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LQWR�WKH�FROOHFWRU�RI�4��FDXVHV�D�ULVLQJ��OLQHDU�UDPS�DW�WKH�RXWSXW�RI�$5���SLQ������7KH

QRQLQYHUWLQJ�LQSXW�RI�FRPSDUDWRU�$5��LV�ELDVHG�WR���9�E\�5���DQG�5�����6LQFH�WKH�UDPS

YROWDJH�IURP�$5��LV�DSSOLHG�WR�WKH�LQYHUWLQJ�LQSXW�RI�$5��WKURXJK�5����WKH�RXWSXW�RI�WKH
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KDV�EHHQ�UHVHW�WR�]HUR�YROWV���7KH�RXWSXW�RI�$5��LV�DQ�RSHQ�FROOHFWRU�WUDQVLVWRU��VR�5���LV

QHHGHG�WR�SXOO�WKH�RXWSXW�XS�WR��9�ZKHQ�WKH�WUDQVLVWRU�WXUQV�RII�
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8��KDV�LWV�LQGLYLGXDO�VHFWLRQV�WLHG�LQ�SDUDOOHO�WR�SURYLGH�WKH�ODUJH�GULYH�FXUUHQWV�QHHGHG�WR

FKDUJH�WKH�JDWH�FDSDFLWDQFHV�RI�4��DQG�4����,Q�EHWZHHQ�SXOVHV��WKH�RXWSXWV�RI�8��DUH�DW
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FKDQQHO�026)(7��LW�LV�WXUQHG�RQ�ZKHQ�WKH�JDWH�LV�QHJDWLYH��DQG�WKH�SXOVHU�RXWSXW�DW�-��LV

HTXDO�WR�WKH�VRXUFH�YROWDJH�DW�SLQ���RI�4����4���DQ�Q�FKDQQHO�GHYLFH��LV�WXUQHG�RII�GXULQJ

WKLV�WLPH��VLQFH�5���KROGV�LWV�JDWH�DW�WKH�VDPH�YROWDJH�DV�LWV�VRXUFH�����9��

:KHQ�D�SXOVH�IURP�WKH�FXUUHQW�WR�IUHTXHQF\�FRQYHUWHU�FDXVHV�WKH�RXWSXWV�RI�8��WR�VZLWFK

WR���9��WKH�JDWH�YROWDJHV�RI�ERWK�)(7V�ULVH�E\�DERXW��9���4��WXUQV�RII�ZKLOH�4��WXUQV�RQ�

SXOOLQJ�WKH�SXOVHU�RXWSXW�WR����9���5���LPSURYHV�WKH�VHWWOLQJ�WLPH�RI�WKH�RXWSXW�SXOVH���&�

IRUFHV�WKH�JDWH�YROWDJH�RI�4��WR�VZLWFK�UDSLGO\��ZKLOH�&���DOORZV�WKH�'&�YROWDJHV�DW�8�

DQG�DW�WKH�JDWH�RI�4��WR�EH�GLIIHUHQW���&5��FODPSV�WKH�QHJDWLYH�H[FXUVLRQV�RI�4�
V�JDWH

YROWDJH�WR�WKH����9�VXSSO\��VR�WKDW�WKH�)(7�FRQWLQXHV�WR�EH�WXUQHG�RQ�KDUG�HYHQ�DW�KLJK

SXOVH�IUHTXHQFLHV��ZKHUH�LW�PD\�EH�RQ�PRUH�WKDQ�����RI�WKH�WLPH�

����'$&V

'HWHFWRU�RSHUDWLRQ�UHTXLUHV�WKH�SXOVHU�RXWSXW�WR�KDYH�D�YDULDEOH�'&�RIIVHW��ZKLFK�LV

SURYLGHG�E\�RQH�KDOI�RI�D�GXDO�'$&��8�����$5���SLQV�������5����DQG�5���LQYHUW�WKH����9

UHIHUHQFH��VXSSO\LQJ����9�DW�8����DQG�8�������$5���SLQV�������FRQYHUWV�WKH�RXWSXW

FXUUHQW�RI�WKH�'$&�WR�D�YROWDJH��ZKLFK�YDULHV�IURP���WR������9�DV�WKH�GLJLWDO�FRGH

ZULWWHQ�WR�WKH�'$&�YDULHV�IURP���WR�������7R�ILQG�WKH�YROWDJH�DW�$5�����QRWH�WKDW�5���LV

FRQQHFWHG�WR�WKH�LQYHUWLQJ�LQSXW�RI�$5���SLQ�����ZKLFK�UHPDLQV�DW�D�YLUWXDO�JURXQG

SRWHQWLDO���5���RIIVHWV�WKH�YROWDJH�DW�$5����GRZQ�E\�DERXW�KDOI�WKH�RXWSXW�UDQJH�RI�WKH

'$&��UHVXOWLQJ�LQ�D�YROWDJH�UDQJH�RI�����P9�WR�����P9�DV�WKH�'$&�VHWWLQJ�LV�YDULHG

IURP���WR������$5���SLQV������SURYLGHV�D�ORZ�LPSHGDQFH�RXWSXW�WR�GULYH�WKH�SXOVHU��DQG

5���DQG�&��NHHS�WKH�KLJK�IUHTXHQF\�SXOVHU�FXUUHQWV�RXW�RI�WKH�DPSOLILHU
V�RXWSXW���$W�WKH

KLJKHVW�SXOVH�IUHTXHQFLHV��WKH�'&�FXUUHQW�IORZLQJ�WKURXJK�5���FDQ�FDXVH�DV�PXFK�DV

���P9�RI�GURS��HVSHFLDOO\�ZKHQ�GULYLQJ�KLJK�FDSDFLWDQFHV�DW�WKH�SXOVHU�RXWSXW�

7KH�RWKHU�KDOI�RI�GXDO�'$&�8��RSHUDWHV�LQ�H[DFWO\�WKH�VDPH�ZD\��JHQHUDWLQJ�D�YROWDJH

EHWZHHQ���DQG������9�DW�$5������,Q�QRUPDO�RSHUDWLRQ��DQDORJ�VZLWFK�8���SLQV����DQG����
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LV�RSHQ��DQG�WKH�'$&�RXWSXW�YROWDJH�DSSHDUV�DW�WKH�ERWWRP�HQG�RI�5������7KH�HIIHFW�RI

5���LV�QHJOLJLEOH�LQ�VHULHV�ZLWK�5����ZKLFK�LV��������WLPHV�ODUJHU��

���(OHFWURPHWHU

7KH�RWKHU�HQG�RI�5���LV�WLHG�WR�WKH�LQYHUWLQJ�LQSXW�RI�$5���ZKLFK�PXVW�VWD\�DW�JURXQG

�HTXDO�WR�WKH�QRQLQYHUWLQJ�LQSXW�YROWDJH��IRU�WKH�DPSOLILHU�WR�IXQFWLRQ�OLQHDUO\���7KLV

PHDQV�WKDW�D�FXUUHQW�EHWZHHQ���DQG��Q$�PXVW�IORZ�WKURXJK�5���LQWR�WKH�VXPPLQJ

MXQFWLRQ�DW�$5������6LQFH�WKH�LQSXW�FXUUHQW�RI�$5��LV�RQO\�D�IHZ�IHPWRDPSV���I$� ��(�

��$���DQG�QR�'&�FXUUHQW�FDQ�IORZ�WKURXJK�WKH�FDSDFLWRUV�FRQQHFWHG�WR�$5������DOO�RI�WKH

FXUUHQW�VXSSOLHG�E\�WKH�'$&�WKURXJK�5���PXVW�IORZ�RXW�WKURXJK�WKH�(&'�LQSXW

FRQQHFWRU���7KH�SXOVHU�RXWSXW�LV�QRUPDOO\�FRQQHFWHG�WR�DQ�HOHFWURQ�FDSWXUH�GHWHFWRU

�(&'��FHOO��ZKLFK�GUDZV��D�VPDOO�FKDUJH�IURP�WKH�(&'�LQSXW�WKURXJK�-��ZLWK�HDFK�SXOVH�

$V�WKH�FRPSRVLWLRQ�RI�WKH�JDV�LQ�WKH�FHOO�FKDQJHV��WKH�PDJQLWXGH�RI�WKH�FKDUJH�YDULHV��DQG

WKH�FLUFXLWU\�RQ�WKLV�ERDUG�DGMXVWV�WKH�SXOVH�IUHTXHQF\�WR�H[DFWO\�EDODQFH�WKH�FXUUHQW�VHW

E\�WKH�'$&�ZLWK�WKH�FXUUHQW�IURP�WKH�FHOO�

7KH�HOHFWURPHWHU�DPSOLILHU��$5���LV�FRQILJXUHG�DV�DQ�LQWHJUDWRU�E\�IHHGEDFN�FDSDFLWRU

&����VR�DQ\�LPEDODQFH�EHWZHHQ�WKH�LQSXW�FXUUHQWV�IURP�WKH�(&'�FHOO�DQG�5���DW�SLQ��

FDXVHV�WKH�RXWSXW�YROWDJH�DW�SLQ���WR�VOHZ�XS�RU�GRZQ�LQ�UHVSRQVH���7KH�LGHDOL]HG�RXWSXW

YROWDJH�VKRXOG�WKHUHIRUH�EH�D�OLQHDU�UDPS�GRZQZDUG�GXH�WR�WKH�FRQVWDQW�FXUUHQW�IURP�WKH

'$&��ZLWK�VXGGHQ�ULVHV�LQ�YROWDJH�ZKHQ�WKH�SXOVHV�RFFXU���%HFDXVH�WKHUH�LV�D�ODUJH

FDSDFLWLYH�IHHGWKURXJK�RI�WKH�SXOVH�WKURXJK�WKH�FHOO��ZKLFK�LV�PXFK�IDVWHU�WKDQ�WKH

DPSOLILHU�FDQ�IROORZ��WKHUH�LV�D�ODUJH�JOLWFK�LQ�WKH�DPSOLILHU�RXWSXW�DW�HDFK�SXOVH���&��

KHOSV�WR�DEVRUE�WKHVH�UDSLG�FKDQJHV�LQ�FXUUHQW��EXW�WKH�RXWSXW�ZDYHIRUP�RI�$5��LV

GRPLQDWHG�E\�WKH�JOLWFKHV��ZKLFK�REVFXUH�WKH�LGHDOL]HG�ZDYHIRUP�DW�IUHTXHQFLHV�DERYH�D

IHZ�NLORKHUW]���5���DQG�&���VPRRWK�WKH�RXWSXW�ZDYHIRUP�IXUWKHU�

���([SRQHQWLDO�JDLQ�FRPSHQVDWLRQ

:KHQ�WKH�LQVWUXPHQW�LV�RSHUDWLQJ�DW�EDVHOLQH�FRQGLWLRQV��D�UHODWLYHO\�ODUJH�FKDUJH�LV

GHOLYHUHG�ZLWK�HDFK�SXOVH��UHVXOWLQJ�LQ�D�SXOVH�IUHTXHQF\�RI�DERXW����N+]���$V�WKH

GHOLYHUHG�FKDUJH�SHU�SXOVH�GHFUHDVHV��WKH�IUHTXHQF\�PD\�ULVH�DV�KLJK�DV�VHYHUDO�KXQGUHG

NLORKHUW]�WR�NHHS�WKH�DYHUDJH�FXUUHQW�FRQVWDQW���7KH�JDLQ�RI�WKH�IHHGEDFN�SDWK��WKXV�YDULHV

LQ�LQYHUVH�SURSRUWLRQ�WR�WKH�SXOVH�IUHTXHQF\��VLQFH�WKH�FKDUJH�SHU�SXOVH�PXVW�EH�LQYHUVHO\

SURSRUWLRQDO�WR�WKH�SXOVH�UDWH�LQ�RUGHU�WR�PDLQWDLQ�FRQVWDQW�DYHUDJH�FXUUHQW�

,Q�RUGHU�WR�NHHS�WKH�IHHGEDFN�ORRS�JDLQ�FRQVWDQW�DV�WKH�SXOVH�IUHTXHQF\�FKDQJHV��DQ

HOHPHQW�PXVW�EH�LQWURGXFHG�LQWR�WKH�FLUFXLW�ZKRVH�RXWSXW�YDULHV�H[SRQHQWLDOO\�ZLWK�LWV

LQSXW���7KH�FROOHFWRU�FXUUHQW�RI�D�ELSRODU�WUDQVLVWRU�YDULHV�H[DFWO\�WKLV�ZD\�ZLWK�UHVSHFW�WR

LWV�EDVH�HPLWWHU�YROWDJH���7KH�ILOWHUHG�RXWSXW�RI�WKH�HOHFWURPHWHU�LV�EXIIHUHG�E\�$5���SLQV

�����WR�SURYLGH�D�ORZ�LPSHGDQFH�GULYH�IRU�WKH�HPLWWHU�RI�4����6LQFH�WKH�FROOHFWRU�FXUUHQW

RI�4��GULYHV�WKH�FXUUHQW�WR�IUHTXHQF\�FRQYHUWHU��DQG�ERWK�WKH�WUDQVFRQGXFWDQFH�RI�4��DQG

WKH�SXOVH�IUHTXHQF\�DUH�SURSRUWLRQDO�WR�WKH�FROOHFWRU�FXUUHQW��WKH�GHVLUHG�FRPSHQVDWLRQ�LV

DFKLHYHG�



5HY������������ 0HUFXU\�(&'�(OHFWURQLFV�&LUFXLW�'HVFULSWLRQ 3DJH���RI��

&5��DQG�5���OLPLW�WKH�PD[LPXP�IUHTXHQF\�ZKLFK�FDQ�EH�VHW�IRU�WKH�FXUUHQW�WR�IUHTXHQF\

FRQYHUWHU���)UHTXHQF\�VHWWLQJV�ZKLFK�DSSURDFK�RU�H[FHHG�WKH�UHFLSURFDO�RI�WKH�SXOVH�ZLGWK

����0+]��ZRXOG�FDXVH�LUUHJXODU�SXOVH�LQWHUYDOV��ZKLFK�PXVW�EH�DYRLGHG�

����'LDJQRVWLF�IHHGEDFN�FLUFXLW

%HFDXVH�WKH�HOHFWURPHWHU�LV�FRQILJXUHG�DV�DQ�LQWHJUDWRU��LWV�RXWSXW�ZLOO�LQHYLWDEO\�VZLQJ�WR

RQH�RI�WKH�SRZHU�VXSSO\�UDLOV�LI�D�IHHGEDFN�FXUUHQW��SURSRUWLRQDO�WR�SXOVH�IUHTXHQF\��LV

QRW�DSSOLHG�WR�LWV�LQSXW���6XFK�D�IHHGEDFN�VRXUFH�LV�SURYLGHG�RQ�WKH�ERDUG��VR�WKH�ERDUG

PD\�EH�WHVWHG�ZLWKRXW�KDYLQJ�DQ�H[WHUQDO�FRQQHFWLRQ�WR�DQ�(&'�FHOO���7R�HQDEOH�WKLV

GLDJQRVWLF�IHDWXUH��DQDORJ�VZLWFK�8���SLQV����DQG�����LV�FORVHG�DQG�VZLWFK�VHFWLRQ�8�

�SLQV���DQG����LV�RSHQHG���7KH�RXWSXW�SXOVHV�DUH��VWUHWFKHG��E\�&5��DQG�&����DQG�WKHQ

VXPPHG�ZLWK�WKH�&HOO�&XUUHQW�'$&�RXWSXW�WKURXJK�5���DQG�5�����6LQFH�WKH�DYHUDJH

YROWDJH�DW�WKH�ERWWRP�HQG�RI�5���PXVW�UHPDLQ�DW�]HUR�YROWV�IRU�WKH�LQWHJUDWLQJ

