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0$5&+ iaaae
/;7eciieci ,QWHJUDWHG 7ii(i /+i6+ 7UDQVFHLYHUV
IRU '6ii'6;ii&68 RU 178i,6'1 35, $SSOLFDWLRQV
*HQHUDO 'HVFULSWLRQ
7KH /;7eci DQG /;7eci DUH WKH ILUVW IXOOIHDWXUHGn IXOO\ LQWHJUDWHGn FRPELQDWLRQ WUDQVFHLYHUV IRU (i ,6'1 3ULPDU\ 5DWH ,QWHUIDFH DQG 7i ORQJ DQG VKRUWKDXO DSSOLFDWLRQVi 7KH\ RSHUDWH RYHU iice PP oee $:*o WZLVWHGSDLU FDEOHV IRU i WR e NP oc NIWo DQG RIIHU /LQH %XLOG2XWV DQG SXOVH HTXDOL]DWLRQ VHWWLQJV IRU DOO 7i DQG (i /LQH ,QWHUIDFH 8QLW o/,8o DSSOLFDWLRQVi 7KH /;7eci DQG /;7eci DUH LGHQWLFDO H[FHSW IRU WKHLU FRQWURO RSWLRQVi 7KH /;7eci RIIHUV DQ ,QWHO RU 0RWRUROD FRPSDWLEOH SDUDOOHO SRUW IRU PLFURSURFHVVRU FRQWUROi 7KH /;7eci SURYLGHV ERWK D VHULDO SRUW IRU PLFURSURFHVVRU FRQWURO DQG D KDUGZDUH FRQWURO PRGH IRU VWDQG DORQH RSHU DWLRQi %RWK LQFRUSRUDWH DGYDQFHG FU\VWDOOHVV GLJLWDO MLWWHU DWWHQXDWLRQ LQ HLWKHU WKH WUDQVPLW RU UHFHLYH GDWD SDWK VWDUW LQJ DW e +]i %a=6i+'%e HQFRGLQJiGHFRGLQJ DQG XQLSRODU RU ELSRODU GDWD ,i2 DUH DYDLODEOHi %RWK /,8V SURYLGH ORVV RI VLJQDO PRQLWRULQJ DQG D YDULHW\ RI GLDJQRVWLF ORRSEDFN PRGHVi 7KH /;7eciieci XVHV DQ DGYDQFHG GRXEOHSRO\n GRXEOH PHWDO IDEULFDWLRQ SURFHVV DQG UHTXLUHV RQO\ D VLQJOH eYROW SRZHU VXSSO\i
9HUVLRQ iii
)HDWXUHV
 )XOO\ LQWHJUDWHG WUDQVFHLYHUV IRU /RQJ RU 6KRUW+DXO 7i RU (i LQWHUIDFHV  &U\VWDOOHVV GLJLWDO MLWWHU DWWHQXDWLRQ 6HOHFW HLWKHU WUDQVPLW RU UHFHLYH SDWK 1R FU\VWDO RU KLJK VSHHG H[WHUQDO FORFN UHTXLUHG  0HHW RU H[FHHG VSHFLILFDWLRQV LQ $16, 7iieie DQG 7iieiaa ,78 ,ieein *iaeien *iaeecn *iaeaee DQG *iaeea (76, eiiicc DQG eiieeea DQG $7/7 3XE ceeii  6XSSRUW aee  o(i FRD[on iii  o7i WZLVWHGSDLUo DQG iei  o(i WZLVWHGSDLUo DSSOLFDWLRQV  6HOHFWDEOH UHFHLYHU VHQVLWLYLW\  )XOO\ UHVWRUHV WKH UHFHLYHG VLJQDO DIWHU WUDQVPLVVLRQ WKURXJK D FDEOH ZLWK DWWHQXDWLRQ RI HLWKHU i WR ec G%n RU i WR ec G% # aeaee N+] DQG i WR ee G% # iiee N+]  )LYH 3XOVH (TXDOL]DWLRQ 6HWWLQJV IRU 7i VKRUWKDXO DSSOLFDWLRQV  )RXU /LQH %XLOG2XWV IRU 7i ORQJKDXO DSSOLFDWLRQV IURP i G% WR eeie G%  7UDQVPLWiUHFHLYH SHUIRUPDQFH PRQLWRUV ZLWK 'ULYHU )DLO 0RQLWRU 2SHQ DQG /RVV RI 6LJQDO RXWSXWV  6HOHFWDEOH XQLSRODU RU ELSRODU GDWD ,i2 DQG %a=6i+'%e HQFRGLQJiGHFRGLQJ  /LQH DWWHQXDWLRQ LQGLFDWLRQ RXWSXW LQ eia G% VWHSV  4566 JHQHUDWRUiGHWHFWRU IRU WHVWLQJ RU PRQLWRULQJ  2XWSXW VKRUW FLUFXLW FXUUHQW OLPLW SURWHFWLRQ  /RFDOn UHPRWHn DQDORJ DQG LQEDQG QHWZRUN ORRSEDFN JHQHUDWLRQ DQG GHWHFWLRQ  0XOWLSOHUHJLVWHU VHULDO RU SDUDOOHOLQWHUIDFH IRU PLFURSURFHVVRU FRQWURO  $YDLODEOH LQ eaSLQ ',3n eaSLQ 3/&&n DQG eeSLQ 34)3 SDFNDJHV
 
i e e e e ae a a ii ii ie ie ie ie
$SSOLFDWLRQV
      ,6'1 3ULPDU\ 5DWH ,QWHUIDFH o,6'1 35,o &68i178 LQWHUIDFH WR 7ii(i 6HUYLFH :LUHOHVV %DVH 6WDWLRQ LQWHUIDFH 7ii(i /$1i:$1 EULGJHiURXWHUV 7ii(i 0X[a &KDQQHO %DQNV 'LJLWDO /RRS &DUULHU  6XEVFULEHU &DUULHU 6\VWHPV
/;7eci %ORFN 'LDJUDP
L1
eeae
/;7eciieci ,QWHJUDWHG 7ii(i /+i6+ 7UDQVFHLYHUV )LJXUH ia /;7eci +DUGZDUH &RQWUROOHG %LSRODU 0RGH 3LQ $VVLJQPHQWV
/;7eci3(
/;7eci1(
0&/. 7326 7&/. 5/223 //223 71(* 7$26 (&e QiF QiF QiF ee ee ei ei ea ea eae ec ee ee ee ie ie ie ie ic iae ia ia ei ei ee QiF 7*1' /26 1/223 77,3 75,1* 79&&7 (&e QiF QiF QiF
ee ee ee ei ei ea ea eae ec ee ee QiF 02'( 51(* 5326 5&/. QiF 7567( QiF QiF -$6(/ QiF i e e e e c ae a a ii ii QiF (&e (&i QiF *1' QiF 9&& QiF 55,1* 57,3 QiF
/;7eci4(
7DEOH ia /;7eci &ORFN DQG 'DWD 3LQ $VVLJQPHQWV E\ 0RGHi
3LQ u 3LQ u ',3i 4(3 3/&& i e e e c ea ei ee ee e 7326 71(* 51(* 7'$7$ ,16%39 %39 51(* ([WHUQDO 'DWD 0RGHV %LSRODU 0RGH 8QLSRODU 0RGH 0&/. 7&/. ,16/(5 ,16%39 %39 4566 0RGHV %LSRODU 0RGH 8QLSRODU 0RGH
ii 'DWD SLQV FKDQJH EDVHG RQ ZKHWKHU H[WHUQDO GDWD RU LQWHUQDO 4566 PRGH LV DFWLYHi &ORFN SLQV UHPDLQ WKH VDPH LQ ERWK +DUGZDUH DQG +RVW 0RGHVi
eea
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/;7eciieci ,QWHJUDWHG 7ii(i /+i6+ 7UDQVFHLYHUV 7DEOH ia /;7eci &ORFN DQG 'DWD 3LQ $VVLJQPHQWV E\ 0RGHi FRQWLQXHG
3LQ u 3LQ u ',3i 4(3 3/&& ae a ie ie ie ic ia ei ei ee e e ie ic ia ia ee ec eae ea ([WHUQDO 'DWD 0RGHV %LSRODU 0RGH 5326 8QLSRODU 0RGH 5'$7$ 5&/. 77,3 7*1' 79&& 75,1* 57,3 55,1* 9&& *1' 4566 0RGHV %LSRODU 0RGH 5326 8QLSRODU 0RGH 5'$7$
i e e e e ae a a ii ii ie ie ie ie
ii 'DWD SLQV FKDQJH EDVHG RQ ZKHWKHU H[WHUQDO GDWD RU LQWHUQDO 4566 PRGH LV DFWLYHi &ORFN SLQV UHPDLQ WKH VDPH LQ ERWK +DUGZDUH DQG +RVW 0RGHVi
7DEOH ea /;7eci &RQWURO 3LQV E\ 0RGH
3LQ u 3LQ u +DUGZDUH 0RGHV +RVW 0RGHV 3LQ u 3LQ u +DUGZDUH 0RGHV +RVW 0RGHV ',3i 4)3 ',3i 4)3 3/&& 3/&& 8QLSRODUi 4566 8QLSRODUi 4566 8QLSRODUi 4566 8QLSRODUi 4566 %LSRODU %LSRODU %LSRODU %LSRODU e a ii ie ee ee e ae ii ie ei ee 02'( 7567( -$6(/ /26 (&i (&e /26i 43' /26 INT 6', 02'( 7567( /RZ /26i 43' ee iae ia ec eae ea ee ei ei ec eae ea (&e (&e 1/223 5/223 //223 7$26 4566 6'2 /RZ 1/223 CS 6&/. &/.(
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eea
/;7eciieci ,QWHJUDWHG 7ii(i /+i6+ 7UDQVFHLYHUV 7DEOH ea /;7eci +DUGZDUH &RQWUROOHG %LSRODU 0RGH 6LJQDO 'HVFULSWLRQV
3LQ u 3LQ u ',3i 4)3e 3/&& ii eai 6\PERO ,i2e 'HVFULSWLRQ
0&/.
',
0DVWHU &ORFNi &RQQHFW WR iieee 0+] IRU 7i RSHUDWLRQa WR eiiea 0+] IRU (ii 0&/. LQSXW UHTXLUHV DQ H[WHUQDOn LQGHSHQGHQW FORFN VLJQDO WR JHQHUDWH LQWHUQDO FORFNVi 5HTXLUHG DFFXUDF\ LV EHWWHU WKDQ ` ee SSP ZLWK D W\SLFDO GXW\ F\FOH RI eioi 8SRQ /RVV RI 6LJQDO o/26on 5&/. LV GHULYHG IURP 0&/.i 7UDQVPLW &ORFNi iieee 0+] RU eiiea 0+] FORFN LQSXWi 7UDQVFHLYHU VDPSOHV 7326 DQG 71(* RQ WKH IDOOLQJ HGJH RI 7&/. 7UDQVPLW 'DWD  3RVLWLYH DQG 1HJDWLYHi ,Q WKH %LSRODU ,i2 PRGHn WKHVH SLQV DUH WKH SRVLWLYH DQG QHJDWLYH VLGHV RI D ELSRODU LQSXW SDLUi 'DWD WR EH WUDQVPLWWHG RQWR WKH WZLVWHGSDLU OLQH LV LQSXW DW WKHVH SLQVi 7DEOH e GHVFULEHV 8QLSRODU 0RGH IXQFWLRQVi 0RGH 6HOHFWi &RQQHFWLQJ 02'( /RZ SXWV WKH /;7eci LQ WKH +DUGZDUH 0RGHi ,Q +DUGZDUH 0RGHn WKH VHULDO LQWHUIDFH LV GLVDEOHG DQG KDUGZLUHG SLQV DUH XVHG WR FRQWURO FRQILJXUDWLRQ DQG UHSRUW VWDWXVi &RQQHFWLQJ 02'( WR 0LGUDQJHe DFWLYDWHV WKH +DUGZDUH 0RGH DQG HQDEOHV WKH %a=6i+'%e HQFRGHUiGHFRGHU DQG 8QLSRODU 0RGHi &RQQHFWLQJ 02'( +LJK SXWV WKH /;7eci LQ WKH +RVW 0RGHi ,Q WKH +RVW 0RGHn WKH VHULDO LQWHUIDFH FRQWUROV WKH /;7eci DQG GLVSOD\V LWV VWDWXVi 5HFHLYH 'DWD  1HJDWLYH DQG 3RVLWLYHi ,Q WKH %LSRODU ,i2 PRGHn WKHVH SLQV DUH WKH SRVLWLYH DQG QHJDWLYH VLGHV RI D ELSRODU RXWSXW SDLUi 'DWD UHFRYHUHG IURP WKH OLQH LQWHUIDFH LV RXWSXW RQ WKHVH SLQVi $ 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 RXWSXWV DUH 1RQ5HWXUQWR=HURi %RWK RXWSXWV DUH VWDEOH DQG YDOLG RQ WKH ULVLQJ HGJH RI 5&/.i 5HIHU WR 7DEOH e IRU 8QLSRODU 0RGH IXQFWLRQ GHVFULSWLRQVi 5HFRYHUHG &ORFNi 7KH FORFN UHFRYHUHG IURP WKH OLQH LQSXW VLJQDO LV RXWSXW RQ WKLV SLQi 8QGHU /26 FRQGLWLRQV WKHUH LV D VPRRWK WUDQVLWLRQ IURP 5&/. VLJQDO oGHULYHG IURP WKH UHFRYHUHG GDWDo WR 0&/. VLJQDO DW WKH 5&/. RXWSXWi 7ULVWDWHi &RQQHFWLQJ 7567( +LJK IRUFHV DOO RXWSXW SLQV WR D KLJK LPSHGDQFH VWDWHi &RQQHFWLQJ 7567( /RZ VHWV /;7eci WR WKH +DUGZDUH %LSRODU 0RGHi &RQQHFWLQJ 7567( WR 0LGUDQJHe HQDEOHV WKH 8QLSRODU 0RGHi o6HH 7DEOH e IRU 8QLSRODU IXQFWLRQ GHVFULSWLRQVio 1R FRQQHFWLRQi /HDYH WKLV SLQ IORDWLQJi
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ii 7KHVH SLQV GR QRW FKDQJH IXQFWLRQ DV WKH RSHUDWLQJ PRGH FKDQJHVi 7DEOHV e WKURXJK c GR QRW GHVFULEH WKHVH SLQVi ei ,i2 FROXPQ HQWULHVa ', 'LJLWDO ,QSXWa '2 'LJLWDO 2XWSXWa ',i2 'LJLWDO ,QSXWi2XWSXWa $, $QDORJ ,QSXWa $2 ei 0LGUDQJH LV D YROWDJH OHYHO VXFK WKDW eie 9  0LGUDQJH  eiae 9 RU WKH SLQ PD\ IORDWi ei 3LQV in cn an iin ien ien iaen een een ecn ean ein een een ein DQG ee DUH QRW FRQQHFWHG oQiFoi
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/;7eciieci ,QWHJUDWHG 7ii(i /+i6+ 7UDQVFHLYHUV 7DEOH ea /;7eci +DUGZDUH &RQWUROOHG %LSRODU 0RGH 6LJQDO 'HVFULSWLRQV  FRQWLQXHG
3LQ u 3LQ u ',3i 4)3e 3/&& ii ii 6\PERO ,i2e 'HVFULSWLRQ
-$6(/
',
-LWWHU $WWHQXDWLRQ 6HOHFWi 6HOHFWV MLWWHU DWWHQXDWLRQ ORFDWLRQi &RQQHFWLQJ -$6(/ +LJK DFWLYDWHV WKH MLWWHU DWWHQXDWRU LQ WKH UHFHLYH SDWKi &RQQHFWLQJ -$6(/ /RZ DFWLYDWHV WKH MLWWHU DWWHQXDWRU LQ WKH WUDQVPLW SDWKi &RQQHFWLQJ -$6(/ WR 0LGUDQJHe GLVDEOHV -$i /RVV RI 6LJQDO ,QGLFDWRUi ,Q 7i PRGHVn /26 JRHV +LJK RQ UHFHLSW RI iaee FRQ VHFXWLYH VSDFHV DQG UHWXUQV /RZ ZKHQ WKH UHFHLYHG VLJQDO UHDFKHV D PDUN GHQ VLW\ RI ieieo oGHWHUPLQHG E\ UHFHLSW RI ic PDUNV ZLWKLQ D VOLGLQJ ZLQGRZ RI iea ELWV ZLWK IHZHU WKDQ iii FRQVHFXWLYH ]HURVoi ,Q (i PRGHVn /26 JRHV +LJK RQ UHFHLSW RI ee FRQVHFXWLYH VSDFHVn DQG UHWXUQV /RZ ZKHQ WKH UHFHLYHU GHWHFWV ieieo PDUN GHQVLW\ oGHWHUPLQHG E\ UHFHLSW RI e PDUNV ZLWKLQ D VOLGLQJ ZLQGRZ RI ee ELWV ZLWK IHZHU WKDQ ic FRQVHFXWLYH ]HURVoi 7KH WUDQVFHLYHU RXWSXWV UHFHLYHG PDUNV RQ 5326 DQG 51(* HYHQ ZKHQ /26 LV +LJKi 7UDQVPLW 7LS DQG 5LQJi 'LIIHUHQWLDO 'ULYHU 2XWSXWVi 7KHVH RXWSXWV DUH GHVLJQHG WR GULYH D ei  eii  ORDGi 7KH WUDQVIRUPHU DQG OLQH PDWFKLQJ UHVLV WRUV VKRXOG EH VHOHFWHG WR JLYH WKH GHVLUHG SXOVH KHLJKW DQG UHWXUQ ORVV SHUIRU PDQFHi *URXQG UHWXUQ IRU WKH WUDQVPLW GULYHUV SRZHU VXSSO\ 79&&i
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7*1' 79&& (&e 1/223 ', ', '2
oe 9'& 3RZHU 6XSSO\ LQSXW IRU WKH WUDQVPLW GULYHUVi 79&& PXVW QRW YDU\ IURP 9&& E\ PRUH WKDQ ` iie 9i (TXDOL]DWLRQ &RQWURO ei 8VHG ZLWK (&ei oSLQV eeeeo IRU SXOVH HTXDOL]DWLRQ DQG /%2 VHWWLQJVi 1HWZRUN /RRSEDFN 'HWHFWLRQi ,I WKH /;7eci LV FRQILJXUHG WR GHWHFW 1HWZRUN /RRSEDFN o1/223o oE\ FRQQHFWLQJ WKH 5/223 SLQ WR 0LGUDQJHeon WKLV SLQ JRHV +LJK ZKHQ DQ ,QEDQG 1HWZRUN /RRSEDFN KDV EHHQ DFWLYDWHG E\ WKH UHFHS WLRQ RI D iiiii SDWWHUQ IRU ILYH VHFRQGVi 1/223 LV UHVHW E\ UHFHSWLRQ RI iii IRU ILYH VHFRQGVn RU E\ DFWLYDWLRQ RI 5/223i 5HFHLYH 7LS DQG 5LQJi 7KH $0, 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 oe 9'& 3RZHU 6XSSO\ IRU DOO FLUFXLWV H[FHSW WKH WUDQVPLW GULYHUVi o7UDQVPLW GULYHUV DUH VXSSOLHG E\ 79&&io *URXQG UHWXUQ IRU SRZHU VXSSO\ 9&&i
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iai eii
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$,
eii ee
i
eaei ea
i
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ii 7KHVH SLQV GR QRW FKDQJH IXQFWLRQ DV WKH RSHUDWLQJ PRGH FKDQJHVi 7DEOHV e WKURXJK c GR QRW GHVFULEH WKHVH SLQVi ei ,i2 FROXPQ HQWULHVa ', 'LJLWDO ,QSXWa '2 'LJLWDO 2XWSXWa ',i2 'LJLWDO ,QSXWi2XWSXWa $, $QDORJ ,QSXWa $2 ei 0LGUDQJH LV D YROWDJH OHYHO VXFK WKDW eie 9  0LGUDQJH  eiae 9 RU WKH SLQ PD\ IORDWi ei 3LQV in cn an iin ien ien iaen een een ecn ean ein een een ein DQG ee DUH QRW FRQQHFWHG oQiFoi
L1
/;7eciieci ,QWHJUDWHG 7ii(i /+i6+ 7UDQVFHLYHUV 7DEOH ea /;7eci +DUGZDUH &RQWUROOHG %LSRODU 0RGH 6LJQDO 'HVFULSWLRQV  FRQWLQXHG
3LQ u 3LQ u ',3i 4)3e 3/&& ee ee ee ec ei ee ee ec 6\PERO ,i2e 'HVFULSWLRQ
(&i (&e (&e 5/223
',
(TXDOL]DWLRQ &RQWURO eii (&ei oLQFOXGLQJ SLQ iaeo GHILQH WKH 3XOVH (TXDO L]DWLRQn /LQH %XLOG 2XWV DQG (TXDOL]HU *DLQ /LPLW VHWWLQJVi 6HH 7DEOH ie IRU DGGLWLRQDO GHWDLOVi 5HPRWH /RRSEDFNi :KHQ KHOG +LJKn WKH FORFN DQG GDWD LQSXWV IURP WKH IUDPHU o7326i71(* RU 7'$7$o DUH LJQRUHG DQG WKH GDWD UHFHLYHG IURP WKH WZLVWHG SDLU OLQH LV WUDQVPLWWHG EDFN RQWR WKH OLQH DW WKH 5&/. IUHTXHQF\i 'XULQJ UHPRWH ORRSEDFNn WKH GHYLFH LJQRUHV WKH LQOLQH HQFRGHUViGHFRGHUVi &RQQHFWLQJ WKLV SLQ WR 0LGUDQJH HQDEOHV 1HWZRUN /RRSEDFNi 6HH )LJXUH ai /RFDO /RRSEDFNi :KHQ KHOG +LJKn WKH GDWD RQ 7326 DQG 71(* ORRSV EDFN GLJLWDOO\ WR 5326 DQG 51(* RXWSXWV oWKURXJK -$ LI HQDEOHGoi &RQQHFWLQJ WKLV SLQ WR 0LGUDQJHe HQDEOHV $QDORJ /RRSEDFN o77,3 DQG 75,1* ORRSHG EDFN WR 57,3 DQG 55,1*oi 6HH )LJXUHV en cn DQG aei 7UDQVPLW $OO 2QHVi :KHQ KHOG +LJK WKH WUDQVPLW GDWD LQSXWV DUH LJQRUHG DQG WKH /;7eciieci WUDQVPLWV D VWUHDP RI iV DW WKH 7&/. IUHTXHQF\i o,I 7&/. LV QRW VXSSOLHGn 0&/. LV WKH WUDQVPLW FORFN UHIHUHQFHio 7$26 LV LQKLELWHG GXULQJ 5HPRWH /RRSEDFNi &RQQHFWLQJ WKLV SLQ WR 0LGUDQJH HQDEOHV 4566 SDWWHUQ JHQHUDWLRQ DQG GHWHFWLRQi 6HH )LJXUH en iin DQG iii
