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�⋅��Ü� VÜ� DW� ����� .� DQG� FDQ� EH� UHSHDWHGPXOWLSO\�� 7KH� )&� ZDV� WZLVWHG� WKURXJK� DSUHVHW� DQJOH�θ� E\� LQWURGXFLQJ� GLVORFDWLRQVRI�WKH�VDPH�VLJQ�WKHUHLQ��VWDUWLQJ�IURP�WKHVXUIDFH��SUHIHUDEO\�WKH�VFUHZ�W\SH�RQHV�>�@�7KHQ�� WKH� VWUHVVHG� VDPSOH�ZDV� FRROHG�GRZQWR� URRP� WHPSHUDWXUH�� WKXV� SURYLGLQJ� WKHIUHH]LQJ� RI� GLVORFDWLRQV�� 7KH� SUH�VWUDLQHGGLVORFDWLRQ� VWUXFWXUH� ZDV� FRQWUROOHG� E\� WKH,)�PHWKRG�HLWKHU�LPPHGLDWHO\�ZLWKLQ�WKH�H[�SHULPHQWDO� VHWXS� RU� E\� [�UD\� GLIIUDFWLRQ�;5'��� VHOHFWLYH� HWFKLQJ�� DQG� PHWDOORJUD�SK\�� 7KH� XQLD[LDO� FRQVWDQW� WHQVLOH� ORDGLQJGXH� WR� WRUVLRQDO� PLFURSHQGXOXP� JHQHUDWHVWKH�XQL�VLJQ�VWUHVVHV�σS ZLWK�WKH�ORQJ�UDQJHVWUHVVHV�σG LQ�WKH�GLVORFDWLRQ�DFFXPXODWLRQVDQG� WKH� LPDJH� IRUFH� ILHOG� VWUHVVHV�σO�� 7KHWRWDO� VWUHVV�σF  �σS ��σG ��σO IDYRUV� WKH� UH�YHUVH� GLVORFDWLRQ� PRWLRQ� WRZDUGV� WKH� VXU�IDFH� VRXUFHV� DQG� DQQLKLODWLRQ� WKHUHRI�� WKXVPDNLQJ�LW�SRVVLEOH�WR�VWXG\�WKH�NLQHWLFV�DQGG\QDPLFV� RI� WKH�GLVORFDWLRQ�HQVHPEOH�GHFD\ZLWKLQ� WKH� )&� YROXPH� WKDW� ZDV� JHQHUDWHGGXH�WR�WKH�SUHYLRXV�SODVWLF�VWUDLQLQJ�E\�WRU�VLRQ��7KH�VKDSH�DQG�VWUXFWXUH�UHWXUQ�RI�WKHSUH�VWUDLQHG� )&� ZDV� MXGJHG� IURP� LWV� GH�WZLVWLQJ� DQJOH� θ XQGHU� LVRFKRULF� DQQHDOLQJDW�D�UDWH�RI�����WR�����.�V�7KH� KLJK� FU\VWDO� VWUXFWXUH� SHUIHFWLRQ� LQWKH� )&� VHOHFWHG� WR� EH� VWXGLHG� LV� HYLGHQFHGE\� WKH� WHPSHUDWXUH� GHSHQGHQFHV� 4Ü��7�VKRZQ� LQ� )LJV���Ü�� �FXUYHV� ���� $� VSHFLILFIHDWXUH�RI�WKH�LQLWLDO�WKLQ�*H )&�FRQVLVWV�LQWKH� ORZ� ��� WR� �⋅��Ü��� 4Ü��7�� EDFNJURXQGYDOXH�� DEVHQFH� RI� DQ\� SHDNV� LQ� WKH�4Ü��7�

DQG� VTXDUHG� IUHTXHQF\� I��7�� �QRW� VKRZQ�ZLWKLQ� D� ZLGH� ����� WR� ���� .�� WHPSHUDWXUHUDQJH�� 7KHVH� H[SHULPHQWDO� IDFWV� DJUHH� ZHOOZLWK� WKH� SUHYLRXV� VWXGLHV� >�Ü��@� DQG� HYL�GHQFH� WKH� DEVHQFH� RI� GHIHFWV� DEOH� WR� GLVVL�SDWH�DSSUHFLDEO\�WKH�HODVWLF�YLEUDWLRQ�HQHUJ\LQ� WKH� LQLWLDO� )&��$ERYH� ����.� �FXUYHV� ���WKH� 4Ü��7�� DQG� I��7�� GHSHQGHQFHV� IRU� LQ�LWLDOO\� GLVORFDWLRQ�IUHH� )&� VKRZ� DQRPDOLHVWKDW� LQGLFDWH� WKH� PLFURVFDOH� SODVWLFLW\� DS�SHDUDQFH� XQGHU� WKH� D[LDO� WHQVLOH� ORDGLQJ���� WR���� 3D��DQG�WKH�DOWHUQDWH�VLJQ�YLEUD�
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WLRQV� JHQHUDWHG� E\� WKH� WRUVLRQ�PLFURSHQGX�OXP�RI�WKH�,)�PHDVXULQJ�XQLW�,Q�WKH�4Ü��7��GHSHQGHQFHV�IRU�*H )&�SUH�VWUDLQHG� E\� WRUVLRQ�� VRPH� VLQJXODULWLHV� DUHVHHQ�LQ�WKH�����WR�����.�WHPSHUDWXUH�UDQJH�VHH�FXUYHV���IRU�WKH�IRUZDUG�UXQ�DQG���IRUWKH� UHYHUVH� RQH�� DV� FRPSDUHG� WR� WKH� LQLWLDOVDPSOHV� �FXUYHV� ���� 0RUHRYHU�� WKH� WKLQVWUXFWXUH�RI�WKH�UHWXUQ�UDWH�θ. �FXUYHV����KDVEHHQ�VWXGLHG�IRU�SUHYLRXVO\�XQVWUDLQHG�VDP�SOHV� ZLWKLQ� WKH� ���� WR� ����� .� UDQJH�� 7KHIXOO� UHWXUQ� GHSHQGHQFHV� θ�θ��7�� KDYH� EHHQREWDLQHG��FXUYHV����QRW�VKRZQ�LQ�)LJ������$JRRG�FRUUHODWLRQ�RI�DQRPDOLHV�LV�HVWDEOLVKHGLQ� WKH� IXOO� 4Ü��7�� �FXUYHV� ��� DQG� θ
. �7��FXUYHV� ��� GHSHQGHQFHV�� 7KUHH� WHPSHUDWXUHUDQJHV�KDYH�EHHQ�GLVFULPLQDWHG�FRQYHQWLRQ�DOO\�ZKHUH�WKH�DFWLYDWLRQ�YROXPHV�DQG�HQHU�JLHV�KDYH�EHHQ�PHDVXUHG�IRU�WKH�UHWXUQ�DQGSODVWLF� VKDSH� FKDQJH� SURFHVVHV� LQ� WKH� )&FDXVHG� E\� WKH� UHYHUVH� GLVORFDWLRQ� VOLS� WR�ZDUGV�WKH�VRXUFHV�WKHUHRI��7KH�H[SHULPHQWDOGDWD�DUH�VXPPDUL]HG� LQ�WKH�7DEOH��7KH�FDO�FXODWHG� 3HLHUOV� VWUHVV� �σS�� IRU� *H )&� KDVEHHQ�IRXQG�WR�EH�RI�DERXW��⋅��� 3D�7KH� H[SHULPHQWV� KDYH� VKRZQ� WKDW� WKHGLVORFDWLRQ�PRELOLW\�GXULQJ� WKH�UHYHUVH�PR�WLRQ� WRZDUGV� WKH� VXUIDFH� VRXUFHV� LV� LQIOX�HQFHG�� DORQJ� ZLWK� WKH� LPDJLQJ� IRUFHV�� E\WKH�GLVORFDWLRQ�LQWHUDFWLRQ�IRUFHV�ZLWKLQ�WKHDFFXPXODWLRQ� DQG� WKH� LQWHUQDO� VWUHVVHV� GXHWR� WKH� D[LDO� ORDGLQJ�� 7KH� VWUXFWXUH� VWXGLHVXVLQJ�WKH�,)�DQG�;5'�KDYH�VKRZQ�WKDW�WKHGLVORFDWLRQ� GHQVLW\� LV� ORZHUHG� GXULQJ� WKHDQQHDOLQJ�� KRZHYHU�� QR� IXOO� VWUXFWXUH� UH�WXUQ� LV� DWWDLQHG� LQ�PRVW� FDVHV��7KLV� LV� HYL�GHQFHG� E\� WKH� GDWD� REWDLQHG� XVLQJ� ;5'�VHOHFWLYH� HWFKLQJ�� DQG� ,)�� 7KH�*H )&� SUH�VWUDLQHG�SODVWLFDOO\�E\�WRUVLRQ�DW�7 �����7PUHYHDOHG� QHLWKHU� WKH� SODVWLF� VWUDLQ� ORFDOL]D�WLRQ�QRU� D� QHFN� HYHQ� DIWHU� D�KLJK�WHPSHUD�WXUH��!����7P��DQG�GH�WZLVWLQJ�WKURXJK�VHY�HUDO�UDGLDQV�,Q�*H )&�SUH�VWUDLQHG�SODVWLFDOO\�E\�WRU�VLRQ�WKURXJK�γ ≤ ����DW�7 a����7P��QHLWKHUWKH� VKDSH� UHWXUQ� �GH�WZLVWLQJ�� QRU� WKH� ,)FKDQJHV�ZHUH�UHYHDOHG�DW�URRP�WHPSHUDWXUHIRU�D�SURORQJHG�SHULRG��³ �⋅��� V���7KLV�LQGL�FDWHV� WKDW�DW�����.��WKH�GLVORFDWLRQV� LQ�*H

)&� DUH� �IUR]HQ�� DQG� GR� QRW� FRQWULEXWH� WRWKH� HODVWLF� YLEUDWLRQ� GDPSLQJ�� $W� KLJKHUWHPSHUDWXUHV��WKH�VKDSH�UHWXUQ�LV�VWDUWHG�DWVKRUWHU� REVHUYDWLRQ� WLPHV�� 7KH� RQVHW� WHP�SHUDWXUH� RI� WKH� SODVWLF� VKDSH� FKDQJH� �7Q�GHSHQGV� RQ� WKH� )&� JHRPHWULF� VL]H� DQG� RQWKH� SUH�VWUDLQLQJ� H[WHQW�� 7KH�7Q FRLQFLGHVZLWK� WKH� RQVHW� WHPSHUDWXUH� RI� WKH�4Ü� LQ�FUHDVH�DQG�WKH�I� GHFUHDVH��7KH�KLJKHVW�GLV�ORFDWLRQ� UHWXUQ� UDWH�θ. DQVZHUV� WR� WKH� WHP�SHUDWXUH� SRVLWLRQ� RI� WKH� ,)� SHDNV�� $V� WKHLQLWLDO� )&� VKDSH� LV� UHFRYHUHG� DW� KLJK� WHP�SHUDWXUHV�� WKH� LQLWLDO� VWDWH� RI� 4Ü� DQG� I�EHFRPHV� UHWXUQHG� DV� ZHOO� DV� WKH� VDPSOHVWUXFWXUH�WKDW�LV�MXGJHG�IURP�WKH�GHFUHDVHGDVWHULVP� RI� WKH� /DXH� VSRWV�� $IWHU� DERXW����� UHFRYHU\� RI� WKH� LQLWLDO� )&� VWUXFWXUH�HVVHQWLDOO\� QR� SHDNV� DUH� REVHUYHG� LQ� WKH4Ü��7��FXUYHV��KRZHYHU��WKHUH�LV�QR�IXOO�UH�WXUQ�RI�4Ü� DQG�VWUXFWXUH��7KLV�LV�FDXVHG�E\WKDW�WKH�)&�LV�VXEMHFWHG�WR�D[LDO�WHQVLRQ�DQGKLJK�WHPSHUDWXUH�LQ�WKH�H[SHULPHQWDO�FRQGL�WLRQV� WKDW� IDYRU� WKH� GLVORFDWLRQ� JHQHUDWLRQLQ�LQGLYLGXDO�ORFDO�PLFURYROXPHV�GXH�WR�WKHLQWHUQDO� VWUHVV� UHOD[DWLRQ��+RZHYHU��D� FRP�SOHWH� UHWXUQ� RI� WKH� FU\VWDO� VWUXFWXUH� LV� UH�YHDOHG�LQ�IXOO\�XQORDGHG�)&�DW�WHPSHUDWXUHVFORVH�WR�7P�7KH�SRVVLELOLW\�RI�DQ�HVVHQWLDOO\�FRPSOHWHVKDSH�UHWXUQ�LQ�WKLQ�)&�PDNHV�LW�SRVVLEOH�WRXVH� UHSHDWHGO\� RQH� DQG� WKH� VDPH� VDPSOH� WRVWXG\�4Ü���I��7���θ. �7���HWF���XQGHU�GLIIHUHQWFRQGLWLRQV�RI�WKH�SODVWLF�SUH�VWUDLQLQJ��ZKDWLV� RI� D� VSHFLDO� LPSRUWDQFH� LQ� DFFXPXODWLRQRI� VWDWLVWLFDO�GDWD�RQ�YDULDWLRQV�RI�D�SK\VL�FDO�TXDQWLW\� IRU� WKH� VDPSOHV�ZLWK� WKH�VDPHLPSXULW\�FRQWHQW�5HIHUHQFHV���3URF��,QW��&RQI��6XUIDFH� (IIHFWV� DQG� &U\VWDO3ODVWLFLW\�� 1RUGKDII�/D\GHQ�� $PVWHUGDP����������9�3�$OHNKLQ��3K\VLFV�RI�6WUHQJWK�DQG�3ODVWLF�LW\� RI� 6XUIDFH�0DWHULDO� /D\HUV��1DXND��0RV�FRZ��������>LQ�5XVVLDQ@��� +�-�0ROOHU��$FWD�0HWDOOXUJLFD���������������������6�$�$QWLSRY�� $�,�'UR]K]KLQ�� $�0�5RVFKXS�NLQ�� 5HOD[DWLRQ� 3KHQRPHQD� LQ� )LODPHQWDU\6HPLFRQGXFWRU�&U\VWDOV��9*8�3XEO���9RURQH]K�������>LQ�5XVVLDQ@����$�0�%HOLNRY�� $�,�'UR]K]KLQ�� $�3�(UPDNRY�3ODVWLF� 6WUDLQ� RI� )LODPHQWDU\� &U\VWDOV�� 9*83XEO���9RURQH]K��������>LQ�5XVVLDQ@����� $�0�%HOLNRY�� $�,�'UR]K]KLQ�� $�3�(UPDNRY�9,1,7,�'HS������������1R������>LQ�5XVVLDQ@����$�,�'UR]K]KLQ�� ,�/�%DWDURQRY�� $�3�(UPDNRY�,]Y��98=RY��)L]LND�������������������$�,�'UR]K]KLQ��$�3�(UPDNRY��,]Y��98=RY��)L]�LND����������������
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