HOHFWURPHWHU�WR�IXQFWLRQ��WKH�FLUFXLW�ZLOO�DGMXVW�WKH�SXOVH�IUHTXHQF\�WR�PDNH�WKH�DYHUDJH

YROWDJH�DW�WKH�DQRGH�RI�&5��HTXDO�WR�WKH�RSSRVLWH�RI�WKH�YROWDJH�DW�$5������/LQHDULW\�RI

WKH�GLDJQRVWLF�FLUFXLW�LV�LPSURYHG�E\�&����ZKLFK�DEVRUEV�WKH�SXOVHV�ZLWKRXW�OHWWLQJ�WKH

YROWDJH�ULVH�VLJQLILFDQWO\���5���KROGV�WKH�YROWDJH�DW�8���SLQV���DQG�����EHORZ����9�HYHQ

DW�WKH�KLJKHVW�IUHTXHQFLHV��EXW�KDV�QR�HIIHFW�RQ�WKH�RSHUDWLQJ�SRLQW�RI�WKH�ORRS��VLQFH�LW�KDV

QR�'&�YROWDJH�DFURVV�LW���6WUHWFKLQJ�WKH�SXOVHV�DOORZV�RSHUDWLRQ�DW�ORZHU�IUHTXHQFLHV�DW

WKH�GHVLUHG�YROWDJH�OHYHOV�IURP�WKH�&HOO�&XUUHQW�'$&�

����2XWSXW�DPSOLILHU

7KH�LQIRUPDWLRQ�IURP�WKH�HOHFWURQ�FDSWXUH�GHWHFWRU�LV�FRQWDLQHG�LQ�WKH�SXOVH�IUHTXHQF\��VR

WKLV�IUHTXHQF\�LV�FRQYHUWHG�WR�D�YROWDJH�IRU�V\VWHP�XVH���7KH�RXWSXW�SXOVH�VWUHDP�LV

DYHUDJHG�E\�5���DQG�&�����6LQFH�WKH�'&�RIIVHW�DSSOLHG�WR�WKH�SXOVHU�RXWSXW�FDUULHV�QR

VLJQDO�LQIRUPDWLRQ��LWV�HIIHFW�PXVW�EH�UHPRYHG�IURP�WKLV�DYHUDJHG�VLJQDO���7KH�RIIVHW

YROWDJH��ZKLFK�DSSHDUV�DW�$5�����LV�LQYHUWHG�E\�$5���SLQV�������5����DQG�5�����%HFDXVH

5���LV�HTXDO�WR�5����WKH�LQYHUWHG�YROWDJH�IURP�$5����FDQFHOV�WKH�SXOVHU�'&�RIIVHW

YROWDJH��ZKLFK�DSSHDUV�DW�-����EHWZHHQ�SXOVHV���$5��DPSOLILHV�WKH�DYHUDJHG�SXOVH�VLJQDO�

ZLWK�&���SURYLGLQJ�IXUWKHU�VPRRWKLQJ���5HVLVWRU�5���FDQ�EH�SDUDOOHOHG�ZLWK�IHHGEDFN

UHVLVWRU�5���WKURXJK�8���SLQV���DQG����WR�VHOHFW�RQH�RI�WZR�JDLQV�IRU�WKH�RXWSXW�DPSOLILHU�

5���DGGV�DQ�RIIVHW�WR�WKH�VLJQDO��VR�WKH�QRUPDO�UHVWLQJ�IUHTXHQF\�RI����N+]�SURGXFHV�]HUR

RXWSXW�YROWDJH�DW�$5������5���DQG�&���SUHYHQW�JOLWFKHV�IURP�WKH�V\VWHP�$'&�LQSXW

PXOWLSOH[HU�IURP�GLVWXUELQJ�$5��

�����/RJ�RI�UHYLVLRQV�DQG�ILOH�LGHQWLILFDWLRQ

5HY������������

5HY��������������0DLQ�FKDQJHV�



5HY������������ 0HUFXU\�(&'�(OHFWURQLFV�&LUFXLW�'HVFULSWLRQ 3DJH���RI��

3XOVHU�'&�RIIVHW�FLUFXLW�DQG�RXWSXW�DPSOLILHU�LQSXW�RIIVHW�FLUFXLW�GHVFULSWLRQV�

�6HFWLRQV���	�����FKDQJHG�WR�UHIOHFW�FLUFXLW�FKDQJHV�LQ�5HY��&��

)LOH���(1*56(59�?����(/(&?'2&?(&'&'�'2&

$XWKRU��'��'H)RUG