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ii 7KHVH SLQV GR QRW FKDQJH IXQFWLRQ DV WKH RSHUDWLQJ PRGH FKDQJHVi 7DEOHV e WKURXJK c GR QRW GHVFULEH WKHVH SLQVi ei ,i2 FROXPQ HQWULHVa ', 'LJLWDO ,QSXWa '2 'LJLWDO 2XWSXWa ',i2 'LJLWDO ,QSXWi2XWSXWa $, $QDORJ ,QSXWa $2 ei 0LGUDQJH LV D YROWDJH OHYHO VXFK WKDW eie 9  0LGUDQJH  eiae 9 RU WKH SLQ PD\ IORDWi ei 3LQV in cn an iin ien ien iaen een een ecn ean ein een een ein DQG ee DUH QRW FRQQHFWHG oQiFoi
7DEOH ea /;7eci +DUGZDUH &RQWUROOHG 8QLSRODU 0RGH 6LJQDO $VVLJQPHQWV
3LQ u 3LQ u ',3i 4)3 3/&& e e ee ee 6\PERO ,i2i 'HVFULSWLRQ
7'$7$ ,16%39
', ',
7UDQVPLW 'DWDi 8QLSRODU LQSXW IRU GDWD WR EH WUDQVPLWWHG RQWR WKH WZLVWHGSDLU OLQHi ,QVHUW %LSRODU 9LRODWLRQi 7KLV SLQ LV VDPSOHG RQ WKH IDOOLQJ HGJH RI 7&/. WR FRQWURO %LSRODU 9LRODWLRQ ,QVHUWLRQV LQ WKH WUDQVPLW GDWD VWUHDPi $ /RZWR+LJK WUDQVLWLRQ LV UHTXLUHG WR LQVHUW VXEVHTXHQW %39Vi %LSRODU 9LRODWLRQi %39 JRHV +LJK WR UHSRUW UHFHLSW RI D ELSRODU YLRODWLRQ IURP WKH OLQHi 7KLV LV DQ 15= RXWSXWn YDOLG RQ WKH ULVLQJ HGJH RI 5&/.i 5HFHLYH 'DWDi 5'$7$ LV D XQLSRODU 15= RXWSXW RI GDWD UHFRYHUHG IURP WKH OLQH LQWHUIDFHi ,Q +DUGZDUH 0RGH 5'$7$ LV VWDEOH DQG YDOLG RQ WKH ULVLQJ HGJH RI 5&/.i
'LJLWDO 2XWSXWa ',i2 'LJLWDO ,QSXWi2XWSXWa $, $QDORJ ,QSXWa $2 $QDORJ 2XWSXWi
c ae
e e
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L1
/;7eciieci ,QWHJUDWHG 7ii(i /+i6+ 7UDQVFHLYHUV 7DEOH ea /;7eci +DUGZDUH &RQWUROOHG 4566 8QLSRODU 0RGH 6LJQDO $VVLJQPHQWV
3LQ u 3LQ u ',3i 4)3 3/&& e ee 6\PERO ,i2i 'HVFULSWLRQ
,16/(5
',
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7KH /;7eci DQG /;7eci DUH IXOO\ LQWHJUDWHGn 3&0 WUDQV FHLYHUV IRU ORQJ RU VKRUWKDXOn iieee 0ESV o7io RU eiiea 0ESV o(io DSSOLFDWLRQV DOORZLQJ IXOOGXSOH[ WUDQVPLVVLRQ RI GLJLWDO GDWD RYHU H[LVWLQJ WZLVWHGSDLU LQVWDOODWLRQVi 7KH\ LQWHUIDFH ZLWK WZR WZLVWHGSDLU OLQHV oRQH SDLU HDFK IRU WUDQVPLW DQG UHFHLYHo WKURXJK VWDQGDUG SXOVH WUDQVIRUP HUV DQG DSSURSULDWH UHVLVWRUVi 7KH ILJXUH DW WKH IURQW RI WKLV 'DWD 6KHHW VKRZV D EORFN GLD JUDP RI WKH /;7ecii &RQWURO RI WKLV FKLS LV YLD HLWKHU D VHULDO PLFURSURFHVVRU SRUW RUn LQ +DUGZDUH 0RGHn YLD LQGL YLGXDO SLQ VHWWLQJVi )LJXUH e LV D EORFN GLDJUDP RI WKH /;7ecii 7KH /;7eci KDV D SDUDOOHO SRUW IRU PLFURSURFHV VRU FRQWUROi %RWK WUDQVFHLYHUV SURYLGH D KLJKSUHFLVLRQn FU\VWDOOHVV MLWWHU DWWHQXDWRUi 7KH XVHU PD\ SODFH LW LQ WKH WUDQVPLW RU UHFHLYH SDWKn RU E\SDVV LW FRPSOHWHO\i 7KH WUDQVFHLYHUV PHHW RU H[FHHG )&& DQG $7/7 VSHFLIL FDWLRQV IRU &68 DQG '6;i DSSOLFDWLRQVn DV ZHOO DV $16, 7ii(in DQG ,78 DQG (76, UHTXLUHPHQWV IRU (i ,6'1 35, DSSOLFDWLRQVi
,QSXW GDWD PD\ SDVV WKURXJK HLWKHU WKH -LWWHU $WWHQXDWRU RU %a=6i+'%e HQFRGHU RU ERWKi %LW &5ii(1&(1% i HQDEOHV %a=6i+'%e HQFRGLQJ LQ +RVW 0RGHi ,Q +DUG ZDUH 0RGHn FRQQHFWLQJ WKH 02'( SLQ WR 0LGUDQJH VHOHFWV ]HUR VXSSUHVVLRQ FRGLQJi :LWK ]HUR VXSSUHVVLRQ HQDEOHGn WKH (&[ LQSXWV oVHH 7DEOH ieo GHWHUPLQH WKH FRGLQJ VFKHPH o%a=6 IRU 7i RU +'%e IRU (i PRGHoi 7R VHOHFW WKH +'%e VFKHPHn VHW (&ei WR iiiin iiii RU iiiii 2WKHU (&[ VHW WLQJV VHOHFW WKH %a=6 RSWLRQi 7KH WUDQVPLW FORFN o7&/.o VXSSOLHV LQSXW V\QFKURQL]DWLRQi 7KH 7HVW 6SHFLILFDWLRQV VHFWLRQ GHILQHV WKH WUDQVPLW WLPLQJ UHTXLUHPHQWV IRU 7&/. DQG WKH 0DVWHU &ORFN o0&/.oi
6KRUW &LUFXLW /LPLW
7KH WUDQVPLWWHU LQFOXGHV D VKRUW FLUFXLW OLPLWHUi 7KLV OLPLWV WKH FXUUHQW VRXUFHG LQWR D ORZ LPSHGDQFH ORDGi ,W DXWRPDW LFDOO\ UHVHWV ZKHQ WKH ORDG FXUUHQW GURSV EHORZ WKH OLPLWi 7KH FXUUHQW LV GHWHUPLQHG E\ WKH LQWHUIDFH FLUFXLWU\ oWRWDO UHVLVWDQFH RQ WUDQVPLW VLGHoi ,Q +RVW 0RGHn WKH 3HUIRUPDQFH 6WDWXV 5HJLVWHU IODJV RSHQ FLUFXLWV LQ ELW 365i')02i $ WUDQVLWLRQ RQ ')02 ZLOO SURYLGH DQ LQWHUUXSW DQG WKH WUDQVLWLRQ VHWV ELW 765i')02 ii :ULWLQJ D i LQ ELW ,&5i&')02 FOHDUV WKH LQWHUUXSWa OHDYLQJ D i LQ WKH ELW PDVNV WKDW LQWHUUXSWi
,1,7,$/,=$7,21
'XULQJ SRZHU XSn WKH WUDQVFHLYHU UHPDLQV VWDWLF XQWLO WKH SRZHU VXSSO\ UHDFKHV DSSUR[LPDWHO\ e 9i 2Q FURVVLQJ WKLV WKUHVKROGn WKH GHYLFH EHJLQV D ee PV UHVHW F\FOH WR FDOLEUDWH WKH 3KDVH /RFN /RRSV o3//oi 7KH WUDQVFHLYHU XVHV D UHIHU HQFH FORFN WR FDOLEUDWH WKH 3//a WKH WUDQVPLWWHU UHIHUHQFH LV 7&/.n DQG WKH UHFHLYHU UHIHUHQFH FORFN LV 0&/.i 0&/. LV PDQGDWRU\ IRU FKLS RSHUDWLRQi
2XWSXW 'ULYHUV
7KH WUDQVFHLYHUV WUDQVPLW GDWD DV D eio OLQH FRGH DV VKRZQ LQ )LJXUH ei $FWLYDWLQJ WKH OLQH GULYHU RQO\ GXULQJ D PDUN UHGXFHV SRZHU FRQVXPSWLRQi 7KH RXWSXW GULYHU LV GLVDEOHG GXULQJ WUDQVPLVVLRQ RI D VSDFHi %LDVLQJ RI WKH WUDQVPLW '& OHYHO LV RQFKLSi
5HVHW 2SHUDWLRQ
5HVHW FOHDUV DQG VHWV DOO UHJLVWHUV WR i DQG UHVHWV WKH VWDWXV DQG VWDWH PDFKLQHV IRU WKH /26n $,6n 1/223n DQG 4566 EORFNVi ,Q +DUGZDUH 0RGHn KROGLQJ SLQV 5/223n //223 DQG 7$26 +LJK IRU DW OHDVW RQH FORFN F\FOH UHVHWV WKH GHYLFHi :ULWLQJ D i WR WKH ELW &5ei5(6(7 FRPPDQGV UHVHW LQ +RVW 0RGHi $OORZ ee PV IRU WKH GHYLFH WR VHWWOH DIWHU UHPRYLQJ DOO UHVHW FRQGLWLRQVi
)LJXUH ea eio 'XW\ &\FOH &RGLQJ 'LDJUDP
77,3 75,1*
%,7 &(// i i i
75$160,77(5 'LJLWDO 'DWD ,QWHUIDFH
,QSXW GDWD IRU WUDQVPLVVLRQ RQWR WKH OLQH LV FORFNHG VHULDOO\ LQWR WKH GHYLFH DW WKH 7&/. UDWHi 7326 DQG 71(* DUH WKH ELSRODU GDWD LQSXWVi 7'$7$ DFFHSWV XQLSRODU GDWDi o6HW WLQJ WKH 7567( SLQ WR 0LGUDQJH HQDEOHV +DUGZDUH 8QLSR ODU 0RGHio eaei
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/;7eciieci ,QWHJUDWHG 7ii(i /+i6+ 7UDQVFHLYHUV ,GOH 0RGH
7UDQVPLW ,GOH 0RGH LV D QRUPDO RSHUDWLRQDO PRGH oDV RSSRVHG WR PRGHVo ZKLFK DOORZV PXOWLSOH WUDQVFHLYHUV WR EH FRQQHFWHG WR D VLQJOH OLQH IRU UHGXQGDQW DSSOLFDWLRQVi 77,3 DQG 75,1* UHPDLQ LQ D KLJK LPSHGDQFH VWDWH ZKHQ 7&/. LV QRW SUHVHQWi 5HPRWH RU 'XDO /RRSEDFNn 7$26 RU DQ\ LQWHUQDO WUDQVPLW SDWWHUQV WHPSRUDULO\ GLVDEOH WKH KLJK LPSHGDQFH VWDWH DV ZLOO GHWHFWLRQ RI 1HWZRUN /RRS 8S FRGH LQ WKH UHFHLYH GLUHFWLRQi WKH UHFHLYHG VLJQDOi 7KH GDWD VOLFHUV DUH VHW DW eio RI WKH SHDN YDOXH WR HQVXUH RSWLPXP VLJQDOWRQRLVH SHUIRUPDQFHi $IWHU SURFHVVLQJ WKURXJK WKH GDWD VOLFHUVn WKH UHFHLYHG VLJ QDO JRHV WR WKH GDWD DQG WLPLQJ UHFRYHU\ VHFWLRQn WKHQ WR WKH %a=6i+'%e GHFRGHU oLI VHOHFWHGo DQG WR WKH UHFHLYH PRQ LWRUi 7KH GDWD DQG WLPLQJ UHFRYHU\ FLUFXLWV SURYLGH LQSXW MLWWHU WROHUDQFH VLJQLILFDQWO\ EHWWHU WKDQ UHTXLUHG E\ $7/7 3XE ceeii DQG ,78 *iaeei 6HH WKH 7HVW 6SHFLILFDWLRQV VHFWLRQi
i e e e e ae a a ii ii ie ie ie ie
3XOVH 6KDSH
7KH (TXDOL]HU &RQWURO LQSXWV o(&eio GHWHUPLQH WKH WUDQV PLWWHG SXOVH VKDSH DV LQ 7DEOH iei ,Q +RVW 0RGHn WKH ,i2 SRUW FRQWUROV WKH (&[ YDOXHVi )RU WKH /;7eci LQ +DUGZDUH 0RGHn IRXU LQGLYLGXDO SLQV SURYLGH WKH (&[ LQSXWVi 6KDSHG SXOVHV PHHWLQJ WKH YDULRXV 7in '6in '6;i DQG (i VSHFLILFDWLRQV DUH DSSOLHG WR WKH $0, OLQH GULYHU IRU WUDQV PLVVLRQ RQWR WKH OLQH DW 77,3 DQG 75,1*i 7KH WUDQVFHLYHUV SURGXFH '6;i SXOVHV IRU VKRUWKDXO 7i DSSOLFDWLRQV oVHW WLQJV IURP i G% WR oeii G%on '6i SXOVHV IRU ORQJKDXO 7i DSSOLFDWLRQV oVHWWLQJV IURP i G% WR eeie G%on DQG D *iaeie SXOVH IRU (i DSSOLFDWLRQVi 5HIHU WR WKH 7HVW 6SHFLILFDWLRQV VHFWLRQ IRU SXOVH PDVN VSHFLILFDWLRQVi
'LJLWDO 'DWD ,QWHUIDFH
,Q HLWKHU +RVW RU +DUGZDUH &RQWURO 0RGH WKH UHFRYHUHG GDWD JRHV WR WKH /RVV RI 6LJQDO o/26o 0RQLWRUi ,Q +RVW &RQWURO 0RGHn LW DOVR JRHV WKURXJK WKH $ODUP ,QGLFDWLRQ 6LJQDO o$,6n %OXH $ODUPo 0RQLWRUi 7KH MLWWHU DWWHQXDWRU FLUFXLW PD\ EH HQDEOHG RU GLVDEOHG LQ WKH UHFHLYH GDWD SDWK RU WKH WUDQVPLW SDWKi 5HFHLYHG GDWD PD\ JR WKURXJK HLWKHU WKH %a=6 RU +'%e GHFRGHU RU QHLWKHUi )LQDOO\n WKH GHYLFH PD\ VHQG WKH GLJLWDO GDWD WR WKH IUDPHU DV HLWKHU XQLSRODU RU ELSRODU GDWDi :KHQ WUDQVPLWWLQJ XQLSRODU GDWD WR WKH IUDPHUn WKH GHYLFH UHSRUWV UHFHLYLQJ ELSRODU YLRODWLRQV E\ GULYLQJ WKH %39 SLQ +LJKi 'XULQJ (i RSHUDWLRQ LQ +RVW &RQWURO 0RGHn WKH GHYLFH FDQ UHSRUW +'%e FRGH YLRODWLRQV DQG =HUR 6XEVWLWX WLRQ 9LRODWLRQV RQ WKH %39 SLQi 7KH GLDJQRVWLFV VHFWLRQ H[SODLQV WKHVH RSWLRQV LQ PRUH GHWDLOi
5(&(,9(5
$ iai WUDQVIRUPHU SURYLGHV WKH LQWHUIDFH WR WKH WZLVWHGSDLU OLQHi 5HFRYHUHG GDWD LV RXWSXW DW 5326i51(* o5'$7$ LQ 8QLSRODU 0RGHon DQG WKH UHFRYHUHG FORFN LV RXWSXW DW 5&/.i 7KH 7HVW 6SHFLILFDWLRQV VHFWLRQ VKRZV UHFHLYHU WLPLQJi
5HFHLYHU 0RQLWRU 0RGH
7KH UHFHLYH HTXDOL]HU RI WKH /;7eciieci FDQ EH XVHG LQ 0RQLWRU 0RGH DSSOLFDWLRQVi 0RQLWRU 0RGH DSSOLFDWLRQV DUH WKRVH UHTXLULQJ D UHVLVWLYH DWWHQXDWLRQ RI WKH VLJQDO LQ DGGLWLRQ WR D VPDOO DPRXQW RI FDEOH DWWHQXDWLRQ oOHVV WKDQ c G%oi 6HWWLQJ ELW &5ei(4=021 i FRQILJXUHV WKH GHYLFH WR ZRUN LQ LWV 0RQLWRU 0RGHi 7KH GHYLFH PXVW EH LQ LWV ORQJKDXO UHFHLYHU PRGH oVHW ELWV &5ii(&[ i[[i RU iiii RU iiiio IRU 0RQLWRU 0RGHi 7KLV IHDWXUH LV QRW DYDLO DEOH LQ WKH /;7eci +DUGZDUH 0RGHi :LWK WKH GHYLFH LQ 0RQLWRU 0RGHn WKH UHFHLYH HTXDOL]HU KDQGOHV VLJQDOV DWWHQXDWHG UHVLVWLYHO\ E\ ei WR ei G%n DORQJ ZLWK i WR c G% RI FDEOH DWWHQXDWLRQ IRU ERWK (i DQG 7i DSSOLFDWLRQVi
5HFHLYHU (TXDOL]HU
7KH UHFHLYH HTXDOL]HU SURFHVVHV WKH VLJQDO UHFHLYHG DW 57,3 DQG 55,1*i 7KH HTXDOL]HU JDLQ LV XS WR ee G% LQ (i ORQJ KDXO DSSOLFDWLRQVi ,Q 7i ORQJKDXO DSSOLFDWLRQVn WKH HTXDO L]HU FRQWURO o(&[o LQSXW SLQV RU UHJLVWHU ELWV GHWHUPLQH WKH PD[LPXP JDLQ DSSOLHG DW WKH HTXDOL]HUi :LWK (&i /RZn XS WR ec G% RI JDLQ PD\ EH DSSOLHGi :KHQ (&i LV +LJKn ec G% LV WKH JDLQ OLPLW WR SURYLGH DQ LQFUHDVHG QRLVH PDUJLQ LQ VKRUWHU ORRS RSHUDWLRQVi 7KH UHFHLYHU FDQ DFFXUDWHO\ UHFRYHU VLJQDOV ZLWK XS WR ec G% RI FDEOH DWWHQXDWLRQ oIURP eie 9o IRU 7i DQG XS WR ee G% RI FDEOH DWWHQXDWLRQ oIURP eiae 9o IRU (i RSHUDWLRQi
-,77(5 $77(18$7,21
$ -LWWHU $WWHQXDWLRQ /RRS o-$/o ZLWK DQ (ODVWLF 6WRUH o(6o SURYLGHV MLWWHU DWWHQXDWLRQ DV VKRZQ LQ WKH 7HVW 6SHFLILFD WLRQV VHFWLRQi 7KH -$/ UHTXLUHV QR VSHFLDO FLUFXLWU\n VXFK DV DQ H[WHUQDO TXDUW] FU\VWDO RU KLJKIUHTXHQF\ FORFN oKLJKHU WKDQ WKH OLQH UDWHoi ,WV WLPLQJ UHIHUHQFH LV WKH PDVWHU FORFNn 0&/.i
'DWD 5HFRYHU\
7KH WUDQVFHLYHU ILOWHUV WKH HTXDOL]HG VLJQDO DQG DSSOLHV LW WR WKH SHDN GHWHFWRU DQG GDWD VOLFHUVi 7KH SHDN GHWHFWRU VDPSOHV WKH LQSXWV DQG GHWHUPLQHV WKH PD[LPXP YDOXH RI
L1
eaei
/;7eciieci ,QWHJUDWHG 7ii(i /+i6+ 7UDQVFHLYHUV
,Q +DUGZDUH &RQWURO 0RGH WKH (6 LV D ee [ eELW UHJLVWHUi 6HWWLQJ WKH -$6(/ SLQ +LJK SODFHV WKH -$ FLUFXLWU\ LQ WKH UHFHLYHG GDWD SDWKa VHWWLQJ -$6(/ /RZ SODFHV WKH -$ LQ WKH WUDQVPLW GDWD SDWKa W\LQJ LW WR 0LGUDQJH GLVDEOHV WKH -$i ,Q +RVW 0RGHn ELW &5ii-$6(/i HQDEOHV RU GLVDEOHV WKH -$ FLUFXLWi :LWK ELW &5ii-$6(/i in ELW &5ii-$6(/i FRQ WUROV WKH -$ FLUFXLW SODFHPHQW oVHH 7DEOH iaeoi 7KH (6 FDQ EH HLWKHU D ee [ eELW RU ce [ eELW UHJLVWHU GHSHQGLQJ RQ WKH YDOXH RI ELW &5ei(6ce oVHH 7DEOH iaio 7KH GHYLFH FORFNV GDWD LQWR WKH (6 XVLQJ HLWKHU 7&/. RU 5HFHLYHU 5HFRYHUHG &ORFN GHSHQGLQJ RQ ZKHWKHU WKH -$ FLUFXLWU\ LV LQ WKH WUDQVPLW RU UHFHLYH GDWD SDWKn UHVSHF WLYHO\i 'DWD LV VKLIWHG RXW RI WKH HODVWLF VWRUH XVLQJ WKH GHMLW WHUHG FORFN IURP WKH -$/i :KHQ WKH ),)2 LV ZLWKLQ WZR ELWV RI RYHUIORZLQJ RU XQGHUIORZLQJn WKH (6 DGMXVWV WKH RXW SXW FORFN E\ iia RI D ELW SHULRGi 7KH (6 SURGXFHV DQ DYHUDJH GHOD\ RI ic ELWV oRU ee ELWVn ZLWK WKH ceELW (6 RSWLRQ VHOHFWHG LQ +RVW &RQWURO 0RGHo LQ WKH DVVRFLDWHG GDWD SDWKi :KHQ WKH -LWWHU $WWHQXDWRU LV LQ WKH UHFHLYH SDWKn WKH RXWSXW 5&/. WUDQVLWLRQV VPRRWKO\ WR 0&/. LQ WKH HYHQW RI DQ /26 FRQGLWLRQi 7KH 7UDQVLWLRQ 6WDWXV 5HJLVWHU ELWV 765i(6295 DQG 765i(681) LQGLFDWH DQ RYHUIORZ RU XQGHUIORZn UHVSHF WLYHO\n LQ WKH (6i 7KHVH DUH VWLFN\ ELWVa RQFH VHW WR in WKH\ UHPDLQ VHW XQWLO WKH KRVW UHDGV WKH UHJLVWHUi 7KH (6 FDQ DOVR SURYLGH D PDVNDEOH LQWHUUXSW RQ HLWKHU RYHUIORZ RU XQGHUIORZi
7DEOH iea (TXDOL]HU &RQWURO ,QSXW 6HWWLQJV
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)XQFWLRQ 7i /RQJ +DXO 7i /RQJ +DXO 7i /RQJ +DXO 7i /RQJ +DXO 7i /RQJ +DXO 7i /RQJ +DXO 7i /RQJ +DXO 7i /RQJ +DXO (i 6KRUW +DXO (i /RQJ +DXO (i /RQJ +DXO 7i 6KRUW +DXO 7i 6KRUW +DXO 7i 6KRUW +DXO 7i 6KRUW +DXO 7i 6KRUW +DXO
3XOVH iii G% SXOVH aeie G% SXOVH ieii G% SXOVH eeie G% SXOVH iii G% SXOVH aeie G% SXOVH ieii G% SXOVH eeie G% SXOVH ,78 *iaeie ,78 *iaeie ,78 *iaeie iiee IW i iic G% ieeecc IW i iie G% ecceaa IW i iia G% eaaeee IW i eie G% eeecee IW i eii G%
&DEOH iii  73 iii  73 iii  73 iii  73 iii  73 iii  73 iii  73 iii  73 iei  73iaee  &RD[ iei  73 iei  73iaee  &RD[ iii  73 iii  73 iii  73 iii  73 iii  73
*DLQ ec G% ec G% ec G% ec G% ec G% ec G% ec G% ec G% ie G% ee G% ee G% ie G% ie G% ie G% ie G% ie G%
&RGLQJe %a=6 %a=6 %a=6 %a=6 %a=6 %a=6 %a=6 %a=6 +'%e +'%e +'%e %a=6 %a=6 %a=6 %a=6 %a=6
ii (&i VHWV WKH UHFHLYH HTXDOL]HU JDLQ o(*/o GXULQJ 7i ORQJKDXO RSHUDWLRQi ei :KHQ HQDEOHGi
eaee
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/;7eciieci ,QWHJUDWHG 7ii(i /+i6+ 7UDQVFHLYHUV ',$*1267,& 02'( 23(5$7,21
/;7eciieci RIIHUV PXOWLSOH GLDJQRVWLF PRGHV DV VKRZQ LQ 7DEOH iei ,Q +DUGZDUH 0RGHn WKH GLDJQRVWLF PRGHV DUH VHOHFWHG E\ D FRPELQDWLRQ RI SLQ VHWWLQJVi ,Q +RVW 0RGHn WKH GLDJQRVWLF PRGHV DUH VHOHFWHG E\ ZULWLQJ DSSURSULDWH ELWV LQ WKH 'LDJ QRVWLF &RQWURO 5HJLVWHUi
i
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7DEOH iea 'LDJQRVWLF 0RGH $YDLODELOLW\
'LDJQRVWLF 0RGH $YDLODELOLW\i +i: /RRSEDFN 0RGHV /RFDO /RRSEDFN o//223o $QDORJ /RRSEDFN o$/223o 5HPRWH /RRSEDFN o5/223o ,QEDQG 1HWZRUN /RRSEDFN o1/223o 'XDO /RRSEDFN o'/223o ,QWHUQDO 'DWD 3DWWHUQ *HQHUDWLRQ DQG 'HWHFWLRQ 7UDQVPLW $OO 2QHV o7$26o 4XDVL5DQGRP 6LJQDO 6RXUFH o4566o ,QEDQG ORRS XSiGRZQ FRGH JHQHUDWRU (UURU ,QVHUWLRQ DQG 'HWHFWLRQ %LSRODU 9LRODWLRQ ,QVHUWLRQ o,16%39o /RJLF (UURU ,QVHUWLRQ o,16/(5o %LSRODU 9LRODWLRQ 'HWHFWLRQ o%39o /RJLF (UURU 'HWHFWLRQn 4566 o43'o +'%e &RGH 9LRODWLRQ 'HWHFWLRQ o&2'(9o +'%e =HUR YLRODWLRQ 'HWHFWLRQ o=(529o $ODUP &RQGLWLRQ 0RQLWRULQJ 5HFHLYH /RVV RI 6LJQDO o/26o PRQLWRULQJ 5HFHLYH $ODUP ,QGLFDWLRQ 6LJQDO o$,6o PRQLWRULQJ 7UDQVPLW 'ULYHU )DLOXUH 0RQLWRULQJ2SHQ o')02o (ODVWLF VWRUH RYHUIORZ DQG XQGHUIORZ PRQLWRULQJ 2WKHU 'LDJQRVWLF 5HSRUWV 5HFHLYH /LQH $WWHQXDWLRQ ,QGLFDWRU o/$71o %XLOW,Q 6HOI 7HVW o%,67o 1R 1R ii ,Q +DUGZDUH &RQWURO 0RGHn D FRPELQDWLRQ RI SLQ VHWWLQJV VHOHFWV WKH 'LDJQRVWLFV 0RGHVa LQ +RVW &RQWURO 0RGHn ZULWLQJ DSSURSULDWH ELWV LQ WKH &RQ WURO 5HJLVWHUV VHOHFWV WKH 'LDJQRVWLF 0RGHVi ei +RVW &RQWURO 0RGH DOORZV LQWHUUXSW PDVNLQJ E\ ZULWLQJ D |i WR WKH FRUUHVSRQGLQJ ELW LQ WKH ,QWHUUXSW &OHDU 5HJLVWHUi +DUGZDUH &RQWURO 0RGH KDV QR LQWHUUXSW PDVNLQJ IHDWXUHi
