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����������6FRSH�
7KLV�GRFXPHQW�GHVFULEHV�WKH�(OHFWURQLF�SQHXPDWLF�,QMHFWRU�&RQWUROOHU��(,&��3:$�FLUFXLW�

����������$SSOLFDELOLW\�
7KLV�FLUFXLW�GHVFULSWLRQ�DSSOLHV�WR�WKH�IROORZLQJ�GUDZLQJV�
���������������6FKHPDWLF�5HY���RU�ODWHU�
���������������$VVHPEO\��5HY���RU�ODWHU�

����������7HUPLQRORJ\�
*&���*DV�&KURPDWRJUDSK�
()&���(OHFWURQLF�)ORZ�&RQWURO�
(,&����(OHFWURQLF�SQXHPDWLF�,QMHFWRU�&RQWUROOHU�
('&���(OHFWURQLF�SQXHPDWLF�'HWHFWRU�&RQWUROOHU�

����������'HVFULSWLRQ�RI�WKH�FLUFXLW�
5HIHU�WR�WKH�6FKHPDWLF�
7KH�IROORZLQJ�IXQFWLRQV�H[LVW�RQ�WKH�ERDUG��ZLWK�PDMRU�FRPSRQHQWV�DV�LQGLFDWHG�
)XQFWLRQ� 0DMRU�&RPSRQHQWV�
'LJLWDO�,QWHUIDFH 8��8��8��8�
$QDORJ�,QWHUIDFH 8��$5�
'LDJQRVWLFV &5��&5��5���5���5���5��
3RZHU�&RQWURO 4��4��4��4��95�
)ORZ�&RQWUROOHU $5��$5��$5��$5��$5��4�
3UHVVXUH�&RQWUROOHU $5��$5��$5��$5��$5��4�
7HPSHUDWXUH�&RQWUROOHU $5��$5��4�
5HIHUHQFH�9ROWDJH� $5��5���&���5�

��� 'HVFULSWLRQ�RI�WKH�0HUFXU\�()&�LQWHUIDFH�
7KH�,QMHFWRU�()&�EXV�LV�GLVWULEXWHG�YLD�D����SLQ�ULEERQ�FDEOH��ZKLFK�FRQQHFWV�-��RQ�WKH�PDLQ
ERDUG�WR�XS�WR�WKUHH�,QMHFWRU�()&�ERDUGV�ORFDWHG�LQVLGH�WKH�SQHXPDWLFV�FRPSDUWPHQW�RI�WKH�*&�
-��RQ�WKH�PDLQ�ERDUG�LV�DQ�LGHQWLFDO�LQWHUIDFH�WKDW�LV�LQWHQGHG�WR�VXSSRUW�XS�WR�WKUHH�'HWHFWRU�()&
ERDUGV�
7KH�VLJQDOV�RQ�WKH�,QMHFWRU�()&�EXV�DUH�

'LJLWDO�6LJQDOV�
()&$� � $GGUHVV�ELW
()&$� � $GGUHVV�ELW
()&$� � $GGUHVV�ELW
()&�6(/ � 0RGXOH�6HOHFW���
()&�6(/ � 0RGXOH�6HOHFW���
()&�6(/ � 0RGXOH�6HOHFW���
6�&/. � 6HULDO�EXV�FORFN
6�,1 � 6HULDO�GDWD�WR�PDLQ�ERDUG
6�287 � 6HULDO�GDWD�IURP�PDLQ�ERDUG
6<6(1$% � 6\VWHP�HQDEOH�VLJQDO�

$QDORJ�6LJQDOV�
,()&$1/* � 0XOWLSOH[HG�$QDORJ�5HWXUQ�VLJQDO�
��95() � ������9ROW�5HIHUHQFH�

5LEERQ�FDEOH�SLQ�DVVLJQPHQWV�DUH�DV�IROORZV�
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������ ���9ROWV�6XSSO\

��� ����9ROWV�6XSSO\
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����������� 'LJLWDO�3RZHU�*URXQG

�� ���9ROWV�'LJLWDO�6XSSO\

� ��95()
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�� 6�&/.

�� 6�,1

�� 6�287
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��� (,&�3:$�'LJLWDO�,QWHUIDFH�

7KH�WKUHH�PRGXOH�6HOHFW�ELWV�DUH�FRQQHFWHG�WR�-��SLQV�����	�����)RU�VHOHFWLRQ�RI�0RGXOH�����D
MXPSHU�FRQQHFWV�-��SLQ���WR�-��SLQ���RQ�WKH�()&�3:$��:KHQ�()&�6(/�JRHV�ORZ�LW�VHOHFWV�8�
DQG�SHUPLWV�WKH�DGGUHVV�ELWV�()&$��WKURXJK�()&$��WR�EH�GHFRGHG�
0RGXOHV����DQG����DUH�VHOHFWHG�LQ�D�VLPLODU�PDQQHU�E\�PRYLQJ�WKH�MXPSHU�WR�SRVLWLRQV�WKDW
FRQQHFW�SLQV���WR���DQG���WR���UHVSHFWLYHO\�
8��LV�D�VHULDO�((3520�ZKLFK�LV�DGGUHVVHG�E\�DOO�DGGUHVV�ELWV�KLJK��6HULDO�FRPPXQLFDWLRQ�WR�8�
LV�YLD�D�VHULDO�LQWHUIDFH�FRPSULVHG�RI�6�&/.��6�,1�DQG�6�287�
8��LV�D�VHULDO�VKLIW�UHJLVWHU�ZLWK�ODWFKHG�RXWSXWV��WKDW�LV�XVHG�IRU�FRQILJXULQJ�WKH�(,&�
:LWK�6<6(1$%�ORZ�WKH�LQSXW�VKLIW�UHJLVWHU�RI�8��LV�UHVHW�WR�]HUR��EXW�WKH�RXWSXW�UHPDLQV
XQDIIHFWHG�
$IWHU�6<6(1$%�LV�UHOHDVHG�DQG�JRHV�KLJK�8��FDQ�EH�DGGUHVVHG�DQG�ORDGHG�YLD�WKH�VHULDO
LQWHUIDFH��,Q�RUGHU�WR�VWUREH�WKH�GDWD�WR�WKH�RXWSXW�RI�8���8��VKRXOG�EH�DGGUHVVHG�ZLWK�������
2XWSXWV�RI�8��DUH�DVVLJQHG�DV�IROORZV�

%LW�� +LJK /RZ
4$�/6% � &RQQHFW�7HPS��WR�,()&$1/* 'LVFRQQHFW�7HPS�
4% � &RQQHFW�9DOYH�'LDJ��WR�,()&$1/* 'LVFRQQHFW�9DOYH�'LDJ�
4& � &RQQHFW�)ORZ�WR�,()&$1/* 'LVFRQQHFW�)ORZ�
4' � &RQQHFW�3UHVVXUH�WR�,()&$1/* 'LVFRQQHFW�3UHVVXUH�
4( � 7XUQ�RQ�6SOLW�6SOLWOHVV�9DOYH 7XUQ�RII�9DOYH�
4) � 7XUQ�RQ�6HSWXP�9DOYH 7XUQ�RII�9DOYH�
4* � 7XUQ�RQ����9ROW�VXSSO\ 7XUQ�RII�6XSSO\�
4+ � 7XUQ�RII�%ORFN�+HDWHU 7XUQ�RQ�+HDWHU�

8��LV�D�GXDO����ELW�VHULDO�LQSXW�'$&��,W�LV�ORDGHG�E\�ZULWLQJ����ELWV�RYHU�WKH�VHULDO�EXV�ZKLOH
DGGUHVV�������LV�DFWLYH��DQG�WKHQ�ZULWLQJ�DGGUHVV�������WR�ORDG�WKH�GDWD�

��� (,&�3:$�$QDORJ�,QWHUIDFH�
$�VLQJOH�DQDORJ�VLJQDO�LV�UHWXUQHG�WR�WKH�PDLQ�ERDUG�RYHU�WKH�()&�ULEERQ�FDEOH�
7KLV�VLJQDO�LV�,()&$1/*��DQG�LV�PXOWLSOH[HG�RQ�WKH�()&�3:$��8��LV�D�TXDG�DQDORJ�VZLWFK�WKDW�LV
FRQQHFWHG�XS�DV�D���FKDQQHO�PXOWLSOH[HU��$QDORJ�VLJQDOV�FDOOHG�7HPS�9DOYH�'LDJ�3UHVVXUH�	
)ORZ�DUH�VHOHFWHG�E\�WXUQLQJ�RQ�WKH�DSSURSULDWH�ELWV�IURP�WKH�VHULDO�VKLIW�UHJLVWHU�8��
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5���&��5���&��$5��DQG�5���IRUP�D�ILOWHU�DQG�RXWSXW�EXIIHU�FLUFXLW�IRU�WKH�)ORZ�VLJQDO��5���LV�D
SXOO�XS�XVHG�WR�LPSURYH�WKH�FDSDFLWLYH�ORDG�WROHUDQFH�RI�$5��
6LPLODUO\�5���5���&���&���DQG�5���IRUP�D�ILOWHU�DQG�RXWSXW�EXIIHU�IRU�WKH�3UHVVXUH�VLJQDO�

��� 'LDJQRVWLFV� ��
5���DQG�5���IRUP�D�GLYLGHU�IRU�WKH�WHPSHUDWXUH�FRQWUROOHU�GLDJQRVWLF�RXWSXW��:KHQ�WKH
WHPSHUDWXUH�FRQWUROOHU�LV�FRQWUROOLQJ�DW�LW
V�VHWSRLQW�WKH�RXWSXW�RI�$5����LV�DW�]HUR�YROWV�����WKH
RSDPS�RIIVHW��7KH�YROWDJH�SUHVHQWHG�DW�8�����LV�QRPLQDOO\�������YROWV��$�GHYLDWLRQ�RI�DERXW���
PLOOLYROWV�LV�HTXLYDOHQW�WR�RQH�GHJUHH�&HOVLXV�DW�WKH�RXWSXW�RI�$5�����7KLV�WUDQVODWHV�WR�D���
PLOOLYROW�FKDQJH�DW�8�����
&U��&U��5���5���IRUP�D�VLPSOH�25�IXQFWLRQ�IRU�WKH�WZR�YDOYH�GULYHUV�IRUPHG�IURP�4��	�4��
:KHQ�ERWK�GULYHUV�DUH�LQ�WKH�21�VWDWH�WKH�RXWSXW�YROWDJH�LV�OHVV�WKDQ�����9ROWV��ZKHQ�HLWKHU�RI�WKH
GULYHUV�LV�RII�ZLWK�YDOYHV�FRQQHFWHG��WKH�RXWSXW�YROWDJH�LV�DSSUR[LPDWHO\�����9ROW�

��� 3RZHU�&RQWURO�
4��	�4��DUH�XVHG�DV�YDOYH�GULYHUV�WR�VXSSRUW�XS�WR�WZR�VZLWFKLQJ�YDOYHV�FRQQHFWHG�WR�-������DQG
-��������&5��DQG�&5��DUH�VQXEEHU�GLRGHV�
95��LV�D�YROWDJH�UHJXODWRU�VXSSO\LQJ����9ROW�SRZHU�WR�WKH�WZR�SURSRUWLRQDO�YDOYH�GULYHUV�IRUPHG
E\�4��DQG�4��
:KHQ�4��LV�WXUQHG�RQ�WKH�UHIHUHQFH�LQSXW�WR�95��LV�VKRUWHG�WR�JURXQG��HIIHFWLYHO\�WXUQLQJ�RII�WKH
����9ROW�VXSSO\�
+HDWHU�SRZHU�FDQ�EH�WXUQHG�RII�E\�WXUQLQJ�RQ�4���ZKLFK�UHPRYHV�EDVH�GULYH�WR�4��

��� )ORZ�&RQWUROOHU�
7KH�)ORZ�&RQWUROOHU�LV�D�FORVHG�ORRS�3URSRUWLRQDO�,QWHJUDO�W\SH��3,��FRQWUROOHU�
$�IORZ�VHQVRU�LV�IRUPHG�IURP�D�GLIIHUHQWLDO�SUHVVXUH�WUDQVGXFHU�VHQVLQJ�WKH�SUHVVXUH�GURS�DFURVV
D�IORZ�UHVWULFWRU��7KH�3UHVVXUH�WUDQVGXFHU�DSSHDUV�DV�D�ZKHDWVWRQH�EULGJH�DQG�LV�FRQQHFWHG�WR
WKH�3:$�YLD�-���7KH�GLIIHUHQWLDO�RXWSXWV�RI�WKH�EULGJH�DUH�FRQQHFWHG�WR�-���	���ZKLFK�DUH�WKHQ
DPSOLILHG�E\�$5���$5��LV�D�ORZ�GULIW�LQVWUXPHQWDWLRQ�DPSOLILHU��>*DLQ� �����.��5������� �����@
7KH�WRS�RI�WUDQVGXFHU�EULGJH�LV�FRQQHFWHG�WR�-����DQG�LV�GULYHQ�IURP�WKH�RXWSXW�RI�RSDPS�$5����
7KH�ERWWRP�RI�WKH�EULGJH�LV�FRQQHFWHG�WR�-����DQG�-������7KLV�FRQQHFWLRQ�DOVR�FRQQHFWV�D�ODVHU
WULPPHG�FXUUHQW�VHQVH�UHVLVWRU�ORFDWHG�RQ�WKH�WUDQVGXFHU�DVVHPEO\�WR�WKH�ERWWRP�RI�WKH
WUDQVGXFHU�EULGJH�
7KH�UHPDLQLQJ�VLGH�RI�WKH�FXUUHQW�VHQVH�UHVLVWRU�FRQQHFWV�WR�DQDORJ�JURXQG�DW�-�����
7KH�H[FLWDWLRQ�FXUUHQW�IORZLQJ�WKURXJK�WKH�EULGJH�LV�VHQVHG�E\�WKH�LQSXW�WR�RSDPS�$5����DQG
FRPSDUHG�WR�WKH�����9ROW�UHIHUHQFH�DW�$5�����,Q�WKLV�ZD\�WKH��EULGJH�H[FLWDWLRQ�FXUUHQW�LV�NHSW
FRQVWDQW�ZLWK�UHIHUHQFH�WR�WKH�����9ROW�UHIHUHQFH�
8��LV�D��GLJLWDO�WR�DQDORJ�FRQYHUWHU�ZLWK�D�YROWDJH�RXWSXW�WKDW�YDULHV�EHWZHHQ�����9ROWV
DQG���95()��95()�LV�WKH�������9ROW�UHIHUHQFH�YROWDJH�WKDW�FRQQHFWV�WR�8���	��
7KH�)ORZ�'$&�RXWSXW�FRQQHFWV�IURP�8����WR�5�����5��LV�D�SUHFLVLRQ�ORZ�GULIW�UHVLVWRU�QHWZRUN�
3DUW�RI�WKLV�QHWZRUN�LV�XVHG�WR�IRUP�D�VXPPLQJ�QRGH�DW�5�����DQG�5������7KLV�QRGH�VXPV�WKH
RXWSXW�RI�WKH�$5��DQG�8����WRJHWKHU��8QGHU�QRUPDO�FRQGLWLRQV�WKH�RXWSXW�RI�$5��LV�SRVLWLYH�DQG
WKH�RXWSXW�RI�8����LV�QHJDWLYH��:KHQ�WKH�FRQWUROOHU�LV�DW�D�FRQWUROOHG�VHWSRLQW�WKH�MXQFWLRQ�RI�WKH
VXPPLQJ�QRGH�DSSURDFKHV�]HUR�
7KH�VXPPLQJ�QRGH�MXQFWLRQ�FRQQHFWV�WR�DQ�LQWHJUDWRU�IRUPHG�E\�$5��&���DQG�5����DQG�DQ
LQYHUWLQJ�DPSOLILHU�IRUPHG�E\�$5��5��DQG�5����7KH�RXWSXWV�RI�WKH�LQWHJUDWRU�DQG�WKH�LQYHUWLQJ
DPSOLILHU�DUH�VXPPHG�WRJHWKHU�DW�WKH�QRGH�ZKHUH�5���DQG�5���MRLQ�WRJHWKHU��,Q�WKLV�ZD\�WKH
LQWHJUDO�DQG�SURSRUWLRQDO�WHUPV�RI�WKH�FRQWUROOHU�DUH�DGGHG�WRJHWKHU��7KH�VXPPHG�,QWHJUDO�DQG
3URSRUWLRQDO�WHUPV�SURYLGH�D�GULYLQJ�YROWDJH�WR�$5����
7KH�FRLO�RI�DQ�DQDORJ�SURSRUWLRQDO�YDOYH�LV�FRQQHFWHG�WR�-����	����4��5���5���DQG�����RI�$5�
IRUP�D�FXUUHQW�VLQN�GULYHU�IRU�WKH�SURSRUWLRQDO�YDOYH�
$�YROWDJH�DW�$5����WUDQVODWHV�LQWR�D�FXUUHQW�VFDOHG�E\�VHQVH�UHVLVWRU�5���
,Q�WKLV�ZD\�D�FRQWURO�ORRS�HUURU�RFFXUULQJ�DW�WKH�VXPPLQJ�QRGH�RI�5�����DQG�5�����FDXVHV�D
FKDQJH�WR�WKH�YDOYH�FRLO�FXUUHQW�LQ�D�GLUHFWLRQ�WKDW�FRUUHFWV�WKH�HUURU�
5���&���5���DQG�5���NHHS�WKH�FXUUHQW�VLQN�VWDEOH�
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5���DQG�5���SURYLGH�D�QRPLQDO�FXUUHQW�GULYH�WR�WKH�SURSRUWLRQDO�YDOYH�ZKHQ�WKH�,QWHJUDWRU�RXWSXW
LV�]HUR�YROWV��&KDQJLQJ�WKH�LPSHGDQFH�RI�5���DQG�5���SURYLGHV�D�PHDQV�RI�DGMXVWLQJ�WKH�IRUZDUG
JDLQ�RI�WKH�FRQWUROOHU�
$Q�RIIVHW�YROWDJH�RI������9ROWV�LV�FRQQHFWHG�WR�$5����HQVXUHV�D�SRVLWLYH�RIIVHW�YROWDJH�DERYH
]HUR��)RU�D�'$&�YROWDJH�RI�]HUR�WKH�FRQWUROOHU�LV�JXDUDQWHHG�WR�WXUQ�WKH�SURSRUWLRQDO�YDOYH�KDUG
2))�
3DUWLDO�LPPXQLW\�WR�JURXQG�QRLVH�LV�DFKLHYHG�E\�UHIHUHQFLQJ�WKH�ERWWRP�RI�5���DQG�$5�����WR�WKH
���9*1'�

1RWHV�
$5��LV�D�KLJK�JDLQ�H[WUHPHO\�ORZ�LQSXW�ELDV�FXUUHQW�SUHFLVLRQ�RSDPS��,W�ZDV�VHOHFWHG�IRU�LW
V�KLJK
JDLQ��DQG�WKH�ORZ�LQSXW�ELDV�FXUUHQW�SHUPLWV�HDV\�XVH�RI�KLJK�UHVLVWRU�YDOXHV�DQG�ORZ�FDSDFLWRU
YDOXHV�LQ�ERWK�WKH�IORZ�FRQWUROOHU�DQG�SUHVVXUH�FRQWUROOHU�LQWHJUDWRUV�
5���LV�D�WKLQ�ILOP�UHVLVWRU�SDFN�ZLWK�D��SSP�&�UDWLRPHWULF�GULIW�VSHF��,W�LV�XVHG�IRU�LW
V�WKHUPDO
VWDELOLW\�

��� 3UHVVXUH�&RQWUROOHU�
7KH�3UHVVXUH�&RQWUROOHU�LV�D�FORVHG�ORRS�3URSRUWLRQDO��,QWHJUDO��'HULYDWLYH�W\SH��3,'��FRQWUROOHU�
�5HIHU�WR�)LJXUH���
�$�3UHVVXUH�WUDQVGXFHU�LV�FRQQHFWHG�WR�-��DSSHDUV�DV�D�ZKHDWVWRQH�EULGJH��7KH�GLIIHUHQWLDO
RXWSXWV�RI�WKH�EULGJH�DUH�FRQQHFWHG�WR�-����	����ZKLFK�DUH�WKHQ�DPSOLILHG�E\�$5��
$5��LV�D�ORZ�GULIW�LQVWUXPHQWDWLRQ�DPSOLILHU��>*DLQ� �����.��5������� �����@
7KH�WRS�RI�WUDQVGXFHU�EULGJH�LV�FRQQHFWHG�WR�-�����DQG�LV�GULYHQ�IURP�WKH�RXWSXW�RI�RSDPS
$5������7KH�ERWWRP�RI�WKH�EULGJH�LV�FRQQHFWHG�WR�-�����DQG�-������7KLV�FRQQHFWLRQ�DOVR
FRQQHFWV�D�ODVHU�WULPPHG�FXUUHQW�VHQVH�UHVLVWRU�ORFDWHG�RQ�WKH�WUDQVGXFHU�DVVHPEO\�WR�WKH
ERWWRP�RI�WKH�WUDQVGXFHU�EULGJH�
7KH�UHPDLQLQJ�VLGH�RI�WKH�FXUUHQW�VHQVH�UHVLVWRU�FRQQHFWV�WR�DQDORJ�JURXQG�DW�-�����
7KH�H[FLWDWLRQ�FXUUHQW�IORZLQJ�WKURXJK�WKH�EULGJH�LV�VHQVHG�E\�WKH�LQSXW�WR�RSDPS�$5�����DQG
FRPSDUHG�WR�WKH�����9ROW�UHIHUHQFH�DW�$5������,Q�WKLV�ZD\�WKH��EULGJH�H[FLWDWLRQ�FXUUHQW�LV�NHSW
FRQVWDQW�ZLWK�UHIHUHQFH�WR�WKH�����9ROW�UHIHUHQFH�
8��LV�D��GLJLWDO�WR�DQDORJ�FRQYHUWHU�ZLWK�D�YROWDJH�RXWSXW�WKDW�YDULHV�EHWZHHQ�����9ROWV
DQG���95()��95()�LV�WKH�������9ROW�UHIHUHQFH�YROWDJH�WKDW�FRQQHFWV�WR�8���	��
7KH�3UHVVXUH�'$&�RXWSXW�FRQQHFWV�IURP�8����WR�5�����5��LV�D�SUHFLVLRQ�ORZ�GULIW�UHVLVWRU
QHWZRUN��3DUW�RI�WKLV�QHWZRUN�LV�XVHG�WR�IRUP�D�VXPPLQJ�QRGH�DW�5�����DQG�5�����
7KLV�QRGH�VXPV�WKH�RXWSXW�RI�WKH�$5��DQG�8����WRJHWKHU��8QGHU�QRUPDO�FRQGLWLRQV�WKH�RXWSXW�RI
$5��LV�SRVLWLYH�DQG�WKH�RXWSXW�RI�8����LV�QHJDWLYH��:KHQ�WKH�FRQWUROOHU�LV�DW�D�FRQWUROOHG�VHWSRLQW
WKH�MXQFWLRQ�RI�WKH�VXPPLQJ�QRGH�DSSURDFKHV�]HUR�
7KH�VXPPLQJ�QRGH�MXQFWLRQ�FRQQHFWV�WR�DQ�LQWHJUDWRU�IRUPHG�E\�$5��&���DQG�5���DQG�DQ
LQYHUWLQJ�DPSOLILHU�IRUPHG�E\�$5��5��DQG�5���
$�GHULYDWLYH�WHUP�LV�IRUPHG�E\�$5��5��5��&���&���5���DQG�5����7KH�LQSXW�WR�WKH�GHULYDWLYH
WHUP�LV�FRQQHFWHG�WR�RXWSXW�RI�$5��
7KH�RXWSXWV�RI�WKH�LQWHJUDWRU�DQG�WKH�LQYHUWLQJ�DPSOLILHU�DV�ZHOO�DV�WKH�GHULYDWLYH�FLUFXLW�DUH
VXPPHG�WRJHWKHU�E\�D��VXPPLQJ�DPSOLILHU�IRUPHG�E\�$5��5���5���5���DQG�5���,Q�WKLV�ZD\�WKH
,QWHJUDO�3URSRUWLRQDO�DQG�'HULYDWLYH�WHUPV�RI�WKH�FRQWUROOHU�DUH�DGGHG�WRJHWKHU�
7KH�VXPPHG��WHUPV�DW�WKH�RXWSXW�RI�$5�����SURYLGH�D�GULYLQJ�YROWDJH�WR�$5����
7KH�FRLO�RI�DQ�DQDORJ�SURSRUWLRQDO�YDOYH�LV�FRQQHFWHG�WR�-����	����4��5���5���DQG�����RI�$5�
IRUP�D�FXUUHQW�VLQN�GULYHU�IRU�WKH�SURSRUWLRQDO�YDOYH�
$�YROWDJH�DW�$5����WUDQVODWHV�LQWR�D�FXUUHQW�VFDOHG�E\�VHQVH�UHVLVWRU�5���
,Q�WKLV�ZD\�D�FRQWURO�ORRS�HUURU�RFFXUULQJ�DW�WKH�VXPPLQJ�QRGH�RI�5�����DQG�5�����FDXVHV�D
FKDQJH�WR�WKH�YDOYH�FRLO�FXUUHQW�LQ�D�GLUHFWLRQ�WKDW�FRUUHFWV�WKH�HUURU�
5���&���5���DQG�5���NHHS�WKH�FXUUHQW�VLQN�VWDEOH�
$Q�RIIVHW�YROWDJH�RI������9ROWV�LV�FRQQHFWHG�WR�$5����HQVXUHV�D�SRVLWLYH�RIIVHW�YROWDJH�DERYH
]HUR��)RU�D�'$&�YROWDJH�RI�]HUR�WKH�FRQWUROOHU�LV�JXDUDQWHHG�WR�WXUQ�WKH�SURSRUWLRQDO�YDOYH�KDUG
2))�
,PPXQLW\�WR�JURXQG�QRLVH�RQ�WKH����9*1'�LV�LPSURYHG�E\�WKH�����.�DQG��.�UHVLVWRU�QHWZRUN
FRQQHFWHG�WR�$5�����
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$5��LV�D�KLJK�JDLQ�H[WUHPHO\�ORZ�LQSXW�ELDV�FXUUHQW�SUHFLVLRQ�RSDPS��,W�ZDV�VHOHFWHG�IRU�LW
V�KLJK
JDLQ��DQG�WKH�ORZ�LQSXW�ELDV�FXUUHQW�SHUPLWV�HDV\�XVH�RI�KLJK�UHVLVWRU�YDOXHV�DQG�ORZ�FDSDFLWRU
YDOXHV�LQ�ERWK�WKH�IORZ�FRQWUROOHU�DQG�SUHVVXUH�FRQWUROOHU�LQWHJUDWRUV�
5���LV�D�WKLQ�ILOP�UHVLVWRU�SDFN�ZLWK�D��SSP�&�UDWLRPHWULF�GULIW�VSHF��,W�LV�XVHG�IRU�LW
V�WKHUPDO
VWDELOLW\�
7KH�GHULYDWLYH�WHUP�LQSXW�LV�FRQQHFWHG�WR�WKH�RXWSXW�RI�$5��LQVWHDG�RI�WKH�ORRS�HUURU�WR�SUHYHQW
D�FKDQJH�LQ�VHW�SRLQW�IURP�FDXVLQJ�D�GHULYDWLYH��NLFN��

��� 7HPSHUDWXUH�&RQWUROOHU�
7KH�IXQFWLRQ�RI�WKH�WHPSHUDWXUH�FRQWUROOHU�LV�WR�SURYLGH�LPSURYHG�VWDELOLW\�DQG�FDOLEUDWLRQ
DFFXUDF\��E\�NHHSLQJ�WKH�IORZ�DQG�SUHVVXUH�WUDQVGXFHUV�DW�D�QHDU�FRQVWDQW�WHPSHUDWXUH�
7KH�FRQWUROOHU�KDV�D�PDFKLQHG�DOXPLQXP�EORFN�ZKLFK�VXUURXQGV�WKH�WZR�SUHVVXUH�WUDQVGXFHUV
WKDW�DUH�SOXJJHG�LQWR�-���7KH�IORZ�VHQVRU�IORZ�UHVWULFWRU�LV�SUHVVHG�LQWR�WKLV�VDPH�EORFN�
4��IXQFWLRQV�DV�D�KHDWHU�DQG�LV�EROWHG�WR�WKH�EORFN��57��LV�D�WKHUPLVWRU�WKDW�LV�ORFDWHG�LQVLGH�WKH
WUDQVGXFHU�FDYLW\�RI�WKH�EORFN��5���DQG�5���DUH�LQ�FORVH�SUR[LPLW\�WR�WKH�WKHUPLVWRU�
8QGHU�QRUPDO�XVH�D�MXPSHU�LV�LQVWDOOHG�EHWZHHQ�-����	���FRQQHFWLQJ�RQH�VLGH�RI�5���WR�57��WR
$5�����7KH�RXWSXW�RI�$5��SURYLGHV�D�QHJDWLYH�YROWDJH�WR�WKH�ERWWRP�RI�UHVLVWRU�GLYLGHU�5���DQG
5����8QGHU�FRQGLWLRQV�ZKHUH�WKH�FRQWUROOHU�LV�DW�VHWSRLQW�DQG�FRQWUROOLQJ�WKH�UHVLVWDQFH�RI�57�
ZLOO�HTXDO�WKH�UHVLVWDQFH�RI�5���DQG�WKH�EULGJH�IRUPHG�E\�5���5���5���DQG�57��ZLOO�EH�LQ
EDODQFH�ZLWK�WKH�YROWDJH�DW�$5����DSSURDFKLQJ�]HUR�
$�GHYLDWLRQ�LQ�WHPSHUDWXUH�IURP�WKH�VHWSRLQW�YDOXH�ZLOO�FDXVH�WKH�RXWSXW�RI�$5����WR�FKDQJH�DQG
UHVXOW�LQ�D�FRUUHFWLQJ�YROWDJH�DW�$5�����7KH�RXWSXW�RI�$5����GULYHV�WKH�,QWHJUDWRU�IRUPHG�E\
$5��&���5���DQG�5����$V�WKH�,QWHJUDWRU�RXWSXW�FKDQJHV�LW�FDXVHV�D�FKDQJH�WR�WKH�KHDWHU�GULYH
FLUFXLW�IRUPHG�E\�$5��5���5���DQG�4���$�YROWDJH�DW�$5�����FDXVHV�D�FXUUHQW�WR�IORZ�LQ�4���WKH
FXUUHQW�VHQVH�UHVLVWRU�5���UHWXUQV�D�YROWDJH�WR�$5�����IRUPLQJ�D�FXUUHQW�VLQN�FLUFXLW��5���DQG
&���UROO�RII�WKH�DPSOLILHU�IRU�VWDELOLW\�
$�����RKP�UHVLVWRU�EHWZHHQ�WKH�EDVH�DQG�HPLWWHU�RI�4��VHUYHV�WR�UHGXFH�WKH�ORRS�JDLQ�RI�WKH
FLUFXLW�DQG�KHOS�PDNH�LW�VWDEOH�
�7KH�PLQLPXP�FXUUHQW�JDLQ�RI�4��LV�DSSUR[LPDWHO\�������

$V�FXUUHQW�LQ�4��FKDQJHV�LW
V�KHDW�GLVVLSDWLRQ�LV�DOVR�FKDQJHG��$V�WKH�FRQWURO�ORRS�QHHGV�PRUH
KHDW�WKH�GULYH�LV�LQFUHDVHG�DQG�IRU�OHVV�KHDW�UHGXFHG��,Q�WKLV�ZD\�D�FORVHG�ORRS�WHPSHUDWXUH
FRQWUROOHU�ZLWK�D�IL[HG�VHWSRLQW�LV�IRUPHG��5���LV�WKH�VHWSRLQW�YDOXH��DQG�FDQ�EH�FKDQJHG�WR�EH�DQ\
UHVLVWDQFH�ZLWKLQ�WKH�UDQJH�RI�WKH�WKHUPLVWRU�WHPSHUDWXUH�FXUYH�
=HUR�FRPSHQVDWLRQ�LV�LQFOXGHG�IRU�VWDELOLW\��$�FDSDFLWDQFH�PXOWLSOLHU�LV�IRUPHG�E\�$5��5��5��
DQG�&����7KLV�FLUFXLW�EHKDYHV�DV�LI�LW�ZHUH�D�FDSDFLWRU�DFURVV�5���
7KH�YDOXH�RI�FDSDFLWDQFH�LV�JLYHQ�E\�&���5���5��� ���X)�
7KH�FRPELQDWLRQ�RI�WKLV�FDSDFLWDQFH�DQG�5���SURYLGHV�D�FRPSHQVDWLQJ�]HUR�ZKLFK�VWDELOL]HV�WKH
FLUFXLW�
5���DQG�5���IRUP�D�UHVLVWRU�GLYLGHU�WKDW�VHWV�WKH�PD[LPXP�FXUUHQW�GULYH�DV�ZHOO�DV�FKDQJLQJ�WKH
IRUZDUG�JDLQ�RI�WKH�FRQWUROOHU�
%DNH�RXW�PRGH�
,I�WKH�MXPSHU�FRQQHFWLQJ�-����	���LV�UHPRYHG�WKH�WHPSHUDWXUH�FRQWUROOHU�ZLOO�UXQ�DZD\�DQG
SURYLGH�IXOO�SRZHU�WR�WKH�KHDWHU�4���OLPLWHG�RQO\�E\�5���DQG�5����8QGHU�QRUPDO�DPELHQW
FRQGLWLRQV�WKLV�ZLOO�FDXVH�WKH�$OXPLQXP�EORFN�WHPSHUDWXUH�WR�ULVH�WR�DSSUR[LPDWHO\���&�ZKLFK�LV�D
XVHIXO�EDNH�RXW�WHPSHUDWXUH�WKDW�FDQ�EH�XVHG�IRU�FOHDQLQJ�RI�WKH�EORFN�DQG�DVVRFLDWHG
FRPSRQHQWV��8QGHU�WKHVH�FRQGLWLRQV�WKH�FXUUHQW�LQ�4��ZLOO�EH����PD��ZLWK�D�SRZHU�GLVVLSDWLRQ�RI
DSSUR[LPDWHO\������:DWWV�
7KH�MXQFWLRQ�WHPSHUDWXUH�RI�4��XQGHU�WKHVH�FRQGLWLRQV�ZLOO�EH�DERXW���&���7MPD[� ����&�
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$5��LV�DQ�H[WUHPHO\�ORZ�LQSXW�ELDV�FXUUHQW�RSDPS�WKDW�ZDV�FKRVHQ�EHFDXVH�LW�PDNHV�KLJK
UHVLVWRU�YDOXHV�DQG�ORZ�FDSDFLWRU�YDOXHV�HDV\�WR�XVH��,W�LV�DOVR�D�ORZ�GULIW�DPSOLILHU�
57��LV�D�ORZ�FRVW�VXUIDFH�PRXQW�WKHUPLVWRU�ZLWK�D�����WROHUDQFH�RI�UHVLVWDQFH�DW���&�
$W���&�LW
V�QRPLQDO�YDOXH�LV�FORVH�WR������.�

��� 5HIHUHQFH�9ROWDJH�
7KH�UHIHUHQFH�YROWDJH�LV�VXSSOLHG�E\�WKH�PDLQ�ERDUG��DQG�FRQQHFWV�WR�-�����5���DQG�&���IRUP�D
VLPSOH�ILOWHU�LQWHQGHG�WR�UHGXFH�QRLVH�UHODWLYH�WR�*URXQG���RQ�WKH�(,&�3:$��7KH�EXIIHUHG�����9
UHIHUHQFH�LV�FRQQHFWHG�WR�8���	���DQG�WKHQ�LW�LV�GLYLGHG�GRZQ�WR����9ROWV�IRU�WKH�WUDQVGXFHU
H[FLWDWLRQ�UHIHUHQFH��,W�LV�GLYLGHG�GRZQ�RQFH�PRUH�WR������9ROWV�IRU�WKH�WZR�WUDQVGXFHU
LQVWUXPHQWDWLRQ�DPSOLILHU�RIIVHWV�YROWDJHV�$5��DQG�$5��
$Q\�FKDQJH�LQ�UHIHUHQFH�UHODWLYH�WR�*URXQG���LV�UDWLR�PHWULFDOO\�FDQFHOHG�EHFDXVH�LW�FDXVHV�HTXDO
SHUFHQWDJH�FKDQJHV�WR�WKH�'$&�RXWSXW�DQG�WKH�WUDQVGXFHU�H[FLWDWLRQ�FXUUHQW�DV�ZHOO�DV�WKH
LQVWUXPHQWDWLRQ�DPSOLILHU�RIIVHW�YROWDJH�
3UHFLVLRQ�UHVLVWRU�SDFN�5��LV�XVHG�WR�GLYLGH�GRZQ�WKH�UHIHUHQFH�YROWDJH��WKLV�HQVXUHV�WKDW�WKH
WHPSHUDWXUH�GULIW�LV�NHSW�ORZ�

�����������5HYLVLRQ�/RJ�DQG�)LOH�,GHQWLILFDWLRQ�
/RFDWLRQ��HQJUVHUY�?����HOHF?GRF?LHIF?HIFFG�GRF
$XWKRU��0DUWLQ�)HQQHOO
)RUPDW��0�6��:RUG
5HYLVHG�%\��0DUWLQ�)HQQHOO

5HYLVLRQ� 'DWH� 6XPPDU\�RI�&KDQJHV�
��� ������� 3UHYLRXVH�YHUVLRQ�EHIRUH�HUURU�ORJ�
��� ������� $GG�HUURU�ORJ�DQG�FKDQJH�ILOH�QDPH�
��� ������� 8SGDWH�$SSOLFDELOLW\�VHFWLRQ�

$GG�LQIRUPDWLRQ�WR����
5HYLVH�GHVFULSWLRQ�LQ�VHFWLRQ����
WR�DJUHH�ZLWK�HFR©V�


