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2QH�RI�WKH�IXQGDPHQWDO�WDVNV�IRU�D�PRELOH�URERW�LV�WKH�DELOLW\�WR�GHWHUPLQH�LWV�ORFDWLRQ�LQ�WKH�
HQYLURQPHQW�� 7KLV� DELOLW\� LV� WKH� EDVLV� IRU�PRELOH� URERW� RSHUDWLRQV�� VXFK� DV� SRVLWLRQ� EDVHG�
QDYLJDWLRQ�RU�PRWLRQ�SODQQLQJ�WHFKQLTXHV��%RUHQVWHLQ�HW�DO���������7KLV�SUREOHP�LV�NQRZQ�DV�
WKH�ORFDOL]DWLRQ�SUREOHP��

5RERWV� KDYH� WR� SHUIRUP� D� JUHDW� YDULHW\� RI� WDVNV� LQ� DQ� LQGRRU� R�FH� HQYLURQPHQW�� VXFK� DV�

GHOLYHULQJ�PDLO��JXLGLQJ�SHRSOH�IURP�RQH�URRP�WR�DQRWKHU��DQG�VR�RQ��,Q�RUGHU�WR�SHUIRUP�
WKHVH�WDVNV��WKH�URERW�GRHV�QRW�QHHG�SUHFLVH�LQIRUPDWLRQ�DERXW�LWV�SRVLWLRQ��ZKLFK�FRXOG�EH�
REWDLQHG�IURP�D�JHRPHWULF�HQYLURQPHQW�UHSUHVHQWDWLRQ�DSSURDFK��7KH�DSSUR[LPDWH��EXW�UHOLDEOH��
LQIRUPDWLRQ�DERXW�LWV�SRVLWLRQ�LV�VXFFHVVIXO��
,Q� WKLV� ZRUN� ZH� XVH� D� PDUNRYLDQ� WHFKQLTXH� ZLWK� D� WRSRORJLFDO� UHSUHVHQWDWLRQ� RI� WKH�
HQYLURQPHQW��7KLV�PHWKRG�ZLOO�EH�FRQGXFWHG�E\�D� OHJJHG�URERW��ZKLFK�ZLOO�EH�GHWDLOHG� LQ�
WKLV�VHFWLRQ��

7KH� R�FH� HQYLURQPHQW� KDV� EHHQ�GLYLGHG� LQWR� VWDWHV�� LQ� VLPLODU�ZD\� WR�SUHYLRXV�ZRUNV� DV�

�1RXUEDNKVK� HW� DO�� ������ DQG� �.XLSHUV�� ������ KDYH�� GHSHQGLQJ� RQ� WKH� REVHUYDWLRQV�
�H[SODLQHG�ODWHU���WKDW�FDQ�EH�REWDLQHG�LQ�HDFK�SDUW�RI�WKLV�HQYLURQPHQW��6R��D�VWDWH�FRXOG�EH�D�
ODUJH�SRUWLRQ�RI�D�FRUULGRU��IRU�LQVWDQFH��ZKHUH�WKH�VHQVRU\�LQIRUPDWLRQ�LV�VLPLODU��7KH�PDLQ�
DGYDQWDJH� LV� WKH� VLPSOLÀFDWLRQ� RI� WKH� ORFDOL]DWLRQ� SURFHVV�� UHGXFLQJ� WKH� QXPEHU� RI� VWDWHV�
ZKHUH�WKH�URERW�FRXOG�EH��2Q�WKH�RWKHU�KDQG��WKH�GLVDGYDQWDJH�LV�WKH�ORZ�OHYHO�RI�DFFXUDF\�
LQ� WKH� LQIRUPDWLRQ�DERXW� WKH�URERW·V�SRVLWLRQ��EXW� WKLV� LV�QRW�D�SUREOHP�IRU�SHUIRUPLQJ� WKH�
URERW�WDVNV��DV�ZH�PHQWLRQHG�DERYH��
2XU� ZRUN� KDV� EHHQ� GHYHORSHG� XVLQJ� WKH� 6RQ\� $,%2� (56�� URERW� �)LJ�� ���� 7KLV� LV� DQ�
DXWRQRPRXV� URERW�ZKLFK� LQFRUSRUDWHV� DQ� HPEHGGHG�0,36�SURFHVVRU� UXQQLQJ� DW� ���0+]��
DQG� ��0%� RI�PDLQ�PHPRU\�� ,W� JHWV� LQIRUPDWLRQ� IURP� WKH� HQYLURQPHQW�PDLQO\� WKURXJK� D�
���.�SL[HO�FRORU�FDPHUD�DQG���LQIUDUHG�VHQVRUV��$,%2·V�PDLQ�ORFRPRWLRQ�FKDUDFWHULVWLF�LV�LWV�
FDQLQH�DVSHFW�ZLWK�IRXU�OHJV��

��



4QDQV�.QECNK\CVKQP�CPF�/CR�$WKNFKPI���

�

7KH�PDLQ�UHDVRQ�IRU�FKRRVLQJ�WKLV�URERWLF�SODWIRUP�IRU�RXU�UHVHDUFK�LV�LWV�JHQHUDOL]DWLRQ�DV�D�
ORZ�FRVW�OHJJHG�URERWLF�SODWIRUP��2XU�JURXS�LV�FRPPLWWHG�WR�WKH�XVH�RI�FRPPRQ�SODWIRUPV�
DQG�WKH�DYDLODELOLW\�RI�VRXUFH�FRGHV��DOORZLQJ�UHVHDUFK�FODLPV�WR�EH�FKHFNHG�E\�SHHUV��
�

�
)LJ�����6RQ\�$,%2�(56����LPDJH�IURP�$,%2�VLWH���

�

$QRWKHU� NH\� IDFWRU� LQ� WKLV� ZRUN� LV� WKH� OLPLWHG� DQG� QRLV\� VHQVRU\� LQIRUPDWLRQ� DYDLODEOH��
REWDLQHG�PDLQO\�IURP�D�FDPHUD��7KH�OHJJHG�URERW�ORFRPRWLRQ�LQÁXHQFHV�DUH�QRWDEOH�LQ�WKH�
FDPHUD�� DOORFDWHG� LQ� WKH� URERW·V� KHDG�� 7KLV� PDNHV� WKH� LPDJH� DFTXLVLWLRQ� QRLV\�� ,Q� WKH�
OLWHUDWXUH� �(QGHUOH�� ������� �(QGHUOH�� ������� �'�6FKXOW]�	�)R[�� ������DQG� �9HORVR�HW� DO�� ������
IDFH� ORFDOL]DWLRQ�SUREOHP�LQ� OHJJHG�URERWV�XVLQJ�YLVLRQ��EXW�PRVW�RI� WKHVH�ZRUNV�FDUU\�RXW�
WKHLU�H[SHULPHQWV�LQ�UHGXFHG�DQG�YHU\�´HQJLQHHUL]HGµ�HQYLURQPHQWV��PDLQO\�LQ�WKH�5RERFXS�
IRXU�OHJJHG� OHDJXH�� LQ� ZKLFK� ODQGPDUNV� DUH� GHVLJQHG� WR� EH� HDVLO\� GHWHFWHG� DQG� GR� QRW�

SUHVHQW�VLPHWU\�RU�PXOWLSOLFLW\��2Q�WKH�RWKHU�KDQG��RXU�ZRUN�KDV�EHHQ�WHVWHG�LQ�D�ODUJH�R�FH�

HQYLURQPHQW�XVLQJ�RQO\�QDWXUDO�ODQGPDUNV��7KH\�DUH�KDUGHU�WR�GHWHFW�DQG�FDQ�EH�VLPLODU�LQ�

GL�HUHQW�ORFDWLRQV�LQ�WKH�HQYLURQPHQW��SUHVHQWLQJ�VLPHWU\�LQ�PDQ\�FDVHV���

0RVW� WRSRORJLFDO� EDVHG� ORFDOL]DWLRQ� ZRUNV� �H�J�� �6LPPRQV� DQG� .RHQLQJ�� ������ DQG�
�5DGKDNULVKQDQ� DQG�1RXUEDNKVK�� ������ KDYH� EHHQ� GHYHORSHG� XVLQJ�ZKHHOHG� URERWV�ZLWK�
VRQDU�� ODVHU� VHQVRUV� RU� RPQL�GLUHFWLRQDO� FDPHUDV�� 7KHVH� NLQGV� RI� VHQVRUV� DUH� PXFK� PRUH�
UHOLDEOH� WKDQ� FDPHUDV�� DQG� WKH\� REWDLQ� ����� VHQVRU\� LQIRUPDWLRQ� IURP� WKH� HQYLURQPHQW��
7KHVH�VHQVRUV�DQG�DFFXUDWH�RGRPHWU\� LQIRUPDWLRQ�PDNH� WKH�PHWKRGV�XVHG� LQ� WKHVH�ZRUNV�
LQDSSURSULDWH� IRU� RXU� VHWWLQJV��$� OHJJHG� URERW� GLVSODFHPHQW� GHSHQGV� JUHDWO\� RQ� WKH�ÁRRU�
FRQGLWLRQV��ZKLFK�PDNHV�RGRPHWU\�XQUHOLDEOH��$�QRQ�JULG�WRSRORJLFDO�DSSURDFK�LV�XVHG�LQ�D�
6/$0�ZRUN���&KRVHW�DQG�1DJDWDQL���������ZKHUH�WKH�PDS�LV�D�RQH�GLPHQVLRQDO�VHW�RI�FXUYHV�
WKDW�FDSWXUHV�WKH�VDOLHQW�WRSRORJ\�RI�WKH�HQYLURQPHQW��2QFH�DJDLQ��WKLV�DSSURDFK�LV�XQXVDEOH�
LQ�RXU�SODWIRUP�EHFDXVH�RI�LWV�VHQVRU�PRGHO��
7KH�ORFDOL]DWLRQ�PHWKRG�SURSRVHG�LQ�WKLV�SDSHU�LV�EDVHG�RQ�D�PDUNRYLDQ�DSSURDFK��)R[�HW�DO��
������� 7KLV� LV� D� WUDGLWLRQDO� DSSURDFK� WR� VROYH� WKH� ORFDOL]DWLRQ� SUREOHP�� KRZHYHU�� PRVW�
SUHYLRXV�ZRUNV� XVLQJ� WKLV� DSSURDFK� DUH� EDVHG�RQ�PHWULF� UHSUHVHQWDWLRQ� �.RVHFNi� DQG� /L��
������ �ZKHUH� D� ZKHHOHG� URERW� LV� XVHG� DQG� H[WUDFWV� ORFDO� LQYDULDQW� IHDWXUHV� IURP� LPDJHV��
XVLQJ� ZKHHOHG� URERWV� �/ySH]� HW� DO�� ������� 7KH�0DUNRYLDQ� DSSURDFK� KDV� SURYHG� WR� EH� DQ�

H�HFWLYH� VROXWLRQ� IRU� PRELOH� URERW� ORFDOL]DWLRQ� LQ� ODUJH� XQVWUXFWXUHG� HQYLURQPHQWV�

�&DVVDQGUD� HW� DO�� ������ �*HFKWHU� HW� DO�� ������� 7KLV�PHWKRG� FDOFXODWHV� D� SUREDELOLW\� GHQVLW\�
�EHOLHI��RYHU�WKH�HQWLUH�VSDFH�RI�VWDWHV��QRGHV�RI�WKH�WRSRORJLFDO�PDS�LQ�WKLV�FDVH���
7KHUH�DUH�RWKHU�DSSURDFKHV�WKDW�XVH�VDPSOLQJ�DOJRULWKPV�IRU�ORFDOL]DWLRQ��)RU�LQVWDQFH��WKH�
0RQWH�&DUOR�DSSURDFK�GRHV�QRW�FDOFXODWH�D�SUREDELOLW\�GHQVLW\�RYHU�WKH�HQWLUH�VHW�RI�VWDWHV��
7KLV� DSSURDFK� RQO\� FDOFXODWHV� WKH� ORFDOL]DWLRQ� SUREDELOLW\� RI� D� VHW� RI� VDPSOHV� QDPHG�
SDUWLFOHV��DOORFDWHG�DORQJ�WKH�VSDFH�RI�VWDWHV��7KH�DPRXQW�RI�SDUWLFOHV� LQ�D�VWDWH�GHWHUPLQHV�
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WKH�URERW·V�SRVLWLRQ��7KLV�DSSURDFK�KDV�EHHQ�XVHG�LQ�DSSOLFDWLRQV��H�J���6ULGKDUDQ�HW�DO���������
�*XHUUHUR�DQG�6RODU��������DQG��7KUXQ�HW�DO���������ZKHUH�D�ODUJH�QXPEHU�RI�VWDWHV�GRHV�QRW�
DOORZ�WKH�XVH�RI�QRQ�VDPSOLQJ�DOJRULWKPV��PDLQO\�IRU�VFDODELOLW\�UHDVRQV�� ,Q�RXU�ZRUN�� WKH�
VSDFH� RI� VWDWHV� LV� VPDOO� EHFDXVH� ZH� UHSUHVHQW� PDQ\� JHRPHWULF� SRVLWLRQV� LQ� WKH� VDPH�
WRSRORJLFDO�VWDWH��

7KLV�SDSHU�SUHVHQWV�WKH�SUDFWLFDO�VWHSV�QHHGHG�WR�PDNH�WKH�0DUNRYLDQ�PHWKRG�H�HFWLYH�DQG�

UHOLDEOH� IRU�D� OHJJHG�URERW�XVLQJ� LWV�RQ�ERDUG�FDPHUD�DV� WKH�PDLQ�VHQVRU�RYHU�D� ODUJH�QRW�
HQJLQHHUHG�LQGRRU�HQYLURQPHQW��,Q�VXPPDU\��WKLV�SDSHU�SUHVHQWV�WKUHH�PD�MRU�FRQWULEXWLRQV���
�

�� 7KH� WRSRORJLFDO� UHSUHVHQWDWLRQ� RI� ODUJH� LQGRRU� R�FH� HQYLURQPHQWV� LQ� VWDWHV� DQG�

WKHLU�XVH�DV�ORFDOL]DWLRQ�UHSUHVHQWDWLRQ�IRU�D�OHJJHG�URERW��
�� 7KH�GHYHORSPHQW�RI�D�SUREDELOLVWLF�ORFDOL]DWLRQ�WHFKQLTXH�IRU�OHJJHG�URERWV��ZKHUH�

RGRPHWU\�LV�QRW�UHOLDEOH�RU�DFFXUDWH���
�� 7KH�XVH�RI�QRLV\�DQG�QRQ�RPQL�GLUHFWLRQDO�VHQVRUV��PDLQO\�FDPHUDV��IRU�GHWHFWLQJ�

QDWXUDO�ODQGPDUNV�LQ�LQGRRU�R�FH�HQYLURQPHQWV��VXFK�DV�GRRUV�DQG�FHLOLQJ�OLJKWV��

�
7KH�UHPDLQGHU�RI�WKLV�FKDSWHU�LV�RUJDQL]HG�DV�IROORZV��LQ�VHFWLRQ���ZH�JLYH�D�EULHI�GHVFULSWLRQ�
RI�WKH�0DUNRY�SURFHVV�GHYHORSHG��,Q�VHFWLRQ���ZH�GHVFULEH�RXU�PRGHO�DQG�LWV�FRPSRQHQWV��
VKRZLQJ� WKH� H[SHULPHQWV� DQG� UHVXOWV� LQ� VHFWLRQ� ��� )LQDOO\�� ZH� ZLOO� SXW� IRUZDUG� RXU�
FRQFOXVLRQV�LQ�VHFWLRQ�����

�
���6JG�/CTMQXKCP�NQECNK\CVKQP�HTCOGYQTM�
�

/RFDOL]DWLRQ�EDVHG�RQ�LQGLUHFW�LQIRUPDWLRQ�SURYLGHG�E\�WKH�URERW�VHQVRUV��VRQDU��ODVHU��HWF���
KDV� EHHQ� VXFFHVVIXOO\� LQWHJUDWHG� LQWR� WKH�SUREDELOLVWLF� IUDPHZRUN� DQG� KDV� H[KLELWHG� JRRG�
UHVXOWV��7KUXQ���������,Q�SDUWLFXODU��VDPSOLQJ�PHWKRGV�WKDW�VSHHG�XS�WKH�HVWLPDWLRQ��)R[�HW�
DO���������DUH�FXUUHQWO\�WKH�PRVW�SRSXODU�RQHV��6LPPRQV�DQG�.RQLQJ���������
,Q�RXU�ZRUN��ZH�KDYH�XVHG�D�PDUNRYLDQ�DSSURDFK� LQ�ZKLFK�D�SUREDELOLW\�GLVWULEXWLRQ�%HO�
RYHU�DOO�WKH�SRVVLEOH�ORFDWLRQV�6� �^V����V�������`�LV�PDLQWDLQHG��%HOW��6� �V��UHSUHVHQWV�WKH�EHOLHI�
RI�EHLQJ�LQ�VWDWH�V�DW�WLPH�W��'HSHQGLQJ�RQ�WKH�NQRZOHGJH�RI�WKH�LQLWLDO�ORFDOL]DWLRQ�RI�URERW�
%HO���6���WKH�LQLWLDO�VWDWH�ZLOO�EH�XQLIRUPO\�GLVWULEXWHG���
�

� � ����
�
RU�ZLOO�EH�FHQWHUHG�LQ�D�VWDWH�ZKHUH�WKH�LQLWLDO�SRVLWLRQ�M�LV�NQRZQ��
�

� � ����
�

� � ����
�

7KH�EHOLHI�%HO�DFWXDOL]DWLRQ�LV�GLYLGHG�LQWR�WZR�DWRPLF�VWHSV��7KH�ÀUVW�RQH�LV�WKH�PRYHPHQW�
VWHS� DSSOLHG� ZKHQ� DQ� DFWLRQ� KDV� EHHQ� SHUIRUPHG� E\� WKH� URERW�� 7KH� EHOLHI� LV� PRGLÀHG�
DFFRUGLQJ� WR� WKH� DFWLRQ� SHUIRUPHG�� 7KH� VHFRQG� RQH� LV� WKH� REVHUYDWLRQ� VWHS�� LQ�ZKLFK� WKH�
EHOLHI� LV� XSGDWHG� DFFRUGLQJ� WR� WKH� REVHUYDWLRQV� WDNHQ� IURP� WKH� VHQVRUV�� 7KLV� SURFHVV� LV�
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LWHUDWLYH�DQG�LV�H[HFXWHG�HYHU\�WLPH�D�QHZ�PRYHPHQW�LV�SHUIRUPHG��7KHVH�WZR�VWHSV�LQ�PRUH�
GHWDLO�DUH��
�

x 0RYHPHQW� VWHS�� 5RERW� DFWLRQV� DUH�PRGHOOHG� RQ� WKH� SUREDELOLW\� S�V�_V�� D�� �DFWLRQ�
PRGHO���7KLV�LV�WKH�SUREDELOLW\�RI�UHDFKLQJ�VWDWH�V��LI�DQ�DFWLRQ�D�LV�H[HFXWHG�LQ�VWDWH�
V��7R�REWDLQ�WKH�D�SULRUL�EHOLHI�IRU�WKH�ZKROH�VHW�RI�VWDWHV�%HOW��6����%D\HVLDQ�XSGDWLQJ�
LV�DVVXPHG��:KHQ�DQ�DFWLRQ�LV�H[HFXWHG�ZH�DSSO\�HTXDWLRQ�����

�

� � ����
�

x 2EVHUYDWLRQ� VWHS�� 7R� FDOFXODWH� WKH� XSGDWHG� EHOLHI�%HOW�6��� ZH� WDNH� S�R_V�� �VHQVRU�
PRGHO��DV�WKH�SUREDELOLW\�RI�JHWWLQJ�REVHUYDWLRQ�R�WR�EH�LQ�VWDWH�V�DQG�WKH�RSHUDWLRQ�
LV�DV�GHVFULEHG�LQ�>��@��:KHQ�D�QHZ�LQGHSHQGHQW�REVHUYDWLRQ�LV�REWDLQHG��WKH�EHOLHI�
LV�XSGDWHG�XVLQJ�HTXDWLRQ�����

�

� � ����
�

� � ����

�
���1WT�/QFGN�
�

2XU� ORFDOL]DWLRQ� PHWKRG� UHTXLUHV� WKUHH� FRPSRQHQWV� WR� EH� GHVFULEHG�� DQG� WKHVH� ZLOO� EH�
GHÀQHG�LQ�PRUH�GHWDLO�LQ�WKLV�VHFWLRQ��
�

�� 7KH�PDS�DQG�KRZ�LW�LV�WUDQVODWHG�LQWR�D�VHW�RI�VWDWHV���
�� $� VHW� RI� DFWLRQV� WKDW� WKH� URERW� FDQ� SHUIRUP� DQG� WKHLU� SUREDELOLVWLF� DFWLRQ�PRGHO�

UHODWHG�WR�VWDWHV�S�V�_V��D���
�� $� VHW� RI� REVHUYDWLRQV� WKDW� WKH� URERW� SHUFHLYHV� IURP� WKH� HQYLURQPHQW�� DQG� LWV�

SUREDELOLVWLF�PRGHO�UHODWHG�WR�VWDWHV�S�R_V����

�
����6JG�UVCVG�URCEG�

:H�QDPH�SRVVLEOH�ORFDWLRQV�RI�WKH�URERW�DV�´VWDWHVµ��7KHVH�VWDWHV�DUH�GHÀQHG�RYHU�DQ�LQGRRU�

R�FH� HQYLURQPHQW� �VHH� )LJ�� ��� PDGH� XS� RI� FRUULGRUV� �UHSUHVHQWHG� LQ� WKH� VHW� RI� QRGHV� DV�

FLUFOHV�� DQG� URRPV� �UHSUHVHQWHG� DV� ER[HV��� 1RGHV� DUH� GHÀQHG� DV� SODFHV� ZLWK� VLPLODU�
FKDUDFWHULVWLFV� DQG� FDQ� JURXS� WRJHWKHU� RQH� RU� PRUH� VWDWHV�� ,Q� WKLV� ZD\�� IRU� H[DPSOH�� D�
SDUWLFXODU�QRGH�FRXOG�EH�D�FRQWLQXRXV�FRUULGRU�UHJLRQ�ZKHUH�WKHUH�DUH�QR�GRRUV�WR�WKH�ULJKW�
RU�OHIW��$QRWKHU�QRGH�FRXOG�EH�DQRWKHU�FRQWLQXRXV�FRUULGRU�UHJLRQ�ZKHUH�WKHUH�LV�D�GRRU�WR�
WKH�ULJKW�DQG�D�ZDOO�WR�WKH�OHIW��DQG�VR�RQ��
,Q� RUGHU� WR� WUDQVODWH� D� PHWULF� PDS� LQ� WKH� VWDWHG� UHSUHVHQWDWLRQ�� ÀUVW�� QRGHV� DUH� FUHDWHG��
DFFRUGLQJ�WR�WKH�SUHYLRXV�GHÀQLWLRQ��2QFH�WKH�VHW�RI�QRGHV�KDV�EHHQ�GHÀQHG��HDFK�QRGH� LV�

GLYLGHG� LQWR� IRXU�GL�HUHQW� VWDWHV�� UHSUHVHQWLQJ� WKH� URERW·V�SRVLWLRQ�ZLWK� IRXU� RULHQWDWLRQV��

1RUWK��(DVW��6RXWK��DQG�:HVW��
�
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,Q�WKH�WRS�OHIW�GLDJUDP�RI�ÀJXUH���ZH�FDQ�VHH�D�SRUWLRQ�RI�DQ�R�FH�HQYLURQPHQW��$W�WKH�WRS�

ULJKW� RI� WKH� VDPH� ÀJXUH�� WKH� VDPH� DUHD� KDV� EHHQ� GLYLGHG� LQWR� QRGHV� DWWHQGLQJ� WR� WKHLU�
FKDUDFWHULVWLFV��)RU�H[DPSOH��D�UHJLRQ�ZKHUH�WKHUH�DUH�GRRUV�RQ�ERWK�VLGHV�RI�WKH�FRUULGRU�LV�

GL�HUHQW� WR� WKH� UHJLRQ�ZKHUH� WKHUH� LV� RQO\� RQH�� 7KLV� GLYLVLRQ� LV� JXLGHG�E\� WKH� QXPEHU� RI�

GRRUV�DQG�FHLOLQJ� OLJKWV� WKH�URERW�FDQ�VHQVH� LQ�HDFK�SRVLWLRQ��7KHVH�QDWXUDO� ODQGPDUNV�DUH�
WKH�RQHV�WKDW�WKH�URERW�LV�DEOH�WR�SHUFHLYH�PRUH�HDVLO\�IURP�LWV�UDZ�FDPHUD�LPDJHV�DFFRUGLQJ�

WR�RXU�H[SHULPHQWDWLRQ��
�

�
)LJ�����7KH�VHW�RI�VWDWHV�LV�EXLOW�IURP�WKH�PDS�DQG�LWV�QRGH�GHFRPSRVLWLRQ��

�

1RWH�WKLV� LV�D� WRSRORJLFDO�RUJDQL]DWLRQ��ZKHUH�QRGHV�UHSUHVHQW�DUHDV�RI�GL�HUHQW�VL]HV��6WDWHV�

DUH�WKHQ�GHÀQHG�RYHU�WKH�QRGHV�ZLWK�GL�HUHQW�RULHQWDWLRQ��,Q�WKLV�ZD\��IRU�H[DPSOH��LQ�ÀJXUH���

QRGH���LV�GLYLGHG�LQWR�VWDWHV���WR����QRGH���LQWR�VWDWHV���WR����DQG�VR�RQ��ORZHU�SDUW�RI�ÀJXUH������
�

�
7DEOH����8QFHUWDLQO\�LQ�DFWLRQ�H[HFXWLRQ�

�
����6JG�UVCVG�URCEG�
7KH�DFWLRQ�SULPLWLYHV�ZH�KDYH�LPSOHPHQWHG�LQ�WKLV�ZRUN�DUH��WR�WXUQ�����WR�WKH�OHIW�D^7/�`���WR�
WXUQ�����WR�WKH�ULJKW�D^75`�DQG�JR�IRUZDUG�D^)`�XQWLO�WKH�QH[W�VWDWH�ZLWK�WKH�VDPH�RULHQWDWLRQ�LV�
UHDFKHG�� ,Q� WDEOH� ��ZH� VKRZ� WKH�XQFHUWDLQ�PRGHO�ZH�KDYH�XVHG� WR� FKDUDFWHUL]H� WKH� DFWLRQ�
H[HFXWLRQ��,I�WKH�URERW�H[HFXWHV�´JR�IRUZDUGµ��IRU�H[DPSOH��ZH�KDYH�LQ�PLQG�WKDW�WKH�URERW�
FRXOG� HLWKHU� GR� QRWKLQJ�1��� UHDFK� WKH� QH[W� VWDWH� �7��� RU� JR� WR� WKH� VHFRQG� VWDWH� LQ� WKDW�
GLUHFWLRQ��77��RU�HYHQ�WKUHH�VWDWHV��777���
�
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�

:KHQ�WKH�URERW�H[HFXWHV�DQ�DFWLRQ�SULPLWLYH��L�H��ZKHQ�WKH�URERW�PRYHV��LW�XSGDWHV�WKH�EHOLHI�
DV� VKRZQ� LQ� �����7KH�DFWLRQ�PRGHO�GHÀQHV�S�V�_V�� D�� DV� WKH�SUREDELOLW\�RI� UHDFKLQJ�VWDWH� V���
VWDUWLQJ�DW�VWDWH�V�DQG�H[HFXWLQJ�DFWLRQ�D��
�

� � ����
�

7KLV� SUREDELOLW\�S�V�_V�� D��ZLOO� UHSUHVHQW� RXU� DFWLRQ�PRGHO� DQG� LW�ZLOO� EH� FDOFXODWHG� D� SULRUL��
GHSHQGLQJ�RQ�WKH�SRVVLEOH�DFWLRQ�WKH�URERW�FDQ�SHUIRUP�LQ�WKDW�VWDWH�VSDFH�DFFRUGLQJ�WR�WDEOH�����
7KH�URERW·V�QDYLJDWLRQ�LV�DOVR�DQ�LPSRUWDQW�DVSHFW�RI�WKLV�PRGHO��

x 7KH� URERW� PXVW� EH� FHQWHUHG� LQ� WKH� FRUULGRU�� DV� PXFK� DV� SRVVLEOH�� LQ� RUGHU� WR� JHW�
FRUUHFW�REVHUYDWLRQV�IURP�WKH�HQYLURQPHQW���

x 7KH�URERW�PXVW�DYRLG�EXPSLQJ�LQWR�DQ\�G\QDPLF�REVWDFOH�DQG��RI�FRXUVH��ZDOOV�DQG�
GRRUV���

x 7UDQVLWLRQV�IURP�RQH�VWDWH�WR�WKH�QH[W�PXVW�EH�GHWHFWHG���
:H�XVH�LQIRUPDWLRQ�IURP�FDPHUD�DQG�LQIUDUHG�VHQVRUV�WR�DFKLHYH�WKHVH�RE�MHFWLYHV���

x 7KH�URERW·V�KHDG�LV�PRYLQJ�KRUL]RQWDOO\�LQ�DQ�DUF�RI�>���������@��ÀJXUH����DW���+]���

x 7KH�URERW�LV�FRQWLQXRXVO\�REWDLQLQJ�LQIUDUHG�LQIRUPDWLRQ�LQ�HDFK�DUF�SRVLWLRQ��7KH�
URERW�ZLOO�GHWHFW�DQ\�REVWDFOH�WR�DYRLG�FROOLVLRQ��,W�ZLOO�DOVR�XVH�WKLV�LQIRUPDWLRQ�LQ�
RUGHU�WR�EH�FHQWUHG�LQ�WKH�FRUULGRU���

x 7KH�URERW�ZLOO�FDSWXUH�DQ�LPDJH�LI�WKH�DQJOH·V�KHDG�LV�QHDU�����RU������EOXH�]RQH�LQ�
ÀJXUH�����,W�OHWV�XV�NQRZ�ZKDW�HOHPHQWV��GRRUV�RU�ZDOOV��WKHUH�DUH�RQ�ERWK�VLGHV�RI�
WKH�URERW��7KH�URERW�PDLQWDLQV�D�PHPRU\�RI�WKH�HOHPHQWV�WKDW�KDYH�EHHQ�GHWHFWHG�DW�
ERWK�VLGHV��:KHQ�DQ\�RI�WKHVH�HOHPHQWV�FKDQJH��WKH�VWDWH�ZLOO�EH�FKDQJHG�WRR��)RU�
H[DPSOH�� LI� WKH� URERW� GHWHFWV� D� GRRU� RQ� LWV� ULJKW� DQG� D�ZDOO� RQ� LWV� OHIW�� LW�ZLOO� EH�
DZDUH�RI�D�VWDWH�FKDQJH�ZKHQ�LW�GHWHFWV�D�ZDOO�RQ�LWV�ULJKW��IRU�LQVWDQFH��

)LJ����VKRZV�WKH�JURXQG�WUXWK�SDWK�WKDW�WKH�URERW�KDV�IROORZHG�DORQJ�WKH�FRUULGRU��DYRLGLQJ�
WKH� REVWDFOHV� �SHUVRQV� DQG� ZDOOV�� DQG� FHQWHULQJ� LWVHOI� LQ� LW�� 7KLV� LQIRUPDWLRQ� KDV� EHHQ�
PDQXDOO\�UHFRUGHG�SODFLQJ�PDUNV�RQ�WKH�ÁRRU�EHKLQG�WKH�URERW�DW�FRQVWDQW�UDWH�RI���PDUN�
HYHU\����VHFRQGV�DQG�LQWHUSRODWLQJ�WKH�SDWK��

�

�
)LJ�����*URXQG�WUXWK�SDWK�IROORZHG�E\�WKH�URERW��
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�

�
)LJ�����$FWLYH�VHQVLQJ��7KH�URERW�VHQVHV�WKH�ZKROH�DUHD�ZLWK�LWV�LQIUDUHG�VHQVRU��,W�DQDO\]HV�
WKH�LPDJHV�FDSWXUHG�LQ�WKH�EOXH�DUHD��

�
����5GPUQT�/QFGN�

2XU� VHQVRU�PRGHO� WDNHV� WKUHH� W\SHV� RI� VHQVDWLRQV� IURP� WKH� LPDJH�REWDLQHG�E\� WKH� URERW·V�
FDPHUD��

x 'HSWK��7KH�PDLQ�JRDO�RI�WKLV�REVHUYDWLRQ�LV�WR�PHDVXUH�KRZ�IDU�WKH�URERW�LV�IURP�
WKH�ZDOO�ZKHQ� LW� LV�RULHQWHG� WRZDUG� WKH�HQG�RI� WKH� FRUULGRU��)RU� WKLV�SXUSRVH�ZH�
GHWHFW�WKH�QXPEHU�RI�FHLOLQJ�OLJKWV�WKDW�WKH�URERW�SHUFHLYHV��,I�WKH�QXPEHU�RI�FHLOLQJ�
OLJKWV�LV�KLJK��WKH�URERW�LV�IDU�IURP�WKH�HQG��,I�WKLV�QXPEHU�LV�ORZ��WKH�URERW�LV�QHDU�
WR�WKH�HQG��,Q�ÀJXUH���ZH�FDQ�VHH�WKH�RULJLQDO�LPDJH�DQG�WKH�LPDJH�WKDW�VKRZV�WKH�
GHWHFWLRQ�RI�FHLOLQJ�OLJKWV��JUHHQ�ER[HV���

x 'RRUV��7KH�URERW�LV�DEOH�WR�FRXQW�WKH�QXPEHU�RI�GRRUV�LW�FDQ�REVHUYH�DKHDG�XVLQJ�D�
FRORU�ÀOWHU��7KH�GRRUV�DUH�VXSSRVHG�WR�EH�SHUSHQGLFXODU�WR�WKH�ÁRRU�DQG�WKH�MDPEV�
SDUDOOHO� WR� WKHP�� ,I� D� UHJLRQ� RI� WKH� LPDJH� IXOÀOOV� ZLWK� WKHVH� VSHFLÀFDWLRQV�� LW� LV�
DVVXPHG�WR�EH�D�GRRU��,Q�ÀJXUH���ZH�FDQ�VHH�WKH�RULJLQDO�LPDJH�DQG�WKH�LPDJH�ZLWK�
WKH�UHVXOW�RI�WKH�GRRU�GHWHFWLRQ��EOXH�ER[HV���

x 1HDUE\�ODQGPDUNV��7KLV�REVHUYDWLRQ�JLYHV�XV�LQIRUPDWLRQ�DERXW�ZKLFK�ODQGPDUNV�
DUH�DURXQG�WKH�URERW��:H�GHÀQH�ODQGPDUNV�DV�WKH�GRRUV�RU�ZDOOV�WKDW�DUH�VLWXDWHG�
RQ� WKH� ULJKW�DQG� OHIW� VLGHV�RI� WKH� URERW��)RU�H[DPSOH�� DQ�REVHUYDWLRQ�PD\�EH� WKDW�
WKHUH�LV�D�GRRU�RQ�WKH�OHIW�VLGH�DQG�D�ZDOO�RQ�WKH�ULJKW�VLGH���

�

������ �
)LJ�����'HWHFWLQJ���FHLOLQJ�OLJKWV�DQG���GRRUV��
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������ �
)LJ�����,PDJH�LQIRUPDWLRQ�H[WUDFWLRQ�UHVXOWV��

�
2QFH� WKH� GDWD� LV� FROOHFWHG�� ZH� DSSO\� HTXDWLRQ� ���� WR� FRUUHFW� WKH� EHOLHI�� DFFRUGLQJ� WR� WKH�
LQIRUPDWLRQ� REWDLQHG� E\� WKH� VHQVRUV�� 7KH� W\SHV� RI� VHQVDWLRQV� GHVFULEHG� EHIRUH� DUH�
LQGHSHQGHQW�IURP�WKHP��VR�ZH�FDQ�DSSO\�HTXDWLRQ�����
�

� � ����
�

� � ����

�
���'ZRGTKOGPVCN�UGVWR�CPF�TGUWNVU�
�

6HYHUDO� H[SHULPHQWV�ZHUH� FRQGXFWHG� WR� WHVW� WKH� TXDOLW\� RI� WKH� ORFDOL]DWLRQ� DOJRULWKP�� 7KH�

H[SHULPHQWV�ZHUH�FDUULHG�RXW� LQ�RXU�R�FH�HQYLURQPHQW� LQ�RXU�QRUPDO�GDLO\�ZRUN��6R�� WKH�

HQYLURQPHQW�LV�QRLV\�EHFDXVH�RI�WKH�QRUPDO�DFWLYLW\��SHRSOH�ZDONLQJ�LQ�WKH�FRUULGRU��GRRUV�
RSHQLQJ��DQG�VR�RQ��7KLV�VRPHWLPHV�SURGXFHV�HUURQHRXV�VHQVRU\�LQIRUPDWLRQ�WKDW�ZLOO�VKRZ�
KRZ�UREXVW�WKH�PRGHO�EHLQJ�XVHG�LV��7KLV�LV�D�UHTXLUHPHQW�SUHVHQWHG�LQ�VHFWLRQ�����
$FFRUGLQJ� WR� WKH� GHVLGHUDWD� SUHVHQWHG� LQ� VHFWLRQ� ��� ZH� HYDOXDWH� WKH� URERW·V� ORFDOL]DWLRQ�
SHUIRUPDQFH�EDVHG�RQ���

x 7KH�URERW·V�UREXVWQHVV�WR�GHWHFW�VWDWH�FKDQJHV��

x 2YHUDOO�DFFXUDF\���

�
����6GUV�HQT�FGVGEVKPI�UVCVG�EJCPIGU�
,Q� RUGHU� WR� WHVW� WKH� VWDWH� FKDQJH� GHWHFWLRQ�� ZH� GHVLJQHG� D� WDVN� LQ� ZKLFK� WKH� URERW� ZDV�
UHTXLUHG� WR�JR� IRUZDUG� LQ� WKH� FRUULGRU�DQG� WR� VWRS�ZKHQ�D�QHZ�VWDWH�ZDV�GHWHFWHG��)LJ�� ��
VKRZV� DQ� H[DPSOH� RI� WKLV� WHVW�� 7KH� FRUUHFW� VWDWH� FKDQJH� GHWHFWLRQV� DUH� GLVSOD\HG� DV� EOXH�
FLUFOHV�DQG�WKH�ZURQJ�VWDWH�FKDQJH�GHWHFWLRQV�DUH�GLVSOD\HG�DV�UHG�ER[HV��:H�REWDLQHG�����
DFFXUDF\� LQ� VWDWH� FKDQJH� GHWHFWLRQV�� 7KLV� LQIRUPDWLRQ� KDV� EHHQ� REWDLQHG� E\� DQ� RSHUDWRU�
PRQLWRULQJ�WKH�SURFHVV�DQG�YHULI\LQJ�ZKHQ�WKH�URERW�KDV�FRUUHFWO\�GHWHFWHG�WKH�QHZ�VWDWH��
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�

�
)LJ�����&RUUHFW�VWDWH�FKDQJH�GHWHFWLRQ��EOXH�FLUFOHV��DQG�WKH�LQFRUUHFW�VWDWH�FKDQJH�GHWHFWLRQ�
�UHG�ER[HV���

�
����#EEWTCE[�
7R�WHVW� WKH�RYHUDOO�DFFXUDF\��ZH�KDYH�GHVLJQHG�WZR�H[SHULPHQWV�� LQ�WKH�ÀUVW�RQH�WKH�LQLWLDO�
SRVLWLRQ� LV� QRW� NQRZQ�� DQG� LQ� WKH� VHFRQG� RQH� WKH� LQLWLDO� SRVLWLRQ� LV� NQRZQ�� ,Q� HDFK�
H[SHULPHQW�ZH�PHDVXUHG�WZR�YDOXHV��
�

x (UURU�LQ�ORFDOL]DWLRQ��7R�PHDVXUH�WKH�HUURU�LQ�ORFDOL]DWLRQ��ZH�FRXQW�WKH�QRGHV�WKDW�
D�URERW�PXVW�WUDYHUVH�IURP�WKH�SRVLWLRQ�WKDW�WKH�ORFDOL]DWLRQ�DOJRULWKP�FDOFXODWHV�DV�
WKH�PRVW�SUREDEOH��7KH�PRGH�RI�WKH�%HO�GLVWULEXWLRQ���IRU�WKH�URERW·V�DFWXDO�SRVLWLRQ��

x (QWURS\��7KH�HQWURS\�RI�WKH�VWDWHV�SUREDELOLWLHV�LV�D�XVXDO�PHDVXUH�IRU�GHWHUPLQLQJ�
ZKHQ� WKH� EHOLHI� DERXW� WKH� URERW� SRVH� LV� FRQFHQWUDWHG� LQ� IHZ� VWDWHV�� 7KLV� GRHVQ·W�
PHDQ� WKH� URERW� LV�ZHOO� ORFDOL]HG��7KLV� LV�RQO\�D�GLVSHUVLRQ�PHDVXUH� WKDW� LQGLFDWHV�
ZKHQ�WKH�EHOLHI�ZRXOG�GHWHUPLQH�WKH�URERW�SRVH��:KHQ�WKLV�YDOXH�LV�QHDU����WKH�%HO�
SUREDELOLWLHV� DUH� DFFXPXODWHG� LQ� D� VLQJOH� QRGH�� ZKLFK� LV� FRQVLGHUHG� WR� EH� WKH�
URERW·V� SRVLWLRQ�� ,I� WKH� HQWURS\� YDOXH� LV� QHDU� ��� WKH� URERW·V� SRVLWLRQ� FDQQRW� EH�
GHWHUPLQHG� DQG� WKH� %HO� LQIRUPDWLRQ� LV� QRW� XVHIXO� �WKH� HUURU� LV� QRW� PHDQLQJIXO�
QHLWKHU���:H�PXVW�FRQVLGHU�VLWXDWLRQ�LQ�ZKLFK�FRQWLQXRXV�HUURUV�LQ�SHUFHSWLRQ�OHDG�
URERW�SRVH�FRQYHUJH�LQWR�D�ZURQJ�SRVH�ZLWK�ORZ�HQWURS\���

�

� � ������

�
������+PKVKCN�RQUKVKQP�WPMPQYP�
,Q�WKLV�WHVW��)LJXUH�����WKH�LQLWLDO�SRVLWLRQ�LV�QRW�NQRZQ��)LJXUH���VKRZV�KRZ�WKH�HUURU�DQG�WKH�
HQWURS\��ÀJXUH�����HYROYH�LQ�WKH�ORFDOL]DWLRQ�SURFHVV��$W�WKH�LQLWLDO�VWHS��WKH�HQWURS\�LV�KLJK��

EHFDXVH�LW�LV�GLVWULEXWHG�LQ�VHYHUDO�VWDWHV��PDNLQJ�LW�GL�FXOW�WR�GHWHUPLQH�WKH�URERW·V�DFWXDO�
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SRVLWLRQ�� ,Q�VWDWH���� WKH�HQWURS\� LV� ORZ��ZKLFK�PHDQV� WKDW� WKH�EHOLHI� LV�FRQFHQWUDWHG� LQ� IHZ�
VWDWHV��W\SLFDOO\�WZR�LQ�RXU�FDVH���
UHSUHVHQWLQJ�V\PPHWU\� LQ� WKH�HQYLURQPHQW��� VKRZLQJ� LQVWDELOLW\� LQ� WKH�HUURU�JUDSK��:KHQ�
HUURU� VWDELOL]HV� DW� VWHS� ��� DQG� WKH� HQWURS\� LV� VWLOO� ORZ�� WKH� URERW�KDV� ORFDOL]HG� LWVHOI�� 6RPH�
ORFDOL]DWLRQ� HUURU� FDQ� KDSSHQ� GXH� WR� REVHUYDWLRQ� HUURUV� RU� PRWLRQ� HUURUV� �WKLV� LQFUHDVHV�
HQWURS\���EXW�WKH�V\VWHP�UHFRYHUV�TXLFNO\���

�

�
)LJ�� ���7KH� URERW�PRYHV� IURP�SRVLWLRQ��� WR�SRVLWLRQ����7KH� URERW�GRHV�QRW�NQRZ� LWV� LQLWLDO�
SRVLWLRQ��

�
)LJ�����(UURU�PHDVXUHG�DV�WKH�GLVWDQFH�IURP�%HO�PRGH�WR�WKH�DFWXDO�URERW�SRVLWLRQ��
�
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�
)LJ������%HO�HQWURS\�

�
������+PKVKCN�RQUKVKQP�MPQYP�
,Q�WKLV�WHVW��)LJ�������WKH�LQLWLDO�SRVLWLRQ�LV�NQRZQ��7KH�URERW�VWDUWV�DW�D�NQRZQ�SRVLWLRQ�DQG�
WKLV�LV�ZK\�WKH�HUURU��)LJ������VWDUWV�DW�ORZ�YDOXHV��6RPH�SHUFHSWLRQ�HUURUV�LQ�VWDWH����FDXVH�
WKH� URERW� WR� JHW� ORVW� IRU� D� IHZ� PRYHPHQWV�� EXW� ZKHQ� WKHVH� HUURUV� GLVDSSHDU�� WKH� URERW�
UHFRYHUV�LWV�SRVLWLRQ�NQRZOHGJH��
7KH�H[SHULPHQWDWLRQ�UHVXOWV�VKRZ�LQWHUHVWLQJ�FRQFOXVLRQV��)LUVW�RI�DOO��RXU�DSSURDFK�ZRUNV�
DQG�LV�DEOHWR�EH�FDUULHG�RXW�ZLWK�WKH�ORFDOL]DWLRQ�WDVN��7KH�H[SHULPHQWDWLRQ�UHVXOWV�DOVR�VKRZ�
WKDW�WKH�NQRZOHGJH�RI�WKH�LQLWLDO�VWDWH�GRHV�QRW�LQÁXHQFH�WKH�SURFHVV�LQ�WKH�ORQJ�WHUP��

�

�
)LJ������7KH�URERW�PRYHV�IURP�SRVLWLRQ���WR�SRVLWLRQ����7KH�URERW�NQRZV�LWV�LQLWLDO�SRVLWLRQ��

�
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�
)LJ������(UURU�PHDVXUHG�DV�WKH�GLVWDQFH�IURP�%HO�PRGH�WR�WKH�DFWXDO�URERW�SRVLWLRQ��

�

�
)LJ������%HO�HQWURS\��

�
���%QPENWUKQPU�
�

,Q�WKLV�FKDSWHU�ZH�KDYH�SUHVHQWHG�WKH�SHUIRUPDQFH�RI�D�ORFDOL]DWLRQ�PHWKRG�RI�OHJJHG�$,%2�
URERWV�LQ�QRW�HQJLQHHUHG�HQYLURQPHQWV��XVLQJ�YLVLRQ�DV�DQ�DFWLYH�LQSXW�VHQVRU��7KLV�PHWKRG�
LV� EDVHG� RQ� FODVVLF�PDUNRYLDQ� DSSURDFK� EXW� LW� KDV� QRW� EHHQ� SUHYLRXVO\� XVHG�ZLWK� OHJJHG�

URERWV�LQ�LQGRRU�R�FH�HQYLURQPHQWV��:H�KDYH�VKRZQ�WKDW�WKH�URERW�LV�DEOH�WR�ORFDOL]H�LWVHOI�

LQ�UHDO�WLPH�HYHQ�LQHQYLURQPHQWV�ZLWK�QRLVH�SURGXFHG�E\�WKH�KXPDQ�DFWLYLW\�LQ�D�UHDO�R�FH��

,W� GHDOV� ZLWK� XQFHUWDLQW\� LQ� LWV� DFWLRQV� DQG� XVHV� SHUFHLYHG� QDWXUDO� ODQGPDUNV� RI� WKH�
HQYLURQPHQW�DV�WKH�PDLQ�VHQVRU�LQSXW���
:H� KDYH� DOVR� VKRZQ� WKDW� GDWD� REWDLQHG� IURP� VHQVRUV��PDLQO\� WKH� FDPHUD�� LV� GLVFULPLQDWH�
HQRXJK�DQG�DOORZV�D�IDVW�FRQYHUJHQFH�IURP�DQ�LQLWLDO�XQNQRZQ�VWDWH��LQ�ZKLFK�WKH�EHOLHI�KDV�
EHHQ�GLVWULEXWHG�XQLIRUPO\�RYHU� WKH�VHW�RI� VWDWHV� ��:H�KDYH�DOVR�VKRZQ� WKDW� WKH� URERW�FDQ�

RYHUFRPH�DFWLRQ�IDLOXUHV�ZKLOH�ORFDOL]LQJ��DQG�LW�UHFRYHUV�IURP�WKHP�LQ�DQ�H�FLHQW�ZD\���

7KH�VHW�RI�REVHUYDWLRQV�ZH�KDYH�FKRVHQ�KDYH�EHHQ�GHVFULSWLYH�HQRXJK�WR�EH�H�FLHQW�LQ�WKH�

ORFDOL]DWLRQ�SURFHVV��:H�WKLQN�WKDW�WKH�ZD\�ZH�GHWHUPLQH�WKH�QXPEHU�RI�GRRUV�DQG�FHLOLQJ�
OLJKWV�KDV�EHHQ�WKH�NH\�IRU�WKH�VXFFHVV�RI�WKH�ORFDOL]DWLRQ�V\VWHP��7KLV�DSSURDFK�GHSHQGV�RQ�
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WKH�D�SULRUL�HQYLURQPHQW�NQRZOHGJH��EXW�ZH�DUH�VWXG\LQJ�QHZ�W\SHV�RI�XVHIXO�REVHUYDWLRQV�
WR�PDNH�WKLVDSSURDFK�DSSOLFDEOH�LQ�RWKHU�HQYLURQPHQWV�ZKHUH�WKLV�D�SULRUL�NQRZOHGJH�LV�QRW�
DYDLODEOH���
'HVSLWH�WKHVH�UHVXOWV��WKHUH�DUH�VRPH�OLPLWDWLRQV�WKDW�GHVHUYH�IXWXUH�UHVHDUFK��2QH�RI�WKH�NH\�
OLPLWDWLRQ�DULVHV�IURP�WKH�ORZ�DFFXUDF\�LQ�WKH�ORFDOL]DWLRQ�GXH�WR�WKH�JUDQXODULW\�RI�WKH�ODUJH�
DUHDV� GHÀQHG� DV� VWDWHV� LQ� WKH� PDS� EXLOGLQJ�� 0D\EH� JUDQXODULWLHV� QHDU� WR� WKH� PHWULF�
DSSUR[LPDWLRQ�FRXOG�EH�PRUH�XVHIXO�IRU�PDQ\�LQGRRU�DSSOLFDWLRQV���
:H�EHOLHYH�WKDW�SUREDELOLVWLF�QDYLJDWLRQ�WHFKQLTXHV�KROG�JUHDW�SURPLVH�IRU�HQDEOLQJ�OHJJHG�

URERWV�WR�EHFRPH�UHOLDEOH�HQRXJK�WR�RSHUDWH�LQ�UHDO�R�FH�HQYLURQPHQWV���

�
���4GHGTGPEGU�

-�%RUHQVWHLQ��%�(YHUHWW��DQG�/�)HQJ��1DYLJDWLQJ�PRELOH�URERWV��6\VWHPV�DQG�WHFKQLTXHV��0$��/WG��
:HVOH\��������

5�� 1RXUEDNKVK�� 5�� 3RZHUV�� DQG� 6�� %LUFKÀHOG�� 'HUYLVK� �� DQ� R�FH�QDYLJDWLQJ� URERW��� $,�

0DJD]LQH��YRO������QR�����SS����²�����������
%��.XLSHUV��7KH�VSDWLDO�VHPDQWLF�KLHUDUFK\��$UWLI��,QWHO�O���YRO�������QR�������SS�����²������������
'�6FKXOW]� DQG�'�)R[��%D\HVLDQ� FRORU� HVWLPDWLRQ� IRU� DGDSWDWLYH� YLVLRQ�EDVHG� URERW� ORFDOL]DWLRQ�� LQ�

,526�����6HSW���������
6��(QGHUOH��0��5LWWHU��'��)R[�� 6�� 6DEODWQRJ��*��.��.UDHW]VFKPDU�� DQG�*��3DOP��6RFFHU�5RERW�

/RFDOL]DWLRQ� 8VLQJ� 6SRUDGLF� 9LVXDO� )HDWXUHV�� LQ� ,QWHO� OLJHQW� $XWRQRPRXV� 6\VWHPV� ��
�,$6���� �(�� 3DJHOOR�� )�� *URHQ�� 7�� $UDL�� 5�� 'LOOPDQQ�� DQG� $�� 6WHQW]�� HGV����
�$PVWHUGDP��7KH�1HWKHUODQGV���SS�����²������,26�3UHVV���������

6�� (QGHUOH��+�� )RONHUWV��0��5LWWHU�� 6�� 6DEODWQRJ��*��.��.UDHW]VFKPDU�� DQG�*�� 3DOP�� 9LVLRQ��
%DVHG�5RERW�/RFDOL]DWLRQ�8VLQJ�6SRUDGLF�)HDWXUHV��LQ�5RERW�9LVLRQ��5��.OHWWH��6��3HOHJ��
DQG� *�� 6RPPHU�� HGV���� YRO�� ����� RI� /HFWXUH� 1RWHV� LQ� &RPSXWHU� 6FLHQFH�� %HUOLQ��
+HLGHOEHUJ��*HUPDQ\��6SLQJHU�9HUODJ���������

0��9HORVR��(��:LQQHU��6��/HQVHU��-��%UXFH��DQG�7��%DOFK��9LVLRQ�VHUYRHG�ORFDOL]DWLRQ�DQG�EHKDYLRU�
EDVHG� SODQQLQJ� IRU� DQ� DXWRQRPRXV� TXDGUXS� OHJJHG� URERW�� LQ� 3URFHHGLQJV� RI� WKH� )LIWK�
,QWHUQDWLRQDO� &RQIHUHQFH� RQ� $UWLÀFLDO� ,QWHO� OLJHQFH� 3ODQQLQJ� 6\VWHPV��
�%UHFNHQULGJH��&2���SS�����²�����$SULO��������

5�� 6LPPRQV� DQG� 6�� .RHQLQJ�� 3UREDELOLVWLF� QDYLJDWLRQ� LQ� SDUWLDOO\� REVHUYDEOH� HQYLURQPHQWV�� LQ�
3URFHHGLQJV� RI� WKH� ����� ,QWHUQDWLRQDO� -RLQW� &RQIHUHQFH� RQ�$UWLÀFLDO� ,QWHO� OLJHQFH��
�0RQWUHDO��&DQDGD����SS������²������-XO\��������

'�� 5DGKDNULVKQDQ� DQG� ,�� 1RXUEDNKVK�� 7RSRORJLFDO� ORFDOL]DWLRQ� E\� WUDLQLQJ� D� YLVLRQ�EDVHG�
WUDQVLWLRQ�GHWHFWRU��LQ�3URFHHGLQJV�RI�,526�������YRO�����SS������²������2FWREHU��������

+�� &KRVHW� DQG�.��1DJDWDQL��7RSRORJLFDO� VLPXOWDQHRXV� ORFDOL]DWLRQ� DQG�PDSSLQJ� �VODP��� WRZDUG�
H[DFW� ORFDOL]DWLRQ� ZLWKRXW� H[SOLFLW� ORFDOL]DWLRQ�� ,(((� 7UDQVDFWLRQV� RQ� 5RERWLFV� DQG�
$XWRPDWLRQ��YRO������SS������²������$SULO��������

'�� )R[�� :�� %XUJDUG�� DQG� 6�� 7KUXQ�� 0DUNRY� ORFDOL]DWLRQ� IRU� PRELOH� URERWV� LQ� G\QDPLF�
HQYLURQPHQWV��-RXUQDO�RI�$UWLÀFLDO�,QWHO�OLJHQFH�5HVHDUFK��YRO������SS�����²������������

-��.RVHFN�D� DQG�)�� OL��9LVLRQ� EDVHG� WRSRORJLFDO�PDUNRY� ORFDOL]DWLRQ�� LQ�3URFHHGLQJV� RI� WKH� �����
,(((� ,QWHUQDWLRQDO� &RQIHUHQFH� RQ� 5RERWLFV� DQG�$XWRPDWLRQ�� �%DUFHORQD� �6SDLQ����
$SU���������

0��(��/ySH]��/��0��%HUJDVD��DQG�0�6�(VFXGHUR��9LVXDOO\�DXJPHQWHG�320'3�IRU� LQGRRU� URERW�
QDYLJDWLRQ��$SSOLHG�,QIRUPDWLFV��SS�����²������������
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$��5��&DVVDQGUD��/��3��.DHOEOLQJ��DQG�-��$��.XULHQ��$FWLQJ�XQGHU�XQFHUWDLQW\��'LVFUHWH�ED\HVLDQ�
PRGHOV� IRU� PRELOH� URERW� QDYLJDWLRQ�� LQ� 3URFHHGLQJV� RI� ,(((�56-� ,QWHUQDWLRQDO�
&RQIHUHQFH�RQ�,QWHOOLJHQW�5RERWV�DQG�6\VWHPV���������

)��*HFKWHU��9��7KRPDV��DQG�)��&KDUSLOOHW��5RERW�ORFDOL]DWLRQ�E\�VWRFKDVWLF�YLVLRQ�EDVHG�GHYLFH��LQ�
7KH��WK�:RUOG�0XOWL�&RQIHUHQFH�RQ�6\VWHPLFV��&\EHUQHWLFV�DQG� ,QIRUPDWLFV� ��6&,�
������ 7KH� �WK� ,QWHUQDWLRQDO� &RQIHUHQFH� RQ� ,QIRUPDWLRQ� 6\VWHPV� $QDO\VLV� DQG�
6\QWKHVLV���,6$6�������2UODQGR��)/��86$��-XO��������

0��6ULGKDUDQ��*��.XKOPDQQ��DQG�3��6WRQH��3UDFWLFDO�YLVLRQ�EDVHG�PRQWH� FDUOR� ORFDOL]DWLRQ�RQ�D�
OHJJHG� URERW�� LQ� ,(((� ,QWHUQDWLRQDO�&RQIHUHQFH�RQ�5RERWLFV�DQG�$XWRPDWLRQ��$SULO�
�������

3��*XHUUHUR�DQG�-��5��GHO�6RODU��$XWR�ORFDOL]DFLyQ�GH�XQ� URERW�PyYLO�DLER�PHGLDQWH� HO�PpWRGR�GH�
PRQWH�FDUOR��$QDOHV�GHO�,QVWLWXWR�GH�,QJHQLHURV�GH�&KLOH��YRO�������QR�����SS����²�����
�������

6��7KUXQ��'��)R[��:��%XUJDUG��DQG�)��'DOODHUW��5REXVW�PRQWH�FDUOR�ORFDOL]DWLRQ�IRU�PRELOH�URERWV��
$UWLI��,QWHO�O���YRO�������QR�������SS����²������������

6��7KUXQ��5RERWLF�PDSSLQJ��D�VXUYH\��SS���²�����������


