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,QIOXHQFH� RI� LRGLQH� LPSXULW\� RQ� SKRWRFKHPLFDO� DQG� HPLVVLRQ� SURFHVVHV� LQ� &G%U��&XFU\VWDOV� KDYH� EHHQ� VWXGLHG� XQGHU� 1� ODVHU� DQG� ;�UD\� H[FLWDWLRQ�� $IWHU� WKH� PDWHULDOVLUUDGLDWLRQ� E\� WKH� LQWHJUDO� HPLVVLRQ� RI� D� GHXWHULXP� ODPS� DW� ���� .�� DGGLWLRQDO� EDQGVSHDNHG� QHDU� ���� DQG� ���� QP� ZHUH� UHYHDOHG� WKDW� DUH� GXH� WR� &X�� DQG� Q&X� FHQWHUV�UHVSHFWLYHO\��7KH�SKRWRFKHPLFDO� WUDQVIRUPDWLRQV� LQ� WKRVH� V\VWHPV�KDYH�EHHQ�VKRZQ�WR�EHUHODWHG� PDLQO\� WR� FKDQJHV� LQ� WKH� FKDUJH� VWDWH� RI� FRSSHU� FHQWHUV�� 89� LUUDGLDWLRQ� RI&G%U��&X�, UHVXOWV�LQ�GHFUHDVHG�;�UD\�OXPLQHVFHQFH�LQWHQVLW\�LQ�WKH�QRQ�HOHPHQWDU\�����QPEDQG�� ZHDNHQHG� ���� QP� EDQG� DQG� LQFUHDVHG� LQWHQVLW\� RI� WKH� SKRWROXPLQHVFHQFH� EDQGSHDNHG�DW���������QP�DW����.��$IWHU�WKH�FRORUHG�VDPSOHV�ZHUH�KHDWHG�WR�DERXW�����&��QRIHDWXUHV� GXH� WR� WKH� SKRWRFKHPLFDO� WUDQVIRUPDWLRQV� KDYH� EHHQ� REVHUYHG� LQ� WKH� VSHFWUDOFKDUDFWHULVWLFV�� 7KH� HPLVVLRQ� EDQG� SHDNHG� DW� ���� WR� ���� QP� LV� UHODWHG� WR� WKH� HPLVVLYHDQQLKLODWLRQ�RI�H[FLWRQV�ORFDOL]HG�DW� ,± LRQV��7KH�SKRWROXPLQHVFHQFH�LQ�WKH�����QP�EDQG�LVVXSSRVHG�WR�EH�GXH�WR�FRPSOH[�FHQWHUV�FRQWDLQLQJ�DQLRQ�YDFDQFLHV�DQG�LRGLQH�LRQV�
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7KH� FRSSHU�DFWLYDWHG� FDGPLXP� EURPLGHFU\VWDOV� DUH� HIILFLHQW� SKRWRFKURPLF� PDWHUL �DOV� >���@��7KH�RSWLFDO� OXPLQHVFHQW�DQG�SKR�WRHOHFWULFDO� SURSHUWLHV� RI� &G%U��&X&O DQG&G%U��&X%U ZHUH�VWXGLHG�EHIRUH�LQ�>�������@�7KH�SKRWRFKHPLFDO�WUDQVIRUPDWLRQV�LQ�WKRVHV\VWHPV� KDYH� EHHQ� VKRZQ� WR� EH� UHODWHGPDLQO\� WR� FKDQJHV� LQ� WKH� FKDUJH� VWDWH� RIDFWLYDWRU�FHQWHUV��,Q�WKLV�ZRUN��WKH�HIIHFW�RILRGLQH�LPSXULW\�RQ�SKRWRFKHPLFDO�DQG�HPLV �

VLRQ� SURFHVVHV� LQ� &G%U��&X%U FU\VWDOV� KDVEHHQ�VWXGLHG�$V� WKH� LQYHVWLJDWLRQ� REMHFWV�� WKH&G%U��&X%U �������E\�PDVV��DQG�&G%U��&X%U����� �� E\� PDVV��� &G,� ������ �� E\� PDVV�FU\VWDOV� ZHUH� XVHG� JURZQ� E\� WKH� 6WRFN �EDUJHU�%ULGJHPDQ� WHFKQLTXH� LQ� VHDOHGTXDUW]� DPSRXOHV� >�@�� 7KH� H[DPLQDWLRQ� SUR�FHGXUHV� RI� WKH� FU\VWDO� OXPLQHVFHQW� FKDUDF �WHULVWLFV� KDYH� EHHQ� GHVFULEHG� LQ� >����@�� 7KH
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RSWLFDO� DEVRUSWLRQ� VSHFWUD� ZHUH� UHFRUGHGXVLQJ� D� 63(&25'�0��� VSHFWURSKRWRPHWHU�7KH�VDPSOHV�ZHUH�FRORUHG�DW�URRP�WHPSHUD �WXUH� E\� LQWHJUDO� HPLVVLRQ� RI� D� GHXWHULXPODPS�IRU���PLQ�7KH� DEVRUSWLRQ� VSHFWUXP� RI� &G%U� DFWL�YDWHG� ZLWK� &X%U DGPL[WXUH� RQO\� WDNHQ� DW���� .� LV� FKDUDFWHUL]HG� E\� WKH� ORQJ�ZDYH �OHQJWK� DEVRUSWLRQ� HGJH� DW� ��������QP�DQGDQ� LQWHQVLYH� DFWLYDWRU� EDQG� SHDNHG� QHDU����QP��)LJ���D��FXUYH�����7KH�FU\VWDO�LUUD �GLDWLRQ� E\� D� GHXWHULXP� ODPS� UHVXOWV� LQ� DZHDNHQHG� ���� QP� EDQG� DQG� DSSHDUDQFH� RISKRWR�LQGXFHG� EDQGV� DW� ���� DQG� ���� QP�)LJ���D��FXUYH����$W� URRP� WHPSHUDWXUH�� WKH� &G%U��&X�, LVFKDUDFWHUL]HG�E\�DQ�DGGLWLRQDO�LQWHQVLYH�DE �VRUSWLRQ� LQ� WKH� QHDU�HGJH� UHJLRQ� ��������� QP��� $V� D� UHVXOW�� WKH� EDQG� UHODWHG� WRWKH�FRSSHU�DGPL[WXUH�GRHV�QRW�DSSHDU�VHOHF �WLYHO\� DJDLQVW� WKH� DEVRUSWLRQ� EDFNJURXQGGXH� � WR� FHQWHUV� DVVRVLDWHG�ZLWK� ,± LRQV� >�@�VR�RQO\�WKH�ORQJ�ZDYHOHQJWK�WDLO�RI�WKH�DFWL �YDWRU� DEVRUSWLRQ� LV� UHFRUGHG� LQ� WKH� VSHF �WUXP� �FI�� FXUYHV� �� LQ� )LJV���D� DQG� �E��� ,QWKH�FRORUHG�SRO\DFWLYDWHG�FU\VWDO��D�UHGXFHGDFWLYDWRU� DEVRUSWLRQ� LQ� WKH� VKRUW�ZDYH �OHQJWK� UHJLRQ� DQG� DSSHDUDQFH� RI� VLPLODUSKRWR�LQGXFHG�DEVRUSWLRQ�EDQGV�RI�ORZHU�LQ �WHQVLW\�LQ�WKH�ORQJ�ZDYHOHQJWK�UHJLRQ�LV�RE �VHUYHG��WRR��)LJ���E��FXUYH����7KH�;�UD\�OXPLQHVFHQFH��;5/��VSHFWUD�RIXQFRORUHG� &G%U��&X DUH� VLPLODU� WR� WKRVH� RI&G%U� >�@� DQG� &G%U��$J >�����@�� $W� ��� .�WKRVH�FRQWDLQ�D�EURDG�LQWHQVLYH�QRQ�HOHPHQ �WDU\� EDQG� SHDNHG�QHDU� ����QP�DQG� D�ZHDNEDQG� LQ� WKH� �������� QP� UHJLRQ� �)LJ���D�FXUYH����� ,Q�FRORUHG�&G%U��&X�� WKH� OXPLQHV�FHQFH� LQWHQVLW\� GHFUHDVHV� DQG� WKH� VSHFWUDOPD[LPXP� VKLIWV� WRZDUGV� VKRUWHU� ZDYH�OHQJWKV� �)LJ���D�� FXUYH� ���� ,W� IROORZV� IURP

FRPSDULVRQ� RI� FXUYHV� �� DQG� �� LQ� )LJ���EWKDW�WKH�FRORUDWLRQ�RI�&G%U��&X�, FU\VWDO�UH�VXOWV� DOVR� LQ� D� GHFUHDVHG� LQWHQVLW\� RI� WKHORZ�WHPSHUDWXUH� OXPLQHVFHQFH� DQG� VKLIW� RILWV�PD[LPXP�IURP�����WR�����QP�7KH�RSWLFDO�LUUDGLDWLRQ�LQIOXHQFHV�VLJQLIL �FDQWO\� WKH� ORZ�WHPSHUDWXUH� �7  ����.��SKR�WROXPLQHVFHQFH��3/��RI�&G%U��&X�, XQGHU��1�ODVHU� �/*,����� λ  ������� QP�� H[FLWDWLRQ� LQWKH� ORQJ�ZDYHOHQJWK�WDLO�UHJLRQ�RI�WKH�DFWL �YDWRU� DEVRUSWLRQ� SULRU� WR� FRORUDWLRQ� DQG� LQWKH� DEVRUSWLRQ� UHJLRQ� RI� WKH� SKRWRO\VLVSURGXFWV� DIWHU� WKH� FRORUDWLRQ��:KLOH� LQ� WKHILUVW� FDVH�� D� EDQG�SHDNHG�QHDU�����QP�DQGD�VKRXOGHU� LQ� WKH����� WR�����UDQJH�DUH�RE �VHUYHG�LQ�WKH�3/�VSHFWUXP��)LJ�����FXUYH����LW�LV�MXVW�WKH�HPLVVLRQ�SHDNHG�QHDU����� QPWKDW� SUHGRPLQDWHV� LQ� WKH� VHFRQG� FDVH� �)LJ���� FXUYH� ����7KH�����QP�HPLVVLRQ� LV� IRXQGWR�EH�PRUH�LQWHQVH�LQ�&G%U��, DQG�&G%U��&X�,WKDQ� LQ� &G%U� DQG� &G%U��&X >����@�� 7KH&G%U��&X FU\VWDO� FRORUDWLRQ� E\� 89� LUUDGLD�WLRQ�UHVXOWV�DOVR�LQ�WKH�LQWHQVLW\�UHGLVWULEX �WLRQ�LQ�WKH�3/�VSHFWUXP�DW����.�LQ�IDYRU�RIWKH� VKRUW�ZDYHOHQJWK� HPLVVLRQ�� 6LPLODUEDQGV� KDYH� EHHQ� IRXQG� LQ� HPLVVLRQ� VSHFWUDRI� SKRWRFKURPLF� PDWHULDOV� &G%U��$J DQG&G%U��$J�, XQGHU� QLWURJHQ� ODVHU� H[FLWDWLRQDQG�DIWHU�WKH�FRORUDWLRQ�:KHQ� WKH� &G%U��&X�, FU\VWDO� LV� KHDWHGIURP����XS�WR�����.��WKH�����QP�3/�LQWHQ �VLW\�GHFUHDVHV�VLJQLILFDQWO\�DQG�LW�LV�QRW�RE �VHUYHG� HVVHQWLDOO\� DW� WHPSHUDWXUHV� DERYH����.��7KH� FU\VWDO� HPLVVLRQ�SHDNHG�DW����WR�����QP�DOVR�LV�FKDUDFWHUL]HG�E\�D�VWURQJWHPSHUDWXUH� TXHQFKLQJ�� 7KH� WHPSHUDWXUHGHSHQGHQFH� RI� 3/� IRU� &G%U��&X�, LQ� WKDWEDQG� LV� VLPLODU� WR� WKDW� RI� &G%U� DQG&G%U��&G SHDNHG� DW� ���� QP� FDXVHG� E\� WKHLQFRQWUROOHG�LRGLQH�LPSXULW\�>�����@�

)LJ����� �D�� ;�UD\� OXPLQHVFHQFH� VSHFWUD� RI&G%U��&X FU\VWDO� DW� ��� .� SULRU� WR� ���� DQGDIWHU� ���� FRORUDWLRQ�� �E�� WKRVH� RI� &G%U��&X�,FU\VWDO� DW� ��� .� SULRU� WR� ���� DQG� DIWHU� ���FRORUDWLRQ�
)LJ����� �D�� $EVRUSWLRQ� VSHFWUD� RI� &G%U��&XFU\VWDO� DW� ���� .� SULRU� WR� ���� DQG� DIWHU� ���FRORUDWLRQ�� �E�� WKRVH� RI� &G%U��&X�, FU\VWDO� DW����.�SULRU�WR�����DQG�DIWHU�����FRORUDWLRQ�
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7KH� DGGLWLRQDO� DFWLYDWLRQ� E\� &G,� GRHVQRW� LQIOXHQFH� HVVHQWLDOO\� WKH� WKHUPR�VWLPXODWHG� OXPLQHVFHQFH� �76/�� RI� SKRWR �FKURPLF� &G%U��&X�� 8QGHU� ;�UD\� H[FLWDWLRQDW����.��&G%U��&X�, VWRUHV�D�UHODWLYHO\�VPDOOOLJKW�VXP��$W�WKH�76/�FXUYH��WKHUPDO�SHDNVDUH�REVHUYHG�DW�����������DQG�����.�DV�ZHOODV� D� VKRXOGHU� LQ� WKH� ���� WR� ���� .� UDQJH�)LJ����� FXUYH�����7KH�FU\VWDO�FRORUDWLRQ�UH �VXOWV� LQ� D� FRQVLGHUDEO\� ZHDNHQHG� 76/�� QRQHZ�SHDNV�EHLQJ�REVHUYHG�LQ�WKH�76/�FXUYH�)LJ�����FXUYH�����8VLQJ�WKH�8UEDFK�PHWKRG�WKH�GHSWKV�RI�FDSWXUH� OHYHOV�UHVSRQVLEOH�IRUWKH�76/�RI�&G%U��&X�, KDYH�EHHQ�HVWLPDWHG�)RU� WKH� ����� ����� DQG� ���� .� SHDNV�� WKHWKHUPDO�DFWLYDWLRQ�HQHUJ\�YDOXHV�(7 ≈ ����������� DQG� ����� H9�� UHVSHFWLYHO\�� KDYH� EHHQREWDLQHG��7KH� LQLWLDO� VSHFWUDO� FKDUDFWHULVWLFV� RISKRWRFKURPLF� FU\VWDOV� RQ� WKH� EDVLV� RI� FDG �PLXP�EURPLGH�DUH�UHVWRUHG�DIWHU�WKH�VDPSOHGHFRORUDWLRQ�DWWDLQHG�E\�KHDWLQJ�LQ�D�VHDOHGTXDUW]� DPSRXOH� LQ� DLU� XS� WR� DERXW� ��� �&�1R� RSWLFDO� GHFRORUDWLRQ� ZDV� REVHUYHG� IRUWKRVH�VDPSOHV�7KXV�� WKH� &G%U��&X�, FU\VWDOV� DUH� DOVRSKRWRFKURPLF� RQHV�� 7KH� SKRWRFKHPLFDOWUDQVIRUPDWLRQV� LQ� WKLV�PDWHULDO� UXQ� VRPH �ZKDW�OHVV�LQWHQVLYHO\�WKDQ�LQ�&G%U��&X��7KHVWXGLHG�UHVXOWV�RI�WKH�89�LUUDGLDWLRQ�HIIHFWRQ� WKH� DEVRUSWLRQ� VSHFWUD� VKRZ�� WKDW� WKHSKRWRFKHPLFDO� WUDQVIRUPDWLRQV� LQ� WKH� FRS �SHU�DFWLYDWHG�FDGPLXP�EURPLGH�FU\VWDOV�DUHVLPLODU� WR� WKRVH� LQ� &G%U��$J >��@� DQG&G%U��&X >������@��,Q�WKH�RSWLFDO�DEVRUSWLRQVSHFWUXP� RI� &G&O� FU\VWDOV� DFWLYDWHG� E\VPDOO� DPRXQW� RI� $J&O�� WKH� DFWLYDWRU� EDQGKDV�EHHQ� UHYHDOHG� DW�����QP�� WKH� LQWHQVLW\LQFUHDVHV�LQ�SDUDOOHO�ZLWK�WKH�LPSXULW\�FRQ �FHQWUDWLRQ�>��@��7KH�&G&O��$J LUUDGLDWLRQ�E\
γ UD\V� RU� QHXWURQV� UHVXOWV� LQ�ZHDNHQLQJ� RIWKH� ���� QP� EDQG� QHDU� WKH� DEVRUSWLRQ� HGJH

DQG� DSSHDULQJ� EDQGV� QHDU� ���� QP� DQG���� QP�� 7KRVH� EDQGV� EHFRPH� ZHDNHQHGXQGHU� RSWLFDO� GHFRORUDWLRQ� ����� QP�� ZKLOHWKH� ���� QP� RQH� LV� LQWHQVLILHG�� %\� (35�� DSDUDPDJQHWLF� FHQWHU� KDV� EHHQ� IRXQG� LQ� WKHLUUDGLDWHG�&G&O��$J�� WKDW� LV� DVFULEHG� WR� WKHVXEVWLWXWLQJ�$J�� LRQ��6WXG\LQJ�WKH�LVRWKHU�PDO�WDLO�RI�WKH�(35�VLJQDO�DQG�RI�WKH�RSWL �FDO�DEVRUSWLRQ�EDQGV��LW�KDV�EHHQ�HVWDEOLVKHGWKDW�WKH�DEVRUSWLRQ�DW�����QP�FRUUHVSRQG�WRWKDW� SDUDPDJQHWLF� FHQWHU�� &RQVLGHUDWLRQ� RIWKH� (35� VLJQDO� VKRZV� WKDW� WKH� ZDYH� IXQF�WLRQ� RI� QRQ�FRXSOHG� KROHV� H[WHQGV� QRW� RQO\RQ� WKH�FHQWUDO�$J�� LRQ�EXW� DOVR�RQ� WKH�&O±OLJDQG�LRQV��6XFK�D�IRUPDWLRQ�LV�FRQVLGHUHGWR� EH� D� FOXVWHU� FRQVLVWLQJ� RI� RQH� $J�� LRQDQG�VL[�&O± RQHV��%DVLQJ� RQ� WKH� REWDLQHG� UHVXOWV�� DXWKRUV>��@� KDYH� FRQFOXGHG� WKDW� WKH� ���� QP� DE�VRUSWLRQ� EDQG� PD\� EH� GXH� WR� LQWUDFHQWHUWUDQVLWLRQV� LQ� $J� LRQV�� 7KH� EDQG� SHDNHGQHDU� ����QP�KDV� EHHQ�REVHUYHG�EHIRUH� >��@LQ� WKH� DEVRUSWLRQ� VSHFWUD� RI� FRORUHG� SKRWR �FKURPLF�&G%U��$J�� 7KH� QDWXUH� RI� WKLV� EDQGLV� DVVRFLDWHG� ZLWK� WKH� FROORLGDO� VLOYHU� FHQ �WHUV�� 6LPLODU� IHDWXUHV� DUH� REVHUYHG� LQ� WKHDEVRUSWLRQ� VSHFWUD� RI� &G&O� FU\VWDOV� DFWL�YDWHG�ZLWK� &X&O DQG�&X&O� >����@�� 3ULRU� WR89�LUUDGLDWLRQ��WKHVH�PDWHULDOV�VKRZ�D�EDQGSHDNHG� DW� ���� QP� WKDW� LV� DVFULEHG� WR� &X��$IWHU� WKH� LUUDGLDWLRQ�� WKLV� EDQG� LQWHQVLW\GHFUHDVHV� DQG� WZR� QHZ� EDQGV� DW� ���� DQG���� QP� DSSHDU�� 7KH� QDWXUH� RI� WKH����� QPEDQG� LV� DVVRFLDWHG� ZLWK� &X�� ZKLOH� WKDW� RIWKH�����QP�RQH��ZLWK�&X� FROORLGV��6SHFWUDOFKDUDFWHULVWLFV�RI�WKLQ�ILOP�&G&O��&X&O SKR�WRFKURPLF� PDWHULDOV� DUH� LQWHUSUHWHG� LQ� DVLPLODU�IDVKLRQ�>�����@�7KH� ODWWLFH� RI� &G%U��&X SKRWRFKURPLFPDWHULDO�FRQWDLQV�DOVR�WZR�SRVLWLRQV�RI�FRS �SHU� LPSXULW\� LRQV� >�������@�� 7KH� VLQJOH�FKDUJHG�FRSSHU� LRQV�DUH� VLWXDWHG�LQ�UHJXODU

)LJ����� 3KRWROXPLQHVFHQFH� VSHFWUD� RI&G%U��&X�, FU\VWDO� DW� ��� .� SULRU� WR� ���� DQGDIWHU�����FRORUDWLRQ�
)LJ����� 7KHUPRVWLPXODWHG� OXPLQHVFHQFHFXUYHV�RI�&G%U��&X�, FU\VWDO�;�UD\�H[FLWHG�DW���.�SULRU�WR�����DQG�DIWHU�����FRORUDWLRQ�
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VLWHV�LQ�WKH�&G�� SRVLWLRQ�IRUP�DFFHSWRU�FHQ�WHUV� �&X�&G�� ZKLOH� WKRVH� LQ� WKH� LQWHUVWLWLDORFWDKHGUDO� YRLGV�� WKH� GRQRU� FHQWHUV� &X�L�7KHVH� FHQWHUV� IRUP� OLJKW�VHQVLWLYH� QHXWUDOFRPSOH[HV� �DVVRFLDWHG� GRQRU�DFFHSWRU� SDLUV�^�&X�&G���&X�L`�� 6XFK� IRUPDWLRQV� DUH�GLSROHFHQWHUV�DQG�WKH�����.�SHDN� LQ� WKH� WKHUPR �VWLPXODWHG� GHSRODUL]DWLRQ� RI� WKH� HOHFWUHWVWDWH� LQ� QRQ�FRORUHG� &G%U��&X� VDPSOHV� DUHDVFULEHG�WKHUHWR�>�@�7KH� DFWLYDWRU� EDQG� DW� �������� QP� RE�VHUYHG�LQ�WKH�DEVRUSWLRQ�VSHFWUD�RI�QRQ�FRO �RUHG� FDGPLXP� EURPLGH� FU\VWDO� ZLWK� FRSSHULPSXULW\� FDQ� EH� DVFULEHG� WR� WKH� SDULW\�IRU �ELGGHQ� LQWUDLRQLF� �G�� → �G��V WUDQVLWLRQ�WKH� H[FOXVLRQ� EHLQJ� UDLVHG� LQ� SDUW� GXH� WR&X� LRQ� GLVSODFHPHQW� ZLWK� UHVSHFW� WR� WKHFHQWHU� RI� WKH� OLJDQG� FRQVLVWLQJ� RI� %U±�� ,±LRQV� >��@�� 2U�� DV� LQ� WKH� &G&O��$J V\VWHP>��@�� WKLV� EDQG� LV� UHODWHG� WR� WKH� SHUPLWWHG�G�� → �G��S WUDQVLWLRQV� LQ� WKH� DFWLYDWRUFHQWHUV��7KH�FRQVLGHUDEOH� LQWHQVLW\� LQFUHDVHRI� WKDW� EDQG� DV� WKH� LPSXULW\� FRQFHQWUDWLRQLQ� WKH� SKRWRFKURPLF�PDWHULDO� LQFUHDVHV� DQGLWV� LQVLJQLILFDQW� GHFUHDVH� LQ� WKH� DEVRUSWLRQVSHFWUXP� RI� &G%U��&X%U ������ �� PRO��� DVWKH� WHPSHUDWXUH� LV� HOHYDWHG� IURP� ��� WR���� .� >�@� WHVWLILHV� LQ� IDYRU� RI� WKH� VHFRQGK\SRWKHVLV�7KH� PDWHULDO� FRORUDWLRQ� XQGHU� LOOXPLQD �WLRQ� LV� DVVRFLDWHG� DV� D� UXOH�ZLWK�SKRWRLRQL �]DWLRQ�RI�LQWULQVLF�RU�H[WULQVLF�FHQWHUV��'XU �LQJ� WKH� SKRWRFKHPLFDO� UHDFWLRQV� UXQQLQJXQGHU�LUUDGLDWLRQ�RI�&G%U��&X ZLWK�OLJKW�DE�VRUEDEOH� HIILFLHQWO\� LQ� WKH�QHDU�HGJH� UHJLRQE\�&X� FHQWHUV�� WKH� SKRWRLQGXFHG� GHFRPSR�VLWLRQ� RI� WKH� OLJKW�VHQVLWLYH� FRSSHU� FRP�SOH[HV�LV�REVHUYHG�>�������@��,Q�WKLV�FDVH��WKHFRQFHQWUDWLRQ�RI�WKH�FHQWHUV�DVVRFLDWHG�ZLWKVLQJOH�FKDUJHG�FRSSHU� LRQV�GHFUHDVHV�GXH� WRSKRWRWKHUPDO� LRQL]DWLRQ� RI� &X�&G DQG� HOHF�WURQ� GHORFDOL]DWLRQ� IURP� WKHVH� FHQWHUV� WR&X�L�� &OXVWHU� FHQWHUV� �&X��;±���� ZKHUH� ;DUH�KDOLGH� LRQV�DSSHDU�DV�ZHOO�DV� Q&X� W\SHFROORLGV� WKDW� DUH� UHVSRQVLEOH� IRU� WKH� SKR �WRLQGXFHG�DEVRUSWLRQ�EDQGV�SHDNHG�QHDU����DQG� ���� QP�� UHVSHFWLYHO\�� 7KH� FRORUDWLRQ�GDUNHQLQJ�� RI� FDGPLXP� EURPLGH� SKRWR�FKURPLF�PDWHULDOV�ZLWK�D�KLJK�FRQFHQWUDWLRQRI� FRSSHU� LPSXULW\� RFFXUV� LQ� WKLQ� VXEVXU �IDFH� OD\HUV�DV�D�UHVXOW�RI�VWURQJ�DEVRUSWLRQRI� WKH� SKRWRDFWLYH� UDGLDWLRQ�� 7KH� REWDLQHGGDWD�SRLQW�WR�WKH�FROORLGDO�FRORUDWLRQ�PHFKD �QLVP��7KH�UHYHUVH�GHFRORUDWLRQ�SURFHVV�UXQVWKURXJK� R[LGDWLRQ� RI� &X� FHQWHUV� E\� &X��LRQV� >��@�� 6LQFH� WKH� VDPH� SKRWRLQGXFHGFKDQJHV�DUH�REVHUYHG�LQ�WKH�DEVRUSWLRQ�VSHF �WUD�RI�WKH�VWXGLHG�VLQJOH��DQG�SRO\DFWLYDWHGSKRWRFKURPLF� FDGPLXP� EURPLGH� FU\VWDOV�

WKH�SKRWRVWLPXODWHG�FKDQJHV�RI�WKH�VSHFWUDOFKDUDFWHULVWLFV�DUH�GXH�PDLQO\�WR�WKH�FRSSHUFHQWHU� UHFKDUJLQJ� >�@� DQG�� WR� D� OHVVHU� H[ �WHQW��WR�SKRWRO\VLV�RI�WKH�FU\VWDO�PDWUL[�>�@�,W� KDV� EHHQ� VKRZQ� >��@� WKDW� WKH� FRSSHULPSXULW\� LQ� .&O•.,�&X IRUPV� FRPSOH[� FHQ�WHUV� RI� �&X�,±�� W\SH� ZLWK� LRGLQH� LRQV�� 7KHDVVRFLDWLRQ�RI�LPSXULW\�LRQV�DW�WKH�LVRYDOHQWVXEVWLWXWLRQ�PD\� EH� GXH� WR� WKHLU� DELOLW\� WRIRUP� D�PRUH� VWURQJ� FKHPLFDO� ELQGLQJ� ZLWKRQH� DQRWKHU� WKDQ� ZLWK� KDOLGH� LRQV� RI� WKHFU\VWDO� OXPLQRSKRU�PDWUL[�� 7KDW� LV� ZK\� LQDONDOL�FKORULGHV�ZLWK�EURPLGH�DQG�LRGLGH�LP�SXULWLHV�� LRQV�RI�DFWLYDWRUV�VXFK�DV� 7O���$J�DQG�&X� WU\�WR�DOORFDWLRQ�IRU�%U± DQG�,± LRQVWKDW� H[KLELW� D� VWURQJHU� SRODUL]DELOLW\� WKDQ&O± >������@�� 6XFK� DQ� LQWHUDFWLRQ� RI� 6Q��DQG� ,± DFWLYDWRU�FHQWHUV�ZDV�UHYHDOHG�EHIRUH>��@� E\� 76/� PHWKRG� LQ� FDGPLXP� EURPLGHFU\VWDOV�ZLWK�WLQ�DQG�LRGLQH�LPSXULWLHV��7DN �LQJ�LQWR�DFFRXQW�WKRVH�UHVXOWV��WKH�FODULILFD �WLRQ� LQ� WKH� VKRUW�ZDYHOHQJWK� �UHJLRQ�ZKHUHWKH�LPSXULWLHV�DEVRUE��DW�WKH�&G%U��&X�, FRO�RUDWLRQ� FDQ� EH� VXSSRVHG� WR� EH� FDXVHG� E\ORZHULQJ�FRQFHQWUDWLRQ�RI�&X� FHQWHUV�DVVR�FLDWHG�ZLWK� ,± LRQV�7KH�GHFUHDVHG� VHQVLWLYLW\� RI� &G%U��&X WR89�UDGLDWLRQ�ZKHQ�EHLQJ�DFWLYDWHG�ZLWK�LR �GLQH� LPSXULW\�FDQ�EH� H[SODLQHG�E\� WKDW� WKH,± LRQV� LQ�&G%U� DUH� WKH�KROH� WUDSSLQJ� FHQ�WHUV�� VLQFH� WKRVH� DUH� FKDUDFWHUL]HG� E\� DORZHU� HOHFWURQHJDWLYLW\� DV� FRPSDUHG� WR� %U±RQHV�>������@��$V�D�UHVXOW��WKH�KROH�WUDSSLQJSUREDELOLW\�RI�WKH��&X�&G�� LV�GHFUHDVHG�DQGWKH� OLJKW�VHQVLWLYH� FRPSOH[� ^�&X�&G���&XL�`FHQWHUV�LQ�&G%U��&X�, DUH�VRPHZKDW�PRUH�UH�VLVWDQW�DJDLQVW�89�WKDQ�LQ�&G%U��&X��:KHQ&G%U��&X LV� GRSHG� ZLWK� FKORULQH� LPSXULW\KDYLQJ� D� KLJKHU� HOHFWURQHJDWLYLW\� WKDQ� %U±LRQV�� WKH� KROH� WUDSSLQJ� SUREDELOLW\� RI� WKH�&X�&G�� LV� LQFUHDVHG��7KDW� LV�ZK\�WKH�SKR�WRVWLPXODWHG� GHFRPSRVLWLRQ� SURFHVVHV� RIOLJKW�VHQVLWLYH�FRSSHU�FRPSOH[HV��WKH�IRUPD �WLRQ� RI�&X��&G VXEVWLWXWLRQ� FHQWHUV� DQG� DV�VRFLDWLRQV� RI� FRSSHU�DWRPV�LQ� WKDW�PDWHULDODUH�UHODWLYHO\�KLJKHU�HIILFLHQW�>�@�,Q�;5/�DQG�3/�VSHFWUD�RI�&G%U��&X DQG&G%U��&X�, FU\VWDOV� ORZ�GRSHG� ZLWK� FRSSHU�QR�EDQGV�DVVRFLDWHG�ZLWK�&X� DQG�&X�� FHQ�WHUV� KDYH� EHHQ� REVHUYHG�� ,W� KDV� EHHQ� FRQ �ILUPHG� >���������@� WKDW� WKH� EURDG� ���� QP;5/� EDQG� RI� XQDFWLYDWHG� &G%U� DW� ��� .FRQVLVWV� RI� HOHPHQWDU\� EDQGV� SHDNHG� QHDU����� ����� DQG� ���� QP�� 7KH� HPLVVLRQ� DW����QP�H[FLWHG� LQWHQVLYHO\�E\�;�TXDQWD�DWORZ�WHPSHUDWXUHV�LQ�XQDFWLYDWHG�>�@�DV�ZHOODV� LQ� VRPH� DFWLYDWHG� >���������@� FDGPLXPEURPLGH� FU\VWDOV� LV� LQWHUSUHWHG� DV� WKH� LQ �WULQVLF� HPLVVLRQ�� EHLQJ� GXH� WR� HPLVVLYH� UH �
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FRPELQDWLRQ� RI� WULSOHW� H[FLWRQ� VWDWHV� RI� �9N��H���W\SH�>�@�,W�KDV�EHHQ�QRWLFHG�DERYH� WKDW� WKH�HPLV �VLRQ�RI�&G%U� DQG�&G%U��&G FU\VWDOV�SHDNHGQHDU� ���� WR� ���� QP� LV� DVVRFLDWHG�ZLWK� WKHXQFRQWUROOHG�LRGLQH�LPSXULW\��,W�IROORZV�DOVRIURP� WKH� REWDLQHG� UHVXOWV� WKDW� WKH� ;5/PD[LPXP�VKLIW�IURP�����WR���������QP�DWWKH�DGGLWLRQDO�GRSLQJ�RI�&G%U��&X ZLWK�&G,�LV� GXH� WR� WKH� HPLVVLRQ� LQWHQVLW\� UHGLVWULEX �WLRQ� LQ� IDYRU� RI� FHQWHUV� DVVRFLDWHG� ZLWK� ,±LRQV��7KH�OXPLQHVFHQFH�SHDNHG�QHDU�����QPREVHUYHG� LQ� LQWHQWLRQDOO\� XQGRSHG� DQG� LR �GLQH�GRSHG�FDGPLXP�EURPLGH�FU\VWDOV� LV�DV �VRFLDWHG�ZLWK�WULSOHW�H[FLWRQV�ORFDOL]HG�DW� ,±>�����@�,Q� >�����@�� LW� KDV� EHHQ� VKRZQ� WKDW� WKHHPLVVLRQ� RI� DONDOL� KDOLGH� FU\VWDOV� �$+&�� LQWKH� α EDQG� LV� GXH� WR� WXQQHOLQJ� WUDQVLWLRQVLQ� WKH�)���9N�%U,±�� DQG�)���9N�,�±�� SDLUV�� 7KHUDGLDWLRQ�LQGXFHG� VLOYHU� DWRPV� $J� IRUPHGLQ� $+&� LQWHUDFW� HIILFLHQWO\� ZLWK� DQLRQ� YD �FDQFLHV� 9D� >��@�� ,W� KDV� EHHQ� UHSRUWHG� >��@WKDW� WKH� &X�9D� W\SH� FHQWHUV� DUH� IRUPHGSKRWRWKHUPDOO\� LQ� .&O�&X&O FU\VWDO� GXH� WRPLJUDWLRQ� RI� D�9D� YDFDQF\�DVVRFLDWHG�ZLWKD�&X� DWRP��EXW�QRW�D�IUHH�YDFDQF\��WRZDUGVWKDW� DWRP�� 7DNLQJ� LQWR� DFFRXQW� WKH� UHVXOWVRI� WKRVH� VWXGLHV� DV� ZHOO� DV� WKRVH� RI� >�������@�� WKH�3/�RI�&G%U� EDVHG�FU\VWDOV� SHDNHGQHDU� ����QP� FDQ� EH� VXSSRVHG� WR� EH� GXH� WRFRPSOH[� FHQWHUV� �DVVRFLDWHV�� FRQWDLQLQJ� DQ �LRQLF� YDFDQFLHV� DQG� LRGLQH� LPSXULW\�� 7KLVFRQFOXVLRQ� LV� WHVWLILHG� E\� WKH� IDFW� WKDW� WKH���� QP� EDQG� HPLVVLRQ� LV� LQWHQVLYH� LQ&G%U��, DQG� &G%U��&X�, FU\VWDOV�� 7KH� OXPL�QHVFHQFH� LQ� WKLV� UHJLRQ� PD\� EH� UHODWHG� WRHPLVVLYH�WUDQVLWLRQV�LQ�DQLRQ�H[FLWRQV�ORFDO �L]HG� QHDU� DQLRQ� YDFDQFLHV� �α OXPLQHVFHQFH�>��������@�,W� IROORZV� IURP� FRQVLGHUDWLRQ� RI� WKH� RE �WDLQHG�REWDLQHG�DQG�OLWHUDWXUH�GDWD�WKDW�WKHLQFUHDVLQJ�RI�LQWHQVLW\�RI�WKH�����QP�OXPL �QHVFHQFH� DQG� WKH� GHFUHDVHG� RQH� LQ� ORQJHU�ZDYHOHQJWK�EDQGV�DW����.�DIWHU�89�LUUDGLD �WLRQ� DW� ���� .� RI� &G%U��&X�, VDPSOHV�� WKDWZHUH�KHDW�WUHDWHG�SUHYLRXVO\��DUH�FDXVHG�E\D� FKDQJH� RI� WKH� FRSSHU� LPSXULW\� FKDQJHFKDUJH� VWDWH� >�@� DV� ZHOO� DV� E\� WKH� FU\VWDOPDWUL[�SKRWRO\VLV�>�@��7KH�ZHDNHQLQJ�RI�WKH���� QP� OXPLQHVFHQFH� EDQG� DIWHU� FRORUDWLRQRI� &G%U��&X EDVHG� SKRWRFKURPLF� PDWHULDOVFDQ� EH� H[SODLQHG� E\� IRUPDWLRQ� RI� &GL� DQG&X�9D� FHQWHUV�� 7KH� HPLVVLRQ� SHDNHG� DW���� QP� LQ� FRORUHG� FDGPLXP� EURPLGH� FU\V �WDOV� ZLWK� FRSSHU� LPSXULW\� PXVW� EH� GXH� WRH[FLWDWLRQ� RI� KHWHURQXFOHDU� H[FLWRQV� �%U,�ERWK� XQGHU� OLJKW� DEVRUSWLRQ� E\� ,± LRQV� DQG

XQGHU�UHFRPELQDWLRQ�RI�FKDUJH�FDUULHUV��GH �ORFDOL]HG� IURP� SKRWRWKHUPDOO\� IRUPHG� &GL�FHQWHUV��RQ�LRGLQH�LRQV�>����@��$�KHDW�WUHDW �PHQW� RI� WKH� LUUDGLDWHG� FU\VWDOV� UHVXOWV� LQDQQHDOLQJ�RI�WKH�SKRWRO\VLV�SURGXFWV��,Q�WKLVFDVH��WKH�FRQFHQWUDWLRQ�RI�α FHQWHUV��UHVSRQ�VLEOH� IRU� WKH� ORQJ�ZDYHOHQJWK� HPLVVLRQ�� LQ �FUHDVHV�7KH� DGGLWLRQDO� DFWLYDWLRQ� RI� &G%U��&XZLWK�LRGLQH�LPSXULW\�GRHV�QRW�UHVXOW�LQ�QHZSHDNV� DW� WKH� 76/� FXUYH�� 7KH� �������� DQG����.�SHDNV�DUH�UHYHDOHG�DOVR�LQ�76/�FXUYHVRI�&G%U��&G,��� 7KH�76/�FXUYHV� RI� FDGPLXPEURPLGH� ZLWK� $J�� LPSXULW\� FRQWDLQ� SHDNVDW� ����� ����� ����� DQG� ���� .� >��@�� $IWHU;�UD\� H[FLWDWLRQ�� WKH� 76/� FXUYH� RI� XQDFWL �YDWHG� FU\VWDO� LV� UHSUHVHQWHG� E\� WKH� PDLQQRQ�HOHPHQWDU\� SHDN� DW� ���� .� DQG� ZHDNRQHV�DW���������DQG�����.��7KH�QDWXUH�RI76/� SHDNV� ZDV� GLVFXVVHG� LQ� >�����@�� ,W� IRO �ORZV� IURP� WKH� UHVXOWV� RI� WKH� SKRWRFKURPLFPDWHULDOV�UHVXOWV�76/�WKDW�WKH�FRSSHU�LPSX �ULW\� GRHV� QRW� IRUP� DFWLYDWRU� FHQWHUV� LQ&G%U� EXW� LQIOXHQFHV� PDLQO\� WKH� UHODWLYHFKDUJH�FDUULHU�SRSXODWLRQ�LQ�OHYHOV�RI�GLIIHU �HQW� GHSWKV� W\SLFDO� RI� WKH� FU\VWDO� PDWUL[�7KH� UHODWLYH�ZHDN� 76/� SHDN� DW� ��������.GXH� WR� GHORFDOL]DWLRQ� RI� KHWHURQXFOHDU� 9NFHQWHUV� �%U,±�� >�@� WHVWLILHV� LQ� IDYRU� RI� WKHK\SRWKHVLV� DW� WKH� LQWHUDFWLRQ� RI� FDWLRQ� DQGDQLRQ�FHQWHUV�LQ�&G%U��&X�,�7KH�FRQVLGHUDEOH�TXHQFKLQJ�RI�WKH�UHFRP�ELQDWLRQ� OXPLQHVFHQFH� XQGHU� ;�UD\� H[FLWD �WLRQ� LQ� VXEVXUIDFH� OD\HUV� RI� RSWLFDOO\� FRO �RUHG� FRSSHU�GRSHG� FDGPLXP� EURPLGH� LVFDXVHG� E\� QRQ�UDGLDWLYH� UHFRPELQDWLRQ� RIH[FLWDWLRQ�JHQHUDWHG� FKDUJH� FDUULHUV� RQ� WKHSKRWRFKHPLFDO� UHDFWLRQ� SURGXFWV� >��������@DV�ZHOO�DV�E\�WKH�OLJKW�VFDWWHULQJ�RQ�DWRPLFFRSSHU� FRJXODWRUV� �Q&X��� ORFDOL]HG� DW� OLQHDUGHIHFWV� RI� WKH� FU\VWDO� VWUXFWXUH� >�@�� 7KH\LHOG�DQG�VSHFWUDO�FRPSRVLWLRQ�RI�3/��;5/�DQG�76/�LQ�FRORUHG�&G%U��&X DQG�&G%U��&X�,DUH�LQIOXHQFHG�SDUWO\�E\�UHDEVRUSWLRQ�GXH�WRWKH� DGGLWLRQDO� DEVRUSWLRQ� RI� WKH� SKRWRO\VLVSURGXFWV� LQ� WKH� VSHFWUDO� UHJLRQ� ZKHUH� WKHHPLVVLRQ�EDQGV�DUH�REVHUYHG�RI�FHQWHUV�W\SL �FDO� IRU� WKH� PDWHULDO� PDWUL[� DV� ZHOO� DV� RIWKRVH�DVVRFLDWHG�ZLWK�WKH�DQLRQ�LPSXULW\�5HIHUHQFHV���6�1DRH�� .