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



&HUWLILFDWLRQ#,QIRUPDWLRQ
&HUWLILFDWLRQ#,QIRUPDWLRQ

)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

³ 7KLV#XQLW#LV#HTXLSSHG#ZLWK#D#VKLHOGHG#60ZLUH#SRZHU#FRUG#DQG#SOXJ1#8VH#
WKLV#SRZHU#FRUG#LQ#FRQMXQFWLRQ#ZLWK#D#SURSHUO\#JURXQGHG#HOHFWULFDO#
RXWOHW#WR#DYRLG#HOHFWULFDO#VKRFN#DQG#WR#UHGXFH#UDGLR#IUHTXHQF\#
LQWHUIHUHQFH#ZKLFK#PD\#HPDQDWH#IURP#WKH#SRZHU#FRUG1
2SWLFDO#/LJKW#6RXUFH YLL



&HUWLILFDWLRQ#,QIRUPDWLRQ
³ 6KLHOGHG#UHPRWH#,22#FDEOHV/#ZLWK#SURSHUO\#JURXQGHG#VKLHOGV#DQG#PHWDO#
FRQQHFWRUV/#DUH#UHFRPPHQGHG#WR#EH#XVHG#LQ#RUGHU#WR#UHGXFH#UDGLR#
IUHTXHQF\#LQWHUIHUHQFH#ZKLFK#PD\#HPDQDWH#IURP#WKHVH#FDEOHV1

³ :KHQ#WKH#*3,%#RSWLRQ#LV#SUHVHQW/#WKLV#XQLW#LV#HTXLSSHG#ZLWK#D#VKLHOGHG#
*3,%#FDEOH1

,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 )/605433



4 ,QWURGXFWLRQ
(;)2#(OHFWUR02SWLFDO#(QJLQHHULQJ/#,QF1#+(;)2,#LV#SOHDVHG#WR#LQWURGXFH#WKH#
)/6054331#(;)2·V#FRPPLWPHQW#WR#VXSHULRU#GHVLJQ#LQ#DOO#LWV#ILEHU0RSWLF#
LQVWUXPHQWDWLRQ#LV#UHVSHFWHG#WKURXJKRXW#WKH#LQGXVWU\#DQG#LV#EDVHG#RQ#WKH#
IROORZLQJ#IRXU#JRDOV=

³ UHOLDEOH#DQG#DFFXUDWH#SHUIRUPDQFH

³ VLPSOH#RSHUDWLRQ

³ H[WHQVLYH#IHDWXUHV

³ GHGLFDWHG#LQWHUHVW#LQ#FXVWRPHU#QHHGV

7KH#)/605433#ZLOO#SURYLGH#PDQ\#\HDUV#RI#UHOLDEOH#RSHUDWLRQ1#7R#EHQHILW#IXOO\#
IURP#WKH#PDQ\#IHDWXUHV#RIIHUHG#E\#WKH#)/605433/#LW#LV#LPSRUWDQW#WR#UHDG#WKH#
IROORZLQJ#LQVWUXFWLRQV#WKRURXJKO\1

8QSDFNLQJ#DQG#,QVSHFWLRQ
7KH#)/605433#LV#GHOLYHUHG#ZLWK#WKH#IROORZLQJ#VWDQGDUG#LWHPV=#

³ )/605433#,QVWUXFWLRQ#0DQXDO

³ :DUUDQW\#9DOLGDWLRQ#&DUG

³ 'HFODUDWLRQ#RI#&RQIRUPLW\

³ &HUWLILFDWH#RI#&RPSOLDQFH

³ FOHDQLQJ#NLW

³ *3,%#LQWHUIDFH#FDEOH

7KH#)/605433#KDV#EHHQ#WKRURXJKO\#LQVSHFWHG#EHIRUH#VKLSPHQW1#,I#DQ\#
GDPDJH#RFFXUUHG#GXULQJ#WUDQVSRUWDWLRQ#RU#LI#DQ\#LWHP#LV#PLVVLQJ/#SOHDVH#
QRWLI\#(;)2#LPPHGLDWHO\1#5HWDLQ#WKH#RULJLQDO#SDFNLQJ#PDWHULDO#LQ#FDVH#\RX#
QHHG#WR#UHWXUQ#WKH#)/6054331
2SWLFDO#/LJKW#6RXUFH 4



,QWURGXFWLRQ
7UDQVSRUWDWLRQ#DQG#6WRUDJH
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

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
5 )/605433



,QWURGXFWLRQ
*HQHUDO#6DIHW\#,QIRUPDWLRQ
*HQHUDO#6DIHW\#,QIRUPDWLRQ
7KH#)/605433#/LJKW#6RXUFH#LV#D#VLQJOH0#RU#GXDO0ZDYHOHQJWK#/('#RU#ODVHU#
VRXUFH1#7KH#OLJKW#VRXUFH/#ZKLFK#FRQWDLQV#VHPLFRQGXFWRU#GLRGH#ODVHUV/#LV#
FODVVLILHG#DV#D#54#&)5#&ODVV#,#ODVHU#SURGXFW#WKDW#FRPSO\#ZLWK#54#&)5#4373143#
DQG#43731441#/DVHU#UDGLDWLRQ#PD\#EH#HQFRXQWHUHG#DW#WKH#VRXUFH#SRUW1

)LJXUH#4041 /DVHU#:DUQLQJ#/DEHO

7KH#OHYHO#RI#UDGLDWLRQ#LV#EHORZ#WKDW#NQRZQ#WR#FDXVH#H\H#LQMXU\#WKURXJK#
DFFLGHQWDO#VKRUW0WHUP#H[SRVXUH1#+RZHYHU/#DYRLG#SURORQJHG#H[SRVXUH#WR#
OLJKW#HPLWWHG#IURP#WKH#ILEHU/#DQG#GR#QRW#VWDUH#GLUHFWO\#DW#D#OLJKW#EHDP/#
ZKHWKHU#LW#LV#YLVLEOH#RU#QRW1

6DIHW\#3UHFDXWLRQV

:KLOH#PDQLSXODWLQJ#RSWLFDO#ILEHUV/#ODVHU#UDGLDWLRQ#PD\#EH#HQFRXQWHUHG#DW#
VRXUFH#RXWSXW#SRUWV#DQG#DW#ILEHU#HQGV1#$YRLG#ORQJ0WHUP#H[SRVXUH#WR#ODVHU#
UDGLDWLRQ1

:$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
&RQWUROV/#DGMXVWPHQWV#DQG#SURFHGXUHV#IRU#RSHUDWLRQ#DQG#PDLQWHQDQFH#
RWKHU#WKDQ#WKRVH#VSHFLILHG#LQ#WKLV#PDQXDO#PD\#UHVXOW#LQ#KD]DUGRXV#
UDGLDWLRQ#H[SRVXUH1
2SWLFDO#/LJKW#6RXUFH 6



,QWURGXFWLRQ
*HQHUDO#6DIHW\#,QIRUPDWLRQ
&$87,21
8VLQJ#RSWLFDO#LQVWUXPHQWV#ZLWK#WKLV#SURGXFW#ZLOO#LQFUHDVH#H\H#KD]DUG1

7KH#IROORZLQJ#VDIHW\#SUHFDXWLRQV#PXVW#EH#REVHUYHG#ZKLOH#RSHUDWLQJ#DQG#
VHUYLFLQJ#WKH#XQLWV1#)DLOXUH#WR#FRPSO\#ZLWK#WKHVH#SUHFDXWLRQV#RU#ZLWK#
VSHFLILF#LQGLFDWLRQV#HOVHZKHUH#LQ#WKLV#PDQXDO#YLRODWHV#VDIHW\#VWDQGDUGV#IRU#
LQWHQGHG#XVH1#(;)2#DVVXPHV#QR#OLDELOLW\#IRU#WKH#XVHU*V#IDLOXUH#WR#FRPSO\#
ZLWK#WKHVH#UHTXLUHPHQWV1

³ 8VH#XQLW#LQGRRUV#RQO\1

³ 'R#QRW#UHPRYH#XQLW#FRYHUV#GXULQJ#RSHUDWLRQ1

³ %HIRUH#SRZHULQJ#RQ#WKH#XQLW/#DOO#JURXQGLQJ#WHUPLQDOV/#H[WHQVLRQ#FRUGV/#
DQG#GHYLFHV#FRQQHFWHG#WR#LW#VKRXOG#EH#FRQQHFWHG#WR#D#SURWHFWLYH#
JURXQG#YLD#D#JURXQG#VRFNHW1#$Q\#LQWHUUXSWLRQ#RI#WKH#SURWHFWLYH#
JURXQGLQJ#LV#D#SRWHQWLDO#VKRFN#KD]DUG#DQG#PD\#FDXVH#SHUVRQDO#LQMXU\1

³ :KHQHYHU#WKH#SURWHFWLYH#JURXQGLQJ#LV#LPSDLUHG/#GR#QRW#XVH#WKH#XQLW/#
DQG#VHFXUH#LW#DJDLQVW#DFFLGHQWDO#RU#XQLQWHQGHG#RSHUDWLRQ1

³ 2QO\#IXVHV#ZLWK#WKH#UHTXLUHG#UDWHG#FXUUHQW#DQG#VSHFLILHG#W\SH#+,(&/#
583 9/#5 $/#IDVW#EORZ/#314<:LQ#[#31:;:LQ#28PP [#53PP,#PD\#EH#XVHG#IRU#
UHSODFHPHQW1#'R#QRW#XVH#UHSDLUHG#IXVHV#RU#VKRUW0FLUFXLWHG#IXVH#KROGHUV1

³ $YRLG#DGMXVWPHQWV/#PDLQWHQDQFH/#DQG#UHSDLU#RI#RSHQHG#XQLWV#XQGHU#
YROWDJH1#7KHVH#VKRXOG#RQO\#EH#FDUULHG#RXW#E\#VNLOOHG#SHUVRQQHO#DZDUH#RI#
WKH#KD]DUGV#LQYROYHG1#'R#QRW#DWWHPSW#LQWHUQDO#VHUYLFH#RU#DGMXVWPHQW#
XQOHVV#DQRWKHU#SHUVRQ#TXDOLILHG#LQ#ILUVW#DLG#LV#SUHVHQW1#'R#QRW#UHSODFH#
DQ\#FRPSRQHQWV#ZKLOH#SRZHU#FDEOH#LV#FRQQHFWHG1

³ 2SHUDWLRQ#RI#DQ\#HOHFWULFDO#LQVWUXPHQW#DURXQG#IODPPDEOH#JDVHV#RU#
IXPHV#FRQVWLWXWHV#D#PDMRU#VDIHW\#KD]DUG1

³ ,QVWDOODWLRQ#RI#UHSODFHPHQW#SDUWV#RU#PRGLILFDWLRQ#RI#WKH#XQLW#VKRXOG#EH#
FDUULHG#RXW#E\#DXWKRUL]HG#SHUVRQQHO#RQO\1

³ &DSDFLWRUV#LQVLGH#WKH#XQLW#PD\#EH#FKDUJHG#HYHQ#LI#WKH#XQLW#KDV#EHHQ#
GLVFRQQHFWHG#IURP#LWV#HOHFWULFDO#VXSSO\1
7 )/605433



,QWURGXFWLRQ
*HQHUDO#6DIHW\#,QIRUPDWLRQ
$&#5HTXLUHPHQWV

7KH#)/605433#FDQ#RSHUDWH#IURP#DQ\#VLQJOH0SKDVH#$&#SRZHU#VRXUFH#
EHWZHHQ#433 9#DQG#573 9#+83293 +],1#7KH#PD[LPXP#LQSXW#FXUUHQW#LV#5 $1

