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�7KH�IUHTXHQF\�FRQYHUWHU$)&�����VHULHV�DUH�LQWHQGHG�IRU�VSHHG�UHJXODWLRQ�RI�LQGXFWLYH

WKUHH�SKDVH�GULYHV�URWDWLQJ�E\�SRZHU������������.:�DQG�VSHHGG�YROWDJH�����9��7KH\�DUH�FRQQHFWHG
WR�WKH�VLQJOH�SKDVH�VXSSO\�OLQH�����9�

�7KH�FRQYHUWHU�LV�D�SRZHU�HOHFWULFDO�GHYLFH�FRQYHUWLQJ�FLUFXLW�YROWDJH�WR�DOWHUQDWLQJ�YROWDJH
ZLWK�UHJXODWLQJ�DPSOLWXGH�DQG�IUHTXHQF\�

�3RZHU�FLUFXLW�LV�PDGH�RI�WKH�ODWHVW�LQWHJVSHHGG��SRZHU�XQLWV�,30���,QWHOOLJHQW�3RZHU
0RGXOH��7KH\�FRQWDLQ����WUVV�,*%7�ZLWK�WKHLU�FRQWUROV��VDIHW\�GHYLFHV�DJDLQVW�VKRUW�FLUFXLW�DQG
WKHUPDO�SURWHFWLRQ��&RQWUROOLQJ�WKH�PRGXODWLRQ�RI��RXWSXW�YROWDJH�LV�UHDOL]LQJ�E\�SURJUDP�ZLWK�WKH
KHOS�RI�WKH�PLFURFRQWUROOHU���K���DK��,17(/���7KH�XSGDWHG�PRGXODWLRQ�VR�FDOOHG�Ä�YROWDJH�YHFWRU
RULHQWDWLRQ´�LV�DSSOLHG��,W�SURPRWHV�FRPSOHWH�XVDJH�RI�WKH�FRQYHUWHU�SRVVLELOLWLHV�RQ�RXWSXW�YROWDJH�

�7KH�GHYLFH�FDQ�ZRUN�LQ�WKH�DPDGH�RI��OLQHDU�RU�VTXDUH�ODZ�FKDUDFWHULVWLF�8�)�
�$OO�HOHFWURQLFV�LV�IHG�E\�WKH�VWDELOL]HG�YROWDJH�XVLQJ�IURP�LQQHU�FRQYHUWHU��DW�D�SKDVH�YROWDJH

RI�WKH�VXSSO\�OLQH�LQ�OLPLWV�IURP���9�XS�WR�����9��$V�WKH�LQQHU�FRQYHUWHU�LV�IHG�E\�D�GLUHFW�FXUUHQW�
WKH�RSHUDWLRQDO�VWDELOLW\�RI�WKH�V\VWHP�LV�SRVVLEOH�DW�RVFLOODWLRQV�DQG�VKRUW�YROWDJH�IDLOXUH�

�7KH�FRQWUROOLQJ�FODPSV�RI�LQYHUWHU�DUH�JDOYDQLF�LQVXODWHG�IURP�WKH�SURFHVVRU�FKDLQ�DQG
SRZHU�FLUFXLW��7KH�FRPSOHWH�SURFHVVRU�VHSDUDWLRQ�DV�IURP�SRZHU�FLUFXLW�VR�IURP�DQ�HQWU\�SDUW
SURYLGHV�WKH�ODUJH�QRLVH�LPPXQLW\RI�WKH�PLFURV\VWHP�

�����&RQWURO�SURFHVVRU
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&RQWURO�SDQHO

)LJ������6NHOHWRQ�GLDJUDP�RI�WKH�V\VWHP

�7KH�FRQYHUWHU�FDQ�EH�FRQWUROOHG�E\�SRZHU�YDOXH����������9�RU�FXUUHQW�YDOXH������������P$�
,Q�RSHUDWLQJ�PRGH�ZLWK�ÄOLYLQJ�]HUR�SRLQW´�WKH�ORZHULQJ�RI�LQSXW�VLJQDO�OHYHO�WR�YDOXHV�ORZHU��9�RU
��P$�FDXVH�WKH�FRQYHUWHU�VWRSSLQJ�

�7KH�GLDJUDP�LV�VXSSOLHG�ZLWK�GHYHORSHG�V\VWHP�RI�GLDJQRVWLF��ORFNLQJ�DQG�SUHVHUYDWLRQV
GHIHQGLQJ�WKH�FRQYHUWHU�DQG�WKH�SRZHUHG�XQLW�IURP�GDPDJHV�

�2Q�WKH�,QIR�3DQHO�WKHUH�DUH�LQGLFDWRUV�VKRZLQJ�WKH�IROORZLQJ�GDPDJHV�
���VKRUW�FLUFXLW�RU�FXUUHQW�VXSHULRU�DGPLWWHG�RQ�WKH�FRQYHUWHU�RXWSXW�
���YROWDJH�VXSHULRU�DGPLWWHG�RQ�DQ�LQWHUPHGLDWH�FKDLQ�
���XQGHUYROWDJH�RQ�DQ�LQWHUPHGLDWH�FKDLQ�
���WRR�KLJK�WHPSHUDWXUH�RI�WKH�KHDW�VLQN�
���RYHUORDG�
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x� � �$IWHU�FRQYHUWHU�FRQQHFWLRQ�WR�WKH�VXSSO\�OLQH�LQWHUQDO�FLUFXLW�FRPSRQHQWV��H[FHSW�FODPSV
,Q�2XW>:H�:\@��DUH�RQ�WKH�VXSSO\�OLQH�SRWHQWLDO��7RXFKLQJ�WR�WKHP�WKUHDWHQV�E\�HOHFWULF�FXUUHQW
VWULNH�

x� �:KHQ�\RX�FRQQHFW�WKH�FRQYHUWHU�WR�WKH�VXSSO\�OLQH�WKHUH�LV�D�GDQJHURXV�YROWDJH�RQ�FODPSV
8��9��:�HYHQ�ZKHQ�WKH�GULYH�GRHV�QRW�ZRUN�

x� �$IWHU�WKH�GHYLFH�GLVFRQQHFWLQJ�IURP�WKH�VXSSO\�OLQH�WKH�GDQJHURXV�SRZHUV�DUH�VWLOO�VDYHG
DERXW���PLQXWHV�

����0DQXDOV�IRU�VDIH�RSHUDWLRQV
x� 'RQCW�PDNH�DQ\�FRQQHFWLRQV�ZKHQ�WKH�FRQYHUWHU�$)&�����LV�FRQQHFWHG�WR�WKH�VXSSO\�OLQH�
x� 'RQCW�FRQQHFW�YROWDJH�RI�WKH�VXSSO\�OLQH�WR�RXWSXW�FODPSV�8�9�:�
x� 'RQCW�PHVXUH�WKH�SRVVLEOH�YROWDJH�RI�DQ\�XQLWV�GHYLFHV�
x� 7R�PHDVXUH�WKH�FDEOHV�LVRODWLRQ�LW�LV�QHFHVVDU\�WR�GLVFRQQHFW�WKHP�IURP�WKH�FRQYHUWHU�
x� 'RQCW�WRXFK�LQWHJVSHHGG�FLUFXLWV��DV�WKH\�FDQ�EH�GDPDJHG�E\�VWDWLF�GLVFKDUJHV�
x� 9HULI\�ZKHWKHU�WKH�FDSDFLWRUV�HQULFKLQJ�D�SRZHU�IDFWRU�DUH�FRQQHFWLQJ�WR�FDEOHV�RI�WKH�GULYH�
����$QWLVWULNHQ��SURWHFWLRQ
7KH�SUHVHUYDWLYH�ZLUH�VKRXOG�EH�FRQQHFWHG�WR�D�FODPS�3(�RQ�D�SRZHU�UDFN�RI�WKH�LQYHUWHU�$)&�����

�7KH�SURWHFWLRQ�DJDLQVW�FRQVHTXHQFHV�RI�D�JURXQG�IDXOW�SUHVHUYHV�RQO\�V\VWHP��EXW�GRHV�QRW
SUHVHUYH�IURP�D�VWULNH
���6SHFLILFDWLRQV
7$%/(�����/RDG�YROXPH�DQG�WKH�FRQYHUWHU�VL]HV�GHSHQGLQJ�RQ�W\SH�

7\SH�RI�WKH
V\VWHP

'ULYH�SRZHU��.:� 1RPLQDO�RXWSXW
FXUUHQW
�:�

2YHUORDG�FXUUHQW
���V��(DFK����PLQV

�:�

6L]HV
�PP�

$)&��������� ���� ��� ��� ���[���[���
$)&��������� ���� ��� ��� ���[���[���
$)&��������� ���� ��� ��� ���[���[���
$)&�������� ��� ��� ��� ���[���[���
$)&�������� ��� ��� ���� ���[���[���
$)&�������� ��� ��� ���� ���[���[���
$)&�������� ��� ���� �� ���[���[���
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7$%/(�����WKH�6SHFLILFDWLRQV��FRPPRQ�IRU�DOO�VHULHV�$)&�����
3RZHU 6XSSO\�YROWDJH�8LQ ����9�������������

)UHTXHQF\ ������+]
2XWSXW 2XWSXW�YROWDJH ����8LQ

2XWSXW�IUHTXHQF\ ����������+]
'LVWULEXWLQJ�IUHTXHQF\�DELOLW\ �����+]
0RGXODWLRQ�W\SH 9ROWDJH�YHFWRU

&RQWUROOLQJ�V\VWHP )UHTXHQF\�RI�WUDQVLVWRU�VZLWFKLQJ
RQ�RII

����RU���d+]
,QVWDOODWLRQ�WKH�IUHTXHQF\ $QDORJ������ELW�

$FFXUDF\���
'LVWULEXWLQJ�DELOLW\�����+]

&RQWUROOLQJ�LQSXWV�RXWSXWV $QDORJXH�LQSXWV 7ZR�LQSXWV�
�����9�������P:�������9
�����P:

'LJLWDO�LQSXWV 6L[�LQSXWV�������9
$QDORJXH�RXWSXW ����9

��ELW�����
'LJLWDO� RXWSXW� �ZLWK� DQ� RSHQ
FROOHFWRU�

���P:����<
5HOD\�RXWSXW :K� �DOWHUQDWLQJ� FXUUHQW�� ���9

'&��GLUHFW�FXUUHQW����9��$
3URWHFWLRQ )URP�FXUUHQW�RYHU�DGPLWWHG

)URP�RYHUYROWDJH
)URP�YROWDJH�ORZHU�QRPLQDO
7KHUPDO� SURWHFWLRQ� RI� WKH
VFKHPH
&RQWURO� RI� WKH� OLQN� ZLWK� FRQWURO
SDQHO
&RQWURO� RI� DQ� DQDORJXH� LQSXWV
OHYHO
7KHUPDO�SURWHFWLRQ�RI�D�GULYH