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/;7eciieci ,QWHJUDWHG 7ii(i /+i6+ 7UDQVFHLYHUV /223%$&. 02'(6
127( +DUGZDUH 0RGH SLQV GLVFXVVHG LQ WKLV VHFWLRQ UHIHU WR WKH /;7eci RQO\i
)LJXUH ca /RFDO /RRSEDFN o-$ 6HOHFWHGo
/RFDO /RRSEDFN
6HH )LJXUHV e DQG ci ,Q +DUGZDUH 0RGHn /RFDO /RRSEDFN o//223o LV VHOHFWHG E\ W\LQJ //223 +LJKa LQ +RVW 0RGHn E\ VHWWLQJ &5ei(//223 WR ii //223 LQKLELWV WKH UHFHLYHU FLUFXLWVi 7KH WUDQVPLW FORFN DQG GDWD LQSXWV o7&/. DQG 7326i71(* RU 7'$7$o ORRS EDFN WKURXJK WKH MLWWHU DWWHQXDWRU oLI HQDEOHGo DQG VKRZ XS DW 5&/. DQG 5326i 51(* RU 5'$7$i o'XULQJ //223n WKH -$6(/ LQSXW LV VWULFWO\ DQ (QDEOHi'LVDEOH FRQWUROa LW GRHV QRW DIIHFW WKH SODFHPHQW RI WKH -$/i ,I -$ LV HQDEOHGn LW LV DFWLYH LQ WKH ORRSEDFN FLUFXLWi ,I -$ LV E\SDVVHGn LW LV QRW DFWLYH LQ WKH ORRSEDFN FLUFXLWio 7KH WUDQVPLWWHU FLUFXLWV DUH XQDIIHFWHG E\ //223i /;7eciieci WUDQVPLWV WKH 7326i71(* RU 7'$7$ LQSXWV oRU D VWUHDP RI iV LI 7$26 LV DVVHUWHGo QRUPDOO\i :KHQ XVHG LQ WKLV PRGHn WKH WUDQVFHLYHU FDQ IXQFWLRQ DV D VWDQGDORQH MLWWHU DWWHQXDWRUi
$QDORJ /RRSEDFN
6HH )LJXUH aei $QDORJ /RRSEDFN o$/223o H[HUFLVHV WKH PD[LPXP QXPEHU RI IXQFWLRQDO EORFNVi $/223 RSHUDWLRQ GLVFRQQHFWV WKH 57,3i55,1* LQSXWV IURP WKH OLQH DQG URXWHV WKH WUDQVPLW RXWSXWV EDFN LQWR WKH UHFHLYH LQSXWVi 7KLV WHVWV WKH HQFRGHUViGHFRGHUVn MLWWHU DWWHQXDWRUn WUDQVPLW WHUn UHFHLYHU DQG WLPLQJ UHFRYHU\ VHFWLRQVi ,Q +DUGZDUH 0RGHn W\LQJ SLQ eae WR 0LGUDQJH FRPPDQGV $QDORJ /RRS EDFNa LQ +RVW 0RGHn ZULWLQJ D i WR ELW &5ei($/223 HQDEOHV WKH IXQFWLRQi 7KH $/223 IXQFWLRQ RYHUULGHV DOO RWKHU ORRSEDFN PRGHVi
)LJXUH ea 7$26 ZLWK //223 o-$ 6HOHFWHGo
)LJXUH aea $QDORJ /RRSEDFN o-$ 6HOHFWHGo
eaee
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/;7eciieci ,QWHJUDWHG 7ii(i /+i6+ 7UDQVFHLYHUV 5HPRWH /RRSEDFN
6HH )LJXUH ai ,Q 5HPRWH /RRSEDFN o5/223o PRGHn WKH GHYLFH LJQRUHV WKH WUDQVPLW GDWD DQG FORFN LQSXWV o7&/. DQG 7326i71(* RU 7'$7$on DQG E\SDVVHV WKH LQOLQH HQFRGHUViGHFRGHUVi 7KH 5326i51(* RU 5'$7$ RXWSXWV ORRS EDFN WKURXJK WKH WUDQVPLW FLUFXLWV WR 77,3 DQG 75,1* DW WKH 5&/. IUHTXHQF\i 7KH 5/223 FRPPDQG GRHV QRW DIIHFW WKH UHFHLYHU FLUFXLWV ZKLFK FRQWLQXH WR RXWSXW WKH 5&/. DQG 5326i51(* RU 5'$7$ VLJQDOV UHFHLYHG IURP WKH WZLVWHGSDLU OLQHi ,Q +RVW 0RGHn FRPPDQG 5/223 E\ ZULWLQJ D i WR ELW &5ei(5/223i ,Q +DUGZDUH 0RGHn 5/223 LV FRPPDQGHG E\ VHWWLQJ SLQ ec +LJKi
'XDO /RRSEDFN
6HH )LJXUH ai 7R VHOHFW 'XDO /RRSEDFN o'/223on VHW ERWK 5/223 DQG //223 +LJK LQ +DUGZDUH 0RGH RU VHW ELWV &5ei(5/223 DQG &5ei(//223 WR i LQ +RVW 0RGHi ,Q '/223 PRGHn WKH WUDQVPLW FORFN DQG GDWD LQSXWV o7&/. DQG 7326i71(* RU 7'$7$o ORRS EDFN WKURXJK WKH -LWWHU $WWHQXDWRU oXQOHVV GLVDEOHGo WR 5&/. DQG 5326i51(* RU 5'$7$i 7KH GDWD DQG FORFN UHFRYHUHG IURP WKH WZLVWHGSDLU OLQH ORRS EDFN WKURXJK WKH WUDQVPLW FLUFXLWV WR 77,3 DQG 75,1* ZLWKRXW MLWWHU DWWHQXDWLRQi
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)LJXUH aa 5HPRWH /RRSEDFN o-$ 6HOHFWHGo
1HWZRUN /RRSEDFN
1HWZRUN /RRSEDFN o1/223o FDQ EH LQLWLDWHG RQO\ ZKHQ WKH 1HWZRUN /RRSEDFN GHWHFW IXQFWLRQ LV HQDEOHGi ,Q +RVW 0RGHn ZULWLQJ D i WR &5ei(1/223 HQDEOHV 1/223 GHWHFWLRQi ,Q +DUGZDUH 0RGHn VHWWLQJ 5/223 WR 0LGUDQJH HQDEOHV 1HWZRUN /RRSEDFN GHWHFWLRQi :LWK 1/223 GHWHFWLRQ HQDEOHGn WKH UHFHLYHU ORRNV IRU WKH 1/223 GDWD SDWWHUQV oiiiii HQDEOHn iii GLVDEOHo LQ WKH LQSXW GDWD VWUHDPi :KHQ WKH UHFHLYHU GHWHFWV DQ 1/223 HQDEOH GDWD SDWWHUQ UHSHDWHG IRU D PLQLPXP RI ILYH VHFRQGVn WKH GHYLFH HQDEOHV 5/223i 7KH GHYLFH UHVSRQGV WR ERWK IUDPHG DQG XQIUDPHG 1/223 SDWWHUQVi 2QFH 1/223 GHWHFWLRQ LV HQDEOHG DW WKH FKLS DQG DFWLYDWHG E\ WKH DSSURSULDWH GDWD SDWWHUQn LW LV LGHQWLFDO WR 5HPRWH /RRS EDFN o5/223oi 1/223 LV GLVDEOHG E\ UHFHLYLQJ WKH iii SDWWHUQ IRU ILYH VHFRQGVn RU E\ DFWLYDWLQJ 5/223 RU $/223n RU E\ GLVDEOLQJ 1/223 GHWHFWLRQi 7KH GHYLFH JRHV LQWR 'XDO /RRSEDFN 0RGH o'/223o LQ WKH FDVH ZKHUH LW GHWHFWV ERWK WKH 1/223 DQG //223 IXQFWLRQVi
)LJXUH aa
'XDO /RRSEDFN
L1
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/;7eciieci ,QWHJUDWHG 7ii(i /+i6+ 7UDQVFHLYHUV ,17(51$/ 3$77(51 *(1(5$7,21 $1' '(7(&7,21 7UDQVPLW $OO 2QHV
6HH )LJXUH iii ,Q 7UDQVPLW $OO 2QHV o7$26o 0RGH WKH WUDQVFHLYHU LJQRUHV WKH 7326 DQG 71(* LQSXWV DQG WUDQV PLWV D FRQWLQXRXV VWUHDP RI iV DW WKH 7&/. IUHTXHQF\i o:LWK QR 7&/.n WKH 7$26 RXWSXW FORFN LV 0&/.io 7KLV FDQ EH XVHG DV WKH $ODUP ,QGLFDWLRQ 6LJQDO o$,6DOVR FDOOHG WKH %OXH $ODUPoi ,Q +RVW 0RGHn 7$26 LV FRP PDQGHG E\ ZULWLQJ D i WR ELW &5ei(7$26i ,Q +DUGZDUH 0RGH VHWWLQJ SLQ ea +LJK GRHV VRi %RWK 7$26 DQG /RFDO /RRSEDFN FDQ RFFXU VLPXOWDQHRXVO\ DV VKRZQ LQ )LJXUH en EXW 5HPRWH /RRSEDFN LQKLELWV 7$26i :KHQ ERWK 7$26 DQG //223 DUH DFWLYHn 7&/. DQG 7326i71(* ORRS EDFN WR 5&/. DQG 5326i51(* WKURXJK WKH MLWWHU DWWHQXDWRU oLI HQDEOHGon DQG DQ DOO RQHV SDWWHUQ JRHV WR 77,3i75,1*i o:KHQ WKHUH DUH PRUH WKDQ ie FRQVHFXWLYH iVn WKH RXWSXW LV MDPPHG WR D iio )XUWKHUPRUH D ELSRODU YLRODWLRQ LQ WKH 4566 SDWWHUQ LV SRV VLEOH E\ FDXVLQJ D /RZWR+LJK WUDQVLWLRQ RQ ,16%39 oSLQ eo ZLWKRXW UHJDUG WR ZKHWKHU WKH GHYLFH LV LQ ELSRODU RU XQL SRODU RSHUDWLQJ PRGHi
)LJXUH iia 4566 0RGH
)LJXUH iia 7$26 'DWD 3DWK
4XDVL5DQGRP 6LJQDO 6RXUFH o4566o
6HH )LJXUH iii )RU 7i RSHUDWLRQn WKH 4XDVL5DQGRP 6LJQDO 6RXUFH o4566o LV D eeii SVHXGRUDQGRP ELW VHTXHQFH o35%6o ZLWK QR PRUH WKDQ ie FRQVHFXWLYH ]HURVi )RU (i RSHUDWLRQn 4566 LV eiei 35%6 ZLWK LQYHUWHG RXWSXWi %RWK +DUGZDUH DQG +RVW 0RGHV DOORZ 4566 0RGHi 7KH 4566 SDWWHUQ LV QRUPDOO\ ORFNHG WR 7&/.a EXW LI WKHUH LV QR 7&/.n 0&/. LV WKH FORFN VRXUFHi %HOOFRUH 3XE ceeii GHILQHV WKH 7i 4566 WUDQVPLW IRUPDW DQG ,78 *iaeie GHILQHV WKH (i IRUPDWi &RQQHFWLQJ 7$26 oSLQ eao 0LGUDQJH HQDEOHV 4566 WUDQV PLVVLRQ LQ +DUGZDUH 0RGHi ,Q +RVW 0RGHn VHWWLQJ ELWV &5ei(3$7i i DQG &5ei(3$7i iHQDEOHV WKLV IXQFWLRQi :LWK 4566 WUDQVPLVVLRQ HQDEOHGn LW LV SRVVLEOH WR LQVHUW D ORJLF HUURU LQWR WKH WUDQVPLW GDWD VWUHDP E\ FDXVLQJ D /RZWR+LJK WUDQVLWLRQ RQ ,16/(5 oSLQ eoi +RZHYHUn LI QR ORJLF RU ELW HUURUV DUH WR EH LQVHUWHG LQWR WKH 4566 SDW WHUQn ,16/(5 PXVW UHPDLQ /RZi /RJLF (UURU LQVHUWLRQ ZDLWV XQWLO WKH QH[W ELW LI WKH FXUUHQW ELW LV |MDPPHGi eaec
&KRRVLQJ 4566 0RGH DOVR HQDEOHV WKH 4566 3DWWHUQ 'HWHFWLRQ o43'o LQ WKH UHFHLYH SDWKi 7KH 4566 SDWWHUQ LV V\QFKURQL]HG ZKHQ WKHUH DUH IHZHU WKDQ IRXU HUURUV LQ iea ELWVi $IWHU DFKLHYLQJ V\QFKURQL]DWLRQ WKH GHYLFH GULYHV 43' oSLQ ieo /RZ o43' RXWSXW LV DYDLODEOH RQ /;7eci RQO\oi 7KH /;7eci GRHV QRW VXSSRUW ELW HUURU GHWHFWLRQ LQ 4566 0RGHi ,Q WKH /;7eci 4566 0RGHn DQ\ VXEVHTXHQW ELW HUURU LQ WKH 4566 SDWWHUQ FDXVHV 43' WR JR +LJK IRU KDOI DQ 5&/. FORFN F\FOH oWKH SUHFLVH UHODWLRQVKLS WR 5&/. GHSHQGV RQ WKH YDOXH RI &/.(ZKHQ &/.( LV /RZn 43' JRHV +LJK ZKLOH 5&/. LV +LJKa LI &/.( LV +LJKn 43' JRHV +LJK ZKLOH 5&/. LV /RZoi 7KLV VLJQDO HGJH FDQ VHUYH DV D WULJJHU IRU DQ H[WHUQDO ELWHUURU FRXQWHUi $Q /26 FRQGLWLRQ RU D ORVV RI 4566 V\QFKURQL]DWLRQ ZLOO FDXVH WKLV RXWSXW WR JR +LJK FRQWLQXRXVO\i ,Q WKLV FDVHn DQG ZLWK HLWKHU 8QLSRODU 0RGH RU WKH HQFRGHUViGHFRGHUV HQDEOHGn WKH %39 SLQ LQGLFDWHV %39Vn &2'(9V RU =(529V DV FKRVHQi +RVW 0RGH RIIHUV DQ DGGLWLRQDO LQWHUUXSW WR LQGLFDWH WKDW 4566 GHWHFWLRQ DQG V\FKURQL]DWLRQ KDYH RFFXUUHGn RU WKDW V\QFKURQL]DWLRQ LV ORVWi 7KLV LQWHUUXSW LV DYDLODEOH ZKHQ ELW ,&5i&4566 ii ,I WKH 43' VLJQDO WULJJHUV D ELW HUURU FRXQWHUn WKH LQWHUUXSW FRXOG VWDUW RU UHVHW WKH FRXQWHUi $OVR LQ +RVW 0RGHn WKH 365i4566 ELW SURYLGHV DQ LQGLFD WLRQ RI WKH 4566 SDWWHUQ V\QFKURQL]DWLRQi 7KLV ELW JRHV /RZ ZLWK QR 4566 SDWWHUQ GHWHFWHG oLiHin ZKHQ WKHUH DUH PRUH WKDQ IRXU HUURUV LQ iea ELWVoi 7KH 74566 ELW LQ WKH 7UDQVLWLRQ 6WDWXV 5HJLVWHU LQGLFDWHV WKDW 4566 VWDWXV KDV FKDQJHG VLQFH WKH ODVW 4566 ,QWHUUXSW &OHDU FRPPDQGi
L1
/;7eciieci ,QWHJUDWHG 7ii(i /+i6+ 7UDQVFHLYHUV ,Q%DQG 1HWZRUN /RRS 8S RU 'RZQ &RGH *HQHUDWRU
,Q +RVW 0RGHn /;7eciieci FDQ WUDQVPLW LQEDQG 1HWZRUN /RRS 8S RU /RRS 'RZQ FRGHi 7KH /RRS 8S FRGH LV iiiiia /RRS 'RZQ FRGH LV iiii $ /RRS 8S FRGH WUDQVPLVVLRQ RFFXUV ZKHQ &RQWURO 5HJLVWHU ue ELWV (3$7i i DQG (3$7i ii $ /RRS 'RZQ FRGH WUDQVPLVVLRQ UHTXLUHV WKDW ERWK (3$7i DQG (3$7i ii :LWK WKLV PRGH HQDEOHGn ORJLF HUURUV DQG ELSRODU YLRODWLRQV FDQ EH LQVHUWHG LQWR WKH WUDQVPLW GDWD VWUHDPi ,QVHUWLQJ D ORJLF HUURU UHTXLUHV D /RZWR+LJK WUDQVLWLRQ LQ ,16/(5 oSLQ eoi o,I WKHUH DUH QR ORJLF RU ELW HUURUV WR LQVHUWn ,16/(5 PXVW UHPDLQ /RZio ,QVHUWLQJ D ELSRODU YLRODWLRQ UHTXLUHV D /RZWR+LJK WUDQVLWLRQ RQ ,16%39 oSLQ eon LQGHSHQGHQW RI 8QLSRODU RU %LSRODU RSHUDWLRQi /RJLF (UURU 'HWHFWLRQ o43'o o/;7eci 2QO\o $IWHU UHFHLYLQJ SDWWHUQ V\QFKURQL]DWLRQ ZKHQ FRQILJXUHG LQ WKH 4566 0RGHn /;7eci UHSRUWV ORJLF HUURUV RQ 43' oSLQ ieoi 7R LQGLFDWH D ORJLF HUURUn WKLV SLQ JRHV +LJK IRU KDOI DQ 5&/. F\FOH oGXULQJ WKH +LJK SHULRG RI 5&/. LI &/.( LV /RZ EXW GXULQJ WKH /RZ 5&/. SHULRG LI &/.( LV +LJKoi 7R WDOO\ ORJLF HUURUVn FRQQHFW DQ HUURU FRXQWHU WR 43'i $ FRQWLQXRXV ORJLF RQH RQ WKLV SLQ LQGLFDWHV ORVV RI HLWKHU WKH 4566 SDWWHUQ ORFN RU /26 FRQGLWLRQi 7KH 4566 VHFWLRQ KDV DGGLWLRQDO GHWDLOV RQ 4566 SDWWHUQ ORFN FULWHULDi %LSRODU 9LRODWLRQ 'HWHFWLRQ o%39o :LWK WKH LQWHUQDO HQFRGHUViGHFRGHUV HQDEOHG RU ZKHQ FRQ ILJXUHG LQ 8QLSRODU 0RGHn WKH /;7eciieci UHSRUWV UHFHLYHG %LSRODU 9LRODWLRQV DW %39 oSLQ coi 7KH SLQ JRHV +LJK IRU D IXOO FORFN F\FOH WR LQGLFDWH UHFHLSW RI D %39i +RZHYHUn LI WKH HQFRGHUViGHFRGHUV DUH HQDEOHGn /;7ecii eci GRHV QRW UHSRUW ELSRODU YLRODWLRQV GXH WR WKH OLQH FRGLQJ VFKHPHi +'%e &RGH 9LRODWLRQ 'HWHFWLRQ o&2'(9o /;7eciieci FDQ GHWHFW +'%e FRGH YLRODWLRQV LQ +RVW 0RGH ZLWK +'%e HQFRGHUV HQDEOHGi 7KLV UHTXLUHV &5ii(1&(1% i DQG &5ii(&ei iii[ RU iiiin ZKLFK HVWDEOLVKHV (i RSHUDWLRQi 7R HQDEOH &2'(9n VHW ELW &5ei&2'(9 ii $Q +'%e FRGH YLRODWLRQ o&2'(9o RFFXUV ZKHQ WKH GHYLFH UHFHLYHV WZR FRQVHFXWLYH ELSRODU YLRODWLRQV RI WKH VDPH SRODULW\ oUHIHU WR ,78 2iicioi :LWK &2'(9 GHWHF WLRQ HQDEOHGn /;7eciieci UHSRUWV D YLRODWLRQ RQ WKH %39 SLQ DORQJ ZLWK UHFHLYHG %39V DQG =(529V oLI WKHVH RSWLRQV DUH HQDEOHGoi /;7eciieci IRUFHV WKH %39 SLQ +LJK IRU D IXOO 5&/. F\FOH WR UHSRUW D &2'(9i +'%e =HUR 6XEVWLWXWLRQ 9LRODWLRQ 'HWHFWLRQ o=(529o :LWK HQFRGHUViGHFRGHUV HQDEOHGn WKH /;7eciieci FDQ GHWHFW +'%e ]HUR VXEVWLWXWLRQ YLRODWLRQV o=(529o LQ +RVW 0RGHi 7KLV UHTXLUHV &5ii(1&(1% i DQG &5ii(&ei iii[ RU iiiin ZKLFK HVWDEOLVK (i RSHUDWLRQn DQG &5ei=(529 ii /;7eciieci IRUFHV WKH %39 SLQ +LJK IRU D IXOO 5&/. F\FOH WR UHSRUW D =(529i $Q +'%e =(529 LV WKH UHFHLSW RI IRXU RU PRUH FRQVHFXWLYH ]HURVi 7KLV GRHV QRW RFFXU ZLWK FRUUHFWO\ HQFRGHG +'%e GDWD XQOHVV WKHUH DUH WUDQVPLVVLRQ HUURUVi :LWK =(529 GHWHFWLRQ HQDEOHGn WKH GHYLFH UHSRUWV D YLRODWLRQ RQ WKH %39 SLQ DORQJ ZLWK UHFHLYHG %39V DQG &2'(9V oLI WKHVH RSWLRQV DUH HQDEOHGoi eaeae
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(5525 ,16(57,21 $1' '(7(&7,21 %LSRODU 9LRODWLRQ ,QVHUWLRQ o,16%39o
,Q 8QLSRODU 0RGHn ERWK +DUGZDUH DQG +RVW 0RGHV SURYLGH IRU %LSRODU 9LRODWLRQ ,QVHUWLRQ o,16%39oi &KRRVLQJ 8QL SRODU 0RGH FRQILJXUHV SLQ e DV ,16%39i %LSRODU YLRODWLRQ LQVHUWLRQ UHTXLUHV D /RZWR+LJK WUDQVLWLRQ RQ ,16%39i 6DPSOLQJ RFFXUV RQ WKH IDOOLQJ HGJH RI 7&/.i :KHQ ,16%39 JRHV +LJK D %39 LV LQVHUWHG RQ WKH QH[W DYDLODEOH PDUN H[FHSW LQ WKH IRXU IROORZLQJ VLWXDWLRQVa  =HUR VXSSUHVVLRQ o+'%e RU %a=6o LV QRW YLRODWHG  ,I //223 DQG 7$26 DUH ERWK DFWLYHn WKH %39 LV ORRSHG EDFN WR 51(*i%39 LQGLFDWRU DQG WKH OLQH GULYHU WUDQVPLWV DOO RQHV ZLWK QR YLRODWLRQi  %39 LQVHUWLRQ LV GLVDEOHG ZLWK 5/223 oUHPRWH ORRS EDFNo DFWLYHi  %39 LQVHUWLRQ LV GLVDEOHG ZLWK 1/223 DVVHUWHG oSLQ ii +LJKo i :LWK WKH /;7eciieci FRQILJXUHG WR WUDQVPLW LQWHUQDOO\ JHQHUDWHG GDWD SDWWHUQV o4566 RU 1/223on D %39 FDQ EH LQVHUWHG RQ WKH WUDQVPLW SDWWHUQ LQGHSHQGHQW RI ZKHWKHU WKH GHYLFH LV LQ WKH XQLSRODU RU ELSRODU PRGH RI RSHUDWLRQi /2*,& (5525 ,16(57,21 o,16/(5o :KHQ FRQILJXUHG WR WUDQVPLW LQWHUQDOO\ JHQHUDWHG GDWD SDW WHUQV o4566 RU 1/223 8Si'RZQ FRGHVon WKH GHYLFH FDQ LQVHUW D ORJLF HUURU RQ WKH WUDQVPLW GDWD SDWWHUQ ZKHQ WKHUH LV D /RZWR+LJK WUDQVLWLRQ RQ ,16/(5i ,Q 4566 0RGHn WKHUH LV QR ORJLF HUURU LQVHUWLRQ RQ D MDPPHG ELW oD ELW IRUFHG WR RQH WR VXSSUHVV WUDQVPLVVLRQ RI PRUH WKDQ ie FRQ VHFXWLYH ]HURVoi 7KH WUDQVFHLYHU WUHDWV GDWD SDWWHUQV WKH VDPH ZD\ LW WUHDWV GDWD DSSOLHG WR 7326i71(*n VR WKH LQVHUWHG ORJLF HUURU ZLOO IROORZ WKH GDWD IORZ SDWK DV GHILQHG E\ WKH ORRSEDFN PRGH LQ HIIHFWi
L1
/;7eciieci ,QWHJUDWHG 7ii(i /+i6+ 7UDQVFHLYHUV $/$50 &21',7,21 021,725,1* /RVV RI 6LJQDO o/26o
7KH /;7eciieci /RVV RI 6LJQDO o/26o PRQLWRU IXQFWLRQ LV FRPSDWLEOH ZLWK ,78 *iaeaee DQG (76, eiieeei 7KH UHFHLYHU /26 PRQLWRU ORDGV D GLJLWDO FRXQWHU DW WKH 5&/. IUHTXHQF\i 7KH FRXQW LQFUHPHQWV ZLWK HDFK UHFHLYHG i DQG WKH FRXQWHU UHVHWV WR i RQ UHFHLSW RI D ii :KHQ WKH FRXQW UHDFKHV |Q iVn WKH /26 IODJ JRHV +LJKn DQG WKH 0&/. UHSODFHV WKH UHFRYHUHG FORFN DW WKH 5&/. RXWSXW LQ D VPRRWK WUDQVLWLRQi )RU 7i RSHUDWLRQVn WKH QXPEHU RI iVn Q iaeen DQG IRU (i RSHUDWLRQVn Q eei ,Q +RVW 0RGHn HLWKHU QXPEHU FDQ EH FKDQJHG WR eiea E\ VHWWLQJ ELW &5ei/26eiea WR ii )RU 7i RSHUDWLRQn ZKHQ WKH UHFHLYHG VLJQDO KDV ieieo iV oic PDUNV LQ D VOLGLQJ ieaELW SHULRGn ZLWK IHZHU WKDQ iii FRQVHFXWLYH iVon WKH /26 IODJ UHWXUQV /RZ DQG WKH UHFRY HUHG FORFN UHSODFHV 0&/. DW WKH 5&/. RXWSXW LQ DQRWKHU VPRRWK WUDQVLWLRQi )RU (i RSHUDWLRQn WKH /26 FRQGLWLRQ LV FOHDUHG ZKHQ WKH UHFHLYHG VLJQDO KDV ieieo iV GHQVLW\ oIRXU iV LQ D VOLGLQJ eeELW ZLQGRZ ZLWK IHZHU WKDQ ic FRQVHFXWLYH iVoi ,Q +RVW 0RGH (i RSHUDWLRQn WKH RXWRI/26 FULWHULRQ FDQ EH PRGL ILHG IURP ieieo PDUNV GHQVLW\ WR ee FRQVHFXWLYH PDUNV E\ VHWWLQJ ELW &5ei&2/ee&0 ii 'XULQJ /26n WKH GHYLFH VHQGV UHFHLYHG GDWD WR WKH 5326i 51(* SLQV oRU 5'$7$ LQ 8QLSRODU 0RGHoi /;7eci UHSRUWV DQ /26 FRQGLWLRQ RQ WKH /26 SLQ LQ +DUGZDUH 0RGHi ,Q +RVW 0RGHn WKH /26 ELW LQ WKH 3HUIRUPDQFH 6WD WXV 5HJLVWHU JRHV +LJK WR LQGLFDWH DQ /26 FRQGLWLRQ DQG ZLOO LQWHUUXSW WKH KRVW FRQWUROOHU LI VR SURJUDPPHGi RQ WKH OLQHVi ')02 FDQ JHQHUDWH DQ INT WR WKH KRVW FRQWUROOHUi 7KH 7UDQVLWLRQ 6WDWXV 5HJLVWHU ELW ')02 LQGL FDWHV D WUDQVLWLRQ LQ WKH VWDWXV RI WKH ELWi :ULWLQJ D i WR ,&5i&')02 ZLOO FOHDU RU PDVN WKH LQWHUUXSWi
