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$QRWKHU�FKDUDFWHULVWLF�RI�WKH�FRPSOH[�LPSHGDQFH�RI�WKLV�V\VWHP�EHFRPHV�DSSDUHQW�LQ� )LJXUH� ��� :KHQ� K\GUD]LQH� FRQFHQWUDWLRQ� LV� ORZ� D� VLQJOH� ORRS� LV� REVHUYHG� DW� ����P$�FP����EXW�DW�����P$�FP�� D�QHZ�ORRS�EHJLQV�GHYHORSLQJ�LQ�WKH�ORZ�IUHTXHQF\�UDQJH��)RU�KLJKHU�FRQFHQWUDWLRQV� LW� LV�YLVLEOH�DV�SRLQW�GLVSHUVLRQ�LQ�WKH�ORZ�IUHTXHQF\�OLPLW��,WV�DSSHDUDQFH� KDSSHQV� VLPXOWDQHRXVO\� ZLWK� WKH� FKDQJH� LQ� WKH� VORSH� RI� WKH� VWHDG\�VWDWH�
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)LJXUH��� ,PSHGDQFH�VSHFWUD�IRU�DQRGLF�K\GUD]LQH�R[LGDWLRQ�VKRZLQJ�WKH�KLJK�IUHTXHQF\�VHPLFLUFOH��(OHFWURGH�$��&1�+� ������FXUUHQW�GHQVLW\� �����P$�FP�� �'�����P$�FP�� �¡�����P$�FP�� ��������P$�FP�� �2������P$�FP�� ����
)LJXUH� �� VKRZV� WKH�+)� VHPLFLUFOH� IRU� VHYHUDO� FXUUHQW� GHQVLWLHV�� ,WV� VL]H� UHPDLQV�DOPRVW� XQFKDQJHG� IRU� GLIIHUHQW� FXUUHQW� GHQVLWLHV� VKRZLQJ� D� VOLJKW� GHSHQGHQFH� RQ�FRQFHQWUDWLRQ�� ,W� LV� SRVWXODWHG� WKDW� LW� LV� OLQNHG� WR� WKH� SRURXV� VWUXFWXUH� RI� WKH� HOHFWURGH��6XFK� D� SKHQRPHQRQ� KDV� DOUHDG\� EHHQ� REVHUYHG� >��� ��@�� DQG� LW� LV� FRQQHFWHG� ZLWK� WKH�SRURVLW\�RI� WKH� HOHFWURGH� VWUXFWXUH� DQG�QRW�ZLWK� DQ\� IDUDGDLF� SURFHVV��7KLV� HIIHFW� DULVHV�IURP�WKH�DOWHUQDWH�VLJQDO�ODJJLQJ�LQ�WKH�LQQHU�VXUIDFH�RI�WKH�SRUHV��$V�D�FRQVHTXHQFH�WKH�HOHFWURGH� EHKDYHV� DW� KLJK� IUHTXHQFLHV� DV� LI� LWV� VXUIDFH� DUHD�ZDV� ORZHU��7KH� SHQHWUDWLRQ�GHSWK�LQFUHDVHV�ZKHQ�WKH�IUHTXHQF\�GHFUHDVHV�>����������@��$�VWUDLJKW�OLQH�RI�XQLW�VORSH��DW� KLJK� IUHTXHQFLHV�� LV� SUHGLFWHG� IRU SRURXV� HOHFWURGH� WKHRU\� IRU� D� F\OLQGULFDO� SRUH� DQG�LQILQLWH� FRQGXFWLYLW\� RI� WKH� HOHFWURO\WH� >��@�� ,Q� WKLV� SDUWLFXODU� FDVH�� QR� VWUDLJKW� OLQH� LV�REVHUYHG�� 7KLV� EHKDYLRU� SUREDEO\� DULVHV� IURP� WKH� SDUWLFXODU� FORWK� VWUXFWXUH� ZKHUH� WZR�ZLGHO\�GLIIHUHQW�SRUH�VL]HV�H[LVW��7KH�ODUJHU�SRUHV�DUH�WKH�VSDFHV�EHWZHHQ�WKH�WKUHDGV�DQG�WKH� VPDOOHU� SRUHV� DUH� GHILQHG� E\� WKH� VSDFH� EHWZHHQ� WKH� LQGLYLGXDO� ILEHUV�� EHLQJ� WKH�VXUIDFH�DUHD�RI�WKH�ODUJHU�SRUHV�PRUH�DFFHVVLEOH��,W�PD\�EH�H[SHFWHG�WKDW�WKH�VPDOOHU�SRUHV�JHQHUDWH�VLJQDO GLVSHUVLRQ�LQ�D�ZLGHU�IUHTXHQF\�UDQJH�WKDQ�WKH�ODUJHU�RQHV��OHDGLQJ�WR�WKH�REVHUYHG�EHKDYLRU��7KH�VHPLFLUFOH�FRQFHQWUDWLRQ�GHSHQGHQFH�FDQ�EH�XQGHUVWRRG�DV�EHLQJ�WKH�UHVXOW�RI�SRUH�EORFNLQJ�SUHVXPDEO\�E\�EXEEOHV�GXH�WR�WKH�LQWHQVH�QLWURJHQ�HYROXWLRQ�DW�KLJK�SRWHQWLDOV�$Q�LQFUHDVH�RI�WKH�LPSHGDQFH�ZDV�REVHUYHG�DW�ORZ�IUHTXHQF\�XQGHU�FRQGLWLRQV�RI�KLJK� FXUUHQWV� DQG� ORZ� FRQFHQWUDWLRQV�� 7KLV� EHKDYLRU� PD\� FRUUHVSRQG� WR� WKH� RQVHW� RI�
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)LJXUH��� ,PSHGDQFH�VSHFWUD�IRU�HOHFWURGH�%��D��&1�+� ���������P$�FP����E��&1�+� �����������P$�FP�����2�����P$�FP����F��(OHFWURGH�$��&1�+� ��������P$�FP���5HVXOWV� IRU� HOHFWURGH� %�� ZKLFK� ZDV� VXEMHFW� WR� PRUH� H[WHQVLYH� R[LGDWLRQ�� DUH�VKRZQ� LQ� )LJXUH� ��� 7KH� LQGXFWLYH� FRQWULEXWLRQ� WR� WKH� HOHFWURGH� LPSHGDQFH� FLWHG�SUHYLRXVO\� FDQ� EH� GLVWLQJXLVKHG� IRU� WKLV� HOHFWURGH� DW� LQWHUPHGLDWH� FXUUHQWV� �)LJXUH� �D���7KH�1\TXLVW�GLDJUDPV�IRU�KLJK�FXUUHQW�GHQVLWLHV�DUH�VKRZQ�LQ�)LJXUH��E��EHLQJ�FRPSDUHG�ZLWK�WKH�UHVSRQVH�LQ�VLPLODU�FRQGLWLRQV�RI�WKH�HOHFWURGH�$��)LJXUH��F���,Q�WKH�LPSHGDQFH�VSHFWUD�� WKH�+)� ORRS� DSSHDUV� VXSHULPSRVHG� WR� WKH�0)� VHPLFLUFOH�ZKLOH� WKH�/)� ORRS� LV�FOHDUO\� VHSDUDWHG��7KH� LPSHGDQFH�SURILOHV� VKRZQ� LQ�)LJXUHV��� WR���FDQ�EH�GHVFULEHG�E\�



$Q�HOHFWURFKHPLFDO�LPSHGDQFH�VSHFWURVFRS\�VWXG\ ���WUDQVIHU�IXQFWLRQV��FRUUHVSRQGLQJ�WR�WKH�HTXLYDOHQW�FLUFXLW�RI�)LJXUH����ZKLFK�ZDV�VHOHFWHG�XVLQJ� WKH� (48,9&57� SURJUDP� >���� ��@�� 7KH� RSWLPXP� QXPHULFDO� YDOXHV� RI� WKH�HTXLYDOHQW�FLUFXLW�SDUDPHWHUV�DUH�OLVWHG�LQ�7DEOHV���DQG����&RQVWDQW�SKDVH�HOHPHQWV��&3(��>��@� PXVW� EH� LQWURGXFHG� LQ� WKH� HTXLYDOHQW� FLUFXLW� WR� DFFRXQW� IRU� IUHTXHQF\� GLVSHUVLRQ�RULJLQDWLQJ� IURP� KHWHURJHQHLW\� RU� URXJKQHVV� RI� WKH� HOHFWURGH� VXUIDFH�� 7KH� GRXEOH� OD\HU�FDSDFLWDQFH�VKRXOG� WKHQ�EH�VXEVWLWXWHG�E\�WKH�FRQVWDQW�SKDVH�HOHPHQW�ZKRVH�LPSHGDQFH�PD\ EH�GHVFULEHG�DV� =&3(  ���>&�MZ�Q@���������������������������������������������������������������������ZKHUH� &� LV� D� UHDO� IUHTXHQF\�LQGHSHQGHQW� SDUDPHWHU� UHODWHG� WR� WKH� GRXEOH� OD\HU�FDSDFLWDQFH��ZLWK�XQLWV�RI�)�FP���VQ����DQG�WKH�H[SRQHQW�Q�LV�D�FRQVWDQW�����Q�����:KHQ�Q� ����D�SXUHO\�FDSDFLWLYH�EHKDYLRU�LV�REVHUYHG��ZKHUHDV�ZKHQ�Q� ���WKH�&3(�LV�FRQVLGHUHG�WR�EH�D�UHVLVWRU�,Q� WKH� IROORZLQJ� GLVFXVVLRQ� GLVWLQFWLRQ� LV� PDGH� EHWZHHQ� WKH� FRQVWDQW� SKDVH�HOHPHQWV�&3(��DQG�&3(� WR�DFFRXQW�IRU�WKH�GLIIHUHQFHV�REVHUYHG�LQ�WKH�/)�KDOI�FLUFOH�DW�ORZ�DQG�KLJK�FXUUHQW�GHQVLWLHV��VHH�)LJXUHV���WR����7KH� RKPLF� UHVLVWDQFH� RI� WKH� HOHFWURO\WH� LV� LQ� VHULHV�ZLWK� WKH� SDUDOOHO� FLUFXLW� WKDW�JLYHV� RULJLQ� WR� WKH� +)� ORRS�� ZKLFK� FRPSRQHQWV� DUH� &3(S DQG� 5S�� 7DEOH� �� VKRZV� WKH�YDOXHV�RI�KLJK�IUHTXHQF\�KDOI�FLUFOH�HOHPHQWV��$V�FDQ�EH�VHHQ��WKH�YDOXH�RI�WKH�H[SRQHQW�QS�RVFLOODWHV�DURXQG�����IRU�ERWK�HOHFWURGHV�

)LJXUH��� (TXLYDOHQW�HOHFWULFDO�FLUFXLW�XVHG�IRU�DQDO\VLV�RI�WKH�LPSHGDQFH�GDWD�
7KH� RWKHU� SDUW� RI� WKH� FLUFXLW� LV� FKDUDFWHULVWLF� RI� D� UHDFWLRQ� PHFKDQLVP� ZLWK�DGVRUEHG� LQWHUPHGLDWHV�� LQ� ZKLFK� GLIIXVLRQ� RI� SDUWLFLSDWLQJ� VSHFLHV� LV� QRW� UDWH� OLPLWLQJ�>��@��:H�DVVRFLDWH�WKH�PHGLXP�IUHTXHQF\�VHPLFLUFOH�HOHPHQW�&3(� ZLWK�WKH�GRXEOH�OD\HU�FDSDFLWDQFH��,W�LV�SRVVLEOH�WKDW�DGVRUSWLRQ�RI�WKH�LQWHUPHGLDWH�PLJKW�DOWHU�WKH�FKDUJH�RI�WKH�GRXEOH�OD\HU� �DGGLWLRQDOO\� WR� WKH� IDUDGDLF� FRQWULEXWLRQ��� +RZHYHU� ZH� DVVXPH� WKDW� WKLV�HIIHFW�LV�VPDOO��$V�FDQ�EH�VHHQ�LQ�7DEOH����&� IRU�HOHFWURGH�$�UHPDLQV�UHODWLYHO\�FRQVWDQW�IRU�HDFK�FRQFHQWUDWLRQ��DOWKRXJK�D�VOLJKW�GHFUHDVLQJ�LV�REVHUYHG�DW�KLJK�FXUUHQWV�LQ�VRPH�FDVHV��7KLV�HIIHFW�PD\�EH�RULJLQDWHG�E\�D�UHGXFHG�SHQHWUDWLRQ�GHSWK�RU�E\�D�GHFUHDVH�RI�WKH� DFWLYH� VXUIDFH� DUHD� E\� QLWURJHQ� EXEEOHV�� 7KH� PHDVXUHG� YDOXHV� DUH� UDWKHU� KLJK�� DV�VKRXOG� EH� H[SHFWHG�� VLQFH� ERWK� JUDSKLWH� ILEHU� VXEVWUDWH� DQG� FDWDO\VW� FRQWULEXWLRQV� DUH�LQFOXGHG�
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��� � ��� ���� ����u���� ���� ����u���� �������� ��� ���� ����u���� ���� ���u���� ���� ���� ���� ����u���� ���� ����u���� ����� ���� ���� ����u���� ���� ����u���� ������ ���� ���� ����u���� ���� ����u���� ������� ��� ���� ���� ����u���� ��� ����u���� �������� ���� ���� ����u���� ���� ����u���� ����� ���� ���� ����u���� ���� ����u���� ����� ���� ���� ����u���� ���� ����u���� ������ ���� ���� ����u���� ���� ����u���� ����� � ���� ���� ���u���� ��� ����u���� ������ ���� ���� ����u���� ���� ����u���� ������ ���� ���� ����u���� ��� ���u���� ����
7DEOH��� (OHPHQWV RI�WKH�KLJK�IUHTXHQF\�ORRS���5HVXOWV�IRU�HOHFWURGH�%

&3(� &3(� &3(�LP$FP�� F1�+���� &� [�����)�FP��VQ��� Q� 5��:�FP�� &��)�FP��VQ��� Q� 5��:�FP�� &��)�FP��VQ��� Q� 5��:�FP��
��� � ���� ���� ���� ������� ���� ����� ���� ���� ���� ������� ���� �������� ���� ���� ���� ������ ���� ����� ���� ���� ����� ���� ���� ������ ���� ���� ���� ������ ���� ������ ���� ���� ���� ������ ���� �������� ��� ���� ���� ������ ���� ���� ���� ���� ���� ���� ������ ���� ���� ���� ���� ���� ������ ���� �������� ���� ���� ��� ����� ���� ������� ��� ����� ���� �������� ����� ���� ����� ����� ���� ����� ����� ���� ����� � ����� ���� ���� ���� ���� ������� ����� ���� ���� ����� ���� ����7DEOH��� (OHPHQWV�RI�WKH�HTXLYDOHQW�FLUFXLWV���5HVXOWV�IRU�HOHFWURGH�%

2Q� WKH� RWKHU� KDQG�� &� YDOXHV� IRU� HOHFWURGH� %� DUH� PRUH� WKDQ� RQH� RUGHU� RI�PDJQLWXGH�KLJKHU�WKDQ�IRU�HOHFWURGH�$��7KH�GLIIHUHQFHV�LQ�SDOODGLXP�VXUIDFH�DUHD�DUH�QRW�VXIILFLHQW� WR� MXVWLI\� WKLV� YDULDWLRQ�� 7KHUHIRUH�� WKH� KLJK� FDSDFLWDQFH�PXVW� DULVH� IURP� WKH�R[LGL]HG�JUDSKLWH�VXEVWUDWH��VLQFH�WKH�SULQFLSDO�GLIIHUHQFH�EHWZHHQ�ERWK�HOHFWURGHV�LV�WKH�R[LGDWLRQ� WLPH� LQ� WKH� SUH�WUHDWPHQW� VWHS� >��@�� 7KH� FKDUJH�WUDQVIHU� UHVLVWDQFH� 5���



$Q�HOHFWURFKHPLFDO�LPSHGDQFH�VSHFWURVFRS\�VWXG\ ���DVVRFLDWHG� WR� WKH�0)� FDSDFLWLYH� KDOI�FLUFOH�� GHFUHDVHV� ZLWK� LQFUHDVLQJ� SRODUL]DWLRQ� DQG�GHSHQGV�RQ�WKH�FRQFHQWUDWLRQ�DQG�RQ�WKH�HOHFWURGH�SURSHUWLHV�7KH�VHFRQG�FDSDFLWDQFH�&� LV�H[FHSWLRQDOO\�KLJK��HYHQ�IRU�D�SRURXV�HOHFWURGH��DQG�DW� ORZ� FXUUHQWV� LW� PD\� EH� DVVRFLDWHG� WR� DQ� DGVRUSWLRQ� SVHXGR�FDSDFLWDQFH�� ,Q� WKHVH�FRQGLWLRQV��WKH�UHVLVWDQFH�5� LV�DVVRFLDWHG�ZLWK�UHOD[DWLRQ�RI�FRYHUDJH�>��@��&RQVLGHULQJ�WKH�UHDFWLRQ�VFKHPH�JLYHQ�E\�UHDFWLRQ�>,9@�WR�>9,@��WKH�DGVRUSWLRQ�FDSDFLWDQFH�&� PD\�EH�DVVRFLDWHG�WR�WKH�+�DG��VSHFLHV��7KH� FLUFXLW� FRPSRQHQW� GHVLJQHG� DV� &3(� LV� DVVRFLDWHG� WR� D� SURFHVV� WKDW� LV�LPSRUWDQW�DW�KLJK�FXUUHQW�GHQVLWLHV��SUREDEO\�D�GLIIXVLRQ�VWHS�DV�PHQWLRQHG�DERYH��&RQFOXVLRQV7KH� VWHDG\� VWDWH� FXUUHQW� GHQVLW\� ± SRWHQWLDO� FXUYHV� DQG� WKH� H[SHULPHQWDO�LPSHGDQFH� GDWD� LQGLFDWHV� WKH� KLJKHU� FDWDO\WLF� DFWLYLW\� RI� WKH� JUDSKLWH� ILEHU� FORWKV�HOHFWURGH�� ZKLFK� ZDV� REMHFW� RI� VWURQJ� R[LGDWLRQ� SUH�WUHDWPHQW�� 7KH� LPSHGDQFH� GDWD�FRQILUPV� WKDW� WKH�PHFKDQLVP�RI� WKH�DQRGLF�R[LGDWLRQ�RI�K\GUD]LQH�RQ�SDOODGLXP�ORDGHG�RYHU� JUDSKLWH� FORWKV� HOHFWURGHV� PD\� SURFHHG� WKURXJK� WKH� IRUPDWLRQ� RI� LQWHUPHGLDWH�UDGLFDOV�� ZKLFK� UHDGLO\� GHFRPSRVH� LQWR� K\GURJHQ� DQG� UHODWH� FRPSRXQGV�� 7KH�H[FHSWLRQDOO\�KLJK�DGVRUSWLRQ�FDSDFLWDQFH�&� PD\�EH�DVVRFLDWHG�WR�WKH�+�DG��VSHFLHV�
$FNQRZOHGJHPHQWV7KH� DXWKRUV� DFNQRZOHGJH� ILQDQFLDO� VXSSRUW� IURP� WKH� 8QLYHUVLGDG� 1DFLRQDO� GHO�6XU�� IURP� WKH�&RPLVLyQ�GH�,QYHVWLJDFLRQHV�&LHQWtILFDV�GH� OD�3URYLQFLD�GH�%XHQRV�$LUHV��&,&����$UJHQWLQD�DQG�WKH�9RONVZDJHQ�)RXQGDWLRQ���*HUPDQ\��'�0�0�(��DQG�0�&�(��DUH�PHPEHUV�RI�WKH�&,&�5HIHUHQFHV>�@�$WWZRRG�3�$���0F1LFRO��%�'���6KRUW��5�7��-��$SSO��(OHFWURFKHP����������������>�@�'XDUWH��0�0���0D\HU��&�(��$Q��$VRF��4XtP��$UJHQW� �������������>�@�$QGRQRJORX��3K�3���-DQQDNRXGDNLV��$�'��(OHFWURFKLP��$FWD�����������������>�@�:DEQHU��'���+RO]H��5���6FKPLWWLQJHU��3��=��1DWXUIRUVFKXQJ����������E������>�@�+RO]H��5��9LHOVWLFK��:��(OHFWURFKLP��$FWD ��������������>�@�+DPSVRQ��1�$���.DUXQDWKLODND��6�$�*���/HHN��5��-��$SSO��(OHFWURFKHP����������� ��>�@�+RO]H��5���&DVWUR�/XQD��$�0��-��$SSO��(OHFWURFKHP� ��������������>�@�-HQVHLW��:���%|KPH��2���/HLGOLFK��)�8���:HQGW��+��(OHFWURFKLP��$FWD ���������������>�@ >�@� *XWMDKU�� 0�$�� ,Q� )URP� (OHFWURFDWDO\VLV� WR� )XHO� &HOOV �6DQGVWHGH�� *�� (G���8QLYHUVLW\�RI�:DVKLQJWRQ�3UHVV��������S�����>��@�'XDUWH��0�0�(��3LOOD��$�6���0D\HU��&�(��$Q��$VRF��4XLP��$UJHQW����������������>��@�'XDUWH��0�0�(���7DEHUQHU��3�0���0D\HU��&�(��(OHFWURFKLP��$FWD ��������������>��@�$XVWLQ��/�*��7UDQV��)DUDG��6RF�����������������>��@�.RGHUD��7���+RQGD��0���.LWD��+��(OHFWURFKLP��$FWD ��������������>��@�.RURYLQ��1�9���<DQFKXN��%�1��(OHFWURFKLP�$FWD ��������������>��@�)XNXPRWR��<���0DWVXQDJD��7���+D\DVKL��7��(OHFWURFKLP��$FWD ��������������>��@�+DUULQJWRQ��'�$���&RQZD\��%�(��(OHFWURFKLP��$FWD ���������������>��@�.HGGDP��0���5DNRWRPDYR��&���7DNHQRXWL��+��-��$SSO�(OHFWURFKHP����������������
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