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/;7êíæ %ORFN 'LDJUDP

)HDWXUHV

� /RZ SRZHU GLVVLSDWLRQ ëçí P: W\SLFDO
� &RQVWDQW ORZ RXWSXW LPSHGDQFH WUDQVPLWWHU UHJDUGð
OHVV RI GDWD SDWWHUQ õê Ω W\SLFDOô

� /RZ VSHHG UHIHUHQFH FORFN WR UHGXFH 3& ERDUG QRLVH
FRXSOLQJ

� 'ULYHU VKRUW FLUFXLW FXUUHQW OLPLWHG WR èí P$ SHU
2)7(/î%$%7 UHFRPPHQGDWLRQV

� æèîìëí Ω 2SHUDWLRQ ZLWKRXW FRPSRQHQW FKDQJHV
� 7UDQVPLW DQG UHFHLYH UHWXUQ ORVV H[FHHGV (76, (76
êíí ìçç DQG *ïæíê

� 0HHWV RU H[FHHGV DOO ,78 VSHFLILFDWLRQV LQFOXGLQJ
*ïæíêñ *ïåëê õíêîäêô DQG *ïææè

� &RPSDWLEOH ZLWK PRVW SRSXODU 3&0 IUDPHUV
� /LQH GULYHUñ GDWD UHFRYHU\ DQG FORFN UHFRYHU\ IXQFð
WLRQV

� 0LQLPXP UHFHLYH VLJQDO RI èíí P9
� 3URJUDPPDEOH WUDQVPLW DPSOLWXGH IRU æè Ω DQG ìëí Ω
RSHUDWLRQ ZLWKRXW FRPSRQHQW FKDQJHV

� /RFDO DQG UHPRWH ORRSEDFN IXQFWLRQV
� 7UDQVPLW SHUIRUPDQFH PRQLWRU ZLWK '30 GHWHFWLQJ
VLQJOH OLQH VKRUWV IRU LPSURYHG UHOLDELOLW\

� $QDORJîGLJLWDO /26 PRQLWRU SHU *ïææè
� 5HFHLYHU MLWWHU WROHUDQFH íïé 8, IURP éí N+] WR
ìíí N+]

� 6HULDO &RQWURO ,QWHUIDFH
� $YDLODEOH LQ ëåðSLQ ',3 RU 3/&&

$35,/ ìääç
5(9,6,21 íïí

/;7êíæ
/RZð3RZHU (ì ,QWHJUDWHG 6KRUWð+DXO 7UDQVFHLYHU

'$7$ 6+((7

*HQHUDO 'HVFULSWLRQ

7KH /;7êíæ LV D IXOO\ LQWHJUDWHG ORZðSRZHU WUDQVFHLYHU
RSWLPL]HG IRU *ïæíê ëïíéå 0ESV õ(ìô DSSOLFDWLRQVï ,W IHDð
WXUHV D FRQVWDQW ORZ RXWSXW LPSHGDQFH WUDQVPLWWHU DOORZLQJ
IRU KLJK WUDQVPLWWHU UHWXUQ ORVVï 7UDQVPLW SXOVH DPSOLWXGHV
DUH VHOHFWDEOH IRU YDULRXV FDEOH W\SHVï ,W LV GHVLJQHG WR
H[FHHG WKH ODWHVW LQWHUQDWLRQDO VSHFLILFDWLRQVñ LQFOXGLQJ
*ïææè DQG (76 êíí ìççï

7KH /;7êíæ LV PLFURSURFHVVRU FRQWUROODEOH WKURXJK D
VHULDO LQWHUIDFHï ,W FDQ DOVR EH FRQWUROOHG WKURXJK LQGLYLGXDO
SLQV LQ +DUGZDUH 0RGHï

7KH /;7êíæ RIIHUV D YDULHW\ RI GLDJQRVWLF IHDWXUHVñ
LQFOXGLQJ WUDQVPLW DQG UHFHLYH PRQLWRULQJï 7KH GHYLFH
UHTXLUHV D VLQJOH ëïíéå 0+] FORFN UHIHUHQFH IRU WKH RQ FKLS
KLJK SHUIRUPDQFH FORFN UHFRYHU\ V\VWHPï ,W XVHV DQ
DGYDQFHG GRXEOHðSRO\ñ GRXEOHðPHWDO &026 SURFHVV DQG
UHTXLUHV RQO\ D VLQJOH èðYROW SRZHU VXSSO\ï

$SSOLFDWLRQV

� 3&0 *ïæíê ,QWHUIDFHV

� (ì PXOWLSOH[HU

� 'LJLWDO $FFHVV DQG &URVVðFRQQHFW 6\VWHPV õ'$&6ô

� *ïæíê 7UXQN OLQH FDUGV IRU 3XEOLF 6ZLWFKLQJ 6\VWHPV
DQG 3$%;

� +LJKðVSHHG GDWD WUDQVPLVVLRQ OLQHV
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)LJXUH ìã 3LQ $VVLJQPHQWV

7DEOH ìã 3LQ $VVLJQPHQWV DQG 6LJQDO 'HVFULSWLRQV

3LQ ú 6\P ,î2ì 'HVFULSWLRQ

ì 0&/. ', 0DVWHU &ORFNï $ ëïíéå 0+] FORFN LQSXW XVHG WR JHQHUDWH LQWHUQDO FORFNVï 8SRQ /RVV RI
6LJQDO õ/26ôñ 5&/. LV GHULYHG IURP 0&/.ï

ë 7&/. ', 7UDQVPLW &ORFNï 7UDQVPLW FORFN LQSXWï 7326 DQG 71(* DUH VDPSOHG RQ WKH IDOOLQJ HGJH
RI 7&/.ï ,I 7&/. LV QRW VXSSOLHGñ WKH WUDQVPLWWHU UHPDLQV SRZHUHG GRZQï

ê 7326 ', 7UDQVPLW 3RVLWLYH 'DWDï ,QSXW IRU WKH SRVLWLYH SXOVH WR EH WUDQVPLWWHG RQ WKH OLQHï

é 71(* ', 7UDQVPLW 1HJDWLYH 'DWDï ,QSXW IRU WKH QHJDWLYH SXOVH WR EH WUDQVPLWWHG RQ WKH OLQHï

è 02'( ', 0RGH 6HOHFWï 6HWWLQJ 02'( +LJK SXWV WKH /;7êíæ LQ WKH +RVW 0RGHï ,Q WKH +RVW 0RGHñ
WKH VHULDO LQWHUIDFH LV XVHG WR FRQWURO WKH /;7êíæ DQG GHWHUPLQH LWV VWDWXVï
6HWWLQJ 02'( /RZ SXWV WKH /;7êíæ LQ WKH +DUGZDUH õ+î:ô PRGHï ,Q WKH +DUGZDUH
PRGH WKH VHULDO LQWHUIDFH LV GLVDEOHG DQG KDUGðZLUHG SLQV DUH XVHG WR FRQWURO FRQILJXUDWLRQ
DQG UHSRUW VWDWXVï

ç 51(* '2 5HFHLYH 1HJDWLYH 'DWDâ 5HFHLYH 3RVLWLYH 'DWDï 5HFHLYHG GDWD RXWSXWVï $ VLJQDO RQ
51(* FRUUHVSRQGV WR UHFHLSW RI D QHJDWLYH SXOVH RQ 57,3 DQG 55,1*ï $ VLJQDO RQ 5326
FRUUHVSRQGV WR UHFHLSW RI D SRVLWLYH SXOVH RQ 57,3 DQG 55,1*ï 51(* DQG 5326 RXWSXWV
DUH 1RQð5HWXUQðWRð=HUR õ15=ôï ,Q WKH +RVW PRGHñ &/.( GHWHUPLQHV WKH FORFN HGJH DW
ZKLFK WKHVH RXWSXWV DUH VWDEOH DQG YDOLGï ,Q WKH +DUGZDUH PRGHñ ERWK RXWSXWV DUH VWDEOH
DQG YDOLG RQ WKH ULVLQJ HGJH RI 5&/.ï

æ 5326 '2

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

ä 57 $, 5HVLVWRU 7HUPLQDWLRQï &RQQHFW WR 59ò WKURXJK D ì NΩ UHVLVWRUï

ìï (QWULHV LQ ,î2 FROXPQ DUHã ',  'LJLWDO ,QSXWâ '2  'LJLWDO 2XWSXWâ $,  $QDORJ ,QSXWâ $2  $QDORJ 2XWSXWâ 6  6XSSO\ï
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ìí 1î& ¤ 1R FRQQHFWLRQï

ìì '30 '2 'ULYHU 3HUIRUPDQFH 0RQLWRUï '30 JRHV +LJK ZKHQ WKH WUDQVPLW PRQLWRU õ07,3 DQG
05,1*ô GRHV QRW GHWHFW D VLJQDO IRU çê±ë FORFN SHULRGVï '30 UHPDLQV +LJK XQWLO D VLJQDO
LV GHWHFWHGï ,W LV UHVHW WR /RZ ZLWK WKH ILUVW WUDQVLWLRQ RQ 07,3 DQG 05,1*ï

ìë /26 '2 /RVV RI 6LJQDOï /26 JRHV +LJK ZKHQ WKH VLJQDO IDOOV EHORZ ëí G% EHORZ QRPLQDO IRU PRUH
WKDQ ìæè FRQVHFXWLYH ELW SHULRGVï /26 UHWXUQV /RZ ZKHQ WKH UHFHLYHG VLJQDO GHWHFWV é
WUDQVLWLRQV LQ DQ\ êëðELW ZLQGRZ õìëïèø ìV GHQVLW\ô ZLWK QR PRUH WKDQ ìè FRQVHFXWLYH íVï

ìê 77,3 $2 7UDQVPLW 7LSâ 7UDQVPLW 5LQJï 'LIIHUHQWLDO 'ULYHU 2XWSXWVï 7KHVH ORZðLPSHGDQFH RXWð
SXWV DFKLHYH KLJK UHWXUQ ORVV ZLWK UHVLVWRUV XVHG LQ VHULHV ZLWK D WUDQVIRUPHU DV VSHFLILHG LQ
7DEOHV ä DQG ìíïìç 75,1* $2

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

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

ìæ 07,3 $, 0RQLWRU 7LSâ 0RQLWRU 5LQJï 7KHVH SLQV DUH XVHG WR PRQLWRU WKH 77,3 DQG 75,1* WUDQVð
PLW RXWSXWVï 7KH WUDQVFHLYHU FDQ EH FRQQHFWHG WR PRQLWRU LWV RZQ RXWSXW RU WKH RXWSXW RI
DQRWKHU /;7êíæ RQ WKH ERDUGï 7R SUHYHQW IDOVH LQWHUUXSWV LQ WKH KRVW PRGH LI WKH PRQLWRU
LV QRW XVHGñ DSSO\ D FORFN VLJQDO WR RQH RI WKH PRQLWRU SLQV DQG WLH WKH RWKHU PRQLWRU SLQ WR
DSSUR[LPDWHO\ WKH FORFN©V PLGUDQJH YROWDJHï 7KH PRQLWRU FORFN FDQ UDQJH IURP ìíí N+]
WR WKH 7&/. IUHTXHQF\ï

ìå 05,1* $,

ìä 57,3 $, 5HFHLYH 7LSâ 5HFHLYH 5LQJï 7KH $0, VLJQDO UHFHLYHG IURP WKH OLQH LV DSSOLHG DW WKHVH
SLQVï $ FHQWHUðWDSSHGñ FHQWHUðJURXQGHGñ ëãì VWHSðXS WUDQVIRUPHU IRU æè Ω DQG ìëí Ω LV
UHTXLUHG RQ WKHVH SLQVï 'DWD DQG FORFN IURP WKH VLJQDO DSSOLHG DW WKHVH SLQV DUH UHFRYHUHG
DQG RXWSXW RQ WKH 5326î51(* DQG 5&/. SLQVï

ëí 55,1* $,

ëì 59ò 6 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' 6 5HFHLYH *URXQGï *URXQG UHWXUQ IRU SRZHU VXSSO\ 59òï

ëê INT '2 ,QWHUUXSW õ+RVW 0RGHôï 7KLV /;7êíæ +RVW PRGH RXWSXW JRHV /RZ WR IODJ WKH KRVW SURð
FHVVRU ZKHQ /26 RU '30 JR DFWLYHï INT LV DQ RSHQðGUDLQ RXWSXW DQG VKRXOG EH WLHG WR
SRZHU VXSSO\ 59ò WKURXJK D UHVLVWRUï INT LV UHVHW E\ FOHDULQJ WKH UHVSHFWLYH UHJLVWHU ELW
õ/26 DQGîRU '30ôï

(& ', (TXDOL]HU &RQWURO õ+î: 0RGHôï 7KH VLJQDO DSSOLHG DW WKLV SLQ LQ WKH /;7êíæ +DUGZDUH
PRGH LV XVHG WR GHWHUPLQH WKH DPSOLWXGH RI $0, RXWSXW WUDQVPLW SXOVHVï

ëé 6', ', 6HULDO 'DWD ,Q õ+RVW 0RGHôï 7KH VHULDO GDWD LQSXW VWUHDP LV DSSOLHG WR WKLV SLQ ZKHQ WKH
/;7êíæ RSHUDWHV LQ WKH +RVW PRGHï 6', LV VDPSOHG RQ WKH ULVLQJ HGJH RI 6&/.ï

*1' ', *1' õ+î: 0RGHôï 6LJQDO JURXQGï

ëè 6'2 '2 6HULDO 'DWD 2XW õ+RVW 0RGHôï 7KH VHULDO GDWD IURP WKH RQðFKLS UHJLVWHU LV RXWSXW RQ WKLV
SLQ LQ WKH /;7êíæ +RVW PRGHï ,I &/.( LV +LJKñ 6'2 LV YDOLG RQ WKH ULVLQJ HGJH RI 6&/.ï
,I &/.( LV /RZñ 6'2 LV YDOLG RQ WKH IDOOLQJ HGJH RI 6&/.ï 7KLV SLQ JRHV WR D KLJKðLPSHGð
DQFH VWDWH ZKHQ WKH VHULDO SRUW LV EHLQJ ZULWWHQ WR DQG ZKHQ CS LV +LJKï

*1' ', *1' õ+î: 0RGHôï 6LJQDO JURXQGï

7DEOH ìã 3LQ $VVLJQPHQWV DQG 6LJQDO 'HVFULSWLRQV ¤ FRQWLQXHG

3LQ ú 6\P ,î2ì 'HVFULSWLRQ

ìï (QWULHV LQ ,î2 FROXPQ DUHã ',  'LJLWDO ,QSXWâ '2  'LJLWDO 2XWSXWâ $,  $QDORJ ,QSXWâ $2  $QDORJ 2XWSXWâ 6  6XSSO\ï
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ëç CS ', &KLS 6HOHFW õ+RVW 0RGHôï 7KLV LQSXW LV XVHG WR DFFHVV WKH VHULDO LQWHUIDFH LQ WKH /;7êíæ
+RVW PRGHï )RU HDFK UHDG RU ZULWH RSHUDWLRQñ CSPXVW WUDQVLWLRQ IURP +LJK WR /RZñ DQG
UHPDLQ /RZï

5/223 ', 5HPRWH /RRSEDFN õ+î: 0RGHôï 7KLV LQSXW FRQWUROV ORRSEDFN IXQFWLRQV LQ WKH /;7êíæ
+DUGZDUH PRGHï 6HWWLQJ 5/223 WR D ORJLF + HQDEOHV WKH 5HPRWH /RRSEDFN PRGHï 6HWWLQJ
ERWK 5/223 DQG //223 +LJK FDXVHV D 5HVHWï

ëæ 6&/. ', 6HULDO &ORFN õ+RVW 0RGHôï 7KLV FORFN LV XVHG LQ WKH /;7êíæ +RVW PRGH WR ZULWH GDWD WR
RU UHDG GDWD IURP WKH VHULDO LQWHUIDFH UHJLVWHUVï

//223 ', /RFDO /RRSEDFN õ+î: 0RGHôï 7KLV LQSXW FRQWUROV ORRSEDFN IXQFWLRQV LQ WKH /;7êíæ
+DUGZDUH PRGHï 6HWWLQJ //223 +LJK HQDEOHV WKH /RFDO /RRSEDFN 0RGHï

ëå &/.( ', &ORFN (GJH õ+RVW 0RGHôï 6HWWLQJ &/.( +LJK FDXVHV 5326 DQG 51(* WR EH YDOLG RQ WKH
IDOOLQJ HGJH RI 5&/.ñ DQG 6'2 WR EH YDOLG RQ WKH ULVLQJ HGJH RI 6&/.ï :KHQ &/.( LV
/RZñ 5326 DQG 51(* DUH YDOLG RQ WKH ULVLQJ HGJH RI 5&/.ñ DQG 6'2 LV YDOLG RQ WKH IDOOð
LQJ HGJH RI 6&/.ï

7$26 ', 7UDQVPLW $OO 2QHV õ+î: 0RGHôï:KHQ VHW +LJKñ 7$26 FDXVHV WKH /;7êíæ õ+DUGZDUH
PRGHô WR WUDQVPLW D FRQWLQXRXV 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 /RRSð
EDFNï

7DEOH ìã 3LQ $VVLJQPHQWV DQG 6LJQDO 'HVFULSWLRQV ¤ FRQWLQXHG

3LQ ú 6\P ,î2ì 'HVFULSWLRQ

ìï (QWULHV LQ ,î2 FROXPQ DUHã ',  'LJLWDO ,QSXWâ '2  'LJLWDO 2XWSXWâ $,  $QDORJ ,QSXWâ $2  $QDORJ 2XWSXWâ 6  6XSSO\ï
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)XQFWLRQDO 'HVFULSWLRQ

7KH /;7êíæ LV D IXOO\ LQWHJUDWHG 3&0 WUDQVFHLYHU IRU
*ïæíê ëïíéå 0ESV õ(ìô DSSOLFDWLRQVï $ VLPSOLILHG EORFN
GLDJUDP RI WKH WUDQVFHLYHU DSSHDUV RQ SDJH ìï 7KH /;7êíæ
DOORZV IXOOðGXSOH[ WUDQVPLVVLRQ RI GLJLWDO GDWD RYHU H[LVWLQJ
WZLVWHGðSDLU RU FRD[ LQVWDOODWLRQVï ,W LQWHUIDFHV ZLWK WZR
OLQHVñ RQH IRU UHFHLYHñ RQH IRU WUDQVPLWï

