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)1&1&1#,1)250$7,21#72#86(5

7KLV#XQLW#KDV#EHHQ#WHVWHG#DQG#IRXQG#WR#FRPSO\#ZLWK#WKH#OLPLWV#IRU#D#&ODVV %#
GLJLWDO#GHYLFH/#SXUVXDQW#WR#3DUW#48#+6XESDUW %,#RI#WKH#)&&#5XOHV1#7KHVH#
OLPLWV#DUH#GHVLJQHG#WR#SURYLGH#UHDVRQDEOH#SURWHFWLRQ#DJDLQVW#KDUPIXO#
LQWHUIHUHQFH#LQ#D#UHVLGHQWLDO#LQVWDOODWLRQ1#7KLV#XQLW#JHQHUDWHV/#XVHV/#DQG#FDQ#
UDGLDWH#UDGLR#IUHTXHQF\#HQHUJ\#DQG/#LI#QRW#LQVWDOOHG#DQG#XVHG#LQ#DFFRUGDQFH#
ZLWK#WKH#LQVWUXFWLRQ#PDQXDO/#PD\#FDXVH#KDUPIXO#LQWHUIHUHQFH#WR#UDGLR#
FRPPXQLFDWLRQV1#+RZHYHU/#WKHUH#LV#QR#JXDUDQWHH#WKDW#LQWHUIHUHQFH#ZLOO#QRW#
RFFXU#LQ#D#SDUWLFXODU#LQVWDOODWLRQ1#,I#WKLV#XQLW#GRHV#FDXVH#KDUPIXO#
LQWHUIHUHQFH#WR#UDGLR#RU#WHOHYLVLRQ#UHFHSWLRQ/#ZKLFK#FDQ#EH#GHWHUPLQHG#E\#
WXUQLQJ#WKH#XQLW#RII#DQG#RQ/#WKH#XVHU#LV#HQFRXUDJHG#WR#WU\#WR#FRUUHFW#WKH#
LQWHUIHUHQFH#E\#RQH#RU#PRUH#RI#WKH#IROORZLQJ#PHDVXUHV=

³ 5HRULHQW#RU#UHORFDWH#WKH#UHFHLYLQJ#DQWHQQD1

³ ,QFUHDVH#WKH#VHSDUDWLRQ#EHWZHHQ#WKH#XQLW#DQG#UHFHLYHU1

³ &RQQHFW#WKH#XQLW#LQWR#DQ#RXWOHW#RQ#D#FLUFXLW#GLIIHUHQW#IURP#WKDW#WR#ZKLFK#
WKH#UHFHLYHU#LV#FRQQHFWHG1

³ &RQVXOW#WKH#GHDOHU#RU#DQ#H[SHULHQFHG#UDGLR279#WHFKQLFLDQ#IRU#KHOS1

:$51,1*
&KDQJHV#RU#PRGLILFDWLRQV#QRW#H[SUHVVO\#DSSURYHG#E\#(;)2#
(OHFWUR02SWLFDO#(QJLQHHULQJ/#,QF1#FRXOG#YRLG#WKH#XVHU·V#DXWKRULW\#WR#
RSHUDWH#WKH#XQLW1
,404933#+LJK06SHHG#3RZHU#0HWHU#6HULHV YLL



&HUWLILFDWLRQ#,QIRUPDWLRQ
,1'(3(1'(17#/$%25$725<#7(67,1*

7KLV#XQLW#KDV#XQGHUJRQH#H[WHQVLYH#ú�FHUWLILFDWLRQ#WHVWLQJ#ERWK#LQWHUQDOO\/#
DW#(;)2/#DQG#H[WHUQDOO\/#DW#DQ#LQGHSHQGHQW/#TXDOLILHG#ODERUDWRU\1#$OO#
SUH0TXDOLILFDWLRQ#WHVWV#ZHUH#SHUIRUPHG#DW#(;)2#ZKLOH#DOO#ILQDO#WHVWV#ZHUH#
SHUIRUPHG#DW#8OWUD7HFK#(QJLQHHULQJ#/DEV/#,QF1/#D#UHQRZQHG#WHVW#ODERUDWRU\#
IURP#0LVVLVVDXJD/#&DQDGD1#7KLV#JXDUDQWHHV#WKH#XQHUULQJ#REMHFWLYLW\#DQG#
DXWKRULWDWLYH#FRPSOLDQFH#RI#DOO#WHVW#UHVXOWV1

ú�,1)250$7,21#72#86(5

7KLV#XQLW#KDV#EHHQ#WHVWHG#DQG#IRXQG#WR#FRPSO\#ZLWK#WKH#OLPLWV#IRU#D#&ODVV %#
GLJLWDO#GHYLFH1#3OHDVH#VHH#WKH#'HFODUDWLRQ#RI#&RQIRUPLW\1
YLLL ,4049432495324973



4 ,QWURGXFWLRQ
3UHVHQWLQJ#WKH#,404933#+LJK06SHHG#3RZHU#
0HWHU#6HULHV

7KH#,404933#+LJK06SHHG#3RZHU#0HWHU/#SDUW#RI#WKH#,40533#2SWLFDO#7HVW#
6\VWHP/#SURYLGHV#DOO#WKH#SHUIRUPDQFH#\RX#QHHG#WR#LQFUHDVH#\RXU#WHVWLQJ#
HIILFLHQF\1#:LWK#LWV#KLJK#VDPSOLQJ#UDWH#DQG#IDVW#VWDELOL]DWLRQ/#WKH#,404933#LV#
LGHDO#IRU#V\VWHP#PRQLWRULQJ#DQG#KLJK0GHQVLW\#:'0#FRPSRQHQW#
FKDUDFWHUL]DWLRQ#DQG#DVVHPEO\1

7KH#,404933#PRGXOH#FRPHV#LQ#FRQILJXUDWLRQV#RI#RQH/#WZR/#DQG#IRXU#
FKDQQHOV1#,WV#KLJK#SHUIRUPDQFH#DXWRPDWLF#JDLQ#FRQWURO#+$*&,#DOJRULWKPV#
UHVXOW#LQ#VKRUW#VWDELOL]DWLRQ#WLPHV#IRU#WKH#SKRWRGHWHFWRU1#,Q#DXWRPDWLF#JDLQ#
UDQJH#PRGH/#SRZHU#IOXFWXDWLRQV#RI#XS#WR#<8 G%#ZLOO#VWDELOL]H#ZLWKLQ#48PV/#
DQG#D#FRQWLQXRXV#VDPSOLQJ#UDWH#RI#XS#WR#589#VDPSOHV#SHU#VHFRQG#FDQ#EH#
SURGXFHG1

7KH#RWKHU#PRGH#RI#RSHUDWLRQ#OHWV#\RX#E\SDVV#WKH#$*&#DOJRULWKPV#DQG#VHOHFW#
WKH#JDLQ#UDQJH#IRU#LQGLYLGXDO#FKDQQHOV1#7KH#G\QDPLF#UDQJH#ZLOO#EH#OLPLWHG#
WR#WKDW#RI#WKH#VHOHFWHG#UDQJH/#EXW#LQ#UHWXUQ/#VKRUWHU#VWDELOL]DWLRQ#WLPHV#ZLOO#
EH#DFKLHYHG1#,Q#WKLV/#WKH#,404933#VWDELOL]HV#LQ#OHVV#WKDQ#4PV#DQG#KDV#
VDPSOLQJ#UDWHV#DV#KLJK#DV#73<9 VDPSOHV#SHU#VHFRQG1

7R#WDNH#IXOO#DGYDQWDJH#RI#KLJK#VDPSOLQJ#UDWHV/#LW#PXVW#EH#SRVVLEOH#WR#
V\QFKURQL]H#WKH#DFTXLVLWLRQ1#7KH#,404933#SURYLGHV#WZR#W\SHV#RI#
V\QFKURQL]DWLRQ#WULJJHUV1#$#SRZHU#OHYHO#WULJJHU#FDQ#VWDUW#DQ#DFTXLVLWLRQ#
ZKHQ#WKH#SRZHU#LQFLGHQW#WR#WKH#GHWHFWRU#UHDFKHV#D#SDUWLFXODU#WKUHVKROG1#
$OVR/#D#77/#YROWDJH#+HOHFWULFDO,#WULJJHU#FDQ#EH#XVHG#WR#VWDUW#DQ#DFTXLVLWLRQ/#
XVLQJ#WKH#H[WHUQDO#WULJJHU#FRQQHFWLRQ1#)RU#ERWK#W\SHV#RI#WULJJHU/#
V\QFKURQL]DWLRQ#RI#DOO#RSWLFDO#FKDQQHOV#+GXDO0#DQG#IRXU0FKDQQHO#PRGHOV,#LV#
VLPXOWDQHRXV1

7KH#,404933#LV#WKH#SHUIHFW#SRZHU#PHWHU#IRU#FRPSRQHQW#PDQXIDFWXUHUV#ZKR#
QHHG#WR#FKDUDFWHUL]H#':'0#ILOWHUV#DQG#PXOWLSOH[HUV1#$V#SDUW#RI#WKH#,4045337#
':'0#3DVVLYH#&RPSRQHQW#7HVW#6\VWHP/#WKH#,404933#LV#FRPELQHG#ZLWK#WKH#
,405933#7XQDEOH#/DVHU#6RXUFH#DQG#DQ#,4#:DYHOHQJWK#0HWHU#WR#D#FUHDWH#KLJK#
SHUIRUPDQFH#DQG#HIILFLHQW#FRPSRQHQW#WHVW#V\VWHP1
,404933#+LJK06SHHG#3RZHU#0HWHU#6HULHV 4



,QWURGXFWLRQ
,40533#2SWLFDO#7HVW#6\VWHP#3URGXFW#/LQH
$OO#WHVW#UHVXOWV#FDQ#EH#HDVLO\#DFFHVVHG#IURP#WKH#XQLTXH#JUDSKLFDO#
DFTXLVLWLRQ#PRGH/#DQ#LQQRYDWLYH#ZD\#WR#GLVSOD\#RSWLFDO#SRZHU#
PHDVXUHPHQWV1#6ZLWFKLQJ#DQG#WUDQVLHQW#UHVSRQVHV#RU#FRQWLQXRXV#UHDGLQJV#
FDQ#EH#YLHZHG#DV#HDVLO\#DV#LI#\RX#ZHUH#XVLQJ#D#GLJLWDO#RVFLOORVFRSH#ZLWK#DQ#
RSWR0HOHFWURQLF#FRQYHUWHU1#7KH#GDWD#ILOH#IRUPDW#DQG#PDQDJHPHQW#IXQFWLRQV#
KHOS#\RX#LPSRUW#DQG#DQDO\]H#\RXU#PHDVXUHPHQWV/#DV#ZHOO#DV#FUHDWH#UHSRUWV#
ZLWK#RWKHU#VRIWZDUH#DSSOLFDWLRQV1

7KH#,404933#+LJK06SHHG#3RZHU#0HWHU#LV#:LQGRZV0#DQG#3&0EDVHG1#,W#FDQ#EH#
FRPELQHG#ZLWK#PDQ\#RWKHU#ILEHU0RSWLF#LQVWUXPHQWV#DQG#LV#HDVLO\#LQWHJUDWHG#
LQWR#QHWZRUNV#WKURXJK#FRPPRQ#LQWHUIDFHV1

,40533#2SWLFDO#7HVW#6\VWHP#3URGXFW#/LQH
7KH#,40533#2SWLFDO#7HVW#6\VWHP#LV#FRQVWUXFWHG#RQ#D#PRGXODU#DUFKLWHFWXUH#
ZKLFK#SHUPLWV#HDV\#DQG#HIILFLHQW#WHVW#V\VWHP#LQWHJUDWLRQ/#PDNLQJ#LW#
SHUIHFWO\#VXLWDEOH#IRU#SURGXFWLRQ#DQG#ODERUDWRU\#DSSOLFDWLRQV1#7KDQNV#WR#WKH#
:LQGRZV#FRPSDWLEOH#,4#6RIWZDUH/#WKH#,40533#2SWLFDO#7HVW#6\VWHP#
FRPELQHV#SRZHU/#SHUIRUPDQFH/#DQG#IOH[LELOLW\#ZLWK#D#XVHU0IULHQGO\#
LQWHUIDFH1#7KH#V\VWHP#LV#FRPSRVHG#RI#D#FRQWURO#XQLW/#WKH#,40536/#,40539#
([SDQVLRQ#8QLWV/#DQG#LQVWUXPHQW#PRGXOHV1#7KH#,40536#FDQ#KRXVH#WKUHH#
PRGXOHV/#ZKLOH#WKH#,40539#FDQ#KRXVH#XS#WR#VL[1#8S#WR#IRXU#,40539#([SDQVLRQ#
8QLWV#FDQ#EH#FRQQHFWHG#WR#WKH#FRQWURO#XQLW/#HQDEOLQJ#D#SRVVLELOLW\#RI#5:#
LQVWUXPHQWV1#7KH#,40536#FDQ#EH#UHSODFHG#E\#D#FRPSXWHU#HTXLSSHG#ZLWK#D#
VSHFLDO#DGDSWHU#FDUG#+,40539#3&#([SDQVLRQ#&DUG,1

)RU#PRUH#LQIRUPDWLRQ#RQ#WKH#,40533#2SWLFDO#7HVW#6\VWHP#DQG#WKH#
,4 6RIWZDUH/#SOHDVH#UHIHU#WR#WKH#,40533#2SWLFDO#7HVW#6\VWHP#,QVWUXFWLRQ#
0DQXDO1
5 ,4049432495324973



3UHOLPLQDU\#,QIRUPDWLRQ
*HQHUDO#'HVFULSWLRQ
5 3UHOLPLQDU\#,QIRUPDWLRQ
*HQHUDO#'HVFULSWLRQ

7KH#,404933#+LJK06SHHG#3RZHU#0HWHU#LV#HTXLSSHG#ZLWK#RQH/#WZR/#RU#IRXU#
LQGLXP#JDOOLXP#DUVHQLGH#+,Q*D$V,#GHWHFWRUV#GHSHQGLQJ#RQ#WKH#RSWLRQ#
VHOHFWHG#DW#RUGHULQJ#WLPH1#(DFK#SRZHU#FKDQQHO#+GHWHFWRU,#LV#LQGHSHQGHQWO\#
FRQWUROOHG#DQG#FDQ#DFKLHYH#D#VDPSOLQJ#UDWH#RI#XS#WR#73<9 +]1

3RZHU#WUDQVLWLRQV#RI#XS#WR#<8 G%#ZLOO#VWDELOL]H#ZLWKLQ#48PV1#)DVWHU#
VWDELOL]DWLRQ#WLPH#ZLOO#EH#DFKLHYHG#ZLWK#UHGXFHG#G\QDPLF#UDQJH1#
6WDELOL]DWLRQ#ZLWKLQ#4PV#LV#SRVVLEOH#ZKHQ#WKH#JDLQ#RI#WKH#GHWHFWRU#
DPSOLILFDWLRQ#VWDJH#LV#PDQXDOO\#ORFNHG#RQ#D#VSHFLILF#VFDOH#+´0DQXDO#
5DQJHµ,1

3RZHU#PHDVXUHPHQW#DFTXLVLWLRQV#FDQ#EH#HOHFWULFDOO\#V\QFKURQL]HG#ZLWK#WKH#
H[WHUQDO#WULJJHU#LQSXW/#RU#RSWLFDOO\#V\QFKURQL]HG#E\#SURJUDPPLQJ#D#SRZHU#
OHYHO#WKUHVKROG1

'DWD#DFTXLVLWLRQV#FDQ#EH#VDYHG#RQ#ILOH#GLUHFWO\#IURP#WKH#XVHU#LQWHUIDFH1#
5HDO0WLPH#JUDSKLFDO#GLVSOD\#RI#DFTXLUHG#GDWD#LV#DOVR#SRVVLEOH1

7KH#,404933#LV#VXLWDEOH#IRU#WKH#IROORZLQJ#DSSOLFDWLRQV#DQG#PDQ\#PRUH=

³ ,QVHUWLRQ#ORVV#RI#SDVVLYH#FRPSRQHQWV#LQ#WKH#SURGXFWLRQ#HQYLURQPHQW

³ 0DQXDO#RU#DXWRPDWHG#VSOLFH#ORVV#PHDVXUHPHQW

³ &KDUDFWHUL]DWLRQ#RI#:DYHOHQJWK#'LYLVLRQ#0XOWLSOH[LQJ#+:'0,#
08;2'(08;/#XVHG#LQ#FRQMXQFWLRQ#ZLWK#D#WXQDEOH#ODVHU#VRXUFH/#RU#
ZLWKLQ#WKH#,4045337#':'0#3DVVLYH#&RPSRQHQW#7HVW#6\VWHP

³ 2SWLFDO#VZLWFK#FKDUDFWHUL]DWLRQ#+VZLWFKLQJ#WLPH/#LQVHUWLRQ#ORVV,

³ &RPSRQHQW#DQG#V\VWHP#PRQLWRULQJ

³ $EVROXWH#SRZHU#PHDVXUHPHQWV

³ 6RXUFH#VWDELOLW\#FKDUDFWHUL]DWLRQ/#HWF1
,404933#+LJK06SHHG#3RZHU#0HWHU#6HULHV 6



3UHOLPLQDU\#,QIRUPDWLRQ
*HQHUDO#'HVFULSWLRQ
7KH#GLIIHUHQW#,404933#RSWLRQV#DUH#VXPPDUL]HG#LQ#WKH#WDEOH#EHORZ=

3OHDVH#UHIHU#WR#6HFWLRQ 45/#7HFKQLFDO#6SHFLILFDWLRQV/#IRU#IXUWKHU#GHWDLOV1

7KH#,404933#VXSSRUWV#ERWK#ORFDO#DQG#UHPRWH#FRQWURO1#/RFDO#FRQWURO#LV#
FDUULHG#RXW#YLD#WKH#:LQGRZV#FRPSDWLEOH#VRIWZDUH1#7KH#VRIWZDUH#SURYLGHV#D#
XVHU0IULHQGO\#LQWHUIDFH#RIIHULQJ#IOH[LEOH#SRZHU#PHWHU#RSHUDWLRQ1

5HPRWH#FRQWURO#LV#DFFRPSOLVKHG#WKURXJK#RQH#RI#WKH#IROORZLQJ#ZD\V=

³ *3,%#LQWHUIDFH

³ 560565#H[WHUQDO#LQWHUIDFH

³ :LQGRZV#2/(#+2EMHFW#/LQNLQJ#DQG#(PEHGGLQJ,#DXWRPDWLRQ#ZLWK#2&;#
LQWHUIDFH

³ /DE9,(:#+JUDSKLFDO#SURJUDPPLQJ,#DSSOLFDWLRQ

³ :LQGRZV#''(#+'\QDPLF#'DWD#([FKDQJH,#FRPPXQLFDWLRQ#FKDQQHO

3OHDVH#UHIHU#WR#WKH#,40533#*3,%#DQG#$SSOLFDWLRQ#'HYHORSPHQW#*XLGH#IRU#
GHWDLOHG#LQIRUPDWLRQ#DERXW#UHPRWH#FRQWURO#RI#WKH#,4#FRPSRQHQWV1

0RGHO 1XPEHU#RI#
&KDQQHOV

$QDORJ#
2XWSXW

([WHUQDO#
7ULJJHU

,404943 4 9 9

,404953 5#+.#4#YLUWXDO, 9 9

,404973 7#+.#5#YLUWXDO, ³ 9

7DEOH#5041 ,404933#)HDWXUHV
7 ,4049432495324973



3UHOLPLQDU\#,QIRUPDWLRQ
*HQHUDO#'HVFULSWLRQ
7KH#SURGXFW#QDPHSODWH#LV#ORFDWHG#RQ#D#VLGH#SDQHO#QHDU#WKH#UHDU#RI#HYHU\#
PRGXOH1

)LJXUH#5041 0RGXOH#1DPHSODWH

1RWH= 7KH#LQIRUPDWLRQ#IRXQG#RQ#WKH#QDPHSODWH#ZLOO#GLIIHU#DFFRUGLQJ#WR#WKH#
PRGXOH#FRQILJXUDWLRQ1

Ver.

Mfg.
date

P/N

S/N

Made in Canada QST-94
465 Godin Ave.
Vanier, Que., Canada G1M 3G7

This device complies with part 15 of the FCC rules.  Operation is
subject to the following two conditions: (1) this device may not cause
harmful interference  and (2) this device must accept any interference
received, including interference that may cause undesired operation.

(identifying configuration)

Serial number

Product version

Manufacturing date

Dynamic range

Part number

IQ-1613

+9 to -85 dBm

12345-IJ

B-1.2

June 1999

800 to 1700 nm

Spectral range
,404933#+LJK06SHHG#3RZHU#0HWHU#6HULHV 8



3UHOLPLQDU\#,QIRUPDWLRQ
)URQW#3DQHO#'HVFULSWLRQ
)URQW#3DQHO#'HVFULSWLRQ

)LJXUH#5051 )URQW#3DQHO#RI#WKH#3RZHU#0HWHU#0RGXOHV

1RWH= $FWXDO#SRUW+V,#DQG#DGDSWHU+V,#PD\#GLIIHU#IURP#WKRVH#GHSLFWHG#LQ#WKH#
LOOXVWUDWLRQV1

'HWHFWRU#3RUWV

7KH#RSWLFDO#GHWHFWRUV#+RQH/#WZR/#RU#IRXU#SHU#PRGXOH,#DUH#ORFDWHG#RQ#WKH#
IURQW#SDQHO#RI#WKH#PRGXOHV1#7KH#SURWHFWLYH#FDSV/#SURYLGHG#ZLWK#WKH#PRGXOH/#
VKRXOG#EH#LQVWDOOHG#RQ#WKH#GHWHFWRUV#ZKHQHYHU#WKH#PRGXOH#LV#QRW#EHLQJ#
XVHG1

C1

C2

C3

C4

4-CH POW ER METER
IQ-1600

EXFO

N
TT

-F C
EXFO

NT

T-F C

EXFO

N T T-F C

EXFO

N T T-F C

EXT.
TRIG

C1

C2

2-CH POW ER METER

IQ-1600

E XFO

NTT-F
C

E XFO

NTT
-F

C

ANALOG OUT

EXT.
TRIG

EXT.

POW ER METER

IQ-1600

TRIG

ANALOG OUT

E X FO

NTT-FC

LED push button

Optical detector ports

External trigger port

Analog output port
9 ,4049432495324973



3UHOLPLQDU\#,QIRUPDWLRQ
)URQW#3DQHO#'HVFULSWLRQ
/('#3XVK#%XWWRQ

7KH#/('#SXVK#EXWWRQ#KDV#WKH#IROORZLQJ#WKUHH#IXQFWLRQV=

³ 7KH#/('#SXVK#EXWWRQ#ZLOO#LOOXPLQDWH#ZKHQ#WKH#V\VWHP#LV#SRZHUHG#RQ1

³ 3UHVVLQJ#WKH#/('#SXVK#EXWWRQ#DFWLYDWHV#WKH#PDLQ#ZLQGRZ1

³ 3UHVVLQJ#WKH#/('#SXVK#EXWWRQ#ZKHQ#WKH#PDLQ#ZLQGRZ#LV#RSHQ#DFWLYDWHV#
WKH#PRQLWRU#ZLQGRZ1

1RWH= 7KH#PRQLWRU#ZLQGRZ#LV#D#FRPSDFW#ZLQGRZ#GLVSOD\LQJ#EDVLF#GDWD#DQG#LV#
IXOO\#H[SODLQHG#LQ#0RQLWRU#:LQGRZ#RQ#SDJH#451

([WHUQDO#7ULJJHU#3RUW

7KH#H[WHUQDO#WULJJHU#SRUW#FDQ#EH#FRQQHFWHG#WR#D#77/#YROWDJH#VRXUFH#IRU#
V\QFKURQL]DWLRQ#RI#GDWD#DFTXLVLWLRQV1#7KH#H[WHUQDO#WULJJHU#LV#DYDLODEOH#RQ#DOO#
,404933#PRGHOV1#$#%1&#FRQQHFWRU#LV#XVHG#RQ#VLQJOH0#DQG#GXDO0FKDQQHO#
PRGHOV1#$Q#60%#FRQQHFWRU#LV#XVHG#RQ#WKH#IRXU0FKDQQHO#PRGHO1#3OHDVH#VHH#
([WHUQDO#7ULJJHU#RQ#SDJH :7#IRU#PRUH#LQIRUPDWLRQ#RQ#XVHV#DQG#RSHUDWLRQ#RI#
WKH#H[WHUQDO#WULJJHU1

$QDORJ#2XWSXW#3RUW

7KH#DQDORJ#RXWSXW#SRUW#LV#DYDLODEOH#RQ#VLQJOH0#DQG#GXDO0FKDQQHO#,404933#
PRGHOV#RQO\#DQG#XVHV#D#%1&#FRQQHFWRU1#,W#SURYLGHV#DQ#HOHFWULFDO#VLJQDO#
SURSRUWLRQDO#WR#WKH#SRZHU#LQFLGHQW#WR#WKH#GHWHFWRU#+FKDQQHO#&4#RQO\,1#
3OHDVH#VHH#$QDORJ#2XWSXW#+,404943/#,404953,#RQ#SDJH :9#IRU#PRUH#
LQIRUPDWLRQ#RQ#XVHV#DQG#RSHUDWLRQ#RI#WKH#DQDORJ#RXWSXW1
,404933#+LJK06SHHG#3RZHU#0HWHU#6HULHV :



3UHOLPLQDU\#,QIRUPDWLRQ
0RGXOH#,QVHUWLRQ
0RGXOH#,QVHUWLRQ

&$87,21
1HYHU#LQVHUW#RU#UHPRYH#DQ\#PRGXOH#ZKLOH#WKH#,405362,40539#LV#
SRZHUHG#RQ1#7KLV#ZLOO#UHVXOW#LQ#GDPDJH#WR#WKH#PRGXOH#DQG#WR#WKH#
,405362,405391

7R#LQVHUW#WKH#PRGXOH/

41 7XUQ#RII#WKH#,405362,405391

51 ,QVHUW#WKH#PRGXOH#LQWR#DQ\#DYDLODEOH#VORW1#7KH#,405362,40539#ZLOO#
DXWRPDWLFDOO\#UHFRJQL]H#WKH#PRGXOH#QR#PDWWHU#ZKDW#VORW#LW#LV#LQVHUWHG#
LQWR1

,03257$17
%H#VXUH#WR#LQVHUW#WKH#PRGXOH#DOO#WKH#ZD\#WR#WKH#EDFN#RI#WKH#
,405362,40539#WR#HQVXUH#WKH#EDFNSODQH#FRQQHFWRUV#DUH#SURSHUO\#
PDWHG1#7KH#PRGXOH#LV#FRUUHFWO\#LQVHUWHG#ZKHQ#WKH#PRGXOH#IURQW#SDQHO#
LV#IOXVK#ZLWK#WKH#,405362,40539#IURQW#SDQHO1

2SWLFDO#&RQQHFWLRQV
7KH#ILEHU0RSWLF#WHVW#MXPSHU#HQGV#VKRXOG#DOZD\V#EH#FOHDQHG#EHIRUH#EHLQJ#
FRQQHFWHG#WR#WKH#PRGXOHV#WR#HQVXUH#RSWLPXP#SHUIRUPDQFH#DQG#DYRLG#
HUURQHRXV#UHDGLQJV1#&OHDQLQJ#WKH#)LEHU#(QGV#RQ#SDJH 479#GHVFULEHV#WKH#
ILEHU#HQG#FOHDQLQJ#SURFHGXUH1

7R#FRQQHFW#WKH#ILEHU0RSWLF#WHVW#MXPSHU#WR#WKH#SRZHU#PHWHU#PRGXOH/

41 5HPRYH#WKH#FRQQHFWRU#FDS1

51 6FUHZ#D#ILEHU0RSWLF#DGDSWHU#RQWR#WKH#GHWHFWRU#KRXVLQJ#+LI#QRW#DOUHDG\#
LQVWDOOHG,1

61 (QVXUH#WKDW#WKH#WHVW#MXPSHU·V#FRQQHFWRU#LV#FOHDQ#DQG#GU\1
; ,4049432495324973



3UHOLPLQDU\#,QIRUPDWLRQ
0RGXOH#5HPRYDO
71 $OLJQ#WKH#WHVW#MXPSHU#FRQQHFWRU#DQG#GHWHFWRU#SRUW#VR#WKDW#WKH#ILEHU#HQG#
GRHV#QRW#WRXFK#WKH#RXWVLGH#RI#WKH#SRUW#RU#UXE#DJDLQVW#RWKHU#VXUIDFHV1

81 &RQQHFW#WKH#ILEHU#WR#WKH#ILEHU0RSWLF#DGDSWHU1#'R#QRW#RYHUWLJKWHQ1

0RGXOH#5HPRYDO

&$87,21
1HYHU#LQVHUW#RU#UHPRYH#DQ\#PRGXOH#ZKHQ#WKH#,40536#0DLQIUDPH#RU#
WKH#,40539#([SDQVLRQ#8QLW#LV#SRZHUHG#RQ1#7KLV#ZLOO#UHVXOW#LQ#LPPHGLDWH#
LUUHSDUDEOH#GDPDJH#WR#WKH#PRGXOH#DQG#,405362,405391

7R#UHPRYH#PRGXOH#IURP#,405362,40539/

41 0DNH#VXUH#WKH#,405362,40539#LV#SRZHUHG#RII1

51 ,I#\RXU#PRGXOH#KDV#D#ORFNLQJ#PHFKDQLVP#+ZKLFK#FDQ#EH#IRXQG#XQGHU#
WKH#IURQW#SDQHO#RI#WKH#PRGXOH,/#SUHVV#LW#XS#DV#VKRZQ#LQ#)LJXUH 5061#
2WKHUZLVH/#VLPSO\#SODFH#\RXU#ILQJHUV#XQGHU#WKH#IURQW#SDQHO#RI#WKH#
PRGXOH1

61 )LUPO\#SXOO#WKH#PRGXOH#RXWZDUG1

)LJXUH#5061 5HPRYLQJ#DQ#,4#0RGXOH

2

1

Locking
mechanism
,404933#+LJK06SHHG#3RZHU#0HWHU#6HULHV <



3UHOLPLQDU\#,QIRUPDWLRQ
/RDGLQJ#WKH#$SSOLFDWLRQ
71 3XW#RQH#RI#WKH#VXSSOLHG#SURWHFWLYH#FRYHUV#RYHU#WKH#HPSW\#VORW#WR#SUHYHQW#
GXVW#IURP#HQWHULQJ#WKH#PRGXOH1

/RDGLQJ#WKH#$SSOLFDWLRQ
7KH#PDQ\#IHDWXUHV#RI#WKH#,404933#3RZHU#0HWHU#6HULHV#DUH#FRQWUROOHG#XVLQJ#
WKH#:LQGRZV#FRPSDWLEOH#,4#6RIWZDUH1#3OHDVH#UHIHU#WR#WKH#,40533#2SWLFDO#
7HVW#6\VWHP#,QVWUXFWLRQ#0DQXDO#IRU#LQIRUPDWLRQ#UHJDUGLQJ#WKH#,40533#2SWLFDO#
7HVW#6\VWHP/#,40536#0DLQIUDPH/#DQG#,4#6RIWZDUH#FRQYHQWLRQV1

3OHDVH#QRWH#WKDW#WKH#,405362,40539#VKRXOG#EH#HTXLSSHG#ZLWK#D#PLQLPXP#RI#
65 0%#RI#5$0#DQG#D#533 0+]#3HQWLXP#SURFHVVRU#WR#IXOO\#EHQHILW#IURP#WKH#
,404933#V\VWHP#VSHHG1

1RWH= ,I#WKH#,405362539#LV#HTXLSSHG#ZLWK#D#7;9#SURFHVVRU/#WKH#KLJKHVW#&RQWLQXRXV#
VDPSOLQJ#UDWH#DOORZDEOH#LV#;#SHU#VHFRQG#+VHH#3HUIRUPLQJ#&RQWLQXRXV#
$FTXLVLWLRQ#RQ#SDJH#76,1

$V#H[SODLQHG#LQ#WKH#,40533#2SWLFDO#7HVW#6\VWHP#,QVWUXFWLRQ#0DQXDO/#DQ#LFRQ#
DSSHDUV#LQ#WKH#,4#6RIWZDUH#PDLQ#ZLQGRZ#IRU#HDFK#PRGXOH#LQ#WKH#,40533#
2SWLFDO#7HVW#6\VWHP1

7KHUH#DUH#WZR#ZD\V#WR#ORDG#WKH#DSSOLFDWLRQ#VRIWZDUH=

³ 3UHVV#WKH#/('#SXVK#EXWWRQ#RQ#WKH#IURQW#SDQHO#RI#WKH#GHVLUHG#PRGXOH1

³ 'RXEOH0FOLFN#RQ#WKH#GHVLUHG#LFRQ#LQ#WKH#,40533#2SWLFDO#7HVW#6\VWHP#
PDLQ#ZLQGRZ1

2QFH#WKH#DSSOLFDWLRQ#LV#ORDGHG/#WKH#FRUUHVSRQGLQJ#PDLQ#ZLQGRZ#RSHQV1#
7KH#PDLQ#ZLQGRZ#FRQWDLQV#DOO#WKH#QHFHVVDU\#FRPPDQGV#WR#FRQWURO#WKH#
SRZHU#PHWHU1
43 ,4049432495324973



3UHOLPLQDU\#,QIRUPDWLRQ
/RDGLQJ#WKH#$SSOLFDWLRQ
)LJXUH#5071 7\SLFDO#0DLQ#:LQGRZ

1RWH=# 'HSHQGLQJ#RQ#WKH#FRQILJXUDWLRQ#RI#\RXU#PRGXOH/#WKH#DFWXDO#PDLQ#ZLQGRZ#
PD\#GLIIHU#IURP#WKH#RQH#GHSLFWHG#LQ#WKH#LOOXVWUDWLRQ1

'HWDLOHG#LQIRUPDWLRQ#RQ#WKH#PDLQ#ZLQGRZ#DQG#LWV#FRPSRQHQWV#LV#JLYHQ#LQ#
)LJXUH 704#RQ#SDJH 4:1

,03257$17
:KHQ#WKH#DSSOLFDWLRQ#LV#DFWLYDWHG#DIWHU#D#FROG#VWDUW/#DOORZ#WKH#SRZHU#
PHWHU#WR#ZDUP#XS#IRU#DERXW#53#PLQXWHV#XQWLO#WKH#HOHFWURQLFV#VWDELOL]HV#
DQG#FDQ#PHHW#DQQRXQFHG#RSWLFDO#VSHFLILFDWLRQV1

%HIRUH#SURFHHGLQJ#ZLWK#RSWLFDO#SRZHU#PHDVXUHPHQWV/#WKH#HOHFWURQLF#
RIIVHW#QXOOLQJ#VKRXOG#EH#SHUIRUPHG#WR#JXDUDQWHH#UHVXOWV#DFFXUDF\1#7KH#
RIIVHW#QXOOLQJ#SURFHGXUH#LV#JLYHQ#LQ#1XOOLQJ#(OHFWULFDO#2IIVHWV#RQ#
SDJH 561
,404933#+LJK06SHHG#3RZHU#0HWHU#6HULHV 44



3UHOLPLQDU\#,QIRUPDWLRQ
0RQLWRU#:LQGRZ
0RQLWRU#:LQGRZ
7KH#PRQLWRU#ZLQGRZ#GLVSOD\V#EDVLF#RSHUDWLQJ#LQIRUPDWLRQ#+IRU#XS#WR#IRXU#
FKDQQHOV#DW#D#WLPH#LQ#WKH#FDVH#RI#DQ#,404973,1#8VLQJ#WKH#PRQLWRU#ZLQGRZ#
ZLWK#RWKHU#PRGXOH#PRQLWRU#ZLQGRZV#DOORZV#WKH#FUHDWLRQ#RI#DQ#LQWHJUDWHG#
GDWD#GLVSOD\#VFUHHQ#+UHIHU#WR#WKH#,40533#2SWLFDO#7HVW#6\VWHP#,QVWUXFWLRQ#
0DQXDO,1#7KH#VL]H#DQG#SRVLWLRQ#RI#WKH#PRQLWRU#ZLQGRZ#FDQ#EH#FXVWRPL]HG1

)LJXUH#5081 0RQLWRU#:LQGRZ

2SHQLQJ#WKH#0RQLWRU#:LQGRZ#

7KHUH#DUH#WKUHH#ZD\V#WR#RSHQ#WKH#PRQLWRU#ZLQGRZ=

³ ,Q#WKH#PDLQ#ZLQGRZ/#FKRRVH#0RQLWRU#IURP#WKH#'LVSOD\#PHQX1

³ ,Q#WKH#PDLQ#ZLQGRZ/#FOLFN#RQ# #+LQ#WKH#WRS#ULJKW#FRUQHU,1

³ 3XVK#WKH#/('#EXWWRQ#+RQ#WKH#IURQW#SDQHO#RI#WKH#PRGXOH,1

&ORVLQJ#WKH#0RQLWRU#:LQGRZ

7KHUH#DUH#WZR#ZD\V#WR#FORVH#WKH#PRQLWRU#ZLQGRZ#DQG#UHWXUQ#WR#WKH#PDLQ#
ZLQGRZ=

³ 'RXEOH0FOLFN#DQ\ZKHUH#LQ#WKH#PRQLWRU#ZLQGRZ1

³ 3UHVV#WKH#/('#SXVK#EXWWRQ#+RQ#WKH#IURQW#SDQHO#RI#WKH#PRGXOH,1
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3UHOLPLQDU\#,QIRUPDWLRQ
([LWLQJ#WKH#$SSOLFDWLRQ#6RIWZDUH
1RWH=# 7KH#IXQFWLRQ#EXWWRQV#FDQ#EH#DFFHVVHG#ZKLOH#LQ#PRQLWRU#ZLQGRZ#YLHZ#E\#
SRVLWLRQLQJ#WKH#FXUVRU#LQVLGH#WKH#PRQLWRU#ZLQGRZ#DQG#FOLFNLQJ#WKH#ULJKW#
PRXVH#EXWWRQ1#7KH#IXQFWLRQ#EXWWRQ#NH\SDG#ZLOO#DSSHDU#WR#WKH#OHIW#RI#WKH#
PRQLWRU#ZLQGRZ1

([LWLQJ#WKH#$SSOLFDWLRQ#6RIWZDUH
&ORVLQJ#DQ\#DSSOLFDWLRQ#VRIWZDUH#WKDW#LV#QRW#LQ#XVH#LV#D#JRRG#ZD\#WR#IUHH#
V\VWHP#PHPRU\1#7KH#DSSOLFDWLRQ#VRIWZDUH#FDQ#EH#FORVHG#HLWKHU#IURP#WKH#
PDLQ#ZLQGRZ#RU#WKH#PRQLWRU#ZLQGRZ1

)URP#WKH#0DLQ#:LQGRZ

7KHUH#DUH#WKUHH#ZD\V#WR#H[LW#WKH#DSSOLFDWLRQ#VRIWZDUH#IURP#WKH#PDLQ#
ZLQGRZ1

³ &KRRVH#([LW#IURP#WKH#)LOH#PHQX1

³ &OLFN#RQ# #+LQ#WKH#WRS#ULJKW#FRUQHU#RI#WKH#PDLQ#ZLQGRZ,1

³ &OLFN#RQ#WKH#PRGXOH#LFRQ#+LQ#WKH#WRS#OHIW#FRUQHU#RI#WKH#PDLQ#ZLQGRZ,#
DQG#VHOHFW#&ORVH1

)URP#WKH#0RQLWRU#:LQGRZ

7R#H[LW#WKH#DSSOLFDWLRQ#VRIWZDUH#IURP#WKH#PRQLWRU#ZLQGRZ/#FOLFN#RQ# #+LQ#
WKH#WRS#ULJKW#FRUQHU,/#WKHQ#VHOHFW#<HV1
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7KLV#SDJH#LV#LQWHQWLRQDOO\#OHIW#EODQN1



6 *HQHUDO#6DIHW\#,QIRUPDWLRQ
6DIHW\#&RQYHQWLRQV

7KH#IROORZLQJ#FRQYHQWLRQV#VKRXOG#EH#XQGHUVWRRG#EHIRUH#RSHUDWLQJ#WKH#XQLW=

:$51,1*
5HIHUV#WR#D#SRWHQWLDO#SHUVRQDO#KD]DUG1#,W#UHTXLUHV#D#
SURFHGXUH#ZKLFK/#LI#QRW#FRUUHFWO\#IROORZHG/#PD\#UHVXOW#
LQ#ERGLO\#KDUP#RU#LQMXU\1#'R#QRW#SURFHHG#EH\RQG#D#
:$51,1*#XQOHVV#WKH#UHTXLUHG#FRQGLWLRQV#DUH#
XQGHUVWRRG#DQG#PHW1

&$87,21
5HIHUV#WR#D#SRWHQWLDO#SURGXFW#KD]DUG1#,W#UHTXLUHV#D#
SURFHGXUH#ZKLFK/#LI#QRW#FRUUHFWO\#IROORZHG/#PD\#UHVXOW#
LQ#FRPSRQHQW#GDPDJH1#'R#QRW#SURFHHG#EH\RQG#D#
&$87,21#XQOHVV#WKH#UHTXLUHG#FRQGLWLRQV#DUH#
XQGHUVWRRG#DQG#PHW1

,03257$17
5HIHUV#WR#DQ\#LQIRUPDWLRQ#UHJDUGLQJ#WKH#RSHUDWLRQ#RI#
WKH#SURGXFW#ZKLFK#VKRXOG#QRW#EH#RYHUORRNHG1

6DIHW\#,QVWUXFWLRQV

2SHUDWLRQ

:$51,1*
'R#QRW#LQVWDOO#RU#WHUPLQDWH#ILEHUV#ZKLOH#D#ODVHU#VRXUFH#LV#DFWLYH1#1HYHU#
ORRN#GLUHFWO\#LQWR#D#OLYH#ILEHU#DQG#HQVXUH#WKDW#\RXU#H\HV#DUH#SURWHFWHG#
DW#DOO#WLPHV1

&$87,21
8VH#RI#FRQWUROV/#DGMXVWPHQWV/#DQG#SURFHGXUHV#IRU#RSHUDWLRQ#DQG#
PDLQWHQDQFH#RWKHU#WKDQ#WKRVH#VSHFLILHG#KHUHLQ#PD\#UHVXOW#LQ#
KD]DUGRXV#UDGLDWLRQ#H[SRVXUH1
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*HQHUDO#6DIHW\#,QIRUPDWLRQ
6DIHW\#,QVWUXFWLRQV
&$87,21
8VH#RI#RSWLFDO#LQVWUXPHQWV#ZLWK#WKLV#SURGXFW#ZLOO#LQFUHDVH#H\H#KD]DUG1

0RGXOH#,QVHUWLRQ

&$87,21
1HYHU#LQVHUW#RU#UHPRYH#DQ\#PRGXOH#ZKLOH#WKH#,405362,40539#LV#
SRZHUHG#RQ1#7KLV#ZLOO#UHVXOW#LQ#GDPDJH#WR#WKH#PRGXOH#DQG#WR#WKH#
,405362,405391

,03257$17
%H#VXUH#WR#LQVHUW#WKH#PRGXOH#DOO#WKH#ZD\#WR#WKH#EDFN#RI#WKH#
,405362,40539#WR#HQVXUH#WKH#EDFNSODQH#FRQQHFWRUV#DUH#SURSHUO\#
PDWHG1#7KH#PRGXOH#LV#FRUUHFWO\#LQVHUWHG#ZKHQ#WKH#PRGXOH#IURQW#SDQHO#
LV#IOXVK#ZLWK#WKH#,405362,40539#IURQW#SDQHO1

0RGXOH#5HPRYDO

&$87,21
1HYHU#LQVHUW#RU#UHPRYH#DQ\#PRGXOH#ZKHQ#WKH#,40536#0DLQIUDPH#RU#
WKH#,40539#([SDQVLRQ#8QLW#LV#SRZHUHG#RQ1#7KLV#ZLOO#UHVXOW#LQ#LPPHGLDWH#
LUUHSDUDEOH#GDPDJH#WR#WKH#PRGXOH#DQG#WKH#,405362,405391

0DLQWHQDQFH

,03257$17
:KHQ#WKH#PRGXOH#LV#QRW#EHLQJ#XVHG/#WKH#SURWHFWLYH#FDS+V,#VKRXOG#EH#
ILWWHG#RYHU#WKH#GHWHFWRU#SRUW+V,1
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7 %DVLF#2SHUDWLRQ
&RQILJXUDWLRQ#DQG#RSHUDWLRQ#RI#WKH#,404933#LV#FDUULHG#RXW#LQ#1RUPDO#PRGH1#
,W#SURYLGHV#DOO#WKH#FRQWUROV#WR#FKDQJH#RSHUDWLQJ#SDUDPHWHUV#DQG#YLHZ#SRZHU#
UHDGLQJV1#7KH#,404933#PD\#DOVR#EH#RSHUDWHG#LQ#*UDSKLFDO#'LVSOD\#PRGH#
+VHH#*UDSKLFDO#'LVSOD\#0RGH#RQ#SDJH 94,1

1RUPDO#0RGH#0DLQ#:LQGRZ#'HVFULSWLRQ
7KH#1RUPDO#PRGH#PDLQ#ZLQGRZ#FDQ#EH#GLYLGHG#LQWR#ILYH#VHFWLRQV=

³ WLWOH#EDU#DQG#PHQX#EDU

³ IXQFWLRQ#EXWWRQV

³ SDUDPHWHU#GHILQLWLRQ#WDEV

³ GDWD#GLVSOD\

³ VWDWXV#EDU

)LJXUH#7041 1RUPDO#0RGH#0DLQ#:LQGRZ

1RWH= #'HSHQGLQJ#RQ#WKH#FRQILJXUDWLRQ#RI#\RXU#PRGXOH/#WKH#PDLQ#ZLQGRZ#PD\#
GLIIHU#IURP#WKH#LOOXVWUDWLRQ1

7LWOH#EDU

)XQFWLRQ 
EXWWRQV

0HQX#EDU

3DUDPHWHU#
GHILQLWLRQ#WDEV

'DWD#GLVSOD\

6WDWXV#EDU
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%DVLF#2SHUDWLRQ
1RUPDO#0RGH#0DLQ#:LQGRZ#'HVFULSWLRQ
7LWOH#%DU#DQG#0HQX#%DU

7KH#WLWOH#EDU#DQG#PHQX#EDU#DUH#DW#WKH#WRS#RI#WKH#PDLQ#ZLQGRZ#+VHH#
)LJXUH 704,1#7KH#WLWOH#EDU#LQGLFDWHV#WKH#W\SH#RI#SRZHU#PHWHU#\RX#DUH#XVLQJ1#
7KH#PHQX#EDU#FRQWDLQV#GURS0GRZQ#PHQXV#WKDW#DUH#H[SODLQHG#LQ#WKH#
IROORZLQJ#WDEOH=

0HQX 2SWLRQ )XQFWLRQ

)LOH

2SHQ#FRQILJ1 2SHQV#WR#D#SUHYLRXVO\#VDYHG#FRQILJXUDWLRQ1

6DYH#FRQILJ1 6DYHV#WKH#FXUUHQW#FRQILJXUDWLRQ1

([LW &ORVHV#WKH#DSSOLFDWLRQ1

'LVSOD\ 0RQLWRU#

2SHQV#WKH#PRQLWRU#ZLQGRZ/#ZKLFK#GLVSOD\V#
EDVLF#SRZHU#PHWHU#GDWD#+VHH#0RQLWRU#
:LQGRZ#RQ#SDJH 45#IRU#GHWDLOHG#
LQIRUPDWLRQ,1

+HOS

2QOLQH#0DQXDO 2SHQV#WKH#+HOS#ILOH/#ZKLFK#FRQWDLQV#WKH#WH[W#RI#WKLV#LQVWUXFWLRQ#PDQXDO#LQ#3')#IRUPDW1

+DUGZDUH

2SHQV#D#ZLQGRZ#ZKLFK#SURYLGHV#WKH#
IROORZLQJ#KDUGZDUH#LQIRUPDWLRQ=#PRGXOH#
PRGHO#QXPEHU/#VRIWZDUH#YHUVLRQ#QXPEHU/#
PRGXOH#,'/#PRGXOH#VHULDO#QXPEHU/#
FKHFNVXP#VWDWXV/#DQG#HPEHGGHG#VRIWZDUH#
YHUVLRQ#QXPEHU1

$ERXW

2SHQV#D#ZLQGRZ#ZKLFK#SURYLGHV#WKH#
IROORZLQJ#LQIRUPDWLRQ=#PRGXOH#PRGHO#
QXPEHU/#VRIWZDUH#YHUVLRQ#QXPEHU/#
WHOHSKRQH#QXPEHUV/#H0PDLO/#DQG#ZHE#VLWH#
DGGUHVVHV#IRU#WHFKQLFDO#DVVLVWDQFH/#DYDLODEOH#
,40536#V\VWHP#PHPRU\#+5$0,/#DQG#
UHPDLQLQJ#KDUG#GLVN#GULYH#VWRUDJH#VSDFH1

7DEOH#7041 0DLQ#:LQGRZ#'URS0'RZQ#0HQXV
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%DVLF#2SHUDWLRQ
1RUPDO#0RGH#0DLQ#:LQGRZ#'HVFULSWLRQ
)XQFWLRQ#%XWWRQV

7KH#IXQFWLRQ#EXWWRQV/#DORQJ#WKH#OHIW#VLGH#RI#WKH#PDLQ#ZLQGRZ#+VHH#
)LJXUH 704,/#DUH#XVHG#WR#GLUHFWO\#FRQWURO#WKH#SRZHU#PHWHU1

1RWH= 7KH#IXQFWLRQ#EXWWRQV#DUH#DOVR#DYDLODEOH#LQ#PRQLWRU#ZLQGRZ#PRGH1#3ODFH#
WKH#FXUVRU#LQ#WKH#PRQLWRU#ZLQGRZ#DQG#SUHVV#WKH#ULJKW#PRXVH#EXWWRQ1

