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$EVWUDFW�� 6LQJOH� HOHFWURQ� GHYLFHV� DUH� EDVHG� RQ� VPDOO� QRUPDO
PHWDO�HOHFWURGHV�FDOOHG�
LVODQGV
�VHSDUDWHG�E\�WXQQHO�MXQFWLRQV��,Q
VXFK�FLUFXLWV��HOHFWURQV�FDQ�EH�WUDQVIHUUHG�RQH�E\�RQH�ZKHQ� WKH
HQHUJ\� RI� WKHUPDO� IOXFWXDWLRQV� LV� OHVV� WKDQ� WKH� HOHFWURVWDWLF
HQHUJ\� QHFHVVDU\� WR� DGG� DQ� H[WUD� HOHFWURQ� WR� DQ� LVODQG�� :H
SUHVHQW� KHUH� H[SHULPHQWDO� UHVXOWV� LQ� VLQJOH� HOHFWURQ� GHYLFHV� IRU
ZKLFK� DOO� QRUPDO�PHWDO� HOHFWURGHV� DUH� UHSODFHG� E\
VXSHUFRQGXFWLQJ� RQHV�� ,Q� VXFK� GHYLFHV� FRKHUHQW� &RRSHU� SDLU
WXQQHOLQJ��L�H��WKH�'&�-RVHSKVRQ�HIIHFW��FRPELQHV�ZLWK�&RXORPE
EORFNDGH�� 7KHVH� HIIHFWV� FDQ� EH� WXQHG� LQ� VXFK� D� ZD\� WKDW
VLJQDWXUHV�RI� WKH�PDFURVFRSLF� TXDQWXP� FRKHUHQFH� EHWZHHQ� WZR
ZHOO�GHILQHG�FKDUJH�VWDWHV�EHFRPH�REVHUYDEOH�
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7KH� WXQQHOLQJ� RI� DQ� HOHFWURQ� WKURXJK� D� WXQQHO� MXQFWLRQ
FRUUHVSRQGV� WR� WKH� FUHDWLRQ� RI� DQ� HOHFWURQ�KROH� H[FLWDWLRQ�
HDFK�SDUWLFOH�EHLQJ�FUHDWHG�RQ�RQH�VLGH�RI�WKH�MXQFWLRQ��,W�LV�DQ
LQFRKHUHQW� DQG� LUUHYHUVLEOH� SURFHVV�� 2Q� WKH� FRQWUDU\�� WKH
WXQQHOLQJ� RI� &RRSHU� SDLUV� �L�H�� WKH� '&�-RVHSKVRQ� HIIHFW�� LV
FRKHUHQW� DQG� UHYHUVLEOH�� VLQFH� LW� DULVHV� IURP� WKH� FRXSOLQJ� RI
WZR� VXSHUFRQGXFWLQJ� FRQGHQVDWHV�� 6XFK� D� GLIIHUHQFH� KDV
LPSRUWDQW�FRQVHTXHQFHV�IRU�WKH�EHKDYLRU��RI�GHYLFHV�EDVHG�RQ
FKDUJLQJ�HIIHFWV��LQ�ZKLFK�PHWDO�HOHFWURGHV���FDOOHG�
LVODQGV
��
VHSDUDWHG� E\� WXQQHO� MXQFWLRQV� WHQG� WR� KDYH� D� ZHOO�GHILQHG
QXPEHU� RI� HOHFWURQV� LQ� RUGHU� WR� PLQLPL]H� WKH� HOHFWURVWDWLF
HQHUJ\�� ,Q� VLQJOH� HOHFWURQ� GHYLFHV�� HOHFWURQ� WXQQHOLQJ�PDNHV
WKH� QXPEHU� RI� HOHFWURQV� RQ� HDFK� LVODQG� IOXFWXDWH� TXDQWXP�
PHFKDQLFDOO\�� DQG� HVVHQWLDOO\� RQO\� � UHQRUPDOL]HV� WKH
HOHFWURVWDWLF� HQHUJ\� WRZDUGV� D� VPDOOHU� YDOXH�� ,Q
VXSHUFRQGXFWLQJ�GHYLFHV��&RRSHU�SDLU�WXQQHOLQJ�WHQGV�WR�IDYRU
FRKHUHQW�TXDQWXP�VXSHUSRVLWLRQ�RI�LVODQG�VWDWHV�ZLWK�GLIIHUHQW
&RRSHU�SDLU�QXPEHUV��:KHQ�WKH�V\VWHP�LV�WXQHG�LQ�VXFK�D�ZD\
WKDW�WZR�FKDUJH�VWDWHV�GLIIHULQJ�E\�RQH�&RRSHU�SDLUV�KDYH�WKH
VDPH� HOHFWURVWDWLF� HQHUJ\�� D� FRKHUHQW� VXSHUSRVLWLRQ� RI� WKHVH
WZR� FKDUJH� VWDWHV� FDQ� EH� DGRSWHG�� :H� SUHVHQW� KHUH
H[SHULPHQWV�VXSSRUWLQJ�WKLV�SUHGLFWLRQ�
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7KH� VXSHUFRQGXFWLQJ� ER[� >�@� FRQVLVWV� RI� D� VXSHU�
FRQGXFWLQJ� LVODQG� FRQQHFWHG� WR� D� VXSHUFRQGXFWLQJ� UHVHUYRLU
E\�D�-RVHSKVRQ�MXQFWLRQ��VHH�)LJ������7KH�GLPHQVLRQV��RI�WKH
LVODQG�DQG� MXQFWLRQ�DUH� � VPDOO�HQRXJK� WR�PDNH� WKH�&RXORPE
HQHUJ\� RI� RQH� H[WUD�&RRSHU� SDLU� FRQIRUWDEO\� ODUJHU� WKDQ� WKH
HQHUJ\� RI� WKHUPDO� IOXFWXDWLRQV� DW� GLOXWLRQ� UHIULJHUDWRU
WHPSHUDWXUHV���7KH�LVODQG�FDQ�EH�HOHFWURVWDWLFDOO\�SRODUL]HG�E\
D�JDWH�FDSDFLWDQFH�&

J

��FRQQHFWHG�WR�D�YROWDJH�VRXUFH�8��7KLV
LVODQG�LV�FKDUDFWHUL]HG�E\�LWV�QXPEHU�Q�RI�H[FHVV�&RRSHU�SDLUV
ZKRVH�DYHUDJH�YDOXH��Q!�LV�PHDVXUHG�E\�DQ�HOHFWURPHWHU�>�@�
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)LJ�����6FKHPDWLFV�RI�WKH�VLQJOH�&RRSHU�SDLU�ER[��7KH�LVODQG�LQ�WKH�GRWWHG

IUDPH� LV� FKDUDFWHUL]HG�E\� LWV�QXPEHU�Q� RI� H[FHVV�&RRSHU�SDLUV� WKDW�KDYH

HQWHUHG�WKH�LVODQG�WKURXJK�WKH�-RVHSKVRQ�MXQFWLRQ�RI�FDSDFLWDQFH�&
M
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LVODQG�FDQ�EH�SRODUL]HG�E\�WKH�FDSDFLWDQFH�FRQQHFWHG�WR�WKH�YROWDJH�VRXUFH�

7KH�GHYLFH� LV� IDEULFDWHG� LQ�RXU� ODERUDWRU\� XVLQJ� HOHFWURQ
EHDP� OLWKRJUDSK\� DQG� � WKLQ�ILOP� HYDSRUDWLRQ� RI� DOXPLQXP
OD\HUV� � WKURXJK� D� VXVSHQGHG� PDVN�� 7KH� WXQQHO� EDUULHU� LV
REWDLQHG� E\� D� FRQWUROOHG� R[LGDWLRQ� RI� WKH� ERWWRP� DOXPLQXP
OD\HU�� -RVHSKVRQ� MXQFWLRQV� $O�$O2[�$O� RI� W\SLFDO� VL]H
���[����P�� DUH�REWDLQHG��7KH� WRWDO�FDSDFLWDQFH�RI� WKH� LVODQG
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GHWHUPLQHV� WKH�FKDUDFWHULVWLF�HQHUJ\�(
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ZKLFK� FRUUHVSRQGV� WR� WKH� FRVW� RI� D�&RRSHU�SDLU� HQWHULQJ� WKH
LVODQG�� 7KH� &RXORPE� HQHUJ\� (

