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6LJQDO� DQG� LPDJH� HQKDQFHPHQW� LQ� WKH� SUHVHQFH� RI� QRLVH� LV�
FRQVLGHUHG� LQ� WKH� FRQWH[W� RI� WKH� VFDOH�VSDFH� DSSURDFK�� $�
PRGLILHG� G\QDPLF� SURFHVV�� EDVHG� RQ� WKH� DFWLRQ� RI� D� QRQOLQHDU�
GLIIXVLRQ� HTXDWLRQ�� LV� SUHVHQWHG�� 7KH� GLIIXVLRQ� FRHIILFLHQW� LV�
DGMXVWHG� DFFRUGLQJ� WR� WKH� ORFDO� JUDGLHQW�� LQWHQVLW\� DQG� RWKHU�
LPDJH�SURSHUWLHV��DQG�DV�VXFK�DOVR�UHYHUVHV�LWV�VLJQ��L�H��VZLWFKHV�
IURP� D� IRUZDUG� WR� D� EDFNZDUG� �LQYHUVH�� GLIIXVLRQ� SURFHVV�
DFFRUGLQJ� WR� D� JLYHQ� FULWHULRQ�� 7KLV� UHVXOWV� LQ� HQKDQFHPHQW� RI�
WUDQVLHQWV� DQG� VLQJXODULWLHV� LQ� WKH�RQH�GLPHQVLRQDO� FDVH�� DQG�RI�
HGJHV� LQ� LPDJHV��ZKLOH� ORFDOO\�GHQRLVLQJ� VPRRWKHU� VHJPHQWV� RI�
WKH�VLJQDO�RU�LPDJH��5HJXODUL]DWLRQ�RI�LOO�SRVHG�LQYHUVH�GLIIXVLRQ�
SUREOHP�LV�GLVFXVVHG��([DPSOHV�RI�ERWK�RQH�GLPHQVLRQDO�VLJQDOV�
DQG�LPDJHV�DUH�SUHVHQWHG��
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7KH� VFDOH�VSDFH� DSSURDFK� DQG� SDUWLDO� GLIIHUHQWLDO� HTXDWLRQV�
�3'(�� WHFKQLTXHV� KDYH� EHHQ� H[WHQVLYHO\� DSSOLHG� WR� VLJQDO� DQG�
LPDJH�SURFHVVLQJ�RYHU�WKH�ODVW�GHFDGH��$V�:LWNLQ�>�@�KDG�SRLQWHG�
RXW�� WKH� GLIIXVLRQ� SURFHVV� �RU� KHDW� HTXDWLRQ�� LV� HTXLYDOHQW� WR� D�
VPRRWKLQJ� SURFHVV� ZLWK� D� *DXVVLDQ� NHUQHO�� +RZHYHU�� D� PDMRU�
GUDZEDFN� RI� WKH� OLQHDU� VFDOH� VSDFH� IUDPHZRUN� LV� LWV� XQLIRUP�
ILOWHULQJ�RI�ORFDO�VLJQDO�IHDWXUHV�DQG�QRLVH��7KLV�ZDV�DGGUHVVHG�E\�
3HURQD�DQG�0DOLN��3�0��>�@��ZKR�SURSRVHG�D�SURFHVV�NQRZQ�DV�
QRQOLQHDU� DQLVRWURSLF� GLIIXVLRQ�� ZKHUH� GLIIXVLRQ� FDQ� WDNH� SODFH�
ZLWK� D� YDULDEOH� FRQGXFWDQFH� LQ� RUGHU� WR� FRQWURO� WKH� VPRRWKLQJ�
HIIHFW�� $� FORVH� LQVSHFWLRQ� >��@� UHYHDOV� WKDW� WKH� 3HURQD�0DOLN�
GLIIXVLRQ� SURFHVV� LV� LVRWURSLF� EXW� QRQ� KRPRJHQRXV�� *HQXLQH�
DQLVRWURSLF� SURFHVVHV� ZHUH� VXJJHVWHG� UHFHQWO\� E\� 6RFKHQ��
.LPPHO��0DOODGL�>��@���

����7KH�FRQGXFWDQFH�FRHIILFLHQW� LQ� WKH�3HURQD�0DOLN�SURFHVV�ZDV�
FKRVHQ� WR�EH�D�GHFUHDVLQJ�IXQFWLRQ�RI� WKH�JUDGLHQW�RI�WKH�VLJQDO��
7KLV� RSHUDWLRQ� VHOHFWLYHO\� ORZSDVV� ILOWHUV� UHJLRQV� WKDW� GR� QRW�
FRQWDLQ�ODUJH�JUDGLHQWV��VLQJXODULWLHV�DV�D�VWHS�MXPS�RU�DQ�HGJH�LQ�
WKH�FDVH�RI�DQ�LPDJH���7KH�3�0�UHVXOWV�VWLPXODWHG�D�ZLGH�UDQJH�RI�
DSSOLFDWLRQ�RI� WKHLU�DSSURDFK��IRU�D� UHYLHZ�RI�IXUWKHU� UHVXOWV�VHH��
>�@���6RPH�GUDZEDFNV�DQG�OLPLWDWLRQV�RI�WKH�RULJLQDO�PRGHO�KDYH�
EHHQ� PHQWLRQHG� LQ� WKH� OLWHUDWXUH� >���@�� &DWWH� HW� DO�� >�@� KDYH�
SURYHG�WKH�LOO�SRVHGQHVV�RI�WKH�GLIIXVLRQ�HTXDWLRQ�ZKHQ�XVLQJ�WKH�

3�0�FRQGXFWDQFH�FRHIILFLHQW�DQG�SURSRVHG�D�UHJXODUL]HG�YHUVLRQ��
ZKHUH� WKH� FRHIILFLHQW� LV� D� IXQFWLRQ� RI� D� VPRRWKHG� JUDGLHQW��
:HLFNHUW�HW�DO��>�@�VKRZHG�KRZ�WKH�VWDELOLW\�RI�WKH�3�0�HTXDWLRQ�
FRXOG�EH� H[SODLQHG�E\�VSDWLDO� GLVFUHWL]DWLRQ��DQG�SURSRVHG� >�@�D�
JHQHUDOL]HG�UHJXODUL]DWLRQ�IRUPXOD�LQ�WKH�FRQWLQXRXV�GRPDLQ���

7KH� DLP� RI� WKLV� ZRUN� LV� WR� H[WHQG� WKH� QRQOLQHDU� 3'(�EDVHG�
ILOWHULQJ� PHWKRGV�� DQG� WR� DSSO\� WKHP� WR� VLJQDO� DQG� LPDJH�
HQKDQFHPHQW� DQG� UHVWRUDWLRQ�� :H� IRFXV� RQ� HQKDQFLQJ� EOXUU\�
VLJQDOV�� ZKLOH� VWLOO� DOORZLQJ� D� FRQVLGHUDEOH� DPRXQW� RI� DGGLWLYH�
QRLVH�WR�LQWHUIHUH�LQ�WKH�SURFHVV��:H�WU\�WR�DYRLG�DPSOLILFDWLRQ�RI�
QRLVH��ZKLFK�LV�LQKHUHQWO\�D�E\SURGXFW�RI�VLJQDO�HQKDQFHPHQW��E\�
FRPELQLQJ�EDFNZDUG�DQG�IRUZDUG�GLIIXVLRQ�SURFHVVHV��

,Q� VHFWLRQ� �� ZH� GLVFXVV� WKH� SRVVLELOLW\� RI� HQKDQFLQJ� WKURXJK�
GLIIXVLRQ� DQG� GHVFULEH� WKH� UDWLRQDOH� WKDW� OHG� WR� D� QHZ� W\SH� RI�
GLIIXVLRQ�SURFHVV�� ,Q� VHFWLRQ���ZH� SUHVHQW� WKH�QHZ�FRQGXFWDQFH�
FRHIILFLHQW�� ([DPSOHV� DUH� SUHVHQWHG� LQ� VHFWLRQ� �� GHPRQVWUDWLQJ�
WKDW� WKH� SURFHVV� DOWKRXJK� QRW� \HW� IXOO\� VWDELOL]HG�� \LHOGV�
SURPLVLQJ�UHVXOWV��HYHQ�LQ�YHU\�QRLV\�FDVHV���
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0RVW� RI� WKH� 3'(�EDVHG� VWXGLHV� KDYH� EHHQ� GHYRWHG� VR� IDU� WR�
GHQRLVLQJ��DWWHPSWLQJ�WU\LQJ�WR�SUHVHUYH�WKH�HGJHV��%RWK�IRUZDUG�
OLQHDU� DQG� QRQOLQHDU� GLIIXVLRQ�SURFHVVHV�FRQYHUJH� � ∞→W �� WR� D�

WULYLDO�FRQVWDQW�VROXWLRQ��L�H��WKH�DYHUDJH�YDOXH�RI�VLJQDO��DVXPLQJ�
FRQVWDQW� ERXQGDU\� FRQGLWLRQV��� 7R� SUHVHUYH� VLQJXODULWLHV��
SUHYLRXV� VWXGLHV� UHOLHG� SULPDULO\� RQ� VORZHU� GLIIXVLRQ� LQ� WKH�
YLFLQLW\�RI�VLQJXODULWLHV��7KH�3�0�QRQOLQHDU�GLIIXVLRQ�HTXDWLRQ�LV�
RI�WKH�IRUP��
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ZKHUH�&�LV�D�GHFUHDVLQJ�IXQFWLRQ�RI�WKH�JUDGLHQW��

�$FFRUGLQJ� WR� WKH��0LQLPXP�0D[LPXP��SULQFLSOH�QR�QHZ�ORFDO�
PLQLPD�RU�PD[LPD�VKRXOG�EH�FUHDWHG�DW�DQ\�WLPH�LQ�WKH��'�FDVH��
LQ� RUGHU� QRW� WR� SURGXFH� QHZ� DUWLIDFWV� LQ� WKH� GLIIXVHG� VLJQDO��
0RUHRYHU�� WKH� YDOXHV� RI� WKH� JOREDO� PLQLPXP� DQG� PD[LPXP�
DORQJ� WKH�HYROXWLRQ�RI� WKH�VLJQDO�LQ� WLPH�DUH�ERXQGHG�E\�WKDW�RI�



WKH� LQLWLDO� VWDWH� 8�DW� W ��� LQ� DQ\� GLPHQVLRQ�� 7KHVH� FRQGLWLRQV�
ZHUH� REH\HG� E\� WKH� 3�0� DQG�PRVW� RWKHU� DQLRVRWURSLF�GLIIXVLRQ�
SURFHVVHV�WKDW�ZHUH�VXEVHTXHQWO\�LQWURGXFHG�LQ�LPDJH�SURFHVVLQJ��
7KLV�JXDUDQWLHG�WKH�VWDELOLW\�RI�WKH�3'(�DQG�DQ�H[SORVLRQ�RI�WKH�
QRQOLQHDU�GLIIXVLRQ�SURFHVV�ZDV�DYRLGHG���

,Q� VLJQDO� HQKDQFHPHQW�UHVWRUDWLRQ�� ZH� GR� QRW� ZDQW� WR� UHVWULFW�
RXUVHOYHV� WR� WKH� JOREDO� PLQLPXP� DQG� PD[LPXP� RI� WKH� LQLWLDO�
VLJQDO��2Q�WKH�FRQWUDU\��ZH�ZRXOG�OLNH�WKH�SRLQWV�RI�H[WUHPD�WR�EH�
HPSKDVL]HG�DQG��VWUHWFKHG���LI�WKH\�LQGHHG�UHSUHVHQW�VLQJXODULWLHV�
DQG� GR� QRW� FRPH� DV� D� UHVXOW� RI� QRLVH��� 7KHUHIRUH�� D� GLIIHUHQW�
DSSURDFK�VKRXOG�EH�WDNHQ���

$V�ZH�ZDQW�WR�HPSKDVL]H�ODUJH�JUDGLHQWV��ZH�ZRXOG�OLNH�WR�PRYH��
³PDVV´� IURP� WKH� ORZHU� SDUW� RI� D� ³VORSH´�XSZDUGV��7KLV� SURFHVV�
FDQ�EH�YLHZHG�DV�PRYLQJ�EDFN� LQ�WLPH�DORQJ� WKH�VFDOH�VSDFH��RU�
UHYHUVLQJ� WKH� GLIIXVLRQ� SURFHVV� >��@�� 0DWKHPDWLFDOO\� ZH� FDQ�
VLPSO\� FKDQJH� WKH� VLJQ� RI� WKH� FRQGXFWDQFH� FRHIILFLHQW� WR�
QHJDWLYH��
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1RWH� WKDW� WKLV� LV� GLIIHUHQW� WKDQ� ZKDW� ZDV� GHILQHG� DV� �LQYHUVH�
GLIIXVLRQ�� LQ� SUHYLRXV� VWXGLHV� �H�J�� >�@�>�@��� 7KHUH�� LQ� SODFHV�
ZKHUH� WKH� GHULYDWLYH� RI� WKH� IOX[� F
JUDG�X��ZDV� QHJDWLYH�� LW� ZDV�
GHILQHG�DV�LQYHUVH�GLIIXVLRQ��EHFDXVH�RQH�FDQ�ZULWH�WKH�GLIIXVLRQ�
HTXDWLRQ�QHDU�WKDW�SRLQW�DV��
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$OWKRXJK� LW� KDV� WKH� IRUP� RI� DQ� LQYHUVH� GLIIXVLRQ� SURFHVV�� LW� LV�
ZHDNHU� VLQFH� LW� GRHV� QRW� KDYH� WKH� LPSRUWDQW� LQYHUVH� GLIIXVLRQ�
SURSHUW\�RI�PRYLQJ�VLJQDO�RU�LPDJH�³SDUWLFOHV´�XSZDUG�DORQJ�WKH�
VORSH� RI� WKH� JUDGLHQW��:LWK� SRVLWLYH� FRQGXFWDQFH� FRHIILFLHQW� &���
WKLV� FRXOG� QHYHU� KDSSHQ�� DQG� WKHUHIRUH� WKH�PLQLPXP�PD[LPXP�
SULQFLSDO� FRXOG�EH�NHSW�� IRU� LQVWDQFH��7KXV�� VLJQDO� HQKDQFHPHQW�
UHTXLUHV� IXUWKHU� PRGLILFDWLRQ� RI� WKH� GLIIXVLRQ� SURFHVV��
6SHFLILFDOO\�� WR� GHEOXU� DQG� HQKDQFH� VLQJXODULWLHV�� QHJDWLYH�
FRQGXFWDQFH�FRHIILFLHQW�PXVW�EH�LQFRUSRUDWHG�LQWR�WKH�SURFHVV���

7KH� TXHVWLRQ� LV�� FDQ� ZH� VLPSO\� XVH� D� OLQHDU� LQYHUVH� GLIIXVLRQ"�
7KH�SUREOHP� LV� WKDW� OLQHDU� LQYHUVH�GLIIXVLRQ� LV�D�KLJKO\�XQVWDEOH�
SURFHVV�� $V� PHQWLRQHG� HDUOLHU�� WKH� OLQHDU� IRUZDUG� GLIIXVLRQ� LV�
DQDORJRXV� WR� FRQYROXWLRQ� ZLWK� D� *DXVVLDQ� NHUQHO�� +HQFH�� WKH�
OLQHDU� EDFNZDUG� �LQYHUVH�� GLIIXVLRQ� LV� DQDORJRXV� WR� D� *DXVVLDQ�
GHFRQYROXWLRQ�� ZKHUH� WKH� QRLVH� DPSOLILFDWLRQ� H[SORGHV� ZLWK�
IUHTXHQF\��$SSOLFDWLRQ�RI�VXFK�D�GHFRQYROXWLRQ�SURFHVV�UHVXOWV�LQ��
RVFLOODWLRQV� WKDW� JURZ�ZLWK� WLPH� XQWLO� WKH\� UHDFK�PLQLPXP� DQG�
PD[LPXP�VDWXUDWLRQ�YDOXHV�DQG�WKH�RULJLQDO�VLJQDO�LV�FRPSOHWHO\�
ORVW��

7KUHH� PDMRU� SUREOHPV� DVVRFLDWHG� ZLWK� WKH� OLQHDU� EDFNZDUG�
GLIIXVLRQ� SURFHVV� PXVW� EH� DGGUHVVHG�� 7KH� H[SORVLYH� LQVWDELOLW\��
QRLVH�DPSOLILFDWLRQ�DQG�RVFLOODWLRQV��

2QH�ZD\� WR� DYRLG� H[SORVLRQ� LV� E\�GHPLQLVKLQJ� WKH�YDOXH�RI� WKH�
LQYHUVH�GLIIXVLRQ�FRHIILFLHQW� DW�KLJK�JUDGLHQWV�� ,Q� WKLV�ZD\��DIWHU�
WKH� VLQJXODULW\� H[FHHGV� D� FHUWDLQ� JUDGLHQW� WKUHVKROG� LW� GRHV� QRW�
FRQWLQXH� WR�DIIHFW�WKH�SURFHVV�DQ\�ORQJHU��:H�FDQ�DOVR�WHUPLQDWH�
WKH� GLIIXVLRQ� SURFHVV� DIWHU� D� OLPLWHG� WLPH�� EHIRUH� UHDFKLQJ�
VDWXUDWLRQ��

,Q� RUGHU� QRW� WR� DPSOLI\�QRLVH��ZKLFK� DIWHU� VRPH�SUH�VPRRWKLQJ��
FDQ�EH� UHJDUGHG� DV�KDYLQJ�PDLQO\�PHGLXP� WR� ORZ�JUDGLHQWV��ZH�
VKRXOG�DOVR�HOLPLQDWH�WKH�LQYHUVH�GLIIXVLRQ�IRUFH�DW�ORZ�JUDGLHQWV��

7R�UHGXFH�RVFLOODWLRQV��ZH�VKRXOG�WU\�WR�VXSSUHVV�WKHP�WKH�PLQXWH�
WKH\�DUH�LQWURGXFHG��)RU�WKLV�ZH�FDQ�FRPELQH�D�IRUZDUG�GLIIXVLRQ�
IRUFH�� WKDW� VPRRWKHV� ORZ� JUDGLHQWV�� 7KLV� IRUFH� DOVR� VPRRWKHV�
VRPH� RI� WKH� RULJLQDO� QRLVH� WKDW� LV� LQ� WKH� VLJQDO� IURP� WKH�
EHJLQQLQJ�� 8QIRUWXQDWHO\�� ORZ� JUDGLHQWV� ZKLFK� DUH� QRW� GXH� WR�
QRLVH�� OLNH� WKRVH� WKDW� DUH� FKDUDFWHULVWLF� RI� FHUWDLQ� WH[WXUHV� LQ�
LPDJHV��DUH�DOVR�DIIHFWHG�DQG�VPRRWKHG�RXW�E\�WKLV�IRUFH��
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7KH�UHVXOW�RI�WKLV�LQWXLWLYH�DQDO\VLV�LV�WKDW�ZH�EDVLFDOO\�QHHG�WZR�
IRUFHV�RI�GLIIXVLRQ�ZRUNLQJ�VLPXOWDQHRXVO\�RQ�WKH�VLJQDO���RQH�LV�
D� EDFNZDUG� IRUFH� �DW�PHGLXP� JUDGLHQWV�� ZKHUH� VLQJXODULWLHV� DUH�
H[SHFWHG��� DQG� WKH� RWKHU� LV� D� IRUZDUG� RQH�� XVHG� IRU� VWDELOL]LQJ�
RVFLOODWLRQV�DQG�UHGXFLQJ�QRLVH��$FWXDOO\��ZH�FDQ�FRPELQH�WKRVH�
WZR�IRUFHV�WR�RQH�FRPSOH[�EDFNZDUG�DQG�IRUZDUG�GLIIXVLRQ�IRUFH�
ZLWK� D� FRQGXFWDQFH� FRHIILFLHQW� �ZKLFK� LV� D� IXQFWLRQ� RI� WKH�
JUDGLHQW��WKDW�KDV�ERWK�SRVLWLYH�DQG�QHJDWLYH�YDOXHV��
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:H�VXJJHVW�D�JHQHUDO�IRUPXOD�IRU�WKH�FRQGXFWDQFH�FRHIILFLHQW�LQ�
WKH�IRUP�RI��
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DQG�LWV�VPRRWKHG�YHUVLRQ��
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ZKHUH�� �GHQRWHV�FRQYROXWLRQ��>H[SRQHQW�SDUDPHWHUV�Q�P���ZHUH�

FKRVHQ�WR�EH���DQG���UHVSHFWLYHO\��DQG�.I�LV�VPDOOHU�WKDQ�.E�@�

7KH�3�0�FRQGXFWDQFH�FRHIILFLHQW��LQ�FRPSDULVRQ�LV��
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&�KDV�WR�EH�FRQWLQXRXV�DQG�GLIIHUHQWLDEOH��,Q�WKH�GLVFUHWH�GRPDLQ��
���� FRXOG� VXIILFH� �DOWKRXJK� LW� LV� RQO\� SLHFH�ZLVH� GLIIHUHQWLDEOH���
����FDQ�ILW�WKH�JHQHUDO�FRQWLQXRXV�FDVH��EXW�UDLVHV�WKH�SUREOHP�RI�
QRQ�]HUR� YDOXHV� DW� KLJK� JUDGLHQWV� �WKDW� GLPLQLVK� IDVW��� 2WKHU�
IRUPXODV�ZLWK�VLPLODU�QDWXUH�PD\�DOVR�EH�SURSRVHG��

$V� FRPSDUHG� ZLWK� WKH� 3�0� HTXDWLRQ� ����� ZKHUH� DQ� �HGJH�
WKUHVKROG��.�LV�WKH�VROH�SDUDPHWHU��ZH�QRZ�KDYH�D�SDUDPHWHU�IRU�
WKH�IRUZDUG�IRUFH�.I��WZR�SDUDPHWHUV�IRU�WKH�EDFNZDUG�IRUFH��ZH�
GHILQHG� WKHP�E\� WKH� FHQWHU�.E� DQG�ZLGWK�:��� DQG� WKH� UHODWLRQV�
EHWZHHQ� WKH� VWUHQJWK� RI� WKH� EDFNZDUG� DQG� IRUZDUG� IRUFHV� �UDWLR�
ZH� WHUPHG� DOSKD��� :H� WKHUHIRUH� GLVFXVV� VRPH� UXOHV� IRU�
GHWHUPLQLQJ�WKHVH�SDUDPHWHUV���

(VVHQWLDOO\�.I���LV�WKH�OLPLW�RI�JUDGLHQWV�WR�EH�VPRRWKHG�RXW��DQG�
LV� VLPLODU� LQ� QDWXUH� WR� WKH� UROH� RI� WKH� .� SDUDPHWHU� RI� WKH� 3�0�
FRQGXFWDQFH�HTXDWLRQ��



.E�DQG�:�GHILQH�WKH�EDFNZDUG�GLIIXVLRQ�UDQJH��DQG�VKRXOG�WDNH�
YDOXHV�RI�JUDGLHQWV�WKDW�ZH�ZDQW�WR�HPSKDVL]H��,Q�RXU�IRUPXOD�WKH�
UDQJH� LV� V\PPHWULF�� DQG� ZH� XVXDOO\� UHVWUDLQ� WKH� ZLGWK� IURP�
RYHUODSSLQJ�WKH�IRUZDUG�GLIIXVLRQ�DUHD���

2QH� ZD\� RI� FKRRVLQJ� WKRVH� SDUDPHWHUV� LQ� WKH� GLVFUHWH� FDVH��
ZLWKRXW� KDYLQJ� DQ\� SUHYLRXV� NQRZOHGJH� DERXW� WKH� VLJQDO�� LV� E\�
FDOFXODWLQJ� WKH�PHDQ�DEVROXWH�JUDGLHQW� �³PDJ´���VLPLODU� WR�7RWDO�
9DULDWLRQ�DQDO\VLV��)RU�LQVWDQFH��>.I�.E�:@� �>�����@
PDJ��

/RFDO�DGMXVWPHQW�RI�WKH�SDUDPHWUV��FDQ�EH�GRQH�E\�FDOFXODWLQJ�WKH�
�PDJ�� YDOXH� LQ� D� ZLQGRZ�� 7KH� SDUDPHWHUV� FKDQJH� JUDGXDOO\�
DORQJ� WKH� VLJQDO�� DQG� HQKDQFHPHQW� LV� DFFRPSOLVKHG�E\�GLIIHUHQW�
WKUHVKROGV� LQ� GLIIHUHQW� ORFDWLRQV�� 7KLV� LV� LQGHHG� UHTXLUHG� LQ� WKH�
FDVHV� RI� QDWXUDO� VLJQDOV� RU� LPDJHV�� GXH� WR� WKHLU� QRQVWDWLRQDU\�
VWUXFWXUH��8VXDOO\�D�PLQLPXP�YDOXH�RI� IRUZDUG�GLIIXVLRQ�VKRXOG�
EH� NHSW�� VR� VPRRWK� ODUJH� DUHDV� ZRXOG� QRW� JHW� QRLV\�� $� JRRG�
H[DPSOH� ZKHUH� ZH� XVHG� WKH� ORFDO� SDUDPHWHU� DGMXVWPHQW� LV�
GHSLFWHG�E\�WKH�SDUURW�LPDJH��)LJ������

7KH� ODVW� SDUDPHWHU�� DOSKD�� FRQWUROV� WKH� UDWLR� EHWZHHQ� WKH�
EDFNZDUG�DQG�IRUZDUG�GLIIXVLRQ��,I�WKH�EDFNZDUG�GLIIXVLRQ�IRUFH�
LV� WRR� GRPLQDQW�� WKH� VWDELOL]LQJ� IRUZDUG� IRUFH� LV� QRW� VWURQJ�
HQRXJK� WR� DYRLG� RVFLOODWLRQV�� 2QH� FDQ� DYRLG� WKH� GHYHORSLQJ� RI�
QHZ� VLQJXODULWLHV� LQ� YHU\� VPRRWK� DUHDV� E\� ERXQGLQJ� WKH�
PD[LPXP� IOX[� SHUPLVVLEOH� LQ� WKH�EDFNZDUG�GLIIXVLRQ� WR�EH� OHVV�
WKDQ� WKH� PD[LPXP� RI� WKH� IRUZDUG� RQH� >IRU� D� SURRI� VHH� >��@@��
)RUPDOO\�ZH�VD\��
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,Q�WKH�FDVH�RI�RXU�SURSRVHG�&��ZH�JHW�D�VLPSOH�IRUPXOD�IRU�DOSKD��
ZKLFK�MXVW�REH\V�WKLV�LQHTXDOLW\�E\��
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,Q�SUDFWLFDO�DSSOLFDWLRQV��WKLV�ERXQG�FDQ�XVXDOO\�EH�LQFUHDVHG�XS�
WR�D�GRXEOH�YDOXH�ZLWKRXW�H[SHULHQFLQJ�ODUJH�LQVWDELOLWLHV��

7KHUH� DUH� D� IHZ�ZD\V� WR� LQFUHDVH� UHJXODULW\� LQ� WKLV� 3'(� EDVHG�
DSSURDFK��:H�FDQ� UHSODFH� WKH�SURSRVHG�FRQGXFWDQFH�FRHIILFLHQW�
(T�������E\�WKH�UHJXODUL]HG�RQH��(T�������VLPLODU�LQ�D�ZD\�WR�&DWWH�
HW� DO�� *LYHQ� DQ� D� SULRU\� LQIRUPDWLRQ� RQ� WKH� VPDOOHVW� VFDOH� RI�
LQWHUHVW�� RQH� FDQ� � VPRRWK� VPDOOHU� VFDOHV� LQ� D� QRLV\� VLJQDO� E\�
SUHSURFHVVLQJ�� $V� ZH� HQKDQFH� WKH� VLJQDO� DIWHUZDUGV�� WKLV�
VPRRWKLQJ�SURFHVV�GRHV�QRW� DIIHFW� WKH�HQG� UHVXOW� WKDW�PXFK�DQG�
HQDEOHV�XV� WR�RSHUDWH� LQ�DQ�RULJLQDO\�PXFK�QRLVLHU�HQYLURQPHQW��
)LQDOO\��RSHUDWLQJ�LQ�H[WUHPHO\�QRLV\�DUHDV��ZKHQ�ZH�NQRZ�RI�WKH�
W\SH� RI� VLQJXODULW\�� ZH� FDQ� DSSO\� PRUH� SUH�VPRRWKLQJ�� DQG�
FRQVLGHU�RQO\� WKH� ODUJHVW�JUDGLHQW�ZLWKLQ�WKH�EDFNZDUG�GLIIXVLRQ�
UDQJH���VHH�)LJ������
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:H� XVHG� WKH� H[SOLFLW� (XOHU� VFKHPH� ZLWK� IRUZDUG� GLIIHUHQFH�
VFKHPH�IRU�WKH�WLPH�GHULYDWLYH�DQG�WKH�FHQWUDO�GLIIHUHQFH�VFKHPH�
ZLWK��[��VWHQFLO�IRU�WKH�VSDWLDO�GHULYDWLYHV����

$�IHZ�H[DPSOHV�RI�EOXUU\�DQG�QRLV\� VLJQDO� UHVWRUDWLRQ�XVLQJ�WKH�
VHOHFWLYH�LQYHUVH�GLIIXVLRQ�DUH�VKRZQ�EHORZ��,Q�WKH���G�FDVHV�WKH�
SURFHVV�ZDV� VWRSSHG� DIWHU� WKH�SURFHVV�REVHUYHG�RQO\�YHU\� VOLJKW�

FKDQJHV� EHWZHHQ� LWHUDWLRQV�� ,Q� WKH� LPDJH� FDVH� WKH� SURFHVV� ZDV�
VWRSHG�E\�YLVXDO�LQVSHFWLRQ���
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)LJXUH� ��� �D�� 2UJLQDO� VWHS�� �E�� %OXUUHG� VLJQDO�
FRQWDPLQDWHG�E\�ZKLWH�JDXVVLDQ�QRLVH��615 �G%����F�H��
'LIIXVLRQ� SURFHVV� DIWHU� LWHUDWLRQV�� ���� ���� �����
UHVSHFWLYHO\���
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)LJXUH� ��� �D�� 2UJLQDO� VLJQDO� �ZLWK� ERWK� SRVLWLYH� DQG�
QHJDWLYH�GLVFRQWLQXLWLHV���E��%OXUUHG�VLJQDO�FRQWDPLQDWHG�
E\� ZKLWH� XQLIRUP� QRLVH� �615 �G%��� �F�H�� 'LIIXVLRQ�
SURFHVV�DIWHU�LWHUDWLRQV���������������UHVSHFWLYHO\��
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)LJXUH����$Q�H[DPSOH�RI�SURFHVVLQJ�DQ�H[WUHPHO\�QRLV\�
VLJQDO�� �D��2UJLQDO� VWHS�� �E��%OXUUHG�VLJQDO�FRQWDPLQDWHG�
E\� ZKLWH� JDXVVLDQ� QRLVH� �615 ��G%��� �F�� $IWHU� SUH�
VPRRWKLQJ� �G�H�� 'LIIXVLRQ� SURFHVV� DIWHU� LWHUDWLRQV�� ����
�����UHVSHFWLYHO\���
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)LJXUH� ��� �D�� 2UJLQDO� SDUURW� LPDJH�� �E�� %OXUUHG� LPDJH�� �F�G��
'LIIXVLRQ�SURFHVV�DIWHU�LWHUDWLRQV�����������UHVSHFWLYHO\��
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,Q� WKLV� VWXG\� ZH� DGGUHVV� WKH� RXWVWDQGLQJ� LVVXH� RI� KRZ� FDQ� WKH�
FRQIOLFWLQJ� UHTXLUHPHQWV� RI� VLJQDO� DQG� LPDJH� ORZSDVV� ILOWHULQJ��
WKHUHE\� VPRRWKLQJ� WKH� VLJQDO�� DQG� VKDUSHQLQJ� DQG� HQKDQFHPHQW�
RI� VXFK� VLJQDOV�� HYHQ� EH\RQG� ZKDW� WKHLU� RULJLQDO� VSHFWUXP��
SHUPLWV�� EH� LQFRUSRUDWHG� LQWR� D� GLIIXVLRQ�W\SH� 3'(� DSSURDFK��
2XU� DSSURDFK� LV�D� JHQHUDOL]DWLRQ�RI� WKH�GLIIXVLRQ�SURFHVV� LQWR�D�
IRUZDUG�DQG�EDFNZDUG� SURFHVV�� 7KLV� LV� GHPRQVWUDWHG� E\� WKH�
VSHFLILF�H[DPSOH�RI�JHQHUDOL]DWLRQ�RI� WKH�3HURQ�0DOLN�HTXDWLRQ��
7KXV��WR�UHLWHUDWH��WKH�QRYHO\�LQ�RXU�DSSURDFK�OLHV�LQ�WKH�IDFW�WKDW�
WKH� HQKDQFHPHQW� SURFHVV� LQFOXGHV� ERWK� VPRRWKLQJ� DQG�
VKDUSHQLQJ�� 7KLV� LV� DFFRPSOLVKHG� E\� DVVLJQLQJ� SRVLWLYH� DQG�
QHJDWLYH� YDOXHV� WR� D� FRQGXFWDQFH� FRHIILFLHQW� LQ� WKH� GLIIXVLRQ�
HTXDWLRQ� WKDW� UDQJHV�IURP�D�FHUWDLQ�QHJDWLYH� WR�D�SRVLWLYH�YDOXH��
9DULRXV� SDUDPHWHUV� FRQWURO� WKH� H[DFW� VKDSH� RI� WKLV� ORFDO�
FRQGXFWDQFH�IXQFWLRQ�DQG�DQ�DQDO\VLV�RI�WKHLU�PHDQLQJ��UHODWLRQV�
DQG�VXLWDEOH�UDQJHV�ZHUH�SUHVHQWHG��7KH�SURSRVHG�DOJRULWKP�ZDV�
WHVWHG� RQ� RQH�� DQG� WZR�GLPHQVLRQDO� VLJQDOV� ZLWK� SURPLVLQJ�
UHVXOWV��

6LPLODU� JHQHUDOL]DWLRQV� RI� WKH� GLIIXVLRQ�W\SH� SURFHVVHV�� VXFK� DV�
WKH� RQH� DVVRFLDWHG� ZLWK� WKH� %HOWUDPL� HTXDWLRQ�� DQG� D� ULJRURXV�
WUHDWPHQW�RI�WKH�LVVXHV�RI�VWDELOLW\�DQG�UHJXODUL]DWLRQ��WKDW�DGGUHVV�
WKH� SUREOHP� RI� RVFLODWLRQV� DQG� WKH� FUHDWLRQ� RI� VLQJXODULWLHV�ZLOO�
EH�SXEOLVKHG�HOVHZKHUH�>��@��
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7KLV� UHVHDUFK� KDV� EHHQ� VXSSRUWHG� LQ� SDUW� E\� WKH� 2OOHQGRUII�
&HQWHU�� 7KH� )XQG� IRU� 3URPRWLRQ� RI� 5HVHDUFK� DW� WKH� 7HFKQLRQ��
DQG�WKH�0LQLVWU\�RI�6FLHQFH��
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>�@� $�� 3�� :LWNLQ�� �6FDOH� VSDFH� ILOWHULQJ��� LQ� 3URF�� ,QW�� -RLQW�

&RQI��2Q�$UWLILFLDO�,QWHOOLJHQFH��SS�������������������
>�@� 3�� 3HURQD� DQG� -�� 0DOLN�� �6FDOH�VSDFH� DQG� HGJH� GHWHFWLRQ�

XVLQJ� DQLVRWURSLF� GLIIXVLRQ��� ,(((� 7UDQV�� 3DW�� $QDO��
0DFKLQH�,QWHO���YRO��3$0,����QR�����SS�����������������

>�@� *HRPHWU\��'ULYHQ�'LIIXVLRQ�LQ�&RPSXWHU�9LVLRQ��(G��%��WHU�
+DDU�5RPHQ\����.OXZHU�$FDGHPLF�3XEOLVKHUV��������

>�@� )�� &DWWH�� 3�� /�� /LRQV�� -�� 0�� 0RUHO� DQG� 7�� &ROO�� �,PDJH�
VHOHFWLYH� VPRRWKLQJ� DQG� HGJH� GHWFWLRQ� E\� QRQOLQHDU�
GLIIXVLRQ��� 6,$0� -�� 1XP�� $QDO��� YRO�� ���� QR�� ��� SS�� ����
�����������

>�@� 5��7��:KLWDNHU�DQG�6��0��3L]HU���$�PXOWL�VFDOH�DSSURDFK�WR�
QRQ�XQLIRUP�GLIIXVLRQ���&9*,3��,PDJH�8QGHUVWDQGLQJ��YRO��
����QR�����SS����������������

>�@� ;�� /L� DQG� 7�� &KHQ�� �1RQOLQHDU� GLIIXVLRQ� ZLWK� PXOWLSOH�
HGJLQHVV� WKUHVKROGV��� 3DW�� 5HF��� YRO�� ���� QR�� ��� SS�� �����
������������

>�@� -�� :HLFNHUW�� %�� %HQKDPRXGD�� ³$� VHPLGLVFUHWH� QRQOLQHDU�
VFDOH�VSDFH� WKHRU\� DQG� LWV� UHODWLRQ� WR� WKH� 3HURQD�0DOLN�
SDUDGR[´�� )�� 6ROLQD� �(G���� $GYDQFHV� LQ� FRPSXWHU� YLVLRQ��
6SULQJHU��:LHQ�������������

>�@� (�� 5DGPRVHU�� 2�� 6FKHU]HU� DQG� -�� :HLFNHUW�� ³6FDOH�VSDFH�
SURSHUWLHV� RI� QRQVWDWLRQDU\� LWHUDWLYH� UHJXODUL]DWLRQ�
PHWKRGV´��-��RI�9LV��&RP��,PDJH��5HS��7R�DSSHDU��

>�@� ,�� 3ROODN��$�6��:LOOVN\��+��.ULP��³6FDOH�6SDFH�DQDO\VLV�E\�
VWDELOL]HG� LQYHUVH� GLIIXVLRQ� HTXDWLRQV´�� %�� WHU� +DDU�
5RPHQH\� �HG���� 6FDOH�VSDFH� WKHRU\� LQ� FRPSXWHU� YLVLRQ��
/1&6��YRO��������6SULQJHU��%HUOLQ�����������������

>��@� 1�� 6RFKHQ�� 5�� .LPPHO� DQG� 5�� 0DOODGL�� ³$� JHQHUDO�
IUDPHZRUO� IRU� ORZ�OHYHO� YLVLRQ´�� ,(((� 7UDQV�� ,PDJH�
3URFHVVLQJ�YRO��������������

>��@� 5�� .LPPHO�� 5�� 0DOODGL� DQG� 1�� 6RFKHQ�� ³,PDJHV� DV�
(PEHGGLQJ� 0DSV� DQG� 0LQLPDO� 6XUIDFHV�� 0RYLHV�� &RORU�
7H[WXUH� DQG� 9ROXPHWULF� 0HGLFDO� ,PDJHV´�� 3URF�� ,(((�
&935¶��������������������DQG�,QW��-��&RP��9LV��7R�DSSHDU��

>��@� -�� :HLFNHUW�� ³&RKHUHQFH�HQKDQFLQJ� GLIIXVLRQ� RI� FRORXU�
LPDJHV´��,PDJH�DQG�9LVLRQ�&RPS����������������������

>��@� 1�� 6RFKHQ�� ³6WRFKDVWLF� SURFHVVHV� LQ� YLVLRQ� ,�� )URP�
/DQJHYLQ�WR�%HOWUDPL´��7HFKQLRQ�&&,7�UHSRUW������������

>��@� <�<�� =HHYL�� *�� *LOERD�� 1�� 6RFKHQ�� ³2Q� WKH� $SSOLFDWLRQ�
'LIIXVLRQ�7\SH� 3URFHVVHV� LQ� ,PDJH� )LOWHULQJ� DQG�
(QKDQFHPHQW´��7HFKQLRQ�&&,7�5HSRUW��LQ�SUHSDUDWLRQ��

>��@� 6�-�� 2VKHU� DQG� /�� ,�� 5XGLQ�� �)HDWXUH�2ULHQWHG� ,PDJH�
HQKDQFHPHQW� XVLQJ� 6KRFN� )LOWHUV��� 6,$0� -��1XPHU��$QDO��
����SS�����������������

>��@� 1�� 6RFKHQ� DQG�<��<�� =HHYL�� �5HVROXWLRQ�(QKDQFHPHQW� RI�
&RORUHG� ,PDJHV� %\� ,QYHUVH� 'LIIXVLRQ� 3URFHVVHV��� LQ�
3URFHHGLQJV�RI�,(((�,&$663
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