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5HFHLYHG�-XO\��������
7KH� UHVXOWV� RI� WKH� -XGG�2IHOW� WKHRU\� DSSOLFDWLRQ� WR�3U��� GRSHG�<�6L2�� DUH� SUHVHQWHG�)RU�WKH�ILUVW�WLPH�IRU�WKLV�PDWUL[��WKH�:���:����:��SDUDPHWHUV�KDYH�EHHQ�GHWHUPLQHG�DQGUDGLDWLYH� OLIHWLPHV� RI� �3�� DQG� �'��PXOWLSOHW� VWDWHV� KDYH� EHHQ� FDOFXODWHG� EDVLQJ� RQ� WKRVHSDUDPHWHUV�� 7KH� OLIHWLPHV� REWDLQHG� DOORZ� WKH� VLJQLILFDQW� LQIOXHQFH� RI� WKH� FKDQQHOV� RI

QRQUDGLDWLYH� TXHQFKLQJ� IRU� WKH� �3�� VWDWH� WR� EH� UHYHDOHG�� $� PRUH� SUHFLVH� FRLQFLGHQFH� RIFDOFXODWHG�DQG�REVHUYHG�VSHFWURVFRSLF�FKDUDFWHULVWLFV�FDQ�EH�REWDLQHG�RQO\�ZKHQ�WDNLQJ�LQWR
DFFRXQW� WKH� LQIOXHQFH� RI��I�G� HOHFWURQ� VWDWHV� RQ��I�� HOHFWURQ� VKHOO� SURSHUWLHV� WKDW� LV�QRW
FRQVLGHUHG�LQ�WKH�IUDPHZRUN�RI�WKH�-XGG�2IHOW�WKHRU\��
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7ULYDOHQW� SUDVHRG\PLXP� LRQ� �3U���� LQ� D
VROLG� PDWUL[� H[KLELWV� D� FRPSOLFDWHG� HQHUJ\
OHYHO�VFKHPH�WKDW�UHVXOWV�LQ�HPLVVLRQ�ZLWKLQ
GLIIHUHQW� VSHFWUDO� UDQJHV�� 7KH� IHDWXUHV� RI
VSHFWUDO� FKDUDFWHULVWLFV� RI� 3U��� SURPRWH� LWV
DSSOLFDWLRQ�LQ�ODVHUV�>�@��LQ�PHPRU\�FHOOV�RI
IXWXUH�RSWLFDO�FRPSXWHUV�>�@��DQG�LQ�,5�YLV�
LEOH�XS�FRQYHUWHUV��7KH� VSHFWUDO� FRLQFLGHQFH
EHWZHHQ� RQH� RI� WKH� RSWLFDO� WUDQVLWLRQV� RI
GRSHG�3U���LQ�D�<�6L2��FU\VWDO�DQG�DQ�DUJRQODVHU� JHQHUDWLRQ� ZDYHOHQJWK� ���� QP�� 2SWL�
FDO� SURSHUWLHV� RI� 3U��� DUH� JRYHUQHG� E\� WKH
LQQHU�ZHOO�VFUHHQHG��I�� HOHFWURQ�VKHOO��(OHF�
WURVWDWLF� LQWHUDFWLRQ� EHWZHHQ� HOHFWURQV� LQ
WKLV� VKHOO� IRUPV�/6� WHUPV� �+�� �)�� �*�� �'�
�3�� �,�� DQG� �6��'XH� WR� VSLQ�RUELW� FRXSOLQJ�
/6� WHUPV� DUH� VSOLW� LQWR� -� PXOWLSOHWV�� 7KH
FU\VWDO� ILHOG� FDXVHV� -� PXOWLSOHW� VSOLWWLQJ
LQWR� 6WDUN� FRPSRQHQWV�� ,Q� D� UHDO� H[SHUL�
PHQW��ZH�FDQ�REVHUYH�DV�D�UXOH�WKH�HPLVVLRQ

IURP� WKH� 6WDUN� FRPSRQHQWV�� 6\PPHWU\� DQG
FU\VWDO� ILHOG� VWUHQJWK� RI� D� PDWUL[� GRSHG
ZLWK�3U��� LRQV�GHILQH� WKH�GHWDLOV� RI� WKH� HQ�
HUJ\�OHYHOV�VFKHPH�DQG�PHWDVWDELOLW\�RI�GLI�
IHUHQW� OHYHOV�� (DFK� FU\VWDO� GRSHG�ZLWK�3U��
LRQV� H[KLELWV� LWV� RZQ� IHDWXUHV� RI� RSWLFDO
SURSHUWLHV�� ,Q� SDUWLFXODU�� VXFK� IHDWXUHV� DUH
UHYHDOHG� DV� LQIOXHQFH� RI� WKH� LQQHU� �G� HOHF�
WURQ� VKHOO� RQ� RSWLFDO� WUDQVLWLRQV� LQVLGH� WKH
�I�� HOHFWURQ� VKHOO�� ,Q� 3U��� LRQ�� WKH� ORZHU
OHYHO� RI� WKH��G� VKHOO�� ZKLFK� LV� VSOLW� E\� WKH
FU\VWDO�ILHOG��WXUQHG�RXW�WR�EH�ORFDWHG�EHORZ
WKH� �6�� OHYHO� RI� WKH� �I�� VKHOO�� 6XFK� D� IDFWDOORZV�D�FDVFDGH�OLNH�UDGLDWLYH�GHFD\�RI�3U��
WR�EH�UHDOL]HG�ZLWK�DQ�HPLVVLRQ�PRUH�WKDQ�RQH
SKRWRQ�DW�WKH�TXDQWXP�\LHOG�H[FHHGLQJ����

7KH� XQLTXH� SURSHUWLHV� RI�3U���PDNH� LW� D
SURVSHFWLYH� REMHFW� WR� WHVW� WKHRULHV� GHVFULE�
LQJ� H[SHULPHQWV� DQG� WR� HVWDEOLVK� WKH� ULJKW
ZD\� LQ� VHDUFKLQJ� WKH� DGHTXDWH� H[SODQDWLRQ

)XQFWLRQDO�0DWHULDOV�����1R��������� �������Û�,QVWLWXWH�IRU�6LQJOH�&U\VWDOV
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RI�SKHQRPHQD�REVHUYHG�� ,Q� WKLV� FRQQHFWLRQ�
WKH�-XGG�2IHOW� WKHRU\� �-�2�� >����@� LV�D�YHU\
HIIHFWLYH�WRRO�WR�GHWHUPLQH�UDGLDWLYH�FKDUDF�
WHULVWLFV� RI� GRSHG� 5(� LRQV�� ,Q� WKLV� ZRUN�
XVLQJ�WKH�-�2�WKHRU\��ZH�KDYH�REWDLQHG�WKH
H[SHULPHQWDO� SDUDPHWHUV� :��� :��� :�� IRU3U���GRSHG�LQ�<�6L2��DQG�HVWLPDWHG�WKH�UDWHRI�QRQUDGLDWLYH�WUDQVLWLRQV�IURP�PHWDVWDEOH
VWDWHV� LQ� UHODWLRQ� WR� WKH� UDWH� RI� UDGLDWLYH
WUDQVLWLRQV�LQ�WKLV�FU\VWDO�PDWUL[�

<�6L2��3U��� FU\VWDOV�ZHUH�JURZQ� E\�&]R�FKUDOVNL� WHFKQLTXH� DW� WKH� ,QVWLWXWH� IRU� 6LQ�
JOH�&U\VWDOV��1DWLRQDO�$FDGHP\�RI�6FLHQFHV
RI� 8NUDLQH�� <�6L2��3U��� FU\VWDO� VWUXFWXUHEHORQJV� WR� WKH�PRQRFOLQLF� V\QJRQ\� DQG� KDV
%��E�VSDFH�JURXS��(QWHULQJ�WKH�FU\VWDO� ODW�
WLFH��3U��� LRQV� VXEVWLWXWH� LVRPRUSKLFDOO\�\W�
WULXP�LRQV�DQG�IRUP�WZR�RSWLFDO�FHQWHUV�>�@�
7KHVH� FU\VWDO� VLWHV� DUH� FKDUDFWHUL]HG� E\� D
ORZ� V\PPHWU\� DQG� ODFN� RI� FHQWUDO� V\PPH�
WU\��VR�WKDW�WKH�-�2�WKHRU\�FDQ�EH�DSSOLHG�WR
WKLV� FU\VWDO�� ,Q� WKLV� ZRUN�� RQO\� WKH� ILUVW
W\SH�RSWLFDO� FHQWHU� >�@�KDV�EHHQ�FRQVLGHUHG�
$EVRUSWLRQ� VSHFWUD� RI� WKH�<�6L2��3U��� FU\V�WDOV�ZHUH� UHFRUGHG� DW� QLWURJHQ� WHPSHUDWXUH
LQ�WKH�����QPÜ����PP�VSHFWUDO�UDQJH��0RVW
OLQHV� RI� 3U��� PXOWLSOHW� WUDQVLWLRQV� DUH� OR�
FDWHG�ZLWKLQ�WKH����Ü����QP�VSHFWUDO�UDQJH
�)LJ������ 7KH� DEVRUSWLRQ� VSHFWUXP� RI
<�6L2��3U��� FU\VWDO� LV� GLIILFXOW� WR� LQWHUSUHWGXH� WR� WKH� IDFW� WKDW� 3U��� LRQV� IRUP� WZR
RSWLFDO� FHQWHUV� LQ� WKH� FU\VWDO�PDWUL[��+RZ�
HYHU�� WKH� OLQHV� REVHUYHG� LQ� WKH� DEVRUSWLRQ
VSHFWUXP�ZHUH�DVFULEHG� WR�PXOWLSOHW�WUDQVL�
WLRQV� RI� HDFK� RSWLFDO� FHQWHU� >�@�� $QRWKHU
JURXS�RI�WKH�VSHFWUDO�OLQHV�LV�ORFDWHG�ZLWKLQ
���Ü����QP�DQG�DVVRFLDWHG�ZLWK�WKH�WUDQVL�
WLRQV� IURP� WKH� ORZHU� 6WDUN� FRPSRQHQWV� RI
WKH� �+�� PXOWLSOHW� WR� VXEOHYHOV� RI� WKH� �'�PXOWLSOHW��)LJ������7KH�PRVW�DYDLODEOH�JURXS
RI� OLQHV� LQ� WKH� ,5� UDQJH� LV� ORFDWHG� QHDU
��PP� DQG� DVVRFLDWHG� ZLWK� WUDQVLWLRQV� EH�
WZHHQ�WKH�OHYHOV�RI��+�Ü�*��PXOWLSOHWV��)LJ�����

7KH�REVHUYHG�UDGLDWLYH�WUDQVLWLRQV�RI�5(
LRQV� LQ� VROLGV� DUH� PDLQO\� RI� HOHFWUR�GLSROH
FKDUDFWHU�DQG�EHFRPH�DOORZHG�GXH�WR�DGPL[�
LQJ�RI�WKH��IQÜ��G�HOHFWURQLF�VKHOO�TXDQWXP
VWDWHV� WR� ZDYH� IXQFWLRQV� RI� �I�� HOHFWURQ
VKHOO�� 6XFK�D�SRVVLELOLW\�DSSHDUV�GXH� WR�H[�
LVWHQFH� RI� WKH� H[WHUQDO� FU\VWDO� ILHOG�� 7KHUH
DUH� WZR�PDLQ� DSSURDFKHV� LQ� WKH�-�2� WKHRU\
WR�FRQVLGHU�VXFK�V\VWHPV�

���$OO��IQÜ��G�VWDWHV�DUH�GHJHQHUDWH��L�H�
KDYH�WKH�VDPH�HQHUJ\��

���7KH�HQHUJ\�GLIIHUHQFH�EHWZHHQ�WKH��IQ
FRQILJXUDWLRQ� OHYHOV� LV� PXFK� OHVV� WKDQ� WKH
GLIIHUHQFH� EHWZHHQ� WKHVH� HQHUJLHV� DQG� WKH
�IQÜ��G�VWDWH�HQHUJ\�

7KH� XVH� RI� VXFK� VWDWHPHQWV� VLPSOLILHV
FRQVLGHUDEO\� WKH� WKHRUHWLFDO� SUREOHP� DQG
OHDGV� WR� WKH� �VLPSOH�� H[SUHVVLRQ� GHVFULELQJ
WKH� LQWHQVLW\� RI� HOHFWUR�GLSROH� WUDQVLWLRQV
EHWZHHQ� LQLWLDO� -� DQG� ILQDO� -c� PXOWLSOHW
VWDWHV�LQ�WKH�IROORZLQJ�IRUP�
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+RZHYHU��WR�XVH�WKLV�H[SUHVVLRQ�IRU�SUD�
VHRG\PLXP� LRQV�� LW� LV� QHFHVVDU\� WR� GHWHU�

)LJ����� $EVRUSWLRQ� VSHFWUXP� RI� <�6L2��3U��FU\VWDO�DW�WKH��+�Ü�3������WUDQVLWLRQV�
)LJ����� $EVRUSWLRQ� VSHFWUXP� RI� <�6L2��3U��FU\VWDO�DW�WKH��+�Ü�'��WUDQVLWLRQ�

)LJ����� $EVRUSWLRQ� VSHFWUXP� RI� <�6L2��3U��FU\VWDO�DW�WKH��+�Ü�*��WUDQVLWLRQ�
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PLQH� KRZ� WKH� VWDWHV� ZLWK� WKH� VDPH� -� DUH
PL[HG� LQ� WKH� FU\VWDO� PDWUL[�� 7KLV� LV� FRQ�
QHFWHG� WR� WKH� IDFW� WKDW� WKH� ZDYH� IXQFWLRQV
REWDLQHG� DW� WKH� VDPH� -� EXW� IURP� GLIIHUHQW
/6� WHUPV� GR� QRW� GLDJRQDOL]H� WKH� VSLQ�RUELW
LQWHUDFWLRQ� PDWUL[� WKDW� KDV� WKH� IROORZLQJ
IRUP�IRU��I��HOHFWURQV�>�@�
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8VLQJ� 6ODWHU� SDUDPHWHUV� REWDLQHG� IRU
3U��� LRQV� LQ� <�6L2��� ZH� KDYH� ZULWWHQ� DQGGLDJRQDOL]HG� WKH� HQHUJHWLF� PDWUL[� WDNLQJ
LQWR� DFFRXQW� WKH� VSLQ�RUELW� LQWHUDFWLRQ� >�@�
7KH� GLDJRQDOL]LQJ� EDVLV� REWDLQHG� LV� SUH�
VHQWHG�LQ�7DEOH�

7KH� NQRZQ� ZHLJKW� FRHIILFLHQWV� SURYLGH
WKH�YDOXH�8�N�� �°¢�I�>-@__8�N�__�I�>-c@²°�� WR�EH
GHWHUPLQHG� DIWHU� WKH� FDOFXODWLRQ� RI� UHGXFHG
PDWUL[�HOHPHQWV�RI�RQH�HOHFWURQ�RSHUDWRUV�>�@�
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6XFK� FDOFXODWLRQV� DUH� WR� EH� FDUULHG� RXW
IRU�3U���LQ�HDFK�VSHFLILF�FU\VWDO�PDWUL[��7KH
ZHLJKW� FRHIILFLHQWV� REWDLQHG� IRU� 3U��� LQ
RWKHU�FU\VWDO�PDWUL[�FDQQRW�EH�XVHG�

8VLQJ�8�N��YDOXHV� DQG�DEVRUSWLRQ�FRHIIL�
FLHQWV� ZLWKLQ� WKH�PXOWLSOHWV�� ZH� FDQ� GHWHU�
PLQH�:���:��DQG�:��SDUDPHWHUV��(T�����>��@�³�

DEVRUSWLRQ
OLQH

�N�O�GO� ��S�H��KF �
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ZKHUH� N�O�� LV� WKH� DEVRUSWLRQ� FRHIILFLHQW� DW
O�ZDYHOHQJWK��O

BB
�� WKH�PHDQ�ZDYHOHQJWK� WKDW

FRUUHVSRQGV� WR� WKH� PXOWLSOHW� WUDQVLWLRQ�� Q�
WKH� UHIUDFWLYH� LQGH[� RI� WKH� FU\VWDO� DW� WKH
DEVRUSWLRQ� ZDYHOHQJWK�� 1��� WKH� PXOWLSOHWSRSXODWLRQ��

)RU� WKH�<�6L2�� FU\VWDO� WKH�PHDQ� UHIUDF�WLYH�LQGH[�LV�Ü�������7KH�FRQGXFWHG�FDOFXOD�
WLRQV�DQG� OHDVW�VTXDUHV�ILWWLQJ�RI�FDOFXODWHG
DQG�PHDVXUHG� LQ� WKH�H[SHULPHQW�DEVRUSWLRQ
FRHIILFLHQWV�SURYLGH�WKH�-XGG�2IHOW�LQWHQVLW\
SDUDPHWHUV�IRU�3U���LRQV�LQ�<�6L2��FU\VWDOV�

:�� �������������FP��

:�� �������������FP��
:�� �������������FP��

7KH� YDOXHV� REWDLQHG� H[KLELW� D� VSUHDG
ZLWKLQ������WKDW�LV�D�FKDUDFWHULVWLF�IHDWXUH
RI�SUDVHRG\PLXP�LRQ�DQG�LV�DVVRFLDWHG�ZLWK
WKH� LQIOXHQFH� RI� �G� HOHFWURQ� VKHOO� VWDWHV�
7KH� FU\VWDO� ILHOG� FDXVHV� D� VSOLWWLQJ� RI� WKLV
HOHFWURQ�VKHOO�VWDWHV�VR�WKDW�WKH� ORZHU�VWDWH
HQHUJ\� EHFRPHV� FRPSDUDEOH� ZLWK� �3�� DQGKLJKHU�O\LQJ�PXOWLPSOHW�VWDWH�HQHUJLHV�>��@�
6XFK� D� GLVWULEXWLRQ� RI� WKH� HQHUJ\� VWDWHV� LV
QRW�FRQVLGHUHG�ZLWKLQ�WKH�-�2�WKHRU\��0RUH�
RYHU�� WKH� REWDLQHG� YDOXHV� RI� LQWHQVLW\� SD�
UDPHWHUV� H[FHHG� WKRVH� REWDLQHG� IRU� SUDVHR�
G\PLXP� LRQ� LQ� /D)�� PDWUL[� >��@�� EXW� DUHVPDOOHU� WKDQ� WKRVH� REWDLQHG� LQ� VLOLFDWH
JODVVHV�>��@��7KDW�LQGLFDWHV�WKH�LQWHUPHGLDWH
FRYDOHQFH�GHJUHH�RI�WKH�<�6L2��PDWUL[�8VLQJ� -�2� SDUDPHWHUV�� WKH� VSRQWDQHRXV
UDGLDWLYH� HPLVVLRQ� UDWHV� FDQ� EH� FDOFXODWHG
XVLQJ�WKH�IROORZLQJ�H[SUHVVLRQ�>��@�

$--c� � ��S�H�
�KF��-���OBB��

Q�Q�����
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7KH�WRWDO�UDGLDWLYH�UDWH�LV�FDOFXODWHG�DV
$M� �¦$--c

-c
� ���

7KH� FDOFXODWLRQV� SURYLGH� UDGLDWLYH� OLIH�
WLPHV�IRU��c��DQG��'��PXOWLSOHW�VWDWHV�WKDWDUH����PV�DQG�����PV��UHVSHFWLYHO\��7KH�FDO�
FXODWHG� UDGLDWLYH� OLIHWLPH� RI� WKH� �c��PXOWL�SOHW�VWDWH�LV�PXFK�ORQJHU�WKDQ�WKDW�REVHUYHG
LQ� H[SHULPHQW�� )RU� WKH� <�6L2�� FU\VWDO�� WKH

7DEOH��:HLJKW�FRHIILFLHQW�YDOXHV

>-@ /LQHDU�FRPELQDWLRQ�RI�ZDYH�IXQFWLRQV
>�+�@ �����°�+�²���������°�*�²�Ü�������°�)�²��
>�+�@ °�+�²
>�+�@ �����°�+�²�Ü�������°�,�²�>�)�@
>�)�@ °�)²
>�)�@ �����°�)�²�Ü������°�*�²���������°�+�²��
>�*�@ ����°�*�²���������°�)�²�Ü�������°�+�²��
>�'�@ �����°�'�²�Ü�������°�3�²�Ü�������°�)�²��
>�,�@ °�,�²
>�3�@ ����°�3�²���������°�6�²
>�3�@ °�3�²
>�3�@ �����°�3�²���������°�'�²�Ü�������°�)�²��
>�6�@ �����°�6�²�Ü�������°�3�²
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H[SHULPHQWDO� UDGLDWLYH� OLIHWLPH� LV� �� PV� DW
QLWURJHQ� WHPSHUDWXUH� DQG� LV� WHPSHUDWXUH�
GHSHQGHQW�� $W� WKH� VDPH� WLPH�� WKH� H[SHUL�
PHQWDO� UDGLDWLYH� OLIHWLPH� RI� WKH� �'��PXOWL�SOHW�VWDWH�LV�����PV��,W�VOLJKWO\�GLIIHUV�IURP
WKH�FDOFXODWHG�YDOXH�DQG�LV�DOPRVW�WHPSHUD�
WXUH�LQGHSHQGHQW�

7KXV�� LW� KDV� EHHQ� VKRZQ� WKDW� WKH� UDGLD�
WLYH� OLIHWLPHV� FDOFXODWHG� XVLQJ� WKH� -XGG�
2IHOW� LQWHQVLW\� SDUDPHWHUV� UHYHDO� D� JRRG
FRUUHODWLRQ� ZLWK� WKH� OLIHWLPHV� REVHUYHG� LQ
H[SHULPHQWV� DQG� DOORZ� FKDQQHOV� RI� QRQ�UD�
GLDWLYH� UHOD[DWLRQ� WR� EH� HVWLPDWHG� ZLWK� D
KLJK� SUREDELOLW\�� +RZHYHU�� WKH� FDOFXODWLRQ
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