�.DQ¶QR�� <�1DNDL�� -��3K\V��6RF��RI-DSDQ���������������������+�0DWVXPRWR�� +�1DNDJDZD�� +�.XZDEDUD�� -�3K\V��6RF��RI�-DSDQ��������������������6�6�1RYRVDG��%�0�.RVW\XN��)XQFWLRQDO�0DWH�ULDOV�������������������2�%�/\VNRYLFK�� 6�6�1RYRVDG�� 2�<D�.UDYFKXNHW�DO���8NU��)L]��=K�������������������
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���6�6�1RYRVDG��2�9�*DO¶FK\QVN\\��5�2�.RYDOXN�1XFO��,QVWUXP��DQG� 0HWK��LQ� 3K\V��5HV��� ������������������:LGHEDQG�/D\HUHG� &U\VWDOV� DQG� 7KHLU� 3K\VL�FDO�3URSHUWLHV��HG��E\�$�%�/\VNRYLFK��9\VFKD6KNROD��/YRY��������>LQ�5XVVLDQ@����2�0�%RUGXQ�� ,�0�%RUGXQ�� 6�6�1RYRVDG�� =K�3ULNO��6SHNWU��������������������6�6�1RYRVDG��8NU��)L]��=K��������������������6�6�1RYRVDG�� %�0�.RVW\XN��8NU��)L]��=K��� ������������������$�%�/\VNRYLFK�� 6�'�0DUW\QLY�� 6�6�1RYRVDG�%�0�.RVW\XN��1HRUJ��0DWHU����������������������6�6�1RYRVDG��)XQFWLRQDO�0DWHULDOV�������������������.�.DQQR��7�0L\DQDJD��6�1DRH��+�0DWVXPRWR�%XOO��,QVW��&KHP��5HV��� .\RWR� 8QLY��� ���� �������������+�0DUTXH]�� -�0D�5LQFRQ�� /�(�&HOD\D�� $SSO�2SWLFV�����������������������+�0DUTXH]�� -�0D�5LQFRQ�� /�(�&HOD\D�� 7KLQ�6ROLG�)LOPV����������������������9�.�0LORVODYVN\��2�1�<XQDNRYD��8NU��)L]��=K���������������������6�*�=D]XERYLFK��1�(�/XVKFKLN��7UXG\�,)$�$1(VW665�������������������$�0�*XUYLFK��,QWURGXFWLRQ�LQ�3K\VLFDO�&KHP�LVWU\� RI� &U\VWDO� /XPLQRSKRUV�� 9\VFKD\D6KNROD��0RVFRZ��������>LQ�5XVVLDQ@�

����6�6�1RYRVDG��5�2�.RYDO\XN��8NU��)L]��=K����������������������6�6�1RYRVDG�� ,�6�1RYRVDG�� 5�2�.RYDO\XN�)XQFWLRQDO�0DWHULDOV���������������������(�'�$OXNHU�� '�<X�/XVLV�� 6�$�&KHUQRY�� (OHF�WURQ� ([FLWDWLRQV� DQG�;�5D\� /XPLQHVFHQFH� RI$ONDOL� +DOLGH� &U\VWDOV�� =QDQLH�� 5LJD� ������>LQ�5XVVLDQ@�����9�<D�*UDERYVNLV�� ,�.�9LWRO�� 8FK��=DS��/DWY�8QLY����������������������'�(�$EROWLQ�� ,�.�9LWRO�� 9�<D�*UDERYVNLV�/�$�&KXJXQRY�� LQ�� $EVWU��RI� ��WK $OO�8QLRQ&RQI��RQ� /XPLQHVFHQFH�� .LVKLQHY� �������S��������$�$�1DJRUQ\�� LQ�� (OHFWURQLF� DQG� ,RQLF� 3URF�HVVHV�LQ�,RQLF�&U\VWDOV��,QWHU�+LJK�6FKRRO�&ROO�RI�6FLHQW��:RUNV���WK�,VVXH��3�6WXFKND�8QLY�3XEO���5LJD���������S��������,�$�3DUILDQRYLFK��(�(�3HQ]LQD��(OHFWURQ�&RORU&HQWHUV� LQ�,RQLF�&U\VWDOV��(DVW�6LEHULDQ�%RRN3XEO���,UNXWVN��������>LQ�5XVVLDQ@�����6�*�=D]XERYLFK��$�6�8VDURY��LQ��$EVWU��RI��WK$OO�8QLRQ� 6\PS��RQ� /XPLQHVFHQW� 5HFHLYHUVDQG� &RQYHUWHUV� RI� ;�UD\V�� ,UNXWVN� �������S��������&�5�5RQGD��(�=ZDDO��+�)�)RONHUVPD�HW�DO���-��6ROLG�6WDWH�&KHP�����������������
Æwsqk�lvuL¡rq�pvly�tj�{vzv}LuL·tL�zjkqwévuLtíkjs�tL�wév|nxq�k�réqxzjsj}�&G%U��&Xv�v�sºmº°È���,�v�sºmº°È�
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