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WKUHH�GLPHQVLRQDO� RSDO� DQG� LQYHUVH� RSDO� SKRWRQLF� FU\VWDOV� LV� H[SHULPHQWDOO\� VKRZQ� WR� EH
VWURQJO\�PRGXODWHG�IRU�WKH�HPLVVLRQ�IUHTXHQFLHV�QHDU�WKH�ILUVW�DQG�KLJKHU�SKRWRQLF�VWRS�
EDQGV�� 1XPHULFDO� VLPXODWLRQV� RI� IUDFWLRQDO� GHQVLW\� RI� RSWLFDO� VWDWHV� DOVR� SUHGLFW� KLJKO\
GLUHFWLRQDO� HPLVVLRQ� IURP� SKRWRQLF� FU\VWDOV� ZLWK� SHUIHFW� VWUXFWXUH�� ([SHULPHQWDO� UHVXOWV
DUH�VKRZQ�WR�EH�LQ�D�JRRG�DJUHHPHQW�ZLWK�FDOFXODWHG�DQJXODU�GHSHQGHQFHV��+RZHYHU��EHWWHU
DJUHHPHQW� EHWZHHQ� H[SHULPHQWDO� DQG� WKHRUHWLFDO� GDWD� UHTXLUHV� VPRRWKLQJ� RI� FDOFXODWHG
GHSHQGHQFHV��ZKLFK� FDQ�EH� DWWULEXWHG� WR� WKH�SUHVHQFH� RI� VWUXFWXUDO� LPSHUIHFWLRQV� LQ� UHDO
SKRWRQLF�FU\VWDO�VDPSOHV�
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3KRWRQLF� FU\VWDOV� �3&V�� DUH� SHULRGLF� GL�
HOHFWULF� PDWHULDOV� H[KLELWLQJ� SKRWRQLF� EDQG
JDSV��3%*V���ZKHUH�OLJKW�RI�FHUWDLQ�HQHUJLHV
FDQQRW� SURSDJDWH� LQVLGH� 3&�� ,Q� WKH� FDVH� RI
WKUHH�GLPHQVLRQDO� 3&�� D� FRPSOHWH� 3%*� LV
SRVVLEOH� ZKHUH� OLJKW� FDQQRW� SURSDJDWH� LQ
DQ\�GLUHFWLRQ��+RZHYHU�� LQ�SUDFWLFH��GXH� WR
V\PPHWU\� OLPLWDWLRQV�� ORZ� UHIUDFWLYH� LQGH[
FRQWUDVW�� DQG� VWUXFWXUH� LPSHUIHFWLRQV�� 3&V
W\SLFDOO\� SRVVHVV� RQO\� VWRS�EDQGV� FRUUH�
VSRQGLQJ� WR� WKH� SURKLELWLRQ� RI� OLJKW� SURSD�
JDWLRQ�RQO\�LQ�VRPH�GHILQHG�GLUHFWLRQV��$V�D
UHVXOW��WKH�HPLVVLRQ�RI�OXPLQHVFHQFH�FHQWHUV
IURP� VXFK� 3&V� XQGHUJRHV� VWURQJ� VSDWLDO
PRGXODWLRQ�
,Q� WKLQ� 3&� ILOPV� �RI� WKLFNQHVV� OHVV� WKDQ

WKH� PHDQ� IUHH� SDWK� RI� SKRWRQV� O�a����PP��

WKH�HPLVVLRQ�GLUHFWLRQDOLW\�FDQ�EH�GHVFULEHG
XVLQJ� DQ� DSSURDFK� EDVHG� RQ� FDOFXODWLRQ� RI
WKH�DQJOH�GHSHQGHQW�RU�IUDFWLRQDO�GHQVLW\�RI
RSWLFDO� VWDWHV� �)'26�� >����@�� $FFRUGLQJ� WR
VLPXODWLRQ�UHVXOWV�HPSOR\LQJ�WKLV�DSSURDFK�
WKH�HPLVVLRQ�RI�DFWLYH�FHQWHUV�IURP�RSDO�DQG
LQYHUVH�RSDO�ILOPV�PD\�EH�KLJKO\�GLUHFWLRQDO
>����@�� ,Q� WKLV� ZRUN�� WKH� UHVXOWV� RI� )'26
FDOFXODWLRQV� DUH� FRPSDUHG� ZLWK� H[SHULPHQ�
WDO�GDWD�RQ�DQJXODU�GHSHQGHQFHV�RI�SKRWROX�
PLQHVFHQFH� LQWHQVLW\� REWDLQHG� IRU� RSDO� DQG
LQYHUVH� RSDO� WKLQ� ILOPV� GRSHG� ZLWK� UDUH
HDUWK�LRQV�(X���DQG�7E�����
7KH�RSDO�ILOPV�ZHUH�JURZQ�XVLQJ�WKH�YHU�

WLFDO� GHSRVLWLRQ� PHWKRG� >�@�� 7KH� VDPSOHV
FRQVLVWHG� RI� ���� QP� SRO\VW\UHQH� PLFUR�
VSKHUHV� VHOI�DVVHPEOHG� LQ� D� IDFH�FHQWHUHG
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FXELF� VWUXFWXUH� ZLWK� ������ VXUIDFH� RULHQWD�
WLRQ�� 6RPH� RI� VXFK� JURZQ� ILOPV� ZHUH� XVHG
DV� WHPSODWHV� IRU� WKH� V\QWKHVLV� RI� LQYHUVH
RSDO�VDPSOHV�EDVHG�RQ�0J�6L2���%ULHIO\��FRO�ORLGDO�FU\VWDO�ILOPV�ZHUH�LPSUHJQDWHG�ZLWK�D
PL[WXUH� RI� WHWUDHWKR[\VLODQH� �6L�2&�+�����PDJQHVLXP� QLWUDWH� �0J�12�����+�2��� HWKD�QRO��K\GURFKORULF�DFLG��GULHG�LQ�DLU�IRU����K�
DQG�DQQHDOHG�DW����&�IRU����K�UHVXOWLQJ�LQ
WKH� UHPRYDO� RI� SRO\VW\UHQH� PLFURVSKHUHV
DQG� REWDLQLQJ� D� SRURXV� PDJQHVLXP� VLOLFDWH
IUDPHZRUN��7KH�DYHUDJH�GLDPHWHU�RI�VSKHUL�
FDO� YRLGV� LQ� WKH� LQYHUVH� RSDOV�ZDV�����QP�
)LQDOO\��WKH�VDPSOHV�ZHUH�LPSUHJQDWHG�ZLWK
ZDWHU�DOFRKRO� VROXWLRQV� RI� UDUH� HDUWK� FRP�
SOH[HV� ZLWK� ��S\UD]LQHFDUER[\OLF� DFLG�
5H�S\FD���[+�2� �5H� �7E� RU� (X�� NQRZQ� WRSRVVHVV�D�KLJK�HIILFLHQF\�RI�H[FLWDWLRQ��1DU�
URZ� HPLVVLRQ� OLQHV� RI� UDUH� HDUWK� LRQV� ZHUH
TXLWH� VXLWDEOH� WR� LQYHVWLJDWH� WKH� OXPLQHV�
FHQFH� GLUHFWLRQDOLW\� IURP� 3&V�� 7KH� PLFUR�
VWUXFWXUH� RI� 3&V� ZDV� VWXGLHG� XVLQJ� ODVHU
GLIIUDFWLRQ� >�@�� )RU� DOO� VDPSOHV�� UHODWLYHO\
ODUJH� DUHDV� RI� VHYHUDO� WKRXVDQG� PP�� ZLWK
RQH� SUHGRPLQDQW� FU\VWDOORJUDSKLF� RULHQWD�
WLRQ� KDYH� EHHQ� IRXQG�� 7KH� GLDPHWHU� RI� 89
H[FLWLQJ� VSRW� IURP� D� [HQRQ� DUF�ODPS� ZDV
DERXW����PP���
:H�KDYH�SUHSDUHG�3&V�VR�WKDW�RSDO�ILOPV

