
,QGXVWULDO *HQHUDWRU 6HWV

0RGHOV�

&20�� ��� YGF�
&20�� ��� YGF�

73����� ����D

6HUYLFH

8�6�$� 3ODQW ,62 5HJLVWHUHG



73����� ���� 7DEOH RI &RQWHQWV

7DEOH RI &RQWHQWV

6DIHW\ 3UHFDXWLRQ DQG ,QVWUXFWLRQV ,� � � � � � � � � � � � �

,QWURGXFWLRQ L� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

6HUYLFH $VVLVWDQFH LL� � � � � � � � � � � � � � � � � � � � � � � � � � � �

6HFWLRQ �� 6SHFLILFDWLRQV �� � � � � � � � � � � � � � � � � � � � �
��� *HQHUDWRU 6HW 6SHFLILFDWLRQV �� � � � � � � � � � � � � � � � � � � �

��� (QJLQH 6SHFLILFDWLRQV �� � � � � � � � � � � � � � � � � � � � � � � � � �

��� *HQHUDWRU 6SHFLILFDWLRQV �� � � � � � � � � � � � � � � � � � � � � � �

6HFWLRQ �� 6FKHGXOHG 0DLQWHQDQFH �� � � � � � � � � � � � �
��� 0DLQWHQDQFH 6FKHGXOH �� � � � � � � � � � � � � � � � � � � � � � � � �

��� %DWWHU\ &KDUJHU 2SHUDWLRQ �� � � � � � � � � � � � � � � � � � � � � � �

����� &20�� %DWWHU\ &KDUJHUV �� � � � � � � � � � � � � � � � �

����� %DWWHU\ ,QVSHFWLRQ �� � � � � � � � � � � � � � � � � � � � � � �

6HFWLRQ �� *HQHUDO 7URXEOHVKRRWLQJ �� � � � � � � � � � � �

6HFWLRQ �� &RQWUROOHU 7URXEOHVKRRWLQJ �� � � � � � � � � �
��� &RQWUROOHU 7URXEOHVKRRWLQJ �� � � � � � � � � � � � � � � � � � � � �

��� &RQWUROOHU )DXOW 6KXWGRZQV �� � � � � � � � � � � � � � � � � � � � �

6HFWLRQ �� *HQVHW�&RQWUROOHU 7URXEOHVKRRWLQJ ���
��� &KHFNLQJ )XVHV ��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

��� 7URXEOHVKRRWLQJ 0LFURSURFHVVRU )XVHV ��� � � � � � � � � �

��� *HQVHW�&RQWUROOHU 6\VWHP ��� � � � � � � � � � � � � � � � � � � � � �

��� )XHO 5HJXODWLRQ 6\VWHP DQG (PLVVLRQ &RQWURO 8QLW ��

6HFWLRQ �� &RPSRQHQW 7HVWLQJ�$GMXVWPHQW ��� � � � �
��� *HQHUDWRU 7URXEOHVKRRWLQJ ��� � � � � � � � � � � � � � � � � � � � �

��� 7KHRU\ RI 2SHUDWLRQ ��� � � � � � � � � � � � � � � � � � � � � � � � � � �

��� 3HUPDQHQW�0DJQHW *HQHUDWRU ��� � � � � � � � � � � � � � � � � �

��� 9ROWDJH 5HJXODWRU 7HVW³0LFURSURFHVVRU ��� � � � � � � � �

����� 7HVWLQJ 9ROWDJH ��� � � � � � � � � � � � � � � � � � � � � � � �

����� 5HVWDUWLQJ WKH &20�� ��� � � � � � � � � � � � � � � � � �

��� )XHO 6ROHQRLG �*DV 9DOYH� &KHFN 3URFHGXUH ��� � � � � �

��� )DXOW 7HVW 3URFHGXUHV ��� � � � � � � � � � � � � � � � � � � � � � � � �

����� +LJK (QJLQH 7HPSHUDWXUH ��� � � � � � � � � � � � � � �

����� /RZ )XHO 3UHVVXUH ��� � � � � � � � � � � � � � � � � � � � �

����� /RZ 2LO 3UHVVXUH ��� � � � � � � � � � � � � � � � � � � � � �

����� 2YHUFUDQN ��� � � � � � � � � � � � � � � � � � � � � � � � � � � �

����� 2YHUVSHHG ��� � � � � � � � � � � � � � � � � � � � � � � � � � � �

��� (OHFWURQLF *RYHUQRU 6\VWHP ��� � � � � � � � � � � � � � � � � � � �

����� *RYHUQRU $GMXVWPHQW ��� � � � � � � � � � � � � � � � � � �

����� *RYHUQRU $GMXVWPHQW 3URFHGXUH ��� � � � � � � � �

��� 6WDWRU ��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

��� 6SHHG 6HQVLQJ ��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

���� )XHO 5HJXODWLRQ 6\VWHP ��� � � � � � � � � � � � � � � � � � � � � � � �

���� ([KDXVW (PLVVLRQV 6\VWHP ��� � � � � � � � � � � � � � � � � � � � �

������ 3ULQFLSOH RI 2SHUDWLRQ ��� � � � � � � � � � � � � � � � � � �

������ (PLVVLRQV 6\VWHP ,QLWLDOL]DWLRQ ��� � � � � � � � � � �

������ 0HWHULQJ 9DOYH $GMXVWPHQW ��� � � � � � � � � � � � � �

6HFWLRQ �� 'LVDVVHPEO\�5HDVVHPEO\ ��� � � � � � � � � �
��� &20�� 'LVDVVHPEO\ ��� � � � � � � � � � � � � � � � � � � � � � � � � �

����� 6RXQG +RXVLQJ 5HPRYDO ��� � � � � � � � � � � � � � � �

����� *HQHUDWRU 6HW 'LVFRQQHFWLRQ ��� � � � � � � � � � � �

����� 0XIIOHU 5HPRYDO ��� � � � � � � � � � � � � � � � � � � � � � �

����� &RQWUROOHU %RDUG 5HSODFHPHQW ��� � � � � � � � � � �

����� 5HFWLILHU 5HSODFHPHQW ��� � � � � � � � � � � � � � � � � �

����� $OWHUQDWRU 'LVDVVHPEO\ ��� � � � � � � � � � � � � � � � �

��� &20�� 5HDVVHPEO\ ��� � � � � � � � � � � � � � � � � � � � � � � � � � �

����� $OWHUQDWRU 5HDVVHPEO\ ��� � � � � � � � � � � � � � � � � �

����� 6RXQG +RXVLQJ 5HLQVWDOODWLRQ ��� � � � � � � � � � � �

6HFWLRQ �� :LULQJ 'LDJUDPV ��� � � � � � � � � � � � � � � � � �

$SSHQGL[ $� *ORVVDU\ RI $EEUHYLDWLRQV $��� � � � � �

$SSHQGL[ %� &RPPRQ +DUGZDUH $SSOLFDWLRQ
*XLGHOLQHV %��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

$SSHQGL[ &� *HQHUDO 7RUTXH 6SHFLILFDWLRQV &��� �
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6DIHW\ 3UHFDXWLRQV DQG ,QVWUXFWLRQV

$ JHQHUDWRU VHW� OLNH DQ\ RWKHU
HOHFWURPHFKDQLFDO GHYLFH� FDQ SRVH
SRWHQWLDO GDQJHUV WR OLIH DQG OLPE LI
LPSURSHUO\ PDLQWDLQHG RU RSHUDWHG�
7KH EHVW ZD\ WR SUHYHQW DFFLGHQWV LV WR
EH DZDUH RI SRWHQWLDO GDQJHUV DQG DFW
VDIHO\� 3OHDVH UHDG DQG IROORZ WKH
VDIHW\ SUHFDXWLRQV DQG LQVWUXFWLRQV
EHORZ WR SUHYHQW KDUP WR \RXUVHOI DQG
RWKHUV� 7KLV PDQXDO FRQWDLQV VHYHUDO
W\SHV RI VDIHW\ SUHFDXWLRQV DQG
LQVWUXFWLRQV ZKLFK DUH H[SODLQHG EHORZ�
6$9( 7+(6( ,16758&7,216�

'$1*(5

'DQJHU LQGLFDWHV WKH SUHVHQFH RI D
KD]DUG WKDW ZLOO FDXVH VHYHUH SHUVRQDO
LQMXU\� GHDWK� RU VXEVWDQWLDO SURSHUW\
GDPDJH�

:$51,1*

:DUQLQJ LQGLFDWHV WKH SUHVHQFH RI D
KD]DUG WKDW FDQ FDXVH VHYHUH SHUVRQDO
LQMXU\� GHDWK� RU VXEVWDQWLDO SURSHUW\
GDPDJH�

&$87,21

&DXWLRQ LQGLFDWHV WKH SUHVHQFH RI D
KD]DUG WKDW ZLOO RU FDQ FDXVH PLQRU
SHUVRQDO LQMXU\ RU SURSHUW\ GDPDJH�

127,&(
1RWLFH FRPPXQLFDWHV LQVWDOODWLRQ�
RSHUDWLRQ� RU PDLQWHQDQFH LQIRUPDWLRQ
WKDW LV LPSRUWDQW EXW QRW KD]DUG UHODWHG�

6DIHW\ GHFDOV DIIL[HG WR WKH JHQHUDWRU
VHW LQ SURPLQHQW SODFHV DGYLVH WKH
RSHUDWRU RU VHUYLFH WHFKQLFLDQ RI
SRWHQWLDO KD]DUGV DQG KRZ WR DFW VDIHO\�
7KH GHFDOV DUH UHSURGXFHG LQ WKLV
SXEOLFDWLRQ WR LPSURYH RSHUDWRU
UHFRJQLWLRQ� 5HSODFH PLVVLQJ RU
GDPDJHG GHFDOV�

$FFLGHQWDO 6WDUWLQJ

$FFLGHQWDO VWDUWLQJ�
&DQ FDXVH VHYHUH LQMXU\ RU GHDWK�

'LVFRQQHFW EDWWHU\ FDEOHV EHIRUH
ZRUNLQJ RQ JHQHUDWRU VHW� �5HPRYH
QHJDWLYH ���� OHDG ILUVW ZKHQ
GLVFRQQHFWLQJ EDWWHU\� 5HFRQQHFW
QHJDWLYH ���� OHDG ODVW ZKHQ
UHFRQQHFWLQJ EDWWHU\��

:$51,1*

'LVDEOLQJ JHQHUDWRU VHW� $FFLGHQWDO
VWDUWLQJ FDQ FDXVH VHYHUH LQMXU\ RU
GHDWK� %HIRUH ZRUNLQJ RQ WKH
JHQHUDWRU VHW RU FRQQHFWHG HTXLSPHQW�
GLVDEOH WKH JHQHUDWRU VHW DV IROORZV� ��
7XUQ SRZHU FRQGLWLRQHU JHQHUDWRU VHW
PDVWHU VZLWFK WR 2)) SRVLWLRQ� �� 7XUQ
PDLQ RXWSXW EUHDNHU 2))� ��
'LVFRQQHFW SRZHU WR EDWWHU\ FKDUJHU�
�� 5HPRYH EDWWHU\ FDEOHV �UHPRYH
QHJDWLYH ���� OHDG ILUVW�� 5HFRQQHFW
QHJDWLYH ���� OHDG ODVW ZKHQ
UHFRQQHFWLQJ EDWWHU\� )ROORZ WKHVH
SUHFDXWLRQV WR SUHYHQW VWDUWLQJ RI
JHQHUDWRU VHW E\ VLWH SRZHU V\VWHP RU
UHPRWH VWDUW�VWRS VZLWFK�

%DWWHU\

6XOIXULF DFLG LQ EDWWHULHV�
&DQ FDXVH VHYHUH LQMXU\ RU GHDWK�

8VH SURWHFWLYH JRJJOHV DQG FORWKHV�
%DWWHU\ DFLG FDQ FDXVH SHUPDQHQW
GDPDJH WR H\HV� EXUQ VNLQ� DQG HDW
KROHV LQ FORWKLQJ�

:$51,1*

%DWWHU\ DFLG� 6XOIXULF DFLG LQ
EDWWHULHV FDQ FDXVH VHYHUH LQMXU\ RU
GHDWK� 6XOIXULF DFLG LQ EDWWHU\ FDQ
FDXVH SHUPDQHQW GDPDJH WR H\HV�
EXUQ VNLQ� DQG HDW KROHV LQ FORWKLQJ�
$OZD\V ZHDU VSODVK�SURRI VDIHW\
JRJJOHV ZKHQ ZRUNLQJ DURXQG WKH
EDWWHU\� ,I EDWWHU\ DFLG LV VSODVKHG LQ WKH
H\HV RU RQ VNLQ� LPPHGLDWHO\ IOXVK WKH
DIIHFWHG DUHD ZLWK ODUJH TXDQWLWLHV RI
FOHDQ ZDWHU� &RQWLQXH IOXVKLQJ ZLWK
ZDWHU XQWLO HPHUJHQF\ KHOS DUULYHV�
6HHN LPPHGLDWH PHGLFDO DLG� 1HYHU
DGG DFLG WR D EDWWHU\ DIWHU SODFLQJ WKH
EDWWHU\ LQ VHUYLFH� DV WKLV PD\ UHVXOW LQ
KD]DUGRXV VSDWWHULQJ RI EDWWHU\ DFLG�

%DWWHU\ JDVHV� ([SORVLRQ FDQ FDXVH
VHYHUH LQMXU\ RU GHDWK� %DWWHU\
JDVHV FDQ FDXVH DQ H[SORVLRQ� 'R QRW
VPRNH RU SHUPLW IODPH RU VSDUN WR RFFXU
QHDU D EDWWHU\ DW DQ\ WLPH� SDUWLFXODUO\
ZKHQ LW LV FKDUJLQJ� $YRLG WRXFKLQJ
WHUPLQDOV ZLWK WRROV� HWF�� WR SUHYHQW
EXUQV DQG VSDUNV WKDW FRXOG FDXVH DQ
H[SORVLRQ� 5HPRYH ZULVWZDWFK� ULQJV�
DQG DQ\ RWKHU MHZHOU\ EHIRUH KDQGOLQJ
EDWWHU\� 1HYHU FRQQHFW QHJDWLYH ����
EDWWHU\ FDEOH WR SRVLWLYH ��� FRQQHFWLRQ
WHUPLQDO RI VWDUWHU VROHQRLG� 'R QRW WHVW
EDWWHU\ FRQGLWLRQ E\ VKRUWLQJ WHUPLQDOV
WRJHWKHU� 6SDUNV FRXOG LJQLWH EDWWHU\
JDVHV RU IXHO YDSRUV� 9HQWLODWH DQ\
FRPSDUWPHQW FRQWDLQLQJ EDWWHULHV WR
SUHYHQW DFFXPXODWLRQ RI H[SORVLYH
JDVHV� 7R DYRLG VSDUNV� GR QRW GLVWXUE
EDWWHU\ FKDUJHU FRQQHFWLRQV ZKLOH
EDWWHU\ LV FKDUJLQJ� $OZD\V WXUQ EDWWHU\
FKDUJHU RII EHIRUH GLVFRQQHFWLQJ
EDWWHU\ FRQQHFWLRQV� 5HPRYH QHJDWLYH
���� OHDG ILUVW ZKHQ GLVFRQQHFWLQJ
EDWWHU\� 5HFRQQHFW QHJDWLYH ���� OHDG
ODVW ZKHQ UHFRQQHFWLQJ EDWWHU\�
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(QJLQH %DFNILUH�
)ODVK )LUH

)LUH�
&DQ FDXVH VHYHUH LQMXU\ RU GHDWK�

'R QRW VPRNH RU SHUPLW IODPH RU
VSDUN WR RFFXU QHDU IXHO RU IXHO
V\VWHP�

:$51,1*

6HUYLFLQJ DLU FOHDQHU� $ VXGGHQ
EDFNILUH FDQ FDXVH VHYHUH LQMXU\ RU
GHDWK� 'R QRW RSHUDWH ZLWK DLU FOHDQHU
UHPRYHG�

([KDXVW 6\VWHP

&DUERQ PRQR[LGH�
&DQ FDXVH VHYHUH QDXVHD�
IDLQWLQJ� RU GHDWK�

7KH H[KDXVW V\VWHP PXVW EH
OHDNSURRI DQG URXWLQHO\ LQVSHFWHG�

:$51,1*

*HQHUDWRU VHW RSHUDWLRQ� &DUERQ
PRQR[LGH FDQ FDXVH VHYHUH QDXVHD�
IDLQWLQJ� RU GHDWK� 1HYHU RSHUDWH WKH
JHQHUDWRU VHW LQVLGH D EXLOGLQJ XQOHVV
WKH H[KDXVW JDV LV SLSHG VDIHO\ RXWVLGH�
1HYHU RSHUDWH LQ DQ\ DUHD ZKHUH
H[KDXVW JDV FRXOG DFFXPXODWH DQG
VHHS EDFN LQVLGH D SRWHQWLDOO\ RFFXSLHG
EXLOGLQJ� $YRLG EUHDWKLQJ H[KDXVW
IXPHV ZKHQ ZRUNLQJ RQ RU QHDU WKH
JHQHUDWRU VHW� &DUERQ PRQR[LGH LV
SDUWLFXODUO\ GDQJHURXV EHFDXVH LW LV DQ
RGRUOHVV� FRORUOHVV� WDVWHOHVV�
QRQLUULWDWLQJ JDV WKDW FDQ FDXVH GHDWK LI
LQKDOHG IRU HYHQ D VKRUW SHULRG RI WLPH�

)XHO 6\VWHP

([SORVLYH IXHO YDSRUV�
&DQ FDXVH VHYHUH LQMXU\ RU GHDWK�

8VH H[WUHPH FDUH ZKHQ KDQGOLQJ�
VWRULQJ� DQG XVLQJ IXHOV�

:$51,1*

([SORVLYH IXHO YDSRUV FDQ FDXVH
VHYHUH LQMXU\ RU GHDWK� 7DNH
DGGLWLRQDO SUHFDXWLRQV ZKHQ XVLQJ WKH
IROORZLQJ IXHOV�

3URSDQH �/3�³$GHTXDWH YHQWLODWLRQ
LV PDQGDWRU\� 3URSDQH LV KHDYLHU WKDQ
DLU� LQVWDOO SURSDQH JDV GHWHFWRUV ORZ LQ
URRP� ,QVSHFW GHWHFWRUV RIWHQ�

1DWXUDO *DV³$GHTXDWH YHQWLODWLRQ LV
PDQGDWRU\� 1DWXUDO JDV ULVHV� LQVWDOO
QDWXUDO JDV GHWHFWRUV KLJK LQ URRP�
,QVSHFW GHWHFWRUV RIWHQ�

*DV IXHO OHDNV� ([SORVLYH IXHO
YDSRUV FDQ FDXVH VHYHUH LQMXU\ RU
GHDWK� )XHO OHDNDJH FDQ FDXVH DQ
H[SORVLRQ� &KHFN /3 YDSRU JDV RU
QDWXUDO JDV IXHO V\VWHP IRU OHDNDJH
XVLQJ D VRDS�ZDWHU VROXWLRQ ZLWK IXHO
V\VWHP WHVW SUHVVXUL]HG WR ��� RXQFHV
SHU VTXDUH LQFK ������ LQFKHV ZDWHU
FROXPQ�� 8VH D VRDS VROXWLRQ
FRQWDLQLQJ QHLWKHU DPPRQLD QRU
FKORULQH EHFDXVH ERWK SUHYHQW EXEEOH
IRUPDWLRQ� $ VXFFHVVIXO WHVW GHSHQGV
RQ WKH DELOLW\ RI WKH VROXWLRQ WR EXEEOH�

+D]DUGRXV 9ROWDJH�
(OHFWULFDO 6KRFN

+D]DUGRXV YROWDJH� 0RYLQJ URWRU�

&DQ FDXVH VHYHUH LQMXU\ RU GHDWK�

2SHUDWH JHQHUDWRU VHW RQO\ ZLWK DOO
JXDUGV DQG HOHFWULFDO HQFORVXUHV LQ
SODFH�

:$51,1*

*URXQGLQJ JHQHUDWRU VHW�
+D]DUGRXV YROWDJH FDQ FDXVH
VHYHUH LQMXU\ RU GHDWK� (OHFWURFXWLRQ
LV SRVVLEOH ZKHQHYHU HOHFWULFLW\ LV
SUHVHQW� 2SHQ PDLQ FLUFXLW EUHDNHUV RI
DOO SRZHU VRXUFHV EHIRUH VHUYLFLQJ
HTXLSPHQW� &RQILJXUH WKH LQVWDOODWLRQ
WR HOHFWULFDOO\ JURXQG WKH JHQHUDWRU VHW
DQG HOHFWULFDO FLUFXLWV ZKHQ LQ XVH�
1HYHU FRQWDFW HOHFWULFDO OHDGV RU
DSSOLDQFHV ZKHQ VWDQGLQJ LQ ZDWHU RU
RQ ZHW JURXQG� DV WKH FKDQFH RI
HOHFWURFXWLRQ LQFUHDVHV XQGHU VXFK
FRQGLWLRQV�

+LJK YROWDJH WHVW� +D]DUGRXV
YROWDJH FDQ FDXVH VHYHUH LQMXU\ RU
GHDWK� )ROORZ LQVWUXFWLRQV RI WHVW
HTXLSPHQW PDQXIDFWXUHU ZKHQ
SHUIRUPLQJ KLJK�YROWDJH WHVW RQ URWRU RU
VWDWRU� $Q LPSURSHU WHVW SURFHGXUH FDQ
GDPDJH HTXLSPHQW RU OHDG WR IXWXUH
JHQHUDWRU VHW IDLOXUHV�

&RQQHFWLQJ EDWWHU\ DQG EDWWHU\
FKDUJHU� +D]DUGRXV YROWDJH FDQ
FDXVH VHYHUH LQMXU\ RU GHDWK�
5HFRQQHFW EDWWHU\ FRUUHFWO\ WR DYRLG
HOHFWULFDO VKRFN DQG GDPDJH WR EDWWHU\
FKDUJHU DQG EDWWHU\�LHV�� +DYH D
TXDOLILHG HOHFWULFLDQ LQVWDOO EDWWHU\�LHV��

6KRUW FLUFXLWV� +D]DUGRXV
YROWDJH�FXUUHQW FDQ FDXVH VHYHUH
LQMXU\ RU GHDWK� 6KRUW FLUFXLWV FDQ
FDXVH ERGLO\ LQMXU\ DQG�RU HTXLSPHQW
GDPDJH� 'R QRW FRQWDFW HOHFWULFDO
FRQQHFWLRQV ZLWK WRROV RU MHZHOU\ ZKLOH
PDNLQJ DGMXVWPHQWV RU UHSDLUV�
5HPRYH ZULVWZDWFK� ULQJV� DQG MHZHOU\
EHIRUH VHUYLFLQJ HTXLSPHQW�
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+HDY\ (TXLSPHQW

8QEDODQFHG ZHLJKW�
,PSURSHU OLIW FDQ FDXVH VHYHUH
LQMXU\ RU GHDWK DQG�RU HTXLSPHQW
GDPDJH�

8VH VOLQJV XQGHU VNLG WR EDODQFH DQG
OLIW JHQHUDWRU VHW�

:$51,1*

+RW 3DUWV

+RW HQJLQH DQG H[KDXVW V\VWHP�
&DQ FDXVH VHYHUH LQMXU\ RU GHDWK�

'R QRW ZRUN RQ JHQHUDWRU VHW XQWLO LW LV
DOORZHG WR FRRO�

:$51,1*

6HUYLFLQJ H[KDXVW V\VWHP� +RW SDUWV
FDQ FDXVH VHYHUH LQMXU\ RU GHDWK� 'R
QRW WRXFK KRW HQJLQH SDUWV� $Q HQJLQH
EHFRPHV KRW ZKLOH UXQQLQJ DQG
H[KDXVW V\VWHP FRPSRQHQWV EHFRPH
H[WUHPHO\ KRW�

0RYLQJ 3DUWV

+D]DUGRXV YROWDJH� 0RYLQJ URWRU�

&DQ FDXVH VHYHUH LQMXU\ RU GHDWK�

2SHUDWH JHQHUDWRU VHW RQO\ ZLWK DOO
JXDUGV DQG HOHFWULFDO HQFORVXUHV LQ
SODFH�

:$51,1*

5RWDWLQJ SDUWV�
&DQ FDXVH VHYHUH LQMXU\ RU GHDWK�

'R QRW RSHUDWH JHQHUDWRU VHW ZLWKRXW
DOO JXDUGV� VFUHHQV� DQG FRYHUV LQ
SODFH�

:$51,1*

7LJKWHQLQJ KDUGZDUH� )O\LQJ
SURMHFWLOHV FDQ FDXVH VHYHUH LQMXU\
RU GHDWK� 5HWRUTXH DOO FUDQNVKDIW DQG
URWRU KDUGZDUH DIWHU VHUYLFLQJ� 'R QRW
ORRVHQ FUDQNVKDIW KDUGZDUH RU URWRU
WKUXEROW ZKHQ PDNLQJ DGMXVWPHQWV RU
VHUYLFLQJ JHQHUDWRU VHW� 5RWDWH
FUDQNVKDIW PDQXDOO\ LQ D FORFNZLVH
GLUHFWLRQ RQO\� 7XUQLQJ FUDQNVKDIW EROW
RU URWRU WKUXEROW FRXQWHUFORFNZLVH FDQ
ORRVHQ KDUGZDUH� /RRVH KDUGZDUH FDQ
FDXVH KDUGZDUH RU SXOOH\ WR UHOHDVH
IURP HQJLQH RI JHQHUDWRU VHW DQG FDQ
FDXVH SHUVRQDO LQMXU\�

6HUYLFLQJ JHQHUDWRU VHW ZKHQ
RSHUDWLQJ� ([SRVHG PRYLQJ SDUWV
FDQ FDXVH VHYHUH LQMXU\ RU GHDWK�
.HHS KDQGV� IHHW� KDLU� FORWKLQJ� DQG
WHVW OHDGV DZD\ IURP EHOWV DQG SXOOH\V
ZKHQ JHQHUDWRU VHW LV UXQQLQJ�
5HSODFH JXDUGV� VFUHHQV� DQG FRYHUV
EHIRUH RSHUDWLQJ JHQHUDWRU VHW�

1RWLFH
127,&(

+DUGZDUH GDPDJH� (QJLQH DQG
JHQHUDWRU VHW PD\ XVH ERWK $PHULFDQ
6WDQGDUG DQG PHWULF KDUGZDUH� 8VH
WKH FRUUHFW VL]H WRROV WR SUHYHQW
URXQGLQJ RI EROW KHDGV DQG QXWV�

127,&(
:KHQ UHSODFLQJ KDUGZDUH� GR QRW
VXEVWLWXWH ZLWK LQIHULRU JUDGH
KDUGZDUH� 6FUHZV DQG QXWV DUH
DYDLODEOH LQ GLIIHUHQW KDUGQHVV UDWLQJV�
$PHULFDQ 6WDQGDUG KDUGZDUH XVHV D
VHULHV RIPDUNLQJV DQGPHWULF KDUGZDUH
XVHV D QXPHULF V\VWHP WR LQGLFDWH
KDUGQHVV� &KHFN PDUNLQJV RQ EROW
KHDG DQG QXWV IRU LGHQWLILFDWLRQ�



73����� ����,9 6DIHW\ 3UHFDXWLRQV DQG ,QVWUXFWLRQV

1RWHV



,QWURGXFWLRQ L73����� ����

,QWURGXFWLRQ

7KLV PDQXDO FRYHUV WKH VHUYLFH RI &20�� JHQHUDWRU
VHWV HTXLSSHG ZLWK D PLFURSURFHVVRU FRQWUROOHU�

$OO LQIRUPDWLRQ LQ WKLV SXEOLFDWLRQ UHSUHVHQWV GDWD
DYDLODEOH DW WLPH RI SULQW� .RKOHU &R� UHVHUYHV WKH ULJKW WR
FKDQJH WKLV OLWHUDWXUH DQG WKH SURGXFWV UHSUHVHQWHG
ZLWKRXW LQFXUULQJ REOLJDWLRQ�



LL ,QWURGXFWLRQ 73����� ����

6HUYLFH $VVLVWDQFH

)RU .RKOHU VDOHV DQG VHUYLFH LQ WKH 8�6�$� DQG
&DQDGD FRQWDFW .RKOHU &RPSDQ\·V 6HUYLFH
GHSDUWPHQW DW�

3KRQH� ������������
)D[� ������������
.2+/(5 &2�� .RKOHU� :LVFRQVLQ ����� 8�6�$�

7R HQVXUH VXSSO\ RI FRUUHFW SDUWV RU LQIRUPDWLRQ� PDNH
QRWH RI WKH IROORZLQJ LGHQWLILFDWLRQ QXPEHUV LQ WKH
VSDFHV SURYLGHG�

*(1(5$725 6(7

02'(/� 63(&� DQG 6(5,$/ QXPEHUV DUH IRXQG RQ
WKH QDPHSODWH DWWDFKHG WR WKH JHQHUDWRU VHW�

0RGHO 1R�

6SHFLILFDWLRQ 1R�

6HULDO 1R�

(1*,1(

7KH HQJLQH VHULDO QXPEHU LV IRXQG RQ WKH HQJLQH
QDPHSODWH�

(QJLQH 6HULDO 1R�



73����� ���� 6SHFLILFDWLRQV �

6HFWLRQ �� 6SHFLILFDWLRQV

7KH IROORZLQJ WDEOHV FRQWDLQ JHQHUDO JHQHUDWRU VHW�
HQJLQH� DQG DOWHUQDWRU VSHFLILFDWLRQV� 5HIHU WR WKH
VHUYLFH VHFWLRQ DQG WKH HQJLQH VHUYLFH PDQXDO IRU
VHUYLFH GHWDLOV�

��� *HQHUDWRU 6HW 6SHFLILFDWLRQV

�� YGF �� YGF
0DQXIDFWXUHU .RKOHU
'LPHQVLRQV³' [ : [ +³LQ� �PP� �� [ �� [ �� ���� [ ��� [ ����
:HLJKW³OEV� GU\ �NJ� ��� �����
5DWHG N: �
5DWHG 9ROWDJH �$IWHU 5HFWLILHU� ���� YGF ���� YGF
5DWHG $PSV ��� ���

'(5$7,21� 5HIHU WR 6SHFLILFDWRQ 6KHHW IRU VSHFLILF UDWLQJV
DQG VLWH GHUDWLRQ IDFWRUV�

��� (QJLQH 6SHFLILFDWLRQV

�� YGF �� YGF
0RGHO &+��
0DNH .RKOHU
&\FOH �
1XPEHU &\OLQGHUV �
&RPSUHVVLRQ 5DWLR �����
'LVSODFHPHQW³FX� LQ� �FF� �� �����
5DWHG +RUVHSRZHU �XVLQJ QDWXUDO JDV IXHO� ��
530 ���������
%RUH³LQ� �PP� ���� ����
6WURNH³LQ� �PP� ���� ����
9DOYH 0DWHULDO�

,QWDNH 6WHHO
([KDXVW 6WHOOLWHÊ

9DOYH 7UDLQ 2YHUKHDG 9DOYH
&\OLQGHU %ORFN 0DWHULDO $OXPLQXP Z�&DVW ,URQ /LQHUV
&\OLQGHU +HDG 0DWHULDO $OXPLQXP
3LVWRQ 5LQJV � &RPSUHVVLRQ� � 2LO
&UDQNVKDIW 0DWHULDO +HDW 7UHDWHG� 'XFWLOH ,URQ &DVWLQJ
%HDULQJV� 1XPEHU 	 7\SH �� 5HSODFHDEOH 6OHHYH
*RYHUQRU (OHFWURQLF
/XEULFDWLRQ 6\VWHP )XOO 3UHVVXUH
2LO &DSDFLW\ �ZLWK ILOWHU DQG FRROHU�³TWV� �/� ��� �����
2LO 7\SH 0RELO �� �:���
2LO 3UHVVXUH³SVL �N3D� ����� ���������
/RZ 2LO 3UHVVXUH³SVL �N3D� ��� SVL � ��� ����� � �����
)XHO 7\SH )DFWRU\ 6HW IRU 1DWXUDO *DV �3URSDQH $GDSWDEOH�
)XHO 3UHVVXUH³LQ� ZDWHU FROXPQ �PP ZDWHU� � WR �� ���� WR ����
/RZ )XHO 3UHVVXUH³LQ� ZDWHU FROXPQ ��� � ����
+LJK (QJLQH 7HPSHUDWXUH³E) �E&� ��� �����



73����� ����� 6SHFLILFDWLRQV

(QJLQH 6SHFLILFDWLRQV �FRQWLQXHG�
�� YGF �� YGF

6WDUWLQJ %DWWHU\ 9ROWDJH ��
6WDUWLQJ %DWWHU\ *URXQG 1HJDWLYH
%DWWHU\ 5HFRPPHQGDWLRQ �PLQ�� ��� &&$ DW ��) �VHH 6HFWLRQ ��
6SDUN 3OXJ 7\SH �.RKOHU 3DUW 1R�� �� ��� ��
6SDUN 3OXJ *DS LQ� �PP� ����� ������
6SDUN 3OXJ 7LJKWHQLQJ 7RUTXH³IW� OEV �1P� ����� �����������
,JQLWLRQ 6\VWHP &DSDFLWRU 'LVFKDUJH
(QJLQH�GULYHQ %DWWHU\ &KDUJHU �� $PS� 5HJXODWHG
6WDUWHU 0RWRU (OHFWULF� 6ROHQRLG 6KLIW
&RROLQJ 6\VWHP ,QWHJUDWHG $LU &RROLQJ

��� *HQHUDWRU 6SHFLILFDWLRQV
�� YGF �� YGF

6WDWRU 5HVLVWDQFH ������ RKPV ����� RKPV
([FLWDWLRQ 0HWKRG �5RWRU� 3HUPDQHQW 0DJQHW %UXVKOHVV
)UHTXHQF\³+] �������
&RXSOLQJ 7\SH 'LUHFW
,QVXODWLRQ �6WDWRU� &ODVV ���� (SR[\ 9DUQLVK� 9DFXXP ,PSUHJQDWHG
:LQGLQJ 0DWHULDO &RSSHU
%HDULQJ� 4W\� DQG 7\SH �� 5HSODFHDEOH %DOO



73����� ���� 6FKHGXOHG 0DLQWHQDQFH �

6HFWLRQ �� 6FKHGXOHG 0DLQWHQDQFH

6HH 6DIHW\ 3UHFDXWLRQV DQG ,QVWUXFWLRQV DW WKH
EHJLQQLQJ RI WKLV PDQXDO EHIRUH DWWHPSWLQJ
PDLQWHQDQFH� UHSDLU� RU RSHUDWLRQ RI WKH JHQHUDWRU VHW�

5HIHU WR WKH 2SHUDWLRQ DQG ,QVWDOODWLRQ PDQXDO IRU
GHWDLOHG PDLQWHQDQFH LQIRUPDWLRQ�

+DYH DOO JHQHUDWRU VHUYLFH SHUIRUPHG DW VSHFLILHG
LQWHUYDOV E\ D WUDLQHG VHUYLFH WHFKQLFLDQ RU DQ DXWKRUL]HG
VHUYLFH GLVWULEXWRU�GHDOHU�

��� 0DLQWHQDQFH 6FKHGXOH

3HUIRUP 6HUYLFH DW ,QWHUYDOV ,QGLFDWHG �;�
%HIRUH (DFK

$WWHQGHG 6WDUW�XS
(YHU\ ��� +RXUV
RU �� 0RQWKV


(YHU\
��� +RXUV

&KHFN RLO OHYHO� DGG RLO LI QHHGHG ;

&KHFN IXHO VXSSO\ �1DWXUDO JDV WXUQHG RQ� ;

&OHDQ FRROLQJ DLU LQOHWV DQG RXWOHWV ;

5HPRYH ORRVH GLUW IURP FRPSDUWPHQW ;

5HSODFH DLU FOHDQHU ;A

&KDQJH OXEH RLO ;

5HSODFH OXEH RLO ILOWHU ;C

&KHFN DQG WLJKWHQ HOHFWULFDO FRQQHFWLRQV ;

&KHFN DQG WLJKWHQ PRXQWLQJ EROWV DQG YLEURPRXQWV ;

5HSODFH DLU SUHFOHDQHU ;

5HSODFH DLU FOHDQHU HOHPHQW ;

&OHDQ EDWWHU\ WHUPLQDOV DQG UHFRQQHFW ;

5HSODFH VSDUN SOXJV ;


 :KLFKHYHU FRPHV ILUVW
A 6HUYLFH PRUH RIWHQ LI RSHUDWLQJ LQ GXVW\ RU GLUW\ FRQGLWLRQV� &KHFN RLO FRROHU ILQV� FOHDQ LI QHFHVVDU\�
C &KDQJH OXEH RLO ILOWHU HYHU\ ��� KRXUV RU HYHU\ �� PRQWKV�

��� %DWWHU\ &KDUJHU 2SHUDWLRQ
����� &20�� %DWWHU\ &KDUJHUV
7KH &20�� JHQHUDWRU VHW KDV WZR VHSDUDWH EDWWHU\
FKDUJHU V\VWHPV WR PDLQWDLQ WKH HQJLQH VWDUWLQJ EDWWHU\�

$ ���DPS FKDUJHU LQ WKH HQJLQH UHFKDUJHV WKH EDWWHU\
LPPHGLDWHO\ DIWHU VWDUWLQJ WR TXLFNO\ UHVWRUH WKH EDWWHU\
WR IXOO SRWHQWLDO�

7KH VHFRQG EDWWHU\ FKDUJHU LV D ��DPS IORDW�W\SH
FKDUJHU ZKLFK PDLQWDLQV WKH EDWWHU\ FKDUJH DW IXOO
FDSDFLW\ GXULQJ LGOH SHULRGV� ,W LV ORFDWHG LQ WKH FRQWUROOHU
DQG SRZHUHG E\ D FXVWRPHU�SURYLGHG $& SRZHU FRUG
DWWDFKHG WR WKH UHDU RI WKH FRQWUROOHU�

7KLV ��DPS EDWWHU\ FKDUJHU LV IXVHG RQ WKH LQSXW $& VLGH
DQG RQ WKH RXWSXW '& VLGH� 7KH FRQWURO V\VWHPPRQLWRUV
EDWWHU\ YROWDJH DQG VLJQDOV FKDUJHU PDOIXQFWLRQV
WKURXJK WKH UHPRWH FDEOH LQWHUIDFH FRQQHFWLRQ�



73����� ����� 6FKHGXOHG 0DLQWHQDQFH

��� %DWWHU\ ,QVSHFWLRQ

6XOIXULF DFLG LQ EDWWHULHV�
&DQ FDXVH VHYHUH LQMXU\ RU GHDWK�

8VH SURWHFWLYH JRJJOHV DQG FORWKHV�
%DWWHU\ DFLG FDQ FDXVH SHUPDQHQW
GDPDJH WR H\HV� EXUQ VNLQ� DQG HDW
KROHV LQ FORWKLQJ�

:$51,1*

%DWWHU\ DFLG� 6XOIXULF DFLG LQ EDWWHULHV FDQ FDXVH VHYHUH
LQMXU\ RU GHDWK� 6XOIXULF DFLG LQ EDWWHU\ FDQ FDXVH SHUPDQHQW
GDPDJH WR H\HV� EXUQ VNLQ� DQG HDW KROHV LQ FORWKLQJ� $OZD\V
ZHDU VSODVK�SURRI VDIHW\ JRJJOHV ZKHQ ZRUNLQJ DURXQG WKH
EDWWHU\� ,I EDWWHU\ DFLG LV VSODVKHG LQ WKH H\HV RU RQ VNLQ�
LPPHGLDWHO\ IOXVK WKH DIIHFWHG DUHD ZLWK ODUJH TXDQWLWLHV RI
FOHDQ ZDWHU� &RQWLQXH IOXVKLQJ ZLWK ZDWHU XQWLO HPHUJHQF\
KHOS DUULYHV� 6HHN LPPHGLDWHPHGLFDO DLG� 1HYHU DGG DFLG WR D
EDWWHU\ DIWHU SODFLQJ WKH EDWWHU\ LQ VHUYLFH� DV WKLV PD\ UHVXOW LQ
KD]DUGRXV VSDWWHULQJ RI EDWWHU\ DFLG�

%DWWHU\ JDVHV� ([SORVLRQ FDQ FDXVH VHYHUH LQMXU\ RU
GHDWK� %DWWHU\ JDVHV FDQ FDXVH DQ H[SORVLRQ� 'R QRW VPRNH
RU SHUPLW IODPH RU VSDUN WR RFFXU QHDU D EDWWHU\ DW DQ\ WLPH�
SDUWLFXODUO\ ZKHQ LW LV FKDUJLQJ� $YRLG WRXFKLQJ WHUPLQDOV ZLWK
WRROV� HWF�� WR SUHYHQW EXUQV DQG VSDUNV WKDW FRXOG FDXVH DQ
H[SORVLRQ� 5HPRYH ZULVWZDWFK� ULQJV� DQG DQ\ RWKHU MHZHOU\
EHIRUH KDQGOLQJ EDWWHU\� 1HYHU FRQQHFW QHJDWLYH ���� EDWWHU\
FDEOH WR SRVLWLYH ��� FRQQHFWLRQ WHUPLQDO RI VWDUWHU VROHQRLG�
'R QRW WHVW EDWWHU\ FRQGLWLRQ E\ VKRUWLQJ WHUPLQDOV WRJHWKHU�
6SDUNV FRXOG LJQLWH EDWWHU\ JDVHV RU IXHO YDSRUV� 9HQWLODWH DQ\
FRPSDUWPHQW FRQWDLQLQJ EDWWHULHV WR SUHYHQW DFFXPXODWLRQ RI
H[SORVLYH JDVHV� 7R DYRLG VSDUNV� GR QRW GLVWXUE EDWWHU\
FKDUJHU FRQQHFWLRQV ZKLOH EDWWHU\ LV FKDUJLQJ� $OZD\V WXUQ
EDWWHU\ FKDUJHU RII EHIRUH GLVFRQQHFWLQJ EDWWHU\ FRQQHFWLRQV�
5HPRYH QHJDWLYH ���� OHDG ILUVW ZKHQ GLVFRQQHFWLQJ EDWWHU\�
5HFRQQHFW QHJDWLYH ���� OHDG ODVW ZKHQ UHFRQQHFWLQJ EDWWHU\�

%DWWHU\ LQVSHFWLRQ UHTXLUHV WKH IROORZLQJ WRROV�

- &OHDQ� VRIW FORWK

- 'LJLWDO YROWPHWHU DFFXUDWH WR WZR GHFLPDO SODFHV

- 1RQPHWDOOLF VRIW�EULVWOHG EUXVK �WRRWKEUXVK�

- 12�2;,'(�$ JUHDVH RU SHWUROHXP MHOO\

- 5XEEHU JORYHV

- 6RGLXP ELFDUERQDWH �EDNLQJ VRGD�

- 6SODVK�SURRI VDIHW\ JRJJOHV

- 7ZR VPDOO SODVWLF EXFNHWV �RQH IRU VRGD VROXWLRQ
DQG RQH IRU FOHDQ ULQVH ZDWHU�

- &OHDQ ZDWHU

6WDUW EDWWHU\ LQVSHFWLRQ SURFHGXUH

&KHFN IRU WKH IROORZLQJ�

�� &UDFNV RU IUDFWXUHV LQ WKH EDWWHU\ FDVH RU FRYHU�
5HSODFH FUDFNHG RU IUDFWXUHG EDWWHU\�

�� %DWWHU\ VLGHZDOO EXOJLQJ ��� LQFK RUPRUH SHU VLGH�
5HSODFH WKH EDWWHU\ LI VLGHZDOO EXOJLQJ LV HYLGHQW�

�� /LTXLG RQ FRYHU� VLGHZDOOV� RU ERWWRP RI EDWWHU\�
6SULQNOH D SLQFK RI VRGLXP ELFDUERQDWH RQ WKH
OLTXLG� ,I WKH OLTXLG IL]]HV� LW LV DFLG� 5HSODFH WKH
EDWWHU\�

�� %DWWHU\ YROWDJH� 0HDVXUH RSHQ FLUFXLW EDWWHU\
YROWDJH DFFRUGLQJ WR WKH IROORZLQJ SURFHGXUH�

D� 7XUQ RII EDWWHU\ FKDUJHU�

E� 5HPRYH EDWWHU\ FDEOHV� QHJDWLYH ���� OHDG ILUVW�

F� 6HW WKH GLJLWDO YROWPHWHU RQ WKH ILUVW '& UDQJH
JUHDWHU WKDQ �� YROWV�

G� 3ODFH WKH SRVLWLYH PHWHU OHDG RQ WKH SRVLWLYH
WHUPLQDO DQG WKH QHJDWLYH PHWHU OHDG RQ
QHJDWLYH WHUPLQDO� 2SHQ FLUFXLW YROWDJH OHVV
WKDQ ����� YROWV LQGLFDWHV D SRVVLEOH VKRUW LQ
RQH RU PRUH RI WKH EDWWHU\ FHOOV� 5HSODFH WKH
EDWWHU\� ,I WKH UHDGLQJ LV DERYH ����� YROWV�
FRQWLQXH WKH EDWWHU\ LQVSHFWLRQ SHU VWHS ��

�� &RUURVLRQ �ZKLWLVK PDWHULDO� RQ WHUPLQDO SRVWV�
&OHDQ FRUURGHG WHUPLQDO SRVWV XVLQJ WKH IROORZLQJ
SURFHGXUH�

D� ,Q D SODVWLF EXFNHW� PL[ ��� RXQFHV RI VRGLXP
ELFDUERQDWH ZLWK RQH SLQW RI FOHDQ ZDWHU�

E� 6FUXE EDWWHU\ WHUPLQDO SRVWV DQG FRQQHFWRUV RQ
EDWWHU\ FKDUJHU OHDGV ZLWK D EUXVK GLSSHG LQ WKH
VRGLXP ELFDUERQDWH VROXWLRQ�

F� $IWHU UHPRYLQJ FRUURVLRQ� ZLSH RII WHUPLQDO
SRVWV DQG FRQQHFWRUVZLWK VRIW FORWKZHWWHGZLWK
FOHDQ ZDWHU�

G� 'U\ WKH WHUPLQDO SRVWV DQG FRQQHFWRUV ZLWK
FOHDQ� GU\ FORWK�

H� /LJKWO\ FRDW WHUPLQDO SRVWV DQG FRQQHFWRUV ZLWK
12�2;,'(�$ JUHDVH RU SHWUROHXP MHOO\�

I� 5HFRQQHFW EDWWHU\ FKDUJHU OHDGV SRVLWLYH ���
OHDG ILUVW� WKHQ QHJDWLYH OHDG ODVW�

J� 7XUQ FKDUJHU RQ�



73����� ���� 7URXEOHVKRRWLQJ �

6HFWLRQ �� *HQHUDO 7URXEOHVKRRWLQJ

8VH WKH IROORZLQJ FKDUWV DV D TXLFN UHIHUHQFH LQ
WURXEOHVKRRWLQJ SUREOHPV� 7KH FKDUWV OLVW JHQHUDWRU VHW
IDXOWV E\ JURXSV DQG LQFOXGH OLNHO\ FDXVHV DQG
FRUUHFWLRQV� +DYH VHUYLFH SHUIRUPHG E\ WUDLQHG VHUYLFH
WHFKQLFLDQV RU DXWKRUL]HG VHUYLFH GLVWULEXWRUV�GHDOHUV�

7URXEOHVKRRWLQJ &KDUW

3UREOHP 3RVVLEOH &DXVH &RUUHFWLYH $FWLRQ
8QLW GRHV QRW FUDQN :HDN RU GHDG EDWWHU\ 5HFKDUJH RU UHSODFH EDWWHU\

&RQWUROOHU IXVH EORZQ 5HSODFH FRQWUROOHU IXVH

(QJLQH KDUQHVV WZLVW�ORFN FRQQHFWRU QRW IXOO\
ORFNHG WLJKW

/RRVHQ WZLVW ULQJ� UHHQJDJH DQG ORFN E\
WZLVWLQJ SDVW GHWHQW

'HIHFWLYH VWDUW VZLWFK 5HSODFH VWDUW VZLWFK

5HPRWH VWDUW FDEOH GLVFRQQHFWHG 5HFRQQHFW VWDUW FDEOH

'HIHFWLYH VWDUWHU VROHQRLG 5HSODFH VWDUWHU VROHQRLG

%DWWHU\ FRQQHFWLRQV ORRVH� GLUW\ RU LQFRUUHFW &RUUHFW� FOHDQ� RU WLJKWHQ EDWWHU\ FRQQHFWLRQV

8QLW FUDQNV EXW GRHV
W W W

$LU FOHDQHU FORJJHG &OHDQ RU UHSODFH DLU FOHDQHU
QRW VWDUW )DXOW\ VSDUN SOXJ 5HSODFH RU UHJDS VSDUN SOXJV

)DXOW\ LJQLWLRQ PRGXOH�V� +DYH XQLW VHUYLFHG E\ DQ DXWKRUL]HG .RKOHU
VHUYLFH GLVWULEXWRU�GHDOHU

)XHO FRQWURO YDOYH DGMXVWPHQW WRR ULFK 5HTXLUHV LQLWLDOL]DWLRQ� 6HH 6HFWLRQ �³
,QVWDOODWLRQ³)XHO 6\VWHP ,QLWLDOL]DWLRQ

/RRVH VSDUN SOXJ ZLUH FRQQHFWLRQ 5HFRQQHFW DQG�RU WLJKWHQ VSDUN SOXJ ZLUH

2XW RI IXHO RU IXHO YDOYH VKXWRII 5HSOHQLVK IXHO RU FRUUHFW YDOYH VKXWRII

:HDN RU GHDG EDWWHU\ 5HFKDUJH RU UHSODFH EDWWHU\

8QLW VWDUWV KDUG $LU FOHDQHU FORJJHG &OHDQ RU UHSODFH DLU FOHDQHU HOHPHQW

)DXOW\ VSDUN SOXJ 5HSODFH RU UHJDS VSDUN SOXJV

:HDN RU LQWHUPLWWHQW LJQLWLRQ PRGXOH�V� +DYH XQLW VHUYLFHG E\ DQ DXWKRUL]HG .RKOHU
VHUYLFH GLVWULEXWRU�GHDOHU

8QLW VWRSV VXGGHQO\ $LU FOHDQHU FORJJHG &OHDQ RU UHSODFH DLU FOHDQHU HOHPHQW

)DXOW\ VSDUN SOXJ 5HSODFH RU UHJDS VSDUN SOXJV

)XHO VWDUYDWLRQ 5HSOHQLVK IXHO

(QJLQH KDUQHVV WZLVW�ORFN FRQQHFWRU QRW IXOO\
ORFNHG WLJKW

/RRVHQ WZLVW ULQJ� UHHQJDJH DQG ORFN E\
WZLVWLQJ SDVW GHWHQW

&RQWUROOHU IDXOW &KHFN FRQWUROOHU /('V DQG FRUUHFW IDXOW

&RQWUROOHU IXVH EORZQ 5HSODFH IXVH

(PLVVLRQ V\VWHP IDXOW +DYH XQLW VHUYLFHG E\ DQ DXWKRUL]HG .RKOHU
VHUYLFH GLVWULEXWRU�GHDOHU



73����� ����
� 7URXEOHVKRRWLQJ

7URXEOHVKRRWLQJ &KDUW �FRQWLQXHG�

3UREOHP 3RVVLEOH &DXVH &RUUHFWLYH $FWLRQ
8QLW ODFNV SRZHU RU
RSHUDWHV HUUDWLFDOO\

(QJLQH KDUQHVV WZLVW�ORFN FRQQHFWRU QRW IXOO\
ORFNHG WLJKW

/RRVHQ WZLVW ULQJ� UHHQJDJH DQG ORFN E\
WZLVWLQJ SDVW GHWHQW

$LU FOHDQHU FORJJHG &OHDQ RU UHSODFH DLU FOHDQHU HOHPHQW

,QVXIILFLHQW FRROLQJ ,QVSHFW DQG FOHDQ FRROLQJ V\VWHP

(QJLQH RYHUORDG 5HGXFH ORDG RQ JHQHUDWRU VHW

)DXOW\ VSDUN SOXJ 5HSODFH RU UHJDS VSDUN SOXJV

)XHO VXSSO\ SUREOHP &KHFN YDOYHV DQG IXHO SUHVVXUH

*RYHUQRU V\VWHP OLQNDJH ELQGLQJ &OHDQ RU UHPRYH UHVWULFWLRQ IURP OLQNDJH

(PLVVLRQV V\VWHP WRR ULFK 5HTXLUHV LQLWLDOL]DWLRQ� 6HH 6HFWLRQ �³
,QVWDOODWLRQ³)XHO 6\VWHP ,QLWLDOL]DWLRQ

8QLW RYHUKHDWV $LU RSHQLQJV FORJJHG &OHDQ LQWDNH DQG RXWOHW RSHQLQJV

$LU FOHDQHU FORJJHG &OHDQ RU UHSODFH DLU FOHDQHU HOHPHQW



73����� ���� &RQWUROOHU 7URXEOHVKRRWLQJ �

6HFWLRQ �� &RQWUROOHU 7URXEOHVKRRWLQJ

7KH &20�� FRQWUROOHU LQFOXGHV WKH PDLQ FRQWURO ERDUG�
EDWWHU\ FKDUJHU ZLWK WUDQVIRUPHU� KRXUPHWHU� UHFWLILHU
ILOWHU� FLUFXLW EUHDNHU� FRQWURO VZLWFKHV� LQWHUIDFH
FRQQHFWLRQV� PDLQ RXWSXW FRQQHFWLRQV DQG FRQWURO�IXVH
ZLULQJ�

$��������

�

32:(5 6<67(0
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��

�� &RQWUROOHU IXVH �)��
�� %DWWHU\ FKDUJHU LQSXW IXVH �)��
�� '& FLUFXLW EUHDNHU
�� %DWWHU\ FKDUJHU RXWSXW IXVH �)��
�� +RXUPHWHU
�� '& YROWDJH WHVW SRLQWV
�� 0DVWHU JHQHUDWRU VZLWFK
�� /DPS�WHVW VZLWFK
�� 6\VWHP UHDG\ /('

��� *HQHUDWRU UXQQLQJ /('
��� /RZ IXHO SUHVVXUH /('
��� &KDUJHU IDLO /('
��� 2YHUFUDQN /('
��� 2YHUVSHHG /('
��� 2YHUYROWDJH /('
��� +LJK WHPSHUDWXUH /('
��� /RZ RLO SUHVVXUH /('

)LJXUH ���� &20�� &RQWUROOHU ([WHULRU

,W LV LPSRUWDQW WR GHWHUPLQH LI D JHQHUDWRU VHW IDLOXUH
UHVXOWV IURP WKH JHQHUDWRU VHW LWVHOI RU IURP WKH FRQWURO
V\VWHP� 5HIHU WR )LJXUH ����

��

��

�

�

�

�

�
�

�

�

�

�� /LQH FLUFXLW EUHDNHU �SRVLWLYH FRQQHFWLRQ WR ERWWRP RI FLUFXLW
EUHDNHU�

�� 0DLQ FRQWURO FLUFXLW ERDUG
�� 1HJDWLYH ���� WHUPLQDO SRVW
�� 3� FRQQHFWRU WR JHQHUDWRU VHW
�� 3� LQWHUIDFH FRQQHFWRU
�� 5HFWLILHU PRGXOH
�� ��� YDF EDWWHU\ FKDUJHU LQSXW UHFHSWDFOH
�� �� YROW EDWWHU\ FKDUJHU FLUFXLW ERDUG
�� �� YROW EDWWHU\ FKDUJHU WUDQVIRUPHU

��� &DSDFLWRUV
��� ,QGXFWRU

)LJXUH ���� &20�� &RQWUROOHU ,QWHULRU

,I DQ DODUP PHVVDJH VHQW WR D UHPRWH VLWH UHVXOWV LQ DQ
RQ�VLWH VHUYLFH YLVLW� QRWH DOO OLW DQG XQOLW /('V RQ WKH
FRQWUROOHU EHIRUH DWWHPSWLQJ VHUYLFH�

7KH IROORZLQJ FKDUW OLVWV SUREOHPV WKDW LQGLFDWH SRVVLEOH
FRPSRQHQW RU FRQWUROOHU IDLOXUH�



73����� ����� &RQWUROOHU 7URXEOHVKRRWLQJ

��� &RQWUROOHU 7URXEOHVKRRWLQJ

3UREOHP &RUUHFWLYH $FWLRQ
)XQFWLRQ )DLOXUH

- 6HWWLQJ WKH JHQHUDWRU PDVWHU VZLWFK WR 581 IDLOV WR FUDQN WKH JHQHUDWRU VHW�

- 6HWWLQJ WKH JHQHUDWRUPDVWHU VZLWFK WR2)) IDLOV WR VWRS WKH JHQHUDWRU VHW RU UHVHW D IDXOW�

- 6HWWLQJ WKH JHQHUDWRU PDVWHU VZLWFK WR $872 DQG DSSO\LQJ D UHPRWH VWDUW VLJQDO YLD WKH
LQWHUIDFH FRQQHFWRU IDLOV WR FUDQN WKH JHQHUDWRU VHW DIWHU SUHVHW WLPH GHOD\�

&KHFN WKH VZLWFK� &KHFN
���YROW VWDUW EDWWHU\ FRQQHFWLRQV
DQG YHULI\ VWDUW EDWWHU\ YROWDJH
JUHDWHU WKDQ �� YROWV� 9HULI\
VWDUW EDWWHU\ YROWDJH DW SLQV �
DQG �� LQ WKH FDELQHW LQWHUIDFH
FRQQHFWLRQ �3��� 7URXEOHVKRRW
WKH FRQWUROOHU�

- 1R'& YROWDJH DW WHVW MDFNV ZLWK FLUFXLW EUHDNHU FORVHG DQG V\VWHP EDWWHULHV FRQQHFWHG� 7URXEOHVKRRW WKH FRQWUROOHU�

- +RXUPHWHU GRHV QRW UHFRUG JHQHUDWRU VHW WRWDO RSHUDWLQJ KRXUV�
&KHFN ZLULQJ DQG UHSODFH
KRXUPHWHU� LI QHHGHG�

- &RQWUROOHU FLUFXLW ERDUG IXVH )� EORZV�

- 6\VWHP EDWWHU\ FKDUJHU IXVHV )� RU )� EORZ�
5HSODFH IXVH� &KHFN ZLULQJ�
7URXEOHVKRRW FRQWUROOHU�

- 6\VWHP IDLOV WR FUDQN RU VWDUW ZKHQ WKHUH DUH QR IDXOW VKXWGRZQV �V\VWHP UHDG\ RQ�� 7URXEOHVKRRW FRQWUROOHU�

- 6\VWHP UHDG\ OLJKW DQG /('V IDLO WR LOOXPLQDWH� 5HSODFH DQ\ EORZQ IXVH� &KHFN
ZLULQJ DQG VWDUWLQJ EDWWHU\
YROWDJH� ,I SUREOHP SHUVLVWV�
WURXEOHVKRRW FRQWUROOHU�

%DWWHU\ &KDUJHU )DLOXUH

- *HQHUDWRU VHW GRHV QRW FUDQN RU VWDUW�

- /DPS�WHVW VZLWFK IDLOV WR LOOXPLQDWH DOO FRQWUROOHU LQGLFDWRU /('V�

- 6HWWLQJ WKH JHQHUDWRU PDVWHU VZLWFK WR 581 IDLOV WR FUDQN WKH JHQHUDWRU VHW�

&KHFN EDWWHU\ FKDUJHU $&
SRZHU RQ� &KHFN EDWWHU\
FKDUJHU YROWDJH DW SLQV � DQG ��
RI WKH FDELQHW LQWHUIDFH
FRQQHFWLRQ� &KHFN DQG UHSODFH
WKH EDWWHU\ FKDUJHU IXVHV� ,I
SUREOHP SHUVLVWV� UHSODFH
EDWWHU\ FKDUJHU�



73����� ���� &RQWUROOHU 7URXEOHVKRRWLQJ �

��� &RQWUROOHU )DXOW 6KXWGRZQV
5HIHU WR WKH IROORZLQJ FKDUW WR LGHQWLI\ IDXOW FRQGLWLRQV
DQG SRVVLEOH FDXVHV LI WKH JHQHUDWRU VHW GRHVQ·W VWDUW RU
VWRSV UXQQLQJ EHFDXVH RI D IDXOW VKXWGRZQ �IDXOW ODPS
LOOXPLQDWHG�� &RQVXOW WKH HQJLQH VHUYLFH PDQXDO IRU

GHWDLOHG LQIRUPDWLRQ RQ FRUUHFWLQJ HQJLQH�UHODWHG IDXOWV�
7R UHVHW WKH JHQHUDWRU VHW DIWHU D IDXOW VKXWGRZQ� UHIHU WR
73����� &20�� 2SHUDWLRQ�,QVWDOODWLRQ PDQXDO�
6HFWLRQ �³&RQWUROOHU 2SHUDWLRQ� &RQWUROOHU 5HVHWWLQJ
3URFHGXUH �)ROORZLQJ )DXOW 6KXWGRZQ��

,QGLFDWRU )DXOW &RQGLWLRQ�3RVVLEOH &DXVH
+LJK (QJLQH 7HPS /(' LOOXPLQDWHV (QJLQH UHDFKHV VKXWGRZQ WHPSHUDWXUH

9HU\ ORZ RLO OHYHO

$LU LQOHW RU RXWOHWV EORFNHG

&RROLQJ V\VWHP PDOIXQFWLRQ

/RZ 2LO 3UHVVXUH /(' LOOXPLQDWHV (QJLQH RLO SUHVVXUH GURSV EHORZ ORZ RLO SUHVVXUH OLPLW�

9HU\ ORZ RLO OHYHO

2YHUVSHHG /(' LOOXPLQDWHV (QJLQH 530 H[FHHGV ����

/RVV RI VSHHG �$&� VHQVLQJ

2YHUFUDQN /(' LOOXPLQDWHV 0RUH WKDQ �� VHFRQGV RI F\FOLF FUDQNLQJ

/RFNHG URWRU �WZR VHFRQGV ZLWKRXW URWDWLRQ RU QR $& VSHHG VHQVRU LQSXW�

2YHUYROWDJH /(' LOOXPLQDWHV 6KRUW�WHUP YROWDJH H[FHHGV ���� RI QRPLQDO YROWDJH ZLWK D ��� PLOOLVHFRQG GHOD\

RU ORQJ�WHUP YROWDJH H[FHHGV ���� RI QRPLQDO YROWDJH ZLWK D ���VHFRQG GHOD\

&KDUJHU )DLO /(' LOOXPLQDWHV 6WDUWLQJ EDWWHU\ YROWDJH EHORZ ���� YROWV



73����� ������ &RQWUROOHU 7URXEOHVKRRWLQJ

1RWHV



73����� ���� *HQHUDWRU�&RQWUROOHU 7URXEOHVKRRWLQJ ��

6HFWLRQ �� *HQVHW�&RQWUROOHU 7URXEOHVKRRWLQJ

&RQVXOW WKH ILUVW FKDUW IRU DVVLVWDQFH LQ ORFDWLQJ WKHFDXVH
RI WKH EORZQ IXVHV� 7KH VXFFHVVLYH FKDUWV OLVW JHQHUDWRU
IDXOWV E\ JURXS DQG OLQN IDXOWV WR SRVVLEOH FDXVHV DQG
FRUUHFWLYH DFWLRQV� 8VH IORZFKDUWV ��� DQG ��� ZKHQ
WURXEOHVKRRWLQJ RWKHU JHQHUDWRU VHW SUREOHPV� %HIRUH
EHJLQQLQJ WURXEOHVKRRWLQJ SURFHGXUHV� UHDG WKH VDIHW\
SUHFDXWLRQV DW WKH EHJLQQLQJ RI WKLV PDQXDO DQG WKRVH
LQFOXGHG LQ WKH WH[W�

��� &KHFNLQJ )XVHV
7KH FKDUW LQ 6HFWLRQ ��� OLVWV WKH SRVVLEOH FDXVHV RI
EORZQ FRQWUROOHU IXVHV� 5HSODFH EORZQ IXVHV DQG
UHVXPH RSHUDWLRQ� ,I WKH IXVH EORZV DJDLQ� XVH WKH FKDUW
WR LGHQWLI\ WKH IDXOW\ FRPSRQHQW�V��

9HULI\ D EORZQ IXVH YLVXDOO\ RU UHPRYH WKH IXVH IURP LWV
VRFNHW DQG YHULI\ZLWK DQ RKPPHWHU� 5HPRYH IXVH IURP
WKH IURQW SDQHO RI WKH FRQWUROOHU� 8VH WKH RKPPHWHU WR
FKHFN IRU FRQWLQXLW\ LQ WKH IXVH� 6HH )LJXUH ���� 1R
FRQWLQXLW\ LQGLFDWHV D EORZQ IXVH� 5HSODFH WKH IXVH�

W

�

������

�

�� )XVH
�� 2KPPHWHU RU FRQWLQXLW\ WHVWHU

)LJXUH ���� 2KPPHWHU )XVH 7HVW &RQILJXUDWLRQ

��� 7URXEOHVKRRWLQJ 0LFURSURFHVVRU )XVHV

%ORZQ )� IXVH �EDWWHU\ FKDUJHU '& RXWSXW³� DPS�

6KRUW LQ ZLULQJ
KDUQHVV

2QH RU PRUH RI WKH IROORZLQJ LV
GHIHFWLYH� VWDUWHU UHOD\� HPLVVLRQV
FRQWURO XQLW� JDV YDOYH� JDXJHV

%ORZQ )� IXVH �JHQHUDWRU VHW FRQWUROOHU³�� DPS�

'HIHFWLYH EDWWHU\
FKDUJHU FLUFXLW ERDUG

6KRUW LQ ZLULQJ

%ORZQ )� IXVH �EDWWHU\ FKDUJHU $& LQSXW³� DPS�

'HIHFWLYH EDWWHU\ FKDUJHU
WUDQVIRUPHU

6KRUW LQ ZLULQJ

'HIHFWLYH EDWWHU\ FKDUJHU
FLUFXLW ERDUG

'HIHFWLYH FRQWUROOHU
FLUFXLW ERDUG



73����� ������ *HQHUDWRU�&RQWUROOHU 7URXEOHVKRRWLQJ

��� *HQVHW�&RQWUROOHU 6\VWHP

0RYH PDVWHU
VZLWFK WR 581

SRVLWLRQ�

'RHV
HQJLQH
FUDQN"

'RHV
HQJLQH
VWDUW"

<HV 1R

&RQQHFW WKH
EDWWHU\�

'LG D IDXOW
VKXWGRZQ
RFFXU"

,V WKH EDWWHU\
FRQQHFWHG"

1R

1R

<HV

1R

&RUUHFW IDXOW DQG FRQWLQXH
WURXEOHVKRRWLQJ IURP WRS RI

SDJH�

<HV

<HV

0RYH PDVWHU VZLWFK WR
2)) SRVLWLRQ WR UHVHW

FRQWUROOHU IDXOWV�

$UH IXVHV RND\"1R5HSODFH

<HV

5HIHU WR 6HFWLRQ �³
&RQWUROOHU 7URXEOHVKRRWLQJ�

3UHVV ODPS�WHVW
EXWWRQ� 'R /('V OLJKW"

1R

9HULI\ �� YROWV DW SLQV
� DQG �� RI WKH
FDELQHW LQWHUIDFH
FRQQHFWRU �3��� ,I
QHFHVVDU\� FKDUJH

EDWWHU\ DQG DWWHPSW WR
UHVWDUW� ,I HQJLQH GRHV
QRW FUDQN� FRQWLQXH
WURXEOHVKRRWLQJ
VHTXHQFH�

1R ,V EDWWHU\ IXOO\
FKDUJHG"

<HV

&RUUHFW ZLULQJ
SUREOHP�

,V ZLULQJ DW
VWDUWHU RND\"

1R

<HV
0RYH PDVWHU VZLWFK
WR WKH 2)) SRVLWLRQ�

<HV

,V JHQHUDWRU VHW
ZLULQJ KDUQHVV
FRQQHFWLRQ WR

FRQQHFWRU DW UHDU RI
FRQWUROOHU RND\"

$UH DOWHUQDWRU
RXWSXW OHDGV

FRQQHFWHG WR WKH
UHFWLILHU GLRGHV LQ
WKH FRQWUROOHU"

,V $& SRZHU FRUG
FRQQHFWHG WR $&
LQSXW RQ WKH

FRQWUROOHU DQG LV WKH
$& SRZHU RQ"

<HV <HV

&RQQHFW�UHSDLU�UHSODFH
KDUQHVV� &RQQHFW E\

URWDWLQJ WKH ULQJ
FORFNZLVH SDVW GHWHQW

WR SRVLWLYH VWRS�

&RQQHFW�UHSDLU�UHSODFH
DOWHUQDWRU RXWSXW OHDGV�

&RQQHFW�UHSDLU�UHSODFH
$& SRZHU FRUG�

1R 1R 1R

0RYH PDVWHU VZLWFK
WR 581 SRVLWLRQ�

'RHV HQJLQH VWDUW
DQG UXQ QRUPDOO\"

1R

5HIHU WR 6HFWLRQ �³&RQWUROOHU
7URXEOHVKRRWLQJ�

<HV 8QLW LV
RND\�

<HV

*R WR
$

*R WR
%
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*HQVHW�&RQWUROOHU 6\VWHP �&RQW·G�

,V WKH HPLVVLRQV
FRQWURO XQLW IXHO
KRVH SLQFKHG"

<HV &RUUHFW WKH SUREOHP�

1R

,V WKHUH D VSDUN"

,JQLWLRQ V\VWHP
SUREOHP� 5HIHU
WR HQJLQH VHUYLFH

PDQXDO�

1R

,V WKH DLU
FOHDQHU GLUW\
RU SOXJJHG"

<HV &RUUHFW WKH SUREOHP�

1R

(QJLQH SUREOHP� FKHFN
IXHO VXSSO\ DQG RWKHU

LQWHUQDO HQJLQH
PDOIXQFWLRQ�

<HV

'RHV XQLW VWDUW"

<HV

<HV

&RUUHFW
WKH IDXOW�

$

'LG D IDXOW
VKXWGRZQ
RFFXU"

,V IXHO VXSSO\
WXUQHG RQ"

,V ORZ IXHO OLJKW
RQ"

&KHFN�UHSOHQLVK IXHO
VXSSO\�

<HV <HV

1R 1R

7XUQ RQ IXHO VXSSO\� ,V JDV SUHVVXUH WR
V\VWHP ZLWKLQ
VSHFLILFDWLRQV"

+DYH JDV SURYLGHU RU
RZQHU FRUUHFW IXHO
SUHVVXUH SUREOHP�

1R

,V WKHUH DQ DXGLEOH
FOLFN LQGLFDWLQJ IXHO
VROHQRLG RSHQLQJ"

&KHFN�UHSDLU ZLULQJ�1R

<HV

<HV

'RHV XQLW
VWDUW"

5HIHU WR
6HFWLRQ �³
&RQWUROOHU

7URXEOHVKRRWLQJ�

1R

1R

1R

*R WR
%

<HV



73����� ������ *HQHUDWRU�&RQWUROOHU 7URXEOHVKRRWLQJ

��� )XHO 5HJXODWLRQ 6\VWHP DQG (PLVVLRQ &RQWURO 8QLW

0RYH JHQHUDWRU
PDVWHU VZLWFK WR
581 SRVLWLRQ�

<HV
'RHV HQJLQH

VWDUW"

5HIHU WR
6HFWLRQ �³

*HQHUDO7URXEOHVKRRWLQJ�

,V IXHO UHDFKLQJ
WKH FDUEXUHWRU"

,V WKHUH
D VSDUN"

1R

,JQLWLRQ V\VWHP
SUREOHP� 5HIHU
WR HQJLQH VHUYLFH

PDQXDO�

<HV
,V WKH DLU
FOHDQHU
SOXJJHG"

1R

,V WKH FRQWURO
IXVH RND\"

<HV

,V HPLVVLRQV
FRQWURO XQLW KRVH

SLQFKHG"
&RUUHFW WKH SUREOHP�

1R

*R WR
)

,QLWLDOL]H HPLVVLRQV
V\VWHP SHU

6HFWLRQ �������

'RHV HQJLQH
VWDUW"

1R

<HV

5HSODFH WKH IXVH

'RHV
HQJLQH
VWDUW"

1R<HV
&RUUHFW WKH
3UREOHP�

'RHV
HQJLQH
VWDUW"

<HV

<HV

'RHV
HQJLQH
FUDQN"

0RYH PDVWHU
VZLWFK WR 2)) WR
UHVHW FRQWUROOHU

IDXOWV�
1R

1R

1R

<HV
*R WR
%

<HV

<HV

*R WR
%

*R WR
%

+RWZLUH ZLUH ����
,V WKHUH D VLJQDO
WR WKH LJQLWLRQ
PRGXOH"

<HV

1R&RUUHFW WKH SUREOHP�
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)XHO 5HJXODWLRQ 6\VWHP DQG (PLVVLRQ &RQWURO 8QLW �&RQW·G�

'RHV XQLW ODFN SRZHU
RU RSHUDWH HUUDWLFDOO\" 1R

'RHV XQLW VWRS
DIWHU UXQQLQJ
QRUPDOO\"

*R WR
(

% <HV

*R WR
&

<HV 1R

8QLW LV RND\

&RQQHFW�UHSDLU�UHSODFH
KDUQHVV� &RQQHFW E\

URWDWLQJ WKH ULQJ
FORFNZLVH SDVW GHWHQW

WR SRVLWLYH VWRS�

'RHV XQLW VWRS
DIWHU UXQQLQJ
QRUPDOO\"

1R



73����� ������ *HQHUDWRU�&RQWUROOHU 7URXEOHVKRRWLQJ

)XHO 5HJXODWLRQ 6\VWHP DQG (PLVVLRQ &RQWURO 8QLW �&RQW·G�

,V DQ\
FRQWUROOHU
/(' OLW"

<HV

&RUUHFW IDXOW
DQG UHVXPH

WURXEOHVKRRWLQJ�

+DV DLU
EHHQ SXUJHG
IURP IXHO
OLQHV"

1R

+DYH IXHO VXSSO\
LQVWDOOHU SXUJH DLU�

<HV

:DV HPLVVLRQ
V\VWHPV

LQLWLDOL]DWLRQ
SHUIRUPHG"

3HUIRUP
LQLWLDOL]DWLRQ SHU
6HFWLRQ �������

$UH VSDUN SOXJ ZLUH
FRQQHFWLRQV RND\"

5HFRQQHFW DQG�RU
WLJKWHQ�

<HV

1R ,V EDWWHU\ RND\"
5HFKDUJH
RU UHSODFH�

1R ,V DLU FOHDQHU
SOXJJHG"

3RVVLEOH HQJLQH
RYHUORDG� 'RHV UHGXFLQJ
ORDG VROYH SUREOHP"

�2SHQ FLUFXLW EUHDNHU WR
UHGXFH ORDG��

&RUUHFW WKH SUREOHP�

<HV
,I SUREOHP SHUVLVWV� UHIHU

WR HQJLQH VHUYLFH
PDQXDO�

/DFNV 3RZHU RU 5XQV (UUDWLFDOO\

1R 1R

<HV

1R

$UH VSDUN
SOXJV RND\"5HJDS RU UHSODFH�

<HV

*R WR
'

&

'RHV XQLW
UXQ RND\"

8QLW LV RND\�

1R

,V IXHO
SUHVVXUH
���� LQ�
ZDWHU"

<HV

+DYH IXHO
VXSSO\ LQVWDOOHU
FRUUHFW IXHO
SUHVVXUH
SUREOHP�

<HV

(QVXUH WKDW WKH
PDLQ FRQQHFWRU LV
WLJKWO\ FRQQHFWHG�

1R

<HV

1R

1R

<HV
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)XHO 5HJXODWLRQ 6\VWHP DQG (PLVVLRQ &RQWURO 8QLW �&RQW·G�

,V IXHO VROHQRLG
DQG ZLULQJ RND\"

1R 5HSDLU�UHSODFH

<HV

,V IXHO SUHVVXUH UHJXODWRU RND\"
9HULI\ WKDW RXWSXW SUHVVXUH WR
HQJLQH LV DW ]HUR³WKH HQJLQH
PXVW GUDZ JDV IURP KRVH�

1R 5HSODFH SUHVVXUH UHJXODWRU�

<HV

1R,V IXHO PHWHULQJ
YDOYH RND\"

<HV

1R,V HPLVVLRQ FRQWURO
PRGXOH RND\"

5HIHU WR
HQJLQH VHUYLFH
PDQXDO WR

WURXEOHVKRRW HQJLQH�

<HV

1R,V H[KDXVW R[\JHQ
VHQVRU RND\"

<HV

3RVVLEOH FDUEXUHWRU RU LJQLWLRQ
PRGXOH SUREOHP� 8VH
HQJLQH VHUYLFH PDQXDO WR
WURXEOHVKRRW HQJLQH�

/DFNV 3RZHU RU 5XQV (UUDWLFDOO\ �&RQW·G�

'

5HIHU WR
HQJLQH VHUYLFH
PDQXDO WR

WURXEOHVKRRW HQJLQH�

5HSDLU�UHSODFH
IXHO PHWHULQJ YDOYH�
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)XHO 5HJXODWLRQ 6\VWHP DQG (PLVVLRQ &RQWURO 8QLW �&RQW·G�

1R

1R

1R

,V DLU FOHDQHU
SOXJJHG"

8QLW 6WRSV $IWHU 1RUPDO 2SHUDWLRQ

1R

<HV

&RUUHFW WKH
SUREOHP�

,V FRQWUROOHU
/(' OLW"

1R

<HV
&RUUHFW

FRUUHVSRQGLQJ
IDXOW�

$UH IXHO VROHQRLG
DQG ZLULQJ RND\"

,V IXHO PHWHULQJ
YDOYH RND\"

<HV

1R
5HSDLU�UHSODFH
IXHO VROHQRLG
DQG�RU ZLULQJ�

<HV

,V HPLVVLRQ FRQWURO
PRGXOH RND\"

5HIHU WR HQJLQH
VHUYLFH PDQXDO�

<HV

$UH VSDUN SOXJ DQG
ZLUHV RND\"

5HSODFH RU UHJDS VSDUN
SOXJV�

(

<HV

8QSOXJ FDELQHW LQWHUIDFH
FRQQHFWRU �3��� 'RHV XQLW UXQ"

5HSDLU�UHSODFH
IXHO PHWHULQJ

YDOYH�

<HV

7KH V\VWHP PD\ KDYH EHHQ VHQW D
UHPRWH VWRS FRPPDQG� +DYH D
WUDLQHG FDELQHW VHUYLFH WHFKQLFLDQ

FRQILUP�UHSDLU�

1R
3RVVLEOH LQWHUPLWWHQW ZLULQJ
SUREOHP RU FRQWURO ERDUG
PDOIXQFWLRQ� &KHFN DOO
ZLULQJ DQG FRPSRQHQWV�
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)XHO 5HJXODWLRQ 6\VWHP DQG (PLVVLRQ &RQWURO 8QLW �&RQW·G�

1R

1R

<HV

1R

<HV

1R

<HV

3HUIRUP
LQLWLDOL]DWLRQ
SHU 6HFWLRQ
�������

+DV DLU EHHQ
SXUJHG IURP
IXHO VXSSO\
OLQHV"

3HUIRUPHG HPLVVLRQ
V\VWHPV LQLWLDOL]DWLRQ

SUHYLRXV WR WKLV
VHFWLRQ"

,V DLU FOHDQHU
SOXJJHG"

&RUUHFW WKH
SUREOHP�

,V VSDUN SOXJ ZLUH
FRQQHFWLRQ RND\"

5HFRQQHFW
DQG�RU WLJKWHQ�

$UH VSDUN
SOXJV RND\"

1R 5HSODFH RU UHJDS
VSDUN SOXJV�

<HV

)

+DYH IXHO VXSSO\
LQVWDOOHU SXUJH DLU�

<HV

'RHV XQLW
VWDUW DQG
UXQ RND\"

<HV 8QLW LV
RND\�

1R

'RXEOH FKHFN DOO ZLULQJ� HVSHFLDOO\
JHQHUDWRU VHW WR FRQWUROOHU PDLQ
FRQQHFWLRQ� ,I WKH SUREOHP

SHUVLVWV� WKHUH PD\ EH D IDXOW\
LJQLWLRQ PRGXOH� 5HIHU WR HQJLQH
VHUYLFH PDQXDO WR WURXEOHVKRRW�

(QJLQH +DV 6SDUN� &UDQNV� 'RHV 1RW 6WDUW
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6HFWLRQ �� &RPSRQHQW 7HVWLQJ�$GMXVWPHQW

�

��

� � �
�

��

�

��

��

��

�

�

��

��

��

��

�

��

$�������

�� ([KDXVW PXIIOHU
�� 2[\JHQ VHQVRU
�� 6SDUN SOXJ �TXDQWLW\ ��
�� (QJLQH RLO GLSVWLFN
�� (QJLQH RLO ILOO
�� $LU FOHDQHU
�� )XHO FRQWURO YDOYH �(PLVVLRQV PRGXOH IDU VLGH�
�� )XHO SUHVVXUH UHJXODWRU
�� &RQWURO V\VWHP

��� (QJLQH RLO FRROHU

��� )XHO VKXWRII VROHQRLG
��� (QJLQH EDWWHU\ FKDUJHU UHJXODWRU
��� /RZ IXHO SUHVVXUH VZLWFK
��� )XHO VXSSO\ FRQQHFWLRQ ���� 137�
��� 2LO GUDLQ FRQQHFWLRQ ���� 137�
��� 2LO GUDLQ YDOYH
��� (QJLQH RLO ILOWHU
��� *HQHUDWRU FRROLQJ DLU LQOHW
��� *HQHUDWRU

)LJXUH ���� &20�� *HQHUDWRU 6HW ZLWK &RQWUROOHU

��� *HQHUDWRU 7URXEOHVKRRWLQJ
8VH 6HFWLRQ � DV D JXLGH WR FKHFN JHQHUDWRU
FRPSRQHQWV IRU LPSURSHU RSHUDWLRQ DQG WR SHUIRUP
FRPSRQHQW DGMXVWPHQW� 8VH 6HFWLRQ �³*HQHUDO
7URXEOHVKRRWLQJ DV D JXLGH WR LGHQWLI\ SRWHQWLDOO\
GHIHFWLYH FRPSRQHQWV� 'XULQJ DOO WHVW SURFHGXUHV�
REVHUYH WKH VDIHW\ SUHFDXWLRQV LQ WKLV PDQXDO�

��� 7KHRU\ RI 2SHUDWLRQ
7KH &20�� JHQHUDWRU IXQFWLRQV FRRUGLQDWH ZLWK WKH
7HOFR FDELQHW FRQWURO V\VWHPV DQG UHFWLILHUV WR SURYLGH
SRZHU WR FRPPXQLFDWLRQV HTXLSPHQW GXULQJ D XWLOLW\
SRZHU IDLOXUH� :KHQ XWLOLW\ SRZHU IDLOV� WKH 7HOFR FRQWURO
V\VWHP VLJQDOV WKH JHQHUDWRU WR VWDUW YLD WKH $& )DLO
6WDUW FRPPDQG FLUFXLW� 7KH XQLW VWDUWV DIWHU D WLPH GHOD\
DQG SURYLGHV '& SRZHU IRU FRQWLQXHG V\VWHP RSHUDWLRQ�
&20�� JHQHUDWRU RXWSXW YROWDJH� ���� YROWV SHU FHOO�
GRHV QRW KDUP EDWWHULHV HYHQ XQGHU KLJK EDWWHU\
WHPSHUDWXUH FRQGLWLRQV�

7KH .RKOHU &+�� HQJLQH GULYHV D GLUHFW�FRQQHFWHG
YDULDEOH�VSHHG� ��SKDVH� VSHFLDO�YROWDJH JHQHUDWRU WR
SURGXFH KLJK�IUHTXHQF\ $& SRZHU� $ ��SKDVH�
IXOO�ZDYH UHFWLILHU LQ WKH FRQWURO V\VWHP UHFWLILHV WKH

RXWSXW WR SURGXFH ORZ�ULSSOH '& SRZHU� 7KH FRQWUROOHU
URXWHV WKH ORZ�ULSSOH '& RXWSXW WKURXJK D ILOWHU V\VWHPRI
FDSDFLWRUV DQG DQ LQGXFWRU WR VPRRWK WKH ZDYH IRUP WR
QHDUO\ SXUH '&� 7KH RXWSXW OLQH FLUFXLW EUHDNHU SURWHFWV
GRZQVWUHDP GHYLFHV IURP RYHUFXUUHQW DQG DOVR
GLVFRQQHFWV WKH JHQHUDWRU IURP WKH ORDG IRU VHUYLFLQJ
DQG WHVWLQJ� 5HIHU WR )LJXUH ����

������

'& '&
$&

�

� �

$&�
�

�

�� 8WLOLW\ SRZHU
�� 7HOFR SRZHU V\VWHP UHFWLILHUV
�� &20�� OLQH EUHDNHU
�� 6\VWHP EDWWHULHV
�� &20��
�� &20�� UHFWLILHU DQG ILOWHU

)LJXUH ���� &20�� 2SHUDWLRQ
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��� 3HUPDQHQW�0DJQHW *HQHUDWRU
7KH &20�� XVHV D SHUPDQHQW�PDJQHW JHQHUDWRU�
,QFUHDVHG JHQHUDWRU 530 LQFUHDVHV RXWSXW YROWDJH�
&RQYHUVHO\� LQFUHDVHG V\VWHP ORDG DW DQ\ 530
GHFUHDVHV JHQHUDWRU YROWDJH� 7KH FRQWURO V\VWHP
LQFUHDVHV JHQHUDWRU VHW 530 WR PDLQWDLQ JHQHUDWRU
RXWSXW YROWDJH� &RQVHTXHQWO\� WKH JHQHUDWRU VHW
RSHUDWHV DW IL[HG YROWDJH DQG ORZ VSHHGV XQGHU OLJKW
ORDGV DQG DW KLJKHU VSHHGV DV ORDG LQFUHDVHV�

'XULQJ QRUPDO RSHUDWLRQ� WKH FRQWUROOHU ILOWHU FDSDFLWRUV
FKDUJH WR RSHUDWLQJ YROWDJH� :LWK WKH FRQWURO V\VWHP
EUHDNHU RSHQ DQG WKH JHQHUDWRU VHW QRW UXQQLQJ� WKH
FDSDFLWRUV GLVFKDUJH RYHU D SHULRG RI VHYHUDO PLQXWHV
WKURXJK EOHHGHU UHVLVWRUV GLUHFWO\ FRQQHFWHG DFURVV WKH
FDSDFLWRU WHUPLQDOV� 7KH ILOWHU FDSDFLWRUV KROG FKDUJH
YROWDJH� :KHQ WKH EUHDNHU LV RSHQ� WKH EOHHGHU
UHVLVWRUV FRQQHFWHG DFURVV WKH FDSDFLWRUV DUH WKH RQO\
ORDG RQ WKH JHQHUDWRU VHW� 3UHFLVH YROWDJH FRQWURO LV
GLIILFXOW ZKHQ RSHUDWLQJ ZLWK WKH UHVLVWRUV DV WKH RQO\
ORDG� 7KH XQLW VWDUWV VXFFHVVIXOO\ DW ORZ FDSDFLWRU
YROWDJH� ,Q VLWXDWLRQV ZKHUH WKH JHQHUDWRU VHW LV LGOH IRU
VHYHUDO PLQXWHV ZLWK WKH V\VWHP EDWWHULHV FRQQHFWHG
DQG WKH FRQWURO V\VWHP EUHDNHU RSHQ� PLQLPL]H VXUJH
FXUUHQW IORZLQJ WR WKH ILOWHU FDSDFLWRUV E\ VWDUWLQJ DQG
UXQQLQJ WKH JHQHUDWRU VHW EHIRUH FORVLQJ WKH V\VWHP
EUHDNHU�

��� 9ROWDJH 5HJXODWRU
7HVW³0LFURSURFHVVRU

7KH PLFURSURFHVVRU FRQWUROOHU PRQLWRUV WKH ILOWHUHG '&
RXWSXW YROWDJH� 7R YHULI\ DFFXUDWH YROWDJH FRQWURO�
LQFUHDVH DQG GHFUHDVH ORDGV ZKLOH PHDVXULQJ '&
RXWSXW YROWDJH DW WKH'& YROWDJH WHVW MDFNV RQ WKH IURQW RI
WKH FRQWUROOHU� 9ROWDJH VKRXOG UHPDLQ DSSUR[LPDWHO\ ��
RU �� YGF DV530 LQFUHDVHV RU GHFUHDVHV LQ UHVSRQVH WR
ORDG FKDQJHV�

,I YROWDJH IDOOV EHORZ �� RU �� YGF DV ORDG LQFUHDVHV RU
GHFUHDVHV� FKHFN IRU WKH IROORZLQJ SUREOHPV�

- ,QDGHTXDWH IXHO VXSSO\

- )XHO VROHQRLG PDOIXQFWLRQ �6HH )XHO 6ROHQRLG
&KHFN 3URFHGXUH EHORZ�

- )XHO PHWHULQJ YDOYH PDOIXQFWLRQ �6HH
6HFWLRQ ������ 0HWHULQJ 9DOYH $GMXVWPHQW�

,I QRQH RI WKH SUREOHPV H[LVWV DQG YROWDJH IDOOV EHORZ
�� RU �� YGF� KDYH WKH XQLW VHUYLFHG E\ DQ DXWKRUL]HG
GLVWULEXWRU�

����� 7HVWLQJ 9ROWDJH
6WDUWLQJ WKH XQLW ZLWK WKH FLUFXLW EUHDNHU RSHQPD\ FDXVH
DQ LPPHGLDWH RYHUYROWDJH VKXWGRZQ� 7KH RYHUYROWDJH
VKXWGRZQ RFFXUV EHFDXVH WKH YROWDJH ULVH DW VWDUW�XS
FRPELQHV ZLWK WKH FKDUJHG ILOWHU FDSDFLWRU YROWDJH� $Q
RYHUYROWDJH VKXWGRZQ LV QRW XQXVXDO ZKHQ WKH FLUFXLW
EUHDNHU LV RSHQ DQG WKH XQLW LV RSHUDWLQJ ZLWKRXW D ORDG�
1RUPDO JHQHUDWRU VHW RSHUDWLRQ ZLWK D FORVHG FLUFXLW
EUHDNHU DQG FRQQHFWHG V\VWHPEDWWHULHV GRHV QRW FDXVH
RYHUYROWDJH�

����� 5HVWDUWLQJ WKH &20��
,I RYHUYROWDJH VKXWGRZQ RFFXUV� FORVH WKH FLUFXLW
EUHDNHU DQG DSSO\ ORDG RU ZDLW IRU WKH FDSDFLWRUV WR
GLVFKDUJH WR ��� RI UDWHG YROWDJH EHIRUH UHVWDUWLQJ WKH
XQLW� 9HULI\ YROWDJH DW WHVW MDFNV ZLWK D YROWPHWHU�

��� )XHO 6ROHQRLG �*DV 9DOYH�
&KHFN 3URFHGXUH

0RPHQWDULO\ DSSO\ �� YROWV '& WR WKH IXHO YDOYH
WHUPLQDOV� $ IXQFWLRQDO IXHO YDOYH VROHQRLG DFWXDWHV DQG
FOLFNV DXGLEO\� 5HPRYH SRZHU IURP VROHQRLG
LPPHGLDWHO\ DIWHU WHVW WR DYRLG IXHO IORZ�

��� )DXOW 7HVW 3URFHGXUHV
3HUIRUP WKH IROORZLQJ IDXOW WHVWV ZLWK WKH JHQHUDWRU VHW
UXQQLQJ� 9HULI\ RSHUDWLRQ RI WKH JHQHUDWRU VHW KLJK
HQJLQH WHPSHUDWXUH� ORZ RLO SUHVVXUH� RYHUFUDQN� DQG
RYHUVSHHG VKXWGRZQV E\ JURXQGLQJ WKH FRUUHVSRQGLQJ
ZLUH SHU WKH IROORZLQJ VHFWLRQV� ,I WKH WHVWV LQGLFDWH D
FRQWUROOHU VKXWGRZQ PDOIXQFWLRQ� FKHFN ZLULQJ
KDUQHVVHV DV GHVFULEHG LQ 6HFWLRQ �³&RQWUROOHU
7URXEOHVKRRWLQJ�

0DQ\ IDXOW VKXWGRZQ WHVWV XVH WKH FRQWUROOHU·V JHQHUDWRU
PDVWHU VZLWFK� ODEHOHG 581�2))�$872� 3RVLWLRQ WKH
JHQHUDWRU PDVWHU VZLWFK WR 581 WR VWDUW WKH JHQHUDWRU�
3RVLWLRQ WKH VZLWFK WR 2)) WR VWRS WKH JHQHUDWRU� 7KH
PDVWHU VZLWFK LQ WKH 2)) SRVLWLRQ GLVDEOHV WKH XQLW DQG
UHVHWV WKH FRQWURO V\VWHP� 7KH PDVWHU VZLWFK LQ WKH
$872 SRVLWLRQ DOORZV WKH JHQHUDWRU VHW WR VWDUW LQ
UHVSRQVH WR D UHPRWH VWDUW VLJQDO IURP WKH FDELQHW SRZHU
V\VWHP�

����� +LJK (QJLQH 7HPSHUDWXUH
*URXQG WKH KLJK HQJLQH WHPSHUDWXUH �+(7� VHQVRU� ZLUH
QXPEHU ��� WR VKXW GRZQ WKH &20�� � VHFRQGV DIWHU
VHQVLQJ WKH JURXQG FRQQHFWLRQ �IDXOW FRQGLWLRQ�� 7KH
FRQWUROOHU LJQRUHV WKH KLJK HQJLQH WHPSHUDWXUH
VKXWGRZQ IDXOW IRU �� VHFRQGV DIWHU HQJLQH VWDUW�XS�
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����� /RZ )XHO 3UHVVXUH
7XUQ RII WKH IXHO VXSSO\ WR WKH UXQQLQJ JHQHUDWRU VHW VR
WKHUH LV QR IXHO SUHVVXUH DW WKH IXHO V\VWHP LQOHW� 7KH
FRQWUROOHU·V ORZ IXHO /(' LOOXPLQDWHV� 5HVWRUH WKH IXHO
VXSSO\ TXLFNO\ WR SUHYHQW VKXWWLQJ GRZQ WKH XQLW E\ IXHO
VWDUYDWLRQ�

����� /RZ 2LO 3UHVVXUH
*URXQG WKH ORZ RLO SUHVVXUH �/23� VZLWFK DW LWV WHUPLQDO�
/RZ RLO SUHVVXUH VKXWGRZQ RFFXUV � VHFRQGV DIWHU
VKRUWLQJ WKH VZLWFK� 7KH FRQWUROOHU GLVDEOHV WKH ORZ RLO
SUHVVXUH VKXWGRZQ IRU WKH ILUVW �� VHFRQGV DIWHU LQLWLDO
XQLW VWDUW�XS�

����� 2YHUFUDQN
7R WHVW WKH RYHUFUDQN VKXWGRZQ� GLVFRQQHFW ZLUHV IURP
WKH IXHO VROHQRLG WR SUHYHQW VWDUWLQJ� 3RVLWLRQ WKH
JHQHUDWRU VHW PDVWHU FRQWURO VZLWFK WR 581� 7KH
&20�� VKRXOG FUDQN IRU �� VHFRQGV� UHVW IRU � VHFRQGV�
FUDQN IRU �� VHFRQGV� HWF�� XQWLO D ���VHFRQG VHTXHQFH
FRPSOHWHV� 7KH JHQHUDWRU VHW WKHQ VKXWV GRZQ DQG WKH
RYHUFUDQN IDXOW /(' RQ WKH FRQWUROOHU IURQW SDQHO
LOOXPLQDWH�

����� 2YHUVSHHG

127(

'R QRW WHVW WKH 2YHUVSHHG )DXOW 6KXWGRZQ�

7KHUH LV QR RYHUVSHHG IDXOW VKXWGRZQ WHVW SURFHGXUH�
'R QRW DWWHPSW WR UDLVH HQJLQH VSHHG DERYH ���� 530�
9ROWDJH ULVHV DV 530 LQFUHDVHV DQG PD\ GDPDJH
FRQQHFWHG HTXLSPHQW� EDWWHULHV� DQG JHQHUDWRU VHW�

��� (OHFWURQLF *RYHUQRU 6\VWHP
7KH JRYHUQRU V\VWHP UHJXODWHV HQJLQH VSHHG WR
DFKLHYH VSHFLILHG V\VWHP '& RXWSXW YROWDJH� 7KH
JRYHUQRU V\VWHP FRQVLVWV RI DQ HOHFWURQLF JRYHUQRU
FRQWURO DQG VWHSSHU PRWRU DFWXDWRU� 7KLV LV D
FORVHG�ORRS V\VWHP ZKLFK SURYLGHV YROWDJH DQG VSHHG
UHJXODWLRQ� ,I V\VWHP'&RXWSXW YROWDJH IDOOV RU ULVHV� WKH
YROWDJH UHJXODWLRQ V\VWHP VLJQDOV WKH JRYHUQRU WR
LQFUHDVH RU GHFUHDVH HQJLQH VSHHG� 7KLV YROWDJH
UHJXODWLRQ V\VWHP PDLQWDLQV YROWDJH ZLWKLQ
VSHFLILFDWLRQV�

����� *RYHUQRU &KHFNV

127(

'R QRW WRXFK RU PRYH WKH OLQNDJH EHWZHHQ WKH VWHSSHU
PRWRU DQG FDUEXUHWRU ZKLOH WKH HQJLQH LV UXQQLQJ�
RYHUYROWDJH� HUUDWLF RSHUDWLRQ DQG RWKHU XQGHVLUDEOH
YROWDJH FKDQJHV FDQ RFFXU�

7KH IDFWRU\�VHW HOHFWURQLF JRYHUQRU GRHV QRW UHTXLUH
DGMXVWPHQW� ,I WKH XQLW RSHUDWHV HUUDWLFDOO\� FKHFN WKH
IROORZLQJ LWHPV�

- &KHFN HOHFWULFDO FRQQHFWLRQV VXFK DV WKH VWHSSHU
PRWRU� '&�VHQVLQJ OHDGV DW FLUFXLW EUHDNHU� DQG
FRQWUROOHU IRU FOHDQ DQG WLJKW FRQQHFWLRQV�

- &KHFN IXVHV�

- &KHFN WKH VSHHG�VHQVLQJ FRQQHFWLRQV DW WKH
EULGJH�UHFWLILHU� 3RRU FRQQHFWLRQV PD\ FDXVH DQ
HUUDWLF VLJQDO ZKLFK PD\ RU PD\ QRW FDXVH WKH XQLW
WR VKXW GRZQ�

- &KHFN HOHFWULFDO JURXQG FRQQHFWLRQV� 7KH SRZHU
FRQGLWLRQHU UHTXLUHV D JRRG '& JURXQG�

- &KHFN IRU VWHSSHU PRWRU�WKURWWOH VKDIW OLQNDJH
ELQGLQJ RU ZHDU� 7KH OLQNDJH DUP DQG OHYHU DUPV
PXVW QRW ELQG RU UXE DJDLQVW RWKHU FRPSRQHQWV
ZKLOH PRYLQJ�

����� *RYHUQRU $GMXVWPHQW 3URFHGXUH
8VH WKH IROORZLQJ SURFHGXUH WR DGMXVW D UHPRYHG RU
WDPSHUHG�ZLWK JRYHUQRU�

�� &KHFN WKDW WKH OLQNDJH URG FRQQHFWV WR WKH WKURWWOH
OHYHU DQG WKH VWHSSHU PRWRU DUP� $OVR FKHFN WKDW
WKH OLQNDJH GRHV QRW ELQG RU UXE DV LW PRYHV�
5HDGMXVW OLQNDJH LI LW ELQGV�

�� 9HULI\ WKDW WKH JRYHUQRU VWHSSHU PRWRU RSHUDWHV
ZLWK VWHDG\ DQG VPRRWK PRYHPHQW� ,I PRYHPHQW
RI VWHSSHU PRWRU LV HUUDWLF RU ODUJH FKDQJHV LQ
PRYHPHQW RFFXU� FKHFN IRU WKH IROORZLQJ� VKDIW
PLVDOLJQPHQW� OLQNDJH ELQGLQJ� DQG EURNHQ RU ORRVH
ZLULQJ LQFOXGLQJ SOXJ FRQQHFWLRQV�
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�� 7HVW VWHSSHU PRWRU RSHUDWLRQ DV IROORZV�

D� 5HPRYH IXVH )� WR UHPRYH JRYHUQRU FRQWURO
SRZHU�

E� 0DQXDOO\ PRYH WKH JRYHUQRU OLQNDJH IXOO\
FRXQWHUFORFNZLVH �RSHQ WKURWWOH��

F� 5HFRQQHFW IXVH )� RU SRVLWLYH EDWWHU\ OHDG�
6WHSSHU PRWRU VKRXOG PRYH FORFNZLVH �FORVHG
WKURWWOH� ZLWK D QRWLFHDEOH FOLFNLQJ VRXQG� 7KH
VWHSSHU PRWRU VKRXOG UHPDLQ LQ WKH FORVHG
WKURWWOH SRVLWLRQ� ,I VWHSSHU PRWRU GRHV QRW
UHPDLQ LQ WKH FORVHG WKURWWOH SRVLWLRQ� UHSODFH
WKH VWHSSHU PRWRU� %HIRUH UHSODFLQJ WKH
VWHSSHU PRWRU� YHULI\ WKH SURSHU RSHUDWLRQ RI
WKH SRZHU FRQGLWLRQHU�

127(
&KDWWHULQJ DW WKH HQG RI VWHSSHU PRWRU WUDYHO LV
QRW D SUREOHP DV ORQJ DV WKH VWHSSHU PRWRU
URWDWHV VPRRWKO\ WKURXJK LWV FORFNZLVH WUDYHO�
7KH WKURWWOH SODWH UHVHWWLQJ DJDLQVW WKH FORVHG
WKURWWOH VWRS FUHDWHV WKH FKDWWHULQJ�

��� 6WDWRU
7KH VWDWRU SURGXFHV HOHFWULFDO RXWSXW �$&� DV WKH
SHUPDQHQW PDJQHW URWRU URWDWHV ZLWKLQ WKH VWDWRU
ZLQGLQJV� 3HUIRUP WKH IROORZLQJ SURFHGXUHV
VHTXHQWLDOO\ WR WHVW VWDWRU FRQGLWLRQ�

+D]DUGRXV YROWDJH� 0RYLQJ URWRU�

&DQ FDXVH VHYHUH LQMXU\ RU GHDWK�

2SHUDWH JHQHUDWRU VHW RQO\ ZLWK DOO
JXDUGV DQG HOHFWULFDO HQFORVXUHV LQ
SODFH�

:$51,1*

+LJK YROWDJH WHVW� +D]DUGRXV YROWDJH FDQ FDXVH VHYHUH
LQMXU\ RU GHDWK� )ROORZ LQVWUXFWLRQV RI WHVW HTXLSPHQW
PDQXIDFWXUHU ZKHQ SHUIRUPLQJ KLJK�YROWDJH WHVW RQ URWRU RU
VWDWRU� $Q LPSURSHU WHVW SURFHGXUH FDQ GDPDJH HTXLSPHQW RU
OHDG WR IXWXUH JHQHUDWRU VHW IDLOXUHV�

&KHFN VWDWRU OHDGV�

�� 'LVFRQQHFW JHQHUDWRU VWDUWLQJ EDWWHU\ �QHJDWLYH
OHDG ILUVW��

�� &KHFN WKH JHQHUDWRU RXWSXW OHDGV IRU FRQQHFWLRQV
SHU ZLULQJ GLDJUDPV LQ 6HFWLRQ ��

�� &KHFN FRQGLWLRQ RI $& JHQHUDWRU OHDGV $&�� $&��
DQG $&� DW VWDWRU� 5HSODFH OHDGV ZLWK HYLGHQFH RI
EUHDNV� FUDFNV� RU GLVFRORUDWLRQ IURP RYHUKHDWLQJ�

�� &KHFN $& JHQHUDWRU OHDGV $&�� $&�� DQG $&� DW
$& LQSXW WR SRZHU FRQGLWLRQHU DW WKH VWDWRU DQG
UHFWLILHU PRGXOH WR HQVXUH WKHUH DUH QR ORRVH
FRQQHFWLRQV� 7LJKWHQ ORRVH FRQQHFWLRQV�

&KHFN VWDWRU ZLQGLQJV�

,QVSHFW VWDWRU IRU HYLGHQFH RI VKRUWHG ZLQGLQJV �KHDW
GLVFRORUDWLRQ�� ,I WKH VWDWRU VKRZV VLJQV RI KHDW
GLVFRORUDWLRQ� WHVW VWDWRU ZLQGLQJV DV GHVFULEHG LQ WKH
IROORZLQJ VWHSV EHIRUH UHSODFLQJ VWDWRU�

�� 'LVFRQQHFW DOO VWDWRU OHDGV IURP WKH SRZHU
FRQGLWLRQHU WR LVRODWH WKH ZLQGLQJV�

�� 7R FKHFN VWDWRU FRQWLQXLW\� VHW RKPPHWHU RQ 5 [ �
VFDOH�

�� &RQQHFW WKH UHG DQG EODFN RKPPHWHU OHDGV
WRJHWKHU� DGMXVW RKPPHWHU WR ]HUR RKPV�

�� &KHFN FRQWLQXLW\ E\ FRQQHFWLQJ PHWHU OHDGV WR
VWDWRU OHDGV� 3HUIRUP FRQWLQXLW\ FKHFNV RQ DOO
VWDWRU ZLQGLQJV DFFRUGLQJ WR WKH IROORZLQJ FKDUW�

127(

7KH ���YROW VWDWRU LV D � OHDG GXDO�Z\H VWDWRU� 2QH Z\H
FRQVLVWV RI OHDGV �� � DQG �� 7KH RWKHU Z\H FRQVLVWV RI
OHDGV �� � DQG ��

%HWZHHQ /HDGV &RQWLQXLW\
� DQG � \HV
� DQG � \HV
� DQG � \HV
� DQG � \HV
� DQG � \HV
� DQG � \HV
$Q\ VWDWRU OHDG DQG JURXQG QR

)LJXUH ���� ���YROW 6WDWRU &RQWLQXLW\

%HWZHHQ /HDGV &RQWLQXLW\
� DQG � \HV
� DQG � \HV
� DQG � \HV
$Q\ VWDWRU OHDG DQG JURXQG QR

)LJXUH ���� ���YROW 6WDWRU &RQWLQXLW\

&KHFN VWDWRU ZLQGLQJ UHVLVWDQFH�

�� &RQQHFW RKPPHWHU OHDGV DQG UHDGMXVW RKPPHWHU
WR ]HUR RKPV�
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��� &KHFN FROG UHVLVWDQFH RI VWDWRU ZLQGLQJV E\
FRQQHFWLQJ PHWHU WR VWDWRU OHDGV� 5HIHU WR
)LJXUH ��� IRU W\SLFDO VWDWRU ZLQGLQJ UHVLVWDQFHV�

��� ,I WKH VWDWRU UHVLVWDQFH WHVW SURYHV LQFRQFOXVLYH�
SHUIRUP D PHJRKPPHWHU WHVW RQ VWDWRU DV
GHVFULEHG LQ WKH QH[W VWHS�

6WDWRU
5HVLVWDQFH
�2KPV� ����

�� YGF ��SKDVH GXDO Z\H ������ ZLWKLQ Z\H
�� YGF � OHDG �����

)LJXUH ���� /LQH�WR�/LQH 6WDWRU :LQGLQJ 5HVLVWDQFH

127(

0RVW RKPPHWHUV GR QRW DFFXUDWHO\ PHDVXUH OHVV
WKDQ RQH RKP� &RQVLGHU WKH VWDWRU IXQFWLRQDO LI
UHVLVWDQFH UHDGLQJ LV ORZ �FRQWLQXLW\� DQG WKHUH LV
QR HYLGHQFH RI VKRUWHG ZLQGLQJV �KHDW
GLVFRORUDWLRQ� RU FRQWLQXLW\ WR JURXQG�

3HUIRUP PHJRKPPHWHU WHVW RQ VWDWRU�

��� 9HULI\ WKDW WKH VWDWRU LV JURXQGHG� 8VH D
PHJRKPPHWHU WR DSSO\ ��� YROWV '& WR DQ\ VWDWRU
OHDG DQG WKH VWDWRU IUDPH� �)ROORZ WKH
PHJRKPPHWHU PDQXIDFWXUHU·V LQVWUXFWLRQV ZKHQ
SHUIRUPLQJ WKLV WHVW��

��� 5HSHDW WHVW RQ WKH UHPDLQLQJ OHDGV� $ UHDGLQJ RI
���. RKPV ���� PHJRKP� DQG KLJKHU YHULILHV
VWDWRU IXQFWLRQDOLW\� $ UHDGLQJ RI OHVV WKDQ ���.
RKPV LQGLFDWHV GHWHULRUDWLRQ RI ZLQGLQJ LQVXODWLRQ
DQG SRVVLEOH FXUUHQW IORZ WR JURXQG� 5HSDLU RU
UHSODFH WKH VWDWRU�

��� 6SHHG 6HQVLQJ
7KH PLFURSURFHVVRU VHQVHV WKH IUHTXHQF\ RI $& RXWSXW
DQG LQWHUSUHWV WKH IUHTXHQF\ DV HQJLQH VSHHG� 7KH
JHQHUDWRU VHW VKXWV GRZQ ZKHQ IUHTXHQF\ H[FHHGV
��� +] ����� 530��

5HIHU WR 9ROWDJH 5HJXODWRU 7HVW³0LFURSURFHVVRU IRU
VSHHG VHQVLQJ WHVWLQJ�

���� )XHO 5HJXODWLRQ 6\VWHP
8VH WKH IROORZLQJ SURFHGXUHV DQG WKH IORZFKDUWV LQ
6HFWLRQ �³*HQHUDWRU�&RQWUROOHU 7URXEOHVKRRWLQJ WR
WURXEOHVKRRW IXHO UHJXODWLRQ V\VWHP DQG HPLVVLRQ
FRQWURO V\VWHP SUREOHPV�

7KH JDV IXHO V\VWHP LV IDFWRU\�DGMXVWHG IRU QDWXUDO JDV�
7KH IXHO V\VWHP FDQ DOVR EH XVHG ZLWK /3 IXHO� 7KH IXHO
V\VWHP XVHV D IXHO VROHQRLG YDOYH WR FRQWURO IXHO IORZ WR
WKH IXHO SUHVVXUH UHJXODWRU� 7KH UHJXODWRU UHGXFHV IXHO
SUHVVXUH WR QLO DV IXHO SDVVHV WR WKH IXHO�FRQWURO YDOYH�
7KH IXHO�FRQWURO YDOYH� XQGHU WKH FRQWURO RI DQ HPLVVLRQ
FRQWURO PRGXOH� PDQDJHV IXHO PHWHULQJ XQGHU YDU\LQJ
ORDG DQG VSHHG FRQGLWLRQV� 7KH HPLVVLRQ FRQWURO
PRGXOH DGMXVWV WKH IXHO PHWHULQJ YDOYH WR PDLQWDLQ
PLQLPXP HPLVVLRQV DV VHQVHG E\ DQ R[\JHQ VHQVRU LQ
WKH H[KDXVW� 7KH FDUEXUHWRU RU PL[HU UHFHLYHV JDVHRXV
IXHO DQG PL[HV LW ZLWK LQWDNH DLU IRU FRQVXPSWLRQ E\ WKH
HQJLQH�

�

� �

�

�

�

�

�� 2[\JHQ VHQVRU
�� 6SDUN SOXJ �TXDQWLW\ ��
�� )XHO FRQWURO YDOYH
�� )XHO SUHVVXUH UHJXODWRU
�� )XHO VKXWRII VROHQRLG
�� )XHO SUHVVXUH VZLWFK
�� &RQQHFWLRQ WR IXHO VRXUFH ���� 137�

)LJXUH ���� &20�� 6HUYLFH 9LHZ� )XHO 5HJXODWLRQ
6\VWHP
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���� ([KDXVW (PLVVLRQV 6\VWHP
7KH &20�� HPLVVLRQV V\VWHP FRQWUROV HQJLQH H[KDXVW
HPLVVLRQ OHYHOV DQG NHHSV WKHP ZLWKLQ HPLVVLRQV
UHTXLUHPHQWV� 7KH HPLVVLRQV V\VWHP GRHV QRW UHTXLUH
PDLQWHQDQFH�

������ 3ULQFLSOH RI 2SHUDWLRQ
$Q R[\JHQ VHQVRU LQ WKH H[KDXVW PDQLIROG� DQ HOHFWURQLF
FRQWURO XQLW DQG D VWHSSHU PRWRU ZKLFK GULYHV D IXHO
PHWHULQJ YDOYH FRQWURO DLU�IXHO UDWLR� 7KH R[\JHQ VHQVRU
PHDVXUHV R[\JHQ LQ WKH H[KDXVW VWUHDP� 7RR PXFK
R[\JHQ LQGLFDWHV WRR OLWWOH IXHO� D OHDQ RSHUDWLQJ
FRQGLWLRQ� 7RR OLWWOH R[\JHQ LQGLFDWHV WRR PXFK IXHO� D
ULFK RSHUDWLQJ FRQGLWLRQ� 7KH VHQVRU VHQGV DQ HOHFWULFDO
VLJQDO WR WKH HOHFWURQLF FRQWURO XQLW� $IWHU DQDO\]LQJ WKH
VLJQDO� WKH HOHFWURQLF FRQWURO XQLW VHQGV D VLJQDO WR WKH
VWHSSHU PRWRU WR DGMXVW WKH IXHO PHWHULQJ YDOYH�
FRQWUROOLQJ WKH DPRXQW RI IXHO HQWHULQJ WKH HQJLQH� 7KH
HPLVVLRQV V\VWHPPDLQWDLQV WKH DLU�IXHO UDWLR ZLWKLQ D VHW
EDQG XQGHU DOO RSHUDWLQJ FRQGLWLRQV� PLQLPL]LQJ H[KDXVW
HPLVVLRQV�

������ (PLVVLRQV 6\VWHP ,QLWLDOL]DWLRQ
,I WKH XQLW GRHV QRW VWDUW RU VWDUWV DQG UXQV SRRUO\ DQG DOO
DLU KDV EHHQ SXUJHG IURP WKH IXHO OLQHV� WKH IXHO PL[WXUH
PD\ EH WRR ULFK� 6WDUWHU FUDQNLQJ DQG IDOVH VWDUW
DWWHPSWV FDQ FDXVH WKH HPLVVLRQ V\VWHP WR DGMXVW IXHO
PL[WXUH WR DQ H[FHVVLYHO\ ULFK FRQGLWLRQ� ,I WKH XQLW UXQV
URXJKO\ XSRQ VWDUW�XS� XVH RQH RI WKH IROORZLQJ
SURFHGXUHV WR UHGXFH WKH IXHO�WR�DLU PL[WXUH RI WKH
RSHUDWLQJ JHQHUDWRU VHW� 5HVWULFW WKH IXHO IORZ IRU DERXW
�� VHFRQGV RU XQWLO WKH XQLW UXQV VPRRWKO\�

- 5HGXFH IXHO SUHVVXUH E\ SLQFKLQJ WKH IXHO KRVH
EHWZHHQ WKH IXHO UHJXODWRU DQG WKH HQJLQH� 'R QRW
XVH SOLHUV RU RWKHU VLPLODU WRROV DV WKH\ FDQ GDPDJH
WKH KRVH�

- 5HGXFH IXHO SUHVVXUH E\ WXUQLQJ WKH IXHO VXSSO\
YDOYH RII� 7KH XQLW VWDUWV DQG UXQV XQWLO IXHO UXQV
RXW� 7KHQ WXUQ IXHO RQ DQG RII LQWHUPLWWHQWO\ XQWLO XQLW

DFKLHYHV VWDEOH RSHUDWLRQ� ,I WKH XQLW VKXWV GRZQ
EHFDXVH RI ORZ IXHO� WXUQ IXHO VXSSO\ RQ DQG UHVWDUW
WKH JHQHUDWRU VHW�

$XWRPDWLF UHDGMXVWPHQW EHJLQV WKH ILUVW ����� VHFRQGV
RI HQJLQH RSHUDWLRQ� 2QFH WKH HPLVVLRQV V\VWHP
VWDELOL]HV� WKH IXHO PL[WXUH PHHWV VSHFLILFDWLRQV�

������ 0HWHULQJ 9DOYH $GMXVWPHQW
5HPRYH WKH VWHSSHU PRWRU�IXHO PHWHULQJ YDOYH
DVVHPEO\ IURP WKH HQJLQH� 5HPRYH WKH IRXU VPDOO
VRFNHW KHDG VFUHZV DQG VHSDUDWH WKH IXHO PHWHULQJ
YDOYH IURP WKH VWHSSHU PRWRU� 7U\ WR WXUQ WKH YDOYH
DGMXVWLQJ VFUHZ LQ WKH YDOYH ZLWK D SHQFLO RU WKH EODGH RI
D VPDOO VFUHZGULYHU� 6HH )LJXUH ���� 7KH VFUHZ VKRXOG
WXUQ HDVLO\� ,I WKH VFUHZ LV VWXFN RU ELQGLQJ� UHPRYH LW
IURP WKH YDOYH ERG\� FOHDQ WKH WKUHDGV ZLWK VROYHQW� DQG
UHLQVWDOO� &KHFN LW DJDLQ IRU ELQGLQJ� 'R QRW XVH DQ\ W\SH
RI OXEULFDQW RQ WKH WKUHDGV RI WKH ORDG�DGMXVWLQJ VFUHZ�

�

�

�

��

�

�

�

�������

�

�

�� 2[\JHQ VHQVRU
�� '& VWHSSHU PRWRU
�� 7R XQLW ZLULQJ KDUQHVV
�� (OHFWURQLF FRQWURO XQLW
�� 7R XQLW ZLULQJ KDUQHVV ��� YROW VRXUFH�
�� )XHO PHWHULQJ YDOYH ERG\
�� )XHO PHWHULQJ VFUHZ
�� &RXSOLQJ
�� 9DOYH DGMXVWLQJ VFUHZ

)LJXUH ���� (PLVVLRQ &RQWURO 6\VWHP
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6HFWLRQ �� 'LVDVVHPEO\�5HDVVHPEO\

��� &20�� 'LVDVVHPEO\
7KH IROORZLQJ VWHSV GHVFULEH XQLW GLVDVVHPEO\ DQG
UHDVVHPEO\ DQG FRPSRQHQW UHPRYDO DQG UHSODFHPHQW�

����� 6RXQG +RXVLQJ 5HPRYDO
3DUWLDO UHPRYDO

3HUIRUP WKH IROORZLQJ VWHSV WR SDUWLDOO\ UHPRYH WKH
VRXQG KRXVLQJ IRU JHQHUDWRU VHW PDLQWHQDQFH� 6HH
)LJXUH ��� DQG )LJXUH ����

�

� �

�

�

�

�� 5RRI SDQHO UHWDLQLQJ SLQV
�� 6HUYLFH SDQHO ODWFKHV
�� 6HUYLFH SDQHO UHWDLQLQJ SLQV
�� 5LJKW VLGH SDQHO VFUHZ�W\SH ODWFK

)LJXUH ���� 6RXQG +RXVLQJ 9LHZV
�6HUYLFH VLGH� ULJKW VLGH�

�

�

�

�

�

�� ,QQHU SDQHO�EDFN SDQHO PRXQWLQJ EROWV
�� %RWWRP UHWDLQLQJ SLQV
�� /HIW VLGH SDQHO PRXQWLQJ EROWV
�� %UDFNHW �)XOO DFFHVV� VWHS ��

)LJXUH ���� 6RXQG +RXVLQJ 9LHZV
�%DFN VLGH� /HIW VLGH�

�� 2SHQ WKH ODWFKHV RQ WKH VHUYLFH VLGH RI WKH VRXQG
KRXVLQJ�

�� /LIW WKH VHUYLFH VLGH SDQHO WR GLVHQJDJH WKH
UHWDLQLQJ SLQV� 5HPRYH WKH VHUYLFH VLGH SDQHO�
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�� /LIW WKH VHUYLFH VLGH RI WKH URRI SDQHO WR GLVHQJDJH
WKH UHWDLQLQJ SLQV IURP WKH KRXVLQJ VLGHV DQG WKH
LQQHU SDQHO�

�� 6OLGH WKH URRI SDQHO IRUZDUG WR GLVHQJDJH WKH
UHWDLQLQJ SLQV IURP WKH VRXQG KRXVLQJ EDFN SDQHO�
5HPRYH WKH URRI SDQHO�

�� 8QVFUHZ WKH ODWFK VHFXULQJ WKH ULJKW VLGH SDQHO�
7KH ULJKW VLGH SDQHO LV KLQJHG WR VZLQJ RXW IRU HDV\
DFFHVV WR WKH FRQWUROOHU DQG UHPDLQV DWWDFKHG WR
WKH EDFN SDQHO IRU HDVH RI UHPRYDO DQG LQVWDOODWLRQ�
5HPRYH WKH ULJKW�VLGH SDQHO E\ VZLQJLQJ WKH SDQHO
RXW DQG OLIWLQJ LW RII WKH KLQJH SLQV�

)XOO DFFHVV

7KH OHIW VLGH DQG EDFN SDQHOV DUH EROWHG WR WKH VNLG� )RU
JUHDWHU DFFHVVLELOLW\� SHUIRUP WKH IROORZLQJ VWHSV WR
FRPSOHWH VRXQG KRXVLQJ UHPRYDO�

�� 5HPRYH WKH EUDFNHW WKDW DWWDFKHV WKH OHIW VLGH DQG
EDFN SDQHOV RI WKH VRXQG KRXVLQJ�

�� 7KH EDFN SDQHO LV KHOG WR WKH LQQHU SDQHO E\ WZR
EROWV� 5HPRYH WKH EROWV DQG OLIW WKH EDFN SDQHO WR
GLVHQJDJH WKH UHWDLQLQJ SLQV� 5HPRYH WKH EDFN
SDQHO�

�� 5HPRYH WKH WZR EROWV KROGLQJ WKH OHIW VLGH SDQHO WR
WKH VNLG� 5HPRYH WKH VLGH SDQHO�

����� *HQHUDWRU 6HW 'LVFRQQHFWLRQ
3HUIRUP WKH IROORZLQJ VWHSV WR GLVFRQQHFW WKH JHQHUDWRU
VHW IRU DQ\ PDLQWHQDQFH�

�� 'LVFRQQHFW EDWWHU\� QHJDWLYH OHDG ILUVW�

�� 'LVFRQQHFW $& SRZHU FRUG IURP EDWWHU\ FKDUJHU
$& LQSXW RQ UHDU RI FRQWUROOHU�

�� 'LVFRQQHFW JHQHUDWRU SRZHU OHDGV IURP WKH
UHFWLILHU LQVLGH WKH FRQWUROOHU�

�� 'LVFRQQHFW WKH '& OHDGV IURP WKH QHJDWLYH VWXG
DQG WKH OLQH FLUFXLW EUHDNHU� 7R SUHYHQW VKRUW
FLUFXLWV� LPPHGLDWHO\ LQVXODWH ERWK OHDGV ZLWK
HOHFWULFDO WDSH DIWHU UHPRYDO�

�� 'LVFRQQHFW WKH HQJLQH KDUQHVV FRQQHFWRU DW WKH
UHDU RI WKH FRQWUROOHU�

�� 'LVFRQQHFW WKH IXHO V\VWHP KRVH IURP WKH ILWWLQJ RQ
WKH IXHO FRQWURO YDOYH DW WKH IURQW RI WKH HQJLQH�

�� 5HPRYH GXFWLQJ IURP DURXQG WKH JHQHUDWRU VHW
DVVHPEO\ DV GHVFULEHG LQ 6HFWLRQ ������

����� 0XIIOHU 5HPRYDO
3HUIRUP WKH IROORZLQJ VWHSV WR UHPRYH WKH GXFWLQJ DQG
PXIIOHU� 5HIHU WR )LJXUH ����

0XIIOHU 5HPRYDO

�� 7R H[SRVH WKH PXIIOHU� UHPRYH WKH KH[�KHDG
VFUHZV WKDW KROG WKH WRS DQG IURQW RI WKH PXIIOHU
GXFW�

�� 'LVFRQQHFW WKH HOHFWULFDO OHDG WR WKH R[\JHQ VHQVRU
DQG WKHQ UHPRYH WKH R[\JHQ VHQVRU�

�� 5HPRYH WKH EROW KROGLQJ WKH H[KDXVW PRXQWLQJ
EUDFNHW WR WKH ERWWRP RI WKH DLU ER[ DVVHPEO\ DQG
DOWHUQDWRU KRXVLQJ�

�� 5HPRYH WKH IRXU IODQJH QXWV KROGLQJ WKH PXIIOHU
IODQJHV WR WKH HQJLQH H[KDXVW SRUWV�

�� 5HPRYH WKH WDLO SLSH�VSDUN DUUHVWRU DVVHPEO\�

0XIIOHU ,QVWDOODWLRQ

�� ,QVWDOO QHZ H[KDXVW IODQJH JDVNHWV�

�� 5HLQVWDOO WKH WDLO SLSH�VSDUN DUUHVWRU DVVHPEO\�

�� 3RVLWLRQ WKH PXIIOHU IODQJHV RYHU WKH HQJLQH
H[KDXVW IODQJH VWXGV DQG DWWDFK WKH PXIIOHU XVLQJ
WKH IRXU IODQJH QXWV UHPRYHG LQ VWHS � RI 0XIIOHU
5HPRYDO� 8VH D FDOLEUDWHG WRUTXH ZUHQFK WR
WRUTXH WKH IODQJH QXWV WR �� LQ� OEV�

�� 5HLQVWDOO WKH EROW WKDW KROGV WKH H[KDXVW PRXQWLQJ
EUDFNHW WR WKH ERWWRP RI WKH DLU ER[ DVVHPEO\ DQG
DOWHUQDWRU KRXVLQJ�

127(

$SSO\ KLJK WHPSHUDWXUH DQWL�VHL]H FRPSRXQG �/RFWLWHX
1R� ���� WR WKH R[\JHQ VHQVRU·V WKUHDGV EHIRUH
UHLQVWDOOLQJ LQ WKH H[KDXVW PDQLIROG� 5HSODFHPHQW
VHQVRUV KDYH GU\ DQWLVHL]H FRPSRXQG SUHDSSOLHG WR WKH
WKUHDGV� GR QRW XVH DGGLWLRQDO FRPSRXQG�

�� 5HLQVWDOO WKH R[\JHQ VHQVRU DQG UHFRQQHFW WKH
HOHFWULFDO OHDG�

�� 5HDVVHPEOH WKH PXIIOHU GXFWZRUN�
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�

�

�

�

�� 7DLO SLSH�VSDUN DUUHVWRU
�� 0XIIOHU
�� ([KDXVW PRXQWLQJ EUDFNHW EROW
�� 2[\JHQ VHQVRU

)LJXUH ���� 0XIIOHU $VVHPEO\

����� &RQWUROOHU %RDUG 5HSODFHPHQW
3HUIRUP WKH IROORZLQJ VWHSV WR UHSODFH WKH FRQWUROOHU
ERDUG� 7R JDLQ DFFHVV WR WKH LQVLGH RI WKH FRQWUROOHU�
UHPRYH WKH VFUHZV WKDW KROG WKH WRS DQG VLGH RI WKH
FRQWUROOHU KRXVLQJ� 5HSODFH WKH KRXVLQJ DIWHU
FRPSOHWLQJ FRQWUROOHU PDLQWHQDQFH�

&RQWUROOHU %RDUG 5HPRYDO

�� 'LVFRQQHFW WKH WKUHH LQWHUIDFH FRQQHFWRUV WR WKH
FRQWUROOHU ERDUG�

�� *HQWO\ SU\ WKH FRQWUROOHU ERDUG ORRVH IURP WKH
VWDQGRIIV�

�� 5HPRYH WKH FRQWUROOHU ERDUG E\ VOLGLQJ LW WR WKH UHDU
VR WKDW WKH /('V DQG VZLWFKHV FOHDU WKH IURQW RI WKH
FRQWUROOHU�

&RQWUROOHU %RDUG ,QVWDOODWLRQ

�� 6OLGH WKH FRQWUROOHU ERDUG LQWR SODFH VR WKDW WKH
/('V DQG VZLWFKHV SURWUXGH WKURXJK WKH IDFH RI WKH
FRQWUROOHU�

�� *HQWO\ SUHVV WKH FRQWUROOHU ERDUG RQWR WKH
VWDQGRIIV XQWLO LW VQDSV LQWR SODFH�

�� 5HFRQQHFW WKH WKUHH LQWHUIDFH FRQQHFWRUV WR WKH
FRQWUROOHU ERDUG�

����� 5HFWLILHU 5HSODFHPHQW
3HUIRUP WKH IROORZLQJ VWHSV WR UHSODFH WKH UHFWLILHU
PRGXOH� 7R JDLQ DFFHVV WR WKH UHFWLILHU� UHPRYH WKH
FRQWUROOHU KRXVLQJ DV GHVFULEHG LQ 6HFWLRQ ������

�� YROW 5HFWLILHU 5HPRYDO

�� 'LVFRQQHFW WKH JHQHUDWRU SRZHU OHDGV IURP WKH
UHFWLILHU GLRGHV� 6HH )LJXUH ����

�� 'LVFRQQHFW VHQVLQJ OHDGV IURP WKH GLRGHV DQG WKH
EXV EDU�

�� 5HPRYH WKH OHDG FRQQHFWLQJ WKH EXV EDU WR JURXQG�

�� 5HPRYH WKH OHDG FRQQHFWLQJ WKH EXV EDU WR WKH
LQGXFWRU�

�� 5HPRYH WKH VL[ VRFNHW KHDG VFUHZV ODEHOOHG $ DQG
% LQ )LJXUH ����

�� 5HPRYH WKH UHFWLILHU�

�� YROW 5HFWLILHU ,QVWDOODWLRQ

�� 3ODFH WKH QHZ UHFWLILHU RYHU WKH SRZHU PRGXOH
LQVXODWRUV�

�� 5HLQVWDOO WKH VL[ VRFNHW KHDG VFUHZV DQG ILQJHU
WLJKWHQ�

�� 7RUTXH WKH VFUHZV ODEHOOHG $ WR �� LQ� OEV�

�� 7RUTXH WKH VFUHZV ODEHOOHG % WR �� LQ� OEV�

�� 5HWRUTXH WKH % VFUHZV WR ���� LQ� OEV�

�� 5HWRUTXH WKH $ VFUHZV WR ���� LQ� OEV�

�� 5HDWWDFK WKH OHDG FRQQHFWLQJ WKH ERWWRP EXV EDU WR
WKH LQGXFWRU�

�� 5HDWWDFK WKH OHDG FRQQHFWLQJ WKH WRS EXV EDU WR
JURXQG�

�� 5HDWWDFK DOO DGGLWLRQDO OHDGV SHU WKHZLULQJ GLDJUDP
LQ )LJXUH ���� 7RUTXH GLRGH WHUPLQDO VFUHZV WR
������� LQ� OEV�

�
�

�
� %

$

�� 5HFWLILHU GLRGHV
�� %XV EDU
�� *URXQG FRQQHFWLRQ
�� ,QGXFWRU FRQQHFWLRQ

)LJXUH ���� �� 9ROW 5HFWLILHU 0RGXOH
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�� YROW 5HFWLILHU 5HPRYDO

�� 'LVFRQQHFW WKH JHQHUDWRU SRZHU OHDGV IURP WKH
UHFWLILHU GLRGHV ODEHOOHG �� � DQG ��

�� 'LVFRQQHFW VHQVLQJ OHDGV IURP WKH GLRGHV�

�� 'LVFRQQHFW WKH EXV EDU IURP WKH JURXQG
FRQQHFWLRQ�

�� 5HPRYH WKH WZR VRFNHW KHDG VFUHZV ODEHOOHG $
DQG %�

�� 5HPRYH WKH UHFWLILHU�

�� YROW 5HFWLILHU ,QVWDOODWLRQ

�� 3ODFH WKH QHZ UHFWLILHU RYHU WKH SRZHU PRGXOH
LQVXODWRUV�

�� 5HLQVWDOO WKH WZR VRFNHW KHDG VFUHZV DQG ILQJHU
WLJKWHQ�

�� 7RUTXH WKH VFUHZ ODEHOOHG $ WR �� LQ� OEV�

�� 7RUTXH WKH VFUHZ ODEHOOHG % WR �� LQ� OEV�

�� 5HWRUTXH WKH % VFUHZ WR ���� LQ� OEV�

�� 5HWRUTXH WKH $ VFUHZ WR ���� LQ� OEV�

�� 5HDWWDFK WKH EXV EDU WR WKH JURXQG FRQQHFWLRQ�

�� 5HDWWDFK DOO DGGLWLRQDO OHDGV SHU WKHZLULQJ GLDJUDP
LQ )LJXUH ����

� � �

� � �

�

�

$ %

�� %XV EDU
�� *URXQG FRQQHFWLRQ

)LJXUH ���� �� 9ROW 5HFWLILHU 0RGXOH

����� $OWHUQDWRU 'LVDVVHPEO\
3HUIRUP WKH IROORZLQJ VWHSV WR GLVDVVHPEOH WKH
DOWHUQDWRU IRU PDLQWHQDQFH�

�� 5HPRYH WKH WRS RI WKH DLUER[ DVVHPEO\ DQGPXIIOHU
DV GHVFULEHG LQ 0XIIOHU 5HPRYDO LQ 6HFWLRQ ������

�� 5HPRYH WKH IRXU EROWV KROGLQJ WKH ERWWRPKDOI RI WKH
DLUER[ DVVHPEO\ WR WKH DOWHUQDWRU KRXVLQJ�

�� 5HPRYH IRXU VFUHZV IURP EHDULQJ FRYHU�

�� 5HPRYH HQG EUDFNHW EROWV�

�� /RRVHQ WKH VPDOO VHW VFUHZ KROGLQJ WKH EDOO EHDULQJ
LQ SODFH�

�� 8VH D SXOOHU RU VOLGH KDPPHU WR UHPRYH WKH HQG
EUDFNHW� 7KH HQG EUDFNHW KDV WZR ��� LQ� WKUHDGHG
KROHV� IRXU LQFKHV DSDUW� IRU XVH ZLWK DQ DGDSWHU
EDU� 5HIHU WR )LJXUH ����

�
�

� �

�

�� (QG EUDFNHW
�� 7ZR������ LQ� KROHV� IRXU LQFKHV DSDUW� IRU XVHZLWK VOLGH KDPPHU

RU SXOOHU
�� 6OLGH KDPPHU
�� DGDSWHU ZLWK ORQJ EROWV DWWDFKHG WR HQG EUDFNHW ��� LQ� KROHV

)LJXUH ���� 5HPRYH (QG %UDFNHW

�� 5HPRYH VRFNHW KHDG VFUHZV ZKLFK UHWDLQ VWDWRU�
5HIHU WR )LJXUH ����

)LJXUH ���� 5HPRYH 6RFNHW +HDG 6FUHZV

�� *UDVS VWDWRU ILUPO\ DQG SXOO VWUDLJKW RXW WR SUHYHQW
GDPDJH WR VWDWRU ODPLQDWLRQV� 5HIHU WR )LJXUH ����

)LJXUH ���� 5HPRYH 6WDWRU
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�� /RRVHQ WKH WKUXEROW� 5HIHU WR )LJXUH ����

)LJXUH ���� /RRVHQ 7KUXEROW

��� /RRVHQ WKH URWRU E\ OLJKWO\ WDSSLQJ RQ DOWHUQDWH
VLGHVZLWK D UXEEHUPDOOHW� 8VH RQO\ D UXEEHUPDOOHW
WR SUHYHQW GDPDJH WR WKH EROW�

��� 5HPRYH WKUXEROW DQG URWRU�

��� &20�� 5HDVVHPEO\
7KH IROORZLQJ VHFWLRQV GHVFULEH &20�� FRPSRQHQW
UHLQVWDOODWLRQ DQG XQLW UHDVVHPEO\�

����� $OWHUQDWRU 5HDVVHPEO\
)ROORZ WKH VWHS�E\�VWHS SURFHGXUHV OLVWHG RQ WKH
IROORZLQJ SDJHV� 5HIHU WR )LJXUH ���� IRU D GLDJUDP RQ
FRPSOHWH DOWHUQDWRU UHDVVHPEO\�

�

�
�

�

�

�

�

�

�

�� ,QWDNH GXFW �LQVXODWLRQ LQVLGH�
�� %HDULQJ FRYHU
�� (QG EUDFNHW FDVWLQJ
�� %DOO EHDULQJ
�� 6WDWRU
�� 5RWRU DQG IDQ DVVHPEO\
�� $LU RXWOHW JXDUG
�� $LU LQOHW JXDUG
�� $OWHUQDWRU DGDSWHU FDVWLQJ

)LJXUH ����� $OWHUQDWRU �H[SORGHG YLHZ�

5HDVVHPEOH WKH $OWHUQDWRU

�� $SSO\ DQWLVHL]H WKUHDG FRPSRXQG WR WDSHU RI
HQJLQH FUDQN VKDIW WR HDVH IXWXUH UHPRYDOV� 5HIHU
WR )LJXUH �����

)LJXUH ����� $SSO\ $QWLVHL]H &RPSRXQG

�� &OHDQ DQG UHLQVWDOO WKH URWRU DQG WKUXEROW� 5HPRYH
DQ\ PDJQHWLFDOO\ KHOG GHEULV�

�� :LWK D VWUDS ZUHQFK DURXQG WKH URWRU� WRUTXH WKH
WKUXEROW WR �� IW� OEV� ����� 1P�� 6HH )LJXUH �����

)LJXUH ����� 7RUTXH 7KUXEROW

�� 5HLQVWDOO WKH VWDWRU� %H FDUHIXO QRW WR SLQFK ILQJHUV
EHWZHHQ WKH VWDWRU DQG DGDSWHU� 0DJQHWV DUH YHU\
VWURQJDQG FDXVH WKH VWDWRU WR TXLFNO\ VQDSRYHU WKH
PDJQHWL]HG URWRU� 3ODFH D JXLGH SLQ RU KHDGOHVV
EROW LQ WKH VWDWRU PRXQWLQJ VFUHZ KROHV DV D JXLGH
IRU UHLQVWDOOLQJ WKH VWDWRU� 6WDWRU GDPDJH FDQ RFFXU
LI LW LV QRW LQVWDOOHG FRUUHFWO\�

�� ,QVWDOO VWDWRU ZLWK OHDGV LQ ORZHU OHIW SRVLWLRQ E\
VOLGLQJ RYHU JXLGHV XQWLO IXOO\ LQVWDOOHG RQ FDVWLQJ
ERVVHV�

�� 5HPRYH JXLGHV� &OHDQ� LQVWDOO� DQG WRUTXH WKH
VRFNHW KHDG VFUHZV WR � IW� OEV� ����� 1P�� 5HIHU WR
)LJXUH �����
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)LJXUH ����� 7RUTXH 6RFNHW +HDG 6FUHZV

�� 5RXWH VWDWRU OHDGV WKURXJK SRUW LQ HQG EUDFNHW�
$OLJQ HQG EUDFNHW RQ VWDWRU DVVHPEO\ DQG URWRU
EHDULQJ� ,QVSHFW OHDGV IRU VLJQV RI ZHDU� 5HSDLU RU
UHSODFH DV QHHGHG�

�� &OHDQ� LQVWDOO DQG WRUTXH HQG EUDFNHW EROWV WR �� IW�
OEV� ����� 1P�� ,QVWDOO WKH HQG EUDFNHW XVLQJ WKH $�
%� &� ' WLJKWHQLQJ VHTXHQFH VKRZQ LQ )LJXUH �����

127(

'R QRW LQVWDOO HQG EUDFNHW RQ URWRU E\ WLJKWHQLQJ EROWV�
(QG EUDFNHW� HQJLQH� DQG�RU JHQHUDWRU DGDSWHU GDPDJH
FDQ UHVXOW� )XOO\ LQVWDOO DQG VHDW WKH HQG EUDFNHW FDVWLQJ
DJDLQVW PDWLQJ FDVWLQJ EHIRUH LQVWDOOLQJ EROWV�

$

&%

'

)LJXUH ����� (QG %UDFNHW� $� %� &� ' 7LJKWHQLQJ
6HTXHQFH

�� 5HSODFH WKH EHDULQJ FRYHU DQG LQVWDOO VFUHZV�

��� 5HSODFH WKH VHW VFUHZ� EXW GR QRW WRUTXH XQWLO DIWHU
UXQQLQJ WKH JHQHUDWRU VHW WR DOORZ WKH EHDULQJ WR
FHQWHU� $IWHU UXQQLQJ WKH JHQHUDWRU VHW WRUTXH WKH
VHW VFUHZ WR �� IW� OEV� ����� 1P��

��� 5HLQVWDOO WKH ERWWRP KDOI RI WKH DLU ER[�

��� 5HLQVWDOO WKH PXIIOHU DQG WKH WRS KDOI RI WKH DLU ER[
DV GHVFULEHG LQ 6HFWLRQ ������

����� 6RXQG +RXVLQJ 5HLQVWDOODWLRQ
3HUIRUP WKH IROORZLQJ VWHSV WR UHLQVWDOO WKH VRXQG
KRXVLQJ� 6HH )LJXUH ��� DQG )LJXUH ����

�� 5HLQVWDOO WKH WZR EROWV KROGLQJ WKH OHIW VLGH SDQHO WR
WKH VNLG�

�� 6OLGH WKH EDFN SDQHO UHWDLQLQJ SLQV LQWR WKHLU LQVHUWV
LQ WKH VNLG� 5HLQVWDOO WKH WZR EROWV KROGLQJ WKH EDFN
SDQHO WR WKH LQQHU SDQHO�

�� 5HLQVWDOO WKH EUDFNHW WKDW DWWDFKHV WKH OHIW VLGH DQG
EDFN SDQHOV RI WKH VRXQG KRXVLQJ�

�� 6ZLQJ WKH ULJKW�VLGH SDQHO LQWR LWV FORVHG SRVLWLRQ
DQG HQJDJH WKH ODWFK�

�� 3RVLWLRQ WKH URRI SDQHO RYHU WKH VLGH DQG EDFN
SDQHOV DQG VOLGH EDFNZDUG WR HQJDJH WKH UHWDLQLQJ
SLQV LQ WKH EDFN SDQHO�

�� /RZHU WKH URRI SDQHO WR HQJDJH WKH UHWDLQLQJ SLQV LQ
WKH VHUYLFH VLGH RI WKH URRI SDQHO LQWR WKH VORWV LQ WKH
ULJKW VLGH� OHIW VLGH DQG LQQHU SDQHO�

�� ,QVHUW WKH VHUYLFH SDQHO UHWDLQLQJ SLQV LQWR WKH VORWV
LQ WKH VNLG�

�� 7LOW WKH VHUYLFH SDQHO LQWR SRVLWLRQ DQG SUHVV LQ
JHQWO\ WR ODWFK�



�� :LULQJ 'LDJUDPV 73����� ����

6HFWLRQ �� :LULQJ 'LDJUDPV

7KLV PDQXDO DSSOLHV WR WKH PRGHO DQG VSHFLILFDWLRQ
QXPEHUV IROORZLQJ� 7KLV PDQXDOPD\ EH XVHG IRU VLPLODU
XQOLVWHG VSHFV RU QHZ VSHFV FUHDWHG SULRU WR WKH XSGDWHG
UHSULQW RU LQ FDVHV ZKHUH WKH PDQXDO LV GHHPHG DQ
DFFHSWDEOH VXEVWLWXWH IRU D PDQXDO XQGHU GHYHORSPHQW�

8VH WKH:LULQJ 'LDJUDP OLVW WR GHWHUPLQH WKH LQIRUPDWLRQ
IRU D JLYHQ PRGHO DQG VSHF QXPEHU� )LQG WKDW YHUVLRQ
QXPEHU LQ WKH &RQWUROOHU :LULQJ 'LDJUDP 5HIHUHQFH
EHORZ DQG WXUQ WR WKH SDJH OLVWHG�

:LULQJ 'LDJUDPV 5HIHUHQFH

&RQWUROOHU 'HVFULSWLRQ 'UDZLQJ 1R� 3J�

&20�� 0LFURSURFHVVRU &RQWUROOHU
*HQHUDWRU 3RLQW�WR�3RLQW ��� YGF� ������ ��
&RQWUROOHU 3RLQW�WR�3RLQW ��� YGF� $�������� VKHHW � ��
&RQWUROOHU 6FKHPDWLF 'LDJUDP ��� YGF� $'9����� ��
*HQHUDWRU 3RLQW�WR�3RLQW ��� YGF� ������ ��
&RQWUROOHU 6FKHPDWLF 'LDJUDP ��� YGF� $'9����� ��
&RQWUROOHU ,QWHUFRQQHFWLRQ 'LDJUDP ��� YGF� $�������� VKHHW � ��



73����� ���� :LULQJ 'LDJUDPV ��

1RWHV



� � 7 3 � � � � � � � � �: L U L Q J ' L D J U D P V

)LJXUH ���� *HQHUDWRU 3RLQW WR 3RLQW 'LDJUDP� ��� YGF �������
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)LJXUH ���� 0LFURSURFHVVRU &RQWUROOHU� 3RLQW�WR�3RLQW :LULQJ 'LDJUDP� $��������
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)LJXUH ���� 0LFURSURFHVVRU &RQWUROOHU� 6FKHPDWLF 'LDJUDP� $'9�����
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)LJXUH ���� 0LFURSURFHVVRU &RQWUROOHU� 3RLQW�WR�3RLQW :LULQJ 'LDJUDP� ��� YGF� ������
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)LJXUH ���� 0LFURSURFHVVRU &RQWUROOHU� 6FKHPDWLF 'LDJUDP� ��� YGF $'9�������
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)LJXUH ���� 0LFURSURFHVVRU &RQWUROOHU� ,QWHUFRQQHFWLRQ 'LDJUDP� ��� YGF $���������



$SSHQGLFHV $��73����� ����

$SSHQGL[ $� *ORVVDU\ RI $EEUHYLDWLRQV

$EEUHYLDWLRQV DUH XVHG WKURXJKRXW WKLV PDQXDO� 1RUPDOO\ LQ WKH WH[W WKH\ ZLOO DSSHDU LQ FRPSOHWH IRUP ZLWK WKH
DEEUHYLDWLRQ IROORZLQJ LQ SDUHQWKHVLV WKH ILUVW WLPH WKH\ DUH XVHG� $IWHU WKDW WKH\ ZLOO DSSHDU LQ WKH DEEUHYLDWHG IRUP�
7KH FRPPRQO\ XVHG DEEUHYLDWLRQV DUH VKRZQ EHORZ�
$& DOWHUQDWLQJ FXUUHQW

$,6, $PHULFDQ ,URQ DQG 6WHHO ,QVWLWXWH

$PS DPSHUH

$PSV DPSHUHV

$16, $PHULFDQ 1DWLRQDO 6WDQGDUG

,QVWLWXWH

$3, $PHULFDQ 3HWUROHXP ,QVWLWXWH

DSSUR[� DSSUR[LPDWH� DSSUR[LPDWHO\

$�5 DV UHTXLUHG� DV UHTXHVWHG

$�6 DV VXSSOLHG� DV VWDWHG�

DV VXJJHVWHG

$6$ $PHULFDQ 6WDQGDUGV $VVRFLDWLRQ

$60( $PHULFDQ 6RFLHW\ RI 0HFKDQLFDO

(QJLQHHUV

DVV\� DVVHPEO\

$670 $PHULFDQ 6RFLHW\ IRU 7HVWLQJ

0DWHULDOV

$7'& DIWHU WRS GHDG FHQWHU

DX[� DX[LOLDU\

$:* $PHULFDQ :LUH *DXJH

$:0 DSSOLDQFH ZLULQJ PDWHULDO

%%'& EHIRUH ERWWRP GHDG FHQWHU

%'& EHIRUH GHDG FHQWHU

%+3 EUDNH KRUVHSRZHU

EPHS EUDNH PHDQ HIIHFWLYH SUHVVXUH

%WX %ULWLVK WKHUPDO XQLW

�& &HOVLXV GHJUHH

FF FXELF FHQWLPHWHU

&&$ FROG FUDQNLQJ $PSV�

&(& &DQDGLDQ (OHFWULFDO &RGH

FIK FXELF IHHW SHU KRXU

FIP FXELF IHHW SHU PLQXWH

&,' FXELF LQFK GLVSODFHPHQW

FP FHQWLPHWHU� FHQWLPHWHUV

FPP FXELF PHWHUV SHU PLQXWH

FR� FRPSDQ\

FRQW·G� FRQWLQXHG

&6$ &DQDGLDQ 6WDQGDUGV $VVRFLDWLRQ

&7 FXUUHQW WUDQVIRUPHU

FX� LQ� FXELF LQFK� FXELF LQFKHV

F\O� F\OLQGHU

G% GHFLEHO

G%$ GHFLEHOV �$ ZHLJKWHG�

'& GLUHFW FXUUHQW

'&5 GLUHFW FXUUHQW UHVLVWDQFH

GHJ� GHJUHH

GHSW� GHSDUWPHQW

GLD� GLDPHWHU

H�J� H[DPSOH JLYHQ

(,$ (OHFWURQLF ,QGXVWULHV $VVRFLDWLRQ

(0, HOHFWURPDJQHWLF LQWHUIHUHQFH

(3$ (QYLURQPHQWDO 3URWHFWLRQ

$JHQF\

HWF� HW FHWHUD �DQG VR IRUWK�

H[W� H[WHUQDO

�) )DKUHQKHLW GHJUHH

IO� R]� IOXLG RXQFH� IOXLG RXQFHV

)0 IUHTXHQF\ PRGXODWLRQ

IW� IRRW� IHHW

IW� OEV� IRRW SRXQG� IRRW SRXQGV

JD� JDXJH �PHWHUV� ZLUH VL]H�

JDO�� JDOV� JDOORQ� JDOORQV

JSK JDOORQV SHU KRXU

JSP JDOORQV SHU PLQXWH

JU� JUDGH

JUG� JURXQG

+&+7 KLJK F\OLQGHU KHDG WHPSHUDWXUH

+(7 KLJK H[KDXVW �RU HQJLQH�

WHPSHUDWXUH

+J PHUFXU\ �HOHPHQW�

+�2 ZDWHU

+3 KRUVHSRZHU

KU� KUV KRXU

+] KHUW] �F\FOHV SHU VHFRQG�

,' LQVLGH GLDPHWHU

,((( ,QVWLWXWH RI (OHFWULFDO DQG

(OHFWURQLF (QJLQHHUV

LQ� LQFK�HV�

LQF� LQFRUSRUDWHG

LQ� OEV� LQFK SRXQGV

LQW� LQWHUQDO

LQW��H[W� LQWHUQDO�H[WHUQDO

,62 ,QWHUQDWLRQDO 6WDQGDUGV

2UJDQL]DWLRQ

- MRXOH� MRXOHV

-,6 -DSDQHVH ,QGXVWU\ 6WDQGDUG

NJ NLORJUDP� NLORJUDPV

NJ�FP� NLORJUDPV SHU VTXDUH FHQWLPHWHU

NJP NLORJUDP PHWHU�V�

N- NLORMRXOHV �EWX FDO�

NP NLORPHWHU� NLORPHWHUV

N3D NLOR3DVFDO� NLOR3DVFDOV

NSK NLORPHWHUV SHU KRXU

N9 NLORYROW

N9$ NLORYROW DPSHUHV

N: NLORZDWW� NLORZDWWV

N:+ NLORZDWW KRXU

/ OLWHU� OLWHUV

/[:[+ OHQJWK [ ZLGWK [ KHLJKW

/('�V� OLJKW HPLWWLQJ GLRGH

OE�� OEV� SRXQG� SRXQGV

/�KU� OLWHU SHU KRXU� OLWHUV SHU KRXU

/�PLQ� OLWHU�V� SHU PLQXWHV

/23 ORZ RLO SUHVVXUH

/3 OLTXHILHG SHWUROHXP

P PHWHU� PHWHUV

P� FXELF PHWHU� FXELF PHWHUV

PD[� PD[LPXP

0&0 RQH WKRXVDQG FLUFXODU PLOV�

PHJJDU PHJRKPPHWHU

0+] PHJDKHUW]

PL� PLOH� PLOHV

PLO RQH RQH�WKRXVDQGWK RI DQ LQFK

PLQ� PLQLPXP

P- PLOOLMRXOH� PLOOLMRXOHV

0- PHJD MRXOH� PHJD MRXOHV

PP PLOOLPHWHU� PLOOLPHWHUV

P��PLQ FXELF PHWHUV SHU PLQXWH

03D PHJD3DVFDO

P: PLOOLZDWW� PLOOLZDWWV

0: PHJDZDWW� PHJDZDWWV

1�$ QRW DYDLODEOH RU QRW DSSOLFDEOH

1%6 1DWLRQDO %XUHDX RI 6WDQGDUGV

1�&� QRUPDOO\ FORVHG

1(& 1DWLRQDO (OHFWULFDO &RGH

1(0$ 1DWLRQDO (OHFWULFDO

0DQXIDFWXUHUV $VVRFLDWLRQ

1)3$ 1DWLRQDO )LUH 3URWHFWLRQ

$VVRFLDWLRQ

1P 1HZWRQ PHWHU� 1HZWRQ PHWHUV

QR�� QRV QXPEHU� QXPEHUV

137 1DWLRQDO 6WDQGDUG WDSHU SLSH

WKUHDG SHU JHQHUDO XVH

1�5 QRW UHTXLUHG

2& RYHUFUDQN

2' RXWVLGH GLDPHWHU

2(0 RULJLQDO HTXLSPHQW PDQXIDFWXUHU

26 RYHUVSHHG� RYHUVL]H

2�6 RYHUVL]H

26+$ 2FFXSDWLRQDO 6DIHW\ DQG +HDOWK

$FW

29 RYHUYROWDJH

R]� RXQFH� RXQFHV

3) SRZHU IDFWRU

30* SHUPDQHQW PDJQHW JHQHUDWRU

SRW� SRWHQWLRPHWHU

SSP SDUWV SHU PLOOLRQ

SVL SRXQGV SHU VTXDUH LQFK

SW�� SWV� SLQW� SLQWV

39& SRO\YLQ\O FKORULGH

TW�� TWV� TXDUW� TXDUWV

TW\� TXDQWLW\

UHI� UHIHUHQFH

5), UDGLR IUHTXHQF\ LQWHUIHUHQFH

U�K�P� URXQG�KHDG PDFKLQH �VFUHZ�

UPV URRW PHDQ VTXDUH

530 UHYROXWLRQV SHU LQFK

579 URRP WHPSHUDWXUH YXOFDQL]DWLRQ

6$( 6RFLHW\ RI $XWRPRWLYH (QJLQHHUV

6&5 VLOLFRQ�FRQWUROOHG UHFWLILHU

VHF� VHFRQG� VHFRQGV

VSHF� VSHFV� VSHFLILFDWLRQ

VT� VTXDUH

VT� FP VTXDUH FHQWLPHWHUV

VT� LQ� VTXDUH LQFK� VTXDUH LQFKHV

WDFK WDFKRPHWHU

7'& WRS GHDG FHQWHU

WHFK� SXE�WHFKQLFDO SXEOLFDWLRQV

WHPS� WHPSHUDWXUH

7,) WHOHSKRQH LQIOXHQFH IDFWRU

73� 73V WHFKQLFDO SXEOLFDWLRQV

WXUER WXUERFKDUJHU

8+) XOWUDKLJK IUHTXHQF\

81& 8QLILHG FRDUVH WKUHDG �ZDV 1&�

81) 8QLILHG ILQH WKUHDG �ZDV 1)�

8/ 8QGHUZULWHU·V /DERUDWRULHV� ,QF�

8�6 XQGHUVL]H

8�6�$� 8QLWHG 6WDWHV RI $PHULFD

9 YROW� YROWV

YDF YROWV DOWHUQDWLQJ FXUUHQW

YGF YROWV GLUHFW FXUUHQW

9+) YHU\ KLJK IUHTXHQF\

: ZDWW� ZDWWV
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$SSHQGLFHV %��73����� ����

$SSHQGL[ %� &RPPRQ +DUGZDUH $SSOLFDWLRQ *XLGHOLQHV

8VH WKH LQIRUPDWLRQEHORZDQGRQ WKH IROORZLQJSDJHV WR LGHQWLI\ SURSHU

IDVWHQLQJ WHFKQLTXHV ZKHQ QR VSHFLILF UHIHUHQFH IRU UHDVVHPEO\ LV

PDGH�

%ROW�6FUHZ /HQJWK� :KHQ EROW�VFUHZ OHQJWK LV QRW JLYHQ� XVH )LJXUH �

DV D JXLGH� $V D JHQHUDO UXOH� D PLQLPXP OHQJWK RI RQH WKUHDG EH\RQG

WKH QXW DQG D PD[LPXP OHQJWK RI ��� WKH EROW�VFUHZ GLDPHWHU EH\RQG

WKH QXW LV WKH SUHIHUUHG PHWKRG�

:DVKHUV DQG 1XWV� 8VH VSOLW ORFN ZDVKHUV DV D EROW ORFNLQJ GHYLFH

ZKHUH VSHFLILHG� 8VH 6$( IODW ZDVKHUV ZLWK ZKL] QXWV� VSLUDORFN QXWV�

RU VWDQGDUG QXWV DQG SUHORDGLQJ �WRUTXH� RI WKH EROW LQ DOO RWKHU

DSSOLFDWLRQV�

6HH *HQHUDO 7RUTXH 6SHFLILFDWLRQV DQG RWKHU WRUTXH VSHFLILFDWLRQV LQ

WKH VHUYLFH OLWHUDWXUH�

�

3UHIHUUHG 1XW�%ROW &OHDUDQFH

8QDFFHSWDEOH 1XW�%ROW &OHDUDQFH

�� ��� RI %ROW 'LDPHWHU

�� 0LQ� � )XOO 7KUHDG %H\RQG 7RS RI 1XW

�� %HORZ 7RS RI 1XW

)LJXUH �� $FFHSWDEOH %ROW /HQJWKV

� �

� �

�

�
�

�

6WHSV IRU FRPPRQ KDUGZDUH DSSOLFDWLRQ�

�� 'HWHUPLQH HQWU\ KROH W\SH� URXQG RU VORWWHG�

�� 'HWHUPLQH H[LW KROH W\SH� IL[HG IHPDOH WKUHDG �ZHOG

QXW�� URXQG� RU VORWWHG�

)RU URXQG DQG VORWWHG H[LW KROHV� GHWHUPLQH LI

KDUGZDUH LV JUHDWHU WKDQ ��� LQFK LQ GLDPHWHU� RU

��� LQFK LQ GLDPHWHU RU OHVV� +DUGZDUH WKDW LV JUHDWHU

WKDQ ��� LQFK LQ GLDPHWHU WDNHV D VWDQGDUG QXW DQG

6$( ZDVKHU� +DUGZDUH ��� LQFK RU OHVV LQ GLDPHWHU

FDQ WDNH D SURSHUO\ WRUTXHGZKL] QXW RU VSLUDORFN QXW�

6HH WKH GLDJUDP EHORZ�

�� )ROORZ WKHVH6$(ZDVKHU UXOHVDIWHUGHWHUPLQLQJH[LW

KROH W\SH�

D� $OZD\V XVH D ZDVKHU EHWZHHQ KDUGZDUH DQG D

VORW�

E� $OZD\V XVH DZDVKHU XQGHU D QXW �VHH � DERYH IRU

H[FHSWLRQ��

F� 8VH DZDVKHU XQGHU D EROW ZKHQ WKH IHPDOH WKUHDG

LV IL[HG �ZHOG QXW��

�� 5HIHU WR WKH GLDJUDP EHORZ� ZKLFK GHSLFWV WKH

SUHFHGLQJ KDUGZDUH FRQILJXUDWLRQ SRVVLELOLWLHV�

�� &DS VFUHZ
�� (QWU\ KROH W\SHV
�� 6WDQGDUG QXW DQG 6$( ZDVKHU
�� :KL] QXW RU VSLUDORFN� XS WR ���µ GLD� KDUGZDUH
�� :HOG QXWV� DERYH ���µ GLD� KDUGZDUH
�� ([LW KROH W\SHV

)LJXUH �� $FFHSWDEOH +DUGZDUH
&RPELQDWLRQV



%�� $SSHQGLFHV 73����� ����

1RWHV



$SSHQGLFHV &��73����� ����

$SSHQGL[ &� *HQHUDO 7RUTXH 6SHFLILFDWLRQV

$PHULFDQ 6WDQGDUG )DVWHQHUV

8VH WKH IROORZLQJ VSHFLILFDWLRQV IRU $PHULFDQ 6WDQGDUG
IDVWHQHUV ZKHQ QR WRUTXH YDOXHV DUH JLYHQ HOVHZKHUH LQ
WKLV RU WKH VHUYLFH PDQXDO IRU D VSHFLILHG EROW�

7KH YDOXHV JLYHQ DUH EDVHG RQ QHZ SODWHG WKUHDGV�
,QFUHDVH YDOXHV E\ ��� LI QRQSODWHG WKUHDGV DUH XVHG�

7RUTXH $VVHPEOHG LQWR &DVW ,URQ RU 6WHHO
$VVHPEOHG LQWR

$OXPLQXP
6L]H

7RUTXH
0HDVXUHPHQW *UDGH � *UDGH � *UDGH � *UDGH � RU �

���� LQ� OEV� �1P� �� ����� �� ����� �� �� �����

����� LQ� OEV� �1P� �� ����� �� ����� �� �� �����

����� LQ� OEV� �1P� �� ����� �� ����� �� �� �����

������ LQ� OEV� �1P� �� ����� �� ������ ��� ����� �� �����

������ LQ� OEV� �1P� �� ����� ��� ������ ��� ������ �� �����

������� LQ� OEV� �1P� ��� ������ ��� ������ ��� ������ ��� ������

������� LQ� OEV� �1P� ��� ������ ��� ������ ��� ������ ��� ������

������ LQ� OEV� �1P� �� ���� �� ���� �� ���� �� ����

������ IW� OEV� �1P� �� ���� �� ���� �� ���� �� ����

������� IW� OEV� �1P� �� ���� �� ���� �� ����

������� IW� OEV� �1P� �� ���� �� ���� �� ����

������ IW� OEV� �1P� �� ���� �� ���� �� �����

������ IW� OEV� �1P� �� ���� �� ����� ��� �����

������� IW� OEV� �1P� �� ���� �� ����� ��� �����

������� IW� OEV� �1P� �� ���� ��� ����� ��� �����

������ IW� OEV� �1P� �� ����� ��� ����� ��� �����

������ IW� OEV� �1P� �� ����� ��� ����� ��� �����

������ IW� OEV� �1P� ��� ����� ��� ����� ��� �����

������ IW� OEV� �1P� ��� ����� ��� ����� ��� �����

��� IW� OEV� �1P� ��� ����� ��� ����� ��� ������

���� IW� OEV� �1P� ��� ����� ��� ����� ��� ������

0HWULF )DVWHQHUV

8VH WKH IROORZLQJ VSHFLILFDWLRQV IRU PHWULF IDVWHQHUV
ZKHQ QR WRUTXH YDOXHV DUH JLYHQ HOVHZKHUH LQ WKLV
PDQXDO IRU D VSHFLILHG EROW� 7KHVH YDOXHV DUH EDVHG RQ
QHZ SODWHG WKUHDGV�

,QFUHDVH YDOXHV E\ ��� LI QRQSODWHG WKUHDGV DUH XVHG�
6FUHZV WKUHDGHG LQWR DOXPLQXP PXVW KDYH WZR
GLDPHWHUV RI WKUHDGV HQJDJHG DQG PD\ UHTXLUH ��� RU
PRUH UHGXFWLRQ LQ WKH WRUTXH�

7RUTXH IW�OE �1P�

6L]H �PP� ��� ��� ����
)DVWHQHUV $VVHPEOHG

,QWR $OXPLQXP
� [ ���� � ��� � ��� � ���� � ���

� [ ���� �� ���� �� ���� �� ���� �� ����

� [ ���� �� ���� �� ���� �� ���� �� ����

�� [ ���� �� ���� �� ���� �� ���� �� ����

�� [ ���� �� ���� �� ���� �� ���� �� ����

�� [ ���� �� ���� �� ���� �� ����

�� [ ���� �� ���� �� ���� �� �����

�� [ ���� �� ���� �� ���� ��� �����

�� [ ���� �� ����� �� ����� ��� �����

�� [ ���� �� ����� ��� ����� ��� �����

�� [ ���� ��� ����� ��� ����� ��� �����

�� [ ���� ��� ����� ��� ����� ��� �����

�� [ ���� ��� ����� ��� ����� ��� �����
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$SSHQGL[ '� &RPPRQ +DUGZDUH ,GHQWLILFDWLRQ

6FUHZV�%ROWV�6WXGV
+HDG 6W\OHV

1XWV
1XW 6W\OHV

+H[� +HDG RU 0DFKLQH +HDG +H[� +HDG

+H[� +HDG RU 0DFKLQH +HDG
ZLWK :DVKHU

/RFN 1XW RU 1\ORFN 1XW

)ODW +HDG �I�K�P�� 6TXDUH 1XW

5RXQG +HDG �U�K�P�� &DS 1XW RU $FRUQ 1XW

3DQ +HDG :LQJ 1XW

6RFNHW +HDG &DS RU $OOHQ +HDG
&DS 1XW +DUGQHVV *UDGHV
6RFNHW +HDG RU $OOHQ +HDG
6KRXOGHU %ROW

$PHULFDQ 6WDQGDUG

6KHHW 0HWDO 6FUHZ *UDGH �

6WXG *UDGH �

'ULYH 6W\OHV 0HWULF

+H[� 1XPEHU VWDPSHG RQ KDUGZDUH

+H[� DQG 6ORWWHG

3KLOOLSV :DVKHUV

6ORWWHG :DVKHU 6W\OHV

+H[� 6RFNHW 3ODLQ

+DUGQHVV *UDGH 6SOLW /RFN RU 6SULQJ

$PHULFDQ 6WDQGDUG 6SULQJ RU :DYH

*UDGH � ([WHUQDO 7RRWK /RFN

*UDGH � ,QWHUQDO 7RRWK /RFN

*UDGH � ,QWHUQDO�([WHUQDO 7RRWK /RFN

*UDGH ���

0HWULF

1XPEHU VWDPSHG RQ KDUGZDUH�
��� VKRZQ ���

6DPSOH 'LPHQVLRQV

������ [ �

0DMRU 7KUHDG 'LDPHWHU ,Q )UDFWLRQDO ,QFKHV 2U 6FUHZ 1XPEHU 6L]H

/HQJWK ,Q ,QFKHV �6FUHZV DQG %ROWV�

7KUHDGV 3HU ,QFK

$PHULFDQ 6WDQGDUG �6FUHZV� %ROWV� 6WXGV� DQG 1XWV�

0HWULF �6FUHZV� %ROWV� 6WXGV� DQG 1XWV�
0������ [ ��

0DMRU 7KUHDG 'LDPHWHU ,Q 0LOOLPHWHUV

/HQJWK ,Q 0LOOLPHWHUV �6FUHZV DQG %ROWV�

'LVWDQFH %HWZHHQ 7KUHDGV ,Q 0LOOLPHWHUV

���� [ ��� [ ����

3ODLQ :DVKHUV

,QWHUQDO 'LPHQVLRQ

7KLFNQHVV

([WHUQDO 'LPHQVLRQ

/RFN :DVKHUV

,QWHUQDO 'LPHQVLRQ

���
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. .RKOHU &R�� ����� $OO ULJKWV UHVHUYHG�

73����� ����D

.2+/(5 &2� .RKOHU� :LVFRQVLQ �����
3KRQH ������������
)D[ ������������ �8�6�$� 6DOHV�� )D[ ������������ �,QWHUQDWLRQDO�
)RU WKH QHDUHVW VDOHV DQG VHUYLFH RXWOHW LQ 8�6�$� DQG &DQDGD
3KRQH ��������������

.RKOHUX 3RZHU 6\VWHPV
$VLD 3DFLILF +HDGTXDUWHUV
� -XURQJ 3LHU 5RDG
6LQJDSRUH ������
3KRQH ������������� )D[ ������������


