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7RGD\�WKH�GHPDQGV�IRU�QXFOHDU�VSHFWURV �FRS\� LQVWUXPHQWDWLRQ� KDYH� LQFUHDVHG�� 6XFKGHPDQGV�LQFOXGH�JRRG�HQHUJ\�UHVROXWLRQ�IRUJDPPD� DQG� ;�UD\� VSHFWURVFRS\� FRPELQHGZLWK�WKH�DELOLW\�WR�ZRUN�RYHU�D�ZLGH�HQHUJ\UDQJH�RI�JDPPD�SKRWRQV�IRU�VSHFLDOL]HG� LQ �VWUXPHQWV��ZKLFK�DUH�VHDUFKLQJ�VSHFLILF�LVR �WRSHV�ZLWK�D�SDUWLFXODU�VLJQDWXUH�LQ�D�FRPELQD �WLRQ� ZLWK� RWKHU� LVRWRSH�� 2XWVWDQGLQJ� HQHUJ\

UHVROXWLRQ� LV� QRW� DOZD\V� DQ� LVVXH� KRZHYHUVSDWLDO� UHVROXWLRQ� LV� EHFRPLQJ� DQ� LPSRUWDQWUHTXLUHPHQW� IRU� PDQ\� ILHOGV�RI�DSSOLFDWLRQ���7KHPDLQ�ILHOGV�RI�DSSOLFDWLRQ RI� VXFK�JDPPD�VSHF�WURVFRS\� LQVWUXPHQWDWLRQ�DUH�VDIHJXDUGV��VHFX�ULW\�DQG�PHGLFLQH��7KLV�SDSHU�ZLOO�SURYLGH�VKRUW�RYHUYLHZ�RISUREOHPV� ZKHUH� LPSURYHG�� SRUWDEOHJDPPD�;�UD\� VSHFWURVFRS\� LQVWUXPHQWDWLRQ
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LV� VWLOO� UHTXLUHG�DQG�ZH�ZLOO�SURSRVH�DQ� LQ �QRYDWLYH� DSSURDFK� IRU� D� VROXWLRQ� EDVHG� RQFRXSOHG� GHWHFWRUV� FRPSULVHG� RI� VLOLFRQ� SKR �WRGHWHFWRUV�DQG�VFLQWLOODWRUV���,Q� VLWX YHULILFDWLRQ� RI� VSHQW� IXHO� DVVHP�EOLHV�VWRUHG�XQGHU�ZDWHU�RQ�VWDFNHG�WUD\V�LVDQ� LPSRUWDQW� VDIHJXDUG� WDVN� IRU� ,QWHUQD �WLRQDO� $WRPLF� (QHUJ\� $JHQF\� �,$($�� LQ �VSHFWRUV� ZKR� DUH� VWLOO� VHDUFKLQJ� IRU� WKHPRVW� VXLWDEOH� GHWHFWRU� VROXWLRQ� WKDW� VDWLV �ILHV� DOO� WKH� UHTXLUHPHQWV� RI� WKLV� WDVN��7KLVLQVWUXPHQW�LV�UHTXLUHG�WR�EH�VPDOO�LQ�VL]H�VRDV�WR�EH�DEOH�ILW�LQ�D�FRQILQHG�VSDFH�EHWZHHQEXQGOHV�RI�LUUDGLDWHG�IXHO�URGV��VHYHUDO�FP��KDYH� JRRG� VSDWLDO� UHVROXWLRQ�� KLJK� FRXQWUDWH�WROHUDQFH�DQG�UHODWLYHO\�JRRG�UDGLDWLRQKDUGQHVV� VR� DV� WR� EH� DEOH� WR�ZRUN�ZLWKLQ� DQLQWHQVLYH� JDPPD� EDFNJURXQG� UDGLDWLRQ� ILHOG�XS�WR���� UDG�K���2QH�RI�WKH�FXUUHQWO\�XVHGLQVWUXPHQWDWLRQ� LV� TXLWH� D� PDVVLYH� V\VWHPZRUNLQJ� RQ� WKH� GHWHFWLRQ� RI� WKH�KLJK�HQHUJ\SURPSW� JDPPD� UD\V� IURP� ILVVLRQ� SURGXFWV�IRU� H[DPSOH� ���&V�� ���� NH9� SKRWRQV��� 7KHVSDWLDO�UHVROXWLRQ�QHHGHG�IRU�LGHQWLILFDWLRQ�RIWKH�SUHVHQFH�RI�SDUWLFXODU�DVVHPEO\�LQ�D�EXQ �GOH�LV�DFKLHYHG�E\�KHDY\�WXQJVWHQ�FROOLPDWRUV�ZKLFK�DUH�HIIHFWLYH�IRU�JDPPD�UDGLDWLRQ�>�@��5HFHQWO\�� D� QHZ� DSSURDFK� ZDV� LQYHVWL �JDWHG�� ZKLFK� XWLOL]HV� 