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FU\VWDOV� RI� GLIIHUHQW� PRUSKRORJLFDO� W\SHV� DV� D� UHVXOW� RI� DXWRHSLWD[LDO� JURZWK� RXW� RI
DPRUSKRXV�SKDVH�DV�ZHOO�DV�DW�D�UDQGRP�FRQWDFWV�WKHUHRI�
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7KH� DXWRHSLWD[\� LV� D� NLQG� RI� HSLWD[\�
ZKHQ� WKH� RULHQWHG� JURZLQJ� RI� FU\VWDOOLQH
PDWWHU� WDNHV� SODFH� RQ� D� VLQJOH�FU\VWDO� VXE�
VWUDWH� RI� WKH� VDPH�PDWHULDO��7KLV�SKHQRPH�
QRQ� ILQGV� D� ZLGH� DSSOLFDWLRQ� LQ� WHFKQRORJ\
RI� VHPLFRQGXFWRU� HOHFWURQLFV� DW� JURZLQJ� RI
WKLQ� ILOPV�RI�*H��6L��*D$V� DQG�RWKHU� VHPL�
FRQGXFWRUV� RQ� VLQJOH�FU\VWDO� VXEVWUDWHV
PDGH�IURP�WKH�VDPH�PDWHULDOV�>�@��7KH�YHU�
VLRQV� RI� LWV�PDQLIHVWDWLRQ� DUH� VWXGLHG� FRP�
SUHKHQVLYHO\� HQRXJK� DW� WKH� FU\VWDOOL]DWLRQ
RI�D�PDWWHU�ERWK�IURP�D�JDVHRXV�VWDWH��FRQ�
GHQVDWLRQ� RI� YDSRUL]HG� PDWWHU� RQ� D� VXE�
VWUDWH� LQ� YDFXXP��� DQG� IURP� D� OLTXLG� VWDWH
�GHSRVLWLRQ� RI� PDWWHU� IURP� OLTXLG� VROXWLRQV
RU�PHOWV�� >�@��$W� WKH� VDPH� WLPH�� WKH� LQIRU�
PDWLRQ� RQ� DXWR�HSLWD[\� UHDOL]DWLRQ� YDUL�
DWLRQV� DW� WKH� FU\VWDOOL]DWLRQ� RXW� RI� DPRU�
SKRXV� VWDWH� DUH� UDWKHU� VFDQW\�� $W� SUHVHQW�

WKH� DPRUSKRXV� VWDWH� RI�PDWWHU� LV� WKH�PRVW
HIILFLHQW� SUHFXUVRU� LQ� WKH� QDQR�VWUXFWXUH
V\QWKHVLV� >�@�� 7KXV�� WKH� SK\VLFDO� FKDUDF�
WHULVWLFV�RI�D�ILOP��FRDWLQJ��DIWHU�LWV�IXOO�RU
SDUWLDO� FU\VWDOOL]DWLRQ� GHSHQGV� QRW� RQO\� RQ
WKH�FU\VWDO� VL]H�� EXW� DOVR�RQ�RULHQWDWLRQ�UH�
ODWLRQV� EHWZHHQ� LQGLYLGXDO� QDQRFU\VWDOV�
WKDW� GHILQHV� WKH� JUDLQ� ERXQGDU\� VWUXFWXUH�
7KH� JUDLQ� ERXQGDULHV� DUH� IRUPHG� ERWK� DW
FRQWDFWLQJ� RI� FU\VWDOOLQH� JUDLQV� ZLWK� DUEL�
WUDU\� RULHQWDWLRQV� JURZLQJ� LQ� DPRUSKRXV
PDWUL[�� DQG�DW� UHJXODU�JURZWK�RI�RQH�FU\V�
WDO�RQ�D�ODWHUDO�VXUIDFH�RI�RWKHU�FU\VWDO��L�H�
GXULQJ� DXWRHSLWD[\�� 7KHUHIRUH�� D� FRPSUH�
KHQVLYH�LQYHVWLJDWLRQ�RI�WKH�DXWRHSLWD[\�RXW
RI�DPRUSKRXV�VWDWH�DQG�RI�RULHQWDWLRQ�UHOD�
WLRQV� EHWZHHQ� FRQWDFWLQJ� QDQRFU\VWDOV� LV
UDWKHU�DFWXDO�QRZ�
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6HYHUDO�H[DPSOHV�RI�DXWRHSLWD[\�RI�&U�2�DQG� 9�2�� FU\VWDOV� DW� DQQHDOLQJ� RI� DPRU�SKRXV�PHWDO�R[\JHQ� ILOPV� DUH�PHQWLRQHG� LQ
>�@� DQG� >�@�� UHVSHFWLYHO\�� ,Q� WKHVH� ZRUNV�
VWXGLHG�KDYH�EHHQ�WKH�UHJXODULWLHV�RI�VWUXF�
WXUH� IRUPDWLRQ�DQG�FU\VWDOOL]DWLRQ� LQ�DPRU�
SKRXV�&U±2�DQG�9±2�ILOPV�REWDLQHG�E\�ODVHU
VSXWWHULQJ� RI� FKURPLXP� DQG� YDQDGLXP� LQ
R[\JHQ� DWPRVSKHUH�� ,I� WKH� DPRUSKRXV
VWRLFKLRPHWULF�&U±2� ILOP�LV�IRUPHG��WKHQ� LW
FU\VWDOOL]HV� XQGHU� DQQHDOLQJ� XQGHU� IRUPD�
WLRQ� RI�&U�2�� QDQRFU\VWDOV� RI�ZLWK� KH[DJR�QDO� FU\VWDO� ODWWLFH��7KH�9�2��FU\VWDOV�JURZ�LQJ� XQGHU� KHDWLQJ� LQ� DPRUSKRXV
VWRLFKLRPHWULF� 9±2� ILOPV� KDYH� D� VLPLODU
VWUXFWXUH�DQG�PRUSKRORJ\�
$W� WKH� LQLWLDO� WUDQVIRUPDWLRQ� VWDJH� LQ

DPRUSKRXV� &U�2�� ILOPV�� WKH� FU\VWDOV� RIWKUHH� EDVLF� PRUSKRORJLFDO� W\SHV� JURZ� >�@�
URXQGHG�� WKUHDG�OLNH� DQG� FUHVFHQW�OLNH
VKDSHV��7KH�URXQGHG�FU\VWDOV�DUH�DOZD\V�RUL�
HQWHG�ZLWK�D�EDVLF�SODQH� ������&U�2��SDUDO�OHO� WR�WKH�ILOP�VXUIDFH��7KH�WKUHDG�OLNH�DQG
FUHVFHQW�OLNH� FU\VWDOV� DUH� RULHQWHG� VR� WKDW
WKH�GLIIHUHQW�FU\VWDO�SODQHV�PD\�EH�SDUDOOHO
WR� WKH� ILOP� VXUIDFH� �LQFOXGLQJ� VLWXDWLRQ
ZKHQ� WKH� ������ &U�2�� SODQHV� DUH� RULHQWHGSDUDOOHO� WR� WKH� ILOP� VXUIDFH��� ,Q� WKH� HOHF�
WURQ�PLFURVFRSLF� LPDJHV� RI� VXFK� FU\VWDOV�
QXPHURXV� RI� EHQW� H[WLQFWLRQ� FRQWRXUV� DUH
REVHUYHG� WKDW� HYLGHQFHV� D� FRPSOH[� GLVWRU�
WLRQ�RI�WKH�FU\VWDO�ODWWLFH�
7KH�DLP�RI�WKLV�ZRUN�FRQVLVWV�LQ�LQYHVWL�

JDWLRQ� RI� WKH� DXWRHSLWD[\� SKHQRPHQRQ� DW
FU\VWDOOL]DWLRQ� RXW� RI� DPRUSKRXV� VWDWH� LQ�
FOXGLQJ���L��HOHFWURQ�PLFURVFRSLF�UHVHDUFK�RI
HYROXWLRQ� RI� PDLQ� PRUSKRORJLFDO� W\SHV� RI
&U�2�� DQG� 9�2�� FU\VWDOV� GXULQJ� WKHLUJURZWK�LQ�DQ�DPRUSKRXV�PDWUL[�EHLQJ�FU\V�
WDOOL]LQJ�XQGHU� DQQHDOLQJ�� DQG� �LL�� GHWHUPL�
QDWLRQ� RI� WKH�PDLQ� RULHQWDWLRQ� UHODWLRQV� DW
FRQMXQFWLRQ�RI�FU\VWDOV�RI�GLIIHUHQW�PRUSKR�
ORJLFDO�W\SHV�
7KH�KLJK�SXULW\�FKURPLXP�DQG�YDQDGLXP

WDUJHWV�ZHUH� VSXWWHUHG� E\� QDQRVHFRQG� ODVHU
UDGLDWLRQ� SXOVHV� �k,*�� 1G���� ZDYHOHQJWK
�����PP�� LQ� R[\JHQ� DWPRVSKHUH� XQGHU
�����3D� SUHVVXUH�� 7KH� SXOVH� UHSHWLWLRQ� IUH�
TXHQF\� Q� ���� +]�� 7KH� SURGXFWV� RI� ODVHU
HURVLRQ� ZHUH� FRQGHQVHG� RQ� VXEVWUDWHV� DW
URRP� WHPSHUDWXUH��:H� KDYH� XVHG� ERWK� RUL�
HQWLQJ�VXEVWUDWHV� LQ� WKH� IRUP�RI�.&O�VLQJOH
FU\VWDOV�FOHDYHG�DORQJ�FOHDYDJH�SODQHV�������
DQG� QHXWUDO� VXEVWUDWHV� LQ� WKH� IRUP� RI� .&O
VLQJOH�FU\VWDOV�FRDWHG�ZLWK�D�WKLQ��WUDQVSDU�
HQW�IRU�DQ�HOHFWURQ�EHDP��ILOP�RI�DPRUSKRXV
FDUERQ��7KH�ILOPV�ZKHUH�VHSDUDWHG�IURP�WKH
VXEVWUDWH� LQ�GLVWLOOHG�ZDWHU�DQG�WUDQVIHUUHG
RQWR� WKH� REMHFW� JULGV�� 7KH� SKDVH� WUDQVLWLRQ

IURP� DPRUSKRXV� VWDWH� LQWR� FU\VWDOOLQH� RQH
ZDV� LQLWLDWHG�E\� ORFDO� KHDWLQJ�RI� D� VHOHFWHG
DUHD� RI� DQ� DPRUSKRXV� ILOP� E\� DQ� HOHFWURQ
EHDP�LQ�WKH�HOHFWURQ�PLFURVFRSH�FROXPQ���LQ
VLWX��WHFKQLTXH��

0RUSKRORJ\� RI� QDQRFU\VWDOV�� 7KH� ORFDO
KHDWLQJ�RI�DQ�DPRUSKRXV�ILOP�DUHD�E\�HOHF�
WURQ� EHDP� LQLWLDWHV� D� KRPRJHQHRXV� QXFOHD�
WLRQ� RI� D� WKUHDG�OLNH� FU\VWDOV� �°U\VWDO� �� LQ
)LJ���È��� 7KH� FUHVFHQW�OLNH� FU\VWDOV� DUH
IRUPHG� GXULQJ� EHQGLQJ� RI� WKUHDG�OLNH� FU\V�
WDOV� �FU\VWDO� �� LQ� )LJ���È��� ,I� WKH� FUHVFHQW�
OLNH� FU\VWDOV� LV� RULHQWHG� ZLWK� D� EDVDO� SODQH
������ SDUDOOHO� WR� WKH� ILOP� VXUIDFH�� WKHQ� LW
JURZV�DQG�EHQWV�DORQJ�D�FLUFOH�DUF�RI��:KHQ
WKH�FU\VWDO� WLSV� FRPH� LQ�D�FRQWDFW�ZLWK�RQH
DQRWKHU� DQG� JURZ� WRJHWKHU�� WKDQ� WKH� ULQJ�
VKDSHG� VSKHUXOLWH� FU\VWDO� �UROO�� VKRZQ� LQ
)LJ���E� ZLOO� EH� IRUPHG�� 7KH� URXQGHG� FU\V�
WDOV� PD\� QXFOHDWH� ERWK� LQ� WKH� IUHH� VWDWH
�FU\VWDO� �� LQ� )LJ���È��� DQG� LQ� ERXQG� VWDWH�
KHWHURJHQHRXVO\� RQ� D� ODWHUDO� VXUIDFH� RI� D
WKUHDG�OLNH�RU�FUHVFHQW�OLNH�FU\VWDO��

)LJ����� 7KH� FU\VWDOOL]DWLRQ� RI� DPRUSKRXV
&U�2��ILOP���È���7KH�PDLQ�PRUSKRORJLFDO�W\SHVRI�FU\VWDOV�����WKUHDG�OLNH�����FUHVFHQW�OLNH����
URXQGHG�� �E��� 5LQJ�VKDSHG� FU\VWDO�� �F��� 7KH
ILQDO� VWDJH� RI� ILOP� FU\VWDOOLVDWLRQ�� 7KH� EHQW
H[WLQFWLRQ� FRQWRXUV� DUH� GLVWLQFWO\� VHH� LQ� DOO
PLFURSKRWRV��D�FRQWUDVW�VWUHDNLQHVV���7KH�FRQ�
WUDVW� LQ� DOO� HOHFWURQ� GLIIUDFWLRQ� SDWWHUQV� LV
LQYHUWHG�
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$W� WKH� ILQDO� WUDQVIRUPDWLRQ� VWDJH�� WKH
PDLQ�SDUW�RI�WKH�ILOP�FU\VWDOOLQH�SKDVH�FRQ�
VLVWV� RI� MRLQW� FU\VWDOV� KDYLQJ�RULJLQDOO\� WKH
URXQGHG� IRUP� �)LJ���F��� ,Q� WKLV� FDVH�� WKH
FU\VWDO�YDFXXP� LQWHUIDFH� KDV� WKH�PLQLPXP
HQHUJ\� DQG� LV� UHSUHVHQWHG� E\� WKH� �����
SODQHV�ZLWK�WKH�VPDOOHVW�0LOOHU�LQGLFHV�

$XWRHSLWD[\�� 7KH� PDLQ� FRQMXQFWLRQ� YHU�
VLRQV� RI� FU\VWDOV� RI� GLIIHUHQW� PRUSKRORJ\
W\SHV� EHLQJ� REVHUYHG� DW� WKH� FU\VWDOOL]DWLRQ
RI� DPRUSKRXV� VWRLFKLRPHWULF� &U�2�� DQG9�2�� ILOPV� DUH� VXPPDUL]HG� LQ� WKH� 7DEOH�

7KH� 7DEOH� LQFOXGHV� ERWK� YHUVLRQV� UHJXODU
RYHUJURZWK�RI�RQH�FU\VWDO�RQ�WKH�VXUIDFH�RI
RWKHU� RQH� �DXWRHSLWD[LDO� JURZWK��� DQG� DUEL�
WUDU\� OLQNLQJ� DW� WKH� FRQWDFWLQJ�� 7KH� FULWH�
ULRQ�RI�UHJXODULW\�IRU�FU\VWDO�RYHUJURZLQJ�LV
WKH�FRLQFLGHQFH�RI�FHUWDLQ�SODQHV�DQG�GLUHF�
WLRQV�� XVXDOO\� FU\VWDOORJUDSKLF� VLPSOH� RQHV�
RI� WKH� RYHUJURZLQJ� FU\VWDO� DQG� FU\VWDO�VXE�
VWUDWH�>�@��
7KH� DXWRHSLWD[LDO� RYHUJURZWK� RI� D

URXQGHG� FU\VWDO� RQ� D� ODWHUDO� IDFH� RI� D
WKUHDG�OLNH� FU\VWDO� LV� SUHVHQWHG� LQ� )LJ���D

)LJ�����$XWRHSLWD[\�DW�FU\VWDOOL]DWLRQ�RI�DPRUSKRXV�&U�2��ILOP��2ULHQWDWLRQ�RYHUJURZWK�RI�URXQGHGFU\VWDO� ���� DORQJ� ODWHUDO� VXUIDFH� RI� D� WKUHDG�OLNH� FU\VWDO� ����� �È��� 3DUDOOHO� RULHQWDWLRQ� UHODWLRQ
������>���@�����������>���@���URZ���RI�WKH�7DEOH����E���8QSDUDOOHO�RULHQWDWLRQ�UHODWLRQ���

BB����>���@����������>���@�� �URZ���RI�WKH�7DEOH���-RLQLQJ�RI�WKH�FU\VWDOV���DQG���WDNHV�SODFH�DIWHU� LWV�FRQWDFWLQJGXULQJ�WKHLU�JURZWK�DQG�LV�QRW�DXWRHSLWD[LDO�
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�URZ� �� RI� WKH� 7DEOH��� $� SDUDOOHO� DOLJQPHQW
LQ�WKLV�FDVH�WDNHV�SODFH�

������>���@���������>���@�� ���
7KH�DXWRHSLWD[LDO�RYHUJURZWK�LQ�XQSDUDO�

OHO�DOLJQPHQW� LV�VKRZQ�LQ�)LJ���E� �URZ���RI
WKH�7DEOH���$W�D�ODWHUDO�DUHD�RI�D�WKUHDG�OLNH
FU\VWDO� ��� D� URXQGHG� FU\VWDO� �� RULJLQDWHV
DQG�JURZV�GHHS� LQWR�DPRUSKRXV�SKDVH��7KH
GLUHFW� DQG� UHSHDWHG� HOHFWURQ�PLFURVFRSH� RE�
VHUYDWLRQV� �LQ� VLWX�� KDYH� VKRZQ�WKDW� WKH
WDQJHQWLDO� JURZWK� UDWH� RI� WKHFU\VWDO� �� LQ�
FUHDVHV�ZKHQ� LW�UHDFKHV�D�ODWHUDO�VXUIDFH�RI
DQRWKHU�WKUHDG�OLNH�FU\VWDO����%HWZHHQ�FU\V�
WDOV���DQG����WKH�IROORZLQJ�RULHQWDWLRQ�UHOD�
WLRQ�WDNHV�SODFH�
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7KH� RULHQWDWLRQ� UHODWLRQ� ���� DOVR� FRUUH�
VSRQGV� WR� FRLQFLGHQFH� RI� FU\VWDO�
ORJUDSKLFDOO\� VLPSOH� SODQHV� DQG� GLUHFWLRQV
RI� WKH� RYHUJURZLQJ� FU\VWDO� �FU\VWDO� ��� DQG
FU\VWDO�VXEVWUDWH� �FU\VWDO� ���� $W� D� UDQGRP�
PHFKDQLFDO� FRQWDFW� GXULQJ� WKH� JURZWK� RI
WKUHDG�OLNH� FU\VWDO� DQG� URXQGHG� IRUP� FU\V�
WDO�� WKH� SDUDOOHOLVP� RI� FU\VWDOORJUDSKLFDOO\
VLPSOH�SODQHV�DQG�GLUHFWLRQV�PD\�QRW�EH�RE�
VHUYHG� �IRU�H[DPSOH��IRU�FU\VWDO���DQG��� LQ
)LJ���E��
$� VLPLODU�NLQG�RI� FRQMXQFWLRQ�EHWZHHQ�D

WKUHDG�OLNH� FU\VWDO� DQG� URXQGHG� FU\VWDO� RI
&U�2��LV�VKRZQ�LQ�)LJ�����$W�D�KHDWLQJ�RI�DILOP� ZLWK� DQ� HOHFWURQ� EHDP�� WKUHDG�OLNH
FU\VWDO� �� LQLWLDOO\� KRPRJHQHRXVO\� QXFOHDWHV
DQG�JURZV�LQ�DPRUSKRXV�PDWUL[��7KH�LQWHU�
SUHWDWLRQ�RI�D�VHOHFWHG�DUHD�GLIIUDFWLRQ�SDW�
WHUQ��ZLWK�]RQH�D[OH�>�

BB
��@��KDV�VKRZQ��WKDW

WKH�SODQHV���
BB
����&U�2��DUH�RULHQWHG�SDUDOOHO

WR� WKH� ILOP� VXUIDFH�� DQG� WKH� ORQJ�D[LV� RI� D
WKUHDG�OLNH�FU\VWDO�LV�GLUHFWHG�DORQJ�>���

BB
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�URZ� �� LQ� WKH� 7DEOH��� 7KH� QXFOHDWLRQ� DQG
JURZWK� RI� D� URXQGHG� FU\VWDO� �� WDNHV� SODFH
QHDU�WKH�ODWHUDO�VXUIDFH�RI�WKH�FU\VWDO����$W
WKH� FRQWDFW� EHWZHHQ� FU\VWDOV� �� DQG� ��� WKH
IROORZLQJ�RULHQWDWLRQ�UHODWLRQ�WDNHV�SODFH���
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,I�WKH�ODWWLFH�RULHQWDWLRQ�RI�WKH�FU\VWDO��
LV�WDNHQ�DV�D�EDVLV��WKHQ�WKH�ODWWLFH�RULHQWD�
WLRQ�RI�WKH�FU\VWDO���LV�REWDLQHG�DIWHU�UHDOL]D�
WLRQ� RI� IROORZLQJ� RSHUDWLRQV�� ����5RWDWLRQ� RI
WKH�FU\VWDO���ODWWLFH�E\�DQJOH�E�� ��������E��LVWKH� DQJOH� EHWZHHQ� D[HV� >�

BB
��@� DQG� >���@�

DURXQG�WKH�D[OH�>���
BB
���@�������)XUWKHU�URWD�WLRQ� E\� DQJOH� E�� ������� DURXQG� >���@�7KXV��LQ�WKH�FDVH�RI�RULHQWDWLRQ�UHODWLRQ�����

WKHUH� LV� QR� SDUDOOHOLVP� RI� FU\VWDO�

)LJ����� -RLQLQJ� RI� WKH� WKUHDG�OLNH� ���� DQG� RI
URXQGHG� IRUP� ���� FU\VWDOV� RI� &U�2��� $IWHUWKHLU�FRQWDFWLQJ�WDNHV�SODFH�WKH�IROORZLQJ�RUL�
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ORJUDSKLFDOO\\� VLPSOH� SODQHV� DQG� GLUHFWLRQV
EHWZHHQ�FRQMXQFWLQJ�FU\VWDOV�
7KH�URZV���DQG���RI�WKH�7DEOH�FRUUHVSRQG

WR� DXWRHSLWD[\�YHUVLRQV� REVHUYHG� EHIRUH� EH�
WZHHQ� WKH� PDLQ� PRUSKRORJLFDO� IRUPV� RI
&U�2��>�@�DQG�9�2��>�@�QDQRFU\VWDOV�7KXV��LQ�WKH�PRVW�FDVHV�DW�FU\VWDOOL]DWLRQ
LQ� WKH� DPRUSKRXV� PDWUL[�� D� KRPRJHQHRXV
QXFOHDWLRQ� RI� WKUHDG�OLNH� FU\VWDOV� RI� &U�2�LQ� DUELWUDU\� RULHQWDWLRQV� RFFXUV�� 7KH� FUHV�
FHQW�OLNH�FU\VWDOV�DUH�IRUPHG�GXULQJ�EHQGLQJ
RI� WKUHDG�OLNH� FU\VWDOV�� $W� WKH� ODWHUDO� VXU�
IDFH� RI� D� WKUHDG�OLNH� FU\VWDOV� DQG� FUHVFHQW�
OLNH�FU\VWDOV��WKH�URXQGHG�FU\VWDOV�PD\�KHW�
HURJHQHRXVO\� QXFOHDWH�� 7KH� PDLQ� OLQNLQJ
NLQGV� RI� WZR� PDLQ� PRUSKRORJLFDO� W\SHV
�WKUHDG�OLNH� FU\VWDOV� DQG� URXQGHG� RQHV�� DUH
GHWHUPLQHG��'XULQJ�FU\VWDOOL]DWLRQ�RI�DPRU�
SKRXV� ILOPV�� ERWK� D� UHJXODU� RYHUJURZWK� RI
RQH� FU\VWDO� DW� WKH� RWKHU� RQH� �DXWRHSLWD[LDO
JURZWK��� DQG� DUELWUDU\� MRLQLQJ� WKHUHRI� DW
FRQWDFWLQJ�� $W� WKH� ILQDO� WUDQVIRUPDWLRQ
VWDJH��WKH�PDLQ�DPRXQW�RI�WKH�ILOP�FU\VWDO�
OLQH�SKDVH�LV�SUHVHQWHG�E\�URXQGHG�FU\VWDOV�
,Q�WKLV�FDVH��WKH�VXUIDFH�HQHUJ\�RI�WKH�FU\V�

WDO�YDFXXP� LQWHUIDFH� LV� SUHVHQWHG� ZLWK
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