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*HQHUDO 'HVFULSWLRQ

7KH /;7êìæ LV WKH ILUVW IXOO\ LQWHJUDWHGñ ORQJðKDXO WUDQVð
FHLYHU IRU 'LJLWDO (XURSHDQ &RUGOHVV 7HOHSKRQ\ õ'(&7ô
EDVH VWDWLRQ LQWHUIDFH DSSOLFDWLRQV DW ìïìèë 0ESVï 7KH
WUDQVFHLYHU RSHUDWHV RYHU WZLVWHGðSDLU FDEOH WR D PD[LPXP
RI éê G% õêïè NP DW íïç PPñ éí Q)îNP FDEOHô ZLWK QR H[WHUð
QDO FRPSRQHQWVï

7KH /;7êìæ RIIHUV VHOHFWDEOH +'%ê HQFRGLQJîGHFRGLQJñ

DQG XQLSRODU RU ELSRODU GDWD ,î2ï 7KH /;7êìæ DOVR RIIHUV D

YDULHW\ RI GLDJQRVWLF IHDWXUHV LQFOXGLQJ ORRSEDFNV DQG /RVV

RI 6LJQDO PRQLWRULQJï

,WV DGYDQFHG GRXEOHðSRO\ñ GRXEOHðPHWDO &026 SURFHVV

UHTXLUHV RQO\ D VLQJOH èðYROW SRZHU VXSSO\ï

$SSOLFDWLRQV

� '(&7 EDVH VWDWLRQV WR VZLWFKî3%; LQWHUIDFH

� 178 õLQWHUIDFH WR (ì 6HUYLFHô

� /$1 EULGJH

� 3ULYDWH QHWZRUN GDWD SXPS

)HDWXUHV
� )XOO\ LQWHJUDWHG WUDQVFHLYHU FRPSULVLQJã

� RQðFKLS HTXDOL]HU

� WLPLQJ UHFRYHU\îFRQWURO

� GDWD SURFHVVRU

� UHFHLYHU
� WUDQVPLWWHU

� GLJLWDO FRQWURO

� )XOO\ UHVWRUHV WKH UHFHLYHG VLJQDO DIWHU WUDQVPLVVLRQ
YLD D FDEOH ZLWK DWWHQXDWLRQ RI éê G% # èæç N+]

� 6HOHFWDEOH 8QLSRODU RU %LSRODU GDWD ,î2

� 6HOHFWDEOH +'%ê HQFRGLQJîGHFRGLQJ

� 2XWSXW VKRUW FLUFXLW FXUUHQW OLPLW SURWHFWLRQ

� 2QðOLQH LGOH PRGH IRU WHVWLQJ RU IRU UHGXQGDQW V\VWHPV

� /RFDO DQG UHPRWH ORRSEDFN IXQFWLRQV

� 5HFHLYH PRQLWRU ZLWK /RVV RI 6LJQDO õ/26ô RXWSXW

� +LJK LQSXW MLWWHU WROHUDQFH

� &RQVWDQW WKURXJKðFKLS GHOD\

� $YDLODEOH LQ ëåðSLQ ',3 DQG 3/&&

� ðéí �& WR òåè �& RSHUDWLQJ WHPSHUDWXUH



êðëí L1

/;7êìæ '(&7 7ZLVWHGð3DLU /,8 7UDQVFHLYHU

)LJXUH ìã /;7êìæ 3LQ $VVLJQPHQWV

7DEOH ìã 3LQ 'HVFULSWLRQV

3LQ ú 6\PERO ,î2 'HVFULSWLRQ

ì 0&/. , 0DVWHU &ORFNï $ ìïìèë 0+] FORFN LQSXW XVHG WR JHQHUDWH LQWHUQDO FORFNVï 8SRQ /RVV
RI 6LJQDO õ/26ôñ 5&/. LV GHULYHG IURP 0&/.ï ,I 0&/. LV QRW DSSOLHG WLH WKLV SLQ
/RZï

ë 7&/. , 7UDQVPLW &ORFNï 7UDQVPLW FORFN LQSXWï 7326 DQG 71(* DUH VDPSOHG RQ WKH IDOOLQJ
HGJH RI 7&/.ï ,I 7&/. LV QRW VXSSOLHG WLH WKLV SLQ /RZï

ê 7326î
7'$7$

, 7UDQVPLW 'DWD ,QSXWâ 'DWD ,QSXWî3RODULW\ 6HOHFWï %LSRODU LQSXW IRU GDWD WR EH
WUDQVPLWWHG RQ WKH WZLVWHGðSDLU OLQHï 1RUPDOO\ñ SLQ ê LV 7326 DQG SLQ é LV 71(*ñ WKH
SRVLWLYH DQG QHJDWLYH VLGHV RI D ELSRODU LQSXW SDLUï +RZHYHUñ ZKHQ SLQ é LV KHOG +LJK
IRU DW OHDVW ìç 7&/. F\FOHV õHTXLYDOHQW WR ìè VXFFHVVLYH ELSRODU YLRODWLRQVôñ WKH
/;7êìæ VZLWFKHV WR D XQLSRODU PRGHï 6HH 7DEOH ë IRU 8QLSRODU PRGH SLQ IXQFWLRQVï

é 71(*î
8%6

,

è 02'( , 0RGH 6HOHFWï (QDEOHV RU GLVDEOHV ]HUR VXSSUHVVLRQï (QDEOHV WKH +'%ê HQFRGHUî
GHFRGHU ZKHQ WLHG WR 5&/.ï 'LVDEOHV +'%ê HQFRGHUîGHFRGHU ZKHQ WLHG /RZï

ç 51(*î
%39

2 5HFHLYH 1HJDWLYH 'DWDâ 5HFHLYH 3RVLWLYH 'DWDï %LSRODU GDWD RXWSXWVï $ VLJQDO RQ
51(* FRUUHVSRQGV WR UHFHLSW RI D QHJDWLYH SXOVH RQ 57,3î55,1*ï $ VLJQDO RQ
5326 FRUUHVSRQGV WR UHFHLSW RI D SRVLWLYH SXOVH RQ 57,3î55,1*ï 51(*î5326 RXWð
SXWV DUH 1RQð5HWXUQðWRð=HUR õ15=ôï %RWK RXWSXWV DUH VWDEOH DQG YDOLG RQ WKH ULVLQJ
HGJH RI 5&/.ï
,Q 8QLSRODU PRGHñ SLQ ç RXWSXW LV D ELSRODU YLRODWLRQ LQGLFDWRU DQG SLQ æ LV WKH XQLSRð
ODU GDWD RXWSXWï 6HH 7DEOH ë IRU 8QLSRODU PRGH IXQFWLRQVï