KDG�IXQGDPHQWDO�JDS�DQG�LQYHUVH�RSDOV�KDG
VHFRQG� DQG� WKLUG� VWRS�EDQGV� LQ� WKH� YLVLEOH
VSHFWUDO� UHJLRQ�� &RQVHTXHQWO\�� DQJXODU� GH�

SHQGHQFHV� RI� OXPLQHVFHQFH� UHFRUGHG� IRU
WKHVH�VDPSOHV�ZHUH�GLIIHUHQW��)LJ����VKRZV�D
FRPSDULVRQ� RI� )'26� DQJXODU� GHSHQGHQFH
ZLWK� WKH� H[SHULPHQWDO� GDWD� RQ� SKRWROXPL�
QHVFHQFH� LQWHQVLW\� IRU� RQH� RI� LQYHUVH� RSDO
ILOPV�FRQWDLQLQJ�(X�S\FD���[+�2��=HURLQJ�RI)'26�DW���Ü����FRUUHVSRQGV�WR�RYHUODSSLQJ
RI� ���� QP� (X��� HPLVVLRQ� EDQG� ZLWK� WKH
ILUVW� VWRS�EDQG� RI� 3&�� 6PRRWKLQJ� RI� FDOFX�
ODWHG� GHSHQGHQFH� �VHH� VROLG� FXUYH�� LV� QHFHV�
VDU\�WR�DFKLHYH�LWV�JRRG�DJUHHPHQW�ZLWK�H[�
SHULPHQWDO� GDWD�� 7KH� SK\VLFDO� PHDQLQJ� RI
WKLV� VPRRWKLQJ� LV� WKH� SUHVHQFH� RI� YDULRXV
VWUXFWXUDO�LPSHUIHFWLRQV�DQG�GHIHFWV�LQ�VHOI�
DVVHPEOHG� 3&V� FDXVLQJ� GLIIHUHQFHV� LQ� VXU�
URXQGLQJV�RI�HPLWWLQJ�FHQWHUV���
)LJ���� VKRZV� FDOFXODWHG� )'26� GHSHQG�

HQFHV� IRU� WKUHH� ZDYHOHQJWKV� FRUUHVSRQGLQJ
WR�GLIIHUHQW�HPLVVLRQ�EDQGV�RI�7E���LRQV�HP�
EHGGHG� LQVLGH� RSDO� ILOP� PDGH� RI� SRO\VW\�
UHQH� PLFURVSKHUHV�� +LJK� DQG� VKDUS� VROLG
�O� �����QP��DQG�KHDY\�GDVKHG��O� �����QP�
SHDNV� DW� DERXW� ���� DQG� ����� UHVSHFWLYHO\�
FRUUHVSRQG� WR� WKH� ORZ� HQHUJ\� HGJH� RI� WKH
VHFRQG� SKRWRQLF� VWRS�EDQG�� ZKLOH� VHFRQG
KHDY\�GDVKHG�SHDN�DW�DERXW�����FRUUHVSRQGV
WR� WKH� KLJK� HQHUJ\� HGJH�� 7KH� VROLG� FXUYH
FOHDUO\� GHPRQVWUDWHV� WKH� SRVVLELOLW\� RI
KLJKO\� GLUHFWLRQDO� HPLVVLRQ� IURP� WKH� RSDO
ILOP�XQGHU�WKH�LQIOXHQFH�RI�WKH�VHFRQG�SKR�
WRQLF�VWRS�EDQG�
$�FRPSDULVRQ�RI�)'26�GHSHQGHQFHV�ZLWK

UHDO�GDWD�RQ�HPLVVLRQ�IURP�SRO\VW\UHQH�RSDO
ILOP�ZLWK�7E�S\FD���[+�2�LV�VKRZQ�LQ�)LJ����,Q� WKLV� FDVH�� VPRRWKLQJ� RI� )'26� GHSHQG�

)LJ�����&DOFXODWHG�)'26�DQJXODU�GHSHQGHQFHV
IRU� 0J�6L2�� LQYHUVH� RSDO� SULRU� WR� �GDVKHGFXUYH�� DQG� DIWHU� VPRRWKLQJ� �VROLG� FXUYH�� LQ
FRPSDULVRQ�ZLWK� H[SHULPHQWDO� GHSHQGHQFH� RI
SKRWROXPLQHVFHQFH� LQWHQVLW\� �FLUFOHV�� IRU
���� QP�(X��� HPLVVLRQ� SHDN� IURP� WKH� VDPH
LQYHUVH� RSDO� ILOP�� 7KH� QRUPDO� GLUHFWLRQ� LV
>���@��WKH�DQJOH�FRXQWV�IURP�WKLV�D[LV�WR�>���
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)LJ�����&DOFXODWHG�)'26�DQJXODU�GHSHQGHQFHV
IRU�HPLVVLRQ�EDQGV�RI�7E���LRQV�LQ�WKH�SHUIHFW
RSDO� ILOP��(PLVVLRQ�ZDYHOHQJWKV��VROLG�FXUYH�
����QP��GDVKHG�FXUYH������QP��GRWWHG�FXUYH�
����QP�
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HQFHV�WR�DFKLHYH�DFFRUGDQFH�ZLWK�H[SHULPHQ�
WDO�GDWD�LV�DOVR�QHFHVVDU\�
$V�D�UHVXOW��)'26�FDOFXODWLRQV�SURYH�WKDW

KLJK�GLUHFWLRQDOLW\�RI�OXPLQHVFHQFH�LV�SRVVL�
EOH� IRU� WKLQ� ILOPV� ZLWK� SHUIHFW� RSDO� VWUXF�
WXUH�� HVSHFLDOO\� LQ� WKH� HQHUJ\� UDQJH�RI� VHF�
RQG�SKRWRQLF�VWRS�EDQG��+RZHYHU��VWUXFWXUH
LPSHUIHFWLRQV�UHVXOW� LQ�D�UHGXFHG�GLUHFWLRQ�
DOLW\�RI�OXPLQHVFHQFH�IURP�WKH�UHDO�VDPSOHV�
7KLV�ZRUN�ZDV�VXSSRUWHG�E\�WKH�5XVVLDQ

)RXQGDWLRQ�IRU�%DVLF�5HVHDUFK�������������
DQG� �������������� WKH� 3URJUDP� IRU� )XQGD�
PHQWDO� 5HVHDUFK� RI� 5XVVLDQ� $FDGHP\� RI
6FLHQFHV��WKH�)HGHUDO�7DUJHW�6FLHQFH�DQG�(Q�
JLQHHULQJ�3URJUDP�� WKH�1DWLRQDO�.H\�%DVLF
5HVHDUFK� 6SHFLDO� )RXQGDWLRQ� �1.%56)�

�*����&%��������DQG�WKH�&KLQHVH�1DWLRQDO
1DWXUDO�6FLHQFH�)RXQGDWLRQ������������
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HQH�RSDO�ILOP��FLUFOHV���IURP�UHIHUHQFH�ILOP�ZLWRXW�SKRWRQLF�EDQG�VWUXFWXUH��VTXDUHV��DQG�FRUUHVSRQG�
LQJ�)'26�GHSHQGHQFLHV�DIWHU�VPRRWKLQJ��OLQHV���(PLVVLRQ�ZDYHOHJWKV��D�Ü�����QP��E�Ü�����QP�
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