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��� 6WDQGE\ 0RWRU 0DOIXQFWLRQ ���� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

6HFWLRQ �

(/(&75,&$/ 6&+(0$7,& :,5,1* ',$*5$06 ���� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
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6(&7,21 �

'(6&5,37,21

��� ,1752'8&7,21

:$51,1*

%HZDUH RI XQDQQRXQFHG VWDUWLQJ RI WKH
IDQV DQG 9�EHOWV FDXVHG E\ WKH WKHUPRVWDW
DQG WKH VWDUW�VWRS F\FOLQJ RI WKH XQLW�

7KLV PDQXDO FRQWDLQV 2SHUDWLQJ 'DWD� (OHFWULFDO
'DWD DQG 6HUYLFH ,QVWUXFWLRQV IRU WKH WUXFN UHIULJHUDWLRQ
XQLWV OLVWHG LQ 7DEOH ���� $OVR 7DEOH ��� FKDUWV VRPH
VLJQLILFDQW GLIIHUHQFHV EHWZHHQ WKHVH PRGHOV�

7KH = ��6 � = ��6 PRGHOV DUH PXOWL�SLHFH XQLWV
GHVLJQHG IRU WUXFN DSSOLFDWLRQV�7ZR W\SH RI GULYH DUH
DYDLODEOH�

x 5RDG RSHUDWLRQ �= ��6 RQO\� �
� GULYHQ E\ WKH HQJLQH RI WKH YHKLFOH ZKHQ LQ

RSHUDWLRQ RYHU�WKH�URDG�

x 5RDG�6WDQGE\ 9HUVLRQ �
� GULYHQ E\ WKH HQJLQH RI WKH YHKLFOH ZKHQ LQ

RSHUDWLRQ RYHU�WKH�URDG DQG E\ FRQQHFWLQJ WKH XQLW WR
WKH PDLQV SRZHU RQ VKXW�GRZQ�

7KH PRGHO�VHULDO QDPHSODWH LV ORFDWHG LQVLGH RI WKH
XQLW RQ WKH IUDPH �)LJXUH �����

7KH VWDQGDUG FRQWURO V\VWHP LV D PLFURSURFHVVRU
FRQWUROOHU �6HH VHFWLRQ ����� 2QFH WKH FRQWUROOHU �UHPRWH
&RPPDQG ZLWKLQ WKH FDE RI WKH WUXFN� LV VHW WR WKH
GHVLUHG WHPSHUDWXUH� WKH XQLW ZLOO RSHUDWH DXWRPDWLFDOO\
WR PDLQWDLQ WKH GHVLUHG WHPSHUDWXUH ZLWKLQ YHU\ FORVH
OLPLWV� 7KH FRQWURO V\VWHP DXWRPDWLFDOO\ VHOHFWV FRROLQJ
RU KHDWLQJ F\FOHV DV QHFHVVDU\ WR PDLQWDLQ WKH GHVLUHG
WHPSHUDWXUH�

7KH HYDSRUDWRU DVVHPEO\ FRQVLVWV RI DQ HYDSRUDWRU
FRLO� DQ H[SDQVLRQ YDOYH� RQH GHIURVW WKHUPRVWDW
�WHUPLQDWLRQ VZLWFKHV� DQG DQ HOHFWULFDO HYDSRUDWRU IDQ
PRWRU� RQH VWDUWLQJ YDOYH DQG RQH LQMHFWLRQ YDOYH RQ
=��6 ZLWK 5���$ �� LQMHFWLRQ YDOYH RSWLRQDO RQ 5���D�

7DEOH ���� � 'HVFULSWLRQ

0RGHO
5HIULJHUDQW 5���D 5RDG 6WDQGE\ 6WDQGE\ 0RWRU

0RGHO
/% .* FRPSUHVVRU


6WDQGE\
FRPSUHVVRU �SK��SK� ��K] �SK��SK� ��K]

= ��6 � ��� 70 �� <RUN ��� 6& ��� N: �

= ��6 � ��� 70 �� 70 �� ��� N: ��� N:

0RGHO
5HIULJHUDQW 5���$ 5RDG 6WDQGE\ 6WDQGE\ PRWRU

0RGHO
/% .* FRPSUHVVRU

6WDQGE\
FRPSUHVVRU �SK��SK� ��K] �SK��SK� ��K]

= ��6 � ��� 70 �� 70 �� ��� N: 1RW DYDLODEOH


 ,Q FHUWDLQ FDVHV� URDG FRPSUHVVRUV 70 �� DQG 70 �� FDQQRW EH LQVWDOOHG LQ WKH HQJLQH FRPSDUWPHQWV� 7KH
6'�+�� FRPSUHVVRU FDQ EH XVHG LQ WKHVH FDVHV� DOWKRXJK SHUIRUPDQFH ZLOO EH LPSDLUHG �SOHDVH VHH \RXU &$55,(5
UHSUHVHQWDWLYH IRU IXUWKHU GHWDLOV��
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)LJXUH ��� � 7RS YLHZ RI = ��6

�

�

�

� �

� �� �� �

�� �

��

)LJXUH ��� � 7RS YLHZ RI = ��6

�� )UDPH �� &RQGHQVHU FORVLQJ VROHQRLG �RSWLRQ�

�� &RQGHQVHU �� 3ODWIRUP VXVSHQGHG RQ VKRFN PRXQW

�� &RPSUHVVRU �VHH WDEOH ���� ���2LO VHSDUDWRU

�� 6WDQGE\ PRWRU ��� 7UDQVIRUPHU

�� &RQWURO ER[ ��� 5HFHLYHU LQWHJUDWHG ZLWK FRQGHQVHU �= ��6�

�� )LOWHU�GULHU ��� 1DPHSODWH

�� 5HFHLYHU �= ��6�



���

� � � � � �

�� �� � ���

)LJXUH ��� � 7RS YLHZ = ��6 �GHWDLO�

�� &RQGHQVHU FORVLQJ VROHQRLG �RSWLRQ� �� 5RDG FRPSUHVVRU GLVFKDUJH OLQH

�� 7UDQVIRUPHU �� 5RDG FRPSUHVVRU RLO UHWXUQ OLQH

�� /LTXLG OLQH �� &RQGHQVHU IDQ PRWRU

�� +RW JDV OLQH ��� 'LVFKDUJH YDOYH VHFWLRQ

�� 3ODWIRUP VXVSHQGHG RQ VKRFN PRXQW ��� +RW JDV VROHQRLG

�� 2LO VHSDUDWRU

� � �

�

)LJXUH ��� � 5HDU YLHZ HYDSRUDWRU

�� 3UHVVXUH UHJXODWRU �&35� �= ��6 5���$ RQO\�

�� 4XHQFK YDOYH �RSWLRQ RQ 5���D� �VWDQGDUG RQ 5���$�

�� ([SDQVLRQ YDOYH

�� (YDSRUDWRU FRLO
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� � �

�

)LJXUH ��� �9LHZ VLQJOH�SKDVH 5RDG�6WDQGE\ FRQWURO ER[ �XS WR VHULDO QXPEHU 3�������

�� ��

�

)LJXUH ��� � 5HDU YLHZ VLQJOH�SKDVH 5RDG�6WDQGE\ FRQWURO ER[ �XS WR VHULDO QXPEHU 3�������

�� 6WDQGE\ FOXWFK IXVH �� 2YHUORDG UHOD\

�� 6WDQGE\ IXVH �� 'LRGH

�� 'LVFKDUJH UHVLVWRU �� 'LRGH EULGJH

�� 0DLQ � DX[LOLDU\ FRQWDFWRU ��� 3HUPDQHQW FDSDFLWRU

�� 5XQ UHOD\ ��� 6WDUWHU FDSDFLWRU

�� )LOWHU FDSDFLWRU ��� +HDW VLQN �GLRGH EULGJH�
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�

)LJXUH ��� � 9LHZ RI VLQJOH�SKDVH 5RDG�6WDQGE\ FRQWURO ER[ �DIWHU VHULDO QXPEHU 3�������

�� �� ��

)LJXUH ��� � 5HDU YLHZ RI VLQJOH�SKDVH 5RDG�6WDQGE\ FRQWURO ER[ �DIWHU VHULDO QXPEHU 3�������

�� 6WDQGE\ FOXWFK IXVH �� 2YHUORDG UHOD\

�� 6WDQGE\ IXVH �� 'LRGH

�� 'LVFKDUJH UHVLVWRU �� 'LRGH EULGJH

�� 0DLQ � DX[LOLDU\ FRQWDFWRU ��� 3HUPDQHQW FDSDFLWRU

�� 6WDUWHU UHOD\ ��� 6WDUWHU FDSDFLWRU

�� )LOWHU FDSDFLWRU ��� +HDW VLQN �GLRGH EULGJH�
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� �

)LJXUH ��� � 9LHZ RI 7KUHH�SKDVH 5RDG�6WDQGE\ FRQWURO ER[ �XS WR VHULDO QXPEHU 3�������

� �� ��

��

��

)LJXUH ���� � 9LHZ RI 5RDG DQG 5RDG�6WDQGE\ UHOD\ PRGXOH

�� 6WDQGE\ FOXWFK IXVH �� 'LRGH EULGJH

�� 6WDQGE\ IXVH �� 5RDG IXVH

�� 'LVFKDUJH UHVLVWRU ��� 0LFURSURFHVVRU

�� 0DLQ � DX[LOLDU\ FRQWDFWRU ��� �& RU �) WHPSHUDWXUH VHOHFWRU VZLWFK

�� )LOWHU FDSDFLWRU �� 6WDQGE\ UHOD\

�� 2YHUORDG UHOD\ �� 5RDG UHOD\

�� 'LRGH
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�

� ��

)LJXUH ���� � 9LHZ RI WKUHH�SKDVH 5RDG�6WDQGE\ FRQWURO ER[ �DIWHU VHULDO QXPEHU 3�������

�

)LJXUH ���� � 5HDU YLHZ RI WKUHH�SKDVH 5RDG�6WDQGE\ FRQWURO ER[ �DIWHU VHULDO QXPEHU 3�������

�� 6WDQGE\ FOXWFK IXVH �� 2YHUORDG UHOD\

�� 6WDQGE\ IXVH �� 'LRGH

�� 'LVFKDUJH UHVLVWRU �� 'LRGH EULGJH

�� 0DLQ � DX[LOLDU\ FRQWDFWRU �� +HDW VLQN �GLRGH EULGJH�

�� )LOWHU FDSDFLWRU



���

��� &2035(6625 5()(5(1&( '$7$

0RGHO 6' �+�� 70 �� 70 ��
<RUN

��� 6&

'LVSODFH�
PHQW

�� FP�
����� LQ��

��� FP�
����� LQ��

��� FP�
���� LQ��

��� FP�
����� LQ��

1q F\OLQ�
GHUV

� � � �

:HLJKW ��� NJ ��� NJ � NJ ��� NJ

2LO
&KDUJH

��� FP�

��� FP�
URDG

��� FP�
VWDQGE\

��� FP�
URDG

��� FP�
VWDQGE\

��� FP�

$SSURYHG
2LO

&$55,(5 32( �����������

��� 5()5,*(5$7,21 6<67(0 '$7$

D� 'HIURVW 7LPHU

$XWRPDWLF WULJJHULQJ RU DW SUHVHW LQWHUYDOV � �� DXWR�

� K� � K� � K� � K� � K� � K

E� 'HIURVW 7KHUPRVWDW

2SHQV DW � �q r �q& ���q r �q)�

&ORVHV DW � �q r �q& ���q r �q)�

F� +3 5���D 3UHVVXUH 6ZLWFK �+3��

&XWRXW DW � ���� EDUV ���� SVLJ r �� 36,�

&XW�LQ DW � �� EDUV ���� SVLJ r �� 36,�

+3 5���$ 3UHVVXUH 6ZLWFK �+3��

&XWRXW DW � �� EDUV ���� SVLJ r �� 36,�

&XW�LQ DW j � �� EDUV ���� SVLJ r �� 36,�

5���D +LJK 3UHVVXUH &XWRXW 6ZLWFK �+3��

&XWRXW DW � � EDUV ���� SVLJ r �� 36,�

&XW�LQ DW � �� EDUV ���� SVLJ r �� 36,�

5���$ +LJK 3UHVVXUH &XWRXW 6ZLWFK �+3��

&XWRXW DW � �� EDUV ���� SVLJ r �� 36,�

&XW�LQ DW � �� EDUV ���� SVLJ r �� 36,�

G� 5HIULJHUDQW FKDUJH 5���D IRU = ��6�= ��6
5���$ SRXU = ��6

6HH 7DEOH ����

H� &RPSUHVVRU 3UHVVXUH 5HJXODWLQJ 9DOYH �&35�
5���$ RQO\

0RGHO &35 6HWWLQJV

NJ�FP� SVL

= ��6 ��� ��!�

I� 7KHUPRVWDWLF ([SDQVLRQ 9DOYH 6XSHUKHDW

6HWWLQJ IRU D ER[ WHPSHUDWXUH RI � ����q& ��q)�
�q& �� r �q)�

J� 5���D /RZ 3UHVVXUH VZLWFK

&XWRXW DW � ³ ���� EDU �³ ��� SVLJ r � 36,�

&XW�LQ DW � � ���� EDU �� ��� SVLJ r � 36,�

5���$ ORZ SUHVVXUH VZLWFK

&XWRXW DW � ³ ��� EDU �³ ��� SVLJ r � 36,�

&XW�LQ DW � � EDU ����� SVLJ r � 36,�

K� 4XHQFK YDOYH

2SHQV DW � ���q& ����q)�
&ORVHG DW � ����& �����)�

��� (/(&75,&$/ '$7$

D� (YDSRUDWRU )DQ 0RWRUV

%HDULQJ /XEULFDWLRQ� )DFWRU\ OXEULFDWHG�

+RUVHSRZHU� ���� N: ���� KS�

2SHUDWLQJ $PSV� � WR � DPSV

6SHHG� ���� USP �UDWHG�

9ROWDJH� �� YGF

E� 6WDQGE\ 0RWRUV

%HDULQJ /XEULFDWLRQ� )DFWRU\ OXEULFDWHG DGGLWLRQDO
JUHDVH QRW UHTXLUHG�

6SHHG� ���� USP � �� +] � ���� USP � �� +]�



���

F� 2YHUYLHZ PRWRU UDWLQJV W

7 I
3RZHU 6WDQGE\ PRWRU UDWLQJV

9ROWDJH )UHTXHQF\ 3KDVH
7\SH RI
&RQQHF�

&RQVWUXFWRU GDWD
9ROWDJH )UHTXHQF\ 3KDVH &RQQHF�

WLRQ N: +3 )XOO &KDUJH
���

2YHUORDG
���

%ORFNHG
5RWRU

8QLW

= ��6

��� 9 �� +] � o ��� � ���� ���� ����� ����

��� 9 �� +] � o ��� � ���� ���� ����� ����

��� 9 �� +] � � ��� � ���� ���� �� ����

��� 9 �� +] � o ��� � ���� ���� �����

��� 9 �� +] � � ��� � ���� ���� ����

��� 9 �� +] � o ��� � ����

��� 9 �� +] � � ��� � ����

��� 9 �� +] � o ��� � ��� ���� �� ����

��� 9 �� +] � o ��� � ���� ���� �� ����

��� 9 �� +] � o ��� � ���� �� ����� �����

= ��6

��� 9 �� +] � o ��� ��� ���� ���� ����� ����

��� 9 �� +] � � ��� ��� ���� ���� ���� ����

��� 9 �� +] � ��� ��� ��� ���� �� ����

��� 72548( 9$/8(6

$VVHPEO\ NJ�P IW�OE

6WDQGE\ FRPSUHVVRU SODWIRUP ��� ��

6WDQGE\ PRWRU SODWIRUP ��� ��

6WDQGE\ FRPSUHVVRU SODWIRUP ��� ��

6WDQGE\ PRWRU SXOOH\ ��� ��

&RPSUHVVRU SXOOH\ �= ��6� ��� ��

(YDSRUDWRU IDQ PRWRU ��� ��

(YDSRUDWRU IDQ ��� �

&RQGHQVHU � IUDPH ��� �

&RQGHQVHU IDQ EODGH ��� ��

0RXQWLQJ %ROWV � WR � �� WR ��



����

��� 6$)(7< '(9,&(6

6\VWHP FRPSRQHQWV DUH SURWHFWHG IURP GDPDJH
FDXVHG E\ XQVDIH RSHUDWLQJ FRQGLWLRQV E\ DXWRPDWLFDOO\

VKXWWLQJ GRZQ WKH XQLW ZKHQ VXFK FRQGLWLRQV RFFXU� 7KLV
LV DFFRPSOLVKHG E\ WKH VDIHW\ GHYLFHV OLVWHG LQ 7DEOH ����

7DEOH ���� 6DIHW\ 'HYLFHV � 0LFURSURFHVVRU &RQWUROOHU

8QVDIH &RQGLWLRQV 6DIHW\ 'HYLFH $XWRPDWLF
UHVWDUW ZLWK
IDXOW FOHDUHG

'HYLFH 6HWWLQJ

�� ([FHVVLYH GURS LQ SUHVVXUH $XWRPDWLF UHVHW RI /RZ 3UHVVXUH
VZLWFK

<(6 &XWRXW � � ���� EDU �5���D�
� ��� EDU �5���$�

�� ([FHVVLYH FXUUHQW GUDZ RQ DOO
PLFURSURFHVVRU RXWSXWV

(OHFWURQLF UHOD\ <(6 6HOI�SURWHFWHG RSHQLQJ

�� ([FHVVLYH FXUUHQW GUDZ FRQWURO
FLUFXLW

)XVH RQ HOHFWURQLF ERDUG 12 6HOI�SURWHFWHG RSHQLQJ

�� ([FHVVLYH FXUUHQW GUDZ 6WDQGE\
PRWRU

2YHUORDG UHOD\ H[FHSW ��������
��������  2YHUORDG VZLWFK

<(6�12
12

6HH HOHFWULFDO ZLULQJ GLDJUDP

�� ([FHVVLYH FXUUHQW GUDZ
HYDSRUDWRU DQG FRQGHQVHU IDQ
PRWRUV

(OHFWURQLF UHOD\ <(6 6HOI�SURWHFWHG RSHQLQJ

�� ([FHVVLYH FRPSUHVVRU
GLVFKDUJH SUHVVXUH

$XWRPDWLF UHVHW RI +LJK 3UHVVXUH
VZLWFK �+3�

&XWRXW � ���� EDU �5���D�
�� EDU �5���$�

�� ([FHVVLYH FXUUHQW GUDZ VWDQGE\
FOXWFK = ��6

)XVH )� 12 2SHQV DW � $ ��� 9�

�� ([FHVVLYH FXUUHQW GUDZ XQLW RQ
VWDQGE\

)XVH )� 12 2SHQV DW �� $ ��� 9�

�� ([FHVVLYH FXUUHQW GUDZ XQLW RQ
URDG

)XVH )� 12 2SHQV DW �� $ ��� 9�

��� &RQQHFWLRQ HUURU RQ SULPDU\
WUDQVIRUPHU

)XVH )� 12 2SHQV DW � $

��� ([FHVVLYH WHPSHUDWXUH RQ
VWDQGE\ PRWRU EHDULQJ

37� <(6 6HOI�SURWHFWHG RSHQLQJ

��� &OXWFK PDOIXQFWLRQ � 5RDG
�H[FHVVLYH FXUUHQW GUDZ�

(OHFWURQLF UHOD\ <(6 6HOI�SURWHFWHG RSHQLQJ

��� &OXWFK PDOIXQFWLRQ � 5RDG
�LQVXIILFLHQW FXUUHQW GUDZ�

(OHFWURQLF UHOD\ <(6 'HWHFWLRQ RI PLQ� WKUHVKROG DW ��� P$

��� 'RXEOH SRZHU VXSSO\ �URDG �
VWDQGE\�

0LFURSURFHVVRU 'LVSOD\ RQ &DE &RPPDQG XQWLO RQH
RI WKH � SRZHU VXSSOLHV KDV EHHQ GLV�
FRQQHFWHG

��� /RZ EDWWHU\ YROWDJH 0LFURSURFHVVRU <(6 &XWRXW�FXW�LQ DW �� 9



����

��� &$% &200$1'

)URP KLV VHDW� WKH GULYHU FDQ FDUU\ RXW DOO WKH FRQWURO
RSHUDWLRQV�

x VKXW�GRZQ�

x DXWRPDWLF VWDUW�XS LQ URDG RU VWDQGE\ PRGH�

x DGMXVWLQJ WKH VHW�SRLQW�

x GHIURVW�

7KH GULYHU FDQ GLVSOD\ WKH ER[ WHPSHUDWXUH� DQG VHH
ZKHWKHU WKH VHW�SRLQW LV EHLQJ PDLQWDLQHG E\ FKHFNLQJ
WKH JUHHQ LQGLFDWRU� 7KH LQGLFDWRU OLJKWV XS UHG LQ WKH
HYHQW RI D PDOIXQFWLRQ�

:KHQ WKH EDWWHU\ YROWDJH LV WRR ORZ� D IDLO�VDIH
V\VWHP VKXWV GRZQ WKH XQLW� 8QLW UHVWDUW LV DXWRPDWLF DQG
WLPH�GHOD\HG LI WKH YROWDJH ULVHV WR WKH QRUPDO OHYHO �VHH
)LJXUH ������ &DE FRPPDQG

)LJXUH ����� &DE FRPPDQG

����� ,1752'8&7,21

7KH PLFURSURFHVVRU FRQWUROOHU FDUG LV ORFDWHG LQ WKH
FRQWURO ER[� 7KH FRQWUROOHU FRPSULVHV WKH
PLFURSURFHVVRU� WKH SURJUDP PHPRU\ DQG WKH
LQSXW�RXWSXW FLUFXLWV UHTXLUHG WR LQWHUIDFH ZLWK WKH XQLW�

7KH FDE FRPPDQG LV PRXQWHG UHPRWH LQ WKH FDE�
7KH FRPPDQG FRPSULVHV WKH JUHHQ DQG UHG /('
UHDGRXWV� WKH NH\SDG DQG NH\SDG LQWHUIDFH �VHH )LJXUH
������

:$51,1*

7KH FRQWUROOHU FDUG DQG FDE FRPPDQG
PXVW QHYHU EH UHSDLUHG E\ WKH GULYHU� �VHH
VHFWLRQ ������ ,Q WKH HYHQW RI D PDOIXQFWLRQ
ZLWK DQ\ RI WKHLU FRPSRQHQWV SOHDVH
FRQWDFW \RXU QHDUHVW &DUULHU 7UDQVLFROG
GLVWULEXWRU VR WKDW WKH\ FDQ EH UHSODFHG�

7KH &DUULHU 7UDQVLFROG PLFURSURFHVVRU FRQWUROV WKH
IROORZLQJ IXQFWLRQV�

D� 0DLQWDLQV WKH ER[ WHPSHUDWXUH DW VHW�SRLQW E\
UHJXODWLQJ WKURXJK FRROLQJ� KHDW� RIIPRGH DQG DXWRPDWLF
GHIURVW F\FOHV�

E� 3HUPDQHQWO\ GLVSOD\V WKH UHWXUQ DLU WHPSHUDWXUH DQG
RQ UHTXHVW WKH VHW�SRLQW WHPSHUDWXUH�

F� 'LJLWDO GLVSOD\ DQG VHOHFWLRQ RI GDWD�

)RU IXUWKHU GHWDLOV RQ GLJLWDO PHVVDJH GLVSOD\� VHH
VHFWLRQ ������

����� .(<3$'

7KH NH\SDG FRPSULVHV VL[ NH\V HQDEOLQJ WKH
RSHUDWRU WR DFWLYDWH YDULRXV IXQFWLRQV� GLVSOD\ RSHUDWLQJ
GDWD DQG WR PRGLI\ RSHUDWLQJ SDUDPHWHUV�

'LVSOD\
5HDGRXW

6WDQGE\ RSHUDWLRQ OHG

5RDG RSHUDWLRQ OHG

8QLW RSHUDWLQJ GDWD OHG

x *UHHQ  F\FOLQJ �OHIW�KDQG VLGH�
x 5HG  PDOIXQFWLRQ �ULJKW�KDQG VLGH�

.H\V

0DQXDO GHIURVW FRQWURO NH\

8QLW VWDUW�XS NH\
8QLW VKXW�GRZQ NH\ LQ VWDQGE\ RU URDG

PRGH� 2Q URDG RSHUDWLRQ� WKH XQLW FDQ EH
VKXW GRZQ ZLWK WKH LJQLWLRQ NH\�

8QLW GDWD DQG IXQFWLRQ PRGLILFDWLRQ

7KH 6(7 NH\� WRJHWKHU ZLWK WKH � DQG �

NH\V� HQDEOHV GLVSOD\ DQG PRGLILFDWLRQ RI
XQLW RSHUDWLQJ GDWD�

7KH GLVSOD\ FKDQJHV SDUDPHWHU HDFK WLPH WKH 6(7
NH\ LV SUHVVHG�

'HFUHPHQW NH\ IRU VHOHFWHG GDWD

,QFUHPHQW NH\ IRU VHOHFWHG GDWD



����

����� 6(7�32,17

0RGLILFDWLRQ RI WKH VHW�SRLQW WHPSHUDWXUH

'LVSOD\ RI WKH VHW�SRLQW WHPSHUDWXUH�

'HFUHPHQWV WKH VHW�SRLQW�

,QFUHPHQWV WKH VHW�SRLQW�

9DOLGDWHV VHW�SRLQW WHPSHUDWXUH�5HWXUQV WR

GLVSOD\ RI WKH ER[ WHPSHUDWXUH�

,W LV SRVVLEOH WR LQFUHDVH RU GHFUHDVH WKH VHW�SRLQW E\
ZKROH QXPEHUV XQWLO WKH UHTXLVLWH VHW�SRLQW LV GLVSOD\HG�
,I GLVSOD\ VWD\V KLJKOLJKWHG� WKLV LQGLFDWHV WKH VHW�SRLQW
GLVSOD\HG KDV QRW EHHQ YDOLGDWHG�

7KH QHZ VHWWLQJ IRU WKH VHW�SRLQW LV YDOLGDWHG E\
SUHVVLQJ WKH 6(7 NH\�

/RFNLQJ WKH VHW�SRLQW

8QLW VWDUW�XS�

$FFHVV WR PHQX�

7KH LQGLFDWRUV OLJKW XS RU RU IODVK
GHSHQGLQJ RQ ZKHWKHU \RX DUH LQ 67$1'%< RU 52$'
PRGH�

'LVSOD\V PD[LPXP VHW�SRLQW

��q&�� ��q&�� 0RGLILFDWLRQ RI PD[LPXP
VHW�SRLQW�

9DOLGDWHV VHW�SRLQW�

'LVSOD\ RI WKHUPRVWDW GLIIHUHQWLDO
WHPSHUDWXUH�

0RGLILFDWLRQ RI WKHUPRVWDW GLIIHUHQWLDO

$IWHU DFFHVVLQJ WKH ´6HW�SRLQW ORFNµ IXQFWLRQ�

0RGLILFDWLRQ RI VHWWLQJ LI QHFHVVDU\�

�� SRVVLELOLWLHV � �q��q��q&�

9DOLGDWHV PRGLILHG VHWWLQJ�

(YDSRUDWRU YHQWLODWLRQ SHUPDQHQW RU QRW

$IWHU DFFHVVLQJ WKH ´7KHUPRVWDW GLIIHUHQWLDO VHWWLQJµ
IXQFWLRQ�

6HOHFW 21 RU 2))�

9DOLGDWH VHOHFWLRQ�

x ([LW ER[ WHPSHUDWXUH GLVSOD\ PHQX
5HWXUQ WR QRUPDO RSHUDWLRQ RI XQLW
$IWHU � VHFRQGV ZLWKRXW SUHVVLQJ DQ\ NH\
x ([LW ER[ WHPSHUDWXUH GLVSOD\ PHQX

����� ',*,7$/ ',63/$<

7KH GLJLWDO GLVSOD\ FRPSULVHV WKUHH DOSKDQXPHULF
FKDUDFWHUV� 7KH GHIDXOW YDOXH GLVSOD\HG LV WKH VHW�SRLQW�
7KH PLFURSURFHVVRU HQDEOHV VHOHFWLRQ RI WKH GLVSOD\ LQ
GHJUHHV &HOVLXV RU )DKUHQKHLW �VHH SKRWR 5RDG FRQWURO
ER[��

7KH GLVSOD\ DOVR LQFOXGHV VHWWLQJV IRU GHIURVW
RSHUDWLRQ �G)��

����� )81&7,21$/ 3$5$0(7(56

0RGLILFDWLRQ RI GHIURVW SDUDPHWHUV

� 'LVSOD\ RI GHIURVW LQWHUYDO

SUHYLRXVO\ VHOHFWHG�
0RGLILFDWLRQ RI GHIURVW LQWHUYDO�

�� FRPSOHWH GHOHWLRQ RI GHIURVW�
��� WR ���� GHFUHDVHV WLPH LQWHUYDO
EHWZHHQ � DXWR GHIURVW F\FOHV LQ
UHODWLRQ WR FDOFXODWHG WLPH
�FRHIILFLHQW ���
$87� DXWRPDWLF GHIURVW RSWLPL]HG
E\ WKH PLFURSURFHVVRU DFFRUGLQJ WR
WKH W\SH RI FDUJR WUDQVSRUWHG
�YDULDEOH LQWHUYDOV��
��� WR ���� LQFUHDVHV WKH WLPH
LQWHUYDO EHWZHHQ � DXWRPDWLF
GHIURVW F\FOHV
LQ UHODWLRQ WR FDOFXODWHG WLPH
�FRHIILFLHQW ���
� +� � +���� � +� )RUFHG LQWHUYDO
EHWZHHQ HDFK GHIURVW H[SUHVVHG LQ
KRXUV�
9DOLGDWHV PRGLILHG VHWWLQJ�

5HWXUQV WR GLVSOD\ RI ER[
WHPSHUDWXUH�



����

����� $/$50 ',63/$<

$FFHVV WR PDOIXQFWLRQ FRGHV

0DOIXQFWLRQ PDQDJHPHQW

3UHVV 6(7 IRU � VHFRQGV� HQDEOHV DFFHVV WR
PDOIXQFWLRQ FRGHV�

0DOI� FRGHV

5HG /(' IODVKHV
1R PDOIXQFWLRQ�
8QLW LQ RSHUDWLRQ�

&XW�RXW� ORZ�SUHVVXUH VZLWFK

&XW�RXW� KLJK�SUHVVXUH VDIHW\
VZLWFK�

&XW�RXW� HOHFWULF PRWRU RYHUORDG
SURWHFWLRQ RQ VWDUW�XS�

0DOIXQFWLRQ� URDG RSHUDWLRQ FOXWFK
FRQWURO�

0DOIXQFWLRQ� VWDQGE\ FOXWFK DQG
FRQWDFWRU FRQWURO�

0DOIXQFWLRQ� FRQGHQVHU IDQ
FRQWURO�

0DOIXQFWLRQ� HYDSRUDWRU IDQ � FRQ�
WURO�

0DOIXQFWLRQ� KHDWLQJ RSWLRQ FRP�
PDQG�

0DOIXQFWLRQ� GHIURVW YDOYH FRQWURO

0DOIXQFWLRQ� TXHQFK YDOYH FRQWURO�

0DOIXQFWLRQ� KHDWLQJ YDOYH FRQWURO�

+LJK WHPSHUDWXUH DODUP�

/RZ WHPSHUDWXUH DODUP�

'HIURVW DODUP ! �� PLQXWHV�

,Q FDVHV RI VHYHUDO VLPXOWDQHRXV PDOIXQFWLRQV� XVH
WKH NH\V WR OLVW WKHP�

'LVSOD\ RI SURJUDP YHUVLRQ

5HWXUQ WR ER[ WHPSHUDWXUH

0DOIXQFWLRQ� HYDSRUDWRU WHPSHUD�
WXUH SUREH�

/RZ EDWWHU\ YROWDJH ORZ DODUP�
�� ��9�

7ZLQ SRZHU VXSSO\ �'LHVHO DQG
6WDQGE\��

7KHVH PDOIXQFWLRQ PHVVDJHV DUH GLVSOD\HG LQVWHDG
RI WKH WHPSHUDWXUH�

*5((1 /,*+7 67$786

6(7 32,17

6HW�SRLQW � ��&

6HW�SRLQW � GLIIH���

UHQWLDO +\VWHUHVLV

�� �� ��

6HW�SRLQW �
GLIIHUHQFLDO ���&

*UHHQ /HG
IODVKLQJ ��� +]

*UHHQ /HG
IODVKLQJ � +]

6WHDG\
JUHHQ /HG

6WHDG\
JUHHQ /HG

*UHHQ /HG
IODVKLQJ � +]

*UHHQ /HG
IODVKLQJ ��� +]

6HW�SRLQW �
GLIIHUHQFLDO

�� �� ��&

7KH UHG DODUP /(' IODVKHV DW � +] DIWHU ��· RI KLJK RU
ORZ DODUP�

7KH UHG /(' JRHV RXW ZKHQ WKH WHPSHUDWXUH LV
ZLWKLQ WKH 6HW�SRLQW UDQJH r GLIIHUHQWLDO �VWHDG\ JUHHQ
/('�� ([FHSW RQ YHUVLRQV ROGHU WKDQ ���� �VWHDG\ UHG��

,Q WKH FDVH RI GHIURVW� WKH WLPH RI ��· LV H[WHQGHG WR
��·�

����� &+(&.,1* 7+( (3520 9(56,21

6WDUW�XS XQLW�

)LUVW FKHFN IRU DQ\ HYHQWXDO PDOIXQFWLRQ FRGHV�

'LVSOD\ RQ�VFUHHQ WKH YHUVLRQ QR� �H�J�� ������



����

����� '()5267 &<&/(

'HIURVW LV DQ LQGHSHQGHQW F\FOH RYHUULGLQJ FRROLQJ

DQG KHDWLQJ IXQFWLRQV� EHFDXVH LW HQDEOHV WKH

HYDSRUDWRU WR EH GHIURVWHG ZKHQ QHFHVVDU\� ,Q GHIURVW

PRGH� WKH PLFURSURFHVVRU GLVSOD\V ´G)µ RQ WKH FDE

FRPPDQG� ZKLFK QR ORQJHU GLVSOD\V WKH VHW�SRLQW�

'()5267

'HIURVW LV IXOO\ DXWRPDWLF EXW FDQ EH PDQXDOO\

FRQWUROOHG LI DXWKRUL]HG E\ WKH GHIURVW WKHUPRVWDW�

7KH GHIURVW F\FOHV DUH IXOO\ PDQDJHG E\ WKH

LQWHJUDWHG PLFURSURFHVVRU�

'XULQJ WKH GHIURVW SKDVH� WKH HYDSRUDWRU IDQ VKXWV

GRZQ� 7KH FRQGHQVHU IDQ LV FRQWUROOHG E\ WKH

PLFURSURFHVVRU�

7KH HQG RI WKH F\FOH LV FRQWUROOHG E\ D ´.OL[RQµ

WKHUPRVWDW�

'XULQJ WKH GHIURVW SKDVH� WKH UHDGRXW RI WKH FDE

FRPPDQG LQGLFDWHV ´G)µ�

D� 'HIURVW

'HIURVW PRGH LV DFWLYDWHG E\ WKH PLFURSURFHVVRU

DXWRPDWLFDOO\ RU PDQXDOO\ E\ WKH RSHUDWRU� 7KH F\FOH

VWRSV ZKHQ WKH GHIURVW WHUPLQDWLRQ WKHUPRVWDW �'77� LV

DFWLYDWHG� 7KH GHIURVW LQWHUYDO WLPHU LV UHVHW WR ]HUR

ZKHQ WKH GHIURVW F\FOH LV WHUPLQDWHG� IRU ZKDWHYHU

UHDVRQ�

E� 'HIURVW WHUPLQDWLRQ VDIHW\

,I WKH GHIURVW F\FOH GRHV QRW WHUPLQDWH DIWHU ��

PLQXWHV� WKH F\FOH WHUPLQDWHV DXWRPDWLFDOO\ DQG

GLVSOD\V DODUP FRGH $���

F� 0RGLI\LQJ GHIURVW SDUDPHWHUV

6KXW�GRZQ XQLW��

� 'LVSOD\ SDUDPHWHUV

0RGLI\ SDUDPHWHUV

9DOLGDWH PRGLILHG VHWWLQJ�

G� 0LQLPXP VKXW�GRZQ RQO\ RQ VWDQGE\

7KH PLQLPXP VKXW�GRZQ IRU WKH VWDQGE\ PRWRU LV �
PLQXWHV�

$IWHU WKLV PLQLPXP VKXW�GRZQ SHULRG� WKH XQLW
UHVWDUWV ZKHQ WKH WHPSHUDWXUH JRHV RXW RI WKH F\FOLQJ
UDQJH E\ r �� � RU �q& �r ���� ��� RU ���q)��

H� %DWWHU\ YROWDJH

7KH EDWWHU\ YROWDJH LV GHWHFWHG� 7KH FRUUHFW YROWDJH
LV ���� 9 DW ��q& ���q)��

,I WKH EDWWHU\ YROWDJH GURSV EHORZ �� 9� WKH XQLW
VKXWV GRZQ DQG WKH FDE FRPPDQG GLVSOD\V WKH
PHVVDJH ´E$Wµ�

��� &2035(6625 35(6685( 5(*8/$7,1*
9$/9( �&35� 21 = ��6 5���$ 21/<

7KLV &35 YDOYH LV LQVWDOOHG RQ WKH VXFWLRQ OLQH RI WKH
FRPSUHVVRU WR UHJXODWH WKH DPRXQW RI VXFWLRQ SUHVVXUH
HQWHULQJ WKH FRPSUHVVRU� 7KH &35 YDOYH LV VHW WR OLPLW
WKH PD[LPXP VXFWLRQ SUHVVXUH� )RU &35 VHWWLQJV UHIHU
WR VHFWLRQ ����

7KH VXFWLRQ SUHVVXUH LV FRQWUROOHG WR DYRLG
RYHUORDGLQJ WKH HOHFWULF PRWRU RU HQJLQH GXULQJ KLJK ER[
WHPSHUDWXUH RSHUDWLRQ� 7R DGMXVW WKH &35 YDOYH� UHIHU WR
VHFWLRQ ����

��� +27 *$6 62/(12,' �7:2�:$<�

7KH KRW JDV VROHQRLG LV QRUPDOO\ FORVHG �1&� DQG LV
RQO\ SRZHUHG LQ GHIURVW RU KHDW PRGHV�

,I +3� LV FORVHG� WKH FRQGHQVHU IDQ LV 21�

,I +3� LV RSHQHG� WKH FRQGHQVHU IDQ LV 2))�

���� &21'(16(5 &/26,1* 62/(12,'
�7:2�:$<� �237,21�

7KH FRQGHQVHU FORVLQJ VROHQRLG LV QRUPDOO\ RSHQ
�12�� ,W LV SRZHUHG LI WKH SUHVVXUH VZLWFK IRU IDQ F\FOLQJ
LV FORVHG�

���� 5()5,*(5$17 &,5&8,7 '85,1* &22/,1*
�6(( ),*85( �����

:KHQ FRROLQJ� WKH XQLW RSHUDWHV DV D YDSRU
FRPSUHVVLRQ UHIULJHUDWLRQ V\VWHP� 7KH PDLQ
FRPSRQHQWV RI WKH V\VWHP DUH WKH UHFLSURFDWLQJ
FRPSUHVVRU� DLU�FRROHG FRQGHQVHU� WKHUPRVWDWLF
H[SDQVLRQ YDOYH� GLUHFW H[SDQVLRQ HYDSRUDWRU� DQG KRW
JDV VROHQRLG �WZR�ZD\��

7KH FRPSUHVVRU UDLVHV WKH SUHVVXUH DQG
WHPSHUDWXUH RI WKH UHIULJHUDQW DQG IRUFHV LW LQWR WKH
FRQGHQVHU WXEHV�
7KH FRQGHQVHU IDQ FLUFXODWHV VXUURXQGLQJ DLU RYHU WKH
RXWVLGH RI WKH FRQGHQVHU WXEHV� +HDW WUDQVIHU LV WKXV
HVWDEOLVKHG IURP WKH UHIULJHUDQW JDV �LQVLGH WKH WXEHV� WR
WKH FRQGHQVHU DLU �IORZLQJ RYHU WKH WXEHV�� 7KH
FRQGHQVHU WXEHV KDYH ILQV GHVLJQHG WR LPSURYH WKH
WUDQVIHU RI KHDW� 7KLV UHPRYDO RI KHDW FDXVHV WKH



����

UHIULJHUDQW WR OLTXHI\� OLTXLG UHIULJHUDQW IORZV IURP WKH
FRQGHQVHU WR WKH UHFHLYHU�

7KH UHFHLYHU VWRUHV WKH DGGLWLRQDO FKDUJH QHFHVVDU\
IRU ORZ DPELHQW RSHUDWLRQ DQG IRU KHDWLQJ DQG GHIURVW
PRGHV�

7KH UHIULJHUDQW OHDYHV WKH UHFHLYHU DQG IORZV
WKURXJK D PDQXDO UHFHLYHU VKXW�RII YDOYH �NLQJ YDOYH��

7KH UHIULJHUDQW WKHQ IORZV WKURXJK D FKHFN YDOYH
�RSWLRQDO��

7KH UHIULJHUDQW WKHQ IORZV WKURXJK WKH ILOWHU�GULHU�
ZKHUH DQ DEVRUEHQW NHHSV LW GU\ DQG FOHDQ� 7KH
UHIULJHUDQW WKHQ IORZV WKRXJK D VLJKW JODVV ZLWK PRLVWXUH

LQGLFDWLRQ WKURXJK WKH VXEFRROHU�

7KH VXEFRROHU RFFXSLHV D SRUWLRQ RI WKH PDLQ
FRQGHQVLQJ FRLO VXUIDFH DQG JLYHV RII IXUWKHU KHDW WR WKH
SDVVLQJ DLU DQG WKHQ WRZDUGV D WKHUPRVWDWLF H[SDQVLRQ
YDOYH �ZLWK H[WHUQDO SUHVVXUH HTXDOL]HU� ZKLFK UHJXODWHV
WKH IORZUDWH RI UHIULJHUDQW WRZDUGV WKH HYDSRUDWRU LQ
RUGHU WR REWDLQ PD[LPXP XVH RI WKH HYDSRUDWRU KHDW
WUDQVIHU VXUIDFH�

7KH HYDSRUDWRU WXEHV KDYH DOXPLQLXP ILQV WR
LQFUHDVH KHDW WUDQVIHU� WKHUHIRUH KHDW LV UHPRYHG IURP
WKH DLU FLUFXODWHG WKURXJK WKH HYDSRUDWRU� 7KLV FROG DLU LV
FLUFXODWHG WKURXJKRXW WKH WUXFN WR PDLQWDLQ WR WKH FDUJR
DW WKH GHVLUHG WHPSHUDWXUH�

�� 7KHUPRVWDWLF H[SDQVLRQ YDOYH
�� 'HIURVW HOHPHQW
�� /LTXLG VLJKW JODVV ZLWK KXPLGLW\

LQGLFDWRU
�� +RW JDV YDOYH �QRUPDOO\ FORVHG�
�� &RQWURO SUHVVXUH VZLWFK �+3��
�� (YDSRUDWRU
�� 6WDQGE\ FRPSUHVVRU

�� )LOWHU�GULHU
�� 5RDG FRPSUHVVRU
��� +LJK SUHVVXUH VZLWFK �+3��
��� &RQGHQVHU
��� 5HFHLYHU
��� 'LVFKDUJH FKHFN YDOYH VHFWLRQ
��� /RZ SUHVVXUH VZLWFK
��� ,QMHFWLRQ NOL[RQ

��� 2LO VHSDUDWRU
��� &RQGHQVHU FORVLQJ YDOYH �RSWLRQ�
�QRUPDOO\ RSHQ�
��� &35 �RQO\ RQ = ��6 5���$�
��� &KHFN YDOYH �RSWLRQ�
��� 4XHQFK YDOYH

x 2SWLRQ ZLWK 5���D
x 6WDQGDUG ZLWK 5���$

/LTXLG OLQH
/RZ SUHVVXUH OLQH

+RW JDV OLQH
'LVFKDUJH JD] OLQH

2LO UHWXUQ OLQH
&RROLQJ &\FOH

)LJXUH ����� &RROLQJ &\FOH

7KH WUDQVIHU RI KHDW IURP WKH DLU WR WKH ORZ
WHPSHUDWXUH OLTXLG UHIULJHUDQW FDXVHV WKH OLTXLG WR
YDSRUL]H� 7KH VWHDP DW ORZ WHPSHUDWXUH DQG SUHVVXUH
HQWHUV WKH DFFXPXODWRU DQG LV WKHQ GUDZQ RXW E\ WKH
FRPSUHVVRU�

2QO\ RQ WKH = ��6 5���$� 7KH UHIULJHUDQW WKHQ
HQWHUV WKH FRPSUHVVRU SUHVVXUH UHJXODWLQJ YDOYH �&35�

ZKLFK UHJXODWHV UHIULJHUDQW SUHVVXUH HQWHULQJ WKH
FRPSUHVVRU� ZKHUH WKH F\FOH VWDUWV RYHU�

7KH TXHQFK YDOYH RSHQV DV UHTXLUHG WR PDLQWDLQ D
PD[LPXP GLVFKDUJH WHPSHUDWXUH RI ���q& ����q)��



����

���� 5()5,*(5$17 &,5&8,7 '85,1* +($7 $1'
'()5267 �6(( ),*85( �����

:KHQ UHIULJHUDQW YDSRU LV FRPSUHVVHG WR D KLJK
SUHVVXUH DQG WHPSHUDWXUH LQ D UHFLSURFDWLQJ
FRPSUHVVRU� WKH PHFKDQLFDO HQHUJ\ QHFHVVDU\ WR
RSHUDWH WKH FRPSUHVVRU LV WUDQVIHUUHG WR WKH JDV LW LV
EHLQJ FRPSUHVVHG� 7KLV HQHUJ\ LV UHIHUHHG WR DV WKH
µKHDW RI FRPSUHVVLRQ µ DQG LV XVHG DV WKH VRXUFH RI KHDW
GXULQJ WKH KHDWLQJ F\FOH�

&DVH �� :LWK FRQGHQVHU FORVLQJ VROHQRLG RSWLRQ�
:KHQ WKH PLFURSURFHVVRU DFWLYDWHV KHDWLQJ RU GHIURVW�
WKH KRW JDV �WZR�ZD\� VROHQRLG HQHUJL]HV� DQG �LI +3� LV
RSHQ� WKH FRQGHQVHU FORVLQJ VROHQRLG HQHUJL]HV� FORVLQJ

WKH SRUW WR WKH FRQGHQVHU DQG RSHQLQJ D SRUW ZKLFK
DOORZV KHDWHG UHIULJHUDQW YDSRU WR IORZ GLUHFWO\ WR WKH
HYDSRUDWRU FRLO�

&DVH �� :LWKRXW FRQGHQVHU FORVLQJ VROHQRLG RSWLRQ�
:KHQ WKH PLFURSURFHVVRU DFWLYDWHV KHDWLQJ RU GHIURVW�
WKH KRW JDV VROHQRLG �WZR�ZD\� HQHUJL]HV� RSHQLQJ D
SRUW ZKLFK DOORZV KHDWHG UHIULJHUDQW YDSRU WR IORZ
GLUHFWO\ WR WKH HYDSRUDWRU FRLO�

7KH PDLQ GLIIHUHQFH EHWZHHQ KHDWLQJ DQG
GHIURVWLQJ LV WKDW� ZKHQ LQ KHDWLQJ PRGH DOO WKH
HYDSRUDWRU IDQV FRQWLQXH WR UXQ� EORZLQJ WKH DLU DURXQG
WKH KHDWHG FRLOV WR KHDW WKH SURGXFW� :KHQ GHIURVWLQJ�
WKH HYDSRUDWRU IDQV VWRS� DOORZLQJ WKH KHDWHG YDSRU WR
GHIURVW DQ\ LFH EXLOG�XS WKHUH PD\ EH�

�� 7KHUPRVWDWLF H[SDQVLRQ YDOYH
�� 'HIURVW HOHPHQW
�� /LTXLG VLJKW JODVV ZLWK KXPLGLW\

LQGLFDWRU
�� +RW JDV YDOYH �QRUPDOO\ FORVHG�
�� &RQWURO SUHVVXUH VZLWFK �+3��
�� (YDSRUDWRU
�� 6WDQGE\ FRPSUHVVRU

�� )LOWHU�GULHU
�� 5RDG FRPSUHVVRU
��� +LJK SUHVVXUH VZLWFK �+3��
��� &RQGHQVHU
��� 5HFHLYHU
��� 'LVFKDUJH FKHFN YDOYH VHFWLRQ
��� /RZ SUHVVXUH VZLWFK
��� .OL[RQ LQMHFWLRQ

��� 2LO VHSDUDWRU
��� &RQGHQVHU FORVLQJ YDOYH �RSWLRQ�
�QRUPDOO\ RSHQ�
��� &35 �RQO\ RQ = ��6 5���$�
��� &KHFN YDOYH �RSWLRQ�
��� 4XHQFK YDOYH

y 2SWLRQ ZLWK 5���D
y 6WDQGDUG ZLWK 5���$

/LTXLG OLQH
/RZ SUHVVXUH OLQH

+RW JDV OLQH
'LVFKDUJH JD] OLQH

2LO UHWXUQ OLQH
+HDWLQJ &\FOH

)LJXUH ����� +HDWLQJ &\FOH



���

6(&7,21 �

23(5$7,21

��� &21752/ $1' 67$57,1* 83

����� 21 52$'

&KHFN WKH EHOW WHQVLRQ RI WKH FRPSUHVVRU GULYH
EHOWV�

6WDUW�XS DQG FRQWURO RI ER[ WHPSHUDWXUH

6WDUW WKH YHKLFOH HQJLQH�

3UHVV WKH 21 NH\ WR VWDUW WKH XQLW
�VWDUW�XS LV WLPH�GHOD\HG IRU ��
VHFRQGV��
7KH GLJLWDO GLVSOD\ RI WKH FDE FRP�
PDQG GLVSOD\V WKH ER[ WHPSHUD�
WXUH�

&KHFN WKH WHPSHUDWXUH VHW�SRLQW LV
FRUUHFW E\ SUHVVLQJ WKH 6(7 NH\�
WKH VHW�SRLQW WHPSHUDWXUH LV KLJK�
OLJKWHG RQ WKH GLJLWDO GLVSOD\�

(QWHU D QHZ VHW�SRLQW LI QHFHVVDU\ �VHH WHPSHUDWXUH
VHW�SRLQW DGMXVWPHQW��

,Q WKH HYHQW RI GLIILFXOW\ RQ VWDUW�XS� FKHFN WKDW�

7KH FRQWURO ER[ IXVHV KDYH QRW EORZQ�

7KH WHPSHUDWXUH VHOHFWHG E\ WKH FDE FRPPDQG KDV QRW
EHHQ DIIHFWHG�

8QLW VKXW�GRZQ

3UHVV WKH 2)) NH\�

����� 21 67$1'%< �52$'�67$1'%< 9(56,21�

9(5< ,03257$17

7KH XQLW PXVW EH VKXW�GRZQ WR FRQQHFW RU
GLVFRQQHFW WKH VWDQGE\ VXSSO\ FDEOH�

%HIRUH VWDUW�XS� FKHFN�

x 2Q WKH SRZHU QHWZRUN�
&KHFN WKDW WKH W\SH RI FXUUHQW FRUUHVSRQGV WR WKH
FKDUDFWHULVWLFV RI WKH XQLW �VHH VHFWLRQ �����

x 2Q WKH XQLW �

&RQQHFW WKH XQLW WR WKH SRZHU QHWZRUN�

6WDUW�XS DQG ER[ WHPSHUDWXUH FRQWURO

3UHVV WKH 21 NH\�

7KH GLJLWDO GLVSOD\ RI WKH FDE FRPPDQG GLVSOD\V WKH ER[
WHPSHUDWXUH�

&KHFN WKH WHPSHUDWXUH VHW�SRLQW LV FRUUHFW

E\ SUHVVLQJ WKH 6(7 NH\� WKH VHW�SRLQW
WHPSHUDWXUH LV KLJKOLJKWHG RQ WKH GLJLWDO
GLVSOD\�

(QWHU D QHZ VHW�SRLQW LI QHFHVVDU\ �VHH WHPSHUDWXUH
VHW�SRLQW DGMXVWPHQW��

8QLW VKXW�GRZQ

3UHVV WKH NH\ 2))�

,I \RX KDYH GLIILFXOW\ LQ VWDUWLQJ XS� FKHFN�

7KH VHW�SRLQW WHPSHUDWXUH VHOHFWHG RQ WKH FDE
FRPPDQG KDV QRW EHHQ UHDFKHG�

7KH FRQWURO ER[ IXVHV KDYH QRW EORZQ

&RROLQJ

7KHUH DUH WZR FRQWURO UDQJHV� )UR]HQ DQG
3HULVKDEOH� 7KH IUR]HQ UDQJH LV DFWLYH ZLWK VHW SRLQWV DW
RU EHORZ ���q& ����q)� DQG WKH 3HULVKDEOH UDQJH LV
DFWLYH DW VHW SRLQWV DERYH ���q& ����q)��

7KH FRQWUROOHU DXWRPDWLFDOO\ VHOHFWV WKH PRGH
QHFHVVDU\ WR PDLQWDLQ ER[ WHPSHUDWXUH DW VHW SRLQW�

+HDWLQJ

6HH VHFWLRQ ���� IRU D GHVFULSWLRQ RI WKH KHDWLQJ
F\FOH�

7KH XQLW ZLOO RQO\ KHDW ZKHQ WKH FRQWUROOHU LV VHW
DERYH ���q& ����q)� DV WKH KHDW UHOD\V DUH
HOHFWURQLFDOO\ ORFNHG RXW ZLWK VHW SRLQWV DW RU EHORZ ���q
����q)�

7KH PLFURSURFHVVRU DXWRPDWLFDOO\ VHOHFWV WKH PRGH
QHFHVVDU\ WR PDLQWDLQ ER[ WHPSHUDWXUH DW VHW SRLQW� ,Q
SXOOGRZQ WKH KHDWLQJ PRGHV DUH DV IROORZV �)LJXUH ���
DQG �����
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127(� 7KH WKHUPRVWDW LQKLELWV KHDW PRGH ZKHQ LW LV VHW WR D WHPSHUDWXUH ORZHU WKDQ ���q& �� ��q)��

)LJXUH ����� 7KHUPRVWDW RSHUDWLQJ VHTXHQFH � 6WDQGE\ RU URDG RSHUDWLRQ
6HW�SRLQW ORZHU WKDQ ���q& �� ��q)�
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'HIURVW

6HH VHFWLRQV ���� HW ���� IRU D GHVFULSWLRQ RI KHDW DQG GHIURVW F\FOHV�

&KDUW ����� 0DQDJHPHQW RI FRQGHQVHU DQG HYDSRUDWRU IDQV DQG KHDW DQG GHIURVW YDOYHV
�IURP YHUVLRQ �����

()0
HYDSRUDWRU

IDQ

&)0
FRQGHQVHU

IDQ
+HDW

VWDQGE\
+*6�

KHDW YDOYH
+*6�
GHIURVW
YDOYH

+3�
3UHVVXUH
VZLWFK

.OL[RQ
GHIURVW

21 2)) 2)) 2)) 2)) 23(1 ;;

&RRO
21 21

� PQ

PLQLPXP

2)) 2)) 2)) &/26(' ;;

&\FOLQJ
2)) 21 LI

IRUFHG E\
2)) 2)) 2)) 2)) 23(1 ;;

&\FOLQJ
2))

IRUFHG E\
FRQILJ� 2)) 2)) 2)) 2)) &/26(' ;;

+HDWLQJ 21 2)) 21 21 21 23(1 ;;+HDWLQJ
LI VHW�SRLQW
 RU ! ����&

21 21

,) +*6�  2)) � �PQ

21
2))

� PQ PLQL
21 &/26(' ;;
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'HIURVW 2)) 21

,) +*6�  2)) � �PQ
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� PQ PLQL
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&KDUW ����� 0DQDJHPHQW RI FRQGHQVHU DQG HYDSRUDWRU IDQV DQG KHDW DQG GHIURVW YDOYHV
� XQWLO YHUVLRQ ����

()0
HYDSRUDWRU

IDQ

&)0
FRQGHQVHU

IDQ

+HDW
VWDQGE\

+*6�
KHDW YDOYH

+*6�
GHIURVW
YDOYH

+3�
3UHVVXUH
VZLWFK

.OL[RQ
GHIURVW

21 2)) 2)) 2)) 2)) 23(1 ;;

&RRO
21 21

� PQ

PLQLPXP

2)) 2)) 2)) &/26(' ;;

&\FOLQJ
2)) 21 LI

IRUFHG E\
2)) 2)) 2)) 2)) 23(1 ;;

&\FOLQJ
2))

IRUFHG E\
FRQILJ� 2)) 2)) 2)) 2)) &/26(' ;;

21 2))
21 21 21 23(1

23(1

+HDWLQJ
LI VHW SRLQW

2))
21 21 21 23(1

&/26('
LI VHW�SRLQW
 RU ! ����& 21 21

21
2))

21 &/26('
23(1 RU ! ��� &

2)) LI +*6�  2)) � � PQ

21
2))

�PQ PLQL
21 &/26('

&/26('

2)) 2)) 2)) 21 21 23(1 &/26('

'HIURVW 2)) 21

LI +*6�  2)) � � PQ

2))
2))

� PQ PLQL
21 &/26(' &/26('

0LQLPXP µ2))µ WLPH �� PLQXWHV�� 2QFH WKH PRWRU
KDV F\FOHG RII� LW ZLOO UHPDLQ RII IRU WKH PLQLPXP µRII
WLPHµ� 7KLV SUHYHQWV WKH PRWRU IURP UDSLG F\FOLQJ GXH WR
FKDQJHV LQ DLU WHPSHUDWXUH� $LU WHPSHUDWXUH LQ WKH ER[
FKDQJH UDSLGO\� EXW LW WDNHV WLPH IRU WKH SURGXFW
WHPSHUDWXUH WR FKDQJH�

127(

:KHQ LQ &RQWLQXRXV 5XQ� SHULVKDEOH UDQJH� WKH
XQLW F\FOH EHWZHHQ FRRO DQG KHDW WR PDLQWDLQ
ER[ WHPSHUDWXUH DW VHWSRLQW� ,Q IUR]HQ UDQJH WKH
XQLW ZLOO UXQ LQ FRRO RQO\� &RQWLQXRXV 5XQ LV
QRUPDOO\ XVHG IRU SHULVKDEOH SURGXFWV WKDW
UHTXLUH FRQVWDQW DLU IORZ�

'HIURVW RQ VWDQGE\

'HIURVW RQ VWDQGE\ RSHUDWHV WKH VDPH ZD\ DV WKH
GHIURVW RQ URDG RSHUDWLRQ �VHH VHFWLRQ ������
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%HZDUH RI 9�EHOW DQG EHOW�GULYHQ
FRPSRQHQWV DV WKH XQLW PD\ VWDUW
DXWRPDWLFDOO\� %HIRUH VHUYLFLQJ XQLW� PDNH
VXUH WKH 5XQ�6WRS �21�2))� VZLWFK LV LQ WKH
2)) SRVLWLRQ� $OVR GLVFRQQHFW WKH QHJDWLYH
EDWWHU\ FDEOH�

127(

7R DYRLG GDPDJH WR WKH HDUWK·V R]RQH OD\HU� XVH
D UHIULJHUDQW UHFRYHU\ V\VWHP ZKHQHYHU
UHPRYLQJ UHIULJHUDQW�

��� 81,7 0$,17(1$1&(

����� 8QLW PDLQWHQDQFH VFKHGXOHV

5HJXODU VHUYLFLQJ LV UHTXLUHG LQ RUGHU WR RSWLPL]H WKH
VHUYLFH OLIH DQG UHOLDELOLW\ RI \RXU XQLW� 6HUYLFH RSHUDWLRQV
DUH WR EH FDUULHG RXW DFFRUGLQJ WR WKH IROORZLQJ VFKHGXOH�
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6HUYLFH $ Q Q Q Q Q Q Q Q

6HUYLFH % Q Q Q Q Q Q Q

6HUYLFH & Q Q Q

6HUYLFH ' Q

7DEOH ���

5HIULJHUDQW � W\SH 5���D RQ = ��6�

W\SH 5���D RU 5���$ RQ = ��6�

5RDG FRPSUHVVRU RLO W\SH� 7KH URDG FRPSUHVVRUV
DUH VXSSOLHG ZLWK &$55,(5 32/<(67(5 �32(� RLO�
7KH SUHVHQFH RI D VWLFNHU LQGLFDWHV WKDW WKH RLO�FKDQJH
KDV EHHQ FRUUHFWO\ FDUULHG RXW LQ RXU &$55,(5
75$16,&2/' SODQW� 2LOV RI 3$* W\SH DUH VWULFWO\
LQFRPSDWLEOH ZLWK WKH RSHUDWLRQ RI RXU XQLWV� QHYHU XVH
DQ RLO RWKHU WKDQ WKDW DSSURYHG E\ &$55,(5�

2LO DQDO\VLV�

2Q UHTXHVW ZH FDQ DQDO\]H \RXU FRPSUHVVRU RLO�

7R GR WKLV� ZH VHQG D VPDOO GUXP ZLWK D ODEHO RQ
ZKLFK \RX VKRXOG LQGLFDWH�

� WKH W\SH RI FRPSUHVVRU�
� WKH ODSVH RI WLPH RU PLOHDJH VLQFH WKH ODVW RLO

FKDQJH�
� WKH W\SH RI &$55,(5 HTXLSPHQW�
� WKH GDWH RI LQLWLDO RSHUDWLRQ�

,03257$17

%HIRUH DQ\ RSHUDWLRQ UHTXLULQJ DQ LQWHUYHQWLRQ RQ
WKH XQLW� FKHFN WKDW�

x WKDW WKH XQLW �FDE FRPPDQG� LV 2))�

x WKDW LW LV LPSRVVLEOH IRU WKH XQLW WR DXWRPDWLFDOO\
VWDUW XS GXULQJ PDLQWHQDQFH�

����� 'HVFULSWLRQ RI PDLQWHQDQFH RSHUDWLRQV

0DLQWHQDQFH RSHUDWLRQV

6HUYLFH $ x &KHFN WKH WHQVLRQ RI WKH FRPSUHVVRU
EHOW�V��

x &KHFN WKDW WKH YHKLFOH HQJLQH UXQV
FRUUHFWO\ DW ORZ VSHHG DQG WKDW WKH
FRPSUHVVRU NLW LV FRUUHFWO\ WLJKWHQHG

x &KHFN WKH WLJKWQHVV RI EROWV DQG
VFUHZV DQG WKDW WKH XQLW LV FRUUHFWO\
IDVWHQHG RQWR WKH ER[�

6HUYLFH % x &OHDQ WKH FRQGHQVHU DQG WKH
HYDSRUDWRU�

x 5HSODFH WKH 5RDG DQG 6WDQGE\
FRPSUHVVRU EHOW�V��

x 5HSODFH WKH ILOWHU�GULHU�
x &KHFN WKH FRPSUHVVRU RLO OHYHO�
x &KHFN WKH RSHUDWLRQ RI WKH FDE
FRPPDQG�

x &KHFN WKH GHIURVW
� &XW�LQ�
� )DQ VKXW�GRZQ�
� &XW�RXW�
� 'HIURVW ZDWHU GUDLQ�

6HUYLFH & x &KHFN WKH EHDULQJV RI WKH EHOW WHQVLRQ
SXOOH\V DQG EHDULQJ RI WKH PHFKDQLFV NLW�

&KDQJH WKH VSULQJ LI WKHUH LV RQH�
x &KHFN WKH RSHUDWLRQ RI WKH HYDSRUDWRU
DQG FRQGHQVHU IDQV� &KDQJH WKH PRWRU
EUXVKHV�

x &KDQJH WKH FRPSUHVVRU RLO� 2QO\ XVH
(VWHU RLO �32(� DSSURYHG E\ &$55,(5�
6HH WKH WHFKQLFDO LQIRUPDWLRQ VKHHWV IRU
WKH UHFRPPHQGHG TXDQWLWLHV DQG W\SHV
RI RLO�

6HUYLFH ' x &KDQJH WKH UHPRYDEOH UHOD\V DQG
IXVHV LQ WKH FRQWURO ER[�

��� %(/7 0$,17(1$1&( $1' $'-8670(17

:$51,1*

%HZDUH RI 9�EHOW DQG EHOW�GULYHQ
FRPSRQHQWV DV WKH XQLW PD\ VWDUW
DXWRPDWLFDOO\�



���

����� %HOW WHQVLRQ JDXJH

,W LV UHFRPPHQGHG WR XVH D EHOW WHQVLRQ JDXJH
�WHVWHU� FRGH ��������� DV VKRZQ LQ )LJXUH ����
ZKHQHYHU 9�EHOWV DUH DGMXVWHG RU UHSODFHG�

$ EHOW WHQVLRQ JDXJH SURYLGHV DQ DFFXUDWH DQG HDV\
PHWKRG RI DGMXVWLQJ EHOWV WR WKHLU SURSHU WHQVLRQ�
3URSHUO\ DGMXVWHG EHOWV JLYH ORQJ ODVWLQJ DQG HIILFLHQW
VHUYLFH� 7RRPXFK WHQVLRQ VKRUWHQV EHOW DQG EHDULQJ OLIH�
DQG WRR OLWWOH WHQVLRQ FDXVHV VOLSSDJH DQG H[FHVVLYH EHOW
ZHDU� ,W LV DOVR LPSRUWDQW WR NHHS EHOWV DQG VKHDYHV IUHH
RI DQ\ IRUHLJQ PDWHULDO ZKLFKPD\ FDXVH WKH EHOWV WR VOLS�

7KH %HOW 7HQVLRQ JDXJH FDQ EH XVHG WR DGMXVW DOO
EHOWV� 7KH UHDGLQJV ZKLFK ZH VSHFLI\ IRU &DUULHU
7UDQVLFROG XQLWV DUH DSSOLFDEOH RQO\ IRU RXU EHOWV DQG
DSSOLFDWLRQ� DV WKH WHQVLRQ LV GHSHQGHQW RQ WKH VL]H RI
WKH EHOW DQG GLVWDQFH EHWZHHQ VKHDYHV�:KHQ XVLQJ WKLV
JDXJH� LW VKRXOG EH SODFHG DV FORVH DV SRVVLEOH WR WKH
PLGSRLQW EHWZHHQ WZR VKHDYHV� �6HH )LJXUH �����

:KHQ LQVWDOOLQJ D QHZ 9�EHOW WKH WHQVLRQ VKRXOG EH
VRPHZKDW KLJKHU WKDQ VSHFLILHG DQG UHDGMXVWHG DIWHU
DOORZLQJ WKH XQLW WR UXQ IRU VRPH WLPH�

6WDQGE\
PRWRU &RPSUHVVRU

&RPSUHVVRU
6WDQGE\
PRWRU

�� 6WDQGE\ 0RWRU�&RPSUHVVRU 9�EHOW

= ��6

= ��6

)LJXUH ��� /D\RXW RI 9�EHOWV

7DEOH ���
%HOW WHQVLRQ �VHH )LJXUH ����

%(/76 7HQVLRQ
�GD1�

6WDQGE\ PRWRU � FRPSUHVVRU ��

)LJXUH ��� %HOW 7HQVLRQ *DXJH
�&RGH ���������

����� 6WDQGE\ PRWRU�&RPSUHVVRU 9�EHOW

D� /RRVHQ WKH UHWDLQLQJ EROWV RI WKH VWDQGE\ PRWRU
VXSSRUW SODWH�

E� 5HSODFH WKH 9�EHOW� 3RVLWLRQ WKH PRWRU WR FRUUHFW EHOW
WHQVLRQ� 7LJKWHQ WKH PRWRU UHWDLQLQJ EROWV�

��� 5(029,1* 7+( 5()5,*(5$17 &+$5*(

127(

7R DYRLG GDPDJH WR WKH HDUWK·V R]RQH OD\HU�
XVH D UHIULJHUDQW UHFRYHU\ V\VWHPZKHQHYHU
UHPRYLQJ UHIULJHUDQW�

D� 3XPSLQJ WKH 8QLW 'RZQ �= ��6 RQO\�

7R VHUYLFH WKH ILOWHU�GULHU� H[SDQVLRQ YDOYH� TXHQFK
YDOYH� &35 YDOYH RU HYDSRUDWRU FRLO� SXPS PRVW RI
UHIULJHUDQW LQWR FRQGHQVHU FRLO DQG UHFHLYHU DV IROORZV�

�� 2SHQ YDOYHV WZR WXUQV �FORFNZLVH�� 3XUJH JDXJH
OLQH�

�� &ORVH WKH UHFHLYHU RXWOHW �NLQJ� YDOYH E\ WXUQLQJ
FORFNZLVH� 6WDUW XQLW

�� 7KH UHIULJHUDQW ZLOO EH WUDSSHG EHWZHHQ WKH
FRPSUHVVRU GLVFKDUJH YDOYH DQG WKH UHFHLYHU VHUYLFH
YDOYH�

�� %HIRUH RSHQLQJ XS DQ\ SDUW RI WKH V\VWHP� D VOLJKW
SRVLWLYH SUHVVXUH VKRXOG EH LQGLFDWHG RQ WKH
SUHVVXUH JDXJH�

�� :KHQ RSHQLQJ XS WKH UHIULJHUDQW V\VWHP� FHUWDLQ
SDUWV PD\ IURVW� $OORZ WKH SDUW WR ZDUP WR DPELHQW
WHPSHUDWXUH EHIRUH GLVPDQWOLQJ� 7KLV DYRLGV LQWHUQDO
FRQGHQVDWLRQ�

�� 2SHQ WKH UHFHLYHU VHUYLFH YDOYH�

�� /HDN FKHFN FRQQHFWLRQV ZLWK D OHDN GHWHFWRU �VHH
VHFWLRQ �����

�� 6WDUW WKH XQLW LQ FRROLQJ PRGH DQG FKHFN IRU
QRQ�FRQGHQVLEOHV�

�� &KHFN WKH UHIULJHUDQW FKDUJH �VHH VHFWLRQ �������



���

127(

6WRUH WKH UHIULJHUDQW FKDUJH LQ DQ HYDFXDWHG
FRQWDLQHU LI WKH V\VWHP PXVW EH RSHQHG
EHWZHHQ WKH FRPSUHVVRU GLVFKDUJH YDOYH
DQG UHFHLYHU�

2QFH WKH V\VWHP LV 23(1� LW PXVW EH
HYDFXDWHG DQG GHK\GUDWHG �VHH VHFWLRQ
�������

E� 5HPRYLQJ WKH 5HIULJHUDQW &KDUJH

&RQQHFW D UHIULJHUDQW V\VWHP WR WKH XQLW WR UHPRYH
UHIULJHUDQW FKDUJH� 5HIHU WR LQVWUXFWLRQ SURYLGHG E\ WKH
PDQXIDFWXUH RI WKH UHIULJHUDQW UHFRYHU\ V\VWHP�

��� 5()5,*(5$17 /($. &+(&.,1*

2QFH WKH UHFRYHU\ V\VWHP LV 23(1 DQG UHSDLUV
FRPSOHWHG� OHDN FKHFN WKH XQLW E\ SURFHHGLQJ DV IROORZV�

D� 7KH UHFRPPHQGHG SURFHGXUH IRU ILQGLQJ OHDNV LQ D
V\VWHP LV ZLWK D KDOLGH WRUFK RU HOHFWURQLF OHDN GHWHFWRU�
7HVWLQJ MRLQWV ZLWK VRDSVXGV LV VDWLVIDFWRU\ RQO\ IRU
ORFDWLQJ ODUJH OHDNV�

E� ,I V\VWHP LV ZLWKRXW UHIULJHUDQW� FKDUJH V\VWHP ZLWK
UHIULJHUDQW WR EXLOG XS SUHVVXUH EHWZHHQ ��� WR ���
NJ�FP� ��� WR �� SVLJ�� 5HPRYH UHIULJHUDQW F\OLQGHU DQG
OHDN FKHFN DOO FRQQHFWLRQV� 127( ,PSRUWDQW� RQO\ WKH
FRUUHFW UHIULJHUDQW F\OLQGHU EH FRQQHFWHG WR SUHVVXUL]H
WKH V\VWHP� $Q\ RWKHU JDV RU YDSRU ZLOO FRQWDPLQDWH WKH
V\VWHP ZKLFK ZLOO UHTXLUH DGGLWLRQDO SXUJLQJ DQG
HYDFXDWLRQ RI WKH KLJK VLGH �GLVFKDUJH� RI WKH V\VWHP�

127(

,PSRUWDQW� RQO\ WKH FRUUHFW UHIULJHUDQW
F\OLQGHU EH FRQQHFWHG WR SUHVVXUL]H WKH
V\VWHP� $Q\ RWKHU JDV RU YDSRU ZLOO
FRQWDPLQDWH WKH V\VWHP ZKLFK ZLOO UHTXLUH
DGGLWLRQDO SXUJLQJ DQG HYDFXDWLRQ RI WKH
KLJK VLGH �GLVFKDUJH� RI WKH V\VWHP�

F� 5HPRYH UHIULJHUDQW XVLQJ D UHIULJHUDQW UHFRYHU\
V\VWHP DQG UHSDLU DQ\ OHDNV� (YDFXDWH DQG GHK\GUDWH
WKH XQLW� �5HIHU WR VHFWLRQ ���� &KDUJH XQLW ZLWK
UHIULJHUDQW� �5HIHU WR VHFWLRQ ����

��� (9$&8$7,21 $1' '(+<'5$7,21

����� *HQHUDO

0RLVWXUH LV WKH GHDGO\ HQHP\ RI UHIULJHUDQW
V\VWHPV� 7KH SUHVHQFH RI PRLVWXUH LQ D UHIULJHUDWLRQ
V\VWHP FDQ KDYH PDQ\ XQGHVLUDEOH HIIHFWV� 7KH PRVW
FRPPRQ DUH FRSSHU SODWLQJ� DFLG VOXGJH IRUPDWLRQ�
µIUHH]LQJ�XSµ RI PHWHULQJ GHYLFHV E\ IUHH ZDWHU� DQG
IRUPDWLRQ RI DFLGV� UHVXOWLQJ LQ PHWDO FRUURVLRQ�

����� 3UHSDUDWLRQ

D� (YDFXDWH DQG GHK\GUDWH RQO\ DIWHU SUHVVXUH OHDN
WHVW� �5HIHU WR VHFWLRQ�VHH VHFWLRQ �����

E� (VVHQWLDO WRROV WR SURSHUO\ HYDFXDWH DQG GHK\GUDWH
DQ\ V\VWHP LQFOXGH D JRRG YDFXXP SXPS ��FIP  �P�+
YROXPH GLVSODFHPHQW� FRGH ������������ DQG D JRRG
YDFXXP LQGLFDWRU VXFK DV D WKHUPRFRXSOH YDFXXP
JDXJH �YDFXXP LQGLFDWRU��

127(

8VH RI D FRPSRXQG JDXJH LV QRW
UHFRPPHQGHG EHFDXVH RI LWV LQKHUHQW
LQDFFXUDF\�

F� .HHS WKH DPELHQW WHPSHUDWXUH DERYH ����q& ���q)�
WR VSHHG HYDSRUDWLRQ RI PRLVWXUH� LI DPELHQW
WHPSHUDWXUH LV ORZHU WKDQ ����q& ���q)�� LFH PLJKW IRUP
EHIRUH PRLVWXUH UHPRYDO LV FRPSOHWH� +HDW ODPSV RU
DOWHUQDWH VRXUFHV RI KHDW PD\ EH XVHG WR UDLVH V\VWHP
WHPSHUDWXUH�

����� (YDFXDWLRQ DQG GHK\GUDWLRQ SURFHGXUH

D� 5HPRYH UHIULJHUDQW XVLQJ D UHIULJHUDQW UHFRYHU\
V\VWHP�

E� 7KH UHFRPPHQGHG PHWKRG WR HYDFXDWH DQG
GHK\GUDWH WKH V\VWHP LV WR FRQQHFW WKUHH HYDFXDWLRQ
KRVHV WR WKH YDFXXP SXPS DQG UHIULJHUDWLRQ XQLW DV
VKRZQ LQ ILJXUH ��� �GR QRW XV VWDQGDUG VHUYLFH KRVHV DV
WKH\ DUH QRW VXLWHG IRU HYDFXDWLRQ SXUSRVHV�� $OVR� DV
VKRZQ� FRQQHFW DQ HYDFXDWLRQ PDQLIROG ZLWK VSHFLDO
HYDFXDWLRQ KRVHV WR WKH YDFXXP SXPS� WR WKH HOHFWURQLF
YDFXXP JDXJH DQG WR WKH UHIULJHUDQW UHFRYHU\ V\VWHP�

F� 6KXW RII WKH SXPS DQG FKHFN WR VHH LI WKH YDFXXP
KROGV� 7KLV RSHUDWLRQ LV WR WHVW WKH HYDFXDWLRQ VHWXS IRU
OHDNV� UHSDLU LI QHFHVVDU\�

H� 2SHQ WKH YDFXXP SXPS DQG HOHFWURQLF YDFXXP
JDXJH YDOYHV� LI WKH\ DUH QRW DOUHDG\ RSHQ� 6WDUW WKH
YDFXXP SXPS� (YDFXDWH XQLW XQWLO WKH HOHFWURQLF
YDFXXP JDXJH LQGLFDWHV ���� PLFURQV� &ORVH WKH
HOHFWURQLF YDFXXP JDXJH DQG YDFXXP SXPS YDOYHV�
6KXW RII WKH YDFXXP SXPS� :DLW D IHZ PLQXWHV WR EH
VXUH WKH YDFXXP KROGV�

I� %UHDN WKH YDFXXP ZLWK FOHDQ GU\ UHIULJHUDQW� 8VH
UHIULJHUDQW WKDW WKH XQLW FDOOV IRU� 5DLVH V\VWHP SUHVVXUH
WR DSSUR[LPDWHO\ � SVLJ�

J� 5HPRYH UHIULJHUDQW XVLQJ D UHIULJHUDQW UHFRYHU\
V\VWHP�

K� 5HSHDW VWHSV H WR J�

L� (YDFXDWH XQLW WR ��� PLFURQV� &ORVH RII YDFXXP
SXPS YDOYH DQG VWRS SXPS� :DLW ILYH PLQXWHV WR VHH LI
YDFXXP KROGV� 7KLV FKHFNV IRU UHVLGXDO PRLVWXUH DQG�RU
OHDNV�

M� :LWK D YDFXXP VWLOO LQ WKH XQLW� WKH UHIULJHUDQW FKDUJH
PD\ EH GUDZQ LQWR WKH V\VWHP IURP D UHIULJHUDQW
FRQWDLQHU RQ ZHLJKW VFDOHV� 7KH FRUUHFW DPRXQW RI
UHIULJHUDQW PD\ EH DGGHG E\ REVHUYLQJ WKH VFDOHV �VHH
VHFWLRQ ����



���

�� 5HIULJHUDQW 5HFRYHU\ 8QLW
�� 5HIULJHUDQW &\OLQGHU
�� (YDFXDWLRQ 0DQLIROG
�� 9DOYH
�� 9DFXXP 3XPS

�� (OHFWURQLF 9DFXXP *DXJH
�� (YDSRUDWRU
�� 5HFHLYHU 6HUYLFH 9DOYH
�� &RQGHQVHU
��� 6LJKW JODVV

)LJXUH ���� 9DFXXP 3XPS &RQQHFWLRQ

��� &+$5*,1* 7+( 5()5,*(5$7,21 6<67(0

����� ,QVWDOOLQJ D FRPSOHWH FKDUJH

D� 'U\ WKH UHIULJHUDWLRQ FLUFXLW DQG FUHDWH D KLJK
YDFXXP �VHH VHFWLRQ �����

E� 3ODFH UHIULJHUDQW F\OLQGHU RQ VFDOH DQG FRQQHFW
FKDUJLQJ OLQH IURP F\OLQGHU WR UHFHLYHU RXWOHW �NLQJ� YDOYH�
3XUJH FKDUJLQJ OLQH DW RXWOHW �NLQJ� YDOYH� 3XUJH
FKDUJLQJ OLQH DW RXWOHW YDOYH�

F� 1RWH ZHLJKW RI UHIULJHUDQW F\OLQGHU�

G� 2SHQ OLTXLG YDOYH RQ UHIULJHUDQW F\OLQGHU� 2SHQ NLQJ
YDOYH KDOI ZD\ DQG DOORZ WKH OLTXLG UHIULJHUDQW WR IORZ LQWR
WKH XQLW XQWLO WKH FRUUHFW ZHLJKW RI UHIULJHUDQW KDV EHHQ

DGGHG DV LQGLFDWHG E\ VFDOHV� �&RUUHFW FKDUJH ZLOO EH
IRXQG LQ VHFWLRQ �����

127(

,W LV SRVVLEOH WKDW DOO OLTXLG PD\QRW EHSXOOHG
LQWR WKH UHFHLYHU� DV RXWOLQHG LQ VWHS G
DERYH� ,Q WKLV FDVH� YDSRU FKDUJH UHPDLQLQJ
UHIULJHUDQW WKURXJK WKH VXFWLRQ VHUYLFH
YDOYH �VHH VHFWLRQ �������

H� :KHQ UHIULJHUDQW F\OLQGHU ZHLJKW �VFDOH� LQGLFDWHV
WKDW WKH FRUUHFW FKDUJH KDV EHHQ DGGHG� FORVH OLTXLG OLQH
YDOYH RQ F\OLQGHU DQG RSHQ WKH VHUYLFH YDOYH RQ WKH
UHFHLYHU�



���

����� $GGLQJ D SDUWLDO FKDUJH

D� 3ODFH UHIULJHUDQW F\OLQGHU RQ VFDOH DQG QRWH ZHLJKW
%DFNVHDW VXFWLRQ VHUYLFH YDOYH DQG FRQQHFW FKDUJLQJ
OLQH EHWZHHQ VXFWLRQ YDOYH SRUW DQG UHIULJHUDQW F\OLQGHU�

E� 5XQ WKH XQLW LQ KLJK VSHHG FRRO DQG RSHQ VXFWLRQ
VHUYLFH YDOYH�

F� ,I QHFHVVDU\ SDUWLDOO\ EORFN WKH FRQGHQVHU FRLO WR
UDLVH WKH KHDG SUHVVXUH WR �� EDUV �5���D� RU �� EDUV
�5���$��

127(


 :KHQ FKDUJLQJ WKH UHIULJHUDWLRQ V\VWHP
ZLWK 5���D� LQVWDOO D YDSRU FKDUJH�


 :KHQ FKDUJLQJ WKH UHIULJHUDWLRQ V\VWHP
ZLWK 5���$� LQVWDOO D OLTXLG FKDUJH�

G� 2SHQ VXFWLRQ VHUYLFH YDOYH� &ORVH 9$325 YDOYH RQ
UHIULJHUDQW F\OLQGHU� QRWLQJ ZHLJKW�

H� 6WDUW XQLW DQG FKHFN IRU QRQ�FRQGHQVLEOHV�

����� &KHFNLQJ WKH UHIULJHUDQW FKDUJH

D� 6WDUW XQLW LQ FRROLQJ PRGH� 5XQ DSSUR[LPDWHO\ WHQ
PLQXWHV� 3DUWLDOO\ EORFN RII DLU IORZ WR FRQGHQVHU FRLO VR
GLVFKDUJH SUHVVXUH ULVH WR �� EDUV �5���D� RU �� EDUV
�5���$��

7KH FKDUJH LV FRUUHFW LI WKHUH DUH QR EXEEOHV DW WKH
FRRODQW OLJKW OHYHO �����

��� 5(3/$&,1* 7+( &2035(6625

D� (YDFXDWH WKH XQLW� 5HSHDW WKH VWHSV LQ VHFWLRQ
����

E� ,QVWDOODWLRQ

�� 7R LQVWDOO WKH FRPSUHVVRU� UHYHUVH WKH
SURFHGXUH RXWOLQHG ZKHQ UHPRYLQJ WKH FRPSUHVVRU�
5HIHU WR VHFWLRQ ��� IRU WRUTXH YDOXHV�

127(

7KH UHSODFHPHQW FRPSUHVVRU LV VROG
ZLWKRXW IODQJHV�

3XPS GRZQ WKH XQLW� VHH VHFWLRQ ��� WKHQ FKDUJH
V\VWHP� VHH VHFWLRQ ����

��� &+(&.,1* $1' 5(3/$&,1* ),/7(5��'5,(5

&KHFNLQJ ILOWHU�GULHU

&KHFN IRU DQ\ REVWUXFWLRQ RI WKH ILOWHU�GULHU E\ IHHOLQJ
WKH LQOHW DQG RXWOHW FRQQHFWLRQV RI WKH OLTXLG OLQH RQ WKH
ILOWHU FDUWULGJH� ,I WKH WHPSHUDWXUH RI WKH GLVFKDUJH
FRQQHFWLRQ VHHPV ORZHU WKDQ WKDW RI WKH VXFWLRQ
FRQQHFWLRQ� UHSODFH WKH ILOWHU�GULHU�

5HSODFLQJ WKH ILOWHU�GULHU

D� 3XPS XQLW GRZQ DFFRUGLQJ WR VHFWLRQ ���� 5HPRYH
WKH GULHU PRXQWLQJ FOLS� WKHQ UHSODFH WKH ILOWHU�GULHU�

��� &+(&.,1* $1' 5(3/$&,1* +,*+
35(6685( &87287 6:,7&+

����� 5HSODFLQJ KLJK SUHVVXUH FXWRXW VZLWFK

D� 5HPRYH GHIHFWLYH VZLWFK�

E� ,QVWDOO WKH QHZ VZLWFK�

����� &KHFNLQJ KLJK SUHVVXUH FXWRXW VZLWFK

:$51,1*

'R QRW XVH D QLWURJHQ F\OLQGHU ZLWKRXW D
SUHVVXUH UHJXODWRU� &\OLQGHU SUHVVXUH LV
DSSUR[LPDWHO\ ��� NJ�FP� �����SVL�� 'R QRW
XVH R[\JHQ LQ RU QHDU D UHIULJHUDQW V\VWHP
DV DQ H[SORVLRQ PD\ RFFXU� �6HH )LJXUH �����

�� &\OLQGHU 9DOYH DQG *DXJ

�� 3UHVVXUH 5HJXODWRU

�� 1LWURJHQ &\OLQGHU

�� 3UHVVXUH *DXJH �� WR

��� SVLJ  � WR �� EDUV�

�� %OHHG�2II 9DOYH

�� � LQFK &RQQHFWLRQ

)LJXUH ���� 7\SLFDO VHWXS IRU 7HVWLQJ +LJK
3UHVVXUH 6ZLWFK � DQG +3�

D� 5HPRYH VZLWFK DV RXWOLQHG LQ VHFWLRQ ������

E� &RQQHFW RKPPHWHU RU FRQWLQXLW\ OLJKW DFURVV VZLWFK
WHUPLQDOV� 2KPPHWHU ZLOO LQGLFDWH UHVLVWDQFH DQG
FRQWLQXLW\ OLJKW ZLOO EH OLJKWHG LI VZLWFK LV FORVHG �+3�� RU
RSHQ �+3�� DIWHU UHOLHYLQJ SUHVVXUH�

F� &RQQHFW VZLWFK WR D F\OLQGHU RI GU\ QLWURJHQ �VHH
)LJXUH �����

G� 6HW QLWURJHQ SUHVVXUH UHJXODWRU KLJKHU WKDQ FXW�RXW
SRLQW RQ VZLWFK EHLQJ WHVWHG� 3UHVVXUH VZLWFK FXW�LQ
SRLQWV DUH VKRZQ LQ VHFWLRQV ����

H� &ORVH YDOYH RQ F\OLQGHU DQG RSHQ EOHHG�RII YDOYH�

I� 2SHQ F\OLQGHU YDOYH� 6ORZO\ FORVH EOHHG�RII YDOYH
DQG LQFUHDVH SUHVVXUH XQWLO WKH VZLWFK RSHQV� ,I OLJKW LV
XVHG� OLJKW ZLOO JR RXW DQG LI DQ RKPPHWHU LV XVHG� WKH
PHWHU ZLOO LQGLFDWH RSHQ� 2SHQ SUHVVXUH RQ JDXJH�
6ORZO\ RSHQ EOHHG�RII YDOYH �WR GHFUHDVH SUHVVXUH� XQWLO
VZLWFK FORVHV �OLJKW ZLOO OLJKW RU RKPPHWHU ZLOO PRYH��



���

���� &+(&.,1* $1' 5(3/$&,1* (9$325$725
)$1 02725 %586+(6 $1' &20087$725

7KH IDQ PRWRU FRPPXWDWRU DQG EUXVKHV VKRXOG EH
FKHFNHG SHULRGLFDOO\ IRU FOHDQOLQHVV DQG ZHDU WR
PDLQWDLQ SURSHU RSHUDWLRQ RI WKH IDQ PRWRUV�

�

�� %UXVK &DS

�� %UXVK�

)LJXUH ���� )DQ 0RWRU %UXVKHV

7R FKHFN EUXVKHV SURFHHG DV IROORZV�

D� :LWK XQLW RII DQG EDWWHU\ GLVFRQQHFWHG� UHPRYH
EUXVK FDS �LWHP �� � SHU PRWRU�� 6HH )LJXUH ����

E� 5HPRYH EUXVKHV �LWHP �� � SHUPRWRU� DQG FKHFN WKH
OHQJWK RI WKH EUXVK� ,I WKH OHQJWK LV OHVV WKDQ � LQFK ��
PP� WKH EUXVKHV VKRXOG EH UHSODFHG �DIWHU FKHFNLQJ
FROOHFWRU��

F� %ORZ RXW WKH EUXVK KROGHU ZLWK ORZ SUHVVXUH DLU WR
UHPRYH DQ\ FDUERQ GXVW LQ WKH KROGHU� 7KLV GXVW FRXOG
SUHYHQW D JRRG FRQWDFW EHWZHHQ WKH EUXVKHV DQG
FROOHFWRU�

G� 5HPRYH WKH EDFN FRYHU RI WKH PRWRU DQG LQVSHFW WKH
FROOHFWRU� ,I WKH FROOHFWRU LV KHDYLO\ JURRYHG� SROLVK LW
XVLQJ ILQH VDQGSDSHU� GR QRW XVH HPHU\ FORWK� :LSH RXW
DQ\ DFFXPXODWLRQ RI JUHDV\ PDWHULDO XVLQJ D FOHDQ UDJ
GDPSHQHG ZLWK VROYHQW� 5HDVVHPEOH WKH PRWRU� LQVWDOO
QHZ EUXVKHV DQG UHSODFH FDS�

���� (9$325$725 &2,/��&/($1,1*

7KH XVH RI UHF\FOHG FDUGERDUG FDUWRQV LV
LQFUHDVLQJ� 7KH UHF\FOHG FDUGERDUG FDUWRQV FUHDWH
PXFK PRUH ILEHU GXVW GXULQJ WUDQVSRUW WKDQ µQHZµ
FDUWRQV� 7KH ILEHU GXVW DQG SDUWLFOHV DUH GUDZQ LQWR WKH
HYDSRUDWRU ZKHUH WKH\ ORGJH EHWZHHQ WKH HYDSRUDWRU
ILQV� ,I WKH FRLO LV QRW FOHDQHG RQ D UHJXODU EDVLV�
VRPHWLPHV D RIWHQ DV DIWHU HDFK WULS� WKH DFFXPXODWLRQ
FDQ EH JUHDW HQRXJK WR UHVWULFW DLU IORZ� FDXVH FRLO LFLQJ�
UHSHWLWLYH GHIURVWV DQG ORVV RI XQLW FDSDFLW\� 'XH WR WKH
µZDVKLQJµ DFWLRQ RI QRUPDO GHIURVW WKH ILEHU GXVW DQG
SDUWLFOHV PD\ QRW EH YLVLEOH RQ WKH IDFH RI WKH FRLO EXW
PD\ DFFXPXODWH GHHS ZLWKLQ�

,W LV UHFRPPHQGHG WR FOHDQ DQ WKH HYDSRUDWRU FRLO RQ
D UHJXODU EDVLV� QRW RQO\ WR UHPRYH FDUGERDUG GXVW� EXW
WR UHPRYH DQ\ JUHDVH RLO ILOP ZKLFK VRPHWLPHV FRDWV WKH
ILQV DQG SUHYHQWV ZDWHU IURP GUDLQLQJ LQWR WKH GUDLQ SDQ�

&DUGERDUG ILEHU SDUWLFOHV DIWHU EHLQJ ZHWWHG DQG
GULHG VHYHUDO WLPHV FDQ EH YHU\ KDUG WR UHPRYH�
7KHUHIRUH� VHYHUDO ZDVKLQJV PD\ EH QHFHVVDU\�

D� 6SUD\ FRLO ZLWK DPLOG GHWHUJHQW VROXWLRQ VXFK DV DQ\
JRRG FRPPHUFLDO�JUDGH DXWRPDWLF GLVK ZDVKHU

GHWHUJHQW DQG OHW WKH VROXWLRQ VWDQG IRU D IHZ PLQXWHV�
5HYHUVH IOXVK �RSSRVLWH QRUPDO DLU IORZ� ZLWK FOHDQ
ZDWHU DW PLOG SUHVVXUH� $ JDUGHQ KRVH ZLWK VSUD\ QR]]OH
LV XVXDOO\ VXIILFLHQW� 0DNH VXUH GUDLQ OLQHV DUH FOHDQ�

E� 5XQ XQLW XQWLO GHIURVW PRGH EH LQLWLDWHG WR FKHFN IRU
SURSHU GUDLQLQJ IURP GUDLQ SDQ�

���� &21'(16(5 &2,/��&/($1,1*

5HPRYH DOO IRUHLJQ PDWHULDO IURP WKH FRQGHQVHU FRLO
E\ UHYHUVLQJ WKH QRUPDO DLU IORZ� �$LU LV SXOOHG LQ WKURXJK
WKH IURQW DQG GLVFKDUJHV RYHU WKH HQJLQH�� &RPSUHVVHG
DLU RU ZDWHU PD\ EH XVHG DV D FOHDQLQJ DJHQW� ,W PD\ EH
QHFHVVDU\ WR XVH ZDUP ZDWHU PL[HG ZLWK DQ\ JRRG
FRPPHUFLDO GLVKZDVKHU GHWHUJHQW� 5LQVH FRLO ZLWK IUHVK
ZDWHU LI D GHWHUJHQW LV XVHG�

���� +27 *$6 �7:2�:$<� 62/(12,' $1'
&21'(16(5 &/26,1* 62/(12,' �7:2�:$<�

������5HSODFLQJ VROHQRLG FRLO

,W LV QRW QHFHVVDU\ WR SXPS WKH XQLW GRZQ WR UHSODFH
WKH FRLO �VHH )LJXUH �����

D� 5HPRYH FRLO VQDS FDS� YROWDJH SODWH DQG FRLO
DVVHPEO\� 'LVFRQQHFW OHDGV DQG UHPRYH FRLO MXQFWLRQ
ER[ LI QHFHVVDU\�

E� 9HULI\ FRLO W\SH� YROWDJH DQG IUHTXHQF\� 7KLV
LQIRUPDWLRQ DSSHDUV RQ WKH FRLO YROWDJH SODWH DQG WKH FRLO
KRXVLQJ�

F� 3ODFH QHZ FRLO RYHU HQFORVLQJ WXEH DQG WKHQ LQVWDOO
YROWDJH SODWH DQG VQDS FDS�

&$87,21

'R QRW GDPDJH RU RYHU WLJKWHQ WKH
HQFORVLQJ WXEH DVVHPEO\� $OVR PDNH VXUH
DOO SDUWV DUH SODFHG RQ WKH HQFORVLQJ WXEH LQ
SURSHU VHTXHQFH WR DYRLG SUHPDWXUH FRLO
EXUQ�RXW�

�� 6QDS &DS

�� 9ROWDJH 3ODWH

�� &RLO $VVHPEO\

�� (QFORVLQJ 7XEH

�� 3OXQJHU $VVHPEO\

�� 9DOYH %RG\ $VVHPEO\

�

�

�

�

�

�

)LJXUH ���� +RW JDV �WZR�ZD\� VROHQRLG RU
&RQGHQVHU FORVLQJ VROHQRLG �7ZR�:D\�



���

������ 5HSODFLQJ VROHQRLG YDOYH LQWHUQDO SDUWV

,I WKH KRW JDV VROHQRLG LV WR EH UHSODFHG� RU LI D
VHUYLFH RSHUDWLRQ LV VFKHGXOHG RQ WKH LQWHUQDO
FRPSRQHQWV RI WKH YDOYH� WKH UHIULJHUDQW PXVW EH
HYDFXDWHG�

D� 5HPRYH DQG VWRUH WKH UHIULJHUDQW FKDUJH LQ DQ
HYDFXDWHG FRQWDLQHU �VHH VHFWLRQ �����

E� 5HPRYH FRLO VQDS FDS� YROWDJH FRYHU DQG FRLO
DVVHPEO\� 5HPRYH WKH YDOYH ERG\ KHDG�

F� &KHFN IRU IRUHLJQ PDWHULDO LQ YDOYH ERG\�

G� &KHFN IRU GDPDJHG SOXQJHU DQG 2�ULQJ� ,I 2�ULQJ LV
WR EH UHSODFHG� DOZD\V SXW UHIULJHUDQW RLO RQ 2�ULQJV
EHIRUH LQVWDOOLQJ�

H� 7LJKWHQ HQFORVLQJ WXEH� ,I WKH YDOYH KDV EHHQ
UHPRYHG IURP WKH FLUFXLW� FKHFN IRU HYHQWXDO OHDNV�

I� ,QVWDOO FRLO DVVHPEO\� YROWDJH FRYHU DQG VQDS FDS�

J� (YDFXDWH DQG GHK\GUDWH WKH FLUFXLW�

K� ,QVWDOO D FRPSOHWH UHIULJHUDQW FKDUJH�

L� 6WDUW XQLW DQG FKHFN RSHUDWLRQ�

���� $'-867,1* 7+( &2035(6625 35(6685(
5(*8/$7,1* 9$/9( �&35�

�21/< 21 = ��6 5���$�

7KH &35 YDOYH LV IDFWRU\ SUH�VHW DQG VKRXOG QRW
QHHG DGMXVWPHQW� ,I LW LV QHFHVVDU\ WR DGMXVW WKH YDOYH IRU
DQ\ UHDVRQ� SURFHHG ZLWK WKH IROORZLQJ RXWOLQH�

:KHQ DGMXVWLQJ WKH &35 YDOYH� WKH XQLW PXVW EH
UXQQLQJ LQ WKH KLJK VSHHG KHDW RU GHIURVW� 7KLV ZLOO
HQVXUH D VXFWLRQ SUHVVXUH DERYH WKH SURSHU &35
VHWWLQJ�

�� &DS �� -DP 1XW �� 6HWWLQJ 6FUHZ

� � �

)LJXUH ���� &RPSUHVVRU 3UHVVXUH 5HJXODWLQJ
9DOYH

7R DGMXVW WKH &35 YDOYH� SURFHHG DV IROORZV�

D� ,QVWDOO D ORZ�SUHVVXUH�

E� 5HPRYH FDS �LWHP �� IURP &35 YDOYH�

F� :LWK DQ � PP $OOHQ ZUHQFK� ORRVHQ WKH MDP QXW
�)LJXUH ���� LWHP ���

G� 8VLQJ WKH � PP $OOHQ ZUHQFK� DGMXVW WKH VHWWLQJ
VFUHZ� 7R UDLVH WKH VXFWLRQ SUHVVXUH WXUQ WKH VHWWLQJ
VFUHZ �LWHP �� FORFNZLVH� WR ORZHU WKH VXFWLRQ SUHVVXUH�
WXUQ WKH VHWWLQJ VFUHZ FRXQWHUFORFNZLVH� 5HIHU WR
VHFWLRQ ��� IRU &35 YDOYH VHWWLQJ�

H� :KHQ WKH VHWWLQJ KDV EHHQ DGMXVWHG� WLJKWHQ WKH MDP
QXW VHFXUHO\ DJDLQVW WKH VHWWLQJ VFUHZ �LWHP ��� 7KLV ZLOO
SUHYHQW DQ\ PRYHPHQW RI WKH VHWWLQJ VFUHZ GXH WR
YLEUDWLRQV LQ WKH XQLW� 5HSODFH WKH FDS�

���� 7+(50267$7,& (;3$16,21 9$/9(

7KH WKHUPDO H[SDQVLRQ YDOYH LV DQ DXWRPDWLF GHYLFH
ZKLFK PDLQWDLQV FRQVWDQW VXSHUKHDW RI WKH UHIULJHUDQW
JDV OHDYLQJ WKH HYDSRUDWRU UHJDUGOHVV RI VXFWLRQ
SUHVVXUH� 7KH YDOYH IXQFWLRQV DUH� �D� DXWRPDWLF
UHVSRQVH RI UHIULJHUDQW IORZ WR PDWFK WKH HYDSRUDWRU
ORDG DQG �E� SUHYHQWLRQ RI OLTXLG UHIULJHUDQW HQWHULQJ WKH
FRPSUHVVRU� 8QOHVV WKH YDOYH LV GHIHFWLYH� LW UHTXLUHV QR
PDLQWHQDQFH�

D� 5HSODFLQJ H[SDQVLRQ YDOYH

�� 3XPS GRZQ WKH XQLW E\ FORVLQJ WKH UHFHLYHU
VHUYLFH YDOYH �VHH VHFWLRQ ����D��

�� 5HPRYH LQVXODWLRQ IURP H[SDQVLRQ YDOYH EXOE
DQG WKHQ UHPRYH EXOE IURP VXFWLRQ OLQH�

�� /RRVHQ IODUH QXW DQG GLVFRQQHFW HTXDOL]HU OLQH
IURP H[SDQVLRQ YDOYH�

�� 7KH WKHUPDO EXOE LV ORFDWHG EHORZ WKH FHQWHU RI
WKH VXFWLRQ OLQH �6HH ����� 7KLV DUHD PXVW EH FOHDQ WR
HQVXUH SRVLWLYH EXOE FRQWDFW� 6WUDS WKHUPDO EXOE WR
VXFWLRQ OLQH DQG LQVXODWH ERWK�

�� %UD]H WKH HTXDOL]HU WXEHV WR H[SDQVLRQ YDOYH�

�� (YDFXDWH E\ SODFLQJ YDFXXP SXPS RQ VXFWLRQ
VHUYLFH YDOYH�

�� 2SHQ UHFHLYHU VHUYLFH YDOYH DQG WKHQ FKHFN
UHIULJHUDQW OHYHO �VHH VHFWLRQ �������

�� &KHFN VXSHUKHDW �VHH VHFWLRQ �����

E� 0HDVXULQJ 6XSHUKHDW

127(

7KH H[SDQVLRQ YDOYH DQG EXOE ORFDWLRQ DUH
VKRZQ LQ )LJXUH ����

�� 5HPRYH LQVXODWLRQ IURP H[SDQVLRQ YDOYH EXOE
DQG VXFWLRQ OLQH�

�� /RRVHQ RQH 7;9 EXOE FODPS DQG PDNH VXUH
DUHD XQGHU FODPS �DERYH 7;9 EXOE� LV FOHDQ�

�� 3ODFH WKHUPRFRXSOH DERYH �SDUDOOHO� 7;9 EXOE
DQG WKHQ VHFXUH ORRVHQHG FODPSPDNLQJ VXUH ERWK EXOEV
DUH ILUPO\ VHFXUHG WR VXFWLRQ OLQH DV VKRZQ LQ )LJXUH ����



���

�� 6XFWLRQ /LQH �HQG YLHZ�

�� 7;9 %XOE &ODPS

�� 1XW DQG %ROW �FODPS�

�� 7KHUPRFRXSOH

�� 7;9 %XOE

)LJXUH ���� 7KHUPRVWDWLF ([SDQVLRQ 9DOYH %XOE
DQG 7KHUPRFRXSOH

�� &RQQHFW DQ DFFXUDWH JDXJH WR WKH �µ SRUW RQ
WKH VXFWLRQ VHUYLFH YDOYH�

�� 5XQ XQLW XQWLO VWDELOL]HG DW �����q& �ER[
WHPSHUDWXUH��

�� )URP WKH WHPSHUDWXUH�SUHVVXUH FKDUW�
GHWHUPLQH WKH VDWXUDWLRQ WHPSHUDWXUH FRUUHVSRQGLQJ WR
WKH HYDSRUDWRU RXWOHW SUHVVXUH�

�� 1RWH WKH WHPSHUDWXUH RI WKH VXFWLRQ JDV DW WKH
H[SDQVLRQ YDOYH EXOE�

�� 6XEWUDFW WKH VDWXUDWLRQ WHPSHUDWXUH
GHWHUPLQHG LQ 6WHS � IURP WKH DYHUDJH WHPSHUDWXUH
PHDVXUHG LQ 6WHS �� 7KH GLIIHUHQFH LV WKH VXSHUKHDW RI
WKH VXFWLRQ JDV� �VHH VHFWLRQ ����I�

���� 0,&52352&(6625

$OWKRXJK WKHUH LV OHVV GDQJHU RI HOHFWULFDO VWDWLF
GLVFKDUJH (6' GDPDJH LQ WKH RXWGRRU HQYLURQPHQW�
ZKHUH WKH SURFHVVRU LV OLNHO\ WR EH KDQGOHG� SURSHUERDUG
KDQGOLQJ WHFKQLTXHV VKRXOG DOZD\V EH VWUHVVHG� %RDUGV
VKRXOG DOZD\V EH KDQGOHG E\ WKHLU HGJHV� LQ PXFK WKH
VDPH ZD\ RQH ZRXOG KDQGOH D SKRWRJUDSK� 7KLV QRW RQO\
SUHFOXGHV WKH SRVVLELOLW\ RI (6' GDPDJH� EXW DOVR
ORZHUV WKH SRVVLELOLW\ RI SK\VLFDO GDPDJH WR WKH
HOHFWURQLF FRPSRQHQWV� $OWKRXJK WKH PLFURSURFHVVRU
ERDUGV DUH IDLUO\ UXJJHG ZKHQ DVVHPEOHG� WKH\ DUH
PRUH IUDJLOH ZKHQ VHSDUDWHG DQG VKRXOG DOZD\V EH
KDQGOHG FDUHIXOO\�

:KHQ ZHOGLQJ LV UHTXLUHG RQ WKH XQLW IUDPH� RU RQ
WKH IURQW DUHD RI WKH WUDLOHU� $// ZLULQJ WR WKH
PLFURSURFHVVRU 0867 EH GLVFRQQHFWHG� :KHQ ZHOGLQJ
LV SHUIRUPHG RQ RWKHU DUHDV RI WKH WUDLOHU� WKH ZHOGHU
JURXQG FRQQHFWLRQ 0867 EH LQ FORVH SUR[LPLW\ WR WKH
DUHD EHLQJ ZHOGHG� ,W LV DOVR D JRRG SUDFWLFH WR UHPRYH
ERWK EDWWHU\ FDEOHV EHIRUH ZHGGLQJ RQ HLWKHU WKH XQLW
IUDPH RU WKH WUXFN WR SUHYHQW SRVVLEOH GDPDJH WR RWKHU
FRPSRQHQWV VXFK DV WKH DOWHUQDWRU DQG YROWDJH
UHJXODWRU�

7DEOH ��� 3UHVVXUH � WHPSHUDWXUH

7HPSHUDWXUH
��&�

9DSRU SUHVVXUH
�EDU DEV��

��&�
5���D 5���$
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7HPSHUDWXUH
��&�

9DSRU SUHVVXUH
�EDU DEV��

��&�
5���D 5���$
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6(&7,21 �

7528%/(6+227,1*

&$87,21

8QGHU QR FLUFXPVWDQFHV VKRXOG DQ\RQH DWWHPSW WR VHUYLFH WKH PLFURSURFHVVRU �VHH VHFWLRQ ������
6KRXOG D SUREOHP GHYHORS ZLWK WKH PLFURSURFHVVRU� FRQWDFW \RXU QHDUHVW &DUULHU 7UDQVLFROG GHDOHU
IRU UHSODFHPHQW�

,1',&$7,21�7528%/( 3266,%/( &$86(6 5()(5(1&(
6(&7,21

��� 5()5,*(5$7,21

����� 81,7 :,// 127 &22/

&RPSUHVVRU PDOIXQFWLRQ &RPSUHVVRU GULYH GHIHFWLYH
&RPSUHVVRU GHIHFWLYH

�����
���

5HIULJHUDWLRQ V\VWHP 'HIURVW F\FOH KDV QRW WHUPLQDWHG
$EQRUPDO SUHVVXUH
+RW JDV �WZR�ZD\� VROHQRLG PDOIXQFWLRQ

�����
���
����

����� 81,7 5816 %87 +$6 ,168)),&,(17 &22/,1*

&RPSUHVVRU &RPSUHVVRU YDOYHV GHIHFWLYH

5HIULJHUDWLRQ V\VWHP $EQRUPDO SUHVVXUH
([SDQVLRQ YDOYH PDOIXQFWLRQ
1R RU UHVWULFWHG HYDSRUDWRU DLUIORZ

�����
����
����

����� 81,7 23(5$7(6 /21* 25 &217,18286/< ,1 &22/,1*

%R[ +RW /RDG

'HIHFWLYH ER[ LQVXODWLRQ RU DLU OHDN

,QVXIILFLHQW SXOO
GRZQ WLPH
&RUUHFW

5HIULJHUDWLRQ V\VWHP $EQRUPDO SUHVVXUH
7HPSHUDWXUH FRQWUROOHU PDOIXQFWLRQ

�����

&RPSUHVVRU 'HIHFWLYH

����� 81,7 :,// 127 +($7 25 +($7,1* ,168)),&,(17

5HIULJHUDWLRQ $EQRUPDO SUHVVXUH
7HPSHUDWXUH FRQWUROOHU PDOIXQFWLRQ
+RW JDV �WZR�ZD\� VROHQRLG PDOIXQFWLRQ

�����

����

&RPSUHVVRU &RPSUHVVRU GULYH GHIHFWLYH
&RPSUHVVRU GHIHFWLYH

�����
���

����� '()5267 0$/)81&7,21

$XWRPDWLF GHIURVW ZLOO QRW LQLWLDWH 'HIURVW WKHUPRVWDWV �'77� RSHQ RU GHIHFWLYH
+RJ JDV YDOYH

(OHFWURQLF FDUG PDOIXQFWLRQ

5HSODFH
&KHFN RSHUDWLRQ
&KHFN GHIURVW
SDUDPHWHUV

0DQXDO GHIURVW ZLOO QRW LQLWLDWH 0LFURSURFHVVRU GHIHFWLYH
'HIURVW WKHUPRVWDWV �'77� RSHQ RU GHIHFWLYH

5HSODFH
5HSODFH

'HIURVW F\FOH LQLWLDWHV EXW GRHV
QRW GHIURVW

+RW JDV �WZR�ZD\� VROHQRLG PDOIXQFWLRQ ����

)UHTXHQW GHIURVW :HW ORDG &KHFN GHIURVW
SDUDPHWHUV

'RHV QRW WHUPLQDWH RU F\FOHV RQ
GHIURVW

'HIURVW WKHUPRVWDWV �'77� VKRUWHG FORVHG 5HSODFH



���

,1',&$7,21�7528%/( 3266,%/( &$86(6 5()(5(1&(
6(&7,21

����� $%1250$/ 35(6685(
������� &RROLQJ

+LJK GLVFKDUJH SUHVVXUH &RQGHQVHU FRLO GLUW\
1RQ�FRQGHQVLEOHV RU UHIULJHUDQW RYHUFKDUJH

&KHFN

/RZ GLVFKDUJH SUHVVXUH &RPSUHVVRU YDOYHV�V� ZRUQ RU EURNHQ
+RW JDV �WZR�ZD\� VROHQRLG PDOIXQFWLRQ

+LJK VXFWLRQ SUHVVXUH &RPSUHVVRU YDOYHV�V� ZRUQ RU EURNHQ
+RW JDV �WZR�ZD\� VROHQRLG PDOIXQFWLRQ

/RZ VXFWLRQ SUHVVXUH 6XFWLRQ VHUYLFH YDOYH SDUWLDOO\ FORVHG
)LOWHU�GULHU SDUWLDOO\ SOXJJHG
/RZ UHIULJHUDQW FKDUJH
([SDQVLRQ YDOYH PDOIXQFWLRQ
1R HYDSRUDWRU DLU IORZ RU UHVWULFWHG DLU IORZ
([FHVVLYH IURVW RQ FRLO

2SHQ

&KHFN

6XFWLRQ DQG GLVFKDUJH SUHVVXUHV
WHQG WR HTXDOL]H ZKHQ XQLW LV
RSHUDWLQJ

&RPSUHVVRU YDOYHV GHIHFWLYH
+RW JDV �WZR�ZD\� VROHQRLG PDOIXQFWLRQ

������� +HDWLQJ

+LJK GLVFKDUJH SUHVVXUH 2YHUFKDUJHG V\VWHP
&RQGHQVHU IDQ RI +3� SUHVVXUH VZLWFK GHIHFWLYH
1RQ�FRQGHQVLEOHV LQ V\VWHP
&RQGHQVHU IDQ GHIHFWLYH

&KHFN
&KHFN

/RZ GLVFKDUJH SUHVVXUH &RPSUHVVRU YDOYH�V� ZRUQ RU EURNHQ
+RW *DV �WZR�ZD\ YDOYH PDOIXQFWLRQ

/RZ VXFWLRQ SUHVVXUH 5HIULJHUDQW VKRUWDJH
&RPSUHVVRU SUHVVXUH UHJXODWLQJ YDOYH PDOIXQFWLRQ

����� $EQRUPDO 1RLVH

&RPSUHVVRU /RRVH PRXQWLQJ EROWV
:RUQ EHDULQJV
:RUQ RU EURNHQ YDOYHV
/LTXLG VOXJJLQJ
,QVXIILFLHQW RLO

&RQGHQVHU RU HYDSRUDWRU IDQ /RRVH VKURXG
%HDULQJV GHIHFWLYH
%HQW VKDIW

&KHFN
&KHFN
&KHFN

����� &DE &RPPDQG 0DOIXQFWLRQ

&DE &RPPDQG QRQ�RSHUDWLRQDO 6HQVRU GHIHFWLYH
0LFURSURFHVVRU PDOIXQFWLRQ
0LFURSURFHVVRU�&DE FRPPDQG FDEOH &KDQJH

����� 1R (YDSRUDWRU $LU )ORZ RU 5HVWULFWHG $LU )ORZ

(YDSRUDWRU FRLO EORFNHG )URVW RQ FRLO RU GLUW\
)DQ PRWRU�V� PDOIXQFWLRQ

&KHFN

1R RU SDUWLDO HYDSRUDWRU DLU IORZ (YDSRUDWRU IDQ ORRVH RU GHIHFWLYH
(YDSRUDWRU IDQ URWDWLQJ EDFNZDUGV
(YDSRUDWRU DLU IORZ EORFNHG LQ WUDLOHU �ER[�
)DQ PRWRU�V� PDOIXQFWLRQ

&KHFN

&KHFN



���

,1',&$7,21�7528%/( 3266,%/( &$86(6 5()(5(1&(
6(&7,21

������([SDQVLRQ YDOYH PDOIXQFWLRQ

/RZ VXFWLRQ SUHVVXUH ZLWK KLJK
VXSHUKHDW

/RZ UHIULJHUDQW FKDUJH
([WHUQDO HTXDOL]HU OLQH SOXJJHG
,FH IRUPDWLRQ DW YDOYH VHDW
:D[� RLO RU GLUW SOXJJLQJ YDOYH RU RULILFH
%URNHQ FDSLOODU\
3RZHU DVVHPEO\ IDLOXUH RU SDUWLDO
/RVV RI HOHPHQW�EXOE FKDUJH
6XSHUKHDW VHWWLQJ WRR KLJK

&OHDQ

5HSODFH
5HSODFH

/RZ VXSHUKHDW DQG OLTXLGV OXJJLQJ
LQ FRPSUHVVRU

6XSHUKHDW VHWWLQJ WRR ORZ
([WHUQDO HTXDOL]HU OLQH SOXJJHG
3LQ DQG VHDW RI H[SDQVLRQ YDOYH HURGHG RU KHOG RSHQ E\
IRUHLJQ PDWHULDO

2SHQ

)OXFWXDWLQJ VXFWLRQ SUHVVXUH ,PSURSHU EXOE ORFDWLRQ RU LQVWDOODWLRQ
/RZ VXSHUKHDW VHWWLQJ

+LJK VXSHUKHDW ([SDQVLRQ YDOYH VHWWLQJ $GMXVW

������0DOIXQFWLRQ +RW JDV �WZR�ZD\� VROHQRLG � H[SDQVLRQ FORVXUH YDOYH

9DOYH GRHV QRW IXQFWLRQ SURSHUO\ 1R SRZHU WR YDOYH
,PSURSHU ZLULQJ RU ORRVH FRQQHFWLRQV
9DOYH LPSURSHUO\ DVVHPEOHG
&RLO RU FRLO VOHHYH LPSURSHUO\ DVVHPEOHG
0RYHPHQW RI SOXQJHU UHVWULFWHG GXH WR�
D� &RUURGHG RU ZRUQ SDUWV
E� )RUHLJQ PDWHULDO ORGJHG LQ YDOYH
F� %HQW RU GHQWHG HQFORVLQJ WXEH

&KHFN
&KHFN

9DOYH VKLIWV EXW UHIULJHUDQW FRQWLQ�
XHV WR IORZ

)RUHLJQ PDWHULDO ORGJHG XQGHU VHDW
'HIHFWLYH VHDW

��� 67$1'%< 02725 0$/)81&7,21

6WDQGE\ PRWRU IDLOV WR VWDUW 0RWRU FRQWDFWRU GHIHFWLYH
0RWRU 2YHUORDG RSHQ
,PSURSHU SRZHU VXSSO\
0DOIXQFWLRQ GLVSOD\HG RQ &DE &RPPDQG
��PLQXWH WLPHU RQ VWDQGE\

5HSODFH
&KHFN�

UHSODFH PRWRU

&KHFN

6WDQGE\ PRWRU VWDUWV� WKHQ VWRSV 0RWRU 2YHUORDG RSHQ
+LJK DPSHUDJH GUDZ &KHFN



���

6(&7,21 �

(/(&75,&$/ 6&+(0$7,& :,5,1* ',$*5$06

��� ,1752'8&7,21

7KLV VHFWLRQ FRQWDLQV (OHFWULFDO 6FKHPDWLF :LULQJ 'LDJUDPV FRYHULQJ WKH 0RGHOV OLVWHG LQ 7DEOH ����
7KH IROORZLQJ JHQHUDO VDIHW\ QRWLFHV VXSSOHPHQW WKH VSHFLILF ZDUQLQJV DQG FDXWLRQV DSSHDULQJ HOVHZKHUH
LQ WKLVPDQXDO� 7KH\ DUH UHFRPPHQGHG SUHFDXWLRQV WKDW PXVW EH XQGHUVWRRG DQGDSSOLHG GXULQJRSHUDWLRQ
DQG PDLQWHQDQFH RI WKH HTXLSPHQW FRYHUHG KHUHLQ�

:$51,1*

%HZDUH RI XQDQQRXQFHG VWDUWLQJ RI WKH IDQV DQG 9�EHOWV FDXVHG E\ WKH WKHUPRVWDW DQG WKH
VWDUW�VWRS F\FOLQJ RI WKH XQLW�

&$87,21

8QGHU QR FLUFXPVWDQFHV VKRXOG DQ\RQH DWWHPSW WR UHSDLU WKH /RJLF RU 'LVSOD\ %RDUGV�
�VHH VHFWLRQ �����
6KRXOG D SUREOHP GHYHORS ZLWK WKHVH FRPSRQHQWV� FRQWDFW \RXU QHDUHVW &DUULHU
7UDQVLFROG GHDOHU IRU UHSODFHPHQW�

&$87,21

2EVHUYH SURSHU SRODULW\ ZKHQ LQVWDOOLQJ EDWWHU\� QHJDWLYH WHUPLQDO PXVW EH JURXQGHG�
5HYHUVH SRODULW\ ZLOO GHVWUR\ WKH UHFWLILHU GLRGHV LQ DOWHUQDWRU� $V D SUHFDXWLRQDU\
PHDVXUH� GLVFRQQHFW SRVLWLYH EDWWHU\ WHUPLQDO ZKHQ FKDUJLQJ EDWWHU\ LQ XQLW� &RQQHFWLQJ
FKDUJHU LQ UHYHUVH ZLOO GHVWUR\ WKH UHFWLILHU GLRGHV LQ DOWHUQDWRU�

&$87,21

8QGHU QR FLUFXPVWDQFHV VKRXOG D WHFKQLFLDQ HOHFWULFDOO\ SUREH WKH SURFHVVRU DW DQ\
SRLQW� RWKHU WKDQ WKH FRQQHFWRU WHUPLQDOV ZKHUH WKH KDUQHVV DWWDFKHV� 0LFURSURFHVVRU
FRPSRQHQWV RSHUDWH DW GLIIHUHQW YROWDJH OHYHOV DQG DW H[WUHPHO\ ORZ FXUUHQW OHYHOV�
,PSURSHU XVH RI YROWPHWHUV� MXPSHU ZLUHV� FRQWLQXLW\ WHVWHUV� HWF� FRXOG SHUPDQHQWO\
GDPDJH WKH SURFHVVRU�

&$87,21

0RVW HOHFWURQLF FRPSRQHQWV DUH VXVFHSWLEOH WR GDPDJH FDXVHG E\ HOHFWULFDO VWDWLF
GLVFKDUJH �(6'�� ,Q FHUWDLQ FDVH� WKH KXPDQ ERG\ FDQ KDYH HQRXJK VWDWLF HOHFWULFLW\ WR
FDXVH UHVXOWDQW GDPDJH WR WKH FRPSRQHQWV E\ WRXFK� 7KLV LV HVSHFLDOO\ WUXH RI WKH
LQWHJUDWHG FLUFXLWV IRXQG RQ WKH WUXFN�WUDLOHU PLFURSURFHVVRU�
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)LJXUH ����� (OHFWULFDO ZLULQJ GLDJUDP = ��6 GUDZLQJ Qq ���������
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)LJXUH ����� (OHFWULFDO ZLULQJ GLDJUDP = ��6 GUDZLQJ Qq ���������
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)LJXUH ����� (OHFWULFDO ZLULQJ GLDJUDP = ��6 GUDZLQJ Qq ���������
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)LJXUH ����� (OHFWULFDO ZLULQJ GLDJUDP = ��6 GUDZLQJ Qq ���������
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)LJXUH ����� (OHFWULFDO ZLULQJ GLDJUDP = ��6���6 5RDG GUDZLQJ Qq ���������




