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0$< iaac
/;7eia
(i 178i,6'1 35, 7UDQVFHLYHU
*HQHUDO 'HVFULSWLRQ
7KH /;7eia LV WKH ILUVW IXOO\ LQWHJUDWHG WUDQVFHLYHU IRU (i 1HWZRUN 7HUPLQDWLRQ 8QLW o178o DQG ,6'1 3ULPDU\ 5DWH ,QWHUIDFH o,6'1 35,o DSSOLFDWLRQV DW eiiea 0ESVi 7KH WUDQVFHLYHU RSHUDWHV IURP iii NP WR eic NP RI iic PP oee $:*o WZLVWHGSDLU FDEOH ZLWK QR H[WHUQDO FRPSRQHQWVi 7KH /;7eia RIIHUV VHOHFWDEOH +'%e HQFRGLQJiGHFRGLQJn DQG XQLSRODU RU ELSRODU GDWD ,i2i 7KH /;7eia DOVR SURYLGHV MLWWHU DWWHQXDWLRQ LQ HLWKHU WKH WUDQVPLW RU UHFHLYH GLUHFWLRQ VWDUWLQJ DW e +]n DQG LQFRUSRUDWHV D VHULDO LQWHUIDFH o6,2o IRU PLFURSURFHVVRU FRQWUROi 7KH /;7eia RIIHUV D YDULHW\ RI GLDJQRVWLF IHDWXUHV LQFOXG LQJ ORRSEDFNV DQG ORVV RI VLJQDO PRQLWRULQJi ,W LV EXLOW XVLQJ DQ DGYDQFHG GRXEOHSRO\n GRXEOHPHWDO &026 SURFHVV DQG UHTXLUHV RQO\ D VLQJOH eYROW SRZHU VXSSO\i                 
)HDWXUHV
)XOO\ LQWHJUDWHG WUDQVFHLYHU FRPSULVLQJa RQFKLS HTXDOL]HUa WLPLQJ UHFRYHU\iFRQWUROa GDWD SURFHVVRUa UHFHLYHUa WUDQVPLWWHU DQG GLJLWDO FRQWURO 3LQ FRPSDWLEOH ZLWK WKH /;7eii 7i &68i,6'1 35, oiieee 0ESVo WUDQVFHLYHU 0HHWV RU H[FHHGV ODWHVW ,78 VSHFLILFDWLRQV LQFOXGLQJ *iaeien *iaeecn *iaeen DQG ,ieei 0HHWV (76, eiiiii DQG eiieee VWDQGDUGV -LWWHU DWWHQXDWLRQ VWDUWLQJ DW e +]n VZLWFKDEOH WR WUDQVPLW RU UHFHLYH SDWK ([FHHGV (76, 7%5ieiie MLWWHU WUDQVIHU SHUIRUPDQFH VSHFLILFDWLRQV )XOO\ UHVWRUHV WKH UHFHLYHG VLJQDO DIWHU WUDQVPLVVLRQ YLD D FDEOH ZLWK DWWHQXDWLRQ RI ee G% # iiee N+] 6HOHFWDEOH 8QLSRODU RU %LSRODU GDWD ,i2 6HOHFWDEOH +'%e HQFRGLQJiGHFRGLQJ 2XWSXW VKRUW FLUFXLW FXUUHQW OLPLW SURWHFWLRQ 0HHWV ei P$506 VKRUWFLUFXLW FXUUHQW OLPLW oSHU 2)7(/ 275iiio 2QOLQH LGOH PRGH IRU WHVWLQJ RU IRU UHGXQGDQW V\VWHPV /RFDO DQG UHPRWH ORRSEDFN IXQFWLRQV 5HFHLYH PRQLWRU ZLWK /RVV RI 6LJQDO o/26o RXWSXW 0LFURSURFHVVRU FRQWUROODEOH $YDLODEOH LQ eaSLQ ',3 DQG 3/&& ([WHQGHG 7HPSHUDWXUH 5DQJH oei & WR oae &o
i e e e e ae a a ii ii ie ie ie ie
$SSOLFDWLRQV
        3&0 eii,6'1 35, ,QWHUIDFH o,78 *iaeien ,ieeio 178 oLQWHUIDFH WR (i 6HUYLFHo (i 0X[ RU /$1 EULGJH  &DPSXV 1HWZRUNLQJ :LUHOHVV %DVH 6WDWLRQVi1HWZRUNLQJ &38 WR &38 &KDQQHO ([WHQGHUV 'LJLWDO /RRS &DUULHU  6XEVFULEHU &DUULHU 6\VWHPV &KDQQHO %DQNV +'6/  (i ([WHQVLRQ
/;7eia %ORFN 'LDJUDP
7&/. 7326 71(* +'%e (1&2'(5 (QFRGHU (QDEOH -$ oZKHQ VHOHFWHGo 75$160,7 7,0,1* $1' &21752/ /,1( '5,9(56 77,3 75,1*
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/;7eia (i 178i,6'1 35, 7UDQVFHLYHU )LJXUH ia /;7eia 3LQ $VVLJQPHQWV
0&/. 7&/. 7326i7'$7$ 71(*i8%6 e 02'( 51(*i%39 5326i5'$7$ 5&/. ;7$/,1 ;7$/287 -$6(/ e c ae a a ii ii ie /26 77,3 7*1' ie ie ie ic iae ia e e i ea eae ec ee ee ee 6'2i*1' 6',i*1' ,17i1/223 5*1' 59o 55,1* 57,3 &/.(i7$26 6&/.i//223 &6i5/223
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7DEOH ia 3LQ 'HVFULSWLRQV
3LQ u i 6\PERO 0&/. ,i2 , 'HVFULSWLRQ 0DVWHU &ORFNi $ eiiea 0+] FORFN LQSXW XVHG WR JHQHUDWH LQWHUQDO FORFNVi 8SRQ ORVV RI 6LJQDO o/26on 5&/. LV GHULYHG IURP 0&/.i ,I 0&/. LV QRW DSSOLHGn WKLV SLQ VKRXOG EH JURXQGHGi 7UDQVPLW &ORFNi 7UDQVPLW FORFN LQSXWi 7326 DQG 71(* DUH VDPSOHG RQ WKH IDOOLQJ HGJH RI 7&/.i *URXQG WKLV SLQ LI 7&/. LV QRW VXSSOLHGi 7UDQVPLW 'DWD ,QSXWa 'DWD ,QSXWi3RODULW\ 6HOHFWi ,QSXW IRU GDWD WR EH WUDQVPLWWHG RQ WKH WZLVWHGSDLU OLQHi 1RUPDOO\n SLQ e LV 7326 DQG SLQ e LV 71(*n WKH SRVLWLYH DQG QHJDWLYH VLGHV RI D ELSRODU LQSXW SDLUi +RZHYHUn ZKHQ SLQ e LV KHOG +LJK IRU DW OHDVW ic 7&/. F\FOHV oHTXLYDOHQW WR ie VXFFHVVLYH ELSRODU YLRODWLRQVon WKH /;7eia VZLWFKHV WR D XQLSRODU PRGHi 8QLSRODU PRGH SLQ IXQFWLRQV DUH OLVWHG LQ 7DEOH ei 0RGH 6HOHFWi 6HWWLQJ 02'( +LJK SXWV WKH /;7eia LQ WKH +RVW PRGHi ,Q WKH +RVW PRGHn WKH VHULDO LQWHUIDFH LV XVHG WR FRQWURO WKH /;7eia DQG GHWHUPLQH LWV VWDWXVi 6HW WLQJ 02'( /RZ SXWV WKH /;7eia LQ WKH +DUGZDUH o+i:o PRGHi ,Q WKH +DUGZDUH PRGH WKH VHULDO LQWHUIDFH LV GLVDEOHG DQG KDUGZLUHG SLQV DUH XVHG WR FRQWURO FRQILJX UDWLRQ DQG UHSRUW VWDWXVi 7\LQJ 02'( WR 5&/. DFWLYDWHV WKH +DUGZDUH PRGH DQG HQDEOHV WKH +'%e HQFRGHUiGHFRGHUi 5HFHLYH 1HJDWLYH 'DWDa 5HFHLYH 3RVLWLYH 'DWDi %LSRODU GDWD RXWSXWVi $ VLJQDO RQ 51(* FRUUHVSRQGV WR UHFHLSW RI D QHJDWLYH SXOVH RQ 57,3i55,1*i $ VLJQDO RQ 5326 FRUUHVSRQGV WR UHFHLSW RI D SRVLWLYH SXOVH RQ 57,3i55,1*i 51(*i5326 RXW SXWV DUH 1RQ5HWXUQWR=HUR o15=oi ,Q +RVW PRGHn &/.( GHWHUPLQHV WKH FORFN HGJH DW ZKLFK WKHVH RXWSXWV DUH VWDEOH DQG YDOLGi ,Q +DUGZDUH PRGH ERWK RXWSXWV DUH VWDEOH DQG YDOLG RQ WKH ULVLQJ HGJH RI 5&/.i ,Q 8QLSRODU PRGHn SLQ c RXWSXW LV D ELSRODU 9LRODWLRQ LQGLFDWLRQ DQG SLQ ae LV WKH XQL SRODU GDWD RXWSXWi 6HH 7DEOH e IRU 8QLSRODU PRGH IXQFWLRQVi
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L1
/;7eia (i 178i,6'1 35, 7UDQVFHLYHU 7DEOH ia 3LQ 'HVFULSWLRQV  FRQWLQXHG
3LQ u a a ii 6\PERO 5&/. ;7$/,1 ;7$/287 ,i2 2 , 2 'HVFULSWLRQ 5HFHLYH &ORFNi 7KLV LV WKH FORFN UHFRYHUHG IURP WKH VLJQDO UHFHLYHG DW 57,3 DQG 55,1*i &U\VWDO ,QSXWa &U\VWDO 2XWSXWi $Q H[WHUQDO FU\VWDO oiaiae S) ORDG FDSDFLWDQFHn SXO ODEOHo RSHUDWLQJ DW IRXU WLPHV WKH ELW UDWH oaiiae 0+]o LV UHTXLUHG WR HQDEOH WKH MLWWHU DWWHQXDWLRQ IXQFWLRQ RI WKH /;7eiai 7KHVH SLQV PD\ DOVR EH XVHG WR GLVDEOH WKH MLWWHU DWWHQXDWRU E\ FRQQHFWLQJ WKH ;7$/,1 SLQ WR WKH SRVLWLYH VXSSO\ WKURXJK D UHVLVWRUn DQG OHDYLQJ WKH ;7$/287 SLQ XQFRQQHFWHG RU WLHG WR JURXQGi -LWWHU $WWHQXDWLRQ 6HOHFWi 6HOHFWV MLWWHU DWWHQXDWLRQ ORFDWLRQi :KHQ -$6(/ LV +LJKn WKH MLWWHU DWWHQXDWRU LV DFWLYH LQ WKH UHFHLYH SDWKi :KHQ -$6(/ LV /RZn WKH MLWWHU DWWHQ XDWRU LV DFWLYH LQ WKH WUDQVPLW SDWKi /RVV 2I 6LJQDOi /26 JRHV +LJK DIWHU iaee FRQVHFXWLYH VSDFHV DQG UHWXUQV /RZ ZKHQ WKH UHFHLYHG VLJQDO UHDFKHV ieieo PDUN GHQVLW\ oPLQLPXP RI IRXU PDUNV ZLWKLQ ee ELW SHULRGVn ZLWK QR PRUH WKDQ ie FRQVHFXWLYH iVoi 5HFHLYHG PDUNV DUH RXWSXW RQ 5326 DQG 51(* HYHQ ZKHQ /26 LV +LJKi 7UDQVPLW 7LSi 'LIIHUHQWLDO 'ULYHU 2XWSXWVi 7KHVH RXWSXWV DUH GHVLJQHG WR GULYH D ei  eii  ORDGi /LQH PDWFKLQJ UHVLVWRUV DQG WUDQVIRUPHU FDQ EH VHOHFWHG WR JLYH WKH GHVLUHG SXOVH KHLJKWi 7[ *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 `iie9i *URXQGi 7KLV SLQ PXVW EH WLHG WR JURXQGi /LQH $WWHQXDWLRQ ,QGLFDWLRQi (QFRGHG RXWSXWi 3XOVH ZLGWKn UHODWLYH WR 5&/.n LQGL FDWHV UHFHLYH HTXDOL]HU JDLQ VHWWLQJ oOLQH LQVHUWLRQ ORVV DW iiee N+]o LQ aie G% VWHSVi :KHQ /$71 LV +LJK IRU RQH 5&/. SXOVHn WKH HTXDOL]HU LV VHW DW aie G% JDLQa e SXOVHV ia G%a e SXOVHV eaie G% DQG e SXOVHV i G%i 2XWSXW LV YDOLG RQ WKH ULVLQJ HGJH RI 5&/.i 5HFHLYH 7LSa 5HFHLYH 5LQJi 7KH +'%e VLJQDO UHFHLYHG IURP WKH OLQH LV DSSOLHG DW WKHVH SLQVi $ iai WUDQVIRUPHU LV UHTXLUHGi 'DWD DQG FORFN IURP WKH VLJQDO DSSOLHG DW WKHVH SLQV DUH UHFRYHUHG DQG RXWSXW RQ WKH 5326i51(*n 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 5[ *URXQGi *URXQG UHWXUQ IRU SRZHU VXSSO\ 59oi ,QWHUUXSW o+RVW 0RGHoi ,Q +RVW PRGHn WKLV SLQ JRHV /RZ WR IODJ WKH KRVW SURFHVVRU ZKHQ /26 FKDQJHV VWDWHi ,17 LV DQ RSHQ GUDLQ RXWSXW DQG VKRXOG EH WLHG WR SRZHU VXSSO\ 59o WKURXJK D UHVLVWRUi 5HVHW ,17 E\ FOHDULQJ WKH /26 UHJLVWHU ELWi 1HWZRUN /RRSEDFN 'HWHFWLRQ o+i: 0RGHoi ,Q +DUGZDUH PRGHn WKLV SLQ LQGLFDWHV WKDW LQEDQG QHWZRUN ORRSEDFN LV DFWLYH E\ JRLQJ +LJKi 7R VHW WKLV VLJQDO +LJKn WKH GHYLFH PXVW UHFHLYH WKH 1/223 DFWLYDWLRQ SDWWHUQ oiiiiio IRU ILYH VHFRQGVi 7R UHVHW LW /RZn HLWKHU WKH GHYLFH PXVW UHFHLYH WKH GHDFWLYDWLRQ SDWWHUQ oiiio IRU ILYH VHFRQGV RU HLWKHU 5/223 RU //223 PXVW EH DFWLYDWHGi 6HULDO 'DWD ,Q o+RVW 0RGHoi 7KH VHULDO GDWD LQSXW VWUHDP LV DSSOLHG WR WKLV SLQ ZKHQ WKH /;7eia RSHUDWHV LQ WKH +RVW PRGHi 6', LV VDPSOHG RQ WKH ULVLQJ HGJH RI 6&/.i *URXQG o+i: 0RGHoi 7KLV SLQ LV LQDFWLYH LQ WKH +DUGZDUH PRGH DQG VKRXOG EH WLHG WR JURXQGi
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/;7eia (i 178i,6'1 35, 7UDQVFHLYHU 7DEOH ia 3LQ 'HVFULSWLRQV  FRQWLQXHG
3LQ u ee 6\PERO 6'2 ,i2 2 'HVFULSWLRQ 6HULDO 'DWD 2XW o+RVW 0RGHoi ,Q WKH +RVW PRGHn VHULDO GDWD IURP WKH RQFKLS UHJLV WHU LV RXWSXW RQ WKLV SLQi ,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 6'2 JRHV WR D KLJK LPSHGDQFH VWDWH ZKHQ WKH VHULDO SRUW LV EHLQJ ZULWWHQ WRi *URXQG o+i: 0RGHoi 7KLV SLQ LV LQDFWLYH LQ WKH +DUGZDUH PRGH DQG VKRXOG EH WLHG WR JURXQGi &KLS 6HOHFW o+RVW 0RGHoi ,Q WKH +RVW PRGHn WKLV LQSXW LV XVHG WR DFFHVV WKH VHULDO LQWHUIDFHi )RU HDFK UHDG RU ZULWH RSHUDWLRQn &6 PXVW WUDQVLWLRQ IURP +LJK WR /RZn DQG UHPDLQ /RZi 5HPRWH /RRSEDFN o+i: 0RGHoi ,Q WKH +DUGZDUH PRGHn WKLV LQSXW FRQWUROV UHPRWH ORRSEDFNi 6HWWLQJ 5/223 +LJK HQDEOHV 5HPRWH /RRSEDFNi 'XULQJ 5HPRWH /RRS EDFNn LQOLQH HQFRGHUV DQG GHFRGHUV DUH E\SDVVHGi 6HWWLQJ ERWK 5/223 DQG //223 ZKLOH KROGLQJ 7$26 /RZ FDXVHV D 5HVHWi 6HULDO &ORFN o+RVW 0RGHoi ,Q WKH +RVW PRGHn WKLV FORFN LV XVHG WR ZULWH GDWD WRn RU UHDG GDWD IURP WKH VHULDO LQWHUIDFH UHJLVWHUi /RFDO /RRSEDFN o+i: 0RGHoi ,Q WKH +DUGZDUH PRGHn WKLV LQSXW FRQWUROV ORFDO ORRS EDFNi 6HWWLQJ //223 +LJK HQDEOHV /RFDOH /RRSEDFN 0RGHi 6HWWLQJ ERWK 5/223 DQG //223 ZKLOH KROGLQJ 7$26 /RZ FDXVHV D 5HVHWi &ORFN (GJH o+RVW 0RGHoi ,Q WKH +RVW PRGHn WKLV SLQ FRQWUROV WUDQVLWLRQV RI WKH GDWD RXWSXWVi 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 ,Q WKH +DUGZDUH PRGHn WKLV SLQ FRQWUROV WKH 7$26 IXQFWLRQi :KHQ VHW +LJKn 7$26 FDXVHV WKH /;7eia WR WUDQVPLW D 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 /RRSEDFNi
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7DEOH ea 8QLSRODU 'DWD ,i2 3LQ 'HVFULSWLRQVi
3LQ u e e 6\PERO 7'$7$ 8%6 ,i2 , , 'HVFULSWLRQ 7UDQVPLW 'DWDi 8QLSRODU LQSXW IRU GDWD WR EH WUDQVPLWWHG RQ WKH WZLVWHGSDLU OLQHi 8QLSRODUi%LSRODU 6HOHFWi :KHQ SLQ e LV KHOG +LJK IRU DW OHDVW ic 7&/. F\FOHV oHTXLYDOHQW WR ie VXFFHVVLYH ELSRODU YLRODWLRQVon /;7eia VZLWFKHV WR XQLSRODU GDWD ,i2i 7KH GHYLFH LPPHGLDWHO\ UHWXUQV WR ELSRODU ,i2 ZKHQ SLQ e JRHV /RZi %LSRODU 9LRODWLRQi 3LQ c JRHV +LJK ZKHQ D ELSRODU YLRODWLRQ LV UHFHLYHGi 5HFHLYH 'DWDi 8QLSRODU GDWD RXWSXWi 5'$7$ LV D 1RQ5HWXUQWR=HUR o15=o RXWSXWi ,Q +RVW PRGHn &/.( GHWHUPLQHV WKH FORFN HGJH DW ZKLFK 5'$7$ LV VWDEOH DQG YDOLGi ,Q +DUGZDUH PRGH 5'$7$ LV VWDEOH DQG YDOLG RQ WKH ULVLQJ HGJH RI 5&/.i
c ae
%39 5'$7$
2 2
ii 7DEOH e OLVWV RQO\ WKRVH SLQV ZKLFK DUH DIIHFWHG E\ WKH VZLWFK WR XQLSRODU GDWD ,i2i
eea
L1
/;7eia (i 178i,6'1 35, 7UDQVFHLYHU
)81&7,21$/ '(6&5,37,21
127( 7KLV IXQFWLRQDO GHVFULSWLRQ LV IRU GHVLJQ DLG RQO\i 7KH /;7eia LV D IXOO\ LQWHJUDWHG 3&0 WUDQVFHLYHU IRU eiiea 0ESV o(io DSSOLFDWLRQVi ,W DOORZV IXOOGXSOH[ WUDQV PLVVLRQ RI GLJLWDO GDWD RYHU H[LVWLQJ WZLVWHGSDLU LQVWDOOD WLRQVi 7KH /;7eia WUDQVFHLYHU LQWHUIDFHV ZLWK WZR WZLVWHGSDLU OLQHV oRQH WZLVWHGSDLU IRU WUDQVPLWn RQH WZLVWHGSDLU IRU UHFHLYHo WKURXJK VWDQGDUG SXOVH WUDQVIRUPHUV DQG DSSURSUL DWH UHVLVWRUVi 7KH ILJXUH RQ WKH IURQW SDJH RI WKLV GDWD VKHHW VKRZV D EORFN GLDJUDP RI WKH /;7eiai 7KLV WUDQVFHLYHU PD\ EH FRQWUROOHG E\ D PLFURSURFHVVRU WKURXJK WKH VHULDO SRUW o+RVW 0RGHon RU E\ LQGLYLGXDO SLQ VHWWLQJV o+DUGZDUH 0RGHoi 7KH MLWWHU DWWHQXDWRU PD\ EH SRVLWLRQHG LQ HLWKHU WKH WUDQVPLW RU UHFHLYH SDWKn DV GHWHUPLQHG E\ -$6(/i
,GOH 0RGH
7KH /;7eia LQFRUSRUDWHV D WUDQVPLW LGOH PRGHi 7KLV DOORZV PXOWLSOH WUDQVFHLYHUV WR EH FRQQHFWHG WR D VLQJOH OLQH IRU UHGXQGDQW DSSOLFDWLRQV RU IRU WHVWLQJ SXUSRVHVi 77,3 DQG 75,1* UHPDLQ LQ D KLJK LPSHGDQFH VWDWH ZKHQ 7&/. LV QRW SUHVHQW o7&/. JURXQGHGoi 7KH KLJK LPSHGDQFH VWDWH FDQ EH WHPSRUDULO\ GLVDEOHG E\ HQDEOLQJ 5HPRWH /RRS EDFNi
i e e e e ae a a ii ii ie ie ie ie
6KRUW &LUFXLW /LPLW
7KH /;7eia WUDQVPLWWHU LV HTXLSSHG ZLWK D VKRUWFLUFXLW OLPLWHUi 7KLV IHDWXUH OLPLWV WR DSSUR[LPDWHO\ iei P$ 506 WKH FXUUHQW WKH WUDQVPLWWHU ZLOO VRXUFH LQWR D ORZLPSHG DQFH ORDGi 7KH OLPLWHU WULSV ZKHQ WKH 506 FXUUHQW H[FHHGV WKH OLPLW IRU iii "V oa iei PDUNVoi ,W DXWRPDWLFDOO\ UHVHWV ZKHQ WKH ORDG FXUUHQW GURSV EHORZ WKH OLPLWi 7KH /;7eia ZLOO PHHW RU H[FHHG WKH 2)7(/ 275iii VKRUW FLUFXLW OLPLW oei P$506o ZKHQ WKH GHVLJQ LQFOXGHV D iae WUDQVPLW WUDQVIRUPHU DQG ie  UHVLVWRUV RQ 77,3 DQG 75,1*i 7KH GHYLFH DOVR PHHWV RU H[FHHGV ,78 VSHFLILFD WLRQV IRU 178 DSSOLFDWLRQVn DV ZHOO DV UHTXLUHPHQWV IRU ,6'1 35,i
75$160,77(5
,QSXW GDWD oELSRODU RU XQLSRODUo IRU WUDQVPLVVLRQ RQWR WKH OLQH LV FORFNHG VHULDOO\ LQWR WKH /;7eiai %LSRODU GDWD LV LQSXW DW 7326 DQG 71(*i 8QLSRODU GDWD LV LQSXW DW 7'$7$ RQO\ o8QLSRODU PRGH LV HQDEOHG E\ KROGLQJ 71(* +LJK IRU ic 5&/. F\FOHVoi ,QSXW GDWD PD\ EH SDVVHG WKURXJK WKH -LWWHU $WWHQXDWRU DQGiRU +'%e HQFRGHUn LI VHOHFWHGi ,Q +RVW PRGHn +'%e LV VHOHFWHG E\ VHWWLQJ ELW 'e RI WKH LQSXW GDWD E\WHi ,Q +DUGZDUH PRGHn +'%e LV VHOHFWHG E\ FRQQHFWLQJ WKH 02'( SLQ WR 5&/.i ,QSXW V\QFKURQL ]DWLRQ LV VXSSOLHG E\ WKH WUDQVPLW FORFN o7&/.oi 7LPLQJ UHTXLUHPHQWV IRU 7&/. DQG WKH 0DVWHU &ORFN o0&/.o DUH GHILQHG LQ WKH 7HVW 6SHFLILFDWLRQV VHFWLRQi :KHQ 7&/. LV QRW VXSSOLHGn WKH 7&/. SLQ PXVW EH JURXQGHGi
5(&(,9(5
7KH UHFHLYHU LQSXW IURP WKH WZLVWHGSDLU LV UHFHLYHG YLD D iai WUDQVIRUPHUi 5HFRYHUHG GDWD LV RXWSXW DW 5326i51(* o5'$7$ LQ XQLSRODU PRGHon DQG WKH UHFRYHUHG FORFN LV RXWSXW DW 5&/.i 5HIHU WR WKH 7HVW 6SHFLILFDWLRQV VHFWLRQi 7KH VLJQDO UHFHLYHG DW 57,3 DQG 55,1* LV SURFHVVHG WKURXJK WKH UHFHLYH HTXDOL]HU ZKLFK PD\ DSSO\ XS WR ee G% RI JDLQi ,QVHUWLRQ ORVV RI WKH OLQHn DV LQGLFDWHG E\ WKH UHFHLYH HTXDOL]HU VHWWLQJn LV HQFRGHG LQ WKH /$71 RXWSXW DV VKRZQ LQ )LJXUH ei 7KH HTXDOL]HG VLJQDO LV ILOWHUHG DQG DSSOLHG WR WKH SHDN GHWHFWRU DQG GDWD VOLFHUVi 7KH SHDN GHWHFWRU VDPSOHV WKH LQSXWV DQG GHWHUPLQHV WKH PD[LPXP YDOXH RI WKH UHFHLYHG VLJQDOi $ SHUFHQWDJH RI WKH SHDN YDOXH LV SURYLGHG WR WKH GDWD VOLFHUV DV D WKUHVKROG OHYHO WR HQVXUH RSWLPXP VLJQDO WRQRLVH UDWLRi 7KH WKUHVKROG LV VHW WR eio RI WKH SHDN YDOXHi 7KH UHFHLYHU LV FDSDEOH RI DFFXUDWHO\ UHFRYHULQJ VLJ QDOV ZLWK XS WR ee G% RI FDEOH DWWHQXDWLRQ oIURP eiae 9oi $IWHU SURFHVVLQJ WKURXJK WKH GDWD VOLFHUVn WKH UHFHLYHG VLJ QDO LV URXWHG WR WKH GDWD DQG WLPLQJ UHFRYHU\ VHFWLRQn WKHQ WR WKH +'%e GHFRGHU oLI VHOHFWHGo DQG WR WKH /26 SURFHV VRUi 7KH GDWD DQG WLPLQJ UHFRYHU\ VHFWLRQV SURYLGH DQ LQSXW MLWWHU WROHUDQFH VLJQLILFDQWO\ EHWWHU WKDQ UHTXLUHG E\ ,78 *iaeen DV VKRZQ LQ WKH 7HVW 6SHFLILFDWLRQV VHFWLRQi 7KH /26 3URFHVVRU ORDGV D GLJLWDO FRXQWHU DW WKH 5&/. IUHTXHQF\i 7KH FRXQW LV LQFUHPHQWHG HDFK WLPH D i oVSDFHo
/LQH &RGH
7KH /;7eia WUDQVPLWV GDWD DV D eio +'%e OLQH FRGH DV VKRZQ LQ )LJXUH ei %LDVLQJ RI WKH WUDQVPLW '& OHYHO LV RQ FKLSi 6KDSHG SXOVHV PHHWLQJ WKH YDULRXV ,78 UHTXLUHPHQWV DUH DSSOLHG WR WKH +'%e OLQH GULYHU IRU WUDQVPLVVLRQ RQWR WKH OLQH DW 77,3 DQG 75,1*i 5HIHU WR )LJXUH ee DQG 7DEOH ie IRU eiiea 0ESV SXOVH PDVN VSHFLILFDWLRQVi
)LJXUH ea eio 'XW\ &\FOH &RGLQJ 'LDJUDP
BIT CELL TTIP 1 0 1
TRING
L1
eea
/;7eia (i 178i,6'1 35, 7UDQVFHLYHU
LV UHFHLYHGn DQG UHVHW WR i HDFK WLPH D RQH oPDUNo LV UHFHLYHGi 8SRQ UHFHLSW RI iaee FRQVHFXWLYH iV WKH /26 SLQ JRHV +LJKn DQG D VPRRWK WUDQVLWLRQ UHSODFHV WKH 5&/. RXW SXW ZLWK WKH 0&/.i o'XULQJ /26n LI 0&/. LV QRW VXS SOLHG DQG -$6(/ LV +LJKn WKH 5&/. RXWSXW LV UHSODFHG ZLWK WKH FHQWHUHG TXDUW] FU\VWDO IUHTXHQF\io 5HFHLYHG PDUNV ZLOO EH RXWSXW UHJDUGOHVV RI WKH /26 VWD WXVn EXW WKH /26 SLQ ZLOO QRW UHVHW XQWLO WKH RQHV GHQVLW\ UHDFKHV ieieoi 7KLV OHYHO LV EDVHG RQ UHFHLSW RI DW OHDVW IRXU iV LQ DQ\ ee ELW SHULRGVn ZLWK QR PRUH WKDQ ie FRQVHF XWLYH iVi GHFRGHU HQDEOHGi 7KH /;7eia FDQ DOVR EH FRPPDQGHG WR RSHUDWH LQ RQH RI VHYHUDO GLDJQRVWLF PRGHVi
+RVW 0RGH &RQWURO
7KH /;7eia RSHUDWHV LQ WKH +RVW PRGH ZKHQ 02'( LV VHW +LJKi ,Q +RVW PRGH WKH /;7eia LV FRQWUROOHG WKURXJK WKH VHULDO ,i2 SRUW o6,2o E\ D PLFURSURFHVVRUi 7KH /;7eia SURYLGHV D SDLU RI GDWD UHJLVWHUVn RQH IRU FRPPDQG LQSXWV DQG RQH IRU VWDWXV RXWSXWVn DQG DQ LQWHUUXSW RXWSXWi $Q 6,2 WUDQVDFWLRQ LV LQLWLDWHG E\ D +LJKWR/RZ WUDQVLWLRQ RQ &6i 7KH /;7eia UHVSRQGV E\ ZULWLQJ WKH LQFRPLQJ VHULDO ZRUG IURP WKH 6', SLQ LQWR LWV FRPPDQG UHJLVWHUi ,I WKH FRPPDQG ZRUG FRQWDLQV D UHDG UHTXHVWn WKH /;7eia VXEVHTXHQWO\ RXWSXWV WKH FRQWHQWV RI LWV VWDWXV UHJLVWHU RQWR WKH 6'2 SLQi 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 LQ 7DEOH ei 7KH icELW VHULDO ZRUG FRQVLVWV RI DQ aELW &RPPDQGi $GGUHVV E\WH DQG DQ aELW 'DWD E\WH DV VKRZQ LQ )LJXUHV e DQG ei 6,2 WLPLQJ FKDUDFWHULVWLFV DUH VKRZQ LQ 7DEOH iei
-LWWHU $WWHQXDWLRQ
-LWWHU DWWHQXDWLRQ LV SURYLGHG E\ D -LWWHU $WWHQXDWLRQ /RRS o-$/o DQG DQ (ODVWLF 6WRUH o(6oi 7KH 7HVW 6SHFLILFDWLRQV VKRZ WKH /;7eia MLWWHU DWWHQXDWLRQ SHUIRUPDQFH FRPSDUHG ZLWK WKH MLWWHU WHPSODWH VSHFLILHG E\ ,78 *iaeeci 7KH e G% FRUQHU IUHTXHQF\ IRU WKH /;7eia LV DW e +]i 7KH SHUIRU PDQFH FRPSOLHV ZLWK (76, 7%5ie DQG 7%5iei $Q H[WHUQDO FU\VWDO RVFLOODWLQJ DW IRXU WLPHV WKH ELW UDWH SUR YLGHV FORFN VWDELOL]DWLRQi 7KH (6 LV D ee [ eELW UHJLVWHUi :KHQ -$6(/ LV +LJKn WKH -$/ LV SRVLWLRQHG LQ WKH UHFHLYH SDWKi :KHQ -$6(/ /RZn WKH -$/ LV SRVLWLRQHG LQ WKH WUDQV PLW SDWKi 'DWD o7326i71(* RU 7'$7$a RU 5326i51(* RU 5'$7$o LV FORFNHG LQWR WKH (6 ZLWK WKH DVVRFLDWHG FORFN VLJQDO o7&/. RU 5&/.on DQG FORFNHG RXW RI WKH (6 ZLWK WKH GHMLWWHUHG FORFN IURP WKH -$/i :KHQ WKH ELW FRXQW LQ WKH (6 LV ZLWKLQ WZR ELWV RI RYHUIORZLQJ RU XQGHUIORZLQJn WKH (6 DGMXVWV WKH RXWSXW FORFN E\ iia RI D ELW SHULRGi 7KH (6 SURGXFHV DQ DYHUDJH GHOD\ RI ic ELWV LQ WKH DVVRFLDWHG SDWKi
7DEOH ea &/.( 6HWWLQJV
&/.( /2: 2XWSXW 5326 51(* 6'2 +,*+ 5326 51(* 6'2 &ORFN 5&/. 5&/. 6&/. 5&/. 5&/. 6&/. 9DOLG (GJH 5LVLQJ 5LVLQJ )DOOLQJ )DOOLQJ )DOOLQJ 5LVLQJ
&21752/ 02'(6
7KH /;7eia WUDQVFHLYHU FDQ EH FRQWUROOHG E\ D PLFURSUR FHVVRU WKURXJK D VHULDO LQWHUIDFH o+RVW PRGHon RU WKURXJK LQGLYLGXDO KDUGZLUHG SLQV o+DUGZDUH PRGHoi 7KH PRGH RI RSHUDWLRQ LV GHWHUPLQHG E\ WKH LQSXW WR 02'(i :LWK 02'( VHW +LJKn WKH /;7eia RSHUDWHV LQ WKH +RVW PRGHi :LWK 02'( VHW /RZn WKH /;7eia RSHUDWHV LQ WKH +DUG ZDUH PRGHi :LWK 02'( WLHG WR 5&/.n WKH /;7eia RSHU DWHV LQ WKH +DUGZDUH PRGH ZLWK WKH +'%e HQFRGHUi 0RGH 5/223 //223 7$26 5(6(7
7DEOH ea 6,2 ,QSXW %LW 6HWWLQJV o)LJXUH eo
5/223 %LW 'e i i i i //223 %LW 'c i i QiD i 7$26 %LW 'ae QiD QiD i i
)LJXUH ea /;7eia /LQH $WWHQXDWLRQ o/$71o 3XOVH :LGWK (QFRGLQJ
RCLK
LATN
1
2
3
4
5
LATN = 4 RCLK, 0 dB OF ATTENUATION
LATN = 3 RCLK, 28.5 dB OF ATTENUATION LATN = 2 RCLK, 19.5 dB OF ATTENUATION LATN = 1 RCLK, 9.5 dB OF ATTENUATION
eei
L1
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6(5,$/ ,1387 :25' )LJXUH e VKRZV WKH 6HULDO ,QSXW GDWD VWUXFWXUHi 7KH /;7eia LV DGGUHVVHG E\ VHWWLQJ ELW $e LQ WKH $GGUHVVi &RPPDQG E\WHn FRUUHVSRQGLQJ WR DGGUHVV ici %LW i RI WKH VHULDO $GGUHVVi&RPPDQG E\WH SURYLGHV 5HDGi:ULWH o5i:o FRQWURO ZKHQ &6 LV /RZi 7KH 5i: ELW LV VHW WR ORJLF i WR UHDG WKH GDWD RXWSXW E\WH IURP WKH FKLSn DQG VHW WR ORJLF i WR ZULWH WKH LQSXW GDWD E\WH WR WKH FKLSi 7KH 'DWD ,QSXW E\WH LV WKH VHFRQG HLJKW ELWV RI D ZULWH RSHU DWLRQi 7KH ILUVW ELW o'io FOHDUV DQGiRU PDVNV /26 LQWHU UXSWVi 7KH VHFRQG ELW o'io FOHDUV DQGiRU PDVNV 1/223 GHWHFWLRQ LQWHUUXSWVi 7KH WKLUG ELW o'eo HQDEOHV RU GLVDEOHV +'%e FRGLQJiGHFRGLQJn DQG WKH ODVW e ELWV o'e  'aeo FRQ WURO RSHUDWLQJ PRGHV oQRUPDO DQG GLDJQRVWLFo DQG FKLS UHVHWi 5HIHU WR 7DEOH e IRU GHWDLOV RQ ELWV 'e  'aei 6(5,$/ 287387 :25' )LJXUH e VKRZV WKH 6HULDO 2XWSXW GDWD VWUXFWXUHi :KHQ WKH 6HULDO ,QSXW ZRUG KDV ELW $i in WKH /;7eia GULYHV WKH RXWSXW GDWD E\WH RQWR WKH 6'2 SLQi 7KH RXWSXW GDWD E\WH UHSRUWV /RVV RI 6LJQDO o/26o FRQGLWLRQVn 1/223 GHWHF WLRQ VWDWXVn +'%e FRGH VHWWLQJn DQG RSHUDWLQJ PRGHV oQRU PDO RU GLDJQRVWLF DV VKRZQ LQ 7DEOH ei 7KH ILUVW ELW o'io UHSRUWV /26 VWDWXVi 7KH VHFRQG ELW o'io UHSRUWV QHWZRUN ORRSEDFN GHWHFWLRQ VWDWXVi 7KH WKLUG ELW o'eo UHSRUWV WKH +'%e VHWWLQJi 7KH ODVW e ELWV o'e  'aeo UHSRUW RSHUDWLQJ PRGHV DQG LQWHUUXSW VWDWXVi 7KH +RVW PRGH SURYLGHV D ODWFKHG ,QWHUUXSW RXWSXW SLQn ,17i $Q LQWHUUXSW LV WULJJHUHG E\ D FKDQJH LQ WKH /26 ELW o'i RI WKH RXWSXW GDWD E\WHoi ,I WKH ,17 OLQH LV +LJK oQR LQWHUUXSW LV SHQGLQJon ELWV 'e  'ae UHSRUW WKH RSHUDWLQJ PRGHV OLVWHG LQ 7DEOH ei ,I WKH ,17 OLQH LV /RZn WKH LQWHU UXSW VWDWXV RYHUULGHV DOO RWKHU UHSRUWV DQG ELWV 'e  'ae UHIOHFW WKH LQWHUUXSW VWDWXV DV OLVWHG LQ 7DEOH ei
+DUGZDUH 0RGH 2SHUDWLRQ
,Q +DUGZDUH PRGH WKH WUDQVFHLYHU LV DFFHVVHG DQG FRQ WUROOHG WKURXJK LQGLYLGXDO SLQVi :LWK WKH H[FHSWLRQ RI WKH ,17 DQG &/.( IXQFWLRQVn +DUGZDUH PRGH SURYLGHV DOO WKH IXQFWLRQV SURYLGHG LQ WKH +RVW PRGHi ,Q WKH +DUGZDUH PRGH 5326i51(* RU 5'$7$ RXWSXWV DUH YDOLG RQ WKH ULVLQJ HGJH RI 5&/.i 7KH /;7eia RSHUDWHV LQ +DUGZDUH PRGH RQO\ ZKHQ 02'( LV /RZ RU FRQQHFWHG WR 5&/.i ,1,7,$/,=$7,21 $1' 5(6(7 23(5$7,21 8SRQ SRZHU XSn WKH WUDQVFHLYHU LV KHOG VWDWLF XQWLO WKH SRZHU VXSSO\ UHDFKHV DSSUR[LPDWHO\ e9i 8SRQ FURVVLQJ WKLV WKUHVKROGn WKH GHYLFH EHJLQV D ee PV UHVHW F\FOH WR FDO LEUDWH WKH WUDQVPLW DQG UHFHLYH GHOD\ OLQHV DQG ORFN WKH 3KDVH /RFN /RRS WR WKH UHFHLYH OLQHi $ UHIHUHQFH FORFN LV UHTXLUHG WR FDOLEUDWH WKH GHOD\ OLQHVi 7KH WUDQVPLWWHU UHIHU HQFH LV SURYLGHG E\ 7&/.i 7KH FU\VWDO RVFLOODWRU SURYLGHV WKH UHFHLYHU UHIHUHQFHi ,I WKH FU\VWDO RVFLOODWRU LV JURXQGHGn 0&/. LV XVHG DV WKH UHFHLYHU UHIHUHQFH FORFNi $OO 3//V DUH FRQWLQXRXVO\ FDOLEUDWHGi 7KH WUDQVFHLYHU FDQ DOVR EH UHVHW IURP WKH +RVW RU +DUG ZDUH PRGHi ,Q +RVW PRGHn FRPPDQG UHVHW E\ VLPXOWD QHRXVO\ ZULWLQJ iV WR 5/223 DQG //223n DQG D i WR 7$26i ,Q +DUGZDUH PRGHn UHVHW E\ KROGLQJ 5/223 DQG //223 +LJK VLPXOWDQHRXVO\ IRU eii QV ZKLOH KROGLQJ 7$26 /RZi ,Q HLWKHU PRGHn UHVHW VHWV DOO UHJLVWHUV WR ii
i e e e e ae a a ii ii ie ie ie ie
eei
7DEOH ea /;7eia 6HULDO 'DWD 2XWSXW %LW &RGLQJ o6HH )LJXUH eo
%LW 'e 'c 'ae 2SHUDWLQJ 0RGHV i i i i i i i i i i i i i i i 5HVHW KDV RFFXUUHGn RU QR SURJUDP LQSXWi 7$26 DFWLYH //223 DFWLYH 7$26 DQG //223 DFWLYH 5/223 DFWLYH ,QWHUUXSW 6WDWXV i i i i i i i i i 1/223 KDV FKDQJHG VWDWH VLQFH ODVW &OHDU 1/223 RFFXUUHGi /26 KDV FKDQJHG VWDWH VLQFH ODVW &OHDU /26 RFFXUUHGi /26 DQG 1/223 KDYH ERWK FKDQJHG VWDWH VLQFH ODVW &OHDU 1/223 DQG &OHDU /26 RFFXUUHGi 6WDWXV
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127(6a ii :KHQ WKHVH ELWV DUH VHW WR in WKHQ /26i1/223 FRQGLWLRQ KDV EHHQ GHWHFWHGi ei 6HH 7DEOH e IRU GLDJQRVWLFV VWDWXV HQFRGLQJi
eee
L1
/;7eia (i 178i,6'1 35, 7UDQVFHLYHU ,QWHUUXSW +DQGOLQJ
)LJXUH c VKRZV KRZ WR PDVN WKH LQWHUUXSW JHQHUDWRU E\ ZULWLQJ D RQH WR WKH UHVSHFWLYH ELW RI WKH LQSXW GDWD E\WH /26 o'io RU 1/223 o'ioi (LWKHU LQWHUUXSW SXOOV WKH ,17 RXWSXW SLQ /RZi 7KH RXWSXW VWDJH RI WKH ,17 SLQ FRQVLVWV RQO\ RI D SXOOGRZQ GHYLFH ZKLFK UHTXLUHV DQ H[WHUQDO SXOO XS UHVLVWRU IRU LW WR IXQFWLRQi 7R FOHDU HLWKHU LQWHUUXSWa ii ,I HLWKHU RI WKH LQWHUUXSW ELWV /26 o'io DQG 1/223 o'io RI WKH RXWSXW GDWD E\WHo LV +LJKn ZULWLQJ D RQH WR WKH UHVSHFWLYH LQSXW ELW o'i RU 'in RI WKH LQSXW GDWD E\WHo ZLOO FOHDU WKH LQWHUUXSWi /HDYLQJ D RQH LQ WKLV ELW SRVLWLRQ ZLOO HIIHFWLYHO\ PDVN WKH LQWHUUXSWi 7R UHHQ DEOH WKH LQWHUUXSW FDSDELOLW\n UHVHW 'i DQGiRU 'i WR ii ei ,I HLWKHU WKH /26 RU WKH 1/223 ELW LV /RZn UHVHWWLQJ WKH GHYLFH ZLOO FOHDU ERWK LQWHUUXSWVi 7R UHVHW WKH FKLSn VHW LQSXW ELWV 'e DQG 'c WR RQHn DQG 'ae WR ii
i e e e
)LJXUH ca /;7eia ,QWHUUXSW +DQGOLQJ
6WDUWXS RU 5HVWDUW ,QWHUUXSWV HQDEOHG 0DVN ,QWHUUXSWV " 1R /26 0DVN :KLFK ,QWHUUXSWV " 1/223 ,17 +LJK o1R LQWHUUXSWo
'RHV 1R DQ ,QWHUUXSW &RQGLWLRQ ([LVW " ,17 /RZ e ae a a ii ii ie ie ie ie
eee
/26 / 1/223 :ULWH uiu WR 'i RI ,QSXW :RUG WR 0DVN /26 ,QWHUUXSW :ULWH uin iu WR 'i'i RI ,QSXW :RUG WR 0DVN /26 DQG 1/223 ,QWHUUXSW :ULWH uiu WR 'i RI ,QSXW :RUG WR 0DVN 1/223 ,QWHUUXSW
5HDG 2XWSXW :RUG o%LWV 'e'ae 2SHUDWLQJ 0RGHo
/26
:KDW 1/223 ,QWHUUXSW &RQGLWLRQ ([LVWV " /26 / 1/223 :ULWH ui iu WR 'i'i RI ,QSXW :RUG WR &OHDUi 0DVN /26i 1/223 ,QWHUUXSWV :ULWH uiu WR 'i RI ,QSXW 6WDWXV WR &OHDUi0DVN 1/223 ,QWHUUXSW
1R
:ULWH uiu WR 'i RI ,QSXW :RUG WR &OHDUi0DVN /26 ,QWHUUXSW
$UH %RWK ,QWHUUXSW &RQGLWLRQV 0DVNHG "
,17 JRHV +,*+
5HDG 2XWSXW 6WDWXV :RUG o%LWV 'e'ae 2SHUDWLQJ 0RGHo
5H(QDEOH ,QWHUUXSWV " 1R
/26
5H(QDEOH 1/223 :KLFK ,QWHUUXSW " /26 / 1/223 :ULWH uiu WR 'i RI ,QSXW :RUG WR UHHQDEOH 1/223 ,QWHUUXSW
:ULWH uiu WR 'i RI ,QSXW :RUG WR UHHQDEOH /26 ,QWHUUXSW
:ULWH uiniu WR 'i'i RI ,QSXW :RUG WR UHHQDEOH /26 / 1/223 ,QWHUUXSWV
L1
/;7eia (i 178i,6'1 35, 7UDQVFHLYHU 'LDJQRVWLF 0RGH 2SHUDWLRQ
7UDQVPLW $OO 2QHVi 6HH )LJXUH aei ,Q 7UDQVPLW $OO 2QHV o7$26o PRGH WKH 7326 DQG 71(* LQSXWV WR WKH WUDQV FHLYHU DUH LJQRUHG DQG WKH WUDQVFHLYHU WUDQVPLWV D FRQWLQX RXV VWUHDP RI iV DW WKH 7&/. IUHTXHQF\i o,Q WKH /;7eia ZLWK -$6(/ VHW /RZ DQG 7&/. QRW SURYLGHGn 7$26 LV ORFNHG WR WKH 0&/.io 7KLV FDQ EH XVHG DV WKH %OXH $ODUP ,QGLFDWRU o$,6oi ,Q +RVW PRGHn 7$26 LV FRPPDQGHG E\ ZULWLQJ D RQH WR ELW 'ae RI WKH LQSXW GDWD E\WHi ,Q +DUGZDUH PRGHn 7$26 LV FRPPDQGHG E\ VHWWLQJ 7$26 +LJKi 7$26 FDQ EH FRPPDQGHG VLPXOWDQHRXVO\ ZLWK /RFDO /RRSEDFN DV VKRZQ LQ )LJXUH ae%n EXW LV LQKLELWHG GXULQJ 5HPRWH /RRSEDFNi SXWV DUH URXWHG EDFN LQWR WKH UHFHLYH LQSXWVi 7KLV WHVWV WKH HQFRGHUViGHFRGHUVn MLWWHU DWWHQXDWRUn WUDQVPLWWHUn UHFHLYHU DQG WLPLQJ UHFRYHU\ VHFWLRQVi ,Q +RVW PRGHn ZULWLQJ D RQH WR ELW 'c RI WKH LQSXW GDWD E\WH FRPPDQGV /RFDO /RRSEDFN ,Q +DUGZDUH PRGHn /RFDO /RRSEDFN LV FRPPDQGHG E\ VHW WLQJ //223 +LJKi ,I 7$26 DQG //223 DUH ERWK DFWLYHn WKH $OO 2QHV SDWWHUQ LV WUDQVPLWWHG RQWR WKH OLQH ZKLOH WKH 7326i71(* LQSXW GDWD ORRSV EDFN WR WKH 5326i51(* RXWSXWV WKURXJK WKH MLWWHU DWWHQXDWRUi 5HPRWH /RRSEDFNi 6HH )LJXUH ai ,Q 5HPRWH /RRSEDFN o5/223o PRGHn WKH WUDQVPLW GDWD DQG FORFN LQSXWV o7&/. DQG 7326i71(* RU 7'$7$o DUH LJQRUHGn DQG WKH LQOLQH HQFRGHUV DQG GHFRGHUV DUH E\SDVVHGi 7KH 5326i51(* RU 5'$7$ RXWSXWV DUH ORRSHG EDFN WKURXJK WKH WUDQVPLW FLU FXLWV DQG RXWSXW RQ 77,3 DQG 75,1* DW WKH 5&/. IUH TXHQF\i 5HFHLYHU FLUFXLWV DUH XQDIIHFWHG E\ WKH 5/223 FRPPDQG DQG FRQWLQXH WR RXWSXW WKH 5&/. DQG 5326i 51(* RU 5'$7$ VLJQDOV UHFHLYHG IURP WKH WZLVWHGSDLU OLQHi ,Q +RVW PRGHn ZULWLQJ D RQH WR ELW 'e RI WKH LQSXW GDWD E\WH FRPPDQGV 5HPRWH /RRSEDFNi ,Q +DUGZDUH PRGHn 5HPRWH /RRSEDFN LV FRPPDQGHG E\ VHWWLQJ 5/223 +LJKi
)LJXUH aea 7UDQVPLW $OO 2QHV
$
7UDQVPLW $OO 2QHV //223 +LJK 5/223 /RZ 7$26 /RZ
7$26 7&/. 7326 71(* 5&/. 51(* 5326
7LPLQJ / &RQWURO
77,3 75,1* o$OO iVo
7LPLQJ 5HFRYHU\
57,3 55,1*
)LJXUH aa 5HPRWH /RRSEDFN
5HPRWH /RRSEDFN //223 /RZ 5/223 +LJK 7$26 /RZ
%
7UDQVPLW $OO 2QHV o /RFDO /RRSEDFN //223 +LJK 5/223 /RZ 7$26 +LJK
7326 71(* 7&/.
7LPLQJ / &RQWURO o o6HOHFWDEOH -$ 7[ RU 5[ 3DWK 7LPLQJ 5HFRYHU\
77,3 75,1*
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3DUDPHWHU 7HVW ORDG LPSHGDQFH 1RPLQDO SHDN PDUN YROWDJH 1RPLQDO SHDN VSDFH YROWDJH 1RPLQDO SXOVH ZLGWK 5DWLR RI SRVLWLYH DQG QHJDWLYH SXOVH DPSOLWXGH DW FHQWHU RI SXOVH 5DWLR RI SRVLWLYH DQG QHJDWLYH SXOVH DPSOLWXGHV DW QRPLQDO KDOI DPSOLWXGH 73: iei eii i ` iiei eee aeiie aeiie 8QLWV  9 9 QV o o
eec
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