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,QWHUEXV06 4

4 ,QWURGXFWLRQ

414 8VLQJ#WKLV#*XLGH

'ULYH#SDUDPHWHUV#DUH#GHQRWHG#LQ#WKLV#PDQXDO#E\#³&00133´/#ZKHUH#00#UHIHUV#
WR#WKH#PHQX#QXPEHU/#DQG#33#UHIHUV#WR#WKH#SDUDPHWHU#QXPEHU#ZLWKLQ#WKDW#
PHQX1##3OHDVH#UHIHU#WR#WKH#8QLGULYH#DQG#0HQWRU#,,#PDQXDOV#IRU#SDUDPHWHU#
GHILQLWLRQV1

415 8QLGULYH##0##8':3#ZLWK#,QWHUEXV06#,QWHUIDFH

7KH#8':3#ZLWK#,QWHUEXV06#,QWHUIDFH#PRGXOH#IRU#8QLGULYH#LV#VXSSOLHG#LQ#D#ODUJH#
RSWLRQ#PRGXOH1##,W#LV#DQ#DGG0RQ#FDUG#IRU#WKH#8':3#$SSOLFDWLRQV#FDUG1##$Q#
;3&65#SURFHVVRU#DQG#6\VWHP#3URWRFRO#&KLS#V\VWHP#KDQGOH#DOO#QHWZRUN#
DFWLYLW\/#DQG#XVH#D#'XDO03RUW#5$0#LQWHUIDFH#WR#WUDQVIHU#GDWD#EHWZHHQ#WKH#
;3&65#DQG#WKH#8':31

7KH#8':3#UHWDLQV#IXOO#IXQFWLRQDOLW\/#DOORZLQJ#WKH#XVHU#WR#GRZQORDG#QRUPDO#
'3/#DSSOLFDWLRQ#SURJUDPV1##1R#SURJUDP#PRGLILFDWLRQV#DUH#UHTXLUHG#WR#DOORZ#
H[LVWLQJ#'3/#SURJUDPV#WR#UXQ1##$#GLIIHUHQW#8':3#RSHUDWLQJ#V\VWHP#ILOH#
+³,%6352),16<6´,#LV#XVHG/#DQG#WKH#8':3#FRPHV#ZLWK#WKH#V\VWHP#ILOH#SUH0
ORDGHG1##7KH#8':3#DOVR#XVHV#D#'35$0#LQWHUIDFH#WR#WUDQVIHU#GDWD#WR#DQG#
IURP#WKH#GULYH1

;3&65

63&

833#NEDXG
567;8

3K\VLFDO#/D\HU

'#VXE

L<93
3URFHVVRU

0HPRU\

'#VXE'#VXE'#VXE

,QWHUEXV06#&RQQHFWRUV

8':3#0RWKHU#3&% 8':7#,QWHUEXV06#2SWLRQ

/DUJH#2SWLRQ#0RGXOH8QLGULYH



5 ,QWHUEXV06

416 0HQWRU#0#0'0,%6

7KH#0'0,%6#,QWHUEXV06#,QWHUIDFH#FDUG#IRU#0HQWRU#,,#LV#D#VLQJOH#DGG0RQ#FDUG1##
,W#ILWV#RQWR#WKH#73#SLQ#KHDGHU#RQ#WKH#0'$05%#FDUG#RQ#WKH#0HQWRU#,,#LWVHOI1##$Q#
;3&65#SURFHVVRU#DQG#6\VWHP#3URWRFRO#&KLS#KDQGOH#DOO#QHWZRUN#DFWLYLW\/#DQG#
XVH#D#'XDO03RUW#5$0#LQWHUIDFH#WR#WUDQVIHU#GDWD#EHWZHHQ#WKH#;3&65#DQG#WKH#
0HQWRU#,,1

7KH#0'0,%6#GRHV#QRW#KDYH#WKH#0'5<#KDUGZDUH/#DQG#LV#XQDEOH#WR#UXQ#'3/#
DSSOLFDWLRQ#SURJUDPV1##2QH#0'54#DSSOLFDWLRQ#SURJUDP#FDQ#EH#LQFOXGHG#LQ#
WKH#3520/#DQG#WKLV#PXVW#EH#VSHFLILHG#ZKHQ#WKH#0'0,%6#FDUG#LV#RUGHUHG1

;3&65

63&

833#NEDXG
567;8

3K\VLFDO#/D\HU

'#VXE

'35$0

'#VXE

,QWHUEXV06#&RQQHFWRUV

0'0,%6#&DUG0HQWRU#,,



,QWHUEXV06 6

5 3URGXFW#&RQIRUPDQFH#&HUWLILFDWLRQ

,QWHUEXV06#&RQIRUPDQFH#&HUWLILFDWLRQ#LV#JUDQWHG#E\#WKH#,QWHUEXV06#&OXE#WR#
PDQXIDFWXUHUV#RI#,QWHUEXV06#SURGXFWV#WKDW#KDYH#EHHQ#VKRZQ#WR#PHHW#WKH#
,QWHUEXV06#VSHFLILFDWLRQ1##7HVWV#DUH#FDUULHG#RXW#E\#DSSURYHG#LQGHSHQGHQW#WHVW#
KRXVHV#WR#HQVXUH#WKH#LQWHJULW\#DQG#IXQFWLRQDOLW\#RI#ERWK#WKH#KDUGZDUH#DQG#
VRIWZDUH#RI#WKH#SURGXFW1

7KHVH#WHVWV#DUH#GHVLJQHG#WR#HQVXUH#WKDW#GLIIHUHQW#SLHFHV#RI#HTXLSPHQW#IURP#
GLIIHUHQW#PDQXIDFWXUHUV#ZLOO#DOO#IXQFWLRQ#WRJHWKHU#RQ#D#VLQJOH#QHWZRUN1##
3URYLGHG#HDFK#SLHFH#RI#HTXLSPHQW#KDV#,QWHUEXV06#&RQIRUPDQFH#
&HUWLILFDWLRQ/#WKHUH#VKRXOG#EH#QR#SUREOHPV#H[SHULHQFHG#E\#PL[LQJ#HTXLSPHQW#
IURP#GLIIHUHQW#PDQXIDFWXUHUV1

514 ,QWHUEXV06#&RQIRUPDQFH#0DUN

7KH#,QWHUEXV06#&RQIRUPDQFH#0DUN#LV#DQ#RIILFLDO#
V\PERO#RI#WKH#,QWHUEXV06#&OXE1##,W#PD\#RQO\#EH#
DWWDFKHG#WR#,QWHUEXV06#SURGXFWV#WKDW#KDYH#D#IXOO#
&RQIRUPDQFH#&HUWLILFDWH#IURP#WKH#,QWHUEXV06#
&OXE1##,W#SURYLGHV#DQ#HDV\#ZD\#IRU#,QWHUEXV06#
XVHUV#WR#LGHQWLI\#ZKLFK#HTXLSPHQW#KDV#EHHQ#
IXOO\#WHVWHG#DQG#JUDQWHG#IXOO#FHUWLILFDWLRQ1

515 8':3#ZLWK#,QWHUEXV06#,QWHUIDFH

&RQWURO#7HFKQLTXHV#KDV#XSGDWHG#WKH#8':3#ZLWK#,QWHUEXV06#,QWHUIDFH#PRGXOH/#
DQG#SHUPLVVLRQ#KDV#EHHQ#JUDQWHG#E\#WKH#,QWHUEXV06#&OXE#IRU#&RQWURO#
7HFKQLTXHV#WR#DSSO\#WKH#,QWHUEXV06#&RQIRUPDQFH#0DUN#WR#DOO#QHZ#8':3#ZLWK#
,QWHUEXV06#,QWHUIDFH#PRGXOHV1

,I#WKH#,QWHUEXV06#&OXE#ORJR#GRHV#QRW#DSSHDU#RQ#WKH#ODEHO#RQ#WKH#PRGXOH/#LW#
GRHV#127#KDYH#3URGXFW#&RQIRUPDQFH#&HUWLILFDWLRQ#IURP#WKH#,QWHUEXV06#
&OXE1



7 ,QWHUEXV06

6 0HFKDQLFDO#,QVWDOODWLRQ

7KH#8QLGULYH#RU#0HQWRU#,,#PXVW#EH#GLVFRQQHFWHG#IURP#WKH#PDLQV#
VXSSO\#EHIRUH#LQVWDOOLQJ#RU#UHPRYLQJ#DQ#RSWLRQ#PRGXOH1

614 8QLGULYH

,VRODWH#WKH#GULYH#IURP#WKH#PDLQV#VXSSO\#DQG#DOORZ#8#PLQXWHV#IRU#WKH#'&#%XV#
FDSDFLWRUV#WR#GLVFKDUJH1

,QVHUW#/DUJH#2SWLRQ#0RGXOH#DV#VKRZQ#EHORZ1##(QVXUH#WKDW#LW#LV#FRUUHFWO\#
LQVHUWHG1##7KH#PRGXOH#ZLOO#FOLFN#ILUPO\#LQWR#SODFH1

7R#UHPRYH#WKH#PRGXOH/#SXOO#RQ#WKH#EODFN#WDE/#DQG#WKH#PRGXOH#ZLOO#GLVHQJDJH#
IURP#WKH#FRQQHFWRU#DQG#SXOO#RXW#RI#WKH#GULYH1

,03257$17



,QWHUEXV06 8

615 0HQWRU#,,

7KH#0'0,%6#LV#WR#EH#ORFDWHG#XSRQ#D#730ZD\#SLQ#KHDGHU#RQ#WKH#0'$5%#FLUFXLW#
ERDUG/#DV#VKRZQ#EHORZ1

3OHDVH#WDNH#H[WUHPH#FDUH#ZKHQ#ORFDWLQJ#WKH#ERDUG#RQWR#WKLV#
FRQQHFWRU#0#GR#QRW#IRUFH#LW#RQ1##([FHVVLYH#IRUFH#PD\#EHQG#DQG#EUHDN#
WKH#SLQV#RI#WKH#KHDGHU1

616 0'0,%6#/LQNV

7KHUH#DUH#5#FRQILJXUDWLRQ#OLQNV#RQ#WKH#0'0,%6#FDUG#WKDW#PXVW#EH#VHW#DV#
UHTXLUHG1

61614 /.4##0##1XPEHU#RI#'DWD#:RUGV
)LWWHG 0'0,%6#ZLOO#WUDQVPLW#DQG#UHFHLYH#7#GDWD#ZRUGV#RQ#HDFK#QHWZRUN

F\FOH1

1RW#ILWWHG 0'0,%6#ZLOO#WUDQVPLW#DQG#UHFHLYH#6#GDWD#ZRUGV#RQ#HDFK#QHWZRUN
F\FOH1

61615 /.5##0##5HVHW
$872 5HVHW#DW#SRZHU#XS#DQG#ZKHQ#WKH#GULYH#LV#UHVHW1

567 0'0,%6#SHUPDQHQWO\#KHOG#LV#UHVHW1

1RW#ILWWHG 5HVHW#DW#SRZHU#XS#RQO\1

5HVHW0RGH

0'0,%6

:DUQLQJ



9 ,QWHUEXV06

,W#LV#DGYLVDEOH#WR#VHW#/.5#WR#WKH#$872#SRVLWLRQ#ZKLOH#VHWWLQJ#XS#WKH#,QWHUEXV0
6#SDUDPHWHUV#DQG#QHWZRUN1##7KLV#DOORZV#FKDQJHV#WR#EHFRPH#HIIHFWLYH#DW#
GULYH#UHVHW1##2QFH#WKH#QHWZRUN#VHW0XS#LV#FRPSOHWH/#LW#LV#JHQHUDOO\#EHVW#OHDYH#
/.5#QRW#ILWWHG1



,QWHUEXV06 :

7 (OHFWULFDO#,QVWDOODWLRQ

714 ,QWHUEXV06#&RQQHFWRUV

%RWK#WKH#8':3#ZLWK#,QWHUEXV06#,QWHUIDFH#DQG#0'0,%6#KDYH#WZR#,QWHUEXV06#<0
ZD\#'07\SH#FRQQHFWRUV#0#5HPRWH#%XV#,1#+$,#DQG#5HPRWH#%XV#287#+%,1##7KH#
LQFRPLQJ#FDEOH#PXVW#EH#FRQQHFWHG#WR#WKH#5HPRWH#%XV#,1#FRQQHFWRU/#DQG#WKH#
OLQN#WR#QRGHV#³GRZQVWUHDP´#PXVW#EH#FRQQHFWHG#WR#WKH#5HPRWH#%XV#287#
FRQQHFWRU1

7KH#FRQQHFWLRQV#DUH#VKRZQ#EHORZ=

7KH#SLQ#RXW#RI#WKH#FRQQHFWRUV#DUH=0

)XQFWLRQ <#ZD\#'0W\SH 'HVFULSWLRQ
'2 4 'DWD#287#OLQH
2'2 9 'DWD#287#OLQH
', 5 'DWD#,1#OLQH
2', : 'DWD#,1#OLQH
/DVW#1RGH 8 7HUPLQDWH#QHWZRUN#ULQJ
/DVW#1RGH < 7HUPLQDWH#QHWZRUN#ULQJ
39#FRPPRQ 6 39#FRPPRQ
6FUHHQ 6KHOO &DEOH#VFUHHQ

$ %

'&

8QLGULYH#/DUJH#2SWLRQ#0RGXOH

0'0,%6
/.5

/.4

6FUHHQ

5%'$
5&
%$

$3

0HQWRU#,,#,QWHUEXV06#&DUG

5HPRWH
%XV#,Q

5HPRWH
%XV#2XW



; ,QWHUEXV06

$OO#FRQQHFWLRQV#LQFOXGLQJ#GDWD#JURXQG#PXVW#EH#FRQQHFWHG/#DV#VKRZ#EHORZ=

3LQV#8#DQG#<#RQ#WKH#5HPRWH#%XV#287#FRQQHFWRU#PXVW#EH#OLQNHG#WR#WHOO#WKH#
QRGH#WKDW#WKHUH#DUH#IXUWKHU#QRGHV#³GRZQVWUHDP´/#DQG#WKHUHIRUH#WKH#QHWZRUN#
ULQJ#VKRXOG#QRW#EH#FORVHG#RII#ORFDOO\1

715 &DEOH#VSHFLILFDWLRQ

7KH#IROORZLQJ#9#FRUH#VKLHOGHG#WZLVWHG#SDLU#FDEOH#VKRXOG#EH#XVHG#IRU#WKH#
FRQQHFWLRQV=0

%HOGHQ#<;76#LV#D#VXLWDEOH#W\SH#RI#FDEOH#IRU#DQ#,QWHUEXV06#QHWZRUN1

716 6FUHHQ

7KH#VFUHHQ#RI#WKH#FDEOH#PXVW#EH#FRQQHFWHG#WR#WKH#PHWDO#'0W\SH#VKHOO1

� 2Q#WKH#8':3#ZLWK#,QWHUEXV06#,QWHUIDFH/#WKH#VKHOO#RI#WKH#5HPRWH#%XV#287#
+)HPDOH#'07\SH,#LV#FRQQHFWHG#WR#WKH#GULYH¶V#LQWHUQDO#39#FRQQHFWLRQ1##7KH#
6KHOO#RI#WKH#5HPRWH#%XV#,1#LV#FRQQHFWHG#WR#39#YLD#D#UHVLVWRU#FDSDFLWRU#
QHWZRUN1

� 2Q#WKH#0'0,%6#WKH#'0VXE#FRQQHFWLRQV#DUH#EURXJKW#WR#D#FHQWUDO#IL[LQJ#RQ#
WKH#3&%#+734,=#LW#LV#WKH#XVHU¶V#UHVSRQVLELOLW\#WR#FRQQHFW#WKLV#WR#D#µFOHDQ#
HDUWK¶#E\#D#ORZ#LQGXFWDQFH#FRQGXFWRU#ZKHQ#DSSURSULDWH1

4

9

5

:

6

4

<0ZD\#'0W\SH
)HPDOH

<0ZD\#'0W\SH
0DOH

6FUHHQ#FRQQHFWLRQ
WR#'#VXE#VKHOO

5HPRWH#%XV#2XW 5HPRWH#%XV#,Q

7ZLVWHG#3DLUV

9

5

:

6

8

<

&KDUDFWHULVWLF 0LQLPXP##
YDOXH

1RPLQDO##
9DOXH

0D[LPXP##
YDOXH

&RPPHQWV

,PSHGDQFH 453Ω#
&RQGXFWRU#DUHD 315#PP5
&DSDFLWDQFH
+OLQH#0#OLQH,

93S)2P

&DSDFLWDQFH
+OLQH#0#VKLHOG,

<3S)2P

5HVLVWDQFH <9Ω2NP
/LQH#OHQJWK 733P 0D[LPXP#OLQH#OHQJWK#

EHWZHHQ#HDFK#QRGH1
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717 1HWZRUN#7HUPLQDWLRQ

7KH#,QWHUEXV06#QHWZRUN#LV#D#SRLQW0WR0SRLQW#QHWZRUN/#VR#QHWZRUN#WHUPLQDWLRQ#
UHVLVWRUV#DUH#ILWWHG#DV#VWDQGDUG#WR#HDFK#QRGH1##1R#H[WHUQDO#WHUPLQDWLRQ#
UHVLVWRUV#DUH#UHTXLUHG1

718 1HWZRUN#5HSHDWHUV

1HWZRUN#UHSHDWHUV#DUH#QRW#UHTXLUHG/#DV#WKH#,QWHUEXV06#QHWZRUN#LV#D#SRLQW0WR0
SRLQW#QHWZRUN1##7KLV#PHDQV#WKDW#HDFK#5HPRWH#%XV#287#SRUW#RQO\#GULYHV#RQH#
5HPRWH#%XV#,1#SRUW1##7KH#PD[LPXP#OLQH#OHQJWK#EHWZHHQ#FRQVHFXWLYH#QRGHV#
LV#4533P1