%XWWRQ 'HVFULSWLRQ

6ZLWFKHV#WR#WKH#QH[W#ZDYHOHQJWK#DV#GHILQHG#E\#WKH#FRQWHQWV#RI#WKH#λ 
OLVW#ER[#+VHH#6HWWLQJ#:DYHOHQJWK#RQ#SDJH 5<,/#IRU#WKH#FXUUHQWO\#
VHOHFWHG#FKDQQHO#ZKHQ#XVLQJ#D#PXOWL0FKDQQHO#SRZHU#PHWHU1

3HUIRUPV#D#UHIHUHQFH#SRZHU#PHDVXUHPHQW#IRU#WKH#FXUUHQWO\#
VHOHFWHG#FKDQQHO/#GHSHQGLQJ#RQ#WKH#SDUDPHWHUV#VHW#LQ#WKH#
5HIHUHQFHV#VHFWLRQ#+VHH#0HDVXULQJ#5HODWLYH#3RZHU#RQ#SDJH 66,1

&KDQJHV#WKH#XQLW#IRU#WKH#FXUUHQWO\#VHOHFWHG#FKDQQHO1#8QLWV#XVHG#DUH#
G%/#G%P/#:#+S:/#Q:/#µ:/#P:111/#DFFRUGLQJ#WR#WKH#SRZHU#RI#WKH#
VLJQDO,/#DQG#:2:1#6HH#6HOHFWLQJ#0HDVXUHPHQW#8QLW#RQ#SDJH 6<1

2SHQV#WKH#*UDSKLFDO#'LVSOD\#0RGH#ZLQGRZ/#DOORZLQJ#UHDO0WLPH#RU#
GHIHUUHG#SRZHU#UHDGLQJV#RI#XS#WR#HLJKW#FKDQQHOV#WR#EH#GLVSOD\HG#DW#
D#WLPH#LQ#D#JUDSKLFDO#RU#WDEXODU#IRUPDW#+VHH#*UDSKLFDO#'LVSOD\#0RGH#
RQ#SDJH 94,1

7RJJOHV#EHWZHHQ#DYHUDJHG#DQG#XQDYHUDJHG#GLVSOD\HG#YDOXHV#+VHH#
8VLQJ#$YHUDJHG#0HDVXUHPHQW#RQ#SDJH 6;,#IRU#WKH#FXUUHQWO\#
VHOHFWHG#FKDQQHO1

6ZLWFKHV#WR#WKH#QH[W#FKDQQHO#+,404953#DQG#,404973,1

7UDQVIHUV#FRQWURO#EHWZHHQ#VRIWZDUH#IXQFWLRQ#EXWWRQV#DQG#,40536#
IURQW#SDQHO#KDUGZDUH#NH\V#+UHIHU#WR#WKH#,40533#2SWLFDO#7HVW#6\VWHP#
,QVWUXFWLRQ#0DQXDO,1

7DEOH#7051 #1RUPDO#0RGH#)XQFWLRQ#%XWWRQV
,404933#+LJK06SHHG#3RZHU#0HWHU#6HULHV 4<



%DVLF#2SHUDWLRQ
1RUPDO#0RGH#0DLQ#:LQGRZ#'HVFULSWLRQ
1RWH= :KHQ#IXQFWLRQ#EXWWRQV#DUH#GLVDEOHG/#WKH\#DSSHDU#JUD\1

,Q#DGGLWLRQ/#WKH#IROORZLQJ#VKRUWFXWV#DUH#GLUHFWO\#DFFHVVLEOH#IURP#\RXU#
RSWLRQDO#KDUGZDUH#NH\ERDUG=

³ )4=#VDPH#HIIHFW#DV#WKH#2QOLQH#0DQXDO#RSWLRQ#LQ#WKH#+HOS#PHQX1

³ )5#WR#):=#VDPH#HIIHFW#DV#WKH#FRUUHVSRQGLQJ#IXQFWLRQ#EXWWRQV1

³ )45=#VDPH#HIIHFW#DV#WKH#)B#IXQFWLRQ#EXWWRQ1

³ $OW0)7=#VDPH#HIIHFW#DV#WKH#([LW#RSWLRQ#LQ#WKH#)LOH#PHQX1

3DUDPHWHU#'HILQLWLRQ#7DEV

&KRRVLQJ#DQ\#RI#WKH#SDUDPHWHU#GHILQLWLRQ#WDEV#+VHH#)LJXUH 704,#RSHQV#D#
ZLQGRZ#IRU#WKH#GHILQLWLRQ#DQG#FXVWRPL]DWLRQ#RI#YDULRXV#RSHUDWLQJ#
SDUDPHWHUV1

7DE 'HVFULSWLRQ

#
2SHQV#WKH#*HQHUDO#VHFWLRQ/#DOORZLQJ#WKH#PRGXOH·V#JHQHUDO#
DSSOLFDWLRQ#SDUDPHWHUV#WR#EH#VHW1

#
2SHQV#WKH#&KDQQHO#VHFWLRQ/#DOORZLQJ#FKDQQHO0VSHFLILF#
SDUDPHWHUV#WR#EH#FXVWRPL]HG1

#
2SHQV#WKH#5HIHUHQFHV#VHFWLRQ/#DOORZLQJ#WKH#W\SH#RI#UHIHUHQFH#
WKDW#ZLOO#EH#XVHG#ZKHQ#FKRRVLQJ#)6#WR#EH#VHW#+VHH##(QWHULQJ#
WKH#&XUUHQW#3RZHU#DV#WKH#5HIHUHQFH#9DOXH#RQ#SDJH 66#DQG##
(QWHULQJ#D#6SHFLILF#5HIHUHQFH#9DOXH#RQ#SDJH 68,1

#
2SHQV#WKH#*UDSK#VHFWLRQ/#DOORZLQJ#WKH#EDVLF#SDUDPHWHUV#RI#
WKH#JUDSKLFDO#DSSOLFDWLRQ#WR#EH#VHW#+VHH#6HWWLQJ#*UDSK#0RGH#
RQ#SDJH 8:,1

2SHQV#WKH#0LQ20D[#VHFWLRQ/#DOORZLQJ#WKH#H[WUHPHV#RI#D#
YDU\LQJ#SRZHU#VLJQDO#WR#EH#UHFRUGHG#+VHH#8VLQJ#0LQ20D[#
)XQFWLRQ#RQ#SDJH 78,1

7DEOH#7061 #3DUDPHWHU#'HILQLWLRQ#7DEV
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%DVLF#2SHUDWLRQ
1RUPDO#0RGH#0DLQ#:LQGRZ#'HVFULSWLRQ
'DWD#'LVSOD\

)LJXUH#7051 'DWD#'LVSOD\#:LQGRZ

³ &KDQQHO#QDPH=#'LVSOD\V#WKH#XVHU0GHILQHG#FKDQQHO#QDPH1#6HH#(QWHULQJ#
D#&KDQQHO#1DPH#RQ#SDJH 5;1

³ &XUUHQW#ZDYHOHQJWK=#'LVSOD\V#WKH#FXUUHQWO\#DFWLYH#ZDYHOHQJWK1#6HH#
6HWWLQJ#:DYHOHQJWK#RQ#SDJH 5<1

³ 3RZHU#UHDGLQJ=#'LVSOD\V#WKH#FXUUHQW#SRZHU#UHDGLQJ#LQ#G%P/#G%/#:#
XQLWV#+S:/#Q:/#µ:/#P:111,/#RU#:2:1#:KHQ#D#GDVKHG#OLQH#+² ² ² ² ² ² ²,#
LV#GLVSOD\HG/#WKH#SRZHU#OHYHO#GHWHFWHG#LV#EHORZ#WKH#ORZHU#OLPLW#RI#WKH#
VHOHFWHG#PHDVXUHPHQW#UDQJH1#:KHQ#D#FURVVHG#OLQH#LV#GLVSOD\HG#
+.......,/#WKH#SRZHU#OHYHO#GHWHFWHG#LV#DERYH#WKH#XSSHU#OLPLW#RI#WKH#
VHOHFWHG#PHDVXUHPHQW#UDQJH1#6HH#6HOHFWLQJ#0HDVXUHPHQW#8QLW#RQ#
SDJH 6<1#:KHQ#$ $ $ $ $ $ $#LV#GLVSOD\HG/#WKH#GLVSOD\HG#GDWD#LV#LQ#WUDQVLWLRQ#
+UDQJH#ZDV#FKDQJHG#GXULQJ#D#&RQWLQXRXV#DFTXLVLWLRQ#ZLWK#$XWRUDQJH#
VHOHFWHG,1#:KHQ#- - - - - - -#LV#GLVSOD\HG/#D #6LQJOH4#DFTXLVLWLRQ#LV#
UXQQLQJ1

41 7R#GLVWLQJXLVK#EHWZHHQ#6LQJOH#DQG#&RQWLQXRXV#DFTXLVLWLRQV/#VHH##3HUIRUPLQJ#&RQWLQXRXV#$FTXLVLWLRQ#RQ#SDJH 76#DQG#
)LOH#$FTXLVLWLRQ#RQ#SDJH 7:1

&KDQQHO#QDPH

&XUUHQW

+LQDFWLYH#LI#JUD\,

&XUUHQW#XQLWV

3RZHU#UHDGLQJ

ZDYHOHQJWK

$FWLYH#FKDQQHO
LGHQWLILHU#+EOXH

IUDPH,

&RUUHFWLRQ#IDFWRU
DFWLYH

$YHUDJLQJ#DFWLYH

$FWLYH#PHDVXUH0
PHQW#UDQJH

5HIHUHQFH#PHDVXUHPHQW
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%DVLF#2SHUDWLRQ
1RUPDO#0RGH#0DLQ#:LQGRZ#'HVFULSWLRQ
³ $XWR#PDUNHU=#'LVSOD\V#WKH#FXUUHQWO\#VHOHFWHG#SRZHU#PHDVXUHPHQW#
UDQJH=#$XWR# #$XWRUDQJH/#/5# #0DQXDO#/RZ#5DQJH/#DQG#+5# #0DQXDO#
+LJK#5DQJH1#6HH#6HWWLQJ#0HDVXUHPHQW#5DQJH#RQ#SDJH 741

³ 5HI#PDUNHU=#'LVSOD\V#WKH#UHIHUHQFH#PHDVXUHPHQW1#6HH#0HDVXULQJ#
5HODWLYH#3RZHU#RQ#SDJH 661

³ $9*#PDUNHU=#,QGLFDWHV#WKDW#WKH#DYHUDJLQJ#IXQFWLRQ#LV#DFWLYH1#6HH#8VLQJ#
$YHUDJHG#0HDVXUHPHQW#RQ#SDJH 6;1

³ &)#PDUNHU=#,QGLFDWHV#WKDW#D#FRUUHFWLRQ#IDFWRU#LV#EHLQJ#XVHG1#6HH#
0HDVXULQJ#&RUUHFWHG#3RZHU#RQ#SDJH 6:1

6WDWXV#%DU

7KH#VWDWXV#EDU#GLVSOD\V#WKH#FXUUHQW#PRGXOH·V#VWDWXV#DV#IROORZV=

³ )UHH#UXQ=#7KH#SRZHU#PHWHU#LV#LQ#QRUPDO#PRGH1

³ :DLWLQJ#IRU#WULJJHU#RU#VWDUW#WLPH=#'DWD#DFTXLVLWLRQ#ZLOO#EHJLQ#DIWHU#D#
VSHFLILHG#WLPH#RU#WULJJHU#FRQGLWLRQ1

³ $FTXLULQJ#LQWR#ILOH=#'DWD#DFTXLVLWLRQ#LQWR#ILOH#LV#LQ#SURJUHVV1

³ 3URFHVVLQJ111=#2QH#RU#VHYHUDO#FRPPDQGV#KDYH#EHHQ#VHQW#WR#WKH#SRZHU#
PHWHU#PRGXOH#DQG#DUH#EHLQJ#SURFHVVHG1

³ 6LQJOH#DFTXLVLWLRQ#LQ#*UDSK#PRGH=#6LQJOH#DFTXLVLWLRQ#LQ#*UDSK#PRGH#LV#
LQ#SURJUHVV1

³ 6LQJOH#DFTXLVLWLRQ#LQ#SURJUHVV=#6LQJOH#DFTXLVLWLRQ#LV#LQ#SURJUHVV#ZLWKRXW#
WULJJHU1

2Q#WKH#VWDWXV#EDU/#\RX#DOVR#ILQG#WKH#/RFDO/#5HPRWH/#RU#/RFNRXW#LQGLFDWLRQ/#
ZKLFK#VSHFLILHV#LI#WKH#SRZHU#PHWHU#LV#FRQWUROOHG#ORFDOO\#RU#UHPRWHO\1#7KH#
IROORZLQJ#WDEOH#H[SODLQV#WKH#PHDQLQJ#RI#WKHVH#LQGLFDWLRQV1#)LQDOO\/#WKH#VWDWXV#
EDU#GLVSOD\V#WKH#WLPH1
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%DVLF#2SHUDWLRQ
1XOOLQJ#(OHFWULFDO#2IIVHWV
1XOOLQJ#(OHFWULFDO#2IIVHWV
7KH#2IIVHW#1XOOLQJ#IXQFWLRQ#SURYLGHV#D#]HUR#SRZHU#UHIHUHQFH#PHDVXUHPHQW/#
WKXV#HOLPLQDWLQJ#WKH#HIIHFWV#RI#HOHFWURQLF#GDUN#FXUUHQW1#)RU#EHWWHU#UHVXOWV#DQG#
DFFXUDF\/#\RX#PXVW#HQVXUH#WKDW#RIIVHWV#DUH#QXOOHG#EHIRUH#HDFK#WHVWLQJ#
VHVVLRQ/#HDFK#WLPH#WKH#XQLW#LV#SRZHUHG#RQ/#RU#ZKHQHYHU#HQYLURQPHQWDO#
FRQGLWLRQV#FKDQJH#ZKLOH#WKH#SRZHU#PHWHU#LV#RSHUDWLQJ#+WHPSHUDWXUH#DQG#
KXPLGLW\#YDULDWLRQV#ZLOO#DIIHFW#WKH#SHUIRUPDQFH#RI#RSWLFDO#GHWHFWRUV,1

,03257$17
:KHQ#WKH#DSSOLFDWLRQ#LV#DFWLYDWHG#DIWHU#D#FROG#VWDUW/#DOORZ#WKH#SRZHU#
PHWHU#WR#ZDUP#XS#IRU#DERXW#53#PLQXWHV#XQWLO#WKH#HOHFWURQLFV#VWDELOL]HV#
EHIRUH#QXOOLQJ#RIIVHWV1

/LJKW#PXVW#QRW#UHDFK#WKH#GHWHFWRU#ZKHQ#SHUIRUPLQJ#WKH#RIIVHW#
QXOOLQJ1

7R#SHUIRUP#DQ#RIIVHW#QXOOLQJ/

41 ,QVWDOO#WKH#SURWHFWLYH#FDS#RYHU#WKH#GHWHFWRU#SRUW1

51 ,I#QHFHVVDU\/#VHOHFW#WKH#GHVLUHG#FKDQQHO#+RQ#D#PXOWL0FKDQQHO#
KLJK0VSHHG#SRZHU#PHWHU,1#7R#VHW#WKH#FKDQQHO/#VHH#6HOHFWLQJ#WKH#
&KDQQHO#+,404953/#,404973,#RQ#SDJH 591

,QGLFDWLRQ 0HDQLQJ

/RFDO 7KH#XQLW#LV#ORFDOO\#FRQWUROOHG1

5HPRWH 7KH#XQLW#LV#UHPRWHO\#FRQWUROOHG#EXW#ORFDO#FRPPDQGV#
FDQ#VWLOO#EH#XVHG1

/RFNRXW 7KH#XQLW#LV#UHPRWHO\#FRQWUROOHG1

7DEOH#7071 0RGXOH#&RQWURO#6WDWXV
,404933#+LJK06SHHG#3RZHU#0HWHU#6HULHV 56



%DVLF#2SHUDWLRQ
1XOOLQJ#(OHFWULFDO#2IIVHWV
)LJXUH#7061 &KDQQHO#6HFWLRQ#+,404953#RU#,404973,

61 ,Q#WKH#&KDQQHO#VHFWLRQ/#FOLFN#RQ #1XOO1#$#PHVVDJH#SURPSWV#\RX#WR#
HQVXUH#WKDW#WKH#GHWHFWRU#FDS#LV#SURSHUO\#LQVWDOOHG1

71 &KRRVH#2.#WR#SHUIRUP#WKH#RIIVHW#QXOOLQJ/#RU#&DQFHO#WR#H[LW1#$#PHVVDJH#
ZLQGRZ#LV#GLVSOD\HG#GXULQJ#WKH#RIIVHW#QXOOLQJ#SURFHVV/#ZKLFK#WDNHV#
DSSUR[LPDWHO\#43#VHFRQGV1

1RWH= 2IIVHW#QXOOLQJ#FRQVWDQWV#DUH#UHWDLQHG#IRU#DOO#FKDQQHOV#XQWLO#D#QHZ#QXOOLQJ#
PHDVXUHPHQW#LV#SHUIRUPHG1

7R#SHUIRUP#DQ#RIIVHW#QXOOLQJ#RQ#DOO#FKDQQHOV#DW#WKH#VDPH#WLPH#ZKHQ#XVLQJ#D#
PXOWL0FKDQQHO#SRZHU#PHWHU/

41 ,QVWDOO#WKH#SURWHFWLYH#FDSV#RYHU#WKH#GHWHFWRU#SRUWV1

)LJXUH#7071 *HQHUDO#6HFWLRQ#+,404953#RU#,404973,

51 ,Q#WKH#*HQHUDO#VHFWLRQ/#FOLFN#RQ #1XOO#$OO1#$#PHVVDJH#SURPSWV#\RX#WR#
HQVXUH#WKDW#WKH#GHWHFWRU#FDSV#DUH#SURSHUO\#LQVWDOOHG1
57 ,4049432495324973



%DVLF#2SHUDWLRQ
6HWWLQJ#&KDQQHO
61 &KRRVH#2.#WR#SHUIRUP#WKH#RIIVHW#QXOOLQJ/#RU#&DQFHO#WR#H[LW1#$#PHVVDJH#
ZLQGRZ#LV#GLVSOD\HG#GXULQJ#WKH#RIIVHW#QXOOLQJ#SURFHVV/#ZKLFK#WDNHV#
DSSUR[LPDWHO\#43#VHFRQGV#SHU#FKDQQHO1

1RWH= 2IIVHW#QXOOLQJ#FRQVWDQWV#DUH#UHWDLQHG#IRU#DOO#FKDQQHOV#XQWLO#D#QHZ#QXOOLQJ#
PHDVXUHPHQW#LV#SHUIRUPHG1

6HWWLQJ#&KDQQHO

6HWWLQJ#&KDQQHO#'LVSOD\#+,404953/#,404973,

41 ,Q#WKH#*HQHUDO#VHFWLRQ/#FOLFN#RQ #0DLQ#RU #0RQLWRU#WR#VHOHFW#FKDQQHO#
GLVSOD\#LQ#WKH#PDWFKLQJ#ZLQGRZ1

)LJXUH#7081 &KDQQHO#'LVSOD\#/LVW#%R[

51 6HOHFW#RU#GLVDEOH#WKH#GHVLUHG#FKDQQHO+V,1#8S#WR#WZR#FKDQQHOV#FDQ#EH#
GLVSOD\HG#XVLQJ#DQ#,404953#DQG#XS#WR#IRXU#FKDQQHOV#XVLQJ#DQ#,404973#
SRZHU#PHWHU/#LQFOXGLQJ#RQH#RU#WZR#YLUWXDO#FKDQQHOV#UHVSHFWLYHO\1#$#
FKHFN#PDUN#+√√√√ ,#DSSHDUV#LQ#IURQW#RI#WKH#VHOHFWHG#FKDQQHO+V,/#DQG#WKH#
PDLQ#RU#PRQLWRU#ZLQGRZ#LPPHGLDWHO\#UHIOHFWV#\RXU#VHOHFWLRQ1

1RWH= 'LVSOD\HG#FKDQQHOV#FDQ#GLIIHU#EHWZHHQ#WKH#PDLQ#ZLQGRZ#DQG#WKH#PRQLWRU#
ZLQGRZ1
,404933#+LJK06SHHG#3RZHU#0HWHU#6HULHV 58



%DVLF#2SHUDWLRQ
6HWWLQJ#&KDQQHO
6HOHFWLQJ#WKH#&KDQQHO#+,404953/#,404973,

7KH#,404953#DQG#,404973#KDYH#WZR#DQG#IRXU#LQGHSHQGHQW#RSWLFDO#FKDQQHOV#
UHVSHFWLYHO\1

7R#VHOHFW#DQ#RSWLFDO#FKDQQHO/

,Q#WKH#&KDQQHO#VHFWLRQ/#RSHQ#WKH#&KDQQHO#OLVW#ER[#DQG#FOLFN#RQ#WKH#GHVLUHG#
FKDQQHO1

)LJXUH#7091 &KDQQHO#6HOHFWLRQ#/LVW#%R[

2U

&KRRVH#):#+&KDQ,#IURP#WKH#PDLQ#ZLQGRZ#+VHH#)LJXUH 704#RQ#SDJH 4:,1

2U

&OLFN#RQ#WKH#DSSURSULDWH#GDWD#GLVSOD\#]RQH#+VHH#)LJXUH 704#RQ#SDJH 4:,1

6HOHFWLQJ#D#9LUWXDO#&KDQQHO#+,404953/#,404973,

,Q#DGGLWLRQ#WR#WKH#RSWLFDO#FKDQQHOV/#WKH#,4#VRIWZDUH#RIIHUV#RQH#YLUWXDO#
FKDQQHO#IRU#WKH#,404953#DQG#WZR#YLUWXDO#FKDQQHOV#IRU#WKH#,4049731

$#YLUWXDO#FKDQQHO#LV#D#FRPELQDWLRQ#+VXP/#GLIIHUHQFH/#SURGXFW/#RU#UDWLR,#RI#
WKH#PHDVXUHG#SRZHU#IURP#DQ\#WZR#RSWLFDO#FKDQQHOV1#7KLV#IHDWXUH#SURYLGHV#
DQ#H[WUHPHO\#IOH[LEOH#FRPSDUDWLYH#PHDVXUHPHQW#GLVSOD\1#$#YLUWXDO#FKDQQHO#
LV#XVHG#DQG#FRQWUROOHG#LQ#WKH#VDPH#ZD\#DV#DQ#RSWLFDO#FKDQQHO1#9LUWXDO#
FKDQQHOV#RQO\#DSSO\#WR#&RQWLQXRXV#DFTXLVLWLRQV1
59 ,4049432495324973



%DVLF#2SHUDWLRQ
6HWWLQJ#&KDQQHO
7KH#YLUWXDO#FKDQQHO#LV#DQ#H[FHOOHQW#WRRO#IRU#FRPSDULQJ#WZR#RSWLFDO#FKDQQHOV1#
)RU#H[DPSOH/#LI#WZR#GHYLFHV#+FRQQHFWHG#WR#FKDQQHOV#&4#DQG#&7,#DUH#
VXSSRVHG#WR#KDYH#LGHQWLFDO#SRZHU#OHYHOV/#GLVSOD\LQJ#D#YLUWXDO#FKDQQHO#
+GHILQHG#DV#FKDQQHO#&4#PLQXV#FKDQQHO#&7,#SURYLGHV#TXLFN#PRQLWRULQJ#RI#
ERWK#GHYLFHV#DQG#KLJKOLJKWV#DQ\#SRZHU#IOXFWXDWLRQV1

7R#GHILQH#D#YLUWXDO#FKDQQHO/

41 ,Q#WKH#&KDQQHO#VHFWLRQ/#RSHQ#WKH#&KDQQHO#OLVW#ER[1

51 &OLFN#RQ#WKH#GHVLUHG#YLUWXDO#FKDQQHO#+ZKHQ#XVLQJ#DQ#,404953/#RQO\#
YLUWXDO#FKDQQHO#&4#FDQ#EH#VHOHFWHG,1

61 ,Q#WKH#ILUVW#ER[#RI#WKH#2SHUDWLRQ#DUHD/#VHOHFW#WKH#ILUVW#RSWLFDO#FKDQQHO1

71 ,Q#WKH#VHFRQG#ER[/#VHOHFW#WKH#YLUWXDO#FKDQQHO#RSHUDWRU#+./#0/#-/#RU#2,1

81 ,Q#WKH#WKLUG#ER[/#VHOHFW#WKH#VHFRQG#FKDQQHO1

)LJXUH#70:1 'HILQLQJ#WKH#9LUWXDO#&KDQQHO

6LQFH#RSHUDWLRQV#EHWZHHQ#FKDQQHOV#FDQQRW#EH#PDGH#ZLWK#DQ\#W\SH#RI#
PHDVXUHPHQW#XQLW/#WKH#VHFRQG#FKDQQHO#DQG#WKH#RSHUDWRU#FDQ#EH#VHOHFWHG#
DFFRUGLQJ#WR#WKH#XQLW#RI#WKH#ILUVW#FKDQQHO#DV#GHVFULEHG#LQ#WKH#IROORZLQJ#WDEOH=

)LUVW#&KDQQHO#8QLW 6HFRQG#&KDQQHO#
8QLW

9LUWXDO#&KDQQHO#8QLW#DQG#
$OORZHG#2SHUDWRUV

G%P G%P G% +RSHUDWRU#0,

G%P G% G%P +RSHUDWRUV#.#DQG#0,

G% G%P G%P +RSHUDWRUV#.#DQG#0,

G% G% G% +RSHUDWRUV#.#DQG#0,

7DEOH#7081 &KDQQHO#8QLW#&RPELQDWLRQV#+3DUW#4#RI#5,
,404933#+LJK06SHHG#3RZHU#0HWHU#6HULHV 5:



%DVLF#2SHUDWLRQ
6HWWLQJ#&KDQQHO
1RWH= 6LQFH#D#YLUWXDO#FKDQQHO#FRQVLVWV#RI#D#PDWKHPDWLFDO#RSHUDWLRQ#XVLQJ#WZR#
RSWLFDO#FKDQQHOV/#WKH#RQO\#SDUDPHWHU#WKDW#FDQ#EH#VHW#IRU#D#YLUWXDO#FKDQQHO#LV#
LWV#QDPH1

(QWHULQJ#D#&KDQQHO#1DPH

$#XVHU0VHOHFWHG#QDPH#FDQ#EH#JLYHQ#WR#HDFK#SRZHU#PHWHU#FKDQQHO/#
LQFOXGLQJ#D#YLUWXDO#FKDQQHO1#7KH#FKDQQHO#QDPH#DSSHDUV#LQ#WKH#PDLQ#
ZLQGRZ#DV#ZHOO#DV#LQ#WKH#PRQLWRU#ZLQGRZ1#1DPLQJ#HDFK#FKDQQHO#LV#
SDUWLFXODUO\#XVHIXO#ZKHQ#PRUH#WKDQ#RQH#SRZHU#PHDVXUHPHQW#QHHGV#WR#EH#
GLVSOD\HG/#HVSHFLDOO\#LQ#PRQLWRU#ZLQGRZ#PRGH#ZLWK#VHYHUDO#RSWLFDO#SRZHU#
PHWHUV#GLVSOD\HG#VLPXOWDQHRXVO\1#7KH#QDPH#VKRXOG#EH#DV#VHOI0H[SODQDWRU\#
DV#SRVVLEOH#+IRU#H[DPSOH#´3RZHU0)LEHU#4µ,1

7R#HQWHU#D#FKDQQHO#QDPH/

41 ,I#QHFHVVDU\/#VHOHFW#WKH#FKDQQHO#IRU#ZKLFK#\RX#ZDQW#WR#VHW#WKH#QDPH1

51 ,Q#WKH#&KDQQHO#VHFWLRQ/#FOLFN#RQ#WKH#1DPH#HGLW#ER[1#,I#\RX#GRXEOH0FOLFN#
RQ#LW/#WKH#VRIWZDUH#NH\SDG#ZLOO#DSSHDU1

)LJXUH#70;1 &KDQQHO#1DPH#(GLW#%R[

61 8VLQJ#WKH#VRIWZDUH#NH\SDG#RU#\RXU#RSWLRQDO#KDUGZDUH#NH\ERDUG/#HQWHU#
DQ\#GHVFULSWLYH#WH[W#RI#XS#WR#88#FKDUDFWHUV/#WKHQ#FKRRVH#(QWHU1

: : :2: +RSHUDWRU#2,

: :2: : +RSHUDWRUV#-#DQG#2,

:2: : : +RSHUDWRUV#-#DQG#2,

:2: :2: :2: +RSHUDWRUV#-#DQG#2,

)LUVW#&KDQQHO#8QLW 6HFRQG#&KDQQHO#
8QLW

9LUWXDO#&KDQQHO#8QLW#DQG#
$OORZHG#2SHUDWRUV

7DEOH#7081 &KDQQHO#8QLW#&RPELQDWLRQV#+3DUW#5#RI#5,
5; ,4049432495324973



%DVLF#2SHUDWLRQ
6HWWLQJ#:DYHOHQJWK
7LS= /RZHU#FDVH#FKDUDFWHUV#QHHG#OHVV#VFUHHQ#VSDFH#DQG#WKHUHIRUH#DOORZ#ORQJHU#
GHVFULSWLYH#QDPHV1

6HWWLQJ#:DYHOHQJWK
:KHQ#SHUIRUPLQJ#DFFXUDWH#RSWLFDO#SRZHU#PHDVXUHPHQWV/#LW#LV#LPSRUWDQW#
WKDW#WKH#,404933#+LJK06SHHG#3RZHU#0HWHU#LV#VHW#WR#WKH#FRUUHFW#ZDYHOHQJWK#
WR#FRPSHQVDWH#IRU#WKH#UHVSRQVLYLW\#RI#WKH#SKRWRGHWHFWRU#DW#WKH#LQFLGHQW#
ZDYHOHQJWK1#,GHDOO\/#WKH#SRZHU#PHWHU·V#ZDYHOHQJWK#VKRXOG#EH#VHW#DV#FORVH#
DV#SRVVLEOH#WR#WKH#ZDYHOHQJWK#RI#WKH#RSWLFDO#VRXUFH#EHLQJ#XVHG1

6HOHFWLQJ#WKH#:DYHOHQJWK

7KH#ZDYHOHQJWK#PXVW#EH#VHOHFWHG#IURP#WKH#ZDYHOHQJWK#OLVW1#7R#VHW#WKH#
ZDYHOHQJWK#OLVW/#VHH#:DYHOHQJWK#/LVW#RQ#SDJH 631

7R#VHOHFW#WKH#ZDYHOHQJWK/

41 ,I#QHFHVVDU\/#VHOHFW#WKH#FKDQQHO#IRU#ZKLFK#\RX#ZDQW#WR#VHW#WKH#
ZDYHOHQJWK1

51 ,Q#WKH#&KDQQHO#VHFWLRQ/#RSHQ#WKH#λ#OLVW#ER[1

)LJXUH#70<1 6HWWLQJ#:DYHOHQJWK

61 &OLFN#RQ#WKH#GHVLUHG#YDOXH1#7KH#λ#OLVW#ER[#ZLOO#FORVH/#WKH#VHOHFWHG#YDOXH#
ZLOO#EH#GLVSOD\HG/#DQG#PHDVXUHPHQWV#ZLOO#EH#WDNHQ#DW#WKH#VHW#
ZDYHOHQJWK1

1RWH= ,W#LV#DOVR#SRVVLEOH#WR#VFUROO#WKURXJK#WKH#ZDYHOHQJWK#OLVW#E\#FKRRVLQJ#+λ,#)5#
IURP#WKH#PDLQ#ZLQGRZ1
,404933#+LJK06SHHG#3RZHU#0HWHU#6HULHV 5<



%DVLF#2SHUDWLRQ
6HWWLQJ#:DYHOHQJWK
:DYHOHQJWK#/LVW

7KH#YDOXHV#FRQWDLQHG#LQ#WKH#λ#OLVW#ER[/#DFFHVVLEOH#IURP#WKH#&KDQQHO#VHFWLRQ#
+VHH#DERYH,#RU#E\#FKRRVLQJ#+λ,#)5#IURP#WKH#PDLQ#ZLQGRZ/#GHWHUPLQH#
ZKLFK#ZDYHOHQJWKV#DUH#DYDLODEOH#GXULQJ#RSHUDWLRQ#RI#WKH#,4049331#3OHDVH#
UHIHU#WR#WKH#&HUWLILFDWH#RI#&RPSOLDQFH#VXSSOLHG#ZLWK#\RXU#SRZHU#PHWHU#IRU#
LQIRUPDWLRQ#DERXW#WKH#VSHFLILHG#ZDYHOHQJWKV#DOORZDEOH1#8S#WR#73#
ZDYHOHQJWKV#FDQ#EH#LQFOXGHG#LQ#WKH#OLVW#DW#WKH#VDPH#WLPH1

7R#DGG#D#ZDYHOHQJWK#WR#WKH#λ#OLVW/

41 ,Q#WKH#*HQHUDO#VHFWLRQ/#FOLFN#RQ#:DYHOHQJWK#/LVW1

)LJXUH#70431 :DYHOHQJWK#/LVW#:LQGRZ

51 &OLFN#RQ#WKH#QP#HGLW#ER[1#,I#\RX#GRXEOH0FOLFN#RQ#LW/#WKH#DEULGJHG#
VRIWZDUH#NH\SDG#ZLOO#DSSHDU1

61 8VLQJ#WKH#DEULGJHG#VRIWZDUH#NH\SDG#RU#\RXU#RSWLRQDO#KDUGZDUH#
NH\ERDUG/#HQWHU#WKH#ZDYHOHQJWK#YDOXH#WR#EH#DGGHG1#<RX#FDQ#HQWHU#D#
YDOXH#ZLWK#D#3134 QP#UHVROXWLRQ1

71 &KRRVH#$GG#WR#FRQILUP#WKH#QHZ#ZDYHOHQJWK1
63 ,4049432495324973



%DVLF#2SHUDWLRQ
6HWWLQJ#:DYHOHQJWK
1RWH= $#ZDUQLQJ#PHVVDJH#LV#GLVSOD\HG#LI#WKH#QHZ#ZDYHOHQJWK#LV#QRW#ZLWKLQ#WKH#
SRZHU#PHWHU·V#ZDYHOHQJWK#UDQJH/#RU#LI#WKH#QHZ#ZDYHOHQJWK#LV#DOUHDG\#
LQFOXGHG#LQ#WKH#OLVW1

81 &KRRVH#2.#WR#FRQILUP#WKH#VWRUDJH/#RU#&DQFHO#WR#H[LW#WKH#:DYHOHQJWK#
/LVW#ZLQGRZ#ZLWKRXW#VWRULQJ#WKH#FKDQJH1

1RWH= &KRRVLQJ 2.#GRHV#QRW#DIIHFW#WKH#FXUUHQWO\#VHOHFWHG#ZDYHOHQJWK1

7R#GHOHWH#D#ZDYHOHQJWK#IURP#WKH#λ#OLVW/

41 ,Q#WKH#*HQHUDO#VHFWLRQ/#FOLFN#RQ#:DYHOHQJWK#/LVW1

51 6FUROO#WKURXJK#WKH#ZDYHOHQJWK#OLVW#ER[#DQG#KLJKOLJKW#WKH#ZDYHOHQJWK#WR#
EH#GHOHWHG1

61 &KRRVH#'HOHWH#WR#FRQILUP#WKH#RSHUDWLRQ1

1RWH= <RX#FDQ#GHOHWH#PRUH#WKDQ#RQH#ZDYHOHQJWK#E\#KROGLQJ#GRZQ#WKH#6KLIW#RU#&WUO#
NH\#DQG#VHOHFWLQJ#WKH#DSSURSULDWH#ZDYHOHQJWKV#VLPXOWDQHRXVO\1#1H[W/#SUHVV#
WKH#'HOHWH#NH\#WR#FRPSOHWH#WKH#PXOWLSOH#GHOHWLRQ1

1RWH= ,W#LV#QRW#SRVVLEOH#WR#GHOHWH#D#ZDYHOHQJWK#WKDW#LV#FXUUHQWO\#EHLQJ#XVHG1

71 &KRRVH#2.#WR#FRQILUP#WKH#GHOHWLRQ/#RU#&DQFHO#WR#H[LW#WKH#:DYHOHQJWK#
/LVW#ZLQGRZ#ZLWKRXW#GHOHWLQJ#WKH#ZDYHOHQJWK1
,404933#+LJK06SHHG#3RZHU#0HWHU#6HULHV 64



%DVLF#2SHUDWLRQ
0HDVXULQJ#3RZHU
0HDVXULQJ#3RZHU
3RZHU#PHDVXUHPHQWV#FDQ#EH#GLVSOD\HG#LQ#WKUHH#GLIIHUHQW#ZD\V=

³ DEVROXWH#SRZHU

³ UHODWLYH#SRZHU

³ FRUUHFWHG#SRZHU#+DEVROXWH#RU#UHODWLYH#SRZHU#SOXV2WLPHV#D#FRUUHFWLRQ#
IDFWRU,

0HDVXULQJ#$EVROXWH#3RZHU

:KHQ#LQ#DEVROXWH#SRZHU/#PHDVXUHG#YDOXHV#DUH#GLVSOD\HG#LQ#HLWKHU#G%P#RU#
:#XQLWV#+S:/#Q:/#µ:/#P:111,#DQG#WKH#GLVSOD\HG#YDOXH#UHSUHVHQWV#WKH#
DEVROXWH#RSWLFDO#SRZHU#UHDFKLQJ#WKH#GHWHFWRU#ZLWKLQ#VSHFLILHG#XQFHUWDLQW\1

)LJXUH#70441 $EVROXWH#3RZHU#'LVSOD\

7R#GLVSOD\#DEVROXWH#SRZHU/

41 ,I#QHFHVVDU\/#VHOHFW#WKH#UHTXLUHG#FKDQQHO1

51 6HOHFW#WKH#DSSURSULDWH#ZDYHOHQJWK1

61 &KRRVH#+8QLW,#)7#XQWLO#WKH#GHVLUHG#GLVSOD\#XQLW#LV#VKRZQ1

1RWH= :KHQ#GLVSOD\LQJ#DEVROXWH#SRZHU/#WKH#5HI#YDOXH#DSSHDUV#JUD\1

$Q#DEVROXWH#SRZHU#PHDVXUHPHQW#LQ#QHJDWLYH#:#XQLWV#LQGLFDWHV#WKDW#
HOHFWULFDO#RIIVHWV#ZHUH#LPSURSHUO\#QXOOHG1#,I#WKLV#KDSSHQV/#UHSHDW#WKH#RIIVHW#
QXOOLQJ#+VHH#1XOOLQJ#(OHFWULFDO#2IIVHWV#RQ#SDJH 56,1
65 ,4049432495324973



%DVLF#2SHUDWLRQ
0HDVXULQJ#3RZHU
0HDVXULQJ#5HODWLYH#3RZHU

3RZHU#PHDVXUHPHQWV#FDQ#EH#GLVSOD\HG#DV#D#GHYLDWLRQ#IURP#DQ#DEVROXWH#
UHIHUHQFH#YDOXH1#7KH#UHODWLYH#SRZHU#LV#SDUWLFXODUO\#XVHIXO#ZKHQ#SHUIRUPLQJ#
LQVHUWLRQ#ORVV#PHDVXUHPHQWV1

5HODWLYH#SRZHU#LV#GLVSOD\HG#LQ#G%#ZKHQ#WKH#UHIHUHQFH#YDOXH#LV#PHDVXUHG#LQ#
G%P1#,Q#WKLV#FDVH/#WKH#YDOXH#ZLOO#EH#HLWKHU#SRVLWLYH#RU#QHJDWLYH/#DV#WKH#DFWXDO#
PHDVXUHG#SRZHU#LV#KLJKHU#RU#ORZHU#WKDQ#WKH#UHIHUHQFH#SRZHU1

,I#WKH#UHIHUHQFH#YDOXH#LV#LQ#:/#WKH#UHODWLYH#SRZHU#ZLOO#EH#GLVSOD\HG#LQ#:2:1#
,Q#WKLV#FDVH/#WKH#UHODWLYH#SRZHU#LV#WKH#GHYLDWLRQ#UDWLR#IURP#WKH#UHIHUHQFH#DQG#
ZLOO#DOZD\V#EH#D#SRVLWLYH#YDOXH1

,Q#)LJXUH 7045/#WKH#PHDVXUHG#SRZHU#LV#6413:: G%#KLJKHU#WKDQ#WKH#UHIHUHQFH#
YDOXH#RI#0671596 G%P1#7KH#DEVROXWH#SRZHU#LV#0614;9 G%P1

)LJXUH#70451 5HODWLYH#3RZHU#'LVSOD\

7R#GLVSOD\#VLJQLILFDQW#UHODWLYH#SRZHU#YDOXHV/#LW#LV#LPSRUWDQW#WR#KDYH#DQ#
DSSURSULDWH#UHIHUHQFH#YDOXH1#7ZR#FKRLFHV#RI#UHIHUHQFHV#DUH#DYDLODEOH1#%RWK#
DUH#DSSOLHG#E\#FKRRVLQJ#)6#+5HI,#IURP#WKH#PDLQ#ZLQGRZ1

(QWHULQJ#WKH#&XUUHQW#3RZHU#DV#WKH#5HIHUHQFH#9DOXH
7KLV#W\SH#RI#UHIHUHQFH#LV#D#FXUUHQW#SRZHU#PHDVXUHPHQW#WKDW#FDQQRW#EH#
PRGLILHG#E\#WKH#XVHU1

7R#HQWHU#WKH#FXUUHQW#SRZHU#PHDVXUHPHQW#+PRGXOH#UHIHUHQFH,#DV#WKH#
UHIHUHQFH/

41 8VLQJ#DSSURSULDWH#DGDSWHUV#DQG#WHVW#MXPSHUV/#FRQQHFW#WKH#RSWLFDO#
FLUFXLW#EHLQJ#UHIHUHQFHG#WR#D#GHWHFWRU#SRUW1

Ref.:
Channel 1
λ: 1550.00 nm

Auto
-34.263 dBm

dB
-31.077
,404933#+LJK06SHHG#3RZHU#0HWHU#6HULHV 66



%DVLF#2SHUDWLRQ
0HDVXULQJ#3RZHU
)LJXUH#70461 5HIHUHQFHV#6HFWLRQ

51 ,I#QHFHVVDU\/#VHOHFW#WKH#DSSURSULDWH#FKDQQHO1

61 ,Q#WKH#5HIHUHQFHV#VHFWLRQ/#HQVXUH#WKDW#WKH#UHIHUHQFH#ZLOO#EH#WDNHQ#IURP#
D#FXUUHQW#SRZHU#PHDVXUHPHQW#DQG#QRW#IURP#WKH#XVHU0GHILQHG#OLVW1#)RU#
WKLV/#WKH#8VH#0RGXOH#5HIHUHQFH#FKHFN#ER[#PXVW#EH#HQDEOHG#DV#VKRZQ#
LQ#)LJXUH 70461

71 6HOHFW#WKH#DSSURSULDWH#ZDYHOHQJWK1

81 &KRRVH#)6#+5HI,1

7KH#SRZHU#PHWHU#ZLOO#WDNH#D#UHIHUHQFH#PHDVXUHPHQW#DQG#WKH#5HI1#YDOXH#
GLVSOD\HG#ZLOO#EH#XSGDWHG#WR#UHIOHFW#WKH#QHZ#UHIHUHQFH1#2QFH#WKH#UHIHUHQFH#
PHDVXUHPHQW#KDV#EHHQ#SHUIRUPHG/#WKH#SRZHU#PHWHU#DXWRPDWLFDOO\#
GLVSOD\V#UHODWLYH#SRZHU#LQ#G%#LI#WKH#FXUUHQWO\#VHOHFWHG#PHDVXUHPHQW#XQLW#LV#
G%#RU#G%P/#RU#LQ#:2:#LI#WKH#FXUUHQWO\#VHOHFWHG#PHDVXUHPHQW#XQLW#LV#:#RU#
:2:1#7KH#UHIHUHQFH#YDOXH#ZLOO#EH#GLVSOD\HG#XQWLO#D#QHZ#UHIHUHQFH#KDV#EHHQ#
WDNHQ1

1RWH= &KRRVLQJ#)6#+5HI,#VZLWFKHV#WKH#FXUUHQW#FKDQQHO#GLVSOD\#WR#UHODWLYH#PRGH1

<RX#PLJKW#ZDQW#WR#VZLWFK#IURP#DEVROXWH#SRZHU#PHDVXUHPHQWV#WR#UHODWLYH#
SRZHU#PHDVXUHPHQWV#DQG#XVH#WKH#SUHYLRXVO\#VWRUHG#UHIHUHQFH#YDOXH1

41 ,I#QHFHVVDU\/#VHOHFW#WKH#DSSURSULDWH#FKDQQHO1

51 6HOHFW#WKH#GHVLUHG#ZDYHOHQJWK1
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%DVLF#2SHUDWLRQ
0HDVXULQJ#3RZHU
61 &KRRVH#+8QLW,#)7#XQWLO#WKH#GLVSOD\#VZLWFKHV#WR#UHODWLYH#PRGH#LQ#G%/#
ZKHUH#WKH#YDOXH#GLVSOD\HG#LV#HTXDO#WR#WKH#DEVROXWH#SRZHU#PLQXV#WKH#
SUHYLRXVO\#VWRUHG#UHIHUHQFH#SRZHU/#RU#LQ#:2:/#ZKHUH#WKH#YDOXH#
GLVSOD\HG#LV#WKH#GHYLDWLRQ#UDWLR#IURP#WKH#UHIHUHQFH1

1RWH= :KHQ#GLVSOD\LQJ#UHODWLYH#SRZHU/#WKH#5HI#YDOXH#DSSHDUV#LQ#EODFN1#$#UHIHUHQFH#
YDOXH#LV#UHWDLQHG#IRU#HDFK#FKDQQHO1

7LS= 7KH#UHIHUHQFH#YDOXH#FDQ#EH#UHVHW#DW#DQ\#WLPH#E\#FKRRVLQJ#)6#+5HI,1

(QWHULQJ#D#6SHFLILF#5HIHUHQFH#9DOXH
7KLV#W\SH#RI#UHIHUHQFH#LV#D#SUHGHILQHG#XVHU#UHIHUHQFH#WKDW#LV#FKRVHQ#IURP#D#
OLVW1

7R#VHOHFW#D#XVHU0GHILQHG#UHIHUHQFH/

)LJXUH#70471 5HIHUHQFHV#6HFWLRQ

41 ,Q#WKH#5HIHUHQFHV#VHFWLRQ/#GLVDEOH#WKH#8VH#0RGXOH#5HIHUHQFH#FKHFN#
ER[1#7KLV#ZLOO#RQO\#EH#SRVVLEOH#LI#DW#OHDVW#RQH#XVHU#UHIHUHQFH#LV#DOUHDG\#
LQFOXGHG#LQ#WKH#UHIHUHQFH#OLVW1

51 6HOHFW#WKH#GHVLUHG#UHIHUHQFH#LQ#WKH#UHIHUHQFH#OLVW#E\#FOLFNLQJ#RQ#WKH#
PDWFKLQJ#FKHFN#ER[1#2QO\#RQH#UHIHUHQFH#FDQ#EH#VHOHFWHG#DW#D#WLPH1

1RWH= 7KH#UHIHUHQFH#ZLOO#QRW#EH#DFWLYH#XQWLO#\RX#FKRRVH#)6#+5HI,#IURP#WKH#PDLQ#
ZLQGRZ1
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%DVLF#2SHUDWLRQ
0HDVXULQJ#3RZHU
7R#DGG#D#XVHU#UHIHUHQFH#WR#WKH#OLVW/

41 ,Q#WKH#5HIHUHQFHV#VHFWLRQ/#FOLFN#RQ#$GG1#$Q#HPSW\#OLQH#DSSHDUV#RQ#WRS#
RI#WKH#UHIHUHQFH#OLVW1#,I#\RX#GRXEOH0FOLFN#RQ#LW/#WKH#VRIWZDUH#NH\SDG#ZLOO#
DSSHDU1

51 8VLQJ#WKH#VRIWZDUH#NH\SDG#RU#\RXU#RSWLRQDO#KDUGZDUH#NH\ERDUG/#HQWHU#D#
WH[W#RI#XS#WR#48#FKDUDFWHUV1

61 (QWHU#D#UHIHUHQFH#IURP#04331333 G%P#WR#4331333 G%P#+LI#WKH#FXUUHQWO\#
VHOHFWHG#PHDVXUHPHQW#XQLW#LV#G%#RU#G%P,#RU#IURP#046:#WR#.::#+LI#
WKH#FXUUHQWO\#VHOHFWHG#PHDVXUHPHQW#XQLW#LV#:#RU#:2:,1#8S#WR#73#XVHU#
UHIHUHQFHV#FDQ#EH#HQWHUHG1

1RWH= 7KH#XVHU#UHIHUHQFH#OLVW#DSSOLHV#WR#DOO#FKDQQHOV#+ZKHQ#XVLQJ#DQ#,404953#RU#
,404973,/#EXW#WKH#VHOHFWHG#XVHU#UHIHUHQFH#DSSOLHV#RQO\#WR#WKH#FXUUHQWO\#
VHOHFWHG#FKDQQHO1

7R#PRGLI\#D#XVHU#UHIHUHQFH#LQ#WKH#OLVW/

41 ,Q#WKH#5HIHUHQFHV#VHFWLRQ/#VHOHFW#WKH#UHIHUHQFH#WR#EH#PRGLILHG#E\#
FOLFNLQJ#RQ#LW#LQ#WKH#UHIHUHQFH#OLVW1

51 &OLFN#RQ#0RGLI\1

61 3URFHHG#ZLWK#WKH#UHTXLUHG#FKDQJH#+UHIHUHQFH#QDPH#RU#YDOXH,1#<RX#FDQ#
VZLWFK#EHWZHHQ#WKH#WZR#ILHOGV#XVLQJ#WKH#FXUVRU#RU#WKH#7DE#NH\1

7R#GHOHWH#D#XVHU#UHIHUHQFH#IURP#WKH#OLVW/

41 ,Q#WKH#5HIHUHQFHV#VHFWLRQ/#VHOHFW#WKH#UHIHUHQFH#WR#EH#GHOHWHG#E\#FOLFNLQJ#
RQ#LW#LQ#WKH#UHIHUHQFH#OLVW1

51 &OLFN#RQ#'HOHWH1

61 &KRRVH#2.#WR#FRQILUP#WKH#GHOHWLRQ1

1RWH= <RX#FDQ#GHOHWH#PRUH#WKDQ#RQH#XVHU#UHIHUHQFH#E\#KROGLQJ#GRZQ#WKH#6KLIW#RU#
&WUO#NH\#DQG#VHOHFWLQJ#WKH#DSSURSULDWH#XVHU#UHIHUHQFHV#VLPXOWDQHRXVO\1#1H[W/#
FOLFN#RQ#'HOHWH#WKHQ#FKRRVH#2.#WR#FRQILUP#WKH#PXOWLSOH#GHOHWLRQ1
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%DVLF#2SHUDWLRQ
0HDVXULQJ#3RZHU
0HDVXULQJ#&RUUHFWHG#3RZHU

$SSO\LQJ#D#FRUUHFWLRQ#IDFWRU#WR#WKH#PHDVXUHG#SRZHU#LV#XVHIXO#ZKHQ#
FRPSHQVDWLQJ#IRU#NQRZQ#LQDFFXUDFLHV#+SRZHU#JDLQV#RU#ORVVHV,#DW#VSHFLILF#
ZDYHOHQJWKV1

$#FRUUHFWLRQ#IDFWRU#+&),#FDQ#EH#DSSOLHG#WR#DQ\#PHDVXUHPHQW#WKDW#LV#
GLVSOD\HG#LQ#HLWKHU#G%/#G%P/#:/#RU#:2:1

:KHQ#D#G%#FRUUHFWLRQ#IDFWRU#GLIIHUHQW#IURP#31333#LV#GHILQHG/#WKH#GLVSOD\HG#
SRZHU#LV#HTXDO#WR#WKH#DFWXDO#SRZHU#SOXV#WKH#YDOXH#RI#WKH#FRUUHFWLRQ#IDFWRU1#
:KHQ#D#:2:#FRUUHFWLRQ#IDFWRU#GLIIHUHQW#IURP#41333#LV#GHILQHG/#WKH#
GLVSOD\HG#SRZHU#LV#HTXDO#WR#WKH#DFWXDO#SRZHU#WLPHV#WKH#YDOXH#RI#WKH#
FRUUHFWLRQ#IDFWRU1#:LWK#DQ#DFWLYH#FRUUHFWLRQ#IDFWRU/#WKH#&)#PDUNHU#DSSHDUV#
LQ#WKH#GDWD#GLVSOD\#IRU#WKH#PDWFKLQJ#FKDQQHO1

1RWH= 6SHFLDO#FDUH#PXVW#EH#WDNHQ#ZKHQ#VHWWLQJ#D#FRUUHFWLRQ#IDFWRU#DV#LW#HPXODWHV#D#
QHZ#FDOLEUDWLRQ#+WKH#PRGXOH#FDOLEUDWLRQ#LV#QRW#DIIHFWHG#DQG#ZLOO#EH#UHVWRUHG#
E\#VHWWLQJ#EDFN#WKH#&)#WR#D#QXOO#YDOXH,1

:KHQ#H[SUHVVHG#LQ#G%/#WKH#FRUUHFWLRQ#IDFWRU#FDQ#EH#D#SRVLWLYH#RU#QHJDWLYH#
YDOXH1#:KHQ#WKH#FXUUHQWO\#VHOHFWHG#PHDVXUHPHQW#XQLW#LV#:/#WKH#FRUUHFWLRQ#
IDFWRU#LV#H[SUHVVHG#LQ#:2:/#LQGLFDWLQJ#D#PXOWLSOLFDWLRQ#IDFWRU#IRU#WKH#FXUUHQW#
ZDYHOHQJWK#DQG#FKDQQHO1#7KH#FRUUHFWLRQ#IDFWRU#H[SUHVVHG#LQ#:2:#ZLOO#
DOZD\V#EH#D#SRVLWLYH#YDOXH1

7R#XVH#FRUUHFWHG#SRZHU/#L1H1/#WR#VHW#D#FRUUHFWLRQ#IDFWRU/

41 ,I#QHFHVVDU\/#VHOHFW#WKH#FKDQQHO#IRU#ZKLFK#\RX#ZDQW#WR#VHW#WKH#
FRUUHFWLRQ#IDFWRU1

51 6HOHFW#WKH#ZDYHOHQJWK#WR#ZKLFK#WKH#FRUUHFWLRQ#IDFWRU#ZLOO#EH#DSSOLHG1

61 ,Q#WKH#&KDQQHO#VHFWLRQ/#FOLFN#RQ#WKH#&)#HGLW#ER[1#,I#\RX#GRXEOH0FOLFN#RQ#
LW/#WKH#DEULGJHG#VRIWZDUH#NH\SDG#ZLOO#DSSHDU1

)LJXUH#70481 &RUUHFWLRQ#)DFWRU#(GLW#%R[
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%DVLF#2SHUDWLRQ
0HDVXULQJ#3RZHU
71 8VLQJ#WKH#DEULGJHG#VRIWZDUH#NH\SDG#RU#\RXU#RSWLRQDO#KDUGZDUH#
NH\ERDUG/#HQWHU#D#FRUUHFWLRQ#IDFWRU#EHWZHHQ#0431333 G%#WR#91<;< G%/#RU#
31433:2:#WR#81333:2:/#WKHQ#FKRRVH#(QWHU1

1RWH= $OWKRXJK#WKH#ZDYHOHQJWK#OLVW#DSSOLHV#WR#DOO#FKDQQHOV/#WKH#FRUUHFWLRQ#IDFWRU#
DSSOLHV#WR#WKH#VSHFLILF#ZDYHOHQJWK#DQG#FKDQQHO#DW#ZKLFK#LW#ZDV#VHW1

8VLQJ#$YHUDJHG#0HDVXUHPHQW

:KHQ#DYHUDJLQJ#LV#HQDEOHG/#WKH#PRVW#UHFHQW#PHDVXUHPHQW#VDPSOHV/#IRU#
ZKLFK#\RX#FDQ#VHW#WKH#QXPEHU/#DUH#XVHG#WR#FRPSXWH#DQ#XQZHLJKWHG#
DYHUDJH1#7KLV#DYHUDJH#LV#GLVSOD\HG#DV#WKH#PHDVXUHG#YDOXH1#7KH#$9*#PDUNHU#
ZLOO#DOVR#EH#GLVSOD\HG#WR#WKH#ULJKW#RI#WKH#YDOXH#IRU#WKH#PDWFKLQJ#FKDQQHO/#
LQGLFDWLQJ#WKDW#DYHUDJLQJ#LV#HQDEOHG1

7R#WRJJOH#EHWZHHQ#DYHUDJHG#DQG#XQDYHUDJHG#SRZHU#PHDVXUHPHQW/

41 ,I#QHFHVVDU\/#VHOHFW#WKH#GHVLUHG#FKDQQHO1

51 ,Q#WKH#PDLQ#ZLQGRZ/#FKRRVH#+$YJ,#)91

7R#FKRRVH#WKH#QXPEHU#IRU#DYHUDJLQJ/

41 ,Q#WKH#&KDQQHO#VHFWLRQ/#FOLFN#RQ#WKH#$YHUDJH#HGLW#ER[1#,I#\RX#
GRXEOH0FOLFN#RQ#LW/#WKH#DEULGJHG#VRIWZDUH#NH\SDG#ZLOO#DSSHDU1

)LJXUH#70491 $YHUDJH#(GLW#%R[

51 8VLQJ#WKH#DEULGJHG#VRIWZDUH#NH\SDG#RU#\RXU#RSWLRQDO#KDUGZDUH#
NH\ERDUG/#HQWHU#D#YDOXH#EHWZHHQ#5#+GHIDXOW#YDOXH,#DQG#<<</#WKHQ#
FKRRVH#(QWHU1
6; ,4049432495324973



%DVLF#2SHUDWLRQ
6HOHFWLQJ#0HDVXUHPHQW#8QLW
6HOHFWLQJ#0HDVXUHPHQW#8QLW
3RZHU#PHDVXUHPHQWV#FDQ#EH#GLVSOD\HG#LQ#G%/#G%P/#:/#RU#:2:#+WKH#ODWWHU#
LQGLFDWLQJ#WKH#UDWLR#EHWZHHQ#WKH#SRZHU#UHFHLYHG#DQG#WKH#UHIHUHQFH#IRU#WKH#
FXUUHQW#ZDYHOHQJWK#DQG#FKDQQHO,1#:KHQ#:#RU#:2:#LV#VHOHFWHG/#WKH#
VRIWZDUH#DXWRPDWLFDOO\#VHOHFWV#:#XQLWV#+S:/#Q:/#µ:/#P:111,#GHSHQGLQJ#RQ#
WKH#PHDVXUHG#SRZHU#DQG#VHQVLWLYLW\#RI#WKH#GHWHFWRU1

7R#VHOHFW#WKH#PHDVXUHPHQW#XQLW/

41 ,I#QHFHVVDU\/#VHOHFW#WKH#FKDQQHO#IRU#ZKLFK#\RX#ZDQW#WR#VHW#WKH#
PHDVXUHPHQW#XQLW1

51 ,Q#WKH#&KDQQHO#VHFWLRQ/#RSHQ#WKH#8QLWV#OLVW#ER[1

)LJXUH#704:1 8QLWV#/LVW#%R[

61 &OLFN#RQ#WKH#GHVLUHG#XQLW1

1RWH= 7KH#PHDVXUHPHQW#XQLW#FDQ#DOVR#EH#VHOHFWHG#IURP#WKH#PDLQ#ZLQGRZ#E\#
FKRRVLQJ#+8QLW,#)71

6HWWLQJ#'LVSOD\#5HVROXWLRQ
'HSHQGLQJ#RQ#WKH#UHTXLUHG#UHVROXWLRQ#DQG#RSHUDWLQJ#SRZHU#OHYHO/#3/#4/#5/#6/#
RU#7#GLJLWV#FDQ#EH#GLVSOD\HG#DIWHU#WKH#GHFLPDO#SRLQW1#:KHQ#$XWR#LV#VHOHFWHG/#
WKH#GLVSOD\#UHVROXWLRQ#LV#GHWHUPLQHG#E\#WKH#SRZHU#OHYHO#EHLQJ#PHDVXUHG1

1RWH= 7KH#$XWR#PDUNHU#LQ#WKH#GDWD#GLVSOD\#GRHV#QRW#UHIHU#WR#WKH#DXWRPDWLF#GLVSOD\#
UHVROXWLRQ#EXW#WR#WKH#PHDVXUHPHQW#UDQJH#+VHH#6HWWLQJ#0HDVXUHPHQW#5DQJH#
RQ#SDJH 74,1
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%DVLF#2SHUDWLRQ
6HWWLQJ#5HIUHVK#5DWH
7R#VHOHFW#WKH#GLVSOD\#UHVROXWLRQ#RI#D#SRZHU#PHDVXUHPHQW#H[SUHVVHG#LQ#G%#
RU#G%P/

41 ,I#QHFHVVDU\/#VHOHFW#WKH#FKDQQHO#LQ#ZKLFK#\RX#ZDQW#WR#VHW#WKH#GLVSOD\#
UHVROXWLRQ1

51 ,Q#WKH#&KDQQHO#VHFWLRQ/#RSHQ#WKH#5HVROXWLRQ#OLVW#ER[1

)LJXUH#704;1 'LVSOD\#5HVROXWLRQ#/LVW#%R[

61 &OLFN#RQ#WKH#QXPEHU#RI#GLJLWV#UHTXLUHG#DIWHU#WKH#GHFLPDO#SRLQW1

1RWH= :KHQ#:#RU#:2:#LV#VHOHFWHG/#WKH#GLVSOD\#UHVROXWLRQ#FKDQJHV#WR#$XWR#+WKH#
DSSURSULDWH#:#XQLW#ZLOO#EH#XVHG#DFFRUGLQJ#WR#WKH#SRZHU#RI#WKH#VLJQDO#
GHWHFWHG,1#,W#LV#WKHQ#LPSRVVLEOH#WR#DFFHVV#WKH#GLVSOD\#UHVROXWLRQ#OLVW#ER[1

6HWWLQJ#5HIUHVK#5DWH
7KLV#IXQFWLRQ#DOORZV#\RX#WR#GHILQH#WKH#UHIUHVK#UDWH#RI#WKH#SRZHU#UHDGLQJV#RQ#
WKH#GLVSOD\1#7KH#UHIUHVK#UDWH#DSSOLHV#WR#DOO#FKDQQHOV#ZKHQ#XVLQJ#D#
PXOWL0FKDQQHO#SRZHU#PHWHU1

7R#VHW#WKH#UHIUHVK#UDWH/

41 ,Q#WKH#*HQHUDO#VHFWLRQ/#RSHQ#WKH#5HIUHVK#5DWH#OLVW#ER[1

)LJXUH#704<1 5HIUHVK#5DWH#/LVW#%R[

51 6HOHFW#D#YDOXH#EHWZHHQ#49 2 VHF1/#; 2 VHF1/#7 2 VHF1/#5 2 VHF1/#DQG#4 2 VHF1
73 ,4049432495324973



%DVLF#2SHUDWLRQ
6HWWLQJ#0HDVXUHPHQW#5DQJH
1RWH= &KDQJLQJ#WKH#UHIUHVK#UDWH#ZLOO#DIIHFW#WKH#&RQWLQXRXV#DFTXLVLWLRQ#UDWH#VR#WKDW#
WKH#WZR#UDWHV#UHPDLQ#DV#FRQVLVWHQW#DV#SRVVLEOH1#6HH#7DEOH 70:#IRU#WKH#
UHODWLRQVKLS#EHWZHHQ#WKH#WZR1

6HWWLQJ#0HDVXUHPHQW#5DQJH
7KH#PHDVXUHPHQW#UDQJH#DQG#JDLQ#VFDOH#DSSOLHG#WR#WKH#SRZHU#
PHDVXUHPHQW#GHWHFWRU#FDQ#EH#PDQXDOO\#VHOHFWHG#WR#SUHYHQW#WKH#DXWRPDWLF#
VFDOH#DGMXVWPHQW#SHUIRUPHG#E\#WKH#LQVWUXPHQW1#$#PDQXDO#DGMXVWPHQW#RI#
WKH#G\QDPLF#JDLQ#VFDOH#ZLOO#ORFN#WKH#PHDVXUHPHQW#UDQJH#WR#D#VSHFLILF#OHYHO1

7KH#PHDVXULQJ#UDQJH#VKRXOG#EH#ORFNHG#ZKHQ#WKH#DQDORJ#RXWSXW#>VHH#
$QDORJ#2XWSXW#+,404943/#,404953,#RQ#SDJH :9@#LV#XVHG#WR#DYRLG#YDULDWLRQV#LQ#
YROWDJH#RXWSXW#GXH#WR#JDLQ#VFDOHV1#,W#LV#DOVR#QHFHVVDU\#WR#XVH#D#PDQXDO#
UDQJH#WR#DFKLHYH#KLJK0UDWH#DFTXLVLWLRQV#+VHH#)LOH#$FTXLVLWLRQ#RQ#SDJH 7:,#
DQG#JUDSKLFDO#DFTXLVLWLRQV#+VHH#*UDSKLFDO#'LVSOD\#0RGH#RQ#SDJH 94,1

7ZR#W\SHV#RI#PDQXDO#UDQJHV#DUH#DYDLODEOH1#7KH#/RZ#UDQJH#SURYLGHV#D#ORZHU#
G\QDPLF#UDQJH#+W\SLFDOO\#68 G%,#SHU#VFDOH#ZLWK#EHWWHU#VLJQDO0WR0QRLVH#UDWLR#
DQG#UHVROXWLRQ1#7KH#+LJK#UDQJH#SURYLGHV#D#KLJKHU#G\QDPLF#UDQJH#+W\SLFDOO\#
75 G%,#SHU#VFDOH#ZLWK#DQ#LQIHULRU#VLJQDO0WR0QRLVH#UDWLR1#(DFK#FKDQQHO#LV#
DGMXVWHG#LQGHSHQGHQWO\#LQ#WKH#FDVH#RI#D#PXOWL0FKDQQHO#SRZHU#PHWHU1

7R#VHW#WKH#PHDVXUHPHQW#UDQJH/

41 ,I#QHFHVVDU\/#VHOHFW#WKH#FKDQQHO#IRU#ZKLFK#\RX#ZDQW#WR#VHW#WKH#UDQJH1

51 ,Q#WKH#&KDQQHO#VHFWLRQ/#FOLFN#RQ#5DQJH1#7KH#FXUUHQWO\#VHOHFWHG#FKDQQHO#
LV#GLVSOD\HG#LQ#WKH#WLWOH#EDU#RI#WKH#5DQJH#ZLQGRZ1

7LS= 6HOHFW#0DQXDO#UDQJH#IRU#D#&RQWLQXRXV#DFTXLVLWLRQ#ZKHQ#WKH#LQSXW#VLJQDO#KDV#
XQVWDEOH#RU#PRGXODWHG#YDULDWLRQV1#7KLV#SUHYHQWV#$ $ $ $ $ $ $#IURP#EHLQJ#
GLVSOD\HG#XSRQ#FRQVWDQWO\#FKDQJLQJ#JDLQ#VFDOHV1
,404933#+LJK06SHHG#3RZHU#0HWHU#6HULHV 74



%DVLF#2SHUDWLRQ
6HWWLQJ#0HDVXUHPHQW#5DQJH
)LJXUH#70531 5DQJH#:LQGRZ

61 &OLFN#WKH#UDGLR#EXWWRQ#PDWFKLQJ#WKH#UHTXLUHG#W\SH#RI#UDQJH1

71 6FUROO#WKURXJK#WKH#6FDOH#OLVW#ER[#DQG#KLJKOLJKW#WKH#UHTXLUHG#VFDOH1#7KH#
WDEOH#EHORZ#GLVSOD\V#WKH#SHUPLWWHG#VFDOHV#ZKHQ#WKH#FXUUHQWO\#VHOHFWHG#
PHDVXUHPHQW#XQLW#LV#G%#RU#G%P1#7KH#SRZHU#YDOXHV#GLVSOD\HG#DUH#
W\SLFDO#DW#4643 QP1

1RWH= $#KLJK#DFTXLVLWLRQ#UDWH#LV#SRVVLEOH#RQO\#LI#D#PDQXDO#UDQJH#KDV#EHHQ#VHW#IRU#
DOO#FKDQQHOV1

/RZ#5DQJH#+/5, +LJK#5DQJH#++5,

061<3#WR#4;163 G%P#+/54,D

D1 ,Q*D$V#GHWHFWRU#KDV#D#.< G%P#VDWXUDWLRQ#OLPLW1

05<193#WR#4;163 G%P#++54,D

045183#WR#<1<3 G%P#+/55,D 06;153#WR#<1<3 G%P#++55,D

06517<#WR#04313< G%P#+/56, 08;15<#WR#04313< G%P#++56,

08515:#WR#05<1;: G%P#+/57, 0:;133#WR#05<1;: G%P#++57,

0:5134#WR#07<194 G%P#+/58, ³

0<3133#WR#09<194 G%P#+/59, ³

7DEOH#7091 $YDLODEOH#5DQJHV#+ZLWK#G%#RU#G%P#6HOHFWHG,
75 ,4049432495324973



%DVLF#2SHUDWLRQ
3HUIRUPLQJ#&RQWLQXRXV#$FTXLVLWLRQ
1RWH= 7R#GLVWLQJXLVK#EHWZHHQ#6LQJOH#DQG#&RQWLQXRXV#DFTXLVLWLRQV/#VHH#3HUIRUPLQJ#
&RQWLQXRXV#$FTXLVLWLRQ#EHORZ#DQG#)LOH#$FTXLVLWLRQ#RQ#SDJH 7:1

81 &KRRVH#2.#WR#FRQILUP#WKH#UDQJH#RU#&DQFHO#WR#H[LW#WKH#5DQJH#ZLQGRZ#
ZLWKRXW#PRGLI\LQJ#WKH#FKDQJH1

3HUIRUPLQJ#&RQWLQXRXV#$FTXLVLWLRQ
,Q#D#&RQWLQXRXV#DFTXLVLWLRQ/#SRZHU#PHDVXUHPHQWV#DUH#FRQVWDQWO\#XSGDWHG#
RQ#WKH#PHDVXUHPHQW#GLVSOD\#IRU#DQ#XQOLPLWHG#SHULRG#RI#WLPH/#ZKHWKHU#LQ#
WKH#QRUPDO#PRGH#PDLQ#ZLQGRZ/#RU#LQ#WKH#JUDSKLFDO#GLVSOD\#+VHH#*UDSKLFDO#
'LVSOD\#0RGH#RQ#SDJH 94,1#&RQWLQXRXV#VDPSOHV#FDQ#DOVR#EH#UHWULHYHG#ZLWK#
WKH#*3,%/#560565/#:LQGRZV#2/(/#RU#''(#LQWHUIDFH#+UHIHU#WR#WKH#,40533#*3,%#
DQG#$SSOLFDWLRQ#'HYHORSPHQW#*XLGH,1

7KH#&RQWLQXRXV#DFTXLVLWLRQ#UDWH#IXQFWLRQ#DOORZV#\RX#WR#GHILQH#WKH#QXPEHU#
RI#SRZHU#UHDGLQJV#SHU#VHFRQG#WKDW#ZLOO#W\SLFDOO\#EH#XVHG#LQ#D#&RQWLQXRXV#
DFTXLVLWLRQ1

$FFRUGLQJ#WR#\RXU#VSHFLILF#UHTXLUHPHQWV#DQG#WKH#SRZHU#OHYHO/#VHOHFW#D#
&RQWLQXRXV#DFTXLVLWLRQ#UDWH#WKDW#ZLOO#RSWLPL]H#LQVWUXPHQW#IOH[LELOLW\#DQG#
PHDVXUHPHQW#VWDELOLW\#DV#ZHOO#DV#GHWHUPLQH#WKH#TXDQWLW\#RI#GDWD#JHQHUDWHG#
GXULQJ#GDWD#DFTXLVLWLRQ1

7R#VHW#D#&RQWLQXRXV#DFTXLVLWLRQ#UDWH/

41 ,Q#WKH#*HQHUDO#VHFWLRQ/#RSHQ#WKH#&RQWLQXRXV#$FT1#5DWH#OLVW#ER[1

)LJXUH#70541 &RQWLQXRXV#$FTXLVLWLRQ#5DWH#/LVW#%R[

51 6HOHFW#WKH#GHVLUHG#YDOXH1#<RX#FDQ#FKRRVH#DPRQJ#44#VDPSOLQJ#UDWHV#
IURP#589 2 VHF1#WR#31583 2 VHF1#7KH#DFTXLVLWLRQ#UDWH#DSSOLHV#WR#DOO#
FKDQQHOV#ZKHQ#XVLQJ#D#PXOWL0FKDQQHO#SRZHU#PHWHU1
,404933#+LJK06SHHG#3RZHU#0HWHU#6HULHV 76



%DVLF#2SHUDWLRQ
3HUIRUPLQJ#&RQWLQXRXV#$FTXLVLWLRQ
1RWH= 7KH#31583 2 VHF1#&RQWLQXRXV#DFTXLVLWLRQ#UDWH#LV#QRW#VXSSRUWHG#LQ#*UDSKLFDO#
'LVSOD\#PRGH1

1RWH= ,I#WKH#,405362539#LV#HTXLSSHG#ZLWK#D#7;9#SURFHVVRU/#WKH#KLJKHVW#&RQWLQXRXV#
DFTXLVLWLRQ#UDWH#SHUPLWWHG#LV#;#SHU#VHFRQG1

7LS= 8VH#D#ORZHU#&RQWLQXRXV#DFTXLVLWLRQ#UDWH#ZLWK#DYHUDJLQJ#DFWLYH#+VHH#8VLQJ#
$YHUDJHG#0HDVXUHPHQW#RQ#SDJH 6;,#IRU#JUHDWHU#UHSHDWDELOLW\#ZKHQ#
PHDVXULQJ#YHU\#ORZ#SRZHU1

1RWH= &KDQJLQJ#WKH#&RQWLQXRXV#DFTXLVLWLRQ#UDWH#ZLOO#DIIHFW#WKH#UHIUHVK#UDWH#+WKH#
UHIUHVK#UDWH/#KRZHYHU/#ZLOO#UHPDLQ#ZLWKLQ#LWV#OLPLWV,#VR#WKDW#WKH#WZR#UDWHV#
UHPDLQ#DV#FRQVLVWHQW#DV#SRVVLEOH1#6HH#7DEOH 70:#IRU#WKH#UHODWLRQVKLS#EHWZHHQ#
WKH#WZR1

([DPSOH=#$GMXVWLQJ#WKH#UHIUHVK#UDWH#WR#49 2 VHF1#ZKHQ#WKH#&RQWLQXRXV#
DFTXLVLWLRQ#UDWH#LV#7 2 VHF1#ZLOO#DXWRPDWLFDOO\#FKDQJH#WKH#&RQWLQXRXV#
DFTXLVLWLRQ#UDWH#WR#49 2 VHF1#,I#WKH#UHIUHVK#UDWH#LV#QRZ#VHW#WR#; 2 VHF1/#WKH#
&RQWLQXRXV#DFTXLVLWLRQ#UDWH#ZLOO#UHPDLQ#49 2 VHF1#+VHH#WDEOH,1#,I#WKH#
&RQWLQXRXV#DFTXLVLWLRQ#UDWH#LV#QRZ#VHW#WR#589 2 VHF1/#WKH#UHIUHVK#UDWH#ZLOO#
UHPDLQ#; 2 VHF1#+RZHYHU/#LI#WKH#&RQWLQXRXV#DFTXLVLWLRQ#UDWH#LV#VHW#WR#5 2 VHF1#
+L1H1/#D#ORZHU#YDOXH,/#WKH#UHIUHVK#UDWH#ZLOO#FKDQJH#WR#5 2 VHF1

Refresh Rate Continuous Acquisition Rate

49 2 VHF1 49 2 VHF1#RU#PRUH

; 2 VHF1 ; 2 VHF1#RU#PRUH

7 2 VHF1 7 2 VHF1#RU#PRUH

5 2 VHF1 5 2 VHF1#RU#PRUH

4 2 VHF1 1R#UHVWULFWLRQ

7DEOH#70:1 5HIUHVK#5DWH#YV1#&RQWLQXRXV#$FTXLVLWLRQ#5DWH
77 ,4049432495324973



8 $GYDQFHG#)XQFWLRQV
8VLQJ#0LQ20D[#)XQFWLRQ

7KH#0LQ20D[#IXQFWLRQ#DOORZV#\RX#WR#UHFRUG#WKH#H[WUHPHV#RI#D#YDU\LQJ#
SRZHU#VLJQDO#ZKHQ#SHUIRUPLQJ#D#&RQWLQXRXV#DFTXLVLWLRQ1#)RU#H[DPSOH/#LW#
FRXOG#EH#XVHG#WR#GHWHUPLQH#WKH#VWDELOLW\#RI#D#OLJKW#VRXUFH#RYHU#WLPH/#RU#WR#
PHDVXUH#WKH#SRODUL]DWLRQ#GHSHQGHQW#ORVV#+3'/,#RI#D#SDVVLYH#FRPSRQHQW#
ZKHQ#FRPELQHG#ZLWK#D#SRODUL]DWLRQ#VWDWH#FRQWUROOHU1

7KH#IXQFWLRQ#LV#VWDUWHG#PDQXDOO\#DQG#FDQ#EH#VWRSSHG#PDQXDOO\#RU#
DXWRPDWLFDOO\#XVLQJ#WKH#WLPHU#IXQFWLRQ1#0LQLPXP#+0LQ,#DQG#PD[LPXP#
+0D[,#YDOXHV#FDQ#EH#UHFRUGHG#DQG#GLVSOD\HG#LQ#DQ\#PHDVXUHPHQW#XQLWV#
+G%/#G%P/#:/#RU#:2:=#VHH#6HOHFWLQJ#0HDVXUHPHQW#8QLW#RQ#SDJH 6<,1#,Q#
ORJDULWKPLF#VFDOHV#+G%#DQG#G%P,/#WKH#GLIIHUHQFH#EHWZHHQ#WKH#PD[LPXP#
DQG#PLQLPXP#YDOXHV#LV#H[SUHVVHG#DV#0D[#0#0LQ1#,Q#OLQHDU#VFDOHV#+:#DQG#
:2:,/#WKH#GLIIHUHQFH#LV#H[SUHVVHG#DV#D#UDWLR#+0D[20LQ,1

7R#XVH#WKH#0LQ20D[#IXQFWLRQ/

41 6HOHFW#D#&RQWLQXRXV#DFTXLVLWLRQ#UDWH#+VHH#3HUIRUPLQJ#&RQWLQXRXV#
$FTXLVLWLRQ#RQ#SDJH 76,1

)LJXUH#8041 0LQ20D[#6HFWLRQ

51 ,Q#WKH#0LQ20D[#VHFWLRQ/#RSHQ#WKH#&KDQQHO#OLVW#ER[#+ZKHQ#XVLQJ#D#
PXOWL0FKDQQHO#SRZHU#PHWHU,1

61 6HOHFW#WKH#FKDQQHO#IRU#ZKLFK#\RX#ZDQW#WR#VHH#WKH#SRZHU#YDULDWLRQ#GDWD#
RQ#VFUHHQ1

1RWH= $OWKRXJK#\RX#FDQ#VHOHFW#WKH#FKDQQHO#DW#WKLV#VWDJH/#WKH#0LQ20D[#IXQFWLRQ#ZLOO#
UHFRUG#GDWD#IRU#DOO#FKDQQHOV#ZKHQ#XVLQJ#D#PXOWL0FKDQQHO#SRZHU#PHWHU1
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$GYDQFHG#)XQFWLRQV
8VLQJ#0LQ20D[#)XQFWLRQ
71 ,I#\RX#ZDQW#WR#VSHFLI\#WKH#GXUDWLRQ#RI#SRZHU#PHDVXUHPHQWV/

7D1 (QDEOH#WKH#8VH#7LPHU#FKHFN#ER[/#WKHQ#FOLFN#RQ#WKH#HGLW#ER[1#,I#\RX#
GRXEOH0FOLFN#RQ#LW/#WKH#DEULGJHG#VRIWZDUH#NH\SDG#ZLOO#DSSHDU1

7E1 8VLQJ#WKH#DEULGJHG#VRIWZDUH#NH\SDG#RU#\RXU#RSWLRQDO#KDUGZDUH#
NH\ERDUG/#HQWHU#WKH#GXUDWLRQ#LQ#WKH#++++=00=66#IRUPDW1#<RX#FDQ#
HQWHU#D#YDOXH#IURP#3333=33=34#WR#<<<<=8<=8<1

81 &OLFN#RQ#6WDUW#WR#ODXQFK#SRZHU#PHDVXUHPHQWV1#7KHVH#FDQ#EH#VWRSSHG#
DW#DQ\#WLPH#E\#FOLFNLQJ#6WRS1#,I#WKH#WLPHU#LV#VHW/#SRZHU#PHDVXUHPHQWV#
ZLOO#VWRS#DXWRPDWLFDOO\#DIWHU#WKH#VSHFLILHG#GXUDWLRQ1

1RWH= :KHQ#XVLQJ#D#PXOWL0FKDQQHO#SRZHU#PHWHU/#\RX#FDQ#YLHZ#WKH#GDWD#IRU#WKH#
RWKHU#FKDQQHOV#E\#VHOHFWLQJ#WKH#GHVLUHG#FKDQQHO#LQ#WKH#&KDQQHO#OLVW#ER[1

:RUNLQJ#ZLWK#WKH#0LQ20D[#)XQFWLRQ

)LJXUH#8051 0LQ20D[#)XQFWLRQ#+([DPSOH,
79 ,4049432495324973



$GYDQFHG#)XQFWLRQV
)LOH#$FTXLVLWLRQ
)LJXUH 805#LV#DQ#H[DPSOH#ZKHUH#WKH#0LQ20D[#IXQFWLRQ#LV#EHLQJ#XVHG#+ZLWK#
WKH#WLPHU#IXQFWLRQ#DFWLYDWHG,1#:KLOH#WKH#0LQ/#0D[/#DQG#0D[ 0 0LQ#YDOXHV#DUH#
GLVSOD\HG#LQ#UHDO#WLPH#LQ#WKH#ULJKW#SDUW#RI#WKH#0LQ20D[#VHFWLRQ/#WKH#WLPH#
HODSVHG#VLQFH#SRZHU#PHDVXUHPHQWV#ZHUH#ODXQFKHG#LV#DOVR#GLVSOD\HG1

,QWHUSUHWLQJ#WKH#5HVXOWV#RI#WKH#0LQ20D[#)XQFWLRQ

7KH#UHVXOWV#RI#WKH#0LQ20D[#IXQFWLRQ#DUH#FRQWLQXRXVO\#XSGDWHG#LQ#WKH#
PDWFKLQJ#ILHOGV1#:KHQ#D#ORJDULWKPLF#VFDOH#LV#XVHG/#WKH#0D[ 0 0LQ#
FDOFXODWLRQ#LV#PDGH#WR#FRQWLQXRXVO\#SURYLGH#WKH#GLIIHUHQFH#EHWZHHQ#WKH#
WZR#H[WUHPHV1#,Q#OLQHDU#VFDOH/#WKH#0D[20LQ#UDWLR#LV#FRPSXWHG#WR#SURYLGH#
YDOXDEOH#LQIRUPDWLRQ1

,I#WKH#SRZHU#UHDFKHV#WKH#VDWXUDWLRQ#OHYHO/#.......#ZLOO#EH#UHFRUGHG#DV#
WKH#0D[#YDOXH1#7KH#0D[ 0 0LQ#RU#0D[20LQ#FDOFXODWLRQ#ZLOO#DOVR#EH#
.......1#,I#WKH#GHWHFWHG#SRZHU#GHFUHDVHV#EHORZ#WKH#ORZHVW#
PHDVXUDEOH#SRZHU/#WKH#0LQ#YDOXH#ZLOO#EH #² ² ² ² ² ² ²#DQG#ERWK#0D[ 0 0LQ#
RU#0D[20LQ#ZLOO#GLVSOD\ #² ² ² ² ² ² ²1#)LQDOO\/ #$ $ $ $ $ $ $#ZLOO#EH#GLVSOD\HG#LQ#D#
0D[20LQ#FDOFXODWLRQ#ZLWK#D#QXOO#0LQ#YDOXH1

)LOH#$FTXLVLWLRQ
7KH#,404933#DSSOLFDWLRQ#RIIHUV#IOH[LEOH#GDWD#PDQDJHPHQW#ZKHUH#ERWK#WLPHG#
DQG#FRQGLWLRQDO#GDWD#DFTXLVLWLRQV#DUH#SRVVLEOH1#)LOH#DFTXLVLWLRQ#ZLOO#SHUIRUP#
SRZHU#PHDVXUHPHQWV#IRU#D#IL[HG#GXUDWLRQ#+VLQJOH#RSHUDWLRQ/#DV#RSSRVHG#WR#
FRQWLQXRXV#RSHUDWLRQ,#DW#D#VSHFLILF#VDPSOLQJ#UDWH#DQG#VWRUH#WKH#UHVXOWV#RQ#
ILOH1

:LWK#ILOH#DFTXLVLWLRQ/#LW#LV#SRVVLEOH#WR#XVH#D#YHU\#ORZ#+XVHU0GHILQHG,#
DFTXLVLWLRQ#UDWH/#D#&RQWLQXRXV#DFTXLVLWLRQ#UDWH#+VHH#3HUIRUPLQJ#&RQWLQXRXV#
$FTXLVLWLRQ#RQ#SDJH 76,/#DQG/#LQ#SDUWLFXODU/#D#YHU\#KLJK#DFTXLVLWLRQ#UDWH#IURP#
845#SHU#VHFRQG#WR#73<9#SHU#VHFRQG1

7KUHH#ILOH#DFTXLVLWLRQ#PRGHV#DUH#SURYLGHG=

³ WLPHU

³ WULJJHU

³ GHOD\
,404933#+LJK06SHHG#3RZHU#0HWHU#6HULHV 7:



$GYDQFHG#)XQFWLRQV
)LOH#$FTXLVLWLRQ
,Q#HDFK#FDVH/#PHDVXUHPHQWV#DUH#WDNHQ#DW#WKH#VHOHFWHG#VDPSOLQJ#UDWH#DQG#
VDYHG#WR#D#XVHU0VSHFLILHG#GDWD#ILOH1#7KH#VL]H#RI#WKH#GDWD#ILOHV#FUHDWHG#GXULQJ#
DFTXLVLWLRQ#LV#SURSRUWLRQDO#WR#WKH#VDPSOLQJ#UDWH#DQG#GXUDWLRQ#RI#WKH#
DFTXLVLWLRQ1#+LJKHU#VDPSOLQJ#UDWHV#DQG#ORQJHU#GXUDWLRQV#JHQHUDWH#ODUJHU#
TXDQWLWLHV#RI#GDWD1

7LS= )RU#ORQJ#GXUDWLRQ#GDWD#DFTXLVLWLRQ/#D#ORZ#VDPSOLQJ#UDWH#ZLOO#VDYH#VLJQLILFDQW#
GDWD#VWRUDJH#VSDFH1

7LPHU#$FTXLVLWLRQ#0HWKRG

7LPHU#DFTXLVLWLRQ#VWDUWV#DV#VRRQ#DV#6WDUW#LV#FKRVHQ#DQG#FRQWLQXHV#IRU#WKH#
WLPH#VSHFLILHG#LQ#WKH#'XUDWLRQ#HGLW#ER[1

7R#XVH#WLPHU#DFTXLVLWLRQ/

41 6HOHFW#WKH#DSSURSULDWH#ZDYHOHQJWK#+RQ#DOO#FKDQQHOV#ZKHQ#XVLQJ#D#
PXOWL0FKDQQHO#SRZHU#PHWHU,1

)LJXUH#8061 )LOH#$FTXLVLWLRQ#:LQGRZ
7; ,4049432495324973



$GYDQFHG#)XQFWLRQV
)LOH#$FTXLVLWLRQ
51 ,Q#WKH#*HQHUDO#VHFWLRQ/#FOLFN#RQ#)LOH#$FTXLVLWLRQ#WR#RSHQ#WKH#)LOH#
$FTXLVLWLRQ#ZLQGRZ/#LOOXVWUDWHG#LQ#)LJXUH 8061

61 $FWLYDWH#WKH#7LPHU#UDGLR#EXWWRQ1

71 ,Q#WKH#&KDQQHO#6HOHFWLRQ#ER[/#VHOHFW#WKH#FKDQQHO+V,#RQ#ZKLFK#\RX#ZDQW#
WKH#SRZHU#PHDVXUHPHQW#GDWD#WR#EH#DFTXLUHG1

81 6HWWLQJ#WKH#DFTXLVLWLRQ#UDWH=

2SHQ#WKH#6DPSOLQJ#5DWH#OLVW#ER[1#<RX#FDQ#FKRRVH#IURP#WKUHH#W\SHV#RI#
DFTXLVLWLRQ#UDWHV#WKDW#DSSHDU=#HLWKHU#D#&RQWLQXRXV#DFTXLVLWLRQ#UDWH/#D #
6LQJOH#DFTXLVLWLRQ#UDWH4#+845 +]/#4357 +]/#537; +]/#RU#73<9 +],/#RU#D#
XVHU0GHILQDEOH#DFTXLVLWLRQ#UDWH1#7KH#XVHU0GHILQDEOH#DFTXLVLWLRQ#UDWH#FDQ#
EH#VHW#IURP#4 2 43 VHF1#WR#4 2 <<< VHF1/#IURP#4 2 4PLQ1#WR#4 2 <<<PLQ1/#RU#
IURP#4 2 4 K#WR#4 2 <<<=8< K#E\#GLUHFWO\#HQWHULQJ#WKH#GHVLUHG#YDOXH#LQ#WKH#
HGLW#ER[#XVLQJ#WKH#DEULGJHG#VRIWZDUH#NH\SDG#RU#\RXU#RSWLRQDO#KDUGZDUH#
NH\ERDUG1

91 6HWWLQJ#WKH#GXUDWLRQ=

&OLFN#RQ#WKH#'XUDWLRQ#HGLW#ER[1#,I#\RX#GRXEOH0FOLFN#RQ#LW/#WKH#DEULGJHG#
VRIWZDUH#NH\SDG#ZLOO#DSSHDU1#8VLQJ#WKH#DEULGJHG#VRIWZDUH#NH\SDG#RU#
\RXU#RSWLRQDO#KDUGZDUH#NH\ERDUG/#HQWHU#WKH#GXUDWLRQ#LQ#WKH#
++++=00=66#IRUPDW1#<RX#FDQ#HQWHU#D#YDOXH#IURP#3333=33=34#WR#
<<<<=8<=8<1

:1 &KRRVH#)LOH#1DPH1#7KH#GLDORJ#ER[#VXJJHVWV#D#GHIDXOW#QDPH#DQG#SDWK/#
ZKLFK#\RX#FDQ#PRGLI\#RU#FRQILUP#XVLQJ#WKH#VRIWZDUH#NH\SDG#RU#\RXU#
RSWLRQDO#KDUGZDUH#NH\ERDUG1

;1 &KRRVH#6WDUW1#7KH#$FTXLVLWLRQ#)LOH#ZLQGRZ#ZLOO#FORVH#DQG#GDWD#
UHFRUGLQJ#ZLOO#EHJLQ1#'XULQJ#DFTXLVLWLRQ/#WKH#IXQFWLRQ#EXWWRQV#DUH#
GLVDEOHG#DQG#$FTXLULQJ#LQWR#ILOH#LV#GLVSOD\HG#LQ#WKH#VWDWXV#EDU#RI#WKH#
PDLQ#ZLQGRZ1

41 %RWK#WKH#&RQWLQXRXV#DQG#WKH#6LQJOH#DFTXLVLWLRQ#UDWHV#DUH#VHW#LQ#WKH#*HQHUDO#VHFWLRQ1
,404933#+LJK06SHHG#3RZHU#0HWHU#6HULHV 7<



$GYDQFHG#)XQFWLRQV
)LOH#$FTXLVLWLRQ
&KRRVLQJ#2.#DW#WKLV#VWHS#ZLOO#VDYH#WKH#GDWD#DFTXLVLWLRQ#SDUDPHWHUV#ZLWKRXW#
VWDUWLQJ#WKH#DFTXLVLWLRQ1#&KRRVLQJ#&DQFHO#ZLOO#H[LW#WKH#$FTXLVLWLRQ#)LOH#
ZLQGRZ1

'DWD#DFTXLVLWLRQ#ZLOO#FRQWLQXH#IRU#WKH#VSHFLILHG#GXUDWLRQ1

1RWH= ,I#D#6LQJOH#DFTXLVLWLRQ#UDWH#LV#VHOHFWHG#ZKLOH#RQH#RU#PRUH#FKDQQHOV#KDYH#
EHHQ#VHW#WR#DXWRPDWLF#SRZHU#PHDVXUHPHQW#UDQJH#+VHH#6HWWLQJ#
0HDVXUHPHQW#5DQJH#RQ#SDJH 74,/#WKH#ILOH#DFTXLVLWLRQ#ZLOO#QRW#VWDUW#DQG#D#
ZDUQLQJ#PHVVDJH#ZLOO#SURPSW#\RX#WR#VHW#D#PDQXDO#SRZHU#PHDVXUHPHQW#
UDQJH#IRU#WKH#FKDQQHOV#FRQFHUQHG1

1RWH= 'DWD#DFTXLVLWLRQ#FDQ#EH#WHUPLQDWHG#DW#DQ\#WLPH#E\#RSHQLQJ#WKH#$FTXLVLWLRQ#
)LOH#ZLQGRZ#DQG#FKRRVLQJ#6WRS1#7KH#DFFXPXODWHG#GDWD#LV#DYDLODEOH#LQ#WKH#
GDWD#ILOH/#ZLWK#WKH#PHVVDJH# $́FTXLVLWLRQ#DERUWHGµ#GLVSOD\HG#DW#WKH#HQG#RI#
WKH#GDWD#DFTXLVLWLRQ#ILOH1

7ULJJHU#$FTXLVLWLRQ#0HWKRG7ULJJHU#$FTXLVLWLRQ#0HWKRG7ULJJHU#$FTXLVLWLRQ#0HWKRG7ULJJHU#$FTXLVLWLRQ#0HWKRG

&RQGLWLRQDO#GDWD#DFTXLVLWLRQ#FDQ#EH#SHUIRUPHG#XVLQJ#WULJJHU#DFTXLVLWLRQ/#
ZKHUH#GDWD#UHFRUGLQJ#EHJLQV#ZKHQ#D#VSHFLILHG#FRQGLWLRQ#LV#PHW/#DQG#
FRQWLQXHV#IRU#WKH#WLPH#VSHFLILHG#LQ#WKH#'XUDWLRQ#HGLW#ER[1#'LIIHUHQW#WULJJHU#
FRQGLWLRQV#DUH#DYDLODEOH1#7KHVH#FRQGLWLRQV#DUH#H[SODLQHG#LQ#WKH#IROORZLQJ#
WDEOH/#ZKHUH#$#DQG2RU#%#UHSUHVHQW+V,#WKH#FKDQQHO+V,#RQ#ZKLFK#WKH#
FRQGLWLRQ#LV#WR#EH#PHW/#DQG#[#DQG2RU#\#UHSUHVHQW+V,#WKH#GHVLUHG#SRZHU#OHYHO#
WKUHVKROG+V,1

7ULJJHU #'HVFULSWLRQ

$![ $FTXLVLWLRQ#ZLOO#VWDUW#ZKHQ#PHDVXUHG#SRZHU#LV#JUHDWHU#WKDQ#
WKH#VSHFLILHG#[#YDOXH1

$? [ $FTXLVLWLRQ#ZLOO#VWDUW#ZKHQ#PHDVXUHG#SRZHU#LV#ORZHU#WKDQ#WKH#
VSHFLILHG#[#YDOXH1

7DEOH#8041 'DWD#$FTXLVLWLRQ#7ULJJHUV#+3DUW#4#RI#5,
83 ,4049432495324973



$GYDQFHG#)XQFWLRQV
)LOH#$FTXLVLWLRQ
1RWH= 7KH#WULJJHU#GHILQHV#WKH#FRQGLWLRQ#IRU#VWDUWLQJ#GDWD#DFTXLVLWLRQ1#2QFH#EHJXQ/#
DFTXLVLWLRQ#ZLOO#FRQWLQXH#IRU#WKH#VSHFLILHG#GXUDWLRQ#UHJDUGOHVV#RI#WKH#
PHDVXUHG#SRZHU1

7R#XVH#WULJJHU#DFTXLVLWLRQ/

41 6HOHFW#WKH#DSSURSULDWH#ZDYHOHQJWK#+RQ#DOO#FKDQQHOV#ZKHQ#XVLQJ#D#
PXOWL0FKDQQHO#SRZHU#PHWHU,1

51 ,Q#WKH#*HQHUDO#VHFWLRQ/#FOLFN#RQ#)LOH#$FTXLVLWLRQ#WR#RSHQ#WKH#)LOH#
$FTXLVLWLRQ#ZLQGRZ1

[?$? \
6HH#QRWH#D

$FTXLVLWLRQ#ZLOO#VWDUW#ZKHQ#PHDVXUHG#SRZHU#IDOOV#EH\RQG#D#
VSHFLILHG#YDOXH#+$! [,1
$FTXLVLWLRQ#ZLOO#VWDUW#ZKHQ#PHDVXUHG#SRZHU#IDOOV#ZLWKLQ#D#
VSHFLILHG#YDOXH#+$? \,1

$#RU#%? [
6HH#QRWHV#D#DQG#E

$FTXLVLWLRQ#ZLOO#VWDUW#ZKHQ#PHDVXUHG#SRZHU#LQ#HLWKHU#FKDQQHO#
$#RU#FKDQQHO#%#LV#ORZHU#WKDQ#WKH#VSHFLILHG#[#YDOXH1

[?$#RU#%? \
6HH#QRWHV#D#DQG#E

$FTXLVLWLRQ#ZLOO#VWDUW#ZKHQ#PHDVXUHG#SRZHU#LQ#FKDQQHO#$#IDOOV#
EH\RQG#D#VSHFLILHG#YDOXH#+$! [,1
2U=
$FTXLVLWLRQ#ZLOO#VWDUW#ZKHQ#PHDVXUHG#SRZHU#LQ#FKDQQHO#%#IDOOV#
ZLWKLQ#D#VSHFLILHG#YDOXH#+%? \,1

$?%
6HH#QRWHV#D#DQG#E

$FTXLVLWLRQ#ZLOO#VWDUW#ZKHQ#PHDVXUHG#SRZHU#RI#FKDQQHO#$#LV#
ORZHU#WKDQ#PHDVXUHG#SRZHU#RI#FKDQQHO#%1

([WHUQDO#WULJJHU
6HH#QRWH#F

$FTXLVLWLRQ#ZLOO#EH#WULJJHUHG#E\#DQ#H[WHUQDO#VLJQDO/#ZKHWKHU#RQ#
SRVLWLYH#RU#QHJDWLYH#77/#YROWDJH#WUDQVLWLRQV1#6HH#([WHUQDO#
7ULJJHU#RQ#SDJH :7#IRU#DGGLWLRQDO#LQIRUPDWLRQ#RQ#WKLV#IHDWXUH1

D1 2QO\#ZKHQ#XVLQJ#D#&RQWLQXRXV#RU#D#XVHU0GHILQHG#DFTXLVLWLRQ#UDWH1
E1 2QO\#ZKHQ#XVLQJ#D#PXOWL0FKDQQHO#SRZHU#PHWHU1
F1 2QO\#ZKHQ#XVLQJ#D#6LQJOH#DFTXLVLWLRQ#UDWH1

7ULJJHU #'HVFULSWLRQ

7DEOH#8041 'DWD#$FTXLVLWLRQ#7ULJJHUV#+3DUW#5#RI#5,
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$GYDQFHG#)XQFWLRQV
)LOH#$FTXLVLWLRQ
61 $FWLYDWH#WKH#7ULJJHU#UDGLR#EXWWRQ1

71 ,Q#WKH#&KDQQHO#6HOHFWLRQ#ER[/#VHOHFW#WKH#FKDQQHO+V,#RQ#ZKLFK#\RX#ZDQW#
WKH#SRZHU#PHDVXUHPHQW#GDWD#WR#EH#DFTXLUHG1

81 6HOHFW#WKH#GHVLUHG#DFTXLVLWLRQ#UDWH#DV#H[SODLQHG#RQ#SDJH 7<1#'HSHQGLQJ#
RQ#\RXU#VHOHFWLRQ/#GLIIHUHQW#WULJJHU#FRQGLWLRQV#ZLOO#EH#DFFHVVLEOH1

8D1 ([WHUQDO#WULJJHU

)LJXUH#8071 6HOHFWLQJ#WKH#([WHUQDO#7ULJJHU

41#,I#\RX#VHOHFWHG#D#6LQJOH#DFTXLVLWLRQ#UDWH/#\RX#FDQ#DFWLYDWH#WKH#([WHUQDO#
7ULJ#UDGLR#EXWWRQ#DQG#VHOHFW#ZKHWKHU#WKH#DFTXLVLWLRQ#ZLOO#EH#H[WHUQDOO\#
WULJJHUHG#RQ#SRVLWLYH#RU#QHJDWLYH#77/#YROWDJH#WUDQVLWLRQV#E\#FOLFNLQJ#RQ#
WKH#GHVLUHG#LFRQ=#FKRRVH# #WR#VHOHFW#SRVLWLYH#+IURP#3#WR#8 9,#
WUDQVLWLRQV/#RU# #WR#VHOHFW#QHJDWLYH#+IURP#8#WR#3 9,#WUDQVLWLRQV1

51#<RX#FDQ#DOVR#VHW#WKH#QXPEHU#RI#SRLQWV#WKDW#ZLOO#EH#DFTXLUHG#RQ#ILOH#
EHIRUH#WKH#WULJJHU#SRVLWLRQ#LV#PHW#LQ#8(#VWHSV#IURP#3(#WR#83(1#7KH#
GHIDXOW#VHWWLQJ#LV#53(1

61#)RU#PRUH#LQIRUPDWLRQ#DERXW#WKH#H[WHUQDO#WULJJHU#IXQFWLRQ/#VHH#
([WHUQDO#7ULJJHU#RQ#SDJH :71

8E1 3RZHU#OHYHO#WULJJHU#FRQGLWLRQ

41#&OLFN#RQ#WKH#DSSURSULDWH#WULJJHU#FRQGLWLRQ#UDGLR#EXWWRQ1
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$GYDQFHG#)XQFWLRQV
)LOH#$FTXLVLWLRQ
)LJXUH#8081 7ULJJHU#&RQGLWLRQ#%R[

51#6HOHFW#WKH#FKDQQHO#+LI#DSSOLFDEOH,#WR#EH#WDNHQ#DV#$#DQG#%1#:KHQ#
XVLQJ#D#&RQWLQXRXV#DFTXLVLWLRQ#UDWH/#LW#LV#SRVVLEOH#WR#VHOHFW#D#YLUWXDO#
FKDQQHO#LQ#WKH#FDVH#RI#D#PXOWL0FKDQQHO#SRZHU#PHWHU1

1RWH= 7KH#[#DQG#\#YDOXHV#DUH#GLVSOD\HG#LQ#WKH#FXUHQWO\#VHOHFWHG#XQLW1

61#8VLQJ#WKH#DEULGJHG#VRIWZDUH#NH\SDG#RU#\RXU#RSWLRQDO#KDUGZDUH#
NH\ERDUG/#HQWHU#WKH#DSSURSULDWH#[#DQG#\#YDOXHV1

91 6HOHFW#WKH#GHVLUHG#GXUDWLRQ#DV#H[SODLQHG#RQ#SDJH 7<1

:1 &KRRVH#)LOH#1DPH1#7KH#GLDORJ#ER[#VXJJHVWV#D#GHIDXOW#QDPH#DQG#SDWK/#
ZKLFK#\RX#FDQ#PRGLI\#RU#FRQILUP#XVLQJ#WKH#VRIWZDUH#NH\SDG#RU#\RXU#
RSWLRQDO#KDUGZDUH#NH\ERDUG1

;1 (QDEOH#WKH#DFTXLVLWLRQ#E\#FKRRVLQJ#6WDUW1#7KH#$FTXLVLWLRQ#)LOH#ZLQGRZ#
ZLOO#FORVH/#DQG#:DLWLQJ#IRU#WULJJHU#RU#VWDUW#WLPH#ZLOO#EH#GLVSOD\HG#LQ#WKH#
VWDWXV#EDU1

&KRRVLQJ#2.#DW#WKLV#VWHS#ZLOO#VDYH#WKH#GDWD#DFTXLVLWLRQ#SDUDPHWHUV#ZLWKRXW#
HQDEOLQJ#WKH#DFTXLVLWLRQ1#&KRRVLQJ#&DQFHO#ZLOO#H[LW#WKH#$FTXLVLWLRQ#)LOH#
ZLQGRZ1

'XULQJ#DFTXLVLWLRQ/#WKH#IXQFWLRQ#EXWWRQV#DUH#GLVDEOHG#DQG#$FTXLULQJ#LQWR#ILOH#
LV#GLVSOD\HG#LQ#WKH#VWDWXV#EDU#RI#WKH#PDLQ#ZLQGRZ1

2QFH#WKH#DFTXLVLWLRQ#VWDUWV/#LW#ZLOO#FRQWLQXH#IRU#WKH#VSHFLILHG#GXUDWLRQ1

Click on the 
appropriate radio 
button to select a 
trigger condition
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$GYDQFHG#)XQFWLRQV
)LOH#$FTXLVLWLRQ
1RWH= 'DWD#DFTXLVLWLRQ#FDQ#EH#WHUPLQDWHG#DW#DQ\#WLPH#E\#RSHQLQJ#WKH#$FTXLVLWLRQ#
)LOH#ZLQGRZ#DQG#FKRRVLQJ#6WRS1#7KH#DFFXPXODWHG#GDWD#LV#DYDLODEOH#LQ#WKH#
GDWD#ILOH/#ZLWK#WKH#PHVVDJH# $́FTXLVLWLRQ#DERUWHGµ#GLVSOD\HG#DW#WKH#HQG#RI#
WKH#GDWD#DFTXLVLWLRQ#ILOH1

'HOD\#$FTXLVLWLRQ#0HWKRG

'HOD\#DFTXLVLWLRQ#VWDUWV#DW#D#VSHFLILHG#WLPH#DIWHU#6WDUW#LV#FKRVHQ#DQG#
FRQWLQXHV#IRU#WKH#WLPH#VSHFLILHG#LQ#WKH#'XUDWLRQ#HGLW#ER[1

7R#XVH#GHOD\#DFTXLVLWLRQ/

41 6HOHFW#WKH#DSSURSULDWH#ZDYHOHQJWK#+RQ#DOO#FKDQQHOV#ZKHQ#XVLQJ#D#
PXOWL0FKDQQHO#SRZHU#PHWHU,1

51 ,Q#WKH#*HQHUDO#VHFWLRQ/#FOLFN#RQ#)LOH#$FTXLVLWLRQ#WR#RSHQ#WKH#)LOH#
$FTXLVLWLRQ#ZLQGRZ1

61 $FWLYDWH#WKH#'HOD\#UDGLR#EXWWRQ1

71 ,Q#WKH#&KDQQHO#6HOHFWLRQ#ER[/#VHOHFW#WKH#FKDQQHO+V,#RQ#ZKLFK#\RX#ZDQW#
WKH#SRZHU#PHDVXUHPHQW#GDWD#WR#EH#DFTXLUHG1

81 6HOHFW#WKH#GHVLUHG#DFTXLVLWLRQ#UDWH#DV#H[SODLQHG#RQ#SDJH 7<1

1RWH= 'HOD\#DFTXLVLWLRQ#LV#SRVVLEOH#RQO\#LI#D#&RQWLQXRXV#RU#D#XVHU0GHILQHG#
DFTXLVLWLRQ#UDWH#KDV#EHHQ#VHW1

91 6HOHFW#WKH#GHVLUHG#GXUDWLRQ#DV#H[SODLQHG#RQ#SDJH 7<1

:1 6HWWLQJ#WKH#GHOD\=

&OLFN#RQ#WKH#'HOD\#HGLW#ER[1#,I#\RX#GRXEOH0FOLFN#RQ#LW/#WKH#DEULGJHG#
VRIWZDUH#NH\SDG#ZLOO#DSSHDU1#8VLQJ#WKH#DEULGJHG#VRIWZDUH#NH\SDG#RU#
\RXU#RSWLRQDO#KDUGZDUH#NH\ERDUG/#HQWHU#WKH#GHOD\#LQ#WKH#++++=00=66#
IRUPDW1#<RX#FDQ#HQWHU#D#YDOXH#IURP#3333=33=34#WR#<<<<=8<=8<1

;1 &KRRVH#)LOH#1DPH1#7KH#GLDORJ#ER[#VXJJHVWV#D#GHIDXOW#QDPH#DQG#SDWK/#
ZKLFK#\RX#FDQ#PRGLI\#RU#FRQILUP#XVLQJ#WKH#VRIWZDUH#NH\SDG#RU#\RXU#
RSWLRQDO#KDUGZDUH#NH\ERDUG1
87 ,4049432495324973



$GYDQFHG#)XQFWLRQV
)LOH#$FTXLVLWLRQ
<1 (QDEOH#WKH#DFTXLVLWLRQ#E\#FKRRVLQJ#6WDUW1#7KH#$FTXLVLWLRQ#)LOH#ZLQGRZ#
ZLOO#FORVH/#DQG#:DLWLQJ#IRU#WULJJHU#RU#VWDUW#WLPH#ZLOO#EH#GLVSOD\HG#LQ#WKH#
VWDWXV#EDU1

&KRRVLQJ#2.#DW#WKLV#VWHS#ZLOO#VDYH#WKH#GDWD#DFTXLVLWLRQ#SDUDPHWHUV#ZLWKRXW#
HQDEOLQJ#WKH#DFTXLVLWLRQ1#&KRRVLQJ#&DQFHO#ZLOO#H[LW#WKH#$FTXLVLWLRQ#)LOH#
ZLQGRZ1

'XULQJ#DFTXLVLWLRQ/#WKH#IXQFWLRQ#EXWWRQV#DUH#GLVDEOHG#DQG#$FTXLULQJ#LQWR#ILOH#
LV#GLVSOD\HG#LQ#WKH#VWDWXV#EDU#RI#WKH#PDLQ#ZLQGRZ1

'DWD#DFTXLVLWLRQ#ZLOO#VWDUW#DIWHU#WKH#VSHFLILHG#GHOD\#DQG#FRQWLQXH#IRU#WKH#
VSHFLILHG#GXUDWLRQ1

1RWH= 'DWD#DFTXLVLWLRQ#FDQ#EH#WHUPLQDWHG#DW#DQ\#WLPH#E\#RSHQLQJ#WKH#$FTXLVLWLRQ#
)LOH#ZLQGRZ#DQG#FKRRVLQJ#6WRS1#7KH#DFFXPXODWHG#GDWD#LV#DYDLODEOH#LQ#WKH#
GDWD#ILOH/#ZLWK#WKH#PHVVDJH# $́FTXLVLWLRQ#DERUWHGµ#GLVSOD\HG#DW#WKH#HQG#RI#
WKH#GDWD#DFTXLVLWLRQ#ILOH1
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$GYDQFHG#)XQFWLRQV
&RQVXOWLQJ#'DWD
&RQVXOWLQJ#'DWD
$FTXLVLWLRQ#ILOHV#+VHH#)LOH#$FTXLVLWLRQ#RQ#SDJH 7:,#DUH#VDYHG#LQ#WH[W#IRUPDW1#
'DWD#PD\#EH#YLHZHG#RU#SULQWHG#XVLQJ#DQ\#WH[W#HGLWRU#RU#ZRUG#SURFHVVRU1#7KH#
ILOH#KDV#GDWD#ILHOGV#VHSDUDWHG#E\#WDEV/#VR#LW#FDQ#EH#HDVLO\#LPSRUWHG#LQWR#PRVW#
SRSXODU#VSUHDGVKHHW#SURJUDPV1

1RWH= 7KH#,40536#RSHUDWLQJ#V\VWHP#KDV#WZR#WH[W#HGLWRUV=#:LQGRZV#1RWHSDG#DQG#
:LQGRZV#:RUG3DG1#7KH#ILJXUH#EHORZ#GLVSOD\V#D#GDWD#DFTXLVLWLRQ#ILOH#LQ#WH[W#
IRUPDW1

)LJXUH#8091 'DWD#'LVSOD\HG#E\#7H[W#(GLWRU

EXFO_FILE: ACQFILE,FPM 4 CHANNEL(S)
VERSION: 2.0

FILE: C:\IQ\USERFILE\IQ1600\ACQPM00.DAT
FPM S/N: 0062084-2I
DATE: Wed Oct 20  1999
TIME: 11:42:47

CHANNEL: Channel 1 Channel 2 Channel 3 Channel 4
NAME: Channel 1 Channel 2 Channel 3 Channel 4
LAMBDA: 1310.00 nm 1310.00 nm 1310.00 nm 1310.00 nm
CORRECTION FACTOR: 000.0000 dB 000.0000 dB +001.0000E+00 W/W +001.0000E+00 W/W
REFERENCE: 000.0000 dBm 000.0000 dBm 000.0000E-18 W 000.0000E-18 W
RATE: 256.000/sec. 256.000/sec. 256.000/sec. 256.000/sec.
DIGITS: 4 Auto Auto Auto
AVG: Off Off Off Off
SCALE: LR3 LR3 LR3 LR3
UNIT: dBm dBm W W
Time (msec.) Channel 1 Channel 2 Channel 3 Channel 4

0.000 -044.7532 -044.6975 +030.704E-09 +024.066E-09
3.906 -044.7348 -044.6427 +030.850E-09 +024.066E-09
7.813 -044.7348 -044.6427 +030.704E-09 +024.496E-09
11.719 -044.7532 -044.6975 +030.704E-09 +024.066E-09
15.625 -044.7348 -044.6427 +030.850E-09 +024.496E-09
19.531 -044.8090 -044.7160 +030.704E-09 +024.066E-09
23.438 -044.7348 -044.6975 +031.286E-09 +024.066E-09
27.344 -044.8090 -044.7160 +030.267E-09 +023.923E-09
31.250 -044.7348 -044.6975 +031.286E-09 +024.066E-09
35.156 -044.7532 -044.7717 +030.267E-09 +023.923E-09
39.063 -044.7348 -044.6975 +030.850E-09 +024.066E-09
. . . .
9988.281 -044.6079 -044.5527 +031.868E-09 +025.212E-09
9992.188 -044.6618 -044.6245 +031.868E-09 +025.069E-09
9996.094 -044.5900 -044.4997 +032.014E-09 +025.212E-09
10000.000 -044.6799 -044.5706 +031.286E-09 +025.069E-09

MINIMUM: -044.8090 -044.7717 +030.267E-09 +023.923E-09
MAXIMUM: -044.5369 -044.4997 +032.450E-09 +025.642E-09

(Max-Min) (Max-Min) (Max/Min) (Max/Min)
RESULT: +000.2721 +000.2720 +001.0721E+00 +001.0719E+00

Acquisition completed.
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$GYDQFHG#)XQFWLRQV
6HWWLQJ#*UDSK#0RGH
6HWWLQJ#*UDSK#0RGH
7KH#*UDSK#VHFWLRQ#DOORZV#\RX#WR#VHW#WKH#EDVLF#SDUDPHWHUV#IRU#WKH#JUDSKLFDO#
DSSOLFDWLRQ/#ZKLFK#LV#H[SODLQHG#LQ#*UDSKLFDO#'LVSOD\#0RGH#RQ#SDJH 941

7ZR#DFTXLVLWLRQ#PRGHV#DUH#DYDLODEOH#IRU#JUDSKLFDO#DSSOLFDWLRQV=#&RQWLQXRXV#
PRGH/#ZKHUH#PHDVXUHPHQWV#DUH#GLVSOD\HG#LQ#UHDO#WLPH#RQ#WKH#JUDSK#DV#
ORQJ#DV#WKH#6WRS#EXWWRQ#LV#QRW#SUHVVHG/#DQG#6LQJOH#PRGH/#ZKHUH#
PHDVXUHPHQWV#DUH#DFTXLUHG#DW#KLJK#VSHHG#IRU#D#VSHFLILHG#GXUDWLRQ#DQG#
GLVSOD\HG#RQ#WKH#JUDSK#DIWHU#SURFHVVLQJ1

6HOHFWLQJ#&RQWLQXRXV#$FTXLVLWLRQ#0RGH

41 ,Q#WKH#*UDSK#VHFWLRQ/#DFWLYDWH#WKH#&RQWLQXRXV#UDGLR#EXWWRQ1

)LJXUH#80:1 *UDSK#6HFWLRQ#+&RQWLQXRXV#0RGH,

51 7KH#&RQWLQXRXV#DFTXLVLWLRQ#UDWH#DV#VHW#LQ#WKH#*HQHUDO#VHFWLRQ#ZLOO#EH#
DXWRPDWLFDOO\#VHOHFWHG1#1R#RWKHU#VHWWLQJ#LV#SRVVLEOH#LQ#WKLV#VHFWLRQ1

2QFH#WKH#DFTXLVLWLRQ#LV#ODXQFKHG#LQ#WKH#JUDSKLFDO#DSSOLFDWLRQ/#LW#ZLOO#
FRQWLQXH#XQWLO#LW#LV#PDQXDOO\#VWRSSHG1

)RU#IXUWKHU#GHWDLOV#RQ#KRZ#WR#XVH#WKH#JUDSKLFDO#DSSOLFDWLRQ/#VHH#7\SLFDO#
$SSOLFDWLRQV#RQ#SDJH :<#DQG#*UDSKLFDO#'LVSOD\#0RGH#RQ#SDJH 941
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$GYDQFHG#)XQFWLRQV
6HWWLQJ#*UDSK#0RGH
6HOHFWLQJ#6LQJOH#$FTXLVLWLRQ#0RGH

41 ,Q#WKH#*UDSK#VHFWLRQ/#DFWLYDWH#WKH#6LQJOH#UDGLR#EXWWRQ1

)LJXUH#80;1 *UDSK#6HFWLRQ#+6LQJOH#0RGH,

1RWH= 6LQJOH#DFTXLVLWLRQ#PRGH#LV#SRVVLEOH#RQO\#LI#D#PDQXDO#UDQJH#KDV#EHHQ#VHW#IRU#
DOO#FKDQQHOV1#7R#VHW#WKH#UDQJH/#VHH#6HWWLQJ#0HDVXUHPHQW#5DQJH#RQ#SDJH 741

51 7KH#6LQJOH#DFTXLVLWLRQ#UDWH#DV#VHW#LQ#WKH#*HQHUDO#VHFWLRQ#ZLOO#EH#
DXWRPDWLFDOO\#VHOHFWHG1

61 6HWWLQJ#WKH#GXUDWLRQ=

&OLFN#RQ#WKH#'XUDWLRQ#HGLW#ER[1#,I#\RX#GRXEOH0FOLFN#RQ#LW/#WKH#DEULGJHG#
VRIWZDUH#NH\SDG#ZLOO#DSSHDU1#8VLQJ#WKH#DEULGJHG#VRIWZDUH#NH\SDG#RU#
\RXU#RSWLRQDO#KDUGZDUH#NH\ERDUG/#HQWHU#WKH#GHVLUHG#GXUDWLRQ#LQ#
VHFRQGV#+PLQLPXP#4#VHFRQG,1#7KH#PD[LPXP#GXUDWLRQ#SHUPLWWHG#
GHSHQGV#RQ#WKH#VHOHFWHG#DFTXLVLWLRQ#UDWH=#D#PHVVDJH#ZLOO#SURPSW#\RX#
WR#HQWHU#D#YDOLG#DFTXLVLWLRQ#UDWH#LI#WKH#YDOXH#HQWHUHG#H[FHHGV#WKH#OLPLW/#
GHSHQGLQJ#RQ#WKH#VHOHFWHG#DFTXLVLWLRQ#UDWH1

71 7ULJJHU

7D1 6HWWLQJ#D#SRZHU#OHYHO#WULJJHU#FRQGLWLRQ=

41#(QDEOH#WKH#8VH#7ULJJHU#FKHFN#ER[1

51#&OLFN#RQ#WKH#GHVLUHG#WULJJHU#FRQGLWLRQ#UDGLR#EXWWRQ#+$![#RU#$?[,#
DQG/#XVLQJ#WKH#DEULGJHG#VRIWZDUH#NH\SDG#RU#\RXU#RSWLRQDO#KDUGZDUH#
NH\ERDUG/#VHOHFW#WKH#FKDQQHO#+LI#DSSOLFDEOH,#WR#EH#WDNHQ#DV#$#DQG#HQWHU#
WKH#DSSURSULDWH#[#YDOXH1
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$GYDQFHG#)XQFWLRQV
6HWWLQJ#*UDSK#0RGH
2U=

7E1 6HWWLQJ#WKH#H[WHUQDO#WULJJHU=

41#(QDEOH#WKH#8VH#7ULJJHU#FKHFN#ER[1

51#&OLFN#RQ#WKH#([WHUQDO#UDGLR#EXWWRQ1

61#6HOHFW#ZKHWKHU#WKH#DFTXLVLWLRQ#ZLOO#EH#H[WHUQDOO\#WULJJHUHG#RQ#
SRVLWLYH#RU#QHJDWLYH#77/#YROWDJH#WUDQVLWLRQV#E\#FOLFNLQJ#RQ#WKH#GHVLUHG#
LFRQ=#FKRRVH# #WR#VHOHFW#SRVLWLYH#+IURP#3#WR#8 9,#WUDQVLWLRQV/#RU# #
WR#VHOHFW#QHJDWLYH#+IURP#8#WR#3 9,#WUDQVLWLRQV1

71#6HOHFW#WKH#QXPEHU#RI#SRLQWV#WKDW#ZLOO#EH#DFTXLUHG#EHIRUH#WKH#WULJJHU#
SRVLWLRQ#LV#PHW#LQ#8(#VWHSV#IURP#3(#WR#83(1#7KH#GHIDXOW#VHWWLQJ#LV#53(1

2QFH#WKH#DFTXLVLWLRQ#LV#ODXQFKHG#LQ#WKH#JUDSKLFDO#DSSOLFDWLRQ/#LW#ZLOO#
FRQWLQXH#IRU#WKH#WLPH#VSHFLILHG#LQ#WKH#'XUDWLRQ#HGLW#ER[1

)RU#IXUWKHU#GHWDLOV#RQ#KRZ#WR#XVH#WKH#JUDSKLFDO#DSSOLFDWLRQ/#VHH#7\SLFDO#
$SSOLFDWLRQV#RQ#SDJH :<#DQG#*UDSKLFDO#'LVSOD\#0RGH#RQ#SDJH 941
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7KLV#SDJH#LV#LQWHQWLRQDOO\#OHIW#EODQN1



9 *UDSKLFDO#'LVSOD\#0RGH
7KH#JUDSKLFDO#GLVSOD\#PRGH#VLPXOWDQHRXVO\#RIIHUV#D#VDPSOLQJ#GLVSOD\#RI#XS#
WR#IRXU#FKDQQHOV#LQ#D#WDEXODU#IRUPDW#DQG#XS#WR#HLJKW#FKDQQHOV#LQ#D#JUDSKLFDO#
IRUPDW/#LQ#UHDO#WLPH#ZKHQ#XVLQJ#&RQWLQXRXV#PRGH1#7KH#FKDQQHOV#FDQ#EH#
WDNHQ#IURP#DQ\#,4#SRZHU#PHWHU#+,404433/#,404533/#,404833,/#KLJK0VSHHG#
SRZHU#PHWHU#+,404933,/#3'/#DQDO\]HU#+,406733,/#RU#2SWLFDO#6SHFWUXP#
$QDO\]HU#+,408533,#PRGXOHV1#2WKHU#IHDWXUHV#LQFOXGH#]RRP/#DGMXVWDEOH#
PDUNHUV#ZLWK#DXWRPDWLF#GHOWD#FDOFXODWLRQ/#PLQLPXP#DQG#PD[LPXP#
DODUPV/#WDEXODU#GDWD#GLVSOD\/#DQG#SULQWLQJ#FDSDELOLWLHV1

*UDSKLFDO#'LVSOD\#0RGH#:LQGRZ#'HVFULSWLRQ
7KH#JUDSKLFDO#GLVSOD\#PRGH#LV#DFFHVVHG#E\#FKRRVLQJ#WKH#*UDSK#EXWWRQ#
IURP#WKH#1RUPDO#PRGH#PDLQ#ZLQGRZ#RI#DQ\#,4#PRGXOH1

)LJXUH#9041 *UDSKLFDO#'LVSOD\#0RGH#:LQGRZ

Title bar

Function 
buttons

Menu bar

Display area

Status bar

Option tabs

Splitter bar

Display tabs Magnifying glass
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*UDSKLFDO#'LVSOD\#0RGH
0HQX#%DU
7KH#*UDSKLFDO#'LVSOD\#0RGH#ZLQGRZ#FDQ#EH#GLYLGHG#LQWR#ILYH#VHFWLRQV=

³ PHQX#EDU

³ IXQFWLRQ#EXWWRQV

³ GLVSOD\#WDEV#DQG#GLVSOD\#DUHD

³ VWDWXV#EDU

³ RSWLRQ#WDEV

0HQX#%DU#
7KH#WLWOH#EDU#DQG#WKH#PHQX#EDU#DUH#DW#WKH#WRS#RI#WKH#*UDSKLFDO#'LVSOD\#0RGH#
ZLQGRZ#+VHH#)LJXUH 904,1#7KH#PHQX#EDU#FRQWDLQV#GURS0GRZQ#PHQXV#WKDW#
DUH#H[SODLQHG#LQ#WKH#IROORZLQJ#WDEOH=

0HQX# 2SWLRQ# )XQFWLRQ

)LOH ([LW

([LWV#WKH#JUDSKLFDO#GLVSOD\#PRGH#DQG#UHWXUQV#WR#WKH#
SUHYLRXVO\#XVHG#,4#DSSOLFDWLRQ1#6DYHV#WKH#
FRQILJXUDWLRQ#DW#H[LW#DQG#ODWHU#UHRSHQV#ZLWK#WKH#VDPH#
SDUDPHWHUV1

+HOS

2QOLQH#0DQXDO 2SHQV#WKH#+HOS#ILOH/#ZKLFK#FRQWDLQV#WKH#WH[W#RI#WKLV#LQVWUXFWLRQ#PDQXDO#LQ#3')#IRUPDW1

$ERXW

2SHQV#D#ZLQGRZ#ZKLFK#SURYLGHV#WKH#IROORZLQJ#
LQIRUPDWLRQ=
³ 6RIWZDUH#YHUVLRQ

³ 7HOHSKRQH#QXPEHUV/#H0PDLO/#DQG#ZHE#VLWH#
DGGUHVVHV#IRU#WHFKQLFDO#DVVLVWDQFH

³ $YDLODEOH#,40536#V\VWHP#PHPRU\#+5$0,

³ 5HPDLQLQJ#KDUG#GLVN#GULYH#VWRUDJH#VSDFH

7DEOH#9041 *UDSKLFDO#'LVSOD\#0RGH#:LQGRZ#'URS0'RZQ#0HQXV
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*UDSKLFDO#'LVSOD\#0RGH
)XQFWLRQ#%XWWRQV
)XQFWLRQ#%XWWRQV
7KH#IXQFWLRQ#EXWWRQV/#DORQJ#WKH#OHIW#VLGH#RI#WKH#*UDSKLFDO#'LVSOD\#0RGH#
ZLQGRZ#+VHH#)LJXUH 904,/#DUH#XVHG#IRU#WKH#GLUHFW#FRQWURO#RI#IHDWXUHV#LQ#WKH#
JUDSKLFDO#GLVSOD\#PRGH1

%XWWRQ 'HVFULSWLRQ

/DXQFKHV#VDPSOLQJ#DFFRUGLQJ#WR#WKH#SDUDPHWHUV#VHW#LQ#WKH#2SWLRQ#
WDEV1#7KH 6WDUW#EXWWRQ#FKDQJHV#WR#6WRS#ZKHQ#VDPSOLQJ#LV#LQ#
SURJUHVV1

6WRSV#RU#SDXVHV#VDPSOLQJ1#6DPSOLQJ#FDQ#EH#UHVXPHG#E\#FKRRVLQJ#
6WDUW1

6HWV#WKH#DFTXLVLWLRQ#PRGH#WR#EH#XVHG#+&RQWLQXRXV#RU#6LQJOH,1

5HWXUQV#WR#WKH#DSSOLFDWLRQ#IURP#ZKLFK#WKH#JUDSKLFDO#DSSOLFDWLRQ#
ZDV#ODXQFKHG1

&OHDUV#WKH#GDWD#GLVSOD\HG#LQ#WKH#GLVSOD\#DUHD1

,QLWLDWHV#SULQWLQJ#RI#WKH#GLVSOD\#DUHD#+RQO\#LI#JUDSKLFDO#GLVSOD\#ZDV#
VHOHFWHG,1

7UDQVIHUV#FRQWURO#WR#WKH#,40536#IURQW#SDQHO#IXQFWLRQ#NH\V#+UHIHU#WR#WKH#
,40533#2SWLFDO#7HVW#6\VWHP#,QVWUXFWLRQ#0DQXDO,1

7DEOH#9051 *UDSKLFDO#'LVSOD\#0RGH#)XQFWLRQ#%XWWRQV
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*UDSKLFDO#'LVSOD\#0RGH
'LVSOD\#7DEV#DQG#'LVSOD\#$UHD
1RWH= :KHQ#IXQFWLRQ#EXWWRQV#DUH#GLVDEOHG/#WKH\#DSSHDU#JUD\1

,Q#DGGLWLRQ/#WKH#IROORZLQJ#VKRUWFXWV#DUH#GLUHFWO\#DFFHVVLEOH#IURP#\RXU#
RSWLRQDO#KDUGZDUH#NH\ERDUG=

³ )4=#VDPH#HIIHFW#DV#WKH#2QOLQH#0DQXDO#RSWLRQ#LQ#WKH#+HOS#PHQX1

³ )5#WR#):=#VDPH#HIIHFW#DV#WKH#PDWFKLQJ#IXQFWLRQ#EXWWRQV1

³ )45=#VDPH#HIIHFW#DV#WKH#)B #IXQFWLRQ#EXWWRQ1

³ $OW0)7=#VDPH#HIIHFW#DV#WKH#([LW#RSWLRQ#LQ#WKH#)LOH#PHQX1

³ (6&=#VDPH#HIIHFW#DV#WKH#&DQFHO#EXWWRQ#ZKHQ#DYDLODEOH1

'LVSOD\#7DEV#DQG#'LVSOD\#$UHD
7KH#GLVSOD\#WDEV#DUH#ORFDWHG#DERYH#WKH#'LVSOD\#DUHD#+VHH#)LJXUH 904,1#6HOHFW 
*UDSK#WR#GLVSOD\#WKH#SRZHU#UHDGLQJV#DV#D#FXUYH#+RQH#FXUYH#SHU#FKDQQHO,1#
6HOHFW#7DEOH#WR#GLVSOD\#WKH#SRZHU#UHDGLQJV#LQ#D#WDEOH#+RQH#FROXPQ#SHU#
FKDQQHO,1#7KH#XQLWV#VHOHFWHG#ZLOO#EH#VHFRQGV#DQG#SRZHU#UHDGLQJV#ZLOO#EH#
GLVSOD\HG#ZLWK#D#UHVROXWLRQ#RI#WKUHH#GLJLWV#DIWHU#WKH#GHFLPDO#SRLQW1

1RWH= ,W#LV#QRW#SRVVLEOH#WR#WRJJOH#EHWZHHQ#7DEOH#IRUPDW#DQG#*UDSK#IRUPDW#GXULQJ#
DQ#DFTXLVLWLRQ1#7KH#GHVLUHG#IRUPDW#PXVW#EH#VHOHFWHG#EHIRUH#VWDUWLQJ#WKH#
DFTXLVLWLRQ1

1RWH= ,Q#7DEOH#IRUPDW/#RQO\#WKH#ODVW#433#SRZHU#UHDGLQJV#ZLOO#EH#GLVSOD\HG1#
7KHUHIRUH/#7DEOH#IRUPDW#LV#QRW#DSSURSULDWH#ZKHQ#SHUIRUPLQJ#D#KLJK0UDWH#
+6LQJOH,#DFTXLVLWLRQ1

&OLFNLQJ#DQG#GUDJJLQJ#GRZQ#WKH#VSOLWWHU#EDU#+VHH#)LJXUH 904,#ZLOO#DOORZ#\RX#
WR#LQFUHDVH#WKH#VL]H#RI#WKH#GLVSOD\#DUHD1#7R#UHWXUQ#WR#WKH#GLVSOD\#DUHD·V#
RULJLQDO#VL]H/#VLPSO\#FOLFN#WKH#VSOLWWHU#EDU#DQG#GUDJ#LW#EDFN#LQWR#SODFH1

7KH#IROORZLQJ#WZR#H[DPSOHV#GLVSOD\#W\SLFDO#SRZHU#UHDGLQJV#LQ#JUDSKLFDO#
DQG#WDEXODU#IRUPDWV1
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*UDSKLFDO#'LVSOD\#0RGH
6WDWXV#%DU
)LJXUH#9051 &XUYH#LQ#'LVSOD\#$UHD#+*UDSK,

)LJXUH#9061 &KDQQHO#5HVXOWV#LQ#'LVSOD\#$UHD#+7DEOH,

6WDWXV#%DU
7KH#VWDWXV#EDU#GLVSOD\V#WKH#FXUUHQW#VWDWXV#RI#WKH#PRGXOH1

³ ,GOH#0#&RQWLQXRXV=#7KH#DSSOLFDWLRQ#LV#ZDLWLQJ#IRU#D#FRPPDQG1#7KH#
FXUUHQW#DFTXLVLWLRQ#PRGH#LV#&RQWLQXRXV1

³ ,GOH#0#6LQJOH=#7KH#DSSOLFDWLRQ#LV#ZDLWLQJ#IRU#D#FRPPDQG1#7KH#FXUUHQW#
DFTXLVLWLRQ#PRGH#LV#6LQJOH1
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*UDSKLFDO#'LVSOD\#0RGH
2SWLRQV
³ :DLWLQJ111#0#&RQWLQXRXV=#7KH#DSSOLFDWLRQ#LV#ZDLWLQJ#IRU#WKH#ILUVW#SRLQWV#RI#
DQ#DFTXLVLWLRQ#LQ#&RQWLQXRXV#DFTXLVLWLRQ#PRGH1

³ :DLWLQJ111#0#6LQJOH=#7KH#DSSOLFDWLRQ#LV#ZDLWLQJ#IRU#WKH#ILUVW#SRLQWV#RI#DQ#
DFTXLVLWLRQ#LQ#6LQJOH#DFTXLVLWLRQ#PRGH1

³ 'UDZLQJ#&XUYHV#0#&RQWLQXRXV=#$Q#DFTXLVLWLRQ#LV#LQ#SURJUHVV#LQ#
&RQWLQXRXV#DFTXLVLWLRQ#PRGH#DQG#SRZHU#UHDGLQJV#DUH#EHLQJ#GLVSOD\HG#
LQ#*UDSK#IRUPDW1

³ 'UDZLQJ#&XUYHV#0#6LQJOH=#$Q#DFTXLVLWLRQ#LV#LQ#SURJUHVV#LQ#6LQJOH#
DFTXLVLWLRQ#PRGH#DQG#SRZHU#UHDGLQJV#DUH#EHLQJ#GLVSOD\HG#LQ#*UDSK#
IRUPDW1

³ :ULWLQJ#WR#7DEOHV#0#&RQWLQXRXV=#$Q#DFTXLVLWLRQ#LV#LQ#SURJUHVV#LQ#
&RQWLQXRXV#DFTXLVLWLRQ#PRGH#DQG#SRZHU#UHDGLQJV#DUH#EHLQJ#GLVSOD\HG#
LQ#7DEOH#IRUPDW1

³ :ULWLQJ#WR#7DEOHV#0#6LQJOH=#$Q#DFTXLVLWLRQ#LV#LQ#SURJUHVV#LQ#6LQJOH#
DFTXLVLWLRQ#PRGH#DQG#SRZHU#UHDGLQJV#DUH#EHLQJ#GLVSOD\HG#LQ#7DEOH#
IRUPDW1

³ 0LQLPXP#$ODUP#&RQGLWLRQ=#7KH#PLQLPXP#SUH0GHILQHG#DODUP#FRQGLWLRQ#
LV#EHLQJ#PHW1

³ 0D[LPXP#$ODUP#&RQGLWLRQ=#7KH#PD[LPXP#SUH0GHILQHG#DODUP#
FRQGLWLRQ#LV#EHLQJ#PHW1

³ &OHDULQJ=#$OO#*UDSK#RU#7DEOH#SRZHU#UHDGLQJV#DUH#EHLQJ#HUDVHG1

)LQDOO\/#WKH#VWDWXV#EDU#GLVSOD\V#WKH#WLPH1

2SWLRQV

&KDQQHO#6HOHFWLRQ

5HDGLQJV#IURP#DV#PDQ\#DV#HLJKW#FKDQQHOV#FDQ#EH#GLVSOD\HG#LQ#D#JUDSK/#
ZKLOH#UHDGLQJV#IURP#DV#PDQ\#DV#IRXU#FKDQQHOV#FDQ#EH#GLVSOD\HG#LQ#D#WDEOH1#
&KDQQHOV#PXVW#EH#VHOHFWHG#DQG#KDYH#D#FKDUDFWHU#DWWULEXWHG#WR#WKHP#IRU#
WKHLU#UHDGLQJV#WR#EH#GLVSOD\HG1
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*UDSKLFDO#'LVSOD\#0RGH
2SWLRQV
)LJXUH#9071 &KDQQHO#6HOHFWLRQ#6HFWLRQ

41 6HOHFW#WKH#PHDVXUHPHQW#XQLW#+G%P/#G%/#RU#:,#LQ#ZKLFK#WKH#UHDGLQJV#
ZLOO#EH#GLVSOD\HG#+RQ#WKH#\#D[LV,1

51 6FUROO#WKURXJK#WKH#OLVW#RI#DYDLODEOH#,4#PRGXOHV#DQG#VHOHFW#RQH1

7KH#SRVLWLRQ#RI#DQ#,4#PRGXOH#LV#LGHQWLILHG#ERWK#ZLWK#D#QXPEHU#DQG#D#OHWWHU1#
7KH#QXPEHU#LQGLFDWHV#WKH#XQLW#LQ#ZKLFK#WKH#PRGXOH#LV#LQVHUWHG#+3#IRU#WKH#
,40536#0DLQIUDPH#DQG#4#WR#7#IRU#WKH#,40539#([SDQVLRQ#8QLWV#FRQQHFWHG#WR#
WKH#0DLQIUDPH,1#7KH#OHWWHU#LQGLFDWHV#WKH#VORW#LQ#ZKLFK#WKH#PRGXOH#LV#
LQVHUWHG1

61 'HSHQGLQJ#RQ#WKH#QXPEHU#RI#FKDQQHOV#DYDLODEOH#RQ#WKH#VHOHFWHG#
PRGXOH/#WKH#4/#5/#6/#RU#7#ER[HV#ZLOO#EH#DFWLYDWHG1

1RWH= 2QO\#WKH#,4#PRGXOH#FKDQQHOV#VHW#WR#WKH#VDPH#PHDVXUHPHQW#XQLW#DV#WKDW#
VSHFLILHG#LQ#WKH#8QLWV#ER[#ZLOO#EH#OLVWHG1

1RWH= 7KH#DFTXLVLWLRQ#PRGH#VHOHFWHG#+L1H1/#&RQWLQXRXV#RU#6LQJOH,#PXVW#EH#WKH#
VDPH#DV#WKH#RQH#VHOHFWHG#LQ#WKH#*UDSK#VHFWLRQ#+VHH#6HWWLQJ#*UDSK#0RGH#RQ#
SDJH 8:,1#,I#QRW/#FKRRVH#+0RGH,#)7#WR#WRJJOH#EHWZHHQ#WKH#WZR#DFTXLVLWLRQ#
PRGHV1

71 7R#VHOHFW#D#FKDQQHO#IRU#GLVSOD\/#HQWHU#WKH#FKDQQHO#ODEHO/#L1H1/#W\SH#D#
FKDUDFWHU#+HLWKHU#D#OHWWHU#RU#QXPEHU,#LQ#WKH#PDWFKLQJ#ER[1#7KLV#
FKDUDFWHU#ZLOO#EH#XVHG#WR#LGHQWLI\#WKH#FKDQQHO#GLVSOD\HG1#7KH#VDPH#
FKDUDFWHU#FDQ#EH#XVHG#RQO\#RQFH1

1RWH= ,W#LV#QRW#SRVVLEOH#WR#VHOHFW#FKDQQHOV#IURP#GLIIHUHQW#,404933#PRGXOHV#LQ#6LQJOH#
$FTXLVLWLRQ#PRGH1
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*UDSKLFDO#'LVSOD\#0RGH
2SWLRQV
81 5HSHDW#VWHSV#5/#6/#DQG#7#IRU#HDFK#UHTXLUHG#FKDQQHO1

7LS= <RX#QHHG#WR#HQWHU#WKH#LQIRUPDWLRQ#IRU#WKH#&KDQQHO#6HOHFW/#$ODUPV/#DQG#
'LVSOD\#RSWLRQV#EHIRUH#FKRRVLQJ#6WDUW#+)5,1

=RRP#&RQWURO

7KH#=RRP#ZLQGRZ#FRQWUROV#WKH#YLHZ#E\#LQFUHDVLQJ#RU#GLPLQLVKLQJ#WKH#D[LV#
VFDOHV1

)LJXUH#9081 =RRP#6HFWLRQ

7KH#=RRP#RSWLRQ#ZLOO#QRW#EH#HQDEOHG#XQWLO#D#IHZ#SRLQWV#KDYH#EHHQ#DFTXLUHG#
RQ#WKH#FXUYH1#:LWK#WKH#PDJQLI\LQJ#JODVV#SRVLWLRQHG#RQ#WKH#GHVLUHG#SRUWLRQ#
RI#WKH#FXUYH/#VHOHFW#WKH#DSSURSULDWH#EXWWRQ#WR#GLPLQLVK#RU#LQFUHDVH#WKH#[#
D[LV/#WR#VKULQN#RU#VSUHDG#WKH#\#D[LV/#RU#WR#UHWXUQ#WR#WKH#RULJLQDO#VHWWLQJV1

)LJXUH#9091 0DJQLI\LQJ#*ODVV

0DJQLILFDWLRQ#RQ#WKH#[#D[LV#LV#SRVVLEOH#ZLWKLQ#WKH#OLPLWV#LPSRVHG#E\#WKH#
PRGXOH#VDPSOLQJ#UDWH1#)RU#H[DPSOH/#DW#WKH#PD[LPXP#PDJQLILFDWLRQ#UDWH/#
WKH#&RQWLQXRXV#PRGH#DOORZV#31337 VHF1#DFFXUDF\#+VDPSOLQJ#UDWH#RI#
589 2 VHF1,#DQG#WKH#6LQJOH#PRGH#DOORZV#3133358 VHF1#DFFXUDF\#+VDPSOLQJ#
UDWH#RI#73<9 2 VHF1,1

0DJQLI\LQJ#E\#D#IDFWRU#RI#XS#WR#4333#FDQ#EH#DFKLHYHG#RQ#WKH#\#D[LV1
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*UDSKLFDO#'LVSOD\#0RGH
2SWLRQV
7KH#PDJQLI\LQJ#JODVV#DOORZV#\RX#WR#PRYH#WKH#YLVLEOH#SRUWLRQ#RI#WKH#FXUYH#
KRUL]RQWDOO\#DQG#YHUWLFDOO\#E\#GUDJJLQJ#WKH#PDJQLI\LQJ#JODVV#ZLWK#WKH#OHIW#
PRXVH#EXWWRQ#RQ#WKH#FRUUHVSRQGLQJ#ERUGHU#RI#WKH#GLVSOD\#DUHD1

0DUNHUV

7KH#PDUNHUV#GHWHUPLQH#WKH#H[DFW#FRRUGLQDWHV#RI#D#SDUWLFXODU#SRLQW#RQ#D#
FXUYH1#<RX#FDQ#DOVR#ILQG#WKH#GLIIHUHQFH#EHWZHHQ#WKH#FRRUGLQDWHV#RI#WZR#
SRLQWV#RQ#D#FXUYH1#7R#XVH#WKH#PDUNHU#IHDWXUH/#FKRRVH#WKH#0DUNHUV#WDE/#DW#
WKH#ERWWRP#RI#WKH#*UDSKLFDO#'LVSOD\#0RGH#ZLQGRZ1

)LJXUH#90:1 0DUNHUV#6HFWLRQ

)LJXUH#90;1 'LVSOD\#$UHD

³ 7KH#$#DQG#%#PDUNHUV#DSSHDU#LQ#WKH#GLVSOD\#DUHD1

Curve points

Marker A Marker B

insertion line
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*UDSKLFDO#'LVSOD\#0RGH
2SWLRQV
³ 7KH#$#ER[#+VHH#)LJXUH 90:,#JLYHV#WKH#FRRUGLQDWHV#RI#WKH#SRLQW#PHW#E\#
PDUNHU#$#RQ#WKH#VHOHFWHG#FXUYH1

³ 7KH#%#ER[#+VHH#)LJXUH 90:,#JLYHV#WKH#FRRUGLQDWHV#RI#WKH#SRLQW#PHW#E\#
PDUNHU#%#RQ#WKH#VHOHFWHG#FXUYH1

³ 7KH#%0$#ER[#+VHH#)LJXUH 90:,#JLYHV#WKH#GLIIHUHQFH#EHWZHHQ#WKH#
FRRUGLQDWHV#RI#WKH#SRLQWV#PHW#E\#PDUNHUV#$#DQG#%#RQ#WKH#VHOHFWHG#
FXUYH1

7R#PRYH#D#PDUNHU/#FKRRVH#WKH#DSSURSULDWH#DUURZ#LQ#WKH#0DUNHUV#VHFWLRQ/#RU#
FOLFN#RQ#WKH#GHVLUHG#PDUNHU#LQ#WKH#GLVSOD\#DUHD#DQG#GUDJ#LW#DV#UHTXLUHG1

2QO\#WZR#PDUNHUV#DUH#GLVSOD\HG#DW#WKH#VDPH#WLPH#RQ#WKH#FXUYH#VHOHFWHG#LQ#
WKH#&XUYH#OLVW#ER[#+DFFHVVLEOH#LQ#WKH#0DUNHUV#VHFWLRQ,1#7KH#PDUNHUV#WDNH#WKH#
FRORU#RI#WKH#VHOHFWHG#FXUYH1

$ODUPV

$ODUPV#FDQ#EH#VHW#WR#ZDUQ#\RX#ZKHQ#SRZHU#OHYHOV#RI#DQ\#FKDQQHO#JR#EHORZ#
RU#DERYH#SUH0GHILQHG#WKUHVKROGV#RU#RXWVLGH#VSHFLILHG#OLPLWV1#$Q#DXGLEOH#
DQG2RU#YLVXDO#DODUP#LV#DFWLYDWHG#ZKHQ#WKH#SRZHU#OHYHO#RQ#DQ\#RI#WKH#
GLVSOD\HG#FKDQQHOV#JRHV#DERYH#RU#EHORZ#WKH#SUH0GHILQHG#WKUHVKROGV1

)LJXUH#90<1 $ODUPV#6HFWLRQ

)LUVW/#VHOHFW#DXGLEOH#DQG2RU#YLVXDO#DODUP1#1H[W/#HQWHU#PD[LPXP#DQG2RU#
PLQLPXP#DODUP#WKUHVKROG#YDOXHV1#$Q\#YDOXH#HQWHUHG#IRU#WKH#PLQLPXP#DQG#
PD[LPXP#YDOXHV#ZLOO#EH#DXWRPDWLFDOO\#WUDQVIRUPHG#LQWR#VFLHQWLILF#QRWDWLRQ1
:3 ,4049432495324973



*UDSKLFDO#'LVSOD\#0RGH
2SWLRQV
$Q#DXGLEOH#DODUP#FRQVLVWV#RI#VPDOO#EHHSV#JHQHUDWHG#E\#WKH#FRPSXWHU1#)RU#D#
YLVXDO#DODUP/#WKH#0LQ#DQG2RU#0D[#LQGLFDWLRQ#LQ#WKH#'LVSOD\#$UHD#ZLOO#EH#
RXWOLQHG#LQ#UHG#KRUL]RQWDO#GRWWHG#OLQHV1#7KH#DODUP#VWDWXV#LV#GLVSOD\HG#LQ#WKH#
VWDWXV#EDU/#DOWHUQDWLQJ#EHWZHHQ#WKH#V\VWHP#VWDWXV#DQG#DODUP#VWDWXV1#2QO\#WKH#
ILUVW#RFFXUUHQFH/#HLWKHU#WKH#PLQLPXP#RU#PD[LPXP#DODUP#ZLOO#EH#GLVSOD\HG#
LQ#WKH#VWDWXV#EDU1#7R#VWRS#WKH#DODUP/#SUHVV#6WRS1

'LVSOD\

7KH#'LVSOD\#VHFWLRQ/#ZKLFK#DOORZV#\RX#WR#FRQILJXUH#WKH#GDWD#GLVSOD\HG/#
LQFOXGHV#WKH#IROORZLQJ#RSWLRQV=

³ 'LVSOD\#PRGH

³ 6FDOH

³ *ULG

)LJXUH#90431 'LVSOD\#6HFWLRQ

8VLQJ#WKH#'LVSOD\#0RGH#RSWLRQ/#WZR#FXUYH#SORWWLQJV#FDQ#EH#VHOHFWHG#+LQ#
&RQWLQXRXV#PRGH#RQO\,=

&OHDU#/DVW $IWHU#KDYLQJ#JRQH#WKURXJK#D#FRPSOHWH#VZHHS#RI#D#
WLPH#VFDOH/#FXUYH#SORWWLQJ#EHJLQV#DJDLQ#DW#WKH#]HUR#
SRLQW1#7KH#SUHYLRXV#FXUYH#LV#RYHUZULWWHQ#DV#D#QHZ#RQH#
LV#SORWWHG1

&RQWLQXRXV#6FUROO $IWHU#KDYLQJ#JRQH#WKURXJK#D#FRPSOHWH#VZHHS#RI#D#
WLPH#VFDOH/#FXUYH#SORWWLQJ#NHHSV#JRLQJ#RQ#WKH#VDPH#
FXUYH1#2QO\#WKH#SRUWLRQ#RI#WKH#FXUYH#SORWWHG#ZLWKLQ#WKH#
ODVW#WLPH#VFDOH#LV#NHSW#LQ#PHPRU\#DQG#GLVSOD\HG1
,404933#+LJK06SHHG#3RZHU#0HWHU#6HULHV :4



*UDSKLFDO#'LVSOD\#0RGH
2SWLRQV
1RWLFH#WKDW#DQ#LQVHUWLRQ#OLQH#PRYHV#DORQJ#WKH#[#D[LV#DV#FXUYH#SORWWLQJ#
SURJUHVVHV1

7KH#6FDOH#VHWWLQJ#GHWHUPLQHV#WKH#OHQJWK#RI#WKH#[#D[LV#+WLPH,#ZKHQ#WKH#]RRP#
FRQWURO#LV#VHW#WR#IXOO#YLHZ1#,W#WKHUHIRUH#GHWHUPLQHV#KRZ#ORQJ#WKH#FXUYH#
SORWWLQJ#SURFHVV#ZLOO#WDNH#WR#FDUU\#RXW#D#FRPSOHWH#VZHHS#RI#WKH#GLVSOD\#+LQ#
IXOO#YLHZ,1#1LQH#FKRLFHV#DUH#DYDLODEOH#LQ#WKH#6FDOH#HGLW#ER[=#8/#48/#63/#93/#453/#
633/#933/#4;33/#DQG#6933#VHFRQGV1

7KH#DYDLODEOH#VFDOHV#GHSHQG#RQ#WKH#PD[LPXP#VDPSOLQJ#UDWH#DOORZHG#IRU#
WKH#GLVSOD\HG#FXUYHV1

1RWH= 7KH#VFDOH#LV#DXWRPDWLFDOO\#VHOHFWHG#LQ#6LQJOH#DFTXLVLWLRQ#PRGH1#7KHUHIRUH/#LW#
FDQ#RQO\#EH#VHOHFWHG#ZKHQ#LQ#&RQWLQXRXV#DFTXLVLWLRQ#PRGH1

$#JULG#FDQ#EH#GLVSOD\HG#RYHU#WKH#FXUYH+V,#LQ#WKH#JUDSKLFDO#GLVSOD\#DUHD/#VR#LW#
LV#HDVLHU#WR#UHIHU#WR#WKH#[#DQG#\#D[HV#IURP#D#SRLQW#RQ#D#FXUYH1#7R#WXUQ#WKH#JULG#
RQ#RU#RII/#FKRRVH#WKH#DSSURSULDWH#UDGLR#EXWWRQ#LQ#WKH#'LVSOD\#VHFWLRQ1
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: ([WHUQDO#7ULJJHU#DQG#$QDORJ#
2XWSXW

7KLV#FKDSWHU#GHVFULEHV#KRZ#WR#XVH#WKH#H[WHUQDO#WULJJHU#+,404943/#,404953/#
DQG#,404973,#DQG#DQDORJ#RXWSXW#+,404943#DQG#,404953,#RI#WKH#KLJK0VSHHG#
SRZHU#PHWHU1

%RWK#WKH#H[WHUQDO#WULJJHU#DQG#DQDORJ#RXWSXW#DUH#DFFHVVLEOH#IURP#WKH#IURQW#
SDQHO#RI#WKH#,404933#PRGXOH1

6WDQGDUG#%1&#FRQQHFWRUV#DUH#XVHG#ZLWK#WKH#H[FHSWLRQ#RI#WKH#H[WHUQDO#
WULJJHU#RQ#WKH#IRXU0FKDQQHO#SRZHU#PHWHU/#ZKLFK#XVHV#DQ#60%#FRQQHFWRU#
GXH#WR#WKH#DYDLODEOH#VSDFH#RQ#WKH#IURQW#SDQHO#RI#WKH#PRGXOH1

)LJXUH#:041 $QDORJ#2XWSXW#DQG#([WHUQDO#7ULJJHU#3RUWV

External trigger

(BNC connector)

C1

C2

C3

C4

4-CH POW ER METER
IQ-1600

EXFO

N
TT

-F C

EXFO

NT

T-F C

EXFO

N T T-F C

EXFO

N T T-F C

EXT.
TRIG

C1

C2

2-CH POW ER METER

IQ-1600

E XFO

NTT-F
C

E X
FO

NTT
-F

C

ANALOG OUT

EXT.
TRIG

EXT.

POW ER METER

IQ-1600

TRIG

ANALOG OUT

E X FO

NTT-FC

(BNC connector)
Analog output Analog output

(BNC connector)
External trigger

(BNC connector)
External trigger

(SMB connector)
,404933#+LJK06SHHG#3RZHU#0HWHU#6HULHV :6



([WHUQDO#7ULJJHU#DQG#$QDORJ#2XWSXW
([WHUQDO#7ULJJHU
([WHUQDO#7ULJJHU
7KH#H[WHUQDO#WULJJHU#LV#XVHG#WR#V\QFKURQL]H#RU#VWLPXODWH#WKH#DFTXLVLWLRQ#RI#
SRZHU#PHDVXUHPHQWV#ZLWK#DQ#HOHFWULFDO#VLJQDO#+77/#OHYHO,1#6LQJOH#
DFTXLVLWLRQV#DW#XS#WR#73<9 +]#FDQ#EH#SHUIRUPHG1#7KH#H[WHUQDO#WULJJHU#FDQ#
RQO\#EH#XVHG#ZLWK#D#6LQJOH#DFTXLVLWLRQ#UDWH1#7KH#H[WHUQDO#WULJJHU#FDQ#EH#
XVHG#WR#VWDUW#D#ILOH#DFTXLVLWLRQ#RU#D#JUDSK#DFTXLVLWLRQ1

:LWK#DQ#H[WHUQDOO\#WULJJHUHG#DFTXLVLWLRQ/#ZKHWKHU#IRU#D#ILOH#DFTXLVLWLRQ#RU#IRU#
D#JUDSK#DFTXLVLWLRQ/#\RX#FDQ#VHOHFW#WKH#QXPEHU#RI#SRLQWV#WKDW#ZLOO#EH#
DFTXLUHG#EHIRUH#WKH#WULJJHU#SRVLWLRQ#LV#EHLQJ#PHW1

1RWH= 6LQFH#H[WHUQDOO\#WULJJHUHG#DFTXLVLWLRQV#PD\#EH#SHUIRUPHG#XVLQJ#D#KLJK#
DFTXLVLWLRQ#UDWH#RQO\/#D#PDQXDO#SRZHU#UDQJH#PXVW#EH#VHW#IRU#DOO#FKDQQHOV1

&RQQHFWLQJ#D#77/#6RXUFH#WR#WKH#([WHUQDO#7ULJJHU

$#V\QFKURQL]LQJ#VLJQDO#IURP#D#VLJQDO#JHQHUDWRU#RU#IURP#D#FRQWURO#FLUFXLW#PD\#
EH#FRQQHFWHG#WR#WKH#H[WHUQDO#WULJJHU#LQSXW#RI#WKH#,404933#PRGXOH#LI#LW#GRHV#
QRW#H[FHHG#77/#OHYHOV1#7KH#LOOXVWUDWLRQ#EHORZ#GLVSOD\V#D#W\SLFDO#FRQQHFWLRQ#
VHWXS#IRU#D#VLJQDO#JHQHUDWRU1

)LJXUH#:051 7\SLFDO#6LJQDO#*HQHUDWRU#&RQQHFWLRQ

IQ-1600 Optical power inputSignal generator

External trigger input

Optical input

4.000 000 000n GHz
6.00 dBm

DUT

Optical output

(e.-o. component)
:7 ,4049432495324973



([WHUQDO#7ULJJHU#DQG#$QDORJ#2XWSXW
([WHUQDO#7ULJJHU
([WHUQDO#7ULJJHU#DQG#)LOH#$FTXLVLWLRQ
7R#SUHSDUH#DQ#H[WHUQDOO\#WULJJHUHG#ILOH#DFTXLVLWLRQ/#D#6LQJOH#DFTXLVLWLRQ#UDWH#
PXVW#EH#VHOHFWHG#+VHH#)LOH#$FTXLVLWLRQ#RQ#SDJH 7:,1

&OLFN#RQ#WKH#7ULJJHU#UDGLR#EXWWRQ#LQ#WKH#)LOH#$FTXLVLWLRQ#ZLQGRZ/#ZKLFK#LV#
DFFHVVLEOH#IURP#WKH#*HQHUDO#VHFWLRQ/#DQG#HQVXUH#WKDW#([WHUQDO#7ULJ#LV#
DFWLYDWHG1

&KRRVH#ZKHWKHU#WKH#DFTXLVLWLRQ#ZLOO#EH#H[WHUQDOO\#WULJJHUHG#RQ#SRVLWLYH#RU#
QHJDWLYH#77/#YROWDJH#WUDQVLWLRQV#E\#VHOHFWLQJ# #RU# #UHVSHFWLYHO\1

6HW#WKH#WULJ#SRVLWLRQ#LQ#8(#VWHSV#IURP#3(#WR#83(1

:KHQ#\RX#HQDEOH#WKH#H[WHUQDOO\#WULJJHUHG#DFTXLVLWLRQ#ZLWK#6WDUW/#WKH#
DFTXLVLWLRQ#ZLOO#ZDLW#IRU#WKH#YROWDJH#WUDQVLWLRQ#WR#RFFXU#EHIRUH#VWRULQJ#WKH#
GDWD#RQ#ILOH1

([WHUQDO#7ULJJHU#DQG#*UDSKLFDO#$FTXLVLWLRQ
7KH#H[WHUQDO#WULJJHU#PD\#EH#VHOHFWHG#RQO\#LI#6LQJOH#DFTXLVLWLRQ#PRGH#ZDV#
VHOHFWHG1

$IWHU#HQDEOLQJ#WKH#8VH#7ULJJHU#FKHFN#ER[#LQ#WKH#*UDSK#VHFWLRQ/#FKRRVH#
ZKHWKHU#WKH#JUDSKLFDO#DFTXLVLWLRQ#ZLOO#EH#H[WHUQDOO\#WULJJHUHG#RQ#SRVLWLYH#RU#
QHJDWLYH#77/#YROWDJH#WUDQVLWLRQV#E\#VHOHFWLQJ# #RU# #UHVSHFWLYHO\1

6HW#WKH#WULJ#SRVLWLRQ#LQ#8(#VWHSV#IURP#3(#WR#83(1

1H[W/#UXQ#WKH#JUDSKLFDO#DSSOLFDWLRQ#E\#FKRRVLQJ#)8#+*UDSK,#IURP#WKH#PDLQ#
ZLQGRZ1#6HW#WKH#DFWLYH#FKDQQHO+V,/#WKHQ#HQDEOH#WKH#DFTXLVLWLRQ#E\#FKRRVLQJ 
+6WDUW,#)51#7KH#´:DLWLQJ111µ#PHVVDJH#ZLOO#DSSHDU#RQ#WKH#VWDWXV#EDU1#7KH#
,404933#LV#QRZ#ZDLWLQJ#IRU#WKH#SRVLWLYH#RU#QHJDWLYH#YROWDJH#WUDQVLWLRQ#WR#
RFFXU#DW#WKH#H[WHUQDO#WULJJHU#LQSXW1

8SRQ#YROWDJH#WUDQVLWLRQ/#WKH#,404933#UHFRUGV#GDWD#DW#WKH#VSHFLILHG#VDPSOLQJ#
UDWH#IRU#D#IL[HG#GXUDWLRQ/#WKH#´'UDZLQJ#&XUYHVµ#RU#´:ULWLQJ#WR#7DEOHVµ#
PHVVDJH#DSSHDUV/#DQG#WKH#DFTXLVLWLRQ#GDWD#LV#GLVSOD\HG#RQ#WKH#JUDSK#
ZLQGRZ1#*UDSK#PRGH#RSHUDWLRQ#+]RRP/#PDUNHUV/#HWF1,#PD\#WKHQ#EH#
SHUIRUPHG#DW#\RXU#FRQYHQLHQFH1

*UDSKLFDO#WULJJHUHG#DFTXLVLWLRQ#FDQ#EH#UHSHDWHG#E\#FKRRVLQJ#+6WDUW,#)51
,404933#+LJK06SHHG#3RZHU#0HWHU#6HULHV :8



([WHUQDO#7ULJJHU#DQG#$QDORJ#2XWSXW
$QDORJ#2XWSXW#+,404943/#,404953,
$QDORJ#2XWSXW#+,404943/#,404953,
7KH#DQDORJ#RXWSXW#SURYLGHV#DQ#HOHFWULFDO#VLJQDO#SURSRUWLRQDO#WR#WKH#RSWLFDO#
SRZHU#LQSXW#RQ#WKH#GHWHFWRU1#,W#LV#DYDLODEOH#IRU#FKDQQHO#&4#RI#ERWK#VLQJOH0#
DQG#GXDO0FKDQQHO#PRGHOV1

7KH#DQDORJ#RXWSXW#VLJQDO#LV#WKH#UHGLUHFWLRQ#RI#WKH#VLJQDO#DIWHU#WKH#ILUVW#
DPSOLILFDWLRQ#VWDJH1#'R#QRW#XVH#WKH#DQDORJ#RXWSXW#LQ#$XWRUDQJH#PRGH#+VHH#
6HWWLQJ#0HDVXUHPHQW#5DQJH#RQ#SDJH 74,#EHFDXVH#WKH#JDLQ#VFDOHV#RI#WKH#
ILUVW#DPSOLILFDWLRQ#VWDJH#DUH#FRQVWDQWO\#FKDQJHG#WR#RSWLPL]H#VLJQDO0WR0QRLVH#
UDWLR1

7KH#IROORZLQJ#WZR#ILJXUHV#LOOXVWUDWH#W\SLFDO#XVH#RI#WKH#DQDORJ#RXWSXW1

)LJXUH#:061 $QDORJ#2XWSXW#&RQQHFWHG#WR#D#'LJLWDO#2VFLOORVFRSH

)LJXUH#:071 $QDORJ#2XWSXW#&RQQHFWHG#WR#D#'DWD#/RJJHU

Digital oscilloscopeIQ-1600 Analog output

Data loggerIQ-1600 Analog output
:9 ,4049432495324973



([WHUQDO#7ULJJHU#DQG#$QDORJ#2XWSXW
$QDORJ#2XWSXW#+,404943/#,404953,
7KH#XVHU#LQWHUIDFH#FDQ#EH#XVHG#WR#GHWHUPLQH#WKH#RSHUDWLQJ#SRZHU#OHYHOV#
DQG#WR#RSWLPL]H#WKH#DQDORJ#RXWSXW#UDQJH1#&KRRVH#WKH#RSWLPXP#SRZHU#
UDQJH#IRU#\RXU#DSSOLFDWLRQ1#7KH#WDEOH#EHORZ#SURYLGHV#WKH#YROWDJH#YV1#SRZHU#
LQIRUPDWLRQ#IRU#HDFK#DYDLODEOH#PDQXDO#UDQJH1

:KHQ#XVLQJ#WKH#,404933#ZLWK#ULVLQJ#RSWLFDO#SRZHU/#VDWXUDWLRQ#RI#WKH#VFDOH#
FRQYHUWHU#ZLOO#EH#UHDFKHG#ZKHQ#.......#LV#GLVSOD\HG1#$W#WKDW#PRPHQW/#
WKH#YROWDJH#LQ#WKH#DQDORJ#RXWSXW#ZLOO#EH#5148 91#(YHQ#ZLWK#.......#
GLVSOD\HG/#WKH#RSWLFDO#SRZHU#FDQ#VWLOO#EH#LQFUHDVHG#IXUWKHU/#DQG#WKH#DQDORJ#
RXWSXW#ZLOO#NHHS#LQFUHDVLQJ#SURSRUWLRQDOO\1#7KH#YROWDJH#WKDW#FDQ#EH#UHDG#RQ#
WKH#RVFLOORVFRSH#LV#WKHQ#61<8 9#IRU#+54#WR#+57#DQG#/54#WR#/57/#DQG#717 9#IRU#
/58#DQG#/591

0DQXDO#5DQJH 3RZHU#YV1#9ROWDJHD

D1 $W#4643#QP1

/54/#+54 5148 9#�58(E DW#4;163 G%PF

E1 /DUJH#XQFHUWDLQW\#LV#GXH#WR#GHWHFWRU#UHVSRQVLYLW\#DW#4643#QP1
F1 1RW#JXDUDQWHHG#GXH#WR#GHWHFWRU#VDWXUDWLRQ1

/55/#+55 5148 9#�58(E DW#<1<3 G%P

/56/#+56 5148 9#�58(E DW#04313< G%P

/57/#+57 5148 9#�58(E#DW#05<1;: G%P

/58 5148 9#�58(E DW#07<194 G%P

/59 5148 9#�58(E#DW#09<194 G%P

7DEOH#:041 9ROWDJH#YV1#3RZHU
,404933#+LJK06SHHG#3RZHU#0HWHU#6HULHV ::



7KLV#SDJH#LV#LQWHQWLRQDOO\#OHIW#EODQN1



; 7\SLFDO#$SSOLFDWLRQV
,QWURGXFWLRQ

7R#PDNH#DFFXUDWH/#VLJQLILFDQW/#DQG#UHSHDWDEOH#SRZHU#PHDVXUHPHQWV/#LW#LV#
LPSRUWDQW#WR#FRQVLGHU#WKH#IROORZLQJ#SRLQWV=

³ &RQQHFWRUV/#ILEHU#HQGV/#SRUWV/#DQG#GHWHFWRUV#VKRXOG#EH#FOHDQ#DW#DOO#
WLPHV1

³ $#QXOO#PHDVXUHPHQW#VKRXOG#EH#SHUIRUPHG#SULRU#WR#HDFK#XVHU#VHVVLRQ#RU#
ZKHQHYHU#WKHUH#LV#D#VLJQLILFDQW#FKDQJH#LQ#DPELHQW#WHPSHUDWXUH#RU#
HQYLURQPHQWDO#FRQGLWLRQV1#7R#SHUIRUP#D#QXOO#PHDVXUHPHQW/#VHH#1XOOLQJ#
(OHFWULFDO#2IIVHWV#RQ#SDJH 561

³ 7KH#RSWLFDO#VRXUFH#VKRXOG#EH#VWDEOH1

³ $SSURSULDWH#WHVW#MXPSHUV/#FRQQHFWRUV/#DQG#DGDSWHUV#PXVW#EH#XVHG1

³ 2QFH#D#UHIHUHQFH#KDV#EHHQ#WDNHQ/#HQVXUH#WKDW#WKH#VHWXS#UHPDLQV#
VWDEOH1#7R#WDNH#D#UHIHUHQFH/#VHH#0HDVXULQJ#5HODWLYH#3RZHU#RQ#SDJH 661

³ 6LQFH#RSWLFDO#ORVVHV#YDU\#DFFRUGLQJ#WR#WKH#ODXQFK#DQG#UHFHLYH#
FRQGLWLRQV#DQG#ILEHU#W\SH/#FRQWUROOLQJ#WKHVH#FRQGLWLRQV#ZLWK#PRGH#
ILOWHUV#DQG#VWULSSHUV#LV#HVVHQWLDO1

3HUIRUPLQJ#$EVROXWH#3RZHU#0HDVXUHPHQWV
$EVROXWH#SRZHU#PHDVXUHPHQWV#DUH#QHFHVVDU\#ZKHQ#SHUIRUPLQJ#V\VWHP#RU#
FRPSRQHQW#PRQLWRULQJ/#TXDOLW\#FRQWURO/#V\VWHP#RU#FRPSRQHQW#DFFHSWDQFH/#
DQG#WURXEOHVKRRWLQJ1

7R#FDUU\#RXW#DEVROXWH#SRZHU#PHDVXUHPHQWV/

41 3HUIRUP#DQ#RIIVHW#QXOOLQJ1

51 8VLQJ#DQ#DSSURSULDWH#WHVW#MXPSHU#DQG#FRQQHFWRU#DGDSWHU/#FRQQHFW#WKH#
'87#WR#WKH#GHWHFWRU#SRUW1
,404933#+LJK06SHHG#3RZHU#0HWHU#6HULHV :<



7\SLFDO#$SSOLFDWLRQV
3HUIRUPLQJ#$EVROXWH#3RZHU#0HDVXUHPHQWV
)LJXUH#;041 $EVROXWH#3RZHU#0HDVXUHPHQW#6HWXS

61 $GMXVW#WKH#SRZHU#PHWHU#WR#WKH#FRUUHFW#ZDYHOHQJWK/#31333 G%#RU#
41333:2:#FRUUHFWLRQ#IDFWRU/#DQG#VHW#WKH#GLVSOD\#XQLW#WR#G%P#RU#:1

71 7KH#DEVROXWH#RSWLFDO#SRZHU#FDQ#QRZ#EH#PRQLWRUHG#DQG#UHFRUGHG1

1RWH= :LWK#D#PXOWL0FKDQQHO#,404933/#DEVROXWH#SRZHU#FDQ#EH#VLPXOWDQHRXVO\#
PHDVXUHG#IRU#HDFK#LQGHSHQGHQW#FKDQQHO1#6LPSO\#DSSO\#HDFK#VWHS#RI#WKH#
DERYH#SURFHGXUH#WR#DOO#FKDQQHOV#EHLQJ#XVHG1

7LS= 7KH#KLJK0VSHHG#SRZHU#PHWHU#YLUWXDO#FKDQQHO#+,404953#RU#,404973,#LV#DQ#
H[FHOOHQW#WRRO#IRU#FRPSDULQJ#WZR#RSWLFDO#FKDQQHOV1#)RU#H[DPSOH/#LI#WZR#
GHYLFHV#+FRQQHFWHG#WR#FKDQQHOV#&4#DQG#&5,#DUH#VXSSRVHG#WR#KDYH#LGHQWLFDO#
SRZHU#OHYHOV/#GLVSOD\LQJ#D#YLUWXDO#FKDQQHO#+GHILQHG#DV#FKDQQHO#&4#PLQXV#
FKDQQHO#&5,#SURYLGHV#HDV\#PRQLWRULQJ#RI#ERWK#GHYLFHV#DQG#ZLOO#TXLFNO\#
KLJKOLJKW#DQ\#SRZHU#IOXFWXDWLRQV1

C1

C2

DUT
;3 ,4049432495324973



7\SLFDO#$SSOLFDWLRQV
0HDVXULQJ#,QVHUWLRQ#/RVV
0HDVXULQJ#,QVHUWLRQ#/RVV
7R#DFFXUDWHO\#PHDVXUH#WKH#LQVHUWLRQ#ORVV#RI#D#ILEHU0RSWLF#FRPSRQHQW/#XVH#D#
OLJKW#VRXUFH#+,405433,#DQG#DQ#,404933#3RZHU#0HWHU1

41 8VLQJ#WZR#DSSURSULDWH#WHVW#MXPSHUV#DQG#D#EXONKHDG#DGDSWHU/#FRQQHFW#
WKH#VRXUFH#WR#WKH#SRZHU#PHWHU#DV#VKRZQ#EHORZ1#7KLV#VHWXS#ZLOO#EH#XVHG#
WR#UHFRUG#D#UHIHUHQFH#YDOXH1

)LJXUH#;051 5HIHUHQFH#0HDVXUHPHQW#6HWXS

51 $GMXVW#WKH#VRXUFH#DQG#SRZHU#PHWHU#WR#WKH#DSSURSULDWH#ZDYHOHQJWK1

61 $FWLYDWH#WKH#VRXUFH#DQG#VHOHFW#D#VXLWDEOH#SRZHU#RXWSXW1

Bulkhead connector

IQ-2100
Light Source

IQ-1600
Power Meter

C1

C2

C1
,404933#+LJK06SHHG#3RZHU#0HWHU#6HULHV ;4



7\SLFDO#$SSOLFDWLRQV
0HDVXULQJ#,QVHUWLRQ#/RVV
,03257$17
7KH#DEVROXWH#SRZHU#RXWSXW#YDOXH#LV#QRW#SDUWLFXODUO\#LPSRUWDQW#ZKHQ#
PHDVXULQJ#LQVHUWLRQ#ORVV1#,W#LV#YHU\#LPSRUWDQW/#KRZHYHU/#WKDW#WKH#
SRZHU#OHYHO#XVHG#IRU#WDNLQJ#WKH#UHIHUHQFH#PHDVXUHPHQW#LV#LGHQWLFDO#WR#
WKH#SRZHU#OHYHO#XVHG#GXULQJ#WKH#LQVHUWLRQ#ORVV#PHDVXUHPHQW1

71 ,Q#WKH#,404933#3RZHU#0HWHU#DSSOLFDWLRQ#+1RUPDO#PRGH,/#VHW#WKH#
PHDVXUHPHQW#XQLWV#WR#G%#RU#G%P#DQG#FKRRVH#)6#+5HI,#IURP#WKH#PDLQ#
ZLQGRZ1#7KH#UHIHUHQFH#YDOXH#KDV#QRZ#EHHQ#WDNHQ#DQG#WKH#GLVSOD\#
VKRXOG#UHDG#31333 G%1

81 5HSODFH#WKH#EXONKHDG#FRQQHFWRU#ZLWK#WKH#'87#DV#VKRZQ#LQ#)LJXUH ;061

91 7KH#LQVHUWLRQ#ORVV#RI#WKH#'87#LV#WKH#UHODWLYH#PHDVXUHPHQW#DV#GLVSOD\HG#
E\#WKH#,404933#VRIWZDUH1#)RU#EHVW#UHVXOWV/#HQVXUH#WKDW#WKH#VHWXS#UHPDLQV#
VWDEOH1

)LJXUH#;061 7HVWLQJ#,QVHUWLRQ#/RVV

IQ-2100
Light Source

IQ-1600
Power Meter

EXT.
TRIG

ANALO G O UT

EXFO

NTT-FC

DUT
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7\SLFDO#$SSOLFDWLRQV
,QVWUXPHQW#/LQHDULW\#7HVWLQJ
:1 :LWK#DQ#,404973#)RXU0&KDQQHO#3RZHU#0HWHU/#WKH#SUHYLRXV#SURFHGXUH#
FRXOG#EH#XVHG#WR#SHUIRUP#IRXU#VLPXOWDQHRXV#LQVHUWLRQ#ORVV#
PHDVXUHPHQWV#DV#VKRZQ#LQ#WKH#IROORZLQJ#ILJXUH1

)LJXUH#;071 0XOWL0'HYLFH#,QVHUWLRQ#/RVV#7HVWLQJ

,QVWUXPHQW#/LQHDULW\#7HVWLQJ
$V#VWDWHG#LQ#0HDVXULQJ#,QVHUWLRQ#/RVV#RQ#SDJH ;4/#DEVROXWH#SRZHU#OHYHOV#DUH#
QRW#SDUWLFXODUO\#VLJQLILFDQW#ZKHQ#PHDVXULQJ#WKH#LQVHUWLRQ#ORVV#RI#D#
ILEHU0RSWLF#FRPSRQHQW1#,Q#FDOFXODWLQJ#LQVHUWLRQ#ORVV/#ZH#DUH#HVVHQWLDOO\#
PHDVXULQJ#WKH#GLIIHUHQFH#EHWZHHQ#WKH#SRZHU#LQ#DQG#RXW#RI#D#'871#7R#
DFFXUDWHO\#PHDVXUH#GHOWD#SRZHU/#LQVWUXPHQW#OLQHDULW\#LV#YHU\#LPSRUWDQW1#7KH#
,404933#KLJK0VSHHG#SRZHU#PHWHU#LV#VSHFLILHG#DV#EHLQJ#YHU\#OLQHDU#
+�31348 G%,/#GRZQ#WR#088 G%P1#1RW#RQO\#LV#WKH#,404933#LGHDO#IRU#PHDVXULQJ#
LQVHUWLRQ#ORVV/#LW#LV#DOVR#VXLWDEOH#DV#D#UHIHUHQFH#LQVWUXPHQW#IRU#GHWHUPLQLQJ#
WKH#OLQHDULW\#RI#RWKHU#ILEHU0RSWLF#FRPSRQHQWV#VXFK#DV#DWWHQXDWRUV/#RWKHU#
SRZHU#PHWHUV/#DQG#RSWLFDO#GHWHFWRUV1

:KHQ#YHULI\LQJ#LQVWUXPHQW#OLQHDULW\/#D#OLQHDU#YDULDEOH#DWWHQXDWRU#+H1J1/#
,406433,#LV#DOVR#UHTXLUHG1#%HIRUH#YHULI\LQJ#WKH#OLQHDULW\#RI#DQ#RSWLFDO#
GHWHFWRU/#\RX#PXVW#FRQILUP#WKH#OLQHDULW\#RI#WKH#DWWHQXDWRU#EHLQJ#XVHG1

EXT.
TRIG

4-CH PO WER METER

C1

C2

C3

C4

EXFO

N
T T- F C

EXFO

NT

T- F C

EXFO

N T T- F C

EXFO

N T T-F C

IQ-2100
Light Source

IQ-1640
4-Channel Power Meter

D UT 1
D UT 2
D UT 3
DUT 4

1  x N  sp litte r
,404933#+LJK06SHHG#3RZHU#0HWHU#6HULHV ;6



7\SLFDO#$SSOLFDWLRQV
,QVWUXPHQW#/LQHDULW\#7HVWLQJ
&RQILUPLQJ#WKH#/LQHDULW\#RI#WKH#$WWHQXDWRU#%HLQJ#
8VHG

7R#FRQILUP#WKH#OLQHDULW\#RI#WKH#DWWHQXDWRU#EHLQJ#XVHG/#\RX#QHHG#D#VWDEOH#
VRXUFH#+,405433,/#D#YDULDEOH#DWWHQXDWRU/#DQ#,404933/#WZR#WHVW#MXPSHUV/#DQG#
DSSURSULDWH#FRQQHFWRU#DGDSWHUV1

41 &RQQHFW#WKH#LQVWUXPHQWV#DV#VKRZQ#EHORZ1

)LJXUH#;081 &RQILUPLQJ#$WWHQXDWRU#/LQHDULW\

51 :LWK#DOO#LQVWUXPHQWV#VHW#WR#WKH#VDPH#ZDYHOHQJWK#DQG#WKH#DWWHQXDWRU#VHW#
WR#PLQLPXP#DWWHQXDWLRQ/#WDNH#DQ#,404933#UHIHUHQFH#PHDVXUHPHQW#DQG#
VZLWFK#WR#UHODWLYH#GLVSOD\1#1H[W/#VZLWFK#WKH#DWWHQXDWRU#WR#UHODWLYH#GLVSOD\#
PRGH1

61 $W#WKLV#WLPH/#ERWK#WKH#DWWHQXDWRU#DQG#SRZHU#PHWHU#ZLOO#GLVSOD\#313 G%1#
,QFUHDVH#WKH#DWWHQXDWLRQ#XVLQJ#FRQVWDQW#VWHS#VL]HV/#ZKLOH#UHFRUGLQJ#WKH#
YDOXHV#IURP#ERWK#GLVSOD\V#+DWWHQXDWRU#DQG#SRZHU#PHWHU,#DW#HDFK#VWHS1#
&RQWLQXH#XQWLO#WKH#SRZHU#PHWHU#LQGLFDWHV#DURXQG#088 G%1#7KH#UHFRUGHG#
YDOXHV#DW#HDFK#VWHS#VKRXOG#IROORZ#ZLWKLQ#DOORZDEOH#WROHUDQFHV1#,I#WKH#
YDOXHV#GR#QRW#IROORZ/#WKHUH#LV#D#SUREOHP#ZLWK#WKH#HTXLSPHQW#VHWXS#RU#
ZLWK#RQH#RI#WKH#LQVWUXPHQWV1#%HIRUH#SURFHHGLQJ#DQ\#IXUWKHU/#WKH#
SUREOHP#PXVW#EH#LVRODWHG1

EXT.
TR IG

A NA LO G  O UT

E X FO

NTT-FC

IQ-2100
Light Source

IQ-1600
Power Meter

IQ-3100
Variable Attenuator
;7 ,4049432495324973



7\SLFDO#$SSOLFDWLRQV
&KDUDFWHUL]DWLRQ#RI#DQ#2SWLFDO#6ZLWFK
7HVWLQJ#WKH#/LQHDULW\#RI#DQ#2SWLFDO#'HWHFWRU

2QFH#\RX#DUH#FRQILGHQW#ZLWK#ERWK#WKH#WHVW#VHWXS#DQG#LQVWUXPHQWV#EHLQJ#
XVHG#+VHH#&RQILUPLQJ#WKH#/LQHDULW\#RI#WKH#$WWHQXDWRU#%HLQJ#8VHG#RQ#
SDJH ;7,/#\RX#FDQ#QRZ#VWDUW#WHVWLQJ#IRU#FRPSRQHQW#OLQHDULW\1

41 'LVFRQQHFW#WKH#,404933#IURP#WKH#FLUFXLW#VKRZQ#LQ#)LJXUH ;08#DQG#
UHSODFH#LW#ZLWK#WKH#GHWHFWRU#EHLQJ#WHVWHG1

51 5HVHW#WKH#DWWHQXDWRU#WR#PLQLPXP#DWWHQXDWLRQ1

61 ,QFUHDVH#WKH#DWWHQXDWLRQ#RQ#WKH#DWWHQXDWRU#ZLWK#FRQVWDQW#VWHS#VL]HV/#
ZKLOH#UHFRUGLQJ#WKH#RXWSXW#UHDG#E\#WKH#GHWHFWRU#DW#HDFK#VWHS1

71 :KHQ#FRPSOHWHG/#WKH#GDWD#FDQ#EH#DQDO\]HG#WR#GHWHUPLQH#WKH#
GHWHFWRU·V#OLQHDULW\1

&KDUDFWHUL]DWLRQ#RI#DQ#2SWLFDO#6ZLWFK
7KH#KLJK#VDPSOLQJ#UDWH/#IDVW#VWDELOL]DWLRQ/#WULJJHU#FDSDELOLW\/#DQG#JUDSKLFDO#
PRGH#RI#WKH#,404933#FDQ#EH#FRPELQHG#WR#HDVLO\#FKDUDFWHUL]H#RSWLFDO#
VZLWFKHV1

)LJXUH ;09#GLVSOD\V#D#VLPSOH#WHVW#VWDWLRQ#IRU#D#4 [ 5#RSWLFDO#VZLWFK1#$#OLJKW#
VRXUFH#LV#FRQQHFWHG#WR#WKH#FRPPRQ#WHUPLQDO#RI#WKH#RSWLFDO#VZLWFK1#(DFK#
RSWLFDO#RXWSXW#RI#WKH#VZLWFK#LV#FRQQHFWHG#WR#DQ#,404956#'XDO0&KDQQHO#
3RZHU#0HWHU#GHWHFWRU1#7KLV#WHVW#VHWXS#FDQ#EH#XVHG#WR#WHVW#ERWK#WKH#
UHSHDWDELOLW\#DQG#WKH#VHWWOLQJ#WLPH#RI#WKH#RSWLFDO#VZLWFK1#)RU#WKH#ODWWHU#WHVW#+LQ#
6LQJOH#DFTXLVLWLRQ#PRGH,/#WKH#HOHFWULFDO#VLJQDO#WKDW#LV#XVHG#WR#FRPPDQG#WKH#
VZLWFK#LV#DOVR#FRQQHFWHG#WR#WKH#H[WHUQDO#WULJJHU#LQSXW#RI#WKH#,4049561

7HVWLQJ#5HSHDWDELOLW\

7KH#SURFHGXUH#WR#WHVW#WKH#UHSHDWDELOLW\#RI#DQ#RSWLFDO#VZLWFK#LV#UHODWLYHO\#
VLPSOH1#)LUVW/#D#UHIHUHQFH#PHDVXUHPHQW#PXVW#EH#WDNHQ#RQ#HDFK#FKDQQHO1#
1H[W/#UHSHWLWLYH#WUDQVLWLRQV#RI#WKH#VZLWFK#PXVW#EH#SHUIRUPHG#DQG#WKH#VZLWFK#
UHSHDWDELOLW\#ZLOO#EH#WKH#WRWDO#GHYLDWLRQ#IURP#WKH#UHIHUHQFH#SRLQWV1
,404933#+LJK06SHHG#3RZHU#0HWHU#6HULHV ;8



7\SLFDO#$SSOLFDWLRQV
&KDUDFWHUL]DWLRQ#RI#DQ#2SWLFDO#6ZLWFK
41 &RQQHFW#WKH#LQVWUXPHQWV#DV#VKRZQ#EHORZ1

)LJXUH#;091 5HSHDWDELOLW\#7HVW#6HWXS#IRU#DQ#2SWLFDO#6ZLWFK

51 6HW#WKH#SRZHU#PHWHU#FKDQQHOV#WR#WKH#VDPH#ZDYHOHQJWK#DV#WKH#VRXUFH1

61 6HW#WKH#SRZHU#PHWHU#FKDQQHOV#WR#$XWRUDQJH#PRGH1

71 6HW#WKH#VZLWFK#WR#D#ILUVW#SRVLWLRQ#DQG#WDNH#D#UHIHUHQFH#PHDVXUHPHQW#RQ#
WKH#SRZHU#PHWHU/#VHOHFWLQJ#WKH#DFWLYH#FKDQQHO#+WKH#FKDQQHO#LQ#ZKLFK#
WKH#VZLWFK#KDV#D#PLQLPXP#LQVHUWLRQ#ORVV,1

81 6HW#WKH#VZLWFK#WR#WKH#VHFRQG#SRVLWLRQ#DQG#WDNH#D#UHIHUHQFH#
PHDVXUHPHQW#RQ#WKH#SRZHU#PHWHU/#VHOHFWLQJ#WKH#DFWLYH#FKDQQHO1

91 &KDQJH#WKH#VZLWFK#SRVLWLRQ#IURP#RQH#FKDQQHO#WR#WKH#RWKHU1#)RU#HDFK#
FKDQQHO/#WDNH#QRWH#RI#WKH#UHODWLYH#SRZHU#PHDVXUHPHQW#ZKHQ#WKH#
FKDQQHO#LV#DFWLYH1

:1 5HSHDW#VWHS#9#DV#PDQ\#WLPHV#DV#UHTXLUHG1

IQ-2100
Light Source

IQ-1600
Power Meter

Control signals

DUT
(optical switch)

C1

C2
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7\SLFDO#$SSOLFDWLRQV
&KDUDFWHUL]DWLRQ#RI#DQ#2SWLFDO#6ZLWFK
;1 )RU#HDFK#FKDQQHO/#WKH#WRWDO#VZLWFK#GHYLDWLRQ#ZLOO#EH#WKH#KLJKHVW#SRVLWLYH#
GHYLDWLRQ#PLQXV#WKH#KLJKHVW#QHJDWLYH#GHYLDWLRQ#UHODWLYH#WR#WKH#RULJLQDO#
UHIHUHQFH#+WDNHQ#DW#VWHS#7,1#7KH#UHSHDWDELOLW\#RI#WKH#VZLWFK#LQVHUWLRQ#
ORVV#PD\#EH#H[SUHVVHG#DV#�#+WRWDO#GHYLDWLRQ#LQ#G%, 2 51

7HVWLQJ#WKH#6HWWOLQJ#7LPH

7KH#WULJJHULQJ#DQG#IDVW#VWDELOL]DWLRQ#RI#WKH#,404933#FDQ#EH#XVHG#WR#REWDLQ#
IDVW#SRZHU#WUDQVLWLRQV1#$#JRRG#H[DPSOH#RI#WKLV#LV#WKH#VHWWOLQJ#WLPH#
PHDVXUHPHQW#IRU#WKH#RSWLFDO#VZLWFK#1#:KHQ#DQ#HOHFWULFDO#FRQWURO#VLJQDO#IRU#
WKH#VZLWFK#LV#DYDLODEOH/#D#VHWWOLQJ#WLPH#LQFOXGLQJ#WKH#HOHFWURQLFV#UHVSRQVH#
WLPH#FDQ#EH#PHDVXUHG1#7KLV#LV#HDVLO\#GRQH#XVLQJ#WKH#JUDSK#PRGH#RI#WKH#
,404933#DSSOLFDWLRQ1

41 &RQQHFW#WKH#LQVWUXPHQWV#DV#VKRZQ#EHORZ1

)LJXUH#;0:1 6HWWOLQJ#7LPH#0HDVXUHPHQW#6HWXS#IRU#2SWLFDO#6ZLWFK

IQ-2100
Light Source

IQ-1600
Power Meter

Control signals

DUT
(optical switch)

C1

C2
,404933#+LJK06SHHG#3RZHU#0HWHU#6HULHV ;:



7\SLFDO#$SSOLFDWLRQV
&KDUDFWHUL]DWLRQ#RI#DQ#2SWLFDO#6ZLWFK
51 6HW#WKH#SRZHU#PHWHU#FKDQQHO#WR#WKH#VDPH#ZDYHOHQJWK#DV#WKH#VRXUFH1

61 6HW#WKH#SRZHU#PHWHU#FKDQQHOV#WR#WKH#SURSHU#PDQXDO#UDQJH/#PDNLQJ#
VXUH#WKDW#QR#VDWXUDWLRQ#RFFXUV#RQ#WKH#DFWLYH#FKDQQHO1

71 6HOHFW#WKH#KLJKHVW#VLQJOH#DFTXLVLWLRQ#UDWH#+73<9#VDPSOHV2VHF1,1

81 ,Q#WKH#*UDSK#VHFWLRQ/#VHOHFW#6LQJOH#$FTXLVLWLRQ/#DFWLYDWH#WKH#8VH#
([WHUQDO#7ULJJHU#FKHFN#ER[/#DQG#VHW#WKH#GHVLUHG#WULJJHU#SRVLWLRQ1

91 $FFHVV#WKH#JUDSKLFDO#GLVSOD\#PRGH#E\#FKRRVLQJ#)8#IURP#WKH#1RUPDO#
PRGH#PDLQ#ZLQGRZ1

:1 6HW#WKH#RSWLFDO#VZLWFK#WR#LWV#LQLWLDO#SRVLWLRQ1

;1 &KRRVH#6WDUW1#7KH#´:DLWLQJ111µ#PHVVDJH#ZLOO#DSSHDU#RQ#WKH#VWDWXV#EDU#RI#
WKH#JUDSK#ZLQGRZ/#DV#WKH#LQVWUXPHQW#LV#ZDLWLQJ#IRU#D#WULJJHU1

<1 $FWLYDWH#WKH#HOHFWULFDO#FRQWURO#VLJQDO/#ZKLFK#DFWV#DV#D#WULJJHU#IRU#WKH#
,4049331

431 7KH#VWDWXV#EDU#ZLOO#GLVSOD\#´'UDZLQJ#FXUYHVµ#XQWLO#WKH#VZLWFK#WUDQVLWLRQ#
LV#WRWDOO\#DFTXLUHG#RQ#VFUHHQ#+VHH#)LJXUH ;0;,1

)LJXUH#;0;1 7UDQVLWLRQ#IURP#&KDQQHO#%#WR#&KDQQHO#$

Curve A

Curve A
Curve B

Curve B
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7\SLFDO#$SSOLFDWLRQV
&KDUDFWHUL]DWLRQ#RI#DQ#2SWLFDO#6ZLWFK
441 8VLQJ#WKH#]RRP#DQG#PDUNHUV/#GHWHUPLQH#WKH#VZLWFK#WLPH#IURP#WKH#
LQLWLDO#FKDQQHO#WR#WKH#WDUJHW#FKDQQHO#+)LJXUHV#;0<#DQG#;043,1#7KH#SRVLWLRQ#
RI#WKH#WULJJHU#FRUUHVSRQGV#WR#WKH#´3µ#PRPHQW#RQ#WKH#JUDSK1

)LJXUH#;0<1 (OHFWURQLFV#5HVSRQVH#7LPH

)LJXUH#;0431 7RWDO#6HWWOLQJ#7LPH#RI#WKH#2SWLFDO#6ZLWFK

C urve A

Curve A

Curve B

Curve B

Curve A

Curve A

Curve B

Curve B
,404933#+LJK06SHHG#3RZHU#0HWHU#6HULHV ;<



7\SLFDO#$SSOLFDWLRQV
&KDUDFWHUL]DWLRQ#RI#DQ#2SWLFDO#6ZLWFK
)LJXUH#;0<#VKRZV#WKH#HOHFWURQLFV#UHVSRQVH#WLPH#DV#7197PV/#ZKLOH#)LJXUH#
;043#VKRZV#WKH#VHWWOLQJ#WLPH#RI#WKH#RSWLFDO#VZLWFK#DV#4417:PV1

451 5HSHDW#VWHSV#:#WR#44#IRU#HDFK#WUDQVLWLRQ#WR#EH#FKDUDFWHUL]HG1

1RWH= 7KH#)LOH#$FTXLVLWLRQ#IXQFWLRQ#RI#WKH#,404933#FDQ#EH#XVHG#WR#PDNH#WKHVH#
PHDVXUHPHQWV1#7KH#GDWD#FDQ#WKHQ#EH#DUFKLYHG#RU#UHWULHYHG#XVLQJ#
FRPPHUFLDO#VSUHDGVKHHW#VRIWZDUH1
<3 ,4049432495324973



5HPRWH#&RQWURO
&RPPDQG#6WUXFWXUH
< 5HPRWH#&RQWURO
&RPPDQG#6WUXFWXUH

7KH#*3,%#FRPPDQGV#IROORZ#WKH#JXLGHOLQHV#GHWHUPLQHG#E\#WKH#6WDQGDUG#
&RPPDQGV#IRU#3URJUDPPDEOH#,QVWUXPHQWV#+6&3,,#FRQVRUWLXP1#)RU#
H[DPSOH/#WKH#FRPPDQG#V\QWD[

)250+31159,=5($'>='$7$@?VSDFH!?GLJLW!

LV#XVHG#WR#FKDQJH#WKH#PHDVXUHPHQW#GLVSOD\#UHVROXWLRQ#+QXPEHU#RI#GLJLWV#
DIWHU#WKH#GHFLPDO#SRLQW,#RI#D#JLYHQ#PRGXOH1

,Q#WKLV#SDUWLFXODU#H[DPSOH/

³ )250#LGHQWLILHV#WKDW#WKH#FRPPDQG#LV#SDUW#RI#WKH#6&3,#)250DW#VXEVHW#
RI#FRPPDQGV1

³ +31159,#LV#D#ZKROH#QXPEHU#EHWZHHQ#3#DQG#59#WKDW#LGHQWLILHV#WKH#PRGXOH1

³ 5($'#DQG#'$7$#DUH#NH\ZRUGV#WKDW#GHILQH#WKH#IXQFWLRQ#RI#WKH#
FRPPDQG1

³ > #@#LQGLFDWHV#WKDW#D#NH\ZRUG#RU#SDUDPHWHU#LV#RSWLRQDO1

³ ?VSDFH!#LV#LQFOXGHG#WR#LQGLFDWH#WKDW#D#VSDFH#LV#UHTXLUHG1

³ ?GLJLW!#LV#WKH#FRPPDQG#SDUDPHWHU1

.H\ZRUGV#PXVW#EH#VHSDUDWHG#E\#D#FRORQ1#$#W\SLFDO#FRPPDQG#ZRXOG#EH

)2507=5($'='$7$#4

7KLV#FRPPDQG#LQVWUXFWV#WKH#PRGXOH#WR#GLVSOD\#D#SRZHU#PHDVXUHPHQW#ZLWK#
4 GLJLW#DIWHU#WKH#GHFLPDO#SRLQW1

1RWH= ,W#LV#UHFRPPHQGHG#WKDW#\RX#UHWULHYH#WKH#UHVSRQVH#LPPHGLDWHO\#DIWHU#HDFK#
TXHU\1
,404933#+LJK06SHHG#3RZHU#0HWHU#6HULHV <4



5HPRWH#&RQWURO
*HQHUDO#&RPPDQGV
*HQHUDO#&RPPDQGV
7KH#,404933#UHFRJQL]HV#WKH#PDLQ#FRPPDQGV#LGHQWLILHG#LQ#,(((#7;;151

7KH#FRPPDQGV#DUH#IXOO\#H[SODLQHG#KHUHDIWHU1

&RPPDQG )XQFWLRQ

-&/6 &OHDU#VWDWXV#FRPPDQG

-(6( 6WDQGDUG#HYHQW#VWDWXV#HQDEOH#FRPPDQG

-(6(" 6WDQGDUG#HYHQW#VWDWXV#HQDEOH#TXHU\

-(65" 6WDQGDUG#HYHQW#VWDWXV#UHJLVWHU#TXHU\

-,'1" ,GHQWLILFDWLRQ#TXHU\

-/2. 6HW#5HPRWH#/RFNRXW#SURJUDPPLQJ#VWDWH

-23& 2SHUDWLRQ#FRPSOHWH#FRPPDQG

-23&" 2SHUDWLRQ#FRPSOHWH#TXHU\

-5(0 6HW#5HPRWH#SURJUDPPLQJ#VWDWH

-567 5HVHW#FRPPDQG

-65( 6HUYLFH#UHTXHVW#HQDEOH#FRPPDQG

-65(" 6HUYLFH#UHTXHVW#HQDEOH#TXHU\

-67%" 5HDG#VWDWXV#E\WH#TXHU\

-75* 1RW#VXSSRUWHG

-767" 6HOI0WHVW#TXHU\

-:$, 1RW#VXSSRUWHG

7DEOH#<041 *HQHUDO#&RPPDQGV#6XPPDU\
<5 ,4049432495324973



5HPRWH#&RQWURO
*HQHUDO#&RPPDQGV
-&/6
'HVFULSWLRQ 7KLV#FRPPDQG#VHWV#WKH#FRQWHQWV#RI#WKH#6WDQGDUG#(YHQW#5HJLVWHU#

+(65,/#WKH#6WDWXV#%\WH#5HJLVWHU#+67%,/#DQG#WKH#(UURU#4XHXH#
+(55,#WR#]HUR1#7KLV#FRPPDQG#LV#FRPPRQO\#XVHG#WR#FOHDU#WKH#
VWDWXV#UHJLVWHUV#EHIRUH#HQDEOLQJ#6541#1RWH#WKDW#WKH#RXWSXW#
TXHXH/#6WDQGDUG#(YHQW#6WDWXV#(QDEOH#5HJLVWHU#+(6(,/#DQG#
6HUYLFH#5HTXHVW#(QDEOH#5HJLVWHU#+65(,#DUH#QRW#DIIHFWHG1

6\QWD[ -&/6

-(6(
'HVFULSWLRQ 7KLV#FRPPDQG#LV#XVHG#WR#VHW#ELWV#LQ#WKH#6WDQGDUG#(YHQW#6WDWXV#

(QDEOH#5HJLVWHU#+(6(,#WR#D#QHZ#YDOXH#+LQLWLDO#YDOXH#LV#588,1#7KH#
FRQWHQWV#RI#WKH#(6(#UHJLVWHU#DUH#ORJLFDOO\#$1'HG#ZLWK#WKH#(65#
UHJLVWHU1#$#QRQ#]HUR#UHVXOW#ZLOO#VHW#WKH#(YHQW#6XPPDU\#%LW#+(6%,#
RI#WKH#6WDWXV#%\WH#5HJLVWHU#+67%,1#7KLV#FRPPDQG#LV#XVHIXO#IRU#
VHOHFWLQJ#ZKLFK#HYHQWV#PD\#JHQHUDWH#DQ#6541

6\QWD[ -(6(?VSDFH!?YDOXH!

