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7KH�470����$6�LV�SUH�ORDGHG�ZLWK�VHWXSV�WKDW�PDNH�LW�HDV\�WR�JHW�VWDUWHG�LQ�RQH�RI�WZR�PRGHV�

%DVLF�%*�PRGH��SUHVHW�VHQVLWLYLW\��

�� &RQQHFW� WKH�470� WR� D� SRZHU� VRXUFH� DQG� D�PHWDO� HOHFWURGH� YLD� WKH� FRQQHFWRU�� � 6HH� RXWSXW� FLUFXLWU\� DQG
FRQQHFWRU�SLQ�OLVW��QH[W�SDJHV���

�� :LWK�SRZHU�VZLWFKHG�RQ�DQG�QR�REMHFW�QHDU�WKH�HOHFWURGH��EXW�LW�FDQ�EH�DWWDFKHG�WR�D�QRQPHWDOOLF�VXUIDFH�RI
\RXU�FKRLFH���SUHVV� WKH�EXWWRQ� ODEHOHG� ¨%*©� IRU�DW� OHDVW�����VHFRQGV�DQG� OHW�JR�� � �$IWHU�\RX� OHW�JR� WKH�/('
VKRXOG�JORZ�VROLG�IRU�Û�VHFRQG�DQG�WKHQ�IOLFNHU�GLPO\�

3ODFH�\RXU�KDQG�RU�DQ�REMHFW�QHDU�WKH�HOHFWURGH��WKH�/('�VKRXOG�IOLFNHU�EULJKWO\�ZKHQ�D�GHWHFWLRQ�LV�EHLQJ�PDGH�

%DVLF�2%-�PRGH��OHDUQ�E\�H[DPSOH��

�� &RQQHFW� WKH�470� WR� D� SRZHU� VRXUFH� DQG� D�PHWDO� HOHFWURGH� YLD� WKH� FRQQHFWRU�� � 6HH� RXWSXW� FLUFXLWU\� DQG
FRQQHFWRU�SLQ�OLVW��QH[W�SDJHV��

�� 3ODFH�DQ�REMHFW��RU�\RXU�KDQG��QHDU�WKH�VHQVH�HOHFWURGH�DW�WKH�SRLQW�ZKHUH�\RX�ZDQW�WKH�VHQVRU�WR�GHWHFW�WKH
REMHFW���3UHVV�WKH�EXWWRQ�ODEHOHG�¨2%-©�IRU�DW�OHDVW�����VHFRQGV�DQG�OHW�JR���$IWHU�\RX�OHW�JR�WKH�/('�VKRXOG
JORZ�VROLG�IRU�Û�VHFRQG�DQG�WKHQ�HLWKHU�IOLFNHU�GLPO\�RU�EULJKWO\��LI�QRW��SXVK�2%-�ORQJHU��

7DNH�WKH�REMHFW��RU�\RXU�KDQG��DZD\���1RZ��ZKHQHYHU�WKH�REMHFW�LV�UHVWRUHG�WR�WKH�SRVLWLRQ�DW�ZKLFK�WKH�FDOLEUDWLRQ
ZDV�PDGH��LW�ZLOO�VHQVH�LW�

127(��,I�WKH�/('�VWD\V�RQ�EULJKW�HYHQ�ZKHQ�\RX�UHPRYH�WKH�REMHFW��WKHUH�ZDV�QRW�HQRXJK�VLJQDO�WR�RYHUFRPH�WKH
HIIHFWV�RI�K\VWHUHVLV�� �7KLV� FDQ�EH�FRUUHFWHG�E\�FKDQJLQJ� WKH�K\VWHUHVLV� LQ� WKH�VHWXSV��RU�E\�VLPSO\�PRYLQJ� WKH
REMHFW�FORVHU�WR�WKH�HOHFWURGH�DW�WKH�WLPH�WKH�2%-�EXWWRQ�LV�SUHVVHG�

7KHVH� WZR�EDVLF�PRGHV�DUH� WKH�HDVLHVW� WR�XVH�� �$OVR�� WKH�VHQVRU� LV�SUHVHW� WR� UHPHPEHU� WKH�FDOLEUDWLRQ�VHWWLQJV
REWDLQHG�ZKHQ�WKH�%*�RU�2%-�EXWWRQ�LV�SUHVVHG��HYHQ�DIWHU�SRZHU�LV�ORVW��\RX�GR�QRW�QHHG�WR�UHFDOLEUDWH�WKH�VHQVRU
HDFK�WLPH�LW�SRZHUV�XS�

7KH�470�LV�FDSDEOH�RI�PDQ\��PDQ\�RWKHU�PRGHV�RI�RSHUDWLRQ��WKH�DERYH�WZR�DUH�DPRQJ�WKH�VLPSOHVW�DQG�HDVLHVW
WR�XVH�
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)RU�D�FRPSOHWH�FRQQHFWRU�SLQ�OLVW��VHH�QH[W��

7KH�470� KDV� VLPXOWDQHRXV� 313� DQG�131
RXWSXWV�� WKH� 313� KLJK� YROWDJH� �SLQ� ��� LV
XVXDOO\� VWUDSSHG� WR� 3RZHU� �SLQ� ���� EXW� LQ
VRPH� FDVHV�� IRU� H[DPSOH� IRU� ORJLF� OHYHO
FRPSDWLELOLW\��LW�PD\�EH�GHVLUDEOH�WR�VWUDS�LW�WR
���RU�VRPH�RWKHU�YROWDJH�

:KLOH� DQ� H[WHUQDO� SXOOXS� FDQ� EH� XVHG� RQ
131B287�� WKH� WZR� ��.� UHVLVWRUV� FDQ� EH
XVHG�WR�PDNH�DQ�LQWHUQDO�SXOOXS�LQVWHDG��WKXV
VDYLQJ�DQ�H[WHUQDO�SDUW���'XH�WR�WKH�FODPSLQJ
DFWLRQ� RI� WKH� HPLWWHU�EDVH� MXQFWLRQ� RI� WKH
313�� WKH� SXOOXS� UHVLVWDQFH� LV� HIIHFWLYHO\
PXFK� FORVHU� WR� ��.� WKDQ� WR� WKH� VXP� RI� WKH
WZR�UHVLVWRUV����.�

:DUQLQJ���%RWK�313�DQG�131�RXWSXWV�KDYH
��� RKP� VHULHV� UHVLVWDQFHV� WR� SURYLGH� VRPH
FXUUHQW� OLPLWLQJ�� � %XW�� WKH� RXWSXWV� DUH� 127
UDWHG� IRU� VKRUW� FLUFXLW� FRQGLWLRQV� DQG
LUUHSDUDEOH� GDPDJH� FDQ� EH� GRQH� E\�� IRU
H[DPSOH��PRPHQWDULO\�VKRUWLQJ�313B287�WR
JURXQG�RU�W\LQJ�131B287�GLUHFWO\�WR�3:5�

7KH�PRGXOH� KDV� DQ� LQWHUQDO� VHULHV� GLRGH� WR
SUHYHQW� LQWHUQDO� GDPDJH� GXH� WR� SRZHU
UHYHUVDO�

;%*�DQG�;2%-�PLUURU�WKH�WZR�SXVKEXWWRQV��DQG�ZLOO�ZRUN�IURP����WR�����YROWV��WKH\�DUH�¦DFWLYH�KLJK§��WKDW�LV��D�KLJK
YROWDJH�ZLOO�EH�WKH�VDPH�DV�SXVKLQJ�WKH�FRUUHVSRQGLQJ�EXWWRQ���;%*�DQG�;2%-�VKRXOG�QHYHU�EH�KLJK�DW�WKH�VDPH
WLPH���;%*�DQG�;2%-�FDQ�EH�IHG�IURP�ORJLF�OHYHOV��HVSHFLDOO\�IURP�&026�ORJLF��RU�IURP�UHOD\�FRQWDFWV���,I�IHG�IURP
77/�ORJLF� OHYHOV�D�SXOOXS�UHVLVWRU�RI��.�WR����.�FRQQHFWHG�IURP�WKH�FRQWURO� OLQH�WR�D����VXSSO\�VKRXOG�EH�XVHG�WR
PDNH�VXUH�WKH�77/�OHYHO�ULVHV�DERYH����YROWV�

;%*�DQG�;2%-�FDQ�EH�DFWLYDWHG�E\����PV�RU�ORQJHU�SXOVHV���,Q�FHUWDLQ�FDVHV��IRU�H[DPSOH�ZKHQ�VZLWFKLQJ�IURP
%*�2%-�PRGH�WR�%*�PRGH��WKHVH�OLQHV�VKRXOG�EH�KHOG�KLJK�IRU�DW�OHDVW�����VHFRQGV�

7KH���9�]HQHU�GLRGH�LV�SUHVHQW�RQ�XQLW�VHULDO�QXPEHUV�47�������XSZDUGV��DQG�LV�UHPRYDEOH�
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7RS���/D\RXW�RI�WKH����KROH�XVHU�FRQQHFWRU��SRVVLEO\�D�XVHU�LQVWDOOHG�,'&�W\SH�

%RWWRP������SLQ�HGJH�FRQQHFWRU��VKRZQ�IURP�ZLULQJ�HQG�RI�FRQQHFWRU��WRSVLGH�RI�PRGXOH�LV�WKH�WRS�FRQQHFWRU�URZ
VKRZQ���6RPH�FRQQHFWRUV�ZLOO�KDYH�SLQ�QXPEHULQJ�WKDW�FRQIOLFWV�ZLWK�WKH�QXPEHULQJ�VKRZQ�

$QDORJ�RXWSXW$B287��

131�RXWSXW��FODPSV�WR�*5281'�ZKHQ�DFWLYH131B287��

6XSSO\�*URXQG*5281'��

313�RXWSXW��FODPSV�WR�313B+,*+�ZKHQ�DFWLYH313B287�

313�SXOO�XS�YROWDJH��XVXDOO\�WLH�WR�32:(5�LI�XVLQJ�313�RXW�313B+,*+�

���WR����9'&�DW���P$�UDWLQJ����P$�W\SLFDO�3:5�

([WHUQDO�2EMHFW�FDO�����WR�����YROWV�FDXVHV�2%-�FDO�;2%-�

([WHUQDO�%DFNJURXQG�FDO�����WR�����YROWV�FDXVHV�%*�FDO�;%*�

6LJQDO�JURXQG��8VH�IRU�FRD[�VKLHOG�LI�GHVLUHG��HOVH�QR�FRQQHFW�6+,(/'�

6LJQDO�JURXQG��8VH�IRU�FRD[�VKLHOG�LI�GHVLUHG��HOVH�QR�FRQQHFW�6+,(/'�

6LJQDO�JURXQG��8VH�IRU�FRD[�VKLHOG�LI�GHVLUHG��HOVH�QR�FRQQHFW�6+,(/'�

6HQVH�OHDG�WR�HOHFWURGH6(16(�

'(6&5,37,211$0(3,1

*URXQGV
6KLHOG� JURXQGV�� � 7KHVH� DUH� VWULFWO\� IRU� XVH� LQ� FRQQHFWLQJ� WR� WKH� VKLHOG� RI� D� FRD[� FDEOH� RU� RWKHU� VLJQDO� JURXQG
UHIHUHQFH�

&RUQHU� KROH� JURXQGV�� � 7KH� WZR� FRUQHU� KROHV� QHDU� WKH� FRQQHFWRU� DUH� ERDUG� JURXQG�� � 7KH� WZR� QHDU� WKH� FORQH
FRQQHFWRU�DUH�LVRODWHG��WKLV�LV�LQWHQWLRQDO��DQG�LV�GHVLJQHG�WR�SUHYHQW�(6'�FXUUHQWV�IURP�WUDYHUVLQJ�WKH�SFE���7KH
JURXQGHG�FRUQHU�KROHV�VKRXOG��LI�DW�DOO�SRVVLEOH��EH�VFUHZHG�GRZQ�WR�D�JURXQGHG�PHWDO�FKDVVLV�

2XWSXWV
1RWH�WKDW�VLJQDO�RXWSXWV�131B287�DQG�313B287�VKRXOG�EH�WUHDWHG�DV�ORJLF�GULYHV�RQO\��7KH\�DUH�UDWHG�DW����P$
PD[LPXP�DQG�LI�FRXSOHG�WR�DQ�LQGXFWLYH�ORDG��D�UHOD\�IRU�H[DPSOH��VKRXOG�EH�SURWHFWHG�IURP�VSLNHV�YLD�DQ�H[WHUQDO
GLRGH�FODPS��OLNH�D��1������DFURVV�WKH�FRLO�

7KH�DQDORJ�RXWSXW�LV�D�]HUR�WR����YROW�UDQJH�VLJQDO�EXIIHUHG�E\�D�&026�RSDPS��LW�VKRXOG�RQO\�EH�FRQQHFWHG�WR�D
KLJK�LPSHGDQFH�ORDG�WR�SUHYHQW�LQDFFXUDFLHV�LQ�YROWDJH�

&RQWURO�,QSXWV
;%*�DQG�;2%-�UHSOLFDWH�WKH�RQERDUG�SXVKEXWWRQV��DQG�DUH�¨DFWLYH�KLJK©���7KHVH�OLQHV�DUH�VDPSOHG�MXVW�DIWHU�HDFK
EXUVW��DW�WKH�VORZHVW�EXUVW�UDWH�WKH�PLQLPXP�DFWLYDWLQJ�SXOVH�ZLGWK�RQ�;%*�DQG�;2%-�VKRXOG�EH����PV�PLQLPXP�
SUHIHUDEO\�D�OLWWOH�PRUH�
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470����$6�)($785(6
� )XOO\�SURJUDPPDEOH�YLD�FORQLQJ

PHWKRG�IURP�(��HYDOXDWLRQ�ERDUG

� ((3520�SHUPDQHQW�VHWWLQJV�DQG
FDOLEUDWLRQ�PHPRU\

� ,QVWDQW�RQ�PRGH

� 2XWSXWV�

��0RVIHW�RSHQ�GUDLQ�RXWSXW

��313�WUDQVLVWRU�RXWSXW

��$QDORJ�RXWSXW��UDZ�RU�SURFHVVHG

��/('�VWDWXV�LQGLFDWRU

� 9DULDEOH�VSUHDG�VSHFWUXP�GULYH

� 9DULDEOH�SXOVHZLGWK�GULYH

� 9DULDEOH�EXUVW�OHQJWK

� 9DULDEOH�EXUVW�VSDFLQJ

� 9DULDEOH�VHQVLWLYLW\

� 9DULDEOH�K\VWHUHVLV

� 9DULDEOH�UHIHUHQFH�SRLQW�RIIVHW

� 'XDO�SDWK�DQDORJ�JDLQ�VHOHFW

� :LQGRZ�RU�FRQYHQWLRQDO�GHWHFWLRQ
WKUHVKROGV

� $V\PPHWULF�WKUHVKROGV

� $XWR�EDFNJURXQG�GULIW�FRPSHQVDWLRQ

� $XWR�WLPHG�FDOLEUDWLRQ�VWRUH

� $XWR�GHOD\HG�UHFDOLEUDWLRQ

� 3XVKEXWWRQ�EDFNJURXQG�REMHFW
FDOLEUDWLRQ

� 1RQOLQHDU�	�OLQHDU�ILOWHULQJ�

��,QWULQVLF�ER[FDU�ILOWHULQJ

��0HGLDQ�ILOWHU

��'LJLWDO�ER[FDU�ILOWHU

��(YHQW�GHOD\�ILOWHU

� 3XOVH�VWUHWFK�RXWSXW

� ([WHUQDO�FDOLEUDWLRQ�OLQHV

� 8VHU�GHILQHG�FRQQHFWRUV

� (QFDSVXODWHG�IRU�UXJJHGQHVV

� �����VXUIDFH�PRXQW�WHFKQRORJ\

� ������S)�ORDG�FDSDFLW\

� 5HVROXWLRQ�WR���IHPWRIDUDGV

� (6'�SURWHFWHG�GULYH�RXWSXW

� 0RLVWXUH�VXSSUHVVLRQ�RU�GHWHFWLRQ
FDSDELOLW\

� ,PPXQH�WR�VWUD\�VWDWLF�ILHOGV

:+$7©6�1(:�,1�7+(�470
7KH�470����$6�KDV�VHYHUDO�IHDWXUHV�QRW�IRXQG�LQ�WKH�(����7KHVH�LQFOXGH�

�� $XWR�%*�� �%*�2%-��DQG�2%-�PRGHV�� � ,W� LV� QR� ORQJHU�QHFHVVDU\� WR� SUHSURJUDP� WKH� VHWXSV� WR�PDNH� WKH
VHQVRU� RSHUDWH� LQ� RQH� RI� WKHVH�PRGHV�� WKH� NH\� VHTXHQFH� RI� WKH� WZR� EXWWRQV�PDNHV� WKDW� GHWHUPLQDWLRQ
DXWRPDWLFDOO\�

�� &KDUJH���7UDQVIHU�SXOVH�ZLGWKV�DUH�GLJLWDOO\�V\QWKHVL]HG�LQ� ��VHWWLQJV��QR�ZLGWK�VHWWLQJ�SRWV�DUH�UHTXLUHG�

�� 2SHUDWHV�ZLWK�PRUH�IXQFWLRQDOLW\�DW�WKH�����V�EXUVW�UDWH��LQFOXGLQJ�IXOO�GHWHFWLRQ�PRGH�SURFHVVLQJ�RSWLRQV�

�� $XWR�FDOLEUDWLRQ�VWRUH�WR�LQWHUQDO�HHSURP�RQ�D�WLPHG��DV�QHHGHG�EDVLV��DW�D�XVHU�VHWWDEOH�UDWH�

�� $V\PPHWULFDO�WKUHVKROG�ZLQGRZV��WKH�QHJDWLYH�WKUHVKROG�FDQ�EH�VHW�GLIIHUHQWO\�IURP�WKH�SRVLWLYH�RQH�

�� $V\PPHWULF�PD[�RQ�GXUDWLRQ�SURFHVVLQJ��QHJDWLYH� WKUHVKROG�HYHQWV�FDQ� ¨WLPH�RXW©� ORQJHU�RU�VKRUWHU� WKDQ
SRVLWLYH�WKUHVKROG�HYHQWV�

�� (UURU�KDQGOLQJ�IDFLOLW\��
��FDQ�GHWHFW�VKRUW�FLUFXLWV�LQ�D�VLQJOH�EXUVW�DQG�IODJ�WKH�RXWSXW�DFWLYH�RU�LQKLELWHG
��FDQ�GHWHFW�ORZ�VLJQDO�OHYHOV�DQG�IODJ�WKH�RXWSXW�DFWLYH
��FDQ�IRUFH�WKH�RXWSXW�DFWLYH�GXULQJ�D�UHFDOLEUDWLRQ��ZKHQ�WKH�VHQVRU�LV�¨IO\LQJ�EOLQG©�

�� 2XWSXW�SXOVH�VWUHWFK�WR�OHQJWKHQ�WKH�RXWSXW�SXO VH�IRU�XS�WR����VHFRQGV�LI�GHVLUHG�

�� +HDUW%HDWWP�RXWSXW�RSWLRQ�IRU�
PLVVLRQ�FULWLFDO
�DSSOLFDWLRQV �

��� $QDORJ�RXWSXW�VXSSRUWV�ERWK�UDZ�DQDORJ�DQG�GLJLWDOO\�SURFHVVHG��ILOWHUHG��DQDORJ�RXWSXWV��LQFOXGLQJ���IRUPV
RI�FRPSXWHG�DQDORJ��DEVROXWH��SRVLWLYH�GLIIHUHQWLDO��QHJDWLYH�GLIIHUHQWLDO��DQG�DEVROXWH�GLIIHUHQWLDO�

��� +LJK�VWDELOLW\����SSP�GULIW����&��RI�WKH�VLJQDOV�LV�VWDQGDUG�

&21)/,&7�5(62/87,21�$1'�7+(�470
7KH�470�GRHV�QRW�SHUIRUP�WKH�FRQIOLFW�UHVROXWLRQ�IRXQG�RQ�WKH�(����&DUH�VKRXOG�EH�WDNHQ�QRW�WR�H[FHHG�JXLGHOLQH
VHWWLQJV�LQ�FHUWDLQ�FRPELQDWLRQV���:KLOH�WKH�470�FDQ�UHFUHDWH�DOO�PRGHV�RI�WKH�(��DW�DOO� OHJDO�(��VHWWLQJV��LW�FDQ
DFWXDOO\�JR�EH\RQG�WKHVH���1RUPDOO\��FRQIOLFW�UHVROXWLRQ�ZRXOG�SUHYHQW�WKH�(��IURP�EHLQJ�VHW�WR�LOOHJDO�FRPELQDWLRQV
WKXV�SUHYHQWLQJ�\RX�IURP�WDNLQJ�DGYDQWDJH�RI�WKH�H[WUD�FDSDELOLW\�RI�WKH�470���7KHUH�LV�D�ZD\�DURXQG�WKLV�

$OO� (�©V� KDYH� D� VHFUHW� ¨EDFNGRRU©� IHDWXUH� WKDW� DOORZV� \RX� WR� SURJUDP� LQ� DQ\� LOOHJDO� VHWXS� FRPELQDWLRQ� QRUPDOO\
ILOWHUHG�RXW�GXULQJ�FRQIOLFW� UHVROXWLRQ���7KH�EDFNGRRU�IRUFHV�WKH�HHSURP�WR�DFFHSW� WKH� LOOHJDO�VHWWLQJV�� WKH�HHSURP
FDQ�WKHQ�EH�XVHG�WR�FORQH�WR�WKH�470�

�



7R�GHIHDW�FRQIOLFW�UHVROXWLRQ��

�� 3URJUDP�WKH�(��WR�WKH�FRPELQDWLRQ�\RX�GHVLUH�IRU�WKH�470����$6�

�� 3XVK�WKH�OHIW�EXWWRQ��¦VHOHFW§��GRZQ�DQG�KROG��DQG�ZKHQ�WKH�ILUVW�ORQJ�EHHS�LV�KHDUG��NHHS�KROGLQJ��IRU�DERXW��
VHFRQGV� ORQJHU�XQWLO�\RX�ZLOO�KHDU�DQRWKHU�EHHS�� WKH�GLVSOD\�ZLOO� WKHQ�VKRZ�¨��[©� �ZKHUH�[� LV� WKH�VHWWLQJ� IRU
IXQFWLRQ�¨�©���7KH�XQLW�LV�QRZ�EDFN�LQ�VHWXSV�PRGH��DQG�LV�QRW�UXQQLQJ�DV�D�VHQVRU���,I�\RX�GHVLUH�\RX�FDQ�QRZ
FKHFN�DOO�\RXU�VHWXSV�E\�VFUROOLQJ�WKRXJK�ZLWK�WKH�¨6HOHFW©�NH\���WKH\�DUH�VWLOO�WKHUH��XQPRGLILHG�

�� 'H�SRZHU�WKH�(��EHIRUH�LW�FDQ�H[LW�VHWXSV�DQG�UXQ�

�� 5HPRYH�WKH�HHSURP�IURP�LWV�VRFNHW�

�� 7KH�HHSURP�QRZ�KROGV�WKH�VHWWLQJV�\RX�SURJUDPPHG��XQFHQVRUHG�IURP�WKH�(�©V�¦FRQIOLFW�UHVROXWLRQ§�SURFHVV�

7KH�470����$6�GRHV�QRW�SHUIRUP�WKH�FRQIOLFW�UHVROXWLRQ�IRXQG�RQ�WKH�(����&DUH�VKRXOG�EH�WDNHQ�QRW�WR�H[FHHG
JXLGHOLQH�VHWWLQJV�LQ�FHUWDLQ�FRPELQDWLRQV�

&/21,1*�352&(66
7KH�470� FDQ� EH� SURJUDPPHG� IURP� DQ�(�6� ERDUG� YLD� WKH� ¨FORQLQJ©� SURFHVV�� � 7KH�470� KDV� D� VXSHUVHW� RI� WKH
DYDLODEOH�IHDWXUHV�RI�WKH�(���WKH�QHZ�IHDWXUHV�DUH�LPSOHPHQWHG�E\�UHXVLQJ�VRPH�VHWXSV�QRW�DSSOLFDEOH�WR�WKH�470�
DQG�YLD� ¨UHVHUYHG©�(��IXQFWLRQV�� �:KLOH�PRVW� IHDWXUHV�RI� WKH�470�FDQ�EH�UHSOLFDWHG�RQ�WKH�(��ERDUG��VRPH�� OLNH
DV\PPHWULF�WKUHVKROGV��FDQQRW���7KH�(��FDQ�EH�WKRXJKW�RI�DV�D�¨SURJUDPPHU©�ZKHQ�VHWWLQJ�XS�WKH�470���,W�VKRXOG
EH� UHPHPEHUHG� WKDW� ZKHQ� VHWWLQJ� WKH� (�6� XS� WR� SURJUDP� D� 470� XQLW�� WKH� (�6� LWVHOI� PD\� QR� ORQJHU� IXQFWLRQ
FRUUHFWO\�LI�WKH�QHZ�IHDWXUHV�RI�WKH�470�DUH�HQDEOHG���7KLV�FDQ�EH�HDVLO\�FRUUHFWHG�E\�FKDQJLQJ�(�6�VHWXSV�WR�D
FRPELQDWLRQ�WKDW�LV�YDOLG�IRU�WKH�(�6�

&ORQLQJ�YLD�HHSURP�UHPRYDO
�� :LWK�SRZHU�WXUQHG�RII��UHPRYH�WKH�HHSURP�IURP�WKH�(��XVLQJ�DQ�DSSURSULDWH�,&�UHPRYDO�WRRO��DQG�LQVHUW�LW�LQWR

WKH�VRFNHW�RQ�WKH�FORQLQJ�DGDSWHU��PDNLQJ�VXUH�RI�,&�RULHQWDWLRQ�LQ�WKH�VRFNHW���'HWDFK�WKH�FORQLQJ�FDEOH�IURP
WKH�FORQH�DGDSWRU�LI�RQH�LV�FRQQHFWHG�

�� 0DWH�WKH�DGDSWHU�WR�WKH�FORQLQJ�SDGV�RQ�WKH�470�DQG�SUHVV�VR�WKDW�DOO���VSULQJ�ORDGHG�¨SRJR©�SLQV�PDNH�ILUP
FRQWDFW�ZLWK�WKHLU�FRUUHVSRQGLQJ�PHWDO�FRQWDFW�SDGV�

�� :LWK�WKH�FORQH�DGDSWHU�ILUPO\�SUHVVHG�LQ�SODFH��TXLFNO\�SXVK�WKHQ�OHW�JR�RI�WKH�¨2%-©�EXWWRQ�

�� :KHQ�WKH�/('�VWDUWV�WR�EOLQN�UHPRYH�WKH�FORQH�DGDSWHU�

,I�GDWD� LV�FRUUHFWO\�FORQHG��/('�ZLOO�EOLQN�PRUH�VORZO\� WKDQ�QRUPDO� IRU��� WR��� WLPHV�� �7KH�XQLW�ZLOO� WKHQ�SHUIRUP�D
UHVHW�DQG� WKHQ� UXQ�ZLWK� WKH�QHZ�VHWXSV�� �7KH�XQLW�PD\�QRW�EH�FDOLEUDWHG�SURSHUO\�DIWHU�D� FORQH�SURFHVV��DV�ROG
VWRUHG�GDWD�ZLOO�EH�XVHG��LI�WKLV�LV�WKH�FDVH�WKH�VHQVRU�VKRXOG�EH�UHFDOLEUDWHG�XVLQJ�RQH�RI�WKH�%*��%*�2%-��RU�2%-
PRGHV�

7KH�470�FDQQRW�EH�GLVSOD\LQJ�DQ�HUURU�FRGH�ZKHQ�\RX�FORQH���PDNH�VXUH�LW�LV�UXQQLQJ�QRUPDOO\�ILUVW�

:KHQ�\RX�DUH�GRQH�\RX�FDQ�SODFH�WKH�HHSURP�EDFN�LQWR�WKH�(�6�LI�GHVLUHG�

,I�WKH�HHSURP�LV�UHLQVHUWHG�LQWR�WKH�(��DQG�WKH�(��LV�UXQ��HHSURP�FRQWHQWV�PD\�DOWHU�GXULQJ�¨FRQIOLFW�UHVROXWLRQ©�E\
UHVHWWLQJ�WR�¨OHJDO©�FRPELQDWLRQV���7DNH�FDUH�WR�UHYLHZ�VHWWLQJV�RQ�WKH�(�©V�/&'���,Q�SDUWLFXODU�WKH�VHULDO�SRUW�VHWXS
PRGH� >)@� PD\� KDYH� FKDQJHG� �� >)@�  � ¦'5,)7� 6725(� �� '$7$� /2&.,1*� �� 027,21� 02'(§� RQ� WKH� 470��� SUHYHQWLQJ� VHULDO
FRPPXQLFDWLRQV��UHFKHFN�6HWXSV�>)@�LI�WKLV�RFFXUV�

7KH�470�PD\�VWDUW� LQ� ¨'DWD�/RFN©�PRGH� LI� WKDW� IHDWXUH� LV�VHOHFWHG� �� >)@� �� VHH�470�6HWXSV�7DEOH�� IROORZLQJ� WKLV
VHFWLRQ��ZKLFK�PHDQV�WKDW�WKH�ILUVW�VWRUHG�GDWD�XVHG�ZLOO�DOPRVW�FHUWDLQO\�QRW�EH�FRUUHFW�� �3UHVVLQJ�%*�RU�2%-�LQ
DFFRUGDQFH�ZLWK�WKH�LQVWUXFWLRQV�LQ�
2SHUDWLQJ�0RGHV
��ODWHU�LQ�WKLV�PDQXDO��ZLOO�UHSURJUDP�WKH�470©V�VWRUHG�GDWD�WR
PDNH�LW�UXQ�SURSHUO\�

7KH� 6HWXS� 7DEOH� VKRZV� WKH� IXQFWLRQV� RI� WKH�470��PRVW� RI� ZKLFK� DUH� WKH� VDPH� DV� RQ� WKH� (��� � 1RWH� WKH� QHZ
IXQFWLRQV�EHHQ�DGGHG�RYHU�WKRVH�IRXQG�LQ�WKH�(�6�

�



&ORQLQJ�YLD�&DEOH�0HWKRG
,I�\RXU�(�6�KDV�D�FORQH�SRUW�RQ�ERDUG��\RX�FDQ�FORQH�WR�D�470�YLD�WKH�FORQH�FDEOH�PHWKRG���7KLV�PHWKRG�GRHV�QRW
UHTXLUH�WKDW�WKH�HHSURP�EH�UHPRYHG�IURP�WKH�(�6���

�� 3OXJ�RQH�HQG�RI�WKH�FORQH�FDEOH�LQWR�WKH�(�6��DQG�WKH�RWKHU�HQG�LQWR�WKH�FORQH�DGDSWRU��ODWHU�YHUVLRQV�RI�WKH
FORQH�DGDSWRU�KDYH�D�FORQH�FDEOH�FRQQHFWRU�RQ�WKHP��

�� 0DNH�VXUH�WKH�(�6�LV�SRZHUHG�RQ�

�� 6HW�WKH�(�6
�VHWXSV�WR�WKH�GHVLUHG�FRPELQDWLRQ�IRU�WKH�470�

�� 3ODFH�WKH�(�6�
6HOHFW
� �OHIW��GLJLW� WR� 
�
�RU�KLJKHU�� WR�SUHYHQW�WKH�(�6�IURP�WLPLQJ�RXW�DQG�UXQQLQJ�ZKLOH�\RX
FORQH

�� 0DWH�WKH�DGDSWHU�WR�WKH�FORQLQJ�SDGV�RQ�WKH�470�DQG�SUHVV�VR�WKDW�DOO���VSULQJ�ORDGHG�¨SRJR©�SLQV�PDNH�ILUP
FRQWDFW�ZLWK�WKHLU�FRUUHVSRQGLQJ�PHWDO�FRQWDFW�SDGV�

�� :LWK�WKH�FORQH�DGDSWHU�ILUPO\�SUHVVHG�LQ�SODFH��TXLFNO\�SXVK�WKHQ�OHW�JR�RI�WKH�¨2%-©�EXWWRQ�

�� :KHQ�WKH�/('�VWDUWV�WR�EOLQN�UHPRYH�WKH�FORQH�DGDSWHU�

,I�GDWD� LV�FRUUHFWO\�FORQHG��/('�ZLOO�EOLQN�PRUH�VORZO\� WKDQ�QRUPDO� IRU��� WR��� WLPHV�� �7KH�XQLW�ZLOO� WKHQ�SHUIRUP�D
UHVHW�DQG� WKHQ� UXQ�ZLWK� WKH�QHZ�VHWXSV�� �7KH�XQLW�PD\�QRW�EH�FDOLEUDWHG�SURSHUO\�DIWHU�D� FORQH�SURFHVV��DV�ROG
VWRUHG�GDWD�ZLOO�EH�XVHG��LI�WKLV�LV�WKH�FDVH�WKH�VHQVRU�VKRXOG�EH�UHFDOLEUDWHG�XVLQJ�RQH�RI�WKH�%*��%*�2%-��RU�2%-
PRGHV�

<RX�FDQ�DOWHU�VHWWLQJV�LQ�WKH�(�6�XVLQJ�WKH�6HOHFW�DQG�6HW�EXWWRQV�DQG�FORQH�WKH�VHWWLQJV�RYHU�LPPHGLDWHO\�ZLWKRXW
KDYLQJ�WR�UHVWDUW�WKH�(�6���,Q�6HWXS�PRGH��WKH�(�6
V�HHSURP�LV�XSGDWHG�LPPHGLDWHO\�DIWHU�\RX�FKDQJH�D�VHWWLQJ�
ZKLFK�DOORZV�\RX�WR�FORQH�WR�D�PRGXOH�LQWHUDFWLYHO\���-XVW�EH�VXUH�WKH�(�6�GRHV�QRW�WLPH�RXW�IURP�WKH�6HWXSV�PRGH
DQG�VWDUW�WR�UXQ���FORQLQJ�FDQQRW�RFFXU�ZKLOH�WKH�(�6�LV�UXQQLQJ�LQ�6HQVH�PRGH�

7KH�470�FDQQRW�EH�GLVSOD\LQJ�DQ�HUURU�FRGH�ZKHQ�\RX�FORQH���PDNH�VXUH�LW�LV�UXQQLQJ�QRUPDOO\�ILUVW�

7KH�470�PD\�VWDUW� LQ� ¨'DWD�/RFN©�PRGH� LI� WKDW� IHDWXUH� LV�VHOHFWHG� �� >)@� �� VHH�470�6HWXSV�7DEOH�� IROORZLQJ� WKLV
VHFWLRQ��ZKLFK�PHDQV�WKDW�WKH�ILUVW�VWRUHG�GDWD�XVHG�ZLOO�DOPRVW�FHUWDLQO\�QRW�EH�FRUUHFW�� �3UHVVLQJ�%*�RU�2%-�LQ
DFFRUGDQFH�ZLWK�WKH�LQVWUXFWLRQV�LQ�
2SHUDWLQJ�0RGHV
��ODWHU�LQ�WKLV�PDQXDO��ZLOO�UHSURJUDP�WKH�470©V�VWRUHG�GDWD�WR
PDNH�LW�UXQ�SURSHUO\�

7KH� 6HWXS� 7DEOH� VKRZV� WKH� IXQFWLRQV� RI� WKH�470��PRVW� RI� ZKLFK� DUH� WKH� VDPH� DV� RQ� WKH� (��� � 1RWH� WKH� QHZ
IXQFWLRQV�EHHQ�DGGHG�RYHU�WKRVH�IRXQG�LQ�WKH�(�6�

'$7$�9(5,)<�02'(
8QLWV�ZLWK�VHULDO�QXPEHUV�47�������DQG�KLJKHU�WKDQ�KDYH�D�QHZ�IHDWXUH�DOORZLQJ�WKH�YLHZLQJ�RI�WKH�FRQWHQWV�RI
WKH� LQWHUQDO�VHWXSV�WDEOH�� �7KH�IHDWXUH�XVHV�WKH�RQ�ERDUG�/('�WR� 
VSHOO�RXW
� WKH�VHWXSV�WDEOH��E\�FRXQWLQJ�RXW� WKH
VHWWLQJV�LQ�/('�IODVKHV�

72�$&7,9$7(�'$7$�9(5,)<�02'(���7XUQ�PRGXOH�SRZHU�RII���:LWK�ERWK�EXWWRQV�SUHVVHG�VLPXOWDQHRXVO\��RU�E\
DVVHUWLQJ�ERWK�;2%-�DQG�;%*�WRJHWKHU��SRZHU�WKH�XQLW�EDFN�XS���/HW�JR�RI�ERWK�EXWWRQV��RU�GH�DVVHUW�;2%-�DQG
;%*�DW�WKH�VDPH�WLPH����$IWHU�D�����VHFRQG�GHOD\�WKH�/('�ZLOO�EHJLQ�WR�IODVK�DW�D�GHOLEHUDWH�SDFH�

5($',1*�7+(�9(5,)<�)/$6+(6��7KH�/('�ZLOO�
FRXQW�RXW
�WKH�FXUUHQW�VHWWLQJV�LQ�WKH�RQ�ERDUG�VHWXSV�WDEOH���,I�D
VHWXS� LV�VHW� WR� 
�
�� WKH�/('�ZLOO� IODVK��� WLPHV�� IROORZHG�E\�D�����VHFRQG�JDS�EHIRUH� WKH�QH[W�VHWXS�SDUDPHWHU� LV
GLVSOD\HG�

,I�WKH�VHWWLQJ�RI�D�SDUWLFXODU�VHWXS�LV�]HUR��
�
���WKH�/('�GRHV�D�GLVWLQFW�VKRUW��GLP�IOLFNHU�

(1',1*�9(5,)<�02'(��9HULI\�PRGH� LV�VHOI�WHUPLQDWLQJ�� �$W� WKH�HQG�RI�YHULI\�PRGH� WKH�470����$6�ZLOO� UHVHW
LWVHOI�DQG�UXQ���9HULI\�PRGH�FDQ�EH�WHUPLQDWHG�HDUO\�E\�LQWHUUXSWLQJ�SRZHU�EULHIO\�

)25&,1*�'()$8/7�6(77,1*6
)DFWRU\�GHIDXOW�VHWWLQJV�FDQ�EH�IRUFHG�LQWR�WKH�PRGXOH�ZKLOH�LQ�'DWD�9HULI\�0RGH���

$W�DQ\�WLPH�ZKLOH�WKH�/('�LV�VKRZLQJ�WKH�9HULI\�IODVKHV��KROG�WKH�2%-�EXWWRQ�GRZQ��RU�DVVHUW�WKH�;2%-�OLQH��IRU��
VHFRQGV��WKHQ�OHW�JR���7KH�470�ZLOO�UHVHW�LWVHOI�DQG�UXQ�XVLQJ�IDFWRU\�GHIDXOW�VHWWLQJV��WKXV�RYHUULGLQJ�DOO�SULRU
VHWWLQJV���7KLV�GHIDXOW�VHWXSV�ZLOO�EH�ZULWWHQ�LQWR�WKH�RQERDUG�HHSURP��

�



470����$6�6(783�7$%/( EROG�ER[HV�GHQRWH�IDFWRU\�GHIDXOWV

_V\QWK_�V\QWK�V\QWKV\QWKUDZDQDORJ�RXWSXW�PRGH8

������������������LQILQLWHPD[�RQ�GXUDWLRQ������VHFRQGV3

�����������������GHWHFW�WKUHVKROG������FRXQWV1

�����������������RXWSXW�VWUHWFK���VHFRQGV/

°°[[[[RXWSXW�DFWLYH�GXULQJ�UHFDOLEUDWLRQM�F

°°[[[[RXWSXW�DFWLYH�RQ�YHU\�ORZ�VLJQDO�GXULQJ�UXQM�E

°°[[[[RXWSXW�DFWLYH�LI�VKRUWHG�HOHFWURGH�GXULQJ�UXQM�D

HUURU�KDQGOLQJ-

XQXVHG+

°°\HVQRDV\PPHWULFDO�ZLQGRZV��Q��S*

RIIRQRQRQRQRQRQRQRQRIIGDWD�ORFNLQJI�E

PRWLRQ�����������RIIRIIGULIW�VWRUH�LQWHUYDO��PLQV��EHWZHHQ�VDYHVI�D

GULIW�VWRUH����GDWD�ORFNLQJ��)

°RIIRIIRQRQUHFDOLEUDWH�LI�UHIHUHQFH�GULIWV�LQWR�ERXQGDU\H�E

°RQRIIRQRIIGLVSOD\�HUURU�FRGH�LI�FDOLEUDWLRQ�HUURUH�D

FDOLEUDWLRQ�FRQWURO(

[[[[[GULIW�FRPSHQVDWLRQ�GXULQJ�GHWHFWG�G

����������������������PD[�RQ�GXUDWLRQ�HQJDJHV�RQ������FURVVLQJG�F

[[[[[[RXWSXW�RQ�QHJDWLYH�VLJQDOVG�E

[[[[[[RXWSXW�RQ�SRVLWLYH�VLJQDOVG�D

GHWHFWLRQ�PRGH'

������������������LQILQLWHPD[�RQ�GXUDWLRQ��VHFRQGV&

°���������������RIIGHWHFW�LQWHJUDWRU��FRXQWV%

°���������RIIER[FDU�DYHUDJH��OHQJWK$

°°RQRIIPHGLDQ�ILOWHU�

������������������RIIGULIW�UDWH��VHFRQGV�ELW�

°�����������RIIUDQGRPL]H�EXUVWV����

°���PV��PV��PV��PV�PV�PV�PV����V����VEXUVW�VSDFLQJ�

°����������������EXUVW�OHQJWK��SXOVHV�

���������������������������SXOVH�ZLGWK���QV�

KLJKORZDPS�JDLQ�

�[I��������[H��������[F��������[D��������[���������[���������[��������[��������[��������[�������UHIHUHQFH�RIIVHW��KH[���GHFLPDO��

°°���������K\VWHUHVLV����RI�WKUHVKROG�

�����������������GHWHFW�WKUHVKROG��FRXQWV�

����������

VHWWLQJGHVFULSWLRQVHOHFW



6HWXS�1RWHV
1RWH���$VWHULVN����LWHPV�DUH�WKRVH�WKDW�GHYLDWH�IURP�WKH�(��

° 5HVHUYHG�IXQFWLRQ��GR�QRW�XVH�

� 7KLV�VHWWLQJ�LV�QRW�XVHG�IRU�GHWHFWLRQ�WKUHVKROG�ZKHQ�LQ�%*�2%-�RU�2%-�PRGH��2%-�PRGH�PDNHV�XVH�RI
WKLV�QXPEHU�WR�GHILQH�WKH�OHYHO�RI�K\VWHUHVLV���%*�2%-�DQG�2%-�PRGHV�XVH�¨OHDUQ�E\�H[DPSOH©�WKUHVKROGV�

� 3HUFHQWDJHV�VKRZQ�DUH�UHODWLYH�WR�WKH�GLIIHUHQWLDO�EHWZHHQ�WKH�UHIHUHQFH�DQG�WKUHVKROG�OHYHOV���,I�VHW�WR�¨�©�
QR�K\VWHUHVLV�LV�XVHG��HYHQ�LQ�2%-�PRGH���,Q�2%-�PRGH�WKH�WDEOH�YDOXH�RI�'HWHFW�7KUHVKROG�>�@�LV�XVHG�IRU
K\VWHUHVLV�� SURYLGHG�+\VWHUHVLV� LV� VHW� WR� ��� ��� RU� ��� � ,I� LQ� 2%-�PRGH�+\VWHUHVLV� LV� ¨�©�� WKHUH� ZLOO� EH� QR
K\VWHUHVLV�ZKDWVRHYHU�

� 5HIHUHQFH�RIIVHW�LV�LQWHUQDOO\�IRUFHG�WR��[���LI�2%-�PRGH�LV�HQWHUHG���1XPEHUV�DUH�KH[DGHFLPDO��H[DPSOH�
�[��� ����GHFLPDO��

� $PS�JDLQ�DIIHFWV�ERWK�WKH�LQWHUQDO�UHDGLQJV�DQG�WKH�DQDORJ�RXWSXW�

� 3XOVHZLGWKV�DUH�GLJLWDOO\�V\QWKHVL]HG�DQG�DUH�ZLWKLQ������

� 1R�RQERDUG�¨&RQIOLFWV�5HVROXWLRQ©�LV�SHUIRUPHG���0D[LPXP�SHUPLVVLEOH�%XUVW�/HQJWKV�WR�EH�XVHG�DUH�
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3HUPLVVLEOH�%XUVW�/HQJWKV�DQG�5DQGRPL]DWLRQ�������QV�SXOVH�ZLGWK�RU�OHVV
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5DQGRPL]DWLRQ

3HUPLVVLEOH�%XUVW�/HQJWKV�DQG�5DQGRPL]DWLRQ�������QV�DQG�����QV�SXOVH�ZLGWKV

&DUH�PXVW�EH� WDNHQ�QRW� WR�H[FHHG� WKH�DERYH� WDEOH� OLPLWV� IRU�EXUVW� OHQJWK�� �7KHVH� OLPLWV�DUH�EH\RQG� WKDW
IRXQG� LQ� WKH� (�� IURP� ZKLFK� WKH� VHWWLQJV� PXVW� EH� FORQHG�� � &RQIOLFWV� UHVROXWLRQ� RQ� WKH� (�� FDQ� EH
FLUFXPYHQWHG���VHH�HDUOLHU�VHFWLRQ��¨&RQIOLFW�5HVROXWLRQ©�IRU�GHWDLOV�

� 'ULIW� LV�GLVDEOHG�LI�2%-�PRGH�LV�VHOHFWHG�UHJDUGOHVV�RI� WKLV�VHWWLQJ���%*�2%-�PRGH�GRHV�QRW��RQ� LWV�RZQ�
GLVDEOH�GULIW�

� 0HGLDQ�)LOWHU�DW������V�EXUVW�VSDFLQJ�VKRXOG�EH�GLVDEOHG��HOVH��WLPLQJ�HUURUV�ZLOO�RFFXU�

$ %R[FDU�$YHUDJLQJ�FDQ�UHPDLQ�IXQFWLRQDO�HYHQ�DW����XV�EXUVW�VSDFLQJ��DW�DOO�VHWWLQJV�RI�DYHUDJLQJ�

& 0D[�2Q�'XUDWLRQ�LV�IXOO\�IXQFWLRQDO�LQ�%*�2%-�PRGH�EXW�LV�GLVDEOHG�LQ�2%-�PRGH�

' 'HWHFWLRQ�0RGH�LV�IXOO\�IXQFWLRQDO�DW�DOO�VHWWLQJV�RI�%XUVW�6SDFLQJ��HYHQ������V�

'HWHFWLRQ�0RGH�LV�IRUFHG�WR�����RU�����LQ�HLWKHU�%*�2%-�RU�2%-�PRGH���6HOHFW�RQH�RI�WKHVH�VHWWLQJV�LI�\RX
ZLOO�EH�XVLQJ�%*�2%-�RU�2%-�PRGH���¨:LQGRZ©�WKUHVKROGV�DUH�QRW�SRVVLEOH�LQ�%*�2%-�RU�2%-�

( 'LVSOD\� (UURU� FRGH� LI� FDOLEUDWLRQ� HUURU �� LI� ¨RQ©�� ZLOO� IODVK� WKH� /('� LQ� D� UHSHDWLQJ� FRGH� LI� D� FDOLEUDWLRQ� RU
UHFDOLEUDWLRQ�HUURU�RFFXUV���,I�QR�HUURU��QR�FRGH�LV�GLVSOD\HG���7KH�FRGH�LV�

6LQJOH�5HSHDWLQJ�)ODVK� (OHFWURGH�ZLUH�VKRUWHG�WR�JURXQG
'RXEOH�UHSHDWLQJ�IODVK� ([FHVV�FDSDFLWLYH�ORDG

7ULSOH�UHSHDWLQJ�IODVK� 8QVWDEOH�VLJQDO��FDQQRW�ILQG�FDO�SRLQW

$IWHU�HDFK�FRGHG� IODVK� WKH�VHQVRU�DJDLQ� WULHV� WR� UHFDOLEUDWH�� �7XUQLQJ�(UURU�'LVSOD\� ¨RII©�ZLOO� SUHYHQW� WKLV
GLVSOD\��ZKLFK�WDNHV�DGGLWLRQDO�WLPH�DQG�ZLOO�DGG�GHOD\�WR�ZKHQ�WKH�VHQVRU�ZLOO�ILQDOO\�FDOLEUDWH�

��



5HFDOLEUDWH�LI�UHIHUHQFH�GULIWV�LQWR�ERXQGDU\��LI�RQ��WHOOV�WKH�VHQVRU�WR�DXWR�UHFDOLEUDWH�LI�WKH�SHUPLVVLEOH���ELW
VLJQDO� ¨ZLQGRZ©� KDV� EHHQ� H[FHHG� E\� WKH� VLJQDO� UHIHUHQFH� LQ� HLWKHU� �� �� �� GLUHFWLRQV�� � ,I� RII�� WKH� VLJQDO
UHIHUHQFH�ZLOO�VWRS�GULIW�FRPSHQVDWLQJ�ZKHQ�D�ZLQGRZ�HGJH�KDV�EHHQ�UHDFKHG�

) 7KH�VHQVRU�FDQ�VWRUH�GULIW�DQG�FDO�SDUDPHWHUV�LQWR�LWV�RQERDUG�HHSURP�DW�D�WLPHG�LQWHUYDO�DV�GHILQHG�E\
¨)©���¨)©�DOVR�VHWV�'DWD�/RFNLQJ��WKH�DELOLW\�WR�UHPHPEHU�WKH�ODVW�FDOLEUDWLRQ�SRLQW�RQ�D�FROG�VWDUW�

6HWWLQJ�WR�¨�©�ZLOO�SUHYHQW�ERWK�GULIW�VWRUH�DQG�GDWD�ORFNLQJ��

6HWWLQJ�WR�¨�©�ZLOO�HQDEOH�'DWD�/RFNLQJ��EXW�WKH�XQLW�ZLOO�RQO\�VWRUH�IXOO�FDOLEUDWLRQ�UHVXOWV��QRW�LQFUHPHQWDO�GULIW
FRPSHQVDWLRQ�FKDQJHV�RQ�D�SHULRGLF�EDVLV��

6HWWLQJ� WR� ¨�©� WKURXJK� ¨�©� ZLOO� GR� ERWK�� VWRULQJ� IXOO� FDOLEUDWLRQ� UHVXOWV� ZKHQ� WKH\� RFFXU�� DQG� WKH� GULIW
FRPSHQVDWLRQ�GDWD�DW� WKH� WLPHG� LQWHUYDOV� �LQ�PLQXWHV��QRWHG�� �7KH�VWRUH�SURFHVV�FDQ� WDNH�XS� WR��PV� WR
SHUIRUP�DQG�LQWHUUXSWV�WKH�DFTXLVLWLRQ�F\FOH�E\�WKDW�DPRXQW�RI�WLPH���,I�WKH�XQLW�KDV�QRW�VHQVHG�DQ\�GULIW��WKH
HHSURP�ZLOO� QRW�EH�ZULWWHQ�� �7KH�VDYH� WLPLQJ� LQWHUYDO� UHV\QFKURQL]HV�ZLWK�HDFK� UHFDOLEUDWLRQ�RU�SRZHUXS
HYHQW�

6HWWLQJ�WR�¨�©�ZLOO�HQDEOH�WKH�VSHFLDO�¨IDVW�UHFDOLEUDWLRQ©�RU�¨PRWLRQ©�PRGH��EXW�GDWD�VWRUH�DQG�ORFNLQJ�DUH�ERWK
GLVDEOHG�

,PSRUWDQW�1RWH�WR�(��XVHUV���¨)©�VHWWLQJV�XVHG�IRU�WKH�470�FDQ�FRQIOLFW�ZLWK�VHWWLQJV�IRU�WKH�EDXG�UDWH�DQG
SURWRFRO�RQ�WKH�(����$IWHU�VHWWLQJ�XS�WKH�(��DQG�FORQLQJ�IURP�LW��EH�VXUH�WR�UHVHW�VHWXS�¨)©�SURSHUO\� LI�\RX
ZDQW� WR� XVH� WKH� VHULDO� FRPPXQLFDWLRQV� SRUW� DJDLQ�� � 7KLV� LV� DQ� XQIRUWXQDWH� FRPSURPLVH� RQ� WKH� URDG� WR
JUHDWHU�IXQFWLRQDOLW\�IRU�WKH�470���ZH�KRSH�\RX�XQGHUVWDQG�

* ,I�¨*©�LV�VHW�WR�¨\HV©��WKH�VHQVRU�ZLOO�XVH�DV\PPHWULF�WKUHVKROG�SURFHVVLQJ��WKH�QHJDWLYH�VHW�EHLQJ�GHILQHG
E\�IXQFWLRQV�¨1©�DQG�¨3©���6HWWLQJ�¨*©�WR�¨\HV©�DQG�VHWWLQJ�¨1©�DQG�¨3©�WR�GXSOLFDWH�WKH�VHWWLQJV�RI�¨�©�DQG�¨&©�LV
LGHQWLFDO�WR�WKH�ZD\�WKH�(��IXQFWLRQV��DQG�LGHQWLFDO�WR�OHDYLQJ�¨*©�RQ�¨QR©�

- 'HILQHV�WKH�RXWSXW�IURP�WKH�VHQVRU�ZKHQ�DQ�HUURU�RFFXUV�

6HWWLQJ�¨RXWSXW�DFWLYH�LI�VKRUWHG�HOHFWURGHV�GXULQJ�UXQ©�WR�ER[HV�ZLWKRXW�DQ�¨[©�ZLOO�DFWXDOO\�LQKLELW�WKH�RXWSXW
LI�D�VKRUW�FLUFXLW�RFFXUV���7KLV�LV�LPSRUWDQW�WR�NQRZ�EHFDXVH�IXQFWLRQ�¨'©�FDQ�RWKHUZLVH�EH�VHW�WR�JHQHUDWH
DQ�RXWSXW�RQ�D� ORZ�VLJQDO� OHYHO�� �7KH�VHWWLQJ�RI� ¨'©�ZLWK� UHJDUG� WR� QHJDWLYH� VLJQDOV� LV�RYHUULGGHQ�E\� WKH
VDIHW\�DVSHFWV�RI�¨-©�

6KRUW�GHWHFWLRQ�RFFXUV�ZLWKLQ�HDFK�EXUVW��DQG�VR�LV�D�IDVW�ZD\�RI�GHWHFWLQJ�D�VKRUW�FLUFXLW�

¦2XWSXW�DFWLYH�RQ�YHU\�ORZ�VLJQDO�GXULQJ�UXQ§�XVHV�WKH�VLJQDOV�SURFHVVHG�WKURXJK�WKH�GLJLWDO�ILOWHUV��DQG�PD\
WDNH�VRPH�WLPH�WR�UHVSRQG���,I�WKLV�RSWLRQ�LV�VHW��DQ�WKH�RXWSXW�ZLOO�EHFRPH�DFWLYH�LI�WKH�DFWXDO�VLJQDO�OHYHO
IDOOV�EHORZ� WKH�XVDEOH� OHYHO�RI� WKH�VHQVRU©V�FXUUHQW���ELW� ¦ZLQGRZ§�� �/RZ�VLJQDO�FDQ�DOVR�EH�FDXVHG�E\�D
VKRUW��RU�E\�VRPH�RWKHU� IDFWRU�VXFK�DV�DQ� LQWHUPLWWHQW�HOHFWURGH�FRQQHFWLRQ��D�EDG�UHFDOLEUDWLRQ�SRLQW��RU
H[FHVVLYH�VLJQDO�GULIW�

¦2XWSXW� DFWLYH� GXULQJ� UHFDOLEUDWLRQ§� IRUFHV� WKH� RXWSXW� DFWLYH� GXULQJ� D� UHFDOLEUDWLRQ� F\FOH�� QR� PDWWHU� WKH
UHDVRQ���'XULQJ�UHFDOLEUDWLRQ�WKH�VHQVRU�LV�PRPHQWDULO\�¦IO\LQJ�EOLQG§�DQG�FDQQRW�SURFHVV�VLJQDOV���)RUFLQJ
DQ�RXWSXW�GXULQJ�WKLV�LQWHUYDO�PD\�EH�GHVLUDEOH�LQ�VRPH�DSSOLFDWLRQV�

/ 2XWSXW�VWUHWFK�DGGV�D�SRVW�SURFHVVLQJ�IXQFWLRQ��� WKH�DELOLW\�WR�FUHDWH�D� ¨UHWULJJHUDEOH�RQH�VKRW©�HIIHFW�RQ
WKH� RXWSXW�� � 6HWWLQJ� WR� ¨�©� WXUQV� WKH� VWUHWFK� IXQFWLRQ� RII�� � 6WUHWFK� GRHV� QRW� OHQJWKHQ� RXWSXWV� FDXVHG� E\
FRQGLWLRQV�UHODWHG�WR�IXQFWLRQ�¨-©��LW�RQO\�VWUHWFKHV�UHDO�VLJQDO�GHWHFWLRQ�¨HYHQWV©�

1 1HJDWLYH�VLJQDO��ZLWK�UHVSHFW�WR�WKH�UHIHUHQFH�OHYHO��WKUHVKROG��XVHG�ZKHQ�¨*©��¨$V\PPHWULFDO�:LQGRZV©�LV
HQDEOHG���7KLV�WKUHVKROG�LV�127�XVHG�LQ�%*�2%-�RU�2%-�PRGH��UHJDUGOHVV�RI�¨*©���$OVR�WKLV�VHWWLQJ�GRHV
QRW�LQIOXHQFH�K\VWHUHVLV�LQ�2%-�PRGH��VHH�QRWHV�IRU�>�@��DERYH��

3 7KH�PD[LPXP�RQ�GXUDWLRQ�SULRU�WR�D�UHFDOLEUDWLRQ�FDQ�EH�VHW�GLIIHUHQWO\�IRU�VLJQDOV�WKDW�JR�EHORZ�D�QHJDWLYH
WKUHVKROG��LI�WKH�FRUUHVSRQGLQJ�IXQFWLRQ�LV�VHW�LQ�'HWHFWLRQ�0RGH�¨'©���¨3©�ZLOO�IXQFWLRQ�RQO\�ZKHQ�¨'©�LV�VHW�WR
��DQG�DERYH��L�H��ZKHQ�QHJDWLYH�H[FXUVLRQ�GHWHFWLRQ�LV�HQDEOHG��

8 7KH�DQDORJ�RXWSXW�PRGH�FDQ�EH�VHOHFWHG�WR�RQH�RI���RSWLRQV���>�@�5DZ��ZKLFK�LV�WKH�UDZ�DQDORJ�VLJQDO�IURP
WKH�DFTXLVLWLRQ�IURQW�HQG��>�@�6\QWK��ZKLFK�LV�D�GLJLWDOO\�V\QWKHVL]HG�RXWSXW�FRUUHVSRQGLQJ�WR�WKH�ILOWHUHG�UDZ
VLJQDO�LQ�VSDQ���>�@��6\QWK��ZKLFK�LV�WKH�UHFWLILFDWLRQ�RI�WKH�GLIIHUHQFH�EHWZHHQ�WKH�DFWXDO�VLJQDO�DQG�WKH
LQWHUQDO�UHIHUHQFH�OHYHO��VLJQDO���UHIHUHQFH����>�@��6\QWK��ZKLFK�LV�WKH�UHFWLILFDWLRQ�RI�WKH�GLIIHUHQFH�EHWZHHQ
WKH�LQWHUQDO�UHIHUHQFH�OHYHO�DQG�WKH�DFWXDO�VLJQDO��UHIHUHQFH���VLJQDO���>�@�_6\QWK_��ZKLFK�LV�WKH�DEVROXWH
YDOXH�RI�WKH�GLIIHUHQFH�EHWZHHQ�WKH�VLJQDO�OHYHO�DQG�WKH�UHIHUHQFH�OHYHO�

$OO� V\QWKHVL]HG� DQDORJ� VLJQDOV� KDYH� �� ELWV� RI� UHVROXWLRQ� IURP��� WR� ��9�RXW�� DOWKRXJK� LQ� WKH� FDVH� RI� WKH
GLIIHUHQFH�VLJQDO�RSWLRQV���>�������@���WKH�VSDQ�RI�WKH�DQDORJ�RXWSXW�PD\�QRW�HQFRPSDVV�DOO���ELWV��

��
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BG, BG/OBJ, AND OBJ MODES
7KH�470�RSHUDWHV�LQ�HLWKHU�RI�WZR�SULPDU\�FDOLEUDWLRQ�PRGHV�

¨1RUPDO©�PRGH�� VHQVRU�PDNHV� XVH� RI� WKH� VHWWLQJ� RI� 'HWHFW
7KUHVKROG���7KLV�PRGH�LV�WKH�IDFWRU\�GHIDXOW�VHWWLQJ���(YRNLQJ
%*�LQ�¨QRUPDO©�PRGH�VLPSO\�FDXVHV�D�UHFDOLEUDWLRQ�WR�RFFXU�
WKDW� LV�� WKH� UHIHUHQFH� SRLQW� LV� UHFHQWHUHG� DQG� ZLWK� LW� WKH
WKUHVKROG� OHYHO�V��� � ¨1RUPDO©� PRGH� LV� %*� PRGH� DQG� LV
UHIHUUHG�WR�DV�%*�PRGH�WKURXJKRXW�

¨/HDUQ©� PRGH�� � 7KH� VHQVRU� LJQRUHV� 'HWHFW� 7KUHVKROG�� DQG
¨OHDUQV� E\� H[DPSOH©�� � 7KHUH� DUH� WZR� YDULDWLRQV� RI� ¨/HDUQ©
PRGH���%*�2%-��DQG�2%-�

2Q�WKH�(���%*�2%-�DQG�2%-�PRGHV�KDG�WR�EH�VSHFLILHG�LQ�WKH
VHWXS�SURFHGXUH��WKLV�ZDV�UHTXLUHG�EHFDXVH�RI�WKH�GXDO�XVH�RI
WKH� /&'� GLVSOD\�� WKH� ULJKW� EXWWRQ� FRXOG� EH� XVHG� HLWKHU� IRU
VFUROOLQJ� WKH� /&'� IXQFWLRQ� RU� IRU� WKH� 2%-� IXQFWLRQ�� EXW� QRW
ERWK���,Q�WKH�470����$6�WKHUH�LV�QR�/&'�DQG�VR�D�VHSDUDWH
PRGH�LV�QRW�UHTXLUHG�

6ZLWFKLQJ�PRGHV�� �7KHVH�PRGHV�FDQ�EH�HQWHUHG�LQWR�DW�ZLOO
E\� WKH� XVH� RI� WKH� %*� DQG� 2%-� FRQWURO� OLQHV� DV� H[SODLQHG
EHORZ�

0DNLQJ�WKH�PRGH�SHUPDQHQW���7KH�VHOHFWHG�%*��%*�2%-�RU
2%-� PRGH� FDQ� EH� VWRUHG� ¦SHUPDQHQWO\§� LQWR� WKH� LQWHUQDO
HHSURP��EXW�RQO\�LI�'DWD�/RFNLQJ�>)�E@�LV�RQ���7KH�PRGH�FDQ�EH
FKDQJHG�DW�DQ\�WLPH�DQG�LV�DXWRPDWLFDOO\�VWRUHG�DJDLQ�LQWR�WKH
HHSURP��RYHUZULWLQJ�WKH�SULRU�PRGH���,I�'DWD�/RFNLQJ�LV�VHW�WR��
RU����WKH�XQLW�ZLOO�DOZD\V�SRZHU�XS�LQ�%*�PRGH�DQG�SHUIRUP�D
IXOO�FDOLEUDWLRQ�RQ�VWDUWXS�

WHEN TO USE EACH MODE
0RGH�VHOHFWLRQ�GHSHQGV�RQ�WKH�VHQVLQJ�HIIHFW�GHVLUHG�

2%-�� �8VH� IRU� GHWHFWLQJ� REMHFWV� WKDW� JHQHUDWH� ODUJH� VLJQDOV�
DQG�ZKHUH� OLWWOH�SURFHVVLQJ�ILQHVVH� LV�UHTXLUHG�� �(YRNLQJ�2%-
ZLOO� WULJJHU� D� ¦OHDUQ� E\� H[DPSOH§� DQG� VHW� WKH� WKUHVKROG

DXWRPDWLFDOO\��DQG�VWRUH�WKDW�VHWWLQJ�LQWR�WKH�LQWHUQDO�HHSURP��

%*�2%-�� �)RU� ¦OHDUQ�E\�H[DPSOH§�FDOLEUDWLRQ�ZLWK�FRQWLQXRXV
EDFNJURXQG�GULIW�FRPSHQVDWLRQ���7KLV�PRGH�FDQ�EH�WKRXJKW�RI
DV� D� K\EULG� EHWZHHQ� WKH� ¨SXUH©� %*� DQG� 2%-� PRGHV�� � ,W
UHTXLUHV� WZR� LQSXW� FRPPDQGV�� RQH� ILUVW� RQ� WKH�%*� OLQH�� WKHQ
RQH�RQ�2%-�

%*�� � %*� PRGH� LV� GHVLJQHG� WR� DOORZ� PRUH� DGYDQFHG
SURFHVVLQJ�IXQFWLRQV�OLNH�¦SUR[�WUDS§�ZKLOH�DOVR�SHUPLWWLQJ�GULIW
FRPSHQVDWLRQ�� � %*� RQO\� UHTXLUHV� D� VLQJOH� FRPPDQG� WR
FDOLEUDWH�WR�WKH�EDFNJURXQG�OHYHO��EXW�WKH�WKUHVKROG�OHYHO�PXVW
EH�VHW�YLD� WKH�HHSURP�DQG�FDQQRW�EH� ¨OHDUQHG©�� �%*�ZLOO�DOVR
SHUPLW� PD[LPL]HG� VHQVLWLYLW\� ZLWK� EDFNJURXQG� UHIHUHQFH� GULIW
WUDFNLQJ� DW� DOO� WLPHV�� � %*� PRGH� ZLOO� DOVR� SHUPLW� ¨PRWLRQ©
GHWHFWLRQ� SURFHVVLQJ�� ZKHUH� PRWLRQ� LQ� HLWKHU� GLUHFWLRQ� ZLOO
FDXVH� D� GHWHFWLRQ�� � 2%-� DQG� %*�2%-� FDQQRW� SURYLGH� WKHVH
PRUH�VRSKLVWLFDWHG�IXQFWLRQV�

BG MODE DETAILS
%*�PRGH�LV�LGHQWLFDO�WR�WKH�PRGH�WKDW�WKH�43UR[�(��UXQV�LQ�LI
¨%XWWRQV�0RGH©�LV�VHW�WR�¨�©���,Q�%*�PRGH�WKH�WKUHVKROG�OHYHO�V�
DUH� WDNHQ� IURP� 'HWHFW� 7KUHVKROG� >�@�� ZKLOH� K\VWHUHVLV� LV
GHILQHG�E\�>�@�� �7KHUH�DUH�DOVR�VRPH�IXUWKHU� LVVXHV�UHODWHG�WR

'DWD�/RFNLQJ�

,I� 'DWD� /RFNLQJ� >)�E@� LV� RII�� � WKH� XQLW� ZLOO� SRZHU� XS� DQG
SHUIRUP� D� EDFNJURXQG� FDOLEUDWLRQ� WR� VHW� LWV� LQLWLDO� UHIHUHQFH

SRLQW��WKH�XQLW�ZLOO�DOZD\V�VWDUW�RXW�LQ�%*�PRGH�LI�'DWD�/RFNLQJ
LV�RII�

,I�'DWD�/RFNLQJ�LV�RQ��XQLW�ZLOO�XVH�VWRUHG�HHSURP�FDO�VHWWLQJV
RQ�SRZHUXS�DQG�QRW�SHUIRUP�D�%*�FDO���,I�WKH�%*�FDO�SRLQW�KDV
FKDQJHG�� LW� ZLOO� EH� QHFHVVDU\� WR� HYRNH� %*� WR� UHFDOLEUDWH�� RU
ZDLW� XQWLO� D� 0D[� 2Q�'XUDWLRQ� H[SLUHV� �LI� HQDEOHG� DQG� LI� D
GHWHFWLRQ� LV� LQ� SURJUHVV��� RU� ZDLW� XQWLO� GULIW� FRPSHQVDWLRQ
FDWFKHV�XS�WR�WKH�HUURU��LI�HQDEOHG��

(YRNLQJ�%*�LI�DOUHDG\�LQ�%*�PRGH�FDXVHV�D�IXOO�EDFNJURXQG
UHFDOLEUDWLRQ��WKH�XQLW�ZLOO�UHPDLQ�LQ�%*�PRGH���,I�'DWD�/RFNLQJ
LV�RQ��HYRNLQJ�%*�ZLOO�FDXVH�WKH�UHVXOWLQJ�FDO�GDWD�WR�EH�VWRUHG
IRU�UHXVH�RQ�QH[W�SRZHUXS�

(YRNLQJ� %*� LI� LQ� %*�2%-� PRGH� FDXVHV� D� EDFNJURXQG
UHIHUHQFH� SRLQW� UHFDOLEUDWLRQ�� EXW� WKH� SULRU� OHDUQHG� WKUHVKROG
OHYHOV� ZLOO� QRW� EH� DOWHUHG� DQG� %*�2%-� PRGH� ZLOO� UHPDLQ� LQ
IRUFH���6HH�¦%*�2%-�0RGH�'HWDLOV§��EHORZ�

,I�'DWD�/RFNLQJ� LV�RQ�� WKH�FDOLEUDWLRQ�VHWWLQJV�UHVXOWLQJ� IURP�D
SULRU� %*� HYRNH� ZLOO� EH� VWRUHG� LQ� WKH� HHSURP� IRU� UHWULHYDO� RQ
DQ\�VXEVHTXHQW�SRZHUXS�

)RUFLQJ� WR� %*� PRGH� IURP� 2%-� PRGH�� � (YRNLQJ�%*� LI� WKH
470�LV�LQ�2%-�PRGH�ZLOO�WDNH�WKH�470�RXW�RI�2%-�PRGH�DQG
SXW�LW�LQWR�SXUH�%*�PRGH��WULJJHULQJ�D�%*�UHFDO�DV�ZHOO�

)RUFLQJ� WR� %*� PRGH� IURP� %*�2%-� PRGH�� � ,I� 470� LV� LQ
%*�2%-�PRGH�DQG� LW� LV�GHVLUHG� WR�FKDQJH�WKH�PRGH� WR�¦SXUH
%*§�PRGH��HYRNH�%*�IRU�!����VHFRQGV���$IWHU�WKH�%*�HYRNH�
WKH�/('�ZLOO�FRPH�RQ�¦VROLG§�IRU�Û�VHFRQG�DQG�WKH�GHYLFH�ZLOO
WKHQ� UHFDO�� �$W� WKLV�SRLQW� LW�ZLOO� EH� LQ� ¦SXUH�%*§�PRGH�� � ,I� WKH
/('� GRHV� QRW� JR� ¦VROLG� RQ§�� WKH� OLQH� ZDV� QRW� HYRNHG� ORQJ

HQRXJK�

BG/OBJ MODE DETAILS
7R�HQWHU�%*�2%-�PRGH�

�� )ROORZLQJ� D� SRZHUXS�� HYRNH� %*� ZKHQ� WKH� NQRZQ

EDFNJURXQG�VLJQDO� OHYHO� LV�SUHVHQW��REMHFW� WR�EH�GHWHFWHG
LV� DEVHQW��� � (YRNLQJ� %*� ZLOO� PDNH� WKH� 470� UHFDOLEUDWH
DQG�ILQGV�LWV�QHZ�EDFNJURXQG�UHIHUHQFH�OHYHO�

�� 7KHQ��ZLWK�D�WDUJHW�VLJQDO�SUHVHQW��WDUJHW�REMHFW�SODFHG�DW

WKH� IXUWKHVW� GLVWDQFH� RI� GHVLUHG� GHWHFWLRQ�� HYRNH� 2%-�
8QLW�WKHQ�OHDUQV�WKH�FRUUHFW�WKUHVKROG�DQG�VHWV�K\VWHUHVLV
OHYHOV�DFFRUGLQJ�WR�6HOHFW�>�@��+\VWHUHVLV��

,I�'DWD�/RFNLQJ� LV�RQ�� WKH� UHVXOWLQJ�FDO�GDWD�ZLOO�EH�VWRUHG� IRU
UHWULHYDO�RQ�DQ\�VXEVHTXHQW�SRZHUXS�� �7KHQ��ZKHQ� WKH�470
VXEVHTXHQWO\� SRZHUV� XS� DJDLQ� LW� ZLOO� XVH� WKH� VWRUHG� VHWWLQJV
DQG� LPPHGLDWHO\� UXQ� ZLWK� WKHP�� ZLWKRXW� SHUIRUPLQJ� D
UHFDOLEUDWLRQ�RI�DQ\�VRUW�

,I�WKH�470�LV�DOUHDG\�LQ�%*�2%-�PRGH��VWHS���ZLOO�QRW�WDNH�WKH
XQLW�RXW�RI�%*�2%-�PRGH�� LQVWHDG��VWHS���ZLOO�VLPSO\�FDXVH�D
UHFDO� RI� WKH� UHIHUHQFH� SRLQW�� OHDYLQJ� WKH� GLIIHUHQWLDO� WKUHVKROG
YDOXH�IURP�D�SULRU�VWHS���DORQH���$�VXEVHTXHQW�VWHS���ZLOO�WKHQ
VHW�WKH�QHZ�WKUHVKROG�OHYHO�H[DFWO\�DV�PLJKW�EH�H[SHFWHG�

,I� WKH� 470� LV� DOUHDG\� LQ� %*�2%-� PRGH�� HYRNLQJ� 2%-
WKHUHDIWHU��UHSHDWLQJ�VWHS����ZLOO�FDXVH�WKH�XQLW� WR�HVWDEOLVK�D
QHZ�¨OHDUQ�E\�H[DPSOH©� WKUHVKROG��ZKLOH� OHDYLQJ�WKH�UHIHUHQFH
OHYHO�DORQH���7KXV��RQFH�\RX�KDYH�HQWHUHG�%*�2%-�PRGH�YLD
WKH� DERYH� ��VWHS� SURFHVV�� \RX� GR� QRW� QHFHVVDULO\� KDYH� WR
UHSHDW� VWHS� �� WR� GR� D� WKUHVKROG� UHFDOLEUDWLRQ�� DIWHU� HYRNLQJ
2%-� DJDLQ� LW� ZLOO� UHPDLQ� LQ� %*�2%-�PRGH� DQG� MXVW� SURSHUO\
UHFDOLEUDWH�LWV�WKUHVKROG�OHYHO�

��



,I�WKH�470�LV�LQ�2%-�PRGH��LW�LV�FOHDUHG�LQ�VWHS����HYRNLQJ�%*
ZKHQ�LQ�2%-�PRGH�ZLOO�DOZD\V�SXW�XQLW�LQWR�¦SXUH�%*§�PRGH�

%*�2%-�PRGH�FDQ�EH�XVHG�RQO\�ZLWK�VHWWLQJV����������RU���RI
'HWHFWLRQ� 0RGH� >'@�� � ,I� VHWWLQJV� RWKHU� WKDQ� WKHVH� DUH
SURJUDPPHG� LQWR� WKH�HHSURP� LQ�HUURU�� WKH�HUURQHRXV�VHWWLQJV
ZLOO� EH� ¨PRYHG©� WR� RQH� RI� WKH� OHJDO� QXPEHUV� ZKHQ� %*�2%-
PRGH�LV�HQWHUHG�

,Q� WKH� (��� %*�2%-� PRGH� GLVDEOHV� WKH� 0D[� 2Q�'XUDWLRQ
IHDWXUH� WR� ¨LQILQLWH©�� � 7KLV� LV� QRW� WUXH� LQ� WKH� 470����$6�� � ,I
¨LQILQLWH©�LV�GHVLUHG��\RX�PXVW�VHW��0D[�2Q�'XUDWLRQ�WR�¨LQILQLWH©
YLD�WKH�HHSURP�VHWWLQJ�

OBJ MODE DETAILS
2%-�PRGH�LV�HQWHUHG�E\�WKH�IROORZLQJ�SURFHVV�

,I� WKH� XQLW� KDV� MXVW� SRZHUHG� XS� DQG� LV� QRW� LQ� %*�2%-

PRGH�

y :LWK�D�WDUJHW�VLJQDO�SUHVHQW��WDUJHW�SODFHG�DW�WKH�ERUGHU
RI�GHVLUHG�GHWHFWLRQ��HYRNH�2%-���8QLW�OHDUQV�WKH�FRUUHFW
WKUHVKROG� IURP� WKH� FXUUHQW� VLJQDO� OHYHO� DQG� HQWHUV� 2%-
PRGH�

,I� WKH� XQLW� KDV� EHHQ� UXQQLQJ� DQG� %*� KDG� EHHQ� HYRNHG

SUHYLRXVO\��XQLW�DOUHDG\�LQ�HLWKHU�RU�%*�RU�%*�2%-�PRGH��

y :LWK� D� WDUJHW� VLJQDO� SUHVHQW� DW� WKH� HGJH� RI� WKH� GHVLUHG
UDQJH��HYRNH�2%-�IRU�!����VHFRQGV�WR�FOHDU�RXW� WKH�%*
PRGH�DQG�DOVR�WR�SUHYHQW�WKH�%*�2%-�PRGH�IURP�EHLQJ
HQWHUHG�� 8QLW� HQWHUV� 2%-� PRGH� DQG� OHDUQV� WKH� FRUUHFW
WKUHVKROG�OHYHO�

,I�WKH�XQLW�LV�DOUHDG\�LQ�¦SXUH�2%-§�PRGH�

y (YRNLQJ�2%-�ZLOO�FDXVH�D�QHZ�GHWHFWLRQ� WKUHVKROG�SRLQW
WR�EH� OHDUQHG�DW� WKH�FXUUHQW�VLJQDO� OHYHO��XQLW� UHPDLQV� LQ
2%-�PRGH�

,I� LQ�GRXEW��HYRNH�2%-�IRU�!����VHFRQGV�� �7KH�/('�ZLOO�JR
¦VROLG�RQ§�IRU�DERXW�Û�VHFRQG�DQG�WKHQ�WKH�GHYLFH�ZLOO�UHFDO�LQ
SXUH�2%-�PRGH���,I�WKH�/('�GRHV�QRW�JORZ�¦VROLG§��WKH�OLQH�ZDV
QRW�HYRNHG�ORQJ�HQRXJK�

7KH� K\VWHUHVLV� YDOXH� LV� WDNHQ� IURP� WKH� YDOXH� RI� WKH� 'HWHFW
7KUHVKROG� VHWWLQJ�� RU� FDQ� EH� IRUFHG� WR� ]HUR� K\VWHUHVLV� LI
+\VWHUHVLV�VHWWLQJ� >�@� LV�VHW� WR� ¨�©� ���K\VWHUHVLV�� LQ� WKH�FORQHG
VHWXSV�

,I�K\VWHUHVLV� LV� WRR� ODUJH�D�YDOXH�IRU� WKH�VLJQDO� OHYHO�� ¨VWLFNLQJ©
FDQ� RFFXU�� WKH� VHQVRU� ZLOO� GHWHFW� DQ� REMHFW� �XVXDOO\
LPPHGLDWHO\�DIWHU�HYRNLQJ�2%-��DQG�QRW�UHOHDVH�� � ,I�H[SHFWHG
VLJQDO� OHYHOV�DUH�VPDOO��%*�2%-�PRGH� LV�D�EHWWHU�RSWLRQ�WKDQ
SXUH�2%-�EHFDXVH�%*�2%-�ZLOO� VHW� DQ� DPRXQW� RI� K\VWHUHVLV
SURSRUWLRQDWH�WR�WKH�VLJQDO�OHYHO�

2%-� PRGH� KDV� QR� NQRZOHGJH� RI� WKH� EDFNJURXQG� UHIHUHQFH
OHYHO�� DQG� VR� FDQQRW� GULIW� FRPSHQVDWH� IRU� EDFNJURXQG� OHYHO

FKDQJHV�� � 2%-� VHWV� D� ULJLGO\� IL[HG� WULS� SRLQW� DW� DQ� DEVROXWH
VLJQDO�OHYHO�

2%-�ZLOO�RQO\�ZRUN�ZLWK�'HWHFWLRQ�0RGH�>'@�VHW� WR���RU���� �$OO
RWKHU� VHWWLQJV� RI� >'@� DUH� ¨WUXQFDWHG©� WR� �� RU� ��� ZKLFKHYHU� LV
FORVHVW� LQ� WKH� 6HWXSV� 7DEOH�� � 6HWWLQJ� >'@� WR� �� FDQ�PDNH� WKH
VHQVRU�UHVSRQG�WR�GHSDUWLQJ�REMHFWV��DQ�¦DEVHQFH�GHWHFWRU§��

,I�'DWD�/RFNLQJ� LV�HQDEOHG�� WKH�UHVXOWLQJ�2%-�VHWWLQJ�DQG� WULS
SRLQW� ZLOO� EH� VWRUHG� IRU� UHWULHYDO� RQ� VXEVHTXHQW� SRZHUXS�
7KHQ��ZKHQ� WKH�XQLW�SRZHUV�XS� LW�ZLOO�XVH� WKH�VWRUHG�VHWWLQJV
DQG�LPPHGLDWHO\�UXQ�ZLWKRXW�UHFDOLEUDWLQJ�

(YRNLQJ� 2%-� PRGH� ZLWK� RQO\� D� EDFNJURXQG� OHYHO� RI� VLJQDO
SUHVHQW�ZLOO� XVXDOO\�FDXVH� WKH�VHQVRU� WR�VWLFN� ¨RQ©��DQG� LV�QRW
DGYLVHG�

DATA LOCKING & DRIFT STORE
'DWD�ORFNLQJ�DOORZV�WKH�VHQVRU� WR�VWRUH�UHIHUHQFH�FDOLEUDWLRQ
DQG� WKUHVKROG� VHWWLQJV�� DV� ZHOO� DV� %*�2%-� DQG� 2%-� PRGH
VHWWLQJV�� � ,I� 'DWD� /RFNLQJ� LV� RII�� WKH�470�ZLOO� IRUJHW� LWV� SULRU
VHWWLQJV� ZKHQ� SRZHU� LV� LQWHUUXSWHG�� LQFOXGLQJ� WKH� IDFW� WKDW� LW
PLJKW� KDYH� EHHQ� LQ� D� %*�2%-� RU�2%-�PRGH�� � %*�2%-� DQG
2%-�PRGHV�UHTXLUH�WKDW�IL[HG�LQIRUPDWLRQ�EH�VDYHG�WR�RSHUDWH�
DQG� VR� QHHG� WR� EH� PDQXDOO\� UHVWRUHG� DIWHU� HDFK� SRZHUXS� LI
/RFNLQJ�ZDV�QRW�HQDEOHG�

'DWD�ORFNLQJ�RSHUDWHV�VHDPOHVVO\�ZLWK�%*��%*�2%-��DQG�2%-
PRGHV��RQFH�'DWD�/RFNLQJ�LV�VSHFLILHG�YLD�WKH�VHWXSV�QRWKLQJ
HOVH� QHHGV� WR� EH� GRQH�� � 7KH� XQLW� ZLOO� VDYH� DOO� FDO� GDWD
ZKHQHYHU�%*�RU�2%-�DUH� HYRNHG�RU�ZKHQHYHU� DQ�DXWRPDWLF
UHFDOLEUDWLRQ��GXH�WR�D�0D[�2Q�GXUDWLRQ��WLPHRXW��IRU�H[DPSOH�
RFFXUV�

'ULIW� 6WRUH� PRGH� PDNHV� WKH� 470����$6� SHULRGLFDOO\� VDYH
WKH� GULIW� FRPSHQVDWHG� UHIHUHQFH� OHYHO�� VR� WKDW� LI� WKH� XQLW� LV
GHSRZHUHG� LW� ZLOO� UHPHPEHU� LWV� ODVW� NQRZQ� UHIHUHQFH� ZKHQ
QH[W� SRZHUHG� XS�� � 7KH� 'ULIW� 6WRUH� VDYH� RSHUDWLRQ� FDQ� EH
VSHFLILHG� WR�RFFXU�SHULRGLFDOO\�� IURP�RQFH�HYHU\�PLQXWH� WR���
PLQXWH� VSDFLQJV�� �1RWH� WKDW� WKH� LQWHUQDO� HHSURP�KDV�D� UDWHG
OLIH�RI���PLOOLRQ�ZULWHV��WKLV�PD\�KDYH�DQ�LPSDFW�RQ�VHOHFWLRQ�RI
WKH�GUILW�VWRUH�XSGDWH�UDWH�FKRVHQ�

7KH�'ULIW�6WRUH�RSHUDWLRQ�WDNHV���PLOOLVHFRQGV�WR�H[HFXWH�DQG
LQWHUUXSWV� VHQVLQJ�� EXW� GRHV� QRW� RFFXU� DW� DOO� LI� WKH� UHIHUHQFH
OHYHO�KDV�QRW�FKDQJHG���7KXV��HYHQ�ZLWK�'ULIW�6WRUH�HQDEOHG��LQ
2%-� PRGH� RU� LI�'ULIW� 5DWH� LV� VHW� WR� ¦RII§�� QR� VDYH� ZLOO� HYHU
RFFXU�

6HWWLQJ�VHWXS�>)@� WR� ¨�©�DOORZV�'DWD�/RFNLQJ�EXW�SUHYHQWV�'ULIW
6WRUH�IURP�RFFXUULQJ�RQ�D�WLPHG�EDVLV�

0RWLRQ� PRGH� GLVDEOHV� ERWK� 'DWD� /RFNLQJ� DQG� WLPHG� 'ULIW
6WRUH���0RWLRQ�PRGH�LV�D�SXUHO\�WUDQVLHQW�PRGH�

��



/('�)81&7,21

7KH� /('� LV� D� PXOWL�SXUSRVH� LQGLFDWRU� WKDW� VKRZV� VLJQDO� KHDOWK�� RXWSXW� VWDWH�� HUURU� FRQGLWLRQV�� DQG� SXVKEXWWRQ
IHHGEDFN�

5XQQLQJ�DQG�QRW�GHWHFWLQJ���WKH�/('�ZLOO�QRWLFHDEO\�IOLFNHU��EXW�GLPO\�

5XQQLQJ�DQG�GHWHFWLQJ���WKH�/('�ZLOO�IOLFNHU�EULJKWO\��IOLFNHULQJ�LV�D�OLWWOH�KDUGHU�WR�QRWLFH��

:KHQ�D�EXWWRQ�LV�SXVKHG���WKH�/('�LV�IRUFHG�RII�

,I�D�EXWWRQ�LV�SXVKHG�ORQJ�� ��WR� IRUFLEO\�UHYHUW� WR�D�GLIIHUHQW�RSHUDWLQJ�PRGH�� WKH�/('�ZLOO��DIWHU�EXWWRQ�UHOHDVH�
FRPH�RQ�EULJKWO\�IRU�����VHFRQG�EHIRUH�SURFHHGLQJ�ZLWK�WKH�QHZ�PRGH�

:KLOH�FDOLEUDWLQJ���WKH�/('�ZLOO�XVXDOO\�EH�RII��WKLV�XVXDOO\�WDNHV�ZHOO�XQGHU�D�VHFRQG���,I�(UURU�+DQGOLQJ�>-@�LV�VHW�WR
��WKURXJK����RXWSXW�DFWLYH�GXULQJ�UHFDOLEUDWLRQ���WKH�/('�ZLOO�EH�RQ�VROLG�GXULQJ�WKH�UHFDOLEUDWLRQ�

,I� DQ� HUURU� RFFXUV� GXULQJ� RSHUDWLRQ�� � IRU�H[DPSOH�D�VKRUW� FLUFXLW�RU� ORZ�VLJQDO�FRQGLWLRQ�ZKHQ� WKH�DSSURSULDWH
HUURU�PRGH�LV�HQDEOHG��VHH�(UURU�+DQGOLQJ��>-@�GHVFULSWLRQ��QH[W�VHFWLRQ���WKH�/('�ZLOO�JORZ�VROLG�ZLWK�QR�IOLFNHU�

,I�D�FORQH�RSHUDWLRQ�LV�SHUIRUPHG��WKH�/('�ZLOO�EOLQN�VORZO\�IRU���VHFRQG��DERXW���EOLQNV��WR�LQGLFDWH�WKDW�WKH�GDWD
KDV�EHHQ�FORQHG�VXFFHVVIXOO\��DQG�WKH�FORQH�DGDSWHU�FDQ�EH�UHPRYHG���7KH�/('�ZLOO�WKHQ�WXUQ�RII�IRU�Ù�WR���VHFRQG
ZKLOH�WKH�VHQVRU�UHVHWV�LWVHOI�DQG�VWDUWV�RYHU�

2Q�D�FDOLEUDWLRQ�HUURU���WKH�/('�ZLOO�IODVK�DQ�HUURU�FRGH��SURYLGHG�WKDW�(UURU�'LVSOD\�>(@�LV�¨RQ©�

6LQJOH�5HSHDWLQJ�)ODVK� (OHFWURGH�ZLUH�VKRUWHG�WR�JURXQG
'RXEOH�UHSHDWLQJ�IODVK� ([FHVV�FDSDFLWLYH�ORDG

7ULSOH�UHSHDWLQJ�IODVK� 8QVWDEOH�VLJQDO��FDQQRW�ILQG�FDO�SRLQW

7KH�XQLW�ZLOO�UHSHDWHGO\�WU\�WR�UHFDOLEUDWH�EHWZHHQ�HDFK�VHW�RI�¨0RUVH�FRGH©�IODVKHV���,I�>(@�LV�RII��WKH�UHFDOLEUDWLRQ
DWWHPSWV�ZLOO�EH�PXFK�TXLFNHU��VLQFH�WKH�/('�IODVKHV�DUH�QRW�SHUIRUPHG�

��



)81&7,21�'(6&5,37,216
7KH�IROORZLQJ�GHWDLOV�GLIIHUHQFHV�ZLWK�WKH�(��ERDUG���)RU�PRUH�GHWDLOV�SOHDVH�UHIHU�WR�WKH�(��PDQXDO�

7KHUH� DUH� QR� DGMXVWPHQW� SRWV� RQ� WKH� 470�� � 7KH� VHWWLQJV� DUH� GLJLWDOO\� V\QWKHVL]HG� DQG� FDQ� EH
VHOHFWHG�DV�VKRZQ�LQ�WKH�WDEOH�

>�@

38/6(�:,'7+

$PS�*DLQ�GHWHUPLQHV�ZKLFK�JDLQ�SDWK�WKH�VHQVRU�FRQWUROOHU�WDNHV�LWV�VLJQDO�IURP���7KHUH�DUH���SDWKV�
ORZ�JDLQ��DQG�KLJK�JDLQ�ZKLFK�KDV�D������[�KLJKHU�JDLQ���8QOLNH�WKH�(���$PS�*DLQ�LQ�WKH�470�GRHV
DIIHFW�WKH�RXWSXW�DQDORJ�VLJQDO�SDWK�JDLQ�DV�ZHOO�

/RZ�JDLQ� LV� XVHIXO�ZKHUH� YHU\� ODUJH� VLJQDO� H[FXUVLRQV� DUH� H[SHFWHG�� RU� WR� GHVHQVLWL]H� WKH� VHQVRU
LQWHQWLRQDOO\��IRU�H[DPSOH�WR�FUHDWH�WRXFK�VZLWFKHV�

>�@

$03/,),(5�*$,1

5HIHUHQFH�2IIVHW�GHWHUPLQHV�ZKHUH� WKH�VHQVRU�HVWDEOLVKHV�D�FDOLEUDWLRQ�SRLQW��7KH�RIIVHW�QXPEHUV
DUH� JLYHQ� LQ� ERWK� KH[DGHFLPDO� ���[����� DQG� GHFLPDO� �������� 1RUPDOO\�� FHQWHULQJ� WKH� UHIHUHQFH� DW
PLG�VFDOH���[����RI�WKH���ELW�$'&�UDQJH�LV�D�UHDVRQDEOH�ORFDWLRQ�WR�FDOLEUDWH�WR��DV�WKLV�ZLOO�DOORZ�DQ
HTXDO�DPRXQW�RI�KHDGURRP�ERWK�DERYH�DQG�EHORZ�WKH�UHIHUHQFH�WR�DFFRPPRGDWH�ORQJ�WHUP�GULIW�DQG
VLJQDO� VZLQJV�� �+RZHYHU�� LQ�PDQ\� VLWXDWLRQV� LW� FDQ� EH�DQWLFLSDWHG� WKDW� VLJQDO� DQG�GULIW� VZLQJV� DUH
ODUJHO\� XQLODWHUDO�� H�J�� SRVLWLYH�� DQG� VR� PD[LPXP� KHDGURRP� LQ� WKH� SRVLWLYH� GLUHFWLRQ� ZRXOG� EH
GHVLUHG��,Q�WKLV�FDVH��5HIHUHQFH�2IIVHW�PLJKW�EH�VHW�WR�D�ORZ�QXPEHU��OLNH��[���RU��[�����&RQYHUVHO\�
ODUJHO\� QHJDWLYH� H[FXUVLRQV� ZRXOG� LQGLFDWH� D� QHHG� IRU� D� KLJK� YDOXH� RI� 2IIVHW�� IRU� H[DPSOH� ZKHQ
¨PLVVLQJ�PDVV©�LV�EHLQJ�GHWHFWHG��H[DPSOH��GHWHFWLQJ�JDV�EXEEOHV�RU�YRLGV�LQ�D�IOXLG�ZLWKLQ�D�WXEH�RU
SLSH��WKHIW�GHWHFWLRQ��RU�DV�D�ZHE�EUHDN�GHWHFWRU��

,Q�2%-�PRGH�WKH�UHIHUHQFH�RIIVHW�ZLOO�EH�IRUFHG�WR��[����VHWWLQJ����ZKHQ�WKH�2%-�EXWWRQ�LV�SXVKHG�

>�@

5()(5(1&(
2))6(7

7KH� 470����$6� KDV� VHYHUDO� K\VWHUHVLV� RSWLRQV�� � ,Q� FRQYHQWLRQDO� VLJQDO� GHWHFWLRQ� PRGH�� D
K\VWHUHVLV�RI������������RU�������RI�WKUHVKROG�YDOXH�FDQ�EH�VHOHFWHG��ZKLFK�DSSOLHV�WR�SRVLWLYH�DQG
QHJDWLYH�WKUHVKROGV�DOLNH���7KXV�LI�+\VWHUHVLV� LV�VHW�WR������D�GHWHFWLRQ�DW�D�VLJQDO�GHYLDWLRQ�RI���
ZLOO�EH�UHOHDVHG�RQO\�ZKHQ�WKH�VLJQDO�IDOOV�EHORZ������+\VWHUHVLV� LV�RQO\�DSSOLHG�DIWHU�WKH�'HWHFWLRQ
,QWHJUDWRU�KDV�FRQFOXGHG�WKHUH�LV�D�YDOLG�GHWHFWLRQ��� ,I� WKH�'HWHFWLRQ�,QWHJUDWRU�IXQFWLRQ� LV�VZLWFKHG
RII��QR�GHWHFWLRQ�ZLOO�EH�SHUIRUPHG�DQG�WKH�+\VWHUHVLV�VHWWLQJ�EHFRPHV�LUUHOHYDQW�

,I�VHW�WR�¨�©��WKHUH�LV�QR�K\VWHUHVLV�DQG�RXWSXW�FKDWWHU�FDQ�HDVLO\�RFFXU���,Q�2%-�PRGH�WKH�DPRXQW�RI
K\VWHUHVLV�LV�H[SUHVVHG�LQ�FRXQWV�RI�VLJQDO�VZLQJ��DV�VHW�E\�'HWHFW�7KUHVKROG�>�@��ZKLFK�LV�¨KLMDFNHG©
E\�WKH�K\VWHUHVLV�IXQFWLRQ���LQ�2%-�PRGH�WKH�GHWHFW�WKUHVKROG�LV�¨OHDUQHG�E\�H[DPSOH©�DQG�VR�'HWHFW
7KUHVKROG�LV�QRW�XVHG�IRU�WKUHVKROG�SXUSRVHV���,Q�2%-�PRGH�>�@�LV�LJQRUHG�XQOHVV�VHW�WR����LQ�ZKLFK
FDVH�WKHUH�LV�QR�K\VWHUHVLV�DW�DOO�

>�@
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7KLV�LV�RQH�RI���LWHPV�WKDW�FDQ�DIIHFW�VHQVLWLYLW\��RWKHUV�DUH�%XUVW�/HQJWK��$PSOLILHU�*DLQ��DQG�XQGHU
FHUWDLQ�FRQGLWLRQV�'ULIW�5DWH���7KUHVKROG�HVWDEOLVKHV� WKH� ¨WULS�SRLQW©�DERYH��RU�EHORZ�� LQ� WKH�FDVH�RI
QHJDWLYH� WKUHVKROGV�� ZKLFK� D� GHWHFWLRQ� LV� GHWHUPLQHG�� 'XULQJ� FDOLEUDWLRQ� WKH� XQLW� HVWDEOLVKHV� D
UHIHUHQFH�OHYHO��GHYLDWLRQV�IURP�WKLV�UHIHUHQFH�DUH�FRPSDUHG�DJDLQVW�D�OHYHO�EDVHG�RQ�WKH�UHIHUHQFH
SOXV� �DQG�RU�PLQXV�� 'HWHFW� 7KUHVKROG�� � 6HWWLQJ� � �� UHSUHVHQWV� WKH� KLJKHVW� VHQVLWLYLW\� VLQFH� RQO\� �
FRXQWV� RI� VLJQDO� GHYLDWLRQ� DUH� WKHQ� UHTXLUHG� WR� WULS�� � ,I� QHJDWLYH� VLJQDO� GHWHFWLRQ� LV� LQ� HIIHFW� �VHH
'HWHFWLRQ�0RGH���WKH�QHJDWLYH�WKUHVKROG�LV�WKH�PLUURU�LPDJH�RI�WKH�SRVLWLYH�RQH��H�J��D�VHWWLQJ�RI�¨�©�
YDOXH�¨��©��FDQ�FUHDWH�D�SRVLWLYH�WKUHVKROG�DW�����DQG�DQRWKHU�DW�����IURP�WKH�UHIHUHQFH��

7KLV�FRQWURO�IXQFWLRQV�LGHQWLFDOO\�WR�WKDW�RI�WKH�(���ZLWK�WKH�H[FHSWLRQ�WKDW�LQ�%*�PRGH�LW�LV�SRVVLEOH�WR
KDYH�DV\PPHWULF�WKUHVKROGV�DQG�SURFHVVLQJ�LI�¨*©�LV�RQ���,I�*�LV�RQ�DQG�'HWHFWLRQ�0RGH�'�LV�VHW�WR��
RU� ��� 'HWHFW� 7KUHVKROG� >�@� KDV� QR� HIIHFW� DW� DOO� XQOHVV� XVHG� WR� IRUP� WKH� K\VWHUHVLV� OHYHO� �VHH� >�@
EHORZ��

7KH� WDEOH� WKUHVKROG� YDOXH� LV� LQ� FRXQWV� RI� VLJQDO� IURP� WKH� FXUUHQW� UHIHUHQFH� OHYHO�� WKH� ORZHU� WKH
QXPEHU��WKH�KLJKHU�WKH�VHQVLWLYLW\�

,Q�2%-�PRGH��WKH�'HWHFW�7KUHVKROG�YDOXH�PD\�EH�XVHG�LQVWHDG�WR�FUHDWH�K\VWHUHVLV��DQG�LV�QRW�XVHG
IRU�WKUHVKROG�SXUSRVHV��,Q�2%-�PRGH��WKH�WKUHVKROG�LV�GHWHUPLQHG�DW�WKH�WLPH�RI�WKH�EXWWRQ�SXVK�DQG
LV�DQ�DUELWUDU\�YDOXH�FRUUHVSRQGLQJ�WR�WKH�WKHQ�VLJQDO�OHYHO�
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'ULIW�5DWH��RU�PRUH�DFFXUDWHO\�'ULIW�&RPSHQVDWLRQ�5DWH��VHWV�WKH�UDWH�DW�ZKLFK�WKH�VHQVRU©V�EDVHOLQH
UHIHUHQFH�LV�LWVHOI�DOORZHG�WR�GULIW�WR�WUDFN�VORZ�DPELHQW�FKDQJHV����,Q�PDQ\�VHQVH�HQYLURQPHQWV�WKH
VHQVHG�VLJQDO� OHYHO�ZLOO� IOXFWXDWH�GXH�WR�YDU\LQJ�PRLVWXUH� OHYHOV�� WHPSHUDWXUH��GLUW�DFFXPXODWLRQ��RU
RWKHU�YDULDEOHV���6XFK�IOXFWXDWLRQV�FDQ�FDXVH�WKH�VHQVRU�WR�ORVH�LWV�FDOLEUDWLRQ�SRLQW��UHVXOWLQJ�LQ�WKH
VHQVRU�DSSHDULQJ�WR�JDLQ�RU� ORVH�VHQVLWLYLW\��RU�HYHQ�WR�FDXVH�IDOVH�GHWHFWLRQV�� �'ULIW�5DWH�VHWV�WKH
UDWH�DW�ZKLFK� WKH�VHQVRU� LV�SHUPLWWHG� WR� WUDFN� WKHVH�EDVHOLQH� IOXFWXDWLRQV�� �7KH�GULIW� FRPSHQVDWLRQ
SURFHVV�RSHUDWHV�E\�SHUPLWWLQJ� WKH� UHIHUHQFH� OHYHO� WR� LQFUHPHQW�RU�GHFUHPHQW�E\���FRXQW�HYHU\�;
VHFRQGV�LQ�WKH�GLUHFWLRQ�RI�WKH�GHYLDWLRQ���¨;©�LV�WKH�VHWWLQJ�RI�'ULIW�5DWH�

'ULIW�5DWH�VKRXOG�EH�VHW�WR�DV�VORZ�D�UDWH�DV�SRVVLEOH��IDVW�GULIW�FRPSHQVDWLRQ�ZLOO�FDXVH�WKH�VHQVRU
WR�WUDFN�UHDO�REMHFWV�DQG�WKXV�DSSHDU�WR�ORVH�VHQVLWLYLW\��6HWWLQJ�WRR�VORZ�FDQ�SUHYHQW�WKH�VHQVRU�IURP
NHHSLQJ�XS�ZLWK�VLJQDO�GULIW�

'ULIW� FRPSHQVDWLRQ� LV� XVXDOO\�PDGH� WR� RFFXU� RQO\�ZKHQ� D� GHWHFWLRQ� LV� QRW� EHLQJ�PDGH�� � LW� VKRXOG
QRUPDOO\�RFFXU�RQO\�ZKHQ�GHWHFWDEOH�REMHFWV�DUH�QRW�SUHVHQW��RWKHUZLVH�WKH�EDVHOLQH�UHIHUHQFH�ZLOO
DFFXPXODWH�DQ�HUURU�ZKLFK�FDQ�FDXVH�SUREOHPV�ZLWK�IXWXUH�REMHFW�GHWHFWLRQV��'HWHFWLRQ�0RGH�>G@�FDQ
EH�VHW�WR�HLWKHU�SHUPLW�RU�SUHYHQW�GULIW�FRPSHQVDWLRQ�GXULQJ�GHWHFWLRQ�HYHQWV�

$QDORJ� 2XWSXW� DQG� 'ULIW�� � 7KH�5DZ� DQDORJ� RXWSXW�PRGH� LV� VSOLW� IURP� WKH� VHQVRU� SULRU� WR� VLJQDO
SURFHVVLQJ��VR�GULIW�FRPSHQVDWLRQ�FDQQRW�EH�PDGH�WR�DSSO\�WR�LW�

6\QWKHVL]HG�DQDORJ�PRGHV�ZKLFK�DUH�H[SUHVVHG�DV�D�GLIIHUHQFH�IURP�WKH�UHIHUHQFH� OHYHO� ��$QDORJ
PRGHV�>8������@���ZLOO�FRPSHQVDWH�IRU�GULIW��UHIOHFWLQJ�WKH�RSHUDWLRQ�RI�WKH�LQWHUQDO�GULIW�FRPSHQVDWLRQ
PHFKDQLVP�

'ULIW� FRPSHQVDWLRQ� LV� QRW� SHUPLWWHG� LQ� 2%-� PRGH� DQG� ZLOO� EH� GLVDEOHG� ZKHQ� WKH� 2%-� EXWWRQ� LV

SXVKHG��VHH�%*�2%-�0RGHV�VHFWLRQ�

,I�WKH�UHIHUHQFH�OHYHO�GULIWV�LQWR�WKH�ERXQGDU\�RI�WKH���ELW�VLJQDO�ZLQGRZ��VR�WKDW�>UHIHUHQFH�OHYHO����
WKUHVKROG�OHYHO@�ZRXOG�H[FHHG�WKH�YDOLG�VLJQDO�UDQJH��RQH�RI�WZR�WKLQJV�FDQ�KDSSHQ�

���'ULIW�FHDVHV��LI�¦UHFDOLEUDWH�LI�UHIHUHQFH�GULIWV�LQWR�ERXQGDU\§��VHH�>(@��LV�RII�

���7KH�XQLW�SHUIRUPV�D�UHFDOLEUDWLRQ�WR�UHVHW�WKH�VLJQDO�¦ZLQGRZ¦��LI�¦UHFDOLEUDWH�LI�UHIHUHQFH�GULIWV�LQWR
ERXQGDU\§��VHH�>(@���LV�RQ���7KH�UHFDOLEUDWLRQ�DWWHPSWV�WR�UHVHW�WKH�VLJQDO©V�UHIHUHQFH�SRLQW�VR�WKDW�LW
FRQIRUPV�WR�WKH�VHWWLQJ�RI�>�@��5HIHUHQFH�2IIVHW�

>�@
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6HWV� WKH� GHJUHH� WR� ZKLFK� WKH� EXUVW� VSDFLQJ� LV� UDQGRPL]HG�� 3HUFHQWDJHV� VKRZQ� LQ� WKH� WDEOH� DUH
SHUFHQWV� RI� EXUVW� VSDFLQJ� WLPH�� WKXV�� UDQGRPL]DWLRQ� RI� ����DW� D� EXUVW� VSDFLQJ� RI� �PV�ZLOO� FDXVH
EXUVWV� WR�EH�VSDFHG�DQ\ZKHUH� IURP�����V� WR�����PV�DSDUW�� �%XUVWV�DUH�UDQGRPL]HG�XVLQJ�D�VKRUW
OHQJWK� SVXHGR�UDQGRP� QXPEHU� JHQHUDWRU�� � 5DQGRPQHVV� VSHFWUDOO\� VSUHDGV� 5)� HPLVVLRQV�� DQG
UHGXFHV�WKH�FKDQFH�RI�IDOVH�GHWHFWV�GXH�WR�FRUUHODWHG�HOHFWULFDO�QRLVH�

1RWH�WKDW�5DQGRPL]H�FDQ�EH�H[WHQGHG�WR�IDVWHU�EXUVW�UDWHV�WKDQ�RQ�WKH�(��DFFRUGLQJ�WR�WKH�WDEOH�LQ
6HWXS�1RWHV�

>�@
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$IIHFWV� WKH�GXUDWLRQ�EHWZHHQ�VXFFHVVLYH�EXUVWV�� �/RQJHU� WLPH�HTXDWHV� WR� ORZHU�VDPSOH� UDWHV��DQG
KHQFH�VORZHU�UHVSRQVH�WLPH��$W�ORZ�VSDFLQJV�������V�DQG������V��WKH�EXUVW�OHQJWK�PD\�QHHG�WR�EH
UHGXFHG��VHH�WDEOH�LQ�6HWXS�1RWHV�

>�@
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$IIHFWV�KRZ�PDQ\�47�F\FOHV�DUH�PDGH�GXULQJ�D�EXUVW��%XUVWV�RFFXU�DW�D�UDWH�GHWHUPLQHG�E\�%XUVW
6SDFLQJ��VHH�EHORZ���%XUVW�OHQJWK�FDQ�EH�VHW�IURP�DV�IHZ�DV���SXOVHV�SHU�EXUVW�WR�����WKH�ODUJHU�WKH
EXUVW�OHQJWK�WKH�PRUH�VHQVLWLYH�WKH�VHQVRU�EHFRPHV��EXW�WKH�OHVV�LV�LWV�DELOLW\�WR�FRPSHQVDWH�IRU�DQG
VXSSUHVV�EDFNJURXQG�FDSDFLWDQFH�ORDGLQJ��7KH�PRVW�VHQVLWLYH�WKH�VHQVRU�FDQ�EH�LV�%XUVW�/HQJWK� 
���7KUHVKROG� ����DQG�$PSOLILHU�*DLQ� ����+LJKHU�%XUVW�/HQJWKV�SURGXFH�PRUH�LQWULQVLF�DYHUDJLQJ�IRU
D�JLYHQ�GHVLUHG�VHQVLWLYLW\� OHYHO�� DQG� WKXV�FDQ�KHOS�VXSSUHVV�HOHFWULFDO�QRLVH�HIIHFWV��SURYLGHG� WKH
7KUHVKROG�YDOXH� LV�GHVHQVLWL]HG�SURSRUWLRQDWHO\�WR�FRPSHQVDWH�IRU� WKH� LQFUHDVHG�JDLQ�GXH�WR�%XUVW
/HQJWK�

$W������V�DQG������V�EXUVW�VSDFLQJV�WKLV�VHWWLQJ�PD\�QHHG�WR�EH�UHGXFHG��VHH�WDEOH�LQ�6HWXS�1RWHV�
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7KLV�LV�D�SRVW�GHWHFWLRQ�IXQFWLRQ�WKDW�GHWHUPLQHV�KRZ�ORQJ�D�GHWHFWLRQ�LV�SHUPLWWHG�WR�H[LVW�EHIRUH�D
UHFDOLEUDWLRQ� LV� IRUFHG�� � $IWHU� WKH� VSHFLILHG� GXUDWLRQ�� WKH� VHQVRU� VHHNV� RXW� D� QHZ� UHIHUHQFH� OHYHO
EDVHG�RQ�H[LVWLQJ�VLJQDO�VWUHQJWK�� �&RDUVH�DQG�ILQH�RIIVHWV�PD\�EH�DIIHFWHG�GXULQJ�UHFDOLEUDWLRQ��$

VKRUW� 0D[� 2Q�'XUDWLRQ� WXUQV� WKH� XQLW� LQWR� D�PRWLRQ� GHWHFWRU�� FDXVLQJ� RXWSXWV� RQO\� ZKHQ� VLJQDO
VWUHQJWK�LQFUHDVHV��DQG�RU�GHFUHDVHV���VHH�'HWHFWLRQ�0RGH��¨G©��

7KHUH�DUH�WZR�UHFDOLEUDWLRQ�PHWKRGV�ZKLFK�FDQ�EH�VHOHFWHG�����'HIDXOW���WKH�VHQVRU�SHUIRUPV�D�IXOO
UHFDOLEUDWLRQ� LQYROYLQJ�ERWK�FRDUVH�DQG�ILQH�RIIVHWV�����0RWLRQ�� �� WKH�VHQVRU�NHHSV�FRDUVH�DQG� ILQH
RIIVHWV� WKH� VDPH�� DQG� PHUHO\� UHVHWV� WKH� UHIHUHQFH� OHYHO� WR� ZKDWHYHU� WKH� FXUUHQW� VLJQDO� VWUHQJWK

>&@
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7KLV�SRVW�GHWHFWLRQ�ILOWHU�DFWV�WR�LQWHJUDWH�RU�FRXQW�WKH�GXUDWLRQ�RI�D�GHWHFWLRQ�HYHQW�SULRU�WR�DQ�DFWXDO
RXWSXW���7KLV�DOORZV�WKH�XQLW�WR�VXSSUHVV�ODUJH�WUDQVLHQW�HYHQWV�E\�UHDO�REMHFWV��DV�RSSRVHG�WR�VLJQDOV
LQGXFHG�E\�QRLVH�RU�GULIW���7KLV�ILOWHU�FRPHV�LQ�KDQG\�ZKHQ�RQO\�GHWHFWLRQV�RI�D�PLQLPXP�GXUDWLRQ�DUH
GHVLUHG�WR�EH�VHQVHG���,W�FDQ�DOVR�DFW�DV�D�QRLVH�ILOWHU��VXSSOHPHQWLQJ�WKH�DFWLRQV�RI�WKH�0HGLDQ�DQG
%R[FDU�ILOWHUV�

7KH�',� LV� LPSOHPHQWHG�DV�DQ�XS�GRZQ�FRXQWHU�FRQWUROOHG�E\�WKH�WKUHVKROG�FRPSDUDWRU��VHH�6LJQDO

)ORZ�VHFWLRQ����,I�D�GHWHFWLRQ�LV�LQ�SURJUHVV��WKH�',�ZLOO�FRXQW�XS�RQFH�DIWHU�HYHU\�EXUVW�LQ�ZKLFK�DQ
HYHQW� KDV� EHHQ� GHWHFWHG�� �:KHQ� QR� HYHQW� LV� LQ� SURJUHVV�� WKH� ',� FRXQWV� GRZQ� DJDLQ�� � ,I� WKH� ',
UHDFKHV�WKH�SUHVFULEHG�FRXQW�OHYHO�DV�VHW�GXULQJ�6HWXSV��D�UHDO�GHWHFWLRQ�LV�ILQDOO\�DVVXPHG�DQG�WKH
RXWSXW�WUDQVLVWRU�LV�DFWLYDWHG�

,PSRUWDQW�1RWH�� ,I� WKH�',� LV�VHW� WR�]HUR�� LW� LV�GLVDEOHG�DQG� WKH�RXWSXW�FDQQRW� WXUQ�RQ� ��DQG�VR� WKH
IXQFWLRQV�>&@��>'@��>*@��>/@��>1@��DQG�>3@�GR�QRWKLQJ��,I�VHW�WR���FRXQW��LW�LV�DV�WKRXJK�',�ZHUH�E\SDVVHG
VLQFH�QR�LQWHJUDWLRQ�LV�SHUIRUPHG��DFWLYDWLRQ�LV�DIWHU�D�VLQJOH�GHWHFW���7KH�',�FDQ�DOVR�EH�VHHQ�DV�D
FRQWLQXRXV�WLPH� ¨PDMRULW\�YRWH©� ILOWHU�� VLQFH�RYHU�D�SHULRG�RI� WLPH� WKHUH�QHHGV� WR�EH�D�JUHDWHU� WKDQ
����GHWHFWLRQ�¨KLW©�UDWH�IRU�WKH�',�WR�UHDFK�LWV�FRXQW�OLPLW�

6HWWLQJ� WKH�',� WR� ¨RII©� LV�XVHIXO� WR�VXSSUHVV�GHWHFWLRQV� IRU� WHVW�SXUSRVHV��RU� LI� WKH�DQDORJ�RXWSXW� LV
HPSOR\HG�DORQH�
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7KLV�LV�D�OLQHDU�GLJLWDO�),5��ILQLWH�LPSXOVH�UHVSRQVH��ILOWHU�ZKLFK�IROORZV�WKH�PHGLDQ�ILOWHU���,W�SHUIRUPV
D�ER[FDU�DYHUDJH�RI�OHQJWK�¨Q©���,Q�JHQHUDO�IRU�HYHU\�GRXEOLQJ�RI�OHQJWK��QRLVH�LV�VXSSUHVVHG�E\��G%
RU�E\������LQ�DPSOLWXGH���7KXV�D�ER[FDU�RI����KDV�D�QRLVH�LPSURYHPHQW�RI�DERXW���G%�RU�D�UHGXFWLRQ
WR������LQ�DPSOLWXGH���$YHUDJLQJ©V�GRZQVLGH�LV�D�VORZGRZQ�LQ�UHVSRQVH�WLPH���:KHQ�FRXSOHG�ZLWK�D
ORQJ� �VORZ�� %XUVW� 6SDFLQJ�� WKH� VHQVRU� FDQ� VHHP� WR� WDNH� IRUHYHU� WR� UHVSRQG�� � %R[FDU� $YHUDJLQJ
FRPSRXQGV� ZLWK� WKH� LQWULQVLF� VDPSOH� DYHUDJLQJ� ZKLFK� RFFXUV� QDWXUDOO\� LQ� WKH� VDPSOH� SURFHVV�
DFFRUGLQJ� WR�%XUVW�/HQJWK��%R[FDU�$YHUDJLQJ�FDQ�EH�XVHG�DORQH�RU� IROORZLQJ� WKH�0HGLDQ�)LOWHU�� LQ
ZKLFK�FDVH�LW�DFWV�WR�FOHDQ�XS�DQ\�UHVLGXDO�QRLVH�OHIW�E\�WKH�0HGLDQ�ILOWHU�

7KH�ER[FDU�DYHUDJHU�LV�EDVHG�RQ�D�VKLIW�UHJLVWHU�RI�GDWD�RI�OHQJWK�¨Q©��¨Q©�LV�IURP���WR������DIWHU�HYHU\
EXUVW�QHZ�GDWD�LV�VKLIWHG�LQ��WKH�ROGHVW�LV�GLVFDUGHG��DQG�WKH�DYHUDJH�RI�WKH�UHVXOWLQJ�SLSH�RI�GDWD�LV
WDNHQ���7KLV�HQVXUHV�WKH�IDVWHVW�XSGDWH�UDWH�SRVVLEOH��L�H��DQ�XSGDWH�DIWHU�HYHU\�47�EXUVW�

>$@
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7KLV�LV�D�QRQOLQHDU�ILOWHU�WKDW�DFWV�WR�OLPLW�HOHFWULFDO�LPSXOVH�QRLVH�HUURUV���$�PHGLDQ�ILOWHU�VHOHFWV�WKH
PHGLDQ��RU�FHQWHU�YDOXH�RI�DQ�RGG�JURXS�RI�VDPSOH�GDWD���7KH�ILOWHU�XVHV���VLJQDO�VDPSOHV���%HFDXVH
LW� WDNHV� WKH�FHQWHU�YDOXH�� LPSXOVH� LQGXFHG�VSXULRXV�VLJQDOV�DUH�HOLPLQDWHG� IURP� IXUWKHU�SURFHVVLQJ
ZLWKLQ�WKH�VLJQDO�SDWK��QR�PDWWHU�KRZ�GHYLDQW��,I�VHOHFWHG�WKLV�ILOWHU�LV�WKH�ILUVW�GLJLWDO�ILOWHU�LQ�WKH�VLJQDO

SDWK��6HH�6LJQDO�)ORZ�VHFWLRQ�

0HGLDQ�ILOWHULQJ�LV�EHVW�H[SODLQHG�E\�VKRZLQJ�LWV�HIIHFWV�RQ�D�GDWD�VWUHDP��*LYHQ�WKH�GDWD�VHW�

��������������������������¨UHDO©�VLJQDO� �����

7KH�¨ER[FDU©�DYHUDJH��WKH�VXP�GLYLGHG�E\����LV���������7KH�PHGLDQ�LV�WKH�FHQWHU�YDOXH�RI�WKH�VHW��RU
�����ZKLFK�LV�D�PXFK�PRUH�DFFXUDWH�UHSUHVHQWDWLRQ�RI�WKH�¨UHDO©�VLJQDO���%HFDXVH�WKH\�FDQ�EH�YHU\
HIIHFWLYH�RQ�VKRUW�GDWD�VHWV��PHGLDQ�ILOWHUV�FDQ�EH�PRUH�HIILFLHQW�WKDQ�OLQHDU�ILOWHUV���7KHLU�GRZQVLGH�LV
WKDW�WKH\�OHDYH�D�UHVLGXH�RI�ORZ�OHYHO�QRLVH��EXW�WKLV�LV�HDVLO\�FOHDQHG�XS�E\�D�VLPSOH�OLQHDU�ILOWHU�

7KH�PHGLDQ�ILOWHU�LV�EDVHG�RQ�D�VKLIW�UHJLVWHU�RI�GDWD�RI�OHQJWK����DIWHU�HYHU\�EXUVW�QHZ�GDWD�LV�VKLIWHG
LQ��WKH�ROGHVW�LV�GLVFDUGHG��DQG�WKH�PHGLDQ�RI�WKH�UHVXOWLQJ�SLSH�RI�GDWD�LV�WDNHQ���7KLV�HQVXUHV�WKH
IDVWHVW�XSGDWH�UDWH�SRVVLEOH��L�H��RQH�XSGDWH�DIWHU�HYHU\�47�EXUVW�

0HGLDQ�)LOWHU�VKRXOG�EH�VZLWFKHG�RII�LI�EXUVW�UDWH�LV�VHW�WR������V��RWKHUZLVH�VHULRXV�WLPLQJ�HUURU�FDQ
RFFXU�
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'HILQHV�ZKDW�FRQVWLWXWHV�D�GHWHFWLRQ��DQG�GHWHUPLQHV�ZKDW�KDSSHQV�WR�VRPH�RWKHU�IXQFWLRQV�GXULQJ
D� GHWHFWLRQ�� � 'HWHFWLRQ� 0RGH� FDQ� DOORZ� WKH� GHWHFWLRQ� RI� VLJQDOV� WKDW� DUH� LQFUHDVLQJ� DQG�RU
GHFUHDVLQJ�� ,W�FDQ�DOVR�DOORZ�GULIW�FRPSHQVDWLRQ� WR�RFFXU�GXULQJ�D�GHWHFWLRQ�HYHQW�RU�QRW��DQG�FDQ
SHUPLW�WKH�0D[�2Q�'XUDWLRQ�WLPHU�WR�UXQ�HYHQ�LI�QR�RXWSXW�LV�JHQHUDWHG�EXW�D�¨KLGGHQ©�WKUHVKROG�OHYHO
LV�H[FHHGHG�

'HWHFWLRQ�PRGH���LV�WKH�PRVW�FRPPRQ�DQG�PRVW�DVVRFLDWHG�ZLWK�SUR[�VHQVRUV���0RGHV���DQG���DUH

XVHIXO�IRU�FUHDWLQJ�D�¨SUR[�WUDS©�ZKHUH�DQ�REMHFW�WKDW�LV�LQ�WKH�VHQVH�ILHOG�ZKHQ�WKH�XQLW�FDOLEUDWHV�ZLOO
FUHDWH�D�GHWHFWLRQ�QR�PDWWHU�ZKHWKHU�LW�LV�PRYHG�FORVHU�RU�IXUWKHU�DZD\���$�GHPRQVWUDWLRQ�RI�WKLV�LV�WR
VHW�XS�WKH�VHQVRU�ZLWK�DQ�REMHFW��OLNH�\RXU�KDQG��FORVH�E\��WKHQ�OHW�WKH�XQLW�FDOLEUDWH�RQ�LW��,Q�0RGHV��
RU� ��� HLWKHU� EULQJLQJ� WKH� REMHFW� FORVHU� RU� UHPRYLQJ� LW� ZLOO� FDXVH� D� GHWHFW�� OHDYLQJ� RQO\� D� QDUURZ
ZLQGRZ�RI�QRQ�GHWHFWLRQ��7KH�QDUURZQHVV�RI�WKH�ZLQGRZ�LV�GHILQHG�E\�WKH�VHQVRU©V�RYHUDOO�JDLQ��VHH
%XUVW�/HQJWK��$PS�*DLQ��DQG�WKH�'HWHFW�7KUHVKROG�VHWWLQJ�

'HWHFWLRQ�0RGH�IXQFWLRQV�ODUJHO\�WKH�VDPH�DV�LQ�WKH�(�6��H[FHSW�WKDW�DOO�>'@�IXQFWLRQV�DUH�DYDLODEOH
HYHQ�DW�WKH������V�EXUVW�UDWH��WKH�(�6�ZDV�OLPLWHG�WR�VHWWLQJV���RU���DW������V��

1RWH� WKDW� ¨SKDQWRP©� RU� 
KLGGHQ
� GHWHFWLRQV� FDQ� EH� FUHDWHG� WKDW� ZLOO� PDNH� WKH� 0D[� 2Q�'XUDWLRQ
FRXQWHU� UXQ� WRZDUGV� D� WLPHRXW�� ZLWKRXW� JHQHUDWLQJ� DQ� DFWXDO� RXWSXW�� � 7KLV� LV� XVHIXO� LQ� FOHDULQJ� D
¦VWXFN�VHQVRU§�FRQGLWLRQ�TXLFNO\��IRU�H[DPSOH�LI�D�VWDWLRQDU\�REMHFW�QHDU�WKH�HOHFWURGH�LV�XQH[SHFWHGO\
UHPRYHG��FUHDWLQJ�D� ODUJH�QHJDWLYH�VLJQDO�VZLQJ�� � ,I� >'@� LV�VHW� WR����DQG� WKH�XQLW� LV� LQ�%*�PRGH��D
QHJDWLYH�VLJQDO�VZLQJ�FDQ�WULJJHU�D�IXOO�UHFDOLEUDWLRQ�DIWHU�WKH�0D[�2Q�'XUDWLRQ�SHULRG�KDV�WLPHG�RXW�
HYHQ�WKRXJK�QR�DFWXDO�RXWSXW�WUDQVLVWRU�DFWLYDWLRQ�HYHU�RFFXUUHG�

7KLV� IHDWXUH� DOVR� ZRUNV� LQ� FRQMXQFWLRQ� ZLWK� $V\PPHWULF� :LQGRZV�� >*@�� ZKHUHE\� WKH� QHJDWLYH
WKUHVKROG� FDQ� EH� VHW� GLIIHUHQWO\� WKDQ� WKH� SRVLWLYH� RQH�� DQG� WKH� WLPHRXW� DVVRFLDWHG� ZLWK� 0D[
2Q�'XUDWLRQ�FDQ�EH�VHW�GLIIHUHQWO\�IRU�WKH�QHJDWLYH�WKUHVKROG�DV�ZHOO��VHH�>1@��>3@��

2%-�PRGH�� �'HWHFWLRQ�0RGHV�RWKHU� WKDQ���RU���DUH� LJQRUHG�� WKH�FORVHVW�VHWWLQJ��HLWKHU���RU���� LV
XVHG�LQVWHDG�

>'@
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KDSSHQV� WR� EH� DW� WKDW� PRPHQW�� 0RWLRQ� PRGH� LV� VHOHFWHG� E\� VHWWLQJ� >)@� WR� ��� LQ� WKLV� PRGH�
UHFDOLEUDWLRQ�ZLOO�EH�YHU\� IDVW� �ZLWKLQ�D�VLQJOH�EXUVW���7KH�GHIDXOW�PRGH� �� >)@� LV�DQ\WKLQJ�EXW� ¨�©� �� LV
VORZHU�EXW�VDIHU�IURP�WKH�VWDQGSRLQW�RI�HVWDEOLVKLQJ�D�WUXH�UHIHUHQFH�OHYHO�� ¨0RWLRQ©�FDQ�ORFN�XS�WKH
VHQVRU©V�RXWSXW�IRU�WKH�GXUDWLRQ�WKDW�WKH�VLJQDO�VWUHQJWK�IDOOV�RXWVLGH�WKH�$'&©V���ELW�VLJQDO�UDQJH�

0D[� 2Q�'XUDWLRQ� LQWHUDFWLRQ� ZLWK� 'HWHFWLRQ� 0RGH�� �'HWHFWLRQ�0RGH�FDQ�EH�VHW� WR�SHUPLW�0D[
2Q�'XUDWLRQ� WR� VWDUW� WLPLQJ� WRZDUGV� UHFDOLEUDWLRQ� HYHQ� LI� QR� RXWSXW� LV� EHLQJ� JHQHUDWHG�� � 7KLV� FDQ
RFFXU�LI�D�WKUHVKROG�OHYHO�LV�FURVVHG�HYHQ�LI�WKDW�WKUHVKROG�OHYHO�LV�VHW�WR�QRW�JHQHUDWH�DQ�RXWSXW���$Q
H[DPSOH�RI�WKLV�LV�LI�'HWHFWLRQ�0RGH�LV�VHW�WR����WKLV�VHWWLQJ�ZLOO�FDXVH�RXWSXWV�LI�WKH�VLJQDO�H[FHHGV
WKH� SRVLWLYH� WKUHVKROG�� EXW� WKRXJK� D� QHJDWLYH� WKUHVKROG� LV� DOVR� HVWDEOLVKHG� �V\PPHWULFDOO\� WR� WKH
SRVLWLYH�RQH��QHJDWLYH�VLJQDO�H[FXUVLRQV�ZLOO�QRW�JHQHUDWH�DQ�RXWSXW��EXW��QHJDWLYH�H[FXUVLRQV� WKDW
IDOO�EHORZ�WKH�QHJDWLYH�WKUHVKROG�ZLOO�FDXVH�0D[�2Q�'XUDWLRQ�WR�VWDUW�WR�UXQ���7KH�QHJDWLYH�WKUHVKROG
DSSHDUV�WR�DFW�DV�D�¨SKDQWRP�WKUHVKROG©�LQ�WKLV�FDVH�


,QILQLWH©�GLVDEOHV�0D[�2Q�'XUDWLRQ�

,Q�2%-�PRGH�0D[�2Q�'XUDWLRQ�LV�HIIHFWLYHO\�VZLWFKHG�WR�LQILQLWH��WKH�DFWXDO�VHWWLQJ�RI�>&@�LV�LJQRUHG�

,Q�%*�2%-�PRGH��XQOLNH�WKH�(�6�ERDUG��0D[�2Q�'XUDWLRQ�LV�XVDEOH�

,I�>%@��'HWHFW�,QWHJUDWRU��LV�VHW�WR�¨RII©��>&@�LV�LJQRUHG��DQG�GULIW�FRPSHQVDWLRQ�ZLOO�RFFXU�FRQWLQXRXVO\
DW�WKH�UDWH�VSHFLILHG�E\�>�@��GULIW�FRPSHQVDWLRQ�UDWH��

,I�$V\PPHWULFDO�:LQGRZV�>*@�LV�WXUQHG�RQ��WKH�VHWWLQJ�RI�0D[�2Q�'XUDWLRQ�IRU�QHJDWLYH�JRLQJ�VLJQDOV
FDQ�EH�PDGH�GLIIHUHQW�WKDQ�IRU�SRVLWLYH�JRLQJ�VLJQDOV�XVLQJ�>3@���,I�'HWHFWLRQ�0RGH�>'@�LV�VHW�WR���RU���
>&@�LV�FRPSOHWHO\�LJQRUHG�LI�>*@�LV�RQ�

6HH�'HWHFWLRQ�0RGH�>'@�DQG�$V\PPHWULFDO�:LQGRZV�>*@�EHORZ�IRU�PRUH�GHWDLOV�

��



7KHUH�DUH�WKUHH�¨HUURU©�FRQGLWLRQV�WKDW�FDQ�WULJJHU�DQ�DFWLYH�RXWSXW�

VKRUWHG�HOHFWURGH���LI�WKH�HOHFWURGH�OHDG�LV�VKRUWHG�WR�JURXQG��WKH�XQLW�FDQ�EH�PDGH�WR�JHQHUDWH�DQ
DFWLYH� RXWSXW�� � &RQYHUVHO\�� WKH� RXWSXW� FDQ� EH� IRUFHG� LQDFWLYH� ZKHQ� WKH� HOHFWURGH� LV� JURXQGHG�
6HWWLQJ�>-@�WR����IRU�H[DPSOH��DQG�VKRUWLQJ�WKH�HOHFWURGH�OHDG�ZKLOH�WKH�VHQVRU�LV�QRUPDOO\�UXQQLQJ�ZLOO
SUHYHQW�WKH�RXWSXW�IURP�JRLQJ�DFWLYH��HYHQ�LI�WKH�'HWHFWLRQ�0RGH�>'@�LV�VHW�WR���RU����QHJDWLYH�VZLQJV
FUHDWH�RXWSXW��

ORZ�VLJQDO�OHYHO���LI�GHVLUHG�WKH�RXWSXW�FDQ�EH�IRUFHG�DFWLYH�LI�WKH�VLJQDO�OHYHO��DV�SURFHVVHG�E\�DQ\
LQWHUQDO�GLJLWDO�ILOWHUV��IDOOV�WR�XQGHU���FRXQWV�RI�VLJQDO�ZLWKLQ�WKH�FXUUHQW�����OHYHO�VLJQDO�VSDFH���9HU\
ORZ�VLJQDOV�FDQ�LQGLFDWH�D�IDLOHG�HOHFWURGH�FRQQHFWLRQ��LQ�ZKLFK�FDVH�LW�PD\�EH�GHVLUDEOH�WR�DFWLYDWH
WKH�RXWSXW�DV�D�VDIHW\�PHDVXUH�

UHFDOLEUDWLRQ�LQ�SURJUHVV���LI�GHVLUHG��WKH�VHQVRU�FDQ�RXWSXW�FDQ�EH�IRUFHG�DFWLYH�ZKLOH�WKH�XQLW�LV�LQ
D�FDOLEUDWLRQ�RU�UHFDOLEUDWLRQ�F\FOH���'XULQJ�WKLV�PRPHQW�WKH�VHQVRU�LV�¨IO\LQJ�EOLQG©��DQG�VR�LW�PD\�EH
GHVLUDEOH�WR�PDNH�WKH�RXWSXW�DFWLYH�DV�D�VDIHW\�IHDWXUH�

>-@
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7KLV�VHWXS� LV�XQXVHG�EHFDXVH�RI� IHDWXUH�FRQIOLFWV�ZLWK�WKH�(��� �¦%XWWRQV�0RGH§�RQ�WKH�470�LV�QRW
QHFHVVDU\��DV�WKH�%*��%*�2%-�DQG�2%-�PRGHV�RSHUDWH�ZLWKRXW�UHTXLULQJ�DQ\�VSHFLDO�VHWXS�

>+@
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7KLV�VHWXS�FRQWUROV�ZKHWKHU�WKH�QHJDWLYH�SURFHVVLQJ�IHDWXUHV�RI�>1@�DQG�>3@�DUH�XVHG���,I� >*@�LV�RQ�
DQG� >1@� DQG� >3@� DUH� VHW� LGHQWLFDOO\� WR� >�@� DQG� >&@�� LW� LV� DV� WKRXJK� >*@� ZHUH� RII�� SURFHVVLQJ� LV
LQGLVWLQJXLVKDEOH� LQ� WKHVH� FDVHV� IURP� WKH�(���ZKLFK� GRHV� QRW� KDYH� DV\PPHWULF� SURFHVVLQJ�� � 7KH
VDPH�KROGV�WUXH�LI�'HWHFWLRQ�0RGH�>'@�LV�VHW�WR���RU����RU�LI�WKH�XQLW�LV�LQ�2%-�PRGH�

$V\PPHWULF�VLJQDO�SURFHVVLQJ�RSHQV�XS�QXPHURXV�SRVVLELOLWLHV� IRU�DXWR� UHFDOLEUDWLRQ�XQGHU�FHUWDLQ
FRQGLWLRQV��DQG�IRU�FUHDWLQJ�¨SUR[�WUDSV©�ZLWK�PRUH�VRSKLVWLFDWLRQ���$V\PPHWULF�:LQGRZV�FDQ�RSHUDWH
ZKHQHYHU�'HWHFWLRQ�0RGH�>'@�LV�VHW�WR���RU�DERYH���6HH�QRWHV�XQGHU�>1@�DQG�>3@�IRU�PRUH�GHWDLOV�

>*@
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7KLV�FRQWUROV�WKUHH�WKLQJV�

���:KHWKHU�WKH�VHQVRU�ZLOO�VWRUH�FDOLEUDWLRQ�GDWD�LQ�WKH�RQERDUG�HHSURP�IRU�UHXVH�RQ�VXEVHTXHQW
SRZHU�XSV��WKXV�SUHYHQWLQJ�WKH�QHHG�IRU�DQRWKHU�UHFDOLEUDWLRQ�

����:KHWKHU�WKH�VHQVRU�ZLOO�DOVR�VWRUH�WKH�UHIHUHQFH�GULIW�GDWD�LI�'ULIW�5DWH�LV�HQDEOHG�

��� :KHWKHU� WKH� VHQVRU� ZLOO� SURFHVV� LQ� D� UDSLG� ¦PRWLRQ§� PRGH�� ZKHUHE\� VLJQDO� UHIHUHQFH
UHFDOLEUDWLRQ�RFFXUV� YHU\�TXLFNO\�� EXW� LV�QRW�D� IXOO� UHFDOLEUDWLRQ� LQYROYLQJ�ERWK�FRDUVH�DQG� ILQH
RIIVHWV�LQ�DGGLWLRQ�WR�WKH�VLJQDO�UHIHUHQFH�OHYHO�

,I�'DWD�/RFNLQJ�LV�RQ��WKH�HHSURP�ZLOO�EH�XVHG�IRU�UHFDOLEUDWLRQ�GDWD�VWRUDJH�

,I�'ULIW�6WRUH�LV�VHW�WR�RQH�RI�WKH�LQWHUYDOV�VKRZQ��WKH�GULIW�GDWD�ZLOO�EH�VDYHG�WR�WKH�HHSURP�DV�ZHOO�DW
WKH�LQWHUYDOV�VKRZQ���1RWH�WKDW�'ULIW�6WRUH�LV�LUUHOHYDQW�LQ�2%-�PRGH��RU�LI�'ULIW�5DWH�LV�RII���2%-�GRHV
QRW�PDNH�XVH�RI�D�EDFNJURXQG�UHIHUHQFH�OHYHO��DQG�VR�WKHUH�LV�QRWKLQJ�WR�GULIW�FRPSHQVDWH�ZLWK�DV
WKH�EDFNJURXQG�VLJQDO�OHYHO�LV�XQNQRZQ�

'DWD�/RFNLQJ� LV�XVHIXO� LQ�DOO�PRGHV�H[FHSW�PRWLRQ�� �0RWLRQ�PRGH� LV�D�YHU\� ¦KHUH�DQG�QRZ§�PRGH�
DQG�VWRUDJH�RI�PRWLRQ�PRGH�FDOLEUDWLRQ�GDWD�LV�IDLUO\�SRLQWOHVV�

¨)©�VHWWLQJV�IRU�470�PD\�FRQIOLFW�ZLWK�WKH�(�©V�VHWWLQJV�IRU�EDXG�UDWH�DQG�SURWRFRO��ZKLFK�ZLOO�DIIHFW
3&�GLVSOD\�VRIWZDUH���:H�DSRORJL]H�IRU�WKLV�UH�XVH�RI�IXQFWLRQ�¨)©�DQG�WKH�UHVXOWLQJ�LQFRQYHQLHQFH�

>)@
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7KHUH�DUH�WZR�RSWLRQV�XQGHU�&DOLEUDWLRQ�&RQWURO�

GLVSOD\�HUURU�FRGH�LI�FDOLEUDWLRQ�HUURU���7KLV�FRQWUROV�ZKHWKHU�WKH�/('�ZLOO�IODVK�DQ�HUURU�FRGH��VHH
6HWXS� 1RWHV� DQG� /('� )XQFWLRQ� VHFWLRQ�� SULRU� SDJHV�� LI�� GXULQJ� D� FDOLEUDWLRQ� RU� UHFDOLEUDWLRQ�� WKH
VHQVRU� GHWHFWV� DQ� HUURU�� � 6LQFH� WKLV� ¨0RUVH� FRGH©� WDNHV� WLPH� WR� GLVSOD\� DQG� VORZV� XS� WKH�470©V
DELOLW\�WR�WU\�UHFDOLEUDWLQJ�DJDLQ��LW�PD\�EH�DSSURSULDWH�WR�GLVDEOH�WKLV�

UHFDOLEUDWH� LI� UHIHUHQFH� GULIWV� LQWR� ERXQGDU\� �� &RQWUROV� ZKDW� KDSSHQV� ZKHQ� WKH� VHQVRU� GULIW
FRPSHQVDWLRQ�PRYHV�WKH�UHIHUHQFH�OHYHO�HQRXJK�VR�WKDW�LW�UXQV�LQWR�WKH�HGJH�RI�WKH�DOORZDEOH�VLJQDO
VSDFH���,I�WKLV�KDSSHQV��LW�PD\�EH�GHVLUDEOH�WR�UHFDOLEUDWH�WKH�VHQVRU�FRPSOHWHO\�WR�DFKLHYH�D�EHWWHU
FHQWHULQJ�RI�WKH�VLJQDOV�ZLWKLQ�WKH���ELW�VLJQDO�UDQJH���7XUQLQJ�WKLV�¨RQ©�DOORZV�WKLV�UHFDOLEUDWLRQ�

>(@
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7KLV� IXQFWLRQV�VLPLODUO\� WR�0D[�2Q�'XUDWLRQ� >&@�� H[FHSW�RSHUDWHV�RQO\�ZLWK�QHJDWLYH�JRLQJ�VLJQDOV�
DQG�WKHQ�RQO\�LI�

�� 'HWHFW�,QWHJUDWRU�>%@�LV�VHW�WR���RU�KLJKHU��DQG��

�� 'HWHFWLRQ�0RGH�>'@�LV�VHW�WR���RU�KLJKHU��DQG�

�� $V\PPHWULFDO�:LQGRZV�>*@�LV�RQ��DQG�

�� 8QLW�LV�LQ�%*�PRGH��ZLOO�QRW�ZRUN�LQ�%*�2%-�RU�2%-�PRGHV�

7KLV�IHDWXUH�FDQ��DPRQJ�RWKHU�WKLQJV��EH�XVHG�WR�FUHDWH�D�SRZHUIXO�DXWR�VHOI�FDO�ZKHUH�WKH�VHQVRU
ZLOO� DXWRPDWLFDOO\� UHVHW� LWV� UHIHUHQFH� YHU\� TXLFNO\� LI� REMHFWV� DUH� UHPRYHG� IURP� WKH� ILHOG� RI� WKH
HOHFWURGH��WKLV�LV�DFFRPSOLVKHG�E\�VHWWLQJ�>3@�WR�����VHFV��DQG�>1@�WR�D�VXLWDEO\�ORZ�WKUHVKROG�OLNH�����
FRXQWV��� � 7KLV� IHDWXUH� LV� XVHIXO� LQ� VLWXDWLRQV�ZKHUH� ¨UHDO©� VLJQDOV� JR� SRVLWLYH�� EXW� DIWHU� GHEULV� KDV
FROOHFWHG�DURXQG�WKH�HOHFWURGH�DQG�WKH�VHQVRU�KDV�GULIW�DGDSWHG�WR�WKDW�GHEULV��EXW�WKHQ�WKH�GHEULV�LV
VXGGHQO\�UHPRYHG��WKH�VHQVRU�ZLOO�DGDSW�WR�WKH�VXGGHQ�GURS�LQ�VLJQDO�ZLWK�D�TXLFN�UHFDOLEUDWLRQ�LQ�WKH
QHJDWLYH�GLUHFWLRQ�

([DFWO\�WKH�UHYHUVH�HIIHFW�LV�DOVR�SRVVLEOH�

>3@

0$;
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7KLV� IXQFWLRQV� VLPLODUO\� WR�'HWHFW�7KUHVKROG� >�@�� H[FHSW� RSHUDWHV�RQO\�ZLWK� QHJDWLYH�JRLQJ� VLJQDOV�
DQG�WKHQ�RQO\�LI�

�� 'HWHFW�,QWHJUDWRU�>%@�LV�VHW�WR���RU�KLJKHU��DQG��

�� 'HWHFWLRQ�0RGH�>'@�LV�VHW�WR���RU�KLJKHU��DQG�

�� $V\PPHWULFDO�:LQGRZV�>*@�LV�RQ��DQG�

�� 8QLW�LV�LQ�%*�PRGH��ZLOO�QRW�ZRUN�LQ�%*�2%-�RU�2%-�PRGHV�

1HJDWLYH� K\VWHUHVLV� LQ� %*�PRGH� LI� >1@� LV� LQ� XVH� LV� VHW� DFFRUGLQJ� WR� WKH� SHUFHQWDJH� VSHFLILHG� LQ
+\VWHUHVLV�>�@��DV�D�SHUFHQWDJH�RI�WKH�QHJDWLYH�WKUHVKROG�

>1@
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7KH�RXWSXW�FDQ�EH�PDGH� WR� ¨VWUHWFK©� ORQJHU� WKDQ�QRUPDO�XVLQJ� WKLV�VHWXS�� �$IWHU�D�VLJQDO�GHWHFWLRQ
FHDVHV�� WKH�RXWSXW�FDQ�EH�SURORQJHG�E\� WKH�QXPEHU�RI�VHFRQGV� LQGLFDWHG� LQ� WKH� WDEOH�� �6HWWLQJ� WR
]HUR� SUHYHQWV� VWUHWFK� HQWLUHO\� DQG� OHWV� WKH� RXWSXW� EHKDYH� QRUPDOO\�� � 1RWH� DOVR� WKDW� VHWWLQJV� RI
'HWHFWLRQ�,QWHJUDWRU�>%@�FDQ�DOVR�PDNH�RXWSXWV�DSSHDU�WR�VWUHWFK��EXW�WKHVH�ZLOO�DOVR�FDXVH�D�GHOD\�LQ
WKH�RQVHW�RI�RXWSXW�DFWLYDWLRQ�DV�ZHOO�

¨6WUHWFK©�KDV�QR�HIIHFW�RQ�DFWLYDWLRQV�PDGH�GXH�WR�DQ�HUURU�FRQGLWLRQ��VHH�>-@���

>/@
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7KH�/('�ZLOO�JORZ�VROLG�ZLWKRXW� IOLFNHU�GXULQJ�DQ�DERYH�HUURU�KDQGOLQJ� ¨HYHQW©�� �6HH�/('�)XQFWLRQ
VHFWLRQ�IRU�GHWDLOV�

1RWH�WKDW�2XWSXW�6WUHWFK�>/@�GRHV�QRW�VWUHWFK�HUURU�LQGXFHG�RXWSXW�DFWLYDWLRQV�

��



7KLV�IXQFWLRQ�FRQWUROV�WKH�DQDORJ�RXWSXW�SLQ�IXQFWLRQ�DV�IROORZV�

��� 5DZ�$QDORJ���7KH�DQDORJ�SLQ�RXWSXWV�WKH�VDPSOHG��UDZ�VLJQDO�IURP�WKH�IURQW�HQG��7KLV�PRGH

LV�H[DFWO\�OLNH�WKH�(�6
�DQDORJ�RXWSXW�

��� 6\QWK���7KLV�RXWSXWV�D�V\QWKHVL]HG�DQDORJ�VLJQDO�WKDW�UHSUHVHQWV�WKH�RXWSXW�RI�WKH�ODVW�VWDJH

RI�LQWHUQDO�ILOWHULQJ��LQFOXGLQJ�ERWK�0HGLDQ�DQG�%R[FDU�LI�HQDEOHG��7KH�RIIVHW�DQG�VSDQ�RI�WKLV
VLJQDO�DUH�LGHQWLFDO�WR�5DZ�$QDORJ�

��� �6\QWK���7KLV�LV�WKH�SRVLWLYH�GLIIHUHQWLDO��RU�KDOI�ZDYH�UHFWLILFDWLRQ��RI�^VLJQDO���UHIHUHQFH`�

ZKHUH�
UHIHUHQFH
�LV�WKH�LQWHUQDO�VLJQDO�UHIHUHQFH�OHYHO��ZKLFK�FDQ�EH�GULIW�FRPSHQVDWHG��,I
6LJQDO�IDOOV�EHORZ�5HIHUHQFH��WKH�RXWSXW�LV�]HUR�YROWV��7KH��6\QWK�RXWSXW�LV�IXOO\�ILOWHUHG�E\
DQ\�HQDEOHG�ILOWHU�VWDJH�V��

��� �6\QWK���7KLV�LV�WKH�QHJDWLYH�GLIIHUHQWLDO��RU�KDOI�ZDYH�UHFWLILFDWLRQ��RI�^UHIHUHQFH���VLJQDO`�

ZKHUH�
UHIHUHQFH
�LV�WKH�LQWHUQDO�VLJQDO�UHIHUHQFH�OHYHO��ZKLFK�FDQ�EH�GULIW�FRPSHQVDWHG��,I
6LJQDO�ULVHV�DERYH�5HIHUHQFH��WKH�RXWSXW�LV�]HUR�YROWV��7KH��6\QWK�RXWSXW�LV�IXOO\�ILOWHUHG�E\
DQ\�HQDEOHG�ILOWHU�VWDJH�V��

��� _6\QWK_��7KLV�LV�WKH�DEVROXWH�YDOXH�RI�WKH�GLIIHUHQWLDO��RU�IXOO�ZDYH�UHFWLILFDWLRQ��RI

^VLJQDO���UHIHUHQFH`��ZKHUH�
UHIHUHQFH
�LV�WKH�LQWHUQDO�VLJQDO�UHIHUHQFH�OHYHO��ZKLFK�FDQ�EH�GULIW
FRPSHQVDWHG��7KH�_6\QWK_�RXWSXW�LV�IXOO\�ILOWHUHG�E\�DQ\�HQDEOHG�ILOWHU�VWDJH�V��

7KH�6\QWK�VLJQDOV�DOO�DUH�UHFRQVWLWXWHG�XVLQJ�DQ���ELW�'$&��LI�D�GLIIHUHQFH�PRGH�LV�XVHG��L�H��>8@�LV
VHW�WR�������RU����WKH�RXWSXW�PD\�QRW�HQFRPSDVV�IXOO�VFDOH���WR���YROWV��EXW�ZLOO�RQO\�ULVH�E\�WKH
QXPEHU�RI�FRXQWV�RI�GLIIHUHQWLDO��7KXV��LI��6\QWK�LV�VHOHFWHG��DQG�WKH�UHIHUHQFH�OHYHO�LV�FXUUHQWO\�����
WKHQ�WKH�$QDORJ�RXWSXW�VLJQDO�FDQ�RQO\�ULVH�E\�������� �����FRXQWV��UHVXOWLQJ�LQ������������ ��
YROWV�
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+($57%($770�237,21�

7KH� +HDUW%HDW70� RSWLRQ� SURYLGHV� D� ZD\� RI� HQVXULQJ
SURSHU�RSHUDWLRQ�E\�DOORZLQJ�KRVW�HTXLSPHQW�WR�PRQLWRU
WKH�IROORZLQJ�VHQVRU�IXQFWLRQV�

�� 6HQVRU�'63�RSHUDWLRQ�
�� 6HQVRU� KDUGZDUH� IXQFWLRQDOLW\� LQ� UHDO� WLPH�� IURP

IURQW�WR�EDFN�LQFOXGLQJ�WKH�RXWSXW�WUDQVLVWRU�
�� (OHFWURGH�LQWHJULW\��LQFOXGLQJ�RSHQV�DQG�VKRUWV�
�� 3URSHU�VHQVLQJ�VLJQDO�UDQJH�

7KH�+%�RSWLRQ�RSHUDWHV�E\�LVVXLQJ�QDUURZ�SXOVHV�RQ�D
UHJXODU�EDVLV�LI�WKH�VHQVRU�LV�UXQQLQJ�SURSHUO\�

2SHUDWLRQ
7KH� +HDUW%HDW� �+%�� VLJQDO� LV� D� QDUURZ�� ��V� SXOVH
VXSHULPSRVHG�RQ�WKH�RXWSXW�OLQH��VSDFHG���PV�WR���PV
EHWZHHQ� SXOVHV�� � ,W� SXOVHV� FRQWLQXRXVO\� ZKLOH� WKH
VHQVRU�LV�RSHUDWLQJ�SURSHUO\��UHJDUGOHVV�RI�RXWSXW�VWDWH�
:LWK� WKH� RXWSXW� KLJK�� WKH�+%� LV� D� QHJDWLYH� SXOVH�� DQG
FRQYHUVHO\�ZLWK�WKH�RXWSXW�ORZ��WKH�+%�SXOVH�LV�SRVLWLYH�
7KH� +%� SXOVH� LV� WRR� VKRUW� WR� LQWHUIHUH� ZLWK
HOHFWURPHFKDQLFDO�ORDGV�VXFK�DV�UHOD\V�

:KHQ� LQWHUIDFLQJ� WR� ORJLF� LQSXW� GHYLFHV�� WKH� +%� SXOVH
FDQ�EH� UHDGLO\� ILOWHUHG� RXW� XVLQJ� D� VLPSOH�5&� ORZSDVV
QHWZRUN�WKDW�ZLOO�LQVHUW�RQO\�D�QHJOLJLEOH�UHVSRQVH�GHOD\�
7KH� +%� SXOVH� FDQ� EH� VSOLW� RII� LQWR� D� SXOVH� GHWHFWRU
ZKLFK� FDQ� EH� PRQLWRUHG� VHSDUDWHO\� E\� WKH� KRVW
HTXLSPHQW�

([DPSOH�+%�6SOLWWHU�&LUFXLW�
7KH�FLUFXLW�VKRZQ�GHPRQVWUDWHV�RQH�ZD\�WR�VSOLW�RII�WKH
+%�VLJQDO�IURP�WKH�VHQVRU�RXWSXW���

8�$� EXIIHUV� WKH� 131B287� VLJQDO�� WKH� 5��&�� ILOWHU� LV
IXUWKHU� EXIIHUHG� E\� 8�%� WR� FUHDWH� DQ� +%�VWULSSHG
RXWSXW���&��5��IRUPV�D�SXOVH�GHOD\�ZKLFK�LQ�FRQMXQFWLRQ
ZLWK� H[FOXVLYH�RU� 8�&� FUHDWHV� D� SRVLWLYH� GRXEOH�SXOVH
IRU� HYHU\� ��V� +%� SXOVH� GHWHFWHG�� � 7KH� ILUVW� RI� WKHVH
WULJJHUV�8�$��DQG�IXUWKHU�JDWLQJ�ZLWKLQ�8�%�WULJJHUV�WKH
VHFRQG� PRQRVWDEOH� RQO\� ZKHQ� D� DQRWKHU� SXOVH� LV
GHWHFWHG� ZLWKLQ� ��V� RI� WKH� ILUVW� RQH�� L�H�� ZKHQHYHU� D
VKRUW� SXOVH� LV� RXWSXW� IURP� WKH� 470� RI� HLWKHU� SRODULW\�
7KH� RXWSXW� RI� 8�%�ZLOO� JR� ORZ� ��PV� DIWHU� WKH� ODVW�+%
SXOVH�� VKRXOG� WKH� +%� SXOVHV� FHDVH�� VR� ORQJ� DV� +%
SXOVHV�DUH�VHQVHG��LWV�RXWSXW�ZLOO�UHPDLQ�KLJK�

7KH� FLUFXLW� VKRZQ� LV� EXW� RQH� LPSOHPHQWDWLRQ� WKDW� FDQ
YHULI\�+%�RSHUDWLRQ�� LW�FDQ�DOVR�EH�HPXODWHG� LQ�D�VWDWH
PDFKLQH���470©V�RXWSXW�FDQ�DOVR�EH�IHG�GLUHFWO\�LQWR�DQ
DFFXPXODWLQJ� FRXQWHU�ZLWKLQ� D� KRVW� FRQWUROOHU��ZLWK� WKH
WUDQVLWLRQV�FRXQWHG�WR�YHULI\�+%�RSHUDWLRQ�

6RIWZDUH�FDQ�UHOLDEO\�GHWHUPLQH�WKH�GHWHFWLRQ�OHYHO�VWDWH
ZLWKRXW� LQWHUIHUHQFH� IURP� WKH� +%� SXOVHV�� E\� VDPSOLQJ
WKH�470©V�RXWSXW���WLPHV�HTXDOO\�VSDFHG�RYHU�D����V�RU
PRUH�GXUDWLRQ��WKHQ�GRLQJ�D�PDMRULW\�YRWH���$W�OHDVW�WZR
VXFK�VDPSOHV�DUH�JXDUDQWHHG�WR�PLVV�DQ\�+%�SXOVH�WKDW
PD\�RFFXU�DW�WKH�WLPH�RI�VDPSOLQJ�

(QDEOLQJ�WKH�+%�6LJQDO
7KH�+HDUW%HDW70��+%��VLJQDO�RSWLRQ�LV�D�IXOO�WLPH�VLJQDO
DQG� FDQQRW� EH� VHSDUDWHO\� HQDEOHG� RU� GLVDEOHG�� � 8QLWV
KDYLQJ� WKH� +%� RSWLRQ� ZLOO� DOZD\V� EH� LQ� +%� PRGH�
6SHFLILF�LWHPV�PRQLWRUHG�E\�+%�LQFOXGH��

�� )LUPZDUH� KHDOWK�� � 8VLQJ� WULSOH�UHGXQGDQW� LQWHUQDO
FKHFNV�� DQ\� GLVWXUEDQFH� LQ� WKH� RSHUDWLRQ� RI� WKH
ILUPZDUH�ZLOO�FDXVH�WKH�+%�VLJQDO�WR�FHDVH���$OVR�
WKH�+%�VLJQDO�GRHV�QRW�VWDUW�DIWHU�D�SRZHU�RQ�XQWLO
WKH�VHQVRU�LV�UXQQLQJ�VWDEO\�

�� 1RUPDO� VHQVLQJ� GLVWXUEDQFHV�� � ,I� WKH� VHQVRU
HQWHUV�D�FDOLEUDWLRQ�F\FOH��D�FRQWURO�OLQH�LV�HYRNHG�
RU� DQ\� RWKHU� DFWLRQ� RFFXUV� ZKLFK� PRPHQWDULO\
PDNHV�WKH�VHQVRU�¨EOLQG©��WKH�+%�VLJQDO�ZLOO�FHDVH�

�� 6KRUW�FLUFXLWV�� �,I� WKH�VLJQDO� OHDG�LV�VKRUW�FLUFXLWHG
WR�JURXQG��+%�FHDVHV�

�� 6LJQDO� UDQJH�� � ,I� WKH� LQWHUQDOO\� SURFHVVHG� VLJQDO
IDOOV�EHORZ�WKH�VHQVLQJ�ZLQGRZ��EHORZ���FRXQWV�RI
VLJQDO�� WKH� +%� FHDVHV�� � 7KLV� FDQ� RFFXU� LI� WKH
HOHFWURGH�RU�LWV�FRQQHFWLRQ�IDLOV�RSHQ�FLUFXLW��

�� 2XWSXW� WUDQVLVWRU� FKHFNV�� � ,I� WKH�RXWSXW� WUDQVLVWRU
EHFRPHV�IDXOW\��HLWKHU�IDLOLQJ�VKRUWHG�RU�RSHQ��WKH
+%� ZLOO� FHDVH�� VLQFH� WKH� +%� VLJQDO� LV
VXSHULPSRVHG�RQ�WKH�DFWXDO�RXWSXW�OLQH��

1RWH�DOVR�WKDW�6HWXS�>-@��(UURU�+DQGOLQJ��FDQ�RXWSXW�DQ
DFWLYH�ORZ�VLJQDO�ZKHQ�WKH�VHQVRU�LV�¨EOLQG©��IRU�H[DPSOH
GXULQJ� ORZ� VLJQDO� FRQGLWLRQV�� UHFDOLEUDWLRQV�� DQG� ZKHQ
WKH�VHQVH�OLQH�LV�VKRUWHG�WR�JURXQG���7KH�QRUPDO�RXWSXW
VLJQDO�ZKHQ�XVHG�ZLWK�>-@�FDQ�EH�WKH�SULPDU\�LQGLFDWLRQ
RI�ERWK�D�VDIHW\�GHWHFWLRQ�DQG�D�IDXOW��IRU�H[DPSOH�ZKHQ
XVHG� LQ�FRQMXQFWLRQ�ZLWK�D�SDQLF�VZLWFK�DSSOLFDWLRQ�� �$
VLJQDO� IDXOW� GHWHFWHG� YLD� >-@� ZLOO� DOVR� FDXVH� D� ¨SDQLF
RXWSXW
��ZKLOH� WKH�+%�SXOVHV�FDQ�EH�XVHG� WR�SURYLGH�D
UHGXQGDQW�¨SDQLF©�LQGLFDWLRQ�LI�WKH�VHQVRU�IDLOV�
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7KH�+HDUW%HDW�VLJQDO�FDQ�EH�XVHG�WR�PRQLWRU�HOHFWURGH
IDLOXUH� HYHQ� LI� WKH� IDLOXUH� LV� D� GLVFRQQHFW� RI� D� VPDOO
SRUWLRQ� RI� D� ODUJH� HOHFWURGH�� E\� FRQQHFWLQJ� D� VXLWDEOH
YDOXH� RI� GXPP\� FDSDFLWRU� WR� WKH� IDU� HQG� RI� WKH
HOHFWURGH��WR�JURXQG���,I�WKH�HOHFWURGH�IDLOV�RSHQ�HYHQ�DW
LWV�IDU�HQG��IRU�H[DPSOH�LI�WKH�HOHFWURGH�LV�D�ZLUH�DQG�WKH
ZLUH� LV� FXW� QHDU� WKH� HQG�� WKH� GLVFRQQHFWLRQ� RI� WKH
GXPP\� FDS� ZLOO� FUHDWH� HQRXJK� RI� D� VLJQDO� GURS� WR
UHJLVWHU�DV�D�¨ORZ�VLJQDO©�GHWHFWLRQ���,I�>-@�LV�VHW�SURSHUO\
QRW�RQO\�ZLOO�WKH�+%�VLJQDO�FHDVH��EXW�WKH�RXWSXW�ZLOO�JR
DFWLYH�ORZ�DV�ZHOO�

,Q� FULWLFDO� DSSOLFDWLRQV� WKH� GHVLJQHU� VKRXOG� EH� FHUWDLQ
WKDW�SRVVLEOH�IDLOXUH�PRGHV�DUH�DFFRXQWHG�IRU���(YHQ�WKH
+%� VSOLWWHU� FLUFXLW� �RU� FRPSDUDEOH� VRIWZDUH�� VKRXOG� EH
GHVLJQHG� IRU� UHDO�WLPH� SHULRGLF� IXQFWLRQDO� WHVWV�� � 7KLV
PD\�WDNH�WKH�IRUP�RI�WKH�KRVW�PDFKLQH�VLPXODWLQJ�IDXOWV
RU�H[HUFLVLQJ�WKH�+%�VSOLWWHU�FLUFXLWU\�WR�EH�FHUWDLQ�WKDW�LW�
WRR��LV�IXQFWLRQDO�

6,*1$/�)/2:
7KH�ILJXUH�EHORZ�VKRZV�WKH�RYHUDOO�VLJQDO�IORZ�GLDJUDP�
LQFOXGLQJ� ERWK� KDUGZDUH� DQG� VLJQDO� SURFHVVLQJ
HOHPHQWV�

1RWH� WKDW� WKH� RXWSXW� LV� QRW� QHFHVVDULO\� DFWLYDWHG� XSRQ
GHWHFWLRQ�� YDULRXV� PRGHV� PD\� LQWHQWLRQDOO\� LQKLELW� WKH
RXWSXW��ZKLOH�LQWHUQDO�SURFHVVLQJ�FRQWLQXHV�

2I� SDUWLFXODU� QRWH� LV� WKH� VXPPLQJ� MXQFWLRQ� �� XVHG� WR
IRUP� WKH�GLIIHUHQFH�VLJQDO�� �7KH� UHIHUHQFH�JHQHUDWRU� LV
DQ�DOJRULWKPLF�EORFN�ZKLFK�FDQ�DOORZ�UHIHUHQFH�¨GULIW©�RU
IRUFLEOH� UHFDOLEUDWLRQ� WR� UHVHW� WKH� UHIHUHQFH�� UHIHUHQFH
GULIW� FRPSHQVDWLRQ� LV� XVXDOO\� LQKLELWHG� E\� D� GHWHFWLRQ
HYHQW�

0RUH�LQIRUPDWLRQ�FDQ�EH�IRXQG�LQ�WKH�(��XVHU�PDQXDO�
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$33(1',;�%���63(&,),&$7,216

$%62/87(�0$;,080�5$7,1*6
2SHUDWLQJ�WHPS � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ����WR����2&
6WRUDJH�WHPS � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���2&�WR�����2&
9VXSSO\ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ����WR�����9
0D[�FRQWLQXRXV�VHQVH�OLQH�FXUUHQW��IRUFHG� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ����P$
6KRUW�FLUFXLW�GXUDWLRQ�WR�JURXQG��VHQVH�OLQH � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � LQILQLWH
,QSXW�YROWDJH�RQ�%*��2%-�OLQHV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ����9
2XWSXW�FXUUHQW��131B287��313B287� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ����P$
9ROWDJH�IRUFHG�RQWR�DQ\�FRQWURO�RU�GULYH�SLQ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ����9�WR��9GG��������9ROWV

5(&200(1'('�23(5$7,1*�&21',7,216
9'' � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��WR���9�'&
6XSSO\�ULSSOH�QRLVH � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���P9�UPV
/RDG�FDSDFLWDQFH � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��WR������S)

&,5&8,7�'(7$,/6
&V�YDOXH � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��Q)�336�ILOP��WKHUPDOO\�FRPSHQVDWHG
&]�YDOXH � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��Q)�336�ILOP��WKHUPDOO\�FRPSHQVDWHG
$PS�JDLQ��KLJK � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �������
$PS�JDLQ��ORZ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��������
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1RWH�����PLQV���'ULIW�FDO�VWRUH�WR�HHSURP�LQWHUYDO

1RWH�����VHFV�����3XOVH�VWUHWFK�GXUDWLRQ

1RWH�����VHFV������3RVW�GHWHFWLRQ�UHFDOLEUDWLRQ�WLPHU�GXUDWLRQ

1RWH�����FRXQWV����3RVW�GHWHFWLRQ�LQWHJUDWRU�OHQJWK

1RWH�����VHFV�OVE������'ULIW�FRPSHQVDWLRQ�UDWH

1RWH��������������%XUVW�UDQGRPL]DWLRQ����RI�EXUVW�VSDFLQJ

1RWH�������SLSHOLQHGVDPSOHV���%R[FDU�ILOWHU�OHQJWK

1RWH����SLSHOLQHGVDPSOHV��0HGLDQ�ILOWHU�OHQJWK

1RWH������+\VWHUHVLV

1RWH�����FRXQWV���7KUHVKROG�GLIIHUHQWLDO

QRWHVXQLWVPD[PLQGHVFULSWLRQ

1RWH�����)RU�SRVVLEOH�SUHVHWV�VHH�470�6HWXSV�7DEOH
1RWH�����9DOXH�FDQ�EH�PDGH�DUELWUDU\�LQ�%*�2%-�RU�2%-�OHDUQ�PRGHV�
1RWH�����7KLV�IHDWXUH�FDQ�EH�GLVDEOHG�
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DW�IXOO�JDLQP9���2&��7HPSFR�RI�DQDORJ�RXWSXW��RIIVHW7&2

SSP���2&������7HPSFR�RI�DQDORJ�RXWSXW��JDLQ7&*

OVE����'LIIHUHQWLDO�OLQHDULW\'/

OVE��$FTXLVLWLRQ�OLQHDULW\$/

ELWV�$FTXLVLWLRQ�UHVROXWLRQ$5

S)������/RDG�FDSDFLWDQFH�UDQJH&;

3XOVH�FXUUHQWP$����6HQVH�OLPLWLQJ�FXUUHQW,6

��6HQVH�OHDG�VHULHV�UHVLVWDQFH5V

'&�ORDG�����$QDORJ�RXWSXW�LPSHGDQFH5$287

8QORDGHG��IXOO�VFDOH9��������$QDORJ�RXWSXW�UDQJH9$287

��131B287��313B287�VRXUFH
UHVLVWDQFH

5287

313B287��QR�ORDG
313B287�����P$�ORDG
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+LJK�RXWSXW�YROWDJH��31392+

131B287��QR�ORDG
131B287�����P$�ORDG
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9���6XSSO\�YROWDJH96

QRWHVXQLWVPD[W\SPLQGHVFULSWLRQSDUDPHWHU
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JUDPV��ZHLJKW

LQFKHV����O�[�����Z�[�����&PRXQWLQJ�KROH�SDWWHUQ

LQFKHV����O�[�����Z�[������GGLPHQVLRQV�RYHUDOO

XQLWVGHVFULSWLRQ

6XOOLQV�(=&��'5(+�RU�HTXLYDOHQW

CUSTOMIZATION

7KH�470����$6�FDQ�EH�FXVWRPL]HG�IRU�YDULRXV�DSSOLFDWLRQV�WR�VXLW���)RU�H[DPSOH��PRUH�VSHFLILF�WLPLQJ
DQG�VLJQDO�SURFHVVLQJ�SDUDPHWHUV�PD\�EH�LQFRUSRUDWHG��RU�WKH�GHIDXOWV�FDQ�EH�DOWHUHG�VR�DV�WR�HOLPLQDWH
WKH� QHHG� IRU� FORQLQJ�� � ,I� FXVWRPL]HG� GHIDXOWV� DUH� XVHG�� WKH\� FDQ� VWLOO� EH� RYHUULGGHQ� E\�PHDQV� RI� WKH
FORQLQJ�SURFHVV�

,W�LV�DOVR�SRVVLEOH�WR�LQFRUSRUDWH�HQWLUHO\�QHZ�IHDWXUHV�LQWR�WKH�GHYLFH�IRU�D�VSHFLILF�DSSOLFDWLRQ���&RQVXOW
4XDQWXP�IRU�IXUWKHU�GHWDLOV�RQ�FXVWRPL]DWLRQ�RSWLRQV �

��





Auant um�BUcUQbSX�7b_e`�<dT �������4XDQWXP�5HVHDUFK�*URXS�/WG�

3DWHQWV�DQG�SDWHQWV�DSSOLHG�IRU )LUPZDUH�FRS\ULJKW��������45*�/WG�

����+ROLGD\�'ULYH��6XLWH������3LWWVEXUJK��3$������
7HO�����������������)D[���������������

DGPLQ#TSUR[�FRP��
KWWS���TSUR[�FRP

,Q�WKH�8QLWHG�.LQJGRP
(QWHUSULVH�+RXVH���6RXWKDPSWRQ��+DQWV��62����;%

7HO�������������������������)D[�����������������������

Notic e:  This devic e expressly not for use in any medic al or human safety related applic ation without the express written

c onsent of an offic er of the c ompany.


