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		 '$7$ 6+((7
$35,/ iaac
5(9,6,21 iii
/;7eiae
/RZ3RZHU (i ,QWHJUDWHG 6KRUW+DXO 7UDQVFHLYHU
*HQHUDO 'HVFULSWLRQ
7KH /;7eiae LV D IXOO\ LQWHJUDWHG ORZSRZHU WUDQVFHLYHU RSWLPL]HG IRU *iaeie eiiea 0ESV o(io DSSOLFDWLRQVi ,W IHD WXUHV D FRQVWDQW ORZ RXWSXW LPSHGDQFH WUDQVPLWWHU DOORZLQJ IRU KLJK WUDQVPLWWHU UHWXUQ ORVVi 7UDQVPLW SXOVH DPSOLWXGHV DUH VHOHFWDEOH IRU YDULRXV FDEOH W\SHVi ,W LV GHVLJQHG WR H[FHHG WKH ODWHVW LQWHUQDWLRQDO VSHFLILFDWLRQVn LQFOXGLQJ *iaeaee DQG (76 eii icci 7KH /;7eiae LV PLFURSURFHVVRU FRQWUROODEOH WKURXJK D VHULDO LQWHUIDFHi ,W FDQ DOVR EH FRQWUROOHG WKURXJK LQGLYLGXDO SLQV LQ +DUGZDUH 0RGHi 7KH /;7eiae RIIHUV D YDULHW\ RI GLDJQRVWLF IHDWXUHVn LQFOXGLQJ WUDQVPLW DQG UHFHLYH PRQLWRULQJi 7KH GHYLFH UHTXLUHV D VLQJOH eiiea 0+] FORFN UHIHUHQFH IRU WKH RQ FKLS KLJK SHUIRUPDQFH FORFN UHFRYHU\ V\VWHPi ,W XVHV DQ DGYDQFHG GRXEOHSRO\n GRXEOHPHWDO &026 SURFHVV DQG UHTXLUHV RQO\ D VLQJOH eYROW SRZHU VXSSO\i
)HDWXUHV
 /RZ SRZHU GLVVLSDWLRQ eci P: W\SLFDO  &RQVWDQW ORZ RXWSXW LPSHGDQFH WUDQVPLWWHU UHJDUG OHVV RI GDWD SDWWHUQ oe  W\SLFDOo  /RZ VSHHG UHIHUHQFH FORFN WR UHGXFH 3& ERDUG QRLVH FRXSOLQJ  'ULYHU VKRUW FLUFXLW FXUUHQW OLPLWHG WR ei P$ SHU 2)7(/i%$%7 UHFRPPHQGDWLRQV  aeeiiei  2SHUDWLRQ ZLWKRXW FRPSRQHQW FKDQJHV  7UDQVPLW DQG UHFHLYH UHWXUQ ORVV H[FHHGV (76, (76 eii icc DQG *iaeie  0HHWV RU H[FHHGV DOO ,78 VSHFLILFDWLRQV LQFOXGLQJ *iaeien *iaee oieiaeo DQG *iaeaee  &RPSDWLEOH ZLWK PRVW SRSXODU 3&0 IUDPHUV  /LQH GULYHUn GDWD UHFRYHU\ DQG FORFN UHFRYHU\ IXQF WLRQV  0LQLPXP UHFHLYH VLJQDO RI eii P9  3URJUDPPDEOH WUDQVPLW DPSOLWXGH IRU aee  DQG iei  RSHUDWLRQ ZLWKRXW FRPSRQHQW FKDQJHV  /RFDO DQG UHPRWH ORRSEDFN IXQFWLRQV  7UDQVPLW SHUIRUPDQFH PRQLWRU ZLWK '30 GHWHFWLQJ VLQJOH OLQH VKRUWV IRU LPSURYHG UHOLDELOLW\  $QDORJiGLJLWDO /26 PRQLWRU SHU *iaeaee  5HFHLYHU MLWWHU WROHUDQFH iie 8, IURP ei N+] WR iii N+]  6HULDO &RQWURO ,QWHUIDFH  $YDLODEOH LQ eaSLQ ',3 RU 3/&&
i e e e c ae a a ii ii ie ie ie ie
$SSOLFDWLRQV
 3&0 *iaeie ,QWHUIDFHV  (i PXOWLSOH[HU  'LJLWDO $FFHVV DQG &URVVFRQQHFW 6\VWHPV o'$&6o  *iaeie 7UXQN OLQH FDUGV IRU 3XEOLF 6ZLWFKLQJ 6\VWHPV DQG 3$%;  +LJKVSHHG GDWD WUDQVPLVVLRQ OLQHV
/;7eiae %ORFN 'LDJUDP
L1
eeae
/;7eiae /RZ3RZHU (i ,QWHJUDWHG 6KRUW+DXO 7UDQVFHLYHU
)LJXUH ia 3LQ $VVLJQPHQWV
0&/. 7&/. 7326 71(* 02'( 51(* 5326 5&/. 57 QiF '30 /26 77,3 7*1' e e c ae a a ii ii ie ie ie ie ic /;7eiae3( e e i ea eae ec ee ee ee ee ei ei ia iae ia &/.(i7$26 6&/.i//223 &6i5/223 6'2i*1' 6',i*1' ,17i(& 5*1' 59o 55,1* 57,3 05,1* 07,3 75,1* 79o
0&/. 7&/. 7326 71(* 02'( 51(* 5326 5&/. 57 QiF '30 /26 77,3 7*1'
i e e e e c ae a a ii ii ie ie ie
ea eae ec ee ee ee ee ei ei ia ia iae ic ie
&/.(i7$26 6&/.i//223 &6i5/223 6'ii*1' 6',i*1' ,17i(& 5*1' 59o 55,1* 57,3 05,1* 07,3 75,1* 79o
eaSLQ ',3
/;7eiae1(
eaSLQ 3/&&
7DEOH ia 3LQ $VVLJQPHQWV DQG 6LJQDO 'HVFULSWLRQV
3LQ u i e e e e 6\P 0&/. 7&/. 