,QVWDQWDQLRXV� YDOXH� ���� ,Q
(IIHFWLYH�YDOXH�������,Q
�����o�8,Q��8,Q� �����9�
�8GF!����9�
����[8LQ
L�!����&

���&211(&7,1*
����&RQQHFWLQJ�WKH�SRZHU��FLUFXLW�
$)&�����LV�SRZHG�IURP�WKH�WKUHH�SKDVH�VXSSO\�OLQH���o�����9��7KH�DSSOLFDWLRQ�RI�WKUHH�FRQGXFWRU
ZLUH�LQ�WKH�VFUHHQ��WKDVH���SURWHFWLYH�ZLUH���]HUR�ZLUH��LV�UHFRPPHQGHG��,Q�ILJXUH�����WKH
FRQQHFWLQJ�FLUFXLW�RI�WKH�ODUJH�FXUUHQW�LV�VKRZHG��6HFWLRQ�RI�ZLUHV�DQG�YDOXH�RI�SURWHFWLRQ�VKRXOG�EH
SLFN�XS�GHSHQGLQJ�RQ�DQ�RXWSXW�FXUUHQW�RI�WKH�V\VWHP��7KH�UHFRPPHQGHG�YDOXHV�DUH�VKRZHG
LQ�WDEOH�����
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)LJ������&RQQHFWLRQV�RI�D�SRZHU�FLUFXLW
D���0DLQ��VZLWFK��4���)XVH�SURWHFWLRQ

/�±�6XSSO\�OLQH�UHDFWRU��)3=��ILOWHU��(0&�
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7DEOH������)XVHV�DQG�VXSSO\�OLQH�ZLUH�
&RQYHUWHU�W\SH 6SHHGG�FXUUHQW�>$@ 3URWHFWLRQ ��

>$@
:LUH
�>PP��@

:LUH�RI�WKH�GULYH
�>PP��@

$)&��������� � ��� ��o���������� ��o����������
$)&��������� � �� ��o���������� ��o����������
$)&��������� � �� ��o���������� ��o����������
$)&�������� �� �� ��o���������� ��o����������
$)&�������� �� �� ��o���������� ��o����������
$)&�������� �� �� ��o���������� ��o����������
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/HQJWK�RI�VFUHHQHG�VXSSO\�OHDGV�RI�D�GULYH�VKRXOG�EH�VKRUWHU�WKDQ����PHWHUV�
����&RQWUROLQJ�FRQQHFWLRQV

� 7LWOH 'HVFULSWLRQ )DFWRU\�LQVWDOODWLRQ
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)LJ������/D\�RXW�RI�FODPSLQJ�URGV�DQG�VZLWFKHV

�7KH�VHFWLRQ�RI�ZLUHV�RI�D�FRQWURO�FLUFXLW�VKRXOG�FRPSRXQG�����������PP���7KH�XVH�RI
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KLJK�YROWDJH�ZLUHV�

7KH�)LJ������VKRZV�FRQWUROOLQJ�FRQQHFWLRQV�DSSURSULDWH�WR�IDFWRU\�LQVWDOODWLRQV��,Q�VXFK
YDULDQW�WKH�V\VWHP�FDQ�ZRUN�ZLWK�VZLWFKLQJ�FRQWURO���UHPRWH���ORFDO��,Q�&���:H�&���LV�SURJUDPPHG�
WKH�FRQWDFW�LV�RSHQ���FRQWURO�IURP�WKH�NH\ERDUG��WKH�FRQWDFW�LV�FORVHG���FRQWURO�IURP�D�FODPSLQJ�URG��
$GGLWLRQDO�,Q�&���:(�&���LV�SURJUDPPHG�DV�FRQWDFW�RI�DQ�H[WHUQDO�WURXEOH��7KH�FORVHG�FRQWDFW
FDXVHV�VWRSSLQJ�RI�V\VWHP�RSHUDWLRQ�DQG�DSSHDUDQFH�RI�WKH�PHVVDJH��,W�FDQ�EH�XVHG�LQ�TXDOLW\��IRU
H[DPSOH��FRQWDFW�IURP�D�WKHUPDO�SURWHFWLRQ�UHOD\�RI�D�GULYH�
,Q�&���:(�&���DQG�,Q�&���:(�&���JLYH�VHOHFWLQJ�WKH�FRQVWDQW�IUHTXHQFLHV��$V�DQ�H[DPSOH�XVDJH�RI
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����P$��RU�VRXUFH�RI�RWKHU�SRZHU��QRW�KLJKHU�����9DF�

���&21752/�3$1(/�$1'�6,*1$//,1*�6<67(0�'(6&5,37,21
����*HQHUDO�GHVFULSWLRQ

�&RQWURO�SDQHO�DOORZV�WR�FRQWURO�WKH�V\VWHP��VWDUW���VWRS��VHOHFWLQJ�WKH�GLUHFWLRQ��FRQWURO�SRLQW
VHWWLQJ�GHYLFH���WR�VHW�SDUDPHWHUV��WR�FRQWURO�SDUDPHWHUV�RI�RSHUDWLQJ�PHWKRG�
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����3DUDPHWHUV�RI�RSHUDWLRQ�PRGH�
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,� ���RXWSXW�FXUUHQW�YDOXH��GULYH��
8GF� ���SRZHU�YDOXH�LQ�GF�FLUFXLWV
7� ���KHDW�VLQN�WHPSHUDWXUH

5HGXFWLRQ

,QFUHVH

3DUDPHWHUV�FRQILUPDWLRQ�RU�VHOHFWLQJ�WKH
PHDVUVXUDEOH�TXDQWLW\

&KDQJLQJ�WKH�RSHUDWLQJ�PRGH�DQG�SDUDPHWHUV�JURXS
6WDUW�WR�WKH�ULJKW
6WRS�RU�FROOHFWLQJ�WKH�HUURUV
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WKH�GLVSOD\�>����@�
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����$EQRUPDO�VWDWH�VLJQDOOLQJ
�7KH�DEQRUPDO�VWDWH�LQIRUPV�ZLWK�WKH�VKLQLQJ�UHG�GLRGH�/('�DQG�HUURU�PHVVDJH�

��������������������
���&5$6+�����>�@
���6+257�&,5&8,7
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�7KH�WURXEOH�WLWOH�DQG�DPRXQW�RI�FUDVKHV�LQ�EUDFNHWV�DUH�LPDJHG�RQ�WKH�GLVSOD\�GXULQJ
DXWRPDWLF�RYHUORDG��7KH�SUHVVLQJ��6723´�EXWWRQ�IRU�VRPH�VHFRQGV�ZLOO�GHOHWH�FUDVKHV�DQG�DOORZ�WR
FRQWLQXH�WKH�QH[W�V\VWHP�RSHUDWLRQ�
7$%/(�����/LVW�RI�SRVVLEOH�WURXEOHV
� 7LWOH�RQ�WKH

GLVSOD\
GHVFULSWLRQ 3RVVLEOH�UHDVRQ 7URXEOHVKRRWLQJ

� 1,6.�
�/2:���8GF

/RZ� YROWDJH� LQ� '&� FLUFXLW
�GLUHFW�FXUUHQW�

/RZ�YROWDJH� LQ�FLUFXLW�� ODFN
RI�RQH�SKDVH�

7R� YHULI\� ZLUHV� DQG� OHYHO� RI
VXSSO\�YROWDJHV

� :<6��+,*+��
8GF

+LJK�YROWDJH�LQ�'&�FLUFXLW 6XSSO\� OLQH� YROWDJH� LV
DERYH� DGPLWWHG�� LQWHQVL�
YH�LQKLELWLRQ�RI�D�GULYH��

7R� YHULI\� D� VXSSO\� OLQH�� 7R
LQFUHDVH� WLPH� RI� EUDNLQJ
SDU�����RU�����

� ��,W 7KHUPDO� RYHUORDG� RI� WKH
GULYH

2SHUDWLRQ� ZLWK� RYHUORDG
GULYH�RU�ORQJ�RUHUDWLRQ�ZLWK
ODUJH� ORDG� DQG� VPDOO
VSHHGV�

7R� YHULI\� GULYH� ORDGLQJ
�GULYH� FXUUHQW��� 7R� YHULI\
SDUDPHWHUV� RI� WKHUPDO� GULYH
PRGHO�SDU�������������������

� 7!��& 5DGLDWRU� WHPSHUDWXUH� LV
KLJKHU�WKHQ����K

&RPSOLFDWHG� FXUUHQW� RI
DLU�� RYHUORDG� RI� WKH
V\VWHP�� WRR� KHDW� RI� DQ
HQYLURQPHQW�

7R�YHULI\�HIILFLHQF\�RI
YHQWLODWLRQ��YHQWLODWRUV
VHUYLFHDELOLW\�DQG�LPSXULW\�RI
WKH�KHDW�VLQN���

� $:��,30 6KRUW� FLUFXLW� RQ� DQ� RXWSXW
RI�WKH�V\VWHP��RU�WURXEOH�RI
WUDQVLVWRU�PRGXOXV

6KRUW�FLUFXLW� LQ�WKH�GULYH�RU
LQ�LWV�IHHG�ZLUH

7R�VZLWFK�RII�D�GULYH�DQG�WR
YHULI\�DYDLODELOLW\�RI�D
WURXEOH��,I�LW�H[LVWV��LW�LV
QHFHVVDU\�WR�LQIRUP�WKH
VHUYLFH�RIILFH��LI�QR�±�WR
YHULI\�LVRODWLRQ�RI�ZLUHV�DQG
ZLQGLQJ�RI�D�GULYH��

� :<6�35$' 7RR� KLJK� FXUUHQW� RI� WKH
GULYH

7RR� LQWHQVLYH� VWDUW�� 6KDUS
FKDQJH�RI�GULYH�ORDGLQJ�

7R�LQFUHDVH�VWDUWLQJ�WLPH�RI�D
GULYH

� 867��=(:1� $FWLYH� LQSXW� RI� H[WHUQDO
WURXEOH

7R�YHULI\�D�VWDWH�RQ�D�GLJLWDO
LQSXW�,Q�K��RU�,Q�K���
VHOHFWHG�DV�DQ�H[WHUQDO
WURXEOH��

� %/$'�.20� (UURU� LQ� WKH� PHVVDJH
EHWZHHQ� WKH� FRQWUROOLQJ
GHYLFH� DQG� FRQWURO� DQG
VLJQDOOLQJ�SDQHO

,QWHUIHUHQFH� RU� ZLUH
EUHDNLQJ� ZKLFK� FRQQHFW
FRQWURO� SDQHO� DQG� WKH
V\VWHP�

� %/$'�:(-� 7KH� VLJQDO� RQ� DQ
DQDORJXH� LQSXW� LV� ORZHU
�9�RU��P:

�$FWLYH� WURXEOH�� WXUQRYHUV
VHWWLQJ� LV� VHOHFWHG� IURP
DQDORJXH� LQSXW� ZLWK� ÄOLYLQJ
]HUR�SRLQW´�

7R�YHULI\�YROWDJH�RU�FXUUHQW�D
OHYHO�RQ�DQ�DQDORJXH�LQSXW�
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DSSURSULDWH�GLJLWDO�LQSXW�
���3DUDPHWHUV
����3DUDPHWHUV�OLVW
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LQVWDOODWLRQ

&KDQJHV
GXULQJ
WKH
RSHUDWLRQ

��� ,QVWDOOLQJ� WKH
SDUDPHWHU

$FFHVV�FRGH ����� � <HV
��� 0LQ��IUHTXHQF\ 0LQ�RXWSXW�IUHTXHQF\ ����±���+] ��� <HV
��� FD[��IUHTXHQF\ 0D[�RXWSXW�IUHTXHQF\ ���������+] ���+] <HV
��� $FFHOHUDWLRQ�� 7LPH� FKDQJLQJ� RI� V\VWHP� IUHTXHQF\

IURP���WR����+]
����������V� ��V� <HV

��� 'HOD\�� 7LPH� FKDQJLQJ� RI� V\VWHP� IUHTXHQF\
IURP����WR���+]

����������V� ��V� <HV

��� $FFHOHUDWLRQ�� 7LPH� FKDQJLQJ� RI� V\VWHP� IUHTXHQF\
IURP���WR����+]�IRU�VHOHFWHG�G\QDPLF��

����������V� ��V� <HV

��� 'HOD\�� 7LPH� FKDQJLQJ� RI� V\VWHP� IUHTXHQF\
IURP����WR���+]�IRU�VHOHFWHG�G\QDPLF��

����������V� ��V� <HV

��� &KDUDFWHULVWLF�8�I 6HOHFWLQJ�WKH�FKDUDFWHULVWLF�8�I OLQHDU�
VTXDUH�ODZ

OLQHDU 1R
��� 8�IRU�I� ��+] ,QWHQVLI\LQJ� WKH� PRPHQW� IRU� VPDOO

URWDWLRQ�VSHHGV��YROWDJH�IRU�I� ��+]�
��������8Q �� <HV

���� I�IRU�8PD[� )UHTXHQF\�IRU�PD[��YROWDJH ���������+] ��+] <HV
���� ,�OLPLW� 9DOXH�RI�D�FXUUHQW�OLPLWHU ���������,Q �����,Q <HV
���� I�FDUULQJ )UHTXHQF\� RI� WUDQVLVWRUV� WXUQLQJ� WKH

SRZHU�RQ�DQG�RII
����d+]����d+] ��d+] 1R

���� /RZHU�)HOLP� /RZHU�EDU�RI�FXWWLQJ�WKH�IUHTXHQF\ ����SDU����� ����+] <HV
���� 8SSHU�)HOLP� 8SSHU�EDU�RI�FXWWLQJ�WKH�IUHTXHQF\ 3DU�� ����� �

����+]
����+] <HV

���� /RZHU�)HOLP� /RZHU�EDU�RI�FXWWLQJ�WKH�IUHTXHQF\ ��±�SDU������ ����+] <HV
���� 8SSHU�)HOLP� 8SSHU�EDU�RI�FXWWLQJ�WKH�IUHTXHQF\ 3DU�����������

+]
����+] <HV

���� 'LUHFWLRQ &KRLFH� RI� RSHUDWLRQ� GLUHFWLRQ� RU� ZRUN
SHUPLW�ZLWK�FKDQJH�RI�D�GLUHFWLRQ

/HIW�� ULJKW�
UHWXUQ

5HWXUQ 1R

���� 6WRS 6WRS� ZLWK� WKH� KHOS� RI� Ä/LPHV´GULYH
�Ä5DPSª�� ±� UHGXFLQJ� WKH� IUHTXHQF\� WR
]HUR�SRLQW��DQG�WKHQ�WXUQ�RII��WKH�V\VWHP

�Ä5DPS´��� UXQ
RXW

5XQ�RXW 1R

���� 7LPH� RI� EUDFNLQJ
'&

7LPH�RI�EUDFNLQJ�ZLWK�GLUHFW�FXUUHQW �������V� ��V� <HV
���� 9ROWDJH� RI

EUDFNLQJ�'&
&RQVWDQW� VWUHQJWKDSSOLHG� WR� WKH� GULYH
GXULQJ�WKH�EUDFNLQJ

��������8Q ��� <HV
���� &XUUHQW� RI� D

GULYH
6SHHGG�FXUUHQW�RI�D�GULYH ���������� ����� 1R

���� KhVn�RI�GULYH 6SHHGG�SRZHU�IDFWRU�RI�D�GULYH ���������� ���� 1R
���� $PRXQW�RI�SROHV $PRXQW�RI�SROHV ������� � 1R
���� 6SHHGG�EUDFNLQJ 6SHHGG�EUDFNLQJ �������� ��� 1R
���� &RPSHQV��ÄK´ &RPSHQVDWLRQ�RI�EUDFNLQJ <HV��1R 1R 1R



��

���� 6SHHG�YLHZLQJ 6HOHFWLQJ�WKH�VSHHG�YLHZLQJ <HV��1R 1R 1R
���� ,QFUHDVLQJ�3, ,QVWDODWLRQ�RI�LQFUHDVLQJ�RI�UHJXODWRU��3,

WKH�SURSRUWLRQDO
��������� ����� <HV

���� &RQVW�� WLPH� 3,
LQWHJUDWRU

7LPH� IDFWRU� RI� UHJXODWRU� 3,CV� LQWHJUDO
WHUP

����������VHF ���VHF <HV
���� 1HJ��3, 1HJDWLYH� VLJQ� RI� D�PHDVXULQJ� HUURU� IRU

LQSXW�3,
<HV��1R 1R <HV

*5283���&21752/
��� &RQWURO�SODFH� 6HOHFWLQJ�WKH�FRQWURO�SODFH�:�RU�< :��< : 1R
��� 6HOHFWLQJ� WKH

VHW�SRLQW� GHYLFH
:

6HOHFWLQJ� WKH� VHW�SRLQW� GHYLFH� IRU
FRQWURO�SODFH�:

,Q:��,Q:��
�:H$���:H$��
NH\ERDUG�
VHOI�EDODQFLQJ
SRWHQWLRPHWHU
UHJXO��3,

NH\ERDUG 1R

��� 6HOHFWLQJ� WKH
VHW�SRLQW� GHYLFH
<

6HOHFWLQJ� WKH� VHW�SRLQW� GHYLFH� IRU
FRQWURO�SODFH�<

,Q:��� ,Q:��
NH\ERDUG�
VHOI�EDODQFLQJ
SRWHQWLRPHWHU

,Q:�
�:H$��

1R

��� 6HOHFWLQJ� WKH
FRQWURO�:

6HOHFWLQJ�WKH�FRQWURO�RI�VWRS UHPRWH��ORFDO ORFDO 1R
��� 6HOHFWLQJ� WKH

FRQWURO�<
6HOHFWLQJ�WKH�FRQWURO�RI�VWRS UHPRWH��ORFDO UHPRWH 1R

��� 0LQ��,Q:� 0LQ�OHYHO�RI�DQDORJXH�LQSXW�� �9���P:�
�9���P:�

�9
��P:�

1R
��� 0LQ��,Q:� 0LQ�OHYHO�RI�DQDORJXH�LQSXW�� �9���P:�

�9���P:�
�9
��P:�

1R
��� 1HJDWLRQ�,Q:� 1HJDWLRQ�,Q:� <HV��1R 1R 1R
��� 1HJDWLRQ�,Q:� 1HJDWLRQ�,Q:� <HV��1R 1R 1R
���� )LOWHU�,Q: 7LPH� FRQVWDQWRI� ILOWHU� IRU� VHW�SRLQW

GHYLFH�YROWDJH��LQHUWLDO�HOHPHQW�
�����V��±���V� ����V�

���� 67$57�6723 6HOHFWLQJ� WKH� FRQWURO� W\SH� IRU� V\VWHPCV
VWDUW�DQG�VWRS�ZLWK�D�UHPRWH�FRQWURO

67$57�6723
/5��67$57B/
67$57B5�
67$57�,P�6723
67$57�,P�/�5�

67�67�/5 1R

���� ,Q�n
&RQVWDQW

'LJLWDO� LQSXWV� DFFRUGLQJ� WR� FRQVWDQW
VSHHG�VHOHFWLQJ

XQVHOHFWHG�,Q
&����� ,Q�&����
,Q�&�����

,Q�&���
�:H&����

1R

���� ,QVWDOODWLRQ�,Q�&�
�:H&��

,QVWDOODWLRQ�RI�GLJLWDO�LQSXW���IXQFWLRQ LQDFWLYH
VWRS� FUDVK�
3HUPLV� WR
ZRUN�� &RQWU�
:�%
7URXEOHVKRRWL
QJ��G\QDP����
WURXEOH�XWVLGH

2XWVLGH 1R

���� ,QVWDOODWLRQ�,Q&�� ,QVWDOODWLRQ�RI�GLJLWDO�LQSXW���IXQFWLRQ�� $V� LQ� SDUDP�
����

LQDFWLYH 1R

���� 2XWSXW�D� ,QVWDOODWLRQ�WKH�UHOD\�D��IXQFWLRQ LQDFWLYH�
UHDG\� WR
RSHVSHHG�
WURXEOH�� L� !
��K�RSHUDWLRQ
PRGH�� I� !� I
VXSHUYLVLRQ
,!,OLP�� I�  � I
SUHVFULEHG

RSHUDWLRQ <HV

���� 2XWSXW�D� ,QVWDOODWLRQ�WKH�UHOD\�D��IXQFWLRQ $V�SDU������ UHDG\ <HV
���� 2XWSXW�D� ,QVWDOODWLRQ�WKH�UHOD\�D��IXQFWLRQ $V�SDU������ ,QDFWLYH <HV
���� 2XW�&� ,QVWDOODWLRQ�WKH�GLJLWDO�RXWSXW���IXQFWLRQ $V�SDU������ N!N <HV



��

�:H&�� VXSHUYLVLRQ
���� I�VXSHUYLVLRQ )UHTXHQF\� ZKLFK� H[FHHGLQJ� VZLWFK� RQ

WKH�VHOHFWHG�UHOD\
����������+] ����+] <HV

���� &RQVWDQW
IUHTXHQF\��

����������+] ���+] <HV
���� &RQVWDQW

IUHTXHQF\��
����������+] ���+] <HV

���� &RQVWDQW
IUHTXHQF\��

3URJUDPPLQJ� IUHTXHQFLHV� VHOHFWLQJ
IURP�GLJLWDO�LQSXW

����������+] ���+] <HV
���� &RQVWDQW

IUHTXHQF\��
����������+] ���+] <HV

���� &RQVWDQW
IUHTXHQF\��

����������+] ���+] <HV
���� &RQVWDQW

IUHTXHQF\��
����������+] ���+] <HV

���� &RQVWDQW
IUHTXHQF\��

����������+] ���+] <HV
���� 6HOHF�3UHVFULE�3, 6HOHFWLQJ�WKH�VRXUFH�RI�VHW�SRLQW�GHYLFH

IRU�UHJXODWRU�3,
.H\ERDUG� ,Q
:�

.H\ERDUG 1R
���� 6HOHF��,Q��3, 6HOHFWLQJ� WKH� UHJXODWHG� YDOXH� RI� 3,

UHJXODWRU
,Q�:��,Q�:�
,Q:��,Q:�
,Q:��,Q:�

,Q�:� 1R

*5283����3527(&7,21�$1'�7528%/(6

��� 7528%/(6 /LVW�RI�ODVW�IRXU�WURXEOHV ���� ZKHUH�� ��
ODVW� WURXEOH�
�SUHYLRXV
WURXEOH�HWF�

<HV

��� $PRXQW� RI
RYHUORDGV

$PRXQW� RI� DXWRPDWLF� V\VWHP� VWDUW� ZLWK
FUDVK�GXULQJ�SDUDP�����

��� � 1R
��� W�UHVWDUW 7LPH�GXULQJ�ZKLFK�UHVWDUW�LV�SRVVLEOH �������V� �� <HV
��� 5HVWDUW���8GF 3HUPLVVLRQ� IRU� UHVWDUW� ZLWK� ORZ� YROWDJH

8GF
<HV��1R 1R 1R

��� 5HVWDUW�!�8GF 3HUPLVVLRQ�IRU�UHVWDUW�ZLWK�KLJK�YROWDJH
8GF

<HV��1R 1R 1R
��� 5HVWDUW�!�, 5HVWDUW� ZLWK� H[FHHGLQJ� RI� SUHVFULEHG

FXUUHQW
<HV��1R 1R 1R

��� 5HVWDUW�!L 5HVWDUW� ZLWK� H[FHHGLQJ� RI� UDGLDWRU
WHPSHUDWXUH

<HV��1R 1R 1R
��� 5HVWDUW

!2XW�:
5HVWDUW� ZLWK� RXWSXW� VLJQDO� UDQJH� ORZHU
�9���P:�

<HV��1R 1R 1R

��� %ORFNLQJ�,�7 %ORFNLQJ�DFWLYDWLRQ�ZLWK�GULYH�SURWHFWLRQ <HV <HV 1R
���� ,�WKHUP��/LP� /RDG� LV� DFWLYHO\� FDOFXODWHG� DIWHU

H[FHHGLQJ�WKLV�FXUUHQW
���������� ����� <HV

���� ,�WKHUP��I� �� 9DOLG� WKHUPDO� FXUUHQW� IRU� WKH� VWRSSHG
GULYH

�������� ���� <HV
���� W�WKHUP��'ULYH� &RQVWDQW�RI�WLPH�IRU�GULYH�KHDWLQJ ��������PLQ <HV
���� )DFWRU\

SDUDPHWHUV
7KH� DFWLYDWLRQ� RI� WKH� JLYHQ� SDUDPHWHU
FDXVHV�ORDGLQJ�IDFWRU\�LQVWDOODWLRQV

<HV
1R

1R 1R

����3$5$0(7(56�'(6&5,37,21�*5283��

������0LQLPXP�DQG�PD[LPXP�IUHTXHQF\
3DUDPHWHU�����DOORZV�WR�LQVWDOODWH�D�PLQLPXP�ZRUNLQJ�IUHTXHQF\��,W�LV�PLQLPXP�IUHTXHQF\�LQ� VWDEOH

PRGH�RI�GULYH�RSHUDWLRQ��,Q�D�VWDUWLQJ�WLPH�DQG�RSHUDWLRQV�RI�D�FXUUHQW�OLPLWHU�WKH�DFKLHYHPHQW�RI�IUHTXHQFLHV
EHORZ�)�PLQLPXP�LV�SRVVLEOH�

�3DUDPHWHU�����LV�DQ�XSSHU�ERXQG�RI�RXWSXW�IUHTXHQF\�



��

������3DUDPHWHUV��GHILQLQJ�WKH�V\VWHPV �G\QDPLF
�3DUDPHWHU������$FFHOHUDWLRQ����DQG������$FFHOHUDWLRQ����GHWHUPLQH�D�VORSH�RI�IUHTXHQF\�FKDQJHV

GXULQJ�LQFUHDVLQJ�WKH�VSHHG�
�3DUDPHWHU������'HOD\����DQG������'HOD\����FRQFHUQV�IUHTXHQF\ �UHGXFWLRQ��7KHVH�SDUDPHWHUV

GHWHUPLQH�WLPH��LQ�VHF���IUHTXHQF\�FKDQJH�RQ����+]�
�7KH�V\VWHPCV�G\QDPLF��LV�SRVVLEOH�WR�FKDQJH�ZLWK�WKH�KHOS� ,Q�&���:H&���RU�,Q�&���:H&����)RU�WKLV

SXUSRVH�LW�LV�QHFHVVDU\�WR�LQVWDOO�3$5$0(7(56������RU������RQ�WKH�63($.(5������,I�VLJQDO�ZLOO�EH�IHG �RQ
D�VHOHFWHG�GLJLWDO�LQSXW��WKH�GHYLFH�ZLOO�ZRUN�GXULQJ�WLPH�SUHVHOHFWHG�E\�SDUDPHWHUV�����DQG����

��+]

5()

�3DU����3DU� ��� 3DU� ��� 3DU� ���
W

W

'\QDPLF����

2XWSXW�IUHTXHQF\

)LJ�����7LPH�RI�DFFHOHUDWLRQV�DQG�GHOD\V

������3DUDPHWHUV��VKDSLQJ��FKDUDFWHULVWLF�8�I
3DUDPHWHU�����DOORZV�WR�VHOHFW�W\SH�RI�FKDUDFWHULVWLF�8�I��OLQHDU��VTXDUH�ODZ��
7KH�OLQHDU�FKDUDFWHULVWLF�LV�DSSOLHG�ZKHUH�WKHUH�LV�D�FRQVWDQW�PRPHQW�RI�ORDG�GHSHQGLQJ�RQ�VSHHG�
,Q�FDVH�RI�YHQWLODWRU\�W\SH�ORDGLQJ��WKH�PRPHQW�LQFUHDVHV�SURSRUWLRQDOO\�WR�TXDGVSHHG�RI�VSHHG��LW�LV�XVHIXO�WR
DSSO\�WKH�ÄVTXDUH�ODZ´�FKDUDFWHULVWLF�WR�UHGXFWLRQ�RI�KXPV�DQG�ORVVHV�LQ�D� GULYH�
3DUDPHWHU�����LV��VR�FDOOHG��YROWDJH�ERRVWLQJ�IRU�ORZ�IUHTXHQFLHV��,W�DOORZV�WR�FRPSHQVDWH�D�YROWDJH�GURS�RQ
D�UHVLVWDQFH�RI�D�ZLQGLQJ�DQG��WKHUHIRUH��WR� LQFUHDVH�WKH�PRPHQW�IRU�ORZ�VSHHGV�
x� )RU�VPDOO�GULYHV�YROWDJH�RI�FRPSHQVDWLRQ�FDQ�EH�PRUH�WKDQ�IRU�WKH�ODUJH� GULYHV�EHFDXVH�WKH�UHVLVWDQFH�RI�D

ZLQGLQJ�LV�KLJKHU��,I�WKH� ORDGLQJ�PRPHQW�LV�KLJK�WKH�YROWDJH�RI�FRPSHQVDWLRQ�LV�QHFFHVVDU\�WR�LQVWDO�VR
KLJK�DV�WR�VZLWFK�RQ�WKH�GULYH��$V�WRR�KLJK�YROWDJH�RI�FRPSHQVDWLRQ�FDQ�UHGXFH�LQ�RYHUKHDW�RI�D� GULYH�RU
RYHUORDG��LW�LV�QHFHVVDU\� WR�LQVWDOO�LW�DV�ORZ�DV�SRVVLEOH�

3DUDPHWHU������LV�D�SRLQW�RI�ILHOG�ZHDNHQLQJ��,W��SUHGRPLQDQWO\�� VSHHGG�IUHTXHQF\�RI�D�GULYH��)RU
IUHTXHQFLHV�KLJKHU�WKDQ��SDUDPHWHU������WKH�GULYH�ZRUNV�ZLWK�WKH�UHGXFHG�PRPHQW��,W�ZRUNV�RQO\�ZLWK
FRQVWDQW�SRZHU�



��

3DU� ���

���� ����
8�8PD[ 8�8PD[

3DU� ���� I +]

I +]
3DU� �������� +]