43 ,QWHUEXV06

8 *HWWLQJ#6WDUWHG

814 ,QLWLDO#0'0,%6#6HW0XS

7KH#FRQILJXUDWLRQ#RI#WKH#0'0,%6#FDUG#FDQ#EH#VHW#XVLQJ#GULYH#SDUDPHWHUV#
+VDPH#PHWKRG#DV#WKH#8':3#ZLWK#,QWHUEXV06#,QWHUIDFH,/#RU#LW#FDQ#EH#
FRQILJXUHG#IURP#WKH#PDLQ#FRQWUROOHU#XVLQJ#WKH#3HULSKHUDO#&RPPXQLFDWLRQV#
3URWRFRO1##+6HH#VHFWLRQ#:1#1RQ0&\FOLF#'DWD#&KDQQHO/#SDJH#57,1##7R#VHW#XS#WKH#
0'0,%6#FDUG#XVLQJ#WKH#0HQWRU#,,#SDUDPHWHUV#DQG#NH\SDG/#WKH#0DQXDO#
0DSSLQJ#PRGH#+&47134# #4,#VKRXOG#EH#VHOHFWHG1##7KH#8':3#ZLWK#,QWHUEXV06#
,QWHUIDFH#FDQQRW#EH#VHW0XS#XVLQJ#3&3/#VR#QR#LQLWLDO#VHW0XS#LV#UHTXLUHG1

&47134 3DUDPHWHU#0DS#6RXUFH#'DWD 'HIDXOW# #4

3# #((3520#PRGH1##'DWD#LV#UHWULHYHG#IURP#WKH#RQ0ERDUG#0'0,%6#((35201##
7KH#0'0,%6#PXVW#EH#VHW#XS#XVLQJ#WKH#3&3#LQ#WKH#PDLQ#FRQWUROOHU1##$OO#
PDSSLQJ#FKDQJHV#PDGH#YLD#WKH#3&3#DUH#VWRUHG#LQ#WKH#0%0,%6#((35201

4# #0DQXDO#PRGH1##0DSSLQJ#LQIRUPDWLRQ#LV#VHW#XVLQJ#0HQWRU#,,#SDUDPHWHUV/#
DOORZLQJ#FKDQJHV#WR#EH#PDGH#WKURXJK#WKH#GULYH#NH\SDG#LQWHUIDFH1##0DSSLQJ#
GDWD#LV#VWRUHG#LQ#WKH#0HQWRU#,,#((3520#PHPRU\1

$Q\#FKDQJHV#PDGH#WR#WKH#PDSSLQJ#VHWWLQJV#XVLQJ#WKH#3&3#DUH#VWRUHG#LQ#WKH#
0'0,%6#((3520/#LUUHVSHFWLYH#RI#WKH#VHWWLQJ#RI#&471341

&47135 7LPH0RXW#7ULS 'HIDXOW# #4

,I#WKH#QHWZRUN#IDLOV/#RU#LQYDOLG#GDWD#LV#UHFHLYHG/#WKH#0'0,%6#FDUG#FDQ#EH#VHW#WR#
WULS1##7KLV#SDUDPHWHU#VSHFLILHV#WKH#WULS#GHOD\#WLPH#LQ#53PV#LQWHUYDOV1##
+8# #433PV,1

&47136 3URFHVV#287#(QDEOH 'HIDXOW# #7;

3# #HQDEOHG1##'DWD#ZLOO#EH#DFFHSWHG#IURP#WKH#FRQWUROOHU/#DQG#WUDQVIHUUHG#WR#WKH#
GULYH1

!4# #GLVDEOHG1##1R#DFWLRQ#LV#WDNHQ#RQ#DQ\#LQFRPLQJ#GDWD1

,I#DQ\#RI#WKH#DERYH#SDUDPHWHUV#DUH#FKDQJHG/#WKH\#PXVW#EH#VWRUHG#LQ#WKH#
0HQWRU#,,/#DQG#WKH#0'0,%6#PXVW#EH#UHVHW#EHIRUH#WKH\#WDNH#HIIHFW1##
+6HH#VHFWLRQ#616#0'0,%6#/LQNV/#SDJH#8,1

815 ,QWHUEXV06#1RGH#DGGUHVV

,QWHUEXV06#QRGHV#GR#QRW#UHTXLUH#DGGUHVVHV#WR#EH#VHW1##:KHQ#WKH#QHWZRUN#LV#
ILUVW#SRZHUHG#XS/#WKH#PDVWHU#FRQWUROOHU#VFDQV#WKH#QHWZRUN#WR#GHWHUPLQH#ZKDW#
QRGHV#DUH#FRQQHFWHG#WR#WKH#QHWZRUN/#DQG#DVVLJQV#DQ#DGGUHVV#WR#WKHP1##7KH#
DGGUHVVHV#DUH#DVVLJQHG#VHTXHQWLDOO\#WR#HDFK#QRGH#DV#WKHLU#SK\VLFDO#SRVLWLRQ#
RQ#WKH#ULQJ1
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816 1HWZRUN#'DWD#5DWH

7KH#GDWD#UDWH#IRU#,QWHUEXV06#QHWZRUNV#LV#IL[HG#DW#833#.%LWV2VHF1

817 1HWZRUN#6WDUW0XS

7KH#8':3#GRHV#QRW#DFFHSW#DQ\#GDWD#IURP#WKH#,QWHUEXV06#,QWHUIDFH#GXULQJ#WKH#
ILUVW#83#QHWZRUN#F\FOHV/#DIWHU#QHWZRUN#LQLWLDOLVDWLRQ1##7KLV#LV#D#VDIHW\#
UHTXLUHPHQW#WKDW#DOORZV#WKH#3/&#WR#FDOFXODWH#WKH#IXOO#FRQWURO#ZRUG#EHIRUH#WKH#
GULYH#VWDUWV#DFFHSWLQJ#FRQWURO#ZRUGV1##7KLV#SUHYHQWV#DQ\#SRVVLELOLW\#RI#
VSXULRXV#581#VLJQDOV#JHWWLQJ#WR#WKH#GULYH#EHIRUH#WKH#3/&#KDV#IXOO\#LQLWLDOLVHG#
WKH#FRQWURO#ZRUG1

818 7ULS#$FWLRQ#2Q#1HWZRUN#)DLOXUH#

2QFH#WKH#,QWHUEXV06#QHWZRUN#KDV#VWDUWHG/#WKH#8':3#ZLWK#,QWHUEXV06#,QWHUIDFH#
DQG#0'0,%6#DFWLYDWH#D#ZDWFKGRJ#IXQFWLRQ#ZKLFK#FRQWLQXDOO\#PRQLWRUV#WKH#
VWDWH#RI#WKH#QHWZRUN1

81814 8QLGULYH
7KH#8':3#ZLWK#,QWHUEXV06#,QWHUIDFH#FDQ#EH#FRQILJXUHG#WR#ZDLW#IRU#D#SHULRG#RI#
WLPH#ZKHQ#WKH#,QWHUEXV06#QHWZRUN#VWRSV/#EHIRUH#WKH#WULS#VLJQDO#LV#LVVXHG1##7KH#
GULYH#ZLOO#WULS#RQ#WU93#RQO\#LI#&4:147# #41##7KLV#QHWZRUN#ORVV#WULS#WLPH#LV#VHW#LQ#
&53144/#DQG#LV#VSHFLILHG#LQ#PLOOLVHFRQGV1##:KHQ#WKH#8':3#LV#UHVHW/#LW#ZLOO#
URXQG#WKH#WULS#WLPH#XS#WR#WKH#QH[W#PXOWLSOH#RI#49PV1##&53144#FDQ#UDQJH#IURP#
49PV#WR#<<5#PV1##&53183#VKRZV#WKH#FXUUHQW#QXPEHU#RI#QHWZRUN#F\FOHV#SHU#
VHFRQG1

,I#VKRUW#WLPH#GHOD\V#+49PV#RU#65PV,#DUH#VHW/#VSXULRXV#QHWZRUN#ORVV#WULSV#FDQ#
UHVXOW1##)RU#WKLV#UHDVRQ/#WKH#GHIDXOW#YDOXH#IRU#WKH#QHWZRUN#ORVV#WULS#WLPH#LV#
7;PV1

7KH#ZRUVW#FDVH#GHOD\#EHWZHHQ#ORVV#RI#QHWZRUN#DQG#GULYH#WULS#ZLOO#EH#
5#-#FRQILJXUHG#QHWZRUN#WULS#WLPH1

,I#D#'3/#SURJUDP#LV#SUHVHQW#LQ#WKH#8':3/#WKLV#ZLOO#FRQWLQXH#WR#UXQ#DV#QRUPDO1##
+$Q#(5525#WDVN#LV#QRW#UDLVHG,1##,I#&4:147#LV#FKDQJHG/#WKH#8':3#PXVW#EH#
UHVHW#E\#VHWWLQJ#&00133#WR#43:3/#DQG#SUHVVLQJ#5(6(7#WR#PDNH#WKH#WULS#
PRGH#FKDQJH#WDNH#HIIHFW1

0RGH $FWLRQ (QDEOHG#E\
5LGH0WKURXJK 7KH#8QLGULYH#ZLOO#FRQWLQXH#WR#RSHUDWH#ZLWK#WKH#

SUHYLRXV#YDOXHV#UHFHLYHG#IURP#WKH#QHWZRUN
&4:147# #3

7ULS 7KH#8QLGULYH#ZLOO#WULS#RQ#³WU93´
0D[LPXP#GHOD\#IRU#WULS# #5#-#&53144#PV

&4:147# #4
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81815 0HQWRU#,,
,I#WKH#QHWZRUN#VWRSV/#WKH#0'0,%6#ZLOO#WULS#LPPHGLDWHO\/#DQG#WKH#UHG#5%'$#
/('#ZLOO#FRPH#RQ1##7KH#GULYH#FDQ#EH#PDGH#WR#WULS#³,E6´#DIWHU#D#SHULRG#RI#WLPH/#
GHILQHG#LQ#&47135#LQ#PXOWLSOHV#RI#53#PV1

,I#&47135#LV#FKDQJHG/#WKH#0'0,%6#PXVW#EH#UHVHW#E\#SUHVVLQJ#5(6(7#RQ#WKH#
0HQWRU#,,1

6RPH#PDVWHU#EXV#FRQWUROOHUV#PD\#WDNH#XS#WR#433PV#WR#VWDUW#WKH#F\FOLF#GDWD#
RQ#WKH#QHWZRUN1##7KH#WULS#WLPH0RXW#VKRXOG#EH#VHW#WR#IRU#D#ORQJHU#GHOD\#WKDQ#WKH#
VWDUW0XS#GHOD\/#RWKHUZLVH#QXLVDQFH#WULSSLQJ#DW#QHWZRUN#VWDUW0XS#PD\#RFFXU1

819 1HWZRUN#,QWHUUXSWLRQV

,I#D#8QLGULYH#RU#0HQWRU#,,#WULSV/#WKHQ#SURYLGHG#LW#LV#QRW#GXH#WR#DQ#,QWHUEXV06#
QHWZRUN#HUURU/#WKH#ZKROH#QHWZRUN#ZLOO#FRQWLQXH#WR#RSHUDWH1##287#F\FOLF#GDWD#
+VXFK#DV#VSHHG#RU#WRUTXH#UHIHUHQFHV,#UHFHLYHG#E\#WKH#8':3#ZLWK#,QWHUEXV06#
,QWHUIDFH#RU#0'0,%6#ZLOO#EH#SDVVHG#WR#WKH#GULYH/#KRZHYHU/#WKH#GDWD#ZLOO#KDYH#
QR#HIIHFW#ZKLOH#WKH#GULYH#LV#WULSSHG1##&DUH#PXVW#EH#WDNHQ#LI#WKH#UHIHUHQFH#
IRUPV#SDUW#RI#D#FORVHG#ORRS#V\VWHP1##,W#PD\#EH#SRVVLEOH#IRU#WKH#UHIHUHQFH#WR#
VDWXUDWH/#DQG#FDXVH#SUREOHPV#ZKHQ#WKH#WULS#LV#UHVHW1##,1#F\FOLF#GDWD#EHLQJ#
UHDG#EDFN#IURP#WKH#GULYH#ZLOO#EH#IUR]HQ#DW#WKH#YDOXH#ZKHQ#WKH#WULS#RFFXUUHG1

7KH#LPSRUWDQW#SRLQW#WR#QRWH#LV#WKDW#WKH#UHVW#RI#WKH#QHWZRUN#ZLOO#FRQWLQXH#WR#
IXQFWLRQ#QRUPDOO\1

,I#SRZHU#LV#ORVW#WR#D#GULYH#RQ#WKH#QHWZRUN/#WKH#,QWHUEXV06#QHWZRUN#ULQJ#LV#
EURNHQ1##6LQFH#WKH#QHWZRUN#RSHUDWHV#OLNH#D#VKLIW#UHJLVWHU#+VHH#$SSHQGL[,/#
HDFK#QRGH#PXVW#EH#SRZHUHG#XS#LQ#RUGHU#WR#SDVV#GDWD#GRZQVWUHDP#WR#WKH#
QH[W#QRGH/#DQG#UHFHLYH#GDWD#IURP#WKH#XSVWUHDP#QRGH1

0RGH $FWLRQ (QDEOHG#E\
5LGH0WKURXJK 7KH#0HQWRU#,,#ZLOO#FRQWLQXH#WR#RSHUDWH#ZLWK#WKH#

SUHYLRXV#YDOXHV#UHFHLYHG#IURP#WKH#QHWZRUN1
&47135# #3

7ULS 7KH#0HQWRU#,,#ZLOO#WULS#RQ#³,E6´1
7RWDO#WLPH#WR#WULS# #&47135#-#53#PV

&47135# #4
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81: 8':3#ZLWK#,QWHUEXV06#,QWHUIDFH#6WDWXV#/('V

7KH#/('V#RQ#WKH#8':3#ZLWK#,QWHUEXV06#,QWHUIDFH#PRGXOH#DUH#LQVLGH#
WKH#SODVWLF/#DQG#FDQQRW#EH#VHHQ#XQGHU#QRUPDO#RSHUDWLQJ#FRQGLWLRQV1##
7KH\#FDQ#EH#VHHQ#E\#UHPRYLQJ#WKH#WRS#FRYHU#RI#WKH#RSWLRQ#PRGXOH/#
EXW#WKLV#VKRXOG#RQO\#EH#GRQH#E\#VXLWDEO\#TXDOLILHG#SHUVRQQHO#GXULQJ#
FRPPLVVLRQLQJ1

81; 0'0,%6#6WDWXV#/('V

/(' ,QGLFDWLRQ &RORXU 'HVFULSWLRQ
5&#RU#&& &DEOH#&KHFN *UHHQ ,QGLFDWHV#WKDW#WKH#FDEOH#FRQQHFWLRQ#LV#JRRG1##

/('#ZLOO#JR#RII#GXULQJ#UHVHW1
%$ %XV#$FWLYH *UHHQ ,QGLFDWHV#WKDW#WKH#EXV#LV#DFWLYH/#DQG#GDWD#LV#

EHLQJ#WUDQVIHUUHG1
75 7UDQVPLW#5HFHLYH *UHHQ ,QGLFDWHV#WKDW#WKH#3&3#FRQQHFWLRQ#KDV#EHHQ#

PDGH/#DQG#GDWD#LV#EHLQJ#WUDQVIHUUHG#WKURXJK#
WKH#3&3#FKDQQHO1

5' 5HPRWH#%XV#'LVDEOH 5HG ,QGLFDWHV#WKDW#WKH#RXWJRLQJ#UHPRWH#EXV#LV#
VZLWFKHG#RII1

/'#RU#86 /RFDO#%XV#'LVDEOH 5HG ,QGLFDWHV#WKDW#WKH#,QWHUEXV06#LQWHUIDFH#LV#
SRZHUHG#XS1##/RFDO#EXV#LV#SHUPDQHQWO\#
GLVDEOHG1

127(

/(' ,QGLFDWLRQ &RORXU 'HVFULSWLRQ
5& 5HPRWH#%XV#&KHFN *UHHQ ,QGLFDWHV#WKDW#WKH#FDEOH#FRQQHFWLRQ#LV#JRRG1##

/('#ZLOO#JR#RII#GXULQJ#UHVHW1
5%'$ 5HPRWH#%XV#'LVDEOH 5HG ,QGLFDWHV#WKDW#WKH#RXWJRLQJ#UHPRWH#EXV#LV#

VZLWFKHG#RII1
%$ %XV#$FWLYH *UHHQ ,QGLFDWHV#WKDW#WKH#EXV#LV#DFWLYH/#DQG#GDWD#LV#

EHLQJ#WUDQVIHUUHG1
$3 $SSOLFDWLRQ *UHHQ 7KH#QRQ0F\FOLF#GDWD#FKDQQHO#+3&3,#

FRQQHFWLRQ#KDV#EHHQ#VXFFHVVIXOO\#
HVWDEOLVKHG1
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9 &\FOLF#'DWD#&KDQQHO#6HW0XS

7KH#,QWHUEXV06#GDWD#ZLQGRZ#FRQWDLQV#IRXU#490ELW#ZRUGV#IRU#LQSXW#DQG#IRXU#490
ELW#ZRUGV#IRU#RXWSXW#GDWD1##+7KH#0'0,%6#FDQ#EH#FRQILJXUHG#IRU#6#GDWD#ZRUGV#
E\#UHPRYLQJ#/.4,1##7KH#ILUVW#LQSXW#DQG#RXWSXW#ZRUGV#DUH#UHVHUYHG#IRU#QRQ0
F\FOLF#SDUDPHWHU#DFFHVV#DQG#WKHUHIRUH#FDQQRW#EH#XVHG#DV#F\FOLF#GDWD#
FKDQQHOV1##7KH#PDSSLQJ#RI#WKH#VL[#UHPDLQLQJ#ZRUGV#+WKUHH#LQSXW#DQG#WKUHH#
RXWSXW,#FDQ#EH#SURJUDPPHG#WR#DQ\#8QLGULYH#RU#0HQWRU#,,#SDUDPHWHU/#RU#8':3#
YLUWXDO#SDUDPHWHU1##7KH#PDSSLQJ#FDQQRW#EH#FKDQJHG#G\QDPLFDOO\/#DV#D#UHVHW#
RI#WKH#8':3#RU#0'0,%6#PXVW#EH#SHUIRUPHG#WR#PDNH#WKH#FKDQJHV#DFWLYH1

2Q#0HQWRU#,,/#WKH#LQWHUQDO#YDOXHV#RI#WKH#³UHDO´#SDUDPHWHUV#KDYH#D#KLJKHU#
UHVROXWLRQ#WKDQ#WKH#GLVSOD\#YDOXHV1##7KHUHIRUH/#ZKHQ#ZULWLQJ#D#YDOXH#WR#D#
0HQWRU#,,#³UHDO´#SDUDPHWHU/#WKH#YDOXH#PXVW#EH#PXOWLSOLHG#E\#49#EHIRUH#EHLQJ#
FRQYHUWHG#WR#KH[DGHFLPDO1

([DPSOH1##WR#ZULWH#D#YDOXH#RI#4333#+3[36(;,#WR#&414;/#WKH#DFWXDO#YDOXH#WKDW#
PXVW#EH#WUDQVPLWWHG#YLD#WKH#,QWHUEXV06#QHWZRUN#LV#3[6(;31

7KLV#DOVR#SHUPLWV#KLJKHU#UHVROXWLRQ#RQ#WKH#VSHHG#ORRS1##7R#ZULWH#D#YDOXH#RI#
56818#WR#&414;/#WUDQVPLW#3[(%;#WR#WKH#0HQWRU#,,1##$OWKRXJK#WKLV#IUDFWLRQ#ZLOO#
QRW#EH#VKRZQ#RQ#WKH#GLVSOD\/#WKH#LQWHUQDO#YDOXHV#LQ#WKH#0HQWRU#,,#ZLOO#XVH#WKLV#
H[WUD#UHVROXWLRQ1

914 0DSSLQJ#3DUDPHWHUV#RQ#8QLGULYH

7KH#PDSSLQJ#IRU#8QLGULYH#DQG#8':3#ZLWK#,QWHUEXV06#,QWHUIDFH#LV#VHW#XVLQJ#
PHQX#53#SDUDPHWHUV1##'HIDXOW#PDSSLQJ#VWDWXV#LV#VKRZQ#LQ#WKH#WDEOH#EHORZ1

,I#DQ\#PDSSLQJ#SDUDPHWHU#LV#VHW#WR#DQ#LQYDOLG#YDOXH#+WDUJHW#SDUDPHWHU#GRHV#
QRW#H[LVW,/#WKH#PDSSLQJ#ZLOO#UHYHUW#EDFN#WR#WKH#GHIDXOW#YDOXH#ZKHQ#WKH#8':3#LV#
UHVHW1##,I#D#F\FOLF#FKDQQHO#LV#QRW#EHLQJ#XVHG/#LW#FDQ#EH#GLVDEOHG#E\#VHWWLQJ#WKH#
PDSSLQJ#WR#041##7KH#GDWD#ZRUG#LV#VWLOO#WUDQVPLWWHG#RYHU#WKH#QHWZRUN/#EXW#LW#ZLOO#
QRW#EH#ZULWWHQ#WR#RU#UHDG#IURP#E\#WKH#8':3#ZLWK#,QWHUEXV06#LQWHUIDFH1

&\FOLF#
&KDQQHO

0DSSLQJ##
3DUDPHWHU

'HIDXOW#0DSSLQJ#6WDWXV

,1#:RUG#3 0000 5HVHUYHG#IRU#WKH#QRQ0F\FOLF#FKDQQHO1
,1#:RUG#4 &5313: 'HIDXOW#PDS# #&<3144/#GULYH#VWDWXV#ZRUG1
,1#:RUG#5 &53136 'HIDXOW#PDS# #&5134/#SRVW0UDPS#VSHHG#UHIHUHQFH1
,1#:RUG#6 &53137 'HIDXOW#PDS# #&7135/#WRUTXH0SURGXFLQJ#FXUUHQW1
287#:RUG#3 0000 5HVHUYHG#IRU#WKH#QRQ0F\FOLF#FKDQQHO1
287#:RUG#4 &53139 'HIDXOW#PDS# #&<3144/#GULYH#FRQWURO#ZRUG1
287#:RUG#5 &53134 'HIDXOW#PDS# #&4154/#GLJLWDO#VSHHG#UHIHUHQFH#41
287#:RUG#6 &53135 'HIDXOW#PDS# #&713;/#WRUTXH#UHIHUHQFH1
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7KH#FRQWURO#DQG#VWDWXV#ZRUGV#FDQ#EH#XVHG#E\#PDSSLQJ#WR#YLUWXDO#SDUDPHWHU#
&<31441##:KHQ#&<3144#LV#ZULWWHQ#WR/#LW#ZLOO#GHFRGH#WKH#GDWD#YDOXH#DV#WKH#
FRQWURO#ZRUG1##:KHQ#&<3144#LV#UHDG#IURP/#LW#ZLOO#UHWXUQ#WKH#VWDWXV#ZRUG1##7KH#
FRQWURO#DQG#VWDWXV#ZRUGV#FDQ#EH#DVVLJQHG#WR#DQ\#F\FOLF#GDWD#FKDQQHO1

915 65#%LW#&\FOLF#'DWD#&KDQQHO##+8QLGULYH#RQO\,

$#65#ELW#F\FOLF#FKDQQHO#FDQ#EH#FUHDWHG#IRU#HLWKHU#,1#GDWD/#287#GDWD#RU#ERWK/#
E\#FRPELQLQJ#FKDQQHOV#5#DQG#61##7KLV#DOORZV#65#ELW#UHJLVWHUV#+B3[[(/#
B4[[(/#B5[[(#DQG#B6[[(,#LQ#WKH#8':3#WR#EH#ZULWWHQ#WR#DQG#UHDG#IURP#E\#
WKH#FRQWUROOLQJ#3/&1##+6HH#WKH#³8VHU¶V#*XLGH´#IRU#WKH#8':3#IRU#PRUH#
LQIRUPDWLRQ,1

7KH#65#ELW#FKDQQHO#LV#FRQILJXUHG#E\#PDSSLQJ#,1#RU#287#F\FOLF#GDWD#FKDQQHO#5#
+&53134#RU#&53136,#WR#D#65#ELW#UHJLVWHU/#DQG#VHWWLQJ#WKH#PDSSLQJ#IRU#,1#RU#287#
F\FOLF#GDWD#FKDQQHO#6#+&53135#RU#&53137,#WR#051##7KHVH#DUH#DGGUHVVHG#DV#
&:31[[#IRU#B3[[(#UHJLVWHUV#XS#WR#&:61[[#IRU#B6[[(#UHJLVWHUV1##&KDQQHO#6#ZLOO#
FRQWDLQ#WKH#GDWD#KLJK#ZRUG#+XSSHU#49#ELWV#RI#WKH#UHJLVWHU,#DQG#FKDQQHO#5#
FRQWDLQV#WKH#GDWD#ORZ#ZRUG#+ORZHU#49#ELWV#RI#WKH#UHJLVWHU,1

,I#WKH#PDSSLQJ#IRU#ERWK#FKDQQHO#5#DQG#FKDQQHO#6#DUH#GLUHFWHG#WR#65#
ELW#UHJLVWHUV/#RQO\#WKH#ORZ#49#ELWV#RI#HDFK#UHJLVWHU#ZLOO#EH#ZULWWHQ#WR#
RU#UHDG#IURP1

916 6DYLQJ#8QLGULYH#3DUDPHWHUV

91614 0HQX#4#WKURXJK#4<
$OO#SDUDPHWHUV#LQ#WKHVH#PHQXV#DUH#VDYHG#LQ#WKH#((3520#LQ#WKH#8QLGULYH1##7R#
LQLWLDWH#WKH#QRQ0YRODWLOH#VDYH#VHTXHQFH/#VHW#&00133#WR#4333#DQG#SUHVV#WKH#
UHG#5(6(7#EXWWRQ#RQ#WKH#NH\SDG1

91615 0HQX#53#DQG#3/&#3DUDPHWHUV
$OO#PHQX#53#SDUDPHWHUV#DQG#3/&#SDUDPHWHUV#+B3[[(#DQG#B4[[(,#DUH#
VWRUHG#LQ#WKH#IODVK#PHPRU\#RI#WKH#8':3#LQ#WKH#ODUJH#RSWLRQ#PRGXOH1##7R#
LQLWLDWH#WKH#QRQ0YRODWLOH#VDYH#VHTXHQFH#IRU#WKHVH#SDUDPHWHUV/#VHW#&4:14<#WR#41##
7KH#8':3#ZLOO#WKHQ#VDYH#0HQX#53/#FOHDU#&4:14<#EDFN#WR#]HUR#DQG#UHVHW1##7KH#
,QWHUEXV06#LQWHUIDFH#ZLOO#DOVR#EH#UHVHW1##7KHVH#SDUDPHWHUV#FDQ#DOVR#EH#VWRUHG#
DXWRPDWLFDOO\#DW#SRZHU0GRZQ/#E\#VHWWLQJ#&4:153#WR#41
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917 0DSSLQJ#3DUDPHWHUV#RQ#0HQWRU#,,

7KH#PDSSLQJ#IRU#0HQWRU#,,#DQG#0'0,%6#LV#VHW#XVLQJ#PHQX#44#SDUDPHWHUV1##
'HIDXOW#PDSSLQJ#VWDWXV#LV#VKRZQ#LQ#WKH#WDEOH#EHORZ1

,I#DQ\#PDSSLQJ#SDUDPHWHU#LV#VHW#WR#DQ#LQYDOLG#YDOXH#+WDUJHW#SDUDPHWHU#LV#UHDG0
RQO\#RU#GRHV#QRW#H[LVW,/#WKH#PDSSLQJ#ZLOO#UHYHUW#EDFN#WR#WKH#GHIDXOW#YDOXH1##
:KHQ#GHIDXOW#YDOXHV#DUH#UHVWRUHG#WR#WKH#0HQWRU#,,/#WKH#PDSSLQJ#SDUDPHWHUV#
DFWXDOO\#GLVSOD\#³333´/#EXW#GHIDXOW#PDSSLQJ#WDNHV#RYHU#VLQFH#³333´#LV#DQ#
LQYDOLG#SDUDPHWHU1

8QOLNH#8QLGULYH/#WKH#0'0,%6#FDUG#GRHV#QRW#FKDQJH#WKH#YDOXHV#GLVSOD\HG#LQ#
WKH#PHQX#44#PDSSLQJ#SDUDPHWHUV/#VR#FDUH#PXVW#EH#WDNHQ#ZKHQ#VHWWLQJ#XS#
WKH#PDSSLQJ1##7KH#DFWXDO#GHIDXOW#YDOXHV#LQ#&44134#WR#&44139#ZLOO#EH#31##7KH#
FRQWURO#DQG#VWDWXV#ZRUGV#FDQ#EH#SURJUDPPHG#WR#DQ\#FKDQQHO1

,I#D#F\FOLF#FKDQQHO#LV#QRW#EHLQJ#XVHG/#LW#FDQQRW#EH#GLVDEOHG#E\#VHWWLQJ#WKH#
PDSSLQJ#WR#3#DV#LW#PXVW#EH#PDSSHG#WR#D#YDOLG#SDUDPHWHU1##7KH#PDSSLQJ#
VKRXOG#EH#VHW#WR#D#YDOLG#SDUDPHWHU#WKDW#LV#QRW#EHLQJ#XVHG1

918 6DYLQJ#0HQWRU#,,#3DUDPHWHUV

7R#LQLWLDWH#WKH#QRQ0YRODWLOH#VDYH#VHTXHQFH/#VHW#&00133#WR#4#DQG#SUHVV#
5(6(71

919 &RQWURO#:RUG

7KH#FRQWURO#ZRUG#LV#DQ#HIILFLHQW#ZD\#RI#UHPRWHO\#FRQWUROOLQJ#WKH#GULYH1##(DFK#
ELW#LQ#WKH#FRQWURO#ZRUG#KDV#D#SDUWLFXODU#IXQFWLRQ/#DQG#SURYLGHV#D#PHWKRG#RI#
ZULWLQJ#WR#WKH#ELW#SDUDPHWHUV#ZKLFK#FRQWURO#WKH#RSHUDWLRQ#RI#WKH#GULYH#+581/#
-2*/#',5(&7,21/#HWF1,#ZLWK#D#VLQJOH#GDWD#ZRUG1

&\FOLF##
&KDQQHO

0DSSLQJ##
3DUDPHWHU

'HIDXOW#0DSSLQJ#6WDWXV

,1#:RUG#3 0000 5HVHUYHG#IRU#WKH#QRQ0F\FOLF#FKDQQHO
,1#:RUG#4 &44134 'HIDXOW#PDS# #4<74/#VWDWXV#ZRUG1
,1#:RUG#5 &44135 'HIDXOW#PDS# #&6135/#VSHHG#IHHGEDFN1
,1#:RUG#6 &44136 'HIDXOW#PDS# #&8134/#FXUUHQW#IHHGEDFN1
287#:RUG#3 0000 5HVHUYHG#IRU#WKH#QRQ0F\FOLF#FKDQQHO
287#:RUG#4 &44137 'HIDXOW#PDS# #4<73/#FRQWURO#ZRUG1
287#:RUG#5 &44138 'HIDXOW#PDS# #&414;/#GLJLWDO#VSHHG#UHIHUHQFH#51
287#:RUG#6 &44139 'HIDXOW#PDS# #&713;/#WRUTXH#UHIHUHQFH1



,QWHUEXV06 4:

91914 8QLGULYH
7KH#FRQWURO#ZRUG#RQ#8QLGULYH#LV#PDSSHG#WR#ZRUG#4#+GHIDXOW,#E\#VHWWLQJ#&53139#
WR#<3441##7R#PDS#GDWD#ZRUG#5#RU#6#WR#WKH#FRQWURO#ZRUG/#VHW#&53134#RU#&53135#
WR#<3441

7KH#ELWV#VKRZQ#DV#³0[´#DUH#LQGLYLGXDO#PDVN#ELWV#ZKLFK#DOORZ#WKH#
FRUUHVSRQGLQJ#³E[´#WR#EH#PDVNHG1##7KH#³7ULS´#ELW#ZLOO#FDXVH#D#³WU85´#WULS#ZKHQ#
VHW#WR#41##3DUDPHWHUV#&4;164#WR#&4;166#DUH#JHQHUDO#XVHU#SDUDPHWHUV#DQG#GR#
QRW#KDYH#PDVN#ELWV1

,I#DV#0[#ELW#LV#UHVHW#WR#3/#WKH#ELW#SDUDPHWHU#WKDW#LW#PDVNV#ZLOO#UHPDLQ#
DW#WKH#SUHYLRXV#YDOXH#VHW1

$OO#GLUHFW#FRQWURO#RI#WKH#VHTXHQFLQJ#ELWV#+&9163#0#&9165,#IURP#GLJLWDO#LQSXWV#
PXVW#EH#GLVDEOHG#EHIRUH#WKH#FRQWURO#ZRUG#ZLOO#FDQ#EH#XVHG1##+6HW#&;149/#&;14<#
DQG#&;154#WR#DQRWKHU#YDOXH#RU#3,1##7KH#VHTXHQFLQJ#ELWV#KDYH#WKH#IROORZLQJ#
IXQFWLRQV#ZKHQ#VHW#WR#41

(1$%/(##0##WKH#GLVSOD\#ZLOO#VKRZ#³LQK´#ZKHQ#VHW#DW#3/#DQG#GHSHQGV#RQ#&9163#
DQG#&9165#ZKHQ#VHW#WR#41##6HWWLQJ#&9148#WR#3#RYHUULGHV#&9163#DQG#&9165/#DQG#
LPPHGLDWHO\#GLVDEOHV#WKH#GULYH1##0RWRU#ZLOO#FRDVW#WR#UHVW#LI#LW#LV#UXQQLQJ#ZKHQ#
WKH#GULYH#LV#GLVDEOHG1

-2*##0##WKH#MRJ#ELW#PXVW#EH#VHW/#DORQJ#ZLWK#WKH#DSSURSULDWH#UXQ#DQG#GLUHFWLRQ#
VLJQDOV1

E48 E47 E46 E45 E44 E43 E< E;
09 08 &4;166 06 05 04 03 &4;165

E: E9 E8 E7 E6 E5 E4 E3
&4;164 &4179 &4178 7ULS &9165 &9164 &9163 &9148

127(

3DUDPHWHU 6HTXHQFLQJ#
ELW

3/&#0RGH
+&9137# #6,

:LUH0SURRI#3/&#0RGH
+&9137# #7,

&9148 (QDEOH (QDEOH (QDEOH
&9163 3 5XQ 5XQ#)RUZDUG
&9164 4 -RJ -RJ
&9165 5 5HYHUVH 5XQ#5HYHUVH



4; ,QWHUEXV06

7R#UHVHW#WKH#GULYH#XVLQJ#WKH#,QWHUEXV06#QHWZRUN/#'3/#FRGH#FDQ#EH#XVHG#ZLWK#
RQH#RI#WKH#VSDUH#ELW#SDUDPHWHUV#+&4;164#WR#&4;166,#WR#UHVHW#WKH#GULYH#IURP#D#
WULSSHG#FRQGLWLRQ1##$OWHUQDWLYHO\/#WKH#3&3#+QRQ0F\FOLF,#FRPPXQLFDWLRQV#
FKDQQHO#FDQ#EH#XVHG#WR#UHVHW#WKH#GULYH#E\#VHWWLQJ#&4316;#WR#4331

91915 ([DPSOH#8QLGULYH#&RQWURO#:RUG#9DOXHV#+3/&#0RGH,

91916 ([DPSOH#8QLGULYH#&RQWURO#:RUG#9DOXHV#+:LUH#3URRI#3/&#0RGH,

91917 0HQWRU#,,
7KH#FRQWURO#ZRUG#RQ#0HQWRU#,,#FDQ#EH#PDSSHG#WR#DQ\#287#FKDQQHO#E\#VHWWLQJ#
WKH#DSSURSULDWH#PDSSLQJ#SDUDPHWHU#WR#4<731

