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,QWURGXFWLRQ0HDVXUHPHQW�RI�'LUHFW�DQG�'LIIXVH�FRPSRQHQWV�RI�VRODU�UDGLDWLRQ�KDV�PDQ\�DSSOLFDWLRQV���LQ�PRGHOOLQJWKH�LQWHUDFWLRQ�RI�OLJKW�ZLWK�FURS�FDQRSLHV��VWXG\LQJ�WKH�HQHUJ\�EDODQFH�RI�VWUXFWXUHV��RU�DV�DPHWHRURORJLFDO�LQGLFDWRU��,QVWUXPHQWV�WKDW�PDNH�WKHVH�PHDVXUHPHQWV�KDYH�JHQHUDOO\�EHHQ�H[SHQVLYH�DQGUHTXLUH�FRQVLGHUDEOH�DWWHQWLRQ�2QH�FRPPRQ�DSSURDFK�KDV�EHHQ�WR�KDYH�WZR�VHQVRUV��RQH�PHDVXULQJ�UDGLDWLRQ�IURP�WKH�ZKROH�VN\��WKHRWKHU�PHDVXULQJ�WKH�ZKROH�VN\�DSDUW�IURP�WKH�VXQ��7KH�VKDGLQJ�LV�JHQHUDOO\�GRQH�XVLQJ�D�VKDGH�ULQJ�DGMXVWHG�WR�PDWFK�WKH�WUDFN�RI�WKH�VXQ�DFURVV�WKH�VN\�IRU�WKDW�GD\��RU�XVLQJ�DQ�RFFOXGLQJ�GLVN�KHOG�RQ�DURERW�DUP��%RWK�RI�WKHVH�DSSURDFKHV�UHTXLUH�DFFXUDWH�DOLJQPHQW�WR�WKH�(DUWK
V�D[LV��DQG�UHJXODUDGMXVWPHQW�$QRWKHU�ZHOO�HVWDEOLVKHG�DSSURDFK�LV�WKH�&DPSEHOO�6WRNHV�UHFRUGHU��ZKLFK�XVHV�D�JODVV�VSKHUH�WR�IRFXVWKH�'LUHFW�VRODU�EHDP�RQWR�D�UHFRUGLQJ�FKDUW�FDXVLQJ�D�EXUQ��ZKLFK�LQGLFDWHV�GLUHFW�EHDP�VWUHQJWK�
'HVLJQ�REMHFWLYHV7KH�DLP�RI�WKH�%)��GHVLJQ�ZDV�WR�PHDVXUH�WKH�'LUHFW�DQG�'LIIXVH�FRPSRQHQWV�RI�LQFLGHQW�VRODUUDGLDWLRQ��DQG�SURYLGH�D�PHDVXUH�RI�VXQVKLQH�KRXUV��LQ�D�VHQVRU�WKDW�XVHG�QR�PRYLQJ�SDUWV��DQG�UHTXLUHGQR�VSHFLILF�SRODU�DOLJQPHQW�RU�URXWLQH�DGMXVWPHQW��7KH�RXWSXWV�VKRXOG�EH�FRPSDWLEOH�ZLWK�HOHFWURQLFGDWDORJJHUV��DQG�ZRUN�DW�DQ\�ODWLWXGH�
+RZ�WKH�GHVLJQ�HYROYHG7KH�SULPH�UHTXLUHPHQW�IRU�WKLV�GHVLJQ�ZDV�WR�FUHDWH�D�V\VWHP�RI�SKRWRGLRGHV�DQG�D�VKDGLQJ�SDWWHUQ�VXFKWKDW�ZKHUHYHU�WKH�VXQ�LV�LQ�WKH�VN\�x DW�OHDVW�RQH�SKRWRGLRGH�ZDV�DOZD\V�H[SRVHG�WR�WKH�IXOO�VRODU�EHDPx DW�OHDVW�RQH�ZDV�DOZD\V�FRPSOHWHO\�VKDGHGx ERWK�SKRWRGLRGHV�UHFHLYH�HTXDO�DPRXQWV�RI�'LIIXVH�OLJKW�IURP�WKH�UHVW�RI�WKH�VN\�KHPLVSKHUH�$�EDVLF�OD\RXW�RI���SKRWRGLRGHV�RQ�D�KH[DJRQDO�JULG��FRYHUHG�E\�D�SDWWHUQHG�KHPLVSKHULFDO�GRPH�ZDVFKRVHQ��$�FRPSXWHU�SURJUDP�ZDV�ZULWWHQ�WR�PRGHO�WKLV�OD\RXW��FKHFNLQJ�DQ\�JLYHQ�VKDGLQJ�SDWWHUQDJDLQVW�WKH�GHVLJQ�UXOHV�IRU�HYHU\�SRVLWLRQ�RI�WKH�VXQ�LQ�WKH�VN\�KHPLVSKHUH��7KH�SURJUDP�ZRXOG�DOVRPRGLI\�WKH�SDWWHUQ�ZKHQ�WKHUH�ZDV�D�IDLOXUH�RI�WKH�GHVLJQ�UXOHV��WKXV�HYROYLQJ�WRZDUGV�D�VROXWLRQ�ZKLFKVDWLVILHG�DOO�RI�WKH�UXOHV�DOO�RI�WKH�WLPH�7KHVH�VKDGLQJ�SDWWHUQV�YDULHG�GHSHQGLQJ�RQ�WKH�UHODWLYH�VL]HV�RI�WKH�GRPH�DQG�SKRWRGLRGH�VSDFLQJ�6ROXWLRQV�FRXOG�RQO\�EH�IRXQG�IRU�D�VPDOO�QXPEHU�RI�GLIIHUHQW�UHODWLYH�VL]HV��DQG�RQH�RI�WKHVH�KDV�EHHQXVHG�ZKLFK�JLYHV�D�UHDVRQDEOH�EDODQFH�EHWZHHQ�GRPH�VL]H��SKRWRGLRGH�VL]H��DQG�DFFXUDF\�
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&DOFXODWLRQ�RI�2XWSXWV7KH�VKDGRZ�SDWWHUQ�FRQVLVWV�RI�HTXDO�DUHDV�RI�EODFN�DQG�FOHDU�EDQGV��7KLV�PHDQV�WKDW�DOO�RI�WKHSKRWRGLRGHV�UHFHLYH�����RI�WKH�'LIIXVH�UDGLDWLRQ��VDPSOHG�IURP�DOO�RYHU�WKH�VN\��DQG�DW�OHDVW�RQHSKRWRGLRGH�UHFHLYHV�RQO\�WKLV�UDGLDWLRQ��$W�OHDVW�RQ�SKRWRGLRGH�DOVR�UHFHLYHV�WKH�IXOO�DPRXQW�RI�'LUHFWUDGLDWLRQ�IURP�WKH�VXQ��:KLFK�SDUWLFXODU�SKRWRGLRGHV�WKHVH�DUH�GHSHQGV�RQ�WKH�SRVLWLRQ�RI�WKH�VXQ�LQ�WKHVN\��EXW�WKH�IXOO\�H[SRVHG�RQH�ZLOO�DOZD\V�UHFHLYH�WKH�PRVW�UDGLDWLRQ��DQG�WKH�IXOO\�VKDGHG�RQH�WKH�OHDVW�$OO�WKH�SKRWRGLRGHV�DUH�PHDVXUHG�E\�WKH�HOHFWURQLFV��DQG�WKH�PD[LPXP�DQG�PLQLPXP�RI�WKH�VHYHQUHDGLQJV�DUH�XVHG��7KH�PD[LPXP�UHDGLQJ�UHSUHVHQWV�WKH�'LUHFW�UDGLDWLRQ���KDOI�RI�WKH�'LIIXVH�UDGLDWLRQ�WKH�PLQLPXP�UHDGLQJ�UHSUHVHQWV�KDOI�RI�WKH�'LIIXVH�UDGLDWLRQ��7KH�RXWSXWV�DUH�FDOFXODWHG�DV�IROORZV�'LIIXVH� ����0,1'LUHFW� �0$;���0,17RWDO� �'LUHFW���'LIIXVH� �0$;���0,17KH�7RWDO�DQG�'LIIXVH�YDOXHV�DUH�XVHG�IRU�WKH�LQVWUXPHQW�RXWSXW��DQG�WKH�'LUHFW�YDOXH�LV�XVHG�WR�JLYH�DQRXWSXW�RI�VXQVKLQH�SUHVHQFH�FRPSDWLEOH�ZLWK�WKH�&DPSEHOO�6WRNHV�1RWH� 7KLV�DQDO\VLV�LV�LQGHSHQGHQW�RI�WKH�VSHFWUDO�FKDUDFWHULVWLFV�RI�WKH�LQGLYLGXDO�SKRWRGLRGH�VHQVRUV�RU�WKHLU�VSDWLDO�UHVSRQVH��,Q�WKH�%)���FRVLQH�FRUUHFWHG�3$5�SKRWRGLRGHV�DUH�XVHG��VR�WKH�RXWSXW�YDOXHVUHSUHVHQW�FRVLQH�FRUUHFWHG�3$5��PPRO�P���V����
(UURUV�DQG�XQFHUWDLQWLHV
'LIIXVH�VN\�VDPSOLQJ7KH�LPDJHV�EHORZ�VKRZ�WKH�SDUWV�RI�WKH�VN\�KHPLVSKHUH�
VHHQ
�E\�WKH�GLIIHUHQW�SKRWRGLRGHV��7KH\�DUHSORWWHG�XVLQJ�DQ�HTXLDQJXODU�SURMHFWLRQ��ZKHUH�UDGLDO�GLVWDQFH�RQ�WKH�LPDJH�UHSUHVHQWV�]HQLWK�DQJOH�RQWKH�KHPLVSKHUH��7KH�WKUHH�GLIIHUHQW�FODVVHV�DUH�VKRZQ��EXW�VSHFLILF�SKRWRGLRGHV�PD\�DFWXDOO\�VHHUHIOHFWLRQV�RI�WKHVH�LQ�WKH�KRUL]RQWDO�RU�YHUWLFDO�SODQH�

'LRGH�� 'LRGH���� 'LRGH��������7KH�H[DFW�IUDFWLRQ�RI�GLIIXVH�OLJKW�VHHQ�E\�WKHVH�GLRGHV�GHSHQGV�RQ�LWV�GLVWULEXWLRQ��7KLV�LV�WDEXODWHGEHORZ��DV�PHDVXUHG�XVLQJ�'HOWD�7
