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RI�VLPLODU�GHWHFWRUV�EDVHG�RQ�&V,�7O VFLQWLOOD�WRUV�DQG�DUH�RI�D�SUDFWLFDO�LQWHUHVW�LQ�LRQL]�LQJ� UDGLDWLRQ� UHFRUGLQJ� XQGHU� VWDWLRQDU\DQG� ORZ�IUHTXHQF\� H[FLWDWLRQ� UHJLPHV�� ,QWKLV� ZRUN�� WKH� VSHFWUDO� DQG� NLQHWLF� FKDUDF�WHULVWLFV�RI�FDGPLXP�LRGLGH�FU\VWDOV��RI�VSH�FLDO� SXULW\� JUDGH� DV� ZHOO� DV� VLQJOH�� DQGSRO\DFWLYDWHG�� DUH� VWXGLHG� FRPSUHKHQVLYHO\WR�REWDLQ�LQIRUPDWLRQ�RQ�WKH�HIIHFWV�RI�V\Q�WKHVLV� FRQGLWLRQV�� WHPSHUDWXUH�� DQG� FR�DFWL�YDWRUV� RQ� WKH� OXPLQHVFHQFH� SDUDPHWHUV� DQGWR�HVWLPDWH�WKH�SRVVLELOLWLHV�RI�WKH�SUDFWLFDOXVH�RI�WKH�VWXGLHG�V\VWHPV�7KH� FU\VWDOV� WR� EH� VWXGLHG� ZHUH� JURZQXVLQJ� WKH�%ULGJHPDQ�6WRFNEDUJHU� WHFKQLTXHIURP�WKH�UDZ�PDWHULDO�SUH�SXULILHG�E\�]RQHPHOWLQJ� >�@�� 7KH� DGPL[WXUHV� ZHUH� LQWUR�GXFHG� LQWR� WKH� PHOWHG� UDZ� PDWHULDOV� DV&G&O� �����PRO�����3E,� �����PRO�����6Q&O������PRO�����0Q&O� �����PRO�����7KH� OXPL�QHVFHQFH� VSHFWUD� ZHUH� PHDVXUHG� LQ� D� YDF�XXP�FU\RVWDW�XVLQJ�WKH�PRQRFKURPDWRU�RI�D6)��$� VSHFWURSKRWRPHWHU� RQ� WKH� VDPSOHVSUHSDUHG� E\� FOHDYLQJ� DORQJ� WKH� FOHDYDJHSODQHV�DQG�VKDSHG�DV�DERXW���×��×����PP�SODWHV�� 7KH� VDPSOHV� ZHUH� RSWLFDOO\� H[FLWHGXVLQJ�D�/*,����1� ODVHU��:KHQ�VWXG\LQJ�WKH[�UD\� OXPLQHVFHQFH� �;5/�� DQG� WKHUPR�VWLPXODWHG� OXPLQHVFHQFH� �76/�� VSHFWUD�� WKHFU\VWDOV�ZHUH�H[FLWHG�XVLQJ�DQ�856���$�[�UD\XQLW��%69��&X WXEH��8  ����N9��,  ����P$��7KH�FU\VWDOV�ZHUH� LUUDGLDWHG�ZLWK�;�TXDQWDWKURXJK� DQ� DERXW� ���� PP� WKLFN� EHU\OOLXPZLQGRZ��7KH�FU\VWDO�WHPSHUDWXUH�ZDV�PHDV�XUHG� XVLQJ� D� FRSSHU�FRQVWDQWDQ� WKHUPRFRX�SOH�� 7KH� HPLVVLRQ� VSHFWUD� DQG� 76/� FXUYHVZHUH�PHDVXUHG�XVLQJ�D�)(3����VHQVRUV��WKHVHQVRU� VLJQDOV�ZHUH�DPSOLILHG�E\�'&�DPSOL�ILHUV� DQG� DSSOLHG� WR� WZR�FRRUGLQDWH� 3'$�SORWWHUV�� WKXV� SURYLGLQJ� WKH� VLPXOWDQHRXVUHFRUGLQJ�RI�WKH�HPLVVLRQ� LQWHQVLW\�DQG�WKHZDYHOHQJWKV� RU� WKH� HPLVVLRQ� LQWHQVLW\� DQGWHPSHUDWXUH�� :KHQ� PHDVXULQJ� WKH� RSWLFDOH[FLWDWLRQ� DQG� SKRWROXPLQLVFHQFH� 3/� VSHF�WUD�� D�'NV(O������ [HQRQ� ODPS�ZDV� XVHG� DVWKH� H[FLWDWLRQ� VRXUFH�� 7KH� QHFHVVDU\� H[FLW�LQJ�VSHFWUDO�EDQG�ZDV�SURYLGHG�E\�D�=05��PRQRFKURPDWRU��:KHQ�PHDVXULQJ� WKH� H[FL�WDWLRQ�VSHFWUD��WKH�FRQVWDQW�LQWHQVLW\�RI�WKHH[FLWLQJ� OLJKW� TXDQWD� DW� GLIIHUHQW� IUHTXHQ�FLHV�ZDV�SURYLGHG��7KH�OXPLQHVFHQFH�NLQHWLFSDUDPHWHUV� ZHUH� VWXGLHG� XQGHU� SXOVH� [�UD\H[FLWDWLRQ��WKH�SXOVH�KDOI�ZLGWK�∆W  �����QV�XVLQJ� WKH� VWDWLVWLFDO� VLQJOH�TXDQWXP� FRXQW�LQJ�� VLPLODU� WR� WKH� SURFHGXUH� GHVFULEHG� LQ>�@�� )RU� KLJK�HQHUJ\� H[FLWDWLRQ�� DQ�856���[�UD\� XQLW� DQG� D� KRPH�PDGH� SXOVH� [�UD\VRXUFH� FRPSULVLQJ� D� 57,������ WXEH� ZHUHXVHG��7KH�VHWXS�SURYLGHG�WKH�VWXG\�RI�HPLV�

VLRQ� SURFHVVHV� ZLWKLQ� WKH� WLPH� UDQJH� RI��Ü�� WR� ��Ü� V��:KHQ� HVWLPDWLQJ� WKH� OXPL�QHVFHQFH�GHFD\�WLPH�RI�WKH�FU\VWDO��WKH�NLQHWLFFXUYHV� REWDLQHG� DW� ����.�ZHUH� UH�SORWWHG� LQOJ, Ü�W FRRUGLQDWHV�� WKH� H[FLWLQJ�;�SXOVH GX�UDWLRQ�EHLQJ�QRW�WDNHQ�LQWR�DFFRXQW�7KH� ;5/� VSHFWUD� RI� QRQ�DFWLYDWHG� &G,�FU\VWDOV�DW����.�FRQWDLQ�DQ�LQWHQVH�QRQ�HOH�PHQWDU\� ���Ü���� QP� EDQG�� $W� ���� .�WKRVH� DUH� FKDUDFWHUL]HG� E\�D�ZHDN� OXPLQHV�FHQFH� SHDNHG� LQ� WKH� ���� WR� ���� QP� UDQJH�$W�URRP�WHPSHUDWXUH��WKH�OLJKW�\LHOG�RI�WKH&G,� VFLQWLOODWRU� LV� ���� WR� ���� RI� WKDW� RISRO\VW\UHQH� SODVWLF� VFLQWLOODWRUV� >����@�� 7KH;5/� NLQHWLFV� RI�&G,� LV� FKDUDFWHUL]HG� E\� DYHU\�VKRUW� �OHVV�WKDQ�����QV��SXOVH�ULVH�DQGD�UDSLG�JORZ�GURSSLQJ�GHVFULEHG�E\�DQ�H[SR�QHQWLDO�GHSHQGHQFH�ZLWK�τ� ≈ ����QV��)LJ����D���,Q�WKH�VDPSOHV�REWDLQHG�XVLQJ�WKH�ORZHU�SXULW\VDOW��D�VORZ�FRPSRQHQW�τ� ≈ ��Ü� V DQG�D�ORQJ�GXUDWLRQ�FRPSRQHQW�τ� ≈ ��Ü� V�DUH�DOVR�RE�VHUYHG�� WKH� FRQWULEXWLRQ� RI� ERWK� WR� WKHGHFD\� NLQHWLFV� DPRXQWV� �� WR� ��� ��� ,QGH�SHQGHQW�RI�WKH�JURZLQJ�PHWKRG��WKH�FU\VWDOVDUH�FKDUDFWHUL]HG�E\�DOPRVW�WKH�VDPH�NLQHW�LFV�RI�WKH�;5/�IODULQJ�XS�&DGPLXP� LRGLGH� DFWLYDWLRQ� ZLWK� WKH� KR�PRORJRXV�&O± DGPL[WXUH� GRHV� QRW� LQIOXHQFHHVVHQWLDOO\� WKH� OLJKW� \LHOG� DQG� VSHFWUDO� SD�UDPHWHUV�RI�&G,� VFLQWLOODWRU�ERWK�DW�ORZ�DQGKLJK� WHPSHUDWXUHV�� $W� URRP� WHPSHUDWXUH�WKH� VFLQWLOODWLRQ� SXOVH� RI� WKH�PDWHULDO� FRQ�WDLQV�D�ZHDN�FRPSRQHQW�ZLWK�WKH�GHFD\�WLPH
τ� ≈ ��� QV� LV� REVHUYHG� DORQJ� WKH� PDLQ� RQHZLWK�τ� ≈ ����QV��)LJ����E����)RU�FRPSDULVRQ��)LJ����F�� � SUHVHQWV� WKH� ;5/� NLQHWLF� FXUYHRI� D�%D)� FU\VWDO�� 7KH� LQWHJUDO� JORZ� GHFD\NLQHWLF� RI� WKDW� VFLQWLOODWRU� LV� FKDUDFWHUL]HGE\�IDVW� �τ� ≈ ����QV��DQG��VORZ��τ� ≈ ����QV�VWDJHV�� $V� WR� WKH� IDVW� FRPSRQHQW�� WKH� HQ�

)LJ����� ;5/� NLQHWLF� FXUYHV� RI� &G,� �D��&G,��&G&O� �E��DQG�%D)� �F��FU\VWDOV�DW�����.�
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HUJ\�\LHOG�IRU�&G,� LV�VRPHZKDW�KLJKHU�WKDQWKDW�RI�%D)� >�@�6SHFWURVFRSLF�VWXGLHV�RI�&G,� FU\VWDOV�DF�WLYDWHG� IURP� WKH�PHOW� ZLWK�6Q��6Q&O��� DQG6Q,� DGPL[WXUHV� KDYH� VKRZQ� WKDW� WKH� SUHV�HQFH�RI�WLQ�LRQV�LQ�WKH�&G,� ODWWLFH�UHVXOWV�LQDQ� H[WULQVLF� DEVRUSWLRQ� LQ� WKH� QHDU�HGJHDUHD��DFWLYDWRU�EDQGV�LQ�WKH�H[FLWDWLRQ�VSHF�WUD� RI� SKRWROXPLQHVFHQFH�� SKRWRFRQGXFWLY�LW\��DQG�WKH�VSHFWUDO�VHQVLWLYLW\�RI�WKH�HOHF�WUHW� VWDWH� >�@�� 8QGHU� H[FLWDWLRQ� RI� WKRVHFU\VWDOV� ZLWK� OLJKW� IURP� WKH� LQWULQVLF� DQGH[WULQVLF� DEVRUSWLRQ� DUHDV� DV� ZHOO� DV� ZLWK[�UD\� TXDQWD� DW� ��� .�� DQ� HPLVVLRQ� SHDNHGQHDU� ���� QP� LV� REVHUYHG�� 7KH� FU\VWDO� WHP�SHUDWXUH�ULVH�XS�WR�����.�UHVXOWV�LQ�D�ZHDN�HQHG� OXPLQHVFHQFH� LQWHQVLW\� DQG� WKH� VSHF�WUDO�PD[LPXP�VKLIWLQJ�WR�����QP��7KH�WHP�SHUDWXUH� HIIHFW� RQ� WKH� ;5/� VSHFWUD� RI&G,��6Q&O� LV�VKRZQ�LQ�)LJ�����$W�URRP�WHP�SHUDWXUH�� WKH� ;5/� SXOVH� RI� WKH� V\VWHP� DWWKH� GHFD\� VWDJH� LV� FKDUDFWHUL]HG�PDLQO\� E\WZR� H[SRQHQWLDO� SURFHVVHV� ZLWK� τ� ≈ ���QVDQG�τ� ≈ ����QV��$ORQJ�ZLWK�WKH�IDVW�NLQHWLFFRPSRQHQWV�RI�WKH�IODULQJ�XS�DQG�GHFD\��WKHHPLVVLRQ� RI�&G,� ZLWK�6Q�� DGPL[WXUH� FRQ�WDLQV� DOVR� D�ZHDN�PLOOLVHFRQG�UDQJH� FRPSR�QHQW�� ,W�KDV�EHHQ�IRXQG�WKDW� LW� LV� MXVW�&G,�FU\VWDOV� DFWLYDWHG� IURP� WKH� PHOW� ZLWK� ORZ�DERXW� ����� PRO���� FRQFHQWUDWLRQV� RI� &GPHWDO�WKDW�VKRZ�VLPLODU�VSHFWUDO�DQG�NLQHWLFSDUDPHWHUV�ZKHQ�EHLQJ�H[FLWHG�ZLWK�[�UD\V�$W����.�� WKH�&G,��3E HPLVVLRQ� VSHFWUXPFRQWDLQV� WKH� EDQGV� SHDNHG� DW� ���Ü���� DQG���Ü����QP�� ,Q� WKH�;5/�VSHFWUXP�RI� WKDWFU\VWDO�OXPLQRSKRU�DW�����.��D�QRQ�HOHPHQ�

WDU\� EDQG� DW� ���� QP� LV� REVHUYHG� >�@�� 7KHOXPLQHVFHQFH� IODULQJ�XS� NLQHWLFV� LQ� WKDWEDQG� LV� VLPLODU� WR� WKDW� LQ� &G,��� EXW� WKHGHFD\�SURFHHGV�DFFRUGLQJ�WR�D�PRUH�FRPSOH[ODZ��OLNH�WR�WKH�FDVH�RI�&G,��6Q����7KH�;5/SXOVH� VKDSH� IRU�&G,��3E DW� WKH� LQLWLDO� DQGIDU�GHFD\�VWDJHV�LV�PDLQO\�H[SRQHQWLDO�ZLWKFRQVWDQW� GHFD\� WLPHV� τ� ≈ ��� QV� DQG
τ� ≈ ����QV�7KH�FRPSDUDWLYH�VWXG\�UHVXOWV�RI�WKH� OX�PLQHVFHQFH� LQWHQVLW\� DQG� VSHFWUDO� FRPSRVL�WLRQ�IRU�SXUH�DQG�DFWLYDWHG�&G,� FU\VWDOV�DWURRP� WHPSHUDWXUH� XQGHU� WKH� VDPH� H[SHUL�PHQWDO� FRQGLWLRQV� DUH� SUHVHQWHG� LQ� )LJ����&RQVLGHUDWLRQ�RI�WKHVH�GDWD�VKRZV�WKDW�&G,�LV�FKDUDFWHUL]HG�E\�D�UHODWLYH�ORZ�;5/�\LHOGDQG� WKDW� WKH� HPLVVLRQ� KDV� WKH� IRUP� RI� DEURDG�DV\PPHWULF� EDQG�SHDNHG� LQ� WKH����Ü����QP�DUHD��FXUYH�����&G,� DFWLYDWLRQ�ZLWKWLQ� DGPL[WXUH� UHVXOWV� LQ� DQ� HQKDQFHG� �E\VHYHUDO� WLPHV�� OLJKW� \LHOG� DQG� WKH� VSHFWUDOPD[LPXP�VKLIWHG�WR�����QP��FXUYH�����)RU&G,��3E,��� W\SLFDO� LV� DQ� DSSUR[LPDWHO\� RQHRUGHU�RI�PDJQLWXGH�KLJKHU�;5/�\LHOG�LQ�WKHEDQG� PD[LPXP� DV� FRPSDUHG� WR� &G,� �FI�FXUYHV� �� DQG� ����0DQJDQHVH� DFWLYDWHG�&G,�VKRZV� WKH� KLJKHVW�;5/� \LHOG� ZLWK� D�PD[L�PXP�ORFDWHG�QHDU�����QP��FXUYH����&G,��0Q�� FU\VWDOV�XQGHU�[�UD\�H[FLWDWLRQDUH� FKDUDFWHUL]HG� E\� DQ� HIILFLHQW� DFWLYDWRUOXPLQHVFHQFH� ZLWKLQ� D� ZLGH� WHPSHUDWXUHUDQJH��$W����.