7KH#9$/,'#ELW#+E48,#PXVW#EH#VHW#WR#4#IRU#WKH#0HQWRU#,,#WR#DFFHSW#DQG#
LPSOHPHQW#WKH#PHVVDJH1##7KH#5(6(7#ELW#ZLOO#UHVHW#WKH#GULYH#IURP#D#WULS#
FRQGLWLRQ1

48 47 46 45 44 43 < ; : 9 8 7 6 5 4 3 9DOXH $FWLRQ
3 3 3 3 3 3 4 3 3 3 3 3 3 3 3 3 3[3533 'ULYH#GLVDEOH
3 3 3 4 4 4 4 3 3 3 3 3 3 3 3 4 3[4(34 (QDEOHG#.#VWRSSHG
3 3 3 4 4 4 4 3 3 3 3 3 3 3 4 4 3[4(36 (QDEOHG#.#UXQ#IZG1
3 3 3 4 4 4 4 3 3 3 3 3 4 3 4 4 3[4(3% (QDEOHG#.#UXQ#UHY
3 3 3 4 4 4 4 3 3 3 3 3 4 4 4 4 3[4(3: (QDEOHG#.#MRJ#UHY

48 47 46 45 44 43 < ; : 9 8 7 6 5 4 3 9DOXH $FWLRQ
3 3 3 3 3 3 4 3 3 3 3 3 3 3 3 3 3[3533 'ULYH#GLVDEOH
3 3 3 4 4 4 4 3 3 3 3 3 3 3 3 4 3[4(34 (QDEOHG#.#VWRSSHG
3 3 3 4 4 4 4 3 3 3 3 3 3 3 4 4 3[4(36 (QDEOHG#.#UXQ#IZG1
3 3 3 4 4 4 4 3 3 3 3 3 4 3 3 4 3[4(3< (QDEOHG#.#UXQ#UHY
3 3 3 4 4 4 4 3 3 3 3 3 4 4 3 4 3[4(3& (QDEOHG#.#MRJ#UHY

E48 E47 E46 E45 E44 E43 E< E;
9DOLG &48164 &4815< &48158 5HVHW &48156 &48155 &48154

E: E9 E8 E7 E6 E5 E4 E3
&5135 &814: &7146 &7145 &4146 &4145 &4144 &7143



,QWHUEXV06 4<

7KH#UHVHW#VHTXHQFH#RQ#0HQWRU#,,#WDNHV#DSSUR[LPDWHO\#6#VHFRQGV/#
DQG#WKH#³'ULYH#+HDOWK\´#VLJQDO#LV#QRW#UHWXUQHG#XQWLO#WKH#VHTXHQFH#
KDV#ILQLVKHG1

'LJLWDO#LQSXW#FRQWURO#RI#WKH#ORJLF#IXQFWLRQV#+&4144#0#&4146,#PXVW#EH#GLVDEOHG#E\#
VHWWLQJ#&;154#WR#41##7KH#ORJLF#ELWV#KDYH#WKH#IROORZLQJ#IXQFWLRQV#ZKHQ#VHW#WR#41

+6HH#0HQWRU#,,#PDQXDO#IRU#PRUH#LQIRUPDWLRQ,1
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3DUDPHWH
U

)XQFWLRQ 'HVFULSWLRQ

&4144 5XQ#3HUPLW 0XVW#EH#VHW#IRU#WKH#GULYH#WR#UXQ1
&4145 5HYHUVH 6HWV#WKH#GLUHFWLRQ#RI#WKH#PRWRU1
&4146 ,QFK##+-RJ, 6HOHFWV#WKH#LQFK#RU#MRJ#UHIHUHQFH#+&4138,1
&814: ,QKLELW 6HW#WR#4#WR#HQDEOH#WKH#WK\ULVWRU#EULGJH#ILULQJ#SXOVHV1
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91918 ([DPSOH#0HQWRU#,,#&RQWURO#:RUG#9DOXHV

91919 &RQWURO#:RUG#0DSSLQJ

7KH#XSSHU#ELWV#+E<0E48,#RI#WKH#8QLGULYH#FRQWURO#ZRUG#DUH#LQGLYLGXDO#PDVN#ELWV#
ZKLFK#DOORZ#WKH#FRUUHVSRQGLQJ#ELWV#+E30E9,#WR#EH#PDVNHG1##,I#03#+E<,#LV#VHW/#
E3#RI#WKH#FRQWURO#ZRUG#FRQWUROV#SDUDPHWHU#&91481

91: 0DSSLQJ#&RQIOLFWV

:KHQ#WKH#PDSSLQJ#SDUDPHWHUV#IRU#WKH#,QWHUEXV06#F\FOLF#GDWD#FKDQQHOV#DUH#
VHW/#FDUH#PXVW#EH#WDNHQ#WR#HQVXUH#WKDW#WKHUH#DUH#QR#FODVKHV#ZLWK#WKH#PDSSLQJ#
RI#WKH#DQDORJXH#DQG#GLJLWDO#LQSXWV#ZLWKLQ#WKH#GULYH1##1HLWKHU#WKH#8':3#ZLWK#
,QWHUEXV06#,QWHUIDFH#PRGXOH#WKH#0'0,%6#FDUG#ZLOO#LQGLFDWH#LI#WKHUH#LV#D#FRQIOLFW#
RI#PDSSLQJ#SDUDPHWHUV1##7KLV#RQO\#DSSOLHV#WR#DQDORJXH#DQG#GLJLWDO#LQSXWV/#
DQG#287#GDWD#RQ#WKH#,QWHUEXV06#QHWZRUN1

48 47 46 45 44 43 < ; : 9 8 7 6 5 4 3 9DOXH $FWLRQ
4 3 3 3 3 3 3 3 3 4 3 3 3 3 3 3 3[;373 'LVDEOHG
4 3 3 3 3 3 3 3 4 3 3 3 3 3 4 3 3[;3;5 5XQ#IZG1#ZLWK#UDPSV
4 3 3 3 3 3 3 3 3 3 3 3 3 4 4 3 3[;339 5XQ#UHY/#QR#UDPSV
4 3 3 3 3 3 3 3 4 3 3 3 4 4 4 3 3[;3;( ,QFK#UHY#ZLWK#UDPSV
4 3 3 3 3 3 3 3 3 3 3 4 3 3 4 3 3[;345 7RUTXH#FRQWURO

%LW 8QLGULYH 0HQWRU#,,
3DUDPHWHU 'HVFULSWLRQ 3DUDPHWHU 'HVFULSWLRQ

3 &9148 'ULYH#HQDEOH &7143 &XUUHQW#OLPLW#VHOHFWRU
4 &9163 6HTXHQFLQJ#ELW#3 &4144 5HIHUHQFH#21
5 &9164 6HTXHQFLQJ#ELW#4 &4145 5HYHUVH#VHOHFWRU
6 &9165 6HTXHQFLQJ#ELW#5 &4146 ,QFK#VHOHFWRU
7 75,3 'ULYH#7ULS#+WU85, &7145 7RUTXH#0RGH#3
8 &4178 3UH0VHW#VHOHFW#3# &7146 7RUTXH#0RGH#4
9 &4179 3UH0VHW#VHOHFW#4 &814: ,QKLELW#ILULQJ
: &4;164 $SSOLFDWLRQ#ELW &5135 5DPS#HQDEOH
; &4;165 $SSOLFDWLRQ#ELW &48154 $SSOLFDWLRQ#ELW
< 03 0DVN#ELW#3 &48155 $SSOLFDWLRQ#ELW
43 04 0DVN#ELW#4 &48156 $SSOLFDWLRQ#ELW
44 05 0DVN#ELW#5 5(6(7 6HW#WR#UHVHW#GULYH
45 06 0DVN#ELW#6 &48158 $SSOLFDWLRQ#ELW
46 &4;166 $SSOLFDWLRQ#ELW &4815< $SSOLFDWLRQ#ELW
47 08 0DVN#ELW#8 &48164 $SSOLFDWLRQ#ELW
48 09 0DVN#ELW#9 9$/,' 9$/,'#ELW
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,I#D#SDUDPHWHU#LV#ZULWWHQ#WR#IURP#WZR#GLIIHUHQW#VRXUFHV/#WKH#YDOXH#RI#WKLV#
SDUDPHWHU#ZLOO#GHSHQG#HQWLUHO\#XSRQ#WKH#VFDQ#WLPHV#IRU#WKH#DQDORJXH#RU#
GLJLWDO#LQSXW#DQG#WKH#,QWHUEXV06#QHWZRUN1##)XUWKHU#FRQIXVLRQ#PD\#EH#FDXVHG#
GXH#WR#WKH#XSGDWH#UDWH#RI#WKH#GLVSOD\1##$#SDUDPHWHU#PD\#DSSHDU#WR#EH#VWHDG\#
DW#D#SDUWLFXODU#YDOXH/#EXW#RFFDVLRQDOO\#JOLWFK#LQ#WKH#YDOXH#ZLOO#EH#VHHQ1##,Q#
UHDOLW\/#WKLV#YDOXH#PD\#EH#FKDQJLQJ#FRQWLQXRXVO\/#OHDGLQJ#WR#HUUDWLF#GULYH#
EHKDYLRXU1

7R#HQVXUH#WKDW#WKHUH#DUH#QR#PDSSLQJ#FRQIOLFWV/#FKHFN#WKDW#HDFK#8QLGULYH#
PDSSLQJ#SDUDPHWHU#DQG#HDFK#0HQWRU#,,#PDSSLQJ#SDUDPHWHU#KDV#D#GLIIHUHQW#
YDOXH#SURJUDPPHG1##$QDORJXH#DQG#GLJLWDO#LQSXWV#FDQ#EH#GH0SURJUDPPHG#E\#
VHWWLQJ#WKH#YDOXH#WR#31

:LWK#0HQWRU#,,/#IRU#H[DPSOH/#DQDORJXH#LQSXW#FKDQQHO#7#GHIDXOWV#WR#WKH#WRUTXH#
UHIHUHQFH/#&713;1##7KLV#LV#DOVR#WKH#GHIDXOW#IRU#SROOHG#GDWD#ZRUG#6/#VR#HLWKHU#
DQDORJXH#LQSXW#7#+&:147,#RU#SROOHG#GDWD#FKDQQHO#6#+&44139,#PXVW#EH#UH0
PDSSHG#EHIRUH#&713;#FDQ#EH#FRQWUROOHG#SURSHUO\#E\#HLWKHU#VRXUFH1

91; 6WDWXV#:RUG

7KH#VWDWXV#ZRUG#LV#DQ#HIILFLHQW#ZD\#RI#UHPRWHO\#PRQLWRULQJ#DQG#GLDJQRVLQJ#
WKH#VWDWXV#RI#WKH#GULYH1##(DFK#ELW#LQ#WKH#VWDWXV#ZRUG#LQGLFDWHV#WKH#VWDWXV#RI#D#
SDUWLFXODU#IXQFWLRQ#RI#WKH#GULYH/##H1J1#DW#VSHHG/#]HUR#VSHHG/#GULYH#KHDOWK\/#HWF1/#
DQG#SURYLGHV#D#TXLFN#PHWKRG#RI#FKHFNLQJ#WKH#FXUUHQW#VWDWXV#RI#WKH#GULYH1

91;14 8QLGULYH
7KH#VWDWXV#ZRUG#RQ#8QLGULYH#FDQ#EH#PDSSHG#WR#DQ\#,1#FKDQQHO#E\#VHWWLQJ#WKH#
DSSURSULDWH#PDSSLQJ#SDUDPHWHU#WR#<3441

'ULYH#
,QSXW

8QLGULYH##
0DSSLQJ##
3DUDPHWHU

0HQWRU#,,##
0DSSLQJ##
3DUDPHWHU

'ULYH#
,QSXW

8QLGULYH##
0DSSLQJ##
3DUDPHWHU

0HQWRU#,,##
0DSSLQJ##
3DUDPHWHU

$QDORJXH#4 &:143 &:144 'LJLWDO#5 &;146 &;145
$QDORJXH#5 &:147 &:145 'LJLWDO#6 &;149 &;146
$QDORJXH#6 &:14; &:146 'LJLWDO#7 &;14< &;147
$QDORJXH#7 &:147 'LJLWDO#8 &;154 &;148
6SHHG &:148 'LJLWDO#9 &;156 &;149

,1#:RUG#4 &53139 &44137 'LJLWDO#: &;14:
,1#:RUG#5 &53134 &44138 'LJLWDO#; &;14;
,1#:RUG#6 &53135 &44139 'LJLWDO#< &;14<
'LJLWDO#4 &;143 'LJLWDO#43 &;153

E48 E47 E46 E45 E44 E43 E< E;
; &43148 &43147 &43146 &43145 &43144 &43143 &4313<
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91;15 0HQWRU#,,
7KH#VWDWXV#ZRUG#RQ#0HQWRU#,,#FDQ#EH#PDSSHG#WR#DQ\#,1#FKDQQHO#E\#VHWWLQJ#
WKH#DSSURSULDWH#PDSSLQJ#SDUDPHWHU#WR#4<741

E: E9 E8 E7 E6 E5 E4 E3
&4313; &4313: &43139 &43138 &43137 &43136 &43135 &43134

E48 E47 E46 E45 E44 E43 E< E;
(UURU &48159 &4313< 3 &4313: 3 &43138 &43137

E: E9 E8 E7 E6 E5 E4 E3
&43136 &43135 &43134 3 &43146 &7158 &7157 &43145
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91;16 6WDWXV#:RUG#0DSSLQJ

91< 'LVDEOLQJ#&\FOLF#'DWD#&KDQQHOV

,I#DQ#DSSOLFDWLRQ#RQO\#UHTXLUHV#5#F\FOLF#GDWD#FKDQQHOV/#WKH#UHPDLQLQJ#FKDQQHO#
FDQ#EH#GLVDEOHG1##7KLV#PHDQV#WKDW#WKH#GDWD#UHFHLYHG#IURP#WKDW#FKDQQHO#ZLOO#
QRW#EH#ZULWWHQ#WR#DQ\#GULYH#SDUDPHWHU1##,W#GRHV#QRW#DFWXDOO\#UHPRYH#WKH#
FKDQQHO#IURP#WKH#QHWZRUN1

91<14 8QLGULYH
6HW#WKH#DSSURSULDWH#FKDQQHO#PDSSLQJ#SDUDPHWHU#WR#04/#DQG#UHVHW#WKH#8':31

91<15 0HQWRU#,,
6HW#WKH#DSSURSULDWH#FKDQQHO#PDSSLQJ#SDUDPHWHU#WR#4<<</#DQG#UHVHW#WKH#GULYH1

%LW 8QLGULYH 0HQWRU#,,
3DUDPHWHU 'HVFULSWLRQ 3DUDPHWHU 'HVFULSWLRQ

3 &43134 'ULYH#KHDOWK\ &43145 'ULYH#KHDOWK\
4 &43135 'ULYH#UXQQLQJ &7157 7DSHU#WKUHVKROG#4#H[FHHGHG
5 &43136 =HUR#VSHHG &7158 7DSHU#WKUHVKROG#5#H[FHHGHG
6 &43137 5XQQLQJ#DW#RU#EHORZ#

PLQLPXP#VSHHG
&43146 ,-W#$ODUP

7 &43138 %HORZ#VHW#VSHHG 3 1RW#XVHG
8 &43139 $W#VSHHG &43134 )RUZDUG#YHORFLW\
9 &4313: $ERYH#VHW#VSHHG &43135 5HYHUVH#9HORFLW\
: &4313; /RDG#UHDFKHG &43136 &XUUHQW#OLPLW
; &4313< ,Q#FXUUHQW#OLPLW &43137 %ULGJH#4#HQDEOHG
< &43143 5HJHQHUDWLQJ &43138 %ULGJH#5#HQDEOHG
43 &43144 '\QDPLF#EUDNH#DFWLYH 3 1RW#XVHG
44 &43145 '\QDPLF#EUDNH#DODUP &4313: $W#VSHHG
45 &43146 'LUHFWLRQ#FRPPDQGHG 3 1RW#XVHG
46 &43147 'LUHFWLRQ#UXQQLQJ &4313< =HUR#VSHHG
47 &43148 0DLQV#/RVV &48159 $SSOLFDWLRQ#ELW
48 ; 1RW#XVHG (5525 6HW#LI#WKHUH#LV#DQ#HUURU#RQ#RQH#

RI#WKH#F\FOLF#FKDQQHOV
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: 1RQ0&\FOLF#'DWD#&KDQQHO

:14 8QLGULYH#3DUDPHWHU#$GGUHVVLQJ

8QLGULYH#SDUDPHWHUV#DUH#QRW#DGGUHVVHG#GLUHFWO\#XVLQJ#WKH#3HULSKHUDO#
&RPPXQLFDWLRQV#3URWRFRO#FKDQQHO1##3&3#9513#KDV#EHHQ#LPSOHPHQWHG#LQ#WKH#
96133#ILUPZDUH1

7KUHH#GHILQHG#REMHFWV#DUH#SURYLGHG#WR#DOORZ#DFFHVV#WR#WKH#GULYH#SDUDPHWHUV1

:1414 :ULWLQJ#7R#$#'ULYH#3DUDPHWHU
,QGH[= 3[8333

7KLV#REMHFW#LV#XVHG#WR#FKDQJH#WKH#YDOXH#RI#D#SDUDPHWHU#ZLWKLQ#WKH#GULYH1##)RXU#
E\WHV#DUH#ZULWWHQ#WR#WKLV#REMHFW=

4 0HQX#QXPEHU
5 3DUDPHWHU#QXPEHU
6 'DWD#KLJK0E\WH
7 'DWD#ORZ0E\WH
7R#FKHFN#WKDW#WKH#ZULWH#FRPPDQG#KDV#EHHQ#LPSOHPHQWHG#VXFFHVVIXOO\/#UHDG#
WKH#VWDWXV#E\WH#LQ#REMHFW#3[83351