æ 5326î
5'$7$

2

å 5&/. 2 5HFHLYH &ORFNï 7KLV LV WKH FORFN UHFRYHUHG IURP WKH VLJQDO UHFHLYHG DW 57,3 DQG
55,1*ï

ä ¤ ¤ QRW XVHGï 7LH WKLV SLQ WR 9&& WKURXJK D ëïè NΩ UHVLVWRUï

ó 7LH SLQ ä WR 9&& WKURXJK D ëïè NΩ UHVLVWRUï
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ìí *1' ¤ *URXQGï 7LH WKLV SLQ WR JURXQGï

ìì *1' ¤ *URXQGï 7LH WKLV SLQ WR JURXQGï

ìë /26 2 /RVV 2I 6LJQDOï /26 JRHV +LJK DIWHU ìæè FRQVHFXWLYH VSDFHV DQG UHWXUQV /RZ ZKHQ
WKH UHFHLYHG VLJQDO UHDFKHV ìëïèø PDUN GHQVLW\ õPLQLPXP RI IRXU ìV ZLWKLQ êë ELW
SHULRGVñ ZLWK QR PRUH WKDQ ìè FRQVHFXWLYH íVôï 5HFHLYHG PDUNV DUH RXWSXW RQ 5326
DQG 51(* HYHQ ZKHQ /26 LV +LJK õGXULQJ /26 FRQGLWLRQôï

ìê 77,3 2 7UDQVPLW 7LSâ 7UDQVPLW 5LQJï 'LIIHUHQWLDO 'ULYHU 2XWSXWVï 7KHVH RXWSXWV DUH
GHVLJQHG WR GULYH D èí ð ëíí Ω ORDGï /LQH PDWFKLQJ UHVLVWRUV DQG WUDQVIRUPHU FDQ EH
VHOHFWHG WR JLYH WKH GHVLUHG SXOVH KHLJKWïìç 75,1* 2

ìé 7*1' ¤ 7[ *URXQGï *URXQG UHWXUQ IRU WKH WUDQVPLW GULYHUV SRZHU VXSSO\ 79òï

ìè 79ò , 7UDQVPLW 3RZHU 6XSSO\ï òè 9'& SRZHU VXSSO\ LQSXW IRU WKH WUDQVPLW GULYHUVï 79ò
PXVW QRW YDU\ IURP 59ò E\ PRUH WKDQ �íïê 9ï

ìæ *1' ¤ *URXQGï 7KLV SLQ PXVW EH WLHG WR JURXQGï

ìå /$71 2 /LQH $WWHQXDWLRQ ,QGLFDWLRQï (QFRGHG RXWSXWï 3XOVH ZLGWKñ UHODWLYH WR 5&/.ñ LQGLð
FDWHV UHFHLYH HTXDOL]HU JDLQ VHWWLQJ õOLQH LQVHUWLRQ ORVV DW ìíëé N+]ôï :KHQ /$71  
RQH 5&/. SXOVHñ WKH HTXDOL]HU LV VHW DW ìí G% RI JDLQâ WZR SXOVHV  ëì G%â WKUHH
SXOVHV  êë G% DQG IRXU SXOVHV  í G%ï 2XWSXW LV YDOLG RQ WKH ULVLQJ HGJH RI 5&/.ï

ìä 57,3 , 5HFHLYH 7LSâ 5HFHLYH 5LQJï 7KH $0, VLJQDO UHFHLYHG IURP WKH OLQH LV DSSOLHG DW
WKHVH SLQVï $ ìãì WUDQVIRUPHU LV UHTXLUHGï 'DWD DQG FORFN IURP WKH VLJQDO DSSOLHG DW
WKHVH SLQV DUH UHFRYHUHG DQG RXWSXW RQ WKH 5326î51(*ñ DQG 5&/. SLQVïëí 55,1* ,

ëì 59ò , 5HFHLYH 3RZHU 6XSSO\ï òè 9'& SRZHU VXSSO\ IRU DOO FLUFXLWV H[FHSW WKH WUDQVPLW
GULYHUVï õ7UDQVPLW GULYHUV DUH VXSSOLHG E\ 79òïô

ëë 5*1' ¤ 5[ *URXQGï *URXQG UHWXUQ IRU SRZHU VXSSO\ 59òï

ëê ¤ ¤ QRW XVHGï 7KLV SLQ LV LQDFWLYH¤OHDYH WKLV SLQ IORDWLQJï

ëé *1' ¤ *URXQGï 7KLV SLQ LV LQDFWLYH¤WLH WKLV SLQ WR JURXQGï

ëè *1' ¤ *URXQGï 7KLV SLQ LV LQDFWLYH¤WLH WKLV SLQ WR JURXQGï

ëç 5/223 , 5HPRWH /RRSEDFNï 7KLV LQSXW FRQWUROV UHPRWH ORRSEDFNï 6HWWLQJ 5/223 +LJK
HQDEOHV 5HPRWH /RRSEDFNï 'XULQJ 5HPRWH /RRSEDFNñ LQOLQH HQFRGHUV DQG GHFRGHUV
DUH E\SDVVHGï 6HWWLQJ ERWK 5/223 DQG //223 +LJK ZKLOH KROGLQJ 7$26 /RZ
FDXVHV D 5HVHWï

ëæ //223 , /RFDO /RRSEDFNï 7KLV LQSXW FRQWUROV ORFDO ORRSEDFNï 6HWWLQJ //223 +LJK HQDEOHV
/RFDO /RRSEDFN 0RGHï 6HWWLQJ ERWK 5/223 DQG //223 +LJK ZKLOH KROGLQJ 7$26
/RZ FDXVHV D 5HVHWï $OORZ êë PV WR UHFRYHU IURP 5HVHWï

ëå 7$26 , 7UDQVPLW $OO 2QHVï 7KLV SLQ FRQWUROV WKH 7$26 IXQFWLRQï :KHQ WLHG +LJKñ 7$26
FDXVHV WKH /;7êìæ WR WUDQVPLW D VWUHDP RI PDUNV DW WKH 7&/. IUHTXHQF\ï $FWLYDWLQJ
7$26 FDXVHV 7326 DQG 71(* LQSXWV WR EH LJQRUHGï 7$26 LV LQKLELWHG GXULQJ
5HPRWH /RRSEDFNñ EXW FDQ EH DFWLYDWHG VLPXOWDQHRXVO\ ZLWK /RFDO /RRSEDFNï

7DEOH ìã 3LQ 'HVFULSWLRQV¤FRQWLQXHG

3LQ ú 6\PERO ,î2 'HVFULSWLRQ
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/;7êìæ '(&7 7ZLVWHGð3DLU /,8 7UDQVFHLYHU

7DEOH ëã 8QLSRODU 'DWD ,î2 3LQ 'HVFULSWLRQVì

3LQ ú 6\PERO ,î2 'HVFULSWLRQ

ê 7'$7$ , 7UDQVPLW 'DWDï 8QLSRODU LQSXW IRU GDWD WR EH WUDQVPLWWHG RQ WKH WZLVWHGðSDLU OLQHï

é 8%6 , 8QLSRODUî%LSRODU 6HOHFWï:KHQ SLQ é LV KHOG +LJK IRU DW OHDVW ìç 7&/. F\FOHV õHTXLYDð
OHQW WR ìè VXFFHVVLYH ELSRODU YLRODWLRQVôñ /;7êìæ VZLWFKHV WR XQLSRODU GDWD ,î2ï 7KH
GHYLFH LPPHGLDWHO\ UHWXUQV WR ELSRODU ,î2 ZKHQ SLQ é JRHV /RZï

ç %39 2 %LSRODU 9LRODWLRQï 3LQ ç JRHV +LJK ZKHQ D ELSRODU YLRODWLRQ LV UHFHLYHGï

æ 5'$7$ 2 5HFHLYH 'DWDï 8QLSRODU GDWD RXWSXWï 5'$7$ LV D 1RQð5HWXUQðWRð=HUR õ15=ô RXWSXWï
5'$7$ LV VWDEOH DQG YDOLG RQ WKH ULVLQJ HGJH RI 5&/.ï

ìï 7DEOH ë OLVWV RQO\ WKRVH SLQV ZKLFK DUH DIIHFWHG E\ WKH VZLWFK WR XQLSRODU GDWD ,î2ï
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7KLV IXQFWLRQDO GHVFULSWLRQ LQIRUPDWLRQ LV IRU GHVLJQ DLG
RQO\

7KH /;7êìæ LV D IXOO\ LQWHJUDWHG 3&0 WUDQVFHLYHU IRU
ìïìèë 0ESV '(&7 DSSOLFDWLRQVï ,W DOORZV IXOOðGXSOH[
WUDQVPLVVLRQ RI GLJLWDO GDWD RYHU H[LVWLQJ WZLVWHGðSDLU
LQVWDOODWLRQVï

7DEOH ì OLVWV WKH /;7êìæ SLQ DVVLJQPHQWV DQG VLJQDO
GHVFULSWLRQVï 7DEOH ë OLVWV WKH DOWHUQDWLYH SLQ DVVLJQPHQWV
IRU XQLSRODU GDWD ,î2 PRGHï 7KH /;7êìæ WUDQVFHLYHU
LQWHUIDFHV ZLWK WZR WZLVWHGðSDLU OLQHV õRQH WZLVWHGðSDLU IRU
WUDQVPLWñ RQH WZLVWHGðSDLU IRU UHFHLYHô WKURXJK VWDQGDUG
SXOVH WUDQVIRUPHUV DQG DSSURSULDWH UHVLVWRUVï

7KH ILJXUH RQ WKH IURQW RI WKLV 'DWD 6KHHW VKRZV D EORFN
GLDJUDP RI WKH /;7êìæï ,QGLYLGXDO KDUGðZLUHG SLQV FRQð
WURO WKH WUDQVFHLYHUï ,W FDQ RSHUDWH LQ HLWKHU D ELSRODU
õGHIDXOWô RU XQLSRODU GDWD WUDQVPLVVLRQ PRGHï 7KH
/;7êìæ FDQ DOVR RSHUDWH LQ RQH RI VHYHUDO GLDJQRVWLF
PRGHVñ LQFOXGLQJ /RFDO /RRSEDFNñ 5HPRWH /RRSEDFN DQG
7UDQVPLW $OO 2QHV õ7$26ôï

75$160,77(5

,QSXW GDWD õELSRODU RU XQLSRODUô IRU WUDQVPLVVLRQ RQWR WKH
OLQH LV FORFNHG VHULDOO\ LQWR WKH /;7êìæï 7KH ELSRODU GDWD
LQSXWV DUH DW SLQ ê õ7326ô DQG SLQ é õ71(*ôï 7KH XQLSRODU
GDWD LQSXW LV DW SLQ ê õ7'$7$ô RQO\ï ,QSXW GDWD SDVVHV
WKURXJK WKH +'%ê HQFRGHUñ LI VHOHFWHG E\ FRQQHFWLQJ WKH
02'( SLQ WR 5&/.ï ,QSXW V\QFKURQL]DWLRQ LV VXSSOLHG
E\ WKH WUDQVPLW FORFN õ7&/.ôï 5HIHU WR WKH 7HVW 6SHFLILFDð
WLRQV VHFWLRQ IRU WUDQVPLW WLPLQJï

,GOH 0RGH

7KH /;7êìæ LQFRUSRUDWHV D WUDQVPLW LGOH PRGHï 7KLV
DOORZV PXOWLSOH WUDQVFHLYHUV WR EH FRQQHFWHG WR D VLQJOH
OLQH IRU UHGXQGDQW DSSOLFDWLRQV RU IRU WHVWLQJ SXUSRVHVï
77,3 DQG 75,1* UHPDLQ LQ D KLJK LPSHGDQFH VWDWH ZKHQ
7&/. LV QRW SUHVHQW õ7&/. JURXQGHGôï (QDEOLQJ 5HPRWH
/RRSEDFN WHPSRUDULO\ GLVDEOHV WKH KLJK LPSHGDQFH VWDWHï

