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5HFHLYHG�2FWREHU���������
7KH�.HUU� URWDWLRQ�� VWHDGLO\� DQG� OLQHDUO\� LQFUHDVLQJ� LQ�PDJQHWLF� ILHOG�ZDV� REVHUYHG� LQ

WKH�&R�&X�PXOWLOD\HUHG� ILOPV� DW� WKH�&X� OD\HU� WKLFNQHVV� SURYLGLQJ� WKH� H[WUHPH� H[FKDQJH
FRXSOLQJV�EHWZHHQ�WKH�&R�OD\HUV��7KH�HQKDQFHPHQW�RI�WKH�.HUU�HIIHFW�LQ�PDJQHWLF�ILHOG�LV
VXSSRVHG�WR�EH�FDXVHG�E\�LQFUHDVH�RI�WKH�HOHFWURQ�GHQVLW\�DW�WKH�)HUPL�OHYHO�DW�WKH�&R�&X
LQWHUIDFHV�EHFDXVH�RI�K\EULGL]DWLRQ�RI�WKH�G��&R��DQG�VS��&X��HOHFWURQLF�VWDWHV�VXEMHFWHG�WR
WKH�TXDQWXP�VL]H�HIIHFW�LQ�WKH�&X�OD\HUV�
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)RU� UHFHQW� \HDUV�� DWWHQWLRQ� RI� QXPHURXV
UHVHDUFK�JURXSV�KDV�EHHQ�IRFXVHG�RQ�VWXGLHV
RI�XOWUD�WKLQ�ILOPV�ZKLFK�H[KLELW�SURSHUWLHV
HVVHQWLDOO\�GLIIHUHQW�IURP�WKRVH�RI�EXON�PD�
WHULDOV� >�@�� 7KH� LQWHUHVW� LQ� WKH� FRPSUHKHQ�
VLYH�VWXG\LQJ�WKHUHRI�LV�FDXVHG��ILUVW�RI�DOO�
E\� WKH� JLDQW� PDJQHWRUHVLVWDQFH� �*05�� HI�
IHFW�GLVFRYHUHG�LQ�PXOWLOD\HUHG�ILOPV�RI�IHU�
URPDJQHWLF�QRUPDO� �)0�10��PHWDO� W\SH� LQ
WKH� ODWH� ����V� >�@�� 7KH� *05� SURSHUWLHV� RI
PXOWLOD\HUHG� ILOPV� PDNH� LW� SRVVLEOH� WR� XVH
WKHP�LQ�PDJQHWLF�ILHOG�VHQVLWLYH�VHQVRUV�>�@�
ZKLFK�DUH�XVHG�DV� UHDG�KHDGV�RI�KDUG�GLVFV
>�@�� 7KHVH� PDWHULDOV� DOVR� DUH� SURPLVH� IRU
VSLQWURQLFV� GHYLFHV�� IRU� LQVWDQFH�� LQ� D� QHZ
W\SH� RI� FRPSXWHU� PHPRU\� ZLWK� PDJQHWLF
WXQQHO� MXQFWLRQV� >�@�� VSLQ�SRODUL]HG� FXUUHQW
GULYHQ� PDJQHWL]DWLRQ� VZLWFKLQJ� GHYLFHV�
QDQRVFDOH� VRXUFHV� RI� UDGLR�IUHTXHQF\� UDGLD�
WLRQ�>����@��,Q�PDQ\�FDVHV��WKH�GLIIHUHQFH�LQ
WKH� SURSHUWLHV� RI� WKH� XOWUD� WKLQ� ILOPV�ZLWK

UHVSHFW�WR�WKRVH�RI�WKH�EXON�PDWHULDOV�LV�GXH
WR�PRGLILHG�HOHFWURQLF�VWUXFWXUH�RI�WKH�WKLQ
ILOP� >�@�� 2QH� RI� WKH� UHDVRQV� IRU� WKHVH
FKDQJHV� LV� WKH� TXDQWXP� VL]H� HIIHFW� �46(�
DULVLQJ�ZKHQ�HYHQ�RQH�RI�WKH�REMHFW�JHRPHW�
ULFDO� GLPHQVLRQV� LV� FRPSDUDEOH�ZLWK� WKH� GH
%URJOLH� ZDYHOHQJWK� RI� FRQGXFWLYLW\� HOHF�
WURQV�� 6XEVWDQWLDO� FKDQJHV� RI� HOHFWURQLF
VSHFWUXP� DOVR� RFFXU� DW� LQWHUIDFHV� RI�PXOWL�
OD\HUHG� ILOPV� GXH� WR� K\EULGL]DWLRQ� RI� HOHF�
WURQLF�VWDWHV�LQ�DGMDFHQW�PHWDO�OD\HUV�
$PRQJ� SK\VLFDO� SURSHUWLHV� VHQVLWLYH� WR

YDULDWLRQV� RI� WKH� HOHFWURQLF� VSHFWUD� LQ�PXO�
WLOD\HUHG�V\VWHPV��WKHUH�DUH�PDJQHWR�RSWLFDO
RQHV�� )RU� LQVWDQFH�� WKH� REVHUYHG� VSRQWDQH�
RXV�SRODU�.HUU�HIIHFW�RVFLOODWLRQV�DV�D�IXQF�
WLRQ� RI� WKH� 10� PHWDO� OD\HU� WKLFNQHVV� LQ
$X�ZHGJH�&R�� )H�$X�ZHGJH�)H� DQG� )H�$J�
ZHGJH�)H� ILOPV� ZHUH� DVFULEHG� WR� 46(� >��
��@�� $PSOLWXGHV� RI� WKRVH� .HUU� HIIHFW
FKDQJHV� DPRXQWHG� XS� WR� ��� ��� ,W� ZDV
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VKRZQ� WKDW� WKH� LQIOXHQFH� RI� WKH� HOHFWURQLF
VWDWHV� K\EULGL]DWLRQ� RQ� WKH� HOHFWURQ� EDQG
VWUXFWXUH�RI�LQWHUIDFHV�LQ�WKH�PXOWLOD\HUV�LV
UHIOHFWHG�LQ�VRPH�FDVHV�DOVR�DV�DQ�DGGLWLRQDO
PDJQHWR�RSWLFDO� �02�� UHVSRQVH� >������@�� ,Q
>��@�� WKH� ILHOG�LQGXFHG� .HUU� HIIHFW� LQ� WKH
$X�5X�ZHGJH�&R� V\VWHP� KDV� EHHQ� UHSRUWHG�
2VFLOODWLRQV� RI� WKH� �SDUDPDJQHWLF�PDJQHWR�
RSWLFDO�.HUU�HIIHFW��DV�D�IXQFWLRQ�RI�WKH�5X
OD\HU�ZHUH� WKLFNQHVV�H[SODLQHG�E\�D�FRQVLG�
HUDEO\� LQFUHDVLQJ� SDUDPDJQHWLF� VXVFHSWLELO�
LW\� RI� WKH�5X� OD\HU� FRQGXFWLRQ� HOHFWURQV� DW
WKH� FHUWDLQ�5X� WKLFNQHVV�FDXVHG�E\� LQFUHDV�
LQJ�RI�WKH�HOHFWURQLF�GHQVLW\�RI�VWDWHV�DW�WKH
)HUPL� OHYHO�RI�5X�ZKHQ�TXDQWXP�ZHOO�UHVR�
QDQFH�VWDWHV�DSSURDFK�WKH�5X�)HUPL�OHYHO�
,Q�WKLV�ZRUN��WKH�ORQJLWXGLQDO�.HUU�HIIHFW

KDV� EHHQ� LQYHVWLJDWHG� LQ� D� VHULHV� RI
&R���c��&X�G&X�� PXOWLOD\HUV� ZLWK� GLIIHUHQWWKLFNQHVV� RI� WKH� &X� OD\HUV�� 7KH� OLQHDU� LQ
PDJQHWLF� ILHOG� HQKDQFHPHQW� RI� .HUU� URWD�
WLRQ�DW�LQFUHDVLQJ�FRSSHU�OD\HU�WKLFNQHVV�KDV
EHHQ� ILUVW� UHYHDOHG� LQ� WKH� &R�&X� PXOWLOD\�
HUHG�V\VWHP��7KH�VSRQWDQHRXV�.HUU�URWDWLRQ
YDULHV�DOVR�DV�WKH�FRSSHU�OD\HU�WKLFNQHVV�LQ�
FUHDVHV�� 7KH� HQKDQFHPHQW� PHFKDQLVPV� RI
WKH� ILHOG�LQGXFHG� DQG� WKH� VSRQWDQHRXV�.HUU
HIIHFWV� DUH� VXSSRVHG� WR� EH� RI� D� VLPLODU� QD�
WXUH�� 7KRVH� DUH� FRQQHFWHG�PRVW� OLNHO\� ZLWK
K\EULGL]DWLRQ� RI� WKH� &R� DQG� &X� HOHFWURQLF
VWDWHV� DW� WKH�&R�&X� LQWHUIDFHV� VXEMHFWHG� WR
WKH�TXDQWXP�VL]H�HIIHFW�LQ�WKH�&X�OD\HUV�
7KH� ILOPV� ZHUH� GHSRVLWHG� E\� DOWHUQDWH

FRQGHQVDWLRQ� RI� &R� DQG� &X� PHWDOV� RQWR� D
PLFD� �IOXRURIORJRSLWH�� VXEVWUDWH�� 7KH� PDJ�
QHWURQ�VSXWWHULQJ�LQ�D�YDFXXP�VHWXS�DW�WKH
UHVLGXDO� SUHVVXUH� RI� a��Ü�� 7RUU� ZDV� XVHG�
'XULQJ�VSXWWHULQJ��DUJRQ�SUHVVXUH�ZDV�NHSW
IL[HG� DW� ������Ü�� 7RUU�� &RQGHQVDWLRQ� UDWHV
RI� &R� DQG� &X� OD\HUV� ZHUH� ������ DQG
������ QP�V�� UHVSHFWLYHO\�� $W� ILUVW�� WKH� &X
EXIIHU� OD\HU� ��� QP��ZDV� GHSRVLWHG� RQWR� WKH
PLFD� VXEVWUDWH�� 7KHQ� WKH�&R� OD\HU� DQG� WKH
��� LGHQWLFDO�&X�&R�ELOD\HUV�ZHUH�GHSRVLWHG�
7KH� XSSHU� &X� OD\HU� WKLFNQHVV� LQ� DOO� WKH
ILOPV�ZDV������QP��7KLFNQHVVHV�RI�DOO�PDJ�
QHWLF�&R� OD\HUV��G&R��ZHUH� LQYDULDEOH� LQ� DOOWKH� ILOPV�DQG�HTXDO� WR�����QP��7KLFNQHVVHV
RI� WKH�&X� OD\HUV��G&X��H[FHSW� IRU� WKH�XSSHU&X� OD\HU�� ZHUH� LGHQWLFDO� LQ� HDFK� ILOP� EXW
GLIIHUHQW� LQ� YDULRXV� ILOPV�� 7KH� G&X� YDOXHZDV� YDULHG� IURP� ���� WR� �� QP� DW� D� VWHS� RI
���Ü���� QP� LQ� WKH� ILOP� VHULHV�� 7KH� OD\HU
WKLFNQHVV� ZDV� GHWHUPLQHG� EDVLQJ� RQ� WKH
VSXWWHULQJ� GXUDWLRQ�� FDOLEUDWHG� E\�PXOWLSOH
OLJKW� EHDP� LQWHUIHURPHWU\�� ,Q� DFFRUGDQFH
ZLWK�WKH�HOHFWURQ�PLFURVFRSH�PHDVXUHPHQWV�
HDFK�ILOP�KDV�SRO\FU\VWDOOLQH�VWUXFWXUH�ZLWK
WKH�FROXPQDU�JUDLQV�H[WHQGHG�DORQJ�WKH�QRU�

PDO� WR� WKH� ILOP� VXUIDFH�� 7KH� &R� DQG� &X
OD\HUV� RI� WKH� PXOWLOD\HUHG� JUDLQV� KDG� IFF
VWUXFWXUHV� ZLWK� WKH� FU\VWDOORJUDSKLF� IFF
������ SODQHV� RI� &R� DQG� &X� SDUDOOHO� WR� WKH
ILOPV� VXEVWUDWH�� /DWHUDO� GLPHQVLRQV� RI� WKH
FROXPQDU�JUDLQV�LQ�WKH�ILOPV�ZHUH�IURP���WR
��� QP�� ,Q� VSLWH� RI� WKH� IDFW� WKDW� WKH� &R
OD\HUV�KDYH�FU\VWDOORJUDSKLF�DQLVRWURS\�ZLWK
�HDV\�D[LV��>���@��PDJQHWLF�PRPHQWV�RI�WKH
&R�OD\HUV�DUH�RULHQWHG�SDUDOOHO�WR�WKH�OD\HUV
SURYLGLQJ�WKH�HQHUJ\�PLQLPXP�LQ�WKDW�ZD\�
7KH� PDJQHWLF� ILHOG� GHSHQGHQFH� RI� WKH

.HUU�URWDWLRQ�ZDV�H[DPLQHG� LQ� WKH� ORQJLWX�
GLQDO�FRQILJXUDWLRQ��7KH�PDJQHWLF�ILHOG�ZDV
SDUDOOHO�WR�WKH�ILOP�SODQH�DQG�SDUDOOHO�WR�WKH
OLJKW� LQFLGHQFH� SODQH�� 7KH� HOHFWULF� ILHOG� RI
WKH� SODQH�SRODUL]HG� LQFLGHQW� OLJKW� ZDV� RUL�
HQWHG� WUDQVYHUVHO\� WR� WKH� OLJKW� LQFLGHQFH
SODQH��(V�SRODUL]DWLRQ���7KH� OLJKW�DQJOH�ZDVDERXW� ��� GHJ�� 7KH�PHDVXUHPHQWV�ZHUH� FDU�
ULHG� RXW� LQ� WKH� PDJQHWR�RSWLFDO� VHWXS� DW
URRP�WHPSHUDWXUH�RI� WKH� VDPSOHV�XVLQJ� WKH
PRGXODWLRQ� PHWKRG�� 7KH� ZRUNLQJ� PDWHULDO
RI�WKH�)DUDGD\�PRGXODWRU�ZDV�WKH�ELVPXWK�
LURQ�\WWULXP�JDUQHW��7KH�OLJKW�VRXUFH�ZDV�D
+H±1H� ODVHU� �O� �������QP���7KH�PD[LPXP
DYDLODEOH� ILHOG�ZDV� ����� N2H��7KH�PHDVXUH�
PHQW� HUURU�ZDV� DERXW� ��Ü��GHJ��7KH�GHYLD�
WLRQ� RI� WKH� ILOP� SODQH� IURP� WKH� PDJQHWLF
ILHOG�YHFWRU�GLUHFWLRQ�GLG�QRW�H[FHHG���GHJ�
7KH� OLJKW� EHDP� DYHUDJH� GLDPHWHU� RQ� WKH
VDPSOH�GLG�QRW�H[FHHG�����PP��
7KH� PDJQHWLF� ILHOG� GHSHQGHQFHV� RI� WKH

.HUU� URWDWLRQ� KDG� K\VWHUHWLF� FKDUDFWHU� DW
WKH�ILHOG�s�����2H�IRU�DOO�WKH�ILOPV��H[FHSW
IRU�WKH�ILOP�ZLWK�WKH�FRSSHU�OD\HU�WKLFNQHVV
G&X� ����� QP�� 7KH� K\VWHUHVLV� ORRS� VKDSHVZHUH�GHSHQGHQW�RQ�WKH�ILHOG�GLUHFWLRQ�RULHQ�
WDWLRQ�LQ�WKH�ILOP�SODQH��7KH�K\VWHUHVLV�ORRS
ZLGWK�ZDV�YDULHG�ZLWK�WKH�SHULRG�RI�����GHJ
GXULQJ� WKH� ILOP� URWDWLRQ� DERXW� WKH� QRUPDO
WKHUHWR��7KLV�WHVWLILHV�WR�WKH��HDV\�D[LV��DQ�
LVRWURS\� LQ� WKH� ILOP� SODQH�� 7KH� FRHUFLYH
ILHOGV�GR�QRW�H[FHHG����2H��7KH�FXUYHV�T�+�
ZHUH� LQGHSHQGHQW�RI�WKH�PDJQHWLF�ILHOG�RUL�
HQWDWLRQ� LQ� WKH� ILOP� SODQH� DW� s!����2H�
+HUH�� ZH� IRFXV� RXU� DWWHQWLRQ� RQ� WKH� .HUU
URWDWLRQ�T�EHKDYLRU�LQ�WKH�ILOPV�ZLWK�GLIIHU�
HQW� WKLFNQHVV�RI� WKH�&X� OD\HUV� LQ�WKH�ILHOGV
s!����2H�
$SSURDFKLQJ� RI� WKH� FXUYHV� T�+�� WR�PDJ�

QHWLF�VDWXUDWLRQ�DUH�GLIIHUHQW�IRU�ILOPV�KDY�
LQJ�GLIIHUHQW�&X�OD\HU�WKLFNQHVV��$OPRVW�DOO
WKH� ILOPV� UHDFK� WKH�PDJQHWLF� VDWXUDWLRQ� DW
WKH� ILHOG� +� ��� WR� �� N2H�� H[FHSW� IRU� WKH
ILOPV�ZLWK�WKH�&X�OD\HU�WKLFNQHVV�G&X� ����������� DQG� ���� QP� �)LJV���� DQG� ���� 7KH
FXUYHV� T�+�� IRU� WKHVH� ILOPV� DUH� IDU� IURP
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VDWXUDWLRQ� VWDWH� DW� WKH� PD[LPXP� DYDLODEOH
ILHOG� ����� N2H�� 7KHVH� FXUYHV� DUH� VKRZQ� LQ
)LJV���� DQG��� LQ� FRPSDULVRQ�ZLWK� WKRVH� IRU
WKH� ILOPV� ZLWK� G&X� ����� QP�� ���� QP�� DQG����QP��DV�DQ�H[DPSOH��,W�LV�QRWLFHDEOH�WKDW
WKH�FXUYH�T�+��IRU�WKH�ILOP�ZLWK�G&X� �����QPKDV� SURPLQHQW� OLQHDU� ULVH� RI� T� LQ� WKH� ILHOG
UDQJH�IURP���N2H�WR������N2H��6ORSHV�RI�WKH
OLQHDU�SDUWV��GT�G+��RI�WKH�FXUYHV�T�+��IRU
DOO� ILOPV� DUH� VKRZQ� LQ� )LJ����� 7KH� KLJKHVW
SHDN� RI� GT�G+� LV� REVHUYHG� LQ� WKH� DQK\V�
WHUHWLF� ILOP�&R�&X� �����QP�� DQG� WKH� VPDOO�
HVW� RQH�� LQ� WKH� ILOP� &R�&X������ QP��� 7KH
QRWLFHDEOH� OLQHDU� ULVH� T�+�� RFFXUUHG� DOVR� LQ
WKH�ILOP�&R�&X�����QP��
/HW� XV� FRQVLGHU� WKH� SRVVLEOH� UHDVRQV� IRU

WKH�REVHUYHG�OLQHDU�ULVH�RI�T� LQ�KLJK�ILHOGV�
7KH�OLQHDU�LQ�ILHOG�ULVH�RI�T�PLJKW�KDYH�EHHQ
FRQQHFWHG�ZLWK�WKH�PDJQHWL]DWLRQ�SURFHVV�RI
WKH� $)0�FRXSOHG� &R� OD\HUV�� 7KH� IDFW� WKDW
WKH�PD[LPD� RI�GT�G+�G&X�� DUH� REVHUYHG� DWWKH� &X� OD\HU� WKLFNQHVV� G&X� ����� DQG����QP��FRUUHVSRQGLQJ�WR�WKH�PD[LPD�RI�WKH
$)0�H[FKDQJH�FRXSOLQJ�EHWZHHQ�WKH�)0�&R
OD\HUV� LQ� WKH� &R�&X� V\VWHP� >������@�� UH�
TXLUHV�WR�FKHFN�WKLV�DVVXPSWLRQ��,Q�FRQQHF�
WLRQ�ZLWK�WKH�IDFW� WKDW� WKH�DQLVRWURS\� ILHOG
LQ�WKH�ILOP�SODQH�GRHV�QRW�H[FHHG����2H��WKH
VSLQ�IOLS� ILHOG� IRU� WKH� OD\HU� PDJQHWLF� PR�
PHQWV� �+IOLS��ZLOO� EH�GHILQHG�PDLQO\� E\� WKHH[FKDQJH� FRQVWDQW� DQG� WKH�)0� OD\HU� WKLFN�
QHVV�G)0�>��@�

+IOLS� ���Q���-Q,G)0 � ���

+HUH�,�LV�WKH�&R�OD\HU�PDJQHWL]DWLRQ��-��WKH
H[FKDQJH�FRXSOLQJ�HQHUJ\�SHU�XQLW�DUHD��7KH
VDWXUDWLRQ�PDJQHWL]DWLRQ�RI�WKH�&R�OD\HUV�DW

WKH� WKLFNQHVV� G&R� ����� QP� LV� DERXW� ����*>��@��WKH�H[FKDQJH�FRQVWDQW�-�LQ�WKH�VHFRQG
PD[LPXP� RI� WKH� $)0� H[FKDQJH� FRXSOLQJ
�G&X� ����� QP�� EHWZHHQ� &R�OD\HUV� LQ
&R�&X�&R� ILOPV� LV�ZLWKLQ� WKH� UDQJH� RI�����
WR� ����� HUJ�FP�� >������@�� DQG� WKH� IOLSSLQJ
ILHOG� GRHV� QRW� H[FHHG� �� N2H�� %XW� LQ� WKH
&R�&X����� QP�� ILOP�� WKH� .HUU� URWDWLRQ� T
DQG��FRQVHTXHQWO\��WKH�PDJQHWL]DWLRQ�GR�QRW
UHDFK�WKH�VDWXUDWLRQ�VWDWH�HYHQ�DW�WKH�PD[L�
PXP� DYDLODEOH� ILHOG� ����� N2H� �)LJ����� ���
0RUHRYHU��GT�G+z��DW�+!��N2H�LV�REVHUYHG
DOVR�LQ�WKH�ILOP�ZLWK�WKH�&X�OD\HU�WKLFNQHVV
G&X� ������ QP�� FRUUHVSRQGLQJ� WR� WKH�PD[L�PXP�RI� WKH�)0�H[FKDQJH�FRXSOLQJ�EHWZHHQ
&R�OD\HUV�

7KH� OLQHDU� LQ� ILHOG� ULVH� RI� T� FDQ� EH� FRQ�
QHFWHG� DOVR�ZLWK� WKH� FRQWULEXWLRQ�RI�DQ�DG�
GLWLRQDO� PDJQHWR�RSWLFDO� .HUU� HIIHFW� IURP
WKH� FRQGXFWLRQ� HOHFWURQV� RI� WKH� &X� OD\HUV�
7KLV� FRQWULEXWLRQ� LV� VXSSRVHG� WR� EH� FDXVHG
E\�WKH�HQKDQFHG�SDUDPDJQHWLF�VXVFHSWLELOLW\
RI� WKH� FRQGXFWLRQ� HOHFWURQV�� ,Q� DFFRUGDQFH
ZLWK�WKH�6WRQHU�FULWHULRQ��WKH�3DXOL�SDUDP�
DJQHWLF� VXVFHSWLELOLW\� RI� WKH� FRQGXFWLRQ
HOHFWURQV� �Fc�� FDQ� EH� LQFUHDVHG� GXH� WR� HQ�KDQFHG�SURGXFW�RI�WKH�DWRPLF�H[FKDQJH�LQWH�
JUDO� �-È�� DQG� WKH� GHQVLW\�RI�VWDWHV� � DW� WKH)HUPL�OHYHO��1)��>��@�
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F6W� LV� WKH� HQKDQFHG� SDUDPDJQHWLF� VXVFHSWL�ELOLW\� RI� WKH� FRQGXFWLRQ� HOHFWURQV�� 7KH
DWRPLF� H[FKDQJH� LQWHJUDO� IRU� FRSSHU� LQ� WKH
&X� OD\HUV� LV� XQOLNHO\� WR� EH� FKDQJHDEOH� FRQ�
VLGHUDEO\�� EHFDXVH�-È�&X�� LV� FORVH� WR�-D� IRU

)LJ����� 7KH� PDJQHWLF� ILHOG� GHSHQGHQFHV� RI
.HUU� URWDWLRQ� IRU� WKH� PXOWLOD\HUV
&R�����QP��&X����� QP��� &R�����QP��&X�����QP�
DQG�&R�����QP��&X�����QP��

)LJ����� $EVROXWH� YDOXH� RI� .HUU� URWDWLRQ� IRU
&R�&X� ILOPV� ZLWK� G&X� ���� QP�� ���� QP�� DQG����� QP� DV� D� IXQFWLRQ� RI� WKH�PDJQHWLF� ILHOG
VWUHQJWK�
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DOO�)0�PHWDOV� >��@��ZKLOH� WKH�1)�&X��YDOXHFRXOG� EH� FKDQJHG� LQ� WKH� WKLQ� &X�OD\HUV� RI
WKH�&R�&X�PXOWLOD\HU�ILOPV��EHFDXVH�RI�HOHF�
WURQLF� GHQVLW\� UHGLVWULEXWLRQ� LQ� WKH� HQHUJ\
VSHFWUXP� >�@�� 7KH� REWDLQHG� YDOXH
GT�G+|����Ü�� GHJ�N2H� IRU� WKH� ILOP
&R�&X����� QP�� H[FHHGV� WKH� H[SHFWHG� RQH
�a������Ü�� GHJ�N2H�� WDNLQJ� LQWR� DFFRXQW
>��@��IRU�WKH�ORQJLWXGLQDO�HIIHFW�LQ�WKH�EXON
FRSSHU� E\� PRUH� WKDQ� RQH� RUGHU�� 7KXV�� LQ
DFFRUGDQFH� ZLWK� WKH� H[SUHVVLRQ� ����� WR� H[�
SODLQ� WKH� REVHUYHG� OLQHDU�LQ�ILHOG� HQKDQFH�
PHQW� RI� WKH� .HUU� HIIHFW� LQ� WKH
&R�&X����� QP��� &R�&X������ QP�� DQG
&R�&X����� QP�� ILOPV� E\� WKH� SDUDPDJQHWLF
VXVFHSWLELOLW\� HQKDQFHPHQW� RI� WKH� FRQGXF�
WLRQ�HOHFWURQV�LQ�WKH�&X�OD\HUV��WKH�GHQVLW\�
RI�VWDWHV�DW�WKH�)HUPL�OHYHO�LQ�WKH�&X�OD\HUV
VKRXOG�EH�LQFUHDVHG�PRUH�WKDQ�E\�RQH�RUGHU�
7KH� HOHFWURQ� GHQVLW\�RI�VWDWHV� DW� WKH

)HUPL�OHYHO�LQ�&X�OD\HUV�RI�WKH�PXOWLOD\HUHG
&R�&X� V\VWHP� FDQ� EH� LQFUHDVHG� GXH� WR� WKH
TXDQWXP�VL]H�HIIHFW��ZKHQ�WKH�TXDQWXP�ZHOO
UHVRQDQFH� VWDWHV� UHDFK� WKH� )HUPL� OHYHO� RI
&X�� ,Q� >��@�� WKH� RVFLOODWLRQV�RI� WKH��SDUDP�
DJQHWLF�.HUU�VXVFHSWLELOLW\�� �VORSH�RI� OLQHDU
LQ� ILHOG� SDUWV� RI� T�+��� LQ� WKH� WKUHH�OD\HUHG
$X�5X�ZHGJH�&R� V\VWHP� DV� D� IXQFWLRQ� RI
WKH�5X� OD\HU� WKLFNQHVV� LV� H[SODLQHG� E\� MXVW
WKDW� PHFKDQLVP�� 7KH� PD[LPD� RI� WKH
�SDUDPDJQHWLF�.HUU�VXVFHSWLELOLW\��ZHUH�RE�
VHUYHG�DW�WKH�5X�OD\HU�WKLFNQHVVHV�WKH�$)0
H[FKDQJH� LQWHUDFWLRQ�EHWZHHQ� WKH�&R� OD\HUV
LQ� WKH� &R�5X�&R� VDQGZLFKHG� V\VWHP�� $V
PHQWLRQHG� DERYH�� WKH� PD[LPD� RI� WKH� $)0
H[FKDQJH� FRXSOLQJ� EHWZHHQ� WKH� )0�&R� OD\�
HUV� LQ� WKH� &R�&X� V\VWHP� DUH� REVHUYHG
DURXQG� G&X� ����� DQG� ���� QP� >��@�� ,W� LVNQRZQ� WKDW� H[FKDQJH� FRXSOLQJ� EHWZHHQ� WKH
)0�OD\HUV�DULVHV�ZLWK�IRUPDWLRQ�RI�WKH�VSLQ�
SRODUL]HG�TXDQWXP�ZHOO�VWDWHV�DQG�WKH�PD[�
LPD� RI� WKH� LQGLUHFW� H[FKDQJH� FRXSOLQJ� DUH
REVHUYHG� ZKHQ� WKH� TXDQWXP�ZHOO� VWDWHV
FURVV�WKH�)HUPL�OHYHO�>��@��6R��WKH�IDFW�WKDW
WKH� REVHUYHG� OLQHDU�LQ�ILHOG� ULVH� RI�T� LQ� WKH
PXOWLOD\HUHG� &R�����QP��&X� V\VWHP� DW� WKH
&X� OD\HU� WKLFNQHVV� G&X� ����� QP�� �����QPDQG�����QP��FRUUHVSRQGLQJ� WR�WKH�H[FKDQJH
FRXSOLQJ�PD[LPD�� FDQ� WHVWLI\� WKH�46(� DV� D
FDXVH� RI� WKH� SHDNV� GT�G+� LQ� GT�G+�G&X�GHSHQGHQFH�� +RZHYHU��1)� LV� XQOLNHO\� WR� EHLQFUHDVHG�E\�RQH�RUGHU�GXH�WR�WKH�46(�RQO\�
,QFUHDVH� LQ� WKH� HOHFWURQLF� GHQVLW\�RI�

VWDWHV� � DW� WKH�)HUPL� OHYHO� DW� WKH�&R�&X� LQ�
WHUIDFHV�PD\�EH�FDXVHG�DOVR�E\�K\EULGL]DWLRQ
RI� WKH� &X� VS�HOHFWURQ� VWDWHV� ZLWK� WKH� &R
G�HOHFWURQ�VWDWHV��%HVLGHV�� LW� LV�QDWXUDOO\�WR

H[SHFW� FKDQJHG� RSWLFDO� DQG�PDJQHWR�RSWLFDO
FRQVWDQWV�DW�WKH� LQWHUIDFHV�GXH�WR�FKDQJLQJ
RVFLOODWRU� VWUHQJWKV� RI� WKH� RSWLFDO� WUDQVL�
WLRQV��&DOFXODWLRQV�RI�PDJQHWR�RSWLFDO�SURS�
HUWLHV� RI�PXOWLOD\HUHG�)0�10�ILOPV� WDNLQJ
LQWR� DFFRXQW� WKH� K\EULGL]DWLRQ� RI� WKH� HOHF�
WURQLF� VWDWHV� DW� WKH� LQWHUIDFHV� KDYH� VKRZQ
WKDW� WKH� VSRQWDQHRXV�PDJQHWR�RSWLFDO� SURS�
HUWLHV� DUH� KHDYLO\� GHSHQGHQW� RQ� WKH�TXDOLW\
RI� WKH� LQWHUIDFHV� >��������������@�� ,W� LV
NQRZQ� WRR�� WKDW� WKH� VSDFH� GLVWULEXWLRQ� RI
WKH� FRQGXFWLRQ� HOHFWURQ� VSLQ� GHQVLW\� LQ� WKH
SUHVHQFH�RI�46(�FDQ�LQIOXHQFH�WKH�VWUXFWXUH
DQG� SURSHUWLHV� RI� WKH� 0/)� LQWHUIDFHV� >��Ü
��@��,Q�VHYHUDO�ZRUNV��LQIOXHQFH�RI�WKH�46(
RQ�WKH�DWRPLF�LQWHUOD\HU�VSDFLQJ�QHDU�LQWHU�
IDFHV� GXULQJ� VSXWWHULQJ� >��@�� RQ� WKH� ILOP
VXUIDFH� HQHUJ\� >��@� DQG� WKH� LVODQG� KHLJKW
>��@� GXULQJ� DQQHDOLQJ�� RQ� WZLQ� IRUPDWLRQ
>��@� DQG� RQ� WKH� PDJQHWLF� DQLVRWURS\� RI
ILOPV� >��@�KDV�EHHQ� UHYHDOHG��&RQVHTXHQWO\�
WKH�46(� LV� VXSSRVHG� WR� LQIOXHQFH� WKH� LQWHU�
IDFH� VWUXFWXUH� RI� WKH�&R�����QP��&X�PXOWL�
OD\HUV� ZLWK� G&X� ����� QP�� ����� QP� DQG���� QP� GXULQJ� VSXWWHULQJ� DQG� LW� UHVXOWV� LQ
LQFUHDVH� RI� WKH� HOHFWURQLF� GHQVLW\�RI�VWDWH
WKH� )HUPL� OHYHO� DW� WKH� LQWHUIDFHV�� 7KLV� FLU�
FXPVWDQFH�PD\�FDXVH�DQ�HQKDQFHG�SDUDPDJ�
QHWLF� VXVFHSWLELOLW\�RI� WKH� LQWHUIDFLDO�&R�&X
FRQGXFWLRQ� HOHFWURQV� DQG�� DW� ODVW�� WKH� HQ�
KDQFHPHQW�RI�WKH�SDUDPDJQHWLF�PDJQHWR�RS�
WLFDO�HIIHFWV�LQ�WKH�ILOPV��,I�WKLV�PHFKDQLVP
LV� FRQVLGHUHG� DV� WKH� PRVW� SUREDEOH�� OLQHDU
H[WUDSRODWLRQ�RI�WKH�T�+��IURP�KLJK�ILHOG�WR
+� ���FDQ�EH�DFFHSWHG�DV�D�FRUUHFW�GHWHUPL�
QDWLRQ�RI�WKH�VSRQWDQHRXV�.HUU�URWDWLRQ��TV��)LJ��������
7KH�&X�OD\HU�WKLFNQHVV�GHSHQGHQFH�RI�WKH

VSRQWDQHRXV�.HUU�URWDWLRQ� _TV_�G&X��LV�VKRZQLQ�)LJ����� ,W�FRQVLVWV�RI�D�PRQRWRQRXVO\�GH�
FUHDVLQJ� EDFNJURXQG� DQG� WKH� SURPLQHQW

)LJ�����&X�OD\HU� WKLFNQHVV� GHSHQGHQFH� RI� WKH
VORSH� RI� WKH� T�+�� FXUYHV� LQ� KLJK� ILHOGV
�+!���N2H��
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SHDNV� ������� FKDQJHV� RI� _TV_�� DW� G&X� ����DQG� ����� QP�� 7KH� VPDOO� PLQLPXP� DW
G&X� �����QP� LV� DOVR� QRWLFHDEOH�� 7KH� PRQR�WRQLF�GHFUHDVH�RI�_TV_�FDQ�EH�H[SODLQHG�E\�WKHOLJKW� DWWHQXDWLRQ� LQ� WKH�&X� OD\HUV�ZLWK� LQ�
FUHDVLQJ�WKLFNQHVV�RI�WKH�ODWWHU��7KH�H[SUHV�
VLRQ� ���� IRU� TV�G&X��� REWDLQHG� LQ� WKH� XOWUD�WKLQ� )0� OD\HUV� DSSUR[LPDWLRQ� XVLQJ� WKH
ZRUN�>��@��
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FDQ� EH� DSSOLHG� WR� ILW� WKH� REVHUYHG� EDFN�
JURXQG�VDWLVIDFWRU\��7KH�IXQFWLRQ�
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GHVFULEHV� PDLQO\� WKH� LQFLGHQFH� DQJOH� GH�
SHQGHQFH�RI�WKH�HIIHFW���
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WDNLQJ� LQWR� DFFRXQW� WKH�PDJQHWR�RSWLFDO� UH�
VSRQVH� DWWHQXDWLRQ� EHFDXVH� RI� LQFUHDVLQJ
OLJKW� SDWK� LQ� WKH� DEVRUELQJ�&X�PHGLXP� EH�
WZHHQ�WKH�HQWUDQFH�VXUIDFH�DQG�WKH�Q�WK�&R
OD\HU��7KH�DSSUR[LPDWLRQV�RI�WKH�H[SHULPHQ�
WDO�_TV_�G&X��GHSHQGHQFH�E\�WKH�H[SUHVVLRQ����DUH�VKRZQ�LQ�)LJ����DV�WKH�VPRRWK�GHFD\LQJ
OLQHV���DQG����7KH�DSSUR[LPDWLRQ�XVLQJ�WKH
RSWLFDO� FRQVWDQWV�RI�EXON�&R� DQG�&X� �H�&h� 
Ü�����ÜL������� >��@� DQG� H�&h� �Ü����ÜL�����>��@� Û� GLDJRQDO� DQG� RII�GLDJRQDO� FRPSR�
QHQWV�RI�WKH�&R�SHUPLWWLYLW\�WHQVRU��UHVSHF�
WLYHO\��1&X� ������L������ >��@� Û� WKH� FRP�
SOH[� UHIOHFWLYLW\� LQGH[� RI� &X�� LV� ODEHOOHG
ZLWK� ��� ,W� LV� VHHQ� IURP� )LJ���� WKDW� WKLV
VLPXODWLRQ� H[SODLQV� WKH� PRQRWRQRXV� GHFD\
RI�WKH�_TV_�G&X��GHSHQGHQFH�TXDOLWDWLYHO\��%XWD� PRUH� VDWLVIDFWRU\� DSSUR[LPDWLRQ� FDQ� EH
REWDLQHG� E\� FKDQJLQJ� RSWLFDO� SDUDPHWHUV� RI
&X� DQG�&R�� )RU� LQVWDQFH�� WKH� OLQH� �� LV� RE�
WDLQHG�LI�ZH�WDNH�1&X�DV������L����&RPSDULVRQ� RI� )LJ���� DQG� �� VKRZV� WKDW
WKH� SRVLWLRQV� RI� WKH� ILUVW� WZR� PD[LPD� RI
GT�G+�G&X�� GHSHQGHQFH� FRLQFLGH� ZLWK� WKRVHLQ� WKH� _TV_�G&X��RQH��7KH�PRVW� LQWHQVH�PD[L�PXP� RI� WKH� GT�G+�G&X�� FRLQFLGHV� ZLWK� WKHZHDN�PLQLPXP�RI�_TV_�G&X��RQH��7KH�FRUUHOD�WLRQ� EHWZHHQ� WKH� GT�G+�G&X�� DQG� _TV_�G&X�GHSHQGHQFHV� PD\� WHVWLI\� WKH� FRXSOLQJ� EH�
WZHHQ� WKH� RULJLQV� RI� WKH� GT�G+� SHDNV� DQG

WKH� TV� LQFUHDVH� DW� OHDVW� LQ� WZR� ILOPV&R�&X�����QP��DQG�&R�&X������QP��
7KH� TV� LQFUHDVH� LQ� 0/)V� FDQ� EH� GXH� WRVHYHUDO� UHDVRQV�� 7KH� VSRQWDQHRXV� PDJQHWR�

RSWLFDO� SURSHUWLHV�RI� WKH�PXOWLOD\HUHG� ILOPV
FDQ� EH� QRWLFHDEO\� HQKDQFHG� GXH� WR� WKH
FKDQJLQJ� RSWLFDO� SDUDPHWHUV� RI� WKH� LQWHU�
IDFHV�EHWZHHQ�10�DQG�)0�OD\HUV��FDXVHG�E\
HOHFWURQLF� VWDWHV� K\EULGL]DWLRQ� RI� WKH� DGMD�
FHQW� PHWDO� OD\HUV� >������@�� 7KH� FKDQJHV� RI
WKH�VSRQWDQHRXV�PDJQHWR�RSWLFDO�.HUU�HIIHFW
LQ� WKH�&R�&X�PXOWLOD\HUHG� ILOPV�GXH� WR� WKH
PRGLILHG� RSWLFDO� SDUDPHWHUV� RI� WKH� LQWHU�
IDFHV� DW� O� ������� QP� DWWDLQ� ���� �� >��@�
7KH� K\EULGL]DWLRQ� RI� DWRPLF� HOHFWURQLF
VWDWHV�RI�WKH�DGMDFHQW�10�DQG�)0�OD\HUV�LQ
0/)V� FDQ� LQIOXHQFH� WKH� VSLQ�RUELW� VSOLWWLQJ
RI� HOHFWURQLF� EDQGV� LQ� WKH� )0� OD\HU� >��@�
%XW�� WKLV� LV� XQDEOH� WR� FDXVH� DQ\� PDUNHG
FKDQJHV� LQ� WKH� 02� UHVSRQVH� EHFDXVH� RI
VPDOO�GLIIHUHQFH�EHWZHHQ�WKH�VSLQ�RUELW�FRX�
SOLQJ�RI�&X� DQG�&R� >��@��7KH�K\EULGL]DWLRQ
RI�&X�S� EDQG�ZLWK�&R�G� EDQG� FDQ� FDXVH�&X
SRODUL]DWLRQ� DW� WKH� &X�&R� LQWHUIDFHV�� %XW
WKH� &X� PDJQHWLF� PRPHQW� DPRXQWV� RQO\
����P{�>��@��IRU�WKH�&R�����QP��&X�����QP�PXOWLOD\HU��� LQ� FRQWUDVW�� WKH� &R� PDJQHWLF
PRPHQW� LQ� WKH� EXON� IFF� PDWHULDO� LV� DERXW
����P{� ������*� >��@���� 7KH�10� OD\HU�PDJ�QHWL]DWLRQ� LQ�0/)V� DOVR�PD\� EH� GXH� WR� WKH
LQWHUIHUHQFH�RI�WKH�VSLQ�SRODUL]HG�FRQGXFWLY�

)LJ�����([SHULPHQWDO��GDUN�FLUFOHV��DQG�FDOFX�
ODWHG� �VPRRWKO\� GHFD\LQJ� OLQHV�� &X� OD\HU
WKLFNQHVV� GHSHQGHQFH� RI� WKH� VSRQWDQHRXV
.HUU� URWDWLRQ� IRU� WKH� &R�����QP��&X�G&X�PXOWLOD\HUV��/LQH���� DSSUR[LPDWLRQ�E\�(T����
ZLWK� WKH� EXON� &R� DQG� &X� RSWLFDO� FRQVWDQWV
�H�&R� �Ü�����ÜL�������>��@�DQG�H�&R� �Ü����Ü
L������� Û� GLDJRQDO� DQG� RII�GLDJRQDO� FRPSR�
QHQWV� RI� WKH�&R� SHUPLWWLYLW\� WHQVRU�� UHVSHF�
WLYHO\��1&X� ������L������>��@�Û�WKH�FRPSOH[
UHIOHFWLYLW\� LQGH[�RI�&X���/LQH����DSSUR[LPD�
WLRQ� E\�(T�����ZLWK� WKH� FKDQJHG� FRPSOH[� UH�
IOHFWLYLW\�LQGH[�RI�&X�1&X� ������L����

,�0�/XNLHQNR�HW�DO����/LQHDU�LQFUHDVH�RI�WKH����

�� )XQFWLRQDO�PDWHULDOV�������������



LW\�HOHFWURQV� LQ�WKH�10�OD\HU��+RZHYHU��LWV
SRVVLEOH�YDOXHV��DERXW�����P{��FDOFXODWHG�IRU>&R�&X�����QP�@��� >��@�� DQG� DERXW� ����P{�H[SHULPHQWDOO\�REWDLQHG�IRU�>&R�&X���QP�@��>��@��DUH�PXFK�OHVV�WKDQ�a�����P{��EXON�&R��WRR�� 7KXV�� &X� SRODUL]DWLRQ� LQ� WKH� &R�&X
PXOWLOD\HUV�GXH�WR�ERWK�WKH�K\EULGL]DWLRQ�RI
WKH�&X� DQG�&R� VWDWHV� DW� WKH� LQWHUIDFHV� DQG
WKH� LQWHUIHUHQFH� RI� WKH� VSLQ�SRODUL]HG� FRQ�
GXFWLYLW\�HOHFWURQV� LQ�WKH�&X� OD\HU�PD\�HQ�
KDQFH�WKH�.HUU�HIIHFW�RQO\�E\�QR�PRUH�WKDQ
�����
,Q�VHYHUDO�ZRUNV��WKH�HQKDQFHPHQW�RI�WKH

VSRQWDQHRXV�.HUU�HIIHFW�LQ�WKH�$X�ZHGJH�&R
>�@��)H�$X�ZHGJHG�)H��DQG�)H�$J�ZHGJHG�)H
>��@�ILOPV�ZDV�REVHUYHG��7KH�DXWKRUV�SURYHG
WKDW� VXFK� SKHQRPHQRQ� ZDV� FDXVHG� E\� WKH
46(� LQIOXHQFH� RQ� WKH� HQHUJ\� VSHFWUXP� RI
WKH�10�OD\HU�DQG��FRQVHTXHQWO\��WKH�DSSHDU�
DQFH� RI� QHZ� PDJQHWR�RSWLFDO� WUDQVLWLRQV� WR
WKH� VSLQ�SRODUL]HG� TXDQWXP� ZHOO� VWDWHV� RI
10� PHWDO�� $V� WKH� 10� OD\HU� WKLFNQHVV� LQ�
FUHDVHV��WKH� LQWHQVLWLHV�RI�WKHVH�QHZ�WUDQVL�
WLRQV�RVFLOODWHG�SHULRGLFDOO\�DV�WKH�TXDQWXP
ZHOO� VWDWH� FURVVHV� WKH� )HUPL� OHYHO�� JLYLQJ
ULVH� WR� HQKDQFHPHQW� RI� WKH� .HUU� HIIHFW� E\
XS�WR�������
$PRQJ� WKH� FRQVLGHUHG� UHDVRQV� IRU� WKH

VSRQWDQHRXV�HQKDQFHPHQW�RI�02�SURSHUWLHV�
WKH�K\EULGL]DWLRQ�RI�DWRPLF�HOHFWURQLF�VWDWHV
LQ�DGMDFHQW�&X�DQG�&R�OD\HUV�LV�VHHPHG�WR�EH
WKH�PRVW� SUREDEOH� RQH�� ,W� KDV� WKH�PRVW� LQ�
IOXHQFH�RQ�WKH�02�UHVSRQVH�
,W� VKRXOG� EH� QRWHG� WKH� DEVHQFH� RI� WKH

.HUU� HIIHFW� VSLNH� DW� G&X� ����� QP�� 0RUH�RYHU�� DW� WKLV� WKLFNQHVV�� WKH�ZHDN�PLQLPXP
LQ� WKH� _TV_�G&X�� GHSHQGHQFH� LV� QRWLFHDEOH�6XFK� EHKDYLRU� LV� VXSSRVHG� WR� EH� FRQQHFWHG
ZLWK�WKH�SHFXOLDULWLHV�RI�WKH�LQWHUIDFH�VWUXF�
WXUH� EHWZHHQ� WKH� &R� DQG� &X� OD\HUV�� $V
VKRZQ� LQ� RXU� SUHYLRXV� ZRUN� >��@�� WKH� ILOP
&R�&X�����QP��KDV�SURQRXQFHG�VXSHUSDUDP�
DJQHWLF� SURSHUWLHV�� WHVWLI\LQJ� WKH� ZHDN� )0
FRXSOLQJ� EHWZHHQ� LWV� JUDLQV� DQG� WKH� VPDOO
)0� SLQKROH� DPRXQW� EHWZHHQ� WKH�&R� OD\HUV�
7KH� SDUWLFXODU� PDJQHWLF� DQG� PDJQHWR�RSWL�
FDO� SURSHUWLHV� RI� WKH� &R�&X����� QP�� DUH
OLNHO\�WR�EH�FRQQHFWHG�ZLWK�WKH�SHFXOLDULWLHV
RI� WKH� LQWHUIDFH� VWUXFWXUH� EHWZHHQ� WKH� &R
DQG� &X� OD\HUV� LQ� WKLV� ILOP�� FDXVHG� E\� WKH
NQRZQ� LQIOXHQFH� RI� WKH� 46(� RQ� WKH� VWUXF�
WXUH� DQG� SURSHUWLHV� RI� WKH�0/)V� LQWHUIDFHV
>��Ü��@��$V�PHQWLRQHG�DERYH��WKH�VSRQWDQH�
RXV�PDJQHWR�RSWLFDO�SURSHUWLHV�RI�WKH�PXOWL�
OD\HUHG�)0�10�ILOPV�GHSHQG�KHDYLO\�RQ�WKH
TXDOLW\�RI�WKH�LQWHUIDFHV�>��������������@�
7KXV�� WKH� PDJQHWLF� ILHOG� LQGXFHG� .HUU

URWDWLRQ� KDV� EHHQ� REVHUYHG� LQ� WKH� &R�&X

PXOWLOD\HUV�KDYLQJ�WKH�&X�OD\HU�WKLFNQHVVHV
HTXDO� WR� ����� ������ DQG� ���� QP�� SURYLGLQJ
WKH�H[WUHPH�$)0�RU�)0�H[FKDQJH�FRXSOLQJV
EHWZHHQ� WKH� &R� OD\HUV�� 7KH� .HUU� URWDWLRQ
DQJOH� LQFUHDVHV� LQ� PDJQHWLF� ILHOG� VWHDGLO\
DQG� OLQHDUO\� ZLWK� WKH� PDJQHWLF� ILHOG
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