��WKH�&G,��0Q&O� ;5/�LV�SUH�VHQWHG� E\� D� ZHDN� PDWUL[� HPLVVLRQ� LQ� WKH���� WR� ���� QP� UDQJH� DQG� DQ� LQWHQVH� HPLV�VLRQ� RI�0Q�� FHQWHUV� QHDU� ���� QP� �)LJ����

)LJ�����;5/� VSHFWUD� RI�&G,��6Q&O� FU\VWDO� DWWHPSHUDWXUHV� �.��� ��� ����� ���� ����� ���� ����DQG��������� )LJ����� ;5/� VSHFWUD� RI� &G,� ����� &G,��6Q&O������&G,��3E,� �����DQG�&G,��0Q&O� ����FU\VWDOVDW�����.�
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FXUYH� ���� $V� WKH� WHPSHUDWXUH� ULVHV� XS� WR����.�� WKH� HPLVVLRQ�\LHOG�GURSV�PRUH� WKDQE\�KDOI��WKH�DFWLYDWRU�EDQG�PD[LPXP�EHLQJVKLIWHG� WR�����QP� �)LJ����� FXUYH����� ,Q� WKHVFLQWLOODWLRQ�SXOVH�RI�LQWHJUDO�&G,��0Q HPLV�VLRQ� DW� ���� .�� WKH� IDVW� FRPSRQHQW�τ� ≈ ���� QV�� RI� WKH� PDWUL[� HPLVVLRQ� LV� RE�VHUYHG� DQG� DQ� LQHUWLDO� FRPSRQHQW�τ� ≈ ����µV�� DVVRFLDWHG� ZLWK� LQWUDFHQWHUWUDQVLWLRQV� LQ� 0Q�� >����@�� 7KH� DGGLWLRQDOGRSLQJ� RI� &G,��0Q&O� ZLWK� 3E,� KDV� EHHQIRXQG� WR� GR� QRW� LQIOXHQFH� HVVHQWLDOO\� WKH;5/� \LHOG� DQG� VSHFWUDO� FRPSRVLWLRQ� DW����.��$V�WKH�WHPSHUDWXUH�LV�ORZHUHG�GRZQWR� ���.�� WKH�PDQJDQHVH� HPLVVLRQ� LQWHQVLW\LV� LQFUHDVHG�WZLFH��,Q�WKH�;5/�VSHFWUXP�RIWKH�SRO\DFWLYDWHG�FU\VWDO��DORQJ�ZLWK�WKH�LQ�WHQVH�DFWLYDWRU�EDQG�DW�����QP��ZHDN����Ü���� DQG� ���Ü���� QP� EDQGV� DUH� REVHUYHGW\SLFDO�RI�&G,��3E,� >�@��7KH�SUHVHQFH�RI�WLQDGPL[WXUH� LQ� &G,��6Q&O��0Q&O� LQIOXHQFHVVOLJKWO\�DOVR�WKH�OXPLQHVFHQFH�LQWHQVLW\�DQGVSHFWUDO� FRPSRVLWLRQ� RI�0Q�� FHQWHUV� XQGHU[�UD\�H[FLWDWLRQ�7KH� H[FLWDWLRQ� VSHFWUD� RI�PDQJDQHVH� 3/LQ� VLQJOH�� DQG� SRO\DFWLYDWHG� &G,� FU\VWDOVDUH�VKRZQ�LQ�)LJ�����,W�LV�VHHQ��FXUYHV���DQG���WKDW�LQ�WKH�H[FLWDWLRQ�VSHFWUXP�RI�0Q�� FHQ�WHU� OXPLQHVFHQFH� LQ� FDGPLXP� LRGLGH� DFWL�YDWHG� VLPXOWDQHRXVO\� ZLWK� PDQJDQHVH� DQGOHDG� LRQV�� WKHUH� LV� D� VKRXOGHU� LQ� WKH� ���Ü���� QP� DUHD� EHVLGHV� RI� WKH� EURDG� LQWHQVHEDQG�LQ�WKH�LQWULQVLF�DEVRUSWLRQ�UDQJH�����Ü���� QP�� DQG� ZHDN� EDQGV� LQ� WKH� ���Ü����QP�UHJLRQ�W\SLFDO�RI�&G,��0Q&O� H[FLWD�WLRQ� VSHFWUXP��7KH�VKRXOGHU� LV�GXH� WR�3E��

FHQWHU� DEVRUSWLRQ� >�@�� 7KH� H[FLWDWLRQ� VSHF�WUXP�RI�PDQJDQHVH�3/� LQ�&G,��6Q&O��0Q&O�DW� URRP�WHPSHUDWXUH�FRQWDLQV�DOVR�DQ�DGGL�WLRQDO�LQWHQVH�EDQG�LQ�WKH����Ü����QP�UDQJHWKDW� LV� DVVRFLDWHG� ZLWK� 6Q�� LRQV� >����@�FI�� FXUYHV� �� DQG� ��� )LJ������ 7KH� LQWHQVHH[FLWDWLRQ� RI�0Q�� LRQV� LQ� WKH� LQWULQVLF� DE�VRUSWLRQ� UHJLRQ� DQG� LQ� WKH� FR�DFWLYDWRU� DE�VRUSWLRQ� EDQGV� HYLGHQFHV� D� VHQVLWL]HGPHFKDQLVP� RI� WKH� HPLVVLRQ� H[FLWDWLRQ� RIWKRVH�FHQWHUV��7KH�HQHUJ\�WUDQVIHU�IURP�WKHPDWUL[�DQG�PHUFXU\�OLNH� LRQV�WR�PDQJDQHVHKDV�EHHQ�DOVR�UHYHDOHG�LQ�SRO\DFWLYDWHG�FU\V�WDOV�DW����.�:KHQ�H[FLWHG�ZLWK�1� ODVHU�LQ�WKH�LQWULQ�VLF�DEVRUSWLRQ�UHJLRQ��WKH�&G,��EDVHG�FU\VWDOOXPLQRSKRUV� DUH� FKDUDFWHUL]HG� E\� DQ� HIIL�FLHQW� OXPLQHVFHQFH� VLPLODU� WR�;5/� LQ� VSHF�WUDO� FRPSRVLWLRQ�� ,Q� WKH� FRXUVH� RI� RSWLFDODQG� [�UD\� H[FLWDWLRQ� DW� URRP� WHPSHUDWXUH�ERWK�SXUH�DQG�DFWLYDWHG�FU\VWDOV�DUH�QRW�FRO�RUHG� DQG� GR� QRW� VWRUH� WKH� OLJKW� VXP�� ,Q� WKH76/�FXUYHV�RI� VLQJOH��DQG�SRO\DFWLYDWHG�&G,�FU\VWDOV� ZLWK� FKORULQH� DGPL[WXUH� DIWHU� [�UD\H[FLWDWLRQ� DW� ��� .�� WKH� KLJK�WHPSHUDWXUH�!����.��SHDNV�DUH�DOPRVW�XQREVHUYDEOH�� ,WIROORZV� IURP� WKH� UHVXOWV� REWDLQHG� WKDW� WKHOXPLQHVFHQFH� RI� WKH� SXUH� FU\VWDOV� LV� GXHPDLQO\� WR� WKH� VLQJOH� HPLVVLRQ� FHQWHU� W\SHZLWK� WKH� GHFD\� WLPH� τ� ����QV�� ,Q� WKH� DFWL�YDWHG� FU\VWDOV�� DQ� DGGLWLRQDO� HPLVVLRQ�ZLWKD�ORQJHU�FRPSRQHQW��τ� !����QV��LV�REVHUYHG�7KH�IRUZDUG�IURQW�RI�WKH�VFLQWLOODWLRQ�SXOVHWKDW�LV�GHILQHG�E\�WKH�HQHUJ\�WUDQVIHU�SURF�

)LJ�����;5/� VSHFWUD� RI�&G,��0Q&O� FU\VWDO� DWWHPSHUDWXUHV��.����������DQG��������� )LJ�����([FLWDWLRQ�VSHFWUD�RI�0Q�� FHQWHU�OXPL�QHVFHQFH�LQ�&G,��0Q&O� �����&G,��3E,��0Q&O� ����DQG�&G,��6Q&O��0Q&O� ����FU\VWDOV�DW�����.�
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HVVHV� WR� WKH� HPLVVLRQ� FHQWHUV� GHSHQGVVOLJKWO\� RQ� WKH� FU\VWDO� VWUXFWXUH� SHUIHFWLRQDQG� WKH� SUHVHQFH� RI�6Q�� DQG�3E�� DGPL[�WXUHV�� 7KH� NLQHWLF� SDUDPHWHUV� RI� WKH�&G,�DQG� &G,��3E�� FU\VWDOV� DUH� LQ� DJUHHPHQWZLWK� WKH� WLPH� SDUDPHWHUV� RI� WKRVH� V\VWHPVREWDLQHG� XQGHU� H[FLWDWLRQ� ZLWK� α SDUWLFOHV>�@�DQG�HOHFWURQ�EHDP�>�@�7KH�QDQRVHFRQG�VFLQWLOODWLRQV�LQ�%D)� DUHGXH� WR� WKH�5RGQ\�PHFKDQLVP� >��Ü��@�� L�H��WR� WUDQVLWLRQV� EHWZHHQ� WKH� DQLRQLF� DQG� FDW�LRQLF� YDOHQFH� EDQGV� RI� WKH� FU\VWDO�� 7KH� HQ�HUJ\�\LHOG� RI� WKH� FRUH�YDOHQFH� OXPLQHVFHQFH�&9/��GRHV�QRW�H[FHHG���RU������7KH�&9/�LVFKDUDFWHUL]HG� E\� YHU\� VKRUW�WLPHG� HPLVVLYHUHOD[DWLRQ� EHLQJ� ZLWKLQ� OLPLWV� RI� ���� WR��QV��8QOLNH� WKH�XVXDO� DFWLYDWRU�RU� H[FLWRQOXPLQHVFHQFH��WKH�&9/�\LHOG�UHPDLQV�HVVHQ�WLDOO\� FRQVWDQW� ZLWKLQ� D� ZLGH� WHPSHUDWXUHUDQJH�� ,WV� WLPH� SDUDPHWHUV� DUH� DOVR� KLJKO\WHPSHUDWXUH�LQGHSHQGHQW�� 7KH� HPLVVLRQ� LVQRW� H[FLWHG� LQ� WKH� UHJLRQV� RI� WKH� DQLRQLFH[FLWRQ�DEVRUSWLRQ�DQG�WKH�IXQGDPHQWDO�DE�VRUSWLRQ�RQVHW��,Q�76/�DQG�LQ�WKH�,5�LOOXPL�QDWLRQ�VWLPXODWHG� OXPLQHVFHQFH�� WKH�&9/�LVQRW�UHYHDOHG�>������@��7KH�VKRUW�GHFD\�WLPHVDQG� VPDOO� DPSOLWXGH� RI� WKH� VFLQWLOODWLRQVDOORZ� WR� DVFULEH� WKH� �LQWULQVLF�� OXPLQHV�FHQFH� RI�&G,��EDVHG� FU\VWDOV�ZLWK� WKH�GHFD\WLPH�RI�����WR���QV�WR�WKH�&9/��7KDW� OXPL�QHVFHQFH�� KRZHYHU�� LV� H[FLWHG� HIIHFWLYHO\� LQWKH� UHJLRQ� RI� WKH� ORQJ�ZDYHOHQJWK� LQWULQVLFDEVRUSWLRQ�HGJH�DQG� LV�TXHQFKHG�KHDYLO\�DVWKH�WHPSHUDWXUH�ULVHV�IURP�����XS�WR�����.>����@�� 7KHVH� GDWD� HYLGHQFH� WKH� DEVHQFH� RI&9/� LQ�&G,��� ,W� KDV� EHHQ� VXSSRVHG� >�@� WKDWWKH�VKRUW�GHFD\�HPLVVLRQ�RI�&G,��EDVHG�FU\V�WDOV� LV�GHILQHG�E\�WKH�QRQ�HTXLOLEULXP�VWDWHRI�9N FHQWHUV�WKDW�DUH�IRUPHG�DQG�H[LVW�GXU�LQJ�WKH�FU\VWDO�LUUDGLDWLRQ�7KH�VFLQWLOODWLRQ�H[FLWDWLRQ�PHFKDQLVP�LQ&G,� DW� ���� .� PD\� EH� GXH� WR� PLJUDWLRQSURFHVVHV� LQYROYLQJ� WKH� QRQ�UHOD[HG� KROHVDQG� H[FLWRQV� >������@�� 7KH� IDVW� FRPSRQHQWRI� WKH� HPLVVLRQ�SXOVH�SUHGRPLQDWLQJ� LQ� WKHSHUIHFW� QRQ�DFWLYDWHG�&G,� FU\VWDOV� DW� URRPWHPSHUDWXUH�LV�OLNHO\�DVVRFLDWHG�ZLWK�WKH�9)W\SH� FHQWHUV� >�@�� 7KH� VKRUW�ZDYHOHQJWK� OX�PLQHVFHQFH� RI�&G,��EDVHG� FU\VWDOV� DW�����.FDQ�EH�FRQVLGHUHG�DV�WKH�UDGLDWLYH�GHFRPSR�VLWLRQ� RI� �9N�H�� H[FLWRQV� IRUPHG� GXULQJ� WKHUHFRPELQDWLRQ� DQG� ORFDOL]HG� QHDU� WKH� FDW�LRQLF� YDFDQFLHV��ZKLOH� WKH� VKRUW� GHFD\� WLPHPD\�UHVXOW� IURP�WKH� OXPLQHVFHQFH�WHPSHUD�WXUH� TXHQFKLQJ�� 7KLV� FRQFOXVLRQ� LV� FRQ�ILUPHG�E\�WKH�IDFW�WKDW�WKH�HPLVVLRQ�SHDNHGLQ� WKH� ���Ü���� QP� UHJLRQ� LV� TXHQFKHG� LQ&G,��&G FU\VWDOV�ZKLOH�HIIHFWLYH�HPLVVLRQ�DW���Ü���� QP� LV� REVHUYHG� >�@�� 6XFK� FKDQJHV

LQ� WKH� OXPLQHVFHQFH� VSHFWUD� DUH� FDXVHG� E\WKH� IDFW� WKDW�ZKHQ� FDGPLXP� LRGLGH� LV� DFWL�YDWHG�ZLWK�&G IURP�WKH�PHOW��LW�LV�HQULFKHGLQ�WKH�PHWDO�FRPSRQHQW�GXH�ERWK�WR�DSSHDU�DQFH� RI� WKH� H[FHVV� LQWHUVWLWLDO� &G LQ� WKHODWWLFH� DQG� WR� LQFUHDVHG� QXPEHU� RI� LRGLQHYDFDQFLHV�� WKH� FRQFHQWUDWLRQ�RI� FDWLRQLF�YD�FDQFLHV� EHLQJ� GHFUHDVHG�� WRR�� 7KH� GHIHFWVJHQHUDWHG�GXH�WR�WKH�FU\VWDO�FRPSRVLWLRQ�GH�YLDWLRQV� IURP� WKH� VWRLFKLRPHWU\�GHILQH� DOVRWKH�PDLQ�VSHFWUDO�SURSHUWLHV�RI�=Q6 >��@�DQG%L,� >��@�� 7KH� ORZ�WHPSHUDWXUH� HPLVVLRQ� RI&G,��� &G,��&G&O��� DQG� &G,��&G%U� LQ� WKH���Ü���� QP� EDQG� LV� DVVRFLDWHG� ZLWK� DXWR�ORFDOL]HG�H[FLWRQV�>���������@�7KH� LVRYDOHQW� FDWLRQLF� LPSXULWLHV� LQ� ORZFRQFHQWUDWLRQV� DUH� DUUDQJHG� LQ� WKH� OD\HUHGFDGPLXP�LRGLGH�FU\VWDOV� LQ�WZR�IDVKLRQV��$IUDFWLRQ�RI�3E DFWLYDWRU�HQWHUV�WKH�&G,� ODW�WLFH� E\� VXEVWLWXWLQJ� WKH� FDWLRQV� WKHUHRI�ZKLOH� DQRWKHU� RQH� LV� GLVWULEXWHG� QHDU� WKHODWWLFH� GHIHFW� VLWHV� IRUPLQJ� FOXVWHU� FHQWHUVZLWK� WKH� LQWULQVLF� SRLQW� GHIHFWV� >��@�� 7KHHPLVVLRQ�SHDNHG�DW����Ü����QP�REVHUYHG�LQ&G,��3E�� OXPLQRSKRU� DW� KLJK� WHPSHUDWXUHVPD\� EH� GXH� WR� WKH� HPLVVLRQ� RI� QHDU�DFWLYD�WRU�DQLRQLF�H[FLWRQV�FKDUDFWHUL]HG�E\�D�IDVWGHDFWLYDWLRQ� RI� WKH� H[FLWHG� VWDWH�� 7KH� VORZFRPSRQHQW� RI� WKH� V\VWHP� OXPLQHVFHQFH� LVGXH� OLNHO\� WR� WKH� FKDUJH� FDUULHU� UHFRPELQD�WLRQ�DW�WKH�HPLVVLRQ�FHQWHUV�WKDW�DUH�DVVRFL�DWHV� RI� WKH� LQWULQVLF� DQG� H[WULQVLF� GHIHFWV>�����@�� 7KH� ORZ�WHPSHUDWXUH� OXPLQHVFHQFHRI�&G,��3E�� SHDNHG�DW����Ü����QP�LV�DVVR�FLDWHG�ZLWK�WKH�HPLVVLYH�DQQLKLODWLRQ�RI�DQ�LRQLF�H[FLWRQV�ORFDOL]HG�DW�WKH�LRGLQH�YDFDQ�FLHV� DVVRFLDWHG� ZLWK� 3E�� >�@�� 7DNLQJ� LQWRDFFRXQW� WKH� YROXPH� FRPSHQVDWLRQ� IDFWRU>��@�� WKH� IRUPDWLRQ� RI� WKRVH� FHQWHUV� LV� HQ�HUJ\�IDYRUDEOH�� VLQFH�3E�� KDV� ODUJHU� LRQLFUDGLXV�WKDQ�&G�� >��@�7LQ�LPSXULW\�GRHV�QRW�IRUP�DFWLYDWRU�OX�PLQHVFHQFH�FHQWHUV�LQ�&G,� EXW�LW�UHLQIRUFHVWKH� VHOI�DFWLYDWRU� HPLVVLRQ� W\SLFDO� RI� ORZ�GRSHG�&G,��&G FU\VWDOV�>����@��,W�LV�VXSSRVHG>�@�WKDW�WKH�&G,��&G OXPLQHVFHQFH�SHDNHG�DW���Ü���� QP� LV� DVVRFLDWHG� ZLWK� WKH� FU\VWDOVWRLFKLRPHWU\�GHYLDWLRQ�WRZDUGV�HQULFKPHQWLQ� FDGPLXP� DQG� DSSHDUV� DV� D� UHVXOW� RI� WKHFKDUJH�FDUULHU�UHFRPELQDWLRQ�DW�KDORJHQ�YD�FDQFLHV� DVVRFLDWHG�ZLWK� WKH� LQWHUVWLWLDO� FDG�PLXP�DWRPV��7KLV� LV� FRQILUPHG�E\� WKH� IDFWWKDW�WKH����Ü����QP�HPLVVLRQ�LV�UHGXFHG�DWWKH� VXEVHTXHQW� KHDWLQJ� RI�&G,��&G FU\VWDOVLQ�LRGLQH�YDSRU�%DVLQJ�RQ�WKH�GDWD�REWDLQHG��WDNLQJ�LQWRDFFRXQW� WKH� VWXGLHG� VSHFWUDO� FKDUDFWHULVWLFVRI�&G,��0Q,� DQG�&G,��3E,��0Q,� DQG�WKH�HDU�OLHU� VWXG\�UHVXOWV� >�������@�� WKH�FKORULQH�DG�
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PL[WXUH� �& ������ PRO���� KDV� EHHQ� HVWDE�OLVKHG� WR� GR� QRW� HIIHFW� HVVHQWLDOO\� RQ� WKH;5/� DQG� 3/� VSHFWUDO� FRPSRVLWLRQ� RI� WKHVWXGLHG� FDGPLXP� LRGLGH� FU\VWDOV� DFWLYDWHGZLWK� FDWLRQLF� LPSXULWLHV�� 7KH� HPLVVLRQ� RIPDQJDQHVH�DFWLYDWHG� &G,� LQ� WKH� UHG� VSHF�WUDO� UHJLRQ� ZLWK� WKH� GHFD\� WLPH� RI� DERXW����µV� LV� GXH� WR� HOHFWURQ� WUDQVLWLRQV�7�J��*� → �$�J��6�� LQ�0Q�� LRQV� >����@�� ,WIROORZV�IURP�WKH�GDWD�REWDLQHG�DQG�VSHFWUDOFKDUDFWHULVWLFV� RI� &G&O��0Q DQG� &G%U��0Q>���������@� WKDW� WKH� VSHFLILF� IHDWXUHV� RIWKRVH�FHQWHUV�DUH�GHILQHG�E\�WKH� ORFDO�HQYL�URQPHQW�WKHUHRI�DQG�WKDW�WKH�VSHFWUDO�SRVL�WLRQ�RI�WKH�PDQJDQHVH�HPLVVLRQ�EDQGV�LV�GH�ILQHG�E\�WKH�PDWUL[�DQLRQ��7KH�H[LVWHQFH�RIFHQWHUV�DVVRFLDWHG�ZLWK�VXEVWLWXWLRQV� LQ�WKHDQLRQLF�&G,� VXEODWWLFH� KDV� EHHQ� SURYHG� E\RSWLFDO�PHWKRGV�>��@�DQG�WKH�5DPDQ�VFDWWHU�LQJ�GDWD� >��@�� 6LQFH� FKORULQH� LPSXULW\�GRHVQRW� LQIOXHQFH� DSSUHFLDEO\� WKH� VSHFWUDO� FRP�SRVLWLRQ�RI�&G,��0Q�� ;5/�DQG�3/��LW�FDQ�EHDVVXPHG� WKDW� LW� LV� HQHUJ\�IDYRUDEOH� IRU� WKHDFWLYDWRU� LRQV� WR� EH� LQ� LRGLQH� HQYLURQPHQWWKDW�KDV�D�KLJKHU�SRODUL]LQJ�DELOLW\�DV�FRP�SDUHG�WR�FKORULQH�LRQV�>��@�7KH� SKRWROXPLQHVFHQFH� RI� 0Q�� FHQWHUVLQ�SRO\DFWLYDWHG�FU\VWDOV�LV�REVHUYHG�ERWK�DWLQWUDFHQWHU� H[FLWDWLRQV� DVVRFLDWHG� ZLWK�G�GWUDQVLWLRQV�>�@�DQG�LQ�WKH�VHQVLWL]HG�SURFHVVDV� D� UHVXOW� RI� HQHUJ\� PLJUDWLRQ� IURP� WKHPDWUL[� DQG� FHQWHUV� DVVRFLDWHG�ZLWK� WLQ� DQGOHDG� LPSXULWLHV�� $W� KLJK� WHPSHUDWXUHV�� WKHHQHUJ\�PLJUDWLRQ� WR�PDQJDQHVH� LRQV�RFFXUVPDLQO\�E\�WKH�HOHFWURQ�KROH�PHFKDQLVP�>��@DV� D� UHVXOW� RI� WKH� HOHFWURQ� H[FLWDWLRQ� GHOR�FDOL]DWLRQ� IURP�3E�� DQG�6Q�� LRQV� >�����@�$W�ORZ�WHPSHUDWXUHV��LQ�DGGLWLRQ��HPLVVLYH�DQGQRQ�UDGLDWLYH� HQHUJ\� WUDQVIHU� RFFXUV� IURP�UH�OD[HG� DQG� ORFDOL]HG� H[FLWRQV� WR�0Q�� FHQWHUV>��@��3HUKDSV�WKDW�LV�ZK\�WKH�PDQJDQHVH�3/�LQWKH�FU\VWDOV�VWXGLHG�DW����.�LV�DSSUR[LPDWHO\WZLFH�DV�LQWHQVH�DV�WKDW�DW�����.�,W�IROORZV�IURP�WKH�VWXG\�UHVXOWV�DQG�OLW�HUDWXUH� GDWD� WKDW� WKH� SUHSDUHG� &G,��&G&O�VFLQWLOODWRU� LV� VXLWDEOH� IRU�XVH� LQ� WKLQ�OD\HUGHWHFWRUV� RI� LRQL]LQJ� UDGLDWLRQ� >��@� ZLWK� DKLJK� WLPH� UHVROXWLRQ�� 7KH�&G,��3E,��0Q&O��DQG� &G,��6Q&O��0Q&O� FU\VWDOV� HPLWWLQJ� LQWKH�PDQJDQHVH�EDQG�DQG�VWRULQJ�ZHDNO\�WKHOLJKW�VXP�DW�GHHS�FDSWXUH�OHYHOV�FDQ�EH�XVHGDV� SKRWROXPLQRSKRUV� ZLWK� HQKDQFHG� OLJKWVHQVLWLYLW\� LQ� WKH� ���Ü���� QP� UHJLRQ�7KRVH�FDQ�EH�VXLWDEOH�DOVR�IRU�WKLQ�OD\HU�GH�WHFWRUV�>��@�DQG�WKH�VFLQWLOODWRU�VLOLFRQ�SKR�WRGLRGH� W\SH� GHWHFWRUV� WR� UHFRUG� [�UD\V� LQVWDWLRQDU\� DQG� ORZ�IUHTXHQF\� H[FLWDWLRQ� UH�JLPHV�� 7KH� &G,��3E FU\VWDOV� ZLWK� D� ODUJHUVLJQDO� DPSOLWXGH� DV� FRPSDUHG� WR�&G,� DQG
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