
�

,V�WKH�RSWLPXP�;<�VSDFLQJ�RI�WKH�*HQHUDOL]HG�5HFLSURFDO�0HWKRG���*50��FRQVWDQW�RU�YDULDEOH"�
�� +DPG\�+��6HLVD�
��KVHLVD#PDQV�HGX�HJ��

'HSDUWPHQW�RI�*HRORJ\��)DFXOW\�RI�6FLHQFH��8QLYHUVLW\�RI�(O�0DQVRXUD���������(O�0DQVRXUD��(J\SW��
$EVWUDFW�
�

7KH� *HQHUDOL]HG� 5HFLSURFDO� 0HWKRG� �*50�� KDV� EHHQ� SURSRVHG� IRU�
PDSSLQJ� RI� VXEVXUIDFH� VWUXFWXUHV� ZLWK� ODWHUDO� YDULDWLRQV�� 7KLV� PHWKRG�
GHSHQGV�PDLQO\�RQ�D�VLQJOH�SDUDPHWHU� FDOOHG� WKH�RSWLPXP�;<�GLVWDQFH��
$W� WKH� RSWLPXP� ;<� VHSDUDWLRQ�� IRUZDUG� DQG� UHYHUVH� UD\V� WR� HDFK�
JHRSKRQH�HPHUJH� IURP�QHDU�WKH�VDPH�SRLQW�RQ�WKH�UHIUDFWRU��7KLV�YDOXH�
LV�EDVHG�RQ�KHXULVWLF�GHWHUPLQDWLRQ�DQG�LW�LV�DOZD\V�D�GRXEWIXO�PDWWHU��7KH�
XQFHUWDLQWLHV� RI� WKH� RSWLPXP� ;<� VSDFLQJ� ZLOO� EH� GLVFXVVHG� RQ� VHYHUDO�
V\QWKHWLF�PRGHOV��

�.H\�ZRUGV��
�
2SWLPXP�;<��GLSSLQJ�UHIUDFWRU��IDXOWHG�OD\HU��LUUHJXODU�UHIUDFWRU��XQGXODWLQJ�WRSRJUDSK\�
,QWURGXFWLRQ��
�
7KH� *HQHUDOL]HG� 5HFLSURFDO� 0HWKRG� �*50��� LQWURGXFHG� E\� 3DOPHU� �������� XVHV� VHSDUDWH�
LPDJLQDU\�SRLQWV�RQ�WKH�WUDYHO�WLPH�FXUYHV�WR�HVWLPDWH�WKH�RSWLPXP�;<�VSDFLQJ��7KH�RSWLPXP�;<�
VSDFLQJ�LV�GHILQHG�E\�3DOPHU��������DV��DW�WKH�RSWLPXP�;<�VHSDUDWLRQ��WKH�IRUZDUG�DQG�UHYHUVH�
UD\V� WR� HDFK� JHRSKRQH� HPHUJH� IURP�QHDU� WKH� VDPH�SRLQW� RQ� WKH� UHIUDFWRU��� � 7KLV�PHWKRG�KDV�
DFTXLUHG�D�FRQVLGHUDEOH�VXSSRUW�RI�VRPH�JHRSK\VLFLVWV�ZKR�ZRUN�LQ�WKLV�ILHOG��2Q�WKH�RWKHU�KDQG��
WKH�RSWLPXP�;<�VSDFLQJ�LV�FULWLFL]HG�E\�PDQ\�DXWKRUV��H�J���/HXQJ�������	��������6MRUJHQ��������
DQG�:KLWHOH\���������
�
,Q� WKLV� VWXG\�� VRPH� VLPSOH� PRGHOV� ZLOO� EH� UHYLHZHG� DQG� GLVFXVVHG� LQ� RUGHU� WR� VKRZ� WKH�
XQFHUWDLQWLHV� RI� WKH� RSWLPXP� ;<� VSDFLQJ�� 7KH� UD\V� UHFRUGHG� IURP� UHIUDFWLQJ� LQWHUIDFHV� ZLWK�
YDULDEOH�GHSWK�DQG�YHORFLW\�ZLOO�VKRZ�WKDW�WKHUH�LV�QR�D�VLQJOH�YDOXH�RI��RSWLPXP�;<���
�


 ��WK� $QQXDO�0HHWLQJ�RI�WKH�*HUPDQ�*HRSK\VLFDO�6RFLHW\��'**���0DUFK��������������$DFKHQ����



�

0DLQ�SDUWV�RI�WKH�*50�
�
7KH� *50� KDV� WZR� IXQFWLRQV�� WKH� YHORFLW\� DQDO\VLV� DQG� WKH� WLPH�GHSWK� IXQFWLRQV�� 7KH� YHORFLW\�
DQDO\VLV�IXQFWLRQ�LV�JLYHQ�E\��
� WY� �7$<�±7�%;�� 7�$%� �����
7KH� RSWLPXP� ;<� VKRZLQJ� D� PD[LPXP� VPRRWKQHVV� �RU� D� OHVV� VWUXFWXUH�� ZLOO� FRQILUP� WR� WKH�
JHRSK\VLFDO�DVVXPSWLRQV�WKDW�YDOLG�IRU�PRVW�JHRORJ\�
:KLOH��WKH�WLPH�GHSWK�IXQFWLRQ�LV��
� 7*�� >7�$< � 7%; ± �7�$%� ��;<� 9
�Q�@������
7KH�WHUP�9
�Q�LV�WKH�DSSDUHQW�UHIUDFWRU�YHORFLW\�GHWHUPLQHG�IURP�WKH�YHORFLW\�DQDO\VLV�IXQFWLRQ���,W�LV�
FOHDU�WKDW�WKHVH�WZR�IXQFWLRQV�GHSHQG�PDLQO\�RQ�RSWLPXP�;<�VSDFLQJ���
�
,Q�WKH�IROORZLQJ��IRXU�FDVHV�ZLOO�EH�GLVFXVVHG�WR�VKRZ�WKH�DEVHQFH�RI�WKH�RSWLPXP�;<�YDOXHV�DQG�
FRQVHTXHQWO\�WKH�OLPLWDWLRQV�RI�WKH�*50�WHFKQLTXH��

)LUVW�FDVH�
3ODQH�GLSSLQJ�UHIUDFWLQJ�LQWHUIDFH����
7KLV�PRGHO�UHSUHVHQWV�D�WZR�OD\HUV�FDVH�ZLWK�D�GLSSLQJ�UHIUDFWLQJ�LQWHUIDFH��)LJ�����7KH�GLS�DQJOH�
LV�DERXW���GHJUHHV��$SSO\LQJ�WKH�GHILQLWLRQ�RI�WKH�RSWLPXP�;<�VSDFLQJ�DV�JLYHQ�E\�3DOPHU��������
RQ�WKLV�VLPSOH�PRGHO��WKH�IROORZLQJ�ZLOO�EH�IRXQG��

��� 7KHUH� LV� QR� VLQJOH� YDOXH� IURP�ZKLFK� WKH� UD\V� HPHUJH� IURP� WKH� VDPH� SRLQW� �RU�
IURP�QHDU�WKH�VDPH�SRLQW��RQ�WKH�UHIUDFWRU��LQVWHDG�ZH�KDYH�YDULDEOH�;<�VSDFLQJ��)LJ��D���
7KLV� LQGLFDWHV� WKDW� WKHUH� LV�QR�VLQJOH�YDOXH� IURP�ZKLFK� WKH� UD\V�HPHUJH� IURP� WKH�VDPH�
SRLQW�RQ�WKH�UHIUDFWRU��QR�RSWLPXP�;<�VSDFLQJ����
��� $W� WKUHH�GLIIHUHQW�SRLQWV�RQ�WKH�UHIUDFWRU�*
�*�DQG�*

�� LW�ZLOO�EH�IRXQG�WKDW� WKHUH�
DUH�WKUHH�GLIIHUHQW�FRUUHVSRQGLQJ�;<�VSDFLQJ��WKUHH�RSWLPXP�;<���LQ�WKH�PLGGOH�SDUW�;<�
YDOXH�HTXDOV�WR�������P��ZKLOH�WKLV�YDOXH�LV�HTXDO�WR�����P��DW�;
<
�DQG�������P�DW�;�<���
DW� WKH� RXWHU� SDUWV� RI� WKH�PRGHO� �)LJ��E��� 7KLV�PHDQV� WKDW� LI� WKH� UD\V� HPHUJH� IURP� WKH�
VDPH�SRLQW�RQ�WKH�UHIUDFWRU��WKHQ�WKH\�ZLOO�KDYH�GLIIHUHQW�;<�YDOXHV�YDU\LQJ�IURP�����P�WR�
������P��:KLFK�RQH�RI�WKHVH�YDOXH�FDQ�EH�XVHG�DV�RSWLPXP�VSDFLQJ"�
��� ,I�WKH�;<�VSDFLQJ�RI�WKH�PLGGOH�SDUW��HTXDOV�WR�������P��LV�VHOHFWHG�DV�RSWLPXP�
VSDFLQJ��WKHQ�WKH�;
<
�DQG�;�<��UD\V�ZLOO�HPHUJH�IURP�WZR�GLIIHUHQW�SRLQWV��QRW�IURP�QHDU�
WKH�VDPH�SRLQW��RQ�WKH�UHIUDFWRU��)LJ���F����



�

��� ,Q�FDVH�RI�WKH�;<�VSDFLQJ�RI�������P��WKH�GHSWK�IURP�ZKLFK�WKH�UD\V�HPHUJH�WR�
;
<
� ZLOO� EH� EHORZ� WKH� UHIUDFWRU�� ZKLOH� WKH� UD\V� HPHUJLQJ� WR� ;�<�� ZLOO� EH� DERYH� WKLV�
UHIUDFWRU��)LJ���G����

�

�D��
�

�E��
�

�F��
�

�G��
�

)LJXUH�����D��'LIIHUHQW�RSWLPXP�;<�VSDFLQJ�IURP�WKH�VDPH�UHIUDFWRU���E��7KUHH�GLIIHUHQW�YDOXHV�RI�
;<��DW� WKUHH�GLIIHUHQW� ORFDWLRQV�RQ�WKH�VDPH�UHIUDFWRU���F��7KUHH�YDULDEOH�YDOXHV�RQ�WKH�UHIUDFWRU�
IURP�ZKLFK� UD\V� HPHUJH�ZKHQ� WKH� RSWLPXP�;<� LV� VHOHFWHG� DV� �����P�DQG�� �G�� 7KUHH�GLIIHUHQW�
GHSWKV�IURP�ZKLFK�WKH�UD\V�ZLOO�HPHUJH�ZKHQ�WKH�RSWLPXP�;<�LV�VHOHFWHG�DV�D������P��



�

7KH� UD\V� HPHUJLQJ� IURP� UHIUDFWLQJ� LQWHUIDFHV� GHSHQG�PDLQO\� RQ� WKH� GHSWK� IURP�ZKLFK� WKH\�DUH�
UHIUDFWHG�� WKH�YHORFLW\� FRQWUDVW�DQG� WKH�GLS�DQJOH�RI� WKHVH� UHIUDFWLQJ� LQWHUIDFHV��)LJXUH���VKRZV�
WKDW� WKH�;
<
��;<��DQG�;

<

�VHSDUDWLRQV� LQFUHDVH�ZLWK� LQFUHDVLQJ�GLS�DQJOH�RI�WKH�UHIUDFWRU�� IURP�
DERXW���R�����R���
��6R�KRZ�FDQ�RQH�KRSH�WR�ILQG�DQ�RSWLPXP�;<�VSDFLQJ�ZLWK�D�FRQVWDQW�YDOXH�LQ�
VXFK�FDVH"���
�

�D��
�

�E��
�

�F��
�

�G��
�

)LJXUH����7KH�;<�YDOXHV�LQFUHDVH�ZLWK�WKH�LQFUHDVLQJ�RI�WKH�GLS�DQJOH�RI�WKH�UHIUDFWRU��



�

6HFRQG�FDVH���
$ VWHS�RU�D�IDXOW�PRGHO��3DOPHU��������S������
�
,Q�FDVH�RI�D�VWHS�RU�D�IDXOW�PRGHO��WKH�ILUVW�DUULYDO� WUDYHOWLPH�FXUYH�KDV�WKUHH�GLIIHUHQW�WUDYHOWLPH�
HOHPHQWV� UHFRUGHG� IURP�WKUHH�GLIIHUHQW� UHIUDFWLQJ� LQWHUIDFHV�IURP�IRUZDUG�DQG�UHYHUVH�GLUHFWLRQV�
�)LJ������$SSO\LQJ�6QHOO
V�ODZ��LW�ZLOO�EH�IRXQG�WKDW��
�

��� 7KH�RSWLPXP�;
<
�VSDFLQJ�DORQJ�WKH�UHIUDFWLQJ�LQWHUIDFH���LV�FRQVWDQW�DQG�HTXDO�WR������P��
��� 7KH�RSWLPXP�;�<��YDOXH�VSDFLQJ�IRU�WKH�UHIUDFWLQJ�LQWHUIDFH���LV�DOVR�FRQVWDQW�DQG�HTXDO�WR�
������P��DQG�
��� 7KH�UHIUDFWLQJ�LQWHUIDFH���VKRZV�YDULDEOH�YDOXHV�RI�;<���

�
7KHUH� LV�D�XQLTXH�;<�YDOXH� IRU�HDFK� WZR� UD\V�HPHUJLQJ� IURP� WKH�VDPH�SRLQW�RQ� WKH�KRUL]RQWDO�
UHIUDFWLQJ�LQWHUIDFHV����	���GXH�WR�WKH�YHUWLFDO�GHSWKV�G� DQG�G� �RI�WKH�UHIUDFWLQJ�LQWHUIDFHV���DQG�
���UHVSHFWLYHO\��DFFRUGLQJ�WR�WKH��IROORZLQJ�UHODWLRQV���
�
;
<
�VHSDUDWLRQ�� ��G�[ WDQ�LF�� ������P�
;

<

�VHSDUDWLRQ� ��G�[ WDQ�LF� ������P�
ZKHUH�G� DQG�G� DUH�HTXDO�WR����DQG����P��UHVSHFWLYHO\��
�
$FFRUGLQJO\�� WKHUH� LV�QR�VLQJOH�FRQVWDQW�YDOXH� WKDW�FDQ�EH�DFFHSWHG�DV�RSWLPXP�VSDFLQJ�IRU�WKH�
WKUHH�UHIUDFWLQJ�LQWHUIDFHV���7KH�XVH�RI����P��DV�RSWLPXP�;<�YDOXH��DV�JLYHQ�E\�3DOPHU��������S��
����� ZLOO� EH� IRXQG� RQ� D� VLQJOH� SRLQW� RQ� WKH� UHIUDFWLQJ� LQWHUIDFH� ��� $W� DOO� RWKHU� SRLQWV� RQ� WKH�
UHIUDFWLQJ�LQWHUIDFHV��DOO�UD\V�ZLWK�;<� ����P�ZLOO�HPHUJH�IURP�WZR�GLIIHUHQW�SRLQWV�HLWKHU�EHORZ�RU�
DERYH�WKH�UHIUDFWLQJ� LQWHUIDFHV�RU� IURP�WZR�GLIIHUHQW�SRLQWV��EXW�QRW�QHDU�WKH�VDPH�SRLQW��RQ�WKH�
UHIUDFWLQJ� LQWHUIDFH�� ,Q� RWKHU�ZRUGV�� LW� LV� LPSRVVLEOH�RI� ILQG�HPHUJLQJ� UD\V� IURP� WKHVH� UHIUDFWLQJ�
LQWHUIDFHV�ZLWK�D�VLQJOH�;<�YDOXH�HTXDO�WR����P��RSWLPXP�;<�VHSDUDWLRQ�DV�VXJJHVWHG�E\�3DOPHU�
��������
�
,Q�KLV�ERRN���������D�VWHS�PRGHO�LV�XVHG�DQG�WKH�UHODWLRQ�EHWZHHQ�WKH�YHORFLW\�DQDO\VLV�IXQFWLRQ�
DQG� WKH�RSWLPXP�;<�VSDFLQJ�ZDV�JUDSKLFDOO\�JLYHQ�DV�VKRZQ�LQ�)LJ�����+RZHYHU�� LQ�KLV�DQRWKHU�
ERRN� �3DOPHU�� ������ S����� WKH� DERYH� PHQWLRQHG� PRGHO� ZDV� SUHVHQWHG� DQG� WKH� RSWLPXP� ;<�
VSDFLQJ� LV�JLYHQ�DV���P���)LJ������ ,W� LV�VR�VWUDQJH�WKDW� IRU� WKH�VDPH�PRGHO��WZR�GLIIHUHQW�UHVXOWV�
DUH�REWDLQHG���7KLV�PHDQV�WKDW�WKH�YHORFLW\�DQDO\VLV�IXQFWLRQ�FDQ�EH�FKDQJHG�RYHU�WKH�\HDUV��7KH�
PDLQ�UHDVRQ�IRU�WKLV�LV�GXH�WR�WKH�DEVHQFH�RI�D�FRQVWDQW�;<�VSDFLQJ��$V�VKRZQ�DERYH��WKH�UD\V�
HPHUJHG�IURP�WKH�VDPH�SRLQWV�RQ�WKH�UHIUDFWLQJ�LQWHUIDFHV���	���KDYH�WZR�GLIIHUHQW�RSWLPXP�;<�
YDOXHV�ZKLOH�WKH�UHIUDFWLQJ�LQWHUIDFH���KDV�YDULDEOH�;<�VHSDUDWLRQV��)LJ���E� ��
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�D���

)LJXUH� ��� � $� VWHS� RU� D� IDXOW� PRGHO�� 7KH� WZR� KRUL]RQWDO� UHIUDFWLQJ� LQWHUIDFHV� ��	��� KDYH� WZR�
FRQVWDQW� ;<� VSDFLQJ�ZKLOH� WKH� UHIUDFWLQJ� LQWHUIDFH� �� VKRZV� YDULDEOH� ;<� YDOXHV� �3DOPHU�� ������
3������1RWH�WKH�FRQQHFWLRQ�RI�WKH�WZR�UHIUDFWLQJ�LQWHUIDFHV��
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�

7KLUG�FDVH���
,UUHJXODU�UHIUDFWRU�VXUIDFH��3DOPHU��������S��������
,Q�WKLV�FDVH��WKH�UHIUDFWRU�FRQVLVWV�RI�VHYHUDO�UHIUDFWLQJ�LQWHUIDFHV��7KH�HPHUJHG�UD\V�IURP�HDFK�
UHIUDFWLQJ� LQWHUIDFH� KDYH� GLIIHUHQW� RSWLPXP�;<� VSDFLQJ� �)LJ�����&RQVHTXHQWO\�� WKH� RSWLPXP�;<�
YDOXHV� DUH� GLIIHUHQW�� 7KH\� UDQJH� IURP�DERXW������ �� �����P�� ,Q� FDVH�RI� WKH� UHIUDFWLQJ� LQWHUIDFHV�
KDYH� WKH� VDPH� YHORFLW\�DQG�YDULDEOH� OD\HU� WKLFNQHVV� �RU�GHSWK��� WKH�RSWLPXP�;<�YDOXHV�ZLOO� EH�
DOVR� YDULDEOH� ������ P� DW� UHIUDFWRU� GHSWK� RI� ��� P� DW� 6� DQG� ����� P�� DW� GHSWK� RI� ��� P� DW� 6��
UHVSHFWLYHO\���,I�WKH�UHIUDFWLQJ�LQWHUIDFHV�KDYH�WKH�VDPH�WKLFNQHVV�EXW�YDU\�LQ�YHORFLWLHV��WKHQ�WKH�
UD\V�HPHUJHG�IURP�SRLQWV�DW�WKH�VDPH�GHSWK�ZLOO�KDYH�GLIIHUHQW�RSWLPXP�;<�YDOXHV���7KH�SRLQWV�
6� DQG� 6� KDYH� WKH� VDPH� GHSWK� ���� P��� EXW� WKH� HPHUJHG� UD\V� IURP� WKHVH� SRLQWV� KDYH� WZR�

)LJXUH� ��� 6FKHPDWLF� UHSUHVHQWDWLRQ� RI�
YHORFLW\�DQDO\VLV� IXQFWLRQ� IRU�D�UHIUDFWRU�
ZLWK�D�VWHS� LQ�GHSWK�� �3DOPHU��������3��
����

)LJXUH����7KH�YHORFLW\�DQDO\VLV� IXQFWLRQ�
GRHV� QRW� GHWHUPLQH� WKH� RSWLPXP� ;<�
VSDFLQJ� IRU� WKH� VDPH� PRGHO�� �3DOPHU��
������S�������

�D��

�E��



�

GLIIHUHQW�RSWLPXP�;<�YDOXHV��HTXDO�WR������DQG�����P���UHVSHFWLYHO\��DV�D�UHVXOW�RI�WKH�YDULDWLRQV�
LQ�YHORFLW\�DORQJ�WKHVH�UHIUDFWLQJ�LQWHUIDFHV�DQG�FRQVHTXHQWO\�WKH�FULWLFDO�DQJOH��)LJ���E����
�
3DOPHU�GHGXFHG�IURP�WKH�YHORFLW\�DQDO\VLV�GDWD�FXUYHV��������)LJ���S�����WKDW�WKH�;<�VSDFLQJ�RI�
���P�FDQ�EH�XVHG�DV�DQ�RSWLPXP�VSDFLQJ��,W�LV�FOHDU�WKDW�WKH�UD\V�RI�RSWLPXP�VHSDUDWLRQ�RI����P�
ZLOO�HPHUJH�IURP�GLIIHUHQW�SRLQWV�RQ� WKH�UHIUDFWLQJ�LQWHUIDFHV��EXW�QRW�QHDU�WKH�VDPH�SRLQW���$W�
WKLV�RSWLPXP�;<�VSDFLQJ�����P��WKH�UHIUDFWHG�UD\V�ZLOO�PHUJH�IURP�HLWKHU�DERYH�RU�EHORZ�WKH�
UHIUDFWLQJ�LQWHUIDFHV���
�

)LJXUH� ��� 'LIIHUHQW� ;<� YDOXHV� DUH� UHFRUGHG� IURP� GLIIHUHQW� UHIUDFWLQJ� LQWHUIDFHV� DV� D� UHVXOW� RI�
FKDQJH�LQ�GHSWK�RU�FKDQJH�LQ�YHORFLW\�FRQWUDVW��IRU�UD\V�UHIUDFWHG�IURP�WKH�VDPH�GHSWK����

;< ����;< ����;< �����;< ����



�

)RXUWK�FDVH���
,UUHJXODU�JURXQG�VXUIDFH��3DOPHU�������S������
�
,Q FDVH�RI�DQ�XQGXODWLQJ�WRSRJUDSK\��WKH�UD\V�DW�WKH�JURXQG�VXUIDFH�DQG�HPHUJHG�IURP�WKH�VDPH�
SRLQWV�RQ�WKH�UHIUDFWRU��HYHQ�D�KRUL]RQWDO�RQH��KDYH�WZR�GLIIHUHQW�RSWLPXP�;<�YDOXHV��)LJ������7KH�
VWXGLHG�PRGHO�VKRZV�WKDW� WKH�;<�VSDFLQJ�KDV�GLIIHUHQW�YDOXHV��)LJ���E���7KH�JLYHQ�RSWLPXP�;<�
VSDFLQJ�E\�3DOPHU� ������ �� S�� ���ZDV�]HUR���$W�]HUR�;<�GLVWDQFH�� WKH� UD\V�HPHUJH� IURP� WR� WZR�
SRLQWV�RQ�WKH�UHIUDFWRU�DQG�WKH�UD\V�KDYH�D�VXUIDFH�FRPPRQ�SRLQW��]HUR�VSDFLQJ��RQ�WKH�JURXQG�
VXUIDFH��,Q��)LJ���E��WZR�GLIIHUHQW�UD\V��UHG�LQ�FRORU��IURP�WZR�GLIIHUHQW�UHIUDFWLQJ�LQWHUIDFH�ZLWK�WZR�
GLIIHUHQW�YHORFLWLHV�WR�JHW�]HUR�RSWLPXP�;<�YDOXH��
�
,I� WKH�RSWLPXP�;<�GLVWDQFH��DWWDLQHG�ZKHQ� WKH� UD\V�DW� WKH�JURXQG�VXUIDFH�KDYH�HPHUJHG� IURP�
QHDU�WKH�VDPH�SRLQW�RQ�WKH�UHIUDFWRU��WKLV�ZLOO�LQGLFDWH�WKDW�WKHUH�LV�QR�FOHDU�GLIIHUHQWLDWLRQ�EHWZHHQ�
WKH�*50�DQG� WKH�FRQYHQWLRQDO� UHFLSURFDO� WLPH�PHWKRGV� �+DZNLQV���������1R�ZRQGHU��:KLWHOH\�
�������FRQVLGHUHG�WKDW�*50�PHWKRG�LV�D�UHVWULFWLRQ�RI�WKH�UHFLSURFDO�PHWKRG��
�

)LJXUH����'LIIHUHQW�;<�YDOXHV�UHFRUGHG�IURP�WKH�WZR�UHIUDFWLQJ�LQWHUIDFHV�DV�D�UHVXOW�RI�HOHYDWLRQ�
FKDQJH�DQG�WKH�FKDQJH�RI�WKH�YHORFLW\�FRQWUDVW��,I�WKH\�KDYH�WKH�VDPH�YHUWLFDO�HOHYDWLRQ���7KH�XVH�
RI� ]HUR� RIIVHW� �UHG� FRORU� UD\V�� VKRZV� WKDW� WKHVH� WZR� UD\V� HPHUJH� IURP� WZR� GLIIHUHQW� UHIUDFWLQJ�
LQWHUIDFHV���
�

;< �����P ;< ������P;< �������P;< �



��

'LVFXVVLRQ�DQG�FRQFOXVLRQV��
,Q�WKLV�VWXG\�� IRXU�FDVHV�DQG�ILYH�PRGHOV�UHSUHVHQWLQJ�VLPSOH�VXEVXUIDFH�VWUXFWXUHV�DUH�XVHG�WR�
VKRZ� WKH� FUHGLELOLW\� RI� WKH� RSWLPXP�;<� VHSDUDWLRQ�� 7KH� ILUVW� FDVH� LQFOXGHV� WZR�PRGHOV� RI� WZR�
SODQH� GLSSLQJ� OD\HUV�� 7KH� ODVW� WKUHH� PRGHOV� DUH� H[WUDFWHG� IURP� 3DOPHU� ������ 	� ������� 7KH�
RSWLPXP�;<�VSDFLQJ�ZLWK�UD\V�HPHUJLQJ�IURP�WKH�VDPH�SRLQW�RQ�WKH�UHIUDFWRU� LV�UHVWULFWHG�WR�EH�
IRXQG�RQO\�LQ�D�WZR�KRUL]RQWDO� OD\HU�ZLWK�FRQVWDQW�YHORFLWLHV���,Q�DOO�RWKHU�FDVHV��WKH�RSWLPXP�;<�
VSDFLQJ�KDV�QHLWKHU� FRQVWDQW� YDOXH�QRU�HPHUJLQJ� IURP� WKH�VDPH�SRLQW�RQ� WKH� UHIUDFWRU��2Q� WKH�
FRQWUDU\��PRVW�RI�;<�YDOXHV�KDYH�GLIIHUHQW�VSDFLQJ��7DNLQJ�LQWR�DFFRXQW�RI�WKHVH�FRQVLGHUDWLRQV��
LW� LV� FOHDU� WKDW� WKH�*50� LV�EDVHG�RQ�HPSLULFDO�REVHUYDWLRQV� L�H�� LV� WKHRUHWLFDOO\�XQVXEVWDQWLDWHG��
7KHUHIRUH�� WKH� XVH� RI� VRPH� QRQ�VFLHQWLILF� WHUPV� LQ� WKLV�PHWKRG� VXFK� DV� DQ�RSWLPXP� QHDU� WKH�
VDPH� SRLQW� RQ� WKH� UHIUDFWRU�� VKRZLQJ� PD[LPXP� VPRRWKQHVV� RU� OHVV� VWUXFWXUH� GR� QRW� PHDQ�
DQ\WKLQJ� VLQFH� WKH\� DUH� HPSLULFDOO\� GHILQHG�� $W� WKH� VDPH� WLPH�� WKH� GHULYDWLRQ� RI� WKH� VR� FDOOHG�
RSWLPXP� ;<� VSDFLQJ� LQ� WKH� IROORZLQJ� ZD\� �WKH� RSWLPXP�;<� FDQ� EH� � GHULYHG� IURP� WKH� YHORFLW\�
DQDO\VLV� IXQFWLRQ� FXUYHV� FRPSXWHG� IRU� D� UDQJH� RI�;<� VHSDUDWLRQV� DQG� WKHQ�ZLWK�PDQXDO� FXUYH�
ILWWLQJ�RYHU�GLVFUHWH�LQWHUYDOV��VKRZV�ODFNLQJ�RI�DQ\�PDWKHPDWLFDO�GHULYDWLRQ���
�
7KH� UHIUDFWHG� UD\V� IURP� WKH�VDPH�SRLQW� OHDYH�D�GLSSLQJ� LQWHUIDFH�ZLOO�KDYH�YDULDEOH�;<�VSDFLQJ�
�DV�PHDVXUHG� DORQJ� WKH� HDUWK¶V� VXUIDFH�� ZLWK� ERWK� GHSWK� �L�H�� DW� WKH� SRLQW� IURP�ZKLFK� WKH� DUH�
HPHUJLQJ� RQ� WKH� UHIUDFWRU�� DQG� GLS� DQJOH��� 7KH� ;<� VSDFLQJ� LQFUHDVHV� FRQWLQXRXVO\� ZLWK� GHSWK�
DORQJ�D�GLSSLQJ� UHIUDFWRU��7KHUHIRUH�� WKHUH� LV�QR�VLQJOH�;<�YDOXH� IRU�D�GLSSLQJ� LQWHUIDFH�FDQ�EH�
IRXQG��0RUHRYHU�� WKH� YHORFLW\� DQDO\VLV� SORW� FDQQRW�EH�XVHG� WR�H[WUDFW�DQ�RSWLPXP�;<� IURP� WKH�
UHYHUVHG� WUDYHOWLPH� GDWD� XVLQJ� ODWHUDO�PLJUDWLRQ� �DV� VXJJHVWHG� E\� 3DOPHU� ������� ,W� LV� WUXH� WKDW�
WKHUH�LV�D�VLQJOH�;<�YDOXH�DW�HYHU\�GHSWK�IRU�D�GLSSLQJ�UHIUDFWRU��EXW�WKH�SRLQW�RI�HPHUJHQFH�LV�QRW�
FHQWUDOO\� ORFDWHG�EHWZHHQ� WKH�SRLQWV�RI�DUULYDO�DW� WKH�VXUIDFH� L�H��DW�;�DQG�<�� ,QFUHDVLQJ� WKH�GLS�
DQJOH�PLJUDWHV�WKLV�SRLQW�LQ�WKH�XS�GLS�GLUHFWLRQ���

�
7KH�VKDOORZ�VHLVPLF�UHIUDFWLRQ�WHFKQLTXH�KDV�LQKHUHQW�SUREOHPV��VXFK�DV�WKH�XQGHWHFWHG�OD\HUV��
DPELJXLWLHV�� ILUVW� DQG� ODWHU� DUULYDOV«�HWF��2WKHU�PDLQ� SUREOHPV� DUH� UHODWHG� WR� WKH� LQWHUSUHWDWLRQ�
WHFKQLTXHV� WKHPVHOYHV�� 0RVW� RI� WKHP� DUH� UHVWULFWHG� WR� VLPSOH� PRGHOV�� EXW� WKH� JHQHUDOL]DWLRQ�
LQYRNLQJ�ODWHUDO�GDWD�PLJUDWLRQ�LQ�WKH�*50�LV�UHVSRQVLEOH�IRU�IDOVH�LQWHUSUHWDWLRQV���6LQFH�WKH�*50�
LQFRUSRUDWHV�KHXULVWLF�DVVXPSWLRQV�DQG�KDV�QR�PDWKHPDWLFDO�EDVLV��DGGLWLRQDO�XQFHUWDLQWLHV�DUH�
UDLVHG� LQ� LWV� DSSOLFDWLRQ�� HYHQ� LQ� FDVH� RI� D� VLPSOH� PRGHOV� DV� GLVFXVVHG� EHIRUH��� 7KH� ODFN� RI�
FRQVWDQW�;<�VSDFLQJ�LQ�DOO�FDVHV��H[FHSW�WKH�KRUL]RQWDO�RQHV��ZLOO�OHDG�WR�PRUH�XQFHUWDLQWLHV�LQ�LWV�
DSSOLFDWLRQ���
�
,Q�WKH�*50�GHWHUPLQDWLRQ�RI�WKH�´DYHUDJH�YHORFLW\�´�LQ�WKH�RYHUEXUGHQ�DERYH�WKH�³PDLQ�UHIUDFWRU´�
�DVVXPLQJ� LW� H[LVWV��� WKH� UHODWLRQVKLS�EHWZHHQ� WKH�DEVROXWH�PHDVXUHG� WUDYHOWLPH�DQG� WKH�DFWXDO�



��

RYHUEXUGHQ�YHORFLWLHV� LV� LJQRUHG���7KLV�PHDQV� WKDW�FRPSXWHG� WUDYHOWLPH�LQ� WKH�RYHUEXUGHQ�XVLQJ�
WKH�*50�DYHUDJH�YHORFLW\� UDUHO\�PDWFK� WKH�DFWXDO� WLPHV���:KHQ� WKLV�KDSSHQV�3DOPHU�VXJJHVWV�
WKDW�KLGGHQ�OD\HUV�DQG�RU�YHORFLW\�LQYHUVLRQV�DUH�SUHVHQW�EXW�GRHV�QRW�SURYH�WKLV��,Q�FDVH�RI�WKHVH�
XQGHWHFWHG�OD\HU�SUREOHPV��WKHUH�DUH�QR�UHFRGHG�GDWD�DV�ILUVW�DUULYDOV�RQ�WKH�WUDYHOWLPH�FXUYH�DQG�
WKH� *50� UHOLHV� FRPSOHWHG� RQ� LWV� ³DYHUDJHG� YHORFLW\´� REWDLQHG� DW� D� VLQJOH� ;<� YDOXH�� 6R� WKH�
TXHVWLRQ�PXVW�EH�DVNHG��KRZ�FDQ�WKH�*50�SURGXFH�DFFXUDWH�LQWHUSUHWDWLRQV�ZLWKRXW�ILUVW�DUULYDOV�
UHFRUGHG�IURP�WKH�VKDOORZHU�UHIUDFWLQJ�LQWHUIDFHV"�,I�WKH�DSSOLFDWLRQ�RI�WKH�*50�RQ�VLPSOH�PRGHOV�
LV�D�GRXEWIXO�PDWWHU��WKHQ�WKH�XVH�RI�LW�LQ�UHODWLYH�FRPSOH[�VWUXFWXUH�RU�ZKHUH�VHLVPLF�DQLVRWURS\�LV�
SUHVHQW�ZLOO�EH�DOVR�LQ�GRXEW��
�5HIHUHQFHV�
�+DZNLQV��/�9���������7KH�UHFLSURFDO�PHWKRG�RI�URXWLQH�VKDOORZ�VHLVPLF�UHIUDFWLRQ� LQYHVWLJDWLRQV��*HRSK\VLFV� �������������
�/HXQJ�� 7�0��� ������ &RQWUROV� RI� WUDYHOWLPH� GDWD� DQG� SUREOHPV� RI� WKH� JHQHUDOL]HG� UHFLSURFDO�
PHWKRG���*HRSK\VLFV� ���������������
/HXQJ��7�0���������([DPLQDWLRQ�RI�WKH�RSWLPXP�;<�YDOXHV�E\�UD\�WUDFLQJ��*HRSK\VLFV�����������������
�3DOPHU��'��������7KH�JHQHUDOL]HG�UHFLSURFDO�PHWKRG�VHLVPLF�UHIUDFWLRQ�LQWHUSUHWDWLRQ��6RF��([SRO��� *HRSK\V�
3DOPHU��'��������5HIUDFWLRQ�VHLVPLFV��7KH�ODWHUDO�UHVROXWLRQ�RI�VWUXFWXUH�DQG�VHLVPLF�YHORFLW\��LQ�.���+OELJ��DQG�6���7UHLWHO��+DQGERRN�RI�JHRSK\VLFDO�H[SORUDWLRQ��*HRSKV��3UHVV����
6MRUJHQ��%��������$�EULHI�VWXG\�RI�DSSOLFDWLRQ�RI�WKH�JHQHUDOL]HG�UHFLSURFDO�PHWKRG�DQG�RI�VRPH�OLPLWDWLRQV�RI�WKH�PHWKRG��*HRSK\VLFDO�3URVSHFWLQJ�����������������:KLWHOH\��5�-��DQG�(FFOHVWRQ��3�-���������&RPSDULVRQ�RI�VKDOORZ�VHLVPLF�UHIUDFWLRQ�LQWHUSUHWDWLRQ�
PHWKRGV�IRU�UHJROLWK�PDSSLQJ��([SORUDWLRQ�*HRSK\VLFV� ��������±������


