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�� ,QWURGXFWLRQ

:H�DUH�EXLOGLQJ�D�VHW�RI�VHPDQWLFV�EDVHG�VWDWLF�DQDO\VLV�WRROV�IRU�SURJUDP�XQGHUVWDQGLQJ�DQG
PDLQWHQDQFH��(DFK�WRRO�LV�VSHFLDOL]HG�WR�D�SDUWLFXODU�WDVN��7R�PDNH�WKH�GHYHORSPHQW�RI�WKHVH�WRROV�FRVW�
HIIHFWLYH��ZH�PXVW�PDNH�LW�HDV\�WR�UHXVH�VWDWLF�DQDO\VHV�DFURVV�WRROV��7KLV�UHTXLUHV�WKDW�DV�OLWWOH�DV
SRVVLEOH�RI�WKH�FRPSOH[LW\�RI�WKH�DQDO\VHV�EH�H[SRVHG�WR�WKH�WRRO�GHVLJQHU��,Q�RXU�V\VWHP�IRU�DQDO\]LQJ
-DYD�FRGH��$MD[��ZH�GHILQH�DQ�LQWHUIDFH�WKDW�WRROV�XVH�WR�DFFHVV�SURJUDP�DQDO\VLV�VHUYLFHV�

,Q�WKH�UHPDLQGHU�RI�WKLV�SDSHU��ZH�GLVFXVV�WKH�UHTXLUHPHQWV�IRU�WKH�$MD[�DQDO\VLV�LQWHUIDFH�DQG�RXU�EDVLF
DSSURDFK�WR�DGGUHVVLQJ�WKHVH�UHTXLUHPHQWV��:H�SUHVHQW�WKH�³YDOXH�SRLQW�UHODWLRQ´��DQ�DEVWUDFWLRQ�WKDW�LV
WKH�EDVLV�IRU�FRPPXQLFDWLQJ�VHPDQWLF�LQIRUPDWLRQ�WKURXJK�RXU�LQWHUIDFH��7RROV�UHTXHVW�YLHZV�RQ�WKLV
UHODWLRQ��ZH�GHVFULEH�WKH�TXHULHV�WKDW�JHQHUDWH�WKHVH�YLHZV��DQG�KRZ�WRROV�DQG�DQDO\VHV�FRRSHUDWH
WKURXJK�WKH�LQWHUIDFH�WR�REWDLQ�RSWLPL]DWLRQV�QHFHVVDU\�IRU�VFDODELOLW\��:H�JLYH�VRPH�SUHOLPLQDU\�UHVXOWV
VXJJHVWLQJ�WKDW�ZLWK�WKLV�QHZ�DEVWUDFWLRQ�ZH�FDQ�VWLOO�SHUIRUP�VFDODEOH�DQDO\VLV�RI�UHDO�-DYD�SURJUDPV�

�� 7KH�9DOXH�3RLQW�5HODWLRQ

2YHUYLHZ

:H�ZLVK�WR�KLGH�WKH�FRPSOH[LW\�RI�VWDWLF�DQDO\VHV�IURP�WRROV��7KH�LQWHUIDFH�EHWZHHQ�WRRO�DQG�DQDO\VLV
VKRXOG�EH�VLPSOH�DQG�VPDOO��QRW�RQO\�LQ�WKH�FRGH��EXW�DOVR�FRQFHSWXDOO\��)RU�H[DPSOH��PDQ\�DOLDV
DQDO\VHV�PDS�WKH�SRWHQWLDOO\�LQILQLWH�VHW�RI�UXQ�WLPH�PHPRU\�ORFDWLRQV�LQWR�D�ILQLWH�VHW�RI�³DEVWUDFW
ORFDWLRQV´��DQG�FRPSXWH�UHVXOWV�DV�VHWV�RU�UHODWLRQV�RYHU�WKHVH�DEVWUDFW�ORFDWLRQV��,I�WKHVH�DEVWUDFW
ORFDWLRQV�DUH�H[SRUWHG�WR�WRROV��WKHQ�WKH�WRRO�ZULWHU�PXVW�XQGHUVWDQG�ZKDW�WKH\�DUH�DQG�KRZ�WKH\�DUH
XVHG��7KLV�UHSUHVHQWV�FRQFHSWXDO�DQG�LPSOHPHQWDWLRQ�RYHUKHDG��7KHUHIRUH�ZH�VSHFLI\�DQ�LQWHUIDFH�WR
DQDO\VHV�VLPSO\�DQG�GLUHFWO\�LQ�WHUPV�RI�WKH�VHPDQWLFV�RI�-DYD�

:H�GHILQH�D�VWDWLF�DEVWUDFWLRQ�RI�DOO�SRVVLEOH�SURJUDP�H[HFXWLRQV��FDOOHG�WKH�³YDOXH�SRLQW�UHODWLRQ´��7KLV
DEVWUDFWLRQ�LV�WKH�EDVLV�IRU�WUDQVPLWWLQJ�LQIRUPDWLRQ�IURP�WKH�DQDO\VLV�WR�WKH�WRRO��7KH�UHODWLRQ�HQFRGHV
DEVWUDFW�³IORZ´�LQIRUPDWLRQ�WKDW�ZH�KDYH�IRXQG�VXLWDEOH�IRU�PDQ\�GLIIHUHQW�NLQGV�RI�WRROV��,W�LV�WKH�FRUH
RI�WKH�$MD[�LQWHUIDFH��FRQFHSWXDOO\��DQ�DQDO\VLV�FRPSXWHV�D�FRQVHUYDWLYH�DSSUR[LPDWLRQ�WR�WKH�WUXH
YDOXH�SRLQW�UHODWLRQ��DQG�D�WRRO�ILOWHUV�DQG�SRVWSURFHVVHV�WKLV�DSSUR[LPDWLRQ�LQ�UHVSRQVH�WR�XVHU�UHTXHVWV�

$�³YDOXH�SRLQW´�LV�DQ�H[SUHVVLRQ�H�DW�VRPH�ORFDWLRQ�O�LQ�WKH�SURJUDP�FRGH��7KH�H[SUHVVLRQ�QHHG�QRW
RFFXU�LQ�WKH�SURJUDP�WH[W��WKXV�LQ�JHQHUDO�WKHUH�DUH�DQ�LQILQLWH�QXPEHU�RI�YDOXH�SRLQWV��*LYHQ�D�YDOXH�
SRLQW��H��O��DQG�D�SURJUDP�VWDWH�V�ZKHUH�WKH�SURJUDP�FRXQWHU�LV�DW�O��ZH�FDQ�HYDOXDWH�WKH�H[SUHVVLRQ�LQ
WKDW�VWDWH�WR�\LHOG�D�UXQWLPH�YDOXH�Y��LQ�ZKLFK�FDVH�ZH�VD\�WKDW��H��O��HYDOXDWHV�WR�Y�LQ�VWDWH�V��,I�V�LV�D�VWDWH
ZKHUH�WKH�SURJUDP�FRXQWHU�LV�QRW�DW�O��WKHQ�ZH�VD\�WKDW�WKH�YDOXH�SRLQW�GRHV�QRW�HYDOXDWH�WR�DQ\�YDOXH�LQ
VWDWH�V��,Q�-DYD��WKH�VHW�RI�UXQWLPH�YDOXHV�FRQVLVWV�RI�DOO�REMHFW�UHIHUHQFHV��ERROHDQV��DQG�DOO�WKH�VFDODU
YDOXHV�VXFK�DV�LQWV��IORDWV��HWF��:H�DOZD\V�HYDOXDWH�H[SUHVVLRQV�DV�³UYDOXHV´��H�J��WKH�YDOXH�RI�³D�[´�LV
WKH�FXUUHQW�FRQWHQWV�RI�D¶V�ILHOG�[��QRW�WKH�ORFDWLRQ�RI�ILHOG�[��DV�LI�³D�[´�DSSHDUHG�RQ�WKH�OHIW�KDQG�VLGH
RI�DQ�DVVLJQPHQW��

7ZR�YDOXH�SRLQWV�93��DQG�93��DUH�UHODWHG�LI�WKHUH�LV�D�H[HFXWLRQ�RI�WKH�SURJUDP�WKDW�SDVVHV�WKURXJK�WZR
VWDWHV�V��DQG�V��VXFK�WKDW�93��HYDOXDWHV�WR�D�YDOXH�Y�DW�V��DQG�93��HYDOXDWHV�WR�WKH�VDPH�YDOXH�Y�DW�V���)RU
H[DPSOH��LI�WKH�YDOXHV�RI�93��DQG�93��DUH�DOZD\V�SRLQWHUV��RU�REMHFW�UHIHUHQFHV���WKHQ�93��DQG�93��DUH
UHODWHG�LII�WKH\�DOLDV��L�H��LII�WKH�UHVXOWLQJ�SRLQWHUV��RU�UHIHUHQFHV��DUH�HYHU�WKH�VDPH�
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:H�IRUPDOO\�GHILQH�WKH�YDOXH�SRLQW�UHODWLRQ�IRU�-DYD�E\WHFRGH�SURJUDPV��EXW�LW�VHHPV�UHDGLO\�DGDSWDEOH
WR�RWKHU�ODQJXDJHV�

'HILQLWLRQ

:H�ZULWH�WKH�YDOXH�SRLQW�UHODWLRQ�DVVRFLDWHG�ZLWK�D�SURJUDP�S�DV� S��8VXDOO\�WKH�SURJUDP�S�LV�LPSOLHG
DQG�ZH�VLPSO\�UHIHU�WR�WKH�YDOXH�SRLQW�UHODWLRQ�DV� �

)LUVW�ZH�SUHVHQW�D�SUHDPEOH��GHFODULQJ�DQ�DEVWUDFWLRQ�RI�WKH�-DYD�E\WHFRGH�ODQJXDJH�VXIILFLHQW�WR�GHILQH
�

/HW�6�EH�WKH�VHW�RI�VWDWHV�RI�-DYD�E\WHFRGH�SURJUDPV��/HW�6��EH�WKH�LQLWLDO�VWDWH��/HW� S�EH�WKH�WUDQVLWLRQ
UHODWLRQ�WKDW�H[HFXWHV�D�VLQJOH�VWHS�RI�S��XVXDOO\��DQ�LQVWUXFWLRQ��� S�UHODWHV�6�WR�6��� S�QHHG�QRW�EH�D
IXQFWLRQ��L�H��QRQGHWHUPLQLVP�LV�DOORZHG���/HW�/�EH�WKH�VHW�RI�SURJUDP�ORFDWLRQV��LQ�-DYD�E\WHFRGH��/�LV
WKH�VHW�RI�SDLUV�HDFK�FRQVLVWLQJ�RI�D�IXOO\�TXDOLILHG�PHWKRG�QDPH�DQG�D�E\WHFRGH�LQVWUXFWLRQ�RIIVHW��:H
WUHDW�WKH�SURJUDP�S�DV�D�SDUWLDO�PDS�IURP�/�WR�E\WHFRGH�LQVWUXFWLRQV��/HW�3&�EH�D�IXQFWLRQ�IURP�6�WR�/�
WKDW�UHWXUQV�WKH�³FXUUHQW�SURJUDP�ORFDWLRQ´�RI�HDFK�VWDWH��WKH�ORFDWLRQ�RI�WKH�QH[W�LQVWUXFWLRQ�WR�EH
H[HFXWHG��/HW�9�EH�WKH�XQLYHUVH�RI�-DYD�UXQ�WLPH�YDOXHV��REMHFW�UHIHUHQFHV��LQWHJHUV��IORDWV��HWF��

:H�IRUPDOO\�GHILQH�D�WUDFH�W�RI�D�SURJUDP�S�DV�IROORZV��D�WUDFH�W�LV�D�ILQLWH�VHTXHQFH�RI�OHQJWK�_W_�RI�VWDWHV
�VL!��VXFK�WKDW�V�� �6��DQG�IRU�DOO�����L���_W_��VL��� S�VL�

7KH�E\WHFRGH�ODQJXDJH�GRHV�QRW�KDYH�D�EXLOW�LQ�QRWLRQ�RI�H[SUHVVLRQV��LW�XVHV�D�5,6&�OLNH�LQVWUXFWLRQ
IRUPDW���6HH�WKH�H[DPSOH�LQ�)LJXUH�����7KHUHIRUH�ZH�GHILQH�RXU�RZQ�IDPLO\�RI�³E\WHFRGH�H[SUHVVLRQV´�
$MD[�KDV�E\WHFRGH�H[SUHVVLRQV�WR�FRPSXWH�WKH�YDOXHV�RI�WKH�FXUUHQWO\�H[HFXWLQJ�PHWKRG¶V�ORFDO�YDULDEOHV
DQG�ZRUNLQJ�VWDFN�HOHPHQWV��$MD[�DOVR�KDV�H[SUHVVLRQV�IRU�JOREDO�YDULDEOHV��L�H��VWDWLF�ILHOGV���DQG�WKH
QRQVWDWLF�ILHOGV�RI�RWKHU�E\WHFRGH�H[SUHVVLRQV��7R�VLPSOLI\�WKH�SUHVHQWDWLRQ��KHUH�ZH�RQO\�FRQVLGHU
H[SUHVVLRQV�WKDW�JLYH�WKH�YDOXHV�RI�HOHPHQWV�RI�WKH�ZRUNLQJ�VWDFN�

7KHUHIRUH�OHW�96WDFN�EH�D�SDUWLDO�IXQFWLRQ�IURP�6��� �WR�9��VXFK�WKDW�96WDFN�V��Q��JLYHV�WKH�YDOXH�RI
ZRUNLQJ�VWDFN�HOHPHQW�Q�LQ�VWDWH�V��96WDFN�LV�SDUWLDO�EHFDXVH�WKH�VWDFN�YDULHV�LQ�KHLJKW�RYHU�WLPH���:H
FKRRVH�WKH�FRQYHQWLRQ�WKDW�VWDFN�HOHPHQW���LV�WKH�WRS�RI�WKH�VWDFN��:H�GHILQH�D�E\WHFRGH�H[SUHVVLRQ�H�WR
EH�RI�WKH�IRUP�³VWDFN�Q´��ZKHUH�Q�GHQRWHV�WKH�LQGH[�RI�WKH�VWDFN�HOHPHQW�WR�EH�UHWULHYHG��$V�GLVFXVVHG�LQ
WKH�RYHUYLHZ��D�YDOXH�SRLQW�93�LV�D�SDLU��H��O��ZLWK�D�SURJUDP�ORFDWLRQ�DQG�D�E\WHFRGH�H[SUHVVLRQ�WR�EH
HYDOXDWHG�DW�WKDW�ORFDWLRQ��)RU�H[DPSOH��LQ�)LJXUH�����VWDFN��������LV�D�E\WHFRGH�H[SUHVVLRQ�

1RZ�ZH�FDQ�GHILQH�WKH�HYDOXDWLRQ�SDUWLDO�IXQFWLRQ� ��WKDW�HYDOXDWHV�D�YDOXH�SRLQW�LQ�WKH�FRQWH[W�RI�D
SURJUDP�VWDWH�

�V���VWDFN�Q��O��� �Y�LII�3&�V�� �O�DQG�96WDFN�V��Q�� �Y

7KLV�LPSOLHV�WKDW�WKH�HYDOXDWLRQ�LV�RQO\�GHILQHG�LI�WKH�ORFDWLRQ�RI�WKH�YDOXH�SRLQW�PDWFKHV�WKH�FXUUHQW
ORFDWLRQ�RI�WKH�SURJUDP�VWDWH��DV�VXJJHVWHG�LQ�WKH�RYHUYLHZ�DERYH�

)RU�H[DPSOH��LQ�)LJXUH�����V���VWDFN��������� �Y�LII�3&�V�� ����DQG�96WDFN�V����� �Y��7KH�YDOXH�DW�WKH�WRS�RI
WKH�VWDFN�ZKHQ�WKH�SURJUDP�FRXQWHU�LV�DW�ORFDWLRQ����LV�DOZD\V�WKH�YDOXH�SXVKHG�RQ�DW�ORFDWLRQ�����L�H�
Y� �����

)LQDOO\�ZH�FDQ�GHILQH�WKH�YDOXH�SRLQW�UHODWLRQ� S�

E�� S�E��LII�WKHUH�H[LVWV�D�WUDFH�W� ��VL!�RI�WKH�SURJUDP�S��LQWHJHUV�L��M�DQG�D�YDOXH�Y�VXFK�WKDW��VL��E��� �Y
DQG��VM��E��� �Y�
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8VDJH�H[DPSOH��ILQGLQJ�DOLDVHV

&RQVLGHU�D�WRRO�LQ�ZKLFK�WKH�XVHU�VSHFLILHV�DQ�H[SUHVVLRQ�WKDW�UHDGV�IURP�D�ILHOG�RI�DQ�REMHFW��DQG�WKH�WRRO
GLVSOD\V�DOO�SURJUDP�SRLQWV�WKDW�PD\�DVVLJQ�WR�WKH�ILHOG�RI�WKH�REMHFW��7KH�ILUVW�VWHS�LV�WR�ORFDWH�WKH
³JHWILHOG´�E\WHFRGH�LQVWUXFWLRQ�WKDW�WKH�XVHU�VHOHFWHG��VXSSRVH�LW�KDV�ORFDWLRQ�U�DQG�UHWULHYHV�ILHOG�I��7KHQ
WKH�WRRO�FRPSXWHV�WKH�IROORZLQJ�VHW�

^�Z�_��VWDFN����U�� S��VWDFN����Z��DQG�S�Z�� �³SXWILHOG�I´�`

7KH�ORFDWLRQV�Z�DUH�PDSSHG�EDFN�WR�VRXUFH�FRGH�DQG�KLJKOLJKWHG�

7KH�LGHD�LV�WKDW�WKH�YDOXHV�FRUUHVSRQGLQJ�WR��U��VWDFN����DUH�WKH�REMHFW�RSHUDQGV�RI�WKH�³JHWILHOG´
LQVWUXFWLRQ�DW�U��7KH�YDOXHV�FRUUHVSRQGLQJ�WR��Z��VWDFN����DUH�WKH�REMHFW�RSHUDQGV�RI�WKH�³SXWILHOG´
LQVWUXFWLRQ�DW�Z��³SXWILHOG´�WDNHV�LWV�REMHFW�RSHUDQG�LQ�VWDFN���DQG�WKH�YDOXH�WR�EH�VWRUHG�LQ�VWDFN�����:H
ILQG�ORFDWLRQV�Z�ZKHUH�WKHVH�REMHFW�UHIHUHQFHV�DUH�WKH�VDPH�

([DPSOH

&RQVLGHU�WKH�IROORZLQJ�SURJUDP��7KLV�LV�QRW�D�UHDO�E\WHFRGH�SURJUDP��KDYLQJ�EHHQ�HGLWHG�IRU�EUHYLW\��,Q
SDUWLFXODU��LQ�D�UHDO�SURJUDP��WKLV�FRGH�ZRXOG�EH�WKH�ERG\�RI�RQH�PHWKRG�
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)LJXUH����([DPSOH�SURJUDP

6XSSRVH�WKH�XVHU�ZLVKHV�WR�ILQG�WKH�VWDWHPHQWV�WKDW�ZULWH�YDOXHV�LQWR�WKH�ILHOG�S�WR�EH�UHWXUQHG�E\�WKH
VWDWHPHQW�³[�S�´��7KH�WRRO�GHWHUPLQHV�WKDW�U� �ORFDWLRQ�����LV�WKH�JHWILHOG�LQVWUXFWLRQ�DVVRFLDWHG�ZLWK�WKH
ILHOG�DFFHVV�[�S��DQG�UHTXHVWV�D�SURMHFWLRQ�RI�WKH�YDOXH�SRLQW�UHODWLRQ�
^�Z�_��VWDFN��������� S��VWDFN����Z��DQG�S�Z�� �³SXWILHOG�)RR�S´�`
7KH�YDOXHV�\LHOGHG�E\�WKH�YDOXH�SRLQW��VWDFN���������DUH�WKH�REMHFW�UHIHUHQFHV�WKDW�DUH�GHUHIHUHQFHG�LQ
H[HFXWLRQV�RI�WKH�H[SUHVVLRQ�

7KHUH�DUH�RQO\�WZR�³SXWILHOG�)RR�S´�LQVWUXFWLRQV��VR�WKH�DQDO\VLV�UHGXFHV�WKH�SUREOHP�WR�GHFLGLQJ�ZKLFK
RI�WKH�IROORZLQJ�KROG�

��� �VWDFN��������� S��VWDFN�������



�

��� �VWDFN��������� S��VWDFN�������

,Q�ERWK�FDVHV�WKHUH�LV�RQO\�RQH�WUDFH�W�WR�FRQVLGHU��WKH�VWDWHV��VL!�RI�WKH�WUDFH�DUH�VLPSO\�WKH�VWDWHV�DW
VXFFHVVLYH�LQVWUXFWLRQV��7KH�TXHVWLRQV�WKHQ�UHGXFH�WR�

��� $UH�WKHUH�VWDWHV�VL��VM�DQG�D�YDOXH�Y�VXFK�WKDW��VL���VWDFN���������� �Y�DQG��VM���VWDFN��������� �Y"
<HV��Y� �WKH�)RR�FUHDWHG�DW����

��� $UH�WKHUH�VWDWHV�VL��VM�DQG�D�YDOXH�Y�VXFK�WKDW��VL���VWDFN���������� �Y�DQG��VM���VWDFN��������� �Y"
1R�

7KHUHIRUH�WKH�DQDO\VLV�UHWXUQV�^����`�

7KH�WRRO�FRQFOXGHV�WKDW�WKH�SXWILHOG�LQVWUXFWLRQ�DW�ORFDWLRQ����PD\�VWRUH�WKH�YDOXH�UHDG�E\�LQVWUXFWLRQ
�����EXW�WKH�SXWILHOG�LQVWUXFWLRQ�DW�ORFDWLRQ����GRHV�QRW��7KH�WRRO�ZLOO�GLVSOD\�WKH�VRXUFH�VWDWHPHQW
DVVRFLDWHG�ZLWK�LQVWUXFWLRQ�����³[�S� �����´�

$QRWKHU�WRRO�H[DPSOH��SURYLQJ�GRZQFDVWV�VDIH

&RQVLGHU�D�WRRO�LQ�ZKLFK�WKH�XVHU�VSHFLILHV�D�GRZQFDVW�H[SUHVVLRQ�DQG�WKH�WRRO�WULHV�WR�SURYH�WKDW�WKH
GRZQFDVW�LV�VDIH��7KLV�FDQ�EH�UHGXFHG�WR�LGHQWLI\LQJ�DOO�WKH�SRVVLEOH�FODVVHV�RI�REMHFWV�WKDW�DUH�VXEMHFW�WR
WKH�GRZQFDVW��6XSSRVH�WKH�GRZQFDVW�LQVWUXFWLRQ�LV�DW�ORFDWLRQ�G��7KHQ�WKH�WRRO�FRPSXWHV�WKH�IROORZLQJ
VHW�

^�F�_�WKHUH�H[LVWV�O�VXFK�WKDW�S�O�� �³QHZ�F´�DQG��VWDFN����O������ S��VWDFN����G��`

+HUH�WKH�LGHD�LV�WKDW�WKH�REMHFW�DW�G�KDV�FODVV�F�LI�DQG�RQO\�LI�WKHUH�LV�VRPH�LQVWUXFWLRQ�O�WKDW�FUHDWHV�DQ
REMHFW�RI�FODVV�F�DQG�WKH�UHIHUHQFH�WR�WKH�FUHDWHG�REMHFW�VKRZV�XS�DW�G��7KH�YDOXHV�FRUUHVSRQGLQJ�WR
�VWDFN����O������DUH�WKH�UHIHUHQFHV�WR�WKH�REMHFW�FUHDWHG�DW�O��SXVKHG�RQWR�WKH�ZRUNLQJ�VWDFN�E\�WKH�³QHZ´
LQVWUXFWLRQ�DQG�DYDLODEOH�LQ�WKH�VWDWH�RI�WKH�VXFFHVVRU�LQVWUXFWLRQ�

+DQGOLQJ�³QXOO´

,Q�SUDFWLFDO�XVH��WKH�DERYH�GHILQLWLRQ�RI�WKH�YDOXH�SRLQW�UHODWLRQ�KDV�VHULRXV�SUREOHPV�UHODWHG�WR�WKH
³QXOO´�REMHFW�UHIHUHQFH��,W�LV�YHU\�FRPPRQ�IRU�D�JLYHQ�REMHFW�H[SUHVVLRQ�WR�EH�DEOH�WR�UHWXUQ�³QXOO´�²�RU
DW�OHDVW��LW�LV�KDUG�WR�SURYH�ZLWK�D�VWDWLF�DQDO\VLV�WKDW�LW�GRHV�QRW�UHWXUQ�³QXOO´��7KLV�PHDQV�WKDW�DQ\�WZR
H[SUHVVLRQV�ZLOO�RIWHQ�EH�UHODWHG�VLPSO\�EHFDXVH�WKH\�FRXOG�ERWK�\LHOG�³QXOO´��+RZHYHU��WRROV�DUH�XVXDOO\
RQO\�LQWHUHVWHG�LQ�WKH�FDVH�ZKHUH�WKH�YDOXH�LV�QRQ�QXOO��WKLV�LV�WUXH�IRU�ERWK�RI�WKH�H[DPSOH�WRROV�DERYH�
7KHUHIRUH�ZH�PRGLI\�WKH�GHILQLWLRQ�WR�UHDG�

E�� S�E��LII�WKHUH�H[LVWV�D�WUDFH�W� ��VL!�RI�S��LQWHJHUV�L��M�DQG�D�YDOXH�Y�VXFK�WKDW��VL��E��� �Y�DQG��VM��E��
�Y�DQG�Y���QXOO�

)RU�H[DPSOH��FRQVLGHULQJ�WKH�H[DPSOH�DERYH��VXSSRVH�WKDW�³QHZ�)RR´�ZDV�UHWXUQHG�HLWKHU�D�QHZ�)RR�RU
HOVH�QXOO�LQGLFDWLQJ�IDLOXUH��:LWK�WKH�EDVLF�GHILQLWLRQ�ZH�ZRXOG�KDYH�WR�FRQFOXGH�WKDW�WKH�DQDO\VLV�VKRXOG
UHWXUQ�^��������`��IRU�VHWWLQJ�Y� �QXOO�ZRXOG�VKRZ�WKDW��VWDFN��������� S��VWDFN��������KROGV��7KH
H[WHQGHG�GHILQLWLRQ�UXOHV�WKLV�RXW��7KH�WRRO�LV�VWLOO�VDWLVILHG�ZLWK�WKH�GHILQLWLRQ��VLQFH�UHDGV�RU�ZULWHV�WR
WKH�QXOO�REMHFW�UDLVH�UXQWLPH�HUURUV�DQG�QHHG�QRW�EH�FRQVLGHUHG�

6LPLODUO\��WKH�GRZQFDVW�FKHFNLQJ�WRRO�LV�VDWLVILHG�ZLWK�WKH�H[WHQGHG�GHILQLWLRQ�EHFDXVH�GRZQFDVWLQJ�D
QXOO�UHIHUHQFH�LV�DOZD\V�VDIH�
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+DQGOLQJ�VFDODUV

:KHQ�WKH�YDOXHV�WKDW�DUH�EHLQJ�PDWFKHG�E\�WKH�YDOXH�SRLQW�UHODWLRQ�DUH�REMHFW�UHIHUHQFHV��ZH�FDQ�DVVXPH
LQ�WKH�VHPDQWLFV�WKDW�HDFK�QHZ�REMHFW�KDV�D�XQLTXH�UHIHUHQFH��L�H��REMHFW�UHIHUHQFHV�DUH�QHYHU�UHXVHG�
+RZHYHU��ZKHQ�WKH�YDOXHV�DUH�VFDODUV��IRU�H[DPSOH�LQWHJHUV��WKHQ�ZH�PD\�KDYH�PDQ\�XQUHODWHG
RFFXUUHQFHV�RI�WKH�VDPH�YDOXH��)RU�H[DPSOH��WKH�YDOXH���RFFXUV�YHU\�IUHTXHQWO\�LQ�GLIIHUHQW�FRQWH[WV��:H
ZRXOG�OLNH�WR�EH�DEOH�WR�VD\�WKDW�WZR�H[SUHVVLRQV�WKDW�ERWK�\LHOG���DUH�XQUHODWHG�EHFDXVH�WKHLU�YDOXHV
FDPH�IURP�GLIIHUHQW�VRXUFHV��7R�PDNH�WKLV�SRVVLEOH��RXU�VHPDQWLFV�IRU�-DYD�E\WHFRGH�DUH�H[WHQGHG�WR�SDLU
HYHU\�VFDODU�YDOXH�ZLWK�D�XQLTXH�³LGHQWLW\�WDJ´��(DFK�RSHUDWLRQ�WKDW�³FUHDWHV´�D�QHZ�VFDODU�YDOXH��VXFK�DV
DQ�DULWKPHWLF�RSHUDWLRQ�RU�WKH�XVH�RI�D�FRQVWDQW��DVVLJQV�LW�D�IUHVK�LGHQWLW\�WDJ��$VVLJQPHQW�RI�D�VFDODU
VLPSO\�SURSDJDWHV�WKH�H[LVWLQJ�LGHQWLW\�WDJ��,Q�WKH�GHILQLWLRQ�RI�WKH�YDOXH�SRLQW�UHODWLRQ��WKH�UHVXOWV�RI�WKH
YDOXH�SRLQW�H[SUHVVLRQV�PXVW�PDWFK�LQ�ERWK�WKH�VFDODU�YDOXH�DQG�WKH�WDJ�

7KHQ��IRU�H[DPSOH��ZH�FRXOG�ZULWH�D�WRRO�WKDW�ILQGV�DOO�DULWKPHWLF�LQVWUXFWLRQV�WKDW�FRXOG�JHQHUDWH�WKH
YDOXH�UHWXUQHG�E\�D�JLYHQ�YDOXH�SRLQW�H[SUHVVLRQ�E�

^�O�_��VWDFN����O������ S�E�DQG�S�O��LV�DQ�DULWKPHWLF�LQVWUXFWLRQ�`

:LWKRXW�WKH�LGHQWLW\�WDJV��WKLV�ZRXOG�UDUHO\�EH�XVHIXO�EHFDXVH�PRVW�DULWKPHWLF�LQVWUXFWLRQV�FRXOG
JHQHUDWH�DQ\�LQWHJHU�YDOXH�DQG�KHQFH�ZRXOG�PDWFK�WKH�YDOXH�DW�E�

'LUHFWLRQDOLW\

7KH�YDOXH�SRLQW�UHODWLRQ�LV�V\PPHWULF��VR�VRPH�³GLUHFWLRQDO´�LQIRUPDWLRQ�KDV�EHHQ�ORVW��+RZHYHU�
FRQVLGHU�WKH�GRZQFDVW�VDIHW\�TXHU\�DERYH��,W�LV�FOHDU�WKDW�WKH�REMHFW�UHIHUHQFH�IORZV�IURP�WKH�³QHZ´�WR
WKH�GRZQFDVW�LQVWUXFWLRQ��,Q�JHQHUDO��ZKHQ�RQH�RI�WKH�H[SUHVVLRQV�VSHFLILHV�WKH�FUHDWLRQ�RI�D�YDOXH��WKH
GLUHFWLRQ�RI�IORZ�LV�FOHDU�

2Q�WKH�RWKHU�KDQG��ZKHQ�QHLWKHU�RI�WKH�H[SUHVVLRQV�LV�UHODWHG�WR�WKH�FUHDWLRQ�RI�WKH�YDOXH��WKH�GLUHFWLRQ�RI
IORZ�LV�XVXDOO\�QRW�UHOHYDQW��DQG�WKHUH�PD\�QRW�HYHQ�EH�IORZ�EHWZHHQ�WKH�WZR�YDOXH�SRLQWV�LQ�WKH
FRQYHQWLRQDO�VHQVH��)RU�H[DPSOH��LQ�WKH�UHDG�ZULWH�DOLDVLQJ�WRRO�DERYH��WKH�GHVLUHG�³GLUHFWLRQDO´
FRQVWUDLQW�ZRXOG�UHTXLUH�Z�WR�EH�H[HFXWHG�EHIRUH�U�LQ�WKH�WUDFH��7KH�REMHFW�UHIHUHQFH�PD\�QRW�³IORZ
IURP´�Z�WR�U�RU�YLFH�YHUVD�DW�DOO��WKH�UHIHUHQFH�PD\�³IORZ�WR´�ERWK�Z�DQG�U�IURP�VRPH�FRPPRQ
RULJLQDWLQJ�H[SUHVVLRQ��,W�ZRXOG�EH�HDV\�WR�H[WHQG�WKH�YDOXH�SRLQW�UHODWLRQ�ZLWK�WKH�³E��H[HFXWHV�EHIRUH
E�´�FRQVWUDLQW�

E�� S�E��LII�WKHUH�H[LVWV�D�WUDFH�W� ��VL!�RI�S��LQWHJHUV�L��M�DQG�D�YDOXH�Y�VXFK�WKDW��VL��E��� �Y�DQG��VM��E��
�Y�DQG�Y���QXOO�DQG�L���M�

,W�LV�QRW�FOHDU�ZKHWKHU�DQDO\VHV�FRXOG�SURGXFH�VXFK�ILQH�JUDLQHG�LQIRUPDWLRQ�LQ�UHDOLVWLF�SURJUDPV�

$Q�DOWHUQDWLYH�³GLUHFWLRQDO´�UHODWLRQ�ZRXOG�EH�WR�GHILQH�³E�� S�E�´�LI�DQG�RQO\�LI�WKHUH�LV�³IORZ´�IURP�E�
WR�E���LQ�WKH�VHQVH�WKDW�D�VOLFH�RQ�E��LQFOXGHV�E���+RZHYHU��WKLV�VHHPV�WR�EH�PXFK�PRUH�FRPSOLFDWHG�WR
GHILQH�VHPDQWLFDOO\��DQG�PRUH�GLIILFXOW�WR�XVH�LQ�WRROV�RWKHU�WKDQ�VOLFLQJ�WRROV��7KH�PDLQ�FRPSOLFDWLQJ
IDFWRU�LV�WKH�QHHG�WR�GHVFULEH�WKH�LQWHUYHQLQJ�VWDWHV�EHWZHHQ�WKH�H[HFXWLRQ�RI�E��DQG�E��

1RWH�WKDW�DOWKRXJK�WKH�YDOXH�SRLQW�UHODWLRQ�LV�V\PPHWULF��DQDO\VHV�WKDW�PDQLSXODWH�³GLUHFWLRQDO´
LQIRUPDWLRQ��VXFK�DV�LQFOXVLRQ�FRQVWUDLQWV��DUH�VWLOO�YHU\�XVHIXO��EHFDXVH�WKH\�PD\�SURGXFH�EHWWHU
DSSUR[LPDWLRQV�WR�WKH�WUXH�UHODWLRQ�WKDQ�RWKHU�DQDO\VHV�
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'\QDPLF�DQDO\VLV

,I�WKH�SURJUDP�KDV�EHHQ�H[HFXWHG��ZH�FRXOG�FRQFHSWXDOO\�UHFRUG�LQIRUPDWLRQ�DERXW�WKH�H[HFXWLRQV�LQ�D
VHW�RI�WUDFHV�7��7KHQ�ZH�FRXOG�GHILQH�D�³G\QDPLF�YDOXH�SRLQW�UHODWLRQ´�DV�IROORZV�

E�� S�7�E��LII�WKHUH�H[LVWV�D�WUDFH�W� ��VL!�LQ�7�RI�S��LQWHJHUV�L��M�DQG�D�YDOXH�Y�VXFK�WKDW��VL��E��� �Y�DQG
�VM��E��� �Y�DQG�Y���QXOO�

,Q�RWKHU�ZRUGV��LW�VHHPV�VWUDLJKWIRUZDUG�WR�LPSOHPHQW�WKH�$MD[�LQWHUIDFH�ZLWK�D�G\QDPLF�DQDO\VLV��ZLWK
WKH�VOLJKW�FKDQJH�LQ�PHDQLQJ�WKDW�WKH�UHVXOWV�RI�WRROV�ZRXOG�EH�WUXH�IRU�D�ILQLWH�VHW�RI�H[HFXWLRQV��UDWKHU
WKDQ�DOO�H[HFXWLRQV��,Q�SDUWLFXODU��WKH�VDPH�VHW�RI�WRROV�ZLOO�ZRUN�ZLWK�HLWKHU�VWDWLF�RU�G\QDPLF�DQDO\VLV�

�� $MD[�DUFKLWHFWXUH

)LJXUH���VKRZV�WKH�DUFKLWHFWXUH�RI�$MD[��IRFXVLQJ�RQ�WKH�VHSDUDWLRQ�EHWZHHQ�DQDO\VLV�DQG�WRRO��7KH
WHFKQLTXHV�XVHG�WR�UHGXFH�DOO�SRVVLEOH�G\QDPLF�EHKDYLRUV�WR�WKH�VLQJOH�VWDWLF�DEVWUDFWLRQ�RI�WKH�YDOXH�
SRLQW�UHODWLRQ�DUH�EH\RQG�WKH�VFRSH�RI�WKLV�SDSHU�

$�NH\�UHTXLUHPHQW�LV�WKDW�D�WRRO�EXLOW�XVLQJ�$MD[�PXVW�KDYH�VFDODELOLW\�DQG�SUHFLVLRQ�FRPSDUDEOH�WR�D
PRQROLWKLF�V\VWHP�ZKLFK�WLJKWO\�LQWHJUDWHV�WKH�WRRO�DQG�WKH�DQDO\VLV��7KH�ILJXUH�VKRZV�WKDW�WKH�LQWHUIDFH
HQDEOHV�WRROV�WR�UHTXHVW�ILQLWH�SURMHFWLRQV�RI�WKH��LQILQLWH��YDOXH�SRLQW�UHODWLRQ��DQG�WKHQ�VSHFLI\
SURFHVVLQJ�WR�EH�SHUIRUPHG�RQ�WKH�SURMHFWLRQ��7KH�VXSSRUWHG�SURMHFWLRQV�DQG�PDQLSXODWLRQV�DUH
GHVFULEHG�EHORZ��7KH�WRRO¶V�SURFHVVLQJ�LV�H[SRVHG�WR�WKH�DQDO\VLV�VR�WKDW�WKH�DQDO\VLV�FDQ�RSWLPL]H�LWV
SHUIRUPDQFH�DQG�SUHFLVLRQ�IRU�WKH�WDVN�DW�KDQG�

$�VLGH�EHQHILW�RI�XVLQJ�WKH�YDOXH�SRLQW�UHODWLRQ�DQG�NHHSLQJ�LWV�GHILQLWLRQ�DV�VLPSOH�DV�SRVVLEOH�LV�WKDW�WKH
$MD[�LQWHUIDFH�LV�QRW�HVSHFLDOO\�ELDVHG�WRZDUGV�RQH�SDUWLFXODU�DQDO\VLV��,Q�IDFW�ZH�KDYH�WZR�YHU\�GLIIHUHQW
LPSOHPHQWDWLRQV��RQH�EDVHG�RQ�57$�>%��@��DQG�DQRWKHU�ZKLFK�LV�EDVHG�RQ�W\SH�LQIHUHQFH�ZLWK
SRO\PRUSKLF�UHFXUVLRQ�>+����2��@��6RPH�DQDO\VHV�PD\�QRW�EH�SUHFLVH�HQRXJK�WR�EH�XVHIXO�LQ�VRPH
WRROV��EXW�WKH�UHVXOWV�ZLOO�EH�VRXQG�

7LPH�W �
7LPH�W �

7LPH�W �'\QDPLF�SURJUDP
H[HFXWLRQ

9DOXH�3RLQW
5HODWLRQ

6WDWLF�DEVWUDFWLRQ
RI�DOO�SRVVLEOH

SURJUDP�H[HFXWLRQV
935�SURMHFWLRQ

$QDO\VLV
W

7RRO�VSHFLILF�GDWD

7RRO�VSHFLILF
SURMHFWLRQ�TXHU\

7RRO�VSHFLILF�FRQYHUVLRQ
IURP�935

WR�WRRO�VSHFLILF�GDWD

8VHU�LQWHUIDFH

7RRO

)LJXUH����$MD[�DUFKLWHFWXUH
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$QRWKHU�ZD\�$MD[�UHGXFHV�FRPSOH[LW\�LV�WR�DFWXDOO\�DQDO\]H�-DYD�E\WHFRGH�LQVWHDG�RI�-DYD�VRXUFH�FRGH�
7KH�E\WHFRGH�ODQJXDJH�FRQWDLQV�DOPRVW�DOO�WKH�UHOHYDQW�LQIRUPDWLRQ�IURP�WKH�VRXUFH��EXW�LW�LV�VLPSOHU�DQG
HYROYHV�PRUH�VORZO\��WKDQNV�WR�WKH�ODUJH�LQVWDOOHG�EDVH�RI�-DYD�9LUWXDO�0DFKLQHV���$Q�DGGLWLRQDO
DGYDQWDJH�LV�WKDW�$MD[�FDQ�DQDO\]H�SURJUDPV�IRU�ZKLFK�VRXUFH�FRGH�LV�QRW�DYDLODEOH��:KHQ�VRXUFH�FRGH
LV�DYDLODEOH��ZH�QHHG�D�PDSSLQJ�EHWZHHQ�VRXUFH�FRGH�DQG�E\WHFRGH��WKLV�LV�MXVW�WKH�VDPH�PDSSLQJ�WKDW
GHEXJJHUV�UHTXLUH��DQG�VR�ZH�XVH�WKH�VDPH�WHFKQLTXHV�

�� 7KH�LQWHUIDFH

&RQVHUYDWLVP

&OHDUO\�WKH�³WUXH´�YDOXH�SRLQW�UHODWLRQ�LV�QRW�FRPSXWDEOH��$Q\�VWDWLF�DQDO\VLV�PXVW�FRPSXWH�DQ
DSSUR[LPDWLRQ��$�FRQVHUYDWLYH�DSSUR[LPDWLRQ�LV�DQ\�UHODWLRQ� �VXFK�WKDW�E�� �E��LPSOLHV�E�� �E���LQ
RWKHU�ZRUGV�� �LV�D�³VXSHU�UHODWLRQ´�RI� ��:H�H[SHFW�DQ\�LPSOHPHQWDWLRQ�RI�WKH�$MD[�LQWHUIDFH�WR�EH�D
FRQVHUYDWLYH�DSSUR[LPDWLRQ�

4XHULHV

7RROV�WKDW�XVH�WKH�$MD[�LQWHUIDFH�ZLOO�QRW�VFDOH�LI�WKH�DPRXQW�RI�GDWD�SDVVHG�DFURVV�WKH�LQWHUIDFH�LV
TXDGUDWLF��RU�ZRUVH��LQ�WKH�VL]H�RI�WKH�SURJUDP�EHLQJ�DQDO\]HG��&HUWDLQO\��UHWXUQLQJ�WKH�HQWLUH�YDOXH�
SRLQW�UHODWLRQ�LV�LPSRVVLEOH�

7R�DYRLG�SDVVLQJ�WKH�ZKROH�UHODWLRQ��D�WRRO�PXVW�VSHFLI\�D�ILQLWH�VHW�RI�³VRXUFH�YDOXH�SRLQWV´�6�DQG�D
ILQLWH�VHW�RI�³WDUJHW�YDOXH�SRLQWV´�7��7KH�V\VWHP�UHWXUQV�WKH�YDOXH�SRLQW�UHODWLRQ�SURMHFWHG�RQWR�6�7�
^��V��W��_�V� �W�¾�V³6�¾�W³7�`

)RU�H[DPSOH��LQ�WKH�DOLDV�ILQGLQJ�WRRO�DERYH��ZH�XVH
6� �^��VWDFN����U��`
7� �^��VWDFN����Z��_�S�Z�� �³SXWILHOG�I´�`

)RU�WKH�GRZQFDVW�FKHFNLQJ�WRRO�
6� �^��VWDFN����O������_�S�O�� �³QHZ�F´�`
7� �^��VWDFN����G��`

,Q�WKHVH�H[DPSOHV��WKH�UHODWLRQ�UHWXUQHG�LV�DW�ZRUVW�OLQHDU�LQ�WKH�VL]H�RI�WKH�SURJUDP��+RZHYHU��FRQVLGHU�D
WRRO�IRU�FKHFNLQJ�DOO�GRZQFDVWV�LQ�D�SURJUDP��:H�ZRXOG�UHTXLUH�

6� �^��VWDFN����O������_�S�O�� �³QHZ�F´�`
7� �^��VWDFN����G��_�S�G�� �³FKHFNFDVW�E´�`

,Q�JHQHUDO�WKH�VL]H�RI�6���7�LV�ZRXOG�EH�TXDGUDWLF�LQ�WKH�VL]H�RI�WKH�SURJUDP��L�H��QRW�VFDODEOH�

([SRVLQJ�WRRO�VSHFLILF�RSWLPL]DWLRQV

7KH�VROXWLRQ�LV�WR�DYRLG�UHWXUQLQJ�WKH�SURMHFWHG�UHODWLRQ�H[SOLFLWO\��,QVWHDG��WKH�WRRO�GHILQHV�D
FRPSXWDWLRQ�WR�EH�SHUIRUPHG�RYHU�WKH�SURMHFWHG�UHODWLRQ��:H�KRSH�WKDW�WKH�LQWHUQDO�VWUXFWXUH�RI�WKH
DQDO\VLV�DOORZV�WKH�FRPSXWDWLRQ�WR�DFWXDOO\�EH�SHUIRUPHG�LQ�VXETXDGUDWLF�WLPH�

*LYHQ�VRXUFHV�DQG�WDUJHWV�6�DQG�7��ZH�FRQVLGHU�WKH�DQDO\VLV�WR�FRPSXWH�D�GLUHFWHG�JUDSK�*�ZLWK�WKH
IROORZLQJ�SURSHUWLHV�

�� 7KHUH�DUH�IXQFWLRQV�06�DQG�07�PDSSLQJ�WKH�VRXUFH�DQG�WDUJHW�YDOXH�SRLQWV�WR�JUDSK�QRGHV�



��

�� V� �W�LII�WKHUH�LV�D�SDWK�IURP�06�V��WR�07�W��LQ�*�

2EYLRXVO\��JLYHQ�DQ\�UHODWLRQ� ��VXFK�D�JUDSK�FDQ�EH�FRQVWUXFWHG��0RUH�LPSRUWDQWO\��IRU�D�ZLGH�YDULHW\
RI�DQDO\VHV�LW�LV�SRVVLEOH�WR�FRQVWUXFW�D�JUDSK�*�ZKRVH�QXPEHU�RI�QRGHV�DQG�HGJHV�LV�VXETXDGUDWLF�LQ�WKH
VL]H�RI�UHDO�SURJUDPV��7KLV�LV�HDV\�WR�VHH�IRU�WUDGLWLRQDO�LQWHUSURFHGXUDO�GDWDIORZ�DQDO\VHV�EDVHG�RQ
WUDQVIHU�IXQFWLRQV��EXW�LW�LV�DOVR�WUXH�IRU�DQDO\VHV�VXFK�DV�57$�>%��@�DQG�W\SH�LQIHUHQFH�EDVHG�DQDO\VHV
>6����2-��@�ZKLFK�DUH�QRW�H[SOLFLWO\�JUDSK�EDVHG�

([DPSOH��SURYLQJ�GRZQFDVWV�VDIH

&RQVLGHU�WKH�IROORZLQJ�JUDSK�FRPSXWHG�E\�VRPH�DQDO\VLV�

7KLV�JUDSK�HQFRGHV�WKH�UHODWLRQ�^�S�� �S���S�� �S���S�� �S���S�� �S���S�� �S��`��)RU�H[DPSOH��S�� �S�
LV�LQ�WKH�UHODWLRQ�EHFDXVH�07�S���LV�UHDFKDEOH�IURP�06�S����EXW�S�� �S��LV�QRW�LQ�WKH�UHODWLRQ�EHFDXVH
07�S���LV�QRW�UHDFKDEOH�IURP�06�S���

S���S��DQG�S��DUH�YDOXH�SRLQWV�ZKLFK�FRUUHVSRQG�WR�D�QHZO\�FRQVWUXFWHG�6WULQJ��D�QHZO\�FRQVWUXFWHG
6WULQJ�DQG�D�QHZO\�FRQVWUXFWHG�,QWHJHU��S��DQG�S��DUH�YDOXH�SRLQWV�FRUUHVSRQGLQJ�WR�WKH�DUJXPHQWV�RI
GRZQFDVWV�WR�6WULQJV��S�� �S��PHDQV�WKDW�WKH�REMHFW�UHIHUHQFH�WKDW�S��HYDOXDWHV�WR��D�QHZO\�FRQVWUXFWHG
,QWHJHU��FDQ�DOVR�DSSHDU�DV�WKH�UHVXOW�RI�HYDOXDWLQJ�S���ZKLFK�LPSOLHV�WKDW�WKH�GRZQFDVW�WR�6WULQJ
DVVRFLDWHG�ZLWK�S��FDQ�IDLO�

1RZ�ZH�FDQ�FKHFN�WKH�VDIHW\�RI�WKH�S��DQG�S��GRZQFDVWV�E\�H[DPLQLQJ�HYHU\�WXSOH�LQ�WKH�UHODWLRQ�DQG
FROOHFWLQJ��IRU�HDFK�GRZQFDVW��WKH�VHW�RI�FODVVHV�WKDW�FDQ�UHDFK�WKH�GRZQFDVW��,Q�WKLV�FDVH��ZH�ILQG�WKDW�WKH
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