6KRUW &LUFXLW /LPLW

7KH /;7êìæ WUDQVPLWWHU LV HTXLSSHG ZLWK D VKRUWðFLUFXLW
OLPLWHUï 7KLV IHDWXUH OLPLWV WR DSSUR[LPDWHO\ ìëí P$ 506
WKH FXUUHQW WKH WUDQVPLWWHU ZLOO VRXUFH LQWR D ORZðLPSHGð
DQFH ORDGï 7KH OLPLWHU WULSV ZKHQ WKH 506 FXUUHQW H[FHHGV
WKH OLPLW IRU ìëí �V õa ìèí PDUNVôï ,W DXWRPDWLFDOO\ UHVHWV
ZKHQ WKH ORDG FXUUHQW GURSV EHORZ WKH OLPLWï

/LQH &RGH

7KH /;7êìæ WUDQVPLWV GDWD DV D èíø $0, OLQH FRGH DV
VKRZQ LQ )LJXUH ëï %LDVLQJ RI WKH WUDQVPLW '& OHYHO LV RQð
FKLSï 6KDSHG SXOVHV PHHWLQJ WKH '(&7 UHTXLUHPHQWV DUH
DSSOLHG WR WKH $0, OLQH GULYHU IRU WUDQVPLVVLRQ RQWR WKH OLQH
DW 77,3î75,1*ï 7KH SXOVH FRQIRUPV WR WKH PDVN GHILQHG
LQ ,78 *ïæíêñ ZLWK WKH WLPH VFDOH H[SDQGHG E\ D IDFWRU RI
ìçîä IRU D QRPLQDO SXOVH ZLGWK RI éêé QVï 5HIHU WR )LJXUH ìì
DQG 7DEOH å IRU ìïìèë 0ESV SXOVH PDVN VSHFLILFDWLRQVï

)LJXUH ëã èíø 'XW\ &\FOH 7UDQVPLW 3XOVH

5(&(,9(5

7KH LQSXW IURP WKH WZLVWHGðSDLU LV UHFHLYHG YLD D ìãì WUDQVð
IRUPHUï 5HFRYHUHG GDWD LV RXWSXW DW 5326î51(* õ5'$7$
LQ XQLSRODU PRGHôñ DQG WKH UHFRYHUHG FORFN LV RXWSXW DW
5&/.ï 5HIHU WR WKH 7HVW 6SHFLILFDWLRQV VHFWLRQ IRU UHFHLYHU
WLPLQJï

7KH VLJQDO UHFHLYHG DW 57,3 DQG 55,1* LV SURFHVVHG
WKURXJK WKH UHFHLYH HTXDOL]HU ZKLFK PD\ DSSO\ XS WR éê G%
RI JDLQï ,QVHUWLRQ ORVV RI WKH OLQHñ DV LQGLFDWHG E\ WKH UHFHLYH
HTXDOL]HU VHWWLQJñ LV HQFRGHG LQ WKH /$71 RXWSXW DV VKRZQ
LQ )LJXUH èï

7KH HTXDOL]HG VLJQDO LV ILOWHUHG DQG DSSOLHG WR WKH SHDN
GHWHFWRU DQG GDWD VOLFHUVï 7KH SHDN GHWHFWRU VDPSOHV WKH
LQSXWV DQG GHWHUPLQHV WKH PD[LPXP YDOXH RI WKH UHFHLYHG
VLJQDOï )LIW\ SHUFHQW RI WKH SHDN YDOXH LV SURYLGHG WR WKH GDWD
VOLFHUV DV D WKUHVKROG OHYHO WR HQVXUH RSWLPXP VLJQDOðWRð
QRLVH UDWLRï

7KH UHFHLYHU LV FDSDEOH RI DFFXUDWHO\ UHFRYHULQJ VLJQDOV
ZLWK XS WR éê G% RI FDEOH DWWHQXDWLRQ õIURP ëïæ 9ôï

$IWHU SURFHVVLQJ WKURXJK WKH GDWD VOLFHUVñ WKH UHFHLYHG VLJð
QDO LV URXWHG WR WKH GDWD DQG WLPLQJ UHFRYHU\ VHFWLRQñ WKHQ WR
WKH +'%ê GHFRGHU õLI VHOHFWHGô DQG WR WKH /26 SURFHVVRUï
7KH GDWD DQG WLPLQJ UHFRYHU\ VHFWLRQV SURYLGH DQ LQSXW MLWWHU
WROHUDQFH VLJQLILFDQWO\ EHWWHU WKDQ UHTXLUHG E\ ,78 *ïåëêñ
DV VKRZQ LQ WKH 7HVW 6SHFLILFDWLRQV VHFWLRQï 7KH 7HVW 6SHFð
LILFDWLRQV VHFWLRQ DOVR LQFOXGHV WKH MLWWHU WROHUDQFH WHPSODWHï

,I WKH LQFRPLQJ ELW VWUHDP KDV MLWWHUñ WKH MLWWHU WUDQVIHU OLPLW
IRU WKH /;7êìæ LV OHVV WKDQ ì G% XS WR ëè N+]â LW WKHQ
GHFUHDVHV E\ ëí G% SHU GHFDGH IURP ëè N+] WR ìíí N+]
õXVLQJ D ëìè ðì ELWñ 35%6 VLJQDOôï 5HIHU WR )LJXUH ìè IRU WKH
MLWWHU WUDQVIHU WHPSODWHï

%,7 &(//

77,3

75 ,1*
ì í ì
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7KH /26 SURFHVVRU ORDGV D GLJLWDO FRXQWHU DW WKH 5&/.
IUHTXHQF\ï 7KH FRXQW LV LQFUHPHQWHG HDFK WLPH D í õVSDFHô
LV UHFHLYHGñ DQG UHVHW WR í HDFK WLPH D ì õPDUNô LV UHFHLYHGï
8SRQ UHFHLSW RI ìæè FRQVHFXWLYH íV WKH /26 SLQ JRHV
+LJKñ DQG D VPRRWK WUDQVLWLRQ UHSODFHV WKH 5&/. RXWSXW
ZLWK WKH 0&/.ï

5HFHLYHG PDUNV ZLOO EH RXWSXW UHJDUGOHVV RI WKH /26 VWDð
WXVñ EXW WKH /26 SLQ ZLOO QRW UHVHW XQWLO WKH ìV GHQVLW\
UHDFKHV ìëïèø õUHFHLSW RI DW OHDVW IRXU ìV LQ DQ\ êëðELW SHULð
RGVñ ZLWK QR PRUH WKDQ ìè FRQVHFXWLYH íVôï

6(/(&7,1* 81,32/$5 25 %,32/$5
'$7$ 02'(

7KH /;7êìæ RSHUDWHV LQ %LSRODU 'DWD PRGH E\ GHIDXOWï
7R HQDEOH 8QLSRODU 0RGHñ KROG SLQ é +LJK IRU ìç 7&/.
F\FOHVï 7R UHWXUQ WR %LSRODU 0RGH LPPHGLDWHO\ñ SXOO SLQ é
/RZï 7R HQDEOH WKH +'%ê HQFRGHUîGHFRGHU FLUFXLWVñ FRQð
QHFW SLQ è WR 5&/.ï

,1,7,$/,=$7,21 $1' 5(6(7
23(5$7,21

8SRQ SRZHU XSñ WKH WUDQVFHLYHU LV KHOG VWDWLF XQWLO WKH
SRZHU VXSSO\ UHDFKHV DSSUR[LPDWHO\ ê9ï 8SRQ FURVVLQJ
WKLV WKUHVKROGñ WKH GHYLFH EHJLQV D êë PV UHVHW F\FOH WR ORFN
WKH WUDQVPLW DQG UHFHLYH 3KDVH /RFN /RRSVï 7KH WUDQVPLWð
WHU UHIHUHQFH LV SURYLGHG E\ 7&/.â WKH UHFHLYH UHIHUHQFH LV
SURYLGHG E\ 0&/.ï $OO 3//V DUH FRQWLQXRXVO\ FDOLð
EUDWHGï

&RPPDQG UHVHW E\ KROGLQJ 5/223 DQG //223 +LJK
VLPXOWDQHRXVO\ IRU ëíí QV ZKLOH KROGLQJ 7$26 /RZï
:KHQ WKH UHVHW FRQGLWLRQV HQGñ WKH GHYLFH EHJLQV WKH êë PV
F\FOH WR FDOLEUDWH WKH WUDQVPLW DQG UHFHLYH 3//Vï

',$*1267,& 02'( 23(5$7,21

7UDQVPLW $OO 2QHVï 6HH )LJXUH êï ,Q 7UDQVPLW $OO 2QHV
õ7$26ô PRGH WKH 7326 DQG 71(* LQSXWV WR WKH WUDQVð
FHLYHU DUH LJQRUHG DQG WKH WUDQVFHLYHU WUDQVPLWV D FRQWLQXð
RXV VWUHDP RI ìV DW WKH 7&/. IUHTXHQF\ï ,I WKHUH LV QR
7&/. SURYLGHGñ 7$26 LV ORFNHG WR WKH 0&/.ï 7KLV FDQ EH
XVHG DV WKH $,6 $ODUP ,QGLFDWRU õ$,6 DOVR FDOOHG WKH %OXH
$ODUPôï &RPPDQG 7$26 E\ VHWWLQJ SLQ ëå +LJKï 7$26
FDQ EH FRPPDQGHG VLPXOWDQHRXVO\ ZLWK //223 DV VKRZQ
LQ )LJXUH éñ EXW LV LQKLELWHG GXULQJ 5HPRWH /RRSEDFNï

)LJXUH êã 7UDQVPLW $OO 2QHV

)LJXUH éã 7$26 ZLWK //223 'DWD 3DWK

7LPLQJ ÷
&RQWURO

7LPLQJ
5HFRYHU\

7$26
7&/.
7326
71(*

5&/.
51(*
5326

57,3

55,1*

75,1*
õ$OO ìVô

77,3

+
'
%
ê
ó

+
'
%
ê
ó

óLI HQDEOHG

7$26
+LJK

5/223
/RZ

7UDQVPLW $OO 2QHV  //223
/RZ

7LPLQJ ÷
&RQWURO

7LPLQJ
5HFRYHU\

7$26
7326
71(*

5&/.
51(*
5326

57,3

55,1*

75,1*
õ$OO ìVô

77,3

7&/.

ó LI HQDEOHG

+
'
%
ê
ó

7UDQVPLW $OO 2QHV  //223
+LJK

5/223
/RZ

7$26
+LJKò /RFDO /RRSEDFN

+
'
%
ê
ó

)LJXUH èã /;7êìæ /LQH $WWHQXDWLRQ õ/$71ô 3XOVH :LGWK (QFRGLQJ

5&/.

/$71 ì ë ê é è

/$71  é 5&/.ñ í G% 2) $77(18$7,21

/$71  ê 5&/.ñ êë G% 2) $77(18$7,21

/$71  ë 5&/.ñ ëì G% 2) $77(18$7,21

/$71  ì 5&/.ñ ìí G% 2) $77(18$7,21
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/RFDO /RRSEDFNï /RFDO /RRSEDFN õ//223ô LV
GHVLJQHG WR H[HUFLVH WKH PD[LPXP QXPEHU RI IXQFWLRQDO
EORFNV õ6HH )LJXUH æôï 'XULQJ //223 RSHUDWLRQñ WKH 57,3î
55,1* LQSXWV IURP WKH OLQH DUH GLVFRQQHFWHGï ,QVWHDGñ WKH
WUDQVPLW RXWSXWV DUH URXWHG EDFN LQWR WKH UHFHLYH LQSXWVï
7KLV WHVWV WKH HQFRGHUVîGHFRGHUVñ WUDQVPLWWHUñ UHFHLYHU DQG
WLPLQJ UHFRYHU\ VHFWLRQVï (QDEOH /RFDO /RRSEDFN E\ VHWð
WLQJ SLQ ëæ +LJKï ,I 7$26 DQG //223 DUH ERWK DFWLYHñ WKH
$OO 2QHV SDWWHUQ LV WUDQVPLWWHG RQWR WKH OLQH ZKLOH WKH
7326î71(* LQSXW GDWD ORRSV EDFN WR WKH 5326î51(*
RXWSXWVï

