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6HUYRPH[�R[\JHQ�DQDO\VHUV�DUH�VRSKLVWLFDWHG�GHYLFHV�LQWHQGHG�IRU�XVH�E\�TXDOLILHG�SHUVRQQHO
RQO\���,W�LV�QHFHVVDU\�WKDW�WKLV�PDQXDO�EH�UHDG�DQG�XQGHUVWRRG�E\�WKRVH�ZKR�ZLOO�LQVWDOO��XVH�DQG
PDLQWDLQ�WKLV�HTXLSPHQW�
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7R�PDLQWDLQ�WKH�DQDO\VHU
V�SHUIRUPDQFH�RQO\�VSDUHV�RI�VXLWDEOH�TXDOLW\�VKRXOG�EH
XVHG�WR�UHSDLU�WKLV�DQDO\VHU���7KHVH�VKRXOG�EH�REWDLQHG�IURP�HLWKHU�6HUYRPH[��LWV
DVVRFLDWHG�FRPSDQLHV�RU�ORFDO�DJHQWV�
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,QIRUPDWLRQ�LQ�WKLV�PDQXDO�LV�LQWHQGHG�RQO\�WR�DVVLVW�RXU�FXVWRPHUV�LQ�WKH�HIILFLHQW�RSHUDWLRQ�RI�RXU
HTXLSPHQW���8VH�RI�WKLV�PDQXDO�IRU�DQ\�RWKHU�SXUSRVH�LV�VSHFLILFDOO\�SURKLELWHG�DQG�LWV�FRQWHQWV�DUH
QRW� WR� EH� UHSURGXFHG� LQ� IXOO� RU� SDUW� ZLWKRXW� SULRU� DSSURYDO� RI� *URXS� 0DUNHWLQJ� 'HSDUWPHQW�
6HUYRPH[�SOF��&URZERURXJK��6XVVH[��(QJODQG�71���'8�

5(7$,1�7+,6�0$18$/�)25�)8785(�5()(5(1&(

7KH������([�2[\JHQ�DQG�&RPEXVWLEOHV�$QDO\VHU�FRPSOLHV�ZLWK�WKH�(XURSHDQ�&RPPXQLW\
§(OHFWURPDJQHWLF�&RPSDWLELOLW\�'LUHFWLYH¨��������((&�E\�WKH�DSSOLFDWLRQ�RI�WKH�IROORZLQJ�

$�7HFKQLFDO�&RQVWUXFWLRQ�)LOH�1R��������3�������GDWHG����������DQG
7HVW�5HSRUWV�1R��������<��DQG�������1��LVVXHG�E\�

(5$�7HFKQRORJ\�/WG��&OHHYH�5RDG��/HDWKHUKHDG��6XUUH\��.7����6$

7KH������([�LV�FHUWLILHG�IRU�XVH�LQ�KD]DUGRXV�DUHDV�DQG�LV�H[FOXGHG�IURP�WKH�VFRSH�RI�WKH�(XURSHDQ
&RPPXQLW\�§/RZ�9ROWDJH�'LUHFWLYH¨�������((&�

7KH������([�LV�&(�PDUNHG��ZKHQ�ILWWHG�ZLWK�H[WHUQDO�PDLQV�ILOWHU��IRU�WKH�(XURSHDQ�&RPPXQLW\
§(OHFWURPDJQHWLF�&RPSDWLELOLW\�'LUHFWLYH¨��������((&�RQO\��,W�DOVR�FRPSOLHV�ZLWK�WKH�WUDQVLWLRQDO
DUUDQJHPHQWV�RI�WKH�(XURSHDQ�&RPPXQLW\�§$7(;�'LUHFWLYH¨������(&�
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7KLV�PDQXDO�SURYLGHV�GHVFULSWLYH�LQIRUPDWLRQ��LQVWDOODWLRQ�DQG�PDLQWHQDQFH�LQVWUXFWLRQV�IRU�WKH
6HUYRPH[����([�FRPEXVWLRQ�JDV�DQDO\VHUV���

,W�LV�GLYLGHG�LQWR�WKH�IROORZLQJ�VHFWLRQV�FRYHULQJ��

6HFWLRQ�� ,QWURGXFWLRQ�WR�WKH����([

6HFWLRQ�� 'HVFULSWLRQ�RI�WKH�DQDO\VHU��LWV�RSHUDWLQJ�SULQFLSOH�DQG�RSWLRQV

6HFWLRQ�� ,QVWDOODWLRQ�RI�WKH�DQDO\VHU�DQG�XVHU�FRQQHFWLRQV

6HFWLRQ�� 2SHUDWLQJ�LQVWUXFWLRQV

6HFWLRQ�� 0DLQWHQDQFH��IDXOW�GLDJQRVLV�DQG�UHSDLUV

6HFWLRQ�� )XQFWLRQDO�GHVFULSWLRQ�DQG�VSHFLILFDWLRQ

6HFWLRQ�� 5HFRPPHQGHG�VSDUHV�DQG�SDUWV�OLVWV

��� $1$/<6(5�29(59,(:

7KH� 6HUYRPH[� ���([� =LUFRQLD�2[\JHQ� DQDO\VHU�PHDVXUHV� FRPEXVWLRQ� DQG� VLPLODU� JDVHV� WR
SURYLGH�DQ�DQDO\VLV�RI�R[\JHQ�FRQFHQWUDWLRQ���:KHUH�WKH�UHOHYDQW�RSWLRQ�LV�ILWWHG��LQGLFDWLRQ�RI�WKH
OHYHO�RI�XQEXUQHG�FRPEXVWLEOHV�LV�JLYHQ�

7KH�V\VWHP�FRPSULVHV�WZR�XQLWV��D�VHQVRU�KHDG�DQG�D�FRQWURO�XQLW�ZLWK�GLVSOD\�DQG�NH\SDG��DQG
LV� GHVLJQHG� WR� EH� XVHG� LQ� KD]DUGRXV� DUHDV�� 7KH� VHQVRU� KHDG� LV� FHUWLILHG� E\� %$6(()$� WR
&(1(/(&�VWDQGDUG� (H[�GH�II%�7�

7KH�FRQWURO�XQLW�LV�FHUWLILHG�E\�%$6(()$�WR�FRPSO\�ZLWK�WKH�UHTXLUHPHQWV�RI�
%6�����SDUW����7\SH�©1ª��WR�FRGH� ([�1�II�7�

3OHDVH�UHIHU� WR� WKH�UHOHYDQW�FHUWLILFDWHV��FRSLHV�RI�ZKLFK�DUH�UHSURGXFHG� LQ�$SSHQGL[���RI� WKLV
PDQXDO�IRU�IXOO�GHWDLOV�DQG�FRQGLWLRQV�RI�FHUWLILFDWLRQ�

$�FRPSUHKHQVLYH�UDQJH�RI�VDPSOH�SUREHV�DQG�ILOWHUV�LV�DYDLODEOH�WR�HQDEOH�WKH�DQDO\VHU�WR�EH�XVHG
LQ�D�ZLGH�UDQJH�RI�DSSOLFDWLRQV�DQG�SURFHVV�FRQGLWLRQV��LQFOXGLQJ�VDPSOH�JDV��WHPSHUDWXUHV�RI�XS
WR� ���� &� ����� )��� ,W� FDQ� EH� DGMXVWHG� WR� RSHUDWH� RQ� DOO� FRPPRQ� VXSSO\� YROWDJHV� DQG2 � 2

IUHTXHQFLHV�
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����� �3URGXFW�,GHQWLILFDWLRQ

7KH�LQGLYLGXDO�XQLWV�RI�WKH�DQDO\VHU��VHQVRU�KHDG�DQG�FRQWURO�XQLW��DOO�KDYH�VHULDO�QXPEHUV���7KH
VHULDO�QXPEHU�RI�WKH�VHQVRU�KHDG�ZLOO�EH�IRXQG�LQ�WKH�FHQWUH�RI�WKH�VHQVRU�KHDG�FRYHU���,W�LV�LQ�WKH
IRUP�����;<=�111�ZKHUH�����LV�WKH�PRGHO�QXPEHU�RI�WKH�VHQVRU�KHDG��;<=�LV�WKH�PRGHO�YDULDQW
DQG�111�LV�WKH�VHULDO�QXPEHU��

7KH�VHULDO�QXPEHU�RI�WKH�FRQWURO�XQLW�ZLOO�EH�IRXQG�RQ�D�ODEHO�DWWDFKHG�WR�WKH�LQVLGH�RI�WKH�GRRU�
,W�LV�RI�WKH�IRUP���������111�ZKHUH�����LV�WKH�PRGHO�QXPEHU�RI�WKH�FRQWURO�XQLW�DQG�111�LV�WKH
VHULDO�QXPEHU�

$�ODEHO�LGHQWLI\LQJ�WKH�DQDO\VHU�DV�D�ZKROH�LV�DOVR�IL[HG�WR�WKH�FRQWURO�XQLW���7KLV�ODEHO�KDV�WKH
IROORZLQJ�LQIRUPDWLRQ�

,GHQWLILFDWLRQ�QXPEHU H�J��������
6RIWZDUH H�J�����������
'DWH�WHVWHG
3LFWXUH�FRGH

:KHQ�RUGHULQJ�VSDUH�SDUWV�LW�ZLOO�DVVLVW�LI�WKH�LGHQWLILFDWLRQ�QXPEHU�DQG�WKH�VHULDO�QXPEHU�RI�WKH
UHOHYDQW�XQLW�DUH�TXRWHG�

��� 237,216

2SWLRQV�DYDLODEOH�LQFOXGH�LVRODWHG�DQDORJXH�RXWSXW�DQG�DODUPV��D�GDWD�OLQN��IDFLOLWLHV�IRU�FDOFXODWLQJ
DQG�GLVSOD\LQJ�IOXH�JDV�WHPSHUDWXUH�DQG�FRPEXVWLRQ�HIILFLHQF\��XVLQJ�DQ�H[WHUQDO�WKHUPRFRXSOH��

7KH�DQDO\VHU�UHTXLUHV�D�VXSSO\�RI�FRPSUHVVHG�DLU�WR�DVSLUDWH�WKH�VDPSOH���$�UDQJH�RI�DLU�UHJXODWRU
VHWV�DUH�DYDLODEOH�
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����� 2[\JHQ�DQG�&RPEXVWLEOHV�$QDO\VHU�ZLWK�$X[LOLDU\�$LU�DQG�&DOLEUDWLRQ � � � � � � � � � � ���

��� 02817,1*�)/$1*( � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���

��� 352%(�78%(6 � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���

��� 2873876�$1'�$/$506 � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���

����� 6WDQGDUG�2XWSXWV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���
����� ,VRODWHG�2[\JHQ�DQG�&RPEXVWLEOHV�2XWSXW�&DUG � � � � � � � � � � � � � � � � � � � � � � � � � � � ���
����� ,VRODWHG�2[\JHQ�2XWSXW�DQG�$ODUP�&DUG � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���
����� 'DWD�/LQN � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ����
����� 7HPSHUDWXUH�DQG�(IILFLHQF\�&DUG � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ����

/,67�2)�,//8675$7,216

),*85( 3$*(

��� $QDO\VHU�%ORFN�6FKHPDWLF � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���
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���� ,1752'8&7,21

7KH�DQDO\VHU�FRPSULVHV�WZR�VHSDUDWH�XQLWV��WKH�VHQVRU�KHDG�DQG�WKH�FRQWURO�XQLW��ZKLFK�PD\�EH
PRXQWHG�XS�WR����P�DSDUW��5HIHU�WR�$SSHQGL[���

7KH�VHQVRU�KHDG�PRXQWV�GLUHFWO\�RQWR�WKH�IOXH�ZLWK�D�SUREH�WXEH�ZKLFK�SURMHFWV�WKURXJK�WKH�GXFW
ZDOO�LQWR�WKH�SURFHVV�JDV�WR�GUDZ�RXW�D�VDPSOH�IRU�DQDO\VLV���,W�FRQWDLQV�D�]LUFRQLD�FHOO�WR�PHDVXUH
WKH�R[\JHQ�FRQWHQW�RI�WKH�IOXH�JDVHV�DQG�D�IORZ�VHQVRU�WR�PRQLWRU�WKH�IORZ�RI�WKH�VDPSOH�JDV���$Q
RSWLRQDO�FRPEXVWLEOHV�VHQVRU�PD\�DOVR�EH�ILWWHG���7KH�SRZHU�IRU�WKH�VHQVRU�KHDG�LV�GHULYHG�IURP
WKH�FRQWURO�XQLW�

7KH�FRQWURO�XQLW��ZKLFK�LV�UHPRWH�IURP�WKH�VHQVRU�KHDG��SURYLGHV�SRZHU�VXSSOLHV�WR�WKH�VHQVRUV
DQG�KHDWHUV���,W�DOVR�SURFHVVHV�WKH�RXWSXW�VLJQDOV�IURP�WKH�PHDVXULQJ�FHOOV�WR�SURYLGH�WKH�RXWSXW
LQGLFDWLRQV��DQG�KRXVHV�WKH�RSWLRQ�FDUGV�WR�SURYLGH�DGGLWLRQDO�IHDWXUHV�

��� &21752/�81,7�'(6&5,37,21

7KH�FRQWURO�XQLW�KRXVHV�WKH�SRZHU�VXSSOLHV��PLFURSURFHVVRU��PHPEUDQH�NH\SDG��GLVSOD\��RSWLRQ
FDUGV��RXWSXW�FLUFXLWV�IRU�WKH�V\VWHP�DQG�WKH�FRPEXVWLEOHV�HOHFWURQLFV��ZKHQ�VSHFLILHG��7KH�XQLW
LV�GHVLJQHG�IRU�VXUIDFH�PRXQWLQJ��,W�KDV�W\SH�©1ª�DSSURYDO�WR�FRGH�([�1�II�7��

7KH�EDVLF�FRQWURO�XQLW�FRQWDLQV�WZR�FLUFXLW�ERDUGV���7KH�ILUVW�LV�PRXQWHG�RQ�WKH�GRRU�DQG�FDUULHV
WKH�PHPEUDQH�NH\SDG�DQG�WKH�GLVSOD\�ZLWK�DVVRFLDWHG�HOHFWURQLFV�

7KH� VHFRQG� ERDUG� LV� WKH�PDLQ�PRWKHUERDUG� DQG� LV�PRXQWHG� RQ� D� FKDVVLV� LQ� WKH� UHDU� RI� WKH
HQFORVXUH�� � ,W�FDUULHV� WKH�DQDORJXH� LQSXW�DQG�RXWSXW�FLUFXLWV�DQG��DW� WKH�ULJKW�KDQG�� WKH�SRZHU
VXSSO\�IRU�WKH�HOHFWURQLFV�DQG�WKH�ORZ�YROWDJH�DF�SRZHU�IRU�WKH�]LUFRQLD�FHOO�KHDWHU�

7KH�VXSSO\�YROWDJH�LV�PRQLWRUHG�E\�WKH�PLFURSURFHVVRU���,I�WKH�YROWDJH�IDOOV�WR�D�OHYHO�DW�ZKLFK�WKH
HOHFWURQLFV�FDQQRW�RSHUDWH��WKH�LQVWUXPHQW�SXWV�LWVHOI�LQ�D�VDIH�FRQGLWLRQ�DQG�WKHQ�FHDVHV�QRUPDO
RSHUDWLRQ�� �:KHQ�SRVVLEOH�� LQ� WKLV�FRQGLWLRQ�D� 
32:(5�)$,/
�PHVVDJH� LV�GLVSOD\HG�� �1RUPDO
RSHUDWLRQ�LV�DXWRPDWLFDOO\�UHVXPHG�ZKHQ�VXIILFLHQW�YROWDJH�LV�UHVWRUHG�

����� .H\SDG

7KH� NH\SDG� LV� XVHG� WR� FRQWURO� WKH�GLVSOD\� DQG�RSHUDWLQJ�SDUDPHWHUV� RI� WKH� V\VWHP�� �&HUWDLQ
IXQFWLRQV��ZKLFK�DIIHFW�WKH�RXWSXW�DQG�FRQWURO�VLJQDOV�IURP�WKH�XQLW��DUH�DFFHVVLEOH�RQO\�E\�HQWHULQJ
D�SDVVZRUG�

����� 'LVSOD\

7KH�XQLW�KDV�D����FKDUDFWHU�DOSKDQXPHULF�GLVSOD\�� �1RUPDOO\� WKLV�GLVSOD\V� WKH�R[\JHQ�DQG�RU
FRPEXVWLEOH�FRQWHQW�RI�WKH�VDPSOH��EXW��ZKHQ�WKH�LQVWUXPHQW�LV�EHLQJ�FDOLEUDWHG�RU�WKH�RSHUDWLQJ
SDUDPHWHUV�DUH�EHLQJ�DGMXVWHG��LW�GLVSOD\V�SURPSW�PHVVDJHV�WR�HQVXUH�WKDW�WKH�FRUUHFW�VHTXHQFH
RI�RSHUDWLRQV�LV�FDUULHG�RXW���,W�ZLOO�GLVSOD\�PHVVDJHV�ZKLFK�SHUPLW�GLDJQRVLV�RI�IDXOWV�DQG



���

�LQWHUURJDWLRQ�RI�DODUPV�ZKLFK�PD\�DULVH�ZLWKLQ�WKH�DQDO\VHU���,I�WKH�WHPSHUDWXUH�DQG�HIILFLHQF\
RSWLRQ�LV�ILWWHG��IOXH�JDV�WHPSHUDWXUH�DQG�FRPEXVWLRQ�HIILFLHQF\�FDQ�EH�GLVSOD\HG�

����� &RQWURO�8QLW�)XQFWLRQV

7KH�PDLQ�ERDUG�RI�WKH�FRQWURO�XQLW�LQSXWV�WKH�DQDORJXH�VLJQDOV�IURP�WKH�VHQVRUV�YLD�D����ELW�$�WR
'�FRQYHUWHU�� �7KH�PLFURSURFHVVRU�SURFHVVHV� WKH�VLJQDOV��SURYLGHV� WHPSHUDWXUH�FRQWURO�RI� WKH
]LUFRQLD�FHOO�DQG�WKH�VDPSOH�EORFN�DQG�JHQHUDWHV�RXWSXWV�WR�WKH�GLVSOD\��DODUPV�DQG�DQDORJXH
RXWSXWV�

'DWD�LV�VWRUHG�LQ�D�SHUPDQHQW�PHPRU\��((3520��ZKLFK�GRHV�QRW�UHTXLUH�EDWWHU\�EDFN�XS�

7KH� SURJUDPPH� UXQ� E\� WKH�PLFURSURFHVVRU� LV�PRQLWRUHG� E\� D�:DWFKGRJ�� � ,Q� WKH� HYHQW� RI� D
PDOIXQFWLRQ�D�PLFURSURFHVVRU�UHVHW�LV�DXWRPDWLFDOO\�SHUIRUPHG�E\�WKH�:DWFKGRJ�

,I�HLWKHU�WKH�]LUFRQLD�FHOO�RU�VDPSOH�EORFN�WHPSHUDWXUH�JRHV�RXW�RI�OLPLWV�IRU�PRUH�WKDQ����PLQXWHV
WKH�FRQWURO�XQLW�VKXWV�GRZQ�DQG�JHQHUDWHV�D�
6<6��)$,/
�PHVVDJH�WR�SURWHFW�WKH�DQDO\VHU�DQG
LQGLFDWH�D�IDXOW�

)LJXUH������$QDO\VHU�%ORFN�6FKHPDWLF



���

$Q� LQWHUIDFH�DGDSWRU� FDUG�� WR�ZKLFK�RSWLRQ� FDUGV�PD\�EH�SOXJJHG�� LV� ILWWHG�ZKHQ�RSWLRQV�DUH
VSHFLILHG���8S�WR���FDUGV�PD\�EH�ILWWHG�WR�WKH�LQWHUIDFH�DGDSWRU�FDUG��6HH�)LJXUH�����

:KHQ�WKH�RSWLRQDO�FRPEXVWLEOHV�VHQVRU�LV�ILWWHG��LWV�WHPSHUDWXUH�LV�FRQWUROOHG�LQGHSHQGHQWO\�E\�WKH
FRPEXVWLEOHV�FDUG�ZKLFK�RFFXSLHV�WZR�SRVLWLRQV�RQ�WKH�LQWHUIDFH�DGDSWRU�FDUG�

��� 6(1625�+($'�'(6&5,37,21

7KH�VHQVRU�KHDG�LV�GHVLJQHG�IRU�LQGXVWULDO�XVH�LQ�SURFHVV�SODQWV�ZKHUH�IODPHSURRI�HTXLSPHQW�LV
VSHFLILHG��VXFK�DV�LQ�WKH�RLO�DQG�SHWURFKHPLFDO�LQGXVWULHV��,W�KDV�%$6(()$�&(1(/(&�(H[�GH�,,%
7�� FHUWLILFDWLRQ� �VHH�$SSHQGL[� �� IRU� FRQGLWLRQV� RI� XVH��� ,W� LV� GHVLJQHG� WR� ,3��� �1(0$��;�� WR
ZLWKVWDQG�GXVW�FRQFHQWUDWLRQ�DQG�VSUD\�ZDWHU��

3DUWV�FRQWDLQLQJ�VDPSOH�JDV�ZLWKLQ�WKH�VHQVRU�KHDG�DUH�PDLQWDLQHG�DW���� &����� )��WR�DYRLGR � R

VDPSOH�FRQGHQVDWLRQ�

7KH�R[\JHQ�DQG�RSWLRQDO�FRPEXVWLEOH�VHQVRUV�DUH�PRXQWHG�H[WHUQDO�WR�WKH�IOXH���6DPSOH�JDV�LV
GUDZQ�WKURXJK�WKH�VHQVRUV�E\�PHDQV�RI�DQ�DLU�GULYHQ�DVSLUDWRU�

7KH�R[\JHQ�FRQWHQW�RI�WKH�VDPSOH�LV�PHDVXUHG�ZLWK�WKH�ZHOO�SURYHQ�6HUYRPH[�]LUFRQLD�FHOO�

7KH�RSWLRQDO�FRPEXVWLEOHV�VHQVRU�LV�D�&RQVWDQW�7HPSHUDWXUH�&DWDO\WLF��&7&��VHQVRU�DQG�LV�XVHG
WR� GHWHUPLQH� WKH� OHYHO� RI� FRPEXVWLEOH� JDVHV� �H[SUHVVHG� DV� FDUERQ�PRQR[LGH�� LQ� WKH� VDPSOH
VWUHDP�

7KH�R[\JHQ�DQG�FRPEXVWLEOHV�VHQVRUV�DUH�LQGHSHQGHQWO\�WHPSHUDWXUH�FRQWUROOHG���7KH�RSHUDWLQJ
SULQFLSOHV�RI�WKH�VHQVRUV�DUH�GHVFULEHG�LQ�6HFWLRQ���

,Q�RUGHU� WR�SURYLGH�D� UHDGLQJ�RI� FRPEXVWLEOH�JDVHV� LQ� WKH�VDPSOH�XQGHU� UHGXFLQJ�FRQGLWLRQV�
6HUYRPH[�KDV�DGRSWHG�D�SDUDOOHO�DUUDQJHPHQW�RI�WKH�VHQVRUV���,Q�WKLV�DUUDQJHPHQW�DQ�RSWLRQDO
VXSSOHPHQWDU\�DLU�EOHHG�WR�WKH�FRPEXVWLEOHV�VHQVRU�FDQ�EH�SURYLGHG�WR�HQVXUH�FRPSOHWH�R[LGDWLRQ
RI�WKH�FRPEXVWLEOH�JDVHV�ZKHQ�WKH�R[\JHQ�FRQWHQW�RI�WKH�VDPSOH�JDV�LV�ORZ�

([KDXVW�JDVHV�DUH�UHWXUQHG�WR�WKH�SURFHVV�

5HIHUULQJ�WR�)LJXUH������WKH�IROORZLQJ�GHVFULSWLRQ�DVVXPHV�WKDW�WKH�FRPEXVWLEOHV�RSWLRQ�LV�ILWWHG�

7KH�DVSLUDWRU�������RSHUDWHG�E\�FRPSUHVVHG�DLU��GUDZV�VDPSOH�JDV�IURP�WKH�IOXH�DW�D�IORZ�RI�DERXW
���PO�PLQ�WKURXJK�WKH�ILOWHU�������7KH�IORZ�LV�GLYLGHG�LQ�WKH�UDWLR�����E\�WKH�UHVWULFWRUV�������7KHVH
UHVWULFWRUV�DQG�WKH�RQH�GRZQ�VWUHDP�RI�WKH�R[\JHQ�PHDVXULQJ�FHOO�����DOVR�DFW�DV�IODPH�WUDSV�WR
LVRODWH�WKH�KRW�FHOO�IURP�WKH�SURFHVV���7KLV�SUHYHQWV�WKH�SRVVLELOLW\�RI�DQ�H[SORVLRQ�VKRXOG�D�KLJK
FRQFHQWUDWLRQ�RI�IODPPDEOH�JDVHV�EH�SUHVHQW�LQ�WKH�VDPSOH�DW�KLJK�R[\JHQ�OHYHOV�



���

)LJXUH������6HQVRU�+HDG�)ORZ�6FKHPDWLF�

$�VPDOO�SRUWLRQ�RI�WKH�DVSLUDWRU�DLU�VXSSO\�LV�WDSSHG�YLD�WKH�FDSLOODU\�UHVWULFWRU�IODPH�WUDS������WR
SURYLGH�D�UHIHUHQFH�R[\JHQ�OHYHO�LQ�WKH�UHIHUHQFH�VLGH�RI�WKH�R[\JHQ�PHDVXULQJ�FHOO�����

7KH�WRWDO�VDPSOH�JDV�IORZ�LV�PRQLWRUHG�E\�WKH�IORZ�VHQVRU�����ZKLFK�LQLWLDWHV�DQ�DODUP�LI�WKH�VDPSOH
IORZ�GURSV�EHORZ�D�SUHVHW�OHYHO�

6HQVRU� ���� LV� ILWWHG� WR� PHDVXUH� WKH� FRPEXVWLEOHV� FRQWHQW� RI� WKH� VDPSOH�� � 6KRXOG� WKHUH� EH
LQVXIILFLHQW�DLU�LQ�WKH�VDPSOH�WR�HQVXUH�FRPSOHWH�FRPEXVWLRQ�RI�WKH�JDVHV�DQ�DX[LOLDU\�DLU�VXSSO\
FDQ�EH�ILWWHG���7KH�DX[LOLDU\�DLU�IORZ�UDWH��ZKLFK�KDV�WR�EH�VWULFWO\�FRQWUROOHG��LV�PL[HG�WKRURXJKO\
ZLWK�WKH�VDPSOH�JDV�EHIRUH�EHLQJ�SUHVHQWHG�WR�WKH�FRPEXVWLEOHV�VHQVRU�LQ�RUGHU�WR�REWDLQ�D�WUXH
UHDGLQJ�

,I�FRPEXVWLEOHV�DQDO\VLV�LV�QRW�UHTXLUHG��WKH�VHQVRU�LV�UHSODFHG�E\�D�E\SDVV�WXEH�WR�PDLQWDLQ�WKH
VDPH�VDPSOH�IORZ�UDWH�

7KH�VDPSOH�EORFN�����LV�KHDWHG�E\�WKH�FDUWULGJH�KHDWHU�������7KH�EORFN�WHPSHUDWXUH�LV�PRQLWRUHG
E\�WKH�WHPSHUDWXUH�VHQVRU�����

7KH�VHQVRU�KHDG�LV�PRXQWHG�RQWR�WKH�IOXH�E\�WKH�IODQJH������

7KH�LQVXODWHG�FRYHU�����UHGXFHV�WKH�KHDW�ORVV�IURP�WKH�VHQVRU�KHDG��7KH�ZKROH�LV�FRQWDLQHG�LQ�D
FHUWLILHG�IODPH�SURRI�HQFORVXUH�

&DOLEUDWLRQ�JDVHV�DUH�LQWURGXFHG�YLD�WKH�FDOLEUDWLRQ�JDV�SRUW�DW�D�SUHVVXUH�DERYH�WKDW�LQ�WKH�IOXH�



���

7KH�WHUPLQDO�EORFN�RQ�WKH�VHQVRU�KHDG�FRQWDLQV�YROWDJH�VHOHFWRU�OLQNV�WR�DGDSW�WKH�XQLW�WR�WKH�ORFDO
VXSSO\�YROWDJH�

��� $,5�5(*8/$725�81,76

7KUHH�W\SHV�RI�DLU�UHJXODWRU�XQLW�DUH�DYDLODEOH�ZKLFK�DUH�GHVLJQHG�IRU�GLIIHUHQW�DSSOLFDWLRQV���,Q�DOO
FDVHV�LQOHW�DLU�SUHVVXUH�VKRXOG�EH�LQ�WKH�UDQJH���������EDUJ�����������SVLJ��

����� 2[\JHQ�2QO\�$QDO\VHUV�

7KLV�LV�D�VLPSOH�DLU�SUHVVXUH�UHJXODWRU�ZKLFK�FRQWUROV�WKH�DLU�SUHVVXUH�DSSOLHG�WR�WKH�DVSLUDWRU�LQ
WKH�VHQVRU�KHDG�WR�ZLWKLQ�����PEDUJ����SVLJ���

����� 2[\JHQ�DQG�&RPEXVWLEOHV�$QDO\VHUV�

:KHQ�WKH�FRPEXVWLEOHV�FRQWHQW�RI�D�VDPSOH�LV�EHLQJ�PHDVXUHG��WKH�RXWSXW�RI�WKH�FRPEXVWLEOHV
VHQVRU�LV�SURSRUWLRQDO�WR�WKH�TXDQWLW\�RI�FRPEXVWLEOH�JDV�IORZLQJ�WKURXJK�WKH�VHQVRU���7KLV�GHSHQGV
RQ�WZR�IDFWRUV�

D� 7KH�DEVROXWH�FRQFHQWUDWLRQ�RI�FRPEXVWLEOH�FRPSRQHQWV�LQ�WKH�VDPSOH�

E� 7KH�IORZ�UDWH�RI�WKH�VDPSOH�

7KHUHIRUH��WR�REWDLQ�D�VWDEOH�PHDVXUHPHQW��LW�LV�QHFHVVDU\�WR�FRQWURO�WKH�IORZ�UDWH�RI�WKH�VDPSOH
DFFXUDWHO\���7KLV�LV�DFKLHYHG�E\�FRQWUROOLQJ�WKH�DVSLUDWRU�VXSSO\�SUHVVXUH�FORVHO\�XVLQJ�D�SUHFLVLRQ
UHJXODWRU�ZKLFK�PDLQWDLQV�WKLV�SUHVVXUH�WR�ZLWKLQ���PEDUJ������SVLJ�

����� 2[\JHQ�DQG�&RPEXVWLEOHV�$QDO\VHU�ZLWK�$X[LOLDU\�$LU�DQG�&DOLEUDWLRQ�8QLW�

,Q�WKRVH�FDVHV�ZKHUH�WKH�FRQFHQWUDWLRQ�RI�FRPEXVWLEOH�JDVHV�PHDQV�WKDW�WKHUH�LV�DQ�LQVXIILFLHQW
TXDQWLW\� RI� R[\JHQ� DYDLODEOH� LQ� WKH� VDPSOH� VWUHDP� WR� SHUIRUP� WKH� FRPEXVWLEOHV� DQDO\VLV�� DQ
DX[LOLDU\�DLU�VXSSO\�LV�QHFHVVDU\�WR�REWDLQ�D�WUXH�PHDVXUHPHQW���7KLV�HQDEOHV�PHDVXUHPHQW�RI�XS
WR����FDUERQ�PRQR[LGH�LQ�WKH�DEVHQFH�RI�R[\JHQ�LQ�WKH�SURFHVV�

$V�WKH�RXWSXW�RI�WKH�FRPEXVWLEOHV�GHWHFWRU�GHSHQGV�XSRQ�UDWH�RI�DLU�IORZ�WKLV�XQLW�UHJXODWHV�WKH�DLU
IORZ�WR�WLJKW�WROHUDQFHV���,W�DOVR�LQFOXGHV�IDFLOLWLHV�IRU�LQWURGXFLQJ�FDOLEUDWLRQ�JDVHV�



���

)LJXUH������)ORZ�6FKHPDWLF���$LU�6XSSO\�DQG�&DOLEUDWLRQ�8QLW

��� 02817,1*�)/$1*(

$� PRXQWLQJ� SODWH� LV� SURYLGHG� IRU� IL[WXUH�� ,W� LV� WKH� XVHUV� UHVSRQVLELOLW\� WR� HQVXUH� DGHTXDWH
PHFKDQLFDO�VWUHQJWK�IRU�PRXQWLQJ��UHIHU�WR�ZHLJKW�GHWDLOV�LQ�WKH�VSHFLILFDWLRQV�VHFWLRQ��

7KH�IOXH�KDV�WR�EH�ILWWHG�ZLWK�D�SODWH�IRU�DWWDFKPHQW�RI�WKH�VHQVRU�KHDG�

7KH�PRXQWLQJ�SODWH�PD\�HLWKHU�EH�ZHOGHG�RU�EROWHG�WR�WKH�IOXH�GXFWLQJ�WR�HQDEOH�WKH�VHQVRU�KHDG
WR�EH�ILWWHG�

7KH�ZHOG�RQ�PHWKRG�LV�SUHIHUUHG�DQG�ZLOO�DFFRPRGDWH�PRVW�DSSOLFDWLRQV��:KHQ�LW�LV�LPSUDFWLFDEOH
WR�ZHOG��WKH�EROW�RQ�WHFKQLTXH�VKRXOG�EH�XVHG��



���

��� 352%(�78%(6

$�ZLGH�UDQJH�RI�SUREH�WXEHV��ZLWK�RU�ZLWKRXW�ILOWHUV��LV�DYDLODEOH���6HUYRPH[�FDQ�DGYLVH�RQ�WKH
FKRLFH�RI�SUREH�IRU�D�VSHFLILF�DSSOLFDWLRQ���6WDQGDUG�SUREHV�LQFOXGH�

D� 8QVXSSRUWHG� ILOWHU�SUREHV�XS� WR���PHWUH� ORQJ� IRU�D�PD[LPXP�IOXH�JDV� WHPSHUDWXUH�RI
��� &����� )��R � R

E� 6XSSRUWHG�ILOWHU�SUREHV�XS�WR���PHWUHV�ORQJ�IRU�D�PD[LPXP�IOXH�JDV�WHPSHUDWXUH�RI���� &R

���� )��R

F� +LJK�WHPSHUDWXUH�DOOR\�SUREHV�XS�WR��P�OHQJWK�IRU�D�PD[LPXP�IOXH�JDV�WHPSHUDWXUH�RI
���� &������ )����/RQJHU�SUREHV�FDQ�EH�XVHG�DW�WHPSHUDWXUHV�EHORZ����� &������P�ORQJR � R �� � � � � � � � � R

XS�WR���� &���P�ORQJ�XS�WR���� &���([WHUQDO�ILOWHUV�FDQ�EH�ILWWHG�WR�WKHVH�SUREHV�WR�VXLWR � � � � � R

GXVW\�DSSOLFDWLRQV��

G� &HUDPLF�SUREHV�XS�WR�����PHWUHV� ORQJ�IRU�PD[LPXP�IOXH�JDV�WHPSHUDWXUHV�RI����� &R

����� )��R

H� &HUDPLF�SUREHV�XS� WR�����PHWUHV� ORQJ� IRU�PD[LPXP� IOXH�JDV� WHPSHUDWXUH�RI����� &R

����� )��R

��� 2873876�$1'�$/$506��6HH�6HFWLRQ���IRU�VSHFLILFDWLRQV�

7KH�VWDQGDUG�DQDO\VHU�KDV�QRQ�LVRODWHG�DQDORJXH�RXWSXW�DYDLODEOH�IURP�WKH�PDLQ�ERDUG���2SWLRQ
ERDUGV� FDQ� EH� ILWWHG� WR� JLYH� LVRODWHG� RXWSXWV� DQG� DODUPV� IRU� JDV� FRQFHQWUDWLRQ� DQG� DQDO\VHU
VWDWXV�IDXOW�

����� 6WDQGDUG�2XWSXWV�

7KH�VWDQGDUG�RXWSXWV�IRU�R[\JHQ��DQG�FRPEXVWLEOHV�LI�ILWWHG��DUH�QRQ�LVRODWHG�DQG�FDQ�EH�VHOHFWHG
YLD�WKH�NH\SDG�DV������P$�RU�����P$�DQG�����9�RU�����9�IRU�R[\JHQ�UDQJHV�RI������������DQG
����DQG�FRPEXVWLEOHV�UDQJHV�RI��������������DQG���

����� ,VRODWHG�2[\JHQ�DQG�&RPEXVWLEOHV�2XWSXW�&DUG���������

7KLV�RSWLRQ�FDUG�SURYLGHV�LVRODWHG�FXUUHQW�RXWSXWV�IRU�WKH�R[\JHQ�DQG�FRPEXVWLEOH�VLJQDOV��7KHVH
RXWSXWV�FDQ�EH�VHOHFWHG�YLD�WKH�NH\SDG�DV������P$�RU������P$���6HH�6HFWLRQ���

����� ,VRODWHG�2[\JHQ�2XWSXW�DQG�$ODUP�&DUG���������

7KLV�RSWLRQ�FDUG�SURYLGHV�DQ�LVRODWHG�FXUUHQW�DQG�YROWDJH�RXWSXW�IRU�R[\JHQ�OHYHO�DQG�D�YROW�IUHH�
QRUPDOO\�FORVHG�FRQWDFW��WR�RSHQ�RQ�DODUP��IRU�R[\JHQ�OHYHO�RU�DQDO\VHU�IDXOW���7KH�RXWSXW�FDQ�EH
VHOHFWHG�YLD�WKH�NH\SDG�DV�����P$�RU������P$�DQG�����9�RU�����9���6HH�6HFWLRQ���



����

7KH�DQDO\VHU�IDXOW�DODUP�ZLOO�ZDUQ�RI�WKH�IROORZLQJ�

/RZ�VDPSOH�IORZ
6HQVRU�KHDG�XQGHU�RU�RYHU�WHPSHUDWXUH
2[\JHQ�FHOO�XQGHU�RU�RYHU�WHPSHUDWXUH
2[\JHQ�FHOO�RXWSXW�RXW�RI�OLPLWV

,Q�DGGLWLRQ�WR�WKH�YROW�IUHH�FRQWDFW�DODUP�WKHUH�DUH�WKUHH�QRQ�LVRODWHG�DODUPV�IRU�

2[\JHQ�KLJK
2[\JHQ�ORZ
$QDO\VHU�IDXOW��DODUPV�DV�DERYH�

����� 'DWD�/LQN���������

7KH� GDWD� OLQN� FDUG� RSWLRQ� HQDEOHV� IXOO� GXSOH[� FRPPXQLFDWLRQ� EHWZHHQ� WKH� FRQWURO� XQLW� DQG� D
FRPSXWHU�RU�GXPE�WHUPLQDO�YLD�LVRODWHG�56�����56����RU���P$�FXUUHQW�ORRS���7KH�%DXG�UDWH�LV
XVHU�VHOHFWDEOH�EHWZHHQ�����DQG������%DXG�GHSHQGHQW�RQ�WKH�LQWHUIDFH�DQG�FDEOH�GLVWDQFH���'DWD
GLVSOD\�PRGHV�DUH�VHOHFWDEOH���6HFWLRQ���JLYHV�IXOO�GHWDLOV�RI�GDWD�SURWRFRO�

����� 7HPSHUDWXUH�DQG�(IILFLHQF\�&DUG����������

7KLV� RSWLRQ� FDUG� SURYLGHV� QRQ�LVRODWHG� RXWSXWV� IRU� ERWK� FRPEXVWLRQ� HIILFLHQF\� DQG� IOXH� JDV
WHPSHUDWXUH��UHTXLUHV�WKH�LQVWDOODWLRQ�RI�WKHUPRFRXSOH�LQ�WKH�IOXH���RU�ZKHQ�UHTXHVWHG�IURP�WKH
NH\ERDUG��D�GLVSOD\�RI�WKH�DLU�LQOHW�WHPSHUDWXUH��UHTXLUHV�D�VHFRQG�WKHUPRFRXSOH�WR�PRQLWRU�WKH
DLU�LQOHW�WHPSHUDWXUH����1R�HOHFWULFDO�RXWSXW�LV�DYDLODEOH�IRU�DLU�LQOHW�WHPSHUDWXUH���:KHUH�QR�LQOHW
WHPSHUDWXUH�WKHUPRFRXSOH�LV�ILWWHG�DQ�DVVXPHG�YDOXH�RI�DPELHQW�WHPSHUDWXUH�PD\�EH�HQWHUHG
PDQXDOO\���7KLV�LV�QHFHVVDU\�IRU�WKH�DQDO\VHU�WR�SHUIRUP�WKH�HIILFLHQF\�FDOFXODWLRQ�

7KH�RXWSXWV��FDQ��EH�VHOHFWHG�YLD�WKH�NH\SDG�DV�����P$�RU������P$�DQG�����9�RU�����9�

&DOFXODWLRQ�RI�WKH�HIILFLHQF\�LV�DFFRUGLQJ�WR�WKH�6LHJHUW�HTXDWLRQ��%6������������6HH�6HFWLRQ���

$OVR�SURYLGHG�LV�D�QRQ�LVRODWHG�RXWSXW�IRU�IOXH�JDV�WHPSHUDWXUH�KLJK�DODUP�



���

6(&7,21������,167$//$7,21
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VDIHW\� IHDWXUHV� RI� WKH� DQDO\VHU� DUH� QRW� LPSDLUHG� GXULQJ� LQVWDOODWLRQ�� � 7KH� SUHFDXWLRQV� GR� QRW
JXDUDQWHH�D�VDIH�LQVWDOODWLRQ�LI�RWKHU�UHOHYDQW�VDIHW\�FRGHV�DUH�LJQRUHG�

:$51,1*

7KH�LQVWDOOHU�PXVW�VDWLVI\�KLPVHOI�WKDW�WKH�LQVWDOODWLRQ�RI�WKH�DQDO\VHU�DQG�V\VWHP
PHHWV�WKH�VDIHW\�UHTXLUHPHQWV�RI�WKH�UHOHYDQW�ORFDO�DXWKRULWLHV�DQG�WKDW�WKH
LQVWDOODWLRQ�LV�VDIH���5HIHU�WR�WKH�JHQHUDO�VDIHW\�LQIRUPDWLRQ�DW�WKH�IURQW�RI�WKLV
PDQXDO�DQG�DOVR�FRGHV�RI�SUDFWLFH�IRU�KD]DUGRXV�DUHV�

&$87,21

7KH�DQDO\VHU�LV�QRW�ILWWHG�ZLWK�D�VZLWFK�RU�RWKHU�PHDQV�RI�GLVFRQQHFWLQJ�WKH
HOHFWULFDO�VXSSO\�

7KH�VHQVRU�KHDG�PXVW�QRW�EH�OHIW�XQSRZHUHG�ZKHQ�H[SRVHG�WR�IOXH�JDV�

����� $VVHPEO\�RI����([�6\VWHP

:KHQ�XQSDFNLQJ�WKH�DQDO\VHU��UHPRYH�DQ\�SDFNLQJ�PDWHULDO�IURP�WKH�LQVLGH�RI�WKH�FRQWURO�XQLW��DQG
FKHFN�WKDW�WKH�SULQWHG�FLUFXLW�ERDUGV�DUH�VHFXUHO\�IL[HG�

7KH�WZR�XQLWV�ZKLFK�FRPSULVH�WKH�DQDO\VHU�DUH�PRXQWHG�VHSDUDWHO\���7KH�VHQVRU�KHDG�DQG�SUREH
WXEH�DUH�PRXQWHG�GLUHFWO\�WR�WKH�IOXH�DQG�GHWDLOHG�SURFHGXUHV�DUH�JLYHQ�ODWHU�LQ�WKLV�6HFWLRQ���7KH
FRQWURO�XQLW�PD\�EH�PRXQWHG�DW�D�FRQYHQLHQW�ORFDWLRQ�XS�WR����P�DZD\��6HH�$SSHQGL[���



���

:KHQHYHU�SRVVLEOH��WKH�V\VWHP�VKRXOG�EH�DVVHPEOHG�DQG�HOHFWULFDO�ZRUN�FRPSOHWHG�EHIRUH�WKH
VHQVRU�KHDG�LV�PRXQWHG�RQ�WKH�IOXH���,W�LV�UHFRPPHQGHG�WKDD�VXIILFLHQW�ORRS�RI�VSDUH�FDEOH�EH
SURYLGHG�DGMDFHQW�WR�WKH�VHQVRU�KHDG���7KLV�ZLOO�DOORZ�IRU�WKH�VHQVRU�KHDG�WR�EH�UHPRYHG�IURP�WKH
IOXH�IRU�VHUYLFLQJ�ZLWKRXW�WKH�QHHG�WR�GLVFRQQHFW�WKH�SRZHU�DQG�VLJQDO�FDEOHV�

(OHFWULFDO�FRPPLVVLRQLQJ�DQG�WHVWLQJ�FDQ�EH�FRPSOHWHG�EHIRUH�WKH�VHQVRU�KHDG�LV�PRXQWHG�RQ�WKH
IOXH���)RU�VDIHW\�DQG�FRUUHFW�RSHUDWLRQ��WKH�VHQVRU�KHDG�PXVW�EH�HIIHFWLYHO\�HDUWKHG��JURXQGHG��

7ZR�FDEOHV�DUH�XVHG�WR�FRQQHFW�WKH�VHQVRU�KHDG�WR�WKH�FRQWURO�XQLW����7KHVH�FDEOHV�DUH�VSHFLILHG
LQ�WKH�&DEOH�6FKHGXOHV��VHH�$SSHQGL[������7KHVH�VFKHGXOHV�VKRXOG�EH�FRPSOHWHG�ZKHQ�WKH�FDEOHV
DUH�LQVWDOOHG�WR�SURYLGH�D�SHUPDQHQW�UHFRUG�RI�ERWK�FDEOHV��DQG�DV�D�FKHFN�WKDW�WKH�LQVWDOODWLRQ�LV
FRUUHFW��

:$51,1*

,W�LV�WKH�XVHUV�UHVSRQVLELOLW\�WR�HQVXUH�WKDW�DOO�FDEOHV�DQG�FDEOH�JODQGV�FRPSO\�ZLWK�ORFDO�KD]DUGRXV
DUHD�UHJXODWLRQV

&RUUHFW� LQVWDOODWLRQ� HPSOR\LQJ� JRRG� HQJLQHHULQJ� SUDFWLFH�ZLOO� HQVXUH� UHOLDEOH� VHUYLFH� DQG�ZLOO
IDFLOLWDWH�PDLQWHQDQFH���

2QFH� LQVWDOOHG�RQ�D�ZRUNLQJ�IOXH�� WKH�DQDO\VHU�VKRXOG�EH��NHSW�SRZHUHG�FRQWLQXRXVO\��$�FROG�
XQSRZHUHG�VHQVRU�KHDG�VKRXOG�QRW�EH�PRXQWHG�RQ�D�IOXH�ZKLFK�LV�EHLQJ�XVHG���7KLV�PD\�UHVXOW
LQ�FRUURVLRQ�RI�WKH�VHQVRU�KHDG�

$�EORFN�VFKHPDWLF�GLDJUDP�RI�WKH�DQDO\VHU�VKRZLQJ�WKH�YDULRXV�RSWLRQV�ZKLFK�PD\�EH�ILWWHG�LV�DW
)LJXUH�����

����� 5HFRPPHQGHG�,QVWDOODWLRQ�3URFHGXUH��IRU�EDVLF�DQDO\VHU�ZLWKRXW�RSWLRQV��

�� ,QVWDOO�FRQWURO�XQLW���5HIHU�VHFWLRQ�����

�� &XW�VHQVRU�KHDG�PRXQWLQJ�KROH�DQG� LQVWDOO� IODQJH�� �8VH�EODQNLQJ�SODWH� WR�FRYHU�KROH�
�5HIHU�WR�VHFWLRQ�����

�� /D\�FDEOHV�EHWZHHQ�FRQWURO�XQLW�DQG�VHQVRU�KHDG�ORFDWLRQ�
������� �5HIHU�WR�VHFWLRQ�����

�� ,QVWDOO�DLU�VXSSO\�DQG�FDOLEUDWLRQ�XQLWV�ORFDO�WR�VHQVRU�KHDG�
������� �5HIHU�WR�VHFWLRQ�����

�� &RQQHFW�FDEOHV�DQG�DLU�VXSSO\�WR�VHQVRU�KHDG���5HIHU�WR�VHFWLRQV�����	�����

�� &RQQHFW�H[WHUQDO�RXWSXWV�DV�UHTXLUHG���5HIHU�WR�VHFWLRQ�����

�� 3RZHU�XS�DQDO\VHU�DQG�SHUIRUP�IXQFWLRQ�FKHFN���5HIHU�WR�VHFWLRQ�������
$OORZ����KRXUV�WR�ZDUP�XS�



���

�� :LWKRXW�SRZHULQJ�GRZQ��DVVHPEOH�SUREH�WXEHV�DQG�DWWDFK�VHQVRU�KHDG�WR�WKH�PRXQWLQJ
IODQJH�DVVHPEO\���5HIHU�WR�VHFWLRQ������

�� )XOO\�FDOLEUDWH�DQDO\VHU�DQG�VHW�XS�SDUDPHWHUV�DV�UHTXLUHG����5HIHU�WR�VHFWLRQV�����	�����

��� 7KH�DQDO\VHU�LV�QRZ�IXOO\�RSHUDWLRQDO�DQG�VKRXOG�EH�OHIW�SRZHUHG�XS�FRQWLQXRXVO\�

1RWH�� :KHUH�RSWLRQV�DUH�ILWWHG��WKH�DGGLWLRQDO�LQVWDOODWLRQ��ERWK�PHFKDQLFDO�DQG�HOHFWULFDO��VKRXOG
EH�LQFRUSRUDWHG�ZLWK�WKH�DERYH�DV�FRQYHQLHQW���5HIHU�WR�6HFWLRQV���������������DQG�����

��� ,167$//$7,21�2)�&21752/�81,7�$1'�237,21�&$5'6

����� &RQWURO�8QLW�

7KH�FRQWURO�XQLW�LV�FHUWLILHG�WR�([�1�II�7��

7KH�FRQWURO�XQLW�LV�GHVLJQHG�IRU�VXUIDFH�PRXQWLQJ�RQO\��$GHTXDWH�VSDFH�VKRXOG�EH�DOORZHG�RQ�WKH
OHIW�KDQG�VLGH�WR�SHUPLW�WKH�GRRU�WR�RSHQ�IXOO\��)RU�GHWDLOV�RI�GLPHQVLRQV��VHH�)LJXUH�����

,I�WKH�FRQWURO�XQLW�ZDV�RUGHUHG�ZLWK�RSWLRQV�WKHQ�WKHVH�ZLOO�KDYH�EHHQ�ILWWHG�E\�WKH�IDFWRU\��6HFWLRQV
������WR�������FDQ�EH�LJQRUHG�

)LJXUH������&RQWURO�8QLW�'LPHQVLRQV



���

����� ,QWHUIDFH�&DUG

:$51,1*

�'LVFRQQHFW�WKH�HOHFWULFDO�VXSSO\�EHIRUH�ILWWLQJ�WKLV�RU�DQ\�RSWLRQ�FDUG�

�� 2SHQ�WKH�FRQWURO�XQLW��FDVH�DQG�SOXJ�WKH�LQWHUIDFH�DGDSWRU�FDUG������������LQWR�WKH�PDLQ
ERDUG��PDNLQJ�VXUH� WKDW� WKH�FDUG� LV�FRUUHFWO\�RULHQWDWHG��VHH�)LJXUH������WKLV�FDUG�ZLOO
DOUHDG\�EH�ILWWHG�LI�RSWLRQV�ZHUH�VSHFLILHG�RULJLQDOO\��

�� 6HFXUH�WKH�FDUG�ZLWK�WKH�VL[�0��VFUHZV�DQG�ZDVKHUV�VXSSOLHG��

����� )LWWLQJ�2SWLRQ�&DUGV

7KH�RSWLRQ�FDUGV�DUH�ILWWHG�WR�WKH�LQWHUIDFH�DGDSWRU�FDUG������������ZKLFK�LV�ORFDWHG�DW�WKH�WRS�RI
WKH�FRQWURO�XQLW�FDVH�DQG�SOXJV�LQ�WR�WKH�PXOWL�SLQ�FRQQHFWRUV�RQ�WKH�PDLQ�ERDUG��VHH�)LJXUH������

7KH�LQWHUIDFH�FDUG�KDV�WZR�GHFNV�RQ�ZKLFK�RSWLRQ�FDUGV�PD\�EH�ILWWHG���2SWLRQ�FDUGV���������
FRPEXVWLEOH�DQG����������LVRODWHG�R[\JHQ�RXWSXW�PXVW�QRW�EH�ILWWHG�DERYH�RQH�DQRWKHU���7KH
UHPRWH�NH\SDG�RSWLRQ�PXVW�EH�ILWWHG�LQ�HLWKHU�VORW���RU�VORW�����$SDUW�IURP�WKHVH�H[FHSWLRQV�DOO�RWKHU
RSWLRQV�FDQ�EH�ILWWHG�LQ�DQ\�SRVLWLRQ�

7KH�RSWLRQ�FDUGV�FDQ�EH�HLWKHU�VLQJOH�RU�GRXEOH�VL]H��L�H��WKH\�ZLOO�RFFXS\�HLWKHU�RQH�RU�WZR�RSWLRQ
SRVLWLRQV�

5HPRYH�DQG�UHWDLQ�WKH�QXWV�DQG�ZDVKHUV�IURP�WKH�PDLQ�ERDUG�LQ�WKH�SRVLWLRQ�WR�EH�RFFXSLHG�E\
WKH�RSWLRQ�FDUG���)LW�WKH�VSDFHUV��WZR�IRU�VLQJOH�VL]H�FDUGV��IRXU�IRU�GRXEOH�VL]H�FDUGV���ZKHUH�WKH
QXWV�DQG�ZDVKHUV�ZHUH�UHPRYHG�

3OXJ�WKH�RSWLRQ�FDUG�LQWR�WKH�PXOWL�ZD\�FRQQHFWRU��FRPSRQHQW�VLGH�WR�WKH�IURQW���(QVXUH�WKDW�WKH
FDUG�LV�FRUUHFWO\�SRVLWLRQHG�RQ�WKH�FRQQHFWRU��WKDW�DOO�WKH�SLQV�DUH�FRQQHFWHG�DQG�WKDW�WKH�WKUHDGHG
SDUW�RI� WKH�VSDFHUV�SURWUXGHV� IXOO\� WKURXJK� WKH�FDUG�� �6HFXUH� WKH�FDUG�ZLWK�QXWV�DQG�ZDVKHUV
SUHYLRXVO\�UHPRYHG�

7KH�VRIWZDUH�LQVWUXFWLRQV�IRU�D�JLYHQ�RSWLRQ�FDUG�LQVWDOOHG�LQ�D�JLYHQ�SRVLWLRQ�LV�XQLTXH�WR�WKDW
FDUG�SRVLWLRQ�FRPELQDWLRQ���7KHUHIRUH��LI�D�FDUG�LV�PRYHG�WR�DQRWKHU�SRVLWLRQ��LWV�SDUDPHWHUV�DQG
FDOLEUDWLRQ�GDWD�ZLOO�KDYH�WR�EH�UH�HQWHUHG�



���

)LJXUH������)LWWLQJ�2SWLRQ�&DUGV

��� ,167$//$7,21�2)�6(1625�+($'�$1'�352%(�78%(

����� *HQHUDO

7KH�VHQVRU�KHDG�LV�FHUWLILHG�WR�((;�GH�II%�7���3OHDVH�UHIHU�WR�WKH�FHUWLILFDWH�LQ�$SSHQGL[���IRU
VSHFLDO�FRQGLWLRQV�

7KHUH�DUH�WZR�VRFNHW�KHDG�VFUHZV�ZKLFK�ORFN�WKH�PDLQ�HQFORVXUH�FRYHU�LQ�SRVLWLRQ��5HPHPEHU
WR� ORRVHQ� WKHVH�EHIRUH�XQVFUHZLQJ� WKH�FRYHU��)LJXUH�����VKRZV� WKH�SRVLWLRQ�RI� WKHVH� ORFNLQJ
VFUHZV�

7KH�VHQVRU�KHDG�LV�GHVLJQHG�ZLWK�D�IODQJH�WR�PRXQW�WR�WKH�IOXH�SURFHVV�GXFW��,W�LV�HVVHQWLDO�WKDW
DOO�WKH�PRXQWLQJ�EROWV�DUH�WLJKWHQHG�HYHQO\�GXULQJ�LQVWDOODWLRQ�WR�SUHYHQW�WKH�VHQVRU�KHDG�WLOWLQJ�DQG
WKXV�FDXVLQJ�D�OHDN�

6HQVRU�KHDG�IODQJH�� ���&ODVV����OE�IODQJH
2XWVLGH�GLDPHWHU�������PP
��[�0������������FOHDUDQFH�KROHV�RQ�������PP�3&'
0DWHULDO��PLOG�VWHHO



����

����� 0RXQWLQJ�)ODQJH

7KHUH� DUH� WZR�PHWKRGV�RI� DWWDFKLQJ� WKH�PRXQWLQJ� IODQJH��ZHOGLQJ� LV� SUHIHUUHG�� EXW� EROWLQJ� LV
SRVVLEOH� LI�ZHOGLQJ�FDQQRW�EH�DFKLHYHG��7KH�MRLQW� LQ�HLWKHU�FDVH�PXVW�EH� OHDN�SURRI��)OXH�VNLQ
WHPSHUDWXUHV�PD\�EH�XS�WR����E&�

&$87,21

7KH�XVHU�VKRXOG�DVVXUH�KLPVHOI�WKDW�WKH�IOXH�ZDOO�LV�VWURQJ�HQRXJK�WR�VXSSRUW�WKH�ZHLJKW�RI�WKH
VHQVRU�KHDG�DQG�SUREH�WXEH�

)LJ������6HQVRU�+HDG�'LPHQVLRQV



����

1RWH�� �� ,I� WKH� IOXH� LV�EULFN� OLQHG��HQVXUH� WKDW� WKH� IXOO�GLDPHWHU�RI� WKH�SUREH�KROH� LV�PDLQWDLQHG
WKURXJK�WKH�EULFNZRUN�DQG�LV�LQ�OLQH�ZLWK�WKH�IODQJH�

�� ,I�WKH�SUREH�LV�QRW�WR�EH�ILWWHG�LPPHGLDWHO\��WKH�EODQNLQJ�SODWH�DQG�JDVNHW�SURYLGHG�VKRXOG
EH�ILWWHG�WR�WKH�PRXQWLQJ�IODQJH���'R�QRW�SOXJ�WKH�KROH�ZLWK�WKH�VHQVRU�KHDG���7KH�VHQVRU
KHDG�PXVW�QRW�EH�OHIW�XQSRZHUHG�ZKHQ�PRXQWHG�RQ�DQ�DFWLYH�IOXH�

����� 0RXQWLQJ�)ODQJH�2ULHQWDWLRQ�

3DUWLFXODU�DWWHQWLRQ�PXVW�EH�SDLG�WR�WKH�RULHQWDWLRQ�RI�WKH�PRXQWLQJ�IODQJH�ZKLFK�LV�PDQXIDFWXUHG
ZLWK�HLJKW�0���KROHV�RQ�D������PP�3&'��7KH�IODQJH�PXVW�EH�SRVLWLRQHG�DV�VKRZQ�LQ�)LJXUH����

����� :HOG�RQ�7HFKQLTXH

&XW�D�KROH������PP�GLDPHWHU�LQ�WKH�ZDOO�RI�WKH�IOXH�DQG�ZHOG�WKH�IODQJH�WR�WKH�ZDOO�RI�WKH�GXFW�
(QVXUH�WKDW�WKH�IODW��ILQLVKHG�IDFH�RI�WKH�IODQJH�LV�RXWHUPRVW�DQG�WKDW�WKH�ZHOG�LV�FRPSOHWH�DQG�JDV
WLJKW��,I�WKH�GXFW�LV�FLUFXODU��LW�LV�UHFRPPHQGHG�WKDW�D�VXLWDEOH�OHQJWK�RI�SLSH�����QRPRQDO�ERUH�
6FKHGXOH�����LV�XVHG��&XW�WKH�HQGV�VTXDUH��DQG�ZHOG�RQH�HQG�WR�WKH�IOXH�ZDOO�ZLWK�D�PD[LPXP�RI
��PP������SURWUXGLQJ�IURP�WKH�ZDOO��WKH�PLQLPXP�SURWUXVLRQ�SRVVLEOH�LV�UHFRPPHQGHG���:HOG�WKH
IODQJH�WR�WKH�IUHH�HQG�RI�WKH�SLSH��$V�EHIRUH��HQVXUH�WKDW�WKH�IODW�ILQLVKHG�IDFH�RI�WKH�IODQJH�LV
RXWHUPRVW��DQG�WKDW�ERWK�ZHOGV�DUH�FRPSOHWH�DQG�JDV�WLJKW��/DJ�WKH�SLSH��ZLWK�5RFNZRRO�RU�VLPLODU�
DIWHU�ZHOGLQJ��1RWH�WKDW�WKH�SLSH�LV�QRW�VXSSOLHG�E\�6HUYRPH[�

)LJXUH�����0RXQWLQJ�)ODQJH�2ULHQWDWLRQ



����

����� %ROW�RQ�7HFKQLTXH

&XW�D������PP�GLDPHWHU�KROH�LQ�WKH�ZDOO�RI�WKH�IOXH��'ULOO�IRXU�FOHDUDQFH�KROHV�WRZDUGV�WKH�FRUQHUV
RI�WKH�IODQJH�WR�DFFHSW�WKH�IRXU�IODQJH�VHFXULQJ�EROWV��QRW�VXSSOLHG��ZKLFK�DUH�XVHG�WR�VHFXUH�WKH
PRXQWLQJ�IODQJH�WR�WKH�IOXH�ZDOO��0DQXIDFWXUH�D�JDVNHW��VXLWDEOH�WR�ILW�EHWZHHQ�WKH�IODQJH�DQG�IOXH�
ZLWK�WKH�FHQWUH�FXW�RXW�WR�WKH�VDPH�GLDPHWHU�DV�WKH�FHQWUDO�KROH�LQ�WKH�IODQJH��%ROW�WKH�IODQJH�WR
WKH�IOXH�ZLWK�WKH�JDVNHW�ILWWHG��DQG�ZLWK�WKH�IODW�ILQLVKHG�IDFH�RI�WKH�IODQJH�RXWHUPRVW�

1RWH��,I�WKH�VHQVRU�KHDG�LV�QRW�WR�EH�ILWWHG�LPPHGLDWHO\��D�EODQNLQJ�IODQJH�VKRXOG�EH�ILWWHG�WR�WKH
RSHQ�IODQJH�

����� 6HQVRU�+HDG�2ULHQWDWLRQ�'HWDLOV

7KH�SUHIHUUHG�RULHQWDWLRQV�RI�WKH�VHQVRU�KHDG�DUH�VKRZQ�LQ�)LJXUH�����

,I�WKH�VHQVRU�KHDG�LV�PRXQWHG�LQ�D�QRQ�SUHIHUUHG�RULHQWDWLRQ�WKH�DFFXUDF\�RU�VHUYLFH�OLIH�PD\�EH
UHGXFHG�

)LJXUH������3UHIHUUHG�6HQVRU�+HDG�2ULHQWDWLRQV



����

��� 6(1625�+($'�72�&21752/�81,7�,17(5&211(&7,21

����� *HQHUDO

7ZR� FDEOHV� DUH� XVHG� WR� LQWHUFRQQHFW� WKH� VHQVRU� KHDG� DQG� WKH� FRQWURO� XQLW��2QH� FDEOH� LV� IRU
KHDWHU�SRZHU��WKH�RWKHU�FDEOH�LV�IRU�VLJQDOV��6HH�)LJXUH�����

'HWDLOV�RI�WKH�LQWHUFRQQHFWLQJ�FDEOHV�DUH�LQ�WKH�DSSHQGLFHV�WR�WKLV�PDQXDO�

$SSHQGL[�����,QWHUFRQQHFWLRQV���R[\JHQ�RQO\

$SSHQGL[�����,QWHUFRQQHFWLRQV���R[\JHQ�DQG�FRPEXVWLEOHV

$SSHQGL[�����&DEOH�6FKHGXOHV�JLYLQJ�GHWDLOV�RI�QXPEHU�RI�FRUHV�DQG�FRUH�VL]HV�

$OO�FRQQHFWLRQV�PXVW�EH�PDGH�E\�UHIHUHQFH�WR�WKH�DSSURSULDWH�FDEOH�VFKHGXOH�ZKLFK�VKRXOG�EH
FRPSOHWHG�DW�WKH�WLPH�RI�LQVWDOODWLRQ�

7KH�FDEOH�FRUH�VL]HV�YDU\�DFFRUGLQJ�WR�FDEOH�OHQJWKV���5HIHU�WR�WKH�FDEOH�VFKHGXOHV�LQ�$SSHQGL[
��IRU�GHWDLOV�

(QVXUH�WKDW�OLQN�/.��RQ�WKH�PDLQ�FLUFXLW�ERDUG�LV�LQVWDOOHG��6HH�)LJXUH����

(QVXUH�WKDW�WHUPLQDOV���DQG����RQ�7%��LQ�WKH�FRQWURO�XQLW�DUH�OLQNHG�DV�VKRZQ�LQ�WKH�ZLULQJ�GLDJUDP
LQ�DSSHQGLFHV���DQG�����6HH�)LJXUH����

,I� WKH� DX[LOLDU\� DLU� RSWLRQ� LV� XVHG�� WKH� OLQN� /.�� RQ� WKH� FRPEXVWLEOHV� FDUG� ���������PXVW� EH
UHPRYHG���,I�WKH�DX[LOLDU\�DLU�RSWLRQ�LV�QRW�XVHG��WKHQ�WKH�OLQN�PXVW�EH�LQVHUWHG���6HH�)LJXUH�����

:$51,1*

,W�LV�WKH�XVHUV�UHVSRQVLELOLW\�WR�HQVXUH�WKDW�DOO�FDEOHV�DQG�FDEOH�JODQGV�FRPSO\�ZLWK�ORFDO
KD]DUGRXV�DUHD�UHJXODWLRQV�

)LJXUH������,QWHUFRQQHFWLRQV�6FKHPDWLF



����

����� +HDWHU�3RZHU�&DEOH

$�FDEOH�ZLWK���FRUHV�LV�XVHG�IRU�VXSSO\LQJ�HOHFWULFDO�SRZHU�IRU�FHOO�KHDWHU��HQFORVXUH�KHDWHU�DQG
VROHQRLG�YDOYH�IURP�WKH�FRQWURO�XQLW��WR�WKH�VHQVRU�KHDG�

����� 6LJQDOV�&DEOH

$�FDEOH�ZLWK���WZLVWHG�SDLUV�LV�XVHG�IRU�VLJQDOV�IURP�WKH�VHQVRU�KHDG�WR�WKH�FRQWURO�XQLW����,I�WKH
DQDO\VHU�KDV�WKH�FRPEXVWLEOHV�RSWLRQ�WKHQ����WZLVWHG�SDLUV�DUH�UHTXLUHG�

1RWH�
$OO�WKH�VLJQDO�FDEOHV�PXVW�KDYH�D�EUDLGHG�RYHUDOO�VFUHHQ�RU�D�IRLO�RYHUDOO�VFUHHQ�DQG�GUDLQ�ZLUH��2Q
FDEOHV�QRW�FRQQHFWHG�WR�WKH�VHQVRU�KHDG��WKH�VFUHHQ�VKRXOG�EH�WHUPLQDWHG�DW�WKH�HDUWK�EXV�EDU
DV�VKRZQ�LQ�)LJXUH����$�7KH��FDEOHV�FRQQHFWHG�WR�WKH�VHQVRU�KHDG�VKRXOG�EH�WHUPLQDWHG�DW�WKH
FDSDFLWLYH�HDUWK�WHUPLQDOV�RQ�WKH�HQGV�RI�WKH�HDUWK�EXV�EDU�DV�VKRZQ���WZR�DUH�SURYLGHG��RQH�IRU
XVH�ZLWK�WKH�KHDWHU�FDEOH��DQG�RQH�IRU�WKH�VLJQDO�FDEOH�

(DFK�VLJQDO�FDEOH�VKRXOG�KDYH�WKH�LQQHU�FRUHV�RI�WKH�FDEOH�IHG�WKURXJK�D�WXEXODU�IHUULWH�IURP�WKH
IHUULWH�NLW�VXSSOLHG��DV�VKRZQ� LQ�)LJXUH����$��7KH� IHUULWH�VKRXOG�EH�VHFXUHG�ZLWK� WKH�FDEOH� WLH
VXSSOLHG�LQ�WKH�NLW�

$W�WKH�VHQVRU�KHDG�WKH�FDEOH�VFUHHQV�VKRXOG�EH�WHUPLQDWHG�WR�WKH�HDUWK�WHUPLQDO�SURYLGHG�

)LJXUH����$��&RQWURO�8QLW�6LJQDO�&RQQHFWLRQV



����

����� $&�(OHFWULFDO�6XSSO\

7KH�DQDO\VHU�LV�QRW�ILWWHG�ZLWK�D�VZLWFK�IRU�GLVFRQQHFWLQJ�WKH�HOHFWULFDO�VXSSO\��$�VXLWDEOH�LVRODWLQJ
VZLWFK�PXVW�EH�LQVWDOOHG�E\�WKH�XVHU�

&DXWLRQ

(QVXUH�WKDW�WKH�YROWDJH�VHOHFWRU�OLQNV�LQ�WKH�FRQWURO�XQLW��DQG�VHQVRU�KHDG�DUH
FRUUHFW�IRU�WKH�VXSSO\�YROWDJH��VHH�)LJV�����DQG�������

(QVXUH�WKDW�WKH�FRUUHFW�IXVH�LV�ILWWHG�WR�)��LQ�WKH�FRQWURO�XQLW������$�IRU����9�RU����$
IRU����9�RSHUDWLRQ��6HH�6HFWLRQ���IRU�VSHFLILFDWLRQ�DQG�SDUW�QXPEHUV�

%RWK�WKH�FRQWURO�XQLW�DQG�VHQVRU�KHDG�PXVW�EH�ORFDOO\�HDUWKHG��JURXQGHG���

1RWH�� �� ,I�D�VSOLW�VXSSO\��HJ���9�����9��LV�XVHG��RU�D�VXSSO\�WKDW�LV�QRW�UHIHUHQFHG�WR�HDUWK
�JURXQG��� D� VXLWDEOH� LVRODWLQJ� WUDQVIRUPHU� VKRXOG� EH� ILWWHG�DQG� WKH� VHFRQGDU\
ZLQGLQJ�VXLWDEO\�HDUWKHG���6HH�)LJXUH�����

�� (DFK�SROH�RI�VSOLW�VXSSO\�VKRXOG�EH�VZLWFKHG�DQG�IXVHG�LQ�DFFRUGDQFH�ZLWK�ORFDO
UHJXODWLRQV�

)LJXUH������6SOLW�6XSSO\



����

������� &(�0DUNHG�$QDO\VHU

7KH�PDLQV�SRZHU�FRQQHFWLRQ�WR�WKLV�LQVWUXPHQW�LV�PDGH�YLD�DQ�HOHFWULFDO�ILOWHU�XQLW�DWWDFKHG�WR�WKH
ERWWRP�RI�WKH�FDVH��7KH�SRZHU�FDEOH�LQWR�WKLV�XQLW�GRHV�QRW�QHHG�WR�EH�VFUHHQHG�

7R�FRQQHFW�WKH�&RQWURO�8QLW�WR�WKH�PDLQV�VXSSO\�

�D� ,VRODWH�WKH�PDLQV�VXSSO\�DW�VRXUFH�

�E� 5HPRYH�ILOWHU�XQLW�FRYHU�

�F� )LW�VXLWDEOH�FDEOH�JODQG�WR�WKH�PDLQV�ILOWHU�XQLW�

�G� ,QVHUW�FDEOH�WKURXJK�JODQG�DQG�VHFXUH�

�H� :LUH�WR�WHUPLQDOV�PDUNHG�/��1�DQG�(�LQVLGH�ILOWHU�XQLW�

6LJQDO�FDEOHV�PXVW�EH�WHUPLQDWHG�DV�GHVFULEHG�LQ�6HFWLRQ�������

������� 1RQ�&(�0DUNHG�$QDO\VHU

7KH�$&�HOHFWULFDO�VXSSO\�LV�FRQQHFWHG�WR�7%���LQ�WKH�FRQWURO�XQLW����7KH�OLYH��KRW��OLQH�LV�FRQQHFWHG
WR�WKH�WHUPLQDO�PDUNHG�
/
��WKH�QHXWUDO�WR�WKH�WHUPLQDO�PDUNHG�
1
�DQG�WKH�HDUWK��JURXQG��FRQGXFWRU
WR�WKH�HDUWK�VDIHW\�VWXG��(���



����

)LJXUH������6XSSO\�9ROWDJH�$GMXVWPHQW���&RQWURO�8QLW�

)LJXUH�������6XSSO\�9ROWDJH�$GMXVWPHQW���6HQVRU�+HDG



����

��� 287387�&211(&7,216

����� *HQHUDO

&$87,21
&RQQHFWLRQV�WR�LVRODWHG�RXWSXW�VLJQDO�WHUPLQDOV�VKRXOG�QRW�H[FHHG���9�506�������9�SHDN�
RU����9�GF�WR�HDUWK�ZKHQ�FRQQHFWHG�WR�DVVRFLDWHG�HTXLSPHQW�

2XWSXW�FDEOHV�PXVW�KDYH�DQ�RYHUDOO�VFUHHQ�ZKLFK�PXVW�EH�FRQQHFWHG�WR�HDUWK��JURXQG��DW�RQH
SRLQW�RQO\��SUHIHUDEO\�DW�WKH�FRQWURO�XQLW����7KH�FDEOH�VKRXOG�KDYH�RQH�WZLVWHG�SDLU�IRU�HDFK�RXWSXW
VLJQDO�UHTXLUHG�IURP�WKH�DQDO\VHU���7KH�FRUH�VL]H�PXVW�EH�DGHTXDWH�IRU�WKH�WUDQVPLVVLRQ�GLVWDQFH�

����� 0DLQ�%RDUG�2[\JHQ�2XWSXW

8QOHVV�RXWSXW�RSWLRQV�DUH�ILWWHG��WKH�DQDO\VHU�SURYLGHV�QRQ�LVRODWHG�RXWSXW�VLJQDOV�IRU�R[\JHQ�OHYHO�
7KH�RXWSXW�VLJQDO�LV�WDNHQ�IURP�7%��LQ�WKH�FRQWURO�XQLW����7HUPLQDOV���DQG���IRU�YROWDJH�RXWSXWV�RU
WHUPLQDOV���DQG���IRU�FXUUHQW�RXWSXWV��7HUPLQDO���LV�FRQQHFWHG�WR�JURXQG���6HH�)LJXUH������

9ROWDJH�RXWSXW� ��������9�IRU�UDQJH�VHOHFWHG
5��PLQ�� ���NRKP

&XUUHQW�RXWSXW� ��������P$�IRU�UDQJH�VHOHFWHG
5��PD[�� �����RKP

)LJXUH�������1RQ�LVRODWHG�2[\JHQ�2XWSXW�6LJQDO�

����� &RPEXVWLEOHV�2XWSXWV

:KHQ�WKH�FRPEXVWLEOHV�RSWLRQ�LV�LQVWDOOHG��WKH�RXWSXW�LV�DYDLODEOH�IURP�7%���RQ�WKH�FRPEXVWLEOHV
ERDUG������������7HUPLQDOV���DQG���IRU�YROWDJH�RXWSXWV�RU�WHUPLQDOV���DQG���IRU�FXUUHQW�RXWSXWV�
7HUPLQDO���LV�FRQQHFWHG�WR�JURXQG���$�FRPEXVWLEOHV�DODUP�OHYHO�RXWSXW�LV�DYDLODEOH�IURP�WHUPLQDOV
��DQG���RQ�WKH�VDPH�EORFN���7HUPLQDO���LV�FRQQHFWHG�WR�JURXQG���6HH�)LJXUH������

9ROWDJH�RXWSXW� ��������9�IRU�UDQJH�VHOHFWHG
5��PLQ�� ���NRKP

&XUUHQW�RXWSXW� ��������P$�IRU�UDQJH�VHOHFWHG
5��PD[�� �����RKPV



����

$ODUP�RXWSXW� 2SHQ�GUDLQ
,��PD[�� ����P$
9��PD[�� ���9
9$��PD[�� ����P:

2SHQ�FLUFXLW�LQ�DODUP�FRQGLWLRQ��VHH�)LJXUH������

)RU�RSHUDWLQJ�H[WHUQDO�DODUP�DQQXQFLDWRUV�D����9�VXSSO\�LV�DYDLODEOH�DW�WHUPLQDO�����0D[LPXP
FXUUHQW�WKDW�FDQ�EH�WDNHQ�LV����P$���6HH�)LJXUH������

)LJXUH�������1RQ�LVRODWHG�&RPEXVWLEOHV�2XWSXW�6LJQDO
�

7KH�UHOD\�LV�QRW�VXSSOLHG�E\�6HUYRPH[�

7KH� VHOHFWHG� UHOD\� PXVW� FRPSO\� ZLWK� WKH
VSHFLILFDWLRQ� JLYHQ� IRU� WKH� DODUP� RXWSXW� DQG
LQWHUQDO��9�VXSSO\�

)LJXUH�������2SHQ�'UDLQ�,QWHUIDFH�5HOD\�&RQQHFWLRQV

����� ,VRODWHG�2XWSXWV

������� ,VRODWHG�2[\JHQ�DQG�&RPEXVWLEOHV�2XWSXW�&DUG��6HH�)LJXUH������

7KH�RXWSXWV�IURP�WKLV�FDUG�DUH�DYDLODEOH�IURP�7%����IRU�R[\JHQ�DQG�7%����IRU�FRPEXVWLEOHV�
3RVLWLYH�WHUPLQDOV�DUH�PDUNHG�
�
�



����

&XUUHQW�RXWSXW� ��������P$�IRU�UDQJH�VHOHFWHG
5��PD[�� ������RKPV�
0D[�LVRODWLRQ�YROWDJH� ����9�SHDN

,W�LV�JRRG�SUDFWLFH�IRU�WKH�FXUUHQW�RXWSXW�ORRS�WR�EH�FRQQHFWHG�HLWKHU�WR�HDUWK��JURXQG��RU�WR�ZLWKLQ
D�ORZ�SRWHQWLDO�RI�HDUWK�

)LJXUH�������,VRODWHG�2[\JHQ�DQG�&RPEXVWLEOHV�2XWSXW�&RQQHFWLRQV

������� ,VRODWHG�2[\JHQ�2XWSXW�DQG�$ODUP�&DUG��6HH�)LJXUH������

7KH�LVRODWHG�R[\JHQ�RXWSXW�LV�DYDLODEOH�IURP�7%���WHUPLQDOV���DQG���IRU�FXUUHQW�DQG�WHUPLQDOV��
DQG���IRU�YROWDJH��WHUPLQDOV���DQG���DUH�SRVLWLYH��

9ROWDJH�RXWSXW� ��������9�IRU�UDQJH�VHOHFWHG
5��PLQ�� ���NRKP

&XUUHQW�RXWSXW� ��������P$�IRU�UDQJH�VHOHFWHG
5��PD[�� �����RKPV
0D[�LVRODWLRQ�YROWDJH� ����9�SHDN�

7KH�DODUP�LV�DYDLODEOH�IURP�7%���WHUPLQDOV���DQG���

$ODUP�RXWSXW� 9ROW�IUHH�FRQWDFW
,��PD[�� ����$�'&
9��PD[�� ���9�'&
9$��PD[�� ���:

2SHQ�FLUFXLW�LQ�DODUP�FRQGLWLRQ

1RQ�LVRODWHG�VWDWXV�DODUPV�DUH�DYDLODEOH�IURP�7%���IRU�

2[\JHQ�KLJK ��WHUPLQDO��
2[\JHQ�ORZ ��WHUPLQDO��
$QDO\VHU�IDXOW ��WHUPLQDO��

7HUPLQDO���LV�FRQQHFWHG�WR�JURXQG�



����

$ODUP�RXWSXW�� 2SHQ�FROOHFWRU
,��PD[�� ����P$
9��PD[�� ���9
9$��PD[�� ����P:

2SHQ�FLUFXLW�LQ�DODUP�FRQGLWLRQ��VHH�)LJXUH������

)LJXUH�������,VRODWHG�2[\JHQ�/HYHO�DQG�$ODUP�&RQQHFWLRQV

��� '$7$�/,1.�&$5'

7KLV�FDUG��VHH�)LJXUH�������UHTXLUHV�ERWK�RXWSXW�DQG�LQSXW�FRQQHFWLRQV��7KH�RXWSXW�LV�WDNHQ�IURP
7%���

&XUUHQW�ORRS� 7HUPLQDOV������DQG�����
56���� 7HUPLQDOV������DQG�����
56���� 7HUPLQDOV������DQG�����

7KH�LQSXW�LV�FRQQHFWHG�WR�WKH�FRUUHVSRQGLQJ�WHUPLQDOV�RQ�7%���

7KH�FDEOH�PXVW�FRPSO\�ZLWK�8/������

7KH�FDEOH�VKRXOG�EH�URXWHG�DV�IDU�DV�SRVVLEOH�IURP�HOHFWULFDOO\�QRLV\�HQYLURQPHQWV�DV�WKLV�PD\
FRUUXSW�WKH�GDWD�

7KH�FDEOHV�DWWDFKHG�WR�WKLV�FDUG�PXVW�EH�VFUHHQHG�DQG�HDUWKHG��JURXQGHG��RQO\�WR�WKH�FRQWURO�XQLW
HDUWK��JURXQG��EXV�EDU�

6HH�6HFWLRQ���IRU�GDWD�SURWRFRO�DQG�VSHFLILFDWLRQV�



����

)LJXUH�������'DWD�/LQN�&RQQHFWLRQV

��� 7(03(5$785(�$1'�()),&,(1&<�237,21

����� 7HPSHUDWXUH�DQG�(IILFLHQF\�&DUG

7HPSHUDWXUH�FDQ�EH�LQ�GLVSOD\HG�LQ�&HOVLXV�RU�)DKUHQKHLW���)RU�D�&HOVLXV�GLVSOD\�WKH�OLQN�/.�
�ORFDWHG�DW�WKH�WRS�OHIW�RI�WKH�FDUG��LV�UHPRYHG��)RU�D�)DKUHQKHLW�GLVSOD\�D�OLQN�LV�ILWWHG�DW�/.��

7KH�FDUG�LV�FDOLEUDWHG�IRU�7\SH�.��&KURPHO�$OXPHO��WKHUPRFRXSOHV�

7KH�WKHUPRFRXSOH�PHDVXULQJ�IOXH�JDV�WHPSHUDWXUH�LV�FRQQHFWHG�WR�7%����WHUPLQDOV���DQG�����7KH
FRQQHFWLRQ�EHWZHHQ�WKH�WKHUPRFRXSOH�DQG�WKH�FDUG�PXVW�EH�PDGH�XVLQJ�D�VFUHHQHG�WZLVWHG�SDLU
7\SH�.�FRPSHQVDWLQJ�FDEOH���7KH�VFUHHQ�PXVW�EH�HDUWKHG�DW�WKH�FRQWURO�XQLW�RQO\��6HH�)LJXUH
�����

)LJXUH�������7HPSHUDWXUH�DQG�(IILFLHQF\�&RQQHFWLRQV



����

$�VHFRQG�W\SH�.�WKHUPRFRXSOH�PD\�EH�FRQQHFWHG�WR�WHUPLQDOV���DQG���RI�7%���WR�PHDVXUH�WKH
WHPSHUDWXUH�RI�WKH�LQOHW�DLU�

7\SH�.�FRPSHQVDWLQJ�FDEOH�FDQ�EH�VXSSOLHG�E\�6HUYRPH[��SDUW�QR�����������

7KH�RXWSXWV�IURP�WKH�FDUG�DUH�WDNHQ�IURP�7%���

(IILFLHQF\� �&XUUHQW��7HUPLQDOV���DQG�� 7HPSHUDWXUH� �&XUUHQW��7HUPLQDOV���DQG��
�9ROWDJH��7HUPLQDOV���DQG�� �9ROWDJH��7HUPLQDOV���DQG��

7HUPLQDO���LV�FRQQHFWHG�WR�JURXQG�

9ROWDJH�RXWSXW� ��������9�IRU�UDQJH�VHOHFWHG
5��PLQ�� ���NRKP

&XUUHQW�RXWSXW� ��������P$�IRU�UDQJH�VHOHFWHG
5��PD[�� �����RKPV

)OXH�7HPSHUDWXUH�$ODUP���7HUPLQDOV���DQG����WHUPLQDO���LV�FRQQHFWHG�WR�JURXQG��

$ODUP�RXWSXW� 2SHQ�FROOHFWRU
,��PD[�� ����P$
9��PD[�� ���9
9$��PD[�� ����P:
2SHQ�FLUFXLW�LQ�DODUP�FRQGLWLRQ��VHH�)LJXUH������

)RU�RSHUDWLQJ�H[WHUQDO�DODUP�DQQXQFLDWRUV�D����9�VXSSO\� LV�DYDLODEOH�DW� WHUPLQDO����0D[LPXP
FXUUHQW�WKDW�FDQ�EH�WDNHQ�LV����P$

����� ,QVWDOODWLRQ�RI�)OXH�DQG�,QOHW�$LU�7KHUPRFRXSOHV

7KH�IOXH�JDV�WKHUPRFRXSOH�DQG�DLU�LQOHW�WKHUPRFRXSOH��LI�UHTXLUHG��DUH�LQVWDOOHG�DV�VKRZQ�LQ�)LJXUH
�����

0DNH�XQLRQ�QXWV� ILQJHU� WLJKW�
WKHQ�D�IXUWKHU�����WXUQ�WR�VHDO�

)LJXUH�������,QVWDOODWLRQ�RI�7KHUPRFRXSOHV



����

��� $63,5$725�$,5�6833/<

6HUYRPH[�VXSSO\�WKUHH�DLU�UHJXODWRU�VHWV�WR�FRQWURO�WKH�DLU�VXSSO\�WR�WKH�DVSLUDWRU�WR�WKH�FORVH
WROHUDQFHV�QHFHVVDU\�WR�HQVXUH�FRQVLVWHQW�DQG�DFFXUDWH�RSHUDWLRQ�RI�WKH�DQDO\VHU�

7KH�FRPSUHVVHG�DLU�VXSSO\�VKRXOG�EH�ZLWKLQ�WKH�SUHVVXUH�UDQJH����������EDUJ�����������SVLJ��DQG
EH�FOHDQ�GU\�DQG�IUHH�RI�FRPEXVWLEOHV��3ODQW�FRPSUHVVHG�DLU�PD\�EH�XVHG�SURYLGLQJ�LW�LV�FOHDQ�DQG
IUHH�RI�RLO�DQG�ZDWHU�YDSRXU���$LU�FRQVXPSWLRQ�LV�OHVV�WKDQ�����OLWUHV�PLQ�

,I�DQ�DLU�VXSSO\�SXPS�LV�VXSSOLHG�E\�6HUYRPH[��LW�PXVW�EH�PRXQWHG�DQG�RSHUDWHG�LQ�DFFRUGDQFH
ZLWK�WKH�PDQXIDFWXUHUV�VSHFLILFDWLRQV�VXSSOLHG�ZLWK�WKH�XQLW��LQ�RUGHU�WR�HQVXUH�WURXEOH�IUHH�VHUYLFH�

7KH�DLU�UHJXODWRU�VHWV�VKRXOG�EH�PRXQWHG�FORVH�WR�WKH�VHQVRU�KHDG�DQG�FRQQHFWHG�WR�WKH�VROHQRLG
YDOYH�E\������2�'��WXELQJ�

6HW�WKH�DVSLUDWLRQ�DLU�SUHVVXUH�WR�WKH�YDOXH�VKRZQ�RQ�WKH�ODEHO�LQVLGH�WKH�WHUPLQDO�ER[�RQ�WKH�VLGH
RI�WKH�VHQVRU�KHDG���7KLV�ZLOO�QRUPDOO\�EH�ZLWKLQ�WKH�UDQJH�����WR�����EDUJ����WR���SVLJ��

����� $LU�5HJXODWRU�6HW��R[\JHQ�RQO\�DQDO\VHUV��3DUW�QR������������6HH�)LJXUH�����

7KLV�LV�VXSSOLHG�DV�D�NLW�RI�SDUWV�IRU�ORFDO�DVVHPEO\�DV�VKRZQ�LQ�)LJXUH������DQG�FRPSULVHV�

,WHP ���)LOWHU�UHJXODWRU�XQLW�
���&RDOHVFLQJ�FLUFXLW
���3UHVVXUH�JDXJH
���0RXQWLQJ�EUDFNHW

����� $LU�5HJXODWRU�6HW��R[\JHQ�DQG�FRPEXVWLEOHV�DQDO\VHUV��3DUW�1R������������6HH�)LJXUH�����

7KLV�XQLW�LV�VLPLODU�WR�WKH�XQLW�DERYH�EXW�KDV�D�SUHFLVLRQ�SUHVVXUH�UHJXODWRU�WR�FRQWURO�WKH�DLU�IORZ
WR�WKH�FORVH�WROHUDQFHV�ZKLFK�DUH�UHTXLUHG�ZKHQ�WKH�FRPEXVWLEOHV�RSWLRQ�LV�ILWWHG��6HH�)LJXUH������

����� $LU�5HJXODWRU�6HW��R[\JHQ�DQG�FRPEXVWLEOHV�DQDO\VHUV�ZLWK�DX[LOLDU\�DLU����6HH�)LJXUH�����

$V�ZHOO�DV�FRQWUROOLQJ�DVSLUDWRU�DLU�WKLV�XQLW�DOVR�VXSSOLHV�DX[LOLDU\�DLU�WR�WKH�FRPEXVWLEOHV�GHWHFWRU
WR�HQVXUH�WKDW�WKH�UHDGLQJ�ZLOO�EH�FRUUHFW�ZKHQ�WKH�VDPSOH�JDV�LV�GHILFLHQW�LQ�R[\JHQ��,W�DOVR�KDV
WKH�IDFLOLW\�IRU�LQWURGXFLQJ�FDOLEUDWLRQ�JDV�WR�WKH�VHQVRU�KHDG�DW�D�FRQWUROOHG�IORZ�RI����PO�PLQ�

6HH�)LJXUH������IRU�GLPHQVLRQV���&RQQHFWLRQ�WR�WKH�DX[LOLDU\�DLU�SRUW�RQ�WKH�VHQVRU�KHDG�LV�PDGH
ZLWK������WXELQJ�

4XLFN� GLVFRQQHFWV� DUH� ILWWHG� WR� WKH� FDOLEUDWLRQ� OLQH� IRU� FRQQHFWLRQ� RI� FDOLEUDWLRQ� JDVHV�� *DV
SUHVVXUHV�VKRXOG�EH�LQ�WKH�UDQJH�����WR���EDUJ����WR����SVLJ��

1RWH�� �� :KHQ�DX[LOLDU\�DLU�LV�XVHG�OLQN�/.��RQ�WKH�FRPEXVWLEOHV�FDUG������������LQ�WKH
FRQWURO�XQLW�PXVW�EH�UHPRYHG�

�� 7KH�SUHFLVLRQ�UHJXODWRUV�DUH�IDFWRU\�VHW���'R�QRW�FKDQJH�WKH�VHWWLQJV�



����

)LJXUH�������$LU�6XSSO\�5HJXODWRU��R[\JHQ�RQO\�



����

)LJXUH�������$LU�6XSSO\�5HJXODWRU��R[\JHQ�DQG�FRPEXVWLEOHV�



����

)LJXUH�������$LU�5HJXODWRU�6HW��R[\JHQ�DQG�FRPEXVWLEOHV�DQDO\VHU�ZLWK�DX[LOLDU\�DLU��



����

��� $66(0%/<�2)�352%(�78%(6�$1'�6(1625�+($'

����� *HQHUDO

5HIHU�WR�ILJXUH�����IRU�SHUPLVVLEOH�RULHQWDWLRQ�RI�WKH�VHQVRU�KHDG�

1RWH�� ,QFOXGHG� LQ� WKH� LQVWDOODWLRQ�NLWV� LV�D� WXEH�RI�DQWL�VHL]H�FRPSRXQG��3DUW�QR�����������
ZKLFK�PXVW�EH�XVHG�RQ�WKH�VHQVRU�KHDG�PRXQWLQJ�EROWV�DQG�VWXGV�

����� 8QVXSSRUWHG�)LOWHU�3UREH��6HH�)LJXUH�����

7KLV�SUREH�LV�VXSSOLHG�DV�HLWKHU����P�RU����P�ORQJ���7KH�WXEH�PD\�EH�FXW�WR�REWDLQ�LQWHUPHGLDWH
OHQJWKV�DV�UHTXLUHG�

�� &XW�WKH�SUREH�WXEH�����WR�OHQJWK�LI�UHTXLUHG���7KH�FXW�VKRXOG�EH�VTXDUH�DQG�DQ\�EXUUV�DQG
VZDUI�PXVW�EH�UHPRYHG�

�� )LW�WKH�QXW�����DQG�IHUUXOH������IURP�WKH�ILOWHU�����WR�WKH�WXEH�����DQG�LQVHUW�WKH�WXEH�LQWR�WKH
ILOWHU�DV�IDU�DV�WKH�VWRS���7LJKWHQ�WKH�QXW�WR�ILQJHU�WLJKW�DQG�WKHQ�D�IXUWKHU�RQH�DQG�D�TXDUWHU
WXUQV�ZLWK�D�VSDQQHU�

�� )LW�WKH�WXEH�FRXSOLQJ�����WR�WKH�VHQVRU�KHDG�VHDOLQJ�WKH�WKUHDG�ZLWK�37)(�WDSH�

�� )LW�WKH�SUREH�WXEH�LQWR�WKH�WXEH�FRXSOLQJ���6ZDJH�WKH�FRXSOLQJ�IHUUXOH�RQWR�WKH�WXEH�E\
WLJKWHQLQJ�WKH�FRXSOLQJ�QXW�ILQJHU�WLJKW�SOXV�D�IXUWKHU�����WR���WXUQ�

�� )LW�WKH�IRXU�0���VWXGV�����WR�WKH�IODQJH������HQVXULQJ�WKDW�WKH\�DUH�VFUHZHG�IXOO\�KRPH��)LW
WKH�JDVNHW�����RYHU�WKH�VWXGV�

�� ,QVHUW�WKH�SUREH�WXEH�FDUHIXOO\�WKURXJK�WKH�JDVNHW���7KH�VHQVRU�KHDG�PXVW�EH�RULHQWDWHG
FRUUHFWO\���VHH�)LJXUH�������6HFXUH�LW�ZLWK�IRXU�0���QXWV�DQG�ZDVKHUV����DQG����

,WHP 'HVFULSWLRQ 3DUW�QXPEHU ,WHP 'HVFULSWLRQ 3DUW�1XPEHU

� )LOWHU ��������� � *DVNHW ���������
� 0���ZDVKHU ��������� � 0���VWXG ��������$
� 0���QXW ��������� � 7XEH�FRXSOLQJ ���������
� 6DPSOH�WXEH ��������$�% � 1XW ��������
� 0RXQWLQJ�)ODQJH �������� �� )HUUXOH����LQ ���������



����

)LJXUH�������,QVWDOODWLRQ�RI�8QVXSSRUWHG�)LOWHU�3UREH



����

����� 6XSSRUWHG�)LOWHU�3UREH

127(

$�PRELOH�KRLVW��RU�VLPLODU��ZLOO�EH�UHTXLUHG�WR�VXSSRUW�WKH�VHQVRU�KHDG�GXULQJ�LQVWDOODWLRQ

7KH�SUREH�DVVHPEO\�LV�QRUPDOO\�VXSSOLHG�LQ�D�UDQJH�RI�OHQJWKV�IURP����P�WR����P�LQ����P�VWHSV�
7KH�VXSSRUW�DQG�VDPSOH�WXEHV�PD\�EH�FXW�WR�LQWHUPHGLDWH�OHQJWKV���7KH�OHQJWK�RI�WKH�����LQFK�2�'�
SUREH�WXEH�UHTXLUHG�LV�HTXDO�WR� 6XSSRUW�7XEH���)ODQJH�$VVHPEO\�/HQJWK������PP�
6HH�)LJXUH������

�� &XW�WKH�VXSSRUW�WXEH�����DQG�VDPSOH�WXEH�����WR�OHQJWK�LI�UHTXLUHG���7KH�FXWV�VKRXOG�EH
VTXDUH�DQG�DQ\�EXUUV�DQG�VZDUI�PXVW�EH�UHPRYHG��7KH�ILOWHU�VKRXOG�EH�IXOO\�SURWHFWHG�E\
WKH�VKURXG�

�� 5HPRYH�WKH�EODQNLQJ�SODWH�IURP�WKH�DSHUWXUH�LQ�WKH�IOXH��LI�ILWWHG���)LW�IRXU�0�������VWXGV
DQG�WKH�JDVNHW������WR��WKH�IODQJH��(QVXUH�WKDW�WKH�VWXGV�DUH�VFUHZHG�IXOO\�KRPH�

�� )LW�WKH�VKURXG�����WR�WKH�VXSSRUW�WXEH�����&KHFN�IRU�FRUUHFW�SRVLWLRQLQJ�EHIRUH�WLJKWHQLQJ
WKH�IL[LQJ��

�� )LW�WKH�QXW�����DQG�IHUUXOH������IURP�WKH�ILOWHU������WR�WKH�WXEH�����DQG�LQVHUW�WKH�WXEH�LQWR
WKH�ILOWHU�DV�IDU�DV�WKH�VWRS���7LJKWHQ�WKH�QXW�����WR�ILQJHU�WLJKW�DQG�D�IXUWKHU�������WXUQV�ZLWK
D�VSDQQHU��

�� )LW� WKH�VDPSOH� WXEH�JXLGH�V�� ���� WR� WKH�VDPSOH� WXEH�DV� UHTXLUHG� �2QH� IRU� WXEHV�XS� WR
����PP��WZR�IRU�ORQJHU�OHQJWKV���:KHQ�WZR�JXLGHV�DUH�XVHG��RQH�PXVW�EH�ILWWHG�FORVH�WR
WKH�ILOWHU��DQG�WKH�RWKHU�QHDU�WKH�PLGGOH�RI�WKH�VDPSOH�WXEH�

�
�� 6XSSRUW�WKH�WXEH�DVVHPEO\��DQG�XVLQJ�IRXU�0���FDS�KHDGHG�VFUHZV������LQ�WKH�PRXQWLQJ

NLW�� EROW� WKH�SUREH� WR� WKH�PRXQWLQJ� IODQJH��7LJKWHQ� WKH�EROWV� HYHQO\�� �(QVXUH� WKDW� WKH
VKURXG�LV�FRUUHFWO\�RULHQWHG��

�� )LW�WKH�WXEH�FRXSOLQJ������WR�WKH�VHQVRU�KHDG��VHDOLQJ�WKH�WKUHDG�ZLWK�37)(�WDSH�

�� 3UH�VZDJH�WKH�IHUUXOH�DW�WKH�VHQVRU�KHDG�HQG�RI�WKH�VDPSOH�WXEH�XVLQJ�WKH�XQLRQ�QXW�
7LJKWHQ�WKLV�QXW�WR�ILQJHU�WLJKW�SOXV�����WR���WXUQ���5HOHDVH�WKH�XQLRQ�QXW�IURP�WKH�ILWWLQJ�LQ
WKH�VHQVRU�KHDG�

�� 6OLGH�WKH�VDPSOH�WXEH��ILOWHU�HQG�ILUVW��LQWR�WKH�VXSSRUW�WXEH��WDNLQJ�FDUH�QRW�WR�OHW�WKH�XQLRQ
QXW�IDOO�LQWR�WKH�JXLGH�WXEH��WKLV�FDQ�EH�SUHYHQWHG�E\�ZUDSSLQJ�D�OHQJWK�RI�VRIW�ZLUH�RU
DGKHVLYH�WDSH�URXQG�WKH�����LQFK�2'�WXEH�MXVW�EHKLQG�WKH�XQLRQ�QXW�LQVLGH�WKH�WXEH��



����

)LJXUH�������,QVWDOODWLRQ�RI�6XSSRUWHG�)LOWHU�3UREH



����

��� )LW�WKH�XQLRQ�QXW��ZKHQ�WKH�VDPSOH�WXEH�LV�QHDUO\�FRPSOHWHO\�LQVHUWHG��WR�WKH�DGDSWRU�RQ�WKH�IURQW
RI�WKH�VHQVRU�KHDG��WLJKWHQ�ILQJHU�WLJKW�SOXV�D�IXUWKHU�����WXUQ�ZLWK�D�VSDQQHU��

��� 6HFXUH�WKH�VHQVRU�KHDG�WR�WKH�SUREH�VXSSRUW�IODQJH�ZLWK�IRXU�0���QXWV������DQG�ZDVKHUV������
WLJKWHQLQJ�HYHQO\�DQG�SD\LQJ�DWWHQWLRQ�WR�WKH�VHQVRU�KHDG�RULHQWDWLRQ��UHIHU�WR�)LJXUH������

,WHP 'HVFULSWLRQ 3DUW�QXPEHU ,WHP 'HVFULSWLRQ 3DUW�1XPEHU

� 0RXQWLQJ�IODQJH �������� �� 0���ZDVKHU ���������
� *XLGH��VDPSOH�WXEH �������� �� 0���QXW ���������
� 6DPSOH�WXEH ��������$�) �� 0���[����FDS�VFUHZ ���������
� 6KURXG�DVVHPEO\ �������� �� 7XEH�FRXSOLQJ ���������
� 6XSSRUW�WXEH�DVVHPEO\ �������� �� )HUUXOH����� ���������
� 0���VWXG � ��������% �� )LOWHU ���������
� 1XW �������� �� *DVNHW ���������



����

����� +LJK�7HPSHUDWXUH�3UREH��6HH�)LJXUH������

�� 0RXQW�WKH�VDPSOH�IODQJH�����WR�VHQVRU�KHDG�IDFH�XVLQJ�IRXU�VFUHZV�DQG�ZDVKHUV�����DQG
����DQG�JDVNHW������7LJKWHQ�VFUHZV�HYHQO\�WR�HQVXUH�D�OHDN�WLJKW�MRLQW��7KH�UHFHVVHG�IDFH
PXVW�IDFH�RXWZDUGV�WR�DFFHSW�WKH�SUREH�WXEH�VHDOLQJ�JDVNHW�����

�� 6FUHZ�WKH�SUREH�WXEH�����WR�WKH�VDPSOH�IODQJH�����ILWWLQJ�JUDSKLWH�JDVNHW�����EHWZHHQ�ILWWLQJ
DQG�IODQJH��7LJKWHQ�ILQJHU�WLJKW��WKHQ�Ú�WR�Ù�WXUQ�WR�VHDO��
'2�127�29(57,*+7(1�

�� 5HPRYH�WKH�EODQNLQJ�SODWH��LI�ILWWHG��IURP�WKH�DSHUWXUH�LQ�WKH�IOXH�

�� )LW�IRXU�0���VWXGV�����WR�WKH�PRXQWLQJ�IODQJH��HQVXULQJ�WKDW�WKH\�DUH�VFUHZHG�IXOO\�KRPH�
)LW�WKH�JDVNHW�����RYHU�WKH�VWXGV�

�� ,QVHUW�SUREH�WXEH�FDUHIXOO\�WKURXJK�WKH�PRXQWLQJ�IODQJH��SD\LQJ�DWWHQWLRQ�WR�WKH�RULHQWDWLRQ
RI�WKH�VHQVRU�KHDG��UHIHU�WR�)LJXUH�������6HFXUH�ZLWK�0���QXWV�DQG�ZDVKHUV����DQG�����

127(

,I�D�FHUDPLF�SUREH�LV�EHLQJ�LQVWDOOHG�LQWR�D�KRW�SURFHVV��LW�VKRXOG�EH�LQVHUWHG�YHU\�VORZO\�WR
DYRLG�EUHDNDJH�RI�WKH�SUREH�GXH�WR�WKHUPDO�VKRFN�

,WHP 'HVFULSWLRQ 3DUW�QXPEHU ,WHP 'HVFULSWLRQ 3DUW�1XPEHU

� 0RXQWLQJ�)ODQJH �������� � *DVNHW��JUDSKLWH ���������
� *DVNHW ��������� � 0���6WXG ��������%
� )ODQJH��VDPSOH �������� � 0���1XW ���������
� *DVNHW��VDPS�H�WXEH ��������� �� 0���:DVKHU ���������
� 3UREH�WXEH �� 0��[����6FUHZ ���������

+LJK�WHPS�DOOR\ ��������$�' �� 0��:DVKHU ���������
&HUDPLF�������& ��������$�&
&HUDPLF�������& ��������'�)

�



����

)LJXUH�������,QVWDOODWLRQ�RI�+LJK�7HPSHUDWXUH�3UREH�



����

���� &$/,%5$7,1*�*$6(6

7KH�IROORZLQJ�FDOLEUDWLRQ�JDVHV�PXVW�EH�DYDLODEOH�

2[\JHQ�6HQVRU�

$LU�SRLQW� &OHDQ��GU\�DLU��IUHH�RI�FRPEXVWLEOHV��3ODQW�FRPSUHVVHG�DLU�PD\�EH�XVHG�SURYLGLQJ�LW�LV
FOHDQ�DQG�IUHH�RI�ZDWHU�DQG�RLO�YDSRXU�

(QG�SRLQW� �����2 �LQ�1 ��QRPLQDO�� LV�UHFRPPHQGHG��FDQ�EH�LQ�WKH�UDQJH������WR������2 ���7KH�� � � � � � � � � � � � � � � �

R[\JHQ�FRQWHQW�RI� WKLV�JDV�PXVW�EH�NQRZQ�DFFXUDWHO\��SUHIHUDEO\�ZLWK�D�FHUWLILFDWH�RI
DQDO\VLV�

&RPEXVWLEOH�6HQVRU�

=HUR�JDV� $V�IRU�$LU�3RLQW�DERYH�

6SDQ�JDV� ���&2�LQ�DLU��LV�UHFRPPHQGHG��7KH�&2�FRQWHQW�PXVW�EH�NQRZQ�DFFXUDWHO\��SUHIHUDEO\
ZLWK�D�FHUWLILFDWH�RI�DQDO\VLV�

���� &$/,%5$7,21�*$6�&211(&7,216

,Q�PDQ\�FDVHV�LW�PD\�EH�FRQYHQLHQW�WR��LQVWDOO�D�SHUPDQHQW�FRQQHFWLRQ�WR�WKH�FDOLEUDWLRQ�SRUW�RI�WKH�VHQVRU
KHDG�VR�WKDW�ERWWOHV�RI�FDOLEUDWLRQ�JDV�FDQ�EH�ORFDWHG�FRQYHQLHQW�WR�WKH�RSHUDWRU�RU�FRQWURO�XQLW�

$UUDQJHPHQWV�VKRXOG�LQFOXGH�LQVWDOODWLRQ�RI�D�IORZPHWHU�DQG�IORZ�FRQWURO�VR�WKDW�FDOLEUDWLQJ�JDVHV�FDQ�EH
VHW�WR�D�IORZ�UDWH�RI����PO�PLQ�������PO�PLQ��

1RWH�WKDW�WKH�FDOLEUDWLQJ�JDV�VXSSO\�PXVW�EH�ILWWHG�ZLWK�DQ�LVRODWLQJ�YDOYH�WR�VHDO�WKH�FDOLEUDWLRQ�SRUW�RQ
WKH�VHQVRU�KHDG�ZKHQ�LW�LV�QRW�EHLQJ�FDOLEUDWHG�

7KH�FDOLEUDWLRQ�JDV�FRQQHFWLRQ�ZLOO�QRUPDOO\�EH�XQGHU�D�VOLJKW�YDFXXP���$Q\�SLSHZRUN�PXVW�EH�FKHFNHG
IRU�OHDNV���/HDNV�ZLOO�OHDG�WR�DLU�LQJUHVV�ZKLFK�ZLOO�FDXVH�HUURQHRXV�RSHUDWLRQ�RI�WKH�DQDO\VHU�

���� &200,66,21,1*�352&('85(

7KLV� FRPPLVVLRQLQJ� SURFHGXUH� GHVFULEHV� KRZ� WR� FKHFN� WKH� LQVWDOODWLRQ� DQG� LQLWLDO� SRZHULQJ�XS� RI� WKH
DQDO\VHU���2SHUDWLRQ�RI�WKH�DQDO\VHU�LV�GHVFULEHG�LQ�6HFWLRQ����%HIRUH�WKH�DQDO\VHU�LV�FRQQHFWHG�WR�WKH
HOHFWULFDO�VXSSO\�WKH�IROORZLQJ�FKHFNV�VKRXOG�EH�GRQH�

�� (QVXUH�WKDW�WKH�LQWHU�FRQQHFWLRQ�ZLULQJ�EHWZHHQ�WKH�FRQWURO�XQLW�DQG�VHQVRU�KHDG�LV�FRUUHFW��&KHFN
LW�DJDLQVW�WKH�UHOHYDQW�&DEOH�6FKHGXOHV��$SSHQGL[������

�� &KHFN�WKH�YROWDJH�OLQNV�LQ�WKH�FRQWURO�XQLW�DQG�VHQVRU�KHDG�DQG�WKDW�DOO�RWKHU�OLQNV�DUH�FRUUHFW�

�� 6HW�WKH�DVSLUDWRU�DLU�SUHVVXUH�WR�WKH�YDOXH�VKRZQ�RQ�WKH�ODEHO�LQ�WKH�WHUPLQDO�ER[�RI�WKH�VHQVRU
KHDG�



����

� &KHFN�WKDW�WKH�FDOLEUDWLRQ�SRUW� LV�VHDOHG�WR�SUHYHQW�DLU� LQJUHVV���,I�DQ�LVRODWLQJ�YDOYH�LV�ILWWHG�LW
VKRXOG�EH�FORVHG���

�� &KHFN�WKDW�WKH�FRUUHFW�HOHFWULFDO�VXSSO\�IXVH��)���LQ�WKH�FRQWURO�XQLW�KDV�EHHQ�ILWWHG��6HH�������

������ ,QLWLDO�6WDUW�XS�

:KHQ�WKH�HOHFWULFDO�VXSSO\�LV�VZLWFKHG�RQ��WKH�GLVSOD\�ZLOO�LQGLFDWH�
5(67$57
�VKRUWO\�EHIRUH�GLVSOD\LQJ�WKH
PHVVDJH�
352%(������
�ZKLFK�LGHQWLILHV�WKH�W\SH�RI�VHQVRU�KHDG�ILWWHG���$IWHU�����VHFRQGV�
:$50,1*�83

LV�GLVSOD\HG���7KH�NH\SDG�EHFRPHV�DFWLYH�DW�WKH�VDPH�WLPH�DV�WKH�PHVVDJH�FKDQJHV�

7KH�GLDJQRVWLF�URXWLQHV�ZLWKLQ�WKH�DQDO\VHU�GR�QRW�FRPPHQFH�XQWLO�WKH�]LUFRQLD�FHOO�WHPSHUDWXUH�FRPHV
XQGHU�FRQWURO�RU���PLQXWHV�KDYH�HODSVHG�VLQFH�WKH�
5(67$57
�PHVVDJH���7KH�
:$50,1*�83
�PHVVDJH
ZLOO�WKHQ�EH�UHSODFHG�E\�WKH�R[\JHQ�UHDGLQJ�XQOHVV�WKH�NH\SDG�LV�LQ�XVH���7KH�GLVSOD\�PD\�IODVK�IRU�D�IHZ
VHFRQGV�XQWLO� WKH�FHOO� UHDFKHV� LWV�FRUUHFW� WHPSHUDWXUH�� � ,I� WKLV� IODVKLQJ�FRQWLQXHV� WKHUH� LV�D� IDXOW��6HH
6HFWLRQ���

$�IXUWKHU����PLQXWHV�LV�UHTXLUHG�IRU�WKH�VHQVRU�KHDG�WR�UHDFK�LWV�RSHUDWLQJ�WHPSHUDWXUH���'XULQJ�WKLV�WLPH
WKH�VHQVRU�KHDG� WHPSHUDWXUH�GLDJQRVWLFV�DUH�VXSSUHVVHG�� �7KH�R[\JHQ�GLVSOD\� LV� LQWHUUXSWHG�HYHU\��
VHFRQGV�E\�WKH�
:$50,1*�83
�PHVVDJH���$IWHU����PLQXWHV�WKH�IXOO�GLDJQRVWLF�URXWLQH�LV�LQLWLDWHG�

1RWH�� �� 7KH� DQDO\VHU� VKRXOG� EH� DOORZHG� WR� VWDELOLVH� IRU� VHYHUDO� KRXUV� �HJ� � RYHUQLJKW�� EHIRUH
FDOLEUDWLRQ�

�� ,W�LV�UHFRPPHQGHG�WKDW�FDOLEUDWLQJ�JDVHV�VKRXOG�EH�SDVVHG�WKURXJK�WKH�VHQVRU�KHDG�WR
FRQILUP�FRUUHFW�RSHUDWLRQ�RI�WKH�DQDO\VHU��7KH�VHQVRU�KHDG�FDQ�WKHQ�EH�FRQQHFWHG�WR�WKH
IOXH�

���� 6+87�'2:1�352&('85(

7KH� VHQVRU� KHDG� VKRXOG� QHYHU� EH� OHIW� XQSRZHUHG�RQ�D� IOXH�ZKLFK� LV� EHLQJ�XVHG�� � 7KLV� FDQ� UHVXOW� LQ
FRUURVLRQ�GDPDJH�WR�WKH�VHQVRU�KHDG�

,I�WKH�SURFHVV�LV�RXW�RI�VHUYLFH�IRU�RQO\�D�VKRUW�WLPH�LW�LV�UHFRPPHQGHG�WKDW�WKH�DQDO\VHU�LV�OHIW�
SRZHUHG���,W�GRHV�QRW�PDWWHU�LI�DVSLUDWRU�DLU�LV�IORZLQJ�RU�QRW�

,I�WKH�DQDO\VHU�KDV�WR�EH�VZLWFKHG�RII�RQ�D�IOXH�ZKLFK�LV�EHLQJ�XVHG�DQG�LV�WR�EH�OHIW�IRU�PRUH�WKDQ��VD\�����
ZHHNV�WKHQ�LW�LV�UHFRPPHQGHG�WKDW�WKH�VHQVRU�KHDG�LV�UHPRYHG�IURP�WKH�IOXH��$OWHUQDWLYHO\��D�IORZ�RI�GU\
DLU�FDQ�EH�FRQQHFWHG�WR�WKH�FDOLEUDWLRQ�SRUW���7KLV�ZLOO�SUHYHQW�FRUURVLYH�JDVHV�IURP�HQWHULQJ�WKH�VHQVRU
KHDG�



���

6(&7,21�����23(5$7,21

/,67�2)�&217(176
6(&7,21 3$*(
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����� *HQHUDO � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���
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����� 1RUPDO�)XQFWLRQ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���
����� 3URWHFWHG�)XQFWLRQV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���
����� 5HVWDUW � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���
����� 7LPHRXW � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���
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����� 6LQJOH�0HDVXUHPHQW � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ����
����� 'XDO�'LVSOD\�RI�2[\JHQ�/HYHO�ZLWK�&RPEXVWLEOHV�

7HPSHUDWXUH�DQG�(IILFLHQF\ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ����
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6HH�6HFWLRQ������IRU�FRPPLVVLRQLQJ�SURFHGXUH�

2QFH�SRZHUHG�XS�WKH�DQDO\VHU�VKRXOG�EH�RSHUDWHG�FRQWLQXRXVO\���,I�LW�KDV�WR�EH�VZLWFKHG�RII�VHH
6HFWLRQ������

7KH� GLVSOD\� ZLOO� VKRZ� WKH� R[\JHQ� UHDGLQJ� XQOHVV� WKH� NH\SDG� LV� LQ� XVH�� LQ� ZKLFK� FDVH� WKH
SDUDPHWHUV�UHTXHVWHG�DUH�GLVSOD\HG���7KH�GLVSOD\�ZLOO�
WLPH�RXW
�WR�WKH�R[\JHQ�UHDGLQJ�ZLWKLQ��
PLQXWH�RI�WKH�ODVW�NH\�VWURNH����PLQXWHV�GXULQJ�FDOLEUDWLRQ�VHTXHQFHV��

)LWWLQJ�D�FRPEXVWLEOHV�DQG�RU�WHPSHUDWXUH�DQG�HIILFLHQF\�FDUG�DOORZV�WKH�GLVSOD\�RI�R[\JHQ�UHDGLQJ
DQG�RQH�RWKHU�SDUDPHWHU�VLPXOWDQHRXVO\���7KLV�LV�DFKLHYHG�E\�SUHVVLQJ�WKH�DSSURSULDWH�NH\�WZLFH�
7KLV�
VSOLW
�GLVSOD\�LV�FRQWLQXRXV�XQWLO�D�NH\�LV�SUHVVHG�ZKHQ�WKH�SDUDPHWHU�FRUUHVSRQGLQJ�WR�WKDW
NH\�LV�GLVSOD\HG�DORQH�

7KH�DQDO\VHU�FDQ�EH�UHTXHVWHG��YLD�WKH�NH\SDG��WR�GLVSOD\�PHVVDJHV�WR�DLG�IDXOW�GLDJQRVLV�

1RWH� $OO�LQVWUXPHQWV�DUH�GHVSDWFKHG�ZLWK�WKH�SDVVZRUG�VHW�WR������

,I�D�QHZ�SDVVZRUG�LV�DVVLJQHG�PDNH�D�QRWH�RI�LW�DQG�VWRUH�LQ�D�VDIH�SODFH��,I�LW�LV�ORVW��FRQWDFW
6HUYRPH[�

��� 86(�2)�.(<3$'

����� *HQHUDO

7KH�NH\SDG��UHIHU�WR�)LJXUH������LV�FRORXU�FRGHG�DQG�DQQRWDWHG�WR�VLPSOLI\�RSHUDWLRQ�

.(<�&2/285 7<3(�2)�)81&7,21

2UDQJH 0HDVXUHPHQW
*UH\ &DOLEUDWLRQ��3DUDPHWHU��6WDWXV
<HOORZ 1RW�8VHG

$OO�WKH�NH\V�DUH�DXWR�UHSHDWLQJ���,I�D�NH\�LV�SUHVVHG�IRU�ORQJHU�WKDQ�RQH�VHFRQG��DGGLWLRQDO�VWURNHV
ZLOO�EH�UHJLVWHUHG�DW�D�UDWH�RI����VWURNHV�SHU�VHFRQG�

7KH�.H\�)XQFWLRQV�WDEOH��)LJXUH����$�DQG����%��OLVWV�WKH�IXQFWLRQ�RI�WKH�NH\V��ERWK�LQ�
1RUPDO

�XQSURWHFWHG��DQG�
3URWHFWHG
�RSHUDWLRQ�
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'LVSOD\V�PHDVXUHG�R[\JHQ�OHYHO 2[\JHQ�IXQFWLRQV

'LVSOD\V�PHDVXUHG�FRPEXVWLEOHV�OHYHO &RPEXVWLEOHV�IXQFWLRQ

'LVSOD\V�HIILFLHQF\ (IILFLHQF\�IXQFWLRQV

'LVSOD\V�IOXH�JDV�WHPSHUDWXUH )ORZ�IXQFWLRQV

$FFHVVHV�FDOLEUDWLRQ�URXWLQHV $FFHVVHV�FDOLEUDWLRQ�URXWLQHV

$FFHVVHV�SDUDPHWHU�URXWLQHV $FFHVVHV�SDUDPHWHU�URXWLQHV

5HVHWV�GLVSOD\�WR�VKRZ�R[\JHQ

)LUVW�SUHVV�ZLOO�H[LW�IURP�WKH�FXUUHQW
DFWLYLW\�6HFRQG�SUHVV�UHWXUQV�WKH
LQVWUXPHQW�WR�QRUPDO�RSHUDWLRQ�DQG
VDYHV�QHZ�GDWD

,QYDOLG�NH\ &KDQJH�D�YDOXH

)LJXUH����$
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,QYDOLG�NH\ &KDQJH�D�YDOXH

1RW�8VHG 1RW�8VHG

1RW�8VHG 1RW�8VHG

1RW�8VHG 1RW�8VHG

1RW�8VHG 1RW�8VHG

3UHVV�WR�PRYH�RQWR�DQRWKHU�IXQFWLRQ�LQ 3UHVV�WR�PRYH�RQ�WR�DQRWKHU�IXQFWLRQ�LQ
D�SDUWLFXODU�VHTXHQFH D�SDUWLFXODU�VHTXHQFH

3UHVV�WR�SURYLGH�LQGLFDWLRQV�RI�WKH�IDXOW
DQG�DODUP�VWDWXV�RI�WKH�LQVWUXPHQW

&DOLEUDWLRQ�PRGH���,QYDOLG�NH\
3DUDPHWHU�PRGH���3DVVZRUG�FKDQJH
URXWLQH

,QYDOLG�NH\
&RPPDQGV�WKH�LQVWUXPHQW�WR�DFFHSW
WKH�ODVW�NH\SDG�HQWU\

)LJXUH����%
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)LJXUH������.H\SDG�)XQFWLRQ�2YHUYLHZ
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)LJXUH������.H\SDG�)XQFWLRQ�2YHUYLHZ
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)LJXUH������.H\SDG�/D\RXW

��� $1$/<6(5�23(5$7,21�9,$�7+(�.(<3$'

)LJXUH�����VKRZV�LQ�RYHUYLHZ�KRZ�WKH�NH\SDG�FRPPDQG�V\VWHP�LV�VWUXFWXUHG�� �2QO\�SULQFLSDO
GLVSOD\V�DUH�VKRZQ�EXW�WKH�NH\SUHVV�VHTXHQFHV�GHPRQVWUDWH�KRZ�WR�PRYH�DURXQG�WKH�V\VWHP�
GLVSOD\LQJ�WKH�PHDVXUHPHQWV��LQWHUURJDWLQJ�V\VWHP�DODUPV�DQG�IDXOWV�DQG�HQWHULQJ�WKH�SDVVZRUG
SURWHFWHG�SDUDPHWHU�DQG�FDOLEUDWLRQ�URXWLQHV�

����� 1RUPDO�)XQFWLRQV

1RUPDO�IXQFWLRQV�GR�QRW�UHTXLUH�D�SDVVZRUG�WR�DFFHVV�WKHP���$W�WKLV�OHYHO�WKH�XVHU�FDQ�VHOHFW�WKH
PHDVXUHG�YDOXHV�WR�EH�GLVSOD\HG�DQG�LQWHUURJDWH��WKH�V\VWHP�DODUP�DQG�IDXOW�FRQGLWLRQV���2[\JHQ
��GLVSOD\�FDQ�EH�UHVWRUHG�IURP�DQ\�GLVSOD\�E\�SUHVVLQJ�WKH�
2[\JHQ
�NH\���'XDO�PHDVXUHPHQW
GLVSOD\V�ZLOO�QRW�
7LPH�2XW
�EXW�DQ\�RWKHU�GLVSOD\�ZLOO�DXWRPDWLFDOO\��UHYHUW�WR�
2[\JHQ��
���PLQXWH
DIWHU�WKH�ODVW�NH\SUHVV��$OWHUDWLRQV�WR�WKH�DQDO\VHU�PHPRU\�FDQQRW�EH�PDGH�DW�WKLV�OHYHO�

����� 3URWHFWHG�)XQFWLRQV

$FFHVV�WR�SURWHFWHG�IXQFWLRQV�LV�YLD�WKH�XVHU�VHOHFWHG�SDVVZRUG���7KH�IROORZLQJ�DUH�WKHQ�SRVVLEOH�

D� ([LW�IURP�3URWHFWHG�)XQFWLRQV�DQG�UHWXUQ�WR�2[\JHQ���E\�SUHVVLQJ�
1RUPDO
�

E� 6ZLWFK�EHWZHHQ�
3DUDPHWHU
�DQG�
&DOLEUDWH
�PRGHV�

F� +DYLQJ�VHOHFWHG�UHTXLUHG�PRGH��SURFHHG�WR�WKH�LQGLYLGXDO�SDUDPHWHU�RU�FDOLEUDWH�URXWLQH
E\�SUHVVLQJ�DSSURSULDWH�NH\�

+DYLQJ�VHOHFWHG�D�SDUWLFXODU�URXWLQH�UHIHU�WR�WKH�UHOHYDQW�VWHS�E\�VWHS�LQVWUXFWLRQV�IROORZLQJ�IRU
GHWDLOV�DQG�H[SODQDWLRQV���7KH�XVHU�PD\�
VWHS�WKURXJK
�WKHVH�URXWLQHV�XVLQJ�WKH�
&RQWLQXH
�NH\�WR
UHDG�SUHVHQW�GDWD�ZLWKRXW�PDNLQJ�DOWHUDWLRQV�

,I�WKH�DQDO\VHU�LV�FDOLEUDWHG�RU�IXQFWLRQV�DUH�FKDQJHG�WKH�QHZ�GDWD�LV�QRW�VDYHG�XQWLO�WKH�DQDO\VHU
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LV�UHWXUQHG�WR�WKH�R[\JHQ�GLVSOD\�E\�SUHVVLQJ� 
1RUPDO
� WZLFH���7KH�PHVVDJH�
6DYLQJ�'DWD
�ZLOO
DSSHDU�EULHIO\�

����� 5HVWDUW

7KLV�LV�WKH�PLFURSURFHVVRU�LQLWLDOLVDWLRQ�SURFHGXUH���,W�RFFXUV�

D� $IWHU�3RZHU�8S�RU�3RZHU�)DLO�

E� ,I�PDLQ�ERDUG�UHVHW�EXWWRQ�LV�SUHVVHG�

F� ,I�WKH�SURFHVVRU�
:DWFKGRJ
�FLUFXLW�GHWHFWV�D�SURFHVVRU�PDOIXQFWLRQ�

$IWHU�D�
5HVWDUW
�2[\JHQ���ZLOO�EH�GLVSOD\HG��ZDUQLQJV�EHLQJ�JLYHQ�VKRXOG�WKH�GLVSOD\HG�YDOXH�EH
LQ�DQ\�GRXEW��HJ��
:DUPLQJ�8S
�PHVVDJH�RU�D�
)DXOW
�LQGLFDWHG�E\�IODVKLQJ�GLVSOD\�

����� 7LPHRXW

7KH�DQDO\VHU�ZLOO�
7LPHRXW
�IURP�DQ\�NH\SDG�RSHUDWLQJ�VHTXHQFH�DQG�UHWXUQ�WR�WKH�2[\JHQ�GLVSOD\
��PLQXWH�DIWHU�WKH�ODVW�NH\�SUHVV���:LWK�WZR�H[FHSWLRQV�

D� ,W� LV� SRVVLEOH� WR� KDYH� D� FRQWLQXRXV� VLPXOWDQHRXV� GLVSOD\� RI� R[\JHQ� DQG� HLWKHU
FRPEXVWLEOHV��WHPSHUDWXUH�RU�HIILFLHQF\��GHSHQGLQJ�RQ�RSWLRQV�ILWWHG��

E� $W�SRLQWV�LQ�WKH�FDOLEUDWLRQ�URXWLQHV��
7LPHRXW
�LV�H[WHQGHG�WR���PLQXWHV��)ORZ�����PLQXWHV�
DOORZLQJ�WLPH�IRU�JDV�FRQQHFWLRQ�DQG�VHQVRU�RXWSXW�VWDELOLVDWLRQ�

$Q\�WLPHRXW�SHULRG�FDQ�EH�UHVWDUWHG�E\�D�NH\�SUHVV��SUHIHUDEO\�XVLQJ�D�NH\�QRW�UHOHYDQW�DW�WKDW
SRLQW�LQ�VHTXHQFH�HJ��DQ�
,QYDOLG�.H\
�RSHUDWLRQ���6HH�QRWH�EHORZ��

$Q\�GDWD�FKDQJHV�LQ�WKH�3DUDPHWHU�RU�&DOLEUDWLRQ�URXWLQHV�WKDW�KDYH�QRW�EHHQ�VDYHG�ZLOO�EH�ORVW
RQ�D�
7LPHRXW
�RU�
5HVWDUW
�DQG�ZLOO�KDYH�WR�EH�UH�HQWHUHG���7KH�RULJLQDO�GDWD�ZLOO�EH�UHWDLQHG�

1RWH� ,I�H[WHQVLYH�GDWD�FKDQJHV�LQ�YDULRXV�URXWLQHV�DUH�DQWLFLSDWHG��LW�PD\�VDYH�WLPH�WR�VHW�DQ\
H[LVWLQJ�SDVVZRUG�WR� 
���
�EHIRUH�VWDUWLQJ�� � ,W� LV� WKHQ�D�UDSLG�SURFHGXUH�WR� 
6DYH�'DWD

EHWZHHQ�URXWLQHV���7KLV�ZLOO�PLQLPLVH�DQ\�ORVV�RI�QHZ�GDWD�WKURXJK�DQ�LQDGYHUWHQW�7LPHRXW
RU�SRZHU�IDLO���5H�HQWHU�SDVVZRUG�RQ�FRPSOHWLRQ�RI�FKDQJHV�

,I�DQ�LQFRUUHFW�NH\�LV�SUHVVHG�WKHQ�RQH�RI�WKH�IROORZLQJ�GLVSOD\V�RFFXUV�EULHIO\�EHIRUH�WKH�DQDO\VHU
UHYHUWV�WR�WKH�VWHS�LQ�WKH�VHTXHQFH�WKDW�ZDV�ZURQJ�

D� 
127�),77('
���7KH�UHOHYDQW�RSWLRQ�LV�QRW�ILWWHG�

E� 
,19$/,'�.(<
���7KH�ODVW�NH\�SUHVVHG�KDV�QR�XVHIXO�IXQFWLRQ�DW�WKLV�WLPH�
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��� ',63/$<�02'(6

$V�VWDQGDUG� WKH�DQDO\VHU� LQGLFDWHV�R[\JHQ�� �'HSHQGLQJ�RQ�RSWLRQV� ILWWHG� LW� LV�DOVR�SRVVLEOH� WR
GLVSOD\�FRPEXVWLEOHV��IOXH�WHPSHUDWXUH�RU�HIILFLHQF\��HLWKHU�DORQH�RU�FRPELQHG�ZLWK�WKH�R[\JHQ
GLVSOD\�

����� 6LQJOH�0HDVXUHPHQW

'(6&5,37,21 .(< ',63/$< 0($1,1*

5HTXHVW�WKH 2;<*(1�11�1 11�1�LV�WKH���R[\JHQ�PHDVXUHPHQW
DQDO\VHU�WR�GLVSOD\ GLVSOD\HG�RYHU�WKH�UDQJH�����WR�������

WKH�R[\JHQ
PHDVXUHPHQW

5HTXHVW�WKH &2�1�111 1�111�LV�WKH���FRPEXVWLEOHV�LQGLFDWLRQ
DQDO\VHU�WR�GLVSOD\ RYHU�WKH�UDQJH�������WR�������
WKH�FRPEXVWLEOHV RU
PHDVXUHPHQW

&2�29(5 &XUUHQW�FRPEXVWLEOHV�LQGLFDWLRQ�LV�RYHU
������

5HTXHVW�WKH ()�11�)8(/ 11�LV�HIILFLHQF\�LQ�WKH�UDQJH���WR����
DQDO\VHU�WR�GLVSOD\
WKH�HIILFLHQF\ )8(/�FDQ�EH�HLWKHU�FRDO��RLO�RU�JDV�DV
PHDVXUHPHQW VHOHFWHG�LQ�SDUDPHWHU�URXWLQH�

RU

287�2) 2[\JHQ�OHYHO�QRW�ZLWKLQ�WKH�UDQJH���WR
5$1*( ����2�

RU

)OXH�JDV�WHPSHUDWXUH�OHVV�WKDQ�RU�HTXDO
WR�DLU�WHPSHUDWXUH�

RU

)OXH�WHPSHUDWXUH�JUHDWHU�WKDQ�����&
������)��

5HTXHVW�DQDO\VHU�WR 7(03�1111�& 1111�LV�WKH�IOXH�WHPSHUDWXUH�LQ�&�RU�)
GLVSOD\�IOXH�JDV �6HOHFWHG�E\�D�OLQN�RQ�WKH�FDUG�
WHPSHUDWXUH RU 5DQJH����WR������&

7(03�1111�)
RU�����WR������)
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����� 'XDO�'LVSOD\�RI�2[\JHQ�/HYHO�ZLWK�&RPEXVWLEOHV��7HPSHUDWXUH�RU�(IILFLHQF\

7KLV�IXQFWLRQ�LV�RQO\�DYDLODEOH�ZKHQ�WKH�FRPEXVWLEOHV�DQG�RU�WHPSHUDWXUH�DQG�HIILFLHQF\�RSWLRQV
DUH�ILWWHG�DQG�LW�HQDEOHV�WKH�RSHUDWRU�WR�REVHUYH�WZR�PHDVXUHPHQWV�VLPXOWDQHRXVO\���'XDO�GLVSOD\V
GR�QRW�WLPH�RXW�WR�
2;<*(1
�GLVSOD\��2Q�DQ\�C5(67$57
�WKH�GXDO�GLVSOD\�ZLOO�UHYHUW�WR�C2;<*(1

GLVSOD\�

��������2[\JHQ�DQG�&RPEXVWLEOHV�'XDO�'LVSOD\

'(6&5,37,21 .(< ',63/$< 0($1,1*

)URP�GLVSOD\�RI 2;<*(1����� &XUUHQW�R[\JHQ�OHYHO
W\SLFDOO\��
7R�VHOHFW�R[\JHQ &2������ &XUUHQW�FRPEXVWLEOHV�LQGLFDWLRQ�
DQG�FRPEXVWLEOHV
GLVSOD\�

7R�REWDLQ�WKH�GXDO �����&������ �����LV�WKH�FXUUHQW�R[\JHQ�OHYHO�&������
GLVSOD\�SUHVV�WKH LV�WKH�FXUUHQW�FRPEXVWLEOHV�OHYHO�
C&RPEXVW
�NH\ RU
DJDLQ� �����&�29(5 �����LV�WKH�FXUUHQW�R[\JHQ�OHYHO�

7KH�FXUUHQW�FRPEXVWLEOHV�OHYHO�LV�RYHU
������

7R�UHWXUQ�WR�WKH 2;<*(1�����
QRUPDO�GLVSOD\
SUHVV�

������� 2[\JHQ�DQG�7HPSHUDWXUH�'XDO�'LVSOD\

)URP�D�GLVSOD\�RI 2;<*(1����� &XUUHQW�R[\JHQ�OHYHO�
W\SLFDOO\��
7R�VHOHFW�R[\JHQ 7(03�1111& &XUUHQW�IOXH�WHPSHUDWXUH�UHDGLQJ
DQG�IOXH�WHPSHUDWXUH 1111�&
GLVSOD\�

7R�REWDLQ�GXDO �����7�1111& �����LV�WKH�FXUUHQW�R[\JHQ�OHYHO�
GLVSOD\�SUHVV�WKH 7�1111&�LV�WKH�FXUUHQW�IOXH
C)OXH�7HPS
�NH\ WHPSHUDWXUH�LQ�&���RU�)��
DJDLQ�

7R�UHWXUQ�WR�QRUPDO 2;<*(1�����
GLVSOD\�SUHVV��



����

������� 2[\JHQ�DQG�(IILFLHQF\�'XDO�'LVSOD\

'(6&5,37,21 .(< ',63/$< 0($1,1*

)URP�D�GLVSOD\�RI 2;<*(1�;<�= ;<�=�LV�FXUUHQW�R[\JHQ�OHYHO�
W\SLFDOO\��
7R�VHOHFW�R[\JHQ ()�11�*$6 &XUUHQW�HIILFLHQF\�UHDGLQJ�11���7KH
DQG�HIILFLHQF\ IXHO�LV�JDV�
GLVSOD\� RU

287�2) 6HH�6HFWLRQ�������
5$1*(

7R�REWDLQ�GXDO ;<�=�()�00 ;<�=�LV�FXUUHQW�R[\JHQ�OHYHO�
GLVSOD\�SUHVV�WKH ()�00�LV�WKH�FDOFXODWHG�FRPEXVWLRQ
IXQFWLRQ�NH\�DJDLQ� HIILFLHQF\�LQ���

7R�UHWXUQ�WR�QRUPDO 2;<*(1�;<�=
GLVSOD\�SUHVV��

��� 3527(&7('�)81&7,216
7KLV�VHFWLRQ�GHVFULEHV�SDVVZRUG�HQWU\�WR�SURWHFWHG�IXQFWLRQV��DQG�H[LW�SURFHGXUH�IRU�VDYLQJ�GDWD
DIWHU�FKDQJHV�WR�SDUDPHWHUV�KDYH�EHHQ�PDGH�

����� 3DVVZRUG�(QWU\

'(6&5,37,21 .(< ',63/$< 0($1,1*

6HOHFW�DQG�DFFHVV 3$66:25'�" 3URPSW�WR�HQWHU�SDVVZRUG�
UHTXLUHG�SDVVZRUG
SURWHFWHG�IXQFWLRQV

RU

��� 1XPEHU�ZKLFK�WKH�RSHUDWRU�PXVW�PDNH
HTXDO�WR�WKH�SDVVZRUG�
,I�WKH�SDVV�ZRUG�LV�C���
�SUHVV�C(QWHU
�

&RQWLQXRXVO\ 111 111�LV�WKH�SDVVZRUG�
GHSUHVVLQJ�WKHVH
NH\V�ZLOO�FDXVH�DQ
DFFHOHUDWLQJ�GLVSOD\
FKDQJH��



����

'(6&5,37,21 .(< ',63/$< 0($1,1*

&RPPDQG�WKH :521* ,QGLFDWHV�WKDW�WKH�HQWHUHG�SDVVZRUG
DQDO\VHU�WR�DFFHSW ZDV�ZURQJ��'LVSOD\HG�IRU�����VHFRQGV
WKH�SDVVZRUG� EHIRUH�UHYHUWLQJ�WR�R[\JHQ�UHDGLQJ�

RU

3$5$0(7(5�" 3DUDPHWHU�DFFHVV�VHOHFWHG��SDVVZRUG

RU

&$/,%5$7(�" &DOLEUDWLRQ�DFFHVV�VHOHFWHG��SDVVZRUG

&KHFN�SDVVZRUG�DQG�WKHQ�UHFRPPHQFH
WKH�HQWU\�URXWLQH�

FRUUHFW��SURFHHG�WR�SDUDPHWHU�VHFWLRQV
RI�WKLV�PDQXDO�

FRUUHFW��SURFHHG�WR�FDOLEUDWLRQ�VHFWLRQ�RI
WKLV�PDQXDO�

2QFH�SDVVZRUG�KDV�EHHQ�HQWHUHG�WKH�RSHUDWRU�FDQ�VZLWFK�EHWZHHQ�FDOLEUDWH�DQG�SDUDPHWHU
IXQFWLRQV�E\�SUHVVLQJ�WKH�DSSURSULDWH�NH\V�

������� 0HPRU\�$LG�WR�3DVVZRUG�6HTXHQFH

$V�D�PHPRU\�DLG�WKH�SDVVZRUG�VHTXHQFH�LV�VKRZQ�LQ�EULHI�IRUP�DW�WKH�VWDUW�RI�DQ\�VHFWLRQ�ZKHUH
LW�LV�QHFHVVDU\�WR�HQWHU�SURWHFWHG�IXQFWLRQV�

:KHUH�;<=�LV�WKH�FRUUHFW�SDVVZRUG�



����

����� ([LW�)URP�D�3DUDPHWHU�RU�&DOLEUDWH�5RXWLQH

1RWH� 7KLV�NH\�VHTXHQFH�LV�VKRZQ�LQ�VXPPDU\�DW�WKH�HQG�RI�HDFK�SURWHFWHG�URXWLQH�

'(6&5,37,21 .(< ',63/$< 0($1,1*

/DVW�VWHS�LQ�SUHVHQW 5RXWLQH�FRPSOHWH��'LVSOD\�KDV�UHWXUQHG
URXWLQH� WR�VWDUW�RI�ORRS��,I�VDWLVILHG�WKDW�DOO

VHWWLQJV�LQ�WKLV�ORRS�DUH�DV�UHTXLUHG�
SUHVV�C1RUPDO
��8VH�C&RQWLQXH
�NH\�WR
UHYLHZ�OLVW��

([LW�IURP�WKLV 3$5$0(7(5�" ,I�OHDYLQJ�D�3DUDPHWHU�URXWLQH�
URXWLQH���$Q\�URXWLQH
FDQ�EH�OHIW�DW�DQ\ RU
SRLQW�E\�SUHVVLQJ
1RUPDO�NH\�� &$/,%5$7(�" ,I�OHDYLQJ�D�FDOLEUDWLRQ�URXWLQH�

3URPSW�WR�FKDQJH�RWKHU�SDUDPHWHUV�RU
SHUIRUP�RWKHU�FDOLEUDWLRQV�LI�UHTXLUHG�

1RWH���,I�D�C3RZHUIDLO
��C5HVHW
�RU
LQDGYHUWHQW�C7LPH�2XW
�RFFXU�GXULQJ
VXEVHTXHQW�URXWLQHV��EHIRUH�WKH�QH[W
C6DYLQJ�'DWD
�RSHUDWLRQ�WKH�QHZ�GDWD�LQ
WKLV�URXWLQH�ZLOO�EH�ORVW�DORQJ�ZLWK�DQ\
CXQVDYHG
�QHZ�GDWD�IURP�SUHYLRXV
URXWLQHV���7KH�RULJLQDO�GDWD�ZLOO�EH
UHWDLQHG��

3UHVV�C1RUPDO
�WR�VDYH�GDWD�

&RPPDQG�WKH 6$9,1*�'$7$ ,I�WKH�C(QWHU
�NH\�KDV�EHHQ�XVHG�LQ
DQDO\VHU�WR�VWRUH SUHYLRXV�URXWLQH�V��WKH�PHVVDJH
QHZ�GDWD�LQ�WKLV C6DYLQJ�'DWD
�ZLOO�EH�GLVSOD\HG�EULHIO\�DV
URXWLQH���:LOO�DOVR DQDO\VHU�VWRUHV�QHZ�LQIRUPDWLRQ�
VWRUH�DQ\�XQVWRUHG WKHQ
GDWD�IURP�DQ\
SUHYLRXV�URXWLQH�� 2;<*(1�11�1 'LVSOD\�UHYHUWV�WR�FXUUHQW�R[\JHQ

PHDVXUHPHQW�

������� 6DYLQJ�'DWD

,I�GXULQJ�D�VHULHV�RI�GDWD�HQWULHV�D�
7LPHRXW
�RFFXUV��DOO�GDWD�WKDW�KDV�QRW�EHHQ�
6DYHG
��WUDQVIHUUHG
LQWR�SHUPDQHQW�PHPRU\��ZLOO�EH�ORVW�DQG�KDYH�WR�EH�UH�HQWHUHG���7R�PLQLPLVH�WKLV�ULVN��DW�WKH�HQG
RI�HDFK�HQWU\�VHFWLRQ��LW�LV�DGYLVDEOH�WR�
VDYH
�GDWD���7KLV�SURFHGXUH�LV�GHVFULEHG�LQ�VHFWLRQ�������
WKDW�LV�WKH�
1RUPDO�1RUPDO
�NH\�VHTXHQFH���7R�SURFHHG�ZLWK�IXUWKHU�GDWD�HQWU\��D�UH�HQWU\�YLD�WKH
SDVVZRUG�VHTXHQFH�ZLOO�KDYH�WR�EH�FDUULHG�RXW�



����

��� 6(77,1*�83�$1$/<6(5�$1'�2873876

����� )ORZ�$ODUP�7ULS�/HYHO�3DUDPHWHU

7KH�IORZ�DODUP�WULS�OHYHO�FDQ�EH�VHW�WR�WULS�HLWKHU�DW�]HUR�IORZ��������RU�DW�ORZ�IORZ���DSSUR[LPDWHO\
����RI�QRPLQDO�IXOO�IORZ��

(QWHU�SDVVZRUG�IRU�SDUDPHWHU�IXQFWLRQV�

'(6&5,37,21 .(< ',63/$< 0($1,1*

3$5$0(7(5�" 3DUDPHWHU�IXQFWLRQV�KDYH�EHHQ
VHOHFWHG�

&RPPDQG�WKH )�75,3�=(52 7ULS�OHYHO�LV�DW�]HUR�IORZ�
DQDO\VHU�WR�GLVSOD\
WKH�IORZ�SDUDPHWHUV� RU

)�75,3�/2: 7ULS�OHYHO�LV�DW�����RI�IORZ�

6HOHFW�WKH�UHTXLUHG )�75,3�=(52
WULS�OHYHO��(LWKHU�]HUR
RU�ORZ�IORZ� RU

)�75,3�/2:

&RPPDQG�WKH 1(:�)�75,3�� 7ULS�OHYHO�LV�QRZ�VHW�WR�]HUR�
DQDO\VHU�WR�DFFHSW
WKH�QHZ�LQIRUPDWLRQ RU
DQG�PRYH�RQWR�WKH
QH[W�IXQFWLRQ� 1(:�)�75,3�/2 7ULS�OHYHO�LV�QRZ�VHW�DW�����RI�IORZ�



����

'(6&5,37,21 .(< ',63/$< 0($1,1*

([LW�IURP�WKLV 3$5$0(7(5�"
URXWLQH�

&RPPDQG�DQDO\VHU 3$5$0(7(5 'DWD�VWRUHG�LQ�SHUPDQHQW�PHPRU\�
WR�VWRUH�GDWD�

WKHQ

2;<*(1�11�1

����� 2[\JHQ�2XWSXW��QRQ�LVRODWHG�

1RWH� �� ,I�WKH�LVRODWHG�R[\JHQ�RXWSXW�DQG�DODUP�FDUG�LV�ILWWHG������������WKHQ�LWV�RXWSXW�PD\�EH
VHW�GLIIHUHQWO\� WR� WKH�VWDQGDUG��PDLQERDUG��QRQ�LVRODWHG�RXWSXW�� �6HH�6HFWLRQ������� IRU
VHWWLQJ�WKH�LVRODWHG�RXWSXW��

�� ,I�WKH�LVRODWHG�R[\JHQ�DQG�FRPEXVWLEOHV�FDUG������������LV�ILWWHG�WKHQ�WKH�R[\JHQ�RXWSXW
LV� WKH� VDPH� DV� WKH� VWDQGDUG� PDLQERDUG�� QRQ�LVRODWHG� RXWSXW� DQG� WKHUH� LV� RQO\� RQH
SDUDPHWHU�VHWWLQJ�URXWLQH�IRU�ERWK�RXWSXWV�

(QWHU�SDVVZRUG�IRU�SDUDPHWHU�IXQFWLRQV�

'(6&5,37,21 .(< ',63/$< 0($1,1*

3$5$0(7(5�" 3DUDPHWHU�IXQFWLRQV�KDYH�EHHQ
VHOHFWHG�

&RPPDQG�WKH 2;�5$1*(�11 :KHUH�11�LV�WKH�DQDORJXH�RXWSXW�UDQJH
DQDO\VHU�WR�GLVSOD\ LQ���R[\JHQ�
WKH�R[\JHQ
SDUDPHWHUV�



����

'(6&5,37,21 .(< ',63/$< 0($1,1*

6HOHFW�WKH�UHTXLUHG 2;�5$1*(�00 :KHUH�00�LV�WKH�QHZ�RXWSXW�UDQJH�
R[\JHQ�RXWSXW
UDQJH�������������RU
���2�

&RPPDQG�WKH 2;�=(52�/,9( $QDORJXH�RXWSXW�IRU�R[\JHQ�LV�
DQDO\VHU�WR�DFFHSW ��WR����P$�DQG���WR���9��7%���
WKH�LQIRUPDWLRQ�DQG RU
PRYH�RQWR�WKH�QH[W
IXQFWLRQ� 2;�=(52�758( $QDORJXH�RXWSXW�IRU�R[\JHQ�LV�

��WR����P$�DQG���WR���9��7%���

6HOHFW�OLYH�RU�WUXH 2;�=(52�/,9(
]HUR�IRU�WKH�R[\JHQ
DQDORJXH�RXWSXW� RU

2;�=(52�758(

&RPPDQG�WKH 2;�5$1*(�11 5HWXUQHG�WR�WKH�ILUVW�SDUDPHWHU
DQDO\VHU�WR�DFFHSW L�H��R[\JHQ�RXWSXW�UDQJH�
WKH�LQIRUPDWLRQ�DQG
PRYH�RQWR�WKH�QH[W
IXQFWLRQ�

([LW�IURP�WKLV 3$5$0(7(5�"
URXWLQH�

&RPPDQG�DQDO\VHU 6$9,1*�'$7$ 'DWD�VWRUHG�LQ�SHUPDQHQW�PHPRU\�
WR�VWRUH�QHZ�GDWD�

WKHQ

2;<*(1�11�1



����

����� &RPEXVWLEOHV�2XWSXW

1RWH�� ,I�WKH�LVRODWHG�R[\JHQ�DQG�FRPEXVWLEOHV�FDUG������������LV�ILWWHG�WKHQ�WKH�R[\JHQ�RXWSXW
LV� WKH� VDPH� DV� WKH� VWDQGDUG� PDLQERDUG�� QRQ�LVRODWHG� RXWSXW� DQG� WKHUH� LV� RQO\� RQH
SDUDPHWHU�VHWWLQJ�URXWLQH�IRU�ERWK�RXWSXWV�

(QWHU�SDVVZRUG�IRU�SDUDPHWHU�IXQFWLRQV�

'(6&5,37,21 .(< ',63/$< 0($1,1*

3$5$0(7(5�" 3DUDPHWHU�IXQFWLRQV�KDYH�EHHQ
VHOHFWHG�

&RPPDQG�WKH &2�$/�;�;; :KHUH�;�;;�LV�WKH�FXUUHQW�VHW�SRLQW�RI
DQDO\VHU�WR�GLVSOD\ WKH�FRPEXVWLEOHV�DODUP�LQ���&2�
WKH�FRPEXVWLEOHV ,I�WKH�DODUP�LV�VHW�WR�DERYH�������WKH
SDUDPHWHUV� RU GLVSOD\�ZLOO�UHDG�C2))
�

&2�$/�2)) &RPEXVWLEOHV�DODUP�LQRSHUDWLYH�

6HOHFW�WKH�DODUP &2�$/�1�11 :KHUH�1�11�LV�WKH�QHZ�VHWWLQJ�RI�WKH
OHYHO�UHTXLUHG� DODUP�OHYHO��1�11�ZLOO�LQGLFDWH�2))�LI

WKH�DODUP�LV�VHW�WR�DERYH�������
$ODUP�LV�WKHQ�LQRSHUDWLYH�

&RPPDQG�WKH &2�5$1*(�<�<< :KHUH�<�<<�LV�WKH�DQDORJXH�RXWSXW
DQDO\VHU�WR�DFFHSW UDQJH�LQ���FRPEXVWLEOHV�
WKH�LQIRUPDWLRQ�DQG
PRYH�RQWR�WKH�QH[W
IXQFWLRQ�

6HOHFW�WKH�UHTXLUHG &2�5$1*(0�00 :KHUH�0�00�LV�WKH�QHZ�RXWSXW�UDQJH�
FRPEXVWLEOHV�RXWSXW
UDQJH������������
�����RU�������)6'��



����

'(6&5,37,21 .(< ',63/$< 0($1,1*

&RPPDQG�WKH &2�=(52�/,9( $QDORJXH�RXWSXW�IRU�FRPEXVWLEOHV�LV
DQDO\VHU�WR�DFFHSW ��WR����P$�DQG���WR���9��7%����
WKH�LQIRUPDWLRQ�DQG RU
PRYH�RQWR�WKH�QH[W
IXQFWLRQ� &2�=(52�758( $QDORJXH�RXWSXW�IRU�FRPEXVWLEOHV�LV

��WR���P$�DQG���WR���9��7%����

6HOHFW�OLYH�RU�WUXH &2�=(52�/,9(
]HUR�IRU�WKH
FRPEXVWLEOHV RU
DQDORJXH�RXWSXW�

&2�=(52�758(

&RPPDQG�WKH 6(16�&2167�= :KHUH�=�LV�WKH�SUHVHQW�FRPEXVWLEOHV
DQDO\VHU�WR�DFFHSW VHQVRU�FRQVWDQW�
WKH�LQIRUPDWLRQ�DQG
PRYH�RQWR�WKH�QH[W
IXQFWLRQ�

6HW�WKH�VHQVRU 6(16�&2167�% :KHUH�%�LV�WKH�FRUUHFW�VHQVRU�FRQVWDQW�
FRQVWDQW�WR�WKH
QXPEHU�PDUNHG�RQ
WKH�SULQWHG�FLUFXLW
ERDUG�LQVLGH�RI�WKH
VHQVRU�KHDG
WHUPLQDO�ER[�

&RPPDQG�WKH &2�$/�;�;; 5HWXUQHG�WR�WKH�ILUVW�SDUDPHWHU
DQDO\VHU�WR�DFFHSW L�H��FRPEXVWLEOHV�DODUP�OHYHO�
WKH�LQIRUPDWLRQ�DQG
PRYH�RQ�WR�WKH�QH[W
IXQFWLRQ�

([LW�IURP�WKLV�URXWLQH 3$5$0(7(5�"

&RPPDQG�DQDO\VHU 6$9,1*�'$7$ 'DWD�VWRUHG�LQ�SHUPDQHQW�PHPRU\
WR�VWRUH�QHZ�GDWD�

WKHQ

2;<*(1�11�1



����

����� 2[\JHQ�2XWSXW��LVRODWHG��DQG�$ODUPV

1RWH� �� 7KLV�VHFWLRQ�DOVR�LQFOXGHV�LQIRUPDWLRQ�RQ�VHWWLQJ�WKH�VWDQGDUG��PDLQ�ERDUG��QRQ�LVRODWHG
R[\JHQ�RXWSXW�

�� ,I�WKH�LVRODWHG�R[\JHQ�RXWSXW�DQG�DODUP�FDUG�LV�ILWWHG������������WKHQ�LWV�RXWSXW�PD\�EH
VHW�GLIIHUHQWO\�WR�WKH�VWDQGDUG��PDLQERDUG��QRQ�LVRODWHG�RXWSXW�

(QWHU�SDVVZRUG�IRU�SDUDPHWHU�IXQFWLRQV�

'(6&5,37,21 .(< ',63/$< 0($1,1*

3$5$0(7(5�" 3DUDPHWHU�IXQFWLRQV�KDYH�EHHQ
VHOHFWHG�

&RPPDQG�WKH 2;�$/�/�;;�; :KHUH�;;�;�LV�WKH�FXUUHQW�VHW�SRLQW�RI
DQDO\VHU�WR�GLVSOD\ WKH�ORZ�R[\JHQ�DODUP�LQ���2 ��,I�WKH
WKH�R[\JHQ DODUP�LV�VHW�EHORZ�������2 �WKH�GLVSOD\
SDUDPHWHUV� ZLOO�UHDG�2))�

RU

2;�$/�/�2)) 2[\JHQ�ORZ�DODUP�LV�LQRSHUDWLYH�

�

�

6HOHFW�WKH�UHTXLUHG 2;�$/�/�<<�< :KHUH�<<�<�LV�WKH�QHZ�VHWWLQJ�RI�WKH
ORZ�DODUP�OHYHO� ORZ�DODUP�OHYHO��<<�<�ZLOO�LQGLFDWH�2))

LI�WKH�DODUP�LV�VHW�WR�EHORZ������2 ��
/RZ�DODUP�LV�WKHQ�LQRSHUDWLYH�

&RPPDQG�WKH 2;�$/�+�;;�; :KHUH�;;�;�LV�WKH�FXUUHQW�VHW�SRLQW�RI
DQDO\VHU�WR�DFFHSW WKH�KLJK�R[\JHQ�DODUP�LQ���2 ��,I�WKH
WKH�LQIRUPDWLRQ�DQG OHYHO�LV�VHW�WR�DERYH�������2 �WKH
PRYH�RQWR�WKH�QH[W GLVSOD\�ZLOO�UHDG�2))�
IXQFWLRQ� RU

2;�$/�+�2)) 2[\JHQ�KLJK�DODUP�LV�LQRSHUDWLYH�

�

�



����

'(6&5,37,21 .(< ',63/$< 0($1,1*

6HOHFW�WKH�UHTXLUHG 2;�$/�+�<<�< :KHUH�<<�<�LV�WKH�QHZ�VHWWLQJ�RI�WKH
KLJK�DODUP�OHYHO� KLJK�DODUP��<<�<�ZLOO�LQGLFDWH�2))�LI�WKH

DODUP�LV�VHW�WR�DERYH�������2 ���
2[\JHQ�KLJK�DODUP�LV�WKHQ�LQRSHUDWLYH�

&RPPDQG�WKH ,�2;�5$1*(�;; :KHUH�;;�LV�WKH�LVRODWHG�DQDORJXH
DQDO\VHU�WR�DFFHSW RXWSXW�UDQJH�LQIRUPDWLRQ�LQ���R[\JHQ�
WKH�LQIRUPDWLRQ�DQG
PRYH�RQ�WR�WKH�QH[W
IXQFWLRQ�

6HOHFW�WKH�UHTXLUHG ,�2;�5$1*(�<< :KHUH�<<�LV�WKH�QHZ�LVRODWHG�RXWSXW
LVRODWHG�R[\JHQ UDQJH�
RXWSXW�UDQJH�������
������RU�����2�

)6'��

&RPPDQG�WKH ,�2;�=(52�/,9( ,VRODWHG�DQDORJXH�RXWSXW�IRU�R[\JHQ�LV
DQDO\VHU�WR�DFFHSW ��WR���9�DQG���WR����P$��7%�����
WKH�LQIRUPDWLRQ�DQG RU
PRYH�RQWR�WKH�QH[W
IXQFWLRQ� ,�2;�=(52 ,VRODWHG�DQDORJXH�RXWSXW�IRU�R[\JHQ�LV

758( ��WR���9�DQG���WR����P$��7%�����

6HOHFW�OLYH�RU�WUXH ,�2;�=(52�/,9(
]HUR�IRU�WKH�R[\JHQ
LVRODWHG�DQDORJXH RU
RXWSXW�

,�2;�=(52
758(

&RPPDQG�WKH 2;�5$1*(�;; :KHUH�;;�LV�WKH�QRQ�LVRODWHG�DQDORJXH
DQDO\VHU�WR�DFFHSW RXWSXW�UDQJH�LQ���R[\JHQ�
WKH�LQIRUPDWLRQ�DQG
PRYH�RQWR�WKH�QH[W 1RWH���,W�FDQ�EH�VHW�WR�D�UDQJH�GLIIHUHQW
IXQFWLRQ���6HWWLQJ�WKH IURP�WKH�LVRODWHG�RXWSXW�UDQJH�LI
QRQ�LVRODWHG�R[\JHQ UHTXLUHG�
RXWSXW��

6HOHFW�WKH�UHTXLUHG 2;�5$1*(�<< :KHUH�<<�LV�WKH�QHZ�QRQ�LVRODWHG
QRQ�LVRODWHG�R[\JHQ DQDORJXH�RXWSXW�UDQJH�
RXWSXW�UDQJH�������
������RU�����)6'��



����
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&RPPDQG�WKH 2;�=(52�/,9( 6WDQGDUG�QRQ�LVRODWHG�RXWSXW�LV
DQDO\VHU�WR�DFFHSW ��WR���9�DQG���WR����P$��7%���
WKLV�LQIRUPDWLRQ�DQG RU
PRYH�RQWR�WKH�QH[W
IXQFWLRQ� 2;�=(52 6WDQGDUG�QRQ�LVRODWHG�RXWSXW

758( LV���WR���9�DQG���WR���P$��7%���

6HOHFW�OLYH�RU�WUXH 2;�=(52�/,9( 1RQ�LVRODWHG�DQDORJXH�RXWSXW�IRU
]HUR�IRU�WKH�QRQ� R[\JHQ�LV���WR���9�DQG���WR���P$�
LVRODWHG�DQDORJXH 7KLV�QHHG�QRW�EH�WKH�VDPH�DV�WKH
RXWSXW� LVRODWHG�VLJQDO�

RU

2;�=(52 1RQ�LVRODWHG�DQDORJXH�RXWSXW�IRU
758( R[\JHQ�LV���WR���9�DQG���WR���P$�

7KLV�QHHG�QRW�EH�WKH�VDPH�DV�WKH
LVRODWHG�VLJQDO�

&RPPDQG�WKH 2;�$/�/�;;�; 5HWXUQHG�WR�WKH�ILUVW�SDUDPHWHU
DQDO\VHU�WR�DFFHSW L�H��ORZ�R[\JHQ�DODUP�OHYHO�
WKLV�LQIRUPDWLRQ�DQG
PRYH�RQWR�WKH�QH[W
IXQFWLRQ�

([LW�IURP�WKLV 3$5$0(7(5�"
URXWLQH�

&RPPDQG�DQDO\VHU 6$9,1*�'$7$ 'DWD�VWRUHG�LQ�SHUPDQHQW�PHPRU\�
WR�VWRUH�QHZ�GDWD�

WKHQ

2;<*(1�11�1



����

����� 7HPSHUDWXUH�DQG�(IILFLHQF\�3DUDPHWHUV

1RWH� 7R�FKDQJH� WHPSHUDWXUH� UHDGLQJ� IURP�FHQWLJUDGH� WR� IDKUHQKHLW�PDNH� OLQN�/.�� �ZLUH�ZUDS�SOXJ
DGMDFHQW�WR�,&���RQ�WHPSHUDWXUH�DQG�HIILFLHQF\�RSWLRQ�SULQWHG�FLUFXLW�ERDUG�������������7KHQ�SUHVV
UHVHW�EXWWRQ�RQ�PDLQ�ERDUG�

(QWHU�SDVVZRUG�IRU�SDUDPHWHU�IXQFWLRQV�

'(6&5,37,21 .(< ',63/$< 0($1,1*

3$5$0(7(5�" 3DUDPHWHU�IXQFWLRQV�KDYH�EHHQ
VHOHFWHG�

&RPPDQG�WKH )8(/�1111 1111�LV�WKH�FXUUHQW�VHWWLQJ�RI�WKH�IXHO�
DQDO\VHU�WR�GLVSOD\ �*$6��2,/�RU�&2$/��
WKH�WHPSHUDWXUH�DQG
HIILFLHQF\
SDUDPHWHUV

6HOHFW�WKH�UHTXLUHG )8(/�0000 :KHUH�0000�LV�WKH�QHZ�IXHO�XVHG�LQ
IXHO��L�H��JDV��RLO�RU WKH�HIILFLHQF\�FDOFXODWLRQ�
FRDO�

&RPPDQG�WKH ()�=(52�/,9( $QDORJXH�RXWSXW�IRU�HIILFLHQF\�LV
DQDO\VHU�WR�DFFHSW ��WR���P$�DQG���WR���9���7%����
WKH�LQIRUPDWLRQ�DQG RU
PRYH�RQWR�WKH�QH[W
IXQFWLRQ� ()�=(52 $QDORJXH�RXWSXW�IRU�HIILFLHQF\�LV

758( ��WR���P$�DQG���WR���9���7%����

6HOHFW�OLYH�RU�WUXH ()�=(52�/,9(
]HUR�IRU�WKH
HIILFLHQF\�DQDORJXH RU
RXWSXW�

()�=(52
758(



����
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&RPPDQG�WKH )7�=(52�/,9( $QDORJXH�RXWSXW�IRU�IOXH�WHPSHUDWXUH�LV
DQDO\VHU�WR�DFFHSW ��WR����P$�DQG���WR���9���7%����
WKH�LQIRUPDWLRQ�DQG RU
PRYH�RQWR�WKH�QH[W
IXQFWLRQ� )7�=(52 $QDORJXH�RXWSXW�IRU�IOXH�WHPSHUDWXUH�LV

758( ��WR����P$�DQG���WR���9���7%����

6HOHFW�OLYH�RU�WUXH )7�=(52�/,9(
]HUR�IRU�WKH�IOXH
WHPSHUDWXUH� RU

)7�=(52
758(

&RPPDQG�WKH )�7�5$1*( $QDORJXH�RXWSXW�UDQJH�IRU�IOXH
DQDO\VHU�WR�DFFHSW ��� WHPSHUDWXUH�LV���WR�����&�
WKH�LQIRUPDWLRQ�DQG
PRYH�RQWR�WKH�QH[W RU
IXQFWLRQ� $QDORJXH�RXWSXW�UDQJH�IRU�IOXH

)�7�5$1*( WHPSHUDWXUH�LV���WR������&
���� RU���WR������)�

RU $QDORJXH�RXWSXW�UDQJH�IRU�IOXH

)�7�5$1*( �/LPLWV�DW������)��
����

WHPSHUDWXUH�LV���WR������)�

6HOHFW�WKH�UHTXLUHG )�7�5$1*(
IOXH�WHPSHUDWXUH ���
RXWSXW�UDQJH�

RU

)�7�5$1*(
����

RU

)�7�5$1*(
����

&RPPDQG�WKH )�7�$/$50 :KHUH�111�LV�WKH�FXUUHQW�VHW�SRLQW�RI
DQDO\VHU�WR�DFFHSW 111 WKH�IOXH�WHPSHUDWXUH�DODUP�VFDOHG�HLWKHU
WKH�LQIRUPDWLRQ�DQG LQ�&�RU�)��,I�WKH�DODUP�LV�VHW�DERYH
PRYH�RQWR�WKH�QH[W RU ����&�RU������)�LW�LV�LQRSHUDWLYH��
IXQFWLRQ�

)�7�$/$50 )OXH�WHPSHUDWXUH�DODUP�LQRSHUDWLYH�
2))



����
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6HOHFW�WKH�UHTXLUHG )�7�$/$50 :KHUH�000�LV�WKH�QHZ�VHWWLQJ�RI�WKH
DODUP�OHYHO� 000 DODUP�OHYHO��000�ZLOO�LQGLFDWH�2))�LI

WKH�DODUP�LV�VHW�DERYH�����&�RU������)�

&RPPDQG�WKH $,5�7(03�111 :KHUH�111�LV�WKH�DLU�WHPSHUDWXUH�XVHG
DQDO\VHU�WR�DFFHSW LQ�WKH�HIILFLHQF\�FDOFXODWLRQ�ZKHQ�DQ
WKH�LQIRUPDWLRQ�DQG LQOHW�WKHUPRFRXSOH�LV�QRW�ILWWHG��7KH
PRYH�RQWR�WKH�QH[W DYDLODEOH�UDQJH�IRU�WKLV�VHWWLQJ�LV�����WR
IXQFWLRQ� RU �����&�RU���WR�����)�

7�&�7(03�111 :KHUH�111�LV�WKH�DLU�WHPSHUDWXUH
PHDVXUHG�E\�WKH�LQOHW�WKHUPRFRXSOH�
5DQJH�����WR������&�����WR�����)��7KLV
LV�D�PHDVXUHG�SDUDPHWHU�DQG�FDQQRW�EH
FKDQJHG�YLD�WKH�NH\�SDG��3UHVV
C&RQWLQXH
�NH\�WR�PRYH�RQWR�QH[W
IXQFWLRQ�

,I�DQ�LQOHW $,5 :KHUH�000�LV�WKH�QHZ�VHWWLQJ�IRU�WKH
WKHUPRFRXSOH�LV�QRW 7(03�000 DLU�WHPSHUDWXUH�
ILWWHG��VHOHFW�WKH
UHTXLUHG�DLU
WHPSHUDWXUH������WR
����&�����WR�����)�

&RPPDQG�WKH )8(/�1111 5HWXUQHG�WR�WKH�ILUVW�SDUDPHWHU
DQDO\VHU�WR�DFFHSW L�H��IXHO�VHOHFWLRQ�
WKH�LQIRUPDWLRQ�DQG
PRYH�RQWR�WKH�QH[W
IXQFWLRQ�

([LW�IURP�WKLV 3$5$0(7(5�"
URXWLQH�

&RPPDQG�DQDO\VHU 6$9,1*�'$7$ 'DWD�VWRUHG�LQ�SHUPDQHQW�PHPRU\�
WR�VWRUH�QHZ�GDWD�

WKHQ

2;<*(1�11�1



����

��� &$/,%5$7,21

&DOLEUDWLRQ�JDVHV�DUH�VSHFLILHG�LQ�6HFWLRQ�����

'HWDLOV�RI�FDOLEUDWLRQ�JDV�FRQQHFWLRQV��IORZ�UDWHV�HWF��DUH�JLYHQ�LQ�6HFWLRQ������

,I�WKH�FRPEXVWLEOHV�LV�ILWWHG�DQG�WKH�FRPEXVWLEOHV�VHQVRU�DQG�RU�WKH�FRPEXVWLEOHV�FDUG�KDYH�EHHQ
FKDQJHG�WKHQ�WKH�FRPEXVWLEOHV�ERDUG�PXVW�EH�DGMXVWHG�DQG�WKH�FRUUHFW�VHQVRU�FRQVWDQW�HQWHUHG
SULRU�WR�FRPEXVWLEOHV�FDOLEUDWLRQ��5HIHU�WR�VHFWLRQ���������

����� )UHTXHQF\�RI�&DOLEUDWLRQ

7KH�IUHTXHQF\�RI�FDOLEUDWLRQ�ZLOO�GHSHQG�XSRQ�WKH�XVH�WR�ZKLFK�WKH�DQDO\VHU�LV�EHLQJ�SXW�DQG�WKH
UHOLDQFH�EHLQJ�SODFHG�XSRQ�LW���7KH�IROORZLQJ�LV�VXJJHVWHG�ZKLFK�FDQ�EH�PRGLILHG�DV�D�UHVXOW�RI
RSHUDWLQJ�H[SHULHQFH�

:HHNO\� &RPEXVWLEOHV�]HUR ��PRQWKO\� 2[\JHQ�DLU�SRLQW
2[\JHQ�HQG�SRLQW
&RPEXVWLEOHV�VSDQ
)ORZ�VHQVRU

����� )ORZ�6HQVRU�&DOLEUDWLRQ�3URFHGXUH

(QWHU�SDVVZRUG�IRU�FDOLEUDWLRQ�IXQFWLRQV�

'(6&5,37,21 .(< ',63/$< 0($1,1*

&$/,%5$7(�" &DOLEUDWH�IXQFWLRQV�KDYH�EHHQ�VHOHFWHG�

6HOHFW�IORZ =(52�)/2: 6ZLWFK�RII�WKH�DVSLUDWRU�DLU�VXSSO\��$OORZ
FDOLEUDWLRQ��7KH WZR�PLQXWHV�IRU�WKH�IORZ�VHQVRU�RXWSXW
DQDO\VHU�ZLOO�WLPH WR�VHWWOH�
RXW�WKUHH�PLQXWHV
DIWHU�WKLV�NH\�LV $Q�DVWHULVN�ZLOO�VKRZ�RQ�WKH�GLVSOD\
SUHVVHG�XQOHVV DIWHU�WZR�PLQXWHV�LQGLFDWLQJ�WKDW�WKH
DQRWKHU�NH\�LV LQVWUXPHQW�ZLOO�WLPH�RXW�DIWHU�DQRWKHU
SUHVVHG� PLQXWH�

=(52�)/2:



����
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&RPPDQG�WKH )/2:���6(7 )ORZ�]HUR�SRLQW�KDV�EHHQ�FRUUHFWO\�VHW�
DQDO\VHU�WR�FDOLEUDWH RU
WKH�IORZ�]HUR�SRLQW�
7KH�DQDO\VHU�ZLOO &$/�(5525 6HQVRU�QRW�VHWWOHG��RXWSXW�RI�IORZ
WLPH�RXW�DIWHU�WKUHH VHQVRU�FKDQJHG�VLJQLILFDQWO\�GXULQJ�WKH
PLQXWHV�XQOHVV FDOFXODWLRQ���'LVSOD\HG�IRU�����VHFRQGV
DQRWKHU�NH\�LV EHIRUH�UHYHUWLQJ�WR�GLVSOD\�=(52
SUHVVHG� )/2:�

([LW�IURP�WKLV &$/,%5$7(�"
URXWLQH�

&RPPDQG�DQDO\VHU 6$9,1*�'$7$ 'DWD�VWRUHG�LQ�SHUPDQHQW�PHPRU\�
WR�VWRUH�QHZ�GDWD�

WKHQ

2;<*(1�11�1

1RWH�� 7XUQ�RQ�DVSLUDWRU�DLU�VXSSO\�RQFH�IORZ�VHQVRU�FDOLEUDWLRQ�LV�FRPSOHWHG�

����� 2[\JHQ�6HQVRU�$LU�3RLQW�&DOLEUDWLRQ�3URFHGXUH

(QWHU�SDVVZRUG�IRU�FDOLEUDWLRQ�IXQFWLRQV�

'(6&5,37,21 .(< ',63/$< 0($1,1*

&$/,%5$7(�" &DOLEUDWH�IXQFWLRQV�KDYH�EHHQ�VHOHFWHG�

6HOHFW�R[\JHQ &$/�37�$,5 ,I�RQO\�HQG�SRLQW�FDOLEUDWLRQ�LV�UHTXLUHG
VHQVRU�FDOLEUDWLRQ� SUHVV�C&RQWLQXH
�WR�MXPS�WR�VWDUW�RI�HQG

SRLQW�FDOLEUDWLRQ�URXWLQH�



����

6HOHFW�DLU�DV�WKH &$/�*$6�$,5 $LU�SRLQW�FDOLEUDWLRQ�KDV�EHHQ�VHOHFWHG�
FDOLEUDWLRQ�SRLQW�

3UHVV�C&RQWLQXH
 $$�$$������ :KHUH�$$�$$�LV�WKH�PHDVXUHG�R[\JHQ
WKHQ�FRQQHFW�D OHYHO�FDOFXODWHG�XVLQJ�H[LVWLQJ�GDWD�
VXSSO\�RI�FDOLEUDWLRQ ������LV�WKH�DLU�FDOLEUDWLRQ�SRLQW�
DLU�WR�WKH�FDOLEUDWLRQ 3URYLGLQJ�VWDELOLW\�LV�DFKLHYHG�ZLWKLQ��
LQOHW�RI�WKH�VHQVRU PLQXWHV��FDOLEUDWLRQ�FDQ�EH�FRPSOHWHG�
KHDG�DW�D�IORZ�UDWH
RI�����PO�PLQ� $IWHU���PLQXWHV��DQ�DVWHUL[�ZLOO�VKRZ�RQ

$$�$$������ WKH�GLVSOD\�LQGLFDWLQJ�WKDW�WKH�DQDO\VHU
ZLOO�WLPH�RXW�DIWHU�D�IXUWKHU�PLQXWH�

:KHQ�WKH�GLVSOD\�LV &$/�37�1�11 $LU�SRLQW�FDOLEUDWLRQ�KDV�EHHQ
VWDEOH��FRPPDQG VXFFHVVIXO��3URPSW�WR�FRQWLQXH�RQWR
WKH�DQDO\VHU�WR HQG�SRLQW�FDOLEUDWLRQ�ZKHUH�1�11�LV�WKH
UHFDOFXODWH�DQG RU HQG�SRLQW�FDOLEUDWLRQ�SRLQW�
XSGDWH�WKH
FDOLEUDWLRQ�GDWD�VXFK &$/�(5525 ,QGLFDWHV�WKDW�WKH�FHOO�RXWSXW�FKDQJHG
WKDW�WKH�PHDVXUHG GXULQJ�WKH�FDOFXODWLRQ��:DLW�IRU�VWDELOLW\
R[\JHQ�OHYHO�$$�$$ RU DQG�SUHVV�C(QWHU
�DJDLQ�
HTXDOV�WKH�DLU
FDOLEUDWLRQ�SRLQW &$/�)$,/ 7KH�FHOO�RXWSXW�LV�RXWVLGH�LWV�WROHUDQFH
���������7KHQ�PRYH OLPLWV��6HH�6HFWLRQ���������
RQWR�WKH�QH[W
IXQFWLRQ� &$/�(5525�DQG�&$/�)$,/�PHVVDJHV

DUH�GLVSOD\HG�IRU�����VHFRQGV�EHIRUH
WKH�GLVSOD\�UHYHUWV�WR�$$�$$�������

([LW�IURP�WKLV &$/,%5$7(�"
URXWLQH�

&RPPDQG�DQDO\VHU 6$9,1*�'$7$ 'DWD�VWRUHG�LQ�SHUPDQHQW�PHPRU\�
WR�VWRUH�QHZ�GDWD�

WKHQ

2;<*(1�11�1

1RWH�� 'LVFRQQHFW�FDOLEUDWLRQ�DLU�IURP�WKH�DQDO\VHU�DQG�VHDO�FDOLEUDWLRQ�SRUW�



����

����� 2[\JHQ�6HQVRU�(QG�3RLQW�&DOLEUDWLRQ�3URFHGXUH

(QWHU�SDVVZRUG�IRU�FDOLEUDWLRQ�IXQFWLRQV�

'(6&5,37,21 .(< ',63/$< 0($1,1*

&$/,%5$7(�" &DOLEUDWLRQ�IXQFWLRQV�KDYH�EHHQ
VHOHFWHG�

6HOHFW�R[\JHQ &$/�37�$,5 $LU�SRLQW�FDOLEUDWLRQ�KDV�DOUHDG\�EHHQ
VHQVRU�FDOLEUDWLRQ� SHUIRUPHG�VR�FRQWLQXH�RQWR�HQG�SRLQW

FDOLEUDWLRQ�

6HOHFW�HQG�SRLQW &$/�37�1�11 :KHUH�1�11�LV�WKH�FDOLEUDWLRQ�SRLQW
FDOLEUDWLRQ� ZKLFK�ZDV�XVHG�GXULQJ�WKH�ODVW

FDOLEUDWLRQ�

6HW�HQG�SRLQW &$/�37�0�00 0�00�LV�WKH�QHZ�HQG�SRLQW�FDOLEUDWLRQ
FDOLEUDWLRQ�SRLQW�WR SRLQW�
WKH�FHUWLILHG�DQDO\VLV
RI�WKH�JDV�PL[WXUH�
5DQJH������WR
������2 ��

&RPPDQG�WKH &$/�*$6�0�00 :KHUH�0�00�LV�WKH�QHZ�FRQFHQWUDWLRQ
DQDO\VHU�WR�DFFHSW LQ���R[\JHQ�RI�WKH�HQG�SRLQW�FDOLEUDWLRQ
WKLV�LQIRUPDWLRQ�DQG JDV�
PRYH�RQWR�WKH�QH[W
IXQFWLRQ�



����
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3UHVV�C&RQWLQXH
 %%�%%�0�00 :KHUH�%%�%%�LV�WKH�PHDVXUHG�R[\JHQ
WKHQ�FRQQHFW�D OHYHO�FDOFXODWHG�XVLQJ�H[LVWLQJ�GDWD�
VXSSO\�RI�HQG�SRLQW 3URYLGLQJ�VWDELOLW\�LV�DFKLHYHG�ZLWKLQ��
FDOLEUDWLRQ�JDV�WR PLQXWHV�FDOLEUDWLRQ�FDQ�EH�FRPSOHWHG�
WKH�FDOLEUDWLRQ�LQOHW
DW�D�IORZ�UDWH�RI���� $IWHU���PLQXWHV��DQ�DVWHUL[�ZLOO�VKRZ�RQ
PO�PLQ� WKH�GLVSOD\�LQGLFDWLQJ�WKDW�WKH�DQDO\VHU

%%�%%�0�00 ZLOO�WLPH�RXW�DIWHU�D�IXUWKHU�PLQXWH�

:KHQ�WKH�GLVSOD\�LV &$/�37�$,5 (QG�SRLQW�FDOLEUDWLRQ�KDV�EHHQ
VWDEOH��FRPPDQG VXFFHVVIXO��3URPSW�WR�FRQWLQXH�RQWR�DLU
WKH�DQDO\VHU�WR SRLQW�FDOLEUDWLRQ�LI�UHTXLUHG�
UHFDOFXODWH�DQG RU
XSGDWH�WKH
FDOLEUDWLRQ�GDWD�VXFK &$/�(5525 ,QGLFDWHV�WKDW�WKH�FHOO�RXWSXW�FKDQJHG
WKDW�WKH�PHDVXUHG GXULQJ�WKH�FDOFXODWLRQ��:DLW�IRU�VWDELOLW\
R[\JHQ�OHYHO�%%�%% DQG�SUHVV�C(QWHU
�DJDLQ�
HTXDOV�WKH�HQG�SRLQW RU
FDOLEUDWLRQ�JDV
0�00�7KHQ�PRYH &$/�)$,/ 7KH�FHOO�RXWSXW�LV�RXWVLGH�LWV�WROHUDQFH
RQWR�WKH�QH[W OLPLWV��6HH�6HFWLRQ���������
IXQFWLRQ�

&$/�(5525�DQG�&$/�)$,/�PHVVDJHV
DUH�GLVSOD\HG�IRU�����VHFRQGV�EHIRUH
WKH�GLVSOD\�UHYHUWV�WR�%%�%%�0�00�

([LW�IURP�WKLV &$/,%5$7(�"
URXWLQH�

&RPPDQG�DQDO\VHU 6$9,1*�'$7$ 'DWD�VWRUHG�LQ�SHUPDQHQW�PHPRU\�
WR�VWRUH�QHZ�GDWD�

WKHQ

2;<*(1�11�1

1RWH�� 'LVFRQQHFW�FDOLEUDWLRQ�JDV�IURP�WKH�DQDO\VHU�DQG�VHDO�FDOLEUDWLRQ�SRUW�



����

����� &RPEXVWLEOH�6HQVRU�=HUR�&DOLEUDWLRQ�3URFHGXUH

(QWHU�SDVVZRUG�IRU�FDOLEUDWLRQ�IXQFWLRQV�

'(6&5,37,21 .(< ',63/$< 0($1,1*

&$/,%5$7(�" &DOLEUDWLRQ�IXQFWLRQV�KDYH�EHHQ
VHOHFWHG�

6HOHFW�FRPEXVWLEOHV &2�=(52�" ,I�RQO\�VSDQ�FDOLEUDWLRQ�LV�UHTXLUHG�SUHVV
VHQVRU�FDOLEUDWLRQ� C&RQWLQXH
�WR�MXPS�WR�VWDUW�RI�VSDQ

FDOLEUDWLRQ�URXWLQH�

6HOHFW�]HUR &$/�*$6 =HUR�FRPEXVWLEOHV�FDOLEUDWLRQ�JDV�KDV
FRPEXVWLEOHV�JDV�DV =(52 EHHQ�VHOHFWHG�
FDOLEUDWLRQ�SRLQW�

3UHVV�C&RQWLQXH
 $�$$$������ :KHUH�$�$$$�LV�WKH�FXUUHQW
WKHQ�FRQQHFW FRPEXVWLEOHV�OHYHO��������LV�WKH�]HUR
FRPEXVWLEOHV�]HUR FRPEXVWLEOHV�SRLQW�
JDV�WR�WKH 1HJDWLYH�YDOXHV�RI�FRPEXVWLEOHV�DUH
FDOLEUDWLRQ�LQOHW�RI VKRZQ�DV��������7KH�]HUR�FDOLEUDWLRQ
WKH�VHQVRU�KHDG�DW�D SURFHGXUH�VKRXOG�EH�FRPSOHWHG�HYHQ�LI
IORZ�UDWH�RI���� WKH�GLVSOD\�LQGLFDWHV�������
PO�PLQ�

$�$$$������

3URYLGLQJ�VWDELOLW\�LV�DFKLHYHG�ZLWKLQ��
PLQXWHV���FDOLEUDWLRQ�FDQ�EH�FRPSOHWHG�

$IWHU���PLQXWHV�DQ�DVWHUL[�ZLOO�VKRZ�RQ
WKH�GLVSOD\�LQGLFDWLQJ�WKDW�WKH�DQDO\VHU
ZLOO�WLPH�RXW�DIWHU�D�IXUWKHU�PLQXWH�



����

'(6&5,37,21 .(< ',63/$< 0($1,1*

:KHQ�WKH�GLVSOD\�LV =(52�&$/�2. 7KH�]HUR�SRLQW�FDOLEUDWLRQ�KDV�EHHQ
VWDEOH�FRPPDQG�WKH VXFFHVVIXO�
DQDO\VHU�WR RU
UHFDOFXODWH�DQG
XSGDWH�WKH &$/�(5525 ,QGLFDWHV�WKDW�WKH�VHQVRU�RXWSXW
FDOLEUDWLRQ�GDWD�VXFK FKDQJHG�GXULQJ�WKH�FDOFXODWLRQ��:DLW�IRU
WKDW�WKH�PHDVXUHG VWDELOLW\�DQG�SUHVV�C(QWHU
�DJDLQ�
FRPEXVWLEOHV�OHYHO RU
HTXDOV�WKH�]HUR
FRPEXVWLEOHV�SRLQW &$/�)$,/ 7KH�VHQVRU�RXWSXW�LV�RXWVLGH�LWV
���������7KHQ�PRYH WROHUDQFH�OLPLWV��6HH�VHFWLRQ���������
RQWR�WKH�QH[W
IXQFWLRQ� C&$/�(5525
�DQG�C&$/�)$,/


WKHQ

&2�63$1�" 3URPSW�WR�FRQWLQXH�RQWR�WKH�VSDQ
1�11 FDOLEUDWLRQ��:KHUH�1�11�LV�WKH�VSDQ
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��� &HOO�2XWSXW � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ����
��� ([SORGHG�9LHZ���6HQVRU�+HDG � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ����
��� ([SORGHG�9LHZ���6HQVRU�+HDG � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ����
��� ([SORGHG�9LHZ��6HQVRU�+HDG��2[\JHQ�2QO\ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���������
��� ([SORGHG�9LHZ��6HQVRU�+HDG��2[\JHQ�DQG�&RPEXVWLEOHV� � � � � � � � � � � � � � � � � � � � � � ���������



���

6(&7,21�����0$,17(1$1&(

��� *(1(5$/

5HSDLU�RI�WKH�DQDO\VHU�VKRXOG�EH�GRQH�E\�TXDOLILHG�SHUVRQQHO�ZKR�DUH�IDPLOLDU�ZLWK�JRRG�ZRUNVKRS
SUDFWLFH�DQG�WKH�UHTXLUHPHQWV�IRU�UHSDLULQJ�FHUWLILHG�HTXLSPHQW�

:$51,1*

7KH�HOHFWULFDO�SRZHU�LQ�WKLV�HTXLSPHQW�LV�DW�D�YROWDJH�KLJK�HQRXJK�WR�HQGDQJHU�OLIH�

%HIRUH�FDUU\LQJ�RXW�PDLQWHQDQFH�RU�UHSDLU��SHUVRQV�FRQFHUQHG�PXVW�HQVXUH�WKDW�WKH
HTXLSPHQW�LV�GLVFRQQHFWHG�IURP�WKH�HOHFWULFDO�SRZHU�VXSSO\�DQG�WHVWV�PDGH�WR�YHULI\
WKDW�WKH�LVRODWLRQ�LV�FRPSOHWH�

$OVR� HQVXUH� WKDW� SRZHU� LV� GLVFRQQHFWHG� IURP� H[WHUQDO� FLUFXLWV� FRQQHFWHG� WR� WKH
DQDO\VHU��HJ���DODUPV�

:KHQ�WKH�VXSSO\�LV�QRW�GLVFRQQHFWHG��IXQFWLRQDO�WHVWLQJ��PDLQWHQDQFH�DQG�UHSDLU�RI
WKH�HOHFWULFDO�XQLWV� LV� WR�EH�XQGHUWDNHQ�RQO\�E\�SHUVRQV�IXOO\�DZDUH�RI� WKH�GDQJHU
LQYROYHG�DQG�ZKR�KDYH�WDNHQ�DGHTXDWH�SUHFDXWLRQV�

5HPRYLQJ�WKH�VHQVRU�KHDG�FRYHU�ZLOO�H[SRVH�KHDWHG�SDUWV���(QVXUH�WKDW�WKH�LQWHUQDO
WHPSHUDWXUH�KDV�GURSSHG�WR�D�VDIH�OHYHO�EHIRUH�ZRUNLQJ�RQ�WKHP�

(QVXUH�WKDW�RQO\�IXVHV�RI�WKH�VSHFLILHG�FXUUHQW�DQG�W\SH�DUH�XVHG�

+$=$5'286�$5($

0DNH�VXUH�WKDW�WKH�SRZHU�LV�GLVFRQQHFWHG�DQG�WKDW�WKH�LQWHUQDO�WHPSHUDWXUH�KDV
GURSSHG�WR�D�VDIH�OHYHO�EHIRUH�ZRUNLQJ�RQ�WKH�DQDO\VHU��

7KH�DUHD�PXVW�EH�PDGH�VDIH�DQG�VKRZQ�QRW�WR�FRQWDLQ�H[SORVLYH�RU�IODPPDEOH
JDVHV�EHIRUH�FRYHUV�DUH�RSHQHG�RU�ZRUN�GRQH�RQ�WKH�HTXLSPHQW�

&$87,21

7R�PDLQWDLQ�WKH�DQDO\VHU
V�SHUIRUPDQFH�RQO\�VSDUHV�RI�VXLWDEOH�TXDOLW\�VKRXOG�EH
XVHG�WR�UHSDLU�WKLV�DQDO\VHU��7KHVH�VKRXOG�EH�REWDLQHG�IURP�6HUYRPH[��LWV
DVVRFLDWHG�FRPSDQLHV�RU�ORFDO�DJHQWV



���

7KH�FLUFXLW�ERDUGV�LQ�WKH�FRQWURO�XQLW�DUH�WHVWHG�XVLQJ�VSHFLDOLVHG�WHVW�HTXLSPHQW���)DXOW\�ERDUGV
VKRXOG�EH�UHSODFHG�DQG�UHWXUQHG�WR�6HUYRPH[�IRU�UHSDLU��WKXV�QR�FLUFXLW�GLDJUDPV�DUH�LQFOXGHG�LQ
WKLV�PDQXDO�WR�HQDEOH�ERDUG�UHSDLU�DW�FRPSRQHQW�OHYHO�

2QO\�VWDQGDUG�WRROV�DUH�UHTXLUHG�WR��GLVPDQWOH�WKH�DQDO\VHU�DQG�UHSODFH�WKH�YDULRXV�FRPSRQHQW
SDUWV���7KHVH�DUH�OLVWHG�LQ�6HFWLRQ�������

7KH�IDXOW�GLDJQRVLV�VHFWLRQ��6HFWLRQ������LV�LQWHQGHG�WR�SURYLGH�D�IDXOW�UHVROXWLRQ�GRZQ�WR�WKH�OHYHO
RI�WKH�VXE�DVVHPEOLHV�JLYHQ�LQ�WKH�5HFRPPHQGHG�6SDUHV�/LVW��6HFWLRQ����

����� 5HSDLU�(TXLSPHQW�$QG�7RROV

7KH�IROORZLQJ�HTXLSPHQW�DQG�WRROV�VKRXOG�EH�DYDLODEOH�WR�SHUVRQQHO�UHVSRQVLEOH�IRU�PDLQWHQDQFH
DQG�UHSDLU�RI�WKH�DQDO\VHU�

'HVFULSWLRQ 4XDQWLW\ )RU�XVH�RQ���

2SHQ�HQGHG�VSDQQHUV��
�PP�$) � 0��QXWV
�PP�������LQFK��$) � )ODPHWUDS�ERGLHV
��PP�$) � 0��EROWV
�����LQFK�$) � ����LQFK�FRXSOLQJV
��PP�$) � ����LQFK�XQLRQ�QXWV
�����LQFK�$) � ����LQFK�FRXSOLQJV��FDOLEUDWLRQ�SRUW�QXWV
������LQFK�$) � 2[\JHQ�VHQVRU�FRXSOLQJ�QXWV
��LQFK�$) � )LWWLQJ�KLJK�WHPS��SUREHV
��PP������LQFK��$) � 2[\JHQ�VHQVRU�ERG\
��PP�$) � 0���PRXQWLQJ�EROWV

6FUHZGULYHUV��
3R]LGULYH�1R�� � 7HUPLQDO�ER[�FRYHU
6PDOO�IODW�EODGH���������PP� � 7HUPLQDOV
0��QXW�UXQQHU � 2SWLRQ�ERDUG
0��QXW�UXQQHU � 6HQVRU�KHDG�FRYHU

2WKHUV��
+H[DJRQ�NH\��PP�$) � )LOWHU�DVVHPEO\�VFUHZV
+H[DJRQ�NH\����PP�$) � &RYHU�UHWDLQLQJ�VFUHZV
%R[�VSDQQHU������$) � $VSLUDWRU�DVVHPEO\
%R[�VSDQQHU���PP�$) � 5HFHVVHG�PRXQWLQJ�EROWV
�6XSSOLHG�LQ�PRXQWLQJ�NLWV�

'LJLWDO�PXOWLPHWHU�ZLWK�D�UHVROXWLRQ
RI����P9�

)RU�FDOLEUDWLRQ�JDVHV�VHH�6HFWLRQ
�����



���

��� )$8/7�',$*126,6

,Q�WKH�HYHQW�RI�DQDO\VHU�IDLOXUH��IDXOWV�FDQ�EH�WUDFHG�E\�WKH�LQWHUSUHWDWLRQ�RI�WKH�IDXOW�LQGLFDWLRQV
RQ�WKH�FRQWURO�XQLW�GLVSOD\�

7KH�DQDO\VHU�KDV�WZR�OHYHOV�RI�IDXOW�LQGLFDWLRQ��RQH�OHYHO�LV�WR�DLG�IDXOW�ILQGLQJ�YLD�D�VHOI�GLDJQRVWLF

GLVSOD\�� WKH�RWKHU� OHYHO� � 6<6�)$,/�1 �� LV� WR�SURWHFW�DQG�VKXWGRZQ� WKH�DQDO\VHU� LI�D�VHYHUH
� �

SUREOHP�RFFXUV�

,I�D�VKXW�GRZQ�IDXOW�RFFXUV�WKH�DQDO\VHU�GLVSOD\�ZLOO�VKRZ�6<6�)$,/�1�ZKHUH�1�LV�IURP���WR���
,I�D�VHOI�GLDJQRVWLF�IDXOW�RFFXUV�WKH�GLVSOD\�ZLOO�IODVK���6HH�6HFWLRQ�����IRU�GHWDLOV�RI�LQWHUURJDWLQJ
WKH�GLVSOD\�

����� 6KXWGRZQ�)DXOWV

:KHQ�D�PDMRU�IDXOW�RFFXUV�� WKH� LQVWUXPHQW�ZLOO�VKXW�GRZQ�WR�D�VDIH�FRQGLWLRQ�� ,Q�WKLV�FDVH�WKH
GLVSOD\�ZLOO�VKRZ�

6<6��)$,/�1
� �

ZKHUH�
1
�LV�D�QXPEHU�ZKLFK�LQGLFDWHV�WKH�FDXVH�RI�WKH�VKXWGRZQ�DV�VKRZQ�LQ�WKH�IROORZLQJ�WDEOH�

$�PDQXDO�UHVWDUW�FDQ�EH�DWWHPSWHG�E\�SUHVVLQJ�WKH�
5(6(7
�EXWWRQ�RQ�WKH�PDLQ�ERDUG�LQVLGH�WKH
DQDO\VHU��5HIHU�WR�ILJXUH�����

)DXOW�'LVSOD\ 'HVFULSWLRQ

6<6��)$,/��
� �

$GGUHVVHV�RI�WKH�5$0�FKLSV�DUH�QRW�XQLTXH���3&%�IDXOWV�VXFK�DV
VKRUWHG�RU�EURNHQ�WUDFNV�ZLOO�FDXVH�WKLV���7KH�5$0�FKLSV
WKHPVHOYHV�PD\�EH�IDXOW\�RU�LQFRUUHFWO\�VHDWHG���,&��DQG�,&��RQ
WKH�PDLQ�3&%��

6<6��)$,/��
� �

7KH�520�FKHFNVXP�GRHV�QRW�PDWFK��520�FKLS�IDLOXUH�RU�3&%

IDXOWV�DV�LQ�
 6<6��)$,/�� 
�DERYH���,&��RQ�PDLQ�3&%��
� �

6<6��)$,/��
� �

7KH�((3520�FKHFNVXP�GRHV�QRW�PDWFK��((3520�FKLS�IDLOXUH�RU

3&%�IDXOWV�DV�LQ�
 6<6��)$,/�� 
��,&��RQ�PDLQ�3&%��
� �

6<6��)$,/��
� �

&HOO�WHPSHUDWXUH�EHORZ�OLPLW�IRU�PRUH�WKDQ����PLQ�
5HIHU�WR�VHFWLRQ���������

6<6��)$,/��
� �

&HOO�WHPSHUDWXUH�DERYH�OLPLW�IRU�PRUH�WKDQ����PLQ�
5HIHU�WR�VHFWLRQ���������

6<6��)$,/��
� �

2YHQ�WHPSHUDWXUH�EHORZ�OLPLW�IRU�PRUH�WKDQ����PLQ�
5HIHU�WR�VHFWLRQ���������

6<6��)$,/��
� �

2YHQ�WHPSHUDWXUH�DERYH�OLPLW�IRU�PRUH�WKDQ����PLQ�
5HIHU�WR�VHFWLRQ���������



���

6<6��)$,/��
� �

7KH�R[\JHQ�FHOO�ZDV�JURVVO\�RYHU�WHPSHUDWXUH�RU�WKHUPRFRXSOH
FLUFXLW�IDLOXUH��5HIHU�WR�VHFWLRQ���������

6<6��)$,/��
� �

7KH�WKHUPRFRXSOH�KDV�EHHQ�LQFRUUHFWO\�FDEOHG�
5HIHU�WR�VHFWLRQ���������


 6<6��)$,/�� 
�RU�
 6<6��)$,/�� 
�PD\�DOVR�DULVH�IURP�HOHFWURPDJQHWLF�LQWHUIHUHQFH�GXH�WR�SRRU
� � � � � �

VFUHHQLQJ�RU� LQDGHTXDWH�FDEOLQJ�� � ,Q� WKH�HYHQW�RI�VXFK� IDXOW� LQGLFDWLRQV� WKH�FDEOLQJ�VKRXOG�EH
FKHFNHG�WKRURXJKO\�WR�HQVXUH�WKDW�LW�FRPSOLHV�ZLWK�WKH�FDEOLQJ�LQVWUXFWLRQV�DQG�VFKHGXOHV�

,W�PXVW�EH�HPSKDVLVHG�WKDW�DQ�LQVWUXPHQW�ZKLFK�LV�GLVSOD\LQJ�
 6<6��)$,/�� 
��
 6<6��)$,/�� 

� � � � �

RU�
 6<6��)$,/�� 
�PD\�EH�LQ�VXFK�D�FRQGLWLRQ�WKDW�WKH�GLDJQRVWLF�LQIRUPDWLRQ�FRXOG�EH�PLVOHDGLQJ�
� �

����� 6HOI�'LDJQRVWLF�)DXOWV

7KLV�VHFWLRQ�GHVFULEHV� WKH�VHOI�GLDJQRVWLF� IDXOWV� WRJHWKHU�ZLWK� WKHLU�DVVRFLDWHG�PDMRU�DQDO\VHU
FRPSRQHQWV���/LVWV�RI�YROWDJHV��UHVLVWDQFHV�DQG�QRWHV�DUH�JLYHQ�VR�WKDW�DSSURSULDWH�FKHFNV�DQG
DFWLRQV�FDQ�EH�WDNHQ�LQ�UHVSRQVH�WR�WKH�YDULRXV�VHOI�GLDJQRVWLF�IDXOW�GLVSOD\V��7KHVH�FKHFNV�VKRXOG
EH�GRQH�XVLQJ�D�GLJLWDO�PXOWLPHWHU�RU� VLPLODU�GHYLFH��)RU�HDFK�FKHFN� WZR�SRLQWV�DUH�JLYHQ� WR
PHDVXUH�EHWZHHQ��:KHUH�DSSURSULDWH�WKH�ILUVW�LV�WKH�ORZ�YROWDJH�VLGH�DQG�WKH�VHFRQG�WKH�KLJK
YROWDJH�VLGH��H�J��IRU�R[\JHQ�FHOO�RXWSXW���7HVW�SRLQWV�DUH�7%������

:KLFK�PHDQV��FKHFN�EHWZHHQ�7HUPLQDO�EORFN���WHUPLQDO����ORZ�VLGH��DQG�WHUPLQDO�EORFN���WHUPLQDO
���KLJK�VLGH��

)LJXUH�����VKRZV�WKH�ORFDWLRQ�RI�WHVW�SRLQWV��IXVHV�DQG�LQGLFDWRUV�HWF�

6HOI�GLDJQRVWLF�IDXOWV�DUH�LQGLFDWHG�E\�D�IODVKLQJ�GLVSOD\�RU�IDXOW�FRQWDFW�LI�WKLV�RSWLRQ�LV�ILWWHG���7KH
DFWXDO�IDXOW�LV�GLVSOD\HG�E\�XVLQJ�WKH�VWDWXV�DQG�DODUP�DQG�FRQWLQXH�NH\V�DV�GHVFULEHG�LQ�6HFWLRQ
����

)DXOWV�DUH�VLJQDOOHG�E\�WKH�EDVLF�DQDO\VHU�RU�WKH�RSWLRQ�ERDUGV�ZLWK�D�PHVVDJH�RI�WKH�IRUP�
)$8/7
1
�ZKHUH�
1
�LQGLFDWHV�WKH�SRVLWLRQ�RI�WKH�RSWLRQ�ERDUG�ZKLFK�KDV�JHQHUDWHG�WKH�IDXOW���7KH�RSWLRQ
SRVLWLRQV�YLHZHG�IURP�WKH�IURQW�RI�WKH�DQDO\VHU�DUH�

7RS�GHFN� ���������
/RZHU�GHFN� ���������

7KHVH�QXPEHUV�DUH�SULQWHG�RQ�WKH�LQWHUIDFH�ERDUG��)DXOW���PHDQV�WKDW�WKH�IDXOW�OLHV�LQ�WKH�EDVLF
DQDO\VHU�RQ�WKH�PDLQ�ERDUG��5HIHU�WR�ILJXUH�����



���

6HOI�'LDJQRVWLF�)DXOW�/LVW��QRW�LQFOXGLQJ�GDWD�OLQN�RSWLRQ�

)ODVKLQJ�'LVSOD\ 'HVFULSWLRQ

:$50,1*�83 7KH�DQDO\VHU�KDV�EHHQ�VWDUWHG�XS�ZLWKLQ�WKH�ODVW����PLQXWHV�

&(//�7(03�+,*+ =LUFRQLD�FHOO�WHPSHUDWXUH�LV�PRUH�WKDQ���E&�DERYH�WKH�FRQWURO
WHPSHUDWXUH�VHWSRLQW�

&(//�7(03�/2 =LUFRQLD�FHOO�WHPSHUDWXUH�LV�PRUH�WKDQ���&�EHORZ�WKH�FRQWURO
WHPSHUDWXUH�VHWSRLQW�

2;�5$1*(�(55 7KH�RXWSXW�IURP�WKH�]LUFRQLD�FHOO�LV�RXWVLGH�RI�LWV�WROHUDQFH�OLPLWV�

&2�6(16�)/7 &RPEXVWLEOHV�KHDWHG�ERG\�LV�RYHU�RU�XQGHU�WHPSHUDWXUH�E\��E&��
&RPEXVWLEOHV�VHQVRUV�DUH�RSHQ�RU�VKRUW�FLUFXLW�

&2�:$50�83 $V�LQ�&2��6(16��)/7�DERYH�EXW�DQDO\VHU�KDV�EHHQ�VWDUWHG�XS�RU
UHVHW�ZLWKLQ�WKH�ODVW����PLQXWHV

7�6(1625�)$,/ 7KH�WKHUPLVWRU�XVHG�LQ�WKH�VDPSOH�EORFN�WHPSHUDWXUH�FRQWURO�LV�RXW
RI�VSHFLILFDWLRQ�

29(1�7(03�+, 7KH�6HQVRU�+HDG�VDPSOH�EORFN�LV���E&�DERYH�LWV�FRQWURO
WHPSHUDWXUH�

29(1�7(03�/2 7KH�6HQVRU�+HDG�VDPSOH�EORFN�LV���E&�EHORZ�LWV�FRQWURO
WHPSHUDWXUH�

)/2:�)$,/85( 7KH�VDPSOH�IORZUDWH�KDV�IDOOHQ�EHORZ�WKH�OHYHO�GHWHUPLQHG�E\�WKH
IORZ�WULS�OHYHO�SDUDPHWHU�

)/8(�7�&�)$,/ )OXH�WKHUPRFRXSOH�XVHG�ZLWK�WHPSHUDWXUH�DQG�HIILFLHQF\�RSWLRQ�LV
RSHQ�FLUFXLW�

'$7$�&255837 3HUPDQHQW�PHPRU\�GDWD�KDV�EHHQ�FRUUXSWHG���7KLV�PHDQV�WKDW
FDOLEUDWLRQ�DQG�SDUDPHWHU�GDWD�DUH�VXVSHFW�



���

)LJXUH����D���/RFDWLRQ�RI�&RPSRQHQWV�2Q�0DLQ�%RDUG



���

)LJXUH����E���/RFDWLRQ�RI�FRPSRQHQWV�RQ�&RPEXVWLEOHV�ERDUG



����

������� &(//�7(03�+,�RU�&(//�7(03�/2

&(//�7(03�+,�RU�&(//�7(03�/2�RFFXU�ZKHQ�WKH�]LUFRQLD�FHOO�WHPSHUDWXUH�LV�PRUH�WKDQ����&
IURP�LWV�VHW�SRLQW�

1RWH� �� ,I� WKHUH�DUH�SUREOHPV�ZLWK� WKH�VDPSOH�EORFN� WHPSHUDWXUH�FRQWURO� WKLV�ZLOO�DOVR
DIIHFW�WKH�]LUFRQLD�FHOO�WHPSHUDWXUH���7KXV�DQ\�VXFK�SUREOHPV�PXVW�EH�FXUHG�ILUVW�

�� 7KH� FROG� MXQFWLRQ� DVVHPEO\� LV� PRXQWHG� LQ� WKH� VDPSOH� EORFN� FORVH� WR� WKH
WKHUPLVWRU�DQG�WKHUHIRUH�LV�DOVR�DW�����&�LQ�QRUPDO�RSHUDWLRQ��,W�LV�ZLUHG�LQ�VHULHV
ZLWK�WKH�FHOO�WKHUPRFRXSOH���UHIHU�WR�DSSHQGL[���ZLULQJ�GLDJUDP��DQG�SURYLGHV�WKH
FROG�MXQFWLRQ�UHIHUHQFH�IRU�WKH�R[\JHQ�FHOO�WHPSHUDWXUH�PHDVXUHPHQW�

&KHFN� �� &KHFN�DOO�FDEOLQJ�EHWZHHQ�FRQWUROOHU�DQG�VHQVRU�KHDG��

�� &KHFN�WKDW�OLQN�/.��RQ�WKH�PDLQ�FLUFXLW�ERDUG�LV�ILWWHG�

�� &KHFN�WKDW�WKHUH�LV�DQ�H[WHUQDO�OLQN�EHWZHHQ�7%�����DQG����RQ�WKH�PDLQ�FLUFXLW
ERDUG�

6HQVRU�+HDG )XQFWLRQ�'HVFULSWLRQ 1RUPDO�5HDGLQJ
7HUPLQDOV

7%�%����� 2[\JHQ�FHOO�WKHUPRFRXSOH�DQG�FROG�MXQFWLRQ�FLUFXLW ��P9���P9
RXWSXW�G�F��YROWDJH�

7%�%����� 2[\JHQ�FHOO�WKHUPRFRXSOH�DQG�FROG�MXQFWLRQ�FLUFXLW ���WR����RKPV
UHVLVWDQFH�DW����&�

7%�%������� 2[\JHQ�FHOO�WKHUPRFRXSOH�RQO\�G�F��YROWDJH� ��P9���P9

7%�%������� 2[\JHQ�FHOO�WKHUPRFRXSOH�RQO\�W\SLFDO�UHVLVWDQFH ���RKPV
DW����&�

7%�%������� 2[\JHQ�FHOO�KHDWHU�FLUFXLW�UHVLVWDQFH�DW���E&� ����WR�����RKPV

7%�%������� 7\SLFDO�R[\JHQ�FHOO�KHDWHU�FLUFXLW�D�F��YROWDJH� ��WR����YROWV�SHDN

7%�%������� $V�DERYH�EXW�ZLWK�FHOO�KHDWHU�GLVFRQQHFWHG�RU ���YROWV��DSSUR[��
RSHQ�FLUFXLW�

&RQWURO�8QLW )XQFWLRQ�'HVFULSWLRQ 1RUPDO�5HDGLQJ
7HUPLQDOV

7%����� 2[\JHQ�FHOO�KHDWHU�IXVH�)������$�� ����RKP
7%����



����

������� 2;��5$1*(�(5525

2;��5$1*(�(5525�RFFXUV�ZKHQ�WKH�VLJQDO� IURP�WKH�]LUFRQLD�FHOO� LV�RXWVLGH�WKH�UDQJH���� WR
����P9��HTXLYDOHQW�WR�����WR��������2 ���

1RWH� �� 7KH�]LUFRQLD�FHOO�RSHUDWHV�DW����E&���,I�WKHUH�DUH�D�KLJK�OHYHO�RI�FRPEXVWLEOHV�LQ
WKH�VDPSOH�JDV�WKHQ�WKHVH�ZLOO�EXUQ�DW�WKH�FHOO��FRQVXPLQJ�R[\JHQ��DQG�JLYLQJ�D
ORZ�UHDGLQJ���,Q�WKHVH�FLUFXPVWDQFHV�LW�LV�SRVVLEOH�WKDW�2;�5$1*(�(5525�PD\
RFFXU���7KLV�LV�QRW�DQ�DQDO\VHU�IDXOW�EXW�D�SURFHVV�SUREOHP��3URORQJHG�RSHUDWLRQ
XQGHU�WKHVH�FRQGLWLRQV�PD\�KDYH�DQ�DGYHUVH�HIIHFW�RQ�WKH�R[\JHQ�FHOO��,Q�WKHVH
FLUFXPVWDQFHV�FRQWDFW�6HUYRPH[�

&KHFN� �� &KHFN�DOO�FDEOLQJ�EHWZHHQ�FRQWUROOHU�DQG�VHQVRU�KHDG�

�� &KHFN�WKDW�WKH�DVSLUDWRU�DLU�VXSSO\�LV�RLO�IUHH�

�� &KHFN�WKDW�WKHUH�DUH�QR�OHDNV�LQ�WKH�VHQVRU�KHDG�SLSHZRUN�RU�WKH�FDOLEUDWLRQ�JDV
V\VWHP�

�� &KHFN� WKDW� WKH� FRQFHQWUDWLRQ� RI� WKH� FDOLEUDWLRQ� JDV� LV� WKH� VDPH� DV� WKH
FRQFHQWUDWLRQ�HQWHUHG�LQ�WKH�FDOLEUDWLRQ�URXWLQH�

6HQVRU�+HDG )XQFWLRQ�'HVFULSWLRQ 1RUPDO�5HDGLQJ
7HUPLQDOV

7%�%����� 2[\JHQ�FHOO�RXWSXW�YROWDJH�ZLWK�DLU�DV�VDPSOH�JDV� ����P9

7%�%����� 2[\JHQ�FHOO�RXWSXW�YROWDJH�ZLWK�������R[\JHQ�LQ ������P9
QLWURJHQ�FDOLEUDWLRQ�JDV��)RU�RWKHU�FDOLEUDWLRQ
JDVHV�FDOFXODWH�RXWSXW�IURP�HTXDWLRQ�JLYHQ�LQ
VHFWLRQ�����������

��������� &HOO�2IIVHW�9ROWDJH

7KH�RXWSXW�RI�WKH�]LUFRQLD�PHDVXULQJ�FHOO�FDQ�EH�PHDVXUHG�GLUHFWO\�DFURVV�7%��������LQ�WKH�VHQVRU
KHDG�RU�7%��������LQ�WKH�FRQWURO�XQLW�

:LWK�WKH�VHQVRU�KHDG�SRZHUHG�DQG�RSHUDWLQJ�QRUPDOO\�DQG�ZLWK�FOHDQ�GU\�DLU�DV�WKH�FDOLEUDWLQJ
JDV��WKH�FHOO�RIIVHW�VKRXOG�EH�OHVV�WKDQ��P9���,I�LW�LV�JUHDWHU�WKDQ�WKLV�LW�PD\�EH�GXH�WR�WKH�SUHVHQFH
RI�KLJK�OHYHOV�RI�FRPEXVWLEOHV�LQ�WKH�VDPSOH�JDV���/HDYH�WKH�FHOO�ZLWK�DLU�IORZLQJ�WKURXJK�LW�IRU
VHYHUDO�KRXUV���,I�WKH�RIIVHW�YROWDJH�UHPDLQV�JUHDWHU�WKDQ��P9�WKHQ�WKH�FHOO�VKRXOG�EH�FKDQJHG�
6HH�6HFWLRQ�������



E ' 21 .50 ln (20 .95 )
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����

��������� &HOO�2XWSXW�9ROWDJH

7KH�FHOO�RXWSXW�YROWDJH��DW�D�FHOO�WHPSHUDWXUH�RI����&��FDQ�EH�FDOFXODWHG�IURP�

ZKHUH�3�LV�WKH�SHUFHQWDJH�R[\JHQ�FRQFHQWUDWLRQ���7KLV�HTXDWLRQ�DVVXPHV�DQ�RIIVHW�RI�]HUR���$Q\
RIIVHW�REVHUYHG�DW�WKH�DLU�SRLQW�VKRXOG�EH�DGGHG�RU�VXEWUDFWHG�DFFRUGLQJ�WR�LWV�SRODULW\�

)LJXUH�����VKRZV�WKH�FHOO�RXWSXW�DQG�LWV�DFFHSWDEOH�OLPLWV��)XUWKHU�LQIRUPDWLRQ�RQ�WKH�RSHUDWLRQ�RI
WKH�FHOO�LV�JLYHQ�LQ�6HFWLRQ���

������� &$/�)$,/

7KH�&$/�)$,/�GLVSOD\�RFFXUV�ZLWKLQ�WKH�VHQVRU�FDOLEUDWLRQ�URXWLQH��UHIHU�WR�VHFWLRQ�������DQG�LQ�WKH
FDVH�RI�WKH�R[\JHQ�VHQVRU�LQGLFDWHV�WKDW�ZLWK�DLU�DV�FDOLEUDWLQJ�JDV�WKH�RXWSXW�IURP�WKH�FHOO�ZDV
JUHDWHU�WKDQ���P9�RU�ZLWK�HQG�SRLQW�FDOLEUDWLQJ�JDV�WKH�FHOO�RXWSXW�ZDV�QRW�ZLWKLQ������RI�WKH
H[SHFWHG�RXWSXW��UHIHU�WR�ILJXUH�����DQG�WR�VHFWLRQ���������IRU�GHWDLOV�RI�YROWDJHV��WHVW�WHUPLQDOV�DQG
FKHFNV��$IWHU�GRLQJ�WKLV�LI�WKH�SUREOHP�VWLOO�H[LVWV�WKH�FHOO�PXVW�EH�FKDQJHG�

������� &$/�(5525

7KH�&$/�(5525�GLVSOD\�RFFXUV�ZLWKLQ�WKH�VHQVRU�FDOLEUDWLRQ�URXWLQH��UHIHU�WR�VHFWLRQ������DQG
LQGLFDWHV�WKDW�GXULQJ�WKH�VHQVRU�FDOLEUDWLRQ�SURFHGXUH�WKH�RXWSXW�IURP�WKH�VHQVRU�ZDV�FKDQJLQJ�
3HUIRUP�WKH�IROORZLQJ�FKHFNV�DQG�FDOLEUDWH�DJDLQ�

&KHFN� �� &KHFN�DOO�VLJQDO�FDEOLQJ�DQG�HDUWKV�WR�HQVXUH�WKDW�WKH�VKLHOGLQJ�LV�FRUUHFW�

�� &KHFN� WKDW� WKH� FDOLEUDWLRQ� JDV� IORZ� LV� ���PO�PLQ� DQG� ZDLW� IRU� WKH� VHQVRU� WR
VWDELOL]H�



����

)LJXUH������&HOO�2XWSXW



����

������� &2��6(16�)/7

7KH�FRPEXVWLEOHV�VHQVRU�FRQVLVWV�RI�WZR�SHOOLVWRUV�LQ�D�KHDWHG�ERG\���$�GHWDLOHG�GHVFULSWLRQ�RI�LWV
RSHUDWLRQ�LV�JLYHQ�LQ�6HFWLRQ���

2Q� WKH�FRPEXVWLEOHV�ERDUG� ����������� WKHUH�DUH� IRXU�GLDJQRVWLF� LQGLFDWRUV�ZKLFK� LGHQWLI\� WKH
VSHFLILF�IDXOW��VHH�)LJXUH����E��

7KHVH�LQGLFDWRUV�DUH�IRU�

&RPEXVWLEOHV�VHQVRU�VKRUW�FLUFXLW 6�6 �SFE�LGHQW�
&RPEXVWLEOHV�VHQVRU�RSHQ�FLUFXLW 6�2 �SFE�LGHQW�
&RPEXVWLEOHV�WHPSHUDWXUH�KLJK 2�7 �SFE�LGHQW�
&RPEXVWLEOHV�WHPSHUDWXUH�ORZ 8�7 �SFE�LGHQW�

7KH�FRPEXVWLEOHV�VHQVRU�WDNHV�DSSUR[LPDWHO\����PLQXWHV�WR�ZDUP�XS�GXULQJ�ZKLFK�WLPH�WKH��&2
:$50�83��PHVVDJH�ZLOO�EH�GLVSOD\HG�DV�D�IDXOW�VWDWXV��$Q\�FRPEXVWLEOH�IDXOW�LQGLFDWRUV�VKRXOG
EH�LJQRUHG�GXULQJ�WKLV�ZDUP�XS�SHULRG�

��������� &RPEXVWLEOHV�WHPSHUDWXUH�KLJK�RU�ORZ�LQGLFDWRUV�RQ

7KHVH�LQGLFDWRUV�VKRZ�LI�WKH�FRPEXVWLEOHV�ERG\�LV����&�IURP�LWV�VHW�SRLQW�

1RWH� :KHQ�WKH�JUHHQ�LQGLFDWRU�RQ�WKH����������FRPEXVWLEOHV�ERDUG�LV�RQ��LW� LQGLFDWHV�WKDW
SRZHU�LV�EHLQJ�SDVVHG�WR�WKH�FRPEXVWLEOHV�KHDWHU���$IWHU�ZDUP�XS�WKLV�ZLOO�IODVK�VORZO\
ZLWK�W\SLFDOO\�WKH�RQ�WLPH�EHLQJ�HTXDO�WR�WKH�RII�WLPH�

&KHFN� &KHFN�FDEOLQJ�EHWZHHQ�VHQVRU�KHDG�DQG�FRQWURO�XQLW�LV�FRUUHFW�DQG�WR�VSHFLILFDWLRQ�

6HQVRU�+HDG )XQFWLRQ�'HVFULSWLRQ 1RUPDO�5HDGLQJ
7HUPLQDOV

7%�%����� &RPEXVWLEOHV�VHQVRU�KHDWHU�FLUFXLW�UHVLVWDQFH� �����WR������RKPV

7%�%����� &RPEXVWLEOHV�VHQVRU�KHDWHU�FLUFXLW�D�F��YROWDJH 3XOVHG�VXSSO\
YROWDJH�����RU����9
D�F��QRPLQDO

7%�%������� 3ODWLQXP�UHVLVWDQFH�WHPSHUDWXUH�VHQVRU��JURXQG�� ������RKPV

7%�%������� 3ODWLQXP�UHVLVWDQFH�WHPSHUDWXUH�VHQVRU��RXWSXW� ����RKPV�W\SLFDO
DW����&

7%�%������� 3ODWLQXP�UHVLVWDQFH�WHPSHUDWXUH�VHQVRU�FLUFXLW ����9�W\SLFDO
G�F��YROWDJH�DW�����&�

7%�%������ &RPEXVWLEOHV�KHDWHU�RYHU�WHPSHUDWXUH�WKHUPRVWDW� ����RKPV
2SHQV�DW�����&�



����

&RQWURO�8QLW )XQFWLRQ�'HVFULSWLRQ 1RUPDO�5HDGLQJ
7HUPLQDOV

7%������ &RPEXVWLEOHV�VHQVRU�KHDWHU�IXVH�)������P$� ����RKPV

��������� 6HQVRU�VKRUW�FLUFXLW�LQGLFDWRU�RQ�DQG�RU�VHQVRU�RSHQ�FLUFXLW�LQGLFDWRU�RQ

7KHVH�LQGLFDWRUV�VKRZ�LI�D�SUREOHP�H[LVWV�ZLWK�WKH�FRPEXVWLEOHV�VHQVRUV�

1RWH� �� 7KHUH�LV�D�WHVW�SRLQW�73���RQ�WKH����������FRPEXVWLEOHV�ERDUG��ZKLFK�FDQ�EH
XVHG�WR�PHDVXUH�DQDORJXH�YROWDJHV�XQGHU�YDULRXV�FRQGLWLRQV�

�� :KHQ�WKH�YROWDJH�RQ�73��H[FHHGV����YROWV�WKHQ�WKH�FLUFXLW�JDLQ�LV�DXWRPDWLFDOO\
GLYLGHG�E\����7KXV�ZKHQ�WKLV�RFFXUV��DQ\�IXUWKHU�LQFUHDVH�LQ�FRPEXVWLEOHV�OHYHO
ZLOO�UHVXOW�LQ�DQ�LQFUHDVH�LQ�73��YROWDJH�E\�DSSUR[LPDWHO\����9�SHU����LQFUHDVH
LQ�FRPEXVWLEOHV�

&KHFN� �� &KHFN�WKDW�FDEOLQJ�EHWZHHQ�WKH�FRQWURO�XQLW�DQG�VHQVRU�KHDG�LV�FRUUHFW�DQG�WR
VSHFLILFDWLRQ�DQG�WKDW�DOO�HDUWKV��JURXQGV��DUH�SURSHUO\�FRQQHFWHG�

�� &KHFN�WKDW�WKHUH�LV�QR�GDPSQHVV�LQ�WKH�VHQVRU�KHDG�WHUPLQDO�ER[�

6HQVRU�+HDG )XQFWLRQ�'HVFULSWLRQ 1RUPDO�5HDGLQJ
7HUPLQDOV

7%�%������� 5HVLVWDQFH�RI�FRPSHQVDWRU�WDLOV ������RKPV

7%�%������� 5HVLVWDQFH�RI�GHWHFWRU�WDLOV ������RKPV

7%�%������� 5HVLVWDQFH�RI�FRPSHQVDWRU�HOHPHQW ������RKPV

7%�%������� 5HVLVWDQFH�RI�GHWHFWRU�HOHPHQW� ������RKPV

7%�%��������	 7\SLFDO�FRPSHQVDWRU�G�F��YROWDJHV� ���9
7%�%�������

7%�%��������	 7\SLFDO�GHWHFWRU�G�F��YROWDJHV� ���9
7%�%�������

7%�%��������	 7\SLFDO�FRPEXVWLEOHV�VHQVRU�G�F��VXSSO\�YROWDJH� ���9
7%�%�������

&RPEXVWLEOHV 7HVW�&RQGLWLRQ 1RUPDO�5HDGLQJ
ERDUG

73���73� 1R�FRPEXVWLEOHV�LQ�VDPSOH��ZLWK�59��DQG �9
VHQVRU�FRQVWDQW�DGMXVWHG�FRUUHFWO\��6HH�VHFWLRQ
��������

73���73� ���&2�LQ�VDPSOH�SOXV�R[\JHQ���6HH�QRWH���� �9�DSSUR[�



����

������� &RPEXVWLEOHV�%RDUG������������6HW�8S�3URFHGXUH

7KLV�ERDUG�LV�IDFWRU\�VHW��+RZHYHU�LI�WKH�FRPEXVWLEOHV�VHQVRU�DQG�RU�WKH�FRPEXVWLEOHV�ERDUG�DUH
FKDQJHG�WKHQ�WKH�IROORZLQJ�SURFHGXUH�PXVW�EH�FDUULHG�RXW��

�� 6HW�WKH�FRPEXVWLEOHV�VHQVRU�FRQVWDQW�WR����5HIHU�WR�VHFWLRQ�������

�� &RQQHFW�D�VXSSO\�RI�FDOLEUDWLRQ�DLU�WR�WKH�FDOLEUDWLRQ�LQOHW�RI�WKH�VHQVRU�KHDG�DW�D�IORZ�UDWH
RI����PO�PLQ�DQG�DOORZ�VHQVRU�WR�VWDELOL]H�

�� $GMXVW�SRWHQWLRPHWHU�59��RQ�WKH�FRPEXVWLEOHV�ERDUG�VR�WKDW�WKH�YROWDJH�EHWZHHQ�73�
DQG�73����9�� LV��9�� ,I� WKLV� LV�QRW�SRVVLEOH�FKDQJH�WKH�VHQVRU�FRQVWDQW�DQG� WU\�DJDLQ�
5HSHDW�XQWLO�WKH�FRUUHFW�YROWDJH�FDQ�EH�REWDLQHG�

�� 3HUIRUP�FRPEXVWLEOHV�]HUR�FDOLEUDWLRQ��5HIHU�WR�VHFWLRQ�������

�� 3HUIRUP�FRPEXVWLEOHV�VSDQ�FDOLEUDWLRQ��5HIHU�WR�VHFWLRQ�������

�� &RQQHFW�D�VXSSO\�RI�R[\JHQ�VHQVRU�HQG�SRLQW�FDOLEUDWLRQ�JDV��W\SLFDOO\������R[\JHQ�LQ
QLWURJHQ��WR�WKH�FDOLEUDWLRQ�LQOHW�RI�WKH�VHQVRU�KHDG�DW�D�IORZ�UDWH�RI����PO�PLQ�DQG�DOORZ
FRPEXVWLEOHV�VHQVRU�WR�VWDELOL]H�

�� $GMXVW�SRWHQWLRPHWHU�59��RQ�WKH�FRPEXVWLEOHV�ERDUG�VR�WKDW�WKH�FRPEXVWLEOHV�GLVSOD\
UHDGV������������SSP��

�� &RQQHFW�D�VXSSO\�RI�FDOLEUDWLRQ�DLU�WR�WKH�FDOLEUDWLRQ�LQOHW�RI�WKH�VHQVRU�KHDG�DW�D�IORZ�UDWH
RI����PO�PLQ�DQG�DOORZ�VHQVRU�WR�VWDELOL]H��1RWH�WKH�GLVSOD\HG�FRPEXVWLEOHV�UHDGLQJ�

�� ,I�WKH�FRPEXVWLEOHV�GLVSOD\�LV�PRUH�WKDQ�������WKHQ�VHW�WKH�VHQVRU�FRQVWDQW�WR�D�ORZHU
YDOXH��5HIHU�WR�VHFWLRQ�������

��� ,I�WKH�FRPEXVWLEOHV�GLVSOD\�LV�OHVV�WKDQ�������WKHQ�VHW�WKH�VHQVRU�FRQVWDQW�WR�D�KLJKHU
YDOXH��5HIHU�WR�VHFWLRQ�������

��� 5HSHDW�VWHSV���WR����XQWLO�WKH�FRPEXVWLEOHV�GLVSOD\�FKDQJH�EHWZHHQ�XVLQJ�ORZ�R[\JHQ
JDV�DQG�DLU�LV�D�PLQLPXP��7\SLFDOO\�VKRXOG�EH�OHVV�WKDQ�����������SSP��

��� 3HUIRUP�QRUPDO�FRPEXVWLEOHV�]HUR�DQG�VSDQ�FDOLEUDWLRQ�UHIHUULQJ�WR�VHFWLRQ�������

1RWH�� 7KH�DIIRUPHQWLRQHG�SURFHGXUH�LV�RQO\�UHTXLUHG�ZKHQ�D�QHZ�FRPEXVWLEOHV�ERDUG�DQG�RU
VHQVRU�DUH�ILWWHG�



����

������� &$/�)$,/

7KH�&$/�)$,/�GLVSOD\�RQO\�RFFXUV�ZLWKLQ�WKH�VHQVRU�FDOLEUDWLRQ�URXWLQH��UHIHU�WR�VHFWLRQ�����

,Q�WKH�FDVH�RI�WKH�FRPEXVWLEOHV�VHQVRU�WKLV�LQGLFDWHV�WKDW�ZLWK�DLU�DV�FDOLEUDWLQJ�JDV�WKH�YROWDJH
EHWZHHQ�73��DQG�73��RQ�WKH�FRPEXVWLEOHV�ERDUG�LV�QRW�EHWZHHQ���DQG���YROWV�

6LPLODUO\� WKH� &$/�)$,/� GLVSOD\� ZLOO� DOVR� RFFXU� ZKHQ� XVLQJ� ��� FDUERQ�PRQR[LGH� LQ� DLU� DV� D
FDOLEUDWLQJ�JDV�LI�WKH�YROWDJH�EHWZHHQ�73��DQG�73��RQ�WKH�FRPEXVWLEOHV�FDUG�LV�QRW�EHWZHHQ���DQG
��YROWV�JUHDWHU�WKDQ�WKH�YROWDJH�PHDVXUHG�DW�WKH�VDPH�SRLQW�XVLQJ�DLU�DV�FDOLEUDWLQJ�JDV�

������� &$/�(5525

7KLV� GLVSOD\�PD\� DOVR� RFFXU�ZLWKLQ� WKH� FRPEXVWLEOHV� VHQVRU� FDOLEUDWLRQ� URXWLQH�� 6HH�6HFWLRQ
��������

&KHFN� �� &KHFN�DOO�VLJQDO�FDEOLQJ�DQG�HDUWKV�WR�HQVXUH�WKDW�WKH�VKLHOGLQJ�LV�FRUUHFW�

�� &KHFN� WKDW� WKH� FDOLEUDWLRQ� JDV� IORZ� LV� ���PO�PLQ� DQG� ZDLW� IRU� WKH� VHQVRU� WR
VWDELOL]H�

������� 29(1�7(03�/2�RU�29(1�7(03�+,

7KLV�GLVSOD\�ZLOO�RFFXU�LI�WKH�VDPSOH�EORFN�WHPSHUDWXUH�LV�����&�RU�����&�IURP�LWV�VHW�SRLQW�

1RWH� �� ,QGLFDWRU� '��� �VHH� )LJ� ���E�� LQGLFDWHV�ZKHQ� SRZHU� LV� EHLQJ� VZLWFKHG� WR� WKH
VDPSOH�EORFN�KHDWHU���:KHQ�WKH�DQDO\VHU�LV�SRZHUHG�XS�IURP�FROG��WKLV�ZLOO�EH�RQ
FRQWLQXRXVO\���$IWHU�ZDUP�XS�LW�ZLOO�WKHQ�IODVK�DW�D�UDWH�GHWHUPLQHG�E\�WKH�DPRXQW
RI�SRZHU�UHTXLUHG�WR�PDLQWDLQ�WKH�WHPSHUDWXUH�DW�LWV�FRQWURO�SRLQW�

�� 7KH�VDPSOH�EORFN�WKHUPRVWDW�ZLWK�\HOORZ�OHDGV�LV�ZLUHG�LQ�VHULHV�ZLWK�WKH�KHDWHUV
DQG�SUHYHQWV�GDPDJH�RFFXUULQJ�GXH�WR�IDXOW\�FRPSRQHQWV�RU�ZLULQJ�

�
&KHFN� &KHFN�FDEOLQJ�LV�FRUUHFW�EHWZHHQ�VHQVRU�KHDG�DQG�FRQWURO�XQLW�

6HQVRU�+HDG )XQFWLRQ�'HVFULSWLRQ 1RUPDO�5HDGLQJ
7HUPLQDOV

7%�%������ 6DPSOH�EORFN�KHDWHU�FLUFXLW�UHVLVWDQFH� ����������RKPV

7%�%������ 6DPSOH�EORFN�KHDWHU�FLUFXLW�D�F��YROWDJH 3XOVHG�VXSSO\
YROWDJH�����RU����9
D�F��QRPLQDO

7%�%������� 6DPSOH�EORFN�KHDWHU�RYHU�WHPSHUDWXUH�WKHUPRVWDW ���RKP
�RSHQV�DW����E&�



����

�������� 7��6(1625�)$,/

7KLV�GLVSOD\�VKRZV�LI�WKH�WHPSHUDWXUH�VHQVRU�XVHG�WR�FRQWURO�WKH�VDPSOH�EORFN�WHPSHUDWXUH�LV
IDXOW\��7KLV�VHQVRU�LV�D�WKHUPLVWRU�ZLWK�D�UHVLVWDQFH�EHWZHHQ�����DQG������RKPV��GHSHQGLQJ�RQ
LWV�WHPSHUDWXUH�

1RWH� 7KH�WKHUPLVWRU�FRQWUROV�WKH�EORFN�WHPSHUDWXUH�DW����E&�

&KHFN� &KHFN�FDEOLQJ�LV�FRUUHFW�EHWZHHQ�VHQVRU�KHDG�DQG�FRQWURO�XQLW�

6HQVRU�+HDG )XQFWLRQ�'HVFULSWLRQ 1RUPDO�5HDGLQJ
7HUPLQDOV

7%�%������ 6DPSOH�EORFN�WHPSHUDWXUH�VHQVRU��WKHUPLVWRU��DW �������.�RKPV
��E&�

7%�%������ 6DPSOH�EORFN�WHPSHUDWXUH�VHQVRU��WKHUPLVWRU��DW ���.�RKPV�W\SLFDO
���E&�

7%�%������ 7KHUPLVWRU�FLUFXLW�G�F��YROWDJH� ���9�W\SLFDO

�������� )/2:�)$,/85(

7KLV�GLVSOD\�LQGLFDWHV�WKDW�WKH�VDPSOH�IORZ�KDV�IDOOHQ�EHORZ�WKH�VHW�WULS�OHYHO�

1RWH� �� )/2:�)$,/85(�FDQ�EH�FDXVHG�E\��

D� )DLOXUH�RI�WKH�DVSLUDWRU�DLU�RU�EORFNDJH�RI�WKH�DVSLUDWRU�MHW�
E� %ORFNLQJ�RI�WKH�H[WHUQDO�ILOWHU��LI�ILWWHG��RU�SUREH�WXEH�
F� %ORFNLQJ�RI�WKH�LQWHUQDO�ILOWHU�
G� )DLOXUH�RI�WKH�IORZ�DODUP�

�� 7KH�DVSLUDWRU�DLU�VROHQRLG�YDOYH�ZLOO�UHPDLQ�VKXW�IRU�DSSUR[LPDWHO\���KRXU�DIWHU
VZLWFK�RQ�IURP�FROG�

&KHFN� �� &KHFN�FDEOLQJ�EHWZHHQ�VHQVRU�KHDG�DQG�FRQWURO�XQLW�

�� &KHFN�WKDW�WKH�IORZ�WULS�SDUDPHWHU�LV�VHW�WR�WKH�PRVW�VXLWDEOH�IRU�WKH�DSSOLFDWLRQ�
2Q�PRVW����([�DSSOLFDWLRQV�ZH�UHFRPPHQG�VHWWLQJ�WKLV�WR�)��75,3�=(52��5HIHU
WR�VHFWLRQ�������

�� &KHFN�WKDW�WKH�DVSLUDWRU�DLU�VROHQRLG�YDOYH�KDV�RSHQHG�

�� &KHFN�WKH�IORZ�VHQVRU�FDOLEUDWLRQ��5HIHU�WR�VHFWLRQ�������

�� &KHFN�WKDW�WKH�DVSLUDWRU�DLU�SUHVVXUH�LV�VHW�WR�WKH�FRUUHFW�YDOXH��DV�VKRZQ�RQ�WKH
ODEHO�EHORZ�WKH�FLUFXLW�ERDUG�LQ�WKH�VHQVRU�KHDG�WHUPLQDO�ER[��DQG�WKDW�WKHUH�LV�DQ
DLU�IORZ�RI�DSSUR[LPDWHO\�����OLWUHV�PLQ��,I�QRW��UHPRYH�DQG�FOHDQ�WKH�DVSLUDWRU�MHW�
VHH�ILJXUH�����



����

�� &KHFN�WKDW�ZLWK�WKH�DVSLUDWRU�DLU�FRUUHFWO\�VHW��DV�DERYH��WKDW�WKHUH�LV�D�VDPSOH
LQOHW�IORZ�RI�DSSUR[LPDWHO\�����PO�PLQ��,I�QRW��FKHFN�IRU�D�EORFNDJH�LQ�WKH�VDPSOH
V\VWHP�� ,QYHVWLJDWH� H[WHUQDO� DQG� LQWHUQDO� ILOWHU�� LQOHW� SUREH� WXEHV�� LQWHUQDO
SLSHZRUN��IODPHWUDSV�DQG�ILQDOO\�WKH�VDPSOH�EORFN�

�� 3DVV�DLU�DQG�WKHQ�HQG�SRLQW�FDOLEUDWLRQ�JDV�WKURXJK�WKH�FDOLEUDWLRQ�SRUW�RI�WKH
VHQVRU�KHDG���,I�WKH�DQDO\VHU�UHVSRQGV�QRUPDOO\��UHVSRQVH�WLPH�RI������VHFV�
DQG�RU�WKH�IORZ�IDLOXUH�DODUP�GLVDSSHDUV�WKHQ�LW�LV�SUREDEOH�WKDW�WKH�H[WHUQDO�ILOWHU
RU�SUREH�WXEH�LV�EORFNHG��,I�WKH�DQDO\VHU�GRHV�QRW�UHVSRQG�QRUPDOO\�LW�LV�SRVVLEOH
WKDW�WKH�LQWHUQDO�ILOWHU��DVSLUDWRU�RU�SLSHZRUN�RI�WKH�VHQVRU�KHDG�DUH�EORFNHG��5HIHU
WR�VHFWLRQ�����

�� 3DVV�DLU�WKURXJK�WKH�FDOLEUDWLRQ�SRUW�VR�WKDW�WKH�DQDO\VHU�UHDGV�������6WRS�WKH�DLU
VR� WKDW� WKH� DQDO\VHU� LV� VDPSOLQJ� IOXH� JDV�� ,I� WKH� DQDO\VHU� GRHV� QRW� UHVSRQG
QRUPDOO\�WKHQ�WKLV�ZLOO�FRQILUP�EORFNDJH�RI�WKH�H[WHUQDO�ILOWHU�RU�SUREH�WXEH��5HIHU
WR�VHFWLRQ�����

�� 7KH� LQWHUQDO� ILOWHU� DQG� DVSLUDWRU� MHW� DUH� FKHFNHG� E\� UHPRYDO�� 6HQVRU� KHDG
SLSHZRUN�DQG�IODPH�WUDSV�DUH�FKHFNHG�E\�GLVPDQWOLQJ��5HIHU�WR�VHFWLRQ������

��� 7KH�IORZ�VHQVRU�DQG�DVSLUDWRU�DLU�VROHQRLG�YDOYH�DUH�FKHFNHG�LQ�WKH�IROORZLQJ
WHVWV���

6HQVRU�+HDG )XQFWLRQ�'HVFULSWLRQ 1RUPDO�5HDGLQJ
7HUPLQDOV

7%�%������ 1HJDWLYH�KDOI�IORZ�VHQVRU�FLUFXLW�UHVLVWDQFH� ���WR����RKPV

7%�%������ 3RVLWLYH�KDOI�IORZ�VHQVRU�FLUFXLW�UHVLVWDQFH� ���WR����RKPV

7%�%������ )ORZ�VHQVRU�QHJDWLYH�VXSSO\�G�F��YROWDJH� ����9�DSSUR[�

7%�%������ )ORZ�VHQVRU�FHQWUH�WDS��RXWSXW�WHUPLQDO��G�F� ���9�DSSUR[�
YROWDJH�

7%�%������ )ORZ�VHQVRU�SRVLWLYH�VXSSO\�G�F��YROWDJH� ���9�DSSUR[�

7%�%������� $VSLUDWRU�DLU�VROHQRLG�YDOYH�UHVLVWDQFH ����������RKPV

7%�%������� $VSLUDWRU�DLU�VROHQRLG�YDOYH�WKHUPRVWDW�UHVLVWDQFH ���RKP
�&ORVHV�DW���� &��E

5HPRYH�3RZHU�%HIRUH�0HDVXULQJ�

7%�%������ $VSLUDWRU�DLU�VROHQRLG�YDOYH�D�F��VXSSO\�YROWDJH� ���9�DF�W\SLFDO

&RQWURO�XQLW )XQFWLRQ�'HVFULSWLRQ 1RUPDO�5HDGLQJ
7HUPLQDOV

7%�������� $VSLUDWRU�DLU�VROHQRLG�IXVH�)������P$�� ���RKPV



����

&RQWURO�XQLW )XQFWLRQ�'HVFULSWLRQ 1RUPDO�5HDGLQJ
7HVW�SRLQWV

73���73� $VSLUDWRU�DLU�WXUQHG�RII��QR�VDPSOH�IORZ� �������P9�W\SLFDO
�0DLQ�ERDUG�

73���73� $VSLUDWRU�DLU�RQ�DQG�VHW�WR�SUHVVXUH�ZULWWHQ�RQ�WKH �������P9�W\SLFDO
VHQVRU�KHDG�SULQWHG�FLUFXLW�ERDUG��:DLW�WZR
PLQXWHV�WR�VWDELOLVH�

 :KHQ�WKH�DVSLUDWRU�DLU�RII�YROWDJH�LV�VXEWUDFWHG�IURP�WKH�DVSLUDWRU�DLU�RQ�YROWDJH��WKH�UHVXOW
VKRXOG�EH�DSSUR[LPDWHO\����P9�

�������� )/8(�7�&��)$,/

7KLV�GLVSOD\�LQGLFDWHV�WKDW�WKH�IOXH�JDV�WKHUPRFRXSOH�XVHG�ZLWK�WKH�WHPSHUDWXUH�DQG�HIILFLHQF\
RSWLRQ�LI�IDXOW\�

1RWH� 7KLV�LV�D�W\SH�.�WKHUPRFRXSOH��7KH�UHVXOW�RI�WKH�VHFRQG�WHVW�EHORZ�ZLOO�GHSHQG�RQ�IOXH
WHPSHUDWXUH��&RQVXOW�VWDQGDUG�WDEOHV�IRU�RWKHU�WHPSHUDWXUHV�

&KHFN� &KHFN�FDEOLQJ�LV�FRUUHFW�EHWZHHQ�WKHUPRFRXSOH�DQG�FRQWURO�XQLW��7KLV�PXVW�EH�VFUHHQHG
FRPSHQVDWLQJ�FDEOH�

7HPS�	�(IILFLHQF\ )XQFWLRQ�'HVFULSWLRQ 1RUPDO�5HDGLQJ
ERDUG�WHUPLQDOV

7%�������� )OXH�WHPSHUDWXUH�WKHUPRFRXSOH ����RKPV
UHVLVWDQFH�DW���E&�

7%�������� )OXH�WHPSHUDWXUH�WKHUPRFRXSOH�RXWSXW ��P9�DSSUR[�
G�F��RXWSXW�YROWDJH�DW����E&�

�������� '$7$�&255837

7KH�DQDO\VHU�KDV�D�VHOI�FKHFN�V\VWHP�IRU�GHWHUPLQLQJ�WKH�YDOLGLW\�RI�WKH�GDWD�VWRUHG�LQ�PHPRU\�
,I� WKH� DQDO\VHU� GHWHFWV� DQ\� LOORJLFDO� FKDQJHV� WR� WKH� GDWD� LQ�PHPRU\� LW�ZLOO� GLVSOD\� WKH� 
'$7$
&255837
�GLDJQRVWLF�

1RWH� �� 7KLV�PD\�EH�FDXVHG�E\�D�ODUJH�WUDQVLHQW�RQ�WKH�HOHFWULFDO�VXSSO\��H�J��FKDQJLQJ
VXSSOLHV�IURP�HOHFWULFLW\�DXWKRULW\�VXSSOLHV�WR�D�ORFDO�JHQHUDWRU��OLJKWQLQJ�VWULNH�
ZHOGLQJ�FORVH�WR�WKH�DQDO\VHU�RU�UHPRYLQJ�IXVHV�IURP�ZLWKLQ�WKH�DQDO\VHU�ZLWK�WKH
SRZHU�VWLOO�RQ�

�� 7KH�
'$7$�&255837
�IDXOW�LV�FOHDUHG�E\�HQWHULQJ�WKH�3DUDPHWHU�RU�&DOLEUDWH
PRGH�DQG�SUHVVLQJ�WKH�
(QWHU
�NH\���&KHFN��DQG�FRUUHFW�DV�QHFHVVDU\��DOO�VHW�XS
YDOXHV�DQG�UH�FDOLEUDWH�WKH�DQDO\VHU�



����

�� ,I�WKH�SUREOHP�SHUVLVWV�DQG�DOO�H[WHUQDO�FDXVHV�KDYH�EHHQ�HOLPLQDWHG�WKHQ�LW�LV
SRVVLEOH�WKDW�WKHUH�LV�D�IDXOW�RQ�WKH�DQDO\VHU�PDLQ�ERDUG���,W�LV�UHFRPPHQGHG�WKDW
WKH�PDLQ�ERDUG�LV�FKDQJHG���7KH�DQDO\VHU�ZLOO�QHHG�WR�EH�UHFDOLEUDWHG�DQG�VHW�XS�

&KHFN� �� 7KH�XVXDO�FDXVH�RI�GDWD�FRUUXSWLRQ� LV�HOHFWULFDO� LQWHUIHUHQFH� IURP�RXWVLGH� WKH
DQDO\VHU��&KHFN�DOO�FDEOH�VFUHHQV�DUH�SUHVHQW�DQG�ERQGHG�WR�WKH�HDUWK��JURXQG�
SRLQW�LQ�WKH�FRQWURO�XQLW�

�� &KHFN�WKDW�DOO�FRYHUV�DUH�RQ�DQG�GRRUV�FORVHG���&KHFN�WKDW�WKH�V\VWHP�DQG�ORFDO
HDUWKV�DUH�ZHOO�PDGH�DQG�RI�ORZ�UHVLVWDQFH�

��� 5(3$,5�2)�7+(�&21752/�81,7

7KH�UHSDLU�RI�SULQWHG�FLUFXLW�ERDUGV�DW�FRPSRQHQW�OHYHO�LV�QRW�UHFRPPHQGHG�DQG�LW�LV�QRUPDO�WR
WUDFH�IDXOWV�RQ�WKHVH�ERDUGV�E\�VXEVWLWXWLRQ���7KLV�VHFWLRQ�FRYHUV�WKH�UHPRYDO�RI�WKHVH�ERDUGV�VR
WKDW�DQ\�IDXOW\�RQHV�FDQ�EH�UHSODFHG�DQG�UHWXUQHG�WR�6HUYRPH[�IRU�UHSDLU��5HIHU�WR�ILJXUH�����IRU
LGHQWLILFDWLRQ�DQG�UHODWLRQVKLS�RI�SDUWV�

:$51,1*

'LVFRQQHFW�HOHFWULFDO�SRZHU�IURP�WKH�DQDO\VHU�EHIRUH�ZRUNLQJ�RQ�WKH�FRQWURO�XQLW�

$OVR�HQVXUH�WKDW�SRZHU�LV�GLVFRQQHFWHG�IURP�H[WHUQDO�FLUFXLWV�FRQQHFWHG�WR�WKH
DQDO\VHU��H�J��DODUPV�

����� 5HPRYDO�RI�2SWLRQ�%RDUGV

7KH�VRIWZDUH�LQVWUXFWLRQV�IRU�D�JLYHQ�RSWLRQ�ERDUG�LQVWDOOHG�LQ�D�JLYHQ�SRVLWLRQ�DUH�SHFXOLDU�WR�WKDW
ERDUG�SRVLWLRQ�FRPELQDWLRQ���7KHUHIRUH��LI�D�ERDUG�LV�PRYHG�WR�DQRWKHU�SRVLWLRQ��LWV�SDUDPHWHUV�DQG
FDOLEUDWLRQ�GDWD�ZLOO�KDYH�WR�EH�UHVHW�

,I�WKH�SRZHU�VXSSO\�LV�VZLWFKHG�RII��WKH�VRIWZDUH�ZLOO�UHWDLQ�WKH�SUHVHW�YDOXHV�RI�WKH�SDUDPHWHUV�DQG
FDOLEUDWLRQV

�� 2SHQ�WKH�FRQWURO�XQLW�GRRU

�� 5HPRYH�DQ\�ZLUH�FRQQHFWLRQV�WR�WKH�WHUPLQDO�EORFN�RQ�WKH�ERDUG�

�� 8QGR� WKH� QXWV� VHFXULQJ� WKH� ERDUG� LQ� SRVLWLRQ�� � 5HPRYH� DQG� UHWDLQ� WKHVH� QXWV� DQG
ZDVKHUV���,I�WZR�OD\HUV�RI�RSWLRQ�ERDUGV�DUH�ILWWHG�DQG�WKH�ORZHU�RQH�LV�WR�EH�UHPRYHG�DOVR�
UHPRYH�DQG�UHWDLQ�WKH�VSDFHUV�

�� /LIW�XS�WKH�ERWWRP�RI�WKH�RSWLRQ�ERDUG�XQWLO�LW�MXVW�FOHDUV�WKH�WKUHDG�RI�WKH�VSDFHUV�DQG�WKHQ
SXOO�LW�GRZQZDUGV�FDUHIXOO\���7KH�RSWLRQ�ERDUG�VKRXOG�WKHQ�FRPH�IUHH�



����

�� 'R�QRW�PRYH�WKH�ERDUG�IURP�VLGH�WR�VLGH�H[WHQVLYHO\�WR�UHPRYH�LW�DV�WKLV�PD\�GDPDJH�WKH
FRQQHFWRU�RQ�WKH�LQWHUIDFH�DGDSWRU�ERDUG�

�� 5HILW� LQ� WKH� UHYHUVH� RUGHU� WR� DERYH� ��1RWH� �� (QVXUH� WKDW� RSWLRQ� FDUGV� ��������
�FRPEXVWLEOHV��DQG�����������LVRODWHG�2��RXWSXW��DUH�QRW�ILWWHG�DERYH�RQH�DQRWKHU�

����� 5HPRYDO�RI�WKH�,QWHUIDFH�$GDSWRU�%RDUG

�� 5HPRYH�DQ\�RSWLRQ�ERDUGV�ILWWHG�DV�GHVFULEHG�LQ�6HFWLRQ�������

�� 5HPRYH� WKH� VL[� VFUHZV� DQG�ZDVKHUV� WKDW� VHFXUH� WKH� LQWHUIDFH� DGDSWRU� ERDUG� WR� WKH
FKDVVLV�

�� 3XOO�WKH�ERDUG�IRUZDUGV�FDUHIXOO\�WR�UHOHDVH�LW�IURP�WKH�PRWKHU�ERDUG�FRQQHFWRU�

�� 5HILW�LQ�WKH�UHYHUVH�RUGHU�WR�WKH�DERYH�

����� 5HPRYDO�RI�WKH�0DLQ�3&%�$VVHPEO\

�� 5HPRYH�DQ\�RSWLRQ�ERDUGV�WKDW�PD\�EH�ILWWHG�DV�GHVFULEHG�LQ�6HFWLRQ�������

�� 5HPRYH�WKH�LQWHUIDFH�DGDSWRU�ERDUG�DV�GHVFULEHG�LQ�6HFWLRQ�������

�� 'LVFRQQHFW�WKH�ZLUHV�IURP�7%���7%���7%��DQG�7%��RQ�WKH�ERDUG�DQG�7%���ZKHQ�XVHG�

�� 'LVFRQQHFW�WKH�GLVSOD\�ERDUG�ULEERQ�FDEOH�SOXJ�IURP�WKH�PDLQ�ERDUG�E\�UHOHDVLQJ�LWV�WZR
FDWFKHV�DQG�SXOOLQJ�WKH�SOXJ�JHQWO\�

�� 8QGR�WKH����0��QXWV��RQH�����LQFK�%63�QXW�RQ�WKH�WUDQVIRUPHU�DQG�WKH�WZR�SDQ�KHDG
VFUHZV�DW�WKH�WRS�ULJKW���7KH�ERDUG�PD\�QRZ�EH�UHPRYHG�FDUHIXOO\�

�� 5HILW�LQ�WKH�UHYHUVH�RUGHU�WR�WKH�DERYH���5HIHU�WR�WKH�LQWHUFRQQHFWLRQ�GUDZLQJV�DQG�FDEOH
VFKHGXOHV�ZKHQ�UHFRQQHFWLQJ�WKH�ZLUHV��$SSHQGL[��������,W�LV�LPSRUWDQW�WR�UHILW�WKH�WZR�SDQ
KHDG�VFUHZV�DW�WRS�ULJKW�DV�WKHVH�VHFXUH�KHDW�VLQNV�WR�WKH�'&�SRZHU�UHJXODWRU�

����� 5HPRYDO�RI�WKH�'LVSOD\�%RDUG

�� 'LVFRQQHFW�WKH�PXOWLZD\�NH\SDG�FRQQHFWRU�IURP�WKH�GLVSOD\�ERDUG�

�� 'LVFRQQHFW�WKH�ULEERQ�FDEOH�IURP�WKH�PDLQ�3&%�DVVHPEO\�ERDUG�E\�UHOHDVLQJ�WKH�WZR
FDWFKHV�DQG�SXOOLQJ�WKH�SOXJ�JHQWO\�

1RWH� ,W� PD\� EH� QHFHVVDU\� WR� UHPRYH� RSWLRQ� ERDUGV� WR� DOORZ� WKLV� SOXJ� WR� EH
GLVFRQQHFWHG�

�� 8QGR�WKH�VL[�0��VFUHZV�VHFXULQJ�WKH�GLVSOD\�ERDUG�WR�WKH�IURQW�GRRU�

�� 7KH�GLVSOD\�ERDUG�FDQ�QRZ�EH�UHPRYHG�

�� 5HILW�LQ�WKH�UHYHUVH�RUGHU�WR�WKH�DERYH�



����

��� 5(3$,5�2)�7+(�6(1625�+($'

7KLV�VHFWLRQ�FRYHUV�UHPRYDO�DQG�UHSODFHPHQW�RI�WKH�PDMRU�FRPSRQHQWV�LQ�WKH�VHQVRU�KHDG���5HIHU
WR�)LJXUH�����IRU�LGHQWLILFDWLRQ�DQG�UHODWLRQVKLS�RI�DOO�SDUWV�

,W�LV�UHFRPPHQGHG�WKDW�DQWL�VHL]H�FRPSRXQG�LV�XVHG�RQ�FHUWDLQ�JDV�FRQQHFWRUV���7KLV�LV�GHWDLOHG
LQ�WKH�DSSURSULDWH�SODFHV�EHORZ�

:KHQ�XQGRLQJ�RU�UHSODFLQJ�DQ\�SLSHZRUN�ILWWLQJV�DOZD\V�XVH�WZR�DGMDFHQW�VSDQQHUV�WR�EUHDN�RU
VHDO�D�SDUWLFXODU�XQLRQ���6XSSRUW�WKH�
IL[HG
�SDUW�DQG�URWDWH�WKH�XQLRQ�QXWV���7KH�SLSHZRUN�DORQH�LV
QRW�VWURQJ�HQRXJK� WR�ZLWKVWDQG� WKH� WRUTXH�QHHGHG� WR�PDNH�RU�EUHDN� WKH�XQLRQ�VHDOV��7KLV� LV
HVSHFLDOO\�LPSRUWDQW�ZLWK�WKH�R[\JHQ�FHOO�

7ZR�W\SHV�RI�����LQFK�FRXSOLQJ�QXWV�DUH�XVHG�LQ�WKH�VHQVRU�KHDG���2QH�LV�
0HWULF
�ZKLFK�KDV�D
JURRYH�LQ�WKH�ERG\���7KH�RWKHU�LV�
,PSHULDO
�ZKLFK�KDV�QR�JURRYH���(QVXUH�WKDW�WKH�FRUUHFW�W\SH�LV
XVHG�E\�UHIHUULQJ�WR�)LJXUH�����

����� 5HPRYDO�RI�6HQVRU�+HDG�&RYHUV

������� 6HQVRU�+HDG�([WHUQDO�&RYHU

5HIHU�WR�)LJXUHV����$�DQG����%�

�� /RRVHQ� WKH� WZR� KH[DJRQ� VRFNHW� JUXE� VFUHZV� UHWDLQLQJ� WKH� FRYHU�� DQG� XQVFUHZ� DQG
UHPRYH�WKH�FRYHU������WDNLQJ�FDUH�QRW�WR�GDPDJH�WKH�©2ª�ULQJ�������(QVXUH�WKDW�WKH�WKUHDG
RQ�WKH�FRYHU�LV�SURWHFWHG�IURP�FRQWDPLQDWLRQ�

&$87,21
'R�QRW�GDPDJH�WKH�WKUHDGV�RI�WKH�FRYHU�RU�WKH�HQFORVXUH�PRXQW

7KHVH�WKUHDGV�JLYH�SURWHFWLRQ�IURP�IODPH�WUDQVPLVVLRQ�

�� 'LVFRQQHFW�WKH�VROHQRLG�YDOYH�LQOHW�WXEH�����

�� 'LVFRQQHFW�WKH�DVSLUDWRU�LQOHW�WXEH�����DQG�UHPRYH�WKH�VROHQRLG�YDOYH������

�� 'LVFRQQHFW�WKH�FDOLEUDWLRQ�LQOHW�WXEH�����

�� 'LVFRQQHFW�WKH�DX[LOLDU\�DLU�LQOHW�WXEH������LI�ILWWHG�

5HIHU�WR�)LJXUHV�����RU����

1RWH� ,I� LW� LV� LQWHQGHG� WR� UHPRYH� WKH� VHQVRU� DVVHPEO\� ����� RU� ����� FRPSOHWHO\�� GLVUHJDUG
RSHUDWLRQV���DQG���RI�WKLV�SURFHGXUH�

�� 6ODFNHQ� WKH� IRXU� VFUHZV� ������ VHFXULQJ� HDFK� WHUPLQDO� UDLO� VKLHOG� ����� DQG� WHUPLQDO
PRXQWLQJ�SODWH������WR�WKH�VHQVRU�DVVHPEO\�



����

)LJXUH������([SORGHG�YLHZ���VHQVRU�KHDG



����

)LJXUH������([SORGHG�YLHZ���VHQVRU�KHDG



����

)LJXUH������([SORGHG�YLHZ��VHQVRU�KHDG���2[\JHQ�2QO\



����

)LJXUH������([SORGHG�YLHZ��VHQVRU�KHDG���2[\JHQ�2QO\



����

)LJXUH������([SORGHG�YLHZ��VHQVRU�KHDG���2[\JHQ�DQG�&RPEXVWLEOHV



����

)LJXUH������([SORGHG�YLHZ��VHQVRU�KHDG���2[\JHQ�DQG�&RPEXVWLEOHV



����

�� 6OLGH� WKH� WHUPLQDO�PRXQWLQJ�SODWHV�RII� WKH�VHFXULQJ�VFUHZV� ������� UHPRYH� WKH�VFUHZV
FRPSOHWHO\�LI�UHTXLUHG��7DNH�FDUH�QRW�WR�VWUDLQ�WKH�ZLULQJ�

5HIHU�WR�)LJXUHV����$�DQG����%�

�� 5HPRYH�WKH�WHUPLQDO�ER[�FRYHU�

�� 'LVFRQQHFW�DOO�ZLULQJ�LQFOXGLQJ�WKH�WZR�HDUWK�UDLO�FRQQHFWRUV��UXQQLQJ�IURP�WHUPLQDO�EORFNV
7%�$�DQG�7%�$�WR�WKH�VHQVRU�DVVHPEO\��6HH�$SSHQGL[���RU����(QVXUH�WKDW�WKH�ZLUHV�DUH
FOHDUO\�LGHQWLILHG�IRU�VXEVHTXHQW�UHFRQQHFWLRQ�

��� 5HPRYH�WKH�HLJKW�0��FDS�KHDG�VFUHZV������IURP�WKH�VHQVRU�DVVHPEO\��DQG�VOLGH�WKH
VHQVRU�DVVHPEO\�RXW�IURP�WKH�HQFORVXUH�PRXQW������7DNH�FDUH�QRW�WR�GDPDJH�WKH�VDPSOH
SUREH�DV�LW�LV�ZLWKGUDZQ�WKURXJK�WKH�HQFORVXUH�PRXQW�

&$87,21
'R�QRW�GDPDJH�WKH�VXUIDFHV�RI�WKH�VHQVRU�DVVHPEO\�ZKHUH�LW�ILWV�LQWR�WKH�HQFORVXUH�PRXQW�

WKHVH�VXUIDFHV�JLYH�SURWHFWLRQ�IURP�IODPH�WUDQVPLVVLRQ�

��� 5HILW�WKH�FRPSRQHQWV�LQ�WKH�UHYHUVH�RUGHU��XVLQJ�QHZ�JDVNHW������DQG�©2ª�ULQJ������LI
QHFHVVDU\�

�������� 6HQVRU�+HDG�,QWHUQDO�&RYHU

�� &DUU\�RXW�6HFWLRQ���������RSHUDWLRQV���WR���LQFOXVLYH�

5HIHU�WR�)LJXUHV�����RU����

�� 5HPRYH�WKH�IRXU�VFUHZV�VHFXULQJ�WKH�FRYHU������WR�WKH�FKHVW�DVVHPEO\������

�� 3OXJ�WKH�HQGV�RI�WKH�WXEHV�DW�WKH�HQG�RI�WKH�FRYHU�WR�SUHYHQW�LQJUHVV�RI�GXVW�IURP�WKH
LQVXODWLRQ�

�� 6OLGH�RII�WKH�FRYHU������ZLWK�WKH�LQVXODWLRQ�������LQ�SODFH��7DNH�FDUH�QRW�WR�GDPDJH�WKH
LQVXODWLRQ�

�� 5HILW�WKH�FRPSRQHQWV�LQ�WKH�UHYHUVH�RUGHU�



����

����� 5HPRYDO�RI�WKH�,QWHUQDO�)LOWHU

�� 5HPRYH�WKH�FDOLEUDWLRQ�SLSH�DQG�ILOWHU�DVVHPEO\������E\�XQGRLQJ�DQG�UHPRYLQJ�WKH�WZR
0��VRFNHW�FDS�VFUHZV�

�� 1RWH�WKH�W\SH�DQG�SRVLWLRQ�RI�WKH�WKUHH�JDVNHWV�DVVRFLDWHG�ZLWK�WKH�ILOWHU���������2QH
������LV�ORFDWHG�DW�WKH�ERWWRP�RI�WKH�ILOWHU�KROH�LQ�WKH�VDPSOH�EORFN��7KH�RWKHU�WZR�DUH
ORFDWHG�EHWZHHQ�WKH�ILOWHU�DQG�FDOLEUDWLRQ�SLSH������	������

�� 8QVFUHZ�WKH�ILOWHU�IURP�WKH�FDOLEUDWLRQ�SLSH�

�� 5HDVVHPEOH�LQ�UHYHUVH�RUGHU�XVLQJ�QHZ�JDVNHWV�

����� 5HPRYDO�RI�WKH�&RPSOHWH�&RPEXVWLEOHV�6HQVRU��LI�ILWWHG�

&DUU\�RXW�6HFWLRQ�������WR�JDLQ�DFFHVV�WR�WKH�VHQVRU�

�� 8QGR�WKH�IRXU�FRXSOLQJ�QXWV�����RQ�WKH�SLSHV������DQG������

�� 5HPRYH�WKH�VFUHZV�������DQG�LQVXODWLQJ�SODWH�������

�� 8QGR�WKH�ZLULQJ�ZUDSV�IURP�WKH�SLSHZRUN�

�� :LWKGUDZ�WKH�FRPSOHWH�VHQVRU�XSZDUGV�DQG�OD\�WR�RQH�VLGH�

�� ,I�LW�LV�UHTXLUHG�WR�UHPRYH�WKH�VHQVRU�FRPSOHWHO\��SURFHHG�DV�IROORZV�

�� 'LVFRQQHFW�WKH�ZLULQJ�IURP�7%�%�WHUPLQDOV����������������������������DQG����DQG
WHUPLQDO�7%�%�WHUPLQDOV�������������������DQG�����5HIHU�WR�$SSHQGL[���

�� 5H�DVVHPEOH�LQ�WKH�UHYHUVH�RUGHU�XVLQJ�D�GUDZ�ZLUH�WR�SXOO�WKH�VHQVRU�OHDGV�WKURXJK
WKH�WHUPLQDO�SODWH�PRXQWLQJ�ULQJ�������(QVXUH�WKDW�DOO�WXEH�IHUUXOHV�������DUH�FRUUHFWO\
ILWWHG�

1RWH� ,I�LW�LV�UHTXLUHG�WR�UHPRYH�WKH�R[\JHQ�VHQVRU�RU�WKH�IORZ�VHQVRU��LW�LV�QRW�QHFHVVDU\�WR
GLVFRQQHFW�WKH�FRPEXVWLEOHV�VHQVRU�ZLULQJ�

����� 5HPRYDO�RI�WKH�&RPEXVWLEOHV�6HQVRU�3DUWV

�� &DUU\�RXW�VWHSV�������LQ�6HFWLRQ������

5HIHU�WR�)LJXUH����

�� 8QGR�WKH�VFUHZV�DQG�ZDVKHUV�UHWDLQLQJ�WKH�WZR�FDUWULGJH�KHDWHUV�������DQG
WHPSHUDWXUH�VHQVRU�������LQ�WKH�FRPEXVWLEOHV�ERG\

�� ,I�UHTXLUHG�UHPRYH�DQ\�RI�WKHVH�SDUWV�E\�GLVFRQQHFWLQJ�WKH�ZLULQJ�IURP�7%�%�DQG
7%�%�DV�DSSURSULDWH��VHH�$SSHQGL[���



����

�� 8QVFUHZ�WKH�WKHUPRVWDW�������IURP�WKH�FRPEXVWLEOHV�ERG\�DQG�LI�UHTXLUHG�UHPRYH�E\
GLVFRQQHFWLQJ�WKH�ZLULQJ�IURP�7%�%��VHH�$SSHQGL[���

�� 8QGR�WKH�DX[LOLDU\�DLU�LQOHW�SRUW�DVVHPEO\������DQG������IURP�WKH�FRPEXVWLEOHV�ERG\�

�� 'LVFRQQHFW�WKH�FRPEXVWLEOHV�GHWHFWRU�DQG�FRPSHQVDWRU�ZLULQJ�IURP�7%�%��VHH
$SSHQGL[������7KH�FRPEXVWLEOHV�VHQVRU�DQG�ERG\������FDQ�QRZ�EH�UHPRYHG�

�� 5H�DVVHPEOH�LQ�WKH�UHYHUVH�RUGHU�XVLQJ�D�GUDZ�ZLUH�WR�SXOO�WKH�VHQVRU�OHDGV�WKURXJK
WKH�WHUPLQDO�SODWH�PRXQWLQJ�ULQJ������

����� 5HPRYDO�RI�WKH�2[\JHQ�6HQVRU

&$87,21

:KHQ�XQGRLQJ�RU�UHWLJKWHQLQJ�WKH�SLSH�ZRUN�DVVRFLDWHG�ZLWK�WKH�R[\JHQ�FHOO�
DOZD\V�XVH�WZR�VSDQQHUV�DQG�WDNH�FDUH�QRW�WR�WZLVW�WKH�FHOO�RWKHUZLVH�LW�PD\�EH
GDPDJHG�

5HIHU�WR�)LJXUHV�����RU����

�� ,I�D�FRPEXVWLEOHV�VHQVRU�LV�ILWWHG�FDUU\�RXW�VWHSV���WR���LQ�6HFWLRQ��������RWKHUZLVH
UHPRYH�WKH�E\�SDVV�WXEH������

�� 5HPRYH�WKH�FDOLEUDWLRQ�SLSH�DQG�ILOWHU�DVVHPEO\������E\�XQGRLQJ�DQG�UHPRYLQJ�WKH�WZR
0��VRFNHW�FDS�VFUHZV�������DQG�ZDVKHUV�������

�� 5HPRYH�WKH�FHOO�LQOHW�SLSH�DVVHPEO\������E\�XQGRLQJ�WKH�FRXSOLQJ�QXWV�RQ�WKH
IODPHWUDS������RQ�WKH�IORZ�VHQVRU�����DQG�RQ�WKH�R[\JHQ�FHOO�������5HOHDVH�WKLV�FHOO�QXW
E\�XVLQJ�DQ�������LQFK�$)�VSDQQHU�RQ�WKH�QXW�������DQG�D���PP�$)�VSDQQHU�RQ�WKH
DGMDFHQW�IODWV�RQ�WKH�R[\JHQ�FHOO�VR�DV�QRW�WR�WZLVW�LW���:KHQ�WKLV�FHOO�FRQQHFWLRQ�LV
VWXFN��NHHS�XQGRLQJ�WKH�FHOO�QXW�DV�DERYH�DQG�XVH�WKH�MDFNLQJ�VKRXOGHU�WR�SXOO�WKH
VWXFN�IHUUXOHV�IURP�WKH�FHOO���(QVXUH�WKDW�DOO�DVVRFLDWHG�SLSHZRUN�FRXSOLQJ�QXWV�KDYH
EHHQ�IXOO\�XQGRQH�SULRU�WR�GRLQJ�WKLV�

�� 'LVFRQQHFW�WKH�FHOO�ZLUHV�IURP�WKH�WHUPLQDO�EORFNV�7%�%�DQG�ZLWKGUDZ�WKH�ZLUHV���VHH
$SSHQGL[������1RWH�WKH�R[\JHQ�FHOO�RULHQWDWLRQ�

�� 5HOHDVH�WKH�R[\JHQ�FHOO�IURP�WKH�UHIHUHQFH�DLU�DVVHPEO\������XVLQJ�������LQFK�DQG
��PP�$)�VSDQQHUV�DV�DERYH��'R�QRW�WZLVW�WKH�FHOO�

�� 5H�DVVHPEOH�LQ�WKH�UHYHUVH�RUGHU�XVLQJ�D�GUDZ�ZLUH�WR�SXOO�WKH�VHQVRU�OHDGV�LQWR�WKH
WHUPLQDO�ER[��HQVXULQJ�WKDW�QR�ZLULQJ�WRXFKHV�WKH�VHQVRU�ERG\�



����

1RWH� �� ,I�GXULQJ�GLVDVVHPEO\�LW�ZDV�QHFHVVDU\�WR�SULVH�DSDUW�WKH�R[\JHQ�FHOO�VDPSOH�ILWWLQJ�WR
UHOHDVH�WKH�FRXSOLQJ�WKHQ�WKH�����2'�IHUUXOHV�PD\�KDYH�EHHQ�SXOOHG�IRUZDUG���7KH\
PXVW�EH�UHSRVLWLRQHG�EHIRUH�UHDVVHPEO\�RU�WKH�RWKHU�FHOO�LQOHW�SLSH�ILWWLQJV�ZLOO�QRW
HQJDJH���7KH�JDS�EHWZHHQ�WKH�VKRXOGHU�DQG�FHOO�QXW�������VKRXOG�EH�����PP������LQ�
ZKHQ�WKH�QXW�LV�KHOG�DJDLQVW�WKH�IHUUXOHV�

����� 5HPRYDO�RI�WKH�)ORZ�6HQVRU

�� &DUU\�RXW�VWHSV���WR���RI�6HFWLRQ�������

�� 8QGR�WKH�����2'�IORZ�VHQVRU�FRXSOLQJ�WR�R[\JHQ�FHOO�UHIHUHQFH�DVVHPEO\������

�� 'LVFRQQHFW�WKH�IORZ�VHQVRU�ZLUHV�IURP�WHUPLQDO�EORFN�7%�%��VHH�$SSHQGL[���RU���

�� :LWKGUDZ�WKH�IORZ�VHQVRU�

�� 5H�DVVHPEOH�LQ�WKH�UHYHUVH�RUGHU�XVLQJ�D�GUDZ�ZLUH�WR�SXOO�WKH�VHQVRU�OHDGV�LQWR�WKH
WHUPLQDO�ER[���:KHQ�UHDVVHPEOLQJ�WKH�ZLUHV�PXVW�H[LW�WRZDUGV�WKH�VDPSOH�EORFN���

1RWH�

7KH�IORZ�DODUP�LV�QRW�UHYHUVLEOH�

����� 5HPRYDO�RI�)ODPH�7UDSV

�� &DUU\�RXW�VWHSV�LQ�6HFWLRQ���������������DQG�������WR�UHPRYH�VHQVRUV�

�� 5HPRYH�WKH�IODPH�WUDSV�����DQG�DVVRFLDWHG�GRXEOH�HQGHG�IHUUXOHV�����E\�XQVFUHZLQJ
WKH�IODPH�WUDSV�IURP�WKH�VDPSOH�EORFN�

�� 5H�DVVHPEOH�LQ�UHYHUVH�RUGHU�

1RWH�

:KHQ�QHZ�IODPH�WUDSV�DUH�ILWWHG��DSSO\�UHOHDVH�FRPSRXQG�������VSDULQJO\�WR�WKH�WKUHDG
HQWHULQJ�WKH�VDPSOH�EORFN���'2�127�$//2:�7+(�&203281'�72�(17(5�7+(�3,3(:25.�

����� 5HPRYDO�RI�&DUWULGJH�+HDWHUV

�� 7KH�FDUWULGJH�KHDWHUV�������PD\�EH�UHPRYHG�ZLWKRXW�GLVDVVHPEO\�RI�DQ\�RWKHU�SDUWV�

�� 5HPRYH�WKH�FDUWULGJH�KHDWHU�ORFNLQJ�VFUHZ�DQG�ZDVKHU�

�� (DVH�WKH�WZR�LQVXODWLRQ�EHDGV�������GRZQ�WKH�FDUWULGJH�KHDWHU�ZLUHV�DQG�UHPRYH�WKH
KHDWHU�IURP�WKH�EORFN�E\�JHQWO\�SXOOLQJ�RQ�LW
V�OHDGV�

�� 'LVFRQQHFW�WKH�FDUWULGJH�KHDWHU�ZLULQJ�IURP�7%�%��VHH�$SSHQGL[���RU����

�� 5H�DVVHPEOH�LQ�UHYHUVH�RUGHU�XVLQJ�WKH�LQVXODWLRQ�EHDGV�UHPRYHG�IURP�WKH�ROG�KHDWHU�



����

1RWH�
�� ,I�ERWK�KHDWHUV�KDYH�EHHQ�GLVFRQQHFWHG��ZKHQ�UH�DVVHPEOLQJ��FKHFN�FDUHIXOO\�ZKLFK

OHDGV�EHORQJ�WR�ZKLFK�KHDWHU�EHIRUH�UHFRQQHFWLQJ�WR�7%�%�LQ�DFFRUGDQFH�WR�WKH�ZLULQJ
GLDJUDP��6HH�$SSHQGL[���RU����

�� 7KH�VDPSOH�EORFN�LV�PDLQWDLQHG�DW����E&�E\�WZR�FDUWULGJH�KHDWHUV��HDFK�UDWHG�DW����
YROWV�����ZDWW��)RU�FRQWLQXLW\�FKHFNLQJ�HDFK�KHDWHU�KDV�D�UHVLVWDQFH�RI����RKPV
QRPLQDO�

����� 5HPRYDO�RI�7KHUPRFRXSOH�5HIHUHQFH�$VVHPEO\�DQG�7KHUPLVWRU

�� 7KH�WKHUPRFRXSOH�UHIHUHQFH�DVVHPEO\�������DQG�WKHUPLVWRU�������PD\�EH�UHPRYHG
ZLWKRXW�GLVDVVHPEOLQJ�DQ\�RWKHU�SDUWV�

�� 5HPRYH�WKH�FRPPRQ�ORFNLQJ�VFUHZ�DQG�ZDVKHU

�� 'LVFRQQHFW�WKH�DSSURSULDWH�ZLUHV�IURP�7%�%���6HH�$SSHQGL[�����7KH�WKHUPRFRXSOH
UHIHUHQFH�DVVHPEO\�KDV�EOXH�DQG�EURZQ�OHDGV��7KH�WKHUPLVWRU�KDV�JUHHQ�OHDGV�

�� 5HPRYH�WKH�FRPSRQHQWV�IURP�WKH�EORFN�E\�JHQWO\�SXOOLQJ�RQ�WKHLU�OHDGV�

�� 5HILW�LQ�WKH�UHYHUVH�RUGHU�WR�WKH�DERYH�

������ 5HPRYDO�RI�7KHUPRVWDWV

�� 7KH�XQGHU�WHPSHUDWXUH�WKHUPRVWDW�������DQG�RYHU�WHPSHUDWXUH�WKHUPRVWDW�������PD\
EH�UHPRYHG�ZLWKRXW�GLVDVVHPEOLQJ�DQ\�RWKHU�SDUWV�

�� 'LVFRQQHFW�WKH�DSSURSULDWH�ZLUHV�IURP�7%�%���6HH�$SSHQGL[������7KH�XQGHU
WHPSHUDWXUH�WKHUPRVWDW�KDV�YLROHW�ZLUHV��WKH�RYHU�WHPSHUDWXUH�WKHUPRVWDW�KDV�\HOORZ
ZLUHV�

�� :LWKGUDZ�WKH�ZLUHV�DQG�XQVFUHZ�WKH�WKHUPRVWDW�IURP�WKH�VDPSOH�EORFN�

�� 5H�DVVHPEOH�LQ�UHYHUVH�RUGHU�WDNLQJ�FDUH�QRW�WR�RYHU�WLJKWHQ�WKH�WKHUPRVWDW�

������ 5HPRYDO�RI�WKH�6ROHQRLG�9DOYH

�� 8QVFUHZ�DQG�UHPRYH�WKH�HQFORVXUH�FRYHU�����FRPSOHWH�ZLWK�©2ª�ULQJ������

�� 'LVFRQQHFW�WKH�VROHQRLG�YDOYH�OHDGV�IURP�7%�%���6HH�$SSHQGL[���

�� 'LVFRQQHFW�WKH�DLU�VXSSO\�WXEH�����DQG�WKH�DVSLUDWRU�DLU�VXSSO\�LQOHW�WXEH�����FRQQHFWHG
WR�WKH�VROHQRLG�YDOYH�

�� ,I�LW�LV�UHTXLUHG�WR�UHSODFH�WKH�YDOYH��UHPRYH�WKH�WXEH�WR�WKUHDG�DGDSWRU������DQG�DQG
HOERZ������DQG�ILW�WKHP�WR�WKH�QHZ�YDOYH�

�� 5H�DVVHPEOH�LQ�WKH�UHYHUVH�RUGHU�



����

������ 5HPRYDO�RI�WKH�$VSLUDWRU�$VVHPEO\

�� 5HPRYH�WKH�DVSLUDWRU�MHW�������IURP�WKH�IURQW�IDFH�RI�WKH�VDPSOH�EORFN�E\�XQGRLQJ�WKH
DVSLUDWRU�VFUHZ�������

�� &OHDQ�RU�UHSODFH�WKH�FRPSOHWH�MHW�DQG�VFUHZ�DVVHPEO\�DV�UHTXLUHG���6HH�QRWH��
EHORZ��

�� 3ULRU�WR�UHDVVHPEO\�SUHVV�WKH�DVSLUDWRU�MHW�LQWR�WKH�DVSLUDWRU�VFUHZ�XVLQJ�D�YLFH��7DNH
FDUH�QRW�WR�GDPDJH�WKH�MHW�DQG�HQVXUH�WKDW�LW�LV�SUHVVHG�IXOO\�LQ�VR�WKDW�LWV�VKRXOGHU
WRXFKHV�WKH�DVSLUDWRU�VFUHZ�

�� 5H�DVVHPEOH�LQ�UHYHUVH�RUGHU�QRWLQJ�WKH�SRVLWLRQ�RI�WKH�
2
�ULQJ������

�� $�QHZ�C2
�ULQJ�������PXVW�EH�ILWWHG�

1RWH�

�� ,I�D�QHZ�DVSLUDWRU�VFUHZ�LV�XVHG��DSSO\�UHOHDVH�FRPSRXQG�������VSDULQJO\�WR�WKH�WKUHDG
HQWHULQJ�WKH�VDPSOH�EORFN���'2�127�$//2:�7+(�&203281'�72�(17(5�7+(
3,3(:25.�

�� 7KH�DVSLUDWRU�MHW�LV�QRW�UHPRYDEOH�IURP�WKH�DVSLUDWRU�VFUHZ�DQG�WKH\�KDYH�WR�EH
UHSODFHG�DV�D�FRPSOHWH�DVVHPEO\�

��� 0$,17(1$1&(�2)�7+(�6$03/(�352%(

����� &OHDQLQJ�WKH�3UREH�7XEH

,I�VDPSOH�SUREH�EORFNDJH�LV�VXVSHFWHG�WKHQ�WKLV�FDQ�EH�LQYHVWLJDWHG�ZLWKRXW�UHPRYLQJ�WKH
VHQVRU�KHDG�IURP�LWV�PRXQWLQJ�IODQJH�E\�GRLQJ�WKH�IROORZLQJ�

�� 5HPRYH�WKH�EODQNLQJ�QXW�IURP�WKH�FDOLEUDWLRQ�SRUW�

�� 3XVK�D�VXLWDEOH�URG�DSSUR[LPDWHO\��PP�LQ�GLDPHWHU�LQWR�WKLV�SRUW���7KHUH�VKRXOG�EH�QR
REVWUXFWLRQV�XQWLO�WKH�H[WHUQDO�SUREH�ILOWHU�LV�PHW��LI�ILWWHG��

�� ,I�EORFNDJHV�DUH�HQFRXQWHUHG�WKHQ�LW�PD\�EH�SRVVLEOH�WR�FOHDU�WKHP�LQ�WKH�VKRUW�WHUP�E\
XVLQJ�WKH�URG�WR�SXVK�WKH�REVWUXFWLRQ�RXW�RU�LQWR�WKH�H[WHUQDO�ILOWHU���6HH�1RWH�EHORZ�

�� 5HPHPEHU�WR�UHSODFH�WKH�FDOLEUDWLRQ�SRUW�EODQNLQJ�QXW

3UREH�WXEH�EORFNDJHV�GR�QRW�RFFXU�LQ�FRUUHFWO\�DSSOLHG�DQG�LQVWDOOHG�DQDO\VHUV���,I�WKLV�SUREOHP
LV�RFFXUULQJ��WKHQ�WKH�URRW�SUREOHP�PXVW�EH�IRXQG�DQG�ZLOO�EH�GXH�WR�RQH�RI�WKH�IROORZLQJ�

�� 'XVW�HQWHULQJ�WKH�SUREH�WXEH�IURP�WKH�SURFHVV���7KLV�ZLOO�RQO\�RFFXU�LI�WKH�H[WHUQDO�ILOWHU
LV�GDPDJHG�RU�D�ILOWHU�LV�QRW�ILWWHG���&KHFN�WKLV�ILOWHU�RU�FRQVXOW�6HUYRPH[�DERXW�ILWWLQJ
RQH�



����

�� &RUURVLRQ�EORFNDJHV�DUH�GXH�WR�WKH�SURFHVV�VDPSOH�IDOOLQJ�EHORZ�LWV�GHZ�SRLQW
WHPSHUDWXUH�DQG�FRQGHQVLQJ���7KLV�ZLOO�RQO\�RFFXU�LI�WKH�VHQVRU�KHDG�KDV�QRW�EHHQ
FRUUHFWO\�LQVWDOOHG���(QVXUH�WKDW�WKHUH�DUH�QR�FROG�VSRWV�DORQJ�WKH�OHQJWK�RI�WKH�LQOHW
WXEH��7KHVH�PD\�EH�GXH�WR�PRXQWLQJ�WKH�VHQVRU�KHDG�RQ�D�VWDQG�RII���0RYH�WKH
VHQVRU�KHDG�FORVHU�WR�WKH�SURFHVV�DQG�RU�HQVXUH�WKDW�KRW�VDPSOH�JDV�FDQ�IORZ�DURXQG
WKH�LQOHW�WXEH��,I�D�IODQJH�VWDQG�RII�KDV�WR�EH�XVHG��WKH�GLVWDQFH�IURP�WKH�IODQJH�WR�WKH
ZDOO�PXVW�EH�NHSW�WR�D�PLQLPXP��:H�DGYLVH���PP�PD[LPXP��$GGLWLRQDOO\�WKH�ZKROH
DVVHPEO\�PXVW�EH�ZHOO�LQVXODWHG�

1RWH�

,W�LV�UHFRPPHQGHG�WKDW�ZKHQHYHU�FRUURVLRQ�EORFNDJHV�KDYH�RFFXUUHG�LQ�WKH�LQOHW�WXEH
WKDW�WKH�WXEH�LV�UHSODFHG�DIWHU�WKH�URRW�FDXVH�KDV�EHHQ�UHVROYHG��HYHQ�LI�WKH�EORFNDJH
KDV�EHHQ�GLVORGJHG�LQ�WKH�VKRUW�WHUP��E\�URGGLQJ�RXW�DV�GHVFULEHG�HDUOLHU�

�
����� 5HSODFHPHQW�RI�WKH�3UREH�7XEH

�� &RQQHFW�DQ�DLU�VXSSO\�WR�WKH�FDOLEUDWLRQ�JDV�SRUW�DQG�EDFN�IOXVK�WKH�SUREH�WXEH�

�� 7XUQ�RII�WKH�HOHFWULFDO�VXSSO\�WR�WKH�DQDO\VHU�DQG�DOORZ�WKH�VHQVRU�KHDG�WR�FRRO�

�� 5HIHU�WR�6HFWLRQ�����DQG�FDUU\�RXW�WKH�VHQVRU�KHDG�PRXQWLQJ�RSHUDWLRQV�LQ�UHYHUVH
RUGHU�

�� 5HPRYH�WKH�ROG�SUREH�WXEH��ILW�WKH�QHZ�RQH�DQG�WKHQ�SURFHHG�DV�LI�ILWWLQJ�D�QHZ�VHQVRU
KHDG�

����� 0DLQWHQDQFH�RI�WKH�3UREH�)LOWHU

:KHQ�D�SUREH�ILOWHU�LV�ILWWHG�LW�LV�UHFRPPHQGHG�WKDW�LW�LV�FKHFNHG�DQQXDOO\�

�� 5HPRYH�WKH�SUREH�WXEH�DV�LQ�6HFWLRQ�������

�� ,QVSHFW�WKH�ILOWHU�IRU�GDPDJH�

�� &KHFN�WKH�ILOWHU�LV�QRW�H[FHVVLYHO\�EORFNHG��7KLV�PD\�EH�GRQH�E\�DSSO\LQJ�D�VXFWLRQ�WR
RQH�HQG�RI�WKH�SUREH�WXEH�DQG�HQVXULQJ�WKDW�D�JDV�IORZ�H[LVWV�WKURXJK�WKH�ILOWHU��6HH
QRWH�

�� 5HIHUULQJ�WR�VHFWLRQ�������UHPRYH�WKH�ILOWHU�IURP�WKH�SUREH�WXEH�

�� &OHDQ�WKH�ILOWHU�LQ�D�VXLWDEOH�VROYHQW�RU�ILW�D�QHZ�RQH�

�� 5HDVVHPEOH�LQ�UHYHUVH�RUGHU�

1RWH�

7KH�JDV�IORZ�WKURXJK�WKH�ILOWHU�DQG�SUHVVXUH�GURS�ZLOO�YDU\�DFFRUGLQJ�WR�WKH�W\SH�RI�ILOWHU�XVHG�
+HQFH�WKLV�EORFNDJH�WHVW�LV�EHVW�GRQH�E\�FRPSDULVRQ�ZLWK�D�QHZ�RQH�RI�WKH�VDPH�W\SH�



����

��� 5(752�),77,1*�&20%867,%/(6�6(1625�.,7�����������

�6HH�)LJXUH����������DQG�������

�� 7XUQ�RII�WKH�HOHFWULFDO�VXSSO\�WR�WKH�DQDO\VHU�DQG�DOORZ�WKH�VHQVRU�KHDG�WR�FRRO�

�� 5HPRYH�DQG�GLVFDUG�WKH�DX[LOLDU\�DLU�EODQNLQJ�QXW������IURP�WKH�VHQVRU�KHDG�HQFORVXUH
PRXQW��5HPRYH�WKH�HQFORVXUH�H[WHUQDO�DQG�LQWHUQDO�FRYHUV��5HIHU�WR�VHFWLRQ�������

�� 5HPRYH�DQG�GLVFDUG�WKH�FRPEXVWLEOHV�VHQVRU�EODQNLQJ�WXEH������

�� 6WULS�RQH�HQG�RI�WKH�JUHHQ�37)(�ZLUH��VXSSOLHG�DQG�FULPS�RQ�WKH�0��WDJ��6HFXUH�WKH
FULPS�WDJ�DQG�ZLUH�WR�WKH�FRPEXVWLEOHV�VHQVRU�ERG\������XVLQJ�WKH�0��ZDVKHU�DQG
VFUHZ�SURYLGHG�LQWR�WKH�WDSSHG�KROH�DORQJ�VLGH�WKH�RYHU�WHPSHUDWXUH�WKHUPRVWDW�������
(QVXUH�WKDW�WKHUH�LV�JRRG�HOHFWULFDO�FRQWDFW�

�� $VVHPEOH��ILQJHU�WLJKW�RQO\��WKH�GHWHFWRU�RXWOHW�WXEH�������LQOHW�WXEH������DQG
FRPEXVWLEOHV�VHQVRU�DVVHPEO\�XVLQJ�WKH�QXWV�DQG�IHUUXOHV�SURYLGHG�

�� 3RVLWLRQ�WKH�LQVXODWLQJ�JDVNHW�������RYHU�WKH�FRPEXVWLEOHV�VHQVRU�DX[LOLDU\�DLU�LQOHW�SRUW
��������

�� /RFDWH�WKH�LQOHW�WXEH������LQWR�WKH�IODPH�WUDS�����DQG�VZLQJ�WKH�FRPEXVWLEOHV�VHQVRU
LQWR�SRVLWLRQ�HQVXULQJ�WKDW�WKH�LQVXODWLQJ�JDVNHW�LV�FRUUHFWO\�ORFDWHG�EHWZHHQ�WKH
VHQVRU�ERG\�DQG�WKH�WRS�SODWH�RI�WKH�LQOHW�DLU�SRUW�DVVHPEO\������

�� $W�WKH�VDPH�WLPH�ORFDWH�WKH�RXWOHW�WXEH������EHWZHHQ�WKH�VHQVRU�RXWOHW�SRUW�DQG�WXEH
DVVHPEO\������
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��� =LUFRQLD�2[\JHQ�6HQVRU � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ����
��� 5HODWLRQVKLS�%HWZHHQ�WKH�)OXH�*DV�&RPSRQHQWV�

&RPEXVWLRQ�(IILFLHQF\�DQG�)XHO�$LU�5DWLR � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ����
��� /RFDWLRQ�DQG�)XQFWLRQ�RI�'LSVZLWFKHV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ����
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6(&7,21����)81&7,21$/�'(6&5,37,21�$1'�63(&,),&$7,21

��� 6(1625�+($'�$1'�&21752/�81,7

����� ,1752'8&7,21

)XQFWLRQDO�GHVFULSWLRQ�LQIRUPDWLRQ�IRU�ERWK�WKH�6HQVRU�+HDG�DQG�&RQWURO�8QLW�PD\�EH�IRXQG�LQ
6HFWLRQ���RI�WKLV�PDQXDO�

����� 63(&,),&$7,216

������� ,QGLFDWLRQ

���FKDUDFWHU�DOSKDQXPHULF�YDFXXP�IOXRUHVFHQW�GLVSOD\�

���������2XWSXWV

2[\JHQ�2XWSXW�
1RQ�LVRODWHG� ����9�DQG�����P$�RU�����9�DQG�����P$��XVHU�VHOHFWDEOH�
2XWSXW�UDQJHV� ��������������������VHOHFWDEOH�

127(� 'LVSOD\�DQG�RXWSXW�OLPLW�DW�����2�

&RPEXVWLEOH�2XWSXW��ZKHQ�VSHFLILHG��
1RQ�LVRODWHG� ����9�DQG�����P$�RU�����9�DQG�����P$��XVHU�VHOHFWDEOH�
2XWSXW�UDQJHV� ��������������������

/RDG�5HVLVWDQFH�
9ROWDJH�RXWSXWV� ��NRKPV��PLQLPXP�
&XUUHQW�RXWSXWV� ����RKPV��PD[LPXP�

������� ([WHUQDO�6HUYLFHV�5HTXLUHG

(OHFWULFDO�VXSSO\�

7KH�HTXLSPHQW�ZLOO�RSHUDWH�IURP����9DF�����9DF�����9DF�����9DF�DQG����9DF�DQG�LV�VXLWDEOH
IRU������+]�VXSSOLHV���7KH�VXSSO\�VKRXOG�EH�VWDEOH�WR������RI�QRPLQDO�DQG�PXVW�EH�IUHH�IURP
WUDQVLHQWV�

7KH�SRZHU�UHTXLUHPHQW�RI�WKH�HTXLSPHQW�ILWWHG�ZLWK�DOO�RSWLRQV�LV����9$�RQ�VWDUW�XS�DQG��W\SLFDOO\�
���9$�DIWHU�ZDUP�XS�

$LU�VXSSO\� &OHDQ�GU\�DLU��IUHH�RI�FRPEXVWLEOHV��3ODQW�FRPSUHVVHG�DLU�PD\�EH�XVHG�SURYLGLQJ
LW�LV�FOHDQ�DQG�IUHH�RI�ZDWHU�DQG�RLO�YDSRXU�

6XSSO\�SUHVVXUH��LI�6HUYRPH[�UHJXODWRUV�DUH�XVHG�� ����WR����EDUJ�����WR�����SVLJ�

&RQVXPSWLRQ��/HVV�WKDQ�����OLWUHV�PLQ�DW�1�7�3���)RU�UHJXODWLRQ�VSHFLILFDWLRQ�DW�6HQVRU�+HDG��UHIHU
WR�6HFWLRQ������$LU�5HJXODWRU�8QLWV��



���

������� $FFXUDF\��W\SLFDO�

8QGHU�FRQVWDQW�FRQGLWLRQV�DQG�GLUHFWO\�DIWHU�VSDQ�DQG�DLU�SRLQW�FDOLEUDWLRQ��WKH�IROORZLQJ�DFFXUDF\
ZLOO�EH�DFKLHYHG�

2[\JHQ�2XWSXW� ������R[\JHQ�XS�WR�����R[\JHQ
������RI�UHDGLQJ�EHWZHHQ�����DQG�����R[\JHQ

&RPEXVWLEOHV�RXWSXW� ����RI�UDQJH�VHOHFWHG�RQ�IDFWRU\�FDOLEUDWLRQ�JDVHV

127(� $FFXUDF\�LV�GHILQHG�DV�WKH�QHW�HIIHFW�RI�QRQ�UHSHDWDELOLW\�DQG�QRQ�OLQHDULW\�

7KH�FRPEXVWLEOHV�GHWHFWRU�ZLOO� UHVSRQG� WR�PRVW�FRPEXVWLEOH�JDVHV�DQG� LV�RSHUDWHG� WR�JLYH�D
PLQLPXP�VHQVLWLYLW\�WR�PHWKDQH�

%\�RSWLPLVLQJ�LWV�UHVSRQVH�WR�&2��WKH�GHWHFWRU�LV�LGHDO�IRU�LQGLFDWLQJ�WKH�EUHDNWKURXJK�RI�&2�DW�WKH
RQVHW�RI�SRRU�FRPEXVWLRQ�FRQGLWLRQV�

7KH�GLVSOD\�KDV�D�UHVROXWLRQ�RI������R[\JHQ�DQG��������&2�

(IIHFW�RI�DPELHQW�WHPSHUDWXUH�

6HQVRU�+HDG�WHPSHUDWXUH��ZLWK�&RQWURO�8QLW�DW�FRQVWDQW�WHPSHUDWXUH�

2[\JHQ�RXWSXW� ������RI�UHDGLQJ���E&
&RPEXVWLEOHV�RXWSXW� �SSP�E&�DW������&2

&RQWURO�8QLW�WHPSHUDWXUH��ZLWK�6HQVRU�+HDG�DW�FRQVWDQW�WHPSHUDWXUH��

2[\JHQ�RXWSXW������WR���� &��� ���������2 �E&�DW�����2R
� � � � �

&RPEXVWLEOHV�RXWSXW������WR���� &��� ��������E&�DW����&2R

(IIHFW�RI�%DURPHWULF�DQG�)OXH�3UHVVXUH�

1HJOLJLEOH�HIIHFW�RQ�R[\JHQ�UHDGLQJ�GXH�WR�EDURPHWULF�DQG�IOXH�SUHVVXUH�YDULDWLRQV�

(IIHFW�RI�6XSSO\�9ROWDJH�9DULDWLRQV�

2[\JHQ� ������R[\JHQ�PD[LPXP�FKDQJH�IRU������FKDQJH�LQ�VXSSO\�YROWDJH
&RPEXVWLEOHV� ��SSP�&2�PD[LPXP�FKDQJH�IRU������FKDQJH�LQ�VXSSO\�YROWDJH

�7KH�DERYH�DSSO\�WR�ORQJ�WHUP�FKDQJHV���$IWHU�D�VWHS�FKDQJH�������WR�������D�VPDOO�YDULDWLRQ�LQ
WKH�R[\JHQ�UHDGLQJ�PD\�EH�REVHUYHG�ZKLFK�ZLOO�VHWWOH�RXW�ZLWKLQ�DSSUR[LPDWHO\���PLQXWH��

(IIHFW�RI�5DGLR�)UHTXHQF\�,QWHUIHUHQFH�

:KHQ� WKH� LQVWUXPHQW� LV� VXEMHFWHG� WR� WKH� OHYHOV� RI� LQWHUIHUHQFH� VHW� RXW� LQ� WKH� UHOHYDQW� (0&
LPPXQLW\�WHVW�VFKHGXOH��WKH�SHUIRUPDQFH�LV�DV�IROORZV�

2 �UHDGLQJ�DFFXUDF\���ORFDO�GLVSOD\�DQG�VLJQDO�RXWSXW�������2 �RU�����RI�UHDGLQJ��� � � � � � � � � �

7HPSHUDWXUH�UHDGLQJ�DFFXUDF\��LI�DSSOLFDEOH����ORFDO�GLVSOD\�DQG�VLJQDO�RXWSXW�����E&����E&



���

������� $ODUPV

$OO�V\VWHP�IDXOWV�DQG�DODUPV�FDXVH�WKH�GLVSOD\�WR�IODVK�DQG�FDQ�EH�LQWHUURJDWHG�YLD�WKH�NH\�SDG
�VHH�2SHUDWLQJ�,QVWUXFWLRQV��

2[\JHQ�DODUP�DQG�V\VWHP�IDXOW�RXWSXWV�DUH�DYDLODEOH�YLD�WKH�LVRODWHG�R[\JHQ�RXWSXW�DQG�DODUP
PRGXOH��UHIHU�WR�6HFWLRQ������

7KH�FRPEXVWLEOHV�OHYHO�DODUP�LV�DYDLODEOH�RQ�WKH�FRPEXVWLEOHV�YHUVLRQ�RI�WKH����([�DV�IROORZV�

5DQJH� ��������&2���2))��������VWHSV�

2XWSXW� 7\SH� 2SHQ�GUDLQ�WUDQVLVWRU
�1RQ� /RJLF� 7UDQVLVWRU�GRHV�QRW�FRQGXFW�LQ�WKH�DODUP�VWDWH
LVRODWHG� 5DWLQJ� ,�PD[�� ���P$

9�PD[�� ��9
'LVVLSDWLRQ�PD[�� ���P:

3RODULW\� ([WHUQDOO\�DSSOLHG�YROWDJH�PXVW�EH�'&�DQG�SRVLWLYH�ZLWK�UHVSHFW�WR���YROWV

$����YROW�VXSSO\�LV�DYDLODEOH�IURP�WKH�FDUG�WR�GULYH�DQ�H[WHUQDO�UHOD\��PD[�FXUUHQW�
���P$

������� (QYLURQPHQWDO

$PELHQW�WHPSHUDWXUH��6HQVRU�+HDG�� ���E&�WR����E&

$PELHQW�WHPSHUDWXUH��&RQWURO�8QLW�� �E&�WR����E&

5HODWLYH�KXPLGLW\� ������QRQ�FRQGHQVLQJ

0D[LPXP�)OXH�6NLQ�7HPSHUDWXUH� ���E&� �6HH� VSHFLDO� FRQGLWLRQV� IRU� VDIH� DUHD� XVH� LQ
$SSHQGL[����

0D[LPXP�3URFHVV�3UHVVXUH� �����PP�+ 2��RXWVLGH�WKLV�UDQJH�UHIHU�WR�6HUYRPH[��

������� 3K\VLFDO�&KDUDFWHULVWLFV

6HQVRU�+HDG�&ODVVLILFDWLRQ� (([�GH�II%�7�
'HVLJQHG�WR�,3���ZKHQ�FRUUHFWO\�LQVWDOOHG�
1RWH�� ,I� WKH� VHQVRU� KHDG� LV� QRW� ILWWHG� WR� D� IOXH�� WKHQ� D� 7�
FODVVLILFDWLRQ�LV�DSSOLFDEOH�

&RQWURO�8QLW�&ODVVLILFDWLRQ� 7\SH�©1ª�([�1�II�7�
,3��



���

������� ([WHUQDO�'LPHQVLRQV

6HH�RXWOLQH�GLPHQVLRQDO�GUDZLQJV�� )LJXUHV�� ����&RQWURO�8QLW
����6HQVRU�+HDG

:HLJKW� 6HQVRU�+HDG�8QLW� ��NJ�����OE��H[FOXGLQJ�SUREH�WXEH
&RQWURO�8QLW� ����NJ��������OE�

�
������� 0DWHULDOV�RI�&RQVWUXFWLRQ

6HQVRU�+HDG�

7HUPLQDO�%R[� $OXPLQLXP�DOOR\�FDVW�ER[�

+HDWHG�8QLW� $OXPLQLXP�DOOR\�JUDGH�/0��7)�WR�%6����������

6DPSOH�:HWWHG�3DUWV� ����DQG�����VWDLQOHVV�VWHHOV��SODWLQXP��VWDELOLVHG�]LUFRQLD�
1LOR������DOXPLQD��37)(��VHDOLQJ�JODVV�

&RQWURO�8QLW� 0LOG�VWHHO�FRDWHG�ZLWK�HSR[\�SRZGHU�SDLQW�

�������� *DV�&RQQHFWLRQV

6HQVRU�+HDG��

$VSLUDWRU�DLU ����LQFK�2'�FRPSUHVVLRQ
&DOLEUDWLRQ�JDV ����LQFK�2'�FRPSUHVVLRQ
$X[LOLDU\�DLU ����LQFK�2'�FRPSUHVVLRQ



���

)LJXUH�������&RQWURO�8QLW�'LPHQVLRQV



���

)LJXUH�������6HQVRU�+HDG�'LPHQVLRQV
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��� 352%(6�5(63216(�7,0(6

����� ,1752'8&7,21

5HVSRQVH�WLPH�GHSHQGV�XSRQ�SUREH�W\SH�DQG�OHQJWK�

7KHUH�DUH�HVVHQWLDOO\���FDWHJRULHV�RI�SUREH�

������E&��)LOWHU�SUREHV��XQVXSSRUWHG
������E&��)LOWHU�SUREHV��VXSSRUWHG
������E&��+LJK�WHPSHUDWXUH�DOOR\�SUREHV
������E&��&HUDPLF�SUREHV
������E&��&HUDPLF�SUREHV

$OO�GDWD�JLYHQ�LQ�WKLV�6HFWLRQ�UHIHUV�WR�WKH�9HQW�WR�)OXH�2SWLRQV�DQG�DUH�W\SLFDO�WLPHV�RQO\�

7KH�UHVSRQVH�WLPHV�JLYHQ�LQ�7DEOH���DUH�IRU�DQ�DYHUDJH�WHPSHUDWXUH�RI�WKH�VDPSOH�JDV�LQ�WKH
SUREH�RI����E&�

7DEOH� �� VKRZV� DSSUR[LPDWH� VSHHG� RI� UHVSRQVH� FRUUHFWLRQ� IDFWRUV� IRU� KLJKHU� VDPSOH� JDV
WHPSHUDWXUHV�

7DEOH��

)OXH 6DPSOH� )OXH 6DPSOH
7HPS�E& $YHUDJH )DFWRU 7HPS�E& $YHUDJH )DFWRU

7HPSE& 7HPSE&

�� �� [���� ���� ��� [����

��� ��� [���� ���� ��� [����

��� ��� [���� ���� ���� [����

��� ��� [���� ���� ���� [����

��� ��� [���� ���� ���� [����

��� ��� [���� ���� ���� [����

��� ��� [���� ���� ���� [����

��� ��� [���� ���� ���� [����

���� ��� [���� ���� ���� [����

���� ��� [����

)OXH�WHPSHUDWXUH�E&��7KLV�LV�WKH�PRVW�VLPSOH�FRUUHFWLRQ�DQG�LV�DGHTXDWH�IRU�PRVW�SXUSRVHV���,W
DVVXPHV�D�OLQHDU�WHPSHUDWXUH�JUDGLHQW�DORQJ�WKH�SUREH�WXEH�IURP�WKH�IOXH�JDV�WHPSHUDWXUH�DW�WKH
SUREH�WLS�WR����E&�DW�WKH�HQWU\�WR�DQDO\VHU�



����

6DPSOH�DYHUDJH�WHPSHUDWXUH��,I�WKH�DYHUDJH�WHPSHUDWXUH�RI�WKH�VDPSOH�JDV�LQ�WKH�SUREH�WXEH�FDQ
EH�HVWDEOLVKHG�RU�HVWLPDWHG�E\�PHDVXULQJ�WHPSHUDWXUH�SURILOH�DORQJ�WKH�WXEH��XVH�FROXPQ���WR�ILQG
WKH�DSSURSULDWH�FRUUHFWLRQ�IDFWRU�

����� 5(63216(�7,0(6

7DEOH��

�3UREH�7\SH �'HVFULSWLRQ '9�ODJ 7��� 7���
VHF VHF VHF

����E&�)LOWHUHG�3UREHV� ���P�ORQJ��Ú��2'�WXEH� ��� ��� ����
XQVXSSRUWHG ODUJH�ILOWHU

�P�ORQJ��Ú2'�WXEH� ��� ��� ����
ODUJH�ILOWHU

����E&�)LOWHUHG�3UREHV� ���P�VXSSRUWHG ��� ��� ���
VXSSRUWHG ���P�VXSSRUWHG ��� ��� ����

���P�VXSSRUWHG ��� ��� ����
���P�VXSSRUWHG ��� ��� ����
���P�VXSSRUWHG ��� ��� ����
���P�VXSSRUWHG ��� ��� ����

�����E&�+LJK ���P�+D\QHV������SUREH ��� ����� ����
7HPSHUDWXUH�$OOR\ ���P�+D\QHV������SUREH ���� ����� ����
3UREHV ���P�+D\QHV������SUREH ���� ���� ����

���P�+D\QHV������SUREH ���� ���� ����

�����E&�&HUDPLF�3UREH ���P�&HUDPLF ��� ���� ����
���P�&HUDPLF ���� ���� ����
���P�&HUDPLF ���� ���� ����

�����E&�&HUDPLF�3UREH ���P�&HUDPLF ��� ���� ����
���P�&HUDPLF ���� ���� ����
���P�&HUDPLF ���� ���� ����

�
������������������������������������������������������������������������������������������
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��� 35,1&,3/(6�2)�23(5$7,21

����� 2;<*(1�6(1625

7KH�6HUYRPH[��5��]LUFRQLD�VHQVRU��)LJXUH������LV�PDQXIDFWXUHG�XVLQJ�\WWULD�VWDELOLVHG�]LUFRQLD�
:KHQ�WKLV�PDWHULDO� LV�KHDWHG�WR�D�WHPSHUDWXUH�DERYH����E&�LW�ZLOO�FRQGXFW�R[\JHQ�LRQV���7KH
R[\JHQ�LRQ�FRQGXFWLYLW\�LQFUHDVHV�H[SRQHQWLDOO\�ZLWK�WHPSHUDWXUH���7KH�VHQVRU�FRQVLVWV�RI�D�GLVF
RI�\WWULD�VWDELOLVHG�]LUFRQLD�PRXQWHG�LQ�D�WXEH�RI�WKH�VDPH�PDWHULDO���7KH�IDFHV�RI�WKH�GLVF�DUH
FRDWHG�ZLWK�SODWLQXP�DQG�WKH�DVVHPEO\�LV�PRXQWHG�LQ�D�VPDOO�WHPSHUDWXUH�FRQWUROOHG�WXEXODU�RYHQ�

:KHQ�WKH�WZR�VLGHV�RI�WKH�GLVF�DUH�H[SRVHG�WR�JDVHV�FRQWDLQLQJ�R[\JHQ��D�FRQFHQWUDWLRQ�FHOO�LV
IRUPHG� DQG� DQ� HOHFWULFDO� RXWSXW� SURSRUWLRQDO� WR� WKH� ORJDULWKP� RI� WKH� UDWLR� RI� WKH� R[\JHQ
FRQFHQWUDWLRQV�RQ�HDFK�VLGH�RI�WKH�GLVF�LV�REWDLQHG����:KHQ�WKH�FRQFHQWUDWLRQ�LV�WKH�VDPH�RQ�ERWK
VLGHV�RI�WKH�GLVF�WKH�ORJDULWKP�RI�WKH�UDWLR�LV����

7KH�IDFW�WKDW�WKH�R[\JHQ�FRQWHQW�RI�DLU�LV�YHU\�FRQVWDQW�DW��������PDNHV�LW�FRQYHQLHQW�WR�XVH�DLU
DV�WKH�UHIHUHQFH�JDV�ZKLFK�LV�DSSOLHG�WR�RQH�VLGH�RI�WKH�GLVF�ZKLOH�WKH�VDPSOH�LV�DSSOLHG�WR�WKH
RWKHU�VLGH�

)LJXUH�������6HUYRPH[�=LUFRQLD�2[\JHQ�6HQVRU
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7KH�RXWSXW�RI�WKH�FHOO�LV�JLYHQ�E\�WKH�1HUQVW�HTXDWLRQ�

ZKHUH�������DQG�3�DUH�WKH�R[\JHQ�FRQWHQWV�RI�DLU�DQG�WKH�VDPSOH�UHVSHFWLYHO\�����

)RU�WKH�QRPLQDO�FHOO�WHPSHUDWXUH�RI����E&� �57�Q)�� ������P9

+HQFH�WKH�FHOO�RXWSXW�LV�JLYHQ�E\� (� ������OQ�������3�P9�

����� )/2:�6(1625

7KH�IORZ�VHQVRU�XWLOLVHV�D�QRQ�LQYDVLYH�PHWKRG�RI�IORZ�GHWHFWLRQ���7KH�RQO\�PDWHULDO�ZKLFK�FRPHV
LQWR�FRQWDFW�ZLWK�WKH�VDPSOH�LV�����VWDLQOHVV�VWHHO�

7KH�VDPSOH�JDV�IORZV�WKURXJK�D�VWDLQOHVV�VWHHO�WXEH�DURXQG�ZKLFK�DQ�LQVXODWHG�SODWLQXP�ZLUH�FRLO
LV�ZRXQG�XQLIRUPO\�DORQJ�LWV�OHQJWK���7KLV�FRLO�LV�FHQWUH�WDSSHG�VR�WKDW�LW�PD\�EH�RSHUDWHG�LQ�D
EULGJH�FLUFXLW���$�FXUUHQW�LV�SDVVHG�WKURXJK�WKH�FRLO�ZKLFK�KHDWV�WKH�WXEH�DQG�UDLVHV�LWV�WHPSHUDWXUH
WR�DERXW����E&�DERYH�DPELHQW���$V�WKH�VDPSOH�JDV�IORZV�WKURXJK�WKH�WXEH��WKH�ILUVW�KDOI�LV�FRROHG
ZLWK�UHVSHFW� WR� WKH�VHFRQG�KDOI�� �7KLV�UHGXFHV�WKH�UHVLVWDQFH�RI� WKH� ILUVW�FRLO��XQEDODQFLQJ�WKH
EULGJH�DQG�JLYLQJ�ULVH�WR�DQ�RXWSXW�

7KH� VLPSOH� RSHUDWLQJ� SULQFLSOH� DQG� VWUDLJKW� IRUZDUG� HOHFWURQLF� FRQWURO� OHDG� WR� WURXEOH� IUHH
SHUIRUPDQFH���)XUWKHU��WKH�VPDOO�YDULDWLRQ�LQ�VHQVLWLYLW\�EHWZHHQ�VHQVRUV�DYRLGV�WKH�QHHG�IRU�VSDQ
FDOLEUDWLRQ�ZKHQ�WKH�GHYLFH�LV�XVHG�DV�D�IORZ�DODUP���7KH�PLFUR�SURFHVVRU�VLJQDOV�DQ�DODUP�ZKHQ
WKH�RXWSXW�IURP�WKH�VHQVRU�IDOOV�EHORZ�D�SUHVHW�OHYHO��FRUUHVSRQGLQJ�WR�DERXW�����RI�WKH�QRPLQDO
IORZ�UDWH��RU�WR�]HUR��LQGLFDWLQJ�FRPSOHWH�ORVV�RI�VDPSOH�IORZ����7KH�WULS�OHYHOV�FDQ�EH�VHOHFWHG�IURP
WKH�DQDO\VHU�NH\ERDUG�

����� &20%867,%/(6�6(1625

7KH�FRPEXVWLEOHV�VHQVRU�LV�D�FRQVWDQW�WHPSHUDWXUH�FDWDO\WLF��&7&��GHYLFH�DQG�DFWV�E\�EXUQLQJ�DQ\
FRPEXVWLEOH� JDVHV� SUHVHQW� LQ� WKH� VDPSOH� RQ� WKH� VXUIDFH� RI� D� FDWDO\WLF� EHDG�� � 7KH� VHQVRU
FRPSULVHV�D�PDWFKHG�SDLU�RI�EHDGV��RQH�RI�ZKLFK�GLVSOD\V�FDWDO\WLF�DFWLYLW\�ZKLOH� WKH�RWKHU� LV
SDVVLYDWHG�

7KH�DFWLYH�XQLW�FRQVLVWV�RI�DQ�DOXPLQD�EHDG��FRDWHG�ZLWK�D�FDWDO\VW��IRUPHG�RYHU�D�ILQH�SODWLQXP
ZLUH�DQG�VXVSHQGHG�E\�ZLUHV�EHWZHHQ�ULJLG�OHJV�LQ�D�SURWHFWLYH�FDQ���$�FXUUHQW�SDVVHG�WKURXJK�WKH
ZLUH�FRUH�UDLVHV�WKH�WHPSHUDWXUH�RI�WKH�EHDG�WR�D�OHYHO�ZKHUH�FRPEXVWLEOH�JDVHV�DUH�R[LGLVHG�E\
WKH�FDWDO\VW�FRDWLQJ�RQ�WKH�VXUIDFH�RI�WKH�EHDG���7KLV�UHDFWLRQ�UDLVHV�WKH�WHPSHUDWXUH�RI�WKH�EHDG
IXUWKHU�DQG�FDXVHV�WKH�UHVLVWDQFH�RI�WKH�SODWLQXP�WR�FKDQJH���0HDVXUHPHQW�RI�WKLV�FKDQJH�UHVXOWV
LQ�D�VLJQDO�SURSRUWLRQDO�WR�WKH�FRQFHQWUDWLRQ�RI�WKH�FRPEXVWLEOH�JDVHV�LQ�WKH�VDPSOH�

$Q�DFWLYH�DQG�D�SDVVLYH�GHYLFH�DUH�XVHG�WRJHWKHU�WR�PLQLPLVH�WKH�HIIHFWV�RI�DPELHQW�WHPSHUDWXUH
YDULDWLRQV���7KH\�DUH�FDUHIXOO\�PDWFKHG�LQ�WKHLU�WKHUPDO�SURSHUWLHV�DQG�DUH�PRXQWHG�FORVH�WRJHWKHU�
2QO\�RQH��WKH�DFWLYH�GHYLFH��GHWHFWRU���LV�WUHDWHG�ZLWK�FDWDO\VW���7KH�RWKHU�LV�SDVVLYDWHG�WR�VXSSUHVV
DQ\� UHDFWLRQ�� � �7KLV� HQDEOHV� WKH� WZR� WR�EH�HDVLO\� GLVWLQJXLVKHG� YLVXDOO\� DV� WKH�GHWHFWRU� EHDG
DSSHDUV�EODFN�ZKLOH� WKH�RWKHU� LV�ZKLWH��� �$V� WKH� WZR�EHDGV�DUH�PRXQWHG�FORVH� WRJHWKHU� WKH\
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H[SHULHQFH�WKH�VDPH�YDULDWLRQV� LQ�DPELHQW�FRQGLWLRQV�DQG�DV�R[LGDWLRQ�GRHV�QRW�RFFXU�RQ�WKH
SDVVLYH�EHDG�WKH�SUHVHQFH�RI�FRPEXVWLEOH�JDV�LV�LQGLFDWHG�E\�D�GLIIHUHQFH�LQ�WHPSHUDWXUH�EHWZHHQ
WKH�WZR�EHDGV���7KLV�FDQ�EH�PHDVXUHG�E\�FRPSDULQJ�WKH�UHVLVWDQFHV�RI�WKH�FRLOV�RU�WKH�FXUUHQWV
SDVVLQJ�WKURXJK�WKHP�

$� IHHGEDFN� V\VWHP� LV� XVHG� LQ� WKH� ���� VHULHV� FRPEXVWLEOHV�PRQLWRU� WR� REWDLQ� D�PRUH� VWDEOH
PHDVXUHPHQW�WKDQ�LV�RWKHUZLVH�SRVVLEOH�

7KH�SULQFLSOH�LV�WR�PDLQWDLQ�WKH�VDPH�YROWDJH�GURS�DFURVV�ERWK�GHYLFHV�E\�DGMXVWLQJ�WKH�FXUUHQW
LQ�WKH�GHWHFWRU�ZKLOVW�KROGLQJ�WKDW�LQ�WKH�LQDFWLYH�EHDG�FRQVWDQW���7KH�RXWSXW�VLJQDO�LV�WKH�GLIIHUHQFH
EHWZHHQ�WKHVH�WZR�FXUUHQWV��ERWK�RI�ZKLFK�DUH�PHDVXUHG�DV�WKH�YROWDJH�GURS�DFURVV�D�SUHFLVLRQ
UHVLVWRU� FRQQHFWHG� LQ� VHULHV�ZLWK� WKH�DSSURSULDWH�GHYLFH�� �7KHVH� UHVLVWRUV�DUH� ORFDWHG�RQ� WKH
FRPEXVWLEOHV�PRGXOH�LQ�WKH�&RQWURO�8QLW�

7KH�SRLQW�RI�LGHDO�FRPEXVWLRQ�LV�DOZD\V�UHODWHG�WR�D�OHYHO�RI�H[FHVV�R[\JHQ�LQ�WKH�IOXH��VHH�)LJXUH
�������7KH�R[\JHQ�DQG�FRPEXVWLEOHV�YHUVLRQ�RI�WKH�]LUFRQLD�DQDO\VHU�LV�GHVLJQHG�WR�LGHQWLI\�WKLV
SRLQW�DQG�ZLOO�GR�WKLV�DFFXUDWHO\�ZLWKRXW�D�VXSSOHPHQWDU\�DLU�VXSSO\���+RZHYHU��IRU�FLUFXPVWDQFHV
ZKHUH�LW�LV�GHVLUDEOH�WR�PHDVXUH�FRPEXVWLEOH�JDV�LQ�VXE�VWRLFKLRPHWULF��UHGXFLQJ��FRQGLWLRQV�DQ
DX[LOLDU\�DLU�VXSSO\�SRUW�LV�DYDLODEOH�

,W�PXVW�EH�QRWHG�WKDW�WKH�DQDO\VHU�LV�GHVLJQHG�DV�D�GHYLFH�IRU�PD[LPLVLQJ�FRPEXVWLRQ�HIILFLHQF\
DQG�127�DV�D�SULPDU\�VDIHW\�GHYLFH�XVHG�WR�GHWHFW�KD]DUGRXV�FRQGLWLRQV�

7KH�FRPEXVWLEOHV�VHQVRU��ZKLFK�LV�QRUPDOO\�FDOLEUDWHG�IRU�&2��LV�FURVV�VHQVLWLYH�WR�K\GURJHQ�DQG
K\GURFDUERQV��H[FHSW�PHWKDQH����7KLV�FURVV�VHQVLWLYLW\�LV�DQ�DGYDQWDJH�IRU�WKH�SXUSRVH�IRU�ZKLFK
WKH�VHQVRU�ZDV�GHVLJQHG�EXW�PDNHV�WKH�FRQFHSW�RI�DEVROXWH�DFFXUDF\�GLIILFXOW�WR�GHILQH���,Q�WHUPV
RI�FRPEXVWLRQ�HIILFLHQF\�WKHUH�LV�QRUPDOO\�D�VKDUS�FKDQJH�IURP�WKH�FRPEXVWLEOHV�EDFNJURXQG�OHYHO
RQ�UHDFKLQJ�WKH�SRLQW�RI�LGHDO�FRPEXVWLRQ���7KH�FRPEXVWLEOHV�VHQVRU�ZLOO�LGHQWLI\�WKLV�SRLQW�DQG
VKRXOG�WKHUHIRUH�EH�FRQVLGHUHG�DV�D�FRPEXVWLEOHV�EUHDNWKURXJK�LQGLFDWRU�UDWKHU�WKDQ�DQ�DEVROXWH
PHDVXUHPHQW

2WKHU�JDVHV�DQG�YDSRXUV�LQ�WKH�VDPSOH�JDV�PD\�JLYH�WKH�FRPEXVWLEOHV�GHWHFWRU�D�SRVLWLYH�RIIVHW�
+RZHYHU��DV�WKLV�HIIHFW�LV�IDLUO\�FRQVWDQW�RYHU�WKH�UDQJH�RI�FRQFHQWUDWLRQV�QRUPDOO\�IRXQG�LQ�IOXH
JDV�VDPSOHV��LW�GRHV�QRW�GHWUDFW�IURP�WKH�XVH�RI�WKH�GHWHFWRU�DV�D�FRPEXVWLEOHV�EUHDNWKURXJK
LQGLFDWRU�
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)LJXUH�������5HODWLRQVKLS�EHWZHHQ�)OXH�*DV�&RPSRQHQWV��&RPEXVWLRQ�(IILFLHQF\�DQG�)XHO�$LU�5DWLR
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��� ,62/$7('�287387�$1'�$/$50�&$5'�����������

����� '(6&5,37,21

7KLV�RSWLRQ�FDUG�SURYLGHV�LVRODWHG�FXUUHQW�DQG�YROWDJH�DQDORJXH�RXWSXWV�IRU�WKH�R[\JHQ�VLJQDO�DQG
UHOD\�FRQWDFWV�IRU�JHQHUDO�DODUP���1RQ�LVRODWHG�RXWSXWV�DUH�DOVR�SURYLGHG�IRU�R[\JHQ�KLJK��R[\JHQ
ORZ�DQG�LQVWUXPHQW�IDLOXUH�DODUPV���7KH�FDUG�FDQ�EH�ILWWHG�LQ�DQ\�RI�WKH�RSWLRQ�SRVLWLRQV�RQ�WKH
LQWHUIDFH�DGDSWRU�FDUG�

������ 63(&,),&$7,21

������� 9ROWDJH�2XWSXW��2[\JHQ�

2XWSXW� ��WR���9�RU���WR���9��NH\SDG�VHOHFWHG�
2XWSXW�LPSHGDQFH� /HVV�WKDQ���RKP
0D[LPXP�RXWSXW� �P$�DW���9
6KRUW�FLUFXLW�SURWHFWLRQ� 2XWSXW�LV�OLPLWHG�WR�D�VDIH�YDOXH�RI�DSSUR[LPDWHO\��P$
,VRODWLRQ� ���9�506�EHWZHHQ�RXWSXW�DQG�JURXQG
$FFXUDF\� ������)6'
/LQHDULW\� ������RI�UHDGLQJ
7HPSHUDWXUH�FR�HIILFLHQW� =HUR���������)6'�E&

6SDQ���������)6'�E&
1RLVH� /HVV�WKDQ���P9�SHDN�WR�SHDN

������� &XUUHQW�2XWSXW��2[\JHQ�

2XWSXW� ��WR���P$�RU���WR���P$��NH\SDG���VHOHFWHG�
2XWSXW�ORDG� � ��WR�����RKP
0D[LPXP�RXWSXW�FXUUHQW� ��P$
,VRODWLRQ� ���9�506�EHWZHHQ�RXWSXW�DQG�JURXQG
$FFXUDF\� ������)6'
/LQHDULW\� ������RI�UHDGLQJ
7HPSHUDWXUH�FR�HIILFLHQW� =HUR���������)6'�E&

6SDQ����������)6'�E&
1RLVH� /HVV�WKDQ���P9�SHDN�WR�SHDN

1RWH� ,W�LV�WKH�XVHUV
�UHVSRQVLELOLW\�WR�HQVXUH�WKDW�WKH�FXUUHQW�ORRS�LV�DGHTXDWHO\�JURXQGHG�DQG
FDQQRW�H[FHHG�D�SRWHQWLDO�RI���9�SHDN�ZLWK�UHVSHFW�WR�WKH�DQDO\VHU�JURXQG�

������� $ODUPV

1RQ�,VRODWHG )XQFWLRQV� ,QVWUXPHQW�IDLOXUH��R[\JHQ�KLJK�DQG�ORZ�DODUP
2XWSXW� 2SHQ�FROOHFWRU�GDUOLQJWRQ��OLYH�ZKHQ�WKHUH�LV�QR�DODUP
0D[LPXP�YROWDJH� ��9
0D[LPXP�FXUUHQW� ���P$

,VRODWHG )XQFWLRQ� *HQHUDO�DODUP
2XWSXW� 5HOD\�FRQWDFWV��FORVHG�LI�WKHUH�LV�QR�DODUP
&RQWDFW�UDWLQJ� ��:����9�����$�'&
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������� �9�2XWSXW���IRU�RSHUDWLRQ�RI�DODUPV

0D[LPXP�FXUUHQW� ����P$

127(� 7KH�FXUUHQW�DQG�YROWDJH�RXWSXWV�DUH�QRW�LVRODWHG�IURP�HDFK�RWKHU�

��� '8$/�,62/$7('�&855(17�287387�02'8/(�����������

����� 'HVFULSWLRQ

7KLV�RSWLRQ�FDUG�SURYLGHV�LVRODWHG�FXUUHQW�RXWSXW�IRU�WKH�R[\JHQ�DQG�FRPEXVWLEOHV�VLJQDOV���7KHVH
RXWSXWV�FDQ�EH�VHOHFWHG�YLD�WKH�NH\SDG�DQG�WKLV�FDUG�PD\�EH�ILWWHG�LQ�DQ\�RI�WKH�RSWLRQ�SRVLWLRQ
RQ�WKH�LQWHUIDFH�DGDSWRU�FDUG�

����� 6SHFLILFDWLRQ

������� &XUUHQW�RXWSXW

2XWSXW� ����P$�RU�����P$��XVHU�VHOHFWDEOH�DV�IRU�QRQ�LVRODWHG�RXWSXW�
0D[LPXP�RXWSXW�ORDG� ��NRKP
,VRODWLRQ� ���9��506�
$FFXUDF\� 7\SLFDOO\�ZLWKLQ� ����P$�RYHU� WKH� WHPSHUDWXUH� UDQJH�RI� ����E&�� ORDG

YDULDWLRQ�����NRKP�DQG�VXSSO\�YDULDWLRQ�����

1RWH� ,W�LV�WKH�XVHUV
�UHVSRQVLELOLW\�WR�HQVXUH�WKDW�WKH�FXUUHQW�ORRS�LV�DGHTXDWHO\�JURXQGHG�DQG
FDQQRW�H[FHHG�D�SRWHQWLDO�RI���9�SHDN�ZLWK�UHVSHFW�WR�WKH�DQDO\VHU�JURXQG�

������� 0HDVXUHPHQW�UDQJH

$V�IRU�QRQ�LVRODWHG�RXWSXWV
LH������������������2[\JHQ
�������������������&RPEXVWLEOHV

1RWH� 7KH�GXDO�LVRODWHG�RXWSXW�FDUG��RXWSXW�FXUUHQW�UDQJHV�DQG�PHDVXUHPHQW�UDQJHV��)6'��DUH
DXWRPDWLFDOO\�VHW�WKH�VDPH�DV�WKH�QRQ�LVRODWHG�R[\JHQ�DQG�FRPEXVWLEOHV�RXWSXWV�

��� 7(03(5$785(�$1'�()),&,(1&<�&$5'�����������

127(

+D]DUGRXV�DUHD�WKHUPRFRXSOHV�DUH�QRW�DYDLODEOH�IURP�6HUYRPH[

����� '(6&5,37,21

7KLV�RSWLRQ�FDUG�SURYLGHV�RXWSXW�RI�IOXH�JDV�WHPSHUDWXUH�DQG�FRPEXVWLRQ�HIILFLHQF\�ERWK�RQ�WKH
GLVSOD\�DQG�DV�DQ�DQDORJXH�RXWSXW���7KH�WHPSHUDWXUH�PD\�EH�FDOLEUDWHG�LQ�GHJUHHV�&HQWLJUDGH
RU�)DKUHQKHLW���$�IOXH�WHPSHUDWXUH�KLJK�DODUP�LV�DOVR�SURYLGHG�
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6.6.2 FUNCTIONAL DESCRIPTION

This card accepts an input from the thermocouple which is placed in the flue gas stream.

An optional inlet thermocouple may be fitted to measure the air temperature to the burner.  If this
thermocouple is not fitted, the equation used for calculating efficiency will use a value for air
temperature entered via the keypad.

The combustion efficiency is calculated according to the Siegert equation:

where: K1 and K2 are fuel constants
K3 is 1171.4
�T is the difference between ambient and flue gas temperature (°C)
T is the ambient temperature (°C)

A choice of 3 pairs of constants is selected via the keypad, depending on the fuel used.

  Coal   Gas   Oil

  K1   0.70   0.62   0.71

  K2 (x 1000)   4.07   8.27   5.13

This calculation is only performed if the following conditions are satisfied:

1. Oxygen level is within the range of 1 to 15% O2

2. Difference between flue and air inlet temperatures is positive
3. Flue temperature is less than 700°C (1292°F)

If the measurements are outside these limits, the message "OUT OF RANGE" will be displayed.

6.6.3 SPECIFICATION

6.6.3.1 Inputs

Flue temperature: Type K thermocouple: BS4937 Part 4
(Part No 00715994)

Air inlet temperature (optional): Type K thermocouple: BS4937 Part 4
(Part No 00725994)
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0HDVXUHPHQW�5DQJH

)OXH�WHPSHUDWXUH� ������E&�ZLWK�� &�UHVROXWLRQR

RU��������E)�ZLWK�� )�UHVROXWLRQR

1RWH� $FFXUDF\�LV�OLPLWHG�E\�WKHUPRFRXSOH�FDOLEUDWLRQ

$LU�,QOHW�7HPSHUDWXUH ���E&�WR����E&�ZLWK��E&�UHVROXWLRQ
RU���E)�WR����E)�ZLWK��E)�UHVROXWLRQ

$FFXUDF\�RI�7HPSHUDWXUH�5HDGLQJ

7KH�IOXH�WHPSHUDWXUH�LQSXW�DFFXUDF\�KDV�EHHQ�RSWLPLVHG�IRU�D�W\SH�.�WKHUPRFRXSOH�LQ�WKH�UDQJH
RI� ���E&� WR� ���E&� WR� REWDLQ� ��E&� DFFXUDF\�� � 7KH� UDQJH� RI� UHDGLQJV� H[WHQGV� IURP� �E&� WR
����E&���/LQHDULW\�HUURUV�ZLOO�LQFUHDVH�WR�D�PD[LPXP�RI���E&�DW�WKH�H[WUHPHV�RI�WKH�UDQJH���8VHUV
PXVW�HQVXUH�WKDW�WKH�WKHUPRFRXSOH�LQVWDOOHG�LV�FDSDEOH�RI�ZLWKVWDQGLQJ�WKH�SURFHVV�WHPSHUDWXUH�

$OO�WKHUPRFRXSOHV�DUH�VXEMHFW�WR�D�WHPSHUDWXUH�WROHUDQFH���7KH�WKHUPRFRXSOH�HUURU�LV�LQ�DGGLWLRQ
WR�WKH�OLQHDULW\�HUURUV�GHVFULEHG�DERYH�

������� &XUUHQW�2XWSXW��(IILFLHQF\�

2XWSXW� ��WR���P$�RU���WR���P$��NH\SDG�VHOHFWHG�
5DQJH� ��WR�����
2XWSXW�/RDG� ��WR�����RKP
0D[LPXP�2XWSXW�&XUUHQW� ��P$
$FFXUDF\� ������RI�)6'�LQ�DGGLWLRQ�WR�FDOFXODWLRQ�DFFXUDF\

������� 9ROWDJH�2XWSXW��(IILFLHQF\�

2XWSXW� ��WR���9�RU���WR���9��NH\SDG�VHOHFWHG�
5DQJH� ��WR�����
2XWSXW�,PSHGDQFH� /HVV�WKDQ���RKP
0D[LPXP�2XWSXW� �P$�DW���9
6KRUW�&LUFXLW�3URWHFWLRQ� 2XWSXW�LV�OLPLWHG�WR�D�VDIH�YDOXH�RI�DSSUR[LPDWHO\��P$
$FFXUDF\� ������RI�)6'�LQ�DGGLWLRQ�WR�FDOFXODWLRQ�DFFXUDF\

������� &XUUHQW�2XWSXW��)OXH�*DV�7HPSHUDWXUH�

2XWSXW� ��WR���P$�RU���WR���P$��NH\SDG�VHOHFWHG�
5DQJH� ��WR����E&�RU���WR�����E&��&HQWLJUDGH�FDOLEUDWHG�

��WR�����E)�RU���WR�����E)��)DKUHQKHLW�FDOLEUDWHG�
2XWSXW�/RDG� ��WR�����RKP
0D[LPXP�2XWSXW�&XUUHQW� ��P$
$FFXUDF\� ������RI�)6'�LQ�DGGLWLRQ�WR�PHDVXUHPHQW�DFFXUDF\
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������� 9ROWDJH�2XWSXW��)OXH�*DV�7HPSHUDWXUH�

2XWSXW� ��WR���9�RU���WR���9��NH\SDG�VHOHFWHG�
5DQJH� ��WR����E&�RU���WR�����E&��&HQWLJUDGH�FDOLEUDWHG�

��WR�����E)�RU���WR�����E)��)DKUHQKHLW�FDOLEUDWHG�
2XWSXW�,PSHGDQFH� /HVV�WKDQ���RKP
0D[LPXP�2XWSXW� �P$�DW���9
6KRUW�&LUFXLW�3URWHFWLRQ� 2XWSXW�LV�OLPLWHG�WR�D�VDIH�YDOXH�RI�DSSUR[LPDWHO\��P$
$FFXUDF\� ������RI�)6'�LQ�DGGLWLRQ�WR�PHDVXUHPHQW�DFFXUDF\

������� $ODUP

)XQFWLRQ� )OXH�WHPSHUDWXUH�KLJK
6HWWLQJ� 8VHU�DGMXVWDEOH
2XWSXW� 2SHQ�FROOHFWRU��RSHQ�FLUFXLW�LQ�DODUP�FRQGLWLRQ
0D[LPXP�9ROWDJH� ��9
0D[LPXP�&XUUHQW� ���P$

������� �9�9ROWDJH���IRU�2SHUDWLRQ�RI�$ODUPV

0D[LPXP�&XUUHQW� ���P$

��� '$7$�&20081,&$7,216�&$5'�����������

����� '(6&5,37,21

7KH�GDWDOLQN�RSWLRQ�FDQ�EH�ILWWHG�WR�HQDEOH�WZR�ZD\�FRPPXQLFDWLRQ�EHWZHHQ�WKH�DQDO\VHU�DQG�D
FRPSXWHU�RU�WHUPLQDO���&RPPXQLFDWLRQ�LV�YLD�$6&,,�FRGH�RYHU�D�IXOO�GXSOH[�OLQN�ZLWK�D�FKRLFH�RI
GDWD�IRUPDWV�DW�D�WUDQVPLVVLRQ�UDWH�RI�EHWZHHQ�����DQG�������EDXG�

7KUHH�W\SHV�RI�LVRODWHG�RXWSXW�DUH�DYDLODEOH����P$�FXUUHQW�ORRS��56���&�DQG�56����

7KH�IRUPDW�IRU�FRPPXQLFDWLRQ��LH�QXPEHU�RI�ELWV��SDULW\�DQG�QXPEHU�RI�VWRS�ELWV��LV�VHOHFWHG�YLD
GLSVZLWFKHV������DQG���RQ�WKH�ERDUG���6HH�)LJXUH������
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����� /2&$7,21�$1'�)81&7,21�2)�',36:,7&+(6

)LJXUH�������/RFDWLRQ�DQG�)XQFWLRQ�RI�'LSVZLWFKHV�
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7DEOH�� 6HWWLQJ�WKH�)RUPDW

3RVLWLRQ�RI�VZLWFKHV 1R�RI�ELWV 3DULW\ 1R�RI�VWRS
6:��������������6:��������������6:� ELWV

21 21 21 � (9(1 �

21 21 2)) � 2'' �

21 2)) 21 � (9(1 �

21 2)) 2)) � 2'' �

2)) 21 21 � 121( �

2)) 21 2)) � 121( �

2)) 2)) 21 � (9(1 �

2)) 2)) 2)) � 2'' �

����� 35272&2/�6(77,1*

7KHUH�DUH�WZR�ZD\V�LQ�ZKLFK�WKH�GDWDOLQN�FDQ�EH�XVHG�

L� 7R�FRQQHFW�WR�D�UHPRWH�GXPE�WHUPLQDO�DFWLQJ�DV�D�SDUDOOHO�NH\SDG�DQG�GLVSOD\��RSWLRQ�$��
6HW�GLSVZLWFK���WR�RSWLRQ�$�

LL� 7R�FRQQHFW�WR�D�FRPSXWHU�WR�HQDEOH�WKH�FRPSXWHU�WR�REWDLQ�LQIRUPDWLRQ�IURP�WKH�DQDO\VHU
�RSWLRQV�%�DQG�&����6HW�GLSVZLWFK���WR�RSWLRQ�%�&�

2SWLRQ�$�� $OORZV�D�GXPE�WHUPLQDO��RU�D�FRPSXWHU�FRQILJXUHG�DV�D�GXPE�WHUPLQDO���WR�EH
XVHG�LQ�SDUDOOHO�WR�WKH�NH\SDG�DQG�GLVSOD\���$OO�RSHUDWLRQV�QRUPDOO\�SHUIRUPHG�YLD
WKH�NH\SDG�FDQ�DOVR�EH�SHUIRUPHG�IURP�WKH�WHUPLQDO�

2SWLRQ�%�� ,QIRUPDWLRQ�LV�VHQW�LQ�D�VHW�IRUPDW�ZKHQ�D�UHTXHVW�LV�UHFHLYHG���'DWD�YDOXHV�FDQ
RQO\�EH�YLHZHG��QRW�FKDQJHG�

2SWLRQ�&�� 7KLV�RSWLRQ�LV�LQWHQGHG�IRU�XVH�E\�D�FXVWRPHU
V�HQHUJ\�PDQDJHPHQW�V\VWHP�DQG
LV��LQ�JHQHUDO��VLPLODU�WR�RSWLRQ�%�

����� 63(&,),&$7,21

2XWSXWV� 56���&
56���
&XUUHQW�ORRS��SDVVLYH�ZKHQ�WUDQVPLWWLQJ��DFWLYH�ZKHQ�UHFHLYLQJ�

%DXG�UDWH� ���������������������������������RU������
6HOHFWDEOH�E\�OLQNV�RQ�WKH�GDWDOLQN�FDUG
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7UDQVPLVVLRQ�GLVWDQFH� 56���&��DQG��56����� XS�WR�����PHWUHV�DW�EDXG�UDWHV�EHWZHHQ����
DQG�����

&XUUHQW�ORRS�� XS�WR�����PHWUHV�DW�EDXG�UDWHV�EHWZHHQ����
DQG�����

����� 23(5$7,21���237,21�$

������� 2SWLRQ�$

(QDEOHV�D�GXPE� WHUPLQDO��RU�D�FRPSXWHU�HPXODWLQJ�D�GXPE� WHUPLQDO�� WR�EHKDYH�DV�D� UHPRWH
SDUDOOHO� NH\SDG� DQG� GLVSOD\�� � 7KH� DQDO\VHU� FDQ� EH� RSHUDWHG� DV� QRUPDO� IURP� WKH� IURQW� SDQHO
NH\SDG�GLVSOD\���7KH�GXPE�WHUPLQDO�NH\V�WKDW�UHSUHVHQW�NH\V�RQ�WKH�DQDO\VHU�DUH�OLVWHG�LQ�7DEOH
����1RWH�WKH�XVH�RI�WKH�XSSHU�FDVH�FKDUDFWHUV�IRU�WUDQVPLVVLRQ�WR�WKH�DQDO\VHU���7KH�UHVSRQVH
ORZHU�FDVH�FKDUDFWHUV��RU�XSSHU�FDVH�FKDUDFWHUV�QRW�OLVWHG�LQ�7DEOH���ZLOO�EH��,19$/,'�.(<��

7DEOH�� $6&,,�(TXLYDOHQWV�RI�.H\V

&RQWURO�8QLW�.H\ $6&,, &RQWURO�8QLW�.H\ $6&,,
&KDUDFWHU &KDUDFWHU

2[\JHQ 2 1RUPDO 4

&RPEXVWLEOHV & �5DLVH� 5
�/RZHU� /

(IILFLHQF\ ( &RQWLQXH 7

)OXH�7HPS�)ORZ ) 6WDWXV�DQG�$ODUPV '

&DOLEUDWH  (QWHU &DUULDJH
5HWXUQ

3DUDPHWHU 3

7KH�DQDO\VHU�ZLOO�WUDQVPLW�DOSKDEHWLF�FKDUDFWHUV�LQ�XSSHU�FDVH�LI�WKHUH�DUH�DQ\�IDXOWV�RU�DODUPV
RWKHUZLVH�WKH\�ZLOO�EH�LQ�ORZHU�FDVH�

$� OLQH�IHHG�ZLOO�EH�WUDQVPLWWHG� LI� WKH�DQDO\VHU�JRHV�IURP�QRUPDO�RSHUDWLRQ�WR�DQ�DODUP�RU� IDXOW
FRQGLWLRQ��RU�YLFH�YHUVD���+HQFH�DQ�DODUP�RU�IDXOW�FRQGLWLRQ�ZLOO�SURGXFH�D�OLQH�SULQWHG�LQ�XSSHU�FDVH
RQ�WKH�GXPE�WHUPLQDO�GLVSOD\�
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������� (FKR�)DFLOLW\

7KH�DQDO\VHU�PD\�EH�VHW�WR�HFKR�UHFHLYHG�FKDUDFWHUV���7KLV�IDFLOLW\�HQDEOHV�WKH�FRQWURO�XQLW�WR
UHWUDQVPLW�WKH�UHFHLYHG�$6&,,�FRPPDQG�DW�WKH�HQG�RI�WKH�GDWD�VWUHDP��LH��RQ�UHFHLSW�RI�DQ�$6&,,
FRPPDQG�IURP�WKH�GXPE�WHUPLQDO�WKH�FRQWURO�XQLW�HFKRHV�WKH�FKDUDFWHU�DORQJ�ZLWK�D�OLQH�IHHG�DQG
WKHQ�VHQGV�WKH�UHTXHVWHG�GDWD�

������� 2Q�2II�)DFLOLW\

,I�UHTXLUHG��WKH�VHULDO�OLQN�FDQ�EH�VZLWFKHG�RQ�DQG�RII�E\�FRPPDQGV�IURP�WKH�GXPE�WHUPLQDO���7KLV
IHDWXUH�LV�VHOHFWHG�E\�GLSVZLWFK���RQ�WKH�ERDUG���7KH�OLQN�LV�VZLWFKHG�RQ�ZKHQ�D�����LV�WUDQVPLWWHG
IURP�WKH�GXPE�WHUPLQDO�DQG�RII�ZKHQ�D��2��LV�WUDQVPLWWHG���:KHQ�VZLWFKLQJ�RQ�WKH�DQDO\VHU�WKH
VHULDO�OLQN�ZLOO�EH�LQ�WKH�RII�VWDWH�LI�WKH�RQ�RII�IDFLOLW\�LV�VHOHFWHG�

,I�WKH�RQ�RII�IDFLOLW\�LV�VHOHFWHG�WKH�OLQN�FDQ�EH�PDGH�WR�VZLWFK�LWVHOI�RII�LI�WKHUH�LV�QR�WUDQVPLVVLRQ
IURP�WKH�GXPE�WHUPLQDO�IRU����VHFRQGV���7KLV�IHDWXUH�LV�VHOHFWHG�E\�GLSVZLWFK���RQ�WKH�ERDUG�

������� 0HVVDJHV

7KLV�IDFLOLW\�LV�QRUPDOO\�XVHG�E\�6HUYRPH[�HQJLQHHUV�ZKHQ�FDUU\LQJ�RXW�UHPRWH�VHUYLFLQJ���,W�DOORZV
GHILQHG�PHVVDJHV�WR�EH�GLVSOD\HG�RQ�WKH�FRQWURO�XQLW�E\�WUDQVPLVVLRQ�RI�D�VLQJOH�FKDUDFWHU�IURP
WKH�GXPE�WHUPLQDO���WKH�PHVVDJH�ZLOO�UHYHUW�WR�WKH�R[\JHQ�GLVSOD\�DIWHU����PLQXWHV���$Q\�LQYDOLG
FKDUDFWHU�HQWHUHG�ZLOO�FDXVH�WKH�GLVSOD\�WR�VKRZ��,19$/,'�.(<��IRU�����VHFRQGV�EHIRUH�UHYHUWLQJ
WR�WKH�QRUPDO�GLVSOD\�

7KH�FKDUDFWHUV�UHTXLUHG�WR�SURGXFH�PHVVDJHV�DUH��

&KDUDFWHU 0HVVDJH

= �$77(17,21�

7KHQ � �7(/�������������
� �),1,6+('�
� �7$/.�72�(1*�

1�%��6LQFH�WKH�VRIWZDUH�ZDV�ZULWWHQ��WKH�6HUYRPH[�WHOHSKRQH�QXPEHU�KDV�EHHQ�FKDQJHG�WR�
������������

����� 23(5$7,21���237,216�%�$1'�&

������� 2SWLRQV�%�DQG�&

2SWLRQV�%�DQG�&�HQDEOH�LQIRUPDWLRQ�WR�EH�REWDLQHG�IURP�WKH�DQDO\VHU�LQ�D�IRUPDW�PRUH�VXLWDEOH
IRU� XVH�E\�D� FRPSXWHU�� ,QIRUPDWLRQ� LV� UHTXHVWHG�E\� WUDQVPLVVLRQ�RI� D� VLQJOH� FKDUDFWHU� WR� WKH
DQDO\VHU��1R�IXUWKHU�UHTXHVWV�VKRXOG�EH�WUDQVPLWWHG�XQWLO�D�UHVSRQVH�KDV�EHHQ�UHFHLYHG�

7UDQVPLVVLRQ�RI�WKH�UHVSRQVH�IURP�WKH�DQDO\VHU�VKRXOG�FRPPHQFH�ZLWKLQ����PV��,I�XVHU�DGMXVWDEOH
SDUDPHWHU� VHWWLQJV� DUH� UHTXHVWHG� DV� LQ� 2SWLRQ� %� WKLV� ILJXUH� H[WHQGV� WR� ���� VHFRQGV�� ,W� LV
DQWLFLSDWHG�WKDW�2SWLRQ�&�ZLOO�QRUPDOO\�EH�XVHG�

,I�2SWLRQ�%�LV�UHTXLUHG��PDNH�/LQN���RQ�WKH�GDWDOLQN�ERDUG��,I�2SWLRQ�&�LV�UHTXLUHG�OHDYH�/LQN��
RSHQ�
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127(� &KDUDFWHUV�DUH�QRW�WUDQVPLWWHG�IURP�WKH�DQDO\VHU�LQ�D�FRQWLQXRXV�WUDLQ��7KHUH�PD\�EH�D
JDS�RI�XS�WR����PV�EHWZHHQ�FKDUDFWHUV�

:RUVW�FDVH�WLPHV�IRU�WUDQVPLVVLRQ�RI�UHTXHVWHG�LQIRUPDWLRQ�DUH�DV�IROORZV�

2SWLRQ�%�� ��VHFRQGV
2SWLRQ�&�� ����PV

7KLV�DVVXPHV�D�WUDQVPLVVLRQ�UDWH�RI�����EDXG�DQG�WKH�XVH�RI�D�FKHFNVXP�
,I�SDUDPHWHUV�DUH�UHTXHVWHG�IRU�DQ�RSWLRQ�ZKLFK�LV�QRW�ILWWHG�WKHQ�WKH�UHVSRQVH�ZLOO�EH�WR�WUDQVPLW

����,I�LQIRUPDWLRQ�LV�QRW�DYDLODEOH�EHFDXVH�WKH�DQDO\VHU�LV�LQ�D�SDUDPHWHU�FKDQJH�RU�FDOLEUDWLRQ
URXWLQH�WKHQ�WKH�UHVSRQVH�ZLOO�EH�WR�WUDQVPLW�����

������� 'DWD�7UDQVPLVVLRQ�)RUPDW

$OO�PHVVDJHV�LQ�2SWLRQ�%�DQG�&�EHJLQ�ZLWK�D��VWDUW�RI�WH[W���67;��KHDGHU�DQG�HQG�ZLWK��HQG�RI�WH[W�
�(7;��

,I� UHTXLUHG� D� VLQJOH� E\WH� FKHFNVXP� PD\� DOVR� EH� WUDQVPLWWHG� IROORZLQJ� WKH� PDLQ� SDUW� RI� WKH
PHVVDJH���7KH�FKHFNVXP�LV�IRUPHG�E\�DGGLQJ�DOO�FKDUDFWHUV�LQ�WKH�PHVVDJH�LQFOXGLQJ�67;�DQG
(7;�� �7KH�FKHFNVXP� LV� WHUPLQDWHG�ZLWK�DQ� �HQG�RI� WH[W�� �(27��FKDUDFWHU�� �7KLV�FKHFNVXP� LV
VHOHFWHG�E\�GLSVZLWFK���RQ�WKH�ERDUG�

67;���'DWD���(7;���&KHFNVXP���(27
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7DEOH�� $6&,,�&RPPDQGV�IRU�2SWLRQ�%

$6&,, 'DWD�5HTXLUHG )RUPDW
&RPPDQG

Y 2[\JHQ 2RRRRR &FFFFF 7WWWWW (HHHHH
&RPEXVWLEOHV
7HPSHUDWXUH�RI�IOXH �2 �&2 &�RU� )� �(II
��(IILFLHQF\

�
R � �R

�DV�VHW�RQ�3&%�

I )DXOW�VWDWXV�IRU )2II������II������II������II������II������II������II
PDLQERDUG�DQG�VL[
RSWLRQ�FDUGV 0DLQERDUG

2SWLRQ�FDUGV��1XPEHU�LQGLFDWHV�SRVLWLRQ
LQ�FRQWURO�XQLW�

II��
7ZR�KH[DGHFLPDO�GLJLWV�UHSUHVHQWLQJ�IDXOW
E\WH���6HH�6HFWLRQ���������

D $ODUP�VWDWXV�IRU $2DD������DD������DD������DD������DD������DD�����DD
PDLQERDUG�DQG�VL[
RSWLRQ�FDUGV 0DLQERDUG

2SWLRQ�FDUGV��1XPEHU�LQGLFDWHV�SRVLWLRQ
LQ�FRQWURO�XQLW�

DD��
7ZR�KH[DGHFLPDO�GLJLWV�UHSUHVHQWLQJ
DODUP�E\WH���6HH�6HFWLRQ���������

R 2SWLRQV�ILWWHG��LQ�VORW 2������
QXPEHU�RUGHU�

� �1R�RSWLRQ�ILWWHG�RU�
�� �2SWLRQ�LGHQWLILHU�

� 2SWLRQ�ILWWHG

� $QDORJXH�RXWSXW�DQG�DODUP
� 'DWD�&RPPXQLFDWLRQV
� 7HPSHUDWXUH�DQG�HIILFLHQF\
� &RPEXVWLEOHV
� 0XOWLSOH�DQDORJXH�RXWSXW

W 7LPH�VLQFH�ODVW�UHVWDUW 7GGG KKK PPP VVV

GD\V KRXUV
PLQXWHV

VHFRQGV
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$6&,, 'DWD�5HTXHVWHG )RUPDW
&RPPDQG

] 2[\JHQ�FHOO =�WWWWW
WHPSHUDWXUH�LQ� &� ��WHPS�LQ� &�R R

E 2YHQ�WHPSHUDWXUH %������
��WHPS��QR�XQLWV�

� 2[\JHQ�VHQVRU�]HUR ]�[[[[[
FDOLEUDWLRQ�SRLQW ��=HUR�SRLQW�FDOLEUDWLRQ�SRLQW��2 ��

� 2[\JHQ�VHQVRU�VSDQ V�[[[[[
FDOLEUDWLRQ�SRLQW ��6SDQ�FDOLEUDWLRQ�SRLQW��2 ��

� )ORZ�VHQVRU�]HUR I�[[[[[
FDOLEUDWLRQ�SRLQW ��=HUR�FDOLEUDWLRQ�SRLQW��IORZ�VHQVRU�

���,I�QR�IORZ�VHQVRU�ILWWHG

� &RPEXVWLEOHV�VHQVRU T�[[[[[
]HUR�FDOLEUDWLRQ�SRLQW ��=HUR�FDOLEUDWLRQ�SRLQW��&2�

���,I�QR�FRPEXVWLEOHV�VHQVRU�ILWWHG

� &RPEXVWLEOHV�VHQVRU U�[[[[[
VSDQ�FDOLEUDWLRQ�SRLQW ��6SDQ�FDOLEUDWLRQ�SRLQW��&2�

���,I�QR�FRPEXVWLEOHV�VHQVRU�ILWWHG

& &RPEXVWLEOHV [[[[[�[[[[[�[[[[[�HWF
SDUDPHWHUV XQWLO�DOO�SDUDPHWHUV�KDYH�EHHQ�OLVWHG

( (IILFLHQF\�SDUDPHWHUV [[[[[�[[[[[�[[[[[�HWF
XQWLO�DOO�SDUDPHWHUV�KDYH�EHHQ�OLVWHG

) )ORZ�SDUDPHWHUV [[[[[�[[[[[�[[[[[�HWF
XQWLO�DOO�SDUDPHWHUV�KDYH�EHHQ�OLVWHG

2 2[\JHQ�SDUDPHWHUV [[[[[�[[[[[�[[[[[�HWF
�1XPEHU�RI�SDUDPHWHUV XQWLO�DOO�SDUDPHWHUV�KDYH�EHHQ�OLVWHG
OLVWHG�LQFUHDVH�LI
DQDORJXH�RXWSXW�DQG
DODUP�FDUG�LV�ILWWHG�
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������� ,QWHUSUHWDWLRQ�RI�)DXOW�DQG�$ODUP�0HVVDJHV

7KH�LQWHUSUHWDWLRQ�RI�WKH�IDXOW�DQG�DODUP�PHVVDJHV�GHSHQGV�RQ�NQRZLQJ�ZKLFK�RSWLRQ�FDUG�LV�ILWWHG
LQ�HDFK�RSWLRQ�ORFDWLRQ���%\�HQWHULQJ�WKH�$6&,,�FRGH��R��WKLV�LQIRUPDWLRQ�ZLOO�EH�JLYHQ���(DFK�RSWLRQ
FDUG�KDV�LWV�RZQ�VHW�RI�IDXOWV�DQG�DODUP�PHVVDJHV�ZKLFK�DUH�LQWHUSUHWHG�DV�IROORZV�

7DEOH�� )DXOW�0HVVDJHV

&DUG�*HQHUDWLQJ�WKH�IDXOW )DXOW�&RQGLWLRQ )DXOW�0HVVDJH�
�LQ�KH[DGHFLPDO�

7HPSHUDWXUH�DQG�HIILFLHQF\ )OXH�WKHUPRFRXSOH�IDLO ��

&RPEXVWLEOHV 6HQVRU�IDXOW ��

0DLQ�ERDUG 'DWD�FRUUXSW ��
2 �UDQJH�HUURU ���

2YHQ�WHPS�VHQV�IDLO ��
)ORZ�IDLOXUH ��
2YHQ�WHPS�KLJK ��
2YHQ�WHPS�ORZ ��
&HOO�WHPS�KLJK ��
&HOO�WHPS�ORZ ��

7DEOH�� $ODUP�0HVVDJHV

&DUG�*HQHUDWLQJ�WKH�DODUP $ODUP�&RQGLWLRQ $ODUP�0HVVDJH
�LQ�KH[DGHFLPDO�

7HPS�	�HIILFLHQF\ )OXH�WHPS�KLJK ��

&RPEXVWLEOHV &RPEXVWLEOHV�KLJK ��

$QDORJXH�RXWSXW�	�DODUPV 2[\JHQ�KLJK�DODUP ��
2[\JHQ�ORZ�DODUP ��
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7DEOH�� $6&,,�&RPPDQGV�IRU�2SWLRQ�&

$6&,,�&RGH 'DWD�5HTXHVWHG )RUPDW

2 0HDVXUHG�R[\JHQ�OHYHO �������

7 )OXH�WHPS �������
�LQ� &�RU� )�GHSHQGLQJ�RQ�VHWWLQJR � �R

RI�OLQN�RQ�7	(�FDUG�

, $LU�LQOHW�WHPS ,������

( (IILFLHQF\ (������

& 0HDVXUHG�FRPEXVWLEOHV &������

' $ODUP�IDXOW�VWDWXV '����$)��DODUPV�	�IDXOWV�
'����$���DODUPV�
'�����)��IDXOWV�
'��������QR�DODUPV��QR�IDXOWV�

������ 6(/)�7(67,1*�)$&,/,7<

7KH�56���&��56����DQG�FXUUHQW�ORRS�FDQ�EH�WHVWHG�E\�FRQQHFWLQJ�WKH�UHVSHFWLYH�UHFHLYH�DQG
WUDQVPLW� WHUPLQDOV� WRJHWKHU�� � 0DNH� WKH� DSSURSULDWH� FRQQHFWLRQV� ZLWK� WKH� HOHFWULFDO� VXSSO\
GLVFRQQHFWHG���6HW�GLSVZLWFK���WR�WKH�VHOI�WHVW�SRVLWLRQ���5HFRQQHFW�HOHFWULFDO�VXSSO\�DQG�REVHUYH
WKH�IURQW�SDQHO�GLVSOD\���7KLV�ZLOO�LQGLFDWH�HLWKHU�GDWD�OLQN��'�/�3$66��RU��'�/�)$,/��
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6(&7,21�����5(&200(1'('�63$5(6�$1'�3$576�/,676

6(&7,21 3$*(

��� 5HFRPPHQGHG�6SDUHV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���

����� &RQWURO�8QLW � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���
����� 6HQVRU�+HDG�$VVHPEO\ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���

��� 3DUWV�/LVWV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���

����� &RQWURO�8QLW � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���
����� 6HQVRU�+HDG��*HQHUDO�$VVHPEO\ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���
����� 6HQVRU�+HDG��2[\JHQ�2QO\ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ����
����� 6HQVRU�+HDG��2[\JHQ�DQG�&RPEXVWLEOHV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ����

/,67�2)�,//8675$7,216

),*85( 3$*(

��� &RPSRQHQW�/RFDWLRQ���0DLQ�%RDUG � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���

���$ ([SORGHG�9LHZ���6HQVRU�+HDG�*HQHUDO�$VVHPEO\ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���

���% ([SORGHG�9LHZ���6HQVRU�+HDG�*HQHUDO�$VVHPEO\ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���

��� ([SORGHG�9LHZ���6HQVRU�+HDG���2[\JHQ�2QO\ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���������

��� ([SORGHG�9LHZ���6HQVRU�+HDG���2[\JHQ�$QG�&RPEXVWLEOHV � � � � � � � � � � � � � � � � � � � � ���������
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��� 5HFRPPHQGHG�6SDUHV

����� &RQWURO�8QLW

,WHP 'HVFULSWLRQ 1R��RI�$QDO\VHUV 3DUW
1XPEHU 1XPEHU

��� ��� ��
�

� ,QWHUIDFH�$GDSWRU�&DUG � � � 6�������
� 0DLQ�0LFURSURFHVVRU�&DUG � � � 6�������
� 'LVSOD\�&DUG � � � ��������
� ,VRODWHG�2XWSXW�DQG�$ODUP�&DUG � � � ��������
� 'DWD�/LQN�&DUG � � � 6�������
� 7HPSHUDWXUH�DQG�(IILFLHQF\�&DUG � � � ��������
� &RPEXVWLEOHV�&DUG � � � 6�������
� ,VRODWHG�2[\JHQ�DQG�&RPEXVWLEOHV�&DUG � � � ��������
� &HOO�+HDWHU�)XVH ���$�4$+% )� � � � ���������
�D ���9�$�&��6XSSO\�)XVH ���$�7/+%& )� � � � ���������
�E ���9�$�&��6XSSO\�)XVH ����$�7/+%& )� � � � ���������
� 6ROHQRLG�6XSSO\�)XVH ���P$�4$0% )� � � � ���������
� &RPEXVWLEOHV�+HDWHU�)XVH ���P$�7/+%& )� � � � ���������
� ,QWHUQDO�6XSSO\�)XVH �$�4$+%& )� � � � ���������
� ,QWHUQDO�6XSSO\�)XVH �$�4$+%& )� � � � ���������
�� ,QWHUQDO�6XSSO\�)XVH ���$�4$+%& )� � � � ���������
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� 'RRU�.H\ � � � ���������

���2QO\�UHTXLUHG�LI�WKHVH�RSWLRQV�DUH�ILWWHG�
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7.1.2 Sensor Head Assembly

Description No. of Analysers Part
Number1-3 4-9 10+

'O' Ring BS size 0116-24
'O' Ring BS size 448
Gasket, Chest
Gasket, Enclosure
Gasket, Terminal Box
Gasket, Combustibles Sensor
Zirconia Oxygen Sensor
Combustibles sensor Assembly
   (When Fitted)
Flow Sensor
Cartridge Heaters
Thermistor (Green Leads)
Thermocouple Assembly
Thermostat N/C Item 308 (Yellow or
   Orange Leads)
Thermostat N/O Item 309 (Violet Leads)
Filter (Item 220 Figures 7.3 & 7.4)
Gasket (Item 403 Figures 7.3 & 7.4)
Gasket (Item 402 Figures 7.3 & 7.4)
Gasket (Item 400 Figures 7.3 & 7.4)
Anti Scuffing Paste
Zirconia Sample Tube Kit
Zirconia Reference Tube Kit

3
1
1
2
2
2
0
0

0
2
0
0
0

0
2
5
5
5
1
1
1

6
2
2
4
4
4
1
1

0
4
1
1
1

1
4

10
10
10
2
2
2

16
4
4
6
6
6
2
2

1
6
1
1
1

1
6

10
10
10
4
4
4

2323-7144
2323-6367
3931-6648
3931-6655
3931-6662
3931-6686
00703000
00714997

00705000
2653-1159
2651-7124
3989-0016
00711909

00711910
2377-3646
3931-6718
3931-7090
3931-7083
1765-0014
S0714943
S0714906
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SHEET 1 OF 8

Type 00700E Cabling for  Type EEx de 714 Sensor Head to Type Ex ’n’ 722 Controller
 O  only and O  + CO2   2

This Schedule is to be used as an installation and check document and should be
witnessed by engineer(s) responsible.
Performance may be degraded if installation practice varies from this schedule.
Refer to Servomex for particular enquiries.
INSTALLATION SUPPLY VOLTAGE___________ VOLTS_______ Hz
1) CHECK THAT INSTRUMENT(S) VOLTAGE TAPPINGS ARE CORRECT
2) CHECK THAT INSTRUMENT(S) ARE FITTED WITH CORRECT FUSES

TOTAL NUMBER OF CABLES = 7

DESCRIPTION CABLE NO SHEET NO INSTALLED CHECKED

Signals O  Only 1 32

AC Service O  Only 2 42

AC Mains Supply 3 5

Temp T/C Flue Gas 5 6

Temp T/C Inlet 6 6

Signals O  + CO 7 72

AC Service O  + CO 8 82

TOTAL NUMBER OF EARTHS/SCREENS = 6

EARTH NO SHEET NO INSTALLED CHECKED

E1 3

E2 4, 8

E3 5

E5 6

E6 6

E7 4, 8

EACH CORE SHOULD BE UNIQUELY IDENTIFIED, EITHER BY COLOUR OR BY NUMBER FERRULE.
THIS IDENT TO BE ENTERED IN APPROPRIATE BOX IN SCHEDULE

98P060 6/98 All M.L. RAH RAH

Change Date Sheets Chg. by Ckd. Appd Change Date Sheets Chg. by Ckd. Appd
Note No Affected Note No Affected

Drawn  M.L. Date   06/98 Checked RAH Approved RAH

No CS 00700Ex
Issue     6

Sheet    1
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WARNING Cabling, whether Armoured, Mineral Insulated or in conduit
should conform to local codes of practice and must not degrade the
Environmental Protection Rating (IP54) of the enclosure.

     SERVOMEX       CABLE SCHEDULE Sheet 2 of 8

Notes:

1)  Cables and glands are not supplied by Servomex

2)  Sleeve the screen drain wire and connect to RFI Earth Bus Bar in 00722 Controller.
Cut back and insulate free end of screen.

3)  Connect "Spare" conductors into RFI Bus Bar in 00722 Controller.

4)  Both 714 Sensor Head and 00722 Controller are provided with safety earth studs
which require local earth bonding.

Drawn   M.L. Issue        6Checked RAH Approved RAH
NoCS 00700ExDate     06/98 Date 20.08.98 Date 20.08.98 Sheet       2
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     SERVOMEX       CABLE SCHEDULE Sheet 3 of 8

          CABLE DESCRIPTION Cable Function Cable No 1
No of Cores 10 Conductor Insulation --- Signals for O  only Sensor Head2

Twisted Pairs 5 Outer Sheath ---

Indiv. Screen N Special Cable
See Note on Sheet 2 YO/All Screen Y Maximum Loop Resistance 36 ohms

Conductor Cross Section (mm ) Maximum Separation (metres) Servomex Part Number2

0.5 529 See Note 1 Sheet 2

    TERMINATION   ’A’     TERMINATION  ’B’
00714 Sensor Head 722 Controller
EEx e Terminal Box

Conductor             Ident

PCB 00722902
TB2A-1 1 TWISTED PAIR TB3-5

TB2A-2 2 TB3-4

TB2A-3 3 TWISTED PAIR TB3-2

TB2A-4 4 TB3-3

TB2A-5 5 TWISTED PAIR TB3-11

TB2A-6 6 TB3-13

TB2A-7 7 TWISTED PAIR TB3-8

TB2A-19 8 EARTH BUS BAR See Note 3

TB2A-8 9 TWISTED PAIR TB3-7

TB2A-9 10 TB3-6

NONE See Note 2 Sheet 2 11 SCREEN "E1" RFI BUS BAR See Note 3 Sheet 2

12

13

14

15

16

17

18

19

20

21

22

23

24

Drawn  M.L. Issue     6Checked RAH Approved RAH
NoCS 00700ExDate  06/98 Date 20.08.98 Date 20.08.98 Sheet    3
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     SERVOMEX       CABLE SCHEDULE Sheet 4 of 8

          CABLE DESCRIPTION Cable Function Cable No 2
No of Cores 6 Conductor Insulation --- AC Service for O Only Sensor Head2 

Twisted Pairs --- Outer Sheath ---

Indiv. Screen N Special Cable
See Note on Sheet 2 YO/All Screen N Maximum Loop Resistance <4 ohms

Conductor Cross Section (mm ) Maximum Separation (metres) Servomex Part Number2

1.0 112 See Note 1 Sheet 2

1.5 176 See Note 1 Sheet 2

2.5 285 See Note 1 Sheet 2

    TERMINATION   ’A’     TERMINATION  ’B’
714 Sensor Head 722 Controller
EEx e Terminal Box PCB 00722902Conductor             Ident

TB1A-1 1 TB1-2

TB1A-2 2 TB1-5

TB1A-3 3 TB1-1

TB1A-4 4 RFI BUS BAR See Note 3

TB1A-5 5 TB5-2

TB1A-6 6 TB5-1

EXTERNAL SAFETY EARTH 7 "E2" & "E7" See Note 4
STUD

Sensor Head & Terminal Box 8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24
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     SERVOMEX       CABLE SCHEDULE Sheet 5 of 8

          CABLE DESCRIPTION Cable Function Cable No 3
No of Cores 3 Conductor Insulation ---

AC Mains Supply 
See Notes 1 & 2 Sheet 2

Twisted Pairs --- Outer Sheath ---

Indiv. Screen N Special Cable
See Note on Y
 Sheet 2O/All Screen N Maximum Loop Resistance --- ohms

Conductor Cross Section (mm ) Maximum Separation (metres) Servomex Part Number2

1.0 23 @ 110 VAC See Note 1 Sheet 2

1.0 55 @ 240 VAC See Note 1 Sheet 2

    TERMINATION   ’A’     TERMINATION  ’B’
AC Mains Supply 722 Controller

Conductor             Ident PCB 00722902
LIVE 1 TB7-"L"

NEUTRAL 2 TB7-"N"

EARTH 3 "E3" SAFETY EARTH STUD

4 See Note 4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24
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          CABLE DESCRIPTION Cable Function Cable No 5 & 6
No of Cores 2 Conductor Insulation ---

Temperature and Efficiency
Thermocouple Cables

Twisted Pairs Outer Sheath ------
Indiv. Screen N Special Cable

See Note on Sheet 2 YO/All Screen Y Maximum Loop Resistance --- ohms

Conductor Cross Section (mm ) Maximum Separation (metres) Servomex Part Number2

0.8 (1/0.8) N/A See Note 1 Sheet 2

TERMINATION   ’A’ CABLE 5 TERMINATION  ’B’
Temperature & Efficiency Flue Gas Thermocouple Flue Gas Thermocouple
PCB 00722914 - TB40 00725994Conductor             Ident

TB40-1-BROWN 1 T/C CABLE BROWN

TB40-2-BLUE 2 T/C CABLE BLUE

RFI BUS BAR 3 SCREEN "E5" NONE, See Note 2 Sheet 2
 See Note 2 Sheet 2

4

5

6

7

8

9

10

TERMINATION ’A’ CABLE 6 TERMINATION ’B’
Temperature & Efficiency Air Inlet Thermocouple Inlet Thermocouple

PCB 00722914 - TB40 (if fitted) 00725994Conductor             Ident

TB40-3-BROWN 1 T/C CABLE BROWN

TB40-4-BLUE 2 T/C CABLE BLUE

RFI BUS BAR 3 SCREEN "E6" NONE, See Note 2 Sheet 2
 See Note 2 Sheet 2

4

5

6

7

8

9

10
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          CABLE DESCRIPTION Cable Function Cable No 7
No of Cores 20 Conductor Insulation ---

Signal Cable for O  + CO Sensor Head2Twisted Pairs 10 Outer Sheath ---

Indiv. Screen N Special Cable
See Note on Sheet 2 YO/All Screen Y Maximum Loop Resistance <6.0 ohms

Conductor Cross Section (mm ) Maximum Separation (metres) Servomex Part Number2

0.5 100 See Note 1 Sheet 2

1.0 200                  See Note 1 Sheet 2

1.5 300         See Note 1 Sheet 2

        

    TERMINATION   ’A’     TERMINATION  ’B’
714 Sensor Head 722 Controller
EEx e Terminal Box Conductor             Ident

TB2A-1 1 TWISTED PAIR PCB 00722902 TB3-5

TB2A-2 2 PCB 00722902 TB3-4

TB2A-3 3 TWISTED PAIR PCB 00722902 TB3-2

TB2A-4 4 PCB 00722902 TB3-3

TB2A-5 5 TWISTED PAIR PCB 00722902 TB3-11

TB2A-6 6 PCB 00722902 TB3-13

TB2A-7 7 TWISTED PAIR PCB 00722902 TB3-8

TB2A-19 8 RFI BUS BAR See Note 3

TB2A-8 9 TWISTED PAIR PCB 00722902 TB3-7

TB2A-9 10 PCB 00722902 TB3-6

TB2A-10 11 TWISTED PAIR PCB 00722925 TB52-3

TB2A-20 12 RFI BUS BAR See Note 3

TB2A-11 13 TWISTED PAIR PCB 00722925 TB52-2

TB2A-12 14 PCB 00722925 TB52-1

TB2A-13 15 TWISTED PAIR PCB 00722925 TB51-1

TB2A-14 16 PCB 00722925 TB51-3

TB2A-15 17 TWISTED PAIR PCB 00722925 TB51-2

TB2A-16 18 PCB 00722925 TB51-5

TB2A-17 19 TWISTED PAIR PCB 00722925 TB51-4

TB2A-18 20 PCB 00722925 TB51-6

NONE See Note 2 Sheet 2 21 RFI EARTH BUS BAR

22 See Note 2, Sheet 2

23

24
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          CABLE DESCRIPTION Cable Function Cable No 8
No of Cores 6 Conductor Insulation --- AC Service for O + CO2 

 Sensor HeadTwisted Pairs --- Outer Sheath ---

Indiv. Screen N Special Cable
See Note on Y
 Sheet 2O/All Screen N Maximum Loop Resistance <4 ohms

Conductor Cross Section (mm ) Maximum Separation (metres) Servomex Part Number2

1.0 112 See Note 1 Sheet 2

1.5 176 See Note 1 Sheet 2

2.5 285 See Note 1 Sheet 2

    TERMINATION   ’A’     TERMINATION  ’B’
714 Sensor Head 722 Controller
EEx e Terminal Box Conductor             Ident

TB1A-1 1 PCB 00722902 TB1-2

TB1A-2 2 PCB 00722902 TB1-5

TB1A-3 3 PCB 00722902 TB1-1

TB1A-4 4 PCB 00722925 TB53-2

TB1A-5 5 PCB 00722902 TB5-2

TB1A-6 6 PCB 00922902 TB5-1

EXTERNAL SAFETY EARTH 7 "E2" & "E7" SEE NOTE 4
STUD

Sensor & Terminal Box 8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24
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