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$EVWUDFW
,Q UHFHQW� \HDUV�� WKH� XVH� RI� GLVSOD\ YHFWRUV� DQG� LQ� YLWUR VHOHFWLRQ� WHFKQRORJLHV� KDVWUDQVIRUPHG WKH�ZD\�LQ�ZKLFK�ZH�JHQHUDWH�OLJDQGV��VXFK�DV�DQWLERGLHV�DQG�SHSWLGHV��IRU�D�JLYHQWDUJHW� 8VLQJ�WKLV�WHFKQRORJ\��ZH�DUH�QRZ�DEOH�WR�GHVLJQ�UHSHUWRLUHV�RI�OLJDQGV�IURP�VFUDWFK�DQGXVH WKH�SRZHU�RI�SKDJH�VHOHFWLRQ�WR�VHOHFW�WKRVH�OLJDQGV�KDYLQJ�WKH�GHVLUHG��ELRORJLFDO��SURSHUWLHV�:LWK SKDJH�GLVSOD\��WDLORU�PDGH�DQWLERGLHV�PD\�EH�V\QWKHVL]HG�DQG�VHOHFWHG�WR�UHWDLQ�WKH�GHVLUHGDIILQLW\ RI�ELQGLQJ�DQG�VSHFLILFLW\�IRU LQ�YLWUR DQG�LQ�YLYR GLDJQRVLV��RU�IRU�LPPXQRWKHUDS\�RIKXPDQ GLVHDVH��7KLV�UHYLHZ�DGGUHVVHV�UHFHQW�SURJUHVV�LQ�WKH�FRQVWUXFWLRQ�RI��DQG�VHOHFWLRQ�IURPSKDJH DQWLERG\�OLEUDULHV��WRJHWKHU�ZLWK�QRYHO�DSSURDFKHV�IRU�VFUHHQLQJ�SKDJH�DQWLERGLHV��$V�WKHTXDOLW\�RI�ODUJH�QDwYH�DQG�V\QWKHWLF�DQWLERG\�UHSHUWRLUHV�LPSURYHV�DQG�OLEUDULHV�EHFRPHV�PRUHJHQHUDOO\ DYDLODEOH��QHZ�DQG�H[FLWLQJ�DSSOLFDWLRQV�DUH�SLRQHHUHG�VXFK�DV�WKH�LGHQWLILFDWLRQ�RIQRYHO DQWLJHQV� XVLQJ� GLIIHUHQWLDO� VHOHFWLRQ� DQG� WKH� JHQHUDWLRQ� RI� UHFHSWRU� D�QWD�JRQLVWV�&RPELQLQJ�WKH�GHVLJQ�DQG�JHQHUDWLRQ�RI�PLOOLRQV�WR�ELOOLRQV�RI�GLIIHUHQW�OLJDQGV��WRJHWKHU�ZLWKSKDJH GLVSOD\�IRU�WKH�LVRODWLRQ�RI�ELQGLQJ�OLJDQGV�DQG�ZLWK�IXQFWLRQDO�DVVD\V�IRU�LGHQWLI\LQJ��DQGSRVVLEO\ VHOHFWLQJ��ELR�DFWLYH� OLJDQGV��ZLOO�RSHQ�HYHQ�PRUH�FKDOOHQJLQJ�DSSOLFDWLRQV�RI� WKLVLQVSLULQJ WHFKQRORJ\��DQG�SURYLGH�D�SRZHUIXO�WRRO�IRU�GUXJ�DQG�WDUJHW�GLVFRYHU\�ZHOO�LQWR�WKH�QH[WGHFDGH�

���,QWURGXFWLRQ
7KH JHQHUDWLRQ�RI�QHZ�GUXJV�KDV�ORQJ�LQYROYHG�WKH�VHDUFK�DPRQJVW�KXQGUHGV�RI�WKRXVDQGVRI FRPSRQHQWV�XVLQJ�ZHOO�GHILQHG�LQ�YLWUR VFUHHQLQJ�WHVWV��WKH�RXWSXW�RI�ZKLFK�ZDV�FKRVHQ�WRPLPLF DV�FORVHO\�DV�SRVVLEOH� WKH�GHVLUHG� LQ�YLYR DFWLYLW\�RI� WKH�QHZ�GUXJ��1RZ�QHZ�OLEUDU\PHWKRGRORJLHV RIIHU�PDQ\�DOWHUQDWLYH�DQG�DW�OHDVW�DV�SRZHUIXO�URXWHV��E\�FRPELQLQJ�WKH�FUHDWLRQRI ELOOLRQV�RI�FRPSRQHQWV�ZLWK�D� IDVW� VFUHHQLQJ�RU� VHOHFWLRQ�SURFHGXUH� WR� LGHQWLI\� WKH�PRVWLQWHUHVWLQJ OHDG�FDQGLGDWHV��2QH�RI�WKH�PRVW�ZLGHO\�XVHG�OLEUDU\�PHWKRGRORJLHV�LV�EDVHG�RQ�WKHXVH RI�ILODPHQWRXV�SKDJH�>�@��D�EDFWHULRSKDJH�WKDW�OLYHV�RQ�(VFKHULFKLD�FROL���3KDJH�GLVSOD\�KDVSURYHQ WR�EH�D�YHU\�SRZHUIXO�WHFKQLTXH�WR�GLVSOD\�OLEUDULHV�FRQWDLQLQJ�PLOOLRQV�RU�HYHQ�ELOOLRQVRI GLIIHUHQW�SHSWLGHV�RU�SURWHLQV��2QH�RI�WKH�PRVW�VXFFHVVIXO�DSSOLFDWLRQV�RI�SKDJH�GLVSOD\�KDVEHHQ WKH�LVRODWLRQ�RI�PRQRFORQDO�DQWLERGLHV�XVLQJ�ODUJH�SKDJH�DQWLERG\�OLEUDULHV�>�@��,QGHHG��LQWKH ODVW� IHZ�\HDUV��YHU\�HIILFLHQW� WHFKQLTXHV�KDYH�EHHQ�GHYHORSHG� WR�GHVLJQ�DQG�EXLOG� ODUJHOLEUDULHV RI�DQWLERG\�IUDJPHQWV��DQG�LQJHQLRXV�VHOHFWLRQ�SURFHGXUHV�KDYH�EHHQ�HVWDEOLVKHG�WRGHULYH DQWLERGLHV�ZLWK�WKH�GHVLUHG�FKDUDFWHULVWLFV��+HUH��ZH�UHYLHZ�WKH�SURJUHVV�PDGH�LQ�WKLVUDSLGO\ GHYHORSLQJ�ILHOG��DQG�GLVFXVV�D�EURDG�UDQJH�RI�DSSOLFDWLRQV��LQFOXGLQJ�WKH�XVH�RI�ODUJH
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SKDJH DQWLERG\� OLEUDULHV� WR� GLVFRYHU� QRYHO� WDUJHWV� RQ� FHOOV� DQG� PHWKRGV� IRU� VHOHFWLRQ� RIELRORJLFDOO\ DFWLYH�OLJDQGV��)LQDOO\��ZH�DGGUHVV�WKH�SRWHQWLDO�RI�FRPELQLQJ�SKDJH�GLVSOD\�ZLWKFRPSOHPHQWDU\ WHFKQRORJLHV��WR�LQFUHDVH�WKH�VFRSH�DQG�UDQJH�RI�DSSOLFDWLRQV�RI�WKLV�WHFKQRORJ\�
���$QWLERG\�3KDJH�GLVSOD\
�����7KH�SKDJH�GLVSOD\�SULQFLSOH7KH SRZHU�RI�WKH�SKDJH�GLVSOD\�V\VWHP�LV�LOOXVWUDWHG�LQ�)LJ������'1$�HQFRGLQJ�PLOOLRQVRI YDULDQWV�RI�D�FHUWDLQ�OLJDQGV��H�J��SHSWLGHV��SURWHLQV�RU�IUDJPHQWV�WKHUHRI��LV�EDWFK�FORQHG�LQWRWKH SKDJH�JHQRPH�DV�D�IXVLRQ�WR�WKH�JHQH�HQFRGLQJ�RQH�RI�WKH�SKDJH�FRDW�SURWHLQV��S,,,��S9,�RUS9,,,�� 8SRQ�H[SUHVVLRQ�RI�WKH�OLJDQGV��WKH�FRDW�SURWHLQ�IXVLRQ�ZLOO�EH�LQFRUSRUDWHG�LQWR�QHZSKDJH SDUWLFOHV�WKDW�DUH�DVVHPEOHG�LQ�WKH�EDFWHULXP��([SUHVVLRQ�RI�WKH�IXVLRQ�SURGXFW�DQG�LWVVXEVHTXHQW LQFRUSRUDWLRQ�LQWR�WKH�PDWXUH�SKDJH�FRDW�UHVXOWV�LQ�WKH�OLJDQG�EHLQJ�SUHVHQWHG�RQ�WKHSKDJH VXUIDFH��ZKLOH�LWV�JHQHWLF�PDWHULDO�UHVLGHV�ZLWKLQ�WKH�SKDJH�SDUWLFOH��7KLV�OLQNDJH�EHWZHHQOLJDQG JHQRW\SH�DQG�SKHQRW\SH�DOORZV� WKH�HQULFKPHQW�RI�DQWLJHQ�VSHFLILF�SKDJH��H�J��XVLQJVHOHFWLRQ RQ�LPPRELOLVHG�DQWLJHQ��3KDJH�WKDW�GLVSOD\�D�UHOHYDQW�OLJDQG�ZLOO�EH�UHWDLQHG�RQ�DVXUIDFH FRDWHG�ZLWK�DQWLJHQ��ZKLOH�QRQ�DGKHUHQW�SKDJHV�ZLOO�EH�ZDVKHG�DZD\��%RXQG�SKDJHV�FDQEH UHFRYHUHG�IURP�WKH�VXUIDFH��UHLQIHFWHG�LQWR�EDFWHULD�DQG�UH�JURZQ�IRU�IXUWKHU�HQULFKPHQW��DQGHYHQWXDOO\ IRU�DQDO\VLV�RI�ELQGLQJ��7KH�VXFFHVV�RI�OLJDQG�SKDJH�GLVSOD\�KLQJHV�RQ�WKH�FRPELQDWLRQRI WKLV� GLVSOD\� DQG� HQULFKPHQWPHWKRG� ZLWK�WKH�FUHDWLRQ�RI�ODUJHFRPELQDWRULDO UHSHUWRLUHV� RQSKDJH�

)LJXUH��7KH�SKDJH�GLVSOD\�F\FOH'1$ HQFRGLQJ�IRU��PLOOLRQV�RI�YDULDQWVRI FHUWDLQ�OLJDQGV��H�J��SHSWLGHV��SURWHLQVRU IUDJPHQWV�WKHUHRI��LV�EDWFK�FORQHG�LQWRWKH SKDJH�JHQRPH�DV�SDUW�RI��RQH�RI�WKHSKDJH�FRDW�SURWHLQV��S,,,��S9,�RU�S9,,,��/DUJH OLEUDULHV� FRQWDLQLQJ� PLOOLRQV� RIGLIIHUHQW OLJDQGV�FDQ�EH�REWDLQHG�E\�IRUFHFORQLQJ LQ�(�FROL��)URP�WKHVH�UHSHUWRLUHVSKDJH FDUU\LQJ�VSHFLILF�ELQGLQJ�OLJDQGVFDQ EH�LVRODWHG�E\�D�VHULHV�RI�UHFXUVLYHF\FOHV RI� VHOHFWLRQ�RQ� DQWLJHQ�� HDFK�RIZKLFK LQYROYHV�ELQGLQJ��ZDVKLQJ��HOXWLRQDQG�DPSOLILFDWLRQ��
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�����)LODPHQWRXV�SKDJH�ELRORJ\�DQG�GLVSOD\%\ IDU� WKH� PRVW� SRSXODU� SKDJH� WKDW� KDV� EHHQ� XVHG� IRU� GLVSOD\� LV� WKH� ILODPHQWRXVEDFWHULRSKDJH� 7KH�QRQ�O\WLF�ILODPHQWRXV�SKDJH�IG�RU�0���LQIHFW�VWUDLQV�RI�(��FROL FRQWDLQLQJ�WKH) FRQMXJDWLYH�SODVPLG��3KDJH�SDUWLFOHV�DWWDFK�WR�WKH�WLS�RI�WKH�)�SLOXV�WKDW�LV�HQFRGHG�E\�JHQHVRQ WKLV�SODVPLG��DQG�WKH�SKDJH�JHQRPH��D�FLUFXODU�VLQJOH�VWUDQGHG�'1$�PROHFXOH��LV�WUDQVORFDWHGLQWR WKH�F\WRSODVP��7KH�JHQRPH�LV�UHSOLFDWHG�LQYROYLQJ�ERWK�SKDJH�DQG�KRVW�GHULYHG�SURWHLQV��DQGSDFNDJHG E\�WKH�LQIHFWHG�FHOO�LQWR�D�URG�VKDSHG�SDUWLFOH��ZKLFK�LV�UHOHDVHG�LQWR�WKH�PHGLD��$OOYLULRQ SURWHLQV�ZLOO�XQGHUJR�WUDQVSRUW�WR�WKH�FHOO�SHULSODVP�SULRU�WR�DVVHPEO\�DQG�H[WUXVLRQ�6HYHUDO�ILODPHQWRXV�SKDJH�FRDW�SURWHLQV�KDYH�EHHQ�XVHG�IRU�GLVSOD\�RI�OLJDQGV��IRU�UHYLHZ��VHHDQ H[FHOOHQW�LVVXH�RI�0HWKRGV�LQ�(Q]\PRORJ\�>�@�DQG�D�ERRN�RQ�SKDJH�ELRORJ\�DQG�GLVSOD\DSSOLFDWLRQV >�@����%\�IDU�WKH�PRVW�H[WHQVLYHO\�XVHG�LV�WKH�S,,,�SKDJH�SURWHLQ��ZKLFK�LV�LQYROYHGLQ�EDFWHULDO�LQIHFWLRQ�DQG�LV�SUHVHQW�LQ�WKUHH�WR�ILYH�FRSLHV�SHU�SKDJH�SDUWLFOH��
����%DVLF�GLVSOD\�PHWKRGRORJ\$QWLERGLHV ZHUH�WKH�ILUVW�SURWHLQV�WR�EH�GLVSOD\HG�VXFFHVVIXOO\�RQ�WKH�VXUIDFH�RI�SKDJH�>�@�7KLV ZDV�DFKLHYHG�E\�IXVLQJ�WKH�FRGLQJ�VHTXHQFH�RI�WKH�DQWLERG\�YDULDEOH��9��UHJLRQV�HQFRGLQJD VLQJOH�FKDLQ�)Y��VF)Y��IUDJPHQW�WR�WKH�DPLQR�WHUPLQXV�RI�WKH�SKDJH�PLQRU�FRDW�SURWHLQ�S,,,��7KHDQWLERG\ ZDV�GLVSOD\HG�XVLQJ�D�SKDJH�YHFWRU��EDVHG�RQ�SKDJH�IG�WHW�>�@�DQG�LWV�JHQH�,,,�DV�IXVLRQSDUWQHU� ,Q�WKLV�YHFWRU��WKH�JHQHV�HQFRGLQJ�DQ�DQWLERG\�VF)Y�IUDJPHQW�ZHUH�FORQHG�LQ�IUDPH�ZLWKJHQH ,,,�DQG�GRZQVWUHDP�RI�WKH�JHQH�,,,�VLJQDO�VHTXHQFH��ZKLFK�QRUPDOO\�GLUHFWV�WKH�DGVRUSWLRQSURWHLQ�WR�WKH�SHULSODVP��+HUH��WKH�9+�DQG�9/�GRPDLQV�ZLOO�IROG�FRUUHFWO\���ERWK�VWDELOLVHG�E\D LQWUDPROHFXODU�GLVXOSKLGH�EULGJH��DQG�SDLU�WR�IRUP�D�IXQFWLRQDO�VF)Y�>����@��,QLWLDOO\��SKDJHYHFWRUV�WKDW�FDUU\�DOO�WKH�JHQHWLF�LQIRUPDWLRQ�UHTXLUHG�IRU�WKH�SKDJH�OLIH�F\FOH�ZHUH�XVHG�>����@�1RZ� SKDJHPLGV��KDYH�EHFRPH�D�PRUH�SRSXODU�W\SH�RI�YHFWRU�IRU�GLVSOD\��3KDJHPLGV�DUH�VPDOOSODVPLG YHFWRUV�WKDW�FDUU\�JHQH�,,,�ZLWK�DSSURSULDWH�FORQLQJ�VLWHV�DQG�D�SKDJH�SDFNDJLQJ�VLJQDO>�����@��,Q�SKDJHPLGV��WKH�VF)Y�PD\�EH�IXVHG DW�WKH�1�WHUPLQXV�RI�WKH�PDWXUH�JHQH�,,,�SURWHLQ>�� ��@�RU�DW�WKH�1�WHUPLQXV�RI�D�WUXQFDWHG�S,,,�ODFNLQJ�WKH�ILUVW�WZR�1�WHUPLQDO�GRPDLQV�>������@�3KDJHPLGV KDYH�KLJK�WUDQVIRUPDWLRQ�HIILFLHQFLHV�DQG�DUH�WKHUHIRUH�LGHDOO\�VXLWHG�IRU�JHQHUDWLQJYHU\ ODUJH�UHSHUWRLUHV��DV�ZHOO�DV�SURYLGLQJ�D�IRUPDW�IRU�GLUHFW�VHFUHWLRQ�RI�WKH�XQIXVHG�DQWLERG\IUDJPHQW��ZLWKRXW�VXEFORQLQJ�>��@��
0DQ\ SKDJHPLGV�XWLOL]H�WKH�ODF=�SURPRWHU�WR�GULYH�H[SUHVVLRQ�RI�WKH�DQWLERG\�S,,,�IXVLRQ�>��������@��)RU�GLVSOD\�RI�WKH�DQWLERG\�S,,,�SURGXFW��HLWKHU�WKH�FDWDEROLF�UHSUHVVRU��JOXFRVH��RI�WKHODF= SURPRWHU�LV�UHPRYHG�RU�GHSOHWHG��OHDGLQJ�WR�H[SUHVVLRQ�RI�VXIILFLHQW�IXVLRQ�SURGXFW�WR�GHULYH
PRQRYDOHQW
�SKDJH�SDUWLFOHV��:KHQHYHU�H[SUHVVLRQ�PHGLDWHG�WR[LFLW\�LV�DQ�LVVXH��ZKLFK�LV�WKHFDVH IRU� VRPH��PRVWO\� K\EULGRPD�GHULYHG�� DQWLERG\� IUDJPHQWV� >��@��� LW�PD\�EH� UHTXLUHG� WR



$QWLERG\�SKDJH�GLVSOD\�DQG�LWV�DSSOLFDWLRQV

����

UHJXODWH WKH� H[SUHVVLRQ� PRUH� WLJKWO\�� � 7KH� XVH� RI� D� ODF=� SURPRWHU� ZLWK� DQ� DGGLWLRQDOWUDQVFULSWLRQDO�WHUPLQDWRU�>��@�RU�RI�WKH�SKDJH�VKRFN�SURPRWHU��SVS��>��@�PD\�DOORZ�GLVSOD\ RIUHODWLYHO\�WR[LF�SURGXFWV�DQG�UHGXFH�H[SUHVVLRQ�PHGLDWHG�OLEUDU\�ELDV�
7KH SKDJHPLG�'1$�HQFRGLQJ�WKH�DQWLERG\�S,,,�IXVLRQ�ZLOO�EH�SUHIHUHQWLDOO\�SDFNDJHG�LQWR�SKDJHSDUWLFOHV XVLQJ�D�KHOSHU�SKDJH�VXFK�DV�0��.2��RU�9&6�0����ZKLFK�VXSSOLHV�DOO�VWUXFWXUDOSURWHLQV� 6LQFH�KHOSHU�SKDJH�DOVR�HQFRGH�ZLOG�W\SH�S,,,��W\SLFDOO\�RYHU�����RI�UHVFXHG�SKDJHGLVSOD\ QR�DQWLERG\�DW�DOO�DQG�WKH�YDVW�PDMRULW\�RI�WKH�UHVFXHG�SKDJH�SDUWLFOHV�WKDW�GR�GLVSOD\�WKHIXVLRQ SURGXFW�ZLOO�RQO\�FRQWDLQ�D�VLQJOH�FRS\��,GHDOO\��PRUH�HIILFLHQW��HYHQ�PXOWLYDOHQW�GLVSOD\ZRXOG WKHUHIRUH�EH�SUHIHUDEOH�ZKHQ�VHOHFWLQJ�YHU\�ODUJH�DQWLERG\�OLEUDULHV�WR�JXDUDQWHH�VHOHFWLRQZLWK D�OLPLWHG�QXPEHU�RI�SKDJH�SDUWLFOHV�SHU�FORQH��0RQRYDOHQW�GLVSOD\��RQ�WKH�RWKHU�KDQG��PD\EH HVVHQWLDO� ZKHQ� VHOHFWLQJ� DQWLERGLHV� RI� KLJKHU� DIILQLW\�� � 7KHUHIRUH� WKH� XVH� RI� LQGXFLEOHSURPRWHUV >��@� RU� WKH� XVH� RI� D� KHOSHU� SKDJH�ZLWK� JHQH� ,,,� GHOHWHG� >���� ��@��ZKLFK�PD\�EHSURGXFHG HIILFLHQWO\�LQ�FHOOV�FRQWDLQLQJ�J,,,�XQGHU�FRQWURO�RI�SVS�>��@��PD\�LQ�WKH�IXWXUH�DOORZ�WKHPRGXODWLRQ�RI�WKH�YDOHQF\�RI�GLVSOD\HG�DQWLERGLHV��
����)RUPDWV�IRU�DQWLERG\�GLVSOD\(IIHFWLYH GLVSOD\�IRUPDWV�IRU�DQWLERGLHV�DUH�VF)Y�>��������@��)DE�IUDJPHQWV�>�������������@� )Y©V�ZLWK�DQ�HQJLQHHUHG�LQWHUPROHFXODU�GLVXOSKLGH�ERQG�WR�VWDELOL]H�WKH�9 �9 SDLU��¨GV)Y©V�+ />��@�� DQG�GLDERG\�IUDJPHQWV�>������@��7KH�VPDOOHU�VL]H�RI�WKH�VF)Y�IRUPDW�PDNHV�WKHVH�OLEUDULHVJHQHWLFDOO\ PRUH�VWDEOH�WKDQ�)DE�OLEUDULHV��+RZHYHU��PDQ\�VF)Y©V�FDQ�IRUP�KLJKHU�PROHFXODUZHLJKW VSHFLHV�LQFOXGLQJ�GLPHUV�DQG�WULPHUV��ZKLFK�FDQ�FRPSOLFDWH�VHOHFWLRQ�DQG�FKDUDFWHULVDWLRQ�VHH >��@����)DE�IUDJPHQWV��RQ�WKH�RWKHU�KDQG��ODFN�WKLV�WHQGHQF\�WR�GLPHULVH��ZKLFK�IDFLOLWDWHV�IRUH[DPSOH DVVD\V�WR�VFUHHQ�WKH�NLQHWLFV�RI�ELQGLQJ��VHH�������7R�GLVSOD\�)DE�IUDJPHQWV�RQ�SKDJH�HLWKHU WKH�OLJKW RU�KHDY\��)G��FKDLQ�LV�IXVHG�YLD LWV�&�WHUPLQXV�WR�S,,,�DQG�WKH�SDUWQHU�FKDLQ�LVH[SUHVVHG XQIXVHG�DQG�VHFUHWHG�LQWR�WKH�SHULSODVPLF�VSDFH��ZKHUH�LW�FDQ�DVVRFLDWH�WR�IRUP�DQLQWDFW )DE�IUDJPHQW��DV�LOOXVWUDWHG�LQ�)LJ����� �$�VLPLODU�PHWKRG�LV�XVHG�WR�H[SUHVV�ELVSHFLILFGLDERGLHV >��@��6XFK�ELVSHFLILF�GLPHUV�RI�VF)Y©V�ZHUH�GLVSOD\HG�RQ�SKDJH�E\�H[SUHVVLRQ�IURP�DELFLVWURQLF�FDVVHWWH�FRQWDLQLQJ�WZR�9+�9/�IXVLRQ�SURGXFWV��RQH�RI�ZKLFK�LV�DOVR�IXVHG�WR�J,,,�7KH DGYDQWDJH�RI�WKH�GLDERG\�IRUPDW�LV�WKDW�HLWKHU�ELYDOHQW�DQWLERGLHV�PD\�EH�LVRODWHG��D�IHDWXUHWKDW FRXOG�EH�XVHG�IRU�¨IXQFWLRQDO©�VFUHHQLQJ��VHH������RU�WKDW�ODUJH�SDQHOV�RI�ELVSHFLILF�PROHFXOHVPD\�EH�JHQHUDWHG��DYRLGLQJ�H[WHQVLYH�UHFORQLQJ�DIWHU�VHOHFWLRQ�>��@�
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)LJXUH��'LVSOD\�RI��)DE�IUDJPHQWV�RQ�ILODPHQWRXV�SKDJH)DE IUDJPHQWV�PD\�EH�GLVSOD\HG�RQ�SKDJH�XVLQJ�SKDJHPLGV��S&(6��LV�VKRZQ�DV�DQ�H[DPSOH��WKDW�H[SUHVV�WKH�KHDY\FKDLQ �)G��IUDJPHQW�FRQWDLQLQJ�WKH�YDULDEOH�GRPDLQ�DQG�WKH�ILUVW�FRQVWDQW�GRPDLQ�IXVHG�WR�D�FRDW�SURWHLQ�JHQH��JHQH,,,� RI� ILODPHQWRXV� SKDJH� IG�� LQ� FRPELQDWLRQ� ZLWK� VHSDUDWH� H[SUHVVLRQ� RI� WKH� SDUWQHU� �OLJKW�� FKDLQ�� %DFWHULDKDUERXULQJ WKLV�SKDJHPLG�YHFWRU�DUH�VXSHULQIHFWHG�ZLWK�KHOSHU�SKDJH�WR�GULYH�SURGXFWLRQ�RI�SKDJH�SDUWLFOHV�FDUU\LQJWKH )DE�IUDJPHQW��DV�D�IXVLRQ�SURGXFW�ZLWK�WKH�SKDJH�FRDW�SURWHLQ�S,,,��RQ�WKH�VXUIDFH��DQG�WKH�'1$�HQFRGLQJ�WKHLPPXQRJOREXOLQV LQVLGH�WKH�SDUWLFOH��$EEUHYLDWLURQV���UEV��ULERVRPH�ELQGLQJ�VLWH��$03U��DPSLFLOOLQJ�UHVLVWDQFH��+�DQG WDJ��+LVWLGLQH�VWUHWFK�DQG�SHSWLGH�WDJ�UHVSHFWLYHO\��IRU�SXULILFDWLRQ�DQG�GHWHFWLRQ�SXUSRVHV��DPEHU�FRGRQ��7$*�WKDW DOORZV�H[SUHVVLRQ�RI�VROXEOH�DQWLERG\�IUDJPHQW�LQ�QRQ�VXSSUHVVRU�VWUDLQV��J,,,��JHQH�,,,�IRU�SKDJH�IG��6��VLJQDOVHTXHQFH�GLUHFWLQJ�WKH�H[SUHVVHG�SURWHLQ�WR�WKH�EDFWHULDO�SHULSODVP�
���$QWLERG\�OLEUDULHV2QH�RI�WKH�PRVW�VXFFHVVIXO�DSSOLFDWLRQV�RI�SKDJH�GLVSOD\�KDV�EHHQ�WKH�LVRODWLRQ�RI�PRQRFORQDODQWLERGLHV IURP�ODUJH�SKDJH�DQWLERG\�OLEUDULHV��)LJ�������:H�ZLOO�GLVFXVV�WKH�WKUHH�W\SHV�RI�VXFKSKDJH�OLEUDULHV��LPPXQH��QDwYH�DQG�V\QWKHWLF�DQWLERG\�OLEUDULHV�
����$QWLERG\�OLEUDULHV��IURP�LPPXQL]HG�DQLPDOV�RU�LPPXQH�GRQRUV5HSHUWRLUHV PD\�EH�FUHDWHG�IURP�WKH�,J*�JHQHV�RI�VSOHHQ�%�FHOOV�RI�PLFH�LPPXQLVHG�ZLWKDQWLJHQ�>�@�RU�IURP�LPPXQH�GRQRUV� $Q�LPPXQH�SKDJH�DQWLERG\�UHSHUWRLUH�ZLOO�EH�HQULFKHG�LQDQWLJHQ�VSHFLILF DQWLERGLHV��VRPH�RI�ZKLFK�ZLOO�DOVR�KDYH�EHHQ�DIILQLW\�PDWXUHG�E\�WKH�LPPXQHV\VWHP >�����@��7KLV�PHWKRG�JLYHV�DFFHVV�WR�PRUH�DQG�VRPHWLPHV�DQWLERGLHV�ZLWK�KLJKHU�DIILQLW\WKDQ REWDLQHG�IURP�K\EULGRPDV��DV�ZDV�UHSRUWHG�IRU�DQ�DQWL�&($�DQWLERG\�>��@��2WKHU�DGYDQWDJHVRI�WKLV�SURFHGXUH�DUH�WKDW��FRPSDUHG�WR�WKH�K\EULGRPD�WHFKQRORJ\��PDQ\�PRUH�DQWLERGLHV�PD\EH DFFHVVHG�IURP�WKH�PDWHULDO�RI�D�VLQJOH� LPPXQLVHG�GRQRU��DQG�VHOHFWHG�DQWLERGLHV�FDQ�EHUDSLGO\�GHULYHG�RU�IXUWKHU�PDQLSXODWHG�
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)LJXUH��&RQVWUXFWLRQ RI� D� KXPDQ� DQWLERG\OLEUDU\�GLSOD\HG�RQ�SKDJH�F'1$ IUDJPHQWV� HQFRGLQJ� IRU� WKHKHDY\ DQG�WKH�OLJKW�YDULDEOH�UHJLRQVRI DQWLERGLHV��9 ��9 ��DUH�DPSOLILHG+ /IURP KXPDQ� %�FHOOV� E\� 3&5� DQGDVVHPEOHG� 7KH�DVVHPEOHG�JHQHV�DUHLQVHUWHG LQ� D� SKDJHPLG� YHFWRU� LQIUDPH ZLWK�WKH�JHQH�HQFRGLQJ�WKH�FRDWSURWHLQ S,,,��7KH�YHFWRU�LV�LQWURGXFHGLQWR (��FROL ��$IWHU�UHVFXH�ZLWK�KHOSHUSKDJH� WKH� UDQGRP� FRPELQDWRULDOOLEUDU\ RI�DQWLERGLHV�LV�GLVSOD\HG�RQSKDJH��DQG�VHOHFWLRQ�SHUIRUPHG��

7KH FRQVWUXFWLRQ�RI�LPPXQH�OLEUDULHVIURP D� YDULHW\� RI� VSHFLHV� KDV� EHHQUHSRUWHG� LQFOXGLQJ�PRXVH�>���������@�KXPDQ >������@��FKLFNHQ�>������@��UDEELW�>��@��DQG�FDPHO�>��@��$FWLYH�LPPXQL]DWLRQ�LV��KRZHYHU�QRW DOZD\V� SRVVLEOH� GXH� WR� HWKLFDO� FRQVWUDLQWV�� QHLWKHU� DOZD\V� HIIHFWLYH� GXH� WR� WROHUDQFHPHFKDQLVPV�WRZDUGV�RU�WR[LFLW\�RI�WKH�DQWLJHQ�LQYROYHG��7ROHUDQFH�PHFKDQLVPV�PD\�EH�SXW�WRXVH LQ� VRPH� FDVHV�� IRU� H[DPSOH� WR� GHSOHWH� DQWLERGLHV� WR� FHUWDLQ� DQWLJHQV� LQ� YLYR EHIRUHLPPXQL]DWLRQ DQG�VHOHFWLRQ�RI�WKH�QHZ�SKDJH�OLEUDU\�RQ�DQWLJHQ LQ�YLWUR >��@��3URYLGHG�VXLWDEOHVRXUFHV RI�DQWLERG\�SURGXFLQJ�%�FHOOV�RU�SODVPD�FHOOV�DUH�DFFHVVLEOH��LPPXQH�SKDJH�OLEUDULHV�DUHXVHIXO LQ�DQDO\]LQJ�QDWXUDO�KXPRUDO�UHVSRQVHV��IRU�H[DPSOH�LQ�SDWLHQWV�ZLWK�DXWRLPPXQH�GLVHDVH>�����@� YLUDO�LQIHFWLRQ��IRU�UHYLHZ�VHH�>��@��RU�QHRSODVWLF�GLVHDVHV�>����������@��5�&�5��HW�DO���LQSUHSDUDWLRQ�� RU� WR�VWXG\� LQ�YLWUR LPPXQLVDWLRQ�SURFHGXUHV�>��@�� ,Q�DGGLWLRQ��ZKHQ�VWXG\LQJVSHFLILF �H�J��PXFRVDO��KXPRUDO�UHVSRQVHV��P51$�FRGLQJ�IRU�VSHFLILF�,J�LVRW\SHV��H�J��,J$��PD\EH�VHOHFWLYHO\�XVHG�IRU�OLEUDU\�V\QWKHVLV�>��@�
����6LQJOH�SRW�UHSHUWRLUHV)URP LPPXQH OLEUDULHV��DQWLERGLHV�FDQ�EH�REWDLQHG�RQO\�DJDLQVW�WKH�VHW�RI�DQWLJHQV�WRZKLFK DQ�LPPXQH�UHVSRQVH�ZDV�LQGXFHG��ZKLFK�QHFHVVLWDWHV�UHSHDWHG�LPPXQL]DWLRQ�DQG�OLEUDU\
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FRQVWUXFWLRQ� ,GHDOO\��XQLYHUVDO��DQWLJHQ�XQELDVHG�OLEUDULHV�ZRXOG�EH�DYDLODEOH��IURP�ZKLFK�YHU\KLJK DIILQLW\�DQWLERGLHV� WR�DQ\�FKRVHQ�DQWLJHQ�PD\�GLUHFWO\�EH�VHOHFWHG�� LQGHSHQGHQW�RI� WKHLPPXQH KLVWRU\��$W�SUHVHQW��VHYHUDO�RI�VXFK�¨VLQJOH�SRW©�OLEUDULHV�KDYH�EHHQ�GHVFULEHG��UHYLHZHGLQ >�����@���ZKLFK�DUH�SDUWLFXODUO\�XVHIXO�IRU�WKH�VHOHFWLRQ�RI�KXPDQ�DQWLERGLHV�VLQFH�WKHVH�DUHYHU\ GLIILFXOW� WR� HVWDEOLVK� ZLWK� PRUH� WUDGLWLRQDO� WHFKQLTXHV�� :H� GLVFULPLQDWH� ¨QDwYH©� DQG¨V\QWKHWLF© DQWLERG\� OLEUDULHV��GHSHQGLQJ�RQ� WKH�VRXUFH�RI� LPPXQRJOREXOLQ�JHQHV��)RU�PRVWDSSOLFDWLRQV��WKH�DYDLODELOLW\�RI�ODUJH�SUH�PDGH�FROOHFWLRQV�RI�QRQ�LPPXQH�UHSHUWRLUHV�KDV�WKXVVXSHUVHGHG�WKH�XVH�RI�LPPXQH�UHSHUWRLUHV�
������$QWLERG\�OLEUDULHV�IURP�QRQ�LPPXQLVHG�GRQRUV7KH SULPDU\��XQVHOHFWHG��DQWLERG\�UHSHUWRLUH�FRQWDLQV�D�ODUJH�DUUD\�RI�,J0�DQWLERGLHV�WKDWUHFRJQL]H D�YDULHW\�RI�DQWLJHQV��7KLV�DUUD\�FDQ�EH�FORQHG�DV�D�¨QDwYH©�UHSHUWRLUH�RI�UHDUUDQJHGJHQHV� E\�KDUYHVWLQJ� WKH�9�JHQHV� IURP� WKH� ,J0�P51$�RI�%�FHOOV�RI�XQLPPXQL]HG�KXPDQGRQRUV� LVRODWHG� IURP� SHULSKHUDO� EORRG� O\PSKRF\WHV� >��@�� VSOHHQ� �GH�+DDUG��+�5�+�� HW� DO�XQSXEOLVKHG�� ERQH�PDUURZ�RU�WRQVLO�%�FHOOV�>��@��RU�IURP�VLPLODU�DQLPDO�VRXUFHV�>��@��,Q�WKHRU\�WKH XVH� RI� SRVVLEO\� KHDYLO\� PXWDWHG� DQG� DQWLJHQ�ELDVHG� ,J*� 9�JHQHV� VKRXOG� EH� DYRLGHG�+RZHYHU� HYHQ�ZKHQ�XVLQJ�UDQGRP�SULPLQJ�WR�LQFOXGH�P51$�RI�DOO�,J�LVRW\SHV��D�UHSHUWRLUH�ZLWKH[FHOOHQW SHUIRUPDQFH�KDV�EHHQ�V\QWKHVL]HG�>��@��/LEUDULHV�FRXOG�DOVR�EH�PDGH�IURP�WKH�SRVVLEO\PRUH�¦QDwYH§�SRRO�RI�,J'�P51$��
7KH 9�JHQHV�DUH�DPSOLILHG�IURP�WKH�F'1$�XVLQJ�IDPLO\�EDVHG�ROLJRQXFOHRWLGHV�>��@��DQG�KHDY\DQG OLJKW�FKDLQV�DUH�UDQGRPO\�FRPELQHG�DQG�FORQHG�WR�HQFRGH�D�FRPELQDWRWLDO�OLEUDU\�RI�VF)Y�RU)DE DQWLERG\� IUDJPHQWV�� 7KLV� SURFHGXUH� JHQHUDWHV� DFFHVV� WR� DQWLERGLHV� WKDW� KDYH� QRW� \HWHQFRXQWHUHG DQWLJHQ��DOWKRXJK�WKH�IUHTXHQF\�RI�WKRVH�JHQXLQH�¨JHUPOLQH�DQWLERGLHV©�ZLOO�GHSHQGKHDYLO\�RQ�WKH�VRXUFH�RI�%�FHOOV�>��@��$�VLQJOH�¨QDwYH©�OLEUDU\��LI�VXIILFLHQWO\�ODUJH�DQG�GLYHUVH�FDQ LQGHHG�EH�XVHG�WR�JHQHUDWH�DQWLERGLHV�IRU�D�ODUJH�SDQHO�RI�DQWLJHQV��LQFOXGLQJ�VHOI��QRQ�LPPXQRJHQLF�DQG�UHODWLYHO\�WR[LF�DQWLJHQV�>����������@��
7KH DIILQLW\�RI�DQWLERGLHV�VHOHFWHG�IURP�D�QDwYH�OLEUDU\�LV�SURSRUWLRQDO�WR�WKH�VL]H�RI�WKH�OLEUDU\�UDQJLQJ IURP��� 0 IRU�D�VPDOO�OLEUDU\��ZLWK���[��� FORQHV�>������@��WR��� 0 IRU�D�YHU\��� � ������ ��ODUJH UHSHUWRLUH�ZLWK��� FORQHV�PDGH�E\�EUXWH�IRUFH�FORQLQJ�>��@��D�ILQGLQJ�ZKLFK�LV�LQ�OLQH�ZLWK��WKHRUHWLFDO FRQVLGHUDWLRQV��>��@���2WKHU�ODUJH�QDwYH�KXPDQ�VF)Y�OLEUDULHV������[��� FORQHV���-�'��0DUNV� XQSXEOLVKHG��DQG�D�YHU\�ODUJH�)DE�OLEUDU\������[��� FORQHV���GH�+DDUG��+�5�+���HW�DO����XQSXEOLVKHG�� PDGH�YLD�DQ�HIILFLHQW���VWHS�UHVWULFWLRQ�IUDJPHQW�FORQLQJ�SURFHGXUH��DOVR�VHHP�WRSHUIRUP�YHU\�ZHOO�
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������6\QWKHWLF�DQWLERG\�OLEUDULHV,Q WKH�VHFRQG�W\SH�RI�
VLQJOH�SRW
�UHSHUWRLUHV��WKH�DQWLERGLHV�DUH�EXLOW�DUWLILFLDOO\��E\�LQ�YLWURDVVHPEO\ RI�9�JHQH�VHJPHQWV�DQG�'�-�VHJPHQWV��9�JHQHV�PD\�EH�DVVHPEOHG�E\�LQWURGXFLQJ�DSUHGHWHUPLQHG OHYHO� RI� UDQGRPL]DWLRQ� RI� &'5� UHJLRQV� �DQG� SRVVLEO\� DOVR� RI� ERUGHULQJIUDPHZRUN�UHJLRQV� LQWR� JHUPOLQH�9�JHQH� VHJPHQWV� >��@�� RU� UHDUUDQJHG�9�JHQHV� >��@�� 7KHUHJLRQV DQG�GHJUHH�RI�GLYHUVLW\�PD\�EH�FKRVHQ�WR�FRUUHVSRQG�WR�DUHDV�RI�KLJKHVW�QDWXUDO�GLYHUVLW\RI WKH�DQWLERG\�UHSHUWRLUH��0RVW�QDWXUDO�VWUXFWXUDO�DQG�VHTXHQFH�GLYHUVLW\�LV�IRXQG�LQ�WKH�ORRSPRVW FHQWUDO�WR�WKH�DQWLJHQ�FRPELQLQJ�VLWH��WKH�&'5��RI�WKH�KHDY\�FKDLQ��ZKLOH�WKH�ILYH�RWKHU&'5V KDYH�OLPLWHG�YDULDWLRQ�>��@��7KLV�KDV�WKHUHIRUH�EHHQ�WKH�WDUJHW�IRU�LQWURGXFWLRQ�RI�GLYHUVLW\LQ�WKH�ILUVW�V\QWKHWLF�OLEUDULHV�
,Q WKH�ILUVW�V\QWKHWLF�DQWLERG\�OLEUDU\�FRQVWUXFWHG�DFFRUGLQJ�WR�WKHVH�SULQFLSOHV�>��@��D�VHW�RI���KXPDQ 9+�VHJPHQWV�ZDV�DVVHPEOHG�YLD�3&5�ZLWK�D�VKRUW�&'5��UHJLRQ��HQFRGLQJ�HLWKHU���RU� DPLQR�DFLGV��DQG�D�-�UHJLRQ��DQG�FORQHG�IRU�GLVSOD\�DV�D�VF)Y�ZLWK�D�KXPDQ�ODPEGD�OLJKW�FKDLQ�)URP WKLV�UHSHUWRLUH�PDQ\�DQWLERGLHV�WR�KDSWHQV�DQG�RQH�DJDLQVW�D�SURWHLQ�DQWLJHQ��ZHUH�LVRODWHG>��@� 6XEVHTXHQWO\��WKH�&'5��UHJLRQV�ZHUH�HQODUJHG��UDQJLQJ�IURP���WR����UHVLGXHV��WR�VXSSO\PRUH OHQJWK�GLYHUVLW\� LQ� WKLV� ORRS�>��@��2WKHU�RULJLQDO�GHVLJQV�KDYH�XVHG�RQO\�RQH��FORQHG�UHDUUDQJHG 9�JHQH�SDLU�ZLWK�D�VLQJOH�VL]H�UDQGRPL]HG�&'5��UHJLRQ�LQ�WKH�KHDY\�FKDLQ�>��@��RUKDYH XVHG�FRPSOHWH�UDQGRPL]DWLRQ�RI�DOO���&'5�ORRSV�LQ�RQH�DQWLERG\�9�GRPDLQ�>������@��6RPHRI WKHVH�OLEUDULHV�KDYH�\LHOGHG�DQWLERGLHV�DJDLQVW�PDQ\�GLIIHUHQW�DQWLJHQV��LQFOXGLQJ�KDSWHQV�>�����@� SURWHLQV� >��@�� DQG� FHOO�VXUIDFH� PDUNHUV� >��@�� EXW� WKHLU� DIILQLWLHV� DUH� W\SLFDOO\� LQ� WKHPLFURPRODU�UDQJH����
$QWLERGLHV ZLWK�QDQRPRODU�DIILQLW\�ZHUH�HYHQWXDOO\�LVRODWHG�IURP�D�V\QWKHWLF�DQWLERG\�OLEUDU\ZKLFK FRPELQHG� D� QRYHO� V\QWKHVLV� PHWKRG� WR� FRQVWUXFW� FRPELQDWRULDO� OLEUDULHV�� LQ� YLYRUHFRPELQDWLRQ� ZLWK�DQ�HIIRUW�WR�PD[LPDOO\�PLPLF�QDWXUDO�DQWLERG\�GLYHUVLW\��L�H��WR�RSWLPDOO\XVH ¨VHTXHQFH�VSDFH©����,Q�WKH�ODUJHVW�V\QWKHWLF�OLEUDU\�PDGH�WR�GDWH�>��@��WKH����KXPDQ�KHDY\FKDLQ VHJPHQWV�WKDW�ZHUH�XVHG�HDUOLHU�>��@�ZHUH�FRPELQHG�ZLWK�D�FROOHFWLRQ�RI����KXPDQ�NDSSDDQG ODPEGD�OLJKW�FKDLQ�VHJPHQWV�ZLWK�SDUWLDOO\�UDQGRPLVHG�&'5��UHJLRQV��7KH�KHDY\�DQG�OLJKWFKDLQ 9�JHQH�UHSHUWRLUHV�ZHUH�FRPELQHG�RQ�D�SKDJH�YHFWRU�LQ�EDFWHULD�XVLQJ�WKH�OR[�&UH�VLWH�VSHFLILF UHFRPELQDWLRQ�V\VWHP�WR�FUHDWH�D�ODUJH�����[��� FORQH�UHSHUWRLUH�RI�)DE�IUDJPHQWV��GLVSOD\HG RQ�SKDJH��7KH�OLEUDU\�\LHOGHG�DQWLERGLHV�ZLWK�LQ�VRPH�FDVHV�QDQRPRODU�DIILQLW\�DJDLQVWQXPHURXV GLIIHUHQW�DQWLJHQV�>������@��7KLV�SKDJH�OLEUDU\�SURYHG�WR�EH�GLIILFXOW�WR�UH�SURSDJDWHZLWKRXW VLJQLILFDQW� ORVV� RI� GLYHUVLW\�� +RZHYHU�� D� PRUH� VWDEOH�� ODUJH� ���� [� �� FORQH� VF)Y�SKDJHPLG OLEUDU\�PDGH�E\�VWDQGDUG�FORQLQJ�PHWKRGV�DQG�XVLQJ�WKH�VDPH�V\QWKHWLF�9�JHQHV�ZDVUHFHQWO\�VKRZQ�WR�EH�HTXDOO\�HIIHFWLYH��+HDWKHU�*ULIILQ��SHUVRQDO�FRPPXQLFDWLRQ��
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,W ZRXOG�VHHP�GHVLUDEOH�WR�V\QWKHVL]H�HYHQ�ODUJHU�FROOHFWLRQV�RI�DQWLERGLHV��+RZHYHU��WKHUH�DUHSK\VLFDO OLPLWDWLRQV�WR�WKH�HQULFKPHQW�WKDW�PD\�EH�DFKLHYHG�LQ�WKH�VHOHFWLRQ�SURFHGXUH��ZKLFKOLPLWV WKH�VL]H�RI�DFFHVVLEOH�JHQHWLF�GLYHUVLW\��:LWK�HQULFKPHQW�IDFWRUV�IRU�D�VLQJOH�VHOHFWLRQURXQG QHYHU�UHSRUWHG�WR�EH�KLJKHU�WKDQ��� SHU�URXQG�DQG�D�W\SLFDO�SKDJH�WLWUH�RI��� FORQHV� �HOXWHG LQ�WKH�ILUVW��FULWLFDO��URXQG�RI�VHOHFWLRQ��WKH�WRWDO�JHQHWLF�GLYHUVLW\�DFFHVVHG�E\�WKH�VHOHFWLRQSURFHGXUH ZRXOG�EH�DW�WKH�PRVW��� FORQHV��,I�VHOHFWLRQ�FRQGLWLRQV�DUH�VR�VWULQJHQW�WKDW�YHU\�IHZ��SKDJH SDUWLFOHV� DUH� UHFRYHUHG� LQ� WKH� ILUVW� URXQG� �W\SLFDO� IRU�� IRU� H[DPSOH�� SDQQLQJ�RQ� FHOOVIROORZHG E\�VRUWLQJ�YLD�IORZ�F\WRPHWU\�>��@���FKDQFHV�DUH�WKDW�GLIIHUHQW�VXEVHWV�RI�DQWLERGLHV�ZLOOEH VHOHFWHG�HYHU\�WLPH�WKH�VHOHFWLRQ�LV�UHSHDWHG��,W�WKHUHIRUH�DSSHDUV�WKDW�LW�EHFRPHV�PRUH�FUXFLDOWR RSWLPLVH�WKH�TXDOLW\�RI�WKH�GLVSOD\HG�DQWLERGLHV��ZLWK�UHJDUG�WR�GLVSOD\�DQG�H[SUHVVLRQ�OHYHO��DQG�WKH�VHOHFWLRQ�SURFHGXUH�LWVHOI���7KLV�LV�ZKHUH�V\QWKHWLF�DQWLERG\�OLEUDULHV�ZLOO�KDYH�D�PDMRUDGYDQWDJH�RYHU�QDwYH�OLEUDULHV�XVLQJ�QDWXUDOO\�UHDUUDQJHG�9�JHQHV��)RU�H[DPSOH��WKH�FKRLFH�RI9�JHQH VHJPHQWV�IRU�WKH�FRQVWUXFWLRQ�RI�V\QWKHWLF�DQWLERG\�UHSHUWRLUHV�PD\�EH�JXLGHG�E\�IDFWRUVWKDW ZLOO�LQFUHDVH�WKH�RYHUDOO�SHUIRUPDQFH�RI�WKH�OLEUDU\��VXFK�DV�JRRG�H[SUHVVLRQ�DQG�IROGLQJ�DQGORZ WR[LFLW\�LQ�(�FROL��WKLV�ZLOO�LQFUHDVH�WKH�IXQFWLRQDO�OLEUDU\�VL]H��/DUJH�GLIIHUHQFHV�LQ�9�JHQHXVDJH ERWK�LQ�YLYR DQG�LQ�SKDJH�UHSHUWRLUHV�>��@�DOVR�VXJJHVW�WKDW�VRPH�VFDIIROGV�PD\�EH�EHWWHUVXLWHG WR� IRUP� DQWLJHQ�ELQGHUV� WKDQ� RWKHUV�� 6XFK� D� SURPLVLQJ� VHFRQG� JHQHUDWLRQ� V\QWKHWLFDQWLERG\ OLEUDU\� LV� EHLQJ� EXLOW� E\� 0RUSK6\V�� XVLQJ� 9�JHQH� VHJPHQWV� EDVHG� RQ� ¨PDVWHU©IUDPHZRUNV UHSUHVHQWLQJ�HDFK�RI� WKH�.DEDW�VXEFODVVHV�� LQFRUSRUDWLQJ� LQ�SULQFLSOH�RQO\�ZHOOH[SUHVVHG VFDIIROGV��7R�RYHUFRPH�WKH�SUREOHP�RI��LQWURGXFLQJ�VWRS�FRGRQV�ZLWKLQ�WKH�DUHD�RIGLYHUVLW\� ZKLFK�ZRXOG�DOVR�GHFUHDVH�WKH�IXQFWLRQDO�OLEUDU\�VL]H��WKH\�DVVHPEOHG�9�JHQHV�ZLWKROLJRQXFHRWLGHV PDGH� IURP� WULQXFOHRWLGHV� LQVWHDG� RI� IURP� VLQJOH� EDVHV� >��@� �0RUKR6\V�XQSXEOLVKHG��
,W LV�OLNHO\�WKDW�IXUWKHU�WKRXJKWIXO�GHVLJQ�ZLOO�FRQWLQXH�WR�LPSURYH�WKH�SHUIRUPDQFH�RI�WKHVHOLEUDULHV� )RU�H[DPSOH��SUH�VHOHFWLRQ�RI�DPSOLILHG�DQG�GLVSOD\HG�V\QWKHWLF�9�GRPDLQV�RQ�,J�GRPDLQ ELQGLQJ�SURWHLQV��SURWHLQ�$�IRU�9 ��SURWHLQ�/�IRU�9 BHWF��>��@��ZRXOG�UHPRYH�FORQHV�ZLWK+ �VWRS FRGRQV� DQG� IUDPHVKLIWV�� DV� ZHOO� DV� VHOHFW� IRU� IXQFWLRQDO� H[SUHVVLRQ� �7RPOLQVRQ�XQSXEOLVKHG�� )LQDOO\��DQ�H[FLWLQJ�LGHD�LV�WR�FRPELQH�WKH�FRPSOHPHQWDU\�GLYHUVLW\�RI�WKH�SULPDU\�JHUPOLQH� DQG� VHFXQGDU\� �VRPDWLF� K\SHUPXWDWLRQ�� DQWLERG\� OLEUDULHV� LQ� RQH� VLQJOH� SKDJHDQWLERG\ OLEUDU\��7KLV�PD\�EH�IHDVLEOH��VLQFH�RQO\�D�IHZ�UHVLGXHV�DUH�NQRZQ�WR�EH�KRWVSRWV�IRU�WKHK\SHUPXWDWLRQ PDFKLQHU\��7KHVH�GHYHORSPHQWV�PD\�ZHOO�HYHQWXDOO\�HVWDEOLVK�D�¨VXSHU©�OLEUDU\�ZKLFK PD\�FRQWDLQ�DQWLERGLHV�RI�D�VXSHULRU�DIILQLW\�WKDQ�ZKDW�QDWXUH�PDGH�%�FHOOV�KDYH�RQ�RIIHU>������@�
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����6HFRQGDU\�SKDJH�OLEUDULHV�IRU�DIILQLW\�PDWXUDWLRQ$OWKRXJK WKH�DQWLERGLHV�VHOHFWHG�IURP�PDQ\�RI�WKH�LPPXQH�DQG�HYHQ�WKH�ODUJH�VLQJOH�SRWUHSHUWRLUHV PD\� EH� H[WUHPHO\� XVHIXO� IRU� WKH� UHVHDUFKHU� IRU� (/,6$�� :HVWHUQ� EORW�LPPXQRIOXRUHVFHQFH HWF���WKHLU�DIILQLW\�LV�RIWHQ�QRW�VXIILFLHQWO\�KLJK�IRU�WKHUDSHXWLF�DSSOLFDWLRQVDV LPPXQRWKHUDS\��YLUDO� QHXWUDOL]DWLRQ��RU� IRU�XVH� LQ� VHQVLWLYH�GLDJQRVLV��6XIILFLHQW�JDLQ� LQDSSDUHQW DIILQLW\�PD\�EH�DFKLHYHG�E\�VLPSO\�FRQVWUXFWLQJ�PXOWLYDOHQW�PROHFXOHV��DV�UHYLHZHG�LQ>��� ��@��KRZHYHU�WKHUH�ZLOO�EH�VLWXDWLRQV�LQ�ZKLFK�LQ�YLWUR DIILQLW\�PDWXUDWLRQ�RI�WKH�VHOHFWHGDQWLERGLHV�LV�UHTXLUHG��
7KH�SURFHVV�HVVHQWLDOO\�LQYROYHV�WKUHH�VWHSV������LQWURGXFWLRQ�RI�GLYHUVLW\�LQ�WKH�9�JHQHV�RI�WKHDQLERG\ �RU�DQWLERGLHV��FKRVHQ�WR�PDWXUH��FUHDWLQJ�D�¨VHFRQGDU\©�OLEUDU\������VHOHFWLRQ�RI�WKHKLJKHU DIILQLW\� IURP� WKH� ORZ� DIILQLW\� YDULDQWV�� DQG� ���� VFUHHQLQJ� WR� DOORZ�GLVFULPLQDWLRQ� RIDQWLERG\ YDULDQWV�ZLWK�GLIIHUHQFHV�LQ�DIILQLW\�RU�NLQHWLFV�RI�ELQGLQJ���'LYHUVLW\�LQ�WKH�DQWLERG\JHQHV PD\�EH�LQWURGXFHG�XVLQJ�D�YDULHW\�RI�PHWKRGV��HLWKHU�PRUH�RU�OHVV�UDQGRP�XVLQJ�PXWDWRUVWUDLQV >��� ��@��HUURU�SURQH�3&5�>��@��FKDLQ�VKXIIOLQJ� >�����@��DQG�'1$�VKXIIOLQJ� >��@��RUGLUHFWHG WR� GHILQHG� UHVLGXHV� RU� UHJLRQV� RI� WKH� 9�JHQHV� XVLQJ� FRGRQ� EDVHG� PXWDJHQHVLV�ROLJRQXFOHRWLGH�GLUHFWHG PXWDJHQHVLV� DQG� 3&5� WHFKQLTXHV� >���� �����@�� 7KH� QRQ�GLUHFWHGDSSURDFKHV�KDYH�EHHQ�XVHG�WR�PDWXUH�VRPH�DQWLERGLHV�ZLWK�UHODWLYHO\�ORZ�VWDUWLQJ�DIILQLW\�>������ ������@��2QFH�DQWLERGLHV�ZLWK�QDQRPRODU�DIILQLWLHV�DUH�XVHG�DV�VWDUWLQJ�OHDGV��LW�DSSHDUV�WKDW&'5�GLUHFWHG DSSURDFKHV�DUH�PRUH�VXFFHVVIXO��)RU�H[DPSOH��UHVLGXHV�WKDW�PRGXODWH�DIILQLW\�PD\EH UDQGRPLVHG��LGHDOO\�����UHVLGXHV�DW�D�WLPH�WR�DOORZ�HIILFLHQW�VDPSOLQJ�RI�WKH�VHTXHQFH�VSDFH�6XFK UHVLGXHV�WKDW�FRQWDFW�WKH�DQWLJHQ�RU�LQIOXHQFH�RWKHU�UHVLGXHV�FRQWDFWLQJ�WKH�DQWLJHQ�PD\�EHGHILQHG H[SHULPHQWDOO\�E\�FKDLQ�VKXIIOLQJ�>��@��E\�DODQLQH�VFDQQLQJ�RI�WKH�&'5�UHJLRQV�>��@�E\ SDUVLPRQLRXV�PXWDJHQHVLV�>������@��RU�E\�PRGHOLQJ�>��@��7DUJHWLQJ�&'5V�LQ�SDUDOOHO�KDV�EHHQFDUULHG RXW�>��@��EXW�DGGLWLYH�HIIHFWV�RI�PXWDQWV�DUH�IUHTXHQWO\�XQSUHGLFWDEOH��7KH�PRVW�VXFFHVVIXODSSURDFKHV UHSRUW�LPSURYHPHQWV�RI�DIILQLW\�WR�EHORZ�����S0��E\�VDWXUDWLRQ�PXWDJHQHVLV�DQGDIILQLW\ VHOHFWLRQ�RI�&'5��RI�KHDY\�DQG� OLJKW�FKDLQ�ZKLFK� IRUP� WKH�FHQWUH�RI� WKH�DQWLERG\FRPELQLQJ VLWH�>������@��$�GHWDLOHG�VWXG\�RI�WKH�VHTXHQFH�GLYHUVLW\�RI�KXPDQ�DQWLERGLHV�FUHDWHGLQ�WKH�SULPDU\�DQG�VHFRQGDU\�LPPXQH�UHVSRQVHV�DOVR�VXJJHVWV�RWKHU�NH\�UHVLGXHV�IRU�WDUJHWLQJLQ DIILQLW\�PDWXUDWLRQ�VWXGLHV� >������@�� �6HYHUDO�FKDSWHUV� LQ� >��@�JLYH�GHWDLOHG�SURWRFROV� IRUFUHDWLQJ VHFRQGDU\�SKDJH�OLEUDULHV��WKH�VHOHFWLRQ�DQG�VFUHHQLQJ�IRU�FORQHV�ZLWK�DIILQLW\�GLIIHUHQFHVLV�GLVFXVVHG�EHORZ�
�����%H\RQG�SKDJH�GLVSOD\�OLEUDULHV%HIRUH ZH�GLVFXVV�VHOHFWLRQ�DQG�VFUHHQLQJ�SURFHGXUHV�LQ�GHWDLO��ZH�UHSRUW�RQ�D�YHU\�UHFHQWGHYHORSPHQW WKDW�PD\�ZHOO�DOORZ�HYHQ�ODUJHU�UHSHUWRLUHV�RI�ELRPROHFXOHV�WR�EH�PDGH��DV�ZHOO�DV
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IDFLOLWDWH�DQWLERG\�DIILQLW\�PDWXUDWLRQ��$�GLVSOD\�PHWKRG�KDV�EHHQ�GHVFULEHG�LQ�ZKLFK�SURWHLQVDUH HQWLUHO\�LQ�YLWUR WUDQVODWHG�E\��GLVSOD\HG��DQG�VHOHFWHG�RQ�ULERVRPHV�>������@��7KH�SRO\VRPHFRPSOH[ FRQWDLQLQJ�WKH�HQFRGLQJ�P51$�DQG�WUDQVODWHG�DPLQR�DFLG�VHTXHQFH�DUH�XWLOL]HG�IRUVHOHFWLRQ ZLWK�D�OLJDQG��7KH�P51$�IURP�VHOHFWHG�SRO\VRPHV�LV�FRQYHUWHG�LQWR�F'1$�DQG�XVHGIRU WKH�QH[W�WUDQVFULSWLRQ��WUDQVODWLRQ�DQG�VHOHFWLRQ�URXQG��$QWLERG\�IUDJPHQWV��DQG�LQ�SDUWLFXODUVF)Y©V� PD\�IRUP�IXQFWLRQDO�PROHFXOHV�LQ�VHYHUDO�FHOO�IUHH�WUDQVODWLRQ�V\VWHPV��>��@�DQG�UHI��LQ>��@���7KLV�DSSURDFK�KDV�WKHUHIRUH�UHFHQWO\�EHHQ�XVHG�IRU�WKH�GLVSOD\�>������@�DQG�HYROXWLRQ�RID VF)Y�DQWLERG\�LQ�YLWUR�>��@��7KLV�V\VWHP�KDV�WKH�PDMRU�DGYDQWDJH�WKDW�WKH�GLYHUVLW\�RI�DQ\UHSHUWRLUH RI�SURWHLQV�ZLOO�QRW�EH�OLPLWHG�E\�WKH�KRVW�FHOO�SKDJH�OLIH�F\FOH��7KH�VL]H�RI�UHSHUWRLUHWKDW FDQ�EH�VDPSOHG�LV�SRWHQWLDOO\�XQOLPLWHG��DQG�LWV�JHQHUDWLRQ�ZRXOG�EH�YHU\�IDVW�DQG�JUHDWO\VLPSOLILHG� ,W�UHPDLQV�WR�EH�VHHQ�ZKHWKHU�WKHVH�LQ�YLWUR PHWKRGV�ZLOO�FRPSHWH�ZLWK�WKH�UDWKHUUREXVW LQ�YLYR GLVSOD\�WHFKQRORJLHV��EXW�WKH�IDFW�WKDW�WKH\�DUH�PRUH�DPHQDEOH�WR�DXWRPDWLRQ�ZLOOGHILQLWHO\�IDYRXU�D�VZLIW�GHYHORSPHQW���
���3KDJH�DQWLERG\�VHOHFWLRQ�SURFHGXUHV�DQG�DSSOLFDWLRQV
�����'LYHUVLW\�LQ�VHOHFWLRQ�PHWKRGV3KDJH�DQWLERG\�VHOHFWLRQV�LQYROYH�WKH�VHTXHQWLDO�HQULFKPHQW�RI�VSHFLILF�ELQGLQJ�SKDJHIURP D�ODUJH�H[FHVV�RI�QRQ�ELQGLQJ�FORQHV��7KLV�LV�DFKLHYHG�E\�PXOWLSOH�URXQGV�RI�SKDJH�ELQGLQJWR WKH�WDUJHW��ZDVKLQJ�WR�UHPRYH�QRQ�VSHFLILF�SKDJH�DQG�HOXWLRQ�WR�UHWULHYH�VSHFLILF�ELQGLQJ�SKDJH�D VFKHPDWLF�RXWOLQH�LV�GHSLFWHG�LQ�)LJ������$Q\�PHWKRG�WKDW�VHSDUDWHV�FORQHV�WKDW�ELQG�IURP�WKRVHWKDW GR QRW��FDQ�EH�XVHG�DV�D�VHOHFWLRQ�PHWKRG��DQG�DV�VXFK��PDQ\�GLIIHUHQW�VHOHFWLRQ�PHWKRGVKDYH EHHQ�XVHG�� ,Q�)LJ����� WRS�SDQHO�� WKH�PRVW�SRSXODU�SURFHGXUHV�DUH� OLVWHG��7KHVH� LQFOXGHELRSDQQLQJ RQ�LPPRELOLVHG�DQWLJHQ�FRDWHG�RQWR�SODVWLF�SODWHV��FROXPQV�RU�%,$FRUH�VHQVRUFKLSV>�� ����������@��VHOHFWLRQ�XVLQJ�ELRWLQ\ODWHG�DQWLJHQ�>��@��SDQQLQJ�RQ�IL[HG�SURND\RWLF�FHOOV�>��@DQG RQ�PDPPDOLDQ�FHOOV�>������@��VXEWUDFWLYH�VHOHFWLRQ�XVLQJ�VRUWLQJ�SURFHGXUHV�>��@��HQULFKPHQWRQ WLVVXH�VHFWLRQV�RU�SLHFHV�RI�WLVVXH�>��@��DQG��LQ�SULQFLSOH�VHOHFWLRQV�XVLQJ�OLYLQJ�DQLPDOV��DV�ZDVUHSRUWHG IRU�SHSWLGH�SKDJH�OLEUDLUHV�>��@��7KH�VHOHFWLRQ�PHWKRGV�GHVFULEHG�LQ�)LJ�����SDQHO�$�)�KDYH�EHHQ�H[WHQVLYHO\�GHVFULEHG�DQG�ZHUH�UHYLHZHG�HOVHZKHUH�>���������@�3KDJH DQWLERGLHV�ERXQG�WR�DQWLJHQ�FDQ�EH�HOXWHG�LQ�GLIIHUHQW�ZD\V��ZLWK��RQH�VWHS�RU�JUDGLHQWVRI� DFLGLF� VROXWLRQV� VXFK� DV� +&O� RU� JO\FLQH� EXIIHUV� >���� ��@�� ZLWK� EDVLF� VROXWLRQV� OLNHWULHWK\ODPLQH >��@��ZLWK�'77�ZKHQ�ELRWLQ�ZDV�OLQNHG�WR�DQWLJHQ�E\�D�GLVXOSKLGH�EULGJH�>��@��E\HQ]\PDWLF FOHDYDJH�RI�D�SURWHDVH�VLWH�HQJLQHHUHG�EHWZHHQ�WKH�DQWLERG\�DQG�JHQH�,,,�>��@��RU�E\FRPSHWLWLRQ�ZLWK�H[FHVV�DQWLJHQ�>�@�RU�DQWLERGLHV�WR�WKH�DQWLJHQ�>��@�
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)LJXUH��6HOHFWLRQ VWUDWHJLHV� IRUREWDLQLQJ VSHFLILF� SKDJHOLJDQGV�$IILQLW\ VHOHFWLRQ� RI� SKDJH�DQWLERG\� OLEUDULHV� E\� �D�SDQQLQJ RQ� DQWLJHQ� DGVRUEHGRQWR D� VROLG� VXSSRUW�� $IWHUZDVKLQJ� VSHFLILF� SKDJH� LVHOXWHG ZLWK� DFLG� RU� EDVLFVROXWLRQV� �E�� DOWHUQDWLYHO\HOXWLRQ ZLWK� DQWLERG\� RU� DQH[FHVV RI� WKH� DQWLJHQ� LVSRVVLEOH� �F�� 7R� DYRLGFRQIRUPDWLRQDO FKDQJHV�GXULQJFRDWLQJ� VHOHFWLRQ� RI� VSHFLILFDQWLERGLHV WR� ELRWLQ\ODWHGDQWLJHQ LQ� VROXWLRQ� LV� PRUHIDYRXUHG� %RXQG�DQG�XQERXQGSKDJH�DQWLERGLHV�DUH�VHSDUDWHGXVLQJ VWUHSWDYLGLQ�FRDWHGPDJQHWLF EHDGV�� �G�� $QWLJHQFDQ EH� LPPRELOL]HG� RQWR� DFROXPQ IRU� DIILQLW\� VHOHFWLRQ��H� 6HOHFWLRQ� RQ� FHOOV� FDQ� EHGRQH GLUHFWO\� E\� SDQQLQJ� RQFHOO PRQROD\HUV� RU� FHOOV� LQVXVSHQVLRQ���I��6XEWUDFWLRQ�YLD)$&6��WKH�FHOOV�RI�LQWHUHVW�DUH�IOXRUHVFHQWO\�ODEHOHG�DQG�VHSDUDWHG�IURP�WKHRWKHUV�E\�FHOO�VRUWLQJ���J��7LVVXH�DQGRUJDQ VSHFLILF�SKDJH�DQWLERGLHV�PLJKW�EH�REWDLQHG�E\�VHOHFWLRQ�RQ�WLVVXH�VOLGHV���K��1RQ�SXULILDEOH�RU�XQNQRZQDQWLJHQV PD\�EH�VHSDUDWHG�RQ�6'6�3$*(�DQG�EORWWHG�RQWR�PHPEUDQHV�IRU�VHOHFWLRQ���L��,Q�YLYR VHOHFWLRQ���M��7KHSURFHGXUH RI�¨3DWKILQGHU©�VHOHFWLRQ��DQG��N��LQIHFWLRQ�PHGLDWHG�VHOHFWLRQ��6SHFLILF�SKDJH�FDUU\�D�ZKLWH�OLJDQG�LUUHOHYDQW�SKDJH�D�EODFN�RQH�

3KDJH EDFNJURXQG�ELQGLQJ� WR� WKH�PDWUL[�RU�DQWLJHQ� LWVHOI� LQHYLWDEO\�QHFHVVLWDWHV� WKHUHSHWLWLRQ RI� WKH� VHOHFWLRQ� SURFHGXUH�� %DFNJURXQG� SUREOHPV� PD\� GLPLQLVK� ZKHQ� UHSHDWHGVHOHFWLRQV RI�SKDJH�OLEUDULHV�DUH�FDUULHG�RXW�ZLWKRXW�DPSOLILFDWLRQ�VWHS��E\�UHXVLQJ�WKH�HOXWHG�DQGQHXWUDOL]HG SRO\FORQDO�SKDJH�OLJDQGV�GLUHFWO\�IRU�VHOHFWLRQ��DV�UHSRUWHG�IRU�SURWHDVH�LQKLELWRUV>��@� 6RPH�UHFHQW�HYLGHQFH�LQGLFDWHV�WKDW�DQWL�KDSWHQ�DQWLERGLHV�PD\�DOVR�E\�LVRODWHG�E\��URXQGV RI�SDQQLQJ�ZLWKRXW�UH�DPSOLILFDWLRQ��XVLQJ�D�YHU\�ODUJH�QDwYH�)DE�OLEUDU\��GH�+DDUG�+�5�+�� HW�DO�� XQSXEOLVKHG���,I�LQ�YLYR UH�DPSOLILFDWLRQ�VWHSV�FRXOG�EH�E\�SDVVHG��LW�PLJKW�EHSRVVLEOH WR�IXOO\�DXWRPDWH�WKH�LVRODWLRQ�RI�DQWLERG\�IUDJPHQWV�IURP�YHU\�ODUJH�OLEUDULHV��'XULQJDIILQLW\ PDWXUDWLRQ�VWXGLHV�GLUHFW�VHOHFWLRQ�ZLWKRXW�UH�DPSOLILFDWLRQ�PD\�VSHHG�XS�WKH�SURFHGXUHDQG�UHGXFH�VHOHFWLRQ�RI�DEHUUDQW�FORQHV�ZLWK�D�JURZWK�EXW�QR�DIILQLW\�DGYDQWDJH�>������@�
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����,QIHFWLRQ�EDVHG�VHOHFWLRQ�PHWKRGV$OWHUQDWLYH VHOHFWLRQ� PHWKRGV� KDYH� EHHQ� GHVFULEHG� WKDW� DLP� DW� WKH� FR�VHOHFWLRQ� RIDQWLERGLHV DQG� WKHLU�FRJQDWH�DQWLJHQV�� ,Q� WKH� ¨VHOHFWLYHO\� LQIHFWLYH�SKDJH©� �6,3��PHWKRG��DQDQWLERG\ OLEUDU\�LV�PDGH�XVLQJ�QRQ�LQIHFWLYH�SKDJH�SDUWLFOHV��E\�GHOHWLQJ�SDUW�RI�WKH�JHQH�,,,SURWHLQ� ,QIHFWLRQ�ZLOO�EH�UHVWRUHG�E\�ELQGLQJ�D�IXVLRQ�SURWHLQ�FRQVLVWLQJ�RI�WKH�FRJQDWH�DQWLJHQDQG WKH�WZR�ILUVW�DPLQR�WHUPLQDO�GRPDLQV�RI�JHQH�,,,�ZKLFK�DUH�UHVSRQVLEOH�IRU�SLOXV�ELQGLQJ��)LJ��� >�����@�� UHYLHZHG� LQ� >��@��7KH� IXVLRQ�SURGXFW�PD\�EH�VXSSOLHG� LQ�YLWUR�� LQIHFWLRQ�RI� WKHDQWLERG\�GLVSOD\LQJ SKDJH�ZLOO�EH�PHGLDWHG�LQ�D�VPDOO�FRQFHQWUDWLRQ�ZLQGRZ��,Q�WKH�DOWHUQDWLYH�LQ YLYR� V\VWHP��ERWK�DQWLERG\�DQG�DQWLJHQ�DUH�HQFRGHG�RQ�WKH�VDPH�SKDJH�JHQRPH��%RWK�DIILQLW\DQG IROGLQJ SURSHUWLHV�KDYH�EHHQ�VKRZQ�WR�LQIOXHQFH�WKH�VHOHFWLRQ�RI�DQWLERGLHV�ZLWK�WKH�6,3PHWKRGRORJ\ >��@��)LQDOO\��LQ�D�UHFHQWO\�UHSRUWHG�SURFHGXUH��EDFWHULD�H[SUHVVLQJ�HSLWRSHV�ZLWKLQWKH FRQWH[W�RI�WKH�)�SLOXV�ZHUH�SURYHQ�WR�EH�LQIHFWHG�E\�SKDJH�RQO\�ZKHQ�WKH\�GLVSOD\HG�DQDQWLERG\ UHFRJQLVLQJ�WKH�HSLWRSH�>��@��,W�VWLOO�UHPDLQV�WR�EH�VHHQ�ZKHWKHU�WKHVH�VHOHFWLRQ�V\VWHPVZLOO EH�PRUH�HIILFLHQW�WKDQ�VWDQGDUG�SURFHGXUHV�LQ�LVRODWLQJ�DQWLERGLHV�IURP�YHU\�ODUJH�QDwYH�RUV\QWKHWLF DQWLERG\� OLEUDULHV��$�EHWWHU�XQGHUVWDQGLQJ�RI� WKH� LQIHFWLRQ�SURFHVV� LWVHOI� >��@�PD\HYHQWXDOO\ OHDG�WR�PRUH�JHQHULF�DSSOLFDWLRQ�RI�WKHVH�SURFHGXUHV�LQ�LVRODWLQJ�LQWHUDFWLQJ�SURWHLQ�OLJDQG�SDLUV��
����6HOHFWLRQ�IRU�DIILQLW\,Q D�VLPLODU�IDVKLRQ�WR�ZKDW�KDSSHQV�LQ�YLYR GXULQJ�%�FHOO�VHOHFWLRQ��SKDJH�DQWLERGLHV�ZLWKKLJKHU DIILQLW\� PD\� EH� HQULFKHG� GXULQJ� VXFFHVVLYH� URXQGV� RI� VHOHFWLRQ� E\� GHFUHDVLQJ� WKHFRQFHQWUDWLRQ RI�DQWLJHQ�XVHG�IRU�VHOHFWLRQ��7KH�VHOHFWLRQ�PD\�EH�FKRVHQ�WR�IDYRXU�DIILQLW\�RUNLQHWLF SDUDPHWHUV�VXFK�DV�RII�UDWH��WKLV�KLQJHV�RQ�WKH�XVH�RI�OLPLWHG�DQG�GHFUHDVLQJ�DPRXQWV�RIDQWLJHQ DQG�RQ�SHUIRUPLQJ�WKH�VHOHFWLRQV�LQ�VROXWLRQ�UDWKHU�WKDQ�E\�DYLGLW\�SURQH�SDQQLQJ�RQFRDWHG DQWLJHQ�>��@��:KHQ�VHOHFWLQJ�IURP�D�VHFRQGDU\�SKDJH�OLEUDU\��VHH�VHFWLRQ�������WKH�DQWLJHQFRQFHQWUDWLRQ LV�W\SLFDOO\�UHGXFHG�EHORZ�WKH�. RI�WKH�SDUHQW�FORQH�WR�DOORZ�SUHIHUHQWLDO�VHOHFWLRQGRI KLJKHU� DIILQLW\� PXWDQWV� >��@�� ,Q� RQH� RI� WKH� PRVW� WKRURXJK� VWXGLHV� RQ� DQWLERG\� DIILQLW\PDWXUDWLRQ FDUULHG� RXW� WR� GDWH� >��@�� LW� ZDV� QHFHVVDU\� WR� HPSLULFDOO\� GHWHUPLQH� WKH� DQWLJHQFRQFHQWUDWLRQ WR�EH�XVHG�IRU�VHOHFWLRQ��DV�ZHOO�DV�WKH�HOXWLRQ�FRQGLWLRQ�IRU�SKDJH�UHWULHYDO��XVLQJ%,$FRUH >��@��7KH�6,3�SURFHGXUH�PD\�DOVR�EH�XVHG� WR�HQULFK�DQWLERGLHV� IRU� FHUWDLQ�NLQHWLFSDUDPHWHUV��>������@��
����6HOHFWLRQ�RQ�FRPSOH[�DQWLJHQV0RVW VXFFHVVHV�ZLWK�VHOHFWLRQV�KDYH�EHHQ�UHSRUWHG�XVLQJ�SXULILHG�DQWLJHQ��6HOHFWLRQV�RQLPSXUH DQWLJHQV�DUH�VLJQLILFDQWO\�PRUH�GLIILFXOW��GXH�WR�WKH�SUREOHP�RI�OLPLWHG�DPRXQW�RI�WDUJHWDQWLJHQ SUHVHQW�LQ�WKH�PL[WXUH��DQG�RI�HQULFKPHQW�RI�SKDJH�DQWLERGLHV�VSHFLILF�IRU�QRQ�UHOHYDQW
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DQWLJHQV� ([DPSOHV�RI�FRPSOH[��¦GLIILFXOW§�DQWLJHQV�DUH�WKRVH�WKDW�FDQQRW�HDVLO\�EH�SXULILHG�IURPFRQWDPLQDQWV ZLWK�VLPLODU�SURSHUWLHV��RU�FHOO�VXUIDFH�UHFHSWRUV�WKDW�DUH�RQO\�IXQFWLRQDOO\�UHWDLQHGLQ OLSLG�ELOD\HUV��'HSOHWLRQ�DQG�RU�VXEWUDFWLRQ�PHWKRGV��FRPSHWLWLYH�HOXWLRQ�ZLWK�DQ�DQWLERG\�RUWKH DQWLJHQ�LWVHOI�>��@��RU�VHOHFWLRQ�E\�DOWHUQDWLQJ�EHWZHHQ�GLIIHUHQW�VRXUFHV�RI�DQWLJHQ�>���@�PD\EH XVHG��7KHRUHWLFDO��DV�ZHOO�DV�H[SHULPHQWDO�VWXGLHV�PD\�KHOS�WR�XQGHUVWDQG�WKH�H[WHQW�WR�ZKLFKGLIIHUHQW SDUDPHWHUV� JRYHUQ� WKH� RXWFRPH�RI� VXEWUDFWLYH� VHOHFWLRQ� SURFHVVHV� >�������@�� 7KHHQULFKPHQW RI� SKDJH� DQWLERGLHV� VSHFLILF� IRU� WKH� WDUJHW� DQWLJHQ� LV� DOVR� LQIOXHQFHG� E\� WKHEDFNJURXQG ELQGLQJ� RI� QRQ�VSHFLILF� SKDJH� SDUWLFOHV�� ZKLFK� QHFHVVLWDWHV� UHLWHUDWLRQ� RI� WKHVHOHFWLRQ SURFHGXUH��%DFNJURXQG�SUREOHPV�PD\�GLPLQLVK�ZKHQ�UHSHDWHG�VHOHFWLRQV�RI�SKDJHOLEUDULHV DUH� FDUULHG� RXW� ZLWKRXW� DPSOLILFDWLRQ� VWHS�� E\� UHXVLQJ� WKH� HOXWHG� DQG� QHXWUDOL]HGSRO\FORQDO�SKDJH�OLJDQGV�GLUHFWO\�IRU�VHOHFWLRQ��DV�UHSRUWHG�IRU�SURWHDVH�LQKLELWRUV�>��@��'XULQJDIILQLW\ PDWXUDWLRQ�VWXGLHV��GLUHFW�VHOHFWLRQ�ZLWKRXW�UH�DPSOLILFDWLRQ�PD\�VSHHG�XS�WKH�SURFHGXUHDQG UHGXFH�VHOHFWLRQ�RI�DEEHUDQW�FORQHV�ZLWK�JURZWK�DGYDQWDJHV�>��@��6RPH�UHFHQW�HYLGHQFHLQGLFDWHV WKDW�DQWL�KDSWHQ�DQWLERGLHV�PD\�DOVR�E\�LVRODWHG�E\���URXQGV�RI�SDQQLQJ�ZLWKRXW�UH�DPSOLILFDWLRQ� XVLQJ�D�YHU\�ODUJH�QDwYH�)DE�OLEUDU\��GH�+DDUG��+�5�+���HW�DO�� XQSXEOLVKHG���,I�LQYLYR UH�DPSOLILFDWLRQ�VWHSV�FRXOG�EH�E\�SDVVHG��LW�PLJKW�EH�SRVVLEOH�WR�IXOO\�DXWRPDWH�WKH�LVRODWLRQRI DQWLERG\�IUDJPHQWV�IURP�YHU\�ODUJH�OLEUDULHV��%DFNJURXQG�ELQGLQJ�RI�SKDJH�KDV�DOVR�EHHQ�DPDMRU REVWDFOH�WR�FDUU\�RXW�VHOHFWLRQ�RQ�DQWLJHQV�EORWWHG�RQWR�QLWURFHOOXORVH�RU�RWKHU�PHPEUDQHV�6XFK D�SURFHGXUH�FRXOG�EH�DSSOLHG�WR�EDWFK�VHOHFW�SKDJH�DQWLERGLHV�WR�YHU\�ODUJH�FROOHFWLRQV�RI�GHQDWXUHG��DQWLJHQV��DQG�SRVVLEO\�WR�LVRODWH�DQWLERGLHV�WR�VPDOO�TXDQWLWLHV�RI�SDUWLDOO\�SXULILHGSURWHLQV� 8VLQJ�FRPELQDWLRQV�RI�GHWHUJHQWV��ZH�KDYH�UHFHQWO\�VXFFHHGHG�LQ�REWDLQLQJ�D�������IROGHQULFKPHQW�RQ�:HVWHUQ�EORWV�XVLQJ�D�ORZ�DIILQLW\�SKDJH�DQWLERG\���� 0 ��WR�WKH�8�$�SURWHLQ� ���)LJ���+��5�0�+��HW�DO�� LQ�SUHSDUDWLRQ��
�����6HOHFWLRQ�RQ�FHOOV$ VSHFLDO�FDVH�IRUP�WKH�DQWLJHQV�SUHVHQW�RQ�FHOO�VXUIDFHV��'LUHFW�SDQQLQJ�RQ�FHOO�VXUIDFHVFDUU\LQJ WKH�DQWLJHQ�PD\�EH�FDUULHG�RXW�RQ�DGKHUHQW�FHOOV�JURZQ�LQ�PRQROD\HUV��RU�RQ�LQWDFW�FHOOVLQ�VXVSHQVLRQ��)LJ���(��>������������@��7KLV�PD\�IRUWXLWRXVO\�VHOHFW�IRU�DQWLJHQ�VSHFLILF�SKDJHDQWLERGLHV� LQ�SDUWLFXODU�ZKHQ�XVLQJ�LPPXQH�OLEUDULHV�LQ�ZKLFK�WKH�IUHTXHQF\�RI�LUUHOHYDQW�SKDJHDQWLERGLHV ZLOO�EH�ORZHU�>�������@���'HSOHWLRQ�DQG�RU�VXEWUDFWLRQ�PHWKRGV��FHOO�VRUWLQJ���)LJ���)�XVLQJ IORZ�F\WRPHWU\�>��@�RU�PDJQHWLF�EHDG�V\VWHPV�>���@��FRPSHWLWLYH�HOXWLRQ�ZLWK�DQ�DQWLJHQ�VSHFLILF�OLJDQG�RU�DQWLERG\��RU�VHOHFWLRQ�E\�DOWHUQDWLQJ�EHWZHHQ�GLIIHUHQW�FHOO�W\SHV�DOO�FDUU\LQJWKH DQWLJHQ��DUH�SRVVLEOH��DW�OHDVW�LQ�WKHRU\���+RZHYHU��LW�VKRXOG�EH�QRWHG�WKDW�LQ�PDQ\�FDVHV�DQWLJHQV ZLOO�EH�SUHVHQW�DW�YHU\�ORZ�GHQVLWLHV�RQ�WKH�FHOO�VXUIDFH��DQG�DQWLJHQ�FRQFHQWUDWLRQVGXULQJ VHOHFWLRQV�ZLOO�UHDFK�YDOXHV�PXFK�ORZHU�WKDQ�WKH�. RI�DQ\�DQWLERG\�LQ�WKH�OLEUDU\��(YHQGZKHQ DQWLJHQ�FRQFHQWUDWLRQ�LV�VXIILFLHQW�IRU�DQWLERG\�ELQGLQJ�DQG�UHWULHYDO��DQWLJHQ�LQDFFHVVLELOLW\
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WKURXJK VWHULF�KLQGUDQFH�FDXVHG�E\�WKH�SUHVHQFH�RI�RWKHU�SURWHLQV�RU�JO\FRV\ODWLRQ�PD\�SUHYHQWWKH VHOHFWLRQ�RI�DQWLERGLHV�VSHFLILF�IRU�WKH�WDUJHW�DQWLJHQ��7KLV�PD\�EH�LOOXVWUDWHG�E\�DQ�H[DPSOHRI D� QDwYH� OLEUDU\� VHOHFWLRQ� >��@� WKDW�ZH� FDUULHG� RXW� RQ� FHOO� WUDQVIHFWDQWV��ZKLFK� H[SUHVVHGUHODWLYHO\ KLJK�OHYHOV����������FRSLHV�SHU�FHOO��RI�RQH�RI�WZR�YHU\�GLIIHUHQW�PHPEUDQH�DQWLJHQV�6WULNLQJO\ GLIIHUHQW� UHVXOWV� ZHUH� REWDLQHG�� GHSHQGLQJ� RQ� WKH� VWUXFWXUH� DQG� QDWXUH� RI� WKHWUDQVPHPEUDQH SURWHLQ��6HOHFWLRQV�RQ�&+2�FHOOV�RQH�RI� WKH�*�SURWHLQ� FRXSOHG� VHYHQ�KHOL[WUDQVPHPEUDQH UHFHSWRUV�IRU�VRPDWRVWDWLQ�ZHUH�XQVXFFHVVIXO��GHVSLWH�H[WHQVLYH�SUH�DEVRUSWLRQRI SKDJH�ZLWK�UHFHSWRU�QHJDWLYH�FHOOV��2Q�WKH�RWKHU�KDQG��GLUHFW�SDQQLQJ��ZLWKRXW�GHSOHWLRQ��RQFHOOV FDUU\LQJ�WKH�WUDQVPHPEUDQH�JO\FRSURWHLQV�&'���DW�VLPLODU�VXUIDFH�GHQVLW\��JHQHUDWHG�D�ODUJHFROOHFWLRQ RI� DQWLJHQ�VSHFLILF� DQWLERGLHV� WR� D� VHOHFWLRQ�GRPLQDQW� HSLWRSH� RQ� WKH� DQWLJHQ�/XWJHULQN� +�5�+��� HW� DO��� LQ� SUHSDUDWLRQ��� ,W� LV� WKHUHIRUH� GLIILFXOW� WR� DVVHVV� WKH� YDOXH� RIVXEWUDFWLYH PHWKRGV��L�H��FHOO�VRUWLQJ�E\�IORZ�F\WRPHWU\�>��@�RU�PDJQHWLF�DFWLYDWHG�FHOO�VHSDUDWLRQ>���@��ZLWKRXW�D�GLUHFW�FRPSDULVRQ�ZLWK�FHOO�SDQQLQJ��1HYHUWKHOHVV��IRU�PRVW�DSSOLFDWLRQV��LW�LVOLNHO\ WKDW�PRUH�UHILQHG�VXEWUDFWLRQ�PHWKRGV�ZLOO�EH�UHTXLUHG�WR�KRPH�LQ�RQ�DQWLJHQ�VSHFLILFSKDJH�DQWLERGLHV���
7KH IHDVLELOLW\�RI�VHOHFWLQJ�DQWLERGLHV�WR�¦GLIILFXOW§�FRPSOH[�DQWLJHQV�DQG�LQ�SDUWLFXODU�WR�FHOOVXUIDFH PROHFXOHV�ZRXOG�H[SDQG�WKH�XWLOLW\�RI�SKDJH�DQWLERG\�OLEUDULHV�WUHPHQGRXVO\��+RZHYHU�IRU VXFK DQWLJHQV�WKH�VHOHFWLRQ�FRQGLWLRQV�LQFOXGLQJ�SUH�WUHDWPHQW�RI�WKH�VDPSOHV��LQFXEDWLRQFRQGLWLRQV� ZDVKLQJ�SURFHGXUH�DQG�SKDJH�UHWULHYDO��QHHG�WR�EH�HVWDEOLVKHG�HPSLULFDOO\��:H�KDYHGHYHORSHG D� PRGHO� WKDW� FDQ� FRPSDUH� DQG� GHWHUPLQH� WKH� UHODWLYH� HIILFDFLHV� RI� WKH� YDULRXVHQULFKPHQW SURFHGXUHV�RQ�FRPSOH[�VRXUFHV�RI�DQWLJHQ��3KDJH�FDUU\LQJ�D�VF)Y�VSHFLILF�IRU�WKHWXPRU�DVVRFLDWHG DQWLJHQ� HSLWKHOLDO� JO\FRSURWHLQ��� �(*3���� ZHUH�PL[HG� ZLWK� DQ� H[FHVV� RILUUHOHYDQW SKDJH�DQG�WKH�HQULFKPHQW�IDFWRU�DQG�UHFRYHU\�RI�VSHFLILF�SKDJH�ZHUH�GHWHUPLQHG�DIWHUD VLQJOH�URXQG�RI�VHOHFWLRQ��$V�DQWLJHQ�VRXUFH�ZH�XVHG�D�WXPRXU�FHOO�OLQH��D�WLVVXH�FU\RVHFWLRQ�RISULPDU\ FRORQ�FDUFLQRPD�DQG �VXEFXWDQHRXV��LQ�YLYR JURZQ�VROLG�WXPRXUV�LQ�PLFH��)LJ���(��*DQG ,���2XU�UHVXOWV��VXPPDULVHG�LQ�7DEOH����VKRZ�WKDW�WKHUH�DUH�PDMRU�GLIIHUHQFHV�ZLWK�UHJDUGVWR VHOHFWLRQ�HIILFDF\��KRZHYHU��DQWLERG\�GLVSOD\LQJ�SKDJH�ZHUH�HQULFKHG�LQ�DOO�EXW�RQH�VHOHFWLRQPHWKRG�
7KH HIILFDF\ RI� WKH� SURFHGXUH� GHSHQGV� RQ� WKH� DQWLJHQ� DPRXQW� DQG� FRQFHQWUDWLRQ� �7DEOH� ��HVWLPDWHG WR� GHFOLQH� IURP� WRS� WR� ERWWRP�� DQG� RQ� DQWLJHQ� DFFHVVLELOLW\�� 7KH� PRVW� HIILFLHQWSURFHGXUH� UHFRYHU\�RI�SKDJH�XVLQJ�SDQQLQJ�RQ�FHOOV�LQ�VXVSHQVLRQ�������UHFRYHU\�RI�WKH�LQSXWSKDJH�� UHDFKHV�DQ�HQULFKPHQW�IDFWRU�VLPLODU�WR�ZKDW�KDV�EHHQ�UHSRUWHG�IRU�SXULILHG�DQWLJHQV>���@� )RU�WKH LQ�YLYR VHOHFWLRQ��DQWLERG\�GLVSOD\LQJ�SKDJH�DUH�HQULFKHG�RYHU�QRQ�ELQGLQJ�SKDJHRQO\ ZKHQ� SKDJH� DUH� GLUHFWO\� LQMHFWHG� LQWR� WKH� WXPRXU� LQWHUVWLWLXP�� EXW� QRW� ZKHQ� LQMHFWHG
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LQWUDYHQRXVO\��(IILFLHQW�LQ�YLYR VHOHFWLRQ�PD\�WKXV�EH�VXLWHG�RQO\�IRU�DQWLJHQV�WKDW�DUH�LQ�GLUHFWFRQWDFW ZLWK�WKH�EORRG�VWUHDP�L�H��HQGRWKHOLDO�FHOO�DQWLJHQV�>���@��6XFK�PRGHO�VHOHFWLRQV�KHOS�LQGHILQLQJ�WKH�RSWLPDO�H[SHULPHQWDO�SDUDPHWHUV�IRU�VHOHFWLRQV�RQ�FRPSOH[�DQWLJHQV�
7DEOH��(QULFKPHQW IDFWRUV�DQG�SKDJH�UHFRYHU\�DIWHU�D�VLQJOH�URXQG�RI�VHOHFWLRQ�RQ�GLIIHUHQW�FRPSOH[DQWLJHQV��
$QWLJHQ�VRXUFH 0RGH�RI�VHOHFWLRQ (QULFKPHQW SKDJH�����RI�LQSXW�5HFRYHU\ RI�VSHFLILF
&RORQ�FDQFHU 3DQQLQJ�RQ�FHOOV�LQ�VXV� ������ ���FHOO�OLQH SHQVLRQ
7LVVXH 3DQQLQJ�RQ�JODVV�VOLGH� �� ����FU\RVHFWLRQ PRXQWHG�FU\RVHFWLRQV
,Q�YLYR JURZQ ,QMHFWLRQ�RI�SKDJH�LQWR �� �����WXPRXU WXPRXU�LQWHUVWLWLXP
,Q�YLYR JURZQ ,QMHFWLRQ�RI�SKDJH�LQWR�WKH QRQH �����WXPRXU WDLO�YHLQ
3KDJH PL[WXUHV�RI�DQ�H[FHVV�RI�FRQWURO�SKDJH�RYHU�VSHFLILF��DQWL�(*3����SKDJH�ZHUH�VHOHFWHG�RQ�D�QXPEHU�RI�GLIIHUHQW DQWLJHQ�VRXUFHV��6LQFH�DQWLJHQ�VSHFLILF�DQG�FRQWURO�SKDJH�FRQIHU�D�GLIIHUHQW�DQWLELRWLF�UHVLVWDQFH�WR�WKHEDFWHULDO�KRVW�XSRQ�LQIHFWLRQ��DPSLFLOOLQ��$03��DQG�WHWUDF\FOLQ��7(7��UHVSHFWLYHO\���HQULFKPHQW�DQG�UHFRYHU\�RIELQGLQJ�SKDJH�FDQ�HDVLO\�EH�GHWHUPLQHG�E\�WLWUDWLRQ�DQG�SDUDOOHO�VHOHFWLRQ�RQ�ERWK�DQWLELRWLFV��5HFRYHU\�RI�VSHFLILFSKDJH ZDV�FDOFXODWHG�DV�WKH�DPRXQW��SHUFHQWDJH��RI�$03�UHVLVWDQW�FRORQLHV��FIX���UHFRYHUHG�DIWHU�RQH�URXQG�RIVHOHFWLRQ��(QULFKPHQW�IDFWRUV�ZHUH�FDOFXODWHG�DV�WKH�SURGXFW�RI�UDWLRV�RI�$03�DQG�7(7�UHVLVWDQW�FRORQLHV�EHIRUHDQG DIWHU�VHOHFWLRQ��DFFRUGLQJ�WR�WKH�IRUPXOD��LQ� �LQSXW�WLWHU��RXW� �RXWSXW�WLWHU����HQULFKPHQW�IDFWRU� ��� FIX �LQ WHWFIX ��
�� FIX �� FIX ���LQ RXW RXWDPS DPS WHW

����)LQGLQJ�QHZ�DQWLJHQV�ZLWK�ODUJH�SKDJH�OLEUDULHV6HOHFWLRQ IURP�SKDJH�DQWLERG\�OLEUDULHV�SURYLGHV�D�QHZ�WRRO�IRU�WKH�LVRODWLRQ�RI�QRYHO�VHOIDQWLJHQV� VXFK�DV�GLVHDVH���H�J��WXPRXU���DVVRFLDWHG�DQWLJHQV��%RWK�WKH�GH�QRYR FRPELQHG�9�GRPDLQ SDLUV�LQ�QDwYH�DQG�V\QWKHWLF�DQWLERG\�OLEUDULHV��EXW�SDUWLFXODUO\�WKH�ODWWHU��DUH�QRW�VKDSHGE\ WKH FRQVWUDLQWV�RI�WKH�LPPXQH�V\VWHP��DQG�DYRLG�OLEUDU\�ELDV�FDXVHG�E\�LQ�YLYR WROHUDQFHPHFKDQLVPV� 7KHUHIRUH��DQWLERGLHV�WR�XQLTXH�VHOI�HSLWRSHV�FDQ�EH�LVRODWHG��SURYLGHG�SRZHUIXOFHOO GHSOHWLRQ�RU�VXEWUDFWLRQ�PHWKRGV�DUH�DYDLODEOH��7R�GDWH��WKLV�DSSOLFDWLRQ�KDV�EHHQ�XVHG�IRUSURELQJ O\PSKRF\WH�>��@�DQG�WXPRU�>��@�FHOO�VXUIDFHV��\LHOGLQJ�DQWLERGLHV�WR�NQRZQ�DQWLJHQV�DQGD QXPEHU�RI�SURPLVLQJ�EXW�DV�\HW�XQFORQHG�QHZ�FHOO�W\SH�VSHFLILF�DQWLJHQV��:H�KDYH�UHFHQWO\
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JHQHUDWHG�SDQHOV�RI�DQWL�HSLWKHOLDO�FHOO�DQWLERGLHV�E\�SDQQLQJ�D�ODUJH�QDwYH�DQWLERG\�OLEUDU\�RQWXPRXU FHOO�OLQHV��EXW�DOVR�ZLWK�OLEUDULHV�GHULYHG�IURP�WKH�%�FHOOV�RI�D�WXPRXU�GUDLQLQJ�O\PSKQRGH RI�D�SDWLHQW�ZLWK�FRORUHFWDO�FDQFHU��5�&�5� HW�DO���LQ�SUHSDUDWLRQ���7KHVH�VWXGLHV�ZLOO�KHOSWR VWXG\�WKH�QDWXUDO�KXPRUDO�LPPXQH�UHVSRQVH�RI�FDQFHU�SDWLHQWV�WR�WKH�DXWRORJRXV�WXPRXU�DQGZLOO�SRVVLEO\�LGHQWLI\�DOWHUQDWLYH�WDUJHWV�IRU�DFWLYH�RU�SDVVLYH�LPPXQRWKHUDS\�
$ UHFHQWO\�GHVFULEHG�PHWKRG��FDOOHG�¨3DWKILQGHU©�VHOHFWLRQ��PLJKW�EH�VXLWDEOH�WR�RYHUFRPH�VHYHUDOGLIILFXOWLHV DVVRFLDWHG�ZLWK�SKDJH�DQWLERG\�VHOHFWLRQV��L�H��WKH�XVH�RI�FRPSOH[�DQWLJHQV�OLNH�FHOOVXUIDFHV IRU�VHOHFWLRQ�DQG�WKH�SUHIHUHQWLDO�VHOHFWLRQ�RI�DQWLERGLHV�WR�GRPLQDQW�HSLWRSHV�RQ�D�JLYHQDQWLJHQ >���@���WKH�SURFHGXUH�LV�VFKHPDWLFDOO\�GHSLFWHG�LQ�)LJ���.��7KH�PHWKRG�XVHV�D�SHUR[LGDVH�FRQMXJDWHG OLJDQG��¦OHDG§��WR�GHSRVLW�ELRWLQ�W\UDPLQH�IUHH�UDGLFDOV�LQ�D�ORFDO�DUHD�DURXQG�WKHELQGLQJ VLWH�RI�WKH�OHDG��,I�SKDJH�DUH�ERXQG�ZLWKLQ�WKLV�UDGLXV��RI�DSSUR[LPDWHO\���QP���WKH\�ZLOOEH ELRWLQ\ODWHG�DQG�WKHUHIRUH�UHWULHYDEOH�RQ�VWUHSWDYLGLQ�FRDWHG�EHDGV��7KH�WDUJHW�DQWLJHQ�LQ�WKLVSURFHGXUH�FDQ�EH�DQ\WKLQJ�IURP�D�SXULILHG�SURWHLQ�WR�D�UHFHSWRU�RQ�D FHOO�VXUIDFH��RU�DQ�DQWLJHQIL[HG RQ�WLVVXH�VHFWLRQV��7KH�SURFHGXUH�ZDV�H[DPSOLILHG�E\�VHOHFWLQJ�DQWLERGLHV�WR�7*)�����&($DQG D�FHOO� VXUIDFH� UHFHSWRU��&&�&.5���7KH�PHWKRG�PD\�RYHUFRPH�SUREOHPV�RI� ¨VHOHFWLRQ�GRPLQDQW© HSLWRSHV��DV�ZHOO�DV�SURYLGH�D�PHDQV�WR�VHOHFW�SKDJH�DQWLERGLHV�WR�UDUH�FHOO�VXUIDFHUHFHSWRUV�RI�RUSKDQ�OLJDQGV�
���3KDJH�DQWLERG\�VFUHHQLQJ�SURFHGXUHV�DQG�DSSOLFDWLRQV
�����%DVLF�VFUHHQLQJ�DVVD\V7KH RXWFRPH RI�DQ\�VHOHFWLRQ�SURFHGXUH�LV�D�PL[WXUH�RI�ELQGLQJ�OLJDQGV�ZLWK�GLIIHULQJSURSHUWLHV� ,W�PD\�EH�QHFHVVDU\�WR�VFUHHQ�ODUJH�QXPEHUV�RI�DQWLERGLHV�WR�LGHQWLI\�WKRVH�YDULDQWVZLWK WKH�PRVW�RSWLPDO�FKDUDFWHULVWLFV��7KH�EHVW�VFUHHQLQJ�DVVD\V�DUH�IDVW��UREXVW��DPHQDEOH�WRDXWRPDWLRQ ����ZHOO� IRUPDW��� DQG� XVH� XQSXULILHG� SKDJH� DQWLERGLHV�� RU� WKH� VROXEOH� DQWLERG\IUDJPHQWV�IURP�WKH�EDFWHULDO�VXSHUQDWDQW��7KH�VFUHHQLQJ�DVVD\�VKRXOG�DOVR�EH�OLQNHG�DV�FORVHO\DV SRVVLEOH� WR� WKH� XOWLPDWH� �IXQFWLRQDO�� UHTXLUHPHQWV� RI� WKH� OLJDQG�� %LQGLQJ� RI� SRO\�� RUPRQRFORQDO SKDJH�DQWLERGLHV�WR�WKH�DQWLJHQ�KDV�EHHQ�WHVWHG�ZLWK�GLYHUVH�DVVD\V��UDQJLQJ�IURP�DVLPSOH�(/,6$�ZLWK�FRDWHG�DQWLJHQ�>��@��WR�ELRDVVD\V�WKDW�VFUHHQ�IRU�GLUHFW�QHXWUDOL]DWLRQ�XSRQELQGLQJ >���@��DQG�ZKROH�FHOO�(/,6$�RU�IORZ�F\WRPHWU\��7\SLFDOO\��IRU�D�ILUVW�VFUHHQ�(/,6$�EDVHG DVVD\V�DUH�XVHG��LQ�FRPELQDWLRQ�ZLWK�UHVWULFWLRQ�ILQJHUSULQWLQJ�RI�WKH�DQWLERG\�'1$�WRLGHQWLI\ GLIIHUHQW� FORQHV� >��@�� � )XUWKHU�� VSHFLILFLW\� RI� DQWLERGLHV� PD\� EH� WHVWHG� XVLQJLPPXQRSUHFLSLWDWLRQ�>��@�RU�LPPXQRF\WR��RU�KLVWRFKHPLVWU\�>�������@�
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7R VSHHG�XS�VFUHHQLQJ�SURFHGXUHV��SKDJHPLG�YHFWRUV�WKDW�LQFRUSRUDWH�D�GXDO�SXUSRVH�KDYH�EHHQGHYHORSHG� 7KHVH�DOORZ�ERWK�PRQRYDOHQW�GLVSOD\�RI�DQWLERG\�IUDJPHQWV�DQG�WKH�SURGXFWLRQ�RIVROXEOH DQWLERG\�IUDJPHQWV�IRU�VFUHHQLQJ�ZLWKRXW�WKH�QHFHVVLW\�WR�VXEFORQH�WKH�DQWLERG\�9�JHQHV�,Q VXFK�V\VWHPV��DQ�DPEHU�FRGRQ�LV�SRVLWLRQHG�EHWZHHQ�WKH�DQWLERG\�DQG�S,,,�JHQHV��LQ�(��FROLVXSSUHVVRU VWUDLQV��H[SUHVVLRQ�RI� WKH�IXVLRQ�SURGXFW�IRU� LQFRUSRUDWLRQ�LQWR�WKH�SKDJH�FRDW� LVSRVVLEOH� LQ�QRQ�VXSSUHVVRU�VWUDLQV��WKLV�DPEHU�VHUYHV�DV�D�VWRS�FRGRQ�\LHOGLQJ�VROXEOH�DQWLERG\IUDJPHQWV >��@� �GXH� WR� LQFRPSOHWH� VXSSUHVVLRQ�� WKLV� ZLOO� DOVR� KDSSHQ� WR� VRPH� H[WHQG� LQVXSSUHVVRU VWUDLQV���$�YDULHW\�RI�WDJV�KDYH�EHHQ�GHVFULEHG�WKDW�DUH�DSSHQGHG�WR�WKH�DQWLERG\IUDJPHQW IRU�GHWHFWLRQ��LQFOXGLQJ�WKH�P\F�GHULYHG�WDJ�UHFRJQLVHG�E\�WKH�DQWLERG\��(���>��@��DQGWKH )ODJ�VHTXHQFH�>��������@��7KLV�VHW�XS�ZLOO�DOORZ�WKH�XVH�RI�XQSXULILHG�SKDJH�DQWLERGLHV�RUDQWLERG\�IUDJPHQWV��SUHVHQW�LQ�FUXGH�VXSHUQDWDQW�RU�SHULSODVPLF�H[WUDFWV��IRU�VFUHHQLQJ�DVVD\V�)LQDOO\� LW�LV�SRVVLEOH�WR�IXVH��IRU�H[DPSOH�LQ�EHWZHHQ�WKH�DQWLERG\�DQG�J,,,��D�+LVWLGLQH�HQFRGLQJWDJ� IRU�SXULILFDWLRQ�RI�VROXEOH�DQWLERGLHV�XVLQJ�,PPRELOLVHG�0HWDO�$IILQLW\�&KURPDWRJUDSK\>��������@�DQG�GHWHFWLRQ�ZLWK�DQWLERGLHV��
�����6FUHHQLQJ�IRU�DIILQLW\�RU�NLQHWLFV�RI�ELQGLQJ$IWHU�VHOHFWLRQ�RI�WKH�KLJKHU�DIILQLW\�IURP�WKH�ORZ�DIILQLW\�YDULDQWV��WKH�VFUHHQLQJ�DVVD\ZLOO QHHG�WR�GLIIHUHQWLDWH�EHWZHHQ�DQWLERG\�YDULDQWV�ZLWK�GLIIHUHQFHV�LQ�DIILQLW\�RU�NLQHWLFV�RIELQGLQJ� (/,6$�EDVHG�PHWKRGV�KDYH�EHHQ�GHVFULEHG�DV�ZHOO�DV�VFUHHQLQJ�XVLQJ�%,$FRUH�>������@�IRU H[WHQVLYH�GLVFXVVLRQ�VHH�>���@�DQG�YDULRXV�FKDSWHUV�LQ�>��@���$IILQLW\�DQG�GLVVRFLDWLRQ�UDWHVFUHHQLQJ RQ�WKH�%,$FRUH�LV�SDUWLFXODUO\�VWUDLJKW�IRUZDUG�ZKHQ�XVLQJ�DQWLERG\�)DE�IUDJPHQWV�7KHVH ODFN�WKH�SUREOHP�RI�WKH�PXOWLPHULVDWLRQ�EHKDYLRXU�LQKHUHQW�WR�PDQ\�VF)Y�IRUPDWV�>��@�ZKLFK FRPSOLFDWHV�PHDVXUHPHQW�RI��WKH�NLQHWLFV�RI�DQWLJHQ�ELQGLQJ�RI�XQSXULILHG�VF)Y�IUDJPHQWV�:H KDYH�GHYHORSHG�RQ��DQG�RII�UDWH�VFUHHQLQJ�DVVD\V�IRU�SDQHOV�RI�XQSXULILHG�)DE�IUDJPHQWVXVLQJ SHULSODVPLF�H[WUDFWV��$��5HXUV��+�5�+���LQ�SUHSDUDWLRQ��DQ�H[DPSOH�RI�DQ�RII�UDWH�VFUHHQLV VKRZQ�LQ�)LJ���$���,Q�FRPELQDWLRQ�ZLWK�%,$FRUH�EDVHG�PHWKRGV�WR�GHWHUPLQH�WKH�DPRXQW�RI)DE LQ�WKHVH�FUXGH�SUHSDUDWLRQV��QHFHVVDU\�IRU�DFFXUDWH�GHWHUPLQDWLRQ�RI�WKH�DVVRFLDWLRQ�UDWHFRQVWDQWV >���@���WKH�DIILQLW\�RI�ODUJH�SDQHOV�RI�DQWLERGLHV�PD\�EH�GHWHUPLQHG��$�URXWLQH��UHOLDEOHGHWHUPLQDWLRQ RI�DIILQLW\�FRQVWDQWV� LV�YHU\� LPSRUWDQW� LQ�GHFLGLQJ�ZKLFK�PROHFXOHV� WR�XVH� LQIXUWKHU DQDO\VLV�DQG�DIILQLW\�PDWXUDWLRQ��VWHSV��,W�VKRXOG�EH�NHSW�LQ�PLQG�WKDW�LW�ZLOO�EH�QHFHVVDU\WR WHVW�ELRORJLFDO�SRWHQF\��FURVV�UHDFWLYLW\�DQG�H[SUHVVLRQ�OHYHO�WR�IXUWKHU�DVVHVV�WKH�SRWHQWLDO�RIWKH DIILQLW\�PDWXUHG�FDQGLGDWHV��DV�WKHVH�SDUDPHWHUV�PD\�FKDQJH�ZLWK�FKDQJLQJ�DIILQLW\�>�������@�
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Screening for affinity / kinetics using SPRA. Screening for binding
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)LJXUH��0XOWLSOH VWUDWHJLHVIRU VHOHFWLQJ� DQGVFUHHQLQJ SKDJHOLJDQGV��D� 3ULPDU\� VFUHHQV� RIVHOHFWHG SKDJH� OLJDQGVIUHTXHQWO\ LQYROYH�WHVWVWR PHDVXUH� ELQGLQJ�LQFOXGLQJ (/,6$�� FHOOELQGLQJ PHWKRGV� DQG%,$FRUH VFUHHQLQJ���E�$OWHUQDWLYHO\� VHOHFWHGSKDJH OLJDQGV� PD\� EHWHVWHG IRU� ELRDFWLYLW\�IRU H[DPSOH� E\VHOHFWLQJ RQ�D�UHFHSWRU�LPPXQRDGKHVLQ� DQGVFUHHQLQJ IRU� UHFHSWRUWULJJHULQJ RQ�FHOOV����F�'LUHFW VHOHFWLRQ� RISKDJH OLJDQGV� IRU� DSDUWLFXODU IXQFWLRQ�PD\EH HQYLVDJHG� XVLQJ� DYDULHW\ RI� PHWKRGV�GHSLFWHG KHUH� DUH� FHOO�UHODWHG PHWKRGV� RQO\��G� ([DPSOH� RI� DFRPELQHG SURFHGXUH�LQYROYLQJ VHOHFWLRQ� RIDQWLJHQ�ELQGLQJ SKDJHOLJDQGV� DQG� DVHFXQGDU\ VHOHFWLRQ� LQDQ DOWHUQDWLYH� V\VWHP�L�H� XVLQJ� D� SURND\RWLFRU HXNDU\RWLF� FHOOV\VWHP� HLWKHU� IRUDIILQLW\ VRUWLQJ�� RU� IRUVHOHFWLRQ EDVHG�RQ�FHOOVXUYLYDO �VHH� WH[W� IRUGHWDLOV��
�����5HFORQLQJ�VHOHFWHG�SKDJH�DQWLERGLHV�IRU�H[SUHVVLRQ�LQ�RWKHU�KRVWV2QH GUDZEDFN�IRU�DQDO\VLV�DIWHU�WKH�ILUVW VFUHHQ�LV�WKDW�DQWLERG\�H[SUHVVLRQ�OHYHOV�LQ�(�FROLDUH GHSHQGHQW�RQ�WKH�SULPDU\�VHTXHQFH�RI�WKH�LQGLYLGXDO�DQWLERG\��DQG�FDQ�EH�H[WUHPHO\�YDULDEOH�IURP ���)J�WR�����PJ�/���8QOHVV�H[SUHVVLRQ�LV�DW�VXIILFLHQWO\�KLJK�OHYHOV��FRQVLGHUDWLRQ�VKRXOGEH JLYHQ�WR�UH�FORQLQJ�WKH�DQWLERG\�LQWR�DQRWKHU�H[SUHVVLRQ�V\VWHP��IRU�UHYLHZ�VHH�>��@���7R�UH�IRUPDW VHOHFWHG�DQWLERGLHV��KRZHYHU��IDVW�UHFORQLQJ�PHWKRGV�DUH�QHHGHG�LQ�WKRVH�FDVHV�ZKHUH
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ODUJH QXPEHUV�RI�FORQHV�QHHG�WR�EH�VFUHHQHG�� �5HFHQWO\�D�HXNDU\RWLF�H[SUHVVLRQ�YHFWRU�ZDVGHVFULEHG WKDW�PD\�EH�XVHG�IRU�RQH�VWHS�UH�FORQLQJ�RI�9�JHQHV�GHULYHG�IURP�DQ\�SKDJH�UHSHUWRLUH�DQG FORQHG�IRU�H[SUHVVLRQ�DV�)DE�IUDJPHQWV�RU�ZKROH�DQWLERG\��RU�IRU� WDUJHWLQJ�WR�GLIIHUHQWLQWUDFHOOXODU FRPSDUWPHQWV� >����� ���@�� 7KLV� SHUPLWV� IDFLOH� DQG� UDSLG�� RQH�VWHS� FORQLQJ� RIDQWLERG\ JHQHV� IRU� HLWKHU� WUDQVLHQW� RU� VWDEOH� H[SUHVVLRQ� LQ� PDPPDOLDQ� FHOOV�� %\� FDUHIXOO\FKRRVLQJ UHVWULFWLRQ�VLWHV�WKDW�DUH�UDUH�LQ�KXPDQ�9�JHQHV��WKH�LPPXQRJOREXOLQ�JHQHV�RI�VHOHFWHGSRSXODWLRQV PD\�EH�EDWFK�FORQHG�LQWR�WKHVH�H[SUHVVLRQ�YHFWRUV��$OO�WKH�LPSRUWDQW�HOHPHQWV�LQ�WKHYHFWRUV �SURPRWHU��OHDGHU�VHTXHQFH��FRQVWDQW�GRPDLQV�DQG�VHOHFWDEOH�PDUNHUV��DUH�IODQNHG�E\XQLTXH UHVWULFWLRQ�VLWHV��DOORZLQJ�VLPSOH�VXEVWLWXWLRQ�RI�HOHPHQWV��DQG�IXUWKHU�HQJLQHHULQJ��%\GHVLJQ RI�WKH�FRUUHFW�SURPRWHU�FDVVHWWH��ULERVRPH�ELQGLQJ�VLWH��¨FRQVHQVXV©�VLJQDO�VHTXHQFHV�DQGE\ XVLQJ�¨LQWURQ�VSDFH©�DSSURSULDWHO\��LW�VKRXOG�EH�SRVVLEOH�WR�FUHDWH�YHFWRUV�WKDW�PHGLDWH�ERWKSKDJH GLVSOD\�RI�DQWLERG\�IUDJPHQWV�LQ�SURNDU\RWLF�KRVWV��DV�ZHOO�DV�H[SUHVVLRQ�RI�DQWLERG\IUDJPHQWV RU�ZKROH�DQWLERGLHV�IURP�HXNDU\RWLF�KRVWV��$��%UDGEXU\�DQG�+�5�+���XQSXEOLVKHG��6XFK VKXWWOH�YHFWRUV�ZRXOG�EH�VXLWDEOH�IRU�OLQNLQJ�VHOHFWLRQ�RI�SDQHOV�RI�ELQGLQJ�DQWLERGLHV��ZLWKD VFUHHQLQJ�DVVD\�EDVHG�RQ�D�SDUWLFXODU�IRUPDW�RI�WKH�DQWLERG\��WR�EH�H[SUHVVHG�LQ�HXNDU\RWLF�FHOOV�,Q DGGLWLRQ��LW�ZRXOG�DOORZ�WKH�FRPELQDWLRQ�RI�GLIIHUHQW�PHWKRGV�RI�GLVSOD\�RU�FRPELQDWRULDOOLEUDU\ VFUHHQLQJ��)RU�H[DPSOH��D�SUH�VHOHFWLRQ�IRU�ELQGLQJ�IURP�D�YHU\� ODUJH�EDFWHULRSKDJHGLVSOD\ OLEUDU\��IROORZHG�E\�D�ILQH�WXQHG�DIILQLW\�VHOHFWLRQ�E\�PHDQV�RI�IORZ�F\WRPHWU\�RI�WKHPHGLXP�VL]HG OLEUDU\�XVLQJ�\HDVW�RU�EDFWHULDO�VXUIDFH�GLVSOD\��)LJ���'��FDQ�EH�HQYLVDJHG��,Q�DPLOHVWRQH VWXG\� ZKLFK� LV� IXUWKHU� GLVFXVVHG� LQ� VHFWLRQ� ����� *DUJDQR� DQG� &DWWDQHR� >���@GHPRQVWUDWH WKH�SRZHU�RI�VXFK�FRPELQHG�PHWKRGV�IRU�UHWULHYLQJ�ELRORJLFDOO\�DFWLYH�DQWL�YLUDODJHQWV��
����%LRDFWLYLW\�DVVD\V�ZLWK�SKDJH�DQWLERGLHV�DQG�SHSWLGHV)DVW UHDG�RXW�LV�SDUWLFXODUO\�UHTXLUHG�IRU�VFUHHQLQJ�PHWKRGV�ZKHUH�WKH�LQIOXHQFH�RI�DIILQLW\RU NLQHWLF�EHKDYLRXU�LV�XQFOHDU�RU�OHVV�LPSRUWDQW�WKDQ�WKH�IXQFWLRQDO�UHVXOW�RI�ELQGLQJ��H�J��YLUXVRU F\WRNLQH�QHXWUDOL]DWLRQ�DQG�UHFHSWRU�EORFNLQJ�RU�WULJJHULQJ��,Q�VXFK�DVVD\V�PDQ\�GLIIHUHQWIDFWRUV EHVLGHV�HSLWRSH�UHFRJQLWLRQ�RU�DQWLERG\�DIILQLW\�ZLOO�GHWHUPLQH�DQWLERG\��0HWKRGV�KDYHEHHQ UHSRUWHG�WR�TXLFNO\�WHVW�SKDJH�GHULYHG�)DE�RU�VF)Y�IUDJPHQWV�IRU�WKHLU�EORFNLQJ�RU�HQKDQFLQJHIIHFW RQ�WKH�DFWLYLW\�RI�D�JURZWK�IDFWRU�>���@��RU�IRU�WKHLU�GLUHFW�UHFHSWRU�WULJJHULQJ�HIIHFWV�EDVHGRQ UHFHSWRU� GLPHULVDWLRQ� >���@�� ,Q� WKH� ODWWHU� FDVH�� KLJK� DIILQLW\� DQWL�0X6.�DQWLERGLHV�ZHUHVHOHFWHG IURP�D�ODUJH�QDwYH�DQWLERG\�OLEUDU\�E\�VHOHFWLRQ�RQ�DQ�0X6.�)F�LPPXQR�DGKHVLQ��DQGVF)Y�DJRQLVWV ZHUH�LGHQWLILHG�E\�VFUHHQLQJ�RQ�FHOOV�H[SUHVVLQJ�D�FKLPHULF�0X6.�0S��UHFHSWRU�)LJ� �%���$Q�HOHJDQW�VWXG\�ZLWK�(SLGHUPDO�*URZWK�)DFWRU�GLVSOD\HG�RQ�SKDJH�GHPRQVWUDWHV�WKDWSKDJH�SDUWLFOHV�WKHPVHOYHV�PD\�DOVR�LQGXFH�UHFHSWRU�WULJJHULQJ�>���@��7KH�DSSOLFDELOLW\�RI�WKLVVFUHHQLQJ PHWKRG�IRU�SKDJH�DQWLERGLHV�KDV�WR�EH�SURYHQ�VWLOO��DQG�ZLOO�GHSHQG�RQ�WKH�PHFKDQLVP
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RI�UHFHSWRU�WULJJHULQJ�DQG�UHFHSWRU�DFFHVVLELOLW\��,Q WKH�H[DPSOH�RI�0X6.��UHFHSWRU�GLPHUL]DWLRQ�LV�UHTXLUHG�IRU�VLJQDO�WUDQVGXFWLRQ��WKXV�WKHOLJDQG QHHGV�WR�EH�GLPHULF��HLWKHU�E\�PXOWLYDOHQW�GLVSOD\�RQ�SKDJH�RU�YLD�QDWXUDO�GLPHULVDWLRQ�OLNH KDV�EHHQ�QRWHG�IRU�VF)Y�IUDJPHQWV�>���@��7KH�XVH�RI�UHSHUWRLUHV�RI�ELYDOHQW�OLJDQGV��VXFK�DV¨GLDERG\© OLEUDULHV�>��@��ZRXOG�EH�SUHIHUDEOH�IRU�WKHVH�DSSOLFDWLRQV��3KDJH�PHGLDWHG�UHFHSWRUWULJJHULQJ LV��KRZHYHU��DOVR�IHDVLEOH�IRU�UHFHSWRUV�WKDW�GR�QRW�UHTXLUH�GLPHULVDWLRQ�IRU�DFWLYDWLRQ�LQ SDUWLFXODU� IRU�SKDJH� WKDW� UHFRJQLVH�*�SURWHLQ�FRXSOHG� UHFHSWRUV�ZLWK�PXOWLSOH�PHPEUDQHVSDQQLQJ UHJLRQV��ZKLFK�DUH�QRUPDOO\�WULJJHUHG�GLUHFWO\�YLD�OLJDQG�LQWHUDFWLRQ��6XFK�UHFHSWRUVKDYH D�ZLGH�UDQJH�RI�DFWLYLWLHV�DQG�KDYH�WKHUHIRUH�EHHQ�XVHG�DV�WDUJHW�IRU�OLJDQG�VFUHHQLQJ�XVLQJFKHPLFDO SHSWLGH�DQG�RWKHU�OLEUDULHV��:H�KDYH�UHFHQWO\�REWDLQHG�HYLGHQFH�WKDW�SHSWLGH�OLJDQG�GLVSOD\LQJ SKDJH�WKHPVHOYHV�PD\�DFW�DV�UHFHSWRU�DJRQLVWV��5RXVFK��+�5�+��HW�DO���VXEPLWWHG���DIHDWXUH ZKLFK� ZLOO� GUDPDWLFDOO\� VLPSOLI\� VFUHHQLQJ� IRU� SKDJH�EDVHG� OLJDQGV� LQ� VHDUFK� RID�QWD�JRQLVWLF OHDG�FRPSRXQGV��3KDJH�FDUU\LQJ�VRPDWRVWDWLQ��D����PHU�F\FOLF�SHSWLGH��ZHUHVKRZQ WR�EH�HQULFKHG�YLD�SDQQLQJ�RQ�FHOOV�H[SUHVVLQJ�RQH�RI� LWV� UHFHSWRUV�� DQG�DOVR� VFRUHGSRVLWLYH LQ�IORZ�F\WRPHWU\��ZKROH�FHOO�(/,6$�DQG�(/,6$�XVLQJ�DQWL�OLJDQG�VHUD��8SRQ�FHOOELQGLQJ� WKLV�SKDJH�ORZHUHG�LQWUDFHOOXODU�F$03�FRQFHQWUDWLRQ�DQG�UHGXFHG�DGHQ\O\O�F\FODVHDFWLYLW\� SURYLGLQJ�HYLGHQFH�IRU�VSHFLILF�WULJJHULQJ�RI�WKLV�*�SURWHLQ�FRXSOHG���70�UHFHSWRU��7RGDWH RQO\�RQH�RWKHU�VWXG\�KDV�DGGUHVVHG�SKDJH�PHGLDWHG�WULJJHULQJ�RI���70�UHFHSWRUV�>���@��LQWKLV VWXG\�WKH�PHODQRFRUWLQ�UHFHSWRU�ZDV�WULJJHUHG�XVLQJ�RQH�RI�WKH�UHFHSWRU©V�QDWXUDO�OLJDQGVGLVSOD\HG RQ�SKDJH���,W�VKRXOG�WKXV�EH�IHDVLEOH�WR�LVRODWH�UHFHSWRU�VSHFLILF�OLJDQGV�IURP�SKDJHOLEUDULHV� XVLQJ�SDQQLQJ�RQ�FHOOV�WKDW�RYHUH[SUHVV�WKH�WDUJHW�UHFHSWRU��DQG�VFUHHQ�WKH�VHOHFWHGSKDJH GLUHFWO\�IRU�DFWLYLW\��$IWHU�VHOHFWLRQ�IRU�ELQGLQJ��LQGLYLGXDO�SKDJH�FORQHV�PD\�EH�VFUHHQHGIRU UHFHSWRU�WULJJHULQJ�HIIHFWV��WR�GLIIHUHQWLDWH�DJRQLVWV�IURP�DQWDJRQLVWV�IURP�LUUHOHYDQW�ELQGHUV�
���1HZ�DYHQXHV�IRU�SKDJH�OLEUDULHV
�����6HOHFWLRQ�IRU�IXQFWLRQ:LWK ODUJH�OLEUDULHV�DW�KDQG��ZH�PD\�JR�EH\RQG�WKH�LQ�YLWUR ELQGLQJ�LQWHUDFWLRQ�LWVHOI��DQGVHOHFW IRU�D�SDUWLFXODU�IXQFWLRQ��)RU�H[DPSOH��SURYLGHG�UHSRUWHU�V\VWHPV�ZLWK�VXIILFLHQW�VHQVLWLYLW\DUH XVHG��LW�PD\�HYHQWXDOO\�EH�SRVVLEOH�WR�VRUW�FHOOV�ZKLFK�KDYH�EHHQ�WULJJHUHG�E\�D�SKDJH�SDUWLFOHGLVSOD\LQJ DQ�D�QWD�JRQLVWLF�OLJDQG��6XFK�VRUWLQJ�SURFHGXUHV�FRXOG�DOORZ�WKH�GLUHFW�VHOHFWLRQ�RISKDJH�SDUWLFOHV�ZLWK�DJRQLVW�RU�DQWDJRQLVW�DFWLYLW\�IRU�D�JLYHQ�UHFHSWRU�GLUHFWO\�IURP�WKH�SKDJHOLEUDU\� :LWK�QHZ�UHSRUWHU�JHQHV�DQG�VHQVLWLYH�IOXRUHVFHQW�UHDG�RXW�PHWKRGV�XQGHU�GHYHORSPHQW�IRU UHYLHZ��VHH�5HI��>���@���ZH�HQYLVDJH�WKDW�VXFK�
IXQFWLRQDO�VHOHFWLRQ
�VFKHPHV�ZLOO�EH�XVHIXOWRROV IRU�GUXJ�GLVFRYHU\��6XFK�PHWKRGV�PD\�EH�XVHG� WR� LGHQWLI\�SHSWLGH� OLJDQGV�IRU�RUSKDQ
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UHFHSWRUV �VXFK�DV�WKH�PDQ\�UHODWHG�RSLRLG�UHFHSWRUV���IRU�ZKLFK�D�IXQFWLRQ�EXW�QRW�D�QDWXUDOOLJDQG�LV�NQRZQ��([DPSOHV�RI�DOUHDG\�GHPRQVWUDWHG�IXQFWLRQDO�VHOHFWLRQ PHWKRGV�DUH�IRXQG�LQUHWULHYLQJ FDWDO\WLF� DQWLERGLHV� >���@�� DV� \HW� XQGHUH[SORUHG� URXWHV� DUH� VHOHFWLRQ� IRU� FHOOLQWHUQDOL]DWLRQ�>���@��FHOO�VXUYLYDO�RU�NLOOLQJ��LQGXFWLRQ�RI�DSRSWRVLV��XSRQ�OLJDQG�ELQGLQJ��FHOOWUDQVIHFWLRQ� VSHFLILF�LQKLELWLRQ�RI�FHUWDLQ�FHOO�VXUIDFH�PROHFXOHV�VXFK�DV�GUXJ�SXPSV���LQKLELWLRQRI� YLUDO� HQWU\�� DQG�� ILQDOO\�� UHFHSWRU� FURVV�OLQNLQJ� RU� WULJJHULQJ�� � 7KH� OLVW� RI� WKHVH� QRYHODSSOLFDWLRQV� VRPH� RI� ZKLFK� DUH� GHSLFWHG� LQ� )LJ�� �&�� ZLOO� NHHS� JURZLQJ� DV� DFFHVV� WR� WKHWHFKQRORJ\�ZLGHQV��
����&RPELQLQJ�SKDJH�GLVSOD\�ZLWK�RWKHU�SURFHGXUHV)XQFWLRQDO�VHOHFWLRQ�PD\�DOVR�EH�FDUULHG�RXW��DIWHU�SUHVHOHFWLRQ�RI�DQWLJHQ�VSHFLILF�SKDJHDQWLERGLHV� XVLQJ�VHOHFWLRQ�VFKHPHV�LQ�RWKHU�FHOOXODU�V\VWHPV��,Q�)LJ��;�WZR�RI�VXFK�SRVVLEOHSURFHGXUHV DUH�GHVFULEHG��7KH�ILUVW�K\SRWKHWLFDO�DSSOLFDWLRQ�LV�WR�GLVSOD\�WKH�VHOHFWHG�OLEUDU\�RQWKH VXUIDFH�RI� SDUWLFOHV�ZKLFK� DUH� ODUJH� HQRXJK� WR� DOORZ�DIILQLW\� VRUWLQJ� �EDFWHULD�� \HDVW� RUPDPPDOLDQ FHOOV�>���@��UHYLHZHG�LQ�>���@���7KLV�FRXOG�SRVVLEO\�SURYLGH�D�UDSLG�PHWKRG�IRUDQWLERG\ DIILQLW\�PDWXUDWLRQ��7KH�RWKHU�DSSOLFDWLRQ�LQYROYHV�D�VHOHFWLRQ�VWHS�IRU�ELRDFWLYLW\�ZKLFK DOORZV�WR�VHOHFW�IRU�D�VXEVHW�RI�SKDJH�OLEUDU\�GHULYHG�OLJDQGV�IURP�D�PLQL�OLEUDU\�RI�OLJDQGVWKDW LQWHUDFW�ZLWK�WKH�WDUJHW�DQWLJHQ��$Q�HOHJDQW�H[DPSOH�RI�WKLV��XVLQJ�LQWUDFHOOXODU�VHOHFWLRQ��ZDVGHVFULEHG E\� *DUJDQR� DQG� &DWWDQHR� >���@�� 7KH\� GHYHORSHG� D� PRGHO� V\VWHP� VKRZLQJ� WKDWLQWUDFHOOXODUO\ �F\WRVROLF�� H[SUHVVHG� DQWLERG\� IUDJPHQWV� WKDW� EORFN� WKH� DFWLYLW\� RI� UHYHUVHWUDQVFULSWDVH �57��� FDQ� LQKLELW� LQWHJUDWLRQ� RI� D� UHWURYLUXV� FRQWDLQLQJ� WKH� +HUSHV� 6LPSOH[7K\PLGLQH .LQDVH�JHQH��UHVXOWLQJ�LQ�WKH�VHOHFWLYH�VXUYLYDO�RI�WUDQVIHFWHG�FHOOV�WKURXJK�SURWHFWLRQDJDLQVW WKH� F\WRWR[LF� DFWLRQ� RI�*DQF\FORYLU��8VLQJ� SRROV� RI� DQWLERG\� IUDJPHQWV�� FORQHG� LQH[SUHVVLRQ YHFWRUV�WKDW�PHGLDWH�F\WRVROLF�H[SUHVVLRQ�RI�WKH�DQWLERGLHV��LW�ZDV�SRVVLEOH�WR�VHOHFWWKH DQWLERG\�ZLWK�QHXWUDOL]LQJ�DFWLYLW\�IRU�UHYHUVH�WUDQVFULSWDVH�IURP�D�SRO\FORQDO�SRSXODWLRQ�RIDQWLERGLHV WKDW�MXVW�ERXQG��EXW�QRW�EORFNHG��57��7KLV�VXJJHVWV�WKDW�LW�PD\�EH�SRVVLEOH�WR�FRPELQHWKH SRZHU� RI� WKH� ODUJH� SKDJH� OLEUDULHV�� WR� VHOHFW� SRROV� RI� DQWLJHQ�VSHFLILF� SKDJH� DQWLERGLHVWRJHWKHU ZLWK� WKHLU� JHQHWLF�PDWHULDO��ZLWK� D� VXEVHTXHQW� VHOHFWLRQ� RI� WKH� SRSXODWLRQ� XVLQJ� DPDPPDOLDQ KRVW�FHOO�>���@��RU�RWKHU�FHOO�V\VWHPV�>���@��7KLV�FRPELQDWLRQ�RI�WHFKQRORJLHV�PD\LQGHHG RSWLPDOO\� XWLOL]H� WKH� DGYDQWDJHV� RI� HDFK� V\VWHP� DQG� DOVR� E\�SDVV� VRPH� RI� WKHGLVDGYDQWDJHV�RI�LQGLYLGXDO�PHWKRGV�
���%H\RQG�DQWLERGLHV7KH LGHDV�RQ�IXQFWLRQDO�VHOHFWLRQV�DQG�VFUHHQLQJ�SURFHGXUHV�PD\�EH�H[SDQGHG�WR�WKH�XVHRI DOWHUQDWLYH�SURWHLQV�RU�SURWHLQ�GRPDLQV�IRU�FRQVWUXFWLQJ�ELQGLQJ�PROHFXOHV��UHYLHZHG�LQ�>���@��
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6FDIIROGV GLIIHUHQW�IURP�DQWLERGLHV�KDYH�EHHQ�UHSRUWHG�WR�IRUP�VXLWDEOH�ELQGLQJ�OLJDQGV�IRU�PDQ\W\SHV RI�DQWLJHQV���7KHUH�DUH�DPSOH�H[DPSOHV�RI�¨KRVW�VFDIIROGV©�WKDW�FRQWDLQ�VXIILFLHQW�SHUPLVVLYHUHJLRQV WR�DFFRPRGDWH�D�UHDVRQDEOH�QXPEHUV�RI�VXEVWLWXWLRQV��ZKLFK�PD\�EH�XVHG�WR�JHQHUDWH�DOLEUDU\ RI�ORFDOLVHG�YDULDELOLW\��$OWHUQDWLYH�VFDIIROGV�UHSRUWHG�WR�GDWH�LQFOXGH���VKHHW�SURWHLQV>���� ���@����KHOLFDO�EXQGOH�SURWHLQV�>�������@��FRPELQDWLRQV�RI�WKHVH�WZR�>��������@��D�VHSDUDWHJURXS RI�KLJKO\�FRQVWUDLQHG�SURWHDVH�LQKLELWRUV�>�������@��DQG��PRVW�UHFHQWO\��*UHHQ�)OXRUHVFHQW3URWHLQ �*)3��>���@���6LQFH�VHFUHWHG�DV�ZHOO�DV�F\WRSODVPLF�DQG�QXFOHDU�SURWHLQV�KDYH�EHHQGLVSOD\HG RQ�SKDJH��IRU�UHYLHZ�VHH�>�@���GLVSOD\�RQ�SKDJH�LV�RIWHQ�WKH�ILUVW�VWUDWHJ\�WR�GHILQHSHUPLVVLYH VLWHV�IRU�UDQGRPL]DWLRQ�DQG�WR�JHQHUDWH�OLJDQG�ELQGLQJ�YDULDQWV�>���@��$OWHUQDWLYHO\�WKH XVH�RI�ODPEGD�>���@��EDFWHULDO�>���@�RU�HXNDU\RWLF�FHOO�GLVSOD\�PHWKRGV�KDV�EHHQ�UHSRUWHG�,Q UHJDUGV�RI�¨IXQFWLRQDO�VHOHFWLRQ©�PHWKRGV��FKRRVLQJ�RWKHU�W\SHV�RI�PROHFXOH�EHVLGHV�DQWLERGLHVLV YDOLGDWHG�E\�WKH�IDFW�WKDW�DQWLERG\�H[SUHVVLRQ�DQG�IROGLQJ�PD\�EH�LPSDLUHG�LQ�WKH�VXEFHOOXODUORFDWLRQ ZKHUH�WKH�GHVLUHG�IXQFWLRQDO�DFWLYLW\�LV�UHTXLUHG��,W�ZRXOG�EH�DGYDQWDJHRXV�WR�HQJLQHHUWKH DQWLERG\� IRU� LQWUDFHOOXODU� H[SUHVVLRQ�� IRU� H[DPSOH� E\� EXLOGLQJ� VWDEOH� GLVXOSKLGH� IUHHDQWLERGLHV�>���@��RU�WR�XVH OLEUDULHV�RI�VFDIIROGV�WKDW�DUH�QDWXUDOO\�SURGXFHG�LQ�WKH�WDUJHWHG�FHOORUJDQHOOH��SURYLGHG�WKDW�HIIHFWLYH�VWUXFWXUDO�GLYHUVLW\�PD\�EH�REWDLQHG��
���3HUVSHFWLYHV7KLV UHYLHZ�KLJKOLJKWV�WKH�DGYDQWDJHV�DQG�SRVVLEOH�DSSOLFDWLRQV�RI�SKDJH�GLVSOD\�IRU�WKHGHYHORSPHQW RI�DQWLERGLHV��:LWK�WKLV�WHFKQRORJ\��DQWLERG\�HQJLQHHULQJ�IRU�WKH�ILUVW�WLPH�PD\�EHXVHG WR�GHVLJQ�DQWLERGLHV�IURP�VFUDWFK��ZLWK�DQ�RSWLRQ�WR�FKRRVH�LWV�EXLOGLQJ�EORFNV��LWV�DIILQLW\�XS WR�WKH�SLFRPRODU�UDQJH���LWV�IRUPDW��VL]H�DQG�YDOHQF\��DQG�LWV�HIIHFWRU�IXQFWLRQ��QDWXUDO��,J*�RU QRYHO��HQ]\PHV�HWF���>���@��7DLORU�PDGH�UHDJHQWV�PD\�WKXV�EH�JHQHUDWHG��IRU�LQ�YLWUR RU�LQ�YLYRGLDJQRVLV DQG�IRU�WKHUDS\��:H�H[SHFW�WKDW�WKH�QXPEHU�DQG�TXDOLW\�RI�QDwYH�DQG�V\QWKHWLF�SKDJH�DQWLERG\ OLEUDULHV�ZLOO�LQFUHDVH�RYHU�WKH�QH[W�IHZ�\HDUV��7KH�H[WHQW�RI�WKH�XVH�RI�SKDJH�DQWLERG\OLEUDULHV LQ�DFDGHPLF�UHVHDUFK�ZLOO�EHQHILW�IURP�D�YLUWXDO�XQUHVWULFWHG�DYDLODELOLW\�RI�VXFK�YHU\ODUJH DQG�VWDEOH�SKDJH�OLEUDULHV��7KH�OLEUDULHV�PD\��EH�XVHG�IRU�WKH�VHDUFK�IRU�QHZ�GUXJ�WDUJHWV�FHOO UHFHSWRUV� DQG� WKHLU� OLJDQGV�� ZKLFK� ZLOO� LQWHUIDFH� ZLWK� WKH� KXPDQ� JHQRPH� SURMHFW� DQGIXQFWLRQDO JHQRPLFV��&RPELQLQJ�WKH�GHVLJQ�DQG�JHQHUDWLRQ�RI�PLOOLRQV�WR�ELOOLRQV�RI�GLIIHUHQWOLJDQGV� ZLWK�D�IXQFWLRQ�EDVHG�VHOHFWLRQ�SURFHGXUH�UDWKHU�WKDQ�PHUH�VHOHFWLRQ�IRU�ELQGLQJ��ZLOORSHQ HYHQ�PRUH�FKDOOHQJLQJ�DSSOLFDWLRQV�RI�WKLV�LQVSLULQJ�WHFKQRORJ\��DQG�SURYLGH�D�SRZHUIXOWRRO�IRU�GUXJ�DQG�WDUJHW�GLVFRYHU\�ZHOO�LQWR�WKH�QH[W�GHFDGH�
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&RQQHOO�� 0�3��� .HOOH\�� 5�)�� DQG� +HQQHU�� '�-�� ������%LR7HFKQRORJ\ ����������������� +RRJHQERRP��+�5���*ULIILWKV��$�'���-RKQVRQ��.�6���&KLVZHOO��'�-���+XGVRQ��3��DQG�:LQWHU�*���������1XFOHLF�$FLGV�5HV ��������������������%DVV��6���*UHHQH��5��DQG�:HOOV��-�$���������3URWHLQV ��������������� %DUEDV��&���.DQJ��$�6���/HUQHU��5�$��DQG�%HQNRYLF��6�-���������3URF�1DWO�$FDG�6FL�86$ ���������������� 2UXP��+���$QGHUVHQ��3�6���2VWHU��$���-RKDQVHQ��/�.���5LLVH��(���%MRUQYDG��0���6YHQGVHQ��,�DQG�(QJEHUJ��-���������1XFOHLF�$FLGV�5HV ������������������ %UHLWOLQJ��)���'XEHO��6���6HHKDXV��7���.OHZLQJKDXV��,��DQG�/LWWOH��0���������*HQH ����������������� 7KRPSVRQ��-���3RSH��7���7XQJ��-�6���&KDQ��&���+ROOLV��*���0DUN��*��DQG�-RKQVRQ��.�6��������-�0RO�%LRO������������������.UHEEHU��$���%XUPHVWHU��-��DQG�3OXFNWKXQ��$���������*HQH �����������������5DNRQMDF��-���-RYDQRYLF��*��DQG�0RGHO��3���������*HQH ������������������/XW]��5��DQG�%XMDUG��+���������1XFOHLF�$FLGV�5HV ������������������ *ULIILWKV��$�'���0DOPTYLVW��0���0DUNV��-�'���%\H��-�0���(PEOHWRQ��0�-���0F&DIIHUW\��-��%DLHU� 0���+ROOLJHU��.�3���*RULFN��%�'���+XJKHV��-�1���+RRJHQERRP��+�5��DQG�:LQWHU��*��������(0%2�- ������������������'XHQDV��0��DQG�%RUUHEDHFN��&�$���������)(06�0LFURELRO�/HWW ����������������� 0DUNV��-�'���+RRJHQERRP��+�5���%RQQHUW��7�3���0F&DIIHUW\��-���*ULIILWKV��$�'��DQG�:LQWHU�*���������-�0RO�%LRO �������������������&KDQJ��&�1���/DQGROIL��1�)��DQG�4XHHQ��&���������-��,PPXQRORJ\ ����������������
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