&

� � LV� KHUH� GRPLQDWHG� E\� WKH
FDSDFLWDQFH�&
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J

��

+
HO

� (
&

�S
Q

�Q��&
J

�8��H����,Q!�Q,� ���

7KH� DVVRFLDWHG� HLJHQYDOXHV� FDQ� EH� UHSUHVHQWHG� DV� D
IXQFWLRQ�RI�8�E\�D�VHW�RI�SDUDERODV� LQGH[HG�E\� WKH� LQWHJHU�Q
�VHH�)LJ���D���:H�DOVR�KDYH�WR�FRQVLGHU�-RVHSKVRQ�WXQQHOLQJ�
FKDUDFWHUL]HG� E\� WKH� HQHUJ\� (
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�� ZKLFK� FRXSOHV� QHLJKERULQJ
FKDUJH� VWDWHV� DQG�ZKLFK� JLYHV� WKH� IROORZLQJ� FRQWULEXWLRQ� WR
WKH�WRWDO�+DPLOWRQLDQ��
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1RWH� WKDW� LQ� VWDQGDUG� ODUJH�FDSDFLWDQFH� -RVHSKVRQ
MXQFWLRQV�+
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� GRPLQDWHV� RYHU�+
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� VLQFH� (
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LV� VPDOO� FRPSDUHG
ZLWK�(
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�� 7KLV�PHDQV� WKDW� WKH� SKDVH� RI� WKH� LVODQG� � LV� D� JRRG
TXDQWXP� QXPEHU� DQG� WKHUHIRUH� WKH� +HLVHQEHUJ� XQFHUWDLQW\
UHODWLRQ� OHDGV� WR� ODUJH� TXDQWXP� IOXFWXDWLRQV� RI� WKH� LVODQG
FKDUJH�Q��7KH�JURXQG�VWDWH�RI� WKH� V\VWHP� LV� WKXV� �D�FRKHUHQW
VXSHUSRVLWLRQ�RI�D�ODUJH�QXPEHU�RI�FKDUJH�VWDWHV��,Q�FRQWUDVW�
IRU�VPDOO�FDSDFLWDQFH�MXQFWLRQV��+
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�� WKH� LVODQG� HVVHQWLDOO\� DGRSWV� DW
7 ��WKH�QXPEHU�Q�RI�H[WUD�&RRSHU�SDLUV�ZKLFK�PLQLPL]HV�+
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([FHSW� LQ� WKH� YLFLQLW\� RI� WKH� GHJHQHUDF\� YROWDJHV
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)LJ������D��(OHFWURVWDWLF�HQHUJ\�RI�WKH�ER[�IRU�JLYHQ�QXPEHUV��Q�RI�&RRSHU

SDLUV�LQ�H[FHVV�LQ�WKH�LVODQG�DV�D�IXQFWLRQ�RI�WKH�UHGXFHG�YROWDJH�&J8��H�

�E��(QHUJ\�OHYHOV�RI�WKH�WRWDO�HQHUJ\�RI�WKH�V\VWHP�ZKHQ�ERWK�HOHFWURVWDWLF

DQG�-RVHSKVRQ�+DPLOWRQLDQV�DUH�WDNHQ�LQWR�DFFRXQW��7KH�JDS�EHWZHHQ�WKH

JURXQG�OHYHO�DQG�WKH�ILUVW�H[FLWHG�OHYHO�LV�HTXDO�WR�WKH�-RVHSKVRQ�HQHUJ\�(-�

+RZHYHU�� LQ� WKH� YLFLQLW\� RI� WKH� GHJHQHUDF\� YROWDJHV�
ZKLFK�FDQ�EH�GHILQHG�PRUH�SUHFLVHO\�E\� WKH�UDQJH�ZKHUH� WKH
HOHFWURVWDWLF�HQHUJ\�GLIIHUHQFH�EHWZHHQ�WKH� WZR�FKDUJH�VWDWHV
,Q!�DQG�,Q��!LV�RI�WKH�RUGHU�RU�VPDOOHU�WKDQ��(

-

�� WKH�JURXQG
VWDWH�RI�WKH�V\VWHP�ZLOO�EH�D�VXSHUSRVLWLRQ�RI� WKH� WZR�FKDUJH
VWDWHV��,Q�SDUWLFXODU��DW��8 8

N

�WKH�JURXQG�VWDWH�ZDYH�IXQFWLRQ
LV�,y! �,Q!�,Q��!���������

7KHRU\� SUHGLFWV� WKDW� WKH� H[SHFWDWLRQ� YDOXH� �Q!� � DV� D
IXQFWLRQ�RI��8� WDNHV�WKH�VKDSH�RI�D�URXQGHG�VWDLUFDVH��$W�WKH
PLGGOH�RI� WKH� WUDQVLWLRQ�EHWZHHQ� VWHSV�� WKH� VORSH� LV� HTXDO� WR
(

&
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��DQG�GLUHFWO\�UHIOHFWV�WKH�LQWHUSOD\�EHWZHHQ�FKDUJLQJ�DQG
-RVHSKVRQ�HIIHFWV�

,Q� RXU� H[SHULPHQW��ZH� KDYH�PHDVXUHG� WKH� WLPH�DYHUDJHG
QXPEHU� RI� &RRSHU� SDLUV� LQ� WKH� LVODQG� E\� FRXSOLQJ� LW
HOHFWURVWDWLFDOO\�WR�D�6(7�HOHFWURPHWHU��7KH�VDPSOH�ZDV�VXFK
WKDW�(
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� �����7KH� YDULDWLRQV� RI� WKH� DYHUDJH� YDOXH� RI�Q� RI
WKH� LVODQG� FKDUJH� DV� D� IXQFWLRQ� RI� WKH� UHGXFHG� YROWDJH
Q
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 &J8��H� KDV� LQGHHG� WKH� VKDSH�RI� D� URXQGHG� VWDLUFDVH� �VHH
)LJ�����

$W� WHPSHUDWXUHV� DERYH� ��P.�� WKH� URXQGLQJ� LV� ZHOO
H[SODLQHG� E\� WKHUPDO� IOXFWXDWLRQV�� %HORZ� ��P.�� WKH� FXUYH
EHFRPHV�WHPSHUDWXUH�LQGHSHQGHQW�DQG�WKH�VKDSH�RI�WUDQVLWLRQ
VWHSV� DJUHHV�ZLWK� WKH� WKHRUHWLFDO� SUHGLFWLRQ� DW�7 ��EDVHG� RQ
WKH�FRKHUHQW�VXSHUSRVLWLRQ�RI�WZR�VWDWHV��VHH�)LJ�����
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7KLV� REVHUYDWLRQ� UDGLFDOO\� GLIIHUV� IURP� WKH� FDVH� RI� D
VXSHUFRQGXFWLQJ� LVODQG� FRQQHFWHG� WR� D� QRQ�VXSHUFRQGXFWLQJ
UHVHUYRLU� >�@�� ,Q� VXFK� D� FDVH�� WKH� VORSH� GLYHUJHV� DW� ORZ
WHPSHUDWXUH� VLQFH� ZLWKRXW� -RVHSKVRQ� HIIHFW�� WKHUPDO
IOXFWXDWLRQV� UHPDLQ� WKH� RQO\� VPHDULQJ� SURFHVV�� 7KH
VXSHUFRQGXFWLQJ� ER[� H[SHULPHQW� GHPRQVWUDWHV� WKDW� WKH
-RVHSKVRQ� HIIHFW� FDQ� PDQLIHVW� LWVHOI� ZKHQ� RQO\� WZR� FKDUJH
VWDWHV�DUH�HQHUJHWLFDOO\�DYDLODEOH�
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,Q� WKLV� VHFRQG� W\SH�RI�GHYLFH�� D� VXSHUFRQGXFWLQJ� LVODQG� LV
FRQQHFWHG� WKURXJK� -RVHSKVRQ� MXQFWLRQV� WR� WZR
VXSHUFRQGXFWLQJ�HOHFWURGHV�DQG�RSHUDWHG�LQ�D�WUDQVSRUW�PRGH
�)LJ����>�����@�
$V� LQ� WKH� VXSHUFRQGXFWLQJ� ER[�� WKH� LVODQG� LV� SRODUL]HG

