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7KH &267 656 0DQDJHPHQW &RPPLWWHH DQG WKH FRQWULEXWRUV WR WKLV GRFXPHQW KDYH FDUHIXOO\
FROOHFWHG WKH LQIRUPDWLRQ DQG GDWD SXEOLVKHG KHUHLQ/ LQ DFFRUGDQFH ZLWK WKH ODWHVW VFLHQWLILF
DQG WHFKQLFDO SULQFLSOHV1 1HYHUWKHOHVV WKH HGLWRULDO VWDII GLVFODLP DOO OLDELOLW\ RQ WKHLU SDUW IRU
DQ\ LQMXU\ ZKLFK PD\ UHVXOW IURP XVH RI WKH GDWD DQG LQIRUPDWLRQ SXEOLVKHG KHUHLQ1

7KLV GRFXPHQW GRHV QRW FRQVWLWXWH DQ RIILFLDO VWDQGDUG EXW SURYLGHV D UHIHUHQFH XSRQ ZKLFK
VWDQGDUGLVDWLRQ FRPPLWWHHV FDQ GUDZ LI WKH\ FKRRVH/ DQG WHFKQLFDO VSHFLILFDWLRQV IRU :,0 XV0
HUV DQG PDQXIDFWXUHUV1 7KH\ PD\ ERWK UHIHU WR WKHVH VSHFLILFDWLRQV1 7KH GRFXPHQW VSHFLILHV
:,0 V\VWHPV LQ JHQHUDO/ EXW GRHV QRW VSHFLI\ SURGXFWV1 ,Q LWV ILQDO VWDJH/ WKLV VSHFLILFDWLRQ
ZLOO FRQVWLWXWH D SUH0VWDQGDUG WR EH VXEPLWWHG WR WKH &(1 WR DVVLVW LQ WKH SUHSDUDWLRQ RI DQ
(XURSHDQ 6WDQGDUG RQ :,01

7KLV GRFXPHQW FRPELQHV UHTXLUHPHQWV RU JHQHUDO FODXVHV +QXPEHUHG LQ EROG,/ ZLWK VRPH PRUH
LQIRUPDWLYH H[SODQDWLRQV DQG H[DPSOHV/ SDUWLFXODUO\ LQ WKH ILHOG RI VWDWLVWLFV/ WR FODULI\ RU KHOS
ZLWK WKH LPSOHPHQWDWLRQ RI WKH VSHFLILFDWLRQV1 ,Q RUGHU WR GLVWLQJXLVK WKHP/ WKH LQIRUPDWLYH
SDUDJUDSKV DUH PDUNHG ZLWK D EDU LQ WKH PDUJLQ1 7KH\ PD\ EH FRQVLGHUHG DV SDUWV RI D ³+DQG0
ERRN RQ :,0´1

7KH FRQWULEXWLRQV DQG UHPDUNV RI WKH (XURSHDQ :,0 PDQXIDFWXUHUV ZHUH WDNHQ LQWR DFFRXQW/
DQG WKLV VSHFLILFDWLRQ ZDV XVHG IRU WKH HYDOXDWLRQ RI :,0 V\VWHPV E\ WHVWLQJ FDUULHG RXW E\
WKH &267 656 DFWLRQ1

7KHVH UHFRPPHQGDWLRQV ZHUH GHYHORSHG VXFK DV WR EH ZLGHO\ LQGHSHQGHQW RQ WKH WHFKQRORJ\
DQG SURGXFWV +H1J1 WKH W\SH RI VHQVRU RU HOHFWURQLFV RI WKH :,0 V\VWHP FRQVLGHUHG,1 7KH\ DUH
H[SHFWHG WR HYROYH ZLWK WLPH/ DQG IXWXUH UHYLVLRQV PD\ EH GRQH LI QHHGHG1

7KH DSSHQGL[ , SURYLGHV WKH VLPSOLILHG UHTXLUHPHQWV RI SUDFWLFDO XVH IRU FRPPRQ XVHUV1
2QO\ WKH PDLQ FODXVHV DUH SUHVHQWHG> UHIHUHQFHV DUH PDGH WR WKH GHWDLOHG VSHFLILFDWLRQ1 ,W
PD\ EH UHDG EHIRUH WKH GHWDLOHG VSHFLILFDWLRQ1 7KDW LV UHFRPPHQGHG IRU WKH SUDFWLWLRQHUV1

7KH VFLHQWLILF EDFNJURXQG XVHG LQ WKLV VSHFLILFDWLRQ LV SUHVHQWHG LQ +%1 -DFRE/ 4<<:,1

.H\ZRUGV

7UDIILF ORDGV/ 3DYHPHQW FRQGLWLRQV/ 9HKLFOH ORDGV/ *URVV ZHLJKW/ $[OH ORDGV/ :HLJK0,Q0
0RWLRQ/:,0 6HQVRUV/:,0 6\VWHPV/ &DOLEUDWLRQ/:,0 GDWD2V\VWHP DFFHSWDQFH/ 7UDIILF GDWD/
:,0 6SHFLILFDWLRQ/:,0 6WDQGDUG1
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7KLV GRFXPHQW KDV EHHQ SURGXFHG E\ WKH &267 656 0DQDJHPHQW &RPPLWWHH/ DV SDUW RI WKH
&267 7UDQVSRUW $FWLRQ ³:,00/2$'´1 ,W JLYHV JHQHUDO DQG GHWDLOHG UHFRPPHQGDWLRQV IRU
VLWH VHOHFWLRQ/ LQVWDOODWLRQ/ RSHUDWLRQ/ FDOLEUDWLRQ DQG DVVHVVPHQW E\ WHVWLQJ RI :,0 V\VWHPV1 ,W
LV EDVHG RQ &267 656 PHPEHU FRXQWULHV DQG 86 H[SHULHQFH ++1,67 +DQGERRN 77/ 4<<8,/ +51
*LOOPDQQ/ 4<<5,/ +75// 4<<7,,/ DQG H[LVWLQJ QDWLRQDO VSHFLILFDWLRQV +0(770/&3&/ 4<<6, DQG
+1:0// 4<<8,,1 +RZHYHU WKHUH DUH FXUUHQWO\ RQO\ D IHZ VSHFLILFDWLRQ GRFXPHQWV DQG QR RIIL0
FLDO VWDQGDUG RQ :,0 LQ (XURSH1 0RUHRYHU/ WKH H[LVWLQJ 86 VWDQGDUG RQ :,0 +$670/ 4<<7,
LV PDLQO\ GHVLJQHG IRU PRGHO DSSURYDO/ RU WR LQGLFDWH WKH SRWHQWLDO XSSHU OLPLW RI SHUIRUPDQFH
ZKLFK FDQ EH DFKLHYHG E\ WKH SDUWLFXODU W\SH RI V\VWHP DV WKH URDG VXUIDFH FRQGLWLRQV VKDOO EH
WKH EHVW DYDLODEOH IRU FRQGXFWLQJ WKH DFFHSWDQFH WHVW1 7KH PDLQ REMHFWLYH RI WKLV GRFXPHQW LV
WR FRYHU WKH QHHG IRU D FRPSOHWH VSHFLILFDWLRQ/ FRYHULQJ ERWK DVSHFWV= +4, PRGHO DSSURYDO DQG
+5, RQ VLWH DFFHSWDQFH WHVW DQG DFFXUDF\ DVVHVVPHQW/ SHQGLQJ WKH SXEOLFDWLRQ RI DQ RIILFLDO
(XURSHDQ 6WDQGDUG SURGXFHG E\ WKH &(11 ,W DOVR SURYLGHV D WHFKQLFDO EDVLV IRU VXFK D VWDQ0
GDUG1 7KHUHIRUH WKLV LV D ³SUH0VWDQGDUGLVDWLRQ GRFXPHQW´1

5141 7KLV VSHFLILFDWLRQ PHHWV WKH XVHU¶V UHTXLUHPHQWV/ DQG VKRXOG IDFLOLWDWH WKH UHODWLRQVKLSV
EHWZHHQ PDQXIDFWXUHUV RU VXSSOLHUV DQG FXVWRPHUV1 7KH UHTXLUHPHQWV RI DFFXUDF\ IRU WKH GLI0
IHUHQW DSSOLFDWLRQV DUH EDVHG RQ WKH 5HTXLUHPHQWV DQG 1HHGV RI 5RDG 9HKLFOHV :,0 LQ
(XURSH SXEOLVKHG E\ WKH &267 6560DQDJHPHQW &RPPLWWHH1

(YHQ LI LQ VRPH VLWXDWLRQV/ SDUWLFXODUO\ IRU OHJDO SXUSRVHV/ ORUU\ ZHLJKLQJ LV FXUUHQWO\ OLPLWHG
WR WKH XVH RI VWDWLF VFDOHV/ LQ PDQ\ (XURSHDQ FRXQWULHV DQG IRU PXOWLSOH DSSOLFDWLRQV/ :HLJK0
,Q00RWLRQ +:,0, V\VWHPV DUH URXWLQHO\ RU H[SHULPHQWDOO\ XVHG1 7KHUHIRUH FRPPRQ VSHFLILFD0
WLRQV DUH XVHIXO WR FKHFN WKH UHDO SHUIRUPDQFH RI :,0 V\VWHPV DQG WR RUJDQLVH VXFK WULDOV1
0RUHRYHU/ WKH XVH RI :,0 V\VWHPV IRU OHJDO HQIRUFHPHQW SXUSRVHV LV H[SHFWHG WR EHFRPH D
PDLQ FKDOOHQJH LQ D QHDU IXWXUH/ DQG ZLOO UHTXLUH D VWURQJ OHJDO DQG VWDQGDUGLVHG EDVLV1

5151 7KLV VSHFLILFDWLRQ PD\ EH UHIHUHQFHG RU XVHG WR GUDIW DQ\ JHQHUDO RU SDUWLFXODU VSHFLILFD0
WLRQV/ IRU DQ\ FDOO IRU WHQGHU/ DQG WR DQDO\VH SHUIRUPDQFH RU DFFHSWDQFH WHVW GDWD RI :,0 V\V0
WHPV1 7KH\ DSSO\ WR IL[HG :,0 VWDWLRQV DV ZHOO DV WR SRUWDEOH :,0 VWDWLRQV1

5161 7KLV VSHFLILFDWLRQ PDLQO\ FRQFHUQV ³+60:,0´ ++LJK 6SHHG :,0, V\VWHPV/ L1H1 V\VWHPV
LQVWDOOHG RQ RQH RU PRUH WUDIILF ODQH+V, RI D URDG/ DQG RSHUDWHG DXWRPDWLFDOO\ XQGHU QRUPDO
WUDIILF FRQGLWLRQV1 +RZHYHU/ LW PD\ DOVR EH DSSOLHG WR ³/60:,0´ +/RZ 6SHHG :,0, V\VWHPV/
L1H1 V\VWHPV LQVWDOOHG LQ D VSHFLILF ZHLJKLQJ DUHD/ RXWVLGH RI WKH WUDIILF ODQH+V,/ RQ ZKLFK WKH
YHKLFOHV WR EH ZHLJKHG DUH GLYHUWHG E\ D FRPSHWHQW DXWKRULW\ +VXFK DV SROLFH,> WKHVH V\VWHPV
DUH DOVR DXWRPDWLFDOO\ RSHUDWHG/ EXW WKH VSHHG LV OLPLWHG +PD[1 8 WR 53 NP2K LQ JHQHUDO, DQG WKH
WUDYHOOLQJ FRQGLWLRQV RI WKH YHKLFOHV DUH FRQWUROOHG1
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5171 7KLV VSHFLILFDWLRQ GHDOV ZLWK RQ0VLWH IXOO :,0 V\VWHP SHUIRUPDQFH DVVHVVPHQW DQG PRGHO
+W\SH, DSSURYDO/ EXW H[FOXGHV ODERUDWRU\ +SURGXFW, WHVWV RU SDUWV RI V\VWHP SHUIRUPDQFHV +H1J1
VHQVRUV RQO\,1 7KDW ZRXOG EH WKH REMHFWLYH RI SURGXFW VWDQGDUGV1

5181 7KH VFRSH RI WKLV VSHFLILFDWLRQ FRYHUV DOO WKH :,0 QHHGV SUHVHQWHG LQ +&267 656/
4<<:D,/ H[FHSW WUDGH SXUSRVH IRU ZKLFK WKH 2,0/ +,QWHUQDWLRQDO 2UJDQLVDWLRQ IRU /HJDO 0H0
WURORJ\, UHFRPPHQGDWLRQ VKRXOG EH XVHG1 )RU ORDG HQIRUFHPHQW RI URDG YHKLFOHV/ RQH RU WKH
RWKHU PD\ EH DSSOLHG/ GHSHQGLQJ RQ WKH QDWLRQDO UHTXLUHPHQWV DQG OHJLVODWLRQ1
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7KH PDLQ WHUPV XVHG LQ WKLV GRFXPHQW DUH OLVWHG KHUH1 6RPH DGGLWLRQDO WHUPV XVHG LQ WKLV
GRFXPHQW DUH GHILQHG LQ WKH *ORVVDU\ RI WHUPV/ FRQWDLQLQJ D FRPPRQ PXOWLOLQJXDO WHUPLQRO0
RJ\/ DQG SXEOLVKHG E\ WKH &267 6560DQDJHPHQW &RPPLWWHH +&267 656/ 4<<;E,1 6RPH DG0
GLWLRQDO GHWDLOHG GHILQLWLRQV RQ WKH DFFXUDF\ RI :,0 V\VWHPV DV ZHOO DV PDWKHPDWLFDO DQG VWD0
WLVWLFDO SULQFLSOHV XVHG/ DUH SUHVHQWHG LQ +%1 -DFRE/ 4<<:,1

• $FFXUDF\ FODVV= FODVV RI PHDVXULQJ LQVWUXPHQWV +LQ LWV HQYLURQPHQW, WKDW PHHW FHUWDLQ
PHWURORJLFDO UHTXLUHPHQWV WKDW DUH LQWHQGHG WR NHHS HUURUV ZLWKLQ VSHFLILHG OLPLWV1

• $FFXUDF\ RI D PHDVXUHPHQW= FORVHQHVV RI DJUHHPHQW EHWZHHQ D PHDVXUHG YDOXH DQG D
+WUXH, YDOXH DFFHSWHG DV D UHIHUHQFH YDOXH1

• $[OH= DQ D[OH FRPSULVHV WZR RU PRUH ZKHHO DVVHPEOLHV ZLWK FHQWUHV O\LQJ DSSUR[LPDWHO\
RQ D FRPPRQ D[LV RULHQWHG WUDQVYHUVHO\ WR WKH QRPLQDO GLUHFWLRQ RI PRWLRQ RI WKH YHKLFOH1

• $[OH JURXS ORDG= WKH WRWDO ORDG RI DOO ZKHHOV LQFOXGHG LQ D JURXS RI D[OHV

• $[OH RI D JURXS= RQH D[OH RI D YHKLFOH WKDW EHORQJV WR D JURXS RI D[OHV1

• $[OH ORDG= VXP RI DOO WKH ZKHHO ORDGV RI DQ D[OH RI D YHKLFOH1

• $[OH ORDG VFDOH +$[OH ORDG ZHLJKHU,= D GHYLFH ZKLFK PHDVXUHV WKH FRPELQHG ZKHHO ORDGV
RQ DQ D[OH/ WDQGHP D[OH RU WULGHP D[OH/ DW RQFH1

• %HQGLQJ SODWH= SODWH LQVWUXPHQWHG ZLWK VWUDLQ JDXJHV DQG SODFHG XQGHU ZKHHOV RU D[OHV WR
PHDVXUH WKHLU VWDWLF RU G\QDPLF W\UH IRUFHV1

• %ULGJH :,0= :,0 XVLQJ DQ LQVWUXPHQWHG EULGJH DV D ODUJH VHQVRU> WKH VWUDLQV PHDVXUHG
LQ VRPH RI WKH EULGJH HOHPHQWV DUH XVHG WR GHWHUPLQH WKURXJK VRIWZDUH WKH JURVV ZHLJKWV
DQG D[OH ORDGV RI YHKLFOHV FURVVLQJ WKH EULGJH1

• &DOLEUDWLRQ= DGMXVWPHQW WR D UHIHUHQFH OHYHO RI YDOXHV IURP DQ\ PHDVXULQJ GHYLFH1

• &DSDFLWLYH PDW RU VWULS= D PDW RU VWULS VHQVRU ZKLFK PHDVXUHV DQ DSSOLHG IRUFH E\ WKH
YDULDWLRQ LQ FDSDFLWDQFH +GLHOHFWULF FRHIILFLHQW, RI LVRODWHG SODWHV1

• &DOLEUDWLRQ IDFWRU= QXPHULFDO IDFWRU E\ ZKLFK WKH UDZ UHVXOW RI D PHDVXUHPHQW LV PXOWL0
SOLHG WR FRPSHQVDWH IRU V\VWHPDWLF HUURU1

• &RHIILFLHQW RI YDULDWLRQ= UDWLR RI WKH VWDQGDUG GHYLDWLRQ WR WKH PHDQ1

• &RQILGHQFH LQWHUYDO= LQWHUYDO ZKLFK FRQWDLQV WKH WUXH YDOXH RI D SDUDPHWHU UHSUHVHQWHG E\
D UDQGRP YDULDEOH/ ZLWK D JLYHQ SUREDELOLW\1

• &RQILGHQFH OHYHO= SUREDELOLW\ WKDW DQ LQWHUYDO FRQWDLQV WKH WUXH YDOXH RI D SDUDPHWHU UHSUH0
VHQWHG E\ D UDQGRP YDULDEOH1
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• '\QDPLF YHKLFOH W\UH IRUFH= WKH FRPSRQHQW RI WKH WLPH0YDU\LQJ IRUFH DSSOLHG SHUSHQGLFX0
ODUO\ WR WKH URDG VXUIDFH E\ WKH W\UH+V, RQ D ZKHHO RI D PRYLQJ YHKLFOH1

,Q DGGLWLRQ WR WKH IRUFH RI JUDYLW\/ WKLV IRUFH FDQ LQFOXGH WKH G\QDPLF HIIHFWV RI LQIOXHQFHV VXFK
DV URDG VXUIDFH URXJKQHVV/ YHKLFOH DFFHOHUDWLRQ/ RXW0RI0URXQG W\UHV/ G\QDPLFDOO\ XQEDODQFHG
ZKHHOV RU W\UHV/ W\UH LQIODWLRQ SUHVVXUH/ YHKLFOH VXVSHQVLRQ DQG DHURG\QDPLF IHDWXUHV DQG
ZLQG1 )RU SXUSRVHV RI WKLV VSHFLILFDWLRQ/ WKH :,0 V\VWHP VKDOO EH DGMXVWHG RU FDOLEUDWHG WR LQ0
GLFDWH WKH PDJQLWXGH RI WKH YHUWLFDOO\ GRZQZDUG/ PHDVXUHG G\QDPLF YHKLFOH W\UH IRUFH LQ XQLWV
RI PDVV +NLORJUDPV/ NJ RU PHJDJUDPV/ 0J,1 7KH LQGLFDWHG PDVV FDQ EH FRQYHUWHG WR XQLWV RI
IRUFH E\ PXOWLSO\LQJ LW E\ WKH ORFDO YDOXH RI DFFHOHUDWLRQ RI IUHH IDOO/ LI LW LV NQRZQ1

• (UURU= GLIIHUHQFH EHWZHHQ D PHDVXUHG YDOXH DQG WKH WUXH YDOXH RU WKH DFFHSWHG UHIHUHQFH
YDOXH +UHODWLYH DQG DEVROXWH HUURUV,1

• )LEUH RSWLF VHQVRU= VWULS VHQVRU LQFRUSRUDWLQJ DQ RSWLF ILEUH> WKH ILEUH EHQGLQJ UHVXOWLQJ
IURP DQ DSSOLHG IRUFH +E\ WKH W\UHV RQ D ZKHHO RU DQ D[OH, PRGLILHV WKH OLJKW SURSDJDWLRQ
FRQGLWLRQV> WKH DSSOLHG IRUFH PD\ EH GHULYHG IURP WKLV PRGLILFDWLRQ1

• *URVV ZHLJKW +*:,= D IRUFH GXH RQO\ WR WKH H[WHUQDO IRUFH RI JUDYLW\ DFWLQJ YHUWLFDOO\
GRZQZDUG RQ WKH WRWDO PDVV RI D YHKLFOH/ LQFOXGLQJ DOO FRQQHFWHG FRPSRQHQWV> LWV PDJQL0
WXGH LV WKH WRWDO YHKLFOH PDVV PXOWLSOLHG E\ WKH ORFDO YDOXH RI WKH DFFHOHUDWLRQ RI IUHH IDOO1

7KH IRUFH RI JUDYLW\ ± WKXV/ WKH DFFHOHUDWLRQ RI IUHH IDOO ± LV GLIIHUHQW DW YDULRXV ORFDWLRQV RQ RU
QHDU WKH VXUIDFH RI (DUWK> WKHUHIRUH/ ZHLJKLQJ GHYLFHV LQ FRPPHUFLDO XVH RU LQ RIILFLDO XVH E\
JRYHUQPHQW DJHQFLHV IRU HQIRUFHPHQW RI WUDIILF DQG KLJKZD\ ODZV RU FROOHFWLQJ VWDWLVWLFDO LQ0
IRUPDWLRQ DUH XVXDOO\ XVHG LQ RQH ORFDOLW\ DQG DUH DGMXVWHG RU FDOLEUDWHG WR LQGLFDWH PDVV DW
WKDW ORFDOLW\1 7KH LQGLFDWHG PDVV FDQ EH FRQYHUWHG WR ZHLJKW +LQ XQLWV RI IRUFH, E\ PXOWLSO\LQJ
E\ WKH ORFDO YDOXH RI DFFHOHUDWLRQ RI IUHH IDOO/ LI LW LV NQRZQ1 )RU SXUSRVHV RI WKLV VSHFLILFDWLRQ/
0 DQG LQ DFFRUGDQFH ZLWK FRPPRQ ZHLJKLQJ SUDFWLFH ± WKH :,0 V\VWHP VKDOO EH DGMXVWHG RU
FDOLEUDWHG WR LQGLFDWH WKH PDJQLWXGH RI HVWLPDWHG ZHLJKW DQG ORDG LQ XQLWV RI PDVV +NLORJUDPV/
NJ RU PHJDJUDPV/ 0J,/ DQG WKH GLUHFWLRQ RI WKH DVVRFLDWHG IRUFH YHFWRU ZLOO DOZD\V EH GRZQ0
ZDUGV WRZDUG WKH DSSUR[LPDWH FHQWUH RI (DUWK1

• *URXS RI D[OHV= VHW D VHW RI D[OHV RQ WKH VDPH YHKLFOH/ GHILQHG E\ WKH WRWDO QXPEHU RI D[0
OHV LQFOXGHG LQ WKH JURXS +OLQNHG E\ D FRPPRQ VXVSHQVLRQ, DQG WKHLU UHVSHFWLYH LQWHU0
VSDFHV1 ,Q (XURSH/ ZLWKRXW VWDQGDUGLVHG GHILQLWLRQ RI DQ D[OH JURXS EDVHG RQ D[OH VSDFLQJ/
WKH JHRPHWULFDO FULWHULRQ WR LGHQWLI\ D JURXS RI D[OHV E\ URDG VHQVRU+V, LV WKDW WKH FHQWUHV RI
D[OHV +ZKHHOEDVH, DUH VSDFHG OHVV WKDQ 515 P HDFK IURP WKH QH[W RQH1

• +LJK 6SHHG :,0 ++60:,0,= ZHLJKLQJ YHKLFOHV LQ PRWLRQ LQ WKH WUDIILF IORZ/ DW VSHHGV
XS WR 463 NP2K1

• ,PSDFW IRUFH= D PHDVXUHG IRUFH DSSOLHG WR WKH SDYHPHQW E\ D PRYLQJ YHKLFOH¶V W\UH+V, +WKH
GLIIHUHQW W\UH IRUFHV RI D YHKLFOH PD\ EH PHDVXUHG DW WKH VDPH WLPH RU DW WKH VDPH SODFH,1
)RU SXUSRVHV RI WKLV VSHFLILFDWLRQ/ WKH :,0 V\VWHP VKDOO EH DGMXVWHG RU FDOLEUDWHG WR LQGL0
FDWH WKH PDJQLWXGH RI WKH YHUWLFDOO\ GRZQZDUG/ PHDVXUHG G\QDPLF YHKLFOH W\UH IRUFH LQ
XQLWV RI PDVV +NLORJUDPV/ NJ RU PHJDJUDPV/ 0J,1 7KH LQGLFDWHG PDVV FDQ EH FRQYHUWHG WR
XQLWV RI IRUFH E\ PXOWLSO\LQJ LW E\ WKH ORFDO YDOXH RI DFFHOHUDWLRQ RI IUHH IDOO/ LI LW LV NQRZQ1
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• ,PSDFW IDFWRU= WKH UDWLR RI WKH LPSDFW IRUFH WR WKH FRUUHVSRQGLQJ ZKHHO2D[OH ORDG+V, RU
JURVV ZHLJKW RI WKH VWDWLRQDU\ YHKLFOH1

• /RDG FHOO= D GHYLFH WKDW SURGXFHV D VLJQDO SURSRUWLRQDO WR WKH ORDG DSSOLHG WR LW1

• /RZ 6SHHG :,0 +/60:,0,= ZHLJKLQJ D VORZO\ PRYLQJ YHKLFOH/ XVXDOO\ RQ D VSHFLILF
DUHD RXWVLGH WKH WUDIILF IORZ/ RQ D KRUL]RQWDO/ VWUDLJKW DQG HYHQ SDYHPHQW VXUIDFH XQGHU
FRQWUROOHG FRQGLWLRQV/ VXFK DV FRQVWDQW DQG ORZ VSHHG +H1J1 8 WR 48 NP2K, LQ RUGHU WR
PLQLPLVH G\QDPLF HIIHFWV1

• 0DJQHWLF +RU LQGXFWLYH, ORRS= LQVXODWHG FRSSHUZLUH FDEOH EXULHG LQ WKH SDYHPHQW RU
ERQGHG RQ WKH SDYHPHQW VXUIDFH/ XVHG IRU YHKLFOH SUHVHQFH GHWHFWLRQ1

• 0HDQ +DULWKPHWLF,> DYHUDJH= ILUVW PRPHQW RI D +VDPSOH, GLVWULEXWLRQ> VXP RI WKH YDOXHV
RI D VDPSOH GLYLGHG E\ WKH QXPEHU RI YDOXHV1

• 2XWOLHU+V,= YDOXH+V, LQ D VHULHV RI KRPRJHQHRXV GDWD ZKLFK KDV+YH, D PXFK ORZHU SURE0
DELOLW\ RI RFFXUHQFH WKDQ H[SHFWHG DFFRUGLQJ WR WKH VDPSOH VL]H DQG GLVWULEXWLRQ> DQ RXWOLHU
LV VXVSHFWHG RI EHLQJ DQ HUURQHRXV PHDVXUHPHQW/ DQG PD\ EH HOLPLQDWHG XQGHU FHUWDLQ
FRQGLWLRQV1

• 3HUIRUPDQFH WHVW= D WHVW WR GHWHUPLQH ZKHWKHU DQ HTXLSPHQW LV FDSDEOH RI SHUIRUPLQJ LWV
VSHFLILHG IXQFWLRQV> LI LW LV PDGH MXVW DIWHU WKH LQLWLDO LQVWDOODWLRQ RU DIWHU DQ LPSRUWDQW UH0
SDLU/ LW LV FDOOHG DQ RQ0VLWH DFFHSWDQFH WHVW1

• 3LH]R0HOHFWULF FDEOH= D FRD[LDO FDEOH FRQWDLQLQJ D SLH]R0HOHFWULF VXEVWDQFH/ ZKLFK FRQYHUWV
DQ DSSOLHG VWUDLQ RU SUHVVXUH LQWR DQ HOHFWULFDO VLJQDO ZKLFK LV UHODWHG WR WKH PDJQLWXGH DQG
GLUHFWLRQ RI WKH DSSOLHG VWUDLQ RU SUHVVXUH1 $ SLH]R0HOHFWULF VHQVRU LV D VWULS VHQVRU FRQ0
WDLQLQJ D SLH]R0HOHFWULF FDEOH> LW PD\ EH RI WZR W\SHV= SLH]R0FHUDPLF VHQVRUV DQG SLH]R0
SRO\PHU VHQVRUV1$ SLH]R0TXDUW] VHQVRU LV D VWULS VHQVRU ZKLFK XVHV SLH]R0HOHFWULF FU\VWDO
TXDUW]1

• 3LH]R0UHVLVWLYH VHQVRU= D VHQVRU ZKLFK LQGLFDWHV WKH PDJQLWXGH RI DQ DSSOLHG IRUFH
WKURXJK D YDULDWLRQ LQ LWV HOHFWULFDO UHVLVWDQFH1

• 5DQJH= WKH ZKROH LQWHUYDO H[WHQW RQ ZKLFK D SDUDPHWHU PHDVXUHPHQW LV YDOLG ZLWK D JLYHQ
V\VWHP1

• 5HSHDWDELOLW\= FORVHQHVV RI WKH DJUHHPHQW EHWZHHQ WKH UHVXOWV RI VXFFHVVLYH PHDVXUH0
PHQWV RI WKH VDPH YDULDEOH FDUULHG RXW XQGHU WKH VDPH FRQGLWLRQV +FDOOHG UHSHDWDELOLW\
FRQGLWLRQV, 0 VDPH SURFHGXUH/ VDPH REVHUYHU/ VDPH LQVWUXPHQW LQ VDPH FRQGLWLRQV/ VDPH
ORFDWLRQ/ UHSHWLWLRQ RYHU D VKRUW SHULRG RI WLPH/ KRPRJHQHRXV ZLWK UHVSHFW WR WKH HQYLURQ0
PHQWDO FRQGLWLRQV1

• 5HSURGXFLELOLW\= FORVHQHVV RI WKH DJUHHPHQW EHWZHHQ WKH UHVXOWV RI PHDVXUHPHQWV RI WKH
VDPH YDULDEOH FDUULHG RXW E\ VLPLODU LQVWUXPHQWV XQGHU GLIIHUHQW FRQGLWLRQV +FDOOHG UHSUR0
GXFLELOLW\ FRQGLWLRQV, ± H1J1/ VHYHUDO REVHUYHUV/ LQVWUXPHQWV/ ORFDWLRQV/ WLPHV1

• 5HVROXWLRQ= WKH VPDOOHVW YDOXH RI D PHDVXUHG SDUDPHWHU WKDW D PHDVXULQJ GHYLFH LV DEOH WR
GLVFULPLQDWH ZLWKLQ WKH PHDVXULQJ UDQJH1
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• 6HQVRU= SDUW RI D PHDVXULQJ LQVWUXPHQW RU FKDLQ WKDW LV GLUHFWO\ DIIHFWHG E\ WKH SDUDPHWHU
WR EH PHDVXUHG DQG SURGXFHV D UHODWHG VLJQDO1

• 6LQJOH D[OH= D[OH VSDFHG E\ 515 PHWHUV RU PRUH IURP WKH QHDUHVW QHLJKERXU D[OH RI D YHKL0
FOH1

• 6WDQGDUG GHYLDWLRQ= SRVLWLYH VTXDUH URRW RI WKH YDULDQFH +FKDUDFWHULVHV WKH VFDWWHULQJ RI D
VDPSOH RI GDWD,1

• 6WULS VHQVRU= VHQVRU LQVWDOOHG DFURVV WKH URDG/ ZLWK DQ H[WHQW HTXDO HLWKHU WR WKH ODQH ZLGWK
RU KDOI D ODQH ZLGWK/ DQG D ORQJLWXGLQDO H[WHQW +LQ WKH WUDIILF GLUHFWLRQ, RI D IHZ FHQWLPH0
WUHV/ EXW VPDOOHU WKDQ D W\UH LPSULQW OHQJWK1 7KHUHIRUH LI XVHG DV D ZHLJKLQJ VHQVRU/ WKH VLJ0
QDO PXVW EH LQWHJUDWHG GXULQJ WKH WLPH ZKHUH WKH W\UH DSSOLHV D SUHVVXUH RQ LW1

• 7DQGHP D[OH= JURXS RI WZR D[OHV/ ZLWK D ZKHHOEDVH OHVV WKDQ 515 P1

• 7ROHUDQFH= ZLGWK RI D FRQILGHQFH LQWHUYDO +δ, LQ ZKLFK DQ HUURU UHPDLQV ZLWK D VSHFLILHG RU
UHTXLUHG FRQILGHQFH OHYHO1

• 7ULGHP D[OH= JURXS RI WKUHH D[OHV/ ZLWK ZKHHOEDVHV OHVV WKDQ 515 P1

• 9DULDQFH= FHQWUHG VHFRQG PRPHQW RI D +VDPSOH, GLVWULEXWLRQ/ ZKLFK FKDUDFWHULVHV WKH VFDW0
WHULQJ RI WKLV GLVWULEXWLRQ1

• :HLJK0EULGJH= D ZHLJKLQJ GHYLFH ZKLFK PHDVXUHV WKH FRPSOHWH VWDWLRQDU\ YHKLFOH ZHLJKW
DW RQFH +JHQHUDOO\ DSSURYHG IRU OHJDO ZHLJKLQJ DQG WKXV VXLWDEOH IRU JHQHUDWLQJ JURVV
ZHLJKW UHIHUHQFH YDOXHV,1

• :HLJK0,Q00RWLRQ +:,0,= SURFHVV RI HVWLPDWLQJ WKH ZHLJKW RI D PRYLQJ YHKLFOH/ DQG WKH
SRUWLRQ RI WKDW ZHLJKW WKDW LV FDUULHG E\ HDFK RI LWV ZKHHOV RU D[OHV/ E\ PHDVXUHPHQW DQG
DQDO\VLV RI G\QDPLF YHKLFOH W\UH IRUFHV1

• :HLJK0,Q00RWLRQ V\VWHP +VWDWLRQ,= VHW RI PRXQWHG VHQVRU+V, DQG HOHFWURQLFV ZLWK VRIW0
ZDUH ZKLFK PHDVXUHV G\QDPLF YHKLFOH W\UH IRUFHV DQG YHKLFOH SUHVHQFH RI D PRYLQJ YHKL0
FOH ZLWK UHVSHFW WR WLPH DQG SURYLGHV GDWD IRU FDOFXODWLQJ ZKHHO DQG2RU D[OH ORDGV DQG
JURVV ZHLJKWV/ DV ZHOO DV RWKHU SDUDPHWHUV VXFK DV VSHHG/ D[OH VSDFLQJ/ VLOKRXHWWHV/ HWF1

• :KHHO ORDG= WKH SRUWLRQ RI WKH JURVV ZHLJKW LPSRVHG XSRQ WKH ZHLJKLQJ GHYLFH E\ WKH
W\UH+V, RI D VWDWLRQDU\ ZKHHO DW WKH WLPH RI ZHLJKLQJ/ H[SUHVVHG LQ XQLWV RI PDVV +NLOR0
JUDPV/ NJ RU PHJDJUDPV/ 0J,/ GXH RQO\ WR WKH YHUWLFDOO\ GRZQZDUG IRUFH RI JUDYLW\ DFWLQJ
RQ WKH PDVV RI WKH VWDWLF YHKLFOH1

8QLWV

7KH 6, UHFRPPHQGV WR H[SUHVV IRUFHV LQ 1 DQG N1 +IRU ODUJH YDOXHV,/ DQG PDVVHV LQ NJ DQG
0J +IRU ODUJH YDOXHV,1 4 0J 4333 NJ +DOVR D PHWULF WRQ,1 7KH XVH RI WRQ LV GHSUHFLDWHG LQ VFL0
HQWLILF XVH/ ZKLOH VWLOO PRVWO\ XVHG E\ HQJLQHHUV/ SROLFH/ ODZ\HUV/ URDG DXWKRULWLHV DQG LQ PRVW
RI WKH ODZV1
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%HFDXVH WKLV VSHFLILFDWLRQ LV PDLQO\ IRU SUDFWLFDO XVH/ RQO\ WKH PDVV XQLWV ZLOO EH XVHG/ HLWKHU
NJ SU WRQ +4W 40J,1 :KHQ IRUFHV DUH FRQVLGHUHG/ WKH UDWLR WR WKH FRUUHVSRQGLQJ PDVV LV <1;4
12NJ1
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71 86(5 $1' 3(5)250$1&( 5(48,5(0(176

7141 7KH FODXVHV RI WKLV GRFXPHQW VKRXOG EH DSSOLHG WR VSHFLI\ DQG FKHFN WKH SHUIRUPDQFH DQG
DFFXUDF\ RI DQ\ :,0 V\VWHP LQ LWV HQYLURQPHQW1 ,W FRQWDLQV GHILQLWLRQV DQG FULWHULD RI DFFHS0
WDQFH1

7151 7KH :,0 V\VWHPV DUH FODVVLILHG LQ VL[ DFFXUDF\ FODVVHV/ HDFK RI WKHP FRUUHVSRQGLQJ WR D
UDQJH RI DSSOLFDWLRQV RU UHTXLUHPHQWV1 $GGLWLRQDO FODVVHV DUH JLYHQ IRU V\VWHPV ZKLFK GR QRW
PHHW WKH PDLQ FODVVHV1

7161 7KH DFFXUDF\ LV PRVWO\ UHIHUUHG WR WKH ZHLJKWV DQG VWDWLF ORDGV/ L1H> IRU ZHLJKLQJ SXUSRVHV/
DQG UDUHO\ WR WKH UHDO W\UH LPSDFW IRUFHV DSSOLHG E\ WKH ZKHHOV2D[OHV RQ WKH SDYHPHQW DQG RQ
WKH :,0 VHQVRUV/ VXFK DV IRU WHFKQLFDO VWXGLHV RQ SDYHPHQW DQG YHKLFOHV1 7KH GLVWLQFWLRQ PXVW
EH FOHDUO\ VSHFLILHG LQ ZULWLQJ/ FDVH E\ FDVH1 ,Q WKH ILUVW DOWHUQDWLYH/ LW LV UHFRPPHQGHG WR VSHF0
LI\ KRZ WKH VWDWLF ORDGV DQG ZHLJKWV DUH REWDLQHG/ DQG HVSHFLDOO\ WKH LVVXH RI WKH VWDWLF D[OH
ORDGV1 ,Q WKH VHFRQG DOWHUQDWLYH/ WKH PHDQV WR REWDLQ WKH UHIHUHQFH YDOXHV RI WKH LPSDFW IRUFHV
PXVW EH VSHFLILHG1

)RU SUDFWLFDO UHDVRQV EXW DOVR DFFRUGLQJ WR WKH PRVW IUHTXHQW UHTXLUHPHQW/ UHIHUHQFH WR WKH
VWDWLF ORDGV2ZHLJKWV PD\ EH DVVXPHG XQOHVV DQRWKHU UHIHUHQFH YDOXH LV VSHFLILHG1

%RWK RI WKHVH UHIHUHQFHV UDLVH VRPH GLIILFXOW TXHVWLRQV DQG LVVXHV/ DV PHQWLRQHG LQ +%1 -DFRE/
4<<:,1

7KH DFFXUDF\ RI D :,0 V\VWHP LQ LWV FRQGLWLRQV RI XVH/ L1H1/ XQGHU PRYLQJ WUDIILF W\UH ORDGV/
PD\ RQO\ EH GHILQHG LQ D VWDWLVWLFDO ZD\ +%1 -DFRE/ 4<<:,/ E\ D FRQILGHQFH LQWHUYDO RI WKH UHOD0
WLYH HUURU RI D XQLW +DQ D[OH/ DQ D[OH JURXS RU D JURVV ZHLJKW,/ GHILQHG E\= +:G0:V,2:V/ ZKHUH
:G LV WKH LPSDFW IRUFH RU G\QDPLF ORDG PHDVXUHG E\ WKH :,0 V\VWHP DQG :V WKH FRUUHVSRQG0
LQJ VWDWLF ORDG2ZHLJKW +RU DQ\ RWKHU VSHFLILHG UHIHUHQFH YDOXH, RI WKH VDPH XQLW1 6XFK D FRQIL0
GHQFH LQWHUYDO FHQWUHG RQ WKH VWDWLF ORDG2ZHLJKW/ LV QRWHG= >0δ>.δ @/ ZKHUH δ LV WKH WROHUDQFH IRU
D FRQILGHQFH OHYHO π +IRU H[DPSOH <3 RU <8(,1

(YHQ IRU V\VWHPV VXSSRUWLQJ WKH WUDGLWLRQDO GHILQLWLRQ RI DFFXUDF\ +2,0// 4<<9,/ ZHLJKLQJ
VWDWLFDOO\ LV QRW UHSUHVHQWDWLYH RI UHDO FRQGLWLRQV RI :,0 V\VWHP XVH1

7171 $FFRUGLQJ WR +&267 656/ 4<<:D,/ WKH PDLQ UHTXLUHPHQWV DQG DSSOLFDWLRQV RI :,0 PD\
EH FODVVLILHG ZLWK UHVSHFW WR WKH VWDWLVWLFDO DFFXUDF\ DV VXPPDULVHG EHORZ ZLWK LQFUHDVLQJ OHY0
HOV RI DFFXUDF\=

41 6WDWLVWLFV= (FRQRPLFDO DQG WHFKQLFDO VWXGLHV RI IUHLJKW WUDQVSRUW/ JHQHUDO WUDIILF HYDOXDWLRQ
RQ URDGV DQG EULGJHV/ FROOHFWLQJ VWDWLVWLFDO GDWD/ HWF11
δδδδ XS WR RI 53 WR 63( +FODVV '.+53,/ RU ' +58,,
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51 ,QIUDVWUXFWXUH DQG SUHVHOHFWLRQ= 'HWDLOHG DQDO\VLV RI WUDIILF/ GHVLJQ DQG PDLQWHQDQFH RI
URDGV DQG EULGJHV/ DFFXUDWH FODVVLILFDWLRQ RI YHKLFOHV/
SUHVHOHFWLRQ IRU HQIRUFHPHQW/ HWF11
δδδδ XS WR RI 43 WR 48 0 53( +FODVV % +43,/ RU & +48,,

61 /HJDO SXUSRVHV= (QIRUFHPHQW DQG LQGXVWULDO DSSOLFDWLRQV/ EXW RQO\ LI WKH OHJLVODWLRQ DOORZV
WKH XVH RI :,0 IRU WKDW SXUSRVH1 &XUUHQWO\ VWDWLF ZHLJKLQJ RU /60:,0
DUH UHTXLUHG IRU WKHVH DSSOLFDWLRQV> EXW VRPH GHYHORSPHQW LV JRLQJ RQ WR
LQFUHDVH WKH SRVVLELOLWLHV RI +60:,0 IRU OHJDO SXUSRVHV1
δδδδ XS WR RI 8 WR 43( +FODVV $ +8,/ RU %. +:,,

7KHVH ILJXUHV DUH RQO\ JLYHQ KHUH DV DQ LQGLFDWLRQ> HDFK XVHU FDQ GHILQH KLV RZQ UHTXLUHPHQWV
IRU KLV SDUWLFXODU DSSOLFDWLRQ1 0RUHRYHU WKH UHTXLUHPHQWV GHSHQG RQ WKH HQYLURQPHQWDO DQG
URDG FRQGLWLRQV1 7KH FKDSWHU ; VSHFLILHV ZKLFK ILJXUH DSSO\ WR HDFK HQWLW\ +JURVV/ D[OH/ HWF1,1

$Q\ OHYHO RI DFFXUDF\ QRW RQO\ UHIHUV WR WKH SHUIRUPDQFH RI WKH :,0 V\VWHP XVHG +L1H1/ WKH
VHQVRU+V, DQG HOHFWURQLF VWDWLRQ ZLWK LWV VRIWZDUH,/ EXW DOVR WR WKH FDOLEUDWLRQ SURFHGXUH DQG
IUHTXHQF\/ / WR SDYHPHQW2URDG TXDOLW\ DQG HYHQQHVV DQG YHKLFOH EHKDYLRXU1

7KH FRQILGHQFH π LQ WKH DFFXUDF\ OHYHO δ +WKH FRQILGHQFH LQWHUYDO ZLGWK, RI D :,0 V\VWHP
GHSHQGV JUHDWO\ RQ WKH FRQGLWLRQV RI PHDVXUHPHQW/ WKDW PHDQV SULQFLSDOO\ WKH UHSHDWDELOLW\ RU
UHSURGXFLELOLW\ FRQGLWLRQV RI WKH VDPSOH PHDVXUHG/ WKH HQYLURQPHQWDO UHSHDWDELOLW\ RU UHSUR0
GXFLELOLW\ FRQGLWLRQV DQG RQ WKH VDPSOH VL]H DQG FRQWHQW +W\SHV RI YHKLFOHV,1

7181 &KRLFH RI DQ DFFXUDF\ FODVV ZLWK UHVSHFW WR WKH DSSOLFDWLRQ

'LIIHUHQW QHHGV PD\ OHDG WR GLIIHUHQW DFFXUDF\ UHTXLUHPHQWV ZLWK UHVSHFW WR WKH ZHLJKWV1 7KH
IROORZLQJ UHTXLUHPHQWV DUH JLYHQ XQOHVV RWKHUZLVH VWDWHG E\ WKH FXVWRPHU=

&ODVV $ +8,= OHJDO SXUSRVHV VXFK DV HQIRUFHPHQW RI OHJDO ZHLJKW OLPLWV DQG RWKHU SDUWLFXODU
QHHGV> WR SURYLGH UHIHUHQFH ZHLJKW YDOXHV IRU LQ0VHUYLFH FKHFNV/ LI WKH FODVVHV
%+43,/ &+48,/ '.+53, RU '+58, DUH UHTXLUHG IRU DOO WKH WUDIILF IORZ YHKLFOHV +DV0
VXPLQJ WKDW LW LV QRW SRVVLEOH ZHLJK LQ VWDWLF VXFK D ODUJH SRSXODWLRQ,>

&ODVV %. +:,= HQIRUFHPHQW RI OHJDO ZHLJKW OLPLWV LQ SDUWLFXODU FDVHV/ LI WKH FODVV $ UHTXLUH0
PHQWV PD\ QRW EH VDWLVILHG/ DQG ZLWK D VSHFLDO DJUHHPHQW RI WKH OHJDO DXWKRUL0
WLHV> HIILFLHQW SUHVHOHFWLRQ RI RYHUORDGHG D[OHV RU YHKLFOHV> WR SURYLGH UHIHU0
HQFH YDOXHV IRU LQ0VHUYLFH FKHFNV/ LI WKH FODVVHV &+48,/ '.+53, RU '+58, DUH
UHTXLUHG IRU DOO WKH WUDIILF IORZ YHKLFOHV +DVVXPLQJ WKDW LW LV QRW SRVVLEOH ZHLJK
LQ VWDWLF VXFK D ODUJH SRSXODWLRQ,>

&ODVV % +43,= $FFXUDWH NQRZOHGJH RI ZHLJKWV E\ D[OHV RU D[OH JURXSV/ DQG JURVV ZHLJKWV/ IRU=

• LQIUDVWUXFWXUH +SDYHPHQW DQG EULGJH, GHVLJQ/ PDLQWHQDQFH RU HYDOXDWLRQ/
VXFK DV DJJUHVVLYHQHVV HYDOXDWLRQ/ IDWLJXH GDPDJH DQG OLIHWLPH FDOFXODWLRQV/

• SUHVHOHFWLRQ RI RYHUORDGHG D[OHV RU YHKLFOHV/

• YHKLFOH LGHQWLILFDWLRQ EDVHG RQ WKH ORDGV1
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&ODVVHV & +48, RU '.+53,= 'HWDLOHG VWDWLVWLFDO VWXGLHV/ GHWHUPLQDWLRQ RI ORDG KLVWRJUDPV ZLWK
FODVV ZLGWK RI RQH RU WZR WRQQHV/ DQG DFFXUDWH FODVVLILFDWLRQ RI
YHKLFOHV EDVHG RQ WKH ORDGV> LQIUDVWUXFWXUH VWXGLHV DQG IDWLJXH DV0
VHVVPHQWV1

&ODVV ' +58,= :HLJKW LQGLFDWLRQV UHTXLUHG IRU VWDWLVWLFDO SXUSRVHV/ HFRQRPLFDO DQG WHFKQLFDO
VWXGLHV/ VWDQGDUG FODVVLILFDWLRQ RI YHKLFOHV DFFRUGLQJ WR ZLGH ZHLJKW FODVVHV
+H1J1 E\ 8 W,1

$GGLWLRQDO FODVVHV (+63,/ (+68,/ HWF1/ DUH GHILQHG IRU :,0 V\VWHPV ZKLFK GR QRW PHHW WKH
FODVV '+58, UHTXLUHPHQWV1 7KHVH FODVVHV DUH VSHFLILHG LQ WKH FKDSWHU ;/ WR DVVHVV WKH DFFXUDF\
RI URXJK V\VWHPV RU RI V\VWHPV LQVWDOOHG RQ SRRU :,0 VLWHV1 +RZHYHU/ WKH\ PD\ EH XVHIXO WR
JLYH LQGLFDWLRQV DERXW WKH WUDIILF FRPSRVLWLRQ DQG WKH ORDG GLVWULEXWLRQ DQG IUHTXHQF\1
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7KH :,0 VLWH FKDUDFWHULVWLFV KDYH VRPH LQIOXHQFH RQ WKH LQ0PRWLRQ YHKLFOH EHKDYLRXU DQG
PD\ OHDG WR ODUJH GLVFUHSDQFLHV EHWZHHQ WKH D[OH LPSDFW IRUFHV DQG WKH FRUUHVSRQGLQJ VWDWLF
ORDGV1 7KHUHIRUH WKH VSHFLILHG FULWHULD DERXW WKH URDG JHRPHWU\ DQG WKH SDYHPHQW FKDUDFWHULV0
WLFV DUH JLYHQ LQ RUGHU WR UHGXFH WKHVH GLVFUHSDQFLHV DQG WR NHHS WKHP ZLWKLQ VRPH OLPLWV LQ
DFFRUGDQFH ZLWK WKH UHTXLUHG DFFXUDF\ OHYHOV1

7KH DFFXUDF\ RI D EULGJH :,0 V\VWHP DOVR GHSHQGV KLJKO\ RQ WKH VHOHFWLRQ RI WKH ZHLJKLQJ
VLWH/ SDUWLFXODUO\ RQ WKH W\SH RI WKH VXSHUVWUXFWXUH DQG WKH HYHQQHVV RI WKH DSSURDFK1

+RZHYHU WKHVH FULWHULD/ DQG DERYH DOO WKRVH UHODWLQJ WR WKH SDYHPHQW SURILOH/ DUH PDLQO\ JLYHQ
DV LQGLFDWLYH/ EHFDXVH RQO\ WKH VSHFLILHG :,0 V\VWHP SHUIRUPDQFH +H1J1 DFFXUDF\ DQG GXUDELO0
LW\, LV PDQGDWRU\1 ,I VRPH V\VWHPV/ DV D UHVXOW RI WKHLU SULQFLSDO RU LQWULQVLF QDWXUH/ PD\ WROHU0
DWH ZHDNHU FULWHULD DQG PHHW WKH DFFXUDF\ DQG GXUDELOLW\ UHTXLUHPHQWV 0 WKDW VKRXOG EH SURYHQ
E\ WHVWLQJ 0/ WKHQ WKH\ PD\ EH LQVWDOOHG RQ RWKHU VLWHV WKDQ WKRVH KHUHDIWHU VSHFLILHG1

814 5RDG *HRPHWU\

814141 ,W LV VWURQJO\ UHFRPPHQGHG WKDW URDG VHFWLRQ EHWZHHQ 83 P XSVWUHDP DQG 58 P GRZQ0
VWUHDP RI WKH V\VWHP PHHWV WKH IROORZLQJ JHRPHWULFDO FKDUDFWHULVWLFV=

• ORQJLWXGLQDO VORSH ? 4( +FODVV , VLWH, RU ? 5( +RWKHU VLWH FODVVHV,/ GHSHQGLQJ RQ WKH VLWH
FODVV +VHH 81515, DQG DV IDU DV SRVVLEOH FRQVWDQW>

• WUDQVYHUVH VORSH ? 6(>

• UDGLXV RI FXUYDWXUH ! 4333 P +EXW D VWUDLJKW URDG ZRXOG EH SUHIHUUHG,1

814151 7KH :,0 V\VWHPV VKRXOG EH LQVWDOOHG DZD\ IURP DQ\ DUHD RI DFFHOHUDWLRQ RU GHFHOHUD0
WLRQ/ +L1H1 FORVH WR D WUDIILF OLJKW/ WROO VWDWLRQ/ HWF1,/ LQ RUGHU WR ZHLJK YHKLFOHV WUDYHOOLQJ DW XQL0
IRUP VSHHG1 ,W LV DOVR GHVLUDEOH WR DYRLG WKH DUHD ZKHUH GULYHUV PDNH JHDU FKDQJHV/ VXFK DV
VOLS0URDGV/ HWF1

814161 ,W LV DOVR GHVLUDEOH WR DYRLG DUHDV ZKHUH WKH QXPEHU RI ODQHV FKDQJHV DV WKLV FDQ OHDG WR
YHKLFOHV FKDQJLQJ ODQH DW WKH VLWH1
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815 3DYHPHQW &KDUDFWHULVWLFV

7KH SDYHPHQW FKDUDFWHULVWLFV GLUHFWO\ LQIOXHQFH WKH VLJQDO UHFRUGHG E\ DQ\ :,0 VHQVRU/ EH0
FDXVH RI=

• WKH SDYHPHQW2YHKLFOH LQWHUDFWLRQ OHDGLQJ WR G\QDPLF LPSDFW IRUFHV/

• LQ PRVW FDVHV/ WKH URDG LV WKH VXSSRUW IRU WKH VHQVRU DQG WKHUHIRUH IRUPV SDUW RI WKH PHDV0
XUHPHQW GHYLFH1

7KXV QRW RQO\ WKH ORQJLWXGLQDO HYHQQHVV EXW DOVR GHWHULRUDWLRQ +VXFK DV UXWWLQJ/ GHIRUPDWLRQ/
HWF1, OLPLW WKH DFFXUDF\ RI WKH PHDVXUHPHQWV/ ZKLOH FUDFNLQJ PD\ UHGXFH WKH :,0 VHQVRU GX0
UDELOLW\ RU DIIHFW LWV UHVSRQVH1 7KH GHIOHFWLRQ DQG WKH WUDQVYHUVH HYHQQHVV PD\ DOVR DIIHFW WKH
UHOLDELOLW\ DQG GXUDELOLW\ RI WKH VHQVRUV1

815141 7KUHH :,0 VLWH FODVVHV DUH SURSRVHG/ PRUH RU OHVV ZLWK UHVSHFW WR WKH WKUHH DSSOLFDWLRQ
FDWHJRULHV PHQWLRQHG LQ FKDSWHU 71 7KH FULWHULD IRU UXWWLQJ/ GHIOHFWLRQ DQG HYHQQHVV DUH JLYHQ
LQ 7DEOH 41 )RU PRUH GHWDLOV DERXW WKH GLIIHUHQW W\SHV RI SDYHPHQWV/ VHH +&267 657/ 4<<8,1

7DEOH 4= &ODVVLILFDWLRQ DQG FULWHULD RI :,0 VLWHV

:,0 VLWH FODVVHV
,

([FHOOHQW
,,

*RRG
,,,

$FFHSWDEOH
5XWWLQJ

+6 P 0 EHDP, 5XW GHSWK PD[1 +PP, ≤ 7 ≤ : ≤ 43

6HPL0ULJLG
3DYHPHQWV

0HDQ GHIOHFWLRQ +4305 PP,
/HIW25LJKW GLIIHUHQFH +4305 PP,

≤ 48
� 6

≤ 53
� 8

≤ 63
� 43

$OO ELWXPHQ
3DYHPHQWV

0HDQ GHIOHFWLRQ +4305 PP,
/HIW25LJKW GLIIHUHQFH +4305 PP,

≤ 53
± 7

≤ 68
± ;

≤ 83
± 45

'HIOHFWLRQ
+TXDVL0VWDWLF,

+46 W 0 D[OH, )OH[LEOH
3DYHPHQWV

0HDQ GHIOHFWLRQ +4305 PP,
/HIW25LJKW GLIIHUHQFH +4305 PP,

≤ 63
� :

≤ 83
� 43

≤ :8
� 48

6HPL0ULJLG
3DYHPHQWV

'HIOHFWLRQ +4305 PP,
/HIW25LJKW GLIIHUHQFH +4305 PP,

≤ 43
� 5

≤ 48
� 7

≤ 53
� :

$OO ELWXPHQ
3DYHPHQWV

0HDQ GHIOHFWLRQ +4305 PP,
/HIW25LJKW GLIIHUHQFH +4305 PP,

≤ 48
± 6

≤ 58
± 9

≤ 68
± <

'HIOHFWLRQ
+G\QDPLF,

+8 W 0 ORDG, )OH[LEOH
3DYHPHQWV

0HDQ 'HIOHFWLRQ +4305 PP,
/HIW25LJKW GLIIHUHQFH +4305 PP,

≤ 53
� 8

≤ 68
� :

≤ 88
� 43

,5, LQGH[ ,QGH[ +P2NP, 3 0 416 416 0 519 519 0 7(YHQQHVV
$3/+4, 5DWLQJ- +6:/0:/ /:, < 0 43 : 0 ; 8 0 9

7KH UXWWLQJ DQG GHIOHFWLRQ YDOXHV DUH JLYHQ IRU D WHPSHUDWXUH EHORZ RU HTXDO WR 53�& DQG
VXLWDEOH GUDLQDJH FRQGLWLRQV1

+4, 7KH $3/ LV D GHYLFH GHYHORSHG LQ )UDQFH DQG LQ XVH LQ YDULRXV FRXQWULHV/ ZKLFK PHDVXUHV
WKH ORQJLWXGLQDO SURILOH> LW FRQVLVWV RI WZR VLQJOH ZKHHO WUDLOHUV RSHUDWLQJ DW :5 NP2K/ WRZHG
E\ D FDU1
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- WKH UDWLQJ TXDQWLILHV WKH ORJDULWKP RI WKH HQHUJ\ GLVVLSDWHG LQ RQH RI WKH ZDYHOHQJWK
UDQJHV= 6:  6PDOO :DYH0OHQJWKV +31:051; P,/ 0:  0HGLXP :DYHOHQJWKV +51;04416 P,/
/:  /DUJH :DYHOHQJWKV +441607815 P,1 7KH VFDOH LV IURP 43 +ORZHVW HQHUJ\/ H[FHOOHQW
HYHQQHVV, WR 4 +KLJKHVW HQHUJ\/ SRRUHVW SDYHPHQW VXUIDFH,1

&RPPHQWV DERXW WKH GHIOHFWLRQ=

+L, 7KH GHIOHFWLRQ FULWHULD DUH QRW DSSOLFDEOH WR FRQFUHWH SDYHPHQWV +IRU VXFK SDYHPHQWV/ WKH
YDOXHV VKRXOG EH PXFK VPDOOHU WKDQ WKH OLPLWV SURSRVHG111,1 1HYHUWKHOHVV IRU FRQFUHWH VODE
SDYHPHQW/ WKH VODE EDQJLQJ PRWLRQ VKRXOG EH OLPLWHG WR 3138 PP IRU VLWHV LQ FODVV , DQG WR
3143 PP IRU VLWHV LQ FODVVHV ,, DQG ,,,1

+LL, )RU JUDQXODU SDYHPHQWV +SDYHPHQWV LQ ZKLFK WKH JUDQXODU OD\HU SURYLGHV WKH VWUXFWXUDO
VWUHQJWK RI WKH SDYHPHQW, WKH GHIOHFWLRQ YDOXHV ZLOO EH PXFK KLJKHU1 )RU WKLV W\SH RI
SDYHPHQWV VSHFLDO FDUH VKRXOG EH WDNHQ E\ WKH FKRLFH RI WKH PRXQWLQJ PHWKRG DQG PDWH0
ULDOV1

+LLL, 7KH TXDVL0VWDWLF GHIOHFWLRQ LV PHDVXUHG XVLQJ D 'HIOHFWRJUDSK +ORQJ FKDVVLV, ZLWK D 46 W
D[OH ORDG DW 5 WR 618 NP2K> D OLQHDU FRUUHFWLRQ PD\ EH GRQH IRU RWKHU D[OH ORDGV1 7KH
PHDVXULQJ SURFHGXUH LV DV IROORZV= WKH OHIW DQG ULJKW ZKHHO SDWKV DUH PHDVXUHG HYHU\
715 P> WKH ODUJHVW RI WKH WZR YDOXHV LV WDNHQ> WKHQ WKH PHDQ LV FDOFXODWHG DORQJ D VHFWLRQ RI
533 P +WKH :,0 VHQVRU EHLQJ LQ WKH PLGGOH,1 7KH GLIIHUHQFH EHWZHHQ WKH OHIW DQG ULJKW
YDOXHV VKRXOG QRW H[FHHG WKH ILJXUHV JLYHQ LQ WKH 7DEOH 4 DW DQ\ GLVWDQFH OHVV WKDQ 715 P
IURP WKH :,0 VHQVRU+V,1

+LY, 7KH G\QDPLF GHIOHFWLRQ OLPLWV DUH EDVHG RQ ):' PHDVXUHPHQWV/ XVLQJ D '\QDWHVW ;333/
ZLWK D WHVW ORDG RI 8 W/ DQG D UHIHUHQFH WHPSHUDWXUH RI 53�&1 $ OLQHDU FRUUHFWLRQ PD\ EH
PDGH IRU RWKHU ORDGV1 ,W LV UHFRPPHQGHG WR PDNH DW OHDVW WKUHH PHDVXUHPHQWV LQ HDFK
ZKHHO SDWK IRU WKH VHFWLRQ FRQVLGHUHG/ DQG WR DSSO\ WKH VDPH SURFHGXUH DV LQ +LLL, WR FDOFX0
ODWH D PHDQ GHIOHFWLRQ1

)LQDOO\/ LW VKRXOG EH UHFDOOHG WKDW WKH GHIOHFWLRQ DIIHFWV WKH GXUDELOLW\ RI WKH VHQVRUV/ ZKLOH WKH
OHIW2ULJKW GLIIHUHQFH PD\ OLPLW WKH DFFXUDF\ RI WKH PHDVXUHPHQWV1

&RPPHQW DERXW WKH HYHQQHVV=

7KH PHDVXUHG HYHQQHVV LQ WHUPV RI UDWLQJV DW 533 P LQWHUYDOV LV VXIILFLHQW IRU VFUHHQLQJ VLWHV>
LW LV KRZHYHU QHFHVVDU\ WR FRQVLGHU PRUH FDUHIXOO\ WKH H[DFW DUHD RI LQVWDOODWLRQ ZLWKLQ WKH 533
P VR DV WR DYRLG D VLQJOH SRLQW KDYLQJ SRRU HYHQQHVV=

• IRU FODVV , DQG ,, VLWHV/ E\ DFFXUDWH0VFDOH RSHUDWLRQ/

• IRU D FODVV ,,, VLWH/ XVLQJ WKH 6 P EHDP1

815151 7KH SDYHPHQWV VKRXOG DOVR PHHW WKH IROORZLQJ FULWHULD=

• QR KDUG VSRWV LQ WKH XQGHUO\LQJ FRXUVHV RU XQGHU WKH ZHDULQJ FRXUVH +WROO VODEV/ VHUYLFH
WXQQHOV/ HWF1,>

• WKLFNQHVV RI ERQGHG OD\HUV JUHDWHU WKDQ 43 FP>
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• JRRG PHFKDQLFDO ERQGLQJ EHWZHHQ FRXUVHV/ LQ SDUWLFXODU RI ELWXPLQRXV FRQFUHWH RQ JUDQX0
ODU PDWHULDOV VWDELOLVHG E\ K\GUDXOLF ELQGHUV1 7KH VHQVRUV PXVW EH LQVWDOOHG LQ KRPRJHQH0
RXV OD\HUV/ QRW LQ D MRLQW>

• VXUIDFLQJ VKRXOG EH GHWHULRUDWLRQ0IUHH LQ WKH DUHD RI VHQVRU LQVWDOODWLRQ>

• SDYHPHQW KRPRJHQHRXV DFURVV HDFK WUDIILF ODQH/ UXOLQJ RXW WKH SUHVHQFH RI MRLQWV RI FRDWHG
PDWHULDOV LQ WKH OHQJWK RI D VHQVRU1

815161 7KH UHFRPPHQGHG VLWH FODVV2:,0 V\VWHP DFFXUDF\ SDLULQJV DUH JLYHQ LQ 7DEOH 51

7DEOH 5= &KRLFH RI D :,0 VLWH DFFRUGLQJ WR WKH DFFXUDF\ UHTXLUHG

$FFXUDF\ VLWH , +([FHOOHQW, VLWH ,, +*RRG, VLWH ,,, +$FFHSWDEOH,
&ODVV $ +8, . 0 0
&ODVV %. +:, . 0 0
&ODVV % +43, . . 0
&ODVV & +48, +., . .
&ODVV '. +53, +., +., .
&ODVV ' +58, +., +., .

OHJHQG= µ0¶ PHDQV LQVXIILFLHQW/ µ.¶ PHDQV VXIILFLHQW/ µ+.,¶ PHDQV VXIILFLHQW EXW QRW QHFHVVDU\

&RPPHQW= 7KLV WDEOH GRHV QRW JLYH D VWULFW UHODWLRQVKLS EHWZHHQ WKH DFFXUDF\ FODVVHV DQG WKH
WHVW VLWH= VRPH W\SHV RI :,0 V\VWHPV 0 GHSHQGLQJ RQ WKH W\SH RI VHQVRU DQG WKH
PHDVXUHPHQW SULQFLSOH 0 PD\ UHTXLUH KLJKHU RU ORZHU VLWH FODVVHV WR PHHW WKH VDPH
DFFXUDF\ OHYHO1 )RU H[DPSOH/ ODUJH VFDOHV RU ODUJH0EDVHG VHQVRUV +L1H1 ORQJHU WKDQ
WKH W\UH LPSULQW LQ WKH GLUHFWLRQ RI WKH WUDIILF IORZ, DUH OHVV VHQVLWLYH WR WKH SDYH0
PHQW HYHQQHVV WKDQ DUH QDUURZ0EDVHG VHQVRUV1 0RUHRYHU PXOWLSOH0VHQVRU :,0
V\VWHPV PD\ EH LQVWDOOHG LQ SDYHPHQWV ZLWK SRRUHU HYHQQHVV/ LI D VXLWDEOH DOJR0
ULWKP SHUIRUPV FDOFXODWLRQV WR UHGXFH WKH G\QDPLF HIIHFWV1

816 3DUWLFXODU 5HTXLUHPHQWV IRU %ULGJHV

816141 7KH EDVLF EULGJH VHOHFWLRQ FULWHULD UHFRPPHQGHG DUH VXPPDULVHG LQ 7DEOH 61

$FFXUDF\ RI WKH EULGJH :,0 UHVXOWV LV VWURQJO\ UHODWHG WR WKH QXPEHU RI WUXFNV +D[OHV, ZKLFK
GULYH RYHU WKRVH SDUWV RI WKH EULGJH ZKLFK LQIOXHQFH WKH VWUXFWXUH DW WKH VDPH WLPH +RQH WUXFN
DW D WLPH JLYHV EHVW UHVXOWV,1 7KHUHIRUH WKH OHQJWK RI WKH VWUXFWXUH DQG WKH WUDIILF GHQVLW\ KDYH
WR EH MXGJHG WRJHWKHU +WKH PRUH GHQVH WKH WUDIILF/ WKH VKRUWHU LV WKH RSWLPDO OHQJWK RI WKH VWUXF0
WXUH,1

,I WKH LQIOXHQFH OLQH LV XVHG LQ WKH ZHLJKW DVVHVVPHQW DOJRULWKP/ DQ LQIOXHQFH OLQH EDVHG RQ DF0
WXDO VWUDLQ UHDGLQJV FDQ LPSURYH WKH DFFXUDF\ RI FDOFXODWLRQ1 7KLV LV SDUWLFXODUO\ LPSRUWDQW
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ZKHQ D FRQWLQXRXV EULGJH LV LQVWUXPHQWHG1 :LWK WKLV W\SH RI VWUXFWXUH LW LV DOVR HVVHQWLDO WKDW
DOO WKH VSDQV ZKLFK FRQVLGHUDEO\ LQIOXHQFH WKH EHKDYLRXU RI WKH LQVWUXPHQWHG VSDQ +ZKHUH WKH
VWUDLQV RI WKH VXSHUVWUXFWXUH DUH PHDVXUHG, DUH WDNHQ LQWR DFFRXQW1

7DEOH 6= %ULGJH VHOHFWLRQ FULWHULD

&ULWHULD 2SWLPDO $FFHSWDEOH

EULGJH W\SH
VWHHO JLUGHUV/ SUHVWUHVVHG FRQFUHWH
JLUGHUV/ UHLQIRUFHG FRQFUHWH JLUGHUV/
FXOYHUW/ VWHHO RUWKRWURSLF GHFNV +4,

FRQFUHWH VODE

VSDQ OHQJWK +5, +6,+P, 8 0 48 ; 0 68
WUDIILF GHQVLW\ IUHH WUDIILF 0 QR FRQJHVWLRQ +WUDIILF MDP,

HYHQQHVV RI WKH SDYHPHQW
EHIRUH DQG RQ WKH EULGJH

FODVV , RU ,, +7DEOH 4, FODVV ,,, +7DEOH 4,

VNHZ +�, ≤ 43 ≤ 58
≤ 78 +-,

+4, H[SHFWHG WR EH RSWLPDO/ UHVHDUFK ZRUN LQ SURJUHVV LQ µ:$9(¶
+5, WKLV FULWHULRQ DSSOLHV IRU WKH OHQJWK RI WKH EULGJH SDUW ZKLFK LQIOXHQFHV WKH LQVWUXPHQWDWLRQ
+6, H[FHSW FXOYHUWV
+-, DIWHU LQVSHFWLRQ RI FDOLEUDWLRQ GDWD

816151 7R SURYLGH DFFXUDWH YHORFLW\ LQIRUPDWLRQ IRU WKH YHKLFOHV/ ZKLFK LV DQ LPSRUWDQW SD0
UDPHWHU LQ WKH ZHLJKW HYDOXDWLRQ DOJRULWKP/ WKH SRVLWLRQ RI WKH D[OH GHWHFWRUV PXVW EH PHDV0
XUHG YHU\ FDUHIXOO\1

816161 %UDNLQJ RU DFFHOHUDWLQJ RI YHKLFOHV RQ WKH VWUXFWXUH GXH WR MXQFWLRQV FORVH WR WKH VLWH RU
DQ\ RWKHU UHDVRQ PXVW EH DYRLGHG VLQFH QRQ0FRQVWDQW VSHHG RYHU WKH VWUXFWXUH VLJQLILFDQWO\ GH0
FUHDVHV WKH DFFXUDF\ RI WKH FDOFXODWHG ZHLJKWV1

816171 $[OH GHWHFWRUV KDYH WR SURYLGH UHOLDEOH LQIRUPDWLRQ LQ DQ\ ZHDWKHU FRQGLWLRQ1 ,I UHPRY0
DEOH D[OH GHWHFWRUV DUH XVHG/ VSHFLDO DWWHQWLRQ LV WR EH SDLG WR WKHLU PRXQWLQJ RQ WKH VXUIDFH RI
WKH SDYHPHQW1

816181 &XOYHUWV +-1,1 %URZQ DQG 51-1 3HWHUV/ 4<;;, VKRXOG EH VLQJOH VSDQ/ SUHFDVW DQG XQ0
FUDFNHG1$ FRQFUHWH ER[ ZLWK D VLPSO\ VXSSRUWHG OLG LV RSWLPDO EXW DQ LQWHJUDO ER[ RU D VWHHO RU
FRQFUHWH SLSH LV DFFHSWDEOH1 7KH LGHDO VSDQ LV 415 WR 51: P EXW VSDQV RI 51: WR 71; P DUH DF0
FHSWDEOH1 7KH LGHDO WKLFNQHVV RI SDYHPHQW RYHU FXOYHUW LV 318 WR 413 P EXW D WKLFNQHVV LQ WKH
UDQJH 315 WR 513 P LV DFFHSWDEOH1
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91 (19,5210(17$/ 5(48,5(0(176

0RVW RI WKH VXSSOLHUV RI :,0 GHYLFHV VSHFLI\ VRPH HQYLURQPHQWDO UHTXLUHPHQWV IRU WKH XVH RI
WKHLU HTXLSPHQW1 7KHVH UHTXLUHPHQWV XVXDOO\ PHHW VRPH H[LVWLQJ VWDQGDUGLVHG FULWHULD/ HLWKHU
IRU FLYLO RU PLOLWDU\ HOHFWURQLF GHYLFHV1 7KH IROORZLQJ FULWHULD DUH JLYHQ WR SURYLGH D FRPPRQ
IUDPHZRUN RU WR GHWDLO VRPH UHTXLUHPHQWV PRUH VSHFLILF WR :,0 VHQVRUV1 7KH\ PD\ EH
DGDSWHG E\ HDFK FXVWRPHU ZLWK UHVSHFW WR WKH SDUWLFXODU FRQGLWLRQV RI WKH :,0 VLWH FKRVHQ1

7KHVH UHTXLUHPHQWV PDLQO\ FRQFHUQ WKH FOLPDWLF FRQGLWLRQV/ EXW DOVR GHDO ZLWK WKH WUDIILF FRQ0
GLWLRQV DQG WKH IDFLOLWLHV QHHGHG WR LQVWDOO DQG RSHUDWH WKH :,0 V\VWHPV1

914 6HQVRUV

91414 &OLPDWLF &RQGLWLRQV

91414141 7KH VHQVRU PXVW RSHUDWH SURSHUO\ LQ DQ DPELHQW WHPSHUDWXUH LQ WKH UDQJH RI= 053º & 0
.93º &1

)RU VHQVRUV ZKLFK DUH VXSSRUWHG E\ WKH SDYHPHQW +VXFK DV VWULS VHQVRUV,/ WKH SDYHPHQW
PRGXOXV PD\ KDYH D VWURQJ LQIOXHQFH RQ WKH VHQVRU UHVSRQVH> WKLV LV HVSHFLDOO\ WKH FDVH IRU EL0
WXPLQRXV SDYHPHQWV1 %LWXPLQRXV SDYHPHQW PRGXOXV YDULHV E\ RUGHUV RI PDJQLWXGH ZLWK WKH
WHPSHUDWXUH1 6RPH LQGLFDWLYH ILJXUHV DUH JLYHQ LQ 7DEOH 71

7DEOH 7= 9DULDWLRQ RI WKH SDYHPHQW PRGXOXV +ELWXPLQRXV PDWHULDO, ZLWK WHPSHUDWXUH

7HPSHUDWXUH 0 48 �& 3 �& 48 �& 63 �&

6FDOH IDFWRU RI WKH
SDYHPHQW PRGXOXV 43 ; 8 4

7KLV SKHQRPHQRQ PD\ DIIHFW ERWK WKH DFFXUDF\ RI WKH :,0 V\VWHP DQG WKH GXUDELOLW\ RI WKH
VHQVRUV1 7KH V\VWHP VKRXOG WDNH LW LQWR DFFRXQW1

91414151 6DOW DQG ZDWHU LQJUHVV= WKH VHQVRUV PXVW EH LQVHQVLWLYH WR ZDWHU DQG VDOW H[SRVXUH +LQ
DUHDV ZKHUH VQRZIDOOV DQG2RU LFH PD\ RFFXU,1 ,I WKH SDYHPHQW LV QRW ZHOO GUDLQHG/ WKH GHIOHF0
WLRQ PD\ LQFUHDVH DIWHU UDLQIDOO1
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91415 7UDIILF &RQGLWLRQV DQG 0HFKDQLFDO 5HVLVWDQFH

91415141 7KH VHQVRUV PXVW VXUYLYH LI WKH\ DUH FURVVHG E\ WDQNV +XS WR 93 W, DQG RWKHU WUDFNHG
YHKLFOHV/ RU E\ D GHIODWHG W\UH1 ,Q FROG FOLPDWH DUHDV/ WKH VHQVRUV PXVW DOVR VXUYLYH XQGHU VWXG0
GHG W\UHV DQG VQRZ0FOHDULQJ GHYLFHV1 7KLV UHTXLUHPHQW PD\ EH PRUH IOH[LEOH IRU SRUWDEOH V\V0
WHPV XVHG WHPSRUDULO\ RYHU VKRUW WLPH SHULRGV1

91415151 0RUH JHQHUDOO\/ WKH VHQVRUV PXVW DOZD\V UHPDLQ IL[HG LQ WKH SDYHPHQW RU LQ WKH URDG
XQGHU KHDY\ WUDIILF IORZ/ XQWLO WKHLU UHPRYDO RU WKH SDYHPHQW UHSODFHPHQW/ IRU VDIHW\ UHDVRQV1
7KLV SDUWLFXODUO\ FRQFHUQV SRUWDEOH :,0 VHQVRUV DQG VHQVRUV JOXHG RU DWWDFKHG WR WKH SDYH0
PHQW VXUIDFH1

915 (OHFWURQLFV

915141 7KH HOHFWURQLF GHYLFHV DQG FRPSRQHQWV PXVW RSHUDWH LQ WKH WHPSHUDWXUH UDQJH= 0 53º & 0
. 93º &1 ,W VKRXOG EH QRWLFHG WKDW WKH XSSHU YDOXH PD\ EH UHDFKHG ZLWK DQ DPELHQW WHPSHUDWXUH
RI 63 WR 68 �&/ LQ WKH DEVHQFH RI D FRROLQJ GHYLFH1

915151 5HODWLYH KXPLGLW\ LQ WKH UDQJH RI 3 WR <3( +QRW FRQGHQVLQJ, PXVW EH VXSSRUWHG1

915161 7KH HOHFWURQLFV PXVW EH SURWHFWHG DJDLQVW OLJKWQLQJ DV ZHOO DV DJDLQVW DQ\ H[WHUQDO HOHF0
WULFDO RU PDJQHWLF ILHOG1 7KLV PD\ DOVR DSSO\ IRU VRPH W\SHV RI VHQVRU1

915171 ,W LV UHFRPPHQGHG WKDW V\VWHPV VKRXOG QRW EH LQVWDOOHG XQGHU KLJK YROWDJH SRZHU OLQH/
RU FORVH WR UDGLR WUDQVPLWWLQJ DQG UDLOZD\V WUDFNV1

916 )DFLOLWLHV DQG 2WKHU

916141 7KH DYDLODELOLW\ RI VRPH DGGLWLRQDO IDFLOLWLHV RQ WKH :,0 VLWH LV JHQHUDOO\ UHFRP0
PHQGHG1:H PD\ PHQWLRQ=

• HOHFWULFLW\ VXSSO\ IRU VHQVRU LQVWDOODWLRQ DQG :,0 V\VWHP RSHUDWLRQ +DQ DOWHUQDWLYH VROX0
WLRQ FRPPRQO\ XVHG LQ VXQQ\ FOLPDWHV LV WKH XVH RI VRODU FHOOV,/

• FRPPXQLFDWLRQ OLQN +VXFK DV WHOHSKRQH OLQH RU RWKHU, WR FRQQHFW WKH :,0 VWDWLRQ LI LW LV WR
EH UHPRWHO\ PRQLWRUHG DQG IRU GDWD FROOHFWLRQ/

• URDG VLGH FDELQHW WR SURWHFW WKH :,0 VWDWLRQ DJDLQVW UDLQIDOO/ VQRZIDOO/ VXQVKLQH/ YDQGDO0
LVP/ HWF11

916151 )RU FDOLEUDWLRQ DQG WHVWLQJ SXUSRVHV/ LW LV UHFRPPHQGHG WR KDYH D VWDWLF ZHLJKLQJ DUHD
RU D VWDWLF VFDOH FORVH WR WKH :,0 VLWH1$ SUHIHUDEOH VLWH VKRXOG DOORZ IRU D UHDVRQDEOH UXQ WLPH
IRU D FDOLEUDWLRQ RU WHVW YHKLFOH WR SHUIRUP D FRPSOHWH ORRS RI WKH :,0 VLWH1
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916161 )RU PDLQWHQDQFH DQG FKHFNLQJ LW LV UHFRPPHQGHG WR KDYH D SDUNLQJ ORW FORVH WR WKH V\V0
WHP1

916171 ,W LV LPSRUWDQW WR DYRLG DQ\ RYHUSDVV +DHURG\QDPLF HIIHFWV, RU EULGJH DSSURDFK +SRRU
HYHQQHVV,1

916181 ,W LV QRW UHFRPPHQGHG WR LQVWDOO URDG VHQVRUV RQ D EULGJH RU RQ DQ\ VWUXFWXUH VXEMHFW WR
G\QDPLF HIIHFWV1
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:1 2106,7( 6<67(0 &+(&.6 $1' &$/,%5$7,21

:14 *HQHUDO 5HFRPPHQGDWLRQV

:14141 $IWHU LQVWDOODWLRQ DQG JHQHUDO FKHFNLQJ/ DQ LQLWLDO FDOLEUDWLRQ PXVW EH SHUIRUPHG EHIRUH
DQ RSHUDWLRQDO XVH RI DQ\ :,0 V\VWHP1 7KH DFFXUDF\ RI :,0 GDWD GHSHQGV JUHDWO\ RQ WKH
FDOLEUDWLRQ SURFHGXUH RI WKH :,0 V\VWHP1

$ JHQHUDO VWDWLVWLFDO SURFHGXUH IRU FDOLEUDWLRQ DQG IXUWKHU FKHFNLQJ RI :,0 V\VWHPV/ ZLWK UH0
VSHFW WR WKH VWDWLVWLFDO DFFXUDF\ DQG FODVVHV LV GHVFULEHG LQ +%1 -DFRE/ 4<<:,1

:14151 %HIRUH WKH RQ0VLWH FDOLEUDWLRQ/ LW LV UHFRPPHQGHG WR FKHFN E\ VDPSOLQJ/ WKH H[SHFWHG
SHUIRUPDQFH RI VHQVRUV DQG HOHFWURQLFV1 &KHFNLQJ PHWKRGV KDYH EHHQ GHYHORSHG LQ VRPH
FRXQWULHV RU DUH SURSRVHG E\ WKH YHQGRUV/ GHSHQGLQJ RQ WKH VHQVRU WHFKQRORJ\1 6RPH LQGLFD0
WLRQV DUH JLYHQ LQ WKH $SSHQGL[ ,,1

:14161 7KH SXUSRVH RI WKH :,0 V\VWHP DQG LWV DSSOLFDWLRQ VKRXOG JXLGH WKH VHOHFWLRQ RI D FDOL0
EUDWLRQ PHWKRG1 7KH UHIHUHQFH YDOXHV XVHG IRU FDOLEUDWLRQ PXVW EH FKRVHQ DFFRUGLQJO\1

,W LV LPSRUWDQW WR QRWH WKDW D :,0 V\VWHP PHDVXUHV LQVWDQWDQHRXV LPSDFW IRUFHV/ DQG RQO\ HV0
WLPDWHV ZHLJKWV1:,0 GDWD GHYLDWLRQV IURP ZHLJKWV FRXOG EH FRQVLGHUHG ERWK DV PHDVXUHPHQW
HUURUV DQG DV WKRVH UHVXOWLQJ IURP G\QDPLF HIIHFWV1

:1416141 ,I WKH :,0 GDWD DUH XVHG WR HVWLPDWH ZHLJKWV DQG VWDWLF ORDGV +WKH PRVW FRPPRQ
FDVH,/ LW LV UHTXLUHG WR PLQLPLVH WKH GLIIHUHQFHV +ELDV, EHWZHHQ :,0 DQG ZHLJKW GDWD1 7KHUH0
IRUH/ WKH UHIHUHQFH YDOXHV VKRXOG EH HLWKHU WRWDO YHKLFOH ZHLJKWV RU VWDWLF D[OH ORDGV +RU ERWK,1
7KH DFFXUDF\ RI WKHVH UHIHUHQFH YDOXHV VKRXOG EH LQ DJUHHPHQW ZLWK WKH H[SHFWHG DFFXUDF\ RI
WKH :,0 V\VWHP WR EH FDOLEUDWHG/ DFFRUGLQJ WR WKH JHQHUDO PHWURORJLFDO UHTXLUHPHQWV +VHH DOVR
;16,1

:1416151 ,I WKH :,0 GDWD DUH XVHG WR SURYLGH LQVWDQWDQHRXV LPSDFW IRUFHV/ WKH UHIHUHQFH YDOXHV
VKRXOG EH WKH ³WUXH´ LPSDFW IRUFHV DSSOLHG E\ WKH ZKHHOV RU D[OHV ZKHQ WKH\ KLW WKH :,0 VHQ0
VRUV1

7KHVH ³WUXH LPSDFW IRUFHV´ DUH JHQHUDOO\ QRW HDV\ WR PHDVXUH DFFXUDWHO\ ZLWK D SHUIHFW V\Q0
FKURQLVDWLRQ ZLWK WKH :,0> KRZHYHU/ VRPH WHFKQLTXHV ZHUH GHYHORSHG/ XVLQJ HLWKHU VKRFN RU
SUHVVXUH GHYLFHV +VHH :1515,/ RU LQVWUXPHQWHG YHKLFOHV +VHH :1517,1

:14171 7KH WHPSHUDWXUH +DPELHQW RU RI WKH SDYHPHQW, VKRXOG EH UHFRUGHG WKURXJKRXW DOO WKH
FDOLEUDWLRQ SURFHGXUH1 7KH VHQVLWLYLW\ RI WKH :,0 V\VWHP WR WHPSHUDWXUH YDULDWLRQV VKRXOG EH
FKHFNHG1
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7KH FDOLEUDWLRQ LV DVVXPHG WR EH RYHU GXULQJ D VKRUW WLPH SHULRG/ VXFK DV RQH RU WZR FRQVHFX0
WLYH GD\V/ H[FHSW IRU DXWRPDWLF VHOI0FDOLEUDWLRQ +VHH :1518,1

:14181 ,W LV UHFRPPHQGHG WR FKHFN UHJXODUO\ WKH DFFXUDF\ RI DQ RSHUDWLRQDO :,0 V\VWHP/ H1J1/
RQFH RU WZLFH D \HDU +LQ0VHUYLFH FDOLEUDWLRQ RU FDOLEUDWLRQ FKHFN,1 )RU D QHZO\ LQVWDOOHG :,0
V\VWHP/ LW LV UHFRPPHQGHG WR FDUU\ RXW VRPH FKHFN+V, GXULQJ WKH ILUVW WZR RU WKUHH PRQWK SH0
ULRG RI XVH1 &DOLEUDWLRQ FKHFNV PD\ EH FDUULHG RXW XVLQJ WKH VDPH PHWKRGV WKDQ IRU DQ LQLWLDO
FDOLEUDWLRQ +VHH :15 DQG $SSHQGL[ ,,,,/ EXW ZLWK OHVV UHIHUHQFH YDOXHV RU WHVW YHKLFOHV DQG UXQV1

:15 &DOLEUDWLRQ 0HWKRGV

'LIIHUHQW FDOLEUDWLRQ PHWKRGV DUH FRPPRQO\ XVHG/ ZKLFK GHSHQG RQ WKH VHQVRU W\SH/ WKH DSSOL0
FDWLRQ DQG UHTXLUHPHQWV RI WKH XVHU DQG WKH WLPH DQG PHDQV DYDLODEOH1

:1514 6WDWLF &DOLEUDWLRQ

:1514141 6XFK D FDOLEUDWLRQ PD\ RQO\ EH XVHG IRU WKRVH :,0 V\VWHPV ZKLFK DOVR DOORZ VWDWLF
PHDVXUHPHQWV1 ,W VKRXOG EH QRWLFHG WKDW D VWDWLF FDOLEUDWLRQ ZLOO RQO\ UHPRYH WKH LQWULQVHF ELDV
RI WKH :,0 V\VWHP/ EXW ZLOO QRW WDNH LQWR DFFRXQW WKH VXUURXQGLQJ SDYHPHQW FRQGLWLRQV DQG
SDYHPHQW2YHKLFOH LQWHUDFWLRQ/ DQG WKXV ZLOO JHQHUDOO\ QRW FRPSO\ ZLWK WKH REMHFWLYHV RI :141614
DQG :1416151

7KH VHQVRUV ZKLFK PD\ EH FDOLEUDWHG LQ VWDWLF DUH= VWUDLQ JDXJH DQG ORDG FHOO VFDOHV/ SLH]R0
TXDUW] FU\VWDO EDUV/ FDSDFLWLYH VWULSV RU ILEUH RSWLF VHQVRUV/ EXW QRW SLH]R0FHUDPLF RU SLH]R0
SRO\PHU FDEOHV1 (YHQ IRU WKH VWULS VHQVRUV +SLH]R0TXDUW]/ FDSDFLWLYH VWULSV DQG ILEUH RSWLF,/ WKH
VWDWLF FDOLEUDWLRQ LV QRW HDV\ WR SHUIRUP EHFDXVH RI WKH VPDOO DUHD RI WKH VHQVRU +DQG WKXV WKH
GLIILFXOW\ WR DSSO\ D PDVV RI VHYHUDO WRQV,/ DQG WKH ORDGLQJ FRQGLWLRQ GLIIHUV IURP WKDW XQGHU
WUDIILF IORZ/ EHFDXVH WKH LQWHJUDWLRQ RI WKH VLJQDO PD\ QRW EH SHUIRUPHG GXULQJ D VWDWLF WHVW1

7KLV FDOLEUDWLRQ PHWKRG LV HVSHFLDOO\ FRQYHQLHQW LI WKH ZHLJKW LV WR EH HVWLPDWHG ZLWK ORZ
VSHHG :,0 V\VWHPV RQ H[FHOOHQW SDYHPHQW VLWHV1

:1514151 7KH PHWKRG FRQVLVWV/ DV IRU D VWDWLF ZHLJKLQJ VFDOHV/ RI SODFLQJ FDOLEUDWLRQ PDVVHV RI
YDULRXV LQWHQVLWLHV RQ WKH VFDOH +VHQVRU, DQG UHODWLQJ WKH V\VWHP PHDVXUHPHQWV WR WKH PDVVHV1
$W OHDVW WKUHH PDVVHV XQLIRUPO\ GLVWULEXWHG ZLWKLQ WKH VFDOH UDQJH RI WKH ORDGV WR EH ZHLJKHG
PXVW EH XVHG> WKUHH UHSHWLWLRQV VKDOO EH GRQH IRU HDFK PDVV1 )RU VWULS VHQVRUV/ D VSHFLDO SODWH
PXVW EH XVHG WR DSSO\ WKH ZKROH FDOLEUDWLRQ PDVV RQO\ WR WKH VHQVRU> WKLV PD\ QRW EH HDV\ EH0
FDXVH RI WKH PLQLPXP FDOLEUDWLRQ PDVV VL]HV/ ZKLFK JUHDWO\ H[FHHG WKH GLPHQVLRQV RI WKH VHQ0
VRU1

:1514161 )RU ODUJH VFDOHV/ LW LV SRVVLEOH WR XVH DQ DFFXUDWHO\ SUH0ZHLJKHG ORUU\ DQG WR SODFH LWV
D[OHV VXFFHVVLYHO\ RQ WKH VFDOH/ EXW EHFDXVH RI WKH ZHDN DQG SRRU GHILQLWLRQ RI D VWDWLF D[OH
ORDG +2,0// 4<<9,/ WKLV LV QRW UHFRPPHQGHG1$Q DOWHUQDWLYH PHWKRG PD\ FRQVLVWV RI SODFLQJ D
UHIHUHQFH SRUWDEOH VWDWLF VFDOH EHWZHHQ WKH W\UH DQG WKH :,0 VFDOH1 ,Q VXFK D FDVH/ DW OHDVW
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WKUHH D[OHV PXVW EH XVHG ZLWK VWDWLF ORDGV XQLIRUPO\ GLVWULEXWHG ZLWKLQ WKH VFDOH UDQJH RI WKH
ORDGV WR EH ZHLJKHG/ DQG WKUHH UHSHWLWLRQV IRU HDFK D[OH ZHLJKLQJ VKDOO EH GRQH1

:1514171 )RU EULGJHV +%ULGJH0:,0,/ LW LV UHFRPPHQGHG WR XVH DW OHDVW RQH WZR D[OH RU WKUHH
D[OH +VLQJOH . WDQGHP, ULJLG ORUU\/ DFFXUDWHO\ SUH0ZHLJKHG/ HPSW\ DQG IXOO1 $FFXUDF\ FDQ EH
LPSURYHG E\ XVLQJ WZR RU PRUH FDOLEUDWLRQ ORUULHV ZLWK GLIIHUHQW GLVWULEXWLRQV RI ZHLJKWV EH0
WZHHQ D[OHV1

:1515 8VH RI 6KRFN RU 3UHVVXUH 9DULDWLRQ 'HYLFHV

7KH SULQFLSOH RI VXFK FDOLEUDWLRQ PHWKRGV LV WR DSSO\ WR WKH VHQVRU VRPH UHSHDWDEOH FDOLEUDWHG
VKRFNV RU SUHVVXUH YDULDWLRQV1 ,W PD\ EH GRQH XVLQJ D '<1$3/$48(/ D ):' +)DOOLQJ
:HLJKW 'HIOHFWRPHWHU,/ D 3LH]RG\Q +01 +XKWDOD DQG %1 -DFRE/ 4<<8,/ RU DQ\ RWKHU VLPLODU GH0
YLFHV1

7KH DGYDQWDJH RI VXFK D PHWKRG LV WKDW LW LV DOPRVW LQGHSHQGHQW RI WKH SDYHPHQW SURILOH DQG RI
WKH FDOLEUDWLRQ YHKLFOH FKDUDFWHULVWLFV DQG VSHHG RU ORDG +VHH :1516,1 +RZHYHU WKH WHVWV SHU0
IRUPHG KDYH VKRZQ WKDW PRVW RI WKH GHYLFHV XVHG JLYH UHVXOWV VFDWWHUHG DORQJ D :,0 VHQVRU/
QRW RQO\ EHFDXVH RI DQ HYHQWXDO KHWHURJHQHLW\ RI WKH VHQVRU LWVHOI/ EXW DOVR EHFDXVH RI WKH LP0
SDFW FRQGLWLRQV DURXQG WKH VHQVRU1 0RUHRYHU/ WKH LPSDFW FRQGLWLRQV DUH YHU\ GLIIHUHQW IURP D
W\UH LPSULQW DQG WKH IRUFH DSSOLHG E\ DQ LQVWDQWDQHRXV YHUWLFDO IRUFH1 7KLV PHWKRG DOVR UH0
TXLUHV WKH FORVXUH RI WKH WUDIILF ODQH GXULQJ WKH FDOLEUDWLRQ/ ZKLFK PD\ EH GLIILFXOW IRU EXV\
KLJKZD\V RU PRWRUZD\V1

7KLV PHWKRG LV PDLQO\ GHYRWHG WR FDOLEUDWLRQ ZLWK UHVSHFW WR LPSDFW IRUFHV/ EXW QRW WR WKH
ZHLJKWV1 ,W FRXOG EH RI LQWHUHVW LI WKH :,0 V\VWHP LV XVHG IRU LPSDFW IRUFH PHDVXUHPHQWV
+:141615, / DV LQ +01 +XKWDOD DQG %1 -DFRE/ 4<<8,/ EXW XQWLO QRZ WKLV PHWKRG KDV QRW \HW EHHQ
SURYHQ WR EH HIIHFWLYH1

:1516 8VH RI 3UH0:HLJKHG &DOLEUDWLRQ /RUULHV

:1516141 7KLV PHWKRG LV UHFRPPHQGHG ZKHQ WKH :,0 V\VWHP LV LQWHQGHG WR HVWLPDWH WKH
ZHLJKWV +:141614,1

,W LV WKH PRVW FRPPRQO\ XVHG PHWKRG EHFDXVH RI LWV UHODWLYH VLPSOLFLW\ DQG GLUHFWQHVV/ DQG EH0
FDXVH LW LV VXLWDEOH IRU DOO NLQGV RI :,0 V\VWHPV1 7KLV PHWKRG SDUWLDOO\ HOLPLQDWHV WKH UHSHDW0
DEOH SDYHPHQW G\QDPLF HIIHFWV +ELDV,/ EXW LV VHQVLWLYH WR WKH FDOLEUDWLRQ +WHVW, YHKLFOH FKDUDF0
WHULVWLFV/ VXFK DV VXVSHQVLRQ W\SH DQG SDUDPHWHUV/ GU\ IULFWLRQ/ HWF11

:1516151 7KH PDLQ SULQFLSOH FRQVLVWV RI SDVVLQJ VRPH WHVW +FDOLEUDWLRQ, SUH0ZHLJKHG YHKLFOHV
RYHU WKH :,0 V\VWHP/ UHSHDWHGO\1 7KH FDOLEUDWLRQ LV JHQHUDOO\ DVVXPHG WR EH FDUULHG RXW RYHU
RQH RU WZR FRQVHFXWLYH GD\V/ ZLWK KRPRJHQHRXV WHPSHUDWXUH DQG FOLPDWLF FRQGLWLRQV +HQYL0
URQPHQWDO UHSHDWDELOLW\ FRQGLWLRQ +,, VHH 441417,,1$FFRUGLQJ WR WKH WHVW SODQ ZH PD\ GHILQH=
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+U4, IXOO UHSHDWDELOLW\ FRQGLWLRQV= LI RQO\ RQH YHKLFOH SDVVHV VHYHUDO WLPHV DW WKH VDPH VSHHG/
WKH VDPH ORDG DQG WKH VDPH ODWHUDO SRVLWLRQ>

+U5, H[WHQGHG UHSHDWDELOLW\ FRQGLWLRQV= LI RQO\ RQH YHKLFOH SDVVHV VHYHUDO WLPHV DW GLIIHUHQW
VSHHGV +DFFRUGLQJ WR WKH WUDIILF ODQH FRQGLWLRQV,/ GLIIHUHQW ORDGV +H1J1 IXOO\ ORDGHG/
KDOI0ORDGHG DQG HPSW\,/ DQG ZLWK VPDOO ODWHUDO SRVLWLRQ YDULDWLRQV +DFFRUGLQJ WR
WKH UHDO WUDIILF SDWKV,>

+54, OLPLWHG UHSURGXFLELOLW\ FRQGLWLRQV= LI D VPDOO VHW RI YHKLFOHV +W\SLFDOO\ 5 WR 43,/ UHSUHVHQ0
WDWLYH RI WKH ZKROH WUDIILF FRPSRVLWLRQ H[SHFWHG RQ WKH VLWH +VLOKRXHWWHV DQG JURVV
ZHLJKWV,/ LV XVHG/ HDFK RI WKHP SDVVLQJ VHYHUDO WLPHV/ DW GLIIHUHQW VSHHGV/ GLIIHUHQW
ORDGV/ DQG ZLWK VPDOO ODWHUDO SRVLWLRQ YDULDWLRQV>

+55, IXOO UHSURGXFLELOLW\ FRQGLWLRQV= LI D ODUJH VDPSOH RI YHKLFOHV +L1H1 VRPH WHQV WR D IHZ KXQ0
GUHG, WDNHQ IURP WKH WUDIILF IORZ DQG UHSUHVHQWDWLYH RI LW/ SDVV RQ WKH :,0 V\VWHP
DQG DUH VWDWLFDOO\ ZHLJKHG EHIRUH RU DIWHU LW1

:1516161 $ SURSHU LQLWLDO FDOLEUDWLRQ +DIWHU LQVWDOODWLRQ RU PRGLILFDWLRQ RI D :,0 V\VWHP,/ UH0
TXLUHV WR EH GRQH LQ FRQGLWLRQ +54,/ ZLWK DW OHDVW WKUHH RU IRXU WHVW YHKLFOHV/ DFFRUGLQJ WR WKH
WUDIILF WR EH ZHLJKHG=

• D 50D[OH ULJLG YDQ/ IXOO\ ORDGHG +DURXQG 618 W/ ± 4 W,>

• D 50D[OH/ D 60D[OH RU D 70D[OH ULJLG ORUU\ ORDGHG EHWZHHQ 43 DQG 58 W/ FORVH WR LWV PD[LPXP
SHUPLWWHG ORDG>

• D WUDFWRU ZLWK D VHPL0WUDLOHU VXSSRUWHG E\ D WDQGHP RU D WULGHP D[OH +WKH WULGHP LV SUH0
IHUUHG,/ ORDGHG DW PRUH WKDQ 63 W1

• D ORUU\ ZLWK D WUDLOHU +5.5/ 6.5/ 5.6/ 6.6 D[OHV,/ IXOO\ ORDGHG1

,I SRVVLEOH/ WKH ODVW WZR YHKLFOHV ZLOO EH XVHG IXOO\ ORDGHG DQG KDOI ORDGHG1 7KH WDQGHP RU
WULGHP D[OHV VKRXOG EH EHWWHU HTXLSSHG ZLWK DLU VXVSHQVLRQ1 +RZHYHU/ LI PHFKDQLFDO VXVSHQ0
VLRQV DUH XVHG WR EH UHSUHVHQWDWLYH RI WKH FRPPRQ YHKLFOHV RQ WKH VLWH/ VRPH FDUH VKRXOG EH
WDNHQ WR PHDVXUH WKH VWDWLF UHIHUHQFH D[OH ORDGV +VHH ;16,1

,W LV DOVR UHFRPPHQGHG WR XVH RQH RI WKH VWDQGDUG WHVW SODQV GHVFULEHG LQ WKH $SSHQGL[ ,/ DV
WKH\ ZHUH GHVLJQHG WR RSWLPLVH WKH QXPEHU RI UXQV DQG YHKLFOHV YHUVXV WKH FRQILGHQFH OHYHO1
0RUHRYHU/ WKDW ZRXOG DOORZ WR XVH WKH JUDSKV JLYHQ LQ WKLV $SSHQGL[ , WR IDFLOLWDWH WKH LQLWLDO
YHULILFDWLRQ/ DIWHU FDOLEUDWLRQ1

7KH FRQGLWLRQV PXVW EH VSHFLILHG EHIRUH WKH FDOLEUDWLRQ/ DQG WKH UHVXOWV +LQ WHUPV RI DFFXUDF\
FODVV, PXVW EH DQDO\VHG DFFRUGLQJ WR WKHP +VHH 441,/ IRU WKH OHYHO RI FRQILGHQFH EHLQJ XVHG1

7KH KLJKHU WKH FRQGLWLRQV +IURP +U4, WR +55,, WKH PRUH UHSUHVHQWDWLYH WKH FDOLEUDWLRQ VDPSOH RI
WKH UHDO WUDIILF FRQGLWLRQV/ EXW WKH SURFHGXUH EHFRPHV ORQJHU DQG PRUH FRVWO\$ 1HYHUWKHOHVV
WKLV FDOLEUDWLRQ SURFHGXUH PD\ EH SHUIRUPHG ZLWKRXW WUDIILF VWRSSLQJ ++U4, WR +54,,1

:1516171 $ FDOLEUDWLRQ PD\ EH SHUIRUPHG LQ FRQGLWLRQ +U5,/ LQ WKH FDVH RI DQ DJUHHPHQW EHWZHHQ
WKH FXVWRPHU +RU XVHU, DQG WKH VXSSOLHU1 ([FHSW IRU EULGJH :,0/ WKH FDOLEUDWLRQ YHKLFOH FKRVHQ
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PXVW EH RI WKH PRVW FRPPRQ YHKLFOH W\SH WR EH ZHLJKHG/ DQG ZLWK WKUHH ORDGLQJ FDVHV= HPSW\/
KDOI ORDGHG DQG IXOO\ ORDGHG1

:1516181 $ VDPSOH RI DW OHDVW 43 VLJQLILFDQW UXQV 0 L1H1 43 UXQV ZLWK VXFFHVVIXO PHDVXUHPHQWV 0
SHU ORUU\ +RU ORUU\ ORDGV, LV UHFRPPHQGHG WR JXDUDQWHH WKH YDOLGLW\ RI WKH PHWKRG/ EXW WKH ODU0
JHU WKLV VDPSOH WKH VPDOOHU WKH VWDWLVWLFDO XQFHUWDLQW\1 7KH VDPSOH VL]H ZLOO EH GHWHUPLQHG DF0
FRUGLQJ WR WKH FXVWRPHU*V UHTXLUHPHQWV1

:1516191 7KH UXQV PHQWLRQHG LQ :151618 PXVW EH VSOLW/ IRU HDFK YHKLFOH +ORDG FDVH, LQWR 5 RU 6
VSHHG OHYHOV/ EHLQJ UHSUHVHQWDWLYH RI WKH YHORFLW\ UDQJH RQ WKH :,0 VLWH> H1J1 IRU D IUHH PRWRU0
ZD\/ :3 DQG <8 NP2K PD\ EH XVHG/ ZKLOH RQ RWKHU VLWHV/ 83/ :3 DQG <3 NP2K ZRXOG EH EHWWHU
+KRZHYHU/ WKH XVHG VSHHGV VKRXOG PRVWO\ UHPDLQ ZLWKLQ WKH OHJDO OLPLWV,1 $ UHFRPPHQGHG
VLPSOH UXOH LV WR WDNH DV VSHHG OHYHOV WKH PHDQ YHORFLW\ 9P/ 31;9P DQG 4159P DQG WKHQ WR DOOR0
FDWH WKH UXQ QXPEHUV DFFRUGLQJ WR WKH IROORZLQJ SURSRUWLRQV= 93(/ 53( DQG 53(1

:15161:1 7KH LQLWLDO FDOLEUDWLRQ ZLWK RQO\ RQH YHKLFOH DQG RQH ORDG FDVH LV QRW UHFRPPHQGHG
DQG PD\ RQO\ EH XVHG LI LW LV QRW SRVVLEOH WR GR RWKHUZLVH RU LI RQO\ RQH W\SH RI ORUU\ LV WR EH
ZHLJKHG/ XQGHU D IXOO DJUHHPHQW ZLWK WKH FXVWRPHU +RU XVHU,1 ,Q VXFK D FDVH/ 43 VLJQLILFDQW
UXQV VKRXOG EH PDGH DW WKUHH VSHHG OHYHOV/ DQG WKHQ WKH GDWD DUH DQDO\VHG LQ RQO\ RQH VDPSOH
+ZLWK WKH UXOHV RI FRQGLWLRQ +U4,,1 %XW FDOLEUDWLRQ FKHFNV PD\ EH GRQH LQ FRQGLWLRQV +U4, RU
+U5,1

:15161;1 7KH VWDWLF ZHLJKLQJ RSHUDWLRQ PXVW EH PDGH FDUHIXOO\/ VXFK DV ;16=

:15161<1 $IWHU WKH GDWD FROOHFWLRQ/ WKH FDOLEUDWLRQ PD\ EH GRQH IROORZLQJ YDULRXV PHWKRGV1 7KH
FDOLEUDWLRQ PHWKRGV PRVW FRPPRQO\ XVHG DUH EULHIO\ GHVFULEHG LQ WKH $SSHQGL[ ,,,1 7KH FKRLFH
RI WKH PRVW DSSURSULDWH PHWKRG VKRXOG EH PDGH DFFRUGLQJ WR WKH :,0 VWDWLRQ VRIWZDUH SHU0
IRUPDQFH DQG WR WKH XVHU¶V UHTXLUHPHQWV1 ,Q DQ\ FDVH/ WKH PHWKRG XVHG PXVW EH FOHDUO\ H[0
SODLQHG RU UHIHUUHG WR LQ WKH FDOLEUDWLRQ UHSRUW1

:1517 8VH RI ,QVWUXPHQWHG &DOLEUDWLRQ /RUULHV

:1517141 7KLV PHWKRG LV RI VSHFLDO LQWHUHVW LI WKH :,0 V\VWHP LV LQWHQGHG WR PHDVXUH LQVWDQWD0
QHRXV D[OH LPSDFW IRUFHV +:141615,/ LQVWHDG RI VWDWLF ORDGV/ RU WR FDOLEUDWH PXOWLSOH VHQVRU DU0
UD\V1

,Q VXFK D FDVH/ WKH PHWKRGV GHVFULEHG LQ :1516 +DQG LQ $SSHQGL[ ,,,, LQWURGXFH VRPH ELDV E\
SDUWLDOO\ HOLPLQDWLQJ WKH G\QDPLF HIIHFWV EHLQJ VRXJKW1 7KLV LV WKH FDVH IRU VRPH UHVHDUFK SXU0
SRVHV VXFK DV VSDWLDO UHSHDWDELOLW\ LQYHVWLJDWLRQV RU SDYHPHQW2YHKLFOH LQWHUDFWLRQ DQG SDYH0
PHQW GDPDJH VWXGLHV1 )RU PXOWLSOH0VHQVRU :,0 V\VWHPV/ WKH VSDWLDO UHSHDWDELOLW\ LV XVHG WR
LPSURYH WKH DFFXUDF\ RI WKH VWDWLF ORDG HVWLPDWRU1

7KH DGYDQWDJH RI WKLV PHWKRG LV WR PDNH D ³WUXH´ FDOLEUDWLRQ RQ WKH SDUDPHWHU DFWXDOO\ PHDV0
XUHG E\ D :,0 V\VWHP/ L1H1 WKH ZKHHO RU D[OH LPSDFW IRUFH1 ,WV GLVDGYDQWDJH FRPHV IURP WKH
FRVW DQG GLIILFXOWLHV RI JHWWLQJ DQG RSHUDWLQJ VXFK LQVWUXPHQWHG ORUULHV/ ZKLFK DOVR UHTXLUH
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VSHFLDOLVHG WHFKQLFLDQV1 $OVR WKHUH DUH RQO\ YHU\ IHZ VXFK LQVWUXPHQWHG YHKLFOHV DYDLODEOH DF0
WXDOO\/ DQG WKH LQIRUPDWLRQ DQG GRFXPHQWDWLRQ DERXW WKHP DUH YHU\ SRRU1

7KH TXDOLW\ RI WKH FDOLEUDWLRQ JUHDWO\ GHSHQGV RQ WKH DFFXUDF\ RI WKH ORUU\ LQVWUXPHQWDWLRQ/
ZKLFK PHDVXUHV FRQWLQXRXVO\ HDFK ZKHHO LPSDFW IRUFH RQ WKH SDYHPHQW DV WKH YHKLFOH WUDYHOV1
%XW WKHVH PHDVXUHPHQWV DUH LQGLUHFW/ E\ WKH PHDQ RI DFFHOHUDWLRQV DQG VWUDLQ UHFRUGV/ DQG JHQ0
HUDOO\ UHTXLUH D ORW RI FRPSXWDWLRQ DIWHUZDUGV1

:1517151 ,W LV QHFHVVDU\ WR YHU\ DFFXUDWHO\ V\QFKURQLVH WKH RQ0ERDUG PHDVXUHPHQWV ZLWK WKH
:,0 VHQVRU PHDVXUHPHQWV/ ZKHQ D ZKHHO RU D[OH SDVVHV RQ LW1

:1517161 7KH LQVWUXPHQWHG YHKLFOH PXVW KDYH EHHQ LWVHOI FDUHIXOO\ FDOLEUDWHG XQGHU G\QDPLF
ORDGLQJ DQG LWV LQWULQVLF DFFXUDF\ PXVW EH LQ DJUHHPHQW ZLWK WKH FRPPRQ PHWURORJLFDO UXOHV/
GHSHQGLQJ RQ WKH :,0 V\VWHP H[SHFWHG DFFXUDF\ +H1J1 WKH WROHUDQFHV RI WKH RQ0ERDUG PHDV0
XUHPHQWV VKRXOG EH EHWZHHQ 428 DQG 426 RI WKRVH RI WKH :,0 V\VWHP,1

:1517171 7KH FDOLEUDWLRQ SURFHGXUH FRQVLVWV RI ILWWLQJ WKH :,0 UHFRUGV WR WKH RQ0ERDUG PHDV0
XUHG LPSDFW IRUFHV IRU WKH VDPH ZKHHO RU D[OH1 $V H[SODLQHG LQ WKH $SSHQGL[ ,,,/ RQO\ RQH DY0
HUDJH FDOLEUDWLRQ FRHIILFLHQW PD\ EH FDOFXODWHG/ RU GLIIHUHQW FRHIILFLHQWV GHSHQGLQJ RQ WKH D[OH
UDQN +RU RQ WKH ORUU\ W\SH LI VHYHUDO LQVWUXPHQWHG ORUULHV RI GLIIHUHQW W\SHV DUH DYDLODEOH$,1 7KH
IRUPXODV JLYHQ LQ $SSHQGL[ ,,, VKRXOG EH XVHG/ UHSODFLQJ WKH VWDWLF ORDGV E\ WKH UHIHUHQFH LP0
SDFW IRUFHV SURYLGHG E\ WKH LQVWUXPHQWHG YHKLFOH+V,1 ,Q WKLV PHWKRG WKH D[OH ORDGV DQG IRUFHV
PXVW EH XVHG LQVWHDG RI WKH JURVV ZHLJKWV1

:1517181 7KH FDOLEUDWLRQ SURFHGXUH +WHVW SODQ, VKRXOG EH PDGH ZLWK DW OHDVW WKUHH ORDG FDVHV
+IXOO/ KDOI ORDG DQG HPSW\, DQG WZR RU WKUHH VSHHG OHYHOV SHU ORDG FDVH> WKUHH VLJQLILFDQW UXQV
IRU HDFK ORDG DQG VSHHG VKRXOG EH PDGH1

:1518 $XWRPDWLF 6HOI0&DOLEUDWLRQ 3URFHGXUHV DQG 6RIWZDUH

7KLV NLQG RI PHWKRG/ LQWURGXFHG LQ )UDQFH LQ WKH HDUO\ 4<;3¶V/ KDV WKH JUHDW DGYDQWDJH RI SUR0
YLGLQJ D SHUPDQHQW DXWRPDWLF UHFDOLEUDWLRQ RI D :,0 V\VWHP LQVWDOOHG RQ D WUDIILFNHG URDG/
DQG WKHUHIRUH WR FRUUHFW DQ\ WUHQG RU ELDV GXH WR VHQVRU/ HOHFWURQLFV RU SDYHPHQW FKDQJHV RU
GXH WR H[WHUQDO HIIHFWV/ VXFK DV WHPSHUDWXUH YDULDWLRQV1 +RZHYHU/ LW ZDV VKRZQ WKDW WKLV SURFH0
GXUH UHTXLUHV D SULRU NQRZOHGJH RI WKH WUDIILF SDWWHUQ DQG PD\ EH ZRUVW WKDQ QRWKLQJ LQ VRPH
SDUWLFXODU FLUFXPVWDQFHV1

:1518141 7KH SULQFLSOH FRQVLVWV LQ ILWWLQJ VRPH VWDWLVWLFV UHFRUGHG DQG FRPSXWHG E\ WKH :,0
V\VWHP WR VRPH WDUJHW YDOXHV GHSHQGLQJ RQ WKH VLWH0VSHFLILF WUDIILF1

,Q PRVW FRXQWULHV DQG URDG QHWZRUNV/ WKHUH DUH VRPH ³FKDUDFWHULVWLF YHKLFOHV´ ZKLFK KDYH
VRPH D[OH+V, DQG2RU JURVV ZHLJKW ZLWK D ORZ FRHIILFLHQW RI YDULDWLRQ DQG D TXLWH FRQVWDQW PHDQ
+WKH WDUJHW YDOXH,1 ,Q VXFK D FDVH/ WKH PRYLQJ DYHUDJH RI D FHUWDLQ QXPEHU RI WKHVH D[OH ORDGV
RU JURVV ZHLJKWV EHFRPHV DOPRVW FRQVWDQW IRU D ODUJH HQRXJK VDPSOH VL]H/ DQG PD\ EH ILWWHG WR
WKH WDUJHW YDOXH1 7KLV SURYLGHV D QHZ FRHIILFLHQW RI FDOLEUDWLRQ DIWHU WKH SDVVDJH RI WKH UHTXLUHG
QXPEHU RI FKDUDFWHULVWLF YHKLFOHV1



&267 656 )LQDO 5HSRUW

5;

1HYHUWKHOHVV LW PXVW EH QRWHG WKDW VXFK D SURFHGXUH LQWURGXFHV D VWDWLVWLFDO HUURU GXH WR WKH
VDPSOH VL]H RI WKH FRQVLGHUHG ³FKDUDFWHULVWLF YHKLFOHV´1 7KHUHIRUH WKH WLPH LQWHUYDO EHWZHHQ
WZR UHFDOLEUDWLRQV +FDOFXODWLRQ RI D QHZ FDOLEUDWLRQ FRHIILFLHQW, PXVW EH D FRPSURPLVH EH0
WZHHQ WKH UHGXFWLRQ LQ VWDWLVWLFDO YDULDQFH +E\ LQFUHDVLQJ WKH VDPSOH VL]H, DQG WKH GHOD\ LQ UH0
FDOLEUDWLRQ1 ,I WKH WHPSHUDWXUH LQIOXHQFH LV WR EH HOLPLQDWHG/ LW LV UHFRPPHQGHG WR KDYH VXFK DQ
LQWHUYDO LQ WKH UDQJH RI 4 KRXU WR D IHZ KRXUV1 ,I RQO\ VRPH ORQJ0WHUP WUHQGV DUH WR EH HOLPL0
QDWHG/ WKLV WLPH LQWHUYDO PD\ EH ORQJHU +H1J1/ 4 GD\ WR D IHZ ZHHNV,1

:1518151 $Q DXWRPDWLF VHOI0FDOLEUDWLRQ SURFHGXUH UHTXLUHV D JRRG SULRU NQRZOHGJH RI WKH VLWH0
VSHFLILF WUDIILF FRPSRVLWLRQ DQG VWDWLVWLFV RI WKH D[OH DQG YHKLFOH ORDGV1 ,WV HIILFLHQF\ GHSHQGV
JUHDWO\ RQ WKLV NQRZOHGJH EXW DOVR RQ WKH WUDIILF LQWHQVLW\> WKH KLJKHU WKH WUDIILF IORZ WKH PRUH
HIILFLHQW WKH VHOI0FDOLEUDWLRQ1 7KHUHIRUH WKLV SURFHGXUH VKRXOG EH XVHG ZLWK FDXWLRQ RQ VHFRQ0
GDU\ URDGV ZLWK ORZ WUDIILF YROXPHV1

:1518161 $OVR LV QRWHG WKDW WKH DXWRPDWLF FDOLEUDWLRQ V\VWHP LV DFWLYH SHU ODQH1 6R LQ FDVH RI
PRUH WKDQ RQH LQVWUXPHQWHG ODQH/ WKH WUDIILF RQ HDFK ODQH VKRXOG EH WDNHQ LQWR DFFRXQW VHSD0
UDWHO\1

:1518171 7KH IUHTXHQF\ RI UHFDOLEUDWLRQ +RU QHZ FDOLEUDWLRQ FRHIILFLHQW FDOFXODWLRQ, PXVW EH
DGDSWHG WR WKH HLJHQIUHTXHQF\+LHV, RI WKH SHUWXUEDWLRQV WR EH HOLPLQDWHG/ DQG WR WKH WUDIILF IORZ
+RI FKDUDFWHULVWLF YHKLFOHV,1

:1518181 $:,0 V\VWHP QHHGV VRPH WLPH WR EH DXWRPDWLFDOO\ VHOI0FDOLEUDWHG +H1J1/ 4 WR 8 GD\V
GHSHQGLQJ RQ WKH WUDIILF IORZ DQG FRPSRVLWLRQ,/ DQG WR JLYH VWDELOLVHG UHVXOWV1 7KH XVHU VKRXOG
FKHFN WKDW/ RU WKH VXSSOLHU JLYHV VRPH ZDUUDQW\/ EHIRUH WKH V\VWHP PD\ EH XVHG IRU DQ RSHUD0
WLRQDO SXUSRVH1

:1518191 ,W LV UHFRPPHQGHG WR FRQVLVWHQWO\ FKHFN WKH VHOI0FDOLEUDWLRQ E\ VFUHHQLQJ WKH FDOLEUD0
WLRQ FRHIILFLHQWV WR DYRLG JURVV HUURUV ZKLFK PD\ RFFXU IRU YDULRXV UHDVRQV/ VXFK DV D WHPSR0
UDU\ ODFN RI FKDUDFWHULVWLF YHKLFOHV/ VRPH XQH[SHFWHG FKDQJH LQ WKH WDUJHW YDOXHV/ HWF11 7KXV/
WKH FDOLEUDWLRQ FRHIILFLHQWV VKRXOG EH UHFRUGHG LQ SHUPDQHQW ILOHV E\ WKH :,0 V\VWHPV XVLQJ
WKLV SURFHGXUH/ DQG HDVLO\ UHDGDEOH ZLWK WKHLU GDWH DQG WLPH +LQ FDVH RI GHWDLOHG GDWD UHFRUGV>
RWKHUZLVH/ VRPH VWDWLVWLFV RQ WKHVH FRHIILFLHQWV VKRXOG EH SURYLGHG,1 ,W LV DOVR QHFHVVDU\ WR SHU0
IRUP SHULRGLFDO FDOLEUDWLRQ FKHFNV +H1J1/ RQFH RU WZLFH D \HDU, XVLQJ SUH0 RU SRVW0ZHLJKHG ORU0
ULHV/ RU E\ VRPH FRKHUHQFH WHVWV RQ WKH VWDWLVWLFV GHOLYHUHG E\ WKH V\VWHP1

:15181:1 ,W LV UHFRPPHQGHG WR UHFRUG WKH WHPSHUDWXUH LQ RUGHU WR FKHFN WKH FRUUHODWLRQ EHWZHHQ
LW DQG WKH FDOLEUDWLRQ IDFWRU/ DQG WR HYDOXDWH WKH VWDWLVWLFDO HUURU1

)LQDOO\ LW VKRXOG EH QRWHG WKDW HYHQ LI WKLV W\SH RI FDOLEUDWLRQ LV YHU\ HDV\ DQG LQH[SHQVLYH WR
LPSOHPHQW DIWHU SHUIRUPLQJ WKH DSSURSULDWH SUHOLPLQDU\ VWXGLHV DQG DIWHU WKH GHYHORSPHQW RI
WKH SURSHU VRIWZDUH/ LW PD\ DOVR LQWURGXFH VRPH XQFRQWUROOHG ELDV RU YDULDQFH1
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;14 *HQHUDO

;14141 $:,0 V\VWHP PXVW EH FKHFNHG IROORZLQJ D ZHOO GHILQHG SURFHGXUH RU WHVW SURJUDPPH
DQG FDQ WKHQ EH FODVVLILHG LQWR RQH RI VHYHUDO DFFXUDF\ FODVVHV DFFRUGLQJ WR WKH WHVW UHVXOWV1
7KHVH DFFXUDF\ FODVVHV DUH GHILQHG ZLWK UHVSHFW WR WKH ZHLJKW HVWLPDWLRQ> EXW LQ VRPH SDUWLFX0
ODU FDVHV DQRWKHU UHIHUHQFH PD\ EH DGRSWHG/ VXFK DV LQGHSHQGHQWO\ PHDVXUHG LPSDFW IRUFHV1

;14151 7KH SULQFLSOH DGRSWHG IRU WKLV FODVVLILFDWLRQ FRQVLVWV RI IL[LQJ WKH WROHUDQFH δ / L1H1 WKH
ZLGWK RI WKH FRQILGHQFH LQWHUYDO IRU DQ LQGLYLGXDO :,0 PHDVXUHPHQW/ DQG IRU D JLYHQ OHYHO RI
FRQILGHQFH π1 7KH UHTXLUHPHQW IRU WKLV OHYHO GHSHQGV RQ WKH FDOLEUDWLRQ RU WHVW FRQGLWLRQV/ LI
WKLV LV SHUIRUPHG XVLQJ SUH0ZHLJKHG YHKLFOHV LQ PRWLRQ +DV GHVFULEHG LQ VHFWLRQ :1516,1 )RU
VWDWLF FDOLEUDWLRQ ZLWK FDOLEUDWHG PDVVHV RU SUH0ZHLJKHG YHKLFOHV/ WKLV OHYHO RI FRQILGHQFH PXVW
EH 433 (1

;14161 ,Q WKH VWDWLVWLFDO DSSURDFK/ DGDSWHG WR PRVW RI WKH H[LVWLQJ :,0 V\VWHPV/ DQ\ LQGLYLGXDO
PHDVXUHPHQW +RI DQ D[OH/ D[OH JURXS RU JURVV ZHLJKW, PXVW KDYH D SUREDELOLW\ π KLJKHU WKDQ D
UHTXLUHG YDOXH π3 RI EHLQJ ZLWKLQ WKH LQWHUYDO >:V+40δ,>:V+4.δ,@ FHQWUHG RQ WKH VWDWLF ORDG/
ZKHUH :V LV WKH FRUUHVSRQGLQJ VWDWLF ORDG1 ,W DOVR PHDQV WKDW VWDWLVWLFDOO\ D SURSRUWLRQ π RI D
ODUJH VDPSOH RI :,0 GDWD VKRXOG EH ZLWKLQ WKH SUHYLRXV LQWHUYDO1 2U WKH FXVWRPHU ULVN RQ DQ
LQGLYLGXDO PHDVXUHPHQW LV ORZHU WKDQ +40π3 , XQGHU VRPH VSHFLILHG FRQGLWLRQV1 7KH PDWKH0
PDWLFDO DQG VWDWLVWLFDO EDFNJURXQG LV GHYHORSHG LQ +%1 -DFRE/ 4<<:,1

7KH SULQFLSOH XVHG LV WKDW WKH WROHUDQFH δ RQO\ GHSHQGV RQ WKH DFFXUDF\ FODVV DQG RQ WKH HQWLW\
FRQVLGHUHG/ ZKLFK PD\ EH WKH=

• D[OH ORDG +VLQJOH D[OH,/

• D[OH ORDG +D[OH EHORQJLQJ WR D JURXS,/

• D[OH JURXS ORDG/

• JURVV ZHLJKW/

DQG DGGLWLRQDOO\=

• YHKLFOH VSHHG

• LQWHU0D[OH GLVWDQFH

• YHKLFOH FODVVLILFDWLRQ +SURSRUWLRQ RI YHKLFOH RI D JLYHQ W\SH/ E\ VLOKRXHWWH RU ORDG,
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2QH FULWHULRQ LV FRQVLGHUHG IRU HDFK RI WKHVH HQWLWLHV1

7KH OHYHO RI FRQILGHQFH π RI DQ\ VDPSOH RI GDWD RQO\ GHSHQGV RQ WKH WHVW FRQGLWLRQV ++U4, WR
+55,,/ RQ WKH HQYLURQPHQWDO WHVW FRQGLWLRQV ++,, WR +,,,, +VHH 441417,, DQG RQ WKH VDPSOH VL]H
+QXPEHU RI UXQV DQG RI WHVW YHKLFOHV,/ DQG PXVW EH KLJKHU WKDQ D VSHFLILHG YDOXH π3 ZKLFK DOVR
GHSHQGV RQ WKH WHVW FRQGLWLRQV DQG VDPSOH VL]H1

7KH WHVW SODQ PD\ GHSHQG RQ WKH :,0 V\VWHP W\SH/ DFFXUDF\ FODVV UHTXLUHG DQG DSSOLFDWLRQ1

7KLV VSHFLILFDWLRQ RQO\ FRQVLGHUV LQGLYLGXDO PHDVXUHPHQWV/ ZKLOH LW LV DOPRVW LPSRVVLEOH WR
DVVHVV WKH DFFXUDF\ RI D :,0 V\VWHP XVLQJ RQO\ DJJUHJDWHG GDWD1 ,I VRPH :,0 V\VWHPV GH0
OLYHU RQO\ VWDWLVWLFV GXULQJ RSHUDWLRQDO SHULRG RI XVH/ GHWDLOHG GDWD VKRXOG EH SURYLGHG IRU FDOL0
EUDWLRQ DQG DFFXUDF\ WHVWV1

;15 $FFXUDF\ &ODVV 7ROHUDQFHV

;1514 7KH WROHUDQFHV IRU D ORDG IURP D VLQJOH D[OH/ D JURXS RI D[OHV/ DQ D[OH EHORQJLQJ WR D
JURXS DQG D JURVV ZHLJKW DUH GLVWLQJXLVKHG/ EHFDXVH WKH G\QDPLF HIIHFWV UHVXOWLQJ IURP WKH
SDYHPHQW2 YHKLFOH LQWHUDFWLRQ DIIHFW WKH :,0 PHDVXUHPHQWV1 7KH\ DUH JLYHQ LQ 7DEOH 81 7KH
7DEOH 9 SURYLGHV WROHUDQFHV IRU IXUWKHU FODVVHV (+[[, LI QHHGHG LQ VRPH FDVHV1 $GGLWLRQDO
FODVVHV PD\ EH REWDLQHG/ HLWKHU E\ LQWHUSRODWLRQ RU H[WUDSRODWLRQ XVLQJ WKH FXUYHV JLYHQ LQ
)LJXUH 41

;15151 7KH DFFXUDF\ UHTXLUHPHQWV IRU D[OHV LQ D JURXS GR QRW DSSO\ WR EULGJH :,0 V\VWHPV
PRVW RI ZKLFK GR QRW SURYLGH VXFK LQIRUPDWLRQ1 7KH DFFXUDF\ UHTXLUHPHQWV IRU VLQJOH D[OHV
PD\ DOVR EH H[HPSW IRU WKHVH V\VWHPV/ VRPH RI ZKLFK GR QRW SURYLGH VXFK UHOLDEOH LQIRUPD0
WLRQ/ EXW RQO\ LI LW LV FOHDUO\ VSHFLILHG E\ WKH V\VWHP SURYLGHU RU VXSSOLHU1

7DEOH 8= 7ROHUDQFHV RI WKH DFFXUDF\ FODVVHV +δ LQ (,

&ULWHULD +W\SH RI
PHDVXUHPHQW, 'RPDLQ RI XVH $FFXUDF\ &ODVVHV=

&RQILGHQFH LQWHUYDO ZLGWK δδδδ +(,
$ +8, %. +:, % +43, & +48, '.+53, ' +58, (

41 *URVV ZHLJKW *URVV ZHLJKW ! 618 W 8 : 43 48 53 58 ! 58
$[OH ORDG= $[OH ORDG ! 4 W
51 JURXS RI D[OHV : 43 46 4; 56 5; ! 5;
61 VLQJOH D[OH ; 44 48 53 58 63 ! 63
71 D[OH RI D JURXS 43 47 53 58 63 68 ! 68

6SHHG 9 ! 63 NP2K +4, 5 6 7 9 ; 43 ! 43

,QWHU0D[OH GLVWDQFH 5 6 7 9 ; 43 ! 43

7RWDO IORZ 4 4 4 6 7 8 ! 8
+4, 7KLV FRQGLWLRQ DSSOLHV RQO\ IRU WKH VHQVRUV2V\VWHPV ZKLFK GR QRW ZRUN VWDWLFDOO\ RU DW

YHU\ ORZ VSHHG1
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7KH FODVV GHVLJQDWLRQ E\ QXPEHUV δδδδF  8/ :/ 43/ 48/ 53/ 58/ DQG VR RQ +WROHUDQFHV IRU WKH
JURVV ZHLJKWV, LV LQ DJUHHPHQW ZLWK WKH 2,0/ UHFRPPHQGDWLRQ/ DQG DOORZV IRU XVH RI DQ\
FODVVHV EHIRUH $+8, RU LQWHUSRODWHG FODVVHV EHWZHHQ WKH VSHFLILHG FODVVHV +H1J1/ FODVV+46,,1

7DEOH 9= 7ROHUDQFHV RI WKH DFFXUDF\ FODVVHV (

&ULWHULD
+W\SH RI PHDVXUHPHQW,

$FFXUDF\ &ODVVHV (
&RQILGHQFH LQWHUYDO ZLGWK δδδδ +(,

(+63, (+68, (+73, (+78, (+83, HWF1
41 *URVV ZHLJKW 63 68 73 78 83 111
51 *URXS RI D[OHV 66 6< 77 7< 88 111
61 6LQJOH D[OH 69 75 7; 87 93 111
71$[OH RI D JURXS 74 7: 86 8< 98 111

3

43

53

63

73

83

93

:3

3 8 43 48 53 58 63 68 73 78 83
$FFXUDF\ &ODVVHV

δ
+(
,

*URVV ZHLJKW
*URXS RI D[OHV
6LQJOH D[OH
$[OH RI *URXS

'

$
%.

