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0,&������������������ 0LFUHO

$SSOLFDWLRQV�,QIRUPDWLRQ
7KH�0,&������������LV�D�KLJK�SHUIRUPDQFH�ORZ�GURSRXW�YROW�

DJH�UHJXODWRU�VXLWDEOH�IRU�PRGHUDWH�WR�KLJK�FXUUHQW�YROWDJH�

UHJXODWRU�DSSOLFDWLRQV��,WV����P9�GURSRXW�YROWDJH�DW�IXOO�ORDG�

DQG� RYHUWHPSHUDWXUH�PDNHV� LW� HVSHFLDOO\� YDOXDEOH� LQ� EDW�

WHU\�SRZHUHG�V\VWHPV�DQG�DV�KLJK�HI¿FLHQF\�QRLVH�¿OWHUV�LQ�

SRVW�UHJXODWRU�DSSOLFDWLRQV��8QOLNH�ROGHU�131�SDVV�WUDQVLVWRU�

GHVLJQV��ZKHUH�WKH�PLQLPXP�GURSRXW�YROWDJH�LV�OLPLWHG�E\�WKH�

EDVH�WR�HPLWWHU�YROWDJH�GURS�DQG�FROOHFWRU�WR�HPLWWHU�VDWXUD�

WLRQ�YROWDJH��GURSRXW�SHUIRUPDQFH�RI�WKH�313�RXWSXW�RI�WKHVH�

GHYLFHV�LV�OLPLWHG�RQO\�E\�WKH�ORZ�9&(�VDWXUDWLRQ�YROWDJH��

$�WUDGH�RII�IRU�WKH�ORZ�GURSRXW�YROWDJH�LV�D�YDU\LQJ�EDVH�GULYH�

UHTXLUHPHQW��0LFUHO¶V�6XSHU�EHWD�313��SURFHVV�UHGXFHV�WKLV�

GULYH�UHTXLUHPHQW�WR�RQO\����RI�WKH�ORDG�FXUUHQW�

7KH�0,&������������UHJXODWRU�LV�IXOO\�SURWHFWHG�IURP�GDPDJH�

GXH� WR� IDXOW�FRQGLWLRQV��/LQHDU�FXUUHQW� OLPLWLQJ� LV�SURYLGHG��

2XWSXW�FXUUHQW�GXULQJ�RYHUORDG�FRQGLWLRQV�LV�FRQVWDQW��7KHU�

PDO�VKXWGRZQ�GLVDEOHV�WKH�GHYLFH�ZKHQ�WKH�GLH�WHPSHUDWXUH�

H[FHHGV�WKH�PD[LPXP�VDIH�RSHUDWLQJ�WHPSHUDWXUH��7KH�RXW�

SXW�VWUXFWXUH�RI�WKHVH�UHJXODWRUV�DOORZV�YROWDJHV�LQ�H[FHVV�

RI�WKH�GHVLUHG�RXWSXW�YROWDJH�WR�EH�DSSOLHG�ZLWKRXW�UHYHUVH�

FXUUHQW�ÀRZ�
0,&������[�[

,1 287

*1'
&,1 &287

9,1 9287

)LJXUH���� &DSDFLWRU�5HTXLUHPHQWV

2XWSXW�&DSDFLWRU

7KH�0,&������������UHTXLUHV�DQ�RXWSXW�FDSDFLWRU�WR�PDLQWDLQ�

VWDELOLW\�DQG�LPSURYH�WUDQVLHQW�UHVSRQVH��$V�D��&DS�/'2��WKH�

0,&������������FDQ�RSHUDWH�ZLWK�FHUDPLF�RXWSXW�FDSDFLWRUV�

DV�ORQJ�DV�WKH�DPRXQW�RI�FDSDFLWDQFH�LV����)�RU�JUHDWHU��)RU�

YDOXHV�RI�RXWSXW�FDSDFLWDQFH�ORZHU�WKDQ����)��WKH�UHFRP�

PHQGHG�(65�UDQJH�LV����P�WR����7KH�PLQLPXP�YDOXH�RI�

RXWSXW�FDSDFLWDQFH�UHFRPPHQGHG�IRU�WKH�0,&������������

LV�����)�

)RU����)�RU�JUHDWHU�WKH�(65�UDQJH�UHFRPPHQGHG�LV�OHVV�WKDQ�

�:�� �8OWUD�ORZ�(65�FHUDPLF�FDSDFLWRUV�DUH�UHFRPPHQGHG�

IRU�RXWSXW�FDSDFLWDQFH�RI����)�RU�JUHDWHU� WR�KHOS� LPSURYH�

WUDQVLHQW� UHVSRQVH�DQG�QRLVH�UHGXFWLRQ�DW�KLJK� IUHTXHQF\���

;�5�;�5� GLHOHFWULF�W\SH� FHUDPLF� FDSDFLWRUV� DUH� UHFRP�

PHQGHG�EHFDXVH�RI�WKHLU�WHPSHUDWXUH�SHUIRUPDQFH��;�5�W\SH�

FDSDFLWRUV�FKDQJH�FDSDFLWDQFH�E\�����RYHU�WKHLU�RSHUDWLQJ�

WHPSHUDWXUH�UDQJH�DQG�DUH�WKH�PRVW�VWDEOH�W\SH�RI�FHUDPLF�

FDSDFLWRUV��=�8�DQG�<�9�GLHOHFWULF�FDSDFLWRUV�FKDQJH�YDOXH�

E\�DV�PXFK�DV�����DQG�����UHVSHFWLYHO\�RYHU�WKHLU�RSHUDW�

LQJ�WHPSHUDWXUH�UDQJHV��7R�XVH�D�FHUDPLF�FKLS�FDSDFLWRU�ZLWK�

<�9�GLHOHFWULF��WKH�YDOXH�PXVW�EH�PXFK�KLJKHU�WKDQ�DQ�;�5�

FHUDPLF�FDSDFLWRU�WR�HQVXUH�WKH�VDPH�PLQLPXP�FDSDFLWDQFH�

RYHU�WKH�HTXLYDOHQW�RSHUDWLQJ�WHPSHUDWXUH�UDQJH�

,QSXW�&DSDFLWRU

$Q�LQSXW�FDSDFLWRU�RI���)�RU�JUHDWHU�LV�UHFRPPHQGHG�ZKHQ�

WKH�GHYLFH�LV�PRUH�WKDQ���LQFKHV�DZD\�IURP�WKH�EXON�DF�VXSSO\�

FDSDFLWDQFH�RU�ZKHQ�WKH�VXSSO\�LV�D�EDWWHU\��6PDOO��VXUIDFH�

PRXQW��FHUDPLF�FKLS�FDSDFLWRUV�FDQ�EH�XVHG�IRU�E\SDVVLQJ��

/DUJHU�YDOXHV�ZLOO�KHOS�WR�LPSURYH�ULSSOH�UHMHFWLRQ�E\�E\SDVV�

LQJ�WKH�LQSXW�WR�WKH�UHJXODWRU��IXUWKHU�LPSURYLQJ�WKH�LQWHJULW\�

RI�WKH�RXWSXW�YROWDJH�

(UURU�)ODJ

7KH�0,&������IHDWXUHV�DQ�HUURU�ÀDJ��)/*���ZKLFK�PRQLWRUV�

WKH�RXWSXW�YROWDJH�DQG�VLJQDOV�DQ�HUURU�FRQGLWLRQ�ZKHQ�WKLV�

YROWDJH�GURSV����EHORZ�LWV�H[SHFWHG�YDOXH��7KH�HUURU�ÀDJ�LV�

DQ�RSHQ�FROOHFWRU�RXWSXW�WKDW�SXOOV�ORZ�XQGHU�IDXOW�FRQGLWLRQV�

DQG�PD\�VLQN�XS� WR���P$��/RZ�RXWSXW�YROWDJH�VLJQL¿HV�D�

QXPEHU�RI�SRVVLEOH�SUREOHPV��LQFOXGLQJ�DQ�RYHUFXUUHQW�IDXOW�

�WKH�GHYLFH�LV�LQ�FXUUHQW�OLPLW��RU�ORZ�LQSXW�YROWDJH��7KH�ÀDJ�

RXWSXW� LV� LQRSHUDWLYH�GXULQJ�RYHUWHPSHUDWXUH�FRQGLWLRQV��$�

SXOO�XS�UHVLVWRU�IURP�)/*�WR�HLWKHU�9,1�RU�9287�LV�UHTXLUHG�IRU�

SURSHU�RSHUDWLRQ��)RU�LQIRUPDWLRQ�UHJDUGLQJ�WKH�PLQLPXP�DQG�

PD[LPXP�YDOXHV�RI�SXOO�XS�UHVLVWDQFH��UHIHU�WR�WKH�JUDSK�LQ�

WKH�³7\SLFDO�&KDUDFWHULVWLFV´�VHFWLRQ�RI�WKH�GDWD�VKHHW�

(QDEOH�,QSXW

7KH�0,&������DQG�0,&������YHUVLRQV�IHDWXUH�DQ�DFWLYH�KLJK�

HQDEOH�LQSXW��(1��WKDW�DOORZV�RQ�RII�FRQWURO�RI�WKH�UHJXODWRU��

&XUUHQW�GUDLQ�UHGXFHV�WR�³]HUR´�ZKHQ�WKH�GHYLFH�LV�VKXWGRZQ��

ZLWK�RQO\�PLFURDPSHUHV�RI�OHDNDJH�FXUUHQW��7KH�(1�LQSXW�KDV�

77/�&026�FRPSDWLEOH�WKUHVKROGV�IRU�VLPSOH�ORJLF�LQWHUIDFLQJ��

(1�PD\�EH�GLUHFWO\�WLHG�WR�9,1�DQG�SXOOHG�XS�WR�WKH�PD[LPXP�

VXSSO\�YROWDJH

7UDQVLHQW�5HVSRQVH�DQG����9�WR����9�RU����9�WR����9��

����9�RU����9�&RQYHUVLRQ

7KH�0,&������������ KDV� H[FHOOHQW� WUDQVLHQW� UHVSRQVH� WR�

YDULDWLRQV�LQ�LQSXW�YROWDJH�DQG�ORDG�FXUUHQW��7KH�GHYLFH�KDV�

EHHQ�GHVLJQHG�WR�UHVSRQG�TXLFNO\�WR�ORDG�FXUUHQW�YDULDWLRQV�

DQG�LQSXW�YROWDJH�YDULDWLRQV��/DUJH�RXWSXW�FDSDFLWRUV�DUH�QRW�

UHTXLUHG�WR�REWDLQ�WKLV�SHUIRUPDQFH��$�VWDQGDUG����)�RXWSXW�

FDSDFLWRU��LV�DOO�WKDW�LV�UHTXLUHG��/DUJHU�YDOXHV�KHOS�WR�LPSURYH�

SHUIRUPDQFH�HYHQ�IXUWKHU�

%\�YLUWXH�RI�LWV�ORZ�GURSRXW�YROWDJH��WKLV�GHYLFH�GRHV�QRW�VDWX�

UDWH�LQWR�GURSRXW�DV�UHDGLO\�DV�VLPLODU�131�EDVHG�GHVLJQV��

:KHQ�FRQYHUWLQJ�IURP����9�WR����9�RU����9�WR����9��RU�ORZHU��

WKH�131�EDVHG�UHJXODWRUV�DUH�DOUHDG\�RSHUDWLQJ�LQ�GURSRXW��

ZLWK�W\SLFDO�GURSRXW�UHTXLUHPHQWV�RI����9�RU�JUHDWHU��7R�FRQYHUW�

GRZQ�WR����9�RU����9�ZLWKRXW�RSHUDWLQJ�LQ�GURSRXW��131�EDVHG�

UHJXODWRUV�UHTXLUH�DQ�LQSXW�YROWDJH�RI����9�DW�WKH�YHU\�OHDVW��

7KH�0,&������UHJXODWRU�ZLOO�SURYLGH�H[FHOOHQW�SHUIRUPDQFH�

ZLWK�DQ�LQSXW�DV�ORZ�DV����9�RU����9�UHVSHFWLYHO\��7KLV�JLYHV�

WKH�313�EDVHG�UHJXODWRUV�D�GLVWLQFW�DGYDQWDJH�RYHU�ROGHU��

131�EDVHG�OLQHDU�UHJXODWRUV�
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7KH�0,&������������ UHJXODWRU� LV� VSHFL¿HG�EHWZHHQ�¿QLWH�

ORDGV�� ,I� WKH�RXWSXW� FXUUHQW� LV� WRR� VPDOO�� OHDNDJH� FXUUHQWV�

GRPLQDWH� DQG� WKH� RXWSXW� YROWDJH� ULVHV��$� ��P$�PLQLPXP�

ORDG�FXUUHQW�LV�QHFHVVDU\�IRU�SURSHU�UHJXODWLRQ�

$GMXVWDEOH�5HJXODWRU�'HVLJQ

,1

5�

92879,1

&287
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287
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*1'

0,&�����
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9 �����9 �
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)LJXUH����$GMXVWDEOH�5HJXODWRU�ZLWK�5HVLVWRUV

7KH�0,&������DOORZV�SURJUDPPLQJ�WKH�RXWSXW�YROWDJH�DQ\�

ZKHUH�EHWZHHQ�����9�DQG�WKH��9�PD[LPXP�RSHUDWLQJ�UDWLQJ�

RI�WKH�IDPLO\��7ZR�UHVLVWRUV�DUH�XVHG��5HVLVWRUV�FDQ�EH�TXLWH�

ODUJH��XS�WR��0��EHFDXVH�RI�WKH�YHU\�KLJK�LQSXW�LPSHGDQFH�

DQG�ORZ�ELDV�FXUUHQW�RI�WKH�VHQVH�FRPSDUDWRU��7KH�UHVLVWRU�

YDOXHV�DUH�FDOFXODWHG�E\�

�
5� 5�

9

�����
�

287 �
§

©
¨

·

¹
¸

:KHUH� 92� LV� WKH� GHVLUHG� RXWSXW� YROWDJH�� )LJXUH� �� VKRZV�

FRPSRQHQW�GH¿QLWLRQ��$SSOLFDWLRQV�ZLWK�ZLGHO\�YDU\LQJ�ORDG�

FXUUHQWV�PD\�VFDOH�WKH�UHVLVWRUV�WR�GUDZ�WKH�PLQLPXP�ORDG�

FXUUHQW�UHTXLUHG�IRU�SURSHU�RSHUDWLRQ��VHH�DERYH��

3RZHU�62,&���7KHUPDO�&KDUDFWHULVWLFV

2QH�RI�WKH�VHFUHWV�RI�WKH�0,&��������¶V�SHUIRUPDQFH�LV�LWV�

SRZHU�62���SDFNDJH�IHDWXULQJ�KDOI�WKH�WKHUPDO�UHVLVWDQFH�RI�

D�VWDQGDUG�62���SDFNDJH��/RZHU�WKHUPDO�UHVLVWDQFH�PHDQV�

PRUH�RXWSXW�FXUUHQW�RU�KLJKHU�LQSXW�YROWDJH�IRU�D�JLYHQ�SDFN�

DJH�VL]H�

/RZHU� WKHUPDO� UHVLVWDQFH� LV� DFKLHYHG� E\� MRLQLQJ� WKH� IRXU�

JURXQG�OHDGV�ZLWK�WKH�GLH�DWWDFK�SDGGOH�WR�FUHDWH�D�VLQJOH�

SLHFH� HOHFWULFDO� DQG� WKHUPDO� FRQGXFWRU�� 7KLV� FRQFHSW� KDV�

EHHQ�XVHG�E\�026)(7�PDQXIDFWXUHUV� IRU� \HDUV�� SURYLQJ�

YHU\�UHOLDEOH�DQG�FRVW�HIIHFWLYH�IRU�WKH�XVHU�

7KHUPDO�UHVLVWDQFH�FRQVLVWV�RI�WZR�PDLQ�HOHPHQWV��T-&��MXQF�

WLRQ�WR�FDVH�WKHUPDO� UHVLVWDQFH��DQG�T&$� �FDVH�WR�DPELHQW�

WKHUPDO�UHVLVWDQFH���6HH�)LJXUH����T-&�LV�WKH�UHVLVWDQFH�IURP�

WKH�GLH� WR� WKH� OHDGV�RI� WKH�SDFNDJH��T&$� LV� WKH�UHVLVWDQFH�

IURP�WKH�OHDGV�WR�WKH�DPELHQW�DLU�DQG�LW�LQFOXGHV�T&6��FDVH�

WR�VLQN�WKHUPDO�UHVLVWDQFH��DQG�T6$��VLQN�WR�DPELHQW�WKHUPDO�

UHVLVWDQFH��

T-$

T-& T&$