H[WHUQDOO\� WKURXJK�D�JDWH�FDSDFLWDQFH�&J�DQG�ZH�KDYH� WKXV�D
WKUHH�WHUPLQDO� GHYLFH�� 7KLV� VXSHUFRQGXFWLQJ� WUDQVLVWRU� LV
ELDVHG� DW� GF� E\� D� FXUUHQW� VRXUFH�� 7KH� HOHFWURPDJQHWLF
HQYLURQPHQW�RI�WKH�WUDQVLVWRU��QRW�UHSUHVHQWHG�LQ�WKH�ILJXUH��LV
VXFK� WKDW� WKH�SKDVH�GLIIHUHQFH�EHWZHHQ� WKH� VRXUFH� DQG� GUDLQ
VXSHUFRQGXFWLQJ�HOHFWURGHV�LV�D�FODVVLFDO�TXDQWLW\��DOORZLQJ�D
VXSHUFXUUHQW�IORZ�WKURXJK�WKH�WUDQVLVWRU�
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)LJ� ��� 7LPH� DYHUDJHG� QXPEHU� RI� H[FHVV�&RRSHU� SDLUV� LQ� WKH� LVODQG� DV� D

IXQFWLRQ� RI� WKH� UHGXFHG� YROWDJH� &J8��H�� 7KH� H[SHULPHQWDO� FXUYH� �VROLG

OLQH�� LV� FRPSDUHG� WR� WKH� ]HUR�WHPSHUDWXUH� WKHRUHWLFDO� SUHGLFWLRQ� �GRWWHG

OLQH��REWDLQHG�XVLQJ�IRUPXOD�����
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)LJ�����6FKHPDWLF�GLDJUDP�RI� WKH� VXSHUFRQGXFWLQJ� WUDQVLVWRU�� 7KH� LVODQG� LV

FRQQHFWHG� WR� WZR� VXSHUFRQGXFWLQJ� HOHFWURGHV� E\� -RVHSKVRQ� MXQFWLRQV�� 7KH

WUDQVLVWRU�LV�ELDVHG�E\�D�FXUUHQW�VRXUFH��$V�IRU�WKH�VXSHUFRQGXFWLQJ�ER[��WKH

LVODQG�FDQ�EH�SRODUL]HG�E\�D� FDSDFLWDQFH�FRQQHFWHG� WR� D�YROWDJH� VRXUFH�8�

7LPH�DYHUDJHG�QXPEHU�RI�H[FHVV�&RRSHU�SDLUV�LQ�WKH�LVODQG�DV�D�IXQFWLRQ�RI

WKH�UHGXFHG�YROWDJH�&J8��H�

7KH�,�9�FKDUDFWHULVWLF�RI�WKH�WUDQVLVWRU�LV�SUHVHQWHG�LQ�)LJ�
��� WRS� SDQHO�� ,W� VKRZV� D� ]HUR�YROWDJH� EUDQFK� ZKLFK
FRUUHVSRQGV�WR�D�VXSHUFXUUHQW�IORZ�WKURXJK�WKH�MXQFWLRQV��$V
WKH�FXUUHQW� LQFUHDVHV�� WKH� V\VWHP� VZLWFKHV� WR� D� ILQLWH�YROWDJH
EUDQFK� IRU� ZKLFK� FRQGXFWLRQ� LV� GRPLQDWHG� E\� WKH� TXDVL�
SDUWLFXOH� FXUUHQW�� 6ZLWFKLQJ� RFFXUV� IRU� D� FXUUHQW� ,V� ZKLFK� LV
WKH� PDLQ� H[SHULPHQWDO� IHDWXUH� RI� WKH� GHYLFH�� :H� KDYH
PHDVXUHG�WKH�YDULDWLRQV�RI�,V��DV�D�IXQFWLRQ�RI�WKH�JDWH�YROWDJH
�)LJ����ERWWRP�SDQHO���7KH�FXUYH� LV��H�SHULRGLF�ZLWK� UHVSHFW
WR�WKH�FKDUJH�&J8�RQ�WKH�JDWH�FDSDFLWDQFH��,W�KDV�VKDUS�SHDNV
ZKRVH� YDOXHV� ZRXOG� UHDFK� WKH� WKHRUHWLFDO� SUHGLFWLRQ
,
PD[

