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7KH� /L�5(%�2�� �5( <�� *G�� GRXEOH� OLWK�LXP�DQG�UDUH�HDUWK�RUWKRERUDWHV�ILQG�DSSOL�
FDWLRQ� DV� UHG� SKRVSKRUV� LQ� SODVPD� GLVSOD\
SDQHOV� >�Ü�@�� VFLQWLOODWLRQ�GHWHFWRUV� IRU� WKHU�
PDO� QHXWURQ� UHJLVWUDWLRQ� LQ� WKH� PL[HG
QHXWURQ�JDPPD� ILHOGV� >����@�� RU� DV� DFWLYH
VROLG� VWDWH� ODVHU� PHGLD� >�Ü�@�� 7KH� /L�<%�2��/<%2��FU\VWDO�EHORQJV�WR�WKH�PRQRFOLQLF�V\V�
WHP��3���F�VSDFH�JURXS��DQG�LV�FKDUDFWHUL]HGE\� WKH� IROORZLQJ�SDUDPHWHUV��D� ������������
E� ������������� F� ������������c�� E� 
�������������� 9� �����������c��� 7KH� /<%2
FU\VWDO� VWUXFWXUH� LV� IRUPHG� E\� OLWKLXP� DQG
\WWULXP� SRO\KHGURQV� FRPELQHG� E\� SODQDU
%2�� JURXSV� LQ� D� WKUHH�GLPHQVLRQDO� FRPSRV�LWH�QHWZRUN��8WLOL]DWLRQ�RI�/<%2�FU\VWDOV�LQ
ODVHU� DQG� VFLQWLOODWLRQ� GHYLFHV� LPSOLHV� LQ�
WHQVH� SURFHVVHV� RI� UDGLDWLRQ� GHIHFW� IRUPD�
WLRQ�LQ�WKH�PDWHULDO��+RZHYHU��QR�VXIILFLHQW
DWWHQWLRQ�ZDV�JLYHQ�VR�IDU�WR�VWXGLHV�RI�WKH
UDGLDWLRQ�LQGXFHG� GHIHFWV� LQ� /L�5(%�2�

�5(� �<��*G�� FU\VWDOV�� 7KH�PDLQ� WKHUPROX�
PLQHVFHQW� SURSHUWLHV� RI� /<%2�&H��� DQG
/<%2�&H���6P��� SRZGHUV� ZHUH� VWXGLHG� EH�
IRUH� >�����@��+RZHYHU��XVLQJ�RI�SRO\FU\VWDO�
OLQH�SRZGHUV�WR�VWXG\�SURFHVVHV�RI�UDGLDWLRQ
GHIHFWV�IRUPDWLRQ�GRHV�QRW�DOORZ�WR�SURSRVH
SK\VLFDOO\�FRUUHFW�PRGHOV�RI�SRLQW�UDGLDWLRQ
GHIHFWV�� ,Q� >��Ü��@�� WKH� UDGLDWLRQ� LQGXFHG
SURFHVVHV� LQ� /L�*G%�2��&H��� �/*%2�&H���DQG�/L�±[1D�0J�[*G%�2��&H���VLQJOH�FU\VWDOVKDYH� EHHQ� UHSRUWHG��+RZHYHU�� WKH� SUHVHQFH
RI� FHULXP� LRQV� LQ� WZR� YDOHQFH� VWDWHV� �&H��
DQG� &H���� DQG� ORZ� WKHUPRVWLPXODWHG� OXPL�
QHVFHQFH��76/��\LHOG�FDXVH�VRPH�GLIILFXOWLHV
LQ� LQWHUSUHWDWLRQ� RI� WKH� UDGLDWLRQ� SURFHVVHV
LQ�WKH�FU\VWDOV�VWXGLHG�
,Q� >��@�� ZH� KDYH� IRU� WKH� ILUVW� WLPH� UH�

SRUWHG� 76/� DQG� UDGLDWLRQ�LQGXFHG� DEVRUS�
WLRQ�LQ�WKH�/*%2�(X���VLQJOH�FU\VWDOV�LUUDGL�
DWHG� ZLWK� EHWD� SDUWLFOHV� IURP� D� ��6U���<
VRXUFH�� 7KH� SXUSRVH� RI� WKLV� ZRUN� ZDV� WR
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VWXG\�WKH�SRLQW�UDGLDWLRQ�GHIHFWV�FUHDWHG�E\
LRQL]LQJ�UDGLDWLRQ�LQ�/<%2�(X���VLQJOH�FU\V�
WDOV�ZKLFK�DUH�LVRVWUXFWXUDO�WR�/*%2�(X���
7KH� /<%2�(X��� ��� DW����� FRPSRXQG�ZDV

REWDLQHG�E\�VROLG�VWDWH�UHDFWLRQ�DW�7� ����Ü
�����.�IRU����KRXUV��&KHPLFDO�SXULW\�JUDGH
+�%2��� KLJK� SXULW\� JUDGH� /L�&2��� <�2�����������DQG�(X�2�������������ZHUH�XVHG
DV�WKH�VWDUWLQJ�PDWHULDOV��7KH�SKDVH�FRPSR�
VLWLRQ� RI� WKH� REWDLQHG� VDPSOHV�ZDV� FRQWURO�
OHG�E\�WKH�;�UD\�SKDVH�DQDO\VLV��;3$��XVLQJ
D� 6LHPHQV�'���� SRZGHU� GLIIUDFWRPHWHU� �&X
.D� HPLVVLRQ��� /<%2�(X��� VLQJOH� FU\VWDOV
ZHUH�JURZQ�E\�WKH�&]RFKUDOVNL�WHFKQLTXH�DF�
FRUGLQJ� WR� WKH� SURFHGXUH� >��@�� (XURSLXP
FRQFHQWUDWLRQ�LQ�WKH�JURZQ�FU\VWDOV�ZDV�GH�
WHUPLQHG� WR� EH������ DW����E\�DWRPLF� HPLV�
VLRQ� VSHFWURVFRS\� ZLWK� DUF� H[FLWDWLRQ�� 7KH
DEVRUSWLRQ� VSHFWUD� ZHUH� UHFRUGHG� XVLQJ� D
6SHFRUG� 0��� 89�9,6� GRXEOH�EHDP� VSHFWUR�
SKRWRPHWHU�� 7KH� SKRWROXPLQHVFHQFH� VSHFWUD
ZHUH� REWDLQHG�XVLQJ� D� 6'/��� �/202��DXWR�
PDWHG�FRPSOH[��7KH�VDPSOHV�ZHUH�LUUDGLDWHG
ZLWK�E�SDUWLFOHV����6U���<�VRXUFH����&XULH�DF�
WLYLW\�� WKH� DYHUDJH� HOHFWURQ� HQHUJ\� ���Ü
����lH9��DW�URRP�WHPSHUDWXUH�
7KH�XQGRSHG�/<%2�FU\VWDOV�DUH�WUDQVSDU�

HQW�ZLWKLQ�WKH����Ü����QP�UDQJH��WKH�EDQG
JDS� EHLQJ� ����� H9� �������� FPÜ��� >�@�� 'RS�
LQJ�ZLWK�HXURSLXP�FDXVHV�WKH�DSSHDUDQFH�RI
D� ZLGH� FKDUJH� WUDQVIHU� EDQG� �&7%�� LQ� WKH
89�� DQG�VHYHUDO�QDUURZ� OLQHV� LQ� WKH�YLVLEOH
VSHFWUDO� UHJLRQ� FRUUHVSRQGLQJ� WR� WKH� �IÜ�I
WUDQVLWLRQV�RI�(X���LRQV��)LJ�����D���7KH�LQWHQVH
&7%� ZLWK� D� PD[LPXP� DW� O� �����QP� FRUUH�
VSRQGV�WR�WKH�HOHFWURQ�WUDQVSRUW�IURP�WKH�R[\�
JHQ� �S� RUELWDO� WR� DQ� XQRFFXSLHG� �I� RUELWDO� RI
HXURSLXP�LRQ��(X�����2�±l�(X�����2±�>�@�

7KH� SKRWROXPLQHVFHQFH� RI� /<%2�(X��
FU\VWDOV� LV� SUHVHQWHG� E\� D� JURXS� RI� OLQHV
EHWZHHQ� ���� DQG� ����QP�ZKLFK� FRUUHVSRQG
WR� WUDQVLWLRQV� IURP� WKH� ILUVW� H[FLWHG� OHYHO
�'�� WR� WKH� �)-� �-� ��� WR� ��� OHYHOV� RI� (X��LRQV� �)LJ������ 7KH� �'��o��)�� HOHFWULF� GLSROHWUDQVLWLRQV��ZLWK�D�PD[LPXP�DW�O� �����QP�
DUH� SUHGRPLQDQW�� 7KH� HPLVVLRQ� DQG� H[FLWD�
WLRQ�VSHFWUD�DUH�IRXQG�WR�EH�LQ�D�JRRG�DJUHH�
PHQW� ZLWK� WKH� GDWD� IURP� >�Ü�@�� 7KH� OXPL�
QHVFHQFH� RI�(X��� LRQV� LQ� WKH� �JUHHQ��ZDYH�
OHQJWK�UDQJH�FRQQHFWHG�ZLWK�WUDQVLWLRQ�IURP
WKH� KLJKHU� �'�� OHYHOV� WR� WKH� �)-� OHYHOV� LVTXHQFKHG� E\� KLJK� IUHTXHQF\� YLEUDWLRQV� RI
ERUDWH�JURXSV�
7KH� XQGRSHG� /<%2� VLQJOH� FU\VWDOV� ZDV

IRXQG� WR� EH� UDGLDWLRQ�UHVLVWDQW��QR�FKDQJHV
LQ� RSWLFDO� DEVRUSWLRQ� VSHFWUXP� EHLQJ� GH�
WHFWHG�DIWHU�E�LUUDGLDWLRQ�XS� WR�'�a�����UDG
GRVH�>��@��,UUDGLDWLRQ�RI�/<%2�(X���FU\VWDOV
ZLWK� E�SDUWLFOHV� UHVXOWV� LQ� D� GHFUHDVH� RI� WKH
&7%� DEVRUSWLRQ� FRHIILFLHQW�� DSSHDUDQFH� RI� D
ZLGH�QRQ�HOHPHQWDU\� EDQG�RI� LQGXFHG�RSWLFDO
DEVRUSWLRQ� LQ� WKH� ���Ü���� QP� UDQJH
�)LJ�� ��� E��� DQG� LQ� D� GHFUHDVHG� LQWHJUDO� SKR�
WROXPLQHVFHQFH� LQWHQVLW\� RI� (X��� LRQV
�)LJ����� E���$IWHU� WKH� LUUDGLDWLRQ��/<%2�(X��
VDPSOHV�EHFRPH�\HOORZ��,W�LV�NQRZQ�WKDW�LU�
UDGLDWLRQ� RI� UDUH�HDUWK� GRSHG� FU\VWDOV� UH�
VXOWV�RIWHQ�LQ�FKDQJHG�YDOHQFH�VWDWH�RI�UDUH�
HDUWK� LRQV�� ZKLFK� FDQ� EH� GHWHFWHG� E\� HOHF�
WURQ� SDUDPDJQHWLF� UHVRQDQFH� VSHFWUD�
RSWLFDO� DEVRUSWLRQ� DQG� SKRWROXPLQHVFHQFH
RQHV��+HQFH� ZH� DVFULEH� WKH� REVHUYHG� UDGLD�
WLRQ�LQGXFHG� FKDQJHV� WR� WUDQVLWLRQ� RI� VRPH
IUDFWLRQ� RI� (X��� LRQV� LQWR� GLYDOHQW� VWDWH�
(X���o�(X����7KH�DULVLQJ�H[FHVV�FKDUJH�PD\
EH� FRPSHQVDWHG� E\� ORFDO� GLVWRUWLRQ� RI� WKH
ERUDWH�JURXS�RU� E\�VWUXFWXUDO�GHIHFW� LQ� WKH
VHFRQG�FRRUGLQDWLRQ�VSKHUH�

)LJ����� $EVRUSWLRQ� VSHFWUD� RI� /L�<%�2��(X��VLQJOH� FU\VWDO�� SULRU� WR� LUUDGLDWLRQ� �D��� DIWHU
E�LUUDGLDWLRQ� �'� ����� UDG�� �E��� ,QVHW�� GLIIHU�
HQWLDO� DEVRUSWLRQ� VSHFWUXP� RI� LUUDGLDWHG� DQG
QRQ�LUUDGLDWHG�/L�<%�2��(X���FU\VWDOV�

)LJ����� 3KRWROXPLQHVFHQFH� VSHFWUD� RI
/L�<%�2��(X��� FU\VWDO� �OH[�� ����� QP��� SULRU
WR� LUUDGLDWLRQ� �D��� DIWHU� E�LUUDGLDWLRQ� �'� 
����UDG���E��
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7KH� LQGXFHG� DEVRUSWLRQ� VSHFWUXP� LV� SUH�
VHQWHG� E\� ZLGH� VWUXFWXUHOHVV� EDQG� LQ� WKH
O� ����Ü���� QP� UHJLRQ� �LQVHW� LQ� )LJ�����
7KH� UDGLDWLRQ�LQGXFHG� RSWLFDO� DEVRUSWLRQ
EDQGV� KDYH� EHHQ� REVHUYHG� LQ� PDQ\� R[LGHV
DQG� WKLV� DEVRUSWLRQ� ZDV� DVFULEHG� WR� KROHV
WUDSSHG� DW� 2�±� LRQV�� :H� VXSSRVH� WKDW� WKH
UDGLDWLRQ�LQGXFHG� FRORUDWLRQ� RI� /<%2�(X��
VLQJOH� FU\VWDOV� LV� FRQQHFWHG�ZLWK� IRUPDWLRQ
RI� 2±� KROH� FHQWHUV�� 7KH� PRGHO� RI� 2±� KROH
FHQWHU�LQ�DQ�R[LGH�PDWHULDO�LQFOXGHV�DOVR�DQ
DGMDFHQW�DFFHSWRU�GHIHFW��VXFK�DV�D�YDFDQF\
RU� DQ� LPSXULW\� LRQ� >��@�� )RU� H[DPSOH�� IRU
OLWKLXP�WULERUDWH�/L%�2���LW�KDV�EHHQ�FOHDUO\GHPRQVWUDWHG� WKDW� UDGLDWLRQ�LQGXFHG� OLWK�
LXP�YDFDQF\� SRVLWLRQHG� LQ� WKH� VHFRQG� FRRU�
GLQDWLRQ� VSKHUH� LV� D� FKDUJH� FRPSHQVDWLQJ
GHIHFW�ELQGLQJ�WKH�KROH�RI�WKH�2±�FHQWHU�>���
��@�� :H� VXJJHVW� WKDW� H[FHVV� FKDUJH� RI� 2±
FHQWHU� LQ�/<%2�(X���FU\VWDO� LV�FRPSHQVDWHG
E\� OLWKLXP� YDFDQFLHV�� WRR�� 'XULQJ� WKH� 2±
FHQWHUV� IRUPDWLRQ�� WKH� ODWWLFH� GLVWRUWLRQ
XVXDOO\�FDXVHV�ORFDOL]DWLRQ�RI�KROHV�DW�RQH�RI
WKH� R[\JHQ� VLWH�� 7KHVH� KROHV� WKXV� IRUP
VPDOO� SRODURQV� ERXQG� WR� DQ� DFFHSWRU�� $F�
FRUGLQJ�WR�D�PRGHUQ�FRQFHSW��RSWLFDO�SURSHU�
WLHV�RI�2±�FHQWHUV�FDQ�EH�FRUUHFWO\�GHVFULEHG
ZLWKLQ� WKH� VPDOO� SRODURQ� PRGHO� >��@�� 7KH
W\SLFDO�IHDWXUHV�RI�ERXQG�VPDOO�SRODURQV�DUH
ZLGH� DEVRUSWLRQ� EDQGV�� KLJK� RVFLOODWRU
VWUHQJWKV��I� �������H[FLWHG�VWDWHV�WXQQHOLQJ
VSOLWV��$OWKRXJK� VRPH�ERUDWHV�� IRU� LQVWDQFH

/L%�2��� GHPRQVWUDWH� RSWLFDO� DEVRUSWLRQ
ZKLFK� LV�QRW�W\SLFDO�RI�ERXQG�KROH�SRODURQV
>��@�� QHYHUWKHOHVV�� ZH� EHOLHYH� WKDW� WKH� UD�
GLDWLRQ�LQGXFHG� DEVRUSWLRQ� RI� /<%2�(X��
FU\VWDO�LV�WKH�VPDOO�SRODURQ�DEVRUSWLRQ�
7KH� H[SHULPHQWDO� GDWD� VXJJHVW� WKDW� WZR

W\SHV� RI� KROH� FHQWHUV� FRXOG� EH� FUHDWHG� LQ
ERUDWHV�� LVRODWHG� KROH� FHQWHUV� >������@�� RU
KROH� FHQWHUV� EDVHG� RQ� ERUDWH� DQLRQLF� JURXS
>��Ü��@��,Q�DQ\�FDVH��2±�FHQWHU�IRUPDWLRQ�LV
DFFRPSDQLHG� E\� VLJQLILFDQW� ODWWLFH� GLVWRU�
WLRQ��WKH�DYHUDJH�GLVWDQFH�IURP�2±�FHQWHU�WR
DQ� DFFHSWRU� GHIHFW� LQFUHDVLQJ� E\� ��Ü����
DV� FRPSDUHG� WR� UHJXODU� FU\VWDO� ODWWLFH�� ,Q
WKH� /<%2� FU\VWDO� VWUXFWXUH�� DOO� WKH� ERURQ
DWRPV� DUH� FRRUGLQDWHG� E\� WKUHH� R[\JHQ
DWRPV� DQG� IRUP� SODQDU� %2�� JURXSV� ZKLFKRFFXS\� WKUHH� LQGHSHQGHQW� SRVLWLRQV� >��@�
7KHUHIRUH�� ZH� KDYH� DVVXPHG� IRUPDWLRQ� RI
LVRODWHG�2±�KROH�FHQWHUV��WKH�KROH�LV�WUDSSHG
PDLQO\�DW�DQ�R[\JHQ�LRQ���RU�%2��±�LRQV��WKHKROH�LV�XQLIRUPO\�GLVWULEXWHG�XSRQ�WKH�RUEL�
WDOV� RI� WKUHH� R[\JHQ� LRQV� ZKLFK� FRRUGLQDWH
WKH� GHIHFW�� LQ� LUUDGLDWHG� /<%2�(X��� VLQJOH
FU\VWDOV�
7KH�UDGLDWLRQ�LQGXFHG�DEVRUSWLRQ�RI�WKHVH

FHQWHUV� FDQ� EH� GHVFULEHG� DV� IROORZV�� ,Q� WKH
FDVH� RI�2±� FHQWHU�� WKH� DEVRUSWLRQ� LV� GXH� WR
WUDQVLWLRQ�IURP�WKH�ORFDO�OHYHO�RI�WKH�FHQWHU
WR�WKH�YDOHQFH�EDQG�OHYHOV��6XFK�WUDQVLWLRQV
SUHVHQW� D� SKRWRLQGXFHG� KROH� WUDQVIHU� IURP
RQH�WR�DQRWKHU�R[\JHQ�DWRP�QHDU�WKH�GHIHFW

)LJ�����0ROHFXODU�RUELWDO� HQHUJ\� OHYHOV� IRU�D�SODQDU�%2��±� LRQ��7KH�DOORZHG�RSWLFDO� WUDQVLWLRQV�DUH
UHSUHVHQWHG�E\�GDVKHG�OLQHV��D���WKH��D�c�PROHFXODU�RUELWDO�IRU�SODQDU�%2��±�LRQ��7KH�DQJOH�D�LV�����IRU�XQGLVWRUWHG�PROHFXOHV��E��>��@�
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DQG� FDQ� EH� UHIHUUHG� WR� DV� FKDUJH� WUDQVIHU
WUDQVLWLRQV� LQ�D�VHQVH�� ,Q�WKH�FDVH�RI�%2��±FHQWHU�� WKH� DEVRUSWLRQ� LV� FDXVHG� E\� WUDQVL�
WLRQV�EHWZHHQ�WKH�JURXQG�DQG�H[FLWHG�VWDWHV
RI� WKH�%2��±� LRQ�� WKH�XQFRXSOHG�HOHFWURQ� LVORFDWHG�DW�WKH��Dc��RUELWDO�ZKLFK�FRQVLVWV�RI�¯� DWRPLF� RUELWDOV� RI� WKUHH� R[\JHQ� DWRPV
�)LJ�����>��@�
7KH� PD[LPXP� RI� LQGXFHG� DEVRUSWLRQ

EDQG� DWWULEXWHG� WR� LVRODWHG� 2±� FHQWHUV� LQ
ERUDWH� FU\VWDOV� LV� REVHUYHG� DW� O� �����QP
IRU� /L%�2�� >��@� DQG� DW� O� ����� QP� IRU6U�%�2�%U�&H��� FU\VWDOV� >��@�� 7KHVH� ZDYH�OHQJWKV� DUH� FORVH� WR� WKH� YDOXH� RI� ���� WR
���� QP� REWDLQHG� LQ� RXU� H[SHULPHQW� IRU
/<%2�(X��� �LQVHW� LQ� )LJ������ $W� WKH� VDPH
WLPH�� WKH� %2��±� LRQV� EHLQJ� YHU\� VWDEOH� DWURRP� WHPSHUDWXUH� FDXVH� DEVRUSWLRQ� LQ� D
UHODWLYHO\� ORQJ�ZDYHOHQJWK� VSHFWUDO� UHJLRQ
O�  ����Ü���� QP� IRU�&D&2�� DQG� O� ����Ü����QP�IRU����PRO����.�%�2�������PRO���.�&2��>��@��7KXV��WKH�LQGXFHG�DEVRUSWLRQ�RI/<%2�(X��� VLQJOH� FU\VWDOV� LV�PRVW� SUREDEO\
FDXVHG�E\� WKH�2±� FHQWHU� IRUPDWLRQ�� L�H�� WKH
KROH�LV�WUDSSHG�SUHGRPLQDQWO\�DW�RQH�R[\JHQ
DWRP�DQG�GRHV�QRW�EHORQJ�WR�WKH�ZKROH�%2�SODQDU�ERUDWH�JURXS��7KLV�FRQFOXVLRQ�DJUHHV
TXDOLWDWLYHO\�ZLWK�WKH�UHPDUNDEOH�GLIIHUHQFH
LQ� WKH� %±2� GLVWDQFHV� LQ� WKH� %2��WULDQJOHV�IURP����������c�WR����������c��DV�FRPSDUHG
WR� W\SLFDO� YDOXHV� %±2� ������c�� DQG� ZLWK
ORZ� SRLQW� V\PPHWU\� RI� R[\JHQ� DWRPV�� WKDW
PDNH�ORFDOL]DWLRQ�RI�WKH�KROH�DW�RQH�R[\JHQ
LRQ�PRUH��HQHUJ\�IDYRUDEOH��)RU�FRPSDULVRQ�
LQ� WKH�DONDOLQH�HDUWK�R[LGHV�� WKH�KROH� ORFDO�
L]DWLRQ�DW�RQH�R[\JHQ�LRQ�SURYLGHV�D�JDLQ�RI
���� H9� LQ� WKH� V\VWHP� NLQHWLF� HQHUJ\�� ZKLOH
LQ� WKH� FDVH� RI� KROH� GLVWULEXWLRQ� XSRQ� VL[
R[\JHQ� DWRP� WKH� NLQHWLF� HQHUJ\� LV� ORZHUHG
RQO\�E\�����H9�>��@�
7KH�SUHVHQFH�RI�LQWHQVH�UDGLDWLRQ�LQGXFHG

DEVRUSWLRQ� EDQG� KDV� VWLPXODWHG� RXU� VHDUFK
IRU� OXPLQHVFHQW�PDQLIHVWDWLRQV� RI� UDGLDWLRQ
GHIHFWV�� +RZHYHU�� WKH� VHOHFWLYH� RSWLFDO
VWLPXODWLRQ� RI� /<%2�(X��� FU\VWDOV� E\� WKH
PRQRFKURPDWLF�OLJKW�LQ�WKH�O� ����Ü����QP
UDQJH�UHVXOWV�RQO\�LQ�FKDUDFWHULVWLF�OXPLQHV�
FHQFH�RI�(X���LRQV�FDXVHG�E\�GLUHFW�SKRWRH[�
FLWDWLRQ� WKHUHRI�� 7KH� WUDQVLWLRQ� RI� HYHQ� D
VPDOO� IUDFWLRQ� RI� HXURSLXP� LRQV� LQWR� GLYD�
OHQW�VWDWH�VKRXOG�EH�PDQLIHVWHG�LQ�WKH�OXPL�
QHVFHQFH� VSHFWUD�� VLQFH� WKH� RVFLOODWRU
VWUHQJWKV�UDWLR�IRU�WKH��I��o��I��G�DOORZHG
GLSROH�GLSROH� WUDQVLWLRQV� RI� (X��� LRQV� DQG
�IÜ�I� IRUFHG� GLSROH�GLSROH� WUDQVLWLRQV� RI
(X��� LRQV� LV� I�(X����I�(X���|����Ü��� +RZ�
HYHU�� ZH� KDYH� QRW� IRXQG� DQ\� OXPLQHVFHQFH
RI� WKH�(X��� LRQV��3HUKDSV� WKH� OXPLQHVFHQFH

RI� (X��� LRQV� LQ� /<%2� FU\VWDOV� LV� TXHQFKHG
E\� SKRWRLRQL]DWLRQ� SURFHVVHV�� ,Q� SDUWLFXODU�
WKLV� PHFKDQLVP� LV� UHVSRQVLEOH� IRU� GHJUDGD�
WLRQ�RI�VFLQWLOODWLRQ�UHVSRQVH�RI�VRPH�FHULXP
DFWLYDWHG�R[LGH�FU\VWDOV�>��@�
/HW� XV� FRQVLGHU� SRVVLEOH� PHFKDQLVPV� RI

SRLQW� UDGLDWLRQ� GHIHFWV� IRUPDWLRQ� LQ
/<%2�(X��� VLQJOH� FU\VWDOV�� ,UUDGLDWLRQ� RI
/<%2�(X��� ZLWK� EHWD� SDUWLFOHV� FDQ� GLVSODFH
OLWKLXP� LRQV� IURP� WKHLU� UHJXODU� FU\VWDO�
ORJUDSKLF� SRVLWLRQV� DQG� FUHDWH� OLWKLXP� YD�
FDQFLHV�� 6XFK� GHIHFWV�PD\� VWDELOL]H�2±� KROH
WUDSSHG� FHQWHUV� >��@�� 7KH� 2±� FHQWHUV� LQ
/<%2�(X���FU\VWDOV�PD\�DULVH�FUHDWHG�HLWKHU
GXH�WR�LPSDFW�PHFKDQLVP��RU�WR��UH�FKDUJH�
RI�LQWULQVLF��JURZWK��OLWKLXP�YDFDQFLHV��7KH
ODWWHU�DUH�FUHDWHG�GXULQJ�/<%2�(X���FU\VWDO
SXOOLQJ�DV�D�UHVXOW�RI�/L�DQG�%�VSHFLHV�HYDSR�
UDWLRQ� >��@��7KH� WKUHVKROG�GLVSODFHPHQW� HQ�
HUJ\�RI�OLWKLXP�DWRPV�E\�LPSDFW�PHFKDQLVP
KDV� WKH� ORZHVW� YDOXH� DV� FRPSDUHG� WR� RWKHU
FRQVWLWXHQW�HOHPHQWV��\WWULXP��ERURQ��ZKLFK
IRUP� /<%2� FRPSRXQG�� $FFRUGLQJ� WR� WKHR�
UHWLFDO�SUHGLFWLRQV��WKH�GLVSODFHPHQW�HQHUJ\
UHTXLUHG�WR�FUHDWH�RQH� OLWKLXP�YDFDQF\�LQ�D
FRPSOH[� R[LGH� PDWHULDO�� IRU� H[DPSOH�
/L1E2��� LV��� WR����H9��<WWULXP�DWRPV�KDYHD� ODUJHU� LRQLF� UDGLXV� DQG� FKDUJH� DV� FRP�
SDUHG� WR� OLWKLXP� RQHV�� DQG� VHHP� WR� EH
KDUGO\�GLVSODFHG�IURP�WKHLU�FU\VWDOORJUDSKLF
SRVLWLRQV��2Q�WKH�RWKHU�KDQG��RQO\�RQH�OLWK�
LXP�YDFDQF\�LV�QHFHVVDU\�WR�FRPSHQVDWH�WKH
H[FHVV� FKDUJH� RI� DQ� 2±� KROH� FHQWHU�� 7KH
FUHDWLRQ� SUREDELOLW\� RI� ERURQ� YDFDQFLHV� LQ
/<%2�FU\VWDO�YHU\�ORZ�GXH�WR�KLJK�FRYDOHQFH
GHJUHH�RI�WKH�%±2�ERXQGV�� ,Q�/<%2�FU\VWDO
VWUXFWXUH��OLWKLXP�SRO\KHGURQV�IRUP�WZR�GL�
PHQVLRQDO� QHWZRUN� >��@�� UHVXOWLQJ� LQ� DS�
SHDUDQFH� RI� LRQLF� FRQGXFWLYLW\� LQ� WKLV� FU\V�
WDO� >��@��)XUWKHUPRUH�� OLWKLXP�VXEODWWLFH�RI
/<%2� FRPSRXQG� LV� PRELOH� WR� VRPH� H[WHQW
DQG� WKLV� DOVR� SRLQWV� RQ� WKH� SRVVLELOLW\� RI
UDGLDWLRQ�LQGXFHG� GLVSODFHPHQW� RI� OLWKLXP
LRQV�� 7KH� SUHVHQFH� RI� UDGLDWLRQ�LQGXFHG� GH�
IHFWV� LQ� /<%2�(X��� FU\VWDOV� DOORZV� RQH� WR
H[SHFW�HIIHFWLYH�UHFRPELQDWLRQ�SURFHVVHV�UH�
VXOWLQJ� LQ� 76/�� ,QGHHG�� LQ� >��@�� ZH� KDYH
IRXQG� IRU� /<%2�(X��� FU\VWDO� WKH� 76/� SHDN
DW��� ����Ü����z�FRQQHFWHG�ZLWK�GHFRPSR�
VLWLRQ� RI� KROH� FHQWHUV�� 7KLV� SHDN� LV� FKDUDF�
WHUL]HG� E\� ILUVW� RUGHU� NLQHWLFV� DQG� LWV� DFWL�
YDWLRQ�HQHUJ\�LV�����H9��
7R� FRQFOXGH�� WKH� SRLQW� UDGLDWLRQ� GHIHFWV

LQ� /L�<%�2��(X��� VLQJOH� FU\VWDOV� KDYH� EHHQVWXGLHG�� 7KH� UDGLDWLRQ�LQGXFHG� RSWLFDO� DE�
VRUSWLRQ� RI� /L�<%�2��(X��� FU\VWDOV� LQ� WKHO� ����Ü����QP�UDQJH�KDV�EHHQ�DVFULEHG�WR
ERXQG�VPDOO�SRODURQ�DEVRUSWLRQ��,W�KDV�EHHQ
VKRZQ�WKDW�LUUDGLDWLRQ�RI�/L�<%�2��(X���VLQ�
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JOH� FU\VWDOV� ZLWK� EHWD� SDUWLFOHV� UHVXOWV� LQ
WUDQVLWLRQ�RI�VRPH�HXURSLXP�LRQV�LQWR�GLYD�
OHQW�VWDWH�(X���o�(X����DQG�LQ�IRUPDWLRQ�RI
2±�KROH�FHQWHUV��7ZR�PRGHOV�RI�KROH�FHQWHUV
LQ� /L�<%�2��(X��� FU\VWDOV�� QDPHO\� 2±� LVR�
ODWHG� LRQ� RU�%2��±� FRPSOH[� LRQ�� KDYH� EHHQSURSRVHG�� ,W� KDV� EHHQ� GHWHUPLQHG� WKDW� IRU�
PDWLRQ�RI� LVRODWHG�2±�FHQWHUV�LV�PRUH�SURE�
DEOH� DV� FRPSDUHG� WR� KROH� FHQWHUV� EDVHG� RQ
DQLRQLF� ERUDWH� JURXS�� ,W� KDV� EHHQ� DVVXPHG
WKDW� WKH� H[FHVV� FKDUJH� RI� 2±� FHQWHUV� LQ
/L�<%�2��(X��� FU\VWDOV� LV� PRVW� SUREDEO\FRPSHQVDWHG�E\�UDGLDWLRQ�LQGXFHG�RU�JURZWK
OLWKLXP�YDFDQFLHV�
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