3RZHU 5HTXLUHPHQWV

7KH /;7êíæ 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 �íïê 9 RI HDFK RWKHUñ DQG
GHFRXSOHG VHSDUDWHO\ WR WKHLU UHVSHFWLYH JURXQGVï ,VRODWLRQ
EHWZHHQ WUDQVPLW DQG UHFHLYH FLUFXLWV LV SURYLGHG LQWHUð
QDOO\ï 'XULQJ QRUPDO RSHUDWLRQñ DQG //223ñ WKH WUDQVPLWð
WHU SRZHUV GRZQ LI 7&/. LV QRW VXSSOLHGï 7KH WUDQVPLWWHU
DOVR SRZHUV GRZQ GXULQJ 7$26 RSHUDWLRQ LI 7&/. LV QRW
VXSSOLHGï

5HVHW 2SHUDWLRQ

8SRQ SRZHU XSñ WKH WUDQVFHLYHU LV KHOG VWDWLF XQWLO WKH
SRZHU VXSSO\ UHDFKHV DSSUR[LPDWHO\ ê 9ï 8SRQ FURVVLQJ
WKLV WKUHVKROGñ WKH GHYLFH EHJLQV D êë PV UHVHW F\FOH WR FDOð
LEUDWH WKH WUDQVPLW DQG UHFHLYH GHOD\ OLQHV DQG ORFNV WKH
3KDVH /RFN /RRS WR WKH UHFHLYH OLQHï $ UHIHUHQFH FORFN LV
UHTXLUHG WR FDOLEUDWH WKH GHOD\ OLQHV 7KH WUDQVPLWWHU UHIHUð
HQFH LV SURYLGHG E\ 7&/.ï 0&/. LV XVHG DV WKH UHFHLYHU
UHIHUHQFH FORFNï

7KH WUDQVFHLYHU FDQ DOVR EH UHVHW IURP WKH +RVW RU +DUGð
ZDUH PRGHï ,Q +RVW PRGHñ UHVHW LV FRPPDQGHG E\ VLPXOWDð
QHRXVO\ ZULWLQJ 5/223 DQG //223 WR WKH UHJLVWHUï ,Q
+DUGZDUH PRGHñ UHVHW LV FRPPDQGHG E\ KROGLQJ 5/223
DQG //223 KLJK VLPXOWDQHRXVO\ IRU ëíí QVï 5HVHW LV LQLWLð
DWHG RQ WKH IDOOLQJ HGJH RI WKH UHVHW UHTXHVWï ,Q HLWKHU PRGHñ
UHVHW FOHDUV DQG VHWV DOO UHJLVWHUV WR í DQG WKHQ FDOLEUDWLRQ
EHJLQVï

5HFHLYHU

7KH /;7êíæ UHFHLYHV WKH VLJQDO LQSXW IURP RQH OLQH RQ
HDFK VLGH RI D FHQWHUðJURXQGHG WUDQVIRUPHUï 3RVLWLYH SXOVHV
DUH UHFHLYHG DW 57,3 DQG QHJDWLYH SXOVHV DUH UHFHLYHG DW
55,1*ï

7KH VLJQDO UHFHLYHG DW 57,3 DQG 55,1* LV SURFHVVHG
WKURXJK WKH SHDN GHWHFWRU DQG GDWD VOLFHUVï 7KH SHDN GHWHFð
WRU VDPSOHV WKH LQSXWV DQG GHWHUPLQHV WKH PD[LPXP YDOXH
RI WKH UHFHLYHG VLJQDOï $ SHUFHQWDJH RI WKH SHDN YDOXH LV

SURYLGHG WR WKH GDWD VOLFHUV DV D WKUHVKROG OHYHO WR HQVXUH
RSWLPXP VLJQDOðWRðQRLVH UDWLRï 7KH WKUHVKROG LV èíø DQG LV
PDLQWDLQHG RYHU WKH ZKROH LQSXW UDQJHï

7KH UHFHLYHU LV FDSDEOH RI DFFXUDWHO\ UHFRYHULQJ VLJQDOV
ZLWK XS WR ðìêïç G% RI DWWHQXDWLRQ õIURP ëïé 9ôñ FRUUHð
VSRQGLQJ WR D UHFHLYHG VLJQDO OHYHO RI DSSUR[LPDWHO\ èíí
P9ï 5HJDUGOHVV RI UHFHLYHG VLJQDO OHYHOñ WKH SHDN GHWHFWRUV
DUH KHOG DERYH D PLQLPXP OHYHO RI íïê 9 WR SURYLGH LPPXð
QLW\ IURP LPSXOVLYH QRLVHï

$IWHU SURFHVVLQJ WKURXJK WKH GDWD VOLFHUVñ WKH UHFHLYHG VLJð
QDO LV URXWHG WR WKH GDWD DQG FORFN UHFRYHU\ VHFWLRQVñ DQG WR
WKH UHFHLYH PRQLWRUï 7KH GDWD DQG FORFN UHFRYHU\ FLUFXLWV
DUH KLJKO\ WROHUDQW ZLWK DQ LQSXW MLWWHU WROHUDQFH VLJQLILð
FDQWO\ EHWWHU WKDQ UHTXLUHG E\ *ïåëêñ DV VKRZQ LQ )LJXUH
ìæï 5HFRYHUHG FORFN VLJQDOV DUH VXSSOLHG WR WKH GDWD ODWFKï
5HFRYHUHG GDWD LV RXWSXW DW 5326 DQG 51(*ñ DQG WKH
UHFRYHUHG FORFN LV RXWSXW DW 5&/.ï 5HIHU WR 7DEOH ìè DQG
)LJXUH ìê IRU /;7êíæ UHFHLYHU WLPLQJï

/RVV RI 6LJQDO 3URFHVVRU

'HFODULQJ WKH /26 &RQGLWLRQ
5HFRPPHQGDWLRQ *ïææè GHILQHV EDVLF FULWHULD IRU
GHWHFWLRQ DQG FOHDUDQFH RI /RVV RI 6LJQDO õ/26ô
GHIHFWVï

/;7êíæ XVHV D GLJLWDOðDQGðDQDORJ GHWHFWLRQ VFKHPH WR
FRPSO\ ZLWK *ïææèï ,I WKH VLJQDO OHYHO IDOOV EHORZ ëí
G% W\SLFDOñ WKH /;7êíæ EHJLQV WR FRXQW FRQVHFXWLYH
ELW WLPHV DQG GHFODUHV /26 DIWHU DSSUR[LPDWHO\ ìæè
õìçí WR ìäíô FRQVHFXWLYH ]HURVï 5HIHU WR 7DEOH ëï

&OHDULQJ WKH /26 &RQGLWLRQ
/;7êíæ FOHDUV /26 ZLWK D WKUHHðVWHS SURFHVVã

ìï 7KH VLJQDO PXVW ILUVW H[FHHG WKH ëí G% VLJQDO
OHYHOï

ëï 7KHQ D êëðELW UHSHDWLQJ ZLQGRZ FKHFNV IRU ìëïèø
ìV GHQVLW\ï õ7R PHHW WKLV SDUDPHWHUñ WKHUH PXVW EH
DW OHDVW IRXU ìV RXW RI WKH êë ELWV LQ WKH ZLQGRZïô

êï )LQDOO\ñ WKHUH PXVW EH QR PRUH WKDQ ìè
FRQVHFXWLYH íV WR FOHDU WKH /26 FRQGLWLRQï
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7UDQVPLWWHU

'DWD UHFHLYHG IRU WUDQVPLVVLRQ RQWR WKH OLQH LV FORFNHG VHULð
DOO\ LQWR WKH GHYLFH DW 7326 DQG 71(*ï ,QSXW V\QFKURQLð
]DWLRQ LV VXSSOLHG E\ WKH WUDQVPLW FORFN õ7&/.ôï ,I 7&/.
LV QRW VXSSOLHGñ WKH WUDQVPLWWHU UHPDLQV SRZHUHG GRZQñ
H[FHSW GXULQJ UHPRWH ORRSEDFN DQG 7$26ï 5HIHU WR 7DEOH
ìç DQG )LJXUH ìé IRU PDVWHU DQG WUDQVPLW FORFN WLPLQJ
FKDUDFWHULVWLFVï

/LQH &RGH
7KH /;7êíæ WUDQVPLWV GDWD DV D èíø $0, OLQH FRGH
DV VKRZQ LQ )LJXUH ëï 7KH RXWSXW GULYHU PDLQWDLQV D
FRQVWDQW ORZ RXWSXW LPSHGDQFH XQGHU G\QDPLF FRQGLð
WLRQV UHJDUGOHVV RI ZKHWKHU LW LV GULYLQJ PDUNV RU
VSDFHVï

7KH WUDQVPLWWHG SXOVH DPSOLWXGH LV GHWHUPLQHG E\ WKH
HTXDOL]HU FRQWURO VLJQDO (& DV VKRZQ LQ 7DEOH êï

7KH HTXDOL]HU FRQWURO VLJQDO PD\ EH KDUGZLUHG LQ
+DUGZDUH PRGH RU LQSXW DV SDUW RI WKH VHULDO GDWD
VWUHDP õ6',ô LQ +RVW PRGHï 6KDSHG SXOVHV DUH DSSOLHG
WR WKH $0, OLQH GULYHU IRU WUDQVPLVVLRQ RQWR WKH OLQH DW

77,3 DQG 75,1*ï 7KH OLQH GULYHU SURYLGHV D FRQVWDQW
ORZ RXWSXW LPSHGDQFH RI ê Ω õW\SLFDOôï 7KLV ZHOOðFRQð
WUROOHG RXWSXW LPSHGDQFH SURYLGHV H[FHOOHQW UHWXUQ
ORVV ZKHQ XVHG ZLWK H[WHUQDO SUHFLVLRQ UHVLVWRUV õ�ìø
DFFXUDF\ô LQ VHULHV ZLWK D WUDQVPLW WUDQVIRUPHUï 6HULHV
UHVLVWRUV DOVR SURYLGH LQFUHDVHG VXUJH SURWHFWLRQ DQG
UHGXFH VKRUW FLUFXLW FXUUHQW IORZï

3XOVHV FDQ GULYH FRD[LDO RU VKLHOGHG WZLVWHGðSDLU OLQHVï
$ ìãë WUDQVPLW WUDQVIRUPHU DQG VHULHV UHVLVWRUV DUH UHFð
RPPHQGHGï 7KLV GHVLJQ PHHWV RU H[FHHGV DOO (76,
êíí ìçç DQG (XURSHDQ 377 VSHFLILFDWLRQV IRU WUDQVPLW
DQG UHFHLYH UHWXUQ ORVV ZKHQ VHULHV UHVLVWRUV DUH XVHGï

)LJXUH ëã èíø $0, &RGLQJ

BIT CELL

TTIP

TRING
ì í ì

ï

ï

7DEOH ëã *ïææè 5HTXLUHPHQWV DQG /;7êíæ ,PSOHPHQWDWLRQ RI /26 'HWHFWLRQ

&RQGLWLRQ *ïææè 5HFRPPHQGDWLRQ /HYHO 2QH ,PSOHPHQWDWLRQ

'HWHFW /26 6LJQDO ZLWK QR WUDQVLWLRQVì OHVV WKDQ RU HTXDO WR
VLJQDO OHYHO RI êè G% EHORZ QRPLQDO IRU 1 FRQð
VHFXWLYH LQWHUYDOV ZKHUH ìí ≤1 ≤ëèèï

6LJQDO OHYHO EHORZ ëí G% DQG QR FRQVHFXWLYH WUDQð
VLWLRQ IRU ìçí WR ìäí õW\SLFDO ìæèô SXOVH LQWHUYDOVï

&OHDU /26 6LJQDO KDV WUDQVLWLRQVì DQG OHYHO JUHDWHU WKDQ RU
HTXDO WR ä G% EHORZ QRPLQDO IRU 1 FRQVHFXWLYH
SXOVH LQWHUYDOV ZKHUH ìí ≤1 ≤ëèèï

6LJQDO OHYHO DERYH ëí G% ZLWK ELW GHQVLW\ JUHDWHU
WKDQ ìëïèø IRU êëðELW SRVLWLRQVñ DQG ZLWK IHZHU
WKDQ ìè FRQVHFXWLYH ]HURVï

ìï $ VLJQDO ZLWK ¦WUDQVLWLRQV§ FRUUHVSRQGV WR D *ïæíê FRPSOLDQW VLJQDOï

7DEOH êã (TXDOL]HU &RQWURO ,QSXWV IRU 3XOVH $PSOLWXGH 6HOHFWLRQ

(& /LQH /HQJWK ÷ &DEOH /RVV $SSOLFDWLRQ

í ,78 5HFRPPHQGDWLRQ *ïæíê (ì ð &RD[ õæè Ωô

ì ,78 5HFRPPHQGDWLRQ *ïæíê (ì ð 7ZLVWHGð3DLU õìëí Ωô
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'ULYHU 3HUIRUPDQFH 0RQLWRU

7KH WUDQVFHLYHU LQFRUSRUDWHV DQ DGYDQFHG 'ULYHU 3HUIRUð
PDQFH 0RQLWRU õ'30ô WKDW FDQ EH FRQQHFWHG LQ SDUDOOHO
ZLWK WKH 77,3 DQG 75,1* DW WKH RXWSXW WUDQVIRUPHUï 7KH
'30 FLUFXLWU\ XVHV IRXU FRPSDUDWRUV DQG D ìèí QV SXOVH
GLVFULPLQDWRU WR ILOWHU JOLWFKHVï 7KH '30 RXWSXW OHYHO JRHV
+LJK XSRQ GHWHFWLRQ RI çê FRQVHFXWLYH ]HURVñ DQG LV FOHDUHG
ZKHQ D WUDQVLWLRQ LV GHWHFWHG RQ WKH WUDQVPLW OLQH RU ZKHQ D
UHVHW FRPPDQG LV UHFHLYHGï 7KH '30 RXWSXW DOVR JRHV
+LJK WR LQGLFDWH D VLJQDO OLQH VKRUW WR JURXQG RQ 77,3 RU
75,1*ï $ JURXQG IDXOW LQGXFHG '30 IODJ LV DXWRPDWLFDOO\
FOHDUHG ZKHQ WKH JURXQG FRQGLWLRQ LV FRUUHFWHG õFKLS UHVHW
LV QRW UHTXLUHGôï

2SHUDWLQJ 0RGHV

7KH /;7êíæ WUDQVFHLYHU FDQ EH FRQWUROOHG WKURXJK KDUGð
ZLUHG SLQV õ+DUGZDUH 0RGH¤GHIDXOWô RU E\ D PLFURSURFHVð
VRU WKURXJK D VHULDO LQWHUIDFH õ+RVW 0RGHô GHSHQGLQJ RQ WKH
LQSXW WR SLQ è õ02'(ôï 7KH PRGH RI RSHUDWLRQ LV VHW E\ WKH
02'( SLQ ORJLF OHYHOï 7KH /;7êíæ FDQ DOVR EH FRPð
PDQGHG WR RSHUDWH LQ RQH RI VHYHUDO GLDJQRVWLF PRGHVï

+DUGZDUH 0RGH 2SHUDWLRQ
,Q +DUGZDUH PRGH WKH WUDQVFHLYHU LV FRQWUROOHG
WKURXJK LQGLYLGXDO SLQVï :LWK WKH H[FHSWLRQ RI WKH INT
DQG &/.( IXQFWLRQVñ +DUGZDUH PRGH SURYLGHV DOO WKH
IXQFWLRQV SURYLGHG LQ WKH +RVW PRGHï ,Q WKH +DUGZDUH
PRGH 5326 DQG 51(* RXWSXWV DUH YDOLG RQ WKH ULVLQJ
HGJH RI 5&/.ï 7R RSHUDWH LQ +DUGZDUH PRGHñ WKH
02'( PXVW EH VHW WR íï 'LDJQRVWLF &RQWURO IRU
5HPRWH /RRSEDFN õ5/223ôñ /RFDO /RRSEDFN
õ//223ôñ DQG 7UDQVPLW $OO ìV õ7$26ô PRGHV LV SURð
YLGHG WKURXJK WKH LQGLYLGXDO SLQVï

,I 02'( LV VHW /RZñ /;7êíæ RSHUDWHV LQ +DUGZDUH
0RGHï ,Q +DUGZDUH 0RGH WKH WUDQVFHLYHU LV FRQWUROOHG
WKURXJK LQGLYLGXDO SLQVâ D PLFURSURFHVVRU LV QRW
UHTXLUHGï 5326 DQG 51(* DUH YDOLG RQ WKH ULVLQJ HGJH
RI 5&/.ï

7KH HTXDOL]HU LV FRQWUROOHG WKURXJK SLQ ëê õ(&ôï 'LDJð
QRVWLF FRQWURO IRU 5HPRWH /RRSEDFN õ5/223ôñ /RFDO
/RRSEDFN õ//223ôñ DQG 7UDQVPLW $OO ìV õ7$26ô LV
SURYLGHG WKURXJK SLQV ëçñ ëæñ DQG ëåï

+RVW 0RGH &RQWURO
7KH /;7êíæ RSHUDWHV LQ WKH +RVW PRGH ZKHQ SLQ è
õ02'(ô LV DVVHUWHG +LJKï ,Q +RVW PRGH D PLFURSURð
FHVVRU FRQWUROV WKH /;7êíæ WKURXJK WKH VHULDO ,î2 SRUW
õ6,2ô ZKLFK SURYLGHV DFFHVV WR WKH /,8ï 7KH /,8 FRQð
WDLQV D SDLU RI GDWD UHJLVWHUVñ RQH IRU FRPPDQG LQSXWV

DQG RQH IRU VWDWXV RXWSXWVï $Q 6,2 WUDQVDFWLRQ LV LQLWLð
DWHG E\ D IDOOLQJ HGJH RQ WKH &KLS 6HOHFW SLQï $ +LJKð
WRð/RZ WUDQVLWLRQ RQ CS LV UHTXLUHG IRU HDFK VXEVHð
TXHQW DFFHVV WR WKH +RVW PRGH UHJLVWHUVï

7KH /,8 UHVSRQGV E\ ZULWLQJ WKH LQFRPLQJ VHULDO ZRUG
IURP WKH 6', SLQ LQWR LWV FRPPDQG UHJLVWHUï )LJXUH ê
VKRZV DQ 6,2 ZULWH RSHUDWLRQï 7KH ìçðELW VHULDO ZRUG
FRQVLVWV RI DQ åðELW &RPPDQGî$GGUHVV E\WH DQG DQ åð
ELW 'DWD E\WHï ,I WKH FRPPDQG ZRUG FRQWDLQV D UHDG
UHTXHVWñ WKH /,8 VXEVHTXHQWO\ RXWSXWV WKH FRQWHQWV RI
LWV VWDWXV UHJLVWHU RQWR WKH 6'2 SLQï )LJXUH é VKRZV DQ
6,2 UHDG RSHUDWLRQï 7KH &ORFN (GJH õ&/.(ô VLJQDO
GHWHUPLQHV ZKHQ WKH 6'2 DQG UHFHLYH GDWD RXWSXWV DUH
YDOLGñ UHODWLYH WR WKH 6HULDO &ORFN õ6&/.ô RU 5&/. DV
OLVWHG LQ 7DEOH éï 7DEOH ìæ DQG )LJXUHV ìè DQG ìç VKRZ
6,2 WLPLQJï

6HULDO ,QSXW :RUG
)LJXUH ê VKRZV WKH 6HULDO ,QSXW GDWD VWUXFWXUHï 7KH
/;7êíæ LV DGGUHVVHG E\ VHWWLQJ ELW $é LQ WKH $GGUHVVî
&RPPDQG E\WHñ FRUUHVSRQGLQJ WR DGGUHVV ìçï %LW ì RI
WKH VHULDO $GGUHVVî&RPPDQG E\WH SURYLGHV 5HDGî
:ULWH õ5îWô FRQWURO ZKHQ WKH FKLS LV DFFHVVHGï 7KH 5î
W ELW LV VHW WR ORJLF ì WR UHDG WKH GDWD RXWSXW E\WH IURP
WKH FKLSñ DQG VHW WR ORJLF í WR ZULWH WKH LQSXW GDWD E\WH
WR WKH FKLSï

7KH VHFRQG HLJKW ELWV RI D ZULWH RSHUDWLRQñ FOHDU /RVV
RI 6LJQDO õ/26ô DQG 'ULYHU 3HUIRUPDQFH 0RQLWRU
õ'30ô LQWHUUXSWVñ UHVHW WKH FKLSñ DQG FRQWURO GLDJQRVð
WLF PRGHVï 7KH ILUVW ë ELWV õ'í ð 'ìô FOHDU DQGîRU PDVN
/26 DQG '30 LQWHUUXSWVï 7KH ODVW WKUHH ELWV õ'è ð 'æô
FRQWURO RSHUDWLQJ PRGHV õQRUPDO DQG GLDJQRVWLFô DQG
FKLS UHVHWï 5HIHU WR 7DEOH è IRU GHWDLOV RQ ELWV 'è ð 'æï

6HULDO 2XWSXW :RUG
)LJXUH é VKRZV WKH 6HULDO 2XWSXW GDWD VWUXFWXUHï 6'2
LV KLJK LPSHGDQFH ZKHQ 6', UHFHLYHV DQ $GGUHVVî
&RPPDQG E\WHï ,I 6', UHFHLYHV D UHDG FRPPDQG õ5îW
 ìôñ WKHQ 6'2 EHFRPHV DFWLYH DIWHU WKH ODVW &RPð
PDQGî$GGUHVV ELW õ$çô DQG UHPDLQV DFWLYH IRU HLJKW
6&/. F\FOHVï 7\SLFDOO\ WKH ILUVW ELW RXW RI 6'2
FKDQJHV WKH VWDWH RI 6'2 IURP KLJKð= WR D /RZî+LJKï

7KH ILUVW ILYH ELWV õ'íð'éô RI WKH RXWSXW GDWD E\WH
UHSRUWV /RVV RI 6LJQDO õ/26ô DQG 'ULYHU 3HUIRUPDQFH
0RQLWRU õ'30ô FRQGLWLRQVñ HTXDOL]HU VHWWLQJVñ DQG
RSHUDWLQJ PRGHV õQRUPDO RU GLDJQRVWLFôï 7KH ODVW WKUHH
ELWV õ'è WKURXJK 'æô UHSRUW RSHUDWLQJ PRGHV DQG LQWHUð
UXSW VWDWXVï

,I WKH INT OLQH LV +LJK õQR LQWHUUXSW LV SHQGLQJôñ ELWV
'è WKURXJK 'æ UHSRUW WKH VWDWXV RI WKH RSHUDWLQJ PRGH
DV OLVWHG LQ 7DEOH çï ,I WKH INT OLQH LV /RZñ WKH LQWHUUXSW
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VWDWXV RYHUULGHV DOO RWKHU UHSRUWV DQG ELWV 'è ð 'æ
UHIOHFW WKH LQWHUUXSW VWDWXV DV OLVWHG LQ 7DEOH çï

,QWHUUXSW +DQGOLQJ
7KH +RVW PRGH SURYLGHV D ODWFKHG ,QWHUUXSW RXWSXW SLQñ
INTï $Q\ FKDQJH LQ WKH /26 RU '30 ELWV õ'í DQG 'ì
RI WKH RXWSXW GDWD E\WHñ UHVSHFWLYHO\ô WULJJHUV DQ LQWHUð
UXSWï $V VKRZQ LQ )LJXUH èñ ZULWLQJ D RQH WR WKH UHVSHFð
WLYH ELW RI WKH LQSXW GDWD E\WH õ'í  /26ñ 'ì  '30ô
PDVNV HLWKHU RU ERWK LQWHUUXSW JHQHUDWRUVï :KHQ DQ
LQWHUUXSW KDV RFFXUUHG WKH INT RXWSXW SLQ LV SXOOHG
/RZï 7KH RXWSXW VWDJH RI WKH INT SLQ FRQVLVWV RI D
SXOOGRZQ GHYLFHï +HQFHñ DQ H[WHUQDO SXOOðXS UHVLVWRU LV
UHTXLUHGï FOHDU WKH LQWHUUXSW DV IROORZVã

ìï ,I RQH RU ERWK LQWHUUXSW ELWV õ/26 RU '30ñ 'í DQG 'ì
RI WKH RXWSXW GDWD E\WHô  ìñ ZULWLQJ D ì WR WKH LQSXW ELW
õ'í RU 'ìñ UHVSHFWLYHO\ôñ RI WKH LQSXW GDWD E\WH ZLOO
FOHDU WKH LQWHUUXSWï /HDYLQJ D ì LQ HLWKHU RI WKHVH ELW
SRVLWLRQV ZLOO HIIHFWLYHO\ PDVN WKH DVVRFLDWHG LQWHUð
UXSWï 7R UHðHQDEOH WKH LQWHUUXSW FDSDELOLW\ñ UHVHW 'í
DQGîRU 'ì WR íï

ëï ,I QHLWKHU /26 RU '30  ìñ WKH LQWHUUXSW ZLOO EH
FOHDUHG E\ UHVHWWLQJ WKH FKLSï 7R UHVHW WKH FKLSñ VHW
GDWD LQSXW ELWV 'è DQG 'ç  ìñ DQG 'æ  íï

7DEOH éã &/.( 6HWWLQJV

&/.( 2XWSXW &ORFN
9DOLG
(GJH

/2: 5326î51(*
6'2

5&/.
6&/.

5LVLQJ
)DOOLQJ

+,*+ 5326î51(*
6'2

5&/.
6&/.

)DOOLQJ
5LVLQJ

7DEOH èã 6,2 ,QSXW %LW 6HWWLQJV
õVHH )LJXUH êô

0RGH
5/223
%LW 'è

//223
%LW 'ç

7$26
%LW 'æ

5/223 ì í ¤

//223 í ì í

//223 ò 7$26 í ì ì

7$26 í í ì

5(6(7 ì ì í

ï

7DEOH çã 6HULDO 'DWD 2XWSXW %LW &RGLQJ

%LW 'è %LW 'ç %LW 'æ 6WDWXV

í í í 5HVHW KDV RFFXUUHGñ RU QR SURJUDP LQSXWï õLïHïñ QRUPDO RSHUDWLRQô

í í ì 7$26 LV DFWLYHï

í ì í /RFDO /RRSEDFN LV DFWLYHï

í ì ì 7$26 DQG /RFDO /RRSEDFN DUH DFWLYHï

ì í í 5HPRWH /RRSEDFN LV DFWLYHï

,QWHUUXSW 6WDWXV

ì í ì '30 KDV FKDQJHG VWDWH VLQFH ODVW FOHDU '30 RFFXUUHGï

ì ì í /26 KDV FKDQJHG VWDWH VLQFH ODVW FOHDU /26 RFFXUUHGï

ì ì ì /26 DQG '30 KDYH ERWK FKDQJHG VWDWH VLQFH ODVW FOHDU '30 DQG FOHDU /26
RFFXUUHGï
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)LJXUH êã /;7êíæ 6,2 :ULWH 2SHUDWLRQ

)LJXUH éã /;7êíæ 6,2 5HDG 2SHUDWLRQ

&6

6&/.

6',

,1387
'$7$
%<7(

'í 'ì 'ë 'ê 'é 'è 'ç 'æ5î: $í $ì $ë $ê $é $è $ç

$''5(66î&200$1' %<7(

6'2 ð 5HPDLQV +LJK ,PSHGDQFH

'$7$ ,1387 %<7(

í í ì ;
$í

í í í í

$ç

$''5(66î
&200$1'

%<7(

&/($5 25 0$6. ,17(558376 6(7 02'( 2) 23(5$7,21 25 5(6(7

5î: $é

;  '21ö7 &$5(

/26 '30 7$26
'2 õ/6%ô

(& í í 5/223 //223
'è

ì  &/($5 ì  &/($5 ì  (1$%/(
'ç

ì  (1$%/(
'æ õ06%ô

ì  (1$%/(

&6

6&/.

6',î

/26
287387

'$7$
%<7(

'í 'ì 'ë 'ê 'é 'è 'ç 'æ5î: $í $ì $ë $ê $é $è $ç

$''5(66î&200$1' %<7(

6'2

'30 7$26

'2 õ/6%ô 'æ õ06%ô

(& í í 5/223 //223

'$7$ 287387 %<7(

ì í ì ;
$í

í í í í

$ç

$''5(66î
&200$1'

%<7(

&/($5 ,17(558376 5()(5 72 7$%/( ç

5î:

'ç'è
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)LJXUH èã /;7êíæ ,QWHUUXSW +DQGOLQJ

0DVN
,QWHUUXSWV

"

0DVN
:KLFK

,QWHUUXSWV
"

'RHV DQ
,QWHUUXSW
&RQGLWLRQ
([LVW
"

5HDG 2XWSXW 6WDWXV
:RUGó

õ%LWV 'èð'÷ 2SHUDWLQJ
0RGHô

õ1R LQWHUUXSWô
,17  +LJK 1R

5HDG 2XWSXW 6WDWXV
:RUGó

õ%LWV 'èð'æ 2SHUDWLQJô

,17  /RZ
õLQWHUUXSWô <HV

$UH
%RWK

,QWHUUXSW
&RQGLWLRQV
0DVNHG

"

1R

<HV

1R

5HDG 2XWSXW 6WDWXV :RUGó
õ%LWV 'èð'æ 2SHUDWLQJ 0RGHô

:ULWH ûìû WR 'í
RI ,QSXW 6WDWXV
:RUG WR 0DVN
/26 ,QWHUUXSW

:ULWH ûì ìû WR
'íð'ì RI ,QSXW
6WDWXV :RUG WR
0DVN /26 DQG
'30 ,QWHUUXSW

:ULWH ûìû WR 'ì
RI ,QSXW 6WDWXV
:RUG WR 0DVN
'30 ,QWHUUXSW

<HV

,17 JRHV
+,*+ï

:KDW
,QWHUUXSW
&RQGLWLRQ
([LVWV
"

:ULWH ûìû WR 'í
RI ,QSXW 6WDWXV
:RUG WR 0DVN
/26 ,QWHUUXSWï

:ULWH ûì ìû WR
'íð'ì RI ,QSXW
6WDWXV :RUG WR
0DVN '30
,QWHUUXSWï

:ULWH ûìû WR 'ì
RI ,QSXW 6WDWXV
:RUG WR 0DVN
'30 ,QWHUUXSWï

:ULWH ûíû WR 'í RI
,QSXW 6WDWXV :RUG WR

UHðHQDEOH /26
,QWHUUXSWï

:ULWH ûí íû WR 'íð'ì RI
,QSXW 6WDWXV :RUG WR

UHðHQDEOH '30
,QWHUUXSWï

:ULWH ûíû WR 'ì RI ,QSXW
6WDWXV :RUG WR
UHðHQDEOH '30

,QWHUUXSWï

:KDW
,QWHUUXSW &RQGLWLRQ

([LVWV"

5HHQDEOH
,QWHUUXSWV

"

'30/26

/26 $1' '30

ó5HJDUGOHVV RI
,QWHUUXSW 6WDWXVñ ELW 'í
LQGLFDWHV /26 VWDWXVñ
ELW 'ì LQGLFDWHV '30
VWDWXV DQG ELW 'ë

LQGLFDWHV (& VWDWXVï

ó5HJDUGOHVV RI
,QWHUUXSW 6WDWXVñ ELW 'í
LQGLFDWHV /26 VWDWXVñ
ELW 'ì LQGLFDWHV '30
VWDWXV DQG ELW 'ë

LQGLFDWHV (& VWDWXVï

'30/26

/26 $1' '30

1R

<HV

'30/26

/26 $1' '30

6WDUWðXS RU 5HVWDUW
,QWHUUXSWV (QDEOHG
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'LDJQRVWLF 0RGH 2SHUDWLRQ

7$26

6HH )LJXUHV ç DQG æï ,Q 7UDQVPLW $OO 2QHV õ7$26ô PRGHñ
WKH 7326 DQG 71(* LQSXWV WR WKH WUDQVFHLYHU DUH LJQRUHGï
7KH WUDQVFHLYHU WUDQVPLWV D FRQWLQXRXV VWUHDP RI ìV DW WKH
7&/. IUHTXHQF\ ZKHQ 7$26 LV DFWLYDWHGï 7$26 FDQ EH
FRPPDQGHG VLPXOWDQHRXVO\ ZLWK /RFDO /RRSEDFNñ EXW LV
LQKLELWHG GXULQJ 5HPRWH /RRSEDFNï

)LJXUH çã 7$26

)LJXUH æã 7$26 ZLWK //223

//223

6HH )LJXUH åï ,Q /RFDO /RRSEDFN õ//223ô PRGHñ WKH
UHFHLYHU FLUFXLWV DUH LQKLELWHGï 7KH WUDQVPLW GDWD DQG FORFN
LQSXWV õ7326ñ 71(* DQG 7&/.ô DUH ORRSHG EDFN RQWR WKH
UHFHLYH GDWD DQG FORFN RXWSXWV õ5326ñ 51(* DQG 5&/.ôï
7KH WUDQVPLWWHU FLUFXLWV DUH XQDIIHFWHGï 7KH 7326 DQG
71(* LQSXWV õRU D VWUHDP RI ìV LI WKH 7$26 FRPPDQG LV
DFWLYHô ZLOO EH WUDQVPLWWHG QRUPDOO\ï

)LJXUH åã /RFDO /RRSEDFN

5/223

6HH )LJXUH äï ,Q 5HPRWH /RRSEDFN õ5/223ô PRGHñ WKH
WUDQVPLW GDWD DQG FORFN LQSXWV õ7326ñ 71(* DQG 7&/.ô
DUH LJQRUHGï 7KH 5326 DQG 51(* RXWSXWV DUH ORRSHG EDFN
WKURXJK WKH WUDQVPLW FLUFXLWV DQG RXWSXW RQ 77,3 DQG
75,1* DW WKH 5&/. IUHTXHQF\ï 5HFHLYHU FLUFXLWV DUH XQDIð
IHFWHG E\ WKH 5/223 FRPPDQG DQG FRQWLQXH WR RXWSXW WKH
5326ñ 51(* DQG 5&/. VLJQDOV UHFHLYHG IURP WKH
WZLVWHGðSDLU OLQHï

)LJXUH äã 5HPRWH /RRSEDFN

7UDQVPLW $OO 2QHV  
//223
/RZ

5/223
/RZ

7$26
+LJK

7LPLQJ ÷
&RQWURO$

0
,

(
1
&
2
'
(
5

$
0
,

'
(
&
2
'
(
5

7LPLQJ
5HFRYHU\

õ$OO ìVô

7$26
7&/.
7326
71(*

5&/.
5326
51(*

77,3
75,1*

57,3
55,1*

7LPLQJ ÷
&RQWURO$

0
,

(
1
&
2
'
(
5

$
0
,

'
(
&
2
'
(
5

7LPLQJ
5HFRYHU\

7$26
7&/.
7326
71(*

5&/.
5326
51(*

77,3
75,1*

57,3
55,1*

7UDQVPLW $OO 2QHV  
ò //223

//223
+LJK

5/223
/RZ

7$26
+LJK

õ$OO ìVô

?

7LPLQJ ÷
&RQWURO 77,3

75,1*

$
0
,

(
1
&
2
'
(
5

$
0
,

'
(
&
2
'
(
5

7LPLQJ
5HFRYHU\

7&/.
7326
71(*

5&/.
5326
51(*

57,3
55,1*

/RFDO /RRSEDFN  //223
+LJK

5/223
/RZ

7$26
/RZ

7LPLQJ ÷
&RQWURO 77,3

75,1*

$
0
,

(
1
&
2
'
(
5

$
0
,

'
(
&
2
'
(
5

7LPLQJ
5HFRYHU\

7&/.
7326
71(*

5&/.
5326
51(*

57,3
55,1*

5HPRWH /RRSEDFN //223
/RZ

5/223
+LJK

7$26
;
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/;7êíæ /RZð3RZHU (ì ,QWHJUDWHG 6KRUWð+DXO 7UDQVFHLYHU

$SSOLFDWLRQ ,QIRUPDWLRQ

127(

7KLV DSSOLFDWLRQ LQIRUPDWLRQ LV IRU GHVLJQ DLG RQO\ï

)LJXUH ìí LV D ëïíéå 0ESV (ì ìëí Ω 7ZLVWHGð3DLU :LUH
DSSOLFDWLRQ XVLQJ (& FRGH ì DQG ìè Ω 5W UHVLVWRUV LQ OLQH
ZLWK WKH WUDQVPLW WUDQVIRUPHU WR SURYLGH KLJK UHWXUQ ORVV
DQG VXUJH SURWHFWLRQï :KHQ KLJK UHWXUQ ORVV LV QRW D FULWLFDO