7326 71(* 02'( ,i2i ', ', ', ', ', 'HVFULSWLRQ 0DVWHU &ORFNi $ eiiea 0+] FORFN LQSXW XVHG WR JHQHUDWH LQWHUQDO FORFNVi 8SRQ /RVV RI 6LJQDO o/26on 5&/. LV GHULYHG IURP 0&/.i 7UDQVPLW &ORFNi 7UDQVPLW FORFN LQSXWi 7326 DQG 71(* DUH VDPSOHG RQ WKH IDOOLQJ HGJH RI 7&/.i ,I 7&/. LV QRW VXSSOLHGn WKH WUDQVPLWWHU UHPDLQV SRZHUHG GRZQi 7UDQVPLW 3RVLWLYH 'DWDi ,QSXW IRU WKH SRVLWLYH SXOVH WR EH WUDQVPLWWHG RQ WKH OLQHi 7UDQVPLW 1HJDWLYH 'DWDi ,QSXW IRU WKH QHJDWLYH SXOVH WR EH WUDQVPLWWHG RQ WKH OLQHi 0RGH 6HOHFWi 6HWWLQJ 02'( +LJK SXWV WKH /;7eiae LQ WKH +RVW 0RGHi ,Q WKH +RVW 0RGHn WKH VHULDO LQWHUIDFH LV XVHG WR FRQWURO WKH /;7eiae DQG GHWHUPLQH LWV VWDWXVi 6HWWLQJ 02'( /RZ SXWV WKH /;7eiae LQ WKH +DUGZDUH o+i:o PRGHi ,Q WKH +DUGZDUH PRGH WKH VHULDO LQWHUIDFH LV GLVDEOHG DQG KDUGZLUHG SLQV DUH XVHG WR FRQWURO FRQILJXUDWLRQ DQG UHSRUW VWDWXVi 5HFHLYH 1HJDWLYH 'DWDa 5HFHLYH 3RVLWLYH 'DWDi 5HFHLYHG GDWD RXWSXWVi $ VLJQDO RQ 51(* FRUUHVSRQGV WR UHFHLSW RI D QHJDWLYH SXOVH RQ 57,3 DQG 55,1*i $ VLJQDO RQ 5326 FRUUHVSRQGV WR UHFHLSW RI D SRVLWLYH SXOVH RQ 57,3 DQG 55,1*i 51(* DQG 5326 RXWSXWV DUH 1RQ5HWXUQWR=HUR o15=oi ,Q WKH +RVW PRGHn &/.( GHWHUPLQHV WKH FORFN HGJH DW ZKLFK WKHVH RXWSXWV DUH VWDEOH DQG YDOLGi ,Q WKH +DUGZDUH PRGHn ERWK RXWSXWV DUH VWDEOH DQG YDOLG RQ WKH ULVLQJ HGJH RI 5&/.i 5HFRYHUHG &ORFNi 7KLV LV WKH FORFN UHFRYHUHG IURP WKH VLJQDO UHFHLYHG DW 57,3 DQG 55,1*i 5HVLVWRU 7HUPLQDWLRQi &RQQHFW WR 59o WKURXJK D i N UHVLVWRUi
'LJLWDO ,QSXWa '2 'LJLWDO 2XWSXWa $, $QDORJ ,QSXWa $2 $QDORJ 2XWSXWa 6 6XSSO\i
c ae
51(* 5326
'2 '2
a a
5&/. 57
'2 $,
ii (QWULHV LQ ,i2 FROXPQ DUHa ',
eea
L1
/;7eiae /RZ3RZHU (i ,QWHJUDWHG 6KRUW+DXO 7UDQVFHLYHU
7DEOH ia 3LQ $VVLJQPHQWV DQG 6LJQDO 'HVFULSWLRQV  FRQWLQXHG
3LQ u ii ii 6\P 1i& '30 ,i2i  '2 1R FRQQHFWLRQi 'ULYHU 3HUIRUPDQFH 0RQLWRUi '30 JRHV +LJK ZKHQ WKH WUDQVPLW PRQLWRU o07,3 DQG 05,1*o GRHV QRW GHWHFW D VLJQDO IRU cee FORFN SHULRGVi '30 UHPDLQV +LJK XQWLO D VLJQDO LV GHWHFWHGi ,W LV UHVHW WR /RZ ZLWK WKH ILUVW WUDQVLWLRQ RQ 07,3 DQG 05,1*i /RVV RI 6LJQDOi /26 JRHV +LJK ZKHQ WKH VLJQDO IDOOV EHORZ ei G% EHORZ QRPLQDO IRU PRUH WKDQ iaee FRQVHFXWLYH ELW SHULRGVi /26 UHWXUQV /RZ ZKHQ WKH UHFHLYHG VLJQDO GHWHFWV e WUDQVLWLRQV LQ DQ\ eeELW ZLQGRZ oieieo iV GHQVLW\o ZLWK QR PRUH WKDQ ie FRQVHFXWLYH iVi 7UDQVPLW 7LSa 7UDQVPLW 5LQJi 'LIIHUHQWLDO 'ULYHU 2XWSXWVi 7KHVH ORZLPSHGDQFH RXW SXWV DFKLHYH KLJK UHWXUQ ORVV ZLWK UHVLVWRUV XVHG LQ VHULHV ZLWK D WUDQVIRUPHU DV VSHFLILHG LQ 7DEOHV a DQG iii 7UDQVPLW *URXQGi *URXQG UHWXUQ IRU WKH WUDQVPLW GULYHUV SRZHU VXSSO\ 79oi 7UDQVPLW 3RZHU 6XSSO\i oe 9'& SRZHU VXSSO\ LQSXW IRU WKH WUDQVPLW GULYHUVi 79o PXVW QRW YDU\ IURP 59o E\ PRUH WKDQ `iie 9 GXULQJ DOO RSHUDWLQJ FRQGLWLRQV LQFOXGLQJ VWDUWXSi 0RQLWRU 7LSa 0RQLWRU 5LQJi 7KHVH SLQV DUH XVHG WR PRQLWRU WKH 77,3 DQG 75,1* WUDQV PLW RXWSXWVi 7KH WUDQVFHLYHU FDQ EH FRQQHFWHG WR PRQLWRU LWV RZQ RXWSXW RU WKH RXWSXW RI DQRWKHU /;7eiae RQ WKH ERDUGi 7R SUHYHQW IDOVH LQWHUUXSWV LQ WKH KRVW PRGH LI WKH PRQLWRU LV QRW XVHGn DSSO\ D FORFN VLJQDO WR RQH RI WKH PRQLWRU SLQV DQG WLH WKH RWKHU PRQLWRU SLQ WR DSSUR[LPDWHO\ WKH FORFN(c)V PLGUDQJH YROWDJHi 7KH PRQLWRU FORFN FDQ UDQJH IURP iii N+] WR WKH 7&/. IUHTXHQF\i 5HFHLYH 7LSa 5HFHLYH 5LQJi 7KH $0, VLJQDO UHFHLYHG IURP WKH OLQH LV DSSOLHG DW WKHVH SLQVi $ FHQWHUWDSSHGn FHQWHUJURXQGHGn eai VWHSXS WUDQVIRUPHU IRU aee  DQG iei  LV UHTXLUHG RQ WKHVH SLQVi 'DWD DQG FORFN IURP WKH VLJQDO DSSOLHG DW WKHVH SLQV DUH UHFRYHUHG DQG RXWSXW RQ WKH 5326i51(* DQG 5&/. SLQVi 5HFHLYH 3RZHU 6XSSO\i oe 9'& SRZHU VXSSO\ IRU DOO FLUFXLWV H[FHSW WKH WUDQVPLW GULYHUVi o7UDQVPLW GULYHUV DUH VXSSOLHG E\ 79oio 5HFHLYH *URXQGi *URXQG UHWXUQ IRU SRZHU VXSSO\ 59oi ,QWHUUXSW o+RVW 0RGHoi 7KLV /;7eiae +RVW PRGH RXWSXW JRHV /RZ WR IODJ WKH KRVW SUR FHVVRU ZKHQ /26 RU '30 JR DFWLYHi INT LV DQ RSHQGUDLQ RXWSXW DQG VKRXOG EH WLHG WR SRZHU VXSSO\ 59o WKURXJK D UHVLVWRUi INT LV UHVHW E\ FOHDULQJ WKH UHVSHFWLYH UHJLVWHU ELW o/26 DQGiRU '30oi (TXDOL]HU &RQWURO o+i: 0RGHoi 7KH VLJQDO DSSOLHG DW WKLV SLQ LQ WKH /;7eiae +DUGZDUH PRGH LV XVHG WR GHWHUPLQH WKH DPSOLWXGH RI $0, RXWSXW WUDQVPLW SXOVHVi 6HULDO 'DWD ,Q o+RVW 0RGHoi 7KH VHULDO GDWD LQSXW VWUHDP LV DSSOLHG WR WKLV SLQ ZKHQ WKH /;7eiae RSHUDWHV LQ WKH +RVW PRGHi 6', LV VDPSOHG RQ WKH ULVLQJ HGJH RI 6&/.i *1' o+i: 0RGHoi 6LJQDO JURXQGi 6HULDO 'DWD 2XW o+RVW 0RGHoi 7KH VHULDO GDWD IURP WKH RQFKLS UHJLVWHU LV RXWSXW RQ WKLV SLQ LQ WKH /;7eiae +RVW PRGHi ,I &/.( LV +LJKn 6'2 LV YDOLG RQ WKH ULVLQJ HGJH RI 6&/.i ,I &/.( LV /RZn 6'2 LV YDOLG RQ WKH IDOOLQJ HGJH RI 6&/.i 7KLV SLQ JRHV WR D KLJKLPSHG DQFH VWDWH ZKHQ WKH VHULDO SRUW LV EHLQJ ZULWWHQ WR DQG ZKHQ CS LV +LJKi *1' o+i: 0RGHoi 6LJQDO JURXQGi
'LJLWDO ,QSXWa '2 'LJLWDO 2XWSXWa $, $QDORJ ,QSXWa $2 $QDORJ 2XWSXWa 6 6XSSO\i
'HVFULSWLRQ
i e e e c ae a a ii ii ie ie ie ie
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*1'
',
ii (QWULHV LQ ,i2 FROXPQ DUHa ',
L1
eea
/;7eiae /RZ3RZHU (i ,QWHJUDWHG 6KRUW+DXO 7UDQVFHLYHU
7DEOH ia 3LQ $VVLJQPHQWV DQG 6LJQDO 'HVFULSWLRQV  FRQWLQXHG
3LQ u ec 6\P CS ,i2i ', 'HVFULSWLRQ &KLS 6HOHFW o+RVW 0RGHoi 7KLV LQSXW LV XVHG WR DFFHVV WKH VHULDO LQWHUIDFH LQ WKH /;7eiae +RVW PRGHi )RU HDFK UHDG RU ZULWH RSHUDWLRQn CS PXVW WUDQVLWLRQ IURP +LJK WR /RZn DQG UHPDLQ /RZi 5HPRWH /RRSEDFN o+i: 0RGHoi 7KLV LQSXW FRQWUROV ORRSEDFN IXQFWLRQV LQ WKH /;7eiae +DUGZDUH PRGHi 6HWWLQJ 5/223 WR D ORJLF + HQDEOHV WKH 5HPRWH /RRSEDFN PRGHi 6HWWLQJ ERWK 5/223 DQG //223 +LJK FDXVHV D 5HVHWi 6HULDO &ORFN o+RVW 0RGHoi 7KLV FORFN LV XVHG LQ WKH /;7eiae +RVW PRGH WR ZULWH GDWD WR RU UHDG GDWD IURP WKH VHULDO LQWHUIDFH UHJLVWHUVi /RFDO /RRSEDFN o+i: 0RGHoi 7KLV LQSXW FRQWUROV ORRSEDFN IXQFWLRQV LQ WKH /;7eiae +DUGZDUH PRGHi 6HWWLQJ //223 +LJK HQDEOHV WKH /RFDO /RRSEDFN 0RGHi &ORFN (GJH o+RVW 0RGHoi 6HWWLQJ &/.( +LJK FDXVHV 5326 DQG 51(* WR EH YDOLG RQ WKH IDOOLQJ HGJH RI 5&/.n DQG 6'2 WR EH YDOLG RQ WKH ULVLQJ HGJH RI 6&/.i :KHQ &/.( LV /RZn 5326 DQG 51(* DUH YDOLG RQ WKH ULVLQJ HGJH RI 5&/.n DQG 6'2 LV YDOLG RQ WKH IDOO LQJ HGJH RI 6&/.i 7UDQVPLW $OO 2QHV o+i: 0RGHoi :KHQ VHW +LJKn 7$26 FDXVHV WKH /;7eiae o+DUGZDUH PRGHo WR WUDQVPLW D FRQWLQXRXV VWUHDP RI PDUNV DW WKH 7&/. IUHTXHQF\i $FWLYDWLQJ 7$26 FDXVHV 7326 DQG 71(* LQSXWV WR EH LJQRUHGi 7$26 LV LQKLELWHG GXULQJ 5HPRWH /RRS EDFNi
'LJLWDO ,QSXWa '2 'LJLWDO 2XWSXWa $, $QDORJ ,QSXWa $2 $QDORJ 2XWSXWa 6 6XSSO\i
5/223
',
eae
6&/. //223
', ', ',
ea
&/.(
7$26
',
ii (QWULHV LQ ,i2 FROXPQ DUHa ',
eci
L1
/;7eiae /RZ3RZHU (i ,QWHJUDWHG 6KRUW+DXO 7UDQVFHLYHU
)XQFWLRQDO 'HVFULSWLRQ
7KH /;7eiae LV D IXOO\ LQWHJUDWHG 3&0 WUDQVFHLYHU IRU *iaeie eiiea 0ESV o(io DSSOLFDWLRQVi $ VLPSOLILHG EORFN GLDJUDP RI WKH WUDQVFHLYHU DSSHDUV RQ SDJH ii 7KH /;7eiae DOORZV IXOOGXSOH[ WUDQVPLVVLRQ RI GLJLWDO GDWD RYHU H[LVWLQJ WZLVWHGSDLU RU FRD[ LQVWDOODWLRQVi ,W LQWHUIDFHV ZLWK WZR OLQHVn RQH IRU UHFHLYHn RQH IRU WUDQVPLWi
