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,WDOLFD
�� LV� NQRZQ� LQ� (QJOLVK� DV�/RPEDUG\� SRSODU�� DQG� LQ� 6RXWK� $PHULFD� DV� �$ODPR�FULROOR��� DOWKRXJK� LW� LV� QHLWKHUDUJHQWLQLDQ�� QRU� IURP� /RPEDUG\�� QRW� HYHQ� ,WDOLDQ�� EXW� SUREDEO\� EURXJKW� E\� WKH5RPDQV�IURP�WKH�0LGGOH�(DVW�DQG�GLVWULEXWHG�HYHU\ZKHUH�RYHU�WKH�FHQWXULHV�7KLV�VSHFLDO�OLQN�RI�SRSODUV�ZLWK�DJULFXOWXUH�VWLOO�GLVWLQJXLVKHV�SRSODUV�IURP�DOPRVW�DQ\RWKHU� WUHH� WKDW� LV� JURZQ� IRU� LWV� ZRRG�� )DVW� JURZWK��PXOWLSOH� XVH� RI� ZRRG� DQG� HDV\YHJHWDWLYH� SURSDJDWLRQ�ZHUH� WKH�PDLQ� UHDVRQV� IRU� WKH� XQLTXH� UROH� RI� SRSODUV� DV� DIDUPHU
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'HILQLWLRQ�RI�DQ�LGHRW\SH7RR�PDQ\�D�EUHHGLQJ�HIIRUW�KDV�VWDUWHG�ZLWKRXW�D�FOHDU�GHILQLWLRQ�RI�DQ�LGHRW\SH��$QLGHRW\SH� LV� D� SLFWXUH� RI� WKH� NLQG� RI� WUHH� ZH� ZDQW� WR� REWDLQ� ZLWK� UHJDUG� WR� WKHHQYLURQPHQWDO�FRQVWUDLQWV�RI�WKH�FXOWLYDWLRQ�VLWHV�� WKH� LQGXVWULDO�TXDOLW\�UHTXLUHPHQWV�WKH�HFRQRPLFDO� DQG� WHFKQRORJLFDO� FRQWH[W� LQ�ZKLFK�ZH� RSHUDWH�� 7KH� SLFWXUH� VKRXOGHQXPHUDWH�WKH�GHVLUDEOH�IHDWXUHV�RI�WKH�WUHH��',&.0$11 HW�DO����������SRVVLEO\�ZLWK�DQDVVRFLDWHG�ZHLJK�SURSRUWLRQDO�WR�WKH�HFRQRPLF�ZRUWK�RI�HDFK�RQH��LGHDOO\��HDFK�WUDLWVKRXOG�EH�DFFRPSDQLHG�E\�WKH�PRQHWDU\�YDOXH�RI�HDFK�XQLW�RI�FKDQJH�DORQJ�D�VFDOHRI�YDULDWLRQ�7KH�GHILQLWLRQ�RI� WKH� LGHRW\SH� LV�QRW�D� WDVN� WKDW� WKH�EUHHGHU�VKRXOG�EH� OHIW�DORQH� WRDFFRPSOLVK��5DWKHU��LW�GHVHUYHV�WKH�FRRSHUDWLRQ�RI�PDQ\�VSHFLDOLVWV�DQG��LQ�SDUWLFXODU�RI�WKH�HQG�XVHUV�RI�WKH�SURGXFW�)URP�WKH�OLVW�RI�WUDLWV�RI�HFRQRPLF�LPSRUWDQFH�WKH�EUHHGHU�FDQ�SLFN�WKRVH�WKDW�FDQ�EHLPSURYHG� E\� JHQHWLF� PHDQV�� WKDW� LV� WKRVH� WUDLWV� WKDW� GLVSOD\� JHQHWLF�� LQKHULWDEOH�YDULDWLRQ��2I�FRXUVH�QRW�HYHU\�WUDLW�FDQ�EH�LPSURYHG�JHQHWLFDOO\��QRU�FDQ�SURJUHVV�EHHTXDO�RQ�DOO�IURQWV��QRU�DUH�WKHUH��EHVW��EUHHGLQJ�VWUDWHJLHV�IRU�DOO�SXUSRVHV�



– 283 –

+RZHYHU��WKH�LGHRW\SH�VHWV�D�IUDPHZRUN�WKDW�LV�LQYDOXDEOH�IRU�WKH�ZRUN�RI�WKH�EUHHGHUDV�LW�UHGXFHV�WKH�FKDQFHV�RI�IROORZLQJ�URXWHV�WKDW�SURYH�WR�EH�GHDG�HQGV�ZLWK�ZDVWHRI� HQHUJ\� DQG� UHVRXUFHV�� :RRG� GHQVLW\� ZLOO� VHUYH� DV� DQ� H[DPSOH�� LW� KDV� EHHQGHPRQVWUDWHG�WKDW�PHFKDQLFDO�UHVLVWDQFH�RI�ZRRG�LV�OLQHDUO\�DQG�SRVLWLYHO\�FRUUHODWHGWR�ZRRG�GHQVLW\��WKH�KLJKHU�WKH�GHQVLW\�WKH�KLJKHU�WKH�UHVLVWDQFH��$V�ZRRG�GHQVLW\�LVUHODWLYHO\� HDV\� WR� GHWHUPLQH�� VKRZV� D� JRRG� GHJUHH� RI� FRUUHODWLRQ� EHWZHHQ� MXYHQLOHDQG�PDWXUH�ZRRG�DQG�FDQ�WKXV�EH�UDWHG�DW�DQ�HDUO\�DJH��D�ORW�RI�HIIRUW�ZDV�SXW�LQ�WKHJHQHWLF� LPSURYHPHQW� RI� ZRRG� GHQVLW\�� HVSHFLDOO\� LQ� 1RUWK� $PHULFD��+RZHYHU�� LIFRQVLGHUHG� LQ� WKH� FRQWH[W� RI� WKH� ,WDOLDQ� DQG� WKH� 6SDQLVK� SRSODU� FXOWXUH� WKLV� ZRXOGPDNH�QR�VHQVH�DW�DOO�� ,Q�ERWK�FRXQWULHV� WKH�PRVW� UHZDUGLQJ�SURGXFW� LV�SO\ZRRG��EXWSRSODU� SO\ZRRG� LV� DOPRVW� QHYHU� XVHG� ZLWK� VWUXFWXUDO� IXQFWLRQ� DQG� WKHUHIRUH� LWVPHFKDQLFDO� FKDUDFWHULVWLFV� KDYH� QHJOLJLEOH� LPSRUWDQFH�� PXFK� OHVV� WKDQ�� VD\�ZKLWHQHVV�� DEVHQFH� RI� WHQVLRQ� ZRRG�� HDVH� RI� SHHOLQJ� LQ� WKLQ� OD\HUV�� DQ\� HIIRUW� DWLQFUHDVLQJ�ZRRG�GHQVLW\�ZRXOG�EH�XVHOHVV�DQG�HYHQ�GHWULPHQWDO�$QRWKHU�H[DPSOH��PDWFKHV�DUH�PDGH�ZLWK�D�WHFKQLTXH�WKDW�LV�WR�VRPH�H[WHQW�VLPLODUWR�WKH�SURGXFWLRQ�RI�SO\ZRRG�� WKDW� LV��ERWK�VWDUW�E\�SHHOLQJ� WKH� ORJ��EXW�PDWFKHV�DUHVPDOO�DQG�WKH� ORJV�FDQ�EH�DV�VKRUW�DV���P��:LWK�WKH�WUXQN�VSOLFHG�LQWR�VKRUW� ORJV��DFXUYHG�VWHP�GRHV�QRW�SRVH�ELJ�SUREOHPV�DQG�D�IDVW�JURZLQJ�EXW�YHU\�VLQXRXV�FORQHVXFK� DV� WKH� 'XWFK� 3�� u FDQDGHQVLV� 0RQFK�� 
'RUVNDPS
� LV� DEVROXWHO\� VXLWDEOH�ZKHUHDV�LW�ZRRG�EH�WKH�QLJKWPDUH�RI�D�SO\ZRRG�PDQXIDFWXUHU�DV�D�ORW�RI�ZRRG�ZRXOGEH�ZDVWHG�LQ�WKH�SURFHVV�RI�URXQGLQJ�,W� LV� D� FRPPRQ� REVHUYDWLRQ� LQ� VHYHUDO� LQGXVWULDOL]HG� QDWLRQV� WKDW� WKH�PRUH� TXDOLW\�GHPDQGLQJ�XVHV�GLFWDWH� WKH� FKRLFH�RI� FXOWXUDO�PRGHOV� DQG�RI� EUHHGLQJ� JRDOV�� HYHQWKRXJK�WKH\�WDNH�D�PLQRU�VKDUH�RI�SURGXFWLRQ�2I� FRXUVH�� ZH� ZRXOG� QHHG� PRUH� WKDQ� RQH� LGHRW\SH� VKRXOG� ZH� DLP� DW� PDUNHGO\GLIIHUHQW�SURGXFWV�ZLWK�GLYHUJHQW�TXDOLW\�UHTXLUHPHQWV��$Q�HPHUJLQJ�VHFWRU�WKDW�PLJKWVHH�SRSODUV�SOD\�D�FHQWUDO�UROH�LV�WKDW�RI�ELRPDVV�IRU�HQHUJ\�SURGXFWLRQ��$OWKRXJK�QRW\HW� FRQYHQLHQW� IURP� D� SXUHO\� PRQHWDU\� SRLQW� RI� YLHZ� ZLWK� UHVSHFW� WR� FRQYHQWLRQDOIXHOV��LW�FDQQRW�EH�H[FOXGHG�WKDW�HLWKHU�LQFUHDVHG�LQFHQWLYHV�RU�VWULFWHU�HQYLURQPHQWDOFRQVWUDLQWV�RU�HYHQ�DQ� LQFUHDVH� LQ�FUXGH�RLO�SULFH�ZLOO�PDNH�RI�VKRUW� URWDWLRQ�SRSODUFRSSLFHV�DQ�LPSRUWDQW�VRXUFH�RI�UHQHZDEOH�HQHUJ\�DQG�D QHZ�VRXUFH�RI� LQFRPH�IRUWKH� IDUPHUV�� &RQWUDU\� WR� SO\ZRRG�� KHUH� ZRRG� GHQVLW\�� SRVLWLYHO\� FRUUHODWHG� ZLWKFDORULILF� SRZHU�� ZRXOG� EH� RI� SDUDPRXQW� LPSRUWDQFH�� RQ� WKH� FRQWUDU\�� VWHPVWUDLJKWQHVV�� ZRRG� ZKLWHQHVV�� WKH� DEVHQFH� RI� WHQVLRQ� ZRRG� FRXOG� DOO� EH� LJQRUHG�)DVW�JURZWK�DQG�UHVLVWDQFH�WR�GLVHDVHV�ZRXOG�SUREDEO\�EH�WKH�RQO\�FRPPRQ�WDUJHWVLQ�D�EUHHGLQJ�HIIRUW�
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&ORQDO�VHOHFWLRQ:KDWHYHU�WKH�VWUDWHJ\��FORQDO�VHOHFWLRQ�LQYDULDEO\�UHSUHVHQWV�WKH�PHWKRG�WR�SURGXFHFRPPHUFLDOO\� YLDEOH� FXOWYDUV� VWDUWLQJ� IRUP� D� EURDG� UDQJH� RI� LQGLYLGXDOV�� 2SHUDWLYHDVSHFWV�DQG�PHWKRGV�ZLOO�EH�GLVFXVVHG�LQ�JUHDWHU�GHWDLO�ODWHU�RQ��+HUH�,�ZLVK�WR�SRLQWDW� FORQDO� VHOHFWLRQ� LQ� LWV� FUXGHVW� DQG� PRVW� VWUDLJKWIRUZDUG� ZD\� DV� D� IXOO\� MXVWLILHGVWUDWHJ\�ZKHQ� UHVXOWV�DUH�H[SHFWHG�DV�VRRQ�DV�SRVVLEOH��&XOWLYDUV� WKDW�DUH�DOUHDG\FRPPHUFLDOO\� DYDLODEOH� WKURXJKRXW� WKH� ZRUOG� RU� WKDW� DUH� LQ� DQ� DGYDQFHG� VWDJH� RIVHOHFWLRQ� DW� EUHHGLQJ� ,QVWLWXWLRQV� FDQ� EH� JDWKHUHG�� UDLVHG� LQ� FRPPRQ� JDUGHQH[SHULPHQWV�LQ�D�UDQJH�RI�HQYLURQPHQWV�DQG�WKH�PRVW�VXLWDEOH�VHOHFWHG�IRU�XVH�&RPPRQ�VHQVH�VKRXOG�JLYH�SUHIHUHQFH� WR�FXOWLYDUV�FRPLQJ� IURP�VLPLODU� ODWLWXGHV�RUFOLPDWHV�� DOWKRXJK� SRSODUV� DUH� NQRZQ� IRU� WKHLU� EURDG� DGDSWDELOLW\� WR� GLIIHUHQWVLWXDWLRQV�� )RU� H[DPSOH��3� u FDQDGHQVLV� 
7ULSOR
�� VHOHFWHG� LQ�1RUWKHUQ� ,WDO\�� DW� ������1�ODWLWXGH��SHUIRUPV�ZHOO�LQ�&XULWLED��3DUDQi��QHDU�WKH�WURSLF�OLQH�7KLV� DSSURDFK� KDV� EHHQ� XVHG� ZLGHO\� LQ� WKH� SDVW� E\� QDWLRQV� WKDW� LPSRUWHG� FORQHVLQVWHDG�RI�RU�EHIRUH�VHWWLQJ�XS�EUHHGLQJ�SODQV�RI�WKHLU�RZQ�DQG�ZRUNHG�ZHOO�LQ�PDQ\LQVWDQFHV�� 7KH�PDLQ� DGYDQWDJH� LV� WKDW� LW� H[SORLWV� DOO� WKH� ZRUN� DOUHDG\� GRQH� LQ� WKHSODFH� RI� RULJLQ�� 6RPH� FKDUDFWHULVWLFV� PD\� EH� LPSRUWDQW� WKDW� ZHUH� QRW� JLYHQFRQVLGHUDWLRQ� LQ� WKH� RULJLQDO� SURFHVV� RI� VHOHFWLRQ�� VXFK� DV� UHVLVWDQFH� WR� VRPHGLVHDVHV� WKDW� ZHUH� QRW� SUHVHQW�� EXW� PDQ\� WUDLWV� RI� JHQHUDO� LQWHUHVW� ZHUH� FHUWDLQO\HYDOXDWHG��URRWLQJ�DELOLW\��JURZWK�UDWH��DUFKLWHFWXUDO�IHDWXUHV��ZRRG�TXDOLW\��UHVLVWDQFHWR�ZLQG��HWF�5HFHQWO\��&KLOH�KDV�DGRSWHG�WKLV�DSSURDFK�WR�JXDUDQWHH�VKRUW�WHUP�UHVXOWV� LQ�D�QHZEUHHGLQJ�SURJUDPPH� WKDW�DOVR� LQFRUSRUDWHV� RWKHU� ORQJHU�WHUP� VWUDWHJLHV� �)UDQFLVFR=DPXGLR��SHUV��FRPP���
6LQJOH�SDLU�PDWLQJV�IROORZHG�E\�FORQDO�VHOHFWLRQ7KH�QH[W�VWHS�WRZDUGV� ORQJHU�WHUP�REMHFWLYHV� LV�WKH�FUHDWLRQ�RI� WKH�PRVW�JHQHWLFDOO\GLYHUVH��SRSXODWLRQ��ZLWK�ZKLFK�WR�IHHG�D�VHOHFWLRQ�SURFHVV��6XLWDEOH�VSHFLHV�VKRXOGEH� VLQJOHG� RXW� DJDLQ� RQ� WKH� EDVLV� RI� FORVHQHVV� WR� WKH� LGHRW\SH� DQG� JHRJUDSKLF�FOLPDWLF�VLPLODULW\�RI�WKH�SODFH�RI�RULJLQ��6HOHFWHG�FORQHV��SOXV�WUHHV��XQVHOHFWHG�WUHHVVKRXOG� EH� XVHG� LQ� WKLV� RUGHU� RI� SUHIHUHQFH�� ,I� PRUH� WKDQ� RQH� VSHFLHV� LV� XVHG�LQWHUVSHFLILF� K\EULGL]DWLRQ� LV� UHFRPPHQGHG�� K\EULG� YLJRXU�� DOWKRXJK� UDUHO\GHPRQVWUDWHG�E\�YDOLG�VWDWLVWLFDO�PHDQV��LV�VXSSRVHG�WR�EH�D�FRPPRQ�IHDWXUH�DPRQJSRSODUV��7KH�VXSHULRULW\�RI�)� K\EULGV� LV�SUREDEO\�GXH� WR�FRPSOHPHQWDWLRQ�RI�JHQHVFDUULHG� DW� GLIIHUHQW� ORFL� E\� WKH� SDUHQW� VSHFLHV�� UDWKHU� WKDQ� WR� RYHUGRPLQDQFH�� EXWQHYHUWKHOHVV��K\EULGV�DUH�XVXDOO\�PRUH�VXFFHVVIXO�WKDQ�WKHLU�SDUHQWV�7KH�QXPEHU�RI�SDUHQWV�QHHG�QRW�EH�ODUJH��7HQ�RU�HYHQ�OHVV��LI�VHOHFWHG��SDUHQWV�RI�DFRXSOH� RI� VSHFLHV� FRXOG� EH�HQRXJK��7KHVH�DUH� WR� EH� FURVVHG�ZLWK� WKH�REMHFWLYH� RIFUHDWLQJ�WKH�ZLGHVW�SRVVLEOH�IDPLOLHV��KXJH�QXPEHUV�RI�LQGLYLGXDOV�WR�IHHG�D�VHOHFWLRQ
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SURFHVV��7KH�KLJKHVW�YDULDELOLW\�ZLWK� WKH�VPDOOHVW�QXPEHU�RI�FURVVHV� LV�REWDLQHG�E\VLQJOH�SDLU�PDWLQJV��WKDW�LV�FURVVHV�LQ�ZKLFK�D�VLQJOH�PDOH�LV�XVHG�IRU�D�VLQJOH�IHPDOH�DOWKRXJK�RWKHU�W\SHV�RI�FURVVHV�FRXOG�EH�XVHG�DV�ZHOO�$OO� WKH� LQGLYLGXDOV� FUHDWHG� IRUP� D� ZHDOWK� RI� JHQHWLF� GLYHUVLW\�� D� KXJH� QXPEHU� RIJHQHWLFDOO\�GLIIHUHQW�LQGLYLGXDOV��D�YHU\�ODUJH�VDPSOH�RI�WKH�LQILQLWH�ZD\V�LQ�ZKLFK�WKHJHQHV�RI� WKH�SDUHQWV�FDQ�EH�VKXIIOHG�E\�VH[XDO� UHSURGXFWLRQ��(DFK�RI� WKHP�ZLOO� EHVFUHHQHG�WR�HYDOXDWH�KRZ�FORVH�LW�FRPHV�WR�WKH�LGHRW\SH�:LWK� UHVSHFW� WR� WKH� FRPSDULVRQ� RI� DOUHDG\� VHOHFWHG� FORQHV� WKLV� DSSURDFK� KDV� WKHDGYDQWDJH�RI�WKH�PXFK�KLJKHU�QXPEHU�RI�JHQRW\SHV�WKDW�HQWHU�WKH�VHOHFWLRQ�SURFHVV�WKH�GLVDGYDQWDJH�LV�WKDW�QRQH�RI�WKHP�KDV�EHHQ�WHVWHG�EHIRUH��$OWKRXJK�D� MXGLFLRXVFKRLFH� RI� SDUHQWV�PD\� SURGXFH� D� SURJHQ\� RI� RYHUDOO� GHVLUDEOH� FKDUDFWHULVWLFV�� LW� LVXOWLPDWHO\� FKDQFH� WKDW� ZLOO� SURGXFH� �WKH�� VXSHULRU� PL[� RI� JHQHV� WKDW� ZLOO� PDNH� DVXFFHVVIXO�FORQH�+RZHYHU�� LW� KDV� EHHQ� IUHTXHQWO\� REVHUYHG� WKDW�� SUREDEO\� GXH� WR� WKH� KLJKKHWHUR]\JRVLW\� REVHUYHG� DPRQJ� SRSODUV�� ZLWKLQ� HDFK� VLQJOH� IDPLO\� WKHUH� LV� PRUHYDULDELOLW\� WKDQ� DPRQJ� GLIIHUHQW� IDPLOLHV�� 7KHUHIRUH�� WKH� VL]H� RI� IDPLOLHV��PRUH� WKDQWKHLU�QXPEHU��LV�D�SUHUHTXLVLWH�IRU�D�VXFFHVVIXO�FRPPHUFLDO�EUHHGLQJ�HIIRUW�3RSXODWLRQ�EDVHG�UHFXUUHQW�VHOHFWLRQ,I�ORQJ�WHUP�UHVXOWV�DUH�ZDQWHG��SRVVLEO\�IRU�PDQ\�JHQHUDWLRQV�WR�FRPH��VKXIIOLQJ�WKHFDUGV� �JHQHV�� DQG�ZDLWLQJ� IRU� WKH� OXFN\� KDQG� �JHQRW\SH�� LV� QRW�D�ZLQQLQJ� VWUDWHJ\�3RSXODWLRQ�EDVHG� UHFXUUHQW� VHOHFWLRQ� LV� DLPHG� DW� LQFUHDVLQJ� WKH� IUHTXHQF\� RIIDYRXUDEOH�DOOHOHV�LQ�D�SRSXODWLRQ��,Q�LWV�VLPSOHVW�IRUP��UHFXUUHQW�VHOHFWLRQ�FRQVLVWV�RIUHSHDWHG�F\FOHV�RI�FURVVLQJ�WKH�EHVW�SDUHQWV�DQG�VHOHFWLQJ��ZLWKLQ�WKHLU�RIIVSULQJ��WKHLQGLYLGXDOV�WR�EH�XVHG�DV�SDUHQWV�IRU�WKH�QH[W�JHQHUDWLRQ�:KHQ�)� K\EULGV�DPRQJ�WZR�VSHFLHV�DUH�GHVLUHG��UHFXUUHQW�VHOHFWLRQ�FDQ�WDNH�RWKHUIRUPV�D� 6LPSOH�UHFXUUHQW�VHOHFWLRQ��656��RI� WKH� WZR�SDUHQW�VSHFLHV�DQG�K\EULGL]DWLRQ�RIWKH�EHVW�SDUHQWV�RI�HDFK�JHQHUDWLRQV��K\EULGV�FDQ� WKHQ�HQWHU�D�FORQDO�VHOHFWLRQSURFHVV��)LJXUH��D��E� 5HFLSURFDO� UHFXUUHQW� VHOHFWLRQ� �556�� LQ� ZKLFK� SDUHQWV� RI� HDFK� VSHFLHV� DUHSURJHQ\�WHVWHG�E\�PHDQV�RI�K\EULG�SURJHQLHV��WKDW�LV��PDOHV�RI�WKH�VSHFLHV�$�DUHFURVVHG� ZLWK� IHPDOHV� RI� VSHFLHV� %� DQG� PDOHV� RI� VSHFLHV� %� ZLWK� IHPDOHV� RIVSHFLHV� $�� 7KH� EHVW� �SDUHQWV� RI� K\EULGV�� DUH� WKHQ� FURVVHG� ZLWKLQ� WKH� VDPHVSHFLHV� LQ�RUGHU� WR�REWDLQ�D�UHFRPELQDWLRQ�RI�JHQHV�DQG�VWDUW�D�QHZ�F\FOH��7KH�YHU\� EHVW�� SDUHQWV� RI� K\EULGV� FDQ� EH� FURVVHG� RQ� D� ZLGH� VFDOH� IRU� PDVVSURGXFWLRQ�RI�K\EULGV�WKDW�ZLOO�HQWHU�FORQDO�VHOHFWLRQ�F� ,QWHUPHGLDWH�EHWZHHQ�D��DQG�E��LV�WKH�FDVH�ZKHQ�556�LV�PDGH�LPSRVVLEOH�E\�DRQH�ZD\� FRPSDWLELOLW\� DV� LQ� WKH�3�� GHOWRLGHV�0DUVK�� [�3�� QLJUD� /�� FURVV� WKDW� LV
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YLDEOH� RQO\� ZKHQ�3�� GHOWRLGHV� LV� XVHG� DV� IHPDOH�� 7KLV� JLYHV� ULVH� WR� D� �6HPL�UHFLSURFDO�UHFXUUHQW�VHOHFWLRQ���6556��WKDW�FRQVLVWV�RI�D�565�IRU�WKH�FRPSDWLEOHJHQGHUV�DQG�656�IRU�WKH�LQFRPSDWLEOH�RQHV��%,62)),��������:KHQ� LV� 556� D� EHWWHU� FKRLFH� WKDQ� 656"�,Q� WKRVH� FDVHV� LQ� ZKLFK� WKH� �K\EULG�EUHHGLQJ�� YDOXH� RI� SDUHQWV� FDQQRW� EH� SUHGLFWHG� E\� WKHLU� JHQRW\SLF� YDOXHV�� (YHQPRGHUDWHO\� SRVLWLYH� FRUUHODWLRQV� ZRXOG� UHFRPPHQG� 656� LI� RQH� WKLQNV� RI� RWKHUDGYDQWDJHV�LQ�EUHHGLQJ�WZR�VSHFLHV�VHSDUDWHO\�D� 2QH�FRPSOHWH�F\FOH�RI�656�LV�PDGH�RI�RQH�JHQHUDWLRQ��LQVWHDG�RI�WZR�RI�556�E� *HQRW\SLF� VHOHFWLRQ� FDQ� EH� YHU\� LQWHQVLYH� ZLWKRXW� WKH� ULVN� RI� D� GDQJHURXVUHGXFWLRQ�RI�SRSXODWLRQ�VL]H��IRU�H[DPSOH��LI�RQH�VHOHFWV����SDUHQWV�RXW�RI�����LQ�DSURJHQ\�WULDO��WKH�VHOHFWLRQ�LQWHQVLW\�LV�����IDPLO\�SKHQRW\SLF�VWDQGDUG�GHYLDWLRQV�E\� VHOHFWLQJ� ��� LQGLYLGXDOV� RXW� RI� ������� VHOHFWLRQ� LQWHQVLW\� LV� ���� LQGLYLGXDOSKHQRW\SLF�VWDQGDUG�GHYLDWLRQV��&RQVLGHULQJ�WKDW�ERWK�SKHQRW\SLF�YDULDQFHV�DQGKHULWDELOLWLHV�DUH�KLJKHU�DW�WKH�LQGLYLGXDO�WKDQ�DW�WKH�IDPLO\�OHYHO��WKH�GLIIHUHQFH�LQJHQHWLF�JDLQ�LV�HYHQ�PRUH�VWULNLQJ�DQG�FDQ�FHUWDLQO\�FRPSHQVDWH�IRU�DQ�LPSHUIHFWSUHGLFWLRQ�RI�EUHHGLQJ�YDOXHV�E\�JHQRW\SLF�YDOXHV�F� 'LIIHUHQW�WUDLWV�FDQ�EH�LPSURYHG�LQ�WKH�WZR�VSHFLHV�G� *HQHUDWLRQV� QHHG� QRW� NHHS� WKH� VDPH� SDFH�� 6SHFLHV� ZLWK� D� VKRUWHU� WLPH� WRPDWXULW\�FDQ�KDYH�D�IDVWHU�JHQHUDWLRQ�WXUQRYHU�WKDQ�VSHFLHV�ZLWK�D�ORQJHU�MXYHQLOHSKDVH�
0XOWLSOH�SRSXODWLRQ�EUHHGLQJ0XOWLSOH�SRSXODWLRQ� EUHHGLQJ� �.$1*� 	� 1,(167$('7�� ������ EULQJV� WKH� DERYHDGYDQWDJHV� WR� WKH� H[WUHPH� FRQVHTXHQFHV�� WKH� EUHHGLQJ� SRSXODWLRQ�� EH� LW� PDGH� RIRQH� RU� PRUH� VSHFLHV�� LV� VSOLW� LQWR� VXEVHWV�� HDFK� RI� ZKLFK� LV� H[SRVHG� WR� DQLQGHSHQGHQW� SURFHVV� RI� UHFXUUHQW� VHOHFWLRQ� �)LJXUH� �E��� 6XEGLYLVLRQ� LQWR� VXE�SRSXODWLRQV�PD\�EH�EDVHG�RQ� WUDLWV� WR�EH� LPSURYHG��ZLWK�HDFK�VXEVHW�DLPHG�DW� WKHLPSURYHPHQW�RI�D�VLQJOH�WUDLW��RU�DW�GLIIHUHQW�HQYLURQPHQWV��RU�ERWK��7KH�DGYDQWDJHVDUH�PDQLIROG�D� DLPLQJ�DW�RQH�FKDUDFWHU�RQO\�LQ�D�SRSXODWLRQ�LPSURYHV�VHOHFWLRQ�HIILFLHQF\�E� JHQHWLF� GLYHUVLW\� LV� PDLQWDLQHG�� DQG� HYHQ� LQFUHDVHG�� JOREDOO\�� E\� WKHLQGHSHQGHQFH�RI�VXE�SRSXODWLRQV��*8//%(5*��������F� VSHFLILF� FRPELQDWLRQV� RI� WUDLWV� FDQ� EH� REWDLQHG� DW� DQ\� PRPHQW� E\� FURVVLQJLQGLYLGXDOV�EHORQJLQJ�WR�WKH�UHOHYDQW�VXEVHWV�G� WKHUH�LV�PRUH�SURWHFWLRQ�DJDLQVW�IXWXUH�VKLIWV�LQ�SULRULWLHV�LQ�WKH�UHODWLYH�LPSRUWDQFHRI� WUDLWV�� IRU�H[DPSOH��RQH�FRXOG�EUHHG� IRU�KLJK�ZRRG�GHQVLW\� LQ�RQH�JURXS�DQG
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ORZ�ZRRG�GHQVLW\�LQ�DQRWKHU��DQG�SLFN�SDUHQWV�IURP�HLWKHU�JURXS�DFFRUGLQJ�WR�WKHPDWHULDOV�GHVLUHG�H� RYHUDOO�IOH[LELOLW\� LV� LQFUHDVHG��HYHU\�EUHHGHU�NQRZV�KRZ�GLIILFXOW�DQG�GHPDQGLQJWKH� PDLQWHQDQFH� RI� D� ODUJH� EUHHGLQJ� SRSXODWLRQ� LV�� ZLWK� UHVSHFW� WR� WKHPDQDJHPHQW�RI�VPDOOHU�JURXSV�RI�LQGLYLGXDOV�I� FRRSHUDWLYH� EUHHGLQJ� EHWZHHQ� GLIIHUHQW� LQVWLWXWLRQV� LV� DOVR� HDVLHU�� J�� GLIIHUHQWVWUDWHJLHV� �H�J�� H[SORLWDWLRQ� RI� LQEUHHGLQJ�� XVH� RI� )�V� DV� SDUHQWV�� HWF��� FDQ� EHH[SORUHG�
0HWKRGV�HPSOR\HG�LQ�FORQDO�VHOHFWLRQ&ORQDO�VHOHFWLRQ� LV� WKH� ILQDO�VWDJH�RI�DOO�EUHHGLQJ�SURJUDPPHV�ZLWK�SRSODUV�� ,W�VWDUWVZLWK�DQ�DEXQGDQFH�RI�JHQHWLFDOO\�GLYHUVH�LQGLYLGXDOV�DQG�HQGV�ZLWK�D�VPDOO�QXPEHU�RIFRPPHUFLDO� FXOWLYDUV�� 1R� QHZ� JHQHWLF� FRPELQDWLRQ� LV� FUHDWHG� LQ� WKH� SURFHVV�WKHUHIRUH�� WKH�VXFFHVV�RI�FORQDO�VHOHFWLRQ� OLHV� LQ� WKH�TXDOLW\�RI� WKH�PDWHULDOV� LW�VWDUWVZLWK�DQG�LQ�WKH�HIILFLHQF\�RI�WKHLU�HYDOXDWLRQ�7KH� LGHRW\SH� VKRXOG� EH� DJDLQ� WKH� JXLGLQJ� UHIHUHQFH� IRU� WKH� FKRLFH� RI� WUDLWV� WR� EHFRQVLGHUHG�� NHHSLQJ� LQ� PLQG� WKDW� WKH� GHJUHH� RI� LPSURYHPHQW� RI� HDFK� RI� WKHP� LV�JHQHUDOO\�VSHDNLQJ��LQ�LQYHUVH�SURSRUWLRQ�WR�WKHLU�QXPEHU��1$0.221* HW�DO����������,QJHQHUDO�� WKH� FRPPRQ� GHQRPLQDWRU� RI� FORQDO� VHOHFWLRQ� SURJUDPPHV�� DV� RI� EUHHGLQJZRUN�� LV� WKH� LQFUHDVH� RI� SURGXFWLRQ� E\� PHDQV� RI� KLJK� JURZWK� UDWHV� DQG� UHGXFHGORVVHV��*URZWK� UDWH� DQG� UHVLVWDQFH� WR�DGYHUVH� IDFWRUV� DUH� WKXV� WKH�PRVW� LPSRUWDQWWDUJHWV�RI�EUHHGLQJ�DQG�VHOHFWLRQ��7+,(/*(6��������
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)LJXUH� �� ±� D�� 6LPSOH� 5HFXUUHQW� 6HOHFWLRQ� DQG� E�� 0XOWLSOH� 3RSXODWLRQ� %UHHGLQJ6WUDWHJ\�ZLWK�SRSODUV��%,62)),�	�*8//%(5*�������
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$V� WUHHV�� SRSODUV� DUH� GHPDQGLQJ� LQ� VSDFH� DQG� WLPH�� 7KHUHIRUH�� WKH�DGRSWLRQ� RIRSWLPDO�PHWKRGV�RI�VHOHFWLRQ�DUH�HYHQ�PRUH�FUXFLDO�WKDQ�ZLWK�RWKHU�DJULFXOWXUDO�FURSV�&ORQDO�VHOHFWLRQ�LV�D�W\SLFDOO\�VWHSZLVH�SURFHVV�RI�HYDOXDWLRQ��DW�HDFK�VWDJH�GLIIHUHQWWUDLWV�DUH�FRQVLGHUHG�DQG�D�GHFUHDVLQJ�QXPEHU�RI� LQGLYLGXDOV�DUH� �SURPRWHG�� WR� WKHQH[W�OHYHO�IRU�IXUWKHU�WHVWLQJ��,W� LV�TXLWH�XVXDO�WR�VWDUW�ZLWK�WUDLWV�WKDW�DUH�HLWKHU�VWDEOHDFURVV�DJHV��VWURQJO\�FRUUHODWHG�MXYHQLOH�DQG�PDWXUH�H[SUHVVLRQV��RU�ZLWK�WUDLWV�WKDWEHDU� HFRQRPLF� UHOHYDQFH� LQ� MXYHQLOH�PDWHULDO� �H�J�� �EUDQFKLQHVV�� RI� QXUVHU\� VWRFN��7KH�QXUVHU\�LV�WKH�W\SLFDO�VWDUWLQJ�SRLQW�DV�LW�UHTXLUHV�OLPLWHG�VSDFH�SHU�SODQWV�6HYHUDO�PHWKRGV�H[LVW�IRU�FRSLQJ�ZLWK�PXOWL�WUDLW�VHOHFWLRQ�D� ,QGH[�VHOHFWLRQ��60,7+��������+$=(/�	�/86+��������%$.(5���������LV�WKHRUHWLFDOO\WKH�PRVW�HIILFLHQW�PHWKRG�SURYLGHG�RQH�FDQ�EDVH� LW�RQ� UHOLDEOH�HVWLPDWHV�RI� WKHYDULDQFH�FRYDULDQFH� VWUXFWXUH� IRU� WKH� WUDLWV� FRQVLGHUHG� DQG� DQ� DSSURSULDWHLGHRW\SH��ZLWK�HFRQRPLF�YDOXHV�DWWDFKHG�WR�YDULDWLRQV�RI�HDFK�LV�DYDLODEOH��7KHVHFRQGLWLRQV� DUH� VHOGRP�PHW� LQ� SUDFWLFH� DQG� WKLV�PDNHV� LQGH[� VHOHFWLRQ� D� UDUHO\DSSOLHG�PHWKRG�LQ�WKH�UHDO�ZRUOG�E� 7DQGHP�VHOHFWLRQ�� LPSURYHPHQW�RI�RQH�WUDLW�DW�D�WLPH�� LV�QRW�XVXDOO\�FRQVLGHUHGDSSOLFDEOH�WR�SODQWV�ZLWK�ORQJ�UHSURGXFWLYH�F\FOHV�F� ,QGHSHQGHQW�FXOOLQJ� OHYHOV� �+$=(/�	�/86+�������� LV�PRVW� IUHTXHQWO\�XVHG� LQ� WKHVHOHFWLRQ� RI� SRSODUV� DV� LW� QDWXUDOO\� PDWFKHV� WKH� �FRPPRQ� VHQVH�� FULWHULRQ� RIJUDGXDOO\� LQFUHDVLQJ� WKH� QXPEHU� RI� SURSDJXOHV� RI� D� GHFUHDVLQJ� QXPEHU� RILQGLYLGXDOV�� )URP�D� WKHRUHWLFDO� SRLQW� RI� YLHZ�� HVSHFLDOO\� IRU� SRVLWLYHO\� FRUUHODWHGVHOHFWLYH�WUDLWV��WKH�HIILFLHQF\�RI�LQGHSHQGHQW�FXOOLQJ�OHYHOV�FRPHV�FORVH�WR�WKDW�RILQGH[�VHOHFWLRQ��08,5�	�;8��������1$0.221*��������60,7+�	�48$$6��������G� 3ULQFLSDO� &RPSRQHQW� $QDO\VLV� FDQ� SURYLGH� D� VROXWLRQ� WR� WKH� SUREOHP� WKDW�DOWKRXJK� D� VHTXHQFH� RI� WHVWV�� WKH� HYDOXDWLRQ� WDNLQJ� SODFH� DW� HDFK� VWDJHQHFHVVDULO\� FRQVLGHUV� D� QXPEHU� RI� WUDLWV� �*2'6+$/.� 	� 7,027+<�� ������� 3&$SURYHV� XVHIXO� LQ� UHGXFLQJ� FRPSOH[LW\� RI� PXOWL�GLPHQVLRQDO� GDWD� VHWV� DQG� E\GLYHUWLQJ� VHOHFWLRQ� FULWHULD� IURP� LQGLYLGXDO� WUDLWV� WR� WKHLU� FRPELQDWLRQ� LQLQGHSHQGHQW�FRPSRQHQWV�
-XYHQLOH�VHOHFWLRQ6HOHFWLRQ� F\FOHV� FDQ� EH UHGXFHG� WKURXJK� WKH� SUHGLFWLRQ� RI� WKH� IXWXUH� EHKDYLRXU� RIWUHHV�EDVHG�RQ�REVHUYDWLRQV�PDGH�DW�D�SUHYLRXV�DJH��DJH�DJH�FRUUHODWLRQ�RU�MXYHQLOH�PDWXUH�FRUUHODWLRQ��� LI�SUHGLFWLRQV�DUH�UHOLDEOH�� WKHQ�GHFLVLRQV�DERXW�WKH�YDOXH�RI� WKHPDWHULDO� DYDLODEOH� FDQ� EH� DFFHOHUDWHG� DFFRUGLQJO\�� 6WDWLVWLFDO� FRUUHODWLRQ� LV� WKHFRQFHSW� LQYROYHG�� FDXVDO� UHODWLRQVKLSV� DUH� QRW� QHFHVVDULO\� ORRNHG� IRU�� 7KH� EDVLFTXHVWLRQ�LV��FRQVLGHULQJ�WKDW�WKH�EHKDYLRXU�RI�PDWXUH�WUHHV�LV�RQO\�LPSHUIHFWO\�UHODWHGWR� MXYHQLOH� SHUIRUPDQFH�� KRZ�PXFK� LQIRUPDWLRQ� FDQ� EH� VDFULILFHG� LQ� RUGHU� WR� VDYHWLPH"
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,Q�WKH�FRQWH[W�RI�MXYHQLOH�VHOHFWLRQ�WKHUH�DUH�HVVHQWLDOO\�WZR�W\SHV�RI�YDULDEOHV��LQ�WKHILUVW�FDVH�WKH�REVHUYHG�OHYHO�RI�D�YDULDEOH�DW�DJH�7 LQFOXGHV�DQ\�YDOXH�DWWDLQHG�DW�DJHW�7��LQ�WKH�VHFRQG�FDVH�LW�GRHV�QRW��7KH�ILUVW�FDVH�LV�W\SLFDO�RI�VL]H�UHODWHG�YDULDEOHV�WKH�VHFRQG�RQH�UHIHUV� WR�DOO� WKH�RWKHU�FDVHV��VXFK�DV� UHVLVWDQFH�WR�GLVHDVHV��ZRRGTXDOLW\��FKHPLFDO�FRQWHQWV�DQG�VR�RQ��7KH�UHDVRQ�IRU�VHSDUDWLQJ�WKH�GLVFXVVLRQ�RI�WKHWZR�FDVHV�OLHV�LQ�WKH�SHFXOLDU�PDWKHPDWLFDO�QDWXUH�RI�WKH�FRUUHODWLRQ�FRHIILFLHQW�LQ�WKHILUVW�FDVH��ZKLFK�PXVW�EH�SURSHUO\�XQGHUVWRRG�IRU�D�FRUUHFW�DSSOLFDWLRQ��.$1*�������.5e0(5��������/$0%(7+��������:RRG� FKDUDFWHULVWLFV�ZHUH� IUHTXHQWO\� VWXGLHG� LQ� SRSODUV� DQG� LQWHUHVWLQJ� GHJUHHV� RIFRUUHODWLRQ� �ERWK� JHQHWLF� DQG� DQG� JHQRW\SLF�� KDYH� EHHQ� IRXQG� EHWZHHQ� YHU\� HDUO\DJHV� �QXUVHU\� VWDJH�� DQG� FRPPHUFLDO�PDWXULW\� �1(39(8�HW� DO��� ������3,&+27�� �����6&$5$08==,��������6&$5$08==,�	�)(55$5,��������0XFK�HIIRUW�KDV�DOVR�EHHQ�GHYRWHG�WR�WKH�GHYHORSPHQW�RI�HDUO\�WHVWV�RI�VXVFHSWLELOLW\WR� GLVHDVHV� DQG� WR� WKH� HYDOXDWLRQ� RI� WKHLU� UHOLDELOLW\�� +RZHYHU�� GXH� WR� REYLRXVGLIILFXOWLHV� LQ� WKH� TXDQWLWDWLYH� H[SUHVVLRQ�RI� REVHUYDWLRQV� LQ� WKLV� ILHOG�� WKH� GHJUHH�RIFRUUHODWLRQ� LV� VHOGRP� WUDQVODWHG� LQWR� ILJXUHV�� 7KH� UHOLDELOLW\� LV� RIWHQ� KLJK� ZKHQ� WKHRUJDQV�DIIHFWHG�E\�WKH�GLVHDVH�DUH�UHQHZHG�HYHU\�\HDU��H�J��OHDYHV���VR�WKDW�DJH�DQGVL]H�RI�WKH�WUHH�DUH�RI�VHFRQGDU\�LPSRUWDQFH��DQG�ZKHQ�WKH�EHKDYLRXU�RI�WKH�GLVHDVHDJHQW�LV�UHODWLYHO\�QHXWUDO�ZLWK�UHVSHFW�WR�WKRVH�PLFURFOLPDWLF�IDFWRUV�WKDW�YDU\�ZLWK�WKHVL]H�RI� WKH� WUHHV��-XYHQLOH�VHOHFWLRQ� LV�YHU\�HIILFLHQW� IRU�0DUVVRQLQD�EUXQQHD� �(OO��HW(Y���3��0DJQ�� �$16(/0, HW� DO��� ������ DQG�;DQWKRPRQDV�SRSXOL �5,'e��5LGp�HW�5LGp�5,'e�	�5,'e��������'(�.$0�	�+(,67(5.$03��������� GXELRXV� IRU�0HODPSVRUD� ODULFL�SRSXOLQD .OHE�� �3,&+27�� ������� $� EHWWHU� FRQWURO� RI� WKH� HQYLURQPHQWDO� IDFWRUV� LQ� WKHMXYHQLOH�HYDOXDWLRQ��HVSHFLDOO\�LQRFXOXP�SUHVVXUH��FHUWDLQO\�LPSURYHV�WKH�HIILFLHQF\�RIHDUO\� WHVWV�� WKLV� LV� WKH� FDVH�RI� ODE� WHVWV� WKDW� KDYH�EHHQ�GHYHORSHG� IRU�0HODPSVRUDVSHFLHV��3,121 HW�DO���������+LJK� DJH�DJH� FRUUHODWLRQV� KDYH� EHHQ� IRXQG� DOVR� IRU� FURZQ� DUFKLWHFWXUH� �08+/(/$56(1��������DQG�SKHQRORJLFDO�WUDLWV��3,&+27��������$V�IRU�LQFUHPHQWDO�WUDLWV�WKH�FXPXODWLYH�QDWXUH�RI� WKH�FRPPRQO\�XVHG�VL]H�YDULDEOHVGHWHUPLQHV� SDUWLFXODU� DVSHFWV� RI� DJH�DJH� FRUUHODWLRQV�� WKDW� LV�� FRUUHODWLRQ� EHWZHHQDJH� W DQG�7!W LV�PDGH� RI� WZR� FRPSRQHQWV�� WKH� ILUVW� RQH� EHLQJ� SURSRUWLRQDO� WR� WKHYDULDQFH�RI�VL]H�DW�WKH�MXYHQLOH�DJH�DORQH��DQG�WKH�VHFRQG�WR�WKH�FRYDULDQFH�EHWZHHQMXYHQLOH�VL]H�DQG�VXEVHTXHQW�LQFUHPHQWV��$V�WKH�VL]H�DW�DJH�7 LQFRUSRUDWHV�WKH�VL]HDW� DJH� W�� SRVLWLYH� FRYDULDQFH� LV� WKH� UXOH�� ,W� FRXOG� EH� GHPRQVWUDWHG� WKDW�� LI� DQQXDOLQFUHPHQWV�ZHUH�QRUPDOO\�DQG�LQGHSHQGHQWO\�GLVWULEXWHG�
U WW 7 W77 W�  ��  VV V�

� ��
*LYHQ�WKH�DERYH�DVVXPSWLRQV��U7 W� IRU�D�JLYHQ�7 LQFUHDVHV�FRQWLQXRXVO\�ZLWK�DJH�HYHQWKRXJK�DQQXDO� LQFUHPHQWV�DUH�WRWDOO\�UDQGRP�DQG�GR�QRW�UHIOHFW�DQ\�JHQHWLF�HIIHFWV�
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7KHUHIRUH�� WKH� LQWHUSUHWDWLRQ� RI� FRUUHODWLRQV� IRU� LQFUHPHQWDO� WUDLWV� VKRXOG� EHFRQVLGHUHG� FDXWLRXVO\�� 1HYHUWKHOHVV�� LI� RQH� ZDQWV� WR� NQRZ� DW� ZKLFK� DJH� LQ� D� ILHOGH[SHULPHQW�RQH�JHWV�D� IRFXVHG�SLFWXUH�RI� WKH� ILQDO� UHVXOWV��DJH�DJH�FRUUHODWLRQV�DUHLQGHHG�XVHIXO��3$'5Ï�	�25(16$1=� �������*HQRW\SLF�FRUUHODWLRQV�U7 W� ! ����DUH�IRXQGIRU�ó7 ��W ��ò7��7HVW�SODQWDWLRQV�H[SHFWHG�WR�EH�FRQFOXGHG�LQ�D�URWDWLRQ�RI��VD\�WHQ\HDUV��FDQ�EH�DVVHVVHG�DW�DJH�WKUHH�WR�ILYH��$�IHUWLOH�HQYLURQPHQW�FDQ�FRQVLGHUDEO\LPSURYH�DJH�DJH�FRUUHODWLRQV�E\�DFFHOHUDWLQJ�MXYHQLOH�JURZWK�
*HQRW\SH�uu (QYLURQPHQW�,QWHUDFWLRQV��*(,�&XOWLYDUV�DUH�WHVWHG�LQ�D�QHFHVVDULO\�ILQLWH�VHW�RI�HQYLURQPHQWV�EXW�FDQ�EH�HPSOR\HG�LQYLUWXDOO\� DQ� LQILQLWH� QXPEHU� RI� VLWXDWLRQV� RQFH� UHOHDVHG� IRU� FRPPHUFLDO� XVH�6WDWLVWLFDOO\� VSHDNLQJ�� *(,� LV� DOZD\V� SUHVHQW� LQ� FORQDO� WULDOV�� DV� WKH� UHVSRQVH� RILQGLYLGXDO� FORQHV� WR� YDULDWLRQV� RI� WKH� HQYLURQPHQW�� IRU� ZKDWHYHU� UHDVRQ�� LV� QHYHUSHUIHFWO\� OLQHDU�� +RZHYHU�� WKH� PDLQ� SUREOHP� IRU� WKH� EUHHGHU� LV� QRW� VR� PXFK� WRXQGHUVWDQG�WKH�JHQHWLF�FDXVHV��DV�WR�GHFLGH�RQ�KRZ�WR�GHDO�ZLWK�LW�RQFH�LW�KDV�EHHQGHWHFWHG�*(,�GLPLQLVKHV�WKH�DELOLW\�RI�WKH�EUHHGHU�WR�JHQHUDOL]H�WKH�UHVXOWV�RI�KLV�H[SHULPHQWVDQG�FRPSOLFDWH�KLV�GHFLVLRQV�DERXW�VHOHFWLRQ�VWUDWHJLHV��VKDOO�KH�JLYH�SUHIHUHQFH� WRVWDEOH� FORQHV� ZLWK� JRRG� DYHUDJH� SHUIRUPDQFH� RYHU� D� UDQJH� RI� HQYLURQPHQWV� RU� WRFORQHV�WKDW�GLVSOD\�H[FHOOHQW�SHUIRUPDQFH�LQ�VSHFLILF�HQYLURQPHQWV�7KHUH�LV�QRW�D�FOHDU�FXW�DQVZHU�WR�WKLV�GLOHPPD��%85'21�	�6+(/%2851(��������DQGILQH� VWDWLVWLFDO� PHWKRGV� KDYH� EHHQ� SURSRVHG� WR� JLYH� LQVLJKW� LQWR� WKH� QDWXUH� DQGFDXVHV� RI� *(,�� +RZHYHU�� D� UXOH�RI�WKXPE� LV� WR� JLYH� SUHIHUHQFH� WR� DGDSWLYH� FORQHVXQOHVV� RQH� NQRH� ZKDW� DUH� WKH� FKDUDFWHULVWLFV� RI� WKH� HQYLURQPHQW� WKDW� DIIHFW� WKHEHKDYLRXU� RI� HDFK� FORQH��8QWLO� VXFK� NQRZOHGJH� LV� EXLOW� XS� DGDSWLYH� FORQHV� DUH� WKH�EHVW�EHW��IRU�XVH�LQ�SUHYLRXVO\�XQWHVWHG�HQYLURQPHQWV�
0ROHFXODU�WHFKQLTXHV0RVW� RI� WKH� WUDLWV� RI� HFRQRPLF� YDOXH� DUH� SRO\JHQLF� DQG� WKH� HIIHFW� RI� WKH� VLQJOHFRPSRQHQWV� DUH� FRQIXVHG� E\� WKH� EOXUULQJ� HIIHFW� RI� WKH� HQYLURQPHQW�� 6RSKLVWLFDWHGVWDWLVWLFDO� WRROV� �%$.(5��������)$/&21(5��������0$7+(5�	�-,1.6��������1$0.221*�������1$5$,1��������SOD\�D�FHQWUDO�UROH�LQ�WKH�LPSURYHPHQW�RI�WUHH�VSHFLHV��EXW�GR�QRWUHPRYH�WKH�PDLQ�GUDZEDFN�RI�WUHH�LPSURYHPHQW��WKDW�LV��WKH�ORQJ�WLPH�QHFHVVDU\�IRUUHVXOWV�WR�EH�DSSOLFDEOH�RQ�D�FRPPHUFLDO�VFDOH�$�VSHFLDO�NLQG�RI�LQGLUHFW�VHOHFWLRQ�WKDW�PD\�VKRUWHQ�EUHHGLQJ�F\FOHV�LV�WKDW�EDVHG�RQJHQHWLF�PDUNHUV��FKDUDFWHUV�WKDW�DUH�HDV\��IDVW�DQG�FKHDS�WR�LGHQWLI\�DQG�WKDW�FDQ�EHXVHG�DV�FOXHV�IRU�WKH�GHWHFWLRQ�RI�RWKHU�FKDUDFWHUV�WR�ZKLFK�WKH\�DUH�DVVRFLDWHG�EXWWKDW�FDQQRW�EH�REVHUYHG�GLUHFWO\�RU�QHHG�ELJ�LQYHVWPHQWV�LQ�WHUPV�RI�WLPH�DQG�PRQH\�
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5)/3��5$3'��$)/3��676��HWF��DUH�DNURQ\PV� WKDW�KDYH�EHFRPH�RI�FRPPRQ�XVH� LQJHQHWLFV� ZLWK� WKH� ERRP� RI� PROHFXODU� PHWKRGV�� ,QGLYLGXDOV� FDQ� EH FRPSDUHG� IRUGLIIHUHQFHV�LQ�WKHLU�'1$��UDWKHU�WKDQ��RU�LQ�DGGLWLRQ�WR��GLIIHUHQFHV�LQ�WKH�H[SUHVVLRQRI�JHQHV�DQG�D�PXOWLWXGH�RI�DSSOLFDWLRQV�RI�PROHFXODU� WRROV� LQ�SRSODU�EUHHGLQJ�KDYHEHHQ�HQYLVDJHG�DQG�SURYHG�YLDEOH�$�JHQRPLF�PDS�LV�WKH�FHQWUDO�RUJDQL]LQJ�FRQFHSW�RI�DOPRVW�DOO�DFWLYLWLHV�LQ�WKH�ILHOG�RIJHQHWLF� DQDO\VLV� DV� LW� DOORZV� WKH� LQWHJUDWLRQ�RI� UHVXOWV� IURP� VHSDUDWH� VWXGLHV� RI� WKHVDPH� VSHFLHV� RU� JHQXV� �67(77/(5�� ������� 'HQVH� JHQRPLF� PDSV� KDYH� EHHQGHYHORSHG� VWDUWLQJ� IURP�VHYHUDO� SRSODU�SHGLJUHHV� �%5$'6+$: HW�DO��� ������ DQG� DUHEHLQJ�LQWHJUDWHG��3RSODUV�DUH�DW�DQ�DGYDQWDJH�DPRQJ�WUHHV�IRU�WKH�VPDOO�VL]H�RI�WKHLUJHQRPH�DV�FRPSDUHG��IRU�LQVWDQFH��ZLWK�VRPH�FRQLIHUV�7KH� ILUVW� VXFFHVVHV� LQ� WKH�PROHFXODU�DQDO\VLV�RI�SRSODUV�KDYH�EHHQ�REWDLQHG�ZLWKLQWKH�IUDPHZRUN�RI�GLVHDVH�UHVLVWDQFH��/()Ê95( HW�DO���������9,//$5 HW�DO����������ZLWKPROHFXODU� PDUNHUV� LGHQWLILHG� DW� VPDOO� GLVWDQFH� IURP� PDMRU� JHQHV� IRUUHVLVWDQFH�VXVFHSWLELOLW\�DQG��0DUNHU�DVVLVWHG�VHOHFWLRQ���0$6��KDV�EHHQ�VRPHWLPHVSURSRVHG� DV� D� PRGHUQ� DOWHUQDWLYH� WR� FRQYHQWLRQDO� HYDOXDWLRQ� RI� SKHQRW\SLFH[SUHVVLRQ�RI�WUDLWV�+RZHYHU��ZKHQ�LW�FRPHV�WR�WUHH�VSHFLHV��0$6�GRHV�QRW�SURPLVH�GUDPDWLF�UHVXOWV��DWOHDVW��QRW�SURSRUWLRQDO�WR�WKH�KLJK�LQYHVWPHQWV�LQ�UHVHDUFK�WKDW�PROHFXODU�WHFKQLTXHVUHTXLUH� �&+(/,$.� 	� 52*(56�� ������ 1($/( HW� DO��� ������� %UHHGLQJ� SRSXODWLRQV� DUHRIWHQ�QHDU�OLQNDJH�HTXLOLEULXP�DQG�LQ�VXFK�D�FRQGLWLRQ��LW� LV�LPSRVVLEOH�WR�SUHGLFW� LI�DXVHIXO� JHQH� DQG� D�PDUNHU� DUH� LQ� OLQNDJH� �FLV�� RU� LQ� UHSXOVLRQ� �WUDQV�� LQ� DQ\� VLQJOHPHPEHU�RI�WKH�SRSXODWLRQ�7KHUH� LV�DOVR�WKH�ULVN�RI� UHO\LQJ� WRR�PXFK�RQ�WKH�DFWLRQ�RI� LQGLYLGXDO�JHQHV��H�J�� IRUYHUWLFDO� UHVLVWDQFH�� LQVWHDG�RI� VHWV� RI� DOOHOHV�ZLWK� DGGLWLYH� HIIHFW� �H�J�� IRU� KRUL]RQWDOUHVLVWDQFH���7KH�PDMRULW\�RI�FKDUDFWHUV� WKDW�DUH�RI�HFRQRPLFDO� LPSRUWDQFH�IRU� IRUHVWWUHHV� DUH� XQGHU� SRO\JHQLF� FRQWURO� �HYHQ� WKRXJK� ZLWK� D� QXPEHU� RI� PDMRU� JHQHV�%5$'6+$:�	�67(77/(5���������DQG�ZRXOG�QHHG�PXOWLSOH�VHWV�RI�PDUNHUV�4XDQWLWDWLYH� WUDLW� ORFL� �47/�� FDQ� EH� VLQJOHG� RXW� E\� FRPSDULQJ� WKH� SKHQRW\SLFSHUIRUPDQFH� RI� VXEJURXSV� LQ� D� VHJUHJDWLQJ� SRSXODWLRQ� DQG� ORRNLQJ� IRU� PDWFKLQJVHJUHJDWLRQ�SDWWHUQV�LQ�PROHFXODU�PDUNHUV�EXW�LW� LV�TXHVWLRQDEOH�LI�WKH�HIIRUW� LV�ZRUWKWKH�LQYHVWPHQW��HVSHFLDOO\�LI�RQH�FRQVLGHUV�WKH�SRWHQWLDO�JDLQ�VWLOO�WR�EH�H[SHFWHG�IURPFRQYHQWLRQDO�PHWKRGV��,Q�QR FDVH��DV�PROHFXODU�ELRORJLVWV�WKHPVHOYHV�DFNQRZOHGJH�FDQ�PROHFXODU� WRROV� UHSODFH� WUDGLWLRQDO� EUHHGLQJ�PHWKRGV� DQG� VWUDWHJLHV�� %UHHGLQJZRUN� ZLOO� VWLOO� UHTXLUH� PDQ\� FURVVHV�� FDUHIXO� VHOHFWLRQ� DQG� JRRG� OXFN�� PROHFXODUJHQHWLFV� PD\� RQO\� PDNH� WKH� SURFHVV� PRUH� GHWHUPLQLVWLF� DQG� UHGXFH� FKDQFHFRPSRQHQWV��<281*��������
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7KH� IUHHGRP� RI� PDUNHU�DVVLVWHG� VHOHFWLRQ� IURP� DQ\� UHDO� RU� IHDUHG� QHJDWLYHHQYLURQPHQWDO�LPSDFW�WKDW�PDNHV�RWKHU�LQQRYDWLYH�WHFKQLTXHV�VXVSLFLRXV�LQ�WKH�H\HVRI�WKH�SXEOLF��H�J��JHQHWLF�HQJLQHHULQJ��ZLOO�EH�DQ DGGLWLRQDO�IDFWRU�RI�VXFFHVV�*HQH�WHFKQRORJ\*LYHQ�WKH�HDVH�RI�LQ�YLWUR�PDQLSXODWLRQ�RI�PRVW�SRSODU�VSHFLHV�DQG�WKHLU�VXVFHSWLELOLW\WR� $JUREDFWHULXP� WXPHIDFLHQV�� WKH� PRVW� FRPPRQ� JHQH� YHFWRU� LQ� WKH� JHQHWLFWUDQVIRUPDWLRQ� RI� SODQWV�� JHQH� WHFKQRORJ\� LV� D� YLDEOH� RSWLRQ� IRU� SRSODUV�� ,QGHHG�JHQHWLFDOO\�PRGLILHG� SRSODUV� KDYH�EHHQ�REWDLQHG�DV�HDUO\� DV� ����� �),//$77, HW�� DO��������5,(0(16&+1(,'(5�	�+$,66,*��������DQG�LQ�PDQ\�ODEV�DURXQG�WKH�ZRUOG� LQ� WKHODVW�GHFDGH�,W� LV� QRW� P\� LQWHQWLRQ� WR� JR� LQWR� WKH� GHWDLOV� RI� WKH� WHFKQLTXHV� LQYROYHG�� YHU\� ZHOOUHYLHZHG� E\� /(3/e HW� DO�� �������� ,� KHUH� ZLVK� WR� SXW� JHQH� WHFKQRORJLHV� LQ� WKHIUDPHZRUN� RI� FRQYHQWLRQDO� EUHHGLQJ� DQG� GLVFXVV� LWV� SRWHQWLDO� DSSOLFDWLRQ� LQFRPPHUFLDO�FXOWXUH�RI�SRSODUV�7KHUH� DUH� WZR� PDLQ� DGYDQWDJHV� RI� JHQHWLF� WUDQVIRUPDWLRQ� ZLWK� UHVSHFW� WRFRQYHQWLRQDO�EUHHGLQJ�EDVHG�RQ�VH[XDO�UHSURGXFWLRQ�D� *HQHV�HQFRGLQJ�IRU�VSHFLILF�SURWHLQV�FDQ�EH��FXW��IURP�YLUWXDOO\�DQ\�OLYLQJ�EHLQJ�IURP�YLUXVHV�WR�KLJKHU�SODQWV�WR�DQLPDOV�DQG��SDVWHG��LQWR�SRSODUV��7KDQNV�WR�WKHXQLYHUVDO�VWUXFWXUH�RI�WKH�QXFOHLF�DFLGV��'1$�DQG�51$��IRUHLJQ�VHTXHQFHV�FDQ�EHLQWHJUDWHG�LQWR�WKH�JHQRPH�DQG�RSHUDWH�PXFK�LQ�WKH�VDPH�ZD\�DV�LQ�WKH�RULJLQDORUJDQLVPV�� 7KHUHIRUH�� WKH� UDQJH� RI� JHQHV� DYDLODEOH� IRU� SRSODUV� LV� SRWHQWLDOO\PXFK�ODUJHU�WKDQ�ZKDW�LV�DOUHDG\�SUHVHQW�LQ�WKH�JHQXV�E� ,QGLYLGXDO�JHQRW\SHV�FDQ�EH�PRGLILHG�IRU�RQH�RU�D�VPDOO�QXPEHU�RI�ZHOO�GHILQHGWUDLWV� ZKLOH� SUHVHUYLQJ� WKH� UHVW� RI� WKH� JHQRPH� LQWDFW�� *LYLQJ� WKH� LPSRUWDQFH� RIFRPPHUFLDO� FXOWLYDUV� LQ� SUDFWLFH�� WKH� ORQJ� VHOHFWLRQ� SURFHVV� WKDW� WKH\� XQGHUJREHIRUH�FRPPHUFLDO�UHOHDVH��WKH�EURDG�UDQJH�RI�GHVLUDEOH�IHDWXUHV�WKH\�PXVW�KDYHWR� EH� VXFFHVVIXO�� SRLQW�PRGLILFDWLRQ�RI� FRPPHUFLDO� FXOWLYDUV� FRXOG� DGG� YDOXH� WRWKHP�ZLWKRXW�GLVUXSWLQJ�WKHLU�JHQRPH�0DQ\� JHQHV� FRQWUROOLQJ� PDQ\� WUDLWV� KDYH� EHHQ� WHVWHG� LQ� SRSODUV�� UHVLVWDQFH� WRKHUELFLGHV��UHVLVWDQFH�WR� LQVHFW�SHVWV��UHVLVWDQFH�WR�GLVHDVHV��PRGLILHUV�RI�WKH� OLJQLQV\QWKHVLV��$OO�ZLWK�JRRG�SRWHQWLDO�IRU�SUDFWLFDO�DSSOLFDWLRQV�DQG��JHQHUDOO\��ZLWK�D�YLHZWR�LQFUHDVH�WKH�SURILWDELOLW\�RI�SRSODU�FXOWXUH�ZKLOH�UHGXFLQJ�WKH�HQYLURQPHQWDO�LPSDFWRI�FXOWLYDWLRQ�
3RSODUV� WKDW� SURGXFH� WKH�%DFLOOXV� WKXULQJLHQVLV� G�HQGRWR[LQ� RU� SURWHDVH� LQKLELWRUVZRXOG� GHIHQG� WKHPVHOYHV� IURP� D� UDQJH� RI� LQVHFWV� ZLWKRXW� WKH� H[SHQVLYH� DQGHQYLURQPHQWDOO\�QHJDWLYH�XVH�RI�LQVHFWLFLGHV�/RZ�LPSDFW� EXW� QRQ�VHOHFWLYH� KHUELFLGHV� FRXOG� EH� XVHG� RQ� 3RSODUV� PRGLILHG� WRWROHUDWH�WKHP�
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&XOWLYDUV�ZLWK�D�ORZHU�OLJQLQ�FRQWHQW�RU�D�OLJQLQ�W\SH�OHVV�GHPDQGLQJ�LQ�FKHPLFDOV�IRULWV� UHPRYDO�FRXOG�PDNH� WKH�SURGXFWLRQ�RI�SDSHU��QRWDEO\�D�KLJK�VRXUFH�RI�SROOXWLRQ�OHVV�GDPDJLQJ�WR�WKH�HQYLURQPHQW�0DQ\� PRUH� DSSOLFDWLRQV� DUH� DYDLODEOH�� DQG� ZLWK� WKH� SRWHQWLDO� IRU� DQ� H[SRQHQWLDOJURZWK�RI� WKHLU�QXPEHU�JLYHQ� WKH�SURJUHVV� LQ�PROHFXODU�JHQHWLFV� IURP� WKH�SRLQWV�RIYLHZ� RI� ERWK� WKH� DGYDQFHPHQW� RI� NQRZOHGJH� DQG� WKH� FRQWLQXRXV� LPSURYHPHQW� RIODERUDWRU\� WHFKQRORJ\�� 7KH� UHODWLYHO\� UHFHQW� GLVFRYHU\� WKDW� JHQHV� FRQWUROOLQJHTXLYDOHQW� IXQFWLRQV�DUH� DOPRVW� LGHQWLFDO� RYHU� YHU\� GLIIHUHQW� V\VWHPDWLF� JURXSV� DQGWKDW� TXLWH� RIWHQ� ZKROH� FOXVWHUV� RI� JHQHV� DUH� FRQVHUYHG� LQ� WKH� VDPH� OLQHDUDUUDQJHPHQW�PHDQV�WKDW�NQRZOHGJH��RQ�'1$�VHTXHQFHV��REWDLQHG�IURP� LQWHQVLYHO\VWXGLHG� VSHFLHV� �VXFK� DV�$UDELGRSVLV� WKDOLDQD�� FRXOG� EH� UDSLGO\� H[SRUWHG� WR� RWKHUV\VWHPDWLF� JURXSV� DQG� PDNH� WKH� LGHQWLILFDWLRQ� RI� WKH� FRUUHVSRQGLQJ� JHQHVVWUDLJKWIRUZDUG�+RZHYHU��DW� OHDVW� LQ�WKH�:HVWHUQ�ZRUOG��JHQHWLFDOO\�PRGLILHG�RUJDQLVPV�DUH�PHHWLQJZLWK� D� PRXQWLQJ� ZDYH� RI� KRVWLOLW\� OHG� E\� WKH� HQYLURQPHQWDOLVW� PRYHPHQWV� WKDW� LVQHJDWLYHO\�DIIHFWLQJ�WKH�SXEOLF�RSLQLRQ�$V�IRU�PDQ\�VLPLODU�FDVHV�WKH�DWWLWXGH�RI�WKH�PDQ�LQ�WKH�VWUHHW�LV�PRUH�HPRWLRQDO�WKDQUDWLRQDO�DQG�LQGHHG�D�GHHS�LJQRUDQFH�RI�WKH�VFLHQWLILF�DVSHFWV�LV�HYLGHQW�HYHQ�LQ�WKHSUHVV�WUHDWLQJ�WKH�VXEMHFW��7KH�VXEMHFW� LWVHOI� LV�D�SURQH�WR�PDQLSXODWLRQ�DV� LW�VKDNHVWKH�IDLWK�LQ��0RWKHU�1DWXUH��DV�WKH�VROH�OHJLWLPDWH�UXOHU�RI�OLYLQJ�EHLQJV��+LJK�VWDQGLQJSHUVRQDOLWLHV�KDYH�DFFXVHG�VFLHQWLVWV�RI��SOD\LQJ�*RG���GLVUHJDUGLQJ�WKH�IDFW�WKDW�WKHSURJUHVV�RI�DJULFXOWXUH�WKURXJKRXW�WKH�PLOOHQQLD�LV�D�ORQJ�OLQH�RI�VXFFHVVIXO�DWWHPSWVDW�RYHUFRPLQJ�1DWXUH
V�ERUGHUV�3RSODUV�KDYH�JRRG�DUJXPHQWV� RQ� WKHLU� VLGH�� WKH\� DUH�XVHG�QHLWKHU� IRU� IRRG�QRU� IRUDQLPDO�IHHG��WKHLU�SURGXFW��ZRRG�RU�SDSHU��ZLOO�FRPH�LQ�FRQWDFW�ZLWK�WKH�HQG�XVHUV�LQ�DELRORJLFDOO\� LQDFWLYH�VWDWH��SRSODU�SODQWV�DUH�XVXDOO\�HQWLUHO\� UHPRYHG�IURP� WKH� ILHOGVDIWHU� KDUYHVW�� +RZHYHU�� RQH� FDQQRW� H[FOXGH� WKDW� WUDQVJHQHV�PLJUDWH� YLD� SROOHQ� RUVHHG� WR� ZLOG� UHODWLYHV� �H�J�� 3�QLJUD� LQ� (XURSH�� ZLWK� SUREDEO\� QHJOLJLEOH�� EXW� VR� IDUXQNQRZQ�HIIHFW�RQ�QDWXUDO�SRSXODWLRQV�7KH�VR�FDOOHG��SUHFDXWLRQDU\�SULQFLSOH���WKDW�LV�ZLWKKROGLQJ�WKH�DSSOLFDWLRQ�RI�DQ\�QHZWHFKQRORJ\� XQWLO� D� SURRI� LV� UHDFKHG� RI� WKH� DEVHQFH� RI� ULVN�� LV� VDFUHG� E\� WKH� SXEOLFRSLQLRQ��$OWKRXJK�D�ORJLFDO�QRQVHQVH��DV�DEVHQFH�RI�DQ\�ULVN�FDQQRW�EH�DVVHVVHG�DWDOO��WKLV�SULQFLSOH�SUHYDLOV�XSRQ�WKH�PRUH�UDWLRQDO�SULQFLSOH�RI�EDODQFLQJ�SURV�DQG�FRQVRI�WKH�QHZ�DQG�WKH�ROG�WHFKQRORJLHV�LQ�WKH�OLJKW�RI�VFLHQWLILF�HYLGHQFH�
&21&/86,2165,0(16&+1(,'(5 HW�DO���LQ�SUHVV��JLYH�D�UHDOLVWLF�YLHZ�RI�EUHHGLQJ�DQG�VHOHFWLRQ�ZLWKSRSODUV�DV��WKH�DSSOLFDWLRQ�RI� 
EHVW�LQWXLWLRQ
�DQG�EUXWH�IRUFH�HPSLULFLVP��
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7R� D� ODUJH� H[WHQW� WKLV� ZLOO� EH� WUXH� IRU� D� ORQJ� WLPH� LQ� WKH� IXWXUH�� 'HVSLWH� WKHGHYHORSPHQW� RI� VRSKLVWLFDWHG� VWDWLVWLFDO� WRROV� IRU� WKH� LQWHUSUHWDWLRQ� RI� H[SHULPHQWDOGDWD�DQG�RI� D�EHWWHU� XQGHUVWDQGLQJ�RI� JHQHWLF�PHFKDQLVPV�E\�PHDQV�RI�PROHFXODUDSSURDFKHV��WKH�PDLQ�SUREOHP�ZLOO�DOZD\V�EH�RQH�RI�DOORFDWLRQ�RI�OLPLWHG�UHVRXUFHV�3DUDGR[LFDOO\�� DGYDQFHG� WHFKQLTXHV� WKDW� ZHUH� GHYHORSHG� WR� VXSSRUW� SRSXODWLRQEUHHGLQJ� QRZ� UHSUHVHQW� D� PDMRU� WKUHDW� DV� WKH\� FRPSHWH� IRU� UHVHDUFK� IXQGV�&RQYHQWLRQDO�EUHHGLQJ�� ODFNLQJ� WKH�JODPRXU�RI� IURQWOLQH� UHVHDUFK�� LV�DW� D� ORVV�ZKHQFRPSDUHG�ZLWK�PROHFXODU�ELRORJ\�DQG�VRPHWLPHV�FRQYHQWLRQDO�EUHHGLQJ�LV�SUHVHQWHGLQ�DSSOLFDWLRQV�DV�IXQFWLRQDO�WR�PROHFXODU�VWXGLHV�UDWKHU�WKDQ�WKH�RWKHU��DQG�REYLRXV�ZD\�DURXQG�$� ZHDNSRLQW� RI� SRSXODWLRQ� EUHHGLQJ� LV� WKH� ORQJ� WLPH� LW� PXVW� UHO\� RQ� VWHDG\�� LI� QRWQHFHVVDULO\� DEXQGDQW�� IXQGLQJ�� D� VLWXDWLRQ� WKDW� FRQIOLFWV�ZLWK� WKH� SUHYDLOLQJ� FRQFHSWWKDW�UHVHDUFK�VKRXOG�EH�EDVHG�RQ�FRPSDFW��VKRUW�WHUP��PDQDJHDEOH�SURMHFWV�RI�XS�WRWKUHH��IRXU�\HDUV�7KH� IOH[LELOLW\� RI� D� PXOWLSOH�SRSXODWLRQ� EUHHGLQJ� VWUDWHJ\�� DQ� HIIRUW� WR� FUHDWHFRRSHUDWLYH� EUHHGLQJ� SURJUDPPHV� ZLWKLQ� DQG� DFURVV� QDWLRQDO� ERXQGDULHV� DQG� DFRRSHUDWLRQ� ZLWK� JURZHUV
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