
Cat.No. W133-E1-3A

C200H-ID501/ID215
C200H-OD501/OD215
C200H-MD501/MD115/MD215

SYSMAC
Special I/O Units:
High-Density and Multiplex I/O

OPERATION MANUAL



&���+�,'����,'���
&���+�2'����2'���
&���+�0'����0'����0'���
6SHFLDO ,�2 8QLWV�
+LJK�'HQVLW\ DQG 0XOWLSOH[ ,�2
23(5$7,21 0$18$/

5HYLVHG -DQXDU\ ����



LY



�

�

�

Y

1RWLFH�
20521 SURGXFWV DUH PDQXIDFWXUHG IRU XVH DFFRUGLQJ WR SURSHU SURFHGXUHV E\ D TXDOLILHG RSHUDWRU
DQG RQO\ IRU WKH SXUSRVHV GHVFULEHG LQ WKLV PDQXDO�

7KH IROORZLQJ FRQYHQWLRQV DUH XVHG WR LQGLFDWH DQG FODVVLI\ SUHFDXWLRQV LQ WKLV PDQXDO� $OZD\V KHHG
WKH LQIRUPDWLRQ SURYLGHG ZLWK WKHP� )DLOXUH WR KHHG SUHFDXWLRQV FDQ UHVXOW LQ LQMXU\ WR SHRSOH RU GDP�
DJH WR WKH SURGXFW�

'$1*(5� ,QGLFDWHV LQIRUPDWLRQ WKDW� LI QRW KHHGHG� LV OLNHO\ WR UHVXOW LQ ORVV RI OLIH RU VHULRXV LQMXU\�

:$51,1* ,QGLFDWHV LQIRUPDWLRQ WKDW� LI QRW KHHGHG� FRXOG SRVVLEO\ UHVXOW LQ ORVV RI OLIH RU VHULRXV LQMXU\�

&DXWLRQ ,QGLFDWHV LQIRUPDWLRQ WKDW� LI QRW KHHGHG� FRXOG UHVXOW LQ UHODWLYHO\ VHULRXV RUPLQRU LQMXU\� GDP�
DJH WR WKH SURGXFW� RU IDXOW\ RSHUDWLRQ�

20521 3URGXFW 5HIHUHQFHV
$OO 20521 SURGXFWV DUH FDSLWDOL]HG LQ WKLV PDQXDO� 7KH ZRUG ´8QLWµ LV DOVR FDSLWDOL]HG ZKHQ LW UHIHUV
WR DQ 20521 SURGXFW� UHJDUGOHVV RI ZKHWKHU RU QRW LW DSSHDUV LQ WKH SURSHU QDPH RI WKH SURGXFW�

7KH DEEUHYLDWLRQ ´&K�µ ZKLFK DSSHDUV LQ VRPH GLVSOD\V DQG RQ VRPH 20521 SURGXFWV� RIWHQ PHDQV
´ZRUGµ DQG LV DEEUHYLDWHG ´:Gµ LQ GRFXPHQWDWLRQ LQ WKLV VHQVH�

7KH DEEUHYLDWLRQ ´3&µ PHDQV 3URJUDPPDEOH &RQWUROOHU DQG LV QRW XVHG DV DQ DEEUHYLDWLRQ IRU DQ\�
WKLQJ HOVH�

9LVXDO $LGV
7KH IROORZLQJ KHDGLQJV DSSHDU LQ WKH OHIW FROXPQ RI WKH PDQXDO WR KHOS \RX ORFDWH GLIIHUHQW W\SHV RI
LQIRUPDWLRQ�

1RWH ,QGLFDWHV LQIRUPDWLRQ RI SDUWLFXODU LQWHUHVW IRU HIILFLHQW DQG FRQYHQLHQW RSHUDWLRQ
RI WKH SURGXFW�

�� �� ���� �� ,QGLFDWHV OLVWV RI RQH VRUW RU DQRWKHU� VXFK DV SURFHGXUHV� FKHFNOLVWV� HWF�

» 20521� ����
$OO ULJKWV UHVHUYHG� 1R SDUW RI WKLV SXEOLFDWLRQ PD\ EH UHSURGXFHG� VWRUHG LQ D UHWULHYDO V\VWHP� RU WUDQVPLWWHG� LQ DQ\
IRUP� RU E\ DQ\ PHDQV� PHFKDQLFDO� HOHFWURQLF� SKRWRFRS\LQJ� UHFRUGLQJ� RU RWKHUZLVH� ZLWKRXW WKH SULRU ZULWWHQ SHUPLV�
VLRQ RI 20521�

1R SDWHQW OLDELOLW\ LV DVVXPHG ZLWK UHVSHFW WR WKH XVH RI WKH LQIRUPDWLRQ FRQWDLQHG KHUHLQ� 0RUHRYHU� EHFDXVH 20521 LV
FRQVWDQWO\ VWULYLQJ WR LPSURYH LWV KLJK�TXDOLW\ SURGXFWV� WKH LQIRUPDWLRQ FRQWDLQHG LQ WKLV PDQXDO LV VXEMHFW WR FKDQJH
ZLWKRXW QRWLFH� (YHU\ SUHFDXWLRQ KDV EHHQ WDNHQ LQ WKH SUHSDUDWLRQ RI WKLV PDQXDO� 1HYHUWKHOHVV� 20521 DVVXPHV QR
UHVSRQVLELOLW\ IRU HUURUV RU RPLVVLRQV� 1HLWKHU LV DQ\ OLDELOLW\ DVVXPHG IRU GDPDJHV UHVXOWLQJ IURP WKH XVH RI WKH LQIRUPD�
WLRQ FRQWDLQHG LQ WKLV SXEOLFDWLRQ�
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6(&7,21 �
+DUGZDUH 'HVFULSWLRQ �� � � � � � � � � � � � � � � � � � � � � � � � � � � � �

��� ,QWURGXFWLRQ �� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
��� 1RPHQFODWXUH �� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
��� &RQQHFWRU $VVHPEO\ �� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
��� 6\VWHP &RQQHFWLRQV �� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

6(&7,21 �
)XQFWLRQDO 'HVFULSWLRQ ��� � � � � � � � � � � � � � � � � � � � � � � � � � � �

��� 4XLFN�5HVSRQVH ,QSXW ��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
��� '\QDPLF ,QSXW ��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
��� '\QDPLF 2XWSXW ��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

6(&7,21 �
,�2 5HIUHVK ��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
6(&7,21 �
$SSOLFDWLRQ ([DPSOH ��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
$SSHQGLFHV ��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

$� 6WDQGDUG 0RGHOV ��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
%� 6SHFLILFDWLRQV ��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
&� 7URXEOHVKRRWLQJ ��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

*ORVVDU\ ��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
,QGH[ ��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
5HYLVLRQ +LVWRU\ ��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
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$ERXW WKLV 0DQXDO�

7KLV PDQXDO H[SODLQV RSHUDWLRQV RI WKH +LJK�'HQVLW\ DQG 0XOWLSOH[ 8QLWV� SHULSKHUDO GHYLFHV IRU 20�
521 &�VHULHV 3URJUDPPDEOH &RQWUROOHUV WKDW DUH XVHG WR LQWHUIDFH WKH 3& WR LQSXW GHYLFHV DQG ,�2
VRXUFHV�

6HFWLRQ � SURYLGHV DQ LQWURGXFWLRQ WR WKH VZLWFKHV DQG LQGLFDWRUV IRXQG RQ WKH +LJK�'HQVLW\ DQG 0XO�
WLSOH[ 8QLWV DQG GHVFULEHV SRVVLEOH V\VWHP FRQILJXUDWLRQV�

6HFWLRQ � GHVFULEHV WKH IXQFWLRQV DQG RSHUDWLRQV RI WKH 8QLWV�

6HFWLRQ � H[SODLQV WKH UHODWLRQ EHWZHHQ WKH VFDQ WLPH DQG ,�2 UHIUHVK�

6HFWLRQ � VKRZV DQ DSSOLFDWLRQ H[DPSOH�

$SSHQGLFHV� D *ORVVDU\� DQG DQ ,QGH[ DUH DOVR LQFOXGHG�

:$51,1* )DLOXUH WR UHDG DQG XQGHUVWDQG WKH LQIRUPDWLRQ SURYLGHG LQ WKLV PDQXDO PD\ UHVXOW LQ
SHUVRQDO LQMXU\ RU GHDWK� GDPDJH WR WKH SURGXFW� RU SURGXFW IDLOXUH� 3OHDVH UHDG HDFK
VHFWLRQ LQ LWV HQWLUHW\ DQG EH VXUH \RX XQGHUVWDQG WKH LQIRUPDWLRQ SURYLGHG LQ WKH VHFWLRQ
DQG UHODWHG VHFWLRQV EHIRUH DWWHPSWLQJ DQ\ RI WKH SURFHGXUHV RU RSHUDWLRQV JLYHQ�

�
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6(&7,21 �
+DUGZDUH 'HVFULSWLRQ

7KH &���+ +LJK�'HQVLW\ DQG 0XOWLSOH[ ,�2 8QLWV DUH 6SHFLDO ,�2 8QLWV� 7KLV VHFWLRQ GHVFULEHV WKH SK\VLFDO OD\RXW� V\V�
WHP FRQQHFWLRQV� DQG ELW DOORFDWLRQV RI WKH 8QLWV�

��� ,QWURGXFWLRQ �� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
��� 1RPHQFODWXUH �� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
��� &RQQHFWRU $VVHPEO\ �� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
��� 6\VWHP &RQQHFWLRQV �� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

����� %LW $OORFDWLRQV �� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
����� 8QLW &RQQHFWLRQV �� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
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��� ,QWURGXFWLRQ
7KH WHUP PXOWLSOH[ PHDQV WR XVH RQH SDWK IRU VHYHUDO VLJQDOV� $ PXOWLSOH[HU
LV DQ ,�2 GHYLFH WKDW URXWHV GDWD IURP VHYHUDO VRXUFHV WR D FRPPRQ SDWK DQG
WKHQ WR VHYHUDO GHVWLQDWLRQV� 7KLV LV WKH PDLQ IXQFWLRQ RI WKH &���+ +LJK�
'HQVLW\ DQG 0XOWLSOH[ ,�2 8QLWV� 7KH 8QLWV DOVR FDQ UHFHLYH YHU\ VKRUW LQSXW
VLJQDO� $ VSHFLDO KLJK�VSHHG EXIIHU LV XVHG WR KROG VKRUW LQSXW VLJQDOV XQWLO WKH
QH[W UHIUHVK F\FOH� 7KLV IXQFWLRQ LV FDOOHG D TXLFN�UHVSRQVH LQSXW�

6HYHQ YHUVLRQV RI WKH &���+ H[LVW DQG DUH FKRVHQ GHSHQGLQJ RQ WKH QXPEHU
RI ,�2 SRLQWV QHHGHG DQG WKH UDWHG VXSSO\ YROWDJH�

&���+ 8QLWV
8QLW 0RGHO 1R� ,QSXW 2XWSXW 6XSSO\

9ROWDJH
'HVFULSWLRQ

77/ ,QSXW 8QLW &���+�,'��� �� SWV� ��� � 9'& ���SRLQW LQSXW

���9'& ,QSXW
8QLW

&���+�,'��� �� SWV� ��� �� 9'&

S S

� SRLQWV DYDLODEOH DV TXLFN�UHVSRQVH LQSXWV

77/ 2XWSXW 8QLW &���+�2'��� ��� �� SWV� � 9'& 6HOHFWDEOH EHWZHHQ ���SRLQW RXWSXW RU G\QDPLF RXWSXW
G7UDQVLVWRU

2XWSXW 8QLW
&���+�2'��� ��� �� SWV� �� 9'&

S S \ S
PRGH

77/ ,�2 8QLW &���+�0'��� �� SWV� �� SWV� � 9'& 6HOHFWDEOH EHWZHHQ ���SRLQW ,�2 RU G\QDPLF LQSXW
G���9'&

,QSXW�7UDQVLVWRU
2XWSXW

&���+�0'��� �� SWV� �� SWV� �� 9'&
S � \ S

PRGH

� SRLQWV DYDLODEOH DV TXLFN�UHVSRQVH LQSXWV

���9'&
,QSXW�7UDQVLVWRU
2XWSXW

&���+�0'��� �� SWV� �� SWV� �� 9'&

7KH &���+ 8QLWV RSHUDWH DV 6SHFLDO ,�2 8QLWV� 8S WR �� &���+ VSHFLDO ,�2
8QLWV� LQFOXGLQJ 3& /LQN 8QLWV� FDQ EH PRXQWHG RQ WKH &38� ,�2 ([SDQVLRQ�
RU 5HPRWH ,�2 6ODYH 5DFNV�

7KH IROORZLQJ WDEOH OLVWV DOO RI WKH DYDLODEOH SHULSKHUDO 8QLWV LQ WKH &�VHULHV�

8QLW 0RGHO 1R�
+LJK�'HQVLW\ DQG 0XOWLSOH[ ,�2 8QLWV &���+�,'���

&���+�,'���
&���+�2'���
&���+�2'���
&���+�0'���
&���+�0'���
&���+�0'���

+LJK�6SHHG &RXQWHU &���+�&7����9�
&���+�&7���

$�' 8QLW &���+�$'���
'�$ 8QLW &���+�'$���
3RVLWLRQ &RQWURO 8QLW &���+�1&���

&���+�1&���
&���+�1&���

7HPSHUDWXUH 6HQVRU 8QLW &���+�76���
&���+�76���
&���+�76���
&���+�76���

,' 6HQVRU 8QLW &���+�,'6��
9RLFH 8QLW &���+�29���

6\VWHP &RQILJXUDWLRQ

,QWURGXFWLRQ 6HFWLRQ ���



�

8QLW 0RGHO 1R�
$6&,, 8QLW &���+�$6&��
3& /LQN 8QLW &���+�/.���

7KH PD[LPXP QXPEHU RI 6SHFLDO ,�2 8QLWV WKDW FDQ EH PRXQWHG WR D 5HPRWH
6ODYH 5DFN GLIIHUV GHSHQGLQJ RQ WKH JURXS �$� %� &� RU '� DV VKRZQ LQ WKH
IROORZLQJ WDEOH� WR ZKLFK WKH\ EHORQJ�

$Q PD[LPXP RI WHQ 8QLWV FDQ EH PRXQWHG WR RQH 5HPRWH ,�2 6ODYH 5DFN�
7KH 1&��� 3RVLWLRQ &RQWURO 8QLW LV FRXQWHG DV WZR 8QLWV DQG� LI D 3& /LQN
8QLW LV XVHG� LW LV FRXQWHG DV RQH 8QLW�

7KLV LQIRUPDWLRQ LQ WKLV WDEOH DSSOLHV ZKHQ QR RWKHU 6SHFLDO ,�2 8QLWV DUH
PRXQWHG WR RWKHU 5DFNV �3& RU ([SDQVLRQ ,�2 5DFNV� DQG WKH 8QLWV LQ WKLV
WDEOH DUH PRXQWHG RQO\ WR D 5HPRWH ,�2 6ODYH 5DFN�

$ % & '
+LJK�6SHHG &RXQWHU�
3RVLWLRQ &RQWURO 8QLW
�1&����1&����� $6&,, 8QLW�
$QDORJ ,�2 8QLW� ,' 6HQVRU
8QLW

+LJK�'HQVLW\ DQG 0XOWLSOH[
,�2 8QLW

7HPSHUDWXUH 6HQVRU 8QLW 3RVLWLRQ &RQWURO 8QLW
�1&����

� 8QLWV PD[� ��� ��� ���
��� � 8QLWV PD[� ��� ���
��� ��� � 8QLWV PD[� ���
��� ��� ��� � 8QLWV PD[�

:KHQ FRPELQLQJ 8QLWV IURP JURXSV $� %� &� DQG '� XVH WKH IROORZLQJ IRUPXOD�

�$ � % � �& � �' � ��
$ � % � & � ' � �

0RXQWLQJ WR D 5HPRWH ,�2
6ODYH 5DFN

,QWURGXFWLRQ 6HFWLRQ ���
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��� 1RPHQFODWXUH
7KH IURQW SDQHO KDV WKH � ,�2 FRQQHFWRUV �&1�� &1��� WKH XQLW �PDFKLQH�
QXPEHU VHOHFWLRQ GLDO� DQG WKH DFWLYH ELW GLVSOD\� 7KH UHDU SDQHO KDV WKH 3&
%DFNSODQH FRQQHFWRU DQG WKH ZRUG VHOHFWLRQ ',3 VZLWFK�

7KH IROORZLQJ GLDJUDP VKRZV WKH IURQW SDQHO�

,'���

0$&+,1(

1R�

&1� &1�

%$ $%

���

� ��

'LVSOD\

8QLW �PDFKLQH� QXPEHU

VHOHFWLRQ GLDO

,�2 FRQQHFWRUV

:KHQ WKH 8QLW LV UXQQLQJ� 581 LV OLW�
7KH &1�� � WR �� DQG &1�� � WR ��
/('V DUH OLW ZKHQ WKH FRUUHVSRQGLQJ
,�2 SRLQWV DUH 21 �VWDWLF PRGH RQO\��

1RWH 7KH GLVSOD\ /('V DUH OLW GXULQJ QRUPDO RSHUDWLQJ SHULRGV� :KHQ DQ HUURU RF�
FXUV� WKH\ DUH XQOLW� :KHQ 581 LV XQOLW� ,�2 UHIUHVK LV QRW SHUIRUPHG� :KHQ
WKH G\QDPLF ,�2 LV XVHG� WKH GLVSOD\ RSHUDWHV GLIIHUHQWO\ IURP WKH VWDWLF PRGH�
5HIHU WR ��� '\QDPLF ,QSXW DQG ��� '\QDPLF 2XWSXW IRU GHWDLOV� :KHQ VHWWLQJ
WKH 8QLW QXPEHUV� WDNH FDUH QRW WR XVH WKH VDPH QXPEHU IRU PRUH WKDQ RQH
XQLW RQ WKH VDPH 3&� $Q HUURU ZLOO UHVXOW LI WKH VDPH QXPEHU LV XVHG�

1RPHQFODWXUH 6HFWLRQ ���



�

%DFN 3DQHO ',3 6ZLWFK 7KH EDFN SDQHO ',3 VZLWFK FRQWUROV WKH FRQILJXUDWLRQ IRU ,�2 WLPLQJ� ,�2
PRGHV� DQG WKH TXLFN�UHVSRQVH LQSXW�

� � � � � �

2))

21

2))

21

1HJDWLYH ORJLF RXWSXW

3RVLWLYH ORJLF RXWSXW

�� PV PD[�

2))

21

��� PV PD[�

� PV

� PV2))

21

2))

21 4XLFN�UHVSRQVH LQSXW

1RUPDO LQSXW

1RW XVHG

'\QDPLF GDWD RXWSXW ORJLF
�&���+�2'������� G\QDPLF PRGH RQO\�

,QSXW UHVSRQVH WLPH �IRU QRUPDO LQSXW�

�&���+�,'�������� &���+�0'����������� RQO\�

4XLFN�UHVSRQVH LQSXW
�&���+�,'�������� &���+�0'�����������
TXLFN�UHVSRQVH PRGH RQO\�

0LQLPXP SXOVH ZLGWK

4XLFN�UHVSRQVH LQSXW
�&���+�,'�������� &���+�0'����������� VWDWLF
PRGH RQO\�

PRGH FRQWURO

21

&���+�2'�������

���SRLQW 6WDWLF�2XWSXW

����SRLQW '\QDPLF�
,QSXW

���SRLQW 6WDWLF ,�2

&���+�0'�����������

2))

����SRLQW '\QDPLF�
2XWSXW

6:�

�QRW XVHG IRU &���+�,'��������

1RWH :KHQ TXLFN�UHVSRQVH PRGH LV XVHG� WKH ,�2 FRQQHFWRU &1� SLQV �� WKURXJK
�� DUH XVHG DV WKH TXLFN�UHVSRQVH LQSXWV� 7KH RWKHU LQSXWV UHVSRQVH WLPH LV
GHWHUPLQHG E\ WKH 6:� VHWWLQJ�

1RPHQFODWXUH 6HFWLRQ ���
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7KH IROORZLQJ WDEOH VKRZV WKH VZLWFK VHWWLQJV IRU HDFK LQGLYLGXDO 8QLW�

0RGHO 6:� 6:� 6:� 6:� 6:� 6:�
&���+�,'������� ï � D � ï ï

&���+�2'������� 2)) ï ï ï ï ï
21 ï ï ï � ï

&���+�0'����������� 2)) � D � ï ï

21 ï ï ï ï ï

1RWH �� ï VLJQLILHV WKDW WKH VZLWFK VHWWLQJ LV LUUHOHYDQW�
�� D VLJQLILHV WKDW WKH VZLWFK PXVW EH VHW ZKHQ WKH TXLFN�UHVSRQVH PRGH LV

XVHG�
�� � VLJQLILHV WKDW WKH VZLWFK VHWWLQJ LV PDQGDWRU\�

6HW WKH VZLWFKHV DV VKRZQ LQ WKH WDEOH DQG LQ WKH H[SODQDWRU\ GLDJUDP�

��� &RQQHFWRU $VVHPEO\
3ULRU WR XVH� DVVHPEOH WKH ,�2 FRQQHFWRU VXSSOLHG ZLWK WKH 8QLW� :LUH DQG
DVVHPEOH WKH FRQQHFWRU DV VKRZQ LQ WKH ILJXUHV� 7KH UHFRPPHQGHG ZLUH
VL]H LV IURP $:*�� WR $:*�� ���� PP� WR ���� PP��� 7KH FXUUHQW FDSDFLW\
GLIIHUV GHSHQGLQJ RQ WKH DPELHQW WHPSHUDWXUH RI WKH LQVWDOODWLRQ DUHD DQG WKH
WKLFNQHVV RI WKH ZLUH� .HHS WKLV LQ PLQG ZKHQ GHFLGLQJ RQ WKH ZLUH�

,QVXODWLRQ WXEH
:LUH ���� PP� WR
���� PP� PD[��

&RQQHFWRU :LULQJ

&RQQHFWRU

&RQQHFWRU $VVHPEO\

+RXVLQJ

&RQQHFWRU

&RQQHFWRU ORFN VFUHZ

7KUHH� QXW

7KUHH� VPDOO VFUHZ

7ZR� VPDOO VFUHZ

&DEOH FODPS

7ZR� QXW

�����

��

��

�

0�

�����

���

����� ����

���

&RQQHFWRU $VVHPEO\

1RWH� 7KH GLPHQVLRQV RI WKH SUHVV�ILW
FRQQHFWRU GLIIHU IURP WKH DERYH�

&RQQHFWRU $VVHPEO\ 6HFWLRQ ���



�

%H FDUHIXO QRW WR VKRUW WHUPLQDOV WRJHWKHU� $IWHU VROGHULQJ SXW LQVXODWLRQ WXELQJ
RYHU HDFK WHUPLQDO WR SURWHFW WKHP IURP VKRUWV� %HIRUH VROGHULQJ WKH ZLUH WR
WKH WHUPLQDO� YHULI\ WKH SLQ DQG VLJQDO QDPHV PDWFK�

,I WKH SRODULW\ RI WKH RXWSXW SRZHU VXSSO\ LV LQFRUUHFW� WKH LQWHUQDO IXVH ZLOO
EORZ� 7KH LQWHUQDO IXVH LV GHVLJQHG WR SURWHFW WKH LQWHUQDO FLUFXLWU\ IURP GDP�
DJH E\ LQFRUUHFW YROWDJH SRODULW\ DSSOLHG WR WKH FRQQHFWRU�

7KH LQWHUQDO IXVH LV QRW XVHU�UHSODFHDEOH�

'R QRW UHPRYH WKH VKLSSLQJ ODEHO IURP WKH 8QLW XQWLO WKH ZLULQJ LV ILQLVKHG� ,I
WKH ODEHO LV UHPRYHG� ZLUH IUDJPHQWV PD\ IDOO LQWR WKH 8QLW� %H VXUH WR UHPRYH
WKH ODEHO DIWHU ZLULQJ� 7KH 8QLW JHQHUDWHV KHDW ZKHQ RSHUDWLQJ DQG PD\ PHOW
WKH ODEHO�

7KH IROORZLQJ GLDJUDP VKRZV WKH 8QLW ZLWK WKH VKLSSLQJ ODEHO DWWDFKHG DQG
UHPRYHG�

'XULQJ ZLULQJ $IWHU ZLULQJ

��� 6\VWHP &RQQHFWLRQV

����� %LW $OORFDWLRQV
7KH XQLW QXPEHU VHWWLQJ VZLWFK ORFDWHG RQ WKH IURQW SDQHO LV XVHG WR VHW D
XQLTXH QXPEHU IRU HDFK 8QLW VR WKDW WKH SURSHU ZRUGV ZLOO EH DOORFDWHG WR
HDFK UHVSHFWLYH 8QLW� 7KH IROORZLQJ WDEOH VKRZV WKH 8QLW QXPEHUV DQG FRUUH�
VSRQGLQJ ZRUG QXPEHUV�

8QLW 1XPEHU 6HWWLQJV DQG &RUUHVSRQGLQJ :RUG $OORFDWLRQV
8QLW 1R� :RUG

� ��� WR ���
� ��� WR ���
� ��� WR ���
� ��� WR ���
� ��� WR ���
� ��� WR ���
� ��� WR ���
� ��� WR ���
� ��� WR ���
� ��� WR ���

7KH GDWD LV UHIUHVKHG HYHU\ F\FOH UHJDUGOHVV RI WKH 8QLW QXPEHU VHOHFWHG�
7KH GDWD LV UHIUHVKHG ZKHQ LW LV VHQW IURP WKH 3& WR WKH ,�2 8QLW� DQG DJDLQ
ZKHQ LW LV UHFHLYHG E\ WKH 3&�

6\VWHP &RQQHFWLRQV 6HFWLRQ ���



�

�� 3RLQW 6WDWLF ,�2 3RLQWV )RU DOO PRGHOV H[FHSW WKH &���+�,'�������� VHWWLQJ 6:� WR 2)) VHWV WKH
8QLW WR WKH VWDWLF ,�2 PRGH� 7KH IROORZLQJ WDEOH VKRZV WKH ,�2 FRQILJXUDWLRQ
ZKHQ VHW IRU VWDWLF PRGH�

:RUG Q &1�
:RUG Q�� &1�
:RUG Q�� WR Q�� 7KHVH ZRUGV DUH QRW XVHG ZKHQ VHW IRU

VWDWLF ,�2� 7KH\ FDQ EH XVHG DV DX[LOLDU\
LQSXWV�

1RWH �Q  ��� � �� [ XQLW QXPEHU�

'\QDPLF ,�2 3RLQWV )RU PRGHOV &���+�2'������� DQG &���+�0'������������ VHWWLQJ 6:� WR
21 VHWV WKH 8QLW WR WKH G\QDPLF ,�2 PRGH� 7KH IROORZLQJ WDEOH VKRZV WKH ,�2
FRQILJXUDWLRQ ZKHQ VHW IRU G\QDPLF PRGH�

%LW �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ��
'DWD QXPEHU � � � � � � � � � � � � � � � �
:RUG QXPEHU :RUG Q 6WUREH � 6WUREH �

:RUG Q � � 6WUREH � 6WUREH �
:RUG Q � � 6WUREH � 6WUREH �
:RUG Q � � 6WUREH � 6WUREH �

%LW �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ��
'DWD QXPEHU �� �� �� �� �� �� � � �� �� �� �� �� �� � �
:RUG QXPEHU :RUG Q � � 6WUREH � 6WUREH �

:RUG Q � � 6WUREH �� 6WUREH ��
:RUG Q � � 6WUREH �� 6WUREH ��
:RUG Q � � 6WUREH �� 6WUREH ��

7KH XQXVHG ZRUGV �Q�� DQG Q��� FDQ EH XVHG DV DX[LOLDU\ LQSXWV�

'HSHQGLQJ RQ WKH 8QLW� WKH WHUPLQDO FRQQHFWRU WKDW FRUUHVSRQGV WR WKH GDWD
DQG VWUREH QXPEHUV GLIIHUV� 7KH WDEOH EHORZ VKRZV WKH GLIIHUHQFHV�

0RGHO 1R� &1� &1�
% $ $ %

&���+�2'������� 6WUREH � WR � 'DWD � WR � 'DWD � WR �� 6WUREH � WR ��
&���+�0'����������� 6WUREH � WR �� 6WUREH � WR � 'DWD � WR � 'DWD � WR ��

����� 8QLW &RQQHFWLRQV
7KLV VHFWLRQ LOOXVWUDWHV WKH LQSXW FRQQHFWLRQV IURP H[WHUQDO GHYLFHV WR WKH ,�2
8QLW DUH LOOXVWUDWHG KHUH� 7KH IROORZLQJ GLDJUDPV VKRZ H[DPSOHV RI ZLULQJ
FRQYHQWLRQV XVHG WR FRQQHFW WKH 8QLWV� %H VXUH WR IROORZ WKH VSHFLILFDWLRQV RI
WKH 8QLW WR DYRLG GDPDJH RU RSHUDWLRQDO SUREOHPV�

'& ,�2 &RQQHFWLRQV
&RQWDFW 3RLQW &RQQHFWLRQ

�&20

,1

'& LQSXW

6\VWHP &RQQHFWLRQV 6HFWLRQ ���
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131 2SHQ &ROOHFWRU 2XWSXW

&20

,1

'& LQSXW

�

2XWSXW

� P$
� 9

6HQVRU
SRZHU
VXSSO\

­

131 &XUUHQW 2XWSXW

&20

,1

'& LQSXW

�

2XWSXW

� P$
� 9

�

8VH WKH VDPH SRZHU VXSSO\
IRU ERWK WKH LQSXW DQG VHQVRU

&RQVWDQW�
FXUUHQW
FLUFXLW

­

313 &XUUHQW 2XWSXW

&20

,1

'& LQSXW

6HQVRU
SRZHU
VXSSO\

�

2XWSXW

� P$

� 9 ­

9ROWDJH 2XWSXW &RQQHFWLRQ
7KH IROORZLQJ GLDJUDP VKRZV KRZ WR FRQQHFW D 8QLW LQ D YROWDJH RXWSXW FRQ�
ILJXUDWLRQ�

&RUUHFW &RQQHFWLRQ

&20

,1

'& LQSXW

6HQVRU
SRZHU
VXSSO\

�

2XWSXW

� 9

­

,QFRUUHFW &RQQHFWLRQ

&20

,1

'& LQSXW

6HQVRU
SRZHU
VXSSO\

�

2XWSXW

� 9

6\VWHP &RQQHFWLRQV 6HFWLRQ ���
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77/ &RQQHFWLRQ
2QO\ WKH IROORZLQJ PRGHOV FDQ EH XVHG ZLWK 77/ FRQQHFWLRQV�

�� �� ���� �� &���+�,'��� ����SRLQW LQSXW�
�� &���+�2'�������SRLQW RXWSXW�
�� &���+�0'��� ����SRLQW LQSXW � ���SRLQW RXWSXW�
7KH IROORZLQJ GLDJUDPV VKRZ H[DPSOHV RI 77/ FRQQHFWLRQV�

77/ ,QSXW ,Q WKH H[DPSOH EHORZ� QHJDWLYH ORJLF LQSXW LV XVHG� :KHQ D /2: ��� LV UH�
FHLYHG� WKH ORJLF OHYHO ZLOO EH +,*+ ���� 7KH 77/ EXIIHU XVHG VKRXOG EH D FXU�
UHQW VLQN�

,1

&20

�

9'&

����

��� NW

��� NW

&���+�,'���

&���+�0'���

,I WKH 77/ EXIIHU LV D FXUUHQW VRXUFH� WKH FRQQHFWLRQ ZLOO QRW ZRUN� %HFDXVH
WKH EXIIHU·V +,*+ RXWSXW YROWDJH OHYHO LV ORZHU WKDQ WKH 77/ LQSXW 8QLW·V /2:
OHYHO ���� 9�� WKH LQSXW ZLOO QRW EH UHFRJQL]HG�

7KH IROORZLQJ GLDJUDP VKRZV DQ H[DPSOH RI D FRQQHFWLRQ XVLQJ D FXUUHQW
VRXUFH EXIIHU�

&XUUHQW 6RXUFH %XIIHU &RQQHFWLRQ �LQFRUUHFW�

,1

&20

77/ %XIIHU

�

77/ ,QSXW

&���+�,'���

&���+�0'���

77/ 2XWSXW ,Q WKH H[DPSOH� QHJDWLYH ORJLF RXWSXW LV XVHG� :KHQ D +,*+ ��� LV VHQW� WKH
ORJLF OHYHO DW WKH RXWSXW WHUPLQDO ZLOO EH /2: ����

9

287

&20

�6&����

��/6��

��/6��

�

�
9'&

��� NW

��� NW

��� NW

&���+�2'���

&���+�0'���

7KH &���+�2'��� DQG 0'������� WUDQVLVWRU RXWSXW 8QLWV FDQQRW EH FRQ�
QHFWHG GLUHFWO\ WR 77/ ORJLF EHFDXVH RI WKH UHVLGXDO YROWDJH RI WKH WUDQVLVWRUV�
,Q RUGHU WR FRQQHFW WR 77/� XVH D &026�,& WR UHFHLYH WKH WUDQVLVWRU RXWSXWV�
,I D &026�,& LV XVHG� WKH WUDQVLVWRU RXWSXWV ZLOO QHHG SXOOGRZQ UHVLVWRUV�

:KHQ D GRXEOH�ZLUH VHQVRU VXFK DV D SUR[LPLW\ VZLWFK� SKRWR�HOHFWULF VZLWFK
RU DQ /(' OLPLW VZLWFK LV XVHG� LQSXW HUURUV ZLOO RFFXU EHFDXVH RI OHDNDJH FXU�
UHQW� :KHQ WKH VHQVRU VZLWFKHV DUH WXUQHG 2))� WKH OHDNDJH FXUUHQW IORZV
DQG WKH YROWDJH EHWZHHQ WKH FRPPRQ DQG LQSXW WHUPLQDOV EHFRPHV KLJKHU
WKDQ WKH VSHFLILHG LQSXW 2)) YROWDJH�

�������9'& ,QSXW /HDNDJH
&XUUHQW

6\VWHP &RQQHFWLRQV 6HFWLRQ ���



��

,I WKH OHDNDJH FXUUHQW LV OHVV WKDQ ��� P$� QR HUURUV ZLOO RFFXU� ,I WKH OHDNDJH
FXUUHQW LV PRUH WKDQ ��� P$� FRQQHFW D EOHHGHU UHVLVWRU DV H[SODLQHG LQ WKH
IROORZLQJ GLDJUDP WR ORZHU WKH LQSXW LPSHGDQFH DQG EULQJ WKH YROWDJH EH�
WZHHQ WKH FRPPRQ DQG LQSXW WHUPLQDOV WR WKH 2)) FRQGLWLRQ�

'RXEOH
ZLUH
VHQVRU

,QSXW SRZHU

%OHHGHU UHVLVWRU

����� 9'&

&���+�,'���

&���+�0'�������

5

5  
����

��� � I � ���
�NW� PD[�

I� /HDNDJH &XUUHQW �P$�
5� %OHHGHU 5HVLVWRU 9DOXH �NW�

:� %OHHGHU 5HVLVWRU :DWW 5DWLQJ �:�:  
���

5
�:� PLQ�

7KH DERYH HTXDWLRQV DUH GHULYHG IURP WKH VSHFLILFDWLRQ WDEOHV RI HDFK 8QLW

5 �
, �

: �

,QSXW 9ROWDJH ����� 9

,QSXW &XUUHQW ��� P$

5
� �

5 � ,QSXW 9ROWDJH ����� 9

,QSXW &XUUHQW ��� P$

� 2)) ���� 9�

,QSXW 9ROWDJH ����� 9 � ,QSXW 9ROWDJH ����� 9

6XUJH &XUUHQW :KHQ XVLQJ D WUDQVLVWRU RU 77/ RXWSXW� GR QRW FRQQHFW ORDGV WKDW KDYH D
ODUJH DPRXQW RI VXUJH FXUUHQW� ,I WKH RXWSXW LV FRQQHFWHG WR WKLV W\SH RI D GH�
YLFH �LQFDQGHVFHQW OLJKW� HWF��� WKH RXWSXW WUDQVLVWRU ZLOO EH GHVWUR\HG� ,Q RUGHU
WR OHVVHQ WKH DPRXQW RI VXUJH FXUUHQW UHIHU WR WKH IROORZLQJ GLDJUDPV�

5
�

287

&20

//
5

�
287

&20

&RQQHFW D VHULHV FXUUHQW

OLPLWLQJ UHVLVWRU

$OORZLQJ ��� RI WKH UDWHG
GDUN FXUUHQW �UHVLGXDO YROW�
DJH LQ EXOE� WR IORZ WR WKH
LQFDQGHVFHQW EXOE

2XWSXW 6KRUW�&LUFXLWV ,I D ORDG FRQQHFWHG WR WKH RXWSXW WHUPLQDO VKRUW�FLUFXLWV� WKH RXWSXW FRPSR�
QHQW DQG WKH SULQWHG FLUFXLW ERDUG ZLOO EH GDPDJHG� &RQQHFW D IXVH EHWZHHQ
WKH H[WHUQDO ORDG DQG WKH RXWSXW WHUPLQDO WR JXDUG DJDLQVW VKRUW FLUFXLWV�

$Q H[WHUQDO IXVH LV QHFHVVDU\ EHFDXVH WKH LQWHUQDO IXVH LV RQO\ XVHG WR SUR�
WHFW WKH 8QLW IURP FKDQJHV LQ SRZHU VXSSO\ SRODULW\� LW GRHV QRW SURWHFW
DJDLQVW VKRUW FLUFXLWV�

,�2 1RLVH 3UHYHQWLRQ

/D\LQJ ,�2 6LJQDO /LQHV 7KH VLJQDO OLQHV VKRXOG QRW EH ODLG QH[W WR SRZHU VXSSO\ RU KLJK YROWDJH OLQHV�
3URYLGH VHSDUDWH GXFWV IRU HDFK ERWK LQVLGH DQG RXWVLGH WKH FRQWURO SDQHO� ,I
XVLQJ WKH VDPH GXFW LV XQDYRLGDEOH� VKLHOGHG WZLVWHG�SDLU ZLUH VKRXOG EH
XVHG ZLWK WKH VKLHOG FRQQHFWHG WR WKH SRZHU VXSSO\·V JURXQG WHUPLQDO�

6\VWHP &RQQHFWLRQV 6HFWLRQ ���
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7KH IROORZLQJ GLDJUDPV VKRZ H[DPSOHV RI GLIIHUHQW VFKHPHV IRU OD\LQJ WKH
VLJQDO OLQHV�

���

���
��� ��� ��� ���

+DQJLQJ 'XFW )ORRU 'XFW 3LSH

��� ,QSXW &DEOH

��� 3RZHU &DEOH

,QGXFWLYH /RDGV :KHQ DQ LQGXFWLYH ORDG LV FRQQHFWHG WR WKH ,�2 8QLW� FRQQHFW D GLRGH SDUDOOHO
WR WKH ORDG DV VKRZQ LQ WKH IROORZLQJ GLDJUDP�

&RQQHFW WKH FDWKRGH VLGH RI WKH GLRGH WR WKH SRVLWLYH VLGH RI WKH SRZHU VXS�
SO\�

&DWKRGH$QRGH

'LRGH

'LRGH

&RP

&RP

,Q

2XW

/

/

�

�

3HDN ,QYHUVH 9ROWDJH� � 7LPHV ��� /RDG 9ROWDJH
$YHUDJH 5HFWLILHG &XUUHQW� � $

7UDQVLVWRU 2XWSXW

77/ ,QSXW

���9'& ,QSXW

77/ ,QSXW

:KHQ XVLQJ WZR SRZHU VXSSOLHV DV LQ WKH IROORZLQJ GLDJUDP� ZKHQ WKH % VXS�
SO\ LV LQLWLDOO\ WXUQHG 21 DQG WKH $ VXSSO\ LV 2))� FXUUHQW ZLOO IORZ WKURXJK WKH
FLUFXLW DV VKRZQ E\ WKH DUURZV DQG WXUQ WKH ORDG 21� (YHQ LI WKH VXSSO\ YROW�
DJH RI % LV KLJKHU WKDQ WKH VXSSO\ YROWDJH RI $� WKH SRVVLELOLW\ H[LVWV WKDW FXU�
UHQW ZLOO IORZ DQG WXUQ 21 WKH ORDG�

,I XVLQJ WZR VXSSOLHV LV XQDYRLGDEOH� NHHS WKH VXSSO\ YROWDJH RI $ DERYH WKH
VXSSO\ YROWDJH RI %� DQG DOZD\V WXUQ $ 21 EHIRUH % DQG WXUQ % 2)) EHIRUH
$�

/

$

9

%

287

&20

�

�

8VLQJ 7ZR 3RZHU 6XSSOLHV
)RU 7UDQVLVWRU�77/ 2XWSXW

6\VWHP &RQQHFWLRQV 6HFWLRQ ���
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6(&7,21 �
)XQFWLRQDO 'HVFULSWLRQ

6RPH RI WKH 8QLWV RSHUDWH LQ KLJK�VSHHG TXLFN�UHVSRQVH PRGH DQG VRPH RSHUDWH LQ G\QDPLF PRGH� 7KLV VHFWLRQ GHVFULEHV
WKHVH PRGHV�

��� 4XLFN�5HVSRQVH ,QSXW ��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
��� '\QDPLF ,QSXW ��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
��� '\QDPLF 2XWSXW ��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �



��

��� 4XLFN�5HVSRQVH ,QSXW

4XLFN�5HVSRQVH ,QSXW 7KH TXLFN�UHVSRQVH LQSXW DOORZV WKH &38 WR UHFHLYH VLJQDOV VKRUWHU WKDQ WKH
F\FOH WLPH� 4XLFN�UHVSRQVH LQSXW LV DYDLODEOH RQ WKH &���+�,'������� DQG
&���+�0'����������� PRGHOV RQO\�

,�2 FRQQHFWRU &1� ZRUG Q�� ELWV �� WKURXJK �� DUH XVHG DV WKH TXLFN�UHV�
SRQVH LQSXWV� 7KH RWKHU GDWD ELWV IXQFWLRQ DV VWDQGDUG ,�2 LQSXWV ZLWK WKHLU
LQSXW UHVSRQVH WLPH VHW E\ ',3 VZLWFK 6:��

7KH TXLFN�UHVSRQVH LQSXW IXQFWLRQ FDQQRW EH XVHG LQ WKH G\QDPLF ,�2 PRGH�

7KH GDWD SURFHVVLQJ IORZ LV GLDJUDPPHG LQ WKH IROORZLQJ FKDUW�

&RPPRQ
SURFHVVLQJ

+RVW OLQN
VHUYLFH

3HULSKHUDO
GHYLFH
VHUYLFH

3URJUDP
H[HFXWLRQ

,�2 UHIUHVK

&\FOH WLPH

&RPPRQ
SURFHVVLQJ

+RVW OLQN
VHUYLFH

3HULSKHUDO
GHYLFH
VHUYLFH

3URJUDP
H[HFXWLRQ

,�2 UHIUHVK

&\FOH WLPH

'XULQJ ,�2 UHIUHVK� WKH &���+ UHDGV WKH LQSXW VLJQDOV LQWR WKH LQSXW ELWV�

7KH IROORZLQJ GLDJUDP VKRZV WKH GDWD LQWHUDFWLRQ ZKHQ TXLFN�UHVSRQVH PRGH
LV WXUQHG 21 DQG 2)) GXULQJ DQ ,�2 UHIUHVK SHULRG�

D E

;

&\FOH WLPH &\FOH WLPH &\FOH WLPH,�2 UHIUHVK

&���+

21

2))

,QSXW

21

2))

21

2))

4XLFN�UHV�
SRQVH LQSXW
EXIIHU

4XLFN�UHV�
SRQVH LQSXW

�


�


�


�


D � ; � E

;  0LQLPXP UHFRJQL]DEOH SXOVH ZLGWK�

E  4XLFN�UHVSRQVH LQSXW SXOVH ZLGWKV RI D DQG E�

,I D LV VPDOOHU WKDQ ; WKH LQSXW LV QRW UHFRJQL]DEOH�


6HH IROORZLQJ VLGH KHDGLQJ 'LDJUDP ([SODQDWLRQ

4XLFN�5HVSRQVH ,QSXW
3URFHVVLQJ

4XLFN�5HVSRQVH ,QSXW
5HFRJQLWLRQ

4XLFN�5HVSRQVH ,QSXW 6HFWLRQ ���



��

7KH IROORZLQJ GLDJUDP VKRZV WKH GDWD LQWHUDFWLRQ ZKHQ TXLFN�UHVSRQVH PRGH
LV FRQWLQXHG DIWHU DQ ,�2 UHIUHVK�

E

;

&���+

21

2))

,QSXW

21

2))

21

2))

4XLFN�UHV�
SRQVH LQSXW
EXIIHU

4XLFN�UHV�
SRQVH LQSXW

&\FOH WLPH &\FOH WLPH &\FOH WLPH,�2 UHIUHVK

�


�

�


�


�


�



6HH IROORZLQJ VLGH KHDGLQJ 'LDJUDP ([SODQDWLRQ

7KH IROORZLQJ GLDJUDP VKRZV WKH GDWD LQWHUDFWLRQ ZKHQ WKH ,25) �� LQVWUXF�
WLRQ LV XVHG�

E

;

E

;

&���+

21

2))

,QSXW

21

2))

21

2))

4XLFN�UHV�
SRQVH LQSXW
EXIIHU

4XLFN�UHV�
SRQVH LQSXW

&\FOH WLPH,�2 UHIUHVK &\FOH WLPH

,25)
([HFXWLRQ

�


�


�


�

�


�


�


�


; � E

;  0LQLPXP UHFRJQL]DEOH SXOVH ZLGWK�

E  4XLFN�UHVSRQVH LQSXW SXOVH ZLGWK RI E�


6HH IROORZLQJ VLGH KHDGLQJ 'LDJUDP ([SODQDWLRQ

'LDJUDP ([SODQDWLRQ
�� �� ���� �� 7KH TXLFN�UHVSRQVH LQSXW·V SXOVH ZLGWK EHFRPHV ODUJHU WKDQ WKH PLQL�

PXP UHFRJQL]DEOH ZLGWK� 7KH LQSXW EXIIHU WXUQV 21 DQG UHWDLQV GDWD XQ�
WLO WKH QH[W ,�2 UHIUHVK�

�� &���+ ,�2 UHIUHVK RFFXUV� 7KH TXLFN�UHVSRQVH EXIIHU·V GDWD LV UHDG E\
WKH LQSXW ELWV�

�� :KHQ WKH TXLFN�UHVSRQVH LQSXW WXUQV 2))� WKH LQSXW EXIIHU DOVR WXUQV
2))� :KLOH WKH TXLFN�UHVSRQVH LQSXW LV 21� WKH LQSXW EXIIHU LV FRQWLQX�
RXVO\ 21�

�� $W WKH QH[W ,�2 UHIUHVK� ZKHQ WKH LQSXW EXIIHU WXUQV 2))� WKH LQSXW ELWV
DOVR WXUQ 2))�

,25) �� ,QVWUXFWLRQ :KHQ WKH ,25) �� LQVWUXFWLRQ LV XVHG� GXULQJ WKH H[HFXWLRQ F\FOH� ,�2 UHIUHVK
RFFXUV� :KHQ WKH TXLFN�UHVSRQVH LQSXW EXIIHU WXUQV 21� DW WKH QH[W ,25) ��
RU VWDQGDUG ,�2 UHIUHVK WKH LQSXW ELWV ZLOO WXUQ 21� ,I WKH TXLFN�UHVSRQVH LQSXW
WXUQV 2))� DW WKH QH[W ,�2 UHIUHVK �,25) RU VWDQGDUG�� WKH LQSXW EXIIHU ZLOO WXUQ
2))� 7KH VHFRQG FRQVHFXWLYH ,�2 UHIUHVK �,25) RU VWDQGDUG� RFFXUUHQFH ZLOO
WXUQ WKH LQSXW ELWV�

4XLFN�5HVSRQVH ,QSXW 6HFWLRQ ���



��

8VXDOO\� ZKHQ WKH TXLFN�UHVSRQVH LQSXW LV XVHG� ,25) �� LV QRW QHFHVVDU\ IRU
UHFRJQL]LQJ VKRUW LQSXW VLJQDOV�

��� '\QDPLF ,QSXW
7KH G\QDPLF LQSXW FRPELQHV GDWD DQG VWUREH VLJQDOV VR WKDW PDQ\ VLJQDOV
DUH DYDLODEOH ZLWK D PLQLPXP DPRXQW RI ZLULQJ� ,QSXW IURP NH\ERDUGV DQG
URWDU\ WKXPE VZLWFKHV LV SRVVLEOH EHFDXVH RI WKH VLPSOLILHG ZLULQJ FRQILJXUD�
WLRQ�

7KH G\QDPLF LQSXW FRQILJXUDWLRQ FRQVLVWV RI � FLUFXLWV� HDFK SURYLGLQJ ��
SRLQWV �� GDWD DQG � VWUREH VLJQDOV��

'\QDPLF LQSXW LV DYDLODEOH RQ WKH &���+�0'����������� PRGHOV RQO\�

6HW WKH UHDU ',3 VZLWFK DV VKRZQ IRU WKH G\QDPLF LQSXW PRGH�

� � � � � �

2))

21

1RW XVHG

21 ZKHQ VHW IRU G\QDPLF LQSXW

,QSXW %LW $OORFDWLRQ 7DEOH 7KH IROORZLQJ WDEOH VKRZV WKH DOORFDWLRQ RI WKH ,�2 WHUPLQDO GDWD SRLQWV�

'DWD QXPEHU

:RUG

QXPEHU

%LW

:RUG Q��

:RUG Q

:RUG Q��

:RUG Q��

'DWD QXPEHU

:RUG

QXPEHU

%LW

:RUG Q��

:RUG Q��

:RUG Q��

:RUG Q��

���� �� �� �� �� �� �� �� �� �� �� �� �� �� ��

����������������

���� �� �� �� �� �� �� �� �� �� �� �� �� �� ��

�������������� ��������������

6WUREH �

6WUREH �

6WUREH �

6WUREH �

6WUREH �

6WUREH �

6WUREH �

6WUREH �

6WUREH �

6WUREH ��

6WUREH ��

6WUREH �

6WUREH ��

6WUREH ��

6WUREH ��6WUREH ��

7KH XQXVHG ZRUGV �Q�� DQG Q��� FDQ EH XVHG DV DX[LOLDU\ LQSXWV�

&1� URZ $

&1� URZ %

&1� URZ $

&1� URZ %

Q  ��� � �� [ XQLW QXPEHU

'\QDPLF ,QSXW 0RGH ',3
6ZLWFK 6HWXS

'\QDPLF ,QSXW 6HFWLRQ ���



��

'LVSOD\ ,QIRUPDWLRQ 7KH IURQW SDQHO GLVSOD\ VKRZV WKH VWDWH RI DOO WKH SRLQWV RI D ��ZRUG VHFWLRQ�
7KH ,�2 SRLQWV DQG WKH FRUUHVSRQGLQJ GLVSOD\ ELWV RSHUDWH IURP WKH ORJLFDO
25 SULQFLSOH� ,I WKH FRUUHVSRQGLQJ ,�2 SRLQW RI D GLVSOD\ ELW LV 21� WKH GLVSOD\
ELW ZLOO EH OLW�

8VH WKLV IXQFWLRQ ZKHQ FKHFNLQJ WKH ZLULQJ FRQQHFWLRQV�

0'���
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� � �� �� �� �� �� ��

&1�

� � � � � � � �

� � �� �� �� �� �� ��

&1�

:RUG Q WKURXJK Q��

:RUG Q�� WKURXJK Q��

,QSXW 7LPLQJ :KHQ D VWUREH VLJQDO LV 21� WKH GDWD LQSXWV IRU WKDW VWUREH DUH YDOLG� 7KH IRO�
ORZLQJ GLDJUDP VKRZV WKH WLPLQJ IRU WKH VWUREH DQG GDWD�

:G Q�� �/� :G Q�� �+� :G Q�� �+�

:G Q�� �/� :G Q�� �+� :G Q�� �/� :G Q�� �+� :G Q�� �+�

:G Q �/� :G Q �+�

� PV

�� PV

/  ,QSXW GDWD IRU SRLQWV �� WKURXJK ��

7KH GDWD PXVW EH LQSXW ZLWKLQ � PV IURP WKH IDOOLQJ
HGJH RI WKH WKH VWUREH DV VKRZQ LQ WKH GLDJUDP�

+  ,QSXW GDWD IRU SRLQWV �� WKURXJK ��

'DWD LQSXW

6WUREH VLJQDO � �

:LWKLQ � PV

'DWD � WR �

'DWD � WR ��

6WUREH �

6WUREH �

6WUREH �

6WUREH �

6WUREH �

6WUREH �

6WUREH �

6WUREH ��

6WUREH ��

6WUREH ��

'\QDPLF ,QSXW 6HFWLRQ ���



��

'\QDPLF ,QSXW &RQQHFWLRQ ([DPSOHV
7KH G\QDPLF LQSXW DOORZV WKH XVH RI GLIIHUHQW W\SHV RI LQSXW GHYLFHV� WZR H[�
DPSOHV DUH VKRZQ KHUH�

7KH IROORZLQJ GLDJUDP VKRZV KRZ WR XVH D NH\ERDUG DV DQ LQSXW GHYLFH�
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�

�

�

�

�

�

�

�

�

��

��
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�

�

�

�

�

�

�
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&1� &1�

� �

� �

� �

� �

� �

� �

� �

� �

� �

�� ��

�� ��

�� ��

1&

� 9�

&20 �

6WUREH �

6WUREH �

6WUREH �

6WUREH �

6WUREH �

6WUREH �

6WUREH �

6WUREH �

1&

1&

1&

'DWD �

'DWD �

'DWD �

'DWD �

'DWD �

'DWD �

'DWD �

'DWD �

&20 �

1&

1&

1&

1&

1&

1&

% $ %$

�

,QSXW OHDNDJH FXUUHQW SUHYHQWLRQ GLRGHV

$

%

&

'

(

=

<

;

7KH IROORZLQJ WDEOH VKRZV WKH LQSXW VLJQDO SURFHVVLQJ ZKHQ D NH\ERDUG LV
FRQQHFWHG DV DQ LQSXW GHYLFH�

:KHQ WKH ´$µ NH\ LV SUHVVHG ZRUG Q� ELW �� WXUQV 21� 7KH UHPDLQGHU RI WKH
NH\V IXQFWLRQ DV VKRZQ LQ WKH WDEOH�

= < ; � � �

� � � ( ' & % $

�� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ��

3UHVVLQJ WKH ´$µ NH\ WXUQV
21 :RUG Q ELW ���

:RUG Q��

:RUG Q��

:RUG Q��

:RUG Q

Q  ��� � �� [ XQLW QXPEHU

,QSXW SRLQWV

%HFDXVH D VPDOO FXUUHQW PRYHV WKURXJK WKH FRQQHFWLQJ ZLUHV� VKLHOG DOO FRQ�
QHFWLQJ ZLUHV DQG NHHS WKHP VHSDUDWH IURP SRZHU OLQHV� .HHS WKH ZLUH OHQJWK
WR OHVV WKDQ �� PHWHUV�

&RQQHFWLRQ ([DPSOH ��
�.H\ERDUG�

([DPSOH ��
'DWD &RQILJXUDWLRQ 7DEOH

'\QDPLF ,QSXW 6HFWLRQ ���



��

7KH IROORZLQJ GLDJUDP VKRZV KRZ WR XVH D URWDU\ WKXPE VZLWFK DV DQ LQSXW
GHYLFH�
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&1� &1�
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1&

�9�

&20 �

6WUREH �

6WUREH �

6WUREH �

6WUREH �

1&

1&

1&

'DWD �

'DWD �

'DWD �

'DWD �

'DWD �

'DWD �

'DWD �

'DWD �

&20 �

1&

1&

1&

1&

1&

1&

% $ %$
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,QSXW OHDNDJH FXUUHQW

SUHYHQWLRQ GLRGHV

6ZLWFK 1XPEHU

&����

�9�

&20�

&20�

�� 9'&

7KH IROORZLQJ WDEOH VKRZV WKH LQSXW VLJQDO SURFHVVLQJ ZKHQ D URWDU\ WKXPE
VZLWFK LV FRQQHFWHG DV DQ LQSXW GHYLFH�

'LJLW � 'LJLW �

���� ����

6WUREH �

'LJLW � 'LJLW �

���� ����

6WUREH �

'LJLW � 'LJLW �

���� ����

6WUREH �

'LJLW � 'LJLW �

���� ����

6WUREH �

�� �� �� �� �� �� �� ��

:G Q�� :G Q

&RQQHFWLRQ ([DPSOH ��
�URWDU\ VZLWFK�

([DPSOH ��
'DWD &RQILJXUDWLRQ

'\QDPLF ,QSXW 6HFWLRQ ���



��

��� '\QDPLF 2XWSXW
'\QDPLF RXWSXW FRQVLVWV RI D GDWD DQG VWUREH VLJQDO FRPELQDWLRQ� 7KH RXWSXW
FRQILJXUDWLRQ FRQVLVWV RI � FLUFXLWV� HDFK DOORZLQJ D WRWDO RI �� SRLQWV �� GDWD
VLJQDOV DQG � VWUREH VLJQDOV��

6HWWLQJ SLQ � RI WKH ',3 VZLWFK 21 HQDEOHV WKH G\QDPLF RXWSXW�

'\QDPLF RXWSXW FDQ EH VHW WR RSHUDWH ZLWK WKH &���+�2'������� PRGHOV�

'DWD RXWSXW LV VHW IRU HLWKHU SRVLWLYH RU QHJDWLYH ORJLF XVLQJ SLQ � RI WKH ',3
VZLWFK� 3RVLWLYH ORJLF ZLOO WXUQ WKH RXWSXW WHUPLQDO 21 ZKHQ WKH RXWSXW ELW LV
21� 1HJDWLYH ORJLF ZLOO WXUQ WKH RXWSXW WHUPLQDO 2)) ZKHQ WKH RXWSXW ELW LV
21�

6WUREH VLJQDOV 67%� WKURXJK 67%�� DUH QHJDWLYH ORJLF� :KHQ DQ ´RXWSXWµ LV
SUHVHQW� WKH RXWSXW WHUPLQDO WXUQV 2))� 7KH RXWSXWV DUH F\FOLF DQG RSHUDWH
DXWRPDWLFDOO\�

7KH &���+�2'��� KDV EXLOW�LQ SXOO�XS UHVLVWRUV� 7KH 8QLW FDQ EH XVHG DV LV
ZKHQ FRQQHFWHG WR H[WHUQDO GHYLFHV�

7KH &���+�2'��� GRHV QRW KDYH EXLOW�LQ SXOO�XS UHVLVWRUV� ,I WKH H[WHUQDO
GHYLFH EHLQJ FRQQHFWHG WR WKH 8QLW LV DOVR QRW HTXLSSHG ZLWK SXOO�XS UHVLVWRUV�
D ��� NW� � ZDWW UHVLVWRU PXVW EH FRQQHFWHG EHWZHHQ WKH �'& DQG WKH '$7$
� WKURXJK �� DQG 67% � WKURXJK �� WHUPLQDOV�

'LVSOD\ ,QIRUPDWLRQ 7KH IURQW SDQHO GLVSOD\ VKRZV WKH VWDWH RI DOO WKH SRLQWV RI D � ZRUG VHFWLRQ�
7KH ,�2 SRLQWV DQG WKH FRUUHVSRQGLQJ GLVSOD\ ELWV RSHUDWH IURP WKH ORJLFDO
25 SULQFLSOH� ,I WKH FRUUHVSRQGLQJ ,�2 SRLQW RI D GLVSOD\ ELW LV 21� WKH GLVSOD\
ELW ZLOO EH OLW�

8VH WKLV IXQFWLRQ ZKHQ FKHFNLQJ WKH ZLULQJ FRQQHFWLRQV�

2'���
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&1�

:RUG Q WKURXJK Q��

:RUG Q�� WKURXJK Q��

'\QDPLF 2XWSXW 6HFWLRQ ���



��

7LPLQJ :KHQ D VWUREH VLJQDO LV 21� WKH GDWD LQSXWV IRU WKDW VWUREH DUH YDOLG� 7KH IRO�
ORZLQJ GLDJUDP VKRZV WKH WLPLQJ IRU WKH VWUREH DQG GDWD�

:G Q�� / :G Q�� + :G Q�� +

:G Q�� / :G Q�� + :G Q�� / :G Q�� + :G Q�� +

:G Q / :G Q +

�� PV

� PV� PV � PV

/  ,QSXW GDWD IRU SRLQWV �� WKURXJK ��+  ,QSXW GDWD IRU SRLQWV �� WKURXJK ��

'DWD � WR �

'DWD � WR ��

6WUREH �

6WUREH �

6WUREH �

6WUREH �

6WUREH �

6WUREH �

6WUREH �

6WUREH ��

6WUREH ��

6WUREH ��

'\QDPLF 2XWSXW 6HFWLRQ ���



��

'\QDPLF 2XWSXW &RQQHFWLRQ ([DPSOHV

7KH ILUVW H[DPSOH VKRZV WKH &���+�2'��� FRQQHFWHG WR D GLVSOD\ XQLW� 7KH
GLVSOD\ XQLW UHTXLUHV D QHJDWLYH ORJLF LQSXW WKHUHIRUH� 6:� RI WKH ',3 VZLWFK
LV VHW WR 2))� 7KH GLVSOD\ XQLW KDV LQWHUQDO SXOO�XS UHVLVWRUV� QR H[WHUQDO SXOO�
XS UHVLVWRUV QHHG WR EH FRQQHFWHG�

� 9

&20 �

6WUREH �

6WUREH �

6WUREH �

6WUREH �

6WUREH �

6WUREH �

6WUREH �

6WUREH �

1&

'DWD �

'DWD �

'DWD �

'DWD �

'DWD �

'DWD �

'DWD �

'DWD �

&20 �

1&

� 9

1&

1&

6LJQDO 3LQ
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$��
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%�
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%�

%�
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%�

%�

%�

%��

%��

%��

'LVSOD\ GDWD �

'LVSOD\ GDWD �

'LVSOD\ GDWD �

'LVSOD\ GDWD �

'LVSOD\ GDWD �

'LVSOD\ GDWD �

'LVSOD\ GDWD �

'LVSOD\ GDWD �

*1'

�� 9

1&

1&

2XWSXW VWUREH �

2XWSXW VWUREH �

2XWSXW VWUREH �

2XWSXW VWUREH �

6LJQDO

�� 9'&
�

&1�

'LVSOD\ 8QLW
1HJDWLYH ORJLF ,QSXW
�� 9'&

7UDQVLVWRU 2XWSXW 8QLW

3LQ

�

�
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�
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�
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��

��

��

��

6HW WKH UHDU SDQHO ',3 VZLWFK 6:� WR 21 DQG 6:� WR 2))� )RU WKLV FRQQHF�
WLRQ H[DPSOH 6: �� �� DQG � DUH QRW XVHG�

%HFDXVH D VPDOO FXUUHQW PRYHV WKURXJK WKH FRQQHFWLQJ ZLUHV� VKLHOG DOO FRQ�
QHFWLQJ ZLUHV DQG NHHS WKHP VHSDUDWH IURP SRZHU OLQHV� .HHS WKH ZLUH OHQJWK
WR OHVV WKDQ �� PHWHUV�

&RQQHFWLRQ ([DPSOH
���'LVSOD\ 8QLW�

'\QDPLF 2XWSXW 6HFWLRQ ���
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7KH IROORZLQJ WDEOH VKRZV WKH LQSXW VLJQDO SURFHVVLQJ�

6LJQ
%LW

����

�� �� �� ��

6WUREH �

����

Q ��� � �� � XQLW QXPEHU

���� ���� ���� ���� ����

6WUREH � 6WUREH � 6WUREH �

:RUG Q�� :RUG Q

�

�

�

ï

�� �� �� ��

7KH GLVSOD\ XQLW DFFHSWV %&' IRUPDW GDWD RQO\� ,I D GLIIHUHQW GDWD IRUPDW LV
XVHG WKH GLVSOD\ LV EODQN� 7KH QXPHULF UDQJH RI WKH GLVSOD\ XQLW LV ï���������
WKURXJK ����������

:KHQ GLVSOD\LQJ WKH FXUUHQW GDWD YDOXH RI WKH &���+�1&����1&��� 3RVLWLRQ
&RQWURO 8QLW RU WKH &���+�&7����9��&7��� +LJK�6SHHG &RXQWHU 8QLW� WKH
VLJQ ELW LV ORFDWHG DW ELW �� RI WKH KLJKHVW ZRUG RI WKH FXUUHQW GDWD YDOXH�

7KH IROORZLQJ GLDJUDP VKRZV WKH GDWD IRUPDW DQG DQ H[DPSOH RI D VPDOO ODG�
GHU GLDJUDP ZKHQ WKH 3RVLWLRQ &RQWURO 8QLW LV VHW DV 8QLW � DQG WKH 7UDQVLVWRU
2XWSXW 8QLW LV VHW DV 8QLW ��

[��� [��� [��� [��� [��� [��� [���

;)(5 ����

�����

���

���

�����

�� �� �� �� �� �� �� �� ��

:RUG ��� :RUG ���

�����

�����

�8VXDOO\ 21�

6LJQ
%LW

'LVSOD\V SUHVHQW GDWD YDOXH�

([DPSOH ��
'DWD &RQILJXUDWLRQ

'\QDPLF 2XWSXW 6HFWLRQ ���
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7KH VHFRQG H[DPSOH VKRZV WKH &���+�2'��� FRQQHFWHG WR D GLVSOD\ XQLW�
7KH GLVSOD\ XQLW UHTXLUHV D SRVLWLYH ORJLF LQSXW� WKHUHIRUH� 6:� RI WKH ',3
VZLWFK LV VHW WR 21� 7KH GLVSOD\ XQLW GRHV QRW KDYH LQWHUQDO SXOO�XS UHVLVWRUV
SUHVHQW WKHUHIRUH� H[WHUQDO SXOO�XS UHVLVWRUV QHHG WR EH FRQQHFWHG�
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��� NW � :

��� NW � :

3RVLWLYH ORJLF
LQSXW �� 9'&
SRZHU
VRXUFH

'LVSOD\ 1XPEHU $ % & ' ) * +(

3LQ �� 21
3LQ �� 21
3LQ � WR �� DQG �� 2))

%DFN SDQHO ',3 VZLWFK

7UDQVLVWRU 2XWSXW 8QLW
&���+�2'���

&1 �

7KH IROORZLQJ WDEOH VKRZV WKH LQSXW VLJQDO SURFHVVLQJ�

Q  ��� � �� [ XQLW QXPEHU

'LVSOD\ $ 'LVSOD\ %

���� ����

6WUREH �

���� ����

6WUREH �

���� ����

6WUREH �

���� ����

6WUREH �

�� �� �� �� �� �� �� ��

:G

'LVSOD\ & 'LVSOD\ ' 'LVSOD\ ( 'LVSOD\ ) 'LVSOD\ * 'LVSOD\ +

:G

&RQQHFWLRQ ([DPSOH ��
�'LVSOD\ 8QLW�

([DPSOH ��
'DWD &RQILJXUDWLRQ

'\QDPLF 2XWSXW 6HFWLRQ ���
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6(&7,21 �
,�2 5HIUHVK

7KLV VHFWLRQ GHVFULEHV WKH GLIIHUHQW W\SHV RI SURFHVVLQJ LQYROYHG GXULQJ HDFK F\FOH WLPH�



��

,�2 5HIUHVK 7LPH

&���+ &\FOH 7LPH 7KH ,�2 LV UHIUHVKHG RQFH GXULQJ HDFK F\FOH WLPH� 7KH IROORZLQJ SDUDJUDSKV
GHVFULEH WKH � SURFHVVHV� LQFOXGLQJ ,�2 UHIUHVK� DQG WKH RUGHU LQ ZKLFK WKH\
RFFXU HYHU\ F\FOH WLPH�

�� &RPPRQ 3URFHVVLQJ 7KH FRPPRQ SURFHVVLQJ GRHV D ZDWFKGRJ WLPHU UHVHW� ,�2 EXV FKHFN� F\FOH
WLPH FKHFN� DQG D XVHU SURJUDP PHPRU\ FKHFN� 7KH SURFHVVLQJ WLPH LV ���
PV�

�� +RVW /LQN 6HUYLFH 7KH KRVW OLQN VHUYLFH SURFHVVHV FRPPDQGV VHQW IURP D KRVW FRPSXWHU WR D
UDFN�PRXQWHG +RVW /LQN 8QLW� 7KH PD[LPXP SURFHVVLQJ WLPH LV � PV�

�� 3HULSKHUDO 8QLW 6HUYLFH 7KH SHULSKHUDO XQLW VHUYLFH SURFHVVHV FRPPDQGV VHQW IURP SURJUDPPLQJ
FRQVROHV� DQG JUDSKLF SURJUDPPLQJ FRQVROHV�

7  � � � � � � �

:KHQ 7 � �� PV WKH SURFHVVLQJ WLPH LV ��� PV�

:KHQ 7 ! �� PV WKH SURFHVVLQJ WLPH LV 7 � ���� PV�

:KHQ D SHULSKHUDO GHYLFH LV QRW FRQQHFWHG WKH SURFHVVLQJ WLPH LV � PV�

�� 3URJUDP 3URFHVVLQJ 7KH SURJUDP SURFHVVLQJ SURFHVVHV WKH XVHU SURJUDP LQVWUXFWLRQV� 7KH SUR�
FHVVLQJ WLPH GLIIHUV GHSHQGLQJ RQ WKH VL]H RI WKH SURJUDP DQG WKH W\SH RI
LQVWUXFWLRQV XVHG� 5HIHU WR DQ LQVWUXFWLRQ VHW WDEOH WR GHWHUPLQH WKH SURFHVV�
LQJ WLPH IRU WKH LQVWUXFWLRQV�

�� ,�2 5HIUHVK 7KH ,�2 UHIUHVK ZULWHV RXWSXW GDWD WR WKH ,5 DUHD� DQG UHDGV LQSXW GDWD WR WKH
,5 DUHD� 5HPRWH ,�2 8QLW DQG 6SHFLDO ,�2 8QLW ,�2 LV DOVR SURFHVVHG�

7KH ,�2 UHIUHVK SURFHVVLQJ WLPH LV DV IROORZV�

3&� � LQSXW SRLQWV  ���� PV
� RXWSXW SRLQWV  ���� PV
�FDOFXODWH �� SRLQW RXWSXWV DV �� SRLQWV�

5HPRWH 6ODYH
5DFN UHIUHVK� ��� PV � QXPEHU RI VODYH UDFNV � ��� PV � 1
�1  QXPEHU RU ZRUGV XVHG E\ WKH UHPRWH VODYH UDFN�

6SHFLDO ,�2
8QLW UHIUHVK� (DFK F\FOH WLPH � QXPEHU RI 8QLWV

7RWDO F\FOH WLPH  � � � � � � � � �

7KH 3& DQG KLJK GHQVLW\ DQG PXOWLSOH[ ,�2 8QLW H[FKDQJH GDWD GXULQJ ,�2
UHIUHVK� :KHQ WKH 8QLW LV FRQQHFWHG WR D &38 UDFN RU DQ H[SDQVLRQ ,�2 UDFN
WKH SURFHVVLQJ WLPH LV DV IROORZV�

6HW IRU �� SRLQW ,�2� ��� PV
6HW IRU G\QDPLF ,�2� ��� PV

:KHQ WKH 8QLW LV FRQQHFWHG WR D VODYH UDFN� XVH WKH IRUPXOD JLYHQ LQ WKH SUH�
YLRXV &���+ F\FOH WLPH H[SODQDWLRQ�

+LJK�'HQVLW\ DQG 0XOWLSOH[
,�2 8QLW 5HIUHVK 3URFHVVLQJ
7LPH

,�2 5HIUHVK 7LPH 6HFWLRQ �
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$SSOLFDWLRQ ([DPSOH
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$SSOLFDWLRQ ([DPSOH
,Q WKLV H[DPSOH WKH +LJK�'HQVLW\ DQG 0XOWLSOH[ 8QLW ���9'& PRGHO LV FRQ�
QHFWHG WR D *�7& ,�2 WHUPLQDO EORFN� &RQQHFWLQJ WKH 8QLW WR WHUPLQDO EORFNV
UHGXFHV WKH DPRXQW RI VSDFH QHHGHG IRU ZLULQJ DQG V\VWHP PRXQWLQJ VSDFH�

&���+�+�0'���
���9'& ,QSXW�
7UDQVLVWRU 2XWSXW

*�7&�,'��� *�7&�,$��
,�2 %ORFN �,QSXW�

*�7&�2&��
,�2 %ORFN
�2XWSXW�

6HQVRU 6HQVRU0RWRU 6ROHQRLG

7KH IROORZLQJ WDEOHV VKRZV WKH FRQQHFWLRQV EHWZHHQ WKH +LJK�'HQVLW\ DQG
0XOWLSOH[ 8QLWV DQG WKH WHUPLQDO EORFNV�

+LJK�'HQVLW\ DQG 0XOWLSOH[ 8QLW 7HUPLQDO %ORFN

���9'& ,QSXW

7UDQVLVWRU 2XWSXW

���9'& ,QSXW�7UDQVLVWRU 2XWSXW

&���+�,'���

&���+�2'���

&���+�0'���

*�7&�,'��
*�7&�,$��

*�7&�2&��

,QSXW

2XWSXW
���9'& ,QSXW�7UDQVLVWRU 2XWSXW &���+�0'���

0RGHO /HQJWK

*�����&

*������&

*������&

*������&

�� FP

� P

��� P

� P

,�2 &RQQHFWLQJ &DEOHV

$SSOLFDWLRQ ([DPSOH 6HFWLRQ �
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$SSHQGL[ $
6WDQGDUG 0RGHOV

&RQQHFWLQJ &DEOHV
0RGHO /HQJWK

*�����& �� FP
*������& � P
*������& ��� P
*������& � P

8QLWV &RYHUHG ,Q 7KLV 0DQXDO $QG 5HODWHG 8QLWV
8QLW 0RGHO 1R�

+LJK�'HQVLW\ DQG 0XOWLSOH[ ,�2 8QLWV &���+�,'���
&���+�,'���
&���+�2'���
&���+�2'���
&���+�0'���
&���+�0'���
&���+�0'���

+LJK�6SHHG &RXQWHU &���+�&7����9�
&���+�&7���

$�' 8QLW &���+�$'���
'�$ 8QLW &���+�'$���
3RVLWLRQ &RQWURO 8QLW &���+�1&���

&���+�1&���
&���+�1&���

7HPSHUDWXUH 6HQVRU 8QLW &���+�76���
&���+�76���
&���+�76���
&���+�76���

,' 6HQVRU 8QLW &���+�,'6��
9RLFH 8QLW &���+�29���
$6&,, 8QLW &���+�$6&��

3& /LQN 8QLW &���+�/.���
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$SSHQGL[ %
6SHFLILFDWLRQV

77/ ,QSXW 8QLW
���3RLQW 77/ ,QSXW 8QLW

0RGHO QR� &���+�,'���
5DWHG LQSXW YROWDJH � 9'& ����
,QSXW LPSHGDQFH ��� NW
,QSXW FXUUHQW ��� P$ �� 9'&� 7KLV UHSUHVHQWV DQ DYHUDJH YDOXH�
21 YROWDJH ��� 9'& PLQ�
2)) YROWDJH ��� 9'& PD[�
21 UHVSRQVH WLPH ��� PV PD[���� PV PD[� �VHOHFWDEOH�
2)) UHVSRQVH WLPH ��� PV PD[���� PV PD[� �VHOHFWDEOH�
1XPEHU RI 3RLQWV �� SRLQWV �� SRLQWV�FRPPRQ � FLUFXLWV �,VRODWHG FRPPRQ��
4XLFN�UHVSRQVH LQSXWV � SRLQWV �&1� �� WR ��� SLQ �� 21�� PLQ� LQSXW SXOVH :LGWK UDQJH VHOHFWDEOH

EHWZHHQ � PV DQG � PV
,QWHUQDO FXUUHQW FRQVXPSWLRQ � 9'&� ��� P$ PD[�
:HLJKW ��� JUDPV PD[�

&LUFXLW &RQILJXUDWLRQ

,QWHUQDO

FLUFXLW

��� NW

��� NW

��� NW

��� NW

&1�

&1�

&20 �

,1 ��
WR
,1 ��
&20 �
,1 ��

,1 ��

&20 �

&20 �

WR

,1 ��
WR
,1 ��

,1 ��

,1 ��
WR

7KH SRODULW\ RI WKH LQSXW SRZHU
FDQ EH HLWKHU SRVLWLYH RU QHJD�
WLYH�

([WHUQDO &RQQHFWLRQ 'LDJUDP

��

��

��

�

�

�

�

�

�

�

�

�

��

��

��

�

�

�

�

�

�

�

�

�

&1�

1&

1&

1&

1&

% $

&1�

� �

� �

� �

� �

� �

� �

� �

� �

� �

�� ��

�� ��

�� ��

1&

1&

1&

1&

1&

1&

%$

1&1&
&20 � &20 �

&20 � &20 �

��

��

��

��

��

��

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

��

��

��

��

��

��

�

� �

�

�

� �

�

� 9'&

� 9'& � 9'&

� 9'&

:KHQ WKH LQSXW LV VHW WR TXLFN�UHVSRQVH �SLQ �� 21��
LQSXWV �� WR �� DUH XVHG IRU TXLFN�UHVSRQVH�



6SHFLILFDWLRQV $SSHQGL[ %
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���9'& ,QSXW 8QLW
���3RLQW '& ,QSXW 8QLW

0RGHO QR� &���+�,'���
5DWHG LQSXW YROWDJH �� 9'& ���������
,QSXW LPSHGDQFH ��� NW
,QSXW FXUUHQW ��� P$ ��� 9'&� �W\SLFDO YDOXH�
21 YROWDJH ���� 9'& PLQ�
2)) YROWDJH ��� 9'& PD[�
21 UHVSRQVH WLPH ��� PV PD[���� PV PD[� �VHOHFWDEOH�
2)) UHVSRQVH WLPH ��� PV PD[���� PV PD[� �VHOHFWDEOH�
1XPEHU RI &LUFXLWV �� SRLQWV �� SRLQWV�FRPPRQ � FLUFXLWV �,VRODWHG FRPPRQ�� �6HH QRWH�
4XLFN�UHVSRQVH LQSXWV � SRLQWV �&1� �� WR ��� SLQ �� 21�� PLQ� LQSXW SXOVH :LGWK UDQJH VHOHFWDEOH

EHWZHHQ � PV DQG � PV
,QWHUQDO FXUUHQW FRQVXPSWLRQ � 9'&� ��� P$ PD[�
:HLJKW ��� JUDPV PD[�

'HSHQGLQJ RQ WKH DPELHQW WHPSHUDWXUH� WKH HOLJLEOH QXPEHU RI SRLQWV IRU VL�
PXOWDQHRXV LQSXW LV UHVWULFWHG� 5HIHU WR SDJH ���

&LUFXLW &RQILJXUDWLRQ

,QWHUQDO

FLUFXLW

���W

��� NW

&1�

&1�

&20 �

,1 ��

WR

,1 ��

&20 �

,1 ��

,1 ��

&20 �

&20 �

WR

,1 ��

WR

,1 ��

,1 ��

,1 ��

WR

���� S)

���W

��� NW

���� S)

7KH SRODULW\ RI WKH
LQSXW SRZHU FDQ EH
HLWKHU SRVLWLYH RU
QHJDWLYH�

([WHUQDO &RQQHFWLRQ 'LDJUDP
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:KHQ WKH LQSXW LV VHW WR TXLFN�UHVSRQVH �SLQ �� 21��
LQSXWV �� WR �� DUH XVHG IRU TXLFN�UHVSRQVH�

1RWH



$SSHQGL[ %6SHFLILFDWLRQV
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���3RLQW 77/ 2XWSXW 8QLW
���3RLQW 77/ 2XWSXW 8QLW �3LQ �� 2))�

0RGHO QR� &���+�2'���
0D[LPXP VZLWFKLQJ FDSDFLW\ � 9'& ���� ��P$� ��� P$�FRPPRQ� ���� $�8QLW� RXWSXW UHVLVWDQFH ��� NW
/HDNDJH FXUUHQW ��� P$ PD[�
5HVLGXDO YROWDJH ��� 9 PD[�
21 UHVSRQVH WLPH ��� PV PD[�
2)) UHVSRQVH WLPH ��� PV PD[�
1XPEHU RI 3RLQWV �� SRLQWV �� SRLQWV�FRPPRQ � FLUFXLWV �,VRODWHG FRPPRQ��
,QWHUQDO FXUUHQW FRQVXPSWLRQ � 9'&� ��� P$ PD[�

)XVH � IXVH�FLUFXLW� � �FLUFXLWV� �1RW XVHU�UHSODFHDEOH�

([WHUQDO SRZHU VXSSO\ � 9'& ����� �� P$ PLQ� ���� P$ [ QXPEHU RI 21 SRLQWV�

:HLJKW ��� JUDPV PD[�

1RWH �� 7R RSHUDWH WKH 8QLW LQ WKH ���SRLQW 6WDWLF�RXWSXW PRGH� VHW SLQ � RI WKH
',3 VZLWFK WR 2))�

�� 7KH RXWSXW PRGH LV QHJDWLYH ORJLF� 7KH 8QLW RXWSXW LV 2)) ZKHQ WKH 3&
RXWSXW LV 21�

�� 7KH RXWSXW UHVLVWDQFH RQ HDFK RI WKH RXWSXW WHUPLQDOV LV ��� NW�

&LUFXLW &RQILJXUDWLRQ

,QWHUQDO

FLUFXLW

&1�

&1�

� 9'&

287 ��

WR

287 ��

� 9'&
287 ��

287 ��
WR

&20 �

&20 �
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287 ��

287 ��
WR
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&20 �

��� NW

��� NW

��� NW )XVH

��� NW

��� NW

��� NW )XVH
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����3RLQW '\QDPLF 2XWSXW 77/ 2XWSXW 8QLW
����3RLQW '\QDPLF 2XWSXW 77/ 2XWSXW 8QLW �3LQ �� 21�

0RGHO QR� &���+�2'���
0D[LPXP VZLWFKLQJ FDSDFLW\ � 9'& ���� ��P$� ��� P$�FRPPRQ� ���� $�8QLW� RXWSXW UHVLVWDQFH ��� NW
/HDNDJH FXUUHQW ��� P$ PD[�
5HVLGXDO YROWDJH ��� 9 PD[�
21 UHVSRQVH WLPH ��� PV PD[�
2)) UHVSRQVH WLPH ��� PV PD[�
1XPEHU RI 3RLQWV ����SRLQW G\QDPLF ��� SRLQWV G\QDPLF � FLUFXLWV �,VRODWHG FRPPRQ�
,QWHUQDO FXUUHQW FRQVXPSWLRQ � 9'&� ��� P$ PD[�

)XVH � IXVH�FLUFXLW� � �FLUFXLWV� )XVHV DUH QRW XVHU�UHSODFHDEOH�

([WHUQDO SRZHU VXSSO\ � 9'& ����� �� P$ PLQ� ���� P$ [ QXPEHU RI SRLQWV�

:HLJKW ��� JUDPV PD[�

1RWH �� 7R RSHUDWH WKH 8QLW LQ WKH ����SRLQW '\QDPLF�RXWSXW PRGH� VHW SLQ � WR
21� 6HW WKH RXWSXW ORJLF ZLWK SLQ � RI WKH ',3 VZLWFK�

�� 1HJDWLYH ORJLF PHDQV WKDW WKH 8QLW RXWSXW LV 2)) ZKHQ WKH 3& RXWSXW LV
21�

�� 3RVLWLYH ORJLF PHDQV WKDW WKH 8QLW RXWSXW LV 21 ZKHQ WKH 3& RXWSXW LV 21�
�� 6WUREH VLJQDOV EHFRPH QHJDWLYH ORJLF RXWSXW UHJDUGOHVV RI WKH DERYH VHW�

WLQJV�
�� 7KH RXWSXW UHVLVWDQFH RQ HDFK RI WKH RXWSXW WHUPLQDOV LV ��� NW�
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&LUFXLW &RQILJXUDWLRQ

,QWHUQDO

FLUFXLW
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1XPHULF GLV�
SOD\ FRXQWHU�
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'DWD LQSXW

6WUREH LQSXW
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'DWD LQSXW
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SOD\ FRXQWHU�
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0RGHO QR� &���+�0'���
,QSXW VHFWLRQ �&1��
5DWHG LQSXW YROWDJH �� 9'& ���� ����
,QSXW LPSHGDQFH ��� NW
,QSXW FXUUHQW ��� P$ ��� 9'&� �W\SLFDO YDOXH�
21 YROWDJH ��� 9'& PLQ�
2)) YROWDJH ��� 9'& PD[�
1XPEHU RI 3RLQWV ����SRLQW G\QDPLF ��� SRLQWV�FLUFXLW�
,QWHUQDO FXUUHQW FRQVXPSWLRQ � 9'&� ��� P$ PD[�
:HLJKW ��� JUDPV PD[�

7R RSHUDWH WKH 8QLW LQ ����SRLQW '\QDPLF�LQSXW PRGH� VHW SLQ � WR 21�

&LUFXLW &RQILJXUDWLRQ

,QWHUQDO

FLUFXLW

&1�

&1�

�� 9'&

6WUREH ��

WR

6WUREH ��

�� 9'&
6WUREH ��

6WUREH ��
WR

&20 �

&20 �

'DWD ��
WR
'DWD ��

'DWD ��

'DWD ��
WR

&20 �

&20 �

)XVH

�� NW

��� NW

��� W

��� NW

���� S)

1RWH
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([WHUQDO &RQQHFWLRQ 'LDJUDP
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�

�

�

�

�

�

�

��

��

��

�

�

�

�

�

�

�

�

�

&1� &1�

� �

� �

� �

� �

� �

� �

� �

� �

� �

�� ��

�� ��

�� ��

1&

�9�

&20 �

6WUREH ��

6WUREH ��

6WUREH ��

6WUREH ��

6WUREH ��

6WUREH ��

6WUREH �

6 �

1&

1&

1&

'DWD �

'DWD �

'DWD �

'DWD �

'DWD �

'DWD �

'DWD �

'DWD �

&20 �

1&

1&

1&

1&

% $ %$

�9�

&20 �

�� 9'&

&20 �

'DWD �

'DWD �

'DWD ��

'DWD ��

'DWD ��

'DWD ��

'DWD ��

'DWD ��

1& 1&

6WUREH �

6WUREH �

6WUREH �

6WUREH �

6WUREH �

6WUREH �

6WUREH �

6WUREH �

�

�� 9'& .H\ERDUG
VZLWFK�
URWDU\ VZLWFK�
HWF�

.H\ERDUG
VZLWFK�
URWDU\ VZLWFK�
HWF�

���9'& ,QSXW�7UDQVLVWRU 2XWSXW 8QLW
���3RLQW '& ,QSXW�7UDQVLVWRU 2XWSXW 8QLW �3LQ �� 2))�

0RGHO QR� &���+�0'���
2XWSXW VHFWLRQ �&1��
0D[LPXP VZLWFKLQJ FDSDFLW\ �� P$���� 9 WR ��� P$����� 9 ��� P$�FRPPRQ� ��� $�8QLW
/HDNDJH FXUUHQW ��� P$ PD[�
5HVLGXDO YROWDJH ��� 9 PD[�
21 UHVSRQVH WLPH ��� PV PD[�
2)) UHVSRQVH WLPH ��� PV PD[�
1XPEHU RI 3RLQWV �� SRLQWV �� SRLQWV�FRPPRQ� �6HH QRWH�
,QWHUQDO FXUUHQW FRQVXPSWLRQ � 9'&� ��� P$ PD[�
)XVH � IXVH�FLUFXLW� �� FLUFXLWV� �1RW XVHU�UHSODFHDEOH�
([WHUQDO SRZHU VXSSO\ � WR �� 9'& ����� �� P$ PLQ� ���� P$ [ QXPEHU RI 21 SRLQWV�

:HLJKW ��� JUDPV PD[�

���SRLQW '& ,QSXW�7UDQVLVWRU 2XWSXW 8QLW �3LQ �� 2))�
0RGHO QR� &���+�0'���
,QSXW VHFWLRQ �&1��
5DWHG LQSXW YROWDJH �� 9'& ���� ����
,QSXW LPSHGDQFH ��� NW
,QSXW FXUUHQW ��� P$ ��� 9'&� �W\SLFDO YDOXH�
21 YROWDJH ���� 9'& PLQ�
2)) YROWDJH ��� 9'& PD[�
21 UHVSRQVH WLPH ��� PV PD[���� PV PD[� �VHOHFWDEOH�
2)) UHVSRQVH WLPH ��� PV PD[���� PV PD[� �VHOHFWDEOH�
1XPEHU RI 3RLQWV �� SRLQWV �� SRLQWV�FRPPRQ � FLUFXLWV �,VRODWHG FRPPRQ��
4XLFN�UHVSRQVH LQSXW � SRLQWV �&1���� WR ��� SLQ � VHW WR 21� 0LQLPXP UHVSRQVH LQSXW SXOVH UDQJH

�VHOHFWDEOH� � PV�� PV
,QWHUQDO FXUUHQW FRQVXPSWLRQ � 9'&� ��� P$ PD[�
:HLJKW ��� JUDPV PD[�

1RWH �� 'HSHQGLQJ RQ VXUURXQGLQJ WHPSHUDWXUH� WKH QXPEHU RI ELWV WKDW FDQ VL�
PXOWDQHRXVO\ EH LQSXW LV UHVWULFWHG� 5HIHU WR 6LPXOWDQHRXV ,QSXW LQ WKLV
DSSHQGL[�



$SSHQGL[ %6SHFLILFDWLRQV

��

�� 7R RSHUDWH WKH 8QLW LQ WKH ���SRLQW����SRLQW 6WDWLF PRGH� VHW SLQ � RI WKH
',3 VZLWFK WR 2))�

�� 7KH SRODULW\ RI WKH LQSXW SRZHU IRU WKH LQSXW VHFWLRQ FDQ EH HLWKHU SRVLWLYH
RU QHJDWLYH�

&LUFXLW &RQILJXUDWLRQ

,QWHUQDO

FLUFXLW

&1�

&1�

� WR �� 9'&

287 ��

WR

287 ��

� WR �� 9'&
287 ��

287 ��
WR

&20 �

&20 �

,1 ��
WR
,1 ��

,1 ��
WR
,1 ��

&20 �

&20 �

)XVH

�� NW

��� NW

��� W

���� S)

��� NW

([WHUQDO &RQQHFWLRQ 'LDJUDP
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�
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�

�

�

�

&1�

1&

1&

1&

1&

% $

&20 � &20 �

��

��

��

��

��

��

�

�

�

�

�

�

�

�

�

�

� �

� WR �� 9'& � WR �� 9'&

/

/

/ /

/

/

/

/

/

/

/

/

/

/

/

/

&1�

� �

� �

� �

� �

� �

� �

� �

� �

� �

�� ��

�� ��

�� ��

1&

1&

1&

1&

1&

1&

%$

&20 � &20 �

�

�

�

�

�

�

�

�

�

�

��

��

��

��

��

��

�

� �

�

�� 9'&

2XWSXW ,QSXW

�� 9'&

� WR ��
9'&

� WR ��
9'&

:KHQ WKH LQSXW LV VHW WR TXLFN�UHVSRQVH �SLQ �� 21�� LQSXWV �� WR �� DUH XVHG IRU
TXLFN�UHVSRQVH�
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���9'& ,QSXW�7UDQVLVWRU 2XWSXW
����3RLQWV '\QDPLF ,QSXW '& ,QSXW�7UDQVLVWRU 2XWSXW �3LQ �� 21�

0RGHO QR� &���+�0'���
2XWSXW VHFWLRQ �&1��
0D[LPXP VZLWFKLQJ FDSDFLW\ �� 9'& ���� ���� ���P$ ���P$�FRPPRQ� ��� $�8QLW
/HDNDJH FXUUHQW ��� P$ PD[�
5HVLGXDO YROWDJH ��� 9 PD[�
21 UHVSRQVH WLPH ��� PV PD[�
2)) UHVSRQVH WLPH ��� PV PD[�
1XPEHU RI 3RLQWV ����SRLQW G\QDPLF ��� SRLQWV G\QDPLF � FLUFXLWV �,VRODWHG FRPPRQ�� �6HH QRWH�
,QWHUQDO FXUUHQW FRQVXPSWLRQ � 9'&� ��� P$ PD[�
)XVH � IXVH�FLUFXLW� �� FLUFXLWV� �1RW XVHU�UHSODFHDEOH�
([WHUQDO SRZHU VXSSO\ �� 9'& ����� �� P$ PLQ� ���� P$ [ QXPEHU RI 21 SRLQWV�

:HLJKW ��� JUDPV PD[�

����3RLQWV '\QDPLF ,QSXW '& ,QSXW�7UDQVLVWRU 2XWSXW �3LQ �� 21�
0RGHO QR� &���+�0'���
,QSXW VHFWLRQ �&1��
5DWHG LQSXW YROWDJH �� 9'& ���� ����
,QSXW LPSHGDQFH ��� NW
,QSXW FXUUHQW ��� P$ ��� 9'&� �W\SLFDO YDOXH�
21 YROWDJH ���� 9'& PLQ�
2)) YROWDJH ��� 9'& PD[�
1XPEHU RI 3RLQWV ����SRLQW G\QDPLF ��� SRLQWV G\QDPLF � FLUFXLWV �,VRODWHG FRPPRQ��
,QWHUQDO FXUUHQW FRQVXPSWLRQ � 9'&� ��� P$ PD[�
:HLJKW ��� JUDPV PD[�

'HSHQGLQJ RQ VXUURXQGLQJ WHPSHUDWXUH� WKH QXPEHU RI ELWV WKDW FDQ VLPXOWD�
QHRXVO\ EH LQSXW LV UHVWULFWHG� 5HIHU WR 6LPXOWDQHRXV ,QSXW LQ WKLV DSSHQGL[�
7R RSHUDWH WKH 8QLW LQ ����SRLQW '\QDPLF�RXWSXW PRGH� VHW SLQ � WR 21�

&LUFXLW &RQILJXUDWLRQ

,QWHUQDO

FLUFXLW

&1�

&1�

�� 9'&

6WUREH ��

WR

6WUREH ��

�� 9'&
6WUREH ��

6WUREH ��
WR

&20 �

&20 �

'DWD ��
WR
'DWD ��

'DWD ��

'DWD ��
WR

&20 �

&20 �

)XVH

�� NW

��� NW

��� W

��� NW

���� S)

1RWH
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� �
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�� ��

�� ��

�� ��

1&

�9�

&20 �

6WUREH ��

6WUREH ��

6WUREH ��

6WUREH ��

6WUREH ��

6WUREH ��

6WUREH �

6 �

1&

1&

1&

'DWD �

'DWD �

'DWD �

'DWD �

'DWD �

'DWD �

'DWD �

'DWD �

&20 �

1&

1&

1&

1&

% $ %$

�9�

&20 �

�� 9'&

&20 �

'DWD �

'DWD �

'DWD ��

'DWD ��

'DWD ��

'DWD ��

'DWD ��

'DWD ��

1& 1&

6WUREH �

6WUREH �

6WUREH �

6WUREH �

6WUREH �

6WUREH �

6WUREH �

6WUREH �

�� 9'&

�

.H\ERDUG
VZLWFK�
URWDU\ VZLWFK�
HWF�

.H\ERDUG
VZLWFK�
URWDU\ VZLWFK�
HWF�

7UDQVLVWRU 2XWSXW 0D[LPXP 6ZLWFKLQJ &DSDFLW\
7KH IROORZLQJ GLDJUDP VKRZV WKH PD[LPXP VZLWFKLQJ FDSDFLW\ RI &���+�2'����0'���� ��� WUDQVLVWRU RXWSXW
LQ UDWLR WR WKH H[WHUQDO SRZHU VXSSO\�

�P$�

���

��

��

�

� ��� �� ���� ���� �9�

([WHUQDO SRZHU
VXSSO\ YROWDJH

0D[LPXP
VZLWFKLQJ
FDSDFLW\



6SHFLILFDWLRQV $SSHQGL[ %

��

6LPXOWDQHRXV ,QSXW
7KH IROORZLQJ GLDJUDPV VKRZ WKH QXPEHU RI SRLQWV WKDW FDQ EH VLPXOWDQHRXVO\ LQSXW WR WKH &���+�,'��� DQG
&���+�0'���� GHSHQGLQJ RQ WKH VXUURXQGLQJ WHPSHUDWXUHV�

&���+�,'���

��

�

�

��

��

��

��

��

�3RLQWV�

�� �� �� ������ �� ��

$W ���& DQG ����
9���SRLQWV FDQEH
VLPXOWDQHRXVO\ LQ�
SXW

$W ���& DQG ����
9� �� SRLQWV FDQ EH
VLPXOWDQHRXVO\ LQ�
SXW

$W ���� 9 ZLWK
�� SRLQWV 21�
PD[� WHPSHUD�

WXUH LV ���&

$W ���� 9 ZLWK
�� SRLQWV 21�
PD[� WHPSHUD�

WXUH LV ���&

��&�

1XPEHU
RI SRLQWV

$PELHQW WHPSHUDWXUH

,QSXW YROWDJH ���� 9

,QSXW YROWDJH
���� 9

&���+�0'���

�

�

�

��

��

��

��

�� �� �� ���� �� ��

$W ���& DQG ���� 9�
�� SRLQWV FDQ EH VL�
PXOWDQHRXVO\ LQSXW

$W ���& DQG ���� 9�
�� SRLQWV FDQ EH VL�
PXOWDQHRXVO\ LQSXW

��&�

�3RLQWV�

1XPEHU
RI LQSXW
SRLQWV

$PELHQW WHPSHUDWXUH

1RWH 7KHUH DUH QR UHVWULFWLRQV

RQ VLPXOWDQHRXV RXWSXW�

,QSXW YROWDJH
���� 9

,QSXW YROWDJH
���� 9

:KHQ WRR PDQ\ &���+�,'����0'��� LQSXWV DUH VLPXOWDQHRXVO\ 21� WKH HOHFWURQLF SDUW LQVLGH WKH 8QLW EH�
FRPHV WRR KRW� 7KLV GHWHULRUDWHV WKH FLUFXLWU\ DV ZHOO DV WKH SDUWV� DQG VKRUWHQV WKH OLIH RI WKH 8QLW� +RZHYHU LW
GRHV WDNH VRPH GHJUHH RI WLPH IRU WKH SDUWV WR JHW KRW� )RU H[DPSOH� LI DOO WKH LQSXWV KDYH EHHQ 2)) ORQJ
HQRXJK WR EH FRROHG FRPSOHWHO\� HYHQ LQSXWWLQJ VLJQDOV WR DOO WKH SRLQWV VLPXOWDQHRXVO\ PD\ EH VDIH IRU XS WR
�� PLQXWHV� $OO GLPHQVLRQV DUH LQ PLOOLPHWHUV�



$SSHQGL[ %6SHFLILFDWLRQV

��

([WHUQDO 'LPHQVLRQV

���

����
�����

0RXQWHG 'LPHQVLRQV

���

���

%DFNSODQH

&RQQHFWLQJ
&DEOH

���

$SSUR[� ���

%DFNSODQH

&RQQHFWLQJ
&DEOH

1RWH� $ OHQJWK RI DSSUR[LPDWHO\ ��� PP LV UHTXLUHG
ZKHQ D SUHVV�ILW FRQQHFWRU LV XVHG�

8VH WKH *�� &RQQHFWLQJ &DEOH WR FRQQHFW *�7& ,�2 %ORFN�

:KHQ XVLQJ WKH *�� &RQQHFWLQJ &DEOH DQG &���+�%3��� 3URJUDPPLQJ &RQVROH $GDSWRU� LW LV SRVVLEOH WR
PRXQW SHULSKHUDO XQLWV GLUHFWO\ WR WKH &38 ZLWK WKLV 8QLW PRXQWHG WR RQH RI WKH WZR ULJKWPRVW VORWV RI &38
5DFN�



��

$SSHQGL[ &
7URXEOHVKRRWLQJ

7KLV DSSHQGL[ FRYHUV FRPPRQ SUREOHPV HQFRXQWHUHG ZLWK WKH 8QLWV DQG YDULRXV ZD\V RI GHWHUPLQLQJ DQG FRU�
UHFWLQJ WKHP�

$OO 8QLWV
1R� (UURU 3RVVLEOH FDXVH &RUUHFWLYH DFWLRQ
� ´581µ /(' LV XQOLW ,�2 XQLW QXPEHU LV GXSOLFDWHG &RUUHFW WKH ,�2 XQLW QXPEHU

0DOIXQFWLRQ GXH WR QRLVH 1RLVH SUHYHQWLRQ
� ,QVWDOO VXUJH VXSSUHVVRU
� ,QVWDOO LQVXODWLRQ IRUPHU
� 8VH VKLHOGHG FDEOH

'HIHFWLYH 8QLW 5HSODFH 8QLW
'HIHFWLYH &38 5HSODFH &38
'HIHFWLYH ,�2 FDEOH &KHFN ,�2 FDEOHV
'HIHFWLYH 3RZHU 6XSSO\ 5HSODFH ,�2 3RZHU 6XSSO\
'HIHFWLYH 5HPRWH ,�2 8QLW 5HSODFH 5HPRWH ,�2 8QLW



7URXEOHVKRRWLQJ $SSHQGL[ &

��

,QSXW 8QLW
1R� (UURU 3RVVLEOH FDXVH &RUUHFWLYH DFWLRQ
� ,QSXWV GR QRW WXUQ 21

�)XQFWLRQ /('V XQOLW�
1R H[WHUQDO LQSXW YROWDJH VXSSO\ 6XSSO\ SRZHU

/RZ H[WHUQDO LQSXW YROWDJH 6XSSO\ YROWDJH XS WR UDWHG YROWDJH
%DG FRQQHFWLRQ WR WHUPLQDO EORFN ,QVHUW WHUPLQDO EORFN VHFXUHO\ DQG

WLJKWHQ VFUHZV
%DG FLUFXLW 5HSODFH 8QLW

� ,QSXWV GR QRW WXUQ 21
�)XQFWLRQ /('V OLW�

%DG FLUFXLW 5HSODFH 8QLW

� ,QSXWV GR QRW WXUQ 2)) %DG FLUFXLW 5HSODFH 8QLW
� 6SHFLILF ELW QXPEHU LQSXW GRHV

QRW WXUQ 21
%DG LQSXW GHYLFH 5HSODFH LQSXW GHYLFH

'LVFRQQHFWHG LQSXW ZLULQJ &KHFN LQSXW ZLULQJ
%DG FRQQHFWLRQ EHWZHHQ WHUPLQDO
EORFN DQG LQSXW ZLULQJ

&KHFN ZLULQJ RI WHUPLQDO EORFN

%DG FRQQHFWLRQ WR WHUPLQDO EORFN ,QVHUW WHUPLQDO EORFN VHFXUHO\ DQG
WLJKWHQ VFUHZV

([WHUQDO LQSXW 21 WLPH WRR VKRUW $GMXVW LQSXW GHYLFH
%DG LQSXW FLUFXLW 5HSODFH 8QLW
3URJUDPPHG WR XVH DQ LQSXW ELW
QXPEHU DV DQ 287 LQVWUXFWLRQ

&RUUHFW WKH SURJUDP

� 6SHFLILF ELW QXPEHU LQSXW GRHV
QRW WXUQ 2))

%DG LQSXW FLUFXLW 5HSODFH 8QLW

3URJUDPPHG WR XVH DQ LQSXW ELW
QXPEHU DV DQ 287 LQVWUXFWLRQ

&RUUHFW WKH SURJUDP

� ,QSXWV WXUQ 21�2)) LUUHJXODUO\ ([WHUQDO LQSXW YROWDJH ORZ ,QFUHDVH H[WHUQDO YROWDJH WR WKH UDWHG
YROWDJH

0DOIXQFWLRQ GXH WR QRLVH 1RLVH SUHYHQWLRQ
� ,QVWDOO VXUJH VXSSUHVVRU
� ,QVWDOO LQVXODWLRQ WUDQVIRUPHU
� 8VH VKLHOGHG FDEOH

%DG FRQQHFWLRQ EHWZHHQ WHUPLQDO
EORFN DQG LQSXW ZLULQJ

&KHFN ZLULQJ RI WHUPLQDO EORFN

%DG FRQQHFWLRQ WR WHUPLQDO EORFN ,QVHUW WHUPLQDO EORFN VHFXUHO\ DQG
WLJKWHQ VFUHZV

� (UURUV RFFXU LQ PXOWLSOHV RI � ELWV &RPPRQ ZLUH SRRUO\ FRQQHFWHG &KHFN ZLULQJ RI WHUPLQDO EORFN
%DG FRQQHFWLRQ WR WHUPLQDO EORFN ,QVHUW WHUPLQDO EORFN VHFXUHO\ DQG

WLJKWHQ VFUHZV
%DG &38 5HSODFH &38

� ,QSXW /(' XQOLW
�QRUPDO RSHUDWLRQ�

%DG /(' LQGLFDWRU 5HSODFH 8QLW



$SSHQGL[ &7URXEOHVKRRWLQJ

��

2XWSXW 8QLW
1R� (UURU 3RVVLEOH FDXVH &RUUHFWLYH DFWLRQ
� 2XWSXWV GR QRW WXUQ 21 1R SRZHU VXSSO\ IRU ORDG 6XSSO\ SRZHU

/RZ 9ROWDJH IRU ORDG ,QFUHDVH VXSSO\ YROWDJH WR WKH UDWHG
YROWDJH

%DG FRQQHFWLRQ WR WHUPLQDO EORFN
FRQQHFWRU

,QVHUW WHUPLQDO EORFN VHFXUHO\ DQG
WLJKWHQ VFUHZV

)XVH LV EORZQ 5HSODFH 8QLW
%DG FRQQHFWLRQ WR ,�2 EXV FRQQHFWRU 5HSODFH 8QLW
%DG FLUFXLW 5HSODFH 8QLW

� 2XWSXWV GR QRW WXUQ 2)) %DG FLUFXLW 5HSODFH 8QLW
� 6SHFLILF ELW QXPEHU LQSXW GRHV

QRW WXUQ 21 �/(' XQOLW�
2XWSXW RQ�WLPH WRR VKRUW &RUUHFW WKH SURJUDP

%LW QXPEHU LQYROYHG LV SURJUDPPHG
LQ GXSOLFDWH

&RUUHFW WKH SURJUDP

%DG FLUFXLW 5HSODFH 8QLW
� 6SHFLILF ELW QXPEHU LQSXW GRHV

QRW WXUQ 21 �/(' OLW�
%DG RXWSXW GHYLFH 5HSODFH RXWSXW GHYLFH

'LVFRQQHFWHG RXWSXW ZLULQJ &KHFN RXWSXW ZLULQJ
%DG FRQQHFWLRQ EHWZHHQ RXWSXW
ZLULQJ DQG WHUPLQDO EORFN

&KHFN ZLULQJ RI WHUPLQDO EORFN

%DG FRQQHFWLRQ WR WHUPLQDO EORFN ,QVHUW WHUPLQDO EORFN VHFXUHO\ DQG
WLJKWHQ VFUHZV

%DG RXWSXW FLUFXLW 5HSODFH 8QLW
� 6SHFLILF ELW QXPEHU RXWSXW GRHV

QRW WXUQ 2)) �/(' XQOLW�
1RW UHVHW GXH WR OHDNDJH FXUUHQW RU
UHVLGXDO YROWDJH

5HSODFH H[WHUQDO ORDG RU DGG GXPP\
UHVLVWRU

%DG RXWSXW FLUFXLW 5HSODFH 8QLW
� 6SHFLILF ELW QXPEHU RXWSXW GRHV

QRW WXUQ 2)) �/(' OLW�
%LW QXPEHU LQYROYHG LV SURJUDPPHG
LQ GXSOLFDWH

&RUUHFW WKH SURJUDP

%DG FLUFXLW 5HSODFH 8QLW
� 2XWSXWV WXUQ 21�2)) LUUHJXODUO\ 6XSSO\ YROWDJH IRU H[WHUQDO ORDG ORZ 5DLVH H[WHUQDO VXSSO\ YROWDJH

%LW QXPEHU LQYROYHG LV SURJUDPPHG
LQ GXSOLFDWH

&RUUHFW WKH SURJUDP

0DOIXQFWLRQ GXH WR QRLVH 1RLVH SUHYHQWLRQ
� ,QVWDOO VXUJH VXSSUHVVRU
� ,QVWDOO LQVXODWLRQ WUDQVIRUPHU
� 8VH VKLHOGHG FDEOH

%DG FRQQHFWLRQ EHWZHHQ RXWSXW
ZLULQJ DQG WHUPLQDO EORFN

&KHFN ZLULQJ RI WHUPLQDO EORFN

%DG FRQQHFWLRQ WR WHUPLQDO EORFN ,QVHUW WHUPLQDO EORFN VHFXUHO\ DQG
WLJKWHQ VFUHZV

� (UURUV RFFXU LQ PXOWLSOHV RI � ELWV %DG FRQQHFWLRQ EHWZHHQ RXWSXW
ZLULQJ DQG WHUPLQDO EORFN

&KHFN ZLULQJ RI WHUPLQDO EORFN

%DG FRQQHFWLRQ WR WHUPLQDO EORFN ,QVHUW WHUPLQDO EORFN VHFXUHO\ DQG
WLJKWHQ VFUHZV

)XVH LV EORZQ 5HSODFH 8QLW
%DG &38 5HSODFH &38

� 2XWSXW /(' XQOLW �1RUPDO
RSHUDWLRQ�

%DG /(' LQGLFDWRU 5HSODFH 8QLW
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DOORFDWLRQ 7KH SURFHVV E\ ZKLFK WKH 3& DVVLJQV FHUWDLQ ELWV RU ZRUGV LQ PHPRU\ IRU
YDULRXV IXQFWLRQV� 7KLV LQFOXGHV SDLULQJ ,�2 ELWV WR ,�2 SRLQWV RQ 8QLWV�

%DFNSODQH $ EDVH WR ZKLFK 8QLWV DUH PRXQWHG WR IRUP D 5DFN� %DFNSODQHV SURYLGH D
VHULHV RI FRQQHFWRUV IRU WKHVH 8QLWV DORQJ ZLWK ZLULQJ WR FRQQHFW WKHP WR WKH
&38 DQG 3RZHU 6XSSO\� %DFNSODQHV DOVR SURYLGH FRQQHFWRUV XVHG WR FRQ�
QHFW WKHP WR RWKHU %DFNSODQHV� ,Q VRPH 6\VWHPV� GLIIHUHQW %DFNSODQHV DUH
XVHG IRU GLIIHUHQW 5DFNV� LQ RWKHU 6\VWHPV� 5DFNV GLIIHU RQO\ E\ WKH 8QLWV
PRXQWHG WR WKHP�

EDXG UDWH 7UDQVIHU VSHHG EHWZHHQ WZR GHYLFHV LQ D V\VWHP PHDVXUHG LQ ELWV SHU
VHFRQG� )RU H[DPSOH� DQ RSWLFDO VHQVRU PLJKW EH FRQILJXUHG WR VHQG LWV LQIRU�
PDWLRQ WR WKH ),7 DW ���� EDXG� ,W LV LPSRUWDQW IRU ERWK RI WKH GHYLFHV WR EH
VHW WR WKH VDPH EDXG UDWH�

%&' FDOFXODWLRQ $Q DULWKPHWLF FDOFXODWLRQ WKDW XVHV QXPEHUV H[SUHVVHG LQ ELQDU\�FRGHG GHFL�
PDO�

ELQDU\ $ QXPEHU V\VWHP ZKHUH DOO QXPEHUV DUH H[SUHVVHG WR WKH EDVH �� L�H�� DQ\
QXPEHU FDQ EH ZULWWHQ XVLQJ RQO\ �·V RU �·V� (DFK JURXS RI IRXU ELQDU\ ELWV LV
HTXLYDOHQW WR RQH KH[DGHFLPDO GLJLW�

ELQDU\ FDOFXODWLRQ $Q DULWKPHWLF FDOFXODWLRQ WKDW XVHV QXPEHUV H[SUHVVHG LQ ELQDU\�

ELQDU\�FRGHG GHFLPDO $ V\VWHP XVHG WR UHSUHVHQW QXPEHUV VR WKDW HDFK IRXU ELQDU\ ELWV LV QXPHUL�
FDOO\ HTXLYDOHQW WR RQH GHFLPDO GLJLW�

ELW $ ELQDU\ GLJLW� KHQFH D XQLW RI GDWD LQ ELQDU\ QRWDWLRQ� 7KH VPDOOHVW XQLW RI
LQIRUPDWLRQ WKDW FDQ EH HOHFWURQLFDOO\ VWRUHG LQ D 3&� 7KH VWDWXV RI D ELW LV
HLWKHU 21 RU 2))� 'LIIHUHQW ELWV DW SDUWLFXODU DGGUHVVHV DUH DOORFDWHG WR VSH�
FLDO SXUSRVHV� VXFK DV KROGLQJ WKH VWDWXV LQSXW IURP H[WHUQDO GHYLFHV� ZKLOH
RWKHU ELWV DUH DYDLODEOH IRU JHQHUDO XVH LQ SURJUDPPLQJ�

ELW DGGUHVV 7KH ORFDWLRQ LQ PHPRU\ ZKHUH D ELW RI GDWD LV VWRUHG� $ ELW DGGUHVV PXVW
VSHFLI\ �VRPHWLPHV E\ GHIDXOW� WKH GDWD DUHD DQG ZRUG WKDW LV EHLQJ DG�
GUHVVHG DV ZHOO DV WKH QXPEHU RI WKH ELW�

ELW GHVLJQDWRU $Q RSHUDQG WKDW LV XVHG WR GHVLJQDWH WKH ELW RU ELWV RI D ZRUG WR EH XVHG E\
DQ LQVWUXFWLRQ�

ELW QXPEHU $ QXPEHU WKDW LQGLFDWHV WKH ORFDWLRQ RI D ELW ZLWKLQ D ZRUG� %LW �� LV WKH ULJKW�
PRVW �OHDVW�VLJQLILFDQW� ELW� ELW �� LV WKH OHIWPRVW �PRVW�VLJQLILFDQW� ELW�

ELW QXPEHU $ QXPEHU WKDW LQGLFDWHV WKH ORFDWLRQ RI D ELW ZLWKLQ D ZRUG� %LW �� LV WKH ULJKW�
PRVW �OHDVW�VLJQLILFDQW� ELW� ELW �� LV WKH OHIWPRVW �PRVW�VLJQLILFDQW� ELW�

%&' $EEUHYLDWLRQ IRU %LQDU\ &RGHG 'HFLPDO� $ ELQDU\ QXPEHULQJ V\VWHP LQ ZKLFK
DQ\ GHFLPDO GLJLW LV UHSUHVHQWHG E\ D JURXS RI � ELWV�

FRPPXQLFDWLRQ FDEOH &DEOH XVHG WR WUDQVIHU GDWD EHWZHHQ FRPSRQHQWV RI D FRQWURO V\VWHP DQG
FRQIRUPLQJ WR WKH 56����& RU 56���� VWDQGDUGV�
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&38 $Q DFURQ\P IRU FHQWUDO SURFHVVLQJ XQLW�

&38 %DFNSODQH $ %DFNSODQH XVHG WR FUHDWH D &38 5DFN�

&38 5DFN 3DUW RI D 5DFN 3&� WKH &38 5DFN FRQWDLQV WKH &38� D 3RZHU 6XSSO\� DQG
RWKHU 8QLWV�

F\FOH WLPH 7KH WRWDO WLPH LW WDNHV WKH 3& WR SHUIRUP LQWHUQDO RSHUDWLRQV� L�H�� UHVHW WKH
ZDWFKGRJ WLPHU� UHDG WKH SURJUDP� UHFHLYH LQSXW GDWD� VHQG RXWSXW GDWD� DQG
H[HFXWH LQVWUXFWLRQV� &\FOH WLPH LV PRQLWRUHG E\ WKH ZDWFKGRJ WLPHU ZLWKLQ
WKH 3&� DQG LI LW WDNHV ORQJHU WKDQ D FHUWDLQ VSHFLILHG DPRXQW RI WLPH� DQ HUURU
PHVVDJH PD\ EH JHQHUDWHG� RU WKH &38 PD\ MXVW VWRS� &\FOH WLPHV ZLOO GLIIHU
GHSHQGLQJ RQ WKH FRQILJXUDWLRQ RI WKH V\VWHP�

',3 VZLWFK $Q DFURQ\P IRU GXDO LQ�OLQH SDFNDJH VZLWFK� $ VHW RI IRXU WR HLJKW PLQLDWXUH
VZLWFKHV IDEULFDWHG LQ D GXDO LQ�OLQH DUUDQJHPHQW�

([SDQVLRQ ,�2 %DFNSODQH $ %DFNSODQH XVHG WR FUHDWH DQ ([SDQVLRQ ,�2 5DFN�

([SDQVLRQ ,�2 5DFN 3DUW RI D 5DFN 3&� DQ ([SDQVLRQ ,�2 5DFN LV FRQQHFWHG WR D &38 5DFN WR
LQFUHDVH WKH QXPEHU RI VORWV DYDLODEOH IRU PRXQWLQJ 8QLWV�

IDOOLQJ HGJH 'HQRWHV WKH VLGH RI D VLJQDO WKDW LV ´IDOOLQJµ �GHFUHDVLQJ WR D OHYHO ORZHU WKDQ
LW SUHYLRXV ZDV DW��

,�2 GHYLFHV 7KH GHYLFHV ZKLFK DUH FRQQHFWHG WR WKH WHUPLQDOV RQ ,�2 8QLWV� 6SHFLDO ,�2
8QLWV� RU ,QWHOOLJHQW ,�2 8QLWV� ,�2 GHYLFHV PD\ EH SDUW RI WKH &RQWURO 6\VWHP LI
WKH\ IXQFWLRQ WR KHOS FRQWURO RWKHU GHYLFHV� RU WKH\ PD\ EH SDUW RI WKH FRQ�
WUROOHG V\VWHP LI WKH\ LQWHUDFW GLUHFWO\ ZLWK LW�

,�2 SRLQW 7KH SODFH DW ZKLFK DQ LQSXW VLJQDO HQWHUV WKH 3& 6\VWHP RU DQ RXWSXW VLJQDO
OHDYHV WKH 3& 6\VWHP� ,Q SK\VLFDO WHUPV� DQ ,�2 SRLQW FRUUHVSRQGV WR WHUPL�
QDOV RU FRQQHFWRU SLQV RQ D 8QLW� LQ WHUPV RI SURJUDPPLQJ� DQ ,�2 SRLQW FRUUH�
VSRQGV WR DQ ,�2 ELW LQ WKH ,5 DUHD�

/$1 $Q DFURQ\P IRU ORFDO DUHD QHWZRUN�

OHDNDJH FXUUHQW $ IDXOW\ FXUUHQW RFFXUULQJ LQ DQ\ HOHFWURQLF GHYLFH� FLUFXLW� HWF�� GXH WR OHDN�
DJH�

OLPLW VZLWFK $ VZLWFK WKDW GHWHFWV ZKHQ DQ REMHFW KDV UHDFKHG WKH OLPLW RI LWV PRYHPHQW
E\ DFWXDOO\ PDNLQJ FRQWDFW ZLWK WKH REMHFW� /LPLW 6ZLWFKHV DUH ILWWHG WR HOHFWULF
HOHYDWRUV� WUDYHOLQJ FUDQHV� HWF� WR LQGLFDWH ZKHQ D FHUWDLQ SDUW RI WKH HTXLS�
PHQW KDV WUDYHOHG WR WKH VSHFLILHG OLPLW�

ORFDO DUHD QHWZRUN $ QHWZRUN FRQVLVWLQJ RI QRGHV RU SRVLWLRQV LQ D ORRS DUUDQJHPHQW� (DFK QRGH
FDQ EH DQ\ RQH RI D QXPEHU RI GHYLFHV� 7KLV NLQG RI QHWZRUN XVXDOO\ RSHU�
DWHV RYHU D VPDOO DUHD VXFK DV D JURXS RI RIILFHV RU D IDFWRU\ IORRU�

PXOWLSOH[ 7R XVH RQH FKDQQHO IRU PDQ\ VLJQDOV�

3& $Q DFURQ\P IRU 3URJUDPPDEOH &RQWUROOHU�

SKRWRHOHFWULF VZLWFK $ VZLWFK WKDW XVHV OLJKW WR GHWHFW WKH SUHVHQFH RI DQ REMHFW�
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3/& 6HH 3&�

3RZHU 6XSSO\ $ 8QLW WKDW PRXQWV WR D %DFNSODQH LQ D 5DFN 3&� ,W SURYLGHV SRZHU DW WKH
YROWDJH UHTXLUHG E\ WKH RWKHU 8QLWV RQ WKH 5DFN�

3URJUDPPDEOH &RQWUROOHU $ VPDOO� FRPSXWHU�OLNH GHYLFH WKDW FDQ FRQWURO SHULSKHUDO HTXLSPHQW� VXFK DV
DQ HOHFWULF GRRU RU TXDOLW\ FRQWURO GHYLFHV� EDVHG RQ SURJUDPPLQJ DQG SH�
ULSKHUDO LQSXW GHYLFHV� $Q\ SURFHVV WKDW FDQ EH FRQWUROOHG XVLQJ HOHFWULFDO
VLJQDOV FDQ EH FRQWUROOHG E\ D 3&� 3&V FDQ EH XVHG LQGHSHQGHQWO\ RU QHW�
ZRUNHG WRJHWKHU LQWR D V\VWHP WR FRQWURO PRUH FRPSOH[ RSHUDWLRQV�

SUR[LPLW\ VZLWFK $ VZLWFK WKDW XVHV PDJQHWLF LQGXFWLRQ WR PHDVXUH WKH GLVWDQFH RI D PHWDOOLF
REMHFW IURP WKH IURQW RI WKH VZLWFK�

SXOO�XS UHVLVWRU $ UHVLVWRU FRQQHFWHG WR D YROWDJH VRXUFH ZKLFK LV HTXDO WR WKH KLJK ��� OHYHO
RI WKH ORJLF IDPLO\ WKDW LV XVHG�

5DFN $Q DVVHPEO\ WKDW IRUPV D IXQFWLRQDO XQLW LQ D 5DFN 3& 6\VWHP� $ 5DFN FRQ�
VLVWV RI D %DFNSODQH DQG WKH 8QLWV PRXQWHG WR LW� 7KHVH 8QLWV LQFOXGH WKH
3RZHU 6XSSO\� &38� DQG ,�2 8QLWV� 5DFNV LQFOXGH &38 5DFNV� ([SDQVLRQ ,�2
5DFNV� DQG ,�2 5DFNV� 7KH &38 5DFN LV WKH 5DFN ZLWK WKH &38 PRXQWHG WR
LW� $Q ([SDQVLRQ ,�2 5DFN LV DQ DGGLWLRQDO 5DFN WKDW KROGV H[WUD ,�2 8QLWV� $Q
,�2 5DFN LV XVHG LQ WKH &����+ 'XSOH[ 6\VWHP� EHFDXVH WKHUH LV QR URRP
IRU DQ\ ,�2 8QLWV RQ WKH &38 5DFN LQ WKLV 6\VWHP�

5HPRWH ,�2 8QLW $ 8QLW WKDW H[WHQGV WKH GLVWDQFH DQ ([SDQVLRQ ,�2 5DFN FDQ EH IURP WKH
&38�

UHVSRQVH WLPH 7KH HODSVHG WLPH EHWZHHQ DQ DFWLRQ E\ D SHULSKHUDO GHYLFH DQG WKH IHHGEDFN
IURP WKH PDLQ V\VWHP�

VHQVRU $Q LQSXW GHYLFH WKDW ´VHQVHVµ D SURSHUW\ RI WKH UHDO ZRUOG DQG UHOD\V LW WR WKH
&RQWURO 6\VWHP� 7KH SURSHUW\ FDQ EH D PHDVXUHPHQW RI DQ REMHFW� RU VLPSO\
D VLJQDO LQGLFDWLQJ WKH SUHVHQFH RI WKH REMHFW�

VWUREH $ UHJXODUO\ UHFXUULQJ ZDYHIRUP RU VLJQDO XVHG LQ WLPLQJ DSSOLFDWLRQV�

VZLWFK $Q LQSXW GHYLFH WKDW VHQGV HLWKHU DQ 21 RU 2)) VLJQDO WR WKH &RQWURO 6\VWHP�
$ VZLWFK FDQ EH RSHUDWHG HLWKHU E\ D SHUVRQ RU E\ WKH PRYHPHQW RI D SLHFH
RI HTXLSPHQW RU PDWHULDO�

V\VWHP FRQILJXUDWLRQ 7KH DUUDQJHPHQW LQ ZKLFK 8QLWV LQ D 6\VWHP DUH FRQQHFWHG� 7KLV WHUP UHIHUV
WR WKH FRQFHSWXDO DUUDQJHPHQW DQG ZLULQJ WRJHWKHU RI DOO WKH GHYLFHV QHHGHG
WR FRPSULVH WKH 6\VWHP� ,Q 20521 WHUPLQRORJ\� V\VWHP FRQILJXUDWLRQ LV
XVHG WR GHVFULEH WKH DUUDQJHPHQW DQG FRQQHFWLRQ RI WKH 8QLWV FRPSULVLQJ D
&RQWURO 6\VWHP WKDW LQFOXGHV RQH RU PRUH 3&V�

WHUPLQDO EORFN $Q ,�2 GHYLFH XVHG WR FRPPXQLFDWH ZLWK WKH 8QLW IURP D UHPRWH VLWH�

77/ $EEUHYLDWLRQ IRU 7UDQVLVWRU �7UDQVLVWRU /RJLF�

8QLW ,Q 20521 3& WHUPLQRORJ\� WKH ZRUG 8QLW LV FDSLWDOL]HG WR LQGLFDWH DQ\ SURG�
XFW VROG IRU D 3& 6\VWHP� WKRXJK PRVW RI WKH QDPHV RI WKHVH SURGXFWV HQG
ZLWK WKH ZRUG 8QLW� QRW DOO GR� H�J�� D 5HPRWH 7HUPLQDO LV UHIHUUHG WR LQ D FRO�
OHFWLYH VHQVH DV D 8QLW� &RQWH[W JHQHUDOO\ PDNHV DQ\ OLPLWDWLRQV RI WKLV ZRUG
FOHDU�
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ZRUG ,Q GLJLWDO FLUFXLWV� D JURXS RI ELWV� 8VXDOO\ D ZRUG FRQVLVWV RI IRXU� HLJKW� RU
VL[WHHQ ELWV� ,Q &�VHULHV 3&V� D ZRUG FRQVLVWV RI VL[WHHQ ELWV� :RUGV FDQ EH
XVHG WR VWRUH GDWD� RU WKH\ FDQ EH XVHG IRU ,�2�
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,QGH[

% &
%DFNSODQH FRQQHFWRU� �

&���+ 8QLWV� �

&026� ��

FRQQHFWRU� ,�2� �

F\FOH WLPH� ��

'
GLRGH� ��

',3 VZLWFK� �

GLVSOD\� ��

G\QDPLF ,�2 SRLQWV� �

G\QDPLF LQSXW� ��

G\QDPLF RXWSXW� ��

(
HOHFWULFDO FRQQHFWLRQV� �

([SDQVLRQ ,�2 5DFN� �

+ ,
KRVW OLQN� ��

,�2 5DFNV� �

LQGXFWLYH ORDG� ��

LQSXW ELW DOORFDWLRQ� ��

LQWHUQDO IXVH� �

,25) �� LQVWUXFWLRQ� ��

/
OHDNDJH FXUUHQW� ��

ORJLF� ��

0 1
PXOWLSOH[HU� �

QRLVH� ��

3
3& /LQN 8QLW� �

SRZHU VXSSO\� ��

4 5
TXLFN UHVSRQVH� ��

UHIUHVK� ��

5HPRWH ,�2 6ODYH 5DFN� �

UHVLVWRUV� ��

6
VKLSSLQJ ODEHO� �

VKRUW FLUFXLW� ��

VLJQDO OLQH� ��

VXUJH FXUUHQW� ��

7
WHUPLQDO EORFN� ��

WLPLQJ� G\QDPLF LQSXW� ��

WLPLQJ� G\QDPLF RXWSXW� ��

77/ FRQQHFWLRQ� ��

8 :
XQLW QXPEHU VHOHFWLRQ GLDO� �

ZDWFKGRJ WLPHU� ��

ZLUH VL]H� �

ZRUG DOORFDWLRQV� �
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5HYLVLRQ +LVWRU\

$ PDQXDO UHYLVLRQ FRGH DSSHDUV DV D VXIIL[ WR WKH FDWDORJ QXPEHU RQ WKH IURQW FRYHU RI WKH PDQXDO�

&DW� 1R� :����(���$

5HYLVLRQ FRGH

7KH IROORZLQJ WDEOH RXWOLQHV WKH FKDQJHV PDGH WR WKH PDQXDO GXULQJ HDFK UHYLVLRQ� 3DJH QXPEHUV UHIHU WR WKH
SUHYLRXV YHUVLRQ�

5HYLVLRQ FRGH 'DWH 5HYLVHG FRQWHQW
� $XJXVW ���� 2ULJLQDO SURGXFWLRQ
� -XQH ���� 5HYLVLRQ RI WH[W DQG JUDSKLFV�
� 2FWREHU ���� 5HYLVLRQ RI WH[W DQG JUDSKLFV�
�$ -DQXDU\ ���� &KDQJHGPDQXDO IRUPDW�6FDQ WLPHFKDQJHG WRF\FOH WLPH WKURXJKRXW WKHPDQXDO�

3DJH �� &RQQHFWRU GLPHQVLRQV GLDJUDP DGGHG DQG FRQQHFWRU DVVHPEO\ GLD�
JUDP FRUUHFWHG� 1RWH DGGHG�

3DJH ��� 0RXQWHG GLPHQVLRQV FRUUHFWHG� 1RWH DGGHG�
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