SURYLGHG WR WKH GDWD VOLFHUV DV D WKUHVKROG OHYHO WR HQVXUH RSWLPXP VLJQDOWRQRLVH UDWLRi 7KH WKUHVKROG LV eio DQG LV PDLQWDLQHG RYHU WKH ZKROH LQSXW UDQJHi 7KH UHFHLYHU LV FDSDEOH RI DFFXUDWHO\ UHFRYHULQJ VLJQDOV ZLWK XS WR ieic G% RI DWWHQXDWLRQ oIURP eie 9on FRUUH VSRQGLQJ WR D UHFHLYHG VLJQDO OHYHO RI DSSUR[LPDWHO\ eii P9i 5HJDUGOHVV RI UHFHLYHG VLJQDO OHYHOn WKH SHDN GHWHFWRUV DUH KHOG DERYH D PLQLPXP OHYHO RI iie 9 WR SURYLGH LPPX QLW\ IURP LPSXOVLYH QRLVHi $IWHU SURFHVVLQJ WKURXJK WKH GDWD VOLFHUVn WKH UHFHLYHG VLJ QDO LV URXWHG WR WKH GDWD DQG FORFN UHFRYHU\ VHFWLRQVn DQG WR WKH UHFHLYH PRQLWRUi 7KH GDWD DQG FORFN UHFRYHU\ FLUFXLWV DUH KLJKO\ WROHUDQW ZLWK DQ LQSXW MLWWHU WROHUDQFH VLJQLIL FDQWO\ EHWWHU WKDQ UHTXLUHG E\ *iaeen DV VKRZQ LQ )LJXUH iaei 5HFRYHUHG FORFN VLJQDOV DUH VXSSOLHG WR WKH GDWD ODWFKi 5HFRYHUHG GDWD LV RXWSXW DW 5326 DQG 51(*n DQG WKH UHFRYHUHG FORFN LV RXWSXW DW 5&/.i 5HIHU WR 7DEOH ie DQG )LJXUH ie IRU /;7eiae UHFHLYHU WLPLQJi
i e e e c ae a a ii ii ie ie ie ie
3RZHU 5HTXLUHPHQWV
7KH /;7eiae LV D ORZSRZHU &026 GHYLFHi ,W RSHUDWHV IURP D VLQJOH oe 9 SRZHU VXSSO\ ZKLFK FDQ EH FRQQHFWHG H[WHUQDOO\ WR ERWK WKH WUDQVPLWWHU DQG UHFHLYHUi +RZHYHUn WKH WZR LQSXWV PXVW EH ZLWKLQ `iie 9 RI HDFK RWKHUn DQG GHFRXSOHG VHSDUDWHO\ WR WKHLU UHVSHFWLYH JURXQGVi ,VRODWLRQ EHWZHHQ WUDQVPLW DQG UHFHLYH FLUFXLWV LV SURYLGHG LQWHU QDOO\i 'XULQJ QRUPDO RSHUDWLRQn DQG //223n WKH WUDQVPLW WHU SRZHUV GRZQ LI 7&/. LV QRW VXSSOLHGi 7KH WUDQVPLWWHU DOVR SRZHUV GRZQ GXULQJ 7$26 RSHUDWLRQ LI 7&/. LV QRW VXSSOLHGi
/RVV RI 6LJQDO 3URFHVVRU
'HFODULQJ WKH /26 &RQGLWLRQ
5HFRPPHQGDWLRQ *iaeaee GHILQHV EDVLF FULWHULD IRU GHWHFWLRQ DQG FOHDUDQFH RI /RVV RI 6LJQDO o/26o GHIHFWVi /;7eiae XVHV D GLJLWDODQGDQDORJ GHWHFWLRQ VFKHPH WR FRPSO\ ZLWK *iaeaeei ,I WKH VLJQDO OHYHO IDOOV EHORZ ei G% W\SLFDOn WKH /;7eiae EHJLQV WR FRXQW FRQVHFXWLYH ELW WLPHV DQG GHFODUHV /26 DIWHU DSSUR[LPDWHO\ iaee oici WR iaio FRQVHFXWLYH ]HURVi 5HIHU WR 7DEOH ei
5HVHW 2SHUDWLRQ
8SRQ SRZHU XSn WKH WUDQVFHLYHU LV KHOG VWDWLF XQWLO WKH SRZHU VXSSO\ UHDFKHV DSSUR[LPDWHO\ e 9i 8SRQ FURVVLQJ WKLV WKUHVKROGn WKH GHYLFH EHJLQV D ee PV UHVHW F\FOH WR FDO LEUDWH WKH WUDQVPLW DQG UHFHLYH GHOD\ OLQHV DQG ORFNV WKH 3KDVH /RFN /RRS WR WKH UHFHLYH OLQHi $ UHIHUHQFH FORFN LV UHTXLUHG WR FDOLEUDWH WKH GHOD\ OLQHV 7KH WUDQVPLWWHU UHIHU HQFH LV SURYLGHG E\ 7&/.i 0&/. LV XVHG DV WKH UHFHLYHU UHIHUHQFH FORFNi 7KH WUDQVFHLYHU FDQ DOVR EH UHVHW IURP WKH +RVW RU +DUG ZDUH PRGHi ,Q +RVW PRGHn UHVHW LV FRPPDQGHG E\ VLPXOWD QHRXVO\ ZULWLQJ 5/223 DQG //223 WR WKH UHJLVWHUi ,Q +DUGZDUH PRGHn UHVHW LV FRPPDQGHG E\ KROGLQJ 5/223 DQG //223 KLJK VLPXOWDQHRXVO\ IRU eii QVi 5HVHW LV LQLWL DWHG RQ WKH IDOOLQJ HGJH RI WKH UHVHW UHTXHVWi ,Q HLWKHU PRGHn UHVHW FOHDUV DQG VHWV DOO UHJLVWHUV WR i DQG WKHQ FDOLEUDWLRQ EHJLQVi
&OHDULQJ WKH /26 &RQGLWLRQ
ii
/;7eiae FOHDUV /26 ZLWK D WKUHHVWHS SURFHVVa 7KH VLJQDO PXVW ILUVW H[FHHG WKH ei G% VLJQDO OHYHOi
ei 7KHQ D eeELW UHSHDWLQJ ZLQGRZ FKHFNV IRU ieieo iV GHQVLW\i o7R PHHW WKLV SDUDPHWHUn WKHUH PXVW EH DW OHDVW IRXU iV RXW RI WKH ee ELWV LQ WKH ZLQGRZio ei )LQDOO\n WKHUH PXVW EH QR PRUH WKDQ ie FRQVHFXWLYH iV WR FOHDU WKH /26 FRQGLWLRQi
5HFHLYHU
7KH /;7eiae UHFHLYHV WKH VLJQDO LQSXW IURP RQH OLQH RQ HDFK VLGH RI D FHQWHUJURXQGHG WUDQVIRUPHUi 3RVLWLYH SXOVHV DUH UHFHLYHG DW 57,3 DQG QHJDWLYH SXOVHV DUH UHFHLYHG DW 55,1*i 7KH VLJQDO UHFHLYHG DW 57,3 DQG 55,1* LV SURFHVVHG WKURXJK WKH SHDN GHWHFWRU DQG GDWD VOLFHUVi 7KH SHDN GHWHF WRU VDPSOHV WKH LQSXWV DQG GHWHUPLQHV WKH PD[LPXP YDOXH RI WKH UHFHLYHG VLJQDOi $ SHUFHQWDJH RI WKH SHDN YDOXH LV
L1
eci
/;7eiae /RZ3RZHU (i ,QWHJUDWHG 6KRUW+DXO 7UDQVFHLYHU
7UDQVPLWWHU
'DWD UHFHLYHG IRU WUDQVPLVVLRQ RQWR WKH OLQH LV FORFNHG VHUL DOO\ LQWR WKH GHYLFH DW 7326 DQG 71(*i ,QSXW V\QFKURQL ]DWLRQ LV VXSSOLHG E\ WKH WUDQVPLW FORFN o7&/.oi ,I 7&/. LV QRW VXSSOLHGn WKH WUDQVPLWWHU UHPDLQV SRZHUHG GRZQn H[FHSW GXULQJ UHPRWH ORRSEDFN DQG 7$26i 5HIHU WR 7DEOH ic DQG )LJXUH ie IRU PDVWHU DQG WUDQVPLW FORFN WLPLQJ FKDUDFWHULVWLFVi
77,3 DQG 75,1*i 7KH OLQH GULYHU SURYLGHV D FRQVWDQW ORZ RXWSXW LPSHGDQFH RI e  oW\SLFDOoi 7KLV ZHOOFRQ WUROOHG RXWSXW LPSHGDQFH SURYLGHV H[FHOOHQW UHWXUQ ORVV ZKHQ XVHG ZLWK H[WHUQDO SUHFLVLRQ UHVLVWRUV o`io DFFXUDF\o LQ VHULHV ZLWK D WUDQVPLW WUDQVIRUPHUi 6HULHV UHVLVWRUV DOVR SURYLGH LQFUHDVHG VXUJH SURWHFWLRQ DQG UHGXFH VKRUW FLUFXLW FXUUHQW IORZi 3XOVHV FDQ GULYH FRD[LDO RU VKLHOGHG WZLVWHGSDLU OLQHVi $ iae WUDQVPLW WUDQVIRUPHU DQG VHULHV UHVLVWRUV DUH UHF RPPHQGHGi 7KLV GHVLJQ PHHWV RU H[FHHGV DOO (76, eii icc DQG (XURSHDQ 377 VSHFLILFDWLRQV IRU WUDQVPLW DQG UHFHLYH UHWXUQ ORVV ZKHQ VHULHV UHVLVWRUV DUH XVHGi
/LQH &RGH
7KH /;7eiae WUDQVPLWV GDWD DV D eio $0, OLQH FRGH DV VKRZQ LQ )LJXUH ei 7KH RXWSXW GULYHU PDLQWDLQV D FRQVWDQW ORZ RXWSXW LPSHGDQFH XQGHU G\QDPLF FRQGL WLRQV UHJDUGOHVV RI ZKHWKHU LW LV GULYLQJ PDUNV RU VSDFHVi 7KH WUDQVPLWWHG SXOVH DPSOLWXGH LV GHWHUPLQHG E\ WKH HTXDOL]HU FRQWURO VLJQDO (& DV VKRZQ LQ 7DEOH ei 7KH HTXDOL]HU FRQWURO VLJQDO PD\ EH KDUGZLUHG LQ +DUGZDUH PRGH RU LQSXW DV SDUW RI WKH VHULDO GDWD VWUHDP o6',o LQ +RVW PRGHi 6KDSHG SXOVHV DUH DSSOLHG WR WKH $0, OLQH GULYHU IRU WUDQVPLVVLRQ RQWR WKH OLQH DW
)LJXUH ea eio $0, &RGLQJ
BIT CELL TTIP
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7DEOH ea *iaeaee 5HTXLUHPHQWV DQG /;7eiae ,PSOHPHQWDWLRQ RI /26 'HWHFWLRQ
i
&RQGLWLRQ 'HWHFW /26
*iaeaee 5HFRPPHQGDWLRQ 6LJQDO ZLWK QR WUDQVLWLRQVi OHVV WKDQ RU HTXDO WR VLJQDO OHYHO RI ee G% EHORZ QRPLQDO IRU 1 FRQ VHFXWLYH LQWHUYDOV ZKHUH ii 1 eeei 6LJQDO KDV WUDQVLWLRQVi DQG OHYHO JUHDWHU WKDQ RU HTXDO WR a G% EHORZ QRPLQDO IRU 1 FRQVHFXWLYH SXOVH LQWHUYDOV ZKHUH ii 1 eeei
/HYHO 2QH ,PSOHPHQWDWLRQ 6LJQDO OHYHO EHORZ ei G% DQG QR FRQVHFXWLYH WUDQ VLWLRQ IRU ici WR iai oW\SLFDO iaeeo SXOVH LQWHUYDOVi 6LJQDO OHYHO DERYH ei G% ZLWK ELW GHQVLW\ JUHDWHU WKDQ ieieo IRU eeELW SRVLWLRQVn DQG ZLWK IHZHU WKDQ ie FRQVHFXWLYH ]HURVi
&OHDU /26
ii $ VLJQDO ZLWK |WUDQVLWLRQV FRUUHVSRQGV WR D *iaeie FRPSOLDQW VLJQDOi
7DEOH ea (TXDOL]HU &RQWURO ,QSXWV IRU 3XOVH $PSOLWXGH 6HOHFWLRQ
i
(& i i
/LQH /HQJWK / &DEOH /RVV ,78 5HFRPPHQGDWLRQ *iaeie ,78 5HFRPPHQGDWLRQ *iaeie
$SSOLFDWLRQ (i  &RD[ oaee o (i  7ZLVWHG3DLU oiei o
ece
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/;7eiae /RZ3RZHU (i ,QWHJUDWHG 6KRUW+DXO 7UDQVFHLYHU
'ULYHU 3HUIRUPDQFH 0RQLWRU
7KH WUDQVFHLYHU LQFRUSRUDWHV DQ DGYDQFHG 'ULYHU 3HUIRU PDQFH 0RQLWRU o'30o WKDW FDQ EH FRQQHFWHG LQ SDUDOOHO ZLWK WKH 77,3 DQG 75,1* DW WKH RXWSXW WUDQVIRUPHUi 7KH '30 FLUFXLWU\ XVHV IRXU FRPSDUDWRUV DQG D iei QV SXOVH GLVFULPLQDWRU WR ILOWHU JOLWFKHVi 7KH '30 RXWSXW OHYHO JRHV +LJK XSRQ GHWHFWLRQ RI ce FRQVHFXWLYH ]HURVn DQG LV FOHDUHG ZKHQ D WUDQVLWLRQ LV GHWHFWHG RQ WKH WUDQVPLW OLQH RU ZKHQ D UHVHW FRPPDQG LV UHFHLYHGi 7KH '30 RXWSXW DOVR JRHV +LJK WR LQGLFDWH D VLJQDO OLQH VKRUW WR JURXQG RQ 77,3 RU 75,1*i $ JURXQG IDXOW LQGXFHG '30 IODJ LV DXWRPDWLFDOO\ FOHDUHG ZKHQ WKH JURXQG FRQGLWLRQ LV FRUUHFWHG oFKLS UHVHW LV QRW UHTXLUHGoi
DQG RQH IRU VWDWXV RXWSXWVi $Q 6,2 WUDQVDFWLRQ LV LQLWL DWHG E\ D IDOOLQJ HGJH RQ WKH &KLS 6HOHFW SLQi $ +LJK WR/RZ WUDQVLWLRQ RQ CS LV UHTXLUHG IRU HDFK VXEVH TXHQW DFFHVV WR WKH +RVW PRGH UHJLVWHUVi 7KH /,8 UHVSRQGV E\ ZULWLQJ WKH LQFRPLQJ VHULDO ZRUG IURP WKH 6', SLQ LQWR LWV FRPPDQG UHJLVWHUi )LJXUH e VKRZV DQ 6,2 ZULWH RSHUDWLRQi 7KH icELW VHULDO ZRUG FRQVLVWV RI DQ aELW &RPPDQGi$GGUHVV E\WH DQG DQ a ELW 'DWD E\WHi ,I WKH FRPPDQG ZRUG FRQWDLQV D UHDG UHTXHVWn WKH /,8 VXEVHTXHQWO\ RXWSXWV WKH FRQWHQWV RI LWV VWDWXV UHJLVWHU RQWR WKH 6'2 SLQi )LJXUH e VKRZV DQ 6,2 UHDG RSHUDWLRQi 7KH &ORFN (GJH o&/.(o VLJQDO GHWHUPLQHV ZKHQ WKH 6'2 DQG UHFHLYH GDWD RXWSXWV DUH YDOLGn UHODWLYH WR WKH 6HULDO &ORFN o6&/.o RU 5&/. DV OLVWHG LQ 7DEOH ei 7DEOH iae DQG )LJXUHV ie DQG ic VKRZ 6,2 WLPLQJi 6HULDO ,QSXW :RUG )LJXUH e VKRZV WKH 6HULDO ,QSXW GDWD VWUXFWXUHi 7KH /;7eiae LV DGGUHVVHG E\ VHWWLQJ ELW $e LQ WKH $GGUHVVi &RPPDQG E\WHn FRUUHVSRQGLQJ WR DGGUHVV ici %LW i RI WKH VHULDO $GGUHVVi&RPPDQG E\WH SURYLGHV 5HDGi :ULWH o5iWo FRQWURO ZKHQ WKH FKLS LV DFFHVVHGi 7KH 5i W ELW LV VHW WR ORJLF i WR UHDG WKH GDWD RXWSXW E\WH IURP WKH FKLSn DQG VHW WR ORJLF i WR ZULWH WKH LQSXW GDWD E\WH WR WKH FKLSi 7KH VHFRQG HLJKW ELWV RI D ZULWH RSHUDWLRQn FOHDU /RVV RI 6LJQDO o/26o DQG 'ULYHU 3HUIRUPDQFH 0RQLWRU o'30o LQWHUUXSWVn UHVHW WKH FKLSn DQG FRQWURO GLDJQRV WLF PRGHVi 7KH ILUVW e ELWV o'i  'io FOHDU DQGiRU PDVN /26 DQG '30 LQWHUUXSWVi 7KH ODVW WKUHH ELWV o'e  'aeo FRQWURO RSHUDWLQJ PRGHV oQRUPDO DQG GLDJQRVWLFo DQG FKLS UHVHWi 5HIHU WR 7DEOH e IRU GHWDLOV RQ ELWV 'e  'aei 6HULDO 2XWSXW :RUG )LJXUH e VKRZV WKH 6HULDO 2XWSXW GDWD VWUXFWXUHi 6'2 LV KLJK LPSHGDQFH ZKHQ 6', UHFHLYHV DQ $GGUHVVi &RPPDQG E\WHi ,I 6', UHFHLYHV D UHDG FRPPDQG o5iW ion WKHQ 6'2 EHFRPHV DFWLYH DIWHU WKH ODVW &RP PDQGi$GGUHVV ELW o$co DQG UHPDLQV DFWLYH IRU HLJKW 6&/. F\FOHVi 7\SLFDOO\ WKH ILUVW ELW RXW RI 6'2 FKDQJHV WKH VWDWH RI 6'2 IURP KLJK= WR D /RZi+LJKi 7KH ILUVW ILYH ELWV o'i'eo RI WKH RXWSXW GDWD E\WH UHSRUWV /RVV RI 6LJQDO o/26o DQG 'ULYHU 3HUIRUPDQFH 0RQLWRU o'30o FRQGLWLRQVn HTXDOL]HU VHWWLQJVn DQG RSHUDWLQJ PRGHV oQRUPDO RU GLDJQRVWLFoi 7KH ODVW WKUHH ELWV o'e WKURXJK 'aeo UHSRUW RSHUDWLQJ PRGHV DQG LQWHU UXSW VWDWXVi ,I WKH INT OLQH LV +LJK oQR LQWHUUXSW LV SHQGLQJon ELWV 'e WKURXJK 'ae UHSRUW WKH VWDWXV RI WKH RSHUDWLQJ PRGH DV OLVWHG LQ 7DEOH ci ,I WKH INT OLQH LV /RZn WKH LQWHUUXSW
i e e e c ae a a ii ii ie ie ie ie
2SHUDWLQJ 0RGHV
7KH /;7eiae WUDQVFHLYHU FDQ EH FRQWUROOHG WKURXJK KDUG ZLUHG SLQV o+DUGZDUH 0RGHGHIDXOWo RU E\ D PLFURSURFHV VRU WKURXJK D VHULDO LQWHUIDFH o+RVW 0RGHo GHSHQGLQJ RQ WKH LQSXW WR SLQ e o02'(oi 7KH PRGH RI RSHUDWLRQ LV VHW E\ WKH 02'( SLQ ORJLF OHYHOi 7KH /;7eiae FDQ DOVR EH FRP PDQGHG WR RSHUDWH LQ RQH RI VHYHUDO GLDJQRVWLF PRGHVi
+DUGZDUH 0RGH 2SHUDWLRQ
,Q +DUGZDUH PRGH WKH WUDQVFHLYHU LV FRQWUROOHG WKURXJK LQGLYLGXDO SLQVi :LWK WKH H[FHSWLRQ RI WKH INT DQG &/.( IXQFWLRQVn +DUGZDUH PRGH SURYLGHV DOO WKH IXQFWLRQV SURYLGHG LQ WKH +RVW PRGHi ,Q WKH +DUGZDUH PRGH 5326 DQG 51(* RXWSXWV DUH YDOLG RQ WKH ULVLQJ HGJH RI 5&/.i 7R RSHUDWH LQ +DUGZDUH PRGHn WKH 02'( PXVW EH VHW WR ii 'LDJQRVWLF &RQWURO IRU 5HPRWH /RRSEDFN o5/223on /RFDO /RRSEDFN o//223on DQG 7UDQVPLW $OO iV o7$26o PRGHV LV SUR YLGHG WKURXJK WKH LQGLYLGXDO SLQVi ,I 02'( LV VHW /RZn /;7eiae RSHUDWHV LQ +DUGZDUH 0RGHi ,Q +DUGZDUH 0RGH WKH WUDQVFHLYHU LV FRQWUROOHG WKURXJK LQGLYLGXDO SLQVa D PLFURSURFHVVRU LV QRW UHTXLUHGi 5326 DQG 51(* DUH YDOLG RQ WKH ULVLQJ HGJH RI 5&/.i 7KH HTXDOL]HU LV FRQWUROOHG WKURXJK SLQ ee o(&oi 'LDJ QRVWLF FRQWURO IRU 5HPRWH /RRSEDFN o5/223on /RFDO /RRSEDFN o//223on DQG 7UDQVPLW $OO iV o7$26o LV SURYLGHG WKURXJK SLQV ecn eaen DQG eai
+RVW 0RGH &RQWURO
7KH /;7eiae RSHUDWHV LQ WKH +RVW PRGH ZKHQ SLQ e o02'(o LV DVVHUWHG +LJKi ,Q +RVW PRGH D PLFURSUR FHVVRU FRQWUROV WKH /;7eiae WKURXJK WKH VHULDO ,i2 SRUW o6,2o ZKLFK SURYLGHV DFFHVV WR WKH /,8i 7KH /,8 FRQ WDLQV D SDLU RI GDWD UHJLVWHUVn RQH IRU FRPPDQG LQSXWV
L1
ece
/;7eiae /RZ3RZHU (i ,QWHJUDWHG 6KRUW+DXO 7UDQVFHLYHU
VWDWXV RYHUULGHV DOO RWKHU UHSRUWV DQG ELWV 'e  'ae UHIOHFW WKH LQWHUUXSW VWDWXV DV OLVWHG LQ 7DEOH ci
7DEOH ea &/.( 6HWWLQJV
&/.( /2: +,*+ 2XWSXW 5326i51(* 6'2 5326i51(* 6'2 &ORFN 5&/. 6&/. 5&/. 6&/. 9DOLG (GJH 5LVLQJ )DOOLQJ )DOOLQJ 5LVLQJ
,QWHUUXSW +DQGOLQJ
7KH +RVW PRGH SURYLGHV D ODWFKHG ,QWHUUXSW RXWSXW SLQn INTi $Q\ FKDQJH LQ WKH /26 RU '30 ELWV o'i DQG 'i RI WKH RXWSXW GDWD E\WHn UHVSHFWLYHO\o WULJJHUV DQ LQWHU UXSWi $V VKRZQ LQ )LJXUH en ZULWLQJ D RQH WR WKH UHVSHF WLYH ELW RI WKH LQSXW GDWD E\WH o'i /26n 'i '30o PDVNV HLWKHU RU ERWK LQWHUUXSW JHQHUDWRUVi :KHQ DQ LQWHUUXSW KDV RFFXUUHG WKH INT RXWSXW SLQ LV SXOOHG /RZi 7KH RXWSXW VWDJH RI WKH INT SLQ FRQVLVWV RI D SXOOGRZQ GHYLFHi +HQFHn DQ H[WHUQDO SXOOXS UHVLVWRU LV UHTXLUHGi FOHDU WKH LQWHUUXSW DV IROORZVa
7DEOH ea 6,2 ,QSXW %LW 6HWWLQJV
oVHH )LJXUH eo 5/223 %LW 'e i i i i i //223 %LW 'c i i i i i 7$26 %LW 'ae  i i i i
ii ,I RQH RU ERWK LQWHUUXSW ELWV o/26 RU '30n 'i DQG 'i RI WKH RXWSXW GDWD E\WHo in ZULWLQJ D i WR WKH LQSXW ELW o'i RU 'in UHVSHFWLYHO\on RI WKH LQSXW GDWD E\WH ZLOO FOHDU WKH LQWHUUXSWi /HDYLQJ D i LQ HLWKHU RI WKHVH ELW SRVLWLRQV ZLOO HIIHFWLYHO\ PDVN WKH DVVRFLDWHG LQWHU UXSWi 7R UHHQDEOH WKH LQWHUUXSW FDSDELOLW\n UHVHW 'i DQGiRU 'i WR ii ei ,I QHLWKHU /26 RU '30 in WKH LQWHUUXSW ZLOO EH FOHDUHG E\ UHVHWWLQJ WKH FKLSi 7R UHVHW WKH FKLSn VHW GDWD LQSXW ELWV 'e DQG 'c in DQG 'ae ii
0RGH 5/223 //223 //223 o 7$26 7$26 5(6(7
7DEOH ca 6HULDO 'DWD 2XWSXW %LW &RGLQJ
i
%LW 'e i i i i i
%LW 'c i i i i i
%LW 'ae i i i i i
6WDWXV 5HVHW KDV RFFXUUHGn RU QR SURJUDP LQSXWi oLiHin QRUPDO RSHUDWLRQo 7$26 LV DFWLYHi /RFDO /RRSEDFN LV DFWLYHi 7$26 DQG /RFDO /RRSEDFN DUH DFWLYHi 5HPRWH /RRSEDFN LV DFWLYHi ,QWHUUXSW 6WDWXV
i i i
i i i
i i i
'30 KDV FKDQJHG VWDWH VLQFH ODVW FOHDU '30 RFFXUUHGi /26 KDV FKDQJHG VWDWH VLQFH ODVW FOHDU /26 RFFXUUHGi /26 DQG '30 KDYH ERWK FKDQJHG VWDWH VLQFH ODVW FOHDU '30 DQG FOHDU /26 RFFXUUHGi
ece
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/;7eiae /RZ3RZHU (i ,QWHJUDWHG 6KRUW+DXO 7UDQVFHLYHU )LJXUH ea /;7eiae 6,2 :ULWH 2SHUDWLRQ
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ece
/;7eiae /RZ3RZHU (i ,QWHJUDWHG 6KRUW+DXO 7UDQVFHLYHU )LJXUH ea /;7eiae ,QWHUUXSW +DQGOLQJ
6WDUWXS RU 5HVWDUW ,QWHUUXSWV (QDEOHG
0DVN ,QWHUUXSWV " 1R
'RHV DQ ,17 +LJK 1R ,QWHUUXSW o1R LQWHUUXSWo &RQGLWLRQ ([LVW " ,17 /RZ oLQWHUUXSWo /26
0DVN :KLFK ,QWHUUXSWV "
'30
/26 $1' '30 :ULWH uiu WR 'i RI ,QSXW 6WDWXV :RUG WR 0DVN /26 ,QWHUUXSW :ULWH ui iu WR 'i'i RI ,QSXW 6WDWXV :RUG WR 0DVN /26 DQG '30 ,QWHUUXSW :ULWH uiu WR 'i RI ,QSXW 6WDWXV :RUG WR 0DVN '30 ,QWHUUXSW
/26 $1' '30 :ULWH uiu WR 'i RI ,QSXW 6WDWXV :RUG WR 0DVN '30 ,QWHUUXSWi
1R
:ULWH uiu WR 'i RI ,QSXW 6WDWXV :RUG WR 0DVN /26 ,QWHUUXSWi
$UH %RWK ,QWHUUXSW &RQGLWLRQV 0DVNHG " 5HDG 2XWSXW 6WDWXV :RUGo o%LWV 'e'ae 2SHUDWLQJ 0RGHo
o5HJDUGOHVV RI ,QWHUUXSW 6WDWXVn ELW 'i LQGLFDWHV /26 VWDWXVn ELW 'i LQGLFDWHV '30 VWDWXV DQG ELW 'e LQGLFDWHV (& VWDWXVi
5HHQDEOH ,QWHUUXSWV " 1R
:KDW '30 ,QWHUUXSW &RQGLWLRQ ([LVWV" /26 $1' '30
:ULWH uiu WR 'i RI ,QSXW 6WDWXV :RUG WR UHHQDEOH /26 ,QWHUUXSWi
