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7KH� $7$� VHULHV� RI� 7UDQVLPSHGDQFH� DPSOLILHUV� �7,$�� LV� LQWHQGHG� IRU� XVH� DV� D
SUHDPSOLILHU� LQ� ILEHU�RSWLF� UHFHLYHUV�� �8VHG� WR�DPSOLI\� WKH�ZHDN�FXUUHQWV�JHQHUDWHG�E\
WKH�SKRWRGLRGH�DW� WKH�UHFHLYHU� LQSXW�� WKHVH�GHYLFHV�SURYLGH�KLJK�G\QDPLF�UDQJH��JRRG
VHQVLWLYLW\�DQG�EDQGZLGWK�WR�HQKDQFH�RYHUDOO�V\VWHP�SHUIRUPDQFH���7KH�FKLS��IDEULFDWHG
LQ�JDOOLXP�DUVHQLGH��*D$V���UHSODFHV����WR����FRPSRQHQWV�LQ�D�W\SLFDO�GLVFUHWH�GHVLJQ�
WKHUHE\�UHGXFLQJ�PDQXIDFWXULQJ�FRVWV�DQG�LPSURYLQJ�UHOLDELOLW\���'HYLFHV�DUH�VXSSOLHG�LQ
ERWK�SDFNDJHG�DQG�GLH�IRUP�

7KH�$7$� �VHULHV� � LV� �VXLWDEOH� � IRU� �PRVW� � ILEHU� �VWDQGDUGV�� � LQFOXGLQJ� �621(7��+,33,�
)'',��%�,6'1�DQG�)LEHU�&KDQQHO�

)81&7,21$/�'(6&5,37,21

$�EORFN� GLDJUDP�RI� D� W\SLFDO� RSWLFDO� UHFHLYHU� LV� VKRZQ� LQ� )LJXUH� ��� � /LJKW� WUDQVPLWWHG
WKURXJK�D�ILEHU�LV�LQFLGHQW�DW�WKH�LQSXW�RI�WKH�RSWLFDO�UHFHLYHU��ZKHUH�LW�LV�FRQYHUWHG�IURP
DQ� RSWLFDO� VLJQDO� WR� DQ� HOHFWULFDO� VLJQDO� E\� WKH� SKRWRGHWHFWRU�� � 'HSHQGLQJ� RQ� WKH
DSSOLFDWLRQ��HLWKHU�DQ�DYDODQFKH�RU�3,1�SKRWRGLRGH�LV�XVHG�

7KH� ZHDN� FXUUHQW� JHQHUDWHG� E\� WKH� SKRWRGHWHFWRU� LV� WKHQ� DPSOLILHG� E\� WKH
7UDQVLPSHGDQFH� DPSOLILHU� �7,$��� ZKLFK� DOVR� FRQYHUWV� WKH� LQSXW� FXUUHQW� WR� DQ� RXWSXW
YROWDJH���7KH�YROWDJH�VLJQDO�LV�WKHQ�DPSOLILHG�DJDLQ�IRU�IXUWKHU�SURFHVVLQJ�LQ�WKH�GHFLVLRQ
FLUFXLW��ZKLFK�LQFOXGHV�FORFN�UHFRYHU\�DQG�RWKHU�VLJQDO�SURFHVVLQJ�IXQFWLRQV�

)LJXUH���VKRZV�WKH�IXQFWLRQDO�EORFN�GLDJUDP�RI�7,$V�ZLWK�DXWRPDWLF�JDLQ�FRQWURO�� �7KH
GHYLFH� LV� FRPSULVHG� RI� � WZR� JDLQ� VWDJHV�� D� IHHGEDFN� QHWZRUN� DQG� DQ� DXWRPDWLF� JDLQ
FRQWURO�FLUFXLW�

)LJXUH���VKRZV�WKH�IXQFWLRQDO�EORFN�GLDJUDP�RI�GHYLFHV�ZLWKRXW�$*&���8QOLNH�WKH�FKLSV
ZLWK�$*&�� WKHVH�GHYLFHV�RIIHU�QR�RYHUORDG�SURWHFWLRQ�DQG� UHTXLUH�ERWK�D�SRVLWLYH�DQG
QHJDWLYH�VXSSO\�YROWDJH�
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$*&� LV�XVHG� WR�SURWHFW� WKH�GHYLFHV� IURP�RSWLFDO�RYHUORDG�ZKLOH�VLJQLILFDQWO\� LPSURYLQJ
WKH�G\QDPLF�UDQJH�RI�WKH�GHYLFH���7KH�$*&�FLUFXLW�EHFRPHV�RSHUDWLRQDO�ZKHQ�WKH�LQSXW
FXUUHQW� UHDFKHV� WKH� $*&� WKUHVKROG�� � $W� WKLV� SRLQW� WKH� WUDQVUHVLVWDQFH� LV� ���� RI� LWV
RULJLQDO�YDOXH�

$*&�LV�D�FRQWLQXRXV� IXQFWLRQ��ZLWK�7UDQVLPSHGDQFH�GHFUHDVLQJ�DV�D� IXQFWLRQ�RI� LQSXW
FXUUHQW�� �/DUJHU� LQSXW�FXUUHQW�VZLQJV�FDXVH� WKH�7UDQVLPSHGDQFH� WR�GHFUHDVH�� WKHUHE\
KROGLQJ�WKH�RXWSXW�VZLQJ�FRQVWDQW�

7KH�FDWKRGH�RI�WKH�SKRWRGLRGH�PXVW�EH�FRQQHFWHG�WR�WKH�LQSXW�RI�WKH�GHYLFH�IRU�SURSHU
$*&� RSHUDWLRQ�� � � 7KH� GHYLFH� ZLOO� RSHUDWH� ZKHQ� WKH� DQRGH� LV� FRQQHFWHG� WR� LWV� LQSXW�
SURYLGHG�WKH� LQSXW�FXUUHQW� LV� ORZ�HQRXJK���VHH�7DEOH����� �&RQQHFWLQJ� WKH�GHWHFWRU� WKLV
ZD\�IRU�KLJKHU�LQSXW�OHYHOV�ZLOO�UHVXOW�LQ�SXOVH�ZLGWK�GLVWRUWLRQ�

%,7�5$7(��0%�V 0$;,080��,1387
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�1RPLQDO�YDOXHV�EDVHG�RQ�WKH�DFWXDO�7UDQVUHVLVWDQFH��ZKLFK�PD\�YDU\�VOLJKWO\�IURP�GHYLFH�WR�GHYLFH �

,17(*5$7,1*�7+(�'(9,&(

,Q�RUGHU�WR�DFKLHYH�JRRG�7,$�SHUIRUPDQFH��SURSHU�LQWHUIDFLQJ�RI�WKH�GHYLFH�LV�UHTXLUHG�
)LJXUH���GHVFULEHV�WKH�SURSHU�FRQILJXUDWLRQ�IRU�WHVW�SXUSRVHV�

7KH� K\EULG� FLUFXLW� VKRXOG� EH� ODLG� RXW� LQ� DFFRUGDQFH� ZLWK� JRRG� 5)� SUDFWLFHV�� � 7KLV
LQFOXGHV� D� ORZ� LQGXFWDQFH� JURXQG� SODQH� ZLWK� YLD� KROHV� IRU� 5)� JURXQGLQJ� RI� H[WHUQDO
FRPSRQHQWV�� � &LUFXLW� WUDFHV� VKRXOG� EH�PDGH� DV� VKRUW� DV� SRVVLEOH�� SDUWLFXODUO\� DW� WKH
GHWHFWRU�7,$�LQWHUIDFH�

9GG�DQG�9VV�VKRXOG�EH�E\SDVVHG�DV�FORVH� WR� WKH�FKLS�DV�SRVVLEOH�ZLWK�FKLS�RU�PHWDO
LQVXODWRU�PHWDO��0,0��FDSDFLWRUV�RI�JRRG�5)�TXDOLW\��ORZ�LQGXFWDQFH����7KLV�LV�HVVHQWLDO
IRU� JRRG� KLJK� IUHTXHQF\� DQG� ORZ� QRLVH� SHUIRUPDQFH�� � 7KLV� ZLOO� DOVR� VHUYH� WR� SUHYHQW
RVFLOODWLRQV��'LHOHFWULF�/DEV�� ,QF��PDNHV� D� YDULHW\� RI� FKLS� DQG�0,0�FDSDFLWRUV�� �$� ORZ
LQGXFWDQFH� JURXQG� SODQH� ZLWK� YLD� KROHV� VKRXOG� EH� PDGH� DYDLODEOH� IRU� SURSHU� SRZHU
VXSSO\�E\SDVVLQJ�
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&E\� LV�DOVR�QHHGHG� WR�HQVXUH�JRRG�KLJK� IUHTXHQF\�DQG� ORZ�QRLVH�SHUIRUPDQFH�� �7ZR
ERQG�ZLUHV�VKRXOG�EH�XVHG�WR�FRQQHFW�WKH�FKLS�WR�WKH�E\SDVV�FDSDFLWRU�LQ�RUGHU�WR�NHHS
WKH�LQGXFWDQFH�WR�D�PLQLPXP��VLQFH�DQ\�KLJK�IUHTXHQF\�VLJQDOV�SUHVHQW�KHUH�ZLOO�UHVXOW
LQ� ORVV�RI�7UDQVLPSHGDQFH�EDQGZLGWK�� �7ZR�ERQG�SDGV�DUH�DYDLODEOH� IRU� WKLV�SXUSRVH�
7\SLFDO� FDSDFLWRU� YDOXHV� DUH� ��� S)� DQG� ���� S)�� � /DUJHU� FDSDFLWRUV� FDQ� EH� XVHG� LQ
SDUDOOHO�WR�HQKDQFH�ORZ�IUHTXHQF\�SHUIRUPDQFH�

&DUH�VKRXOG�EH�H[HUFLVHG�ZKHQ�VHOHFWLQJ�D�FDSDFLWRU� IRU�&DJF�� �&KRRVLQJ�D�FDSDFLWRU
WKDW�LV�WRR�VPDOO�FDQ�OHDG�WR�GDWD�HUURUV��D�UHFRPPHQGHG�PLQLPXP�LV����S)���7KLV�ZLOO
SURYLGH� WKH�PLQLPXP�DPRXQW�RI� SURWHFWLRQ�DJDLQVW� SDWWHUQ� VHQVLWLYLW\�DQG�SXOVH�ZLGWK
GLVWRUWLRQ�RQ� UHSHWLWLYH�GDWD�VHTXHQFHV� �W\SLFDO�RI�621(7�GDWD�HQFRGLQJ��GXULQJ�KLJK
SRZHU�FRQGLWLRQV���7KH�WLPH�FRQVWDQW�FDQ�EH��FDOFXODWHG�DV�IROORZV��

7$*&� ����[���
�
�>&$*&����S)�

,W� LV� LPSRUWDQW� WR� FKRRVH� D� SKRWRGHWHFWRU� WKDW� KDV� ORZ� FDSDFLWDQFH�� DQG� WKDW� WKH
FDSDFLWDQFH�EHWZHHQ�WKH�SKRWRGHWHFWRU�DQG�WKH�7,$�EH�NHSW�DV�ORZ�DV�SRVVLEOH��([FHVV
FDSDFLWDQFH� ZLOO� OLPLW� WKH� EDQGZLGWK� DQG� GHJUDGH� WKH� VHQVLWLYLW\� RI� WKH� GHYLFH�� 7KH
FDSDFLWDQFH�RI�WKH�SKRWRGHWHFWRU�VKRXOG�QRW�H[FHHG�����S)�

0RVW�RSWLFDO� UHFHLYHUV�XVH�HLWKHU�D�3,1�RU�DYDODQFKH�SKRWRGLRGH� �$3'�� WR� GHWHFW� WKH
RSWLFDO� VLJQDOV�� �$�3,1�SKRWRGLRGH� UHTXLUHV� RQO\� D� VPDOO� UHYHUVH� YROWDJH� �DSSUR[�� ���
YROWV��DQG�LV�OHVV�H[SHQVLYH�WKDQ�DQ�$3'���:KLOH�$3'V�UHTXLUH�ODUJH�UHYHUVH�YROWDJHV
�!� ��� YROWV��� WKH\� RIIHU� WKH� DGYDQWDJH� RI� JDLQ�� 7KLV� LV� XVHIXO� LQ� ORQJ� GLVWDQFH
WHOHFRPPXQLFDWLRQ� V\VWHPV� ZKHUH� VHQVLWLYLW\� LV� D� NH\� FRQFHUQ�� � 6RXUFHV� IRU
SKRWRGHWHFWRUV�LQFOXGH�$03�/\WHO��$7	7��(SLWD[[��+HZOHWW�3DFNDUG�DQG�1RUWHO�

7KH�SXUSRVH�RI�WKH�ILOWHU�VKRZQ�DW�WKH�RXWSXW�RI�WKH�GHYLFH�LV�WR�LPSURYH�WKH�UHFHLYHU
V
VHQVLWLYLW\��([FHVV�EDQGZLGWK�UHVXOWV�LQ�H[FHVV�QRLVH�DQG�VHQVLWLYLW\�GHJUDGDWLRQ��0RVW
V\VWHP� GHVLJQV� VHW� WKH� ILOWHU� EDQGZLGWK� DW� ���� WLPHV� WKH� ELW� UDWH�� )DLUO\� JRRG
SHUIRUPDQFH� FDQ� EH� DFKLHYHG� ZLWKRXW� WKH� ILOWHU�� EXW� RYHUDOO� V\VWHP� VHQVLWLYLW\� ZLOO� EH
GHJUDGHG�����SROH�ORZ�SDVV�ILOWHU�YDOXHV�IRU�WKH�YDULRXV�ELW�UDWHV�DUH�VKRZQ�LQ�7DEOH���

$OWKRXJK� WKHUH� LV� QR� SDUWLFXODU� VHTXHQFH� WR� IROORZ� ZKHQ� DSSO\LQJ� ELDV� YROWDJHV�� LW� LV
JRRG�SUDFWLFH�WR�VWDUW�DW�]HUR�YROWV�DQG�JUDGXDOO\�LQFUHDVH�WKH�ELDV�WR�WKH�UHTXLUHG�OHYHO
ZKHQ� WHVWLQJ� GHYLFHV� LQ� WKH� ODE�� � 7KLV�ZLOO� KHOS� HOLPLQDWH� GDPDJH� GXH� WR� VXUJHV� DQG
WUDQVLHQWV�
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$�EULHI�RXWOLQH�RQ�KDQGOLQJ�*D$V�GLH�IROORZV��)RU�PRUH�GHWDLOV��UHIHU�WR�WKH�$1$',*,&6
7HFKQLFDO�%ULHI�HQWLWOHG�¦+DQGOLQJ�*DOOLXP�$UVHQLGH�'LH§�

6LQFH�*D$V�PDWHULDO� LV� VXEMHFW� WR� FKLSSLQJ� DQG� FUDFNLQJ�� GLH� VKRXOG� EH� KDQGOHG�ZLWK
FDUH�� � $LU� EULGJHV�� ZKLFK� DUH� RQO\� D� IHZ�PLFURQV� WKLFN�� DUH� HVSHFLDOO\� VXVFHSWLEOH� WR
GDPDJH�IURP�WZHH]HUV�

$1$',*,&6©�GLH�KDYH�QR�EDFNVLGH�PHWDOOL]DWLRQ�DQG�PXVW� WKHUHIRUH�EH�PRXQWHG�ZLWK
HSR[\���$�WKHUPDOO\�FRQGXFWLYH��VLOYHU�ILOOHG�HSR[\�VKRXOG�EH�XVHG���,W� LV�DOVR�LPSRUWDQW
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WKDW�WKH�HSR[\�UHWDLQV�JRRG��PHFKDQLFDO�SURSHUWLHV�DW�WHPSHUDWXUHV�DV�KLJK�DV����
R
&�

$� UHFRPPHQGHG� HSR[\� LV� (SR[\� 7HFKQRORJ\� +���6�� � 7KLV� FXUHV� DW� ���
R
&� IRU� ��

PLQXWHV�� � 'LH� VKRXOG� EH� FOHDQHG� ZLWK� D� VROYHQW� SULRU� WR� ERQGLQJ�� 7KH� GLH� VKRXOG� EH
SUHVVHG�LQWR�WKH�PRXQWLQJ�HSR[\�E\�DSSO\LQJ�SUHVVXUH�IURP��WKH�VLGHV�RI�WKH�GLH��QRW�WR
WKH� WRS�� �$OVR�� DW� OHDVW� �� FRUQHUV�RI� WKH�GLH� VKRXOG�EH�VXUURXQGHG�E\� HSR[\�� DQG� WKH
HSR[\�VKRXOG�QRW�FRPH�PRUH�WKDQ�KDOI�ZD\�XS�WKH�VLGH�RI�WKH�GLH�

%DOO�ERQGLQJ� LV� UHFRPPHQGHG�DW�D�VWDJH� WHPSHUDWXUH�RI����
R
&�ZLWK�������� LQFK�JROG

ZLUH���:HGJH��ERQGLQJ�FDQ�DOVR�EH�XVHG�ZLWK�WKH�ZHGJH�SUHVVXUH�VHW�WR����JUDPV��7KH
VWDJH� VKRXOG� EH� DW� URRP� WHPSHUDWXUH�� DQG� WKH�ZHGJH� SUHVVXUH� VKRXOG� EH� ��� JP� IRU
DOXPLQXP�ZHGJH�ERQGLQJ�

7KH� FRUUHFW� FRPELQDWLRQ� RI� IRUFH� DQG� XOWUDVRQLFV� ZLOO� UHVXOW� LQ� D� ERQG� ZKLFK� KDV� WKH
VKDSH�RI�D�UDLQ�GURS�

8OWUDVRQLF�HQHUJ\�VKRXOG�EH�XVHG�DV� OLWWOH�DV�SRVVLEOH� LQ�WKH�ERQGLQJ�SURFHVV�WR�DYRLG
JHQHUDWLQJ�FUDFNV�LQ�WKH�GLH��ZKLFK�FRXOG�OHDG�WR�ODWHQW�IDLOXUHV�

7\SLFDO�ERQGLQJ�GLDJUDPV� IRU�GHYLFHV�ZLWK�DQG�ZLWKRXW�$*&�DUH�VKRZQ� LQ�)LJXUHV��$
DQG��%�
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6LQJOH� VXSSO\� 7,$V� GLVVLSDWH� DSSUR[LPDWHO\� ����PLOOLZDWWV�� ZKLOH� GXDO� VXSSO\� GHYLFHV
GLVVLSDWH� DSSUR[LPDWHO\� ���� PLOOLZDWWV�� � ,W� LV� HVVHQWLDO�� WKHUHIRUH�� WKDW� WKH� GHYLFH� LV
PRXQWHG�RQ�D�UHOLDEOH�KHDW�VLQN��DQG� WKDW� WKH�HSR[\�XVHG� LV� WKHUPDOO\�DQG�HOHFWULFDOO\
FRQGXFWLYH�

7KH�VXEVWUDWH©V� WKHUPDO� FRHIILFLHQW� RI� H[SDQVLRQ�VKRXOG�QRW�GLIIHU� JUHDWO\� IURP� WKDW� RI
*D$V�� ZKLFK� LV� ���� SSP�

R
&�� � $FFHSWDEOH� VXEVWUDWH� PDWHULDOV� DUH� DOXPLQD�� EHU\OOLXP

R[LGH�DQG�NRYDU�

7KH�WHPSHUDWXUH�DW�WKH�XQGHUVLGH�RI�WKH�GLH�VKRXOG�QRW�H[FHHG�����
R
&�XQGHU�RSHUDWLQJ

FRQGLWLRQV��)RU�VLQJOH�VXSSO\�GHYLFHV��WKH�0HGLDQ�7LPH�WR�)DLOXUH��07)��ZLOO�EH���[���
�

KRXUV�DW�WKLV�WHPSHUDWXUH�DQG�ZLOO�GHFUHDVH�WR���[���
�
�KRXUV�DW����

R
&���6HH�)LJXUH��$��

)RU�GXDO�VXSSO\�GHYLFHV� WKH� UHVSHFWLYH�07)�YDOXHV�DUZ���
�
�KRXUV�DQG���;���

�
�KRXUV
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*D$V�FLUFXLWV�� OLNH�DQ\�VHPLFRQGXFWRU�� �DUH�VXVFHSWLEOH� WR�HOHFWURVWDWLF�GLVFKDUJH��DQG
(6'�LQGXFHG�IDLOXUHV�PD\�QRW�VKRZ�XS�XQWLO�WKH�PRGXOHV�DUH�LQ�WKH�ILHOG���,W�LV�WKHUHIRUH
LPSRUWDQW� WR� SURWHFW� WKH� GHYLFHV� IURP� (6'� GDPDJH�� � $VVHPEOHUV� VKRXOG� ZHDU
GLVVLSDWLYH�ZULVW�VWUDSV�DQG�ODE�FRDWV�� �DVVHPEO\�VKRXOG�EH�GRQH�RQ�GLVVLSDWLYH�EHQFK
PDWV�

7(67,1*�7+(�'(9,&(

7KH� WHVW� IL[WXUH�VKRZQ� LQ�)LJXUH���FDQ�EH�XVHG� WR� WHVW�GHYLFHV�XS� WR�����0E�V�� �7KH
FLUFXLW�VKRZQ�LV�VXLWDEOH�IRU�GHYLFHV�DVVHPEOHG�LQ�WKH�VXUIDFH�PRXQW��SODVWLF�SDFNDJH�

7KH� �.:� UHVLVWRU� �5��� DQG� WKH� ���� S)� FDSDFLWRU� �&��� VLPXODWH� WKH� LPSHGDQFH� RI� WKH
SKRWRGLRGH�� �3KRWRGLRGHV�ZLWK�FDSDFLWDQFH�KLJKHU� WKDQ�����S)�VKRXOG�EH�DYRLGHG��DV
WKLV�FDSDFLWDQFH�KDV�D�GLUHFW�HIIHFW�RQ�WKH�EDQGZLGWK�DQG�VHQVLWLYLW\�SHUIRUPDQFH�RI�WKH
GHYLFH�
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7KH�FLUFXLW�VKRXOG�EH�ODLG�RXW�XVLQJ�VWDQGDUG�5)�WHFKQLTXHV��DQG�DOO�FRPSRQHQWV�XVHG
VKRXOG�KDYH�JRRG�5)�TXDOLWLHV�� �7UDQVPLVVLRQ� OLQHV�EHWZHHQ�WKH�����S)�FDSDFLWRU�DQG
WKH� LQSXW� RI� WKH� GHYLFH� VKRXOG� EH� NHSW� DV� VKRUW� DV� SRVVLEOH�� VLQFH� DQ\� DGGLWLRQDO
FDSDFLWDQFH�KHUH�ZLOO�GHJUDGH�WKH�EDQGZLGWK�DQG�VHQVLWLYLW\�SHUIRUPDQFH�RI�WKH�GHYLFH�

7HVW�&LUFXLW

,QSXW 2XWSXW

9GG

1RWHV�

���0DWHULDO��)5���HU� ����
���7KLFNQHVV� �������LQFK

�����R]��FRSSHU��ERWK�VLGHV

���,QSXW�RXWSXW�WUDQVPLVVLRQ

����OLQH�LPSHGDQFH� ����:

3DUWV�/LVW

5� ��:

5� �.:

&��&� ����S)

&��&��&� ����P)

&� ���P)

&� ����S)

)LJXUH��
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0($685,1*�'(9,&(�3$5$0(7(56

'&�7UDQVUHVLVWDQFH�

7KLV� LV� WKH� DPRXQW� RI� IHHGEDFN� UHVLVWDQFH� LQ� WKH� GHYLFH�� ,W� FDQ� EH� GHWHUPLQHG
DSSUR[LPDWHO\�E\�PHDVXULQJ�WKH�GF�UHVLVWDQFH�IURP�WKH�LQSXW�WR�WKH�RXWSXW�RI�WKH�GHYLFH�
$OWHUQDWLYHO\��LW�FDQ�EH�GHWHUPLQHG�DV�IROORZV�

��� 0HDVXUH� WKH� GF� YROWDJH� DW� WKH� RXWSXW� RI� WKH� GHYLFH� �9RV�� ZKHQ� WKH� LQSXW
FXUUHQW�HTXDOV�]HUR�

����*HQHUDWH�D�GF�FXUUHQW�DW�WKH�LQSXW�RI�WKH�GHYLFH�DQG�UH�PHDVXUH�9RV���7KH�

7UDQVUHVLVWDQFH�LV�WKHQ�'9�GLYLGHG�E\�',���,W�LV�LPSRUWDQW�WKDW�WKH�LQSXW�FXUUHQW�EH�
NHSW�EHORZ�WKH�$*&�WKUHVKROG�FXUUHQW�WR�SUHYHQW�WKH�$*&�FLUFXLW�IURP�WXUQLQJ�RQ�

$&�7UDQVLPSHGDQFH�

7KLV�LV�GHILQHG�DV�WKH�RXWSXW�YROWDJH��9RXW��GLYLGHG�E\�WKH�LQSXW�FXUUHQW��,LQ��� �7KH�$&
7UDQVLPSHGDQFH� ZLOO� EH� FRQVWDQW� XQWLO� ,LQ� UHDFKHV� WKH� $*&� 7KUHVKROG�� ZKLFK� LV� WKH
LQSXW�FXUUHQW�DW�ZKLFK� WKH�7UDQVLPSHGDQFH�KDV�GHFUHDVHG� WR������RI� LWV� LQLWLDO�YDOXH�
2QFH� WKH�$*&� FLUFXLW� LV� DFWLYH�� WKH� $&� 7UDQVLPSHGDQFH� FKDQJHV� QRQOLQHDUO\�� DQG� LV
DJDLQ� GHILQHG� DV� WKH� RXWSXW� YROWDJH� GLYLGHG� E\� WKH� LQSXW� FXUUHQW�� � 7KH� $&
7UDQVLPSHGDQFH�FDQ�EH�PHDVXUHG�DV�IROORZV�

�� *HQHUDWH�D�FXUUHQW�DW� WKH� LQSXW�RI� WKH�GHYLFH� �,,1�� E\�DSSO\LQJ�D� OLJKW� VLJQDO� WR� WKH
SKRWRGHWHFWRU��DQG�PHDVXUH� WKH�RXWSXW�YROWDJH� �9287��� � �7KH�$&�7UDQVLPSHGDQFH
FDQ�WKHQ�EH�FDOFXODWHG�ZLWK�WKH�IROORZLQJ��HTXDWLRQ�

7=��G%�� ����/RJ��9RXW�,,1�

,QSXW�2IIVHW�9ROWDJH�DQG�2XWSXW�2IIVHW�9ROWDJH�

7KHVH�DUH�WKH�GF�YROWDJHV�DW�WKH�LQSXW�DQG�RXWSXW�RI�WKH�GHYLFH���7KH\�FDQ�EH�PHDVXUHG
ZLWK� D� GF� YROWPHWHU�� HLWKHU� GLUHFWO\� DW� WKH� LQSXW� DQG� RXWSXW� RI� WKH� GHYLFH�� RU� DW� VRPH
FRQYHQLHQW� WHVW� SRLQW� LQ� WKH�PRGXOH�� � 3URELQJ� VKRXOG� EH� GRQH� FDUHIXOO\� VR� DV� QRW� WR
GDPDJH�DQ\�RI�WKH�VWUXFWXUHV�RQ�WKH�GLH�LWVHOI�

,QSXW�5HIHUUHG�1RLVH�&XUUHQW�DQG�6HQVLWLYLW\�

7KLV�SDUDPHWHU� LV�GLUHFWO\� UHODWHG� WR� WKH� VHQVLWLYLW\�RI� WKH�GHYLFH�� � ,W� LV� GHILQHG�DV� WKH
RXWSXW�QRLVH�YROWDJH��9RXW��ZLWK�QR�LQSXW�VLJQDO���GLYLGHG�E\�WKH�$&�7UDQVLPSHGDQFH���$
ORZ�SDVV�ILOWHU��VHH�7DEOH����LV�XVHG�DW�WKH�RXWSXW�ZKHQ�WKH�PHDVXUHPHQW�LV�PDGH���7KH
GHYLFH�VHQVLWLYLW\�FDQ�WKHQ�EH�FDOFXODWHG�DV�IROORZV�

K� ����/RJ�^������[�,,1��5`���>G%P@
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:KHUH� ,LQ� LV� WKH� LQSXW� UHIHUUHG� QRLVH� FXUUHQW�� DQG� 5� LV� WKH� UHVSRQVLYLW\� RI� WKH
3KRWRGHWHFWRU�

2SWLFDO�2YHUORDG��,QGLUHFW�0HDVXUHPHQW��

7KLV� LV� GHILQHG� DV� WKH�PD[LPXP� RSWLFDO� SRZHU� DERYH� ZKLFK� WKH� ELW� HUURU� UDWH� �%(5�
LQFUHDVHV� EH\RQG� �� HUURU� LQ� ��

��
� ELWV�� � 7KH� IROORZLQJ� GF�PHDVXUHPHQW� KDV� H[FHOOHQW

FRUUHODWLRQ�ZLWK�D�SVXHGR�UDQGRP�ELW�VWUHDP��35%6��PHDVXUHPHQW�

���0HDVXUH�WKH�RXWSXW�RIIVHW�YROWDJH��926��ZKLOH�LQFUHDVLQJ�WKH�LQSXW�FXUUHQW��,,1��

���5HFRUG�,,1�DW�WKH�SRLQW�ZKHUH�WKH�RXWSXW�YROWDJH�FROODSVHV�

���7KH�RSWLFDO�RYHUORDG��LQ�G%P��FDQ�WKHQ�EH�FDOFXODWHG�ZLWK�WKH�IROORZLQJ�HTXDWLRQ�

2SWLFDO�2YHUORDG��G%P�� ����/RJ��>��,,1�������5@

:KHUH�5�LV�WKH�UHVSRQVLYLW\�RI�WKH�SKRWRGLRGH�DQG�,,1�WKH�FXUUHQW�DW�ZKLFK�WKH�RXWSXW
YROWDJH�FROODSVHV�

%DQGZLGWK�

7KLV� FDQ�EH�GHWHUPLQHG�E\�PHDVXULQJ� WKH�7UDQVLPSHGDQFH�JDLQ�RI� WKH�GHYLFH�ZLWK� D
VFDODU� RU� YHFWRU� QHWZRUN� DQDO\]HU�� � 7KH� EDQGZLGWK� VSHFLILHG� LV� WKH� �� G%� EDQGZLGWK�

PHDVXUHG�LQ�D���:�V\VWHP�

�7528%/(6+227,1*�*8,'(

/RZ�2SWLFDO�2YHUORDG��'HYLFHV�ZLWK�$*&��

7KLV� LV� XVXDOO\� FDXVHG� E\� D� VKRUW� FLUFXLW� DW� WKH� $*&� SRUW� RI� WKH� GHYLFH�� � 7KH� $*&
FDSDFLWRU� �&DJF�� LV�VRPHWLPHV� LQDGYHUWHQWO\�VKRUW� FLUFXLWHG�ZKHQ�DQ�H[FHVV�DPRXQW�RI
FRQGXFWLYH�HSR[\�LV�XVHG�RQ�WKH�K\EULG�FLUFXLW���6KRUW�FLUFXLWLQJ�WKH�$*&�SRUW�ZLOO�GLVDEOH
WKH�$*&�IXQFWLRQ��FDXVLQJ�WKH�GHYLFH�WR�RYHUORDG�ZLWK�ORZ�RSWLFDO�OHYHOV�

/RZ�%DQGZLGWK�

7KH� EDQGZLGWK� RI� WKH� GHYLFH� LV� GLUHFWO\� UHODWHG� �LQYHUVHO\� SURSRUWLRQDO�� WR� WKH
FDSDFLWDQFH�RI�WKH�SKRWRGLRGH�DQG�DQ\�VWUD\�FDSDFLWDQFH�EHWZHHQ�WKH�SKRWRGLRGH�DQG
WKH�LQSXW�RI�WKH�GHYLFH���,W�LV�UHFRPPHQGHG�WKDW�RQO\�SKRWRGHFWRUV�ZLWK�OHVV�WKDQ�����S)
FDSDFLWDQFH�EH�XVHG�
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'HJUDGHG�6HQVLWLYLW\�

,W�LV�LPSRUWDQW�WR�XVH�D�ORZSDVV�ILOWHU�DW�WKH�RXWSXW�RI�WKH�GHYLFH�IRU�DSSOLFDWLRQV�ZKHUH
WKH�VHQVLWLYLW\� LV�FULWLFDO�� �7KH� ILOWHU�ZLOO�KHOS�UHGXFH� WKH�QRLVH�DQG� LPSURYH� � WKH�RYHUDOO
V\VWHP�VHQVLWLYLW\�E\�DWWHQXDWLQJ�WKH�RXW�RI�EDQG�QRLVH�

7KH� LQSXW� UHIHUUHG�QRLVH��DQG�KHQFH�� WKH�VHQVLWLYLW\�RI� WKH�GHYLFH�DUH�DOVR�DIIHFWHG�E\
WKH�SKRWRGLRGH�FDSDFLWDQFH���7KH�VHQVLWLYLW\�FDQ�EH�LPSURYHG�E\�UHGXFLQJ�WKH�GHWHFWRU
FDSDFLWDQFH�

7KH� UHVSRQVLYLW\� RI� WKH� SKRWRGLRGH� FDQ� DOVR� DIIHFW� WKH� VHQVLWLYLW\�� � 7KH� VHQVLWLYLW\� LV
LQYHUVHO\�SURSRUWLRQDO�WR�WKH�UHVSRQVLYLW\���,W�LV�LPSRUWDQW�WR�QRWH��KRZHYHU��WKDW�WKHUH�ZLOO
EH� D� WUDGHRII� EHWZHHQ� VHQVLWLYLW\� DQG� RSWLFDO� RYHUORDG� ZKHQ� GHWHUPLQLQJ� WKH� RSWLPDO
UHVSRQVLYLW\�IRU�WKH�SKRWRGLRGH�

2VFLOODWLRQV��5HVRQDQFHV�DQG�3HDNLQJ�

2QH� RI� WKH� PRVW� FRPPRQ� FDXVHV� RI� GHYLFH� RVFLOODWLRQ� LV� SRRU� 5)� JURXQGLQJ� RQ� WKH
K\EULG� FLUFXLW�� �$OO� JURXQG�ZLUH�ERQGV� VKRXOG� EH� NHSW� DV� VKRUW� DV� SRVVLEOH�� DQG�ZKHQ
IHDVLEOH��YLD�KROHV�VKRXOG�EH�XVHG��DV�FORVH�WR�WKH�GHYLFH�DV�SRVVLEOH��

7KH�EDFN�VLGH�RI� WKH�GHYLFH�VKRXOG�EH�PRXQWHG� WR�D�JURXQG�SODQH�� �:KLOH� WKH�GHYLFH
ZLOO�JHQHUDOO\�ZRUN�LI�WKH�EDFN�VLGH�LV�DW�D�QHJDWLYH�GF�YROWDJH��WKH�FKDQFHV�RI�RVFLOODWLRQ
DUH�VLJQLILFDQWO\�LQFUHDVHG�

3RRU�SRZHU� VXSSO\� E\SDVVLQJ� FDQ�DOVR� FDXVH�RVFLOODWLRQV�� �*RRG�TXDOLW\� FKLS� RU�0,0
FDSDFLWRUV�VKRXOG�EH�SODFHG�DV�FORVH�WR�WKH�GHYLFH�DV�SRVVLEOH��DQG�ERQG�ZLUH�OHQJWKV
VKRXOG�EH�PLQLPL]HG�

,I� WKH� IUHTXHQF\�UHVSRQVH�RI� WKH�GHYLFH�KDV�¦VXFNRXWV§�RU� UHVRQDQFHV�� WKH�PRVW� OLNHO\
FDXVH�LV�ORQJ�ERQG�ZLUHV��SDUWLFXODUO\�IRU�WKH�&E\�FRQQHFWLRQ���([FHVV�LQGXFWDQFH�KHUH
KDV�EHHQ�VHHQ�WR�FDXVH�ORZ�IUHTXHQF\�UHVRQDQFHV�

,W� LV� HVSHFLDOO\� LPSRUWDQW� WKDW� WKH� LQSXW� LPSHGDQFH� RI� WKH� VXEVHTXHQW� VWDJHV� EH
PDWFKHG�DV�FORVH� WR����RKPV�DV�SRVVLEOH��SDUWLFXODUO\� IRU� WKH�KLJKHU�ELW� UDWH�GHYLFHV�
7KH� 7,$� FDQ� RVFLOODWH�ZKHQ� WHUPLQDWHG�ZLWK� D� GHYLFH� KDYLQJ� D� KLJK� LQSXW� LPSHGDQFH
�H�J��D�026)(7�SRVW�DPSOLILHU�VWDJH��

3XOVH�:LGWK�'LVWRUWLRQ�

7KLV�FDQ�EH�FDXVHG�E\�FKRRVLQJ�DQ�$*&�FDSDFLWRU�ZKLFK�LV�WRR�VPDOO���7KLV�FDSDFLWRU�LV
XVHG� WR�VHW� WKH�$*&�WLPH�FRQVWDQW��ZKLFK� LV� WKH�DPRXQW�RI� WLPH� LW� WDNHV� IRU� WKH�$*&
FLUFXLW� WR� WXUQ� RQ� DQG� RII�� � ,I� WKH� WLPH� FRQVWDQW� LV� WRR� VKRUW�� WKH� GHYLFH� ZLOO� VWDUW� WR
RYHUORDG�XQGHU� ODUJH� LQSXW� VLJQDO� FRQGLWLRQV�� DQG� WKH� UHVXOW� ZLOO� EH� D� GLVWRUWHG� RXWSXW
VLJQDO�� � 7KHUHIRUH� �� WKH� UHFRPPHQGHG� PLQLPXP� YDOXH� �WR� PHHW� 621(7� DQG� 6'+
UHTXLUHPHQWV��LV����S)�
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'(),1,7,21�2)�7(506

$*& $XWRPDWLF� *DLQ� &RQWURO�� XVHG� WR� SURWHFW� WKH� GHYLFH
IURP�RSWLFDO�RYHUORDG�ZKLOH�PDLQWDLQLQJ�EDQGZLGWK�DQG
VHQVLWLYLW\�SHUIRUPDQFH�

$*&�7+5(6+2/' 7KH� OHYHO� RI� LQSXW� FXUUHQW� DW� ZKLFK� WKH� $&
7UDQVLPSHGDQFH�GHFUHDVHV�WR�����RI�LWV�LQLWLDO�YDOXH�

$*&�7,0(�&2167$17 7KH� DPRXQW� RI� WLPH� LW� WDNHV� WR� DFKLHYH� WKH� UHTXLUHG
$*&�OHYHO��DOVR��WKH�DPRXQW�RI�WLPH�LW�WDNHV�WR�UHFRYHU
IURP�$*&�

%(5 %LW�(UURU�5DWH�� WKH� IUDFWLRQ�RI�ELWV� WUDQVPLWWHG� WKDW�DUH
UHFHLYHG�LQFRUUHFWO\�

%�,6'1 %URDGEDQG�,QWHJUDWHG�6HUYLFHV�'LJLWDO�1HWZRUN

G%P 'HFLEHO� UHIHUHQFH� WR� �� PLOLZDWW�� �� G%P� HTXDOV� RQH
PLOLZDWW�

'(7(&725 7KH�SKRWRGLRGH�LQ�RSWLFDO�UHFHLYHUV

',67257,21 $Q\� GLIIHUHQFH� EHWZHHQ� WKH� WUDQVPLWWHG� DQG� UHFHLYHG
ZDYHIRUP�RI�D�JLYHQ�VLJQDO�

(<(�',$*5$0 4XDOLWDWLYH�GHVFULSWLRQ�RI�D�GLJLWDO�V\VWHP��WKH�%(5�WKDW
FDQ�EH�DFKLHYHG�LV�UHODWHG�WR�WKH�RSHQQHVV�RI�WKH�H\H�

)'', )LEHU�'LVWULEXWHG�'LJLWDO��,QWHUIDFH��D�QHWZRUN�EDVHG�RQ
WKH�XVH�RI�RSWLFDO�ILEHU�WR�WUDQVPLW�GDWD�DW�D�UDWH�RI����
0E�V�

),%(5�&+$11(/ $�SRLQW� WR� SRLQW� DQG� QHWZRUN� VWDQGDUG� IRU� KLJK� VSHHG
LQWHUFKDQJH�RI�GDWD�EHWZHHQ�FRPSXWHUV�

*D$V *DOOLXP�$UVHQLGH��D� OOO�O9�VHPLFRQGXFWRU�PDWHULDO� IURP
ZKLFK�PLFURZDYH�LQWHJUDWHG�FLUFXLWV�FDQ�EH�IDEULFDWHG�

+,33, +LJK� 3HUIRUPDQFH� 3DUDOOHO� ,QWHUIDFH�� DQ� ���� 0E�V
LQWHUIDFH�WR�VXSHUFRPSXWHU�QHWZRUNV�

237,&$/�29(5/2$' $� FRQGLWLRQ� RI� KLJK� LQSXW� FXUUHQW� WKDW� FDXVHV� SXOVH
ZLGWK�GLVWRUWLRQ�DW�WKH�RXWSXW�RI�WKH�7,$�
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3+272',2'( $�VHPLFRQGXFWRU�GHYLFH�WKDW�FRQYHUWV�OLJKW�WR�HOHFWULFDO
FXUUHQW�

621(7 6\QFKURQRXV� 2SWLFDO� 1HWZRUN�� D� VWDQGDUG� IRU� RSWLFDO
QHWZRUN� FRPSRQHQWV� SURYLGLQJ� PRGXODU� EXLOGLQJ
EORFNV�� IL[HG� RYHUKHDGV� DQG� LQWHJUDWHG� RSHUDWLRQV
FKDQQHOV�

7,$ 7UDQVLPSHGDQFH� $PSOLILHU�� D� GHYLFH� XVHG� WR� FRQYHUW
LQSXW�FXUUHQWV�WR�RXWSXW�YROWDJHV�

75$16,03('$1&( 7KH� WUDQVIHU� IXQFWLRQ� RI� D� 7,$�� WKH� RXWSXW� YROWDJH
GLYLGHG�E\�WKH�LQSXW�FXUUHQW�


