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5HFHLYHG�0DUFK���������
7KH� 5DPDQ� VSHFWUD� LQYHVWLJDWLRQV� KDYH� EHHQ� UHSRUWHG� DW� URRP� WHPSHUDWXUH� LQ� WKH

���Ü�����FPÜ�� UDQJH� IRU�/L�%�2�� VLQJOH� FU\VWDOV�ZLWK�QDWXUDO�/L� DQG�%� LVRWRSLF�GLVWULEX�WLRQ�DQG�IRU���W\SHV�RI�VLQJOH�FU\VWDOV�HQULFKHG�PD[LPDOO\�LQ��/L���/L����%�DQG���%�LVRWRSHV�
,W�KDV�EHHQ�IRXQG�WKDW�LQ�VSHFWUD�RI�/L�%�2��VLQJOH�FU\VWDOV�ZLWK�QDWXUDO�LVRWRSLF�GLVWULEX�WLRQ�� QR� LVRWRSLF� VSOLWWLQJ� WDNHV� SODFH�� WKLV� IDFW� FRQILUPV� WKH� HVVHQWLDOO\� VLQJOH�PRGH
EHKDYLRU�RI�WKRVH�FU\VWDOV��7KH�VSHFLILF�PRGHV�DUH� VXEGLYLGHG� LQWR���JURXSV�DFFRUGLQJ�WR
WKHLU�IUHTXHQF\�FKDQJHV�������UHJXODU��PRGHV��ZKHUH�WKH�IUHTXHQF\�LQFUHDVHV�DW�GHFUHDVLQJ
LVRWRSH�DWRPLF�PDVV��DQG�YLFH�YHUVD������PRGHV��ZKHUH�WKH�IUHTXHQF\�UHPDLQV�LQVHQVLWLYH�WR
VXEVWLWXWLRQ� RI� LVRWRSH�� ���� WKH� PRGHV� ZLWK� DQRPDORXV� EHKDYLRU�� ZKHUH� WKH� IUHTXHQF\
GHFUHDVHV�DW�GHFUHDVLQJ�LVRWRSH�PDVV��DQG�YLFH�YHUVD������WKH�PRGHV�ZLWK�IUHTXHQF\�FKDQJ�
LQJ� FKDRWLFDOO\� DW� VXEVWLWXWLRQ� RI� LVRWRSHV�� ���� �UDQGRP�� PRGHV� REVHUYHG� RQO\� LQ� VRPH
VDPSOHV�� 7KH� RULJLQ� RI� WKH� YLEUDWLRQDO� PRGHV� LQ� WKH� 5DPDQ� VSHFWUD� RI� /L�%�2�� VLQJOHFU\VWDOV�LV�GHILQHG�LQ�PRUH�GHWDLO�
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0DQ\�SXEOLFDWLRQV�DUH�GHYRWHG�WR�LQYHVWL�
JDWLRQV� RI� WKH� 5DPDQ� VSHFWUD� RI� OLWKLXP
WHWUDERUDWH� �/L�%�2��� VLQJOH� FU\VWDO�� LQFOXG�LQJ� �� UHIHUHQFHV� FLWHG� LQ� >�@� SXEOLVKHG� LQ
����� DQG� WKH� ZRUNV� >�Ü�@�� 1HYHUWKHOHVV�
WKHUH�LV�QR�JHQHUDO�FRQFHSW�XS�WR�GDWH��)LUVW
RI� DOO�� LW� LV� WR� QRWH� VRPH� GLVFUHSDQFLHV� LQ
SRVLWLRQV� RI� WKH� 5DPDQ� SHDNV� RQ� WKH� IUH�
TXHQF\� VFDOH��$PRQJ� RWKHU� SUREOHPV�� WKHUH
LV�WKH�LGHQWLILFDWLRQ�RI�WKH�5DPDQ�SHDNV��LQ
WKLV� FDVH�� VRPH� VXSSOHPHQWV� LQWURGXFHG� E\
RWKHU�DXWKRUV��VHH�7DEOH���LQ�>�@��DUH�DGGHG
WR� LGHQWLILFDWLRQ� RI� YLEUDWLRQDO� PRGHV� IRU
WKLV�FU\VWDO�SHUIRUPHG�LQ�>��@�E\�FRPSDULQJ

