
([SHULPHQWLQJ�OHYHO�VHW�EDVHG�VQDNHV
IRU�FRQWRXU�VHJPHQWDWLRQ�LQ�UDGDU�LPDJHU\


)UpGpULF�/HVDJH������/DQJLV�*DJQRQ���

�5	'�'HSDUWPHQW��/RFNKHHG�0DUWLQ�&DQDGD�������$YH�5R\DOPRXQW��0RQWUpDO��&DQDGD��+�3��.�
�&HQWUH�GH�5HFKHUFKH�,QIRUPDWLTXH�GH�0RQWUpDO������6KHUEURRNH�6WUHHW�:HVW��6XLWH������0RQWUpDO��&DQDGD��+�$��%�
�&HQWUH�GH�5HFKHUFKHV�0DWKpPDWLTXHV��8QLY��GH�0RQWUpDO��&�3��������6XFF��&HQWUH�9LOOH��0RQWUpDO��&DQDGD��+�&��-�

�$%675$&7

7KH�DLP�RI�WKLV�ZRUN�LV�WR�H[SORUH�WKH�DSSOLFDELOLW\�RI�D�UHODWLYHO\�QHZ�VQDNHV�IRUPXODWLRQ�FDOOHG�JHRPHWULF�VQDNHV��IRU�UREXVW
FRQWRXU�VHJPHQWDWLRQ�LQ�UDGDU�LPDJHV���,Q�SDUWLFXODU��ZH�DUH�ORRNLQJ�IRU�FOHDU�H[SHULPHQWDO�LQGLFDWRUV�UHJDUGLQJ�WKH�XVHIXOQHVV
RI�VXFK�WRRO�IRU�UDGDU�LPDJHU\���,Q�WKLV�ZRUN��ZH�PDLQO\�FRQFHQWUDWH�RQ�YDULRXV�FRQWRXU�VHJPHQWDWLRQ�SUREOHPV�LQ�DLUERUQH
DQG�VSDFHERUQH�6$5� LPDJHV� �VZDWK�DQG� LQYHUVH�PRGH���$V�DQ�H[DPSOH��ZH�VWXG\� WKH� VHJPHQWDWLRQ�RI�FRDVWOLQHV�DQG�VKLS
WDUJHWV�� �:H� REVHUYH� WKDW� WKH� G\QDPLFDO� DQG� DGDSWLYH� SURSHUWLHV� RI� JHRPHWULF� FRQWRXUV� LV� EHWWHU� VXLWHG� WR� GHWHUPLQH� WKH
PRUSKRORJLFDO�SURSHUWLHV�RI�WKH�FRQWRXUV���)RU�KLJK�UHVROXWLRQ�UDGDU�LPDJHV�RI�VKLSV��WKH�XQGHUO\LQJ�PRWLYDWLRQ�LV�WKDW�WKHVH
SURSHUWLHV�FRXOG�KHOS�SURYLGLQJ�UREXVW�H[WUDFWLRQ�RI�VKLS�VWUXFWXUHV�IRU�DXWRPDWLF�VKLS�FODVVLILFDWLRQ�

.H\ZRUGV��$FWLYH�FRQWRXUV��6QDNHV��(GJH�GHWHFWLRQ��6HJPHQWDWLRQ��5DGDU�LPDJHU\

��� ,1752'8&7,21

,Q�UHFHQW�\HDUV��ZRUNV�WRZDUG�DXWRPDWLF�VHJPHQWDWLRQ�RI�LPDJHV�KDYH�PDGH�VLJQLILFDQW�SURJUHVVHV���$SSOLFDWLRQ�UDQJH�IURP
GHWHFWLRQ� RI� IRUPV� WR� YLVXDO� WUDFNLQJ� DQG� VKDSH� PRGHOLQJ�� � $PRQJ� WKH� GLIIHUHQW� DSSURDFKHV� WR� LPDJH� VHJPHQWDWLRQ�� WKH
GHWHFWLRQ�RI�FRQWRXUV�LV�D�YHU\�LPSRUWDQW�RQH��DQG�LW�FDQ�EH�XVHG�DV�D�ILUVW�VWHS�LQ�D�FKDLQ�RI�SURFHVVHV�DSSOLHG�WR�DQ�LPDJH�
7KH�PDLQ�GLIILFXOWLHV�ZLWK�FRQWRXU� VHJPHQWDWLRQ�DUH�RIWHQ� UHODWHG� WR� WKH�SUHVHQFH�RI�QRLVH� LQ� WKH� LPDJH�RU� WR� ORZ�FRQWUDVW
HGJHV���$Q�HIILFLHQW�PHWKRG�WR�UHFRYHU�HGJHV�LQ�DQ�LPDJH�ZLWK�VXFK�FKDUDFWHULVWLFV�LV�EDVHG�RQ�DFWLYH�FRQWRXUV�RU�VQDNHV�

7KH�FODVVLFDO�IRUPXODWLRQ�RI�VQDNHV�LQYROYHV�D�VLPSOH�SDUDGLJP�EDVHG�RQ�WKH�PLQLPL]DWLRQ�RI�DQ�HQHUJ\�IXQFWLRQ���7\SLFDOO\�
D�SDUDPHWULF�FXUYH�&�g�� LV� FRQVWUXFWHG� LQ�D��'�LPDJH� �WKH�SL[HO�FRRUGLQDWHV� �[�\��g�±� >���@� GHVFULEHV� WKH� FXUYH��ZLWK� DQ
DVVRFLDWHG�HQHUJ\�(�&��WKDW�LV�DVVXPHG�WR�WDNH�WKH�IRUP

7KH� WHUP� (LQW�&�� LV� WKH� LQWHUQDO� HQHUJ\� RI� WKH� FXUYH� DQG� LV� LQGHSHQGHQW� RI� WKH� XQGHUO\LQJ� LPDJH�� 7KH� LQWHUQDO� HQHUJ\
HVVHQWLDOO\�ZHLJKWV�WKH�ULJLGLW\�DQG�WHQVLRQ�RI�WKH�FXUYH�DQG�FRQWURO�LQ�VRPH�VHQVH�WKH�LQKHUHQW�VPRRWKQHVV�RI�WKH�FXUYH���7KH
SRWHQWLDO�9�&��GHSHQGV�RQ�WKH�LPDJH��L�H��WKH�SL[HO�LQWHQVLW\�,�[�\��DQG�ORFDO�YDULDWLRQV��ZKLFK�ZH�WDNH�WR�EH�JUD\�VFDOH��WKDW�LV
,�[�\��±�>��1*@��ZLWK�1*�WKH�PD[LPDO�JUD\�YDOXH��XVXDOO\��������7R�GHWHFW�D�FRQWRXU��ZH�OHW�WKH�VQDNH�WR�EH�DWWUDFWHG�WR�WKH
ORFDO�PLQLPXP�RI� WKH�SRWHQWLDO�ZKLFK�ZH� FRXOG� WDNH� IRU� H[DPSOH� DV�9�&��_¶*
,�[�\�_�ZKHUH�*� LV� D�*DXVVLDQ� ILOWHU�� 7KH
FRQWRXU�LV�WKHQ�WKH�FXUYH�PLQLPL]LQJ�WKLV�HQHUJ\�IXQFWLRQ�(�&��IRU�D�JLYHQ�VHW�RI�SDUDPHWHUV�

)LQGLQJ�WKH�RSWLPDO�FRQWRXU�LV�W\SLFDOO\�GRQH�E\�DGGLQJ�G\QDPLFV�WR�WKH�VQDNH���,I�ZH�DGG�NLQHWLF�HQHUJ\�WR�WKH�FXUYH��WKHQ
XVLQJ� WKH� /DJUDQJLDQ� IRUPXODWLRQ� IRU� (�&��� ZH� FDQ�PLQLPL]H� WKH� DFWLRQ� DQG� ILQG� D� FRUUHVSRQGLQJ� G\QDPLFDO� HTXDWLRQ� RI
PRWLRQ�� � 2QH� WKHQ� VWDUWV� ZLWK� DQ� LQLWLDO� VQDNH� DQG� OHW� LW� HYROYH� XQWLO� VRPH� VXLWDEOH� FRQGLWLRQV� DUH� VDWLVILHG�� L�H�� D� ORFDO
PLQLPXP�RI�WKH�SRWHQWLDO�

7KH�PDLQ�SUREOHP�LV�WKDW� WKHUH�FDQ�EH��DQG� WKHUH�XVXDOO\� LV��PRUH� WKDQ�RQH�PLQLPXP�IRU�9�&��� �7\SLFDOO\�� WKHUH�DUH� ORFDO
PLQLPD� DVVRFLDWHG� ZLWK� QRLV\� SRLQWV�� ZKLFK� DUH� SXQFWXDO� LQ� WKH� LPDJH� �KDYLQJ� D� VPDOO� DUHD��� � 7KH� DGYDQWDJH� RI� VQDNH
IRUPXODWLRQV�LV� WKDW�VLQFH�WKH�G\QDPLFV�LV�FRQWUROOHG�E\�WKH�LPDJH��EXW�DOVR�E\�D�VQDNH�WHQVLRQ��ZH�FDQ�DGMXVW� WKH�GLIIHUHQW
HQHUJLHV�DVVRFLDWHG�ZLWK�D�FRQILJXUDWLRQ�VXFK�WKDW�WKH�ORFDO�PLQLPXP�ZLOO�EH�DYRLGHG�DQG�WKH�VQDNH�ZLOO�DV\PSWRWLFDOO\�IORZ
������������������������������ ����������������������������

�3UHVHQWHG�DW�WKH�FRQIHUHQFH�³9LVXDO�,QIRUPDWLRQ�3URFHVVLQJ�,;´��63,(��������2UODQGR������
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WRZDUGV�WKH�JOREDO�PLQLPXP���,Q�VRPH�VHQVH��ZH�FDQ�WKLQN�RI�D�VQDNH�DV�DQ�HODVWLF��ZKHQ�D�ORFDO�WHQVLRQ�EXLOGV�XS�FDXVHG�E\
D�ORFDO�LPSXULW\��WKHQ�LW�HYHQWXDOO\�VWHSV�RYHU�WKH�LPSXULW\���,I��RQ�WKH�RWKHU�KDQG��WKH�REVWUXFWLRQ�LV�PRUH�PDFURVFRSLF��WKHQ�LW
VWRSV�WKHUH�

7KLV�FODVVLFDO�DSSURDFK�KDV�EHHQ�VXSSODQWHG�E\�JHRPHWULF�VQDNHV�IRU�PDQ\�UHDVRQV��RQH�RI� WKHP�LV� WKDW� WKH�VROXWLRQ� LV�QRW
YHU\� VWDEOH�� DQG� WKH� LQLWLDO� VQDNH� QHHGV� WR� EH� FORVH� WR� WKH� FRQWRXU� WR� GHWHFW�� �0RUHRYHU� LW� GRHV� QRW� DOORZ� IRU� VSOLWWLQJ� RU
PHUJLQJ�RI�VQDNHV�ZKLFK�PDNHV�WKH�DSSURDFK�LQHIILFLHQW�ZKHQ�WKHUH�DUH�WRSRORJLFDOO\�QRQ�WULYLDO�FRQWRXUV�LQ�DQ�LPDJH��IRU
H[DPSOH�WKHUH�FDQ�EH�PRUH�WKDQ�RQH�VKLS�WR�VHJPHQW�LQ�D�JLYHQ�LPDJH�RU�LVODQGV�QHDU�FRDVWOLQHV��

*HRPHWULF�VQDNHV�WR�EH�XVHG�KHUH�DUH�EDVHG�RQ�D�OHYHO�VHW�UHSUHVHQWDWLRQ�RI�D�FXUYH�DQG�FDQ�EH�VHHQ�DV�FXUYDWXUH�GHSHQGHQW
SURSDJDWLQJ�IURQWV�XQGHU�WKH�LQIOXHQFH�RI�D�VFDODU�SRWHQWLDO��/HYHO�VHW�EDVHG�VQDNHV�KDYH�EHHQ�XVHG�WR�VWXG\�05,��XOWUDVRXQG
DQG�&7�LPDJHV��ZKHUH�WKH�UHVXOWV�KDYH�EHHQ�SURPLVLQJ��HYHQ�IRU�QRLV\�LPDJHV�>�@��$SSOLFDWLRQV�RI�OHYHO�VHW�EDVHG�VQDNHV�WR
RWKHU�W\SH�RI�LPDJHU\�DQG�SUREOHP�DUH�DOVR�WKH�REMHFW�RI�DFWLYH�UHVHDUFK��)RU�LQVWDQFH�� LQWHUHVW� WR�OHYHO�VHW�EDVHG�VQDNHV� WR
PLFURVFRSLF� LPDJHU\� LV� WKDW� LW� PLJKW� SURYLGH� D� UREXVW� VROXWLRQ� WR� WKH� SUREOHP� RI� FHOO� VHJPHQWDWLRQ� LQ� QRLV\� DQG�RU� QRQ�
XQLIRUP�EDFNJURXQGV��,Q�SDUWLFXODU��ZH�KDYH�PDGH�VRPH�SUHOLPLQDU\�WHVWV�VKRZLQJ�WKDW�OHYHO�VHW�VQDNHV�PLJKW�DOORZ�UREXVW
VHJPHQWDWLRQ�RI�VNLQ�WXPRUV��HYHQ�LQ�WKH�SUHVHQFH�RI�KDLU��6LPLODU�PRWLYDWLRQV�XQGHUOLH�WKH�VHJPHQWDWLRQ�RI�REMHFWV�LQ�QRLV\
FRKHUHQW�LPDJLQJ�OLNH�UDGDU�LPDJHV�

,Q�WKH�QH[W�6HFWLRQ��ZH�SURYLGH�WKH�GHWDLOV�RI�WKH�OHYHO�VHW�EDVHG�VQDNH�DOJRULWKP�DQG�WKH�VSHFLILFV�UHODWHG�WR�UDGDU�LPDJHV���,Q
6HFWLRQ����ZH� UHSRUW� DERXW� WKH�EHKDYLRU�RI� OHYHO� VHW�EDVHG�VQDNHV�DV�ZHOO� DV� WKH� HIIHFW� RI� WKH�YDULRXV�SDUDPHWHUV� XVLQJ� DQ
DUWLILFLDOO\�GHJUDGHG�V\QWKHWLF�LPDJH���,Q�WKH�ODVW�6HFWLRQ��ZH�SURYLGH�H[DPSOHV�RI�FRQWRXU�VHJPHQWDWLRQ�RQ�UHDO�UDGDU�LPDJHV�

��� *(20(75,&�61$.(�$1'�/(9(/�6(76

7KH�JHRPHWULF�IRUPXODWLRQ�RI�VQDNHV�LV�EDVHG�RQ�(XFOLGHDQ�FXUYH�VKRUWHQLQJ�HTXDWLRQV��(VVHQWLDOO\�� WKHVH�HTXDWLRQV�JRYHUQ
WKH�G\QDPLFV�RI�D�FXUYH�&�g,W��WKURXJK

ZKHUH� 5� LV� WKH� VFDODU� FXUYDWXUH� DQG�1� WKH� LQZDUG� XQLW� QRUPDO� WR� WKH� FXUYH�� � 7KLV� HTXDWLRQ� LV� VXFK� WKDW� WKH� IORZ� RI� WKH
(XFOLGHDQ�FXUYH�PD[LPL]HV� WKH� VKRUWHQLQJ�RI� WKH�FXUYH�SHULPHWHU� LQ� WLPH��$QRWKHU� XVHIXO� SURSHUW\� LV� WKDW� WKH� HYROXWLRQ� LV
VXFK�WKDW� WKH�FXUYH�FRQYHUJHV�WR�URXQG�SRLQWV�ZLWKRXW�GHYHORSLQJ�VLQJXODULWLHV�DV� LW� IORZV��3K\VLFDOO\��ZH�FDQ� WKLQN�RI� WKLV
HTXDWLRQ�DV�UHGXFLQJ�WKH�SURWXEHUDQFHV�RI�WKH�FXUYH�IDVWHU�WKDQ�LW�GRHV�IRU�WKH�XQLIRUP�SDUWV�ZKLOH�VKULQNLQJ�WKH�SHULPHWHU�

7KLV�DSSURDFK�LV�YHU\�GLIIHUHQW�WKDQ�WKH�FODVVLFDO�IRUPXODWLRQ�ZH�VNHWFKHG�LQ�6HFWLRQ�����+HUH�ZH�VWDUW�IURP�WKH�G\QDPLF�RI�D
VKULQNLQJ�FXUYH�DQG��DV�LW�ZLOO�EHFRPH�FOHDU�LQ�WKH�IROORZLQJ��DGG�WHUPV�GHSHQGHQW�RQ�WKH�LPDJH�WR�FRQWURO�KRZ�WKH�FRQWRXU
EHKDYHV���%HIRUH�ZH�GR�WKLV��ZH�ZLOO�UHIRUPXODWH�HYHU\WKLQJ�E\�XVLQJ�D�VOLJKWO\�GLIIHUHQW�YLHZSRLQW���$V�SUHVHQWHG�DERYH��WKH
JHRPHWULF�HTXDWLRQ�IRU�WKH�FXUYH�LV���GLPHQVLRQDO�DQG�LW�ZRXOG�EH�GLIILFXOW�WR�DOORZ�VSOLWWLQJ�DQG�PHUJLQJ�RI�FRQWRXUV�XVLQJ
WKLV� IRUPXODWLRQ�� � 7KH� LGHD� LV� WR� E\SDVV� WKLV� GLIILFXOW\� E\� JHRPHWULFDOO\� HPEHGGLQJ� WKH� IRUPXODWLRQ� LQ� �� GLPHQVLRQV�� L�H�
FRQVLGHULQJ�WKH��'�FXUYH�DV�D�VOLFH�RI�D��'�OHYHO�FXUYH�DQG�ZULWLQJ�WKH�G\QDPLFDO�HTXDWLRQV�IRU�WKLV��'�FXUYH���7KH�DGYDQWDJH
LV�WKDW�WRSRORJLFDOO\��WKH��'�FXUYH�UHPDLQV�FRQQHFWHG�ZKHQ�WKH��'�RQH�JHWV�GLVFRQQHFWHG�

7KH� OHYHO� VHW� JHRPHWULF� VQDNH�� DV� ILUVW� IRUPXODWHG�E\�&DVHOOHV� HW� DO�� >�@�� LQYROYHV� VLPSOH�PRGLILFDWLRQV�RI� WKH� JHRPHWULFDO
HTXDWLRQ�ZKLFK�FDQ�EH�GHVFULEHG�DV�IROORZV��7KH�ILUVW�PRGLILFDWLRQ�LV� WR�GHVFULEH�WKH�G\QDPLFDO�FXUYH�&�g�W�� LQ�WHUP�RI�WKH
]HUR�OHYHO�VHW�RI�D�VXUIDFH�y�[�\�W��HYROYLQJ�DFFRUGLQJO\�WR

)ROORZLQJ�2VKHU�DQG�6HWKLDQ�>�@��ZH�QRWH�WKDW�WKH�FRQQHFWLRQ�WR�WKH�SUHYLRXV�IRUPXODWLRQ�LV�GRQH�E\H�����XVLQJ�WKH�IDFW�WKDW
^&�g�W��±�5����y�&�W� �`������GLIIHUHQWLDWLQJ�ZLWK�UHVSHFW�WR�W�DQG�����XVLQJ
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:H� WKHQ� DGG� WR� WKLV� HTXDWLRQ� DQ� LPDJH� GHSHQGHQW� PHWULF� J�[�\�� LQ� RUGHU� WR� DOORZ� VQDNH� HYROXWLRQ� RYHU� D� QRQ�XQLIRUP
EDFNJURXQG���$�W\SLFDO�FKRLFH�LV

ZKHUH�*�DQG�,�[�\��KDYH�WKH�VDPH�PHDQLQJ�DV�LQ�6HFWLRQ���DQG�Q�LV�D�SDUDPHWHU�WKDW�FRQWUROV�WKH�VHQVLWLYLW\�RI�WKH�PHWULF�RQ
WKH�FKDQJH�RI�FRQWUDVW� LQ� WKH� LPDJH�� ,Q� WKDW� IRUP��J�[�\�� ���QHDU�RU�RQ�DQ�HGJH�DQG�J�[�\�� ���RYHU�D�SHUIHFW�XQLIRUPLW\�
$GGLQJ�J�[�\��WR�WKH�UHODWLRQ�IRU�WKH�]HUR�OHYHO�VHW�PDNHV�WKH�FXUYH�HYROYHV�LQ�D�PDQLIROG�KDYLQJ�D�PHWULF�J�[�\����7KLV�PHDQV
WKDW�LI�ZH�ZDQW�WR�PLQLPL]H�WKH�SHULPHWHU�RI�WKH�FXUYH��ZH�QHHG�WR�PLQLPL]H�WKH�OHQJWK�IXQFWLRQDO�QRZ�JLYHQ�E\