3RZHU#&DEOH

7KLV#XQLW#XVHV#D#WKUHH0ZLUH#SRZHU#FDEOH#WKDW#PHHWV#LQWHUQDWLRQDO#VDIHW\#
VWDQGDUGV1#7KLV#FDEOH#VHUYHV#DV#D#JURXQG#ZKHQ#FRQQHFWHG#WR#DQ#
DSSURSULDWH#$&#SRZHU#UHFHSWDFOH1#7KH#W\SH#RI#SRZHU#FDEOH#VXSSOLHG#ZLWK#
HDFK#XQLW#LV#GHWHUPLQHG#DFFRUGLQJ#WR#WKH#FRXQWU\#RI#GHVWLQDWLRQ1

2QO\#TXDOLILHG#HOHFWULFLDQV#VKRXOG#DWWDFK#D#QHZ#SOXJ#LI#QHHGHG1#7KH#FRORU#
FRGLQJ#XVHG#LQ#WKH#HOHFWULF#FDEOH#GHSHQGV#RQ#WKH#FDEOH1#1HZ#SOXJV#VKRXOG#
PHHW#ORFDO#VDIHW\#UHTXLUHPHQWV#DQG#LQFOXGH#WKH#IROORZLQJ#IHDWXUHV=

³ DGHTXDWH#ORDG0FDUU\LQJ#FDSDFLW\

³ JURXQG#FRQQHFWLRQ

³ FDEOH#FODPS
2SWLFDO#/LJKW#6RXUFH 8



,QWURGXFWLRQ
&RQWDFWLQJ#WKH#&XVWRPHU#6HUYLFH#*URXS
:$51,1*
7R#DYRLG#HOHFWULFDO#VKRFN/#GR#QRW#RSHUDWH#WKH#XQLW#LI#WKHUH#DUH#VLJQV#RI#
GDPDJH#WR#DQ\#SDUW#RI#WKH#RXWHU#VXUIDFH#+FRYHUV/#SDQHOV/#HWF1,1

7R#DYRLG#VHULRXV#LQMXU\/#WKH#IROORZLQJ#SUHFDXWLRQV#PXVW#EH#REVHUYHG#
EHIRUH#SRZHULQJ#RQ#WKH#XQLW=

³ ,I#WKH#XQLW#LV#WR#EH#SRZHUHG#YLD#DQ#DXWRPDWLF#WUDQVIRUPHU#IRU#YROWDJH#
UHGXFWLRQ/#WKH#FRPPRQ#WHUPLQDO#PXVW#EH#FRQQHFWHG#WR#WKH#JURXQGHG#
SRZHU#VRXUFH#SROH1

³ ,QVHUW#WKH#SOXJ#LQWR#D#SRZHU#RXWOHW#ZLWK#D#SURWHFWLYH#JURXQG#FRQWDFW1#
'R#QRW#XVH#DQ#H[WHQVLRQ#FRUG#ZLWKRXW#D#SURWHFWLYH#FRQGXFWRU1

³ %HIRUH#SRZHULQJ#RQ#WKH#XQLW/#WKH#SURWHFWLYH#JURXQG#WHUPLQDO#RI#WKH#
XQLW#PXVW#EH#FRQQHFWHG#WR#D#SURWHFWLYH#FRQGXFWRU#XVLQJ#WKH#XQLW#
SRZHU#FRUG1

³ 'R#QRW#WDPSHU#ZLWK#WKH#SURWHFWLYH#JURXQG#WHUPLQDO1

&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
9 )/605433



5 *HQHUDO#'HVFULSWLRQ
7KH#)/605433#/LJKW#6RXUFH#LV#D#VLQJOH0#RU#GXDO0ZDYHOHQJWK#/('#RU#ODVHU#
VRXUFH1#:LWK#LWV#LPSUHVVLYH#VWDELOLW\#DQG#LWV#430G%#YDULDEOH#RXWSXW/#WKH#
)/605433#LV#SDUWLFXODUO\#ZHOO0VXLWHG#WR#WKH#PRVW#GHPDQGLQJ#ODERUDWRU\#DQG#
PDQXIDFWXULQJ#TXDOLILFDWLRQ#DSSOLFDWLRQV1#7KH#)/605433#FDQ#EH#UHPRWHO\#
FRQWUROOHG#WKURXJK#D#*3,%#RU#560565#LQWHUIDFH1

7KH#6HWXS#EXWWRQ#WR#WKH#ULJKW#RI#WKH#GLVSOD\#JLYHV#DFFHVV#WR#D#VLQJOH0OHYHO#
PHQX1#7KH#IROORZLQJ#GLDJUDP#VKRZV#WKH#PHQX#DQG#LWV#LWHPV1

)LJXUH#5041 0HQX#'LVSOD\

7R#PRYH#+LQ#D#ORRS,#EHWZHHQ#WKH#PHQX#LWHPV/#XVH#WKH#OHIW2ULJKW#DUURZV1#7R#
H[LW#WKH#PHQX/

³ SUHVV#WKH#6HWXS#EXWWRQ>#RU

³ VFUROO#+OHIW2ULJKW#DUURZV,#XQWLO#(;,7#LV#GLVSOD\HG/#WKHQ#SUHVV#(17(51

6HWXS

67(3 *3,%056 (;,7',00(5
2SWLFDO#/LJKW#6RXUFH :



*HQHUDO#'HVFULSWLRQ
)URQW#3DQHO
)URQW#3DQHO

)LJXUH#5051 )URQW#3DQHO

1RWH= <RXU#)/605433#PD\#GLIIHU#VOLJKWO\#IURP#WKH#LOOXVWUDWLRQ1

2SWLFDO#RXWSXW

6HWXS#PHQX#DFFHVV=#
VHH#SDJH 43

'LVSOD\

2Q2RII#EXWWRQ

6RXUFH#FRQWURO=#
VHH#SDJH 44

:DYHOHQJWK#FRQWURO=#
VHH#SDJH 45

6LJQDO#VWDWH#FRQWUROV=#
VHH#SDJH 44

$WWHQXDWLRQ#FRQWUROV=#
VHH#SDJH 45

$UURZ#EXWWRQV#IRU#
PHQX#QDYLJDWLRQ#DQG#
SDUDPHWHU#VHWWLQJ

,OOXPLQDWHV#ZKHQ#WKH#
VRXUFH#LV#DFWLYDWHG
; )/605433



*HQHUDO#'HVFULSWLRQ
%DFN#3DQHO
%DFN#3DQHO

)LJXUH#5061 %DFN#3DQHO

1RWH= <RXU#)/605433#PD\#GLIIHU#VOLJKWO\#IURP#WKH#LOOXVWUDWLRQ1

/5#43::5608/#0<
157/2&

*URXQG

)/605456%6
'XDO#/('#464324883#QP
456780$%

$0413

2FWREHU#<:
6HULDO#QXPEHU

9HUVLRQ#QXPEHU3DUW#QXPEHU

6HULDO#SRUW#+560565#'7(,=#
VHH#SDJH 43*3,%#SRUW=#VHH#

SDJH 48

)XVH#KROGHU=#
VHH#SDJH 69

3RZHU#LQSXW=#
VHH#SDJH 8

'DWH#RI#PDQXIDFWXUH

6RXUFH#W\SH#DQG#
ZDYHOHQJWK
2SWLFDO#/LJKW#6RXUFH <



*HQHUDO#'HVFULSWLRQ
560565#&RQQHFWRU#3LQRXW
560565#&RQQHFWRU#3LQRXW
7KH#560565#FRQQHFWRU#+VHULDO#SRUW,#DW#WKH#EDFN#RI#WKH#)/605433#XVHV#D#'7(#
SLQRXW#FRQILJXUDWLRQ1

)LJXUH#5071 560565#&RQQHFWRU#3LQRXW

3LQ 'HVFULSWLRQ 'LUHFWLRQ

5 5HFHLYH#+5[, ,QSXW

6 7UDQVPLW#+7[, 2XWSXW

8 6LJQDO#JURXQG#+*QG, ³

7DEOH#5041 560565#3LQRXW#&RQILJXUDWLRQ

4 5 6 7 8

9 : ; <
43 )/605433



6 2SHUDWLRQ
7XUQLQJ#WKH#)/605433#2Q#DQG#2II

%HIRUH#WXUQLQJ#RQ#WKH#)/605433/#SOHDVH#UHDG#*HQHUDO#6DIHW\#,QIRUPDWLRQ/#RQ#
SDJH 61#7R#WXUQ#WKH#XQLW#RQ#DQG#RII/#XVH#WKH#UHG#EXWWRQ#LQ#WKH#ORZHU#OHIW#
FRUQHU#RI#WKH#IURQW#SDQHO1

:KHQ#WXUQHG#RQ/#WKH#XQLW#EHHSV#WZLFH/#SHUIRUPV#D#VHOI0WHVW/#DQG#WKHQ#ZDLWV#
IRU#FRPPDQGV#WR#EH#HQWHUHG>#WKH#VRXUFH#LV#GHDFWLYDWHG#DQG#QR#DWWHQXDWLRQ#
LV#LQWURGXFHG#+$771  313 G%,1#:KHQ#WKH#XQLW#LV#WXUQHG#RII/#WKH#IROORZLQJ#
LWHPV#UHPDLQ#LQ#QRQ0YRODWLOH#PHPRU\=

³ VWHS#VL]H

³ UHPRWH#FRQWURO#VHWWLQJV

1RWH= 7KH#SRZHU#FRUG#LV#WKH#PRVW#HIIHFWLYH#GLVFRQQHFW#GHYLFH1#7R#HQVXUH#WKH#
SRZHU#LV#FRPSOHWHO\#WXUQHG#RII/#GLVFRQQHFW#WKH#SRZHU#FRUG1

$FWLYDWLQJ#DQG#'HDFWLYDWLQJ#WKH#6RXUFH
7R#DFWLYDWH#DQG#GHDFWLYDWH#WKH#VRXUFH/#SUHVV#2Q22II1#:KHQ#WKH#VRXUFH#LV#
DFWLYDWHG/#VRXUFH#2Q#LV#GLVSOD\HG#DQG#D#PDUNHU#LQGLFDWHV#WKH#VRXUFH#RXWSXW#
VWDWXV=#&:/#5:3 +]#PRGXODWLRQ/#4 N+]#PRGXODWLRQ/#RU#5 N+]#PRGXODWLRQ1

1RWH= )RU#RSWLPXP#VWDELOLW\/#D#ODVHU#VRXUFH#UHTXLUHV#D#63PLQXWH#ZDUP0XS#SHULRG1

&RQWLQXRXV#RU#0RGXODWHG#2XWSXW
2QFH#WKH#VRXUFH#LV#DFWLYDWHG#+VRXUFH#2Q#LV#GLVSOD\HG,/#SUHVV#&:#IRU#D#
FRQWLQXRXV#ZDYH#VLJQDO#RU#SUHVV#0RGXODWLRQ#IRU#D#PRGXODWHG#VLJQDO1#
3UHVVLQJ#0RGXODWLRQ#WRJJOHV#EHWZHHQ#WKH#DYDLODEOH#PRGXODWLRQ#VWDWHV1#$#
PDUNHU#GLVSOD\V#WKH#VRXUFH#RXWSXW#VWDWXV=#&:/#5:3 +]/#4 N+]/#RU#5 N+]1

1RWH= 7KH#LQWHUQDO#PRGXODWLRQ#LV#IXOO#RQ2RII#PRGXODWLRQ#DW#83(#GXW\#F\FOH1
2SWLFDO#/LJKW#6RXUFH 44



2SHUDWLRQ
&KDQJLQJ#:DYHOHQJWK#+RSWLRQDO,
&KDQJLQJ#:DYHOHQJWK#+RSWLRQDO,
6RPH#)/605433#XQLWV#PD\#EH#FRQILJXUHG#ZLWK#WZR#VRXUFH#ZDYHOHQJWKV1#7R#
WRJJOH#EHWZHHQ#WKH#DYDLODEOH#ZDYHOHQJWKV/#SUHVV#λ1#7KH#FXUUHQW#ZDYHOHQJWK#
LV#DOZD\V#LQGLFDWHG#LQ#WKH#ORZHU#SRUWLRQ#RI#WKH#GLVSOD\1