%
&

'.

(111

)LJXUH 4= *UDSKLFDO UHSUHVHQWDWLRQ RI WKH DFFXUDF\ FODVV WROHUDQFHV

;15161 7ROHUDQFH H[WUDSRODWLRQ DQG LQWHUSRODWLRQ

;1516141 ,I PRUH FODVVHV DUH QHHGHG/ EHKLQG (+83,/ WKH WROHUDQFHV IRU HDFK FULWHULRQ PD\ EH
H[WUDSRODWHG E\=

*URXS RI $[HV +*$, δ 41379: δF . 514889 )RU δF ≥ 83

6LQJOH $[OHV +6$, δ 414666 δF . 51999: )RU δF ≥ 83

$[OHV RI D *URXS +$R*, δ 414666 δF . :1999: )RU δF ≥ 83

:KHUH δF LV WKH WROHUDQFH IRU WKH JURVV ZHLJKW/ DQG WKH DFFXUDF\ FODVV QDPH LV (+δF,1 7KHVH
YDOXHV PXVW EH LQFUHPHQWHG E\ VWHSV RI 8(1 7KH δ YDOXHV REWDLQHG ZLWK WKH DERYH IRUPXOD
PXVW EH URXQGHG XS2GRZQ WR WKH FORVHVW LQWHJHU1
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;1516151 LI LQWHUSRODWHG FODVVHV IURP 3 WR 83 +EHWZHHQ WKH ILJXUHV JLYHQ RQ WKH OLQH IRU JURVV
ZHLJKW LQ 7DEOH 8 DQG 7DEOH 9, DUH XVHG/ WKH WROHUDQFHV IRU HDFK FULWHULRQ PD\ EH LQWHUSRODWHG E\=

*URXS RI $[OHV +*$,= δ  δF 2 31: )RU δF ? :
δ  δF . 6 )RU : ≤ δF ? 63
δ  415 δF 0 6 )RU 63 ≤ δF ? 68
δ  δF . 7 )RU 68 ≤ δF ? 83

6LQJOH $[OHV +6$,= δ  δF +;8 0 δF, 2 83 )RU δF ? 43
δ  δF . 8 )RU 43 ≤ δF ? 58
δ  415 δF )RU 58 ≤ δF ? 83

$[OHV RI D *URXS +$R*,= δ  5 δF )RU δF ? 43
δ  δF . 43 )RU 43 ≤ δF ? 58
δ  415 δF . 8 )RU 58 ≤ δF ? 83

;15171 7KH FULWHULD RQ VSHHG/ D[OH VSDFLQJ DQG FRXQWLQJ DUH QRW PDQGDWRU\ LQ WKLV VSHFLILFDWLRQ/
DV WKH\ DUH RWKHU VWDQGDUGV IRU WKDW/ ZKLFK FRQFHUQ PXFK PRUH GHYLFHV WKDQ :,0 V\VWHPV1
7KH WROHUDQFHV JLYHQ IRU WKHVH FULWHULD DUH UHDVRQDEOH DFFHSWHG YDOXHV IRU :,0 V\VWHPV1 +RZ0
HYHU/ LW VKRXOG EH QRWLFHG WKDW PDQ\ VWULS VHQVRU :,0 V\VWHPV XVH WKH VSHHG IRU WKH ORDG FDO0
FXODWLRQ/ DQG WKXV DQ\ LPSUHFLVLRQ RQ VSHHG ZRXOG KDYH VRPH HIIHFW RQ WKH ZHLJKLQJ DFFX0
UDF\1

;15181 )RU DQ\ RWKHU :,0 V\VWHP/ DOO WKH FULWHULD PHQWLRQHG LQ WKH 7DEOH 8 PXVW EH FKHFNHG/ DV
IDU DV WKH FRUUHVSRQGLQJ GDWD DUH SURYLGHG E\ WKH V\VWHP1 2QO\ LI WKH PDQXIDFWXUHU RU YHQGRU
FOHDUO\ FODLPV SULRU WR WKH WHVW WKDW VRPH RI WKH GDWD SURYLGHG DUH QRW UHOLDEOH +DQG WKLV VKRXOG
EH VWDWHG LQ ZULWLQJ,/ DQG ZLWK WKH DJUHHPHQW RI WKH XVHU +FXVWRPHU,/ VRPH FULWHULD PD\ EH H[0
FOXGHG1 ,I WKH VWDWLF UHIHUHQFH +VHH ;16, DUH QRW IXOO\ UHOLDEOH IRU WKH D[OH RI D JURXS HTXLSSHG
ZLWK VWHHO VXVSHQVLRQ/ WKDW PD\ EH RIWHQ WKH FDVH/ WKHVH D[OHV ZLOO QRW EH FRQVLGHUHG LQGLYLGX0
DOO\ IRU WKH DQDO\VLV/ ZKLOH WKH JURXS ZLOO EH WDNHQ LQWR DFFRXQW1

;15191 7KH DFFXUDF\ FODVV DFFHSWHG IRU DQ\:,0 V\VWHP LV WKH EHVW FODVV IRU ZKLFK DOO WKH FULWH0
ULD DUH VDWLVILHG/ RU WKH UHOHYDQW FULWHULD LI VRPH DUH H[FOXGHG DFFRUGLQJ WR ;1515 RU ;15161 1HY0
HUWKHOHVV LW LV UHFRPPHQGHG WR JLYH DQ DFFRXQW/ DIWHU HDFK WHVW/ RI WKH UHVXOWV IRU HDFK FULWHULRQ
VHSDUDWHO\/ LQ RUGHU WR LQIRUP WKH XVHU DERXW WKH UHOLDELOLW\ RI HDFK W\SH RI GDWD1

;151:1 )RU VSHFLILF XVHU¶V UHTXLUHPHQW/ LW LV DOVR SRVVLEOH WR FODVVLI\ D :,0 V\VWHP LQ GLIIHUHQW
FODVVHV IRU HDFK FULWHULRQ/ EXW LQ VXFK D FDVH WKH PHQWLRQ RI WKH DFFXUDF\ FODVV PXVW DOZD\V EH
PDGH ZLWK WKH QDPH RI WKH FULWHULRQ FKHFNHG1 :LWKRXW WKLV PHQWLRQ/ RQO\ WKH FODVV GHILQHG LQ
;1517 PD\ EH PHQWLRQHG1
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;16 5HIHUHQFH *URVV :HLJKWV DQG $[OH /RDGV PHDVXUHG LQ 6WDWLF

,I WKH UHIHUHQFH YDOXHV XVHG IRU FDOLEUDWLRQ RU DFFXUDF\ DVVHVVPHQW DUH ZHLJKWV DQG VWDWLF
ORDGV/ WKH IROORZLQJ UXOHV DQG FODXVHV VKRXOG EH DSSOLHG1

;16141 7KH VWDWLF ZHLJKLQJ RSHUDWLRQV PXVW EH GRQH HLWKHU D[OH E\ D[OH/ RU E\ JURXS RI D[OHV/ RU
RQ D ZHLJK0EULGJH LQ RUGHU WR ZHLJK D ZKROH YHKLFOH DW RQFH1 ,I SRVVLEOH/ LW LV VWURQJO\ UHFRP0
PHQGHG WR ZHLJK WKH JURVV ZHLJKWV RQ DQ DSSURYHG ZHLJK0EULGJH WR JHW D UHOLDEOH ZHLJKW :V1

6WDWLF D[OH ORDGV VKRXOG EH PHDVXUHG E\ D[OH RU ZKHHO VFDOHV/ ZKLFK DUH DSSURYHG IRU HQ0
IRUFHPHQW DQG FRPPHUFLDO DSSOLFDWLRQV/ HLWKHU PRXQWHG LQ JURRYHV DQG FDUHIXOO\ OHYHOOHG WR
WKH URDG VXUIDFH/ RU ODLG RQ WKH URDG VXUIDFH1 7KH URDG VXUIDFH RQ WKH ZHLJKLQJ DUHD VKRXOG EH
IODW DQG KRUL]RQWDO1 ,Q WKH ODWWHU FDVH/ LW LV UHFRPPHQGHG WR=

• XVH DV PDQ\ VFDOHV DV WKH QXPEHU RI ZKHHOV2D[OHV WR EH ZHLJKHG IRU RQH YHKLFOHV/ RU

• XVH D UDPS RU DQ\ GHYLFH WR OHYHO DOO WKH ZKHHOV2D[OHV1

7KH OHYHO GLIIHUHQFH EHWZHHQ D[OHV RI D VDPH JURXS VKRXOG QRW H[FHHG 5 PP1 7KH OHYHO GLIIHU0
HQFH EHWZHHQ VLQJOH D[OHV RU JURXSV RI D[OHV VKRXOG QRW OHDG WR PRUH WKDQ 318( VORSH +L1H1 418
FP IRU 6P VSDFLQJ,1

;16151 'XULQJ ZKHHO RU D[OH VWDWLF ZHLJKLQJ RSHUDWLRQ/ WKH YHKLFOH EUDNHV PXVW EH IXOO\ UH0
OHDVHG1

;16161 %HFDXVH WKH VWDWLF ZKHHO RU D[OH ZHLJKLQJ RSHUDWLRQ XVLQJ ZKHHO2D[OH ZHLJKHUV LV QRW
IXOO\ UHSHDWDEOH +GXH WR WKH EUDNLQJ FRQGLWLRQV DQG WKH LQWHUQDO GU\ IULFWLRQ IRUFHV RI WKH YHKL0
FOH VXVSHQVLRQV,/ LW LV UHFRPPHQGHG/ DERYH DOO IRU FDOLEUDWLRQ DQG DOVR LI PHFKDQLFDO VXVSHQ0
VLRQV DUH XVHG/ WR UHSHDW Q WLPHV WKH VWDWLF ZHLJKLQJ D[OH E\ D[OH DQG WKHQ WR GHULYH WKH VWDWLF
UHIHUHQFH D[OH ORDGV:VL E\=

∑
=∑

=
∑
=

=
Q

M ML:V
T

L

Q

M ML:V

:V
L:V

4 /

4 4 /

+4,

ZKHUH L LV WKH D[OH UDQN/ T LV WKH QXPEHU RI D[OHV RI WKH YHKLFOH/ :V LV WKH UHIHUHQFH JURVV
ZHLJKW PHDVXUHG RQ D ZHLJK0EULGJH/ DQG :VL/M LV WKH PHDVXUHG ORDG RI D[OH L GXULQJ WKH MWK
ZHLJKLQJ1

,W V UHFRPPHQGHG WR WDNH Q 43/ EXW DQ\ YDOXH PD\ EH DFFHSWHG1 (YHQ IRU Q 4/ LW LV UHFRP0
PHQGHG WR XVH WKLV HTXDWLRQ WR JHW WKH D[OH UHIHUHQFH VWDWLF ORDGV/ LI WKH JURVV ZHLJKW ZDV
PHDVXUHG RQ D ZHLJK0EULGJH1

,I Q LV ODUJH HQRXJK +L1H1 Q ≥ ; WR 43,/ LW LV UHFRPPHQGHG WR HOLPLQDWH WKH ZHLJKLQJV ZKLFK
FRXOG KDYH SURYLGHG VWDWLVWLFDO RXWOLHUV/ LGHQWLILHG E\ DQ\ VWDWLVWLFDO WHVW1
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;16171 7KH UHVXOWV RI ORUU\ ZHLJKLQJ GXULQJ DQ HQIRUFHPHQW RSHUDWLRQ E\ WKH SROLFH PD\ LQWUR0
GXFH D ELDV1 7KHUHIRUH/ LW LV UHFRPPHQGHG WKDW ORUULHV +UHQWHG IRU H[DPSOH, VSHFLDOO\ DOORFDWHG
WR WKH WHVW IRU RQH RU WZR FRQVHFXWLYH GD\V DUH XVHG1
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<1 7<3( +02'(/, $33529$/ 2) $:,0 6<67(0

$ W\SH +RU PRGHO, DSSURYDO LV D FRPSOHWH VWDQGDUGLVHG SURFHGXUH WR EH DSSOLHG RQFH WR DQ\
QHZO\ PDQXIDFWXUHG PHDVXULQJ V\VWHP/ EHIRUH WR PDUNHW LW/ LQ RUGHU WR GHOLYHU D TXDOLW\ ODEHO
DQG VRPH WDUJHW SHUIRUPDQFH XQGHU NQRZQ FRQGLWLRQV RI XVH1 7KLV FKDSWHU RQO\ GHDOV ZLWK WKH
RQ0VLWH DFFXUDF\ DVVHVVPHQW RI D :,0 V\VWHP E\ WHVWLQJ/ DV SDUW RI D W\SH DSSURYDO SURFHGXUH
WR EH GHYHORSHG LQ WKH IXWXUH1 7KH VDPH DSSURDFK DQG WRROV DV IRU LQLWLDO RU LQ VHUYLFH YHULILFD0
WLRQV DQG DFFHSWDQFH WHVWV +VHH FKDSWHU 43 DQG 44, DUH XVHG1 +RZHYHU/ WKH VLWH FKDUDFWHULVWLFV
DQG WKH WHVW SODQ DUH IXOO\ GHVFULEHG LQ WKLV FKDSWHU/ ZKLOH WKH\ DUH OHIW WR WKH XVHU¶V GHFLVLRQ LQ
FKDSWHU 441

%HIRUH WR EH PDUNHWHG ZLWK D TXDOLW\ ODEHO DQG D VSHFLILHG DFFXUDF\ SHUIRUPDQFH/ DQ\ :,0
V\VWHP VKRXOG SDVV WKH WHVW SURFHGXUH GHVFULEHG LQ WKLV FKDSWHU1 7KH WHVW PXVW EH RUJDQLVHG
XQGHU WKH UHVSRQVLELOLW\ RI DQ RIILFLDO DJUHHG RUJDQLVDWLRQ/ WR HQVXUH WKH QHXWUDOLW\ DQG WKH UHOL0
DELOLW\ RI WKH FRQFOXVLRQV1$Q RIILFLDO UHSRUW VKRXOG EH ZULWWHQ DQG SXEOLVKHG JLYLQJ DQ DFFRXQW
RI WKH WHVW UHVXOWV1 7KH $SSHQGL[ ,9 JLYHV VRPH LQGLFDWLRQ DERXW WKH UHVXOW IRUPDW DQG SUHVHQ0
WDWLRQ1

<14 6FRSH

7KH W\SH DSSURYDO WHVW LQWHQGV WR DVVHVV WKH DFFXUDF\ SHUIRUPDQFHV RI D :,0 V\VWHP XQGHU
IXOO\ VSHFLILHG FRQGLWLRQV/ DQG RYHU D VKRUW WLPH SHULRG1 7KHUHIRUH/ LW GRHV QRW JLYH DQ\ LQIRU0
PDWLRQ DERXW WKH GXUDELOLW\ RU WUHQG RI WKH V\VWHP DQG LWV SDUWV/ ZKLFK DUH KLJKO\ GHSHQGHQW RQ
WKH HQYLURQPHQWDO DQG WUDIILF FRQGLWLRQV1

7KH VLWH FRQGLWLRQV DUH FKRVHQ DV UHSUHVHQWDWLYH RI WKH EHVW TXDOLW\ VLWH IRU :,0/ LQ RUGHU QRW
WR LQWURGXFH WRR PXFK VLWH HIIHFW1 7KHUHIRUH/ WKH UHDO SHUIRUPDQFH RQ FRPPRQ VLWHV PD\ VLJ0
QLILFDQWO\ GLIIHU +EHLQJ EHORZ, IURP WKRVH DVVHVVHG WKURXJK WKH W\SH DSSURYDO1

<15 &KRLFH RI WKH 7HVW 6LWH

<15141 7KH W\SH DSSURYDO WHVW PD\ EH RUJDQLVHG HLWKHU RQ D IXOO\ SURWHFWHG VLWH +RXWVLGH WKH WUDI0
ILF IORZ, RU RQ DQ H[LVWLQJ URDG XQGHU WUDIILF1 ,I WKH :,0 V\VWHP LV FXUUHQWO\ HTXLSSHG ZLWK DQ
DXWRPDWLF VHOI0FDOLEUDWLRQ SURFHGXUH/ RQO\ WKH VHFRQG FDVH LV DSSOLFDEOH1

<15151 7KH VLWH PXVW GHILQLWLYHO\ EH LQ FODVV , +H[FHOOHQW,/ DFFRUGLQJ WR WKH FKDSWHU 810RUHRYHU/
WKH UDGLXV RI FXUYDWXUH VKRXOG EH ORQJHU WKDQ 5833P/ DQG D VWUDLJKW URDG LV KLJKO\ UHFRP0
PHQGHG1$OO WKH VLWH FKDUDFWHULVWLFV OLVWHG LQ FKDSWHU 8 PXVW EH UHSRUWHG LQ WKH WHVW UHSRUW1
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<16 ,QVWDOODWLRQ DQG SUH0&DOLEUDWLRQ RI WKH 6\VWHP

<16141 7KH V\VWHP VKRXOG EH LQVWDOOHG E\ WKH PDQXIDFWXUHU RU WKH YHQGRU/ SULRU WR WKH WHVW/ DF0
FRUGLQJ WR WKH UHFRPPHQGHG FRPPRQ SURFHGXUHV1

<16151 $ SUH0FDOLEUDWLRQ RI WKH V\VWHP VKRXOG EH GRQH/ SUHIHUDEO\ WKH GD\ EHIRUH WKH WHVW/ RU LI
QRW SRVVLEOH/ WKH VDPH GD\1 )RU WKLV RSHUDWLRQ/ WZR WHVW ORUULHV ZLOO EH XVHG/ FKRVHQ LQ DJUHH0
PHQW ZLWK WKH PDQXIDFWXUHU RU WKH YHQGRU DPRQJ WKRVH OLVWHG LQ :1516161 2QH ORDG SHU ORUU\
ZLOO EH XVHG/ FKRVHQ LQ DJUHHPHQW ZLWK WKH PDQXIDFWXUHU RU WKH YHQGRU1 (DFK ORUU\ ZLOO PDNH ;
UXQV RYHU WKH :,0 V\VWHP=

• 7 UXQV DW 9P/

• 5 UXQV DW 4159P

• 5 UXQV DW 31;9P1

)RU D KLJK0VSHHG :,0 V\VWHP/ 9P ZLOO EH WDNHQ HTXDO WR :8NP2K1 )RU D ORZ0VSHHG :,0 V\V0
WHP/ 9P ZLOO EH WKH UHFRPPHQGHG RSHUDWLRQ VSHHG1

<16161 $IWHU WKH PHDVXUHPHQWV GHVFULEHG LQ <1715/ WKH VWDWLF UHIHUHQFH D[OH ORDGV DQG JURVV
ZHLJKWV ZLOO EH JLYHQ WR WKH PDQXIDFWXUHU RU YHQGRU/ ZKR ZLOO EH DOORZHG WR DGMXVW LWV V\VWHP/
VRIWZDUH/ HWF11

<16171 )RU D V\VWHP HTXLSSHG ZLWK DQ DXWRPDWLF VHOI0FDOLEUDWLRQ SURFHGXUH EHLQJ WHVWHG XQGHU
UHDO WUDIILF IORZ/ WKH V\VWHP ZLOO EH LQVWDOOHG VRPH WLPH EHIRUH WKH WHVW/ DFFRUGLQJ WR WKH FODXVH
:1518181 $IWHU WKLV SHULRG/ D FDOLEUDWLRQ FKHFN ZLOO EH FDUULHG RXW DFFRUGLQJ WR <1715 DQG <1716/
DQG WKH PDQXIDFWXUHU RU YHQGRU ZLOO EH DOORZHG WR DGMXVW WKH WDUJHW YDOXHV RI WKH VHOI0
FDOLEUDWLRQ DOJRULWKP1 ,I QHHGHG/ DQRWKHU SHULRG RI WLPH ZLOO EH DOORFDWHG WR DOORZ WKH V\VWHP
WR VWDELOLVH LWV FDOLEUDWLRQ XQGHU WKH WUDIILF IORZ1

<17 7HVW 3ODQ

<17141 7KH WHVW ZLOO EH FDUULHG RXW XVLQJ WKH VWDQGDUG WHVW SODQ 1�6 +VHH $SSHQGL[ ,,/ ZLWK IRXU
WHVW ORUULHV DQG D WRWDO RI 443 UXQV1 7KH WHVW PD\ EH FDUULHG RXW ZLWKLQ RQH RU WZR FRQVHFXWLYH
GD\V1 7KH FOLPDWLF FRQGLWLRQV VKRXOG EH FDUHIXOO\ UHSRUWHG LQ WKH WHVW UHSRUW +WHPSHUDWXUH
YDULDWLRQ UDQJH/ ZHDWKHU/ HYHQWXDO SUHFLSLWDWLRQ/ HWF1,1 $Q\ RWKHU VSHFLDO HYHQW ZKLFK FRXOG DI0
IHFW WKH UHVXOWV VKRXOG DOVR EH UHSRUWHG1

<17151 ,Q DGGLWLRQ WR WKH 443 UXQV VSHFLILHG LQ <1714/ WZR RI WKH WHVW YHKLFOHV ZLOO PDNH 9 DGGL0
WLRQDO DEQRUPDO UXQV LQ RUGHU WR FKHFN WKH DELOLW\ RI WKH V\VWHP WR GHWHFW VXFK VLWXDWLRQ/ DQG
HYHQWXDOO\ WR PDUN WKH ZURQJ PHDVXUHPHQWV ZLWK D YLRODWLRQ FRGH1 7KHVH UXQV ZLOO EH GRQH DV=

• 50D[OH ULJLG ORUU\= 6 PRUH UXQV/ RQH ZLWK KDOI RI WKH YHKLFOH +OHIW RU ULJKW KDOI, RXWVLGH WKH
VHQVRU+V,/ RQH UXQ ZLWK WKH ILUVW D[OH SDVVLQJ RQ WKH VHQVRU+V, DQG WKH VHFRQG D[OH SDVVLQJ
RXWVLGH RU SDUWLDOO\ RXWVLGH WKH VHQVRU+V,/ DQG RQH UXQ ZLWK WKH ORUU\ EUDNLQJ ZKLOH SDVVLQJ
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RQ WKH VHQVRU+V, +VSHHG YDULDWLRQ IURP <3 NP2K WR 93 NP2K/ RU 45 WR 8 NP2K IRU D ORZ0
VSHHG :,0 V\VWHP,1

• 6HPL0WUDLOHU ZLWK D WULGHP= 6 PRUH UXQV/ RQH ZLWK KDOI RI WKH YHKLFOH +OHIW RU ULJKW KDOI, RXW0
VLGH WKH VHQVRU+V,/ RQH UXQ ZLWK WKH WUDFWRU SDVVLQJ RQ WKH VHQVRU+V, DQG WKH VHPL0WUDLOHU
+WULGHP, SDVVLQJ KDOI RXWVLGH WKH VHQVRU+V,/ DQG RQH UXQ ZLWK WKH ORUU\ EUDNLQJ ZKLOH SDVV0
LQJ RQ WKH VHQVRU+V, +VSHHG YDULDWLRQ IURP <3 NP2K WR 93 NP2K/ RU 45 WR 8 NP2K IRU D ORZ0
VSHHG :,0 V\VWHP,1

<17161 'XULQJ WKH WHVW/ WKH PDQXIDFWXUHU RU YHQGRU ZLOO QRW EH DOORZHG WR DFFHVV WR WKH V\VWHP1
$IWHU WKH WHVW PHDVXUHPHQW FRPSOHWLRQ/ WKH UDZ GDWD ILOH+V, ZLWK WKH GHWDLOHG YHKLFOH E\ YHKL0
FOH UHFRUGHG GDWD ZLOO EH JLYHQ ERWK WR WKH WHVW RUJDQLVHU DQG WR WKH PDQXIDFWXUHU RU WR WKH
YHQGRU IRU LWV RZQ FKHFN1

<18 5HIHUHQFH 6WDWLF /RDGV DQG :HLJKWV

)RU ERWK SUH0FDOLEUDWLRQ +VHH <16, DQG WKH WHVW +VHH <17,/ WKH WHVW YHKLFOHV ZLOO EH ZHLJKHG RQ DQ
DSSURYHG ZHLJK0EULGJH DQG RQ ZKHHO2D[OH VFDOHV1 7KH UXOHV RI VHFWLRQ ;16 ZLOO EH DSSOLHG/ ZLWK
Q ≥ 9 +VHH ;1616,1 ,W ZLOO EH FKHFNHG WKDW WKH VWDQGDUG GHYLDWLRQV RI WKH VWDWLF D[OH ORDGV DUH OHVV
WKDQ 426 RI WKRVH PHDVXUHG LQ PRWLRQ1

<19 7HVW $QDO\VLV DQG 5HSRUW

<19141 $OO WKH UHFRUGHG GDWD/ H[FHSW WKRVH PDUNHG ZLWK D YLRODWLRQ FRGH E\ WKH V\VWHP/ ZLOO EH
FRQVLGHUHG1$ FDUHIXO DQDO\VLV DQG UHSRUW RQ WKH DEQRUPDO UXQV ZLOO EH GRQH LQ WKH UHSRUW1

<19151 7KH GDWD DQDO\VLV ZLOO EH GRQH DV IRU DQG LQ0VHUYLFH YHULILFDWLRQ +VHH 4315, DFFRUGLQJ WR
WKH FODXVHV 441714/ 441715/ 44171614/ 441717/ 441718/ 441719 DQG 44171:1 7KH WHVW FRQGLWLRQV ZLOO
EH +,, +HQYLURQPHQWDO UHSHDWDELOLW\/ VHH 441417, DQG +54, +OLPLWHG UHSURGXFLELOLW\/ VHH :151615,1
7KH UHVXOWV ZLOO EH UHSRUWHG DFFRUGLQJ WR WKH $SSHQGL[ ,9 IRUPDW1

<19161 $ VHFRQG DQDO\VLV ZLOO EH FDUULHG RXW DV IRU DQ LQLWLDO YHULILFDWLRQ +VHH 4314,/ E\ UHPRY0
LQJ WKH PHDQ ELDV RQ WKH JURVV ZHLJKW IRU DOO UXQV/ DSSO\LQJ E\ VRIWZDUH D FRQVWDQW PXOWLSOLFD0
WLYH IDFWRU RQ DOO WKH UHFRUGHG D[OH ORDGV1 7KH N IDFWRU PHQWLRQHG LQ 431416 ZLOO EH XVHG WR DV0
VHVV WKH DFFXUDF\ FODVVHV IRU HDFK FULWHULRQ1

<19171 7KH WHVW UHSRUW ZLOO SUHVHQW ERWK DQDO\VLV +<1915 DQG <1916,1 ,Q FDVH RI VLJQLILFDQW GLV0
FUHSDQFLHV EHWZHHQ ERWK/ VRPH H[SODQDWLRQV VKRXOG EH JLYHQ/ DV IDU DV SRVVLEOH/ DERXW WKH HI0
IHFW RI WKH PHDQ ELDV1
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$ YHULILFDWLRQ RI D :,0 V\VWHP PD\ EH GRQH HLWKHU=

• DV DQ LQLWLDO YHULILFDWLRQ +VHFWLRQ 4314,/

RU

• LQ0VHUYLFH +VHFWLRQ 4315,1

4314 ,QLWLDO 9HULILFDWLRQ

4314141 $IWHU LQVWDOODWLRQ/ RU VRPH PRGLILFDWLRQV +RI VHQVRUV/ KDUGZDUH RU VRIWZDUH,/ UHSDLU RU
SDUW UHSODFHPHQW/ D :,0 V\VWHP PXVW EH +UH,FDOLEUDWHG/ DFFRUGLQJ WR RQH RI WKH SURFHGXUHV
SURSRVHG LQ FKDSWHU : DQG $SSHQGL[ ,,, DQG WR WKH PDQXIDFWXUHU¶V VSHFLILFDWLRQ1

,Q PRVW FDVHV +XQOHVV LI DQ DXWRPDWLF VHOI0FDOLEUDWLRQ SURFHGXUH LV XVHG, WKH FDOLEUDWLRQ SURFH0
GXUH SURYLGHV GDWD ZKLFK PD\ EH XVHG IRU DQ DFFXUDF\ HYDOXDWLRQ1 ,Q VXFK D FDVH/ WKH VDPH
VDPSOH LV XVHG IRU FDOLEUDWLRQ DQG IRU DFFXUDF\ DVVHVVPHQW1 7KLV LV DQ LQLWLDO YHULILFDWLRQ1

4314151 ,I WKH :,0 V\VWHP LV FDOLEUDWHG XVLQJ VWDWLF FDOLEUDWLRQ PDVVHV +VHH :1514, RU ZLWK D
IXOO\ UHSHDWDEOH FDOLEUDWHG VKRFN GHYLFH +VHH :1515,/ WKHQ DOO WKH UHVXOWV +UHODWLYH HUURUV, PXVW
EH ZLWKLQ WKH LQWHUYDO >0δ 25> δ 25 @ RI WKH UHOHYDQW DFFXUDF\ FODVV DQG RI WKH FULWHULRQ FRQVLG0
HUHG +VLQJOH D[OH/ D[OH JURXS RU JURVV ZHLJKW,1

7KLV VHFWLRQ RQO\ DSSOLHV WR EHQGLQJ SODWHV/ ZLWK VWUDLQ JDXJH RU ORDG FHOO VFDOHV/ DQG IRU
ZHLJK0EULGJHV/ ZKLFK DUH DEOH WR PHDVXUH VWDWLF ORDGV1 ,Q SDUWLFXODU FDVHV LW PD\ DOVR EH DSSOL0
FDEOH WR VRPH VWULS VHQVRUV/ DQG PD\ EH H[WHQGHG ZLWK FDXWLRQ WR VHQVRUV FDOLEUDWHG ZLWK
VKRFN GHYLFHV1

4314161 ,I WKH :,0 V\VWHP LV FDOLEUDWHG XVLQJ UHSHDWHG UXQV RI SUH0ZHLJKHG YHKLFOHV RU LQVWUX0
PHQWHG YHKLFOHV/ WKH FRQILGHQFH LQWHUYDOV JLYHQ LQ 7DEOH 8 +DQG 7DEOH 9/ LI QHHGHG, DUH FRQVLG0
HUHG/ EXW WKH WROHUDQFH δ DUH UHGXFHG E\ D PXOWLSOLFDWLYH N IDFWRU/ ZKHUH N 31;1

7KH UHTXLUHG OHYHO RI FRQILGHQFH RI WKLV LQWHUYDO >0 N1δ> N1δ @ LV JLYHQ LQ FKDSWHU 441
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4315 ,Q06HUYLFH 9HULILFDWLRQ

4315141 $Q LQ0VHUYLFH YHULILFDWLRQ PD\ EH GRQH DW DQ\ WLPH RI WKH OLIHWLPH RI D :,0 V\VWHP1 ,W
VKRXOG EH GRQH SHULRGLFDOO\/ DQG LI WKH FRQGLWLRQV FKDQJHV +WUDIILF FRQGLWLRQV/ HQYLURQPHQWDO
FRQGLWLRQV/ HWF1,/ RU LQ FDVH RI DQ\ GRXEW DERXW WKH GDWD DFFXUDF\1

,Q VXFK D YHULILFDWLRQ/ WKH GDWD XVHG IRU WKH DFFXUDF\ DVVHVVPHQW PXVW QRW KDYH EHHQ XVHG
IRU DQ\ FDOLEUDWLRQ RU UHFDOLEUDWLRQ RI WKH V\VWHP1

4315151 ,I WKH :,0 V\VWHP LV FKHFNHG XVLQJ VWDWLF FDOLEUDWLRQ PDVVHV RU XVLQJ D IXOO\ UHSHDW0
DEOH FDOLEUDWHG VKRFN GHYLFH/ DOO WKH UHVXOWV +UHODWLYH HUURUV, PXVW EH ZLWKLQ WKH WROHUDQFH LQWHU0
YDO >0δ> δ @ RI WKH UHOHYDQW DFFXUDF\ FODVV DQG RI WKH FULWHULRQ FRQVLGHUHG +VLQJOH D[OH/ D[OH
JURXS RU JURVV ZHLJKW,/ DFFRUGLQJ WR WKH PHDVXULQJ VFDOH RU VHQVRU H[WHQG1

4315161 ,I WKH :,0 V\VWHP LV FKHFNHG XVLQJ UHSHDWHG UXQV RI SUH0ZHLJKHG YHKLFOHV RU LQVWUX0
PHQWHG YHKLFOHV/ WKH FRQILGHQFH LQWHUYDOV/ JLYHQ LQ 7DEOH 8 +DQG 7DEOH 9 LI QHHGHG,/ DUH XVHG1

7KH UHTXLUHG OHYHO RI FRQILGHQFH RI WKLV LQWHUYDO >0 δ> δ @ LV JLYHQ LQ FKDSWHU 431

6XFK D WHVW PDGH XQGHU PRYLQJ YHKLFOHV/ VXFK DV LQ QRUPDO WUDIILF FRQGLWLRQV LV RIWHQ PRUH UH0
DOLVWLF WKDQ WKH FKHFN PHQWLRQHG LQ 4315151
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4414 *HQHUDO 5XOHV

4414141 7KH DVVHVVPHQW RI WKH DFFXUDF\ RI D :,0 V\VWHP UHTXLUHV D WHVW1 7KLV FKDSWHU GHDOV
ZLWK WHVWV FDUULHG RXW XVLQJ HLWKHU UHSHDWHG UXQV RI SUH0ZHLJKHG YHKLFOHV +WHVW YHKLFOHV,/ DQG2RU
WKH XVH RI VLQJOH UXQV RI SUH0 RU SRVW0ZHLJKHG YHKLFOHV IURP WKH WUDIILF IORZ1

4414151 7KH PRUH H[WHQVLYH WKH WHVW SODQ PHDQV WKH ORQJHU WKH WHVW SHULRG/ D KLJKHU QXPEHU RI
YHKLFOH W\SHV DQG UXQV DQG XOWLPDWHO\ D KLJKHU FRQILGHQFH LQ WKH FRQFOXVLRQ1 7KLV PHDQV WKDW
WKH FXVWRPHU ULVN +L1H1/ WKH ULVN RI DFFHSWLQJ D V\VWHP LQ D KLJKHU FODVV WKDQ LW LV, GHFUHDVHV DV
WKH WHVW EHFRPHV PRUH H[WHQVLYH1 ,Q WKLV DQDO\VLV/ WKH VXSSOLHU ULVN/ OLQNHG WR WKH VWDWLVWLFDO HV0
WLPDWLRQ RI WKH PHDQ ELDV/ LV IL[HG DW 8(1

4414161 ,Q WKLV SURFHGXUH/ WKH FXVWRPHU ULVN LV JRYHUQHG E\ WKH SUREDELOLW\ RI DQ LQGLYLGXDO HU0
URU +ZLWK UHVSHFW WR WKH VWDWLF ORDG RU ZHLJKW, O\LQJ RXWVLGH RI WKH VSHFLILHG FRQILGHQFH LQWHUYDO
+WROHUDQFH,1 $Q XSSHU ERXQG RI WKLV ULVN LV IL[HG E\ VSHFLILHG YDOXHV +40π3,/ ZKHUH π3 LV WKH
PLQLPXP UHTXLUHG FRQILGHQFH OHYHO1 7KLV ULVN +40π3,/ RU WKH FRQILGHQFH OHYHO π3/ PD\ EH FKR0
VHQ E\ WKH FXVWRPHU +VHH VHFWLRQ 4416,1

/RZHU WKLV ULVN/ ORQJHU DQG PRUH H[WHQVLYH +DQG H[SHQVLYH, WKH WHVW1 7KHQ WKH FXVWRPHU VKRXOG
DGDSW LW WR LWV UHTXLUHPHQWV/ WDNLQJ LQWR DFFRXQW WKH PDQXIDFWXUHU VSHFLILFDWLRQ DQG WKH RXWSXW
RI RWKHU H[WHQVLYH DQG GHWDLOHG WHVWV1

