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SUHVVXUH� DQG� WKLV� YDULDEOH� LV� QRW� WDNHQ� LQWR� DFFRXQW� LQ�HYDOXDWLRQV��$�VPDOO� ODERUDWRU\�VWDQG�ZDV�PDGH� LQ�RUGHU� WR�FRQGXFW�WKH�PHDVXUHPHQWV�����$3352;,0$7,21�2)�7+(502'<1$0,&�5(/$7,21
7KH� WKHUPRG\QDPLF� VWDWH� RI� KHOLXP�DLU� PL[WXUH� LV�GHILQHG� E\� WKUHH� TXDQWLWLHV�� DEVROXWH� SUHVVXUH� S��WHPSHUDWXUH�7 DQG�RQH�FRPSRQHQW�FRQFHQWUDWLRQ�7KH� DYDLODEOH� WDEOHV� RI� PL[WXUHV� WKHUPRG\QDPLF�SURSHUWLHV�>�@�DOORZ�GHULYLQJ�WKH�YDOXH�RI�VRXQG�VSHHG�DGDV� D� IXQFWLRQ� RI� SUHVVXUH�� WHPSHUDWXUH� DQG� FRPSRQHQW�FRQFHQWUDWLRQ����� � �S+H7SDD GG �� ���
7KH�UHODWLRQ�����LV�PRQRWRQLF�DQG�WKHUHIRUH�WKH�LQYHUVH�UHODWLRQ� IRU� KHOLXP� FRQWHQW� FDQ� EH� GHULYHG� >�@�� ,Q� WKLV�SDSHU� WKH� KHOLXP� FRQWHQW� LV� WR� EH� PHDVXUHG� XQGHU� WKH�DPELHQW� SUHVVXUH�� 7KH� UHODWLRQ� ���� LV� WR� EH�DSSUR[LPDWHG� � �7DS+HS+H G � ���
7KLV�UHODWLRQ�ZDV�DSSUR[LPDWHG�DW�D�FRQVWDQW�SUHVVXUH��S� ���� 03D�IRU��WHPSHUDWXUH�UDQJH�RI�����.d 7d ����.ZLWK�LQWHUYDO��.�DQG�KHOLXP�FRQWHQW�UDQJH��� d S+H� d ��� �� �ZLWK� LQWHUYDO� ��� �S+H ��� ZDV�DOVR�LQFOXGHG���7KH�UDQJH�RI�VRXQG�VSHHGV�FRPHV�IURP�WKHVH�UDQJHV�DQG�LQ�WKLV�FDVH�LV�JLYHQ�EHORZ�
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7KH�FRHIILFLHQWV�Z������Z� LQ�����ZHUH�GHULYHG�E\�WKH�OHDVW�VTXDUH� PHWKRG� �UHJUHVVLRQ�� 7KH� VWDQGDUG� 0$7/$%�SDFNDJH�ZDV�XVHG� IRU� WKHVH�FRPSXWDWLRQV��7KH�GDWD� IRU�FRPSXWDWLRQV� ZHUH� WDNHQ� IURP� HOHFWURQLF�WKHUPRG\QDPLF�WDEOHV�LQ�3URPL[�VRIWZDUH�>�@��7KH�)LJ���VKRZV�WKH�DSSUR[LPDWHG�VXUIDFH�:LWKLQ� WKH�FRQVLGHUHG�UDQJHV�RI� WHPSHUDWXUH�DQG�VRXQG�VSHHG� WKH� PD[LPXP� HUURUV� RI� KHOLXP� FRQWHQW� ZDV�FRPSXWHG�� ''+H  �������
IRU��������7� �����.�����S+H �������������DG  ����������P�V

GG+H  �������>�@
IRU��������7� �����.�����S+H� �������������DG  ����������P�V
���0($685(0(176