3DU� ��� VTXDUH�ODZ

3DU� ���� OLQHDU

%�

������)LJ������&KDUDFWHULVWLFV�8�I
������������������������������������������ �Z��/LQHDU�DQG�VTXDUH�ODZ�FKDUDFWHULVWLF

��������[��9ROWDJH�YDULDWLRQ�RI�FRPSHQVDWLRQ

������&XUUHQW�OLPLWDWLRQ
3DUDPHWHU��������VHWV�FXUUHQW�OLPLWDWLRQ��7KH�SDUDPHWHUCV�YDOXH�LV�XQGHUOLQHG�LQ�SHUFHQWDJH�RI�FRQYHUWHU CV
VSHHGG�FXUUHQW��7KH�IDFWRU\�LQVWDOODWLRQ�LV�VHW�RQ�������RI�VSHHGG�FXUUHQW�RI�WKH�V\VWHP�
127,&(�
���6SHHGG�FXUUHQW�RI�WKH�V\VWHP�LV�QRW�VSHHGG�FXUUHQW�RI�D� GULYH��8VLQJ�WKH�GULYH�ZLWK�ORZHU�SRZHU �LW�LV
QHFHVVDU\�WR�UHGXFH�LQVWDOODWLRQ�RI�FXUUHQW�OLPLWDWLRQ�
���7KH�RSHUDWLRQ�WLPH�RI�FXUUHQW�OLPLWDWLRQ�LV�QRW�FRQWUROOHG�DQG�GXULQJ�GXUDEOH�RYHUORDGV�WKHUH�FDQ�EH�D
GLVFRQQHFW�RI�WKH�V\VWHP�RZLQJ�H[FHHGLQJ�WHPSHUDWXUH�RI�WKH�KHDW�VLQN�

,I�WKH�GULYH�ORDG�LV�VR�ODUJH�WKDW�D�GULYH�FXUUHQW�RI�D�GULYH�UHDFKHV ��SDUDPHWHU������VHWWLQJ���WKHUH�LV�D�UHGXFWLRQ
RI�RXWSXW�IUHTXHQF\�RI�WKH�V\VWHP��7KH�FXUUHQW �UHJXODWRU�RSHUDWLQJ��FDXVHV�HORQJDWLRQ�RI�D�VWDUWLQJ�WLPH�RI�WKH
V\VWHP�

������&DUULHU�IUHTXHQF\
3DUDPHWHU������DOORZV�WR�FKDQJH�WKH�IUHTXHQF\� VZLWFKLQJ�WKH�SRZHU�RQ�DQG�RII�RI�SRZHU �WUDQVLVWRUV��,W�LV
SRVVLEOH�WR�LQVWDOO�WZR�FDUULHU�IUHTXHQFLHV������ d+]�DQG���d+]�
)RU��N+]�WKH�KXP�RI�D�GULYH�LV�ORZHU��EXW�WKH�ORVVHV�GLVFKDUJHG�LQ�WKH�V\VWHP�LQFUHDVH��,Q�FDVH�RI�D�FUDVK
FDXVHG�E\�H[FHHGLQJ�RI�WHPSHUDWXUH�RI�WKH�KHDW�VLQN��LW�LV�QHFHVVDU\�WR� UHGXFH�D�FDUULHU�IUHTXHQF\�

������)UHTXHQF\�RI�H[FHSWLRQV
�,Q�VRPH�GULYHV�LW�FDQ�EH�QHFHVVDU\��WR�DYRLG�RSHUDWLQJ�WKH�V\VWHP�RQ�VRPH�RXWSXW�IUHTXHQFLHV

FRQFHUQLQJ�SUREOHPV�RI�D�UHVRQDQFH�
,Q�V\VWHPV�LW�LV�SRVVLEOH�WR�HOLPLQDWH�WZR� UDQJHV�RI�IUHTXHQFLHV�
/RZHU�DQG�XSSHU�YDOXHV�RI�IUHTXHQFLHV�DUH�SUHVHOHFWHG�IRU�HDFK� UDQJH��)RU�WKH�SUHVHOHFWHG�IUHTXHQFLHV��WKH
RXWSXW�IUHTXHQF\�ZKLFK�LV�EHWZHHQ�ORZHU�DQG�XSSHU�ERXQGDULHV��FRPSRXQGV�D�ORZ�ERXQG�LQ�FDVH�RI
LQFUHDVLQJ�WKH�SUHVHOHFWHG�I�RU�XSSHU�ERXQG�IRU�UHGXFLQJ�I��ILJ������



��

IZj�1 . 1 6 IZj�1 . 1 6IZj�1 . 1 4 IZj�1 . 1 5 AZ^ZgZ
qZklhlZ�>=p@

<uoh^gZy
qZklhlZ

)LJ������,PSOHPHQWDWLRQV�RI�D�FOLSSLQJ�RI�D�EDU�RI�IUHTXHQF\

������%ORFNLQJ�WKH�UHYHUVLQJ�RSHUDWLQJ�PHWKRG
3DUDPHWHU������HQDEOHV�WR�EORFN�D�UHYHUVLQJ�RSHUDWLQJ�PHWKRG��)RU�WKLV�SXUSRVH�WKLV�SDUDPHWHU
VKRXOG�EH�LQVWDOOHG�GHSHQGLQJ�RQ�QHFHVVLW\�ÄWR�WKH�/HIW´��Ä/HZR´��RU�Ä�WR�WKH�5LJKW�³��³3UDZR�³���,Q
WKLV�FDVH��LUUHVSHFWLYH�RI�FRQWURO��WKH�V\VWHP�ZLOO�ZRUN�RQO\�LQ�WKH�SURJUDPPHG�GLUHFWLRQ�
,Q�RUGHU�WR�RSHVSHHG�WKH�V\VWHP�LQ�WZR�GLUHFWLRQV��WKH�SDUDPHWHU�VKRXOG�EH�LQVWDOOHG�RQ�Ä5HWXUQ´
�Ä1DZURW´���7KH�GLUHFWLRQ�RI�WKH�GULYH�ZLOO�EH�SUHVHOHFWHG�E\�D�UHPRWH�FRQWURO�RU�VHOHFWHG�EXWWRQ�RQ
WKH�FRQWURO�SDQHO��ORFDO�RSHUDWLQJ�PHWKRG�

������0HWKRG�RI�VWRSSLQJ
3DUDPHWHU������GHWHUPLQHV�RSHUDWLQJ�PHWKRG�RI�WKH�V\VWHP��)RU�LQVWDOODWLRQ�ÄUXQQLQJ�RXW´
�ÄZ\ELHJ´���DIWHU�WKH�FRPPDQG�6723�WKH�V\VWHP�ZLOO�VZLWFK�RII�SRZHU��DQG�WKH�GULYH�ZLOO�VWRS�ZLWK
WKH�KHOS�RI��UXQQLQJ�RXW�
)RU�LQVWDOODWLRQ�RI�Ä5$03´�DIWHU�6723�VLJQDO�WKH�V\VWHP�ZLOO�EHJLQ�WR�UHGXFH�IUHTXHQF\��DFFRUGLQJ
WR�SDUDPHWHUV�VSHFLI\LQJ�GHOD\�WLPH�XS�WR����+]��DQG�WKHQ�ZLOO�VZLWFK�RII�DQ�HQHUJL]LQJ��,Q�RUGHU�WR
UHGXFH�EUDNLQJ�WLPH�VHW�EUDNLQJ�YDULDQW�ZLWK�WKH�KHOS�RI�D�GLUHFW�FXUUHQW��)RU�WKLV�SXUSRVH�LW�LV
QHFHVVDU\�WR�LQVWDOO�YDOXH�RI�SDUDPHWHUV������DQG������RQ�YDOXHV�QRQ]HUR�
7KH�SDUDPHWHU������VHWV�WLPH�RI�FRQVWDQW�YROWDJH�IHHG��SDUDPHWHU��������YDOXH�RI�FRQVWDQW�YROWDJH
DSSOLHG�WR�D�ZLQGLQJ�RI�D�GULYH��7KH�DERYH�WKLV�YDOXH��WKH�EUDNLQJ�PRUH�VXFFHVVIXO��EXW��FXUUHQW
YDOXH�LQFUHDVHV�7KLV�FXUUHQW�LV�IORZLQJ�WKURXJK�D�GULYH�DQG�LW�FDQ�FDXVH�RYHUKHDW��:KHQ�WKH
SDUDPHWHU������LV�VHWWHG�RQ�Ä5XQQLQJ�RXW´��Ä:\ELHJ´���DIWHU�IHHG�RI�6723�VLJQDO��WKH�FRQVWDQW
YROWDJH�PRYHV�RQ�D�GULYH��$W�YDULDQW�RI�EUDNLQJ�E\�D�ZD\�RI�IUHTXHQF\�UHGXFWLRQ�WKH�FRQVWDQW
YROWDJH�PRYHV�RQO\�ZKHQ�WKH�YDOXH�RI�IUHTXHQF\�LV�����+]�
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%UDNLQJ�ZLWK
���������'&

%UDNLQJ�ZLWK
������'&

3DU� ���� 3DU� ����

3DU� ���� 3DU�� ���

8�8PD[
>�@

8�8PD[
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�����)LJ������%UDNLQJ�ZLWK�WKH�KHOS�RI�GLUHFW�FXUUHQW
����������������������������������������������Z��6WRSSLQJ�Ä5$03´����E��6WRSSLQJ�Ä5811,1*�287ª��Ä:<%,(*ª�

2XWSXW�IUHTXHQF\

3DU������SDU������������SDU����������SDU���������UDWHG�IUHTXHQF\�>+]@
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������5DWLQJV�RI�D�GULYH
2Q�D�EDVH�RI�GULYHCV�VKLHOG�LW�LV�QHFHVVDU\�WR�GHILQH�VSHHGG�FXUUHQW��FRVMQ��DQG�RQ�D�EDVH�RI�VSHHGG
VSHHG���WR�GHILQH�DQ�DPRXQW�RI�SROHV�SDLUV�
3DUDPHWHU��������VSHHGG�FXUUHQW�RI�D�GULYH�LQ�SHUFHQWDJH�RI�FRQYHUWHUCV�VSHHGG�FXUUHQW�
3DUDPHWHU��������VSHHGG�FDSDFLW\�IDFWRU�RI�D�GULYH�FRVMQ�
,W�LV�QHFHVVDU\�WR�HQWHU�DQ�DPRXQW�RI�SROHV�LQ�SDUDPHWHU�������,Q�WKH�WDEOH�WKH�DPRXQW�RI�SROHV�LV
VKRZHG�GHSHQGLQJ�RQ�V\QFKURQRXV�VSHHG��7KH�V\QFKURQRXV�VSHHG�FDQ�EH�LQVWDOOHG�DFFHSWLQJ�WKH
FORVHVW�VSHHG�WR�VSHHGG�VSHHG�
7+(�7$%/(
6\QFKURQRXV�VSHHG �$PRXQW�RI�SROHV

���� �
���� �
���� �
��� �

3DUDPHWHU������UHSUHVHQWV�VSHHGG�VOLSSLQJ�RI�D�GULYH��LW�LV�FDOFXODWHG�XQGHU�WKH�IRUPXOD�
������������������������������������������������������������QV���QQ��������

�BBBBBBBBBBBB
�6Q� � ��������1V

�������&RPSHQVDWLRQ�RI�VOLSSLQJ
�,I�SDUDPHWHU������LV�VHWWHG�RQ�Ä62´��WKH�GHYLFH�ZRUNV�ZLWK�FRPSHQVDWLRQ�RI�VOLSSLQJ�

2XWSXW�IUHTXHQF\�ZLOO�LQFUHDVH�VR�WKDW�WKH�FRQVWDQW�VSHHG�RI�D�GULYH�ZDV�VDYHG�DW�OR�DGLQJ�FKDQJHV

�
)LJ�������'HSHQGHQFH�RI�GULYH�VSHHG�RQ�WKH�ORDGLQJ�PRPHQW
�D���7KH�V\VWHP�ZLWKRXW�FRPSHQVDWLRQ�RI�VOLSSLQJ
�E���7KH�V\VWHP�ZLWK�FRPSHQVDWLRQ�RI�VOLSSLQJ

��������,QGLFDWLQJ�WKH�RXWSXW�VSHHG
<RX�PD\�VSHFLI\�VSHHG�LQ�WXUQRYHUV�SHU�PLQXWH��3DUDPHWHU������VKRXOG�EH�LQVWDOOHG�RQ�Ä62´��7KHQ�
DW�D�PRGH�LQGLFDWLRQ��LQVWHDG�RI�RXWSXW�IUHTXHQF\��WKH�VSHHG�LQ�WXUQRYHUV�SHU�PLQXWH�ZLOO�EH
LQGLFDWHG�
127,&(��WKLV�VSHHG�LV�GHILQHG�E\�OLVWLQJ�RXWSXW�IUHTXHQF\�DQG�GRQCW�FRQFHUQ�WR�FKDQJHV�LPSOLHG
IURP�D�GULYH�ORDG�
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��������,QVWDOODWLQJ�WKH�SDUDPHWHUV�UHJXODWRU�3,

�

3DU� ������H

3DU� ������H

2XWSXW�RI�UHJXODWRU�3,
>�@

_�±�VHW�SRLQW�GHYLFH���3,���LQSXW�3,

-XPS�RI�PHDVXUH
�����HUURU H�>�@

7LPH

7LPH

3DU�����
7HPS��IDFWRU

)LJ�������$Q�RXWSXW�RI�D�UHJXODWRU�3,�IRU�MXPS�LQ�FKDQJH�RI�D�PHDVXULQJ�HUURU

3DUDPHWHU�������DOORZV��LQVWDOODWLRQ�RI�LQFUHDVLQJ�RI�WKH�SURSRUWLRQDO�WHUP�RI�D�UHJXODWRU�DQG
SDUDPHWHU������GHILQHV�FRQVWDQW�IDFWRU�RI�D�UHJXODWRU�3,�
7KH�)LJ������UHSUHVHQWV�WKH�DQVZHU�RI�D�UHJXODWRU�3,�RQ�D�MXPS�RI�D�PHDVXULQJ�HUURU��PHDVXULQJ�HUURU
��GLIIHUHQFH�EHWZHHQ�WKH�VSHHGG�YDOXH�DQG�UHJXODWHG�YDOXH�
:LWK�KHOS�RI�SDUDPHWHU������\RX�PD\�FKDQJH�WKH�VLJQ�RI�D�PHDVXULQJ�HUURU��6HWWLQJ�WKLV�SDUDPHWHU
RQ�³QHJDWLYH´�PHDVXULQJ�HUURU�JLYHV�WKH�UHGXFWLRQ�RI�RXWSXW�IUHTXHQF\��,Q�WKLV�FDVH������RI�DQ
RXWSXW�UHJXODWRU�3,�JLYHV�WKH�PLQ��IUHTXHQF\�DQG�������PD[��IUHTXHQF\
����3DUDPHWHUV�GHVFULSWLRQ��*5283����&RQWURO�SDUDPHWHUV��

������6HOHFWLQJ�WKH�FRQWURO�SODFH�DQG�FRQWURO�SRLQW�VHWWLQJ�GHYLFH��FRQWURO�HOHPHQW�
3DUDPHWHU������FRQWURO�SODFH��GHILQHV�FRQWURO�YDULDQWV�RI�$�RU�<��,W�LV�SRVVLEOH�WR�VHW�WZR
LQGHSHQGHQW�FRQWURO�YDULDQWV��VHSDVSHHGO\�IRU��SODFH�$�DQG�SODFH�%��DQG�WKH�IDVW�FKDQJH�RI�YDULDQWV
ZLWK�WKH�KHOS�RI�SDUDPHWHU�����RU��LI�DQ\�RI�WKH�GLJLWDO�LQSXWV�,Q�&��RU�,Q�&���Ä:H&�´��Ä:H&�´��LV
SURJUDPPHG�RQ�Ä�FRQWURO��:�<´�³�VWHU�:�<´���E\��VWDWH�FKDQJLQJ�RQ�D�GLJLWDO�LQSXW�
(;$03/(�

�)RU�FRQWURO�$�WKH�FRQWURO�DQG�FRQWURO�SRLQW�VHWWLQJ�GHYLFH��FRQWURO�HOHPHQW��DUH�SUHVHOHFWHG
IURP�DQ�DQDORJXH�LQSXW��DQG�IRU�D�SODFH�%���FRQWURO�SRLQW�VHWWLQJ�GHYLFH�IURP�DQ�DQDORJXH�LQSXW��DQG
FRQWURO�IURP�GLJLWDO�LQSXWV��,Q�WKLV�FDVH�WKH�SURJUDPPHG�LQSXW�Ä�FRQWURO��:�<´��Ä�VWHU�:�<´��LV�IRU
FKDQJH�RI�FRQWURO�IURP�UHPRWH�WR�ORFDO�
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3DUDPHWHU�����DOORZV�WR�GHILQH�WKH�W\SH�RI�IUHTXHQF\�SRLQW�VHWWLQJ�GHYLFH�IRU�D�SODFH�:�
,W�LV�SRVVLEOH�WR�VHOHFW�
x� 2QH�RI�WZR�DQDORJXH�LQSXWV�,Q�:��RU�,Q�:���:H$���:H$���
x� )UHTXHQF\�SRLQW�VHWWLQJ�JHQHUDWRU�IURP�WKH�NH\ERDUG��LQVWDOODWLRQ�E\�EXWWRQV�Än´�´p�³�
x� 2XWSXW�RI�D�UHJXODWRU�3,
3DUDPHWHU�����GHILQHV�D�VRXUFH�VSHHG�SRLQW�VHWWLQJ�GHYLFH�IRU�FRQWURO�SODFH�<�
x� 2QH�RI�WZR�DQDORJXH�LQSXWV�,Q�:��RU�,Q�:���:H�$���:H�$��
x� 6HWWLQJ�SRLQW�GHYLFH�IURP�WKH�NH\ERDUG��LQVWDOODWLRQ�E\�EXWWRQV�Än´�´p³�
x� 'ULYH�SRWHQWLRPHWHU��LQVWDOODWLRQ�RI�VSHHGV�ZLWK�WKH�KHOS�RI�GLJLWDO�LQSXWV�,Q�&��

,Q�&���:H�&���:H�&���DFFRUGLQJ�WR�WKH�WDEOH�

�,Q�&���:(K�� �,Q�&���:(K�� �3UHVHOHFWHG�IUHTXHQF\
� �� �:LWKRXW�FKDQJHV
� �� �,QFUHDV�
� �� �5HGXF�
� �� �:LWKRXW�FKDQJHV

3DUDPHWHU�����LV�IRU�GHILQLWLRQ�RI�D�FRQWURO�SODFH�IRU�VWDUW�DQG�GLUHFWLRQ�RI�HQJLQH�RSHUDWLRQ�IRU
RSHUDWLRQ�SODFH�:�
&RQWURO�W\SH�
x� Ä5HPRWH´��Ä=GDOQH´���VWDUW��VWRS�DQG�GLUHFWLRQ�IURP�GLJLWDO�LQSXWV���RU
x� Ä/RFDO´��Ä/RNDOQH´���FRQWURO�IURP�FRQWURO�SDQHO�DQG�VLJQDOOLQJ��
3DUDPHWHU�����±�WKH�VDPH��RQO\�IRU�FRQWURO�SODFH�<�

������,QVWDOODWLRQWKH�VHWWLQJ�SRLQW�GHYLFH�IURP�DQDORJXH�LQSXWV
:LWK�WKH�KHOS�RI�SDUDPHWHUV�����DQG�����LW�LV�SRVVLEOH�WR�GHILQH�WKH�FKDUDFWHULVWLF�RI�WKH�SUHVHOHFWHG
IUHTXHQF\�IURP�D�OHYHO�RI�DQ�DQDORJXH�LQSXW�,Q:���:H$����7KH�VL]H�RI�FKDQJHV�IRU�OHYHO�RI�LQSXWV
FRYHUV�FKDQJHV�RI�RXWSXW�IUHTXHQF\�IURP�PLQ�WR�PD[�

�

3DU� ��� 3DU� ���

3DU� ��� IZj����

� ��9 �9��9 ��9
� ��P$ �P$��P$ ��P$

3DU� ��� �9��P$�

3DU� ��� �9��P$�3DU� ��� �9��P$�

3DU� ��� �9��P$�

,Q$� ,Q$�

2XWSXW
HTXHQF\

2XWSXW
IUHTXHQF\

$� %�

)LJ������&RQWURO�FKDUDFWHULVWLFV
Z��3DUDPHWHU�����(J�,Q:���:H$����12��Ä1,(´�
���E��3DUDPHWHU�����(J�,Q:���:H$����<(6��Ä7$.´�

3DUDPHWHUV�����DQG�����±�WKH�VDPH��IRU�,Q:���:($���
3DUDPHWHU������LV�IRU�LQVWDOODWLRQ�RI�D�FRQVWDQW�IRU�WLPH�RI�D�ILOWHU�IRU�DQDORJXH�LQSXWV��LW�DOORZV�WR
ILOWVSHHG�LQWHUIHUHQFHV�RI�DQ�LQSXW�VLJQDO�
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�

6LJQDO�DIWHU�ILOWUDWLRQ

,QSXW�VLJQDO

W

����

���

3DU ����
)LJ������)LOWUDWLQJ�WKH�VLJQDO�IURP�DQ�DQDORJXH�LQSXW

������6HOHFWLQJ�WKH�PHWKRG�RI�D�V\VWHP�FRQWURO�IRU��UHPRWH��RSHUDWLRQ
3DUDPHWHU������DOORZV�WR�SURJUDP�IXQFWLRQV�RI�GLJLWDO�LQSXWV�IRU�UHDOL]DWLRQ�RI�VWDUW�DQG�GLUHFWLRQ
FKRLFH�RI�HQJLQH�RSHUDWLRQ�
3RVVLEOH�LQVWDOODWLRQV
x� 67�6723�/5�,QK���67�6723�/3�:H&��LV�IRU��WKH�VWDUW���VWRS��,QK���67$57�6723��:H&���LV