$WWHQXDWLQJ#WKH#2XWSXW#3RZHU
2QFH#WKH#VRXUFH#LV#DFWLYDWHG/#\RX#FDQ#DWWHQXDWH#WKH#RXWSXW#SRZHU#XS#WR#
43 G%#EHORZ#WKH#PD[LPXP#RXWSXW#SRZHU#OHYHO1#7KH#PD[LPXP#RXWSXW#
SRZHU#OHYHO#GHSHQGV#RQ#WKH#FRQILJXUDWLRQ#RI#WKH#)/605433#+VHH#2SWLFDO#
6SHFLILFDWLRQV/#RQ#SDJH 74,1#7KH#DWWHQXDWLRQ#LV#DQ#DEVROXWH#YDOXH#DQG#LV#
GLVSOD\HG#LQ#WKH#XSSHU#SRUWLRQ#RI#WKH#GLVSOD\1

)LJXUH#6041 7\SLFDO#'LVSOD\

1RWH= 313 G%#DWWHQXDWLRQ#LQGLFDWHV#PD[LPXP#RXWSXW#SRZHU#+QR#DWWHQXDWLRQ,1

6RXUFH#2Q CW

dB

nm

&XUUHQW#ZDYHOHQJWK

$EVROXWH#DWWHQXDWLRQ#YDOXH1
7KH#RXWSXW#VLJQDO#LV#718#G%#EHORZ#
WKH#PD[LPXP#RXWSXW#SRZHU1

7KH#VRXUFH#LV#RQ#DQG#LV#HPLWWLQJ#
D#FRQWLQXRXV#ZDYH#VLJQDO
45 )/605433



2SHUDWLRQ
6HWWLQJ#WKH#'LVSOD\#,QWHQVLW\
7R#LQFUHDVH#DWWHQXDWLRQ#WR#WKH#RXWSXW#SRZHU/#SUHVV#8S1#7R#GHFUHDVH#
DWWHQXDWLRQ#WR#WKH#RXWSXW#SRZHU/#SUHVV#'RZQ1#7KH#DWWHQXDWLRQ#LV#LQFUHDVHG#
RU#GHFUHDVHG#E\#RQH#VWHS#+D#FKRLFH#RI#314/#318/#RU#413 G%,1#7R#FKDQJH#WKH#
DWWHQXDWLRQ#VWHS#VL]H/

41 3UHVV#6HWXS1

51 6FUROO#+OHIW2ULJKW#DUURZV,#WR#67(31

61 3UHVV#(17(51#7KH#FXUUHQW#VWHS#VL]H#ZLOO#VWDUW#IODVKLQJ1

71 8VH#WKH#XS2GRZQ#DUURZV#WR#VHOHFW#D#QHZ#VWHS#VL]H#+314/#318/#RU#413 G%,1

81 3UHVV#(17(51

91 7R#H[LW#WKH#6HWXS#PHQX/#SUHVV#6HWXS1

6HWWLQJ#WKH#'LVSOD\#,QWHQVLW\
'LVSOD\#LQWHQVLW\#PD\#EH#VHW#WR#KLJK#RU#ORZ1#<RX#FDQ#DOVR#WXUQ#RII#WKH#GLVSOD\#
ZLWKRXW#WXUQLQJ#RII#WKH#XQLW1

41 3UHVV#6HWXS1

51 6FUROO#+OHIW2ULJKW#DUURZV,#WR#',00(51

&XUUHQW#VWHS#VL]H#+LQ#G%,
2SWLFDO#/LJKW#6RXUFH 46



2SHUDWLRQ
6HWWLQJ#WKH#'LVSOD\#,QWHQVLW\
61 3UHVV#(17(51#7KH#FXUUHQW#GLPPHU#VWDWH#ZLOO#VWDUW#IODVKLQJ1

71 8VH#WKH#XS2GRZQ#DUURZV#WR#PRGLI\#WKH#GLPPHU=#/2/#+,/#RU#2))1

81 3UHVV#(17(51

1RWH= 6HWWLQJ#WKH#GLPPHU#WR#2))#WXUQV#RII#WKH#GLVSOD\1#3UHVV#DQ\#NH\#WR#WXUQ#WKH#
GLVSOD\#EDFN#RQ1

91 7R#H[LW#WKH#6HWXS#PHQX/#SUHVV#6HWXS1

&XUUHQW#GLPPHU#VWDWH
47 )/605433



7 5HPRWH#&RQWURO
7KH#)/605433#FDQ#EH#UHPRWHO\#FRQWUROOHG#HLWKHU#E\

³ D#*3,%#LQWHUIDFH#+WKURXJK#D#*3,%#FDEOH#FRQQHFWHG#WR#WKH#*3,%#SRUW,/#RU

³ DQ#560565#LQWHUIDFH#+WKURXJK#D#VHULDO#FDEOH#FRQQHFWHG#WR#WKH#VHULDO#
SRUW,1

7KH#FRPPDQGV#XVHG#LQ#ERWK#SURWRFROV#DUH#WKH#VDPH#DQG#DUH#GHVFULEHG#LQ#
WKH#IROORZLQJ#SDJHV1#:KHQ#WKH#)/605433#LV#EHLQJ#UHPRWHO\#FRQWUROOHG/#
5HPRWH#DSSHDUV#LQ#WKH#ORZHU#OHIW#FRUQHU#RI#WKH#GLVSOD\1

1RWH= ,I#\RX#KDYH#DOUHDG\#GHVLJQHG#D#*3,%#SURJUDP#WR#FRQWURO#D#OLJKW#VRXUFH#IURP#
(;)2·V#,4#6HULHV#+,405433,/#\RX#FDQ#UHXVH#VHFWLRQV#RI#WKH#SURJUDP#WR#
FRQWURO#WKH#)/6054331

6HWWLQJ#WKH#)/605433#IRU#5HPRWH#&RQWURO
7R#UHPRWHO\#FRQWURO#WKH#)/605433/#\RX#QHHG#WR#VHW#D#*3,%#DGGUHVV#RU#
DFWLYDWH#WKH#560565#SRUW1

41 3UHVV#6HWXS1

51 6FUROO#+OHIW2ULJKW#DUURZV,#WR#*3,%0561

61 3UHVV#(17(51#7KH#FXUUHQW#VHWWLQJ#ZLOO#VWDUW#IODVKLQJ1

71 8VLQJ#WKH#XS2GRZQ#DUURZV/#HQWHU#D#QHZ#VHWWLQJ1

³ D#QXPEHUHG#VHWWLQJ#UHSUHVHQWV#D#*3,%#DGGUHVV#+EHWZHHQ#4#DQG#63,

³ IRU#560565#FRQWURO/#VFUROO#+XS2GRZQ#DUURZV,#WR#560565#+EHIRUH#VHWWLQJ#4#
RU#DIWHU#VHWWLQJ#63,1

81 3UHVV#(17(51

91 7R#H[LW#WKH#6HWXS#PHQX/#SUHVV#6HWXS1

&XUUHQW#VHWWLQJ
2SWLFDO#/LJKW#6RXUFH 48



5HPRWH#&RQWURO
&RPPXQLFDWLRQ#3DUDPHWHUV
&RPPXQLFDWLRQ#3DUDPHWHUV

1RWH= (26#PHDQV#´(QG#RI#6WULQJµ1#(2,#PHDQV#´(QG#RU#,GHQWLI\µ1

)RU#*3,%#&RPPXQLFDWLRQ

7HUPLQDWH#5HDG#RQ#(26 <HV

6HW#(2,#ZLWK#(26#RQ#:ULWHV <HV

7\SH#RI#FRPSDUH#RQ#(26 ;#ELWV

(26#E\WH 3$K

6HQV#(2,#DW#HQG#RI#:ULWHV <HV

*3,%#3ULPDU\#DGGUHVV VHH#6HWWLQJ#WKH#)/605433#IRU#
5HPRWH#&RQWURO/#RQ#SDJH 48#

*3,%#6HFRQGDU\#DGGUHVV 1RQH

7DEOH#7041 *3,%#&RPPXQLFDWLRQ#3DUDPHWHUV

)RU#560565#&RPPXQLFDWLRQ

(26#E\WHV 3$K

%DXG#UDWH <933#ESV

3DULW\ 1RQH

'DWD#ELWV ;#ELWV

6WRS#ELWV 4#ELWV

)ORZ#&RQWURO 1RQH

$FWLYDWLRQ VHH#6HWWLQJ#WKH#)/605433#IRU#
5HPRWH#&RQWURO/#RQ#SDJH 48

7DEOH#7051 560565#&RPPXQLFDWLRQ#3DUDPHWHUV
49 )/605433



5HPRWH#&RQWURO
'DWD#6WUXFWXUH#IRU#6WDQGDUG#6WDWXV
'DWD#6WUXFWXUH#IRU#6WDQGDUG#6WDWXV
)LJXUH 704#RQ#WKH#IROORZLQJ#SDJH#LOOXVWUDWHV#WKH#IRXU#FRPPRQ#VWDWXV#DQG#
HQDEOH#UHJLVWHUV#DV#GHILQHG#E\#,(((07;;151#7KLV#GLDJUDP#LV#D#XVHIXO#DLG#LQ#
XQGHUVWDQGLQJ#WKH#JHQHUDO#FRPPDQGV#DQG#KRZ#D#VHUYLFH#UHTXHVW#+654,#LV#
JHQHUDWHG1#7KH#IRXU#UHJLVWHUV#DUH

³ 6WDQGDUG#(YHQW#6WDWXV#5HJLVWHU#+(65,

³ 6WDQGDUG#(YHQW#6WDWXV#(QDEOH#5HJLVWHU#+(6(,

³ 6WDWXV#%\WH#5HJLVWHU#+67%,

³ 6HUYLFH#5HTXHVW#(QDEOH#5HJLVWHU#+65(,

%LW (65 (6( 67% 65(

3 2SHUDWLRQ#
&RPSOHWH

2SHUDWLRQ#
&RPSOHWH

6RXUFH#6WDWXV 6RXUFH#6WDWXV

4 5HTXHVW#&RQWURO 5HTXHVW#&RQWURO

5 4XHU\#(UURU 4XHU\#(UURU (UURU#%LW

6 'HYLFH#
'HSHQGHQW#(UURU

'HYLFH#
'HSHQGHQW#(UURU

4XHVWLRQDEOH#
6WDWXV

4XHVWLRQDEOH#
6WDWXV

7 ([HFXWLRQ#(UURU ([HFXWLRQ#(UURU (YHQW#6WDWXV#%LW (YHQW#6WDWXV#%LW

8 &RPPDQG#(UURU &RPPDQG#(UURU 0HVVDJH#
$YDLODEOH

0HVVDJH#
$YDLODEOH

9 8VHU#5HTXHVW 8VHU#5HTXHVW 0DVWHU#6XPPDU\#
6WDWXV

5HTXHVW#
6HUYLFH20DVWHU#
6XPPDU\#6WDWXV

: 3RZHU#2Q 3RZHU#2Q 2SHUDWLRQ#6WDWXV 2SHUDWLRQ#6WDWXV

7DEOH#7061 6WDQGDUG#5HJLVWHUV
2SWLFDO#/LJKW#6RXUFH 4:



5HPRWH#&RQWURO
'DWD#6WUXFWXUH#IRU#6WDQGDUG#6WDWXV
)LJXUH#7041 'DWD#6WUXFWXUHV#6WDQGDUG#6WDWXV#+,(((#7;;15,

&
&

&
&

&
&

&
&

 OR

Standard Event Status
Register  (ESR)

Standard Event
Status Enable
Register (ESE)

&

&
&

&
&

&
&

 OR

 Status Byte
Register

(STB)

Service Request  Enable
Register  (SRE)

7 6 5 4 3 2 1 0

7 6 5 4 3 2 1 0

7 6 5 4 3 2 1 0

7 5 4 3 2 1 0

                     ESB   MAV               EB

                     ESB   MAV

R Q S

6

M S S

Serv ice Request
Generat ion

{

{

Output  Queue not  Empty

read by serial pol l

read by *STB?

P O N O P CU R Q R Q CQ Y ED D EE X EC M E

P O N O P CU R Q R Q CQ Y ED D EE X EC M E
4; )/605433



5HPRWH#&RQWURO
&RPPDQG#6WUXFWXUH
$Q#654#LV#IRUFHG#ZKHQ#D#ELW#LV#VHW#LQ#WKH#67%#DQG#DW#WKH#VDPH#WLPH#WKH#
FRUUHVSRQGLQJ#65(#ELW#LV#VHW1#:KHQ#WKH#654#LV#JHQHUDWHG/#WKH#546#ELW#LV#VHW#
WR#4#DQG#UHPDLQV#VHW#XQWLO#UHDG#E\#D#VHULDO#SROO1#2QFH#WKH#546#LV#UHDG/#LW#
UHWXUQV#WR#31

&RPPDQG#6WUXFWXUH
7KH#*3,%#DQG#560565#FRPPDQGV#IROORZ#WKH#JXLGHOLQHV#GHWHUPLQHG#E\#WKH#
6WDQGDUG#&RPPDQGV#IRU#3URJUDPPDEOH#,QWHUIDFH#+6&3,,#FRQVRUWLXP1#)RU#
H[DPSOH/#WKH#FRPPDQG#V\QWD[

6285=$0>=,17@=)5(4?VSDFH!?YDOXH!>?VSDFH!?XQLWV!@

LV#XVHG#WR#VHOHFW#WKH#VRXUFH#PRGXODWLRQ#IUHTXHQF\#RI#DQ#)/6054331

,Q#WKLV#SDUWLFXODU#H[DPSOH/

³ 6285#LGHQWLILHV#WKDW#WKH#FRPPDQG#LV#D#SDUW#RI#WKH#6285FH#VXEVHW#RI#
FRPPDQGV>

³ $0/#,17/#DQG#)5(4#DUH#NH\ZRUGV#WKDW#GHILQH#WKH#IXQFWLRQ#RI#WKH#
FRPPDQG>

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

³ ?VSDFH!#LQGLFDWHV#WKDW#D#VSDFH#LV#UHTXLUHG>#DQG

³ ?YDOXH!#LV#WKH#FRPPDQG#SDUDPHWHU1

$OO#NH\ZRUGV#PXVW#EH#833(5&$6(#FKDUDFWHUV#VHSDUDWHG#E\#D#FRORQ1#$#
W\SLFDO#FRPPDQG#ZRXOG#EH

6285=$0=,17=)5(4#5:3#+=#+VHW#PRGXODWLRQ#WR#5:3#+],

7KLV#FRPPDQG#VHWV#WKH#)/605433#VRXUFH#PRGXODWLRQ#WR#5:3 +]1

1RWH= :H#UHFRPPHQG#WKDW#\RX#IHWFK#WKH#UHVSRQVH#LPPHGLDWHO\#DIWHU#HDFK#TXHU\1
2SWLFDO#/LJKW#6RXUFH 4<



5HPRWH#&RQWURO
*HQHUDO#&RPPDQGV
*HQHUDO#&RPPDQGV
7KH#)/605433#UHFRJQL]HV#WKH#PDLQ#FRPPDQGV#LGHQWLILHG#LQ#,(((07;;151

7KHVH#FRPPDQGV#DUH#H[SODLQHG#IXOO\#RQ#WKH#IROORZLQJ#SDJHV1

&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\

-23& 2SHUDWLRQ#FRPSOHWH#FRPPDQG

-23&" 2SHUDWLRQ#FRPSOHWH#TXHU\

-567 5HVHW#FRPPDQG

-65( 6HUYLFH#UHTXHVW#HQDEOH#FRPPDQG

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

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

-75* 7ULJJHU#FRPPDQG

-767" 6HOI#WHVW#TXHU\

-:$, :DLW#WR#&RQWLQXH#&RPPDQG

7DEOH#7071 6XPPDU\#&RPPRQ#&RPPDQGV#6XPPDU\
53 )/605433



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

1RWH 7KH#FRPPDQG#&/5#LV#HTXLYDOHQW#WR#WKH#FRPPDQG#-&/61#%RWK#
JLYH#WKH#VDPH#UHVXOW1

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

(QDEOH#5HJLVWHU#+(6(,#WR#D#QHZ#YDOXH#+GHIDXOW#YDOXH#LV#588,1#7KH#
FRQWHQWV#RI#WKH#(6(#UHJLVWHU#DUH#ORJLFDOO\#$1'HG#ZLWK#WKH#(65#
UHJLVWHU1#$#QRQ0]HUR#UHVXOW#ZLOO#VHW#WKH#(YHQW#6XPPDU\#%LW#+(6%,#
RI#WKH#6WDWXV#%\WH#5HJLVWHU1#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#(YHQWV#6WDWXV#5HJLVWHU1

6\QWD[ -(6("

5HVSRQVH %LQDU\#LQWHJHU#ZLWK#D#YDOXH#EHWZHHQ#3#DQG#5881
2SWLFDO#/LJKW#6RXUFH 54



5HPRWH#&RQWURO
*HQHUDO#&RPPDQGV
-(65"
'HVFULSWLRQ 7KLV#TXHU\#UHDGV#WKH#FRQWHQWV#RI#WKH#6WDQGDUG#(YHQWV#5HJLVWHU1

6\QWD[ -(65"

5HVSRQVH %LQDU\#LQWHJHU#ZLWK#D#YDOXH#EHWZHHQ#3#DQG#5881

-,'1"
'HVFULSWLRQ 7KLV#TXHU\#UHDGV#WKH#)/605433#LGHQWLILFDWLRQ#VWULQJ1

6\QWD[ -,'1"

5HVSRQVH ´(;)2#(121#(QJLQHHULQJ#)/605433#9[[1[[µ#ZKHUH#[[1[[#LV#WKH#
FXUUHQW#SURGXFW#YHUVLRQ1

1RWH 7KH#FRPPDQGV#6<67=9(56"#DQG#,'1"#DUH#HTXLYDOHQW#WR#WKH#
FRPPDQG#-,'1"1#7KH\#JLYH#WKH#VDPH#UHVXOW1

-23&
'HVFULSWLRQ 7KLV#FRPPDQG#FDXVHV#WKH#)/605433#WR#JHQHUDWH#WKH#RSHUDWLRQ#

FRPSOHWH#PHVVDJH#LQ#WKH#6WDQGDUG#(YHQW#6WDWXV#5HJLVWHU#+(65,#
ZKHQ#DOO#SHQGLQJ#VHOHFWHG#)/605433#RSHUDWLRQV#KDYH#EHHQ#
ILQLVKHG1

6\QWD[ -23&

([DPSOH -23&/-,'1"
55 )/605433



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

FRQWHQWV#RI#WKH#LQSXW#TXHXH#KDV#EHHQ#SURFHVVHG1

6\QWD[ -23&"

5HVSRQVH ´4µ

1RWH 7KH#FRPPDQG#23&"#LV#HTXLYDOHQW#WR#WKH#FRPPDQG#-23&"1#
%RWK#JLYH#WKH#VDPH#UHVXOWV1

#-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=
³ 5HWXUQ#WR#LQLWLDO#VWDWH#EHIRUH#FRPPDQG#ZDV#VHQW/#DQG#QRW#

QHFHVVDULO\#WR#SUHYLRXV#VHWWLQJV1

³ )RUFH#WKH#GHYLFH#WR#HQWHU#LQWR#DQ#2SHUDWLRQ#&RPSOHWH#
&RPPDQG#,GOH#6WDWH#+2&,6,1

³ )RUFH#WKH#GHYLFH#WR#HQWHU#LQWR#DQ#2SHUDWLRQ#&RPSOHWH#4XHU\#
$FWLYH#6WDWH#+24,6,1

³ ,QLWLDOL]H#SUHYLRXV#UHVSRQVHV#XQOHVV#WKHUH#KDV#EHHQ#D#
SURJUDP#PHVVDJH#WHUPLQDWRU#SUHFHGHG#E\#DQ#-5671

6\QWD[ -567

([DPSOH -,'1"/-567?1/!
2SWLFDO#/LJKW#6RXUFH 56



5HPRWH#&RQWURO
*HQHUDO#&RPPDQGV
-65(
'HVFULSWLRQ 7KLV#FRPPDQG#VHWV#ELWV#LQ#WKH#6HUYLFH#5HTXHVW#(QDEOH#5HJLVWHU#

+GHIDXOW#YDOXH#LV#588,#DQG#HQDEOHV#WKH#FRUUHVSRQGLQJ#ELW#LQ#WKH#
6WDWXV#5HJLVWHU1#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

-65("
'HVFULSWLRQ 7KLV#TXHU\#UHWXUQV#WKH#FRQWHQWV#RI#WKH#6HUYLFH#5HTXHVW#(QDEOH#

5HJLVWHU1

6\QWD[ -65("

5HVSRQVH %LQDU\#LQWHJHU#ZLWK#D#YDOXH#EHWZHHQ#3#DQG#5881

-67%"
'HVFULSWLRQ 7KLV#TXHU\#UHWXUQV#WKH#FRQWHQWV#RI#WKH#6WDWXV#%\WH#5HJLVWHU1

6\QWD[ -67%"

5HVSRQVH $#ELQDU\#LQWHJHU#EHWZHHQ#3#DQG#588

1RWH 7KH#FRPPDQG#67%"#LV#HTXLYDOHQW#WR#WKH#FRPPDQG#-67%"1#%RWK#
JLYH#WKH#VDPH#UHVXOWV1
57 )/605433



5HPRWH#&RQWURO
*HQHUDO#&RPPDQGV
-75*
'HVFULSWLRQ 7KLV#FRPPDQG#ZLOO#WULJJHU#DQ\#HYHQW#WKDW#ZDV#VXVSHQGHG#DQG#LV#

ZDLWLQJ#IRU#D#WULJJHU1

6\QWD[ -75*

3DUDPHWHUV 1RQH

1RWH 7KLV#FRPPDQG#KDV#QR#HIIHFW#RQ#WKH#)/6054331

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

YDOXH#LQGLFDWLQJ#WKH#UHVXOWV#RI#WKH#WHVW1

6\QWD[ -767"

5HVSRQVH $#ELQDU\#YDOXH
´3µ#LI#WKH#WHVW#LV#FRPSOHWH#ZLWK#QR#HUURUV
´4µ#LI#WKH#WHVW#LV#FRPSOHWH#ZLWK#HUURUV

-:$,
'HVFULSWLRQ 7KLV#FRPPDQG#SUHYHQWV#WKH#)/605433#IURP#SURFHVVLQJ#DQ\#

IXUWKHU#FRPPDQGV#XQWLO#WKH#1R02SHUDWLRQ03HQGLQJ0)ODJ#LV#VHW1#
$OO#SHQGLQJ#RSHUDWLRQV#PXVW#EH#FRPSOHWH#EHIRUH#SURFHVVLQJ#
DQRWKHU#FRPPDQG1

6\QWD[ -:$,

3DUDPHWHUV 1RQH

1RWH 7KLV#FRPPDQG#KDV#QR#HIIHFW#RQ#WKH#)/6054331
2SWLFDO#/LJKW#6RXUFH 58



5HPRWH#&RQWURO
*HQHUDO#&RPPDQGV
6<676<676<676<67HP=(55=(55=(55=(55RU""""
'HVFULSWLRQ 7KLV#FRPPDQG#UHWXUQV#WKH#QH[W#HUURU#LQ#WKH#OLVW1#7KH#FRPPDQGV#

(55"#DQG#/(55"#JLYH#WKH#VDPH#UHVXOW1
:KHQ#DQ#HUURU#LV#JHQHUDWHG/#DQ#HUURU#QXPEHU#LV#VHQW#WR#WKH#HUURU#
OLVW1#7KH#HUURU#OLVW#FDQ#EH#DFFHVVHG#ZLWK#WKH#FRPPDQGV#
6<67=(55"/#(55"/#RU#/(55"1

6\QWD[ 6<67=(55"

5HVSRQVH 6HH#HUURU#OLVW#DQG#GHVFULSWLRQV#LQ##(UURU#0HVVDJHV/#RQ#SDJH 661

6<676<676<676<67HP=9(56=9(56=9(56=9(56LRQ""""
'HVFULSWLRQ 7KLV#FRPPDQG#UHWXUQV#WKH#)/605433#LGHQWLILFDWLRQ#VWULQJ1

6\QWD[ 6<67=9(56"

5HVSRQVH ´(;)2#(121#(QJLQHHULQJ#)/605433#9[[1[[µ#ZKHUH#[[1[[#LV#WKH#
FXUUHQW#SURGXFW#YHUVLRQ1

1RWH 7KH#FRPPDQGV#-,'1"#DQG#,'1"#DUH#HTXLYDOHQW#WR#WKH#FRPPDQG#
6<67=9(56"1#7KH\#JLYH#WKH#VDPH#UHVXOW1
59 )/605433



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

',63',63',63',63OD\=',00=',00=',00=',00HU
'HVFULSWLRQ 7KLV#FRPPDQG#LV#XVHG#WR#DGMXVW#WKH#LQWHQVLW\#RI#WKH#)/605433#

GLVSOD\#+KLJK#RU#ORZ,#RU#WR#WXUQ#RII#WKH#GLVSOD\#ZLWKRXW#WXUQLQJ#RII#
WKH#XQLW1

6\QWD[ ',63=',00?VSDFH!?GDWD!

3DUDPHWHUV 7KH#?GDWD!#SDUDPHWHU#FDQ#EH#´+,µ/#´/2µ/#RU#´2))µ1

([DPSOH ',63=',00#2))

1RWH :KHQ#WKH#GLVSOD\#LV#WXUQHG#RII#E\#WKLV#FRPPDQG/#DQ\#NH\#
SUHVVHG#RQ#WKH#)/605433#NH\SDG#ZLOO#UHWXUQ#WKH#GLVSOD\#WR#KLJK#
LQWHQVLW\1#7R#SUHYHQW#WKLV/#ORFN#WKH#)/605433#NH\SDG#ZLWK#WKH#
FRPPDQG#-/2.1

6HH#DOVR ',63=',00"/#-/2./#DQG#-/2."

',63',63',63',63OD\=',00=',00=',00=',00HU""""
'HVFULSWLRQ 7KLV#TXHU\#UHWXUQV#WKH#LQWHQVLW\#RI#WKH#)/605433#GLVSOD\#+KLJK/#

ORZ/#RU#RII,1

6\QWD[ ',63=',00"

5HVSRQVH ´+,µ#LI#WKH#LQWHQVLW\#LV#KLJK
´/2µ#LI#WKH#LQWHQVLW\#LV#ORZ
´2))µ#LI#WKH#GLVSOD\#LV#RII

([DPSOH ',63=',00"
2SWLFDO#/LJKW#6RXUFH 5:



5HPRWH#&RQWURO
6SHFLILF#&RPPDQGV
-/2.
'HVFULSWLRQ 7KLV#FRPPDQG#LV#XVHG#WR#ORFN#DQG#XQORFN#WKH#)/605433#NH\SDG1#

2QFH#WKH#)/605433#NH\SDG#LV#ORFNHG/#QR#H[WHUQDO#LQSXW#FDQ#
LQWHUIHUH#ZLWK#WKH#*3,%#FRPPXQLFDWLRQ1#7KH#RQO\#ZD\#WR#XQORFN#
WKH#NH\SDG#LV#WR#XVH#WKH#-/2.#FRPPDQG#DJDLQ#RU#WXUQ#RII#WKH#
XQLW1

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

3DUDPHWHUV 7KH#?GDWD!#SDUDPHWHU#FDQ#EH#´4µ#WR#ORFN#WKH#NH\SDG#RU#´3µ#WR#
XQORFN#WKH#NH\SDG1

([DPSOH -/2.#4

1RWH :KHQ#WKH#NH\SDG#LV#ORFNHG/#WKH#XQLW#ZLOO#EHHS#WZLFH#LI#DQ\#NH\#LV#
SUHVVHG#RQ#WKH#NH\SDG1#7KH#LQGLFDWRU#5HPRWH#DSSHDUV#LQ#WKH#
ORZHU#OHIW#FRUQHU#RI#WKH#GLVSOD\#ZKLOH#WKH#XQLW#LV#EHLQJ#FRQWUROOHG#
UHPRWHO\1

-/2."
'HVFULSWLRQ 7KLV#TXHU\#UHDGV#WKH#)/605433#NH\SDG#ORFN#VWDWH1

6\QWD[ -/2."

5HVSRQVH ´4µ#LI#WKH#)/605433#NH\SDG#LV#ORFNHG
´3µ#LI#WKH#)/605433#NH\SDG#LV#XQORFNHG

([DPSOH -/2."
5; )/605433



5HPRWH#&RQWURO
6SHFLILF#&RPPDQGV
6285628562856285FH=$0=$0=$0=$0>=,17=,17=,17=,17HUQDO@=)5(4=)5(4=)5(4=)5(4XHQF\
'HVFULSWLRQ 7KLV#FRPPDQG#VHOHFWV#WKH#LQWHUQDO#PRGXODWLRQ#IUHTXHQF\1#7KH#

LQWHUQDO#PRGXODWLRQ#LV#83(#GXW\#F\FOH#DW#WKH#VHOHFWHG#IUHTXHQF\1

6\QWD[ 6285=$0>=,17@=)5(4?VSDFH!?YDOXH!>?VSDFH!?XQLWV!@

3DUDPHWHUV 7KH#DYDLODEOH#PRGXODWLRQ#IUHTXHQFLHV#DUH
5:3 +]/#4 N+]#+RU#4333 +],/#5 N+]#+RU#5333 +],/#DQG#&:#+IRU#QR#
PRGXODWLRQ,
7KH#?XQLWV!#SDUDPHWHU#LV#RSWLRQDO#DQG#PXVW#EH#HQWHUHG#LQ#WKH#
IRUPDW#´+=µ#RU#´.+=µ1
(QWHULQJ#DQ#LQYDOLG#SDUDPHWHU#VHWV#WKH#)/605433#WR#&:1

([DPSOH 6285=$0=,17=)5(4#5:3#+=#+VHW#PRGXODWLRQ#WR#5:3#+],#RU
6285=$0=,17=)5(4#&:#+VHW#PRGXODWLRQ#WR#QRQH,

6285628562856285FH=$0>=,17=$0>=,17=$0>=,17=$0>=,17HUQDO@=)5(4@=)5(4@=)5(4@=)5(4XHQF\""""
'HVFULSWLRQ 7KLV#TXHU\#UHWXUQV#D#YDOXH#LQGLFDWLQJ#WKH#FXUUHQW#LQWHUQDO#

PRGXODWLRQ#IUHTXHQF\1

6\QWD[ 6285=$0>=,17@=)5(4"

5HVSRQVH 7KH#FXUUHQW#LQWHUQDO#PRGXODWLRQ#IUHTXHQF\#LQ#WKH#IRUPDW#
´5:3 +]µ/#´4#N+]µ/#´5 N+]µ/#RU#´&:µ#+IRU#QR#PRGXODWLRQ,1

([DPSOH 6285=$0=)5(4"
2SWLFDO#/LJKW#6RXUFH 5<



5HPRWH#&RQWURO
6SHFLILF#&RPPDQGV
6285628562856285FH=32:=32:=32:=32:HU=$77=$77=$77=$77HQXDWLRQ
'HVFULSWLRQ 7KLV#FRPPDQG#FKDQJHV#WKH#VRXUFH#LQWHUQDO#DWWHQXDWLRQ1#7KH#

VRXUFH#SRZHU#LV#DW#LWV#PD[LPXP#ZKHQ#WKH#DWWHQXDWLRQ#LV#VHW#WR#
313#G%1

6\QWD[ 6285=32:=$77?VSDFH!?YDOXH!>?VSDFH!?XQLWV!@

3DUDPHWHUV 7KH#?YDOXH!#SDUDPHWHU#LV#EHWZHHQ#313#DQG#4313#IRU#ODVHU#
VRXUFHV#DQG#EHWZHHQ#313#DQG#813#IRU#/('#VRXUFHV1#7KH#
DWWHQXDWLRQ#LV#D#SRVLWLYH#YDOXH1
7KH#?XQLWV!#SDUDPHWHU#LV#´'%µ#DQG#RSWLRQDO1
(QWHULQJ#D#YDOXH#EHORZ#3#VHWV#WKH#DWWHQXDWLRQ#WR#]HUR1#(QWHULQJ#D#
YDOXH#DERYH#WKH#PD[LPXP#DWWHQXDWLRQ#+4313#IRU#ODVHU#VRXUFHV#
DQG#813#IRU#/('#VRXUFHV,#VHWV#WKH#)/605433#WR#PD[LPXP#
DWWHQXDWLRQ1

([DPSOH 6285=32:=$77#815#'%

6285628562856285FH=32:=32:=32:=32:HU=$77=$77=$77=$77HQXDWLRQ""""
'HVFULSWLRQ 7KLV#TXHU\#UHWXUQV#WKH#YDOXH#RI#WKH#SRZHU#DWWHQXDWLRQ#RI#WKH#

LQWHUQDO#VRXUFH1

6\QWD[ 6285=32:=$77"

5HVSRQVH $#G%#YDOXH#EHWZHHQ#313#DQG#4313#+G%#XQLWV,#LQ#WKH#IRUPDW#´<<1<µ

([DPSOH 6285=32:=$77"
63 )/605433



5HPRWH#&RQWURO
6SHFLILF#&RPPDQGV
6285628562856285FH=32:=32:=32:=32:HU=67$7=67$7=67$7=67$7H
'HVFULSWLRQ 7KLV#FRPPDQG#DFWLYDWHV#RU#GHDFWLYDWHV#WKH#RSWLFDO#VRXUFH1#

:KHQ#WKH#VRXUFH#LV#DFWLYDWHG/#´6RXUFH#2Qµ#DSSHDUV#RQ#WKH#
)/605433#GLVSOD\1

6\QWD[ 6285=32:=67$7?VSDFH!?ERROHDQ!

3DUDPHWHUV 7KH#?ERROHDQ!#YDOXH#FDQ#EH
´3µ#RU#´2))µ#WR#GHDFWLYDWH#WKH#VRXUFH
´4µ#RU#´21µ#WR#DFWLYDWH#WKH#VRXUFH

([DPSOH 6285=32:=67$7#21

6285628562856285FH=32:=32:=32:=32:HU=67$7=67$7=67$7=67$7H""""
'HVFULSWLRQ 7KLV#TXHU\#UHWXUQV#D#YDOXH#LQGLFDWLQJ#WKH#VWDWXV#RI#WKH#RSWLFDO#

VRXUFH/#21#RU#2))1

6\QWD[ 6285=32:=67$7"

5HVSRQVH ´3µ#LI#WKH#VRXUFH#LV#2))
´4µ#LI#WKH#VRXUFH#LV#21

([DPSOH 6285=32:=67$7"
2SWLFDO#/LJKW#6RXUFH 64



5HPRWH#&RQWURO
6SHFLILF#&RPPDQGV
6285628562856285FH=32:=32:=32:=32:HU=:$9(=:$9(=:$9(=:$9(OHQJWK
'HVFULSWLRQ 7KLV#FRPPDQG#VHOHFWV#D#ZDYHOHQJWK#ZKHQ#XVLQJ#D#GXDO0#

ZDYHOHQJWK#PRGHO#+)/605445#RU#)/605456,1

6\QWD[ 6285=32:=:$9(?VSDFH!?YDOXH!

3DUDPHWHUV 7KH#?YDOXH!#SDUDPHWHU#FDQ#EH
´833µ#WR#VZLWFK#WR#WKH#KLJKHVW#DYDLODEOH#ZDYHOHQJWK
´/2:µ#WR#VZLWFK#WR#WKH#ORZHVW#DYDLODEOH#ZDYHOHQJWK

([DPSOH 6285=32:=:$9(#833

6285628562856285FH=32:=32:=32:=32:HU=:$9(=:$9(=:$9(=:$9(OHQJWK""""
'HVFULSWLRQ 7KLV#TXHU\#UHWXUQV#D#YDOXH#LQGLFDWLQJ#WKH#FXUUHQWO\#VHOHFWHG#

ZDYHOHQJWK1

6\QWD[ 6285=32:=:$9(

5HVSRQVH 7KH#UHVSRQVH#LV#D#IRXU0GLJLW#QXPEHU#LGHQWLI\LQJ#WKH#FXUUHQW#
ZDYHOHQJWK#+QP#XQLWV,#LQ#WKH#IRUPDW#´<<<<µ

([DPSOH 6285=32:=:$9("
65 )/605433



5HPRWH#&RQWURO
4XLFN#5HIHUHQFH#&RPPDQG#7UHH
4XLFN#5HIHUHQFH#&RPPDQG#7UHH

(UURU#0HVVDJHV
6\VWHP#DQG#GHYLFH#VSHFLILF#HUURUV#DUH#PDQDJHG#E\#WKH#)/6054331#7KH#
JHQHULF#IRUPDW#IRU#HUURU#PHVVDJHV#LV#LOOXVWUDWHG#LQ#)LJXUH 7051

)LJXUH#7051 *HQHULF#)RUPDW#IRU#*3,%#(UURU#0HVVDJHV

$V#VKRZQ#LQ#WKH#DERYH#ILJXUH/#WKH#PHVVDJH#FRQWDLQV#WKUHH#SDUWV=#WKH#HUURU#
QXPEHU/#HUURU#GHVFULSWLRQ/#DQG#GHYLFH#GHSHQGHQW#LQIRUPDWLRQ1#$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#FRPPDQG#

&RPPDQG 3DUDPHWHU2
5HVSRQVH 'HVFULSWLRQ

DISP DIMM <LO | HI | OFF> adjust display intensity

DIMM? <LO | HI | OFF> obtain display intensity

*LOK <0 | 1> lock device keypad

*LOK? (0 | 1) lock device keypad query

SOUR AM [:INT] FREQ <value> [HZ | KHZ] | CW set internal modulation

FREQ? (9999) read internal modulation

POW ATT <value>[0..10] [DB] set attenuation

ATT? (99.9) read attenuation

STAT [value] | [ON | OFF] turn source ON or OFF

STAT? (0 | 1) read source state

WAVE UPP | LOW set wavelength

WAVE? (9999) read wavelength

7DEOH#7081 4XLFN#5HIHUHQFH#&RPPDQG#7UHH

<Error number> , “ <Error description> ; <Device dependent “
information>
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5HPRWH#&RQWURO
(UURU#0HVVDJHV
6<67=(55"/#(55"/#RU#/(55"#WR#UHDG#WKH#PRVW#UHFHQW#PHVVDJH1#7KH#HUURU#
PHVVDJH#EXIIHU#LV#LQLWLDOL]HG#ZKHQ#VWDUWLQJ#WKH#)/605433/#ZKHQ#H[HFXWLQJ#
WKH#FRPPDQG#-&/6/#RU#E\#UHDGLQJ#WKH#ODVW#PHVVDJH#VWRUHG#LQ#WKH#EXIIHU1

(UURU
1XPEHU 'HVFULSWLRQ 3UREDEOH#&DXVH

0433 ´&RPPDQG#(UURU1µ $Q#HUURU#RFFXUUHG#ZKLOH#YDOLGDWLQJ#D#
FRPPDQG1

0434 ´8QGHILQHG#+HDGHU1µ 8QNQRZQ#FRPPDQG1

0435 ´0LVVLQJ#3DUDPHWHU1µ $#FRPPDQG#SDUDPHWHU#LV#PLVVLQJ1

0436 ´3DUDPHWHU#QRW#DOORZHG1µ $Q#H[WUD#SDUDPHWHU#LV#SUHVHQW1

0437 ´'DWD#7\SH#(UURU1µ ,QYDOLG#SDUDPHWHU#IRUPDW1

0533 ´([HFXWLRQ#(UURU1µ $Q#HUURU#RFFXUUHG#ZKLOH#H[HFXWLQJ#D#
FRPPDQG1

0633 ´'HYLFH#'HSHQGHQW#
(UURU1µ

$#FRPPDQG#KDV#WDNHQ#ORQJHU#WKDQ#
H[SHFWHG#WR#FRPSOHWH#H[HFXWLRQ1

0733 ´4XHU\#(UURU1µ $Q#HUURU#RFFXUUHG#ZKLOH#DFFHVVLQJ#WKH#
RXWSXW#TXHXH1

0833 ´6\VWHP#(UURU1µ 6\VWHP#LV#RXW#RI#PHPRU\1

7DEOH#7091 (UURU#0HVVDJHV
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8 0DLQWHQDQFH#DQG#
7URXEOHVKRRWLQJ
*HQHUDO#0DLQWHQDQFH

7R#KHOS#HQVXUH#ORQJ/#WURXEOH0IUHH#RSHUDWLRQ/#IROORZ#WKHVH#JXLGHOLQHV=

³ .HHS#WKH#XQLW#IUHH#RI#GXVW1

³ ,I#WKH#XQLW#VKRXOG#JHW#ZHW/#WXUQ#RII#WKH#SRZHU#LPPHGLDWHO\#DQG#OHW#WKH#
XQLW#GU\#FRPSOHWHO\1

³ &OHDQ#WKH#XQLW#FDVLQJ#ZLWK#D#FORWK#WKDW#LV#VOLJKWO\#GDPS#ZLWK#ZDWHU1

&OHDQLQJ#WKH#2XWSXW#3RUW
5HJXODUO\#FOHDQLQJ#WKH#VRXUFH#DQG#9)/#RXWSXW#SRUWV#ZLOO#KHOS#PDLQWDLQ#
RSWLPXP#SHUIRUPDQFH1#7KH#FOHDQLQJ#VZDEV#VXSSOLHG#ZLWK#(;)2#WHVW#
HTXLSPHQW#DUH#VSHFLDOO\#GHVLJQHG#WR#FOHDQ#LQVLGH#WKH#SRUWV#ZLWKRXW#KDYLQJ#
WR#GLVDVVHPEOH#WKH#XQLW1#1R#FOHDQLQJ#VROXWLRQ#LV#UHTXLUHG#DV#WKH#WLSV#DUH#
XVHG#GU\1

41 7DNH#D#VZDE#IURP#WKH#SDFNDJH#ZLWKRXW#WRXFKLQJ#WKH#VRIW#HQG1#

51 6ORZO\#LQVHUW#WKH#VZDE#LQWR#WKH#SRUW#XQWLO#LW#UHDFKHV#WKH#IHUUXOH#LQVLGH#+D#
VOLJKW#FORFNZLVH#URWDWLQJ#PRYHPHQW#PD\#KHOS,1#

61 $SSO\LQJ#PRGHUDWH#SUHVVXUH/#URWDWH#WKH#VZDE#RQH#IXOO#WXUQ1#

71 &RQWLQXH#WR#WXUQ#DV#\RX#ZLWKGUDZ#WKH#VZDE1#

81 'LVSRVH#RI#WKH#XVHG#VZDE#DIWHU#8#XVHV#RU#DV#VRRQ#DV#LW#LV#YLVLEO\#GLUW\1
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0DLQWHQDQFH#DQG#7URXEOHVKRRWLQJ
)XVH#5HSODFHPHQW
,03257$17
7R#KHOS#NHHS#WKH#VRXUFH#SRUW#FOHDQ/#ZH#UHFRPPHQG#WKDW#\RX#LQVWDOO#
WKH#SURWHFWLYH#FDS#ZKHQ#WKH#XQLW#LV#QRW#LQ#XVH#DQG#WKDW#\RX#DOZD\V#
FOHDQ#WKH#ILEHU#HQGV#EHIRUH#FRQQHFWLQJ#WKHP#WR#WKH#VRXUFH#SRUW1

7KH#FOHDQLQJ#VZDEV#FDQ#DOVR#EH#XVHG#WR#FOHDQ#DGDSWHUV#EHIRUH#LQVHUWLQJ#
FRQQHFWRUV1

1RWH= ,QGLYLGXDO#FRQQHFWRUV#VWLOO#QHHG#WR#EH#FOHDQHG#DFFRUGLQJ#WR#VWDQGDUG#
FOHDQLQJ#PHWKRGV1

)XVH#5HSODFHPHQW
7KH#)/605433#FRQWDLQV#WZR#IXVHV#RI#W\SH#,(&/#583 9/#5 $/#IDVW#EORZ#314<:%#[#
31:;:%28PP [#53PP1#7KH#IXVH#KROGHU#LV#ORFDWHG#DW#WKH#EDFN#RI#WKH#
)/605433/#MXVW#EHVLGH#WKH#SRZHU#LQOHW1

7KH#IROORZLQJ#V\PERO/#IRXQG#DW#WKH#EDFN#RI#WKH#)/605433/#LQGLFDWHV#WKDW#WKH#
XVHU#VKRXOG#UHIHU#WR#WKH#LQVWUXFWLRQ#PDQXDO#IRU#IXVH#UHSODFHPHQW1

7KLV#V\PERO/#IRXQG#DW#WKH#EDFN#RI#WKH#)/605433/#LQGLFDWHV#WKDW#WKH#XVHU#
VKRXOG#UHIHU#WR#WKH#LQVWUXFWLRQ#PDQXDO#IRU#IXVH#UHSODFHPHQW#DQG#SRZHU#
UDWLQJ1

)LJXUH#8041 )XVH#:DUQLQJ#/DEHO

7R#UHSODFH#WKH#IXVHV/

41 8QSOXJ#WKH#SRZHU#FRUG#IURP#WKH#)/6054331

51 3XOO#WKH#IXVH#KROGHU#RXW#RI#WKH#)/6054331
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0DLQWHQDQFH#DQG#7URXEOHVKRRWLQJ
3HULRGLF#6RXUFH#9HULILFDWLRQ
)LJXUH#8051 3XOOLQJ#RXW#WKH#)XVH#+ROGHU

61 &KHFN#DQG#UHSODFH#WKH#IXVHV#LI#QHFHVVDU\1

)LJXUH#8061 5HSODFLQJ#WKH#)XVHV

71 0DNH#VXUH#WKH#IXVHV#DUH#ILUPO\#LQ#WKH#KROGHU#SULRU#WR#UHLQVHUWLRQ1

81 )LUPO\#SXVK#WKH#KROGHU#LQWR#SODFH1

3HULRGLF#6RXUFH#9HULILFDWLRQ
7R#HQVXUH#WKDW#WKH#)/605433#UHPDLQV#ZLWKLQ#WKH#SXEOLVKHG#VSHFLILFDWLRQV/#
(;)2#UHFRPPHQGV#WKDW#WKH#XQLW#EH#VHQW#EDFN#WR#WKH#IDFWRU\#HYHU\#\HDU#IRU#
YHULILFDWLRQ#DQG#DGMXVWPHQW1#3OHDVH#FRQWDFW#(;)2#IRU#IXUWKHU#LQIRUPDWLRQ1

6RIWZDUH#8SJUDGH
7R#XSJUDGH#WKH#)/605433#HPEHGGHG#VRIWZDUH#XVLQJ#IORSS\#GLVNV/#\RX#PXVW#
FRQQHFW#\RXU#)/605433#WR#D#FRPSXWHU#WKURXJK#D#QXOO#PRGHP#FDEOH1

Use only with a 250V fuse
Employer uniquement avec

un fusible de 250V
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0DLQWHQDQFH#DQG#7URXEOHVKRRWLQJ
6RIWZDUH#8SJUDGH
1RWH= 7KH#VRIWZDUH#XSJUDGH#PD\#EH#SHUIRUPHG#LQ#'26/#:LQGRZV 614/#RU#
:LQGRZV <81#,I#SUREOHPV#RFFXU/#UHIHU#WR#WKH#SODLQWH[W#ILOH#RQ#WKH#IORSS\#GLVN1

,03257$17
:KHQ#XVLQJ#D#QRWHERRN#FRPSXWHU#WR#XSJUDGH#WKH#)/605433#VRIWZDUH/#
\RX#VKRXOG#GR#VR#LQ#D#'26#HQYLURQPHQW1

3URFHHG#ZLWK#WKH#VRIWZDUH#XSJUDGH#RQO\#LI#WKH#YHUVLRQ#LQGLFDWHG#RQ#
WKH#IORSS\#GLVN#LV#PRUH#UHFHQW#WKDQ#WKH#VRIWZDUH#YHUVLRQ#FXUUHQWO\#
LQVWDOOHG#RQ#\RXU#XQLW1#7R#FKHFN#WKH#VRIWZDUH#YHUVLRQ#FXUUHQWO\#
LQVWDOOHG#RQ#\RXU#XQLW/#SUHVV#DQG#KROG#WKH#XS#DQG#ULJKW#DUURZ#NH\V#
VLPXOWDQHRXVO\1

7R#SHUIRUP#D#VRIWZDUH#XSJUDGH/

41 7XUQ#RII#WKH#)/6054331

51 &RQQHFW#RQH#HQG#RI#D#QXOO#PRGHP#FDEOH#WR#WKH#560565#VHULDO#SRUW#RI#WKH#
)/605433#DQG#WKH#RWKHU#HQG#WR#DQ#XQXVHG#FRPPXQLFDWLRQ#SRUW#RQ#\RXU#
FRPSXWHU#+H1J1 &205,1

61 ,QVHUW#WKH#ILUVW#XSJUDGH#IORSS\#GLVN#LQWR#WKH#FRPSXWHU#IORSS\#GLVN#GULYH1

71 &UHDWH#D#QHZ#GLUHFWRU\#RQ#WKH#FRPSXWHU#KDUG#GULYH/#WKHQ#FRS\#WKH#
FRQWHQWV#RI#WKH#IORSS\#GLVN#LQWR#WKH#QHZ#GLUHFWRU\1

81 ([HFXWH#WKH#ILOH#´OR33391H[Hµ#WR#VWDUW#WKH#VRIWZDUH#XSJUDGH1

91 +LJKOLJKW#WKH#FRPPDQG#´6(/(&7#&20#3257µ#DQG#WKHQ#SUHVV#(QWHU1

:1 6HOHFW#WKH#&20#SRUW#WR#ZKLFK#WKH#QXOO#PRGHP#FDEOH#LV#FRQQHFWHG#RQ#
\RXU#FRPSXWHU#DQG#WKHQ#SUHVV#(QWHU1

;1 +LJKOLJKW#WKH#FRPPDQG#´352*5$0#'(9,&(#)/$6+µ#DQG#WKHQ#SUHVV#
(QWHU1

<1 2QFH#\RX#VHH#WKH#PHVVDJH#´:DLWLQJ#IRU#GHYLFH#KDQGVKDNHµ/#WXUQ#RQ#
WKH#)/6054331#7KH#)/605433#VFUHHQ#ZLOO#UHPDLQ#RII>#WKH#XQLW#ZLOO#EHHS#
RQFH#DQG#SURJUDPPLQJ#ZLOO#VWDUW#DXWRPDWLFDOO\1#$#SURJUHVV#EDU#RQ#WKH#
FRPSXWHU#VFUHHQ#ZLOO#LQGLFDWH#WKH#VWDWXV#RI#WKH#VRIWZDUH#XSJUDGH1
6; )/605433



0DLQWHQDQFH#DQG#7URXEOHVKRRWLQJ
5HFDOLEUDWLRQ
2QFH#WKH#VRIWZDUH#XSJUDGH#LV#FRPSOHWH/#WKH#PHVVDJH#´5HERRW#GHYLFH#
IRU#VHOIWHVWµ#ZLOO#DSSHDU1

431 7XUQ#RII#WKHQ#WXUQ#RQ#WKH#)/605433#DQG#WKHQ#RQ#DJDLQ#WR#XVH#WKH#
XSJUDGHG#VRIWZDUH1

5HFDOLEUDWLRQ
7R#HQVXUH#WKDW#WKH#XQLW#UHPDLQV#ZLWKLQ#WKH#SXEOLVKHG#VSHFLILFDWLRQV/#(;)2#
UHFRPPHQGV#WKDW#DQ#DQQXDO#FDOLEUDWLRQ#EH#SHUIRUPHG1#3OHDVH#FRQWDFW#
(;)2#IRU#IXUWKHU#LQIRUPDWLRQ1
2SWLFDO#/LJKW#6RXUFH 6<



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



6 Technical Specifications
All applicable specification tests were performed with a two-meter long 
fiber (specified type) with FC/SPC (Singlemode) and FC/PC (Multimode) 
connectors and with 0.0 dB attenuation. Specifications are subject to 
change without notice.

Optical Specifications

Single-Wavelength Models

Model FLS-2101
C/D

FLS-2102
C/D

FLS-2102
BS

FLS-2103
BS

Emitter type LED LED LED LED

Wavelengtha (nm)

a. Valid over the operating temperature range.

850 ±25 1300 +45/-60 1310 +20/-25 1550 +10/-40

Spectral widthb (nm)

b. FWHM

50 145 >40 >70

Power output (dBm) C  -17
D  -14

C  -21
D  -17

-13.5 > -17

Stabilityc (dB)
15 min. (T=constant)
8 hr. (T=0° to 50°C ±1°C)

c. Valid after an active source 1-hour warm-up period: valid after 30 minutes if the unit has been stored at
operating temperature.

±0.003
±0.03

±0.003
±0.03

±0.005
±0.03

±0.005
±0.03

Modulation 270 Hz, 1 kHz, 2 kHz (50% duty cycle)

Temperature stabilityd (dB)

d. Measured in 0°C to 50°C/32°F to 122°F temperature range.

0.4 0.4 0.4 0.4

Table 6-1. Single-Wavelength Models (LED)

≤ ≤

≥
≥

≥
≥

≤ ≤ ≤ ≤
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Technical Specifications
Optical Specifications
Model FLS-2102
BLC

FLS-2102
BLD

FLS-2103
BLC

FLS-2103
BLD

FLS-2104
BLC

Emitter type TEC-LSR DFB-LSR TEC-LSR DFB-LSR TEC-LSR

Wavelengtha (nm)

a. Valid over the operating temperature range.

1310 ±20 1310 ±10 1550 ±20 1550 ±10 1625 ±20

Spectral widthb (nm)

b. Rms value

2.5 0.2 4 0.2 2

Power outputc (dBm)

c. Maximum power output is within limits of a clacc 1 laser product according to FDA CFR21.

0 0 0 0 -5

Stabilityd (dB)
15 min. (T=constant)
8 hr. (T=0° to 50°C ±1°C)

d. Valid after an active source 1-hour warm-up period: valid after 30 minutes if the unit has been
stored at operating temperature.

±0.003
±0.03

±0.003
±0.03

±0.003
±0.03

±0.003
±0.03

±0.01
±0.03

Modulation 270 Hz, 1 kHz, 2 kHz (50% duty cycle)

Temperature stabilitye (dB)

e. Measured in 0°C to 50°C / 32°F to 122°F temperature range.

0.25 0.25 0.25 0.25 0.25

Table 6-2. Single Wavelength Models (LSR)

≤ ≤ ≤ ≤ ≤

≥ ≥ ≥ ≥

≤ ≤ ≤ ≤ ≤
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Technical Specifications
Optical Specifications
Dual-Wavelength Models

Model FLS-2112
C/D

FLS-2123
BS

FLS-2123
BLC

FLS-2134
BLC

Emitter type LED LED TEC-LSR TEC-LSR

Wavelengtha (nm)

a. Valid over the operating temperature range.

850 ±25
1300 +45/-60

1310 +20/-25
1550 +10/-40

1310 ±20
1550 ±20

1550 ±20
1625 ±20

Spectral width (nm) 50/ 145b

b. FWHM

>40/>70b 2.5/ 4c

c. Rms value

4/ 2c

Power outputd (dBm)

d. Maximum power output is within limits of a clacc 1 laser product according to FDA CFR21.

C  -18/-22
D  -15/-18

-14.5/-18 -1 -5/-5

Stabilitye (dB)
15 min. (T=constant)
8 hr. (T=0° to 50°C ±1°C)

e. Valid after an active source 1-hour warm-up period: valid after 30 minutes if the unit has been stored
at operating temperature.

±0.005
±0.05

±0.005
±0.03

±0.005
±0.05

±0.01
±0.03/±0.05

Modulation 270 Hz, 1 kHz, 2 kHz (50% duty cycle)

Temperature stabilityf (dB)

f. Measured in 0°C to 50°C / 32°F to 122°F temperature range.

0.4 0.4 0.25 0.25

Table 6-3. Dual-Wavelength Models

≤ ≤ ≤ ≤ ≤ ≤

≥
≥

≥

≤ ≤ ≤ ≤
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Technical Specifications
General Specifications
General Specifications
The FLS-2100 is intended for indoor use only.

General Specifications

Dimensions (W × H × L) 21.8 × 11.1 × 28.5 cm/
8.575 × 4.575 × 11.25 in

Operating temperature 0° to 40°C/32° to 104°F

Storage temperature -40° to 70°C/-40° to 158°F

Relative humiditya

a. Measured in 0°C to 40°C / 32°F to 104°F temperature range.

0 to 80% non-condensing

Maximum operation altitude 6150 ft./2000 m

Pollution degree 2

Installation category II

Power supply rating 100 to 240 V (50/60 Hz)

maximum 2 A

Table 6-4. General Specifications
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: :DUUDQW\
*HQHUDO#,QIRUPDWLRQ

(;)2#(OHFWUR02SWLFDO#(QJLQHHULQJ/#,QF1#+(;)2,#ZDUUDQWV#WKLV#HTXLSPHQW#
DJDLQVW#GHIHFWV#LQ#PDWHULDO#DQG#ZRUNPDQVKLS#IRU#D#SHULRG#RI#RQH#\HDU#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

7KLV#ZDUUDQW\#LV#LQ#OLHX#RI#DOO#RWKHU#ZDUUDQWLHV#H[SUHVVHG/#LPSOLHG#RU#
VWDWXWRU\/#LQFOXGLQJ/#EXW#QRW#OLPLWHG#WR/#WKH#LPSOLHG#ZDUUDQWLHV#RI#
PHUFKDQWDELOLW\#DQG#ILWQHVV#IRU#D#SDUWLFXODU#SXUSRVH1#,Q#QR#HYHQW#VKDOO#(;)2#
EH#OLDEOH#IRU#VSHFLDO/#LQFLGHQWDO/#RU#FRQVHTXHQWLDO#GDPDJHV1
2SWLFDO#/LJKW#6RXUFH 78



: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

(;)2#VKDOO#QRW#EH#OLDEOH#IRU#GDPDJHV#UHVXOWLQJ#IURP#LPSURSHU#XVDJH#RU#
XQDXWKRUL]HG#PRGLILFDWLRQ#RI#WKH#SURGXFW/#LWV#DFFRPSDQ\LQJ#DFFHVVRULHV#
DQG#VRIWZDUH1

([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#EHORZ=

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
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:DUUDQW\
6HUYLFH#DQG#5HSDLUV
,03257$17
1HYHU#VHQG#DQ\#XQLW#RU#DFFHVVRU\#EDFN#WR#(;)2#ZLWKRXW#D#5HWXUQ#
0HUFKDQGLVH#$XWKRUL]DWLRQ#+50$,1

61 ,I#WKH#XQLW#KDV#DQ#LQWHUQDO#VWRUDJH#GHYLFH/#GR#D#EDFNXS#RI#\RXU#GDWD#
EHIRUH#VHQGLQJ#WKH#XQLW#IRU#UHSDLUV1

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

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#SXEOLVKHG#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
2SWLFDO#/LJKW#6RXUFH 7:



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# #51<<:<58#[#43;#P2V
R& 'HJUHH#&HOVLXV1#7R#FRQYHUW#WR#)DKUHQKHLW=# 1

&)5 &RGH#RI#)HGHUDO#5HJXODWLRQV

) <
8
000& 65. 
2SWLFDO#/LJKW#6RXUFH 7<



*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
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*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
2SWLFDO#/LJKW#6RXUFH 84



*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#DUVHQLGH1

,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

/' /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/#439#XQLWV1

P $EEUHYLDWLRQ#IRU#PLOOL/#4306#XQLWV1

PLQ 0LQXWH

Q $EEUHYLDWLRQ#IRU#QDQR/#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#
GHYHORSLQJ#VWDQGDUGV1#,W#ZDV#IRUPHUO\#WKH#1DWLRQDO#%XUHDX#RI#
6WDQGDUGV1

Q 41798≈
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*ORVVDU\
QRLVH#ILJXUH $#PHDVXUH#RI#WKH#TXDOLW\#RI#DQ#DPSOLILHU/#GHILQHG#DV#WKH#UDWLR#
RI#RXWSXW#WR#LQSXW#615V1

S $EEUHYLDWLRQ#IRU#SLFR/#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/#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#
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
2SWLFDO#/LJKW#6RXUFH 86



*ORVVDU\
λ ODPEGD1#*UHHN#OHWWHU#XVHG#WR#GHQRWH#ZDYHOHQJWK1

µ $EEUHYLDWLRQ#IRU#PLFUR/#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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,QGH[
,QGH[

A
$&#UHTXLUHPHQWV11111111111111111111111111111111111111111111 8
DFWLYDWLQJ#WKH#VRXUFH 11111111111111111111111111111111111 44
DWWHQXDWLQJ#WKH#RXWSXW#SRZHU111111111111111111111 45
DWWHQXDWLRQ#VWHS#VL]H 11111111111111111111111111111111111 46

C
FDXWLRQ#RI#SURGXFW#KD]DUG11111111111111111111111111111 5
FHUWLILFDWLRQ#LQIRUPDWLRQ1111111111111111111111111111111YLL
FHUWLILFDWLRQ/#ZDUUDQW\ 111111111111111111111111111111111 79
FKDQJLQJ

WKH#DWWHQXDWLRQ#VWHS#VL]H 11111111111111111111111 46
WKH#RXWSXW#SRZHU 1111111111111111111111111111111111 45
WKH#ZDYHOHQJWK 11111111111111111111111111111111111111 45

FODVV#RI#ODVHU 11111111111111111111111111111111111111111111111111 6
FOHDQLQJ

VZDEV11111111111111111111111111111111111111111111111111111 68
WKH#RXWSXW#SRUW11111111111111111111111111111111111111 68

FRPPDQGV
GHVFULSWLRQ 111111111111111111111111111111111111111111111 4<
JHQHUDO111111111111111111111111111111111111111111111111111 53
VSHFLILF111111111111111111111111111111111111111111111111111 5:

FRPPXQLFDWLRQ#SDUDPHWHUV1111111111111111111111111 49
FRQQHFWRUV/#FOHDQLQJ 11111111111111111111111111111111111 68
FRQWLQXRXV#ZDYH#+&:,#RXWSXW111111111111111111111 44
FXUUHQW

VRIWZDUH#YHUVLRQ 111111111111111111111111111111111111 6;
ZDYHOHQJWK 11111111111111111111111111111111111111111111 45

FXVWRPHU#VHUYLFH111111111111111111111111111111111111111111 79

D
GHDFWLYDWLQJ#WKH#VRXUFH 1111111111111111111111111111111 44
GLPPHU11111111111111111111111111111111111111111111111111111111 46
GLVSOD\#LQWHQVLW\1111111111111111111111111111111111111111111 46
'7(#SLQRXW#FRQILJXUDWLRQ 1111111111111111111111111111 43
2SWLFDO#/LJKW#6RXUFH
E
HPLWWHU#W\SH 111111111111111111111111111111111111111111111111174
(2,#+(QG#RU#,GHQWLI\, 11111111111111111111111111111111111149
(26#+(QG#RI#6WULQJ, 1111111111111111111111111111111111111149
HTXLSPHQW#UHWXUQV 1111111111111111111111111111111111111117:
HUURU#PHVVDJHV#LQ#UHPRWH#FRQWURO 111111111111111166
H[SRVXUH#WR#ODVHU#UDGLDWLRQ 11111111111111111111111111116

F
IXVH#UHSODFHPHQW 1111111111111111111111111111111111111111169

G
JHQHUDO#FRPPDQGV 1111111111111111111111111111111111111153
*3,%

DGGUHVVHV 1111111111111111111111111111111111111111111111148
FRPSDWLELOLW\#ZLWK#WKH#,4#6HULHV 111111111111148

I
LQVSHFWLRQ#XSRQ#UHFHLSW 1111111111111111111111111111111114
LQWHQVLW\#RI#WKH#GLVSOD\11111111111111111111111111111111146
,4#6HULHV111111111111111111111111111111111111111111111111111111148

L
ODVHU#UDGLDWLRQ#ZDUQLQJ 11111111111111111111111111111111116
ODVHU#VRXUFH1111111111111111111111111111111111111111111111111175
/('#VRXUFH 11111111111111111111111111111111111111111111111111174

M
PDLQWHQDQFH/#FOHDQLQJ#WKH#RXWSXW#SRUW 111111168
PD[LPXP#SRZHU#RXWSXW11111111111111111111111111111174
PRGLI\LQJ

WKH#DWWHQXDWLRQ#VWHS#VL]H11111111111111111111111146
WKH#RXWSXW#SRZHU1111111111111111111111111111111111145

PRGXODWHG#RXWSXW 11111111111111111111111111111111111111144
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,QGH[
N
QRQYRODWLOH#PHPRU\ 111111111111111111111111111111111111 44

O
RQ#DQG#RII 111111111111111111111111111111111111111111111111111 44
RSHUDWLQJ#HQYLURQPHQW11111111111111111111111111111111 77
RSWLFDO#VSHFLILFDWLRQV

GXDO0ZDYHOHQJWK#PRGHOV111111111111111111111111 76
VLQJOH0ZDYHOHQJWK#PRGHOV 111111111111111111111 74

RXWSXW#SRZHU 1111111111111111111111111111111111111111111111 74
RXWSXW#VLJQDO

DWWHQXDWLQJ#WKH#SRZHU111111111111111111111111111 45
FRQWLQXRXV#ZDYH 11111111111111111111111111111111111 44
PRGXODWHG 111111111111111111111111111111111111111111111 44
RSWLPXP#SHUIRUPDQFH111111111111111111111111111 68

P
SHULRGLF#VRXUFH#YHULILFDWLRQ 1111111111111111111111111 6:
SLQRXW#FRQILJXUDWLRQ 11111111111111111111111111111111111 43
SRUWV/#FOHDQLQJ 11111111111111111111111111111111111111111111 68
SRZHU

FDEOH 11111111111111111111111111111111111111111111111111111111 8
RQ#DQG#RII1111111111111111111111111111111111111111111111 44
RXWSXW 111111111111111111111111111111111111111111111111111 74

SXOVHG#VLJQDO 11111111111111111111111111111111111111111111111 44

R
UHFDOLEUDWLRQ 111111111111111111111111111111111111111111111111 6<
UHFRPPHQGDWLRQV/#IRU#PDLQWHQDQFH111111111111 68
UHPRWH#FRQWURO

DGGUHVV#VHWWLQJ 11111111111111111111111111111111111111 48
FRPPDQG#VWUXFWXUH 1111111111111111111111111111111 4<
FRPPXQLFDWLRQ#SDUDPHWHUV 1111111111111111111 49
GHVFULSWLRQ#RI#FRPPDQGV 1111111111111111 4</#65
HUURU#PHVVDJHV111111111111111111111111111111111111111 66
TXLFN#UHIHUHQFH#FRPPDQG#WUHH 11111111111111 66

UHSODFLQJ#WKH#IXVHV 11111111111111111111111111111111111111 69
UHWXUQ#PHUFKDQGLVH#DXWKRUL]DWLRQ 111111111111111 7:
560565

FRQQHFWRU#SLQRXW#FRQILJXUDWLRQ1111111111111 43

IRU#VRIWZDUH#XSJUDGH 111111111111111111111111111116:

S
VDIHW\

FDXWLRQ111111111111111111111111111111111111111111111111111115
UHFRPPHQGDWLRQV 1111111111111111111111111111111111119

VHOI0WHVW1111111111111111111111111111111111111111111111111111111144
VHULDO#SRUW 111111111111111111111111111111111111111111111111111143
VHUYLFH#DQG#UHSDLU 111111111111111111111111111111111111111179
VHWWLQJ/#WKH#)/605433#IRU#UHPRWH#FRQWURO 1111148
VKLSSLQJ#WR#(;)2 111111111111111111111111111111111111111117:
VRIWZDUH

XSJUDGH 11111111111111111111111111111111111111111111111116:
YHUVLRQ 1111111111111111111111111111111111111111111111111116;

VRXUFH
DFWLYDWLRQ 1111111111111111111111111111111111111111111111144
ODVHU 111111111111111111111111111111111111111111111111111111175
/('11111111111111111111111111111111111111111111111111111111174
2II 11111111111111111111111111111111111111111111111111111111144
2Q 111111111111111111111111111111111111111111111111111111111144
RXWSXW111111111111111111111111111111111111111111111111111144
VWDELOLW\ 1111111111111111111111111111111111111111111111111144
W\SH1111111111111111111111111111111111111111111111111111111174
YHULILFDWLRQ 1111111111111111111111111111111111111111111116:

VRXUFH#SRUW/#FOHDQLQJ 1111111111111111111111111111111111168
VSHFLILF#FRPPDQGV 111111111111111111111111111111111111115:
VWDELOLW\1111111111111111111111111111111111111111111111111111111174
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