7KHUH� DUH� VHQVRUV�� ZKLFK� PHDVXUH� R[\JHQ� FRQWHQW��DYDLODEOH�RQ�WKH�PDUNHW��%XW�WKHUH�DUH�QR�VLPSOH�VHQVRUV��ZKLFK�PHDVXUH� FRQWHQW� RI� KHOLXP� RU� QLWURJHQ��7KH� DLP�RI�WKLV�SDSHU�LV�WR�ILQG�RXW��ZKHWKHU�LW�LV�SRVVLEOH�WR�EXLOG�D�VLPSOH�GHYLFH� IRU�KHOLXP�FRQWHQW�HYDOXDWLRQ�EDVHG�RQ�VRXQG� VSHHG� PHDVXUHPHQW�� 7KH� ODERUDWRU\� VWDQG� ZDV�EXLOG�DQG�DSSURSULDWH�PHDVXUHPHQWV�ZHUH�WDNHQ�RXW�
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)LJXUH� ��7KH� VXUIDFH� RI� WKH� UHODWLRQ����S+H S+H�DG�7���S ����03D
7KH� ODERUDWRU\� VWDQG� �)LJ���� FRQVLVWV� RI� D� YHUWLFDO�F\OLQGHU� ZLWK� D� JDV� LQOHW� DQG� RXWOHW�� $� PHDVXUHG� JDV�PL[WXUH� LV� GHOLYHUHG� WR� WKH� LQOHW� IURP� D� KLJK�SUHVVXUH�WDQN��XVHG�LQ�K\SHUEDULF�H[SRVXUHV��H�J�� LQ�GLYLQJ���7KH�JDV� IURP�WKH�F\OLQGHU� IORZV�RXW� WR� WKH DWPRVSKHUH��7KH�XSSHU�SDUW�RI�WKH�F\OLQGHU�LV�PRYDEOH��,I�WKH�SUHVVXUH�LQ�WKH�F\OLQGHU�ZHUH�KLJKHU�WKDQ�WKH�DPELHQW��WKHQ�LW�ZRXOG�RSHQ��,W�DVVXUHV�WKDW�DOO�PHDVXUHPHQWV�ZHUH�WDNHQ�DW�WKH�DPELHQW� SUHVVXUH�� 7KH� VRXQG� VSHHG� LV� PHDVXUHG� DORQJ�YHUWLFDO� D[LV� RI� WKH� F\OLQGHU� E\� DQ� XOWUDVRQLF� GLVWDQFH�VHQVRU� >�@�� ZKLFK� LV� SODFHG� RQ� WKH� XSSHU� VLGH� RI� WKH�F\OLQGHU�� 2Q� WKH� VLGH� RI� WKH� F\OLQGHU� D� WHPSHUDWXUH�VHQVRU� �3W����� LV� SODFHG�� %RWK�PHDVXUHG� TXDQWLWLHV� DUH�FRQYHUWHG� WR� VWDQGDUG� FXUUHQW� VLJQDO� ����P$� DQG�GHOLYHUHG� WR� WKH� 3&� E\� $QDORJXH�'LJLWDO� &RQYHUWHU��$'&�ERDUG���
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)LJXUH���7KH�KHOLXP�FRQWHQW�PHDVXUHPHQW�V\VWHP
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7KH� GLVWDQFH� WR� WKH� ERWWRP� RI� WKH� F\OLQGHU� LV� FRQVWDQW�DQG� HTXDO� WR� G�  � ����� >P@�� 7KHUHIRUH� WKH� XOWUDVRQLF�VHQVRU� PHDVXUHV� WKH� VRXQG� VSHHG�� :KHQ� WKH� JDV�FRQWDLQLQJ�KHOLXP� LV� GHOLYHUHG� WR� WKH� F\OLQGHU�� WKHQ� WKH�XOWUDVRQLF� VHQVRU�RXWSXW� LV� IDOOLQJ�GRZQ�XQWLO� LW� UHDFKHV�WKH� FRQVWDQW� YDOXH�� 7KH� PHDVXUHG� YDOXH� UHSUHVHQWV� D�WLPH�W���ZKLFK�ODVWV�ZKHQ�WKH�VRXQG�ZDYH�JRHV�IURP�WKH�WUDQVPLWWHU� �VRXUFH�� WR� WKH� ERWWRP� RI� WKH� F\OLQGHU� DQG�WKHQ� EDFN� WR� WKH� UHFHLYHU�� 7KH� GLVWDQFH� PDGH� E\� WKH�VRXQG�ZDYH�LV�HTXDO�WR��G� ����� >P@��7KH�VRXQG�VSHHG�LQ�WKH�H[DPLQHG�PL[WXUH�LV�JLYHQ�E\> @VPGD W���� �
7KH� PHDVXULQJ� V\VWHP� GRHV� QRW� HYDOXDWH� WLPH� W LQ� DQ�H[SOLFLW� IRUP�� 7KHUHIRUH� D� FDOLEUDWLRQ� RI� WKH� UHODWLRQ�VRXQG� VSHHG� ± PHDVXUHG� FXUUHQW� ZDV� UHTXLUHG�� ,W� ZDV�GRQH� XVLQJ� WZR� JDV�PL[WXUHV�� LQ� ZKLFK� KHOLXP� FRQWHQW�DQG��VRXQG�VSHHG��ZHUH�SUHFLVHO\�NQRZQ��7KH� 3&� FRPSXWHU� HYDOXDWHV� RQ�OLQH� WKH KHOLXP� FRQWHQW��LQ�KHOLXP�DLU�PL[WXUH��EDVHG�RQ�PHDVXUHG�VRXQG�VSHHG��WHPSHUDWXUH� DQG� SRO\QRPLDO� DSSUR[LPDWH� UHODWLRQ�GHYHORSHG�LQ�6HFWLRQ����7KH� UHVXOWV� ZHUH� FRPSDUHG� ZLWK� KHOLXP� FRQWHQW�HVWLPDWLRQ� EDVHG� RQ� R[\JHQ� FRQWHQW�PHDVXUHPHQW� ± DV�VHD� GLYHUV� XVXDOO\� GR� LW�� 7KH�0LQL2;£ R[\JHQ� VHQVRU�ZLWK� WUDQVGXFHU� 91���� �9$1'$*5$3+� /WG�� ZDV�XVHG��7KH�DFFXUDF\�RI� WKH�R[\JHQ�FRQWHQW�PHDVXUHPHQW�ZDV����� ZKLFK�PHDQV�WKDW�WKH�KHOLXP�FRQWHQW�LQ�+H�$LU�PL[WXUH�LV�HVWLPDWHG�ZLWK����HUURU��7KH� +H�$LU� PL[WXUHV� ZLWK� ��� � ���� KHOLXP� FRQWHQWV�ZHUH� H[DPLQHG�� 7KH� PHDVXUHPHQW� RI� WKH� PL[WXUHV�FRQWDLQLQJ� PRUH� WKDW� ���� RI� KHOLXP� ZHUH� LPSRVVLEOH��EHFDXVH� RI� WRR� ORZ� IUHTXHQF\� XVHG� LQ� WKH� XOWUDVRQLF�VHQVRU�� )RU� WKHVH� KHOLXP�FRQWHQWV� WKH� VRXQG� VSHHG�ZDV�RYHU�����>P�V@�DQG� WKH�VRXQG�ZDYH�ZDV�QRW�UHFRJQLVHG�E\�WKH�UHFHLYHU�$OO�PHDVXUHPHQWV�ZHUH�FRQGXFWHG�DW� URRP� WHPSHUDWXUH�����>.@����R&���7KH�UHVXOWV�DUH�JDWKHUHG�LQ�7DEOH���7KH� PHDVXUHPHQWV� PDGH� ZLWK� XOWUDVRQLF� VHQVRU� ZHUH�KLJKO\� UHSHDWDEOH�� 7KLV� FDQ� QRW� EH� VDLG� DERXW� WKH�PHDVXUHPHQWV PDGH� E\� WKH� R[\JHQ� VHQVRU�� ZKLFK�UHTXLUHG�PXOWLSOH�FDOLEUDWLRQ�LQ�DLU�7KH� KLJKHVW� DEVROXWH� HUURU� RI� WKH� KHOLXP�PHDVXUHPHQW�ZDV� HTXDO� WR� ��� LQ� PHDVXUH� QR� ��� ,I� WKLV� FDVH� LV�QHJOHFWHG��WKHQ�WKH�HUURU�LV�ORZHU�WKDQ�������7KH�KLJKHVW�DEVROXWH�HUURU�DSSUR[LPDWH�UHODWLRQ�����DQG�YDULDQFH� RI� WKH� PHDVXUHPHQWV� RI� KHOLXP� FRQWHQW� DUH�ORZHU� WKDQ� WKH� HUURU�PDGH� LQ�PHDVXUHPHQWV� E\� R[\JHQ�VHQVRU�
���&21&/86,2167KH� ODERUDWRU\� VWDQG�EDVHG�RQ�XOWUDVRQLF� VHQVRU��ZKLFK�DOORZV� PHDVXULQJ� KHOLXP� FRQFHQWUDWLRQ� LQ� +H�$LU�PL[WXUH��ZDV� EXLOW��7KH� FDUULHG� RXW�PHDVXUHPHQWV� KDYH�VKRZQ�WKDW�WKH�HUURU�LQ�KHOLXP�HYDOXDWLRQ�ZDV�ORZHU�WKDQ�����7KH� UHSHDWDELOLW\� RI�PHDVXUHPHQWV�ZDV�EHWWHU� WKDQ�WKH� UHSHDWDELOLW\� REWDLQHG� E\� R[\JHQ� FRQFHQWUDWLRQ�

PHDVXUHPHQW�� 7KH� VWDQG� EXLOW� VR� IDU� DOORZV� PHDVXULQJ�KHOLXP� FRQFHQWUDWLRQ� XS� WR� ����� )RU� KLJKHU� KHOLXP�FRQFHQWUDWLRQV� DQ� XOWUDVRQLF� VHQVRU� ZLWK� D� EURDGHU�IUHTXHQF\� EDQG� VKRXOG� EH� XVHG�� 7KH�PHDVXUHPHQWV� DUH�XVXDOO\� WDNHQ� DW� WKH� DPELHQW� SUHVVXUH� DQG� URRP�WHPSHUDWXUH��,Q�WKDW�FDVH�WKH�VRXQG�VSHHG�LQ�WKH�PL[WXUH�GHSHQGV�PRVWO\�RQ�WKH�KHOLXP�FRQFHQWUDWLRQ��7KH� REWDLQHG� UHVXOWV� KDYH� VKRZQ� WKDW� WKH� SURSRVHG�PHWKRG� RI� WKH� KHOLXP� FRQFHQWUDWLRQ� HYDOXDWLRQ� LV�SURVSHFWLYHO\�D�JRRG�ZD\�RI�JDV�PL[WXUH�DQDO\VLV�LQ�VHH�GLYHU¶V�SUDFWLFH��7DEOH� ��� 0HDVXUHPHQWV� RI� WKH� KHOLXP�FRQWHQW� � LQ� +H�$LU� PL[WXUH� DW� DPELHQW�SUHVVXUH�DQG�WHPSHUDWXUH�����>.@�
QU ,>P$@ DG>P��V@ S+H>�@ S2�>�@ S+H�2��>�@ _HUURU�S+H�_� ���� ������ ������ ����� ����� ����� ���� ������ ������ ����� ����� ����� ���� ������ ������ ����� ����� ����� ���� ������ ������ ����� ����� ����� ���� ������ ������ ����� ����� ����� ���� ������ ������ ����� ����� ����� ���� ������ ����� ����� ���� ����� ���� ������ ������ ����� ����� ����� ���� ������ ������ ����� ����� ������ ���� ������ ������ ����� ����� ������ ��� ������ ������ ����� ����� ������ ���� ������ ������ ����� ����� ������ ���� ������ ������ ����� ����� ������ ���� ������ ������ ����� ����� ������ ���� ������ ����� ����� ���� ����

$FNQRZOHGJHPHQWV
7KLV�UHVHDUFK�KDV�EHHQ�GRQH�ZLWKLQ�D�UHVHDUFK�SURMHFW��³8WUDVRQLF�PHDVXUHPHQW�RI�JDV�PL[WXUH�FRQWHQW´�VXSSRUWHG�E\�,QVWLWXWH�RI�3RZHU�(QJLQHHULQJ�DQG�)OXLG�0HFKDQLFV�RI��WKH��:URFODZ�8QLYHUVLW\�RI�7HFKQRORJ\��SURMHFW��1R ����������
5HIHUHQFHV>�@� � 3URPL[�PL[WXUH� SURSHUW\� SURJUDP�� 9HUVLRQ� ������8VHU�0DQXDO��,�)�(O\�DQG�$VVRFLDWHV��SS������������>�@� � �%ROHN�:���6OLILUVND�(���:LVQLHZVNL�7���8OWUDVRQLF�VHQVRU� IRU� VWHDP� TXDOLW\� PRQLWRULQJ� LQ� SRZHU� SODQWV��3URF������ �UG ,QWHUQDWLRQDO� &RQIHUHQFH� RQ� 4XDOLW\��5HOLDELOLW\�DQG�0DLQWHQDQFH��SS���������,6%1�,������������������>�@� (EHO� )��� 1HVWHO� 6��� 3UR[LPLW\� VHQVRU�� WH[WERRN�)(672�.*��(VVOLQJHQ�������
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1RPHQFODWXUHDG >P�V@�� VRXQG�VSHHG�S�>3D@�� SUHVVXUH�7 >.@�� WHPSHUDWXUH

S+H�>�@�� KHOLXP�FRQFHQWUDWLRQ��YROXPH�SHUFHQWDJH�S2� >�@�� R[\JHQ�FRQFHQWUDWLRQ��YROXPH�SHUFHQWDJH�G�>P@�± GLVWDQFH�WR�WKH�ERWWRP��F\OLQGHU�KHLJKW�,�>P$@�± VHQVRU�RXWSXW�FXUUHQWW >V@�� WLPH
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,O�HVW�QpFHVVDLUH�GH PHVXUHU�OD�WHQHXU�GHV�FRQVWLWXDQW�GDQV�OH PpODQJH�WHUQDLUH�FRQWHQDQW�KpOLXP��D]RWH��R[\JqQH��XWLOLVp�SDU�OHV�SORQJHXUV�HQ�H[SRVLWLRQ�K\SHUEDULTXH��/D� GLIILFXOWp� SULQFLSDOH� j� PHVXUHU� XQ� JD]� HVW� XQH� PDQTXH� G¶DSSDUHLOV� QpFHVVDLUHV� TXL� SHUPHWWHQW� GH� PHVXUHU� OD�FRQFHQWUDWLRQ�G¶KpOLXP�RX�G¶D]RWH�/¶pWDW� WKHUPRG\QDPLTXH� GX� PpODQJH� WHUQDLUH� HVW� GpWHUPLQp� SDU� TXDWUH� JUDQGHXUV�� SDU� H[HPSOH�� SDU� GHX[� YDULDEOHV�WKHUPRG\QDPLTXHV�HW�SDU�OD�FRQFHQWUDWLRQ�GH�GHX[�FRQVWLWXDQWV�RX�SDU�WURLV�YDULDEOHV�LQGpSHQGDQWHV�WKHUPRG\QDPLTXHV�HW�XQH�FRQFHQWUDWLRQ�,O�H[LVWH�XQH�UHODWLRQ�HQWUH�FHV�GHX[�GHVFULSWLRQV��$LQVL��V¶LO�HVW�SRVVLEOH�GH�PHVXUHU�OD�WHPSpUDWXUH��OD�SUHVVLRQ��OD�YLWHVVH�VRQLTXH�HW�XQH�FRQFHQWUDWLRQ�GDQV�OH�PpODQJH��LO�VHUD�SRVVLEOH�pYDOXHU�OD�WHQHXUV�GHV�DXWUHV�FRQVWLWXDQW�&¶HVW�VXU�FH�FRQFHSW�TX¶D�pWp�UpDOLVp�XQ�FDSWHXU�SRXU�OD�PHVXUH�GH�OD�WHQHXU�HQ�KpOLXP�GX�PpODQJH��3DU�VXLWH�GH�FHOD��RQ�D�pODERUp� XQH� PpWKRGH� TXL� SHUPHW� G¶pYDOXHU� OH� SRXUFHQWDJH� G¶KpOLXP� GDQV� OH� PpODQJH�� IRQGpH� VXU� OD� PHVXUH� GH� OD�WHPSpUDWXUH�� GH OD� SUHVVLRQ�� GH� OD� YLWHVVH� VRQLTXH� HW� GH� OD� FRQFHQWUDWLRQ� HQ�R[\JqQH��2Q�SHXW� UpDOLVHU� IDFLOHPHQW� FHV�PHVXUHV�HQ�XWLOLVDQW�OHV�DSSDUHLOV�FRPPHUFLDX[�&HW�DUWLFOH�SUpVHQWH�OD�YDOLGDWLRQ�H[SpULPHQWDOH�GH�FH�FRQFHSW�GH�PHVXUH��/D�YpULILFDWLRQ�D�pWp�PHQpH�SRXU�OH�PpODQJH�KpOLXP� ± DLU�� /H� UDSSRUW� FRQVWDQW� GH� OD� WHQHXU� G¶D]RWH� HW� G¶R[\JqQH� SHUPHW� G¶HVWLPHU� IDFLOHPHQW� OD� SUpFLVLRQ� GH� OD�PpWKRGH�3RXU�FRQGXLUH�OHV�UHFKHUFKHV���RQ�D�FRQVWUXLW�XQ�EDQF�G¶HVVDLV�GDQV�ODTXHOOH�OH�JD]�pWXGLp�HVW�LQWURGXLW�GDQV�XQ�F\OLQGUH�YHUWLFDO�VRXV�OD�SUHVVLRQ�DWPRVSKpULTXH��/D�YLWHVVH�VRQLTXH�HVW�PHVXUpH�OH�ORQJ�GH�O¶D[H�YHUWLFDO�GX�F\OLQGUH�j�O¶DLGH�GX�FDSWHXU�GH�GLVWDQFH�TXL�HVW� LQVWDOOp�HQ�KDXW�GX�F\OLQGUH��/D�PHVXUH�GH�OD� WHPSpUDWXUH�HVW�UpDOLVpH�j� O¶DLGH�GX�FDSWHXU�j�UpVLVWDQFH�/HV�UpVXOWDWV�GHV�PHVXUHV�VRQW�WUDQVPLV�GDQV�O¶RUGLQDWHXU�SDU��O¶LQWHUPpGLDLUH�GH�OD�FDUWH�GX�FRQYHUWLVVHXU�DQDORJLTXH�±GLJLWDO�/¶RUGLQDWHXU�pYDOXH�OD�FRQFHQWUDWLRQ�G¶KpOLXP�HQ�PpODQJH�G¶DSUqV�XQ�SRO\Q{PH�G¶LQWHUSRODWLRQ��GRQW�OHV�FRHIILFLHQWV�RQW�pWp�LGHQWLILpV�VXU�OHV�YDOHXUV�UpHOOHV�LVVXHV�GX�ORJLFLHO�3URPL[���&HV�FRHIILFLHQWV�VRQW�FDOFXOpHV�HQ�IRQFWLRQ�GH�OD�YLWHVVH�VRQLTXH�HW�GH�OD�WHPSpUDWXUH�/D�PpWKRGH�SURSRVpH�D�pWp�YpULILpH�HQ�WHQDQW�FRPSWH�GH�OD�FRQQDLVVDQFH�GH�OD�SURSRUWLRQ�GDQV�OH�PpODQJH�KpOLXP�± DLU���&HWWH�SURSRUWLRQ�D�pWp�REWHQXH�j�O¶DLGH�GX�FDSWHXU�GH�O¶R[\JqQH�'HV�PpODQJHV�FRQWHQDQW�MXVTX¶j�����G¶KpOLXP�RQW�pWp�WHVWpV�HW�O¶HUUHXU�UHODWLYH�GH�OD�PHVXUH�HVW�UHVWpH�LQIpULHXUH�j����
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