:ULWH ui iu WR 'i'i RI ,QSXW 6WDWXV :RUG WR UHHQDEOH '30 ,QWHUUXSWi
:ULWH uiu WR 'i RI ,QSXW 6WDWXV :RUG WR UHHQDEOH '30 ,QWHUUXSWi
ecc
L1
/;7eiae /RZ3RZHU (i ,QWHJUDWHG 6KRUW+DXO 7UDQVFHLYHU 'LDJQRVWLF 0RGH 2SHUDWLRQ
7$26 6HH )LJXUHV c DQG aei ,Q 7UDQVPLW $OO 2QHV o7$26o PRGHn WKH 7326 DQG 71(* LQSXWV WR WKH WUDQVFHLYHU DUH LJQRUHGi 7KH WUDQVFHLYHU WUDQVPLWV D FRQWLQXRXV VWUHDP RI iV DW WKH 7&/. IUHTXHQF\ ZKHQ 7$26 LV DFWLYDWHGi 7$26 FDQ EH FRPPDQGHG VLPXOWDQHRXVO\ ZLWK /RFDO /RRSEDFNn EXW LV LQKLELWHG GXULQJ 5HPRWH /RRSEDFNi //223 6HH )LJXUH ai ,Q /RFDO /RRSEDFN o//223o PRGHn WKH UHFHLYHU FLUFXLWV DUH LQKLELWHGi 7KH WUDQVPLW GDWD DQG FORFN LQSXWV o7326n 71(* DQG 7&/.o DUH ORRSHG EDFN RQWR WKH UHFHLYH GDWD DQG FORFN RXWSXWV o5326n 51(* DQG 5&/.oi 7KH WUDQVPLWWHU FLUFXLWV DUH XQDIIHFWHGi 7KH 7326 DQG 71(* LQSXWV oRU D VWUHDP RI iV LI WKH 7$26 FRPPDQG LV DFWLYHo ZLOO EH WUDQVPLWWHG QRUPDOO\i
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)LJXUH ca 7$26
7UDQVPLW $OO 2QHV 7$26 7&/. 7326 71(* 5&/. 5326 51(* //223 /RZ 5/223 7$26 /RZ +LJK
)LJXUH aa /RFDO /RRSEDFN
/RFDO /RRSEDFN
$0, (1&2'(5
//223 +LJK
5/223 /RZ
7$26 /RZ 77,3 75,1* 57,3 55,1*
$0, (1&2'(5
$0, '(&2'(5
o$OO iVo
7LPLQJ 5HFRYHU\
57,3 55,1*
5&/. 5326 51(*
$0, '(&2'(5
7LPLQJ / &RQWURO
7&/. 7326 71(*
7LPLQJ / &RQWURO 7LPLQJ 5HFRYHU\
77,3 75,1*
5/223
)LJXUH aea 7$26 ZLWK //223
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$0, (1&2'(5
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o$OO iVo
6HH )LJXUH ai ,Q 5HPRWH /RRSEDFN o5/223o PRGHn WKH WUDQVPLW GDWD DQG FORFN LQSXWV o7326n 71(* DQG 7&/.o DUH LJQRUHGi 7KH 5326 DQG 51(* RXWSXWV DUH ORRSHG EDFN WKURXJK WKH WUDQVPLW FLUFXLWV DQG RXWSXW RQ 77,3 DQG 75,1* DW WKH 5&/. IUHTXHQF\i 5HFHLYHU FLUFXLWV DUH XQDI IHFWHG E\ WKH 5/223 FRPPDQG DQG FRQWLQXH WR RXWSXW WKH 5326n 51(* DQG 5&/. VLJQDOV UHFHLYHG IURP WKH WZLVWHGSDLU OLQHi
$0, '(&2'(5
7LPLQJ 5HFRYHU\
57,3 55,1*
)LJXUH aa 5HPRWH /RRSEDFN
5HPRWH /RRSEDFN
$0, (1&2'(5
//223 /RZ 7LPLQJ / &RQWURO 7LPLQJ 5HFRYHU\
5/223 +LJK
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/;7eiae /RZ3RZHU (i ,QWHJUDWHG 6KRUW+DXO 7UDQVFHLYHU
$SSOLFDWLRQ ,QIRUPDWLRQ
127( 7KLV DSSOLFDWLRQ LQIRUPDWLRQ LV IRU GHVLJQ DLG RQO\i )LJXUH ii LV D eiiea 0ESV (i iei  7ZLVWHG3DLU :LUH DSSOLFDWLRQ XVLQJ (& FRGH i DQG ie  5W UHVLVWRUV LQ OLQH ZLWK WKH WUDQVPLW WUDQVIRUPHU WR SURYLGH KLJK UHWXUQ ORVV DQG VXUJH SURWHFWLRQi :KHQ KLJK UHWXUQ ORVV LV QRW D FULWLFDO
IDFWRUn D iai WUDQVIRUPHU ZLWKRXW LQOLQH UHVLVWRUV SURYLGHV PD[LPXP SRZHU VDYLQJVi 7DEOHV ae DQG a OLVW W\SLFDO UHWXUQ ORVV ILJXUHV IRU YDULRXV WUDQVIRUPHU UDWLRVn 5W YDOXHV DQG WKH DVVRFLDWHG (& FRGH IRU aee  FRD[ DQG iei  WZLVWHG SDLU DSSOLFDWLRQVn UHVSHFWLYHO\i 7KH /;7eiae LV VKRZQ LQ +DUGZDUH PRGH ZLWK D JHQHUDO *iaeie )UDPHUi 7KH KDUG ZLUHG FRQWURO OLQHV IRU 7$26n //223 DQG 5/223 DUH LQGLYLGXDOO\ FRQWUROODEOHn DQG WKH //223 DQG 5/223 OLQHV DUH DOVR WLHG WR D VLQJOH FRQWURO IRU WKH 5HVHW IXQFWLRQi
)LJXUH iia /;7eiae iei  $SSOLFDWLRQ o+DUGZDUH 0RGHo
E1/CRC4 FRAMER 2.048 MHz Clock
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127(a ii &DS UHTXLUHG LI QR VHULHV UHVLVWRU LV XVHGi ei 7\SLFDO YDOXH LV eaei S)a DGMXVW IRU DFWXDO ERDUG SDUDVLWLFV WR REWDLQ RSWLPXP UHWXUQ ORVVi
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/;7eiae /RZ3RZHU (i ,QWHJUDWHG 6KRUW+DXO 7UDQVFHLYHU
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