IDFWRUñ D ìãì WUDQVIRUPHU ZLWKRXW LQðOLQH UHVLVWRUV SURYLGHV
PD[LPXP SRZHU VDYLQJVï 7DEOHV æ DQG å OLVW W\SLFDO UHWXUQ
ORVV ILJXUHV IRU YDULRXV WUDQVIRUPHU UDWLRVñ 5W YDOXHV DQG
WKH DVVRFLDWHG (& FRGH IRU æè Ω FRD[ DQG ìëí Ω WZLVWHGð
SDLU DSSOLFDWLRQVñ UHVSHFWLYHO\ï 7KH /;7êíæ LV VKRZQ LQ
+DUGZDUH PRGH ZLWK D JHQHUDO *ïæíé )UDPHUï 7KH KDUGð
ZLUHG FRQWURO OLQHV IRU 7$26ñ //223 DQG 5/223 DUH
LQGLYLGXDOO\ FRQWUROODEOHñ DQG WKH //223 DQG 5/223
OLQHV DUH DOVR WLHG WR D VLQJOH FRQWURO IRU WKH 5HVHW IXQFWLRQï

)LJXUH ìíã /;7êíæ ìëí Ω $SSOLFDWLRQ õ+DUGZDUH 0RGHô

V+

V+

0 V

ëïíéå 0ESV
5(&(,9(

1:1:1

ëéíΩ

LXT307
TRANSCEIVER

220 kΩ

E1/CRC4
FRAMER 100 kΩ

10 kΩ

+ 1 µF

0.1 µF

TCLK

TPOS

TNEG

RNEG

RPOS

RCLK

MCLK

TCLK

TPOS

TNEG

MODE

RNEG

RPOS

RCLK

n/c

DPM

LOS

TTIP

TGND

TAOS

LLOOP

RLOOP

n/c

EC

RGND

RV+

RRING

RTIP

MRING

MTIP

TRING

TV+

+   68 µF

ëéíΩ

1 kΩ

n/c

RT

2.048 MHz
Clock

V+

10 kΩ

Rt (15 Ω)

Rt (15 Ω)

1:2

2.048 Mbps
TRANSMIT

ì

0.47 µF

ë

127(ã
ìï &DS UHTXLUHG LI QR VHULHV
UHVLVWRU LV XVHGï

ëï 7\SLFDO YDOXH LV éæí S)â DGMXVW
IRU DFWXDO ERDUG SDUDVLWLFV WR
REWDLQ RSWLPXP UHWXUQ ORVVï



/;7êíæ /RZð3RZHU (ì ,QWHJUDWHG 6KRUWð+DXO 7UDQVFHLYHU

L1 ëðçä

ì

ê

é

è

ç

æ

å

ä

ìí

ìì

ìë

ìê

ìé

ìè

(ì &RD[LDO $SSOLFDWLRQV

)LJXUH ìì VKRZV WKH OLQH LQWHUIDFH IRU D W\SLFDO (ì FRD[LDO
õæèΩô DSSOLFDWLRQï 7KH (& FRGH VKRXOG EH VHW WR í IRU FRD[ï
:LWK äïì Ω 5W UHVLVWRUV LQ OLQH ZLWK WKH ìãë RXWSXW WUDQVð
IRUPHUVñ WKH /;7êíæ SURGXFHV ëïêæ 9 SHDN SXOVHV DV
UHTXLUHG IRU FRD[ DSSOLFDWLRQVï $ ìãìãì WUDQVIRUPHU LV XVHG
RQ WKH UHFHLYH VLGHï

)LJXUH ììã /LQH ,QWHUIDFH IRU (ì &RD[
$SSOLFDWLRQV

ï

7DEOH æã 7UDQVIRUPHU 6SHFLILFDWLRQV

3DUDPHWHU 9DOXH

7XUQV 5DWLR 7[
3ULPDU\ ,QGXFWDQFH
/HDNDJH ,QGXFWDQFH
,QWHUZLQGLQJ &DSDFLWDQFH
6HULHV 5HVLVWDQFH

ìãë õ�ëøô
ìïë P+ PLQ
íïè µ+ PD[
ëè S) PD[
ìïí Ω 35,

7DEOH åã 7UDQVIRUPHU 6HOHFWLRQ *XLGH

7UDQVIRUPHU
0DQXIDFWXUHU

3DUW
1XPEHU

7XUQV
5DWLR 'HVFULSWLRQ

3XOVH
(QJLQHHULQJ

3(çèåçì ìãë 'XDO 60'

3( çèêèì ìãë 6LQJOH WKURXJK
KROH

%HO )XVH íèèêðèííç ìãë 'XDO

6FKRWW çæìëæêæí ìãë 6LQJOH WKURXJK
KROH

0LGFRP çæìðèåêë ìãë 6LQJOH WKURXJK
KROH

/;7êíæ

75,1*

57,3

55,1*

ìãìãì5U ìèí Ω

5U ìèí Ω

(&

77,3
ìãë

5W äïì Ω

5W äïì Ω

éæí S)

7DEOH äã æè Ω 2XWSXW &RPELQDWLRQV

(& ;IPU 5DWLRì 5W 9DOXHë 5WQ /RVVê

ì ìã ì 5W  ìí Ω è G%

ì ìã ë 5W  ìéïê Ω ìí G%

í ìã ì 5W  í Ω4 íïè G%

í ìã ë 5W  äïì Ω ìå G%

ìï 7UDQVIRUPHU WXUQV UDWLR DFFXUDF\ LV �ëøï
ëï 5W YDOXHV DUH �ìøï
êï 7\SLFDO UHWXUQ ORVVñ èì N+] ð êïíæëå N+]ï
éï &DS UHTXLUHG LI QR VHULHV UHVLVWRU LV XVHGï

7DEOH ìíã ìëí Ω 2XWSXW &RPELQDWLRQV

(&
;IPU
5DWLRì 5W 9DOXHë 5WQ /RVVê

ì ìã ì 5W  í Ω4 íïè G%

ì ìã ë 5W  ìè Ω ìå G%

í ìã ë 5W  äïì Ω ìí G%

ìï 7UDQVIRUPHU WXUQV UDWLR DFFXUDF\ LV �ëøï
ëï 5W YDOXHV DUH �ìøï
êï 7\SLFDO UHWXUQ ORVVñ èì N+] ð êïíæëå N+]ï
éï &DS UHTXLUHG LI QR VHULHV UHVLVWRU LV XVHGï
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/;7êíæ /RZð3RZHU (ì ,QWHJUDWHG 6KRUWð+DXO 7UDQVFHLYHU

7HVW 6SHFLILFDWLRQV
127(

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

ï

7DEOH ììã $EVROXWH 0D[LPXP 5DWLQJV

3DUDPHWHU 6\P 0LQ 0D[ 8QLWV

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

,QSXW YROWDJHñ DQ\ SLQì 9,1 5*1' ð íïê 59ò ò íïê 9

,QSXW FXUUHQWñ DQ\ SLQë ,,1 ðìí ìí P$

6WRUDJH WHPSHUDWXUH 767* ðçè ìèí �&

&$87,21
2SHUDWLRQV DW RU EH\RQG WKHVH OLPLWV PD\ UHVXOW LQ SHUPDQHQW GDPDJH WR WKH GHYLFHï

1RUPDO RSHUDWLRQ LV QRW JXDUDQWHHG DW WKHVH H[WUHPHVï

ìï ([FOXGLQJ 57,3 DQG 55,1* ZKLFK PXVW VWD\ EHWZHHQ ðç9 DQG õ59ò ò íïêô 9ï
ëï 7UDQVLHQW FXUUHQWV RI XS WR ìíí P$ ZLOO QRW FDXVH 6&5 ODWFK XSï 77,3ñ 75,1*ñ 79ò DQG 7*1' FDQ ZLWKVWDQG D FRQWLQXRXV FXUUHQW RI ìíí P$ï

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

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

'& 6XSSO\ì 59òñ 79ò éïæè èïí èïëè 9

$PELHQW RSHUDWLQJ WHPSHUDWXUH 7$ ðéí ëè åè � &

ìï 79ò PXVW QRW H[FHHG 59ò E\ PRUH WKDQ íïê 9ï

7DEOH ìêã (OHFWULFDO &KDUDFWHULVWLFV õ2YHU UHFRPPHQGHG RSHUDWLQJ FRQGLWLRQVô

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

7RWDO SRZHU GLVVLSDWLRQìñ ë æè Ω õ(&  íô 3' ¤ ëçí êëí P: èíø ìV GHQVLW\

ìëí Ω õ(&  ìô 3' ¤ ëæí êëí P:

7RWDO SRZHU FRQVXPSWLRQê ìëí Ω õ(&  ìô 3' ¤ éíí 7ï%ï'ï P: ìííø ìV GHQVLW\

+LJK OHYHO LQSXW YROWDJHé õSLQV ìðèñ ëêô 9,+ ëïí ¤ ¤ 9

/RZ OHYHO LQSXW YROWDJHé õSLQV ìðèñ ëêô 9,/ ¤ ¤ íïå 9

+LJK OHYHO RXWSXW YROWDJHéñ è õSLQV çðåñ ììñ
ìëñ ëêñ ëèô

92+ ëïé ¤ ¤ 9 ,287  ðéíí µ$

/RZ OHYHO RXWSXW YROWDJHéñ è õSLQV çðåñ ììñ
ìëñ ëêñ ëèô

92/ ¤ ¤ íïé 9 ,287  ìïç P$

,QSXW OHDNDJH FXUUHQWç ,// í ¤ �ìí µ$
7KUHHðVWDWH OHDNDJH FXUUHQW õSLQ ëèô ,ê/ í ¤ �ìí µ$

ìï 'HYLFH SRZHU GLVVLSDWLRQ ZKLOH GULYLQJ D æè RU ìëí Ω ORDG RYHU RSHUDWLQJ WHPSHUDWXUH UDQJHï 'LJLWDO LQSXW OHYHOV DUH ZLWKLQ ìíø RI WKH VXSSO\ UDLOV
DQG GLJLWDO RXWSXWV DUH GULYLQJ D èí S) FDSDFLWLYH ORDGï 5W  í Ωâ WUDQVIRUPHU UDWLR  ìãìï

ëï *XDUDQWHHG E\ GHVLJQ DQG RWKHU FRUUHODWLRQ PHWKRGVï
êï 3RZHU FRQVXPSWLRQ ZKLOH GULYLQJ D çí Ω HIIHFWLYH ORDGï ,QFOXGHV GHYLFH DQG ORDGï 5W  ìè Ωâ WUDQVIRUPHU UDWLR  ìãëâ (&  ìï
éï )XQFWLRQDOLW\ RI SLQ ëê GHSHQGV RQ PRGHï 6HH +RVWî+DUGZDUH 0RGH 'HVFULSWLRQVï
èï 2XWSXW GULYHUV ZLOO RXWSXW &026 ORJLF OHYHOV LQWR &026 ORDGVï
çï ([FHSW 07,3 DQG 05,1* ,//  �èí µ$ï
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ìí
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ìè

7DEOH ìéã $QDORJ &KDUDFWHULVWLFV õ2YHU UHFRPPHQGHG RSHUDWLQJ FRQGLWLRQVô

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

$0, RXWSXW SXOVH
DPSOLWXGHV

æè Ω ëïìé ëïêæ ëïç 9 *ïæíê

ìëí Ω ëïæ êïí êïê 9 *ïæíê

3HDN YROWDJH RI D
VSDFH

æè Ω ðíïëêæ í òíïëêæ 9

ìëí Ω ðíïê í òíïê 9

5DWLR RI WKH ZLGWKV RI SRVLWLYH DQG QHJDWLYH
SXOVHV DW WKH QRPLQDO KDOI DPSOLWXGH

äè ¤ ìíè ø

5DWLR RI WKH DPSOLWXGHV RI SRVLWLYH DQG QHJDWLYH
SXOVHV DW WKH FHQWHU RI WKH SXOVH LQWHUYDO

äè ¤ ìíè %

5HFRPPHQGHG RXWSXW ORDG DW 77,3 DQG 75,1* ¤ æè ¤ Ω

'ULYHU RXWSXW LPSHGDQFHé ê ìí Ω

'ULYHU VKRUW FLUFXLW FXUUHQWë èí P$

-LWWHU DGGHG E\ WKH
WUDQVPLWWHU

ìí +] ð å N+]é ¤ ¤ íïíì 8, *ïåëê

ìå N+] ð ìíí N+]é ¤ ¤ íïíëè 8, *ïåëê

ëí +] ð ìíí N+]é ¤ ¤ íïíëè 8, *ïåëê

%URDG %DQGê ¤ íïíëè íïíèí 8,

5HFHLYHU VHQVLWLYLW\ õí G%  ëïé 9ô ìêïç ¤ ¤ G%

èíí ¤ ¤ P9

5HFHLYHU LQSXW LPSHGDQFH ¤ éí ¤ NΩ

6LJQDO WR LQWHUIHUHQFH UDWLR õ)(;7ôé ìè ¤ ¤ G% *ïæíêñ 2ïìèì

,QSXW MLWWHU WROHUDQFH ìå N+] ð ìíí N+] íïé ¤ ¤ 8, *ïåëê

/RVV RI 6LJQDO WKUHVKROG ¤ ëí ¤ G% EHORZ QRPLQDO

'DWD GHFLVLRQ WKUHVKROGé éê èí èæ ø SHDN

$OORZDEOH FRQVHFXWLYH ]HURV EHIRUH /26é ìçí ìæè ìäí ¤ *ïææè

/26 UHVHW WUDQVLWLRQ ZLQGRZé
¤ êë ¤ ELW IRXU WUDQVLWLRQV

7UDQVPLW 5HFHLYH

0LQ 7\Sì 0LQ 7\Sì

0LQLPXP UHWXUQ
ORVVé

èì +] ¤ ìíë N+] ìå ëí ëí ¤ G% '\QDPLF FRQGLð
WLRQV SHU
(76 êíí ìçç DQG
,78 *ïæíêï
6HH )LJXUHV ìíñ ììï

ìíë N+] ¤ëïíéå 0+] ìå ëí ëí ¤ G%

ëïíéå 0+] ¤ êïíæë 0+] ìå ëí ëí ¤ G%

ìï 7\SLFDO YDOXHV DUH PHDVXUHG DW ëè °& DQG DUH IRU GHVLJQ DLG RQO\ï 1RW JXDUDQWHHG RU VXEMHFW WR SURGXFWLRQ WHVWLQJï
ëï 3HU 2)7(/ 275ðííìî%$%7 %6éçèí ZLWK ìè Ω WHUPLQDWLRQ UHVLVWRUV DQG D ìãë WUDQVPLW WUDQVIRUPHU RQ D íïè Ω WHVW ORDGï
êï ,QSXW VLJQDO WR 7&/. LV MLWWHUðIUHHï
éï *XDUDQWHHG E\ GHVLJQ RU RWKHU FRUUHODWLRQ PHWKRGVï
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)LJXUH ìëã ëïíéå 0ESV 3XOVH 0DVN 7HPSODWH

7DEOH ìèã 5HFHLYH 7LPLQJ &KDUDFWHULVWLFV õ2YHU UHFRPPHQGHG RSHUDWLQJ FRQGLWLRQVô

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

5HFHLYH FORFN GXW\ F\FOH 5&/.G éí ¤ çí ø

5HFHLYH FORFN SXOVH ZLGWK W3: ¤ ëéé ¤ QV

5326î51(* WR 5&/. ULVð
LQJ VHWXS WLPH

W685 ¤ ìäé ¤ QV

5&/. ULVLQJ WR 5326î
51(* KROG WLPH

W+5 ¤ ìäé ¤ QV

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

ëíø

íø

õëééðëèô
ëìä QV

ëéé QV

120,1$/ 38/6(

éåå QV
õëééòëééô

ìí
ø

èíø

ìäé QV

ëçä QV
õëééòëèô

ìí
ø

õëééð èíô

ìí
ø

ìí
ø

ìí
ø

ìí
ø

ëí
ø

ëí
ø

9  ìííø
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)LJXUH ìêã /;7êíæ 5HFHLYH &ORFN 7LPLQJ

)LJXUH ìéã /;7êíæ 7UDQVPLW &ORFN 7LPLQJ

7DEOH ìçã 7UDQVPLW 7LPLQJ &KDUDFWHULVWLFV õRYHU UHFRPPHQGHG RSHUDWLQJ FRQGLWLRQVô

3DUDPHWHU 6\P 0LQ 7\Sì 0D[ 8QLWV

0DVWHU FORFN IUHTXHQF\ 0&/. ¤ ëïíéå ¤ 0+]

0DVWHU FORFN WROHUDQFH 0&/.W ¤ �ìíí ¤ SSP

0DVWHU FORFN GXW\ F\FOH 0&/.G éí ¤ çí ø

7UDQVPLW FORFN IUHTXHQF\ 7&/. ¤ ëïíéå ¤ 0+]

7UDQVPLW FORFN WROHUDQFH 7&/.W ¤ �èí ¤ SSP

7UDQVPLW FORFN GXW\ F\FOH 7&/.G ìí ¤ äí ø

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

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

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

W3: W3:

W685 W+5

+267 02'(

&/.(  ì

+267 02'(

&/.(  í ÷

+î: 02'(

5&/.

5326

51(*

5326

51(*

W685 W+5

t SUT t HT

TCLK

TPOS

TNEG
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)LJXUH ìèã /;7êíæ 6HULDO 'DWD ,QSXW 7LPLQJ 'LDJUDP

7DEOH ìæã 6HULDO ,î2 7LPLQJ &KDUDFWHULVWLFV õ2YHU UHFRPPHQGHG RSHUDWLQJ FRQGLWLRQVô

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

5LVH WLPH ð DQ\ GLJLWDO RXWSXW W5 ¤ ¤ ìíí QV /RDG ìïç P$ñ èí S)

)DOO WLPH ð DQ\ GLJLWDO RXWSXW W) ¤ ¤ ìíí QV /RDG ðéíí µ$ñ èí S)

6', WR 6&/. VHWXS WLPH W'& èí ¤ ¤ QV

6&/. WR 6', KROG WLPH W&'+ èí ¤ ¤ QV

6&/. ORZ WLPH W&/ ëéí ¤ ¤ QV

6&/. KLJK WLPH W&+ ëéí ¤ ¤ QV

6&/. ULVH DQG IDOO WLPH W5ñ W) ¤ èí QV

CS WR 6&/. VHWXS WLPH W&& èí ¤ ¤ QV

6&/. WR CSKROG WLPH W&&+ èí ¤ ¤ QV

CS LQDFWLYH WLPH W&:+ ëèí ¤ ¤ QV

6&/. WR 6'2 YDOLG W&'9 ¤ ¤ ëíí QV

6&/. IDOOLQJ HGJH RU CSULVLQJ
HGJH WR 6'2 KLJK =

W&'= ¤ ìíí ¤ QV

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

&6
W&:+

W&&+

W&/
W&+

W&&
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