IRU�FKDQJH�RI�D�GLUHFWLRQ��)LJ�����Z��
x� 67�B�/��67�B�5��,QK��6WDUW�21�7+(�/()7��,QK��6723�72�7+(�5,*+7��67�B�/�67�3��:H&��

67$57�:�/(:2��:H&��67$57�:�35$:2���)LJ�����E��
x� 67�±,0�6723�,QK����SXOVH�VWDUW���,QK��6723��67�,0�6723�:H&��,6�:H&��6723���)LJ�����

\��
x� 67�,0��/�5�,QK���,QK����DV�DERYH��,QK����FKRLFH�RI�D�GLUHFWLRQ��67�,0�/�3��:H&���:H&�

:H&����)LJ������G�
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REURW\

F]DV

:H&����67$57�6723��

:H&���.LHUXQHN�

7XUQ�RYHUV

7LPH

,Q&���6WDUW�

LQ&���6WRS�

7LPH

7XUQ�RYHUV

,QK����6WDUW�/HIW��

,Q&���6WDUW�5LJKW� ,Q&���GLUHFWLRQ�

,Q&��6WRS�

,Q&���6WDUW�

7LPH

7XUQ�RYHUV

$� &�

%�

'�

)LJ������&RQWURO�IURP�D�FODPSLQJ�URG
Z��3DUDPHWHU������Ä�67�6723�/5´��Ä�67�6723�/3�³�
E��3DUDPHWHU������Ä�67�B�/�67�B�5´��Ä�67�B�/�67�B�3�ª�
F��3DUDPHWHU������Ä�67�,0�6723´��Ä�67�,P�6723´�
G��3DUDPHWHU������Ä�67�,0�/�5´�Ä�67��,P�/�3�³�

������6HOHFWLQJ�WKH�FRQVWDQW�VSHHGV
7KH�V\VWHP�DOORZV�WR�VHOHFW�WKUHH�RU�VHYHQ�SURJUDPPHG�VSHHGV�ZLWK�WKH�KHOS�RI�D�FRPELQDWLRQ�RI
GLJLWDO�LQSXWV��7KH�RXWSXW�IUHTXHQF\�DSSURSULDWH�WR�WKH�JLYHQ�VSHHG��LV�VHW�DFFRUGLQJ�WR�IROORZLQJ
SDUDPHWHUV�
7$%/(����
7KH�SDUDPHWHU������ �&RQVWDQW�IUHTXHQF\���
7KH�SDUDPHWHU������ �&RQVWDQW�IUHTXHQF\���
7KH�SDUDPHWHU������ �&RQVWDQW�IUHTXHQF\���
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7KH�SDUDPHWHU������ �&RQVWDQW�IUHTXHQF\���
7KH�SDUDPHWHU������ �&RQVWDQW�IUHTXHQF\���
7KH�SDUDPHWHU������ �&RQVWDQW�IUHTXHQF\���
7KH�SDUDPHWHU������ �&RQVWDQW�IUHTXHQF\���
3DUDPHWHU������Ä�,Q�3�FRQVWDQW´��Ä�:H�I�VWDOH�ª��SXWV�GLJLWDO�LQSXWV�DFFRUGLQJ�WR�FKRLFH�RI�FRQVWDQW
VSHHG�
7KH�LQVWDOODWLRQ�RI�WKH�SDUDPHWHU�LQFOXGHV�
x� Ä�1RW�VHOHFWHG´��Ä�1LH�Z\EUDQH�³����WKH�FRQVWDQW�IUHTXHQFLHV�DUH�QRW�VHOHFWHG�
x� Ä,Q�&���´��Ä:H&���´����SRVVLELOLW\�RI�VHOHFWLQJ��WKUHH�VSHHGV�ZLWK�WKH�KHOS�,Q�&���:H&���DQG�,Q

&���:H&���
x� ,Q�&����³��:H&����³����SRVVLELOLW\�RI�VHOHFWLQJ�WKUHH�VSHHGV�ZLWK�WKH�KHOS�,Q�&���:H&���DQG�,Q

&���:H&���
7$%/(����

,Q�&���:(&����,Q�&���:(&�� �,Q�&���:(&����,Q�&���:(&�� �&RQVWDQW�IUHTXHQF\
� �� �1RW�VHOHFWHG
� �� �&RQVWDQW�IUHTXHQF\��
� �� �&RQVWDQW�IUHTXHQF\��
� �� �&RQVWDQW�IUHTXHQF\��

x� Ä,Q�&�����´��Ä:H&�����´����SRVVLELOLW\�RI�VHOHFWLQJ�VHYHQ�VSHHGV�ZLWK�WKH�KHOS�,Q�&���,Q�&��DQG
,Q�&���:H&���:H&���:H&���

7$%/(����

,Q�&���:(&�� �,Q�&���:(&�� �,Q�&���:(&�� �&RQVWDQW�IUHTXHQF\
� �� �� �1RW�VHOHFWHG
� �� �� �&RQVWDQW�IUHTXHQF\��
� �� �� �&RQVWDQW�IUHTXHQF\��
� �� �� �&RQVWDQW�IUHTXHQF\��
� �� �� �&RQVWDQW�IUHTXHQF\��
� �� �� �&RQVWDQW�IUHTXHQF\��
� �� �� �&RQVWDQW�IUHTXHQF\��
� �� �� �&RQVWDQW�IUHTXHQF\��

������,QVWDOODWLRQV�RI�SURJUDPPLQJ�LQSXWV��,QK��DQG�,QK���:H&���:H&��
,I�,Q�&���:(&���DQG�,Q�&���:(&���ZHUH�QRW�XVHG�IRU�FKRLFH�RI�FRQVWDQW�VSHHGV�RU�,Q�&���:(&��
IRU�FRQWURO��GLUHFWLRQ�RI�RSHUDWLQJ�PHWKRG��LW�LV�SRVVLEOH�WR�SURJUDP�DFFHVVRU\�IXQFWLRQV�IRU�WKHVH
LQSXWV�
3DUDPHWHU������DOORZV�WR�LQVWDOO�D�GLJLWDO�LQSXW��,Q�&���:H&���
7$%/(����
3DUDPHWHU������LQVWDOODWLRQ�� ������������
'HVFULSWLRQ�

'HVFULSWLRQ �'LJLWDO�LQSXW�QRW�VHOHFWHG�

,QDFWLYH��1LHDNW\ZQH� 'LJLWDO�LQSXW�QRW�VHOHFWHG
6WRS�&UDVK��6WRS�DZDU�� ��±�,PPHGLDWH� VWRSSLQJ�RI�V\VWHP

RSHUDWLRQ��UXQQLQJ�RXW�
�7KH�SHUPLVVLRQ�RQ�RSHUDWLQJ�PHWKRG
�=H]ZROHQLH�3U��

3HUPLVVLRQ�RQ�RSHUDWLQJ�PHWKRG����GRHV
RSHUDWLRQ�LPSRVVLEOH�
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&RQWU��:�<��VWHU��$�%� &KDQJH�RI�FRQWURO�SODFH����:����<��
7URXEOHVKRRWLQJ��NDVRZ�XVW�� 7URXEOHVKRRWLQJ���WKH�FKDQJH���RQ���UHPHGLHV

DQG�DOORZV�WR�UHVWDUW�V\VWHP�RSHUDWLRQ��
'\QDP����� ��� FKRLFHV�RI�DFFHOHUDWLRQ����GHOD\��

���FKRLFHV�RI�DFFHOHUDWLRQ����GHOD\��

����0HDQV�ORZ�YROWDJH�RQ�D�GLJLWDO�LQSXW��GLVFRQQHFWHG��
����0HDQV�KLJK�WYROWDJH�RQ�D�GLJLWDO�LQSXW��FRQQHFWLRQ�,QK�WR���9�
3DUDPHWHU������WKH�VDPH�WR�LQVWDOODWLRQ�,Q����:H&��

������,QVWDOODWLRQ�RI�UHOD\�RXWSXWV�DQG�GLJLWDO�RXWSXW
3DUDPHWHU������GHILQHV�FRUUHVSRQGHQFH�WR�D�UHOD\�D���7DEOH�
7$%/(����
,QVWDOODWLRQ�RI�SDUDPHWHU������ �'HVFULSWLRQ�
,QDFWLYH��1LHDNW\ZQ\�� �������������7KH�UHOD\�LV�QRW�XWLOLVHG�
5HDG\�*RWRZ\�� �������������������������6ZLWFKHG�RQ�±�UHDG\�IRU�RSHUDWLRQ�RI�WKH�V\VWHP�
7URXEOH��XVWHUND�� �������������������������D��LV�VZLWFKHG�RQ��ZKHQ�FUDVK�ZLOO�EH
7KH�RSHUDWLQJ�PHWKRG��SUDFD�� �D��LV�VZLWFKHG�RQ��ZKHQ�YROWDJH�LV�RQ�D�GULYH
L!����K� �������������������������������������0HVVDJH�DERXW�KLJK�WHPSHUDWXUH�RI�WKH�KHDW�VLQN�
,!�,OLP� �������������������������������������2SHUDWLQJ�PHWKRG�ZLWK�DQ�DFWLYH�FXUUHQW�OLPLWHU�
I� �)�]DG� �������������������������������������$FKLHYHPHQW�RI�WKH�SUHVHOHFWHG�IUHTXHQF\�
I!�1DG]RUX� �������������������������������������$FKLHYHPHQW�RI�IUHTXHQF\�RI�VXSHUYLVLRQ��ZULWWHQ�LQ ��
�������������������������������������������������������������SDUDPHWHU�������V\PPHWULFDO�K\VWHUHVHV��������+]��
3DUDPHWHU������LV�VHW�VLPLODUO\�LQ�FRUUHVSRQGHQFH�WR�D�UHOD\�D���SDUDPHWHU��������UHOD\�D���7KH
SDUDPHWHU������DOORZV�WR�VHOHFW�WKH�IXQFWLRQ�RI�D�GLJLWDO�RXWSXW�2XW�&���:\&����RXWSXW�ZLWK�DQ�RSHQ
��IUHH�KHDGHU��

�������&RQILJXUDWLRQ�RI�D�UHJXODWRU� 3,
)RU�LQVWDOODWLRQ�RI�UHJXODWHG�PHWKRG�RI�RSHUDWLQJ�\RX�QHHG�WR�VHOHFW�D�FRQWURO�SODFH�$��SDUDPHWHU
�����DQG�LQ�WKH�SDUDPHWHU�����WR�LQVWDOO�Ä�UHJ��3,´�
7KH�SDUDPHWHU������DOORZV�FKRLFH�RI�UDWHG�YDOXH�IRU�D�UHJXODWRU�3,��<RX�PD\��LQVWDO�VHWWLQJ�SRLQW
GHYLFH�IURP�WKH�NH\ERDUG�RU�ZLWK�DQDORJXH�LQSXW�,Q�:���:H�$����6HWWLQJ�SRLQW�GHYLFH�FDQ�FKDQJHG
LQ�OLPLWV����������
7KH��UHJXODWRU�3,�WDVN�LV�D�GHGXFWLRQ�RI�DQ�LQSXW�VLJQDO�DW�D�OHYHO�RI�UDWHG�YDOXH��9DOXHV�RI�DQ�LQSXW
VLJQDO�FDQ�EH�FRQILJXUDWHG�ZLWK�WKH�KHOS�RI�SDUDPHWHU������
x� ,Q�:���:H�$�����WKH�VLJQDO�PRYHV�RQ�DQ�LQSXW�,Q�:���:H�$���ZLWK�SDUDPHWHUV�GHILQLQJ�,Q�:���

:H�$���SDU�������SDU�������SDU�������
x� ,Q�:���:H�$�����WKH�VLJQDO�PRYHV�RQ�DQ�LQSXW�,Q�:���:H�$���ZLWK�SDUDPHWHUV�GHILQLQJ�,Q�:���

:H�$���SDU�������SDU�������SDU�������
x� ,Q�:����,Q�:���:H�$����:H�$�����UHJXODWHG�YDOXH�LV�D�GLIIHUHQFH�RI�DQDORJXH�LQSXWV
x� ,Q�:����,Q�:���:H�$����:H�$�����UHJXODWHG�YDOXH�LV�D�GLIIHUHQFH�RI�DQDORJXH�LQSXWV�GLYLGHG�WR���
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�����*5283���3UHVHUYDWLRQV���SURWHFWLRQ

������7URXEOHV�OLVW
�,Q�WKH�SDUDPHWHU�������ODVW�WURXEOHV�DUH�VDYHG��7KH�LQGH[���PHDQV�ODVW�WURXEOH��7KH�IXUWKHU

LQGH[HV�IL[�WKH�SUHYLRXV�WURXEOHV��QDPHO\����PHDQV�WKH�HDUOLHVW�WURXEOH�

������$XWRPDWLF�UHVWDUW
,I�WKH�V\VWHP�ZLOO�VWRS�EHFDXVH�RI�D�WURXEOH��WKHUH�LV�D�SRVVLELOLW\�RI�DXWRPDWLF�UHVWDUWLQJ�RI�RSHUDWLRQ
DIWHU�GLVDSSHDUDQFH�RI�D�UHDVRQ�RI�GHYLFH�VWRSSLQJ��7KH�SDUDPHWHU������WKH�DPRXQW�RI�UHORDGV�
GHILQHV�YDOLG�DPRXQW�RI�VWDUWV�LQ�WLPH�SUHVHOHFWHG�E\�WKH�SDUDPHWHU�����

7URXEOH
FRXQWHU

7528%/(6

:RUN
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)LJ������$XWRPDWLF�UHVWRUDWLRQ�RI�RSHUDWLQJ�PHWKRG�DW�WKUHH�UHORDGV

7KH�LQWHUQDO�FRXQWHU�FRXQWVWURXEOHV��,I�LQ�WLPH�SUHVHOHFWHG�E\�WKH�SDUDPHWHU������WKH�DPRXQW�RI
WURXEOHV�H[FHHGV�WKH�HVWDEOLVKHG�DPRXQW�RI�UHORDGV��WKH�GHYLFH�ZLOO�QRW�UHVWRUH�DXWRPDWLFDOO\�PHWKRG
RI�RSHUDWLQJ��)RU�UHVWRUDWLRQ�RI�RSHUDWLRQ�LW�LV�QHFHVVDU\�WR�UHPHG\��SUHVVLQJ�WKH�EXWWRQ�6723�RQ
FRQWURO�SDQHO�RU�JLYLQJ�D�VLJQDO�RQ�D�GLJLWDO�LQSXW�SURJUDPPHG�IRU�WURXEOHVKRRWLQJ��RU�LW�LV�QHFHVVDU\
WR�VZLWFK�RII�WKH�V\VWHP�DQG�DJDLQ�WR�VZLWFK�RQ�
7KH�SDUDPHWHU�����DOORZV�WR�UHORDG�WKH�V\VWHP�DIWHU�D�WURXEOH�DV�D�UHVXOW�RI�ORZ�WHQVLRQ�IHHG�
7KH�SDUDPHWHU�����DOORZV�WR�UHORDG�WKH�V\VWHP�DIWHU�D�WURXEOH�DV�D�UHVXOW�RI�KLJK�WHQVLRQ�RI�D�GF
FLUFXLW�
7KH�SDUDPHWHU�����DOORZV�WR�UHORDG�WKH�V\VWHP�DIWHU�D�WURXEOH�DV�D�UHVXOW�RI�D�KLJK�RXWSXW�FXUUHQW�
7KH�SDUDPHWHU�����DOORZV�WR�UHORDG�WKH�V\VWHP�DIWHU�D�WURXEOH�DV�D�UHVXOW�RI�H[FHHGLQJ�WHPSHUDWXUH
RI�WKH�KHDW�VLQN�
7KH�SDUDPHWHU�����DOORZV�WR�UHORDG�WKH�V\VWHP�DIWHU�D�WURXEOH�DV�D�UHVXOW�RI�D�ORZ�DQDORJXH�LQSXW
�RSHUDWLRQ��9���P:��±���9����P:���

������7KHUPDO�SURWHFWLRQ�RI�D�GULYH
�7KH�EXLOW�LQ�WKHUPDO�PRGHO�DOORZV�WKHRUHWLFDOO\�WR�FDOFXODWH�WHPSHUDWXUH�RI�D�GULYH�

7KH�PRGHO�LV�GHYHORSHG�ZLWK�WKH�IROORZLQJ�VXSSRVLWLRQV�
x� ([�SRWHQWLDO�LQFUHDVH�RI�ZLQGLQJ�WHPSHUDWXUH�
x� $YDLODELOLW\�RI�PD[LPXP�WHPSHUDWXUH�IRU�FRQVWDQW�ZRUN�DW�UDWHG�FXUUHQW�RI�D�GULYH�
x� 7KH�LQFUHDVH�RI�WHPSHUDWXUH�GHSHQGV�RQ�WKH�UDWLR��,�,Q����
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x� 7KH�FRQVWDQW�RI�FKLOOLQJ�IRU�WKH�VWRSSHG�GULYH�WZLFH�LV�PRUH��WKDQ�LQ�DQ�RSHUDWLQJ�WLPH�
7KH�GXUDEOH�FXUUHQW�RI�D�GULYH��I!����+]��LV�GHILQHG�ZLWK�WKH�SDUDPHWHU������
)RU�ORZ�IUHTXHQFLHV�WKH�YDOLG�GXUDEOH�FXUUHQW�RI�D�GULYH�LV�ORZHU��DV�WKH�VWDQGDUG�GULYH�LV�FKLOOHG�E\�D
YHQWLODWRU�DUUDQJHG�RQ�WKH�VKDIW�DQG�WKHQ�FKLOOLQJ�LV�OHVV�
7KH�GULYH�ORDG�FDQ�EH�VKDSHG�XQGHU�WKH�FKDUDFWHULVWLF��LQWURGXFHG�LQ�D�ILJ�������,Q�D�FRROLQJ�RII
SHULRG�RI�D�GULYH�ZLWKRXW�DFFHVVRU\�FRROLQJ�LW�LV�QHFHVVDU\�WR�VHW�WKH�3DUDPHWHU������RQ������RI�D
FXUUHQW�RI�D�GULYH��$W�DSSOLFDWLRQ�RI�D�GULYH�ZLWK�DFFHVVRU\�FRROLQJ��WKLV�SDUDPHWHU�FDQ�EH
DXJPHQWHG��IRU�H[DPSOH��XS�WR������RI�D�FXUUHQW�RI�D�GULYH�

�2QH�RI�WKH�PDLQ��SDUDPHWHUV�LV�WKH�SDUDPHWHU�������VSHFLI\LQJ�D�FRQVWDQW�RI�GULYH�KHDW��7KLV
SDUDPHWHU�GHILQHV�WLPH��GXULQJ�ZKLFK�WKH�LQFUHDVH�RI�WHPSHUDWXUH�RI�D�GULYH�DFKLHYHV������RI�ILQDO
WHPSHUDWXUH�LQFUHDVLQJ�
,Q�SUDFWLFH�WLPH�PD\�EH�
3DU������� ��W��RI�>PLQ@���W��>VHF�@�LV�LQGLFDWHG�E\�WKH�PDQXIDFWXUHU�RI�GULYHV��
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RI�D�GULYH

,QFUHDVLQJ�RI�GULYH�WHPSHUDWXUH

GULYH�� WHPS�
IDFWRU�

7HPSRUDU\�IDFWRU�RI�KHDWLQJ�±�3DU������

)LJ�������'ULYH�KHDWLQJV��PRGHO��XVHG�LQ�WKH�V\VWHP�
�'DVKHG�OLQH���WXUQ�RII�RI�WKH�VFKHPH�,� ������,Q�RI�D� GULYH
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3DU� ����
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=RQH�RI�GXUDEOH�ZRUN

)LJ�������&KDUDFWHULVWLFV�RI�D�GULYH�ORDG
)RU�RSHUDWLRQ�ZLWK�DQ�H[WHUQDO�YHQWLODWRU�WKH�VWHDP������LV�QHFHVVDU\
�7R�SODFH�LQVWDOO��RQ������,Q��ZLWKRXW�D�YHQWLODWRU���RQ������,Q�

������,QVWDOODWLRQ�RI�IDFWRU\�GDWDV
$IWHU�VWDUWLQJ�RI�WKH�SDUDPHWHU������Ä�3DU�IDEU´�DQG�WXUQ�LW�RQ�<(6��7$.��WKH�SDUDPHWHUV�RI�D
FRQYHUWHU�ZLOO�ORDG�RQ�IDFWRU\�LQVWDOODWLRQV�


