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,Q�DGGLWLRQ�WR�WKH�DERYH�FRQVLGHUDWLRQV�IRU�KLJK�URWDWLRQ�VSHHGV�LQ�WKH�ODUJHU�FDSDFLW\
GULYHV�LW�LV�EHFRPLQJ�PRUH�LPSRUWDQW�WR�KDYH�PHGLD�DQG�KHQFH�WKH�VXEVWUDWH�ZLWK�D�GXUDEOH
VXUIDFH�WR�ZLWKVWDQG�WKH�HIIHFWV�RI�KDQGOLQJ�

,Q�WKLV�SDSHU�ZH�ZLOO�GHVFULEH�WKH�FKHPLVWU\�RI�DQ�DGYDQFHG�UHDFWHG�PHWDO�PDWUL[
FRPSRVLWH�ZKLFK�RIIHUV�D�VROXWLRQ�WR�WKH�KLJK�URWDWLRQ�LVVXHG�DV�ZHOO�DV�D�GXUDELOLW\
HTXLYDOHQW�WR�JODVV�
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DOXPLQXP���ERURQ��DQG�FDUERQ�FRQWDLQLQJ�SKDVHV�ZKLFK�DUH�SURGXFHG�LQ�VLWX�DV�D�UHVXOW�RI
FKHPLFDO�UHDFWLRQV�EHWZHHQ�ERURQ�FDUELGH�DQG�DOXPLQXP���7KH�XQLTXH�IHDWXUH�RI�WKH
PDWHULDO�LV�LWV�WDLORUDELOLW\�ZLWK�D�VSHFLILF�VWLIIQHVV�DERXW�����WLPHV�KLJKHU�WKDQ�WKH�FXUUHQWO\
HPSOR\HG�DOXPLQXP���%\�YDU\LQJ�FRPSRVLWLRQ�DQG�SURFHVVLQJ��LW�FDQ�EH�SURGXFHG�ZLWK
SURSHUWLHV�DQG�PLFURVWUXFWXUHV�GHVLJQHG�IRU�WKH�VSHFLILF�DSSOLFDWLRQV�ZLWK�GHQVLW\�UDQJHV
IURP������WR������J�FF��VWLIIQHVV�IURP�����WR�����*3D��KDUGQHVV�IURP�����WR������NJ�PP��
IOH[XUH�VWUHQJWK�IURP�����WR�����03D��DQG�IUDFWXUH�WRXJKQHVV�IURP���WR����03D�P������7KH
SUHVHQFH�RI�PHWDO�LPSURYHV�GDPSHQLQJ�DQG�SURYLGHV�H[FHOOHQW�HOHFWULFDO�FRQGXFWLYLW\��ERWK
RI�ZKLFK�DUH�SURSHUWLHV�RI�LQWHUHVW�IRU�DOWHUQDWLYH�VXEVWUDWHV�

2WKHU�$OXPLQXP�%RURQ�&DUELGH��$O%&��GLVN�GULYH�FRPSRQHQWV�DUH�FXUUHQWO\�XQGHU
GHYHORSPHQW�DQG�LQFOXGH�VSDFHUV�DV�ZHOO�DV�DFWXDWRUV���7KH�JHQHUDO�PHWKRG�RI�SURGXFWLRQ�RI
WKH�VXEVWUDWHV�DQG�FRPSRQHQWV�LV�EDVHG�RQ�FHUDPLF�SURFHVVHV�VLPLODU�WR�WKRVH�XVHG�WR
SURGXFH�,&�VXEVWUDWHV�IRU�WKH�VHPLFRQGXFWRU�LQGXVWU\���JUHHQ�WDSH�SURGXFWLRQ�ZLWK�SXQFKLQJ
RU�LQMHFWLRQ�PROGLQJ�ZLWK�VXEVHTXHQW�ILULQJ���,Q�WKH�FDVH�RI�$O%&�D�QHZ�VWHS�KDV�EHHQ�DGGHG�
L�H��UHDFWLRQ�RI�DOXPLQXP�PHWDO�WR�SURGXFH�WKH�$O%&�PDWHULDOV�

'XH�WR�WKH�W\SH�RI�FKHPLVWU\�LW�LV�SRVVLEOH�WR�SURGXFH�D�YDULHW\�RI��GLIIHUHQW�
PDWHULDOV�ZKLFK�DUH�PDQLIHVWHG�ZLWK�YDU\LQJ�PRGXOXV��IUDFWXUH�WRXJKQHVV��HWF���6LQFH



KDUGQHVV�DQG�VWLIIQHVV�DUH�FULWLFDO�SURSHUWLHV��LW�LV�LPSRUWDQW�WR�XQGHUVWDQG�WKDW�WKHVH
SURSHUWLHV�DUH�FRQWUROODEOH���$V�FDQ�EH�VHHQ�LW�LV�SRVVLEOH�WR�SURGXFH�D�PRGXOXV�UDQJH�IURP
DERXW���������*3D�ZKLFK�WUDQVODWHV�WR�D�FRQWUROODEOH�VWLIIQHVV�DQG�IXQGDPHQWDO�UHVRQDQFH
IUHTXHQF\��WKH�ODWWHU�EHLQJ�FDOFXODWHG�E\�(TXDWLRQ��
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DQG�D�DQG�E�DUH�WKH�RXWHU�DQG�FODPSLQJ�UDGLXV��UHVSHFWLYHO\���7KLV�LV�VKRZQ�IRU�WKH
���PP�VXEVWUDWHV�HPSOR\HG�IRU�KLJK�HQG�DSSOLFDWLRQV�

6XEVWUDWHV
6XEVWUDWH�VWLIIQHVV�DQG�UHVRQDQFH�IUHTXHQFLHV�DUH�FULWLFDO�SDUDPHWHUV�IRU�WKH����PP

IRUP�IDFWRU�PHGLD�DQG�LW�LV�LPSRUWDQW�WR�XQGHUVWDQG�WKH�LPSRUWDQFH�RI�VSHFLILF�PRGXOXV�
ZKLFK�LV�GHQRWHG�E\�Ε/ρ��LV�WR�WKHVH�WZR�SURSHUWLHV���6LPSOLILHG�IRUPV�RI�WKHVH�WZR
SDUDPHWHUV�DUH�VKRZQ�LQ�(TXDWLRQ���DQG���EHORZ���([SDQGHG�IRUPV�RI�WKHVH�H[SUHVVLRQV
XVHG�IRU�GHWDLOHG�PRGHOLQJ�DUH�DYDLODEOH�����EXW�IRU�WKH�SUHVHQW�GLVFXVVLRQV�WKHVH�UHGXFHG
IRUPV�ZLOO�VXIILFH�
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,W�LV�DOVR�LPSRUWDQW�WR�QRWH�WKDW�WKH�VWLIIQHVV�LV�GHSHQGHQW�RQ�WKH�FXEH�RI�WKH
WKLFNQHVV���$V�FDQ�EH�VHHQ�E\�WKH�UHGXFHG�HTXDWLRQV��Ε/ρ�LV�YHU\�LPSRUWDQW�DQG�LV
UHSUHVHQWHG�IRU�DOO�WKH�FRPSHWLWLYH�PDWHULDOV�ZLWK�WKH�FXUUHQWO\�HPSOR\HG�DOXPLQXP�LQ
FRPSDULVRQ�WR�WKH�DOWHUQDWLYH�KLJK�SHUIRUPDQFH�PDWHULDOV�VXFK�DV�$O%&�DQG�6L&���7KLV
VSHFLILF�VWLIIQHVV�GHQRWHG�DV�Ε/ρ�FDQ�DOVR�EH�PRGHOHG�WR�UHSUHVHQW�WKH�UHODWLYH�GLIIHUHQFH�LQ
YDULRXV�VXEVWUDWH�PDWHULDOV�DV�D�IXQFWLRQ�RI�VSHFLILF�PRGXOXV�DQG�WKLFNQHVV�

7KH�VWLIIQHVV�RU�GHIOHFWLRQ�DV�VKRZQ�LV�IXQFWLRQ�RI�WKLFNQHVV�DQG�VSHFLILF�PRGXOXV
IRU�D����PP�GLVN�LQ�WKH�FRQILJXUDWLRQ�VKRZQ���$V�FDQ�EH�VHHQ�WKH�KLJKHU�Ε/ρ�PDWHULDOV�DOORZ
WKH�XVH�RI�PXFK�WKLQQHU�VXEVWUDWHV�LI�WKHUH�LV�D�QHHG�DQG�KHQFH�WKH�SRWHQWLDO�RI�KLJKHU�PHGLD
SRSXODWLRQ�IRU�D�VSHFLILF�GULYH�KHLJKW���$QRWKHU�LPSRUWDQW�FRQVLGHUDWLRQ�IRU�KLJK�HQG�GULYHV
LV�IXQGDPHQWDO�UHVRQDQFH�DQG�RYHUWRQHV��WKH�IRUPHU�EHLQJ�GHVFULEHG�LQ�(TXDWLRQ���ZKLFK�LV
VROYHG�IRU�YDU\LQJ�VSHFLILF�PRGXOXV
�DQG�VKRZQ���$V�FDQ�EH�VHHQ��WKH�IXQGDPHQWDO�UHVRQDQFH
IUHTXHQF\�LV�GUDPDWLFDOO\�DIIHFWHG�E\�YDU\LQJ�Ε/ρ�



1DWXUDOO\��WKH�FRQWUROOLQJ�SURSHUW\�IRU�VWLIIQHVV��IXQGDPHQWDO�UHVRQDQFH��DQG
RYHUWRQH�KDUPRQLFV�LV�VSHFLILF�PRGXOXV��ZKLFK�UDQJHV�IRU�WKH�PDWHULDOV�LQ�TXHVWLRQ�DERXW���
*3D�IRU�$OXPLQXP�WR�D�KLJK�RI�!����*3D�IRU�PRVW�RI�WKH�FHUDPLF�W\SH

���6�3��7LPDVKLQNR�DQG�-�1��*RRGLHU��7KHRU\�RI�(ODVWLFLW\��5HY������0F*UDZ�+LOO��,QF���5HLVVXH������

PDWHULDOV�LQFOXGLQJ�6L&�DQG�$O%&���$�FRPSDULVRQ�RI�Ε/ρ�IRU�WKH�FDQGLGDWH�PDWHULDOV�LV
VKRZQ�LQ�WKH�7DEOH�

,W�VKRXOG�EH�REYLRXV�WKDW�LI�VWLIIQHVV�DQG�UHVRQDQFHV�DUH�WKH�LVVXHV��PDWHULDOV�OLNH�6L&
DQG�$O%&�VKRXOG�EH�WKH�SUHIHUUHG�FDQGLGDWHV���$Q�H[DPSOH�RI�WKLV�LV�VKRZQ�ZKHUH�WKH
IUHTXHQF\�RI�'RZ
V�$O%&�LV�FRPSDUHG�ZLWK�D�VWDQGDUG�$O�VXEVWLWXWH�LQ�D����PP
FRQILJXUDWLRQ�������PLOV�WKLFN���,Q�DGGLWLRQ��$O%&�ZLWK�LWV�YDULDEOH�PRGXOXV�IURP�DERXW�����
����*3D�DOVR�DOORZV�IOH[LELOLW\�LQ�GULYH�GHVLJQ��WKLV�LV�VKRZQ�E\�WKH�KLJKOLJKWHG�DUHDV�LQ�WKH
ILJXUH�
$�QXPEHU�RI�WKHVH�RSWLRQV�DUH�FXUUHQWO\�EHLQJ�H[SORUHG�ZKLFK�LQFOXGH�WKH�]LUFRQLD�VXEVWUDWH
E\�1RUWRQ��6L&�E\�D�QXPEHU�RI�FRPSDQLHV�WKH�PL[HG�PHWDO�PDWUL[�FRPSRVLWHV�SUHYLRXVO\
PHQWLRQHG�DV�ZHOO�DV�WKH�1L�RYHUFRDWHG�$O%&�HQWU\�E\�'RZ�&KHPLFDO���1DWXUDOO\��WKHUH�DUH
SUR
V�DQG�FRQ
V�IRU�HDFK�DQG�LW�UHPDLQV�WR�EH�VHHQ�ZKLFK�PDWHULDO�ZLOO�EH�DEOH�WR�EH�ILQLVKHG
DW�D�FRPSHWLWLYH�SULFH���5HJDUGLQJ�WKH�ILQLVKLQJ�LVVXH�1L�SODWHG�KDV�WKH�DGYDQWDJH�LQ�WKDW�WKLV
WHFKQRORJ\�UHTXLUHV�DW�W\SLFDOO\�KDUGQHVV�RI�VXEVWUDWH�PDWHULDOV�UHVXOWV�LQ�WKH�ORQJ�ILQLVKLQJ
WLPHV�ZLWK�WKH�H[FHSWLRQ�RI�WKH�1L�$O%&�ZKLFK�UHTXLUHV�VWDQGDUG�1L�GHSRVLWLRQ�DQG
ILQLVKLQJ�WHFKQRORJ\���,Q�DGGLWLRQ��WKH�SRVW�SURFHVVLQJ�RI�WKH�1L�SODWHG�$O%&�DOORZV�VWDQGDUG
PHFKDQLFDO�DV�ZHOO�DV�ODVHU�WH[WXULQJ�ZLWK�LGHQWLFDO�HTXLSPHQW�WKDW�LV�FXUUHQWO\�XVHG�IRU�WKH
1L�SODWHG�$OXPLQXP�

$QRWKHU�LVVXH�ZLWK�DOWHUQDWLYH�VXEVWUDWHV�LV�PHGLD�GHSRVLWLRQ�DQG�VWDELOLW\���(YHQ
WKRXJK�VRPH�FRPSDQLHV�KDYH�EHHQ�VXFFHVVIXO�LQ�FRDWLQJ�WKH�DOWHUQDWLYHV��PDQ\�KDYH�KDG
SUREOHPV�WKHUHIRUH�WKH�LQWHUFKDQJDELOLW\�LVVXH�LV�LPSRUWDQW���,Q�DGGLWLRQ�WR�WKH�DERYH�LVVXH
WKHUH�LV�D�FRQFHUQ�IRU�VWDELOLW\��SDUWLFXODUO\�XQGHU�DGYHUVH�HQYLURQPHQWDO�FRQGLWLRQV�VXFK�DV
HOHYDWHG�WHPSHUDWXUHV�DQG�KXPLGLW\���7KLV�KDV�EHHQ�VXJJHVWHG�DV�D�UHVXOW�RI�WKH�VXEVWUDWH��RU
EHWWHU�VWDWHG��WKH�ODFN�RI�FKHPLFDO�VWDELOLW\�RI�WKH�VXEVWUDWH�PDWHULDO���,Q�WKH�FDVH�RI�1L�SODWHG
$O%&�LW�LVQ
W�DQ�LVVXH�

,Q�DGGLWLRQ�WR�FDOFXODWLQJ�WKH�IXQGDPHQWDO�UHVRQDQFH�IUHTXHQF\��LW�LV�SRVVLEOH�WR
PDNH�D�VWDWLF�DQG�G\QDPLF�PHDVXUHPHQW�RI�WKLV�SURSHUW\���7KH�IRUPHU�VKRZQ�LQ�ERWK�IUHH
VWDQGLQJ�DQG�FODPSHG�FRQILJXUDWLRQV���$V�FDQ�EH�VHHQ��WKH�IXQGDPHQWDO�UHVRQDQFH�RI�$O%&
DW�a����+]�LV�VLJQLILFDQWO\�JUHDWHU�WKDQ�DOXPLQXP�DW���WKDQ�����+]���7KH�G\QDPLF
PHDVXUHPHQWV�ZHUH�PDGH�RQ�WKH����PP�VXEVWUDWHV���$V�FDQ�EH�VHHQ��LQ�FRPSDULVRQ�ZLWK
$OXPLQXP�WKH�IXQGDPHQWDO�IUHTXHQF\�LV�DERXW�����KLJKHU�ZLWK�DQ�DPSOLWXGH�RI
DSSUR[LPDWHO\������RI�WKH�$O���7KH�UHVXOW�RI�WKLV�KLJKHU�UHVRQDQFH�FRQGLWLRQ�DQG�ORZHU
DPSOLWXGH�DOVR�DOORZV�LQFUHDVHG�IOH[LEO\�LQ�GHVLJQLQJ�DURXQG�RYHUWRQHV�DW�URWDWLRQ�VSHHG
V�WR
!�������530
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$FWXDWRUV
7KH�VDPH�SURSHUW\�WKDW�LV�LPSRUWDQW�IRU�VXEVWUDWHV��QDPHO\�VWLIIQHVV��LV�RI�HTXDO

LPSRUWDQFH�ZLWK�WKH�DFWXDWRUV�IRU�WKH�KLJK�URWDWLRQ��KLJK�73,�GULYHV���2QH�LVVXH�ZLWK�$O%&�
ZKLFK�LV�WRWDOO\�HODVWLF��LV�IDWLJXH�XQGHU�UHSHWLWLYH�F\FOLQJ�DW�HOHYDWHG�WHPSHUDWXUHV�DQG
KXPLGLW\�

,Q�YLHZ�RI�WKLV�FRQFHUQ��UHSUHVHQWDWLYH��VXSSRUW��VDPSOHV�ZHUH�WHVWHG�IRU�IDWLJXH
IURP�KHDWLQJ�DQG�FRROLQJ�DQG�KXPLGLW\��WKHVH�SDUWV�ZHUH�WHVWHG�ZLWK�WKH�FRQILJXUDWLRQ
VKRZQ�ZKLFK�VXSSRUWHG�WKH�DFWXDWRU�DUP�VDPSOHV�DW�WKHLU�EDVH�ORFDWLRQ�ZKLOH�LQGXFLQJ�D�WLS



GHIOHFWLRQ�IURP�]HUR�WR�D�SRVLWLYH�YDOXH�WKURXJK�WLS�FRQWDFW�ZLWK�D�G\QDPLF�VKDNHU
UHFLSURFDWLRQ�HOHPHQW��/RDGLQJ�ZDV�SHUIRUPHG�DW����+]��ZLWK�GLVSODFHPHQW�PDJQLWXGHV
PRQLWRUHG�YLD�/9'7��7KRXJK�WKLV�FRQILJXUDWLRQ�GRHV�QRW�LQWURGXFH�D�FRPSOHWH�VWUHVV
UHYHUVDO��5 σPLQ�σPD[ ����LW�GRHV�VLPXODWH�FRQGLWLRQV�HQFRXQWHUHG�GXULQJ�GULYH�XVH��DV
WKH�VXSSRUW�DUP�VXVSHQVLRQ�VOLGHU�DVVHPEO\�LV�QRW�FRQVWUDLQHG�WR�UHPDLQ�LQ�FRQWDFW�ZLWK�WKH
GLVN�VXUIDFH��7LS�GLVSODFHPHQW�YDOXHV�YHUVXV�ORDGLQJ�F\FOHV�FKDUDFWHUL]H�WKH�IDWLJXH
OLIHWLPH�HQGXUDQFH�OLPLW���)DLOXUH�ZDV�GHWHFWHG�WKRXJK�PHDVXUHPHQW�RI�HOHFWULFDO�FRQWLQXLW\
DFURVV�WKH�VSHFLPHQ���7KH�EULWWOH�IUDFWXUHV�ZKLFK�GLG�RFFXU�GXULQJ�IDWLJXH�IDLOXUH�ZHUH
LQLWLDWHG�SUHGRPLQDWHO\�LQ�WKH�YLFLQLW\�RI�WKH�WKURXJK�KROH�JHRPHWULF�IHDWXUHV�ZKLFK
LQWURGXFH�UHJLRQV�RI��VWUHVV�FRQFHQWUDWLRQ��6WDWLF�GHIOHFWLRQ�OHYHO�WR�IUDFWXUH�ZDV�GHWHUPLQHG
E\�GHIRUPLQJ�WKH�VDPSOH�JHRPHWU\�LQ�D�VLQJOH�F\FOH�XQWLO�IUDFWXUH�ZDV�REVHUYHG���7KH�UHVXOWV
RI�WKRVH�H[SHULPHQWV�DUH�VKRZQ�DQG�DV�FDQ�EH�VHHQ�WKHUH�LV�QR�HIIHFW�RI�KXPLGLW\�RU
WHPSHUDWXUH�F\FOLQJ�

%\�FRPSDULVRQ�LW�LV�SRVVLEOH�WR�HPSOR\�QXPHULFDO�VLPXODWLRQ�WR�OHQG�LQVLJKW�WR
H[SHULPHQWDOO\�GHULYHG�UHVXOWV���$OWKRXJK�D�SRUWLRQ�RI�WKH�DOXPLQXP�ZLWKLQ�$O�%�&
FRPSRVLWH�PLFURVWUXFWXUHV�UHPDLQV�XQUHDFWHG��GHIOHFWLRQ�EHKDYLRU�WR�IUDFWXUH�OHYHOV�LV
FRQVLGHUHG�WR�EH�OLQHDUO\�HODVWLF�GXH�WR�WKH�SUHGRPLQDQFH�RI�FHUDPLF�SKDVHV�ZLWKLQ�WKH�EXON
YROXPH��6SHFLILF�PDWHULDO�SURSHUWLHV��νa������(a������*3D��ρa�����JP�FP���IRU�WKH
SURWRW\SH�VSHFLPHQV�VHOHFWHG�IRU�WKLV�WHVW�ZHUH�HPSOR\HG�WR�SUHGLFW��D���VW�EHQGLQJ�PRGH
UHVRQDQFH�IUHTXHQF\�DQG��E��PD[LPXP�VWUHVV�GLVWULEXWLRQ�ZLWKLQ�WKH�SDUW�ZKHQ�VXEMHFW�WR
WKH�SHDN�WLS�GHIOHFWLRQV�ZKLFK�ZHUH�HQFRXQWHUHG�GXULQJ�WKH�KLJK�F\FOH�IDWLJXH�PHDVXUHPHQWV
RI�DV�VKRZQ�

7KHVH�UHVXOWV�DUH�FRPSRXQGHG�ZLWK�FRPSXWHG�EHQGLQJ�UHVRQDQFH�IUHTXHQFLHV�RI
ERWK�VWDLQOHVV�VWHHO�DQG�$O�%�&�WR�H[SHULPHQWDOO\�GHULYHG�YDOXHV�RI�$O�%�&���7KRXJK�WKH
SUHGLFWHG�YDOXHV�GLIIHU�IURP�WKH�DV�UHFHLYHG�VSHFLPHQ�DYHUDJH�RI������+]�E\�������VOLJKW
LQDFFXUDFLHV�LQ�QXPHULFDO�VLPXODWLRQ�RI�ERXQGDU\�FRQGLWLRQV�DFWXDOO\�H[SHULHQFHG�GXULQJ
H[SHULPHQWDWLRQ�DUH�H[SHFWHG�WR�RFFXU�DQG�FRXOG�DFFRXQW�IRU�WKH�GLVFUHSDQF\��,W�LV�HYLGHQW
IURP�WKH�GLIIHUHQFHV�LOOXVWUDWHG��WKDW�$O�%�&�ZRXOG�FOHDUO\�RIIHU�D�PRUH�VWDEOH�SODWIRUP�RYHU
VWDLQOHVV�VWHHOV�IRU�VXVSHQVLRQ�VOLGHU�DVVHPEOLHV�GXULQJ�RSHUDWLRQ��7KH�FRQWUDVW�LQ�UHVRQDQFH
ZLWK�UHVSHFW�WR�DGGLWLRQDO�FDQGLGDWH�PDWHULDOV�FDQ�EH�DSSUR[LPDWHG�IURP�FRQVLGHUDWLRQ�RI
(TXDWLRQ����ZKLFK
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ZKHUH� ( �(ODVWLF�0RGXOXV
�����������������, �0RPHQW�RI�,QHUWLD

���������ρ �0DVV�GHQVLW\�RI�EHDP
������PDWHULDO

���������/ �%HDP�/HQJWK
�������$ �&URVV�6HFWLRQDO�$UHD

UHSUHVHQWV�WKH�ILUVW�EHQGLQJ�PRGH�QDWXUDO�IUHTXHQF\�RI�D�XQLIRUP�FURVV�VHFWLRQ�EHDP�ZLWK�D
XQLIRUPO\�GLVWULEXWHG�ORDG��DQG�IL[HG�DW�RQH�HQG���)RU�LGHQWLFDO�JHRPHWULHV��WKH�PDWHULDO
GHSHQGHQW���Ε/ρ�����WHUP�WKHQ�GLFWDWHV�UHODWLYH�SHUIRUPDQFH�DV�ZDV�GLVFXVVHG�IRU�WKH
VXEVWUDWHV���$GGLWLRQDO�WRUVLRQ�PRGHV�DUH��H[SHFWHG�WR�FRQWULEXWH�WR�RII�WUDFN�HUURUV��WKRXJK



QRW�PHDVXUHG�H[SHULPHQWDOO\��WKH\�DUH�HVWLPDWHG�WR�HDVLO\�H[FHHG����N+]�IRU�WKLV�SDUWLFXODU
PDWHULDO�SURSHUW\�FRPELQDWLRQ�DQG�JHRPHWU\�

$QRWKHU�FRQFHUQ�ZLWK�HODVWLF�PDWHULDOV�VXFK�DV�$O%&�LV�IRU�VXVSHQVLRQ�DWWDFKPHQW�DV
VZDJLQJ�LVQ
W�DQ�RSWLRQ�XQGHU�WKH�SUHVHQW�FRQILJXUDWLRQ�ZLWK�WKHVH�W\SHV�RI�PDWHULDOV�DQG
HSR[\�DWWDFKPHQW�LV�UHFRPPHQGHG��DOWKRXJK�QRW�ZHOO�UHFHLYHG�DW�WKH�SUHVHQW�WLPH�

,W�VKRXOG�EH�QRWHG�WKDW�HYHQ�WKRXJK�$O%&�LV�D�FRPSOHWHO\�LQWUDFWDEOH�PDWHULDO�ZKHQ
LQ�LWV�ILQDO�IRUP��IDEULFDWLRQ�RI�SDUWV�VXFK�DV�(�%ORFNV�LV�YHU\�IXQGDPHQWDO�ZLWK�LQMHFWLRQ
PROGLQJ�RI�WKH��JUHHQ��IURP�RI�WKH�%�&�SULRU�WR�GHELQGHULQJ�DQG�LQILOWUDWLRQ���,Q�WKLV�SURFHVV
WKH�DGYDQWDJH�RI�$O%&�LV�WKDW�LW�FDQ�EH��QHDU�QHW�VKDSH��IRUPHG�GXH�WR�H[WUHPHO\�ORZ�
VKULQNDJH�RI��������IRU�UHIHUHQFH��W\SLFDO�0,0
V�KDYH�DQLVRWURSLF�VKULQNDJH�WR���������

7KHUH�DUH�PDQ\�DGYDQWDJHV�ZLWK�VWLII��QRQ�SODVWLF�PDWHULDOV�EHLQJ�XVHG�DW�WKH
+HDG�'LVN�LQWHUIDFH�ZLWK�WKH�WZR�PRVW�LPSRUWDQW�LVVXHV�LQ�WKH�KLJK�73,�DUHQD�EHLQJ
DGGUHVVHG�E\�WKH�VWLIIHQLQJ�RI�$O%&���7KH�ILUVW�LV�WKH�$[LDO�5XQ�RXW�FDXVHG�E\�HLWKHU�GLVN
SDFN�YLEUDWLRQ�RU�LQWHUDFWLRQ�EHWZHHQ�D�IOXWWHULQJ�GLVN�DQG�WKH�KHDG�VXVSHQVLRQ���,Q�WKLV
SDUWLFXODU�H[DPSOH��ZLWK�D�YHU\�VWLII�$O%&�(�%ORFN�RU�VXVSHQVLRQ�PRXQW�WKH�VSDFLQJ�EHWZHHQ
WKH�KHDG�DQG�GLVN�LV�VWDELOL]HG�DV�VKRZQ���7KLV�HLWKHU�DOORZV�WKH�XVH�RI�D�WKLQQHU�PRXQW�RU
RQH�WKDW�LV�VWLIIHU���7KH�VHFRQG�DUHD�RI�LPSDFW�ZLWK�D�PDWHULDO�OLNH�$O%&�LV�LQ�WKH�DUHD�RI
UDGLDO�UXQRXW�ZKLFK�LV�SUHGLFWHG�WR�EH�HQKDQFHG�GXH�WR�WKH�VWLIIQHVV�RI�WKH�OHYHU�DUP�WR
ZKLFK�WKH�VXVSHQVLRQ�LV�DWWDFKHG�

6800$5<
$OWHUQDWLYH�PDWHULDOV�IRU�VXEVWUDWHV�DQG�DFWXDWRU�VXSSRUW�DUPV�DSSOLFDWLRQV�RIIHU

RSSRUWXQLWLHV�WR�IDYRUDEO\�LQIOXHQFH�GULYH�SHUIRUPDQFH�WKURXJK�LPSURYHG�G\QDPLF�EHKDYLRU�
$OXPLQXP�%RURQ�&DUELGH�RIIHUV�DGYDQWDJHV�LQ�WKH�IRUP�RI�LWV�VSHFLILF�VWLIIQHVV��Ε/ρ��
HOHFWULFDO�FRQGXFWLYLW\�FORVH�WR�WKDW�RI�DOXPLQXP��ORZ�PDVV��DQG�SURFHVVLQJ�HDVH�DV�FRPSDUHG
WR�FRPSHWLQJ�FHUDPLF�EDVHG�FDQGLGDWHV��7KH�IROORZLQJ�VXPPDUL]HV�FRQFOXVLRQV�ZKLFK�FDQ
EH�GUDZQ�IURP�WKLV�ZRUN�

• $O�%�&�FDQ�EH�IRUPHG�WKURXJK�ODUJH�VFDOH�SURFHVVLQJ�WHFKQLTXHV�WR�IDEULFDWH�VXEVWUDWHV
DQG�VXSSRUW�DUPV�RI�SUDFWLFDO�UHDOLVWLF�GHVLJQ�FRQILJXUDWLRQV�ZLWK�W\SLFDO�SURSHUW\�OHYHOV
RI�LQWHUHVW���9DULDWLRQ�LQ�SURFHVV�GHVLJQ�DOORZV�PLFURVWUXFWXUDO�WDLORULQJ�WR�VXLW�VSHFLILF
DSSOLFDWLRQ�UHTXLUHPHQWV��PRGXOXV�OHYHOV�RI�����*3D�ZLWK�VLPLODU�GHQVLWLHV�DUH
DFKLHYDEOH�

• )LUVW�VXEVWUDWH�RYHUWRQH�ZLWK�$O%&�LV�VLJQLILFDQWO\�JUHDWHU�WKDQ�WKDW�RI�$O�ZKHQ�PHDVXUHG
XQGHU�G\QDPLF�FRQGLWLRQV�ZLWK�D�PXFK�VPDOOHU�DSWLWXGH�

• 7KHUPDO�F\FOLQJ�DQG�UHODWLYH�KXPLGLW\�H[SRVXUH�DW�HOHYDWHG�WHPSHUDWXUHV�VKRZHG
QHJOLJLEOH�HIIHFWV�RQ�ERWK�G\QDPLF�UHVRQDQFH�DQG�KLJK�F\FOH�IDWLJXH�EHKDYLRU�IRU�WKH
VXSSRUW�DUPV���$�IDWLJXH�OLIHWLPH�RI�!��[����F\FOHV�ZDV�IRXQG�DW������PP�WLS�GHIOHFWLRQ�

• )LUVW�VXSSRUW�EHQGLQJ�PRGH�UHVRQDQW�IUHTXHQFLHV�YDU\�ZLWK��Ε/ρ������DW�����N+]��$O�%�&
LV�DSSUR[LPDWHO\���WLPHV�JUHDWHU�WKDQ�WKDW�RI�WKH�VWDLQOHVV�VWHHO��DOXPLQXP��DQG
PDJQHVLXP�LQ�FXUUHQW�XVH��)LUVW�WRUVLRQ�PRGH�IUHTXHQFLHV�DUH�H[SHFWHG�WR�H[FHHG����N+]
IRU�WKLV�SDUWLFXODU�PDWHULDO�SURSHUW\�FRPELQDWLRQ�DQG�JHRPHWU\�

7KRXJK�VXEVWUDWHV�DQG��VXVSHQVLRQ�VOLGHU�G\QDPLF�EHKDYLRU�VKRUWFRPLQJV�DUH
FXUUHQWO\�D�PDMRU�KXUGOH�LQ�HIIRUWV�WR�UHGXFH�RII�WUDFN�HUURUV�DQG�XOWLPDWHO\�OLPLW�WKH
EDQGZLGWK�RI�WKH�WUDFN�IROORZLQJ�VHUYR��VXEVWUDWHV��PHGLD��DQG�DFWXDWRU�VXSSRUW�VWUXFWXUHV
ZLWK�LQFUHDVHG�UHVRQDQW�IUHTXHQFLHV�DUH�SURMHFWHG�WR�EH�XVDEOH�LQ�FRQMXQFWLRQ�ZLWK�GHVLJQ�



RSWLPL]HG�JHRPHWULHV�ZKLFK��WRJHWKHU��ZLOO�SURYLGH�LPSURYHG�VWDELOLW\�GXULQJ�RSHUDWLRQ�DQG
OHDG�WR�DQ�LQFUHDVH�LQ�XVDEOH�WUDFN�GHQVLW\�


