
6RPH�UHJXODULWLHV�RI�GLDPRQG�SKDVH�IRUPDWLRQDW�QRQHTXLOLEULXP�WUDQVLWLRQ�SURFHVV�RI�&YDSRUV�ZLWK�ORZ�7L FRQFHQWUDWLRQ�LQWRFRQGHQVHG�VWDWH
9�,�3HUHNUHVWRY��<X�$�.RVPLQVND\D��,�%�<DQFKXN


6XP\�6WDWH�8QLYHUVLW\����5LPVNRJR�.RUVDNRYD�6W���������6XP\��8NUDLQH
9�/DVKNDUHY�,QVWLWXWH�RI�6HPLFRQGXFWRUV�3K\VLFV��1DWLRQDO�$FDGHP\�RI�6FLHQFHV�RI�8NUDLQH�����1DXNy�$YH���������.\LY��8NUDLQH
5HFHLYHG�'HFHPEHU��������

7KH�PHFKDQLVPV�RI�VWUXFWXUH� IRUPDWLRQ�RI� 7L±& V\VWHP�OD\HUV�KDYH�EHHQ�VWXGLHG��7KHOD\HUV�KDYH�EHHQ�REWDLQHG�DW�QRQHTXLOLEULXP�SURFHVV�RI�WUDQVLWLRQ�RI�YDSRUV�ZLWK�QHFHVVDU\FRPSRQHQW�UDWLR�LQWR�FRQGHQVHG�VWDWH��9DULRXV�OHYHOV�RI�WKH�FRQGHQVDWLRQ�SURFHVV�QRQHTXLOL �EULXP� KDYH� EHHQ� UHDFKHG� E\� H[SRVXUH� RI� WKH� JURZWK� VXUIDFH� E\� HOHFWURQ� VWUHDPV� ZLWKGLIIHUHQW�LQWHQVLWLHV��6RPH�UHJXODULWLHV�RI�WUDQVLWLRQ�RI�WKH�PHWDVWDEOH�FRPSRXQG� 7L&� LQWRGLDPRQG� SKDVH� KDYH� EHHQ� GHWHUPLQHG� E\� FRPSOH[� VWXGLHV� RI� SK\VLFDO� SURSHUWLHV� RI� WKHFRQGHQVDWHV�XVLQJ�PHWKRGV�RI�HOHFWURQ�GLIIUDFWLRQ�DQDO\VLV��5DPDQ�VFDWWHULQJ�
Êoy·nt�� un}jtqou�� xzéyrzyévviéjovkjtq¹� xsvÝk� xqxznu�� 7L±&�� wvsy·ntt�}� wéqtnéjktvknxtvu� wév|nxxn� wnén}vlj� wjévk� x� tnvi}vlqu�u� xvvztv¡ntqnu� rvuwvtntz� krvtlntxqévkjttvn� xvxzv¹tqn�� èjosq·tj¹� xznwnt�� tnéjktvknxtvxzq� wév|nxxj� rvtlntxj�|qq� lvxzqmjsjx�� visy·ntqnu� évxzvkvp� wvkné}tvxzq� wvzvrjuq� ësnrzévtvk� éjosq·tvpqtzntxqktvxzq�� Íyznu� rvuwsnrxtvmv� qoy·ntq¹� {qoq·nxrq}� xkvpxzk� rvtlntxjzvk� x� qx�wvs�ovkjtqnu�unzvlvk� ësnrzévtvméj{qq�� rvuiqtj|qvttvmv� éjxxn¹tq¹� i�sq� yxzjtvksn�t��tnrvzvé�n� ojrvtvunétvxzq�wnén}vlj�unzjxzjiqs�tvmv� xvnlqtntq¹�7L&� k� jsujotyí{joy�

$W� WKH� K\GURJHQ�IUHH� V\QWKHVLV� RI� α�KOD\HUV��WKH�JURZWK�VXUIDFH�LV�H[SRVHG�WR�LRQVWUHDPV�� SURYLGLQJ� ORFDO� FRPSUHVVLRQVWUHVVHV�LQ�WKH�VLWHV�RI�LQWHUDFWLRQ�ZLWK�FRQ �GHQVDWH��WKXV�IDFLOLWDWLQJ�WKH�GLDPRQG�SKDVHLQLWLDWLRQ� >����@�� ,Q� FRQWUDVW� WR� FKHPLFDOGHSRVLWLRQ�� VXFK� V\QWKHVLV� RI� WKH� OD\HUV� LVOHVV� HTXLOLEULXP�� DQG� WKH� WUDQVLWLRQ� WRJUDSKLWH�OLNH� VWUXFWXUH� RFFXUV� DV� WKH� FRQ �GHQVDWLRQ� WHPSHUDWXUH� �7F�� H[FHHGV����������&�>�@�'XH� WR� VPDOO� HOHFWURQ�PDVV�� WKH� LQWHUDF �WLRQ� RI� UHODWLYHO\� ZHDN� HOHFWURQ� VWUHDPVZLWK� WKH�JURZWK� VXUIDFH� GRHV� QRW� UHVXOW� LQORFDO� VWUHVV� LQFUHDVH� XS� WR� OHYHOV� UHTXLUHGIRU� HIIHFWLYH� GLDPRQG�OLNH� VWUXFWXUH� IRUPD �

WLRQ�� )RU� WKLV� UHDVRQ�� DLPLQJ� WKH� SDUWLDOFRQYHUVLRQ�RI�WKH�IRUPHG�JUDSKLWH�OLNH�OD\HULQWR�GLDPRQG�OLNH�VWDWH�� D� VKRUW�WHUP� LQIOX �HQFH� RI� KLJK�SRZHU� HOHFWURQ� VWUHDP� LV� XVX �DOO\� XVHG� >�@�� ZKLOH� FRQWLQXRXV� LUUDGLDWLRQE\�D�ZHDNHU�HOHFWURQ�VWUHDP�GXULQJ�WKH�FRQ �GHQVDWH� JURZWK� GRHV� QRW� SURYLGH� D� SRVLWLYHUHVXOW�� $W� WKH� VDPH� WLPH�� XVLQJ� QRQHTXLOL �EULXP� WUDQVLWLRQ� RI� ZHDN� & DQG� 7L YDSRUVWUHDPV� LQWR� FRQGHQVHG� VWDWH�� LW� LV� SRVVLEOHWR� REWDLQ� WKH� 7L&� FRPSRXQG��ZKLFK� LV�PH�WDVWDEOH�ZLWK�UHVSHFW�WR�GLDPRQG�>�@��6XFK�DPHWDVWDELOLW\�UHYHDOV�LWVHOI�XQGHU�WKH�DFWLRQRI�WKH�HOHFWURQ�EHDP��,Q�WKLV�FRQQHFWLRQ��WKHLGHD�LV�RIIHUHG�>�@�WKDW�XQGHU�FHUWDLQ�FRQGL �WLRQV�� WKH� 7L&� PD\� IDYRU� WKH� GLDPRQG
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SKDVH� QXFOHDWLRQ��'XULQJ� WKH� UHDOL]DWLRQ�RIWKLV� LGHD�� GLDPRQG� PLFURFU\VWDOV� ZHUH� RE �WDLQHG� SUHVXPDEO\� >�@�� FRQWDLQLQJ� VPDOODPRXQW� RI� 7L �XS� WR� �� DW����� ,Q� WKDW� FDVH�WKH�7L&� LQIOXHQFH�ZDV�FRQVLGHUHG�WR�EH�OLP �LWHG�RQO\�WR�WKH�LQLWLDWLRQ�RI�GLDPRQG�SKDVHJURZWK�� ZKLOH� WKH� PDLQ� UROH� LQ� OD\HU�WR�OD\HU� FU\VWDO� JURZWK�ZDV� SOD\HG� E\� WKH� VH �OHFWLYH� SURFHVVHV� RFFXUULQJ� DW� H[WUHPHO\QRQHTXLOLEULXP� WUDQVLWLRQ� RI� PDWWHU� LQWRFRQGHQVHG�VWDWH��+RZHYHU�� LQ�WKLV�FDVH��RQHVKRXOG� QRW� H[FOXGH� WKH� SUHFXUVRU� UROH� RI7L&���L�H��7L HQULFKHG�JURZWK�VXUIDFH�IRUPD�WLRQ�� SURPRWLQJ� WKH� OD\HU�WR�OD\HU� FU\VWDOJURZWK�� 9HULILFDWLRQ� RI� WKLV� VWDWHPHQW� LVWKH�SULPDU\�JRDO�RI�WKH�SUHVHQW�ZRUN�7KH�VLPXOWDQHRXV�GHSRVLWLRQ� RI� & DQG�7LLQ� UHTXLUHG� UDWLRV� DORQJ� ZLWK� H[SRVXUH� RIWKH�JURZWK�VXUIDFH�WR�HOHFWURQ�VWUHDP�ZHUHSHUIRUPHG�XVLQJ� WZR� 7L PDJQHWURQ� VSXWWHU�HUV� DQG� RQH� & VSXWWHUHU�� 7KH� & VSXWWHUHUGLVFKDUJH� ZDV� VWDELOL]HG� XVLQJ� WKH� KROORZFDWKRGH� HIIHFW� >�@�� DV� ZHOO� DV� HOHFWULF� DQGPDJQHWLF� ILHOG� VXSHUSRVLWLRQ� �)LJ���D��� ,W� LVDOVR� WR� QRWH� WKDW� WKH� KROORZ� JUDSKLWH� FDWK �RGH� EHLQJ� VSXWWHUHG� VHUYHG� DV� D� VRXUFH� QRWRQO\� RI� FDUERQ� SODVPD�� EXW� DOVR� RI� D� VXIIL �FLHQWO\� LQWHQVH� VHFRQGDU\� HOHFWURQ� VWUHDP�6LQFH� D� IXQGDPHQWDOO\� QHZ� HQJLQHHULQJ� VR �OXWLRQ�KDV�EHHQ�XVHG�LQ�WKH�& VSXWWHUHU��OHWLWV� PDLQ� IXQFWLRQDO� FDSDELOLWLHV� EH� FRQVLG �HUHG� LQ� PRUH� GHWDLO�� $W� ILUVW�� QRWH� WKDW� LIWKH� KROORZ� FDWKRGH� HIIHFW� LV� XVHG� ZLWKRXWPDJQHWLF� ILHOG�� WKH� GLVFKDUJH� LQLWLDWLRQVKLIWV� WR� KLJKHU� ZRUNLQJ� JDV� SUHVVXUH� UH �JLRQ� �3$U a���� 3D��� WKH� LQLWLDWLRQ� YROWDJHEHLQJ�WKH�VDPH��ZKLOH�WKH�GLVFKDUJH�FXUUHQWGHFUHDVHV�E\�DERXW�RQH�RUGHU�RI�PDJQLWXGH�%HVLGHV��WKH�PDJQHWLF�ILHOG�DVVLVWV�LQ�IRFXV �LQJ�WKH�HOHFWURQ�VWUHDP�RQWR�WKH�VXEVWUDWH�6WXG\� RI� WKH� VSXWWHUHU� YROWDJH�FXUUHQWFKDUDFWHULVWLFV�� FRQGHQVDWH� JURZWK� UDWH� 5FDQG� VXEVWUDWH� KHDWLQJ� WHPSHUDWXUH� E\� HOHF �WURQ�VWUHDP��GHSHQGLQJ�RQ� WKH�ZRUNLQJ�JDVSUHVVXUH�3$U UHYHDOV� WKH�IROORZLQJ�UHJXODUL �WLHV��$V�3$U LQFUHDVHV��WKH�GLVFKDUJH�FXUUHQWWHQGV� WR� VDWXUDWLRQ�JUDGXDOO\�� DQG�YROWDJH�FXUUHQW� FKDUDFWHULVWLFV�GR�QRW� FRQWDLQ� W\SL �FDO� NQHHV� XVXDOO\� GHILQLQJ� JORZ�WR�DUF� GLV �FKDUJH� WUDQVLWLRQ� �)LJ���E��� 7KHLU� DEVHQFHVKRZV� WKDW� WKH� LQWHUQDO� SDUW� RI� WKH� ZDUP �LQJ�XS� FDWKRGH� WXUQV� LQ� HVVHQFH� LQWR� D� GLI �IXVH� DUF� GLVFKDUJH� FDWKRGH� VSRW� SURJUHV �VLYHO\� >�@�� %HVLGHV�� ZKHQ� WKH� VSXWWHUHUSRZHU�LQSXW��3Z��UHPDLQV�FRQVWDQW�ZKLOH�3$ULQFUHDVHV� IURP� ���� WR� ��� 3D�� WKH� JURZWKUDWH� 5F IDOOV� IURP� ���� WR� ����� QP�V�� 7KLVIDOO�VHHPV�WR�EH�FDXVHG�E\�WKH�FRUUHVSRQGLQJLQWHQVLILFDWLRQ�RI�VSXWWHUHG�& DQG�7L RXWGLI�

IXVLRQ� >�@�� 7KH� VXEVWUDWH� KHDWLQJ� WHPSHUD �WXUH� E\� WKH� HOHFWURQ� VWUHDP� GHSHQGV� RQ� LWVWKHUPDO� FDSDFLW\� DQG� JHRPHWU\�� +HUH�� LQHDFK�VSHFLILF�FDVH�� WKH� LQFUHDVH� LQ� 3$U IURP���� WR� ���3D� DW� D� IL[HG� & VSXWWHUHU� SRZHULQSXW� UHVXOWV� LQ� 7F UHGXFWLRQ� E\� DERXW� DIDFWRU� RI� WKUHH�� 7KLV� LV� WKH� FRQVHTXHQFH� RIHOHFWURQ� EHDP� GLVSHUVLRQ� LQWHQVLILFDWLRQ�� ,WLV�SRVVLEOH�WR�FRQWURO�WKH�7L FRQFHQWUDWLRQ�LQ

)LJ�����7KH�VFKHPH�RI�WKH�YDFXXP�VSXWWHULQJV\VWHP��D��DQG�YROWDJH�FXUUHQW�FKDUDFWHULVWLFVRI�WKH�& VSXWWHUHU�DW�GLIIHUHQW�3$U �E�����²�7LPDJQHWURQ�VSXWWHUHUV���²�& VSXWWHUHU�DQRGHERG\�� �� ²� WKH� PDJQHW�� �� ²� WKH� PDJQHWLFFRQGXFWRU�� ��²� VSXWWHULQJ� FDWKRGH� JUDSKLWHERG\����²�WKH�FDWKRGH�KROGHU����²�WKH�LVROD�WRU����²�WKH�VXEVWUDWH����²�WKH�IODSV�����²WKH�YDOYH�� MRLQLQJ� WKH�YDFXXP�FDPHUD� WR� WKHHYDFXDWLRQ� V\VWHP�� ���²� WKH� YDOYH�� MRLQLQJWKH� YDFXXP� FDPHUD� WR� WKH� URXJK� HYDFXDWLRQFKDQQHO�����²�WKH�LRQL]DWLRQ�SUHVVXUH�VHQVRU����²�WKH�YDFXXP�FKDPEHU�ZDWHU�FRROLQJ�����²WKH�PDVV�DQDO\]HU�
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FRQGHQVDWHV� SUHFLVHO\� E\� YDU\LQJ� 3Z RI� WKHPDJQHWURQ� VSXWWHUHUV� ZKLOH� NHHSLQJ� RWKHUSURFHVV�YDULDEOHV�FRQVWDQW�$W� WKH� LQLWLDO� VWDJH� RI� WKH� H[SHULPHQWV�WKH� YDFXXP� FKDPEHU� ZDV� SXPSHG� RXW�� GH �JDVVHG� DQG� WKHQ� FXW� RII� FRPSOHWHO\� RI� WKHHYDFXDWLRQ� V\VWHP�� 7KHQ� $U ZDV� OHDNHG� LQDQG�7L