,W VKRXOG EH HPSKDVLVHG WKDW WKLV ULVN LV RQO\ DVVHVVHG XQGHU WKH FRQGLWLRQV RI WKH DFFHSWDQFH
WHVW> LW PHDQV WKDW WKH IDUWKHU WKH WHVW FRQGLWLRQV IURP WKH UHDO WUDIILF FRQGLWLRQV/ WKH ORZHU WKH
FRQILGHQFH DQG KLJKHU WKH FXVWRPHU ULVN1

4414171 'HSHQGLQJ RQ WKH REMHFWLYHV/ WKH PHDQV DQG WKH UHTXLUHPHQWV RI WKH FXVWRPHU/ WKH WHVW
PD\ EH FDUULHG RXW GXULQJ YDULRXV WLPH SHULRGV> WKLV GHILQHV DQRWKHU W\SH RI UHSHDWDELOLW\ RU
UHSURGXFLELOLW\/ FDOOHG ³HQYLURQPHQWDO UHSHDWDELOLW\ RU UHSURGXFLELOLW\´=

• +,, HQYLURQPHQWDO UHSHDWDELOLW\= WKH WHVW WLPH SHULRG LV OLPLWHG WR D FRXSOH RI KRXUV ZLWKLQ
D GD\ RU VSUHDG RYHU D IHZ FRQVHFXWLYH GD\V/ VXFK WKDW WKH WHPSHUDWXUH/ FOLPDWLF
DQG HQYLURQPHQWDO FRQGLWLRQV GR QRW YDU\ VLJQLILFDQWO\ GXULQJ WKH PHDVXUHPHQWV>

• +,,, OLPLWHG HQYLURQPHQWDO UHSURGXFLELOLW\= WKH WHVW WLPH SHULRG H[WHQGV DW OHDVW RYHU D IXOO
ZHHN RU VHYHUDO GD\V VSUHDG RYHU D PRQWK/ VXFK WKDW WKH WHPSHUDWXUH/ FOLPDWLF DQG
HQYLURQPHQWDO FRQGLWLRQV YDU\ GXULQJ WKH PHDVXUHPHQWV/ EXW QR VHDVRQDO HIIHFW
KDV WR EH FRQVLGHUHG>

• +,,,, IXOO HQYLURQPHQWDO UHSURGXFLELOLW\= WKH WHVW WLPH SHULRG H[WHQGV RYHU D ZKROH \HDU RU
PRUH/ RU DW OHDVW RYHU VHYHUDO GD\V VSUHDG DOO RYHU D \HDU/ VXFK WKDW WKH WHPSHUD0
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WXUH/ FOLPDWLF DQG HQYLURQPHQWDO FRQGLWLRQV YDU\ GXULQJ WKH PHDVXUHPHQWV DQG DOO
WKH VLWH VHDVRQDO FRQGLWLRQV DUH HQFRXQWHUHG1

4414181 1R UHFDOLEUDWLRQ RU DQ\ PDQLSXODWLRQ/ VRIWZDUH DGDSWDWLRQ RU SDUW H[FKDQJH FDQ EH
FRQGXFWHG RQ WKH :,0 V\VWHP GXULQJ WKH WHVW SHULRG1 2QO\ LQ WKH FDVH RI D ORQJ WHUP WHVW +,,,,/
RU H[FHSWLRQDOO\ LQ FDVH +,,,/ LI VRPH SDUW RI WKH V\VWHP +VHQVRU RU HOHFWURQLFV, IDLOV/ WKH VXS0
SOLHU RI WKH V\VWHP PD\ EH DXWKRULVHG WR UHSDLU LW RU WR UHSODFH WKH EURNHQ SDUW/ XQGHU WKH FRQ0
WURO RI WKH WHVW RUJDQLVHU1$ GHWDLOHG UHSRUW DERXW WKH IDLOXUH/ LWV FDXVHV DQG WKH UHSDLU GRQH PXVW
EH SURYLGHG1

4414191 $FFRUGLQJ WR WKH QXPEHU RI WHVW YHKLFOHV +44141:,/ ORDG DQG VSHHG FDVHV/ DQG HYHQWXDOO\
WR WKH XVH RI SUH0 RU SRVW0ZHLJKHG YHKLFOHV IURP WKH WUDIILF IORZ SDVVLQJ WKH V\VWHP RQO\ RQFH/
WKH WHVW PD\ EH FDUULHG LQ +VHH VHFWLRQ :151615,=

• +U4, IXOO UHSHDWDELOLW\

• +U5, H[WHQGHG UHSHDWDELOLW\

• +54, OLPLWHG UHSURGXFLELOLW\

• +55, IXOO UHSURGXFLELOLW\

44141:1 7HVW YHKLFOHV DUH YHKLFOHV ZKLFK DUH SUH0ZHLJKHG RQ DQ DSSURYHG VWDWLF VFDOH RU ZHLJK0
EULGJH/ DQG SHUIRUP UHSHDWHG UXQV RYHU WKH V\VWHP +VHH ;16,1

4415 7HVW 3ODQV

4415141 7KH GHILQLWLRQ RI D WHVW SODQ FRQVLVWV LQ WKH FKRLFH RI D VDPSOH RI YHKLFOHV DQG WKHLU
QXPEHU DQG FRQGLWLRQV RI UXQV1 7KHVH YHKLFOHV PD\ EH HLWKHU=

• WHVW YHKLFOHV +44141:, SURYLGHG E\ WKH RUJDQLVHU +SUH0ZHLJKHG RU LQVWUXPHQWHG YHKLFOHV,/

• DQG2RU YHKLFOHV WDNHQ IURP WKH WUDIILF IORZ DQG SUH0 RU SRVW0ZHLJKHG> LQ WKLV ODWWHU FDVH
RQO\ RQH UXQ SHU YHKLFOH LV FRQVLGHUHG1

,I ERWK W\SHV RI YHKLFOHV DUH XVHG/ WKH GDWD RI HDFK SRSXODWLRQ VKRXOG QRW EH PHUJHG LQ WKH
DQDO\VLV1

4415151 ,I WKH ZHLJKWV DUH WDNHQ DV WKH UHIHUHQFH YDOXHV/ WKH JXLGHOLQHV JLYHQ LQ :1516 VKRXOG
DSSO\1 ,I WKH LPSDFW IRUFHV DUH WDNHQ DV WKH UHIHUHQFH YDOXHV/ WKH JXLGHOLQHV JLYHQ LQ :1517 PD\
EH XVHG1

4415161 ,W LV UHFRPPHQGHG WR SHUIRUP WKH FKHFN RI WKH WHVW LQ FRQGLWLRQV +54, RU +55,1 ,W PD\
EH GRQH LQ FRQGLWLRQV +U5, EXW ZLWK DW OHDVW 6 ORDGLQJ FDVHV XQLIRUPO\ GLVWULEXWHG ZLWKLQ WKH
UDQJH RI D[OH2JURVV ZHLJKWV WR EH ZHLJKHG/ DQG 43 UXQV SHU ORDGLQJ FDVH1 ,W LV QRW UHFRP0
PHQGHG WR SHUIRUP WKH WHVW LQ FRQGLWLRQV +U4,/ XQOHVV E\ VSHFLDO DJUHHPHQW RI WKH XVHU +FXV0
WRPHU,1 7KH UHTXLUHPHQWV RI :151618 WR :15161: VWLOO DSSO\1
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4415171 ,Q FDVHV +,,, DQG +,,,,/ WKH VDPSOH RI YHKLFOHV XVHG RYHU HDFK GD\ RU VHULHV RI GD\V
VKRXOG EH VLPLODU +FRPSRVLWLRQ DQG ORDGV,/ DQG DV IDU DV SRVVLEOH UHSUHVHQWDWLYH RI WKH WUDIILF
IORZ1

4415181 7KH HQYLURQPHQWDO FRQGLWLRQV +HVSHFLDOO\ WKH WHPSHUDWXUH, VKRXOG EH UHFRUGHG GXULQJ
DOO WKH PHDVXUHPHQW SHULRGV1

'HSHQGLQJ RQ WKH VHQVRU W\SH/ WHPSHUDWXUH YDULDWLRQV FDQ FDXVH ELDV EHFDXVH RI VHQVRU VHQVL0
WLYLW\ RU LQGLUHFWO\ EHFDXVH RI SDYHPHQW PRGXOXV RU EHKDYLRXU FKDQJHV1

4415191 7KH REMHFWLYH RI WKLV VSHFLILFDWLRQ LV WR OHDYH DOO WKH IOH[LELOLW\ WR WKH FXVWRPHU RU XVHU/
VR WKDW WKH PRVW DGDSWHG WHVW SODQ FDQ EH FKRVHQ DFFRUGLQJ WR LWV UHTXLUHPHQWV DQG PHDQV1 7KH
GDWD DQDO\VLV SURFHGXUH GHVFULEHG LQ 4416 LV DEOH WR GHDO ZLWK DQ\ WHVW SODQ/ DQG WKHQ WKH OHYHO
RI FRQILGHQFH RI WKH UHVXOWV LV FDOFXODWHG1 2U WKH FXVWRPHU PD\ FKRRVH WKH DSSURSULDWH OHYHO RI
FRQILGHQFH +RU WKH KLJKHVW DFFHSWHG ULVN,/ DQG EXLOG WKH PRVW FRQYHQLHQW WHVW SODQ ZKLFK FRP0
SOLHV ZLWK LW DPRQJ DOO RI WKHP1

)RU FRPPRQ FKHFNV/ VRPH VWDQGDUG VLPSOLILHG WHVW SODQV DUH JLYHQ LQ WKH $SSHQGL[ ,1

4416 &RQILGHQFH /HYHOV

4416141:KHQ D WHVW RI D :,0 V\VWHP LV SHUIRUPHG DFFRUGLQJ WR WKH SULQFLSOHV RI 4415/ WKH FRQ0
ILGHQFH OHYHO π WR JHW DQ LQGLYLGXDO HUURU ZLWKLQ WKH FRQILGHQFH LQWHUYDOV VSHFLILHG LQ 7DEOH 8
RU 7DEOH 9 +ZLWKLQ WKH WROHUDQFHV, PD\ EH HVWLPDWHG IURP WKH WHVW UHVXOWV DQG VWDWLVWLFV1 ,Q WKH
IROORZLQJ/ WKH LQGLYLGXDO HUURUV DUH DVVXPHG WR EH UDQGRP/ LQGHSHQGHQW RI HDFK RWKHU DQG
QRUPDOO\ GLVWULEXWHG1

7KH PHDQ HUURU HVWLPDWLRQ LV DIIHFWHG E\ D VWDWLVWLFDO XQFHUWDLQW\/ ZKLFK GHSHQGV RQ WKH VDPSOH
VL]H Q +WKH XQFHUWDLQW\ LV UHPRYHG IRU DQ LQILQLWH VDPSOH VL]H $,1 7KLV XQFHUWDLQW\ LV WDNHQ LQWR
DFFRXQW LQ WKH VSHFLILHG YDOXHV RI WKH IROORZLQJ WDEOHV DQG LQ WKH IRUPXODV RI VHFWLRQ 4417/ DV0
VXPLQJ WKDW WKH VDPSOHV KDYH QRUPDO GLVWULEXWLRQV +WKLV PD\ EH FKHFNHG E\ WHVWLQJ LI UH0
TXLUHG,1

4416151 'HSHQGLQJ RQ WKH WHVW SODQ UHSHDWDELOLW\ RU UHSURGXFLELOLW\ FRQGLWLRQV +U4, WR +55,/ DQG
RQ WKH HQYLURQPHQWDO UHSHDWDELOLW\2UHSURGXFLELOLW\ FRQGLWLRQV +,, WR +,,,,/ WKH PLQLPXP YDOXHV
π3 RI WKH UHTXLUHG OHYHO RI FRQILGHQFH IRU WKH FRQILGHQFH LQWHUYDOV VSHFLILHG LQ 7DEOH 8 DQG
7DEOH 9 DUH JLYHQ LQ 7DEOH :/ 7DEOH ; DQG 7DEOH </ DQG LQ )LJXUH 51 π3 LQFUHDVHV ZLWK WKH VL]H Q
RI WKH WHVW GDWD VDPSOH1 7KHVH YDOXHV DUH DOVR FDOFXODWHG E\ IRUPXOD LQ WKH FRPSXWHU +([FHO
VKHHW, WRROV SUHVHQWHG LQ WKH $SSHQGL[ ,91 7KH\ ZHUH FKRVHQ DV H[SODLQHG LQ +%1 -DFRE/ 4<<:,1
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7DEOH := 0LQLPXP OHYHOV RI FRQILGHQFH π3 / RI WKH FHQWUHG FRQILGHQFH LQWHUYDOV +LQ (, 0 FDVH
RI D WHVW XQGHU ³HQYLURQPHQWDO UHSHDWDELOLW\´ +,,

6DPSOH VL]H +Q,
7HVW FRQGLWLRQV 43 53 63 93 453 ∞∞∞∞

)XOO UHSHDWDELOLW\ +U4, <8 <:15 <:1< <;17 <;1: <<15

([WHQGHG UHSHDWDELOLW\ +U5, <3 <714 <816 <917 <:14 <;15

/LPLWHG UHSURGXFLELOLW\ +54, ;8 <31; <518 <715 <815 <:13

)XOO UHSURGXFLELOLW\ +55, ;3 ;:17 ;<19 <41; <614 <817

)RU VDPSOH VL]H Q QRW PHQWLRQHG LQ WKLV WDEOH/ WKH ILJXUHV PD\ EH LQWHUSRODWHG XVLQJ )LJXUH 5/
RU D OLQHDU LQWHUSRODWLRQ/ RU WKH\ DUH FDOFXODWHG LQ WKH ([FHO VKHHW SUHVHQWHG LQ WKH $SSHQGL[
,91

7DEOH ;= 0LQLPXP OHYHOV RI FRQILGHQFH π3 / RI WKH FHQWUHG FRQILGHQFH LQWHUYDOV +LQ (, 0 FDVH
RI D WHVW XQGHU ³OLPLWHG HQYLURQPHQWDO UHSURGXFLELOLW\´ +,,,

6DPSOH VL]H +Q,
7HVW FRQGLWLRQV 43 53 63 93 453 ∞∞∞∞

)XOO UHSHDWDELOLW\ +U4, <616 <915 <:13 <:1; <;15 <;1<

([WHQGHG UHSHDWDELOLW\ +U5, ;:18 <518 <61< <816 <914 <:18

/LPLWHG UHSURGXFLELOLW\ +54, ;41< ;;1: <31: <51: <61< <913

)XOO UHSURGXFLELOLW\ +55, :919 ;71< ;:17 <313 <418 <716

)RU VDPSOH VL]H Q QRW PHQWLRQHG LQ WKLV WDEOH/ WKH ILJXUHV PD\ EH LQWHUSRODWHG XVLQJ )LJXUH 5/
RU D OLQHDU LQWHUSRODWLRQ/ RU WKH\ DUH FDOFXODWHG LQ WKH ([FHO VKHHW SUHVHQWHG LQ WKH $SSHQGL[
,91

7DEOH <= 0LQLPXP OHYHOV RI FRQILGHQFH π3 / RI WKH FHQWUHG FRQILGHQFH LQWHUYDOV +LQ (, 0 FDVH
RI D WHVW XQGHU ³OLPLWHG HQYLURQPHQWDO UHSURGXFLELOLW\´ +,,,

6DPSOH VL]H +Q,
7HVW FRQGLWLRQV 43 53 63 93 453 ∞∞∞∞

)XOO UHSHDWDELOLW\ +U4, <417 <813 <913 <:13 <:19 <;18

([WHQGHG UHSHDWDELOLW\ +U5, ;71: <31: <517 <714 <814 <91;

/LPLWHG UHSURGXFLELOLW\ +54, :;19 ;917 ;;1: <414 <518 <813

)XOO UHSURGXFLELOLW\ +55, :613 ;516 ;814 ;;14 ;<1; <614

)RU VDPSOH VL]H Q QRW PHQWLRQHG LQ WKLV WDEOH/ WKH ILJXUHV PD\ EH LQWHUSRODWHG XVLQJ )LJXUH 5/
RU D OLQHDU LQWHUSRODWLRQ/ RU WKH\ DUH FDOFXODWHG LQ WKH ([FHO VKHHW SUHVHQWHG LQ WKH $SSHQGL[
,91
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)LJXUH 5= *UDSKLFDO UHSUHVHQWDWLRQ RI WKH PLQLPXP FRQILGHQFH OHYHO ZLWK WKH QXPEHU RI GDWD

4416161 ,W LV UHFRPPHQGHG WR UHTXLUH 0 E\ WKH FKRLFH RI WKH WHVW SODQ 0 D FRQILGHQFH OHYHO
JUHDWHU RU HTXDO WR <3 ( LQ UHSURGXFLELOLW\ FRQGLWLRQV +54, DQG +55,/ DQG JUHDWHU RU HTXDO WR <8
( LQ UHSHDWDELOLW\ FRQGLWLRQV +U4, DQG +U5,/ EXW LQ SDUWLFXODU FDVHV LW PD\ EH OHVV1

4416171 )RU VRPH DSSOLFDWLRQV/ HVSHFLDOO\ WKH OHJDO DSSOLFDWLRQV +H1J1/ HQIRUFHPHQW,/ KLJKHU
FRQILGHQFH OHYHOV PD\ EH UHTXLUHG/ VXFK DV <<( RU <<18(1 (YHQ LI VXFK YDOXHV H[FHHG WKH
PD[LPXP YDOXH JLYHQ LQ WKH 7DEOH :/ 7DEOH ; DQG 7DEOH </ WKH\ PD\ EH REWDLQHG IRU D ODUJH
HQRXJK WROHUDQFH δ RQ WKH FRQVLGHUHG FULWHULRQ +L1H1 XVLQJ D ORZHU DFFXUDF\ FODVV,= IRU D JLYHQ
V\VWHP +DFFXUDF\,/ KLJKHU WKH WROHUDQFH/ KLJKHU WKH FRQILGHQFH OHYHO1 7KH HIIHFWLYH FRQILGHQFH
OHYHO LV FDOFXODWHG +VHH 441719,1

4417 7HVW 5HVXOWV $QDO\VLV

$IWHU WKH HQG RI WKH GDWD FROOHFWLRQ/ WKH GHWDLOHG DQDO\VLV RI WKH WHVW UHVXOWV ZLOO EH GRQH
WKURXJK WKH IROORZLQJ VWHSV=

4417141 5HSRUW RQ WKH V\VWHP IDLOXUHV RU PDOIXQFWLRQV/ LQFOXGLQJ VWDWLVWLFV DERXW WKH WLPH RI
RSHUDWLRQ/ WKH WLPH LQWHUYDO EHWZHHQ IDLOXUHV/ HWF11

4417151 6WDWLVWLFV DERXW WKH QXPEHU RI SURSHUO\ UHFRUGHG YHKLFOHV E\ WKH :,0 V\VWHP +LI DQ\
UHIHUHQFH LV DYDLODEOH RQ WKH WKHRUHWLFDO QXPEHU RI YHKLFOHV SDVVHG/ DW OHDVW IRU WKH YHKLFOHV RI
WKH WHVW VDPSOH,1 $QDO\VLV RI WKH HUURUV DXWRPDWLFDOO\ GHWHFWHG E\ WKH V\VWHP +HUURU FRGH SUR0
YLGHG, DQG WKH PLVVHG RQHV1
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,Q WKLV VWHS/ WKH SHUFHQWDJH RI PLVVLQJ YHKLFOHV +QRW LQFOXGLQJ WKH YHKLFOHV UHFRUGHG ZLWK DQ HU0
URU FRGH, PXVW EH ORZHU WKDQ WKH YDOXHV LQGLFDWHG LQ WKH ODVW OLQH RI 7DEOH 81

7KH SHUFHQWDJH RI YHKLFOHV UHFRUGHG ZLWK DQ HUURU FRGH PD\ EH KLJKHU +ZLWKRXW DQ\ VSHFLILHG
XSSHU OLPLW,/ EXW RQO\ LQ VR IDU DV LW FRQFHUQV WKH WUDIILF FRQGLWLRQV= YHKLFOH SDVVLQJ SDUWLDOO\
RII0VFDOH/ EUDNLQJ RU DFFHOHUDWLQJ RYHU WKH VSHFLILHG OLPLWV RI WKH V\VWHP/ HWF11

4417161 2XWOLHUV= WKH LVVXH RI WKH VWDWLVWLFDO RXWOLHUV +QRW GHWHFWHG E\ WKH V\VWHP LQ LWV UHFRUGLQJ
SURFHVV, PXVW EH FRQVLGHUHG FDUHIXOO\1 7ZR FDVHV PD\ EH FRQVLGHUHG/ DQG WKHQ RQO\ RQH RI
WKHP RU ERWK PD\ EH WUHDWHG DFFRUGLQJ WR WKH WHVW UHTXLUHPHQWV1

441716141 1R RXWOLHU HOLPLQDWLRQ= LI WKH REMHFWLYH RI WKH WHVW LV WR SURYLGH WKH UHDO V\VWHP SHU0
IRUPDQFH IRU D FXVWRPHU ZKR JHQHUDOO\ XVHV WKH GDWD DV WKH\ DUH UHFRUGHG/ ZLWKRXW DQ\ IXUWKHU
VWDWLVWLFDO DQDO\VLV/ WKHQ DOO WKH GDWD UHFRUGHG H[FHSW WKRVH ZLWK DQ HUURU FRGH DUH LQFOXGHG LQ
WKH DQDO\VLV GHVFULEHG EHORZ1

441716151 2XWOLHU HOLPLQDWLRQ= LI WKH REMHFWLYH RI WKH WHVW LV WR SURYLGH WKH WKHRUHWLFDO V\VWHP
SHUIRUPDQFH IRU D FXVWRPHU ZKR PD\ SHUIRUP VRPH IXUWKHU VWDWLVWLFDO WHVWV RQ WKH UHFRUGHG
GDWD/ WKHQ VRPH VWDWLVWLFDO WHVWV RI RXWOLHUV PXVW EH DSSOLHG RQ WKH KRPRJHQHRXV SRSXODWLRQV
+WDNH FDUH RI WKH 1RUPDOLW\ UHTXLUHG IRU PRVW RI WKHVH WHVWV> LI LW LV WKH FDVH/ WKLV 1RUPDOLW\
PXVW DOVR EH FKHFNHG E\ WHVWLQJ,1 7KH RXWOLHUV LGHQWLILHG E\ WKH UHOHYDQW WHVWV DUH DFFRXQWHG IRU
DQG FRXQWHG DV PLVVLQJ GDWD DIWHU HOLPLQDWLRQ +UHWXUQ WR 441715,1 7KH UHPDLQLQJ GDWD DUH RQO\
XVHG IRU WKH DQDO\VLV GHVFULEHG EHORZ1 7KH ILQDO UHSRUW RI WKH WHVW PXVW FOHDUO\ UHSRUW RQ WKLV
SDUW RI WKH DQDO\VLV1

4417171 ,Q WKH FDVH RI D ODUJH HQRXJK GDWD VDPSOH/ LW LV UHFRPPHQGHG WR FKHFN WKH 1RUPDOLW\ RI
WKH UHVXOWV ZKHQ RQO\ LQGHSHQGHQW UDQGRP HUURUV DUH H[SHFWHG WR SURYLGH WKH SRSXODWLRQ YDUL0
DQFH> WKLV LV PRVWO\ WKH FDVH DQG QRQ01RUPDOLW\ RIWHQ UHYHDOV VRPH G\VIXQFWLRQ10RUHRYHU WKLV
DVVXPSWLRQ LV PDGH IRU WKH OHYHO RI FRQILGHQFH FDOFXODWLRQ1

4417181 7KH UHODWLYH HUURUV ZLWK UHVSHFW WR WKH ZHLJKWV DQG VWDWLF ORDGV +RU DQ\ RWKHU DFFHSWHG
UHIHUHQFH YDOXHV, DUH FDOFXODWHG/ IRU HDFK PHDVXUHPHQW RI WKH GLIIHUHQW VXE0SRSXODWLRQV/ L1H1
WKH D[OHV/ D[OH JURXSV/ D[OHV RI JURXSV DQG JURVV ZHLJKWV/ DV=

[
:G :V
:VL
L L

L
=

−+ ,

ZKHUH :GL DQG :VL DUH WKH LQ0PRWLRQ PHDVXUHG YDOXH DQG WKH UHIHUHQFH +VWDWLF, YDOXH UHVSHF0
WLYHO\ RI WKH VDPH HQWLW\1

7KHQ WKH PHDQ P DQG WKH VWDQGDUG GHYLDWLRQ V RI WKH UHODWLYH HUURUV LQ HDFK VXE0SRSXODWLRQ
VDPSOH DUH FDOFXODWHG1

5HPDUNV=

41:KLOH WKH FDOLEUDWLRQ PHWKRG DSSOLHG GRHV QRW SURYLGH LQGLYLGXDO FRHIILFLHQWV E\ ORUU\ W\SH
RU D[OH UDQN +VXFK DV LQ WKH PHWKRGV 41D1 WR 41G1 RI WKH $SSHQGL[ ,,,,/ WKH VDPSOHV FRQVLGHUHG
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PXVW LQFOXGH DOO WKH JURVV ZHLJKW RU VLQJOH D[OH/ D[OH RI JURXS RU JURXS RI D[OHV ORDGV UHVXOWV
WRJHWKHU1 )RU H[DPSOH DOO WKH VLQJOH D[OHV RI DQ\ UDQN PXVW EH FRQVLGHUHG WRJHWKHU/ EXW QRW WKH
IURQW D[OHV DQG WKH UHDU2GULYH D[OHV VHSDUDWHO\1

,I GLIIHUHQW FDOLEUDWLRQ FRHIILFLHQWV DUH GHILQHG E\ YHKLFOH W\SH RU D[OH UDQN +RU W\SH,/ WKHQ WKH
VDPSOHV FRQVLGHUHG PD\ GLVWLQJXLVK HDFK VXE0SRSXODWLRQ1

51 ,Q FDVH RI D WHVW LQ FRQGLWLRQV +U4,/ WKH GDWD FROOHFWHG IRU DOO WKH VSHHG OHYHOV PXVW EH PHUJHG
DQG DQDO\VHG LQ RQO\ RQH VDPSOH/ HYHQ LI WKH IXOO UHSHDWDELOLW\ LV QRW VDWLVILHG DQ\PRUH1

4417191 &DOFXODWLRQ RI WKH FRQILGHQFH OHYHO

7KH FRQILGHQFH OHYHO π PD\ EH HLWKHU HVWLPDWHG E\ D WKHRUHWLFDO PHWKRG +44171914, XVLQJ WKH
VDPSOH VWDWLVWLFV RI WKH WHVW/ RU/ LQ VRPH FDVHV/ E\ D VDPSOH SURSRUWLRQ +44171915,1 %RWK PHWK0
RGV DUH SUHVHQWHG=

441719141 &DOFXODWLRQ RI WKH WKHRUHWLFDO FRQILGHQFH OHYHO

$ ORZHU ERXQG π/ RI WKH SUREDELOLW\ IRU DQ LQGLYLGXDO YDOXH RI D UHODWLYH HUURU/ WDNHQ UDQGRPO\
IURP D QRUPDOO\ GLVWULEXWHG VDPSOH RI VL]H Q/ ZLWK D VDPSOH PHDQ P DQG VWDQGDUG GHYLDWLRQ V/
WR EH LQ WKH FHQWUHG FRQILGHQFH LQWHUYDO >0δ> δ @/ LV JLYHQ DW WKH FRQILGHQFH OHYHO +40α, E\ +%1
-DFRE/ 4<<:,=

π  Φ+X4 ,0Φ+X5 , / ZLWK X4 +δ 0P, 2V 0 Wν/400α25 2Q425 DQG X5 +0δ 0P, 2V . Wν/400α25 2Q425 +5,

ZKHUH Φ LV WKH FXPXODWLYH GLVWULEXWLRQ IXQFWLRQ RI D 6WXGHQW YDULDEOH/ DQG Wν/400α25 LV D 6WXGHQW
YDULDEOH ZLWK ν  Q04 GHJUHHV RI IUHHGRP1 α LV WDNHQ HTXDO WR 31381

5HPDUN= ,I Q LV JUHDWHU WKDQ 93/ WKH FXPXODWLYH GLVWULEXWLRQ IXQFWLRQ Φ PD\ EH DSSUR[LPDWHG
E\ WKH FXPXODWLYH GLVWULEXWLRQ IXQFWLRQ RI D VWDQGDUGLVHG 1RUPDO YDULDEOH1 %XW WKLV DSSUR[L0
PDWLRQ LV QRW RI D YHU\ KLJK LQWHUHVW LQ SUDFWLFH/ DQG VKRXOG RQO\ EH XVHG LI WKH 6WXGHQW GLVWUL0
EXWLRQ IXQFWLRQ LV QRW DYDLODEOH1

7KHQ WKH HVWLPDWHG OHYHO RI FRQILGHQFH π/ IRU HDFK VDPSOH +DQG FULWHULRQ, LV FDOFXODWHG1

441719151 (VWLPDWLRQ RI π ZLWK WKH VDPSOH SURSRUWLRQ πµ

,I WKH VDPSOH VL]H Q LV JUHDWHU WKDQ 432+40π3,/ ZKHUH π3 LV WKH PLQLPXP UHTXLUHG OHYHO RI FRQIL0
GHQFH UHDG LQ 7DEOH :/ 7DEOH ; DQG 7DEOH < +DFFRUGLQJ WR WKH WHVW SODQ,/ π PD\ EH VWDWLVWLFDOO\
HVWLPDWHG E\ WKH SURSRUWLRQ πµ RI WKH VDPSOH WHVW GDWD IRXQG ZLWKLQ WKH FRQILGHQFH LQWHUYDO >0
δ>.δ @1

7KLV HVWLPDWLRQ PD\ EH HYHQWXDOO\ XVHG ZKLOH Q ! 82+40π3,/ EXW WKH VWDWLVWLFDO XQFHUWDLQW\ LQ0
FUHDVHV DV Q GHFUHDVHV1

7KH VDPSOH SURSRUWLRQ PD\ RQO\ EH XVHG ZLWK WKH XVHU¶V RU FXVWRPHU¶V DJUHHPHQW/ DQG LI WKHUH
LV QR SRVVLELOLW\ WR FDOFXODWH WKH π YDOXH1



$SSHQGL[ 4= (XURSHDQ :,0 6SHFLILFDWLRQ 3URFHGXUH WR &KHFN WKH $FFXUDF\

7:

44171:1 7HVW RI DFFHSWDQFH

$W WKLV VWDJH/ WKH\ DUH WZR ZD\V WR DVVHVV WKH DFFXUDF\ OHYHO RI D :,0 V\VWHP E\ WHVWLQJ=

44171:141 )RU HDFK VXE0SRSXODWLRQ +VDPSOH, FRUUHVSRQGLQJ WR D FULWHULRQ RI WKH 7DEOH 8/ DQG IRU
WKH SURSRVHG +UHTXLUHG, DFFXUDF\ FODVV GHILQHG E\ δ / WKH DFFHSWDQFH WHVW LV=

• LI π +RU πµ LQ WKH FDVH RI 44171915, ≥ π3 / WKH V\VWHP LV DFFHSWHG LQ WKH FODVV δ>

• LI π +RU πµ LQ WKH FDVH RI 44171915, ? π3 / WKH V\VWHP FDQQRW EH DFFHSWHG LQ WKH SURSRVHG DF0
FXUDF\ FODVV/ DQG WKH DFFHSWDQFH WHVW LV UHSHDWHG ZLWK D ORZHU DFFXUDF\ FODVV +D JUHDWHU δ,1
,I WKH WKHRUHWLFDO YDOXH RI π LV XVHG/ LW VKRXOG EH UHFDOFXODWHG E\ WKH HTXDWLRQ1 %XW πµ LV LQ0
GHSHQGHQW RI δ 1

44171:151 $Q DOWHUQDWLYH ZD\ LV WR FDOFXODWH/ ZLWK WKH HTXDWLRQ/ WKH +ORZHVW, YDOXH δPLQ RI δ
ZKLFK SURYLGHV= π  π3 / DQG WKHQ WR FKHFN WKDW δPLQ LV VPDOOHU WKDQ WKH YDOXH VSHFLILHG LQ
7DEOH 8 RU 7DEOH 9 IRU WKH SURSRVHG DFFXUDF\ FODVV DQG FULWHULRQ1

,I WKH VDPSOH SURSRUWLRQ πµ LV XVHG +44171915,/ WKH VPDOOHVW YDOXH δPLQ RI δ ZKLFK HQVXUHV WKDW
WKH FHQWUHG FRQILGHQFH LQWHUYDO FRQWDLQV D VDPSOH SURSRUWLRQ πµ  π3 / LV FKRVHQ/ DQG WKH VDPH
FKHFN DV DERYH LV GRQH1

7KLV ODVW DSSURDFK PD\ DOORZ WR FODVVLI\ D V\VWHP LQ DQ\ DFFXUDF\ FODVV/ GHILQHG E\ WKH ORZHVW
DFFHSWHG δ0YDOXH +δPLQ,1

44171:161 $QRWKHU PDQQHU WR H[SUHVV WKH DFFXUDF\ FODVV IRU RQH FULWHULRQ/ ZKHQ D YDOXH RI δPLQ
KDV EHHQ FDOFXODWHG/ FRQVLVWV RI FDOFXODWLQJ WKH DVVRFLDWHG δF XVLQJ WKH IRUPXOD RI ;151614 RU
;1516151 7KHQ WKH DFFXUDF\ FODVV PD\ EH H[SUHVVHG E\ WKLV YDOXH RI δF +URXQGHG WR WKH FORVHVW
XSSHU LQWHJHU, RU E\ WKH FORVHVW XSSHU VWDQGDUG FODVV $+8, WR (+83,/ HWF11

44171;1 ,I UHTXLUHG E\ WKH FXVWRPHU RU WKH PDQXIDFWXUHU/ VRPH DGGLWLRQDO DQDO\VLV PD\ EH SHU0
IRUPHG ZLWK WKH WHVW GDWD/ VXFK DV= DQDO\VLV RI WKH HQYLURQPHQWDO HIIHFWV/ RI WKH WUDIILF FRQGL0
WLRQ HIIHFWV/ HWF11

44171<1 7KH $SSHQGL[ , RI WKLV VSHFLILFDWLRQ JLYHV D VLPSOLILHG SURFHGXUH/ EDVHG RQ WKH XVH RI D
JUDSKLFDO FKDUW IRU WKH DFFHSWDQFH WHVW> WKLV VLPSOLILHG SURFHGXUH LV YHU\ HDV\ WR LPSOHPHQW/
EXW RQO\ FRPSOLHV ZLWK WKH VWDQGDUGLVHG FRPPRQ WHVW SODQV1
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,W LV RXW RI WKH VFRSH RI WKLV GRFXPHQW WR VSHFLI\ LQ WRR PXFK GHWDLO WKH FRQWHQW/ VWUXFWXUH DQG
IRUPDW/ RI WKH GDWD ILOHV FRQWDLQLQJ WKH RXWSXW IURP :,0 V\VWHPV1 ,W LV PDLQO\ WKH UHVSRQVLELO0
LW\ RI WKH :,0 V\VWHP PDQXIDFWXUHUV RU VHUYLFH VXSSOLHUV WR GHYHORS DQG LPSOHPHQW VRIWZDUH
DQG GDWD ILOHV/ DGDSWHG WR WKH UHTXLUHPHQWV RI HDFK W\SH RI FXVWRPHU DQG XVHU1 0RUHRYHU/ DQ
H[FHVVLYHO\ GHWDLOHG VSHFLILFDWLRQ FRXOG OLPLW WKH SURJUHVV DQG HYROXWLRQ LQ WKLV GRPDLQ/ DQG
SUHYHQW DGDSWDWLRQ WR WKH PRVW DGYDQFHG :,0 WHFKQRORJ\1

4514 'DWD 6WRUDJH

4514141 7KLV FRQFHUQV WKH FRQWHQW/ VWUXFWXUH DQG IRUPDW RI WKH GDWD ILOHV ZKLFK FRQWDLQ WKH LQ0
IRUPDWLRQ UHFRUGHG RU FRPSXWHG E\ WKH :,0 V\VWHPV1 2QO\ WKH GHWDLOHG GDWD YHKLFOH E\ YHKL0
FOH DUH FRQVLGHUHG LQ WKLV VSHFLILFDWLRQ1 $JJUHJDWHG GDWD KLJKO\ GHSHQGV RQ WKH V\VWHP/ VRIW0
ZDUHV DQG FRQWHQWV DUH RIWHQ FXVWRPLVHG1

7KHVH JHQHUDO JXLGHOLQHV DUH JLYHQ WR HQVXUH XVHU0IULHQGOHVV DQG IDFLOLWDWH WKH H[FKDQJH RI GDWD
EHWZHHQ XVHUV1 6RPH RI WKHVH UHTXLUHPHQWV PD\ HYROYH ZLWK WKH :,0 WHFKQRORJ\1

4514151 ,Q RUGHU WR DYRLG DQ\ FRQIXVLRQ ZKLOH UHDGLQJ WKH GDWD ILOHV RU XVLQJ WKH GDWD/ H[SOLFLW
KHDGLQJV PXVW DSSHDU DW WKH WRS RI HDFK FROXPQ +RU OLQH, RI GDWD ILOH/ WDEOH RU JUDSK1 7KH XQLWV
PXVW DOVR EH JLYHQ/ DQG/ DV IDU DV SRVVLEOH/ WKH 61,1 +6\VWHP ,QWHUQDWLRQDO, V\VWHP XVHG1

4514161 7KH GLYLVLRQ VFDOHV VKRXOG EH/ DFFRUGLQJ WR WKH DFFXUDF\ FODVVHV=

• &ODVV $= 53 NJ/

• &ODVV %.= 83 NJ

• &ODVV %= 433 NJ

• &ODVV &= 533 NJ

• &ODVV '.+53,= 533 WR 833 NJ

• &ODVV '= 833 NJ

4514171 (DFK W\SH RI GDWD PXVW EH JLYHQ ZLWK D QXPEHU RI GLJLWV LQ DFFRUGDQFH ZLWK=

• WKH DFFXUDF\ RI WKH ZKROH UHFRUGLQJ GHYLFH/

• WKH DFFXUDF\ DQG QXPEHU RI GLJLWV RI WKH HQWLUH SURFHVVLQJ VRIWZDUH/

• WKH DFFXUDF\ UHTXLUHPHQW RI WKH XVHU1
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,W LV KLJKO\ UHFRPPHQGHG WR UHFRUG DQG GHOLYHU WKH WLPH RI SDVVDJH LQ KK=PP=VV=FF/ XS WR KXQ0
GUHGV RI VHFRQG/ EHFDXVH DW FXUUHQW KLJKZD\ VSHHG +H1J1/ 53 P2V, WKH LQDFFXUDF\ RQ WKH YHKLFOH
VSDFLQJ PD\ EH WRR KLJK IRU PDQ\ DSSOLFDWLRQV LI WKLV WLPH LV URXQGHG XS WR WKH VHFRQG1

4514181 %HFDXVH PRVW XVHUV SHUIRUP IXUWKHU DQDO\VLV E\ VRIWZDUH ZLWK WKH GDWD FROOHFWHG/ LW LV
UHFRPPHQGHG WKDW WKH GDWD ILOHV DUH JLYHQ HLWKHU LQ D ZLGHO\ GLVWULEXWHG VSUHDGVKHHW IRUPDW
+([FHO/ 4XDWWUR 3UR/ HWF1,/ RU LQ WDEXODWHG $6&,, IRUPDW ZKLFK FDQ HDVLO\ EH FRQYHUWHG1 7KH
VWDQGDUG VKHHWV VXSSOLHG LQ WKH $SSHQGL[ ,9 DUH LQ ([FHO1

4514191 ,W LV UHFRPPHQGHG WKDW WKH GDWD ILOHV PD\ EH UHDG DQG SURFHVVHG RQ FRPPRQ SHUVRQDO
PLFUR0FRPSXWHUV/ DQG PD\ EH H[SRUWHG LQ $6&,, IRUPDW WR RWKHU FRPSXWHU V\VWHPV1

45141:1 ,I D :,0 V\VWHP LV HTXLSSHG ZLWK VRIWZDUH WR GHWHFW DQ\ DEQRUPDO UHVXOW RU HUURU/ LW LV
UHFRPPHQGHG WR=

• NHHS WKH ZURQJ UHVXOW LQ WKH GHWDLOHG GDWD ILOHV/ EXW WR PDUN LW ZLWK DQ HUURU +YLRODWLRQ,
FRGH/

• WR HOLPLQDWH WKH ZURQJ UHVXOW LQ WKH DJJUHJDWHG GDWD ILOHV/ EXW WR UHFRUG WKH VWDWLVWLFV RI
WKHVH ZURQJ UHVXOWV1

,Q ERWK FDVHV/ WKH FULWHULD IRU ZURQJ UHVXOW GHWHFWLRQ PXVW EH FOHDUO\ LQGLFDWHG QRW RQO\ LQ WKH
WHFKQLFDO EURFKXUH RI WKH :,0 V\VWHP/ EXW DOVR LQ DQ\ GRFXPHQW SUHVHQWLQJ WKH GDWD1

45141;1 7KH GDWD ILOH LWVHOI RU WKH DFFRPSDQ\LQJ GRFXPHQW PXVW FRQWDLQ VRPH LQIRUPDWLRQ
DERXW WKH VLWH DQG WKH :,0 V\VWHP/ VXFK DV=

• URDG LGHQWLILFDWLRQ +QDPH/ DGPLQLVWUDWLYH QXPEHU 0 (XURSHDQ QXPEHULQJ V\VWHP/ HWF1,/

• DFFXUDWH ORFDWLRQ RI WKH :,0 V\VWHP +PLOHVWRQH/ WUDIILF ODQH PHDVXUHG/ HWF1,/

• W\SH RI VHQVRU DQG RI HOHFWURQLFV XVHG/

• GDWH RI PDQXIDFWXUH DQG RI LQVWDOODWLRQ RI WKH :,0 V\VWHP/

• GDWH RI WKH ODVW FDOLEUDWLRQ/

• SHULRG RI PHDVXUHPHQW/

• RZQHU RI WKH :,0 V\VWHP DQG FRQWDFW SHUVRQ LQ FKDUJH RI WKH GDWD FROOHFWLRQ1

45141<1$GGLWLRQDO LQIRUPDWLRQ PD\ EH RI JUHDW LQWHUHVW LI DYDLODEOH/ VXFK DV=

• HQYLURQPHQWDO FRQGLWLRQV +ZHDWKHU/ WUDIILF/ HWF1, GXULQJ WKH PHDVXUHPHQW SHULRG/

• FDOLEUDWLRQ FRHIILFLHQW SHULRGLFDOO\ FRPSXWHG E\ WKH V\VWHP LQ FDVH RI DQ DXWRPDWLF VHOI0
FDOLEUDWLRQ +VHH VHFWLRQ :1518,/

