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EHWZHHQ� �SKRQRQ�� DQG� �HOHFWURQ�� SDUWV� RIWKH�H[SHULPHQWDOO\�REVHUYHG�ELUHIULQJHQFH� ∆Q�
∆Q(SK) �� ∆Q(HO)� ���ZKHUH�∆Q  �∆Q�SK� ��∆Q�HO��7KH� UHODWLRQ� ���� FRQILUPV� WKH� VXJJHVWLRQWKDW� WKH� SULQFLSDO� SHFXOLDULWLHV� RI� WKH� ELUH �IULQJHQFH�GLVSHUVLRQ�∆Q�ω��RI�D�FU\VWDO��SDU�WLFXODUO\� WKH� FDVH� RI� ∆Q�ω�� ZLWK� 6,%6�� DUHGHILQHG� E\� WKH� SHFXOLDULWLHV� RI� WKH� HOHFWURQGLFKURLVP�∆N�HO��ω′��VSHFWUD�$V�LW�VHHQ�LQ�WKH�LQWURGXFLQJ�VHFWLRQ��WKHSKHQRPHQRQ�RI�ELUHIULQJHQFH�VLJQ�LQYHUVLRQIRU� V\QJHQLWH� LV� REVHUYHG� IRU� WKH� GLUHFWLRQRI�OLJKW�SURSDJDWLRQ�DORQJ� S�D[HV�RI�RSWLFDOLQGLFDWUL[�� ∆QJP  ��� >����@�� �+HUHDIWHU�� WKHLQGLFHV� S��P��J FRUUHVSRQG� WR� WKH�DSSURSUL �DWH�GLUHFWLRQV�RI�WKH�RSWLFDO�LQGLFDWUL[�SULQ �FLSDO� D[HV� RI� V\QJHQLWH� DW� URRP� WHPSHUD �WXUH��� 7KH� VSHFWUDO� GHSHQGHQFH� RI� ELUHIULQ �JHQFH� ∆QJP�ω�� GLIIHUV� HVVHQWLDOO\� IURPVLPLODU�GHSHQGHQFHV�∆QJS�ω��DQG�∆QPS�ω��RE�WDLQHG� IRU� WZR� RWKHUV� RUWKRJRQDO� P�� DQGJ�GLUHFWLRQV� RI� OLJKW� SURSDJDWLRQ� �)LJ�����7KLV�LV�GLVSOD\HG�LQ�UHODWLYHO\�VPDOOHU�PDJ �QLWXGHV�RI�∆QJP DQG�LQ�QHJDWLYH�PDJQLWXGHRI� WKH� YDOXH� G��∆QJP��Gω� LQVWHDG� RI� SRVL�WLYH�PDJQLWXGHV� RI� WKH�YDOXHV� G��∆QJS��Gω�DQG� G��∆QPS��Gω� LQ� WKH� KLJK�IUHTXHQF\SDUW� RI�∆QMU�ω�� GHSHQGHQFHV��7KH� FDOFXODWHGDSSUR[LPDWH� VSHFWUD� RI� FRUUHVSRQGLQJ� IXQ �GDPHQWDO� GLFKURLVP� ∆NMU�ω′�� IRU� WKH� PH�FKDQLFDOO\� IUHH� VDPSOHV� DW� ���� .� DUH� SUH �

VHQWHG� LQ� )LJ����� 7DNLQJ� LQWR� DFFRXQW� WKDW
∆QMU  �Ü∆QUM DQG�∆NMU  �Ü∆NUM��RQH�FDQ�QRWLFHWKDW�WKH�GLVSHUVLRQV�RI�∆QMU�ω��LQ�WKH�WUDQV�SDUHQF\� UDQJH�� ���� WR� ���� H9� �)LJ������ DQGWKH� FRUUHVSRQGLQJ� VSHFWUD� ∆NMU�ω′�� LQ� WKHIXQGDPHQWDO� DEVRUSWLRQ� UDQJH�� �� WR� ��� H9�)LJ������ DUH� RI� WKH� VDPH� VLJQ� IRU� WKH� WHP �SHUDWXUH�����.�([SHULPHQWDO� ELUHIULQJHQFH� GLVSHUVLRQV
∆QJP�ω�� IRU� GLIIHUHQW� WHPSHUDWXUHV� DQGXQLD[LDO� PHFKDQLFDO� VWUHVVHV� RI� V\QJHQLWHDUH� VKRZQ� LQ� )LJ����� $W� KLJKHU� WHPSHUD �WXUHV�� ���� DQG� ���� .�� WKH� 6,%6� SKHQRPH �QRQ� LQ� WKH� WUDQVSDUHQF\� UDQJH� �)LJ����DULVHV� WRJHWKHU� ZLWK� WKH� SKHQRPHQRQ� RIVSHFWUDO�LQYHUVLRQ�RI�GLFKURLVP�VLJQ��6,'6��LQWKH� IXQGDPHQWDO� DEVRUSWLRQ� UDQJH� ω′ !���H9�)LJ������7DNLQJ�LQWR�DFFRXQW�WKLV�UHVXOW�DQGWKH�HTXDWLRQ������RQH�FDQ�FRQFOXGH�WKDW�6,%6LQ�WKH�FU\VWDO�WUDQVSDUHQF\�UDQJH��∆QMU�ωL�� ���LV�D�VSHFLDO�FDVH�RI�VXFK�VSHFWUDO�GHSHQGHQFHRI� WKH� IXQGDPHQWDO� GLFKURLVP� ∆NMU�ω′��� IRUZKLFK�WKH�FRQWULEXWLRQV�WR� ∆QMU�ω��IURP�WKHRI� IXQGDPHQWDO� H[FLWDWLRQ� VSHFWUDO� UDQJHVZLWK� SRVLWLYH� DQG� QHJDWLYH� ∆NMU�ω′�� YDOXHVDFFRUGLQJ� WR� .UDPHUV�.URQLJ� UHODWLRQ� ���EHFRPH�HTXDO�DW�WKH�SKRWRQ�HQHUJ\�ωL�7HPSHUDWXUH� GHSHQGHQFHV� RI� WKHV\QJHQLWH� GLFKURLVP� ∆NJP�7�� VKRZQ� LQ� )LJ��� FRUUHVSRQG� WR� WKH� GDWD� SUHVHQWHG� LQ� )LJ���� 7KH� VROXWLRQ� RI� WKH� HTXDWLRQ� ���� VKRZVWKDW� LQ� VSLWH� RI� WKH� UHODWLRQ� ∆N�SK� !�∆N�HO��)LJ������ WKH� FRUUHVSRQGLQJ� IUDFWLRQ� RI� WKH

)LJ�����([SHULPHQWDO�OLQHDU�ELUHIULQJHQFH�GLV�SHUVLRQV�∆QMU�ω���M�U  �S��P��J��RI�V\QJHQLWH�LQWKH�WUDQVSDUHQF\�UDQJH�DW�����.��Û�∆QJS��� Û�∆QPS���Û ∆QJP�
)LJ����� &DOFXODWHG� DSSUR[LPDWH� OLQHDU� IXQGD�PHQWDO�GLFKURLVP�∆NMU�ω′���M�U  �S��P��J��VSHF�WUD�RI�V\QJHQLWH�IRU�WKUHH�SULQFLSDO�GLUHFWLRQVRI�RSWLFDO�LQGLFDWUL[�DW�����.��Û�∆NJP���� Û�∆NPS���Û∆NSJ�
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SKRQRQ� SDUW� RI� WKH� ELUHIULQJHQFH� ∆Q�SK� LQWKH�H[SHULPHQWDOO\�REVHUYHG�∆Q YDOXH�GRHV�QRWH[FHHG� ������ ∆Q�SK�≈���∆Q�� 7KHUHIRUH�� LW� LVUHDVRQDEOH� WKDW� WKH� 6,%6� LQ� V\QJHQLWH� LV� GXHPDLQO\�WR�WKH�SHFXOLDULWLHV�RI�RSWLFDO�VSHFWUD�LQWKH�HOHFWURQ�H[FLWDWLRQ�UDQJH�ω′ !���H9�5HODWLYH� WHPSHUDWXUH� FKDQJH� RI� WKH
∆NJP�7�� GHSHQGHQFH� IRU� WKH� IUHTXHQF\� RISKRQRQ�H[FLWDWLRQ�ω′  �����H9�LV�WKH�VPDOOHVW�
δ�∆NJP������� ∆NJP�����≈������ DV� FRPSDUHG� WRVLPLODU�YDOXHV�IRU�WKH�IUHTXHQFLHV�ω′  �����H9DQG� ω′  ���� H9� RI� HOHFWURQ� H[FLWDWLRQ�
δ�∆NJP������∆NJP����� ≈ ������ δ�∆NJP�����∆NJP����
≈ ������7KH�JUHDWHVW�WHPSHUDWXUH�FKDQJH�RIGLFKURLVP� FRUUHVSRQGLQJ� WR� WKH� HQHUJ\
ω′  ���� H9� LV� FRQQHFWHG�ZLWK� WKH� IDFW� WKDWWKLV�IUHTXHQF\�LV�FORVH�WR�WKH�UDQJH�RI�6,'6ORFDOL]DWLRQ�UHJLRQ��ω′L !����H9��)LJ������7KHUHVXOWV� GHVFULEHG� VKRZ� WKDW� WHPSHUDWXUHFKDQJHV� RI� WKH� ELUHIULQJHQFH� GLVSHUVLRQV
∆QJP�ω�� DUH� GXH� PDLQO\� WR� WHPSHUDWXUHFKDQJHV�RI�WKH�GLFKURLVP�VSHFWUD�∆NJP�ω′��LQWKH�HOHFWURQ�H[FLWDWLRQ�UDQJH��7KHVH�FKDQJHVFDQ�EH�PRVW�SUREDEO\�FDXVHG�E\�WHPSHUDWXUHFKDQJHV� RI� WKH� IUHTXHQF\�GHSHQGHQW� DQLVRW �URSLF�SRODUL]DELOLWLHV�RI� FKHPLFDO�ERQGV�GXHWR�FRUUHVSRQGLQJ�ERQG�OHQJWK�FKDQJHV�LQ�WKHFU\VWDO�3URFHHGLQJ� IURP� WKH� VSHFWUDO� GHSHQG �HQFHV� RI� GLFKURLVP� ∆NJP�ω′�� REWDLQHG�� WKH

ELUHIULQJHQFH� GLVSHUVLRQV� ∆QJP�ω�� LQ� WKHZKROH�UDQJH�RI�FU\VWDO� WUDQVSDUHQF\������WR����H9��ZHUH�FDOFXODWHG�XVLQJ�WKH�UHODWLRQ�����7KHVH� FDOFXODWHG� ELUHIULQJHQFH� GLVSHUVLRQV
∆QJP�ω��DJUHH�ZLWK�FRUUHVSRQGLQJ�H[SHULPHQ�WDO�GDWD�WR�ZLWKLQ�����RI�WKH�∆Q YDOXH�$Q� XQLD[LDO� PHFKDQLFDO� VWUHVV� σ FDXVHVWKH� FRUUHVSRQGLQJ� FKDQJHV� RI� WKH� ELUHIULQ �JHQFH� δ�∆Q�� RI� WKH� VDPH� VLJQ� ZLWKLQ� WKHVSHFWUDO� UDQJH� ���� WR� ���� H9� �)LJ������ 7KHFRUUHVSRQGLQJ� FKDQJHV� RI� WKH� GLFKURLVPVSHFWUD�δ�∆N��LQ�WKH�UDQJH�RI���WR����H9�DUH

)LJ�����([SHULPHQWDO�OLQHDU�ELUHIULQJHQFH�GLV�SHUVLRQV�∆QJP�ω��RI�V\QJHQLWH�LQ�WKH�WUDQVSDU�HQF\�UDQJH�IRU�GLIIHUHQW�GLUHFWLRQV�RI�XQLD[LDOVWUHVV�DW�������������������DQG��������� .��6ROLGOLQHV�FRUUHVSRQG�WR�PHFKDQLFDOO\�IUHH�VDPSOH�
σ  ��� Û� GRWWHG� FXUYHV�� WR� σP  ����� EDU� ÜGDVKHG� FXUYHV�� WR� σJ Ü����� EDU� Û� VPDOOSRLQWV�

)LJ����� &DOFXODWHG� WHPSHUDWXUH� GHSHQGHQFHVRI� WKH� OLQHDU� IXQGDPHQWDO�GLFKURLVP� ∆NJP�7�RI�V\QJHQLWH�DW�GLIIHUHQW�SKRWRQ�HQHUJLHV�������������������DQG����������H9��IRU�PHFKDQLFDOO\IUHH�VDPSOH�σ  ���

)LJ����� &DOFXODWHG� DSSUR[LPDWH� OLQHDU� IXQGD�PHQWDO� GLFKURLVP� ∆NJP�ω′�� VSHFWUD� RIV\QJHQLWH�IRU�GLIIHUHQW�WHPSHUDWXUHV������������������DQG��������� .�DQG�VWUHVVHV��σ  ���ÛGRWWHG� FXUYHV�� WR� σP  ����� EDU� Ü� GDVKHGFXUYHV��WR�σJ Ü�����EDU�Û�VPDOO�SRLQWV��
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VHHQ� LQ� )LJ����� $� FKDUDFWHULVWLF� IHDWXUH� RIWKH�∆N�ω′��VSHFWUD�IRU�GLIIHUHQW�VWUHVVHV�σ DWWKH� VDPH� WHPSHUDWXUH� 7 LV� WKH� SUHVHQFH� RIWZR� VHSDUDWH� VSHFWUDO� UHJLRQV� ZKHUH� WKHUDWHV� RI� PHFKDQLFDOO\� LQGXFHG� GLFKURLVPFKDQJH� δ(∆N) ⁄ δσ ω�7 DUH� FKDUDFWHUL]HG� E\WKH� RSSRVLWH� VLJQV�� 7KXV�� WKH� VDPH� VLJQ� RIWKH� PHFKDQLFDOO\� LQGXFHG� ELUHIULQJHQFHFKDQJHV�δ�∆Q��LQ�V\QJHQLWH�ZLWKLQ�WKH�WUDQV�SDUHQF\�UHJLRQ�RI�����WR�����H9�FRUUHVSRQGVWR� VSHFWUDOO\� GLIIHUHQW� VLJQV� RI� VLPLODU� GL �FKURLVP�FKDQJHV�δ�∆N��LQ�WKH�IXQGDPHQWDO�DE�VRUSWLRQ� UDQJH� RI� �� WR� ��� H9�� 7KLV� PD\� EHGXH�WR�VRPH�LQWHUDFWLRQ�EHWZHHQ�WKH�PHFKDQL �FDOO\� LQGXFHG�FKDQJHV� LQ�DQLVRWURSLF�HOHFWURQSRODUL]DELOLWLHV� RI� WKH� FKHPLFDO� ERQGV� FRUUH �VSRQGLQJ�WR�GLIIHUHQW�SKRWRQ�HQHUJLHV�7R�FRQFOXGH��WKH�SKHQRPHQRQ�RI�VSHFWUDOLQYHUVLRQ�RI�ELUHIULQJHQFH� VLJQ� LQ� WKH�FU\V �WDO� WUDQVSDUHQF\� UDQJH�� ∆QMU�ωL�� ���� LV� DSDUWLFXODU�FDVH� RI� VXFK� VSHFWUDO� GHSHQGHQFHRI� WKH� OLQHDU� IXQGDPHQWDO� GLFKURLVP