:1415 'HILQLQJ#$#5HDG#3DUDPHWHU
,QGH[= 3[8334

5HDGLQJ#D#SDUDPHWHU#YDOXH#IURP#WKH#GULYH#LV#GRQH#LQ#WZR#VWDJHV1##2EMHFW#
3[8334#GHILQHV#WKH#SDUDPHWHU#WKDW#QHHGV#UHDGLQJ1##7ZR#E\WHV#DUH#ZULWWHQ#WR#
WKLV#REMHFW=

4 0HQX#QXPEHU
5 3DUDPHWHU#QXPEHU
7KH#DFWXDO#YDOXH#UHWXUQHG#IURP#WKH#SDUDPHWHU#PXVW#EH#UHDG#IURP#REMHFW#
3[83351##7KH#PHQX#DQG#SDUDPHWHU#GHILQHG#LQ#WKLV#REMHFW#DUH#UHWDLQHG/#XQWLO#D#
QHZ#PHQX#DQG#SDUDPHWHU#DUH#GHILQHG1

:1416 5HDGLQJ#$#3DUDPHWHU#$QG#6WDWXV#%\WH
,QGH[= 3[8335

7KLV#REMHFW#UHWXUQV#WKH#YDOXH#RI#D#SDUDPHWHU#GHILQHG#LQ#3[8334/#SOXV#D#VWDWXV#
E\WH1#,W#UHWXUQV#8#E\WHV#LQ#WRWDO=

4 0HQX#QXPEHU
5 3DUDPHWHU#QXPEHU
6 5HDG#GDWD#KLJK0E\WH
7 5HDG#GDWD#ORZ0E\WH
8 6WDWXV#E\WH
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7KH#VWDWXV#E\WH#LQGLFDWHV#ZKHWKHU#WKH#UHDG#RU#ZULWH#DFWLRQ#ZDV#LPSOHPHQWHG#
VXFFHVVIXOO\/#DQG#LV#XSGDWHG#ZKHQHYHU#D#UHDG#RU#ZULWH#FRPPDQG#YLD#WKH#3&3#
FKDQQHO#LV#UHTXHVWHG1##7KH#SRVVLEOH#YDOXHV#RI#WKLV#E\WH#DUH=

3[;3 5($'<

3[&3 (5525

$Q#HUURU#FDQ#EH#VHW#E\#DGGUHVVLQJ#DQ#LQYDOLG#SDUDPHWHU/#ZULWLQJ#D#YDOXH#RXW#RI#
UDQJH/#DQG#ZULWLQJ#WR#D#UHDG0RQO\#SDUDPHWHU1

:KHQ#UHDGLQJ#D#SDUDPHWHU#YDOXH/#WKH#DFWXDO#YDOXH#RI#WKH#WDUJHW#SDUDPHWHU#LV#
QRW#UHDG#XQWLO#WKLV#REMHFW#LV#WUDQVPLWWHG1##7KLV#PHDQV#WKDW#RQFH#D#5($'#REMHFW#
KDV#EHHQ#GHILQHG/#WKH#SDUDPHWHU#FDQ#EH#FRQWLQXRXVO\#XSGDWHG#VLPSO\#E\#UH0
UHDGLQJ#WKH#SDUDPHWHU#YDOXH#DQG#VWDWXV#E\WH1

7KH#GHFLPDO#SRLQW#LV#LJQRUHG1##$#SDUDPHWHU#ZLWK#D#YDOXH#RI#4156#ZLOO#
UHWXUQ#WKH#YDOXH#456#+3[:%,1

0HQX#3#SDUDPHWHUV#FDQQRW#EH#ZULWWHQ#WR#RU#UHDG#IURP/#ZLWK#WKH#
H[FHSWLRQ#RI#&31331

:15 0HQWRU#,,#3DUDPHWHU#$GGUHVVLQJ

7KH#0HQWRU#,,#SDUDPHWHU#VHW#LV#RUJDQLVHG#RQ#WKH#3HULSKHUDO#0HVVDJH#
6SHFLILFDWLRQ#+306,#,QGH[#DV#D#VHULHV#RI#48#DUUD\V/#HDFK#FRQVLVWLQJ#RI#96#
ZRUGV1##7KH#DUUD\#PLPLFV#WKH#PHQX#VWUXFWXUH#LQ#0HQWRU#,,1##$#306#LQGH[#LV#
OLQNHG#WR#D#PHQX#DV#IROORZV=

,1'(;# #3[8))3#.#+0HQWRU#PHQX#QXPEHU#0#4,

7KH#SDUDPHWHU#QXPEHU#LQ#WKH#PHQX#LV#GHILQHG#LQ#WKH#VXE0LQGH[#SDUDPHWHU1##
7R#DFFHVV#PHQX#4#SDUDPHWHU#4;#+&414;,/#

,1'(; 3[8))3

68%0,1'(;3[3345

0HQX#3#DQG#SDUDPHWHU#3#LQ#DQ\#PHQX#FDQQRW#EH#DFFHVVHG1

:16 'DWD#&DVWV

7KHUH#DUH#VHYHUDO#GLIIHUHQW#GDWD#W\SHV#VWRUHG#LQ#WKH#0HQWRU#,,/#EXW#WKH\#DOO#
KDYH#WR#EH#FDVW#WR#D#49#ELW#ZRUG#E\#WKH#FRPPXQLFDWLRQV#VRIWZDUH1

:1614 %LWV
7KH#ELW#YDOXH#LV#SODFHG#LQ#WKH#OHDVW#VLJQLILFDQW#ELW#LQ#WKH#ZRUG1##$OO#RWKHU#ELWV#
PXVW#EH#]HUR1

7R#VHW#ELW#&6145/
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,1'(; 3[8))5

68%0,1'(; 3[3&

'$7$ 3[3334

:1615 ,QWHJHUV
7KHVH#SDUDPHWHUV#DUH#VWRUHG#LQ#;#ELWV/#DQG#DUH#XQVLJQHG#YDOXHV1##7KH\#DUH#
GLUHFWO\#FDVW#WR#WKH#OHDVW#VLJQLILFDQW#E\WH#LQ#WKH#49#ELW#FRPPXQLFDWLRQ#ZRUG1##
7KH#PRVW#VLJQLILFDQW#E\WH#+;#ELWV,#PXVW#EH#3[331

7R#VHW#&48144#WR#78/

,1'(; 3[8))(

68%0,1'(; 3[3%

'$7$ 3[335'

:1616 5HDO
7KH#³UHDO´#SDUDPHWHUV#LQ#0HQWRU#KDYH#WKH#UDQJH#RI#±4333#RU#±4<<</#SOXV#7#
ELQDU\#IUDFWLRQ#ELWV1##7KH#SDUDPHWHU#SOXV#IUDFWLRQ#DUH#PDSSHG#WR#WKH#49#ELW#
ZRUG#DV#D#WZR¶V#FRPSOHPHQW#ZRUG#-#491

7R#VHW#&49139#WR#0<;:13/

)LUVW#PXOWLSO\#0<;:13#E\#49# #048:<5

,1'(; 3[8)))

68%0,1'(; 3[39

'$7$ 3[&583

7R#VHW#&414;#WR#8<1458/

'$7$ 3[)&7(

7R#VHW#&5138#WR#4;:9/

'$7$ 3[:873

:1617 /RQJ#,QWHJHUV
7KHVH#SDUDPHWHUV#DUH#49#ELW#XQVLJQHG#YDOXHV1##7KH\#DUH#ZULWWHQ#GLUHFWO\#WR#
WKH#49#ELW#ZRUG1

7R#VHW#&48193#WR#3[4<8$/

,1'(; 3[8))(

68%0,1'(; 3[6&

'$7$ 3[4<8$

:KHQ#WKLV#SDUDPHWHU#LV#YLHZHG#LQ#WKH#0HQWRU#,,/#RQO\#WKH#7#PRVW#VLJQLILFDQW#
GLJLWV#+397<,#DUH#GLVSOD\HG1



,QWHUEXV06 5:

:1618 $SSOLFDWLRQ#3URJUDP#'HVFULSWLRQ
$#WH[W#GHVFULSWLRQ#RI#WKH#UHVLGHQW#DSSOLFDWLRQ#FDQ#EH#UHDG#DV#D#306#REMHFW#
IURP#LQGH[#3[8)()1##$#YLVLEOH#VWULQJ#LV#UHDG#EDFN/#ZLWK#D#PD[LPXP#OHQJWK#RI#
78#FKDUDFWHUV1##,I#QR#DSSOLFDWLRQ#SURJUDP#LV#SUHVHQW/#D#VWULQJ#RI#VSDFHV#+65#
GHFLPDO,#LV#UHWXUQHG1

:17 3URFHVV#,22#'DWD#0DSSLQJ

:KHQ#GDWD#LV#UHFHLYHG#DW#WKH#0'0,%6#FDUG/#PDSSLQJ#SDUDPHWHUV#PXVW#EH#VHW#
XS#WR#GLUHFW#WKH#GDWD#WR#WKH#DSSURSULDWH#SDUDPHWHU1##7KH#IROORZLQJ#
FRPPXQLFDWLRQ#REMHFWV#DUH#GHILQHG#LQ#0'0,%6#WR#DOORZ#WKH#XVHU#WR#VHW#XS#WKH#
PDSSLQJ#LQIRUPDWLRQ1

'DWD#GLUHFWLRQ#LV#ZLWK#UHVSHFW#WR#WKH#FRQWUROOHU1##287#GDWD#LV#VHQW#
287#IURP#WKH#3/&#WR#WKH#GULYH/#,1#GDWD#LV#UHDG#,1#E\#WKH#3/&#IURP#
WKH#GULYH1

:1714 3URFHVV#,1#'DWD#'HVFULSWLRQ
,QGH[= 3[9333

7KLV#REMHFW#PDSV#WKH#VRXUFHV#IRU#GDWD#IURP#WKH#GULYH#WR#WKH#PDVWHU1##1RWH#WKDW#
WKH#LQGH[#RI#WKH#VWDWXV#ZRUG#LV#3[93741

6HW#XS#WKH#IROORZLQJ#PDSSLQJ=

&KDQQHO#4#&6135
&KDQQHO#5#VWDWXV#ZRUG
&KDQQHO#6#&48139
,1'(; 3[9333 2- 3URFHVV#,1#PDS#UHFRUG
68%0,1'(; 3[33 2- :ULWH#WR#ZKROH#UHFRUG
'$7$ 3[39 2- 1XPEHU#RI#E\WHV

2- 6WDUW#RI#UHFRUG
'$7$ 3[8) 2- ,QGH[#RI#4VW#ZRUG#+06%\WH,
'$7$ 3[)5 2- ,QGH[#RI#4VW#ZRUG#+/6%\WH,
'$7$ 3[35 2- 6XE#LQGH[#RI#4VW#ZRUG
'$7$ 3[93 2- ,QGH[#RI#5QG#ZRUG#+06%\WH,
'$7$ 3[74 2- ,QGH[#RI#5QG#ZRUG#+/6%\WH,
'$7$ 3[33 2- 6XE#LQGH[#RI#5QG#ZRUG
'$7$ 3[8) 2- ,QGH[#RI#6UG#ZRUG#+06%\WH,
'$7$ 3[)( 2- ,QGH[#RI#6UG#ZRUG#+/6%\WH,
'$7$ 3[39 2- 6XE#LQGH[#RI#6UG#ZRUG

:1715 3URFHVV#2XW#'DWD#'HVFULSWLRQ
,QGH[= 3[9334

7KLV#REMHFW#PDSV#WKH#GHVWLQDWLRQV#IRU#GDWD#IURP#WKH#PDVWHU#WR#WKH#GULYH1##1RWH#
WKDW#WKH#LQGH[#RI#WKH#FRQWURO#ZRUG#LV#3[93741
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6HW#XS#WKH#IROORZLQJ#PDSSLQJ=

&KDQQHO#4#&4153
&KDQQHO#5#FRQWURO#ZRUG
&KDQQHO#6#&4813:
,1'(; 3[9334 2- 3URFHVV#287#PDS#UHFRUG
68%0,1'(; 3[33 2- :ULWH#WR#ZKROH#UHFRUG
'$7$ 3[39 2- 1XPEHU#RI#E\WHV

2- 6WDUW#RI#UHFRUG
'$7$ 3[8) 2- ,QGH[#RI#4VW#ZRUG#+06%\WH,
'$7$ 3[)3 2- ,QGH[#RI#4VW#ZRUG#+/6%\WH,
'$7$ 3[47 2- 6XE#LQGH[#RI#4VW#ZRUG
'$7$ 3[93 2- ,QGH[#RI#5QG#ZRUG#+06%\WH,
'$7$ 3[73 2- ,QGH[#RI#5QG#ZRUG#+/6%\WH,
'$7$ 3[33 2- 6XE#LQGH[#RI#5QG#ZRUG
'$7$ 3[8) 2- ,QGH[#RI#6UG#ZRUG#+06%\WH,
'$7$ 3[)( 2- ,QGH[#RI#6UG#ZRUG#+/6%\WH,
'$7$ 3[3: 2- 6XE#LQGH[#RI#6UG#ZRUG

%\#VSHFLI\LQJ#D#QRQ0]HUR#VXE0LQGH[/#DQ#LQGLYLGXDO#UHFRUG#HOHPHQW#
PD\#EH#DFFHVVHG1##7R#FKDQJH#WKH#PDSSLQJ#RI#GDWD#ZRUG#4#IURP#
&7135#WR#&7158=

,1'(; 3[9333
68%0,1'(; 3[36 2- 6UG#HOHPHQW#RI#WKH#UHFRUG
'$7$ 3[4;

,I#D#UHFRUG#HOHPHQW#LV#PRGLILHG#DV#DERYH/#WKH#0'0,%6#FDUG#ZLOO#FKHFN#WKDW#WKH#
QHZ#PDSSLQJ#LV#YDOLG1##,I#QRW/#WKH#GHIDXOW#PDSSLQJ#YDOXH#ZLOO#EH#XVHG1##,I#WKH#
XVHU#ZLVKHV#WR#FKDQJH#WKH#PDSSLQJ#WR#3[9374#+VWDWXV#ZRUG,/#WKHQ#WKH#ZKROH#
UHFRUG#PXVW#EH#UH0ZULWWHQ/#VLQFH#WZR#HOHPHQWV#ZLOO#QHHG#FKDQJLQJ#WR#JLYH#D#
YDOLG#PDS#VRXUFH1

,I#WKH#3URFHVV#287#UHFRUG#LV#PRGLILHG/#WKH#0'0,%6#FDUG#DXWRPDWLFDOO\#
GLVDEOHV#WKH#3URFHVV#287#GDWD#FKDQQHO1##2QFH#WKH#3URFHVV#287#UHFRUG#KDV#
EHHQ#ZULWWHQ#DQG#D#SRVLWLYH#DFNQRZOHGJHPHQW#UHFHLYHG/#WKH#XVHU#PXVW#UH0
HQDEOH#WKH#FKDQQHO1##+6HH#3URFHVV#287#'DWD#(QDEOH,1

:1716 3URFHVV#2XW#'DWD#(QDEOH
7KH#3URFHVV#287#'DWD#&KDQQHO#FDQ#EH#HQDEOHG#RU#GLVDEOHG#XVLQJ#REMHFW#
3[93351##7KLV#REMHFW#PXVW#EH#VHW#WR#3[33#WR#HQDEOH#WKH#FKDQQHO/#ZKLOH#3[))#
ZLOO#GLVDEOH#LW1

,1'(; 3[9335
68%0,1'(; 3[33
'$7$ 3[33
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:1717 7LPH#2XW#7ULS
7KH#0'0,%6#FDUG#KDV#D#SURFHVV#GDWD#PRQLWRULQJ#IXQFWLRQ#ZKHUHE\#WKH#GULYH#
ZLOO#EH#PDGH#WR#WULS#RI#WKH#SURFHVV#GDWD#LV#QRW#XSGDWHG#LQ#D#GHILQHG#WLPH#
SHULRG1##7KLV#WLPH#SHULRG#LV#GHILQHG#E\#WKH#XVHU#XVLQJ#WKH#REMHFW#,1'(;# #
3[93361##7KH#YDOXH#HQWHUHG#LV#D#49#ELW#LQWHJHU/#DQG#GHILQHV#WKH#WLPH#WR#WULS#LQ#
PLOOLVHFRQGV/#UDQJLQJ#IURP#3[3333#WR#3[)))(#+3#WR#98867,1##6HWWLQJ#WKLV#
REMHFW#WR#3[))))#GLVDEOHV#WKH#SURFHVV#GDWD#PRQLWRULQJ#IXQFWLRQ1

,I#QR#SURFHVV#GDWD#LV#WUDQVIHUUHG#IRU#D#WLPH#!#3[9336/#WKH#GULYH#ZLOO#WULS#³,E6´#
ZLWK#D#WULS#FRGH#RI#41##,Q#DGGLWLRQ/#WKH#0'0,%6#ZLOO#DXWRPDWLFDOO\#GLVDEOH#WKH#
SURFHVV#GDWD#WLPH#RXW#WULS1##,I#FRPPXQLFDWLRQ#LV#UH0HVWDEOLVKHG/#DQ#DERUW#
UHTXHVW#ZLOO#EH#VHQW#WR#WKH#PDVWHU1

$Q\#FRPPXQLFDWLRQ#HUURU#+H1J1#PDVWHU#IDLOXUH/#SK\VLFDO#OD\HU#GDPDJH/#&5&#
HUURU,#ZLOO#SUHYHQW#D#SURFHVV#GDWD#XSGDWH1##$Q#LQWHUPLWWHQW#&5&#HUURU#ZLOO#RQO\#
FDXVH#D#WULS#LI#WKH#HUURU#SHUVLVWV#FRQWLQXDOO\1

,I#QR#SURFHVV#GDWD#LV#WUDQVIHUUHG/#WKH#GDWD#LV#IUR]HQ#DW#WKH#SUHYLRXV#
VXFFHVVIXO#WUDQVIHU1

7KH#0'0,%6#DOVR#KDV#D#ZDWFKGRJ#IXQFWLRQ#ZKLFK#PRQLWRUV#LWV#RZQ#KHDOWK\#
FRQGLWLRQ1##,I#D#IDWDO#HUURU#RFFXUV#RQ#WKH#0'0,%6/#WKH#GULYH#ZLOO#WULS#RQ#³3F5´1