ZLWK� VSHFWUD� RI� DQRWKHU� ERUDWH� FRPSRXQGV�
7KH�PHQWLRQHG�SUREOHPV�DUH�FRQQHFWHG�ERWK
ZLWK� WHFKQRORJLFDO� SHFXOLDULWLHV� LQ� SUHSDUD�
WLRQ�RI�/L�%�2��VLQJOH�FU\VWDOV�DQG�ZLWK�YHU\FRPSOH[�VWUXFWXUH�RI�/L�%�2��FU\VWDO�ODWWLFH�ËLJKW�IRUPXOD�XQLWV������DWRPV��LQ�WKH�XQLW
FHOO� �VSDFH� JURXS� ,��FG�� D� �E� �������c�F� ��������c���ZKHUH�WKH�YROXPLQRXV�ERURQ�
R[\JHQ� FRPSOH[HV� >%�2�@�±� �IRUPHG� E\� WZRSODQDU�WULDQJOHV�>%2�@�DQG�WZR�WHWUDKHGURQV>%2�@�ZLWK�VWURQJ�FRYDOHQW�ERQG��DUH�MRLQHGWRJHWKHU� �E\� R[\JHQ� DWRPV� EHLQJ� FRPPRQ
IRU�QHLJKERULQJ�FRPSOH[HV��LQWR�VSLUDOV�ZLWK
WKH�D[HV�SDUDOOHO�WR�WKH�FU\VWDO�D[LV�F��WKHVH�

)XQFWLRQDO�0DWHULDOV�����1R��������� �������Û�,QVWLWXWH�IRU�6LQJOH�&U\VWDOV
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LQ�WXUQ��IRUP�ULJLG�WKUHH�GLPHQVLRQDO�IUDPH
E\�PHDQV�RI�FRPPRQ�R[\JHQ�DWRPV��/L��LRQV
DUH� ORFDWHG� LQ� WKH� YRLGV� RI� WKLV� IUDPH�DQG�
LQ� JHQHUDO�� DFW� DV� WKH� FKDUJH� FRPSHQVDWRUV
>������@�� $Q� DVVXPSWLRQ� IURP� >��@� FDQ� EH
DGGHG�WKDW�VRPH�PRGHV�FDQ�EH�FDXVHG�E\�WKH
LVRWRSLF� VSOLWWLQJ�� L�H��E\� LVRWRSLF�HIIHFW�� ,Q
/L�%�2��VLQJOH�FU\VWDOV�ZLWK�QDWXUDO� LVRWRSHGLVWULEXWLRQ�� WKH� VWDEOH� OLWKLXP� DQG� ERURQ
LVRWRSHV�DUH�LQ�WKH�IROORZLQJ�SURSRUWLRQ���/L
Û� �������� �/L�Û� ��������� ��%�Û� �����
DQG���%�Û�������7DNLQJ�LQWR�DFFRXQW�WKDW
ERWK� HOHPHQWV�Û� OLWKLXP� DQG� ERURQ�Û� EH�
ORQJ� WR� OLJKW� HOHPHQWV�� D� VLJQLILFDQW� LQIOX�
HQFH� RQ� IUHTXHQFLHV� RI� VRPH� YLEUDWLRQDO
PRGHV�FRQQHFWHG�ZLWK�GLIIHUHQW�/L�RU�%� LVR�
WRSHV� FDQ� EH� H[SHFWHG�� WKDW� ZDV� FRQILUPHG
E\� VLPSOH� WKHRUHWLFDO� FDOFXODWLRQV�� 7KDW� LV
ZK\� WKLV�ZRUN� LV� DLPHG� DW� LQYHVWLJDWLRQ� RI
5DPDQ�VSHFWUD�RI�/L�%�2��VLQJOH�FU\VWDOV�HQ�ULFKHG�LQ�VWDEOH�LVRWRSHV�RI��/L���/L����%�DQG
��%��WKDW�ZLOO�SURYLGH�WR�HVWDEOLVK�WKH�RULJLQ
RI� YLEUDWLRQDO� PRGHV� LQ� WKLV� FU\VWDO� PRUH
SUHFLVHO\�

7KH� /L�%�2�� VLQJOH� FU\VWDOV� KDYH� EHHQJURZQ� IURP� WKH�PHOW� LQ� DLU� XVLQJ� WKH�&]R�
FKUDOVN\� WHFKQLTXH�� 7R� V\QWKHVL]H� RI
/L�%�2�� FRPSRXQG� HQULFKHG� LQ� VWDEOH� LVR�WRSHV�� WKH� IROORZLQJ� UDZ� PDWHULDOV� ZHUH
XVHG�� �/L�&2�� ZLWK� ��� �� RI� �/L�� �/L�&2�ZLWK������RI��/L��+���%2��ZLWK��������RI
��%�� DQG� +���%2�� ZLWK� ������� RI� ��%� �DOO
SHUFHQWDJHV� DUH� H[SUHVVHG� DV� DWRPLF� IUDF�
WLRQV��� ,Q� VXFK� D� ZD\�� WKH� /L�%�2�� VLQJOHFU\VWDOV� RI� IRXU� LVRWRSLF� FRPSRVLWLRQV� ZHUH
REWDLQHG�� ,�Û� �/L���%�2��� ,,�Û� �/L���%�2��,,,�Û��/L���%�2���DQG�,9�²��/L���%�2���)URPWKH� JURZQ� VLQJOH� FU\VWDOV�� �u�u��PP�� VL]H
VDPSOHV�RI�WZR�W\SHV�ZHUH�SUHSDUHG�����ZLWK
IDFHV� RULHQWHG� DORQJ� WKH� SULQFLSDO� FU\VWDO�
ORJUDSKLF� D[HV� ;�� <�� DQG� =�� ��� ZLWK� VLGH
IDFHWV� WXUQHG� E\� ���� DERXW� D[LV�=� �D[HV�;�
DQG�<����7KH�RULHQWDWLRQ�DFFXUDF\�UHODWLYHO\
WR� WKH� FU\VWDOORJUDSKLF� D[H� LV� QRW� ZRUVH
WKDQ� ���� 7KLV� SHUPLWWHG� WR� UHFRUG� WKH
5DPDQ�VSHFWUD�LQ�WKH�IROORZLQJ�JHRPHWULHV�
;�==�<�Ü�$��72��� ;�<<�=�Ü�$��,2����%��;��<�;��=�Ü�%��� ;�<;�=�Ü�%��� =�<=�;�Ü
(�72��� DQG� ;�=;�<�Ü�(�/2���72��� 7KH
5DPDQ�VSHFWUD�ZHUH�WDNHQ�DW�URRP�WHPSHUD�
WXUH������.��LQ�WKH����Ü�����FPÜ��UDQJH�DW
WKH� DFFXUDF\� RI� �� FPÜ��� $� /*1����� DUJRQ
ODVHU��O� �������QP��3� �����P:��ZDV�XVHG
DV�WKH�H[FLWDWLRQ�VRXUFH�

$V� LW� ZDV� H[SHFWHG� MXGJLQJ� IURP� WKHR�
UHWLFDO� FDOFXODWLRQV�� VXEVWLWXWLRQ� RI� �/L� LVR�
WRSH� E\� �/L� DQG� ��%� E\� ��%� LQ� WKH� /L�%�2�VLQJOH� FU\VWDO� KDV� LQIOXHQFHG� VLJQLILFDQWO\

WKH� 5DPDQ� VSHFWUD�� $V� DQ� H[DPSOH�
)LJ����DÜG��SUHVHQWV� WKH�5DPDQ�VSHFWUD�IRU
�� YDULDQWV� RI� WKH� LVRWRSH� FRPSRVLWLRQ�� UH�
FRUGHG� LQ�;�==�<�JHRPHWU\� �PRGH�$����)RUFRPSDULVRQ�� )LJ����H�� VKRZV� WKH� 5DPDQ
VSHFWUXP� RI� /L�%�2�� VLQJOH� FU\VWDO� ZLWKQDWXUDO�LVRWRSLF�GLVWULEXWLRQ�UHFRUGHG�LQ�WKH
VDPH�FRQGLWLRQV� DQG� LQ� WKH�VDPH�JHRPHWU\�
$OO� REVHUYHG� 5DPDQ� SHDNV� IRU� WKH� DERYH�
PHQWLRQHG�JHRPHWULHV�DQG���LVRWRSLF�FRPSR�
VLWLRQ�YDULDQWV�DUH�WDEXODWHG�LQ�RXU�SUHYLRXV
ZRUN�>�@�

$V� LW� LV� VHHQ� IURP� )LJ����H��� LQ� WKH
5DPDQ� VSHFWUD� RI� WKH� /L�%�2�� VLQJOH� FU\V�WDOV�ZLWK�QDWXUDO�LVRWRSLF�GLVWULEXWLRQ��VRPH
SHDNV� FRQQHFWHG� ZLWK� GLIIHUHQW� LVRWRSHV� /L
RU�%�DUH�DEVHQW��,Q�RWKHU�ZRUGV��H[SODQDWLRQ
RI� VRPH� EDQG� SDLUV� DV� WKRVH� FDXVHG� E\� LVR�
WRSLF� VSOLWWLQJ� SURSRVHG� LQ� >��@� LV� QRW� FRQ�
ILUPHG� E\� RXU� UHVXOWV�� 7KLV� IDFW� FDQ� EH� DQ
HYLGHQFH�IRU�SXUHO\�VLQJOH�PRGH�EHKDYLRU�RI
YLEUDWLRQDO� VSHFWUD� IRU� WKH� LVRWRSLFDOO\

)LJ�����5DPDQ�VSHFWUD�LQ�;�==�<�Ü�$��JHRPH�WU\� IRU� VLQJOH� FU\VWDOV�� �/L���%�2�� �D��
�/L���%�2�� �E��� �/L���%�2�� �F��� �/L���%�2�� �G�/L�%�2���QDWXUDO�LVRWRSH�GLVWULEXWLRQ���H��
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PL[HG�/L�%�2��VLQJOH�FU\VWDOV��ZKHQ�WKH�IUH�TXHQFLHV�RI�YLEUDWLRQDO�PRGHV�IRU�FU\VWDOV�RI
PL[HG� LVRWRSLF� FRPSRVLWLRQ� YDU\� FRQWLQX�
RXVO\� IURP� IUHTXHQF\� RI� RQH� SXUH� LVRWRSH
FRPSRVLWLRQ�WR�IUHTXHQF\�RI�DQRWKHU�RQH�GH�
SHQGLQJ�RQ�FRQFHQWUDWLRQ�RI�LVRWRSHV�>��@�

&RQVLGHUDWLRQ� RI� DOO� REWDLQHG� 5DPDQ
VSHFWUD� KDV� VKRZQ� WKDW� YDULRXV� YLEUDWLRQDO
PRGHV� RI� WKH� /L�%�2�� VLQJOH� FU\VWDO� EHKDYHGLIIHUHQWO\�DW�VXEVWLWXWLRQ�RI��/L�E\��/L�DQG
��%� E\� ��%�� &RQGLWLRQDOO\�� WKH� YLEUDWLRQDO
PRGHV� LQ� WKHVH� VSHFWUD� FDQ� EH� VXEGLYLGHG
LQWR�IROORZLQJ�JURXSV�GHSHQGLQJ�RQ�WKH�IUH�
TXHQF\�FKDQJHV��7DEOH��������UHJXODU��PRGHV
ZKHUH�VKDUSO\�GHILQHG�DQG�WKHRUHWLFDOO\�SUH�
GLFWDEOH� IUHTXHQF\� VKLIWV� DUH� REVHUYHG� DW
VXEVWLWXWLRQ�RI���%�E\���%� �6XEJURXS�D���RU
�/L� E\� �/L� �6XEJURXS� E��� WKH� IUHTXHQF\� RI
YLEUDWLRQDO�PRGH� GHFUHDVLQJ�DW� VXEVWLWXWLRQ
E\� D� KHDYLHU� LVRWRSH�� ���� WKH�PRGHV� SUDFWL�
FDOO\� LQVHQVLWLYH� �ZLWKLQ� WKH� H[SHULPHQWDO
DFFXUDF\��WR�VXEVWLWXWLRQ�RI�DQ\�LVRWRSH�����
WKH�PRGHV�ZLWK�DQRPDORXV�EHKDYLRU��WKH�IUH�
TXHQF\� GHFUHDVHV� DW� GHFUHDVLQJ� LVRWRSH
PDVV��� ���� WKH� PRGHV� ZKHUH� WKH� IUHTXHQF\
FKDQJHV� FKDRWLFDOO\� DW� VXEVWLWXWLRQ� RI� LVR�
WRSHV�� ���� �UDQGRP�� PRGHV� REVHUYHG� RQO\
IRU�VRPH�VDPSOHV��QRW�LQFOXGHG�LQWR�7DEOH���

7KH� ILUVW� JURXS� ���� FRQVLVWV� LQ� SDUW� RI
IXQGDPHQWDO� PRGHV� FRQQHFWHG� ZLWK� YLEUD�
WLRQV�LQ�FRPSRQHQWV��WULDQJOH�>%2�@�DQG�WHW�UDKHGURQ�>%�2�@�±��RI�WKH�ERURQ�R[\JHQ�FRP�SOH[��DV� LW�ZDV�SURSRVHG� LQ�PDQ\�ZRUNV�� LQ
SDUWLFXODU� >��@�� ,W� LV� ORJLFDOO\� WR� DVVXPH
WKDW� WKH�PRGHV�ZLWK� ODUJH� IUHTXHQF\� VKLIWV
DW�WUDQVLWLRQ�IURP���%�WR���%��UHDFKLQJ�����
LQ�SDUWLFXODU������� FPÜ��$��72�� IRU� >%2�@�DQG� ���� FPÜ�� k���2�� IRU� >%2�@�� DUH� FRQ�QHFWHG� MXVW� ZLWK� VWUHWFKLQJ� RU� EHQGLQJ� YL�
EUDWLRQV� LQ� WKHVH� FRPSOH[HV�� 7KH� FDOFXOD�
WLRQV�KDYH�VKRZQ�WKDW�DW�VXFK�PDVV�FKDQJH
RI�YLEUDWLRQDO�DWRPV� LQ�WKH�PHQWLRQHG�FRP�
SOH[HV��WKH�IUHTXHQF\�VKLIWV�RI�IXQGDPHQWDO
YLEUDWLRQV� PXVW� EH� RI� WKH� VDPH� RUGHU� RI
PDJQLWXGH��$Q�LQWHQVH�SHDN�QHDU�����FPÜ��
REVHUYHG�LQ�DOO�JHRPHWULHV�SUDFWLFDOO\�DW�WKH
VDPH�LVRWRSLF�VKLIW�DERXW�������DW���%�VXE�
VWLWXWLRQ� E\� ��%�� UHTXLUHV� DGGLWLRQDO� H[SOD�
QDWLRQ�� 7KH� IDFW� WKDW� LW� LV� FRQQHFWHG� ZLWK
>%2�@� JURXS� LV� ZLWKRXW� GRXEW� EHFDXVH� DVLPLODU� LQWHQVH� 5DPDQ� SHDN� LV� REVHUYHG� LQ
/L%2�� FU\VWDOV� >��@� ZKHUH� WKH� RQO\� >%2�@ERURQ�R[\JHQ�JURXSV�DUH�SUHVHQW��1HYHUWKH�
OHVV��VXFK�IUHTXHQF\�VKLIW�PD\�EH�FDXVHG�E\
D�FHUWDLQ�YLEUDWLRQ�W\SH�ZKHUH�WKH�LQIOXHQFH
RI� ERURQ� DWRP� PDVV� RQ� WKH� YLEUDWLRQ� IUH�

7DEOH��)UHTXHQFLHV� �FPÜ��� DQG� RULJLQ�RI� YLEUDWLRQDO�PRGHV� DFWLYH� LQ�5DPDQ� VSHFWUD� IRU�/L�%�2�VLQJOH�FU\VWDO��WKH�IUHTXHQF\�YDOXHV�DUH�JLYHQ�IRU�QDWXUDO�LVRWRSH�GLVWULEXWLRQ�
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0RGHV�FRQQHFWHG�ZLWK�SODVPRQV
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6XSHUSRVLWLRQ�RI�GLIIHUHQW�
DQRWKHU�PRGHV
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TXHQF\�LV�ZHDNHU��)RU�H[DPSOH���REOLTXH��SKR�
QRQV� FDQ� EH� UHVSRQVLEOH� IRU� WKLV�PRGH� >����@�
WKH� SUHVHQFH� WKHUHRI� EHFRPHV� TXLWH� QDWXUDO
LI� ZH� ORRN� KRZ� WKH� >%2�@� JURXSV� DUH� RUL�HQWHG� LQ� /L�%�2�� FU\VWDO� ODWWLFH� >������@�6LPLODUO\�� WKH� RWKHU� PRGHV� IURP� 6XEJURXS
�È�� RI� *URXS� ���� ZLWK� ZHDN� LVRWRSLF� IUH�
TXHQF\� VKLIWV� DUH� FRQQHFWHG� REYLRXVO\�ZLWK
�REOLTXH�� SKRQRQV� RU� ZLWK� OLEUDWLRQ� YLEUD�
WLRQV� RI� WKH� ERURQ�R[\JHQ� FRPSOH[� DV� D
ZKROH��$V�WR�6XEJURXS��È��RI�*URXS������WKH
IUHTXHQF\� VKLIWV� RI� DOO�PRGHV� DW� �/L� VXEVWL�
WXWLRQ��E\��/L�YDU\�IURP�������IRU�����FPÜ
��PRGH� WR� ������ IRU� ���� FPÜ�� RQH� WKDW� LV
VHYHUDO� WLPHV� VPDOOHU� WKDQ� WKH� FDOFXODWHG
YDOXHV�IRU�>/L2�@�DQG�>/L2�@�FOXVWHUV��6XFK�DEHKDYLRU�FDQ�EH�H[SODLQHG�XQGHU�DVVXPSWLRQ
WKDW� WKHVH� PRGHV� SRVVHVV� WKH� OLEUDWLRQDO
FKDUDFWHU�� DQG� WKH� OLEUDWLRQ� D[LV� SDVVHV� DO�
PRVW�WKURXJK�WKH�/L�DWRP�

7R� H[SODLQ� WKH� RULJLQ� RI�PRGHV� LQFOXGHG
LQWR�*URXS������WKH�IROORZLQJ�PRGHOV�FDQ�EH
SURSRVHG�� ��� ���� FPÜ�� PRGHV� RI� k��,2���%�W\SH������DQG�����FPÜ��RQHV�RI�%�� W\SH�����FPÜ�� RI�p�/2���72�� W\SH�� ���� FPÜ�� RI
p��2�� W\SH� FDQ� EH� FDXVHG� E\� YLEUDWLRQV� RI
WKH� R[\JHQ�DWRPV� ORFDWHG� LQ�GLIIHUHQW�SRVL�
WLRQV� RI� /L�%�2�� FU\VWDO� ODWWLFH� >������@�� ��ORZHU� LQWHQVLW\� PRGHV� LQ� WKH� UDQJH
�����FPÜ��� LQ� SDUWLFXODU� ���� FPÜ�� RI� %�W\SH������DQG�����FPÜ��RI�p�/2���72��W\SH
DQG�����FPÜ��RI�p��2��W\SH�FDQ�EH�UHIHUUHG
WR� FROOHFWLYH� H[FLWDWLRQV�Û� SODVPRQV� �VLPL�
ODUO\� WR� WKH� ORZ�IUHTXHQF\� PRGHV� LQ� /L%2�5DPDQ� VSHFWUD� >��@�� WKDW� FDQ� EH� FRQILUPHG
E\�QHJDWLYH�YDOXHV�RI�UHDO�SDUW�RI�SHUPLWWLY�
LW\�H��Q��LQ�WKLV�UHJLRQ�>��@��%RWK�WKHVH�PRG�HOV�DJUHH�ZHOO�ZLWK�LQGHSHQGHQFH�RI�WKH�IUH�
TXHQF\�SHDN�RQ�WKH�OLWKLXP�RU�ERURQ�LVRWRSH
W\SH��$OWKRXJK�WKH�H[LVWHQFH�RI�SXUHO\�R[\�
JHQ� YLEUDWLRQDO� PRGHV� LQ� /L�%�2�� FU\VWDOVKDG� QRW� EHHQ� FRQVLGHUHG� WLOO� WRGD\�� WKHLU
H[LVWHQFH�FDQ�EH�DVVXPHG�LQ�WKLV�FDVH�RZLQJ
WR� WKH� IUDPH� VWUXFWXUH� RI� /L�%�2�� FU\VWDOODWWLFH� ZKHUH� R[\JHQ� DWRPV� RFFXS\� �� QRQ�
HTXLYDOHQW� SRVLWLRQV� ZLWK� GLIIHUHQW� ERQG
LRQLFLW\�>������@�

$V� WR� JURXS� ���� ZLWK� DQRPDORXV� IUH�
TXHQF\�VKLIWV�XQGHU�LQWHUFKDQJH�RI�/L�DQG�%
VWDEOH� LVRWRSHV�� VLPLODU� FDVHV� KDG� EHHQ� RE�
VHUYHG� LQ�RUJDQLF�FU\VWDOV�DW�K\GURJHQ�VXE�
VWLWXWLRQ� E\� GHXWHULXP� DQG� ZHUH� H[SODLQHG
LQ� VXFK� D� ZD\� WKDW� LQWHUQDO� YLEUDWLRQV� RI
&+��JURXS�LQ�WKHVH�FU\VWDOV�PL[�ZLWK�OLEUD�WLRQV� RI� ZKROH� PROHFXOHV�� UHVXOWLQJ� LQ� HQ�
HUJ\� UHGLVWULEXWLRQ� EHWZHHQ� WKH� YLEUDWLRQV
ZKLFK� FDXVHV� WKH� IUHTXHQF\� �UHSHOOLQJ�� WR�
ZDUGV� KLJKHU� IUHTXHQFLHV�� DOWKRXJK� WKH� YL�
EUDWLRQDO�DWRP�PDVV� LQFUHDVHV� >��@��6LPLODU

IUHTXHQF\�PL[LQJ�IRU�WKH�PRGHV�RI�GLIIHUHQW
W\SHV� DQG� RULJLQV�� LQFOXGLQJ� DFRXVWLF� RQHV�
RFFXUULQJ�LQ�/L�%�2��FU\VWDO��LV�QR�GRXEW�WKHUHDVRQ� IRU� DSSHDULQJ� RI� PRGHV� UHIHUUHG� WR
JURXS� ����� %XW� DW� WKH� SUHVHQW� LQYHVWLJDWLRQ
VWDJH�� LW� FDQ� KDUGO\� EH� VDLG� KRZ� D� VSHFLILF
PRGH� LV�FRQQHFWHG�ZLWK�VXFK�DQRPDORXV�EH�
KDYLRU�RYHUWRQHV��PL[LQJ�RI�PRGHV��RU�VRPH
RWKHU�PHFKDQLVPV��DV�FRQVLGHUHG��IRU�H[DP�
SOH�� LQ�>������@��)RU�WKLV�SXUSRVH��LW�LV�QHF�
HVVDU\�WR�H[DPLQH�SUHFLVHO\�WKH�WHPSHUDWXUH
GHSHQGHQFHV�RI�LQWHQVLW\�DQG�KDOI�ZLGWK�IRU
DOO� 5DPDQ� SHDNV� WRJHWKHU� ZLWK� GHWDLOHG
WKHRUHWLFDO� FDOFXODWLRQV� RI� YDULRXV� FOXVWHU
PRGHOV� DQG� ZLWK� DFFRXQWLQJ� IRU� WKHLU� VSD�
WLDO�RULHQWDWLRQ�LQ�WKH�/L�%�2��XQLW�FHOO��)RUH[DPSOH�� WDNLQJ� WKH� UHVXOWV� >��@� IRU� WKH
WHPSHUDWXUH� GHSHQGHQFHV� RI� VRPH� 5DPDQ
SHDNV� IRU� /L�%�2�� DQG� LJQRULQJ� WKH� IUH�TXHQF\�GLIIHUHQFH��WKH�SHDNV�����FPÜ��p�/2
��72�� DQG� ���� FPÜ�� p��2�� FDQ� EH� LQWHU�
SUHWHG� DV� PDQLIHVWDWLRQ� RI� WKH� VDPH� p��2�
W\SH�PRGH��EHFDXVH�WKHVH�GLVDSSHDU�VLPXOWD�
QHRXVO\�DW�WHPSHUDWXUHV�DERYH�����.�

7KH� VLWXDWLRQ� LV� PRUH� FRPSOLFDWHG� ZLWK
WKH� PRGHV� RI� *URXS� ����� EHFDXVH� WKHVH� DS�
SHDU�RQO\�LQ�VRPH�FU\VWDOV�DQG�DUH�RI�ORZ�RU
YHU\� ORZ� LQWHQVLW\� LQGHSHQGHQW� RQ� WKH� RE�
VHUYHG� VDPSOH��/RFDO� YLEUDWLRQV�ZLWKLQ� OLP�
LWV�RI�LVRODWHG�FU\VWDO�ODWWLFH�GHIHFWV��LQ�SDU�
WLFXODU� LPSXULWLHV�� PLJKW� EH� D� UHDVRQ� IRU
DSSHDUDQFH� RI� VXFK� UDQGRP� SHDNV� LQ� LQGL�
YLGXDO� 5DPDQ� VSHFWUD� IRU� VRPH� VDPSOHV�
6XFK�PRGHO� LV�TXLWH�YDOLG� IRU� ORZ� LQWHQVLW\
SHDNV��IRU�H[DPSOH������DQG�����FPÜ��RQHV
RI�k���2��W\SH�REVHUYHG�RQO\�LQ�WKH�/L�%�2�VLQJOH�FU\VWDOV�RI�WZR�LVRWRSLF�FRPSRVLWLRQV�
�/L���%�2��DQG��/L���%�2���%XW�VLQJOH�SHDNVRI� PRGHUDWH� LQWHQVLW\�� IRU� H[DPSOH�� ����
DQG������FPÜ��RI�p�/2���72��W\SH�RQHV�IRU
WKH� VDPH� LVRWRSLF� FRPSRVLWLRQV�� KDG� EHHQ
REVHUYHG�� WRR�� 7KRVH� PD\� RULJLQDWH� IURP
UHVRQDQFH�HIIHFWV�

7KH�PDLQ�FRQFOXVLRQ�RI�WKLV�ZRUN�LV�WKDW
WKH� DVVLJQPHQW� RI� YLEUDWLRQDO� PRGHV� LQ
/L�%�2��FU\VWDO� LV�PXFK�PRUH�FRPSOH[�DV�LWKDG�EHHQ�FRQVLGHUHG�EHIRUH��7KDW� LV�ZK\� LQ
7DEOH���>�@��WKH�LGHQWLILFDWLRQ�RI�YLEUDWLRQDO
PRGHV�QHHGV�D�PRUH�GHWDLOHG�VWXG\��)RU�H[�
DPSOH��YLEUDWLRQDO�PRGHV�����FPÜ��RI�p�/2
��72�� W\SH� DQG� ���� FPÜ�� RI� p��2�� W\SH
PXVW� EH� FRQQHFWHG�XQDPELJXRXVO\�ZLWK� WKH
OLWKLXP�DWRPV�EXW�QRW�WKH�ERURQ�RQHV��DV�LW
KDG� EHHQ� FRQVLGHUHG� SUHYLRXVO\�� ZKLOH� WKH
PRGH�����FPÜ��RI�%��W\SH�LV�WR�EH�DVFULEHGWR�ERURQ�DWRPV�EXW�QRW�WR�FRPSOH[HV�>/L2�@�6LPLODUO\�� WKH� PRGHV� ���� FPÜ�� RI� p�/2��
72�� W\SH�� ���� FPÜ�� RI� k���2�� W\SH�
����FPÜ�� RI�k���2�� W\SH�� DQG�����FPÜ�� RI
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k��,2����%�� W\SH�� DV� ZHOO� DV� ����� ���� DQG����PRGHV�RI�%��W\SH��DQG�DOO�RWKHU�EHORQJ�LQJ�WR�WKH��WK�*URXS�PXVW�EH�H[FOXGHG�IURP
WKH�JURXS�RI�IXQGDPHQWDO�YLEUDWLRQV��7KHVH
PRGHV� FDQQRW� REYLRXVO\� EHORQJ� WR� IXQGD�
PHQWDO� RQHV�� ERWK� WUDQVODWLRQDO� DQG� OLEUD�
WLRQDO��MXGJLQJ�IURP�WKHLU�IUHTXHQF\�EHKDY�
LRU� DW� WKH� LVRWRSLF� VXEVWLWXWLRQ�� DQG� LW� LV
QHFHVVDU\� WR� XVH� PRUH� FRPSOH[� PRGHOV� WR
LGHQWLI\� WKRVH� PRGHV�� 7KHUHIRUH�� LW� VKRXOG
EH� VWDWHG� WKDW� DOPRVW� D� KDOI� RI� WKH� PRGHV
REVHUYHG� LQ� WKH� /L�%�2�� VLQJOH� FU\VWDO5DPDQ� VSHFWUD� EHORQJ� WR�PL[HG� YLEUDWLRQV�
DQG�LW�LV�QHFHVVDU\�WR�WDNH�WKLV�LQWR�DFFRXQW
ZKHQ�GHWHUPLQLQJ�WKH�RULJLQ�RI�DQ\�VSHFLILF
PRGH�� 7KH� FRQVLGHUDWLRQ� RI� WKH� UHVXOWV� RE�
WDLQHG� KDV� VKRZQ� DOVR� WKDW� LQ� WKH� 5DPDQ
VSHFWUD� RI� /L�%�2��� QR� LVRWRSLF� VSOLWWLQJWDNHV� SODFH� WKDW� FRQILUPV� WKHLU� SXUHO\� VLQ�
JOH�PRGH�EHKDYLRU�
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