3DUDPHWHU 7KH#?YDOXH!#SDUDPHWHU#PXVW#EH#EHWZHHQ#3#DQG#5881

-(6("
'HVFULSWLRQ 7KLV#TXHU\#UHDGV#WKH#FRQWHQWV#RI#WKH#6WDQGDUG#(YHQW#6WDWXV#

(QDEOH#5HJLVWHU#+(6(,1

6\QWD[ -(6("

5HVSRQVH $#ELQDU\#LQWHJHU#EHWZHHQ#3#DQG#5881
,404933#+LJK06SHHG#3RZHU#0HWHU#6HULHV <6



5HPRWH#&RQWURO
*HQHUDO#&RPPDQGV
-(65"
'HVFULSWLRQ 7KLV#TXHU\#UHDGV#WKH#FRQWHQWV#RI#WKH#6WDQGDUG#(YHQW#6WDWXV#

5HJLVWHU#+(65,1

6\QWD[ -(65"

5HVSRQVH $#ELQDU\#LQWHJHU#EHWZHHQ#3#DQG#5881

-,'1"
'HVFULSWLRQ 7KLV#TXHU\#UHDGV#WKH#,4#V\VWHP#LGHQWLILFDWLRQ#VWULQJ1

6\QWD[ -,'1"

5HVSRQVH ´(;)2#(1021#(QJ1#,40533#276#9[[1[[µ/#ZKHUH#[[1[[#LV#WKH#FXUUHQW#
SURGXFW#YHUVLRQ1

-/2.
'HVFULSWLRQ 7KLV#FRPPDQG#LV#XVHG#WR#VHW#WKH#5HPRWH#/RFNRXW#SURJUDPPLQJ#

VWDWH1

6\QWD[ -/2.?VSDFH!?GDWD!

3DUDPHWHUV 7KH#?GDWD!#SDUDPHWHU#FDQ#EH#´4µ#WR#VHW#WKH#5HPRWH#
SURJUDPPLQJ#VWDWH#WR#5HPRWH#/RFNRXW#RU#´3µ#WR#VHW#WKH#5HPRWH#
SURJUDPPLQJ#VWDWH#WR#5HPRWH1

-23&
'HVFULSWLRQ 7KLV#FRPPDQG#ZLOO#FDXVH#WKH#6&3,#0DQDJHU#WR#JHQHUDWH#WKH#

´2SHUDWLRQ#FRPSOHWHµ#PHVVDJH#LQ#WKH#6WDQGDUG#(YHQW#6WDWXV#
5HJLVWHU#+(65,#ZKHQ#DOO#SHQGLQJ#VHOHFWHG#6&3,#0DQDJHU·V#
RSHUDWLRQV#KDYH#EHHQ#FRPSOHWHG1

6\QWD[ -23&

([DPSOH -23&>-,'1"
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5HPRWH#&RQWURO
*HQHUDO#&RPPDQGV
-23&"
'HVFULSWLRQ 7KLV#TXHU\#SXWV#DQ#$6&,,#4#LQ#WKH#RXWSXW#TXHXH#ZKHQ#WKH#

FRQWHQW#RI#WKH#LQSXW#TXHXH#KDV#EHHQ#SURFHVVHG1#7KLV#TXHU\#LV#
XVHIXO#WR#SUHYHQW#DQRWKHU#FRPPDQG#IURP#EHLQJ#SURFHVVHG#XQWLO#
WKH#FXUUHQW#FRPPDQG#LV#FRPSOHWH1

6\QWD[ -23&"

5HVSRQVH ´4µ

-5(0
'HVFULSWLRQ 7KLV#FRPPDQG#LV#XVHG#WR#VHW#WKH#5HPRWH#SURJUDPPLQJ#VWDWH1

6\QWD[ -5(0?VSDFH!?GDWD!

3DUDPHWHUV 7KH#?GDWD!#SDUDPHWHU#FDQ#EH#´4µ#WR#VHW#WKH#5HPRWH#
SURJUDPPLQJ#VWDWH#WR#5HPRWH#RU#´3µ#WR#VHW#WKH#5HPRWH#
SURJDPPLQJ#VWDWH#WR#/RFDO1
,404933#+LJK06SHHG#3RZHU#0HWHU#6HULHV <8



5HPRWH#&RQWURO
*HQHUDO#&RPPDQGV
-567
'HVFULSWLRQ 7KLV#FRPPDQG#HPSWLHV#WKH#VWHS#UHVSRQVH#OLVW1#,W#LV#RQO\#VHHQ#

ZKHQ#LW#LV#SDUW#RI#DQRWKHU#PXOWLSOH#FRPPDQG1#,Q#WKH#H[DPSOH#
EHORZ/#E\#DGGLQJ#WKLV#FRPPDQG#DIWHU#-,'1"/#\RX#ZLOO#QRW#EH#
DEOH#WR#DFFHVV#WKH#DQVZHU1#7KH#-567/#LQ#WKLV#LQVWDQFH/#HUDVHV#WKH#
LGHQWLILFDWLRQ#VWULQJ1#,Q#DGGLWLRQ/#WKLV#FRPPDQG#SHUIRUPV#WKH#
IROORZLQJ#RSHUDWLRQV=

41 5HWXUQ#WR#LQLWLDO#VWDWH#EHIRUH#FRPPDQG#ZDV#VHQW#DQG#QRW#
QHFHVVDULO\#WR#SUHYLRXV#VHWWLQJV1

51 )RUFH#WKH#GHYLFH#WR#HQWHU#LQWR#DQ#2SHUDWLRQ#&RPSOHWH#
&RPPDQG#,GOH#6WDWH#+2&,6,1

61 )RUFH#WKH#GHYLFH#WR#HQWHU#LQWR#DQ#2SHUDWLRQ#&RPSOHWH#
4XHU\#$FWLYH#6WDWH#+24$6,1

71 ,QLWLDOL]H#SUHYLRXV#UHVSRQVHV#XQOHVV#WKHUH#KDV#EHHQ#D#
SURJUDP#PHVVDJH#WHUPLQDWRU#SUHFHGHG#E\#DQ#-5671

6\QWD[ -567

([DPSOH -,'1">-567?1/!

-65(
'HVFULSWLRQ 7KLV#FRPPDQG#VHWV#ELWV#LQ#WKH#6HUYLFH#5HTXHVW#(QDEOH#5HJLVWHU#

+65(>#LQLWLDO#YDOXH#LV#588,/#DQG#HQDEOHV#WKH#FRUUHVSRQGLQJ#ELW#LQ#
WKH#6WDWXV#%\WH#5HJLVWHU#+67%,1#7KH#FRPPDQG#FDQ#EH#XVHG#WR#
VHOHFW#ZKLFK#HYHQWV#FDQ#LQLWLDWH#D#VHUYLFH#UHTXHVW1

6\QWD[ -65(?VSDFH!?YDOXH!

3DUDPHWHU 7KH#?YDOXH!#SDUDPHWHU#PXVW#EH#EHWZHHQ#3#DQG#5881
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5HPRWH#&RQWURO
*HQHUDO#&RPPDQGV
-65("
'HVFULSWLRQ 7KLV#TXHU\#UHWXUQV#WKH#FRQWHQWV#RI#WKH#6HUYLFH#5HTXHVW#(QDEOH#

5HJLVWHU#+65(,1

6\QWD[ -65("

5HVSRQVH $#ELQDU\#LQWHJHU#EHWZHHQ#3#DQG#5881

-67%"
'HVFULSWLRQ 7KLV#TXHU\#UHWXUQV#WKH#FRQWHQWV#RI#WKH#6WDWXV#%\WH#5HJLVWHU#

+67%,1

6\QWD[ -67%"

5HVSRQVH $#ELQDU\#LQWHJHU#EHWZHHQ#3#DQG#5881

-767"
'HVFULSWLRQ 7KLV#TXHU\#LQLWLDWHV#DQ#LQWHUQDO#VHOI0WHVW#DQG#UHWXUQV#D#ELQDU\#

YDOXH#LQGLFDWLQJ#WKH#UHVXOWV#RI#WKH#WHVW1#,I#DQ#HUURU#RFFXUV/#LW#LV#
SRVVLEOH#WR#UHWXUQ#WKH#HUURU#XVLQJ#WKH#6<67=(55"#TXHU\1

6\QWD[ -767"

5HVSRQVH $#ELQDU\#YDOXH=
´3µ 0WHVW#LV#FRPSOHWH#ZLWK#QR#HUURUV
´4µ 0WHVW#LV#FRPSOHWH#ZLWK#HUURUV
,404933#+LJK06SHHG#3RZHU#0HWHU#6HULHV <:



5HPRWH#&RQWURO
6SHFLILF#&RPPDQGV
6SHFLILF#&RPPDQGV

$%25W
'HVFULSWLRQ 7KLV#FRPPDQG#VWRSV#DQ\#PHDVXUHPHQW#LQ#SURJUHVV#LQ#

&RQWLQXRXV#PRGH/#RQ#DOO#FKDQQHOV#ZKHQ#XVLQJ#D#PXOWL0FKDQQHO#
KLJK0VSHHG#SRZHU#PHWHU1

6\QWD[ $%25+31159,

([DPSOH $%256

)(7&K>=6&$/DU@=32:HU='&"
'HVFULSWLRQ 7KLV#TXHU\#UHWXUQV#WKH#VWRUHG#YDOXH#+IRU#WKH#VHOHFWHG#FKDQQHO#

ZKHQ#XVLQJ#D#PXOWL0FKDQQHO#KLJK0VSHHG#SRZHU#PHWHU,1

6\QWD[ )(7&+31159,>=6&$/@=32:='&"

5HVSRQVH $#SRZHU#PHDVXUHPHQW#LQ#WKH#´�<<<1<<<<(�<<µ#H[SRQHQWLDO#
IRUPDW#LQ#WKH#FXUUHQWO\#VHOHFWHG#XQLW1#7KH#QXPEHU#RI#GLJLWV#DIWHU#
WKH#GHFLPDO#SRLQW#GHSHQGV#RQ#WKH#VHOHFWHG#UHVROXWLRQ1#7R#
FKDQJH#WKH#UHVROXWLRQ#RI#WKH#GLVSOD\HG#SRZHU#YDOXH#LQ#G%#RU#
G%P/#XVH#WKH#)250=5($'>='$7$@#FRPPDQG1#7R#NQRZ#WKH#
FXUUHQW#PHDVXUHPHQW#XQLW/#XVH#WKH#6(16=32:=81,7"#TXHU\1

([DPSOH )(7&6=6&$/=32:='&"

6HH#DOVR ,1,7=&217/#,1,7=&217"/#,1,7>=,00@/#DQG#
5($'>=6&$/@=32:='&"
<; ,4049432495324973



5HPRWH#&RQWURO
6SHFLILF#&RPPDQGV
)250DW=5($'LQJV>='$7$@
'HVFULSWLRQ 7KLV#FRPPDQG#FKDQJHV#WKH#UHVROXWLRQ#RI#WKH#SRZHU#YDOXH#ZKHQ#

G%#RU#G%P#LV#VHOHFWHG#+IRU#WKH#VHOHFWHG#FKDQQHO#ZKHQ#XVLQJ#D#
PXOWL0FKDQQHO#KLJK0VSHHG#SRZHU#PHWHU,1

6\QWD[ )250+31159,=5($'>='$7$@?VSDFH!?GLJLWV!

3DUDPHWHUV 7KH#?GLJLWV!#SDUDPHWHU#FDQ#EH=
´3µ 0]HUR#GLJLW#DIWHU#WKH#GHFLPDO#SRLQW
´4µ 0RQH#GLJLW#DIWHU#WKH#GHFLPDO#SRLQW
´5µ 0WZR#GLJLWV#DIWHU#WKH#GHFLPDO#SRLQW
´6µ 0WKUHH#GLJLWV#DIWHU#WKH#GHFLPDO#SRLQW
´7µ 0IRXU#GLJLWV#DIWHU#WKH#GHFLPDO#SRLQW
´8µ 0DXWR0UHVROXWLRQ/#GHWHUPLQHG#E\#WKH#PHDVXUHG#SRZHU#OHYHO

([DPSOH )2506=5($'='$7$#6
,404933#+LJK06SHHG#3RZHU#0HWHU#6HULHV <<



5HPRWH#&RQWURO
6SHFLILF#&RPPDQGV
,1,7LDWH=$872VWRS
'HVFULSWLRQ 7KLV#FRPPDQG#VWDUWV#RU#VWRSV#DQ#DFTXLVLWLRQ#XVLQJ#WKH#QXPEHU#

RI#SRLQWV#VHW#ZLWK#WKH#75$&=32,1#FRPPDQG/#DQG#WKH#VDPSOLQJ#
UDWH#VHW#ZLWK#WKH#6(16=)5(4>=&217@#RU#WKH#6(16=)5(4=1&21#
FRPPDQGV1

6\QWD[ ,1,7+31159,=$872?VSDFH!?ERROHDQ!>/?YDOXH!@

3DUDPHWHUV 7KH#?ERROHDQ!#YDOXH#UHIHUV#WR=
´3µ 0VWRS#DFTXLVLWLRQ
´4µ 0VWDUW#DFTXLVLWLRQ
7KH#RSWLRQDO#?YDOXH!#SDUDPHWHU#FDQ#EH=
´&217µ#RU#´3µ 0VHW#&RQWLQXRXV#DFTXLVLWLRQ#UDWH
´1&21µ#RU#´4µ 0VHW#6LQJOH#DFTXLVLWLRQ#UDWH1
7KH#?YDOXH!#SDUDPHWHU#LV#FRQVLGHUHG#RQO\#ZKHQ#VWDUWLQJ#DQ#
DFTXLVLWLRQ1#,I#WKH#?YDOXH!#SDUDPHWHU#LV#DEVHQW/#WKH#DFTXLVLWLRQ#
VWDUWV#LQ#&RQWLQXRXV#PRGH#E\#GHIDXOW1

([DPSOH ,1,76=$872=#4/&217

6HH#DOVR $%25/#,1,7=$872=1&21/#,1,7=&217/#,1,7=&217"/#,1,7>=,00@/#
DQG#75$&=32,1

,1,7LDWH=$872VWRS"
'HVFULSWLRQ 7KLV#TXHU\#UHWXUQV#D#YDOXH#LQGLFDWLQJ#ZKHWKHU#D#SURJUDPPHG#

+RU# $́XWRVWRSµ,#DFTXLVLWLRQ#LV#LQ#SURJUHVV1

6\QWD[ ,1,7+31159,=$872"

5HVSRQVH ´3µ 0$XWRVWRS#DFTXLVLWLRQ#LV#RII
´4µ 0$XWRVWRS#DFTXLVLWLRQ#LV#RQ

([DPSOH ,1,76=$872"

6HH#DOVR $%25/#,1,7=$872/#,1,7=&217/#,1,7=&217"/#,1,7>=,00@/#DQG#
75$&=32,1
433 ,4049432495324973



5HPRWH#&RQWURO
6SHFLILF#&RPPDQGV
,1,7LDWH=&217LQXRXV
'HVFULSWLRQ 7KLV#FRPPDQG#VWDUWV#RU#VWRSV#SRZHU#PHDVXUHPHQWV#+IRU#DOO#

FKDQQHOV#ZKHQ#XVLQJ#D#PXOWL0FKDQQHO#KLJK0VSHHG#SRZHU#PHWHU,#
LQ#&RQWLQXRXV#PRGH1

6\QWD[ ,1,7+31159,=&217?VSDFH!?ERROHDQ!

3DUDPHWHUV 7KH#?ERROHDQ!#YDOXH#UHIHUV#WR=
´3µ 0VWRS#PHDVXUHPHQWV
´4µ 0VWDUW#PHDVXUHPHQWV

([DPSOH ,1,76=&217#4

6HH#DOVR )(7&>=6&$/@=32:='&"/#,1,7=&217"/#,1,7>=,00@/#DQG#
5($'>=6&$/@=32:='&"

,1,7LDWH=&217LQXRXV"
'HVFULSWLRQ 7KLV#TXHU\#UHWXUQV#D#YDOXH#LQGLFDWLQJ#ZKHWKHU#SRZHU#

PHDVXUHPHQWV#DUH#LQ#SURJUHVV#+IRU#DOO#FKDQQHOV#ZKHQ#XVLQJ#D#
PXOWL0FKDQQHO#KLJK0VSHHG#SRZHU#PHWHU,#LQ#&RQWLQXRXV#PRGH1

6\QWD[ ,1,7+31159,=&217"

5HVSRQVH ´3µ 0PHDVXUHPHQWV#VWRSSHG
´4µ 0PHDVXUHPHQWV#VWDUWHG

([DPSOH ,1,76=&217"

6HH#DOVR )(7&>=6&$/@=32:='&"/#,1,7>=,00@/#DQG#
5($'>=6&$/@=32:='&"
,404933#+LJK06SHHG#3RZHU#0HWHU#6HULHV 434



5HPRWH#&RQWURO
6SHFLILF#&RPPDQGV
,1,7LDWH=(;75HPD
'HVFULSWLRQ 7KLV#FRPPDQG#VWDUWV#RU#VWRSV#0LQ20D[#SRZHU#PHDVXUHPHQWV#LQ#

&RQWLQXRXV#DFTXLVLWLRQ#PRGH#+IRU#DOO#FKDQQHOV#ZKHQ#XVLQJ#D#
PXOWL0FKDQQHO#KLJK0VSHHG#SRZHU#PHWHU,1

6\QWD[ ,1,7+31159,=(;75?VSDFH!?ERROHDQ!

3DUDPHWHUV 7KH#?ERROHDQ!#YDOXH#UHIHUV#WR=
´3µ 0VWRS#0LQ20D[#PHDVXUHPHQWV
´4µ 0VWDUW#0LQ20D[#PHDVXUHPHQWV

([DPSOH ,1,76=(;75#4

,1,7LDWH=(;75HPD"
'HVFULSWLRQ 7KLV#TXHU\#UHWXUQV#D#YDOXH#LQGLFDWLQJ#ZKHWKHU#0LQ20D[#SRZHU#

PHDVXUHPHQWV#DUH#LQ#SURJUHVV#LQ#&RQWLQXRXV#DFTXLVLWLRQ#PRGH#
+IRU#DOO#FKDQQHOV#ZKHQ#XVLQJ#D#PXOWL0FKDQQHO#KLJK0VSHHG#SRZHU#
PHWHU,1

6\QWD[ ,1,7+31159,=(;75"

5HVSRQVH ´3µ 00LQ20D[#PHDVXUHPHQWV#DUH#VWRSSHG
´4µ 00LQ20D[#PHDVXUHPHQWV#LQ#SURJUHVV

([DPSOH ,1,76=(;75"

,1,7LDWH>=,00HGLDWH@
'HVFULSWLRQ 7KLV#FRPPDQG#VWRUHV#D#SRZHU#PHDVXUHPHQW#YDOXH#+IRU#DOO#

FKDQQHOV#ZKHQ#XVLQJ#D#PXOWL0FKDQQHO#KLJK0VSHHG#SRZHU#
PHWHU,1

6\QWD[ ,1,7+31159,>=,00@

([DPSOH ,1,76=,00

6HH#DOVR )(7&>=6&$/@=32:='&"#DQG#5($'>=6&$/@=32:='&"
435 ,4049432495324973



5HPRWH#&RQWURO
6SHFLILF#&RPPDQGV
,167=16(/HFW
'HVFULSWLRQ 7KLV#FRPPDQG#VHOHFWV#D#SRZHU#PHWHU#FKDQQHO#+ZKHQ#XVLQJ#D#

PXOWL0FKDQQHO#KLJK0VSHHG#SRZHU#PHWHU,1#8QWLO#D#QHZ#FKDQQHO#LV#
VHOHFWHG/#DQ\#VXEVHTXHQW#FRPPDQGV#ZLOO#EH#GLUHFWHG#WR#WKLV#
FKDQQHO1#$Q#HUURU#PHVVDJH#DSSHDUV#LI#WKH#FRPPDQG#LV#VHQW#WR#D#
VLQJOH0FKDQQHO#SRZHU#PHWHU1

6\QWD[ ,167+31159,=16(/?VSDFH!?QXPHULFBYDOXH!

3DUDPHWHUV 7KH#?QXPHULFBYDOXH!#SDUDPHWHU#FDQ#EH#4/#5/#6/#RU#71

([DPSOH ,1676=16(/#7

,167=16(/HFW"
'HVFULSWLRQ 7KLV#TXHU\#UHWXUQV#WKH#FXUUHQWO\#VHOHFWHG#SRZHU#PHWHU#FKDQQHO#

+ZKHQ#XVLQJ#D#PXOWL0FKDQQHO#KLJK0VSHHG#SRZHU#PHWHU,1

6\QWD[ ,167+31159,=16(/"

5HVSRQVH $#QXPHULF#YDOXH=#4/#5/#6/#RU#71

([DPSOH ,1676=16(/"
,404933#+LJK06SHHG#3RZHU#0HWHU#6HULHV 436



5HPRWH#&RQWURO
6SHFLILF#&RPPDQGV
0($6XUH>=6&$/DU@=32:HU=0$;LPXP"
'HVFULSWLRQ 7KLV#TXHU\#UHWXUQV#WKH#PD[LPXP#SRZHU#PHDVXUHPHQW#YDOXH#

UHFRUGHG#IRU#WKH#FXUUHQWO\#VHOHFWHG#FKDQQHO#LQ#&RQWLQXRXV#
DFTXLVLWLRQ#PRGH1

6\QWD[ 0($6+31159,>=6&$/@=32:=0$;"

5HVSRQVH $#SRZHU#PHDVXUHPHQW#LQ#WKH#´�<<<1<<<<(�<<µ#H[SRQHQWLDO#
IRUPDW#LQ#WKH#FXUUHQWO\#VHOHFWHG#XQLW1#7KH#QXPEHU#RI#GLJLWV#DIWHU#
WKH#GHFLPDO#SRLQW#GHSHQGV#RQ#WKH#VHOHFWHG#UHVROXWLRQ1#7R#
FKDQJH#WKH#UHVROXWLRQ#RI#WKH#GLVSOD\HG#SRZHU#YDOXH#LQ#G%#RU#
G%P/#XVH#WKH#)250=5($'>='$7$@#FRPPDQG1#7R#NQRZ#WKH#
FXUUHQW#PHDVXUHPHQW#XQLW/#XVH#WKH#6(16=32:=81,7"#TXHU\1

([DPSOH 0($66=6&$/=32:=0$;"

6HH#DOVR 0($6=6&$/=32:=0,1"

0($6XUH>=6&$/DU@=32:HU=0,1LPXP"
'HVFULSWLRQ 7KLV#TXHU\#UHWXUQV#WKH#PLQLPXP#SRZHU#PHDVXUHPHQW#YDOXH#

UHFRUGHG#IRU#WKH#FXUUHQWO\#VHOHFWHG#FKDQQHO#LQ#&RQWLQXRXV#
DFTXLVLWLRQ#PRGH1

6\QWD[ 0($6+31159,>=6&$/@=32:=0,1"

5HVSRQVH $#SRZHU#PHDVXUHPHQW#LQ#WKH#´�<<<1<<<<(�<<µ#H[SRQHQWLDO#
IRUPDW#LQ#WKH#FXUUHQWO\#VHOHFWHG#XQLW1#7KH#QXPEHU#RI#GLJLWV#DIWHU#
WKH#GHFLPDO#SRLQW#GHSHQGV#RQ#WKH#VHOHFWHG#UHVROXWLRQ1#7R#
FKDQJH#WKH#UHVROXWLRQ#RI#WKH#GLVSOD\HG#SRZHU#YDOXH#LQ#G%#RU#
G%P/#XVH#WKH#)250=5($'>='$7$@#FRPPDQG1#7R#NQRZ#WKH#
FXUUHQW#PHDVXUHPHQW#XQLW/#XVH#WKH#6(16=32:=81,7"#TXHU\1

([DPSOH 0($66=6&$/=32:=0,1"

6HH#DOVR 0($6=6&$/=32:=0$;"
437 ,4049432495324973



5HPRWH#&RQWURO
6SHFLILF#&RPPDQGV
00(0RU\=$&4XLVLWLRQ
'HVFULSWLRQ 7KLV#FRPPDQG#VWDUWV#RU#VWRSV#D#ILOH#DFTXLVLWLRQ#XVLQJ#WKH#VHW#

&RQWLQXRXV#RU#6LQJOH#DFTXLVLWLRQ#UDWH1#$FTXLVLWLRQ#GDWD#ZLOO#EH#
UHFRUGHG#WR#WKH#V\VWHP#KDUG#GLVN#LQ#WKH#?,4?86(5),/(?,44933#
GLUHFWRU\1#7KH#DFTXLVLWLRQ#ZLOO#VWDUW#XQWLO#DQ#DFTXLVLWLRQ#VWRS#
+00(0=$&4#3,#FRPPDQG#LV#VHQW/#RWKHUZLVH#ZLOO#ODVW#IRU#WKH#
GXUDWLRQ#VHW#XVLQJ#WKH#00(0=$&4='85$#FRPPDQG1

6\QWD[ 00(0+31159,=$&4?VSDFH!?ERROHDQ!>/?YDOXH!@

3DUDPHWHUV 7KH#?ERROHDQ!#SDUDPHWHU#FDQ#EH=
´3µ 0VWRS#ILOH#DFTXLVLWLRQ
´4µ 0VWDUW#ILOH#DFTXLVLWLRQ
7KH#RSWLRQDO#?YDOXH!#SDUDPHWHU#FDQ#EH=
´&217µ#RU#´3µ 0VHW#&RQWLQXRXV#DFTXLVLWLRQ#UDWH
´1&21µ#RU#´4µ 0VHW#6LQJOH#DFTXLVLWLRQ#UDWH1
7KH#?YDOXH!#SDUDPHWHU#LV#FRQVLGHUHG#RQO\#ZKHQ#VWDUWLQJ#DQ#
DFTXLVLWLRQ1#,I#WKH#?YDOXH!#SDUDPHWHU#LV#DEVHQW/#WKH#DFTXLVLWLRQ#
VWDUWV#LQ#&RQWLQXRXV#PRGH#E\#GHIDXOW1

([DPSOH 00(06=$&4#4/&217

6HH#DOVR 00(0=$&4"/#00(0=$&4='85$/#DQG#00(0=$&4='85$"
,404933#+LJK06SHHG#3RZHU#0HWHU#6HULHV 438



5HPRWH#&RQWURO
6SHFLILF#&RPPDQGV
00(0RU\=$&4XLVLWLRQ"
'HVFULSWLRQ 7KLV#TXHU\#UHWXUQV#D#YDOXH#LQGLFDWLQJ#ZKHWKHU#D#ILOH#DFTXLVLWLRQ#

LV#LQ#SURJUHVV1

6\QWD[ 00(0+31159,=$&4"

5HVSRQVH 7KH#UHVSRQVH#LV#LQ#WKH#IRUPDW=
´3µ 0QR#ILOH#DFTXLVLWLRQ#LQ#SURJUHVV
´4µ 0ILOH#DFTXLVLWLRQ#LQ#SURJUHVV

([DPSOH 00(06=$&4"

6HH#DOVR 00(0=$&4/#00(0=$&4='85$/#DQG#00(0=$&4='85$"

00(0RU\=$&4XLVLWLRQ='85$WLRQ
'HVFULSWLRQ 7KLV#FRPPDQG#GHILQHV#WKH#GXUDWLRQ#RI#WKH#ILOH#DFTXLVLWLRQ1

6\QWD[ 00(0+31159,=$&4='85$?VSDFH!?QXPHULFBYDOXH!#
?QXPHULFBYDOXH!?QXPHULFBYDOXH!

3DUDPHWHUV 7KH#4VW#?QXPHULFBYDOXH!#SDUDPHWHU#UHSUHVHQWV#WKH#KRXUV/#
IURP#3#WR#<<<<1
7KH#5QG#?QXPHULFBYDOXH!#SDUDPHWHU#UHSUHVHQWV#WKH#PLQXWHV/#
IURP#3#WR#8<1
7KH#6UG#?QXPHULFBYDOXH!#SDUDPHWHU#UHSUHVHQWV#WKH#VHFRQGV/#
IURP#3#WR#8<1

([DPSOH 00(06=$&4='85$#3/63/48

6HH#DOVR 00(0=$&4/#00(0=$&4"/#DQG#00(0=$&4='85$"

1RWH ,I#WKH#VHW#GXUDWLRQ#LV#JUHDWHU#WKDQ#WKDW#SHUPLWWHG#LQ#6LQJOH#
DFTXLVLWLRQ#PRGH/#WKH#GXUDWLRQ#RI#WKH#QH[W#6LQJOH#DFTXLVLWLRQ#
ZLOO#EH#WKH#PD[LPXP#SHUPLWWHG#IRU#WKH#FXUUHQW#6LQJOH#
DFTXLVLWLRQ#UDWH1#([DPSOH=#ZKHQ#XVLQJ#D#73<9 +]#6LQJOH#UDWH/#LI#
WKH#VHW#GXUDWLRQ#LV#3333=43=33/#WKH#DFWXDO#GXUDWLRQ#ZLOO#EH#
3333=33=371
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5HPRWH#&RQWURO
6SHFLILF#&RPPDQGV
00(0RU\=$&4XLVLWLRQ='85$WLRQ"
'HVFULSWLRQ 7KLV#TXHU\#UHWXUQV#D#YDOXH#LQGLFDWLQJ#WKH#GXUDWLRQ#RI#WKH#ILOH#

DFTXLVLWLRQ#+DQG#QRW#WKH#WLPH#UHPDLQLQJ#IRU#WKH#DFTXLVLWLRQ,1

6\QWD[ 00(0+31159,=$&4='85$"

5HVSRQVH $#YDOXH#LQGLFDWLQJ#WKH#GXUDWLRQ#RI#WKH#ILOH#DFTXLVLWLRQ#LQ#WKH#
´++++=00=66µ#IRUPDW1

([DPSOH 00(06=$&4='85$"

6HH#DOVR 00(0=$&4/#00(0=$&4"/#DQG#00(0=$&4='85$

5($'>=6&$/DU@=32:HU='&"
'HVFULSWLRQ 7KLV#TXHU\#SHUIRUPV#DQ#LQLWLDWH#DQG#IHWFK#+IRU#WKH#VHOHFWHG#

FKDQQHO#ZKHQ#XVLQJ#D#PXOWL0FKDQQHO#KLJK0VSHHG#SRZHU#PHWHU,1#
$#PHDVXUHPHQW#YDOXH#LV#VWRUHG#DQG#UHWXUQHG1

6\QWD[ 5($'+31159,>=6&$/@=32:='&"

5HVSRQVH $#SRZHU#PHDVXUHPHQW#LQ#WKH#´�<<<1<<<<(�<<µ#H[SRQHQWLDO#
IRUPDW#LQ#WKH#FXUUHQWO\#VHOHFWHG#XQLW1#7KH#QXPEHU#RI#GLJLWV#DIWHU#
WKH#GHFLPDO#SRLQW#GHSHQGV#RQ#WKH#VHOHFWHG#UHVROXWLRQ1

([DPSOH 5($'6=6&$/=32:='&"

6HH#DOVR )(7&>=6&$/@=32:='&"/#,1,7=$872/#,1,7=&217/#,1,7=&217"/#
DQG#,1,7>=,00@
,404933#+LJK06SHHG#3RZHU#0HWHU#6HULHV 43:



5HPRWH#&RQWURO
6SHFLILF#&RPPDQGV
6(16LWLYLW\=$9(5DJH=&281W
'HVFULSWLRQ 7KLV#FRPPDQG#VHWV#WKH#QXPEHU#RI#SRZHU#PHDVXUHPHQWV#WKDW#

ZLOO#EH#XVHG#WR#FRPSXWH#GDWD#DYHUDJLQJ#+IRU#WKH#VHOHFWHG#
FKDQQHO#ZKHQ#XVLQJ#D#PXOWL0FKDQQHO#KLJK0VSHHG#SRZHU#PHWHU,1

6\QWD[ 6(16=$9(5=&281?VSDFH!?GLJLW!

3DUDPHWHUV 7KH#?GLJLW!#SDUDPHWHU#LV#WKH#QXPEHU#RI#SRZHU#PHDVXUHPHQWV#
WR#EH#XVHG#WR#FRPSXWH#GDWD#DYHUDJLQJ#LQ#WKH#´<<<µ#IRUPDW1

([DPSOH 6(16=$9(5=&281#45

6HH#DOVR 6(16=$9(5=&281"/#6(16=$9(5=67$7/#DQG#6(16=$9(5=67$7"

6(16LWLYLW\=$9(5DJH=&281W"
'HVFULSWLRQ 7KLV#TXHU\#UHWXUQV#WKH#QXPEHU#RI#SRZHU#PHDVXUHPHQWV#XVHG#WR#

FRPSXWH#GDWD#DYHUDJLQJ#+IRU#WKH#VHOHFWHG#FKDQQHO#ZKHQ#XVLQJ#D#
PXOWL0FKDQQHO#KLJK0VSHHG#SRZHU#PHWHU,1

6\QWD[ 6(16+31159,=$9(5=&281"

5HVSRQVH 7KH#QXPEHU#RI#SRZHU#PHDVXUHPHQWV#XVHG#WR#FRPSXWH#GDWD#
DYHUDJLQJ#LQ#WKH#´<<<µ#IRUPDW1

([DPSOH 6(166=$9(5=&281"

6HH#DOVR 6(16=$9(5=&281/#6(16=$9(5=67$7/#DQG#6(16=$9(5=67$7"
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5HPRWH#&RQWURO
6SHFLILF#&RPPDQGV
6(16LWLYLW\=$9(5DJH>=67$7H@
'HVFULSWLRQ 7KLV#FRPPDQG#DFWLYDWHV#RU#GHDFWLYDWHV#GDWD#DYHUDJLQJ#+IRU#WKH#

VHOHFWHG#FKDQQHO#ZKHQ#XVLQJ#D#PXOWL0FKDQQHO#KLJK0VSHHG#
SRZHU#PHWHU,1

6\QWD[ 6(16+31159,=$9(5>=67$7@?VSDFH!?ERROHDQ!

3DUDPHWHUV 7KH#?ERROHDQ!#SDUDPHWHU#FDQ#EH=
´3µ 0GLVDEOH#DYHUDJLQJ
´4µ 0HQDEOH#DYHUDJLQJ

([DPSOH 6(166=$9(5=67$7#4

6(16LWLYLW\=$9(5DJH=67$7H"
'HVFULSWLRQ 7KLV#TXHU\#UHWXUQV#D#YDOXH#LQGLFDWLQJ#ZKHWKHU#GDWD#DYHUDJLQJ#LV#

HQDEOHG#RU#GLVDEOHG#+IRU#WKH#VHOHFWHG#FKDQQHO#ZKHQ#XVLQJ#D#
PXOWL0FKDQQHO#KLJK0VSHHG#SRZHU#PHWHU,1

6\QWD[ 6(16+31159,=$9(5=67$7"

5HVSRQVH ´3µ 0DYHUDJLQJ#LV#GLVDEOHG
´4µ 0DYHUDJLQJ#LV#HQDEOHG

([DPSOH 6(166=$9(5=67$7"
,404933#+LJK06SHHG#3RZHU#0HWHU#6HULHV 43<



5HPRWH#&RQWURO
6SHFLILF#&RPPDQGV
6(16LWLYLW\=&255HFWLRQ=&2//HFW==(52
'HVFULSWLRQ 7KLV#FRPPDQG#SHUIRUPV#DQ#RIIVHW#QXOOLQJ#PHDVXUHPHQW#+RQ#WKH#

FXUUHQWO\#VHOHFWHG#FKDQQHO#ZKHQ#XVLQJ#D#PXOWL0FKDQQHO#
KLJK0VSHHG#SRZHU#PHWHU,1#,I#OLJKW#LV#GHWHFWHG/#WKH#´/LJKW#
GHWHFWHGµ#HUURU#PHVVDJH#LV#UDLVHG1

6\QWD[ 6(16+31159,=&255=&2//==(52>#$//@

3DUDPHWHUV 7KH#RSWLRQDO#?$//!#SDUDPHWHU#ZLOO#SHUIRUP#WKH#QXOO#
PHDVXUHPHQW#RQ#DOO#FKDQQHOV#ZKHQ#XVLQJ#D#PXOWL0FKDQQHO#
KLJK0VSHHG#SRZHU#PHWHU1

([DPSOH 6(166=&255=&2//==(52

1RWH 7KH#´1XOO#$OOµ#IXQFWLRQ#LV#VSHFLILF#WR#WKH#PXOWL0FKDQQHO#SRZHU#
PHWHU1
443 ,4049432495324973



5HPRWH#&RQWURO
6SHFLILF#&RPPDQGV
6(16LWLYLW\=&255HFWLRQ=2))6HW>=0$*1LWXGH@
'HVFULSWLRQ 7KLV#FRPPDQG#VHWV#D#FRUUHFWLRQ#IDFWRU#+IRU#WKH#VHOHFWHG#

FKDQQHO#ZKHQ#XVLQJ#D#PXOWL0FKDQQHO#KLJK0VSHHG#SRZHU#PHWHU,1#
7KH#FRUUHFWLRQ#IDFWRU#ZLOO#EH#D#SRVLWLYH#RU#QHJDWLYH#YDOXH#ZKHQ#
G%#RU#G%P#XQLWV#DUH#VHOHFWHG/#RU#D#SRVLWLYH#YDOXH#ZKHQ#:#RU#
:2:#XQLWV#DUH#VHOHFWHG1

6\QWD[ 6(16+31159,=&255=2))6>=0$*1@?VSDFH!?QXPHULFBYDOXH!
?VSDFH!?XQLW!

3DUDPHWHUV 7KH#?QXPHULFBYDOXH!#SDUDPHWHU#LV#D#FRUUHFWLRQ#IDFWRU#ZLWK#G%#
RU#:2:#XQLWV1
04313#≤#QXPHULFBYDOXH#≤#91<;<#+G%,
314#≤#QXPHULFBYDOXH#≤#813#+:2:,
7KH#?XQLW!#SDUDPHWHU#FDQ#EH#'%#RU#:2:
,I#DQ#LQYDOLG#?QXPHULFBYDOXH!#SDUDPHWHU#LV#HQWHUHG/#WKH#
´3DUDPHWHU#RXW#RI#UDQJHµ#PHVVDJH#DSSHDUV1
,I#DQ#LQYDOLG#?XQLW!#SDUDPHWHU#LV#HQWHUHG/#WKH#´'DWD#W\SH#HUURUµ#
PHVVDJH#DSSHDUV1

([DPSOH 6(166=&255=2))6=0$*1#551438#'%

1RWH 7KH#FRUUHFWLRQ#IDFWRU#ZKHQ#H[SUHVVHG#LQ#:2:#LQGLFDWHV#WKH#
UDWLR#EHWZHHQ#WKH#SRZHU#UHFHLYHG#+LQ#:,#DQG#WKH#UHIHUHQFH#+LQ#
:,#IRU#WKH#FXUUHQW#ZDYHOHQJWK#DQG#FKDQQHO1
,404933#+LJK06SHHG#3RZHU#0HWHU#6HULHV 444



5HPRWH#&RQWURO
6SHFLILF#&RPPDQGV
6(16LWLYLW\=)5(4XHQF\>=&217LQXRXV@
'HVFULSWLRQ 7KLV#FRPPDQG#VHWV#WKH#FRQWLQXRXV#DFTXLVLWLRQ#UDWH1

6\QWD[ 6(16+31159,=)5(4>=&217@?VSDFH!?QXPHULFBYDOXH!
>?VSDFH!+=@

3DUDPHWHUV 7KH#?QXPHULFBYDOXH!#SDUDPHWHU#LV#WKH#FRQWLQXRXV#DFTXLVLWLRQ#
UDWH=#31583 +]/#31833 +]/#4 +]/#5 +]/#7 +]/#; +]/#49 +]/#65 +]/#
97 +]/#45; +]/#DQG#589 +]1
,I#DQ#LQYDOLG#SDUDPHWHU#LV#HQWHUHG/#WKH#´,QYDOLG#VDPSOLQJ#UDWHµ#
HUURU#PHVVDJH#DSSHDUV1

([DPSOH 6(166=)5(4=&217#4

6HH#DOVR 6(16=)5(4=&217"/#6(16=)5(4>=&217@=&$7"/#
6(16=)5(4=1&21/#6(16=)5(4=1&21"/#DQG#
6(16=)5(4=1&21=&$7"

6(16LWLYLW\=)5(4XHQF\=&217LQXRXV"
'HVFULSWLRQ 7KLV#TXHU\#UHWXUQV#WKH#FXUUHQW#FRQWLQXRXV#DFTXLVLWLRQ#UDWH1

6\QWD[ 6(16+31159,=)5(4=&217"

5HVSRQVH 7KH#FXUUHQW#FRQWLQXRXV#DFTXLVLWLRQ#UDWH#LQ#WKH#´<<<1<<<µ#IRUPDW1

([DPSOH 6(166=)5(4=&217"

6HH#DOVR 6(16=)5(4>=&217@/#6(16=)5(4>=&217@=&$7"/#
6(16=)5(4=1&21/#6(16=)5(4=1&21"/#DQG#
6(16=)5(4=1&21=&$7"
445 ,4049432495324973



5HPRWH#&RQWURO
6SHFLILF#&RPPDQGV
6(16LWLYLW\=)5(4XHQF\>=&217LQXRXV@=&$7DORJ"
'HVFULSWLRQ 7KLV#TXHU\#UHWXUQV#WKH#OLVW#RI#DYDLODEOH#FRQWLQXRXV#DFTXLVLWLRQ#

UDWHV1

6\QWD[ 6(16+31159,=)5(4>=&217@=&$7"

5HVSRQVH 7KH#OLVW#RI#DYDLODEOH#FRQWLQXRXV#DFTXLVLWLRQ#UDWHV#LQ#WKH#
´<<<1<<<><<<1<<<>111µ#IRUPDW1

([DPSOH 6(166=)5(4=&217=&$7"

6HH#DOVR 6(16=)5(4>=&217@/#6(16=)5(4=&217"/#6(16=)5(4=1&21/#
6(16=)5(4=1&21"/#DQG#6(16=)5(4=1&21=&$7"

6(16LWLYLW\=)5(4XHQF\=1&21WLQXRXV
'HVFULSWLRQ 7KLV#FRPPDQG#VHWV#WKH#VLQJOH#DFTXLVLWLRQ#UDWH1

6\QWD[ 6(16+31159,=)5(4=1&21?VSDFH!?QXPHULFBYDOXH!#
>?VSDFH!+=@

3DUDPHWHUV 7KH#?QXPHULFBYDOXH!#SDUDPHWHU#LV#WKH#VLQJOH#DFTXLVLWLRQ#UDWH#
LQ#WKH#´<<<<µ#IRUPDW=#845 +]/#4357 +]/#537; +]/#DQG#73<9 +]1#,I#
DQ#LQYDOLG#SDUDPHWHU#LV#HQWHUHG/#WKH#´,OOHJDO#SDUDPHWHU#YDOXHµ#
HUURU#PHVVDJH#DSSHDUV1

([DPSOH 6(166=)5(4=1&21#845

6HH#DOVR 6(16=)5(4>=&217@/#6(16=)5(4=&217"/#
6(16=)5(4>=&217@=&$7"/#6(16=)5(4=1&21"/#DQG#
6(16=)5(4=1&21=&$7"
,404933#+LJK06SHHG#3RZHU#0HWHU#6HULHV 446



5HPRWH#&RQWURO
6SHFLILF#&RPPDQGV
6(16LWLYLW\=)5(4XHQF\=1&21WLQXRXV"
'HVFULSWLRQ 7KLV#TXHU\#UHWXUQV#WKH#VLQJOH#DFTXLVLWLRQ#UDWH1

6\QWD[ 6(16+31159,=)5(4=1&21"

5HVSRQVH 7KH#FXUUHQW#VLQJOH#DFTXLVLWLRQ#UDWH#LQ#WKH#´<<<<1<µ#IRUPDW1

([DPSOH 6(166=)5(4=1&21"

6HH#DOVR 6(16=)5(4>=&217@/#6(16=)5(4=&217"/#
6(16=)5(4>=&217@=&$7"/#6(16=)5(4=1&21/#DQG#
6(16=)5(4=1&21=&$7"

6(16LWLYLW\=)5(4XHQF\=1&21WLQXRXV=&$7DORJ"
'HVFULSWLRQ 7KLV#TXHU\#UHWXUQV#WKH#OLVW#RI#DYDLODEOH#VLQJOH#DFTXLVLWLRQ#UDWHV1

6\QWD[ 6(16+31159,=)5(4=1&21=&$7"

5HVSRQVH 7KH#OLVW#RI#DYDLODEOH#VLQJOH#DFTXLVLWLRQ#UDWHV#LQ#WKH#
´<<<<1<><<<<1<>111µ#IRUPDW1

([DPSOH 6(166=)5(4=1&21=&$7"

6HH#DOVR 6(16=)5(4>=&217@/#6(16=)5(4=&217"/#
6(16=)5(4>=&217@=&$7"/#6(16=)5(4=1&21/#DQG#
6(16=)5(4=1&21"
447 ,4049432495324973



5HPRWH#&RQWURO
6SHFLILF#&RPPDQGV
6(16LWLYLW\=32:HU=5$1*H"
'HVFULSWLRQ 7KLV#TXHU\#UHWXUQV#WKH#FXUUHQWO\#VHOHFWHG#SRZHU#PHDVXUHPHQW#

UDQJH#+IRU#WKH#VHOHFWHG#FKDQQHO#ZKHQ#XVLQJ#D#PXOWL0FKDQQHO#
KLJK0VSHHG#SRZHU#PHWHU,/#H[SUHVVHG#LQ#G%P#RU#:#GHSHQGLQJ#
RQ#WKH#FXUUHQW#XQLW1

6\QWD[ 6(16+31159,=32:=5$1*"

5HVSRQVH 7KH#FXUUHQWO\#VHOHFWHG#UDQJH#+LQ#G%P#RU#:,#LQ#WKH#´�<<1<<#WR#
�<<1<<µ#+G%P,#RU#´.<<<1<<(�<<<#WR#.<<<1<<(�<<<µ#+:,#
IRUPDW=
$́872µ 0DXWRPDWLF#UDQJH#+$XWRUDQJH,
´+54117µ 0KLJK#UDQJH
´/54119µ 0ORZ#UDQJH

([DPSOH 6(166=32:=5$1*"

6HH#DOVR 6(16=32:=5$1*=$872/#6(16=32:=5$1*=$872"/#
6(16=32:=5$1*=+,*+/#6(16=32:=5$1*=/,67"/#DQG#
6(16=32:=5$1*=/2:
,404933#+LJK06SHHG#3RZHU#0HWHU#6HULHV 448



5HPRWH#&RQWURO
6SHFLILF#&RPPDQGV
6(16LWLYLW\=32:HU=5$1*H=$872PDWLF
'HVFULSWLRQ 7KLV#FRPPDQG#VHWV#WKH#SRZHU#PHDVXUHPHQW#UDQJH#WR#

DXWRPDWLF#+$XWRUDQJH,/#IRU#WKH#FXUUHQWO\#VHOHFWHG#FKDQQHO#ZKHQ#
XVLQJ#D#PXOWL0FKDQQHO#KLJK0VSHHG#SRZHU#PHWHU1

6\QWD[ 6(16+31159,=32:=5$1*=$872?VSDFH!?ERROHDQ!