 pH�K(-� LQ� WKH� OLPLW� ZKHUH� WKH� HOHFWURPDJQHWLF
HQYLURQPHQW�VHHQ�E\� WKH� MXQFWLRQ�KDV�]HUR� LPSHGDQFH��)RU�D
ILQLWH� EXW� VPDOO� LPSHGDQFH�� FRUUHFWLRQV� WR� WKLV� ]HUR�WK� RUGHU
WKHRU\�DUH�NQRZQ�>�@�DQG�WKH�H[SHULPHQWDO�SHDN�VKDSH�FDQ�EH
FRPSDUHG�GLUHFWO\�ZLWK�WKH�WKHRUHWLFDO�SUHGLFWLRQV��FRQWLQXRXV
OLQH�LQ�ERWWRP�SDQHO�RI�)LJ������7KH�VXSHUFXUUHQW�SHDNV�RFFXU
IRU�YROWDJHV�8 ��Q���H�&J�FRUUHVSRQGLQJ�WR�WKH�PLGGOH�RI�WKH
VWHSV�LQ�WKH�VXSHUFRQGXFWLQJ�ER[�H[SHULPHQW��7KH�FXVS�VKDSH
RI� WKH� SHDNV� LQ� WKH� ,V�8�� FXUYH� SURYLGHV� D� VLJQDWXUH� RI� WKH
FRKHUHQW�VXSHUSRVLWLRQ�RI�WZR�FKDUJH�VWDWHV�IRU�WKH�LVODQG�DQG
LV�GLUHFWO\�UHODWHG�WR�WKH�VKDSH�RI�WKH�UHODWLRQVKLS�OLQNLQJ� WKH
VXSHUFXUUHQW� WR� � WKH� SKDVH� GLIIHUHQFH� DQG� WKH� UHGXFHG� JDWH
YROWDJH� >�@�� 1RWH� WKDW� � WKH� VZLWFKLQJ� FXUUHQW� KDV� VPRRWK
PLQLPD�ZKHQ�WKH�FKDUJH�RQ�WKH�JDWH�LV�DQ� LQWHJHU�QXPEHU�RI
&RRSHU�SDLUV��7KHUH��WKH�QXPEHU�RI�H[FHVV�&RRSHU�SDLU�LQ�WKH
LVODQG� FDQ� IOXFWXDWH� TXDQWXP� PHFKDQLFDOO\� RQO\� WKURXJK� D
VHFRQG� RUGHU� HIIHFW� LQ� WKH� -RVHSKVRQ� FRXSOLQJ�� 7KH
FRUUHVSRQGLQJ�VZLWFKLQJ�FXUUHQW�LV�JLYHQ�E\�,
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7KH� � YDOXH� �(-�(& ���� LQ� RXU� H[SHULPHQW� DFRXQWV� IRU� WKH

UHODWLYHO\�KLJK�YDOXH�RI�WKH�VZLWFKLQJ�FXUUHQW�DW�LQWHJHU�YDOXHV
RI�&J8��H�
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6XSHUFRQGXFWLQJ

EUDQFK�

6ZLWFKLQJ

FXUUHQW�,
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)LJ�� ��� 7RS�� ([SHULPHQWDO� FXUUHQW�YROWDJH� FKDUDFWHULVWLF� RI� WKH

VXSHUFRQGXFWLQJ�WUDQVLVWRU�ELDVHG�ZLWK�D�TXDVL�LGHDO�FXUUHQW�VRXUFH�7KH�]HUR

YROWDJH� EUDQFK� FRUUHVSRQGV� WR� WKH� VXSHUFRQGXFWLQJ� VWDWH� RI� WKH� WUDQVLVWRU�

)RU� ,!,V� WKH� WUDQVLVWRU� VZLWFKHV� WR� WKH� ILQLWH� YROWDJH� EUDQFK�� %RWWRP�
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