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7KH�ILUVW�LV�WKDW�OLJKW�UHDOO\�FDQ�KDYH�D�EHQHILFLDO�HIIHFW�RQ�5HSWLOHV�DQG�WKH�FRQYHUVH�WKDW�WKH�ZURQJ�NLQG�RI�OLJKW�FDQ�KDYH�D�GHWULPHQWDO�HIIHFW�RQ�WKHLU�JHQHUDO�ZHOIDUH�DQG�EHKDYLRXU�
6HFRQGO\��,�KRSH�WR�VKRZ�WKDW�7UXH�OLWH�LV�QRW�MXVW�D�JLPPLFN��7KH�OLJKW�ZKLFK�LW�SURGXFHV�KDV�EHHQ�GHVLJQHG�WR�GXSOLFDWH�GD\OLJKW�DQG�LW�KDV�EHHQ�GHPRQVWUDWHG�RQ�PDQ\�RFFDVLRQV�WKDW�WKLV�ODPS�KDV�D�SURIRXQG�LQIOXHQFH�RQ�WKH�SK\VLRORJ\�DQG�EHKDYLRXU�RI�VXEMHFW�DQLPDOV��7R�VFLHQWLILFDOO\�SURYH�LWV�EHQHILFLDO�HIIHFWV�RQ�5HSWLOHV��DV�KDV UHDGLO\�EHHQ�GRQH�ZLWK�PDPPDOV��ZRXOG�EH�GLIILFXOW�DV�WKH�QRUPDO�FRQFHSW�RI�FRQWUROOHG�H[SHULPHQWV�UHTXLUHV�ODUJH�QXPEHUV�RI�YHU\�VLPLODU�DQLPDOV�RU�ODUJH�QXPEHUV�RI�REVHUYDWLRQV�RI�OHDUQLQJ�DELOLW\�HWF���,W�LV�QRW�SRVVLEOH�WR�SURGXFH�WKH�GHVLUHG�XQLIRUPLW\�RI�DQLPDOV�UHTXLUHG�LQ�WKH�VDPH�ZD\�WKDW�PDPPDOV��ZLWK�WKHLU�IRUPLGDEOH�VH[�OLYHV��FDQ�EH�PDVV �SURGXFHG��QRU�DUH�OHDUQLQJ�WHVWV�YLDEOH�ZLWK�WKH�PDMRULW\�RI�UHSWLOHV��&RQVHTXHQWO\��5HSWLOHV�DV�D�&ODVV�KDYH�EHHQ�YLUWXDOO\�LJQRUHG�LQ�WKLV�ILHOG��7KHUH�LV�R QH�RWKHU�FRQVLGHUDWLRQ�
3KRWRELRORJ\�LV�D�YHU\�QHZ�VFLHQFH�DQG�WKHUH�LV�PXFK�WR�EH�OHDUQHG�ZLWK�UHJDUG�WR�RXU�RZQ�VSHFLHV�EHIRUH�IXQGV�DQG�UHVHDUFK�WLPH�ZLOO�EH�GHYRWHG�WR�VXFK�OX[XULHV�DV�LPSURYLQJ�WKH�ORW�RI�FDSWLYH�UHSWLOHV��,Q�WKH�PHDQWLPH�ZH�PXVW�EH�FRQWHQW�ZLWK�H[WUDSRODWLQJ�IURP�WKH�NQRZQ�IDFWV��JOHDQHG�IURP�WKH�REOLJLQJ�PDPPDOV��DQG�KRSHIXOO\�RXU�RZQ�REVHUYDWLRQV�
$UWLILFLDO�OLJKW�LQ�UHSWLOH�GLVSOD\V
7KH�VXEMHFW�RI�DUWLILFLDO�OLJKWLQJ�LQ�FRQQHFWLRQ�ZLWK�UHSWLOH�KXVEDQGU\�ZDV�ILUVW�UDLVHG�E\�-RVHI�/DV]OR�RI�WKH�+RXVWRQ�=RRORJLFDO�*DUGHQV�LQ�DQ�DUWLFOH�LQ�WKH�,QWHUQDWLRQDO�=RR�<HDUERRN��/DV]OR���������,Q�LW�KH�GHVFULEHG�WKH�EHQHILFLDO�HIIHFWV�DWWULEXWDEOH�WR�WKH�XVH�RI�D�XQLTXH�W\SH�RI�IOXRUHVFHQW��ODPS��9LWD�OLWH��WKDW�KDG�EHHQ�GHVLJQHG�WR�VLPXODWH� WKH�VSHFWUXP�D�FRORXU�RI�QDWXUDO�GD\OLJKW�
/RQJ�WHUP�FDSWLYHV�KDG�EHFRPH�PRUH�DFWLYH�XQGHU�QHZO\�LQVWDOOHG�9LWD �OLWH�WXEHV�DQG�EDVNLQJ�KDG�EHFRPH�PRUH�SURQRXQFHG��)XUWKHUPRUH��VQDNHV�ZKLFK�KLWKHUWR�KDG�UHIXVHG�DOO�IRRG�EHJDQ�IHHGLQJ�YROXQWDULO\�DIWHU�D�IHZ�GD\V�H[SRVXUH�WR�WKH�OLJKW��([DPSOHV�FLWHG�ZHUH��%LWLV�JDURQLFD�� DIWHU�D�ILYH�PRQWK�IDVW�DJDLQ�DIWHU�IRXU�GD\V�H[SRVXUH��7ULPHUHVXUXV�SXUSXUHRPDFXODWXV�IHG�IRU�WKH�ILUVW�WLPH�VLQFH�LWV�DUULYDO�DW�WKH�]RR�VL[�PRQWKV�HDUOLHU�DIWHU�RQO\�WZHOYH�KRXUV�H[SRVX UH�



7KH�PRVW�GUDPDWLF�FDVH�FRQFHUQHG�DQ�DSSDUHQWO\�KHDOWK\�7ULPHUHVXUXV�WULJRQRFHSKDOXV�ZKLFK�ZDV�SODFHG�LQ�D�FDJH�WKDW�FRQWDLQHG�OLYLQJ�SODQWV�DQG�ZDV�LOOXPLQDWHG�ZLWK�*UR�OX[�WXEHV��7KH�VQDNH�UHIXVHG�DOO�IRRG�DQG�DIWHU�ILYH�ZHHNV�ZDV�IDLOLQJ�UDSLGO\�LW� OD\�RQ�LWV�VLGH�DQG�DSSHDUHG�WR�EH�QHDU�GHDWK��$����ZDWW�9LWD�OLWH�ZDV�LQVWDOOHG�LQ�WKH�FDJH�DQG�DIWHU�WKUHH�GD\V�WKH�VQDNH�KDG�UHFRYHUHG�VXIILFLHQWO\�WR�DFFHSW�GHDG�PLFH�RIIHUHG�ZLWK�IRUFHSV�
/DV]OR�DWWULEXWHG�WKHVH�LPSUHVVLYH�ILQGLQJV�WR�WKH�XQLTXH�VSHF WUDO�HPLVVLRQ�RI�9LWD�OLWH�DQG�VXJJHVWHG�WKDW�UHSWLOHV�LQ�FDSWLYLW\�DUH�H[SRVHG�WR�WKH�ZURQJ�³7\SH´�RI�OLJKW�DQG�WR�DQ�³LQDGHTXDWH�OHYHO�RI�OLJKW´��,W�LV�WKLV�IDFWRU�ZKLFK�SRVVLEO\�VHSDUDWHV�WKH�VR�FDOOHG�GLIILFXOW�VSHFLHV�IURP�WKH�UHPDLQGHU��3UHVXPDEO\�WKH�ODWWHU�DUH�VXIILFLHQWO\�DGDSWDEOH�WR�ZLWKVWDQG�LQIHULRU�OLJKWLQJ�WKH\�UHFHLYH�
/DV]OR¶V�SDSHU�LV�GLVFXVVHG�PRUH�IXOO\�LQ�WKH�+HUSWLOH��%ODWFKIRUG��������DQ�DUWLFOH�WKDW�FRLQFLGHG�ZLWK�WKH�ILUVW�LQWURGXFWLRQ�RI�9LWD �OLWH�LQWR�WKLV�FRXQWU\��$W�VRPH�SRLQW�LQ�LWV�MRXUQH\�DFURVV�WKH�$WODQWLF�WKH�QDPH�RI�WKH�ODPS�ZDV�FKDQJHG�WR�7UXH�OLWH�
7KH�HIIHFWLYHQHVV�RI�7UXH�OLWH�OLHV�LQ�LWV�VLPLODULW\�WR�1DWXUDO�/LJKW�DQG�EHIRUH�GHVFULELQJ�WKH�VDOLHQW�IHDWXUHV�RI�WKH�ODPS�LW�LV�QHFHVVDU\� WR�H[SODLQ�WKH�SDUDPHWHUV�E\�ZKLFK�OLJKW�LV�PHDVXUHG�
���:DYHOHQJWK��7KH�OLJKW�E\�ZKLFK�ZH�VHH�LV�NQRZQ�DV�9LVLEOH�/LJKW�DQG�LV�MXVW�D�VPDOO�SDUW�RI�WKH�WRWDO�VSHFWUXP�RU�UDQJH�HPLWWHG�E\�WKH�VXQ��9LVLEOH�/LJKW�OLHV�EHWZHHQ�����DQG����QP��7KH�XQLWV�RI�ZDYHOHQJWK�DUH�PDQRPHWHUV��RQH�QP����������������PHWUHV��VHH�ILJ��O���DIWHU�:XUWPDQ�DQG�1HHU��������
,Q�WKLV�FRQWH[W�ZDYHOHQJWK�PHDQV�FRORXU��WKXV�WKH�ORZHU�WKH�ZDYHOHQJWK�WKH�FORVHU�WKH�FRORXU�RI�WKH�OLJKW�WR�WKH�EOXH�HQG�RI�WKH�VSHFWUXP��7KH�IXOO�VSHFWUXP�RI�WKH�VXQ�H[WHQGV�IURP��DERXW����QP�WR�DERYH������L�H��IURP�WKH�LQYLVLEOH�8OWUD�9LROHW�WR�WKH�LQYLVLEOH�,QIUD�5HG�DQG�EH\RQG�
���5HODWLYH�5DGLDQFH��7KH�UDWLR�RI�WKH�EULJKWQHVV�RU�TXDQWLW\�RI�UDGLDWLRQ�DW�HDFK�SDUWLFXODU�ZDYHOHQJWK�LQ�WKH�YLVLEOH�VSHFWUXP LV�IDLUO\�FRQVWDQW��7KXV�LW�LV�SRVVLEOH�WR�GUDZ�D�FXUYH�RI�FRORXU�DJDLQVW�UHODWLYH�UDGLDQFH�IRU�WKH�SXUSRVH�RI�FRPSDULVRQ�ZLWK�DUWLILFLDO�OLJKWV��$Q\�GHYLDWLRQ�IURP�WKH�FXUYH�IRU�QDWXUDO�OLJKW¶��E\�WKH�FXUYH�UHFRUGHG�IRU�WKH�DUWLILFLDO�OLJKW�LV�D�GHYLDWLRQ�IURP�WKH�QRUPDO�PDNH�XS�RI�WKH�HQYLURQPHQW�ZKLFK�D�SODQW�RU�



DQLPDO�ZRXOG�H[SHULHQFH��6XFK�GHYLDWLRQV�DUH�GHVFULEHG�E\�7KRULQJWRQ��������DV�³3ROOXWHG�/LJKW´��7KH�6XQ¶V�VSHFWUXP�LV�FRQWLQXRXV�ZLWK�D�PLG �GD\�SHDN�LQ�WKH�EOXH�JUHHQ�IURP�����WR����QP��7KHUH�LV�YHU\�OLWWOH�FKDQJH�LQ�WKH�VSHFWUXP�WKURXJKRXW�WKH�\HDU�DW�DQ\�JLYHQ��SRLQW�RQ�WKH�JOREH�DOWKRXJK�WKH�89�FRQWHQW�DQG�WKH�RYHUDOO�EULJKWQHVV�YDU\�DFFRUGLQJ�WR�VHDVRQ�DQG�WLPH�RI�GD\��1XUWPDQ��������
���&RORXU�7HPSHUDWXUH��,I�D�OXPS�RI�VWHHO�LV�KHDWHG�VXII LFLHQWO\�LW�ZLOO�JORZ�ZLWK�DQ�LQFDQGHVFHQW�ZKLWH�OLJKW��6XFK�D�OLJKW�LV�VDLG�WR�KDYH�D�FRORXU�WKDW�LV�D�UHVXOW�RI�D�WHPSHUDWXUH��7KXV��D�WKHRUHWLFDO�EODFN�ERG\�FRXOG�VKRZ��LI�KHDWHG�FRUUHFWO\��D�VSHFLILF�FRORXU�DW�D�SDUWLFXODU�WHPSHUDWXUH��7KH�XQLWV�RI�FRORXU�WHPSHUDWXUH�DUH�GHJUHHV�.HOYLQ�DQG�IRU�WKH�SXUSRVHV�RI�FRPSDULVRQ�QDWXUDO�OLJKW�LV�VDLG�WR�EH�HTXLYDOHQW�WR�DQ�LGHDO�LQFDQGHVFHQW�VRXUFH�UDGLDWLQJ�DW�������GHJUHHV�.���:XUWPDQ���������1DWXUDO�OLJKW�LV�WKH�SURGXFW�RI�WKH�OLJKW�SURGXFHG�E\�WKH�6XQ�DQG�WKH�UHIUDFWLYHQHVV�RI�WKH�VN\��DWPRVSKHUH���7KRULQJWRQ��������GHVFULEHV�QDWXUDO�OLJKW�DV�*OREDO�,OOXPLQDWLRQ�IDOOLQJ�LQ�WKH�UDQJH�RI�������WR�������.��6R�DSDUW�IURP�ZDYHOHQJWK�DQG�UHODWLYH�UDGLDQFH�DUWLILFLDO�OLJKWLQJ�PXVW�SURGXFH�LOOXPLQDWLRQ�WKDW�ILWV�ZLWKLQ�WKH�UDQJH�FRPSDWLEOH�ZLWK�WKH�UHDO�WKLQJ��LQ�WKLV�LW�PDQLIHVWO\�IDLOV�
$OWKRXJK�WKH�+XPDQ�VSHFLHV�LV�GLXUQDO�FRXQWOHVV�FHQWXULHV�RI�GRPHVWLFDWLRQ�KDYH�DWWXQHG�XV�WR�DFFHSWLQJ�DUWLILFLDO�LOOXPLQDWLRQ�DW�QLJKW��(VVHQWLDOO\��WKLV�LOOXPLQDWLRQ�KDV�EHHQ�D�YDULDWLRQ�RQ�ILUH�H�J��FDPSILUH��FDQGOHV�DQG�WDSHUV��RLO�ODPSV��JDV�PDQWOHV��HWF��DOO�RI�ZKLFK�DUH�FKDUDFWHULVHG�E\�ORZ�FRORXU�WHPSHUDWXUHV�
0RVW�KRPHV�DUH�QRZ�HTXLSSHG�ZLWK�LQFDQGHVFHQW�ODPSV�ZKLFK�DUH�WKH�QRUPDO�KRW��WXQJVWHQ�ILODPHQW�EXOEV�WKDW�KDYH�D�FRORXU�WHPSHUDWXUH�RI�RQO\����22�.��7R�XV�WKH�OLJKW�WKH\�SURGXFH�LV�DFFHSWDEOH�RQ�WZR�FRXQWV��RQH�VXIILFLHQW�OLJKW�LV�DYDLODEOH�WR�VDWLVI\�YLVLRQ�DQG�WZR��WKH�ORZ�FRORXU�WHPSHUDWXUH�DSSHDVHV�RXU�QHHG�IRU�WKH�FRPIRUW�RI�ILUH��7K XV��ZH�FDQ�UHOD[�DQG�IHHO�DW�HDVH�LQ�WKHLU�OLJKW��&RPSDUHG�WR�QDWXUDO�OLJKW�KRZHYHU��ILODPHQW�EXOEV�SURGXFH�JURVV�GLVWRUWLRQV��WKHLU�UDGLDWLRQ�LV�VKLIWHG�VWURQJO\�WR�WKH�UHG�DQG�LQ�IDFW����SHU�FHQW�RI�WKH�WRWDO�HPLVVLRQ�LV�LQ�WKH�5HG�UHJLRQ�DQG�WKHUHIRUH�ORVW�DV�KHDW��:XUWPDQ��������
7KH�HYROXWLRQ�RI�WKH�IOXRUHVFHQW�ODPS�KDV�SURGXFHG�D�OLJKWLQJ�HQYLURQPHQW�WRWDOO\�DOLHQ�WR�WKH�KXPDQ�H[SHULHQFH��7KH�ZKLWH�IOXRUHVFHQW�WXEH�LQ�JHQHUDO�XVH�KDV�EHHQ�GHVLJQHG�WR�JLYH�PD[LPXP�EULJKWQHVV�IRU�D�JLYHQ�HQHUJ\�FRQVXPSWLRQ��7KHUHIRUH�WKH\�SHDN�DW�WKH�ZDYHOHQJWK�����QP��\HOORZ�JUHHQ��KHVW�VXLWHG�WR�WKH�EULJKWQHVV�SKRWRUHFHSWRUV�RI�WKH�KXPDQ�H\H��2QH�REYLRXV�FRQVHTXHQFH�RI�WKLV�LV�WKH�GLVWRUWLRQ�RI�



FRORXU�WKDW�LV�DSSDUHQW�XQGHU�IOXRUHVFHQW�ODPSV�
$�VHFRQG�FRQVLGHUDWLRQ�LV�WKDW�ODPSV�DUH�GHVLJQHG�WR�IXOILO�WKH�QHHGV�RI�YLVLRQ��D�IDLUO\�REYLRXV�VWDWHPHQW��+RZHYHU��DOWKRXJK�WKH�OHYHO�RI�LOOXPLQDWLRQ�GHHPHG�QHFHVVDU\�E\�DUFKLWHFWV�LV����WR�����IRRWFDQGOHV��LW�LV�RQO\�DERXW�WHQ�SHUFHQW�RI�WKH�OLJKW�DYDLODEOH�RXW�RI�GRRUV�LQ�WK H�VKDGH�RI�D�WUHH�RQ�D�VXQQ\�GD\��1XUWPDQ���������VR�DGDSWDEOH�LV�WKH�KXPDQ�RSWLF�PHFKDQLVP�WKDW�ZH�GR�QRW�GHWHFW�WKH�JORRP�LQ�ZKLFK�ZH�VSHQG�PRVW�RI�WKH�ZRUNLQJ�GD\��,Q�WHUPV�RI�UDGLDWLRQ�VL[WHHQ�KRXUV�H[SRVXUH�WR�RUGLQDU\�IOXRUHVFHQW�OLJKW�LV�OHVV�WKDQ�ZRXOG�LPSLQJH�IURP�H[SRVXUH�WR�QDWXUDO�OLJKW�IRU�MXVW�RQH�KRXU�
&OLFN�IRU�SDJH��

&+5,6�0$57,1�6(59,&(6,QIRUPDWLRQ�VKHHW�� 7UXHOLWH_KRPH�SDJH�_�SDJH���_�SDJH���_�LQIRUPDWLRQ�VKHHW�GLUHFWRU\�_�SGI�_&RS\�2I�$Q�$UWLFOH�3XEOLVKHG�%\�7KH�,�+�6��,Q��7KH�+HUSWLOH��6HSW������9ROXPH���1XPEHU��
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7KH�(IIHFWV�RI�1DWXUDO�/LJKW�RQ�$QLPDOV�DQG�DQ�DSSUDLVDO�RI�WKH�YDOXH�RI�7UXH�OLWH��
,QWURGXFWLRQ
7KHUH�DUH�IUHTXHQW�UHIHUHQFHV�LQ�WKH�OLWHUDWXUH�SHUWDLQLQJ�WR�5HSWLOH�+XVEDQGU\�RQ�WKH�VXSSRVHG�EHQHILFLDO�HIIHFWV�RI�H[SRVXUH�WR�6XQOLJKW��EXW�XQWLO�UHFHQWO\�YHU\�OLWWOH�VHULRXV�UHVHDUFK�KDG�EHHQ�DWWHPSWHG�RQ�WKH�HIIHFWV�RI�OLJKW�RQ�PHWDEROLVP��5HSWLOHV�DUH�GHSHQGHQW�XSRQ�6RODU�5DGLDWLRQ�DV�D�VRXUFH�RI�ERG\�KHDW��EXW�LQ�FRPPRQ�ZLWK�PRVW�DQLPDOV��LW�QRZ�VHHPV�FHUWDLQ�WKDW�H[SRVXUH�WR�QDWXUDO�OLJKW�LV�DV PXFK�D�SK\VLRORJLFDO�UHTXLUHPHQW�WR�WKHP�DV�LV�IRRG�RU�ZDWHU�
,Q�D�SUHYLRXV�DUWLFOH�RQ�DUWLILFLDO�OLJKW�LQ�WKH�9LYDULXP��%ODWFKIRUG��������,�GHVFULEHG�WKH�IOXRUHVFHQW�WXEH�7UXH�OLWH�ZKLFK�KDG�MXVW�EHFRPH�DYDLODEOH�WKURXJK�WKH�IRUH�VLJKW�RI�-RKQ�*UHDWZRRG�RI�WKH�6WUHDWKDP�ILUP�RI�-�*��$QLPDOV��$OWKRXJK�LQ�WKH�LQWHUYHQLQJ�\HDUV�7UXH �OLWH�KDV�EHFRPH�DFFHSWHG�DQG�ZLGHO\�XVHG�WKHUH�LV�FRQVLGHUDEOH�FRQWURYHUV\�DV�WR�LWV�YDOXH�
,Q�WKH�SUHVHQW�DUWLFOH�,�KRSH�WR�SUHVHQW�VXIILFLHQW�HYLGHQFH�WR�HVWDEOLVK�WZR�EDVLF�SRLQWV�
7KH�ILUVW�LV�WKDW�OLJKW�UHDOO\�FDQ�KDYH�D�EHQHILFLDO�HIIHFW�RQ�5HSWLOHV�DQG�WKH�FRQYHUVH�WKDW�WKH�ZURQJ�NLQG�RI�OLJKW�FDQ�KDYH�D�GHWULPHQWDO�HIIHFW�RQ�WKHLU�JHQHUDO�ZHOIDUH�DQG�EHKDYLRXU�
6HFRQGO\��,�KRSH�WR�VKRZ�WKDW�7UXH�OLWH�LV�QRW�MXVW�D�JLPPLFN� 7KH�OLJKW�ZKLFK�LW�SURGXFHV�KDV�EHHQ�GHVLJQHG�WR�GXSOLFDWH�GD\OLJKW�DQG�LW�KDV�EHHQ�GHPRQVWUDWHG�RQ�PDQ\�RFFDVLRQV�WKDW�WKLV�ODPS�KDV�D�SURIRXQG�LQIOXHQFH�RQ�WKH�SK\VLRORJ\�DQG�EHKDYLRXU�RI�VXEMHFW�DQLPDOV��7R�VFLHQWLILFDOO\�SURYH�LWV�EHQHILFLDO�HIIHFWV�RQ�5HSWLOHV��DV�KDV�UHDGLO\�EHHQ�GRQH�ZLWK�PDPPDOV��ZRXOG�EH�GLIILFXOW�DV�WKH�QRUPDO�FRQFHSW�RI�FRQWUROOHG�H[SHULPHQWV�UHTXLUHV�ODUJH�QXPEHUV�RI�YHU\�VLPLODU�DQLPDOV�RU�ODUJH�QXPEHUV�RI�REVHUYDWLRQV�RI�OHDUQLQJ�DELOLW\�HWF���,W�LV�QRW�SRVVLEOH�WR�SURGXFH�WKH�GHVLUHG�XQLIRUPLW\�RI�DQLPDOV�UHTXLUHG�LQ�WKH�VDPH�ZD\�WKDW�PDPPDOV��ZLWK�WKHLU�IRUPLGDEOH�VH[�OLYHV��FDQ�EH�PDVV �SURGXFHG��QRU�DUH�OHDUQLQJ�WHVWV�YLDEOH�ZLWK�WKH�PDMRULW\�RI�UHSWLOHV��&RQVHTXHQWO\��5HSWLOHV�DV�D�&ODVV�KDYH�EHHQ�YLUWXDOO\�LJQRUHG�LQ�WKLVILHOG��7KHUH�LV�RQH�RWKHU�FRQVLGHUDWLRQ�
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