• UHSRUW RQ WKH HYHQWXDO EUHDNGRZQ RU IDLOXUH/ DQG DQ\ PDLQWHQDQFH RSHUDWLRQ RI WKH :,0
V\VWHP GXULQJ WKH PHDVXUHPHQW SHULRG1
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45141431 ,Q RUGHU WR IDFLOLWDWH WKH GDWD WUDQVIHU DQG DQDO\VLV/ WKH FRQVHFXWLYH YHKLFOHV UHFRUGHG
VKRXOG EH SUHVHQWHG RQH SHU OLQH RI WKH ILOH1 6RPH OLQHV DW WKH WRS RI WKH ILOH PD\ FRQWDLQ WKH
JHQHUDO LQIRUPDWLRQ OLVWHG LQ VHFWLRQ 45141;1

45141441 7KH VDPH W\SH RI LQIRUPDWLRQ VKRXOG EH DV IDU DV SRVVLEOH LQ WKH VDPH FROXPQ +H1J1/
GDWH/ YHKLFOH OHQJWK/ VSHHG/ JURVV ZHLJKW RU D[OH RI WKH VDPH UDQN ORDGV,1 7KHUHIRUH LW LV UHF0
RPPHQGHG WR JURXS RQ WKH OHIW VLGH RI WKH ILOH +WKH ILUVW FROXPQV, WKH GDWD ZKLFK LV FRPPRQ
WR DOO YHKLFOHV=

• QXPEHU/ HUURU FRGH/ GDWH DQG WLPH RI SDVVDJH/ ODQH/ GLUHFWLRQ/ ODWHUDO SRVLWLRQ LQ WKH ODQH/
VSHHG/ OHQJWK/ QXPEHU RI D[OHV/ W\SH +E\ VLOKRXHWWH,/ JURVV ZHLJKW/ HWF1/

DQG RQ WKH ULJKW VLGH +ODVW FROXPQV, WKH GDWD ZKLFK RQO\ FRQFHUQV VRPH YHKLFOHV=

• D[OH ORDGV DQG LQWHU0D[OH GLVWDQFHV +EHFDXVH RI WKH YDULDWLRQ LQ WKH QXPEHU RI D[OHV SHU
YHKLFOH,1

,Q VXFK D ZD\/ WKH VL]H RI WKH ILOHV PD\ EH UHGXFHG/ DYRLGLQJ KDYLQJ PDQ\ SDUWLDOO\ HPSW\ FRO0
XPQV IRU WKH VPDOOHVW YHKLFOHV +RQO\ WKH FDUULDJH UHWXUQ V\PERO 0 HQG RI OLQH 0 ZLOO EH PL[HG
ZLWK RWKHU GDWD LQ WKH VDPH FROXPQ,1 ,I WKLV SULQFLSOH LV QRW DSSOLHG/ WKH QXPEHU RI FROXPQV
PXVW EH WKH ODUJHVW WR EH XVHG IRU WKH ORQJHVW YHKLFOHV1

$SSHQGL[ ,9 JLYHV DQ H[DPSOH RI D VWDQGDUG GHWDLOHG GDWD ILOH/ GHVLJQHG IRU WKH DFFXUDF\ DV0
VHVVPHQW RI D :,0 V\VWHP DFFRUGLQJ WR WKLV VSHFLILFDWLRQ1

4515 'DWD 7UDQVPLVVLRQ

4515141 7KH VSHFLILFDWLRQ RI GDWD WUDQVPLVVLRQ E\ WHOHSKRQH OLQH/ GDWD QHWZRUN RU +HU]LDQ ZDYH
RQO\ GHSHQGV RQ WKH WHOHFRPPXQLFDWLRQ VWDQGDUGV DQG WHFKQRORJ\/ DQG LV WUHDWHG LQ WKH UHOH0
YDQW RIILFLDO GRFXPHQWV1 $Q\ FXVWRPHU PD\ VSHFLI\ WKH VWDQGDUG WR EH XVHG DFFRUGLQJ WR LWV
QHHGV DQG HTXLSPHQW1

4515151 ,I DQ\ IXWXUH VWDQGDUGLVHG (XURSHDQ IRUPDWV DQG SURWRFROV RI WUDQVPLVVLRQ DSSHDUV/
WKH\ VKRXOG EH XVHG/ IROORZLQJ WKH XVHU¶V UHTXLUHPHQW DQG WKH :,0 V\VWHP FDSDELOLW\1 7KH
WUDQVPLVVLRQ SURWRFRO PXVW HQVXUH WKDW QR ORVV RI GDWD RFFXUV1

4515161 ,Q WKH FDVH RI GDWD WUDQVPLVVLRQ ZKLOH WKH :,0 V\VWHP LV LQ VHUYLFH/ WKH WUDQVPLVVLRQ
RSHUDWLRQ VKRXOG QRW LQWHUUXSW GDWD FROOHFWLRQ1
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461 &267 656 9(+,&/( &/$66,),&$7,21 +127 0$1'$725<,

7KHUH DUH PDQ\ YHKLFOH FODVVLILFDWLRQV LQ D IHZ RU ODUJH QXPEHUV RI YHKLFOH FDWHJRULHV XVHG LQ
(XURSH1 ,W LV QRW WKH VFRSH RI WKLV VSHFLILFDWLRQ WR UHTXLUH D XQLTXH FODVVLILFDWLRQ/ ZKLOH GH0
SHQGLQJ RQ WKH DSSOLFDWLRQ/ WKH UHJLRQDO WUDIILF SDWWHUQV/ HWF1/ RQH RU WKH RWKHU PD\ EH EHWWHU
DGDSWHG1 +RZHYHU/ LQ RUGHU WR IDFLOLWDWH VRPH FRPSDULVRQ EHWZHHQ JHQHUDO SDWWHUQV IURP RQH
URDG WR DQRWKHU/ RU WR DQDO\VH LQ GHWDLOV WKH SHUIRUPDQFH RI :,0 V\VWHPV ZLWK UHVSHFW RI WKH
W\SH RI YHKLFOH WR EH ZHLJKHG/ D VLPSOH FODVVLILFDWLRQ ZDV DJUHHG1

46141 7KH FODVVLILFDWLRQ JLYHQ EHORZ LV PDLQO\ EDVHG RQ WKH VLOKRXHWWH RI WKH YHKLFOHV/ DQG RQ
WKHLU PHFKDQLFDO G\QDPLF EHKDYLRXU ZKLOH WUDYHOOLQJ DW VSHHG1 7KHUHIRUH/ LW LV DGDSWHG WR :,0
VWXGLHV1 $FFRUGLQJ WR WKH OLPLWHG QXPEHU RI FDWHJRULHV/ WKH EUHDNGRZQ RI WKH SRSXODWLRQ RI
YHKLFOHV LQWR WKH SURSRVHG FDWHJRULHV VKRXOG EH HDV\ XVLQJ PRVW RI WKH GHWDLOHG H[LVWLQJ FODVVL0
ILFDWLRQV1 ,I WKDW LV QRW SRVVLEOH LQ VRPH SDUWLFXODU FDVHV/ WKH XQLGHQWLILHG YHKLFOHV ZLOO EH
VKDUHG EHWZHHQ WKH WZR DFFHSWDEOH FDWHJRULHV/ ZLWK D UHDVRQDEOH SURSRUWLRQ LQ HDFK1

46151 7KH &267 656 FODVVLILFDWLRQ LV JLYHQ E\=

&DWHJRU\ 6LOKRXHWWH 'HVFULSWLRQ
&DWHJRU\ 4 &DUV/ YDQV +? 68 N1, &DUV/ FDUV.OLJKW WUDLOHUV RU FDUDYDQV

&DWHJRU\ 5 7ZR D[OH ULJLG ORUU\

&DWHJRU\ 6 0RUH WKDQ 50D[OH ULJLG ORUU\

&DWHJRU\ 7 7UDFWRU ZLWK VHPL0WUDLOHU VXSSRUWHG
E\ VLQJOH RU WDQGHP D[OHV

&DWHJRU\ 8 7UDFWRU ZLWK VHPL0WUDLOHU VXSSRUWHG
E\ WULGHP D[OHV

&DWHJRU\ 9 /RUU\ ZLWK WUDLOHU

&DWHJRU\ : %XVVHV

&DWHJRU\ ; 2WKHU YHKLFOHV

)LJXUH 6= &267 656 YHKLFOH FODVVLILFDWLRQ
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,04 &ULWHULD IRU WKH &KRLFH RI :,0 6LWHV

7KH FKRLFH RI D :,0 VLWH KDV D JUHDW LQIOXHQFH RQ WKH DFFXUDF\/ WKH UHOLDELOLW\ DQG WKH GXUDELO0
LW\ RI DQ\ :,0 V\VWHP1 7KHUHIRUH VLWHV DUH FODVVLILHG DFFRUGLQJ WR WKH URDG JHRPHWU\ DQG WKH
SDYHPHQW FKDUDFWHULVWLFV1 7DEOH 43 LQGLFDWHV WKH UHFRPPHQGHG FKRLFH RI VLWH GHSHQGLQJ RQ WKH
UHTXLUHG DFFXUDF\ OHYHO1 7KH ZLGWKV RI WKH DFFXUDF\ FODVVHV DUH JLYHQ LQ ,091

7DEOH 43= &KRLFH RI :,0 VLWH DFFRUGLQJ WR WKH DFFXUDF\ UHTXLUHG

$FFXUDF\ VLWH , +([FHOOHQW, VLWH ,, +*RRG, VLWH ,,, +$FFHSWDEOH,

&ODVV $ +8, . 0 0

&ODVV %. +:, . 0 0

&ODVV % +43, . . 0

&ODVV & +48, +., . .

&ODVV '. +53, +., +., .

&ODVV ' +58, +., +., .

OHJHQG= µ0¶ PHDQV LQVXIILFLHQW/ µ.¶ PHDQV VXIILFLHQW/ µ+.,¶ PHDQV VXIILFLHQW EXW QRW QHFHVVDU\

&RPPHQW= 7KLV WDEOH GRHV QRW JLYH D VWULFW UHODWLRQVKLS EHWZHHQ WKH DFFXUDF\ FODVVHV DQG WKH
WHVW VLWH= VRPH W\SHV RI :,0 V\VWHPV 0 GHSHQGLQJ RQ WKH W\SH RI VHQVRU DQG WKH PHDVXUHPHQW
SULQFLSOH 0 PD\ UHTXLUH KLJKHU RU ORZHU VLWH FODVVHV WR PHHW WKH VDPH DFFXUDF\ OHYHO1 )RU H[0
DPSOH/ ODUJH VFDOHV RU ODUJH0EDVHG VHQVRUV +L1H1 ORQJHU WKDQ WKH W\UH LPSULQW LQ WKH GLUHFWLRQ RI
WKH WUDIILF IORZ, DUH OHVV VHQVLWLYH WR WKH SDYHPHQW HYHQQHVV WKDQ DUH QDUURZ0EDVHG VHQVRUV1
0RUHRYHU PXOWLSOH0VHQVRU :,0 V\VWHPV PD\ EH LQVWDOOHG LQ SDYHPHQWV ZLWK SRRUHU HYHQQHVV/
LI D VXLWDEOH DOJRULWKP SHUIRUPV FDOFXODWLRQV WR UHGXFH WKH G\QDPLF HIIHFWV1

7KH UHTXLUHPHQWV IRU EULGJH :,0 V\VWHPV DUH JLYHQ LQ WKH FKDSWHU 7161
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,0414 5RDG *HRPHWU\

,0414141 ,W LV VWURQJO\ UHFRPPHQGHG WKDW URDG VHFWLRQ EHWZHHQ 83 P XSVWUHDP DQG 58 P GRZQ0
VWUHDP RI WKH V\VWHP PHHWV WKH IROORZLQJ JHRPHWULFDO FKDUDFWHULVWLFV=

• ORQJLWXGLQDO VORSH ? 4( +FODVV , VLWH, RU ? 5( +RWKHU VLWH FODVVHV,/ GHSHQGLQJ RQ WKH VLWH
FODVV 81515, DQG DV IDU DV SRVVLEOH FRQVWDQW>

• WUDQVYHUVH VORSH ? 6(>

• UDGLXV RI FXUYDWXUH ! 4333 P +EXW D VWUDLJKW URDG ZRXOG EH SUHIHUUHG,1

,0414151 7KH :,0 V\VWHPV VKRXOG EH LQVWDOOHG DZD\ IURP DQ\ DUHD RI DFFHOHUDWLRQ RU GHFHOHUD0
WLRQ/ +L1H1 FORVH WR D WUDIILF OLJKW/ WROO VWDWLRQ/ HWF1,/ LQ RUGHU WR ZHLJK YHKLFOHV WUDYHOOLQJ DW XQL0
IRUP VSHHG1 ,W LV DOVR GHVLUDEOH WR DYRLG WKH DUHD ZKHUH GULYHUV PDNH JHDU FKDQJHV/ VXFK DV
VOLS0URDGV/ HWF1

,0414161 ,W LV DOVR GHVLUDEOH WR DYRLG DUHDV ZKHUH WKH QXPEHU RI ODQHV FKDQJHV DV WKLV FDQ OHDG
WR YHKLFOHV FKDQJLQJ ODQH DW WKH VLWH1

,0415 3DYHPHQW &KDUDFWHULVWLFV

,0415141 7KH SDYHPHQWV VKRXOG PHHW WKH IROORZLQJ FULWHULD=

• QR KDUG VSRWV LQ WKH XQGHUO\LQJ FRXUVHV RU XQGHU WKH ZHDULQJ FRXUVH +WROO VODEV/ VHUYLFH
WXQQHOV/ HWF1,>

• WKLFNQHVV RI ERQGHG OD\HUV JUHDWHU WKDQ 43 FP>

• JRRG PHFKDQLFDO ERQGLQJ EHWZHHQ FRXUVHV/ LQ SDUWLFXODU RI ELWXPLQRXV FRQFUHWH RQ JUDQX0
ODU PDWHULDOV VWDELOLVHG E\ K\GUDXOLF ELQGHUV1 7KH VHQVRUV PXVW EH LQVWDOOHG LQ KRPRJHQH0
RXV OD\HUV/ QRW LQ D MRLQW>

• VXUIDFLQJ VKRXOG EH GHWHULRUDWLRQ0IUHH LQ WKH DUHD RI VHQVRU LQVWDOODWLRQ>

• SDYHPHQW KRPRJHQHRXV DFURVV HDFK WUDIILF ODQH/ UXOLQJ RXW WKH SUHVHQFH RI MRLQWV RI FRDWHG
PDWHULDOV LQ WKH OHQJWK RI D VHQVRU1

,0415151 7KH FULWHULD JLYHQ LQ 7DEOH 44 VKRXOG EH FKHFNHG RYHU 533P XSVWUHDP DQG 83P GRZQ0
VWUHDP RI WKH :,0 V\VWHP1
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7DEOH 44= &ODVVLILFDWLRQ DQG FULWHULD RI :,0 VLWHV

:,0 VLWH FODVVHV
,

([FHOOHQW
,,

*RRG
,,,

$FFHSWDEOH
5XWWLQJ

+6 P 0 EHDP, 5XW GHSWK PD[1 +PP, ≤ 7 ≤ : ≤ 43

6HPL0ULJLG 0HDQ GHIOHFWLRQ +4305 PP, ≤ 48 ≤ 53 ≤ 63
'HIOHFWLRQ 3DYHPHQWV /HIW25LJKW GLIIHUHQFH +4305 PP, � 6 � 8 � 43
+TXDVL0VWDWLF, $OO ELWXPHQ 0HDQ GHIOHFWLRQ +4305 PP, ≤ 53 ≤ 68 ≤ 83

3DYHPHQWV /HIW25LJKW GLIIHUHQFH +4305 PP, ± 7 ± ; ± 45
+46 W 0 D[OH, )OH[LEOH 0HDQ GHIOHFWLRQ +4305 PP, ≤ 63 ≤ 83 ≤ :8

3DYHPHQWV /HIW25LJKW GLIIHUHQFH +4305 PP, � : � 43 � 48
6HPL0ULJLG 'HIOHFWLRQ +4305 PP, ≤ 43 ≤ 48 ≤ 53

'HIOHFWLRQ 3DYHPHQWV /HIW25LJKW GLIIHUHQFH +4305 PP, � 5 � 7 � :
+G\QDPLF, $OO ELWXPHQ 0HDQ GHIOHFWLRQ +4305 PP, ≤ 48 ≤ 58 ≤ 68

3DYHPHQWV /HIW25LJKW GLIIHUHQFH +4305 PP, ± 6 ± 9 ± <
+8 W 0 ORDG, )OH[LEOH 0HDQ 'HIOHFWLRQ +4305 PP, ≤ 53 ≤ 68 ≤ 88

3DYHPHQWV /HIW25LJKW GLIIHUHQFH +4305 PP, � 8 � : � 43
,5, LQGH[ ,QGH[ +P2NP, 3 0 416 416 0 519 519 0 7(YHQQHVV
$3/+4, 5DWLQJ- +6:/0:/ /:, < 0 43 : 0 ; 8 0 9

7KH UXWWLQJ DQG GHIOHFWLRQ YDOXHV DUH JLYHQ IRU D WHPSHUDWXUH EHORZ RU HTXDO WR 53�& DQG VXLW0
DEOH GUDLQDJH FRQGLWLRQV1

+4, 7KH $3/ LV D GHYLFH GHYHORSHG LQ )UDQFH DQG LQ XVH LQ YDULRXV FRXQWULHV/ ZKLFK PHDVXUHV
WKH ORQJLWXGLQDO SURILOH> LW FRQVLVWV RI WZR VLQJOH ZKHHO WUDLOHUV RSHUDWLQJ DW :5 NP2K/ WRZHG E\
D FDU1

- 7KH UDWLQJ TXDQWLILHV WKH ORJDULWKP RI WKH HQHUJ\ GLVVLSDWHG LQ RQH RI WKH ZDYHOHQJWK
UDQJHV= 6:  6PDOO :DYHOHQJWKV +31:051; P,/ 0:  0HGLXP :DYHOHQJWKV +51;04416 P,/ /:  
/DUJH :DYHOHQJWKV +441607815 P,1 7KH VFDOH LV IURP 43 +ORZHVW HQHUJ\/ H[FHOOHQW HYHQQHVV, WR 4
+KLJKHVW HQHUJ\/ SRRUHVW SDYHPHQW VXUIDFH,1

&RPPHQWV DERXW GHIOHFWLRQ DQG HYHQQHVV DUH JLYHQ LQ WKH GHWDLOHG VSHFLILFDWLRQ/ VHFWLRQ 815141

,05 (QYLURQPHQWDO 5HTXLUHPHQWV

,05141 )RU D VWDQGDUG FKHFN/ VXIILFLHQW LQ D FRPPRQ DSSOLFDWLRQ/ LW LV UHFRPPHQGHG WR FRPSDUH
WKH FRQGLWLRQV RI XVH JLYHQ DQG JXDUDQWHHG E\ WKH PDQXIDFWXUHU/ DQG WKH GHWDLOHG VSHFLILFD0
WLRQV DERXW FOLPDWLF FRQGLWLRQV/ WUDIILF FRQGLWLRQV DQG PHFKDQLFDO UHVLVWDQFH JLYHQ LQ WKH PDLQ
GRFXPHQW/ VHFWLRQV 914 DQG 9151

,05151 ,W LV UHFRPPHQGHG WKDW WKH VLWH VKRXOG KDYH SRZHU VXSSO\ DQG FRPPXQLFDWLRQ IDFLOLWLHV>
WKH FRVW RI SRZHU LQVWDOODWLRQ FDQ EH KLJK1 7KH SUHIHUDEOH VLWH VKRXOG KDYH D VWDWLF ZHLJKLQJ
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DUHD RU D VWDWLF VFDOH FORVH WR WKH :,0 VLWH/ DQG D UHDVRQDEOH WLPH IRU D FDOLEUDWLRQ RU WHVW YHKL0
FOH WR SHUIRUP D FRPSOHWH ORRS DFURVV WKH :,0 VLWH1

,05161 )RU VDIHW\ UHDVRQV LW LV UHFRPPHQGHG WKDW WKHUH VKRXOG EH VXIILFLHQW VSDFH DQG FRQYHQ0
LHQW DFFHVV WR LQVWDOO D URDG VLGH FDELQHW1 $ FDELQHW VKRXOG SURWHFW WKH :,0 V\VWHP DJDLQVW
FOLPDWLF DFWLRQV DQG YDQGDOLVP1

,05171 ,W LV UHFRPPHQGHG WKDW :,0 V\VWHPV VKRXOG QRW EH LQVWDOOHG XQGHU KLJK YROWDJH SRZHU
OLQHV1

,05181 ,W LV LPSRUWDQW WR DYRLG DQ\ RYHUSDVV +DHURG\QDPLF HIIHFWV, RU EULGJH DSSURDFK +SRRU
HYHQQHVV,> LW LV DOVR QRW UHFRPPHQGHG WR LQVWDOO URDG VHQVRUV RQ D EULGJH RU RQ DQ\ VWUXFWXUH
VXEMHFW WR G\QDPLF HIIHFWV1

,06 2Q06LWH 6\VWHP &KHFNV DQG &DOLEUDWLRQ

7KH IROORZLQJ WKUHH FDVHV VKRXOG EH GLVWLQJXLVKHG=

,0614 7KH VDPH &RPSDQ\ 6XSSOLHV WKH 6HQVRUV/ (OHFWURQLFV DQG ,QVWDOODWLRQ

,Q WKLV FDVH/ QR SDUWLFXODU FKHFNV DUH UHTXLUHG> WKH JHQHUDO JXDUDQWHH RI WKH VXSSOLHU LV VXIIL0
FLHQW1

,0615 $0DQXIDFWXUHU 6XSSOLHV 6HQVRUV DQG (OHFWURQLFV/ DQG $QRWKHU LQVWDOOV
WKHP

,Q WKLV FDVH/ LW LV QHFHVVDU\ WR FDUU\ RXW D TXLFN DFFHSWDQFH WHVW RI WKH VHQVRUV DQG HOHFWURQLFV
EHIRUH LQVWDOODWLRQ> VXFK D WHVW FDQ EH GRQH HLWKHU E\ WKH FOLHQW RU E\ WKH LQVWDOOHU/ DFFRUGLQJ WR
WKH UXOHV VSHFLILHG E\ WKH FRQWUDFW DQG IROORZLQJ WKH UHFRPPHQGDWLRQV JLYHQ LQ VHFWLRQV ,,15
DQG ,,16 RI WKH DSSHQGL[ ,, RI WKH PDLQ GRFXPHQW1

,0616 'LIIHUHQW 6XSSOLHUV 3URYLGH WKH 6HQVRUV/ WKH (OHFWURQLFV DQG WKH
,QVWDOODWLRQ

7KH FOLHQW VKRXOG ILUVW FKHFN WKH FRPSDWLELOLW\ EHWZHHQ WKH VHQVRUV DQG WKH HOHFWURQLFV/ RU DVN
WKH HOHFWURQLFV PDQXIDFWXUHU RU WKH LQVWDOOHU WR GR WKDW1 7KHQ WKH UXOHV LQ ,06151 VKRXOG EH DS0
SOLHG1

,Q DOO FDVHV WKH PDQXIDFWXUHU¶V VSHFLILFDWLRQV RU JXLGHOLQHV IRU VHQVRU LQVWDOODWLRQ VKRXOG EH
DSSOLHG1 6XPPDULVHG VSHFLILFDWLRQV DUH JLYHQ LQ WKH PDLQ GRFXPHQW/ FKDSWHU :1
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,07 2Q06LWH 6\VWHP &DOLEUDWLRQ

,07141$IWHU LQVWDOODWLRQ/ D :,0 V\VWHP PXVW EH FDOLEUDWHG +LQLWLDO FDOLEUDWLRQ,1

,07151 7KH SURFHGXUH JLYHQ E\ WKH PDQXIDFWXUHU VKRXOG EH DSSOLHG1 ,WV FRPSOLDQFH ZLWK RQH RI
WKH GHWDLOHG SURFHGXUHV GHVFULEHG LQ WKH PDLQ GRFXPHQW/ FKDSWHU ; VKRXOG EH FKHFNHG1

,I WKH PDQXIDFWXUHU RU VXSSOLHU GRHV QRW SURSRVH VXFK D SURFHGXUH/ RU LQ FDVH RI D QHZ V\VWHP
RU D FRPELQHG V\VWHP VXSSOLHG E\ VHYHUDO FRPSDQLHV +,0616,/ RQH RI WKH FDOLEUDWLRQ PHWKRGV
JLYHQ LQ WKH GHWDLOHG VSHFLILFDWLRQ/ VHFWLRQV :15 DQG $SSHQGL[ ,, VKRXOG EH DSSOLHG1

,07161 $Q LQLWLDO YHULILFDWLRQ RI WKH LQVWDOOHG V\VWHP VKRXOG EH SHUIRUPHG WR DVVHVV LWV DFFXUDF\
EHIRUH DFFHSWDQFH1 7KH SURFHGXUH LV GHVFULEHG LQ FKDSWHUV 43 DQG 441

,07171 3HULRGLFDO FDOLEUDWLRQ DQG V\VWHP EHKDYLRXU FKHFNV VKRXOG EH SHUIRUPHG/ DW OHDVW RQFH
SHU \HDU +OHYHO 5,/ EXW SUHIHUDEO\ HYHU\ PRQWK LI SRVVLEOH +OHYHO 4,1

/HYHO 4 FKHFN

$Q HDV\ DQG HFRQRPLFDO FDOLEUDWLRQ DQG V\VWHP EHKDYLRXU FKHFN PD\ EH SHUIRUPHG HLWKHU=

• E\ D VXUYH\ RI WKH FRHIILFLHQWV RI DXWRPDWLF VHOI0FDOLEUDWLRQ +LI WKLV SURFHGXUH LV LPSOH0
PHQWHG,/

DQG2RU

• E\ FRPSDULVRQ RI WKH WUDIILF SDWWHUQV +H1J1/ WKH JURVV ZHLJKW DQG D[OH ORDG KLVWRJUDPV RU
VWDWLVWLFV,/ ZLWK D UHIHUHQFH SDWWHUQ RU GDWD FROOHFWHG E\ WKH V\VWHP ULJKW DIWHU FDOLEUDWLRQ1

,Q FDVH RI LQFRKHUHQFH RU REYLRXV ZURQJ UHVXOWV/ D FRPSOHWH DFFXUDF\ FKHFN DQG HYHQWXDOO\ D
UHFDOLEUDWLRQ VKRXOG EH SHUIRUPHG +VHH FKDSWHUV 43 DQG 44,1

/HYHO 5 FKHFN

,W LV UHFRPPHQGHG WKDQ DQ LQ0VHUYLFH WHVW EH SHUIRUPHG SHULRGLFDOO\ +H1J1/ RQFH SHU \HDU,/ IRO0
ORZLQJ WKH UXOHV JLYHQ LQ FKDSWHUV 43 DQG 441 ,I D VLJQLILFDQW ELDV LV IRXQG/ D UHFDOLEUDWLRQ
VKRXOG EH FDUULHG RXW1

,08 $FFXUDF\ &ODVV 7ROHUDQFHV ZLWK UHVSHFW WR WKH :HLJKWV

,0814 $FFXUDF\ &ODVV 7ROHUDQFHV

6HYHUDO DFFXUDF\ FODVVHV IRU LQGLYLGXDO PHDVXUHPHQWV KDYH EHHQ GHILQHG +VHH 7DEOH 43,1 )RXU
PDLQ FULWHULD DUH FRQVLGHUHG +GHSHQGLQJ RQ WKH V\VWHP/ VRPH RU DOO RI WKHP PXVW EH FRQVLG0
HUHG,1 7KHVH FODVVHV DUH GHILQHG E\ WKH FRQILGHQFH LQWHUYDOV RI WKH UHODWLYH HUURUV ZLWK UHVSHFW
WR WKH VWDWLF ORDGV RU ZHLJKWV +RU LQ VRPH SDUWLFXODU FDVHV ZLWK UHVSHFW WR D VSHFLILHG DFFHSWHG
UHIHUHQFH,1
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6RPH LQGLFDWLRQV DERXW WKH FXVWRPHU UHTXLUHPHQWV DQG WKH FODVVHV UHFRPPHQGHG IRU HDFK W\SH
RI DSSOLFDWLRQV DUH JLYHQ LQ WKH GHWDLOHG VSHFLILFDWLRQ/ FKDSWHU 71

$GGLWLRQDO FODVVHV (+63, WR (+83, DUH GHILQHG LQ WKH GHWDLOHG VSHFLILFDWLRQ/ FKDSWHU ;/ IRU V\V0
WHPV ZKLFK GR QRW FRPSO\ ZLWK FODVV '+58,1

7DEOH 45=:LGWK RI WKH DFFXUDF\ FODVVHV +FRQILGHQFH LQWHUYDO/ δ LQ (,

&ULWHULD +W\SH RI
PHDVXUHPHQW, 'RPDLQ RI XVH $FFXUDF\ &ODVVHV=

&RQILGHQFH LQWHUYDO ZLGWK δδδδ +(,
$+8, %.+:, %+43, &+48, '.+53, '+58, (

41 *URVV ZHLJKW *URVV ZHLJKW ! 618 W 8 : 43 48 53 58 ! 58
$[OH ORDG= $[OH ORDG ! 4 W
51 JURXS RI D[OHV : 43 46 4; 56 5; ! 5;
61 VLQJOH D[OH ; 44 48 53 58 63 ! 63
71D[OH RI D JURXS 43 47 53 58 63 68 ! 68

6SHHG 9 ! 63 NP2K +4, 5 6 7 9 43 43 ! 43
,QWHU0D[OH GLVWDQFH 5 6 7 9 43 43 ! 43
7RWDO IORZ 4 4 4 6 8 8 ! 8
+4, )RU VHQVRUV ZKLFK GR QRW ZRUN VWDWLFDOO\ RU DW YHU\ ORZ VSHHG1

7KH FULWHULD RQ VSHHG/ D[OH VSDFLQJ DQG FRXQWLQJ DUH QRW PDQGDWRU\ LQ WKLV VSHFLILFDWLRQ1 7KH
DFFXUDF\ FODVV DFFHSWHG IRU DQ\ :,0 V\VWHP LV WKH EHVW FODVV IRU ZKLFK DOO WKH FULWHULD DUH VDW0
LVILHG/ RU WKH UHOHYDQW FULWHULD LI VRPH DUH H[FOXGHG1

7KH OHYHOV RI FRQILGHQFH UHTXLUHG ZLWKLQ WKH VSHFLILHG LQWHUYDOV GHSHQGV RQ WKH WHVW FRQGLWLRQV
+WHVW SHULRG OHQJWK/ UHSHDWDELOLW\ DQG UHSURGXFLELOLW\ RI WKH WHVW DQG QXPEHU RI PHDVXUHPHQWV,1
7KHVH OHYHOV DUH VSHFLILHG LQ FKDSWHUV ,0: DQG ,0;1

,0815 5HIHUHQFH *URVV :HLJKWV DQG 6WDWLF $[OH /RDGV

,0815141 7KH VWDWLF ZHLJKLQJ RSHUDWLRQV PXVW EH GRQH HLWKHU D[OH E\ D[OH/ RU E\ JURXS RI D[OHV/
E\ ZKHHO2D[OH ZHLJKHUV DSSURYHG IRU HQIRUFHPHQW RU FRPPHUFLDO DSSOLFDWLRQV/ RU RQ D ZHLJK0
EULGJH LQ RUGHU WR ZHLJK D ZKROH YHKLFOH DW RQFH1 ,W LV VWURQJO\ UHFRPPHQGHG WR ZHLJK WKH
JURVV ZHLJKWV RQ DQ DSSURYHG ZHLJK0EULGJH WR JHW D UHOLDEOH UHIHUHQFH1 ,Q WKLV FDVH/ WKH SURFH0
GXUH GHVFULEHG LQ WKH GHWDLOHG VSHFLILFDWLRQ +VHH ;1616, VKRXOG EH DSSOLHG WR GHULYH WKH UHIHU0
HQFH VWDWLF D[OH ORDGV1
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,0815151 7KH URDG VXUIDFH RQ WKH ZHLJKLQJ DUHD VKRXOG EH IODW DQG KRUL]RQWDO1 ,Q WKH ODWWHU FDVH/
LW LV UHFRPPHQGHG WR=

• XVH DV PDQ\ VFDOHV DV WKH QXPEHU RI ZKHHOV2D[OHV WR EH ZHLJKHG IRU RQH YHKLFOH/ RU

• XVH D UDPS RU DQ\ RWKHU GHYLFH WR OHYHO DOO WKH ZKHHOV2D[OHV1

7KH OHYHO GLIIHUHQFH EHWZHHQ D[OHV RI D VDPH JURXS VKRXOG QRW H[FHHG 5 PP1 7KH OHYHO GLIIHU0
HQFH EHWZHHQ VLQJOH D[OHV RU JURXSV RI D[OHV VKRXOG QRW OHDG WR PRUH WKDQ 318( VORSH +L1H1 418
FP IRU 6 P VSDFLQJ,1

,0815161 'XULQJ ZKHHO RU D[OH VWDWLF ZHLJKLQJ RSHUDWLRQ/ WKH YHKLFOH EUDNHV PXVW EH IXOO\ UH0
OHDVHG1

7KH UHVXOWV RI ORUU\ ZHLJKLQJ GXULQJ DQ HQIRUFHPHQW RSHUDWLRQ E\ WKH SROLFH PD\ LQWURGXFH D
ELDV1 7KHUHIRUH LW LV UHFRPPHQGHG WKDW ORUULHV +UHQWHG IRU H[DPSOH, VSHFLDOO\ DOORFDWHG WR WKH
WHVW IRU RQH RU WZR FRQVHFXWLYH GD\V DUH XVHG1

,09 7\SH +PRGHO, $SSURYDO

,09141 $ W\SH +PRGHO, DSSURYDO WHVW VKRXOG EH RUJDQLVHG RQFH WR ODEHO D QHZO\ PDUNHWHG :,0
V\VWHP1

,09151 7KH WHVW VKRXOG EH FDUULHG RXW RQ D VLWH LQ FODVV , +H[FHOOHQW,/ ZLWK D UDGLXV RI FXUYDWXUH
ORQJHU WKDQ 5833 P/ EXW D VWUDLJKW URDG LV KLJKO\ UHFRPPHQGHG1

,09161 $IWHU WKH V\VWHP LQVWDOODWLRQ E\ WKH PDQXIDFWXUHU RU WKH YHQGRU/ D SUH0FDOLEUDWLRQ VKRXOG
EH GRQH XVLQJ WZR WHVW ORUULHV +FKRVHQ DFFRUGLQJ WR :151616 RI WKH GHWDLOHG VSHFLILFDWLRQ,/ DQG
RQH ORDG SHU ORUU\/ ZLWK WKH IROORZLQJ WHVW SODQ +; UXQV,=

• 7 UXQV DW 9P/

• 5 UXQV DW 415 9P

• 5 UXQV DW 31; 9P1

)RU D KLJK0VSHHG :,0 V\VWHP/ 9P ZLOO EH WDNHQ HTXDO WR :8 NP2K1 )RU D ORZ0VSHHG :,0 V\V0
WHP/ 9P ZLOO EH WKH UHFRPPHQGHG RSHUDWLRQ VSHHG1

7KH VWDWLF UHIHUHQFH D[OH ORDGV DQG JURVV ZHLJKWV VKRXOG EH JLYHQ WR WKH PDQXIDFWXUHU RU YHQ0
GRU/ LQ RUGHU WR DGMXVW WKH V\VWHP FDOLEUDWLRQ1

,09171 $IWHU WKH SUH0FDOLEUDWLRQ/ WKH WHVW LV FDUULHG RXW XVLQJ WKH VWDQGDUG WHVW SODQ 1�6 +,0;15,1
,Q DGGLWLRQ WR WKH 443 UXQV VSHFLILHG LQ ,0;15/ WZR RI WKH WHVW YHKLFOHV ZLOO PDNH 9 DGGLWLRQDO
DEQRUPDO UXQV LQ RUGHU WR FKHFN WKH DELOLW\ RI WKH V\VWHP WR GHWHFW VXFK VLWXDWLRQ/ DQG HYHQWX0
DOO\ WR PDUN WKH ZURQJ PHDVXUHPHQWV ZLWK D YLRODWLRQ FRGH1 7KHVH UXQV ZLOO EH GRQH DV=
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• 50D[OH ULJLG ORUU\= 6 PRUH UXQV/ RQH ZLWK KDOI RI WKH YHKLFOH +OHIW RU ULJKW KDOI, RXWVLGH WKH
VHQVRU+V,/ RQH UXQ ZLWK WKH ILUVW D[OH SDVVLQJ RQ WKH VHQVRU+V, DQG WKH VHFRQG D[OH SDVVLQJ
RXWVLGH RU SDUWLDOO\ RXWVLGH WKH VHQVRU+V,/ DQG RQH UXQ ZLWK WKH ORUU\ EUDNLQJ ZKLOH SDVVLQJ
RQ WKH VHQVRU+V, +VSHHG YDULDWLRQ IURP <3 NP2K WR 93 NP2K/ RU 45 WR 8 NP2K IRU D ORZ0
VSHHG :,0 V\VWHP,1

• 80D[OH VHPL0WUDLOHU +ZLWK D WULGHP,= 6 PRUH UXQV/ RQH ZLWK KDOI RI WKH YHKLFOH +OHIW RU ULJKW
KDOI, RXWVLGH WKH VHQVRU+V,/ RQH UXQ ZLWK WKH WUDFWRU SDVVLQJ RQ WKH VHQVRU+V, DQG WKH VHPL0
WUDLOHU +WULGHP, SDVVLQJ KDOI RXWVLGH WKH VHQVRU+V,/ DQG RQH UXQ ZLWK WKH ORUU\ EUDNLQJ ZKLOH
SDVVLQJ RQ WKH VHQVRU+V, +VSHHG YDULDWLRQ IURP <3 NP2K WR 93 NP2K/ RU 45 WR 8 NP2K IRU D
ORZ0VSHHG :,0 V\VWHP,1

,09181 'XULQJ WKH WHVW/ WKH PDQXIDFWXUHU RU YHQGRU ZLOO QRW EH DOORZHG WR DFFHVV WR WKH V\VWHP1

,09191 7KH UHIHUHQFH ZHLJKWV DQG VWDWLF ORDGV ZLOO EH DVVHVVHG DFFRUGLQJ WR WKH UXOHV JLYHQ LQ
<19 RI WKH GHWDLOHG VSHFLILFDWLRQ1

,091:1 $OO WKH UHFRUGHG GDWD/ H[FHSW WKRVH PDUNHG ZLWK D YLRODWLRQ FRGH E\ WKH V\VWHP/ ZLOO EH
FRQVLGHUHG1 7KH GDWD DQDO\VLV ZLOO EH GRQH DV IRU DQ LQ0VHUYLFH YHULILFDWLRQ +VHH ,0:15, DFFRUG0
LQJ WR WKH FODXVHV RI VHFWLRQ ,0;161 7KH WHVW FRQGLWLRQV ZLOO EH +,, +HQYLURQPHQWDO UHSHDWDELOLW\,
DQG +54, +OLPLWHG UHSURGXFLELOLW\,1 7KH UHVXOWV ZLOO EH UHSRUWHG DFFRUGLQJ WR WKH $SSHQGL[ ,9
IRUPDW1

$ VHFRQG DQDO\VLV ZLOO EH FDUULHG RXW DV IRU DQ LQLWLDO YHULILFDWLRQ +VHH ,0:14,/ E\ UHPRYLQJ WKH
PHDQ ELDV RQ WKH JURVV ZHLJKW IRU DOO WKH UXQV/ DSSO\LQJ E\ VRIWZDUH D FRQVWDQW PXOWLSOLFDWLYH
IDFWRU RQ DOO WKH UHFRUGHG D[OH ORDGV1 7KHQ/ WKH IDFWRU 31; PHQWLRQHG LQ ,0:1416 ZLOO EH XVHG WR
DVVHVV WKH DFFXUDF\ FODVVHV IRU HDFK FULWHULRQ1 7KH WHVW UHSRUW ZLOO SUHVHQW ERWK DQDO\VHV1

,0: ,QLWLDO DQG LQ06HUYLFH 9HULILFDWLRQV RI D :,0 6\VWHP

,0:14 ,QLWLDO 9HULILFDWLRQ

,0:14141 $IWHU LQVWDOODWLRQ DQG FDOLEUDWLRQ RI D :,0 V\VWHP/ RU GXULQJ UHFDOLEUDWLRQ/ D WHVW PD\
EH FDUULHG RXW WR DVVHVV LWV DFFXUDF\/ XVLQJ WKH VDPH GDWD XVHG IRU WKH +UH,FDOLEUDWLRQ1 7KLV LV
DQ LQLWLDO YHULILFDWLRQ1

,0:14151 ,I WKH :,0 V\VWHP LV FDOLEUDWHG XVLQJ VWDWLF FDOLEUDWLRQ PDVVHV/ DOO WKH UHVXOWV PXVW EH
IRXQG ZLWKLQ WKH LQWHUYDO >0δ 25> δ 25 @ RI WKH UHOHYDQW DFFXUDF\ FODVV DQG FULWHULRQ +VLQJOH D[OH/
D[OH JURXS RU JURVV ZHLJKW DFFRUGLQJ WR WKH PHDVXULQJ VFDOH OHQJWK,1