)LJXUH çã /RFDO /RRSEDFN

5HPRWH /RRSEDFNï 6HH )LJXUH æï ,Q 5HPRWH /RRSð
EDFN õ5/223ô PRGHñ WKH WUDQVPLW FORFN DQG GDWD LQSXWV
õ7&/. DQG 7326î71(* RU 7'$7$ô DUH LJQRUHGñ DQG WKH
LQðOLQH HQFRGHUV DQG GHFRGHUV DUH E\SDVVHGï 7KH 5326î
51(* RU 5'$7$ RXWSXWV DUH ORRSHG EDFN WKURXJK WKH
WUDQVPLW FLUFXLWV DQG RXWSXW RQ 77,3 DQG 75,1* DW WKH
5&/. IUHTXHQF\ï 5HFHLYHU FLUFXLWV DUH XQDIIHFWHG E\ WKH
5/223 FRPPDQG DQG FRQWLQXH WR RXWSXW WKH 5&/. DQG
5326î51(* RU 5'$7$ VLJQDOV UHFHLYHG IURP WKH
WZLVWHGðSDLU OLQHï &RPPDQG 5HPRWH /RRSEDFN E\ VHWWLQJ
SLQ ëç +LJKï

)LJXUH æã 5HPRWH /RRSEDFN

7LPLQJ ÷
&RQWURO

7LPLQJ
5HFRYHU\

7$26
7326
71(*

5&/.
51(*
5326

57,3

55,1*

75,1*

77,3

7&/.

ó LI HQDEOHG

+
'
%
êó

+
'
%
êó

/RFDO /RRSEDFN  //223
+LJK

5/223
/RZ

7$26
/RZ

7LPLQJ ÷
&RQWURO

7LPLQJ
5HFRYHU\

7326
71(*

5&/.
51(*
5326

57,3

55,1*

75,1*

77,3

7&/.

ó LI HQDEOHG

+
'
%
ê
ó

+
'
%
ê
ó

5HPRWH /RRSEDFN  //223
/RZ

5/223
+LJK

7$26
/RZ
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$33/,&$7,21 ,1)250$7,21

127(

7KLV DSSOLFDWLRQ LQIRUPDWLRQ LV IRU GHVLJQ DLG RQO\ï

/$71 '(&2',1* &,5&8,76 $1'
(;7(51$/ &20321(176

7KH OLQH DWWHQXDWLRQ õ/$71ô RXWSXW LV HQFRGHG DV D VLPSOH
VHULDO ELW VWUHDP IRU XVH LQ OLQH PRQLWRULQJ DSSOLFDWLRQVï
)LJXUH å LV D W\SLFDO GHFRGLQJ FLUFXLW IRU WKH /$71 RXWSXWï
,W XVHV D ëðELW V\QFKURQRXV FRXQWHU õKDOI RI D éðELW FRXQWHUô
ZLWK V\QFKURQRXV UHVHWñ DQG D SDLU RI IOLSðIORSVï 7DEOH ê
SURYLGHV WKH GHFRGHG RXWSXW IRU HDFK HTXDOL]HU VHWWLQJï

)LJXUH åã 7\SLFDO /$71 'HFRGLQJ &LUFXLW

32:(5 5(48,5(0(176

7KH /;7êìæ LV D ORZðSRZHU &026 GHYLFHï ,W RSHUDWHV
IURP D VLQJOH òè 9 SRZHU VXSSO\ ZKLFK FDQ EH FRQQHFWHG
H[WHUQDOO\ WR ERWK WKH WUDQVPLWWHU DQG UHFHLYHUï +RZHYHUñ
WKH WZR LQSXWV PXVW EH ZLWKLQ �ïê 9 RI HDFK RWKHUñ DQG
GHFRXSOHG VHSDUDWHO\ WR WKHLU UHVSHFWLYH JURXQGVñ DV VKRZQ
LQ )LJXUH ìíï ,VRODWLRQ EHWZHHQ WKH WUDQVPLW DQG UHFHLYH FLUð
FXLWV LV SURYLGHG LQWHUQDOO\ï
ï

7DEOH êã /LQH $WWHQXDWLRQ 'HFRGLQJ

/ë /ì /LQH $WWHQXDWLRQ

í í íïí G%

í ì ðìí G%

ì í ðëì G%

ì ì ðêë G%

9&&

/ì /ë

4 '

&, &2

4

5

&, &2

4

5

5&/.

/$71

4 '

7DEOH éã $SSURYHG 7UDQVIRUPHUV

7UDQVIRUPHU
7\SH 0DQXIDFWXUHU 3DUW 1XPEHU

7UDQVPLW
õìãëô

%HOO )XVH íèèêðèííçì&

)LOð0DJ çç=ìêíå

0LGFRP çæìðèåêë

3XOVH 3( çèêèì

(QJLQHHULQJ 3(çèææì

6FKRWW çæìëæêæí

&RUS çæìêíåèí

5HFHLYH
õìãìô

)LOð0DJ )( åííçðìèè

0LGFRP çæìðèæäë

3XOVH 3( çéäêç

(QJLQHHULQJ 3( çèææå

6FKRWW çæìêíåéí

&RUS çæìíäèìí

&RPELQDWLRQ
õ7; ÷ 5;ô

+$/2 7'çìðìëíè'ë

9$/25 37èíåê

)LJXUH äã 7\SLFDO '(&7 $SSOLFDWLRQ

'(&7 /RFDO
1HWZRUN

7HUPLQDWLRQ

/;7êìæ

6<6
%86

'(&7 5DGLR
7HUPLQDWLRQ

/RFDO 1HWZRUN 7HUPLQDWLRQ õHïJïñ 3$%;ô '(&7 %DVH 6WDWLRQ

/;7êìæ

êïè NP RYHU
éí Q)îNP
FDEOH
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/;7êìæ &,5&8,75<

)LJXUH ä VKRZV D W\SLFDO '(&7 DSSOLFDWLRQ ZLWK WKH
/;7êìæï )LJXUH ìí VKRZV W\SLFDO /;7êìæ FLUFXLW FRQð
QHFWLRQVï 7KH SRZHU VXSSO\ LQSXWV DUH WLHG WR D FRPPRQ
EXV ZLWK DSSURSULDWH GHFRXSOLQJ FDSDFLWRUV õçå µ) DQG
ìïí �)ô LQVWDOOHG RQ HDFK VLGHï

7KH OLQH LQWHUIDFHV DUH UHODWLYHO\ VLPSOHï $ ìëí Ω UHVLVWRU
õIRU 7:3 DSSOLFDWLRQVô DFURVV WKH LQSXW RI D ìãì WUDQVð
IRUPHU LV XVHG RQ WKH UHFHLYH VLGHñ DQG D SDLU RI ìè Ω UHVLVð
WRUV DUH LQVWDOOHG LQ VHULHV ZLWK WKH ìãë WUDQVPLW
WUDQVIRUPHUï õ7DEOH é OLVWV DSSURYHG WUDQVIRUPHUVïô

)LJXUH ìíã 7\SLFDO /;7êìæ '(&7 $SSOLFDWLRQ

0DVWHU
&ORFN

'
LJ
LWD
O%
X
Vî
,Q
WH
UI
D
FH

/;7êìæ

0&/.

7&/.

7326

71(*

5&/.

5326

51(*

7*1'

79ò 59ò

/26

/$71

77,3

75,1*

57,3

55,1*

)URP
&026
&RQWURO
/RJLF

5*1'

çå µ)

íïì µ)

ìïí µ)

9&&

ìëí Ω

ìè Ω

ìè Ω

ìïìèë 0+] 7$26

//223

5/223

ìãì

ìãë
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7(67 63(&,),&$7,216

127(

7KH PLQLPXP DQG PD[LPXP YDOXHV LQ 7DEOHV è WKURXJK ìì DQG )LJXUHV ìì WKURXJK ìè UHSUHVHQW WKH SHUIRUPDQFH VSHFLILð
FDWLRQV RI WKH /;7êìæ DQG DUH QRW JXDUDQWHHG E\ WHVWñ H[FHSW ZKHUH QRWHG E\ GHVLJQï

7DEOH èã $EVROXWH 0D[LPXP 5DWLQJV

3DUDPHWHUV 6\PERO 0LQ 0D[ 8QLWV

'& VXSSO\ õUHIHUHQFHG WR *1'ô 59òñ 79ò ¤ çïí 9

,QSXW YROWDJHñ DQ\ SLQ 9,1 5*1'ñ ðíïê 59òñ òíïê 9

,QSXW FXUUHQWñ DQ\ SLQ ì
,,1 ðìí ìí P$

$PELHQW RSHUDWLQJ WHPSHUDWXUH 7$ ðéí åè � &

6WRUDJH WHPSHUDWXUH 767* ðçè ìèí � &

&$87,21
2SHUDWLRQ DW RU EH\RQG WKHVH OLPLWV PD\ SHUPDQHQWO\ GDPDJH WKH GHYLFHï

1RUPDO RSHUDWLRQ LV QRW JXDUDQWHHG DW WKHVH H[WUHPHVï

ìï 7UDQVLHQW &XUUHQWV RI XS WR ìíí P$ ZLOO QRW FDXVH 6&5 ODWFKðXSï 77,3ñ 75,1*ñ 79òñ 7*1' FDQ ZLWKVWDQG FRQWLQXRXV FXUUHQW RI ìíí P$ï

7DEOH çã 5HFRPPHQGHG 2SHUDWLQJ &RQGLWLRQV DQG &KDUDFWHULVWLFV

3DUDPHWHU 6\PERO 0LQ 7\Sì 0D[ 8QLWV 7HVW &RQGLWLRQV

'& VXSSO\ë 59òñ 79ò éïæè èïí èïëè 9

$PELHQW RSHUDWLQJ WHPSHUDWXUH 7$ ðéí ¤ òåè �&

3RZHU GLVVLSDWLRQê 3' ¤ êíí éíí P: ìííø RQHV GHQVLW\ ÷ PD[Lð
PXP OLQH OHQJWK # èïëè 9

ìï 7\SLFDO YDOXHV DUH DW ëè �& DQG DUH IRU GHVLJQ DLG RQO\â QRW JXDUDQWHHG DQG QRW VXEMHFW WR SURGXFWLRQ WHVWLQJï
ëï 79ò PXVW QRW GLIIHU IURP 59ò E\ PRUH WKDQ íïê 9ï
êï 3RZHU GLVVLSDWLRQ ZKLOH GULYLQJ ëè Ω ORDG RYHU RSHUDWLQJ WHPSHUDWXUH UDQJHï ,QFOXGHV GHYLFH DQG ORDGï 'LJLWDO LQSXW OHYHOV DUH ZLWKLQ ìíø RI WKH
VXSSO\ UDLOV DQG GLJLWDO RXWSXWV DUH GULYLQJ D èí S) FDSDFLWLYH ORDGï

7DEOH æã 'LJLWDO &KDUDFWHULVWLFV õRYHU WKH 5HFRPPHQGHG 5DQJHô

3DUDPHWHU 6\P 0LQ 7\S 0D[ 8QLWV 7HVW &RQGLWLRQV

+LJK OHYHO LQSXW YROWDJH õSLQV ìðèñ ìíñ ëçðëåô 9,+ ëïí ¤ ¤ 9

/RZ OHYHO LQSXW YROWDJH õSLQV ìðèñ ìíñ ëçðëåô 9,/ ¤ ¤ íïå 9

+LJK OHYHO RXWSXW YROWDJHì õSLQV çðåñ ìëô 92+ êïå ¤ ¤ 9 ,287  ðéíí �$

/RZ OHYHO RXWSXW YROWDJHì õSLQV çðåñ ìëô 92/ ¤ ¤ íïé 9 ,287  ìïç P$

,QSXW OHDNDJH FXUUHQW ,// í ¤ �ìí �$

'ULYHU SRZHU GRZQ FXUUHQWë ,3' ¤ ¤ �ìïë P$ GLUHFW FRQQHFWLRQ WR 9&& RU *1'

ìï 2XWSXW GULYHUV ZLOO RXWSXW &026 ORJLF OHYHOV LQWR &026 ORDGVï
ëï 77,3ï75,1* RQO\ LQ ,GOH RU 3RZHU 'RZQ 0RGHï
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)LJXUH ììã ìïìèë 0+] 3XOVH 0DVN