0LQLPL]LQJ�DQG�VXEVWLWXWLQJ�YDULDEOHV��ZH�JHW

ZKHUH�n�UHSUHVHQWV�D�FRQVWDQW�DGYHFWLRQ�WHUP�ZKLFK�FDXVHV�D�FRQVWDQW�FRQWUDFWLRQ�LQIODWLRQ�RI�WKH�IURQW�IRU�SRVLWLYH�QHJDWLYH
YDOXHV��UHVSHFWLYHO\��7KH�HIIHFW�RI�¶J�LV�WR�DWWUDFW�WKH�HYROYLQJ�FRQWRXU�DV�LW�DSSURDFKHV�DQ�HGJH�DQG�WR�SXVK�WKH�FRQWRXU�EDFN
RXW�LI�LW�VKRXOG�SDVV�WKH�HGJH�

8VLQJ�WKH�IRUPXODWLRQ�DERYH��RQH�RI�WKH�PDLQ�DGYDQWDJHV�RI�WKLV�PHWKRG�LV�WKDW�LW�DOORZV�WKH�QXPHULFDO�LPSOHPHQWDWLRQ�RYHU�D
GLVFUHWH�JULG�LQ�WKH��[�\��SODQH��ZKLFK�LV�QRW�WKH�FDVH�LQ�WKH�VWDQGDUG�IRUPXODWLRQ��6HFWLRQ������+RZHYHU��VWLOO�VRPH�SUREOHPV
UHPDLQ� LI�ZH� WU\� WR�GLVFUHWL]H� WKH� VHW�RI�HTXDWLRQV�QDLYHO\�E\�XVLQJ�D�FHQWUDO� GLIIHUHQFH� VFKHPH�� �$V�GLVFXVVHG� LQ� >�@�� RQH
QHHGV�WR�UHVSHFW�DQ�HQWURS\�FULWHULRQ�LQ�RUGHU�WR�HQVXUH�WKH�FRQWLQXLW\�RI�WKH�HYROXWLRQ���7KH�VROXWLRQ�WR�WKDW�SUREOHP�KDV�EHHQ
GLVFXVVHG�H[WHQVLYHO\�LQ�>�@�DQG�LW�UHTXLUHV�WR�VHSDUDWH�WKH�OHYHO�VHW�HYROXWLRQ�HTXDWLRQ�DERYH�LQ�WZR�SDUWV�

ZKHUH�)��LV�WKH�SDUW�QRW�GHSHQGLQJ�RQ�WKH�FXUYDWXUH�DQG�)�5��WKH�SDUW�GHSHQGLQJ�RQ�LW��WKHVH�WHUPV�FDQ�EH�YLHZHG�DV�IRUFHV��
7KHQ�WKH�HQWURS\�FULWHULRQ�LV�VDWLVILHG�LI�RQH�DSSUR[LPDWHV�WKH�FRQVWDQW�DGYHFWLRQ�WHUP�n XVLQJ�XSZLQG�VFKHPHV��DQG�WKH�UHVW
XVLQJ� VWDQGDUG� FHQWUDO� GLIIHUHQFH� VFKHPH� �WKLV� LV� GHVFULEHG� LQ� GHWDLOV� LQ� >�@��� � ,Q� DGGLWLRQ�� OHW� XV� PHQWLRQ� EULHIO\� WKDW� DQ
DSSDUHQW�GUDZEDFN�RI�WKH�IRUPXODWLRQ�LV�WKDW�WKH�QXPHULFDO�FDOFXODWLRQ�RI�WKH�IURQW�HYROXWLRQ�UHTXLUHV�XSGDWLQJ�2�1���SRLQWV
IRU�DQ��1[1��LPDJH�� �7KLV�FDQ�EH�VXEVWDQWLDOO\�UHGXFHG�E\�XSGDWLQJ�RQO\�SRLQWV�QHDU�WKH�]HUR�OHYHO�VHW�>�@��ZKLFK�ZH�KDYH
GRQH�LQ�RXU�LPSOHPHQWDWLRQ�

)LQDOO\��QRZ�WKDW�ZH�KDYH�D�G\QDPLFDO�SULQFLSOH��RQH�QHHGV�WR�JHW�LQLWLDO�FRQGLWLRQV�IRU�WKH�OHYHO�VHW�HYROXWLRQ���,Q�RXU�WHVW��ZH
PRVWO\�XVH�D�FRQH�FHQWHUHG�RQ�D�SRLQW��[��\���RI�WKH�IRUP�
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:KHUH� WKH� ]HUR� OHYHO� VHW� LV� VLWXDWHG� DW� GLVWDQFH� G� IURP� WKH� FHQWHU� �L�H�� LW� LV� HTXDO� WR� ]HUR��� � 7KH� OHYHO� VHW� LV� FKRVHQ� WR� EH
QHJDWLYH�LQ�WKH�LQWHULRU�RI�WKH�VQDNH�DQG�SRVLWLYH�RXWVLGH�

7KH�WRWDO�QXPEHU�RI�SDUDPHWHUV�QHFHVVDU\�IRU�D�JLYHQ�VHJPHQWDWLRQ�LV�IRXU��DQG�HDFK�KDV�D�GLIIHUHQW�PHDQLQJ���%HIRUH�ZH�JR
RQ�DQG�SURYLGH�H[DPSOHV��OHW�XV�EULHIO\�GHVFULEH�WKHVH�SDUDPHWHUV�
�� n�� WKLV� LV� WKH�SDUDPHWHU�DSSHDULQJ�GLUHFWO\� LQ� WKH� OHYHO� VHW� HYROXWLRQ�HTXDWLRQV�� �7KLV� LV� WKH�DGYHFWLRQ� WHUP��ZKHQ� LW� LV

QHJDWLYH� WKH� VQDNH�ZLOO� H[SDQG�ZKHUHDV�ZKHQ� LW� LV� SRVLWLYH�� LW� ZLOO� VKULQN�� � 7KH� ILUVW� FDVH� LV� XVHIXO�ZKHQ�ZH�ZDQW� WR
VHJPHQW�FRQWRXUV�IURP�WKH�LQWHULRU�RI�DQ�LPDJH��H[DPSOHV�ZLOO�EH�SURYLGHG�EHORZ�

�� s���WKLV�SDUDPHWHU�LV�KLGGHQ�LQ�WKH�SUHYLRXV�HTXDWLRQV��LW�FRQWUROV�WKH�VPRRWKQHVV�RI�WKH�JDXVVLDQ��ZKLFK�LV�QRUPDOLVHG��
7\SLFDOO\�ZH�ZLOO�KDYH�WKLV�SDUDPHWHU�GHSHQGV�RQ�WKH�UHODWLRQ�EHWZHHQ�WKH�QRLVH�REMHFW�H[WHQW�RI�WKH�LPDJH���,Q�WKH�FDVHV
EHORZ��WKH�QRLVH�IOXFWXDWLRQV�DUH�DURXQG�����SL[HOV�ZLGH��VR�ZH�ZLOO�WDNH�D�JDXVVLDQ�DYHUDJLQJ�RYHU�WKHVH�SL[HO��L�H��s �
ZLWK�JDXVVLDQ�FRRUGLQDWHV�JLYHQ�E\�WKH�SL[HO�SRVLWLRQV��

�� DW���ZKHQ�WKH�SUHYLRXV�HTXDWLRQV�DUH�GLVFUHWL]HG�ZH�QHHG�WR�VHW�D�VFDOH�RI�HYROXWLRQ��WKH�YDOXH�RI�WKLV�VFDOH�FRPHV�IURP
H[SHULHQFH��KLGGHQ�KHUH�LV�WKH�IDFW�WKDW�ZH�XVH�XQLW�VSDFLDO�VWHSV��L�H��D[ D\ �����,I�ZH�DOORZ�LW� WR�EH�WRR�ELJ�� WKHQ�WKH
VQDNH�ZLOO�HYROYH�LQ�VWHSV�WRR�ODUJH�WR�EH�XQGHU�FRQWURO�LQ�WKH�LPDJH�DQG�W\SLFDOO\�LW�ZLOO�VWHS�RYHU�HGJHV���:KHQ�LW�LV�WRR
VPDOO��WKH�VQDNH�ZLOO�WDNH�PXFK�PRUH�LWHUDWLRQV�WR�PRYH�VLJQLILFDQWO\�LQ�WKH�LPDJH�

�� Q�� WKLV�SDUDPHWHU�FRQWUROV� WKH�PHWULF�J�[�\��GHVFULEHG�DERYH�� �7\SLFDOO\� LV�DIIHFWV� WKH�GHSHQGHQFH�RI� WKH�PHWULF�RQ� WKH
FRQWUDVW�LQ�WKH�LPDJH���7KH�W\SLFDO�YDOXH�LV�Q ��EXW��DV�ZH�ZLOO�GHVFULEH�EHORZ��IRU�FHUWDLQ�YHU\�ORZ�FRQWUDVW�FDVHV��Q ��LV
DOVR�XVHIXO�

$OWKRXJK� WKLV� VHHPV� WR�EH�D� ORW�RI�DGMXVWDEOH�SDUDPHWHUV�� WKHLU� YDOXH� UHPDLQ�YHU\� VWDEOH� IRU� LGHQWLFDO� W\SHV�RI� LPDJHV�� WKH
VQDNHV�GHYHORSHG�KHUH�DUH�YHU\�VWDEOH�DQG�ZH�EHOLHYH�WKH\�FRXOG�IRUP�D�JRRG�EDVH�IRU�DXWRPDWLF�VHJPHQWDWLRQ�

��� (;3(5,0(176�21�$�6<17+(7,&�,0$*(

%HIRUH�ZH�JR�RQ�DQG�DSSO\�WKH�WHFKQLTXH�RQ�UHDO�UDGDU�LPDJHV��OHW�XV�FRQFHQWUDWH�RQ�D�V\QWKHWLF�LPDJH�FRQVLVWLQJ�RI�VTXDUHV�
7KH�JRDO�KHUH�LV�WR�VKRZ�WKH�LQIOXHQFH�RI�SDUDPHWHUV�RQ�WKH�VHJPHQWDWLRQ��7KH�RULJLQDO�V\QWKHWLF�LPDJH�DV�ZHOO�DV�WKH�QRLV\
RQH�DUH�VKRZQ�RQ�)LJXUH�����2XU�JRDO�LV�WR�VHJPHQW�WKH�VHFRQG�ODUJHVW�VTXDUH�LQ�WKH�QRLV\� LPDJH�� �)RU�DOO�FDVHV�EHORZ��ZH
VWDUW�ZLWK�D�VQDNH�EDUHO\�HQFRPSDVVLQJ�WKH�VPDOOHVW�VTXDUH�DQG�OHW�LW�H[SDQG�

)LJXUH����6\QWKHWLF�DQ�QRLV\�LPDJHV�XVHG�LQ�RXU�H[SHULPHQWV

7KH�QRLV\�LPDJH�KDV�EHHQ�DUWLILFLDOO\�GHJUDGHG�ZLWK�D�PXOWLSOLFDWLYH�ORJ�QRUPDO�QRLVH�RI�615 ����G%�WR�VLPXODWH�D�VSHFNOH
WH[WXUH� RI� UDGDU� LPDJHV� >�@�� �7KLV� QRLVH� OHYHO� FRUUHVSRQGV� WR� DQ� DSSUR[LPDWH� QXPEHU� RI� ORRNV� RI� �����ZKLFK� LV� W\SLFDO� RI
PHGLXP� ORZ� UHVROXWLRQ� UDGDU� LPDJHV�� �+HUH� WKH� DPSOLWXGH� RI� WKH� QRLVH� LV� ODUJHU� WKDQ� WKH� WH[WXUH� GLIIHUHQFHV� EHWZHHQ� WKH
VTXDUHV�ZKLFK�PDNH�WKH�UHVROXWLRQ�RI�HGJHV�E\�DQ\�VWDQGDUG�PHWKRG�YHU\�GLIILFXOW�

)RU� UHVXOWV� VKRZQ� RQ�)LJXUH� ���ZH� WRRN�DW ���� DQG� Q ��� � )LUVW�� ZH� QRWH� WKDW� WKH� QXPEHU� RI� LWHUDWLRQV� LQFUHDVHV� ZLWK� WKH
DGYHFWLRQ¶V� DPSOLWXGH� DQG�GHFUHDVHV�ZLWK�s.  7KLV� LV� H[SHFWHG� VLQFH� WKH� DGYHFWLRQ� LV� D� IRUFH� WHUP� DQG� WKH� ODUJHU� LW� LV�� WKH
ELJJHU�LV�LWV�HIIHFW���)RU�s ��LWV�YDOXH�LV�DQ�LQGLFDWLRQ�RI�WKH�XQGHUO\LQJ�PHWULF�VPRRWKQHVV�DQG�WKH�ODUJHU�LW�LV��WKH�ODUJHU�LV�WKH
JDXVVLDQ�RQ�ZKLFK�ZH�QRUPDOL]H� WKH�YDOXH�RI� WKH� LQWHQVLW\�DW�RQH�SRLQW�� �7KLV�PDNHV� IRU�D�VPRRWKHU�HYROXWLRQ�DQG�KDV� WKH
HIIHFW�RI�UHGXFLQJ�WKH�QRLVH�LQ�WKLV�LPDJH�� �)RU�s=1, ZH�REVHUYH�WKDW� WKH�VQDNH�LV� WU\LQJ�WR�VHJPHQW�HYHU\�OLWWOH�QRLV\�SRLQW