(ODVWLF 6WRUH 2YHUIORZi8QGHUIORZ
o(6295i(681)o :KHQ WKH ELW FRXQW LQ WKH (ODVWLF 6WRUH o(6o LV ZLWKLQ WZR ELWV RI RYHUIORZLQJ RU XQGHUIORZLQJ WKH (6 DGMXVWV WKH RXW SXW FORFN E\ iia RI D ELW SHULRGi ,Q +RVW 0RGHn WKH (6 SUR YLGHV DQ LQGLFDWLRQ RI RYHUIORZ DQG XQGHUIORZ LQ WKH 756i(6295 DQG 765i(681)i 7KHVH DUH VWLFN\ ELWV DQG ZLOO VWD\ VHW WR i XQWLO WKH KRVW FRQWUROOHU UHDGV WKH UHJLVWHUi 7KHVH LQWHUUXSWV FDQ EH FOHDUHG RU PDVNHG E\ ZULWLQJ D i WR WKH ELWV ,&5i&(62 DQG ,&5i&(68n UHVSHFWLYHO\i
27+(5 ',$*1267,& 5(32576 5HFHLYH /LQH $WWHQXDWLRQ ,QGLFDWLRQ
o/$71o 7KH HTXDOL]HU VWDWXV UHJLVWHU o(65o SURYLGHV DQ DSSUR[LPD WLRQ RI WKH OLQH DWWHQXDWLRQ HQFRXQWHUHG E\ WKH GHYLFHi 7KH IRXU PRVW VLJQLILFDQW ELWV RI WKH UHJLVWHU o(65i/$71aeeo LQGLFDWH OLQH DWWHQXDWLRQ LQ DSSUR[LPDWHO\ eia G% VWHSV IRU ERWK 7i DQG (i RSHUDWLRQ RI WKH UHFHLYH HTXDOL]HUi )RU LQVWDQFHn LI (65i/$71aee LV ii oGHFLPDOon WKHQ WKH UHFHLYHU LV VHHLQJ D VLJQDO DWWHQXDWHG E\ DSSUR[LPDWHO\ ea G% oeia G% o iio RI FDEOH ORVVi
%XLOW,Q 6HOI 7HVW o%,67o
/;7eciieci SURYLGHV D %XLOW,Q 6HOI 7HVW o%,67o FDSDELO LW\ LQ +RVW 0RGHi 7KH %,67 H[HUFLVHV WKH LQWHUQDO FLUFXLWV E\ SURYLGLQJ DQ LQWHUQDO 4566 SDWWHUQn UXQQLQJ LW WKURXJK WKH HQFRGHUV DQG WKH WUDQVPLW GULYHUV WKHQ ORRSLQJ LW EDFN WKURXJK WKH UHFHLYH HTXDOL]HUn -LWWHU $WWHQXDWRU DQG GHFRG HUV WR WKH 4566 SDWWHUQ GHWHFWLRQ FLUFXLWU\i ,I DOO WKH EORFNV LQ WKLV GDWD SDWK ZRUN FRUUHFWO\n WKH UHFHLYH SDWWHUQ GHWHFWRU ORFNV RQWR WKH SDWWHUQi ,W WKHQ SXOOV INT /RZ DQG VHWV WKH IROORZLQJ ELWV +LJKa  765i74566  365i4566  365i%,67 7KH 43' SLQ oSLQ ieo DOVR LQGLFDWHV FRPSOHWLRQ VWDWXV RI WKH WHVWi 6WDUWLQJ WKH WHVW IRUFHV WKLV SLQ +LJKi 'XULQJ WKH WHVWn LW UHPDLQV +LJK XQWLO WKH WHVW ILQLVKHV VXFFHVVIXOO\ DW ZKLFK WLPH LW JRHV /RZi 7KH PRVW UHOLDEOH WHVW ZLOO UHVXOW ZLWK VHSDUDWH 7&/. DQG 0&/. DQG /%2 eeie G% o&5ii(&ei iii[oi
$ODUP ,QGLFDWLRQ 6LJQDO 'HWHFWLRQ o$,6o
7KH $ODUP ,QGLFDWLRQ 6LJQDO o$,6o LV DYDLODEOH RQO\ LQ +RVW 0RGHi 7KH UHFHLYHU GHWHFWV DQ $,6 SDWWHUQ ZKHQ LW UHFHLYHV IHZHU WKDQ WKUHH iV LQ DQ\ VWULQJ RI eiea ELWVi 7KH GHYLFH FOHDUV WKH $,6 FRQGLWLRQ ZKHQ LW UHFHLYHV WKUHH RU PRUH iV LQ D VWULQJ RI eiea ELWVi 7KH $,6 ELW LQ WKH 3HUIRUPDQFH 6WDWXV 5HJLVWHU LQGLFDWHV $,6 GHWHFWLRQi :KHQ WKH $,6 VWDWXV FKDQJHVn WKH 7$,6 ELW LQ WKH 7UDQVLWLRQ 6WDWXV 5HJLVWHU JRHV +LJKi 7KH FKDQJH RI VWDWXV LQWHUUXSWV WKH KRVW FRQWUROOHU E\ SXOOLQJ INT /RZn XQOHVV WKH LQWHUUXSW LV PDVNHGi :ULWLQJ D i WR WKH ,&5i&$,6 ELW PDVNV WKH LQWHUUXSW XQWLO WKH ELW UHWXUQV WR ii
'ULYHU )DLOXUH 2SHQ 0RGH o')02o
,Q +RVW 0RGH D ')0 2SHQ o')02o ELW LV DYDLODEOH LQ WKH 3HUIRUPDQFH 6WDWXV 5HJLVWHU WR LQGLFDWH DQ RSHQ FRQGLWLRQ
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/;7eciieci ,QWHJUDWHG 7ii(i /+i6+ 7UDQVFHLYHUV 23(5$7,1* 02'(6
7KH /;7eciieci VKDUH PDQ\ IHDWXUHVi +RZHYHUn WKHLU FRQWURO PRGHV DUH YHU\ GLIIHUHQWi  7KH /;7eci RSHUDWHV LQ HLWKHU +DUGZDUH RU o6HULDO 3RUWo +RVW 0RGH  7KH /;7eci RSHUDWHV LQ o3DUDOOHO 3RUWo +RVW 0RGH RQO\i ,Q WKH +DUGZDUH 0RGH o/;7eci RQO\o LQGLYLGXDO SLQV FRQ WURO WKH WUDQVFHLYHUi 7KH ORJLF OHYHO DW WKH 02'( SLQ VHWV WKH /;7eci PRGH RI RSHUDWLRQi ,Q +RVW 0RGH o/;7eciiecion D PLFURSURFHVVRU FRQWUROV WKH GHYLFH WKURXJK D GDWD LQWHUIDFHi 7KH /;7eci KDV D VHULDO LQWHUIDFH DQG WKH /;7eci XVHV D SDUDOOHO LQWHU IDFHi
+DUGZDUH 0RGH 2SHUDWLRQ o/;7eci 2QO\o
7KH /;7eci RSHUDWHV LQ +DUGZDUH 0RGH ZKHQ 02'( LV VHW WR 0LGUDQJH RU /RZi ,Q +DUGZDUH 0RGH LQGLYLGXDO SLQV DFFHVV DQG FRQWURO WKH WUDQVFHLYHUi 7KH RXWSXWV o5326i51(* RU 5'$7$o DUH YDOLG RQ WKH ULVLQJ HGJH RI 5&/. 7KHUH DUH VRPH DGYDQFHG IXQFWLRQV SURYLGHG RQO\ LQ +RVW 0RGHi ,QWHUUXSW oINTon $,6 GHWHFWLRQ LQGLFDWRUn ')0 RSHQ LQGLFDWRU DQG &/.( IXQFWLRQV DUH VRPH RI WKH IHD WXUHV DYDLODEOH LQ +RVW 0RGHi
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7DEOH iea &RQWURO DQG 2SHUDWLRQDO 0RGH 6HOHFWLRQ IRU /;7eci 7UDQVFHLYHU
,QSXW WR 3LQi 0RGH /RZ /RZ /RZ +LJKe +LJKe +LJKe 2SHQ 2SHQ 2SHQ 7567( /RZ +LJK 2SHQ /RZ +LJK 2SHQ /RZ +LJK 2SHQ +DUGZDUH 6RIWZDUH 2Q 2Q 2Q 2II 2II 2II 2Q 2Q 2Q 2II 2II 2II 2Q 2Q 2Q 2II 2II 2II 8QLSRODU 2II 2II 2Q [ [ [ 2Q 2Q 2Q 0RGH RI 2SHUDWLRQ %LSRODU 2Q 2Q 2II [ [ [ 2II 2II 2II $0, (QFi'HF 2IIe 2IIe 2Q [ [ [ 2II 2II 2II %a=6i+'%e (QFRGHUi'HFRGHU 2II 2II 2II [ [ [ 2Q 2Q 2Q $OO 2XWSXWV 7ULVWDWHG 1R ae a a ii ii ie ie ie ie
ii 2SHQ LV HLWKHU D PLGUDQJH YROWDJH RU WKH SLQ LV IORDWLQJ ei ,Q 6RIWZDUH 0RGHn WKH FRQWHQWV RI UHJLVWHU &5i GHWHUPLQH WKH RSHUDWLRQ PRGHi ei (QFRGLQJ LV GRQH H[WHUQDOO\i
+RVW 0RGH 2SHUDWLRQ
7KH /;7eci RSHUDWHV LQ +RVW 0RGH ZKHQ 02'( LV VHW +LJKi ,Q +RVW 0RGH D PLFURSURFHVVRU DFFHVVHV DQG FRQ WUROV WKH WUDQVFHLYHU WKURXJK D GDWD SRUW XVLQJ WKH LQWHUQDO UHJLVWHUVi 7KH RXWSXWV o5326i51(* RU 5'$7$o DUH YDOLG RQ WKH ULVLQJ HGJH RI 5&/. ,Q +RVW 0RGH WKHUH DUH HLJKW FRQWURO DQG VWDWXV UHJLVWHUV ILYH UHDGiZULWH DQG WKUHH UHDGRQO\ UHJLVWHUVi 7KH /;7eci DFFHVVHV WKHP WKURXJK LWV VHULDO LQWHUIDFH o6,2oi 7KH /;7eci SURYLGHV WKLV DFFHVV XVLQJ DQ aELW SDUDOOHO LQWHU IDFH o3,2oi
7KH KRVW SURFHVVRUiFRQWUROOHU FDQ FRPSOHWHO\ FRQILJXUH WKH GHYLFH DV ZHOO DV JHW D IXOO GLDJQRVWLFiVWDWXV UHSRUW WKURXJK WKH 6,2 RU 3,2i 2QO\ WKH FORFNV DQG GDWD IRU %LSRODU 0RGH DQG %39i/RJLF (UURU LQVHUWLRQV IRU 8QLSRODU RU 4566 0RGH QHHG WR EH SURYLGHG GLUHFWO\ WR WKH LQSXW SLQVi 6LP LODUO\n WKH UHFRYHUHG FORFNn GDWDn DQG %39i/RJLF (UURU RFFXUUHQFHV DUH DYDLODEOH RQO\ DW RXWSXW SLQVi $OO RWKHU PRGH VHWWLQJV DQG GLDJQRVWLF LQIRUPDWLRQ DUH DYDLODEOH WKURXJK WKH GDWD SRUWi
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/;7eciieci ,QWHJUDWHG 7ii(i /+i6+ 7UDQVFHLYHUV
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7DEOH eia ,QWHUUXSW &OHDU 5HJLVWHU 5HDGi:ULWHn $GGUHVV o$ae$io [iiiiii
%LW i i e e e e c ae 1DPH &/26 &1/223 &$,6 &4566  &')02 &(62 &(68 &OHDUVi0DVNV /26 LQWHUUXSWi &OHDUVi0DVNV 1/223 LQWHUUXSWi &OHDUVi0DVNV $,6 LQWHUUXSWi &OHDUVi0DVNV 4566 ,QWHUUXSWi UHVHUYHGVHW WR i IRU QRUPDO RSHUDWLRQi &OHDUVi0DVNV ')02i &OHDUVi0DVNV (6 RYHUIORZ LQWHUUXSWi &OHDUVi0DVNV (6 XQGHUIORZ LQWHUUXSWi )XQFWLRQi