∆NMU�ω′��� ZKHUH� WKH� FRQWULEXWLRQV� WR� ∆QMU�ω�IURP� WKH� IXQGDPHQWDO� H[FLWDWLRQ� HQHUJ\UDQJHV� RI� SRVLWLYH� DQG� QHJDWLYH� YDOXHV� RI
∆N�ω′��DFFRUGLQJ�WR�.UDPHUV�.URQLJ�UHODWLRQDUH� HTXDO� WR� RQH� DQRWKHU� DW� WKH� SKRWRQ� HQ �HUJ\� ωL�� 7HPSHUDWXUH� FKDQJHV� LQ� WKH� ELUH �IULQJHQFH�GLVSHUVLRQV�∆Q�ω��RI�V\QJHQLWH�DUHGXH� PDLQO\� WR� WHPSHUDWXUH� FKDQJHV� RI� WKHOLQHDU� GLFKURLVP� VSHFWUD� ∆N�ω′�� LQ� WKH� HOHF�WURQ� H[FLWDWLRQ� UDQJH� RI� �� WR� ��� H9��7KHVHWHPSHUDWXUH� FKDQJHV� DUH� PRVW� SUREDEO\

FDXVHG� E\� FRUUHVSRQGLQJ� FKDQJHV� RI� FKHPL �FDO�ERQG�OHQJWKV�RI�RI�WKH�FU\VWDO��7KH�VDPHVLJQ�RI�WKH�PHFKDQLFDOO\�LQGXFHG�FKDQJHV�LQWKH� ELUHIULQJHQFH� δ�∆Q�� RI� V\QJHQLWH� LQ� WKHWUDQVSDUHQF\�UHJLRQ�RI�����WR�����H9�FRUUH �VSRQG� WR� VSHFWUDOO\�GLIIHUHQW� VLJQV� RI� VLPL �ODU�FKDQJHV�LQ�WKH�OLQHDU�GLFKURLVP�∆N�ω′��LQWKH� IXQGDPHQWDO� DEVRUSWLRQ� UDQJH� RI� �� WR���H9��7KLV�PD\�EH�GXH�WR�VRPH�LQWHUDFWLRQEHWZHHQ� WKH� PHFKDQLFDOO\� LQGXFHG� FKDQJHVRI� DQLVRWURSLF� HOHFWURQ� SRODUL]DELOLWLHV� RIFKHPLFDO� ERQGV� FRUUHVSRQGLQJ� WR� GLIIHUHQWSKRWRQ�HQHUJLHV�5HIHUHQFHV���%�9�$QGUL\HYVN\�� 1�$�5RPDQ\XN�� 2SWLND� L6SHNWU���������������������7�%�$QGUL\HYVN\��3URF��63,(����������������������%�9�$QGUL\HYVN\��0�2�5RPDQ\XN�� =K��)L]\FKQ�'RVOLG]K���������������������%�9�$QGUL\HYVN\�� 5�6�%UH]YLQ�� *�0�5R�PDQ\XN��8NU��)L]��=K����������������������1�$�5RPDQ\XN�� $�0�.RVWHWVNL�� 9�0�*DED� HWDO���2SWLND�L�6SHNWU����������������������-�7�.ORSURJJH�� 5�'�6FKXLOLQJE�� =�'LQJD� HWDO���9LEUDWLRQDO�6SHFWURVFRS\��������������������1�$�5RPDQ\XN�� %�9�$QGUL\HYVN\�� 8NU��)L]�=K���������������������0�%RUQ�� .�+XDQJ�� '\QDPLF� 7KHRU\� RI� &U\V�WDOOLQH�/DWWLFHV��2[IRUG�8QLY��3UHVV�� /RQGRQ����������)�:RRWHQ��2SWLFDO�3URSHUWLHV�RI�6ROLGV��$FDG�3UHVV��1HZ�<RUN��������
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