8UDQLXP� IOXRUHVFHQW;�UD\V� LQGXFHG� E\� SURPSW� SKRWRQV� IURP���&V�� ,Q� WKLV� FDVH� KHDY\� 7XQJVWHQ� VKLHOG �LQJ� LV�QRW�UHTXLUHG�VLQFH�WKH�XUDQLXP�IOXR �UHVFHQW� HPLVVLRQ� LV� PRVWO\� LQ� WKH� HQHUJ\UDQJH���Ü����NH9��)RU�UHJLVWUDWLRQ�RI�WKHVHSKRWRSHDNV�&G=Q7H��&G7H DQG� VPDOO� 6L GH�WHFWRUV� KDYH� EHHQ� WHVWHG�� ,QQRYDWLYH� ZRUNRQ� WKH� GHYHORSPHQW� RI� VXFK� &=7� EDVHG�SRUWDEOH�GHWHFWRU�SUREHV� IRU� WKHVH� SXUSRVHVZDV�GRQH�E\� WKH�5LJD�V�JURXS� LQ�FROODERUD �WLRQ�ZLWK�,$($�>�@��7KH�DGYDQWDJHV�RI�&=7GHWHFWRUV� LQFOXGH� KLJK�SKRWRSHDN� HIILFLHQF\�=  �������� RSHUDWLRQ�DW� URRP� WHPSHUDWXUH�DQG�JRRG�HQHUJ\�UHVROXWLRQ��DERXW���NH9�IRUWKH� ���� NH9� ��&R SKRWRSHDN��� )RU� VLPLODUVL]H� RI� 6L GHWHFWRUV� �×�×����PP� DQG� WKHVDPH� FRQGLWLRQV� WKH� HQHUJ\� UHVROXWLRQ� LVDERXW� �� NH9�� KRZHYHU� WKH� SKRWRSHDN� HIIL �FLHQF\�LV�PXFK�OHVV�WKDQ�LQ�&=7��7KH�VPDOOVL]H� RI� WKH� GHWHFWRUV� DOORZV� IRU� KLJK� GRVHUDWH�DSSOLFDWLRQV�LQ�VSHFWURVFRS\�PRGH��7KLV� PHWKRG� VWLOO� UHTXLUHV� 3E RU� :VKLHOGLQJ�IRU�UHGXFLQJ�WKH�JDPPD�UD\�LQWHQ �VLW\� IURP� ILVVLRQ� SURGXFWV�� ,Q� WKLV� FDVHVHSDUDWLRQ� RI� ;�UD\� IOXRUHVFHQFH� IURP� 3E�DERXW� ��� NH9�� DQG� 8 �DERXW� ���� NH9�� LVUHTXLUHG�� 2SHUDWLRQ� RI� WKH� GHWHFWRUV� LQ� WKHLQWHQVLYH� JDPPD� UD\� EDFNJURXQG� GHPDQGVVHOHFWLRQ� RI� 8�SHDNV� RQ� D� VWURQJ� &RPSWRQEDFNJURXQG�IURP�WKH�ILVVLRQ�SURGXFWV��7KLV

EDFNJURXQG� GHJUDGHV� WKH� HQHUJ\� UHVROXWLRQRI�&=7�PLQL�GHWHFWRUV�DQG�LQ�WKH�FDVH�RI� 6LGHWHFWRUV�� REVHUYDWLRQ� RI� ���� NH9� HQHUJ\8�;�UD\�IOXRUHVFHQFH�LV�LPSRVVLEOH�$QRWKHU�SUREOHP�LQ�GHWHUPLQLQJ�WKH�ORFD �WLRQ� RI� WKH� VLQJOH� IXHO� HOHPHQW� LQ� D� EXQGOHWKURXJK� 8 VLJQDWXUH� LV� VFDWWHUHG� KLJK�HQ �HUJ\�SKRWRQ�UDGLDWLRQ��ZKLFK�LV�DGGLWLRQDOO\FRQWULEXWHV� WR� ORZ� HQHUJ\� &RPSWRQ� EDFN �JURXQG�LQ�WKH�GHWHFWRU��PDNLQJ�VSDWLDO�UHVR �OXWLRQ� RI� VLQJOH� IXHO� HOHPHQW�GHWHUPLQDWLRQHYHQ�ZRUVH��7KHUH�LV�D�QHHG�IRU�D�SRUWDEOH�SUREH�ZLWKJRRG� VHQVLWLYLW\� DQG� HQHUJ\� UHVROXWLRQ� IRUGHWHFWLRQ� RI� SUH�VHOHFWHG�� ORZ� HQHUJ\JDPPD�;�UD\� LVRWRSHV� LQ� KLJK�HQHUJ\� SKR �WRQ�PDVNLQJ�RI�EDFNJURXQG�DSSOLFDWLRQV�IRUFXVWRPV� DQG� RWKHU� XVHUV� WR� WDUJHW� LVRWRSHVPXJJOLQJ�� 7KH� UDQJH� RI� LQWHUHVW� LV� ��Ü���NH9� DQG� LQ� WKLV� FDVH� WKH� HQHUJ\� UHVROX �WLRQ� LV� WKH� GRPLQDQW� SDUDPHWHU�� $� UHVROX �WLRQ�RI�EHWWHU� WKDQ���NH9� LV�QHHGHG� WR�SUH �YHQW� PDVNLQJ� RI� WDUJHW� LVRWRSHV� E\� PRUHEHQLJQ�LVRWRSHV�5HOLDEOH� VSHFWURVFRS\� RI� VLQJOH� JDPPDOLQHV� LQ� D� PL[HG� UDGLDWLRQ� SKRWRQ� ILHOG� LVLPSRUWDQW�LQ�QXFOHDU�PHGLFLQH��7KH�FXUUHQW6LQJOH�3KRWRQ�(PLVVLRQ�&RPSXWHG�7RPRJUD �SK\� �63(&7�� WHFKQLTXHV� KDYH� D� VLJQLILFDQWDGYDQWDJH� RYHU� RWKHU� VLPLODU� GLDJQRVWLFWHFKQRORJLHV� LQ� WKDW� WZR� RU� PRUH� LVRWRSHVFDQ�EH�LPDJHG� LQ�SDUDOOHO� >�@��6LPXOWDQHRXVDGPLQLVWUDWLRQ� RI� ��P7F ����� NH9�� DQG� WKH3(7�LVRWRSH���) �����NH9��SURYLGH�DELOLW\�WRVLPXOWDQHRXVO\� LPDJH� WZR� RU� PRUH� SK\VL �RORJLFDO� SDUDPHWHUV� DQG� ZRXOG� UHSUHVHQW� DPDMRU� DGYDQFH� LQ� IXQFWLRQDO� LPDJLQJ�� IRUERWK�WKH�FOLQLFDO�DQG�EDVLF�VFLHQFHV��,Q�FRP �SDULVRQ� ZLWK� ��P7F RQO\� DSSOLFDWLRQV�� WKLVPHWKRG� UHTXLUHV� PXFK� WKLFNHU� FROOLPDWRUVIRU� ���� NH9� SKRWRQV�� ZLWK� FRQVHTXHQW� UH �GXFWLRQ� LQ�DFWLYH�ILHOG�RI� LPDJLQJ�GHWHFWRU�,PDJLQJ� RI� ��P7F LVRWRSH� LV� DOVR� GHJUDGHGE\� WKH�&RPSWRQ�EDFNJURXQG�RI� WKH� ��) LVR�WRSH�� 2QH� RI� WKH� VROXWLRQV� IRU� WKLV� LV� GXDOPRGH�3(7�63(&7�IDFLOLW\��$�QHZ�PHWKRG�RIGHWHFWRU�FRQVWUXFWLRQ�IRU�GXDO�LVRWRSH�IDFLOL �WLHV�LV�WKXV�DOVR�GHVLUDEOH���6XUJLFDO� UDGLDWLRQ� SUREHV�� ZKLFK� DUHZLGHO\� DSSOLHG� IRU� ORFDOL]DWLRQ�RI� D� WXPRXUDIWHU�DGPLQLVWUDWLRQ�RI�DQ�LVRWRSH��LQFRUSR �UDWH� WXQJVWHQ� FROOLPDWRUV� IRU� EHWWHU� ORFDO �L]DWLRQ� RI� WKH� LVRWRSH� >�@�� 1RQ� LPDJLQJSUREHV� IRU� JDPPD� UDGLDWLRQ� GHWHFWLRQ� XWLO �L]H� VFLQWLOODWRU�307� DQG� &=7� GHWHFWRUV�7KLV� PHWKRG� LV� YHU\� HIIHFWLYH� IRU� ORZ� HQ �HUJ\�LVRWRSHV��IRU�H[DPSOH� ��P7F������NH9��KRZHYHU�ZLWK� LQFUHDVLQJ�SKRWRQ� HQHUJ\� WKHDPRXQW� RI� VFDWWHUHG� UDGLDWLRQ� LV� LQFUHDVLQJ
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ZKLFK�PDNHV� ORFDOL]DWLRQ� RI� WKH� UDGLRDFWLY �LW\�LQ�WKH�ERG\�GLIILFXOW��,QFUHDVLQJ�WKH�VL]HRI� WKH� WXQJVWHQ� FROOLPDWRU� LV� QRW� IHDVLEOH�$� QHZ� GHVLJQ� RI� SRUWDEOH� UDGLDWLRQ� SUREHVWKDW� DUH� FDSDEOH� RI� DFFXUDWH� ORFDOL]DWLRQ� RIDFWLYLW\� IRU� H[WHQGHG� JDPPD� HQHUJ\� UDQJHRI�LVRWRSHV�LV�D�FKDOOHQJH��'HYHORSPHQW� RI� SRUWDEOH� SUREHV� ZLWK� EHW �WHU� VSDWLDO� UHVROXWLRQ� ZLOO� DOVR� EH� DQ� DGYDQ �WDJH�ZKHQ�XVHG� LQ�WKH�VHDUFK�RI�KLJK�HQHUJ\JDPPD�FRQWDPLQDWLRQ�DIWHU�QXFOHDU�DFFLGHQW�7KH� XVH� RI� D� KHDYLO\� FROOLPDWHG� SKRWRGLRGH�VFLQWLOODWRU� GHWHFWRU� SUREH� ZLWKLQ� D� URWDWHGFROOLPDWRU�ZDV�GHPRQVWUDWHG�IRU�LVRWRSH�ORFDO �L]DWLRQ� LQ� WKH� ODUJH� KDOO� RI� WKH� &KHUQRE\OUHDFWRU�DIWHU�&KHUQRE\O�13�DFFLGHQW�1HZ�$QWL�&RPSWRQ�SUREHV�GHVLJQ)RU�PRVW�RI�WKH�DERYH�PHQWLRQHG�DSSOLFD �WLRQV�� WKH� RXWFRPHV� FDQ� EH� LPSURYHG� LI� DQDQWL�&RPSWRQ�VSHFWURPHWHU�LV�XVHG�>�@��7KLVUHVXOWV� LQ� D� VLJQLILFDQW� UHGXFWLRQ� RI� WKH&RPSWRQ� FRQWULEXWLRQ�� OHDGLQJ� WR� EHWWHULGHQWLILFDWLRQ� RI� ORZ� HQHUJ\� LVRWRSHV� DQGWKHLU�ORFDOL]DWLRQ��0RVW�RI�WKH�FXUUHQWO\�H[ �LVWLQJ�DQWL�&RPSWRQ�VSHFWURPHWHUV�DUH�EDVHGRQ� WKH� FRPELQDWLRQ� RI� *H DQG� VFLQWLOODWRUGHWHFWRUV�� 7KLV� VSHFWURPHWHU� LV� EXON\�� GH �PDQGV� OLTXLG� QLWURJHQ� FRROLQJ� RI� *H GHWHF�WRU�� DQG� GLIIHUHQW� W\SHV� RI� IURQW�HQG� UHDG �RXW� HOHFWURQLFV� IRU� VFLQWLOODWRU�30� DQG� *HGHWHFWRUV��7KH�DGYDQWDJH�RI�WKHVH�V\VWHPV�LVH[FHOOHQW� HQHUJ\� UHVROXWLRQ� DQG� HIILFLHQF\IRU�KLJK�HQHUJ\�SKRWRQV��+RZHYHU��WKH\�DUHQRW� SRUWDEOH� DQG� FDQQRW� EH� XVHG� LQ� VDIH �JXDUG�DSSOLFDWLRQV� LQ� FRQILQHG�VSDFHV� RU� DVSRUWDEOH�SUREHV��:H� SURSRVH� D� GHVLJQ� IRU� D� QHZ� FODVV� RIDQWL�&RPSWRQ� GHWHFWRUV� IRU� SRUWDEOH� SUREHVIRU� GLIIHUHQW� DSSOLFDWLRQV�� 7KHVH� SUREHV�ZHEHOLHYH�ZLOO� EHWWHU� DGGUHVV� VRPH� VDIHJXDUG�VHFXULW\�DQG�PHGLFDO�DSSOLFDWLRQV�$QWL�&RPSWRQ� SUREHV� DUH� UHDOL]HG� RQ� DVLQJOH� VXEVWUDWH� EDVHG� DQQXODU� 6L�SKRWR�GLRGHV� RSWLFDOO\� FRXSOHG� WR� WKH� DQQXODU&V,�7O� RU� /<62� VFLQWLOODWRUV� GHSHQGLQJ� RQWKH� VSHFLILF� DSSOLFDWLRQ�� )LJ���� VKRZV� DVFKHPDWLF�GLDJUDP�RI�RQH�RI�WKH�SUREHV��7KHDGYDQWDJH� RI� WKH�SUREH� LV� LQ� LGHQWLFDO� HOHF �WURQLFV� FKDQQHOV� IRU� UHDGRXW� ZKLFK� ZLWK� DFXUUHQW�$6,&�&026�GHVLJQ�FDQ�EH�YHU\�ORZQRLVH� GXH� WR� SUHDPSOLILHU� ZLWK� WKH� LQSXW)(7�WUDQVLVWRU�DWWDFKHG�GLUHFWO\�WR�WKH�UHDUVLGH� RI� WKH� 3'�� ,Q� WHUPV� RI� HIILFLHQF\� RILQWHUDFWLRQ�ZLWK�D�SKRWRQV�&V,�7O� KDV��VLPLODU=  ����DV�&=7�GHWHFWRUV�DQG�/62�KDV�=  ����&V,�7O� LV�PRVW�VXLWDEOH�IRU�FRXSOLQJ�ZLWK� 6L3'�GXH�WR�EHWWHU�PDWFKLQJ�RI��WKH�HPLVVLRQVSHFWUD�DQG�SKRWR�UHVSRQVH�RI�WKH� 6L 3'�DV