3DUDPHWHUV 7KH#?ERROHDQ!#SDUDPHWHU#FDQ#EH=
´3µ 0GLVDEOH#$XWRUDQJH
´4µ 0HQDEOH#$XWRUDQJH

([DPSOH 6(166=32:=5$1*=$872#4

6HH#DOVR 6(16=32:=5$1*"/#6(16=32:=5$1*=$872"/#
6(16=32:=5$1*=+,*+/#6(16=32:=5$1*=/,67"/#DQG#
6(16=32:=5$1*=/2:

1RWH 7KH#$XWRUDQJH#IXQFWLRQ#FDQ#EH#SHUIRUPHG#LQ#&RQWLQXRXV#
DFTXLVLWLRQ#PRGH#RQO\1#:KHQ#$XWRUDQJH#LV#GHDFWLYDWHG/#/54#LV#
DFWLYDWHG#E\#GHIDXOW1

6(16LWLYLW\=32:HU=5$1*H=$872PDWLF"
'HVFULSWLRQ 7KLV#TXHU\#UHWXUQV#D#YDOXH#LQGLFDWLQJ#ZKHWKHU#DXWRPDWLF#SRZHU#

PHDVXUHPHQW#UDQJH#+$XWRUDQJH,#LV#HQDEOHG#RU#GLVDEOHG/#IRU#WKH#
FXUUHQWO\#VHOHFWHG#FKDQQHO#ZKHQ#XVLQJ#D#PXOWL0FKDQQHO#
KLJK0VSHHG#SRZHU#PHWHU1

6\QWD[ 6(16+31159,=32:=5$1*=$872"

5HVSRQVH ´3µ 0$XWRUDQJH#LV#GLVDEOHG
´4µ 0$XWRUDQJH#LV#HQDEOHG

([DPSOH 6(16=32:=5$1*=$872"

6HH#DOVR 6(16=32:=5$1*"/#6(16=32:=5$1*=$872/#
6(16=32:=5$1*=+,*+/#6(16=32:=5$1*=/,67"/#DQG#
6(16=32:=5$1*=/2:
449 ,4049432495324973



5HPRWH#&RQWURO
6SHFLILF#&RPPDQGV
6(16LWLYLW\=32:HU=5$1*H=+,*+
'HVFULSWLRQ 7KLV#FRPPDQG#VHWV#WKH#SRZHU#PHDVXUHPHQW#UDQJH#WR#PDQXDO#

KLJK#+IRU#WKH#FXUUHQWO\#VHOHFWHG#FKDQQHO#ZKHQ#XVLQJ#D#
PXOWL0FKDQQHO#KLJK0VSHHG#SRZHU#PHWHU,1

6\QWD[ 6(16+31159,=32:=5$1*=+,*+?VSDFH!?QXPHULFBYDOXH!

3DUDPHWHUV 7KH#?QXPHULFBYDOXH!#SDUDPHWHU#FDQ#EH#4/#5/#6/#RU#7#
FRUUHVSRQGLQJ#WR#PDQXDO#+54#WR#+571

([DPSOH 6(166=32:=5$1*=+,*+#5

6HH#DOVR 6(16=32:=5$1*"/#6(16=32:=5$1*=$872/#
6(16=32:=5$1*=$872"/#6(16=32:=5$1*=/,67"/#DQG#
6(16=32:=5$1*=/2:

6(16LWLYLW\=32:HU=5$1*H=/,67"
'HVFULSWLRQ 7KLV#TXHU\#UHWXUQV#WKH#OLVW#RI#DOO#DYDLODEOH#PHDVXUHPHQW#UDQJHV/#

H[SUHVVHG#LQ#G%P#RU#:#GHSHQGLQJ#RQ#WKH#FXUUHQW#XQLW1

6\QWD[ 6(16=32:=5$1*=/,67"

5HVSRQVH 7KH#OLVW#RI#DYDLODEOH#PHDVXULQJ#UDQJHV#+LQ#G%P#RU#:,#LQ#WKH#
´�<<1<<#WR#�<<1<<µ#+G%P,#RU#´�<<<1<<<<(�<<#WR#
�<<<1<<<<(�<<µ#+:,#IRUPDW=
$́872µ 0DXWRPDWLF#UDQJH#+$XWRUDQJH,
´+54117µ 0KLJK#UDQJH
´/54119µ 0ORZ#UDQJH

([DPSOH 6(166=32:=5$1*=/,67"

6HH#DOVR 6(16=32:=5$1*"/#6(16=32:=5$1*=$872/#
6(16=32:=5$1*=$872"/#6(16=32:=5$1*=+,*+/#DQG#
6(16=32:=5$1*=/2:
,404933#+LJK06SHHG#3RZHU#0HWHU#6HULHV 44:



5HPRWH#&RQWURO
6SHFLILF#&RPPDQGV
6(16LWLYLW\=32:HU=5$1*H=/2:
'HVFULSWLRQ 7KLV#FRPPDQG#VHWV#WKH#SRZHU#PHDVXUHPHQW#UDQJH#WR#PDQXDO#

ORZ#+IRU#WKH#FXUUHQWO\#VHOHFWHG#FKDQQHO#ZKHQ#XVLQJ#D#
PXOWL0FKDQQHO#KLJK0VSHHG#SRZHU#PHWHU,1

6\QWD[ 6(16+31159,=32:=5$1*=/2:?VSDFH!?QXPHULFBYDOXH!

3DUDPHWHUV 7KH#?QXPHULFBYDOXH!#SDUDPHWHU#FDQ#EH#4/#5/#6/#7/#8/#RU#9#
FRUUHVSRQGLQJ#WR#PDQXDO#/54#WR#/591

([DPSOH 6(166=32:=5$1*=/2:#7

6HH#DOVR 6(16=32:=5$1*"/#6(16=32:=5$1*=$872/#
6(16=32:=5$1*=$872"/#6(16=32:=5$1*=+,*+/#DQG#
6(16=32:=5$1*=/,67"

6(16LWLYLW\=32:HU=5()HUHQFH
'HVFULSWLRQ 7KLV#FRPPDQG#VHWV#D#XVHU0GHILQHG#UHIHUHQFH#YDOXH#+LQ#G%P#RU#

:,/#IRU#WKH#VHOHFWHG#FKDQQHO#ZKHQ#XVLQJ#D#PXOWL0FKDQQHO#
KLJK0VSHHG#SRZHU#PHWHU1

6\QWD[ 6(16+31159,=32:=5()?VSDFH!?QXPHULFBYDOXH!?XQLW!

3DUDPHWHUV 7KH#?QXPHULFBYDOXH!#SDUDPHWHU#LV#WKH#XVHU0GHILQHG#UHIHUHQFH#
YDOXH/#LQ#WKH#´<<<1<<<<µ#+G%P,#RU#´.<1<<<<(0<<<µ#+:,#IRUPDW1
7KH#?XQLW!#SDUDPHWHU#UHSUHVHQWV#WKH#XQLW=
´'%0µ 0VHW#G%P
´:µ 0VHW#:
´0:µ 0VHW#P:
´8:µ 0VHW#µ:
´1:µ 0VHW#Q:
´3:µ 0VHW#S:

([DPSOH 6(166=32:=5()#431:
44; ,4049432495324973



5HPRWH#&RQWURO
6SHFLILF#&RPPDQGV
6(16LWLYLW\=32:HU=5()HUHQFH"
'HVFULSWLRQ 7KLV#TXHU\#UHWXUQV#WKH#UHIHUHQFH#SRZHU#IRU#WKH#FXUUHQW#

ZDYHOHQJWK#+IRU#WKH#FXUUHQWO\#VHOHFWHG#FKDQQHO#ZKHQ#XVLQJ#D#
PXOWL0FKDQQHO#KLJK0VSHHG#SRZHU#PHWHU,1

6\QWD[ 6(16+31159,=32:=5()"

5HVSRQVH &XUUHQW#UHIHUHQFH#YDOXH#LQ#G%P#RU#:#+GHSHQGLQJ#RQ#WKH#
FXUUHQW#XQLW,/#ZKLFK#FDQ#EH#DQ\#YDOXH#ZLWKLQ#WKH#SRZHU#UDQJH#RI#
WKH#SRZHU#PHWHU#LQ#WKH#´�<<<1<<<<µ#+G%P,#RU#´.<1<<<<(0<<<µ#
+:,#IRUPDW1

([DPSOH 6(166=32:=5()"
7<175;#G%P

6(16LWLYLW\=32:HU=5()HUHQFH=',63OD\
'HVFULSWLRQ 7KLV#FRPPDQG#SHUIRUPV#D#QHZ#UHIHUHQFH#PHDVXUHPHQW#IRU#WKH#

FXUUHQW#ZDYHOHQJWK#DQG#FKDQJHV#WKH#GLVSOD\#WR#UHDG#UHODWLYH#
SRZHU#+G%#RU#:2:,/#IRU#WKH#VHOHFWHG#FKDQQHO#ZKHQ#XVLQJ#D#
PXOWL0FKDQQHO#KLJK0VSHHG#SRZHU#PHWHU1

6\QWD[ 6(16+31159,=32:=5()=',63

([DPSOH 6(166=32:=5()=',63
,404933#+LJK06SHHG#3RZHU#0HWHU#6HULHV 44<



5HPRWH#&RQWURO
6SHFLILF#&RPPDQGV
6(16LWLYLW\=32:HU=5()HUHQFH=67$7H
'HVFULSWLRQ 7KLV#FRPPDQG#VHOHFWV#ZKHWKHU#DEVROXWH#+G%P#RU#:,#RU#UHODWLYH#

+G%#RU#:2:,#SRZHU#PHDVXUHPHQWV#DUH#SHUIRUPHG#+IRU#WKH#
VHOHFWHG#FKDQQHO#ZKHQ#XVLQJ#D#PXOWL0FKDQQHO#KLJK0VSHHG#
SRZHU#PHWHU,1

6\QWD[ 6(16+31159,=32:=5()=67$7?VSDFH!?ERROHDQ!

3DUDPHWHUV 7KH#?ERROHDQ!#YDOXH#UHSUHVHQWV#HLWKHU#G%#DQG#:/#RU#G%P#
DQG :2:=
´3µ 0VHOHFW#DEVROXWH#+G%P#RU#:,
´4µ 0VHOHFW#UHODWLYH#+G%#RU#:2:,

([DPSOH 6(166=32:=5()=67$7#3

6(16LWLYLW\=32:HU=5()HUHQFH=67$7H"
'HVFULSWLRQ 7KLV#TXHU\#UHWXUQV#D#YDOXH#LQGLFDWLQJ#ZKHWKHU#WKH#KLJK0VSHHG#

SRZHU#PHWHU#LV#GLVSOD\LQJ#DEVROXWH#+G%P#RU#:,#RU#UHODWLYH#+G%#
RU#:2:,#SRZHU#YDOXHV#+IRU#WKH#VHOHFWHG#FKDQQHO#ZKHQ#XVLQJ#D#
PXOWL0FKDQQHO#KLJK0VSHHG#SRZHU#PHWHU,1

6\QWD[ 6(16+31159,=32:=5()=67$7"

5HVSRQVH ´3µ 0DEVROXWH#PRGH#+G%P#RU#:,
´4µ 0UHODWLYH#PRGH#+G%#RU#:2:,

([DPSOH 6(166=32:=5()=67$7"
453 ,4049432495324973



5HPRWH#&RQWURO
6SHFLILF#&RPPDQGV
6(16LWLYLW\=32:HU=81,7
'HVFULSWLRQ 7KLV#FRPPDQG#FKDQJHV#WKH#DEVROXWH#PHDVXUHPHQW#GLVSOD\#

XQLW=#G%P#RU#:#+IRU#WKH#VHOHFWHG#FKDQQHO#ZKHQ#XVLQJ#D#
PXOWL0FKDQQHO#KLJK0VSHHG#SRZHU#PHWHU,1

6\QWD[ 6(16+31159,=32:=81,7?VSDFH!?YDOXH!

3DUDPHWHUV 7KH#?YDOXH!#SDUDPHWHU#FDQ#EH=
´'%0µ#RU#´3µ 0VHW#SRZHU#GLVSOD\#WR#G%P
´:µ#RU#´4µ 0VHW#SRZHU#GLVSOD\#WR#:#+S:/#Q:/#�:/#P:111,

([DPSOH 6(166=32:=81,7#'%0

6HH#DOVR 6(16=32:=81,7"#DQG#81,7=32:

6(16LWLYLW\=32:HU=81,7"
'HVFULSWLRQ 7KLV#TXHU\#UHWXUQV#WKH#FXUUHQW#DEVROXWH#SRZHU#PHDVXUHPHQW#

GLVSOD\#XQLW#+IRU#WKH#VHOHFWHG#FKDQQHO#ZKHQ#XVLQJ#D#
PXOWL0FKDQQHO#KLJK0VSHHG#SRZHU#PHWHU,1

6\QWD[ 6(16+31159,=32:=81,7"

5HVSRQVH ´3µ 0FXUUHQW#XQLW#LV#G%P
´4µ 0FXUUHQW#XQLW#LV#:#+S:/#Q:/#µ:/#P:111,

([DPSOH 6(166=32:=81,7"

6HH#DOVR 6(16=32:=81,7#DQG#81,7=32:
,404933#+LJK06SHHG#3RZHU#0HWHU#6HULHV 454



5HPRWH#&RQWURO
6SHFLILF#&RPPDQGV
6(16LWLYLW\=32:HU=:$9HOHQJWK
'HVFULSWLRQ 7KLV#FRPPDQG#VHOHFWV#D#QHZ#RSHUDWLQJ#ZDYHOHQJWK#+IRU#WKH#

VHOHFWHG#FKDQQHO#ZKHQ#XVLQJ#D#PXOWL0FKDQQHO#KLJK0VSHHG#
SRZHU#PHWHU,1

6\QWD[ 6(16+31159,=32:=:$9?VSDFH!?QXPHULFBYDOXH!
>?VSDFH!10@

3DUDPHWHUV 7KH#?QXPHULFBYDOXH!#SDUDPHWHU#LV#DQ#RSHUDWLQJ#ZDYHOHQJWK#
XVLQJ#QP1#$Q\#ZDYHOHQJWK#ZLWKLQ#WKH#VSHFWUDO#UDQJH#RI#WKH#
SRZHU#PHWHU#RSWLFDO#GHWHFWRU#DW#3134 QP#UHVROXWLRQ#PD\#EH#
VHOHFWHG1#6HH#WKH#SRZHU#PHWHU#LQVWUXFWLRQ#PDQXDO#IRU#WKH#H[DFW#
VSHFWUDO#UDQJH#RI#HDFK#GHWHFWRU#W\SH1#$Q#LQYDOLG#SDUDPHWHU#ZLOO#
UDLVH#DQ#´,OOHJDO#SDUDPHWHU#YDOXHµ#HUURU#PHVVDJH1

([DPSOH 6(166=32:=:$9#4643145

6(16LWLYLW\=32:HU=:$9HOHQJWK"
'HVFULSWLRQ 7KLV#TXHU\#UHWXUQV#WKH#FXUUHQWO\#VHOHFWHG#ZDYHOHQJWK#+IRU#WKH#

VHOHFWHG#FKDQQHO#ZKHQ#XVLQJ#D#PXOWL0FKDQQHO#KLJK0VSHHG#
SRZHU#PHWHU,1

6\QWD[ 6(16+31159,=32:=:$9"

5HVSRQVH 7KH#FXUUHQW#ZDYHOHQJWK#LQ#QDQRPHWHUV#+QP,#LQ#WKH#
´<<<<1<< QPµ#IRUPDW1

([DPSOH 6(166=32:=:$9"
4643145#QP
455 ,4049432495324973



5HPRWH#&RQWURO
6SHFLILF#&RPPDQGV
75$&H='$7$"
'HVFULSWLRQ 7KLV#TXHU\#UHWXUQV#WKH#SRZHU#PHDVXUHPHQWV#SUHYLRXVO\#

DFTXLUHG#ZLWK#WKH#,1,7=$872#FRPPDQG#+IRU#WKH#FXUUHQWO\#
VHOHFWHG#FKDQQHO#ZKHQ#XVLQJ#D#PXOWL0FKDQQHO#KLJK0VSHHG#
SRZHU#PHWHU,1

6\QWD[ 75$&+31159,='$7$"?VSDFH!?VHJPHQWBQE!

5HVSRQVH 3RZHU#PHDVXUHPHQWV#LQ#WKH#´�<<<1<<<<(�<<>#
�<<<1<<<<(�<<>111µ#IRUPDW1
7KH#?VHJPHQWBQE!#SDUDPHWHU#LV#WKH#VHJPHQW#QXPEHU1#(DFK#
VHJPHQW#FRQWDLQV#D#PD[LPXP#RI#73<9#YDOXHV1#7KH#ILUVW#VHJPHQW#
EHDUV#QXPEHU#31

([DPSOH 75$&6='$7$"#7

6HH#DOVR 75$&=32,1

75$&H=0$;LPXP"
'HVFULSWLRQ 7KLV#TXHU\#UHWXUQV#WKH#PD[LPXP#SRZHU#PHDVXUHPHQW#YDOXH#

SUHYLRXVO\#DFTXLUHG#ZLWK#WKH#,1,7=$872#4/1&21#RU#
00(0=$&4= 4/1&21#FRPPDQG#+LQ#6LQJOH#DFTXLVLWLRQ#PRGH,#
DQG#IRU#WKH#FXUUHQWO\#VHOHFWHG#FKDQQHO#ZKHQ#XVLQJ#D#
PXOWL0FKDQQHO#KLJK0VSHHG#SRZHU#PHWHU1

6\QWD[ 75$&+31159,=0$;"

5HVSRQVH $#SRZHU#PHDVXUHPHQW#LQ#WKH#´�<<<1<<<<(�<<µ#H[SRQHQWLDO#
IRUPDW#LQ#WKH#FXUUHQWO\#VHOHFWHG#XQLW1#7KH#QXPEHU#RI#GLJLWV#DIWHU#
WKH#GHFLPDO#SRLQW#GHSHQGV#RQ#WKH#VHOHFWHG#UHVROXWLRQ1#7R#
FKDQJH#WKH#UHVROXWLRQ#RI#WKH#GLVSOD\HG#SRZHU#YDOXH#LQ#G%#RU#
G%P/#XVH#WKH#)250=5($'>='$7$@#FRPPDQG1#7R#NQRZ#WKH#
FXUUHQW#PHDVXUHPHQW#XQLW/#XVH#WKH#6(16=32:=81,7"#TXHU\1

([DPSOH 75$&6=0$;"

6HH#DOVR 75$&(=0,1"
,404933#+LJK06SHHG#3RZHU#0HWHU#6HULHV 456



5HPRWH#&RQWURO
6SHFLILF#&RPPDQGV
75$&H=0,1LPXP"
'HVFULSWLRQ 7KLV#TXHU\#UHWXUQV#WKH#PLQLPXP#SRZHU#PHDVXUHPHQW#YDOXH#

SUHYLRXVO\#DFTXLUHG#ZLWK#WKH#,1,7=$872#4/1&21#RU#
00(0=$&4= 4/1&21#FRPPDQG#+LQ#6LQJOH#DFTXLVLWLRQ#PRGH,#
DQG#IRU#WKH#FXUUHQWO\#VHOHFWHG#FKDQQHO#ZKHQ#XVLQJ#D#
PXOWL0FKDQQHO#KLJK0VSHHG#SRZHU#PHWHU1

6\QWD[ 75$&+31159,=0,1"

5HVSRQVH $#SRZHU#PHDVXUHPHQW#LQ#WKH#´�<<<1<<<<(�<<µ#H[SRQHQWLDO#
IRUPDW#LQ#WKH#FXUUHQWO\#VHOHFWHG#XQLW1#7KH#QXPEHU#RI#GLJLWV#DIWHU#
WKH#GHFLPDO#SRLQW#GHSHQGV#RQ#WKH#VHOHFWHG#UHVROXWLRQ1#7R#
FKDQJH#WKH#UHVROXWLRQ#RI#WKH#GLVSOD\HG#SRZHU#YDOXH#LQ#G%#RU#
G%P/#XVH#WKH#)250=5($'>='$7$@#FRPPDQG1#7R#NQRZ#WKH#
FXUUHQW#PHDVXUHPHQW#XQLW/#XVH#WKH#6(16=32:=81,7"#TXHU\1

([DPSOH 75$&6=0,1"

6HH#DOVR 75$&=0$;"

75$&H=32,1WV
'HVFULSWLRQ 7KLV#FRPPDQG#VHWV#WKH#QXPEHU#RI#SRLQWV#WKDW#ZLOO#EH#XVHG#LQ#

WKH#QH[W#SURJUDPPHG#DFTXLVLWLRQ#YLD#WKH#,1,7=$872#FRPPDQG1#
7KH#PD[LPXP#SRVVLEOH#YDOXH#LV#49 6;61

6\QWD[ 75$&+31159,=32,1?VSDFH!?QXPHULFBYDOXH!>/$//@

3DUDPHWHUV 7KH#?QXPHULFBYDOXH!#SDUDPHWHU#LV#WKH#QXPEHU#RI#SRLQWV#WR#EH#
DFTXLUHG#XVLQJ#D#SURJUDPPHG#DFTXLVLWLRQ#LQ#WKH#´<<<<<µ#
IRUPDW1
7KH#RSWLRQDO#>$//@#SDUDPHWHU#LQGLFDWHV#LI#WKH#QXPEHU#RI#SRLQWV#
DSSOLHV#WR#WKH#FXUUHQWO\#VHOHFWHG#FKDQQHO#RU#WR#DOO#FKDQQHOV#
+ZKHQ#XVLQJ#D#PXOWL0FKDQQHO#KLJK0VSHHG#SRZHU#PHWHU,1

([DPSOH 75$&6=32,1#4533#+4533#SRLQWV#IRU#DFWLYH#FKDQQHO,
75$&6=32,1#4533/$//#+4533#SRLQWV#IRU#DOO#FKDQQHOV,

6HH#DOVR ,1,7=$872/#75$&='$7$"#DQG#75$&=32,1"
457 ,4049432495324973



5HPRWH#&RQWURO
6SHFLILF#&RPPDQGV
75$&H=32,1WV"
'HVFULSWLRQ 7KLV#TXHU\#UHWXUQV#WKH#QXPEHU#RI#SRLQWV#DFTXLUHG#VR#IDU#+IRU#WKH#

FXUUHQWO\#VHOHFWHG#FKDQQHO#ZKHQ#XVLQJ#D#PXOWL0FKDQQHO#
KLJK0VSHHG#SRZHU#PHWHU,1

6\QWD[ 75$&+31159,=32,1"

5HVSRQVH 7KH#QXPEHU#RI#SRLQWV#LQ#WKH#´<<<<<µ#IRUPDW1

([DPSOH 75$&6=32,1"

6HH#DOVR 75$&='$7$"

1RWH 7KLV#TXHU\#FDQ#EH#XVHG#EHIRUH/#GXULQJ/#DQG#DIWHU#WKH#
SURJUDPPHG#DFTXLVLWLRQ#+VWDUWHG#XVLQJ#WKH#,1,7=$872#
FRPPDQG,1#7LS=#WKLV#TXHU\#LV#HVSHFLDOO\#XVHIXO#IRU#GHWHUPLQLQJ#
WKH#HQG#RI#D#SURJUDPPHG#DFTXLVLWLRQ1
,404933#+LJK06SHHG#3RZHU#0HWHU#6HULHV 458



5HPRWH#&RQWURO
6SHFLILF#&RPPDQGV
75,*JHU=326LWLRQ
'HVFULSWLRQ 7KLV#FRPPDQG#VHWV#WKH#SRVLWLRQ#RI#WKH#WULJJHU1#7KH#SHUFHQWDJH#

+LQ#8 (#VWHSV#IURP#8 (#WR#83 (,#DSSOLHV#WR#ILOH#DFTXLVLWLRQV#LQ#
6LQJOH#PRGH#+00(0=$&4#4/1&21,#DQG#WR#SURJUDPPHG#
DFTXLVLWLRQV#+,1,7=$872#4/1&21,1#)RU#D#ILOH#DFTXLVLWLRQ/#LW#LV#WKH#
SHUFHQWDJH#RI#WKH#WRWDO#GXUDWLRQ#+H1J1/#83 (#RI#43#VHFRQGV#PHDQV#
8 VHF1#EHIRUH#WKH#WULJJHU#DQG#8 #VHF1#DIWHU#WKH#WULJJHU,1#)RU#D#
SURJUDPPHG#DFTXLVLWLRQ/#LW#LV#WKH#SHUFHQWDJH#RI#SRLQWV#+H1J1/#
58 (#RI#4333#SRLQWV#PHDQV#583 #SRLQWV#EHIRUH#WKH#WULJJHU#DQG#
:83 SRLQWV#DIWHU#WKH#WULJJHU,1

6\QWD[ 75,*+31159,=326?VSDFH!?YDOXH!

3DUDPHWHUV 7KH#?YDOXH!#SDUDPHWHU#FDQ#EH=
´75,*B3263µ#RU#´3µ 03#(
´75,*B3268µ#RU#´8µ 08#(
´75,*B32643µ#RU#´43µ 043#(
111
´75,*B32678µ#RU#´78µ 078#(
´75,*B32683µ#RU#´83µ 083#(

([DPSOH 75,*6=326#53#RU#75,*6=326#75,*B32653

6HH#DOVR 75,*=&$7"

75,*JHU=326LWLRQ"
'HVFULSWLRQ 7KLV#TXHU\#UHWXUQV#D#YDOXH#LQGLFDWLQJ#WKH#SRVLWLRQ#RI#WKH#WULJJHU/#

L1H1/#WKH#SHUFHQWDJH#RI#SRLQWV#WKDW#ZLOO#EH#DFTXLUHG#LQ#6LQJOH#
DFTXLVLWLRQ#PRGH#EHIRUH#WKH#WULJJHU#LV#PHW1

6\QWD[ 75,*+31159,=326"

5HVSRQVH $#YDOXH#LQ#WKH#´<<µ#IRUPDW#UHSUHVHQWLQJ#WKH#SHUFHQWDJH#RI#SRLQWV#
EHIRUH#WKH#WULJJHU1

([DPSOH 75,*6=326"
459 ,4049432495324973



5HPRWH#&RQWURO
6SHFLILF#&RPPDQGV
75,*JHU=326LWLRQ=&$7DORJ"
'HVFULSWLRQ 7KLV#TXHU\#UHWXUQV#D#OLVW#RI#YDOXHV#LQGLFDWLQJ#WKH#DYDLODEOH#YDOXHV#

RI#WKH#WULJJHU#SRVLWLRQ/#L1H1/#WKH#SHUFHQWDJH#RI#SRLQWV#WKDW#ZLOO#EH#
DFTXLUHG#LQ#6LQJOH#DFTXLVLWLRQ#PRGH#EHIRUH#WKH#WULJJHU#LV#PHW1

6\QWD[ 75,*+31159,=326=&$7"

5HVSRQVH $#UDQJH#RI#YDOXHV#LQ#WKH#´<<><<><<111µ#IRUPDW#UHSUHVHQWLQJ#WKH#
DYDLODEOH#WULJJHU#SRVLWLRQV1

([DPSOH 75,*6=326=&$7"

6HH#DOVR 75,*=326

75,*JHU=6(4XHQFH=/(9HO
'HVFULSWLRQ 7KLV#FRPPDQG#VHWV#WKH#SRZHU#OHYHO#RI#WKH#WULJJHU#FRQGLWLRQ#WR#

EH#PHW#WR#VWDUW#DQ#DFTXLVLWLRQ#LQ#G%P#RU#:/#GHSHQGLQJ#RQ#WKH#
FXUUHQWO\#VHOHFWHG#XQLW1#7KH#WULJJHU#OHYHO#PXVW#EH#VHW#LQ#DEVROXWH#
SRZHU#PHDVXUHPHQW#PRGH#DQG#PXVW#EH#ZLWKLQ#WKH#UDQJH#RI#WKH#
DFWLYH#FKDQQHO1

6\QWD[ 75,*+31159,=6(4=/(9?QXPHULFBYDOXH!?XQLW!

3DUDPHWHUV 7KH#?QXPHULFBYDOXH!#LV#WKH#WULJJHU#SRZHU#OHYHO#LQ#WKH#́ 0<31333µ#
WR#´.<31333µ#+G%P,#RU#LQ#WKH#´.33413333µ#+S:,#WR#´.<<<1<<<<µ#
+N:,#IRUPDW1
7KH#?XQLW!#SDUDPHWHU#UHSUHVHQWV#WKH#XQLW=
´'%0µ 0G%P
´:µ 0:#XQLWV#+S:/#Q:/#�:/#P:111,

([DPSOH 75,*6=6(4=/(9#491;37#'%0

6HH#DOVR 75,*=6(4=/(9"/#75,*=6(4=6/23/#75,*=6(4=6/23"/#
75,*=6(4=6285/#75,*=6(4=6285"/#75,*=6(4=67$7/#DQG#
75,*=6(4=67$7"
,404933#+LJK06SHHG#3RZHU#0HWHU#6HULHV 45:



5HPRWH#&RQWURO
6SHFLILF#&RPPDQGV
75,*JHU=6(4XHQFH=/(9HO"
'HVFULSWLRQ 7KLV#TXHU\#UHWXUQV#WKH#SRZHU#OHYHO#RI#WKH#WULJJHU#FRQGLWLRQ#WR#EH#

PHW#WR#VWDUW#DQ#DFTXLVLWLRQ/#LQ#G%P#RU#:#GHSHQGLQJ#RQ#WKH#
FXUUHQWO\#VHOHFWHG#XQLW1

6\QWD[ 75,*+31159,=6(4=/(9"

5HVSRQVH 7KH#WULJJHU#SRZHU#OHYHO#LQ#WKH#´0<31333µ#WR#´.<31333µ#+G%P,#RU#
LQ#WKH#´.33413333µ#+S:,#WR#´.<<<1<<<<µ#+N:,#IRUPDW#
GHSHQGLQJ#RQ#WKH#FXUUHQWO\#VHOHFWHG#XQLW1

([DPSOH 75,*6=6(4=/(9"

6HH#DOVR 75,*=6(4=/(9/#75,*=6(4=6/23/#75,*=6(4=6/23"/#
75,*=6(4=6285/#75,*=6(4=6285"/#75,*=6(4=67$7/#DQG#
75,*=6(4=67$7"

75,*JHU=6(4XHQFH=6/23H
'HVFULSWLRQ 7KLV#FRPPDQG#VHWV#WKH#HGJH#VWDWXV#RI#WKH#WULJJHU#FRQGLWLRQ/#L1H1/#

GHILQHV#ZKHWKHU#DFTXLVLWLRQV#ZLOO#EH#WULJJHUHG#E\#SRVLWLYH#RU#
QHJDWLYH#WUDQVLWLRQV1

6\QWD[ 75,*+31159,=6(4=6/23?VSDFH!?YDOXH!

3DUDPHWHUV 7KH#?YDOXH!#SDUDPHWHU#GHILQHV#WKH#WULJJHU#FRQGLWLRQ#VWDWXV=
´1(*µ#RU#´3µ 0IDOOLQJ#HGJH#WULJJHU
´326µ#RU#´4µ 0ULVLQJ#HGJH#WULJJHU

([DPSOH 75,*6=6(4=6/23#326

6HH#DOVR 75,*=6(4=/(9/#75,*=6(4=/(9"/#75,*=6(4=6/23/#
75,*=6(4=6/23"/#75,*=6(4=6285/#75,*=6(4=6285"/#
75,*=6(4=67$7/#DQG#75,*=6(4=67$7"
45; ,4049432495324973



5HPRWH#&RQWURO
6SHFLILF#&RPPDQGV
75,*JHU=6(4XHQFH=6/23H"
'HVFULSWLRQ 7KLV#TXHU\#UHWXUQV#WKH#ULVLQJ#RU#IDOOLQJ#HGJH#VWDWXV#RI#WKH#WULJJHU#

FRQGLWLRQ/#L1H1/#ZKHWKHU#SRVLWLYH#RU#QHJDWLYH#WUDQVLWLRQV#ZLOO#
WULJJHU#WKH#DFTXLVLWLRQ1

6\QWD[ 75,*+31159,=6(4=6/23"

5HVSRQVH 326,7,9( 0ULVLQJ#HGJH#WULJJHU
1(*$7,9( 0IDOOLQJ#HGJH#WULJJHU

([DPSOH 75,*6=6(4=6/23"

6HH#DOVR 75,*=6(4=/(9/#75,*=6(4=/(9"/#75,*=6(4=6/23/#
75,*=6(4=6285/#75,*=6(4=6285"/#75,*=6(4=67$7/#DQG#
75,*=6(4=67$7"

75,*JHU=6(4XHQFH=6285FH
'HVFULSWLRQ 7KLV#FRPPDQG#VHWV#WKH#VRXUFH#RI#WKH#WULJJHU#FRQGLWLRQ1

6\QWD[ 75,*+31159,=6(4=6285?VSDFH!?YDOXH!

3DUDPHWHUV 7KH#?YDOXH!#SDUDPHWHU#FDQ#EH=
´(;7µ#RU#´3µ 0H[WHUQDO#WULJJHU
´,174µ#RU#´4µ 0FKDQQHO#4
´,175µ#RU#´5µ 0FKDQQHO#5#+,404953#RU#,404973,
´,176µ#RU#´6µ 0FKDQQHO#6#+,404973,
´,177µ#RU#´7µ0FKDQQHO#7#+,404973,

([DPSOH 75,*6=6(4=6285#(;7

6HH#DOVR 75,*=6(4=/(9/#75,*=6(4=/(9"/#75,*=6(4=6/23/#
75,*=6(4=6/23"/#75,*=6(4=6285/#75,*=6(4=6285"/#
75,*=6(4=67$7/#DQG#75,*=6(4=67$7"
,404933#+LJK06SHHG#3RZHU#0HWHU#6HULHV 45<



5HPRWH#&RQWURO
6SHFLILF#&RPPDQGV
75,*JHU=6(4XHQFH=6285FH"
'HVFULSWLRQ 7KLV#TXHU\#UHWXUQV#WKH#VRXUFH#RI#WKH#WULJJHU#FRQGLWLRQ1

6\QWD[ 75,*+31159,=6(4=6285"

5HVSRQVH ´(;7(51$/µ 0H[WHUQDO#WULJJHU
´,17(51$/4µ 0FKDQQHO#4
´,17(51$/5µ 0FKDQQHO#5#+,404953#RU#,404973,
´,17(51$/6µ 0FKDQQHO#6#+,404973,
´,17(51$/7µ 0FKDQQHO#7#+,404973,

([DPSOH 75,*6=6(4=6285"

6HH#DOVR 75,*=6(4=/(9/#75,*=6(4=/(9"/#75,*=6(4=6/23/#
75,*=6(4=6/23"/#75,*=6(4=6285/#75,*=6(4=67$7/#DQG#
75,*=6(4=67$7"

75,*JHU=6(4XHQFH=67$7H
'HVFULSWLRQ 7KLV#FRPPDQG#VHWV#WKH#VWDWH#RI#WKH#WULJJHU#FRQGLWLRQ1

6\QWD[ 75,*+31159,=6(4=67$7?VSDFH!?ERROHDQ!

3DUDPHWHUV 7KH#?ERROHDQ!#SDUDPHWHU#UHSUHVHQWV#WKH#VWDWXV#RI#WKH#WULJJHU#
FRQGLWLRQ=
´3µ 0GHDFWLYDWH#WULJJHU#FRQGLWLRQ
´4µ 0DFWLYDWH#WULJJHU#FRQGLWLRQ

([DPSOH 75,*6=6(4=67$7#3

6HH#DOVR 75,*=6(4=/(9/#75,*=6(4=/(9"/#75,*=6(4=6/23/#
75,*=6(4=6/23"/#75,*=6(4=6285/#75,*=6(4=6285"/#DQG#
75,*=6(4=67$7"
463 ,4049432495324973



5HPRWH#&RQWURO
6SHFLILF#&RPPDQGV
75,*JHU=6(4XHQFH=67$7H"
'HVFULSWLRQ 7KLV#TXHU\#UHWXUQV#WKH#VWDWXV#RI#WKH#WULJJHU#FRQGLWLRQ1

6\QWD[ 75,*+31159,=6(4=67$7"

5HVSRQVH ´3µ 0WULJJHU#LQDFWLYH
´4µ 0WULJJHU#DFWLYH

([DPSOH 75,*6=6(4=67$7"

6HH#DOVR 75,*=6(4=/(9/#75,*=6(4=/(9"/#75,*=6(4=6/23/#
75,*=6(4=6/23"/#75,*=6(4=6285/#75,*=6(4=6285"/#DQG#
75,*=6(4=67$7

81,7=32:HU
'HVFULSWLRQ 7KLV#FRPPDQG#FKDQJHV#WKH#PHDVXUHPHQW#XQLW#+IRU#WKH#VHOHFWHG#

FKDQQHO#ZKHQ#XVLQJ#D#PXOWL0FKDQQHO#KLJK0VSHHG#SRZHU#PHWHU,1

6\QWD[ 81,7+31159,=32:?VSDFH!?YDOXH!

3DUDPHWHUV 7KH#?YDOXH!#SDUDPHWHU#FDQ#EH=
´'%µ#RU#´3µ 0VHW#PHDVXUHPHQW#XQLW#WR#G%
´'%0µ#RU#´4µ 0VHW#PHDVXUHPHQW#XQLW#WR#G%P
´:µ#RU#´5µ 0VHW#PHDVXUHPHQW#XQLW#WR#:#+S:/#Q:/#�:/#P:111,
´:2:µ#RU#´6µ 0VHW#PHDVXUHPHQW#XQLW#WR#:2:#+S:2:/#111,

([DPSOH 81,76=32:#'%0

6HH#DOVR 6(16=32:=81,7#DQG#6(16=32:=81,7"
,404933#+LJK06SHHG#3RZHU#0HWHU#6HULHV 464



5HPRWH#&RQWURO
4XLFN#5HIHUHQFH#&RPPDQG#7UHH
4XLFN#5HIHUHQFH#&RPPDQG#7UHH

&RPPDQG 3DUDPHWHU2
5HVSRQVH 'HVFULSWLRQ

$%25 ³ 6WRS#PHDVXUHPHQWV

)(7& >6&$/@ 32: '&" +�<<<1<<<<(�<<, *HW#VWRUHG#YDOXH

)250 5($' >'$7$@ D ?3_4_5_6_7_8! 6HW#GLVSOD\#UHVROXWLRQ

,1,7 $872 D ?3_4!>/?&217_
1&21_3_4!

6WDUW2VWRS#SURJUDPPHG#
DFTXLVLWLRQ

$872" +3_4, 3URJUDPPHG#
DFTXLVLWLRQ#LQ#SURJUHVV"

&217 ?3_4! 6WDUW2VWRS#
PHDVXUHPHQWV

&217" +3_4, 0HDVXUHPHQWV#LQ#
SURJUHVV"

(;75 D ?3_4! 6WDUW2VWRS#0LQ20D[#
PHDVXUHPHQWV#LQ#
&RQWLQXRXV#PRGH

(;75" +3_4, 0LQ20D[#PHDVXUHPHQWV#
LQ#SURJUHVV#LQ#
&RQWLQXRXV#PRGH"

>,00@ ³ 6WRUH#VLQJOH#
PHDVXUHPHQW

7DEOH#<051 ,404933#4XLFN#5HIHUHQFH#&RPPDQG#7UHH#+3DUW#4#RI#8,
465 ,4049432495324973



5HPRWH#&RQWURO
4XLFN#5HIHUHQFH#&RPPDQG#7UHH
,167 16(/ D ?FKDQQHO&! 6HW#DFWLYH#FKDQQHO

16(/" +FKDQQHO&, *HW#DFWLYH#FKDQQHO

0($6 >6&$/@ 32: 0$;" +�<<<1<<<<(�<<, *HW#0D[1#LQ#&RQWLQXRXV#
PRGH

0,1" +�<<<1<<<<(�<<, *HW#0LQ1#LQ#&RQWLQXRXV#
PRGH

00(0 $&4 ?3_4!>/&217_
1&21_3_4@

6WDUW2VWRS#ILOH#
DFTXLVLWLRQ

$&4" +3_4, )LOH#DFTXLVLWLRQ#LQ#
SURJUHVV"

$&4 '85$ ?<<<<!/?<<!/#
?<<!

6HW#GXUDWLRQ#RI#ILOH#
DFTXLVLWLRQ

'85$" +<<<<,/+<<,/+<<, *HW#GXUDWLRQ#RI#ILOH#
DFTXLVLWLRQ

5($' >6&$/@ 32: '&" +�<<<1<<<<(�<<, 6WRUH#DQG#JHW#YDOXH

6(16 $9(5 &281 D ?<<<! 6HW#QXPEHU#IRU#GDWD#
DYHUDJLQJ

&281" +<<<, *HW#QXPEHU#IRU#GDWD#
DYHUDJLQJ

&RPPDQG 3DUDPHWHU2
5HVSRQVH 'HVFULSWLRQ

7DEOH#<051 ,404933#4XLFN#5HIHUHQFH#&RPPDQG#7UHH#+3DUW#5#RI#8,
,404933#+LJK06SHHG#3RZHU#0HWHU#6HULHV 466



5HPRWH#&RQWURO
4XLFN#5HIHUHQFH#&RPPDQG#7UHH
6(16 $9(5 >67$7@ D ?3_4! $FWLYDWH2GHDFWLYDWH#GDWD#
DYHUDJLQJ

67$7" +3_4, 'DWD#DYHUDJLQJ#DFWLYH"

&255 &2// =(52 D >?$//!@ 3HUIRUP#QXOO#
PHDVXUHPHQW

2))6 >0$*1@ D ?04313#WR#.91<;<#
G%!@
?314#WR#813#:2:!@

6HW#FRUUHFWLRQ#IDFWRU

)5(4 >&217@ D ?YDOXH!#>+=@ 6HW#FRQWLQXRXV#
DFTXLVLWLRQ#UDWH

&217" +<<<1<<<, *HW#FRQWLQXRXV#
DFTXLVLWLRQ#UDWH

>&217@ &$7" +<<<1<<<><<<1<<<>111, /LVW#FRQWLQXRXV#
DFTXLVLWLRQ#UDWHV

1&21 D ?YDOXH!#>+=@ 6HW#VLQJOH#DFTXLVLWLRQ#
UDWH

1&21" +<<<<1<, *HW#VLQJOH#DFTXLVLWLRQ#
UDWH

1&21 &$7" +<<<<1<><<<<1<>111, /LVW#VLQJOH#DFTXLVLWLRQ#
UDWHV

32: 5$1*" +�[[1[[#WR#�[[1[[#
G%P,
+.<<<1<<(�<<<#WR#
.<<<1<<(�<<<#:,

*HW#UDQJH

5$1* $872 D ?3_4! $FWLYDWH2GHDFWLYDWH#
$XWRUDQJH

&RPPDQG 3DUDPHWHU2
5HVSRQVH 'HVFULSWLRQ

7DEOH#<051 ,404933#4XLFN#5HIHUHQFH#&RPPDQG#7UHH#+3DUW#6#RI#8,
467 ,4049432495324973



5HPRWH#&RQWURO
4XLFN#5HIHUHQFH#&RPPDQG#7UHH
6(16 32: 5$1* $872" +3_4, $XWRUDQJH#DFWLYH"

+,*+ D ?4_5_6_7! 6HW#PDQXDO#KLJK#UDQJH

/,67" +�[[1[[ WR#�[[1[[G%P,
+.<<<1<<(�<<<#WR#
.<<<1<<(�<<<#:,

/LVW#UDQJHV

/2: D ?4_5_6_7_8_9! 6HW#PDQXDO#ORZ#UDQJH

5() D ?<<<1<<<<#G%P!#
?.<1<<<<(0<<<#:!

6HW#XVHU#UHIHUHQFH

5()" +<<<1<<<<#G%P,#
+.<1<<<<(0<<<#:,

*HW#UHIHUHQFH

5() ',63 D ³ 6HW#QHZ#UHIHUHQFH

67$7 D ?3_4! 6HW#DEVROXWH#RU#UHODWLYH

67$7" +3_4, *HW#DEVROXWH#RU#UHODWLYH

81,7 D ?'%0_:_3_4! 6HW#SRZHU#XQLW

81,7" +3_4, *HW#SRZHU#XQLW

:$9 D ?YDOXH!#>10@ 6HW#ZDYHOHQJWK

:$9" +<<<<1<<,#10 *HW#ZDYHOHQJWK

75$& '$7$" +�<<<1<<<<(�<<>#
�<<<1<<<<(�<<>111,

*HW#SURJUDPPHG#
DFTXLVLWLRQ#
PHDVXUHPHQWV

0$;" D +�<<<1<<<<(�<<, *HW#0D[1#LQ#6LQJOH#PRGH

0,1" D +�<<<1<<<<(�<<, *HW#0LQ1#LQ#6LQJOH#PRGH

&RPPDQG 3DUDPHWHU2
5HVSRQVH 'HVFULSWLRQ

7DEOH#<051 ,404933#4XLFN#5HIHUHQFH#&RPPDQG#7UHH#+3DUW#7#RI#8,
,404933#+LJK06SHHG#3RZHU#0HWHU#6HULHV 468



5HPRWH#&RQWURO
4XLFN#5HIHUHQFH#&RPPDQG#7UHH
75$& 32,1 ?<<<<<!>/$//@ 6HW#QXPEHU#RI#SRLQWV

32,1" +<<<<<, *HW#QXPEHU#RI#SRLQWV

75,* 326 ?<<_75,*B326[! 6HW#WULJJHU#SRVLWLRQ

326" +<<, *HW#WULJJHU#SRVLWLRQ

326 &$7" +<<><<><<>111, *HW#OLVW#RI#WULJJHU#
SRVLWLRQV

6(4 /(9 D ?.<<<1<<<<(.<<!#
>'%0_:@

6HW#WULJJHU#OHYHO

/(9" +.<<<1<<<<(.<<, *HW#WULJJHU#OHYHO

6/23 D ?326_1(*! 6HW#WULJJHU#HGJH

6/23" +326,7,9(_1(*$7,9(, *HW#WULJJHU#HGJH

6285 D ?(;7_,174_5_6_7! 6HW#WULJJHU#VRXUFH

6285" +(;7(51$/_#
,17(51$/4_5_6_7,

*HW#WULJJHU#VRXUFH

67$7 ?3_4! $FWLYDWH2GHDFWLYDWH#
WULJJHU

67$7" +3_4, 7ULJJHU#DFWLYH"

81,7 32: ?3_4_5_6_'%_'%0_
:_:2:!