SULQWHG�FLUFXLW�ERDUG

JURXQG�SODQH
KHDW�VLQN�DUHD

62,&��

$0%,(17

)LJXUH���� 7KHUPDO�5HVLVWDQFH

8VLQJ�WKH�SRZHU�62,&���UHGXFHV�WKH�T-&�GUDPDWLFDOO\�DQG�

DOORZV�WKH�XVHU�WR�UHGXFH�T&$��7KH�WRWDO�WKHUPDO�UHVLVWDQFH��

T-$� �MXQFWLRQ�WR�DPELHQW� WKHUPDO� UHVLVWDQFH�� LV� WKH� OLPLWLQJ�

IDFWRU�LQ�FDOFXODWLQJ�WKH�PD[LPXP�SRZHU�GLVVLSDWLRQ�FDSDELO�

LW\�RI�WKH�GHYLFH��7\SLFDOO\��WKH�SRZHU�62,&���KDV�D�T-&�RI�

���&�:��WKLV�LV�VLJQL¿FDQWO\�ORZHU�WKDQ�WKH�VWDQGDUG�62,&���

ZKLFK� LV� W\SLFDOO\����&�:��T&$� LV� UHGXFHG�EHFDXVH�SLQV���

WKURXJK���FDQ�QRZ�EH�VROGHUHG�GLUHFWO\�WR�D�JURXQG�SODQH�

ZKLFK�VLJQL¿FDQWO\�UHGXFHV�WKH�FDVH�WR�VLQN�WKHUPDO�UHVLVWDQFH�

DQG�VLQN�WR�DPELHQW�WKHUPDO�UHVLVWDQFH�

/RZ�GURSRXW� OLQHDU� UHJXODWRUV� IURP� 0LFUHO� DUH� UDWHG� WR� D�

PD[LPXP�MXQFWLRQ�WHPSHUDWXUH�RI�����&��,W�LV�LPSRUWDQW�QRW�WR�

H[FHHG�WKLV�PD[LPXP�MXQFWLRQ�WHPSHUDWXUH�GXULQJ�RSHUDWLRQ�

RI�WKH�GHYLFH��7R�SUHYHQW�WKLV�PD[LPXP�MXQFWLRQ�WHPSHUDWXUH�

IURP�EHLQJ�H[FHHGHG��WKH�DSSURSULDWH�JURXQG�SODQH�KHDW�VLQN�

PXVW�EH�XVHG�
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)LJXUH���� &RSSHU�$UHD�YV��3RZHU�62���

3RZHU�'LVVLSDWLRQ

)LJXUH���VKRZV�FRSSHU�DUHD�YHUVXV�SRZHU�GLVVLSDWLRQ�ZLWK�

HDFK� WUDFH� FRUUHVSRQGLQJ� WR� D� GLIIHUHQW� WHPSHUDWXUH� ULVH�

DERYH�DPELHQW�

)URP�WKHVH�FXUYHV��WKH�PLQLPXP�DUHD�RI�FRSSHU�QHFHVVDU\�IRU�

WKH�SDUW�WR�RSHUDWH�VDIHO\�FDQ�EH�GHWHUPLQHG��7KH�PD[LPXP�

DOORZDEOH�WHPSHUDWXUH�ULVH�PXVW�EH�FDOFXODWHG�WR�GHWHUPLQH�

RSHUDWLRQ�DORQJ�ZKLFK�FXUYH�

� û7� �7-�PD[��±�7$�PD[�

� 7-�PD[�� �����&

� 7$�PD[�� �PD[LPXP�DPELHQW�RSHUDWLQJ�WHPSHUDWXUH

)RU�H[DPSOH�� WKH�PD[LPXP�DPELHQW� WHPSHUDWXUH� LV����&��

WKH�û7�LV�GHWHUPLQHG�DV�IROORZV�

� û7� �����&�±����&

� û7� ����&

8VLQJ�)LJXUH����WKH�PLQLPXP�DPRXQW�RI�UHTXLUHG�FRSSHU�FDQ�

EH�GHWHUPLQHG�EDVHG�RQ�WKH�UHTXLUHG�SRZHU�GLVVLSDWLRQ��3RZHU�

GLVVLSDWLRQ�LQ�D�OLQHDU�UHJXODWRU�LV�FDOFXODWHG�DV�IROORZV�

� 3'� ��9,1�±�9287��,287���9,1�u�,*1'
,I�ZH�XVH�D����9�RXWSXW�GHYLFH�DQG�D����9�LQSXW�DW�DQ�RXWSXW�

FXUUHQW�RI��$��WKHQ�RXU�SRZHU�GLVVLSDWLRQ�LV�DV�IROORZV�

� 3'� �����9�±����9��u��$������9�u���P$

� 3'� ����P:�����P:

� 3'� ����P:

)URP�)LJXUH����WKH�PLQLPXP�DPRXQW�RI�FRSSHU�UHTXLUHG�WR�

RSHUDWH�WKLV�DSSOLFDWLRQ�DW�D�û7�RI����&�LV����PP��

4XLFN�0HWKRG

'HWHUPLQH�WKH�SRZHU�GLVVLSDWLRQ�UHTXLUHPHQWV�IRU�WKH�GHVLJQ�

DORQJ�ZLWK�WKH�PD[LPXP�DPELHQW�WHPSHUDWXUH�DW�ZKLFK�WKH�

GHYLFH�ZLOO�EH�RSHUDWHG��5HIHU�WR�)LJXUH����ZKLFK�VKRZV�VDIH�

RSHUDWLQJ�FXUYHV�IRU�WKUHH�GLIIHUHQW�DPELHQW� WHPSHUDWXUHV��

���&�� ���&� DQG� ���&�� )URP� WKHVH� FXUYHV�� WKH� PLQLPXP�

DPRXQW�RI�FRSSHU�FDQ�EH�GHWHUPLQHG�E\�NQRZLQJ�WKH�PD[L�

PXP�SRZHU�GLVVLSDWLRQ�UHTXLUHG�� ,I� WKH�PD[LPXP�DPELHQW�

WHPSHUDWXUH�LV����&�DQG�WKH�SRZHU�GLVVLSDWLRQ�LV�DV�DERYH��

���P:��WKH�FXUYH�LQ�)LJXUH���VKRZV�WKDW�WKH�UHTXLUHG�DUHD�

RI�FRSSHU�LV����PP��

7KH�T-$�RI� WKLV�SDFNDJH� LV� LGHDOO\����&�:��EXW� LW�ZLOO� YDU\�

GHSHQGLQJ�XSRQ�WKH�DYDLODELOLW\�RI�FRSSHU�JURXQG�SODQH�WR�

ZKLFK�LW�LV�DWWDFKHG�
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)LJXUH���� &RSSHU�$UHD�YV��3RZHU�62,&��

3RZHU�'LVVLSDWLRQ
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��/HDG�6�3$.��5�

0,&5(/�,1&�� �����)25781(�'5,9(� 6$1�-26(��&$� ������ 86$
7(/���������������������)$;���������������������:(%�KWWS���ZZZ�PLFUHO�FRP�

7KLV�LQIRUPDWLRQ�IXUQLVKHG�E\

0LFUHO�UHVHUYHV�WKH�ULJKW�WR�FKDQJH�FLUFXLWU\�DQG�VSHFL¿FDWLRQV�DW�DQ\�WLPH�ZLWKRXW�QRWL¿FDWLRQ�WR�WKH�FXVWRPHU�

0LFUHO�3URGXFWV�DUH�QRW

UHDVRQDEO\�EH�H[SHFWHG�WR�UHVXOW�LQ�SHUVRQDO�LQMXU\��/LIH�VXSSRUW�GHYLFHV�RU�V\VWHPV�DUH�GHYLFHV�RU�V\VWHPV�WKDW��D��DUH�LQWHQGHG�IRU�VXUJLFDO�LPSODQW�LQWR�

WKH�ERG\�RU��E��VXSSRUW�RU�VXVWDLQ�OLIH��DQG�ZKRVH�IDLOXUH�WR�SHUIRUP�FDQ�EH�UHDVRQDEO\�H[SHFWHG�WR�UHVXOW�LQ�D�VLJQL¿FDQW�LQMXU\�WR�WKH�XVHU��$�3XUFKDVHU
V�

XVH�RU�VDOH�RI�0LFUHO�3U

0LFUHO�IRU�DQ\�GDPDJHV�UHVXOWLQJ�IURP�VXFK�XVH�RU�VDOH��

�������0LFUHO�,QFRUSRUDWHG
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