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5HFHLYHG�$SULO���������
7KH�IRUPDWLRQ�RI�6U&O�±(X�PLFURFU\VWDOV�HPEHGGHG�LQ�1D&O�KRVW�KDV�EHHQ�GHPRQVWUDWHGIRU�1D&O±6U&O����PRO���Ü(X&O�������PRO����FRPSRVLWLRQ��7KH�VL]H�RI�6U&O�±(X�PLFURFU\V�WDOV� LV� LQ� WKH� �Ü��� PP� UDQJH�� 7KH� VSHFWUDO� DQG� OXPLQHVFHQFH� SURSHUWLHV� RI

1D&O±(X����� PRO����� 6U&O�±(X����� PRO���� DQG� 1D&O±6U&O����PRO���Ü(X&O�������PRO���
FU\VWDOV�XQGHU�RSWLFDO�DQG�;�UD\�H[FLWDWLRQ�KDYH�EHHQ�VWXGLHG��7KH� OXPLQHVFHQFH�SDUDPH�
WHUV� RI� 6U&O�±(X� PLFURFU\VWDOV� HPEHGGHG� LQ� 1D&O� KRVW� DUH� UHYHDOHG� WR� EH� VXEVWDQWLDOO\VLPLODU�WR�WKRVH�RI�6U&O�±(X�����PRO����VLQJOH�FU\VWDO�
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���,QWURGXFWLRQ�
6LQJOH� FU\VWDOV� RI� 0H;�� W\SH� �0H� �&D�6U��%D��;� �&O��,��GRSHG�ZLWK�UDUH�HDUWK�LRQV

DUH�RI�VSHFLDO�LQWHUHVW�VLQFH�WKH\�DUH�FRQVLG�
HUHG� DV� PDWHULDOV� RI� SURPLVH� IRU� HIIHFWLYH
VFLQWLOODWRUV� >�Ü�@�� 6RPH� RI� WKH� FU\VWDOV
GRSHG� ZLWK� HXURSLXP� LRQV� VKRZ� D� KLJKHU
OLJKW� \LHOG� WKDQ� WKH� ZHOO�NQRZQ� &V,±7O�
1D,±7O�� &V,±1D� VFLQWLOODWRUV� >�@�� )RU� H[DP�
SOH�� 6U&O�±(X� DQG� 6U,�±(X� VLQJOH� FU\VWDOVVKRZ�D�KLJK� OLJKW�\LHOG� �DERYH��������SKR�
WRQV�SHU�0H9���7KHUHIRUH�� WKH� VWXG\�RI� WKH
OXPLQHVFHQFH�DQG�VFLQWLOODWLRQ�SURSHUWLHV�RI
VWURQWLXP� KDOLGHV� LV� DQ� DFWXDO� WDVN� GXH� WR
WKH�SRVVLELOLW\�WR�GHYHORS�WKH�HIIHFWLYH�VFLQ�
WLOODWRUV� EDVHG� WKHUHRQ�� +RZHYHU�� WKH� VLJ�
QLILFDQW� K\JURVFRSLFLW\� RI� WKRVH� FU\VWDOV

KLQGHUV�WKH�GHWDLOHG�VWXG\�DQG�SUDFWLFDO�DS�
SOLFDWLRQ� WKHUHRI�� 7KLV� GUDZEDFN� FDQ� EH
HOLPLQDWHG�E\�WKH�IRUPDWLRQ�RI�WKH�0H;�±(XW\SH�PLFURFU\VWDOV� HPEHGGHG� LQ� D�GLHOHFWULF
PDWUL[��7KH� SRVVLELOLW\� RI� WKH�0H��� LRQ� DJ�
JUHJDWLRQ� DW� ORZ� LPSXULW\� FRQFHQWUDWLRQV
�IRU� &D��� DQG� 6U��� LRQV�� DERXW� ����SSP�
ZLWK� WKH� IRUPDWLRQ� RI� FRUUHVSRQGLQJ� FU\V�
WDOOLQH� SKDVHV� LQ� 1D&O� PDWUL[� KDYH� EHHQ
VWXGLHG� LQ� >�Ü�@�ZKHUH�(X��� LRQV�KDYH�EHHQ
XVHG� DV� D� OXPLQHVFHQFH� SUREH� WR� UHYHDO� WKH
IRUPDWLRQ�RI�WKH�0H&O��W\SH�FU\VWDOOLQH�SUH�FLSLWDWHV�� 7KH� OXPLQHVFHQFH� VWXGLHV� DOORZHG
XV� WR� UHYHDO� WKH� IRUPDWLRQ� RI� FU\VWDOOLQH
SUHFLSLWDWHV� RI� GLIIHUHQW� VL]H� DQG� WR� HVWL�
PDWH� D� KLJK� HIILFLHQF\� RI� (X��� LRQV� HQWU\
WKHUHLQ��7KH�VWXG\�RI�6U&O�±(X���PLFURFU\V�WDOV� HPEHGGHG� LQ� 1D&O� KRVW� VLPSOLILHV� VLJ�
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QLILFDQWO\�WKH�SUHSDUDWLRQ�SURFHGXUH�RI�VXFK
K\JURVFRSLF� VDPSOHV�� 7R� SURPRWH� WKH� SKDVH
IRUPDWLRQ�SURFHVVHV��ZH�KDYH�XVHG�KLJK�FRQ�
FHQWUDWLRQV� RI� WKH� 6U��� LPSXULW\� LRQV
���PRO����H[SHFWLQJ�WKH�IRUPDWLRQ�RI�LPSX�
ULW\�SKDVHV�RI�VHYHUDO�PLFURQV�VL]H��7KH�FRQ�
GLWLRQV�RI� WKH�6U&O�±(X���PLFURFU\VWDOV�IRU�PDWLRQ� HPEHGGHG� LQ� 1D&O� KRVW� DQG� WKH
VWXG\� RI� WKH� PLFURFU\VWDO� OXPLQHVFHQFH
SURSHUWLHV�XQGHU�H[FLWDWLRQ�LQ�WKH��IÜ�G�DE�
VRUSWLRQ� UHJLRQ� RI� (X��� LRQV� DQG� LQ� WKH
EDQG�WR�EDQG� WUDQVLWLRQV� RQH� RI� WKH� 1D&O
PDWUL[�ZDV�WKH�PDLQ�SXUSRVH�RI�WKLV�ZRUN�

���([SHULPHQWDO�
1D&O±6U&O����PRO���Ü(X&O�������PRO���

�1D&O±6U&O�±(X��� 1D&O±(X����� PRO����� DQG
6U&O�±(X�����PRO����FU\VWDOV�ZHUH�JURZQ�LQ
HYDFXDWHG� TXDUW]� DPSRXOHV� XVLQJ� WKH� SUH�
YLRXVO\� SXULILHG� VDOWV� E\� WKH� %ULGJPDQ�
6WRFNEDUJHU� WHFKQLTXH��7KH� DV�JURZQ�1D&O±
6U&O�±(X� FU\VWDOV� ZHUH� DQQHDOHG� DW� ����&GXULQJ� ���� K� WR� DFWLYDWH� WKH� DJJUHJDWLRQ
SURFHVVHV�� 7KH� OXPLQHVFHQFH� HPLVVLRQ� DQG
H[FLWDWLRQ� VSHFWUD� DQG� WKH� OXPLQHVFHQFH
GHFD\� NLQHWLFV� RI� 1D&O±6U&O�±(X�� 6U&O�±(XDQG�1D&O±(X� FU\VWDOV� ZHUH�PHDVXUHG� XVLQJ
WKH� HTXLSPHQW� RI� 683(5/80,� VWDWLRQ� DW
+$6</$%��'(6<��+DPEXUJ�� >�@��$�KHOLXP
FU\RVWDW�ZDV�XVHG�IRU� ORZ�WHPSHUDWXUH��7� 
��� .�� PHDVXUHPHQWV�� 7KH� HPLVVLRQ� VSHFWUD
ZHUH� VWXGLHG� ZLWKLQ� WKH� UDQJH� RI� ���Ü
����QP�ZLWK�XVLQJ�$FWLRQ�5HVHDUFK�&RUSR�
UDWLRQ� �$5&�� �6SHFWUD� 3UR� ����� ��� FP
PRQRFKURPDWRU�VSHFWURJUDSK� HTXLSSHG� ZLWK
WKH�3ULQFHWRQ�,QVWUXPHQWV�&&'�GHWHFWRU�DQG
+$0$0$768� 5����3� SKRWRPXOWLSOLHU�� ,Q
OXPLQHVFHQFH� VSHFWUD� PHDVXUHPHQWV�� WKH
PRQRFKURPDWRU� VOLW� VSHFWUDO�ZLGWK�RI���QP
ZDV�XVHG��7KH�OXPLQHVFHQFH�H[FLWDWLRQ�VSHF�
WUD�ZHUH�VFDQQHG�ZLWK�WKH�UHVROXWLRQ�RI���c
ZLWKLQ� �Ü��� H9� E\� PHDQV� RI� SULPDU\� �� P
PRQRFKURPDWRU�LQ�����0F3HDUVRQ�PRXQWLQJ
DQG� $5&� PRQRFKURPDWRU� DV� D� VHFRQGDU\
RQH�� 7KH� ;�UD\� OXPLQHVFHQFH� VSHFWUD� DQG
GHFD\� NLQHWLF� ZDV� PHDVXUHG� XVLQJ� ODERUD�
WRU\� HTXLSPHQW� XQGHU� H[FLWDWLRQ� ZLWK� WKH
�� QV� ;�UD\� ���� NH9�� SXOVHV� ZLWK� ��Ü
���� N+]� UHSHWLWLRQ� UDWH�� 7KH� OXPLQHVFHQFH
GHFD\�NLQHWLFV�RI�(X���FHQWHUV�ZDV�PHDVXUHG
ZLWK�H[FLWDWLRQ�E\�RSWLFDO�TXDQWD�IURP�IODVK
ODPS� ZLWK� SXOVH� GXUDWLRQ� �� QV� DQG� UHSHWL�
WLRQ� UDWH� ��Ü��� N+]�� 7KH� OXPLQHVFHQFH
GHFD\� FXUYHV� LQ� ERWK� FDVHV� ZHUH� PHDVXUHG
XVLQJ�WKH�VLQJOH�SKRWRQ�FRXQWLQJ�PHWKRG�LQ
WKH� WLPH� JDWH� RI� ��� PV�� 7KH� FU\VWDO� PLFUR�
VWUXFWXUH�ZDV�VWXGLHG�XVLQJ�D�VFDQQLQJ�HOHF�
WURQ� PLFURVFRSH� �6(0� -(2/� -60�7���$�

ZLWK�DQ�;�UD\�DQDO\]HU��GLVSHUVLRQ�6L�/L��GH�
WHFWRU��� 0LFURJUDSKV� ZHUH� REWDLQHG� LQ� WKH
VHFRQGDU\�HOHFWURQ�DQG�FDWKRGROXPLQHVFHQFH
UHJLVWUDWLRQ�PRGHV�

���5HVXOWV�DQG�GLVFXVVLRQ�
7KH�PLFURJUDSK�RI�D�1D&O±6U&O�±(X�FU\V�WDO� IUHVKO\� FOHDYHG� VXUIDFH� REWDLQHG� E\� WKH

HOHFWURQ� EHDP� DQDO\VLV� WHFKQLTXH� LQ� VHFRQ�
GDU\� HOHFWURQ�PRGH� LV� SUHVHQWHG� LQ�)LJ���D�
7KH� FU\VWDOOLQH� DJJUHJDWHV� RI��Ü���PP�VL]H
DUH� REVHUYHG� LQ� WKH� 1D&O� KRVW�� 7KHVH� PL�
FURSDUWLFOHV� DUH� GLVWULEXWHG� UDQGRPO\� DQG
GR� QRW� KDYH� DQ\� UHJXODU� JHRPHWULF� VKDSH�
7KH� HQHUJ\� GLVSHUVLYH� VSHFWURVFRS\� DQDO\VLV
RI� WKH� FOHDYHG� VXUIDFH� UHYHDOHG� WKDW� 6U��
DWRPV�DUH�FRQFHQWUDWHG�RQO\�LQ�PLFURLQFOXVLRQ
DUHDV��7KLV�FRXOG�EH�DQ�HYLGHQFH�RI�WKH�6U&O�PLFURFU\VWDOV�IRUPDWLRQ�LQ�1D&O�PDWUL[��

$GGLWLRQDOO\�� WKH� IUHVKO\� FOHDYDJH� VXU�
IDFH� RI� 1D&O±6U&O�±(X� FU\VWDOV� ZDV� H[DP�LQHG�LQ�FDWKRGROXPLQHVFHQFH�PRGH�DLPLQJ�WR
UHYHDO� WKH� GLVWULEXWLRQ� RI� LPSXULW\�(X� LRQV
�)LJ���E���$V� VHHQ�� WKH� FDWKRGROXPLQHVFHQFH
HPLVVLRQ� LV� ORFDWHG� LQ�PLFURLQFOXVLRQ�DUHDV�
$W� WKH� VDPH� WLPH�� WKH� HPLVVLRQ� IURP� WKH
1D&O�PDWUL[�VXUIDFH�RXWVLGH�WKH�PLFURLQFOX�

)LJ�����0LFURJUDSKV�RI�1D&O±6U&O�±(X�IUHVKO\FOHDYHG� VXUIDFH� REWDLQHG� E\� WKH� HOHFWURQ� EHDP
DQDO\VLV�LQ�WKH�VHFRQGDU\�HOHFWURQ�PRGH��D��DQG
LQ�WKH�FDWKRGROXPLQHVFHQFH�PRGH��E��DW�����.�

$�6�3XVKDN�HW�DO����/XPLQHVFHQFH�SURSHUWLHV����
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VLRQV�LV�DEVHQW��6LQFH�WKH�LQWULQVLF�OXPLQHV�
FHQFH�RI�1D&O�FU\VWDO�LV�DOPRVW�TXHQFKHG�DW
URRP� WHPSHUDWXUH� �57��� WKH�PDLQ�FRQWULEX�
WLRQ� LQ�FDWKRGROXPLQHVFHQFH�RI�1D&O±6U&O�±(X�V\VWHP�DW�57�LV�GXH�WR�WKH�OXPLQHVFHQFH
RI�(X���FHQWHUV��7KLV�IDFW�VHUYHV�DV�D�SURRI
RI� LPSXULW\�(X� LRQV� ORFDOL]DWLRQ� LQ� WKH�YRO�
XPH�RI�WKH�6U&O��PLFURFU\VWDOV�HPEHGGHG�LQ1D&O�KRVW��

/XPLQHVFHQFH� SURSHUWLHV� RI�1D&O±(X� DQG
6U&O�±(X�VLQJOH�FU\VWDOV��7KRVH�ZHUH�VWXGLHGWR�FODULI\�WKH�QDWXUH�RI�WKH�OXPLQHVFHQFH�LQ
1D&O±6U&O�±(X� V\VWHP� DQG� WKH� GLVWULEXWLRQRI� LPSXULW\�(X��� LRQV�EHWZHHQ�1D&O�PDWUL[
DQG� 6U&O�� PLFURFU\VWDOV�� 7KH� OXPLQHVFHQFHVSHFWUD� RI� 1D&O±(X� �D�� 6U&O�±(X� �E�� DQG1D&O±6U&O�±(X&O�� �F�� FU\VWDOV� DW� ��� DQG����.�DUH�SUHVHQWHG� LQ�)LJ�����7KH� HPLVVLRQ
EDQG�SHDNHG�DW�����QP��)LJ���D��FXUYHV������
H[FLWHG�HIILFLHQWO\�LQ�WKH�EDQG�WR�EDQG�WUDQ�
VLWLRQV� UHJLRQ� RI� 1D&O� FU\VWDO� �)LJ���D�� LV
REVHUYHG� LQ� WKH� 1D&O±(X� FU\VWDO� OXPLQHV�
FHQFH� VSHFWUD�DW����.�DV�ZHOO� DV�DW�����.�
7KH� QDWXUH� RI� WKLV� OXPLQHVFHQFH� EDQG� ZDV
GLVFXVVHG� LQ� >������@� DQG� DWWULEXWHG� WR� WKH
HPLVVLRQ� RI� (X� LRQV� FRQQHFWHG� ZLWK� VLQJOH
(X��ÜYFÜ� FHQWHUV� RU� WKHLU� DJJUHJDWHV� �GL�PHUV��WULPHUV���

7KH� HIILFLHQW� H[FLWDWLRQ� RI� WKH� ���� QP
OXPLQHVFHQFH� EDQG� DW� 7� ����.�DQG�����.
LQ� WKH� EDQG�WR�EDQG� WUDQVLWLRQV� UHJLRQ� RI
1D&O� PDWUL[� �)LJ���D�� LQGLFDWHV� WKDW� WKH
HOHFWURQ�H[FLWDWLRQV�RI�1D&O�PDWUL[�WUDQVIHU
WKH� H[FLWDWLRQ� HQHUJ\� WR� (X��� FHQWHUV�� ,Q
DGGLWLRQ� WR� WKH�����QP� OXPLQHVFHQFH� EDQG�
WKH�����QP�HPLVVLRQ�EDQG�DWWULEXWHG�WR�WKH
HPLVVLRQ� RI� WKUHH�GLPHQVLRQDO� ��'�� SUHFLSL�
WDWHV�RI�(X&O�� W\SH� LQ�1D&O�PDWUL[� >������@LV�REVHUYHG�DW����.��FXUYH�����7KH�ZHDN�HPLV�
VLRQ� EDQGV� LQ� WKH� OXPLQHVFHQFH� VSHFWUXP� RI
1D&O±(X� FU\VWDO� DURXQG� ����� ����� DQG
���� QP� �)LJ���D�� DUH� REVHUYHG� DW�7� �����.
DV� ZHOO�� 7KH� ZHDN� HPLVVLRQ� EDQG� DURXQG
���� QP� �FXUYH� ��� LV� DWWULEXWHG� WR� WKH� OXPL�
QHVFHQFH�RI�WZR�GLPHQVLRQDO���'��SUHFLSLWDWHV
RI� (X&O�� W\SH� ORFDWHG� DORQJ� WKH� FU\VWDO�ORJUDSKLF�SODQHV�^���`�RI�1D&O�>������@�

7KH� OXPLQHVFHQFH� VSHFWUXP� RI� 6U&O�±(XVLQJOH� FU\VWDO� FRQWDLQV� WKH� ���� QP� LQWHQVH
EDQG� �)LJ���E�� FRUUHVSRQGLQJ� WR� WKH
�I��G�o��I�� WUDQVLWLRQV� LQ� (X��� LRQ� >���
��@��7KH� OXPLQHVFHQFH�H[FLWDWLRQ�VSHFWUD�RI
WKH�����QP�EDQG�RI�6U&O�±(X�VLQJOH�FU\VWDODW� 7�  ��� DQG� ���� .� DUH� SUHVHQWHG� LQ� )LJ�
�E��7KH�H[FLWDWLRQ�EDQGV�LQ�WKH�6U&O��WUDQV�SDUHQF\� UHJLRQ� RI� FRUUHVSRQG� WR� WKH� �IÜ�G
DEVRUSWLRQ� WUDQVLWLRQV� ����Ü���� H9�� RI�(X��
LRQV��7KH�(X���HPLVVLRQ�LV�ZHDNO\�H[FLWHG�LQ

WKH�6U&O��IXQGDPHQWDO�DEVRUSWLRQ�UHJLRQ��,WLV�ZRUWK�QRWLQJ�WKDW�WKH�OXPLQHVFHQFH�H[FL�
WDWLRQ�EDQGV�LQ�WKH��IÜ�G�DEVRUSWLRQ�UHJLRQ
RI�(X���LRQV�KDYH�SKRQRQ�VWUXFWXUH�>��@�

/XPLQHVFHQFH� SURSHUWLHV� RI� 1D&O±6U&O�±(X&O�� V\VWHP�� 7KH� OXPLQHVFHQFH� EDQG� RI
(X��� FHQWHUV� LQ�1D&O±6U&O�±(X� FU\VWDO� LV� OR�FDWHG� DURXQG� ���� QP�� 7KH� VSHFWUDO� SRVLWLRQ
RI� WKLV� EDQG� FRLQFLGHV�ZLWK� WKDW� LQ�6U&O�±(XVLQJOH�FU\VWDO� �)LJV���F�DQG��E��UHVSHFWLYHO\��
7KLV�IDFW�WRJHWKHU�ZLWK�H[SHULPHQWDO�GDWD�RQ
WKH�VFDQQLQJ�HOHFWURQ�PLFURVFRS\�DOORZ�XV�WR
VWDWH� WKDW� LQ� 1D&O±6U&O����PRO���Ü(X&O�������PRO���� FU\VWDOOLQH� V\VWHP�� WKH6U&O�±(X� PLFURFU\VWDOV� HPEHGGHG� LQ� 1D&OKRVW�DUH�IRUPHG��$W�WKH�VDPH�WLPH��WKH�DE�
VHQFH� RI� WKH� ���� QP� SKRWROXPLQHVFHQFH
EDQG�ZKLFK�LV�W\SLFDO�RI�(X���FHQWHUV�LQ�WKH
OXPLQHVFHQFH�VSHFWUD�RI�1D&O±(X�V\VWHP��LQ�
GLFDWHV� WKDW� PRVW� RI�(X��� LRQV� DUH� HQWHUHG
WKH�6U&O��PLFURFU\VWDOV��7KH�(X��� FHQWHU� OXPLQHVFHQFH� H[FLWDWLRQ
VSHFWUD� LQ� 1D&O±6U&O�±(X� V\VWHP� LQ� WKH1D&O� DQG�6U&O�� FU\VWDO� WUDQVSDUHQF\� UHJLRQ

)LJ�����/XPLQHVFHQFH� VSHFWUD�RI�1D&O±(X� �D��
6U&O�±(X� �E�� DQG� 1D&O±6U&O�±(X� �F�� FU\VWDOV
XQGHU� H[FLWDWLRQ� ZLWK� OH[F� ����� QP� DW�7� ���.��FXUYH����DQG�7� �����.��FXUYH����

$�6�3XVKDN�HW�DO����/XPLQHVFHQFH�SURSHUWLHV����
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FRQWDLQ� WZR�EURDG�EDQGV�SHDNHG� DW����� DQG
����H9��)LJ���F��FRUUHVSRQGLQJ�WR��IÜ�G�DE�
VRUSWLRQ� WUDQVLWLRQV� LQ� (X��� LRQV�� 7KHVH
EDQGV� FRLQFLGH� LQ� WKH� VSHFWUDO� SRVLWLRQ� DQG
VWUXFWXUH�ZLWK�H[FLWDWLRQ�EDQGV�RI�(X���FHQ�
WHUV� LQ�6U&O�±(X� VLQJOH� FU\VWDO� �)LJ���E�� F��,W� VKRXOG� EH� QRWHG� WKDW� WKH� HOHFWURQ� YLEUD�
WLRQDO� VWUXFWXUH� RI� H[FLWDWLRQ� EDQGV� LQ� WKH
FDVH�RI�PLFURFU\VWDOV� LV� LGHQWLFDO� WR� WKDW� LQ
6U&O�±(X�VLQJOH�FU\VWDO��7KLV�PHDQV�WKDW�WKHVSHFWUDO�DQG�OXPLQHVFHQFH�SDUDPHWHUV�RI�WKH
6U&O�±(X�PLFURFU\VWDOV�LQ�1D&O�PDWUL[�IRUPHGGXULQJ� WKH� DQQHDOLQJ� DW� ����&� DUH� VLPLODU� WR
WKRVH�RI�WKH�FRUUHVSRQGLQJ�VLQJOH�FU\VWDO��

7KH� (X��� LRQ� HPLVVLRQ� LQ� D�1D&O±6U&O�±(X�FU\VWDO�XQGHU�H[FLWDWLRQ�LQ�WKH�1D&O�IXQ�
GDPHQWDO� DEVRUSWLRQ� UHJLRQ� �(H[F�!�����H9�LV� REVHUYHG� PDLQO\� DW� ORZ� WHPSHUDWXUHV
�)LJ���F��FXUYH�����7KH�VWUXFWXUH�RI�WKH�(X��
HPLVVLRQ� EDQG� H[FLWDWLRQ� VSHFWUXP� LQ� WKLV
UHJLRQ� FRLQFLGHV� ZLWK� WKDW� RI� VHOI�WUDSSHG
H[FLWRQ� �67(�� OXPLQHVFHQFH� H[FLWDWLRQ� EDQG
LQ� 1D&O� FU\VWDO� >��@�� 6XFK� SHFXOLDULWLHV� RI

WKH�H[FLWDWLRQ�VSHFWUXP�DERYH�����H9�FRXOG
EH� H[SODLQHG� DVVXPLQJ� WKDW� WKH� H[FLWDWLRQ
HQHUJ\� LV� WUDQVIHUUHG� RQO\� WKURXJK� WKH� UD�
GLDWLYH� WUDQVIHU� IURP� 67(� WR�(X��� FHQWHUV�
7KH�(X��� HPLVVLRQ� RQO\� FRPHV� IURP� WKH� UH�
DEVRUSWLRQ� RI� 67(� HPLVVLRQ� EDQGV� ����� QP
DQG� ���� QP�� RI� 1D&O� FU\VWDO�� ZKLFK� DUH
RYHUODSSHG� ZLWK� WKH� (X��� LQWUDFHQWHU� DE�
VRUSWLRQ� EDQGV� ����Ü���� QP��� 7KHUHIRUH�
WKHUH�LV�QR�HQHUJ\�WUDQVIHU�WR�HPLVVLRQ�FHQ�
WHUV� WKURXJK� WKH�PLJUDWLRQ�RI� HOHFWURQ�KROH
SDLUV�� 7KLV� IDFW� LV� DOVR� FRQILUPHG� E\� WKH
UHVXOWV� RI� RXU� SUHOLPLQDU\� HQHUJ\� WUDQVIHU
VWXGLHV� LQ�PLFUR�� DQG� QDQRFU\VWDOV�� LQ� SDU�
WLFXODU�� IRU�&V3E&O�� QDQRFU\VWDOV� HPEHGGHGLQ�&V&O� KRVW� DQG�.�/D&O�±&H� PLFURFU\VWDOVLQ�.&O�KRVW�>������@��

/XPLQHVFHQFH� GHFD\� NLQHWLFV�� 7KH� GHFD\
NLQHWLFV� RI� WKH� ���� QP� HPLVVLRQ� LQ� WKH
6U&O�±(X� PLFURFU\VWDOV� HPEHGGHG� LQ� 1D&OPDWUL[� LV� FKDUDFWHUL]HG� E\� WKH� GHFD\� WLPH
FRQVWDQW� RI� ���� QV� DW� 7� �����.� �)LJ���D�
FXUYH� ���� 7KLV� GHFD\� WLPH� FRQVWDQW� LV
VKRUWHU�WKDQ�WKDW�IRU�WKH�VDPH�OXPLQHVFHQFH
EDQG�LQ�WKH�6U&O�±(X�VLQJOH�FU\VWDO������QV�7� ����� .�� �)LJ���D�� FXUYH� ���� 7KLV� GLIIHU�
HQFH� LQ� WKH� GHFD\� WLPH� FRQVWDQWV� RI� (X��
FHQWHU�OXPLQHVFHQFH�LV�DVVXPHG�WR�EH�FDXVHG
E\�GLIIHUHQW�(X�FRQFHQWUDWLRQ�LQ�WKH�VWXGLHG
PLFURFU\VWDOV�DQG�FRUUHVSRQGLQJ�VLQJOH�FU\V�
WDO�� ,W� LV� NQRZQ� WKDW� ZLWK� WKH� LQFUHDVLQJ
(X��� LPSXULW\� FHQWHU� FRQFHQWUDWLRQ�� WKH
GHFD\� WLPH�RI� WKH�6U;�±(X� �;� �&O�� ,�� VLQJOH

)LJ����� /XPLQHVFHQFH� H[FLWDWLRQ� VSHFWUD� RI
LPSXULW\� (X��� FHQWHUV�� �D�� 1D&O±(X� �OHP� 
����QP����E��6U&O�±(X��OHP� �����QP��DQG��F�
1D&O±6U&O�±(X� �OHP ���� QP�� DW� 7� ����.�FXUYH����DQG�7� �����.��FXUYH����

)LJ�����'HFD\�FXUYHV�RI�����QP�OXPLQHVFHQFH
EDQG�LQ�1D&O±6U&O�±(X��FXUYH����DQG�6U&O�±(X�FXUYH� ��� FU\VWDOV� XQGHU� H[FLWDWLRQ� ZLWK
����QP�OLJKW�TXDQWD��D��DQG�XQGHU�;�UD\�H[�
FLWDWLRQ�����NH9���E��DW�7� �����.�
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FU\VWDOV� OXPLQHVFHQFH� LV� VLJQLILFDQWO\� LQ�
FUHDVHG�>������@�

)LJ���E�SUHVHQWV�WKH�GHFD\�NLQHWLFV�RI�(X
FHQWHU� OXPLQHVFHQFH� XQGHU� H[FLWDWLRQ� ZLWK
;�UD\� TXDQWD� IRU� 6U&O�±(X� PLFURFU\VWDOV�FXUYH� ��� DQG� 6U&O�±(X� VLQJOH� FU\VWDOV�FXUYH� ��� DW� 7� ����� .�� 7KH� GHFD\� FXUYHV
DUH� VLJQLILFDQWO\� GLIIHUHQW� ERWK� DW� WKH� LQ�
LWLDO� VWDJH� DQG� DW� WKH� GHFD\� VWDJH� RI� WKH
OXPLQHVFHQFH� SURFHVV�� ,Q� WKH� FDVH� RI� VLQJOH
FU\VWDO�� WKH� UHFRPELQDWLRQ� OXPLQHVFHQFH
SXOVH� LQWHQVLW\� ULVHV� VORZO\� HQRXJK�� VXFK� D
ULVLQJ� EHLQJ� DOPRVW� DEVHQW� IRU� PLFURFU\V�
WDOV��$FFRUGLQJ�WR�>��@�WKH�SUHVHQFH�RI�VORZ
ULVLQJ�VWDJH�IRU�UHFRPELQDWLRQ�OXPLQHVFHQFH
LV�FDXVHG�E\�WKH�LQWHUDFWLRQ�RI�FKDUJH�FDUULHUV
ZLWK�VKDOORZ�WUDSV�ZKLFK�OLIHWLPH�LV�OHVV�WKDQ
UDGLDWLYH�GHFD\�WLPH�RI�(X�FHQWHU��7KH�GHFD\
WLPH� VKRUWHQLQJ� DW� WKH� OXPLQHVFHQFH� SXOVH
GHFD\� VWDJH� FRXOG� EH� FDXVHG� E\� WKH� VPDOOHU
DPRXQWV� RI� GHIHFWV� LQYROYHG� LQ� WKH� UHFRPEL�
QDWLRQ�SURFHVV�DV�FRPSDUHG�WR�EXON�FU\VWDO�

,QIOXHQFH� RI� WKH� DQQHDOLQJ� RQ� 1D&O±
6U&O�±(X� V\VWHP�� ,Q� WKH� OXPLQHVFHQFH� VSHF�WUD� RI� DV�JURZQ� 1D&O±6U&O�±(X� FU\VWDO
XQGHU� ;�UD\� H[FLWDWLRQ�� RQO\� WKH� OXPLQHV�
FHQFH�EDQG�DURXQG�����QP�UHODWHG�WR�WKH�(X
LRQV�OXPLQHVFHQFH�LQ�6U&O�±(X�PLFURFU\VWDOVLV� REVHUYHG� �)LJ���E�� FXUYH� ���� 7KLV� LQGL�
FDWHV�WKDW�WKH�PDMRULW\�RI�(X�LRQV�LV�HPEHG�
GHG� LQ� WKH� 6U&O�� PLFURFU\VWDOV�� 7KH� FORVHYDOXHV� RI� 6U��� DQG� (X��� LRQLF� UDGLL� ������
�����c�� UHVSHFWLYHO\�� IDFLOLWDWHV� WKH� (X
HQWU\� LQ� WKH�6U&O��PLFURFU\VWDOV�GXULQJ� WKHFU\VWDO�DQQHDOLQJ��7KH�HIILFLHQF\�RI�(X���LRQ
HPEHGGLQJ�LQ�PLFURFU\VWDOV�LV�DQ�LPSRUWDQW
IDFWRU�IRU�WKH�IRUPDWLRQ�RI�6U&O�±(X�PLFUR�FU\VWDOV�LQ�WKH�1D&O�PDWUL[��EHFDXVH�WKH�RF�
FXUUHQFH�RI�(X���LRQV�LQ�WKH�1D&O�PDWUL[�LV
XQGHVLUDEOH�IRU�WKH�GHYHORSPHQW�RI�VFLQWLOOD�
WRUV�EDVHG�WKHUHRQ��7KH�ODWWHU�LV�GXH�WR�WKH
DJJUHJDWLRQ�RI�(X���LRQV�WKHPVHOYHV�LQ�1D&O
ZLWK� IRUPDWLRQ� RI� (X&O�� SUHFLSLWDWHV� >�����@��1XPHURXV�IDFWRUV�DIIHFW�WKH�IRUPDWLRQ
SURFHVV�RI�WKH�GLIIHUHQW�LPSXULW\�PLFURFU\V�
WDOV�LQ�1D&O�PDWUL[�>��@��7KH�PDLQ�IDFWRU�LV
WKH� ORQJ�WHUP� �DERYH� �� GD\V�� DQQHDOLQ� J� DW
���Ü����&��+RZHYHU��WKH�ORQJ�WHUP�DQQHDO�
LQJ� DW� WHPSHUDWXUHV� H[FHHGLQJ� ����&� FRXOG
UHVXOW� LQ� WKH� GHVWUXFWLRQ� RI� 6U&O�±(X� PL�FURLQFOXVLRQV� LQ� WKH�1D&O�PDWUL[� DV� LW� ZDV
VKRZQ� LQ� >�@� IRU� 1D&O±6U&O�±(X� VDPSOHVZLWK� VPDOO� FRQFHQWUDWLRQV� RI� VWURQWLXP
�����PRO��SSP��DQG�HXURSLXP����PRO��SSP�
LPSXULW\�LRQV��$�VLJQLILFDQW�GHFUHDVH�RI�WKH
OXPLQHVFHQFH� LQWHQVLW\� DWWULEXWHG� WR� (X��
FHQWHUV�LQ�WKH�6U&O��SUHFLSLWDWHV�DQG�WKH�LQ�FUHDVH�RI�WKH�HPLVVLRQ�EDQG�LQWHQVLW\�UHODWHG

WR� (X��� FHQWHUV� LQ� WKH�1D&O� PDWUL[� ZDV� RE�
VHUYHG�DIWHU�DQQHDOLQJ�DERYH�����&�>�@��

:H� VWXGLHG� DOVR� WKH� EHKDYLRU� RI� 1D&O±
6U&O����PRO���Ü(X&O������� PRO���� FU\VWDO�
OLQH� V\VWHP� DW� KLJK�WHPSHUDWXUH� DQQHDOLQJ�
2XU� VDPSOH� ZDV� DQQHDOHG� DW� ����&� GXULQJ
WKUHH� GD\V� DQG� TXHQFKHG� WR� 57�� ,PPHGL�
DWHO\� DIWHU� TXHQFKLQJ�� WKH� OXPLQHVFHQFH
VSHFWUD�ZHUH�PHDVXUHG� XQGHU�;�UD\� H[FLWD�
WLRQ�DW�57��6XFK�D�WUHDWPHQW�RI�WKH�VDPSOH
VKRXOG� SDUWLDOO\� GHVWUR\� WKH� 6U&O�±(X� HP�EHGGHG� PLFURFU\VWDOV� UHOHDVLQJ� WKH� HXUR�
SLXP� LRQV�� $W� WKH� VDPH� WLPH�� WKH� LQFUHDVH
RI� HXURSLXP� LRQ� FRQFHQWUDWLRQ� VKRXOG� WDNH
SODFH� LQ� WKH�1D&O�PDWUL[��$PRXQW� RI�6U&O�PLFURFU\VWDOV� DQG� WKHLU� VL]H� VKRXOG� EH� GH�
FUHDVHG�DV�ZHOO�

,Q� WKH� ;�UD\� H[FLWHG� OXPLQHVFHQFH� VSHF�
WUXP�RI�1D&O±6U&O�±(X� TXHQFKHG� FU\VWDO�� DVKRXOGHU�DURXQG�����QP�LV�DSSHDUHG� LQ�WKH
ORQJ�ZDYH� EUDQFK� RI� WKH� ���� QP� OXPLQHV�
FHQFH� EDQG� �)LJ���E�� FXUYH� ���� 7KH� ����QP
HPLVVLRQ�EDQG�LV�W\SLFDO�RI�(X���FHQWHU�HPLV�
VLRQ� LQ� H� 1D&O� PDWUL[� �)LJ���D�� FXUYH� ���
+RZHYHU�� WKH� FRQWULEXWLRQ� RI� WKLV� OXPLQHV�
FHQFH� EDQG� UHVSRQVLEOH� IRU� (X��� OXPLQHV�
FHQFH�LQ�1D&O�KRVW�LV�VPDOO�DW�;�UD\�H[FLWD�
WLRQ��7KXV��WKH�ORQJ�WHUP�KLJK�WHPSHUDWXUH
DQQHDOLQJ� DW� ����&� GRHV� QRW� GHVWUR\� WKH
6U&O�±(X� PLFURFU\VWDOOLQH� LQFOXVLRQV�
ZKHUHDV�WKH�6U&O�±(X�SUHFLSLWDWHV�VWXGLHG�LQ>�@� DUH� GHVWUR\HG� XQGHU� KLJK� WHPSHUDWXUH
WUHDWPHQW�

)LJ����� ;�UD\� H[FLWHG� OXPLQHVFHQFH� VSHFWUD�
�D��6U&O�±(X��FXUYH�����1D&O±(X��FXUYH������E�1D&O±6U&O�±(X� �FXUYH� ��� TXHQFKHG� IURP
����&�WR�57��FXUYH�����7� �����.�
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���&RQFOXVLRQ�
7KH� SRVVLELOLW\� RI� 6U&O�±(X� PLFURFU\VWDOIRUPDWLRQ� RI� �Ü��� PP� VL]H� LQ�1D&O� PDWUL[

GXULQJ� WKH� ORQJ�WHUP� DQQHDOLQJ� DW� ����&
KDV� EHHQ� VKRZQ�� 7KH� VFDQQLQJ� HOHFWURQ�PL�
FURVFRS\� DQG� OXPLQHVFHQFH� VSHFWURVFRS\
GDWD� FRQILUP� WKH� IRUPDWLRQ� RI� PLFURFU\V�
WDOV�� 7KH� OXPLQHVFHQFH� FKDUDFWHULVWLFV� RI
6U&O�±(X� PLFURFU\VWDOV� HPEHGGHG� LQ� 1D&OPDWUL[� DUH� VKRZQ� WR� EH� VLPLODU� WR� WKRVH� RI
VLQJOH� FU\VWDO� DQDORJXHV�� 7KH� FRQFHQWUDWLRQ
RI� VKRUW�OLYHG� GHIHFWV� LQ� PLFURFU\VWDOV� LV
VXSSRVHG�WR�EH�VLJQLILFDQWO\�OHVV�WKDQ�LQ�WKH
EXON�FU\VWDO�DQDORJXHV��7KH�SDUWLDO�GHVWUXF�
WLRQ�RI�6U&O�±(X�PLFURFU\VWDOV� DFFRPSDQLHGE\�WKH�WUDQVLWLRQ�RI�VRPH�(X���LRQV�LQ�1D&O
KRVW� LV� REVHUYHG� DW� WKH� KLJK� WHPSHUDWXUH
DQQHDOLQJ������&��
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