VSXWWHUHUV�ZHUH�WXUQHG�RQ�IRU�D�ORQJSHULRG� RI� WLPH� �DERXW� ��� K��� ,Q� WKDW� ZD\�GXH�WR�WKH�JHWWHU�SURSHUWLHV�RI�FRQGHQVHG�7L�WKH� ILQH� SXULILFDWLRQ� RI� $U >�@� DQG� DOVR� GH�FUHDVH�LQ�$U SUHVVXUH�GRZQ�WR�WKH�QHFHVVDU\YDOXH�ZHUH�SURYLGHG��,W�LV�WR�QRWH�WKDW�GXU �LQJ� VXFK� SXULILFDWLRQ�� WKH� JUDSKLWH� VSXW �WHUHU� ZDV� FRQQHFWHG� DQG� GHJDVVHG� E\� KHDW �LQJ��7KHVH�SUHSDUDWRU\�VWDJHV�SUHYHQWHG�DQ\IXUWKHU�LQWHUDFWLRQ�EHWZHHQ�WKH�GHSRVLWHG� 7LDQG� FKHPLFDOO\� DFWLYH� FRPSRQHQWV� RI� UHVLG �XDO� JDVHV�� EHFDXVH� WKH� SDUWLDO� SUHVVXUH� RIWKRVH�FDPH�WR�RQO\�� ⋅���� 3D�>�@�7KH� 7L±& V\VWHP� OD\HUV� ZHUH� FRQGHQVHGRQ�IUHVKO\�FOHDYHG�.&O IDFHWV��6L VLQJOH�FU\V�WDOV�� JODVV�� DQG� SROLVKHG� VWDLQOHVV� VWHHOSODWHV�IUHH�RI�7L��7KH�FRQGHQVDWH�VWUXFWXUHVZHUH� VWXGLHG� XVLQJ� VFDQQLQJ� DQG� WUDQVPLV �VLRQ� HOHFWURQ� PLFURVFRS\� �6(0� DQG� 7(0�UHVSHFWLYHO\�� DQG� HOHFWURQ� GLIIUDFWLRQ�� 7KHFKHPLFDO� FRPSRVLWLRQ� ZDV� GHWHUPLQHG� IURPFKDUDFWHULVWLF� ;�UD\� HPLVVLRQ� VSHFWUD� GL �UHFWO\� LQ� WKH� VFDQQLQJ� HOHFWURQ�PLFURVFRSH�

8VLQJ� WKH� HOHFWURQ� EHDP� RI� DERXW� �� µP� LQGLDPHWHU�� WKH� ORFDO� FKHPLFDO� DQDO\VLV� ZDVFDUULHG�RXW�ZKHQ�QHFHVVDU\��7KH�OD\HU�UHVLV �WLYLW\� ρ ZDV� XVHG� DV� D� SDUDPHWHU� VHQVLWLYHWR�GLDPRQG�IRUPDWLRQ�)LUVW�� XVLQJ� 3$U  ��� 3D� DQG� VHOHFWLQJ� 7LVSXWWHUHU� SRZHU� LQSXW�� WKH� OD\HUV� ZLWKFKHPLFDO�DQG�SKDVH�FRPSRVLWLRQV�DQVZHULQJWR� 7L& FRPSRXQG� ZHUH� GHSRVLWHG� �)LJ���D��7KXV��WKH�FRQGHQVDWLRQ�FRQGLWLRQV�DUH�HIIHF �WLYH� IRU� FDUELGH� IRUPDWLRQ�� DQG� WKLV� IDFW� LVD�VLJQLILFDQW�SRLQW�LQ�WKLV�ZRUN��$W�WKH�IXU �WKHU�GHFUHDVH�LQ�7L�VSXWWHULQJ�LQWHQVLW\��WKHWUDQVLWLRQ� WR� IRUPDWLRQ� RI� 7L&� EFF� ODWWLFH>�@� LQ� WKH� FRQGHQVDWHV� ZDV� SURYLGHG� �)LJ��E���7KH�VXEVHTXHQW�7L FRQFHQWUDWLRQ�UHGXF�LQJ� GRZQ� WR� VHYHUDO� DW��� DW� RWKHU� SURFHVVYDULDEOHV� IL[HG� UHVXOWHG� LQ� D� JUDGXDO� ρ LQ�FUHDVH� XS� WR� DERXW� ��� Ω⋅P�� 7KH� FRQGHQ�VDWHV�ZHUH� HVVHQWLDOO\� RSDTXH� LQ� WKH�YLVLEOHVSHFWUDO� UDQJH�� DQG� WKH� UHJXODULW\� RI�SKDVHFRPSRVLWLRQ�FKDQJH�FRUUHVSRQGHG�WR�WKDW�GH �VFULEHG�LQ�>�@��7UDQVLWLRQ�WR�KLJKHU�ZRUNLQJJDV� SUHVVXUHV� �3$U  ���� 3D�� DORQJ� ZLWKNHHSLQJ�& VSXWWHUHU�SRZHU�LQSXW�XQFKDQJHGDQG� 7L FRQFHQWUDWLRQ� XS� WR� �� DW��� IDYRUHGWKH� LQFUHDVH� LQ� ρ WR� ���⋅��� Ω⋅P�� $W� WKHVDPH� WLPH�� WKH� YLVLEOH� UDQJH� WUDQVSDUHQF\RI� WKH� ���� µP� WKLFN� OD\HUV� JUHZ� WR�������� ��� DQG� HOHFWURQ� GLIIUDFWLRQ� VWXG\HYLGHQFHG� WKHLU� DPRUSKRXV� VWDWH�� ,W� VKRXOGEH�QRWHG�WKDW�WKH�PLFURKDUGQHVV�RI�WKH�OD\ �

)LJ�����7KH�3Z GHSHQGHQFH�RI�ρ DW�3$U  ����3j��°  �����������f�� 7L FRQFHQWUDWLRQ� a�� jW���j�� DQG� 7L FRQWHQW� GHSHQGHQFH� RI� ρ IRU� WKHFRQGHQVDWHV�� REWDLQHG� DW� 3Z  �����:��3$U  ���3j�q��°  �����������f��E��
)LJ����� 7KH� UHJXODULWLHV� RI� FRQGHQVDWH� SKDVHFRPSRVLWLRQ�FKDQJHV�DW�GHFUHDVH�LQ�7L FRQFHQ�WUDWLRQ� IURP� ��� XS� WR� ��� jW��� �WUDQVLWLRQIURP�7L& �j��WR�7L&� �E���DQG�XQGHU�WKH�LQIOXHQFHRI�WKH�7(0�HOHFWURQ�EHDP��x�²�7L&� ��GLDPRQGSKDVH�� G� ²� 7L&� ��GLDPRQG� SKDVH�� H� ² GLD�PRQG�SKDVH��I�²�GLDPRQG�SKDVH��JURZQ�IURPWKH�DFHWRQH�YDSRUV��
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HUV�UHPDLQHG�FRQVWDQW�EHLQJ�DV�ORZ�DV�DERXW����NJI�PP���2EYLRXVO\��VXFK�UHJXODULW\�RISK\VLFDO�SURSHUWLHV�FKDQJH�DW�LQFUHDVLQJ� 3$UZDV�GXH�WR�FRUUHVSRQGLQJ�GHFUHDVH�LQ�5F DQG7F��DV�QRWHG�DERYH�,QFUHDVH� RI�& VSXWWHUHU� SRZHU�� WKH� IODSVRI�7L VSXWWHUHUV�EHLQJ�VKXW��UHVXOWV�LQ�EUHDN �LQJ�XS�WKH�GLDPRQG�OLNH�VWDWH�IRUPDWLRQ��DVUHYHDOHG� E\� KLJK� ρ YDOXHV� �)LJ���D���$W� WKHVDPH� WLPH�� WKH� SURFHVV� YDULDEOHV� RI� GLD �PRQG�OLNH� WR� JUDSKLWH�OLNH� VWDWH� WUDQVLWLRQFDQ� EH� REWDLQHG�� (YLGHQWO\�� E\� YDU\LQJ� 7LFRQFHQWUDWLRQ�DW�WKHVH�SDUDPHWHUV��LW�LV�SRV �VLEOH� WR�DVFHUWDLQ�WKH�GHJUHH�RI� 7L LQIOXHQFHRQ� WKH� GLDPRQG� IRUPDWLRQ� SURFHVV�� ,Q� WKLVFRQQHFWLRQ�� DV� LW� IROORZV� IURP� )LJ���E�� LQ �FUHDVH� LQ�7L FRQFHQWUDWLRQ�XS� WR���DW���UH�VXOWV� LQ� D� FRQVLGHUDEOH� LQFUHDVH� RI� ρ�� WKXV�UROH�RI�7L DV�D�FDWDO\VW�EHLQJ�YHULILHG�UDWKHUSURQRXQFHGO\��%HVLGHV�� WKH�IXUWKHU� LQFUHDVHLQ�7L FRQWHQW�XS�WR���DW���UHVXOWV�LQ�D�JUDG �XDO�GHFUHDVH�RI�ρ E\����RUGHUV��)LJ���E��DQGDOVR� LQ� DOPRVW� IXOO� ORVV� RI� WKH� OD\HU� WUDQV �SDUHQF\�� � � $QDO\VLV� RI� WKH� SKDVH� FRPSRVL �WLRQ�RI�WKH�ODVW�H[SHULPHQWDO�VHULHV�FRQGHQ �VDWHV�VKRZV�WKH�SUHVHQFH�RI�KLJKO\�GLVSHUVHGGLDPRQG� SKDVH� DQG� 7L&��� DQG� D� UHJXODU� LQ�WHQVLILFDWLRQ� RI� GLDPRQG� SKDVH� UHIOHFWLRQVWDNLQJ� SODFH� DV� 7L FRQFHQWUDWLRQ� GHFUHDVHV�7KH�VDPH�SKDVH�FKDQJHV�FDQ�EH�REVHUYHG�DVWKH� OD\HUV�ZLWK� 7L FRQFHQWUDWLRQ�DERXW��� WR�� DW��� DUH� H[SRVHG� WR� HOHFWURQ� EHDP� GL �UHFWO\� LQ�7(0� �)LJ���F��G�� H���7KH�REVHUYHG7LK� → GLDPRQG�WUDQVLWLRQ�FDQ�EH�H[SODLQHGDV�IROORZV��7KH�7L&� ODWWLFH�UHSUHVHQWV�D�GLV�WRUWHG� IFF� ODWWLFH� RI� 7L&��ZLWK�DGGLWLRQDO� &DWRPV� LQWURGXFHG� LQWR� VRPH� LQWHUVWLFHV� >�@�+HQFH�� WKH� FDUERQ� VXEODWWLFH� RI� 7L&� UHSUH�VHQWV� D� VWURQJO\� GLVWRUWHG� ODWWLFH� RI� GLD �PRQG��,I�7L&� LV�GHFRPSRVHG�GXH�WR�HOHFWURQVWUHDP� DFWLRQ� DQG� 7L GLIIXVHV� WR� JUDLQERXQGDULHV� DQG� VXUIDFH� RI� WKH� FRQGHQVDWH�WKHQ� WKH� YDFDQFLHV� EHFRPH� VKXW� E\� FRP �SUHVVLQJ�FDUERQ�VXEODWWLFH�WR�GLDPRQG�IRUP�6XFK� SURFHVVHV� DUH� HYLGHQFHG� WR� D� FHUWDLQH[WHQW�GXULQJ�7(0�LQYHVWLJDWLRQV� E\� FRUUH �VSRQGLQJ�DSSHDUDQFH�RI�FRQWUDVWV�LQ�FRQGHQ �VDWH�PLFURVWUXFWXUH�SDWWHUQV�YLVLEOH�DV�PRUHOLJKW� VWULSHV� DQG� VSRWV� �)LJ���D��� $SSDU �HQWO\�� VXFK� VLWHV� DUH� HQULFKHG� LQ� 7L�� 7KHGDUN�UHJLRQV�RI�WKLV�PLFURVWUXFWXUH�SDWWHUQUHSUHVHQW� PRVW� OLNHO\� ILQHO\� GLVSHUVHG� GLD �PRQG� SKDVH�� ZKLFK� VFDWWHUV� HOHFWURQV�PRUHHIILFLHQWO\��,W�LV�QHFHVVDU\�WR�QRWH�WKDW��DV�LWIROORZV� IURP� HOHFWURQ�GLIIUDFWLRQ� DQDO\VLV�DFFXPXODWLRQ� RI� 7L EHWZHHQ� GLDPRQG� LQFOX�VLRQV� LV�QRW�DFFRPSDQLHG� E\�FDUELGH� IRUPD �WLRQ��3HUKDSV�WKH�QHFHVVDU\�VWRLFKLRPHWU\�LV

ODFNLQJ�� DQG� 7L&� IRUPDWLRQ� QHHGV� VSHFLDOWHFKQRORJLFDO�FRQGLWLRQV�>�@�8VLQJ�DFHWRQH�YDSRUV�DV�WKH�ZRUNLQJ�JDVDQG� DOVR� WKH� & VSXWWHUHU� SURSRVHG� LQ� WKLVZRUN�� IXOO\� WUDQVSDUHQW� GLHOHFWULF� OD\HUVZLWK� HQKDQFHG� PLFURKDUGQHVV� �DERXW�����NJI�PP���ZHUH�SURGXFHG��7KRVH�OD\HUVFRQWDLQHG� ILQHO\� GLVSHUVHG� GLDPRQG� SKDVH�7KH� HOHFWURQ�GLIIUDFWLRQ�SDWWHUQV� IRU� VWUXF �WXUHV�REWDLQHG�E\�PHDQV�RI� 7L&� → GLDPRQGWUDQVLWLRQ�ZHUH� FRPSDUHG� WR� WKRVH� REWDLQHGXVLQJ� DFHWRQH� YDSRUV�� ,Q� VSLWH� RI� SULQFLSDOGLIIHUHQFH� LQ� DSSURDFKHV� WR� OD\HUV� IRUPD �WLRQV�� LGHQWLW\�RI�WKH�SDWWHUQV�ZDV�UHYHDOHG

)LJ����� 7KH� PLFURVWUXFWXUH� SDWWHUQV� RI� WKHFRQGHQVDWHV��D�²�DIWHU�DIIHFWLQJ�E\�WKH�HOHF�WURQ�EHDP�LQ�7(0��E�q�x�²�GLHOHFWULF� LQFOX�VLRQV�DW� ODUJH� DQG� VPDOO� HQODUJHPHQWV� FRUUH�VSRQGLQJO\��
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�)LJ���H� DQG� �I��� +RZHYHU�� DV� LW� IROORZVIURP�WKDW� FRPSDULVRQ�� LQWHQVLW\� RI� WKH�GLI �IUDFWLRQ�UHIOHFWLRQV�IURP�α�&�+ LV�PRUH�FRQ�VLGHUDEOH�� DQG� WKLV� IDFW�� WRJHWKHU� ZLWK� LQ �FUHDVHG�PLFURKDUGQHVV��SRLQWV�RXW�REYLRXVO\D� KLJKHU� FRQWHQW� RI� GLDPRQG� SKDVH��$Q� DW �WHPSW�WR�JHW�KDUG� OD\HUV�ZLWK� 7L FRQFHQWUD�WLRQ���WR���DW���E\�WKHLU�YDFXXP�DQQHDOLQJDW� DERXW� ����&� IRU� �� KRXUV� GLG� QRW� KDYHSRVLWLYH�UHVXOW��7KH�PLFURKDUGQHVV�UHPDLQHGRQO\� ���� WR� ���� NJI�PP� DIWHU� DQQHDOLQJ�$OO� WKHVH� IDFWV�� WDNHQ� WRJHWKHU�� LQGLFDWH� DVSHFLILF� VWUXFWXUDO� VWDWH�� ZKHQ� SRVVLEOH� VX �SHUKDUG�QDQRIUDJPHQWV�RI�WKH�VXEVWDQFH�DUHZHDNO\� ERXQG� WR� HDFK� RWKHU�� 0RVW� OLNHO\�GLDPRQG� QXFOHL�� DSSHDUHG� GXH� WR� WKH7L&� → GLDPRQG� SKDVH� WUDQVLWLRQ�� GLG� QRWJHW� WKHLU� IXUWKHU� GHYHORSPHQW�� $V� SUHOLPL �QDU\� LQYHVWLJDWLRQ� UHVXOWV� VKRZHG�� 5DPDQVSHFWUD��VHQVLWLYH�WR�PROHFXODU�VWDWH��KDYH�DFRPSOH[� FKDUDFWHU� GHSHQGHQW� RQ� 7L FRQFHQ�WUDWLRQ�� +RZHYHU�� IRU� D� VHULHV� RI� VDPSOHVFRQGHQVHG� RQ� 6L DQG� JODVV� DW� 7L FRQFHQWUD�WLRQ�DERXW���WR���DW����ZH�ZHUH�VXFFHHG�WRDVFHUWDLQ� WKH� SUHVHQFH� RI� FOHDU� PD[LPD� DWDERXW� ����� FP�� �)LJ����� WKDW� WHVWLILHV� WRWKH�SUHVHQFH�GLDPRQG�SKDVH�6XPPDUL]LQJ�DOO�VWDWHG�DERYH��ZH�FDQ�DI �ILUP� WKDW� D� ORZ� 7L FRQFHQWUDWLRQ� UHDOO\VWLPXODWHV� GLDPRQG� IRUPDWLRQ�� 7KH� 7L&�SKDVH�� KRZHYHU��DFWV�DV� D�SUHFXUVRU�PDLQO\XQGHU� HOHFWURQ� VWUHDP� RU� RWKHU� SRVVLEOH� DF �WLRQ�XSRQ�DOUHDG\�IRUPHG�FRQGHQVDWH��+HUH�LW� LV� QRW� H[FOXGHG� WKDW� WR� LQWHQVLI\� WKHVHSUHFXUVRU� IXQFWLRQV� GXULQJ� WKH� GLDPRQGSKDVH� JURZLQJ�� LW� LV� QHFHVVDU\� WR� XVH� VXFKWHFKQRORJLFDO� FRQGLWLRQV� WKDW� FRXOG� SURYLGHFRQWLQXRXV� V\QWKHVLV� DQG� GHFRPSRVLWLRQ� RI7L&� RQ� WKH� JURZWK� VXUIDFH�� 3HUKDSV� LW� LVMXVW� WKRVH� FRQGLWLRQV� WKDW� ZHUH� UHDOL]HG� LQ>�@�� %XW� WR� YHULI\� VXFK� DVVXPSWLRQ�� LW� LVQHFHVVDU\� WR� FRQWURO� WKH� 7L YDSRUV� FRPLQJRQWR� JURZWK� VXUIDFH� YHU\� VWURQJO\�� ,Q� >�@�IURP� WKH� WHFKQLFDO� SRLQW� RI� YLHZ�� VXFK� DWDVN� GLG� QRW� VHHP� WR� EH� DWWDLQHG�� ,Q� WKLVFRQQHFWLRQ��WR�XQFRYHU�WKH�SUHFXUVRU�UROH�RI7L&��� WKH� QRQHTXLOLEULXP�PRGH� RI� WKH�PDW �WHU� �7L DQG� &�� WUDQVLWLRQ� LQWR� FRQGHQVHGVWDWH�ZDV�ILUVW�RI�DOO�LQFUHDVHG��7R�WKDW�HQG�WKH� & VSXWWHUHU� SRZHU� LQSXW� ZDV� HOHYDWHGXS� WR� ���� :�� DQG�� UHVSHFWLYHO\�� WKH� VWHHOVXEVWUDWH�ZDV�KHDWHG�XS�E\�HOHFWURQ�EHDP�WRWHPSHUDWXUHV� QHDU� ����&�� ,Q� DGGLWLRQ� WRHOHFWURQ�VWUHDP��QHJDWLYH�LRQV�DQG�FRQGHQV �LQJ� DWRPV� ZLWK� LQFUHDVHG� HQHUJ\� VHHP� WRDIIHFW� WKH� JURZWK� VXUIDFH� DV�ZHOO��$OO� WKDWLQ� FRPELQDWLRQ� ZDV� DQ� LPSRUWDQW� SUHUHT �XLVLWH�IRU�LQWHQVLILFDWLRQ�RI�WKH�SURFHVV�QRQ �HTXLOLEULXP�

$V�6(0�DQDO\VLV�VKRZHG��WKH�FRQGHQVDWHVREWDLQHG� LQ� VXFK� FRQGLWLRQV�� FRQVLVWHGPDLQO\� IURP�SRURXV� JUDSKLWH�OLNH� VWUXFWXUHZLWK�UDWKHU�ORZ�YDOXH�RI�ρ DQG�KDYH�D�FKDU�DFWHULVWLF� EODFN� FRORU�� +RZHYHU�� LQ� VRPHVDPSOHV��LQFOXVLRQV�ZLWK�IHDWXUHV�RI�FU\VWDO �OLQH� IDFHWLQJ� �)LJ���E�� DQG� 7L FRQWHQW� QRPRUH� WKDQ� �� DW��� ZHUH� UHYHDOHG�� %HVLGHV�6(0�DQDO\VLV�VKRZHG�DW�ORZ�PDJQLILFDWLRQVWKDW� WKH� LQFOXVLRQV� DFFXPXODWH� QHJDWLYHFKDUJH�� WKXV� FUHDWLQJ� GDUN� EDFNJURXQGDERXW� WKHP� �)LJ���F��� 7KLV� IDFW� SRLQWV� RXWWKHLU� GLHOHFWULF� SURSHUWLHV�� *DWKHULQJ� DOOPHQWLRQHG� DERYH�� LW� LV� SRVVLEOH� WR� GHILQHWKHVH�LQFOXVLRQV�DV�GLDPRQG�DW�D�KLJK�SURE �DELOLW\�� ,W� VKRXOG� EH� HPSKDVL]HG� WKDW� WKHIRUPDWLRQ� SURFHVV� RI� VXFK� LQFOXVLRQV� RF �FXUUHG� XQGHU� FRQWLQXRXV� FRPLQJ� RI� 7L YD�SRUV� LQ� PLQLPXP� DPRXQWV� WR� WKH� JURZWKVXUIDFH�� ,I� 7L YDSRUV� FRPLQJ� ZDV� LQWHU�UXSWHG�DW�D� FHUWDLQ�VWDJH�RI�WKH�FRQGHQVDWHIRUPDWLRQ�� WKHQ� IXUWKHU� GHSRVLWLRQ� GLG� QRWUHVXOW� LQ� IRUPDWLRQ� RI� WKH� GLHOHFWULF� LQFOX �VLRQV�� 7KLV� LV� ZKDW� OHW� XV� WR� SUHVXPH� WKDW7L&� SHUIRUPV�SUHFXUVRU�IXQFWLRQV�7R� FRQFOXGH�� WKH� PHWDVWDEOH� FRPSRXQG7L&� LV�IRUPHG�DW�QRQHTXLOLEULXP�WUDQVLWLRQRI�& DQG� 7L YDSRUV� WDNHQ� LQ� FHUWDLQ� UDWLRVLQWR� FRQGHQVHG�VWDWH��7KH�FRPSRXQG�FDQ�EHWUDQVIRUPHG� LQWR� GLDPRQG� SKDVH� XQGHU� WKHDFWLRQ� RI� HOHFWURQ� EHDP�� ,QFUHDVLQJ� 7F WR����&� E\� PHDQV� RI� PRUH� LQWHQVH� HOHFWURQVWUHDP� LQIOXHQFH� XSRQ� WKH� JURZWK� VXUIDFH�DQG� WKXV� LQFUHDVLQJ� WKH� FRQGHQVDWLRQ� SURF �

)LJ�����5DPDQ�VSHFWUXPV�RI�WKH�FRQGHQVDWHV�REWDLQHG�RQ�6L VXEVWUDWHV��j��DQG�JODVV��E��
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HVV� QRQHTXLOLEULXP�� LW� LV� SRVVLEOH� WR� REWDLQLQGLYLGXDO� LQFOXVLRQV� EHLQJ�SUHVXPDEO\�GLD �PRQG�� 3HUKDSV� WKHLU� OD\HU�WR�OD\HU� JURZWKRFFXUV� GXH� WR� WKH� SUHFXUVRU� HIIHFW� RI� 7L&�FRPSRXQG� 5HIHUHQFHV���$�3�6HPHQRY�� $�)�%HO\DQLQ�� ,�$�6HPHQRYD�<X�$�%DUQDNRY��LQ��3URF��RI��WK ,QW��6\PS��RQ'LDPRQG� DQG� 5HODWHG� &RPSRXQG� )LOPV�.KDUNLY�� ������� ,3&� �&RQWUDVW�� 3XEO��.KDUNLY���������S�������%�9�6SLWV\Q��$�(�$OHNVHHQNR�� LQ��3URF��RI��WK,QW��6\PS�� RQ� 'LDPRQG� DQG� 5HODWHG� &RP�SRXQG�)LOPV��.KDUNLY���������,3&��&RQWUDVW�3XEO���.KDUNLY���������S�����

���,�,�$NVHQRY��9�(�6WUHOQLWVN\��LQ��3URF��RI���WK,QW��6\PS��RQ� 7KLQ� )LOPV� LQ� (OHFWURQLFV��.KDUNLY�� ������� ,3&� �&RQWUDVW�� 3XEO��.KDUNLY���������S�������9�,�3HUHNUHVWRY��$�9�3DYORY��3LVPD�Y�=K��(NVSHU�7HRU��)L]��������������������9�,�3HUHNUHVWRY��<X�$�.RVPLQVND\D�� 3LVPD� Y=K��(NVSHU� 7HRU��)L]�����������������������%�,�0RVNDOHY��+ROORZ�&DWKRGH�'LVFKDUJH��(Q�HUJLD��0RVFRZ��������>LQ�5XVVLDQ@����%�6�'DQLOLQ��8VH�RI�/RZ�7HPSHUDWXUH�3ODVPDWR�$SSO\� 7KLQ�)LOPV�� (QHUJRDWRPL]GDW��0RV�FRZ��������>LQ�5XVVLDQ@�����9�,�3HUHNUHVWRY�� 6�1�.UDYFKHQNR�� ,QVWU��DQG([S��7HFK������������������
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