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5HFHLYHG�1RYHPEHU���������
7KH� DSSHDUDQFH� SRVVLELOLW\� RI� VSRQWDQHRXV� HOHFWULF�PRPHQW�3� �IHUURHOHFWULFLW\�� LQ� WKH

DQWLIHUURPDJQHWLF� GLHOHFWULF� VWDWH� RI� GRSHG� /D�±[&D[0Q2�� PDQJDQLWHV� LV� GLVFXVVHG�� 7KHWLJKW�ELQGLQJ� PHWKRG� DQG� WKH� GRXEOH�H[FKDQJH� +DPLOWRQLDQ� ZLWK� LQILQLWH� RQ�VLWH� +XQG
LQWHUDFWLRQ� DUH� XVHG� WR� FDOFXODWH� WKH� VSHFWUXP� RI� HJ� HOHFWURQV� LQ�PDQJDQLWHV� IRU� YDULRXVPDJQHWLF� VWUXFWXUHV� FRPSRVHG� RI� IHUURPDJQHWLF� ]LJ]DJ� VSLQ� FKDLQV� WKDW� LQFOXGH� WZR� WR
HLJKW�VSLQV�SHU�RQH�GLPHQVLRQDO�XQLW�FHOO��7KH�FDUULHU�FRQFHQWUDWLRQ�[�YDOXHV�DUH�IRXQG�DW
ZKLFK� WKH� EDQG� LQVXODWRU� VWDWH� FDQ� DULVH� LQ� DQWLIHUURPDJQHWLF� /D�±[&D[0Q2��PDQJDQLWHVFRQWDLQLQJ� WKH�DERYH�FKDLQV�� ,Q�DGGLWLRQ�WR�WKH�NQRZQ�VSHFWUD�RI� ��u���DQG� ��u���FKDLQV�
WKH� VSHFWUXP�RI� D� ��u��� ]LJ]DJ� FKDLQ� LV� REWDLQHG� IRU� WKH� ILUVW� WLPH��$� WKUHH�GLPHQVLRQDO
XQLW� FHOO� LQFOXGLQJ� WKLV� W\SH� RI� FKDLQV� DQG� FRPSULVLQJ� ��� PDQJDQHVH� DWRPV� SHUPLWV� D
FRUUHFW�TXDOLWDWLYH�GHVFULSWLRQ�RI�WKH�DWRPLF�DQG�PDJQHWLF�VWUXFWXUHV�LQ�WKH�/D���&D���0Q2�PDQJDQLWH�� ,Q� WKLV� PDJQHWLF� VWUXFWXUH� �DV� LQ� WKH� (�SKDVH��� WKH� JLJDQWLF� VSRQWDQHRXV
SRODUL]DWLRQ� 3� PD\� DULVH� GXH� WR� WKH� DGGLWLRQDO� GLVSODFHPHQW� RI� R[LGH� LRQV� EHORQJLQJ� WR
IHUURPDJQHWLF�FKDLQV�
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���,QWURGXFWLRQ
2QH� UHPDUNDEOH� SURSHUW\� RI� GRSHG

SHURYVNLWH�PDQJDQLWHV�5[$�±[0Q2�� �5� �/D�3U��1G��6P��$� �&D��6U��%D��LV�WKH�ULFK�YDUL�
HW\� RI� PDJQHWLF� VWUXFWXUHV� RFFXUULQJ
WKHUHLQ��'HSHQGLQJ� RQ� WKH� FKHPLFDO� FRPSR�
VLWLRQ� DQG� GRSLQJ� OHYHO�� WKHVH� FRPSRXQGV
FDQ� HLWKHU� EH� IHUURPDJQHWLF� �)0�� RU� KDYH
GLIIHUHQW� W\SHV� RI� DQWLIHUURPDJQHWLF� �$)0�
RUGHULQJ�� ,Q� DGGLWLRQ� WR� VLPSOH�$)0�VWUXF�

WXUHV�RI�WKH�*��$�DQG�&�W\SHV��PRUH�FRPSOH[
]LJ]DJ� VWUXFWXUHV� DUH� SRVVLEOH�� 7KH� PRVW
NQRZQ�H[DPSOH�LV�WKH�&(�VWUXFWXUH�IRXQG�LQ
QXPHURXV� PDQJDQLWHV� DW� KDOI�GRSLQJ�� 7KLV
VWUXFWXUH�ZDV� SUHGLFWHG� WKHRUHWLFDOO\� LQ� >�@
DQG� H[SHULPHQWDOO\� REVHUYHG� ILUVW� LQ
/D���&D���0Q2��>�@�DQG�WKHQ�LQ�VHYHUDO�RWKHUFRPSRXQGV�� ,Q� WKH� &(� VWUXFWXUH�� WKH� PDJ�
QHWLF�PRPHQWV� RI�0Q� LRQV� IRUP� ]LJ]DJ� )0
FKDLQV�WKDW�VKRZ�DQ�LQ�SODQH�$)0�RUGHU��,Q
WKH� QRUPDO� GLUHFWLRQ�� )0� FKDLQV� DUH� WUDQV�

)XQFWLRQDO�0DWHULDOV�����1R��������� �������Û�67&��,QVWLWXWH�IRU�6LQJOH�&U\VWDOV�

)XQFWLRQDO�PDWHULDOV������������� ���



ODWHG� ZLWK� VSLQV� DOWHUQDWLQJ� $)0�� 7KH� XQLW
FHOO�RI�WKH�&(�VWUXFWXUH�FRQWDLQV����0Q�DWRPV�
,Q� >����@�� WKH� HOHFWURQ� VSHFWUD�(�N�� RI� WKH�&(
VWUXFWXUH� ZHUH� FDOFXODWHG� WKHRUHWLFDOO\� ZLWKLQ
WKH�GRXEOH�H[FKDQJH�PRGHO� LQ�WKH�DSSUR[LPD�
WLRQ�RI� LQILQLWHO\� VWURQJ�+XQG� LQWHUDFWLRQ�EH�
WZHHQ� HJ� DQG� W�J� HOHFWURQV�� ZKLFK� SURKLELWVKRSSLQJ�RI�WKH�HOHFWURQV�EHWZHHQ�FKDLQV��

7KHUHIRUH�� WKH� FDOFXODWLRQ� RI� WKH� VSHF�
WUXP� IRU� WKH� WKUHH�GLPHQVLRQDO� ��'�� VWUXF�
WXUH� LV�UHGXFHG� WR�FDOFXODWLQJ�WKH�VSHFWUXP
RI�D��'�]LJ]DJ�FKDLQ�ZLWK�IRXU�DWRPV�LQ�LWV
�'� XQLW� FHOO�� 7KH� FDOFXODWLRQV� KDYH� VKRZQ
WKDW� WKH� PDQJDQLWHV� SRVVHVVLQJ� WKH� &(
VWUXFWXUH�DUH�EDQG�LQVXODWRUV�� L�H���WKH�ORZ�
HVW�WZR�EDQGV�LQ�ZKLFK�WZR�HOHFWURQV�FDQ�EH
ORFDWHG� DUH� VHSDUDWHG� IURP� RWKHU� EDQGV� E\
DQ� HQHUJ\� JDS�� ,Q� WKH� &(� VWUXFWXUH�� WKHVH
EDQGV�DUH� IXOO\�RFFXSLHG�DQG�WKH�FRPSRXQG
LV� D� EDQG� LQVXODWRU�� 6LPLODU� FDOFXODWLRQV� RI
WKH� VSHFWUXP� IRU� D� �'� ]LJ]DJ� FKDLQ� ZLWK
WZR�DWRPV� LQ� LWV��'�XQLW� FHOO�SHUIRUPHG� LQ
>�@� SUHGLFWHG� D� QHZ� (�W\SH� RI� LQVXODWLQJ
$)0� VWUXFWXUH�� ZKLFK� ZDV� IRXQG� H[SHUL�
PHQWDOO\� LQ� +R0Q2�� >�@�� 7KLV� PDJQHWLFVWUXFWXUH� LV� YHU\� LQWHUHVWLQJ� EHFDXVH� XSRQ
VLPXOWDQHRXV� FRQVLGHUDWLRQ� RI� GRXEOH� H[�
FKDQJH� DQG� GHIRUPDWLRQ� RI� R[\JHQ� RFWDKH�
GURQV��D�JLJDQWLF�VSRQWDQHRXV�SRODUL]DWLRQ�3
LV� SRVVLEOH� WKHUHLQ� GXH� WR� DGGLWLRQDO� GLV�
SODFHPHQW�RI�R[LGH� LRQV�ZKLFK�EHORQJLQJ�WR
IHUURPDJQHWLF� FKDLQ� >�@�� ,Q� FRQWUDVW� WR� WKH
PRVW� H[WHQVLYHO\� WKHRUHWLFDOO\� VWXGLHG� FDVH
RI� VSLUDO�PDJQHWLVP� >�Ü��@�� WKH�PHFKDQLVP
UHVSRQVLEOH� IRU� IHUURHOHFWULFLW\� LQ� WKH�PDJ�
QHWLFDOO\�RUGHUHG�SKDVH�GRHV�QRW�UHO\�RQ�WKH
SUHVHQFH� RI� DQLVRWURSLF� ']\DORVKLQVNLL�
0RUL\D� LQWHUDFWLRQ�� ,Q� RXU� FDVH��3� DSSHDUV
GXH�WR�D�JDLQ�LQ�WKH�EDQG�HQHUJ\�RI�HJ�HOHF�WURQV��7KH�PRGHO�SURSRVHG�H[SODLQV�TXDOLWD�
WLYHO\� WKH� IHUURHOHFWULFLW\� �)(�� LQ� WKH� (�
SKDVH� RI� XQGRSHG� �[� ���� RUWKRUKRPELF
PDQJDQLWHV��+R0Q2��DQG�RWKHUV���6LQFH�WKLVPRGHO� LV� EDVHG� RQ� WKH� H[LVWHQFH� RI� ]LJ]DJ
FKDLQV�� H[WUHPHO\� LQWHUHVWLQJ� EHFRPHV� WKH
WDVN� WR� VHDUFK� IRU� GRSHG�PDQJDQLWHV�ZKLFK
FRQVLVW�RI�WKH�VWHSSHG�IHUURPDJQHWLF�FKDLQV
DQG�DOORZ�WKH�DULVH�RI�D�VSRQWDQHRXV�HOHFWULF
PRPHQW��,W�LV�WR�QRWH�WKDW�IRU�&(�VWUXFWXUH�
WKH�SRODUL]DWLRQ�RI��'�XQLW�FHOOV�ZLWKLQ�WKH
IUDPHZRUN�RI�WKLV�PRGHO�EHFRPHV�]HUR�

���+DPLOWRQLDQ
$V�DQ�HIIHFWLYH�+DPLOWRQLDQ��ZH�WDNH�WKH

+DPLOWRQLDQ�RI�WKH�GRXEOH�H[FKDQJH�PRGHO�
ZKLFK�� LQ� WKH� FDVH� RI� RQH�GLPHQVLRQDO� )0
FKDLQV�RI� W�J�HOHFWURQ�VSLQV�ORFDOL]HG�RQ�0QLRQV�DQG�LQILQLWHO\�ODUJH�+XQG��LQWHUDFWLRQ�

UHGXFHV� WR� WKH� +DPLOWRQLDQ� RI� WKH� WLJKW
ELQGLQJ�PRGHO�

+� �¦�
LDV
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LMDE

WLMDEGLD✢ GLE� ���

+HUH�� WKH� LQGLFHV� D� DQG� E� HQXPHUDWH� HJDWRPLF� RUELWDOV�� WKH� LQGLFHV� L� DQG� M� VSHFLI\
0Q� LRQV�� DQG�GMD✢ � DQG�GMD� DUH� WKH� IRUPDWLRQ
DQG�DQQLKLODWLRQ�RSHUDWRUV��UHVSHFWLYHO\��IRU
DQ� HJ� HOHFWURQ� LQ� WKH� VWDWH� D� DW� WKH� VLWH� MZLWK�VSLQ�GLUHFWHG�DORQJ�WKH� ORFDOL]HG�VSLQV
�VSLQ�XS���7KH�HQHUJ\�RI�WKH�HJ�RUELWDO�ZLWKVSLQ�XS�LV�WDNHQ�DV�WKH�]HUR�HQHUJ\��HLD� ����7KH�R[\JHQ�DWRPV�DUH�ORFDWHG�EHWZHHQ�PDQ�
JDQHVH�LRQV�LQ�WKH�FKDLQV��DQG�WKH�HIIHFWLYH
KRSSLQJ� LQWHJUDOV� EHWZHHQ� WKH� ORFDO� HJ� VSL�QRU�FRPSRQHQWV�RI�DGMDFHQW�0Q�LRQV�DUH�H[�
SUHVVHG� LQ� WHUPV� RI� WKH� KRSSLQJ� LQWHJUDO
EHWZHHQ�WKH�0Q�HJ�RUELWDO�DQG�WKH�S�RUELWDORI� WKH� QHDUHVW� QHLJKERULQJ� R[\JHQ� LRQ� �WKH
6ODWHU�.RVWHU� SDUDPHWHU�9SGV�� FDOFXODWHG� LQVHFRQG�RUGHU�SHUWXUEDWLRQ�WKHRU\�>��@��+RS�
SLQJ� RI� HOHFWURQV�EHWZHHQ� WKH�$)0�DOLJQHG
FKDLQV�LV�IRUELGGHQ�LQ�WKH�DSSUR[LPDWLRQ�RI
LQILQLWHO\�VWURQJ�+XQG�LQWHUDFWLRQ��:H�FRQ�
VLGHU�WKH�FDVH�ZKHUH�WKH�HJ�OHYHO�LV�GHJHQHU�DWH��7KLV�FDVH�SRVHV�WKH�PRVW�GLIILFXOW�SURE�
OHPV�LQ�REWDLQLQJ�D�JDS�LQ�WKH�VSHFWUXP�

���(OHFWURQ�VSHFWUXP�RI�]LJ]DJ
IHUURPDJQHWLF�FKDLQV

,Q� WKH� FDVH� RI� D� VLPSOH� VTXDUH� ODWWLFH
ZLWK� ODWWLFH� FRQVWDQW�D��� ]LJ]DJ� FKDLQV�ZLOOEH� GHVLJQDWHG� DV� �Q�uP�uQ�uP�u����� ZKHUH
Q���Q��� ���� DUH� WKH� QXPEHUV� RI� OLQNV� LQ� WKH
ILUVW�� VHFRQG�� DQG� VXEVHTXHQW� VWHSV� DORQJ
WKH�[�D[LV��UHVSHFWLYHO\��DQG�P���P�������DUH
VLPLODU�QXPEHUV�DORQJ�WKH�\�D[LV�

,Q� >��@�� ZH� KDYH� FDOFXODWHG� WKH� HOHFWURQ
VSHFWUXP� RI� IHUURPDJQHWLF� ]LJ]DJ� FKDLQV�
ZKLFK�FRUUHVSRQGV�WR�WKH�VSHFWUXP�RI�WKUHH�
GLPHQVLRQDO�$)0�VWUXFWXUHV�LQ�WKH�DSSUR[L�
PDWLRQ�RI�LQILQLWHO\�VWURQJ�RQ�VLWH�+XQG�LQ�
WHUDFWLRQ��%\�VWXG\LQJ�YDULRXV�]LJ]DJ�FKDLQV�
ZH� KDYH� FRQFOXGHG� WKDW� HQHUJ\� JDSV� DOZD\V
DULVH� LQ� WKH� �'� VSHFWUD� RI� HJ� HOHFWURQV� DQGFDXVH� WKH� DSSHDUDQFH� RI� WKH� LQVXODWLQJ� VWDWH
LQ� WKH� FRUUHVSRQGLQJ� WKUHH�GLPHQVLRQDO�$)0
VWUXFWXUHV� DW� FHUWDLQ� YDOXHV� RI� WKH� HOHFWURQ
FRQFHQWUDWLRQ� [�� ,Q� DGGLWLRQ� WR� WKH� NQRZQ
VSHFWUD�RI� WKH� ��u���DQG� ��u���FKDLQV� �(�DQG
&(� VWUXFWXUHV��� ZH� KDYH� FDOFXODWHG� IRU� WKH
ILUVW� WLPH� WKH� VSHFWUXP� RI� WKH� ��u��� ]LJ]DJ
FKDLQ�� 7KH� �'� XQLW� FHOOV� RI� PDJQHWLF� VWUXF�
WXUHV�FRUUHVSRQGLQJ�WR���u������u�u�u����DQG
��u���FKDLQV�FRQWDLQ����DWRPV��7KH�HOHFWURQ
VSHFWUD� RI� WKLV� W\SH� VWUXFWXUHV� KDYH� QHYHU

6�0�'XQDHYVN\���)HUURHOHFWULFLW\�LQ�GRSHG�PDQJDQLWHV
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EHHQ� FDOFXODWHG� SUHYLRXVO\�� )LJ���� VKRZV� D
PDJQHWLF� VWUXFWXUH� FRQVLVWLQJ� RI� ]LJ]DJ
��u���)0�FKDLQV�ZLWK�VL[�DWRPV�SHU��'�XQLW
FHOO��7KH�GDVK�GRW�OLQH�VKRZV�D��'�XQLW�FHOO
FRQWDLQLQJ����DWRPV��7KH�FRUUHVSRQGLQJ��'
XQLW�FHOO�LV���DuEu�F�� LQ�VL]H��ZKHUH�D� �F� 
2�D��DQG�E� ��D��7KH�VSHFWUXP�(�N�� FDQ�EH� FDOFXODWHG�QX�
PHULFDOO\�IURP�WKH�VHFXODU�HTXDWLRQ

(���Ü��(���������(��Ü
�Ü�(��>������FRV�N�D����@����(����� �

 �������N�� ���N[���N\���
DQG�WKHQ�ZH�ILQG�WKH�GHQVLW\�RI�VWDWHV�U�(�
VKRZQ� LQ� )LJ����� 7KH� WZR� ORZHU� EDQGV� DQG
WKH�WZR�XSSHU�EDQGV�DUH�GRXEO\�GHJHQHUDWH�
WKHUHIRUH�� D� PDJQHWLF� VWUXFWXUH� FRQVLVWLQJ
RI� ��u��� FKDLQV� LV� DQ� LQVXODWRU� IRU�[� ����
DQG������7KLV�W\SH�RI��FDQWHG��PDJQHWLF��'
��'��XQLW�FHOO�ZDV�REVHUYHG�LQ�QHXWURQ�VWXG�
LHV�RI�/D���&D���0Q2��LQVXODWRU�>��@�7KH���u���FKDLQ�KDV�WKH�ORZHVW�HQHUJ\�DW
[� ����� DPRQJ� DOO� ]LJ]DJ� FKDLQV� ZLWK� VL[
DWRPV� SHU� XQLW� FHOO�� DQG� WKH� FRUUHVSRQGLQJ
�'� ���DWRP� XQLW� FHOO� SURYLGHV� D� FRUUHFW
TXDOLWDWLYH� GHVFULSWLRQ� RI� WKH� PDJQHWLF
VWUXFWXUH� RI�/D���&D���0Q2�� GRSHG�PDQJDQ�LWH�� )XUWKHU� WKHRUHWLFDO� PDJQHWLF� VWUXFWXUH
UHILQHPHQW� RI� WKLV� FRPSRXQG� LV� SRVVLEOH
ZLWKLQ� WKH� DSSURDFK� VXJJHVWHG� LQ� >��@��2XU
LQYHVWLJDWLRQ�RI�WKH�VSHFWUXP�GHSHQGHQFH�RQ
WKH� FKDLQ� JHRPHWU\� KDV� VKRZQ� WKDW� WKH� HQ�
HUJ\� UHDFKHV� D� PLQLPXP� IRU� WKH� PRVW� V\P�
PHWULF� FKDLQV� OLNH� ��u���� ��u���� DQG� VR� RQ�
ZKHUH�WKH��'�XQLW�FHOOV�KDYH�D�PLQLPXP�VL]H�

���)HUURHOHFWULFLW\�LQ�WKH�$)
GLHOHFWULF�VWDWH�RI�WKH�GRSHG

PDQJDQLWHV��
2I� WKH� JUHDWHVW� LQWHUHVW� DUH� WKH� FDOFXOD�

WLRQ�UHVXOWV�RI�WKH�PDJQHWLF�VWUXFWXUH�ZKLFK
FRQVLVWV�RI�RQH�GLPHQVLRQDO�V\PPHWULFDO�)0
]LJ]DJ� ��u��� FKDLQV�� VLQFH� XSRQ� VLPXOWDQH�
RXV� FRQVLGHUDWLRQ� RI� GRXEOH� H[FKDQJH� DQG
GHIRUPDWLRQ� RI� R[\JHQ� RFWDKHGURQV� LQ� WKLV
PDJQHWLF� VWUXFWXUH� �DV� LQ� WKH�(�SKDVH�� WKH
IHUURHOHFWULFLW\� �JLJDQWLF� VSRQWDQHRXV� SR�
ODUL]DWLRQ� 3�� LV� SRVVLEOH� GXH� WR� WKH� DGGL�
WLRQDO� GLVSODFHPHQW� RI� R[LGH� LRQV� WKDW� EH�
ORQJ�WR�IHUURPDJQHWLF�FKDLQ��

7KH� EXFNOLQJ� �*G)H2�� W\SH�� GLVWRUWLRQSUHVHQW� LQ� WKH� RUWKRUKRPELF� SHURYVNLWHV
SOD\V�D�FUXFLDO�UROH�LQ�IHUURHOHFWULFLW\�JHQHU�
DWLQJ�LQ�RXU�QHZ�PDJQHWLF�SKDVH��7KH�EXFN�
OLQJ� UHGXFHV� HIIHFWLYHO\� WKH� +DPLOWRQLDQ
V\PPHWU\�DOWKRXJK�LW�LV�VWLOO�LQYDULDQW�ZLWK
UHVSHFW� WR� WKH� LQYHUVLRQ� V\PPHWU\� FHQWHUV
ORFDWHG�DW�HDFK�0Q�VLWH��7KH�)(�SRODUL]DWLRQ
HPHUJHV� RQO\� GXH� WR� WKH� VSRQWDQHRXV� V\P�
PHWU\� YLRODWLRQ� FDXVHG� E\� WKH� PDJQHWLF
RUGHU� �(�SKDVH��� )RU� &(� VWUXFWXUH�� WKH� SR�
ODUL]DWLRQ� RI� �'� XQLW� FHOOV� EHFRPHV� ]HUR�
+RZHYHU�� IRU� WKH�PDJQHWLF� VWUXFWXUH� EDVHG
RQ� ��u��� FKDLQV�� WKH� VSRQWDQHRXV� SRODUL]D�
WLRQ� YHFWRU� 3� LV� DJDLQ� GLIIHUHQW� IURP� ]HUR
�)LJ������ $VVXPLQJ� WKDW� GLVSODFHPHQW� RI
R[LGH� LRQV�KHUH�UHPDLQV�XQFKDQJHG� LQ�FRP�
SDULVRQ�ZLWK�(�VWUXFWXUH��LW�LV�HDV\�WR�VKRZ
WKDW�3��u��� �3��u�����DQG�IRU�WKH�PDQJDQ�
LWH� /D���&D���0Q2���3� �����Ü��P&�FP��� )RU
WKH�PDJQHWLF�VWUXFWXUH�RQ�WKH�EDVLV�RI���u��
FKDLQV��RI�WKH�VSRQWDQHRXV�SRODUL]DWLRQ�YHF�
WRU�3�EHFRPHV�]HUR�DJDLQ�

7KH� WKUHH�GLPHQVLRQDO� PDJQHWLF� VWUXF�
WXUHV� EDVHG� RQ� WKH� OHVV� V\PPHWULFDO� PDJ�
QHWLF� VWUXFWXUHV� ZLWK� WKH� VDPH� QXPEHU� RI

)LJ�����'HQVLW\�RI�VWDWHV�IRU�WKH���u���FKDLQ�)LJ�����0DJQHWLF�VWUXFWXUH�FRQVLVWLQJ�RI���u��
]LJ]DJ� )0� FKDLQV� ZLWK� ���� �� DWRPV� SHU� �'
XQLW� FHOO� DQG� ���� ��� DWRPV� SHU� �'� XQLW� FHOO�
7KLV� W\SH� RI�PDJQHWLF� �'�XQLW� FHOO�ZDV� � RE�
VHUYHG�LQ�QHXWURQ�VWXGLHV�RI�/D���&D���0Q2��
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DWRPV� LQ� WKH� RQH�GLPHQVLRQDO�XQLW� FHOO� FRQ�
WDLQ�D�ODUJH�QXPEHU�RI�DWRPV�LQ�WKH��'�XQLW
FHOO� DQG� ZHUH� QRW� REVHUYHG� GXULQJ� WKH� H[�
SHULPHQW� LQ� WKH�PDQJDQLWHV�� 6R�� D� �'� ��'�
XQLW� FHOO� RI� WKH� PDJQHWLF� VWUXFWXUHV� ZKLFK
FRUUHVSRQG�� IRU� H[DPSOH�� WR� WKH� ��u��� DQG
��u�u�u��� FKDLQV� FRQWDLQV� ��� ����� DWRPV�
)XUWKHUPRUH��WKHLU�HQHUJ\�H[FHHGV�FRQVLGHU�

DEO\� WKDW� RI� PDJQHWLF� VWUXFWXUH� EDVHG� RQ
V\PPHWULFDO� FKDLQ� ��u���� 7KH� ODWWHU� DVVHU�
WLRQ�UHODWHV�DOVR�WR�WKH�PDJQHWLF�VWUXFWXUHV
RQ�WKH�EDVLV�RI�FKDLQV�ZLWK�WKH�RGG�QXPEHU
RI�DWRPV�LQ��'�XQLW�FHOO�

5HIHUHQFHV
� ���-�*RRGHQRXJK��3K\V��5HY�������������������
� ���(�2�:ROODQ�� :�&�.RHKOHU�� 3K\V��5HY��� ����

�����������
� ���,�9�6RORY\HY��.�7HUDNXUD��3K\V��5HY��/HWW������

������������
� ���-�YDQ� GHQ� %ULQN�� *�.KDOLXOOLQ�� '�.KRPVNLL�

3K\V��5HY��/HWW�������������������
� ���7�+RWWD��0�0RUDJKHEL��$�)HLJXLQ�HW�DO���3K\V�

5HY��/HWW���������������������
� ���$�0XQR]�� 0�7�&DVDLV�� -�$�$ORQVR� HW� DO��

,QRUJ��&KHP�������������������
� ���,�$�6HUJLHQNR�� &�6HQ�� (�'DJRWWR�� 3K\V��5HY�

/HWW���������������������
� ���+�.DWVXUD�� 1�1DJDRVD�� $�9�%DODWVN\�� 3K\V�

5HY��/HWW�����������������������
� ���,�$�6HUJLHQNR�� (�'DJRWWR�� 3K\V��5HY��%�� ���

�������������
����0�0RVWRYR\��3K\V��5HY��/HWW���������������������
����6�0�'XQDHYVN\��9�9�'HULJOD]RY��3K\V��5HY��%�

������������������
����3�*�5DGDHOOL��'�(�&R[��/�&DSRJQD�HW�DO���3K\V�

5HY��%�������������������
����6�0�'XQDHYVN\�� 9�9�'HULJOD]RY�� 3K\V��6ROLG

6WDWH�����������������

vË�ÓË�ºËãË}�¯Ò}È���ãË�ºmÈÓÒ²�äÈÓ�ÈÓL�È²
v�l�i�ÓÈ¼m°	}Ò®

|�ºmº¯
¼�	°«� äºÎãÒmL°�	� ¹º«mÒ� °¹ºÓ�ÈÓÓº�º� ËãË}�¯Ò�Óº�º� äºäËÓ��� c� �°Ë�ÓË�º�
ËãË}�¯Ò}Ò�� m� ÈÓ�ÒÁË¯ºäÈ�ÓL�Óºä�� �LËãË}�¯Ò�Óºä�� °�ÈÓL� ãË�ºmÈÓÒ²� äÈÓ�ÈÓL�Lm
/D�±[&D[0Q2��� sÈãÒÎËÓÓ«� °Òã	Óº�º� Ïm�«Ï}�� �È� ¹º�mL®ÓÒ®� ºäLÓÓÒ®� �ÈäLã	�ºÓLÈÓ� ÏÓË°}LÓ�ËÓÓº�°Òã	Óº
�mãÈ°Óº
�mÏÈ¼äº�L¼
�t�Ó�È�ÏÈ°�º°ºm�
�	°«��ã«�º�Ò°ãËÓÓ«�°¹Ë}��
¯È�HJ�ËãË}�¯ºÓLm���äÈÓ�ÈÓL�È²��ã«�¯LÏÓÒ²�äÈ�ÓL�ÓÒ²�°�¯�}��¯��«}L�°}ãÈ�È
�	°«�Ï�ÁË¯º�äÈ�ÓL�ÓÒ²�ÏÒ�ÏÈ�º¹º�LÓÒ²�°¹LÓºmÒ²�ãÈÓ�
�Lm��«}L�m}ã
�È
�	�mL���mº²��º�mº°	äÒ�°¹LÓLm
ÓÈ� º�Ó�� º�ÓºmÒäL¯Ó�� ËãËäËÓ�È¯Ó��}ºäL¯}��� ~ÓÈ®�ËÓº� ÏÓÈ�ËÓÓ«�}ºÓ�ËÓ�¯È�L�� Óº°L�m�²�
¹¯Ò�«}Ò²�m�ÈÓ�ÒÁË¯ºäÈ�ÓL�ÓÒ²�äÈÓ�ÈÓL�È²�/D�±[&D[0Q2����º�äL°�«�	�mÒ�ËÏ�È�ÈÓL�ãÈÓ��
�Ò�� äºÎË� mÒÓÒ}È�Ò� ÏºÓÓÒ®� LÏºã
mÈã	ÓÒ®� °�ÈÓ�� sÈ� �º�È�º}� �º� mL�ºäÒ²� °¹Ë}�¯Lm
ãÈÓ�
�Lm� ��u����È� ��u����m¹Ë¯�Ë�º�Ë¯ÎÈÓº�°¹Ë}�¯��ã«�ÏÒ�ÏÈ�º¹º�LÓº�º�ãÈÓ�
�È� ��u���
�¯ÒmÒäL¯ÓÈ�ËãËäËÓ�È¯ÓÈ�}ºäL¯}È��«}È�m}ã
�È¼��Ë®��Ò¹�ãÈÓ�
�Lm��È�äL°�Ò�	����È�ºäÒ
äÈ¯�ÈÓ�
���ºÏmºã«¼�}º¯Ë}�Óº�«}L°Óº�º¹Ò°È�Ò�È�ºäÓL��È�äÈ�ÓÒ�ÓL�°�¯�}��¯Ò���äÈÓ�ÈÓL�L
/D���&D���0Q2��� �� �L®� äÈ�ÓL�ÓL®� °�¯�}��¯L� �«}� L� m�p�ÁÈÏL�� äºÎË� mÒÓÒ}È�Ò� �L�ÈÓ�°	}È°¹ºÓ�ÈÓÓÈ�¹ºã«¯ÒÏÈ�L«�c�«}�ÓÈ°ãL�º}��º�È�}ºmº�º�ÏäL�ËÓÓ«�º}°Ò�ÓÒ²�LºÓLm��«}L�ÓÈãË�
ÎÈ�	��º�ÁË¯ºäÈ�ÓL�ÓÒ²�ãÈÓ�
�Lm�
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