ii /HDYLQJ D RQH RI LQ DQ\ RI WKHVH ELWV PDVNV WKH DVVRFLDWHG LQWHUUXSWi
7DEOH eia 7UDQVLWLRQ 6WDWXV 5HJLVWHU 5HDG 2QO\n $GGUHVV o$ae$io [iiiiii
%LW i i 1DPH 7/26 71/223 )XQFWLRQ /RVV RI 6LJQDO o/26o KDV FKDQJHG VLQFH ODVW FOHDU /26 LQWHUUXSW RFFXUUHGi 1/223 KDV FKDQJHG VLQFH ODVW FOHDU 1/223 LQWHUUXSW RFFXUUHGi
ii $ 4566 WUDQVLWLRQ LQGLFDWHV UHFHLYH 4566 SDWWHUQ V\QF RU ORVVi $ VLPSOH HUURU LQ 4566 SDWWHUQ LV QRW UHSRUWHG DV D WUDQVLWLRQi ei 7ULSSLQJ WKH RYHUIORZ RU XQGHUIORZ LQGLFDWRU LQ WKH (6 VHWV WKH (6295i(681) VWDWXV ELWoVoi 5HDGLQJ WKH 7UDQVLWLRQ 6WDWXV 5HJLVWHU FOHDUV WKHVH ELWVi 6HWWLQJ &(62 DQG &(68 LQ WKH ,QWHUUXSW &OHDU 5HJLVWHU PDVNV WKHVH LQWHUUXSWVi
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ii $ 4566 WUDQVLWLRQ LQGLFDWHV UHFHLYH 4566 SDWWHUQ V\QF RU ORVVi $ VLPSOH HUURU LQ 4566 SDWWHUQ LV QRW UHSRUWHG DV D WUDQVLWLRQi ei 7ULSSLQJ WKH RYHUIORZ RU XQGHUIORZ LQGLFDWRU LQ WKH (6 VHWV WKH (6295i(681) VWDWXV ELWoVoi 5HDGLQJ WKH 7UDQVLWLRQ 6WDWXV 5HJLVWHU FOHDUV WKHVH ELWVi 6HWWLQJ &(62 DQG &(68 LQ WKH ,QWHUUXSW &OHDU 5HJLVWHU PDVNV WKHVH LQWHUUXSWVi
7DEOH eea 3HUIRUPDQFH 6WDWXV 5HJLVWHU 5HDG 2QO\n $GGUHVV o$ae$io
%LW i i e e e e c ae 1DPH /26 1/223 $,6 4566  ')02 %,67  /RVV RI VLJQDO o/26o VWDWXVi 1HWZRUN /RRS o1/223o VWDWXVi $ODUP ,QGLFDWRU o$,6o VWDWXVi 4566 SDWWHUQ GHWHFW VWDWXVi UHVHUYHGLJQRUHi 'ULYHU RSHQ LQGLFDWLRQi %XLOWLQ VHOI WHVW VWDWXVi UHVHUYHGLJQRUH )XQFWLRQ
[iiiiii
7DEOH eea (TXDOL]HU 6WDWXV 5HJLVWHU 5HDG 2QO\n $GGUHVV o$ae$io
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%LW i i e e e e c ae 1DPH &2'(9 =(529 /26eiea &2/ee&0     )XQFWLRQ (QDEOHV GHWHFWLRQ RI +'%e FRGH YLRODWLRQ RQ WKH %39 SLQ DORQJ ZLWK ELSRODU YLRODWLRQV DQG =(529V oDV HQDEOHGoi (QDEOHV GHWHFWLRQ RI IRXU FRQVHFXWLYH ]HURV oDQ +'%e FRGLQJ YLRODWLRQo RQ WKH %39 SLQ DORQJ ZLWK ELSRODU YLRODWLRQ DQG =(529V oDV HQDEOHGoi &KDQJHV /26 GHWHFWLRQ WKUHVKROG IURP ee FRQVHFXWLYH ]HURV oIRU (i RSHUDWLRQo RU iaee FRQ VHFXWLYH ]HURV o7i RSHUDWLRQo WR eiea FRQVHFXWLYH ]HURV LQ HLWKHU HQYLURQPHQWi ,Q (i 0RGHn FKDQJHV |FOHDU /26 FRQGLWLRQ FULWHULRQ IURP ieieo PDUNV GHQVLW\ oGHIDXOWo WR UHFHLSW RI ee FRQVHFXWLYH PDUNVi UHVHUYHGVHW WR i IRU QRUPDO RSHUDWLRQa LJQRUH ZKHQ UHDGLQJi UHVHUYHGVHW WR i IRU QRUPDO RSHUDWLRQa LJQRUH ZKHQ UHDGLQJi UHVHUYHGVHW WR i IRU QRUPDO RSHUDWLRQa LJQRUH ZKHQ UHDGLQJi UHVHUYHGVHW WR i IRU QRUPDO RSHUDWLRQa LJQRUH ZKHQ UHDGLQJi [iiiiii
6HULDO 3RUW 2SHUDWLRQ o/;7eci 2QO\o
7KH /;7eci RSHUDWHV LQ +RVW 0RGH ZKHQ WKH 02'( SLQ LV VHW +LJKi )LJXUH ie VKRZV WKH 6,2 GDWD VWUXFWXUHi 7KH UHJLVWHUV DUH DFFHVVLEOH WKURXJK D icELW ZRUGa DQ aELW &RPPDQGi$GGUHVV E\WH oELWV 5iW DQG $i$aeo DQG D VXE VHTXHQW aELW GDWD E\WH oELWV 'iaeoi %LW 5iW GHWHUPLQHV ZKHWKHU D UHDG RU D ZULWH RSHUDWLRQ RFFXUVi %LWV $ci LQ WKH &RPPDQGi$GGUHVV E\WH DGGUHVV VSHFLILF UHJLVWHUV oWKH DGGUHVV GHFRGHU LJQRUHV ELW $aeoi 7KH GDWD E\WH GHSHQGV RQ ERWK WKH YDOXH RI ELW 5iW DQG WKH DGGUHVV RI WKH UHJLVWHU DV VHW LQ WKH &RPPDQGi$GGUHVV E\WHi +RVW 0RGH SURYLGHV D ODWFKHG LQWHUUXSW RXWSXW oINToi $ FKDQJH LQ WKH VWDWH RI DQ\ RI WKH IROORZLQJ ELWV LQ WKH 3HU IRUPDQFH 6WDWXV 5HJLVWHU ZLOO GULYH INT /RZa /26n 1/223n $,6n 4566n RU ')02i $Q LQWHUUXSW ZLOO DOVR RFFXU ZKHQ WKHUH LV DQ HODVWLF VWRUH RYHUIORZ RU XQGHUIORZi :KHQ WKH LQWHUUXSW KDV RFFXUUHGn WKH INT RXWSXW SLQ LV SXOOHG /RZi 7KH RXWSXW VWDJH RI HDFK INT SLQ FRQVLVWV RQO\ RI D SXOOGRZQ GHYLFHn VR HDFK RQH UHTXLUHV DQ H[WHUQDO SXOOXS UHVLVWRUi 7KH LQWHUUXSW LV FOHDUHG ZKHQ WKH LQWHUUXSW FRQGLWLRQ QR ORQJHU H[LVWVn DQG WKH KRVW SURFHVVRU ZULWHV D iWR WKH UHVSHFWLYH LQWHUUXSW FDXVLQJ ELWoVo LQ WKH ,QWHUUXSW 5HJLVWHUi /HDYLQJ D i LQ DQ\ RI WKHVH LQWHUUXSW VWDWXV ELWV PDVNV WKDW LQWHUUXSWi
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+RVW 0RGH DOVR DOORZV FRQWURO RI WKH VHULDO GDWD DQG UHFHLYH GDWD RXWSXW WLPLQJi 7KH FORFN HGJH o&/.(o VLJQDO GHWHU PLQHV ZKHQ WKH RXWSXWV DUH YDOLGn UHODWLYH WR WKH 6HULDO &ORFN o6&/.o RU 5&/. DV VKRZQ LQ 7DEOH eei
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7KH /;7eci DGGUHVViFRQWURO EXV SLQV DQG FRQWURO SLQV DUH FRPSDWLEOH ZLWK ERWK WKH ,QWHO DQG 0RWRUROD DGGUHVViGDWD EXVHVi 6HH )LJXUHV ee DQG ee IRU WKH ,i2 WLPLQJ GLDJUDP IRU HDFK EXVi 7KH GHYLFH DXWRPDWLFDOO\ GHWHFWV EXV WLPLQJ EDVHG RQ WKH ,QWHO DQG 0RWRUROD PLFURSURFHVVRU EXV VSHF LILFDWLRQVi 7KH PD[LPXP UHFRPPHQGHG SURFHVVRU VSHHG IRU DQ ,QWHO GHYLFH LV ei 0+]a IRU D 0RWRUROD GHYLFHn iciaea 0+]i 7DEOH iae VXPPDUL]HV WKH FRQWURO DQG VWDWXV UHJLVWHUV IRU WKH /;7ecii 7DEOHV iae WKURXJK ee LGHQWLI\ DQG H[SODLQ WKH ELWV LQ WKH FRQWURO UHJLVWHUVi 7KH /;7eci SURYLGHV D ODWFKHG LQWHUUXSW RXWSXW oINToi $ FKDQJH LQ WKH VWDWH RI DQ\ RI WKH IROORZLQJ ELWV LQ WKH 3HU IRUPDQFH 6WDWXV 5HJLVWHU ZLOO GULYH INT /RZa /26n 1/223n $,6n 4566n ')02i :KHQ WKH LQWHUUXSW KDV RFFXUUHGn WKH INT RXWSXW SLQ LV SXOOHG /RZi 7KH RXWSXW VWDJH RI INT SLQ FRQVLVWV RQO\ RI D SXOOGRZQ GHYLFHn VR HDFK SLQ UHTXLUHV DQ H[WHUQDO SXOOXS UHVLVWRUi 7KH LQWHUUXSW LV FOHDUHG ZKHQ WKH LQWHUUXSW FRQGLWLRQ QR ORQJHU H[LVWVn DQG WKH KRVW SURFHVVRU ZULWHV D i WR WKH UHVSHFWLYH LQWHUUXSW FDXVLQJ ELWoVo LQ WKH ,QWHUUXSW 5HJLVWHUi /HDYLQJ D i LQ DQ\ RI WKHVH LQWHUUXSW VWDWXV ELWV PDVNV WKDW LQWHUUXSWi 7KH UHFHLYHG GDWD RXWSXW LV YDOLG RQ WKH ULVLQJ HGJH RI 5&/.n ZKHQ ELW &5ei3&/.( ii 7KH GDWD RXWSXW LV YDOLG RQ WKH IDOOLQJ HGJH RI 5&/. ZKHQ &5ei3&/.( ii 7KHUH DUH ILYH UHDGiZULWH DQG WKUHH UHDGRQO\ UHJLVWHUVi 2QO\ ELWV $ci LQ WKH DGGUHVV E\WH DUH YDOLGi o7KH DGGUHVV GHFRGHU LJQRUHV ELWV $ae DQG $iio 7DEOHV iae WKURXJK ee VKRZ WKH UHJLVWHU DGGUHVV ELWV $aein ZLWKRXW UHJDUG WR ELW $ii
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127( )LJXUH ie VKRZV DQ DSSOLFDWLRQ XVLQJ WKH /;7ecii 6HH 7DEOHV eae WKURXJK ei WR VHOHFW WKH WUDQVIRUPHUV o7i DQG 7eon UHVLVWRUV o5W DQG 5Oo DQG FDSDFLWRUV o&Oo QHHGHG IRU WKLV DSSOLFDWLRQi 127( ,I WKH DSSOLFDWLRQ LQFOXGHV VXUJH SURWHFWLRQn VXFK DV D YDULVWRU RU VLGDFWRU RQ WKH 77,3i75,1* OLQHVn LW PD\ DOVR UHTXLUH UHGXFLQJ WKH YDOXH RI WKH FDSDFLWRU &/ RU HOLPLQDWLQJ LW FRPSOHWHO\i
)LJXUH iea 7\SLFDO 7ii(i /;7eci $SSOLFDWLRQ
9&& ee N eiiea 0+]i iieee 0+] 0&/. ,17 $/(i$6 7&/. 7326 7ii(i )UDPHU 71(* 5&/. 5326 51(* 7&/. 7326 71(* 5&/. 5326 51(* 79&& 9&& iii ) ca ) 7*1' *1' 55,1* 5/e 75,1* 57,3 5'i'6 :5i5i: &6 3 o,QWHO RU 0RWRURODo
$'iae
/;7eci
77,3
7ii 5Wi &/i 5Wi
iai
127(6 ii 6HH 7DEOHV ecei IRU &/ / 5Wi7UDQVIRUPHU VHOHFWLRQ ei 5/ iii  IRU 7i 5/ iei  IRU(i i iei  WZLVWHG SDLU 5/ aee  IRU (i i aee  FRD[
eai
L1
/;7eciieci ,QWHJUDWHG 7ii(i /+i6+ 7UDQVFHLYHUV
7(67 63(&,),&$7,216
127( 7KH PLQLPXP DQG PD[LPXP YDOXHV LQ 7DEOHV ee WR ee DQG )LJXUHV ic WKURXJK ec UHSUHVHQW WKH SHUIRUPDQFH VSFLILFDWLRQV RI WKH /;7eci DQG /;7eci DQG DUH JXDUDQWHHG E\ WHVWn H[FHSW ZKHUH QRWHG E\ GHVLJQi
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