$OO#FKDQJHV#PDGH#WR#WKH#REMHFWV#GHVFULEHG#LQ#WKLV#VHFWLRQ#DUH#VWRUHG#LQ#QRQ0
YRODWLOH#PHPRU\#RQ#WKH#0'0,%6#FDUG1##7R#UHWULHYH#DQG#XVH#WKHVH#YDOXHV#
XQGHU#QRUPDO#RSHUDWLRQ/#((3520#PRGH#+&47134# #3,#PXVW#EH#VHOHFWHG1##
$Q\#VXEVHTXHQW#FKDQJHV#PDGH#E\#WKH#FRQWUROOHU#ZLOO#EH#UHWULHYHG#IURP#
((3520#PHPRU\#DW#SRZHU#XS#RU#UHVHW/#GHSHQGLQJ#RQ#WKH#VHWWLQJ#RI#/.51

:18 (UURU#+DQGOLQJ

7KH#0'0,%6#FDUG#ZLOO#UHWXUQ#HUURU#FRGHV#LI#SUREOHPV#DUH#HQFRXQWHUHG#WU\LQJ#
WR#LPSOHPHQW#FHUWDLQ#LQVWUXFWLRQV1##7KHVH#YDOXHV#DUH#ZLOO#EH#UHWXUQHG#WR#
VSHFLILF#ORFDWLRQV#ZLWKLQ#WKH#3/&#PRGXOH#LWVHOI1##6HH#3/&#,QWHUEXV06#
,QWHUIDFH#&DUG#GRFXPHQWDWLRQ#IRU#IXUWKHU#GHWDLOV1##$OO#DUH#(5525#&/$66# #
91
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(UURU (UURU#&RGH $GGLWLRQDO##
&RGH

2EMHFW#GRHV#QRW#H[LVW1 3[3: 3[33
1RQ0]HUR#VXE0LQGH[#RQ#D#VLPSOH#YDULDEOH#25#
VXE0LQGH[#LV#RXW#RI#UDQJH#RQ#DQ#DUUD\2UHFRUG1

3[38 3[43

/HQJWK#RI#GDWD#LV#ZURQJ#IRU#REMHFW#W\SH1 3[3; 3[33
2EMHFW#FDQQRW#EH#PDSSHG1#3RVVLEOH#UHDVRQV#DUH#
WKDW#WKH#REMHFW#GRHV#QRW#H[LVW/#REMHFW#LV#UHDG#RQO\#
+IRU#287#GDWD,/#QXPEHU#RI#SURFHVV#E\WHV#PXVW#
EH#7#RU#9#+GHSHQGLQJ#RQ#/.4,1

3[33 3[74

'ULYH#SDUDPHWHU#GRHV#QRW#H[LVW1 3[33 3[43
'DWD#WR#EH#ZULWWHQ#LV#RXWVLGH#WKH#SHUPLVVLEOH#
UDQJH#IRU#WKH#GULYH#SDUDPHWHU1

3[33 3[63

3DUDPHWHU#GRHV#QRW#H[LVW/#RU#YDOXH#LV#RXW#RI#
UDQJH/#DIWHU#WKH#ZULWH#FRPPDQG1

3[33 3[34

'ULYH#SDUDPHWHU#LV#UHDG#RQO\1 3[33 3[6)
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; ,QWHUEXV06#1HWZRUN#&RQILJXUDWLRQ

;14 1HWZRUN#'DWD#5DWH

7KH#QHWZRUN#GDWD#UDWH#LV#IL[HG#DW#833#.ELWV2VHF1

;15 1RGH#,GHQWLILFDWLRQ#&RGH

7KH#,GHQWLILFDWLRQ#&RGH#RI#(6#LQIRUPV#WKH#FRQWUROOHU#WKDW#WKH#0'0,%6#FDUG#
VXSSRUWV#'5,9(&20#FRPPXQLFDWLRQV1##0'0,%6#GRHV#QRW#VXSSRUW#
'5,9(&20/#EXW#WKLV#GRHV#QRW#DIIHFW#WKH#RSHUDWLRQ#RI#WKH#0'0,%6#FDUG#LQ#DQ\#
ZD\1

;16 )LUPZDUH#DQG#6\VWHP#)LOHV##+8QLGULYH#RQO\,

;1614 )LUPZDUH#6133#DQG#ODWHU
0RGXOHV#ILWWHG#ZLWK#96133#ILUPZDUH#0867#XVH#8':3#V\VWHP#ILOH#
,%6352),16<6#9513913:#RU#ODWHU1##(DUOLHU#V\VWHP#ILOHV#ZLOO#QRW#ZRUN#UHOLDEO\#
ZLWK#WKHVH#PRGXOHV1

;1615 )LUPZDUH#95136#DQG#ODWHU#951[[
0RGXOHV#ILWWHG#ZLWK#95136#ILUPZDUH#0867#XVH#8':3#V\VWHP#ILOH#
,%6352),16<6#95193#WR#95196#RQO\1##(DUOLHU#V\VWHP#ILOHV#ZLOO#QRW#ZRUN#DW#DOO#
ZLWK#WKHVH#PRGXOHV1

;1616 )LUPZDUH#95135#DQG#HDUOLHU
0RGXOHV#ILWWHG#ZLWK#95135#RU#941[[#ILUPZDUH#0867#XVH#8':3#V\VWHP#ILOH#
,%6352),16<6#95183#RU#HDUOLHU1

,GHQWLILFDWLRQ#
&RGH

8':3#ZLWK#,QWHUEXV06#
,QWHUIDFH

0'0,%6

(6 ,VVXH#7#3&%#DQG#HDUOLHU1
)6 95135#ILUPZDUH#DQG#ODWHU
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< 'LDJQRVWLFV

7KH#LQIRUPDWLRQ#IURP#WKH#SDUDPHWHUV#GHVFULEHG#EHORZ#VKRXOG#DOZD\V#EH#
QRWHG#EHIRUH#FRQWDFWLQJ#&RQWURO#7HFKQLTXHV#IRU#WHFKQLFDO#VXSSRUW1

<14 )LHOGEXV#&RGH##+8QLGULYH#RQO\,

7KH#LGHQWLILFDWLRQ#RI#WKH#KLJK#VSHHG#FRPPXQLFDWLRQV#RSWLRQ#PRGXOH#FDQ#EH#
UHDG#IURP#&53147#DQG#&;<1371##7KLV#SDUDPHWHU#LV#RQO\#ZULWWHQ#WR#RQFH#GXULQJ#
8':3#LQLWLDOLVDWLRQ/#DQG#WKLV#SDUDPHWHU#VKRXOG#QRW#EH#XVHG#E\#XVHU#SURJUDPV1

&53147## ##+)LHOGEXV#,'#&RGH#-433,##.##)ODYRXU#&RGH-43##.###+DUGZDUH#&RGH

)LHOGEXV#,'#&RGH#IRU#,QWHUEXV#6# #5

)ODYRXU#&RGH#IRU#,QWHUEXV06# #3

+DUGZDUH#&RGH#IRU#ROG#XQLWV# #3

+DUGZDUH#&RGH#IRU#FHUWLILHG#XQLWV# #4

H1J1#&HUWLILHG#,QWHUEXV#6#PRGXOH=#&53147# #534

<15 )LUPZDUH#9HUVLRQ#+8QLGULYH#RQO\,

7KH#YHUVLRQ#RI#ILUPZDUH#ILWWHG#WR#WKH#8':3#ZLWK#,QWHUEXV06#,QWHUIDFH#PRGXOH#
FDQ#EH#UHDG#IURP#&53148#DQG#&;<135#+LQ#KH[,1#7KLV#SDUDPHWHU#LV#RQO\#ZULWWHQ#
WR#RQFH#GXULQJ#8':3#LQLWLDOLVDWLRQ/#DQG#WKLV#SDUDPHWHU#VKRXOG#QRW#EH#XVHG#E\#
XVHU#SURJUDPV1##7KH#ILUPZDUH#YDOXH#LV#UHWXUQHG#DV#DQ#LQWHJHU#YDOXH1

([DPSOH=##,I#&53148# #633/#WKH#ILUPZDUH#YHUVLRQ#ZLOO#EH#961331

<16 1XPEHU#RI#1HWZRUN#&\FOHV#+8QLGULYH#RQO\,

7KH#QXPEHU#RI#3URILEXV0'3#QHWZRUN#F\FOHV#SURFHVVHG#E\#WKH#RSWLRQ#PRGXOH#
VLQFH#SRZHU#XS#LV#JLYHQ#LQ#&;<1361

&53183#GLVSOD\V#WKH#QXPEHU#RI#QHWZRUN#F\FOHV#SHU#VHFRQG##7KLV#SDUDPHWHU#LV#
XVHIXO#IRU#JLYLQJ#DQ#LQGLFDWLRQ#WKDW#WKH#QHWZRUN#LV#RSHUDWLQJ/#EXW#LV#RQO\#
XSGDWHG#RQFH#HYHU\#VHFRQG1

<17 'HWHUPLQLQJ#,I#1HWZRUN#,V#$FWLYH#2Q#8QLGULYH

7R#GHWHUPLQH#LI#WKH#,QWHUEXV06#QHWZRUN#LV#DFWLYH#IURP#D#'3/#SURJUDP/#XVH#
&;<1361##7KLV#SDUDPHWHU#VKRZV#WKH#WRWDO#QXPEHU#RI#QHWZRUN#F\FOHV#
SURFHVVHG#VLQFH#SRZHU#XS1
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7KH#IROORZLQJ#H[DPSOH#VKRZV#KRZ#WR#WULS#WKH#GULYH#IURP#D#'3/#SURJUDP#
ZKHQ#WKH#,QWHUEXV06#QHWZRUN#JRHV#XQKHDOWK\1

CLOCK   {
new_cycles% = #89.03
IF new_cycles% - old_cycles% = 0 THEN

#10.38 = 60
ENDIF
old_cycles% = new_cycles%

}

<18 &DQQRW#(VWDEOLVK#,QWHUEXV06#&RQQHFWLRQ

� &KHFN#WKH#FDEOLQJ#FRQQHFWLRQV1

� &KHFN#WKH#FRQWUROOHU#FRQILJXUDWLRQ#VHWWLQJV1

� 'RZQORDG#WKH#V\VWHP#ILOH#³,%6352),16<6´#9513913:#WR#WKH#8':31

� :LWK#0HQWRU#,,/#FKHFN#WKDW#&47136# #3#WR#HQDEOH#WKH#LQWHUQDO#GDWD#WUDQVIHU1

<19 1HWZRUN#1RW#8SGDWLQJ#'ULYH#3DUDPHWHUV

� &KHFN#WKH#PDSSLQJ#SDUDPHWHUV#KDYH#EHHQ#SURJUDPPHG#FRUUHFWO\1

� 6WRUH#WKH#SDUDPHWHUV/#DQG#UHVHW#WKH#8':3#RU#0HQWRU#,,#WR#HQVXUH#WKDW#WKH#
FKDQJHV#WDNH#HIIHFW1

� &KHFN#WKDW#WKHUH#DUH#QR#PDSSLQJ#SDUDPHWHU#FRQIOLFWV/#L1H1#WKH#DQDORJXH#
DQG#GLJLWDO#LQSXWV#DUH#QRW#WU\LQJ#WR#FRQWURO#WKH#VDPH#SDUDPHWHUV#DV#WKH#
F\FOLF#287#FKDQQHOV1##3DUDPHWHU#&53183#RQ#8QLGULYH#VKRZV#WKH#QXPEHU#
RI#QHWZRUN#F\FOHV#SHU#VHFRQG/#LI#WKH#QHWZRUN#LV#DFWXDOO\#UXQQLQJ1

<1: 8QLGULYH#7ULS#&RGHV

,I#FHUWDLQ#HUURUV#RFFXU/#WKH#8QLGULYH#ZLOO#WULS#DQG#VKRZ#WKH#WULS#FRGH#LQ#WKH#
XSSHU#ZLQGRZ1

7ULS##&RGH (UURU
WU85 7KLV#FRGH#LQGLFDWHV#WKDW#WKH#WULS#RULJLQDWHG#IURP#WKH#VHWWLQJ#RI#

ELW#7#LQ#WKH#FRQWURO#ZRUG1
WU89 7KH#8':3#GRHV#QRW#FRQWDLQ#WKH#FRUUHFW#RSHUDWLQJ#V\VWHP1##

'RZQORDG#WKH#V\VWHP#ILOH#³,%6352),16<6´#IURP#WKH#0'5<#
7RRONLW

WU8: $Q#LOOHJDO#RSHUDWLQJ#V\VWHP#FDOO#KDV#EHHQ#PDGH/##H1J1#
³:51(7´1##7KLV#LV#D#&71HW#FRPPDQG/#DQG#LV#QRW#DYDLODEOH#
ZLWK#,QWHUEXV061

WU93 7KLV#WULS#LQGLFDWHV#WKDW#WKH#WLPH0RXW#WULS#KDV#EHHQ#DFWLYDWHG1##
7KH#QXPEHU#RI#QHWZRUN#F\FOHV#SHU#VHFRQG#KDV#GURSSHG#WR#
]HUR#LQ#WKH#WULS#WLPH#SHULRG#ZKHQ#F\FOHV#ZHUH#FRXQWHG#LQ#WKH#
SUHYLRXV#WULS#WLPH#SHULRG1
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7R#UHVHW#WKH#8QLGULYH#XVLQJ#WKH#,QWHUEXV06#QHWZRUN/#ZULWH#D#YDOXH#RI#433#WR#
&4316;#XVLQJ#WKH#QRQ0F\FOLF#GDWD#FKDQQHO1##+5HIHU#WR#8QLGULYH#0DQXDO,1

<1; 0HQWRU#,,#7ULS#&RGHV

7R#UHVHW#WKH#0HQWRU#,,#XVLQJ#WKH#,QWHUEXV06#QHWZRUN/#VHW#E44#RI#WKH#FRQWURO#
ZRUG#WR#41##7KLV#ZLOO#FDXVH#WKH#0HQWRU#,,#WR#UHVHW/#HTXLYDOHQW#WR#SUHVVLQJ#WKH#
5(6(7#EXWWRQ#RQ#WKH#0HQWRU#,,#LWVHOI1##1RWH#WKDW#WKH#UHVHW#VHTXHQFH#RQ#
0HQWRU#,,#WDNHV#DSSUR[LPDWHO\#6#VHFRQGV#WR#FRPSOHWH1

7ULS#&RGH (UURU
,E6 7KLV#WULS#LQGLFDWHV#WKDW#QR#DFWLYLW\#KDV#EHHQ#GHWHFWHG#RQ#WKH#

,QWHUEXV06#QHWZRUN#IRU#WKH#WLPH#GHILQHG#LQ#&471351
3F5 7KLV#WULS#LQGLFDWHV#WKDW#WKHUH#LV#D#IDWDO#HUURU#RQ#WKH#0'0,%6#

FDUG1##7KLV#LV#PRVW#OLNHO\#WR#EH#FDXVHG#E\#D#KDUGZDUH#IDLOXUH1
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43 *HQHUDO#,QIRUPDWLRQ

4314 ,QWHUEXV06#7LPLQJ

7KH#F\FOH#WLPH#RI#WKH#QHWZRUN#GHSHQGV#RQ#WKH#QXPEHU#RI#GDWD#ZRUGV#+GDWD#
ZLGWK,#UHTXLUHG#IURP#WKH#QHWZRUN1

&\FOH#7LPH#+µµµµV,  683##.##+86#-#1,

ZKHUH= 1  WRWDO#QXPEHU#RI#GDWD#ZRUGV#SHU#F\FOH

&RQVLGHU#D#QHWZRUN#ZLWK#83#QRGHV#DQG#7#ZRUGV#SHU#QRGH1##7KHUH#LV#D#PDVWHU#
FRQWUROOHU#QRGH/#ZKLFK#WUDQVPLWV#WR#DQG#UHFHLYHV#IURP#HDFK#QRGH#RQ#HYHU\#
F\FOH1##7KH#QHWZRUN#OHQJWK#LV#83P1##7KH#WKHRUHWLFDO#PLQLPXP#QHWZRUN#XSGDWH#
WLPH#LV#431<8PV1##0LQLPXP#XSGDWH#WLPHV#IRU#DQ#LGHQWLFDO#QHWZRUN#XVLQJ#RWKHU#
FRPPXQLFDWLRQV#SURWRFROV#DUH#JLYHQ#EHORZ1

$V#FDQ#EH#VHHQ#IURP#WKH#DERYH#WDEOH/#,QWHUEXV06#DFKLHYHV#YHU\#KLJK#GDWD#
WKURXJKSXW#UDWHV#FRPSDUHG#WR#3URILEXV0'31##1RGHV#DUH#DVVLJQHG#DGGUHVVHV#
DW#SRZHU#XS#DQG#QHWZRUN#LQLWLDOLVDWLRQ/#DQG#KHQFH#WKH#DPRXQW#RI#DGGUHVVLQJ#
LQIRUPDWLRQ#WKDW#QHHGV#WUDQVPLWWLQJ#LV#NHSW#WR#D#PLQLPXP1##7KH#GLVDGYDQWDJH#
RI#WKLV#PHWKRG#LV#WKDW#WKH#QHWZRUN#LV#QRW#YHU\#IOH[LEOH#ZKHQ#LW#FRPHV#WR#DGGLQJ#
RU#UHPRYLQJ#QRGHV1##([WHQVLYH#FKDQJHV#PD\#EH#UHTXLUHG#WR#WKH#PDLQ#3/&#
SURJUDP/#SDUWLFXODUO\#LI#WKH#QRGH#LV#QRW#DGGHG#DW#WKH#HQG#RI#WKH#QHWZRUN/#EXW#LV#
LQVHUWHG#LQ#WKH#PLGGOH1##7KH#UHTXLUHG#ORFDWLRQ#RI#,1#DQG#287#GDWD#ZRUGV#
ZLWKLQ#WKH#3/&#GDWD#DUUD\V#ZRXOG#FKDQJH1

4315 6\VWHP#3URSDJDWLRQ#'HOD\V

7KH#ZRUVW#FDVH#SURSDJDWLRQ#GHOD\#IRU#DQ#,QWHUEXV06#QHWZRUN#FDQ#EH#
FDOFXODWHG#E\#FRQVLGHULQJ#DOO#GHOD\V#WKURXJK#HDFK#VWDJH#RI#WKH#V\VWHP1##
&RQVLGHU#D#V\VWHP#ZLWK#48#QRGHV/#HDFK#QRGH#KDYLQJ#7#GDWD#ZRUGV/#DQG#RQH#
QRGH#LV#D#GLJLWDO#,22#PRGXOH1##:KDW#GHOD\#PD\#EH#VHHQ#EHWZHHQ#D#VZLWFK#
EHLQJ#RSHUDWHG#DW#WKH#,22#PRGXOH#WR#D#FKDQJH#UHIOHFWHG#ZLWKLQ#D#GULYH"

7KH#GHOD\V#SUHVHQW#ZLWKLQ#WKH#V\VWHP#DUH=

� ,22#PRGXOH#XSGDWH#GHOD\

� ,QWHUEXV06#F\FOH#WLPH

� ,QWHUEXV06#PRGXOH#WR#GULYH#XSGDWH#WLPH

1HWZRUN 0LQ#8SGDWH##7LPH#
+PV,

1HWZRUN#'DWD#5DWH

,QWHUEXV06 431<8 833N
3URILEXV0'3 64183 4180
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7KH#,22#PRGXOH#ZLOO#KDYH#D#VSHFLILHG#PD[LPXP#XSGDWH#WLPH/#W\SLFDOO\#DURXQG#
6PV1##7KLV#LV#WKH#SHULRG#RI#WLPH#IURP#WKH#VZLWFK#EHLQJ#FKDQJHG#WR#WKH#EXIIHU#
ZKHUH#WKH#VWDWXV#ZRUG#LV#UHDG#IURP#EHLQJ#XSGDWHG1##)RU#RXU#H[DPSOH#
QHWZRUN/#WKH#GDWD#ZLGWK#LV#48#QRGHV#-#7#ZRUGV#SHU#QRGH# #93#ZRUGV/#VR#
PLQLPXP#F\FOH#WLPH#LV#618PV1##$#,QWHUEXV06#F\FOH#WLPH#RI#8PV#FRXOG#EH#
VHOHFWHG1

,Q#WKH#ZRUVW#FDVH/#WKH#EXIIHU#ZLOO#FKDQJH#MXVW#DIWHU#WKH#QRGH#KDV#UHDG#WKH#
EXIIHU#DQG#VHQW#WKH#LQIRUPDWLRQ#WR#WKH#FRQWUROOHU1##7KH#FKDQJH#ZLOO#QRW#EH#VHHQ#
XQWLO#WKH#QH[W#,QWHUEXV06#F\FOH/#VR#D#GHOD\#RI#XS#WR#8PV#LV#VHHQ1##2Q#WKH#QH[W#
F\FOH/#WKH#GDWD#LV#WUDQVIHUUHG#WR#WKH#3/&1##:KHQ#WKH#F\FOH#LV#FRPSOHWH/#WKH#
3/&#ZLOO#VHH#WKH#FKDQJH#DQG#PRGLI\#WKH#GDWD#IRU#WKH#WDUJHW#GULYH1##7KLV#DGGV#
DQRWKHU#8PV#WR#WKH#GHOD\1##2Q#WKH#WKLUG#,QWHUEXV06#F\FOH/#WKH#GDWD#LV#
WUDQVIHUUHG#WR#WKH#GULYH/#EXW#LV#QRW#FRQVXPHG#XQWLO#WKH#F\FOH#LV#FRPSOHWH1##7KLV#
DGGV#618PV#WR#WKH#GHOD\1

7KH#GHOD\#GXH#WR#WKH#QHWZRUN#FDQ#EH#XS#WR#4618PV1##:LWKLQ#WKH#&RQWURO#
7HFKQLTXHV#,QWHUEXV06#PRGXOH/#LW#FDQ#WDNH#XS#WR#5#PV#IRU#GDWD#WR#EH#
WUDQVIHUUHG#WR#WKH#8':31

)RU#WKH#H[DPSOH#QHWZRUN/#ZRUVW#FDVH#SURSDJDWLRQ#GHOD\#LV
6#.#8#.#8#.#618#.#5# #4;18PV1

7KH#ZRUVW#FDVH#GHOD\V#ZLWKLQ#WKH#H[WHUQDO#QRGHV#+,22#PRGXOHV#DQG#GULYHV#
PRGXOHV,#DUH#IL[HG>##WKH#YDULDEOH#SDUW#RI#WKH#GHOD\#GHSHQGV#HQWLUHO\#RQ#WKH#
QHWZRUN#FRQILJXUDWLRQ1##7KH#KLJKHU#WKH#QXPEHU#RI#GDWD#ZRUGV#SHU#F\FOH/#WKH#
KLJKHU#WKH#SURSDJDWLRQ#GHOD\V#ZLOO#EH1
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44 ([DPSOH#$SSOLFDWLRQ

4414 6\VWHP#2YHUYLHZ

&RQVLGHU#D#GUDZLQJ#SURFHVV#DV#VKRZQ#EHORZ1##7KH#PDWHULDO#LV#XQZRXQG#
XQGHU#FRQVWDQW#WHQVLRQ/#DQG#SDVVHG#EHWZHHQ#6#VHWV#RI#JULS#UROOV1##7KH#
PDWHULDO#LV#³GUDZQ´#WR#WKH#UHTXLUHG#WKLFNQHVV#E\#LQWURGXFLQJ#D#UDWLR#EHWZHHQ#
HDFK#VHW#RI#JULS#UROOV1##7KH#PDFKLQH#RSHUDWRU#KDV#D#FRQWURO#SDQHO#QH[W#WR#WKH#
PDFKLQH/#ZKLOH#WKH#FRQWUROOLQJ#3/&#LV#ORFDWHG#VRPH#433P#LQ#D#DQRWKHU#
EXLOGLQJ1

$#W\SLFDO#FRQWURO#V\VWHP#LV#VKRZQ/#FRQVLVWLQJ#RI#5#-#0HQWRU#,,#GULYHV#ZLWK#
WDFKR#IHHGEDFN#DQG#0'0,%6#FDUGV/#6#-#8QLGULYHV#ZLWK#HQFRGHU#IHHGEDFN#DQG#
8':3#ZLWK#,QWHUEXV06#LQWHUIDFHV/#4#-#GLJLWDO#,22#PRGXOH/#4#-#DQDORJXH#,22#
PRGXOH#DQG#D#FRQWUROOLQJ#3/&1##7KH#RSHUDWRU#SDQHO#FRQQHFWV#WR#WKH#GLJLWDO#
DQG#DQDORJXH#,22#PRGXOHV#WR#ERWK#LQSXW#DQG#GLVSOD\#LQIRUPDWLRQ#WR#DQG#IURP#
WKH#3/&1##7KLV#PHDQV#WKDW#WKHUH#LV#QR#QHHG#WR#UXQ#PDVVHV#RI#FRQWURO#FDEOHV#
EDFN#WR#WKH#3/&1

8QLGULYH#6#LV#WKH#PDVWHU#GULYH#LQ#WKH#V\VWHP1##7KLV#UHFHLYHV#WKH#PDVWHU#VSHHG#
UHIHUHQFH#IURP#WKH#3/&/#DQG#WUDQVPLWV#WKH#SRVW0UDPS#VSHHG#UHIHUHQFH#EDFN#
WR#WKH#3/&1##7KH#SRVW0UDPS#VSHHG#UHIHUHQFH#LV#VFDOHG/#DQG#EHFRPHV#WKH#OLQH#
VSHHG#UHIHUHQFH#IRU#WKH#0HQWRU#,,#GULYHV1

0HQWRU#4 0HQWRU#5

&RQWUROOLQJ
3/&

$QDORJXH
,22

0RGXOH

'LJLWDO#,22
0RGXOH

8QLGULYH#4 8QLGULYH#5 8QLGULYH#6

2SHUDWRU
&RQWURO#3DQHO
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8QLGULYH#5#LV#UXQQLQJ#LQ#GLJLWDO#ORFN#ZLWK#8QLGULYH#61##,W#XVHV#WKH#HQFRGHU#
IHHGEDFN#IURP#8QLGULYH#6#WR#JHQHUDWH#LWV#RZQ#VSHHG#UHIHUHQFH/#DQG#VWD\#
ORFNHG#WR#LW1##7KH#GUDZ#UDWLR#LV#FDOFXODWHG#E\#WKH#3/&/#DQG#WKH#GLJLWDO#ORFN#UDWLR#
LV#WUDQVPLWWHG#IURP#WKH#3/&1##8QLGULYH#4#LV#ORFNHG#WR#8QLGULYH#5/#DQG#DOVR#
UHFHLYHV#D#GLJLWDO#ORFN#UDWLR#IURP#WKH#3/&1

7KH#0HQWRU#,,#GULYHV#DUH#UXQQLQJ#LQ#WRUTXH#FRQWURO/#ZLWK#&RLOHU#VRIWZDUH#ILWWHG#
WR#WKH#0'0,%6#FDUGV1##7KH\#UHFHLYH#WKH#OLQH#VSHHG#UHIHUHQFH#DQG#WKH#PDWHULDO#
WHQVLRQ#UHIHUHQFH/#DQG#WKH#WRUTXH#RXWSXW#LV#YDULHG#DV#WKH#UROO#GLDPHWHU#
FKDQJHV1

0DFKLQH#FRQWURO#LV#LPSOHPHQWHG#XVLQJ#WKH#GLJLWDO#DQG#DQDORJXH#,22#PRGXOHV1##
5HIHUHQFHV#DUH#VHW#XVLQJ#SRWHQWLRPHWHUV#LQWR#WKH#DQDORJXH#PRGXOH/#DQG#
VZLWFKHV#LQWR#WKH#GLJLWDO#,22#PRGXOH/#DQG#UHDG#E\#WKH#3/&1##'LVSOD\V#DUH#
FRQWUROOHG#LQ#WKH#VDPH#PDQQHU/#ZLWK#WKH#3/&#ZULWLQJ#WR#WKH#GLJLWDO#DQG#
DQDORJXH#,22#PRGXOHV/#DQG#WKH#RXWSXWV#EHLQJ#GLVSOD\HG#XVLQJ#ODPSV#DQG#
DQDORJXH#PHWHUV1##7KH#GUDZ#UDWLR#LV#UHDG#LQ#IURP#7#WKXPE#ZKHHO#VZLWFKHV#LQ#
%&'#IRUPDW/#SURYLGLQJ#DQ#DFFXUDF\#RI#7#GHFLPDO#SODFHV1

1RGH 'HYLFH )XQFWLRQ
4 0HQWRU#,,#4 8QZLQG#GULYH/#ZLWK#&RLOHU#VRIWZDUH#WR#SURYLGH#WHQVLRQ#

FRQWURO1
5 8QLGULYH#4 6ODYH#GULYH#UXQQLQJ#LQ#GLJLWDO#ORFN#ZLWK#8QLGULYH#51##

'LJLWDO#ORFN#UDWLR#LV#SDVVHG#RYHU#QHWZRUN1
6 'LJLWDO#,22 'LJLWDO#LQSXWV#WR#UHDG#VWDWXV#RI#RSHUDWRU#SDQHO#

VZLWFKHV1##2XWSXWV#DUH#XVHG#WR#FRQWURO#VWDWXV#ODPSV#
DQG#GLVSOD\V#RQ#RSHUDWRU#SDQHO1

7 8QLGULYH#5 6ODYH#GULYH#UXQQLQJ#LQ#GLJLWDO#ORFN#ZLWK#8QLGULYH#6#
+0DVWHU#GULYH,1##'LJLWDO#ORFN#UDWLR#LV#SDVVHG#RYHU#
QHWZRUN1

8 8QLGULYH#6 0DVWHU#GULYH/#UXQQLQJ#LQ#VSHHG#FRQWURO1##3RVW0UDPS#
UHIHUHQFH#LV#XVHG#DV#WKH#OLQH#VSHHG#UHIHUHQFH1

9 $QDORJXH#,22 $QDORJXH#LQSXWV#WR#UHDG#WKH#PDWHULDO#GHSWK#
WUDQVGXFHU#IHHGEDFN#VLJQDO/#OLQH#VSHHG/#XQZLQG#DQG#
UHZLQG#WHQVLRQ#UHIHUHQFHV1##2XWSXWV#FRQWURO#DQDORJXH#
PHWHUV#RQ#WKH#RSHUDWRU#SDQHO1

: 0HQWRU#,,#5 5HZLQG#GULYH/#ZLWK#&RLOHU#VRIWZDUH#WR#SURYLGH#WHQVLRQ#
FRQWURO1
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4415 ,1#&\FOLF#'DWD

7R#VSHFLI\#WKH#QHWZRUN#UHTXLUHPHQWV/#LW#LV#QHFHVVDU\#WR#DQDO\VH#HDFK#QRGH/#
DQG#LGHQWLI\#WKH#WLPH#FULWLFDO#GDWD#IRU#HDFK#QRGH1##'DWD#FKDQQHOV#FDQ#WKHQ#EH#
DVVLJQHG#IRU#HDFK#QRGH1##7KLV#ZLOO#GHWHUPLQH#WKH#UHTXLUHPHQWV#RI#WKH#
QHWZRUN/#DQG#WKH#PD[LPXP#WKHRUHWLFDO#SHUIRUPDQFH1

7KH#,1#GDWD#ZRUGV#DUH#UHDG#IURP#HDFK#QRGH#WR#SURYLGH#LQIRUPDWLRQ#DERXW#WKH#
DFWXDO#SHUIRUPDQFH#RI#WKH#OLQH1##7KH#UROO#GLDPHWHU#FDOFXODWLRQ#IURP#HDFK#
0HQWRU#,,#JLYHV#WKH#GLDPHWHU#UHODWLYH#WR#WKH#LQLWLDO#UHHO#GLDPHWHU/#VR#WKH#3/&#
FDQ#WKHQ#FDOFXODWH#WKH#DFWXDO#UROO#GLDPHWHU1##7KLV#DOORZV#WKH#OLQH#VSHHG#WR#EH#
UDPSHG#XS#DQG#GRZQ#DXWRPDWLFDOO\#DV#UHTXLUHG#ZKHQ#UROOV#QHHG#WR#EH#
UHSODFHG1

1RGH 'HYLFH &KDQQHO#4 &KDQQHO#5 &KDQQHO#6
4 0HQWRU#,,#4 6WDWXV#ZRUG &XUUHQW#

IHHGEDFN
&DOFXODWHG#
UROO#GLDPHWHU

5 8QLGULYH#4 6WDWXV#ZRUG 0RWRU#
VSHHG

$FWLYH#
FXUUHQW

6 'LJLWDO#,22 7KXPE#ZKHHO#
GUDZ#UDWLR

&RQWURO#
SDQHO#VWDWXV

7 8QLGULYH#5 6WDWXV#ZRUG 0RWRU#
VSHHG

$FWLYH#
FXUUHQW

8 8QLGULYH#6 6WDWXV#ZRUG /LQH#VSHHG#
UHIHUHQFH

$FWLYH#
FXUUHQW

9 0HQWRU#,,#5 6WDWXV#ZRUG &XUUHQW#
IHHGEDFN

&DOFXODWHG#
UROO#GLDPHWHU

: $QDORJXH#,22 0DVWHU#OLQH#
VSHHG#
UHIHUHQFH

0DWHULDO#
WKLFNQHVV

8QZLQG#
WHQVLRQ#
UHIHUHQFH

5HZLQG#
WHQVLRQ#
UHIHUHQFH
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4416 287#&\FOLF#'DWD

7KH#FRQWURO#ZRUGV#DUH#ZULWWHQ#WR#HDFK#GULYH/#WKXV#PDNLQJ#LW#D#IXOO\#UHPRWH#
FRQWUROOHG#V\VWHP1##)RU#VDIHW\#UHDVRQV/#WKH#(1$%/(#WHUPLQDO#RQ#DOO#GULYHV#
ZRXOG#KDYH#WR#EH#KDUG0ZLUHG#LQWR#DQ#HPHUJHQF\#VWRS#FLUFXLW1##7KLV#ZRXOG#
HQVXUH#WKDW#DOO#GULYHV#DUH#GLVDEOHG#LQVWDQWO\#LI#WKH#HPHUJHQF\#VWRS#LV#SUHVVHG1

4417 1HWZRUN#6HW0XS

7KLV#JLYHV#D#QHWZRUN#GDWD#ZLGWK#RI#59#ZRUGV/#ZLWK#D#PLQLPXP#F\FOH#WLPH#RI#
41:5;PV1

7KH#DFWXDO#QHWZRUN#F\FOH#WLPH#ZLOO#GHSHQG#XSRQ#WKH#XSGDWH#WLPH#UHTXLUHG/#
DQG#WKH#SURFHVVLQJ#FDSDELOLW\#RI#WKH#FRQWUROOLQJ#3/&1

1RGH 'HYLFH &KDQQHO#4 &KDQQHO#5 &KDQQHO#6 &KDQQHO#7
4 0HQWRU#,,#4 &RQWURO#ZRUG /LQH#VSHHG#

UHIHUHQFH
7HQVLRQ#
UHIHUHQFH

5 8QLGULYH#4 &RQWURO#ZRUG 5DWLR#5 0D[LPXP#
WRUTXH#OLPLW

6 'LJLWDO#,22 &RQWURO#SDQHO#
GLVSOD\#ZRUG#4

&RQWURO#SDQHO#
GLVSOD\#ZRUG#5

7 8QLGULYH#5 &RQWURO#ZRUG 5DWLR#4 0D[LPXP#
WRUTXH#OLPLW

8 8QLGULYH#6 &RQWURO#ZRUG 0DVWHU#OLQH#
VSHHG#UHIHUHQFH

9 0HQWRU#,,#5 &RQWURO#ZRUG /LQH#VSHHG#
UHIHUHQFH

7HQVLRQ#
UHIHUHQFH

: $QDORJXH#,22 0DWHULDO#GHSWK#
GLVSOD\

6FDOHG#OLQH#
VSHHG

6FDOHG#PDWHULDO#
XQZLQG#WHQVLRQ

6FDOHG#PDWHULDO#
UHZLQG#WHQVLRQ

1RGH 287##
ZRUGV

,1#ZRUGV &RQILJXUDWLRQ#
+LQF1#PHVVDJH#ZRUG,

0HQWRU#,,#4 6 6 7
8QLGULYH#4 6 6 7
'LJLWDO#,22 5 5 5
8QLGULYH#5 6 6 7
8QLGULYH#6 6 6 7
0HQWRU#,,#5 6 6 7
$QDORJXH#,22 7 7 7
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4418 'LJLWDO#,22

7KH#GLJLWDO#,22#PRGXOH#KDV#65#LQSXWV#DQG#65#RXWSXWV1##8WLOLVDWLRQ#LV#DV#IROORZV=

7#-#7#LQSXWV GUDZ#UDWLR#4#LQ#%&'#IRUPDW1##3URYLGHV#WKH#RYHUDOO#GUDZ#UDWLR#
RI#31[[[[1

49#LQSXWV LQSXWV#IRU#UXQ/#MRJ/#HQDEOH#DQG#HPHUJHQF\#VWRS#VLJQDOV1

7KH#GLJLWDO#RXWSXWV#DUH#XVHG#WR#FRQWURO#GLVSOD\#LQGLFDWLRQ#ODPSV/#HWF1#RQ#WKH#
RSHUDWRU¶V#FRQWURO#SDQHO1

4419 $QDORJXH#,22

7KH#DQDORJXH#,22#PRGXOH#KDV#7#LQSXW#DQG#7#RXWSXWV1##8WLOLVDWLRQ#LV#DV#IROORZV=

4#LQSXW IHHGEDFN#IURP#PDWHULDO#WKLFNQHVV#WUDQVGXFHU

4#LQSXW PDVWHU#OLQH#VSHHG#UHIHUHQFH

5#LQSXWV PDWHULDO#WHQVLRQ#UHIHUHQFHV#IRU#XQZLQG#DQG#UHZLQG#VHFWLRQV

7KH#DQDORJXH#RXWSXWV#DUH#VFDOHG#E\#WKH#3/&#WR#SURGXFH#UHDO#XQLW#UHDGLQJV#
RQ#DQDORJXH#PHWHUV1

4#RXWSXW PDWHULDO#WKLFNQHVV/#GLVSOD\HG#LQ#PP1

4#RXWSXW DFWXDO#OLQH#VSHHG/#GLVSOD\HG#LQ#PHWUHV2PLQXWH1

5#RXWSXWV PDWHULDO#WHQVLRQ/#GLVSOD\HG#LQ#1HZWRQV1
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45 $SSHQGL[

4514 ,QWHUEXV06#1HWZRUN#2SHUDWLRQ

7KH#,QWHUEXV06#QHWZRUN#FDQ#EH#FRQVLGHUHG#DV#D#VHULHV#RI#VKLIW#UHJLVWHUV1##$V#
HDFK#287#GDWD#ZRUG#LV#WUDQVPLWWHG/#HDFK#QRGH#PRYHV#HDFK#GDWD#ZRUG#
³GRZQVWUHDP´#WR#WKH#QH[W#QRGH1##6LQFH#WKH#QHWZRUN#LV#D#ULQJ#FRQVWUXFWLRQ/#WKH#
ODVW#QRGH#RQ#WKH#QHWZRUN#PRYHV#,1#ZRUG#GDWD#LQWR#WKH#3/&1##7KH#,1#ZRUGV#
IURP#D#SDUWLFXODU#QRGH#DUH#WKHUHIRUH#UHFHLYHG#DW#WKH#VDPH#WLPH#DV#287#
ZRUGV#DUH#WUDQVPLWWHG1##:KHQ#DOO#287#GDWD#ZRUGV#KDYH#EHHQ#WUDQVPLWWHG/#
WKH\#ZLOO#DOO#EH#LQ#WKHLU#FRUUHFW#GHVWLQDWLRQ#QRGH1##$W#WKLV#SRLQW/#WKH#GDWD#LV#
³FRQVXPHG´/#HDFK#QRGH#XSGDWHV#LWV#UHIHUHQFH#LQIRUPDWLRQ/#DQG#ODWFKHV#LWV#
IHHGEDFN#LQIRUPDWLRQ#UHDG\#IRU#WKH#QH[W#F\FOH1##7KLV#³ODWFK´#SKDVH#HQVXUHV#
WKDW#DOO#287#GDWD#ZRUGV#DUH#FRQVXPHG#V\QFKURQRXVO\/#DQG#,1#GDWD#ZRUGV#
DUH#ODWFKHG#V\QFKURQRXVO\1

,1#GDWD
1RGH#4

287#GDWD
1RGH#6
287#GDWD
1RGH#5
287#GDWD
1RGH#4 ,1#GDWD

1RGH#5

,1#GDWD
1RGH#6

%HJLQQLQJ#RI#WKH#EXV#F\FOH

1RGH#6

1RGH#5

1RGH#4

&RQWUROOHU

6WDWXV#DW#426#RI#WKH#EXV
F\FOH

1RGH#6

1RGH#5

1RGH#4

&RQWUROOHU

287#GDWD
1RGH#5
287#GDWD
1RGH#4

,1#GDWD
1RGH#6

,1#GDWD
1RGH#4

,1#GDWD
1RGH#5

287
GDWD

1RGH#6
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7KH#287#DQG#,1#ZRUG#GDWD#DUUD\V#ZLWKLQ#WKH#3/&#ZLOO#EH#LGHQWLFDO#LQ#VHW0XS/#
DV#HDFK#QRGH#PXVW#WUDQVPLW#HTXDO#QXPEHUV#RI#287#DQG#,1#ZRUGV1##,QWHUEXV0
6#FRQWUROOHUV#DVVLJQ#QRGH#QXPEHUV#GXULQJ#WKH#³1HWZRUN#,GHQWLILFDWLRQ´#SKDVH/#
DQG#WKHVH#QXPEHUV#GHSHQG#XSRQ#WKH#SK\VLFDO#SRVLWLRQ#ZLWKLQ#WKH#QHWZRUN#RI#
HDFK#QRGH1##7KHUHIRUH/#LI#D#QRGH#LV#DGGHG#LQ#WKH#PLGGOH#RI#WKH#QHWZRUN/#WKH#
SRVLWLRQ#ZLWKLQ#WKH#DUUD\#RI#DOO#³GRZQVWUHDP´#QRGH#GDWD#ZRUGV#ZLOO#EH#
FKDQJHG1##7KLV#ZLOO#UHTXLUH#FKDQJHV#LQ#WKH#3/&#SURJUDP#WR#HQVXUH#WKDW#GDWD#
LV#ZULWWHQ#WR#DQG#UHDG#IURP#WKH#FRUUHFW#SDUW#RI#HDFK#DUUD\1

4515 (UURU#'HWHFWLRQ

'XULQJ#WKH#ODWFK#SKDVH/#WKH#YDOLGLW\#RI#WKH#GDWD#LV#FKHFNHG#XVLQJ#WKH#&5&#
ZRUG1##,I#WKH#GDWD#LV#YDOLG/#WKHQ#LW#LV#ZULWWHQ#WR#WKH#GHVWLQDWLRQ#SDUDPHWHU1##(UURU#
FRUUHFWLRQ#LQIRUPDWLRQ#LV#QRW#WUDQVPLWWHG/#DV#GDWD#SDVVLQJ#WKURXJK#WKH#F\FOLF#
FKDQQHOV#KDV#D#YHU\#OLPLWHG#OLIHWLPH#+4#QHWZRUN#F\FOH,/#DQG#HUURU#FRUUHFWLRQ#
GDWD#ZRXOG#WDNH#XS#DGGLWLRQDO#QHWZRUN#EDQGZLGWK1##,I#WKH#GDWD#LV#FRUUXSWHG/#LW#
LV#QRW#WUDQVIHUUHG#WR#WKH#GULYH1

4516 &RQQHFWLQJ#WR#;0:LUH#,QWHUEXV06#6\VWHPV

2OGHU#GHVLJQV#RI#,QWHUEXV06#LQFRUSRUDWHG#;#WZLVWHG#SDLU#FRQQHFWLRQV#EHWZHHQ#
QRGHV#RQ#WKH#ULQJ1##7KH#GXDO#FDEOH#DFFRXQWHG#IRU#7#FRQQHFWLRQV=##4#GDWD/#ZLWK#
WKH#UHPDLQLQJ#6#XVHG#IRU#EXV#FRQWURO#DQG#V\QFKURQLVDWLRQ1##7KH#;#ZLUH#
5HPRWH#%XV#V\VWHP#UXQV#DW#683N#GDWD#UDWH/#DQG#XVHV#58#ZD\#'0W\SH#
FRQQHFWRUV#WKURXJKRXW#WKH#ULQJ1

7KLV#ZDV#UHSODFHG#LQ#WKH#HDUO\#4<<3V#ZLWK#WKH#5#ZLUH#PRGH#RI#RSHUDWLRQ/#
ZKLFK#HOLPLQDWHG#WKH#QHHG#IRU#FRQWURO#DQG#V\QFKURQLVDWLRQ#OLQNV1##7KHVH#
IXQFWLRQV#ZHUH#LPSOHPHQWHG#LQ#D#ORZ#OHYHO#SURWRFRO/#ZKLFK#ZDV#WUDQVSDUHQW#WR#
WKH#,QWHUEXV06#XVHU1##6LQFH#WKH#QHZ#SURWRFRO#LQWURGXFHG#DQ#RYHUKHDG/#WKH#
RYHUDOO#GDWD#UDWH#ZDV#LQFUHDVHG#WR#833N#WR#RYHUFRPH#WKLV1##<#ZD\#'0W\SH#
FRQQHFWRUV#DUH#XVHG#RQ#50ZLUH#QHWZRUNV1

6WDWXV#DW#526#RI#WKH#EXV
F\FOH

1RGH#6

1RGH#5

1RGH#4

&RQWUROOHU

287#GDWD
1RGH#4

,1#GDWD
1RGH#5

,1#GDWD
1RGH#6 ,1#GDWD

1RGH#4

287
GDWD

1RGH#5

287
GDWD

1RGH#6

(QG#RI#WKH#EXV#F\FOH

1RGH#6

1RGH#5

1RGH#4

&RQWUROOHU

,1#GDWD
1RGH#4

,1#GDWD
1RGH#6
,1#GDWD
1RGH#5

287
GDWD

1RGH#4

287
GDWD

1RGH#5

287
GDWD

1RGH#6
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&RQWURO#7HFKQLTXHV#,QWHUEXV06#SURGXFWV#RQO\#VXSSRUW#WKH#50ZLUH#PRGH#RI#
RSHUDWLRQ1##%XV#7HUPLQDO#0RGXOHV#DUH#DYDLODEOH#WR#LQWHUIDFH#EHWZHHQ#;0ZLUH#
DQG#50ZLUH#V\VWHPV1

451614 ;0:LUH#5HPRWH#%XV#&RQQHFWRUV

7HUPLQDOV#46#DQG#58#VKRXOG#EH#OLQNHG#WRJHWKHU1

)XQFWLRQ 58#ZD\#'0W\SH##FRQQHFWRU &RORXU
5& 4 ZKLWH#JUHHQ
6/2 5 UHG
&.2 6 YLROHW
&52 7 JUH\
'2 8 \HOORZ
6/, 9 ZKLWH
&., : JUH\#EURZQ
&5, ; ZKLWH#SLQN
', < UHG#EOXH

&20 47 EURZQ#JUHHQ
26/2 48 EOXH
2&.2 49 EODFN
2&52 4: SLQN
2'2 4; JUHHQ
26., 4< EURZQ
2&., 53 ZKLWH#JUH\
2&5, 54 SLQN#EURZQ
2', 55 JUH\#SLQN



,QWHUEXV06 78

46 4XLFN#3DUDPHWHU#5HIHUHQFH

4614 6HW0XS#DQG#0DSSLQJ#3DUDPHWHUV

4615 *HQHUDO#'ULYH#)XQFWLRQV

)XQFWLRQ 8QLGULYH#+'HIDXOW, 0HQWRU#,,#+'HIDXOW,
((352020DQXDO#0RGH &47134# #3#0#(3520#PRGH

&47134# #4#0#0DQXDO#PRGH
1HWZRUN#/RVV#7ULS &53144# #QHWZRUN#ORVV#WULS#GHOD\#WLPH

&4:147# #4#0#HQDEOH#WU93#WULS

&47135# #3#0#GLVDEOH#,E6#WULS

&47135#!#3#0#HQDEOH#,E6#WULS
'DWD#7UDQVIHU#'LVDEOH &47136# #3#0#HQDEOH

&47136# #4#0#GLVDEOH
,1#&KDQQHO#4#0DSSLQJ &5313:##+6WDWXV#ZRUG, &44134##+6WDWXV#ZRUG,
,1#&KDQQHO#5#0DSSLQJ &53136##+&5134, &44135##+&6135,
,1#&KDQQHO#6#0DSSLQJ &53137##+&7135, &44136##+&8134,
287#&KDQQHO#4#0DSSLQJ &53139##+&RQWURO#ZRUG, &44137##+&RQWURO#ZRUG,
287#&KDQQHO#5#0DSSLQJ &53134##+&4154, &44138##+&414;,
287#&KDQQHO#6#0DSSLQJ &53135##+&713;, &44139##+&713;,

$FWLRQ 8QLGULYH 0HQWRU#,,
$FWLYDWH#PDSSLQJ#FKDQJHV 6HW#&00133#WR#43:3#DQG#

SUHVV#WKH#5(6(7#EXWWRQ1
3UHVV#5(6(7#EXWWRQ#ZKHQ#WKH#
GULYH#LV#GLVDEOHG1

6DYH#DQG#DFWLYDWH#PDSSLQJ#
FKDQJHV

6HW#&4:14<#WR#41 6HW#&00133#WR#4#DQG#SUHVV#
5(6(71

5HPRWH#GULYH#UHVHW 6HW#&4316;#WR#4331 6HW#ELW#44#RI#WKH#&RQWURO#ZRUG#WR#41
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4616 &RQWURO#:RUGV

%LW 8QLGULYH 0HQWRU#,,
3DUDPHWHU 'HVFULSWLRQ 3DUDPHWHU 'HVFULSWLRQ

3 &9148 'ULYH#HQDEOH &7143 &XUUHQW#OLPLW#VHOHFWRU
4 &9163 6HTXHQFLQJ#ELW#3 &4144 5HIHUHQFH#21
5 &9164 6HTXHQFLQJ#ELW#4 &4145 5HYHUVH#VHOHFWRU
6 &9165 6HTXHQFLQJ#ELW#5 &4146 ,QFK#VHOHFWRU
7 75,3 'ULYH#7ULS#+WU85, &7145 7RUTXH#0RGH#3
8 &4178 3UHVHW#VHOHFW#3# &7146 7RUTXH#0RGH#4
9 &4179 3UHVHW#VHOHFW#4 &814: ,QKLELW#ILULQJ
: &4;164 $SSOLFDWLRQ#ELW &5135 5DPS#HQDEOH
; &4;165 $SSOLFDWLRQ#ELW &48154 $SSOLFDWLRQ#ELW
< 03 0DVN#ELW#3 &48155 $SSOLFDWLRQ#ELW
43 04 0DVN#ELW#4 &48156 $SSOLFDWLRQ#ELW
44 05 0DVN#ELW#5 5(6(7 6HW#WR#UHVHW#GULYH
45 06 0DVN#ELW#6 &48158 $SSOLFDWLRQ#ELW
46 &4;166 $SSOLFDWLRQ#ELW &4815< $SSOLFDWLRQ#ELW
47 08 0DVN#ELW#8 &48164 $SSOLFDWLRQ#ELW
48 09 0DVN#ELW#9 9$/,' 9$/,'#ELW
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4617 6WDWXV#:RUGV

%LW 8QLGULYH 0HQWRU#,,
3DUDPHWHU 'HVFULSWLRQ 3DUDPHWHU 'HVFULSWLRQ

3 &43134 'ULYH#KHDOWK\ &43145 'ULYH#KHDOWK\
4 &43135 'ULYH#UXQQLQJ &7157 7DSHU#WKUHVKROG#4#H[FHHGHG
5 &43136 =HUR#VSHHG &7158 7DSHU#WKUHVKROG#5#H[FHHGHG
6 &43137 5XQQLQJ#DW#RU#EHORZ#

PLQLPXP#VSHHG
&43146 ,-W#$ODUP

7 &43138 %HORZ#VHW#VSHHG 3 1RW#XVHG
8 &43139 $W#VSHHG &43134 )RUZDUG#YHORFLW\
9 &4313: $ERYH#VHW#VSHHG &43135 5HYHUVH#9HORFLW\
: &4313; /RDG#UHDFKHG &43136 &XUUHQW#OLPLW
; &4313< ,Q#FXUUHQW#OLPLW &43137 %ULGJH#4#HQDEOHG
< &43143 5HJHQHUDWLQJ &43138 %ULGJH#5#HQDEOHG
43 &43144 '\QDPLF#EUDNH#DFWLYH 3 1RW#XVHG
44 &43145 '\QDPLF#EUDNH#DODUP &4313: $W#VSHHG
45 &43146 'LUHFWLRQ#FRPPDQGHG 3 1RW#XVHG
46 &43147 'LUHFWLRQ#UXQQLQJ &4313< =HUR#VSHHG
47 &43148 0DLQV#/RVV &48159 $SSOLFDWLRQ#ELW
48 ; 1RW#XVHG (5525 6HW#LI#WKHUH#LV#DQ#HUURU#RQ#RQH#

RI#WKH#F\FOLF#FKDQQHOV