6HW#GLVSOD\#XQLW

D1 7KHVH#FRPPDQGV#DUH#QRW#H[HFXWHG#LI#D#GDWD#DFTXLVLWLRQ#LV#LQ#SURJUHVV1#7KH# $́FTXLVLWLRQ#DOUHDG\#UXQQLQJµ
PHVVDJH#ZLOO#EH#UHWXUQHG1

&RPPDQG 3DUDPHWHU2
5HVSRQVH 'HVFULSWLRQ

7DEOH#<051 ,404933#4XLFN#5HIHUHQFH#&RPPDQG#7UHH#+3DUW#8#RI#8,
469 ,4049432495324973



5HPRWH#&RQWURO
(UURU#0HVVDJHV
(UURU#0HVVDJHV
6\VWHP#DQG#GHYLFH#VSHFLILF#HUURUV#DUH#PDQDJHG#E\#WKH#,4049331#7KH#JHQHULF#
IRUPDW#IRU#HUURU#PHVVDJHV#LV#LOOXVWUDWHG#LQ#)LJXUH <041

)LJXUH#<041 (UURU#0HVVDJH#)RUPDW

$V#VKRZQ#LQ#WKH#ILJXUH#DERYH/#WKH#PHVVDJH#FRQWDLQV#WKUHH#SDUWV=#WKH#HUURU#
QXPEHU/#WKH#HUURU#GHVFULSWLRQ/#DQG#GHYLFH0GHSHQGHQW#LQIRUPDWLRQ1#$OO#HUURU#
PHVVDJHV#DUH#VWDFNHG#LQ#D#),)2#EXIIHU1#:KHQ#WKHUH#LV#DW#OHDVW#RQH#PHVVDJH#
LQ#WKH#EXIIHU/#ELW#5#RI#WKH#6WDWXV#%\WH#5HJLVWHU#LV#VHW#WR#41#8VH#WKH#6<67=(55"#
TXHU\#WR#UHDG#WKH#PRVW#UHFHQW#PHVVDJH1#7KH#HUURU#PHVVDJH#EXIIHU#LV#
LQLWLDOL]HG#ZKHQ#VWDUWLQJ#XS#WKH#6&3,#0DQDJHU/#ZKHQ#H[HFXWLQJ#WKH#-&/6#
FRPPDQG/#RU#ZKHQ#UHDGLQJ#WKH#ODVW#PHVVDJH#VWRUHG#LQ#WKH#EXIIHU1

³ (UURU#PHVVDJHV#HQGLQJ#ZLWK#D#QHJDWLYH#QXPEHU#DUH#6&3,0EDVHG#HUURUV1

³ (UURU#PHVVDJHV#HQGLQJ#ZLWK#D#SRVLWLYH#QXPEHU#DUH#VSHFLILF#WR#WKH#
,4049331

<Error number> , “ <Error description> ; <Device-dependent ”
information>
,404933#+LJK06SHHG#3RZHU#0HWHU#6HULHV 46:



5HPRWH#&RQWURO
6&3,#0DQDJHPHQW#(UURUV#+6\VWHP#(UURUV,
6&3,#0DQDJHPHQW#(UURUV#+6\VWHP#(UURUV,

(UURU#
1XPEHU 'HVFULSWLRQ 3UREDEOH#&DXVH

0433 ´&RPPDQG#HUURU1µ 7KH#6&3,#0DQDJHU#GRHV#QRW#UHFRJQL]H#
WKH#FRPPDQG/#SUREDEO\#GXH#WR#
LQYDOLG#PRGXOH#DGGUHVV1

0434 ´8QGHILQHG#KHDGHU1µ 7KH#6&3,#0DQDJHU#GRHV#QRW#UHFRJQL]H#
WKH#FRPPDQG/#SUREDEO\#GXH#WR#
LQFRUUHFW#JUDPPDU1

0435 ´0LVVLQJ#SDUDPHWHU1µ $#UHTXLUHG#GDWD#SDUDPHWHU#ZDV#QRW#
GHWHFWHG1

0436 ´3DUDPHWHU#QRW#DOORZHG1µ 7RR#PDQ\#SDUDPHWHUV#ZHUH#GHWHFWHG#
IRU#WKH#VSHFLILHG#FRPPDQG1

0437 ´'DWD#W\SH#HUURU1µ $#GDWD#SDUDPHWHU#LV#QRW#WKH#H[SHFWHG#
GDWD#W\SH1

0533 ´([HFXWLRQ#HUURU1µ $Q#HUURU#RFFXUUHG#ZKLOH#H[HFXWLQJ#WKH#
FRPPDQG1

0633 ´'HYLFH#GHSHQGHQW#HUURU1µ 7KH#GHYLFH#+PRGXOH#DSSOLFDWLRQ,#GLG#
QRW#UHVSRQG#WR#WKH#FRPPDQG#ZLWKLQ#
WKH#JLYHQ#WLPH0RXW#YDOXH1

0733 ´4XHU\#HUURU1µ $Q#DWWHPSW#WR#UHDG#DQ#HPSW\#EXIIHU#RU#
EXIIHU#GDWD#KDV#EHHQ#ORVW1

0833 ´6\VWHP#HUURU1µ 7KH#V\VWHP#LV#RXW#RI#PHPRU\1

7DEOH#<061 6&3,#0DQDJHPHQW#(UURU#0HVVDJHV
46; ,4049432495324973



5HPRWH#&RQWURO
,404933#(UURU#0HVVDJHV
,404933#(UURU#0HVVDJHV

(UURU#
1XPEHU 'HVFULSWLRQ 3UREDEOH#&DXVH

4935 ´,QYDOLG#FKDQQHO1µ 7KH#VSHFLILHG#FKDQQHO#QXPEHU#LV#QRW#
YDOLG1

4936 ´/LJKW#RQ#GHWHFWRU1µ $#QXOO#FRPPDQG#KDV#EHHQ#DWWHPSWHG#
ZLWK#OLJKW#UHDFKLQJ#WKH#GHWHFWRU1

4937 ´,QYDOLG#SDUDPHWHU1µ 7KH#KLJK0VSHHG#SRZHU#PHWHU#KDV#
UHFHLYHG#D#GDWD#SDUDPHWHU#WKDW#LW#ZDV#
QRW#H[SHFWLQJ1

4938 ´3DUDPHWHU#RXW#RI#UDQJH1µ 7KH#KLJK0VSHHG#SRZHU#PHWHU#KDV#
UHFHLYHG#D#GDWD#SDUDPHWHU#RXWVLGH#WKH#
YDOLG#UDQJH1

4939 $́FTXLVLWLRQ#DOUHDG\#UXQQLQJ1µ $#FRPPDQG#ZDV#VHQW#ZKLOH#DQ#
DFTXLVLWLRQ#ZDV#LQ#SURJUHVV1

493: $́FTXLVLWLRQ#QRW#UXQQLQJ1µ $#FRPPDQG#WKDW#QHHGV#DQ#DFTXLVLWLRQ#
WR#EH#DFFHSWHG#ZDV#VHQW#ZLWK#QR#
DFTXLVLWLRQ#LQ#SURJUHVV1

4945 ´,QYDOLG#XQLW1µ 7KH#VSHFLILHG#XQLW#LV#QRW#YDOLG1

4946 ´,QYDOLG#YDOXH1µ 7KH#VSHFLILHG#YDOXH#LV#QRW#YDOLG1

4947 ´,QYDOLG#PRGXOH1µ 7KH#VHOHFWHG#,404933#PRGXOH#LV#QRW#
DYDLODEOH#RU#LV#LQFRPSDWLEOH1

4948 ´,QYDOLG#VDPSOLQJ#UDWH1µ 7KH#VHOHFWHG#VDPSOLQJ#UDWH#LV#QRW#
FRPSDWLEOH#ZLWK#WKH#FXUUHQW#
DFTXLVLWLRQ#PRGH#+FRQWLQXRXV#RU#
VLQJOH,1

4949 ´0RGXOH#QXOOLQJ#WLPHRXW1µ $#QXOOLQJ#SURFHVV#FRXOG#QRW#EH#
SHUIRUPHG1

7DEOH#<071 ,404933#(UURU#0HVVDJHV#+3DUW#4#RI#5,
,404933#+LJK06SHHG#3RZHU#0HWHU#6HULHV 46<



5HPRWH#&RQWURO
,404933#(UURU#0HVVDJHV
494: $́XWRPDWLF#UDQJH#FDQQRW#EH#XVHG#
IRU#VLQJOH#DFTXLVLWLRQ1µ

$#PDQXDO#UDQJH#PXVW#EH#VHOHFWHG#IRU#
D#VLQJOH#DFTXLVLWLRQ1

494; ´&RPPDQG#QRW#SURFHVVHG=#
LQWHUQDO#HUURU1µ

$Q#LQWHUQDO#HUURU#FDXVHG#WKH#
FRPPDQG#WR#IDLO1

494< ´,QYDOLG#VFDOH1µ 7KH#VSHFLILHG#W\SH#RI#VFDOH#+4/#5/#6/#111,#
LV#QRW#YDOLG1

4953 ´,QYDOLG#UDQJH1µ 7KH#VSHFLILHG#W\SH#RI#UDQJH#+$XWR/#
0DQXDO#+LJK/#RU#0DQXDO#/RZ,#LV#QRW#
YDOLG1

4954 ´8QDEOH#WR#RSHQ#ILOH1µ $YDLODEOH#GLVN#VSDFH#LV#ORZ#RU#XQDEOH#
WR#DFFHVV#DFTXLVLWLRQ#ILOH1

4955 ´6HWWLQJV#FRQIOLFW1µ 7KHUH#LV#D#FRQIOLFW#EHWZHHQ#WKH#
GLIIHUHQW#VHW#DFTXLVLWLRQ#SDUDPHWHUV1

(UURU#
1XPEHU 'HVFULSWLRQ 3UREDEOH#&DXVH

7DEOH#<071 ,404933#(UURU#0HVVDJHV#+3DUW#5#RI#5,
473 ,4049432495324973



43 7URXEOHVKRRWLQJ
6ROYLQJ#3UREOHPV

7KH#IROORZLQJ#WDEOH#ZLOO#KHOS#\RX#WUDFN#DQG#FRUUHFW#VRPH#FRPPRQ#
SUREOHPV1#,I#WKH#SUREOHP#SHUVLVWV#DIWHU#SHUIRUPLQJ#WKH#UHFRPPHQGHG#
DFWLRQ/#SOHDVH#FRQWDFW#(;)2·V#&XVWRPHU#6HUYLFH#*URXS1

3UREOHP 3UREDEOH#&DXVH 5HFRPPHQGHG#$FWLRQ

/('#SXVK#EXWWRQ#
GRHV#QRW#LOOXPLQDWH1

3RZHU#LV#QRW#RQ1

&KHFN#$&#SRZHU#FRUG#DQG#WXUQ#
21#WKH#,40536#DQG#,405391

5HIHU#WR#WKH#,40533#2SWLFDO#7HVW#
6\VWHP#,QVWUXFWLRQ#0DQXDO#WR#
YHULI\#IXVH1

0RGXOH#LV#QRW#
SURSHUO\#LQVHUWHG1

7XUQ#RII#WKH#,40536#DQG#,40539/#
WKHQ#UHPRYH#DQG#UHLQVHUW#WKH#
PRGXOH1

&RPSXWHU#ORFNHG#XS1 5HERRW#WKH#,405361

/('#LV#EXUQW1 &DOO#(;)21#

3XVKLQJ##/('#SXVK#
EXWWRQ#GRHV#QRW#
RSHQ#WKH#PRGXOH·V#
PDLQ#ZLQGRZ1

&RPSXWHU##ORFNHG#XS1 5HERRW#WKH#,405361

,4#+LJK06SHHG#
3RZHU#0HWHU#GRHV#
QRW#UHVSRQG#WR#QHZ#
FRPPDQGV1

,4#2SWLFDO#7HVW#
6\VWHP#VWLOO#
SURFHVVLQJ#ROG#
FRPPDQGV1
©3URFHVVLQJ111ª#LV#
GLVSOD\HG#LQ#WKH#VWDWXV#
EDU1

1HZ#FRPPDQGV#ZLOO#EH#
H[HFXWHG#DIWHU#FRPSOHWLRQ#RI#
FXUUHQW#SURFHVVLQJ1

² ² ² ² ² ² ²#GLV0#
SOD\HG#DV#SRZHU#
YDOXH1

3RZHU#OHYHO#LV#EHORZ#
WKH#PLQLPXP#
GHWHFWDEOH#SRZHU1

6HOHFW#DQ#DSSURSULDWH#PDQXDO#
PHDVXUHPHQW#UDQJH1

7DEOH#43041 /RFDWLQJ#)DXOWV#+3DUW#4#RI#5,
,404933#+LJK06SHHG#3RZHU#0HWHU#6HULHV 474



7URXEOHVKRRWLQJ
6ROYLQJ#3UREOHPV
.......#GLV0#
SOD\HG#DV#SRZHU#
YDOXH1

3RZHU#OHYHO#LV#DERYH#
WKH#PD[LPXP#
GHWHFWDEOH#SRZHU#
+VDWXUDWLRQ,1

6HOHFW#DQ#DSSURSULDWH#PDQXDO#
PHDVXUHPHQW#UDQJH#LI#$XWRUDQJH#
LV#VHOHFWHG1

7XUQ#WKH#VRXUFH#RII1

#$ $ $ $ $ $ $#GLVSOD\HG#
DV#SRZHU#YDOXH1

8QVWDEOH#RU#
PRGXODWHG#LQSXW#
VLJQDO1

6HOHFW#DQ#DSSURSULDWH#PDQXDO#
PHDVXUHPHQW#UDQJH1

4XHVWLRQDEOH#
UHDGLQJV#GLVSOD\HG1

'LUW\#GHWHFWRU#RU#
RSWLFDO#FRQQHFWRUV1

&OHDQ#WKH#GHWHFWRU#DQG#DOO#RSWLFDO#
FRQQHFWLRQV1

,PSURSHU#ZDYHOHQJWK#
VHOHFWHG1

6ZLWFK#WR#WKH#FRUUHFW#ZDYHOHQJWK#
RQ#DOO#LQVWUXPHQWV#EHLQJ#XVHG1

,QFRUUHFW#RIIVHW#
QXOOLQJ1

3HUIRUP#DQ#RIIVHW#QXOOLQJ#ZLWK#
SURWHFWLYH#FDS#LQVWDOOHG1

8QVWDEOH#RSWLFDO#
VRXUFH1 :DLW#IRU#VRXUFH#WR#VWDELOL]H1

:URQJ#FRUUHFWLRQ#
IDFWRU1

5HVHW#WKH#FRUUHFWLRQ#IDFWRU#WR#
31333 G%#RU#41333:2:1

3UREOHP 3UREDEOH#&DXVH 5HFRPPHQGHG#$FWLRQ

7DEOH#43041 /RFDWLQJ#)DXOWV#+3DUW#5#RI#5,
475 ,4049432495324973



7URXEOHVKRRWLQJ
&RQWDFWLQJ#WKH#&XVWRPHU#6HUYLFH#*URXS
&RQWDFWLQJ#WKH#&XVWRPHU#6HUYLFH#*URXS
,I#\RX#HQFRXQWHU#DQ\#GLIILFXOW\#ZKLOH#RSHUDWLQJ#WKLV#SURGXFW/#SOHDVH#FDOO#
(;)2#DW#RQH#RI#WKH#RIILFHV#OLVWHG#EHORZ1#2XU#&XVWRPHU#6HUYLFH#*URXS#LV#
DYDLODEOH#LQ#1RUWK#$PHULFD#IURP#:=63#D1P1#WR#;=33#S1P1#+(DVWHUQ#6WDQGDUG#
7LPH,/#0RQGD\#WR#)ULGD\1

(;)2#(OHFWUR02SWLFDO#(QJLQHHULQJ
+&RUSRUDWH#+HDGTXDUWHUV,
798#*RGLQ#$YHQXH
9DQLHU#4&##*40#6*:
&DQDGD

4#;33#99606<69#+86$#DQG#&DQDGD,
7HO1=#+74;,#9;603544
)D[=#+74;,#9;6054:3
VXSSRUW#H[IR1FRP
ZZZ1H[IR1FRP

(;)2#(XURSH
&HQWUH#G·$IIDLUHV#/HV#0HW]
433/#UXH#$OEHUW#&DOPHWWH
:;686#-RX\0HQ0-RVDV/#)UDQFH

7HO1=#6604#67#96#33#53
)D[=#6604#67#98#<3#<6
,404933#+LJK06SHHG#3RZHU#0HWHU#6HULHV 476



7KLV#SDJH#LV#LQWHQWLRQDOO\#OHIW#EODQN1



44 0DLQWHQDQFH
7UDQVSRUWDWLRQ#DQG#6WRUDJH

0DLQWDLQ#D#WHPSHUDWXUH#UDQJH#ZLWKLQ#VSHFLILFDWLRQV#ZKHQ#WUDQVSRUWLQJ#RU#
VWRULQJ#WKH#XQLW1#7UDQVSRUWDWLRQ#GDPDJH#FDQ#RFFXU#IURP#LPSURSHU#KDQGOLQJ1#
7KH#IROORZLQJ#VWHSV#DUH#UHFRPPHQGHG#WR#PLQLPL]H#WKH#SRVVLELOLW\#RI#
GDPDJH=

³ 3DFN#WKH#XQLW#LQ#WKH#RULJLQDO#SDFNLQJ#PDWHULDO#ZKHQ#VKLSSLQJ1

³ 6WRUH#XQLW#DW#URRP#WHPSHUDWXUH#LQ#D#FOHDQ#DQG#GU\#DUHD1

³ $YRLG#KLJK#KXPLGLW\#RU#ODUJH#WHPSHUDWXUH#IOXFWXDWLRQV1

³ .HHS#WKH#XQLW#RXW#RI#GLUHFW#VXQOLJKW1

³ $YRLG#XQQHFHVVDU\#VKRFN#DQG#YLEUDWLRQ1

:$51,1*
'R#QRW#LQVWDOO#RU#WHUPLQDWH#ILEHUV#ZKLOH#D#ODVHU#VRXUFH#LV#DFWLYH1#1HYHU#
ORRN#GLUHFWO\#LQWR#D#OLYH#ILEHU#DQG#HQVXUH#WKDW#\RXU#H\HV#DUH#SURWHFWHG#
DW#DOO#WLPHV1

&$87,21
8VH#RI#FRQWUROV/#DGMXVWPHQWV/#DQG#SURFHGXUHV#IRU#RSHUDWLRQ#DQG#
PDLQWHQDQFH#RWKHU#WKDQ#WKRVH#VSHFLILHG#KHUHLQ#PD\#UHVXOW#LQ#
KD]DUGRXV#UDGLDWLRQ#H[SRVXUH1

&$87,21
8VH#RI#RSWLFDO#LQVWUXPHQWV#ZLWK#WKLV#SURGXFW#ZLOO#LQFUHDVH#H\H#KD]DUG1

*HQHUDO#0DLQWHQDQFH
7KHUH#DUH#QR#XVHU0VHUYLFHDEOH#FRPSRQHQWV#LQ#WKH#,4#+LJK06SHHG#3RZHU#
0HWHU#PRGXOHV/#QRWZLWKVWDQGLQJ#WKH#SURFHGXUH#GHVFULEHG#LQ#WKLV#VHFWLRQ1#
7KH#PRGXOHV#KDYH#EHHQ#GHVLJQHG#WR#UHTXLUH#PLQLPXP#PDLQWHQDQFH#DQG#
WR#SURYLGH#UHOLDEOH#RSHUDWLRQ#IRU#PDQ\#\HDUV#WR#FRPH1
,404933#+LJK06SHHG#3RZHU#0HWHU#6HULHV 478



0DLQWHQDQFH
*HQHUDO#0DLQWHQDQFH
,03257$17
:KHQ#WKH#PRGXOH#LV#QRW#EHLQJ#XVHG/#WKH#SURWHFWLYH#FDS+V,#VKRXOG#EH#
ILWWHG#RYHU#WKH#GHWHFWRU#SRUW+V,1

&OHDQLQJ#WKH#)LEHU#(QGV

7KH#WHVW#MXPSHU#ILEHU#HQGV#PXVW#EH#NHSW#FOHDQ#DW#DOO#WLPHV#WR#HQVXUH#
PLQLPXP#ORVV#DQG#WR#UHGXFH#UHIOHFWLRQ1

41 *HQWO\#ZLSH#WKH#ILEHU#HQGV#ZLWK#D#OLQW0IUHH#VZDE#GLSSHG#LQ#LVRSURS\O#
DOFRKRO#+<;(#SXUH#RU#PRUH,1

51 'U\#XVLQJ#FOHDQ#FRPSUHVVHG#DLU1

&OHDQLQJ#WKH#0RGXOH·V#)URQW#3DQHO

*HQWO\#ZLSH#WKH#PRGXOH#IURQW#SDQHO#ZLWK#D#VRIW#FORWK#VRDNHG#ZLWK#LVRSURS\O#
DOFRKRO1#,Q#QR#FDVH#VKRXOG#DQ\#FRUURVLYH#DJHQW#EH#XVHG#WR#FOHDQ#WKH#IURQW#
SDQHO1

&OHDQLQJ#WKH#'HWHFWRU#3RUWV

7KH#RSWLFDO#SRUWV#VKRXOG#DOVR#EH#FOHDQHG#UHJXODUO\#WR#HQVXUH#RSWLPXP#
SHUIRUPDQFH1

41 5HPRYH#WKH#SURWHFWRU#FDS1

51 *HQWO\#ZLSH#WKH#ZLQGRZ#RI#WKH#GHWHFWRU#ZLWK#D#OLQW0IUHH#VZDE#GLSSHG#LQ#
LVRSURS\O#DOFRKRO1

61 'U\#XVLQJ#FOHDQ#FRPSUHVVHG#DLU#RU#ZLWK#D#GU\#OLQW0IUHH#VZDE1
479 ,4049432495324973



0DLQWHQDQFH
5HFDOLEUDWLRQ
&OHDQLQJ#WKH#$QDORJ#2XWSXW#DQG#([WHUQDO#7ULJJHU#
3RUWV

7R#HQVXUH#EHWWHU#SHUIRUPDQFH#DQG#KLJKHU#DFFXUDF\/#JHQWO\#ZLSH#WKH#LQVLGH#
RI#WKH#DQDORJ#RXWSXW#DQG#H[WHUQDO#WULJJHU#SRUWV#ZLWK#D#OLQW0IUHH#VZDE#GLSSHG#
LQ#LVRSURS\O#DOFRKRO/#WKHQ#GU\#XVLQJ#FOHDQ#FRPSUHVVHG#DLU#RU#ZLWK#D#GU\#
OLQW0IUHH#VZDE1

5HFDOLEUDWLRQ
7R#HQVXUH#WKDW#WKH#SRZHU#PHWHUV#UHPDLQ#ZLWKLQ#WKH#SXEOLVKHG#
VSHFLILFDWLRQV#DQG#WR#PDLQWDLQ#1,67#WUDFHDELOLW\/#(;)2#UHFRPPHQGV#WKDW#DQ#
DQQXDO#FDOLEUDWLRQ#EH#SHUIRUPHG1#3OHDVH#FRQWDFW#(;)2#IRU#IXUWKHU#
LQIRUPDWLRQ#UHJDUGLQJ#FDOLEUDWLRQ#RI#WKH#,404933#+LJK06SHHG#3RZHU#0HWHU1
,404933#+LJK06SHHG#3RZHU#0HWHU#6HULHV 47:



7KLV#SDJH#LV#LQWHQWLRQDOO\#OHIW#EODQN1



45 7HFKQLFDO#6SHFLILFDWLRQV

2SWLFDO#6SHFLILFDWLRQVD

D1 $OO# SRZHU# VSHFLILFDWLRQV# DUH# PHDVXUHG# DW# 4643# QP# +XQOHVV# RWKHUZLVH
VSHFLILHG,#ZLWK# D#ZDUP0XS# WLPH# RI# 53#PLQXWHV/# IROORZHG# E\# DQ# RIIVHW
QXOOLQJ1

0RGHO ,404946/#,404956/#
,404976

'HWHFWRU#W\SH ,Q*D$V

'HWHFWRU#VL]H#+PP, 4

:DYHOHQJWK#UDQJH#+QP, ;33#WR#4:33

3RZHU#UDQJHE#+G%P,

E1 )URP#4;�#WR#65�&#+97�#WR#<3�),1

.<#WR#0;8

8QFHUWDLQW\F#+3#WR#088#G%P,#+(,

F1 0HDVXUHG#DW#56�#�4�&# +:6�#�4�),#ZLWK#)2$0555#EHWZHHQ#4333#QP#DQG
4983#QP1#7KH#XQFHUWDLQW\#RQ#DEVROXWH#PHDVXUHPHQW#PD\#UHDFK#3155#G%1
$GG#4(#WR#XQFHUWDLQW\#EHORZ#4333#QP#DQG#6(#RYHU#4983#QP1

�8

/LQHDULW\G#+3#WR#088#G%P,#+G%,

G1 $YHUDJHG#PHDVXUHPHQW# DW# FRQVWDQW# WHPSHUDWXUH# LQ# 3�# WR# 73�&# +65�# WR
437�),#UDQJH1

�31348

3RZHU#UHVROXWLRQ#+.<#WR#073#G%P,#+G%, 31334

:DYHOHQJWK#UHVROXWLRQ#+QP, 3134

)LEHU#W\SH#+µP, 82458#WR#95182458

6WDELOL]DWLRQ#WLPH#+PV,

$XWR0UDQJLQJ#PRGH#+.<#WR#0;8#G%P, ?48

)L[HG#UDQJLQJ#PRGH#+UDQJHV#4#WR#7, ?4

7DEOH#45041 2SWLFDO#6SHFLILFDWLRQV
,404933#+LJK06SHHG#3RZHU#0HWHU#6HULHV 47<



7HFKQLFDO#6SHFLILFDWLRQV
6SHFLILFDWLRQV#DUH#VXEMHFW#WR#FKDQJH#ZLWKRXW#QRWLFH1

(OHFWULFDO#6SHFLILFDWLRQV

$QDORJ#RXWSXW

%DQGZLGWKD#++],

D1 %DQGZLGWK#FRUUHVSRQGV#WR#HDFK#HOHFWULFDO#VFDOH#IURP#WKH#ORZHVW#WR#WKH#KLJKHVW
JDLQ1

5DQJHV#4#WR#9=#:33#N>#
:33#N>#63#N>#63#N>#483>#

483

2XWSXW#YROWDJH#+9, EHWZHHQ#3#DQG#7/#
W\SLFDOO\

2XWSXW#LPSHGDQFH#(Ω) 973

([WHUQDO#WULJJHU ,QSXW#YROWDJH#+9, 3#WR#8#+77/,

7DEOH#45051 (OHFWULFDO#6SHFLILFDWLRQV

0HFKDQLFDO#6SHFLILFDWLRQV

7HPSHUDWXUH
2SHUDWLQJ 3�#WR#83�&#+65�#WR#455�),

6WRUDJH 068�#WR#:3�&#+068�#WR#
48;�),

5HODWLYH#KXPLGLW\D

D1 0HDVXUHG#LQ#3�#WR#73�&#+65�#WR#437�),#UDQJH1

3#WR#;3(#QRQ0FRQGHQVLQJ

#'LPHQVLRQV
++#[#:#[#',

45#[#61;#[#5915#FP#+7627#[#4
425#[#43#

426#LQ1,

:HLJKW 31:#NJ#+4188#OE,

7DEOH#45061 0HFKDQLFDO#6SHFLILFDWLRQV
483 ,4049432495324973



46 :DUUDQW\
*HQHUDO#,QIRUPDWLRQ

(;)2#(OHFWUR02SWLFDO#(QJLQHHULQJ/#,QF1#+(;)2,#ZDUUDQWV#WKLV#HTXLSPHQW#
DJDLQVW#GHIHFWV#LQ#PDWHULDO#DQG#ZRUNPDQVKLS#IRU#D#SHULRG#RI#WZR#\HDUV#IURP#
WKH#GDWH#RI#RULJLQDO#VKLSPHQW1#(;)2#DOVR#ZDUUDQWV#WKDW#WKLV#HTXLSPHQW#ZLOO#
PHHW#DSSOLFDEOH#VSHFLILFDWLRQV#XQGHU#QRUPDO#XVH1

'XULQJ#WKH#ZDUUDQW\#SHULRG/#(;)2#ZLOO/#DW#LWV#GLVFUHWLRQ/#UHSDLU/#UHSODFH/#RU#
LVVXH#FUHGLW#IRU#DQ\#GHIHFWLYH#SURGXFW1#7KLV#ZDUUDQW\#DOVR#FRYHUV#
UHFDOLEUDWLRQ#GXULQJ#WZR#\HDUV#LI#WKH#HTXLSPHQW#LV#UHSDLUHG#RU#LI#WKH#RULJLQDO#
FDOLEUDWLRQ#LV#HUURQHRXV1

,03257$17
7KH#ZDUUDQW\#FDQ#EHFRPH#QXOO#DQG#YRLG#LI

³ WKH#HTXLSPHQW#KDV#EHHQ#WDPSHUHG#ZLWK/#UHSDLUHG/#RU#ZRUNHG#XSRQ#E\#
XQDXWKRUL]HG#LQGLYLGXDOV#RU#QRQ0(;)2#SHUVRQQHO/

³ WKH#ZDUUDQW\#VWLFNHU#KDV#EHHQ#UHPRYHG/

³ FDVH#VFUHZV/#RWKHU#WKDQ#WKRVH#VSHFLILHG#LQ#WKLV#PDQXDO/#KDYH#EHHQ#
UHPRYHG/

³ WKH#FDVH#KDV#EHHQ#RSHQHG/#RWKHU#WKDQ#DV#H[SODLQHG#LQ#WKLV#PDQXDO/

³ WKH#HTXLSPHQW#VHULDO#QXPEHU#KDV#EHHQ#DOWHUHG/#HUDVHG/#RU#UHPRYHG/

³ WKH#HTXLSPHQW#KDV#EHHQ#PLVXVHG/#QHJOHFWHG/#RU#GDPDJHG#E\#DFFLGHQW1

7+,6#:$55$17<#,6#,1#/,(8#2)#$//#27+(5#:$55$17,(6#(;35(66('/#
,03/,('#25#67$78725</#,1&/8',1*/#%87#127#/,0,7('#72/#7+(#
,03/,('#:$55$17,(6#2)#0(5&+$17$%,/,7<#$1'#),71(66#)25#$#
3$57,&8/$5#385326(1#,1#12#(9(17#6+$//#(;)2#%(#/,$%/(#)25#
63(&,$//#,1&,'(17$//#25#&216(48(17,$/#'$0$*(61
,404933#+LJK06SHHG#3RZHU#0HWHU#6HULHV 484



:DUUDQW\
/LDELOLW\
/LDELOLW\
(;)2#VKDOO#QRW#EH#OLDEOH#IRU#GDPDJHV#UHVXOWLQJ#IURP#WKH#XVH#RI#WKH#
SXUFKDVHG#SURGXFW/#QRU#VKDOO#EH#UHVSRQVLEOH#IRU#DQ\#IDLOXUH#LQ#WKH#
SHUIRUPDQFH#RI#RWKHU#LWHPV#WR#ZKLFK#WKH#SXUFKDVHG#SURGXFW#LV#FRQQHFWHG#
RU#WKH#RSHUDWLRQ#RI#DQ\#V\VWHP#RI#ZKLFK#WKH#SXUFKDVHG#SURGXFW#PD\#EH#D#
SDUW1

([FOXVLRQV
(;)2#UHVHUYHV#WKH#ULJKW#WR#PDNH#FKDQJHV#LQ#WKH#GHVLJQ#RU#FRQVWUXFWLRQ#RI#
DQ\#RI#LWV#SURGXFWV#DW#DQ\#WLPH#ZLWKRXW#LQFXUULQJ#DQ\#REOLJDWLRQ#WR#PDNH#
FKDQJHV#ZKDWVRHYHU#RQ#XQLWV#SXUFKDVHG1#$FFHVVRULHV/#LQFOXGLQJ#EXW#QRW#
OLPLWHG#WR#IXVHV/#SLORW#ODPSV#DQG#EDWWHULHV#XVHG#ZLWK#(;)2·V#SURGXFWV#DUH#
QRW#FRYHUHG#E\#WKLV#ZDUUDQW\1

&HUWLILFDWLRQ
(;)2#FHUWLILHV#WKDW#WKLV#HTXLSPHQW#PHW#LWV#SXEOLVKHG#VSHFLILFDWLRQV#DW#WKH#
WLPH#RI#VKLSPHQW#IURP#WKH#IDFWRU\1

6HUYLFH#DQG#5HSDLUV
(;)2#FRPPLWV#WR#SURYLGLQJ#SURGXFW#VHUYLFH#DQG#UHSDLU#IRU#ILYH#\HDUV#DIWHU#
WKH#GDWH#RI#SXUFKDVH1#7R#REWDLQ#VHUYLFH#RU#UHSDLU#IRU#DQ\#HTXLSPHQW/#IROORZ#
WKH#SURFHGXUH#EHORZ1

41 &DOO#(;)2#&XVWRPHU#6HUYLFH#*URXS1#6XSSRUW#SHUVRQQHO#ZLOO#GHWHUPLQH#
LI#WKH#HTXLSPHQW#UHTXLUHV#VHUYLFH/#UHSDLU/#RU#FDOLEUDWLRQ1

51 ,I#WKH#HTXLSPHQW#PXVW#EH#UHWXUQHG#WR#(;)2#RU#DQ#DXWKRUL]HG#VHUYLFH#
FHQWHU/#VXSSRUW#SHUVRQQHO#ZLOO#LVVXH#D#5HWXUQ#0HUFKDQGLVH#
$XWKRUL]DWLRQ#+50$,#DQG#DQ#DGGUHVV#IRU#UHWXUQ1

61 ,I#WKH#XQLW#KDV#DQ#LQWHUQDO#VWRUDJH#GHYLFH/#GR#D#EDFNXS#RI#\RXU#GDWD#
EHIRUH#VHQGLQJ#WKH#XQLW#IRU#UHSDLUV1
485 ,4049432495324973



:DUUDQW\
6HUYLFH#DQG#5HSDLUV
71 3DFN#WKH#HTXLSPHQW#LQ#LWV#RULJLQDO#VKLSSLQJ#PDWHULDO1#%H#VXUH#WR#LQFOXGH#
D#VWDWHPHQW#RU#UHSRUW#IXOO\#GHWDLOLQJ#WKH#GHIHFW#DQG#WKH#FRQGLWLRQV#XQGHU#
ZKLFK#LW#ZDV#REVHUYHG1

,03257$17
1HYHU#VHQG#DQ\#XQLW#RU#DFFHVVRU\#EDFN#WR#(;)2#ZLWKRXW#D#5HWXUQ#
0HUFKDQGLVH#$XWKRUL]DWLRQ#+50$,1

81 5HWXUQ#WKH#HTXLSPHQW/#SUHSDLG/#WR#WKH#DGGUHVV#JLYHQ#E\#WKH#VXSSRUW#
SHUVRQQHO1#%H#VXUH#WR#ZULWH#WKH#50$#RQ#WKH#VKLSSLQJ#VOLS1#(;)2#ZLOO#
UHIXVH#DQG#UHWXUQ#DQ\#SDFNDJH#ZKLFK#GRHV#QRW#EHDU#DQ#50$1

1RWH= $#WHVW#VHWXS#IHH#ZLOO#DSSO\#WR#DQ\#UHWXUQHG#XQLW#ZKLFK/#DIWHU#WHVW/#LV#IRXQG#WR#
PHHW#WKH#DSSOLFDEOH#VSHFLILFDWLRQV1

$IWHU#UHSDLU/#WKH#HTXLSPHQW#ZLOO#EH#UHWXUQHG#ZLWK#D#UHSDLU#UHSRUW1#,I#WKH#
HTXLSPHQW#LV#QRW#XQGHU#ZDUUDQW\/#WKH#FXVWRPHU#ZLOO#EH#LQYRLFHG#IRU#WKH#FRVW#
DSSHDULQJ#RQ#WKLV#UHSRUW1#5HWXUQ0WR0FXVWRPHU#VKLSSLQJ#FRVWV#ZLOO#EH#SDLG#E\#
(;)2#IRU#HTXLSPHQW#XQGHU#ZDUUDQW\1#6KLSSLQJ#LQVXUDQFH#LV#DW#WKH#
FXVWRPHU·V#H[SHQVH1
,404933#+LJK06SHHG#3RZHU#0HWHU#6HULHV 486



7KLV#SDJH#LV#LQWHQWLRQDOO\#OHIW#EODQN1



*ORVVDU\
*ORVVDU\

DGDSWHU $#GHYLFH#IRU#FRXSOLQJ#WZR#FRQQHFWRUV1

DPSOLWXGH 7KH#GLVWDQFH#EHWZHHQ#KLJK#DQG#ORZ#SRLQWV#RI#D#ZDYHIRUP#RU#
VLJQDO1

$6&,, $PHULFDQ#6WDQGDUG#&RGH#IRU#,QIRUPDWLRQ#,QWHUFKDQJH1#$#
V\VWHP#XVHG#WR#UHSUHVHQW#OHWWHUV/#QXPEHUV/#V\PEROV/#DQG#
SXQFWXDWLRQ#DV#E\WHV#RI#ELQDU\#VLJQDOV1

DWWHQXDWLRQ 7KH#GLPLQXWLRQ#RI#DYHUDJH#RSWLFDO#SRZHU1#$WWHQXDWLRQ#UHVXOWV#
IURP#DEVRUSWLRQ/#VFDWWHULQJ/#DQG#RWKHU#UDGLDWLRQ#ORVVHV1#
$WWHQXDWLRQ#LV#JHQHUDOO\#H[SUHVVHG#LQ#G%#ZLWKRXW#D#QHJDWLYH#
VLJQ1

DWWHQXDWLRQ#
FRHIILFLHQW

$#IDFWRU#H[SUHVVLQJ#DWWHQXDWLRQ#SHU#XQLW#OHQJWK/#H[SUHVVHG#LQ#
G%2NP1

DWWHQXDWRU#################################### $Q#RSWLFDO#GHYLFH/#HLWKHU#IL[HG#RU#DGMXVWDEOH/#WKDW#UHGXFHV#WKH#
LQWHQVLW\#RI#OLJKW#SURSDJDWLQJ#WKURXJK#LW1

EDFNVFDWWHULQJ 7KDW#SRUWLRQ#RI#VFDWWHUHG#OLJKW#WKDW#UHWXUQV#LQ#D#GLUHFWLRQ#
JHQHUDOO\#RSSRVLWH#WR#WKH#GLUHFWLRQ#RI#SURSDJDWLRQ1

EDXG#UDWH 0HDVXUHPHQW#RI#GDWD#WUDQVPLVVLRQ#VSHHG/#H[SUHVVHG#LQ#ELWV#
SHU#VHFRQG#RU#ESV1

%HOOFRUH %HOO#FRPPXQLFDWLRQV#UHVHDUFK/#DQ#RUJDQL]DWLRQ#WKDW#
FRQWDLQV#PXFK#RI#WKH#IRUPHU#%HOO#ODEV1#,W#VSHFLDOL]HV#LQ#
WHOHSKRQH#QHWZRUN#WHFKQRORJ\/#VWDQGDUGV#DQG#LQWHUIDFHV1

%(5 %LW#HUURU#UDWH1#2Q#D#WUDQVPLVVLRQ#OLQN/#WKH#QXPEHU#RI#GLJLWDO#
´KLJKVµ#WKDW#DUH#LQWHUSUHWHG#DV#´ORZVµ/#DQG#YLFH#YHUVD/###
GLYLGHG#E\#WKH#WRWDO#QXPEHU#RI#ELWV#UHFHLYHG1#,Q#PRGHUQ#
QHWZRUNV/#%(5V#PXFK#EHWWHU#WKDQ#430<#DUH#H[SHFWHG1

F 9HORFLW\#RI#OLJKW#LQ#D#YDFXXP# #5<<#:<5#78;#P2V
R& 'HJUHH#&HOVLXV1#7R#FRQYHUW#WR#)DKUHQKHLW=# 1

&)5 &RGH#RI#)HGHUDO#5HJXODWLRQV

) <
8
000& 65. 
,404933#+LJK06SHHG#3RZHU#0HWHU#6HULHV 488



*ORVVDU\
FRQQHFWRU $#MXQFWLRQ#WKDW#DOORZV#DQ#RSWLFDO#ILEHU#RU#FDEOH#WR#EH#
UHSHDWHGO\#FRQQHFWHG#RU#GLVFRQQHFWHG#WR#D#GHYLFH#VXFK#DV#D#
VRXUFH#RU#GHWHFWRU1

FRXSOHU $#GHYLFH#ZKRVH#SXUSRVH#LV#WR#GLVWULEXWH#RSWLFDO#SRZHU#
DPRQJ#WZR#RU#PRUH#SRUWV#RU#WR#FRPELQH#RSWLFDO#SRZHU#IURP#
WZR#RU#PRUH#ILEHUV#LQWR#D#VLQJOH#SRUW1

&: $EEUHYLDWLRQ#IRU#FRQWLQXRXV#ZDYH1#5HIHUV#WR#QRQ0PRGXODWHG/#
FRQVWDQW0LQWHQVLW\#OLJKW1

G% 'HFLEHO

G%P 'HFLEHO#UHIHUHQFHG#WR#D#PLOOLZDWW1

''( '\QDPLF#'DWD#([FKDQJH

GHFLEHO#+G%, 7KH#VWDQGDUG#XQLW#XVHG#WR#H[SUHVV#JDLQ#RU#ORVV#RI#RSWLFDO#
SRZHU1#$#VWDQGDUG#ORJDULWKPLF#XQLW#IRU#WKH#UDWLR#RI#WZR#
SRZHUV1

GLUHFWLYLW\ ,Q#D#60SRUW#RSWLFDO#FLUFXODWRU/#WKH#UDWLR#RI#SRZHU#ODXQFKHG#
LQWR#SRUW#4#WKDW#H[LWV#YLD#SRUW#5#YV1#WKH#IUDFWLRQ#WKDW#H[LWV#YLD#
SRUW#61

'// '\QDPLF#/LQN#/LEUDU\

'0$ 'LUHFW#0HPRU\#$GGUHVVLQJ

'87 'HYLFH#XQGHU#WHVW

('))$ (UELXP#GRSHG#IOXRULGH#ILEHU#DPSOLILHU

(')6$ (UELXP#GRSHG#VLOLFD#ILEHU#DPSOLILHU

(,$ (OHFWURQLFV#,QGXVWULHV#$VVRFLDWLRQ

HOHFWURPDJQHWLF#
LQWHUIHUHQFH

$Q\#HOHFWULFDO#RU#HOHFWURPDJQHWLF#LQWHUIHUHQFH#WKDW#FDXVHV#
GHJUDGDWLRQ/#IDLOXUH#LQ#HOHFWURQLF#HTXLSPHQW/#RU#XQGHVLUDEOH#
UHVSRQVH1#2SWLFDO#ILEHUV#QHLWKHU#HPLW#QRU#DUH#DIIHFWHG#E\#(0,1

(0, (OHFWURPDJQHWLF#LQWHUIHUHQFH1

(2, (QG#RI#,PDJH#0DUNHU

(26 (IIHFWLYH#2SHQLQJ#6L]H
489 ,4049432495324973



*ORVVDU\
(6% (YHQW#6XPPDU\#%LW

(6( 6WDQGDUG#(YHQW#6WDWXV#(QDEOH#5HJLVWHU

(65 6WDQGDUG#(YHQW#6WDWXV#5HJLVWHU

I $EEUHYLDWLRQ#IRU#IHPWR/#ZKLFK#LQGLFDWHV#43048#XQLWV1

f )UHTXHQF\/#RIWHQ#DOVR#GHVLJQDWHG#E\#ν1

)&& )HGHUDO#&RPPXQLFDWLRQV#&RPPLVVLRQ1#$#8161#JRYHUQPHQW#
ERG\#RYHUVHHLQJ#DQG#UHJXODWLQJ#QDWLRQDO#HOHFWULFDO#DQG#UDGLR#
FRPPXQLFDWLRQV1#7KH#)&&/#IRUPHG#LQ#4<67/#DOVR#GHDOV#ZLWK#
OLFHQFHV/#WDULIIV/#DQG#OLPLWDWLRQV1#7KH#PHPEHUV#RI#WKH#
FRPPLVVLRQ#DUH#DSSRLQWHG#E\#WKH#8161#SUHVLGHQW1

),)2 )LUVW#,Q#)LUVW#2XW

IUHTXHQF\ 7KH#QXPEHU#RI#F\FOHV#SHU#VHFRQG/#GHQRWHG#E\#KHUW]#++],1

* $EEUHYLDWLRQ#IRU#JLJD/#ZKLFK#LQGLFDWHV#43<#XQLWV1

*H *HUPDQLXP

*H; +LJK#SRZHU#JHUPDQLXP

*3,% *HQHUDO#3XUSRVH#,QWHUIDFH#%XV

KU +RXU

+] +HUW]1#'HQRWHV#QXPEHU#RI#F\FOHV#SHU#VHFRQG1

,(& ,QWHUQDWLRQDO#(OHFWURWHFKQLFDO#&RPPLVVLRQ1#$#
VWDQGDUGL]DWLRQ#ERG\#DW#WKH#VDPH#OHYHO#DV#,621

,(( ,QVWLWXWH#RI#(OHFWURQLF#(QJLQHHULQJ1#,W#LV#D#SURIHVVLRQDO#ERG\#
FRYHULQJ#DOO#DVSHFWV#RI#HOHFWURQLFV#DQG#HOHFWULFDO#
HQJLQHHULQJ/#LQFOXGLQJ#VRIWZDUH/#QHWZRUN/#DQG#FRPSXWHU#
HQJLQHHULQJ1

,((( ,QVWLWXWH#RI#(OHFWULFDO#DQG#(OHFWURQLFV#(QJLQHHULQJ1#,W#LV#D#
SURIHVVLRQDO#ERG\#YHU\#DFWLYH/#DPRQJ#RWKHU#WKLQJV/#LQ#PDQ\#
ILEHU0RSWLF#DQG#RSWR0HOHFWURQLF#UHODWHG#ILHOGV1

LQGH[#PDWFKLQJ#
PDWHULDO

$#PDWHULDO/#RIWHQ#D#OLTXLG#RU#D#FHPHQW/#ZKRVH#UHIUDFWLYH#
LQGH[#LV#QHDUO\#HTXDO#WR#WKH#FRUH#LQGH[/#XVHG#WR#UHGXFH#
)UHVQHO#UHIOHFWLRQV#IURP#D#ILEHU·V#HQGIDFH1
,404933#+LJK06SHHG#3RZHU#0HWHU#6HULHV 48:



*ORVVDU\
LQGH[#RI#UHIUDFWLRQ 7KH#UDWLR#RI#WKH#JURXS#YHORFLW\#RI#OLJKW#LQ#D#YDFXXP#WR#WKH#
JURXS#YHORFLW\#RI#OLJKW#LQ#D#JLYHQ#PHGLXP1

,Q*D$V ,QGLXP#JDOOLXP#DUVHQLGH

,6$ ,QGXVWU\#6WDQGDUG#$UFKLWHFWXUH

,62 ,QWHUQDWLRQDO#2UJDQL]DWLRQ#IRU#6WDQGDUGL]DWLRQ1#&RPPRQO\#
EHOLHYHG#WR#VWDQG#IRU#,QWHUQDWLRQDO#6WDQGDUGV#2UJDQL]DWLRQ1#
,Q#IDFW/#,62#LV#QRW#DQ#DEEUHYLDWLRQ³LW#LV#LQWHQGHG#WR#VLJQLI\#
XQLIRUPLW\#+GHULYHG#IURP#WKH#*UHHN#LVR#PHDQLQJ#´HTXDOµ,1#
,62#LV#UHVSRQVLEOH#IRU#PDQ\#VWDQGDUGV#LQFOXGLQJ#WKRVH#IRU#
GDWD#FRPPXQLFDWLRQV#DQG#FRPSXWLQJ1

,78 ,QWHUQDWLRQDO#7HOHFRPPXQLFDWLRQV#8QLRQ1#7KH#UXOLQJ#ERG\#
IRU#WHOHFRPPXQLFDWLRQV#DQG#WKH#VRXUFH#RI#PDQ\#QHWZRUN#
VWDQGDUGV1

MXPSHU )LEHU0RSWLF#FDEOH#WKDW#KDV#FRQQHFWRUV#WHUPLQDWHG#RQ#ERWK#
HQGV1#8VHG#WR#FRQQHFW#WZR#SLHFHV#RI#HTXLSPHQW/#PRGXOHV/#
RU#FRPSRQHQWV1

N $EEUHYLDWLRQ#IRU#NLOR/#ZKLFK#LQGLFDWHV#436#XQLWV1

/' /DVHU#GLRGH

/(' /LJKW#HPLWWLQJ#GLRGH

ORRSEDFN 7\SH#RI#GLDJQRVWLF#WHVW#LQ#ZKLFK#WKH#WUDQVPLWWHG#VLJQDO#LV#
UHWXUQHG#WR#WKH#VHQGLQJ#GHYLFH#DIWHU#SDVVLQJ#WKURXJK#D#
FRPPXQLFDWLRQV#OLQN#RU#QHWZRUN1

0 $EEUHYLDWLRQ#IRU#PHJD/#ZKLFK#LQGLFDWHV#439#XQLWV1

P $EEUHYLDWLRQ#IRU#PLOOL/#ZKLFK#LQGLFDWHV#4306#XQLWV1

PLQ 0LQXWH

Q $EEUHYLDWLRQ#IRU#QDQR/#ZKLFK#LQGLFDWHV#430<#XQLWV1

n 5HIUDFWLYH#LQGH[1#)RU#WKH#VLOLFD#JODVV#XVHG#LQ#RSWLFDO#ILEHUV/#
1

1,67 1DWLRQDO#,QVWLWXWH#RI#6WDQGDUGV#DQG#7HFKQRORJ\1#8161#
JRYHUQPHQWDO#ERG\#WKDW#SURYLGHV#WKH#DVVLVWDQFH#LQ#

Q 41798≈
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*ORVVDU\
GHYHORSLQJ#VWDQGDUGV1#,W#ZDV#IRUPHUO\#WKH#1DWLRQDO#%XUHDX#RI#
6WDQGDUGV1

QRLVH#ILJXUH $#PHDVXUH#RI#WKH#TXDOLW\#RI#DQ#DPSOLILHU/#GHILQHG#DV#WKH#UDWLR#
RI#RXWSXW#WR#LQSXW#615V1

3 $EEUHYLDWLRQ#IRU#SHWD/#ZKLFK#LQGLFDWHV#4348#XQLWV1

S $EEUHYLDWLRQ#IRU#SLFR/#ZKLFK#LQGLFDWHV#43045#XQLWV

3 3RZHU

3&6 3ODVWLF0FODG#VLOLFD#+ILEHU,

50$ 5HWXUQ#PHUFKDQGLVH#DXWKRUL]DWLRQ

V 6HFRQG

6&3, 6WDQGDUG#&RPPDQGV#IRU#3URJUDPPDEOH#,QVWUXPHQWV

VHQVLWLYLW\ )RU#DQ#RSWLFDO#LQVWUXPHQW/#WKH#VPDOOHVW#VLJQDO#WKDW#FDQ#EH#
GHWHFWHG#LQ#WKH#DEVHQFH#RI#DQ\#RWKHU#VLJQDO1

6L 6LOLFRQ

615 6LJQDO0WR0QRLVH#UDWLR1#7KH#UDWLR#RI#WKH#UHFHLYHG#RSWLFDO#SRZHU/#
GLYLGHG#E\#WKH#QRLVH#IORRU#IRU#WKH#RSWLFDO#V\VWHP1

65( 6HUYLFH#5HTXHVW#(QDEOH#5HJLVWHU

654 6HUYLFH#5HTXHVW

67% 6WDWXV#%\WH#5HJLVWHU

W 7LPH

7 $EEUHYLDWLRQ#IRU#WHUD/#ZKLFK#LQGLFDWHV#4345#XQLWV1

9 YROW

9$ YROW0DPSHUH

: ZDWW

ZDYHOHQJWK )RU#PRQRFKURPDWLF#OLJKW/#WKH#GLVWDQFH#EHWZHHQ#WZR#
VXFFHVVLYH#SHDNV#+RU#WURXJKV,#RI#WKH#VLQXVRLGDOO\0YDU\LQJ#
HOHFWULF0ILHOG#DPSOLWXGH1#1RWH#WKDW/#XQOLNH#IUHTXHQF\/#WKH#
ZDYHOHQJWK#RI#OLJKW#LV#LQYHUVHO\#SURSRUWLRQDO#WR#WKH#UHIUDFWLYH#
,404933#+LJK06SHHG#3RZHU#0HWHU#6HULHV 48<



*ORVVDU\
LQGH[#RI#WKH#PHGLXP#WKURXJK#ZKLFK#LW#SURSDJDWHV1#,W#LV#IRU#
WKLV#UHDVRQ#WKDW#DFFXUDWH#ZDYHOHQJWK#PHDVXUHPHQWV#DUH#
JHQHUDOO\#VSHFLILHG#DV#EHLQJ#GHWHUPLQHG#LQ#´DLUµ#RU#LQ#
´YDFXXPµ1

λ ODPEGD1#*UHHN#OHWWHU#XVHG#WR#GHQRWH#ZDYHOHQJWK1

µ $EEUHYLDWLRQ#IRU#PLFUR/#ZKLFK#LQGLFDWHV#4309#XQLWV1

ν QX1#*UHHN#OHWWHU#XVHG#WR#GHQRWH#IUHTXHQF\1#7UDGLWLRQDOO\/#WKH#
SK\VLFV#FRPPXQLW\#XVHV#´νµ#WR#GHQRWH#IUHTXHQF\#ZKHUHDV#
WKH#HQJLQHHULQJ#FRPPXQLW\#XVHV#´fµ1
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