFW��ZKHQ�IRUPXODWLQJ�WKH�SUREOHP��ZH�KDYH
DVVXPHG� WKDW� WKH� KHDW� FRQGXFWLYLW\� FRHIIL�
FLHQWV� DUH� WKH� VDPH� LQ� WKH� OLTXLG� DQG� VROLG
SKDVHV��ZKLOH�VXFK�DQ�DVVXPSWLRQV�PD\�EH�WRR
URXJK�DW�VPDOO�WHPSHUDWXUH�JUDGLHQWV�

)LJ����SUHVHQWV�WKH�GLVWULEXWLRQ�FXUYHV�RI
LQGLXP� LPSXULW\� LQ� WLQ�PHOW� FDOFXODWHG� IRU
GLIIHUHQW� PRPHQWV� RI� FU\VWDOOL]DWLRQ�� 7KH
ELQDU\�V\VWHP�OLTXLGXV�OLQHV�LQ�&�[[�FRRUGL�
QDWHV� DUH� SUHVHQWHG� IRU� WKH� VDPH� PRPHQWV
>�@�� :LWK� UHJDUG� WR� WKH� WHPSHUDWXUH� ILHOG
����� WDNLQJ� ���� LQWR�DFFRXQW��WKRVH� OLQHV�DQ�
VZHU�WR�WKH�H[SUHVVLRQ

&/� �&����W����*�W�P [� ���

)LJ�����7KH�FU\VWDOOL]DWLRQ�VSHHG�9��������DV�D
IXQFWLRQ�RI�WLPH�W�FDOFXODWHG�XVLQJ�WKH�OLQHDU
���� DQG� SLHFHZLVH� OLQHDU� ���� WLPH� GHSHQGHQFH
RI� WHPSHUDWXUH�JUDGLHQW�*�� ,QGLYLGXDO�SRLQWV
UHIHU�WR�WKH�H[SHULPHQWDO�9�W��GHSHQGHQFH�>�@�

)LJ�����7HPSHUDWXUH�JUDGLHQW�*� DW� WKH�SKDVH
LQWHUIDFH�������DQG�FU\VWDOOL]DWLRQ�VSHHG�9����
��� DV� IXQFWLRQV� RI� WLPH� W� DW� GLIIHUHQW�YDOXHV
RI� WHPSHUDWXUH� JUDGLHQW� UHGXFWLRQ� VSHHG�� E
>.��FP�V�@�� ������ ���� ���� ������ ���� ���������
��������7KH� LQGLYLGXDO�SRLQWV� UHIHU� WR� WKH�H[�
SHULPHQWDO�9�W��GHSHQGHQFH�>�@�
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6LQFH�WKH�VORSH�RI�OLQHV�����UHGXFHV�LQ�WLPH�
WKH� FRQFHQWUDWLRQ� RYHUFRROLQJ� �&2�� ]RQH
ZLGWK�[F� LQFUHDVHV�� DQG� IDVWHU� WKDQ� DW� FRQ�VWDQW�WHPSHUDWXUH�JUDGLHQW�>�@�DW�WKDW��7KDW
ZLGWK� IRU� HDFK� WLPH� PRPHQW� LV� VHHQ� WR� EH
GHILQHG�E\�WKH�LQWHUVHFWLRQ�RI�&�[�W��DQG�&/OLQHV�

,Q� D� GLIIHUHQW� ZD\�� WKH� [F� YDOXH� FDQ� EHHVWLPDWHG�RQO\�E\�FRPSDULQJ�WKH�LQVWDQWDQH�
RXV� FU\VWDOOL]DWLRQ� VSHHG� ZLWK� D� FHUWDLQ
VSHHG� DW� ZKLFK� WKH� &2� ]RQH� DULVHV� LQ� WKH
PHOW�� ,W� LV� NQRZQ� >�@� WKDW� LQ� WKH� VWHDG\
FU\VWDOOL]DWLRQ� UHJLPH�� WKDW� VSHHG� LV� VR�
FDOOHG�FULWLFDO�VSHHG

9F� � N*'
�N�����P&�

�� ����

,W� LV� GHWHUPLQHG� LQ� H[SHULPHQW� IURP� WKH
ILUVW�YLRODWLRQ� �SR[�OLNH��RI�WKH�SKDVH�LQWHU�
IDFH� VPRRWKQHVV�� 7KH�9F� YDOXH� DV� D� FHUWDLQUHIHUHQFH�VHHPV�WR�KDYH�VHQVH�LQ�WKH�FDVH�RI
QRQ�VWDWLRQDU\� FU\VWDOOL]DWLRQ�� WRR�� ,Q� WKDW
FDVH��KRZHYHU��LW�LV�D�IXQFWLRQ�RI�WLPH��GXH�WR
WKH�*�W��GHSHQGHQFH���7DEOH�����,Q�JHQHUDO��WKH
PRPHQW�WF�ZKHQ�WKH�&2�DULVHV�LQ�WKH�PHOW�FDQEH�GHWHUPLQHG�XVLQJ�WKH�HTXDOLW\

&[����WF�� �
*�WF�
P � ����

,Q�D�WUDQVLHQW�SURFHVV�ZLWK�DFFHOHUDWHG�WHP�
SHUDWXUH� ILHOG� GLVSODFHPHQW�� LW� LV� MXVW� WKH
FU\VWDOOL]DWLRQ� VSHHG� 9FD� �7DEOH� ��� �H[FHHG�LQJ�WKH�9F�E\�D�IDFWRU�RI�DERXW���N��>�@�WKDWFRUUHVSRQGV� WR� WKH� DERYH�PHQWLRQHG� PR�
PHQW�

,W� LV� VHHQ� IURP�7DEOH��� WKDW�WKH�FU\VWDO�
OL]DWLRQ�VSHHG�LQ�WKH�H[DPSOH�XQGHU�FRQVLG�
HUDWLRQ� EHFRPHV� KLJKHU� WKDQ�9F� DW� �WK� VHF�RQG� DIWHU� WKH� VROLGLILFDWLRQ� EHJLQV��7KH� &2
]RQH�� KRZHYHU�� DULVHV� DW� WKH� ��WK� VHFRQG
RQO\��ZKHQ�9�W�!9FD��$W�W� ����V��WKH�FU\V�WDOOL]DWLRQ� VSHHG� H[FHHGV� WKH� FULWLFDO� YDOXH
9FD�E\�D�IDFWRU�RI����DFFRUGLQJ�WR�GDWD�IURP>�@� �WKRXJK�REWDLQHG� LQ�VWHDG\�UHJLPH��WKDW
PXVW� UHVXOW� LQ� D� GHYHORSHG� FHOOXODU� VWUXF�
WXUH�RI�WKH�SKDVH�LQWHUIDFH��7DNLQJ�LQWR�DF�
FRXQW� WKH� IDFW� WKDW� WKH� LQWHUIDFH�RI� WKH� VR�
OLGLI\LQJ� WLQ�LQGLXP� DOOR\� UHPDLQHG� VPRRWK
IRU����� V�� WKH� LPSRUWDQFH� RI� WKH�UHVXOW�RE�
WDLQHG�LQ�>�@�LV�ZHOO�XQGHUVWDQGDEOH�

7KH� IROORZLQJ� FRQFOXVLRQV� FDQ� EH� GUDZQ
IURP�WKH�FDOFXODWLRQV�FDUULHG�RXW�KHUH��7KH
WUDQVLWLRQ�IURP�WKH�VPRRWK�LQWHUIDFH�WR�DQ�
RWKHU� VWUXFWXUH� UHTXLUHV� D� FHUWDLQ� HQHUJ\
EDUULHU� WR� EH� RYHUFRPH�� ,QGHHG�� WKH� IRUPD�
WLRQ� RI� D� PRUH� GHYHORSHG� VWUXFWXUH� FDXVHV
DQ� DGGLWLRQDO� LQWHUIDFH� DUHD�� 7KXV�� ZKHQ
VWXG\LQJ�WKH�ELQDU\�PHOW�VROLGLILFDWLRQ�SURE�
OHP�� WKH� WLPH� IDFWRU� LV� WR� EH� WDNHQ� LQWR
DFFRXQW�DPRQJ�RWKHUV��%\�WKH�ZD\��WKH�FRQ�
WUDGLFWLRQV�LQ�OLWHUDWXUH�GDWD�RQ�WKH�SUREOHP
PD\�EH�FRQQHFWHG� WR� WKH� IDFW� WKDW� WKH� WLPH
IDFWRU�ZDV� QR� WDNHQ� LQWR� DFFRXQW�ZKHQ� WKH
GDWD�ZHUH�REWDLQHG�
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� ���6�9�%DUDQQLN�� $�<D�'DQ�NR�� 9�1�.DQLVFKHY�
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� ���'�p�2YVLHQNR�� 9�9�0DVORY�� *�k�kOILQWVHY�

&ULVWDOORJU�������������������

7DEOH� ��� 7KH� FU\VWDOOL]DWLRQ� VSHHG� 9�� LQ�
GLXP� FRQFHQWUDWLRQ� DW� WKH� SKDVH� LQWHUIDFH
DW�WKH�PHOW�VLGH�&���W���WHPSHUDWXUH�JUDGL�
HQW� *�� FULWLFDO� FU\VWDOOL]DWLRQ� VSHHGV� 9F�9FD�DQG�WKH�FRQFHQWUDWLRQ�RYHUFRROLQJ�]RQHZLGWK�[F�FDOFXODWHG�IRU�WKH�WLPH�PRPHQW�WDIWHU�WKH�VROLGLILFDWLRQ�RQVHW�RI�WKH�WLQ�LQ�
GLXP�PHOW�
W��V 9�

PP�V
&���W�
�

*�
.�FP

9F�PP�V
9FD�PP�V

[F�PP�V
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�� ���� ���� ���� ���� ���� ����
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)LJ�� ���'HSHQGHQFHV�RI� LQGLXP�FRQFHQWUDWLRQ
&� LQ�WKH�WLQ�PHOW�RQ�WKH�GLVWDQFH�[�IURP�WKH
SKDVH�LQWHUIDFH�IRU�GLIIHUHQW�WLPH�PRPHQWV�W
DIWHU� WKH� FU\VWDOOL]DWLRQ� RQVHW� �V��� ��� ����� ��
����� ��� ����� ��� ��� �� DUH� WKH� OLTXLGXV� OLQHV� LQ
&�[�FRRUGLQDWHV�
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� ���1�6�%DFKYDORY��1�3�=KLGNRY��*�0�.REHO�QLNRY�
1XPHULFDO� 0HWKRGV�� 1DXND�� 0RVFRZ� ������
>LQ�5XVVLDQ@�

� ���9�1�.DQLVFKHY��)XQFWLRQDO��0DWHULDOV��������
�������

� ���k�l�/DVKLQ��1XPHULFDO� VLPXODWLRQ�RI� WKH� VR�
OLGLILFDWLRQ� RI� D�%LQDU\� ,GHDO�$OOR\�%DVHG� RQ
WKH� 3KDVH�ILHOG� 0PRGHO�� .,$0� 3UHSULQW� ¢
����0RVFRZ�������

� ���:�$�7LOOHU��-�:�5XWWHU��&DQ��-��3K\V���������
�������
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