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,QWURGXFWLRQ,ULGLXP�RUJDQLF�FRPSOH[HV�KDYH�EHFRPHRI� JUHDW� SUDFWLFDO� DQG� VFLHQWLILF� LQWHUHVWGXULQJ� UHFHQW� \HDUV� 7KHVH� PROHFXOHV� FDQSKRVSKRUHVFH� DW� URRP� WHPSHUDWXUH� ZLWK� DKLJK� TXDQWXP� \LHOG�� 7KH� KLJKHVW� HOHFWUROX�PLQHVFHQFH� TXDQWXP� HIILFLHQF\� XS� WR� ����>�@�KDV�EHHQ�DFKLHYHG�ZLWK�WKLV�PDWHULDO��,W�LVDOVR� SURPLVLQJ� IRU� DSSOLFDWLRQV� LQ HIILFLHQWRUJDQLF�VRODU�FHOOV DQG�VHQVRUV� 7KH� ,U� FRP�SOH[HV�DUH�KLJKO\�SKRWR��DQG�WKHUPDOO\�VWDEOHDQG� FDQ� EH� HDVLO\� VWXGLHG� LQ� WKH� JDV� SKDVHZKLOH� EHLQJ� SUHSDUHG� E\� WKHUPRYDFXXPHYDSRUDWLRQ� ,Q� WKLV� SDSHU� WKH� UHODWLYHHIILFLHQF\� RI� H[FLWDWLRQ� LQWR� VLQJOHW� DQGWULSOHW� VWDWHV� LQ� WKH� HQHUJ\� UHJLRQ� EHWZHHQ����DQG���H9��WKHLU�GHSHQGHQFH�RQ�SURMHFWLOHHOHFWURQ� HQHUJLHV� IRU� WKH� VFDWWHULQJ� RIPRQRHQHUJHWLF� HOHFWURQV� ZLWK� WXQDEOH� HQHU�JLHV�IURP���WR����H9�DW�DQ�DQJOH�RI���q�� IRUWKH�ZLGHO\� NQRZQ� HOHFWURDFWLYH� RUJDQLF�PD�WHULDO�WULV���SKHQ\OS\ULGLQH�LULGLXP��,U�SS\���LQ�WKH�JDV�SKDVH�DUH�SUHVHQWHG�

([SHULPHQWDO$�VSHFLDO�HOHFWURQ�VSHFWURPHWHU�ZDV�XVHGIRU�WKH�HQHUJ\�ORVV�VSHFWUD�PHDVXUHPHQWV�>�@�,W� FRQWDLQV� D� IRXU� HOHFWURGH� HOHFWURQ� JXQ� WRSUHSDUH� DQG� WR� FROOLPDWH� WKH� HOHFWURQ� EHDPDQG����q HOHFWURVWDWLF�DQDO\]HU�ZLWK�FKDQQHO�URQ� WR� DQDO\]H� WKH� HQHUJLHV� RI� WKH� VFDWWHUHGHOHFWURQV�� $� TXDVLPRQRHQHUJHWLF� HOHFWURQEHDP RI�����PP�LQ�GLDPHWHU�LV�IRUPHG�LQ�����7RUU�YDFXXP�� WKH� HOHFWURQ� EHDP�FXUUHQW� GLGQRW�H[FHHG����P$ ��WKH�IXOO�HQHUJ\�UHVROXWLRQGHWHUPLQHG�XVLQJ�HODVWLF�VFDWWHULQJ�SHDN�ZDVDERXW� ���� H9�� 7KH� RUJDQLF� YDSRU� GHQVLW\� LQWKH� FROOLVLRQ� FHOO� ZDV� OHVV� WKDQ� ���� 7RUU� WRDYRLG�PXOWLSOH�FROOLVLRQV�DQG�VHFRQGDU\�SUR�FHVVHV�� 2SWLFDOO\� DOORZHG� WUDQVLWLRQV� DUHFKDUDFWHUL]HG�E\�D� IRUZDUG�SHDNHG�EHKDYLRU�ZKLOH�VSLQ�IRUELGGHQ�WUDQVLWLRQV�VKRZ�D�PRUHLVRWURSLF� DQJXODU� EHKDYLRU�� UHVXOWLQJ� LQ� DUHODWLYH�HQKDQFHPHQW�RI�WULSOHW�VLJQDO�DW�KLJKVFDWWHULQJ�DQJOHV��7KH���q VFDWWHULQJ�DQJOH�LVJRRG� IRU� ERWK� VLQJOHW� DQG� WULSOHW� WUDQVLWLRQPHDVXUHPHQWV�� 7KH� LQFLGHQW� HOHFWURQ� EHDPFXUUHQW�ZDV�PHDVXUHG�ZLWK�D����PP�)DUDGD\FXS��7KH�OHQJWK�RI�WKH�FROOLVLRQ�UDQJH�LQVLGH



GZmdh\bc�\�kgbd�M`]hjh^kvdh]h�mg�\_jkbl_lm��K_j�y�N�abdZ��<bimkd �����± ����

���

WKH� FKDPEHU� ZDV� �� PP�� 2SWLFDO� DEVRUSWLRQVSHFWUD� ZHUH� UHFRUGHG� XVLQJ� D� VSHFWURSKR�WRPHWHU� &DU\� ���� 6FDQ� 89�9,6�1,5� �9DU�LDQ�/WG��� ,U�SS\�� ZDV�REWDLQHG�IURP�$PHUL�FDQ�'\HV�6RXUFH�DQG�SXULILHG�LQ�RXU�,QVWLWXWHE\� YDFXXP� VXEOLPDWLRQ��7KH� FKHPLFDO� VWUXF�WXUH�RI�WKLV�PROHFXOH�LV�SUHVHQWHG�LQ�)LJ����

)LJ�����0ROHFXODU�VWUXFWXUH�RI�,U�SS\��7KHRUHWLFDO�FDOFXODWLRQV)RU� LQWHUSUHWDWLRQ�RI� WKH�HOHFWURQ� HQHUJ\ORVV� VSHFWUD� �((/6�� DQG� RSWLFDO� DEVRUSWLRQVSHFWUD� WKH� FDOFXODWLRQV� IRU� ERWK� FRPSRXQGVZHUH� SHUIRUPHG� XVLQJ� WKH� *DXVVLDQ���� SUR�JUDP�SDFNDJH�>�@�DQG� WKH�GHQVLW\� IXQFWLRQDOWKHRU\� �')7�� WHFKQLTXHV�� 7LPH�GHSHQGHQWGHQVLW\� IXQFWLRQDO� WKHRU\ �7'')7�� KDVVKRZQ� D� EHWWHU� DJUHHPHQW� ZLWK� H[SHULPHQWVLQ� ODUJH� FRQMXJDWHG�RUJDQLF�PROHFXOHV�� VR� LWKDV� EHFRPH� WKH� PRVW� ZLGHO\� XVHG� WRRO� IRUWKHRUHWLFDO�HYDOXDWLRQ�RI�WKH�H[FLWHG�VWDWH�HQ�HUJLHV�� 7KH� /RV� $ODPRV� /DE� �/$1/�'=�EDVLV�VHWV�ZHUH�HPSOR\HG�IRU�WKH�OLJDQGV�DQGWKH� ,U� DWRP�� 7KH� JHRPHWU\� RI� ,U�SS\��� ZDVIXOO\� RSWLPL]HG� ZLWKRXW� V\PPHWU\� FRQ�VWUDLQWV� XVLQJ� DQ� H[FKDQJH� FRUUHODWLRQ�%�3:���� DSSUR[LPDWLRQ�� 7KLV� DVVXPSWLRQZDV MXVWLILHG�E\�D�JRRG�DJUHHPHQW�RI�WKH�FDO�FXODWHG�PHDQ� ERQG�OHQJWKV�RI ,U�&� ��������±� ��������c�� DQG� ,U�1� ��������� ±� �������c�� ZLWK� H[SHULPHQWDO� YDOXHV� ������� DQG������c��UHVSHFWLYHO\�>�@��DV�ZHOO�DV�ZLWK�WKHDEVRUSWLRQ�VSHFWUD��7KH�VSHFWUXP�RI� WKH�YHU�WLFDO� HOHFWURQLF� WUDQVLWLRQV� LQ� WKLV� PROHFXOHZDV� IRXQG� WR� EH� YHU\� ULFK�� VR� WKH� JURXQGVWDWH�DQG�����VLQJOHW�H[FLWHG�HOHFWURQLF�VWDWHVDV� ZHOO� DV� RVFLOODWRU� VWUHQJWKV� I �IRU� VLQJOHW