ZHOO� DV� WKH� EHVW� OLJKW� \LHOG� �������� SKR �WRQV��� 0H9��� /<62� VFLQWLOODWRU� KDV� OHVVOLJKW� \LHOG� �DERXW� ������� SKRWRQV��� 0H9�DQG� DYHUDJH� ZDYHOHQJWK� RI� HPLWWLQJ� OLJKW����QP�WKDW�QRW�DV�JRRG�D�PDWFK�WR�WKH� 6L3'�EXW�KLJKHU�SKRWRSHDN�HIILFLHQW�IRU�KLJKHQHUJ\� JDPPD� SKRWRQV� LQ� FRPSDULVRQ�ZLWK&V,�7O��� $GYDQWDJH� RI� /<62� LQ� FRPSDULVRQZLWK�&V,�7O� LV� IDVWHU� OLJKW� GHFD\�� ZKLFK� LVDERXW� ��� QV� LQ� FRPSDULVRQ� WR� ���� QV� IRU&V,�7O� VFLQWLOODWRU��$QRWKHU� DGYDQWDJH� WKDW� WKLV� SUREH� LVWKDW� LW�GRHV�QRW�UHTXLUH�DQ�DGGLWLRQDO� FROOL �PDWRU��7KH�RXWHU�VFLQWLOODWRU�KDV�D�IXQFWLRQRI�WKH�FRLQFLGHQFH�GHWHFWRU�DQG�KLJK�= ZDOORI� FROOLPDWRU�� ,Q� WKLV� FDVH� WKLQ� DOXPLQLXPVKLHOGLQJ� LV� IHDVLEOH� DV� XVXDOO\� DSSOLHG� IRUSDFNDJLQJ� RI� VFLQWLOODWRUV� LQ� JDPPD� FDP �HUDV��7KH�IOXRUHVFHQW�;�UD\V�IURP�$O�VKLHOG �LQJ� KDYH� PXFK� ORZHU� HQHUJ\� WKDQ� WKH����NH9� UDQJH�RI� LQWHUHVW� IRU� 8 ;�UD\� VLJ�QDWXUH�LQ�D�VSHQW�IXHO�DVVHPEO\��7KH�HQHUJ\UHVROXWLRQ�IRU� ��P7F ����NH9�OLQH� LQ� WKH� 6L3'�&V,�7O� FRXSOHG� GHWHFWRU� LV� �Ü��� �� IRUORZ� VL]H� VFLQWLOODWRU� DQG� VWDWH� RI� WKH� DUWVLOLFRQ� SKRWRGHWHFWRU� �3'�� ZKLFK� KDV� EHHQGHVLJQHG�DQG�WHVWHG�IRU�WKH�SDUWLFXODU�DSSOL �FDWLRQ�� 2QH� RI� WKH� NH\� FKDOOHQJHV� LQ� WKLVSURMHFW� ZDV� GHYHORSPHQW� RI� WKH� WHFKQRORJ\RI�PDQXIDFWXULQJ�RI�&V,�7O� DQQXODU�VFLQWLO�ODWRUV�DQG�WKHLU�RSWLFDO�LVRODWLRQ�7KH�VL]H�RI�WKH�SUREH�FDQ�EH�DGMXVWHG�IRUWKH� SDUWLFXODU� DSSOLFDWLRQ� DQG� H[SHFWHG� LQ �WHQVLW\�RI�UDGLDWLRQ�ILHOG��,Q�WKH�FDVH�RI�WKHVDIHJXDUG�DSSOLFDWLRQ�WKH�GLDPHWHU�RI�LQWHU �QDO�6L 3'�VHQVLWLYH�DUHD�ZLOO�EH�����PP�DQGRXWHU� 3'� LV� ���� PP�� 7KH� GLVDGYDQWDJH� RIWKLV� DQWL�&RPSWRQ� VSHFWURPHWHU� LV� LWV� ORZHQHUJ\� WKUHVKROG� RI� SRVVLEOH� SKRWRQ� GHWHF �WLRQ�GXH�WR�XQLW\�DPSOLILFDWLRQ�RI� 6L 3'�LQFRPSDULVRQ� ZLWK� FODVVLFDO� *H�%*2� EDVHGDQWL�&RPSWRQ�VSHFWURPHWHU��7R� LPSURYH� WKH� ORZ� HQHUJ\� UHVSRQVH� DQ �RWKHU� GHVLJQ� RI� VSHFWURPHWHU� LV� DLPHG� IRU

)LJ�����6FKHPDWLF�SUHVHQWDWLRQ�RI� DQWL�&RPS�WRQ� SUREH�� 7ZR� DQQXODU� 6LOLFRQ� SKRWRGLRGHVZLWK�FRPPRQ�UHDU�FRQWDFW�DQG�VHSDUDWH�HOHF�WULFDO� UHDGRXWV� DUH� RSWLFDOO\� FRXSOHG� WR� RSWL�FDOO\�LVRODWHG�VFLQWLOODWRUV��
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ORZ�HQHUJ\�JDPPD�;�UD\�SRUWDEOH�SUREH�IRUVDIHJXDUG� DQG� RWKHU� DSSOLFDWLRQV�� )LJ���VKRZV�GHVLJQ�RI�WKLV�SUREH��7KLV�SUREH�XWLO �L]HV� WKH� VDPH� W\SH� RI� 6L 3'� EXW� RQO\� RQHRXWHU�DQQXODU�VFLQWLOODWRU��ZKLFK� LV�FRYHUHGE\�OLJKW�UHIOHFWLQJ�SDLQW��$GYDQWDJH�RI�WKLVSUREH� WKDW� WKH� FRUH� 6L GHWHFWRU� KDV� VPDOODUHD�DQG�ZLOO�SURYLGH�H[FHOOHQW�HQHUJ\�UHVR �OXWLRQ�IRU�GLUHFW�HYHQWV� LQ�FRPSDULVRQ�ZLWKWKH� SUHYLRXV� YHUVLRQ� RI� WKH� SUREH� ZLWK� DVFLQWLOODWRU� FRUH�� 7KH� DPSOLWXGH� RI� WKH� VLJ �QDO�IURP�WKH�GHWHFWRU�GXH�WR�GLUHFW�SKRWRHI �IHFW� RI� ORZ� HQHUJ\�8�;�UD\� SKRWRQV� LQ� VLOL�FRQ� ZLOO� EH� DERXW� �� WLPHV� ODUJHU� IRU����NH9�JDPPD�SKRWRQV�WKDQ�WKH�VDPH�HQ �HUJ\� SKRWRQV� ZLOO� SURYLGH� LQ� 6L 3'� DV� DUHVXOW� RI� SKRWRHIIHFW� LQ� &V,�7O� FRXSOHG� WRWKH� VDPH� 6L 3'�� +RZHYHU� SKRWRHIIHFW� HIIL �FLHQF\�ZLOO�EH�PXFK�OHVV�WKDQ�LQ�&V,�7O� FRUHVFLQWLOODWRU�DV� LQ�)LJ�����7KH�HQHUJ\�UHVROX �WLRQ� IRU� WKH� ���� NH9� JDPPD� OLQH� LV� H[ �SHFWHG� WR� EH� DERXW� �� NH9� XQGHU� WKH� URRPWHPSHUDWXUH� RSHUDWLRQ�� 7KLV� DSSURDFK� ZLOODOORZ�PHDVXULQJ�8�;�UD\�VLJQDWXUH�LQ�VSHQWIXHO� LQ� VWURQJ� ILVVLRQ� JDPPD� EDFNJURXQGGXH�WR�VXSSUHVVLRQ�RI�&RPSWRQ�FRQWULEXWLRQXVLQJ� WKH� FRLQFLGHQFH� WHFKQLTXH� RXWOLQHGEHORZ�� 7KH� PDMRULW\� RI� VFDWWHUHG� &RPSWRQJDPPD� SKRWRQV�� RULJLQDWHG� IURP� WKH� KLJK�HQHUJ\� SKRWRQ� GHSRVLWLQJ� HQHUJ\� LQ� 6L FRUHGHWHFWRU� EHORZ� ���� NH9�� ZLOO� EH� VFDWWHUHGSUHGRPLQDQWO\� ZLWKLQ� VPDOO� DQJOHV� LQ� WKHIRUZDUG� GLUHFWLRQ�� 7R� PDNH� DQ� DQWL�&RPS �WRQ�VSHFWURPHWHU�HIILFLHQW��WKH�EDFN�WR�EDFNFRQQHFWLRQ� RI� WZR� DQQXODU� SKRWRGLRGHV� KDVEHHQ� SURSRVHG� �VHH� )LJ������ ,Q� WKLV� FDVH&RPSWRQ� EDFNJURXQG� VXSSUHVVLRQ� ZLOO� EHDFKLHYHG� LQ� WKH� ORZ� HQHUJ\� UHJLRQ� RI� WKH&RPSWRQ� IRU� LVRWURSLF�� KLJK�HQHUJ\� JDPPD

VFDWWHUHG�UDGLDWLRQ��7KH�DQQXODU�RXWHU�VFLQ �WLOODWRU� ZLOO� EH� DFWLQJ�� LQ� WKLV� FDVH�� DV� DQHIIHFWLYH� FROOLPDWRU� DQG� DV� D� SDUW� RI� DQWL�&RPSWRQ� VSHFWURPHWHU�� 7KLV� GHVLJQ� DOORZVLPSOHPHQWDWLRQ�RI�6L IDVW�GHWHFWRU�ZLWK�WKHVDPH�FRUH�3'�DFWLYH�DUHD�����PP�GLDPHWHUIRU�WKH�GHWHFWLRQ�RI�WKH�ORZ�HQHUJ\�SKRWRQVLQ�WKH�VWURQJ�JDPPD�EDFNJURXQG��7KH�VPDOODUHD�RI�WKH�GHWHFWRU�ZLOO�UHVXOW�LQ�D�GHWHFWRUFDSDFLWDQFH� RI� OHVV� WKDQ� �� S)��ZKLFK� JXDU �DQWHHV�JRRG�HQHUJ\�UHVROXWLRQ���0HGLFDO� DSSOLFDWLRQV� RI� WKH� SURSRVHGDQWL�&RPSWRQ�VSHFWURPHWHU�KDV�RWKHU�DGYDQ �WDJHV� IRU� GXDO� HQHUJ\� 63(&7� XWLOL]LQJ� ���P7F DQG� ��) LVRWRSHV�ZLWK�H[WHQGHG�IXQF�WLRQDO� LPDJLQJ� FDSDELOLWLHV�� 1HZ� KLJK� VSD �WLDO� UHVROXWLRQ� VFDQQHU� ZLOO� EH� EDVHG� RQSL[HODWHG�6L 3'�DUUD\�DWWDFKHG�WR�SL[HODWHGVFLQWLOODWRUV� DV� FXUUHQWO\� DSSOLHG� LQ� RXU� GH �VLJQ� RI� D�3(7� VFDQQHU�GHWHFWRU�PRGXOH�ZLWK'2,� FDSDELOLWLHV� >�@�� $SSOLFDWLRQ� RI� WKLVPHWKRG�ZLOO�SURYLGH�EHQHILW�LQ�WKH�UHFRQVWUXF �WLRQ�RI�LPDJHV�IURP���P7F ����NH9�SKRWRQ�RQWKH�EDFNJURXQG�RI�����NH9�JDPPD�UDGLDWLRQ�,Q� WKLV� FDVH� DQWL�&RPSWRQ� VSHFWURPHWHU� ZLOOEH� UHDOL]HG� ZLWK� WKH� QHLJKERXU� VFLQWLOODWRUSL[HOV�VXUURXQGLQJ�HDFK�RI�WKH�SL[HOV�$SSOLFDWLRQ� RI� WKH� DQWL�&RPSWRQ� VSHF �WURPHWHU�LQ�WKH�IRUP�RI�D�VXUJLFDO�UDGLDWLRQSUREH� ZLOO� PDNH� WKLV� SUREH� VXLWDEOH� IRUKLJK�HQHUJ\�SKRWRQV� OLNH�����NH9��7KLV�GH �VLJQ�ZLOO�PDNH�WKH�SUREH�VPDOOHU�LQ�VL]H�DQGZLOO� DYRLG� KHDY\� WXQJVWHQ� FROOLPDWRUV�ZKLFK� DWWHQXDWH� VFDWWHUHG� UDGLDWLRQ�� 7KHRXWHU� VFLQWLOODWRU�RI�SUREH�KDV�D�GXDO� IXQF �WLRQ� DV� D� FROOLPDWRU� DQG� DV� LQYHUVH� DQWL�&RPSWRQ� VSHFWURPHWHU�� UHMHFWLQJ� HYHQWV� LQWKH� FRUH� VFLQWLOODWRU� RULJLQDWHG� E\� SKRWRQVVFDWWHUHG� IURP� WKH� RXWHU� VFLQWLOODWRU�� ,W� DO �ORZV� IRU� D� UHGXFHG� WKLFNQHVV� RI� ZDOO� DQGPDNHV� WKH� SUREH� VPDOOHU� IRU� KLJK� HQHUJ\UDGLDWLRQ� DQG� LPSURYHV� WKH� VSDWLDO� UHVROX �WLRQ�RI�WKH�SUREH��5DGLDWLRQ�WHVWLQJ�RI�6L 3'FRXSOHG�ZLWK�&V,�7O� DQG�/<62IRU�VLQJOH�FU\VWDO�DQWL�&RPSWRQVSHFWURPHWHU7KH�GLIIHUHQW�PRGHOV�RI�6L 3'�KDYH�EHHQGHYHORSHG�ZLWK�RSWLPLVHG� WHFKQRORJ\�DQG�FRX�SOHG� ZLWK� &V,�7O��� /62� DQG� /<62� VFLQWLOODWRUVDQG� WHVWHG�� )LJ���� VKRZV� WKH� UHVXOWV� REWDLQHGZLWK�&V,�7O� DQG�/<62�VFLQWLOODWRUV�IRU�����NH9DQG���� .H9�SKRWRQV��([FHOOHQW�HQHUJ\�UHVROX�WLRQ�KDV�EHHQ�DFKLHYHG�WKDW�LV�VXJJHVWLQJ�IHDVL �ELOLW\�RI�SURSRVHG�WHFKQRORJ\�>����@�,Q� FRQFOXVLRQ�� DQ� DQWL�&RPSWRQ� VSHF �WURPHWHU� EDVHG� RQ� D� VLQJOH� FU\VWDO� GHWHFWRU

)LJ�����%DFN�WR�EDFN�DQQXODU�6L 3'�ZLWK�RXWHUVFLQWLOODWRU� DQWL�&RPSWRQ� VSHFWURPHWHU� IRUORZ� HQHUJ\� SKRWRQ� GHWHFWLRQ� LQ� D� PL[HGJDPPD� UDGLDWLRQ� ILHOG�� &RPELQDWLRQV� RI� WKHWZR�GHVLJQV�ZLWK�SURSHU�FRLQFLGHQFH�ORJLF�ZLOOSURYLGH� D� ZLGH� SKRWRQ� HQHUJ\� UDQJH�� VLQJOHFU\VWDO��DQWL�&RPSWRQ�VSHFWURPHWHU�
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DQG�VXLWDEOH�DV�D�SRUWDEOH�SUREH��ZLWK�PXO �WLSOH� DSSOLFDWLRQV�� KDV� EHHQ� SURSRVHG�� 7KLVVSHFWURPHWHU�LV�EDVHG�RQ�DQ�DQQXODU�GXDO� 6L3'�SURGXFHG�RQ�WKH�VDPH�VXEVWUDWH�FRXSOHGZLWK� GXDO� RSWLFDOO\� LVRODWHG� VFLQWLOODWRUV�9DULDWLRQ�RI�WKH�JHRPHWU\�RI�WKH�VSHFWURPH �WHU� PDNHV� LW� XVHIXO� IRU� VDIHJXDUG� DSSOLFD �WLRQ�WR�PHDVXUH�;�UD\�VLJQDWXUH�RI�8UDQLXPLQ� VWURQJ� JDPPD� ILHOGV� RI� ILVVLRQ� SURGXFWVRI� VSHQW� IXHO�� /RZ� HQHUJ\� SKRWRQ� VSHFWURV �FRS\� LV� DOVR� IHDVLEOH� LQ� WKH� SUHVHQFH� RIPDVNLQJ�JDPPD�ILHOGV�� ,Q� WKLV�FDVH�XWLOL]D �WLRQ� RI� JRRG� HQHUJ\� UHVROXWLRQ� RI� 6L GHWHF�WRUV�DQG�WKHLU�UHDVRQDEOH�HIILFLHQF\�IRU�ORZHQHUJ\� ;�UD\V� �a���� NH9�� LQ� FRPELQDWLRQZLWK�RXWHU�&V,�7O� VFLQWLOODWRU�ZLOO�SURYLGH�DSRUWDEOH� DQWL�&RPSWRQ� SUREH�� $SSOLFDWLRQ� RIWKH�SURSRVHG�DSSURDFK�FDQ�SURYLGH�EHQHILW�LQLPSURYHG�ORFDOL]DWLRQ�RI�UDGLDWLRQ�DFWLYLW\�LQD�PHGLXP�ZLWK�KLJK�HQHUJ\�JDPPD� LVRWRSHV�3DUWLFXODUO\� LW� LV�XVHIXO� IRU� UDGLDWLRQ�SUREHVIRU�XWLOL]DWLRQ�LQ�QXFOHDU�PHGLFLQH�5HIHUHQFHV���*�0DGXHPH�� 5�$UOW�� (�6]DER� HW� DO��� ,$($�3UHVHQWHG� DW� WKH� ,101�0HHWLQJ�� /DV�9HJDV�������-XQH����������5�$UOW�� 9�*U\VFKXN�� 3�6XPDK�� 1XFO�� ,QVWU�0HWK�����������������������5�:HLVVOHGHU�� 8�0DKPRRG�� 5DGLRORJ\�� ������������������(�-�+RIIPDQ�� 0�7RUQDO�� 0�-DQHFH� HW� DO��(XUR��-��1XFO��0HG����������������������*�.QROO�� 5DGLDWLRQ� 'HWHFWLRQ� DQG� 0HDVXUH�PHQWV����(GLWLRQ��:LOH\��1HZ�<RUN���������

���-�/�+XPP��$�%�5RVHQIHOG��$�'�*XHUUD��(XUR�-�� 1XFO�� 0HG�� DQG� %LRORJLFDO� ,PDJLQJ�� ��������������������0�/�)�/HUFK��$�%�5RVHQIHOG��*�1�7D\ORU�HW�DO��,(((�7UDQV���1XFO��6FL���16��������������������0�/�)�/HUFK�� $�5RVHQIHOG�� 9�/�3HUHYHUWDLOR�6�0HLNOH� HW� DO��� &RQI�� 5HFRUG� RI� ,(((� 1660,&�������2FWREHU�������3RUWODQG��86$�
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)LJ�����5RRP� WHPSHUDWXUH� VSHFWUD� RI� JDPPDUDGLDWLRQ� REWDLQHG� ZLWK� 6L 3'� FRXSOHG� ZLWK&V,�7O��²������/62�Û����DQG�/<62�Û����VFLQ�WLOODWRUV��
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