JLYLQJ�XV�D�EDG�VHJPHQWDWLRQ���,W�FDQQRW�GLVWLQJXLVK�EHWZHHQ�WKH�ORFDO�HGJHV��FUHDWHG�E\�WKH�QRLVH��DQG�WKH�PDFURVFRSLF�RQHV�
$V� s LQFUHDVHV�� WKH� ORFDO� QRLV\� SRLQWV� DUH� DYHUDJHG� RYHU� DQG�� DSDUW� IURP� FHUWDLQ� VHFWLRQV� ZKHUH� UDQGRP� QRLV\� SRLQWV
³FRQVSLUHG´�WR�KDYH�VLPLODU�LQWHQVLW\��ZH�VHH�WKDW�WKH�VQDNH�LV�VHJPHQWLQJ�WKH�VTXDUH�ZHOO���:H�VWLOO�KDYH�VRPH�ZLJJOHV�EXW
WKLV� LV� H[SHFWHG� JLYHQ� WKH� LQWHQVLW\� RI� WKH� QRLVH� ZKLFK� LV� ZHOO� EH\RQG� WKH�PDFURVFRSLF� FKDQJHV� LQ� LQWHQVLW\� EHWZHHQ� WKH
VTXDUHV���)RU s=3, ZH�JHW�D�IDLU�VHJPHQWDWLRQ�

n=-4.0 n=-3.0 n=-2.0
s=1.0

�LWHUDWLRQV����� �LWHUDWLRQV���� �LWHUDWLRQV�����
s=2.0

�LWHUDWLRQV���� �LWHUDWLRQV���� �LWHUDWLRQV����
s=3.0

�LWHUDWLRQV���� �LWHUDWLRQV���� �LWHUDWLRQV����

)LJXUH����9DULRXV�VQDNH�EHKDYLRUV�IRU�WKH�DUWLILFLDOO\�GHJUDGHG�V\QWKHWLF�LPDJH�RQ�)LJXUH��

��� $33/,&$7,21�72�5$'$5�,0$*(6

,Q�WKLV�VHFWLRQ�ZH�SUHVHQW�RXU�UHVXOWV�UHJDUGLQJ�FRQWRXU�VHJPHQWDWLRQ�RQ�UHDO�UDGDU�LPDJHV�XVLQJ�WKH�OHYHO�VHW�EDVHG�VQDNHV
PHWKRG�GHVFULEHG�LQ�6HFWLRQ���

��� &RDVWOLQH�GHWHFWLRQ

7KH� ILUVW� H[DPSOH� �)LJXUH� ��� LV� DQ� $LUERUQH� 6$5� LPDJH� RI� WKH� $QWLJRQLVK� UHJLRQ� EHWZHHQ� HDVWHUQ� SDUW� RI� 1RYD�6FRWLD
�&DQDGD�� DQG� &DSH�%UHWRQ� ,VODQG� �ERWWRP� SDUW� RI� )LJXUH� ��� >�@�� � 7KH� LPDJH� KDV� EHHQ� DFTXLUHG� LQ� &�EDQG� XVLQJ� D� ++
SRODULVDWLRQ�DW�D�UHVROXWLRQ�RI������P�SL[���7KH�LPDJH�VL]H�LV������[�����SL[HOV��7KH�JRDO�KHUH�LV�WR�H[WUDFW�WKH�FRDVWOLQH���,Q



RUGHU�WR�LOOXVWUDWH�WKH�WRSRORJLFDO�PHUJLQJ�RI�VQDNHV��ZH�VWDUWHG� WKLV� VHJPHQWDWLRQ�ZLWK� IRXU�YHU\�VPDOO� VQDNHV� LQ� LQIODWLRQ�
)LJXUH���VKRZV�WKH�LQLWLDO�FRQILJXUDWLRQ��ZKLOH�)LJXUH���DQG�)LJXUH���JLYH�WKH�LQWHUPHGLDWH�DQG�ILQDO�VWDWHV��UHVSHFWLYHO\�

)LJXUH����,QLWLDO�FRQILJXUDWLRQ�IRU�DQ�H[SHULPHQW�RI�FRDVWOLQH�GHWHFWLRQ

7KH� VQDNH� SDUDPHWHUV� ZHUH� FKRVHQ� WR� EH� n=-4.0, s=3.0, DW ���� DQG� Q ��� � 7KH� ILUVW� WKUHH� SDUDPHWHUV� DUH� VWDQGDUG�� WKH
QHJDWLYH�n IRUFLQJ�DQ�LQIODWLQJ�VQDNH���:H�PXVW�GLVFXVV�D�OLWWOH�WKH�FKRLFH�RI�Q ��ZKLFK�GHILQHV�WKH�EHKDYLRU�RI�WKH�PHWULF�
$V� VDLG� DERYH�� RQH� XVXDOO\� WDNHV� Q �� RU� �� >���@�� � 7KLV� SDUDPHWHU� FRQWUROV� WKH� VHQVLWLYLW\� RI� WKH� PHWULF� RQ� WKH� FKDQJH� RI
FRQWUDVW�LQ�WKH�LPDJH���+HUH�ZH�DUH�IDFHG�ZLWK�DQ�LPDJH�IRU�ZKLFK�WKH�EDFNJURXQG�LV�YHU\�GDUN�DQG�XQLIRUP�ZLWK�FRDVWOLQHV
EHLQJ�VKDUS�DW�VRPH�SODFHV��QRWLFHDEO\�LQ�WKH�FHQWHU�RI�WKH�LPDJH��EXW�EHLQJ�YHU\�EOXU�RQ�WKH�ULJKW�KDQG�VLGH�IRU�H[DPSOH���,I
ZH�KDG�FKRVHQ�Q ��RU����WKHQ�WKH�VQDNH�ZRXOG�KDYH�VHHQ�WKH�FKDQJH�RI�FRQWUDVW�DV�EHLQJ�PLQLPDO�DQG�LW�ZRXOG�KDYH�JRQH��IRU
H[DPSOH��WKURXJK�WKH�FRDVW�RQ�WKH�ULJKW�KDQG�VLGH���:LWK�Q ���ZH�JHW�WKH�UHVXOW�VKRZQ�RQ�)LJXUH���DIWHU�����LWHUDWLRQV�

)LJXUH����6QDNH�HYROXWLRQ�DIWHU�����LWHUDWLRQV

:H�REVHUYH�WKDW�WKH�WZR�ULJKW�KDQG�VLGH�VQDNHV�KDYH�PHUJHG��WKHUH�DUH�VWLOO�ORFDO�IOXFWXDWLRQV��EXW�WKH\�ZLOO�GLVDSSHDU�LQ�WKH
IRUWKFRPLQJ�LWHUDWLRQV��ZKLOVW�WKH�RQHV�RQ�WKH�OHIW�DUH�VWLOO�VHSDUDWHG�

$IWHU������ LWHUDWLRQV��ZH�JHW� WKH� IXOO\�VHJPHQWHG� LPDJH� VKRZQ�RQ�)LJXUH����+HUH�ZH�REVHUYH� WKDW� WKH�FRDVW� OLQH�KDV�EHHQ
SURSHUO\�VHJPHQWHG�E\�WKH�VQDNH��$W�WKH�ORZHU�OHIW�VLGH��WKHUH�DUH�VWLOO�D�IHZ�LVODQGV�WKDW�DUH�QRW�SURSHUO\�GRQH�EXW�WKLV�LV�GXH
WR�WKH�IDFW�WKDW�DW�WKDW�UHVROXWLRQ��WKH�VQDNH�FRXOG�QRW�VTXHH]H�EHWZHHQ�WKH�LVODQGV���7KLV�FDQ�HQFRPSDVVHG�E\�HLWKHU�XVLQJ�D
KLJKHU�UHVROXWLRQ�RU�DGGLQJ�DQRWKHU�VQDNH�LQ�WKH�UHJLRQ�



)LJXUH����6QDNH�HYROXWLRQ�DIWHU������LWHUDWLRQV

��� )ORRGHG�DUHD�GHWHFWLRQ

)LJXUH���VKRZV�D�5DGDUVDW�,� LPDJH�RI�D�SRUWLRQ�RI� WKH�:LQQLSHJ�DUHD�GXULQJ� WKH�5HG�5LYHU� IORRG� LQ������>�@�� �7KH� LPDJH
VKRZV�ZDWHU� �EODFN� DUHDV�� RYHU� ILHOGV��7KH� LPDJH� KDV� EHHQ� DFTXLUHG� LQ� VWDQGDUG�PRGH� DW� D� UHVROXWLRQ� RI� �����P�SL[��7KH
LPDJH�VL]H�LV�����[�����SL[HOV��7KH�JRDO�KHUH�LV�WR�ILQG�WKH�OLPLWV�RI�WKH�IORRGHG�DUHDV��ZKLFK�LQ�WKLV�LPDJH�DUH�WKH�EODFN�DUH DV�
,Q�DGGLWLRQ�WR�VSHFNOH�QRLVH��WKHUH�LV�D�ORW�RI�LQWHUIHUHQFH�REMHFWV��LQ�SDUWLFXODU�URDGV��IRU�FRQWRXU�H[WUDFWLRQ�RI�IORRGHG�DUHDV
LQ�WKH�LPDJH���:H�VWDUW�WKH�SURFHVV�XVLQJ�WKUHH�LQLWLDO�FLUFXODU�VQDNHV�DV�VKRZQ�LQ�)LJXUH�����$V�ZH�VHH��WKH�UHJLRQV�OLPLWV�DUH
KLJKO\�QRQ�WULYLDO�DQG�RXU�VWDUWLQJ�VQDNHV�DUH�IDU�IURP�WKH�VHJPHQWHG�LPDJH�

)LJXUH����,QLWLDO�FRQILJXUDWLRQ�IRU�DQ�H[SHULPHQW�RI�IORRGHG�DUHDV�GHWHFWLRQ

7KH�SDUDPHWHUV�YDOXHV�ZHUH�DJDLQ�FKRVHQ�DV�n=-4.0, s=3.0, DW ����DQG�Q ����%XW�KHUH��EHFDXVH�RI�WKH�QRLV\�HQYLURQPHQW��WKH
VQDNH�ZLOO� QHHG�PRUH� LWHUDWLRQV� WR�HYROYH�� �$IWHU������ LWHUDWLRQV�ZH�JHW� WKH� LPDJH� VKRZQ�RQ�)LJXUH����:H�REVHUYH� D� IDLU
VHJPHQWDWLRQ�ZKLFK�DOORZV�XV�WR�GLVFXVV�WKH�DGYDQWDJHV�DQG�IODZV�RI�WKH�DSSURDFK���)RU�WKLV�DSSOLFDWLRQ��D�FOHDU�DGYDQWDJH�LV
WKDW�WKH�HYROXWLRQ�RI�WKH�VQDNH�LV�ORFDO��L�H��ZH�FDQ�FRQFHQWUDWH�ILQGLQJ�HGJH�LQ�D�VSHFLILF�UHJLRQ��$QRWKHU�DGYDQWDJH�IRU�WKH



IORRGLQJ� LPDJH� LV� WKDW� LW� LV� YHU\� HDV\� IURP� WKLV� DSSURDFK� WR� JHW� WKH� DUHD� RI� WKH� IORRGLQJ� MXVW� VHJPHQWHG�� WKH� OHYHO� VHW� LV
QHJDWLYH�LQVLGH�WKH�VQDNH�VR�WKDW�ZH�RQO\�QHHG�WR�FRXQW�WKH�QXPEHU�RI�QHJDWLYH�SRLQWV���7KLV�LV�SHFXOLDUO\�XVHIXO�KHUH�ZKHUH
ZH�VHH�VRPH�YHU\�VPDOO�DUHDV�KDYLQJ�LVODQGV�RI�GU\�ODQG��)RU�QRQ�WULYLDO��DQG�PD\EH�QRQ�FORVHG��WRSRORJLHV��WKLV�FRXOG�WDNH
VLJQLILFDQW� FRPSXWLQJ� WLPH�� � $� GUDZEDFN� WKRXJK� LV� ZHOO� LGHQWLILHG� IURP� )LJXUH� ��� WKH� VQDNH� KDV� GLIILFXOW\� WR� JHW� WR� WKLQ
UHJLRQV��W\SLFDOO\�WKLV�SUREOHP�ZRXOG�EH�VHWWOHG�DJDLQ�E\�LQFUHDVLQJ�WKH�UHVROXWLRQ�

)LJXUH����6QDNH�HYROXWLRQ�DIWHU������LWHUDWLRQV

��� 7DUJHW�VHJPHQWDWLRQ

:H�KDYH�DOVR�WHVWHG�WKH�OHYHO�VHW�EDVHG�VQDNHV�DSSURDFK�IRU�WKH�VHJPHQWDWLRQ�RI�VKLS�WDUJHWV�LQ�,6$5�LPDJHV���7UDGLWLRQDOO\�
WKH�DSSURDFK�LV� WR�JR�WKURXJK�D�FKDLQ�RI�SURFHVVHV�WR�VHJPHQW�VXFK�DQ�LPDJH�>�@�� �7KLV�LV�UHTXLUHG�EHFDXVH�RI� WKH�QRLVH� LQ
,6$5� LPDJHV� DQG� DOVR� EHFDXVH� VXFK� LPDJHV� GRHV� QRW� KDYH� D� XQLIRUP� FRQWUDVW� DORQJ� WKH� FRQWRXU�� � 6QDNHV� VLPSOLI\� WKH
VHJPHQWDWLRQ�SURFHVV��:H�SUHVHQW�LQ�)LJXUH���WKH�VHJPHQWDWLRQ�RI�WZR�,6$5�LPDJHV��LPDJH�VL]H�LV�����[����SL[HOV��RI�D�VDPH
VKLS��WKH�WZR�LPDJHV�DUH�WDNHQ�DW�GLIIHUHQW�WLPHV��ZLWK�SDUDPHWHUV�n=-4.0, s=3.0, DW ����DQG�Q ���DIWHU�����LWHUDWLRQV���7KH
LQLWLDO�VQDNH�LV�D�FLUFOH�VXUURXQGLQJ�WKH�VKLS�

)LJXUH����)LQDO�VQDNH�FRQILJXUDWLRQ�IRU�WZR�H[DPSOHV�RI�WDUJHW�VHJPHQWDWLRQ�LQ�,6$5�LPDJHV

2Q�WKH�OHIW�KDQG�VLGH�RI�)LJXUH����ZH�VHH�WKDW�WKH�VQDNH�FRUUHFWO\�VHJPHQWV�WKH�IXQQHO�ZKLFK�LV�YHU\�IDLQW���2Q�WKH�ULJKW�KDQG
VLGH��WKHUH�LV�QR�IXQQHO�EHFDXVH�RI�D�GLIIHUHQW�VKLS�URWDWLRQ�ZLWK�UHVSHFW�WR�LWV�FHQWHU�RI�PDVV��GXULQJ�LPDJH�DFTXLVLWLRQ���)RU



RWKHU�VQDNH�SDUDPHWHUV��LW�LV�HYHQ�SRVVLEOH�WR�VHSDUDWH�WKH�LPSRUWDQW�VFDWWHUHUV�DORQJ�WKH�VKLS�GHFN��)LJXUH�����,Q�WKDW�FDVH��WKH
VHJPHQWDWLRQ�FRXOG�VHUYH�DV�D�SURFHVVLQJ�VWHS�IRU�D�VKLS�FODVVLILHU�EDVHG�RQ�WKH�SRVLWLRQ�RI�WKHVH�VWURQJ�VFDWWHUHUV�

)LJXUH����)LQDO�VQDNH�FRQILJXUDWLRQ�IRU�DQ�H[SHULPHQW�RI�WDUJHW�VHJPHQWDWLRQ�LQ�,6$5�LPDJHV

��� &21&/86,21

,Q� WKLV�SDSHU��ZH�KDYH�GHPRQVWUDWHG� WKH�DSSOLFDELOLW\�RI� OHYHO� VHW�EDVHG�VQDNHV�� IRU�FRQWRXU� VHJPHQWDWLRQ� LQ� UDGDU� LPDJHV�
/HYHO�VHW�EDVHG�VQDNHV��KDYH�LPSRUWDQW�DGYDQWDJHV�RYHU�WKH�VWDQGDUG�DSSURDFK�
�� LQLWLDO�VQDNH�SRVLWLRQ�FDQ�EH�YHU\�IDU�IURP�WKH�ILQDO�VWDWH
�� VQDNHV�FDQ�PHUJH�DQG�VSOLW
�� YDULRXV�SDUDPHWHUV�PDNH�OHYHO�VHW�EDVHG�VQDNHV�PRUH�IOH[LEOH�WR�YDULRXV�LPDJH�W\SHV
�� WKH\�DUH�PRUH�UREXVW�WR�QRLVH

/DVW� SRLQW� LV� D� YHU\� LPSRUWDQW� RQH� IRU� FRKHUHQW� LPDJLQJ� OLNH� UDGDU�� �(GJH� GHWHFWLRQ� LV� DOZD\V� D� GLIILFXOW� SUREOHP� LQ� 6$5
LPDJHV�ZKLFK�XVXDOO\� UHTXLUH�H[WHQVLYH� LPDJH�SUH��RU� SRVW�SURFHVVLQJ�� �2XU� H[SHULPHQWV� VKRZ� WKDW� OHYHO� VHW�EDVHG� VQDNHV
VHHP� WR� EH� D� YLDEOH� DOWHUQDWLYH� WR� HGJH� GHWHFWLRQ� WHFKQLTXHV� LQ� 6$5� LPDJHV�� HVSHFLDOO\� IRU� VHPL�DXWRPDWLF� ZDWHU�WHUUDLQ
VHSDUDWLRQ����,Q�DGGLWLRQ��ZKHQ�LPSOHPHQWHG�FRUUHFWO\��WKH�FRPSXWDWLRQDO�FRPSOH[LW\�LV�TXLWH�VORZ�DV�LW�LV�SURSRUWLRQDO�WR�WKH
VQDNH�OHQJWK��QRW�WKH�LPDJH�VL]H��VQDNH�SUHVHQWHG�DERYH�WRRN�QRW�PRUH�WKDQ�RQH�PLQXWH�RI�&38�WLPH�WR�FDOFXODWH�RQ�D����
0+]�3HQWLXP��

2XU� H[SHULPHQWV� VKRZ� WKDW� OHYHO� VHW�EDVHG� VQDNHV� DUH� RI� HQRXJK� SUDFWLFDO� LQWHUHVW� WR� GHVHUYH� IXUWKHU� ZRUN�� HVSHFLDOO\
UHJDUGLQJ�WKH�DXWRPDWLF�DVSHFWV�RI�WKH�LPSOHPHQWDWLRQ���)RU�LQVWDQFH��D�SURFHGXUH�WR�ILQG�LQLWLDO�³SRLQW´�VQDNHV��VHHG�SRLQWV�
RYHU� D� ZDWHU� DUHD� LQ� 6$5� LPDJHV� FRXOG� EH� FRXSOHG� WR� WKH� FXUUHQW� DOJRULWKP� LQ� RUGHU� WR� SURYLGH� DQ� DXWRPDWLF� FRDVWOLQH
GHWHFWLRQ�WRRO��2WKHU�H[WHQVLRQV�WR�WKH�SUHVHQW�ZRUN�FRQFHUQ�WKH�DSSOLFDELOLW\�WR�RWKHU�LPDJH�PRGDOLWLHV�

��� 5()(5(1&(6

��� $�� <H]]L� -U��� 6�� .LFKHQDVVDP\�� $�� .XPDU�� 3�� 2OYHU�� $�� 7DQQHQEDXP�� ³*HRPHWULF� VQDNHV� IRU� HGJH� GHWHFWLRQ� DQG
VHJPHQWDWLRQ�RI�PHGLFDO�LPDJHU\´��,(((�7UDQV��RQ�0HGLFDO�,PDJLQJ��9RO������SS���������������

��� 9�� &DVHOOHV�� )�� &DWWH�� 7�� &ROO�� )�� 'LERV�� ³$� JHRPHWULF� PRGHO� IRU� DFWLYH� FRQWRXUV� LQ� LPDJH� SURFHVVLQJ´�� 1XPHULVFKH
0DWKHPDWLN�����SS�����������
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