7DEOH åã ìïìèë 0+] 3XOVH 0DVN 3DUDPHWHUV

3DUDPHWHU 73: 8QLWV

7HVW ORDG LPSHGDQFH ìëí Ω

1RPLQDO SHDN PDUN YROWDJH êïí 9

1RPLQDO SHDN VSDFH YROWDJH í � íïêí 9

1RPLQDO SXOVH ZLGWK éêé QV

5DWLR RI SRVLWLYH DQG QHJDWLYH
SXOVH DPSOLWXGH DW FHQWHU RI
SXOVH

äèðìíè ø

5DWLR RI SRVLWLYH DQG QHJDWLYH
SXOVH DPSOLWXGHV DW QRPLQDO KDOI
DPSOLWXGH

äèðìíè ø

ëíø

íø

êäí QV

éêé QV

120,1$/ 38/6(

åæí QV
ì
í
ø

èíø

êéè QV

éæå QV
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7DEOH äã $QDORJ &KDUDFWHULVWLFV õRYHU WKH 5HFRPPHQGHG 5DQJHô

3DUDPHWHU 0LQ 7\Sì 0D[ 8QLWV 7HVW &RQGLWLRQV

5HFRPPHQGHG RXWSXW ORDG DW 77,3 DQG 75,1* èí ìëí ëíí Ω

$0, RXWSXW SXOVH DPSOLWXGHV ëïæ êïí êïê 9 0HDVXUHG DW WKH
RXWSXW

-LWWHU DGGHG E\ WKH
WUDQVPLWWHUë

ëí +] ð ìíí N+] ¤ ¤ íïíè 8,
õSSô

,QSXW MLWWHU WROHUDQFH ëí N+] ð ìíí N+] íïë íïê ¤ 8, í ð éê G% OLQH

ìí +] ìíí èíí ¤ 8,

5RXQG 7ULS &KLS 'DWD
'HOD\ëñ êñ é

7'$7$ WR 7UDQVPLWWHU ¤ èïè ¤ ELWV

5HFHLYHU WR 5'$7$ ¤ æïí ¤ ELWV

5HFHLYH VLJQDO DWWHQXDWLRQ UDQJH # èæç N+] òì ðéêïí ¤ G%

$OORZDEOH FRQVHFXWLYH íV EHIRUH /26 GHFODUHG ìçí ìæè ìäí

7UDQVPLW 5HFHLYH

5HWXUQ ORVVê 0LQ 7\S 0LQ 7\S

ëä N+] ð èå N+] ìë ìè ìë ìè G%

èå N+] ð ìïìèë 0+] ìè ìç ìç ìå G%

ìïìèë 0+] ð ëïêíé 0+] ìé ìå ìé ìå G%

ìï 7\SLFDO YDOXHV DUH DW ëè �& DQG DUH IRU GHVLJQ DLG RQO\ñ QRW JXDUDQWHHG DQG QRW VXEMHFW WR SURGXFWLRQ WHVWLQJï
ëï ,QSXW VLJQDO WR 7&/. LV MLWWHU IUHHï
êï *XDUDQWHHG E\ FKDUDFWHUL]DWLRQâ QRW VXEMHFW WR SURGXFWLRQ WHVWLQJï
éï 8VLQJ +'%ê HQFRGHUV DQG GHFRGHUV LQ GDWD SDWKï
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)LJXUH ìëã/;7êìæ 7UDQVPLW &ORFN 7LPLQJ

7DEOH ìíã/;7êìæ 0DVWHU &ORFN DQG 7UDQVPLW 7LPLQJ &KDUDFWHULVWLFV õ6HH )LJXUH ìëô

3DUDPHWHU 6\P 0LQ 7\Sì 0D[ 8QLWV 1RWHV

0&/. IUHTXHQF\ 0&/. ¤ ìïìèë ¤ 0+]

0&/. WROHUDQFH 0&/.W ¤ ¤ �ìíí SSP

0&/. GXW\ F\FOH 0&/.G éí ¤ çí ø

7&/. IUHTXHQF\ 7&/. ¤ ìïìèë ¤ 0+]

7&/. WROHUDQFH 7&/.W ¤ ¤ �ìíí SSP

7&/. GXW\ F\FOH 7&/.G ìí ¤ äí ø

7326î71(* WR 7&/. VHWXS WLPH W687 èí ¤ ¤ QV

7&/. WR 7326î71(* KROG WLPH W+7 èí ¤ ¤ QV

ìï 7\SLFDO YDOXHV DUH DW ëè �& DQG DUH IRU GHVLJQ DLG RQO\â QRW JXDUDQWHHG DQG QRW VXEMHFW WR SURGXFWLRQ WHVWLQJï

W687

7&/.

7326

71(*

W+7
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)LJXUH ìêã /;7êìæ 5HFHLYH &ORFN 7LPLQJ

7DEOH ììã /;7êìæ 5HFHLYH 7LPLQJ &KDUDFWHULVWLFV õVHH )LJXUH ìêô

3DUDPHWHU 6\P 0LQ 7\Sì 0D[ 8QLWV 1RWHV

5&/. GXW\ F\FOHë 5&/.G éí èí çí ø

5&/. ZLGWKë W3: ¤ åçå ¤ QV

5&/. SXOVH ZLGWK KLJK W3:+ êäå éêé ¤ QV

5&/. SXOVH ZLGWK ORZ W3:/ êäå éêé éæí QV

5326î51(* WR 5&/. ULVLQJ VHWXS WLPH W685 êíí êåé ¤ QV

5&/. ULVLQJ WR 5326î51(* KROG WLPH W+5 êíí êåé ¤ QV

ìï 7\SLFDO YDOXHV DUH DW ëè �& DQG DUH IRU GHVLJQ DLG RQO\â QRW JXDUDQWHHG DQG QRW VXEMHFW WR SURGXFWLRQ WHVWLQJï
ëï 5&/. GXW\ F\FOH ZLGWKV ZLOO YDU\ GHSHQGLQJ RQ H[WHQW RI UHFHLYHG SXOVH MLWWHU GLVSODFHPHQWï 0D[ DQG PLQ 5&/. GXW\ F\FOHV DUH IRU ZRUVW FDVH
MLWWHU FRQGLWLRQV õíïé 8, FORFN GLVSODFHPHQW IRU ìïìèë 0+]ïô

W3:

W685 W+5

5&/.

5326

51(*

W3:+ W3:/
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)LJXUH ìéã 7\SLFDO /;7êìæ -LWWHU 7ROHUDQFH # éê G%

)LJXUH ìèã 7\SLFDO /;7êìæ -LWWHU $WWHQXDWLRQ õ7HVW 6LJQDO 35%6  ëìèðìô

ïì 8O

íïë 8O

ì 8O
ìïè 8O

ìí 8O
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