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�5HFHLYHG�������$XJ�����5HYLVHG�������1RY����

/LJKWFXUYHV�IRU�IRXU�QHDU�(DUWK�DVWHURLGV�REVHUYHG�IURP�

*UHDW�6KHIIRUG�2EVHUYDWRU\� GXULQJ� FORVH� DSSURDFKHV� LQ�

����� DQG� ����� DUH� UHSRUWHG�� ����� &%�� ����� *(����

�����..��DQG������6:��$OO�DUH�VPDOO��+�!�����IDVW�RU�

VXSHU�IDVW�URWDWRUV��

3KRWRPHWULF� REVHUYDWLRQV� RI� QHDU�(DUWK� DVWHURLGV� GXULQJ� FORVH�

DSSURDFKHV� WR� (DUWK� LQ� ����� DQG� ����� ZHUH� PDGH� DW� *UHDW�

6KHIIRUG� 2EVHUYDWRU\� XVLQJ� D� �����P� 6FKPLGW�&DVVHJUDLQ� DQG�

$SRJHH� $OWD� 8���� &&'� FDPHUD�� $OO� REVHUYDWLRQV� ZHUH� PDGH�

XQILOWHUHG�DQG�ZLWK�WKH�WHOHVFRSH�RSHUDWLQJ�ZLWK�D�IRFDO�UHGXFHU�DW�

I����7KH��.î�.�����PLFURQ�&&'�ZDV�ELQQHG��î��UHVXOWLQJ�LQ�DQ�

LPDJH� VFDOH�RI������ DUFVHF�SL[HO��$VWURPHWULFD� �5DDE��������ZDV�

XVHG� WR�PHDVXUH�SKRWRPHWU\�XVLQJ�$3$66�-RKQVRQ�9�EDQG�GDWD�

IURP� WKH� 8&$&�� FDWDORJXH� DQG�032� &DQRSXV� �:DUQHU�� ������

������� LQFRUSRUDWLQJ� WKH� )RXULHU� DOJRULWKP� GHYHORSHG� E\� +DUULV�

�+DUULV�HW�DO���������ZDV�XVHG�IRU�OLJKWFXUYH�DQDO\VLV��

�����&%��7KLV�VPDOO�$SROOR�REMHFW�ZDV�GLVFRYHUHG�RQ������)HE���

�)XOV�HW�DO������������GD\V�EHIRUH�PDNLQJ�D�YHU\�FORVH�DSSURDFK�WR�

(DUWK�� DW� a������� NP�� RU� ����� /XQDU� 'LVWDQFHV� RQ� ����� )HE� ��

������87��,W�ZDV�WUDFNHG�IURP�*UHDW�6KHIIRUG�IRU�����KRXUV��IURP�

������87�WR�ZLWKLQ�DQ�KRXU�RI�FORVHVW�DSSURDFK�DQG�LWV�SUR[LPLW\�

SRVHG� VRPH� FKDOOHQJHV�� 7KH� DSSDUHQW� UDWH� RI� PRWLRQ� LQFUHDVHG�

IURP� ���� WR� RYHU� ������ DUFVHF�PLQ�� VR� H[SRVXUHV� ZHUH� OLPLWHG�

LQLWLDOO\� WR� ���� V�� UHGXFLQJ� GRZQ� WR� ���� V� E\� WKH� HQG�� 7KH� SKDVH�

DQJOH�LQFUHDVHG�IURP�����WR������DQG�WKLV�FDXVHG�WKH�DPSOLWXGH�RI�

OLJKW� YDULDWLRQV� WR� LQFUHDVH� YHU\� UDSLGO\�� HVSHFLDOO\� DW� WKH� HQG� RI�

WKH�REVHUYLQJ�SHULRG�������&%�PRYHG�DFURVV�����RI�VN\�DQG�WKLV�

QHFHVVLWDWHG�WKH�WHOHVFRSH�EHLQJ�UHSRVLWLRQHG�����WLPHV��$�WRWDO�RI�

������ LPDJHV�ZHUH�PHDVXUHG� DQG� LPSRUWHG� LQWR�&DQRSXV� DV� ����

VHSDUDWH� VHVVLRQV�� EXW� GXH� WR� WKH� LQFUHDVLQJ� OLJKWFXUYH� DPSOLWXGH�

RQO\� WKH� ILUVW� ��� �FRYHULQJ� ��� PLQXWHV�� KDYH� EHHQ� XVHG� KHUH� WR�

GHULYH�D�OLJKWFXUYH��7KH�DSSDUHQW�PDJ�ZDV�����������WKURXJKRXW��

$�VHDUFK�RI�WKH�$VWHURLG�/LJKWFXUYH�'DWDEDVH��/&'%��:DUQHU�HW�

DO���������DQG�ZLGHU�VHDUFKHV�GLG�QRW�ILQG�DQ\�SUHYLRXVO\�UHSRUWHG�

UHVXOWV�IRU������&%��

7KH�SHULRG�VSHFWUXP�IDYRXUV�DQ�DV\PPHWULF�ELPRGDO�VROXWLRQ�ZLWK�

SHULRG����������K�EXW�D�TXDGULPRGDO�VROXWLRQ�DOVR�DSSHDUV�WR�EH�D�

SRVVLELOLW\�� ZLWK� UHODWLYHO\� VPDOO� DPSOLWXGH� ������� DW� KLJK� SKDVH�

DQJOH� ����� �� ������ %XW� D� VSOLW�KDOYHV� GLDJUDP� XVLQJ� GRXEOH� WKH�

ELPRGDO�SHULRG�VKRZV�WKH�WZR�KDOYHV�WR�EH�HVVHQWLDOO\�WKH�VDPH�VR�

WKH�ELPRGDO�VROXWLRQ�LV�DVVXPHG�FRUUHFW�LQ�WKLV�DQDO\VLV��

6PDOO�DGMXVWPHQWV�WR�WKH�]HUR�SRLQWV�RI�WKH�VHVVLRQV�ZHUH�PDGH�WR�

PLQLPL]H� WKH� RYHUDOO� 506� ILW� RI� WKH� OLJKWFXUYH�� WKH� ODUJHVW�

DGMXVWPHQW�EHLQJ������PDJ�DQG�WKH�506�IRU�DOO�DGMXVWPHQWV�ZDV�

�����PDJ��

�

7KH� UHPDLQLQJ���� VHVVLRQV� VKRZ�D� VLPLODU�SHULRG�ZKHQ� DQDO\VHG�

ZLWK� &DQRSXV�� EXW� ZLWK� OLJKWFXUYH� IHDWXUHV� UDSLGO\� LQFUHDVLQJ� LQ�

VL]H��7KH�FRHIILFLHQWV�IURP�WKH��WK�RUGHU�)RXULHU�VROXWLRQ�JHQHUDWHG�

IRU� WKH�SKDVHG� OLJKWFXUYH�SORW�ZHUH� XVHG� WR�PRGHO� WKH� OLJKWFXUYH�

IRU�DOO�DYDLODEOH�GDWD�SRLQWV��3KDVHG�SORWV�RI�UHODWLYH�PDJQLWXGH�IRU�

IRXU�VHSDUDWH�SHULRGV��WR�LOOXVWUDWH�WKH�DPSOLWXGH�FKDQJHV�DUH�JLYHQ��

WRJHWKHU�ZLWK�D�SORW�RI�WKH�$PSOLWXGH�YV�3KDVH�$QJOH�UHODWLRQVKLS��

KRUL]RQWDO� EDUV� LQGLFDWLQJ� WKH� UDQJH� RI� SKDVH� DQJOHV� LQFOXGHG� LQ�

HDFK�DPSOLWXGH�GHWHUPLQDWLRQ��

,W� LV� QRW�SRVVLEOH� WR�GHWHUPLQH�ZKDW� FRQWULEXWLRQV�SKDVH� DQJOH�RU�

FKDQJLQJ� µSROH�RQ¶� JHRPHWU\� FRQWULEXWHG�� EXW� DQ� HPSLULFDO�

IRUPXOD�DSSUR[LPDWLQJ�WKH�REVHUYHG�QRQ�OLQHDU�$PSOLWXGH���3KDVH�

$QJOH�UHODWLRQVKLS�LQ�WKH�UDQJH�������.��������LV��

$PSOLWXGH�§��������H��������.�

�

�
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�����*(���$Q�$SROOR�REMHFW�GLVFRYHUHG�RQ������$SULO�����7LFK\�

HW�DO���������DQG�PDNLQJ�D�FORVH�DSSURDFK�WR�(DUWK�RQ������$SULO�

������87�ZDV�IROORZHG�IURP�������������87�RQ�WKH�QLJKW�RI������

$SULO�������DV�LW�EULJKWHQHG�WR�DSSDUHQW�PDJ�������'LVWDQFH�IURP�

(DUWK� GHFUHDVHG� IURP� �������� WR� �������� NP� GXULQJ� WKDW� SHULRG�

DQG�EHFDXVH�RI�WKH�ODUJH�DSSDUHQW�UDWH�RI�PRWLRQ������LQFUHDVLQJ�WR�

����DUFVHF�PLQ��H[SRVXUHV�ZHUH�UHGXFHG�IURP���V�GRZQ�WR���V� WR�

HQVXUH�WKH�WUDLO�ZDV�DOZD\V�HQFORVHG�LQ�D���SL[HO�UDGLXV�DQQXOXV�LQ�

$VWURPHWULFD��7KH� WHOHVFRSH�ZDV� UHSRVLWLRQHG���� WLPHV� DQG������

LPDJHV�ZHUH�REWDLQHG��0HDVXUHPHQWV�PDGH�LQ�$VWURPHWULFD�ZHUH�

LPSRUWHG� LQWR� ��� VHVVLRQV�ZLWKLQ�&DQRSXV� DQG� VPDOO� DGMXVWPHQWV�

WR� WKH� ]HUR�SRLQWV� RI� WKH� VHVVLRQV� ZHUH� PDGH� WR� PLQLPL]H� WKH�

RYHUDOO� 506� ILW� RI� WKH� OLJKWFXUYH�� WKH� ODUJHVW� DGMXVWPHQW� EHLQJ�

����� PDJ� DQG� WKH� 506� IRU� DOO� DGMXVWPHQWV� ZDV� ����� PDJ�� $�

ELPRGDO� VROXWLRQ� RI� ��������� �� ��������� K� ZLWK� DPSOLWXGH� RI��

����� PDJ� LQGLFDWHV� WKDW� ����� UHYROXWLRQV� RI� ����� *(�� RFFXUUHG�

GXULQJ�WKH���K����PLQ�LW�ZDV�XQGHU�REVHUYDWLRQ��

$�VHDUFK�RI�WKH�/&'%�SURYLGHV�RQH�SUHYLRXVO\�UHSRUWHG�OLJKWFXUYH�

�*RUQHD� HW� DO��� ������� IURP�REVHUYDWLRQV� FRYHULQJ������$SULO� ���

�����±������87�� HQWLUHO\�ZLWKLQ� WKH�SHULRG�REVHUYHG� IURP�*UHDW�

6KHIIRUG�DQG�ZLWK�3� �������K�DQG�$� ������PDJ�DJUHHV�YHU\�ZHOO�

ZLWK�WKH�VROXWLRQ�GHWHUPLQHG�KHUH��

�

�����..���7KLV�$SROOR�REMHFW�ZDV� GLVFRYHUHG� RQ� �����0D\����

�%XOJHU� HW� DO��� ����D�� DQG� ZDV� RQO\� EULJKWHU� WKDQ��� PDJ� RQ� ��

QLJKWV�EHIRUH�SDVVLQJ�(DUWK�DW�����/XQDU�'LVWDQFHV�RQ������-XQH�

����87&��$�VHDUFK�RI�WKH�/&'%�DQG�ZLGHU�VHDUFKHV�GR�QRW�UHYHDO�

DQ\� SUHYLRXVO\� UHSRUWHG� OLJKWFXUYH� UHVXOWV�� ����� ..�� ZDV�

REVHUYHG�IURP�*UHDW�6KHIIRUG�RQ������0D\����DW�WKH�VWDUW�DQG�HQG�

RI�WKH�QLJKW�IRU�DVWURPHWU\�SXUSRVHV��UXQV���	���LQ�7DEOH�����WKHQ�

DJDLQ�RQ������-XQH����DW�VWDUW�DQG�HQG�RI�WKH�QLJKW�IRU�DVWURPHWU\�

�UXQV� �� 	� ��� DQG� DOVR� GXULQJ� D� ���PLQ� SHULRG� LQ� EHWZHHQ��

VSHFLILFDOO\�IRU�SKRWRPHWU\��UXQ�����

� �����0D\�-XQH� )LHOGV��

5XQ� GG�KK�PP� �GG�KK�PP� 3RLQWV� 3KDVH�UDQJH� ([S�

� �� ������������������ ����� ���������� �����

� �� ������������������ ����� ����� ��

� �� ������������������������ ���������� ��

� �� ������������������������ ���������� ��������

� �� ������������������������ ���������� ��

7DEOH�,��6XPPDU\�RI�REVHUYLQJ�UXQV��7KH�VWDUW�DQG�HQG�WLPHV�
RI� LPDJHV� XVHG� LV� JLYHQ�� )LHOGV�3RLQWV� JLYHV� WKH� QXPEHU� RI�
WLPHV� WKH�WHOHVFRSH�ZDV�UHSRVLWLRQHG�WR�GLIIHUHQW�ILHOGV�GXULQJ�
WKH� UXQ� WRJHWKHU� ZLWK� WKH� QXPEHU� RI� GDWD� SRLQWV� XVHG� LQ� WKH�
DQDO\VLV�� 3KDVH� UDQJH� JLYHV� WKH� SKDVH� DW� VWDUW� DQG� HQG� RI�
HDFK� UXQ��([S� LV� WKH� H[SRVXUH� WLPHV� LQ� VHFRQGV�XVHG�GXULQJ�
WKH�UXQV��
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����� ..��ZDV� ��WK� PDJ� RQ� WKH� ILUVW� QLJKW� DQG� ��WK� PDJ� RQ� WKH�

VHFRQG� EXW� RQ� ERWK� QLJKWV� ODUJH� YDULDWLRQV� LQ� PDJQLWXGH� ZHUH�

HYLGHQW� EHWZHHQ� FRQVHFXWLYH� H[SRVXUHV�� 2Q� WKH� ILUVW� QLJKW� WKH�

REMHFW�ZDV� WRR� IDLQW� WR� VHH�RQ� LQGLYLGXDO� H[SRVXUHV� DW�PLQLPXP��

EXW� RQ� WKH� VHFRQG� QLJKW� LW� ZDV� YLVLEOH� WKURXJKRXW� LWV� OLJKW�

YDULDWLRQV��$V�WKH�REMHFW�DSSURDFKHG�WKH�(DUWK�RQ�WKH�VHFRQG�QLJKW�

WKH� DSSDUHQW� VSHHG�H[FHHGHG� ���� DUFVHF�PLQ� DQG� H[SRVXUHV�ZHUH�

OLPLWHG� WR� OHVV� WKDQ� �� VHFRQGV� WR� NHHS� WKH� WUDLOV� VKRUW� HQRXJK� WR�

PHDVXUH�ZLWK� D� ��SL[HO� UDGLXV� DQQXOXV� LQ�$VWURPHWULFD�� 7KH� ����

PHDVXUHV� REWDLQHG� GXULQJ� UXQ� �� LQYROYHG� WKH� WHOHVFRSH� EHLQJ�

UHSRVLWLRQHG���WLPHV�GXH�WR�WKH�IDVW�PRWLRQ�RI�WKH�REMHFW�DQG�WKHVH�

PHDVXUHV� ZHUH� LPSRUWHG� LQWR� &DQRSXV�� 7KH� UHVXOWLQJ� SHULRG�

VSHFWUXP�LQGLFDWHV�D�ELPRGDO�VROXWLRQ�LV�PDUJLQDOO\�SUHIHUDEOH�EXW�

LV� DOVR� VXJJHVWHG� IURP� WKH� ODUJH� DPSOLWXGH� �+DUULV� HW� DO��� �������

WKRXJK� WKH� ODUJH� SKDVH� DQJOH� ZLOO� KDYH� HQKDQFHG� WKH� REVHUYHG�

DPSOLWXGH�DQG�PDGH�WKLV�LQIHUHQFH�VRPHZKDW�OHVV�FRQFOXVLYH��

6PDOO�DGMXVWPHQWV�WR�WKH�]HUR�SRLQWV�RI�WKH���VHVVLRQV�ZHUH�PDGH�

WR� PLQLPL]H� WKH� RYHUDOO� 506� ILW� RI� WKH� OLJKWFXUYH�� WKH� ODUJHVW�

DGMXVWPHQW� ZDV� ���� PDJ� DQG� WKH� 506� IRU� DOO� DGMXVWPHQWV� ZDV��

����� PDJ�� :LWK� D� SHULRG� RI� ����� V�� ����� ..�� FRPSOHWHG� ���

UHYROXWLRQV�GXULQJ�WKH����PLQXWHV�RI�UXQ����

�

0HDVXUHPHQWV�REWDLQHG�IURP�WKH�VWDUW�RI�UXQ���DQG�WKH�HQG�RI�UXQ�

��ZHUH�DIIHFWHG�E\�WZLOLJKW�DQG�KDYH�QRW�EHHQ�XVHG�LQ�WKH�DQDO\VLV�

EXW� UXQV� ��� �� DQG� WKH� ODWWHU�KDOI�RI� UXQ���ZHUH�PHDVXUHG� DQG� WKH�

SHDN� EULJKWQHVV� YDOXHV� VHOHFWHG� DQG� FRPELQHG� ZLWK� WKH� SHDN�

EULJKWQHVV�IURP�WKH�OLJKWFXUYH�SURGXFHG�IURP�UXQ���WR�SORW�DQ�+�*�

GLDJUDP� ZKLFK� JLYHV� +9�  � ������ �� ������ *�  � ����� �� ������

$VVXPLQJ�D�YDOXH�RI�*� ������UHVXOWV�LQ�+9� ��������

7KH� -3/� 6PDOO�%RG\� 'DWDEDVH� %URZVHU� �-3/�� ������ JLYHV��

+� ����������������DVVXPLQJ�*� ������DQG�DV� WKLV� LV�FDOFXODWHG�

IURP� SKRWRPHWU\� VXEPLWWHG� ZLWK� DVWURPHWU\� WR� WKH�0LQRU� 3ODQHW�

&HQWHU�WDNHQ�ZLWK�D�YDULHW\�RI�H[SRVXUH�OHQJWKV�LW�FDQ�EH�UHJDUGHG�

DV� EHLQJ� GHULYHG� IURP� WKH� DYHUDJH� EULJKWQHVV� RI� WKH� OLJKWFXUYH��

HVSHFLDOO\�GXH� WR� WKH� VKRUW����V� URWDWLRQ�SHULRG��7KH�YDOXH�RI�+9�

ZLWK�DVVXPHG�* �����GHWHUPLQHG�KHUH�IRU�WKH�SHDN�PDJQLWXGH�FDQ�

EH� DGMXVWHG� E\� KDOI� WKH� DPSOLWXGH� WR� JLYH� DQ� DYHUDJH� EULJKWQHVV�

ILJXUH��L�H��

+Y��DYHUDJH�PDJ�� �������������� �������

DQG�WKLV�LV�LQ�JRRG�DJUHHPHQW�ZLWK�WKH�-3/�YDOXH��

�

�����6:��1RWDEOH� IRU� D�YHU\� FORVH� DSSURDFK� WR�������� NP� IURP�

WKH� (DUWK¶V� VXUIDFH� RQ� ����� 6HS� ������ 87�� WKLV� VPDOO� $SROOR�

REMHFW�ZDV�GLVFRYHUHG�E\�.DFSHU�:LHU]FKR���%XOJHU�HW�DO�������E��

DQG� IRU� VXFK�D� VPDOO� REMHFW�ZLWK� WKH�XQXVXDOO\� ORQJ� OHDG�WLPH�RI�

QHDUO\���GD\V�EHIRUH�LWV�SDVVDJH��,W�ZDV�REVHUYHG�DW�*UHDW�6KHIIRUG�

WR�ZLWKLQ����KRXUV�RI�FORVH�DSSURDFK�ZKHQ�LW�ZDV�ZHOO�ZLWKLQ�WKH�

RUELW� RI� WKH�0RRQ�� WKRXJK� LWV� VN\�PRWLRQ�ZDV� QRW� H[FHVVLYH� ����

DUFVHF�PLQ�� DV� LW� KHDGHG� DOPRVW� GLUHFWO\� WRZDUG� (DUWK�� 7KH�

DSSDUHQW�PDJ�ZDV� ���� WKURXJKRXW� WKH� SHULRG� RI� REVHUYDWLRQ� DQG�

H[SRVXUHV�DV�ORQJ�DV����V�ZHUH�SRVVLEOH�ZLWKRXW�H[FHVVLYH�WUDLOLQJ��

EXW� DV� ODUJH� EULJKWQHVV� YDULDWLRQV� ZHUH� REYLRXV� EHWZHHQ� WULDO�

H[SRVXUHV�WDNHQ���V�DSDUW�WKH�GHFLVLRQ�ZDV�PDGH�WR�OLPLW�H[SRVXUHV�

WR���V�RU�OHVV�WR�FDSWXUH�DQ\�VXSHUIDVW�URWDWLRQ�SUHVHQW��([SRVXUHV�

RI������DQG���VHFRQGV�ZHUH�WDNHQ��EXW�WKH���VHFRQG�H[SRVXUHV�ZHUH�

QRW�XVHG�LQ�WKLV�DQDO\VLV�GXH�WR�WKH�ODUJHU�QRLVH�LQ�PHDVXUHPHQWV��

7KH�ORQJHU����V�H[SRVXUH�OHQJWK��DW�������3HULRG��3��LV�EHORZ�WKH�

�����3�WKUHVKROG�ZKHUH�D�UHGXFWLRQ�LQ�VWUHQJWK�RI�WKH�OLJKWFXUYH¶V�

�QG� KDUPRQLF� DQG� VPRRWKLQJ� RI� WKH� OLJKWFXUYH� ZRXOG� EHFRPH�

SUREOHPDWLF�� GXH� WR� WKH� GHULYHG� YHU\� VKRUW� ����� VHFRQG� URWDWLRQ�

SHULRG��3UDYHF�HW�DO����������$V�ZLWK�WKH�RWKHU�DQDO\VHV�KHUH��VPDOO�

]HUR�SRLQW�DGMXVWPHQWV�WR�WKH�VL[�VHVVLRQV�ZHUH�PDGH�WR�PLQLPLVH�

WKH�RYHUDOO�506�ILW� RI� WKH� OLJKWFXUYH�� WKH� ODUJHVW�DGMXVWPHQW�ZDV�

����� PDJ� DQG� WKH� 506� IRU� DOO� DGMXVWPHQWV� ZDV� ����� PDJ���

����� 6:� FRPSOHWHG� ���� UHYROXWLRQV� GXULQJ� WKH� �� K� ��� PLQ�

HODSVHG�WLPH�XVHG�WR�SURGXFH�WKH�OLJKWFXUYH��

� � ,QWJ�� ,QWJ���� 0LQ�

1XPEHU� 1DPH� WLPH� 3HULRG� D�E�

� � �����&%� ���� ������� ����

� � �����*(�� ���� ������� ����

� � �����..�� ���� ������� ����

� � �����6:� ���� ������ ����

7DEOH� ,,�� $QFLOODU\� LQIRUPDWLRQ�� OLVWLQJ� WKH� ORQJHVW� LQWHJUDWLRQ�
WLPH�XVHG��VHFRQGV���WKH�IUDFWLRQ�RI�WKH�SHULRG�UHSUHVHQWHG�E\�
WKH� LQWHJUDWLRQ� WLPH� �VHH� 3UDYHF� HW� DO��� ������ DQG� WKH�
FDOFXODWHG�PLQLPXP�HORQJDWLRQ�RI�WKH�DVWHURLG��.ZLDWNRZVNL�HW�
DO����������
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$� VHDUFK� RI� WKH� $'6� ������� DQG� WKH� /&'%� GLG� QRW� ILQG� DQ\�

SUHYLRXVO\� UHSRUWHG� UHVXOWV� EXW� D� SUHOLPLQDU\� UHVXOW� SXEOLVKHG� RQ�

7ZLWWHU��:HOOV�DQG�%DPEHUJHU��������RI�3� �������������������K���

$PS� ������DJUHHV�ZHOO�ZLWK�WKLV�DQDO\VLV��

�

5HIHUHQFHV�
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