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:H�SUHVHQW� OLJKWFXUYHV�DQG�V\QRGLF�URWDWLRQ�SHULRGV�IRU�

QLQH�DVWHURLGV��$�WULPRGDO� LQWHUSUHWDWLRQ�LV�SURSRVHG�IRU�

WKH�OLJKWFXUYH�RI�+XQJDULD�IDPLO\������'HUVX�8]DOD��

:H�SUHVHQW�DVWHURLG�OLJKWFXUYHV�REWDLQHG�YLD�WKH�ZRUNIORZ�SURFHVV�

GHVFULEHG�E\�'RVH� �������DQG� ODWHU� LPSURYHG� �'RVH���������7KLV�

ZRUNIORZ� DSSOLHV� WR� HDFK� LPDJH� DQ� HQVHPEOH� RI� W\SLFDOO\� ������

QHDUE\� FRPSDULVRQ� �³FRPS´�� VWDUV� VHOHFWHG� IURP� WKH� $7/$6�

UHIFDW��FDWDORJ��7RQU\�HW�DO����������&XVWRP�GLDJQRVWLF�SORWV�DQG�WKH�

DEXQGDQFH�RI�FRPS�VWDUV�DOORZ�IRU�UDSLG�LGHQWLILFDWLRQ�DQG�UHPRYDO�

RI�RXWOLHU��YDULDEOH��DQG�SRRUO\�PHDVXUHG�FRPS�VWDUV��

7KH�SURGXFW�RI�WKLV�FXVWRP�ZRUNIORZ�LV�RQH�QLJKW¶V�WLPH�VHULHV�RI�

DEVROXWH�PDJQLWXGHV��RQ�6ORDQ�U¶��65��FDWDORJ�EDVLV��IRU�RQH�WDUJHW�

DVWHURLG��7KHVH�PDJQLWXGHV�DUH�FRUUHFWHG�IRU�LQVWUXPHQW�WUDQVIRUPV��

VN\�H[WLQFWLRQ��DQG�LPDJH�WR�LPDJH��³FLUUXV´��IOXFWXDWLRQV�DQG�WKXV�

UHSUHVHQW� PDJQLWXGHV� DW� WKH� WRS� RI� HDUWK¶V� DWPRVSKHUH�� 7KHVH�

PDJQLWXGHV� DUH� LPSRUWHG� GLUHFWO\� LQWR� 032� &DQRSXV� VRIWZDUH�

�:DUQHU��������ZKHUH� WKH\� DUH�DGMXVWHG� IRU�GLVWDQFHV� DQG�SKDVH�

DQJOH�GHSHQGHQFH��ILW�E\�)RXULHU�DQDO\VLV�LQFOXGLQJ�LGHQWLI\LQJ�DQG�

UXOLQJ�RXW�RI�DOLDVHV��DQG�SORWWHG��

3KDVH�DQJOH�GHSHQGHQFH�LV�FRUUHFWHG�ZLWK�D�+�*�PRGHO��XVLQJ�WKH�

*�YDOXH�PLQLPL]LQJ�EHVW�ILW�506�HUURU�DFURVV�DOO�QLJKWV¶�GDWD��ZKHQ�

ZH� FDQQRW� HVWLPDWH� DQ� DVWHURLG¶V� *� YDOXH�� XVXDOO\� GXH� WR� D�

FDPSDLJQ¶V� QDUURZ� UDQJH� RI� SKDVH� DQJOHV�� ZH� DSSO\� WKH� 0LQRU�

3ODQHW� &HQWHU¶V� GHIDXOW� YDOXH� RI� ������ 1R� QLJKWO\� ]HUR�SRLQW�

DGMXVWPHQWV� �'HOWD� &RPSV� LQ�032� &DQRSXV� WHUPLQRORJ\�� ZHUH�

PDGH� WR� DQ\� VHVVLRQ� KHUHLQ�� RWKHU� WKDQ� E\� HVWLPDWLQJ� *�� ZKLFK�

SUDFWLFH�ZH�QRWH�LQWURGXFHV�RQO\�RQH�QHZ�ILWWLQJ�WHUP�YV�PDQ\�PRUH�

WHUPV��QXPEHU�RI�QLJKWV������ZKHQ�DSSO\LQJ�QRQ�]HUR�'HOWD�&RPSV��

/LJKWFXUYH�5HVXOWV�

1LQH�DVWHURLGV�ZHUH�REVHUYHG�IURP�1HZ�0H[LFR�6NLHV�REVHUYDWRU\�

DW� �����PHWHUV� HOHYDWLRQ� LQ� VRXWKHUQ�1HZ�0H[LFR�� ,PDJHV�ZHUH�

DFTXLUHG� ZLWK� D� �����PHWHU� 6&7� UHGXFHG� WR� I������ D� 6%,*��

67;/�����(� FDPHUD� FRROHG� WR� ���� &� DQG� ILWWHG� ZLWK� DQ�

([RSODQHW�%OXH�%ORFNHU��%%��ILOWHU� �$VWURGRQ���DQG�D�3ODQH:DYH�

/����� PRXQW�� 7KH� HTXLSPHQW� ZDV� RSHUDWHG� UHPRWHO\� YLD� $&3�

VRIWZDUH��'&���'UHDPV��YHUVLRQ�������UXQQLQJ�SODQ�ILOHV�JHQHUDWHG�

IRU�HDFK�QLJKW�E\�WKH�DXWKRU¶V�S\WKRQ�VFULSWV��'RVH���������

([SRVXUHV� ZHUH� DXWRJXLGHG�� DQG� H[SRVXUH� WLPHV� WDUJHWHG� ����

PLOOLPDJQLWXGHV� XQFHUWDLQW\� LQ� DVWHURLG� LQVWUXPHQWDO� PDJQLWXGH��

VXEMHFW�WR�D�PLQLPXP�H[SRVXUH�RI�����VHFRQGV�WR�HQVXUH�VXLWDEOH�

FRPS�VWDU�SKRWRPHWU\��DQG�WR�D�PD[LPXP�RI�����VHFRQGV��

),76� LPDJHV� ZHUH� SODWH�VROYHG� E\� 3LQ3RLQW� �'&��� 'UHDPV�� RU�

7KH6N\;��6RIWZDUH�%LVTXH��DQG�ZHUH�FDOLEUDWHG�XVLQJ�WHPSHUDWXUH�

PDWFKHG��PHGLDQ�DYHUDJHG�GDUN�LPDJHV�DQG�UHFHQW�IODW�LPDJHV�RI�D�

IOX[�DGMXVWDEOH� IODW� SDQHO�� (YHU\� SKRWRPHWULF� LPDJH�ZDV� YLVXDOO\�

LQVSHFWHG��WKH�DXWKRU�H[FOXGHG�LPDJHV�ZLWK�SRRU�WUDFNLQJ��REYLRXV�

LQWHUIHUHQFH� E\� FORXG� RU� PRRQ�� RU� KDYLQJ� VWDUV�� VDWHOOLWH� WUDFNV��

FRVPLF� UD\� DUWLIDFWV�� RU� RWKHU� DSSDUHQW� OLJKW� VRXUFHV� ZLWKLQ� ���

DUFVHFRQGV�RI�WKH�WDUJHW�DVWHURLG¶V�VLJQDO�FHQWURLG��,PDJHV�SDVVLQJ�

WKHVH�VFUHHQV�ZHUH�VXEPLWWHG�WR�WKH�ZRUNIORZ��

7KH�%%�ILOWHU��D�\HOORZ�ILOWHU�ZLWK�UHODWLYHO\�VKDUS�ZDYHOHQJWK�FXW�

RII�� UHTXLUHV� RQO\� D�PRGHVW� ILUVW�RUGHU� WUDQVIRUP� WR� WKH� VWDQGDUG�

6ORDQ�U¶�SDVVEDQG��,Q�RXU�KDQGV��XVLQJ�WKLV�ILOWHU�UDWKHU�WKDQ�D�FOHDU�

ILOWHU�RU�QR�ILOWHU�LPSURYHV�QLJKW�WR�QLJKW�UHSURGXFLELOLW\�WR�D�GHJUHH�

RXWZHLJKLQJ�ORVV�RI�VLJQDO�WR�QRLVH�UDWLR�IURP�ORVV�RI�IOX[��

&RPSDULVRQ�VWDUV�IURP�WKH�$7/$6�UHIFDW��FDWDORJ�ZHUH�VHOHFWHG�LI�

WKH\�KDG��GLVWDQFH�IURP�LPDJH�ERXQGDULHV�DQG�RWKHU�FDWDORJXHG�IOX[�

VRXUFHV� RI� DW� OHDVW� ��� DUFVHFRQGV�� QR� FDWDORJ� 9$5,$%/(� IODJ��

6ORDQ� U¶� PDJQLWXGH� ZLWKLQ� >���� ��@� RI� WKH� WDUJHW� DVWHURLG¶V� U¶�

PDJQLWXGH�RQ�WKDW�QLJKW��H[FHSW�WKDW�YHU\�IDLQW�DVWHURLGV�XVHG�FRPS�

VWDUV�ZLWK�PDJQLWXGHV�LQ�WKH�UDQJH����WR������6ORDQ�U¶�L¶�FRORU�YDOXH�

ZLWKLQ� >����������@�� DQG� DEVHQFH�RI�YDULDELOLW\� DV� VHHQ� LQ� VHVVLRQ�

SORWV�RI�HDFK�FRPS�VWDU¶V�LQVWUXPHQWDO�PDJQLWXGH�YV�WLPH��

,Q� WKLV� ZRUN�� ³SHULRG´� UHIHUV� WR� DQ� DVWHURLG¶V� V\QRGLF� URWDWLRQ�

SHULRG��³65´�GHQRWHV�WKH�6ORDQ�U¶�SDVVEDQG��DQG�³PPDJ´�GHQRWHV�

PLOOLPDJQLWXGHV��������PDJQLWXGH���

����-DQLQD��2XU�V\QRGLF�SHULRG�HVWLPDWH�RI���������������K�IRU�WKLV�

7KHPLV�IDPLO\� DVWHURLG� FRQILUPV� DOO� SUHYLRXV� HVWLPDWHV� ����� K��

7HGHVFR����������������K���XUHFK�HW�DO���������������K��(UDVPXV��

HW�DO����������������K��3LOFKHU��������EXW�RQH��������K��&ODUN���������

�

1XPEHU� 1DPH� \\\\�PP�GG� 3KDVH� /3$%� %3$%� 3HULRG�K�� 3�(�� $PS� $�(�� *US�
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� ����� 6LJULG� ������������������� 
���������� ��� �� ������� ������ ����� ����� 0%�2�
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7DEOH�,��2EVHUYLQJ�FLUFXPVWDQFHV�DQG�UHVXOWV��7KH�SKDVH�DQJOH�LV�JLYHQ�IRU�WKH�ILUVW�DQG�ODVW�GDWH��,I�SUHFHGHG�E\�DQ�DVWHULVN��WKH�SKDVH�DQJOH�
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7KH�OLJKWFXUYH�VKDSH�IRU�����-DQLQD�LV�FOHDUO\�ELPRGDO��2XU�)RXULHU�

ILW�506�HUURU�LV����PPDJ��JLYHQ�RXU�QDUURZ�SKDVH�DQJOH�UDQJH��ZH�

DSSOLHG� WKH�0LQRU� 3ODQHW� &HQWHU¶V� GHIDXOW� *� YDOXH� RI� ������ 2XU�

SHULRG�VSHFWUXP�VXSSRUWV�WKH�FRQVHQVXV�SHULRG��

�

����3LFNHULQJLD��)RU�WKLV�RXWHU�PDLQ�EHOW�DVWHURLG��ZH�HVWLPDWH�WKH�

SHULRG� DV� ������� �� ������ K�� LQ� DJUHHPHQW� ZLWK� NQRZQ� SUHYLRXV�

HVWLPDWHV� ���� K��+DLQDXW�5RXHOOH� HW� DO��� ������ ������ K�� %HKUHQG��

����ZHE����������K��+DQXã�HW�DO������������������K���XUHFK�HW�DO���

������ ��������� K�� +DQXã� HW� DO��� ������ ��������� K�� 0DUWLNDLQHQ��

HW�DO����������������K��0DV�HW�DO����������������K��3LOFKHU���������

2XU�)RXULHU�ILW�506�HUURU�LV���PPDJ��DQG�WKH�OLJKWFXUYH�VKDSH�LV�

FOHDUO\� ELPRGDO�� *LYHQ� RXU� QDUURZ� UDQJH� RI� SKDVH� DQJOHV�� ZH�

DSSOLHG�*�YDOXH�RI�������

�

����1DHPD��2XU� SHULRG� HVWLPDWH� IRU� WKLV�SULPDU\� DVWHURLG� RI� WKH�

1DHPD�IDPLO\� LV����������������K��DW�YDULDQFH�IURP�ERWK�NQRZQ�

SXEOLVKHG� HVWLPDWHV� �������� K�� %HPEULFN� HW� DO��� ������ ����� K��

%HKUHQG������ZHE���2XU�OLJKWFXUYH�LV�ELPRGDO��

�

2XU�)RXULHU�ILW�506�HUURU�LV����PPDJ��JLYHQ�RXU�YHU\�QDUURZ�SKDVH�

DQJOH� UDQJH�� ZH� DSSOLHG� *� YDOXH� RI� ������ 2XU� SHULRG� VSHFWUXP�

GLVIDYRUV�ERWK� SUHYLRXVO\� SXEOLVKHG�SHULRG� HVWLPDWHV��:H� FDQQRW�

H[SODLQ�GLIIHUHQFHV�LQ�WKHVH�HVWLPDWHV�IURP�RXUV�HLWKHU�E\�PXOWLSOHV�

RI�KDOI�SHULRG�RU�E\�VLGHUHDO�DOLDVHV��

�

�����6LJULG��2XU�SHULRG�HVWLPDWH�RI����������������K�IRU�WKLV�1\VD�

3RODQD�IDPLO\�DVWHURLG�DJUHHV�ZLWK�PRVW���������K��%HPEULFN�DQG�

%\URQ���������������K��+DQXã�HW�DO����������������K���XUHFK�HW�DO���

������EXW�QRW�DOO��������K��%HKUHQG������ZHE��SXEOLVKHG�HVWLPDWHV��

7KH�%HKUHQG�HVWLPDWH�DSSHDUV� WR�EH�D�PRQRPRGDO� LQWHUSUHWDWLRQ��

EXW� WKH�RWKHU� HVWLPDWHV� DQG� WKH� OLJKWFXUYH�RIIHUHG� KHUH� VXJJHVW� D�

ELPRGDO�LQWHUSUHWDWLRQ��:KLOH�RXU�SKDVH�FRYHUDJH�LV�LQFRPSOHWH��WKH�

GLIIHUHQFH�LQ�EULJKWQHVV�EHWZHHQ�WKH�WZR�PLQLPD�LV�VLJQLILFDQW�DQG�

OHDYHV� OLWWOH� GRXEW� WKDW� D� ELPRGDO� LQWHUSUHWDWLRQ� LV� VXSHULRU� WR�

PRQRPRGDO�� 2XU� )RXULHU� ILW� 506� HUURU� LV� ���PPDJ�� *� RI� �����

PLQLPL]HG� WKH� ILW� HUURU�� WKRXJK� WKH� LPSURYHPHQW�RYHU� D� YDOXH�RI�

�����ZDV�PDUJLQDO��

�

�
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�����-DUQHIHOW��)RU�WKLV�RXWHU�PDLQ�EHOW�DVWHURLG��ZH�ILQG�D�V\QRGLF�

SHULRG�RI���������������K��DJUHHLQJ�ZLWK�WZR�SXEOLVKHG�HVWLPDWHV�

�������K��3RODNLV��������������K��3RODNLV��������EXW�GLIIHULQJ�IURP�

RQH� RWKHU� ������� K�� +DZNLQV� DQG� 'LWWHRQ�� ������� 7KH� ODWWHU�

OLJKWFXUYH� VXIIHUHG� LQFRPSOHWH� FRYHUDJH� DV� SKDVHG� WR� ������ K��

SKDVHG� OLJKWFXUYHV� RI������ DQG� �����ZHUH� KHDYLO\� FRYHUHG�ZLWK�

RYHU�����GDWD�SRLQWV�HDFK�DQG�ZHUH�PRUH�FOHDUO\�ELPRGDO�LQ�VKDSH��

2XU� OLJKWFXUYH�EHQHILWHG� IURP� WKUHH� VHVVLRQV�HDFK�FRYHULQJ�PRUH�

WKDQ�RQH�SHULRG��2XU�)RXULHU�ILW�506�HUURU�LV����PPDJ��D�*�YDOXH�

QHDU� ����� VWURQJO\� PLQLPL]HG� WKH� ILW� HUURU�� :H� VXJJHVW� WKDW� D�

ELPRGDO�EDVLV�SHULRG�QHDU������K�DSSHDUV�VHFXUH��

�

�����%RZHU��:H�FRQILUP�PRVW�SUHYLRXVO\�UHSRUWHG�SHULRG�HVWLPDWHV�

������K��%HKUHQG������ZHE�������K��5RELQVRQ������ZHE���������K��

3RODNLV������D����������K���XUHFK�HW�DO��������ZLWK�RXU�HVWLPDWH�RI�

���������������K�IRU�WKLV�LQQHU�PDLQ�EHOW�DVWHURLG��2XU�)RXULHU�ILW�

506�HUURU�LV����PPDJ��*�YDOXH�RI������UHGXFHG�ILW�HUURU�E\�DERXW�

KDOI�UHODWLYH�WR�ILWWLQJ�ZLWK�03&¶V�GHIDXOW�YDOXH�RI�������

�

�����:KLWIRUG��:H� HVWLPDWH� WKH� SHULRG� IRU� WKLV� RXWHU� PDLQ�EHOW�

DVWHURLG� WR� EH� ������� �� ������ K�� GLVDJUHHLQJ�ZLWK� RQH� SXEOLVKHG�

UHSRUW� ������ K�� $]QDU�� ����ZHE�� EXW� DJUHHLQJ� ZLWK� WKUHH� RWKHUV�

��������K��:DV]F]DN�HW�DO������������������K���XUHFK�HW�DO���������

�������K��3RODNLV���������2XU�)RXULHU�ILW�506�HUURU�LV����PPDJ��D�

*�YDOXH�RI������PDUNHGO\� UHGXFHG� ILW� HUURU� UHODWLYH� WR�D�YDOXH�RI�

������

�

����� 'HUVX�8]DOD�� 7KH� URWDWLRQ� SHULRG� IRU� WKLV� +XQJDULD�IDPLO\�

DVWHURLG�KDV�SURYHQ�GLIILFXOW�WR�HVWDEOLVK�ZLWK�FRQILGHQFH��GHVSLWH�LWV�

OLJKWFXUYH�KDYLQJ�VXEVWDQWLDO�DPSOLWXGH��7KH�HDUO\������DSSDULWLRQ�

GXULQJ� ZKLFK� ZH� REVHUYHG� ZDV� QRW� HVSHFLDOO\� IDYRUDEOH� LQ�

PDJQLWXGH�� EXW� LW� ZDV� H[WUDRUGLQDULO\� IDYRUDEOH� LQ� GHFOLQDWLRQ��

�FD��������IRU�1RUWKHUQ�+HPLVSKHUH�REVHUYHUV��ERWK�LQ�WKH�QXPEHU�

RI� PRQWKV� WKDW� LW� UHPDLQHG� QHDU� PD[LPXP� EULJKWQHVV� DQG� LQ�

DOORZLQJ�IRU�REVHUYDWLRQV�GXULQJ�IXOO�PRRQV��

)URP�RXU�H[WHQGHG�OLJKWFXUYH�FDPSDLJQ�DQG�GDWD�FDSWXUHG�IURP����

QLJKWV�RYHU����ZHHNV��ZH�UHSRUW�D�SHULRG�RI���������������K��7KH�

OLJKWFXUYH� VKDSH� UHWDLQHG� LWV� WULPRGDO� VKDSH� WKURXJK� RXU�

REVHUYDWLRQV�ZKLFK�H[WHQGHG�RYHU�PRUH�WKDQ���SHULRGV��2XU�)RXULHU�

ILW�506�HUURU�LV����PPDJ��D�*�YDOXH�RI�������PRGHVWO\�UHGXFHG�WKH�

ILW�HUURU�UHODWLYH�WR������DQG�LV�DQ�XQFHUWDLQ�HVWLPDWH��8QIRUWXQDWHO\��

ZH�KDG�QR�FOHDU�QLJKW�DW�WKH�PDMRU�EULJKWQHVV�PLQLPXP��QHDU�RXU�

SKDVH��������VR�WKDW�RXU�DPSOLWXGH�HVWLPDWH�RI������PDJQLWXGHV�LV�

VRPHZKDW�XQFHUWDLQ��

2XU�SHULRG�UHVXOW�GLIIHUV�IURP�DOO�NQRZQ�SUHYLRXV�UHSRUWV�������K��

:DUQHU�� ���������K��:DUQHU������������K��:DUQHU� HW� DO��� ����E���

���� K�� 3RODNLV�� ����E��� :H� VXJJHVW� WKDW� WKH� ���� K� DQG� ���� K�

HVWLPDWHV�UHSUHVHQW�PRQRPRGDO�DQG�ELPRGDO�LQWHUSUHWDWLRQV��ZKHUH�

RXU�LQWHUSUHWDWLRQ�LV�WULPRGDO��7KRXJK�ZH�VDZ�QR�VWURQJ�HYLGHQFH�

RI�SUHFHVVLRQ��³WXPEOLQJ´��HIIHFW��RXU�GDWD�GR�QRW�UXOH�RXW�D�PLQRU�

HIIHFW��

��
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2XU�SHULRG�VSHFWUXP�IDYRUV�RXU�SURSRVHG�SHULRG�RYHU�SHULRGV�QHDU�

����������DQG����K��

�

����� 5LPEDXG�� )RU� WKLV� YHU\� KLJK�DPSOLWXGH�� LQQHU� PDLQ�EHOW�

DVWHURLG��ZH�UHSRUW�D�SHULRG�RI�����������������K��LQ�DJUHHPHQW�ZLWK�

RQH�SUHYLRXV�UHSRUW���������K��6WHSKHQV�DQG�:DUQHU��������DQG�LQ�

DSSUR[LPDWH� DJUHHPHQW� ZLWK� RQH� RWKHU� ����� K�� 3RGOHZVND�*DFD��

HW�DO����������2XU�)RXULHU�ILW�506�HUURU�LV����PPDJ��*�YDOXH�RI������

VWURQJO\�UHGXFHG�ILW�HUURU�UHODWLYH�WR�03&¶V�GHIDXOW�RI�������

7KRXJK�RXU�FDPSDLJQ�FRQWLQXHG� IRU����QLJKWV�RYHU���ZHHNV��RXU�

SKDVH�FRYHUDJH�UHPDLQV�LQFRPSOHWH��(YHQ�VR��RXU�OLJKWFXUYH�VKDSH�
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