,0:14161 ,I WKH :,0 V\VWHP LV FDOLEUDWHG XVLQJ UHSHDWHG UXQV RI SUH0ZHLJKHG YHKLFOHV RU LQ0
VWUXPHQWHG YHKLFOHV/ WKH FRQILGHQFH LQWHUYDOV JLYHQ LQ 7DEOH 45 DUH PRGLILHG XVLQJ D ZLGWK UH0
GXFWLRQ VXFK DV >0 31;δ> 31;δ @ IRU HDFK UHOHYDQW DFFXUDF\ FODVV DQG FULWHULRQ1 7KH UHTXLUHG FRQ0
ILGHQFH OHYHO RI WKLV LQWHUYDO LV JLYHQ LQ FKDSWHU ,0;1
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,0:15 ,Q06HUYLFH 9HULILFDWLRQ

,0:15141 $Q LQ0VHUYLFH YHULILFDWLRQ PD\ EH GRQH DW DQ\ WLPH GXULQJ WKH OLIHWLPH RI D :,0 V\V0
WHP1 ,Q WKLV FDVH/ WKH VDPSOH RI GDWD XVHG IRU WKH DFFXUDF\ DVVHVVPHQW PXVW QRW KDYH EHHQ XVHG
IRU DQ\ FDOLEUDWLRQ RU UHFDOLEUDWLRQ RI WKH V\VWHP1

,0:15151 ,I WKH :,0 V\VWHP LV FKHFNHG XVLQJ VWDWLF FDOLEUDWLRQ PDVVHV/ DOO WKH UHVXOWV PXVW EH
IRXQG ZLWKLQ WKH LQWHUYDO >0δ> δ @ RI WKH UHOHYDQW DFFXUDF\ FODVV DQG FULWHULRQ +VLQJOH D[OH/ D[OH
JURXS RU JURVV ZHLJKW DFFRUGLQJ WR WKH PHDVXULQJ VFDOH OHQJWK,1

,0:15161 ,I WKH :,0 V\VWHP LV FKHFNHG XVLQJ UHSHDWHG UXQV RI SUH0ZHLJKHG YHKLFOHV RU LQVWUX0
PHQWHG YHKLFOHV/ RU XVLQJ VLQJOH UXQV RI SUH0 RU SRVW0ZHLJKHG YHKLFOHV IURP WKH WUDIILF IORZ/
WKH FRQILGHQFH LQWHUYDOV JLYHQ LQ 7DEOH 45 DUH XVHG IRU HDFK UHOHYDQW DFFXUDF\ FODVV DQG FULWH0
ULRQ1 7KH UHTXLUHG FRQILGHQFH OHYHO RI WKLV LQWHUYDO LV JLYHQ LQ FKDSWHU ,0;1

,0; 3URFHGXUHV WR &KHFN WKH $FFXUDF\ RI D :,0 6\VWHP

,0;14 *HQHUDO 5XOHV

,0;14141 7KH DVVHVVPHQW RI WKH DFFXUDF\ RI D :,0 V\VWHP UHTXLUHV D WHVW1 7KLV FKDSWHU GHDOV
ZLWK WHVWV FDUULHG RXW XVLQJ HLWKHU UHSHDWHG UXQV RI SUH0ZHLJKHG YHKLFOHV1 7KH XVH RI VLQJOH
UXQV RI SUH0 RU SRVW0ZHLJKHG YHKLFOHV IURP WKH WUDIILF IORZ LV FRQVLGHUHG LQ WKH PDLQ GRFX0
PHQW/ FKDSWHU 441

,0;14151 7KH PRUH H[WHQVLYH WKH WHVW SODQ +ORQJHU WHVW SHULRG/ KLJKHU QXPEHU RI YHKLFOH W\SHV
DQG UXQV,/ WKH KLJKHU WKH FRQILGHQFH RI WKH FRQFOXVLRQ1 7KLV PHDQV WKDW WKH FOLHQW ULVN +L1H1 WKH
ULVN RI DFFHSWLQJ D V\VWHP LQ D KLJKHU FODVV WKDQ LW LV, GHFUHDVHV DV WKH WHVW EHFRPHV PRUH H[0
WHQVLYH/ ZKLOH WKH WHVW FRVW LQFUHDVHV1 ,Q WKLV DQDO\VLV WKH VXSSOLHU ULVN OLQNHG WR WKH VWDWLVWLFDO
HVWLPDWLRQ RI WKH PHDQ ELDV LV IL[HG DW 8(1

,0;14161 ,Q WKLV VSHFLILFDWLRQ/ WKH FOLHQW ULVN LV JRYHUQHG E\ WKH SUREDELOLW\ RI DQ LQGLYLGXDO HU0
URU +ZLWK UHVSHFW WR WKH VWDWLF ORDG RU ZHLJKW, O\LQJ RXWVLGH RI WKH VSHFLILHG FRQILGHQFH LQWHUYDO1
$Q XSSHU ERXQG RI WKLV ULVN LV IL[HG E\ WKH VSHFLILHG YDOXHV +40π3,/ ZKHUH π3 LV WKH UHTXLUHG
FRQILGHQFH OHYHO1

,Q WKLV DSSHQGL[/ WKLV ULVN +40π3, LV IL[HG DW 8(/ RU 43( LQ RQH FDVH +VHH ,0;18,1

7KLV ULVN LV RQO\ DVVHVVHG XQGHU WKH FRQGLWLRQV RI WKH DFFHSWDQFH WHVW +VHH ,0;18,> WKLV PHDQV
WKDW WKH IDUWKHU WKH WHVW FRQGLWLRQV DUH IURP WKH WUDIILF FRQGLWLRQV/ WKH ORZHU WKH UHDO FRQILGHQFH
DQG WKH KLJKHU WKH FXVWRPHU ULVN1

,0;14171 'HSHQGLQJ RQ WKH WHVW SHULRG OHQJWK/ WKH WHVW PD\ EH FDUULHG RXW LQ +VHH GHILQLWLRQV LQ
WKH PDLQ GRFXPHQW/ VHFWLRQ 441418,=

+,, HQYLURQPHQWDO UHSHDWDELOLW\
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+,,, OLPLWHG HQYLURQPHQWDO UHSURGXFLELOLW\ +QRW FRQVLGHUHG LQ WKLV DSSHQGL[,

+,,,, IXOO HQYLURQPHQWDO UHSURGXFLELOLW\ +QRW FRQVLGHUHG LQ WKLV DSSHQGL[,

,0;14181 1HLWKHU UHFDOLEUDWLRQ QRU FRPSRQHQW H[FKDQJH VKRXOG EH GRQH GXULQJ D WHVW SHULRG
+VHH WKH PDLQ GRFXPHQW/ VHFWLRQ 441418 IRU IXUWKHU GHWDLOV,1

,0;14191 $FFRUGLQJ WR WKH QXPEHU RI WHVW +SUH0ZHLJKHG, YHKLFOHV/ DQG ORDG DQG VSHHG FDVHV/ WKH
WHVW PD\ EH FDUULHG LQ +VHH GHILQLWLRQV LQ WKH PDLQ GRFXPHQW/ VHFWLRQ :151615,=

+U4, IXOO UHSHDWDELOLW\

+U5, H[WHQGHG UHSHDWDELOLW\

+54, OLPLWHG UHSURGXFLELOLW\

+55, IXOO UHSURGXFLELOLW\ +QRW FRQVLGHUHG LQ WKLV DSSHQGL[,

6RPH VWDQGDUG VLPSOLILHG WHVW SODQV DUH JLYHQ LQ VHFWLRQ ,0;151

,0;141:1 7HVW YHKLFOHV DUH YHKLFOHV ZKLFK DUH SUH0ZHLJKHG RQ DQ DSSURYHG VWDWLF VFDOH RU
ZHLJK0EULGJH/ DQG SHUIRUP UHSHDWHG UXQV RYHU WKH V\VWHP1 7KH VWDWLF ZHLJKLQJ RSHUDWLRQ PXVW
EH PDGH FDUHIXOO\/ DFFRUGLQJ WR ,08151

,0;15 7HVW 3ODQV

7KUHH PDLQ WHVW SODQV DUH SURSRVHG/ WZR RI WKHVH EHLQJ GLYLGHG LQWR WZR VXE0SODQV/ LQ RUGHU WR
FRPSO\ ZLWK WKH FXVWRPHU UHTXLUHPHQW DQG UHVRXUFHV1 7KH\ DUH GHVFULEHG LQ RUGHU RI LQFUHDV0
LQJ FRVW DQG UHOLDELOLW\1 7KH\ DOO DUH LQ HQYLURQPHQWDO UHSHDWDELOLW\ FRQGLWLRQV +,,1 7KH FKRLFH
RI WHVW YHKLFOHV VKRXOG EH EDVHG RQ WKH PRVW FRPPRQ W\SHV LQ WKH WUDIILF IORZ1

7KH WDQGHP RU WULGHP D[OHV VKRXOG EH HTXLSSHG ZLWK DLU VXVSHQVLRQV/ LQ RUGHU WR DYRLG JURVV
HUURUV RQ WKH VWDWLF UHIHUHQFH D[OH ORDGV1

+L, 7HVW 3ODQ 1� 4 0 2QH /RUU\

• D 50D[OH ULJLG ORUU\ RQO\ SHUPLWV WKH FKHFNLQJ RI 5 FULWHULD DPRQJ WKH 7 +VLQJOH D[OH DQG
JURVV ZHLJKW,>

• D VHPL0WUDLOHU ZLWK WULGHP RU WDQGHP RU VRPH RWKHU YHKLFOH W\SHV DOORZ WKH FKHFNLQJ RI DOO
WKH 7 FULWHULD1

7HVW SODQ 1� 4141 2QH ORDG/ 43 UXQV/ IXOO UHSHDWDELOLW\ FRQGLWLRQV +U4, +&RQILGHQFH /HYHO π3  
<8(,

7KLV YHU\ VKRUW WHVW LV PDLQO\ UHFRPPHQGHG IRU SHULRGLFDO FKHFNV/ FDUULHG RXW VHYHUDO WLPHV
SHU \HDU/ RU LI RQO\ RQH W\SH RI YHKLFOHV LV WR EH ZHLJKHG E\ WKH V\VWHP1
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7KH WHVW LV FDUULHG RXW ZLWKLQ D VLQJOH GD\/ DFFRUGLQJ WR 7DEOH 46=

,W LV UHFRPPHQGHG WKDW WKH WHVW YHKLFOH LV ORDGHG WR FORVH WR WKH PHDQ JURVV ZHLJKW RI WKH VDPH
W\SH RI YHKLFOH LQ WKH WUDIILF IORZ1

7DEOH 46= 7HVW SODQ 1�414

7HVW YHKLFOH 6SHHG 1XPEHU RI UXQV
50D[OH ULJLG ORUU\

RU
80D[OH VHPL0WUDLOHU

4159P

9P

31;9P

5 UXQV
9 UXQV
5 UXQV

00
: UXQV
6 UXQV

9P= PHDQ ORUU\ VSHHG LQ WKH WUDIILF IORZ 0 ODVW FROXPQ/ RQO\ LI 4159P H[FHHGV WKH VSHHG OLPLW1

7HVW SODQ 1� 4151 7ZR ORDGV/ 63 UXQV/ H[WHQGHG UHSHDWDELOLW\ FRQGLWLRQV +U5, +&RQILGHQFH
/HYHO π3  <8(,

7KLV VKRUW WHVW LV UHFRPPHQGHG IRU D \HDUO\ FKHFN RI D :,0 V\VWHP1

7KH WHVW LV FDUULHG RXW ZLWKLQ D VLQJOH GD\/ DFFRUGLQJ WR 7DEOH 47=

7DEOH 47= 7HVW SODQ 1�415

/RDG FDVHV DQG QXPEHU RI UXQV
7HVW YHKLFOH 6SHHG

IXOO\ ORDGHG KDOI ORDGHG
50D[OH ULJLG ORUU\

RU
80D[OH VHPL0WUDLOHU

415 9P

9P

31;9P

6 UXQV
< UXQV
6 UXQV

00
43 UXQV
8 UXQV

6 UXQV
< UXQV
6 UXQV

00
43 UXQV
8 UXQV

9P= PHDQ ORUU\ VSHHG LQ WKH WUDIILF IORZ 0 LQ LWDOLF/ RQO\ LI 4159P H[FHHGV WKH VSHHG OLPLW1

+LL, 7HVW SODQ 1� 5 0 7ZR /RUULHV

5 ORUULHV DUH XVHG= D 50D[OH ULJLG ORUU\/ DQG D VHPL0WUDLOHU ZLWK WULGHP/ +RU D ULJLG ORUU\ ZLWK D
WUDLOHU DQG D WDQGHP RU WULGHP D[OH/ LI WKH WUDIILF IORZ FRQWDLQV D KLJK SURSRUWLRQ RI WKLV W\SH,1

7HVW SODQ 1� 5141 +FRQILGHQFH OHYHO ππππ3  <3(,

2QH ORDG SHU ORUU\ DQG 5 [ 43  53 UXQV/ OLPLWHG UHSURGXFLELOLW\ FRQGLWLRQV +54,1

7KLV WHVW FDQ EH FRQGXFWHG IRU D QHZO\ LQVWDOOHG :,0 V\VWHP/ RU DIWHU UHSDLU RU PRGLILFDWLRQ
RI WKH V\VWHP/ LI FXVWRPHU UHVRXUFHV DQG WLPH DUH OLPLWHG> WKH FRQILGHQFH OHYHO LV ORZHU WKDQ
IRU WKH RWKHU WHVWV1

7KH WHVW LV FDUULHG RXW ZLWKLQ D VLQJOH GD\/ DFFRUGLQJ WR 7DEOH 48=
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7DEOH 48= 7HVW SODQ 1�514

7HVW YHKLFOHV DQG QXPEHU RI UXQV
6SHHG

50D[OH ULJLG ORUU\ 80D[OH VHPL0WUDLOHU +RU URDG WUDLQ,
4159P

9P

31;9P

5 UXQV
9 UXQV
5 UXQV

00
: UXQV
6 UXQV

5 UXQV
9 UXQV
5 UXQV

00
: UXQV
6 UXQV

9P= PHDQ ORUU\ VSHHG LQ WKH WUDIILF IORZ 0 LQ LWDOLF/ RQO\ LI 4159P H[FHHGV WKH VSHHG OLPLW1

,W LV UHFRPPHQGHG WKDW WKH WHVW YHKLFOHV DUH ORDGHG WR FORVH WR WKH PHDQ JURVV ZHLJKW RI WKH
VDPH W\SH RI YHKLFOHV LQ WKH WUDIILF IORZ1

,I D URDG WUDLQ LV XVHG LQVWHDG RI D VHPL0WUDLOHU/ LW LV UHFRPPHQGHG WKDW WKLV YHKLFOH VKRXOG KDYH
DW OHDVW RQH WDQGHP RU WULGHP D[OH1

7HVW SODQ 1� 5151 +FRQILGHQFH OHYHO ππππ3  <8(,

7ZR ORDGV SHU ORUU\ DQG 443 UXQV/ OLPLWHG UHSURGXFLELOLW\ FRQGLWLRQV +54,1

7KLV WHVW LV UHFRPPHQGHG IRU D QHZO\ LQVWDOOHG :,0 V\VWHP/ RU DIWHU UHSDLU RU PRGLILFDWLRQ RI
WKH V\VWHP1

7KH WHVW LV FDUULHG RXW ZLWKLQ RQH WR WKUHH FRQVHFXWLYH GD\V EXW XQGHU WKH VDPH FOLPDWLF FRQGL0
WLRQV/ DFFRUGLQJ WR 7DEOH 49=

7DEOH 49= 7HVW SODQ 1�515

/RDGLQJ DQG QXPEHU RI UXQV
7HVW YHKLFOH 6SHHG

IXOO\ ORDGHG KDOI ORDGHG

50D[OH ULJLG ORUU\
4159P
9P
31;9P

; UXQV
47 UXQV
; UXQV

00
53 UXQV
43 UXQV

8 UXQV
43 UXQV
8 UXQV

00
46 UXQV
: UXQV

80D[OH VHPL0WUDLOHU
+RU URDG WUDLQ,

4159P
9P
31;9P

; UXQV
47 UXQV
; UXQV

00
53 UXQV
43 UXQV

; UXQV
47 UXQV
; UXQV

00
53 UXQV
43 UXQV

9P= PHDQ ORUU\ VSHHG LQ WKH WUDIILF IORZ 0 LQ LWDOLF/ RQO\ LI 4159P H[FHHGV WKH VSHHG OLPLW1

5HPDUN= WKH UHTXLUHG QXPEHU RI UXQV LV EDVHG RQ WKH JURVV ZHLJKW FULWHULRQ1 ,I RQO\ WKH VLQJOH
D[OHV FULWHULRQ +DQG HYHQWXDOO\ WKH D[OHV RI D JURXS FULWHULRQ,/ LV +DUH, WR EH FKHFNHG/ WKH WRWDO
QXPEHU RI UXQV PD\ EH UHGXFHG SURSRUWLRQDOO\/ LQ RUGHU WR JHW 443 VLQJOH D[OH +D[OHV RI D
JURXS, SDVVHV1 %XW LQ WKLV FDVH WKH RWKHU FULWHULD VKRXOG QRW EH FKHFNHG
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+LLL, 7HVW 3ODQ 1� 6 0 )RXU /RUULHV

)RXU ORUULHV/ DQG 443 UXQV/ OLPLWHG UHSURGXFLELOLW\ FRQGLWLRQV +54,/ +FRQILGHQFH OHYHO π3  
<8(,1

7KLV WHVW SODQ LV WKH PRVW UHSUHVHQWDWLYH/ ZLWK D OLPLWHG QXPEHU RI WHVW YHKLFOHV/ RI WKH UHDO
WUDIILF IORZ1 1HYHUWKHOHVV LW LV D TXLWH H[WHQVLYH WHVW/ ZKLFK JHQHUDOO\ FDQQRW EH DSSOLHG DV D
FRPPRQ DFFHSWDQFH WHVW/ EXW LV UHFRPPHQGHG IRU QHZ W\SHV RI V\VWHP RU LI VHYHUDO V\VWHPV
DUH WHVWHG WRJHWKHU RQ WKH VDPH WHVW VLWH1

7KH WHVW LV FDUULHG RXW ZLWKLQ RQH RU WZR FRQVHFXWLYH GD\V EXW XQGHU WKH VDPH FOLPDWLF FRQGL0
WLRQV/ DFFRUGLQJ WR 7DEOH 4:=

(DFK WHVW YHKLFOH VKRXOG EH ORDGHG WR WKH PHDQ JURVV ZHLJKW RI WKH VDPH W\SH RI YHKLFOHV LQ
WKH WUDIILF IORZ1

7KH WRWDO QXPEHU RI UXQV RI HDFK W\SH RI ORUU\ PD\ EH DGDSWHG WR ILW ZLWK WKH SURSRUWLRQV LQ WKH
WUDIILF IORZ RQ WKH :,0 VLWH/ ZLWK D WRWDO QXPEHU HTXDO WR 4431

7KH WHVW FRQILGHQFH PD\ EH LQFUHDVHG +EXW DOVR LWV FRVW, E\ VSOLWWLQJ HDFK VHW RI UXQV +E\ YHKL0
FOH W\SH, LQWR WZR GLIIHUHQW ORDGV +IXOO DQG KDOI ORDG/ DFFRUGLQJ WR WKH H[SHFWHG SURSRUWLRQV LQ
WKH WUDIILF IORZ,1

7DEOH 4:= 7HVW SODQ 1�6

7HVW YHKLFOH 6SHHG 1E UXQV 1XPEHU RI UXQV

50D[OH ULJLG ORUU\
4159P
9P
31;9P

63
; UXQV
47 UXQV
; UXQV

00
53 UXQV
43 UXQV

60D[OH RU 70D[OH ULJLG ORUU\
4159P
9P
31;9P

9
4 UXQ
7 UXQV
4 UXQ

00
7 UXQV
5 UXQV

80D[OH VHPL0WUDLOHU
4159P
9P
31;9P

93
48 UXQV
63 UXQV
48 UXQV

00
73 UXQV
53 UXQV

URDG WUDLQ
4159P
9P
31;9P

47
7 UXQV
9 UXQV
7 UXQV

00
< UXQV
8 UXQV

9P= PHDQ ORUU\ VSHHG LQ WKH WUDIILF IORZ 0 LQ LWDOLF/ RQO\ LI 4159P H[FHHGV WKH VSHHG OLPLW1

7KH URDG WUDLQ +ULJLG ORUU\ ZLWK WUDLOHU, VKRXOG EH RI WKH W\SH ZKLFK LV WKH PRVW FRPPRQ DW WKH
VLWH1

,I WKH SURSRUWLRQ RI RQH RI WKH SURSRVHG YHKLFOH W\SHV LV QHJOLJLEOH +RU PXFK VPDOOHU WKDQ WKH
RWKHU RQHV, LQ WKH WUDIILF IORZ DW WKH VLWH/ WKLV W\SH PD\ EH H[FOXGHG/ EXW WKH WRWDO QXPEHU RI
UXQV VKRXOG EH NHSW HTXDO WR 4431
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,0;16 7HVW 5HVXOWV $QDO\VLV

,0;16141 7KH OHYHO RI FRQILGHQFH LV JHQHUDOO\ IL[HG DW <8(> LQ RQH FDVH +WHVW SODQ 514, LW LV RQO\
<3( WR UHGXFH WKH QXPEHU RI UXQV E\ D IDFWRU 91

,0;16151 %HIRUH PDNLQJ WKH DQDO\VLV/ WKH QXPEHUV Q RI UHFRUGHG JURVV ZHLJKWV/ JURXSV RI D[OHV/
VLQJOH D[OHV DQG D[OHV RI D JURXS PXVW EH FRXQWHG1 7KH QXPEHU RI JURVV ZHLJKWV VKRXOG EH
HTXDO WR WKH YDOXH VSHFLILHG LQ WKH WHVW SODQ> LI WKLV QXPEHU LV OHVV WKDQ <8( RI WKH VSHFLILHG
YDOXH/ WKH WHVW PXVW EH FRQWLQXHG RU VWDUWHG DJDLQ/ LQ RUGHU WR FRPSO\ ZLWK WKLV UHTXLUHPHQW1

,0;16161 7KH VLPSOLILHG SURFHGXUH IRU DVVHVVLQJ :,0 V\VWHP DFFXUDF\ LV GHVFULEHG VWHS E\ VWHS
EHORZ=

41 )RU HDFK HQWLW\ +JURVV ZHLJKW/ VLQJOH D[OH/ JURXS RI D[OHV DQG D[OHV RI D JURXS, WKH LQGLYLG0
XDO UHODWLYH HUURUV ZLWK UHVSHFW WR WKH VWDWLF ORDG +ZHLJKW, RU WKH DFFHSWHG UHIHUHQFH YDOXHV
DUH FDOFXODWHG=

[
:G :V
:VL
L L

L
=

−+ ,
-433 +LQ (,

ZKHUH:GL DQG :VL DUH WKH LQ0PRWLRQ PHDVXUHG YDOXH DQG WKH VWDWLF +UHIHUHQFH, YDOXH1

51 7KH PHDQ P DQG WKH VWDQGDUG GHYLDWLRQ V RI WKH UHODWLYH HUURUV LQ HDFK VXE0SRSXODWLRQ RI [L
+VDPH HQWLW\, DUH FDOFXODWHG1

61 )RU WKH FRQVLGHUHG DFFXUDF\ FODVV/ |P|2V DQG δ/ V DUH FDOFXODWHG +δ LV JLYHQ LQ 7DEOH 45,> LQ
WKH FDVH RI DQ LQLWLDO YHULILFDWLRQ/ δ  LV UHSODFHG E\ 31;31δ +VHH ,0:1415,1

71 ,Q WKH GLDJUDPV JLYHQ EHORZ/ IRU HDFK WHVW SODQ DQG HDFK VXE0SRSXODWLRQ VL]H Q/ RQH FXUYH
GHOLPLWV WKH ³DFFHSWDQFH GRPDLQ´ DQG WKH ³UHMHFWLRQ GRPDLQ´1

)RU HDFK HQWLW\ +VXE0SRSXODWLRQ,/ LI WKH SRLQW RI FRRUGLQDWHV +|P|2V >δ/V, LQ WKH UHOHYDQW GLDJUDP
LV LQ WKH ³DFFHSWDQFH GRPDLQ´/  WKHQ WKH FRQVLGHUHG DFFXUDF\ FODVV LV DFFHSWHG> LI QRW/ WKH FRQ0
VLGHUHG DFFXUDF\ FODVV LV UHMHFWHG> D ORZHU FODVV LV FRQVLGHUHG DQG WKH SURFHVV LV UHSHDWHG IURP
VWHS 61

5HPDUN= )RU WKH WHVW SODQV 1�414 WR 1�514/ DOO WKH SRVVLEOH QXPEHU Q DUH JLYHQ LQ WKH UHOHYDQW
GLDJUDPV +RQH FXUYH IRU HDFK YDOXH,1

)RU WKH WHVW SODQV 1�515 DQG 1�6/ WKH SRVVLEOH QXPEHUV RI Q EHFRPHV WRR KLJK/ DQG RQH
FXUYH FRUUHVSRQGV WR HDFK SRVVLEOH LQWHUYDO IRU Q1 )RU DQ\ PRGLILHG WHVW SODQ ZKLFK
SURYLGHV D QXPEHU Q RXWVLGH RI WKHVH LQWHUYDOV/ HLWKHU=

• WKH FXUYH RI WKH FORVHVW LQWHUYDO EHORZ Q VKRXOG EH FRQVLGHUHG +L1H1 IRU WKH WHVW SODQ
1�515/ LI Q  483/ WKH SURSRVHG LQWHUYDOV EHLQJ >4430453@ DQG >4;30553@/ WKH ILUVW
RQH VKRXOG EH WDNHQ LQWR DFFRXQW,/ RU

• WKH SURFHGXUH GHVFULEHG LQ WKH GHWDLOHG VSHFLILFDWLRQ/ FKDSWHU 44 PD\ EH DSSOLHG1
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,0;17 *UDSKV

)LJXUH 7= 'LDJUDP RI WKH WHVW SODQ 1�414

)LJXUH 8= 'LDJUDP RI WKH WHVW SODQ 1�514
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)LJXUH 9= 'LDJUDP RI WKH WHVW SODQ 1�515

)LJXUH := 'LDJUDP RI WKH WHVW SODQ 1�6
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$33(1',; ,,1 6(1625 $&&(37$1&( $1' ,167$//$7,21

,,04 &KHFNLQJ %HIRUH ,QVWDOODWLRQ

,,14141 $ TXDOLW\ DVVXUDQFH SURFHGXUH PXVW EH SURYLGHG E\ WKH VXSSOLHU IRU WKH VHQVRUV DQG
WKHLU FKDUDFWHULVWLFV1

,,14151 %HIRUH WKH LQVWDOODWLRQ RI DQ\ W\SH RI :,0 VHQVRU/ LW LV UHFRPPHQGHG WR FKHFN LWV SHU0
IRUPDQFH ZLWK UHVSHFW WR WKH PDQXIDFWXUHU¶V VSHFLILFDWLRQ RU FODLP1 6XFK WHVWV PD\ EH SHU0
IRUPHG V\VWHPDWLFDOO\ E\ WKH FXVWRPHU/ RU E\ VDPSOLQJ LI WKH VXSSOLHU SURYLGHV WHVW FKDUWV IRU
HDFK VHQVRU1

,,14161 $V D PLQLPXP LW LV UHFRPPHQGHG WR FKHFN WKDW HDFK VHQVRU SURYLGHV D SURSHU VLJQDO E\
D VLPSOH ODERUDWRU\ WHVW1

,,05 0HFKDQLFDO &KHFNLQJ

,,0514 &DVH RI %DU DQG 6WULS 6HQVRUV +3LH]R0(OHFWULF/ 3LH]R04XDUW]/ &DSDFLWLYH/
DQG )LEUH 2SWLF,

• &KHFNLQJ RI WKH VWULS VHQVRU VWDWH= QR FUDFNV/ FRUUHFW JHRPHWULFDO GLPHQVLRQV/ HWF1>

• 3URSHU VHWWLQJ RI UHVLQ +QR VXEVLGHQFH ZKHQ YHKLFOHV SDVV,>

• $EVHQFH RI GHWHULRUDWLRQ¶V DURXQG WKH EDUV>

• ,I UHVLQ LV XVHG IRU WKH VHQVRU PRXQWLQJ/ WKH WKLFNQHVV H[FHHGLQJ WKH SDYHPHQW VXUIDFH
PXVW UHPDLQ FRQVWDQW +LQ WUDQVYHUVH GLUHFWLRQ,/ DQG QRW H[FHHG 6 PP>

• &RQQHFWLQJ FDEOHV FRUUHFWO\ SURWHFWHG E\ HOHFWULFDO VKHDWKV/ HVSHFLDOO\ DW FRUQHUV>

• 6XIILFLHQW UHVLVWDQFH DJDLQVW EHQGLQJ PRPHQW/ DFFRUGLQJ WR WKH SDYHPHQW GHIOHFWLRQ DQG
WKH H[SHFWHG ORDGV WR EH VXSSRUWHG1

• 7KH SDUDOOHOLVP EHWZHHQ EDUV RU WKH DQJOH ZLWK WKH URDG D[LV PXVW DOVR EH FKHFNHG/ DQG
PRUH JHQHUDOO\ WKH FRPSOLDQFH ZLWK WKH VXSSOLHUV LQVWDOODWLRQ EURFKXUH1

,,0515 &DVH RI 0DWV +&DSDFLWLYH RU RWKHU,

• &KHFN RI WKH VHQVRU DQG RI WKH VLJQDO GHOLYHUHG E\ WKH ZLUH> QR YLVLEOH SK\VLFDO GDPDJH>
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• 7KH VHQVRU VXUIDFH PXVW EH IOXVKHG WR WKH SDYHPHQW VXUIDFH1 ,Q FDVH RI H[SHFWHG XVH RI
VQRZ SORXJKV/ WKH VXUIDFH PXVW EH VOLJKWO\ +5 PP, ORZHU>

• 3URSHU VHWWLQJ RI WKH UHVLQ>

• 7KH UHVLQ VXUIDFH PXVW EH IOXVKHG WR WKH SDYHPHQW VXUIDFH>

• 7KH FRQQHFWLRQ ZLUH VKRXOG EH SURSHUO\ SURWHFWHG DJDLQVW GDPDJH LQ VHUYLFH/ SUHIHUDEO\
VLQJ HOHFWULFDO VKHDWKV1

,,0516 &DVH RI 6WUDLQ *DXJH RU /RDG &HOO 6FDOHV

WR EH FRPSOHWHG ODWHU ZLWK FRQWULEXWLRQ IURP &DSWHOV DQG 3LHW]VFK

,,06 (OHFWULFDO &KHFNLQJ EHIRUH DQG DIWHU ,QVWDOODWLRQ

,,0614 &DVH RI 3LH]R0(OHFWULF %DUV

91614141 ,QVXODWLRQ UHVLVWDQFH= WKLV LV PHDVXUHG XVLQJ D PHJRKPPHWHU/ DW D YROWDJH RI 83 9>
WKH FULWHULRQ RI DFFHSWDQFH LV D UHVLVWDQFH 5 !43< Ω1

91614151 5HVSRQVH RI WKH FDEOH= WKLV LV UHDG GLUHFWO\ IURP DQ RVFLOORVFRSH/ XQGHU WKH HIIHFW RI
DQ LPSDFW GHOLYHUHG E\ WKH RSHUDWRU +KDPPHU/ IRRW/ VKRFN GHYLFH, RU WKH SDVVDJH RI D YHKLFOH1

)RU D FODVV $+8,/ %.+:, RU %+43, V\VWHP/ WKH KRPRJHQHLW\ RI WKH UHVSRQVH DORQJ WKH EDU PD\
EH WHVWHG E\ WKH XVH RI D UHSHDWDEOH VKRFN GHYLFH/ VXFK DV D ):' +)DOOLQJ :HLJKW 'HIOHFWRPH0
WHU, RU D '<1$3/$48( +D )UHQFK SRUWDEOH FDOLEUDWHG VKRFN GHYLFH XVHG LQ YDULRXV FRXQ0
WULHV,/ ZLWK DQ DGDSWHG SODWH WR DOORZ WKH DSSOLFDWLRQ RI WKH IRUFH WR WKH VHQVRU DORQH1

7KH SURFHGXUH ZLOO WKHQ EH DV IROORZV= Q VHULHV RI 6 VXFFHVVLYH VKRFNV DUH DSSOLHG DW Q SRLQWV/
GLVWULEXWHG HYHU\ 58 FP DORQJ WKH EDU/ DQG WKH PHDQV RI WKH 6 PHDVXUHPHQWV DUH FDOFXODWHG>
WKH WZR H[WUHPH PHDQ YDOXHV DUH HOLPLQDWHG DQG WKH UHPDLQLQJ VHULHV RI +Q05, PHDQ YDOXHV DUH
DQDO\VHG +LW SURGXFHV 44 YDOXHV IRU D 6183 P EDU,> WKH EDU FDQ EH UHJDUGHG DV VDWLVIDFWRU\ LI
WKH UDQJH RI WKH PHDQ YDOXHV REVHUYHG LV ZLWKLQ ± 43(1 ,W LV UHFRPPHQGHG WR UHSHDW WKHVH
WHVWV DW DQRWKHU DPELHQW WHPSHUDWXUH +GLIIHUHQFH RI DW OHDVW 43�&, WR HVWLPDWH WKH LQIOXHQFH RI
WHPSHUDWXUH RQ WKH EDU2SDYHPHQW V\VWHP DQG HYHQWXDOO\ WR FRUUHFW WKH VLJQDO IRU WHPSHUDWXUH
HIIHFWV1

,,0615 &DVH RI 3LH]R04XDUW] %DUV

WR EH FRPSOHWHG ODWHU ZLWK FRQWULEXWLRQ IURP .LVWOHU
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,,0616 &DVH RI &DSDFLWLYH 6WULSV

WR EH FRPSOHWHG ODWHU ZLWK FRQWULEXWLRQ IURP *ROGHQ 5LYHU

,,0617 &DVH RI )LEUH 2SWLF 6HQVRUV

WR EH FRPSOHWHG ODWHU ZLWK FRQWULEXWLRQ IURP $OFDWHO

,,0618 &DVH RI &DSDFLWLYH 0DWV

• &KHFN WKH VHQVRU VLJQDO E\ FRQQHFWLQJ WR WKH HOHFWURQLFV XQLW1 7KH VLJQDO PXVW EH VWDEOH
DQG ZLWKLQ WKH OLPLWV VSHFLILHG E\ WKH PDQXIDFWXUHU>

• 5HSHDW WKLV FKHFN DIWHU WKH LQVWDOODWLRQ1

,,0619 &DVH RI 6WUDLQ *DXJH RU /RDG &HOO 6FDOHV

WR EH FRPSOHWHG ODWHU ZLWK FRQWULEXWLRQ IURP &DSWHOV DQG 3LHW]VFK

,,07 ,QVWDOODWLRQ UHFRPPHQGDWLRQV

$:,0 V\VWHP LQVWDOODWLRQ +VHQVRUV DQG HOHFWURQLFV, UHTXLUHV VSHFLDO SURFHGXUHV GHSHQGLQJ IRU
H[DPSOH RQ WKH W\SH RI VHQVRU/ WKH VWUXFWXUH RI WKH URDG/ WKH HQYLURQPHQWDO FRQGLWLRQV DQG WKH
DSSOLFDWLRQ1

,W LV REYLRXV WKDW JHQHUDO LQIRUPDWLRQ VKRXOG EH JLYHQ FRQFHUQLQJ WKH FULWHULD IRU WKH VLWH
FKRLFH/ ZLWK UHVSHFW WR WKH HPEHGGLQJ DQG LQVWDOODWLRQ SURFHGXUH RI WKH VHQVRUV/ HWF1 +VHH
+0(770/&3&/ 4<<6, IRU SLH]R0HOHFWULF EDUV,1

1HYHUWKHOHVV/ WKH UHVSRQVLELOLW\ IRU D IDLU LQVWDOODWLRQ LV WKH PDQXIDFWXUHU¶V1 +H PXVW KDYH DW
KLV GLVSRVDO WKH UHTXLUHG LQIRUPDWLRQ IURP WKH URDG PDQDJHU/ IRU H[DPSOH DERXW WKH URDG VWUXF0
WXUH/ WKH HQYLURQPHQW DQG WKH FOLPDWLF FRQGLWLRQV GXULQJ WKH LQVWDOODWLRQ1

)RU VRPH W\SHV RI VHQVRUV/ VXFK DV SLH]R0HOHFWULF DQG SLH]R0TXDUW] EDUV RU FDSDFLWLYH VWULSV/ WKH
FKRLFH RI UHVLQ WR IL[ WKH VHQVRU LQ WKH SDYHPHQW PD\ KDYH VRPH LQIOXHQFH RQ WKH DFFXUDF\ DQG
KDV D VWURQJ LQIOXHQFH RQ WKH VHQVRU OLIHWLPH DQG LQVWDOODWLRQ GHOD\> VRPH UHFRPPHQGDWLRQV
DUH JLYHQ IRU SLH]R0HOHFWULF EDUV LQ +0(770/&3&/ 4<<6,1

5HIHUHQFHV WR VRPH VHQVRU LQVWDOODWLRQ JXLGHOLQHV RU VSHFLILFDWLRQ PD\ EH JLYHQ KHUH> FRQWUL0
EXWLRQV IURP YDULRXV PDQXIDFWXUHUV ZRXOG EH ZHOFRPH1
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7KH FDOLEUDWLRQ PHWKRGV PRVW FRPPRQO\ XVHG DUH EULHIO\ GHVFULEHG EHORZ/ IURP WKH VLPSOHVW
WR WKH PRVW VRSKLVWLFDWHG> RWKHU PHWKRGV PD\ EH FRQVLGHUHG1

'HVFULSWLRQ RI FRPPRQ FDOLEUDWLRQ PHWKRGV

:H QRWH=

• :GLMN  ³G\QDPLF´ ORDG +LPSDFW IRUFH, PHDVXUHG LQ PRWLRQ RI WKH YHKLFOH L/ WKH D[OH M/ DQG
WKH UXQ N/

• :GLN  ³G\QDPLF´ JURVV ZHLJKW IRU WKH YHKLFOH L DQG WKH UXQ N/ FDOFXODWHG E\=
:G :GLN LMN

M
= ∑ /

• :VLM  VWDWLF ORDG RI WKH YHKLFOH L/ DQG WKH D[OH M/

• :VL  VWDWLF JURVV ZHLJKW RI WKH YHKLFOH L/

• QL  QXPEHU RI UXQV RI WKH YHKLFOH L/

• S  QXPEHU RI WHVW YHKLFOHV1

,Q WKH FRQGLWLRQV +U5,/ LW LV UHFRPPHQGHG WR FRQVLGHU WKH GLIIHUHQW FRQILJXUDWLRQV +ORDGV DQG
VSHHGV, RI WKH VDPH YHKLFOH DV GLIIHUHQW YHKLFOHV IRU WKH GDWD DQDO\VLV1

&DOLEUDWLRQ FRHIILFLHQW= D FDOLEUDWLRQ FRHIILFLHQW LV GHILQHG DV D PXOWLSOLFDWLYH IDFWRU & WR EH
DSSOLHG WR D UDZ UHFRUGHG ³G\QDPLF´ ORDG :G WR JHW WKH ILQDO HVWLPDWLRQ RI WKH
VWDWLF ORDG +RU WKH ³FDOLEUDWHG´ UHVXOW, QRWHG := :  &1:G 1

$ FDOLEUDWLRQ FRHIILFLHQW LV LQWHQGHG WR HOLPLQDWH DV IDU DV SRVVLEOH DQ\ V\VWHPDWLF ELDV LQ WKH
:,0 V\VWHP/ ZKLFK PD\ SDUWLDOO\ EH LQGXFHG E\ WKH SDYHPHQW SURILOH +VSDWLDO UHSHDWDELOLW\ HI0
IHFW,1

,I WKH :,0 V\VWHP XVHV PRUH WKDQ RQH VHQVRU/ DW OHDVW RQH FDOLEUDWLRQ FRHIILFLHQW PXVW EH
FRPSXWHG IRU HDFK RI WKHP1

,Q VRPH ³VRSKLVWLFDWHG´ :,0 V\VWHPV/ VHYHUDO FDOLEUDWLRQ FRHIILFLHQWV PD\ EH FRPSXWHG IRU
HDFK VHQVRU/ GHSHQGLQJ RQ WKH W\SH RI YHKLFOH RU RQ WKH D[OH UDQN +VHH 51 DQG 61 EHORZ,1

)RU EULGJHV/ WKH FDOLEUDWLRQ FRHIILFLHQW LV UHSODFHG E\ D FDOLEUDWLRQ FXUYH/ DQ LQIOXHQFH OLQH RU
VXUIDFH1
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$PRQJ WKH SURSRVHG PHWKRGV RXWOLQHG EHORZ/ WKH ILUVW WZR +41D DQG 41E, DUH WKH PRVW FRP0
PRQO\ XVHG/ ZKLOH WKH WKLUG RQH +41F, LV RIWHQ UHFRPPHQGHG> WKH\ DOO SURYLGH RQO\ RQH FDOLEUD0
WLRQ FRHIILFLHQW E\ VHQVRU1

41D1 &DOLEUDWLRQ RQ WKH PHDQ ELDV= WKLV PHWKRG FRQVLVWV RI FDOFXODWLQJ WKH FDOLEUDWLRQ FRHIIL0
FLHQW & VXFK WKDW IRU WKH PHDQ ELDV RI WKH UHODWLYH HUURUV IRU WKH JURVV ZHLJKWV RI
DOO WKH WHVW YHKLFOHV PHDVXUHG LQ PRWLRQ +RQH PHDVXUHPHQW IRU HDFK UXQ, LV UH0
PRYHG/ HDFK RI WKHP EHLQJ DFFRXQWHG DV PDQ\ WLPHV DV WKH ORUU\ SDVVHG=

&
Q

:G
:V

L
L

LN

LL N

= 









∑

∑
/

+6,

7KLV PHWKRG SURYLGHV DQ XQELDVHG HVWLPDWRU RI WKH JURVV ZHLJKW1 ,W LV UHFRP0
PHQGHG LQ +U4,1

41E1 &DOLEUDWLRQ RQ WKH WRWDO ZHLJKW= WKLV PHWKRG FRQVLVWV RI FDOFXODWLQJ WKH FDOLEUDWLRQ FRHIIL0
FLHQW & DV WKH UDWLR RI WKH WRWDO VWDWLF JURVV ZHLJKW RI DOO WKH WHVW YHKLFOHV +HDFK RI
WKHP EHLQJ DFFRXQWHG IRU DV PDQ\ WLPHV DV WKH ORUU\ SDVVHG, WR WKH WRWDO JURVV
ZHLJKW RI WKHVH YHKLFOHV PHDVXUHG LQ PRWLRQ +RQH PHDVXUHPHQW IRU HDFK UXQ,=

&
Q:V

:G

L L
L

LN
L N

=
∑
∑
/

+7,

7KLV PHWKRG SURYLGHV DQ XQELDVHG HVWLPDWRU RI WKH WRWDO ZHLJKW RI DOO WKH YHKLFOHV1
,W LV RQO\ UHFRPPHQGHG LI WKH :,0 SXUSRVH LV WKH HVWLPDWLRQ RI WKH ZKROH WUDIILF
WRQQDJH/ VXFK DV LQ HFRQRPLFDO VXUYH\V RI JRRGV WUDQVSRUWDWLRQ1

41F1 &DOLEUDWLRQ RQ WKH PHDQ VTXDUH HUURU +4,= WKLV PHWKRG FRQVLVWV RI FDOFXODWLQJ WKH VORSH
RI D UHJUHVVLRQ OLQH ZKLFK SDVVHV WKURXJK WKH RULJLQ LQ DQ RUWKRQRUPDO GLDJUDP
SORWWLQJ WKH LQGLYLGXDO ³G\QDPLF´ JURVV ZHLJKWV YHUVXV WKH LQGLYLGXDO VWDWLF JURVV
ZHLJKWV RI WKH WHVW YHKLFOHV IRU HDFK SDVVDJH1 ,W LV EDVHG RQ WKH IDFW WKDW D :,0
V\VWHP VKRXOG SURYLGH ³G\QDPLF´ ORDGV ZKLFK DUH SURSRUWLRQDO WR WKH VWDWLF ORDGV1
7KH FDOLEUDWLRQ FRHIILFLHQW & LV JLYHQ E\=

&
Q:V

:V:G

L L
L

L
L N
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=
∑
∑
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/

+8,

7KLV PHWKRG PD\ EH DSSOLHG IRU FRQGLWLRQV +U5, WR +55,/ ZLWK PRUH WKDQ 6 ORUULHV
+RU ORDGLQJ FDVHV,> LW PLQLPLVHV WKH PHDQ VTXDUH HUURU RI WKH LQGLYLGXDO JURVV
ZHLJKW PHDVXUHPHQWV ZLWK UHVSHFW WR WKH VWDWLF JURVV ZHLJKWV IRU DOO WKH YHKLFOHV
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SDVVHG/ ZLWK WKH FRQVWUDLQW WKDW WKH ³G\QDPLF´ JURVV ZHLJKWV DUH SURSRUWLRQDO WR
WKH VWDWLF RQHV1 ,W LV UHFRPPHQGHG IRU PRVW DSSOLFDWLRQV/ ZKHQ WKH SXUSRVH LV WKH
HVWLPDWLRQ RI WKH LQGLYLGXDO ORUU\ ZHLJKWV/ EHFDXVH WKH HVWLPDWRU KDV D ORZHU YDUL0
DQFH WKDQ WKH WZR SUHYLRXV RQHV DQG D YHU\ VPDOO ELDV1

41G1 &DOLEUDWLRQ RQ WKH PHDQ VTXDUH HUURU +5,= WKLV PHWKRG FRQVLVWV RI FDOFXODWLQJ WKH VORSH
DQG WKH RUGLQDWH DW WKH RULJLQ RI WKH UHJUHVVLRQ OLQH LQ DQ RUWKRQRUPDO GLDJUDP
SORWWLQJ WKH LQGLYLGXDO ³G\QDPLF´ JURVV ZHLJKWV YHUVXV WKH LQGLYLGXDO VWDWLF JURVV
ZHLJKWV RI WKH WHVW YHKLFOHV IRU HDFK SDVVDJH1 7KH PHDQ VTXDUH HUURU VKRXOG EH
VPDOOHU WKDQ ZLWK WKH SUHYLRXV PHWKRG/ EXW WKH SURSRUWLRQDOLW\ EHWZHHQ WKH ³G\0
QDPLF´ ORDGV DQG WKH VWDWLF ORDGV LV QR ORQJHU HQVXUHG/ ZKLFK LV QRW LQ DFFRUGDQFH
ZLWK WKHRU\1 7KH FDOLEUDWLRQ SURFHGXUH EHFRPHV= :  &1+:G 0 E, / ZLWK E DQG &
JLYHQ E\=

&
Q Q :V Q :V
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7KLV PHWKRG LV QRW UHFRPPHQGHG LQ PRVW FDVHV EHFDXVH RI WKH UHDVRQ H[SODLQHG
DERYH1 )XUWKHUPRUH/ LI DSSOLHG/ WKH E YDOXH VKRXOG EH UDWKHU VPDOO DQG LQGHSHQGHQW
RI WKH FDOLEUDWLRQ YHKLFOH VDPSOH FRQVLGHUHG/ ZKLFK LV QRW QHFHVVDULO\ WKH FDVH1

,Q ERWK PHWKRGV 41F1 DQG 41G1/ WKH JURVV ZHLJKWV PD\ EH UHSODFHG E\ WKH D[OH ORDGV DQG WKH
IRUPXODV DGDSWHG1 7KH FDOLEUDWLRQ FRHIILFLHQWV ZLOO WKHQ EH VOLJKWO\ GLIIHUHQW1 7KLV LV QRW KLJKO\
UHFRPPHQGHG/ EHFDXVH WKH LQGLYLGXDO D[OH ORDGV DUH PRUH VLJQLILFDQWO\ DIIHFWHG E\ WKH G\0
QDPLF PRWLRQ RI WKH YHKLFOHV WKDQ WKH JURVV ZHLJKWV/ DQG EHFDXVH WKH VWDWLF D[OH ORDGV DUH QRW
ZHOO GHILQHG1

51 &DOLEUDWLRQ E\ ORUU\ W\SH= WKLV PHWKRG SURYLGHV RQH FDOLEUDWLRQ FRHIILFLHQW IRU HDFK W\SH
+VLOKRXHWWH, RI ORUU\ IURP WKH WHVW VDPSOH/ RU IRU HDFK FODVV RI VLOKRXHWWH +H1J1/ ULJLG
ORUU\/ WUDFWRU . VHPL0WUDLOHU/ ORUU\ . WUDLOHU,1 ,W LV RQO\ DSSOLFDEOH IRU FRQGLWLRQV +54,
DQG +55,/ DQG RI LQWHUHVW LI WKH :,0 VWDWLRQ VRIWZDUH LV DEOH WR PDQDJH VXFK D VHW
RI FDOLEUDWLRQ FRHIILFLHQWV DFFRUGLQJ WR HDFK ORUU\ W\SH1 7KH VDPH IRUPXODV DV LQ
41D1 WR 41G PD\ EH DSSOLHG/ DV PDQ\ WLPHV DV WKH QXPEHU RI ORUU\ FODVVHV FRQVLG0
HUHG1 7KH VDPH UHPDUNV DSSO\ WR HDFK IRUPXOD DQG SURFHGXUH1
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61 &DOLEUDWLRQ E\ D[OH UDQN= WKLV PHWKRG SURYLGHV RQH FDOLEUDWLRQ FRHIILFLHQW IRU HDFK UDQN
+DQG2RU W\SH, RI D[OH ZLWKLQ D ORUU\/ WDNLQJ LQWR DFFRXQW WKH IDFW WKDW WKH D[OH G\0
QDPLF EHKDYLRXU GHSHQGV RQ WKHLU UDQN LQ WKH YHKLFOH1 ,W LV RQO\ RI LQWHUHVW LI WKH
:,0 VWDWLRQ VRIWZDUH LV DEOH WR PDQDJH VXFK D VHW RI FDOLEUDWLRQ FRHIILFLHQWV DF0
FRUGLQJ WR HDFK D[OH UDQN1 ,W LV UHFRPPHQGHG WR FRQVLGHU WKH IROORZLQJ VXE0
SRSXODWLRQV/ VRPH RI ZKLFK PD\ EH PHUJHG IRU VLPSOLILFDWLRQ=

• IRU WKH ULJLG 50D[OH ORUU\= WKH IURQW D[OHV DQG WKH UHDU D[OHV/

• IRU WKH ULJLG 60D[OH ORUU\= WKH IURQW D[OHV DQG WKH UHDU WDQGHP +VXP RI WKH WZR UHDU D[OHV,/

• IRU WKH VHPL0WUDLOHUV= WKH IURQW D[OHV/ WKH GULYH D[OHV DQG WKH WDQGHP RU WULGHP RI WKH VHPL0
WUDLOHU +VXP RI WKH WZR RU WKUHH UHDU D[OHV,/

• IRU WKH ORUU\ . WUDLOHU= WKH IURQW D[OHV/ WKH UHDU D[OHV +RU WDQGHP RU WULGHP, RI WKH ORUU\/ WKH
D[OHV RI WKH WUDLOHU1

7KH IRUPXODV JLYHQ DERYH DUH DJDLQ DSSOLHG WR HDFK VXE0SRSXODWLRQ E\ UHSODFLQJ WKH JURVV
ZHLJKWV E\ WKH D[OH ORDGV1 7KH VDPH UHPDUNV DSSO\ WR HDFK IRUPXOD DQG SURFHGXUH1

([FHSW IRU EULGJH :,0/ DOO RI WKHVH FDOLEUDWLRQ PHWKRGV DUH PRUH HIILFLHQW LQ FDVHV +54, DQG
+55, ZLWK D WHVW ORUU\ VDPSOH EHLQJ UHSUHVHQWDWLYH RI WKH H[SHFWHG WUDIILF IORZ1 ,Q WKH FDVH RI
+U4, RU +U5, LW LV UHFRPPHQGHG WR FKRRVH ORDGV +JURVV ZHLJKWV DQG D[OH ORDGV, ZKLFK DUH UHSUH0
VHQWDWLYH RI WKH ORDG GLVWULEXWLRQ HQFRXQWHUHG IRU WKH VDPH W\SH RI YHKLFOHV DV WKH WHVW ORUU\ LQ
WKH WUDIILF IORZ1
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,904 6WDQGDUG 5HVXOWV¶ )RUPDW DQG &RPSXWHU 7RROV IRU $FFXUDF\
$VVHVVPHQW

,90414 'DWD 3UHVHQWDWLRQ DQG 6WDWLVWLFV &DOFXODWLRQ

)LJXUH 43 DQG )LJXUH 44 JLYHV D VWDQGDUGLVHG WDEOH/ GHVLJQHG XQGHU ([FHO/ ZKLFK FRQWDLQV WKH
PRVW XVHIXO LQIRUPDWLRQ LQ RUGHU WR DSSO\ WKLV VSHFLILFDWLRQ DQG WR DVVHVV WKH DFFXUDF\ RI D
:0 V\VWHP1 $ VDPSOH RI WKLV ([FHO VKHHW LV DYDLODEOH RQ IORSS\ GLVN/ RU E\ ,QWHUQHW RQ WKH
(XURSHDQ :,0:HE VLWH +KWWS=2ZZZ1]DJ1VL2ZLP2VSHFLILFDWLRQ,1

7KH ILUVW SDUW RI WKH WDEOH JLYHV WKH VWDQGDUG GDWD GHOLYHUHG E\ WKH :,0 V\VWHP/ ZKLFK VKRXOG
EH HDVLO\ H[WUDFWHG IURP WKH RULJLQDO GDWD ILOHV1 7KH YHKLFOHV DIIHFWHG E\ D YLRODWLRQ +HUURU,
FRGH ZHUH HOLPLQDWHG/ EXW DFFRXQWHG IRU/ WR EH UHSRUWHG LQ WKH WHVW UHSRUW1 7KH JHQHUDO KHDGLQJ
RQO\ FRQWDLQV D VXPPDU\ RI WKH UHTXLUHG LQIRUPDWLRQ OLVWHG LQ 451414; RI WKH VSHFLILFDWLRQ1
7KH VXFFHVVLYH FROXPQV FRQWDLQ=

• WKH VHTXHQWLDO QXPEHU RI WKH YHKLFOHV +RQO\ ORUULHV ZLWK D *: ! 618 W DUH NHSW,>

• GDWH +JLYHQ RQFH SHU GD\/ LQ 'D\20RQWK2<HDU, DQG WLPH RI SDVVDJH +KK=PP=VV,> IRU WKLV DS0
SOLFDWLRQ/ LW LV QRW QHFHVVDU\ WR XVH KXQGUHGV RI VHFRQG>

• WHPSHUDWXUH/ LQ �&>

• YHORFLW\ LQ NP2K>

• YHKLFOH W\SH/ DFFRUGLQJ WR DQ\ FODVVLILFDWLRQ +WKH &267 656 FODVVLILFDWLRQ PD\ EH XVHG E\
GHIDXOW,>

• WKH JURVV ZHLJKW DQG D[OH ORDGV/ E\ D[OH UDQN/ DQG WKH JURXS RI D[OH ORDGV +E\ UDQN,/ DOO
PHDVXUHG LQ PRWLRQ>

• WKH VWDWLF UHIHUHQFH YDOXHV RI WKHVH ZHLJKWV DQG ORDGV1

11%1 WKH D[OH VSDFLQJ LV XVHG LQ WKH SUH0SURFHVVLQJ RI WKH UDZ GDWD WR LGHQWLI\ WKH VLQJOH D[OHV
DQG D[OHV RI JURXS/ EXW DUH QRW QHFHVVDU\ IRU WKH IXUWKHU DFFXUDF\ DQDO\VLV1

$OO WKH ZHLJKWV DQG ORDGV DUH JLYHQ LQ NJ/ EXW ZLWK D VFDOH GLYLVLRQ RI 433 NJ DFFRUGLQJ WR WKH
VHQVLWLYLW\ DQG DFFXUDF\ RI WKH V\VWHP1

7KH VHFRQG SDUW RI WKH WDEOH JLYHV WKH UHODWLYH HUURUV/ DXWRPDWLFDOO\ FDOFXODWHG E\ IRUPXOD LQ
WKH ([FHO VKHHW/ DQG WKH D[OH W\SH +VLQJOH D[OHV RU D[OH RI JURXS,1 )LQDOO\/ WKH VWDWLVWLFV RI WKH
UHODWLYH HUURUV/ DV UHTXLUHG LQ 441718 DQG 441719 DUH DXWRPDWLFDOO\ FDOFXODWHG E\ IRUPXOD/ FRP0
ELQLQJ WKH LQGLYLGXDO UHODWLYH HUURUV DQG WKH W\SH RI D[OH LQIRUPDWLRQ1
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7KH VPDOO WDEOH RI WKHVH VWDWLVWLFV DUH WKH VXIILFLHQW LQIRUPDWLRQ QHHGHG WR SHUIRUP WKH DFFX0
UDF\ FDOFXODWLRQ/ XVLQJ WKH WHVW FRQGLWLRQV +VHH ,90405,1

,90415 $FFXUDF\ &DOFXODWLRQ

7KH DFFXUDF\ FDOFXODWLRQ/ DFFRUGLQJ WR WKH SURFHGXUH GHWDLOHG LQ WKH FKDSWHU 44/ PD\ EH DXWR0
PDWLFDOO\ GRQH XVLQJ WKH VWDQGDUGLVHG ([FHO VKHHW JLYHQ LQ )LJXUH 451 7KH VWDWLVWLFV FDOFXODWHG
LQ ,90414 DUH LQWURGXFHG LQ WKH UHOHYDQW FHOOV/ DV ZHOO DV WKH WHVW FRQGLWLRQV1 7KH SHUFHQWDJHV RI
LGHQWLILHG YHKLFOHV LQ WKH ZKROH WHVW VDPSOH DUH UHSRUWHG IRU LQIRUPDWLRQ1 ,I WKH V\VWHP KDV D
YLRODWLRQ FRGH/ WZR SHUFHQWDJHV VKRXOG EH JLYHQ/ WDNLQJ LQWR DFFRXQW RU QRW WKH YHKLFOHV LGHQ0
WLILHG EXW ZURQJO\ PHDVXUHG1

)RU DQ LQLWLDO YHULILFDWLRQ/ ZKHUH WKH VDPH GDWD VDPSOH LV XVHG WR UHFDOLEUDWH WKH V\VWHP/ DQG
WKXV WKH PHDQ ELDV RQ WKH JURVV ZHLJKW LV +DOPRVW, UHPRYHG/ δ LV DXWRPDWLFDOO\ PXOWLSOLHG E\
N  31; +VHH 431416,1

7KH EXLOW0LQ IRUPXOD FDOFXODWHV WKH YDOXHV RI π3/ DQG XVLQJ WKH VROYHU ZLWK DSSURSULDWH DUEL0
WUDU\ LQLWLDO YDOXHV RI δPLQ DXWRPDWLFDOO\ IXOILOV WKH WDEOH1 7KH VWDQGDUGLVHG JUDSK LV DOVR SUR0
YLGHG/ ZKLFK VKRZV ERWK WKH δPLQ DQG δF YDOXHV IRU DOO WKH FULWHULD1

7KLV ([FHO VKHHW LV DOVR DYDLODEOH RQ IORSS\ GLVN/ RU E\ ,QWHUQHW +VHH ,904,1

)LJXUH 43/ )LJXUH 44 DQG )LJXUH 45 DUH DW WKH HQG RI WKH VHFWLRQ ,905151

,905 ([DPSOH RI ,PSOHPHQWDWLRQ RI WKH &KHFNLQJ 3URFHGXUHV

,Q RUGHU WR LOOXVWUDWH WKH SURFHGXUH H[SODLQHG LQ FKDSWHU 44/ DQ H[DPSOH LV JLYHQ KHUHDIWHU1

,90514 &DOLEUDWLRQ 3ODQ

$ :,0 V\VWHP ZDV LQVWDOOHG DQG FDOLEUDWHG GXULQJ RQH DQG KDOI GD\ +HQYLURQPHQWDO UHSHDW0
DELOLW\ FRQGLWLRQV +,,,/ IROORZLQJ WKH SURFHGXUH GHVFULEHG LQ :15161 7KH FDOLEUDWLRQ SODQ ZDV WKH
IROORZLQJ=

• WZR SUH0ZHLJKHG ORUULHV ZHUH XVHG/ D 50D[OH ULJLG ORUU\ DQG D 80D[OH VHPL0WUDLOHU>

• HDFK RI WKHVH WHVW YHKLFOHV PDGH VHYHUDO UXQV SDVW WKH :,0 VLWH/ DW GLIIHUHQW VSHHGV/ DQG IRU
WKH VHPL0WUDLOHU DW GLIIHUHQW ORDGV/ DFFRUGLQJ WR 7DEOH 4;> DOO WRJHWKHU 448 UXQV ZHUH UH0
FRUGHG>

• WKH :,0 V\VWHP ZDV WKHQ FDOLEUDWHG RQ DOO WKHVH UXQ UHVXOWV/ ZLWK WKH IRUPXOD +6, RI WKH
DSSHQGL[ ,,,/ XVLQJ WKH JURVV ZHLJKWV>



$SSHQGL[ 4= (XURSHDQ :,0 6SHFLILFDWLRQ 6WDQGDUG )RUPDW/ &RPSXWHU 7RROV

::

• WKH LQLWLDO DFFXUDF\ YHULILFDWLRQ LV WKH GRQH ZLWK WKHVH UHVXOWV/ DFFRUGLQJ WR WKH SURFHGXUH
GHVFULEHG LQ FKDSWHU 441

$FFRUGLQJ WR WKLV FDOLEUDWLRQ SODQ/ ZH DUH LQ WKH FRQGLWLRQV RI OLPLWHG UHSURGXFLELOLW\ +54,1

7DEOH 4;= &DOLEUDWLRQ SODQ ZLWK WZR SUH0ZHLJKHG WHVW ORUULHV

/RDGLQJ DQG QXPEHU RI UXQV7HVW YHKLFOH 6SHHG +NP2K,
)XOO\ ORDGHG +DOI ORDGHG (PSW\

50D[OH ULJLG ORUU\
;3
98
83

43 UXQV
53 UXQV
43 UXQV

0
0
0

0
0
0

80D[OH VHPL0
WUDLOHU

;3
98
83

43 UXQV
43 UXQV
43 UXQV

43 UXQV
43 UXQV
43 UXQV

8 UXQV
8 UXQV
8 UXQV

,90515 ,QLWLDO 9HULILFDWLRQ DQG $FFXUDF\ &KHFN

7KH UHVXOWV RI WKH LQLWLDO YHULILFDWLRQ XVLQJ WKH FDOLEUDWLRQ VDPSOH GDWD DUH VXPPDULVHG LQ 7DEOH
4<1

7KH YDOXHV RI δ DUH WDNHQ IURP 7DEOH 8 IRU WKH FODVVHV UHWDLQHG/ DQG PXOWLSOLHG E\ WKH UHGXFWLRQ
IDFWRU N  31; +VHH 431416,1 7KH WKHRUHWLFDO SUREDELOLW\ π LV XVHG1 7KH PLQLPXP UHTXLUHG π3 DUH
HLWKHU WDNHQ IURP 7DEOH : +FRQGLWLRQV +,, DQG +54,, DQG LQWHUSRODWHG/ RU DXWRPDWLFDOO\ E\ WKH
([FHO VKHHW RI )LJXUH 51 9DOXHV RI δPLQ REWDLQHG IRU π  π3 DUH DOVR JLYHQ WR EH FRPSDUHG WR
N1δ1

,W PD\ EH VHHQ WKDW WKH :,0 V\VWHP IXOILOV WKH UHTXLUHPHQWV RI FODVV +&+48, LQ WKLV LQLWLDO YHUL0
ILFDWLRQ/ DQG HYHQ %+43, IRU WKH JURXS RI D[OHV FULWHULRQ +WULGHP KHUH,1 )LJXUH ; VKRZ WKH UH0
VXOWV DV ZHOO1

7DEOH 4<= 5HVXOWV RI WKH LQLWLDO YHULILFDWLRQ

6WDWLVWLFV RI UHODWLYH HUURUV     $FFXUDF\ FDOFXODWLRQ
1XPEHU 0HDQ 6WG GHYLDW1 ππππR &ODVV 31;îδδδδ    δδδδPLQ δδδδF ππππ    

&ULWHULRQ Q P +(, V +(, +(, +(, +(, +(, +(,
$FFHSWHG
FODVV

JURVV ZHLJKW 448 0315< 715; <814 &+48, 45 <16 441: <<13
JURXS RI D[OHV :8 3156 9134 <719 &+48, 4717 4614 4617 <919
VLQJOH D[OH 568 03195 :164 <81: &+48, 49 481< 471< <81<

D[OH RI JURXS 558 3159 91<9 <81: %+43, 49 4814 <17 <91<

&+48,
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JURVV ZHLJKW JURXS RI D[OHV VLQJOH D[OH D[OH RI JURXS

&ULWHULRQ

(

GHOWD PLQ
GHOWD F

)LJXUH ;= 5HVXOWV RI WKH LQLWLDO YHULILFDWLRQ

,90516 ,Q06HUYLFH &KHFN RI WKH :,0 6\VWHP

$IWHU WKH LQLWLDO FDOLEUDWLRQ/ D WHVW ZDV SHUIRUPHG WR FKHFN WKH DFFXUDF\ RI WKH V\VWHP LQ PRUH
UHDOLVWLF FRQGLWLRQV/ L1H1 LQ IXOO UHSURGXFLELOLW\ FRQGLWLRQV +55,1 )RU WKDW LQ0VHUYLFH FKHFNLQJ/
WKH WHVW SODQ ZDV WR WDNH DERXW RQH KXQGUHG ORUULHV IURP WKH WUDIILF IORZ/ ZLWK WKH KHOS RI WKH
SROLFH GXULQJ DQ HQIRUFHPHQW SHULRG RYHU WKUHH FRQVHFXWLYH GD\V +HQYLURQPHQWDO UHSHDWDELOLW\
FRQGLWLRQV +,,,1 7KHVH ORUULHV ZHUH SUH0ZHLJKHG RQ DQ DSSURYHG VWDWLF VFDOH LQVWDOOHG 8 NP XS0
VWUHDP RI WKH :,0 VLWH1 7KH D[OH ORDGV ZHUH PHDVXUHG RQ WKLV VFDOH1 (YHU\ SUH0ZHLJKHG ORUU\
ZDV WKHQ LGHQWLILHG E\ LWV UHJLVWUDWLRQ SODWH +DQG VRPH YLVXDO GHVFULSWLRQ, DQG ZKHQ SDVVLQJ RQ
WKH :,0 VLWH +WZR RSHUDWRUV ZHUH OLQNHG E\ UDGLR,1

7KH VDPSOH FRPSRVLWLRQ RI WKHVH SUH0ZHLJKHG ORUULHV ZDV FKRVHQ LQ DFFRUGDQFH ZLWK WKH WUDI0
ILF FRPSRVLWLRQ RI WKLV URDG/ IROORZLQJ D VSHFLDO DJUHHPHQW ZLWK WKH SROLFH1 ;9 ORUULHV ZHUH
ZHLJKHG RQ WKH VWDWLF VFDOH DQG DYDLODEOH IRU WKH WHVW DQDO\VLV1

7KH UHVXOWV RI WKH WHVW DUH VXPPDULVHG LQ 7DEOH 53 ZLWK WKH VDPH SUHVHQWDWLRQ DV LQ 7DEOH 4<1
7KH YDOXH RI π3 DUH WDNHQ IURP 7DEOH : +LQWHUSRODWHG, RU FDOFXODWHG1

7KH DOWHUQDWLYH PHWKRG GHVFULEHG LQ 44171:15 LV DSSOLHG E\ FRPSDULQJ WKH YDOXH RI δPLQ/ IRU
ZKLFK π π3/ WR WKH δ RI WKH UHTXLUHG FODVV1 δPLQ JLYHV WKH ULJKW DFFXUDF\ OHYHO EHWZHHQ WZR OHY0
HOV FRGLILHG E\ OHWWHUV1 )RU WZR FULWHULD +VLQJOH D[OHV DQG JURVV ZHLJKW, WKH DFFXUDF\ OHYHO LV
UHDOO\ LQ0EHWZHHQ WKH FRQYHQWLRQDO OLPLWV RI FODVVHV %+43, DQG &+48,1 )RU WKH D[OH JURXSV/ LW LV
FORVHU WR WKH FODVV &+48, OLPLW/ ZKLOH IRU WKH D[OHV RI JURXS WKH YDOXH LV MXVW DERYH WKH OLPLW RI
WKH FODVV %+43, +)LJXUH <,1



$SSHQGL[ 4= (XURSHDQ :,0 6SHFLILFDWLRQ 6WDQGDUG )RUPDW/ &RPSXWHU 7RROV

:<

7DEOH 53= 5HVXOWV RI LQ0VHUYLFH YHULILFDWLRQ

6WDWLVWLFV RI UHODWLYH HUURUV     $FFXUDF\ FDOFXODWLRQ
1XPEHU 0HDQ 6WG GHYLDW1 ππππR &ODVV δδδδ    δδδδPLQ δδδδF ππππ    

&ULWHULRQ Q P +(, V +(, +(, +(, +(, +(, +(,
$FFHSWHG
FODVV

JURVV ZHLJKW ;9 0515: 913< <519 &+48, 48 4613 4613 <916
JURXS RI D[OHV 99 3163 ;177 <514 &+48, 4; 4:14 4714 <619
VLQJOH D[OH 4<: 061<5 :199 <61: &+48, 53 4:14 4514 <:16

D[OH RI JURXS 49< 0314< 4313: <618 &+48, 58 5316 4316 <:1<

&+48,48
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43

48

53
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JURVV ZHLJKW JURXS RI D[OHV VLQJOH D[OH D[OH RI JURXS
&ULWHULRQ

(

GHOWD PLQ
GHOWD F

)LJXUH <= 5HVXOWV RI LQ0VHUYLFH YHULILFDWLRQ

7KH V\VWHP LV DFFHSWHG LQ DFFXUDF\ FODVV &+48, IRU DOO FULWHULD1

,Q FRPSDULVRQ ZLWK WKH LQLWLDO YHULILFDWLRQ/ WKH ELDV RQ WKH VLQJOH D[OH ORDGV DQG RQ WKH JURVV
ZHLJKWV DUH UHVSHFWLYHO\ LQFUHDVHG E\ IDFWRUV RI 8 DQG 43 +EXW WKH ODVW RQH ZDV YHU\ VPDOO,/
ZKLOH WKH VWDQGDUG GHYLDWLRQV RI WKH D[OH JURXS DQG JURVV ZHLJKW VDPSOHV LQFUHDVHG E\ PRUH
WKDQ 73 (1

7KLV H[DPSOH/ EDVHG RQ WUXH GDWD/ VKRZV D W\SLFDO GLIIHUHQFH EHWZHHQ WKH WZR VWHSV +LQLWLDO
YHULILFDWLRQ DQG LQ0VHUYLFH FKHFNLQJ,1
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6\VWHP= %1DPH RU PDQXIDFWXUHU% /RFDWLRQ= %WHVW VLWH% /DQH 1�= NN 5(&25'(' '$7$
3HULRG RI WKH WHVW= %IURP GDWH4 WR GDWH5%
7HVW FRQGLWLRQV= +, WR ,,,, DQG +U4 WR 55, 1XPEHU RI WHVW YHKLFOHV= QQQQ

/RDG DQG ZHLJKWV PD\ EH H[SUHVVHG HLWKHU LQ NJ/ 433 NJ/ WRQV RU N1> WKH XQLW PXVW EH VSHFLILHG LQ WKH KHDGLQJV
1� 'DWH2 7 9 7\SH ,Q PRWLRQ ORDGV2ZHLJKWV :G +NJ, 6WDWLF ORDGV2ZHLJKWV :V +LQ NJ,

WLPH +�&, +NP2K, *: $4 $5 $6 $7 $8 $9 « *$4 *$5 *: $4 $5 $6 $7 $8 $9 « *$4 *$5
8272<;

4 ;=43=58 </6 ;8 8 6;333 9733 43933 :333 :333 :333 54333 6<333 9833 43;33 :633 :533 :533 54:33
5 ;=44=56 </8 ;< 8 6<933 9533 46833 9<33 9633 9:33 4<<33 73533 9933 45433 :633 :333 :533 54833
6 ;=45=5; </: ;< 8 6<733 8<33 43633 <733 :633 9833 56533 6;833 8<33 <933 ;:33 :<33 9733 56333
7 ;=46=39 </< ;; 8 73<33 :433 43433 ;533 ;433 :733 56:33 73833 9:33 43433 :<33 :<33 :<33 56:33
8 ;=46=63 43/4 ;: 8 73333 ;433 44:33 :433 :333 9433 53533 6<;33 :833 44;33 9<33 9933 :333 53833
9 ;=46=89 43/4 <3 8 63:33 9:33 45833 6933 7533 6:33 44833 5;533 9:33 <<33 6<33 7333 6:33 44933
: ;=47=87 43/4 ;< 8 74633 9733 <;33 ;633 ;933 ;533 58433 75;33 9433 43933 ;:33 ;;33 ;933 59433
; ;=49=3< 43/4 :< 9 69933 9833 45733 <333 ;:33 68:33 9733 44433 <533 <333
< ;=49=45 43/4 ;8 8 73833 9833 <533 ;833 ;433 ;533 57;33 6<833 9833 <733 ;433 ;533 :633 56933
43 ;=49=65 43/4 ;; 8 75533 ;533 46;33 9<33 9833 9;33 53533 75333 :;33 46733 :333 9<33 9<33 53;33
44 ;=4:=6; 43/4 ;4 8 7;633 ;333 46333 ;<33 <533 <533 5:633 7;933 ;433 46:33 ;<33 ;<33 <333 59;33
45 ;=4;=5; 43/5 ;; 8 66833 9433 8933 :633 :733 :433 54;33 65933 9333 8533 :333 :533 :533 54733
46 ;=4<=36 43/6 ;< 8 7;:33 :;33 47533 <433 ;833 <433 59:33 79;33 :533 47833 ;733 ;733 ;633 58433
47 ;=4<=83 43/7 ;9 8 6:733 9733 ;933 :933 :833 :633 55733 6;933 9533 ;633 ;433 ;733 :933 57433
48 ;=53=7< 43/8 ;3 9 77<33 9:33 :533 ;633 9733 :733 ;<33 49633 76<33 9833 :833 ;333 :433 :333 :;33 47;33
49 ;=54=36 45 ;; 8 6<333 9533 43433 :833 :<33 :633 55:33 6;733 9333 <:33 :733 ;333 :633 55:33
4: ;=54=53 45 <5 8 53533 8733 8633 6833 5<33 6433 <833 53933 8533 8733 6733 6633 6633 43333
4; ;=55=5< 45/6 ;9 8 6:333 9433 :<33 ;733 :533 :733 56333 68333 9333 :733 :;33 9;33 :333 54933
4< ;=56=5: 45/6 <8 5 9;33 5:33 7433 9<33 5<33 7333
53 ;=56=66 45/7 ;; 8 76633 9<33 44733 ;;33 ;533 ;333 58333 78733 9:33 45433 ;<33 ;<33 ;;33 59933
54 ;=56=6: 45/; ;8 8 74833 9733 ;;33 :;33 ;533 43633 59633 73833 9533 <333 :633 ;333 43333 58633
55 ;=58=46 46/7 ;< 9 75;33 ;733 45533 9:33 :833 ;333 4;<33 75<33 :;33 45633 9<33 ;333 :<33 4<533
56 ;=58=58 46/7 ;: 8 64633 9833 ;;33 8833 8333 8833 49333 5<<33 9633 ;533 8533 8433 8433 48733

7\SH = WKH FODVVLILFDWLRQ LV WKDW UHFRPPHQGHG E\ WKLV VSHFLILFDWLRQ> RWKHUZLVH WKH YHKLFOH FDWHJRULHV VKRXOG EH JLYHQ DSDUW
0 D[OH ORDGV DUH SODFHG LQ FROXPQV $4 WR $9/ DFFRUGLQJ WR WKH D[OH UDQN> *$4 +DQG *$5 LI QHHGHG, FRQWDLQV WKH JURXS+V, RI D[OH ORDGV
0 WKH W\SH PD\ EH UHSODFHG E\ WKH QXPEHU RI D[OHV/ RU WKLV QXPEHU PD\ EH DGGHG LQ DQ DGGLWLRQDO FROXPQ
0 IRU PRUH WKDQ 9 D[OHV/ DGG FROXPQV DIWHU $9> IRU PRUH WKDQ 5 D[OH JURXSV/ DGG FROXPQV DIWHU *$5

��������

)LJXUH 43= 6WDQGDUGLVHG UHFRUGHG GDWD IRUPDW DQG VWDWLVWLFV ± SDUW4



$
SSHQGL[

4=(XURSHDQ
:
,0
6SHFLILFDWLRQ

6WDQGDUG
)RUP

DW/&
RP
SXWHU7RROV;4

67$7,67,&6
&RQW*Q

1� 5HODWLYH HUURUV +(, 7\SH RI D[OH +4 6$/ 3 $R*, 6WDWLVWLFV RI WKH UHODWLYH HUURUV +(,
*: $4 $5 $6 $7 $8 $9 « *$4 *$5 $4 $5 $6 $7 $8 $9 « *: 6$ $R* *$

QXPEHU 56 85 93 54
4 05/89 04/87 04/;8 07/44 05/:; 05/:; 06/56 4 4 3 3 3 PHDQ 3/<: 4/85 3/4: 3/39
5 04/7< 09/39 44/8: 08/7; 043/33 09/<7 0:/77 4 4 3 3 3 VW1 GHY 6/55 9/64 8/;; 7/::
6 5/67 3/33 :/5< ;/38 0:/8< 4/89 3/;: 4 4 3 3 3
7 3/<< 8/<: 3/33 6/;3 5/86 09/66 3/33 4 4 3 3 3 *: JURVV ZHLJKW
8 3/83 ;/33 03/;8 5/<3 9/39 045/;9 04/79 4 4 3 3 3 6$ VLQJOH D[OH
9 ;/;: 3/33 59/59 0:/9< 8/33 3/33 03/;9 4 4 3 3 3 $R* D[OH RI D JURXS
: 06/83 7/<5 0:/88 07/93 05/5: 07/98 06/;6 4 4 3 3 3 *$ JURXS RI D[OHV
; 5/85 4/89 44/:4 05/4: 06/66 4 4 4 4
< 5/86 3/33 05/46 7/<7 04/55 45/66 8/3; 4 4 3 3 3
43 3/7; 8/46 5/<< 04/76 08/;3 04/78 05/;; 4 4 3 3 3
44 03/95 04/56 08/44 3/33 6/6: 5/55 4/;: 4 4 3 3 3
45 5/:9 4/9: :/9< 7/5< 5/:; 04/6< 4/;: 4 4 3 3 3
46 7/39 ;/66 05/3: ;/66 4/4< </97 9/6: 4 4 3 3 3
47 06/44 6/56 6/94 09/4: 043/:4 06/<8 0:/38 4 4 3 3 3
48 5/5; 6/3; 07/33 6/:8 0</;9 8/:4 47/43 43/47 4 3 3 4 3 3
49 4/89 6/66 7/45 4/68 04/58 3/33 3/33 4 4 3 3 3
4: 04/<7 6/;8 04/;8 5/<7 045/45 09/39 08/33 4 4 4 4 4
4; 8/:4 4/9: 9/:9 :/9< 8/;; 8/:4 9/7; 4 4 3 3 3
4< 04/78 09/<3 5/83 4 4
53 07/96 5/<< 08/:< 04/45 0:/;: 0</3< 09/35 4 4 3 3 3
54 5/7: 6/56 05/55 9/;8 5/83 6/33 6/<8 4 4 3 3 3
55 03/56 :/9< 03/;4 05/<3 09/58 4/5: 04/89 4 3 3 4 4
56 7/9; 6/4: :/65 8/:: 04/<9 :/;7 6/<3 4 4 3 3 3

0 WKH UHODWLYH HUURUV DUH FDOFXODWHG FHOO EH FHOO IURP WKH SUHYLRXV SDUW RI WKH VKHHW XVLQJ WKH IRUPXOD= H +:G0:V,2:V
0 WKH W\SH RI D[OH FDQ EH GHOLYHUHG E\ WKH :,0 V\VWHP/ RU GHULYHG IURP WKH D[OH VSDFLQJ +$R* LI WKH VSDFLQJ LV OHVV WKDQ 515 P,
0 WKH VWDWLVWLFV RI WKH UHODWLYH HUURUV DUH FDOFXODWHG XVLQJ IRUPXOD/ ZKLFK FRPELQH WKH UHODWLYH HUURUV DQG WKH W\SH RI D[OH FHOOV

)LJXUH 44= 6WDQGDUGLVHG UHFRUGHG GDWD IRUPDW DQG VWDWLVWLFV ± SDUW 5
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4
56
7
8
9
:
;
<
43
44
45
46
47
48
49
4:
4;
4<
53
54
55
56
57
58
59
5:
5;
5<
63
64
65
66
67
68
69
6:
6;
6<

$ % & ' ( ) * + , - 0 2 3 4
&RQGLWLRQV +4, 7HVW SODQ (QYW ,QLWLDO YHULILFDWLRQ +<HV 4/ 1R 3,= 3

UU4 ,

6<67(0 1XPEHU ,GHQWLILHG 0HDQ 6WG GHYLDW ππππR &ODVV δδδδ δδδδPLQ δδδδF ππππ $FFHSWHG
(QWLW\ +(, +(, +(, +(, +(, +(, +(, +(, FODVV

JURVV ZHLJKW 433 <9/5 4/83 6/9: <8/3 %+43, 43 ;/8 ;/8 <;/3
JURXS RI D[OHV 83 <9/5 5/33 8/:; <6/< &+48, 4; 46/6 43/6 <</3 &+48,
VLQJOH D[OH 4:3 <8/8 5/43 9/87 <8/8 %+43, 48 47/; </< <8/:

D[OH RI JURXS 453 <9/3 5/83 </:5 <8/5 &+48, 58 54/; 44/; <:/; 48
+4,
%U4% IXOO UHSHDWDELOLW\ 8VHUV* LQVWUXFWLRQV=
%U5% H[WHQGHG UHSHDWDELOLW\ 41 (QWHU WKH WHVW FRQGLWLRQV LQ FHOOV %5 DQG '5/ DQG SXW %4% LQ FHOO 04
%UU4% OLPLWHG UHSURGXFLELOLW\ LI WKH VDPH GDWD VDPSOH ZDV XVHG IRU FDOLEUDWLRQ +LQLWLDO YHULILFDWLRQ,
%UU5% IXOO UHSURGXFLELOLW\ 51 (QWHU WKH WHVW VWDWLVWLFV +RQ UHODWLYH HUURUV, LQ FHOOV %9 WR %< DQG '9 WR (<
%,% HQYLURQPHQWDO UHSHDWDELOLW\ 61 +RSWLRQ, ,QLWLDOLVH WKH H[SHFWHG YDOXHV RI δPLQ LQ FHOOV ,9 WR ,< +RQO\ LI VWHS 71 IDLOV,
%,,% HQYLURQPHQWDO OLPLWHG UHSURGXFLELOLW\ 71 6WDUW WKH FRPPDQG %7RROV26ROYHU26ROYH2NHHS WKH UHVXOWV%
%,,,% HQYLURQPHQWDO IXOO UHSURGXFLELOLW\ 0 %2XWLOV26ROYHXU25pVRXGUH2*DUGHU OD VROXWLRQ GX VROYHXU%

/ DQG WKHQ 2. LI VXFFHVVIXO
LI WKH VROYHU GRHVQ*W ILQG DQ DFFHSWHG VROXWLRQ/
UHWXUQ WR VWHS 61 DQG PRGLI\ WKH LQLWLDO YDOXHV RI δδδδPLQ
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JURVV ZHLJKW JURXS RI D[OHV VLQJOH D[OH D[OH RI JURXS
&ULWHULRQ

(

GHOWD PLQ

GHOWD F

)LJXUH 45= 6WDQGDUGLVHG DFFXUDF\ FDOFXODWLRQ VKHHW DQG SUHVHQWDWLRQ
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