VWDWHV�RQO\��ZHUH�FDOFXODWHG�XVLQJ�WKH�GLSROHWUDQVLWLRQ�PDWUL[� HOHPHQWV� DQG� 7'')7� FDO�FXODWLRQV�� 7KH� VSHFWUD� RI� WKH� YHUWLFDO� HOHF�WURQLF� WUDQVLWLRQV� IRU� WKHVH� PROHFXOHV� KDYHEHHQ� VLPXODWHG� XVLQJ� D� QHZO\� GHYHORSHGSURJUDP�LQ�WKH�IROORZLQJ�ZD\��7KH�FRQWRXUVRI� WKH�FDOFXODWHG�DEVRUSWLRQ�SHDNV�ZHUH�FDO�FXODWHG�XVLQJ� WKH� JDXVVLDQ�GLVWULEXWLRQ�0�(Q� �0 PD[H[S>±�(Q± (������@�ZLWK�D�KDOI�ZLGWK�RIDERXW� ����� H9� IRU� HYHU\� WUDQVLWLRQ�� 7KH� DE�VRUSWLRQ�VSHFWUXP�ZDV�REWDLQHG�DV�D� VXP�RIWKH�EDQGV�IRU�DOO�WUDQVLWLRQV�
5HVXOWV�DQG�GLVFXVVLRQ)LJXUH���SUHVHQWV�WKH�GLIIHUHQWLDO�HOHFWURQHQHUJ\� ORVV� VSHFWUD� PHDVXUHG� IRU� WKLV� FRP�SRXQG�DW�GLIIHUHQW� LQFLGHQW�HOHFWURQ�HQHUJLHV�������������DQG����H9��LQ�WKH�HQHUJ\�UHJLRQIURP���WR���H9��DQG�)LJ����VKRZV�WKH�SKRWR�DEVRUSWLRQ�VSHFWUXP�RI�D� WROXHQH�VROXWLRQ�DVZHOO� DV� WZR�((/6� LQ� WKH� FRUUHVSRQGLQJ� HQ�HUJ\�LQWHUYDO�ZLWK�WKH�EDFNJURXQG�VXEWUDFWHGDQG� QRUPDOL]HG� XVLQJ� LQWHQVH� ORZ� HQHUJ\LQHODVWLF� SHDNV�� DQG� WKH� FDOFXODWHG� VSHFWUXPRI� WKH� VLQJOHW� WUDQVLWLRQV��7KH�VSHFWUDO�EDFN�JURXQGV�LQ�)LJ���DUH�KLJKHU�DW�KLJKHU�ORVV�HQ�HUJLHV�GXH�WR�WKH�VHFRQGDU\�HOHFWURQ�HPLVVLRQIURP�WKH�HOHFWURQ�JXQ�HOHFWURGHV�

)LJ�� ��� (OHFWURQ� HQHUJ\� ORVV� VSHFWUD� DW� GLIIHUHQWLQFLGHQW�HOHFWURQ�HQHUJLHV��QHDU�FXUYH�LQ�H9��
7KH� PHDVXUHG� ((/6� FRQWDLQ� VWURQJO\SURQRXQFHG� SHDNV� DW� ���� H9� �ZLWK� D� SUR�ORQJHG�ORZ�HQHUJ\�VKRXOGHU�������H9�DQG����H9��DQG�D�GLVWLQJXLVKDEOH�VKRXOGHU�DW�����H9�
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7KH� ULVH� RI� WKH� LQFLGHQW� HOHFWURQ� HQHUJ\� UH�VXOWV�LQ�WKH�LQWHQVLW\�LQFUHDVH�RI�WKH�KLJK�HQ�HUJ\� PD[LPD� DV� FRPSDUHG� WR� D� SHDN� DW� ���H9��%XW�� WKH� UHODWLYH� LQWHQVLW\� RI� WKH����� H9EDQG� GHFUHDVHV� ZLWK� HQHUJ\� FRPSDUHG� WR� DVKRXOGHU� DW� ���� H9�� SRLQWLQJ� WR� DQ� HVVHQWLDOFRQWULEXWLRQ�RI�WULSOHW�WUDQVLWLRQV��1R�LQWHQVHWULSOHW� WUDQVLWLRQ� FDQ�EH�REVHUYHG� LQ� VSLWH� RIWKH� SUHVHQFH� RI� KHDY\� ,U� DWRP� >�@�� 7KLV� LVSUREDEO\�GXH�WR�WKH�QDWXUH�RI�FKDUJH�WUDQVIHUWUDQVLWLRQV��$OPRVW�IRU�DOO�RUJDQLF�PROHFXOHVD�UHVROYHG�WULSOHW�EDQG�FDQ�EH�REVHUYHG�LQ�WKHORZ� HQHUJ\� SDUW� RI� WKH� ((/6�� %XW�� IRU,U�SS\�� VXFK�D�SHDN�LV�DEVHQW��1HYHUWKHOHVV�ORZ�HQHUJ\� VKRXOGHU� �)LJ����� LV�KLJKHU� DW���H9� LQFLGHQW� HOHFWURQ� HQHUJ\� WKDQ� DW� ��� H9SRLQWLQJ�WR�WKH�SUHVHQFH�RI� WKH� WULSOHW� WUDQVL�WLRQV�LQ�WKH�PLGGOH�RI�WKH�VKRXOGHU��DSSUR[L�PDWHO\�DW���������H9��

)LJ�� ��� 6SHFWUXP� RI� RSWLFDO� DEVRUSWLRQ�� HOHFWURQHQHUJ\�ORVV�VSHFWUD�DW����DQG����H9��DQG�WKH�FD O�FXODWHG� VSHFWUXP�� WKH� EDUV� UHSUHVHQW� WKHFRPSXWHG� WUDQVLWLRQ� ZLWK� KHLJKW� HTXDO� WR� WKHFRUUHVSRQGLQJ�RVFLOODWRU�VWUHQJWKV �
7KH� DEVRUSWLRQ� VSHFWUXP� RI� WKLV� FRP�SRXQG� �)LJ�� ��� VKRZV� LQWHQVH� EDQGV� DSSHDU�LQJ� LQ� WKH� XOWUDYLROHW� SDUW� RI� WKH� VSHFWUXPEHWZHHQ�����DQG�����H9������DQG�����QP���,QWKH�ORQJ�ZDYHOHQJWK�VKRXOGHU�RI� WKH�DEVRUS�WLRQ�VSHFWUXP�WKUHH�GLVWLQJXLVKHG� IHDWXUHV�DW������ ���� DQG� �� H9� DUH� FOHDUO\� REVHUYHG�� ,WVKRXOG�EH�QRWHG� WKDW�HQHUJ\� VKLIWV� IRU�PROH�FXOHV� LQ� WKH� FRQGHQVHG�SKDVH� DUH�SUHVHQW��$UHPDUNDEOH�SRLQW�LQ�)LJ����LV�WKH�FORVH�FRUUH�VSRQGHQFH�EHWZHHQ�WKH�((/6�DQG�WKH�RSWLFDODEVRUSWLRQ� VSHFWUD�� 7KH� HQHUJ\� SRVLWLRQV� DV

ZHOO�DV�WKH�UHODWLYH�LQWHQVLWLHV�DUH�YHU\�VLPL�ODU� LQ�ERWK�FDVHV�� ,Q� WKH� ORZ�HQHUJ\�EDQG�RI((/6� WKH� FRUUHVSRQGLQJ� PXOWLSOH� VWUXFWXUHVDUH�QRW� UHVROYHG�DQG� WKH�EDQG�DSSHDUV� WR�EHEURDGHU� DQG�VOLJKWO\� KLJKHU� WKDQ� LQ� WKH�RSWL�FDO�VSHFWUXP��7KH�LQWHQVLW\�RI�WKH�EDQG�DW����H9� LV� OHVV� WKDQ� LQ� WKH� RSWLFDO� DEVRUSWLRQVSHFWUXP�GXH�WR�WKH�UDWKHU�ORZ�LQFLGHQW�HOHF�WURQ�HQHUJ\��OHVV�WKDQ�����H9��DQG�WR�DQ�XQ�FHUWDLQW\� LQ� EDFNJURXQG� FXUUHQW� GHWHUPLQD�WLRQ��7KXV��LQ�((/6�ZH�FDQ�REVHUYH�WKH�VDPHWUDQVLWLRQV� DV� LQ� WKH� RSWLFDO� VSHFWURVFRS\ZKLFK�FDQ�EH� DVVLJQHG�DFFRUGLQJO\��7KH� ���H9� SHDN� FDQ� EH� DSSDUHQWO\� DWWULEXWHG� WR� WKHLRQL]DWLRQ�HQHUJ\�

)LJ�����+202��D��DQG�/802��E��RI� ,U�SS\��
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7KH� FDOFXODWHG� VSHFWUXP� RI� WKH� VLQJOHWWUDQVLWLRQV� �)LJ�� ��� LV� DOVR� YHU\� FORVH� WR� WKH((/6� DQG� SKRWRDEVRUSWLRQ� VSHFWUXP�� 7KHORZ� HQHUJ\� SHDN� LV� LQ� D� UDWKHU� JRRG� DJUHH�PHQW�ZLWK�((/6�DQG� WKH�RSWLFDO� DEVRUSWLRQ�7KH� VHFRQG� LQWHQVH�SHDN�FRUUHVSRQGV� QRW� WRWKH� ���� H9� SHDN�� EXW� WR� D� IHDWXUH� DW� ���� H9ZLWK� D� ORQJ� VKRXOGHU�� FRQILUPLQJ� WKH� SUHV�HQFH�RI�WULSOHW�WUDQVLWLRQV�LQ�((/6�LQ�WKLV�UH�JLRQ�� 7KH� SUREDELOLWLHV� RI� WUDQVLWLRQV� DOVRVKRZ�D�UDWKHU�JRRG�FRUUHVSRQGHQFH�WR�((/6DQG� WR� WKH� SKRWRDEVRUSWLRQ� GDWD� WKRXJK� WKHORZ�HQHUJ\�VKRXOGHU�RI�����H9�EDQG�LQ�((/6LV�VOLJKWO\�KLJKHU�WKDQ�LQ�WKH�FDOFXODWHG�VSHF�WUXP��7KH�ORZHVW�WULSOHW�OHYHO�LV�ORFDWHG�DW����H9�� 7KH� FDOFXODWHG� RUELWDOV� VKRZ� WKDW� WKLVPROHFXOH� KDV� D� SURSHOOHU� OLNH� FRQILJXUDWLRQ�7KH�KLJKHVW�RFFXSLHG��+202��DQG�WKH�ORZ�HVW� XQRFFXSLHG� �/802�� PROHFXODU� RUELWDOV�VHH� )LJ�� ��� FRQILUP� FKDUJH� WUDQVIHU� IURP� ,UDWRP�WR�OLJDQGV��,W�ZDV�DOUHDG\�IRXQG�>�@�WKDWLQ�WKLV�PROHFXOH�WKH�KLJKHVW�RFFXSLHG�RUELWDOKDV� DQ� ,U��G�� FKDUDFWHU�� EXW� ZLWK� DQ� DOPRVWHTXDO� DGPL[WXUH� RI� OLJDQG� S
� RUELWDOV�� 7KHVSLQ�GHQVLWLHV� LQ� WKH� FDWLRQV� VKRZ� DERXW� ���HOHFWURQ�RQ�WKH�PHWDO�FHQWHU��7KH�ORZHVW�H[�FLWHG� RUELWDOV� DUH� WRWDOO\� RI� WKH� S
� OLJDQGFKDUDFWHU��DV�DOVR�UHIOHFWHG�LQ�WKH�VSLQ�GHQVL�WLHV� LQ� WKH� DQLRQ�� 'XH� WR� WKH� UHVRQDQFH� EH�WZHHQ� WKH� G�RUELWDO� RI� WKH� FHQWUDO� LULGLXPDWRP� DQG� WKH�S� RUELWDO� RI� WKH� OLJDQG�PROH�FXOHV�DOO�RI� WKH� ORZ� O\LQJ�DOORZHG� DQG� VSLQ�IRUELGGHQ� WUDQVLWLRQV� DUH� FDWHJRUL]HG� DVFKDUJH�WUDQVIHU�IURP�WKH�PHWDO�DWRP�WRZDUGV

WKH� PROHFXODU� PDFURF\FOH� WUDQVLWLRQV�� DO�WKRXJK� WKH�PHWDO� RUELWDOV� KDYH� D� VLJQLILFDQWPL[WXUH�RI�OLJDQG�FKDUDFWHU��6WURQJ�FRXSOLQJRI� LULGLXP� DQG� OLJDQGV� OHDGV� WR� D�PL[LQJ� RIVLQJOHW�DQG� WULSOHW� VWDWHV��7KLV�� LQ� WXUQ�� OHDGVWR� D� KLJK� LQWHQVLW\� RI� VXFK� WUDQVLWLRQV� DQG� DQHDUO\� ����� FRQYHUVLRQ� RI� WKH� LQWHU�V\VWHPFURVVLQJ�IURP�VLQJOHW�WR�WULSOHW�H[FLWHG�VWDWHVDQG� DOORZV� VWURQJ� UDGLDWLYH� WUDQVLWLRQV� IURPWULSOHW� WR� VLQJOHW� JURXQG� VWDWHV�� 7KHUHIRUH�YHU\�VWURQJ�SKRVSKRUHVFHQFH�ZLWK�D�UDGLDWLYHOLIHWLPH�RI�DERXW���PV�DQG� ODUJHU� LV�SRVVLEOHHYHQ�DW�URRP�WHPSHUDWXUHV��7KH�EDQGV�LQ�WKHKLJK�HQHUJ\�UHJLRQ�KDYH�EHHQ�DVVLJQHG�WR�WKHVSLQ�DOORZHG���S�S
��WUDQVLWLRQV�RI�WKH�SKHQ�\OS\ULG\O�OLJDQG��
&RQFOXVLRQ6RPH� GLUHFW� VLQJOHW�WULSOHW� WUDQVLWLRQV� LQWKH� UHJLRQ� �������� H9� DQG� QHDU� ���� H9� DUHREVHUYHG� 1R�LQWHQVH�VLQJOHW�WULSOHW�WUDQVLWLRQFDQ� EH� REVHUYHG� LQ� VSLWH� RI� WKH� SUHVHQFH� RIWKH� KHDY\� ,U� DWRP� DSSDUHQWO\� RZLQJ� WR� LWVFKDUJH� WUDQVIHU� QDWXUH�� 1R� HVVHQWLDO� GLIIHU�HQFHV� EHWZHHQ� WKH� RSWLFDO� DQG� HOHFWURQLPSDFW� H[FLWDWLRQ� RI� ,U�SS\�� KDYH� EHHQIRXQG��DQG�SKRVSKRUHVFHQFH�FDQ�EH�REVHUYHGPDLQO\� RZLQJ� WR� LQWHUFRPELQDWLRQ� VLQJOHW�WULSOHW� WUDQVLWLRQV� 7KH� RSWLFDO� VSHFWUXPFDOFXODWHG� XVLQJ� GHQVLW\� IXQFWLRQDO� WKHRU\WHFKQLTXHV LV� LQ� D� UDWKHU� JRRG� DFFRUGDQFHZLWK� HOHFWURQ� HQHUJ\� ORVV� DQG� RSWLFDO� DE�VRUSWLRQ�VSHFWUD�

5HIHUHQFHV�� 0��$��%DOGR��6��/DPDQVN\��3��(��%XUURZV�0�� (�� 7KRPSVRQ�� 6�� 5�� )RUUHVW�� $SSO�3K\V��/HWW����������������� $�9�� .XNKWD�� 6�0�� .D]DNRY�� '�9�0XUWD]DOLHY�� '�9�� 5LWFKLN�� &KHP�� 3K\V�/HWW������������������

�� *DXVVLDQ�����5HYLVLRQ�'�����0��-��)ULVFK�*�� :�� 7UXFNV�� +�� %�� 6FKOHJHO�� HW DO��*DXVVLDQ��,QF���:DOOLQJIRUG�&7���������� 3�-�+D\�� -�3K\V�&KHP��$� ����� �����������
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