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$%675$&7
7DUJHWHG�WXPRU�UDGLRWKHUDS\�LV�VHOHFWLYHO\�GHOLYHU\�RI�FXUDWLYH�GRVHV�RI�UDGLDWLRQ�WR�PDOLJQDQW�VLWHV��7KH�DLP�RI�WKH�WDUJHWHG� WXPRU� UDGLRWKHUDS\� LV� WR� XVH� WKH� UDGLRQXFOLGHV� ZKLFK� KDYH� KLJK� /(7� SDUWLFOH� HPLVVLRQV� FRQMXJDWHG� WR�DSSURSULDWH�FDUULHU�PROHFXOHV��7KH�UDGLRQXFOLGHV�DUH�VHOHFWLYHO\�FROOHFWHG�E\�WXPRU�FHOOV��GHSRVLWLQJ�OHWKDO�GRVHV�WR�WXPRU�FHOOV�ZKLOH�QR�DGPLVVLRQ�RFFXU�WR�QRUPDO�FHOOV��,Q� WKHRU\�� WDUJHWHG� UDGLRWKHUDS\� KDV� VHYHUDO� DGYDQWDJHV� RYHU� FRQYHQWLRQDO� UDGLRWKHUDS\� VLQFH� LW� DOORZV� D� KLJK�UDGLDWLRQ�GRVH�WR�EH�DGPLQLVWHUHG�ZLWKRXW�FDXVLQJ�QRUPDO�WLVVXH�WR[LFLW\��DOWKRXJK�WKHUH�DUH�VRPH�OLPLWDWLRQV�LQ�WKH�DYDLODELOLW\� RI� DSSURSULDWH� WDUJHWLQJ� DJHQWV� DQG� LQ� WKH� FDOFXODWLRQV� RI� DGPLQLVWHUHG� GRVHV�� 7KHUHIRUH�� IRU� URXWLQH�FOLQLFDO�DSSOLFDWLRQV�PRUH�SURJUHVV�LV�VWLOO�QHHGHG��,Q�WKLV�DUWLFOH��WKH�SRWHQWLDO�XVH�RI�WDUJHWHG�WXPRU�UDGLRWKHUDS\�LV�EULHIO\�UHYLHZHG��0RUH�JHQHUDO�DVSHFWV�DQG�FRQVLGHUDWLRQV��VXFK�DV�SRWHQWLDO�UDGLRQXFOLGHV��PHFKDQLVPV�RI� WXPRU�WDUJHWLQJ�ZDV�DOVR�RXWOLQHG�
.H\� :RUGV�� 7DUJHWHG� 7XPRU� 5DGLRWKHUDS\�� UDGLRQXFOLGH� FDQFHU� WKHUDS\�� KLJK� /(7� UDGLDWLRQ�� $XJHU�HOHFWURQ�UDGLRWKHUDS\


 $XWKRU�IRU�FRUUHVSRQGHQFH

,1752'8&7,21
7DUJHWHG�WXPRU�UDGLRWKHUDS\�LV�D�NLQG�RI UDGLDWLRQ�WKHUDS\� WKDW� WKH� UDGLRQXFOLGHV�� ZKLFK� KDYH� KLJK�/(7�SDUWLFOH� HPLVVLRQV� FRQMXJDWHG� WR� DSSURSULDWH�FDUULHU� PROHFXOHV� DUH� VHOHFWLYHO\� DFFXPXODWHG� E\�WXPRU�FHOOV��GHSRVLWLQJ�OHWKDO�GRVHV�WR�WXPRU�FHOOV�ZKLOH� QR� DGPLVVLRQ� RFFXU� WR� QRUPDO� FHOOV�� 7R�DFKLHYH� WKLV� DLP�� UDGLRQXFOLGHV� VKRXOG� KDYH� KLJK�/(7� SDUWLFOH� HPLVVLRQV� DQG� WKH\� VKRXOG� EH�DWWDFKHG� WR� DSSURSULDWH� FDUULHU� PROHFXOHV� ZKLFK�DUH� VHOHFWLYHO\� DFFXPXODWHG� LQ� WXPRU� FHOOV� DQG�GHSRVLWV� OHWKDO� GRVHV� WR� WXPRU� FHOOV� ZKLOH� QR�DGPLVVLRQ�RFFXUV�WR�QRUPDO FHOOV�LQ�WDUJHWHG�WXPRU�UDGLRWKHUDS\�7DUJHWHG� WXPRU� UDGLRWKHUDS\� KDYH� EHHQ� ILUVWO\�SURSRVHG� E\� 5HJRXG� DQG� /DFDVVDJQH� LQ� �����

�5HJRXG� DQG� /DFDVVDJQH�� ������� 7KH\� SURSRVHG�WKDW�LI�WKH�UDGLRQXFOLGHV�GHSRVLWHG�LQ�FDQFHU�FHOOV��WKLV�ZRXOG�EH�VHOHFWLYHO\�FXUDW LYH�LQ�WXPRU�FHOOV�7KHUH� DUH� RWKHU� V\QRQ\PV� UHODWHG� ZLWK� WDUJHWHG�WXPRU�UDGLRWKHUDS\�VXFK�DV�WDUJHWHG�WXPRU�WKHUDS\��UDGLRQXFOLGH�FDQFHU�WKHUDS\��FRPELQHG�FKHPR�DQG�UDGLRWKHUDS\� RI� FDQFHU�� ,I� WKH� XVHG� OLJDQG� LV� DQ�DQWLERG\�� LW� LV�FDOOHG� UDGLRLPPXQRWKHUDS\ LQVWHDG�RI� WDUJHWHG� WXPRU� UDGLRWKHUDS\��5DGLRLPPXQRWKHUDS\�JHQHUDOO\�XVHV�EHWD�HPLWWLQJ�UDGLRQXFOLGHV� WR� NLOO� WKH� WXPRU� FHOOV�� +RZHYHU��HVSHFLDOO\� KLJK� HQHUJ\� EHWD� HPLWWHUV� PD\� QRW� EH�HIILFLHQW� IRU� PLFURPHWDVWDVHV�� )RU� NLOOLQJ� VLQJOH�FHOOV�� DOSKD� HPLWWLQJ UDGLRQXFOLGHV� RU� $XJHU�QXFOLGHV��ZKLFK�KDYH�VKRUWHU� UDQJHG�SDUWLFOHV�DQG�KLJKHU� /(7� PD\� EH� PRUH� DGHTXDWH�� ,I� DOSKD�HPLWWHUV�ZHUH�XVHG�DV� WKHUDS\�UDGLRQXFOLGH��DOSKD�
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LPPXQRWKHUDS\� WHUP� PD\� EH� XVHG� LQVWHDG� RI�UDGLRLPPXQRWKHUDS\�LQ�JHQHUDO�WHUP�'HYHORSPHQW� RI� D� VWUDWHJ\� IRU� WDUJHWHG� WXPRU�WKHUDS\�KDV���OLPLWLQJ�IDFWRUV�
�� 7KHUH�PXVW� EH� OHVV� RU� QRW� EH� LQFRUSRUDWLRQ� LQ�QRUPDO� FHOOV� ZKLOH� UDGLRSKDUPDFHXWLFDO�VHOHFWLYHO\� LQFRUSRUDWHG� LQWR� WXPRU� FHOOV� LQ� D�KLJK�FRQFHQWUDWLRQ���� 5DGLRQXFOLGH�PXVW�GHSRVLW�DOO�HQHUJ\� LQ�WXPRU�FHOOV�QRW�LQ�QRUPDO�FHOOV�
5DGLRSKDUPDFHXWLFDOV�GHSRVLWLRQ�VLWH�LQ�WKH�FHOO�LV�LPSRUWDQW� IDFWRU� WR� GR� D� JRRG� VHOHFWLRQ� RI�GHSRVLWHG� UDGLRQXFOLGHV�� )RU� H[DPSOH�� LI�GHSRVLWLRQ� RFFXUV� LQ� WKH� FHOO� QXFOHXV�� DQ� $XJHU�HOHFWURQ�HPLWWHU�UDGLRQXFOLGH�PD\�E H�EHWWHU�WR�NLOO�WKH�FHOO��ZKLOH�LQ�WKH�FDVH�RI�FHOO�VXUIDFH�GHSRVLWLRQ�EHWD� HPLWWHU� PD\� EH� SUHIHUDEOH�� 7KHUHIRUH��WDUJHWLQJ� PHFKDQLVPV� LV� DOVR� LPSRUWDQW� LQ�WDUJHWLQJ� WXPRU� WKHUDS\�� ,W� PD\� EH� DWWDFKHG� D�UDGLRQXFOLGH�LQWR�FHOO�QXFOHXV��RU�LQWR�F\WRSODVP�RU�RWKHU�SDUWV�RI�D�FHOO�E\�D�SURSHU� OLJDQG��'LIIHUHQW�QRQKRPRJHQRXV� GRVH� GLVWULEXWLRQV� FDQ� EH�DFKLHYHG�LQ�HDFK�FDVH��

3RWHQWLDO�UDGLRQXFOLGHV�IRU�7DUJHWHG�7XPRU�5DGLRWKHUDS\
7DEOH��� VKRZV� VRPH� UDGLRQXFOLGHV�� ZKLFK� KDYH�GLIIHUHQW�GHFD\�FKDUDFWHULVWLFV��DQG� HPLW�SDUWLFOHV�ZLWK�GLIIHUHQW�/(7�DQG�GLIIHUHQW�UDQJH��6RPH�RI�WKHVH� UDGLRQXFOLGHV� HPLW� SKRWRQV� LQ� DGGLWLRQ� WR�SDUWLFOH� HPLVVLRQ�ZKLFK�PDNH� WKHP�VXLWDEOH� IRU�PRQLWRULQJ� WKH� WKHUDS\� ZLWK� LPDJLQJ�� DQG� IRU�FRQWLQXRXV� IROORZ�XS� RI� WKH� DEVRUEHG� GRVH�GLVWULEXWLRQ�� $OVR�� SUHDGPLQLVWUDWLRQ� RI� WKH�WKHUDSHXWLF� OLJDQGV� LV�SRVVLEOH� LQ�HVWLPDWLQJ� WKH�DEVRUEHG� GRVH� SHU� XQLW� DGPLQLVWHUHG� DFWLYLW\��:KHUH� WKHUH� LV� QR� HPLVVLRQ� RI� SKRWRQV��EUHPVWUDKOXQJ� LPDJLQJ� PLJKW� EH� D� VROXWLRQ��$QRWKHU� VROXWLRQ� LV� WR� ODEHO� OLJDQGV� ZLWK� D�JDPPD�HPLWWLQJ� UDGLRQXFOLGH� ZLWK� VLPLODU�FKHPLFDO�SURSHUWLHV��SUHIHUDEO\�DQ�LVRWRSH�RI�WKH�VDPH�HOHPHQW�DV�WKH�WKHUDSHXWLF�UDGLRQXFOLGH�RU�DQ� LVRWRSH�� ZKLFK� KDYH� VLPLODU� FKHPLFDO�SURSHUWLHV�� 7KXV�� JDPPD� HPLWWLQJ� UDGLRQXFOLGH�FDQ� EH� XVHG� IRU� LPDJLQJ� DQG� PHF KDQLVPV� RI�IROORZ�XS��RWKHU�RQH�FDQ�EH�XVHG�IRU�WKHUDS\��7F ���P� DQG� 5H������ <���� DQG� <����� ,����� DQG� ,������ ,Q����� DQG� ,Q����P� DUH� WKLV� W\SH� RI�FRXSOHV�

7DEOH�� � 3K\VLFDO�&KDUDFWHULVWLFV�RI�5DGLRQXFOLGHV�WKDW�KDYH�SRWHQWLDO�IRU�7DUJHWHG�7XPRU�5DGLRWKHUDS\1XFOLGH +DOI�/LIH (PLVVLRQ 0D[�5DQJH��P%U���,���$W���(U��&X���,���6P���$X���5H���'\��6U��3��<

�����K�����K����K����G�����G�����G�����G����G�����G�����G�����G�����G�����G

$XJHU$XJHU$OSKD�$XJHU%HWD%HWD�JDPPD%HWD�JDPPD%HWD�JDPPD%HWD�JDPPD%HWD�JDPPD%HWD�JDPPD%HWD%HWD%HWD

����QP���QP���QP��PP����PP����PP����PP����PP����PP����PP����PP����PP�����PP
6SHFLHV� RI� ,GHDO� 5DGLRQXFOLGHV� IRU� 7DUJHWHG�7XPRU�5DGLRWKHUDS\ �.DLUHPR��������
x 7KH� DEXQGDQFH� RI� WKH� HOHFWURQV� HPLWWHG� E\�UDGLRQXFOLGHV�VKRXOG�EH�ORZHU�WKDQ����NH9�x 7KH�SKRWRQ�HPLVVLRQ�WR�HOHFWURQ�HPLVVLRQ�UDWLR�VKRXOG�EH�ORZHU�WKDQ���

x 7KH�KDOI�OLIH�VKRXOG�EH�EHWZHHQ����PLQ�DQG����GD\V�x 7KH�GDXJKWHU�QXFOLGH�VKRXOG�EH�VWDEOH�RU�KDYH�D�KDOI�OLIH�ORQJHU�WKDQ����GD\V��x ,W� VKRXOG� EH� SRVVLEOH� WR� SURGXFH� WKH� QXFOLGHV�YLD�QHXWURQ�FDSWXUH�RU�SURWRQ ���GHXWHURQ����+H�RU�D�SDUWLFOH�LQGXFHG�UHDFWLRQV�
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x 7KHLU�FKHPLVWU\�VKRXOG�EH�VXLWDEOH�IRU�ODEHOLQJ�UHDFWLRQV�
'HFD\�SDWK�RI�WKH�UDGLRQXFOLGH�WKDW�KDV�D�SDUWLFXODU�UDGLDWLRQ� LV� VLJQLILFDQW� IRU� D� JRRG� WDUJHWLQJ��=DOXWVN\� ZDV� FRPSDUHG� WKH� UDQJHV� RI� VRPH�SDUWLFXODU� UDGLDWLRQV�ZLWK� D� FHOO� VL]H�DQG� UHSRUWHG�WKDW�<����EHWD�SDUWLFOHV�KDYH�WKH�UDQJH�RI�����FHOOV�VL]H��,�����KDV����FHOOV�VL]H�DQG�$W�����KDV�RQO\���FHOOV� VL]H� �=DOXWVN\� 	9DLG\DQDWKDQ�� �������7KHUHIRUH�� $W����� LV� DQ� DSSURSULDWH� UDGLRQXFOLGH�IRU� VLQJOH� FHOO� NLOOLQJ� RU� PLFURPHWDVWDVHV�� RWKHUV�DUH�EHWWHU�WR�GHVWUR\�ODUJHU�VL]HG�WXPRUV�RU�WR�ODEHO�FHOO� VXUIDFH� DJHQWV�� OLNH� DQWLERGLHV�� $W ����� LV� DQ�DWWUDFWLYH� UDGLRQXFOLGH� IRU� WKHUDS \�� ,W� GHFD\V� E\�(&� DQG� DOSKD� GHFD\�� &RQVHTXHQWO\� LW� KDV� ERWK�VKRUW� UDQJHG� $XJHU� HOHFWURQV� DQG� DOSKD� SDUWLFOHV�HPLVVLRQV��DQG�LV�WKH�KHDYLHVW�PHPEHU�RI�KDORJHQV�LQ� SHULRGLF� WDEOH�� 7KHUHIRUH�� LWV� FKHPLVWU\� LV�VLPLODU�WR�LRGLQH������$XJHU�HOHFWURQV�DQG���DOSK D�SDUWLFOH� DUH� HPLWWHG� E\� $W ����� SHU� VLQJOH� GHFD\��6SDQHN�HW� DO��� ������� ,����� LV�DQRWKHU� LQWHUHVWLQJ�UDGLRQXFOLGH�� ,W� GHFD\V� E\� HOHFWURQ� FDSWXUH� �(&��ZLWK� D� SUREDELOLW\� RI� ������ DQG� WKHQ� GHFD\V�IXUWKHU� E\� LQWHUQDO� FRQYHUVLRQ� �,&�� ZLWK� D�SUREDELOLW\� RI� ��� WR� WKH� VWDEOH� WHOOXULXP�����JURXQG�VWDWH��,W�LV�NQRZQ�DV�D�YHU\�HIIHFWLYH�$XJHU�HOHFWURQV� HPLWWHU�� EHFDXVH� RI� LWV� VSHFLILF� GHFD\�FKDUDFWHULVWLFV�� 7KXV�� WZR� VXFFHVVLYH� $XJHU�FDVFDGHV�RFFXU�SHU�HDFK�GHFD\�RI�LRGLQH ������DQG�FRQVHTXHQWO\� LW� HPLWV� DYHUDJHO\� � �� $XJHU�HOHFWURQV� LQ� FRQGHQVHG� PDWWHUV� SHU� GHFD\�� 7KH�HQHUJLHV�RI�$XJHU�HOHFWURQV�DUH�EHWZHHQ����H9�DQG���� NH9� �&KDUOWRQ� DQG� %RR]�� ������� ,W� LV� DOVR�LQWHUHVWLQJ� WR� QRWH� WKDW� WKH� UDQJHV� RI� $XJHU�HOHFWURQV� HPLWWHG� E\� DQ� LRGLQH ����� DWRP� FDQ� EH�UHDFKHG� XS� WR� DERXW� ������ QP�� ZKLFK� LV� D�VLJQLILFDQWO\� VKRUW� UDQJH� LQ� FRQGHQVHG� PDWHULDOV��7KLV� PHDQV� WKDW� WKH� ORFDO� DEVRUSWLRQ� RI� WKHVH�$XJHU� HOHFWURQV� UHVXOWV� LQ�KLJK�HQHUJ\�GHSRVLWLRQ�LQ� WKH� GHFD\� YLFLQLW\� RI� LRGLQH ����� DWRP�� 7KH�PLFURGRVLPHWULF� FDOFXODWLRQV� KDYH� VKRZ HG� WKDW�$XJHU� HOHFWURQV� KDYH� KLJK�/(7� UDGLDWLRQ� VSHFLHV�OLNH� .�UDGLDWLRQV� �8QDN�� ������ DQG� DUH� PRUH�HIIHFWLYH� IRU� PLFURPHWDVWDVHV� WKDQ� EHWD� UD\V��)WDFKQLNRYD� DQG� %RKP�� ������ 9DQGLHUHQ� HW� DO���������� $XJHU� HOHFWURQV� DUH� WKH� RUELWDO� HOHFWURQV�UHOHDVHG� E\� DWRPV� IURP� ZKLFK� DQ� LQQHU� VKHOO�RUELWDO�YDFDQF\�KDV�EHHQ�HVSHFLDOO\�FUHDWHG�E\�DQ�HOHFWURQ� FDSWXUH� SURFHVV� RFFXUUHG� LQ� WKH� DWRPLF�QXFOHXV�RU�E\�WKH�LQWHUQDO�FRQYHUVLRQ�RFFXUUHG�E\�D� ORZ�HQHUJ\� J� UDGLDWLRQ� HPLWWHG�E\� WKH�QXFOHXV��

DQG�RU� IROORZLQJ� D� SKRWRHOHFW ULF� DEVRUSWLRQ� RI� D�ORZ�HQHUJ\� J� RU�[� UD\�E\�DQ�LQQHU�VKHOO�HOHFWURQ�RI�DQ�DWRP��)DVW�&KDUJH�1HXWUDOL]DWLRQ�DIWHU�$XJHU�FDVFDGH� LQ� WKH� ODUJH� ELRPROHFXOHV� LV� RQH� RI� WKH�ZD\� WR� GHVWUR\� WKH� PROHFXOHV� HVSHFLDOO\� LQ�FRQGHQVHG�SKDVHV��+DOSHUQ���������, ������DQRWKHU�UDGLRQXFOLGH� ZLWK� ���� GD\V� KDOI �OLIH�� FDQ� EH� XVHG�IRU�WXPRU�WKHUDS\��LW�GHFD\V�E\�����(&�DQG�����SRVLWURQ� HPLVVLRQ�� $OVR� LW� PD\� EH� XVHG� IRU� 3(7�DOWKRXJK�LW�LV�QRW�FRPPRQO\�XVHG�\HW��(VFKPDQ�HW�DO���������:HLQUHLFK�HW�DO����������&U����� *D����� %U���� %U���P�� ,Q������ 3W����P��3W����P�� 7O������ $W����� DUH� WKH� RWKHU� $XJHU�HOHFWURQV� HPLWWLQJ� UDGLRQXFOLGHV�� 7KH� PRVW� ZHOO �NQRZQ�RI�WKH�$XJHU�HPLWWLQJ�UDGLRQXFOLGHV�DUH�WKH�LVRWRSHV� RI� LRGLQH� �,������ ,����� DQG� ,������ DQG�EURPLQH��%U����DQG����P���7R�D�PXFK�OHVV GHJUHH��VWXGLHV�KDYH�EHHQ�UHSRUWHG�UHJDUGLQJ�$XJHU�HIIHFWV�RI� ,Q����� DQG� 3W����P�� 2WKHU� $XJHU� HOHFWURQ�HPLWWHUV�� KRZHYHU�� HLWKHU� KDYH� RWKHU� HPLVVLRQV�����J�� E��� E��� RU� WKHLU� KDOI�OLIHV� RU� SURGXFWLRQ�FKDUDFWHULVWLFV� SUHYHQW� WKHLU� XVH�� 2Q� WKH� RWKHU�KDQG�� FKHPLVWU\� RI� KDORJHQV� DOORZ� WKHP� WR� EH�PRUH� UHDGLO\� LQFRUSRUDWHG� LQWR� RUJDQLF�PROHFXOHV�E\� WUDGLWLRQDO� V\QWKHWLF� PHWKRGV�� ZKHUHDV� WKH�PHWDO�LRQV�UHTXLUH�FKHODWLRQ�WHFKQLTXHV�$V�D�FRQVHTXHQFHV��IRU�DQ�$XJHU�HOHFWURQ�HPLWWLQJ�UDGLRSKDUPDFHXWLFDO�WR�KDYH�WKHUD SHXWLF�SRWHQWLDO�
x $� UDGLRQXFOLGH� PXVW� KDYH� DQ� DSSURSULDWH�UDGLDWLRQ�GHFD\�SURILOH�x $� UDGLRQXFOLGH� VKRXOG� EH� DEOH� WR� EH�HFRQRPLFDOO\� SUHSDUHG� LQ� UHDVRQDEO\� KLJK�VSHFLILF�DFWLYLW\�DQG�SXULW\�x $� UDGLRQXFOLGH� VKRXOG� EH� HIILFLHQWO\�LQFRUSRUDWHG�LQWR�D�FDUULHU�PROHFXOH�x $� FDUULHU� PROHFXOH� VKRXOG� GLVSOD\�ELRGLVWULEXWLRQDO�VHOHFWLYLW\�IRU�WKH�WDUJHW�WLVVXH�x ,Q� WKH� WDUJHW� WLVVXH�� WKH� DJHQW� VKRXOG�DVVRFLDWH�ZLWK� WKH� '1$� FRPSOH[� IRU� D� WLPH� FRQVLVWHQW�ZLWK�WKH�KDOI�OLIH�RI�WKH�UDGLRQXFOLGH�
/RZ� HQHUJ\� HOHFWURQV� OLNH� $XJHU� HOHFWURQV� KDYH�LPSRUWDQW� SRWHQWLDOV� IRU� WKHUDS\� RI�PLFURPHWDVWDVHV�VLQFH�WKH\�KDYH�KLJKHU�6�YDOXHV�LQ�FHOOXODU� GLPHQVLRQV�� 7KHUHIRUH�� WKH\� KDYH� KLJKHU�UDGLRWR[LFLW\� LQ� QHDU� VXUURXQGLQJ� DUHD� �0DWWHV���������$FFRUGLQJ�WR�0DWWHV��WKH�PRVW�SRWHQW�RI�WKH�$XJHU� HOHFWURQ� HPLWWHUV� DUH� 3W ����P� ZKLFK� LV�DSSUR[LPDWHO\� ���IROG� PRUH� SRWHQW� WKDQ� ,Q������6P����� LV� DWWUDFWLYH� EHFDXVH� LW� HPLWV� ERWK�DEXQGDQW� FRQYHUVLRQ� HOHFWURQV� DQG� PRGHUDWH�
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HQHUJ\�EHWD�SDUWLFOHV��$W ����� LV� DOVR� DQ�DWWUDFWLYH�UDGLRQXFOLGH�� LW�KDV�KLJKHVW�6�YDOXHV�LQ�F\WRSODVP�DQG� FHOO� VXUIDFH�� �0DWWHV�� ������ �7DEOH� ����%HUQKDUGW�UHSRUWHG�WKDW�DV�WKH�HQHUJ\�RI�HOHFWURQV�LQFUHDVHG�� DEVRUEHG� GRVH� UDWH� GHFUHDVHV� LQ� VPDOO�WXPRUV� �%HUQKDUGW� HW� DO��� ������� 7KLV�PHDQV� WKDW�ORZ�HQHUJ\�HOHFWURQV�OLNH�$XJHU�HOHFWU RQV�DUH�PRUH�HIIHFWLYH�WR�FXUH�PHWDVWDVHV��2Q�WKH�RWKHU�KDQG��LI�WKH� SKRWRQ� HPLVVLRQ� WR� HOHFWURQ� HPLVVLRQ� UDWLR� LV�ORZHU�� WXPRU�WR�QRUPDO�WLVVXH� GRVH� UDWH� LV� PRUH�

HIIHFWLYH��$FFRUGLQJ�WR�WKHVH�FRQVLGHUDWLRQV��ZKLOH�<����� ,������ ,Q����� ZKLFK� HPLW� UHODWLYHO\ KLJKHU�EHWD� HQHUJ\� HOHFWURQV�� DUH� OHVV� HIIHFWLYH� LQ�PLFURPHWDVWDVHV�� VRPH� RI� WKH� RWKHUV� VXFK� DV������&R���P�� 2V����P�� 5K����P� 6E������ +R������ ,�����DUH�PRUH�HIIHFWLYH�WR�WKHUDS\�LQ�VPDOO�WXPRUV��%HUQKDUGW� HW� DO��� �������+RZHYHU�� VSHFLDO�FDUULHU�PROHFXOHV� ZKLFK� FDQ� WKH\� VHOHFWLYHO\� DWWDFK� WR�WXPRU� FHOOV� DUH� UHTXLUHG� DQG� FDUU\� RII� WKHVH�UDGLRQXFOLGHV�WR�WXPRU�FHOOV�
7DEOH�� � &HOOXODU�6�9DOXHV�IRU�D�&HOO�WKH�6L]H�RI�D�5DML�%�/\PSKRPD�&HOO��0HDQ�FHOO�GLDPHWHU������PP��PHDQ�QXFOHXV�GLDPHWHU������PP���0DWWHV�������5DGLR�1XFOLGH 7\SH�RI�HPLWWHU &HOO�6XUIDFH ��� [6�YDOXH��*\�%T�V��&\WRSODVP,Q���� $XJHU�HOHFWURQ ���� ����,���� ³ ���� ����*D��� ³ ���� ����6P���� ³ ���� ����2V���� ³ ���� ����3W����P ³ ���� ����3W����P ³ ���� �����+J����P ³ ���� ����,���� E�SDUWLFOH ���� ����<��� E�SDUWLFOH ���� ����%L���� D�SDUWLFOH ���� ����$W���� D�SDUWLFOH ���� �����
2Q� WKH� RWKHU� KDQG�� RWKHU� LPSRUWDQW� SDUDPHWHU� WR�DFKLHYH� HIIHFWLYH� GRVHV� LV� DFFXPXODWHG� GRVH� SHU�XQLW� WLPH�� 6KRUWHU� KDOI�OLIH� LV� DQ� DGYDQWDJH� WR�DFKLHYH�WR�ODUJHU�GRVHV�SHU�XQLW�WLPH��,Q�WKH�FDVH�RI�,�����ODEHOLQJ�����GD\�KDOI�OLIH�RI�, �����ZRXOG�QRW�GHOLYHU�HQRXJK�GHFD\V� WR� WKH� WDUJHW�FHOOV�WR�HIIHFW�WKHUDS\� VLQFH� WKH� OLPLWHG� QXPEHU� RI� UHFHSWRUV�ZKLFK� ZRXOG� EH� WDUJHW� IRU� ODEHOHG� PROHFXOH� SHU�FHOO�� DQG� WKH� OLPLWHG� UHVLGHQFH� WLPHV� IRU� ODEHOHG�PROHFXOHV� OLNH� (5� UHFHSWRUV� LQ� WDUJHW� FHOOV��+RZHYHU�XVLQJ�,�����ODEHOHG�PROHFXOHV��D�QXFOLGH�ZKRVH������K�KDOI�OLIH�LV�PRUH�FRPSDWLEOH�ZLWK�WKH�XVXDO� UHVLGHQFH� WLPHV� RI� ODEHOHG� PROHFXOHV� LQ�WDUJHW�FHOOV��)RU�H[DPSOH�LI�WKH�UHVLGHQFH�WLPH�LV���KRXUV�LQ�D�UHFHSWRUV�RI�D�WDUJHW�FHOO��DQG�LI�WKHUH�DUH������ ODEHOHG�PROHFXOHV� ZLWKLQ� WDUJHW� FHOO�� LQ� WKH�FDVH� RI� ,����� ODEHOLQJ�� RQO\� �� GHFD\� RFFXUV� LQ� ��KRXUV��EXW�LQ�WKH�FDVH�RI�,�����ODEHOLQJ������GHFD\V�RFFXU�LQ���KRXUV�
7DUJHWLQJ�0HFKDQLVPV
7KHUH� DUH� VRPH� RI� WXPRU� VHHNLQJ�UDGLRSKDUPDFHXWLFDOV� ZKLFK� PD\� EH� XVHG� IRU�

GLIIHUHQW� WDUJHWLQJ� PHFKDQLVPV�� ,I� WKH� WDUJHWLQJ�UDGLRQXFOLGH� LV�D� ORZ�HQHUJ\�HOHFWURQ�HPLWWHU� OLNH�DQ� $XJHU� QXFOLGH�� RI� ZKLFK� WKH� UDQJHV� DUH� LQ�PROHFXODU� VL]H�� WDUJHW� VKRXOG� EH� LQVLGH� WKH� FHOO�SUHIHUDEO\� LQ� WKH� FHOO� QXFOHXV�� 7KHUHIRUH�� WKH�FDUULHU�PROHFXOH� IRU� WKH� UDGLRQXFOLGH�KDV� WR�FURVV�WKH� FHOO� PHPEUDQH� HLWKHU� E\� SDVVLYH� GLIIXVLRQ� RU�YLD�D� VSHFLILF�FDUULHU�PHGLDWHG�SURFHVV��7KHUH�DUH�VHYHUDO� PHFKDQLVPV� WR� FDUU\� RXW� OLNH� QXFOHDU�UHFHSWRU� ELQGLQJ�� '1$� GLUHFWHG� DJHQWV�� RWKHU�LQWUDFHOOXODU� DJHQWV�� )RU� WKH� WUHDWPHQW� RI� FDQFHUV�ZLWK� WDUJHWHG� WXPRU� UDGLRWKHUDS\�� WKH� PRVW�SURPLVLQJ�FDUULHU�PROHFXOHV�DUH�HVWURJHQ�UHFHSWRU�OLJDQGV�� '1$� GLUHFWHG� DJHQWV� �QX FOHRVLGHV��LQWHUFKDODWRUV�� JURRYH� ELQGLQJ��� SHSWLGHV� DQG�SURWHLQV��
(VWURJHQ�5HFHSWRU�/LJDQGV
(VWURJHQ� UHFHSWRU� LV� FRQFHQWUDWHG� LQ� WKH� QXFOHXV�DQG� ZKHQ� DVVRFLDWHG� ZLWK� HVWURJHQ� LQ� D� KLJK�DIILQLW\� FRPSOH[�� ELQGV� WLJKWO\� WR� GLVWLQFW� VLWHV� LQ�WKH�'1$�RI�UHVSRQVLYH�FHOOV��WKH�HVWURJHQ�UHVSRQVH�
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HOHPHQWV�� ZKLFK� DUH� NH\� WR� WKH� HVWURJHQ� LQGXFHG�UHJXODWLRQ�RI�VSHFLILF�JHQH�H[SUHVVLRQ��7KHUHIRUH�� UDGLRODEHOHG� HVWURJHQ� GHULYDWLYHV� DUH�WKH� SRWHQWLDO� UDGLRSKDUPDFHXWLFDOV� IRU� WDUJHWHG�WXPRU� UDGLRWKHUDS\�� 6HYHUDO� HVWUD GLRO� GHULYDWLYHV�ZLWK� KLJK� (5� ELQGLQJ� DIILQLW\� KDYH� EHHQ�LQYHVWLJDWHG� DV� SRWHQWLDO� EUHDVW� FDQFHU� LPDJLQJ�DJHQWV�RU�WDUJHWHG�WKHUDS\�DJHQWV��'H6RPEUH�HW�DO��������� 'H6RPEUH� HW� DO��� ������ 'H6RPEUH� HW� DO��������� +XJKHV� HW� DO��� ������ 5LMNV� HW� DO��� ������-RQVRQ HW�DO���������6NDGGDQ�HW�DO���������6NDGGDQ�HW� DO��� ������ +DQVRQ� HW� DO��� ������ 6DVDNL� HW� DO���������6LOYD�HW�DO���������<DVXL�HW�DO���������

)LJXUH���� ��D��,%U�+DORJHQDWHG�(VWUDGLRO
(5� SRVLWLYH� FHOOV� DUH� SUHVHQW� LQ� PDQ\� QRUPDO�RUJDQV� �H�J�� XWHUXV�� RYDULHV�� OLYHU� DQG� SDQFUHDV��DQG� QHRSODVPV� �H�J�� EUHDVW�� HQGRPHWULDO� DQG�RYDULDQ�FDQFHUV���'HOSDVVDQG�HW�DO���������1DGDO�HW�DO����������$OWKRXJK�HVWURJHQ�GHULYDWLYHV�SURSRVHG�IRU� JHQHUDOO\� EUHDVW� DQG� RYDU\�� WKHUH� DUH� VRPH�UHSRUWV� LQGLFDWLQJ� HVWURJHQ UHFHSWRUV� LQ� RWKHU�WLVVXHV� VXFK� DV� SDQFUHDV� �8QDN� HW� DO��� ������:LQERUQ�HW�DO���������5DGLRODEHOLQJ� RI� HVWURJHQ� FRPSRXQGV� FDQ� KDYH�WZR�DLPV�� ODEHOLQJ�ZLWK�D�GLDJQRVWLF� UDGLRQXFOLGH�VXFK�DV���P7F�IRU�GLDJQRVWLF�DLP��DQG�ODEHOLQJ�ZLWK�WKHUDSHXWLFDO� UDGLRQXFOLGHV� VXFK�DV� ���5H�RU� ���5H�IRU� WKHUDSHXWLF� DLP�� &OHDUO\�� D� UDGLRODEHOHG�HVWURJHQ�GHULYDWLYH�FRPSRXQG�ZRXOG�EH�XVHIXO� LQ�GLDJQRVHV�RI�WKH�GLVHDVHV�WKDW�SURGXFH�KLJK�OHYHOV�RI� (5V�� VXFK� DV� RYDULDQ� FDQFHU�� HQGRPHWULRVLV��XWHULQH� FDUFLQRPD� DQG�PHQLQJLRPD��2 Q� WKH� RWKHU�KDQG�� WKH\� PD\� EH� JRRG� FDUULHU� PROHFXOHV� IRU�WXPRU� WDUJHWHG� UDGLRWKHUDS\� VLQFH� WKH\� DUH�ERXQG�RI� WKH� VWHURLG�UHFHSWRU� FRPSOH[HV� WR� WKH� QXFOHDU�'1$� �'H6RPEUH� HW� DO��� ������ 'H6RPEUH� HW� DO���������'H6RPEUH�HW�DO���������+DQVRQ�HW�DO���������,OOLGJH�HW�DO���������0DLUV�HW�DO���������5LMNV�HW�DO����������

'1$�GLUHFWHG�DJHQWV
(UWO� DQG� )HLQHQGHJHQ� UHSRUWHG� WKDW� , ������ ZKHQ�LQFRUSRUDWHG� LQWR� WKH� '1$� LQ� WKH� IRUP� RI�WK\PLGLQH�SUHFXUVRU�,8G5��ZDV�IRXQG�WR�H[KLELW�D�IDU�JUHDWHU�UDGLRWR[LFLW\�WKDQ�WR�EH� H[SHFWHG��(UW\O�DQG�)HLQHQGHJHQ�� �������&RQVLGHUDEOH� DPRXQW� RI�ZRUN�KDYH�EHHQ�SHUIRUPHG�FRQFHUQLQJ�VLQJOH�DQG�GRXEOH�VWUDQG�EUHDNV�DQG�FHOO�GHDWK�FRQFHTXHQFHV�RI� ,����� DQG� RWKHU� $XJHU� QXFOLGHV� GHFD\��$GHOVWHLQ��������&KDUOWRQ�HW�DO���������*HVHORZLW]�HW�DO���������+RIHU�HW�DO���������+RIHU�HW�DO���������.DUDJLQQLV�HW�DO���������/REDFKHYVN\�DQG�0DUWLQ�������� 6FKQHLGHUPDQ� HW� DO��� ������ 6HGHOQLNRYD� HW�DO���������9DQ�'HQ�$EEHHOH�HW�DO����������,XG5�LV�DQ� W\SLFDO� H[DPSOH� WR� LQFRUSRUDWH� LRGLQH�UDGLRQXFOLGHV� WR�'1$�LQ�SODFH�RI� WK\PLGLQH��7KH�VL]H�RI�PHWK\O�JURXS� LQ���SRVLWLRQ� LV�YHU\�VLPLODU�ZLWK� LRGLQH� WKXV� WKHVH�PROHFXOHV�DUH�YHU\�VLPLODU�HDFK�RWKHU��)LJ�����
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7GU ���,8GUU&+� ����c U, �����c
)LJXUH����0ROHFXODU�VWUXFWXUHV�RI�7K\PLGLQH�DQG�,8G5
6LQFH� WKH� PHWK\O� JURXS� DQG� LRGLQH� DWRP� KDYH�VLPLODU�9DQ�GHU�:DDO�UDGLL��WKLV�VXEVWLWXWLRQ�JLYHV�D� FRPSRXQG� WKDW� EHKDYHV� UHPDUNDEO\� OLNH�WK\PLGLQH�� (DUOLHU� VWXGLHV� KDYH� GHPRQVWUDWHG�VXEVWDQWLDO� LQFRUSRUDWLRQ� RI� UDGLRODEHOOHG� ,XG5�LQWR�'1$�RI�WXPRU�DQG�SUROLIHUDWLQJ�WLVVXHV��$V�D�WK\PLGLQH�DQDORJ��,XG5�LV�LQLWLDOO\�WDNHQ�LQWR�FHOO��SKRVSKRULODWHG�DQG�LQFRUSRUDWHG�LQ�'1$��ZKHUH�LW�LV� UHWDLQHG� E\� WKH� FHOO� RU� LW¶V� SURJHQF\��5DGLRODEHOHG� '1$�� VXFK� DV� ���,8G5�� KDV� EHHQ�XVHG� LQ�YLWUR� IRU� PRQLWRULQJ� SUROLIHUDWLRQ��PLJUDWLRQ�DQG�GHDWK�RI�QRUPDO�DQG�QHRSODVWLF�FHOO�DV� ZHOO� DV� IRU� HYDOXDWLRQ� RI� WKH� HIIHFWLYHQHVV� RI�YDULRXV� FKHPRWKHUDSHXWLF� RU� UDGLRWKHUDSHXWLF�SURFHGXUHV� �&KDUOWRQ� HW� DO��� ������ *HVHORZLW]� HW�DO��� ������ +RIHU� HW� DO��� ������ +RIHU� HW� DO��� ���� ��

+2

+2
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.DVVLV� HW� DO�� ������ .DUDJLQQLV� HW� DO��� ������/REDFKHYVN\� DQG�0DUWLQ�� ������ 6FKQHLGHUPDQ� HW�DO���������6HGHOQLNRYD�HW�DO���������3RPSOXQ�HW�DO��������� 3DQ\XWLQ� HW� DO�� ������9DQ�'HQ�$EEHHOH� HW�DO��� ������ DQG� LQ� DQLPDO� WXPRU�PRGHOV� �.DVVLV�HW�DO��� ����� D�� .DVVLV� HW� DO������E�� DQG� LQ� FDQFHU�SDWLHQWV��+DUULVRQ�HW�DO��������0DULDQL�HW�DO�������������� ����� D�E�F�� 9DQGHQDEEHHOH� HW� DO��� �������7KHUH� DUH� VRPH� UHSRUWV� LQGLFDWLQJ� QHZ�LQWHUFDODWLQJ�DJHQWV�WR�'1$��IRU�H[DPSOH��, �����,������ (WKLGXP� �����GLDPLQR���>�¶��S�LRGREHQ]R\ODPLQR���¶�D]DKH[\O@���SKHQ\OSKHQDQWKULGLQLXP� FKORULGH� K\GURFKORULGH��ZDV�SURSRVHG�DV�D�LQWHUFDODWHG�OLJDQG�WR�'1$��+R�HW�DO��������
3HSWLGHV�DQG�3URWHLQV
3HSWLGHV� DUH� LPSRUWDQW� UHJXODWRUV� RI� JURZWK� DQG�FHOOXODU� IXQFWLRQV� QRW� RQO\� LQ� QRUPDO� WL VVXHV� EXW�DOVR� LQ� WXPRUV� �+HSSHOHU� HW� DO��� �������5DGLRQXFOLGH� ODEHOHG� SHSWLGH� PROHFXOHV� PD\� EH�WDUJHWHG� IRU� WXPRU� WKHUDSLHV�� 6PDOOHU� VL]H� RI�SHSWLGH�PROHFXOHV� DFFRUGLQJ� WR� ODUJHU�SURWHLQV�RU�DQWLERGLHV� VXSSOLHV� GHVLUDEOH� SKDUPDFRNLQHWLF�SURSHUWLHV�� VXFK� DV� KLJKHU� WDUJHW� WR� EDFNJURXQG�UDWLRV� DQG� IDVWHU� EORRG� FOHDUDQFH�� $� V\QWKHWLF�DQDORJ� RI� VRPDWRVWDWLQ�� RFWUHRWLGH� KDV� EHHQ� XVHG�IRU� VHYHUDO� \HDUV� DV� KRUPRQDO� WKHUDS\� LQ� SDWLHQW�ZLWK� FDUFLQRLG� V\QGURPH�� ,����� �.YROV� HW� DO����������7F���P��0DLQD�HW�DO��������� ,Q������<�����-RQJ�HW�DO����������<�����5|VFK�HW�DO����������&X���� �$QGHUVRQ� HW� DO��� ������ ODEHOHG� GHULYDWLYHV� RI�RFWUHRWLGH� KDYH� EHHQ� SUHSDUHG� DQG� XVHG� XVHG� WR�LPDJH� VRPDWRVWDWLQ� UHFHSWRU� SRVLWLYH� WXPRUV� LQ�KXPDQV��*D�����)URLGHYDX[�HW�DO��������DQG�)����*XKONH�HW�DO���������ODEHOHG�GHULYDWLYHV�KDYH�EHHQ�XVHG�IRU�3(7�VWXGLHV�2WKHU� UHFHSWRU� H[SUHVVLQJ� UDGLRODEHOHG� SHSWLGHV�ZHUH� VHDUFKHG� ZLWK� WKH� DLP� WR� GHYHORS�UDGLRSHSWLGHV� IRU� LQ� YLYR� WDUJHWLQJ� VXFK� DV� D�PHODQRF\WH�VWLPXODWLQJ� KRUPRQH� �D�06+���%DJXWWL� HW� DO��� ������ %DUG�� ������� YDVRDFWLYH�LQWHVWLQDO�SHSWLGH��9,3���5DR�HW�DO��������7KDNXU�HW�DO��� ������� VXEVWDQFH� 3� �63�� �%UHHPDQ� HW� DO���������� FKROHRF\VWRNLQLQ�%� �&&.�%�� �%HKU� HW� DO���������(UWD\�HW�DO����������JDVWULQ��QHXURWHQVLQ��17���%HUJPDQ� HW� DO��� ������ *DUFLD�*DUD\RD� HW� DO���������� ERPEHVLQ� �%1�� �%UHHPDQ� HW� DO��� �������7KH\� DUH� DOO� UHJXODWRU\� JXW�EUDLQ� SHSWLGHV� ZLWK�PXOWLSOH�IXQFWLRQV�LQ�WKH�JDVWURLQWHVWLQDO�WUDFW�DQG�WKH�FHQWUDO�QHUYRXV�V\VWHP�

$OD�*O\�&\V�/\V�$VQ�3KH�3KH�7US
&\V�6HU�7KU�3KH�7KU�/\V

6RPDWRVWDWLQ �65,)�
'�3KH�&\V�3KH�'�7US

&\V�7KU �/\V7KU�RO��
2FWUHRWLGH �6DQGRVWDWLQ�

)LJXUH� �� � 6WUXFWXUDO� IRUPXODV� RI� VRPDWRVWDWLQ� �65,)��DQG�RFWUHRWLGH��6DQGRVWDWLQ£�
(Q]\PDWLF�0HFKDQLVPV�'LIIHUHQWLDO� DFWLYDWLRQ� RI� WXPRU� FHOOV� E\� ODEHOHG�SURGUXJV� FDQ� EH� DFKLHYHG� E\� VRPH� NLQG� RI�HQ]\PHV�� 6RPH� HQ]\PDWLF� DFWLYLWLHV� DUH� KLJKHU�OHYHO� LQ� VRPH� WXPRU� FHOOV� DFFRUGLQJ� WR� QRUPDO�FHOOV�� 7KH� HOHYDWHG� DFWLYLW\� RI� EHWD �JOXFXURQLGDVH�LQ� WXPRUV� KDV� EHHQ� D� VXEMHFW� RI� VHYHUDO�LQYHVWLJDWLRQV��,W� LV�NQRZQ�WKDW�VRPH�WXPRUV�KDYH�KLJKHU� HQ]\PH� JOXFXURQLGDVH� DFWLYLWLHV� �8QDN��������� 5DGLRODEHOHG� *OXFXURQLGH� GHULYDWLYHV� RI�VRPH� UDGLRWR[LF� DJHQWV� FDQ� EH� JRRG� FDUULHUV� IRU�WKLV� NLQG� RI� WXPRUV�� ,Q� WKLV� FRQWH[W�� IROORZLQJ�FULWHULD� VKRXOG� EH� VXSSOLHG� LQ� SURGUXJ� GHVLJQ��8QDN��������
x 7KH� SURGUXJ� PXVW� EH� FRQVLGHUDEO\� OHVV� WR[LF�WKDQ�LWV�DFWLYH�IRUP�x 7KH�W\SH�RI�WXPRU�LQYHVWLJDWHG�DQG�EH�WDUJHWHG�E\� WKH� SURGUXJ� PXVW� FRQWDLQ� WKH� DFWLYDWHG�HQ]\PH�� DQG� WKLV� VKRXOG�EH�DEVHQW�RU� LQ�PXFK�ORZHU� FRQFHQWUDWLRQ� LQ� DOO� FRUUHVSRQGLQJ�QRUPDO� FHOOV�� 7KH� SURGUXJ� PXVW� EH� VXLWDEOH�VXEVWUDWH� IRU� WKH� HQ]\PH� XQGHU� SK\VLRORJ LFDO�FRQGLWLRQV�x 7KH� DFWLYH� IRUP�RI�SURGUXJ�PXVW�KDYH� D� VKRUW�ELRORJLFDO�KDOI�OLIH�VR�WKDW�WKH�WR[LF�HIIHFWV�DUH�OLPLWHG� WR� WKH� WXPRU�� VHOHFWLYHO\� LV�QRW� ORVW�E\�LWV�GLIIXVLRQ�DZD\�IURP�WKH�WXPRU�
$JO\FRQ� ZKLFK� VKRXOG� EH� PRUH� WR[LF� WKDQ�JOXFXURQLGH�GHULYDWLYH�LV�DFFXPXODWHG�LQ�WKH�WXPRU�FHOO� DIWHU� GHJOXFXURQLGDWLRQ� DQG� WXPRU� FHOO� LV�H[SRVHG� E\� WZR� NLQGV� RI� WR[LFLWLHV�� UDGLRWR[LFLW\�
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FRPHV� IURP� WKH� SURSHU� UDGLRQXFOLGH�� DQG� WKH�FKHPLFDO� WR[LFLW\� FRPHV� IURP� WKH� DJO\FRQ��)LVKPDQ� UHSRUWHG� ILUVW� WLPH�KXPDQ�FDQFHU WLVVXHV�DUH� UHODWLYHO\� ULFK� LQ� E�JOXFXURQLGDVH� �)LVKPDQ������� ������� ,Q� ����� %LFNHU� UHSRUWHG� WKDW� � �K\GUR[\TXLQROLQH� JOXFXURQLGH� DFFXPXODWHG� WKUHH�RU� IRXU� WLPHV� KLJKHU� LQ� VSLQGOH �VKDSHG� VDUFRPD�WXPRU�DFFRUGLQJ�WR�QRUPDO�WLVVXHV��%LFNHU���������$QWLERG\�GLUHFWHG� HQ]\PH� SURGUXJ� WKHUDS\��$'(37�� LV� FDOOHG� WKH� VSHFLILF� DFWLYDWLRQ� RI� D�SURGUXJ�E\�DQ�HQ]\PH�LPPXQRFRQMXJDWH�ORFDOL]HG�LQ� WXPRU� WLVVXH��7KH� XVH� RI� DQ� HQ]\PH�RI�KXPDQ�RULJLQ� VXFK� DV� KXPDQ� E�JOXFXURQLGDVH� LV�SUHIHUDEOH� LQ� $'(37� EHFDXVH� LW� PLJKW� QRW� EH�LPPXQRJHQLF� ZKHQ� DGPLQLVWHUHG� WR� SDWLHQWV��+RXED� HW� DO� V\QWKHVL]HG� IRXU� QHZ� JOXFXURQLGH�GHULYDWLYH� RI� GDXQRUXELFLQ� DQG� LQYHVWLJDWHG� WKHLU�XVHIXOQHVV�LQ�$'(37��+RXED�HW�DO����������:DQJ�HW� DO� SURSRVHG� D� JOXFXURQLGH� SURGUXJ� WKDW� FDQ� EH�HQ]\PDWLFDOO\�FRQYHUWHG WR�DQ�DQWLQHRSODVWLF�DJHQW�DW� WXPRU� FHOOV� WKDW� DUH� DEOH� WR� ELQG� E�JOXFXURQLGDVH�PRQRFORQDO� DQWLERG\� FRQMXJDWHV��7KH� JOXFXURQLGH� SURGUXJ� %+$0*�� WKH� WHWUD �Q�EXW\O� DPPRQLXP� VDOW� RI� �S�GL�FKORURHWK\ODPLQRSKH\O �E�JOXFRS\UDQRVLG�� XURQLF�DFLG��ZDV�����WLPHV�OHVV WR[LF�WKDQ�WKH�SDUHQW�GUXJ��1�1�GL���FKORURHWK\O���K\GUR[\DQLOLQH�� WR+HS*��KXPDQ� KHSRWRPD� FHOOV� DQG� RYHU� ����� IROG� OHVV�WR[LF� WKDQ� SDUHQW� GUXJ� WR� $6���'� UDW� KHSRWRPD�FHOOV� LQ� YLWUR� �:DQJ� HW� DO��� ������� 2Q� WKH� RWKHU�KDQG�� JOXFXURQLGH� GHULYDWLYHV� RI� FHUDPLG H��6FKPHO]�HW�DO����������GH[DPHWKDVRQH��+DHEHUOLQ�HW� DO��� ������� UHWLRQR\O� �%DUXD�� ������� KDYH� EHHQ�SURSRVHG�IRU�WKH�WUHDWPHQW�RI�FRORQ�FDUVLQRJHQHVLV��,����� ODEHOHG� GHULYDWLYHV� RI� � �K\GUR[\TXLQROLQH�JOXFXURQLGH� KDV� DOVR� EHHQ� UHSRUWHG� �8QDN� DQG�8QDN��������8QDN�DQG�8QDN�����D������1DSKWRTXLQRQH� GLSKRVSKRQDWH� �6\QNDYLW��ZKLFK� LV� D� YLWDPLQ� .�� GHULYDWLYH� LV� DQRWKHU�FRPSRXQG� VHOHFWLYHO\� DFFXPXODWH� LQ� FHUWDLQ�WXPRUV� DV� D� FRQVHTXHQFH� RI� ELQGLQJ� WR� WKH� FHOO�PHPEUDQH� DVVRFLDWHG� DONDOLQH� SKRVSKRWDVH�LVRHQ]\PH� RQFR�$3DVH� �$QGUHZV� HW� DO��� ������%URZQ�DQG�0LWFKHOO��������'HQG\��������=DOXWVN\�DQG� 9DL\DQDWKDQ�� ������ $FFRUGLQJ� WR� WKHVH�DXWKRUV�� DONDOLQH� SKRVSKRWDVH� GHSKRVSKRU\ODWHV�V\QNDYLW�RQ�WKH�FHOO�PHPEUDQH��DQG�WKH�UHVW�RI�WKH�PROHFXOH� LQFRUSRUDWHV� LQWR� WKH� FHOO�� / DEHOHG�GHULYDWLYHV�RI� V\QNDYLW�ZLWK�+���� ,�����,������7F���P� DQG� $W����� GHULYDWLYHV� KDYH� EHHQ� UHSRUWHG��$QGUHZV�HW� DO��� ������%URZQ�HW� DO���������(UFDQ��

HW� DO��� ������2]GHPLU� DQG�8QDN��������8QDN�DQG�8QDN���������
*HQH�7KHUDS\
*HQH� WKHUDS\� RIIHUV� VHYHUDO DSSURDFK� WR� WKH�WUHDWPHQW�RI�FDQFHU�� LQFOXGLQJ� WKH� LQWURGXFWLRQ�RI�JHQHV� WKDW� ZLOO� HQFRGH� IRU� PROHFXODU� WDUJHWV� QRW�QRUPDOO\� IRXQG� LQ� PDPPDOLDQ� FHOOV�� 7KH� DLP� RI�JHQH� WKHUDS\� WDUJHWHG� WR� FDQFHU� FHOOV� LV� WR�LQWURGXFH� �VXLFLGH�� JHQHV�� WR� WUDQVIHU� WXPRU�VXSSUHVVRU�JHQHV�� WR� LQDFWLYDWH�DEHUUDQW�RQFRJHQH�H[SUHVVLRQ�� RU� WR� LQWURGXFH� JHQHV� HQFRGLQJ�LPPXQRORJLFDOO\�UHOHYDQW�PROHFXOHV��$OWKRXJK�QR�PDMRU� VXFFHVVHV� KDYH� EHHQ� UHSRUWHG�� WKH� SRVLWLYH�UHVXOWV� REVHUYHG� LQ� VRPH� SDWLHQWV� VXSSRUW� WKH�SRWHQWLDO� IRU� JHQH� WKHUDS\� LQ� WKH�PDQDJHPHQW� RI�WKLV�GLVHDVH�$� VXLFLGH� JHQH� LV� LQWURGXFHG� WR� FDQFHU� FHOOV�VHOHFWLYHO\� WR� WXPRU� FHOOV� WKHQ� D� UDGLRODEHOHG�SURGUXJ�ZKLFK�LV�QRQ�WR[LF�WR�WKH�QRUPDO�FHOOV�EXW�LV� WR[LF� WR� WXPRU� FHOOV� LV� DGPLQLVWHUHG� LQ� WKLV�WKHUDS\��7KH� VXLFLGH�SURFHV V�PRVWO\� LV� WKDW�EDVHG�RQ� WKH� LQVHUWLRQ� RI� D� YLUDO� NLQDVH� LQWR� WKH� WDUJHW�WLVVXH��ZKLFK�FDQ�WKHQ�WDNHQ�ELRDFWLYDWH�D�SURGUXJ�WR�D�F\WRWR[LF�GUXJ�WKDW�NLOOV�WKH�FHOO��$�QXPEHU�RI�FOLQLFDO� WULDOV� DURXQG� WKH� ZRUOG� DUH� EDVHG� RQ� WKH�LQWURGXFWLRQ� RI� WKH� +HUSHV� 6 LPSOH[� YLUXV� �+69��JHQH�WKDW�HQFRGHV�IRU�YLUDO�WK\PLG\ODWH�NLQDVH��WN���/DPEUHFKW� HW� DO�� ������:LHEH�� ������� 2QFH� WKH�JHQH� LV� H[SUHVVHG� LQ� WKH� WDUJHW� �FDQFHU�� FHOOV��µVXLFLGH¶� WKHUDS\¶� FDQ� EH� HIIHFWHG� VLPSO\� E\�DGPLQLVWHULQJ� D� VHOHFWLYH�� V\VWHPLFDOO\� QRQ �WR[LF�DQWLYLUDO� GUXJ� VXFK� DV� JDQFLFORYLU�� WKDW� LV� KLJKO\�WR[LF�WR�WKH�WUDQVHFWHG�FHOOV�WKDW�FDQ�ELRDFWLYDWH�LW�,Q� UHFHQW� \HDUV�� WKHUH� DUH� VRPH� DFKLHYHPHQWV� WR�FRPELQH� ZLWK� JHQH� WKHUDS\� ZLWK� WDUJHWHG� WXPRU�WKHUDS\� ZKLFK� LV� FDOOHG� DQWL �JHQH� UDGLRWKHUDS\��3DQ\XWLQ�HW�DO�� UHSRUWHG� WKDW�GRXEOH� VWUDQG�EUHDNV��'6%�� FDQ� EH� LQGXFHG� DW� FHUWDLQ� DSSURSULDWH�WULSOH[�IRUPLQJ� ROLJRQXFOHRWLGHV� �7)2�� DQG�WDUJHWV�� IUHTXHQFLHV� DSSURDFKLQJ� RQH� '6%�GHFD\��7)2V� OLQNHG� WR� $XJHU� HPLWWHUV� FDQ� EH� KLJKO\�HIIHFWLYH� PXWDJHQV� IRU� VLWH �VSHFLILF� GLVUXSWLRQ� RI�JHQH� IXQFWLRQ��2Q� WKH�RWKHU�KDQG��FRQFHUQLQJ� WKH�PHFKDQLVPV� RI� 66%� UHSDLU� LQGLFDWH� WKDW� QRQ �WDUJHWHG�� QRQ�'6%�� $XJHU� HIIHFW� LQGXFHG� '1$�GDPDJH� ZRXOG� EH� HIILFLHQWO\� UHSDLUHG� DQG�UHODWLYHO\�LQQRFXRXV��3DQ\XWLQ�HW�DO���������



8QDN��3�

%UD]LOLDQ�$UFKLYHV�RI�%LRORJ\�DQG�7HFKQRORJ\

���
'RVLPHWU\�LQ�7DUJHWHG�7XPRU�5DGLRWKHUDS\
6LQFH� WKH� ELRGLVWULEXWLRQ� DQG� SKDUPDFRNLQHWLF� RI�WKH� UDGLRQXFOLGHV� GLIIHU� DFFRUGLQJ� WR� ODEHOHG�PROHFXOH�� GRVH� FDOFXODWLRQV� RI� UDGLRQXFOLGH�WKHUDS\� LV�GLIIHUHQW� IURP�H[WHUQDO�WKHUDS\��2Q�WKH�RWKHU�KDQG��GRVH�GLVWULEXWLRQV� DUH�QRW�KRPRJHQRXV�LQ� UDGLRQXFOLGH� WKHUDS\� VLQFH� WKH� UDQJH� RI�SDUWLFXODU� UDGLDWLRQV� LV� WRR� VKRUW�� FRPSDULQJ�H[WHUQDO� WKHUDS\� EHDP�� ,Q� FRQWUDVW� WR�PRGXODWLRQ�RI� H[WHUQDO� UDGLDWLRQ� EHDP� JHRPHWU\�� WKH� VSDWLDO�GRVH� GLVWULEXWLRQ� LQ� UDGLRQXFOLGH� WKHUDS\� FDQ� EH�PRGXODWHG� E\� VHOHFWLRQ� RI� UDGLRSKDUPDFHXWLFDOV�ZLWK�YDU\LQJ�SKDUPDFRNLQHWLF��WKH�FDUULHU��DQG�WKH�UDGLDWLRQ� �WKH� UDGLRQXFOLGH�� FKDUDFWHULVWLFV��7KHUHIRUH�� WDUJHWHG� WXPRU� UDGLRWKHUDS\� KDV� DQ�LPSRUWDQW� SRWHQWLDO� LQ� WUHDWPHQW� SODQQLQJ� IRU� WKH�LQGXYLGXDO� SDWLHQW�� 8QIRUWXQDWHO\�� LQWHUQDO�UDGLRQXFOLGH�GRVLPHWU\�KDV�QRW� UHDFKHG�\HW� WR� WKH�VWDWH� WKDW� UDGLDWLRQ� GRVLPHWU\� KDV� UHDFKHG� IRU�H[WHUQDO� EHDP� DQG� VHDOHG� VRXUFH� EHFDXVH� RI� LWV�FRPSOH[LW\��7DEOH� �� VKRZV� VRPH� RI� WKH� UDGLRQXFOLGHV��ZKLFK�FDQ�EH�XVHG�IRU�WKHUDS\��6RPH�RI�WKH�UDGLRQXFOLGHV�VXFK� DV� 6F����� 5K������ ,Q������ ,������ ,������1G������ 3P������ 6P������ +R������ *G�����7E������(U������5H������5H������7O�����KDYH�SRWHQWLDOV�LQ�ERWK� WKHUDS\� DQG� GLDJQRVLV� VLQFH� WKH\� KDYH�DSSURSULDWH� GHFD\� FKDUDFWHULVWLFV� IRU� LPDJLQJ DQG�WKHUDSHXWLF�VWXGLHV��$OWKRXJK�WKH\�KDYH�WKHRUHWLFDO�WKHUDSHXWLFDOO\� SRWHQWLDOV�� ,Q ������ ,����� DQG� 7O����� DUH� FRPPRQO\� XVHG� DV� GLDJQRVWLF� QXFOLGHV��$OVR� +R����� KDV� JRRG� GHFD\� FKDUDFWHULVWLFV� IRU�GLDJQRVWLF� SXUSRVHV�� 7O ����� LV� D� UHPDUNDEOH�UDGLRQXFOLGH� ZKLFK� LV� XVHG� IRU� KHDUW� IXQFWLRQ�VWXGLHV�� ������ NH9� LV� HPLWWHG� SHU� GHFD\��$SSUR[LPDWHO\�KDOI�RI� WKLV�HQHUJ\� LV�GHSRVLWHG� LQ�FHOOXODU�UDQJH��7RWDO�HPLWWLQJ�QXPEHU�LV�������DQG�������JUDP�UDG�PLFURFXULH�KRXU�LV�GHOLYHUHG�LQ�WKH�FHOOXODU� UDQJH� �5DR� HW� DO��� ������ 8QDN�� HW� DO�������E��� 7KLV� DPRXQW� LV� DSSUR[LPDWHO\� ��� WLPHV�KLJKHU� FRPSDULQJ� WR� 7F���P� FHOOXODU� 6� YDOXH��8QDN�� HW� DO��� ����E��� 7O����� KDV� DOVR� EHHQ�VXJJHVWHG� IRU� WHVWLFXODU� LPDJLQJ� �+RVDLQ� HW� DO��������� VLQFH� D� VLJQLILFDQW� IUDFWLRQ� �������� RI� 7O �

���� LQWUDYHQRXVO\� LQMHFWHG� LQ�KXPDQV� LV� IRXQG� LQ�WKH�JRQDGV��ZKHUH�LW�KDV�D�ORQJ�ELRORJLFDO�KDOI �OLIH��+RZHYHU�� ZKHQ� 7O����� FRQFHQWUDWHG� LQ� PRXVH�WHVWHV��$XJHU�HOHFWURQV�IROORZLQJ�HOHFWURQ�FDSWXUH�GHFD\� DUH� IRXQG� WR� EH� PXFK� PRUH� HIIHFWLYH� LQ�FDXVLQJ� ORVV�RI� WHVWLFXODU�ZHLJKW�DQG�UHGXFWLRQ�RI�VSHUP�KHDGV�WKDQ�WKH�HQHUJHWLF�EHWD�SDUWLFOHV�IURP�VLPLODUO\�GLVWULEXWHG�7O������5DR�HW�DO���������7KH� VHOHFWLRQ� RI� WKH� RSWLPDO� UDGLRQXFOLGH� PD\�GHSHQG�RQ�WKH�GHWDLOV�RI�WKH�FOLQLFDO�VLWXDWLRQ��VXFK�DV�WKH�VL]H�DQG�W\SH�RI�WKH�WXPRU��DQG�WKH�SDUWLFXODU�FDUULHU�PROHFXOH�WR�EH�XVHG��'LUHFW�FRPSDULVRQV�RI�YDULRXV� UDGLRQXFOLGHV� DUH� UHTXLUHG� WR� LGHQWLI\� WKH�RSWLPDO� DSSURDFK��+RZHYHU�� WR� XVH� RI�$XJHU� DQG�FRQYHUVLRQ� HOHFWURQ� HPLWWHUV� DSSHDUV� WR� KDYH�VXEVWDQWLDO�DGYDQWDJHV�IRU�VLQJOH FHOO�NLOOLQJ��LQ�WKH�WKHUDS\� RI� PLFURPHWDVWDVHV�� 7XPRU� WKHUDS\� PD\�UHTXLUH�D�PL[WXUH�RI�UDGLRQXFOLGHV�LQWHQGHG�WR�NLOO�ERWK�VLQJOH�FHOOV�DQG� ODUJH� WXPRU�PDVVHV��0DWWHV��������� $XJHU� DQG� FRQYHUVLRQ� HOHFWURQV� FDQ� NLOO�FHOOV� HIIHFWLYHO\�� ZLWK� DW� OHDVW� �� ORJV RI� FHOO��&RQMXJDWHG� OLJDQGV� RQ� WKH� FHOO� VXUIDFH� DUH� RQO\�VOLJKWO\� OHVV� SRWHQW� WKDQ� FDUULHU� PROHFXOHV�LQWHUQDOL]HG� LQWR� WKH� F\WRSODVP�� DQG� WKLV� LV� DJUHH�ZLWK�WKHRUHWLFDO�FRQVLGHUDWLRQV��D�SDUWLFOHV�FDQ�NLOO�VLQJOH� FHOOV� YHU\� HIIHFWLYHO\�� EXW� WKH� VKRUW� KDOI �OLYHV� RI� WKH� DYDLODEOH� D�SDUWLFOH� HPLWWHUV� DUH�SUREDEO\� D� GLVDGYDQWDJH��+LJK� HQHUJ\� E�SDUWLFOHV�FDQ�DOVR�NLOO�VLQJOH�FHOOV� LI� WKH\�ELQG� LQ�VXIILFLHQW�DPRXQWV��EXW�WKH\�KDYH�D�GLVDGYDQWDJH�GXH�WR�WKHLU�QRQVSHFLILF�WR[LFLW\�$V� D� FRQVHTXHQFH�� LQ� RUGHU� WR� SH UIRUP� WDUJHWHG�WXPRU�UDGLRWKHUDS\�,W�LV�UHTXLUHG�WKDW�
x 7KH� UDGLRQXFOLGHV� VKRXOG� KDYH� DSSURSULDWH�GHFD\�FKDUDFWHULVWLFV��x &DUULHU�PROHFXOHV�VKRXOG�EH�VHOHFWLYH�IRU�WXPRU�FHOOV��x 'RVLPHWULF� DQG� PLFURGRVLPHWULF� FDOFXODWLRQV�VKRXOG� DFKLHYH� DSSURSULDWH� GRVHV� WR� NLOO� WKH�WXPRU�FHOOV�
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7DEOH�� � 'HFD\�0RGH�RI�VRPH�VHOHFWHG�UDGLRQXFOLGHV�5DGLR�1XFOLGH 0RGH�RI�'HFD\ +DOI�/LIH 'LDJQRVLV 7KHUDS\6F��� EoE������&(�J����� ����G � �&X��� E�(&oE�����&(��J�������; ���K � �*D��� (&o J������&(�;�$(������ ����G � �<��� EoE������; ����G � �7F���P ,7o J������&(�;�$(����� ����K � �5K���� EoE������&(��J����� ����G � �,Q���� (&o J����������&(�;�$(����� ����G � ��"�,���� (&o J������&(�;�$(����� �����K � ��"�,���� (&�o&(�;�$(������� ���G � �,���� EoE������&(�J������; ����G � �3U���� EoE������&(�J�������;�$( ���K � �1G���� EoE������&(�J������;�$(����� ���G � �3P���� EoE������&(�J�����;�$( ����G � �6P���� EoE������&(�J������;�$( ����G � �+R���� EoE������&(�J�����;�$(��������� ����G ��"� �*G���� EoE������&(�J������;�$( ���K � �7E���� EoE������&(�J�����;�$( ����K � �(U���� EoE������&(��J������;�$( ����K � �5H���� E�(&oE������&(�J������; ����G � �5H���� EoE������&(��J������; ���K � �7O���� (&o J������&(�;�$(������ ��G � ��"�$W���� (&�D�������;�$(����� ����K � �%L���� E��DoD�������������E������&(�$(����� ��� � �
5(6802
$� UDGLRWHUDSLD� WXPRU�VHOHWLYD� p� HVSHFLDOPHQWH�LQGLFDGD� QD� DGPLQLVWUDomR� GH� GRVHV� FXUDWLYDV� GH�UDGLDomR� TXH� LQWHUDJHP� GLUHWDPHQWH� QDV� iUHDV� GH�PDOLJQLGDGH�� 2� REMHWLYR� GHVWD� WHUDSLD� WXPRUDO�GLUHFLRQDGD� p� XVDU� UDGLRQXFOtGHRV� TXH� SRVVXDP�HPLVVmR�GH�SDUWtFXODV�GH�HOHYDGR�/(7�FRQMXJDGDV�j� PROpFXODV� FDUUHDGRUDV� DSURSULDGDV�� 2V�UDGLRQXFOtGHRV� VmR� VHOHWLYDPHQWH� FDSWDGRV� SHODV�FpOXODV� WXPRUDLV�� OLEHUDQGR� GRVHV� OHWDLV� SDUD� DV�FpOXODV� WXPRUDLV� HQTXDQWR� QmR� RFRUUH� OLEHUDomR�SDUD�DV�FpOXODV�QRUPDLV�(P� WHRULD�� D� UDGLRWHUDSLD� GLUHFLRQDGD� � WHP�YiULDV�YDQWDJHQV�VREUH�D�UDGLRWHUDSLD�FRQYHQFLRQDO���SRLV�SHUPLWH� TXH� XPD� DOWD� GRVH� GH� UDGLDomR� VHMD�DGPLQLVWUDGD� VHP�FDXVDU� WR[LFLGDGH�SDUD�R� W HFLGR�QRUPDO�� HPERUD� H[LVWDP� DOJXPDV� OLPLWDo}HV� QD�GLVSRQLELOLGDGH�GH�DJHQWHV�FRP�DOYRV�HVSHFtILFRV�H�QR� FiOFXOR� GD� GRVH� DGPLQLVWUDGD��&RQVHTXHQWHPHQWH�� SDUD� DSOLFDo}HV� FOtQLFDV�URWLQHLUDV�p� DLQGD�QHFHVViULR�XP�PDLRU�SURJUHVVR��1HVWH� DUWLJR�� R� XVR� SRWHQFLDO� GD� UDGLRWHUDSLD�WXPRU�VHOHWLYD� p� EUHYHPHQWH� UHYLVWR�� 7DPEpP�UHVXPLUHPRV�DOJXQV�DVSHFWRV�H�FRQVLGHUDo}HV�PDLV�

JHUDLV�� WDLV� FRPR� UDGLRQXFOtGHRV� SRWHQFLDLV� H� RV�PHFDQLVPRV�GH�GLUHFLRQDPHQWR�DR�WXPRU�
5()(5(1&(6
$GHOVWHLQ�� 6�� -�� �������� %LRSK\VLFDO� DVSHFWV� RI� $XJHU�SURFHVVHV��$�UHYLHZ�RI� WKH� OLWHUDWXUH��,Q� %LRSK\VLFDO�$VSHFWV� RI� $XJHU� 3URFHVVHV�� HGV�� +RZHOO�� 5�� :��1DUUD�� 9�� 5�� 6DVWU\�� .�� 6�� 5�� 5DR� '�� 9��$P�� $VV��3K\V��,Q�0HG��6\P��6HULHV������������$QGHUVRQ��&��-���3HMHX��7��6���(GZDUGV��%���6KHUPDQ��(�/��&���5RJHUV��%��(��DQG�:HOFK��0��-����������,Q�9LWUR�DQG� ,Q� 9LYR� (YDOXDWLRQ� RI� &RSSHU����2FWUHRWLGH�&RQMXJDWHV��-��1XFO��0HG�����������������$QGUHZV��.��-��0���%XOWLWXGH��)���(YDQV��(��'���*URQRZ��0��� /DPEHUW�� 5�� :�� DQG� 0DUULDQ�� '�� +�� �������� $�UDGLRDFWLYH� GUXJ� ��PHWK\O���WULWLR�����QDSKWKRTXLQRQ�ELV�GLVRGLXP� SKRVSKDWH�� DQG� ��PHWK\O�������WULWLR�����QDSKWKRTXLQRO�ELV�GLVRGLXP�SKRVSKDWH���-��&KHP��6RF�������������%DJXWWL�� &��� 6WRO]�� %��� $OEHUW�� 5��� %UXQV�� &��� 3OHVV�� -��DQG� (EHUOH�� $�� 1�� �������� >,Q����@�'73$�/DEHOHG�$QDORJV� RI� $OSKD�0HODQRF\WH�6WLPXODWLQJ� +RUPRQH�IRU� 0HODQRPD� 7DUJHWLQJ�5HFHSWRU�%LQGLQJ� LQ�YLWUR�DQG�LQ�YLYR��,QW��-��&DQFHU����� �����������



8QDN��3�

%UD]LOLDQ�$UFKLYHV�RI�%LRORJ\�DQG�7HFKQRORJ\

���
%DUG�� '�� 5�� �������� $Q� ,PSURYHG� ,PDJLQJ� $JHQW� IRU�0DOLJQDQW�0HORQRPD�� %DVHG� RQ� >1/(� ����� '�3KH���@$OSKD�0HODQRF\WH� 6WLPXODWLQJ� +RUPRQH��1XFO��0HG��&RPPXQ����� ����������������%DUXD�� $�� %�� �������� 5HWLQR\O�E�'�JOXFXURQLGH�� $�%LRORJLFDOO\�DFWLYH�IRUP�RI�YLWDPLQ�$��1XWU��5HY���������������%HKU�� 7�� 0��� -HQQHU�� 1��� %HKU�� 0��� $QJHUVWHLQ�� &���*UDW]�� 6��� 5DXH� )�� DQG� %HFNHU�� :�� ��������5DGLRODEHOHG� SHSWLGHV� IRU� WDUJHWLQJ�&KROHF\VWRNLQLQ�%�*DVWULQ�5HFHSWRU�([SUHVVLQJ�WXPRUV��-��1XFO��0HG�����������������%HQKDUG�� 3��� )RUVHOO�$URQVVRQ�� (��� -DFREVVRQ�� /�� DQG�6NDUQHPDN��*�� ��������/RZ�HQHUJ\� HOHFWURQ�HPLWWHUV�IRU� WDUJHWHG� UDGLRWKHUDS\� RI� VPDOO� WXPRUV�� $FWD�2QFRORJLFD���� ���������������%HUJPDQQ�� 5��� 6FKHXQHPDQQ�� 0��� +HLFKHUW�� &���0DGLQJ�� 3��� :LWWULVFK�� +��� .UHW]VFKPDU�� 0��� 5RGLJ��+���7RXUZH��'��� ,WHUEHNH��.���&KDYDWWH��.���=LSV��'���5HXEL�� -�� &�� DQG� -RKDQQVHQ�� %�� ��������%LRGLVWULEXWLRQ� DQG� &DWDEROLVP� RI� ��)�ODEHOHG�QHXURWHQVLQ�������� $QDORJV�� 1XFO�� 0HG�� %LRO��� ������������%LFNHU�� 8�� �������� $SSOLFDWLRQ� RI� E�'�*OXFXURQLGHV�DQG� *OXFRVH� WRJHWKHU� VXJJHVW� D� QHZ� GLUHFWLRQ� IRU�FDQFHU�FKHPRWKHUDS\��1DWXUH� �������������%UHHPDQ��:��$��3���9DQ+DJHQ��0��3���9LVVHU:LVVHODDU��+�� $��� YDQ� GHU� 3OXMLP�� 0�� (��� .RSHU�� -�� :���6HW\RQR+DQ��%���%DNNHU��:��+���.ZHNNHERP��'�� -���+D]HQEHUJ��0��3���/DEHUWV��6��-��-���:LVVHU��7��-��DQG�.UHQQLJ��(��3����������,Q�YLWUR�DQG�LQ�YLYR�6WXGLHV�RI�6XEVWDQFH� 3� 5HFHSWRU� ([SUHVVLQJ� LQ� 5DWV� ZLWK� WKH�QHZ��$QDORJ�>LQGLXP�����'73$�$UJ���@VXEVWDQFH�3��-��1XFO��0HG����� ���������������%UHHPDQ�� :�� $�� 3��� 'H� -RQJ�� 0��� %HUQDUG�� %�� )���.ZHNNHERRP��'�� -��� 6ULQLYDVDQ��$��� YDQ� GHU� 3OXLMP��0��(���+RIODQG��/��-���9LVVHU��7��-��DQG�.UHQQLQJ��(��3�� �������� 3UH�FOLQLFDO� HYDOXDWLRQ� RI� >,Q�����'73$�3UR����� 7\U���@� ERPEHVLQ�� D� QHZ� UDGLROLJDQG� IRU�ERPEHVLQ�UHFHSWRU� VFLQWLJUDSK\�� ,QW�� -�� &DQFHU�� �� ���������������%URZQ�� ,�� DQG� 0LWFKHOO�� -�� 6�� �������� ���,��������0HWK\O�����QDSKWKRTXLQRQ�ELV�GLVRGLXP� SKRVSKDWH���D�QHZ�SRWHQWLDO�DQWL�WXPRU�GUXJ��-��&KHP��6RF��&KHP��&RPPXQ���������������%URZQ�� ,� �������� ���,�����LRGR����0HWK\O�����QDSKWKRTXLQRQ�ELV�GLOLWKLXP� SKRVSKDWH��� V\QWKHVLV� RI�KLJK� VSHFLILF� DFWLYLW\� FRPSRXQG� IRU� DQWL�FDQFHU�WKHUDS\��5DGLRFKHP��5DGLRDQDO��/HWW�� ������������&KDUOWRQ�� '�� (�� DQG� %RR]�� -�� �������� $� 0RQWH� &DUOR�7UHDWPHQW� RI� WKH� 'HFD\� RI� � ,������5DGLDW�� 5HV�������������&KDUOWRQ�� '�� (��� +RIHU�� .�� *��� 9DQORRQ�� 1�� DQG�6FKQHLGHUPDQ�� 0�� +�� �������� 'RXEOH�VWUDQG� %UHDNV�IURQ� ,����� ,QFRUSRUDWHG� LQ� WKH�'1$�DQG�&HOO�'HDWK��,QW��-��5DGLDW��%LRO����� ���������������
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+RVDLQ�� )��� +RVDLQ�� 3�� DQG� 6SHQFHU�� 5�� 3�� ��������7HVWLFXODU� ,PDJLQJ�ZLWK�7�����DQG�&RPSDULVRQ�ZLWK�RWKHU�UDGLRQXFOLGHV��-��1XFO��0HG���������������+RXED�� 3�� +�� -��� /HHQGHUV�� 5�� *�� *��� %RYHQ�� (���6FKHHUHQ�� -��:��� 3LQHGR�� +��0�� DQG�+DLVKPD�� +�� -���������� &KDUDFWHUL]DWLRQ� RI� 1RYHO� $QWUDF\FOLQH�3URGUXJV� $FWLYDWHG� E\� +XPDQ� E�JOXFXURQLGDVH� IRU�8VH� LQ�$QWLERG\�'LUHFWHG�(Q]\PH�3URGUXJ�7KHUDS\��%LRFKHP��3KDUP� ������������+XJKHV��$���*DWOH\��6�� -��DQG�'HVRPEUH��(��5�� ��������&RPSDULVRQ�RI� WKH�'LVWULEXWLRQ�RI�5DGLRLRGLQDWHG�(���D�,RGRYLQ\O���E�0HWKR[\HVWUDGLRO�DQG���,RGR�����ELV���+\GUR[\SKHQ\OHQH� (VWURJHQV� LQ� WKH� ,PPDWXUH�)HPDOH�5DW��-��1XFO��0HG���������������,OOLGJH�� 7�� 0�� DQG� %URFN�� 6�� ��������5DGLRLPPXQRWKHUDS\� RI� FDQFHU�� 8VLQJ� PRQRFORQDO�DQWLERGLHV� WR�WDUJHW�UDGLRWKHUDS\��&XUU��3KDUP��'HV����� ������������������-RQJ��0���%DNNHU��:��+���.UHQQLJ��(��3��%UHHPDQ��:��$�� 3��� 3OXMLP��0�� (��� %HUQDUG�� %�� )���9LVVHU�� 7��+���-HUPDQ�� (��� %HKH��0��� 3RZHOO�� 3�� DQG�0DFNH��+�� 5���������� <WWULXP���� DQG� LQGLXP���� /DEHOOLQJ��5HFHSWRU�ELQGLQJ�DQG�%LRGLVWULEXWLRQ�RI�>'27$q��'�3KH��� 7K\�@2FWUHRWLGH�� $� 3URPLVLQJ� 6RPDWRVWDWLQ�$QDORJXH� IRU� 5DGLRQXFOLGH� 7KHUDS\�� (XU�� -�� 1XFO��0HG���������������-RQVRQ��6��'��DQG�:HOFK��0��-����������3(7�LPDJLQJ�RI�EUHDVW� FDQFHU�ZLWK� IOXRULQH����UDGLRODEHOHG�HVWURJHQV�DQG�SURJHVWLQV��4XDW��-��1XFO��0HG�������������������.DLUHPR��.��-��$����������5DGLRLPPXQRWKHUDS\�RI�VROLG�FDQFHUV��$FWD�2QFRORJLFD���� ���������������.DUDJLQQLV��7��&���/REDFKHYVN\��3��1��DQG�0DUWLQ��5��)���������� &\WRWR[LFLW\� RI� DQ� ,�����ODEHOOHG� '1$�/LJDQG��$FWD�2QFRORJLFD� �� ���������������.DVVLV�� $�� ,�� $QG�$GHOVWHLQ�� 6�� -�� �����D��� 3UHFOLQLFDO�VWXGLHV�ZLWK� UDGLRLRGHR[\XULGLQH��-��1XFO��0HG����� �������6���6���.DVVLV�� $�� ,��� 7XPHK�� 6�� 6��� :HQ�� 3�� <�� &���%UDUDQRZVND�.RUW\OHZLF]��-���9DQGHQDEEHHOH��$��'���=LPPHUPDQQ��5��(���&DUYDOKR��3��$���*DUDGD��%��0���'H6LVWR�� :�� &��� %DLOH\�� 1�� 2��� &DVWURQRYR�� )�� 3���0DULDQL�� *��� %ODFN�� 3�� 0�� DQG� $GHOVWHLQ�� 6�� -�������E��� ,QWUDWXPRUDO�DGPLQLVWUDWLRQ�RI��>,����@,RGR��¶�'HR[\XULGLQH� LQ� D� SDWLHQWV� ZLWK� D� EUDLQ� WXPRU�������-��1XFO��0HG����� �������6���6���.DVVLV�� $�� ,��� :DOLFND�� 0�� $�� DQG� $GHOVWHLQ�� 6�� -���������� 'RXEOH�VWUDQG� EUHDN� \LHOG� IROORZLQJ� ,�����GHFD\�(IIHFWV� RI� '1$� FRQIRUPDWLRQ�� $FWD�2QFRORJLFD���� ���������������.YROV��/��.���%URZQ��0��/���2¶FRQQRU��0��.���+XQJ��-��&���+D\RVWHN��5��-���5HXEL��-��&��DQG�/DPEHUWV��6��:��-�� ��������(YDOXDWLRQ�RI�D�5DGLRODEHOHG�6RPDWRVWDWLQ�$QDORJ� �,����� 2FWUHRWLGH�� LQ� WKH� 'HWHFWLRQ� DQG�/RFDOL]DWLRQ� RI� &DUFLQRLG� DQG� ,VOHW� &HOO� 7XPRUV��5DGLRORJ\���������������
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