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)HUURHOHFWULFV�UHOD[RUV� DUH� FRPSOH[
SHURYVNLWHV� ZLWK� WKH� JHQHUDO� IRUPXOD
$¶$�%;��DQG�$¶%¶%�;���:LWKLQ�D�FHUWDLQ�WHP�
SHUDWXUH� UHJLRQ��QDQRVFDOH� UHJLRQV�ZLWK�RU�
GHUHG� SRODU� VWUXFWXUH� �SRODU� FOXVWHUV�� HP�
EHGGHG� LQWR�D�GLVRUGHUHG�FXELF�PDWUL[�ZHUH
UHYHDOHG�LQ�WKHVH�FRPSRXQGV��$�VSHFLILF�IHD�
WXUH� RI� WKH� UHOD[RUV� FRQVLVWV� LQ� DQRPDORXV
GLHOHFWULF�UHOD[DWLRQ��ZKLFK�LV�REVHUYHG�LQ�D
EURDG�IUHTXHQF\�UDQJH��:KHQ�IUHTXHQF\�LQ�
FUHDVHV��WKH�SHDN�LQ�WKH�GLHOHFWULF�SHUPLWWLY�
LW\� FXUYH� LV� ORZHUHG� DQG� VKLIWV� WRZDUGV
KLJKHU�WHPSHUDWXUHV��7KH�UHOD[RUV�DUH�DWWUDF�
WLYH� WR� VROLG� VWDWH� SK\VLFV� DV�SDUWLDOO\� GLVRU�
GHUHG� V\VWHPV� ZLWK� XQFRPPRQ� VWUXFWXUH� DU�
UDQJHPHQW�DQG�RXWVWDQGLQJ�GLHOHFWULF�SURSHU�
WLHV� �Hca������ DW� I� ��� N+]��� VWURQJ
SLH]RHOHFWULF� FRHIILFLHQWV� DQG� JLDQW� HOHFWURV�
WULFWLRQ�

,QWHUUHODWLRQV� EHWZHHQ� FRPSRVLWLRQ�
VWUXFWXUH�� DQG� SURSHUWLHV� RI� UHOD[RUV� DUH
DPRQJ�WKH�PRVW�DFWLYHO\�GHYHORSLQJ�DUHDV�RI
PRGHUQ� VROLG� VWDWH� SK\VLFV�� 7KHUH� DUH� QX�
PHURXV� UHVHDUFKHV� RI� ORFDO� DQG� DYHUDJH
VWUXFWXUHV� RI� UHOD[RUV� FDUULHG� RXW� XVLQJ
QHXWURQ�DQG�;�UD\�VFDWWHULQJ�PHWKRGV��1HY�
HUWKHOHVV��YDULRXV�DXWKRUV�SUHVHQW�TXLWH�GLI�
IHUHQW� LQWHUSUHWDWLRQV� RI� WKH� GDWD� RQ� ERWK
HODVWLF�DQG�GLIIXVH�VFDWWHULQJ��7KLV�LV�GXH�WR
FHUWDLQ� VSHFLILFV� RI� WKH� UHOD[RU� VWUXFWXUHV�
7KRVH� DUH�� �L�� VPDOO� YDOXHV� RI� DWRPLF� GLV�
SODFHPHQWV� ZKLFK� GHWHUPLQH� WKH� GLIIHUHQFH
EHWZHHQ� ORFDO� DQG� DYHUDJH� VWUXFWXUHV�� DQG
�LL�� ORZ�IUHTXHQF\� WLOWV� RI� WKH� R[\JHQ� RFWD�
KHGURQV�DQG�IOXFWXDWLRQV�RI�WKH�ORFDO�SRODUL�
]DWLRQ�GLUHFWLRQV�RI�SRODU�FOXVWHUV�LQ�FHUWDLQ
WHPSHUDWXUH� UHJLRQ�� ,Q� VXFK� FDVHV�� WKH
:\FNRII� DWRPLF� SRVLWLRQV�PD\� GHSHQG� FRQ�
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VLGHUDEO\�RQ�WKH�UHILQHPHQW�SURFHGXUH��7KDW
SHUPLWV� YDULRXV� LQWHUSUHWDWLRQV� RI� WKH
DQRPDORXV� ODUJH�WKHUPDO�IDFWRUV�� ,Q�FHUWDLQ
FDVHV�� 105� DOORZV� WR� HOLPLQDWH� WKH� DERYH
PHQWLRQHG� LQGHILQLWHV� DW� WKH� VWUXFWXUH� GH�
WHUPLQDWLRQ�
7KH� FRPSRXQG� XQGHU� LQYHVWLJDWLRQ�

1D���%L���7L2���1%7���EHORQJV�WR�WKH�IHUURHOHF�WULFV�UHOD[RUV� RI� WKH� $%;�� SHURYVNLWH� W\SHZLWK� VXEVWLWXWLRQ� LQ� WKH� $�SRVLWLRQ�� ,Q� FRQ�
WUDVW� WR� �WUXH�� UHOD[RUV�� UHPDLQLQJ� WR� EH
FXELF�WLOO�WKH�ORZHVW�LQYHVWLJDWHG�WHPSHUDWXUH�
1%7� H[KLELWV� D� VHTXHQFH� RI� VSRQWDQHRXV
SKDVH� WUDQVLWLRQV� IURP� WKH� FXELF� SKDVH
�3P�

BB
P�� WR� WKH� WHWUDJRQDO� SKDVH� �3�EP�

=� ����DW�����z���&���DQG�WKHQ�WR�WKH�WULJR�QDO� SKDVH� �5�F�� =� ���� DW� DSSUR[LPDWHO\
����z���&���>�Ü�@��7KH�FXELF�DQG�WHWUDJRQDOSKDVHV�DUH�ORQJ�UDQJH�RUGHUHG�VWUXFWXUHV��,Q
WKH� WULJRQDO� SKDVH�� WKH� ORQJ�UDQJH� RUGHU� LV
ORVW��WKH�VSDFH�JURXS�5�F�GHVFULEHV�WKH�DYHU�
DJH�VWUXFWXUH�
7KH� PHDVXUHPHQWV� RI� WKH� VHFRQG�RUGHU

TXDGUXSROH� LQWHUDFWLRQV� LQ� YHU\� ORZ� PDJ�
QHWLF�ILHOGV�PDGH�LW�SRVVLEOH�WR�LPSURYH�FRQ�
VLGHUDEO\� WKH� VSHFWUDO� UHVROXWLRQ�� 7KH
DFKLHYHG� UHVROXWLRQ� KDV� EHHQ� IRXQG� WR� EH
VXIILFLHQW� IRU� WHVWLQJ� YDULRXV� PRGHOV� RI
VKRUW�UDQJH� RUGHU� LQ� WKH� 1%7� VWUXFWXUH
XVLQJ�WKH�FRPSXWHU�VLPXODWLRQV�RI�WKH�VSHF�
WUDO�OLQH�VKDSH��
��7KH���1D�105�VSHFWUD�RI�1%7�VLQJOH�FU\V�
WDO� ZHUH� PHDVXUHG� DW� /DUPRU� IUHTXHQF\
�����0+]��7KH�GHSHQGHQFHV�RI�WKH�OLQH�VKDSH
RQ� WKH� FU\VWDO� RULHQWDWLRQ� LQ� WKH� PDJQHWLF
ILHOG�ZHUH�REWDLQHG�DW�WKH�URWDWLRQ�DERXW�WKH
>���@c� GLUHFWLRQ� RI� WKH� SVHXGR�FXELF� FHOO� DW����z������z������z������z������z������z�
����z�� ����z�� ����z�� DQG� ����z�� 7KH� FRQ�
WLQXRXV�ZDYH�WHFKQLTXH�ZLWK�D�VLJQDO�DFFXPX�
ODWLRQ�ZDV�XVHG��
,Q� WKH� FRPSOH[� SHURYVNLWHV� $¶$�%;�� DQG$%¶%�;��� LW� LV� MXVW� WKH� GLVSODFHPHQW� RI$�FDWLRQ� IURP� LWV� HTXLOLEULXP� SRVLWLRQ� LQ

WKH�FXELF�SKDVH�WKDW�FDXVHV�WKH�PDLQ�FRQWUL�
EXWLRQ� WR� WKH� HOHFWULF� GLSROH� PRPHQW� RI
SRODU� FOXVWHUV�� 7KH� VDPH� GLVSODFHPHQW� GH�
ILQHV� WKH� TXDGUXSROH� FRXSOLQJ� FRQVWDQW
�4&v�� YDOXH� RQ� WKH� ��1D� QXFOHXV�� T� 
H�4�9]]�K��9]]� LV�WKH�PDLQ�YDOXH�RI�WKH�HOHF�WULF� ILHOG� JUDGLHQW� WHQVRU� �()*�� RQ� WKH� QX�
FOHXV��4��WKH�QXFOHDU�TXDGUXSROH�PRPHQW��H�
WKH�HOHFWURQ�FKDUJH��K��WKH�3ODQFN�FRQVWDQW��
7KH� TXDGUXSROH� FRXSOLQJ� FRQVWDQW� VHQVLWLY�
LW\� WR� WKH� FDWLRQ� GLVSODFHPHQW� IURP� WKH
HTXLOLEULXP� SRVLWLRQ� LQ� WKH� KLJK�WHPSHUD�
WXUH� FXELF� SKDVH� LV� UHODWLYHO\� KLJK�� DERXW
��Ü��c��

,Q�UHOD[RUV��WKH�HOHFWULF�GLSROH�PRPHQW�RI
WKH� SRODU� UHJLRQV� KDV� VHYHUDO� HTXLSUREDEOH
RULHQWDWLRQV�LQ�WKH�VWUXFWXUH��&RQVHTXHQWO\�
WKHUH� DUH� VHYHUDO� GLIIHUHQW� RULHQWDWLRQV� RI
WKH� ()*� WHQVRU� D[HV� ZLWK� UHVSHFW� WR� WKH
PDJQHWLF�ILHOG�GLUHFWLRQ��7KXV��LQ�WKH�105
VSHFWUXP� WKHUH�DSSHDU� VLJQDOV� FRPLQJ�IURP
TXLWH� D� ODUJH� QXPEHU� RI� PDJQHWLFDOO\� QRQ�
HTXLYDOHQW�ODWWLFH�VLWHV��,Q�DGGLWLRQ��DFFRUG�
LQJ� WR� RXU� SUHYLRXV� PHDVXUHPHQWV� >����@�
DSSHDU� VWUXFWXUDOO\� QRQHTXLYDOHQW� SRVLWLRQV
RI� ��1D��ZKLFK� EHORQJ� WR� WKH� FRH[LVWLQJ� UH�
JLRQV�RI� WKH�SRODU�FOXVWHUV�DQG�WKH�WHWUDJR�
QDO�SKDVH��$V�D�UHVXOW��WKH�105���1D�VSHF�
WUXP�FRQVLVWV�RI�RQH�EURDG�QRQ�UHVROYHG�OLQH
ZLWK�D�VKDSH�GHSHQGLQJ�RQ�WKH�FU\VWDO�RULHQ�
WDWLRQ�LQ�WKH�PDJQHWLF�ILHOG��7KH�OLQH�VKDSH
FDQ�EH� SUHVHQWHG� DV� WKH� FRQYROXWLRQ� RI� IUH�
TXHQF\� GLVWULEXWLRQ� IXQFWLRQ�� I�Q��� DQG� RI
WKH�VSHFWUDO�EURDGHQLQJ�IXQFWLRQ�/�QcÜQ���

)�Q�� �³�I�Qc�/�Qc���Q�GQ� ���
$� FRPSXWHU�SURJUDP�KDV�EHHQ�GHYHORSHG

ZKLFK�DOORZV�WR�FDOFXODWH�WKH�OLQH�VKDSH�IRU
DQ\�FU\VWDO�RULHQWDWLRQ�LQ�WKH�PDJQHWLF�ILHOG
IRU� YDULRXV� VWUXFWXUDO�PRGHOV�� 7ZR� YHUVLRQ
RI� WKH� 1%7� VWUXFWXUH� DUUDQJHPHQW� ZHUH
WHVWHG�
7KH�0RGHO���� LQ� WKH�SRODU� FOXVWHU��1D� LV

GLVSODFHG� HTXLSUREDEO\� DORQJ� RQH� RI� WKH
HLJKW� HTXLYDOHQW� GLUHFWLRQV� >���@c� RI� WKHSVHXGR�FXELF� FHOO��7KH�1D� DWRP� LV� VXSSRVHG
WR�EH� ORFDWHG� LQ�D�PXOWL�ZHOOHG����SRVLWLRQV�
SRWHQWLDO� DURXQG� LWV� VSHFLDO� :\FNRII� SRVL�
WLRQ�� ,Q� WKH� WHWUDJRQDO� VWUXFWXUH�� WKH� 1D
GLVSODFHPHQWV� RFFXU� ZLWK� DQ� HTXDO� SURE�
DELOLW\� DORQJ� RQH� RI� VL[� >���@3� GLUHFWLRQV�FRLQFLGLQJ�ZLWK�WKH�&��V\PPHWU\�D[LV�RI�WKH3�EP� VSDFH� JURXS�� 7KH�0RGHO� �� SHUPLWV� D
FRH[LVWHQFH� RI� LQGHSHQGHQW� 1D� GLVSODFH�
PHQWV�DORQJ�>���@3�DQG�>���@c�GLUHFWLRQV��7KH�VHFRQG�RUGHU�TXDGUXSROH�VKLIW��GQ��RI
WKH�FHQWUDO�FRPSRQHQW�������o�Ü�����IRU�DQ
D[LDOO\�V\PPHWULF�WHQVRU�LV�>�@�
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+HUH�� T� LV� WKH� DQJOH� EHWZHHQ� WKH� PDJQHWLF
ILHOG� GLUHFWLRQ� DQG� WKH� SULQFLSDO� ]� D[LV� RI
()*� WHQVRU�� Q/�� WKH� /DUPRU� IUHTXHQF\�� ,�WKH�QXFOHDU�VSLQ��,� �����IRU���1D��
,Q� )LJ����� WKH� DQJXODU� GHSHQGHQFHV� RI� 'Q

�IRU� .T�� ���� IRU� HLJKW� �WULJRQDO�� GLVSODFH�
PHQWV� DORQJ� WKH� GLUHFWLRQV� RI� >���@3� W\SH� LQWKH� WHWUDJRQDO� WZLQV� DUH� SUHVHQWHG�� 7KH� IUH�
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TXHQF\� GLVWULEXWLRQ� IXQFWLRQ� I�Q��LQ�(T�����LV
DFWXDOO\� GHWHUPLQHG� E\� WKH� GHSHQGHQFHV� SUH�
VHQWHG�LQ�)LJ����IRU�DQ\�FU\VWDO�RULHQWDWLRQ�
:KHQ�VLPXODWLQJ�WKH�VSHFWUDO�VKDSHV��WKH

YDULDEOH�SDUDPHWHUV�DUH�DV�IROORZV��WKH�YDO�
XHV� RI� T� IRU� WKH� FOXVWHUV� DQG� IRU� WKH
WHWUDJRQDO� SKDVH�� WKH� SHDN� LQWHQVLW\�$� DQG
KDOI�ZLGWK� :� RI� WKH� *DXVVLDQ� EURDGHQLQJ
IXQFWLRQV�� 7KH� PRGHO� DOVR� DVVXPHV� WKH� H[�
LVWHQFH�RI�UHJLRQV�ZLWKLQ�WKH�WULJRQDO�SKDVH
ZLWK� D�YHU\� VPDOO� GHYLDWLRQ� IURP� WKH�FXELF
VWUXFWXUH�� VR�FDOOHG� �PDWUL[��� 7KH� SRVLWLRQ
RI� WKH� FRUUHVSRQGLQJ� OLQH� LV� YDULHG� ZLWKLQ
QDUURZ�OLPLWV�DURXQG�WKH�/DUPRU�IUHTXHQF\�
WKH� SHDN� LQWHQVLW\� DQG� WKH� OLQH� ZLGWK� DUH
DOVR�YDULDEOH�SDUDPHWHUV��7KH�UHODWLYH�SKDVH
YROXPHV� ;� RI� WKH� UHJLRQV� ZLWK� GLIIHUHQW
VWUXFWXUHV�DUH�GHWHUPLQHG�E\�LQWHJUDO�LQWHQ�
VLWLHV� RI� WKH� UHODWHG� OLQHV�� 7KH� GDWD� DUUD\
IRU�HDFK�WHPSHUDWXUH�FRQVLVWV�RI����VSHFWUD
FRUUHVSRQGLQJ� WR� WKH� DQJOHV� �T�� YDU\LQJ
IURP����WR�����ZLWK�D�VWHS�RI������7KH�OHDVW
VTXDUH�PHWKRG�IRU�GDWD�DUUD\�FRQWDLQLQJ���
VSHFWUD� ZDV� XVHG� ZKHQ� WKH� H[SHULPHQWDO
VSHFWUD� ZHUH� FRPSDUHG� ZLWK� WKH� FDOFXODWHG
VKDSHV��7DEOH�UHSUHVHQWV�WKH�PRVW�LPSRUWDQW
YDULDEOHV� FRUUHVSRQGLQJ� WR� WKH�PLQLPDO� GH�
YLDWLRQ� '� EHWZHHQ� WKH� H[SHULPHQWDO� DQG
VLPXODWHG� OLQH� VKDSHV�� $V� DQ� H[DPSOH�� WKH
H[SHULPHQWDO� DQG� FDOFXODWHG� VSHFWUD� DW
����.�DUH�VKRZQ�LQ�)LJ����
7KH� GDWD� SUHVHQWHG� LQ� 7DEOH� VKRZ� WKDW

WKH�EHVW�DJUHHPHQW�LV�DWWDLQHG�ZKHQ�WKH�LQ�
KRPRJHQHRXV� VWUXFWXUH� ZKHUH� WKH� UHJLRQV

ZLWK� WKH�1D� GLVSODFHPHQWV� DORQJ� WKH� GLUHF�
WLRQV�RI�W\SHV�>���@c��>���@c�DQG�WKH�PDWUL[FRH[LVW� LQ� WKH� WHPSHUDWXUH� UDQJH� ���� .Ü
����.��7DEOH�DOVR�LOOXVWUDWHV�KRZ�WKH�SKDVH
YROXPHV�;�RI�WKH�UHJLRQV�ZLWK�GLIIHUHQW�GLV�
WRUWLRQV� RI� WKH� ��1D� QXFOHL� QHDUHVW� VXU�
URXQGLQJ� DUH� FKDQJHG� ZLWK� WHPSHUDWXUH�
7KH� SKDVH� YROXPHV� DV� D� IXQFWLRQ� RI� WHP�
SHUDWXUH�DUH�VKRZQ�LQ�)LJ����
7KH�WHPSHUDWXUH�EHKDYLRU�RI�WKH�TXDGUX�

SROH�FRXSOLQJ�FRQVWDQWV�TWULJ�DQG�TWHWU�LV�RI�DVSHFLDO�LQWHUHVW��:KLOH�WKH�FRQVWDQW�TWULJ�UH�ODWHG� WR� SRODU� FOXVWHUV� LV� FKDQJHG� LQ� WKH
WHPSHUDWXUH� LQWHUYDO� ���Ü���� .�� TWHWU� UH�PDLQV�QHDUO\�FRQVWDQW� LQ�WKH�ZKROH�WHPSHUD�

)LJ�����$QJXODU� GHSHQGHQFHV� RI� VHFRQG� RUGHU
TXDGUXSROH�VKLIWV�IRU�PDJQHWLFDOO\�HTXLYDOHQW
SRVLWLRQV� LQ� WULJRQDO� ���� DQG� WHWUDJRQDO� ���
1%7� SKDVHV�� DW� FU\VWDO� URWDWLRQ� DURXQG
>���@3�GLUHFWLRQ�

7DEOH�� 7KH� PRVW� LPSRUWDQW� YDULDEOHV� FRUUHVSRQGLQJ� WR� WKH� PLQLPDO� GHYLDWLRQ� '� EHWZHHQ� WKH
H[SHULPHQWDO�DQG�VLPXODWHG�OLQH�VKDSHV�DW�GLIIHUHQW�WHPSHUDWXUHV�
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WXUH� UDQJH� XS� WR� ���� .�� $ERYH� ���� z�� D
QRWLFHDEOH� FKDQJH� LV� GHWHFWHG� LQ� WKH� ZLGWK
:WULJ� RI� WKH� OLQHV�� FRUUHVSRQGLQJ� WR� SRODUFOXVWHUV�� 7KH� VSHFWUDO� OLQHV� UHODWHG� WR� WKH
WHWUDJRQDO�SKDVH�XQGHUJR�RQO\�VPDOO��VPRRWK
QDUURZLQJ�DV�WKH�WHPSHUDWXUH�LQFUHDVHV�
$Q�DWWHPSW�WR�VLPXODWH�WKH�VSHFWUD�DW�WKH

WHPSHUDWXUHV� DERYH� �&�� XVLQJ� 0RGHO� �� UH�VXOWV� LQ� DQ� DSSUHFLDEOH� LQFUHDVH� RI� '�� )RU
WKH� WHPSHUDWXUHV� ���� z� DQG� ���� z�� WKH
0RGHO� �� ZDV� XVHG�� 7KHUH� LV� QR� PDWUL[� LQ
WKLV� PRGHO�� ZKLFK� ORRNV� WR� EH� QDWXUDO� IRU
WKH�WHWUDJRQDO�ORQJ�UDQJH�RUGHUHG�VWUXFWXUH�
:KHQ� VLPXODWLQJ�� WKH� EURDGHQLQJ� RI� VSHF�
WUDO� OLQHV� SURSRUWLRQDO� WR� WKH� VHFRQG� RUGHU
TXDGUXSROH�VKLIW�KDV�EHHQ�UHYHDOHG��7R�GDWH�
ZH�GR�QRW�NQRZ�WKH�RULJLQ�RI� WKLV�EURDGHQ�
LQJ�� 1HYHUWKHOHVV�� WDNLQJ� LQWR� DFFRXQW� WKH
FRUUHVSRQGLQJ� EURDGHQLQJ�� :����� RQH� FDQ
LPSURYH�VXIILFLHQWO\�WKH�'�IDFWRU��7KH�UHVXOW
LV� VKRZQ� LQ� 7DEOH�� :H� KDYH� DOVR� WHVWHG
0RGHO� �� IRU� WULJRQDO� SKDVH� WHPSHUDWXUH� UH�
JLRQ�� +RZHYHU� '� LQ� WKLV� FDVH� VKRZV� �Ü�

WLPH� LQFUHDVH� LQ� FRPSDULVRQ� ZLWK�0RGHO� ��
7KH�0RGHO���VHHPV�WR�EH�PRUH�DSSOLFDEOH�LQ
WKH�KLJK�WHPSHUDWXUH�WHWUDJRQDO�SKDVH�
0RGHO� �� GHVFULEHV� UDWKHU� ZHOO� WKH� VKDSH

RI� WKH� ��1D� VSHFWUD� LQ� D� ZLGH� WHPSHUDWXUH
UDQJH�ZKHUH� WKH� DYHUDJH� WULJRQDO� VWUXFWXUH
H[LVWV�� 1HYHUWKHOHVV�� RXU� SUHYLRXV� GDWD� >��
�@� DOORZ� WR� DVVXPH� WKDW� ORFDO� V\PPHWU\� RI
WKH�SRODU�UHJLRQV�LV�ORZHU�WKDQ�WKH�WULJRQDO
RQH��6R��1D�KRSV�EHWZHHQ���SRVLWLRQV�RI�WKH
PXOWL�ZHOOHG�SRWHQWLDO�JLYH�WKH�FXELF�1D�SR�
VLWLRQ� DV� DQ� DYHUDJH�� +RZHYHU�� LW� GRHV� QRW
DJUHH� ZLWK� WKH� 5�F� VSDFH� JURXS�� %HVLGHV�
WKH�1D�G\QDPLF�UHVWRULQJ�WKH�FXELF�V\PPH�
WU\�LV�REVHUYHG�RQO\�DERYH�����.�>�@�
:H�DVVXPH�WKDW�WKH�1D�GLVSODFHPHQWV�LQ

WKH� FOXVWHUV� LQFOXGH� VPDOO� RUWKRJRQDO� FRP�
SRQHQWV�GLVRUGHUHG�RYHU��� >���@c�GLUHFWLRQVLQ� DGGLWLRQ� WR� WKH� FRRSHUDWLYH� VKLIW� DORQJ
WKH� SRODU� >���@c� D[LV�� ,I� WKLV� GLVSODFHPHQWRI�1D� IURP�WKH�WKUHH�IROG�V\PPHWU\�D[LV�LV
VPDOO��WKH�DSSUR[LPDWLRQ�E\�DQ�D[LDOO\�V\P�
PHWULF�WHQVRU�LV�YDOLG��$W�ORZ�WHPSHUDWXUHV�
ZKHQ�UHRULHQWDWLRQ�RI�WKH�HOHFWULF�GLSROH�PR�
PHQWV� LV� IUR]HQ� >�@�� WKH� RUWKRJRQDO� FRPSR�
QHQWV� LQVLGH� WKH� FOXVWHU� DUH� RUGHUHG� DORQJ
RQH� RI� WKH� VL[� >���@3� GLUHFWLRQV�� 7KXV�� WKHSRODU�FOXVWHUV�DUH�RI�WKH�PRQRFOLQLF�V\PPH�
WU\��ZKLOH�WKH�DYHUDJH�VWUXFWXUH�RI�WKH�FU\V�
WDO�PDLQWDLQV�WKH�WULJRQDO�V\PPHWU\�
$ERYH�����.��WKH�QDUURZLQJ�RI�WKH���1D

105� OLQHV� EHORQJLQJ� WR� WKH� FOXVWHUV� �VHH
7DEOH��UHYHDOV�WKH�SRVLWLRQDO�H[FKDQJH�LQ�WKH
PXOWL�ZHOOHG� SRWHQWLDO�� ,W� VKRXOG� EH� QRWHG
WKDW�UHRULHQWDWLRQV�RI�WKH�RUWKRJRQDO�FRPSR�
QHQWV� DUH� FRUUHODWHG�ZLWKLQ� WKH� FOXVWHU�YRO�
XPH�� ,W� LV� FOHDUO\� VHHQ� WKDW� WKH� PRWLRQDO
DYHUDJLQJ� UHVXOWV� DJDLQ� LQ� WKH� WULJRQDO
VWUXFWXUH�� PDLQWDLQLQJ� LW� DW� KLJK� WHPSHUD�
WXUHV�� 7KH� PRWLRQDO� DYHUDJLQJ�� KRZHYHU�
FDQQRW�FDXVH�D�VKDUS�TWULJ�GHFUHDVH�REVHUYHGEHWZHHQ� ���� .� DQG� ���� .� DW� KHDWLQJ
�7DEOH��� 7KH� VSRQWDQHRXV� GHFUHDVH� RI�1D�%L
GLVSODFHPHQWV� LQ� WKH� SRODU� FOXVWHUV� DORQJ
WKH� >���@c� GLUHFWLRQV� LV� XQH[SHFWHG��1HYHU�WKHOHVV��D�VKDUS�GHFUHDVH�RI�WKH�VHFRQG�RSWL�
FDO�KDUPRQLFV�JHQHUDWLRQ�OHYHO�ZDV�UHYHDOHG
DW�VLPLODU�WHPSHUDWXUHV�>�@�
7DEOH� VKRZ� WKDW� DERYH� ���� .�� WKH� UHOD�

WLYH� YROXPH� RI� WKH� WHWUDJRQDO� SKDVH��;WHWU�LQFUHDVHV�PDLQO\� DW� WKH� H[SHQVH� RI� WKH�YRO�
XPH� RFFXSLHG� E\� WKH� SRODU� FOXVWHUV�� 7KH
>���@3� GLVSODFHPHQW� EHFRPHV� YHU\� VPDOO� DWDSSURDFKLQJ�7&���7KXV�� WKH�FOXVWHUV� LQ�WKLVWHPSHUDWXUH� UHJLRQ�PD\�DFW� DV� WKH� WHWUDJR�
QDO� SKDVH�QXFOHDWLRQ�FHQWHUV�� VLQFH� WKH\� LQ�
FOXGH� WKH� �WHWUDJRQDO�� GLVSODFHPHQWV� DORQJ
>���@3�� 7KH� PRQRFOLQLF� SRODU� FOXVWHUV� DQGWKH� WHWUDJRQDO� SKDVH� QXFOHL� DUH� RI� QHDUO\

)LJ����� $QJXODU� GHSHQGHQFHV� RI� ��1D� 105
VSHFWUD�DW�����.��6ROLG�OLQH�VKRZV�WKH�H[SHUL�
PHQWDO�VKDSH��GDVKHG�OLQH��WKH�VLPXODWHG�RQH�

)LJ����� 7KH� SKDVH� YROXPHV� ;� DV� D� IXQFWLRQ� RI
WHPSHUDWXUH�����WHWUDJRQDO�����PDWUL[�����WULJRQDO�
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HTXDO� HQHUJ\� LQ� WKH� UHJLRQ� EHWZHHQ� ���� .
DQG� 7&�� ����� .��� 7KLV� PDNHV� SRVVLEOH� WKHDSSHDUDQFH� RI� KHWHURSKDVH� IOXFWXDWLRQV�� $
UDWKHU� ZLGH� �a��� .�� WHPSHUDWXUH� LQWHUYDO
ZKHUH�FORVH�LQ�HQHUJ\�EXW�GLIIHUHQW�LQ�VWUXF�
WXUH�UHJLRQV�FRH[LVW��VXJJHVWV�D�FRPSHWLWLRQ
EHWZHHQ�WHWUDJRQDO�DQG�PRQRFOLQLF�RUGHULQJ�
$W� IXUWKHU� WHPSHUDWXUH� LQFUHDVH�� IDVW
JURZWK� RI� WKH� WHWUDJRQDO� QXFOHL� UHVXOWV� LQ
WKH�WUDQVLWLRQ�WR�WKH�ORQJ�UDQJH�3�EP�VWUXF�
WXUH�� 6XFK� WUDQVLWLRQ� W\SH�GRHV�QRW� UHTXLUH
FRPSOHWH� UHRUJDQL]DWLRQ� RI� WKH� ORFDO� FOXVWHU
VWUXFWXUH�DV�LW�ZRXOG�WDNH�SODFH�DW�WKH�FKDQJH
RI�V\PPHWU\�3�EP��=� ���o�5�F��=� ���
$Q� DQRPDORXV� GLHOHFWULF� UHOD[DWLRQ� DQG

EURDG� Hc�PD[LPXP�DUH� REVHUYHG� MXVW� LQ� WKH
UHJLRQ�DERXW����.�EHORZ�7&�� >�@�ZKHUH��DF�FRUGLQJ� WR� WKH� DERYH�GDWD�� IDVW� UHRULHQWDWLRQ
RI�WKH�ORFDO�SRODUL]DWLRQ�DQG�KHWHURSKDVH�IOXF�
WXDWLRQV� RFFXU� LQ� WKH� 1%7� VWUXFWXUH�� /RZ
SRWHQWLDO�EDUULHUV�ZKLFK�SUHYHQW�WKH�ORFDO�SR�
ODUL]DWLRQ� KRSSLQJ� DUH� FHUWDLQO\� FDXVHG� E\� D
YHU\�VPDOO�GLVSODFHPHQW�RI�1D�DORQJ�>���@3�LQWKH� SRODU� FOXVWHUV� DW� WKH� WHPSHUDWXUHV� EH�
WZHHQ�����.�DQG�7&���3LH]RHOHFWULF�SURSHUWLHVRI�1%7�DUH�PRVW�SUREDEO\�FRQQHFWHG�ZLWK�WKH
PRQRFOLQLF�V\PPHWU\�RI�WKH�SRODU�FOXVWHUV�DV
LW� WDNHV� SODFH� LQ� 3E=U���7L���2�� �3=7��
3E0J���1E�±[7L[2�[a������310�37��>�����@�$FNQRZOHGJHPHQWV�� 7KLV� VWXG\� ZDV� VXS�
SRUWHG� E\� 5XVVLDQ� )RXQGDWLRQ� IRU� )XQGD�

PHQWDO�5HVHDUFK� �3URMHFW��� ������������D�
DQG�D�*UDQW�IURP�WKH�3UHVLGHQW�RI�WKH�5XV�
VLDQ� )HGHUDWLRQ� ZLWKLQ� WKH� IUDPHZRUN� RI
WKH�SURJUDP��6WDWH�6XSSRUW�RI� WKH�/HDGLQJ
6FLHQWLILF� 6FKRROV�� �*UDQW� 1R�� 16K
�������������
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� ���$�$EUDJDP�� 7KH� 3ULQFLSOHV� RI� 1XFOHDU� 0DJ�
QHWLVP�� 2[IRUG� 8QLYHUVLW\� 3UHVV�� 2[IRUG
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