V�+HPLYLHZ�SURJUDP���IRU�WKH�8QLIRUP�2YHUFDVW�DQG�6WDQGDUG2YHUFDVW�VN\�GLVWULEXWLRQV�'LRGH 82&�GLIIXVH�IUDFWLRQ 62&�'LIIXVH�IUDFWLRQ'LRGH�� ����� �����'LRGH���� ����� �����'LRGH�������� ����� �����
7KLV�PHDQV�WKDW�ZLWK�WKHVH�GLIIXVH�VN\�GLVWULEXWLRQV��WKH�'LIIXVH�YDOXH�PD\�EH�LQ�HUURU�E\�������������8QGHU�PRUH�YDULHG�FRQGLWLRQV��WKHUH�PD\�EH�PRUH�GLIIHUHQFH�$�ODVHU�FXW�PHWDO�VKDGRZPDVN�ZDV�LQWURGXFHG�LQ�VSULQJ�������ZLWK�WKH�FKDQJH�WR�WKH�%)���7KLVLPSURYHG�WKH�'LIIXVH�OLJKW�FRQVLVWHQF\�DV�WDEXODWHG�EHORZ�



%)��	�%)��2SWLFDO�'HVLJQ %)��'RFXPHQW

��1RY����� SDJH�� RI��

'LRGH 82&�'LIIXVH�IUDFWLRQ 62&�'LIIXVH�IUDFWLRQ'LRGH�� ����� �����'LRGH���� ����� �����'LRGH�������� ����� �����
7KLV�PHDQV�WKDW�ZLWK�WKHVH�GLIIXVH�VN\�GLVWULEXWLRQV��WKH�'LIIXVH�YDOXH�PD\�EH�LQ�HUURU�E\�XS�WR�������������
'LIIXVH�VN\�YDULDWLRQV%HFDXVH�WKH�VHQVRU�HIIHFWLYHO\�PHDVXUHV�WKH�EULJKWHVW�SDUW�RI�WKH�VN\��FRPSDUHG�ZLWK�WKH�GLPPHVW'LIIXVH�VDPSOLQJ��LW�LV�DOVR�SRVVLEOH�LQ�VRPH�FRQGLWLRQV��H�J��EULJKW�UHIOHFWLRQ�RII�GDUN�WKXQGHUFORXGV��WRJLYH�D�'LUHFW�RXWSXW�ZKHUH�WKHUH�LV�LQ�IDFW�QR�GLUHFW�EHDP�IURP�WKH�VXQ��7KH�PDJQLWXGH�RI�WKLV�'LUHFWRXWSXW�ZLOO�JHQHUDOO\�EH�VPDOO�FRPSDUHG�WR�WKH�UHDO�VRODU�EHDP�
,QWHUQDO�UHIOHFWLRQV$W�ORZ�VXQ�DQJOHV��WKHUH�LV�D�FXVS�RI�OLJKW�UHIOHFWHG�RII�WKH�LQWHUQDO�VXUIDFH�RI�WKH�GRPH��7KH�SKRWRGLRGHVSDFLQJ�KDV�EHHQ�FKRVHQ�WR�DYRLG�WKHVH�EULJKW�VSRWV�
([WHUQDO�UHIOHFWLRQV3DUW�RI�WKH�LQFLGHQW�OLJKW�LV�UHIOHFWHG�DZD\�IURP�WKH�GRPH��7KLV�LV�FRPSHQVDWHG�IRU�ZKHQ�WKH�LQVWUXPHQWLV�FDOLEUDWHG��EXW�PD\�FKDQJH�LI�WKH�GRPH�LV�DOORZHG�WR�EHFRPH�GLUW\�RU�VFUDWFKHG�LQ�XVH�
'RPH�OHQVLQJ7KH�FOHDU�DUHDV�RI�WKH�GRPH�DUH�FXUYHG��DQG�QRW�DOZD\V�RI�SHUIHFWO\�XQLIRUP�WKLFNQHVV��VR�WKHUH�FDQ�EHVRPH�OHQVLQJ�RI�OLJKW�DV�LW�SDVVHV�WKURXJK�WKH�FOHDU�DUHDV��7KHVH�HIIHFWV�VKRZ�XS�DV�YDULDWLRQV�LQ�WKH'LUHFW�OLJKW�YDOXHV��DQG�DUH�LQFOXGHG�LQ�WKH�SHUIRUPDQFH�PHDVXUHPHQWV�GHVFULEHG�ODWHU�
'HULYDWLRQ�RI�%)��6XQVKLQH�DOJRULWKP7KH�VHQVRU�KDV�D�GLJLWDO�RXWSXW�RI�VXQVKLQH�SUHVHQFH��7KLV�LV�GHILQHG�E\�WKH�:02�DV�JUHDWHU�WKDQ����:�P�� LQ�WKH�'LUHFW�EHDP�PHDVXUHG�SHUSHQGLFXODU�WR�WKH�VRODU�EHDP��,W�LV�QRW�VR�VLPSOH�IRU�WKH�%)��ZKLFK�PHDVXUHV�3$5�TXDQWD�UDWKHU�WKDQ�HQHUJ\��DQG�KDV�KRUL]RQWDO�FRVLQH�FRUUHFWHG�VHQVRUV��$QDOJRULWKP�KDV�EHHQ�GHYLVHG�ZKLFK�JLYHV�YHU\�JRRG�UHVXOWV�ZKHQ�FRPSDUHG�WR�WKH�:02�GHILQLWLRQ�
'HILQLQJ�WKH�WKUHVKROG�LQ�3$5�TXDQWXP�XQLWV7KHUH�LV�QR�GLUHFW�FRQYHUVLRQ�EHWZHHQ�:�P�� DQG�PPRO�P���V��� EHFDXVH�WKH�FRQYHUVLRQ�IDFWRU�GHSHQGVRQ�WKH�VSHFWUXP�RI�WKH�OLJKW�LQYROYHG��DQG�WKLV�YDULHV��)RU�H[DPSOH��EOXH�VN\OLJKW�KDV�D�EOXH�ELDV��ZKLOHGLUHFW�VXQOLJKW�KDV�PRUH�HQHUJ\�DW�ORQJHU�ZDYHOHQJWKV��7KH�VSHFWUXP�RI�WKH�GLUHFW�EHDP�LV�IDLUO\FRQVWDQW��H[FHSW�ZKHQ�WKH�VXQ�LV�YHU\�ORZ�LQ�WKH�VN\��ZKHQ�LW�EHFRPHV�UHGGHU��0HDVXUHPHQWV�ZHUH�PDGHDW�%XUZHOO��&DPEULGJH�8.�RYHU���ZHHNV�LQ�6HSW�������FRPSDULQJ�UHDGLQJV�PDGH�E\�0DFDP�4XDQWXPDQG�(QHUJ\�VHQVRUV�XQGHU�D�VKDGH�ULQJ��7KLV�VKRZHG�WKDW�D�'LUHFW�VRODU�EHDP�VWUHQJWK�RI�����:�P�� ZDVHTXLYDOHQW�WR�D�'LUHFW�VRODU�EHDP�VWUHQJWK�RI�����PPRO�P���V�� 3$5�r �����7KLV�FRPSDUHV�ZHOO�ZLWKVRPH�RI�WKH�YDOXHV�JLYHQ�HOVHZKHUH�LQ�WKH�OLWHUDWXUH�
'HILQLQJ�WKH�DOJRULWKP$�ORQJ�WHUP�PHDVXUHPHQW�ZDV�PDGH�RI�3$5�7RWDO�DQG�'LIIXVH�YDOXHV�XQGHU�D�VKDGH�ULQJ�DW�:LQVWHU�'HUE\V��8.��RYHU�VL[�PRQWKV�IURP�-XQH�WR�'HFHPEHU�������)URP�D�NQRZOHGJH�RI�WKH�VRODU�]HQLWK�DQJOH�WKH�FRVLQH�FRUUHFWHG�UHDGLQJV�FRXOG�EH�
XQFRUUHFWHG
��WR�JLYH�WKH�3$5�VWUHQJWK�RI�WKH�'LUHFW�EHDP��DVZRXOG�EH�PHDVXUHG�SHUSHQGLFXODU�WR�WKH�VRODU�EHDP��7KLV�ZDV�WKHQ�XVHG�WR�GHILQH�VXQVKLQH�SUHVHQFH
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�'LUHFW�EHDP�!�����PPRO�P���V�� ���7KH�%)��RQO\�NQRZV�LWV�PHDVXUHG�YDOXHV�RI�7RWDO��'LUHFW�	�'LIIXVHOLJKW��VR�DQ\�VXQVKLQH�RXWSXW�PXVW�EH�RQO\�D�IXQFWLRQ�RI�WKHVH�,W�ZDV�IRXQG�WKDW�D�WKUHVKROG�RI����PPRO�P���V�� 7RWDO�UDGLDWLRQ�UHOLDEO\�VFUHHQHG�RXW�WKRVH�SHULRGV�ZKHQWKH�VXQ�ZDV�EHORZ�WKH�KRUL]RQ��DQG�WKDW�7RWDO�!�������'LIIXVH���'LUHFW�!�������'LIIXVH��JDYH�D�YHU\JRRG�DSSUR[LPDWLRQ�WR�WKH�GHILQHG�VXQVKLQH�KRXUV��7KHVH�UHVXOWV�DUH�VXPPDULVHG�EHORZ�6XQVKLQH�KRXUV�DUH�EDVHG�RQ�JUHDWHU�WKDQ�����PPRO�P���V�� LQ�WKH�'LUHFW�EHDP��QR�FRVLQH�FRUUHFWLRQ�$OJRULWKP�KRXUV�DUH�ZKHQ�7RWDO�!�������'LIIXVH�$1'�7RWDO�!����PPRO�P���V��)DOVH�SRVLWLYHV�DUH�ZKHQ�WKH�DOJRULWKP�JLYHV�DQ�RXWSXW��EXW�QR�VXQ�LV�SUHVHQW)DOVH�QHJDWLYHV�DUH�ZKHQ�WKH�DOJRULWKP�JLYHV�QR�RXWSXW��EXW�VXQ�LV�SUHVHQW&DPSEHOO�6WRNHV�UHFRUGV�ZHUH�DOVR�PDGH�IRU�PXFK�RI�WKLV�SHULRG�0RQWK 6XQVKLQH�KRXUV�:02�EDVHGGHILQLWLRQ�
%)�$OJRULWKPKRXUV

IDOVH�SRVLWLYHV IDOVH�QHJDWLYHV &DPSEHOO�6WRNHV
-XQH��� ���� ���� ���� ���� 1�$-XO\��� ����� ����� ���� ���� 1�$$XJ��� ����� ����� ���� ���� �����6HSW��� ���� ���� ���� ���� ����2FW��� ���� ���� ���� ���� ����1RY��� ���� ���� ���� ���� ���'HF��� ���� ���� ���� ���� ����
7RWDO ������������$XJ���'HF� ����� ��� ����� �����
��RI�WRWDOVXQVKLQHKRXUV

���� ����� ���� ���� �����RI�$XJ���'HFWRWDO�
7KLV�VKRZV�H[FHOOHQW�DJUHHPHQW�EHWZHHQ�WKH�%)��DOJRULWKP�DQG�VXQVKLQH�KRXUV�GHULYHG�IURP�WKH�:02GHILQLWLRQ��DQG�VKRZV�WKDW�WKH�ODUJHVW�HUURUV�DUH�OLNHO\�WR�VWHP�IURP�WKH�FRQYHUVLRQ�EHWZHHQ�HQHUJ\�DQGTXDQWXP�XQLWV��&KDQJLQJ�WKH�'LUHFW�3$5�WKUHVKROG�E\�r����RQO\�FKDQJHG�WKH�RYHUDOO�PHDVXUHGVXQVKLQH�KRXUV�E\�r����VKRZLQJ�WKDW�LQ�SUDFWLFH��WKH�UHVXOWV�DUH�UHODWLYHO\�LQVHQVLWLYH�WR�HUURUV�LQ�WKLVFRQYHUVLRQ�
2SWLFDO�SHUIRUPDQFH�YDOLGDWLRQ2YHU����FRPSOHWH�XQLWV�KDYH�EHHQ�WKRURXJKO\�WHVWHG�WR�PDNH�VXUH�WKH�GHVLJQ�LV�ZRUNLQJ�DV�SODQQHG��DQGWR�TXDQWLI\�WKH�SHUIRUPDQFH�VSHFLILFDWLRQV�
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7HVW�ULJ

7KLV�FRQVLVWV�RI�D�OLJKW�VRXUFH����D[LV�WLOW�ULJ��%)���DQG�D�GDWDORJJLQJ�DQG�FRQWURO�FRPSXWHU�7KH�OLJKW�VRXUFHV�XVHG�DUH�D����:�WXQJVWHQ�KDORJHQ�VSRWOLJKW��ZLWK�HOHFWURQLFDOO\�VWDELOLVHG�OLJKWRXWSXW��DQG�DOVR�D����:�&HUDPLF�0HWDO�+DOLGH�GLVFKDUJH�ODPS��7KH�EHDPV�IURP�WKHVH�KDYH�EHHQDUUDQJHG�VR�WKDW�WKH�ODPS�VXEWHQGV�DSSUR[LPDWHO\�WKH�VDPH�DQJOH�DV�WKH�VXQ��DV�YLHZHG�IURP�WKH�VHQVRU�DQG�WKH�EHDP�LV�XQLIRUP�WR�r���RYHU�WKH�DUHD�RI�WKH�SKRWRGLRGHV��7KH�OLJKW�RXWSXW�ZDV�DOVR�VWDEOH�WREHWWHU�WKDQ�r���RYHU�WKH�PHDVXUHPHQW�SHULRG��7KH�%)��ZDV�VKLHOGHG�IURP�DQ\�RXW�RI�EHDPLOOXPLQDWLRQ�7KH���D[LV�WLOW�ULJ�ZDV�XVHG�WR�WXUQ�WKH�VHQVRU�LQ����VWHSV�WKURXJK�WKH�ZKROH�KHPLVSKHUH�UHODWLYH�WR�WKHOLJKW�EHDP��VR�FKHFNLQJ�DOO�SRVVLEOH�VXQ�SRVLWLRQV��7KLV�SURFHVV�WDNHV�VRPH���+UV��DQG�FUHDWHV�D�GDWD�VHWRI�������UHDGLQJV�7KH�%)��HOHFWURQLFV�LQWHJUDWHV�UHDGLQJV�RYHU���PV�WR�UHPRYH�DQ\�PDLQV�IUHTXHQF\�YDULDWLRQ�
'DWD�LQWHUSUHWDWLRQ7KH�LQFLGHQW�OLJKW�LV�D�EHDP�RI�NQRZQ�VWUHQJWK��ZKLFK�PRYHV�WKURXJK�DOO�SRVVLEOH�SRVLWLRQV�UHODWLYH�WRWKH�VHQVRU��7KH�VHQVRU�LV�VKLHOGHG�IURP�DQ\�GLIIXVH�OLJKW��7KH�7RWDO�DQG�'LIIXVH�RXWSXWV�RI�WKH�VHQVRUDUH�PHDVXUHG��7KH�7RWDO�RXWSXW�VKRXOG�EH�SURSRUWLRQDO�WR�WKH�FRVLQH�RI�WKH�]HQLWK�DQJOH��$Q\�GHYLDWLRQVIURP�WKLV�DUH�GXH�WR�D�FRPELQDWLRQ�RI�x IDLOXUH�RI�WKH�GHVLJQ�UXOH�WKDW�DW�OHDVW�RQH�SKRWRGLRGH�EH�IXOO\�H[SRVHGx LQDFFXUDWH�FRVLQH�UHVSRQVH�RI�WKH�SKRWRGLRGH�DQG�GLIIXVHUVx OHQVLQJ�E\�WKH�GRPHx RWKHU�FRQWULEXWLRQV�IURP�OLJKW�VFDWWHULQJ��HOHFWURQLFV��HWF�7KH�'LIIXVH�RXWSXW�VKRXOG�DOZD\V�EH�]HUR��$Q\�YDULDWLRQV�IURP�WKLV�DUH�GXH�WR�VRPH�FRPELQDWLRQ�RI�
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x IDLOXUH�RI�WKH�GHVLJQ�UXOH�WKDW�DW�OHDVW�RQH�SKRWRGLRGH�EH�IXOO\�VKDGHGx VWUD\�OLJKW�IURP�VFDWWHULQJ��RU�HOHFWURQLFV�HUURUV7KH�GLUHFWLRQV�ZKLFK�SURGXFHG�WKH�JUHDWHVW�HUURUV�ZHUH�WKHQ�UH�H[DPLQHG�YLVXDOO\�WR�FKHFN�IRU�DQ\IDLOXUHV�RI�WKH�GHVLJQ�UXOHV�
5HVXOWV7KH�IROORZLQJ�JUDSK�VKRZV�WKH�VXPPDU\�RI�RQH�VXFK�VHW�RI�UHVXOWV��7KLV�VKRZV�WKH�RXWSXW�SORWWHGDJDLQVW�]HQLWK�DQJOH��(DFK�]HQLWK�DQJOH�VKRZV�WKH�RXWSXWV�RYHU�D�UDQJH�RI�D]LPXWK�DQJOHV
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7KHVH�JUDSKV�LQFOXGH�DOO�HUURUV�GXH�WR�WKH�RSWLFDO�GHVLJQ�DQG�HOHFWURQLF�PHDVXUHPHQW��ZLWK�DQ�DGGLWLRQDOHUURU�GXH�WR�YDULDWLRQV�LQ�WKH�WHVW�ULJ�OLJKW�VRXUFH��7KH\�GR�QRW�LQFOXGH�DQ\�XQFHUWDLQWLHV�LQ�WKHFDOLEUDWLRQ�VWDQGDUG�RU�GXH�WR�YDULDWLRQV�LQ�WKH�'LIIXVH�OLJKW�GLVWULEXWLRQ�
&KDQJHV�ZLWK�UHOHDVH�RI�%)�,Q�VSULQJ�������WKH�%)��GHVLJQ�ZDV�XSJUDGHG�WR�WKH�%)���7KH�PDLQ�FKDQJH�ZDV�WKH�RSWLRQ�WR�KDYHRXWSXWV�LQ�PRODU��HQHUJ\�RU�LOOXPLQDQFH�XQLWV��7KHVH�DGGLWLRQDO�XQLWV�UHTXLUHG�DGGLWLRQDO�SURFHVVLQJ�E\WKH�%)���DQG�WKH�PRGLILHG�DOJRULWKPV��DQG�WKHLU�YDOLGDWLRQ��DUH�GHVFULEHG�KHUH�
,QVWUXPHQWDWLRQ$W�:LQVWHU��%)�����[�.LSS�&0���*6����RQH�XQGHU�D�VKDGH�ULQJ��SOXV�46�DV�ZHOO��$OO�LQVWUXPHQWV�DQG'/��UHFHQWO\�FDOLEUDWHG�E\�WKH�PDQXIDFWXUHUV���2QH�RI�WKH�&0�V�ZDV�QRW�UHFHQWO\�FDOLEUDWHG��EXW�ZDVFRPSDUHG�ZLWK�WKH�UHFHQWO\�FDOLEUDWHG�RQH�DQG�WKH����GLIIHUHQFH�FRUUHFWHG�LQ�GDWD�SURFHVVLQJ���'DWDZDV�FROOHFWHG�IURP�0DUFK������WR�6HSW������$W�%XUZHOO��%)���PHDVXUHG�DV��P9� ���:�P�������[�.LSS�&0���RQH�XQGHU�VKDGH�ULQJ�����[�.LSS&0����'DWD�ZDV�FROOHFWHG�IURP�%HJLQQLQJ�RI�-XQH�WR�HQG�RI�$XJXVW������$OO�LQVWUXPHQWV�ORJJHG�DW��V�LQWHUYDOV��DYHUDJHG�WR��PLQ�
$OJRULWKP7KH�DOJRULWKP�ZDV�GHYHORSHG�XVLQJ�WKH�:LQVWHU�GDWDVHW��DQG�WKHQ�YDOLGDWHG�XVLQJ�WKH�'HOWD�7�GDWDVHW�(UURU�YDOXHV�DUH�EDVHG�RQ�WKH�'HOWD�7�GDWDVHW��EXW�WKH�:LQVWHU�VHW�LV�YHU\�FORVHO\�VLPLODU�
%URDG�FRQFHSWV7KH�%)��'LIIXVH�YDOXH�KDV�EHHQ�JLYHQ�D����XSOLIW�WR�FRPSHQVDWH�IRU�D����XQGHUUHDGLQJ�FDXVHG�E\�DFRPELQDWLRQ�RI��GLRGH�FDOLEUDWLRQ�YDULDWLRQV��DQG�GLIIHUHQFHV�LQ�GLIIXVH�VN\�VDPSOLQJ�DUHDV�EHWZHHQGLRGHV�/X[�YDOXHV�DUH�JLYHQ�E\�D�GLUHFW�FRQYHUVLRQ�IURP�PRODU�YDOXHV��7KH�IDFWRU�LV�FDOFXODWHG�IURP�ILUVWSULQFLSOHV��EDVHG�RQ�W\SLFDO�7RWDO�DQG�'LIIXVH�VSHFWUD�WDNHQ�DW�:LQVWHU�LQ�D�UDQJH�RI�FRQGLWLRQV��(QHUJ\�YDOXHV�UHTXLUH�PRUH�FRPSOH[�FRQYHUVLRQ��GXH�WR�WKH�YHU\�GLIIHUHQW�FRQYHUVLRQ�IDFWRUV�IRU'LIIXVH�UDGLDWLRQ�LQ�EOXH�VN\�DQG�JUH\�VN\�FRQGLWLRQV��7KH�PHDVXUHG�EHDP�IUDFWLRQ�LV�XVHG�DV�DSUHGLFWRU��WKRXJK�QRW�SDUWLFXODUO\�DFFXUDWH��RI�GLIIXVH�VN\�FRQGLWLRQV�
$OJRULWKP�±�DOO�RXWSXWV/HW�0$;�DQG�0,1�EH�WKH�ODUJHVW�DQG�VPDOOHVW�SKRWRGLRGH�UHDGLQJ�RI�WKH�VHYHQ�SKRWRGLRGHV��DIWHU�EHLQJDGMXVWHG�IRU�DQ\�FDOLEUDWLRQ�IDFWRUV��FDOLEUDWLRQ�LV�GRQH�LQ�WKH�VRODU�ODPS�ULJ�DJDLQVW�D�VWDQGDUG�46�DVZLWK�WKH�%)��7KHQ� 727$/� �0$;���0,1 JLYHV�%)��727$/�YDOXH��LQ�PPRO�P���V��',))86(� ����0,1������,)��',))86(�!�727$/��WKHQ�',))86(� �727$/JLYHV�PRGLILHG�%)��',))86(�YDOXH��LQ��PPRO�P���V�� ��ZLWK�VDQLW\�FKHFN��7KLVPRGLILHG�',))86(�YDOXH�LV�XVHG�LQ�DOO�VXEVHTXHQW�FDOFXODWLRQV�%HDP�)UDFWLRQ� ��727$/�±�',))86(����727$/6816+,1(�LI�727$/�',))86(�!������$1'�727$/�!����PPRO�P���V��
0RODU�PPRO�P���V�� RXWSXWV7KH�727$/�DQG�',))86(�YDOXHV�DUH�WKHQ�RXWSXW�YLD�WKH�56����DQG�$QDORJXH�SRUWV��DW��P9� ��PPRO�P���V���
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/X[�RXWSXWV7KH�727$/�DQG�',))86(�YDOXHV�DUH�PXOWLSOLHG�E\������OX[���PPRO�P���V�� WR�JLYH�OX[��7KHVH�YDOXHVDUH�RXWSXW�WR�WKH�56����DQG�DQDORJXH�SRUWV�DW�D�VHQVLWLYLW\�RI��P9� �����OX[��7KLV�JLYHV�DQ�RXWSXWUDQJH�RI�DSSUR[��9�WR����9�IRU�WKH�QRUPDO�GD\OLJKW�UDQJH��ZLWK�D�UHVROXWLRQ�RI�����OX[�
(QHUJ\�:P�� RXWSXWV

(QHUJ\�727$/� �727$/������(QHUJ\�',))86(� �',))86(��������±��������%HDP�)UDFWLRQ�� ��,H�%HDP�IUDFWLRQ�WR�WKH�IRXUWK�SRZHU�7KHVH�YDOXHV�DUH�WKHQ�RXWSXW�YLD�WKH�56����DQG�$QDORJXH�SRUWV��DW��P9� ���:�P���
9DOLGDWLRQ�	�$FFXUDF\
(QHUJ\7KH�(QHUJ\�DOJRULWKP�ZDV�EDVHG�RQ�WKH�GDWD�FROOHFWHG�DW�:LQVWHU��7KH�DOJRULWKP�ZDV�DSSOLHG�WR�WKH%XUZHOO�GDWD�VHW��DV�D�FRPSOHWHO\�LQGHSHQGHQW�GDWD�VHW��DQG�WKH�DFFXUDF\�YDOXHV�FDOFXODWHG�IURP�WKLV��QEWKLV�VHW�LQFOXGHG�UHODWLYHO\�IHZ�����FOHDU�EOXH�VN\�GD\V��ZKLFK�WHVW�WKH�VSHFWUDO�DQG�FRVLQH�UHVSRQVHVPRVW�VHYHUHO\�)RU�7RWDO�DQG�'LIIXVH�YDOXHV��WKH�506�HUURU�UHODWLYH�WR�WKH�.LSS�&0��	�VKDGH�ULQJ�VHWXS�LV�JLYHQ��LQERWK�DEVROXWH��:P����DQG�UHODWLYH����RI�UHDGLQJ��WHUPV��$Q�RYHUDOO�HQYHORSH�LV�DOVR�JLYHQ�ZKLFKLQFOXGHV�����RI�DOO�GD\WLPH�UHDGLQJV�7R�VSHFLI\�WKH�RYHUDOO�LQVWUXPHQW�DFFXUDF\��WKH�XQFHUWDLQWLHV�LQ�PHDVXUHPHQW��FDOLEUDWLRQ�DQGWUDFHDELOLW\��DQG�FRVLQH�UHVSRQVH�RI�WKH�.LSS�	�VKDGH�ULQJ�V\VWHP�DOVR�QHHG�WR�EH�IDFWRUHG�LQ�(QHUJ\�RXWSXW�(UURUV�ZUW�.LSSV 7RWDO 'LIIXVH506�(UURU���UHSUHVHQWV�WKHW\SLFDO�HUURU�RI�D�UHDGLQJ� ���:�P�� ���� ��:�P�� �����
����FRQILGHQFH�HQYHORSH r�:�P�� r�� r��:�P�� r���
$�YHU\�VLPLODU�HQHUJ\�SHUIRUPDQFH�ZDV�REWDLQHG�IURP�WKH�%)��FRPSDULVRQ�UXQ�E\�1DSLHU�8QLYHUVLW\�±WKHVH�UHVXOWV�DUH�SXEOLVKHG�VHSDUDWHO\
/X[7KH�OX[�FRQYHUVLRQ�IURP�3$5�LV�EDVHG�RQ�D�WKHRUHWLFDO�FDOFXODWLRQ�XVLQJ�W\SLFDO�VSHFWUD�RI�7RWDO�DQG'LIIXVH�OLJKW�LQ�YDU\LQJ�FRQGLWLRQV��7KLV�ZDV�YDOLGDWHG�DW�'HOWD�7�E\�FRPSDULQJ�WKH�%)��7RWDO�OX[RXWSXW�DJDLQVW�D�/L&RU�OX[�VHQVRU�
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2YHUDOO�DFFXUDF\�VSHFV�IRU�LQVWUXPHQW�����FRQILGHQFH�HQYHORSH�2YHUDOO�$FFXUDF\ 7RWDO 'LIIXVH����FRQILGHQFH�0RODU�RXWSXW r���PPRO�P���V�� r��� r���PPRO�P���V�� r�������FRQILGHQFH�/X[�RXWSXW r����/X[��r��� r����/X[��r�������FRQILGHQFH�(QHUJ\�RXWSXW r�:�P�� r��� r��:�P�� r���6XPPDU\�JUDSKV�RI�WHVW�FRPSDULVRQV�IRU�HDFK�RI�WKH�GLIIHUHQW�RXWSXWV�DUH�JLYHQ�LQ�WKH�%)��8VHU0DQXDO�
$QDORJXH�RXWSXW�VHQVLWLYLWLHV2XWSXW�XQLWV�VHWWLQJ 6HQVLWLYLW\ 5HVROXWLRQ )XOO�VFDOH�RXWSXW0RODU��PPRO�P�� V�� �P9� ���PPRO�P���V�� �����PPRO�P���V�� ����P9� ������PPRO�P���V��(QHUJ\�:P�� �P9� �����:�P�� ����:�P�� ����P9� ������:�P��
,OOXPLQDQFH�NOX[ �P9� �����OX[ ���OX[ ����P9� �����NOX[
(1'
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